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A b s t r a c t

T h e  intram olecular insertion reactions of rhodium carbenoids, derived from diazo  

compounds, into heteroatom-hydrogen bonds and C -H  bonds are reviewed.

T h e  w ork presented is based on the intram olecular reaction of transient rhodium  

carbenoid species with nucleophiles. A new method has been developed to synthesise 

a-d iazo -p -ketoesters , the precursors of the carbenoid species, fn an efficient manner. 

This involves the low tem perature acylation reaction of ethyl lithiodiazoacetate with 

cyclic e lectroph iles , including lactones, th io lactones, lactam s, anhydrides, and  

carbonates. The acylation of other a-lith iodiazo compounds with cyclic electrophiles  

has also been investigated, and ethyl lithiodiazomethylphosphonate, lithiodiazoacetone, 

fe rf-b u ty l lith io d ia zo a c e ta te , and lith io trim eth y ls ily ld iazo m eth an e all g ave  the  

corresponding functionalised diazo compounds, in variable yield.

The diazo compounds, so prepared, were subjected to dirhodium tetraacetate m ediated  

cyclisation, to give cyclic ethers (6, 7, and 8 m em bered rings), and thioethers (6 and 

7 m em bered rings), from diazoalcohols and -m ercaptans, respectively. However, the 

reaction of diazoam ides gave cyclopentanones, derived from insertion of the carbenoid  

into a y-C -H  bond. Factors affecting the balance between competing intram olecular 

C -H  bond insertion and formal O -H  bond insertion, in the synthesis of oxecanes, have 

been explored. The synthesis of an e-lactone from a diazoacid is also reported.

T h e  in tram olecu lar reactions of alkyl, allyl, and acyl sulphides with rhodium  

carbenoids, derived from a -d ia z o -p -k e to e s te rs , gave 2-substitu ted  th ian e  and  

th iep an e  derivatives, by rearrangem ent of cyclic sulphonium ylides, which w ere  

isolable in som e cases. The corresponding reaction of a -d iazo -p -ke to n es  also gave  

thiepanes.

Th e  analogous intram olecular reaction of y- and 8-d iazosulphoxides with rhodium  

carbenoids gave stable five and six m em bered cyclic sulphoxonium ylides, and the 

chemistry of these novel ylides w as investigated. Deoxygenation of the sulphoxide was  

the sole product in the reaction of a p-diazosulphoxide.
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A b b r e v ia t io n s

Bn Benzyl

Boc fe rf-b u to x y c a rb o n y l

n -B u L i n -b u ty ll ith iu m

f-B uO K Potassium  ferf-butoxide

Cbz Benzyloxycarbonyl

m -C P B A 3-C hloroperbenzoic acid

CS4 Camphorsulphonic acid

C u (acac )2 Copper (II) acetylacetonate

DBU 1 ,8 -D ia z a b ic y c lo [5 .4 .0 ]u n d e c -7 -e n e

DCM Dichlorom ethane

DMAP 4 -D im e th y la m in o p y rid in e

DM F N,N- D im eth y lfo rm am id e

DMSO D im eth y l su lphoxide

EDA Ethyl diazoacetate

ELDA Ethyl lithiodiazoacetate

IR Infra red

LDA Lithium diisopropylam ide

NMR Nuclear magnetic resonance

OTf T rifluorom ethanesu lphonate  (trifla te )

PDC Pyridinium  dichrom ate

PhH Benzene

R h2(O A c)4 Dirhodium tetraacetate

TBDMS te r f-b u ty ld im e th y ls ily l

THF T etrahydro furan

TLC Thin layer chrom atography

Ts 4-To luenesulphonate
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Catalysed by Rhodium (II) Salts

*
8



J_J. Introduction

The reactions of diazoketones with transition metal catalysts have enjoyed continued 

attention since the initial discovery of the facility of copper and copper salts to 

promote decomposition of diazo compounds. The utility of copper catalysis has been  

dem onstrated by its ability to harness the very high reactivity of carbenes in a  broad 

range of transform ations, to give good yields of products in synthetically useful 

reactions. Further w ork has led to the introduction of soluble copper catalysts, 

offering low er reaction tem peratures, and finally to the developm ent of optically 

active copper catalysts, which have opened the door to the chiral synthesis of 

cyclopropanes in both interm olecular and intram olecular reactions.1*2 

The discovery of dirhodium tetraacetate as an efficient catalyst for the decomposition  

of diazo com pounds by Teyssie and Hubert et a l 3 in 1973 paved the w ay for their 

general acceptance as versatile synthetic tools, and the developm ent of the diazp  

transfer reaction4 for the mild synthesis of acid stable diazo compounds, spurred an 

in terest in their reactions. Rhodium  (II) salts  cata lyse the decom position of 

diazoketones at room tem perature, and this activity has been exploited largely in 

intram olecular insertion and cyclopropanation reactions.5 Mechanistic work suggests 

the involvem ent of a  m etallo-carbenoid interm ediate, which accounts for the mild, 

selective  and pred ictab le  nature of rhodium catalysis . Th e  catalyst also aids  

suppression of deleterious rearrangem ent and dimerisation reactions that are often the 

major products of therm ally and photochemically generated carbenes.

Intram olecular reactions of diazoketones catalysed by rhodium (il) salts usually lead  

to one of four classes of product (Schem e 1); the reactions proceed along different 

mechanistic pathways in each case, the outcomes of which are listed below:

( 1 ) Cyclopropanation (1,2-cycloaddition)

( 2 ) Insertion into a C-H  bond

( 3 ) Reactions with nucleophiles (insertion into a Nu-R  bond)

( 4 )  Rearrangem ent (e.g. 1,2-H  shift and the W olff rearrangem ent)

The  transient nature of the m etallo-carbenoid complex has so far thwarted efforts to 

characterise its structure. How ever, several transition m etals, including tungsten and 

m olybdenum , form stable carbene com plexes (not prepared from diazo compounds), 

and these act as cyciopropanation agents. Doyle has com pared the stereo- and regio- 

selectivity of cyclopropanes form ed from (C O )5 W = C H P h  with those form ed in the

9



dirhodium tetraacetate catalysed decomposition of phenyldiazom ethane, and his results 

suggest the presence of a rhodium carbenoid interm ediate in the latter reaction.6 

D espite  the lack of detailed m echanistic know ledge, how ever, the in tram olecu lar 

insertion of rhodium -carbenoids into C -H  bonds (selective insertion into the y- C -H  

bond to give five m em bered rings), and the reaction of rhodium carbenoids with 

nucleophiles (novel heterocycle synthesis), are both areas of current interest.

Schem e 1.

This chapter will outline the recent advances in dirhodium tetraacetate catalysed ring 

synthesis: the first part will cover reactions of diazoketones with nucleophiles, and the 

second part will deal with the synthesis of carbocycles by C -H  bond insertion. 

Although the title  suggests a review  on the catalytic  reactions of dirhodium  

te traace ta te , exam ples of copper catalysis will also be discussed to facilitate  a 

com parison betw een their activity and reactivity. This work surveys the literature  

from 1985 to 1988, but in order that an accurate picture is painted of the range of 

reactions studied, earlier work will be referred to w here appropriate. The review  by
5

M aas  which covers work up to 1985 is an excellent introduction to the subject.
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L l2  R e a c tio n s  w ith  N u c le o p h ile s

This section is organised according to the atom or group acting as the nucleophilic 

agent.

T h e  in ter- and in tra-m olecu lar reactions of d iazo  com pounds with nucleophilic  

groups, catalysed by Lewis acids or protic acids, is well Known, and proceeds by the 

trapping of a carbenium  ion generated by loss of nitrogen from the diazo compound. 

Alternatively, a neutral, electron deficient interm ediate- a carbene - can be generated  

by thermolysis or photolysis of diazo compounds. Rearrangem ent of these high energy  

carb en es  occurs read ily , usually faster than reaction with a nucleophile . In 

com parison, the mild generation of carbenoids with transition metal catalysts, and  

the ir inherent low er reactiv ity  com bine to m ake reaction  with nucleophiles a 

synthetically valuab le  transform ation.

The proposed m echanism  for the catalytic cycle (Schem e 2) is initiated by transition  

m etal catalysed loss of nitrogen from the diazo compound, to generate the m etallo- 

carbenoid. This powerfully electrophilic species is rapidly quenched by a nucleophile 

to give a dipolar interm ediate (5). The final steps in the catalytic cycle are the loss of 

the catalyst, and rearrangem ent of the resulting ylide (6). Although the order of the

Schem e 2.

steps has not been  determ ined , it is likely that loss of the m etal p recedes  

rearrangem ent, even w hen ti nigration of the R group is facile (e .g .,th e  [2 ,3 ]- 

rearrangem ent of an allyl group). In cases w here migration of the R group is not 

facile, the ylide (6) can be isolated. Subsequent reaction of the ylides can occur by a 

variety of pathways: [1,2]-and [2 ,3]- shifts, and p- elim inations are com m on.
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1 . 2 . 1  A lc o h o ls  an d  E th ers

A lc o h o ls

The interm olecular reaction of alcohols with a-d iazoketones to give a -a lko xyk e to n e s  

is well docum ented for copper and rhodium catalysts. The first application of this 

process to ring synthesis is in the C u(acac)2 catalysed synthesis of macrocyclic oxa- 

crown ethers (9) from a,co-diazoketones (8 ) and long chain ' po lyethylene glycols 

(7 )7  The reaction proceeds in two steps, the first interm olecular, followed by the 

cyclisation step to give 22 -26  m em bered rings in 7 -26%  yield. No C -H  insertion 

derived products w ere  reported, and this supports the idea of a tem plate effect in the  

reaction. Indeed, a 52  m em bered ring product w as prepared in 40%  yield from the

Cu(acac)^ 

PhH ,80°C

(7) (8)

n = 2 - 3 ,  m = 6 - 9

o o

o o
(9)

combination of two molecules of each reagent. The synthesis of small and medium rings 

by O -H  insertion under rhodium catalysis has been developed by the groups of 

R apoport8 and M oody,9 respectively. Both groups used a-d iazo-p -ketoesters  (11) as

OMe
PO(CH2)nHal (10) 

r-

P = protecting group, n = 1 -6

X ^ CO*Me 1.TSN,

2. Deprotect

u

k  N2 
OH

C02Me

(11)

substrates for cyclisation. The com pounds w ere readily prepared in three steps by 

alkylation  of the  dianion of m ethyl a c e to a c e ta te  w ith the re levan t protected  

a,co-halogeno alcohols (10), followed by deprotection of the alcohol, and diazo transfer 

on the p -ketoester using tosyl azide. Cyclisation of the d iazo - alcohols (11) was

>
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accom plished in a dilute solution of boiling benzene with 1-2 m ol%  of dirhodium  

tetraacetate , to give: an oxotetrahydrofuran (12) in quantitative yield, an oxo-oxepane  

(14 ) (78% ), and an oxo-oxecane (15 ) (24% ). Th e  3-oxotetrahydropyran (13 )

Rh2(OAc)4 

PhH, 80°C

/-t\)n
C>

C02Me

(12) n = 1
(13) n = 2
(14) n = 3
(15) n = 4

appeared to be unstable, and could not be isolated. Exclusive insertion into the O -H  

bond in the synthesis of oxepanes dem onstrates the kinetic preference for reaction at 

the hydroxy group. Indeed, insertion into the O -H  bonds of tertiary and prim ary  

alcohols occurred equally w ell, for exam ple (1 6 ) w as prepared in 72%  yield, and  

insertion into a phenol also occurred readily, (17) being obtained in 71%  yield.

E th e r s

The interm olecular reactions of ethers with d iazo  com pounds in the presence of 

dirhodium tetraaceta te  is also a known reaction, and the interm ediate obtained is a  

non-isolable oxonium  ylide, which can rearrange either by a sym m etry forbidden  

[1 ,2  ]-S tevens shift or by an allow ed [2 ,3 ]- shift, to the product of a form al C -0  

insertion. The  reaction of allyl ethers with d iazoketones is rare due to competing  

cyclopropanation of the alkene.

Extension of the reaction to intram olecular system s has been exploited separately by 

the groups of Pirrung and Johnson. Their results show that ethers are sufficiently 

strong nucleophiles to trap the interm ediate rhodium carbenoid. The oxonium ylide 

can rearrange either by [1 ,2 ]- or [2 ,3 ]- shift of the exo group (18) or endo group 

(1 9 ), to g ive rise to com pounds of to ta lly  d issim ilar structure (S c h e m e  3 ). 

J o h n s o n 10 has reported the cyclisation of several y -a lk o x y -a -d ia z o k e to n e s  (2 0 ) 

(dirhodium  te traace ta te / b en zen e / 25 °C ) to cyclobutanones (21 ) in 4 5 -6 8 %  yield,
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and this occurs by ring contraction of the oxonium yiide. T h e  rearrangem ent of the  

oxonium yiide in an endo fashion is observed as the sole product; the geometry of the

Schem e 3.

yiide favours internal [1 ,2 ]- shift over external [1 ,2 ]- shift. Th e  oxonium  ylides 

derived  from c o -a l ly lo x y -a -d ia z o -p -k e to n e s  and -k e to e s te rs  (2 2 ), h o w ever, 

rea rran g e  exclusive ly  in an exo m anner by a [2 ,3 ]- s igm atropic shift, to 2 - 

allylfuranones (23) and 2-allylpyranones (24 ), and this reaction is analogous to O -H  

insertion. The reaction was applied to the synthesis of a variety of furanones and pyran

OMe O

N2

Rh2(OAc)4
R-
R7  ^

O

OMe

R = Me, R' = Ph 
R = CH:CH2, R' = H 
R = H, R' = C 0 2Me

(20) (21)

-ones in very good y ie ld ,10’ 11 however, in the later s y r^ m  C-H  insertion, to give 

cyclopentanones, w as a competing reaction. The often strained nature of the transition 

states required for rearrangem ent is illustrated by the balance betw een [1 ,2 ]- and

[2 ,3 ]- shifts: th e  synthesis  of o xecan e  (2 6 ) from (2 5 )1 1 occurs by a [2 ,3 ]- 

rearrangem ent, w hereas (28) is the product of S tevens rearrangem ent of the yiide 

derived from (2 7 ).
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1 . 2 . 2  A m in e s  an d  (3 -L a c ta m s

Although the interm olecular insertion of copper-ketocarbenoids into the N -H  bond of 

primary and secondary am ines has been docum ented, the literature on intramolecular 

insertions into the N -H  bond of am ines is scant.

„ A
M e N ^  N2

Rh2(OAc)4 
-----------------►

(29) (30)

Treatm ent of d iazoester (29) with dirhodium tetraacetate  gave (30) in 18%  y ie ld .12 

Th e synthesis  of 1 ,2 -d ia ze tid in o n e s 13 (32) w as achieved by treatm ent of diazo  

hydrazides (31) in boiling benzene with dirhodium tetraacetate. The N-H  insertion

R R' Z

Bn Ph C O ^

CO^Bu Bn C 0 2Et (COMe)

C 0 2 Bu CH2C 0 2Et C 0 2Et(COMe) 
COsBn CH2C 0 2Et C 0 2Et (COMe)

15



products w ere  isolated in high yield. T reatm en t of d iazo  hydrazide (3 3 ) with  

dirhodium tetraacetate  gave a high yield of the pyrrolidine14 (34) by cyclisation onto 

the m ore nucleophilic nitrogen, to give an ylide which rearranges to (34).

(33) (34)

A study by Rapoport et a l 8 into the intram olecular reactions of co -b en zy lca rb am a te  

a -d ia z o -p -k e to e s te rs  catalysed by dirhodium tetraaceta te  reports the synthesis of 

four, five and six m em bered N -C bz cyclic am ines. Synthesis of the diazo compounds 

(35) w as achieved in two steps from N-protected co-aminoacids, by chain extension on 

the acid im idazolide using the dianion of mono methyl m alonate, followed by diazo  

transfer on the resulting p-ketoester. The insertion of the rhodium carbenoid, derived  

by treating (35) with dirhodium tetraacetate , into the N-H  bond to form four and five 

m em bered am ines, (36 ) and (37) respectively, in quantitative yield, is evidence of 

the facile nature of the reaction. Extension of the reaction to larger ring sizes resulted 

in a rapidly diminishing yield of the N-H insertion product. Attempted preparation of 

the azep ine (39) resulted in C -H  insertion to give cyclopentanone (40, n=1) in 39%  

yield as the only product of cyclisation. In the synthesis of the piperidine (38) 

(2 1 -6 7 % ), the cyclopentanone (40, n=0) (5 -1 0 % ) was also isolated. The reaction  

w as investigated closely, and the product ratio was shown to have a marked dependence  

on the solvent em ployed, the reaction tem perature, and the amount of catalyst used. 

Placing a heteroatom  in the chain of the diazo compound reduced the yield of cyclised 

product dram atically .

u

(rî V
C 0 2Et O C 0 2Et

CbzN
H

N2

Rh2(OAc)4

PhH, 80°c nrNCbz

(36)
(37)

n=1
n=2 r l °

(38) n=3 \ y ^ c o 2E\
(39) n=4 1

(CH2)nNHCbz

(35) (40)
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A great deal of work has been reported on the intram olecular reactions of p -lac tam s  

with rhodium carbenoids, and in general the insertion reaction into the lactam  N-H  

bond is very facile. Th e  reason for this m ay lie in the decreased conform ational 

flexibility of the 4 -(y -d ia zo -p -c a rb o n y l) substituted 2 -aze tid in o n es  (4 1 ) over the  

alicyclic amines; thus, the lower entropy of the m olecule favours cyclisation.

Initial w ork on the cyclisation w as reported in 1976  by workers at M erck, and  

continued effort by m any groups has produced structurally and pharm aceutically  

interesting com pounds.5 The synthesis of carba- and oxa- penam s and cepham s has 

been reported using this reaction (Schem e 4). Dirhodium tetraacetate was found to be 

a superior catalyst for these transform ations. M any system s em ployed a -d ia z o -p -  

ketoester based substituents at the 4-position, but the efficacy of cyclisation onto the  

carbenoid  opened the possibility of em ploying p -a lk y l-a -d ia z o e s te rs  at the 4- 

position, w ithout [1 ,2 ]-hydrogen shift reactions being problem atic, for exam ple  

(42 ) gives (43) in 55%  y ie ld .5

Schem e 4.

z = co2r X = CH2, o, (CH2)2) och2 
Z = PO(OMe)2 X=CH2

The novel azabicyclo[4.1.1]octane (45) was prepared from diazo azetidinone (44) by 

N-H  insertion.15 The seven m em bered ring was formed under dirhodium tetraacetate  

catalysis in 50%  yield, and this contrasts with the results of Rapoport. How ever, this 

am biguity can be explained by realisation of the rigidity im parted to the structure of 

the diazo compound by the p-lactam ring.
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o, o.

lB u 02C‘ *n 2
M e''

NH

(44)

Rh2(OAc)4 *Bu0 2C i

O
(45)

1 - 2 . 3  M e rc a p ta n s  an d  S u lp h id e s  

M e r c a o ta n s

The insertion of carbenes into the S-H  bond of m ercaptans would be expected to be a 

facile process, on account of the nucleophilic nature of sulphur. Indeed, exam ples of 

the intermolecular reaction have been docum ented, and the extension to intramolecular 

system s has recently been reported by Rapoport.8 Tetrahydrothiophene (46 ), was  

prepared in 73%  yield by treatm ent of m ethyl 2-d iazo-5-m ercapto -3-oxopentanoate  

with dirhodium tetraacetate in benzene at 8 0 °C .

S u lp h id e s

The interm olecular reactions of sulphides with diazocarbonyl compounds catalysed by 

copper and rhodium salts are well documented, especially in the case of allyl sulphides. 

The common interm ediate in all reactions is a sulphonium ylide derived by attack of 

the sulphur atom on the carbenoid. Sym m etry allowed [2,3]-shifts are facile, and  

with allyl sulphides rearrangem ent usually occurs under the reaction conditions. 

Intram olecular exam ples of the reaction have been studied with a broad range of co- 

su lph ide-a-d iazoketones, although not allyl sulphides, and dirhodium tetraacetate has 

been the catalyst of choice in recent work. The work can be divided into two sections 

according to the m ode of fragm entation of the sulphonium ylide: the first type is
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characterised by the presence of a hetero atom p- to the ylide sulphur (Schem e 5). 

This controls the process by inducing fission of one of the two C -S  bonds. It also  

rem oves the need for a "symmetry allowed" pathway or a migration labile group to be 

present for facile rearrangem ent, by facilitating a  stepwise process. In the second  

group are cyclic sulphonium  ylides which react by the classical routes, such as p- 

elim ination , [1 ,2 ]- (S teven s ) or [1 ,4 ]- shift. Th e  role of the substituents on 

sulphur is pivotal to which C -S  bond is cleaved.

Schem e 5.

In the first type of rearrangem ent, nitrogen and oxygen system s have been studied: 

p -la c ta m s  and y-lactam s have been the focus of study in nitrogen system s, and  

K a m e ta n i16 has reported the synthesis of pyrrolizidine alkaloids employing diazo-

C 0 2Et

X = S  (55%), X = S e  (36%)

sulphides and diazo-selenides in a ring formation step, the interm ediate sulphur and 

seleno-ylides rearrange to give the ring contracted azabicyclo[3 .3 .0]octan-2-ones in 

good yield via an im inium species (S chem e 6). O verall, the rearrangem ent is 

equivalent to a [1,2]-shift. Oxygen assisted ylide fragm entation has been applied to 

the synthesis of O -glycosides from S -g lycosides17 (Schem e 7), and this occurs by 

therm al cleavage of the isolable ylide to an oxonium ion, which reacts with the enoi 

tautom er of the ester to give a bicyclic compound. The rearrangem ent is an overall
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[1,4]-shift. Th e  exocyclic sulphide substituent, in ail ylides in this section, is either 

aryl or vinyl, the groups being chosen prim arily for their low m igratory aptitude. 

However, the secondary role they play in the rearrangem ent step, is often vital in the

>

Rh2(OAc)4

25°C

PhH

80°C

Scheme 7. E = CC^Me

outcome of the reaction. An illustration of this is in the synthesis of a carbapenam  and 

o x a p e n a m 18 >19 from  the d iazosu lph ide  (4 7 , R '= H ), w h ere  increasing steric  

interactions at the enolate carbon result in exclusive O -alkylation of the proposed  

im inium  ion in te rm ed ia te  (S ch em e  8 ), w h e re a s  the m ore highly substitu ted  

diazosulphide (47 , FV=Me, R=Ph) gave products derived exclusively from attack at the

SR
SR

Cu(acac)2 
----------------
PhH ,80°C

R’ = H

R = CH:CHC02CH2Ph 33%  
R = Ph

52%
27%

Scheme 8.

SR

p-lactam oxygen. Tricycle (49) w as the major product from the C u(acac)2 catalysed  

reaction of (48 , n=1), formed by C-alkylation of the interm ediate iminium species;
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O-alkylation w as only observed as a minor product, a consequence of the geom etrical 

requirem ents for attack at the iminium ion. How ever, increasing the length of the 

alkyl chain (48 , n = 2 ) resulted in nitrogen ylide form ation, followed by S tevens  

rearrangem ent to give (5 0 ).20

The second group of ylide rearrangem ents is characterised by a greater variety of ylide 

structure and ring size. The work of Davies21 on phenyl sulphides (Schem e 9) has 

proven the versatility the cyclisation reaction by the isolation of five, six, and seven  

m em bered ylides (5 1 ), in 4 5 -6 7 %  yield, although the C -H  insertion com peted with 

the formation of the seven m em bered cyclic ylide. The diazosulphides w ere prepared in 

five steps from chloroalcohols. T h e  ylides w ere  stab le  and isolable, although, 

rearran g em en t re c u rre d  on heating  (1 6 0 °C  ). A ttem pts to synthesise the four 

m em bered cyclic ylide (51 , n=1) resulted in isolation of a compound (52 ) derived  

from the ylide by [1 ,4]-rearrangem ent involving the ester group, and sim ilar results 

w ere obtained on heating the six m em bered cyclic ylide (51, n=3). In comparison, the 

ylide (53) rearranged in situ at 80 °C  by [1,2]-shift to g ive the cyclopentane (54) 

as the m ajor product.22 The more flexible cyclic ylide introduced by the extra sp^ 

centre favours the Stevens reaction.

Reaction of the five and seven m em bered cyclic ylides (51 , n=2,4) occurred by p- 

elimination, to give acyclic alkenes, presumably a reflection on ring conformation.

(51) (52) R = Ph, Et

Schem e 9.

Ph

(53) Ar = 4-methylphenyl (54)

Although p-elim ination is a common reaction in acyclic ylides, the ylides from ethyl 

sulphides can only lose e thene if a low energy transition state is geom etrically



possible: rapid loss of ethene w as found in the copper (II) or rhodium (II) acetate  

catalysed decom position of (55 , R =Et) to give the fused thiane system  (5 6 ),23 but

[1,4]-sh ift occurred in the isolable ylide (51, R =Et) w hen heated (8 0 ° C ) ,  to give 

dihydrofuran (52). Facile rearrangem ent of the benzyl group has also been observed, 

an d  2 -b e n z y lth io te t r a h y d r o fu r a n -3 -o n e 2 4  w as obtained by in situ S t e v e n s  

rearrangem ent of the corresponding S-benzyl ylide. However, in the decomposition of 

(55, R=Bn) the product of [1 ,^ -rearrang em en t of the ylide w as observed to give the 

fused th iane (57 ). Finally, the S -acetyl derivative of (55 ), upon copper acetate  

m ediated decomposition, gave (57, R=Ac), again derived by a [1 ,^ -rearrang em en t of 

the ylide.23

1 . 2 . 4  R e a c tio n s  in v o lv in g  th e  C a rb o n v l G ro u p

All the exam ples in this section proceed by nucleophilic attack of a carbonyl oxygen  

onto the m etallocarbenoid, to generate a carbonyl ylide. The 1,3-dipolar nature of the 

ylide has been  exp lo ited  by in ter- and in tram olecu lar trapping reactions with  

multiple bonds (carbon-carbon or carbon-hetero). An alternative fate for the ylide is 

proton transfer. This becom es the exclusive pathw ay in system s with a -p ro to n s , 

giving rise to enolates.

T rea tm en t of 2 ,6 -d io xo -1 -d iazo p h en y lsu lp h o n e  (58 ) with dirhodium  te traace ta te  

gave te trahydro-oxepane (59) (2 2 % ), the therm odynam ic isom er, as the result of 

proton transfer in the interm ediate carbonyl ylide.25

>
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D irh o d iu m  te tra a c e ta te  c a ta ly s e d  d eco m p o s itio n  of o -m e th o x y c a rb o n y l-a -  

d iazo aceto p h en o n e (6 0 ) in boiling ben zen e at high dilution gave a d im er (61) 

( 7 5 % ) . 26 T h e  com plex structure w as confirm ed by X -ra y , and the structure

previously proposed by Ibata et al was shown to be incorrect.

In tram olecu lar trapping of the carbonyl ylide has been reported by P ad w a:2 7  

cyclisation of d iazo keto ester (62 ) in b en zen e  with dirhodium  te traace ta te  gave  

c y c lo h e p ta [1 ,2 -b ] fu r a n o n e  in 8 7 %  yie ld , form ed by in tram o lecu la r 1 ,3 - 

cycloaddition of the ylide and the alkene. In a similar fashion, a diazoketoam ide also 

gave a bridged tricycle.27

Finally, the mesoionic carbonyl ylides, the isomunchnones, have been generated from 

the diazo precursors (63, Z=Ac) by dirhodium tetraacetate catalysis. They are

>
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trapped in tram olecularly by unactivated a lkenes, to give tricyclic system s (64 ) in 

high yield (7 2 -9 1 % ).28 The diazoalkane analogues (63 , Z = H ) w ere found to give 

poor yields of adducts, due to the lower reactivity of the interm ediate 1 ,3-dipole.

1 . 3  in s e rtio n  in to  C -H  B o n d s

T h e  aim of this section  is to cover in tram olecu lar C -H  insertion in aliphatic  

diazocarbonyl com pounds, that is, direct insertion of a m etallocarbenoid into an  

unactivated C -H  bond. The work discussed in this section is easily sum m arized  

(S chem e 10).

Arom atic and heteroarom atic d iazoketones undergo form al C -H  insertion, but the  

m echanism  can proceed by either cyclopropanation or electrophilic substitution. In the  

form er pathway, the reaction of a benzene gives an interm ediate benzocyclopropene, 

which can rearrange by electrocyclic reaction to a cycloheptatriene, or by acid  

catalysis, to the product of formal C -H  insertion. Similarly, insertion into an allylic 

C -H  bond can som etim es occur with the involvem ent of the double bond in an 

in term ed ia te .

O

Scheme 10. n = 1,2,3

The m echanism  of the reaction (Schem e 10) is unknown, but fundam entally it is an 

insertion reaction into a C -H  bond that is activated by a transition m etal. Although 

'naked' carbenes insert into unactivated C -H  bonds, the reaction has low selectivity. 

Participation of the less reactive m etallocarbenoid in the reaction leads to a selective  

C-H  insertion and predictable products.

The intram olecular insertion of m etallocarbenes (carbenoids) into C -H  bonds w as  

reported as long as 30  years ago.2 '5 Initial reports described the use of copper, 

copper oxide and copper su lphate  cata lys is , but silver salts, photolysis and  

thermolysis w ere shown to be effective in som e exam ples. Yields w ere usually low and 

the reaction tem peratures high (> 1 0 0 °C ). C -H  Insertion gave four or five m em bered
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rings, with five m em bered rings the major product where com petitive cyclisation was  

possible. The d iazoketones w ere often bicyclic or fairly rigid structures, providing a 

significant bias tow ards insertion at a particular C -H  bond, and this is clearly shown 

in the  synthesis  of (6 5 ) from d iazo cam p h o r.29  T ransannu lar reaction of a -  

diazocyclodecanone gave a decalin in poor yield by 8-C-H insertion.30

M ore recently, the developm ent of m ore active copper salts, such as copper (II) 

triflate, has allow ed lower reaction tem peratures to be used. Th e  combination of 

N i(a c a c )2 and a tungsten light has been reported as an efficient catalyst in the  

synthesis of fused cyclopentanones.31

Th e advent of dirhodium  te traace ta te  transform ed inter- and intra-m olecular C -H  

insertion reactions. As a result of the m ilder conditions required for catalysis  

( 2 5 - 8 0 ° C ) ,  and th e  g reater selectivity of the carbenoid , yields have becom e  

synthetically useful. The scope of the reaction w as extended dramatically: cyclisation 

reactions could now be perform ed on acyclic, flexible system s, whilst retaining the  

selective C -H  insertion observed with other catalysts in more rigid systems.

1 3 . 1  C y c lo p e n ta n o n e  S y n th e s is

Initial reports of the efficacy of dirhodium tetraacetate  for cyclopentanone synthesis 

w ere m ade by T ab er32 and W en kert,33 and the intram olecular reaction has been  

investigated thoroughly by Taber. Aliphatic diazo compounds underwent selective y- 

C-H insertion reaction to give cyclopentanones in high yield (Schem e 11). Treatm ent

f X °  -

Rh2(OAc)4 r (

FT NJr ' ' ' C 0 2Me
DCM, 25°C tsv / ^ C 0 2Me

R

Scheme 11. R = alkyl, alkenyl, aryl (66)
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of a -d iazo -p -ke to es ters , readily prepared from p -keto esters  by diazo transfer using 

tosyl azid e , with dirhodium  te traaceta te  in d ichlorom ethane at room tem perature, 

generated the cyclopentanones (66) rapidly, in 48 -77%  yield.

Com petition studies reported by Taber34 have established the factors governing C-H  

in sertio n :

1. E le c tro n ic  E ffe c ts

Taber synthesised diazo compounds with two competing sites for C -H  insertion. The  

ratio of the two cyclopentanones, normalised for the number of equivalent C-H  bonds, 

w as used as a ratio of the rate of insertion into the two C -H  bonds. The results are 

listed below, with exam ples:

- M ethylene C-H  more reactive than a methyl C-H

- M ethine C-H  more reactive than a methylene C-H

- Benzylic/ allylic C -H  less reactive than a m ethylene C-H
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This trend in reactivity can be explained on inductive grounds. The rate of attack of the 

electrophilic carbenoid at the C-H  bond is a function of electron density, therefore the  

inductively withdrawing benzyl group is expected to react more sluggishly. Stork has 

noted a similar result in the competitive cyclisation reactions of a -d ia z o k e to n e s .35 It 

w as found that the strongly electron withdrawing ester group had the effect of totally 

inhibiting insertion into C -H  bonds a -  an d  p -  to the ester, resulting in a selective  

cyclopentanone synthesis (Schem e 12). W here a  second site w as not available for 

insertion, dimerisation becam e the major pathway.

Rh2(OAc)4 

DCM, 25° C 

81-83%

Scheme 12. n = 1,2

- Aromatic C -H  as reactive as a methylene C-H

- Cyclopropanation as facile as methine C-H

O

CC>2Me

2. S te r ic  E ffe c ts

The effect of a bulky group w as investigated in the reaction of (67 ). Interaction  

betw een  the m etal com plex and the large t-butyl group resulted in predom inant
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reaction at the less hindered site.

3 . D ia s te r e o s e le c t iv i t v

The C-H  insertion reaction w as found to show diastereoselectivity: the cyclisation of 

(68 , R =H ) gave the cis  isom er as the only product. Sim ilarly, cyclisation of (69) 

gave only the c is  isom er of the cyclopentanone (7 0 ) (4 5 % ), together with a 

cyclobutanone (7 1 ), the product of p - C -H  insertion (2 2 % ). insertion into the  

cyclohexane ring of (68, R =M e) gave the cis isomer as the major product (3 :1), but 

the ratio im proved dram atically (15 :1 ) with the sterically m ore dem anding catalyst 

te tra p h e n y ip o rp h y rin rh o d iu m  ( I I I )  c h lo rid e . T h e  t r a n s - 2 ,3  d is u b s titu te d  

cyclopentanone w as formed as the only isomer in the cyclisation of (72 ).36 Taber

C 0 2Me

rationalised these observations by proposing a chair-like six m em bered transition  

state for the insertion reaction (Schem e 13). In this exam ple, the phenyl and methyl 

groups both adopt equatorial positions, so that insertion occurs at one C -H  bond only. 

Implicit in this m odel is the fact that the insertion reaction occurs with retention of
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configuration.

O
C 0 2Me

Rh2(OAc)4 
------------

77%

(72)

Schem e 13.

4 . E n a n t io s e le c t iv e  S y n th e s is

T ab er approached this problem by preparing a  chiral ester of the diazo-com pound  

(Schem e 14). It w as found that 2-naphthyl-3-hydroxybornane esters displayed good 

d ia s te reo face -se lec tiv ity  in the cyclisation re a c tio n .37 The chiral d iazo esters  

underwent specific C -H  insertion to give the diastereom eric cyclopentanones (73) and 

(74 ), in 6:1 - 12:1 ratio. The absolute configuration w as confirmed. It w as proposed  

that the transition state  w as a chair-like six m em bered ring, with the substituent 

sitting in an equatorial position. Chiral induction occurred by the y -h y d ro g e n  

approaching the prochiral carbenoid centre from the face least hindered by the 

naphthyl group of the ester. That is, the insertion reaction occurs significantly faster 

when the alkyl chain lies below the plane of the ketoester, as shown. The minor isomer 

(74) is formed by insertion on the more hindered face.

Scheme 14. R = alkyl, alkenyl

O

C 0 2R*

‘R

(73)

O

, , \C 0 2R*

(74)
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T ab er has applied the reaction to natural product synthesis: Vinyl cyclopentanone  

(73 , R=vinyl) w as used in the chiral synthesis of (+) estrone methyl ester. The  

reaction  has also been applied to the synthesis of the highly functionalised  

sesquiterpene (rac)-penta leno lactone E m ethyl ester (7 7 ) .38 The d iazoester (75), 

obtained in six steps from 4,4-d im ethylcyclohexanone, w as cyclised to give the 

tricycle (76) in 91%  yield. This w as converted into the natural product in two steps. 

In sum m ary: cyclopentanone carboxylate esters have been synthesised in high yield 

from easily accessible starting m aterials. The regio- and stereo- selectivity of the 

•  reaction has been investigated in detail.

Although the majority of rhodium catalysed C -H  insertion reactions have employed the 

a -d ia z o -p -k e to e s te r unit, the reaction is tolerant of. groups other than carboxylate  

and protium. W ork has recently appeared on studies of the cyclisation reactions of 

a-d iazo-p -ketosu lphones and a-diazo-p-keto-phosphonates and phosphine oxides.

The diazoketo-phosphonates and phosphine oxides (78, Z = P O (O E t)2 , P O P h2) w ere  

synthesised  by standard  d iazo -tran sfer chem istry, and decom posed in boiling  

dichlorom ethane by dirhodium tetraacetate (Schem e 15),39 to give cyclopentanones in 

good, but variable yield (33 -70% ). The yields are lower than the carbon esters, and  

this w as explained on the grounds of the lower reactivity of the carbenoid, due to the 

lower electronegativity and the steric bulk of the phosphorus groups. The lower 

reactivity may also be due to poisoning of the catalyst by phosphorus. Indeed, an

Scheme 15. Z  = PO(OEt)2, POPh2, S 0 2Ph ; R = alkyl, alkenyl
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observed side reaction is the W olff rearrangem ent. a -D ia z o -p -k e to s u lp h o n e s  

(7 8 ,  Z = S 0 2 Ph) w ere  prepared by diazo transfer using an azidinium  salt. They  

underwent smooth cyclisation in dichloromethane, catalysed by dirhodium tetraacetate, 

to give cyclopentanones in very good yield (53 -75% ) (Schem e 15 ).40 Com petition  

betw een allylic C -H  insertion and cyclopropanation w as observed with 1-d iazo -2 - 

oxohept-6-enyl phenyl sulphone.

a -D iazo -p -ke to su lp h o n es  (79) w ere synthesised by diazo transfer with tosyl azide, 

and cyclisation w as carried out in boiling ben zen e  with dirhodium  te traace ta te  

catalysis, to give com pounds of bicyclic structure (80) in poor yield (1 8 -2 2 % ).25  

The observed regioselectivity is opposite to that expected, since the rate of insertion 

into a C-H  bond adjacent to a carbonyl group is reported to be dramatically lower than 

an alkyl C -H .35

1 . 3 . 2  S y n th e s is  o f F o u r an d  S ix  M e m b e re d  R in as

Rigid systems often display different regioselectivity in C-H  insertion com pared to the  

y -C -H  insertion  observed  in acyclic  system s. G eo m etric  or conform ational 

constraints can lead to three (very unusual), four, or six (uncom m on) m em bered  

rings; this effect has been found with copper and rhodium catalysts.

O r\

(79) (80)

H H

(81) (82)

Dirhodium tetraaceta te  catalysed reaction of d iazoalkane (81) in refluxing Freon TF



gave hexanolide (8 2 ), the product of 8 -C -H  insertion, in 43%  yie ld .4 1 No y -C -H  

insertion w as observed.The geometric constraint imposed by an am ide bond has been  

used to advantage in the synthesis of four m em bered rings. Photochemically induced 

insertion into a  C -H  bond of an am ide to give a p-lactam  w as reported by Corey in 

1965 . M ore recently, the a -d ia zo a m id e  (83) w as shown to give p -lac tam  (85 ) 

photolytically (55% ) or by treatm ent with dirhodium tetraacetate  in dichlorom ethane  

(7 5 % ) ,42 and the reaction w as also highly d iastereoselective,43 with the dirhodium  

te traace ta te  m ediated  cyclisation of (84 ) giving (86) in 6 3 %  yield, together with 

6 .3 %  of an isomer in which the methyl group has the opposite configuration.

R

n 2 ^ hv or Rh2(OAc)4

l R
J  = ?

c r  '"*i— j Ss]

v ------------------------- '

J —  n . o

(83) R = H
(84) R = Me

(85) R =  H
(86) R = Me

Doyle has investigated this reaction more closely, and concluded that the observed  

selectivity in favour of p- C -H  insertion w as due to the proximity of the p-hydrogen to 

the carbenoid complex, and not a function of electronic influence by the substituents.44

Several sym m etrical d iazoacetoacetam ides, including diisopropylacetoacetam ide (87) 

w ere treated with dirhodium tetraaceta te  in benzene at room tem perature to give 

p -la c ta m s , including (8 8 ), in 8 9 -1 0 0 %  yield, the product of exclusive p - C - H  

insertion. Selectivity in the reaction of diisopropyl diazoacetam ide (89) w as poorer, 

affording a m ixture of p -a n d  y-lactam s (90) and (91) (4 :1 ) in 95%  com bined yield. 

The ratio of p:y insertion was found to be catalyst dependent. The sterically dem anding
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catalyst rhodium (II)  2 -phenoxybenzoate  favoured p C -H  Insertion (6 :1 ), w hereas  

rhodium (II) perfluorobutyrate showed lower selectivity (2 :1 ).

The am ide bond fixes the molecule into a conformation where the group held syn to the 

carbenoid rotates about the C H-N  bond, aw ay from the catalytic centre to reduce steric 

interaction. This places the p -  proton proximal to the active centre, and favoured for 

insertion, and the electronic influence of the R group becom es a secondary factor in the  

reaction (F igure 1). Indeed, cyclisation of benzyl ethyl diazoacetoacetam ide gave a 

m ixture of three products: insertion into the p C -H  bonds of the ethyl and benzyl 

groups w as equally likely, but the major product w as y C-H  insertion into the methyl 

group (55% ), and in this case the distribution of products relies on rotation about the 

amide and CH-N  bonds.

D o y le  stud ied  th e  cyclisa tion  of a series  of benzyl t-b u ty ld iazo ace tam id es  

(S ch em e 16): treatm ent of d iazoacetoacetam ides (92) with dirhodium tetraaceta te  

gave p-lactam s (93) as the exclusive products in 90 -98%  yield. Doyle rationalised

O

Figure 1. R = Ac, H ; L, M = allkyl, or aryl, and L is sterically more demanding than CH2M

O

(92) (93)

O
(94) (95)

Scheme 16. Ar = 4-N02-C6H4, 3-Br-C6H4 , 3-MeO-C6H4 , 3,4-(MeO)-C6H3
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th is by postulating a m echanism  in which the am ide bond w as locked into a 

conform ation w here the larger (t-Bu) group is oriented towards the carbonyl group, 

aw ay from the bulky carbenoid (F igure 1). For d iazoacetam ide (94) (A r= P h ), the 

exclusive product is of aromatic addition, but in contrast, the only product observed in 

the treatm ent of d iazoacetam ide (94) (A r= 4 -N 0 2 C e H 4 ) with dirhodium tetraacetate  

is that of p C -H  insertion (95).

Doyle notes that the t-butyl group is necessary for specific benzyl C -H  insertion.

•  1 . 4  C o n c lu s io n s

The intram olecular reactions of diazo compounds reported over the last decade have  

increasing ly  used rhodium  salts as the catalytic  agents , especia lly  dirhodium  

tetraacetate, in preference to copper catalysts, because of the higher yields and milder 

conditions offered by this catalyst.

The synthesis of cyclopentanones from p -k e to  diazoesters by inserion into a y -C -H  

bond has been explored extensively, and also exploited synthetically, by Taber and co­

workers. The dirhodium tetraacetate catalysed synthesis is the first general route to 

cyclopentanones utilising carbenes, and is also high yielding and highly specific.

The electrophilic rhodium carbenoids generated in the decomposition of stabilised diazo 

com pounds are also susceptible to reaction with nucleophiles, and this has led to the 

synthesis of five m em bered oxygen, nitrogen, and sulphur heterocycles by 'insertion' 

of the carbene into the X-H bond; the approach has also been applied to the synthesis of 

six and seven m em bered oxygen and nitrogen containing rings. The mechanism for this 

reaction, how ever, probably involves attack by the nucleophile at the carbenoid, 

unlike the C -H  bond insertion. Overall, this m ethod is a selective, neutral, and mild 

m ethod for the synthesis of heterocycles.
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CHAPTER TWO

Intramolecular Reactions of Rhodium Carbenoids 

with Oxygen, Nitrogen, and Sulphur Nucleophiles: 

Synthesis of Heterocycles
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2. 1 In t r o d u c t io n

2_J , 1 S y n th e s is  o f S e v e n  an d  E ig h t M e m b e re d  H e te ro c v c le s

Traditionally , the synthesis of m edium  ring heterocycles has been regarded as 

difficult, since the enthalpic factors which, on the w hole, favour cyclisation, are  

finely balanced by the entropy of the system , which prefers the 'freedom ' of acyclic 

compounds.

This fundam ental obstacle in the synthesis of seven, eight, and larger m em bered rings 

contrasts sharply with the wealth of facile, high yielding m ethods available for the 

synthesis of five and six m em bered heterocyclic rings, which possess significantly 

lower free energy relative to their acyclic precursors.

M any natural products contain seven and eight m em bered cyclic ethers, and this has 

provided an impetus for the developm ent of new methods for the synthesis of oxygen  

heterocycles.45

A pproaches to the synthesis of seven and eight m em bered rings which involve 

in tram olecular cyclisation often suffer from low yields and com peting reactions, 

however. An alternative strategy, which involves a ring expansion reaction, has not 

been widely exploited, even though it is often more selective.

A sum m ary of the older46 and new er methods available for the construction of seven  

and eight m em bered rings is presented below. The summary will be divided into two 

sections, according the method chosen to prepare the ring.

C v c l is a t io n s

There have been four general modes of cyclisation developed (Schem e 17), and two of 

these use the heteroatom  (X) as the nucleophilic cyclisation agent (97, 98 ). In (96 ), 

how ever, the heteroatom  is often placed ad jacent to the Y group, to increase  

regiocontrol in the reaction, by directing cyclisation. Although the reaction types  

listed above are ionic, analogous radical cyclisations are possble, however, they are  

re la tive ly  rare .

The Dieckm ann condensation is the most common reaction of type (96), and a pertinent 

exam ple is seen in the synthesis of oxepane (1 0 0 )47 (Schem e 18), a compound which
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w e have also prepared using a dirhodium tetraacetate m ediated cyclisation (Table 3).

Y +
(96) (97) (98) (99)

Scheme 17. X = 0 , N ,S

Unfortunately, the reaction requires strongly basic conditions, and often gives rise to 

isomeric and dimeric products, especially in the synthesis of eight m em bered rings.

Included in this cyclisation m ode are the in tram olecular acylation and alkylation  

reactions of unsymmetrical sulphides, ethers, and am ines (Schem e 19 ).48

The most general and widely used m ode of cyclisation is type (97). Indeed, the acid 

cata lysed  cyclodehydration of a,co-diols, and the reaction of a,co dibrom ides with 

sodium sulphide or with primary am ines gives cyclic ethers, sulphides, and am ines,

resp ective ly .46 The reaction conditions are often harsh, and the yields low, although  

m ilder m ethods hve recently been developed, especially for the synthesis of cyclic 

e th e rs . For e x a m p le , tre a tm e n t of d ith lo a c e ta l (1 0 1 )  (Z =  S E t) w ith

( 100)

Scheme 18.

O

Schem e 19.
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A/-chlorosuccinim ide, silver nitrate, and 2,6-lu tid ine at room tem perature gave the  

oxecane (102) in 9 5 %  yield, by capture of an interm ediate sulphonium species by the 

hydroxyl group.49

The intram olecular reaction of alcohols with epoxides has also been studied in the 

synthesis of oxepanes. Regiospecific reaction at the least hindered epoxide carbon atom 

of (103) catalysed by tin (IV ) chloride gave the oxepane (104 ) as the major product 

(79% ), together with a small amount of a pyran resulting from attack by the hydroxyl

group at the more hindered epoxide carbon (Schem e 2 0 ).50 An analogous reaction, 

which involves the intram olecular reaction of seleniranium  ions, generated from the 

reaction of alkenes with selenating agents, with oxygen nucleophiles, has been used to

synthesise o x e c a n e s .51 The dirhodium tetraaceta te  m ediated cyclisation of d iazo­

alcohols, and -am in es  to cyclic e thers and am ines (Section  1 .2), respectively, 

conforms with the type (97) approach.

Schem e 20.

The third mode of reaction to be discussed is type (98), and although it is similar to 

type (97 ) it has received little attention b ecause of the strained nature of the  

transition state. The cyclisation onto unactivated alkenes can be achieved with the use 

of pa llad ium  ca ta lys ts . Thus, / V - a l l y l - /V ' - ( 3 - io d o - 4 - o x o p e n t y l ) t o lu e n e - 4 -  

sulphonam ide gave a m ixture of a piperidine and an azep ine  on treatm ent with 

P d (P P h 3 )4 .52

38



Schreiber and co-workers have recently reported the reaction of alkyne lithiums with

a-d isubstituted 8-lactones to give o xecanes .53 This is achieved by ring opening the  

lactone with the alkyne anion, followed by endocyclic conjugate addition of the lithium 

alkoxide to the acetylenic ketone (Schem e 21).

Schem e 21.

Finally, the most recently developed strategy for the cyclisation (99) involves the 

reaction of enol ethers and vinyl silanes: Kocienski and co-workers have exploited the 

intram olecular M ukaiyam a directed-aldol condensation between enol ethers and cyclic

a c e ta ls .54 The reaction w as applied to the synthesis of tetrahydropyran-4-ones, 

oxepan-4-ones, and oxecan-4-ones, although the cleavage of the acetal w as often not 

regiospecific, and this led to a m ixture of cyclic ethers of different ring size. Thus,

treatm ent of d ioxane (105 ) with titanium tetrachloride in dichlorom ethane at -7 8 °C  

gave (106) as a m ixture of diastereoisom ers in 43%  yield (Schem e 22).

TiCI4 

78°C

(105)

Schem e 22.

O verm an and co-workers have reported a general approach to the synthesis of six, 

seven, eight, and nine m em bered cyclic ethers, and six and seven m em bered cyclic 

am ines, that is based on the reaction of vinyl silanes with in situ generated oxonium  

and iminium, respectively. O xepanes w ere prepared in very good yield, and oxecanes  

w ere prepared in m oderate yield. For exam ple, (108 ) w as prepared in 37%  yield, as
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th e  only iso m er, by trea tin g  vinyl s ilan e  (1 0 7 ) w ith tin ( IV ) ch lo ride  in 

d ich lo rom ethane at room  tem p era tu re , fo llow ed by se lective  desily lation  with

te trab u ty lam m o n iu m  flu o rid e55 (S chem e 23). The reaction proceeds by tin (IV ) 

chloride m ediated oxonium ion formation, then loss of ethanol from the mixed acetal, 

followed by cyclisation to give an a-silyl carbanion, which rapidly loses a proton to 

give (1 0 8 ).

Cl 1. SnCI4

OTs 2. nBu4N+ F"
OTs

Scheme 23.

T h e  reac tio n  w as ex ten d ed  to a z e p in e s ;56 treatm en t of am ine (1 0 9 ) with  

form aldehyde, catalysed by cam phorsulphonic acid, gave the azepine (110) together 

with the desilylated am ine from (109) in a combined yield of 42% .

R in a  E x p a n s io n

The second method for the synthesis of seven and eight mem bered rings employs a ring 

expansion step to generate  the product, and this section can be sub-divided into 

rearrangem ents and migrations.

R e a r ra n g e m e n ts :  the increase in ring size during the ring expansion is dependent 

upon the nature of the rearrangem ent. Thus, the therm al [2+2]-cycloaddition  of 

dimethyl acetylenedicarboxylate and dihydropyran gives a cyclobutene, which could be 

induced to undergo electrocyclic ring opening, either therm ally, or by treatm ent with
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a Lewis acid, to give the oxecane57 (111) (Schem e 24).

C n
C 0 2Me

C 0 2Me

'V^COaMe
)_ _ ^ ^ C 0 2Me

(111)

Scheme 24.

Holm es and co-workers have reported the synthesis of an oxecan-2-one from an ester

enolate by a C laisen rearrangem ent.58 The ester enolate w as prepared in situ from a 

dioxane by elimination of phenylselenic acid (Schem e 25).

• ' W
CsHia

DBU
O O Xylene

I 130°C
S e (0 )P h

' ^ Y ^ Y CsH' z

o oT
Schem e 25.

The above transformations have not been widely used in heterocyclic synthesis, but a 

m ore general approach to the synthesis of seven ring heterocycles involves the [3,31- 

rearrangem ent of (1 1 2 ) to (113 ).

(112) (113)

X = CH2 , Y  = S ,0  or X = O t NH , Y = CH2

The rearrangem ent of allylsulphonium ylides has been w idely exp lored ,59 and the 

reaction leads to cyclic sulphides in very good yield, although the reaction is most 

useful for large rings (Section 4 .1 .3 ).
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M ig ra t io n s :  the Baeyer-V illiger reaction has been used to prepare oxecan-2-ones

from cycloheptanones.60 Thus, the migration of a group to an electron deficient centre 

expands the ring by one atom .The Beckmann reaction has also been used to convert

cycloheptanone oximes into eight m em bered lactam rings.46

Finally, the aldol type addition of ethyl lithiodiazoacetate to ketone (114), followed by 

the acid catalysed loss of nitrogen and concomitant acid catalysed alkyl shift, gave the 

b en zo th iep an e61 (115 ) (Schem e 26). O ther carbenium ion m ediated migrations have  

been observed.46

Schem e 26.

To sum m arise, recently there has been a great deal of effort directed towards the 

synthesis of oxepanes and oxecanes, although, there are relatively few mild methods 

available for the synthesis of seven and eight mem bered cyclic sulphides and amines.

2 . 1 . 2  S y n th e s is  o f F u n c tio n a lis e d  D iazo  C o m p o u n d s

A recent developm ent in the synthesis of five and six m em bered heterocycles has 

focussed on the selective intram olecular insertion reaction of rhodium carbenoids, 

generated  under mild and neutral conditions from a -d ia zo -p -k e to e s te rs , into O -H , 

S -H , and N-H  bonds. Extension of this methodology to the synthesis of larger rings has 

received little attention, although work by Moody and Heslin9 has shown that seven and 

eight m em bered rings can be prepared.

Previous workers have synthesised a -d iazo -p -ke to es ters  with pendant nucleophiles  

(1 1 ), the precursors of the heterocycles, in three steps (S ch em e 27 ), by first 

in troducing the pro tected  nucleophilic  group in an a lkylation  step , and then  

introducing the diazo group using the diazo transfer reaction. However, the strategy is 

inefficient because it requires the nucleophilic group to be protected during the
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reaction sequence, and the diazo group to be introduced in a separate step.

Scheme 27. X = O, S, N R P = protecting group

The aim of the project w as therefore twofold: firstly, to develop a shorter synthesis of 

a -d ia z o -p -k e to e s te rs  with pendant functionality, and secondly, to investigate the  

scope of the dirhodium tetraacetate m ediated cyclisation of these diazo compounds as a 

general route to seven and eight m em bered heterocylic rings.

Clearly, to develop a shorter route to the diazo compounds would require that the two 

deficiencies m entioned above be eliminated, and this would necessitate using a readily 

available diazo com pound, in the chain extension step, together with an unprotected  

Co-functionalised alkyl halide.

Th e  rem ainder of this section will discuss the possible approaches to solve this 

problem, that is, functionalisation of a simple diazo compound.

There  are two logical approaches to the synthesis of a -d ia z o -p -k e to e s te rs  (116 ) 

(Schem e 28), and these involve disconnection at the bonds (a) or (b), to give two 

recognisable fragm ents that could be used in a short synthesis. Disconnection (a) is 

analogous to the approach employed in previous syntheses.

O  O

n 2

+ ic h 2x p

Scheme 28. X = O, S, N P = protecting group

D is c o n n e c t io n  (a )

T h e  synthesis of (1 1 6 ) would involve alkylation of the eno late  of an a - d ia z o -  

p-ketoester. Although benzyl a-d iazoacetoacetate  was readily m etallated with lithium 

hexam ethyldisilazide a t-78°C , the m etallated compound (117 , M=Li) only gave a low
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yield (12% ) of an adduct with an acetoxy p-lactam  (S chem e 2 9 .) .62 H ow ever, the 

silyl enol ether (1 1 7 , M = f-B u M e 2 Si) w as alkylated by a sim ilar acetoxy p -la c ta m  

in th e  p re s e n c e  of trim ethy ls ily l tr iflu o ro m eth an esu lp h o n a te , in 8 5 %  yield  

(S c h e m e  2 9 ) .63

OM

C02R'

n2
(117)

Schem e 29.
R = Et, R' = Bn, R" = H, M = U

D is c o n n e c t io n  (b )

Th e  disconnection (b) appears  m ore prom ising, since it g ives a com m ercia lly  

available diazo com pound, ethyl diazoacetate (ED A ). The synthesis would therefore  

require acylation or an aldol type reaction of EDA, with an acid chloride (Z =C I) or 

aldehyde (Z=H ), respectively. The aldol reaction of EDA with an aldehyde forms an 

alcohol, how ever, and this would require oxidation to give the required compound  

(S chem e 30). Unfortunately, the co-functionalised acid chlorides required for the  

acylation of ED A  cannot be isolated, because they spontaneously cyclise to lactones, 

th io lactones, or lactam s, unless the nucleophilic  group is protected. T h ese  

heterocycles are also electrophiles, but are significantly less reactive than the acid 

chlorides. However, they do have the advantage of liberating the nucleophilic group as 

an integral part of the acylation reaction, to give (1 1 6 ), obviating the use of 

protecting groups for the nucleophiles in the reaction.

Scheme 30.

The reaction of E D A  with lactones, and other cyclic electrophiles would satisfy the  

criteria for a short synthesis of a -d ia z o -p -k e to e s te rs , becau se  all the re levan t 

functionality is introduced in one step (Schem e 31). Sim ple lactones, lactam s, cyclic
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anhydrides, and thiolactones are also commercially available, and the methodology to 

prepare more complex examples has been developed.

Schem e 31. X=C>, S, N

So far w e have discussed the possible alternatives for the synthesis of (116 ) using 

disconnection (b), but is EDA a good nucleophile? Diazom ethane is readily acylated by 

acid chlorides, the first step of the Arndt-Eistert reaction, and this dem onstrates the 

ability of d iazo com pounds to act as carbon nucleophiles, by virtue of the charge  

separated canonical form (117) in which the negative charge resides on the carbon  

atom. The electron withdrawing ester group on EDA, however, reduces the reactivity 

of the diazo compound by delocalising the negative charge onto the carbonyl group.

(117) (118)

E = CQ2Et

Indeed, d iazom ethane reacts readily, albeit reversibly, with aldehydes and ketones, but 

very slowly with acid anhydrides, and very rarely with unactivated esters, w hereas  

EDA is a poor nucleophile and will only react with highly electrophilic carbonyl 

g ro u p s ,4 such as a-d icarbonyl com pounds and small ring ketones, although the  

reaction  often takes  days or w eeks  to reach com pletion , r an equilibrium  

(S c h e m e  3 2 ) .

The aldol adducts of EDA with aldehydes and ketones are  stable com pared to the 

d ia zo m e th a n e  ad d u cts , w hich rap id ly  lose n itro g en , in itia ting  a m o lecu la r  

rearrangem ent. The aldol reactions of EDA often require a w eak base as a catalyst, for
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exam ple, diethylam ine (Schem e 32), which probably generates a small amount of the 

anion of ED A  (118 ), and this is far more nucleophilic.

W enkert and co-w orkers64 have extended this reaction to acyclic, and some aromatic, 

a ld eh yd es  by using e thanolic  potassium  hydroxide to ca ta lyse  the reaction  

(Schem e 33). The reaction w as found to be reversible, and the yields of the adducts  

w ere reduced significantly when the R group w as bulky, and the aryl group electron  

donating.

EDA + RCHO
KOH

EtOH

R

N2

Scheme 33. R = methyl, hexyl, /sopropyl, cyclohexyl, phenyl, 4-nitrophenyl

The potassium salt of (118) could also be generated by the potassium cyanide mediated  

desilylation or destannylation of (1 1 9 ) ,65 and this reacted with prim ary alkyl, and 

some aryl aldehydes, to give p-siloxy or p-stannyloxy a -d iazocom pounds.

(119) Z = SiMe3 , SnMe3 R = primary alkyl, or aryl

In neither of the above exam ples could adducts with ketones be formed, because the 

reaction equilibrium strongly favoured the starting m aterials. How ever, treatm ent of 

a solution of ED A , in T H F  at low tem perature, with either /7-butyl lithium or LDA  

generated a solution of ethyl lith iodiazoacetate, and this a -m eta lla ted  derivative of
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EDA, although only stable below -5 0 °C , was sufficiently nucleophilic to react at - 7 8 ° C  

with alkyl halides, aryl acid chlorides, aryl aldehydes, and ketones to give alkylated or 

acylated  d iazo esters .4 ’66 Superior yields w ere recorded for the aldol reaction when  

LDA w as added to a mixture of EDA and the aldehyde (or ketone) at -7 8 °C . This shows 

that the a -d iazo  proton of EDA has greater kinetic acidity than the a-protons of the  

ketones; presum ably the diazo group is a net activating group, because of the high 

degree of charge delocalisation over the heteroatom s (118 ), even though contribution 

from the canonical form (117) increases the negative charge at the deprotonation site. 

The reaction of ED A  with poor electrophiles, such as esters, appears very rare, and  

reaction of ethyl lithiodiazoacetate with esters has not been reported, how ever, we  

decided to investigate the reaction of the diazo anion with lactones and analogous  

compounds as a one step route to the a-d iazo-p-ketoesters required for the cyclisation 

studies.

2 . 2  R e a c tio n s  o f E th y l L ith io d ia z o a c e ta te  w ith  A c v la t in a  A g e n ts

This section reports the results of the reactions of ethyl lith iodiazoacetate (ELD A ) 

with lactones, cyclic carbonates, thiolactones, lactams, and cyclic acid anhydrides.

2 . 2 . 1  L a c to n e s  an d  C y c lic  C a rb o n a te s

The reaction of ethyl lith iodiazoacetate (ELD A ) in T H F  at low tem perature with a 

variety of lactones and cyclic carbonates (Table 1) gave acylated diazoesters resulting 

from the ring-opening reaction, in variab le  yield (S chem e 34 ). Thus, ELD A  is 

sufficiently reactive to displace an alkoxide group, in an irreversible m anner.

O O

Schem e 34.

The ring opening reaction could be accom plished either by adding the lactone to a
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solution of ELDA, or by generating ELDA in the presence of the lactone. ED A  was  

metallated by adding it to a  solution of LDA in TH F at -9 0 °C , and to the resulting orange 

solution of the anion (which was stable at this tem perature), a lactone w as added, and 

the reaction m ixture w as then w arm ed to -7 5 °C . After two to four hours, acetic acid 

w as added to the solution, which w as then subjected to an aqueous work-up, and the  

residue purified by chrom atography on silica gel, to g ive co-hydroxy a - d ia z o -  

p-ketoesters, as pale yellow oils. Alternatively, LDA was added to a solution of EDA and 

the lactone in T H F  at - 7 5 ° C, to generate the anion in situ, and the solution was  

m aintained at this tem perature for 2 -4  hours, before work-up and purification to 

give the product.

The two methods are com plem entary, since in the former (the normal addition m ode), 

the lactone is always present in far lower concentration than the anion, w hereas in the 

latter (the inverse addition m ode), the anion is often in low concentration, because it 

is consum ed as it is formed, and thus the two methods are suited to different types of 

lactones. The inverse addition mode w as effective for most of the lactones investigated, 

with the notable exception of y-lactones (T a b le ! , entries 1-2), where the yield of the 

adducts w as ~20% , com pared with 47 -51%  for the normal addition mode. The poorer 

yields are  probably the result of the relatively high acidity of the protons r^-to the 

carbonyl group com pared to EDA, and therefore the presence of LDA em phasises this 

fact.

Six, seven and eight m em bered alicyclic lactones, without a,p-unsaturation w ere  very 

good substrates for the reaction (Tab le 1, entries 3-4, 9 -11), and the products were  

isolated in 5 8 -9 9 %  yield, and the lactones often react well under both sets of 

conditions.

Five and six m em bered cyclic carbonates w ere also ring-opened: 1,3 d ioxan-2-one  

gave the d iazo  compound (124 ) in 41%  yield, using the inverse addition m ode, 

however, w hen the normal addition m ode was used, the diazoalkoxide form ed in the 

reaction m ixture reacted interm olecularly, at the ethyl ester of another m olecule, 

displacing ethanol, to form a dimeric compound. The product and the dimer could not 

be separated by chrom atography, and the dimer accounted for -1 5 %  of the m aterial. 

4-M eth y l-1 ,3 -d io xo lan -2 -o n e  reacted with ELDA, to give a m ixture of inseparable  

regioisomeric diazoalcohols (Schem e 35).

a ,p -U n sa tu ra ted  8-lactones w ere  poor substrates: 5 ,6 -d ihydropyran -2-one gave a 

low yield of the adduct (125 ), and coum arin gave no adduct at all; this effect is
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probably due to the lower electrophlliclty of the carbonyl group in the unsaturated  

compounds.

Me Me

O O

Schem e 35.

The base initiated polymerisation of lactones is well known, however, the success of 

the reaction with ELDA relies on the anion acting solely as a nucleophile, and rapidly 

reacting with the lactones at the carbonyl group. In the inverse addition mode, LDA is 

added to a solution of the lactone, so favouring the polymerisation process, which is 

suppressed only if the ELD A  is rapidly form ed and then quickly consum ed by the  

lactone. Although the lower yields in the reaction of seven and eight mem bered lactones 

reflect a greater tendency to polym erise, this could be suppressed, in the inverse 

m ode, by adding the LDA to the reaction m ixture at -9 0 °C , and then allowing the 

reaction m ixture to warm  to -7 5 °C . Using this modification, the yield of (122) was 

increased from 76%  to 81% .

If the lactone w as a poorer electrophile, or possessed acidic a-protons, then base  

m ediated polymerisation becam e a problem. An obvious solution was to use the normal 

addition m ode, where the lactone concentration is kept low, and this w as successful for 

y-lactones. An alternative course of action was to increase the concentration of the 

anion. This w as applied to the synthesis of (123 ) from undecanoic acid 6 -la c to n e , 

which reacts far more sluggishly than 8-valerolactone, and the yield increased from  

47%  when 1.1 equivalents of ED A  w as used, to 88%  with 1.3 equivalents, and finally 

to 9 9 %  with 1.5  equivalents. In the reaction of benzo-fused lactones (Tab le  1, 

entries 7-8 , 12), the yield of the diazo alcohols w as increased significantly when 1.5 

equivalents of EDA w as used instead of the usual 1.1 equivalents. The sluggish reaction 

of the benzo-fused and dibenzo-fused lactones reflects the bulky nature of the aromatic 

group and the lower reactivity of the carbonyl group, which outweighs the enhanced  

leaving group ability of the phenoxide relative to the alkoxide group. Unfortunately, 

the m oderate rate of decomposition of ELDA at -7 5 °C  meant that 1.5 equivalents of EDA  

was required to effect completion of the reaction.
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la b lfi -1, R e a c tio n  o f E th v l L ith io d ia z o a c e ta te  w ith  L a c to n e s  an d  C y c lic  

C a rb o n a te s

E n try  Lactone Diazo Alcohol Addition3 Y ie ld  (%1

J X
y\0 N jT ^ C O a E t

R=H ( 1 2 0 ) N 4 7

R=M e ( 1 2 1 ) N 5 1

R ' ^ S q ^ ^ o 4 yH 0^  N ^ ^ C 0 2Et

R=H ( 1 2 2 ) I (N ) 81 (3 2 )

R = C eH i3 ( 1 2 3 ) I (N ) 9 9  (9 5 )
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1 0 
11

n = 1 

n = 2 c

( 1 2 9 )

( 1 3 0 )

(N)

58

6 3  (6 5 )  

6 5

OH

1 2 8d

a, N= normal addition m ode, l= inverse addition mode; b, prepared by the literature 

procedure, see C hapter Six; c, prepared from the corresponding ^etones with m- 

CPBA, see Chapter Six; d, starting material recovered.

As a possible solution to the decomposition of ELDA at -75°C , LDA w as added to the 

reaction m ixture over 0.5-1 hour, to keep the anion in low concentration. However, 

this resulted in the isolation of a yellow oil, in addition to the product, in ~10%  yield. 

Th e structure of the m olecule w as determ ined as diethyl d iazom alonate (133 ), and 

confirm ed by preparing the authentic material from diethyl m alonate using the diazo  

transfer reaction.67 The compound probably arises from the reaction of ELDA at the

O o O O

e<°^YL| + E i o ^ Y ^ n  ------------------ -- E t O '^ Y ^ O E t
N2 N2 N2

(133)

Schem e 36.
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carbonyl group of EDA, resulting in displacem ent of diazomethyl lithium, and not the 

ethoxide anion (S chem e 3 6 ). Th e  com pound resulting from displacem ent of the  

ethoxide group w as not isolated, presumably it is unstable.

Attempts to extend the reaction to p-lactones (p-butyrolactone and diketene) failed, as 

did the reaction with the highly oxygenated tetram ethyl 1 ,5-g luconolactone. The  

reaction w as also inhibited by the presence of a quaternary carbon adjacent to the 

carbonyl group, and (134) w as recovered from the reaction mixture in 56%  yield. 

Also, the a-carbonyl protons of isochrom an-3-one (135 ) w ere sufficiently acidic for 

LDA to form the enolate of the lactone in preference to deprotonating EDA, and (135) 

w as reco vered  in 6 6 %  yield from the reactio n  m ixture. T h e  reaction  of 

8-valerolactone with the Grignard of EDA66 was also unsuccessful.

Th e  reaction of ELD A  with alicyclic lactones, cyclic carbonates, and certain benzo- 

fused lactones th ere fo re  provides an e ffic ien t route to c o -h yd ro xy  a - d ia z o -  

p-ketoesters in one step.

2 . 2 . 2  T h io la c to n e s

The reaction of ELD A  with y- and 5-thiolactones to give diazom ercaptans (T ab le  2, 

entries 1-2) was only successful when the normal addition procedure was used, since 

the thiolactones are very readily polymerised.

The diazom ercaptans do not exist in the cyclic hemithioacetal form, probably due to the 

poor electrophilicity of the diazoketone, which is the result of delocalisation of charge  

from the d iazo group into the ketone. Indeed, the carbonyl absorption in the IR  

spectrum occurs at 1650 cm -1 , and this also explains why the keto (and ester) groups 

in the product are resistant to further reaction with ELDA.
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T a b le  2. R e a c t io n  o f E L P A  w ith __ th io la c to n e s .  la c ta m s , a n d  c y c lic

a n h y d r id e s

E n try  Starting M ateria l Diazo Compound Addition3 Y ie ld  (%\

O- f l
H s' " T

* 0

sC 0 2Et

1 n = 1 ( 1 3 6 ) N 4 4

2 n = 2 ( 1 3 7 ) N 5 2

cx
Boc

r j
H N ^

Boc

= o

x C 0 2Et

3 (1 4 4 )  n=1 ( 1 3 8 ) I 6 0

4 (1 4 5 )  n =2 ( 1 3 9 ) I (N) 73 (4 5 )

CO lBu
hnV^

C O B u

= o

- C 0 2Et

5 ( 1 4 6 ) ( 1 4 0 ) N 1 8 b

r* t ho2c ^ M x°^ C 0 2Et

6 n = 1 ( 1 4 1 ) I (N) 25 (4 3 )

7- n = 2 ( 1 4 2 ) I 3 6

ho2c ox j - C 0 2Et

o u t
8 ( 1 4 3 ) I 2 6

a, N=norm al addition, 1= inverse addition; b, starting m aterial recovered (25% )
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2_JLl3. L a c ta m s

The reaction of A/-methyl y-, 5-, and e-lactam s with ELDA using the inverse addition  

m ode w as unsuccessful, indicating that the am ide anion w as too poor a leaving group. 

A /-M eth y lp h th a lim id e  w as also u n reactive . T h ere fo re , A/-Boc d eriva tives  of 

8 -v a le ro la c ta m  (1 4 4 ) and e-caprolactam  (145 ) w ere prepared , in high yield, by 

treating a solution of the corresponding lactam s in acetonitrile, with Boc-anhydride  

and a catalytic am ount of 4-dim ethylam inopyridine. Treatm ent of the N-Boc lactam s  

under the standard inverse addition conditions gave, after work-up and purification, 

the corresponding diazocarbam ates (Table 2, entries 3-4) in very good yield. 

A/-f-Butylcarbonyl 8-valerolactam  (146 ), prepared in 9 6 %  yield from a solution of 

8-valero lactam  in T H F , by adding pivaloyl chloride and triethylam ine, w as a less 

satisfactory substrate for the anion reaction, since the bulky f-butyl group inhibits 

the approach of ELDA to the endocyclic carbonyl group (Table 2, entry 5).

2 . 2 . 4  C y c lic  C a rb o x y lic  A c id  A n h y d rid e s

Succinic, glutaric, and phthalic anhydrides also underwent reaction with ELDA, to give 

co-carboxy a -d ia z o -p -k e to e s te rs  in m oderate yield (T ab le  2, entries 6 -8 ). The  

norm al m ode of addition gave better results than the inverse mode for succinic 

anhydride.

Th e  carboxyiate anion is a very good leaving group com pared to the substrates  

discussed so far, however, treating a solution of glutaric anhydride and EDA in TH F  

with DBU or potassium f-butoxide gave no adduct.

Th e  co-carboxy a -d ia z o -p -k e to e s te rs  are  stab le  yellow  solids, in contrast to 

co-carboxy a -d iazo -p -ke to n es , which autocatalytically decom pose by loss of nitrogen  

upon standing.
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2_J1 R h o d iu m  T e tra a c e ta te  M e d ia te d  C y c lis a tio n  R e a c tio n s

In the work described in this section, the functionalised diazo compounds prepared in 

the previous section w ere subjected to dirhodium tetraacetate catalysed decomposition, 

to generate transient rhodium carbenoids which, under the reaction conditions react 

intram olecularly, e ither by inserting into heteroatom -hydrogen bonds, or into C -H  

bonds, to give heterocycles or cyclopentanones, respectively (S chem e 3 7 ). The  

influence of the ring size, the type of heteroatom , and the reaction conditions on the 

outcome of the reaction will be discussed, and also the dependence of the product(s) on 

the nature of the m etallocarbenoid interm ediate will be reported.

Schem e 37.

2 . 3 . 1  C v c lis a t io n  o f th e  D ia z o a lc o h o ls

The cyclisations could be realised using two different m ethods: the addition of a 

catalytic am ount of dirhodium tetraacetate  to a dilute solution of the diazoalcohol in 

dichlorom ethane at room tem perature, led to consumption of the starting m aterial 

(<1 hour), to give the cyclised product; how ever, the reaction w as found to work  

equally well when a solution of the diazoalcohol in benzene was added to a suspension of 

a catalytic am ount of dirhodium tetraacetate in boiling benzene, and the reaction time 

w as usually less than five minutes. After the reaction reached completion, the catalyst 

was removed and the solvent evaporated, and the residue was purified by distillation or 

chrom atography.

Thus, treatm ent of the diazo alcohols (Table 3) with a catalytic am ount of dirhodium  

tetraaceta te  (0 .2 -2  m ol% ), using the methods described above, gave six and seven  

m em bered cyclic ethers, the products of insertion into the O -H  bond, as the  only 

products, in 5 7 -8 0 %  yield . Pyrans have  not been p repared  by this route
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p rev io u s ly .9 Structural assignments for the ethers w ere m ade with the aid of proton 

N M R , carbon-13  N M R , and IR spectroscopy. The structural assignm ents w ere  

confirm ed by com parison with previously prepared  cyclic e th e rs ,9 and by the  

preparation of derivatives (Section 2 .3 .4 ). The ethers prepared from secondary and 

benzylic alcohols w ere unstable to chrom atography, on silica gel and Florisil, and in 

general the pyrans w ere less stable than the oxepanes.

* T a b le  3. C v c lis a tio n  R e a c tio n s  o f th e  D ia z o a lc o h o ls

Diazo Catalyst Solvent3 Product

p f °

Yield m

^ C O a E t

( 1 2 0 ) Rh2 (O A c)4 B (D) (1 4 7 ) R=H 57 (5 9 )

( 1 2 1 ) Rh2 (O A c )4 B (D ) (1 4 8 ) R = M e 8 0 (6 4 )

n
R ^ c r S CO aEt

( 1 2 2 ) Rh2(O A c )4 B (D) (1 4 9 ) R =H 6 4 (5 8 )

11 Rh2(O C O C F 3)4 B (□ ) ff 57 (4 5 )

VI C u 2(O A c )4 B 2 8

it C u(O C O C F3)2 B (T) 4 6 (5 1 )

n C u (acac )2 T 4 5

it C u (0 S 0 2C F 3)2 B 5 7

if AgBF4 T 1 2

ii P d(O A c)2 B 2 3 b

if M o 2( O A c )4 T 1 9

( 1 2 3 ) Rh2 (O A c)4 B (D) (150 ) CD£CDOIIGC 7 7 (6 8 )
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o
o

CQ2Et

( 1 2 6 )  R h2(O A c )4 B (D ) (1  51  ) 80  (5 9 )
tl Rh2(O C O C F 3)4 B tf 6 3

< x : X o *
S \  C 0 2Et 

C 0 2Et OH

( 1 2 7 ) Rh2(O A c )4 B (152) (153) 1 2 + 6 9

ff Rh2 (O A c)4 D »f 1 1 + 6 2

it
Rh2(O C O C F 3)4 D ft 3 2  + 3 4

?t C u (acac )2 B if 0 + 5 4

C r °

H O ^ <VC 0 2Et

( 1 2 8 ) P d(O A c)2 T ( 1 5 4 ) 21

/— f

o - c o 2e ,+ V ^ C ° 2Et
^ , O H

( 1 2 9 ) R h2 (O A c )4 B (155) (156) 31 + 5

n Rh2 (O A c )4 D ff 1 8 + 3 0

. 0  
/ — f *
N ^ ^ C O a E t

R

( 1 3 0 ) R h2 (O A c )4 D (157 ) R = (C H 2 )2O H 4 1

fl Rh2(O C O C F 3)4 D »f 3 9

( 1 5 8 ) Rh2 (O A c )4 D (159 ) R = O S ife u M e 2 2 5

a, B = benzene, D = dichloromethane, T  = toluene; b, + 26%  Starting material
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T re a tm e n t of the d iazo m alo n ate  derivative  (1 2 4 ) under e ither set of reaction  

conditions, on the other hand, gave a complex mixture of products, from which a  

dim eric  com pound w as iso lated  in low yield . This w as probably form ed by 

in term olecu lar O -H  insertion, fo llow ed by in tram olecu lar O -H  insertion of the  

carbenoid of one molecule onto the hydroxy of the other, and the oxepane was probably

not formed because of restricted mobility of the alkyl chain imposed by the ester.

The yields recorded for the synthesis of oxepane (149) w hen the reaction w as carried  

out in benzene at room tem perature (5 h) and reflux (5  min); w ere 63%  and 64% , 

respectively; this show s the to lerant nature of the rhodium carbenoid, and also  

suggests that it has a very short lifetime, and rapidly undergoes intramolecular attack  

by the hydroxy group, indeed, the independence of the yield upon the amount of catalyst 

used suggests a very high rate of catalytic turnover.

A study of the dirhodium tetraacetate m ediated cyclisation of (122) using a variety of 

solvents and tem peratures also confirmed the tolerant nature of the carbenoid: oxepane  

(1 4 9 ) w as form ed in 5 2 -5 7 %  yield w hen the reaction w as carried out in boiling 

hexane, carbon tetrachloride, or ethylene dichloride. However, the rate of reaction in

dichlorom ethane lowered significantly as the tem peraure w as dropped to 0 °C . The  

reaction w as totally inhibited w hen strongly coordinating solvents (e.g . T H F ) w ere  

em ployed. As a m easure of the pow er of dirhodium te traace ta te  catalysis, the  

decom position of (1 2 2 ) without a catalyst required prolonged reflux in toluene, but 

this gave polymeric material, and no oxepane. Also, the acid catalysed decompositions 

of co-methoxy a-d iazoketones is only useful for the synthesis of five and six m em bered  

r in g s .68

Next, we looked at the effect of altering the catalyst (ligand and m etal): w e postulated  

that increasing th e  electrophilicity of the carbene would favour the capture  of 

nucleophiles. Thus, w e prepared rhodium (II) trifluoroacetate, which is soluble in 

most organic solvents, and forms a deep blue solution. However, during the reaction 

with diazoalcohols, the solution turned green, suggesting that the alcohol coordinates to 

the active sites of the electrophilic catalyst. Indeed, the rate is slow er than the 

dirhodium  te tra a c e ta te  catalysed  reaction , because of the lower free  catalyst 

concentration.

The traditional catalysts for decomposition of diazo com pounds are copper (II) salts, 

although the active catalysts are  probably the copper (I) salts, form ed in situ by 

oxidation of the diazo group. Copper (II) acetylacetonate and copper (II) acetate share
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the sam e dim eric structure as dirhodium tetraacetate . A solution of (122) in boiling 

ben zen e  or to luene w as treated  with copper (II) acety lacetonate  (hom ogeneous  

catalyst) or copper (II) acetate, respectively, for 2 -2 .5  h, to give the oxepane (149) 

in m o d era te  y ie lds , and the m ore e lectroph ilic  co p p er ( II)  tr iflu o ro ace ta te  

(hom ogeneous catalyst) and copper (II) trifluoromethanesulphonate, gave the oxepane  

in 46%  and 59%  yields, respectively, after 1-2 h in boiling benzene, although the  

reaction tim e for copper (II) trifluoroacetate could be reduced to 0 .2 5  h in boiling 

toluene, with a small increase in yield. The reactions catalysed by copper salts are 

sluggish com pared to dirhodium tetraacetate , and the yields depend m arkedly on the 

ligand, although the electrophilic catalysts give the best results.

Finally, w e explored a broad range of transition metal salts as possible catalysts, but 

the  only p ositive  results  w e re  recorded  for s ilver ( I) , pa llad ium  (II) ,  and  

molybdenum (II) salts (Table 3): silver salts are known to be effective catalysts for 

the promotion of the Wolff rearrangem ent, but only the oxepane was isolated from the 

reaction of (1 2 2 ), how ever, the catalyst w as reduced in situ, to silver m etal. 

Palladium  salts are usually regarded as cyclopropanation or C -H  insertion catalysts, 

how ever, the o xep an e  (1 4 9 ) w as form ed in low yield, as the only product. 

M olybdenum  d iacetate , with a sim ilar dim eric structure to dirhodium tetraaceta te , 

w as also a catalyst, but molybdenum (0) and (IV ) com plexes w ere inactive, although  

molybdenum  com plexes are known to decom pose diazo compounds. Rhodium (I) 

catalysts w ere inactive for the reaction, w hereas zinc (II) iodide, a strong Lewis acid, 

decomposed the diazo compound, but gave no cyclic ether.

The investigation of different catalysts, above, has shown the superiority of dirhodium  

tetraacetate as a catalyst for O -H  bond insertion

N ext, w e investigated  the synthesis of eight m em bered  ethers: the dirhodium  

te traaceta te  m ediated cylisation of (127) in boiling benzene gave a mixture of two 

com ponents (Tab le  3), the oxecane (152) (12% ) derived from O -H  bond insertion, 

and the cyclopentanone ester (153) (69% ) from insertion into the y-C-H bond of the 

alkyl chain. The m ajor change in the site of insertion can be attributed to the 

relatively low rate of formation of eight m em bered rings. Indeed, the rate of formation

of five m em bered rings is about 104 -1 0 6 tim es faster than for the corresponding  

eight m em bered ring, and there is a 10 -100  tim es difference betw een the rate of

form ation of seven and eight m em bered  rings.69 The ratio of the two products 

indicates that the mechanism for C-H  and O -H  bond insertions are different, and this is

9
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generally accepted: the form er probably Involves oxidative addition across the C -H  

bond, w hereas the hydroxy group attacks the electrophilic carbenoid centre, to give an 

in term ediate  com plex (5 , R =H ), which undergoes proton transfer and loss of the  

catalyst to give the cyclic ether (Schem e 2). The initial nucleophilic addition is rapid 

because it does not involve breaking a bond, the O -H  bond being stronger than the C-H  

bond. T h e  ra te  of C -H  bond insertion is dim inished by an a -  or p- e lectro n

w ithdraw ing group3 5 , an effect which favours the formation of (149), but is lost in 

the reaction of (127 ).

In the rhodium (II) trifluoroacetate catalysed reaction of (1 2 7 ), the yield of the 

benzoxocin (152) w as improved to 32% , at the expense of the cyclopentanone (153) 

(3 4 % ), and this is a reflection of the h igher electrophilicity of the carbenoid. 

Copper (II) acetylacetonate, on the other hand, gave solely the cyclopentanone (153), 

in 54%  yield; in general, copper catalysts are m ore effective in the promotion of C-H  

bond insertion.5

In an attem pt to favour the formation of oxecanes by restricting the flexibility of the  

m olecule, w e prepared the diazoalcohol (128). However, when treated with dirhodium  

te traaceta te  it gave no isolable products, although when (128 ) w as treated with a 

catalytic am ount of palladium  (II) acetate  in boiling to luene, the cyclopentanone  

(1 5 4 ) w as  iso lated  in 21%  yield. Th e  reaction is thought to proceed  via a 

palladocyclobutane.70

Th e dirhodium  te traace ta te  m ediated  cyclisation of (1 2 9 ) in boiling b en zen e  or 

d ich lo ro m eth an e  g a v e  the o xecan e  (1 5 5 ) in a fa ir y ield  (1 8 -3 1 % ), and a 

cyclopentanone (1 5 6 ) in variab le  yield. The cyclisation of (1 2 9 ) gave a  larger 

am ount of the cyclic ether than did the phenol (127), and this is probably due to the  

greater nucleophilicity of the prim ary alcohol.

Rhodium  trifluoroacetate  or dirhodium  te traaceta te  m ediated  cyclisation of (130 ) 

(Tab le  3) gave a m oderate yield of the cyclopentanone (157); the nine m em bered  

ether w as not formed because the C-H  insertion reaction w as faster.

In sum m ary, the nature of the m etallocarbenoid  appears  to be critical for the 

synthesis of oxecanes. W here the rate of O -H  and C -H  insertion are com parable, 

however, for the synthesis of six and seven m em bered rings, cyclopentanone formation 

was not observed, and dirhodium tetraacetate was found to be the catalyst of choice.
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T h e  efficacy of the dirhodium  te traace ta te  m ediated  cyclopentanone synthesis5 

prompted us to extend the reaction of ELDA with lactones to prepare substrates for the 

synthesis of cyclopentanones. Thus, the substituted cyclopentanone (159) (Tab le  3) 

could be prepared from (122), in two steps, by silylation with TB D M S C I, followed by 

dirhodium tetraacetate  m ediated C -H  insertion (25% ). The poor yield is probably due 

to the bulky, electron withdrawing nature of the siloxy group. A lternatively, d iazo  

alcohol (122 ) could be oxidised to the corresponding aldehyde (160) in good yield, by 

pyrid in ium  d ich ro m ate  (6 3 % ) (th e  transform ation  w as also  possib le  using  

pyridinium  ch lorochrom ate  or Sw ern oxidation), which w as then trea ted  with  

(carb o xym eth y len e)trip hen ylp h o sp h oran e, to g ive the d iazo ester (1 6 1 ) in 8 0 %  

yield . This w as cyclised by trea tm en t with a catalytic  am ount of dirhodium  

tetraacetate , to give the cyclopentanone (162) in 58%  yield (Schem e 38).

Scheme 38. (a) PDC (b) Ph3P=CHC02Et

The co-hydroxy group in the a -d iazo -p -ketoesters  (Table 1) can therefore be used for 

further chain extension steps, to provide an alternative route to cyclopentanones.

2 . 3 . 2  C v c lis a t io n  o f D ia z o -m e rc a p ta n s  an d  - a m in e s

The intram olecular dirhodium tetraacetate  catalysed cyclisation of diazosulphides has

been extensive ly  studied (C hapter 4) but, with the exception of R apoport8 , the 

intramolecular reaction of mercaptans with diazo compounds has not been studied. The  

reaction can give either a thioether, the product of S-H bond insertion, or an alkane  

resulting from reduction of the carbene.

D iazom ercaptans (136) and (137) w ere subjected to dirhodium tetraacetate m ediated  

cyclisation in boiling ben zen e  to give, after w ork-up and distillation, the cyclic 

thioethers (163 ) and (164), in 57%  and 34%  yield, respectively (Table 4). No C -H  

bond insertion products w ere  isolated. The cyclic thioethers are  highly enolised,

61



chrom atographically  stable odourless  

their structure (S ection  2 .3 .4 ).

T a b le  4. C v c lis a t io n  R e a c tio n s  o f

oils. D erivatives w ere  prepared to 

D ia z o -m e rc a D ta n s  an d  -a m in e s

Diazo Catalyst Solvent3 Product

^ S ^ ^ C 0 2Et

Yield  (% )

( 1 3 6 ) R h2(O A c )4 B (1 6 3 ) n=1 5 7

( 1 3 7 ) R h2 (O A c )4 B (1 6 4 ) n=2

VY ' ^ C 0 2Et

^ R

3 4

( 1 3 8 ) Rh2 (O A c )4 D (165 ) R =N H B oc 7 3

( 1 3 9 ) R h2 (O A c )4 D (166) R =C H 2 N H B oc 6 3
if Rh(O CO CF3) D l»

c C ,
LS(̂ N H C O tBu

7 6

( 1 4 0 ) Rh2 (O A c )4 B ( 1 6 7 ) 1 9

a, B = benzene, D = dichloromethane.

Unfortunately, the ability of sulphur to poison catalysts reduced the rate of reaction at 

room tem perature significantly, and so cyclisation was perform ed in boiling benzene  

with ~2 m ol%  of dirhodium te traaceta te , and under these conditions the solution  

turned purple, indicating coordination of the m ercaptan to the catalyst.
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In com parison, the d lazo-carbam ates and -am ides gave only the products of C-H  

insertion on treatm ent with a catalytic amount of dirhodium tetraacetate (Table 4): the 

c y c lo p en tan o n es  (1 6 5 )  and (1 6 6 )  w e re  ob ta in ed  in 7 3 %  and 6 3 %  yie ld , 

respectively, w hereas (167) w as only obtained in a poor yield, presum ably because  

the pivaloyl group inhibits the reaction far more than the f-Boc group. Interception  

of the carbenoid by nitrogen w as not observed, because it is hindered and relatively  

non-nucleophilic. How ever, insertion into N-H and N (C O )-H  bonds to give four, five,

and six m em bered rings has been reported,8-13 although competing C-H  bond insertion 

w as noted in the synthesis of the six m em bered ring.

Attem pts to rem ove the f-butoxycarbonyl group from (1 3 8 ) using trifluoroacetic  

acid in dichloromethane w ere unsuccessful.

2 . 3 . 3  C v c lis a t io n  o f D ia z o a c id s

Esterification of carboxylic acids under neutral conditions using diazoalkanes, such as 

diazom ethane or diphenyldiazom ethane, is a well known reaction and it can also be 

applied to the less reactive diazoketones, in the presence of an acid catalyst. The  

intram olecular acid catalysed reaction is particularly facile and can be used for the

preparation of 5 -lactones; thus, 1 ,4-d ioxo isochrom an71 w as prepared in high yield 

by the addition of dilute aqueous hydrochloric acid to the diazoketone carboxylate  

(Schem e 39). The reaction proceeds by loss of nitrogen, to generate a carbenium ion, 

followed by cycllsation of the carboxylic acid residue. The corresponding transition  

metal catalysed reaction, however, has been little studied72.

Scheme 39.

A solution of the diazoacids (141) or (142 ) w ere added to a suspension of dirhodium  

tetraacetate in boiling benzene, however, after work-up and distillation of the reaction  

mixture, no characterisable products w ere isolated. The reaction w as repeated in the
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presence of DBU, but no product was formed. Decomposition of (142 ) m ediated by 

e ith er copper (II)  trifluorom ethanesu lphonate  or boron trifluoride e th era te  also  

fa iled .

Therefore, w e decided to prepare an co- carboxy a-d iazoketone, in order to generate a 

less electrophilic and less reactive carbenoid, which would be more selective in its 

reactions. Thus, d iazodim edone, easily prepared from dim edone using the diazo  

transfer reaction, w as dissolved in dichlorom ethane, and aqueous sodium hydroxide 

w as added. The  two phase mixture was stirred rapidly overnight, and then subjected to

acidic aqueous work-up to give the crude d iazoacid73 (168 ), which w as relatively  

stable in solution. Boron trifluoride etherate was added to a solution of the crude acid 

(168 ) in d ichlorom ethane at room tem perature, and after tw elve hours, aqueous  

work-up and purification of the residue by chrom atography, gave the e-lactone (169) 

(3 0 %  from diazodim edone) (S chem e 40 ). A lternatively, the crude diazoacid w as  

subjected to quick flash chrom atography on silica gel, to give (168 ) in 52%  yield. 

The acid w as im m ediately treated with dirhodium tetraacetate  in boiling benzene, to 

give the lactone (169 ) in 67%  yield, as well as a symmetrical lactone dim er (4% ).

The successful cyclisation of (168) m ediated by a Lewis acid or dirhodium tetraacetate  

m ay be due to the presence of the gem dimethyl group in the ring, since this group 

strongly favours cyclisation to m edium  sized rings, and the p resence of the  

14-m em bered  ring dimer in the dirhodium tetraacetate m ediated reaction suggests that 

the formation of the parent seven m em bered ring is disfavoured, so that dimerisation  

or polym erisation is facilitated. Thus, the role of the ester group a -to  the carbenoid  

can be pivotal to the outcome of the reaction.
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2 . 3 . 4  D e r iv a tis a tio n  o f th e  H e te ro c v c le s  an d  C v c lo p e n ta n o n e s

As observed  p rev io u s ly ,9 the heterocycles exist as a mixture of keto and enol 

tautom ers, and the ratio in a deuteriochloroform solution w as dependent upon the ring 

size, the substituents around the ring, and on the heteroatom.

To sim plify analysis of the spectra, the f}-ketoesters w ere  locked into the  enol 

tautom er by preparing the f-butyldimethylsilyl enol ether derivatives, by treating a 

s o lu tio n  o f th e  h e te ro c y c le  in T H F  w ith  f - b u t y l d i m e t h y l s i l y l  

trifluorom ethanesulphonate (T B D M S O Tf) and triethylam ine (Table 5). The N M R  and 

IR spectra of the silyl ethers, which w ere usually stable to distillation, w ere greatly 

simplified, and confirmation of the structures w as facilitated. Derivatisation of the 

c y c lo p e n ta n o n e s  (1 5 3 )  a n d  (1 6 5 )  a ls o  s u p p o rte d  th e  s tru c tu ra l  

a s s ig n m e n t (T a b le  5 ).

T a b le  5. f -B u ty ld im e th v Is i lv l  E n o l E th e rs

B -ketoester Silvl Ether Y ie ld  (%)

^ N s ^ O S i tBuMe2

R ' ^ C r ^ C C ^ E t

( 1 4 7 ) (1 7 0 ) R=H 6 9

( 1 4 8 ) (1 7 1 ) R = M e 5 7

( 1 5 0 )

( 1 5 2 )
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( 1 5 3 )

( 1 5 5 )

( 1 6 3 )

( 1 6 4 )

( 1 6 5 )

Me^BuSiO

r \ ^ ^ O S i lBuMe2

C 0 2Et

( 1 7 4 ) 5 3

C' \ > , O S i tBuMe2]C
0 ^ C 0 2Et

( 1 7 5 )

OSitBuMe2

C 0 2Et

(1 7 6 ) n=1

(1 7 7 )  n = 2

OSil BuMe2

]r co2Et
NHBoc

( 1 7 8 )

100

1 00  
100

2 3

Finally, a solution of the cyclopentanone (153 ) in boiling benzene w as treated with a 

catalytic amount of camphorsulphonic acid, and after three hours the reaction mixture 

w as sub jected  to w ork-up  and purification, to give the tricyclic lactone (179 ) 

(32% ), as a single isom er.

(153)
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2 . 4  Conclusions

T h e  m ethodo logy d eve lo p ed  herein  allow s the p rep aratio n  of a varie ty  of 

co-functionalised a -d ia zo -p -k e to e s te rs  in one step from ethyl d iazoacetate , by the 

add ition  of cyclic  e lec tro p h iles , such as lac to n es , to a so lution  of ethyl 

lith iodiazoacetate. Thus, the diazo group is readily introduced into the m olecules  

without recourse to the use of diazom ethane or the diazo transfer reaction.

The dirhodium tetraaceta te  m ediated cyclisation reaction of the d iazo-alcohols and  

-m e rc a p ta n s , prepared from lactones and thiolactones, respectively, gave six and 

seven m em bered cyclic ethers and thioethers. Therefore overall, the reaction is a two 

step ring expansion of the lactone or thiolactone, by insertion of the C H C C ^E t group 

into the (O )C -X  bond. O xecanes could be prepared in low yield, reflecting the 

difficulty in p reparing  eight m em bered  rings, but the  reaction  su ffered  from  

competing C -H  insertion, leading to cyclopentanones. Cyclopentanones w ere the sole 

products from the reaction of A/-Boc am ino- and A /-p ivaloyl-d iazoketoesters.

The nature of the metal and the ligands of the metallocarbenoid were found to alter the 

ratio of C -H  to O -H  insertion. Also, the effect of the substituent at the carbenoid  

centre could also be profound, as shown in the cyclisations of co-carboxy diazoacids.
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CHAPTER THREE

Synthesis and Dirhodium Tetraacetate Mediated 

Cyclisation of a-Diazocarbonyl Compounds
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3.1 Introduction

In the  previous chapter w e reported a two step procedure for the synthesis of 

heterocycles, which involved the reaction of ethyl lith iod iazoacetate  with cyclic 

electrophiles, such as lactones, to give a -d ia zo -p -k e to e s te rs  with rem ote nucleophilic 

functionality, and these compounds w ere cyclised with the aid of dirhodium tetraacetate  

to six, seven, and eight membered heterocycles.

The reaction could be extended to a -m e ta lla te d  diazo com pounds with d ifferent 

stabilising groups at the a -  position, to prepare a variety of a - d i a z o - p - k e t o -  

compounds, which would be subjected to dirhodium tetraacetate m ediated cyclisation, 

to give heterocycles with other synthetically useful substituents at the C -2  position 

(S chem e 41).

O

c=c> Y "  i = >  Y  + C ^ y = °
l  N*  n 2 V _ x

XH

Schem e 41. X = 0 , S, NBoc Z = SC^Ph, PO(OEt)2, MeaSi, C C ^Bu, COMe

Relatively few  d iazo compounds have been a -m e ta lla te d ,74 but the most notable  

exam ples are a -d ia zo -e s te rs  and -m ethylphosphonates, which are readily m etallated  

to give a variety of stable and isolable compounds with m etals such as silver (I), tin 

(IV ), silicon, lead (IV ), and m ercury (II), although the com pounds appear to be of 

little synthetic interest. The more reactive and less stable m etallo-derivative can be 

prepared at low tem perature with strong bases, such as LDA, n-butyllith ium , or 

p o ta s s iu m  f-bu toxide. The  a - l i t h io  d erivatives  of a - d ia z o k e t o n e s  an d  

trim ethylsilyldiazom ethane have been prepared by the action of LDA at -7 8 °C , and n- 

butyllithium at 0 °C  or -1 0 0 °C , respectively. a -L ith io d iazo ke to n es  and -esters  are  

less stable than the corresponding -m ethylphosphonyl and -silyl derivatives.

T h e  m ost freq u en tly  used and the m ost read ily  access ib le  anion is ethyl 

lith iodiazoacetate , and its alkylation and acylation reactions have been discussed  

(Sections 2 .1 .2  and 2 .2 ), although a few reactions of the methyl ester have also been  

rep o rted .74
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Several aryl- and alkyl-dlazoketones undergo aldol-type addition to aryl aldehydes and 

ketones in the presence of LDA, to give p -h yd ro xy-a -d iazo keto n es  in high yield.66 

Diethyl and dimethyl diazom ethylphosphonate are poor carbon nucleophiles, and they 

slowly react with a-tricarbonyl compounds, or with benzaldehyde in the presence of 

tr ie th y la m in e , to  g iv e  a ld o l a d d u c ts .6 3  H o w e v e r, th e  re a c tio n  of 

lithiodiazom ethylphosphonates with ketones is facile and has been widely em ployed, 

especia lly  for the synthesis of the very reactive  vinyl carbenes, for exam ple  

(S c h e m e  4 2 ) .75 Th e  reaction proceeds by initial addition of the diazo anion to the 

ketone to form an aldol adduct, and this is followed by loss of nitrogen and the  

phosphate ester to generate the vinyl carbene, which rapidly inserts into a nearby C-H  

bond to give the product, a dihydrofuran.

Scheme 42. R = macrolide Z = PO(OMe)2

D ie th y l lith io d ia zo m e th y lp h o s p h o n a te  re a c ts  w ith d ia ry l k e to n e s 74 or aryl

7 6
a l d e h y d e s  to g ive ace ty len es , in good yield, and the reaction of lithio

7 6
trim ethyls ily ld iazom ethane with diaryl ketones occurs in an analogous m anner 

(S chem e 43).

PhrPh

O
-► Ph— - - Ph

Scheme 43. Z = PO(OEt)2, Me3Si

The reaction is thought to proceed by W olff rearrangem ent of the initialy form ed aldol 

adduct, to give an alkene, which then losses "OTMS or ’O P O (O E t)2 » to 9've the alkyne, 

although the order of the steps is not known.

On the other hand, the reaction of lithio trim ethyls ily ld iazom ethane with dialkyl 

ketones or aryl aldehydes gave p -hydroxy-a -d iazos ilanes , which decom posed at room
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t

tem perature, by loss of nitrogen, to give epoxides (180 ); the epoxides underw ent 

further acid catalysed rearrangem ent to aldehydes (Schem e 4 4 ) 7 7

SiMe3

N2

O

+MMe Me

Scheme 44.

^ Y SiMS3

N2

o

H

(180)

F in a lly , th e  reac tio n  of lith io tr im e th y ls ily ld ia zo m e th a n e  w ith th io ke to n es , 

dithioesters, and thiocarbonates has been investigated, but in all cases a mixture of 

products w as isolated, including acetylenes derived from the aldol addition reaction, 

and also products from the cycloaddition reaction between the diazo group and the C=S  

bond.78 '79

In summary, the reaction between a —lithio diazo compounds and aldehydes or ketones 

initially gives aldol-type addition products, which are often unstable and rearrange on 

loss of nitrogen.

3 . 2  P re p a ra tio n  an d  R eac tio n  o f a -S u b s t i tu te d  D ia z o m e th a n e s

W e prepared several diazom ethane derivatives (Section 3 .2 .1 ), and subjected these to 

the ring opening reaction with lactones, thiolactones, and N -Boc lactam s using the 

methodology previously developed (Section 2.2).

3 . 2 . 1  P re p a ra tio n  o f a - S u b s t i tu te d  D ia z o m e th a n e s

80  73f-Butyl d ia z o a c e ta te  (1 8 1 ) and d iazo aceto n e (182 ) w ere prepared from t- 

butyl acetoacetate and pentane-2,4-d ione, respectively, in very good yield, by a  diazo  

transfer reaction , fo llow ed by deacylation of the 1 ,3-d icarbonyl com pound using 

aqueous sodium  hydroxide or sodium m ethoxide in m ethanol, at or below  0 °C  

(S c h e m e  4 5 ) .
Q 4

D iazom ethy lphenylsu lphone (183) could only be prepared by the deacylation route 

when the labile pyruvate group w as used instead of the acetyl group, due to the poor 

base stability of the a-d iazosulphone. Thus, treatm ent of methylphenylsulphone with
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NaOH

n 2 or NaOMe

H

V
Z

n 2

Scheme 45. Z =  C 0 2 lBu (181), COMe (182)

diethyl o xa la te  g ave  the corresponding pyruvate82 in very good yield, which  

underw ent facile  diazotisation under d iazo transfer conditions, followed by in situ 

deacylation, to give (183) in m oderate yield (Schem e 46).

'JV ° EI
P h S 0 2Me

NaH

P h S 0 2 O Et TsN3 h  -----r-
HNEt2

V
n 2

S 0 2Ph

Scheme 46.

(!83)

The analogous deacylation reaction of a -d ia zo -p -ke to p h o sp h o n a tes  is not known, 

therefo re , diethyl d iazom ethylphosphonate (1 8 4 ) w as prepared by the literature  

p r o c e d u r e , which introduced the d iazo group using nitrous acid, from the 

a-am inophosphonate  precursor (Schem e 47).

1. HBr
NCH2OH

2. P(OEt)3

1 .  N2H4 .AcOH h  PO(OEt)2
NCH2PO(OEt)2 ------------------ ► Y

2. H N 0 2 N2

(184)

Schem e 47.

O A
F in a lly , tr im e th y ls ily ld ia z o m e th a n e  (185 ) w as prepared  in one step from  

diazom ethane, as a solution in ether (standardised by N M R ), by adding trimethylsilyl 

trifluorom ethanesulphonate and diisopropylethylamine to a solution of diazom ethane in 

ether at -7 8 °C  (Schem e 48).

D iazo-com pounds (1 8 1 )-(1 8 3 ) are  stable at room tem perature, but the silyl and 

sulphonyl substituted diazo compounds (184) and (185) decom posed slowly at -1 0 ° C ,
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and w ere therefore used im m ediately after purification.

H H

N2

Schem e 48.

Me3Si0S02CF3

'Pr2NEt
-78-̂ QPC

SiMe3

N2

(185)

3 . 2 . 2  A c y la tio n  o f g -S u b s t itu te d  D ia z o m e th a n e s

f-Butyl lithiodiazoacetate was prepared by adding LDA to a solution of the diazoester 

(181 ) in T H F  at -9 0 °C , and to the resulting orange solution either 5 -v a le ro la c to n e , 

5-thiovalerolactone, or A /-Boc-5-valerolactam  w ere added, and the solution w as then

w arm ed to -7 5 °C . After three hours the reaction mixture w as subjected to work-up  

and purification, to give the corresponding ring opened a-d iazo -p -keto esters  in 87% , 

0% , and 56%  yield, respectively (Tab le  6, entries 1-3).

T h e  y ie lds  co m p are  favo u rab ly  w ith the correspond ing  reac tio n s  of ethyl 

lithiodiazoacetate, although the bulkier nature of the nucleophile, thus the higher base  

character, resulted in preferential polymerisation of the thiolactone. 

f-Butyl lith iodiazoacetate, which appears not to have been prepared before, is far 

more stable than the corresponding ethyl ester, and does not decom pose at -7 5 °C .  

With this in mind, w e repeated the ring opening reaction using the inverse addition 

mode, by adding LDA to a solution of the diazoester (181) and 5-valerolactone in TH F  

at -7 5 °C . A fter w ork-up and purification of the reaction mixture, the d iazoester  

(186) w as isolated in 76%  yield: identical to the yield of the ethyl ester (122 ). 

Lithiodiazoacetone w as prepared in situ with the acylating agents, thus, LDA was added  

to a solution of d iazoacetone (182) and 5-valerolactone or 5-thiovalerolactone in TH F  

at -9 0 °C , and the solution was then allowed to warm  to -7 5 °C ; after three hours the 

reaction m ixture w as subjected to work-up and purification, to give the ring opened  

products (188 ) and (189) in 26%  and 20%  yield, respectively. The yields of the 

products w ere significantly lower when the LDA was added at -7 5 °C .

fifi
Although the d iazoacetone is deprotonated specifically at the a-d iazo  position, which 

reflects the activating nature of the diazo group, the reaction of the anion with lactones 

and thiolactones is slower than with ketones, and so self-condensation of the anion 

occurs in com petition with the ring opening reaction. Indeed, the recovery of
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8-th io va le ro lac to n e  from the reaction mixture suggests that the anion is rapidly 

consumed during the reaction.

T a b le  6. R e a c tio n  o f L a c to n e s . T h io la c to n e s . a n d  A /-B o c -L a c ta m s  w ith  

g - L i t h i o d i a z o m e t h a n e s  ( 1 8 1 M 1 85^

E n try  Diazo compound Adduct Addition3 Yi.eidl.% 1

H CO^Bu

n
n 2

7 6  (8 7 )  

5 6

H COMe

T
N2

4 X  = 0

5 X  = S

H PO(OEt)2

N2

2 6

20

6

7

O
N

( 1 9 0 )  N 1 8
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HS ^ S 'Me3Y
n 2

CQH ^  V
H O ^  N ^ H

8 ( 1 9 1 )

f XH S ^  NjT ' H

9 (1 9 2 ) c

N 3 2

N

a, I = inverse mode of addition, N = normal mode of addition; b, 5 -th io va le ro lac to n e  

recovered (19% ); c, unstable.

D iethyl lith iod iazom ethylphosphonate  w as prepared  by the addition of n -b u ty l

lithium to a solution of the d iazo com pound (1 8 4 ) in TH F  at -7 5 °C , and to the 

resulting orange solution w as added either 5-valerolactone or y -th io b u tyro lac to n e;

how ever, a fter work-up and purification of the reaction m ixtures, the only adduct 

isolated w as the diazo thiol (190). This suggests that lithiodiazomethylphosphonate is 

not sufficiently reactive to be acylated by the lactones, and raising the reaction  

tem perature facilitated base catalysed polym erisation of the lactone or thiolactone. 

Th ere fo re , it w as decided to use a m ore reactive electrophile to p rep are  the  

co-functionalised a-d iazo-p-ketophosphonates, and so 5-benzylthiopentanoyl chloride  

w a s  s y n th e s is e d  (S e c t io n  4 .3 ,  S c h e m e  6 4 ) .  R e a c tio n  o f th e  

lithiodiazom ethylphosphonate anion with the acid chloride under the standard reaction  

conditions gave the p-ketodiazo phosphonate (193 ) in 30%  yield, and the low yield is 

most likely due to the ready deprotonation of the acid chloride to form a ketene.

BnS Cl Li PO(OEt)2 THF+ Y --
N2 -78°C

BnS
N2-^PO(OEt):

(193)

Next, w e attem pted to prepare lithiodiazomethylphenylsulphone. However, addition of
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LDA, or n-butyl lithium to a solution of (183) in T H F  at -9 0 °C  led to decom position  

of the substrate. Repeating the deprotonation in the presence of lactones, thiolactones,

or more reactive electrophiles, such as allyl bromide and benzaldehyde, also led to 

decomposition of the diazosulphone. W eaker bases, such as potassium f-butoxide, also 

decomposed the diazosulphone (183).

Finally, w e  prepared lithiotrim ethylsilyldiazom ethane from (185 ) by the addition of

a n-butyl lithium to a solution of (185 ) in T H F /e th er at -6 5 °C . To this solution  

5-valero lactone w as added, followed after three hours by one equivalent of acetic acid;

the reaction mixture w as subjected to a neutral aqueous work-up, and chromatography

on neutral alum ina to give the d iazoketone (1 9 1 ), the result of desilylation of the

expected product. The facile desilylation is attributed to the effect of the p -k e to -

group, since the corresponding p-hydroxy-a-diazosilanes are stable to aqueous work-

up. The reaction w as repeated, but the acetic acid (0 .96  equivalent) was added

slowly at -7 0 °C , then the reaction mixture w as w arm ed to room tem perature, and all 

the solvent evaporated under vacuum. N M R  and IR spectroscopy of the crude reaction

m ixture showed that partial desilylation (~ 40% ) had occurred during the addition of 

acetic acid. The crude product was then subjected to chromatography, to give (191), 

showing the ease of hydrolysis of the silyl group.

L ith iotrim ethylsilyld iazom ethane w as also treated with y-thiobutyrolactone, but the 

compound isolated in poor yield was unstable, although IR and NM R evidence supported 

the structural assignm ent (1 9 2 ).

In order to prepare a more stable a-d iazo-p-keto-'m ercaptan ', we treated the anion of 

(185 ) with 5-benzylth iopentanoyl chloride, how ever, no product w as isolated from  

the reaction mixture. Therefore , a solution of 5-benzylthiopentanoyl chloride w as  

added to an ethereal solution of trim ethylsilyldiazom ethane (185) (three equivalents) 

at room tem perature. After 24 hours the solvent was evaporated and the residue  

purified by chrom atography on Florisil, to give (194) in 58%  yield, as the only 

product (S chem e 49). A closer investigation of the reaction, using N M R  and IR  

spectroscopy, showed that (194 ) and its a -d iazo -p -ketosilane precursor w ere formed  

in ~1:1 throughout the the course of the reaction; that is, the hydrogen chloride 

liberated in the condensation desilylated the a-d iazo-p -ketosilane, as well as reacting  

with (185). The benzyl sulphide (194) was also prepared from diazom ethane and the 

acid chloride in 66%  yield (Section 4.3, Schem e 64).

The acylation of lithiotrim ethylsilyldiazom ethane offers a convenient alternative route

76



for the preparation of a-d iazoketones, as a result of the facile desilylation reaction of 

a -d ia z o -p -k e to s ila n e s .

O O

PhCH2S(CH2)4 PhCH2S(CH2)4

O X = H:SiMe3 1:1
Florisil

PhCH2S(CH2)4‘
n 2

(194)

Scheme 49.

Unfortunately, using the methodology developed herein, w e cannot prepare co-hydroxy 

a-diazo-p-ketosulphones and -phosphonates for cyclisation studies, hence w e needed  

to develop a new approach for their synthesis. The route w e chose relied on a more 

traditional approach, and at its sim plest it involves the ring-opening reaction of 6- 

lactones with the lithio anions of methylphenylsulphone or diethyl methylphosphonate, 

to give p-keto-sulphones and -phosphonates, respectively, which w ere  d iazotised, 

using the diazo transfer reaction reaction, to give the required compounds. However, 

there are problems with this approach: the p-keto- compounds formed in the reaction  

are more acidic than the anions they w ere derived from, and the yields can be reduced, 

therefore, by proton transfer reactions. Also, the isolated products can exist in the 

cyclic hem iacetal form, and this m ay interfere with the diazotisation step. Neither of 

these problems occur in the reactions of the a -d iazo  anions.

Ditrich and Hoffm ann have published a one-pot procedure for ring-opening y- and

85
5-lacto n es  using diethyl lithiomethylphosphonate which avoids these complications:

the lactone is added to the phosphonate anion at -7 5 °C , and then a second equivalent of 

base (LD A ) is added to the reaction mixture, which is finally quenched with two

equivalents of trimethylsilyl chloride, to give the adduct in the acyclic form, as a bis 

trimethylsilyl ether (of the alcohol and the ketone). Upon mild acidic w ork-up the 

silyl enol ether w as selectively hydrolysed.

This m ethod w as applied to the reaction of undecanoic ac id -5 -la c to n e  using  

m ethylphenylsu lphone and diethyl m ethylphosphonate, to give 6-trim ethylsiloxy-

2-ke to -su lp h o n es  and -phosphonates, which w ere  subjected to the d iazo transfer
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reaction using tosyl azide, without purification, to give the a -d iazo -p -ke to  compounds  

(195 ) and (197) in 36%  and 40%  overall yield, respectively, after chrom atographic  

purification. The trimethylsilyl ethers w ere readily cleaved using aqueous acetic acid 

in T H F , to give (1 9 6 ) and (1 9 8 ), the substrates for cyclisation (S ch em e  50). 

Although the overall yields for the syntheses are only m oderate, the reaction warrants  

further investigation as a general route to such compounds.

1. LiCH2Z
2. LDA

3. Me3SiCI
4. T sN3

Z = SQ Ph (195) 
Z =  PO(OEt)2 (197)

Scheme 50.

3 . 3  D irh o d iu m  T e tra a c e ta te  M e d ia te d  C v c lis a tio n  R e a c tio n s

The second step in the synthetic sequence (Schem e 41) is the dirhodium tetraacetate  

m ediated cyclisation of the co-functionalised a-diazoketo compounds to heterocycles.

As a result of the ready synthesis of a -d ia z o -p -k e to n e s , from acid chlorides and 

d iazom ethane, and of a -d ia zo -p -k e to e s te rs , little work has been reported on the 

intram olecular reactions of other a-substituted d iazo com pounds until recently, and 

the cyclisation onto heteroatom s has been particularly poorly investigated: the acid 

catalysed cyclisation of an a-diazosulphone gives the product derived from the cyclic 

oxygen ylide, by loss of m ethanol, in very good yield (Schem e 51 ).86

BF3. Et20  
-----------------r -

h 2o

o

o2

An exam ple of a carbene inserting into an O-H  bond was recorded in the decomposition  

of an unstable p -hydroxy-a-d iazosilane which gives the epoxide (180) upon standing. 

The dirhodium tetraacetate catalysed reaction of a-d iazo-p-ketophosphonates (Schem e



4) and a -d ia zo -p -s u lp h o n y le s te rs 87 (Schem e 52) has been used in the synthesis of 

nitrogen heterocycles, by insertion of the rhodium carbenoid into the p-lactam  N-H  

bond.

C02CH2Ph

Scheme 52.

co -A lkenyl a -d ia zo -p -ke to p h o sp h o n a tes  have been successfully used in copper

catalysed  in tram olecu lar cyclopropanation reactions ,5 and recently the dirhodium  

tetraacetate m ediated cyclisation of a-d iazo-p-ketosulphones and -phosphonates, and

phosphine oxides has been reported as a general route to cyclopentanones via y -C -H

bond insertion2 5 ’39*40 (Schem e 15).

W e have previously shown that the formal insertion of rhodium carbenoids into O -H  

and S-H  bonds can be used to prepare six and seven m em bered heterocycles in good 

yield (Section 2 .3 ), and therefore cyclisation of the diazo com pounds (1 8 6 )- (1 91) 

would show that the strategy developed herein is a general one for the synthesis of

3 -o xo -2 -su b s titu ted  heterocycles.

Thus, a solution of the diazo alcohols (Table 7, entries 1 ,3 ,6-8 ) in benzene was added  

to a suspension of dirhodium tetraacetate in boiling benzene to give, after work-up and 

purification  of th e  reaction  m ixtu re , by ch ro m ato g rap h y or d is tilla tio n , the  

2 -s u b s titu te d  o xep an es  (1 9 9 ), (2 0 1 ), and (2 0 4 )-(2 0 6 ) in 4 6 -7 3 %  yield . T h e  

reaction could also be carried out in dichloromethane at room temperature, to give the 

products in sim ilar yield.

These results show that the insertion of rhodium carbenoids into O -H  bonds does not 

have a strong dependence on the nature of the stabilising group, although this is at least 

partly due to the facile  nature of the reaction. S im ilarly, the diazo m ercaptans  

(Tab le  7, entries 4 -5 ) gave the th iepane (202) and the th iane (203 ) in 4 1 %  and  

4 4 %  yield , respective ly . Again, the yields of cyclisation are not significantly  

different from the corresponding 2 -ethoxycarbonyl substituted heterocycles, which 

shows that the reactivity profile of the rhodium carbenoid is determ ined primarily by 

the nature of the m etal-carbene bond, and the electronic influences of the substituents
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are therefore secondary. How ever, the phosphonate group partially deactivates the 

catalyst, and reduces the reaction rate, and this m ay be the reason for the lower than 

averag e  yields for the heterocyclic phosphonates (1 9 0 ) and (1 9 8 ), although the 

reaction w as com plete within twenty minutes. Decom position of the diazo sulphide 

(193), on the other hand, required several hours in boiling benzene, and neither the 

cyclic sulphonium ylide or its rearrangem ent product w ere isolated from the reaction  

mixture. In this exam ple, the bulky sulphide group, which also poisons the catalyst, 

probably swings the balance against cyclisation.

T a b le  7 . D irh o d iu m  T e tra a c e ta te  M e d ia te d  C v c lis a t io n  o f g -S u b s t itu te d  

g - D ia z o - p - K e t o n e s

E n try  Diazo Solvent3 Heterocvcle V ie id (% )

1 ( 1 8 6 )  B (D) 4 6 -5 6  (4 7 )

3 ( 1 8 8 )  B

4 ( 1 8 9 )  B

5 ( 1 9 0 )  B

^ X '^ ^ C O M e

X = O  (2 0 1 ) 6 2

X = S (202) 4 1

(XS^ S ' ^ ' P O ( ° Et)2

( 2 0 3 )  4 4
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/  y

c 6h 13^ o ^ z

6 ( 1 9 1 ) B (D) Z= H (204) 56 (6 4 )

7 ( 1 9 6 ) B (D) Z= S 0 2 Ph (205) 73 (3 1 )

8 ( 1 9 8 ) B Z =  P O (O E t)2 (206) 5 4

a, D = d ich lo ro m eth an e , B = b en zen e ; b, rhodium  (II)  tr iflu o ro aceta te  In 

dichlorom ethane gave 51%  yield.

The cyclisation of (186 ) to give f-butoxycarbonyl oxepane (199 ) w as studied more  

closely. The yield of the oxepane was found to be dependent on the scale of the reaction, 

but broadly independent on the amount of catalyst used: cyclisation of 1.0 g, 4 .0  mmol 

of (186) using 0 .45  m ol%  and 0 .16  m ol%  of dirhodium tetraacetate gave the oxepane  

in 48%  and 46%  yield, respectively. However, the yield w as increased to 56%  when  

the reaction was performed on a 0 .40 mmol scale.

The bulky f-butoxycarbonyl group, which is probably constrained in the plane of the 

diazo group during the reaction, because of charge delocalisation, was found to depress 

yie lds of the insertion products, and this resulted  in a low er yield of the 

cyclopentanone (2 0 0 ) (3 1 % ), form ed from the dirhodium te traace ta te  m ediated  

reaction of the A/-Boc carbam ate (187), com pared to the ethyl ester, which gave

(165 ) in 73%  yield. The yield of 2 -(f-b u to xycarb o n y l)o xep an e  (1 9 9 ) w as ~ 1 0 %  

low er than the corresponding ethyl ester (1 4 9 ), which was lower than the yield

recorded for the 2-m ethoxycarbonyloxepane .9 The reason for this effect is probably 

steric repulsion between the ester and the bulky m etallocarbenoid complex, but there

are  exam ples of m etallocarbenoids derived from a -d iazo esters  inserting into the  

p -C -H  bond of the ester group to give y-lactones.2
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3 . 4 Conclusions

Th e reaction of various a-lith io  d iazo com pounds with lactones and thiolactones  

provides a one step synthesis of a range of co-hydroxy or co-mercapto a -d ia z o -  

p -ke to n es  substituted at the a-position by f-butoxycarbonyl, acyl, phosphonyl ester, 

or by trimethylsilyl groups. f-Butyl lith iod iazoacetate , which is far m ore stable

than the corresponding ethyl ester, gave good yields of adducts with lactam s and  

lactones, w hereas the reaction of lithiotrim ethylsilyldiazom ethane with lactones gave

d ia z o k e to n e s , th e  resu lt of fa c ile  d e s ily la tio n  of th e  in itia l ad d u c t. 

Trim ethylsilyldiazom ethane therefore behaves as a diazom ethane equivalent, and it is 

m ore versatile  becau se  it is easily  hand led , and b ecause it reacts with poor 

electrophiles, such as lactones.

co-Hydroxy a -d ia z o -p -k e to -s u lp h o n e s  and -phosphonates w e re  prepared  m ore  

satisfactorily in a two step sequence, using the diazo transfer reaction to introduce the 

diazo group, because of the instability or unreactivity of the  corresponding diazo  

anions.

Dirhodium  tetraaceta te  m ediated cyclisation of the diazo com pounds gave seven  

m em bered oxygen and sulphur heterocycles in good yield. The yield was not dependent 

on the a-substituent on the diazo compound.

Thus, the w ork reported  herein  offers two a lternative  routes to 2-substitu ted  

heterocycles.
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CHAPTER FOUR

Dirhodium Tetraacetate Catalysed Reaction of 

Diazosulphides: Preparation and Rearrangement 

of Cyclic Sulphonium Ylides
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4 .1  Introduction

4 . 1 . 1  R eac tio n  B e tw een  C a rb e n e s  an d  S u lp h id e s

T h e  reaction of electrophilic carbenes and carbenoids with sulphides has been  

extensively investigated. The reaction proceeds by initial attack of the nucleophilic 

sulphur atom on the electron deficient carbene centre, to generate a sulphonium ylide 

(Schem e 53). The ylide bond is dipolar, any covalent nature in the bond is the resuit 

of an em pty d^ orbital on sulphur overlapping with the full prt orbital on carbon. The  

d ^ -p ^  back bonding is the dominant form of bonding in systems w here the 2p orbital 

on sulphur cannot achieve sufficient overlap for a covalent bond.

The fate of the ylide depends largely upon the type of substituents on the sulphur atom. 

Rearrangem ent of the ylide to a neutral species proceeds by either migration of the 

R O H 2 C H 2 or r ' group from from sulphur to carbon (207 ), or by a fragm entation  

pathw ay which involves (3- elimination of an alkene and liberation of a new sulphide 

(208). The latter elimination pathway is a concerted process, and is competitive with 

the m igration pathw ay, (2 0 7 ), in cases w here the groups on sulphur are of low  

m igratory aptitude. Often, one of the substituents on sulphur is allylic, and then the 

ylide rearran g es rapidly by a low energy concerted  [2 ,3 ]-s igm atrop ic  shift, in 

preference to fragm entation. Stabilised ylides (Z=  electron withdrawing group) are  

often isolable.

Schem e 53.

The reaction of diazo compounds with sulphides can be carried out under therm al or 

photochemical conditions, but a more selective and higher yielding route involves the 

participation of transition m etal catalysts in the  reaction. R ecently , dirhodium  

tetraacetate has superceded copper salts as the catalyst of choice, because it is an

R'
R

(208)
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efficient catalyst even at room tem perature.

A demonstration of the selectivity of the reaction is shown in competition reactions 

betw een sulphides, alkenes, and alkanes for carbenoids. Usually, the only process 

observed is that of ylide formation, and cyclopropanation of allylic sulphides is rare. 

The reaction is tolerant of other nucleophilic atoms. The potential of the method has 

been illustrated by a novel conversion of the cephalosporin nucleus into the penicillin

nucleus .88

4 . 1 . 2  C y c lic  S u lo h o n iu m  Y iid e s  fro m  C a rb e n e s

T h e  synthesis and reactions of cyclic suiphonium yiides has been relatively poorly 

explored, com pared to their acyclic counterparts. The m ajority of the cyclisation  

reactions of co-diazosulphides catalysed by copper and rhodium salts that have been  

reported to date w ere discussed in C hapter 1 , but the main points are sum m arised  

here: the dirhodium tetraacetate catalysed cyclisation of co-diazophenylsulphides gave  

stable five-, six-, and seven-m em bered suiphonium yiides. Stabilised yiides could 

only be isolated w hen the carbanion centre w as flanked by two powerfully electron  

withdrawing groups. The mode of rearrangem ent of the cyclic yiides w as found to be 

acutely dependent upon the ring size as well as the nature of the exocyclic group. 

G roups with a high m igratory aptitude w ere  required as the exocyclic sulphur 

substituent, in order that the ring rem ained intact during rearrangem ent. In som e  

system s, more than one method was used for the cyclisation reaction, and the metal 

catalysed route usually gave superior results to the photochemical reaction.

PhS o  
I II

0
//

HCIO4
C r \  " C104

N*
Ph

(209) (2 10 )

T h ere  are  a few  exam ples of acid catalysed and therm ally m ediated diazosulphide

cyclisations in the literature ,89 for exam ple, the d iazoalkane (209) was decom posed  

on treatm ent with perchloric acid, to the suiphonium salt (210 ). The unstable ylide

could be liberated on treating the salt with triethylam ine. The reaction probably  

proceeds via a carbenium ion.
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A three m em bered ylide has been postulated as an interm ediate in the reaction of

( 2 1 1 )  . Therm olysis of tosylhydrazone salt (211 ) probably g enerates a carbene

directly, which is trapped by the proximal sulphide to give a thiiranium ylide.89 The  

ylide undergoes a [2,3]-sigm atropic shift, followed by a further rearrangem ent, to

( 2 1 2 )  .

N ' Na+
N
Ts

(211)

^ ^ Y Ph

S

(212)

Although, the therm ally generated carbene (213 ) rapidly cyclises to the thietanium  

ylide (2 1 4 ), the products isolated after rearrangem ent of the ylide suggest the  

co -in term ed iacy  of ylide (215) (Schem e 54). The distribution of products can be  

accom m odated if the two sulphonium ylides are interconvertable. The ylide (214) 

ra p id ly  e q u ilib ra te s  w ith  th e  th e rm o d y n a m ic a lly  m o re  s ta b le  e x o c y c lic

y l i d e  ( 2 1 5 ) . 8 9

Scheme 54. R=Ph, CH2:CH

The reverse is true for the ylide (216), which was prepared from the corresponding  

sulphide and the carbenoid derived from ethyl diazoacetate. The exocyclic ylide is less 

stab le  than the cyclic ylide (2 1 7 ), which rearranges by a S tevens process to 

( 2 1 8 ) . 9 0
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S ^ C 0 2Et

C 0 2Et

(216) (217) (218)

4 . 1 . 3  C y c lic  S u lp h o n iu m  Y lid e s  fro m  S u lp h o n iu m  S a lts

The classic alternate route to sulphonium ylides is that of deprotonation of sulphonium  

salts. Th e  synthesis of cyclic sulphonium  salts n ecessita tes  that the ring is 

synthesised before the deprotonation step, although the salts can be prepared by inter- 

or intram olecular alkylation reactions.

T h e  reg iochem istry  of deprotonation , a factor which does not arise  in the  

carbenoid/sulphide reaction, can be a problem with this approach. If there  Is no 

strong kinetic or therm odynam ic bias for deprotonation at a specific site, then  

exocyclic deprotonation is usually observed. Thus, to prepare cyclic sulphonium  

ylides, a carbanion stabilising group is often placed adjacent to the site of charge  

d eve lo p m en t; for exam p le , the ylide (2 1 9 ) is form ed exclusive ly  from  the

corresponding salt.89

The a-deprotonation of sulphonium salts can be achieved with bases such as DBU, and 

potassium  ferf-butoxide, although very stabilised ylides can be prepared using  

potassium  carb o n a te . R eg io se lec tive  deprotonation  of (2 2 0 ) w as ach ieved  

(S chem e 55) by treatm ent with DBU, to give the exocyclic ylide, which rearranged

spontaneously to the (E )-n ine  m em bered ring (221  ).91 W hen a less hindered base  

w as used, such as potassium hydroxide, the cyclic ylide w as formed com petitively,

leading to 2-ally l-2-vinylth iane as a second product. This ring expansion reaction  

has been exploited by Vedejs and co-workers, in the synthesis of large ring sulphides

Me

(219)
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containing an E -a lken e . Th e  double bond is introduced stereospecifically by the  

[2 ,3 ]-re a rra n g e m e n t. T h e  E -s te reo ch em is try  is a consequence of the tra n s 

relationship betw een the sulphonium substituent and the alkyl group on the ring. 

Kinetically controlled alkylation of the cyclic sulphide furnishes the trans salt, which 

is deprotonated without e p W  isation to the trans ylide.

Alkylation of (222 ) and treatm ent of the salt with potassium ferf-butoxide, at room  

tem perature, resulted in ring expansion to the Z -isom er (223 ) (Schem e 56). This 

appears to contradict the above rationale. If the geometry of the groups in the ylide are 

trans, then the orbital interactions required for a concerted rearrangem ent are not

C 0 2Me

(224c)

C 0 2Me
(223)

Scheme 56. a M e0 2CCH20T f , b lBuO' K*

possible. If the stereochemistry of the ylide was cis, then rearrangem ent could occur 

to the c is  a lkene . H ow ever, isom erisation of the pyram idal sulphur is slow at 

am bient tem perature . Inversion of the ring substituent would require a  p lanar 

in term ed iate . It w as shown that the in itially form ed tran s  ylide (2 2 4 a ) w as
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converted into the cis  exocyclic ylide (224c) via the less stable endocyclic ylide 

(224b ), so providing a low energy pathway for rearrangem ent.92

4..> 2 S y n th e s is  a n d  R e a c tio n s  o f 1 .5 -a n d  1 . 6 - D i a z o s u l p h i d e s

W e  have previously reported the cyclisation of 1 ,5 - and 1 ,6-d iazom ercaptans, (136) 

and (1 3 7 ), in the presence of dirhodium tetraaceta te , as an efficient synthesis of 

substituted thianes and th iepanes, respectively (Section 2 .3  2 ). Extension of this 

approach to the study of the cyclisations of co- d iazosuiphides would broaden the 

m ethodology, and could offer a convenient route for the synthesis of 2 ,3 -substituted  

sulphur containing rings, from sim ple acyclic precursors, by rearrangem ent of the 

cyclic sulphonium ylides. The goal w as also a com parative study of the effects of 

substituents, on both the carbene and sulphur atom, on the course of the reaction.

Th e  work is divided into two sections; the first deals with the synthesis of thiane- and 

th iep an e-2 -carboxylates from a-d iazo -p -ketoesters , and the second is a study of the  

cyclisations of a -d iazo -p -ketones  to thiepanes.

4 . 2 . 1  S y n th e s is  o f D ia z o s u ip h id e s

All approaches to the preparation of non-symmetrical sulphides involve the alkylation 

of a m ercaptan at som e stage in the route. The m ethod most widely used to prepare  

diazosuiphides involves alkylation of a simple thiolate anion with a functionalised alkyl 

iodide, followed by the introduction of the diazo group into the molecule. W e decided to 

tackle the synthesis by adopting the reverse strategy, of alkylating a m ercaptan that 

a lready contained the prerequisite functionality, including the diazo group, with a 

simple alkylating agent.

W e have already discussed a simple sequence for the preparation of diazom ercaptans, 

(136 ) and (1 3 7 ) (Section 2 .2 .2 ). The m ercaptans w ere prepared by nucleophilic 

ring opening of y -an d  8-th io lactones, with ethyl lithiodiazoacetate, at low tem perature. 

Extension of this work to the synthesis of sulphides requires an alkylation step. There  

are  two ap p ro ach es to the alkylation  (S ch em e 57): the first involves in situ 

quenching of the lithium thiolate, with an alkylating agent, in a one-pot reaction. The  

second approach requires the initial isolation of the m ercaptan, followed by alkylation  

at am bient tem perature. W e found both m ethods to be suitable for the synthesis of
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diazosulphides.

LiC(N2)C 0 2Et

-90°C LiS ^2 C 0 2Et r s  m 2 C 0 2Et

O A or B o

O

n = 1 , 2

Scheme 57. A = 1. RX, -75°C B = 1. AcOH, 2. R X , NEt3 , DMF, 25°C

1 , 5 - P i a z o s u l p h i d e s

The reaction betw een y-th iobutyrolactone and ethyl lith iodiazoacetate furnished the 

diazom ercaptan (136), in 44%  yield, after purification on acidic alumina. The yellow  

oil w as dissolved in D M F under nitrogen, and triethylamine was added, followed by the 

alkylating agent. The reaction m ixture w as stirred at room tem perature for 12-15  

hours, before aqueous work-up and purification of the residue by chrom atography on 

silica gel. The sulphides could therefore be obtained in two steps in m oderate yield. An 

occasional problem in the synthesis of sulphides is over-alkylation to the sulphonium  

salt, and dealkylation of the salt, initiated by brom ide or sulphide, to a different 

sulphide. This was not found to be a serious problem in our case.

A modification of the above method for preparing the sulphides w as found to be equally 

successful: after work-up of the anion reaction, the crude diazom ercaptan (136 ) was  

purified by flash chrom atography on silica gel, to give partially purified (136 ). This 

m aterial could then be used in the alkylation reaction, without any significant loss in 

yield of the sulphide (Table 8 , entries 3 and 9)

W e app lied  the above  approach  to the synthesis of severa l a lkyl- and allyl- 

diazosulphides. W e  also found that acylation of the diazom ercaptan was equally facile 

(Table 8 , entries 1-9). The diazosulphides are non volatile yellow oils, with good acid 

and therm al stability, but are slowly oxidised in air.

The reaction of (136 ) with various allyl bromides w as rapid (Table 8 , entries 1-4), 

the triethylam m onium  salt being precipitated a few  minutes after the addition of the 

allylating agent. The yields are lower for the more highly substituted allyl bromides. 

This probably reflects the greater S N 1 character of the substitution reaction. Indeed, 

prenyl brom ide read ily  p o lym erises  un d er th e  stan d ard  reaction  conditions
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(D M F /ro o m  tem p era tu re ).

As a possible solution to this problem, w e investigated thein situ alkylation reaction  

(S ch em e 57). The lower reaction tem perature would inhibit the polym erisation of 

prenyl brom ide. T h e  m ore potently nucleophilic lithium thiolate, in conjunction with 

the lower solvent polarity of TH F , would combine to favour the S N2 pathway over the

dissociative m echanism . Prenyl bromide w as added dropwise to a solution of the 

lithium thiolate in T H F  at -7 5 ° C . Standard work-up and purification of the residue  

gave the prenyl sulphide (228), in an improved yield of 54% .

T a b le  8 . P re p a ra t io n  o f D ia z o s u lo h id e s  fro m  th e  D ia z o m e rc a p ta n  (1 3 6 )

E n trv RX Yield a L%1 N um ber

1 CH2 :CHCH2Br 5 5 ( 2 2 5 )

2 E-M eCH :CHCH2Br 52  [2 0 ]b ( 2 2 6 )

3 E-PhC H :C H C H 2Br 4 6  (6 2 )b ( 2 2 7 )

4 M e2C:CHCH2Br 3 7  [5 4 j ( 2 2 8 )

5 (MeCC^p 5 0 ( 2 2 9 )

6 Me 0 2CCH2C0CI 4 7 ( 2 3 0 )

7 B n B r 5 0 ( 2 3 1 )

8 Etl 6 0 ( 2 3 2 )

9 CICH2C 0C H 2C 0 2Et 34  (60) ( 2 3 3 )

a, Y ields refer to alkylation of partially purified (136), and w ere calculated from this 

m aterial. Y ields in parenthesis: () refers to alkylation of the pure m ercaptan (136), 

and [] refers to the in situ procedure; b, mixture of isomers, see (Schem e 58) and  

text for details.

A lly la tio n  of m ercap tan  ( 136 )  by prenyl and c innam yl brom ides occurred  

regiospecifically by attack of sulphur at the bromine bearing carbon, probably by an 

S n 2 m echanism . Reaction at the allylic position is not observed, because of the steric 

bulk of the phenyl and dim ethyl groups, and high selectivity in the reactions of 

3-substitu ted  allyl halides is well known.

Th e ally lation of m ercaptan  (1 3 6 ) with tran s -crotyl b rom ide, w hich co n ta in ed
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~ 2 0 %  3-brom o-1-bu tene , gave (226 ), as a m ixture of three isom ers, which could 

not be separated by flash chromatography (Schem e 58). Structural assignments w ere  

m ade on the basis of N M R  spectroscopy, the allylic and methyl protons w ere clearly 

defined. Repeating the reaction using the in situ procedure gave a mixture of two 

isom ers. The m ajor product w as assigned as the trans isom er (2 2 6 a ), form ed by 

attack  of the sulphur nucleophile at the least hindered site in both brom ides. 

Substitution at the m ore hindered site (in one or both of the isomeric) bromides, to 

give (226c ), w as not observed in the low tem perature reaction (kinetic conditions), 

but (226c) w as a minor product in the room tem perature reaction. The cis  isom er 

(2 6 b ) w as form ed from  the reaction  of 3 -b ro m o -1 -b u te n e  w ith th e  sulphur 

nucleophile at the allylic position: the reaction gives equal am ounts of the cis  and 

trans  (26a ) isom ers. H ow ever, the preponderance of the cis  isom er in the low 

tem perature/lithium  thiolate reaction suggests that an electron transfer process may 

be operating. Transfer of an electron from the thiolate to crotyl brom ide would  

generate  an allylic radical anion, which can equilibrate to a mixture of cis and trans 

isom ers.

Th e  distribution of products in the room tem perature reaction w as not significantly 

a lte re d  w hen the reaction  w as  re p e a te d  in less po lar so lvents (T H F  and  

dichlorom ethane), although the reactions take longer.

f X
'  i ^ r ' c c

Alkylation conditions (226a) 

THF, -75°C 6

NEt3, DMF, 25°C 8

Schem e 58.

D iazom ercaptan  (1 3 6 ) could be readily acyiated  with acetic anhydride or m ethyl 

malonyl chloride, in the presence of pyridine and triethylam ine, respectively, to give 

thioesters in good yield (Table 8 , entries 5 and 6 ).

A lkylation of the d iazom ercaptan  (136 ) w as possible with a variety of alkylating
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agents. Alkyl iodides, benzyl bromides, and a-chloroketones w ere all good alkylating 

agents (Table 8 , entries 7-9), and the corresponding sulphides w ere obtained in good 

yie ld .

The yield of (233 ) w as  significantly lower w hen the reaction w as perform ed at room  

tem p era tu re  w ith th e  partia lly  purified m ercaptan  (1 3 6 ), and this is probably  

because of the g reater stability of the chloride to the reaction conditions at lower 

tem p eratu res .

Attem pts to extend the reaction to other reactive alkylating agents w ere unsuccessful. 

M ichael acceptors, such as acrylonitrile and m ethyl propiolate, w ere polym erised  

under the reaction conditions. Attempted synthesis of the tetrahydropyranyl thioether 

of (1 3 6 ), using boron trifluoride e therate  as a catalyst, w as also unsuccessful. 

Tentative interpretation of the spectroscopic data suggested that the thiol was trapped  

by dihydropyran in the cyclic hem ithioacetal form , to give the O-tetrahydropyranyl 

ether.

1 . 6 -D i  a z o s u l o h i d e s

The reaction of 8-th iovalero lactone with ethyl lith iod iazoacetate , in an analogous  

m anner to that discussed earlier, gave diazom ercaptan (137).

The m ercaptan w as treated with cinnamyl and benzyl bromides, in D M F, to give the 

corresponding sulphides in fair to good yield (Tab le  9, entries 1 ,2 ). H ow ever, 

reaction of the m ercaptan with ethyl iodide resulted in a mixture of compounds, from  

which the desired  com pound (2 3 6 ) could not be iso lated  in a pure form by 

chrom atography.

T a b le  9. P re p a ra t io n  o f D ia z o s u lp h id e s  fro m  th e  D ia z o m e rc a p ta n  (1 3 7 )

Ent r v Yield a 1% ) N um ber0

1 E -PhC H :C H C H 2Br 4 8 ( 2 3 4 )

2 B n B r 31 ( 2 3 5 )

3 Etl b ( 2 3 6 )

a, As for Table 8 ; b, (236) could not be obtained pure; c, for structures see Table 11.
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4 . 2 . 2  D irh o d iu m  T e tra a c e ta te  M e d ia te d  C v c lis a tio n  R e a c tio n s

T h e  dirhodium  te traace ta te  catalysed reactions of d iazosulphides to give cyclic 

suiphonium ylides has been reported, and exam ples of the synthesis and rearrangem ent 

reactions of cyclic suiphonium ylides have been discussed (Sections 1 .2 .3 . and 4 . 1 ). 

O ur findings will be com pared with literature reactions, in an attem pt to determ ine  

the factors affecting the course of rearrangem ent.

The section will be subdivided into the synthesis of six and seven mem bered rings. 

T h ia n e s

This section deals  with the dirhodium  te traace ta te  catalysed  decom position of 

1 ,5-d iazosu lph ides (Tab le  1 0 , entries 1-8), to give six m em bered suiphonium ylides 

and their rearrangem ent products.

W e em ployed the standard procedure for the cyclisation reaction, which involved the 

addition of a dilute solution of the diazo compound in benzene to a suspension of 

dirhodium tetraacetate  (~ 2  m ol% ) in boiling benzene over two to five minutes. The  

reaction w as usually com plete within five to ten minutes. During the addition of the 

diazosulphide solution to the suspension of dirhodium tetraaceta te  in benzene the  

catalyst dissolved; this was accompanied by the development of a deep pink colouration 

in the solution. This suggests coordination at the active sites of the catalyst by the  

sulphides. It is know n that a red colour develops in a solution of dirhodium  

tetraacetate when dimethyl sulphide or dimethyl sulphoxide is added. The coordination 

is most probably with the starting sulphide, and not with the cyclic sulphide product, 

because the colour also develops in the synthesis of stable suiphonium ylides, which 

lack the ability to coord inate. This coordination prevents catalytic  activity and  

therefore retards the rate of reaction by lowering the effective catalytic turnover. 

Indeed, the reaction of sulphides is slow com pared to the reaction of diazoalcohols and 

diazoam ides, although the latter are able to form adducts with dirhodium tetraacetate, 

and this suggests that the sulphides are strongly bound to the m etal, so a large  

proportion of the catalyst is present as its adduct during the reaction.

In som e instances, m ore catalyst was added to the reaction mixture at five minute 

in tervals , until th e  reaction  w as com plete, in order to m itigate the effects  of 

(irrevers ib le ) coord ination .
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T h e  re la tive ly  high reaction tem p era tu re  w as chosen b ecau se  the dirhodium  

tetraacetate catalysed reaction did not proceed at a significant rate in dichloromethane 

at room tem perature or at reflux.

The reaction could be accurately followed by monitoring the disappearance of the diazo  

group absorption in the IR spectrum. After consumption of the starting m aterial, the  

reaction mixture w as cooled, evaporated, and the residue purified by chromatography. 

Alternatively, the catalyst could be recovered from the crude reaction m ixture by 

trituration with h exane/ether m ixtures, followed by filtration through a cotton wool 

plug.

The products obtained from the reactions could be categorised into three groups 

according to the nature of the diazosulphide. The cyclisation reactions will therefore  

be separately reported as the reactions of allyl, acyl and alkyl sulphides, respectively  

(T ab le  1 0 ).

Allyl D iazosulphides

These constitute the largest group of reactions, and the most profitable in term s of 

synthetic value. T h e  clean and facile decomposition of the allyl sulphides under the  

standard  conditions led not to cyclic sulphonium  ylides, but directly to th iane  

derivatives, as a consequence of the spontaneous rearrangem ent of the ylides 

(Schem e 59 ). The reaction time increased from allyl- to prenyl-sulphides, and this 

suggests that the bulkier allylic groups slow down the rate of cyclisation and  

rearrangem ent.

Scheme 59.

Although the rearrangem ent of allyl sulphonium ylides has been intensively studied in 

the alicyclic series, extension to the synthesis and rearrangem ent of cyclic ylides has 

been paid scant attention, and the dirhodium tetraacetate catalysed reaction has not 

been reported. Exam ples of the therm ally-generated carbene m ediated cyclisation
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w ere discussed in the introduction, as well the alternative approach of deprotonating a 

sulphonium salt. Both methods have drawbacks. The harsh conditions in the former 

reaction have been overcom e, herein, by generating a rhodium carbenoid from a  diazo  

com pound under less forcing conditions. In the la tte r reaction , the  poor 

regioselectivity of deprotonation, does not allow cyclic ylides to be prepared cleanly, 

in most cases.

Cyclic sulphides have been used to synthesise six, eight, and larger m em bered sulphur 

rings by a ring expansion reaction. As an exam ple, (Schem e 60 ), the copper carbenoid  

of ethyl d iazo m alo n ate  reacts with a dihydrothiophene (2 3 7 ) to give a  th iane

d e r iv a t iv e 8 8 , via [2 ,3 ]-rearrangem ent of an allyl sulphonium ylide. To effect the  

ring expansion process, the ylide needs to be exocyclic, but the allylic group cannot be 

exocyclic, and must be partially em bedded within the sulphide ring. In the reaction we 

have developed, however, the opposite criteria apply, so the integrity of the ring and 

the allylic group is retained upon rearrangem ent.88

The dirhodium tetraaceta te  catalysed cyclisation of allyl sulphide (Table 1 0 , entry 1 ) 

gave the 2 -a lly l-3 -o x o th ia n e -2 -c a rb o x y la te  ester in good yield, 5 7 -5 9 % . T h e  

reaction w as highly reproducible, even when the reaction variables w ere altered; that 

is, w e  found that the yield w as insensitive to the am ount of catalyst used, to the 

concentration of the diazo sulphide ( the rate of addition and volume of solvent), and to 

the scale of the reaction. Assignment of the structure was m ade by NM R, IR, M S, and 

m icroanalysis, and all w ere consistent with a cyclic compound containing allyl and 

carbonyl functions.

As m entioned earlier, w e postulated that the reaction proceeds via a  cyclic allyl 

sulphonium ylide, which rearranges under the reaction conditions, but to prove that 

this was indeed the case, w e needed to repeat the reaction on a substituted allyl group. 

This is because the [2,3]-sigm atropic shift of the allyl group involves the conversion

(237)

Scheme 60. e = c o 2b
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of a sp2 hybridised carbon into a sp3 hybridised carbon atom, and vice versa, and so 

placing a substituent at either of the terminal carbons of the allyl group in the diazo

sulphide (Schem e 59) should elucidate the mechanism.

Decom position of crotyl, cinnamyl, and prenyl diazo sulphides with a catalytic amount 

of dirhodium  te tra a c e ta te  (T ab le  10, entries 2 -4 ) resulted  in the iso lation  of 

substituted thianes, in very good yield, which contained the inverted allyl group. This 

proves that the reaction occurs by a  [2,3]-sigm atropic shift, and not by a direct 

[1 ,2 ]-rearran g em en t. This also suggests that the ylide is form ed as th e  final 

in term ediate in the reaction, that is, rearrangem ent only occurs after the rhodium  

com plex is lost from the m olecule, generating the ylide. It is well known that the 

rearran g em en t reaction of allylic ylides occurs readily w ithout the ylide being  

com plexed to a metal salt; the ylides formed in free-carbene reactions spontaneously 

rearrange, as do the ylides prepared from sulphonium salts. This is not, however, 

unam biguous proof that the rearrangem ent does not occur by initial [2,3]-shift of the 

allyl group to the metal atom, followed by reductive elimination of the metal salt to the 

product, although the final step would require a S tevens shift to give the product 

(Schem e 2 ).

The  [2,3]-sigm atropic shift of prochiral allyl groups also implies that a chiral centre 

is generated in the process. The relative stereochemistry of this new chiral centre can 

be influenced by several factors, most notably by the presence of other asym m etric  

centres, e ither in the starting m aterial (the sulphonium centre) or in the transition  

state (the developing chiral centre at C -2 ). The cyclisation of cinnamyl and crotyl 

sulphides (Tab le 1 0 , enties 2-3) gives thianes containing two adjacent chiral centres, 

as a m ixture of tw o racem ic d ias te reo iso m ers . U n fortunate ly , the re la tive  

stereochemistry of the products could not be assigned by NM R.

The reaction showed low diastereoselectivity, with the thiane (240) being form ed as a 

3:2 ratio of isomers, which suggests that the transition states to the two products are  

very sim ilar in energy. The stereoselectivity of the [2,3]-shift reaction is often low 

in com parison with the corresponding [3 ,3]-rearrangem ent, and this is explained on 

the grounds that the five m em bered ring transition state has greater conformational 

flexibility, and is therefore more susceptible to the effects of stereochem ical control 

by the substituents.

The five m em bered transition state involved in the rearrangem ent probably adopts a 

folded envelope shape, with the substituents around the ring trying to adopt pseudo-
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equatorial positions, for the lowest energy conformational arrangem ent. O f the two 

transition states shown (Schem e 61), the diequatorial arrangem ent of the ester and R 

group in (2 4 6 ) would give the trans product (240 ) via the lower energy transition  

state (assum ing that the major steric interaction is between these two substituents). 

The transition state (245 ) leads to the cis relative stereochem istry. O f course, there  

are other steric interactions in the transition state, a significant one being with the  

axial C -6  proton on the th iane ring, and these m ay oppose the major interaction, 

lowering the selectivity of the reaction.

Cyclisation of the crotyl d iazosulphide (Tab le 1 0 , entry 2 ), which consisted of a 

mixture of three isomers (8 :1 :1 , Schem e 58), gave two regioisomeric rearrangem ent 

products in 9:1 ratio. Th e  m ajor isom er (2 3 9 ), a m ixture of two d iastereom ers  

( 2 :1 ), w as derived from the c is  and trans isom ers, (2 2 6 a ) and (226b ), whilst the  

m inor isom er (2 4 7 ) w as the result of cyclisation of the sulphide (2 2 6 c ). This 

rearrangem ent w as shown to proceed by a [2,3]-sigm atropic shift pathw ay for ail 

isomers, by analysis of the N M R  data. Indeed, cyclisation of the three isomers would 

be expected to give the observed ratio of products.

(247)

As m eans of a  comparison, w e investigated the efficiency of a copper catalyst in the
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cyclisation reaction. A solution of prenyl sulphide (228) w as added to a suspension of 

a catalytic am ount of copper (II) triflate in boiling benzene. Copper (II) triflate is a 

recently developed (and cheap) catalyst , that catalyses cyclopropanation and C-H  

insertion reactions in good yield. The cupric salt is reduced to the cuprous salt 

in situ ,by the diazo com pound, and the copper (I) salt then acts as the catalytic 

species. Standard work-up and purification of the reaction mixture gave the expected  

product (241 ), in a low yield (26% ). The copper (II) triflate catalysed synthesis of 

oxepane (149 ) from the diazo alcohol (122), on the other hand, occurred in good 

yield. T h e s e  observations are  consistent with the reaction involving a copper 

carbenoid, and the low yield of the thiane suggests that the catalyst m ay be more 

readily poisoned than rhodium. It appears unlikely that radical-cationic species are  

involved in the copper catalysed reaction .5

T a b le  10 . D irh o d iu m  T e tra a c e ta te  M e d ia te d  S y n th e s is  o f T h ia n e s

j Rh2(OAc)4 .
1 ^ ° _______________ __ ^

R S ^ N j^ ^ C C ^ E t
. R

^ C 0 2Et ^ C 0 2Et
T

E n trv RS Group Y lide ( % ) -R ' Group Thjane_ ( % ) Compound

1 CH2:CHCH2S - -C H 2CH :C H 2 5 7 - 5 9 ( 2 3 8 )

2 E-MeCH:CHCH2S - -C H (M e )C H :C H 2 7 1 a ( 2 3 9 )

3 E-PhCH:CHCH2S - -C H (P h )C H :C H 2 7 8 a ( 2 4 0 )

4 Me2C:CHCH2S - -C (M e 2 )C H :C H 2 66 (2 6 )b ( 2 4 1 )

5 MeCOS - -C O M e 4 0 ( 2 4 2 )

6 MeO^CCH2COS - - H 1 3 ( 1 6 3 )

7 BnS i

oCMTt-
(M - ( 2 4 3 )

8 EtS 6 2 - - ( 2 4 4 )

a, Mixture of diastereom ers; b, C u (O T f)2 catalysed reaction; c, reaction perform ed in

boiling chloroform .
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T h e  resu lts  in this section ind icate that the dirhodium  te tra a c e ta te  m ediated  

in tram olecular reaction of sulphides to give 2,3-trisubstituted thianes is a general 

and synthetically useful reaction for allyl sulphides. The reaction also generates a 

tertiary carbon atom at C -2 , and such highly substituted centres are usually difficult 

to prepare.

Acyl Diazosulphides

Acyl sulphides are thioesters, and are as such, less nucleophilic than sulphides. The  

application of acyl sulphides to the carbenoid m ediated cyclisation reaction has been  

briefly  looked at (S ec tio n  1 .2 .3 ). In the exam p le  quoted , th e  in term ed ia te  

acylsulphonium  ylide derived from (55 , R =Ac) rearranged in situ, and the product 

isolated resulted from [1,4]-m igration of the acyl group, to give an enol acetate . In  

contrast, the dirhodium  te traace ta te  catalysed decom position of (229 ) in boiling 

benzene gave, after work-up and chrom atographic purification of the residue, the  

th iane (2 4 2 ), in 4 0 %  yield, the result of [1 ,2 ]-rearrang em en t of the ylide. The  

difference in the m ode of rearrangem ent of the two ylides is probably the result of the 

extra  conform ational freedom  of the th iane ring (2 4 2 ), com pared to (55 , R=Ac), 

which is restricted by fusion of the thiane ring to a p -lac tam  ring; this could prevent 

attainm ent of a geom etry suitable for [1 ,2 ]-m igration of the acyl group. Th e  ester 

group in (242) stabilises the ylide, and this m ay play a part in determining the mode  

of rearrangem ent.

T h e  m echanism  of [1 ,2 ]-rearran g em en t cannot be concerted , on stereochem ical 

grounds, and must therefore involve homo- or heterolytic bond cleavage betw een the 

carbonyl and sulphur. T h e  acyl sulphonium ylides undergo rapid rearrangem ent 

because of two contibutory factors: (1 ), the destabilising effect on the ylide of the  

electron withdrawing group on sulphur; and (2 ), the easy cleavage of the C (0 )-S  bond 

com pared to a C -C  bond. Both of these factors favour migration of the acyl group to a 

carbanionic centre by a stepwise process.

The product isolated in low yield from the dirhodium tetraacetate catalysed reaction of 

substituted thioester (Table  1 0 , entry 6 ) is thiane (163). This degradation probably 

occured in the  in term ediate  ylide (2 4 8 ), by loss of the m alonyl group in a p- 

elim ination reaction, which liberated the product and ethoxycarboylketene. This 

fragmentation reaction is facile because of activation of the proton by the ester group.
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C 0 2Et
(248)

Alkyl Diazosulphides

in all the exam ples of dirhodium tetraacetate catalysed cyclisation of diazosulphides  

discussed so far, w e have only isolated the product of rearrangem ent, and not the 

interm ediate ylides, although we have strong evidence for their intermediacy from the 

reaction of allyl sulphides.

Th e  dirhodium tetraaceta te  catalysed reaction of benzyl and ethyl diazosulphides  

(T ab le  1 0 , entries ^ - 8), how ever, resulted in the isolation of purple solids, after 

rem oval of the catalyst and solvent from the reaction m ixture (all the th iane  

derivatives prepared so far w ere liquids). The solids w ere purified by crystallisation, 

to g ive colourless crystalline com pounds, w ith high m elting points, and low

w avenum ber IR absorptions (1660  cm -1 ). These facts, together with N M R  evidence, 

which showed that the protons a - to  the sulphur atom w ere considerably deshielded  

com pared  to the th ian es  prepared  previously, are characteristic  of stabilised  

sulphonium ylides. Additional proof for the assignments w as obtained by heating the 

ylides in an inert solvent: therm olysis of benzyl sulphonium ylide (243 ) in boiling 

xylene for 2 .5  hours led cleanly to the product of [1 ,2]-rearrangem ent, the thiane

(2 4 9 ), in 5 5 %  yield.

The spectroscopic and physical properties of the thiane (249) w ere consistent with 

the previously prepared thianes (23 8 )-(2 4 2 ), with the IR absorption of the keto and

ester groups appearing at 1746 cm ' 1 and 1712 c m '1, respectively.

There is evidence that a radical pair cage m echanism  is operating in the S tevens

rearrangem ent of stabilised sulphonium ylides. This is illustrated (Schem e 62). The  

stepwise m echanism  involves initial c leavage of the bond betw een sulphur and the 

benzyl group, to generate two radical species, which can recom bine to the product 

(249 ) by form ing a bond with the radical at C -2 . The driving force behind the 

reaction is the strength of the C -C  bond in comparison with the C -S  bond, which is
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partly why the radicals form so readily in the first place.

Schem e 62.

In comparison, the dirhodium tetraacetate catalysed decomposition of the diazoketone  

(5 5 , R =B n) leads directly  to the th iane (5 7 ), w hich is the result of [1 ,4 ]- 

rearrangem ent of the benzyl group in the ylide. The reasons behind the contrasting  

behaviour are  analogous to those discussed for the acyl sulphides. The [1 ,4]- 

rearrangem ent does not preclude migration of the group by an intram olecular radical 

pathway, because the two radicals are held together by the solvent cage surrounding 

them .

Sm ooth decom position of the ethyl sulphonium ylide (244) w as observed on rapidly 

heating a suspension of it in xylene to reflux, to give the thiane (163), by loss of 

ethene. No [1 ,2]-rearrangem ent of the ethyl group was observed because a lower 

energy concerted pathw ay can operate, that of p-elim ination. This transform ation  

provides an alternative route to (163). Indeed, decomposition of ethyl diazosulphide  

(232 ) under the standard dirhodium tetraacetate catalysed conditions, using refluxing 

to luene or xylene, instead of benzene, gave (163) directly in 92%  and 83 -84%  yield, 

respectively (Schem e 63). The reaction in toluene required twenty minutes at reflux, 

w hereas in xylene, the evolution of gas was over in about thirty seconds.

Schem e 63.
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Elim ination of e th en e  has been observed previously in the cyclisation of ethyl 

diazoketosulphide (55) to a thiane, but the ylide w as not isolated. Rearrangem ent of

the ethyl ylide (2 5 0 ), how ever, occurred at 8 0 ° C , to give (251 ), the result of a

[1 ,4 ]-sh ift, involving the carbonyl group of the  ester. Th e  im portance of the

geom etrical constraints imposed by the ring on the outcome of rearrangem ent is aptly 

illustrated in (250), w here the required transition state for p -e lim in a tio n  cannot be  

atta ined .21 Davies also reports that upon heating to 160°C , five and seven m em bered

phenyl sulphonium ylides suffer endocyclic p -e lim ination , to give acyclic products,

w h ereas  the six ring ylide undergoes a [1 ,^ -re a rra n g e m e n t.21 In none of the six 

ring su lphonium  y lid es  p re p a re d  h ere in , w a s  in tern a l [ 1 ,^ -re a r ra n g e m e n t  

observed, in contrast with the above observation. However, no evidence for endocyciic 

p-elim ination  w as found either. In our case all rearrangem ents that did occur w ere  

exocyclic, i.e. the thiane ring rem ained intact. This is explained by the fact that in the 

literature exam ples, the strength of the sulphur bond to the phenyl ring, lowers its 

m igratory aptitude.

T h ie p a n e s

The dirhodium te traace ta te  catalysed decom position of the sulphides (2 3 4 )-(2 3 6 ) 

w as also investigated, and the results are illustrated in Table 11. W e have previously 

found that the cyclisation of 1 ,6-d iazom ercaptan  (137) gave th iepane (1 6 4 ), in 

~30%  yield, and extension of the reaction to the less nucleophilic sulphides would give 

the corresponding C -2-substitu ted  th iepanes. Indeed, the dirhodium te traace ta te  

catalysed decomposition of cinnamyl diazosulphide (234), gave the expected thiepane  

(252 ) in 29%  yield, as a m ixture of two diastereoisom ers (3 :2 ), and so the extra  

conformational flexibility in the seven m em bered ring does not enhance the selectivity
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in the rearrangem ent of the ylide.

T h e  synthesis of seven m em bered cyclic sulphonium  ylides has received  little 

attention, and reports of their rearrangem ent reactions are equally rare. How ever, 

Davies has recently prepared a seven m em bered phenylsulphonium ylide, in good yield. 

The ylide ring w as fragm ented upon thermolysis by p-e lim ination .

The reaction of benzyl diazosulphide (Tab le  11) gave, after chrom atography, a low 

yield of the debenzylated  th iepane (1 6 4 ). The th iepane m ay have resulted from  

decomposition of the ylide on silica gel, or m ay be from the loss of a benzyl radical 

upon rearrangem ent of the ylide in situ. No ylide could be isolated from the complex 

crude reaction m ixture by recrystallisation, and w e could not isolate any products 

derived from the ylide by [1 ,2]-shift or p -e lim in atio n  under the reaction conditions, 

either. Nor w as any y-C -H  insertion product identified, or the fa te  of the benzyl 

group determ ined.

Finally, the reaction of the crude ethyl d iazosulphide (Tab le  11) gave the ethyl 

sulphonium ylide (253 ), in a very poor yield (1 2 % ).

In sum m ary, allyl th iepanes can be prepared in m oderate yield using this procedure, 

but thiepane ylides could only be isolated in a very poor yield.

T a b le  11 . D irh o d iu m  T e tra a c e ta te  M e d ia te d  S y n th e s is  o f T h ie p a n e s

RS

R

Diazo RS Group Ylide -R ' Group

L 2 U

Thiepane Compound

(% )

( 2 3  4 )  £-PhCH:CHCH2S

( 2 3 5 )  Bn

( 2 3 6 )  Et

-C H (P h )C H :C H 2 2 9 ( 2 5 2 )  

( 1 6 4 )

( 2 5 3 )

- H 7

1 2
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4.3  S y n th e s is  an d  R eac tio n s  o f a - P ia z o - f t - K e t o s u lp h id e s

W e have already shown that substituted thianes can be formed in very good yield by 

dirhodium tetraaceta te  m ediated cyclisation of diazoketoesters, but the reaction was 

less successful w hen applied to the synthesis of thiepanes. In a similar m anner, the 

corresponding diazoketones are also known to be good substrates for the synthesis of 

thianes. Therefore, in accordance with our aim of exploring the factors effecting the  

outcom e of form ation and rearrangem ent of cyclic sulphonium ylides, w e prepared  

several co-mercaptodiazoketones (Schem e 64).

T h e  d ia zo k e to n e s  w e re  p rep ared  using s tan d ard  ch em istry : a lky la tio n  of 

5-m ercap to p en tan o ic  acid, to give (2 5 4 a ), w as achieved in m oderate yield, by 

treatm ent of the m ercaptan with allyl bromide, and triethylam ine, in D M F, although 

som e of the m ercaptan  w as recovered and the product of esterification , allyl 

5-ally lth iopentanoate, w as also present, after work-up and purification. Alkylation of 

m ethyl 5 -m ercaptopentanoate, under the sam e conditions, with cinnam yl brom ide, 

gave the sulphide ester (2 5 5 b ), in 3 7 %  yield , but som e m ercaptan  w as still 

recovered. Alkylation of m ethyl 5-m ercaptopentanoate with benzyl brom ide, and 

excess potassium  carbonate, in acetone at reflux, gave the benzyl ester (255c), in 

77%  yield. The m ethyl esters (255b -c ) could be hydrolysed in high yield, with 

aqueous methanolic potassium hydroxide, to give the acids (254b-c).

O

Scheme 64. R = allyl (a), 3-phenylallyl (b ). benzyl (c)

The acids w ere converted into their acid chlorides with excess oxalyl chloride (15 h/ 

25°C ), and the de acid chlorides could be purified by distillation under reduced  

pressure .
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Th e d iazoketones (2 56a -b ) and (194), w ere  prepared, in good yield (4 9 -6 6 % ), by 

the addition of three molar equivalents of a solution of diazom ethane in ether (ethanol 

free) to a solution of the acid chlorides in ether. A fter 12 h, the solvent was  

evaporated, and the residue subjected to chromatography on Florisil. The diazoketones 

are  yellow  oils, w ith low er therm al and acid stability than the corresponding  

diazoketoesters.

Next, our attention w as turned to the cyclisation reaction (Table 12). The dirhodium  

te traaceta te  catalysed decomposition of the allyl diazoketosulphide (256a ) in boiling 

b e n zen e  led to rapid consum ption of the starting m ateria l, and w ork-up  and  

purification of the crude product by chromatography, gave the thiepane (257 ), in good 

yield. Dirhodium te traaceta te  m ediated cyclisation of (256b ) gave (2 5 8 ), in 64%  

yield, as a mixture of diastereoisom ers (4:1). The  coupling constants betw een the 

benzylic protons and the proton at C-1 w ere recorded for the major and minor isomers 

as 9.9  Hz and 8 .7  Hz, respectively. This suggests that the protons have adopted an anti 

geom etry in both diastereom ers. The increased selectivity observed in the reaction of 

the d iazoketone (2 5 6 b ), com pared to the d iazoketoester (2 5 2 ), is a result of a 

reducion in the steric interaction between the substituent at C -2  on the thiepane ring, 

and the phenyl substituent on the allyl group, in the transition state  for the  

rearrangem ent. W ith the d iazoketoesters, steric repulsion betw een the ester and 

phenyl groups disfavours the transition state (2 4 6 ) (S chem e 61), in which both 

substituents adopt an equatorial configuration, relative to the transition state (245), 

w here only one group is equatorial. With the d iazoketones (a proton instead of the 

ester), this interaction is dim inished significantly, and so the transition state with 

two equatorial substituents (cf. 245)is  strongly favoured.

Benzyl sulphide (1 9 4 ) w as decom posed under standard conditions to give, upon 

purification, the th iepane (259 ), in a m oderate yield (26% ). The ylide rearranged

in situ at 8 0 °C , because it is less stabilised without the ester group than (243). The  

reaction w as repeated at room tem perature, in dichlorom ethane, but under these

conditions, neither the ylide nor the thiepane w ere isolated.

By comparing the yields obtained from the dirhodium tetraacetate catalysed reactions 

of the  d iazo ke to - and d iazo ke to es te r- su lphides, (T a b le  1 2 ) and (T a b le  1 1 ), 

respectively, it can be seen that the former are superior substrates for the cyclisation 

reaction; for both sets of substrates, the allyl sulphides give the best results.
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T a b le . 1 2 , D i r h o d i u m  T e t r a a c e t a t e  M e d i a t e d  C y c l i s a t i o n  o f  

D ia z o k e to s u lo h id e s

Qpmpeund

( 2 5 7 )

( 2 5 8 )

( 2 5 9 )

T h e  superior yields recorded m ay be due to the more facile rearrangem ent of the 

ylides; due to their lower stability, however, an alternative explanation is that of the 

steric h indrance of the ester group, which would inhibit the  cyclisation and  

rearrangem ent reactions. Indeed, benzyl sulphide (194) gave the th iepane (259), 

w hereas the more bulky ester benzyl sulphide (235) gave no adducts.

Finally, the difference in the spectrum of reactivity may be due to the electronics of 

the rhodium  carbenoid . The ketoester carbenoid  should be m ore electrophilic  

com pared to the d iazoketone derived carbenoid, and therefore more susceptible to 

attack by nucleophiles. Infact, the latter carbenoid appears a more efficient trap for 

the sulphides. Indeed , the reaction of the carbenoids with the reaction solvent 

(benzene) w as only observed, in low yield, in the reactions of the diazoketo sulphides, 

which would give the less electrophilic carbenoid (Schem e 65).

The  reaction with b en zen e  involves initial cyclopropanation of the arom atic ring, 

followed by a rapid electrocyclic ring expansion to a cycloheptatriene (260, 261). No 

further rearrangem ent, to the conjugated isomers by sigmatropic hydrogen shifts, was 

observed, even after chromatography on silica gel. The reaction of ketocarbenoids with 

benzene is well known, although the corresponding reaction of ketoestercarbenoids is 

re la tive ly  ra re .5

Th e apparently  anom alous difference in reactivity betw een the carbenoids is a 

rem inder that their structure rem ains unknown.

Rh2(OAc)4 c c

Diazo RS Group -R ' Group Vi9id .(.% )

( 2 5 6 a ) CH2C H C H 2S -C H 2C H :C H 2 4 2

( 2 5 6 b ) E-PhCHCH:CH2S -C H (P h )C H :C H 2 6 4 a

( 1 9 4 ) Bn - B n 26  (0 )b

a, Mixture of diastereom ers; b, yield in dichloromethane at 25°C .
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CO(CH2)4SR

Scheme 65. R = CH2CH:CHPh (260), CH2Ph (261)

4 .4  C o n c lu s io n s

T h e  d irhod ium  te tra a c e ta te  c a ta ly s e d  c y c lisa tio n  re a c tio n  of 1 ,5 -  and

1 ,6 -d iazo su lp h id es  has been explored. Th e  transform ation provides access to 

substituted thianes and thiepanes, in very good and poor yields, respectively. The  

cyclisation involves an intram olecular reaction between a rhodium carbenoid and the  

sulphide, to give a cyclic sulphonium ylide. The interm ediacy of this species was 

confirm ed by the isolation of stable ylides in the reactions of benzyl and ethyl 

sulphides. In allyl sulphonium ylides the presence of a low energy rearrangem ent 

pathw ay, the [2,3]-sigm atropic shift, resulted in the spontaneous rearrangem ent of 

these ylides.

The propensity of the ylide to rearrange is also a function of the stability of the ylide 

bond. Destabilising the ylide by removing the ester group, from the carbanion centre, 

encourages rearrangem ent to occur at a lower tem perature. In an analogous m anner, 

th e  p resen ce  of an e lectron  w ithdraw ing  group at su lphur allow s S teven s

rearrangem ent to occur below 8 0 °C .
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CHAPTER FIVE

Dirhodium Tetracetate Catalysed Reaction of 

Diazosulphoxides: Preparation and Reactions 

of Cyclic Sulphoxonium Ylides
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In t r o d u c t io n5 . 1

Th e reaction of sulphides with m etallo-carbenoids has been well documented, and an 

application of the intram olecular reaction to the synthesis of 2 -substituted thianes and 

thiepanes was discussed in the previous Chapter.

In contrast, increasing the oxidation state of sulphur from sulphide to sulphoxide 

might be expected to decrease the electron density on sulphur, and so destabilise the 

ylide. Infact, sulphoxonium ylides are more stable than sulphonium ylides. This point 

can be illustrated by comparing the stability of dimethylsulphoxonium m ethylide and 

dim ethylsulphonium  m ethylide: the former is stable at room tem perature, and the 

latter is only stable below 0°C. The reason behind this behaviour lies in the ability of 

oxygen to stabilise the carbanion portion of the ylide, either by delocalisation of the 

charge onto the oxygen atom, or by facilitating d^-pn bonding between the carbon and 

the sulphur atoms.

The chem istry of substituted sulphoxonium methylides is broad, as a result of their 

pow erfu l nucleophilic ity ; they a re  read ily  p repared  by deprotonation  of the  

corresponding sulphoxonium  salt. In com parison with sulphides, the reaction of 

sulphoxides with carbenes and carbenoids to generate ylides is little studied.

The dipolar nature of the sulphoxide bond imparts the ability to act as either an oxygen  

or a sulphur nucleophileor as a sulphur electrophile, and this feature is found in all 

sulphoxide chemistry. The reaction with carbenes does not lead to [1 ,2]-cycloaddition 

products, but to two discrete products resulting from attack at different heteroatom s  

(S chem e 66 ).

[r 2C:] + Me2S +— O '

r 2c —o
+SMe2

+
R2C—-SM e2 

O

R2C = 0

+

Me2S

Schem e 66.

C arbenes can attack at the oxygen atom  to furnish a dipolar interm ediate, which  

fragm ents into a ketone and a sulphide, therefore overall, a reduction of the suiphoxide
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and oxygenation of the carbene is accomplished. This pathway has been observed in the 

reaction of dichlorocarbene with sulphoxides, and under phase transfer catalysis  

conditions , the sulphides were formed in good to very good yield, as the only reported  

product.93

Exclusive attack at sulphur has been reported for the copper (II) sulphate catalysed  

reaction of dim ethyl- and diphenylsulphoxide with ethyl d iazoacetate, and also in the 

photochemical reaction between diethyl diazom alonate and sulphoxides (Schem e 6 7 ).94 

Th e yields a re  m oderate  for the copper catalysed  reaction , but poor for the  

photochem ical reaction. Various aryl substituted ethyl d iazoacetates  have been  

therm olysed in the presence of dimethyl sulphoxide (D M S O ) and catalytic am ounts of 

copper (I) cyanide, to give very high yields of sulphoxonium  ylides (6 3 -9 4 % ).95  

This route to sulphoxonium  ylides is the only alternative to deprotonation of the 

sulphoxonium salt, and the ester substituted ylides w ere found to be thermally stable, 

showing that the substituents on the carbene/carbenoid and the method of generation  

have significant control on the course of the reaction.

K ^ C O a E tT
N2

MejjSO
-------------------------------- ►
hv or copper salts

R ^ C C ^ E t

o ^ S M e 2

Scheme 67. R = aryl (CuCN), H (CuS04), or CQ2Et (hv)

The factors affecting the regioselectivity of the reaction have not been explored, and  

application of this reaction to intram olecular systems has not been investigated. The  

aim of this C hapter, therefore, is to explore the cyclisation reactions of 1,3 - 1 ,6- 

diazosulphinyl compounds catalysed by dirhodium tetraacetate, with special reference  

to the synthesis of cyclic sulphoxonium ylides.
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This section details our approach to six and seven m em bered cyclic sulphoxonium  

ylides.

5 , - 2 J  S y n th e s is  o f E th v l 2 -D ia z o -3 -O x o -6 -  a n d  7 -S u lp h in y i  

C a r b o x v la te s

T h e  m eth o d o lo g y  d e v e lo p e d  for th e  syn th es is  of 2 -d ia z o -3 -o x o -6 -  and  

7 -th io a lk y lc a rb o x y la te s  (C h ap ters  2 and 4 ), w as  applied  to the synthesis  of 

sulphoxides. The reaction of ethyl lithiodiazoacetate with y- and 8-th io lactones, and  

subsequent alkylation of the m ercaptan, provided a simple two step synthesis of the 

precursors for oxidation. Treatm ent of the sulphides, in a dichloromethane solution at 

- 1 0 ° C ,  with m -C P B A  gave the sulphoxides (2 6 2 a -2 6 6 a ) in good yield (5 3 -6 1 % ), 

after reductive work-up ( 1 0 %  sodium m etabisulphite) and chrom atography on silica 

gel (S ch em e 68 ). O ver-oxidation  to the sulphones (2 6 3 b -2 6 5 b ) occurred as a 

competing, but minor reaction. Suppression of this side reaction could not be achieved  

by lowering the reaction tem perature or by adding the peracid more slowly.

The sulphoxides are  often low m elting solids, with g rea ter longevity than the 

corresponding sulphides.

5..-2 Synthesis and Reactions of 1.5- and 1.6-Piazosulphoxides

O

n = 0 Bn ( 2 6 2 a )

( 2 6 3 a )

CH2:CHCH2 ( 2 6 4  a )

PhCH:CHCH2 ( 2 6 5 a )

Et ( 2 6 3 b )

( 2 6 4 b )

( 2 6 5 b )

n = 1 PhCH:CHCH2 ( 2 6 6 a )

S c h e m e  6 8 .
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5.2.2 Dirhodium Tetraacetate Mediated Cvclisation of Sulphoxides

The lower nucleophilicity of the sulphoxide group com pared to the sulphide would be 

expected  to com prom ise its reactivity. H ow ever, the sulphoxides (2 6 2 a -2 6 6 a )  

favour the participation of sulphur over oxygen as nucleophile, because the ring size  

of the transition state is smaller. Trapping of the carbenoid by the nucleophile needs  

to be rapid in order that competing reactions, such as C -H  insertion, rearrangem ent, 

d im erisatio n , are su p p ressed . T rea tm en t of a solution of the su lphoxides  

(2 6 2 a -2 6 5 a )  in boiling benzene with a catalytic am ount of dirhodium tetraacetate , 

rapidly led to consumption of the starting m aterials (<2 min). T h e  catalyst did not 

dissolve, and no colour change w as observed in the solution, suggesting that 

com plexation of the sulphoxide to the catalyst w as not a serious problem . After 

rem oval of the catalyst, and evaporation of the solvent, the polar residues w ere  

recrysta llised  from b en zen e /e th y l ace ta te  or ben zen e /d ich lo ro m eth an e , to give  

colourless crystals of the sulphoxonium ylides (2 6 8 -2 7 1 ) as the only products, in 

5 4 -8 4 %  yield  (S c h e m e  6 9 ).

O
O

RS N ^ ^ C 0 2Et

S c h e m e  69.

Rh2(OAc)4 

PhH ,80°C

R

Bn

Et

CH2:CHCH2

PhCH:CHCH2

( 2 6 8 )

( 2 6 9 )

( 2 7 0 )

( 2 7 1 )

Evidence for the general structure (267) of the ylides is outlined below:

The high m elting points recorded for (2 6 8 -2 7 1 ), in the range 1 3 0 -1 7 5 °C , broadly  

ag ree  with exam ples in the literature; the values suggest a structure with strong  

interm olecular forces, a criterion satisfied by a highly polar compound. The polarity 

of the structure w as confirm ed by TLC . (R f ~0 .1 , ethyl acetate); (267) is far more  

polar than the diazosulphoxide precursors. The fact that the compound runs on TLC
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indicates stability towards mild acid hydrolysis.

High-field N M R  indicates the presence of chiral centres; protons a - to the sulphur are  

diastereotopic, and the m ethylene protons of the ethyl ester are not a simple quartet. 

The ring a-su lph inyl protons (~ 3 .4 -3 .6  ppm ) are  also deshielded relative to the  

sulphoxide precursors ( - 2 .6- 2.8  ppm ). T h e  protons on the R group are  also  

deshielded, and this supports the ylide (267 ), rather than a rearranged structure, 

with the R group at C -2; the complexity of the N M R  also suggests a cyclic structure, 

although unambiguous proof of the structure by N M R  was not possible. The IR spectra 

of (268 -271 ) showed the presence of two bands, centred at 1690 and 1630 c m '1; the 

absorptions w ere assigned to the ester and keto groups, respectively. This is a strong 

indication of the presence of an ylide moiety in the molecule. Cyclic sulphonium ylides 

(S ection  4 .2 .2 ) , have  carbonyl absorptions centred at 16 7 5  and 1610  c m '1 . 

Com paring the two ylides, the sulphoxonium ylides absorb at higher frequencies, and 

this suggested a sm aller degree of delocalisation of charge into the keto-ester system  

(less en o la te  ch arac ter). This is in accord with the g rea ter stability of the  

sulphoxonium ylides being derived in part from delocalisation of the negative charge  

onto the sulphoxide unit.

To confirm the assignm ent, the three dimensional structure of (270) w as obtained by 

X -ray  crystallography (Figure 2) (see Appendix).

T h e  c r y s ta l  s t r u c tu r e  o f ( 2 7 0 ) ,  e th y l 1 - a l l y l - 3 - o x o - 3 , 4 , 5 , 6 -

te tra h y d ro th ia b e n z e n e -1 -o x id e -2 -c a rb o x y la te , confirm s the p roposed  g en era l 

structure (267 ). Furtherm ore, the X -ray  data shows that: a), the m olecule adopts a 

half-chair conform ation, with the sulphoxide oxygen axial, and the more bulky allyl 

group in the equatoria l position. In cyclic sulphoxides, there  is an observed  

p re fe ren ce  for the oxygen to adopt an axia l configuration , based  on steric  

considerations. The reduced steric interactions in the ring (270 ), together with the 

observed coplanarity of the p-orbital on the carbanion and the oxygen-sulphur bond, 

suggests that the configuration is electronically controlled; b), lengthening of the 

carbonyl bonds, and shortening of the C2-3 bond, compared to average values. This 

indicates some delocalisation of electron density into the keto- and ester groups.

Cyclic sulphoxonium  ylides are a rare class of com pound. T h e  only literature

96 97
exam ples are those prepared by Corey and Chaykovsky, ’ although other workers  

have prepared the ylides by a similar route .98 The  ylides (272 ) w ere synthesised  

from a ,p -u n s a tu r a te d  e s te rs  and d im eth y lsu lp h o xo n iu m  m eth y lid e  in T H F

114



(S c h e m e  7 0 ) .

R

Me2S + -

O
n

c h 2
+

h

CQ2Et
THF, 65°C

R'

H

O

(272)

Scheme 70. R, R’ = H, H; H, Ph; (C H ^ ;

The cyclic ylides (2 7 2 ), although less stabilised than (267 ), exhibit sim ilarly high 

melting points, and low IR absorption frequencies.

O ur attention w as next turned from the synthesis of six m em bered ring sulphoxonium  

ylides to larger rings. W e have shown that the synthesis of 1-substituted thiepane  

ylides by intramolecular trapping of a carbenoid by a sulphide was possible in poor to 

m o d erate  yield (S ection  4 .2 .2 ) . Results in this section show that the  lower 

nucleophilicity of the sulphoxide is not reflected in lower yields of the sulphoxonium  

ylides, at least in the six m em bered ring series. Infact, the recorded yields of (267) 

are higher than for the corresponding sulphonium  ylides, and this is probably a 

consequence of the greater stability of the sulphoxonium ylides.

Treatm ent of a solution of diazosulphoxide (266a) in boiling benzene with a catalytic 

am ount of dirhodium tetraacetate , followed by the usual work-up after two minutes, 

g ave  a m ulticom ponent m ixture, from which no solid could be iso lated  by 

recrystalllsatlon. IR spectroscopy on the crude reaction mixture did not indicate the 

presence of either an ylide or a cyclopentanone, from C-H insertion. To determ ine  

w h eth er the fa ilu re  to cyclise w as the result of the sulphoxide group, or the  

electronics of the carbene, w e prepared sulphoxide (2 7 3 ), the sole product of 

oxidation of (194  ) with m CPBA a t-2 0 °C , in 84%  yield.

-20°C
Na2H P 0 4

m-CPBA

(194) (273)

Dirhodium tetraacetate catalysed decomposition of (273) in boiling benzene also gave a



multicomponent mixture, from which no products could be isolated. Decomposition of 

(2 7 3 ) by boron trifluoride etherate  in dichlorom ethane led to a com plex mixture. 

Presum ably, the failure to cyclise is due to the inability of the sulphoxide to react 

with the carbene or carbonium  ion fast enough to prevent the destructive side 

reactions taking place.

5 . 3  S y n th e s is  an d  R e a c tio n s  o f 1 .4 -D ia z o s u lp h o x id e s

This section details the synthesis of five m em bered ring sulphoxonium ylides.

5 . 3 . 1  S y n t h e s i s  o f  E t h v l  2 - D i a z o - 3 - O x o - r f 2 - S u l p h i n v n p h e n v l 1  

p ro p a n o a te s

An alternative strategy was developed for the synthesis of 1 ,4-diazosulphoxides, based  

on the reaction of ethyl lithiodiazoacetate with aromatic aldehydes (Schem e 71).

Scheme 71. R = Ph (a), Bn (b)

The reaction of benzaldehyde with ethyl lithiodiazoacetate has been reported to be facile 

and high yielding.66 W e observed an analogous ease of reactivity in the condensation of 

ortho- substituted benzaldehydes with ethyl lith iodiazoacetate; the bulky nature of 

th e  o r t h o  g ro u p s  w e re  not d e tr im e n ta l to  th e  re a c tio n . T h u s , 

2 -(b en zy lth io )b en za ld eh yd e  and 2-(phenylth io )benzaldehyde reacted at -7 5 ° C  with 

ethyl lith io d ia zo a c e ta te  g en era ted  in situ, to give the d iazo-alcohols (2 7 4 ), in
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exce llen t yield. T h e  alcohols (2 7 4 ) could be oxidised by treatm ent with 2-3  

equivalents of barium  m anganate in dichlorom ethane, to give (275 ) in high yield. 

Com peting oxidation of the sulphides by barium m anganate w as not observed, even in 

dichlorom ethane at reflux. Further oxidation of the d iazoketo -su lph ides to the  

sulphoxides (276) w as successfully achieved using m -C PB A  as the oxidant, and the 

products w ere isolated in high yield. No sulphone was form ed in the reaction, even  

when it was conducted at 25°C .

5 . 3 . 2  D irh o d iu m  T e tra a c e ta te  C a ta ly s e d  R e a c tio n  o f 

1 .4 - P ia z o s u lD h o x id e s

Rapidly heating a benzene solution of (276 ) to reflux, followed by the addition of a 

catalytic amount of dirhodium tetraacetate, resulted In the rapid evolution of a gas, for 

about one minute, together with the developm ent of a yellow colour in the solution. 

After rem oval of the  catalyst, and evaporation of the solvent, the residue w as  

recrystallised to give the ylides (277a ) and (278a ), as crystalline solids in 70%  and 

58%  yields, respectively. The mother liquors w ere subjected to flash chromatography 

on silica gel, to furnish the tricarbonyl com pounds (277b ) and (278b ) as minor 

products, in 19%  and 6%  yields, respectively (Schem e 72).

O

C° 2Et Rh2(OAc)4

R

Ph (277a) (277b)
Bn (278a) (278b)

Scheme 72.

The physical and analytical data for the sulphoxonium ylides (277a and 278a) was  

consistent with those observed for the six m em bered ring ylides (267). The carbonyl 

absorptions in the IR  spectrum  ,~ 1 7 2 0  cm "1 (ester), and 1 6 3 0 -1 6 5 5  cm ' 1 (keto) 

reflect the additional strain present in a five m em bered ring. There has been no 

reported synthesis of this ring system before, therefore, the absolute structure.of the 

ring  sys te m  w a s  c o n firm e d  by X - r a y  c ry s ta llo g r a p h y  on ( 2 7 8 a )
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(F ig u re  3 ) . (A p p e n d ix ) .

The tricarbonyl com pounds (277b  and 278b) are yellow and readily hydrated oils. 

Proton and carbon-13 N M R  spectroscopy showed the presence of the keto- and hydrate  

forms, in varying ratio. Dehydration of the hydrate could be achieved in vacuo  over 

phosphorus pentoxide, resulting in considerable simplification of the N M R  spectrum. 

The IR spectrum also indicated the presence of a  hydrate; the carbonyl region w as  

complex, absorptions centred at 1745, 1710, and 1675 cm ' 1 w ere recorded. Further 

evidence for the structure of (277b) w as obtained by treating it with tosylhydrazide. 

The expected tosylhydrazone was not isolated; chrom atography of the crude reaction  

mixture on Florisil gave the diazosulphide (276a), in 58%  yield. Tosylhydrazones of 

di- and tri-carbonyl com pounds are labile, and decom position can be effected by 

treatm ent with a w eak  base, resulting in the elim ination of toluenesulphinic acid, to 

give diazo compounds. The isolation of (276a) is consistent with decomposition of the 

tosylhydrazone of (277b ) on Florisil. Furtherm ore, T L C  (on silica gel) of the  

reaction mixture before and after chrom atography showed two compounds of widely  

differing Rf values, the latter w as far less polar.

T h e  pow er of th e  in tram olecu lar reaction  betw een  nucleophiles  and rhodium  

carbenoids has been aptly dem onstrated in the high yielding syntheses of five and six 

m em bered cyclic sulphoxonium ylides reported herein. Th e  dirhodium tetraacetate  

catalysed reaction of sulphoxides (276 ) to give (277) and (278 ) occurs in overall 

high yield. The sulphoxonium ylides, (277a ) and (278a ), are the result of sulphur 

attacking the carbenoid carbon, via a five m em bered transition state, w hereas the  

tricarbonyl products, (277b ) and (2 78b ), a re  the result of a  six m em bered  ring 

transition state, in which the oxygen atom is transferred from sulphur to the carbene  

centre (Schem e 66). The fact that there is a kinetic preference for the involvement of 

a five m em bered transition state over a six m em bered transition state ,69 indicates  

that the intrinsic reactivity (nucleophilicity) of the oxygen is at least equal to the  

sulphur atom, a reflection on the dipolarity of the sulphoxide bond.

The ratio betw een the two products varies from 10:3 for (277 ), to 10:1 for (278), 

and this is in accord with steric and inductive effects lowering the nucleophilicity of 

the diarylsulphoxide (276a), favouring participation of oxygen as the nucleophile.

The dirhodium te traaceta te  catalysed reaction of (276b) i  dichlorom ethane (room  

tem perature /15h ) gave a m ixture of both possible products, (2 7 8 a /2 7 8 b ), in 72%  

overall yield, and 1 1 : 2  ratio, which indicates the product ratio is both solvent and
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tem perature dependent.

5 . 4  S y n t h e s i s  a n d  R e a c t i o n  o f  E t h v l  4 -1 7 2 - C a r b o x v m e t h v h - 

D h e n v ls u l p h i n v l 1 - 2 - P i a z o - 3 - O x o b u t a n o a t e

Finally, our attention w as turned to the chemistry of 1 ,3-diazosulphoxides.

Sulphoxide (281 ) w as prepared in three steps, using the m ore conventional diazo  

transfer reaction to introduce the diazo group (Schem e 73). Alkylation of m ethyl 2- 

m ercaptobenzoate with ethyl 4-chloroacetoacetate in D M F gave p-ketoester (279 ) in 

96%  yield. D iazo transfer on (279 ) with tosyl azide gave the diazoester (2 8 0 ) in 

44%  yield, which w as oxidised selectively to the sulphoxide (281 ), by m -C PB A , in 

9 3 %  yield.

ArSH + CQ2Et
NEt3
DMF

O

Ar^ s S ^ k ^ c ° 2Et

(279)

TsN3

NEt3 CH3CN

Scheme 73. Ar = 2-(ethoxycarbonyl)phenyl

By a n a lo g y  w ith th e  p revious ex a m p le s , d irhod ium  te tra a c e ta te  c a ta lyse d  

decomposition of (281 ) could either lead to a four m em bered sulphoxonium ylide, or 

to a tricarbonyl com pound, by oxygen transfer, through a five m em bered transition  

state.

Addition of a catalytic am ount of dirhodium tetraaceta te  to a solution of (281 ) in 

boiling benzene, led to a rapid evolution of nitrogen and the developm ent of a yellow  

colour in the solution. Rem oval of the catalyst, evaporation of the solvent, and 

crystallisation of the residue gave a yellow solid, (282 ), in 51%  yield, as the only 

product.

The spectroscopic data fitted neither the ylide, nor the tricarbonyl compound or its

119



hydrate. T h e  structure w as determ ined  by X -ra y  crysta llography (F ig u re  4) 

(Appendix), as the compound derived by oxygen transfer from the sulphoxide. The  

solid state structure shows the m olecule to exist solely in the Z-enolic form, with the 

proton  ( H ( 3 j) hydrogen bonded to the ke to n e  ( C ^ O  4̂ ) ) .T h e re  a re  two  

conform ationally identical, crystallographically independent m olecules in the crystal. 

The O -H  bond lengths indicate a large asym m etry in the intram olecular H-bond: 

0 (3 ) - H ( 3) 0 .9 7 -0 .9 8  A , and O ^ - H ^  1 .88 -1 .94  A ; and this is probably because the 

m olecule cannot adopt the correct geom etry for a five m em bered H -bonded ring 

containing two sp2  centres. Hydrogen bonding is observed exclusively at the ketone, 

( 0 (3))» ancl not the ®ster carbonyl, (0 4̂p , which would form a six m em bered ring. 

The shorter than expected C 3 -C 4 bond (1 .45  A) suggests the double bond is partly 

delocalised into the ketone, by virtue of the vinylogous thioester character of the 

m olecule, and this explains the enhanced donor ability of the ketone relative to the 

ester.

The IR  spectrum  of (282 ) shows a sharp hydroxy stretch, indicative of a strong 

in tram olecular H-bond, and two carbonyl absorptions, at 1715 cm ' 1 (esters) and  

1646 cm ' 1 (ketone). Only one tautom er w as present in the high field N M R  spectrum  

of (282 ) in C D C Ig : the m olecule contained five protons in the arom atic region, a 

doublet at 6 .50  ppm (1 H, J  2 .0  Hz) and the two esters. Decoupling experim ents and 

analysis of coupling constants suggested that the solution structure w as the enol 

tautom er. The alkene proton appears at 7 .62  ppm (1 H. J 1.7 Hz), and the enol at

6 .5 0  ppm. Additional proof for the assignm ent of these protons was obtained by 

preparing  theferf-butyld im ethylsily l enol ether derivative (283 ), also a yellow  oil, 

by treating (2 8 2 ) with terf-butyld im ethyls ily l trifla te  Th e  doublet at 6 .5 0  ppm  

vanished (283 ), whilst the arom atic region rem ained largely unaltered.

O O

CQ2Et

Ar = 2-(carboxyethyl)phenyl

Rh2(OAc)4---------
OR
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The dram atic change in regioselectivity in the reaction of 1,3-diazosulphoxide (281) 

can be ascribed to the lower rate of the formation of the four m em bered product, 

com pared to the five m em bered transition state for deoxygenation. Therefore, the 

m olecule is biased towards oxygen transfer, a reversal of the situation in the previous 

sections, w here five and six ring sulphoxonium ylides w ere formed in very good yield.

5^.5 Reactivity of Sulphones

The analogous reactions of carbenes with sulphones have not been explored. The  

form ation of a sulphone-ylide is impossible because all the valence electrons are  

already used in bonding. However, carbene m ediated deoxygenation is possible, and the 

transform ation would be a synthetically useful selective reduction of a sulphone to a 

sulphoxide.

W e have previously prepared som e diazosulphones by oxidation of the sulphides with 

m -C P B A  (Section  5 .2 .1 ). T rea tm en t of a solution of ally lsulphone (2 6 4 b ) in 

dichiorom ethane with a catalytic am ount of dirhodium  te traace ta te  led to rapid  

consum ption of the starting m aterial, and TLC  showed the formation of baseline  

m aterial only. This result could be due to the low reactivity of the sulphone group. 

Also, the transition state for the oxygen-transfer reaction would require the formation  

of a seven m em bered ring, and therefore would be relatively unfavourable. To 

increase the rate of formation of a cyclic transition state, w e prepared a m olecule  

which could adopt a five m em bered transition state (Schem e 74). The hydroxyl group 

was introduced at the e-carbon atom to trap the carbene, in the event that the sulphone 

oxygen being insufficiently nucleophilic to com plete the task. The rate d ifference  

betw een the formation of five and seven m em bered rings is large enough to favour 

significantly the deoxygenation route.

Th e  synthesis  of (2 8 6 ) w as straightforw ard . D iazo tran sfer reaction on ethyl

4 -ch lo ro ace to ace ta te  gave a stable yellow oil (284 ), in 92%  yield. Alkylation of 

2-m ercap to eth an o l with chloride (284) in D M F occurred exclusively on sulphur, in 

93%  yield. Conversion of sulphide (285) into sulphone (286 ) w as ach ieved  by 

oxidation with m -CPBA at room tem perature, in m oderate yield. Although a deficiency 

of the oxidant w as used, no diazosulphoxide was isolated: treatm ent of (285) with one 

equivalent of m -CPBA, at -1 0 °C , led to rapid consumption of starting m aterial. The  

crude reaction mixture was subjected to a reductive and basic work-up ( 1 0 %  sodium
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m etabisulphite, and 5 0 %  sodium bicarbonate), which led to decom position of the  

sulphoxide.

NEt3, DMF

m-CPBA
O

O z S ^ ^ L ^ C O a E t
Rh2(OAc)4

L o h  n =

(286)

Schem e 74.

The standard dirhodium tetraacetate catalysed reaction of sulDhone (286) led to rapid 

consumption of the starting m aterial. After work-up, the c rt 3 reaction m ixture was 

purified by flash chrom atography on silica gel, to give (287 ), as the only isolated  

product, in 19%  yield. The thiaoxepane was a viscous oil that slowly solidified, and it 

w as shown to exist almost totally as the enol form of the p-ketoester by N M R  (C D C I3 ). 

The observed mode of reaction is a good indication of the poor affinity of the sulphone 

group for carbenoids. This contrasts m arkedly with the facile reaction of sulphoxides, 

observed earlier. Both groups possess dipolar sulphur-oxygen bonds, how ever, it 

appears that with the sulphone the negative charge on oxygen is more associated with 

bonding to sulphur.

The alkylation/oxidation/cyclisation procedure (Schem e 74) allows a  rapid entry into 

the functionalised th iaoxepane ring system  (2 8 7 ). This approach could well be 

applied to the synthesis of other heterocycles, containing a powerful nucleophile  

(e .g . sulphur) and a w e a k  nucleophile  (e .g . phosphate, e th er). Th is  type of 

competitive cyclisation has not been well documented.
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5 ,6  Reactivity of the Sulphoxonium Ylides

This section is divided into two parts, the first covers rearrangem ent reactions of the  

ylides, and the second, their chemical reactivity.

5.6.1 Thermal and Photochemical Reactions

Thermal Reactions

Th e cyclic sulphoxonium ylides prepared herein are high melting solids, stable at 

their m elting points, and this is reflected in their high therm al stability, and low  

aptitude for rearrangem ent to non-ylidic species. This is in stark contrast to the 

sulphonium ylides, and is directly attributable to the ability of the sulphoxide oxygen 

to stabilise the carbanion portion of the ylide.

The five m em bered cyclic ylides (277a) and (278a) w ere both stable in m esitylene at 

reflux (1 6 0 °C )  for prolonged periods. Suprisingly, the ethylth iabenzene derivative  

(268 ) w as also stable at 1 6 0 °C , and did not lose ethene, but the benzylthiabenzene  

ylide (269) was slowly decomposed at this tem perature, to a complex set of products. 

T h e  corresponding allyl and 3-phenylally l ylides, (270 ) and (2 7 1 ) respectively, 

w ere  decom posed at 1 3 0 °C , in refluxing xylene, to m ixtures containing several 

components. Close exam ination of the reaction mixture from (270) showed that the 

expected product (2 8 8 ), derived from [2,3]-sigm atropic rearrangem ent of the allyl 

group to C -2 , was not present. Of the two m ajor components isolated in the reaction, 

only one could be identified. The structure of the relatively non-polar fraction, 

isolated in 19%  yield, w as assigned on the basis of spectroscopic data as (163), 

derived from the ylide by loss of the allyl group and oxygen. A possible mechanism for 

this transform ation is discussed later (S chem e 76). The structure of the polar 

component could not be assigned, although analysis of the spectroscopic data suggested 

that the compound w as cyclic sulphoxide, which retained the allyl group, and was  

probably a mixture of stereoisom ers. To determ ine w hether this w as indeed the 

rearrangem ent product (288 ), the sulphoxide (288 ) w as independently prepared by 

m -C P B A  oxidation of su lphide (2 3 8 ), in 6 2 %  yield . Th e  sulphoxide (2 8 8 ) is 

probably d iastereom erically  pure, but the stereochem istry is unknown. The two 

com pounds' data are broadly similar; however, if the therm ally derived product is a
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m ixture of d iastereom ers of (2 8 8 ), then the required overlap of peaks with the  

spectrum of (288) is not observed. This suggests that the compound isolated from the 

rearrangem ent of (270 ) is probably not (288 ), but both com pounds are structurally 

related .

P h o to c h e m ic a l R e a c tio n s

In the previous section we found that the energy required to disrupt the ylide bond was  

sufficient for processes other than the sim ple, i.e . S tevens, rearran g em en t to 

supervene. An a lternative  to therm ally  prom oted rearrangem ents  would be a 

photochem ically  assisted  process. U nder photochem ical conditions, the [1 ,2 ]- 

rearrangem ent is allow ed, and the [2 ,3 ]-p rocess  disallow ed, the reverse of the  

therm al reaction. How ever, the photolysis of ylides can also result in a retro-addition  

reaction, w here the ylide bond is broken heterolytically, to regenerate the nucleophile 

and the carbene. A carbene so generated is highly energetic and usually undergoes 

rapid W olff rearrangm ent to a ketene. If the photolysis is carried out in an alcoholic 

solvent, then esters, the result of trapping the ketene with the alcohol, can be isolated. 

Corey and workers have dem onstrated that this reaction occurs in the photochemical 

reaction of sulphoxonium ylide (272 ) (Schem e 7 5 ).97

(238) (288)

Ph Ph Ph

O ' 'M e
H

O
hv, MeOH

(272)

Scheme 75. Ft’ = H, R = Ph

W e chose to investigate the photochem istry of 3-phenylally l ylide (2 7 1 ), phenyl



ylide (277a ), and benzyl ylide (278a ). The reactions w ere carried out in ethanol, to 

intercept any ketenes or unsaturated species generated.

Irradiation of (271 ), at 254  nm for two hours, totally decom posed the m olecule. On 

the other hand, (2 7 7 a ) w as recovered unchanged a fter three hours irradiation. 

Benzyl ylide (278a ) underwent smooth photolytic decom position over two hours, to 

give two components which w ere separated by chromatography on silica gel. Analysis 

of spectroscopic data  showed that neither com ponent had incorporated ethanol, 

suggesting that the ylide bond was not being cleaved. However, it is possible that the 

carbene was form ed, but spontaneouly reformed the ylide. The result is a reflection on 

the greater stability of the ylides (267) over (272), imparted by the ester group.

The first, relatively non polar, low m elting com ponent, isolated in 31%  yield, was  

assigned the structure (289) on the basis of spectroscopic d a t a . "  To confirm the 

assignm ent, the alcohol w as acetylated  to give (290 ); the melting point w as in 

agreem ent with the literature va lue .100

The structure of the second component, a polar yellow oil, could not be assigned. NM R  

and mass spectrom etry (M + = 238) suggested that the compound w as derived from  

(278a) by loss of the benzyl group. The N M R  was complex, but suggested the presence 

of the ester group. There were two IR carbonyl absorbtions, at 1740 and 1713 cm"1, 

as well as a broad stretch in the hydroxyl region.

The m echanism  for this unususal photochem ical reaction appears analogous to the 

therm al decom position of the allyl ylide (270 ), in that both involve loss of the R- 

group and reduction of the sulphoxide. The reaction probably involves initial cleavage  

of the sulphur-allyl and sulphur-benzyl bonds, by rearrangem ent of the groups in a 

[2 ,3 ]-and  [1 ,2 ]-fashion, onto the oxygen of the sulphoxide, to give the sulphonium  

in te rm ed ia tes  (2 9 1 ) and (2 9 2 ), resp ective ly  (S ch em e  7 6 ). The ana lo g o u s  

therm al/photochem ical rearrangem ent is known for sulphoxides, which rearrange to 

sulphenates, and vice versa. The former are thermodynamically more stable. 

Involvem ent of this allow ed rearrangem ent step is supported by the fact that no 

rearrangem ent products are observed w hen the thermal/photochem ical conditions are  

reversed: i.e. the benzyl ylide (277a) is stable to thermolysis, and the 3-phenylallyl 

ylide (271) is totally decom posed by photolysis.

The elimination of the O R  group would complete the reaction. It could be achieved by 

either hom olytic or heterolytic bond c leavage . The ylide (291 ) is set up for a 

p -e lim in a tio n . This fragm entation would directly liberate (1 6 3 ) and b u t-3-enone.
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A lternatively , in the photochem ical reaction, (2 9 2 ) could fragm ent by hydrogen  

abstraction at the benzylic site. This abstraction is possible intram olecularly (293), 

by the delocalised radical generated in the excited state of the ketone. This route also 

generates (289) directly with the concomitant loss of benzaldehyde.

(289) (290)

Schem e 76.

Further m echanistic studies need to be undertaken to determ ine the pathw ay(s) 

involved in the fragm entation . The reductive-dealkylation reaction has not been  

observed  before in sulphoxonium  ylide chem istry, and it represents  a novel 

tran s fo rm atio n .
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5 t-g.T 3 Chemical Reactivity

The resistance of the ylides towards simple rearrangem ent would be expected to be 

parallelled in their chem ical reactivity; the therm odynam ic stability of the ylide bond 

imparts a  robust quality to the compounds.

FtetiwctiQn

Corey and co-workers have reported reduction of the ylide bond with zinc in acetic acid 

at 0° C  (Schem e 77 ).97

Ph

Me 

(272)

Scheme 77. R' = H, R = Ph

Attempts to effect the analogous reaction with (277a ) w ere unsuccessful. The ylide 

w as stable for prolonged periods at room tem perature. The stabilising effect of the 

ester group probably has a m ajor contribution in the lowering of reactivity of the  

ylide.

Hvdrolvtic Reactivity

The ylide (277a) was stable to acetic acid. The sulphoxonium ylide bond is reported as 

being stable towards strong mineral acids .95

The reactivity of the ylides to nucleophiles w as tested by treating (277a) and (278a) 

with ethanolic sodium ethoxide. No reaction was observed at room tem perature or at 

reflux . H o w ever, under aq u eo u s  hydrolytic conditions (sodium  h yd ro x id e / 

w ater/ethanol), a reaction was observed. Hydrolysis of (277a ) gave the very polar 

acid (2 9 4 ), in 5 8 %  yield, the result of selective hydrolysis of the ester. This  

reaction again reflects the robust nature of the sulphoxonium  ylide. T h e  acid

Ph
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spontaneously lost carbon dioxide at its melting point (1 7 4 -1 7 8 °C ). The inability of 

the p-ketoester to decarboxylation under mild conditions is a result of the difficulty in 

effectively delocalising the negative charge generated at the carbanionic centre during 

the reaction (Schem e 78).

O

NaOH
C 0 2Et --------- ►

(277a)

Scheme 78.

A suspension of the acid in xylene w as heated to reflux, but no decarboxylation  

occurred, however, on addition of acetic acid to the refluxing reaction solution, gas 

evolution occurred readily. Ylide (295 ) w as isolated as a yellow solid (m .p. 165- 

1 6 7 ° C ) ,  after chrom atography on silica gel, in an excellent yield of 88% . It is 

assum ed that the ylide carbanion is protonated by acetic acid before loss of carbon  

dioxide can occur.

The sulphuric acid m ediated hydrolysis and decarboxylation of an ester stabilised

sulphoxonium ylide has been reported, but the resulting decarboxylated com pound

existed as the hydrogen sulphate sulphoxonium salt, and not as a ylide.95

The N M R  spectrum  of sulphoxonium ylide (295) indicates that the ylidic proton is

considerably deshielded, appearing at 4 .7 7  ppm. The IR carbonyl absorption of the

ylide occurs at 1631 c m '1, reflecting the considerable delocalisation of charge into the

ketone.

Xylene 
----------- *
130°C
AcOH

(294) (295)
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5 .., 7  C o n c lu s io n s

The cyclisation reaction of rhodium carbenoids with sulphoxides has been studied. W e  

exploited the reaction in the high yielding synthesis of five and six m em bered  

sulphoxonium  ylides, the first such intram olecular reactions to be reported. The  

cyclic sulphoxonium ylides are therm ally very stable, and w ere found to be resistant 

to the [1 ,2 ]- and [2 ,3]-rearrangem ents as observed in the corresponding sulphonium  

ylides, even at elevated tem peratures. However, an unusual fragm entation reaction  

w as found in certain ylides, resulting in reductive-dealkylation of the molecule. This 

reaction could be promoted thermally or photochemically, dependng on the nature of 

the exocyclic substituent on the ylide. Attem pted extension of the reaction to the 

synthesis of four and seven membered sulphoxonium ylides was not successful.

The dirhodium tetraaceta te  catalysed intram olecular reaction of 1,3-diazosulphoxides  

resulted in attack of the carbenoid on the oxygen atom of the sulphoxide, and transfer of 

the oxygen atom to the carbene centre. This was also a minor, but competing pathway  

in the synthesis of the five m em bered ring ylides. The distribution of the products 

appears to be largely dependent on the proximity of the nucleophile to the carbene  

centre. This m eans that there is a strong preference for products which form via a 

five m em bered transition state, where the alternative is a six or four m em bered ring.
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CHAPTER SIX

EXPERIMENTAL
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6.1 General Information

Solvents

Petroleum  ether refers to the fraction boiling in the range 40 -60°C , and w as distilled 

before use. D iethyl e ther and T H F  w ere  dried by distillation from potassium - 

benzophenone ketyl. Benzene, toluene, and xylene w ere dried by distillation from  

calcium hydride. Acetonitrile and dichlorom ethane w ere  dried by distillation from  

phosphorus pentoxide. D M F was dried by stirring over barium oxide for 12 h at room 

tem perature, followed by distillation at reduced pressure. All dried solvents w ere  

stored over 4 A molecular sieves under nitrogen.

Chromatography

TLC  w as carried out using aluminium plates coated with M erck Kieselgel 60  G F 254 . 

For column chrom atography, Merck Kieselgel 60 H silica w as used, unless otherwise 

stated, and the products w ere eluted by petrol/ether or petrol/ethyl acetate.

Spectroscopy

IR spectra w ere  recorded using a Perk in -E lm er 298 or 1710  spectrophotom eter, 

calibrated against polystyrene. Proton NM R spectra w ere recorded on a Jeol G S X 270  

(2 7 0  M H z), a Bruker W M 2 5 0  (250  M H z), a Perkin-E lm er R 32 (90  M H z), or on a 

Varian E M 360 (60  M H z) spectrom eter. Carbon-13 N M R. spectra w ere recorded on a 

Bruker A M 5 0 0  (1 2 5  M H z), or on a Bruker W M 2 5 0  (63 M H z). High and low 

resolution m ass spectra w ere recorded on a VG Microm ass 7070B  instrument, in the  

electron ionisation m ode , at 70 eV, unless otherwise specified.

Other Information

M elting points w ere  determ ined on a Reichert Kofler hot stage apparatus and are  

uncorrected. D istillations w ere carried out in a Kugelrohr apparatus. Internal 

reaction tem peratures w ere m easured with a Com ark digital tem perature probe. In 

quoting 1H N M R  data for compounds that exist as keto/enol mixtures, the "theoretical" 

integral is given for signals corresponding to the individual keto and enol forms; the 

observed integral is the theoretical value multiplied by the percentage of keto or enol 

form present. Ethyl d iazoaceta te  (Aldrich) w as distilled under reduced pressure  

before use. Unless otherwise stated, all chemicals used are commercially available.
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6_Jg Experimental for Chapter Two

Preparation of Starting Materials 

Lactones

5 . 6 -  D ih y d r o p y r a n -2 -o n e ^  0 1  and  2 ,3 ,4 ,7 - te t ra h y d ro o x e p in -2 -o n e 1 0 2  w ere  

p re p a re d  by th e  lite ra tu re  m eth o d s . H e p ta n o la c to n e 1 0 3  and 2 ,3 ,4 ,5 -  

te tra h y d ro b e n z [b ]o x e p in -2 -o n e 1 0 4  w ere prepared by B aeyer Villiger oxidation of 

the corresponding ketones with 3-chloroperbenzoic acid.

5 .6 -  D ih v d r o b e n z [b .f]o x e c in - 2 - o n e  (1 3 2 ) .

A m ixture of d ibenzosuberone (5 .0  g, 0 .0 2 4  m ol) and 3 -ch loroperbenzo ic  acid  

(6.2  g T 1 .5 eq) w as heated at reflux in chloroform (45  ml) for 48  h. Th e  organic  

phase w as w ashed successively with sodium m etabisulphite ( 1 0 % ) and saturated  

sodium hydrogen carbonate, dried, and evaporated. Chromatography of the residue gave  

the title  c o m p o u n d  M 3 2 )  (1 .9 0  g, 3 5 % ), m .p. 1 1 2 .5 -1 1 4 .5 °C . (Found: C , 80 .2 ; 

H, 5 .2 . C 1 5 H -j 2 ° 2  recluires C, 80 .3 ; H, 5 .4% ); v m a x  (N ujo l) 1734  and 1066  

cm “ 1 ; 5 H (250  M H z; C D C Ig ) 3 .1 0 -3 .2 6  (4 H, m ), 6 .9 6 -7 .1 5  (6 H, m), and 7 .19- 

7 .3 4  (2  H, m); m Zz (1 2 0 ° C )  224  (M_+ , 1 0 0 % ), 206  (5 2 ), 118 (66 ), and 90  

( 3 2 ) .

Lactams

M-Boc Lactams w ere prepared according to the following general procedure: 

D i-1-b u ty ld lca rb o n a te  (B o c 2 0 )  (11 mmol) w as added to a solution of the lactam  

(1 0  m m ol) in aceto n itrile  (6 m l). 4 -D im eth y lam in o p yrid in e  (D M A P ) (1 m m ol) 

w as added and the reaction m ixture w as stirred at room tem perature overnight 

(ca. 18 h). The  acetonitrile w as evaporated and the residue purified by filtration  

through a pad of silica, eluting with ether-petroleum , to give the product as a  clear 

oil. The product could be further purified by distillation.
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N -te r t -B u to x v c a rb o n v l-8 - v a le ro la c ta m  (1 4 4 ) .

D M A P (140 mg) w as added to a solution of 6-valerolactam  ( 1.00  g, 10 .2  m m ol) and  B o c 2 0  (2 .4 5  g, 1 1 .2  mm ol) in acetonitrile  (1 0  ml). A fter 24  h, the reaction  

mixture w as concentrated and the residue purified by chrom atography and distillation 

to give the title co m pound  (1 4 4 ) (1 .49  g, 74% ) as a low melting solid, b.p. 1 1 0 °C  at

0.1  m m Hg. (Found: C, 60.5; H, 8.7; N, 7 .0 . C -jo H -jy N O g  requires C, 60 .3 ; H, 8 .6 ; 

N, 7 .0% ); v m a x  (film) 1718  (br), 1288 , 1249 , 1158 , and 1138  cm "1 ; 5 H (250  

M H z; C D C Ig ) 1 .47  (9  H, s, t-B u), 1 .6 8 -1 .8 4  (4  H, m, CJ±2 C ]± 2 ), 2 -44 (2 H , t, J.

7 .5  Hz, C H 2 C O ), and 3 .59  (2 H, t, 1  7 .5  Hz, C H 2 N); mIz  (1 5 0 °C ) 199 (M +  , 1% ), 

184 (1 ), 144 (3 9 ), 126  (1 6 ), 9 9  (3 6 ), and 57 (1 0 0 ).

N - te r t -B u to x v c a rb o n v l-e-c a p ro la c ta m  (1 4 5 ) .

D M A P (120  mg) w as added to a solution of e-caprolactam  ( 1 .00  g, 8.8 m m ol) and  B o c 2 0  (2.12 g, 9 .7  mmol) in acetonitrile (6 m l). After 18 h, the solvent w as  

evaporated  and the residue chrom atographed to give the title  c o m p o u n d  (1451  

(1 .2 7  g, 67% ) as a clear oil, b.p. 1 2 0 °C  at 0 .03  m m Hg. (Found: C, 61 .9; H, 9 .2; N,

6.3. 0 1 - |H ^ g N O 3 requires C, 61.9; H, 9.0; N, 6 .6% ); v m a x  (film ) 1769 , 1714 , 

and 1153 c m '1 ; 8 H (2 5 0  M H z; C D C I3 ) 1.51 (9H , s, t-B u), 1 .6 0 -1 .8 3  (6 H, m, 

C H 2 C H 2 C H 2 ), 2 .63 (2 H, m, C H 2 CO ), and 3 .74  (2 H, m, C H 2 N); m lz  (1 7 0 °C ) 213  

(M_+ , 1% ), 198  (1 ), 158 (3 6 ), 140 (1 6 ), 114 (24 ), 85  (41 ), and 57  ( 1 0 0 ).

N - te r t -B u tv lc a rb o n v l- 8 -v a le ro la c ta m  (1 4 6 ) .

A solution of 8 -va le ro lac ta m  (0 .9 0  g, 9 .0 8  m m ol) and trie th y lam in e  (1 .6  ml, 

11 mmol) in T H F  (1 0  ml) w as cooled to 0° C ,  and pivaloyl chloride (1 .3  ml, 10.5  

mmol) added dropwise; a white solid im m ediately precipitated. The suspension was  

stirred for 18 h at room tem perature, filtered through Celite, and the Celite w ashed  

with cold ether. The filtrate and washings w ere evaporated to give crude product which 

w as purified by chrom atography to give the title com pound  (1 4 6 ) (1 .595  g, 96% ) as 

a low m elting solid, b.p. 9 0 ° C  at 0.2  m m Hg: (Found: C, 65 .5 ; H, 9 .5 ; N, 7 .8 . 

0 1 0 H 1 7 N O 2 requires C, 65.5; H, 9 .4; N, 7 .6  % ); v m a x  (film ) 1685  (br), 1290 , 

and 1167  c m '1 ; 8 H (2 5 0  M H z; C D C Ig ) 1 .19  (9  H, s, t-B u), 1 .6 9 -1 .8 3  (4  H, m, 

C H ^ C H ^ ,  2 .3 7  (2 H, m, ChL2 C O ), and 3.41 (2  H, m, C H 2 N); mlZ  (1 0 0 ° C )  183  

(M_+ , 6% ), 168 (4 ), 128 (2 9 ), 99  (9 2 ), and 5 7  (100 ).
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General Procedures for the Preparation of the Diazo Compounds.

Normal addition.

Ethyl d lazoacetate (ED A ) (3.3 mmol) was added dropwise over approximately 5 min to 

a cold solution of LDA (3 .3  mmol) in T H F  (20 ml), under an atm osphere of nitrogen, 

m aintaining the tem perature at -9 0 °C . The orange-brown solution w as stirred at - 

9 0 ° C  for 10-15  min followed by dropwise addition of a lactone (3 .0  mmol) at -9 0 °C .  

Th e solution w as stirred for 1 h at - 9 0 ° C, allowed to warm  to - 7 5 ° C, and finally 

stirred for 1 h at - 7 5 ° C before dropwise addition of acetic acid (10  m m ol). The  

reaction m ixture w as allowed to warm  to 0 ° C , w ater (10  ml) w as added and the 

contents transferred to a separating funnel. The solution w as acidified to p H 5 with 

dilu te  hydrochloric  acid , if req u ired , and then  ex trac ted  th ree  tim es with  

dichlorom ethane. Th e  com bined organic extracts w ere w ashed successively with 

w ater, then brine, and finally dried over M gSO ^. The solvent was evaporated and the 

crude product purified by flash chromatography on silica gel.

Inverse addition.

A solution of LDA (3 .3  mmol) in T H F  (10 ml) (see below) w as added dropwise to a 

solution of ethyl d iazoacetate  (3 .3  mmol) and a lactone (3 .0  mmol) in T H F  (15  ml) 

over a period of 10 -60  min maintaining the tem perature below -7 2 °C . The solution 

was stirred for 3 h at -7 5 °C  and the acetic acid (6 mmol) added dropwise. The product 

was extracted and purified as described as above.

Lithium Diisopropvlam ide (LD A 1.

Solutions of LDA in T H F  w ere prepared by the addition of n-butyllithium (in hexanes) 

to a stirred solution of dry diisopropylam ine in dry TH F at 0°C . All LDA solutions 

w ere used within 30 min of their preparation.

E th v l 2 -D ia z o -6 - h v d ro x v - 3 - o x o h e x a n o a te  (1 2 0 ).

ED A  (0 .6 7  ml, 6 .3 9  mmol) w as added dropwise to a solution of LDA (6 .39  mmol) in 

T H F  (25 ml) at -91 ° C . The solution was stirred for 15 min, and then y -butyro lactone  

(0 .4 5  ml, 5.81 m m ol) w as added dropw ise over 8 m in. The tem perature  w as  

m aintained at -9 0 ° C  for 0 .5  h, and then warm ed to -7 5 °C  for 1.5 h before dropwise
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addition of acetic acid (0 .4 4  m l). W ork-up and chrom atography gave the tit le  

c o m p o u n d  (1 2 0 )  (5 4 4  mg, 47% ) as a pale yellow oil; (Found: C, 48 .1 ; H, 6 .2; N,

13.9 . C 8 H 1 2 N 2 0 4 requires C, 48 .0; H, 6 .0 ; N, 14.0% ); v m a x  (film ) 3 4 2 5 , 2 137 , 

1718 , 1655 , and 1 3 0 4  cm - 1 ; SH (90 M Hz; C D C Ig ) 1 .35 (3 H, t, d 1 Hz, C H o M e l . 

1 .92  (2 H, quin, d 6 .5  H z, C H 2 C H 2 O H ), 2 .65  (1 H, br, O H ), 2 .99  (2 H, t, d 6 .5  Hz, 

C H 2 C O ), 3 .70  (2 H, t, d 6.5  Hz, C E 2 O H ), and 4 .3 4  (2 H, q, d 7 Hz, ChL2 M e); m/Z 

(F A B ; C H C I3 /g lycero l) 201 (M H  + , 100% ), 183 (49), 127 (67); w lz  (6 0 ° C )  172  

(M.+ - N 2 , 1 % ).

E th v l 2 -D ia z o -6 - h v d ro x v -3 - o x o h e p ta n o a te  (1 2 1 ) .

EDA (0 .8 7  ml, 8 .24  mmol) was added dropwise to a solution of LDA (8 .24  mmol) in 

T H F  (40 ml) at -91 ° C . The solution was stirred for 10 min and then y -va le ro lac ton e  

(0.71 ml, 7 .4 9  m m ol) w as added dropwise over 10  min. The tem perature  w as  

m aintained at - 9 0 ° C for 1 h and then kept at -7 5 ° C  for 3 h before the addition of 

acetic acid (0 .65  ml). W ork-up and chrom atography gave the title co m p o u n d  (1211  

(811 mg, 51% ) as a pale yellow oil, that solidified at 4 °C ; (Found: C, 50.4; H, 6 .8 ; N,

13.2 . C g H 1 4 N 2 0 4 requires C, 50.5; H, 6 .6 ; N, 13.1% ); v m a x  (film ) 3 4 2 6 , 2 1 37 , 

1719, 1656 , and 1305  cm - 1 ; 8 H (250  M Hz; C D C Ig) 1.19 (3 H, d, d 6.1 Hz, C H M e l.

1 .32 (3 H, t, d 6 .9  H z, C H o M e l. 1 .77  (2 H, m, C H C H 2 ), 2 .40  (1 H, br, O H ), 2 .96  

(2  H, t, d 7.2  Hz, C H 2 C O ), 3 .78  (1 H, sextet, d 6.1 Hz, C H O H ), and 4 .30  (2 H, q, d

6 .9  H z, CfcL2 M e); m /z  (FA B ; th iodiethanol) 21 5  (M.H + , 100% ), 197  (6 9 ), 127  

(96 ), and 99  (68); m /z  (6 0 ° C )  197 (M.+ - O H , 4% ), and 186 (M + - N 2 , 3% ).

E th v l 2 -D ia z o -7 -h y d ro x y -3 -o x o h e p ta n o a te  (1 2 2 ) .

A  solution of L D A  (7 .34  mmol) in T H F  (10 ml) was added dropwise to a solution of E D A  

(838  mg, 7 .34  m m ol) and 5-va lero lac ton e  (700  mg, 6 .9 9  mm ol) in T H F  (3 5  ml) 

over 0 .75  h at -9 0 °C . The solution was allowed to warm to -7 5 °C  over 1h, stirred 

for 1 .25  h, before acetic acid (0 .4 6  ml) w as added. W ork-up and chrom atography  

gave the title co m p o u n d  (122) (1 .18  g, 81% ) as a pale yellow oil, b.p. 1 1 0 °C  at 0 .2  

m m Hg (decom poses); (Found: C, 50.6; H. 6 .8 ; N, 13.0. C g H 1 4 N 20 4 requires C, 50.5; 

H, 6 .6 ; N, 1 3 .1 % . Found: M_+, 1 9 6 .0 8 4 4 ; requires M .-H 2 0 ,  1 9 6 .0 8 4 8 ); v max 

(film ) 3 4 2 6 , 2 1 3 6 , 1718 , 1656 , and 1305  cm "1 ; 5 H (2 5 0  M H z; C D C I g )  1 .30  (3 

H, t, d 7 .0  H z, C H 2 M e L  1 .4 1 -1 .7 8  (4  H, m, CfcL2 C H 2 ), 2 .0 5  (1 H, br, O H ), 2 .8 6  (2 

H, t, d 6 .7  Hz, C H 2 C O ), 3.61 (2 H, t, d 6 .7  Hz, C H 2 O H ), and 4 .28  (2 H, q, d 7 .0  Hz,
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CH2 Me);5c (62.9 M Hz; CDCI3 ) 192.1, 160.9, 75.3, 61.5, 60.9, 39.2, 31.7, 20.3, 
and 13.7; mlZ. (90°C) 215 (RH + , 2%), 196 (5), 184 (1), 169 (1), 156 (15), 
130 (27), and 101 (31).

E th y l 2 -D ia z o -7 - h v d ro x y -3 - o x o tr id e c a n o a te  (1 2 3 ) .

A solution of LDA (1 .50  mmol) in T H F  (5 ml) w as added dropwise to a solution of EDA  

(171 mg, 1 .50  mmol) and undecanoic 6 -lactone (184  mg, 1 .00  mmol) in T H F  (7 .5  

ml) over a period of 15 min at -7 5 °C . The solution w as stirred for 4 h, and acetic 

acid (0.1  ml) added. W ork-up and chrom atography gave the title co m p o u n d  (1 2 3 )  

(295  mg, 99% ) as a pale yellow oil which solidified at 4 °C ; (Found: C, 60.4; H, 8.9; 

N, 9 .2 . C 1 5 H 2 6 N 2 0 4 requires C, 60 .4; H, 8 .8 ; N, 9 .4% . Found: M + , 2 7 0 .1 8 3 1 ;  

requ ires  M_-N2 , 2 7 0 .1 8 3 1 ); v m a x  (film ) 3 4 4 9 , 2134 , 1720 , 1657 , and 1303  

c m - 1 ; 5 h  (250  M H z; C D C Ig ) 0 .8 7  (3 H, m, C H 2 C H 2 M e L  1.32 (3 H, t, d. 7.1 Hz, 

C H 2 M .e), 1 .2 0 -1 .5 4  ( 1 2  H , m), 1 .6 3 -1 .8 4  (2 H , m ), 1 .87  (1 H, br, O H ), 2 .7 3 -

2 .97  (2  H, m, C H 2 C O ), 3 .5 2 -3 .6 3  (1 H, m, C H O H ), and 4 .2 7  (2 H, q, d. 7.1 Hz, 

C H 2 M e); 8 q  (62 .9  M H z; C D C I3 ) 192 .5 , 161 .1 , 75 .5 , 7 0 .9 , 6 1 .1 , 39 .8 , 37 .3 , 36 .6 , 

3 1 .6 , 2 9 .1 , 2 5 .4 , 2 2 .3 , 2 0 .2 , 14 .0 , and 13.7; mlZ. (FA B ; glycerol) 29 9  (MJH + , 

1 0 0 % ), 281  (75 ); mlZ. (9 0 ° C )  280  (M.+ - H 2 0 ,  2% ), 270  (M.+ - N 2 , 2 1 ), 252  

(1 1 ), 2 2 4  (3 ), 213 (1 3 ), 185 (3 3 ), 166 (2 9 ), and 99  (1 0 0 ).

E thvi 3 -H vd ro xvp ro p v l D ia z o m a lo n a te  (1 2 4 ).

EDA (472  mg, 4 .1 4  mmol) w as added dropwise to a solution of LDA (4 .14  mmol) in 

T H F  (20  ml) at - 9 3 ° C over 10 min. After stirring for 15 min, a solution of 1,3- 

dioxan-2-one (4 2 2  mg, 4 .1 4  mmol) in T H F  (14  ml) was added over 1 0  min. The  

solution w as stirred at -9 0 °C  for 1 h, and then -7 5 °C  for 2 h, before the addition of 

acetic acid (0 .24  ml). W ork-up and extraction gave the title  co m p o u n d  (1241 (364  

mg, 41% ) as a yellow oil; (Found: M+, 186.0652. C g H -j2 N 2 C>5 -C H 2 0  requires M , 

1 8 6 .0 6 4 1 );  v m a x  (film ) 3 5 1 0 , 2 1 4 4 , 1740 , 1697, and 1323 cm ‘ 1 ; 5 H ( 2 5 0  

M H z ; C D C I3 ) 1 .26  (3 H, t, J 7 .0  H z, C H 2 Me_), 1 .90  (2 H, quin, d. 5 .9  Hz, 

CH2 CH2 OH), 2 .80  (1 H, br, O H ), 3 .70  (2 H, t. J 5.3 Hz, CH_2 O H ), 4 .25  (2 H, q, d.

7.0  Hz, CH.2 Me), and 4 .36  (2 H, t, 6.1 Hz, CH_2 OCO); m /z  (FAB; glycerol) 217  

(MH + ); m /z (1 2 0 ° C )  216  (M + , 1% ), 186 (2 2 ), 159 (32 ), and 59 (18).
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( Z ) - E th v l 2 -D ia z o - 7 - h v d r o x v -3 - o x o h e p t - 4 - e n o a te  ( 1 2 5 ) .

A solution of LDA (5 .33  mmol) in T H F  (7 .5  ml) w as added dropwise to a solution of 

E D A  (6 0 8  mg, 5 .3 3  m m ol) and 5 ,6-d ihydropyran-2-one (3 5 0  mg, 3 .5 5  m m ol) In 

T H F  (10  ml) over 25  min at -7 4 ° C . The solution w as stirred for 3 .25  h and acetic  

acid (0 .4 5  ml) w as added. W ork-up and chrom atography gave the title c o m p o u n d  

(1 2 5 )  (66 mg, 6% ) as a yellow oil; (Found: ML+ , 212 .07 93 . C g H  1 2 ^ 2 ^ 4  re9 u *res 

M , 2 1 2 .0 7 9 7 ); v m a x  (film) 3 4 4 3 , 2138 , 1718 , 1653, 1611, and 1303 crrT 1 ; 8 H 

(2 5 0  M H z; C D C Ig ) 1.33 (3 H, t, J. 7.1 Hz, C H g M e T  1.69 (1 H, br, O H ), 2.81 (2 H, 

dq, sL 6 .2 , 1.3 H z ,= C H C H 2 ), 3 .80  (2 H, t, 5 .9  Hz, C U 2 O H ), 4 .30  (2  H, q, J. 7.1 Hz, 

C H 2 M e), 6.31 (1 H, dt, J. 11.9 , 8.1 Hz, =C I± ), and 7 .19  (1 H, dt, J. 11 .7 , 1 .3  Hz, 

= C H );  m /z  (9 0 ° C )  212  (M_+, 22% ), 182 (65 ), 125 (21 ), 108 (58 ), and 99  (74).

E th v l 2 -D ia z o - 5 - ( 2 - h v d ro x v p h e n v h - 3 - o x o p e n ta n o a te  (1 2 6 ) .

A solution of LDA (5 .25  mmol) in TH F  (15 ml) was added dropwise to a solution of EDA  

(608  mg, 5 .25  mmol) and dihydrocoumarin (520  mg, 3 .50  mmol) in T H F  (10  ml) at 

-7 2 ° C  over 8 min. The solution w as stirred at -7 5 °C  for 5 h, before adding a solution 

of acetic acid (1 .0  ml) in ether (4 ml). W ork-up and chrom atography gave the title  

c o m p o u n d  (1 2 6 )  (7 4 0  mg, 80% ) as a pale yellow solid, m .p. 8 5 -8 7 ° C  (from  

ether); (Found: C, 59.7; H, 5 .4; N, 10.6. C-1 3 H 1 4 N 2 O 4 requires C, 59.5; H, 5.4; N, 

1 0 .7 % ); v m ax (Nujol) 3200 , 2140 , 1712, and 1627  c m '1 ; 5 H (250 M Hz; C D C Ig)

1.33 (3 H, t, J. 7.1 Hz, C H g M e L  2 .92  (2 H, t, J 6 .4  Hz, C H 2 C O ), 3 .22  (2  H, t, J. 6 .4  

H z, C H 2 Ar), 4 .30  (2 H, q, J. 7.1 Hz, C H 2 M e), 6 .8 1 -6 .9 2  (2 H, m, A rH ), 7 .0 6 -7 .1 6  

(2H , m, A rH ), and 7 .8 0  (1 H, br, O H ); m /z  (1 3 0 ° C )  262  (M .+ , 2 8 % ), 2 3 4  (3), 

177  (1 6 ), 160  (1 4 ), 120  (4 5 ), and 107 (1 0 0 ).

E th v l 2 -D ia z o - 6 - ( 2 - h v d ro x v D h e n v h - 3 - o x o h e x a n o a te  (1 2 7 ) .

A solution of LDA (3 .99  mmol) in TH F  (10 ml) was added dropwise to a solution of EDA  

(4 5 5  m g, 3 .9 9  m m ol) and 2 ,3 ,4 ,5 -te tra h y d ro b en z[b ]o xe p in -2 -o n e  (4 3 2  mg, 2 .66  

mm ol) in T H F  (10  ml) at -7 0 ° C  over 8 min. The solution w as stirred for 3 h at - 

7 5 ° C  and water (1.0 ml) added. Work-up and chromatography gave the title com pound  

(1 2 7 )  (414  mg, 56% ) as a cream  solid, m .p. 9 4 -9 5 ° C  (from ether); (Found: C, 

61 .1 ; H, 6 .0 ; N, 9 .9 . C 1 4 H 1 6 N 2 0 4 requires C, 60 .9; H, 5 .8; N, 10 .1% ) v max 

(N ujo l) 3 3 8 0 , 2 1 4 2 , 1680 , and 1650  cm "1 ; 6 H (250  M H z;C D C I3 ) 1 .32  (3 H, t, l

7.1 H z, C H 2 M e ) . 1 .8 2 -1 .9 6  (2 H, m, C j± 2 C H 2 Ar), 2 .58 (2 H, t, J. 7 .9  H z, C H 2 A r),

«
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2 .94  (2 H, t, si 6 .2  Hz, CJ±2 CO ), 4 .29  (2  H, q, J. 7.1 Hz, C R 2 M e), 6 .80  (1 H, dt, d

7.1 , 1 . 1  H z), 6.86 (1 H, dd, d  8 .3 , 0 .9  H z), 7 .0 3 -7 .1 4  (2 H , m), and 7 .18  (1 H, s, 

O H ); m Zz ( 1 0 0 ° C )  2 7 6  (M_+, 5 0 % ), 248  (6 ), 203 (6 ), 174 (2 2 ), 169 (62 ), 147  

(3 4 ), 120  (5 2 ), and 10 7  (100 ).

( Z ) - E th v l 2 -D ia z o - 8 - h v d ro x v - 3 - o x o o c t- 6 - e n o a te  ( 1 2 8 ) .

A solution of LDA (4.91 mmol) in TH F  (15 ml) was added dropwise to a solution of EDA  

(5 6 0  m g, 4.91 m m ol) and 2 ,3 ,4 ,7 -te trah yd ro o xep in -2 -o n e  (5 0 0  mg, 4 .4 6  mm ol) 

in T H F  (15  ml) over a period of 25 min at -7 3 °C . The solution w as stirred at -7 5 °C  

for 4 h, and then saturated am m onium  chloride (4 ml) w as added. W ork-up and  

chrom atography gave the title co m pound  (1281 (588 mg, 58% ) as a pale yellow oil; 

(Found: C, 53 .0; H, 6 .4 ; N, 12 .3 . c i o H 1 4 N 2 <-) 4 recM res 53 .1 ; H, 6 .2 ; N, 

1 2 .4 % ); v m a x  (film ) 3420 , 2140 , 1720 , 1655 , and 1303  c m '1 ; 5 H (2 5 0  M Hz; 

C D C 13 ) 1.31 (3 H, t, si 7 .3  Hz, C H 2 M_e.), 2 .2 9  (1 H, br, O H ), 2 .4 2  (2 H, m,

= C H C H 2 ), 2 .93 (2 H, t, J 6.6 Hz, C H 2 C O ), 4 .1 7  (2 H, dd, si 6 .8 , 0 .8  Hz, C H 2 O H ),

4 .2 7  (2 H, q, d  7 .3 H z, C H 2 M e), 5 .46  (1 H, dtt, d  10.6, 7 .6 , 1.0 Hz, C H 2 C H 2 C H = ),  

and 5 .66  (1 H, dtt, J 10.9 , 6 .8 , 1.3 Hz, = C H C H 2 O H ); m /z (FA B ; glycerol) 227  

( M H + ) .

E th v l 2 -D ia z o - 8 - h v d ro x v -3 -o x o o c ta n o a te  (1 2 9 ) .

A solution of LDA (1 .20  mmol) in TH F  (5 ml) w as added dropwise to a solution of EDA  

(171 mg, 1 .20  mmol) and e-caprolactone (114  mg, 1.00  mmol) in TH F  (5 ml) over 

a period of 0 .5  h at -6 7 ° C . The solution w as stirred for 3 .5  h and w ater (1 .5  ml) 

added. W ork-up and chromatography gave the title com pound (1291 (143 mg, 63% ) 

as a pale yellow oil; (Found: C, 52.8; H, 7.4; N, 12.3. C - |o ^ 1 6 N 2 0 4 requires C, 

52 .6 ; H , 7 .1 ; N, 1 2 .3% . Found: M .+ , 2 2 8 .1 1 1 4 ; requires M_, 2 2 8 .1 1 1 0 ); v max 

(film ) 3 4 2 3 , 2 1 36 , 1718 , 1655 , and 1304 cm - 1 ; 5 H (90 M Hz; C D C I3 ) 1 .32 (3 H,

t, si 7 Hz, C H 2 M§.), 1 .20 -1 .90  (6 H, m), 2 .70  (1 H, br, O H ), 2 .85  (2 H, t, si 6 .5  Hz,

C H 2 C O ), 3 .62  (2 H, t, si 6 .5  Hz, C H 2 O H ), and 4 .34  (2 H, q, J 7 Hz, C H 2 M e); m/z 

( 8 0 ° C )  228  (M_+ , 1% ), 200 (2 ), 183 ( 1 ), 156 ( 10 0 ), 115 (2 1 ), and 99  (40 ).

E thvl 2 -D ia z o - 9 - h v d ro x v - 3 - o x o n o n a n o a te  (1 3 0 ) .

A solution of LDA (3 .58  mmol) in TH F  (20 ml) w as added dropwise to a solution of EDA  

(449  mg, 3 .9 4  mmol) and heptanolactone (459  m g, 3 .58  mmol) in T H F  (30  ml) over
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a period of 10  min. The solution was stirred for 3 h at -7 5 °C , and acetic acid (0 .35  

ml) added. W ork-up and chrom atography gave the title co m p o u n d  (130^ (563  mg, 

65% ) as a pale yellow oil; (Found: C, 54.4; H, 7.7; N, 11.6. C n H . |g N 2 0 4  requires  

C, 54 .5 ; H, 7 .5; N, 11 .6% ); v m ax (film ) 3 4 23 , 2136 , 1718, 1656, and 1304  cm" 

1 ; 5 h  (2 5 0  M H z; C D C lg ) 1 .28 (3  H, t. J. 7.1 H z, C H 2 M S.), 1 -2 0 -1 .6 7  (8 H , m), 

1.78 (1 H, br, O H ), 2 .80  (2  H, t, J. 7 .4  Hz, CfcL2 CO ), 3 .58  (2 H, t, J. 6 .4  Hz, C E 2 O H ),  

and 4 .24  (2  H, q, J. 7.1 Hz, CtL2 M e); m l z  (FAB; neat) 243 (M H + ).

E th y l 2 -D ia z o -3 - [ ( 2 - h v d ro x v p h e n v n e th v l]p h e n v l-3 -o x o p ro p a n o a te  (1 3 1 ) .

A solution of LDA (3 .23  mmol) in T H F  (10  ml) was added to a solution of EDA (0 .34  

ml, 3 .2 3  m m ol) and 5 ,6 -d ih yd ro d ib en zo [b ,f]o xec in -2 -o n e  (1 3 2 )  (482  mg, 2 .15  

mmol) over a period of 35  min at -7 5 ° C . The solution w as stirred for 3 h before  

acetic acid (0.2  ml) w as added. W ork-up and chrom atography gave (i) the lactone 

substrate  (1 3 2 )  (68mg, 14% ) and (ii) the title  c o m p o u n d  (1 3 1 ) (60 mg, 8% ) as a 

viscous yellow oil; (Found: M + , 3 3 8 .12 67 . C l g H 1 g N 2 0 4 requires M >  3 3 8 .1 2 6 7 );  

v m a x . (film ) 3 4 2 7 ’ 2 1 4 7 ’ 1 7 2 7 ’ 1 7 0 9 ’ 1631 , 1 6 1 0 ’ and 1 3 1 4  cm "1 ; 5 H (250  

M H z; C D C lg ) 1.20  (3 H, t, J. 7 .0  Hz, C H 2 M £.), 2 .7 5 -2 .9 7  (4 H, m ), 4 .20  (2 H, q, i

7 .0  Hz, C i± 2 M e), and 6 .9 5 -7 .5 5  (9  H, m, ArH and O H ); m /z  (1 5 0 °C ) 338  (M_+, 

12% ), 3 1 0  (1 6 ), 2 9 4  (1 0 ), 264  (2 8 ), 220  (4 6 ), and 107  (1 0 0 ).

E thvl 2 -D ia z o - 6 - m e rc a p to -3 -o x o h e x a n o a te  (1 3 6 ) .

ED A  (2 .34  ml, 22 .3  mmol) was added dropwise to a solution of LDA (21 .6  mmol) in 

T H F  (40  ml) over 10 min at -9 0 °C . The orange solution was stirred for 10  min, and 

y-th iobutyrolactone (1 .7 7  ml, 20 .6  m m ol) added over a period of 15 min. Th e  

solution w as stirred for 0 .5  h at -9 0 °C , and then 0 .5  h at -7 5 °C  before the addition of 

acetic acid ( 1 .8  ml). W ork-up and chrom atography on acidic alum ina gave the title  

c o m p o u n d  ( 1 3 6 )  (1 .9 7 g , 4 4% ) as a yellow  oil. (Found: C, 44 .4 ; H, 5 .6 .

C 8 H 1 2 N 2 ° 3 S re9 uires c * 44.4; H, 5 .6% ; v m a x .  (film ) 2 5 7 2 > 2 1 3 7 ’ 1 7 1 7 ’ 1 6 5 5 ’

and 1306  c m '1 ; 5 H (2 5 0  M H z; CDCl g )  1.30 (3 H. t. J 7 .2  Hz, C H o M e L  1.33 (1 H, 

t, iJ 8.1 Hz, SH), 1 .92  (2 H, quin. J 7.1 Hz. C H 2 CH_2 C H 2 ), 2 .56  (2 H, q, 7 .4  Hz, 

C H 2 SH ), 2 .95  (2 H, t, 7 .2  Hz, C H 2 C O ), and 4 .27  (2 H, q, J 7.1 Hz, C H 2 M e); m Iz

(F A B ) 2 1 7  (M_H + ); m /z . (1 4 0 ° C )  188 ( R + - N 2 , 4 % ), 171 (2 ), 169 (3 ), 156

(2 9 ), and 142 (1 0 0 ).
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Ethvl 2 -D ia z o - 7 - m e rc a p to -3 -oxo h ep tan o ate  ( 1 3 7 ) .

ED A  (0.43 ml, 4.1 mmol) w as added dropwlse to a solution of LDA (4.1 mmol) In TH F 

(20ml) at -9 2 ° C  over a period of 1 2  min. After 15  min the solution was cooled to - 

9 5 °C  and 5-thiovalerolactone (453 mg, 3.90 mmol) in T H F  (2 ml) added dropwise 

over 1 2  min. The solution was stirred at -9 2 °C  for 0.5 h, and then at - 7 5 ° C  for 3 h 

before the addition of acetic acid (0.66  ml). Work-up and chromatography gave the 

title co m p o u n d  ( 1 3 7 1  (522 mg, 5 8 % )  a s  a yellow oil; (Found: C , 47.2; H, 6.2; N, 

12 .3 ; S , 13 .5 . C g H - ^ ^ O g S  requires C , 46.9; H, 6 .1; N, 1 2 .2 ; S , 1 3 .9 % ) ; v max 

(film) 2 5 7 2 , 2 13 6 , 1 7 1 8 ,  1656, and 130 6  cm _ 1 ; 6 H (90 MHz; C D C Ig ) 1 . 1 - 1 .4  

(4 H, m, C H 2 MfL and SH ), 1.4 0 -2.0 5  (4 H, m), 2 .5 2  (2 H, q, 6.6  Hz, CH_2 S H ) ,  

2.83 (2 H, t, J  6.5 Hz, CH_2 CO ), and 4.28 (2 H, q, 6.9 Hz, CH_2 Me); mLl  (FA B; 

glycerol) 23 1 (M H + , 7 % ) ,  19 7  (18), and 169 (21).

Ethvl 7-(tert-B u to x v c a rb o n v h a m in o -2 - d ia z o -3 - heptanoate ( 1 3 8 ) .

A solution of LDA (2.45 mmol) in T H F  (10 ml) was added dropwise to a solution of ED A  

(284 mg, 2.45 mmol) and N -te rt-b u to x yca rb o n v l-8 -va lero lactam  (14 4 )  (450 mg,

2.26 mmol) in T H F  (10  ml) at -7 1  ° C  over a period of 26 min. The solution was 

stirred for 3 h at -7 0 °C  and saturated aqueous ammonium chloride solution (3.5 ml) 

added. Work-up and chromatography gave the title com pound (138 1 (425 mg, 6 0 % ) 

as a low melting yellow solid, m.p. 3 3 -3 6 °C  (from hexane/ether); (Found: C , 54.0; 

H, 7.4; N, 13 .3 . C-| 4 ^ 3 ^ 0 5  requires C , 53.7; H, 7.4; N, 13 .4 % ) ;  v max (m elt) 

3 3 5 1 , 2 15 0 , 1 7 1 3 ,  16 8 3, 1659, and 1 1 7 1  c m '1 ; S H (250 MHz; C D C Ig ) 1 . 2 7 ( 3  

H, t, 1  7 .1 Hz, C H o M e ). 1.3 9  (9 H, s, t-Bu), 1 .3 0 -1 .7 0  (4 H, m), 2.80 (2 H, t,

7.3 Hz, C H 2 CO ), 3.08 (2 H, q, ± 6.4 Hz, C H 2 N)> 4.24 (2 H, q, 7.1 Hz, C b ^M e), and

4.65 (1 H, br, NH); m /z. (FA B ; glycerol) 3 14  (MH + ), 258 (29), 2 1 4  (12 ), 140 

(37), and 57 (100).

Ethvl 8-(tert-B u to x v c a rb o n v h a m in o - 2 - d ia z o - 3 - o x o o ctan o ate  M 39 ).

A solution of LDA (2.49 mmol) in TH F (10 ml) was added dropwise to a solution of EDA 

(284 mg, 2.49 mmol) and N -tert-b ut ox year bony! -e -cap rolactam  (14 5 )(4 8 2  mg,

2.26 mmol) over a period of 20  min at -7 2 ° C .  The solution was stirred for 3 h at -

7 5 ° C  and then acetic acid (0.2  ml) added. Work-up and chromatography gave the title 

£ 0m j2£ i!M  (13 9 )  (543 mg, 7 3 % )  as a viscous yellow oil; (Found: JM+ » 2 5 4 .11 4 0 . 

C 1 5 H 2 5 N 3 ° 5 - C 4 H 9 °  reci uires M, 2 5 4 .11 4 1) ; v max (film) 338 8, 2 1 3 5 ,  1 7 1 7 ,
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1655, and 1175 c m '1 ; 8 H (250  M H z; C D C I3 ) 1 .30 (3 H, t, d  7.1 Hz, C H o M e L  1 .40  

(9  H, s, t-Bu), 1 .2 0 -1 .5 2  (4  H, m), 1.61 (2 H, quin, d  7 .3  Hz, C j± 2 C H 2 N), 2.81 (2 

H, t, d  7.1 Hz, C H 2 C O ), 3 .08  (2  H, t, d  6 .5  Hz, C |± 2 N), 4 .26  (2 H, q, d  7.1 Hz, 

C ]± 2 M e), and 4 .5 2  (1 H, br, NH); m/Z. (7 0 ° C )  271 (M .+ - t-Bu, 1% ), 25 4  (7), 

243  (2 ), 2 2 6  (6 ), 158  (1 1 ), 140 (1 2 ), and 57  (1 0 0 ).

E thyl. 7 -(te rt-B u tv lc a rb o n v n a m in o -2 - d ia z o -3 - o x o h e p ta n o a te  (1 4 0 ) .

EDA (0 .3 7  ml, 3.51 mmol) was added dropwise to a  solution of LDA (3.51 mmol) in 

TH F (25 ml) over 2 min at -9 2 °C . The solution was stirred for 15 min and a solution 

of N - te r t -b u tv lc a rb o n y l-5 -v a le ro la c ta m  (1 4 6 ) (5 8 5  m g, 3 .1 9  m m ol) in T H F  (3 

ml) w as added over 8 min. The tem perature w as m aintained at -9 0 °C  for 1 h, then 

increased to -7 5 ° C  for 2 h, and finally w as w arm ed to -2 5 ° C  over 5 min, before the 

addition of acetic acid (0 .25  ml). W ork-up and chromatography gave (i) the 8-la c ta m  

su b s tra te  ( 1 4 6 )  (1 4 5  mg, 25% ) and (ii) the tit le  c o m p o u n d  (1 4 0 1  (1 7 4  mg, 

18% ) as a yellow  oil; (Found: M .+ , 2 9 7 .1 6 9 1 . 6 1 4 ^ 3 ^ 0 4  requires M.»

2 9 7 .1 6 8 9 );  v m a x  (film ) 3 3 5 1 , 2 1 3 4 , 1719, 1646 , 1531 , and 1303 cm " 1 ; 8 H 

(250  M H z; C D C I3 ) 1 .16 (9 H, s, t-Bu), 1 .30 (3 H, t, d  6 .7  Hz, C H o M e L  1 .4 2 -1 .7 0  

(4  H, m), 2 .83  (2 H, t, d  7 .0 Hz, C H 2 C O ), 3 .22  (2 H, q, d  6.1 Hz, C H 2 N), 4 .2 5  (2  

H, q, vi 6 .7  Hz, C H 2 M e), and 5 .93  (1 H, br, NH); m /z  (FAB; glycerol) 298  (M H + ) ,  

270  (1 6 ), 140  (1 8 ), 100 (14 ), and 5 7  (1 0 0 ).

E thvl 5 -C a rb o x v - 2 -d ia z o -3 -o x o h e x a n o a te  (1 4 1 ) .

EDA (0 .58  ml, 5 .50  mmol) w as added dropwise to a solution of LDA (5 .50  mmol) in 

T H F  (20  ml) at -9 5 °C . After 15 min a solution of succinic anhydride (500  m g, 5 .00  

mmol) in a mixture of T H F  (4 ml) and 1,3-dim ethylpropyleneurea (1 ml) w as added  

over a period of 10  min at -9 0 °C . The solution was stirred for 1 h at -9 0 °C , then 0 .5  

h at -7 5 °C , before w ater was added. The aqueous phase was saturated with sodium  

bicarbonate and extracted with dichloromethane. The aqueous phase was acidified with 

hydrochloric acid (2M ) and extracted with dichlorom ethane (x 3). The organic phase  

was washed with w ater and brine, dried over M g S 0 4 , and evaporated. Chromatography 

of the residue gave the title co m pound  (1 4 1 ) (459  mg, 43% ) as a pale yellow solid, 

m .p. 7 1 -7 4 °C  (from hexane/ether); (Found: C, 45 .1 ; H, 4 .7; N, 12.8. 

requires C, 44 .9 ; H, 4 .7; N, 13 .1% ); v m a x  (m elt) 3 1 0 0  (br.), 2 141 , 1 7 1 8  (br),

1656, and 1310 c m '1 ; 5 H (250  M Hz; C D C Ig ) 1 .34 (3 H, t, J 7 .0  Hz, C H o M e ). 2 .70
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(2  H, t, d  6 .5  Hz, C H 2 C O ), 3 .17  (2 H, t, d 6 .5  Hz, CfcteCOOH), and 4 .30  (2 H, q, d  7 .0  

H z, C i±2 M e); C O O H  not observed; m /z (9 0 °C )  214  (M + , 7% ), 197 (5), 187  (17), 

169 (3 ), 112 (32 ), and 101 (100); m Ll  (FAB; glycerol) 215  (M.H + , 1 0 0 % ).

E thy l 6 -C a rb o x v - 2 -d ia z o - 3 -o x o h e p ta n o a te  (1 4 2 ) .

A solution of LDA (3 .30  mmol) in T H F  (10 ml) was added dropwise to a solution of EDA  

(0 .35  ml, 3 .3 0  mmol) and glutaric anhydride (342  mg, 3 .00  mmol) at -7 5 ° C  over a 

period of 25  min. The solution w as stirred for 2 h and acetic acid (0.21  ml) added. 

W ork-up and chrom atography gave the title co m p o u n d  (1421 (244 mg, 36% ) as a 

yellow solid, m .p. 4 8 -5 0 °C  (from hexane/ether); (Found: C, 47.3; H, 5 .3 ; N , 12.1. 

C 9 H 1 2 N 2 ° 5  q u i r e s  C, 47.4; H, 5.3; N, 12.3% ); v max (m elt) 3 0 0 0  (b r), 2 1 4 4 , 

1 7 07 , 1 6 5 9 , and 1313  c m '1 ; S H (2 5 0  M H z; C D C Ig ) 1 .26 (3 H, t, d  7 .0  Hz, 

C H 2 M e ), 1 .90  (2 H, quin, J 7 .2  Hz, C H 2 C H 2 C O ), 2 .36  (2 H, t, d  7 .2  Hz, C H 2 C O ),  

2.86  (2 H, t, d.7.2  H z, C H 2 C O O H ), 4 .23  (2 H, q, d  7 .0  Hz, C H 2 M e), and 11 .10  (1 H, 

br, C O O H ); q l /z. (8 0 ° C )  228  (M_+, 14% ), 200  (1 ), 183 (1 ), 156 (5 8 ), 115  

(1 0 0 ), and 8 7  (5 6 ).

E thvl 3 - (2 -C a rb o x v p h e n v h - 2 - d ia z o -3 -o x o p ro p a n o a te  (1 4 3 ) .

A solution of LDA (4 .10  mmol) in T H F  (12 ml) was added dropwise to a solution of EDA  

(470  mg, 4 .1 0  mmol) and phthalic anhydride (551 mg, 3 .7 2  mmol) in T H F  (1 5  ml) 

at -7 5 ° C  over 15 min. After 2 h at -7 5 °C , acetic acid (0 .26  ml) was added. W ork­

up and chrom atography gave the title com pound (1 4 3 ) (251 mg, 26% ) as a viscous 

oil; (Found: M .+ . 2 3 4 .0 5 3 1 . 2 H-j q N 2 0 5 - N 2 requires 2 3 4 .0 5 2 8 ); v max 

(film ) 3 3 0 0 , 2 1 4 7 , 1725 , 1640 , and 1305  cm ’ 1 ; 6 H (60  M Hz; C D C Ig ) 1 .10  (3 H, 

t, J 7 Hz, C H 2 Mfi.), 4 .10  (2 H, q, J. 7  Hz, C H 2 M e), 7 .2 -8 .3  (4 H, m, ArH), and 10 .2  

(1 H, br, C O O H ); m /z  (7 0 °C )  234 (M +  - N 2 , 2% ), 228 (2 2 ), and 149 (1 0 0 ).
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G e n e ra l P ro c e d u re s  fo r th e  D irh o d iu m  T e tra a c e ta te  C a ta ly s e d  

Decom position o f th e  D iazo  C o m p o u n d s

(a) A solution of the diazo com pound (0 .6  mm ol) in benzene (10  ml) w as added  

dropwise to a rapidly stirred suspension of dirhodium tetraacetate (2 mg) in benzene  

(15  ml) at reflux, over a period of 5 -6 0  min, under a nitrogen atm osphere The  

suspension w as m aintained at reflux for a period of 5 -3 0  min, allowed to cool and 

filtered through a pad of Celite. Evaporation of the solvent, and distillation or flash 

chromatography of the residue gave the product.

(b) Dirhodium tetraacetate (2 mg) w as added in one portion to a solution of the diazo 

com pound (0 .6  m m ol) in d ichlorom ethane (25  ml) at room tem perature and the 

mixture stirred for 0 .5 -3  h, to give a green solution. The solvent w as evaporated and 

the res idue e ither directly purified by chrom atography or triturated  w ith light 

petroleum -ether, filtered through Celite, evaporated, and then distilled.

E th v l 3 -O x o te tra h v d ro p v ra n - 2 - c a rb o x v la te  (1 4 7 ) .

A solution of the diazo compound (1 2 0 ) (185  mg, 0 .9 2 4  mmol) in benzene (10  ml) 

w as added to a  suspension of dirhodium tetraacetate (3 .8  mg, 0 .9  mol%) in benzene  

(12  ml) at reflux over 35 min and the mixture m aintained at reflux for 1 h. W ork­

up and distillation gave the title  c o m p o u n d  (1471 (91 mg, 57% ) as a pale oil, b.p. 

9 0 - 9 5 ° C  at 0 .3  m m Hg; (Found: M.+ 1 7 2 .07 37 . C q H i 2 0 4  requ ires  1 7 2 .0 7 3 6 ), 

v m a x . ( fi,m ) 3 4 4 0 ’ 1 7 4 9 ’ 1 7 3 3 ’ 1665 , 1626 , 1 4 6 7 » 1 4 1 8 ’ 1 3 0 9 ’ 1 2 3 5 ’ 1 2 0 7 ’ 

and 1089  c m -1 ; 5 H (270  M H z; C D C I3 ) 1.29 (3 H, t, C H 2 M e , keto), 1 .35 (3 H, t, 

C H 2 M e . enol), 1.94 (2 H, m, C H 2 C H 2 0 ,  enol), 2 .0 7 -2 .20  (2 H, m, C H 2 C H 2 O t keto), 

2 .36  (2 H, t, d  6 .2  Hz, C H 2 CO , enol), 2 .58 (2 H, t, J 6.2 Hz, C H 2 CO , keto), 3 .88  (1 

H, m, C fjH O , keto), 3 .93  (2 H, t, J 4 .8  Hz, C H 2 0 ,  enol), 4 .14  (1 H, ddd, d 1 1 .0 , 6.0 ,

4 .0  Hz, C H H O , keto), 4 .26  (2 H, q, C H 2 Me, keto), 4 .30  (2 H, q, C H 2 M e, enol), 4 .54  

(1 H, s, CFLCOOEt, keto), and 10.30 (1 H. s. O H . enol); ca. 75%  enol form; m /z  

( 1 2 0 ° C )  172  (M_+, 6% ), 144 (3 ), 126 (1 4 ), 115 (3 1 ), 91 (2 8 ), 8 7  (9 0 ), and  

4 2  (1 0 0 ) .
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E th v l 6 -M e th v l-3 - o x o te tra h v d ro p v ra n - 2 - c a rb o x v la te  (1 4 8 ) .

A solution of the d lazo compound (1 2 1 ) (200  mg, 0 .934  mmol) in benzene (9 ml) 

w as added to a suspension of dirhodium tetraaceta te  (4 mg) in benzene (10  ml) at 

reflux over 12 min. Reflux w as continued for 5 min. W ork-up and distillation gave  

the title  c o m p o u n d  (1 4 8 )  (139  mg, 80% ) as a  clear oil, b.p. 9 0 -1 0 0 °C  at 0 .25  

mm Hg; (Found C, 58.0; H, 7 .8. Cg H 1 4 0 4 requires C, 58.1; H, 7 .6% ); v m a x  (film) 

3 4 2 8 , 1 7 4 1 , 1664 , 1 6 26 , 1312 , 1239 , 1 2 08 , and 1052  c m '1 ; 5 H (250  M Hz; 

C D C I3 ) 1 .27  (3 H, t, 1  7 .1 , C H o M e . keto), 1 .30 (3 H, d, si 5 .8  Hz, M e, keto/enol),

1.33 (3 H, t, J. 7 .1 , C H 2 M e . enol), 1 .58 -1 .74  (1 H, m, CJhjHCH2 0 ,  enol), 1 .88 (ddt, 

si 13.2, 7 .1 , 2 .6 Hz, C H H C H 20 ,  enol), 1 .95 -2 .10  (2 H, m, C H 2 C H 2 0 ,  keto), 2 .29  (1 

H, ddd, si 18.4 , 6 .6 , 2 .9  Hz, C H H C O , enol), 2 .43  (1 H, ddd, si 17.6 , 10.3, 7.1 Hz, 

C H H C O , enol), 2 .54  (2 H, m, C H 2 CO, keto), 3 .77-3 .91  (1 H, m, C H M e, enol), 4 .15 -

4 .2 5  (1 H, m, C H M e , keto), 4 .28  (2 H, q, J. 7 .1 , C H 2 M e, keto /enol), 4 .56  (1 H , s, 

C H C O O E t, keto), and 10.39  (1 H, s, O H, enol); ca. 80%  enol form; m /z  (1 4 0 °C ) 186  

(M .+ , 1% ), 158 (4 ), 140 ( 2 ), 129 (26 ), 10 1  (5 7 ), 83  (27 ), and 56 ( 10 0 ).

E thvl 3 -O x o - o x e p a n e - 2 - c a rb o x v la te  (1 4 9 ) .

A solution of the diazo compound (1 2 2 ) (103  mg, 0.481 mmol) in benzene (13 ml) 

w as added to a suspension of dirhodium tetraacetate (4 .9  mg) in benzene (14  ml) at 

room tem perature over 20 min. After 5 h the mixture was filtered, concentrated, and  

distilled to give the title  co m p o u n d  M 491 (57  mg, 64% ) as a clear oil, b.p. 9 0 ° C  at

0.2  m m Hg; (Found: C, 57 .9 ; H, 7.8. C g H 1 4 0 4 requires C, 58.1; H, 7.6% ) v max 

(film ) 3 4 7 5 , 1748 , 1718 , 1654 , 1618 , 1320 , 1272 , 1182, and 1132  c m '1 ; 5 H 

(2 5 0  M H z; C D C I3 ) 1 .24 (3 H, t, si 7.1 Hz, C H 2 Mfi_, keto), 1 .27 (3 H, t, si 7.1 Hz, 

C H 2 M iL. enol), 1 .4 0 -2 .0 0  (4 H, m, CH.2 C R 2 , keto/enol), 2 .4 2 -2 .5 2  (2 + 1 H, m, 

ChLjCO , enol and C H H C O , keto), 2 .84 (1 H, dt, J  11.9. 2 .8 Hz, C H H C O  keto), 3 .42  (1 

H, ddd, si 12.8 , 10.0 , 2 .3 Hz, C H H O ,  keto), 3.73 (2 H, t, J 5.0  Hz, CH_2 0, enol), 

4 .1 0 -4 .3 2  (2 + 1 H, m, C H 2 M e, keto /eno l+  C H H O ,  keto), 4 .42  (1 H, C H C O O E t ,  

keto), and 1 0 .87  (1 H, s, O H ,  enol); ca. 20%  enol form; 6 q  (62 .9  M H z; C D C I 3 )

2 0 7 .9 , 1 66 .3 , 86 .3 , 7 3 .3 , 72 .8 , 61.6 . 60 .6 , 41 ,7 . 33 .2 , 3 1 .9 , 3 0 .8 , 2 3 .6 , 22 .7 ,

13 .9 , and 13.7; m /z  (1 0 0 ° C )  186 (M_+, 66% ), 158 (17 ), 140  (66 ), 129 (7 7 ), 

113 (3 1 ), 101 (4 7 ), 84  (4 2 ), 55 (1 0 0 ), and 41 (71 ).
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E th y l 7 -H e x v l- 3 - o x o - o x e p a n e -2 -c a rb o x v la te  (1 5 0 ) .

A solution of diazo compound (1 2 3 ) (163  mg, 0 .5 4 7  mmol) in benzene (5 ml) was 

added dropwise to a  suspension of dirhodium tetraaceta te  (2.8 mg, 1 . 2  m ol% ) in 

benzene (15  ml) at reflux over 4 min. After 3 min at reflux the suspension was 

cooled, filtered, concentrated, and distilled to give the title  co m p o u n d  (1 5 0 )  (113  

mg, 76 .5% ) as a viscous oil, b.p. 1 7 0 -1 8 0 °C  at 0 .0 2  mmHg; (Found: C, 66 .7 ; H, 9.8. 

C 1 5 H 2 6 ° 4  requires C, 66 .6 ; H, 9 .7% ); v m a x  (film ) 1 7 5 3 , 1 7 2 0 , 1 6 9 0 , 1657 , 

1619, 1319 , 1276 , 1247 , and 1184  c r r f 1 ; 8 H (2 5 0  M H z; C D C Ig ) 0 .7 6 -0 .9 0  (3 H, 

m, (C H 2 ) s M e ,  keto/enol), 1 .29 (3 H, t, ±  7.1 H z, C H o M e . keto /en o l), 1 .1 5 -2 .0 2  

(14  H, m, keto/enol), 2 .28  (1 H, dd, ^  14.3, 6 .2  Hz, C H H C O , enol), 2 .46  (1 H, dd, A

12.4 , 5 .7  Hz, C H H C O , keto), 2.71 (1 H, ddd, J. 14.7, 11.4 , 1.4 Hz, C H H C O , enol),

2 .97  (1 H, dt, J. 12.3, 2 .4  Hz, C H H C O , keto), 3 .2 7  (1 H, dt, l  9 .5 , 1.9 Hz, C H O ,  

enol), 3 .7 8 -3 .9 5  (1 H, m, C H O , keto), 4 .1 3 -4 .3 6  (2 H, m, CH_2 M e, ke to /e n o l),

4 .42  and 4 .69  (1 H, s, C H C O O E t, keto), and 10 .92  (1 H, s, OH, enol); ca. 75%  enol 

form; m /z  (1 0 0 ° C )  270 (M_+, 100% ), 224  (7 ), 213 (3 0 ), 197 (14 ), 167  (46 ), 

149 (5 2 ), 104 (3 5 ), 84  (6 9 ), and 55  (54 ).

Decomposition of the Diazo Compound (124).

A solution of the d iazo compound (1 2 4 )  (150 mg, 0 .6 9 4  mmol) in benzene (7  ml) 

was added to a suspension of dirhodium tetraacetate  (3 mg) in benzene (7  ml) at 

reflux over 10 min. The  m ixture w as stirred for a further 5 min, cooled, and 

filtered. Evaporation of the filtrate and distillation of the residue gave a  liquid (27  

mg, 2 1 % ) b.p. 1 7 0 °C  at 0 .3 5  m m Hg, which consisted of several com ponents, and a 

solid (6 m g), an unknow n d im e r , m .p . 1 0 5 -1 1 0 ° C , (Found: C, 50 .8 ; H , 6 .4 . 

^ 1 6 ^ * 2 4 ^ 1 0  requires C, 51.1; H, 6 .4% ), v m a x  (N ujol) 1761 , 1733, 1462 , 1377 , 

1300 , 1256 , 1219, and 1149  c m '1 ; 8 H (250  M Hz; C D C I3 ) 1.29 (3 H, t, J 7.1 Hz), 

1.30 (3 H, t, J. 7.1 H z), 1 .9 0 -2 .2 0  (4 H, m), 3 .6 0 -3 .9 0  (4 H, m), 4 .25  (2 H, q, 1

7.1 H z), 4 .2 7  (2 H, q, J 7.1 H z), 4 .3 4 -4 .4 5  (4 H, m), 4 .5 5  (1 H, s), and 4 .5 8  (1 

H, S); mZz. (1 4 0 ° C )  376  (M_+ , 4 7 % ), 348  (6 ), 332  (7 ), 33 0  (1 1 ), 30 3  (2 7 ), 

276  (6 4 ), 189 (2 3 ), 173 (1 0 0 ), 115 (37), and 87  (49 ).

E thyl 3 -O x o -2 .3 .4 .5 - te tra h v d ro b e n z o x e p in - 2 - c a rb o x v la te  (1 5 1 ) .

A solution of diazo compound (1 2 6 ) (69 .5  mg, 0 .265  mmol) in benzene (7 .5  ml) was  

added dropwise to a suspension of dirhodium tetraacetate (2 .3  mg) in ben zen e (7 .5
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ml) over 45  min. The m ixture w as heated under reflux for 1 h. W ork-up and  

distillation gave the title compound (1 5 1 ) as a clear oil (49 .5  mg, 80% ) b.p. 1 3 5 °C  

at 0.1 m m Hg (lit.,4 7 1 2 3 ° C  at 0.1 m m Hg); v m a x  (film ) 3 4 4 0 , 1740 , 1 7 2 2 , and  

14 4 2  c m '1 ; S H (2 5 0  M Hz; C D C Ig ) 1.27 (3 H, t, d  7.1 Hz, C H 2M £ , keto), 1 .39  (3 H, 

t, J 7.1 Hz, C H 2 M fi, enol), 2.71 (2 H, q, d  6 .9  Hz, CH.2 CO , enol), 2 .73  (1 H, dd, d

14.4 , 7 .0  Hz, H C H C O , keto), 2 .9 3 -3 .3 4  (2 +1  H, m, ArCh!.2 > keto/enol and H C H C O , 

keto), 4 .27  (2 H, q, d  7.1 Hz, C H 2 Me, keto), 4.31 (2 H, q, d  7.1 Hz, CJH.2 M e, enol),

4 .95  (1 H, s, C H C O O E t, keto), 6 .9 7 -7 .2 5  (4 H, m, A rH ), and 11 .02  (1 H, s, O H, 

enol); ca. 3 5 %  enol form; m /z  (1 7 0 ° C )  234 (M .+ , 10% ), 188 (3), 161 (9 ), 149

(1 7 ), 133 (8), and 120 (2 0 ).

E th y l 3 -O x o - 3 .4 .5 .6 - te tra h v d ro b e n z o x o c in - 2 - c a rb o x v la te  (1521  and E th v l 5 -(2 - 

H v d ro x v p h e n v l) -2 - o x o c v c lo p e n ta n e c a rb o x v la te  (1 5 3 ).

(a ) A solution of diazo compound (1 2 7 )  (121 mg, 0 .4 3 8  mmol) in benzene. (7 .5  

ml) was added dropwise to a suspension of dirhodium tetraacetate ( 1.0  mg) in benzene  

(7 .5  ml) at reflux over 35  min. A fter 2 h at reflux the suspension w as cooled, 

filtered, concentrated, and the residue and chromatographed to give (i) the benzoxocin  

(1 5 2 )  (13 mg, 12% ) as a clear oil, b.p. 1 5 0 °C  at 0.1 m m Hg, and m.p. 3 7 -4 0 ° C ;  

(Found: C, 67.6; H, 6 .8 . C-14 H 1 0 O 4 requires C, 67.7; H, 6 .5% ); v m a x  (film ) 1 7 6 0 , 

1740 , 1724 , 1656 , 1491 , 1223 , 1186 , and 1097  cm _1 ; S H (250  M H z; C D C I3 )

l .  32  (3 H, t, 1  7 .0  Hz, C H 2 M & ), 1 .60 (1 H, m, C H H C H 2 C O ), 2 .1 1 -2 .2 5  (1 H, m, 

C H H C H 2 C O ), 2 .38  (1 H, ddd, d  10.5, 6 .8 , 3 .8 , C H H C O ), 2 .62  (1 H, ddd, d  13.5 , 6 .0 ,

2 .4  Hz, C H H A r), 3 .00  (1 H, ddd, d  11 .6 , 10.4, 3 .9  Hz, C H H C O ), 3 .1 7  (1 H, ddd, d

13.5 , 1 2 .0 , 3 .7  H z, C H H A r), 4.31 (2 H, q, d  7 .0  Hz, C H 2 M e), and 7 .0 0 -7 .2 6  (4  H,

m, A rH ); ca . 100%  keto form ; m/z_ (1 0 0 ° C )  248 (M_+ , 7 1 % ), 202  (2 7 ), 193  

(1 9 ), 174 (1 7 ), 160  (4 6 ), 147  (2 4 ), 133 (3 0 ), 107  (8 6 ), and 91 (4 7 ); and

(ii) the c v c lo p e n ta n o n e  (1531 (75 mg, 69% ), b.p. 1 4 5 °C  at 0.02  mm Hg; (Found: C, 

67 .5 ; H, 6 .8 . C-1 4 H 1 0 O 4 requires C, 67 .7 ; H, 6 .5% ); v m a x  (film ) 3 4 1 8 , 1 7 5 1 , 

1723, 1457, 1232, 1118 and 756 cm - 1 ; 5 H (250 M Hz; C D C I3 ) 1.22 (3 H, t, d  7.1 

H z, C H 2 Me1. 2 .1 0 -2 .4 0  (2 H. m, C H 2 C H 2 CO ). 2 .40 -2 .78  (2 H, m, C H 2 C O ), 3 .56  

(1 H, d, d  11 .4  Hz, C H C O O E t), 3 .93  (1 H, dt, J 1 1 .6 , 6.0 H z, C H A r), 4 .0 6 -4 .2 5  (2 

H, m, C H 2 M e), 6 .7 8 -6 .9 6  (3 H, m, ArH and O H ), 7.11 (1 H, dt, d  7 .5 , 1.5 Hz, ArH), 

and 7 .17  (1 H, dd, d  7.5, 1.5 Hz, ArH); m /z (1 0 0 °C )  248  (M.+ , 2 8 % ), 20 2  (47 ), 

173 (2 5 ), 147  (4 0 ), 107  (2 0 ), 84  (6 0 ), and 43  (73 ).

146



(b ) .-Addition of a solution of (1 2 7 )  (9 1 .4  mg, 0 .3 3 0  m m ol) in d ich lorom ethane  

(2 .5  m l) to  a solution of d irhodium  te tra k is (tr iflu o ro a a c e ta te ) (1 .0  m g) in 

dichlorom ethane (7 .5  ml) at reflux over 35  min, followed by 1 h at reflux gave, upon 

purification , (1 5 2 )  (26  mg, 32% ) and (1 5 3 )  (28  mg, 34% ).

(c ) .-Addition of a solution of ( 1 2 7 )  (103 mg, 0 .3 7 5  mmol) in benzene (9 ml) to a 

solution of copper (II) acetonylacetate (5.3 mg) in benzene (10  ml) at reflux over 30  

m in, fo llo w ed  by 3 .5  h at reflux g ave , upon p urifica tion , so le ly  ( 1 5 3 )  

( 5 0  m g , 5 4 % ) .

E thyl 2 -(2 -H v d ro x v e th v n -5 -o x o c v c lo p e n te n e c a rb o x v la te  (1 5 4 ) .

A solution of diazo-com pound (1 2 8 ) (122 mg, 0 .5 3 9  mmol) in toluene (6 .5  ml) was  

added to a solution of palladium (II) acetate (8 mg) in toluene (6 .5  ml) at reflux over 

7 min. A fter a further 5 min, the m ixture w as cooled, filtered, concentrated, and  

distilled (ca. 2 2 0 ° C  at 0.1 m m Hg; partial decom position). C hrom atograph ic

purification of the d istillate gave the title  c o m p o u n d  M 541 (22  mg, 21% ) as a 

viscous oil; (Fou n d : M_+ , 1 9 8 .0 8 9 5 . C ^ q H ^ O ^  requires M_, 1 9 8 .0 8 9 2 ) ;

v m a x . ( fi,m ) 3 4 5 1 ’ 1 7 3 8 ’ 1 7 1 0 « 1 6 2 1 ’ 1 3 7 5 ’ 1 2 9 9 ' and 10 3 4  cm "1 ; 6 H ( 2 5 0  

M H z; C D C I3 ) 1.30 (3 H, t, 7 .0  Hz, C H 2 Me1. 2 .4 1 -2 .4 9  (2 H, m, CH.2 C O ), 2 .52  (1 

H, br, O H ), 2 .6 7 -2 .7 7  (2 H, m, C H 2 C=), 2 .95  (2  H, t, ^  6.0 Hz, C H 2 C H 2 O H ), 3 .8 7  

(2  H, t, J 6.0 Hz, C H 2 O H ), and 4 .26  (2 H, q, J 7 .0  Hz, C tL2 M e); 5 C (6 2 .9  M Hz;

C D C I 3 ) 2 0 2 .6 , 1 8 3 .6 , 1 6 3 .9 , 1 3 4 .7 , 6 1 .0 , 6 0 .5 , 3 5 .8 , 3 5 .1 , 3 1 .0 , 14 .1 ; m il

( 1 9 0 ° C )  198  (M .+ , 2 % ), 180  (3 ), 168 (4 5 ), 153 (3 1 ), 152 (3 4 ), 1 2 2  ( 1 0 0 ), 

and 94  (18 ).

E th v l 3 -O x o - o x e c a n e - 2 - c a r b o x v la te  ( 1 5 5 )  and E th v l 5 -(2 -h v d r o x v e th v h - 2 -  

o xo cvc lo p en tan ecarb o xv la te  (1 5 6 ).

A solution of diazo compound (1 2 9 ) (200  mg, 1.00  mmol) in benzene (10 ml) was  

added dropwise to a suspension of dirhodium tetraacetate (3 mg) in benzene (10 ml) at 

reflux over 5 m in. A fter a further 5 min. the m ixture w as cooled, filtered , 

concentrated, and distilled to give the o x e c a n e  (1551 (54  mg, 31% ) as a clear oil, 

b.p. 1 0 0 °C  at 0 .4  m m Hg; (Found: C, 59.7; H, 8 .2 . C 1 0 H -(g O 4 recluires 60.0; H, 

8 .1 % ); v m a x  (film ) 1738  (b r), 1659 , 1621 , 1 3 2 4 , 1 2 3 8 , and 11 8 6  c m '1 ; 5 H 

(2 5 0  M H z; C D C I3 ) 1.23 (3 H, t, 1  7 .0  H z, C H 2 M fi., keto), 1 .29 (3 H, t, J. 7.1 Hz,
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C H 2M £ , enol), 1 .5 0 -2 .2 6  (6 H, m, (C H 2 )3 C H 2 0 ,  keto/enol), 2.41 (2 H, t, d  5 .6  Hz, 

C U g C O , enol), 2 .54 -2 .65  (1 H, m, C H H C O , keto), 2 .99 (1 H, dt, 11.4, 3 .1 , C H .H C O , 

keto), 3 .6 7  (1 H, ddd, d  1 2 .0 , 4 .5 , 1 .9 Hz, C & H O , keto), 3 .84  (2 H, t, d  4 .8  Hz, 

C H 2 0 ,  enol), 3 .99  (1 H, dt, J 12.3, 3 .7  Hz, C H H O , keto), 4 .10  (1 H, s, C H C O O E t,  

keto), 4 .1 3 -4 .2 6  (2 H, m, C H 2 M e, keto), 4 .24  (2 H, q, d  7 .0  Hz, C H 2 M e, enol), and 

10 .92  (1 H, s, O H , enol); ca. 55%  enol form; m il. (1 7 0 °C ) 200 (M+, 10 0 % ), 154  

(3 8 ), 143 (66 ), 126  (2 2 ), 115  (2 9 ), 97  (4 8 ), 69  (9 7 ), and 55 (88 ).

Purification of the distillation residue by chrom atography gave the c v c lo p e n ta n o n e  

(1 5 6 )  (9  mg, 5% ) as a viscous oil, b.p. 12 0 ° C  at 0.002 m m Hg, (Found: C, 60 .0; H,

8 .4 . C 1 0 H 1 6 O 4 requires C, 60 .0 ; H, 8 .1% ); v m a x  (film ) 3 4 5 0 , 1 7 5 2 , 1 7 2 4 , 

1 6 5 5 , 1193  and 1 1 2 7  cm “ 1 ; 8 H (2 5 0  M H z; C D C Ig ) 1 .28 (3 H, t, d  7 .0  Hz, 

C H 2 M & ), 1 .4 1 -1 .9 0  (4  H, m, C H 2 C H 2 ), 2 .1 5 -2 .5 0  (2 H, m, C j± 2 ), 2 .6 3 -2 .8 2  (1 

H, m, C H C H C O O E t), 2.86 (1 H, d, si 11.3 Hz, C H C O O E t), 3 .57 -3 .74  (2 H, m, C H 2O H ), 

and 4.21 (2 H, q, d  7 .0  Hz, C H 2 M e); m lL  ( 1 2 0 ° C )  200 (M.+ , 11% ), 182 (2 ), 171

(1 8 ), 155 (7 3 ), 127  (7 2 ), 109 (5 5 ), and 99  (100 ).

E thvl 5 -(3 -H v d ro x v p ro p v h - 2 - o x o c v c lo p e n ta n e c a rb o x v la te  (1 5 7 1 .

Dirhodium tetraacetate (2 mg) was added to a solution of the diazo compound (1 3 0 )  

(138  m g, 0 .5 7 0  m m ol) in d ichlorom ethane (20  ml). After 3 h, the catalyst w as  

filtered off, the filtrate evaporated, and the residue chrom atographed to give the title  

co m p o u n d  (1571 (26  mg, 32% ) as a viscous oil (50  mg, 41% ), b.p. 1 4 0 -1 5 0 °C  at

0 .0 0 0 5  m m Hg; (Found: C, 61 .6 ; H, 8 .6 . C 1 -j H 1 q 0 4  requires C, 61 .7 ; H, 8 .5% ); 

v m a x . ( fi,m ) 3 4 3 7 » 1 7 5 8 * 1 7 2 4 » 1 2 7 8 ' 1 1 9 2 ’ and 1 1 2 7  cm "1 ; 8 H (2 5 0  M H z; 

C D C Ig )  1.23 (3 H, t, d  7 .0  Hz, C H 2 M e.), 1 .3 5 -1 .6 7  (5 H, m ), 1 .82  (1 H, br, O H ), 

2 .1 2 -2 .4 5  (3 H, m ), 2 .4 7 -2 .6 3  (1 H, m, C H C H C O O E t), 2 .78  (1 H, d, d  11.1 Hz, 

C H C O O E t), 3 .5 2 -3 .6 5  (2 H, m, C H 2 O H), and 4 .16  (2 H, q, J 7.3 Hz, C H 2 M e); 8 q  

(6 2 .9  M H z; C D C I3 ) 2 1 1 .1 , 1 6 9 .4 , 6 5 .0 , 6 2 .7 , 6 1 .3 , 4 1 .2 , 3 8 .3 , 3 1 .4 , 3 0 .4 ,

27 .4 , and 14.2; m /z  (1 3 0 ° C )  214 (M_+, 4% ), 186 (7 ), 168 (12 ), 155 (53 ), 113 

(3 5 ), 109  (4 6 ), and 29 (1 0 0 ).

E th v l 7 -t-B u tv ld im e th v ls ilo x v -2 -d ia z o - 3 - o x o h e p ta n o a te  (1 5 8 ) .

Im idazole (7 7  mg, 1.3 mm ol) w as added to a solution of ( 1 2 2 ) ( 1 1 0  m g, 0 .5 1 4  

m m ol) and i-butyld im ethyls ily l chloride (8 5  m g, 0 .5 6  m m ol) in D M F  (1 .5  m l). 

After 12 h at room tem perature, work-up and purification gave the
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(1 5 8 )  (143 mg, 85% ) as an oil; ( Found: C, 55 .1 ; H, 8.7; N, 8 .6 . C 1 5 H 2 8 N 2 0 4 Si 

requires C, 54 .9; H, 8 .6 ; N, 8 .5% ); v m a x  (film ) 2 1 34 , 1722 , 1660 , 1304 . and  

1103  cm - 1 ; § H (90  M H z; C D C Ig ) 0 .06  (6 H, s), 0 .90  (9 H, s), 1 .34 (3 H, t, J 7.0  

H z, C H 2 C H 3 ), 1 .33 -1 .93  (4 H, m), 2 .90 (2 H, t, 1  7 .0 Hz, C H 2 CO ), 3 .66  (2 H, t, J.

5 .5  Hz, ChL2 0 ) ,  and 4 .33  (2 H, q, 6 .4  Hz, C 0 2 C j± 2 ); mlA (FAB; glycerol) 329

(M_+ , 1% ), 31 3  (1 ), 28 5  (1 ), 271 (5 ), 243  (5 ), 215  (4 ), 197  (2 ), 99  (1 0 ), 

and 73 (100 ).

E th y l 2 -(t-B u tv ld im e th v ls ilo x v )m e th v l-5 -o x o c v c lo p e n ta n e c a rb o x v la te  (1 5 9 ) .  

Dirhodium  tetraaceta te  (3 mg) w as added to a solution of (1 5 8 )  (150  mg, 0 .455  

m ol) in d ich lo rom ethane (25  m l) and th e  m ixture stirred for 12 h at room  

tem p era tu re , a fter w hich tim e the so lvent w as  evap o ra ted  and the residue  

chrom atographed to give the title com pound  (1 5 9 ) (34 mg, 25% ) as a viscous oil; ( 

Found: M.+ , 3 0 1 .1 8 3 5 . C - jg H g g f^ C ^ S i requires M H + , 3 0 1 .1 8 3 5 ); v m a x  (film)

1759 , 1730 , 1660, 1255 , 1099 , and 838  c m '1 ; 5 H (250 M Hz; C D C Ig) 0 .04  (6 H, 

s), 0 .8 8  (9 H, s), 1 .29  (3 H, t, ±  7 .2  H z, C H 2 C H _3 ), 1 .4 7 -1 .8 4  (1 H, m, 

C H 2 C H 2 C O ), 2 .0 0 -2 .1 4  (1 H, m, C H 2 C H 2 C O ), 2 .24 -2 .53  (2 H, m, C H 2 C O ), 2 .67 -  

2 .85  (1 H, m, C H C H C 0 2 ), 3 .12  (1 H, d, J. 11.5 Hz, C H C 0 2 ), 3 .5 6 -3 .7 8  (2 H, m, 

C H 2 0 ) ,  and 4 .20  (2  H, dq, ±  7 .2 , 0 .7  Hz); mZz (1 3 0 °C ) 301 (M H  + , 2% ), 285

(3 ), 2 5 5  (1 1 ), 243  (1 0 0 ), 21 5  (3 0 ), 197  (2 4 ), 155 (3 5 ), 123 (6 8 ), and 75

( 6 6 ) .

Ethvl 2 -D ia z o -3 .7 -d io x o h e p ta n o a te  (1 6 0 ) .

Pyridinium  chlorochrom ate (0 .4 5  g, 2 .2  mmol) w as added to a solution of (1 2 2 )  

(160  mg, 0 .75  mmol) in dichlorom ethane (5 ml), and the suspension rapidly stirred 

at room tem peraturefo r 1 .25  h. After filtration through Celite, the residue w as  

purified by chrom atography, to give the title c o m p o u n d  (1 6 0 ) (99 mg, 63% ) as a 

pale yelow  oil; ( Found: M.+ , 212 .0 7 9 4 . C g H 1 2 N 2 0 4 requires M., 2 1 2 .0 7 9 7 );  

v m ax. (fl,m ) 2 1 3 7 ’ 1 7 1 8 ’ 1 6 5 5 « and 130 4  c n r 1 ; 8 H (2 5 0  M H z; C D C Ig ) 1 .3 0  (3

H, t, 7.1 H z ), 1 .9 5  (2  H, quin, 7 .2  H z), 2 .50  (2  H, dt, J. 7 .2 , 1 .3  H z,

C H 2 C (0 )H ), 2.88 (2 H, t, 7 .2  Hz, CtL2 C O ), 4 .27  (2 H, q, ±  7.1 Hz, C H 2 C 0 2 ), and
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9 .73  (1 H, t, i  1.3 Hz, C H 2 C ]± 0 );  m Lk (1 0 0 °C )  212 (M.+ . 1% ), 184 (4), 167 (3), 

156 (6 6 ), 99  (5 1 ), and 29 (100 ).

( E ) - D ie th v l 7 -D ia z o - 8 - o x o n o n - 2 - e n e - 1 . 9 - d ic a rb o x v la te  (1 6 1 ) .  

(C arbethoxym ethylene)triphenylphosphorane (163  mg, 0 .468  mmol) w as added to a 

solution of (1 6 0 ) (90  mg, 0 .425  mmol) in T H F  (3 ml). The reaction w as stirred for 

2 h, then subjected to aqueous work-up and the residue purified, to give the title  

c o m p o u n d  (1 6 1 )  (9 6  m g, 80% ) as an oil; ( Found: C , 55 .4 ; H, 6 .6 ; N, 9 .8 . 

C 1 3 h 1 8 N 2 ° 5  s q u ire s  C, 55.3; H, 6 .4; N, 9 .9% ); v m a x  (film ) 2 1 3 6 , 1719 ,

1656, and 1305 cm "1 ; 5 H (250  M H z; C D C Ig ) 1.24  (3 H, t, d  7.1 Hz), 1 .29 (3 H, t,

si 6 .9  H z), 1 .78 (2 H, quin, si 7 .5 Hz, C H 2 C H 2 C O ), 2 .22 (2 H, q, si 7.1 Hz, C J i2 C H ),  

2 .84  (2 H, t, d  7 .0 Hz, C H 2 CO ), 4 .14 (2 H, q, d  7.1 Hz, C H C 0 2 CH.2 ), 4 .26  (2 H, q, sJ

6 .9  H z, C N C 0 2 C H 2 ), 5 .80  (1 H, approx d, si 15.8 Hz, C H C O ), and 6 .90  (1 H, dt, si 

1 5 .8 , 7 .8  H z, C j± C H 2 ); m /z  (1 0 0 ° C )  282  (M_+ , 1% ), 2 5 4  (4 ), 2 3 7  (8 ), 208

(1 2 ) ,1 8 0  (2 8 ), 162  (3 7 ), 153 (4 6 ), ;d 29 (1 0 0 ).

E thyl 2 -[2 -(E th o x v c a rb o n v n e th e n v l]- 5 -o x o c v c lo p e n ta n e c a rb o x v la te  (162). 

Dirhodium  te traaceta te  (1 .5  mg) w as added to a solution of (1 6 1 )  (82  mg, 0.291  

mmol) in dichlorom ethane (10 ml). After 1 h. the green solution was evaporated and 

the residue purified by chrom atography to give the title c o m p o u n d  (1621 (43 mg, 

58% ) as a colourless oil; ( Found: M_+ , 2 5 4 .1 1 4 8 . C - ig H - ^ O g  requires M_,

2 5 4 .1 1 5 4 );  v m a x  (film ) 1760 , 1723 , 1657 , 1313 , 1269 , and 1190  c m '1 ; 8 H 

(2 5 0  M H z; C D G Ig ) 1 .27  (3 H, t, si 6 .9  H z, C H 2 CH_3 ), 1-28 (3 H, t, si 6 .9  Hz, 

C H 2 C H 3 ), 1 .65 -1 .90  (1 H, m, C H 2 C H 2 C O ), 2 .1 8 -2 .6 2  (3 H, m, C H 2 C H 2 C O ), 3 .05  

(1 H, d, d  10 .9  Hz, C H C H C 0 2 ), 3 .37  (1 H, hept, si ^6 Hz, C H C H C O g ), 4 .1 0 -4 .2 8  (4  

H, m, C 0 2 C H 2 ), 5 .9 2  (1 H, dd, J 15.2, 1.5 Hz, C j i : C H C 0 2 ), and 6 .90  (1 H, dd, d

15.2 , 7 .0  H z, C H :C H C O o ): m /z  ( 10 0 ° C )  254 (M  + . 15% ), 225 (4), 208 (67), 181 

(2 1 ), 162 (1 0 0 ), 153 (2 0 ), 135 (4 0 ), and 107  (19).
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E th y l 3 - O x o th ia n e - 2 - c a rb o x v la te  (1 6 3 ) .

A  solution of ( 1 3 6 )  (1 2 0  mg, 0 .5 5 6  mm ol) in benzene (5  ml) w as added to a 

suspension of dirhodium tetraaceta te  (4  m g) in benzene (15  ml) at reflux over 5 

m inutes. After 10 m inutes at reflux the pale purple solution w as cooled, evaporated, 

and the residue subject subjected to chromatography.to give the title com pound f 1631 

(59  mg, 57% ) as a clear oil; b.p. 1 3 0 -1 4 0 °C  at 0 .4  mm Hg; (Found: C, 51.1; H, 6 .7 .

C 8 H 1 2 ° 3 S recluires c > 5 1 -°; H, 6 .4% ); v m a x . ( fi,m ) 1 7 4 5 - 1 7 1 9 » 1 6 5 1 , 1 6 0 3 - 

1 3 80 , 1 2 9 7  and 1219  cm "1 ; 8 H (2 5 0  M H z; C D C Ig ) 1 .29 (3 H, t, d  7 .0  Hz, 

C H 2 C H 3 , keto), 1 .32 (3 H, t, d  7.0 Hz, C H 2 C H 3 , enol), 2 .10 (2 H, m, C H 2 C H 2 C H 2 , 

keto/enol), 2 .40  (2 H , approx t, J. 6 .5  Hz, CH.2 S , enol), 2 .4 0 -2 .6 4  (2 H, m, CH.2 S , 

keto), 2 .78  (2 H, approx t, d  5 .6  Hz, C H 2 C O , enol), 2 .8 0 -3 .1 4  (2 H, m, C H 2 C O ,  

keto), 3 .95  (1 H, s, C O C H S , keto), 4 .23 (2 H, q, d  7 .0  Hz, C 0 2 C hi2 , keto), 4 .24  (2 H, 

q, d  7 .0  Hz, C 0 2 CH.2 , enol), and 10.48 (1 H, s, O H , enol); ca. 75%  enol form; m /z  

( 1 1 0 ° C )  188 (M_+ , 56% ), 142 ( 1 0 0 ), 115 (1 8 ), 86 (41 ), and 69 (21 ).

E thvl 3 -O x o th ie p a n e - 2 - c a rb o x v la te  (1 6 4 ) .

A solution of (1 3 7 ) (462  mg, 2.01 mmol) in benzene (10 ml) was added over 1 h to 

a stirred suspension of dirhodium tetraacetate (2 .9  mg) in benzene (40 ml) at reflux. 

After 0 .5  h, extra catalyst (3 mg) was added. Reflux was continued for 2 h, before the 

mixture w as cooled, evaporated and the residue purified by chromatography to give the 

t it le  c o m p o u n d  (1 6 4 1  (138  mg, 34% ) as a clear oil; (Found: C. 53 .7; H, 7 .2 . 

C 9 H 1 4 O 3 S requires C, 5 3 .4 ; H, 7 .0 % . Found: M .+ . 2 0 2 .0 6 6 3 ; requ ires  M_, 

2 0 2 .0 6 6 4 );  v m a x  (film ) 1 7 42 , 1707 , 1632 , 1 595 , 1377, 1308 , and 1242  cm" 

1 ; 8 |_j (2 5 0  M H z; C D C Ig ) 1.24 (3 H, t, d 7 .0  Hz, C H 2 C H 3 , keto), 1.29 (3 H, t, d  7 .0  

H z, C H 2 C H 3 , enol), 1 .5 6 -2 .0 5  (4  H, m, CH_2 C H 2 C H 2 S, keto /enol), 2 .54  (2  H, 

approx t, i  5 .5  Hz, C H 2 S, enol), 2.68 (2+2  H, m, C H 2 S keto, and C j i2 C O  keto/enol),

4 .22  (1 H, s, C O C H S , keto), 4 .23 (2 H, q, d 7.1 Hz, C 0 2 CjH2 , keto), 4 .26 (2 H, q, d

7.1 H z, C 0 2 CH.2 , enol), and 9 .63 (1 H, s, O H, enol); ca. 65%  enol; m /z  (1 8 0 ° C )  

2 0 2  (M_+ , 6 1 % ), 169  (6 ), 156 (8 0 ), 128 (3 3 ), 100  (1 3 ), 87  ( 1 0 0 ).

E thvl 5 - fN - te r t -B u to x v c a rb o n v n a m in o m e th v l-2 -o x o c v c lo p e n ta n e c a rb o x v la te  

( 1 6 5 ) .

To a rapidly stirred solution of the diazo compound (1 3 8 ) (247  mg, 0 .7 8 8  mmol) in 

dichlorom ethane (35  ml), dirhodium tetraaceta te  (2 mg) was added. After 1.5 h the
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solvent w as evaporated and the residue chrom atographed to give the title com pound

(1 6 5 )  (1 6 4  mg, 73% ) as a low melting solid, m .p. 5 0 -5 5 °C  (from ether); (Found: 

C, 58 .8; H, 8.3; N, 5 .0 . C 1 4 H 2 3 N O 5 requires C, 58.9; H, 8 . 1 ; N, 4 .9% ); v max 

(film ) 3 3 8 3 , 1 7 57 , 1 7 1 9  (b r.), 1520 , 1 3 6 8 , 1250  and 1 1 7 2  c m '1 ; 5 H (250  

M H z; C D C Ig ) 1.23 (3 H, t, 7 .0  Hz, C H 2 M e 1. 1 .40  (9  H, s, t-Bu), 1 .50 -1 .85  (1 H, 

m ), 2 .0 8 -2 .2 3  (1 H, m ), 2 .2 5 -2 .5 0  (2 H , m ), 2 .74  (1 H , C R C H C O ), 2 .90  (1 H, d, 

J. 11 .5  Hz, C U C O O E t), 3 .19  (1 H, dt, 13.9, 6 .7  Hz, C U H N ), 3.31 (1 H, dt, ±  13.8,

5 .6  Hz, ChLHN), 4 .1 9  (2 H, q, <1 7 .0  Hz, C H 2 M e), 4 .70  (1 H, br, N H ), and 10 .68  (s, 

O H , enol); ca. 10%  enol form; 6 q  (1 2 5 .8  M H z; C D C I3 ) 210 .5 , 169.0 , 155 .8 , 79 .3 ,

6 1 .3 , 59 .4 , 4 3 .8 , 4 1 .7 , 3 8 .0 , 28 .24 , 2 8 .1 8 , 27 .8 , 24 .6 , and 14.0; mLL ( 1 4 0 ° C )  

2 8 5  (M_+, 0 .1 % ), 228  (1 ), 212  (2), 199 (1 ), 184 (3 ), 168 (6 ), 144 (2 4 ), and  

31 (1 0 0 ); m iz  (C l; N H 3 ) 303 (M +  + N H 3 , 1 0 0 % ), 286  (7 5 ), 247  (4 0 ), 230  

(1 7 ), and 186 (3 2 ).

E th v l 5 - (2 -N - te r t -B u to x v c a rb o n v n a m in o e th v i- 2 -o x o c v c lo p e n ta n e c a rb o x v la te

( 1 6 6 )  .

A solution of the diazo compound (1 3 9 ) (97 .3  mg, 0 .298  mmol) in dichlorom ethane  

(20 ml) w as added to a blue solution of dirhodium tetrakis(trifluoroacetate) (2 mg) 

in dichlorom ethane (20  ml) over a period of 2.2  h to give a green solution. After 1 h 

the solvent was evaporated, and the residue chromatographed to give the iiiifi compound

(1 6 6 )  (68 mg, 76% ) as a viscous oil; b.p. 1 3 0 °C  at 0 .003  mmHg; (Found: C, 60.2; 

H, 8 .6 ; N, 4.7. C 1 5 H 2 5 N 0 5 requires C, 60.2; H, 8.4; N, 4 .7% ); v m a x  (film ) 3 3 8 0 , 

1757 , 1710  (br), 1515 , 1250 , and 1172  c m '1 ; S H (250  M H z; C D C Ig ) 1.28 (3 H, 

t, ±  7 .0  Hz, C H 2 M fi.), 1 .42  (9 H, s, t-Bu), 1 .4 5 -1 .6 5  (1 H, m), 1.68  (2 H, q, J. 6 .9  

H z, C H 2 C H 2 N), 2 .1 4 -2 .4 9  (3 H, m), 2 .60  (1 H, m, C H C H C O ), 2.81 (1 H, d, J. 11.3  

Hz, C H C O O E t), 2 .9 8 -3 .3 0  (2 H, m, C H 2 N), 4 .20  (2 H, q, J 7 .0  Hz, C H 2 M e), and  

4 .6 4  (1 H, br, NH); m lA  (1 2 0 ° C )  299 (M.+ , 3% ), 243 (3 3 ), 226 (27 ), 199 (9), 

182 (5 0 ), 170 (1 5 ), 155 (8 1 ), 136 (6 4 ), and 57  (1 0 0 ).

E thvl 5 - fN - te r t -B u tv lc a rb o n v h a m in o m e th v l-2 - o x o c v c lo p e n ta n e c a rb o x v la te

( 1 6 7 )  .

A solution of diazo com pound (1 4 0 ) (170  mg, 0 .572  mmol) in benzene (5 ml) was  

added dropwise to a suspension of dirhodium tetraacetate (4 .9  mg) in benzene (15  ml) 

at reflux over 5 m in. A fter 5 min at reflux the suspension w as cooled, filtered,
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concentrated, and the residue chrom atographed to give the title com pound (1 6 7 ) (30  

mg, 19% ), m .p. 8 5 -8 6 °C , (Found: C, 62 .5; H, 8 .7; N, 5 .2 . C 1 4 H 2 3 N O 4 requires C, 

62 .4 ; H, 8 .6 ; N, 5 .2% ); v m ax> (film) 3 3 5 8 , 1755 , 1724 , 1646 , 1530, 1206 , and  

1 1 2 7  c m '1 ; S H (2 5 0  M H z; C D C I3 ) 1 .18 (9 H, d, ^  2 .2  Hz, t-Bu), 1 .30 (3 H, t, 1

7 .0  Hz, C H 2M £ ), 1 .45 -1 .68  (1 H, m, C H H C H 2 CO ), 2 .12 -2 .26  (1 H, m, C H H C H 2 C O ), 

2 .2 8 -2 .53  (2 H, m, C H 2 C O ), 2 .70 -2 .88  (1 H, m, CJHCHCOOEt), 2 .92  (1 H, d, si 11.0  

H z, C H C O O E t), 3 .3 2  (1 H, ddd, J. 13.8, 7 .5 , 5 .6  Hz, C U H N ), 3 .50  (1 H, dt, J. 13.1,

5.1 H z, C H H N ), 4 .12 -4 .31  (2 H, m, C H 2 M e), and 5 .95  (1 H, br, NH); mlZ (1 4 0 ° C )  

2 6 9  (M_+, 6% ), 2 2 4  ( 1 1 ), 212  (1 2 ), 196 (5 ), 184 (1 0 ), 168 (8 9 ), 155  (4 3 ), 

115 (4 0 ), and 57  (1 0 0 ).

4 . 4 - D im e th v l-2 .6 - d io x o - o x e p a n e  (1 6 9 ) .

6 -D ia zo -3 ,3 -d im eth y l-5 -o xo h ex an o ic  acid (1 6 8 )  was prepared by a modification of 

th e  literature p ro ced u re ;7 3  d iazodim edone (0 .5 0  g, 3 .0  m m ol) w as dissolved in 

dichlorom ethane (10  ml), sodium hydroxide solution (1 M; 7 .5 -1 0  ml) w as added, 

and the two phase mixture rapidly stirred (16-18  h). The two layers w ere separated, 

the  aqueous phase acidified to pH 4 with hydrochloric acid (2  M ), and quickly 

extracted with dichloromethane. The organic phase was washed with water, brine and 

finally dried over M g S 0 4 , to give a crude solution of the diazo acid (168 ).

(a )  .-Boron trifluoride diethyl ether (0 .8 5  ml, 3 m m ol) w as added dropwise to a 

stirred solution of crude diazoacid (1 6 8 ) in dichlorom ethane (100  ml) (see above), 

and the mixture stirred for 12 h. Aqueous work-up and chromatography gave the title 

c o m p o u n d  (1691 (1 4 0  mg, 3 0 %  from diazodim edone) as a low melting solid, m .p. 

5 2 - 5 6 ° C ;  (Found: C, 6 1 .3 ; H, 7 .9 . C g H - ^ ^  reclu 'res C , 61 .5 ; H, 7 .8 % );

v m a x . ( fi,m ) 1 7 5 4 ’ 1 7 2 0 ' 1 4 8 6 » 1 4 3 2 ’ 1 3 0 8 > 1 2 8 3 - and 1 0 7 7  cm "1 ; 8 H ( 2 7 0  

M H z; C D C Ig ) 1 .17  (6 H, s, M a ), 2 .47  (2 H, s, C H 2 CO ), 2 .59  (2 H, s, C H 2 C O ), and

4 .5 0  (2 H, s, CH_2 0 ) ;  m il, ( 10 0 ° C )  156 (M_+, 2 1 % ), 126 (29 ), 98  (7), 83 (16 ), 

70 (6 1 ), and 56 (1 0 0 ).

(b ) .-A lternatively, evaporation of the d ichlorom ethane solution of (1 6 8 )  prepared  

from diazodim edone (803  mg, 4 .8  m m ol), gave a viscous unstable oil which w as  

im m ediately subjected to partial purification by filtration through a pad of silica with 

ether as eluant. The diazo acid (1 6 8 ) (462  mg, 52% ) w as im m ediately dissolved in 

benzene (10  ml) and added dropwise to a suspension of dirhodium tetraacetate (5 mg)
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in benzene (100  ml) at reflux over a period of 10 min. After a further 15 min, the  

mixture was cooled and filtered through a pad of Celite. The filtrate was evaporated and 

the residue purified by chrom atography to give (i) the title com pound (1 6 9 )  (263  

mg, 67% ), and (ii) a second com ponent (15  mg, 4% ), a sym m etrical d im e r, m .p. 

1 2 1 -1 2 2 ° C  (hexane/ether); (Found: C, 61.6; H, 7 .8. C 1 6 H 2 4 O 6 requires C, 61.5; 

H, 7 .8% ); v m a x . (N ujol) 1726 , 1426 , 1378 , 1250, and 1093 c r r r 1 ;S H  (2 7 0  

M H z; C D C I3 ) 1 .23 (12  H, s), 2 .47  (4  H, s), 2 .62  (4 H, s), and 4 .43  (4 H, s); m U  

( 1 8 0 ° C )  3 1 2  (M .+  , 7% ), 254  (3 ), 23 9  (2 ), 21 2  (1 ), 198 (5 7 ), 183 (4 ), 170  

(6 ), 156 (3 7 ), 140 (3 0 ), 115 (1 2 ), 9 7  (8 ), and 83 (1 0 0 ).

P re p a ra t io n  o f D e r iv a t iv e s

G e n e ra l P ro c e d u re  fo r  P re p a ra t io n  o f te r t -B u tv Id im e th v Is ilv l  E n o l 

E t h e r s .

T rie th y la m in e  (1 .2 5 -2 .5  eq) and t e r t -b u tv ld im e th v ls ilv l t r i f lu o r o m e th a n e -  

sulphonate (TB D M S O Tf) (1 .2 -2 .0  eq) w ere added in succession to a solution of the p- 

ketoester (0.1 - 0 .5  mmol) in ether or T H F  (1 ml). The resulting suspension w as  

stirred for 1 2  h at room tem perature before all the volatile m aterial w as rem oved  

under high vacuum, and the residue subjected to a neutral aqueous work-up. The crude 

product w as distilled to give the enol silyl ether.

E th v l 3 -te rt-B u tv ld im e th v ls ilo x v - 4 . 5 - d ih v d ro p v ra n - 2 - c a rb o x v la te  ( 1 7 0 ) .  

Triethylam ine (0 .1 2  ml, 0 .8 5  mmol) and T B D M S O T f (0 .1 9  ml, 0 .85  m m ol) w ere  

added sim ultaneously to a solution of ethyl 3 -o xo te trah yd ro p yran -2 -carb o xy la te  

(1 4 7 )  (120  mg, 0 .70  mmol) in TH F (1 ml) at -7 0 °C . The solution w as allow ed to 

warm  to room tem perature and stirred for 1.5 h before work-up. Rapid distillation of 

the residue gave the title com pound (1 7 0 ) (137  mg. 69% ), b.p. 1 6 0 °C  at 0 .3  mm Hg; 

(Found: C, 58 .6; H, 9 .3 . C -|4 H 2 6 0 4 Si requires C, 58 .9; H, 9 .2% ); v m a x . (film ) 

1719 , 1628 , 1 2 9 7 , 1 2 55 , 1223 , 1 1 64 , 1078 , 8 42 , and 7 8 2  c m '1 ; 5 h  (270  

M H z; C D C I3 ) 0 .1 8  (6 H, s, S iM e), 0 .9 5  (9 H, s, t-Bu), 1.31 (3 H, t, J. 7.1 Hz, 

C H 2 M £ ), 1.93 (2 H, quin, 5 .9  Hz, C H 2 C H 2 0 ) ,  2 .29 (2 H, t, i  6 .7  Hz, C H 2 C O ),
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3 .95  (2 H, t, J. 5.1 Hz, C H 2 0 ) ,  and 4 .25  (2 H, q, J. 7.1 Hz, C tL2 M e); m Iz. (1 4 0 ° C )  

2 8 6  (M_+, 1 % ), 271 ( 1 ), 241 (9 ), 22 9  (5 3 ), 201 (1 0 0 ), 189 (1 7 ), 173 (12 ), 

1 4 7  (5 4 ), and 75 (4 0 ).

E th y l 3 - t e r t -B u tv ld im e th v ls ilo x v -4 .5 - d ih v d r o -6 - m e th v lp v r a n -2 - c a r b o x v la te  

( 1 7 1 ) .

Triethylam ine (96  p i, 0 .69  mmol) and T B D M S O T f (151 pi, 0 .66  mmol) w ere added to 

a solution  of e thyl 6 -m e th y l-3 -o x o te tra h y d ro p y ra n -2 -c a rb o x y la te  ( 1 4 8 )  (102  

mg, 0 .548  mmol) in ether (4 ml) at 0° C . The solution was allowed to warm to room 

tem perature and stirred for 10  h before w ork-up. Rapid distillation of the residue  

gave the title com pound  (1 7 1 ) (95 mg, 57% ) as a clear oil, b.p. 1 3 5 °C  at 0 .5  mmHg; 

(Found: M.+ , 30 0 .1 7 5 1 . C - is ^ g C ^ S i  requires M., 300 .17 57 ); v m a x  (film ) 1719 , 

1630, 1224 , and 1178  c m '1 ; S H (250  M H z; C D C Ig ) 0 .33  (6 H, s, S iM e), 0.91 (9

H, s, t-Bu), 1 .27 (3 H, t, J. 7.1 Hz, C H o M e l. 1 .30 (3 H, d, 1  6 .0  Hz, C H M e l. 1 .57-

I .  69  (1 H, m, C H H C H O ), 1.83 (1 H, dddd, J. 13.5 , 7.0, 2.9, 2 .6  Hz, C H H C H O ), 2 .18  

(1 H, ddd, J 3.0, 6 .4 , 2 .9  Hz, C H H C = ), 2 .3 4  (1 H, ddd, 1  18 .0 , 10 .5 , 7.1 Hz, 

C H H C = ), 3 .83  (1 H, ddq, J 9 .8 , 6 .0 , 2 .3 H z, M e C H O ), and 4 .1 0 -4 .3 2  (2  H, m, 

C i± 2 M e); m /z  (1 4 0 ° C )  300  (M .+ , 2% ), 285  (1 ), 259 (5 3 ), 243 (57 ), 215  (89 ), 

and 75 (100 ).

E th v l 3 -te rt-B u tv ld im e th v ls ilo x v - 7 - h e x v lo x e p a n e - 2 -c a rb o x v la te  (1 7 2 ). 

Triethylam ine (42  p i, 0 .29  mmol) and T B D M S O T f (51 pi, 0 .22m m ol) w ere added to a 

solution  of ethyl 7 -h e x y l-3 -o x o -o x e p a n e -2 -c a rb o x y la te  (1 5 0 )  (3 9 .8  m g, 0 .1 4 7  

m m ol) in T H F  (1 ml). After 12 h w ork-up and distillation of the residue gave the 

t it le  c o m p o u n d  (1 7 2 1  (49  mg, 86% ) as a  c lear oil, b.p. 1 3 0 -1 4 0 °C  at 0 .0 0 0 5  

m m Hg; (Found: C, 65 .4 ; H, 10 .5 . C 2 - |H 4 Q0 4 Si requires C, 65 .6 ; H, 10 .5% );

v m a x .- ( film ) 1 7 1 4 ’ 1 6 2 1 ’ 1 2 3 5 > 1 1 7 7 ’ and 833  c m '1 ; 5 H (250  M Hz; C D C Ig) 0 .15  

(6 H, s, S iM e), 0 .8 1 -0 .9 3  (3 H, m, M e), 0 .93  (9  H, s, t-Bu), 1 .27  (3 H, t, J 6 .9  

Hz, C H o M e l . 1 .18 -1 .88  (14 H, m), 2.11 (1 H. dd, J 13.5, 6 .0  Hz, C H H C = ), 2 .80  (1 

H, ddd, 14.3 , 11 .3 , 1 .7 Hz, C H H C = ), 3 .28-3.39 (1 H, m, C H R O ), and 4 .0 8 -4 .2 7  

(2  H, m, CH.2 M e); m /z  (1 7 0 ° C )  3 8 4  (JM + , 1% ), 369 (2 ), 339  (3 ), 3 2 7  (1 0 0 ), 

29 9  (6 ), and 73 (47 ).
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E th y l 3 -te rt-B u tv ld im e th v ls ilo x v - 5 .6 - d ih v d ro b e n z o x o c in -2 -c a rb o x v la te  (1 7 3 ) .  

Triethylam ine (2 2 .5  p i, 0 .16  mmol) and T B D M S O T f (30 p i, 0 .13  mmol) w ere  added  

to a  solution of e thyl 3 -o x o -3 ,4 ,5 ,6 -te tra h y d ro b e n zo x o c in -2 -c a rb o x y la te  (1 5 2 )  

(16.1  mg, 6 4 .4  n m o l) in ether (1 m l). T h e  m ixture w as stirred for 24  h, 

evaporated, and the residue chrom atographed to give the title com pound f1731 (9.6  

mg, 41% ) as an oil; (Found M + » 3 6 2 .1 9 1 3 . C 2 0 ^ 3 0 ° 4 8 ’ requires M., 3 6 2 .1 9 1 3 );  

v m a x .( fi,m ) 1 7 1 8 » 1 6 2 5 » 1 5 9 4 » 1 2 4 9 ’ and 839  cm "1 ; 5 H (250  M Hz; C D C Ig) 0 .18  

(6 H, s, S iM e), 0 .93  (9 H, s, t-Bu), 1 .28 (3 H, t, 1  7.0 Hz, C H 2 M e ) . 1 .9 5 -2 .1 5  (2

H, m, C H 2 C H 2 Ar), 2.61 (2 H, t, J. 6 .4  Hz, Chl^Ar), 2 .85 (2 H, t, 1  5 .8  Hz, C H 2 C O ),

4 .22  (2 H, q, ±  7 .0  H z, C H 2 Me), 6 .95  (1 H, dt, J 7.1, 1.1 Hz), 7 .03  (1 H, dd, J. 8 .0 ,

I .  8 H z), 7 .1 2  (1 H, dt, J 7.5 , 1.8 H z), and 7 .2 6  (1 H, dd, 8 .0 , 1.0 H z); m±£ 

( 1 6 0 ° C )  3 6 2  (M_+, 1% ), 3 4 7  (2 ), 3 1 7  (6 ), 305  (1 0 0 ), 27 7  (78), and 75  (56 ).

E th v l 2 - t e r t -B u tv ld im e th v ls ilo x v - 5 - ( 2 - t e r t - b u tv ld im e th v ls ilo x v p h e n v h c v c lo -  

p e n te n o a te  (1 7 4 ) .

Triethylam ine (0 .1 3  ml, 0 .9 4  mmol) and T B D M S O T f (0 .1 8  ml, 0 .7 8  mmol) w ere  

added to a solution of ethyl 5-(2-hydroxyphenyl)-2 -oxocyc lopentane-2-carboxylate  

(1 5 3 )  (7 8  m g, 0 .3 1 3  m m ol) in D M F  (2 .5  m l). A fter 12 h, w ork-up  and  

chrom atography gave  the title  c o m p o u n d  (1 7 4 )  (80 mg, 53% ), m.p. 5 7 -6 0 ° C ;  

(Found: C, 65 .6; H, 9 .4 . C 2 0 H 4 4 O 4 S i2 requires C, 65 .5 ; H, 9 .3% ); v m ax (film ) 

1 7 13 , 1629 , 1487 , 1254 , 1226 , and 840  cm “ 1 ; S H (2 5 0  M H z; C D C I3 ) 0 .25 -

0 .28  (12  H, 4 x s, S iM e), 1 .00  (9 H, s, t-Bu), 1.01 (9H , s, t-Bu), 1.05 (3 H, t, 1

7 .0  H z, C H o M e l . 1 .5 2 -1 .6 7  (1 H, m, H C H C H 2 ), 2 .2 2 -2 .6 0  (3 H, m, H C H C H 2 ),

4 .02  (2 H, q, J. 7 .0  H z, C H 2 M e), 4 .45  (1 H, d, l  7 .9 Hz, C H A r), 6 .7 2 -6 .8 8  (2 H, m, 

A rH ), and 6 .9 5 -7 .0 9  (2 H, m, ArH); m /z  (1 3 0 °C )  461 (M_+ - Me, 2% ), 431 (4), 

4 1 9  (1 0 0 ), 183 (3 2 ), and 73 (40 ).

E th v l 3 -te rt-B u tv ld im e th v ls ilo x v o x e c a n e - 2 - c a rb o x v la te  (1 7 5 ) .

Triethylam ine (42  p i, 0 .30  mmol) and T B D M S O Tf (52 pi, 0 .23  mmol) w ere added to 

a solution of ethyl 3 -o xo -o xecan e-2 -carb o xy la te  (1 5 5 )  (3 0 .0  mg, 0 .150  mm ol) in 

T H F  (2 ml). After 12 h, work-up with 5%  aqueous sodium carbonate and distillation 

of the residue gave the title  c o m p o u n d  (1751 (47.1 mg, 100% ) as a clear oil, b.p. 

1 5 0 -1 6 0 ° C  at 0 .25  m m Hg; (Found: M.+ , 2 5 7 .1 2 0 4 . C 1 6 H 3 0 O 4 Si - C 4 H g requires  

M_, 2 5 7 .1 2 0 9 );  vm a x  .(film ) 1717 , 1 6 23 , 1 2 26 , and 841 cm "1 ; S H (250  M H z;
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CDCI3) 0.18 (6 H, s, S iM e), 0.94 (9 H, s, t-Bu), 1.24 (3 H, t, J. 7.0 Hz, C H o M e l .

1.55-1.77 (4 H, m, CJ±2 CJ±2), 2.30-2.40 (2 H, m, C = ), 3.83-3.95 (2 H, m, 

C H 2 0 ) ,  and 4.20 (2 H, q, J. 7.0 Hz, C H 2 M e); m /Z. (170°C) 314 (M + , 1%), 299 

(3), 269 (6), 257 (100), 229 (13), 173 (16), and 75 (97).

E th y l 3 -t-B u tv ld im e th v ls ilo x v - 4 . 5 - d ih v d ro th iin -2 - c a rb o x v la te  ( 1 7 6 ) .  

Triethylam ine (48  |xl, 0 .3 4 6  mmol) and 1-butyldim ethylsilyl triflate (6 4  p i, 0 .2 7 7  

mmol) w ere added to a solution of (1 6 3 )  (26  mg, 0 .138  mmol) in T H F  (1 ml) and 

the  m ixture stirred overnight. A queous w ork-up with 5 %  sodium b icarbonate  

solution and distillation of the crude product gave the title co m pound  (1761 (42  mg, 

100% ) as a c lear oil, b.p. 1 5 0 -1 6 0 °C  at 0 .2  mm Hg; ( Found: C, 55 .4 ; H, 8 .7 . 

C 1 4 H 2 6 ° 3 SSi re q uires C, 55.6; H, 8 .7% ); v m a x  (film ) 1720 , 1 6 8 8 , 1591 , 

1262 , 12 0 0  and 831 cm "1 ; 5 H (2 5 0  M Hz; C D C Ig ) 0 .16  (6 H, s), 0 .93  (9 H, s),

1 .28 (3 H, t, J 7.1 Hz, C H 2 C H 3 ), 2 .0 2 -2 .1 5  (2 H, m, C H 2 C H 2 S), 2 .27  (2 H, t, 1

6.0 Hz, C H 2 CO Si), 2 .7 8 -2 .70  (2 H, m, C H 2 S), and 4.18 (2 H, q, J 7.1 Hz, C 0 2 C t i2 ); 

m /z  (1 7 0 ° C )  302  (M_+ , 5% ), 2 5 7  (12 ), 24 5  (66 ), 21 7  (1 0 0 ), and 75 (38 ).

E th v l 3 -t-B u tv ld im e th v ls ilo x v - 4 . 5 . 6 . 7 - te t ra h v d ro th ie p in - 2 - c a rb o x v la te  ( 1 7 7 ) .  

Triethylam ine (33 p i, 0 .2 3 2  mmol) and i-butyld im ethylsily l triflate (43  p i, 0 .1 8 6  

mmol) w ere added to a solution of (1 6 4 ) (18 .8  mg, 93 pm ol) in ether (1 ml) and the 

m ixture stirred overnight. Aqueous work-up with 5%  sodium bicarbonate solution 

and distillation of the crude product gav-; ne title com pound  (1 7 7 ) (29 .6  mg, 100% ) 

as a clear oil, b.p. 1 6 0 °C  at 0 .25  mm Hg; ( Found: C, 57.0; H, 9 .0 . C - i s ^ s ^ ^ S I

requires C, 56.9; H, 8 .9% ); v m a x  (film) 1714, 1573, 1283, 1207  and 831 cm" 

1 ; 5 h  (2 5 0  M H z; C D C I3 ) 0 .08  (6 H ,s), 0 .93  (9 H, s), 1 .27  (3 H, t, J. 7.1 Hz, 

C H 2 C i± 3 ), 1 .5 1 -1 .63  (2  H, m, (CH.2 ) 2 C H 2 S), 1 .91 -2 .02  (2 H, m, (C H 2 )2 C H 2 S ),  

2 .5 8 -2 .6 6  (2 H, m, C H 2 C O Si), 2 .73 -2 .81  (2 H, m, C H 2 S), and 4 .16  (2 H, q, J 7.1 

H z, C 0 2 C H 2 ); m lz  (1 7 0 °C )  316 ( M . \  2% ). 301 ( 2 ), 271 ( 1 1 ), 259  (7 9 ), 231 

(1 0 0 ), 145 (9 ), and 75 (4 3 ).
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E th y l 5 - ( N - t e r t - B u to x v c a r b o n v h a m in o m e th v l- 2 - te r t -b u tv ld im e th v ls ilo x v -  

cv c lo p e n te n o a te  (1 7 8 ) .

Triethylam in© (26  jx I, 0 .19  mmol) and TB D M S O Tf (40 jil, 0 .1 7  mmol) w ere added to 

a solution of ethyl 5 - (£ L - i -b u to x y c a r b o n y l)a m in o m e th y l-2 -o x o c y c lo p e n ta n e -2 -  

carb o xy la te  (1 6 5 )  (41 mg, 0 .14  mmol) in ether (1 ml). After 1 2  h, work-up and 

chrom atography gave the title com pound (1 7 8 ) (13 mg, 23% ) as a low melting solid, 

m .p. 6 4 -6 6 °C ; (Found: C, 60 .0; H, 9.3; N, 3 .4 . C 2 o H 3 7 N 0 5 Si requires C, 60 .1; H, 

9 .3 ; N, 3 .5% ); v m a x  (film) 3 373 , 1714  (br), 1622 , 1253 , 1173 , and 843  c m '1 ; 

SH (2 5 0  M H z; C D C Ig ) 0 .19  (6 H, s, S iM e), 0 .95  (9 H, s, t-BuSi), 1 .26 (3 H, t, J.

7.1 Hz, C H 2 M e ). 1.41 (9 H, s, t-B uO ), 1 .59 -1 .73  (1 H, m, H C j± C H 2 ), 1 .8 8 -2 .0 6  

(1 H, m, H C H C H 2 ), 2 .28  (1 H, ddd, J 16.8, 9 .6 , 3 .2  Hz, C H H C = ), 2 .52  (1 H, ddt, J

16.8 , 8 .4 , 1 .8 Hz, C H H C = ), 2 .9 1 -3 .0 3  (1 H, m, CH C H 2 N), 3 .24  (2 H, t, J. 5 .7  Hz,

C H 2 N), 4 .16  (2 H, m, C H 2 M e), and 4 .9 7  (1 H, br, NH); m /z  (1 3 0 °C ) 342  (M + -  t- 

Bu, 0 .1 % ), 32 6  (0 .1 ) , 2 9 7  (0 .2 ), 285  (1 ), 2 6 9  (1 ), 21 2  (1 6 ), 168 (6 0 ), 155  

(1 0 0 ), 109 (5 3 ), and 57  (89 ).

L a c to n e  (1 7 9 ) .

A solution of ethyl 5 -(2 -h y d ro x y p h e n y l)-2 -o x o c y c lo p e n ta n e c a rb o x y la te  (1 5 3 )  

(29 .6  mg, 0 .1 1 9  mmol) and camphorsulphonic acid (CSA) (3 mg) in benzene (5 ml)

w as heated to reflux. After 1 h, an extra portion of C SA  (3 mg) w as added to the

reaction mixture and heating continued for 2 h. After cooling, the benzene was washed  

with water, dried over M g S 0 4 , evaporated and the residue chromatographed to give the 

title  c o m p o u n d  (1 7 9 )  (7 .4  mg, 32% ) as a viscous oil; (Found: M.+ , 2 0 2 .0 6 2 9 .  

^ 1 2 ^ 1 0 ° 3  recluires 2 0 2 .0 6 3 0 );  vm a x  (film ) 1 7 8 4 , 1 7 3 7 , 1 6 1 3 , 1 4 8 9 , 

1 4 5 4 , 1 2 1 8 , and 7 6 0  c m '1 ; S H (2 7 0  M H z; C D C I3 ) 2 .0 7 -2 .2 7  (1 H, m, 

H C H C H 2 C O ), 2 .3 1 -2 .5 8  (3 H, m, H C H C H 2 CO ), 3 .58  (1 H, d, J 7.0 Hz, C H C O ), 3 .90  

(1 H, dd, J 7.0, 4 .5  Hz, C H C H C O ), and 7 .0 5 -7 .3 7  (4 H, m, ArH); m /z  (1 5 0 °C ) 202  

(M .+ , 1 0 0 % ), 173 (3 3 ), 158 (6 ), 147  (57 ), 118 (16 ), 103 (2 4 ), and 91 (1 4 ).
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6 . 3  E x p e r im e n ta l fo r  C h a p te r  T h re e

P re p a ra tio n  o f th e  D iazo  C o m p o u n d s

t - B u tv i 2 -D ia z o -7 - h v d ro x v - 3 - o x o h e p ta n o a te  (1 8 6 ) .

i-Butyl d iazoacetate (0 .7 5 0  g, 5 .25  mmol) w as added dropwise to a solution of LDA  

(5 .2 5  m m ol) in T H F  (30  ml) at - 9 0 °  C. A fter fifteen  m inutes at - 9 0 °  C ,  

8-v a le ro la c to n e  (5 .0 0  mmol, 0 .501 g) w as added dropwise over 5 m inutes. After 

fifteen minutes at -9 0 ° C , the solution w as warm ed to -7 7 ° C  for 4 .5  h. Acetic acid 

(0 .3m l) w as added , and the mixture allowed to warm to 0° C  before the addition of 

w ater and extraction into dichlorom ethane. T h e  crude product w as purified by 

chrom atography to give the title com pound (1 8 6 ) (1.06g, 87%  ) as a pale yellow oil; 

(Found: C, 54 .6 ; H, 7 .7 ; N, 11 .4 . C 1 1 H 1 8 N 2 0 4 requires C, 54 .5 ; H, 7 .5;

N, 1 1 .6 % ); v m a x  (film ) 3 421 , 2 1 3 3 , 1713 , 1655 , 1 3 1 5 , and 1135  cm ' 1 ; 

8h  (2 5 0  M H z; C D C Ig  ) 1 .52 (9  H, s, t-Bu ), 1 .5 0 -1 .80  (4  H, m ,), 1 .90  (1 H, s, 

O H .) ,  2 .84  (2 H, t, J 7.1 Hz, CH_2 C O  ), and 3 .6 4  (2 H, t, J. 6 .4  Hz, C i± 2 0  ); m Jz 

(F A B ; g lycero l) 2 4 3  (M_H + , 5 1 % ), 2 2 5  (1 0 ), 187 (3 9 ), 169  (3 1 ), 141 (2 6 ), 

99  (3 1 ), and 57 (1 0 0 ).

t - B utvl 7 -(t-B u to x v c a rb o n v n a m in o - 2 - d ia z o - 3 - o x o h e p ta n o a te  (1 8 7 ) .

1-Butyl d iazoacetate (0 .373  g, 2 .63 mmol ) w as added dropwise to a solution of LDA  

(2 .6 3  m m ol) in T H F  (22  ml ) at -9 0 ° C . After 15 minutes N _ -l-b u to x y c a rb o n y l-  

8-va le ro lac tam  (0 .4 9 8  g, 2 .50  mmol ) w as added dropwise over three minutes, and  

after fifteen minutes the reaction mixture w as allowed to warm  to -7 8 °C  and stirred 

for 3 .5  h. Acetic acid (0 .3  ml ) w as added and the mixture w arm ed to 0° C  before  

aqueous work-up. The crude product was purified by chromatography to give the title 

c o m p o u n d  (1 8 7 1  (481 mg, 56% ) as a yellow solid, m .p. 7 2 -7 5 °C ; ( Found: M_+ , 

2 6 8 .1 2 9 0 . C-j 6 H 2 y N 3 0 5  - 1-B uO  requires M_, 268 .1 2 9 7 ) ; v m a x  (m elt) 3 3 7 6 , 

2133 , 1713 , 1654, 1314 , and 1174  cm - 1 ; 5H (2 5 0  M H z; C D C I3 ) 1 .37 (9 H, s),

I .  47  (9 H, s), 1 .40 -1 .70  (4 H, m ), 2 .77  (2 H, t , J 7 .2H z, C H 2 C O  ), 3 .08  (2 H, q,

J. 6.1 Hz, CH.2 N), and 4 .6 7  (1 H, s, NH ); m /z  ( 10 0 ° C )  268 ( M + -l-B u O , 2 % ), 212  

(8 ), 2 0 0  (4 ), 156 (9 ), 140  (1 3 ), 128 (8), 11 2  (4 ), 100 (5 ), and 5 7  (1 0 0 ).
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3 - P ia z o - 8 - h v d ro x v o c ta n e - 2 .4 - d io n e  (1 8 8 ) .

A solution of LDA ( 2 .38  mmol ) in T H F  (5 ml ) w as added dropwise to a solution of 

diazoacetone (200 mg, 2 .38  mmol ) and 8-va lero lactone (2 3 8  mg, 2 .3 8  mmol ) in 

T H F  (10 ml) at -9 2 °C . The solution w as stirred at -9 0 °C  for 0 .5  h followed by 4 .5  h 

at - 7 5 ° C, before the addition of acetic  acid (0 .1 5  m l). Aqueous w ork-up and  

purification of the  residue by chrom atography gave the tit le  c o m p o u n d  (1881  

(1 1 4  mg, 2 6% ) as a  yellow  oil; (Found: M.+ , 18 4 .0 8 4 4 . C 8 H 1 2 N 2 O 3 requires

M ., 1 8 4 .0 8 4 8 ) ;  v m a x . (film ) 3 4 1 9 , 2 1 3 0 , 1 6 6 2 , 1 3 6 7 , and 1 2 9 9  c m "1 ; 

8h  (2 5 0  M H z; C D C I3 ) 1 .43 -1 .56  (2  H, m ), 1 .5 6 -1 .7 0  (2 H , m ), 2 .33  (3  H, s, 

C O M a ), 2 .66  (2 H, t, !  6 .9  Hz, C H 2 C O ), 2 .66  (1 H, br, O H ), and 3 .53  (2 H, t, J. 5 .8  

H z, C H .2 O ); m lz  (8 0 °  C ) 184 (M_+, 1% ), 166 (5 ), 156 (7 ), 138 (4 ), 126  (7 ), 

100 (1 6 ), 85  (1 8 ), 55 (3 1 ), and 43 (1 0 0 ).

3 - D ia z o -8 - m e rc a p to - o c ta n e - 2 .4 - d io n e  (189 ).

D iazo aceto n e (1 7 7  mg, 2 .10  mm ol) w as added dropwise to a solution of LDA  

(2 .1 0  m m ol) in T H F  (6 ml) at -9 0 ° C .  A fter five m inutes 8 -th io va le ro lac to n e  

(2 3 2  mg, 2 .00  mmol) w as added dropwise, and after five more minutes the reaction  

w as w arm ed to - 7 5 ° C ,  and the tem perature maintained for 2 h. Acetic acid (0 .3  ml) 

w as added , and the mixture warm ed to -2 0 °C , then w ater w as added, followed by 

w o rk -u p  and p u rifica tio n  by c h ro m a to g ra p h y  to g ive  8 -th io va le ro lac to n e  

(44  m g ,19% ) and the title  co m p o u n d  (1 8 9 ) (78 mg, 20% ) as a yellow oil; (Found: 

M_+ , 1 7 2 .0 5 5 5 . C q H -j 2 N 2 O 2 S - N 2 requires M., 1 7 2 .05 58 ); v m a x  (film ) 2 5 7 0 , 

2 1 2 3 , 1666 , 1365 , 1298 , and 12 2 4  c m *1 ; S H (250  M H z; C D C I3 ) 1.31 (1 H, t, 1

7 .8  Hz, SH ), 1 .5 1 -1 .7 7  ( 4 H, m, CH.2 CH.2 C H 2 ), 2 .37  (3 H, s, C O M e L  2 .48  (2  H, q, 

J. 7.1 Hz, C H 2 S), and 2 .69  (2 H, t, J 6.9  Hz, C H 2 CO ); m /z  (9 0 ° C  ) 172 ( M + -N 2 , 

5 % ), 167  (3 ), 154 (7 ), 139 (5 ), 85  (46 ), and 43 (1 0 0 ).
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PiettiyJ (1-Diazo-5-mercapto-2-oxopentvnphosphonate (190).

a-Butyllith ium  (0 .4 7  ml, 0 .73  mmol) w as added dropwise to a solution of diethyl 

diazom ethylphosphonate (130  mg, 0 .73  mmol) in TH F  (5  ml) at -7 5 °C . After fifteen

minutes y-th iobutyrolactone (74 mg, 0 .73  mmol) w as added dropwise. The reaction  

mixture w as stirred for 3 h and allowed to warm to -3 0 °C  over 1 h before the addition 

of acetic acid (0.1  ml). Aqueous work-up and chromatography gave the title com pound  

(1 9 0 )  (36  mg, 18% ) as a yellow oil; (Found: M + , 25 2 .0 5 9 2 . C 9 H 1 7 N 2 0 4 PS - N 2

requires M ,  2 5 2 .0 5 8 5 ); v m a x  (film) 2547 , 2 1 2 2 , 1656 , 1262 , and 1018  c m '1 ; 

8 h  (2 5 0  M H z; C D C I3 ) 1.27 (1 H, t, ±  7.1 Hz, SH ), 1 .33 (6 H, dt, 7 .0 , 0 .9  Hz, 

C H 2 C H 3 ), 1 .89  (2 H, quin, J. 7.1 Hz, C H 2 C H 2 S), 2 .52 (2 H, q, J. 7 .2  Hz, C H 2 S ),

2 .65  (2 H, t, 1  6.8 H z, Cht2 CO ), and 4 .0 4 -4 .2 6  (4  H, m, O C H 2 ); mlA (1 2 0 °C  ) 252  

(M .+ - N 2 , 1 0 0 % ), 2 3 4  (5 ), 22 4  (3 5 ), 219  (2 7 ), 196  (6 0 ), 178 (5 7 ), and 98  

( 9 2 ) .

1 -D ia z o - 6 - h v d ro x v d o d e c a n -2 -o n e  (1 9 1 ) .

n-Butyl lithium (1 .9  ml, 3 .00  mmol) w as added dropwise to a standardized solution of 

trim ethylsily ld iazom ethane in ether (1 .5 0  ml, 3 .0  m m ol), diluted with T H F  (15  ml) 

at -6 5 °C . The solution w as stirred for twenty minutes before the dropwise addition of 

undecanoic acid 5-lactone (498  mg, 2 .70  mmol). After 3 h at -7 0 °C , acetic acid  

(0 .17  ml, 3.0 mmol) w as added. The reaction mixture was warm ed to 0°C , w ater added  

and the m ixture rapidly extracted with ether. The crude product w as purified by 

c h ro m ato g rap h y  on n eu tra l a lu m in a , to g ive  th e  t it le  c o m p o u n d  ( 1 9 1 )  

(1 9 8  m g, 3 2 % ) as a low m elting ye llow  solid, m .p. 3 0 -3 3 ° C ;  (Found: M .+ » 

1 9 8 .1 6 2 5 . C 1 2 H 2 2 N 2 0 2 - N 2 requires M .J 9 8 .1 6 2 0 ); v m a x . (film ) 3 3 1 9 , 3 0 8 3 , 

2 105 , 1634 , 1377 , 1130 , and 1087  cm ’ 1 ; 5 H (250 M H z; C D C I3 ) 0 .88  (3 H, t,

7 Hz, C i±3 ), 1 .1 5 -1 .6 0  (12  H, m), 1 .62 -1 .85  (3 H, m), 2 .36  (2 H, approx, t , J 7 

H z, C H 2 C O ), 3 .58  (1 H, m, C H O ), and 5 .26  (1 H, br, C H N ); m /z. (1 0 0 ° C )  198  

( M _ + - N 2 , 6% ), 185  (8 ), 167 (8 ), 156 (4 ), 141 (3 5 ), 113 (3 4 ), 84  (7 4 ), 55  

( 1 0 0 ) .
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a-B uty l lithium (0 .4 6  ml, 0 .7 3 0  mmol) w as added dropwise to a solution of diethyl 

diazom ethylphosphonate  (129  mg, 0 .7 3 0  m m ol) in T H F  (3 ml) at -7 0 ° C . A fter 

tw e lv e  m in u tes  a so lu tion  of 5 -(b e n z y lth io )p e n ta n o y l ch lo rid e  (1 7 6  m g,

0 .7 2 5  mmol) in T H F  (3 ml) w as added dropwise . After 1 h the reaction mixture w as  

quenched with excess w ater. W ork-up and chromatography gave the title com pound  

(1 9 3 )  (84  mg, 30% ) as a yellow oil; ( Found: M.+ » 3 5 6 .1 2 0 5 . C -(7 H 2 5 N 2 O 4 PS - 

N 2  requires M , 3 5 6 .1 2 1 1 ); v m a x . (film ) 2 1 1 9 , 1657 , 1 264 , 1 2 06 , 1164 , 1018 , 

9 7 5 , and 703 c m '1 ; 8 H (2 5 0  M H z; C D C I3 ) 1 .37 (6 H, t, J. 7 .2  Hz, C H 2 CJ±3 ), 

1 .5 0 -1 .7 8  (4  H, m), 2.41 (2 H, t, 1  7.1 Hz, C i± 2 S), 2 .5 4  (2 H, quin., 8.0 Hz, 

C H 2 C O ), 3 .70  (2 H, s, C H 2 Ph ), 4 .0 5 -4 .3 0  (4H , m, O C H 2 ), and 7 .1 5 -7 .3 6  (5H , m, 

ArH); m lz  ( 1 0 0 ° C )  35 6  (M _ + -N 2 , 4% ), 3 3 8  (3 ), 3 2 3  ( 1 ), 294 ( 1 ), 265  (17 ), 

2 4 9  (1 2 ), 23 4  (1 5 ), 177 (1 3 ), 123 (1 4 ), 91 (1 0 0 ).

1 - D ia z o - 1 - p h e n v ls u lp h o n v l- 6 - tr im e th v ls ilo x v d o d e c a n - 2 - o n e  (1 9 5 ) .  

n_-Butyl lith ium  (4 .2  m l, 6 .5 7  m m ol) w as  added  to a solution of m ethyl 

phenylsulphone (1 .03  g, 6 .57  mmol) in T H F  (5 ml) at -7 8 ° C . After fifteen minutes 

undecanoic acid 8-lactone (1 .26  g, 6 .5 7  mmol) w as added over a five m inute period, 

and th e  reaction  stirred  for 1 .5  h. LD A  [p rep ared  from  a -b u ty l lith iu m  

(4 .2  ml, 6 .5 7  m m ol) and diisopropylam ine (0 .9 2  ml, 6 .5 7  mm ol) in T H F  (6 ml)] 

w as added over 5 minutes and after 1 h trimethylsilyl chloride (1 .44  g, 13.2 mmol) 

was added, and the reaction mixture warm ed to room tem perature overnight. Saturated  

ammonium chloride (5  ml) w as added and the mixture extracted with ether. The ether 

phase w as w ashed successively with saturated sodium bicarbonate, w ater then brine, 

and finally evaporated  to give crude 1 -phenylsulphonyl-6 -trim ethylsiloxydodecan-

2 -o n e , w hich w as d isso lved  in ethano l (3 0  m l). T rie th y lam in e  (0 .9 2  ml,

6 .50  mmol) and then tosyl azide (1 .28  g, 6 .50  mmol) w ere added and the reaction  

stirred at room tem perature for 6 h. The solvent w as removed and petrol/ether added  

to precip itate tosyl am ide. The m ixture w as filtered and the filtrate subject to 

chrom atography to g ive the title  c o m p o u n d  (1951  (1 .0 4  g, 36% ) as a clear oil; 

v m a x . (film ) 2 1 1 2 , 1668 , 1448 , 1344 , 1250 , 1178 , 1157 , 1086 , 8 41 , and 724  

c m '1 ; 8 h  (60  M H z; C D C I3 ) 0 .08  (9 H, s), 0 .5 0 -1 .65  (1 7  H, m), 2 .38  (2 H, t, J 6 

H z , C H 2 C O ) 3 .1 0 -3 .5 0  (1 H, m, C tLO ), 7 .0 3 -7 .9 8  (5 H, m, ArH); m /z  ( 1 3 0 ° C )  

4 2 3  (M_+ -M e , 1% ), 3 9 7  (7 ), 3 9 5  (7 ), 3 7 9  ( 1 ), 351 ( 1 ), 3 2 7  (8 ), 2 9 7  (6 ),

Diethyl (6-Benzvlthio-1-diazo-2-oxohexvnphosphonate (193).
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281 (9), 273 (9), 187 (33), and 73 (100).

1 -D ia z o -6 -h v d ro x v - 1 - p h e n v ls u lp h o n v ld o d e c a n - 2 -o n e  (1 9 6 ) .

Acetic acid (2 ml) and w ater (4 ml) w ere  added to a solution of (1 9 5 )  (0 .8 6  g,

1 .96  m m ol) in T H F  (1 5  m l). The solution w as stirred at room tem perature  for 

tw enty m inutes, then subjected to w ork-up and chrom atography to give the title  

c o m p o u n d  ( 1 9 6 1  (0 .5 8 4  g, 8 1 % ) as w hite  n eed le  crystals , m .p. 7 7 - 7 8 ° C ,  

d e c . 1 3 0 ° C ;  (Found: C, 59.0; H, 7.1; N, 7 .7 . C - jg H -j 2 N 2 O 4 S requires C, 59.0; 

H, 7 .2 ; N, 7 .7% ); v m ax (m elt) 3 4 3 6 , 2 1 1 4 , 1667 , 1 448 , 1337 , 1 1 5 5 , and  

7 2 5  c m '1 ; 8 H (2 5 0  M H z; C D C I3 ) 0 .88  (3 H, t, 6 .7  Hz, M s.), 1 .1 6 -1 .5 7  (13  H 

m), 1 .5 7 -1 .8 3  (2  H, m ), 2 .60  (2  H, t, si 7.1 Hz, CH_2 C O ), 3 .4 3 -3 .5 7  (1 H, m, 

C H O H ), 7 .5 4 -7 .7 3  (3 H, m, ArH), and 7 .98  (2 H, approx dd, si 6.7, 1.Hz, ArH); m Iz 

( 1 5 0 ° C )  32 0  (M _ + -N 2 , 1% ), 281 (1 ), 27 4  (3 ), 253  (3 ), 211 (3 ), 19 7  ( 6 ), 

125 (2 1 ), 99  (1 0 0 ), and 77  (64 ).

D ie th v l M -d ia z o -2 - o x o - 6 - tr im e th v ls ilo x v d o d e c v n  p h o s p h o n a te  (1 9 7 ) .  

n-Butyllithium  (4 .2  ml, 6 .5 7  mm ol) w as added dropwise to a solution of diethyl 

m ethylphosphonate (1 .0 0  g, 6 .5 7  mmol) in T H F  (5 ml) at -7 8 °C  over two minutes. 

After stirring for 0 .25  h a solution of undecanoic acid 8-lactone (1 .2 6  g, 6 .5 7  mmol) 

in TH F  (1 .5  ml) w as added dropwise over three minutes. After 0 .5  h a solution of LDA  

[for preparation see (1 9 5 ); (6 .5 7  mmol) in T H F  (6 ml)] w as added by catheter over 

two m inutes. A fter 0 .5  h trim ethylsilyl chloride (1 .4 4  g ,1 3 .2  m m ol) w as added  

dropwise and the reaction mixture allowed to warm  to room tem perature overnight. 

W ork-up  as for ( 1 9 5 )  g a v e  c ru d e  d ie th y l (2 -o x o -6 -tr im e th y ls ilo x y d o d e c y l)  

phosphonate. The product w as dissolved in acetonitrile (15  ml), cooled to 0° C ,  and 

trie thylam ine (0 .921  ml, 6 .5 0  m m ol) added, follow ed by tosyl az id e  (1 .2 8  g,

6 .50  mmol). The solution was warm ed to room tem perature and stirred for 36 h. The  

solvent w as evaporated and petrol/ether added to precipitate tosyl amide. The mixture 

w as filtered and the filtrate purified by chrom atography to give the title c o m p o u n d  

( 1 9 7 )  (1 .1 5  g, 4 0% ) as a clear oil; v m a x  (film ) 2 1 2 1 , 1661 , 1 3 7 0 , 1250 ,

1022, 973 , and 841 cm - 1 ; 8 H (2 5 0  M H z; C D C I3 ) 0 .08  (9 H, s), 0 .85  (3 H, t, ±

6 .7  H z, M g.), 1 .0 4 -1 .8 0  (20 H, m ), 2 .53 (2  H, t, ±  7.1 H z, CJ±2 C O ), 3 .5 8  (1 H, 

quin, jJ. 5 .5  Hz, C ] iO ), and 3 .9 6 -4 .2 7  (4  H, m, P O C H 2 ); mlA ( 10 0 ° C )  41 9  ( M + -M e ,
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D ie th v l (1 -d ia z o -6 - h v d ro x v -3 -o x o d o d e c v l) p h o s p h o n a te  (1 9 8 ) .

Acetic acid (1 ml) and w ater (2  ml) w ere added to a solution of (1 9 7 )  (3 2 5  mg,

0 .7 4 9  m m ol) in T H F  (10  ml). The solution w as stirred at room tem perature  for

0 .5  h. W ork-up and purification by chrom atography gave the title co m p o u n d  (1981  

(1 6 4  mg, 61% ) as a c lear oil; (Found: M + , 3 3 4 .1 9 0 7 . C i e H s i ^ O s P  - N 2 

requires M_, 3 3 4 .1 9 0 9 ); v m ax< (film ) 3 4 8 7 , 2 1 2 1 , 1 6 58 , 1369 , 1262 , 1018 , 

and 97 5  c m '1 ; 8 h  (2 5 0  M H z; C D C I3 ).. 0 .88  (3 H, t, J. 6 .7  Hz, M s .), 1 .1 9 -1 .5 7  

(18  H, m ), 1 .76  (2  H, quin, 7 .2  H z), 1 .95  (1 H, br, O H ), 2 .4 6 -2 .7 2  (2  H, m, 

C H 2 C O ), 3 .5 7  (1 H, m, C H O H ), and 4.10-4 .31  (4 H, m, C H 2 0 ) ;  mtL  (1 0 0 °C ) 334  

(M _ + -N 2 , 3 % ), 3 1 8  (4 ), 31 6  ( 8), 27 7  (4 4 ), 220  ( 1 0 0 ), 194 (7 5 ), 179  (7 1 ), 

and 65  (69 ).

1%), 408 (2), 393 (17), 318 (8), 269 (100), 179 (21), 73 (33).

D irh o d iu m  T e tra a c e ta te  C a ta ly s e d  D e c o m p o s itio n  o f th e  D iazo  C o m p o u n d s  

t - B utvl 3 -o x o -o x e p a n e -2 -c a rb o x v la te  (1 9 9 ) .

A solution of (1 8 6 ) (979  mg, 4 .04  mmol) in benzene (9 ml) w as added dropwise to a 

suspension of dirhodium tetraacetate  (8.1 mg, 0 .4 5  m ol% ) in benzene (51 ml ) at 

reflux, over thirteen m inutes. After three minutes at reflux the reaction m ixture was  

cooled, filtered , evaporated, and the residue distilled to give the title  c o m p o u n d  

(1 9 9 )  (420  mg, 48% ) as a clear oil, b.p. 9 0 -9 5 °C  at 0 .03  m m Hg; (Found: C , 61.5;

H, 8 .6 . C 1 1 H 1 8 O 4 requires C, 61.7; H, 8 .5% ); v m ax  (film) 3475 , 1746 , 1718, 

1652 , 1621 , 1370 , 1326 , 1275 , 1248 , and 1153  c m '1 ; 8 H (250 M H z; C D C I3 )

I .  42  ( 9 H, s, t-B u , keto ), 1 .48  (9 H, s, t-B u , e n o l), 1 .5 0 -1 .9 8  (4  H, m, 

keto/enol), 2 .4 0 -2 .5 4  (2+1 H, m, C H 2 CO  enol, and HCH.CO  keto), 2 .85  (1 H, dt, J.

11.7 , 2 .5  Hz, HCJHCO, keto), 3 .42  (1 H, ddd, J 12.0, 9.7, 2 .4  Hz, C H O , keto), 3.71 

(2 H, t, 5.1 Hz, C H 2 0 ,  enol), 4 .22  (1H . ddt, J 13.0 ,3.8, 1.4 Hz, C H O , keto ), 4.31 

(1H , s, CH.CO, keto), and 10.97  (1 H, s, O H ); ca. 10%  enol form; 5 q  (6 2 .9  M H z, 

C D C I3 ) 2 2 .6  (eno l), 2 3 .5 , 2 7 .7 , 2 8 .2  (enol). 30 .7 , 3 1 .8 0  (enol), 33.1 (enol),

4 1 .5 , 72 .3 , 7 2 .9  (enol), 8 1 .6  (enol), 8 2 .4 , 86 .8 , 165 .4 , and 208 .1 ; m tL  ( 1 1 0 ° C )  

214  ( M.+ , 3 % ), 158  (4 3 ), 140 (3 0 ), 113 (3 3 ), 101 (5 9 ), 57  (1 0 0 ).
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t-BytyJL 5 - f fN - t -B u to x v c a rb o n v n a m in o lm e th v l- 2 - o x o c v c lo p e n ta n e c a rb o x v la te  

( 2 0 0 ) .

Dirhodium tetraaceta te  (2 .8  mg) w as added to a stirred solution of (1 8 7 )  (160  mg,

0 .47  mmol) in dichlorom ethane (25 ml). After 2 h the solvent w as evaporated and the 

residue subject to chrom atography, to give the title  co m p o u n d  (2001 (45  mg, 31% ) 

as a solid, m .p. 7 5 -8 0 °C ; (Found: C, 61 .1; H, 8 .8 ; N, 4 .6 . C 1 6 H 2 7 N O 5 requires  

C, 61 .3 ; H, 8.7; N, 4 .5% ); v m ax> (m elt) 3 3 8 4 , 1756 , 1716 , 1520 , 1368 , 1252, 

and 1170  c n r 1 ; 8 H (2 5 0  M H z; C D C I3 ) 1 .43 (9 H, s) 1 .48  (9  H, s), 2 .0 8 -2 .5 3  

(4  H, m, C K 2 C H .2 C O ), 2 .6 2 -2 .8 3  (1 H, m, C I± C H 2 N), 2.91 (1 H, d, 18 Hz, 

C H C 0 2 ), 3 .0 7 -3 .2 7  (1 H, m, C H N ), 3 .3 0 -3 .4 8  (1 H, m, C H N ), and 4 .72  (1 H, br, 

N H ); m /z  ( 1 3 0 ° C )  313  (M .+ ,1% ), 2 5 7  (3 ), 240  (1 ), 22 4  ( 1 ), 2 1 5  (1 ), 201

(1 5 ), 184 (2 8 ), 166  (1 1 ), 140 (4 4 ), 127 (4 4 ), 57 (1 0 0 ).

2 -A c e tv lo x e p a n -3 -o n e  [enol form] (2 0 1 ) .

A solution of (1 8 8 ) (8 7 .9  mg, 0 .4 7 7  mmol) in benzene (7  ml) w as added dropwise to 

a suspension of dirhodium tetraacetate (3 mg) in benzene (15  ml) at reflux over five 

m inutes. A fter two m inutes at reflux the suspension w as cooled, filtered  and  

evaporated, and the residue purified by chrom atography to give the title co m p o u n d  

(2 0 1 ) (4 6 .4  mg, 6 2% ) as a clear oil, b.p. 1 3 0 °C  at 0 .2 5  mm Hg; ( Found: M_+ . 

156 .0 7 8 3 . C q H - | 2 0 3  requires M» 1 5 6 .0 7 8 6 ); vm ax (film) 2700 , 1736  (w eak),

1711 (w eak ), 1 5 96 , 1435 , 1 3 00 , and 873  c m '1 ; 8 H (250  M H z; C D C I3 ) 1.70  

(2  H, quin, 5 .5  Hz, C H 2 C H 2 CO ), 1 .87 (2 H, quin, J. 5 .4  Hz, C H 2 C H 2 O ), 2 .10  (3 H, 

s, C O M 2 ), 2 .59 (2 H, approx, t, 6.2 Hz, C H 2 C O ), 3.81 (2 H, t, 7.1 Hz, C H 2 0 ) ,  and

13 .97  (1 H, s , O H ); m lz. ( 1 2 0 ° C )  156 (M + ,  9% ), 155 (18 ), 129 (1 2 ), 101

(9 3 ), 83  (3 0 ), 55  (7 5 ), and 43 (1 0 0 ).
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2 - A c e tv lth ie p a n - 3 - o n e  [enol form] (2 0 2 ) .

As solution of (1 8 9 ) (5 6 .8  mg, 0 .2 8 5  mmol) in benzene (5  ml) w as added dropwise 

to a suspension of dirhcdium tetraacetate  (3 mg) in benzene (15  ml) at reflux over 

three minutes. After two minutes at reflux , the reaction mixture was cooled, filtered 

and evaporated . T h e  residue w as subject to chrom atography , to give the title  

c o m p o u n d  (2 0 2 )  (20  mg, 41% ) as a low melting solid , m .p. 3 8 -4 0 °C , b.p. 120- 

130°C  at 0 .2 5  m m Hg; (Found: C, 56 .0; H, 7 .0. C q H -|2 0 2 S requires C, 55 .8 ; H, 

7 .0 % );  v m a x >  (film ) 2 7 5 0 , 1 5 9 2 , 1 4 3 5 , 1 2 9 3 , 9 8 3 , and 9 0 4  c m ’ 1 ;

5 h  (2 5 0  M H z; C D C I3 ) 1 .5 3 -1 .8 7  (2 H, m ,), 2 .0 2  (2 H, approx, quin, ±  5 .6  H z), 

2 .36  (3 H, s, C O M fi), 2 .60  (2 H, dd, J. 5 .4, 4 .5  Hz, C H 2 C O ), 2 .92  (2 H, d, 10.3 Hz, 

C H 2 S), and 14.21 (1 H, s, O H); mZz (130°C ) 172 (M .+, 11% ), 57  (100), and 41 

( 6 6 ) .

D ie th v l 3 -o x o th ia n e -2 -p h o s p h o n a te  (2 0 3 ) .

A solution of (1 9 0 ) (34 .5  mg, 0 .123  mmol ) in benzene (6 ml) w as rapidly heated to 

reflux. Dirhodium  te traaceta te  (1 mg) w as added and reflux continued for five 

minutes. Extra catalyst (2 mg ) w as added, and reflux maintained for fifteen minutes. 

T h e  reaction  m ixture w as coo led , evap o ra ted , and the residue purified by 

chrom atography to give the title  c o m p o u n d  (2 0 3 )  (1 3 .7  mg, 44% ) as a clear oil; 

(Found: C, 43 .0 ; H, 6 .9 . C g H -iy C ^ P S  requires C, 42.9; H 6 .8%); v m a x  (film) 

3 4 8 4 , 1712 , 1 6 01 , 1250 , 1048 , 1022 , and 97 3  c m '1 ; 5 H (250  M H z; C D C I3 ) 

1.30  (3 H, t, i l  7.1 Hz , C H 2 C I± 3 ), 1 .36 (3 H, t, J. 7 .1 H z , C H 2 C I± 3 ), 2 .1 0 -2 .6 0  

(4H , m ), 2 .7 3 -2 .9 5  (2+1 H, m, C H .2 S enol, and H.CHS keto), 3.41 (1 H , d, 1

2 0 .7  H z, C H P , keto), 3 .65  (1 H, t, J. 10.3 Hz, C H S , keto), 4.11 (2 H, dq , 7 .8 ,

7 .0  H z, O C H 2 ), 4 .30  (2 H, dq , J. 7 .8, 7 .0 Hz, O C H 2 ). and 10.98 ( 1 H, br, O H , enol); 

ca. 18%  enol form; m /z  (1 0 0 ° C )  252 ( R + ,  10 0 % ), 224  (18 ), 219 (3 5 ), 207

(7 ), 196  (3 2 ), 178 (2 5 ), 163 (1 4 ), 139 (1 8 ), 115 (2 0 ), 98  (4 3 ), and  86 

( 4 7 ) .
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7 - H e x v lo x e p a n - 3 - o n e  (2 0 4 ) .

A solution of (1 9 1 ) (9 9  mg, 0 .44  mmol) in benzene (5 ml) w as added dropwise to a 

suspension of dirhodium tetraacetate (3 mg) in benzene (20  ml) at reflux over three 

m inutes. A fter one m inute at reflux, the reaction m ixture w as cooled, filtered, 

evaporated and the residue purified by chrom atography on Florisil to give the title  

c o m p o u n d  (2 0 4 )  (49  mg, 56% ) as a  clear oil , b.p. 1 5 0 °C  at 0 .2  m m Hg; (Found:

C, 72 .9 ; H, 11 .4 . C 1 2 H 2 2 0 2 requires C, 72.7; H, 11 .2% ); v m ax> (film ) 1714,

1456 , 1332 , 1127 , and 1110 cm "1 ; 8H (250  M Hz; C D C I3 ) 0 .83  (3 H, t, J. 6 .7  Hz, 

C H 3 ), 1 .1 3 -1 .7 0  (12  H, m ), 1 .7 7 -2 .0 0  (2 H, m ), 2 .43  (1 H, approx dd, J. 12 .5 ,

5 .8  Hz, C H 2 C O ), 2 .86 (1 H , dt, J. 1 2 .2 , 2.5 Hz, C H 2 C O ), 3 .17  (1 H, approx t, i  8 .9

H z, C H 2 C H O ), 3 .88  (1 H, d, 18.3  Hz, O C H 2 C O ), and 4 .23  (1 H, d, J. 18.3  Hz, 

O C H .2 C O ); m /z  (1 5 0 ° C )  198 (M + , 13% ), 166  (3), 124 (8 ), 113 (15 ), 98  (28), 

84  (1 0 0 ), 55  (3 2 ), 41 (3 4 ).

7 - H e x v l-2 - p h e n v ls u lp h o n v lo x e p a n - 3 - o n e  (2 0 5 ) .

A solution of (1 9 6 )  (2 7 0  mg, 0 .7 9 4  mmol) in benzene (7  ml) w as added to a 

suspension of dirhodium tetraacetate (4 mg ) in benzene (30  ml) at reflux over seven  

minutes. After five minutes at reflux, the suspension w as cooled, filtered , evaporated  

and the residue subjected to chrom atography to give the title  c o m p o u n d  (2 0 5 )  

(1 8 2  m g ,7 3 % ) as w h ite  need les , m .p. 6 0 -6 2 ° C  (e th e r/h e x a n e ); (Found: M_+ , 

3 3 8 .1 5 5 8 . C -|8 h 2 6 0 4 S requires M_, 3 3 8 .1 5 5 2 ); v m a x  (m elt) 1 7 2 2 , 1 449 ,

1131, 1083, 758 , 721 , and 688 cm "1 ; 8H (250  M Hz; C D C I3 ). 0 .83  (3 H, t, J. 6 .7  

Hz, M e), 0 .9 0 -1 .8 5  (12  H, m), 1 .8 5 -2 .0 4  (2  H, m), 2 .49  (1 H, dd, ±  11 .1 , 5 .4  Hz, 

CH_2 C O ), 2 .8 6  (1 H, ddd, J. 13 .4 , 8 .9 , 2 .2  H z, CH_2 C O ), 3 .1 2 -3 .2 5  (1 H, m, 

C H 2 C H O ), 4 .6 7  (1 H, s, C H S ), 7 .4 8 -7 .6 2 '(2  H, m, ArH), 7 .62-7 .71  (1 H, m, ArH), 

and 7 .93  (2  H, approx dd, J 6 .7 , 1 Hz, ArH); m lz  (1 5 0 °C )  338 (M  + , 2% ), 197  

(8 7 ), 143 (8 5 ), 125  (41 ), 95  (7 1 ), 69  (79 ), 55  (99 ), and 41 (1 0 0 ).

167



P i& thy! 7-H e x y l-3 -o x o -o x e p a n e -2 - p h o s p h o n a te  (2 0 6 ) .

A solution of ( 1 9 8 )  (140  mg, 0 .4 1 7  mmol) in benzene (7  ml) w as added to a 

suspension of dirhodium tetraacetate  (4  mg) in benzene (15  ml) at reflux over five 

minutes. After twenty minutes at reflux, the reaction mixture w as cooled, filtered and  

evaporated and the residue purified by chrom atography to give the title c o m p o u n d  

(2 0 6 )  (70  mg, 54% ) as a clear oil, b .p .1 6 0 -1 6 5 °C  at 0 .2 5  m m Hg; (Found: C, 57.6; 

H, 9 .6 . C 1 6 H 3 i 0 5 P requires C, 57.5; H, 9 .4% ); v max> (film ) 3473 , 1715 , 1632 ,

1259, 1118 , 1055 , and 1025 cm ’ 1 ; 5 H (250  M H z; C D C I3 ) 0 .85  (3 H, t, J. 6 .7  Hz,

M e ) . 1 .1 8 -1 .8 4  (1 8  H, m ), 1 .8 9 -2 .0 4  (2 H, m ), 2 .44  (1 H , dd, si 15 .0 , 6 .2  H z, 

H C H C O ), 3 .02 -3 .20  (2  H, m, H C H C O  and C H 2 C H O  ), and 4 .09 -4 .28  (5 H, m, C H 2 C H 3

and CHP); 6P | H j (3 6 .2  M H z, C D C I3 ) 15 .65  (enol) and 13 .16  (keto); m /z  (1 5 0 ° C )

33 4  (M .+ , 14% ), 167  ( 1 0 0 ), 139 (4 5 ), 1 1 1  (3 8 ), 84 (3 2 ), and 41 (27 ).
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<L_4 E x p e r im e n ta l fo r  C h a p te r  F o u r

G e n e ra l P ro c e d u re  fo r  th e  A lk y la t io n  o f E th v l 2 -D ia z o -6 -M e r c a p to -3 -  

O x o h e x a n o a te  (1 3 6 )  a n d  E th v l 2 -D ia z o -7 -M e r c a p to -3 -O x o h e p ta n o a te  

LI-3 L I

C ru d e  e th y l 2 -d ia z o -6 -m e rc a p to -3 -o x o h e x a n o a te  ( 1 3 6 )  or ethyl 2 -d ia zo -7 -  

m e r c a p to -3 -o x o h e p ta n o a te  ( 1 3 7 )  (0 .5 -1  m m ol) in D M F  (1 -2  m l), under an  

atm osphere of nitrogen, w as treated with triethylam ine (1 .3 -1 .5  eq) and alkylating  

agent (1 .1 -1 .3  eq) in succession. After stirring for 12 h at room tem perature, the 

reaction mixture was extracted into dichloromethane and the organic phase w as washed  

with water. The dichloromethane solution was dried over M g S 0 4 , evaporated, and the 

residue subjected to chromatography to give the title compounds in moderate yield.

E th v l 6 -A llv lth io - 2 - d ia z o - 3 - o x o h e x a n o a te  (2 2 5 ) .

A solution of crude (1 3 6 )  (117  mg, 0.541 mmol) in T H F  (1 .5  ml) was treated with 

triethylam ine (0 .1 0  ml, 0 .76  mmol) and allyl brom ide (100  mg, 1 mmol). A fter 12 

h, work-up and purification gave the title co m p o u n d  (2251 (76 mg, 55% ) as a pale 

yellow liquid; (Found: C, 51.4; H, 6 .3; N, 1 1 .0 ; S, 12.7. C-| 1 H - jg l^ O g S  requires C, 

51 .4 ; H, 6 .3 ; N, 10.9; S, 12 .5% ); v m ax  (film) 2136 , 1718, 1657, and 1303 cm" 

1 ; § H (250  M H z; C D C Ig ) 1 .27 (3 H, t, d  7 .2  Hz, C H 2 C H 3 ), 1 .85 (2 H, quin, d  7 .2  

Hz, C H 2 C H 2 S), 2 .45  (2 H, t, d  7 .2  Hz, C ^ C ^ S ) ,  2 .90 (2 H, t, d  7 .2 Hz, C J ig C O ),

3 .0 7  (2 H, d, d 7.0 H z, C H C H 2 S), 4 .24  (2 H, q, d  7 .2  Hz, C 0 2 C H 2 ), 4 .9 8 -5 .0 9  (2 H, 

m, C H :C H 2 ), and 5.71 (1 H, ddt, d  16.5, 1 0 .0 , 7.1 Hz, C H 2 :C j±); m /z  (8 0 ° C )  256  

(M_+ , 1 2 % ), 2 2 8  (6 ), 211 (4 ), 187  (4 9 ), 169 (9 ), 155 (1 2 ), 113 (2 3 ), 109  

(7 1 ), 41 (1 0 0 ).

E th v l 6 - [ (E ) -B u t -2 - e n v l]th io - 2 - d ia z o - 3 - o x o h e x a n o a te  ( 2 2 6 ) .

A solution of crude (1 3 6 )  (250  mg, 1.16 mmol) in D M F (2 ml) w as treated  with 

triethylam ine (0 .2 0  ml, 1.4 mmol) and crotyl brom ide (0 .1 4  ml, 1.4 m m ol), to give 

the title  c o m p o u n d  (2 2 6 a l  (163  mg, 52% ) as the m ajor isom er (~ 80% ); together 

w ith tw o m inor isom ers: ethyl 6 -[(Z )-B u t-2 -e n y l]th io -2 -d ia z o -3 -o x o h e x a n o a te  

( 2 2  6 b )  (~ 1 0 % )  a n d  e th y l 6 - [ ( 1 - m e t h y lp r o p - 2 - e n y l ) t h io ] - 2 - d ia z o - 3 -
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o xo h exan o ate  ( .2 2 6 c )  ( - 1 0 % ); (Found: M + , 270 .10 46 . C -|2 H 1 8 N 2 ° 3 S requires  

M ., 2 7 0 .1 0 3 8 );  v m a x  (film ) 2135 , 1717 , 1 6 55 , 1374 , 1302 , and 1 2 2 1  cm "1 ; 

8h  (250  M H z; C D C Ig ) 1 .27 (3 H, d, 1  6 .5  Hz, M a , isomer c), 1.31 (3 H, t, i  7 .0  Hz, 

C H 2 C H 3 ), 1 .63 (3 H, d, si 6 .4  Hz, M a , isomer b), 1 .67 (3 H, dd, J. 6 .0 , 0 .5  Hz, M e . 

isom er a ), 1 .88  (2  H, quin, J. 7 .2  H z, C H 2 CJ12 C H 2 ), 2 .49  (2 H, t, si 7 .2  H z, SCfcL2 ), 

2 .94  (2  H, approx t, J. 7 .2  Hz, CJ±2 C O ), 3 .05  (2  H, approx d, si 7 .0  Hz, C H C ji2 S , 

isom er a), 3 .15  (2  H, d, J. 7 .5  Hz, C H C H 2 S, isom er b), 3 .29  (1 H, quin, J. 7 .2  Hz, 

S C H (M e ), isomer c), 4 .27  (2 H, q, J. 7 .0 Hz, C 0 2 C J l2 ), 4 .9 2 -5 .0 3  (2  H, m, C H :C H 2 , 

isom er c) and 5 .3 1 -5 .70  (2+2+1 H, m, CH.:CJ1 isomers a and b, and C H :C H 2 isomer 

c); mZz ( 8 0 ° C) 270  (M_+ , 3 % ), 24 2  ( 1 2 ), 196 ( 1 1 ), 188 ( 2 2 ), 142  (4 3 ), 109  

(4 9 ), and 55 (1 0 0 ).

E ltu d  2 -D ia z o - 3 - o x o - 6 - [ ( 3 - p h e n v lp ro p - 2 - e n v l) th io |h e x a n o a te  ( 2 2 7 ) .

T rea tm en t of a solution of ( 1 3 6 )  (3 5 5  mg, 1 .64  m m ol) in D M F  (6 m l) with  

triethylam ine (0 .2 5  ml, 1 .80  m m ol) and cinnam yl brom ide (3 5 6  mg, 1 .80  mmol) 

gave the title  c o m p o u n d  (2 2 7 )  (3 3 7  mg, 62% ) as a low melting solid; (Found: C, 

61.5; H, 6 .4 ; N, 8.2; S, 9 .9 . C 1 7 H 2 0 N 2 O 3 S requires C, 61 .4 ; H, 6 .1 ; N, 8 .4 ; S, 

9 .7 % ); v m a x  .(film ) 2 1 3 5 , 1714 , 1654, 1374 , 1303, and 1221 cm "1 ; 8H (250  

M H z; C D C I3 ) 1 .32  (3 H, t, 1  7.1 Hz, C H 2 C i± 3 ), 1.91 (2 H, quin, ±  6 .9  Hz , 

C H 2 C H 2 C H 2 ), 2 .55  (2 H, t, 6 .9  Hz, C H 2 C H 2 S), 2 .95 (2 H, t, i  7.3 Hz, C H 2 C O ),

3 .28  (2 H, d, si 7 .9  Hz, C H C H 2 S), 4 .26  (2 H, q, ±  7.1 Hz, C 0 2 C H 2 ), 6 .15  (1 H, dt, J.

15.2, 7 .2  Hz, C J±C H 2 S), 6 .42  (1 H, d, si 15.2  H z, P h C li) , and 7 .1 7 -7 .4 0  (5  H, m, 

ArH); m il. (1 3 0 ° C )  3 0 4  (M.+ , 11% ), 258  (3 ), 225 (3 ), 202  (4 ), 117  ( 1 0 0 ).

E th v l 2 -D ia z o - 6 - ( 3 - m e th v lb u t- 2 - e n v lH h io -3 - o x o h e x a n o a te  (2 2 8 ) .

A solution of crude (1 3 6 )  (500  mg, 3 .32  m m ol) in D M F (4 ml) w as treated  with 

triethylam ine (0 .5 0  ml, 5 .0  mmol) and prenyl brom ide (0 .3 4 6  g, 4 .0 0  m m ol), to 

give the title  c o m p o u n d  f2 2 8 )  (246  mg, 37% ) as a yellow oil; ( Found: C, 55.1; H, 

7.5; N, 10 .1 . 0 -j 3 H 2 q N 2 O 3 S requires C. 54 .9 ; H, 7.1; N, 9 .9% . Found: M_+ , 

2 5 6 .1 1 3 2 ;  requ ires  M - N 2 , 2 5 6 .1 1 3 3 );  v m a x  (film ) 2 1 3 5 , 1718 , 1 6 5 7 , 1375, 

1303 , and 1221 cm ’ 1 ; 5 H (2 5 0  M H z; C D C I3 ) 1.26 (3 H, t, si 7 .0  H z, C H gC hLg), 

1.58 (3 H, s, M a ), 1.66 (3 H, s, M a ), 1.85 (2 H, quin, i  7 .0 Hz, C H 2 ChL2 C H 2 ), 2 .45  

(2  H, t , si 7 .0  Hz, CtL2 S), 2 .90  (2 H, t , si 7 .0  Hz, C i±2 C O ), 3 .06  (2 H, d , si 7 .6  Hz,
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C H C tf^ S ) ,  4 .23  (2 H, q, d  6 .9  Hz, C 0 2 d ± 2 ), and 5 .25  (1 H, t quin, d  7 .6 , 1.4 Hz, 

C tL C M e ); mZZ. (1 0 0 ° C )  284  (M .+ , 1% ), 25 6  (9 ), 2 1 0  (6 ), 195 (5 ), 188 (13 ), 

155 (5 ), 142 (3 4 ), 69  (1 0 0 ), and 41 (73 ).

E thyl. 6 -A c e tv lth iQ -2 -d ia z o -3 -o x o h e x a n o a te  (2 2 9 ) .

Acetic anhydride (65  pi, 0.68 mmol) w as added to a solution of crude (1 3 6 )  (118  

mg, 0 .5 4 6  mmol) in pyridine (0 .5 5  ml, 6 m m ol) and the m ixture stirred for 5 h. 

Aqueous work-up, w ashing the ether phase with copper (II) sulphate solution, and 

chrom atographic purification of the residue gave the title com pound (229) (7 0 .0  mg, 

50% ) as a yellow oil, (Found: C, 46 .8 ; H, 5 .5; N , 10.6; S, 12.9. C-|oH14N204s 
requires C, 46 .5 ; H, 5 .5 ; N, 10.9; S, 12 .4% ); v m ax  .(film ) 2 136 , 1718 , 1694, 

1 6 5 6 , 1 3 7 5 , and 1 1 3 2 c m '1 ; SH (2 5 0  M H z; C D C Ig ) 1 .29 (3 H, t, d  7 .0  Hz, 

C H 2 C H 3 ), 1 .89 (2 H, quin, d  7.1 Hz), 2 .29  (3 H, s, C O M e l. 2 .89  (4  H, t, d  7.1 Hz, 

CH.2 C O  and CtL2 S), and 4 .26  (2 H, q, d  7 .0  Hz, C H 2 C H 3 ); mlZ (8 0 °C ) 258 (M + , 

3 % ), 22 6  (2 ), 215  (2 ), 188 (3 5 ), 156 (2 9 ), 142  (38 ), and 43  (1 0 0 ).

E thyl 2 -D ia z o -6 - [ (m e th o x v c a rb o n v n a c e tv l]th io - 3 - o x o h e x a n o a te  (2 3 0 ) .

Treatm ent of a solution of crude (1 3 6 )  (445  mg, 2 .06  mmol) in D M F (5 ml) with 

trie thylam ine (0 .3 2  ml, 2 .2 7  m m ol) and m ethyl m alonylchloride (281 mg, 2 .06  

mmol) resulted in an exotherm ic reaction. After 18 h, work-up and purification gave  

the title  co m p o u n d  f2301  (305  mg, 47% ) as a viscous oil; (Found: C, 45.7; H, 5.3; 

N, 8 .8 ; S, 10.4. C 1 2 H 1 g N 2 0 g S  requires C, 45 .6; H, 5.1; N, 8.9; S, 1 0 . 1 % ); v m ax  

.(film ) 2 1 3 8 , 1748 , 1 717 , 1 6 91 , 1654 , 1 3 76 , and 1304  c m '1 ; S H (2 5 0  M H z; 

C D C I3 ) 1 .30 (3 H, t, d. 7 .2  Hz, C H 2 ChL3 ), 1 .92  (2 H, quin, JL 7 .2  H z), 2 .90  (2  H, t, 

d  7.1 Hz, C f i2 S), 2 .95  (2 H, t, d  7.1 Hz, C H 2 C H 2 C O ), 3 .28  (2 H, s, C H 2 C 0 2 M e ),  

3 .70  (3 H, s, C 0 2 C H 3 ), and 4 .26  (2 H, q, d  7 .2  Hz, C 0 2 C H 2 ); m /z  (1 0 0 °C ) 316  

(M_+ , 1% ), 285 (1 ), 274  (1 ), 2 5 6  (1 ), 24 2  (1 ), 228 ( 1 ), 215  (2 ), 188 (1 3 ), 

142 (5 4 ), 101 (1 0 0 ), and 59 (61 ).

E thvl 6 -B e n z v lth io - 2 - d ia z o - 3 - o x o h e x a n o a te  (2 3 1 ) .

Treatm ent of a solution of crude (1 3 6 )  (250  mg, 1 .16 mmol) in D M F (2 ml) with 

triethylam ine (0 .2 0  ml, 1 .50  m m ol) and benzyl brom ide (0 .1 4 6  ml, 1 .22  mm ol) 

gave the title  c o m p o u n d  (2 3 1 ) (179  mg, 50% ) as a yellow oil; (Found: C, 59 .1 ; H, 

6.3; N, 9.0; S, 10.6. C 1 5 H 1 8 N 2 0 3 S requires C , 58.8; H, 5.9; N, 9 .2; S, 10 .5% );
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v m a x . -(film ) 2 1 3 5 , 1 7 1 8 - 1 6 5 5 - 1 3 7 4 - 1 3 0 3 , and 1 2 2 2  om ‘ 1 ; 8 H (9 0  M H z; 

C D C Ig )  1.31 (3 H, t, J. 7  H z, C H 2 C H 3 ), 1 .90 (2 H, quin, J. 7  H z), 2 .48  (2 H , t, J. 7  

H z, CfcL2 S), 2 .95  (2 H, t, J. 7 Hz, C H 2 C 0 ). 3 .70  (2 H, s, CtL2 Ph), 4 .30  (2 H , q, i  7  

H z, C 0 2 C tL 2 ), and 7 .3 0  (5 H, m, ArH); mlz. ( 8 0 ° )  306  (M.+ , 1% ), 278  (4 ), 232  

(7 ), 20 4  (5 ), 18 7  (7 ) , and 91 (1 0 0 ).

E th v l 2 -D ia z o - 6 -e th v lth io -3 - o x o h e x a n o a te  (2 3 2 ) .

Treatm ent of a solution of crude (1 3 6 )  (250  mg, 1 .16  mmof) in D M F (2 ml) with 

triethylam ine (0.21 ml, 1 .50 mmol) and ethyl iodide (0 .1 0  ml, 1 .28 mmol) gave the 

title  com pound  (2 3 2 )  (169  mg, 60% ) as a yellow  oil; (Found: M .+ , 2 1 6 .0 8 1 5 .  

c 1 0 H 1 6 N 2 ^ 3 ^  requires M_, 2 1 6 .0 8 2 0 ); v m a x  (film ) 2 1 35 , 1718 , 1656 , and  

1303  c m '1 ; SH (270  M H z; C D C Ig ). 1.23 (3 H, t, 1  6.6 Hz, S C H g C H g ), 1.31 (3 H, t, 

*) 6 .4  Hz, C 0 2 C H 2 C H 3 ), 1.93 (2 H, quin, 6.3 Hz, C H 2 C H 2 ). 2 .52 (2 H, q, J[ 6.8 Hz, 

SChL2 M e), 2 .56  (2 H, q, 6 .5  Hz, C H 2 C H 2 S), 2 .97  (2 H, m, C O C H 2 ), and 4 .29  (2 H, 

q, 1  6 .5  H z, C 0 2 CH_2 ); m /z  (1 3 0 ° C )  244  (M .+ , 1% ), 216  (31 ), 187 (3 3 ), 170  

(3 ), 156  (1 8 ), 142 (2 3 ), and 109 (1 0 0 ).

E th v l 2 -d ia z o - 6 - [ f3 -m e th o x v c a rb o n v l-2 - o x o p ro p v n th io ]-3 - o x o h e x a n o a te  

( 23  3 ) .

Ethyl 4-chloroacetoacetate (0 .24  ml, 1 .80 mmol) w as added to a solution of the pure

d ia z o m e rc a p ta n  (1 3 6 )  (3 5 5  mg, 1 .64  mm ol) and triethylam ine (0 .2 5  ml, 1 .80

m m ol) in D M F at 0 ° C . After 12 h at -5 ° C , the reaction m ixture was subjected to 

aqueous w ork-up, and the residue w as purified by chrom atography, to give the title

c o m p o u n d  (2 3 3 )  (3 3 9  mg, 60% ), as an oil; (Found: C, 49 .1 ; H, 6 .0 ; N , 8 .0 . 

^ 1 4 ^ 2 0 ^ 2 ^ 6 ^  requires C , 48 .8 ; H, 5 .9 ; N, 8 . 1 % ); v m a x  (film ) 2 1 37 , 1744,

1 7 1 8 , 1 6 55 , and 1 3 0 4  c m '1 ; SH (2 5 0  M H z; C D C Ig ) 1.25 (3 H, t, ±  7 .0  Hz, 

C H g M e l . 1 .30 (3 H, t, J 7.1 Hz, C H 2 M £ ) , 1 .90 (2 H, quin, J 6 .9  Hz, CH_2 C H 2 S ),

2.51 (2 H, t, I  7.1 H z, C H 2 C O C N ), 2 .92  (2  H, t, J 7 .2  H z, CH_2 S), 3 .3 4  (2 H, s, 

C O C H 2 S), 3 .64  (2  H, s, C O C H 2 CO ), 4 .18  (2 H, q, J . 7.0 Hz, C H 2 M e), and 4 .2 7  (2

H, q, J . , 6 .9  H z, CH_2 M e); m /z  (1 0 0 ° C )  344  (M_+ ,1% ), 3 0 6  (1 ), 2 9 2  (1 ), 278  

(2 ), 205  (6 ), 159  (9 ), 57  (25 ), 43  (35 ) and 28  (1 0 0 ).
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E lh x L  2 -D ia z o -3 -o x o -7 -[ ( 3 -p h e n v lp ro p -2 - e n v l)th io ]h e p ta n o a te  (2 3 4 ).

T rea tm en t of a solution of ( 1 3 7 )  (4 1 5  mg, 1 .80  m m ol) in D M F  (4 ml) with 

triethylam ine (0 .3 8  ml, 2 .70  m m ol), and cinnam yl brom ide (391 mg, 1 .98  mmol) 

g ave  , a fter w ork-up and chrom atography, the title  c o m p o u n d  (2 3 4 )  (298  mg, 

48% ), as a yellow oil; (Found: C, 62.4; H, 7.7; N, 9 .7. C 1 3 H 2 2 N 2 O 3 S requires C, 

62 .4 ; H, 7 .7 ; N, 9 .7% ); v m a x  (film) 2135 , 1718, 1656 , 1372 , 1305 , and 1218  

c m " 1 ; 5 h  (2 5 0  M H z; C D C I3 ) 1.33 (3 J,. t, d  7.1 Hz, C H gC hLg), 1 .5 6 -1 .8 4  (4 H, 

m), 2 .52  (2 H, t, d  7.1 Hz, CtL2 S), 2 .87  (2 H, t, d  7.1 Hz, C H 2 C O ), 3.31 (2 H, dd, d 

7.6 , 0 .7  Hz, C H C H 2 S), 4 .30  (2 H, q, d  7.1 Hz, C 0 2 C l i 2 ), 6 .18  (1 H, dt, d  15.3, 7 .5  

H z, C H C H P h ), 6 .4 4  (1 H, d, d  15.6 Hz, C H P h ), and 7 .2 0 -7 .4 3  (5 H, m, ArH); m l z  

(FAB; glycerol) 3 4 7  ( M H + , 4 % ), 318  (1 ), 117  (100), and 91 (15 ).

E thyl 7 -B e n z v lth io -2 - d ia z o -3 -o x o h e p ta n o a te  (2 3 5 ) .

To a solution of (1 3 7 )  (1 5 5  mg, 0 .673  m m ol) in D M F (2  ml) triethylam ine (0 .14  

ml, 1 .00  m m ol), and benzyl brom ide (84  pi, 0.71 mmol) w ere added. After 12 h, 

work-up and chrom atography on neutral alum ina gave the title com pound  (2 3 5 ) (66 

mg, 31% ), as a yellow oil; ( Found: C, 60.0; H, 6 .5; N, 8.7. C - j e ^ O ^ ^ S  requires 

C, 60 .0 ; H, 6 .3 ; N, 8 .8% ); v m a x  (film ) 2 1 3 5 , 1717 , 1656 , 1372 , 1 3 04 , and  

1218  cm "1 ; SH (2 5 0  M H z; C D C I3 ) 1.33 (3 H, t, si 7.1 H z, C H 2 C H 3 ), 1 .5 3 -1 .8 2  

(4  H, m), 2 .42  (2 H, t, d  7.1 Hz, C H 2 S), 2 .82  (2 H, t, d  7.1 Hz, CfcL2 C O ), 3 .70  (2 H, 

s, CH_2 Ph), 4 .29  (2 H, q, d  7.1 Hz, C 0 2 C H 2 ), and 7 .1 5 -7 .4 4  (5 H, m, ArH); m l z  

( 1 2 0 ° C )  2 9 2  (M .+ , 1% ), 27 4  ( 1 ), 246  (3 ), 218  ( 1 ), 169  (1 6 ), 123 (4 8 ), and  

91 ( 1 0 0 ) .

E th v l 2 -D ia z o - 7 - e th v lth io -3 -o x o h e p ta n o a te  (2 3 6 ) .

T rea tm en t of a solution of ( 1 3 7 )  (1 5 5  mg, 0 .6 7 3  m m ol) in D M F (2  ml) with  

triethylam ine (0 .1 4  ml, 1 .00  m m ol), and ethyl iodide (80  pi, 1 .00  mmol) gave , 

after w ork-up and chrom atography, the title  c o m p o u n d  (2 3 6 ) .  as an im pure oil 

which w as used directly in the next step; v m a x  (film) 2135 , 1718, 1657, and 1305  

c m '1 ; mlZ  (1 0 0 °C )  258 (M_+ , 1 % ).

E th v l 2 -A llv l-3 - o x o th ia n e -2 - c a rb o x v la te  ( 2 3 8 ) .

A solution of ( 2 2 5 )  (4 0 0  mg, 1 .56  m m ol) in ben zen e (1 0  ml) w as added to a 

suspension of dirhodium tetraaceta te  (9  mg) in benzene (30  ml) at reflux over 10
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min. After 5 min at reflux the green mixture w as cooled, filtered, evaporated and the 

residue subjected to chrom atography to give the title  c o m p o u n d  *2 3 8 ) (210  mg, 

59% ) as an oil; (Found: C, 57.9; H, 7.3; S, 14.1. C 1 1 H 1 6 0 3 S requires C, 57 .9; H, 

7 .1 ; S, 14 .0% ); v m a x  (film) 1746, 1714, 1641 , 1 2 2 0 , and 1189  cm "1 ; 5 H (2 5 0  

M H z; C D C Ig ) 1 .29  (3 H, t, 7 .2  H z, C H gC hLg), 2 .2 4 -2 .6 2  (6 H, m), 2 .82  (1 H, 

ddt, J. 14 .5 , 7 .2 , 1 .2  H z, C H ^ C H iC H g ) ,  3 .03  (1 H, ddd, si 13 .2 , 11 .5 , 3 .4  Hz,

C H 2 C O ), 4 .26  (2 H, d q ,  si. 7 .2, 1 .0  Hz, ChL2 C H 3 ), 5 .05 -5 .15  (2 H, m, C H 2 :C H ), a n d
5 .7 4  (1 H, d d d d ,  l  17 .3 , 9 .5 , 7 .4 , 6.6 Hz, C H 2 :C I± ); m LL (1 4 0 ° C )  228  ( M . +  ,  
9 9 % ), 2 0 0  (1 1 ), 187  (3 2 ), 155 (6 3 ), 127  (5 0 ), 113 (2 2 ), 85  (1 0 0 ), a n d  41 

( 6 1 ) .

E th y l 2 -M -M e th v lp r o p -2 - e n v h - 3 - o x o th ia n e - 2 - c a r b o x v la te  (2 3 9 ) .

A solution of ( 2 2 6 )  (83 mg, 0 .3 0 7  mmol) in benzene (5 ml) w as added to a 

suspension of dirhodium tetraacetate  (2 .3  mg) in benzene (10  ml) at reflux over 9 

min. After 5 min at reflux the suspension w as cooled, filtered, evaporated, and the 

residue subjected to chrom atography to give the title c o m p o u n d  (2391 (5 2 .6  mg, 

7 1 % ) an oil, as a m ixture of th ree isom ers: two d iastereom ers ( 2 3 9 a )  (2:1 , 

- 8 6 % ), to g e th er w ith ethyl 2 -(b u t-2 -e n y l)-3 -o x o th ia n e -2 -c a rb o x y la te  ( 2 4 7 ,  

b) ( -1 4 %  ), b.p. 1 7 5 °C  at 1.8  mmHg; (Found: C, 59.4; H, 7 .6. C 1 2 H-j3 0 3 S requires 

C, 59 .5 ; H, 7 .5% ); v m ax  (film) 1743, 1713, 1639, 1447, 1221, and 1192  cm "1 ; 

5|_j (2 5 0  M H z; C D C I3 ) 1 .05 (3 H, d, J. 6 .9  Hz, M e . minor isomer a), 1 .12 (3 H, d , J,

6 .9  Hz, M e . major isomer a), 1 .26 (3 H, t, jJ. 7.1 Hz, C H 2 CH.3 , major iso m er a, and 

isom er b), 1 .30  (3 H, t, si 7.1 H z> C H 2 C J i3 , m inor isom er a), 1.61 (3 H, dd, si. 6 .9,

0 .5  Hz, MS., isom er b), 2 .1 7 -2 .6 5  ( - 5  H, m), 2 .6 8 -3 .1 5  ( - 2  H, m), 4 .2 0  (2  H, q, 

si 6 .7  Hz, C O C H 2 , m ajor isom er a), 4 .26  (2 H, q, j i  6 .7  Hz, C O C H 2 , isomer b), 4 .28  

(2  H, dq, si 6 .7 , 0 .7  Hz, C O C j± 2 , minor isom er a ), 4 .9 4 -5 .1 0  (2 H, m, C H :C ] i2 , 

isom er a ), 5 .2 5 -5 .4 7  (2 H, m, C H :C H . isomer b), and 5 .7 2 -5 .9 2  (1 H, m, CH_:CH2 , 

isom er a); m tL  (1 3 0 ° C )  242  (jVL+ , 38% ), 196 (3 ), 188 (6 4 ), 142 ( 1 0 0 ), and  

9 9  (1 5 ).

E th y l 3 -O x o - 2 - ( 1 - p h e n v lp r o p -2 -e n v n th ia n e - 2 - c a rb o x v la te  (2 4 0 ) .

A solution of (2 2 7 )  (121 mg, 0 .3 6 4  mmol) in ben zen e (6 ml) w as added  to a 

suspension of dirhodium tetraaceta te  (1 .9  mg) in benzene (10  ml) at reflux over 7  

min and reflux of the m auve solution continued for 20  min. Evaporation of solvent and
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chrom atography of the residue gave the title co m p o u n d  (2 4 0 ) (86 mg, 78% ), a low 

m elting solid, as a mixture of two d iastereom ers (7:3), m .p. 5 8 -6 3 °C , b.p. 130- 

1 4 0 ° C  at 0 .0005  m m Hg; (Found: C, 66 .8 ; H, 6 .6 ; S, 10.5. C 1 7 H 2 0 O 3 S requires C, 

6 7 .1 ; H, 6 .6 ; S, 1 0 .5 % ); v m a x  (film ) 1742 , 1713 , 1635 , 1 4 53 , 1 2 19 , 1189, 

1028  and 703 c m '1 ; SH (250  M Hz; C D C I3 ) 1 .00 (3 H, t, i  6 .9  Hz, C H 2 C I I 3 , minor 

isom er), 1.21 (3 H, t, 6 .9  Hz, C H 2 C H .3 , m ajor isom er), 2 .2 0 -2 .4 5  (2  H, m), 

2 .4 5 -2 .6 4  (3 H, m), 2 .8 7  (1 H, ddd, J. 14 .6 , 10 .2 , 4 .0  Hz, H C H S , m ajor isom er), 

2 .9 7 -3 .1 3  (1 H, m, H C H S , minor isom er), 3 .8 0 -4 .01  (2 H , m, C O 2 C H .2 , minor 

isom er), 4 .18  (3H , dq, *1 6 .6 , 2 .2  Hz, C O 2 C I I 2  and CjHPh, major isomer), 4 .4 9  (1 H, 

d, 6 .3  Hz, C U P h , minor isom er), 4 .8 7 -5 .2 0  (2  H, m, C H :C J i2 ), 6 .1 0 -6 .4 0  (1 H, 

m, C H _:C H 2 ), and 7 .1 5 -7 .4 0  (5 H, m, ArH); mLl  (1 6 0 ° C )  304  (M_+ , 6% ), 286  

(2 ), 258  (3 ), 229  (1 ), 213  (1 ), 188 (2 ), 161 (1 ), 142 (4 ), 129 (6), and 117  

( 1 0 0 ) .

E th y l 2 - (1 .1 -D im e th v lp r o p - 2 - e n v n - 3 - o x o th ia n e - 2 - c a r b o x v la te  ( 2 4 1 ).

A solution of (2 2 8 )  (1 4 8  mg, 0.521 mm ol) in benzene (6 ml) w as added to a 

suspension ofdirhodium tetracetate  (4 .3  m g) in benzene (20  ml) at reflux over 5 

min. Reflux w as continued for 25 min. Evaporation of solvent and chromatography of 

the residue gave the title com pound (2 4 1 ) (88 mg, 66% ) as a clear oil, b.p. 1 3 0 °C  at

0 .5  m m Hg; (Found: M_+ , 2 5 6 .1 1 3 2 . C 1 7 H 2 o 0 3 S requires M_, 2 5 6 .1 1 3 3 ); v m a x

(film ) 1741 , 1713 , 1635  and 1219  c m '1 ; 8H (2 5 0  M H z; C D C I3 ) 1 .24 (3 H, s, 

M e l. 1 .27  (3 H, s, M fi.), 1 .29 (3 H, q, 7 .0  H z, C H 2 C j± 3 ), 2 .2 3 -2 .3 7  (2 H, m, 

CH_2 C H 2 S ), 2 .3 8 -2 .5 3  (2  H, m, C j± 2 S), 2 .5 8  (1 H, ddd, 14 .0 , 3 .7 , 1.1 Hz, 

C H 2 C O ), 2 .7 7 -2 .90  (1 H, m, Ctj.2 CO ), 4 .27  (2 H, dq, 1  7 .5 , 0.6 Hz, C 0 2 C H 2 ), 4 -98 

(1 H, dd, i  5 .9, 1 .1  H z, C H :C H 2 ), 5 .05  (1 H, s, C H :C H 2 ), and 6 .26  (1 H, approx dd, si

15 .6 , 10 .8  H z, C H _:C H 2 ); m /z  ( 10 0 ° C )  256 (M  + ,19% ), 188 (6 0 ), 183 (4 ), 142  

(1 0 0 ), 6 9  (3 0 ), and 41 (2 6 ).

E th v l 2 -A c e tv l- 3 - o x o th ia n e - 2 - c a rb o x v la te  (2 4 2 ) .

A solution of (2 2 9 )  (44 .9  mg, 0 .174  mmol) in benzene (15 ml) w as rapidly heated  

to reflux and dirhodium tetraacetate (1 .5  mg) added. Reflux w as continued for 10 min. 

After cooling the m ixture w as filtered, evaporated , and the residue subjected to 

chrom atography to give the title co m p o u n d  (2421 (16 mg, 40% ) as an oil; (Found: 

jM + , 1 8 8 .0 5 0 5 . C 1 0 H 1 4 O 4 S requires M , 1 8 8 .0 5 0 7 ); v m a x  (film ) 1746 , 1734,
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1 7 1 2 , 1 2 4 1 , and 1181 cm "1 ; 5 H (2 5 0  M H z; C D C Ig ) 1 .20  (3 H, t, ±  7.1 Hz, 

C H 2 C H 3 ), 2 .26  (3 H, s, C O M e l. 2 .1 8 -2 .4 5  (2 H, m, C J i2 C H 2 S), 2 .4 8 -2 .8 0  (4 H, 

m), and 4 .23  (2  H, q, ±  7.1 Hz, C 0 2 C I± 2 ); mLl  (1 0 0 °C ) 230 (M + , 1% ), 202  (2), 

188 (1 4 ), 160 (3 ), 142 (2 7 ), 116 (5 ), 103 (1 3 ), and 83 (1 0 0 ).

E th y l 3 -O x o th ia n e -2 -c a rb o x v la te  (1 6 3 ) .

A solution of (2 3 0 )  (2 1 0  mg, 0 .6 6 5  mmol) in benzene (8 ml) w as added to a 

suspension of dirhodium tetraacetate (4 .9  mg) in benzene (22  ml) at reflux over 5 

m inutes. After 5 m inutes at reflux the reaction m ixture w as cooled, the solvent 

evaporated, and the residue w as subjected to filtration then purification to give the 

title co m pound  (1 6 3 ) (16  mg, 13% ), identical to the previously prepared sam ple.

E th y l 1 -B e n z v l- 3 - o x o - 3 .4 .5 .6 - te t r a h v d r o th ia b e n z e n e -2 -c a rb o x v la te  (2 4 3 ) .

A solution of (2 3 1 )  (1 2 0  mg, 0 .3 9 2  mmol) in benzene (5  ml) w as added to a 

suspension of dirhodium tetraacetate (5 mg) in boiling benzene (10  ml) over 8 min 

and reflux w as continued for a further 5 min. after addition. Th e  solvent was  

evaporated  to give a solid, which w as purified by crystallization to give the title  

c o m p o u n d  ( 2 4 3 )  (2 6  mg, 2 4 % ) as  co lourless crysta ls , m .p. 1 3 4 -1 3 5 ° C  

(benzene/hexane); (Found: C, 64.6; H, 6 .5; S, 11.4. C ^ H ^ g O g S  requires C, 64.7; 

H, 6.5; S, 11 .5% ); v m ax  (Nujol) 1681, 1606, 1577, 1374 , 1250 , 1056, and 710  

c m - 1 ; 5h  (2 5 0  M H z; C D C Ig ) 1.36 (3 H, t, J 7.0 Hz, C H 2 C H 3 ), 2 .10 -2 .40  (4 H, m, 

C H 2 C H 2 C O ), 2 .7 8 -3 .0 5  (2  H, m, CH_2 S), 3 .97  (1 H, d, £  13.1 Hz, CtL2 Ph), 4 .1 9 -

4 .3 9  (2 H, m, C 0 2 C H 2 ), 4 .60  (1 H, d, 1  13.1 Hz, C H 2 Ph), and 7 .3 0 -7 .4 8  (5 H, m, 

A rH ), m /z  (1 5 0 ° C )  262  (M_+ , 8% ), 232  (2 ), 188 (3 ), 142 (1 5 ), 115 (6 ), and  

91 (1 0 0 ) .

E th v l 1 -E th v l- 3 - o x o - 3 .4 .5 .6 - te t r a h v d r o th ia b e n z e n e - 2 - c a rb o x v la te  (2 4 4 ) .

A solution of (2 3 2 ) (2 0 .0  mg, 0 .082  mmol) in benzene (8 ml) w as rapidly heated to 

reflux and dirhodium tetraacetate (1.3 mg) added. Reflux w as continued for 5 min. 

After cooling the mixture was filtered through cotton wool, evaporated, and the residue 

recrystallized to g ive the title  c o m p o u n d  f2441  ( 1 1  mg, 6 2 % ), m .p. 1 1 6 -1 1 8 ° C ;  

(Found: M + , 21 6 .0 8 1 5 . O 1 0 H 1 6 O 3 S requires M ,  216 .08 20 ); v m ax (Nujol) 1674, 

1543 , 1370 , 1204 , and 1051 cm - 1 ; &H (2 5 0  M H z; C D C Ig ) 1 .32  (3 H, t, jJ. 7 .0  Hz,
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C H g C jH g ), 1 .36 (3 H, t, J. 7 .4  Hz, C H g C H ^ ), 2 .1 3 -2 .4 8  (4  H, m, ChL2 C tL 2 C O ) ,  

2 .90 -3 .31  (4 H, m, C ]±2 S C I i 2 ), and 4 .1 6 -4 .3 2  (2  H, m, C 0 2 C tL 2 ); m Ll  (1 4 0 ° C )  

21 6  (M .+ , 1 0 0 % ), 18 8  (7 1 ), 171 (2 4 ), 159 (26  (68 ), 113 (5 9 ), and 85 (54 ).

E thy l . 2 -B e n z v l- 3 - o x o th ia n e - 2 - c a rb o x v )a te  (2 4 9 ) .

A suspension of (2 4 3 )  (11 .4  mg, 41 pm ol) in xylene (4 ml) w as quickly brought to 

reflux and maintained at reflux for 2.5  h. The solvent was evaporated and the residue 

purified by chrom atography to give the title  c o m p o u n d  (2491 (6 .3  mg, 55% ) as a 

low melting solid, m .p. 4 5 -4 8 °C ; (Found: M + , 278 .0974 . C ^ H ^ O g S  requires M , 

2 7 8 .0 9 7 7 );  v m a x  (m elt) 1746, 1712 , 1670 , 1242 , and 1181 c m '1 ; 8 H ( 2 5 0  

M H z; C D C Ig ) 1.19 (3 H, t, J 7.0 Hz, C H 2 C H 3 ), 2 .26 -2 .66  (6 H, m, (C j±2 )3 ), 2 .97  

(1 H, d, i  14.3 Hz, C H 2 Ph), 3 .52  (1 H, d, J. 14.3 Hz, C j±2 Ph), 4 .13  (2 H, dq, J. 7 .0, 

0 .7  Hz, C 0 2 C H 2 ), and 7 .0 5 -7 .3 8  (5 H, m, ArH); m / i  (1 2 0 °C )  278 (M.+ , 28% ), 

23 2  (2 ), 21 8  (2 ), 2 0 5  (1 0 ), 187 (6 ), 177  (3 ), 172 (6 ), 159 (7 ), 116 (1 4 ), 

and 91 (73 ).

E th v l 3 -O x o th ia n e - 2 - c a rb o x v la te  (1 6 3 ) .

A solution of ( 2 4 4 )  (5 2 .5  mg, 0 .2 1 5  m m ol) in xylene (5  ml) w as added to a 

suspension of dirhodium  tetraaceta te  (1 .5  mg) in xylene (5 ml) at reflux over 8 

minutes. After 20 minutes at reflux, evaporation of solvent and chromatography of the 

residue gave the title  c o m p o u n d  M 631 (34  mg, 84% ), identical to the previously  

prepared sam ple.

E th v l 3 -O x o - 2 - M - p h e n v lp r o p - 2 - e n v h th ie p a n e -2 - c a rb o x v la te  (2 5 2 ) .

A solution of (2 3 4 )  (1 0 0  mg, 0 .2 8 9  mmol) in benzene (5 ml) w as added over 5 

m inutes to a suspension of dirhodium tetraaceta te  (2 mg) in benzene (15  ml) at 

reflux. A fter 2 m inutes at reflux, extra  catalyst (2 mg) w as added and reflux 

continued for 12 minutes. The reaction mixture w as allowed to cool, evaporated and 

the residue purified by chrom atography to give the title c o m p o u n d  (2 5 2 )  (27  mg, 

2 6 % ), an oil, as a m ixture of d iastereom ers (3 :2); (Found: C, 6 7 .7 ; H, 7 .2 . 

c 1 8 h 2 2 ° 3 $$ requires C, 67.9; H, 7 .0% ); v m ax  (film) 1735 , 1713, 1636, 1453, 

1224, 1189, 1150 , 1103 , and 703 c m '1 ; SH (250  M Hz; C D C Ig ) 1.12 (3 H, J. 7.1 

H z, C H 2 CH.3 , m inor isom er), 1.21 (3 H, *). 7 .0  Hz, C H 2 C H 3 , m ajor isom er), 1 .53 - 

1 .9 0  (4H , m ), 2 .0 2 -2 .2 0  (1 H, m ), 2 .5 2 -2 .9 1  (3  H, m ), 3 .9 4 -4 .0 9  (2  H , m,
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C 0 2 CH.2 » minor isomer), 4 .16  (2 H, dq, J. 6 .9, 1.0 Hz, C 0 2 C hi2 , major isom er), 4 .28  

(1 H, t, ±  8.6  H z, C tL P h ), 5 .0 8 -5 .2 4  (2  H, m, CH_2 '-CH), 6 .3 6 -6 .5 0  (1 H, m, 

C H C H P h ), 7 .1 6 -7 .3 2  (3 H, m, A rH ), and 7 .4 1 -7 .5 4  (2 H, m, ArH); m l l  ( 1 2 0 ° C )  

3 1 8  (M_+ , 4 % ), 3 0 0  ( 1 1 ), 272  (3 ), 243 (4 ), 214 (3 ), 156 (3 ), 129 ( 1 1 ), and  

1 1 7  (1 0 0 ) .

E thvl 7 -B e n z v lth io -2 - d ia z o - 3 -o x o h e p ta n o a te  (1 6 4 ) .

A solution of (2 3 5 )  (51 mg, 0 .1 6  mm ol) in benzene (4  ml) w as added over 5 

minutes to a suspension of dirhodium tetraaceta te  (2 mg) in benzene (10  ml) at

reflux. After 5 minutes at reflux, extra catalyst (2  mg) w as added. After 0 .2 5  h at

reflux the reaction mixture was cooled,evaporated, and the residue chromatographed to 

give ethyl 3 -o x o th ie p a n e -2 -c a rb o x y la te  ( 1 6 4 )  (2.1 mg, 7% ), identical to the  

previously prepared m aterial.

E th v l 1 -E th v l- 3 - o x o th ie p a n e - 2 - c a rb o x v la te . in n e r salt (2 5 3 ) .

A solution of crude (2 3 6 )  (71 mg, 0 .28  mmol) in benzene (4 ml) was added over 7

minutes to a suspension of dirhodium tetraaceta te  (3 mg) in benzene (10  ml) at

reflux. After 10 minutes at reflux, the reaction mixture w as cooled and evaporated. 

Dichlorom ethane w as added to the residue, and the solution filtered through cotton 

w ool. The filtrate w as recrystallized to give the title  c o m p o u n d  (2 5 3 )  (7 .5  mg, 

1 2 % ), as a faw n solid, m .p. 1 5 7 -1 6 0 ° C  (e th y l a c e ta te /b e n z e n e );  (F o u n d :  

M.+ ,2 3 0 .0 9 7 5 . C ^ H ^ O g S  requires M., 2 3 0 .09 43 ); vmax (Nujol) 1672, 1558, 

1456 , 1336 , 1238 , 1165 , and 1049  cm - 1 ; SH (250 M H z; C D C Ig ) 1.28 (3 H, t, 1

7 .5  H z, C 0 2 C H 2 C H 3 ), 1 .38 (3 H, t, 1  7 .8  Hz, S C H 2 CH_3 ), 1 .7 2 -1 .8 7  (2 H, m ), 

2 .0 0 -2 .1 5  (2  H, m ), 2 .4 7 -2 .5 6  (2 H, m, CH_2 C O ), 2 .8 9 -3 .11  (2 H, m, CJ±2 S ) ,  

3 .1 8 -3 .3 4  (2  H, m, C H 2 S ), and 4 .1 1 -4 .2 5  (2 H, m. C 0 2 CH_2 ); m il  (1 3 0 ° C )  230  

(M _+, 4 4 % ), 201 (4 8 ), 185 (2 3 ), 156 (2 4 ), 148 (2 9 ), 127  (5 4 ), 99  (1 0 0 ), 

and 55 (40)
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5 - A llv lth io p e n ta n o ic  a c id  (2 5 4 a ) .

A solution of 5-m ercaptopentanoic acid (402  mg, 3 .00  mmol) in dichlorom ethane (5 

ml) at 0 ° C  w as degassed and placed under an atm osphere of nitrogen; triethylamine 

(0 .4 4  ml, 3 .1 5  m m ol) and allyl brom ide (0 .3 0  ml, 3 .3  m m ol) w ere then added  

dropwise, in succession, and the resulting suspension w as stirred for 0.75  h at 0° C  

and then 1 2  h at room tem perature . Aqueous w ork-up and chrom atographic  

purification gave the title  co m p o u n d  (2 5 4 a 1  (2 4 2  mg, 47% ), the second of three  

components, as an oil; (Found: C, 54.9; H, 8.3; S, 18.1. C q H -^ C ^ S  requires C, 55.1; 

H, 8 .1 ; S, 18 .4% ); v m a x  (fnm) 3 6 0 0 -2 4 0 0 , 1709 , 1635 , 1229 , and 9 1 8  cm ’ 1 ; 

SH (90  M H z; C D C Ig ) 1 .50-1 .90  (4 H, m ), 2 .3 0 -2 .5 4  (4 H, m, C H 2 C O  and C H 2 S ),

3 .10  (2 H, d, vi 7 Hz, C H C H 2 S), 4 .9 2 -5 .0 5  (1 H, m, C H iC J ia ). 5 -1 3  (1 H > d « 1  2 Hz, 

C H :C H 2 ), 5 .5 0 -6 .0 0  (1 H, m, C H 2 :C H ), and 11.50  (1 H, br, C 0 2 H); mZz (1 1 0 ° C )  

174 (M_+ , 61% ), 133 (7 ), 114 (5 5 ), 101 (46 ), 73 (66 ), and 41 (1 0 0 ).

M e th y l 5 -(3 -P h e n v lp ro p - 2 - e n v h p e n ta n o a te  (2 5 5 b 1 .

C innam yl brom ide (3 .31  g, 17 .0  m m ol) w as added to a solution of m ethyl 5- 

m ercaptopentanoate (2 .3 7  g, 16.0 mmol) and triethylam ine (2 .46  ml, 18.0 mmol) in 

D M F (20  ml), and a solid was im m ediately precipitated exothermically. The reaction  

w as stirred at room tem perature for 24 h before aqueous work-up .The crude product 

w as purified by chrom atography and distillation to give the title  com pound (255b) 

(1 .5 6  g, 3 7% ) as an oil, b.p. 1 9 0 -2 0 0 °C  at 0 .3  m mHg; (Found: M.+ , 2 6 4 .1 1 7 6 .  

C 1 5 H 2 0 ° 2 S requires M., 2 64 .11 84 ); v m ax  (film) 1738, 1436, 1206, 1174, and  

7 5 4  cm ’ 1 ; SH (2 5 0  M H z; C D C Ig ) 1 .5 3 -1 .80  (4 H, m ), 2 .33  (2 H , t, d  7 .0  H z, 

CfcL2 C O ), 2 .50 (2 H, t, d  7 .0  Hz, C H 2 S ), 3 .30  (2 H, dd, d 7 .3, 1.0 Hz, C H C H 2 S), 3 .65  

(3 H, s, OM e). 6 .18  (1 H, dt, J 15.5, 7 .3 Hz, C H C H P h ), 6 .43  (1 H, d, d  15 .5 , 7 .3  

H z, C H C H P h ), and 7 .1 9 -7 .4 2  (5 H, m, ArH); mlA (1 5 0 °C ) 264 (M + , 8% ), 234  

(2 ), 134 (1 4 ), 117  (1 0 0 ), and 91 (3 0 ).

5 - f 3 - P h e n v lp ro p - 2 - e n v h p e n ta n o ic  a c id  (2 5 4 b ) .

A solution of potassium hydroxide (2 .0  g) in water (10 ml) was added to a solution of 

( 2 5 5 b )  (1 .0 0  g, 3 .7 9  m m ol) in m ethanol. Th e  reaction w as stirred at room  

tem perature for 24 h. W ork-up gave the title co m p o u n d  (254b 1  (0 .97  g, 100% ) as 

a pale solid, which w as used in the next step without further purification. A small 

sam ple w as recrystallised, m .p. 7 9 -8 0 ° C  (ether/petrol); ( Found: C, 67 .1 ; H, 7 .3 .
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C 1 4 H 1 8 ° 2 S s q u ire s  C f 67.2; H, 7 .3% ); v m ax  (film) 3 5 0 0 -2 5 0 0 , 1698, 1040, 

1286 , 1228, 969 , and 750  c m '1 ; 5 H (2 5 0  M H z; C D C I3 ) 1 .5 0 -1 .83  (4 H, m ), 2 .38  

(2 H, t, J. 6 .9  Hz, C H 2 C O ), 2.51 (2 H, t, ^  6 .9  Hz, C IHgS), 3 .30  (2 H, dd, 7 .2 , 1.0  

H z, C H C H 2 S ), 6 .1 8  (1 H, dt, 1  15 .6 , 7 .2  H z, C H C H P h ), 6 .4 2  (1 H , d, 1  15 .6 , 

C H C H P h ), 7 .1 5 -7 .4 2  (5  H, m, ArH), and 9 .70  (1 H, br, C 0 2 H); mIz. (1 0 0 °C ) 250  

(M .+ , 17% ), 149 (6 ), 134 ( 1 ), 117 ( 1 0 0 ), and 91 (8 ).

M eth v l 5 -B e n zv lth io p e n ta n o a te  (2 5 5 c ) .

Benzyl brom ide (0 .3 9  ml, 3 .2 9  mmol) and methyl 5 -m ercaptopentanoate (0 .4 2  g, 

3 .13  mmol) w ere added to a suspension of potassium carbonate (10  g) in acetone  

under a nitrogen atm osphere. The reaction mixture was stirred at room tem perature  

for 24 h and then heated at reflux for 4 h. Aqueous work-up and purification of the  

residue by chrom atography gave the title  co m p o u n d  (2 5 5 c ) (0 .540g , 77% ) as an 

oil; ( Found: M_+ , .2 3 8 .1 0 2 4 . C 1 5 H 2 0 O 2 S requires M_, 2 3 8 .1 0 2 7 ); v m ax  (film) 

1738 , 1454, 1204, 1174 , and 700 c m '1 ; 8H (2 5 0  M H z; C D C Ig ) 1 .5 0 -1 .8 0  (4  H, 

m), 2 .29  (2 H, t, J 7 .0  Hz, C H 2 C O ), 2 .38  (2 H, t, 7 .0  Hz, C H 2 S ), 3 .66  (3 H, s, 

O M e ) .  3 .70  (2 H, s, C i± 2 Ph), and 7 .1 2 -7 .4 3  (5 H, m, ArH); m /z  (2 0 0 °C )  237  

(M_+ , 55% ), 181 (2 8 ), 115 (90 ), 91 (1 0 0 ), and 55 (33 ).

5 -  ( B e n z v lth io l p e n ta n o ic  ac id  (2 5 4 c ) .

A solution of potassium hydroxide (1 .5g) in w ater (8 ml) w as added to a solution of 

(2 5 5 c )  (490  mg, 2 .0 6  mmol) in m ethanol.( 8 ml) The reaction mixture w as stirred 

at room tem perature for 12 h. W ork-up and chromatography of the residue gave the  

title com pound (2 5 4 c )  (379  mg, 82% ) as a  low melting solid, lit.1 0 ® m .p. 31 ° C ;  

v m a x . ( film ) 3 4 0 0 -2 4 0 0 , 1708 , 1 4 5 4 , 1235 , and 7 0 2  c m '1 ; 5 H (2 5 0  M H z;  

C D C Ig ) 1 .45-1 .80  (4 H, m), 2.31 (2 H, t, J 7 .0  Hz, C H 2 C O ), 2 .42  (2 H, t, i  7 .0  Hz, 

C H 2 S ), 3.71 (2 H, s, CH.2 Ph), and 7 .1 5 -7 .4 0  (5 H, m, A rH ), acid proton not 

observed; m /z  ( 1 0 0 ° C )  224 (M_+ , 16% ), 207  ( 1 ), 190 ( 1 ), 161 ( 1 ), 123 (19 ), 

and 91 (100 )

6 -  A llv lth io - 1 - d ia z o h e x a n - 2 - o n e  ( 2 5 6 a l .

A solution of ( 2 5 4 a )  (1 7 3  mg, 0 .9 9 3  m m ol) and oxalyl chloride (0 .1 5  ml, 1 .8  

m m ol) in ether (5  ml) w as stirred for 12 h at room tem perature . All vo latile  

m aterial w as evaporated under high vacuum  to give the crude acid chloride as a
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viscous oil; v m ax (film) 1800 c m '1 .

The crude acid chloride w as dissolved in ether (5 ml) and an ethereal solution of 

diazom ethane (12  ml, 4 .5  mmol) added dropwise. After 18 h at room tem perature the 

ether w as slowly evaporated under a stream of nitrogen. Chromatographic purification 

of the residue on Florisil gave the title  c o m p o u n d  (2 5 6 a 1  (109  mg, 55% ) as an 

u nstab le  ye llow  oil; (Found: M .+ , 1 7 0 .0 7 6 6 . C g H  .j 4 N 2 O S  - N 2 requires  

1 7 0 .0 7 6 5 );  v m a x  (film ) 2 104 , 1641 , and 1376  c m '1 ; 5 H (9 0  M H z; C D C Ig )  

1 .4 5 -2 .05  (4 H, m), 2 .34  (2 H, t, si 7 .0  Hz, C H 2 S), 2 .46 (2 H, t, si 6 .5  Hz, C H 2 C O ),

3.11 (2 H, d, si 7. Hz, C H C H 2 S), 4 .9 5 -5 .05  (1 H, m, ChLCH2 S), 5 .14  (1 H, approx d, 

J 2 Hz, C H :C H 2 ), 5 .27  (1 H, s, C H C N 2 ), and 5 .5 5 -6 .0 0  (1 H, m, C H :C H 2 ), mlZ 

( 1 0 0 ° C )  2 0 2  (M_+ , 1 % ), 170 (3 ), 157  (2 ), 142  (4 ), 137  ( 1 ), 129 (3 0 ), 101 

(2 7 ), 6 7  (3 8 ), and 41 (1 0 0 ).

1 - D ia z o - 6 - ( 3 - D h e n v lD ro D - 2 - e n v h th io h e x a n - 2 - o n e  ( 2 5 6 b ) .

A solution of ( 2 5 4 b )  (0 .9 0 9  g, 3 .63  m m ol) and oxalyl chloride (0 .34  ml, 1 .80  

mmol) in benzene (50  ml) w as stirred for 18 h at room tem perature. All volatile  

m aterial w as evaporated under high vacuum  and the residue distilled to give 5 -(3 - 

phenylprop-2-enyl)pentanoyl chloride (0 .5 2 9  g, 52% ), as a viscous oil; b.p. 1 6 5 °C  

at 2 mm Hg; v m ax (film) 1800 c m '1 .

The acid chloride (4 9 0  mg, 1 .82  mm ol) w as dissolved in ether (10  ml) and an 

ethereal solution of diazom ethane (20  ml, 6 .0  mmol) added dropwise. After 14 h at 

room tem perature  the ether w as slowly evaporated under a stream  of nitrogen. 

C hrom atographic purification of the residue on Florisil gave  the title  c o m p o u n d  

( 2 5 6 b )  (2 4 5  m g, 4 9 % ) as an unstab le  yellow  oil; (Found: M_+ , 2 4 6 .1  0 8 0 .  

c 1 5 h 1 8 n 2 o s  requires M_, 2 4 6 .1 0 7 8 ); v m a x  (film) 2 1 0 3 , 1641 , 1379 , 1323 , 

9 65 , and 754 c m '1 ; 5 H (250  M H z; C D C Ig ) 1 .45 -1 .72  (4 H, m), 2 .23  (2  H, approx 

t, 1  6 .0  Hz, C H 2 C O ), 2 .40  (2 H, t, si 7.1 Hz, C H 2 S ), 3 .20  (2 H, dd, si 7.1, 1 .0 Hz, 

C H C H 2 S), 5 .20  (1 H, br, C H N 2 ), 6 .19  (1 H, dt, J 15.4, 7.1 Hz, C H C H P h ), 6 .4 4  (1 

H, d, si 15.4 , C H C H P h ), 7 .2 0 -7 .42  (5 H, m, ArH); m /z  (FAB; glycerol) 275 (M H + , 

1% ), and 117  (1 0 0 ).

6 - B e n z v lth io -1 - d ia z o - h e x a n - 2 - o n e  ( 1 9 4 ) .

A solution of (2 5 4 c )  (340  mg, 1.56 mmol) and oxalyl chloride (0 .2 7  ml, 3.1 mmol) 

in benzene (40  ml) w as  stirred for 18 h at room tem perature. All volatile m aterial
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w as evaporated under high vacuum and the residue distilled to give 5-benzylpentanoyI 

chloride (352  mg, 96% ) as a viscous oil, b.p. 1 6 0 °C  at 0 .5  mmHg; v m ax (film) 

1 8 0 0  c m " 1 ; S H (2 5 0  M H z; C D C Ig ) 1 .5 2 -1 .6 8  (2 H, m), 1 .6 8 -1 .8 6  (2  H, m),

2 .42  (2 H, t, 1  7 .0  Hz, C j± 2 s ), 2.86 (2 H, t, 7 .0  Hz, CH_2 C O ) .  3.71 (2 H , s, 

C H 2 Ph), 7 .2 0 -7 .4 0  (5  H, m, ArH).

The acid chloride (3 5 0  mg, 1 .44  mmol) w as dissolved in ether (10  ml) and an 

ethereal solution of diazom ethane (18  ml, 5 .0  mmol) added dropwise. After 15 h at 

room tem perature  the ether w as slowly evaporated under a stream  of nitrogen. 

Chrom atographic purification of the residue on Florisil gave the title  c o m p o u n d  

(1 9 4 )  (236  mg, 66% ) as an unstable yellow oil; v m ax  (film) 2102 , 1641 , 1375, 

1322 , and 1099  cm - 1 ; 5 H (2 5 0  M H z; C D C Ig ) 1 .50 -1 .73  (4 H, m ), 2 .25  (2  H, t, ±

6 .2  Hz, C H 2 C O ), 2 .38  (2 H, t, J 6 .9  Hz, CH.2 S ), 3 .68  (2 H, s, C l±2 Ph), 5 .18  (1 H, 

br, C H N 2 ), 7 .17 -7 .31  (5  H, m, ArH); m /z  (FAB; glycerol) 249 (M H  + , 4% ), 247  

(2 ), 221 (2 ), 2 0 7  (2 ), 191 (1 ), 179 (1 ), 129 (3 ), 101 (3 ), and 91 (1 0 0 ).

2 - A l lv l th ie p a n - 2 - o n e  ( 2 5 7 ) .

A solution of (2 5 6 a ) (82  mg, 0 .414  mmol) in benzene (8 ml) was added dropwise to 

a suspension of dirhodium tetraacetate (3 mg) in benzene (10  ml) at reflux. After 1 h 

the pink solution w as cooled, evaporated, and the residue subject to chromatography to 

give the title  c o m p o u n d  (257^ (30 mg, 42% ) as an oil, b.p. 1 0 0 °C  at 0.8 m m Hg  

(Found: M.+ » 1 7 0 .0 7 6 8 . C g H 1 4 O S  requires M., 1 7 0 .0 7 6 5 ); v m ax  (film ) 1699 , 

1641, and 918  cm ‘ 1 ; 8H (2 5 0  M H z; C D C I3 ) 1 .6 0 -1 .95  (3 H, m), 2 .0 0 -2 .1 7  (1 H, 

m), 2 .3 4  (1 H, ddt, 14.7 , 7 .4 , 1.3 H z), 2 .5 8 -2 .7 3  (4 H, m), 2 .80  (1 H, ddd, !

14 .2 , 1 0 .6 , 3 .2  Hz, S C H C H 2 ), 3 .57  (1 H, dd, 7 .9 , 6.6 Hz, SC jH C H 2 ), 5 .0 0 -5 .1 6  (2 

H, m, C H :C j±2 ), and 5 .82  (1 H, ddt, ^  17.4, 1 0 .2 , 7 .0  Hz, C j i : C H 2 ); m /z  (1 4 0 ° C )  

170 (M_+ , 2 2 % ), 129 ( 1 2 ), 105 (31 ), 10 1  (3 0 ), and 41 ( 1 0 0 ).

2 - f 1 - P h e n v lp r o D - 2 - e n v h th ie p a n - 3 - o n e  (2 5 8 ) .

A solution of (2 5 6 b ) (153 mg, 0 .558  mmol) in benzene (7 .5  ml) was added over 5.5  

m inutes to a suspension of dirhodium tetraacetate  (4 mg) in benzene (20  ml) at 

reflux. After 3 minutes at reflux, the reaction mixture w as cooled, evaporated and the 

residue purified by chrom atography on silica gel to give the title c o m p o u n d  (2581  

(8 7  mg, 6 4 % ), a low m elting solid, as a m ixture of two d iastereom ers, m .p. 35- 

3 8 ° C , b.p. 1 4 5 -1 5 5 °C  at 0 .25  mmHg; (Found: C, 73.1; H, 7 .4 . C ^ H - jg O S  requires
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C, 73 .1 ; H, 7 .4% ); v m ax  (film) 1699, 1637 , 1453, 1200 , 9 22 , and 701 cm - 1 ; 

8h  (2 5 0  M H z; C D C I3 ) 1 .5 4 -1 .8 0  (2H , m), 1 .8 0 -2 .1 5  (2 H, m), 2 .3 0 -2 .4 3  (1 H, 

m, CJ±2 C O ), 2 .49  (1 H, ddd, ±  12.4 , 6 .6 , 2.3 Hz, C H 2 C O ), 2 .63 (1 H, approx dd, J.

14.9 , 7 .4  Hz, CH.2 S), 2 .7 2 -2 .8 5  (2 H, m, CH.2 S, minor isom er), 2 .9 2  (1 H, approx 

ddd, si 13 .2 , 10 .7 , 2 .7  Hz, CH.2 S, m ajor isom er), 3 .78  (1 H, approx t, 8 .7  Hz, 

C H P h , m ajor isom er), 3 .86  (1 H, t, J. 8 .3  Hz, C H P h , minor isomer), 3 .98  (1 H , d, J.

8 .7  Hz, CH.S, minor isomer), 4.01 (1 H, d, sL 9 .9  Hz, C H S , m ajor isom er), 4 .9 8 -5 .2 0  

(2  H, m, C H :C H 2 ), 5 .9 2 -6 .1 8  (1 H, m, C H :C H 2 ), and 7 .1 7 -7 .3 2  (5 H, m, ArH); m Iz 

( 1 2 0 ° C )  246  (M_+ , 16% ), 157  (3 ), 129 (12 ), and 117 (1 0 0 ); together with a

seco n d  co m p o u n d : 1 -[5 -(3 -p h e n y lp ro p -2 -e n y l) th io ]p e n ta n o y lc y c lo h e p ta -2 ,4 ,6 -  

triene (2 6 0 )  (21 mg, 1 2 % ), an oil; ( Found: M.+ , 324 .1 5 4 3 . C 2 1 H 2 4 O S  requires  

M_, 3 2 4 .1 5 4 8 ); v m a x  (film) 1717 , 1600 , 1450, 1288, 9 65 , 751, and 703 cm - 1 ; 

5 h  (270  M H z; C D C I3 ) 1 .45 -1 .78  (4 H, m), 2 .37  (1 H, t, J. 5 .6  Hz, C H C O ), 2 .48  (2 

H, t, J 6.8 Hz, CJ±2 CO ), 2 .55  (2 H, t, J 6.8 Hz, CH.2 S), 3.31 (2 H, d, sL 7 .3  Hz, 

S C H 2 C H ), 5 .02  (2 H, dd, J 7.6, 5 .6  Hz, C H C H C O ), 6 .17  (1 H, dt, J 15 .6 , 7 .5  Hz, 

C H C H P h ), 6 .26-6 .31  (2 H, m, C H C H C H C O ), 6 .43 (1 H, d, si 15.8 Hz, C H P h), 6 .5 7  (2 

H, dd, si 3 .1 , 2 .8  Hz, C H :C H C H ), and 7 .0 8 -7 .25  (5 H, m, ArH); m /z  (1 2 0 °C ) 324  

(M_+, 1% ), 246  (9 ), 203 (10 ), 129 (30 ), 117 (1 0 0 ), and 91 (54 ).

2 - B e n z v lo x o th ie p a n -3 - o n e  (2 5 9 ) .

A solution of (1 9 4 )  (1 0 7  mg, 0 .431 mmol) in benzene (5 ml) was added over 5 

m inutes to a suspension of dirhodium tetraaceta te  (4 mg) in benzene (15  ml) at 

reflux. After five m inutes at reflux, the reaction mixture was cooled, evaporated and 

the residue purified by chrom atography on silica gel to give the M g  com pound (2 5 9 )  

(2 5  mg, 2 6 % ), as an oil, b.p. 1 4 5 ° C  at 0 .2 5  m m Hg; (Found: M_+ , 2 2 0 .0 9 2 2 .  

C 1 3 H 1 6 O S  recluires M , 2 2 0 .0 9 2 8 ); v m ax (film) 1699, 1604, 1496 , 1453, 1436, 

752 , and 700  c r r f 1 ; 5 H (250  M H z; C D C I3 ) 1 .56 -1 .94  (3 H, m), 1 .9 5 -2 .1 8  (1 H, 

m), 2 .4 5 -2 .8 0  (3 H, m, C H 2 S and C H P h ), 2.81 (2 H, dd, J 14.3, 8 .0  Hz, C H 2 C O ),

3 .29  (1 H, dd, J 14.3 , 5 .4  Hz, C H 2 Ph), 3 .80 (1 H, dd, J 7.6, 5 .4  Hz, S C H C O ), and 

7 .1 2 -7 .4 0  (5  H, m, ArH); mLL (1 6 0 ° C )  220 (M_+ , 66% ), 187 (8 ), 131 (18 ),

101 (1 0 0 ), 91 (6 4 ), and 87  (2 7 ); together w ith a second com pound: 1 -(5 - 

b e n z y lth io )p e n ta n o y lc y c lo h e p ta -2 ,4 ,6 -tr ie n e  (2 6 1 )  (8 mg, 6% ) as an oil; (Found: 

M_+, 2 9 8 .1 3 9 1 . C 1 QH 2 2 O S requires M., 2 9 8 .1 3 8 3 ); v m a x  (film ) 1717 , 1689  

(w k), 1602 , 1494 , 1454 , 749 , and 703 cm "1 ; 8 H (270  M H z; C D C I3 ) 1 .4 5 -1 .7 5
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(4  H, m, C H 2 C H 2 C H 2 S), 2 .37  (1 H, t ,  1  5 .4  Hz, C H C O ), 2.41 (2 H, t .  1  6.8 Hz, 

CH.2 C O ), 2 .53  (2 H, t ,  i  6.8 Hz, ChL2 S), 3 .69  (2 H, s ,  C H 2 Ph), 5 .03 (2 H, d d ,  ±  7.6,

5 .5  Hz, C H C H C O ), 6 .2 5 -6 .3 6  (2  H, m, C H C H C H C O ), 6 .57  (2 H, d d ,  3.1 , 2 .6  Hz), 

a n d  7 .2 0 -7 .4 6  (5 H, m, ArH); m^z (1 7 0 ° C )  298  ( M . +  , 1% ), 224  (6 ), 2 0 7  (4), 

193 (2 4 ), a n d  91 (1 0 0 ).
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6 . 5  E x p e r im e n ta l fo r  C h a p te r  F iv e

G e n e ra l p ro c e d u re  fo r m -C P B A  o x id a tio n s

A solution of the sulphide substrate (0.2-1 mmol) in dichlorom ethane (~ 10  ml) was  

cooled to -1 0 °C  and m -C PB A  (85%  tech., 1 .1 -1 .3  eq.) added batchwise over 10-30  

minutes. After a further 10 minutes, the suspension was quenched with 10%  aqueous  

sodium metabisulphite at -1 0 °C . The dichloromethane phase was separated and washed  

with saturated sodium bicarbonate, w ater and brine. The crude product was subjected  

to chromatography on silica gel to give the sulphoxide as the major product, together 

with some sulphone.

E thvl 6 -B e n z v ls u lp h in v l-2 -d ia z o - 3 - o x o h e x a n o a te  (2 6 2 a ) .

m -C PB A  (57  mg, 0 .33  mmol) was added over 10 minutes to a solution of ethyl 6- 

b e n zy lth io -2 -d ia zo -3 -o x o h e x a n o a te  (2 3 1 )  (92  mg, 0 .30  mmol) in dichlorom ethane 

(10 ml ) at -1 0 ° C . After 0 .2  h, sodium m etabisulphite (2  ml, 10% ) w as added. 

W ork-up and purification gave the title c o m p o u n d  (262a1  (53 mg, 55% ) as a low 

m elting solid, m .p. 5 2 -5 4 °C ;  ( Found: C, 56 .0 ; H, 5.7; N, 8 .7 . C ^ H - i q ^ C ^ S  

requires C, 55 .9 ; H, 5.6; N, 8 .7 % ); v m a x  (m elt) 2 1 3 6 , 1 714 , 1 6 5 4 , 1 3 04 , 

1224, 1045 , and 701 cm "1 ; SH (250  M H z; C D C Ig ) 1 .36 (3 H, t, 7.1 H z), 2 .08 -

2 .22  (2 H, m, S C H 2 CIH2 ), 2 .59 -2 .78  (2 H, m, C jH^CO), 3 .03  (2 H, dt, J. 6 .9 , 1.4 Hz,

S C H 2 ),.4 .0 2  (2  H, s, P h C I±2 ), 4 .32  (2 H, q, 7.1 Hz, OCJhj.2 ), 7 .2 7 -7 .4 8  (5  H, m, 

ArH); m /z . (C .I.; N H g ) 323 ( M H + , 67% ), 295  (36), 91 (100);

E th v l 2 -D ia z o -6 - e th v ls u lp h in v l- 3 - o x o h e x a n o a te  (2 6 3 a ) .

m -C PB A  ( 1 1 0  mg, 0 .64  mmol) was added over 0 .75  h to a solution of ethyl 2-diazo-

6 -e th y lth io -3 -o x o h e x a n o a te  (2 3 2 )(1 3 1  mg, 0 .5 3 6  mmol) in dichlorom ethane (12  

ml) at -1 0 °C . After 0 .2  h, sodium m etabisulphite ( 2 ml, 10% ) was added. W ork-up  

and purification gave the title  c o m p o u n d  (2 6 3 a )  (74  mg, 53% ) as a low melting  

solid , m .p. 3 5 -3 8 ° C ;  ( Found: M_+ , 2 6 0 .0 8 2 3 . C-j 0 ^ 1 6 ^ 2 0 4 $  requires M_, 

2 6 0 .0 8 3 1 );  v m a x  (film) 2 1 36 , 1718 , 1654, 1305, and 1020 cm "1 ; 8 H (250  

M H z; C D C Ig ) 1.31 (3 H, t, J. 7 .0  H z), 1 .32  (3 H, t, i  7 .4  H z), 2.11 (2  H, quin, J.
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7.1 Hz, S C H 2 C E 2 ). 2 .6 2 -2 .7 9  (4 H, m, C l±2 S C t± 2 ), 3 .03  (2 H, dt, d  6 .7 , 1 .9 Hz, 

C H 2 C O ), and 4 .2 8  (2 H, q, d  6 .9  Hz, O C H 2 ); m/Z. (1 4 0 °C ) 260  ( R + , 1% ), 243  

(1 ), 231 (8 ), 183 (2 6 ), 131 (1 0 ), 127  (3 9 ), 109 (5 7 ), 99  (3 3 ), 69  (4 1 ), and  

29  (1 0 0 ); and a less polar com ponent e th v l 2 -d i a z o - 6 - e th v ls u lp h o n v l - 3 -  

o x o h e x a n o a t e  (2 6 3 b )  (10  mg, 7% ) as an oil; (Found: M .+ , 2 7 6 .0 7 7 1 .

C 1 0 H 1 6 N 2 ° 5 S requires M , 276 .0780); v m a x  (film ) 2 1 3 9 , 1717 , 1653 , 1379 , 

1305 , and 1131 c m '1 ; 5 H (250  M H z; C D C I3 ) 1.32 (3 H, t, d  7.1 H z), 1 .40 (2 H, t, 

d  7 .4  H z, S C H 2 C i± 3 ), 2 .07 -2 .24  (2 H, m, S C H 2 C H 2 ), 2 .9 4 -3 .1 0  (6 H, m), and 4 .29  

(2  H, q, ±  7 .4  H z, C 0 2 C H .2 ); m /z  (8 0 ° C )  276 ( M .+ , 7% ), 183 (3 ), 163 (49 ), 

156 (2 1 ), 147  (6 4 ), 135 (21 ), 109 (1 9 ), and 69 (1 0 0 ).

E th v l 6 -A llv ls u lp h in v l- 2 - D ia z o - 3 - o x o h e x a n o a te  (2 6 4 a ) .

A solution of ethyl 6 -a lly lth io -2 -d ia zo -3 -o x o h e x a n o a te  ( 2 2 5 )  (1 9 6  mg, 0 .7 6 5  

mm ol) in d ichlorom ethane (7  ml) at 0° C  w as buffered with anhydrous disodium  

hydrogen phosphate (0 .9  g) and then treated with m -CPBA (0.21  g, 1.15 mmol) over 

0 .25  h. After a further 0 .25  h , work-up and purification gave the title c o m p o u n d  

(2 6 4 a )  (112  mg, 54% ) as a viscous polar oil; ( Found: C, 48 .5 ; H, 6 .1; N, 10.2 . 

C 1 1 H 1 6 N 2 O 4 S requires C, 48.5; H, 5.9; N, 10.3% ); v m ax> (film ) 2 1 3 6 , 1 717 , 

1654 , 1377 , 1305 , and 1041 c m '1 ; 8 H (2 5 0  M H z; C D C I3 ) 1 .25 (3 H, t, J. 7.1 

H z), 2 .06  (2 H, quin, J 7 .2  Hz, C H 2 C H 2 S), 2 .6 2 -2 .7 5  (2 H, m, C H 2 S), 2 .9 7  (2  H, 

dt, d  6 .9 , 1.5 Hz, C H 2 C O ), 3 .34  (1 H, ddt, ±  12.5, 6 .8 , 0 .6  Hz, SCH.2 C H ), 3 .4 6  (1 H, 

ddt, J 12.5 , 6 .8 , 0 .6  Hz, S C H 2 CH ), 4 .23  (2 H, q, d 7.1 Hz, C 0 2 C H 2 ), 5 .2 6 -5 .4 3  (2  

H, m, C H 2 :CH), and 5 .83  (1 H, ddt, d  16.5, 10.2, 7 .4  Hz, C H C H 2 S); mlA (1 2 0 ° C )  

2 7 2  (M_+ , 1% ), 2 5 6  (1 ), 231 (1 0 0 ), 2 2 7  (3 ), 203 (2 ), 159  (1 0 ), 127  (2 1 ), 

109 (1 9 ), and 41 (86 ); and a less polar product, e thvl 6-a l lv ls u lp h o n v l- 2 - d ia z o -

3 - o x o h e x a n o a t e  ( 2 6 4 b )  (43 mg, 20% ) as an oil; ( Found: M_+ , 2 6 0 .0 7 1 8 .

C 1 1 H 1 6 N 2 ° 5 S "N2  recluires M» 2 6° . ° 6 6 ° ) ; v m a x  (film ) 2 1 38 , 1714 , 1652 , 

1380, 1306, and 1132  cm "1 ; 5 H (2 5 0  M Hz; C D C I3 ) 1 .27 (3 H, t, J 7.1 H z), 2 .12  

(2 H, quin, d  7 .3 Hz, S C H 2 C H 2 ), 2 .9 2 -3 .0 7  (4 H, m, S C H 2 C H 2 C H 2 CO ), 3 .68  (2 H, 

d, d  7 .0  Hz, C H C H 2 S), 4 .25  (2 H, q, J 7.1 Hz, O C H 2 ), 5 .36 -5 .50  (2 H, m), and 5 .89  

(1 H, ddt, I  16 .9 , 1 0 .6 , 7 .2  H z); m /z  (1 6 0 ° C )  288 (M_+ , 1 % ), 2 6 0  (1 ), 247  

(1 ), 243  (1 ), 224  (1 ) , 196 (5 ), 159  (1 4 ), 109  (16 ), 41 (1 0 0 ).
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E lh y l  2-D ,ia z o -3 -Q X .a -6 -(3 -p h e n v lp ro p -2 -e n y n s u lp h in v lh e x a n o a te  ( 2 6 5 a ) .  

m -C PB A  (2 1 0  mg, 1 .2  mmol) w as added over 1 h to a solution of ethyl 2 -d iazo-3- 

o x o -6 - (3 -p h e n y lp r o p -2 -e n y l) th io h e x a n o a te  ( 2 2 7 )  (3 3 5  mg, 1.01 m m ol) in 

dichlorom ethane (30  ml). After 5 minutes, 10%  sodium m etabisulphite w as added, 

and the product extracted and purified, to give the title co m p o u n d  (2 6 5 a ) (2 1 2  mg, 

61% ) as a solid, m. p. 8 1 -8 3 °C ; ( Found: C, 58.5; H, 5 .8; N, 7.8. C 1 7 H 2 0 N 2 O 4 S 

requires C, 58 .6 ; H, 5 .8 ; N, 8 .0% ); v m a x  (m elt) 2 1 3 6 , 1714 , 1 6 51 , 1376 , 

1304 , 1224 , and 10 3 9  c m '1 ; S H (2 5 0  M H z; C D C Ig ) 1 .29 (3 H, t, d  7 .0  Hz, 

C H 2 C H 3 ), 2 .12  (2  H, m, S C H 2 C H 2 ), 2 .70 -2 .82  (2 H, m, C H 2 C H 2 S), 3.01 (2 H, dt, 

d  7.0, 1.0 Hz, C H 2 C O ), 3 .56  (1 H, ddd, J. 12.5, 7 .5  ,0.8 Hz, C H C tL2 S), 3 .6 7  (1 H, 

ddd, d  12.5 , 7 .5 , 0.8 Hz, C H C H 2 S), 4 .26  (2 H, q, d  7 .0  Hz, C 0 2 C H 2 ), 6 .24  (1 H, dt, 

J 15.5, 7 .2  Hz, C H C H P h ), 6 .65  (1 H, d, d  15 .5  Hz, C H P h ), and 7 .2 0 -7 .43  (5 H, m, 

ArH); m Zz (FAB; glycerol) 349  (M H  + , 4% ), 155 (2 ), 117  (1 0 0 ), and 91 (7); 

and a less po lar product e t h v l  2 -d i a z o - 3 - o x o - 6 - ( 3 - p h e n v l p r o p - 2 -  

e n v h s u lp h o n v lh e x a n o a te  (2 6 5 b )  (28  mg, 8% ) as an oil; ( Found: C, 56.1; H, 5.7; 

N, 7 .6 . C 1 7 H 2 q N 2 0 5 S requires C, 56.0; H, 5.5; N, 7 .7% ); v m a x  (film ) 2 1 3 8 , 

1 7 14 , 1 6 5 2 , 1 3 7 9 , 1 3 0 4 , 1 2 2 5 , 1 1 2 2 , 9 7 1 , and 7 4 5  cm ‘ 1 ; 5 H (2 5 0  M H z; 

C D C I3 ) 1 .30 (3 H, t, d  7 .0  Hz, C H 2 C H 3 ), 2 .1 0 -2 .2 4  (2 H, m, C H 2 C H .2 S ), 2 .9 5 -

3 .09  (4 H, m, S C H 2 C H 2 C H 2 C O ), 3 .85  (2 H, d, J 7.3 Hz, C H C H 2 S), 4 .26  (2 H, q, d

7.0  Hz, C 0 2 C H 2 ), 6 .24  (1 H, dt, d  15.5, 7 .2  Hz, P h C H C H ), 6 .72  (1 H, d, d 15 .5  Hz, 

PhC FL), 7 .2 1 -7 .4 7  (5 H ,m , ArH); m /z  (FAB; glycerol) 365  (M H  + , 1 % ), 21 5  (1), 

203 (2 ), 185 (3 ), 117  (1 0 0 ), and 91 (16).

E th v l 2 -D ia z o -3 - o x o -7 - ( 3 - p h e n v lp ro p - 2 - e n v h s u lp h in v lh e p ta n o a te  (2 6 6 a 1 .  

m -C PB A  (108  mg, 0 .6 2  mmol) w as added over 20  minutes to a solution of ethyl 2- 

d ia z o -3 -o x o -7 - (3 -p h e n y lp r o p -2 -e n y l ) th io h e p ta n o a te  ( 2 3 4 )  (1 8 0  m g, 0 .5 2  

mmol) in dichlorom ethane (10  ml) at -1 1 °C . After 0.3 h, sodium m etabisulphite (2 

ml, 20% ) w as added. W ork-up and purification gave the title  c o m p o u n d  (2 6 6 a 1  

(113 mg, 60% ) as a low melting solid, m.p. 4 8 -5 0 °C ; (Found: C, 59.7; H, 6 .2 ; N, 

7.7. C ^ 3 H 2 2 N 2 0 4 S requires C, 59.7; H. 6.1; N, 7.7% ); v m ax  (m elt) 2 1 3 5 , 1714 , 

1652 , 1 4 50 , 1 3 72 , 1305 , 1218 , 1 0 25 , and 74 8  c m '1 ; 5 H (250  M H z; C D C Ig ) 

1.32 (3 H, t, d  7 .0  H z, C H 2 C H 3 ), 1 .7 0 -1 .94  (4  H, m), 2 .7 5  (2  H, approx t, d  7.1 

H z, C H 2 C E 2 S), 2 .9 0  (2 H, approx t, d  6 .7  Hz, CH_2 C O ), 3 .5 3 -3 .7 3  (2  H, m, 

C H C H 2 S), 4 .28  (2 H , q, d  7 .0  Hz, C 0 2 C H 2 ), 6 .25  (1 H, dt, d  15 .6 , 7 .8  Hz, P h C H C H ),
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6.68 (1 H, d. J. 15 .8  Hz, PhCH.), and 7 .2 2 -7 .4 4  (5  H, m, ArH); mIz. (FAB; glycerol) 

3 6 3  (M .+ , 4 % ), 3 3 7  ( 1 ), 165  ( 1 ), 1 4 7  ( 1 ), 129  (2 ), 117  ( 1 0 0 ), 91 (1 4 ).

E th y l 1 -B e n z v l- 3 - o x o th ia n e - 1 - o x id e - 2 - c a r b o x v la te . in n e r s a lt (2 6 8 ) .

A solution of ( 2 6 2 a )  (62  mg, 0 .1 9 4  mmol) in benzene ( 5 ml) w as added to a 

suspension of dirhodium tetraacetate (1 mg) in benzene (10  ml) at reflux over 0.2 h. 

After 5 minutes at reflux, the suspension w as cooled, filtered, evaporated, and the 

residue recrystallized to give the title co m p o u n d  (2681 (43m g, 76% ) as colourless 

crystals, m .p. 1 7 5 -1 7 7 °C  (benzene/d ich lorom ethane); ( Found: C, 61 .0 ; H , 6 .0 . 

C 1 5 H 1 8 ° 4 S requires C, 61 .2; H, 6 .2% ); v m a x  (N ujo l) 1633 , 1 6 1 1 , 1319, 

1250 , 1 2 08 , and 1126  c m '1 ; 5 H (2 5 0  M H z; C D C Ig ) 1 .39 (3 H, t, d  6.8  Hz, 

C H 2 C H 3 ), 1 .86-2.00 (1 H, m), 2 .0 8 -2 .5 5  (3 H, m), 3 .04  (1 H, dd, d  13 .1 , 5 .6  Hz, 

C H 2 C H 2 S), 3 .30  (1 H, dt, J 12.5, 2 .8  Hz, C H 2 C H 2 S), 4 .2 6 -4 .4 4  (2 H, m, C 0 2 C H 2 ),

5 .23 (1 H, d, J 13.5 Hz, P h C H 2 ), 5 .32  (1 H, d, d  13.5 Hz, P h C H 2 S), and 7 .45  (5 H, 

m, ArH); mlA  (1 9 0 ° C )  294  (M_+ , 2% ), 248 (3 ), 204  (3 ), 187  (12 ), 142 (13), 

103 (9 ), 91 (1 0 0 ).

E th v l 1 -E th v l- 3 - o x o th ia n e - 1 - o x id e -2 - c a r b o x v la te . in n e r sa lt (2 6 9 ) .

A solution of ( 2 6 3 a )  (60  mg, 0 .2 3  mmol) in benzene (5 ml) w as added to a 

suspension of dirhodium tetraacetate  (1.1 mg) in benzene (7 .5  ml) over 7 minutes. 

After 1 m inute at reflux the suspension was cooled, filtered, evaporated, and the  

residue recrystallized to give the title co m p o u n d  (2 6 9 ) (42 mg, 78 % ) as colourless 

crystals, m .p . 1 7 4 -1 7 7 °C  (b en zen e /e th er); (Found: M_+ , 232 .07 73 . C 1 OH 1 0 O 4 S 

requires M , 2 3 2 .0 7 6 9 ); v m ax  (Nujol) 1723, 1655, 1373, 1207, 1054, and 756  

c m '1 ; S H (250  M H z; C D C Ig ) 1.30 (3 H, t, J 7 .0  Hz. O C H 2 C H 3 ), 1.40 (3 H, d  7.3  

Hz, S C H 2 C H 3 ), 2 .1 2 -2 .6 0  (4 H, m, C H 2 C H 2 C O ), 3 .2 7 -3 .5 4  (2 H, m, C H 2 C H 2 S ),

3 .97  (2 H, approx, q, J 7.5 Hz, C H 3 C H 2 S), and 4 .1 3 -4 .3 4  (2 H, m, C 0 2 C H 2 ); m /z  

( 1 8 0 ° C )  2 3 2  (M_+ , 1 0 0 % ), 187  (4 1 ), 162 (4 0 ), 159 (2 3 ), 134 (3 1 ), 116  

(2 3 ) ,  1 1 1 (1 5 ) .

E th y l 1-A llv l- 3 - o x o th ia n e -1 - o x id e -2 - c a r b o x v la te . in n e r s a lt (2 7 0 ) .

A solution of (2 6 4 a )  (114  mg, 0 .4 1 9  mmol) in benzene (6 ml) w as added dropwise  

to a suspension of dirhodium tetraacetate (5 mg) in benzene (10  ml) at reflux over 6
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minutes. After 0 .2  h, at reflux the suspension was cooled, filtered, evaporated, and the 

residue recrystallized to give the title com pound (2701 (81 mg, 84% ) as colourless 

crystals, m .p. 1 2 8 -1 3 0 °C  (benzene/ethyl acetate); ( Found: C, 53.8; H, 6 .6 ; S , 13.1. 

C 1 1 H 1 6 ° 4 S s q u ire s  C, 54.1; H, 6 .6 ; S, 13.1% ); v m a x  (N ujo l) 1697 , 1574 , 

1 3 7 0 , 1 3 3 6 , and 1 1 9 0  cm "1 ; 8 H (2 5 0  M H z; C D C Ig ) 1.33 (3 H, t, d. 6 .9  Hz, 

C H 2 C H 3 ), 2 .1 0 -2 .63  (4 H, m, C H 2 C J i2 CO ), 3 .2 1 -3 .4 7  (2 H, m, S C U 2 ), 4 .2 1 -4 .3 7  

(2  H, m, C 0 2 C H 2 ), 4 .53  (1 H, dd, d. 10.1, 7 .5  Hz, C H C H 2 ), 4 .78  (1 H, dd, d. 10.1,

6.6 Hz, C H C H 2 ), 5 .5 0 -5 .6 2  (2 H, m, C H C tt2 ), and 5 .7 1 -5 .80  (1 H, m, C H C H ); m lA 

(FA B ; g lycero l/ C H C lg ) 245 (M H  + , 100% ), 2 05 , (36 ), 199 (33 ), 185 (2 1 ), and  

159  (1 5 ) .

E th v l 3 -o x o - 1 - ( 3 - P h Q n v lp ro D - 2 - e n v lH h ia n e -1 - o x id e -2 - c a r b o x v la te . in n e r  s a lt  

( 2 7 1  ) .

A solution of ( 2 6 5 a )  (200  mg, 0 .5 7 4  mmol) in benzene (7  ml) w as added to a 

suspension of dirhodium tetraacetate (4 mg) in benzene (20  ml) over 1 minute. After 

1 minute at reflux, the suspension was cooled, filtered, evaporated, and the residue  

recrystallized to give the title com pound  (2 7 1 ) (100  mg, 54% ) as a colourless solid, 

m.p. 1 4 3 -1 4 4 °C  (benzene); ( Found: C, 63.5; H, 61 .9; S, 9 .7 . C 1 7 H 2 0 O 4 S requires 

C, 63.7; H, 6.3; S, 1 0 .0% ); v m a x  (Nujol) 1692, 1576, 1462 , 1374, 1 2 0 2 , and  

756  cm - 1 ; S H (250 M H z; C D C Ig ) 1 .37  (3 H, t, d. 7 .1H z, C H 2 C H 3 ), 2 .10 -2 .63  (4 H, 

m, C H 2 C H 2 C O ), 3 .2 6 -3 .3 9  (1 H, m, C H 2 C H 2 S), 3 .4 0 -3 .5 6  (1 H, m, C H 2 C H 2 S ), 

4 .2 1 -4 .4 4  (2  H, m, C 0 2 C H 2 ), 5 .85  (1 H, dd, d. 14 .5 , 8.0 Hz, C H C H 2 S), 5 .94  (1 H, 

dd, d. 14.5, 8.0 Hz , C H C H 2 S), 6 .12  (1 H, d t, d. 15.5 , 7 .0  Hz, P h C H C H ), 6 .83  (1 H, 

d, d. 15 .5  H z, P h C H ), and 7 .2 1 -7 .5 3  (5 H, m, ArH); m /z  (1 3 0 °C ) 320  (M + , 4% ), 

3 0 4  (1 ), 2 8 6  (1 ), 27 4  (2 5 ), 188 (3 0 ), 142 (4 6 ), 129 (4 5 ), 117 (1 0 0 ), 105  

(8 7 ), and 7 7  (64 ).

6 - B e n z v ls u lp h in v l-1 - d ia z o h e x a n- 2 - o n e  (2 7 3 ) .

A so lution  of 6 -b e n z y lth io -1 -d ia z o h e x a n -2 -o n e  (1 9 4 )  (57  mg, 0 .2 3  m m ol) in 

dichlorom ethane (10 ml) at -2 0 °C  w as buffered with anhydrous disodium hydrogen  

phosphate (0 .2  g) and then treated with m -C PB A  (43 mg, 0 .2 5  mmol) over 0 .2  h. 

After a further 5 m inutes, w ater w as added to the reaction mixture. The two phases  

w ere separated, the organic phase washed with 5%  sodium bicarbonate solution and
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brine, dried over magnesium sulphate and then evaporated. Purification of the residue 

by chrom atography on Florisil gave the title  c o m p o u n d  (2 7 3 )  (51 mg, 84% ) as a 

solid, m .p. 7 1 -7 4 °C ; v m a x  (m elt) 3 0 8 0 , 2 1 19 , 1623 , 1387 , 1022, 6 9 9  cm "1 ; 

5 h  (2 5 0  M H z; C D C Ig ) 1 .6 4 -1 .89  (4 H, m), 2 .2 7 -2 .4 2  (2 H, m, C H 2 C O ), 2 .5 7  (2 

H, approx t, d  7.1 H z, C H 2 S), 3 .93  (1 H, d, d  12.9 Hz, ChLaPh)* 4 .05  (1 H, d, d  12.9  

H z, C H 2 Ph), 5 .23  (1 H, br, C H N 2 ), and 7 .23 -7 .43  (5 H, m, ArH).

E th y l 2 -D ia z o -3 - h v d ro x v - 3 - ( 2 - p h e n v lth io )p h e n v lp ro p a n o a te  (2 7 4 a ) .

A solution of LDA (6.68 mmol) in T H F  (10  ml) , prepared by the addition of n-butyl 

lithium in hexane ( 4 .0 3  ml, 6.68 mmol) to diisopropylam ine (0 .9 4  ml, 6.68 mmol) 

in T H F  (10  ml) at 0° C ,  w as added dropw ise by catheter to a solution of ethyl 

d iazo aceta te  (0 .8 7  g, 7 .59  m m ol) and 2-(phenylth io )benzaldehyde (1 .3 0  g, 6 .0 7  

mmol) in T H F  (30  mi) at - 7 5 ° C over 0 .2 5  h. After stirring for 1 .5  h, acetic acid 

(0 .5  ml) w as added and the solution allowed to warm to 0° C , before the addition of 

water. W ork-up and purification of the residue by chromatography on silica gel gave  

the title  c o m p o u n d  (2 7 4 a f  (1 .93  g, 97% ) as a yellow solid, m .p. 6 9 -7 0 °C  (dec.); 

(Found: C, 62 .4; H, 4 .9 ; N, 8 .4 . C 1 7 H 1 6 N 2 0 3 S requires C, 62.2; H, 4 .9 ; N, 

8 .5% ); v m a x  (m elt) 3 4 39 , 2097 , 1674, 1295 , 1108, and 741 cm "1 ; 8 H (250  

M H z; C D C I3 ) 1.23 (3 H, t, d  7.1 Hz, C H 2 C I± 3 ), 3 .44  (1 H, br, O H ), 4 .0 7 -4 .2 9  (2 

H, m, C O C t y ,  6 .32  (1 H, d, d 3.1 Hz, C H O H ), 7 .1 0 -7 .4 7  (8 H, m), and 7 .74  (1 H,

d, d  6 .7  H z); m /z  (1 0 0 ° C )  3 0 0  (M .+ - N 2 , 7 7 % ), 283  (1 0 0 ), 25 4  (2 4 ), 226

(4 8 ), 21 3  (6 9 ), 1 9 7  (7 5 ), 184  (4 6 ), 137  (41 )

E th v l 3 - f2 -B e n z v ith io )p h e n v l- 2 - d ia z o - 3 - h v d ro x v p ro p a n o a te  (2 7 4 b ) .

A solution of LDA (4 .6 2  mmol) in T H F  (10  ml) , prepared by the addition of n-butyl 

lithium in hexane (2 .93  ml, 4 .62  mmol ) to diisopropylam ine (0 .68  ml, 4 .84  mmol) 

in T H F  (10  ml) at 0° C ,  w as added dropw ise by catheter to a solution of ethyl 

d iazo aceta te  (0 .5 5 3  g, 4 .84  m m ol) and 2 -(benzylth io )benzaldehyde (1.01 g, 4 .40  

mmol) in TH F  (25  ml) at -7 5 ° C  over 0 .25  h. After stirring for 1.5 h, acetic acid  

(0 .4  ml) w as added and the solution allowed to warm to 0° C , before the addition of 

w ater and subsequent extraction of organic m aterial into dichlorom ethane. The  

dich lorom ethanephase w as w ashed with w ater, then brine and finally dried over 

m agnesium  sulphate. After evaporation, the residue was purified by chrom atography

*
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on silica gel to give the title co m p o u n d  (2 7 4 b ) (1 .38  g, 92% ) as a yellow oil which 

solidified at 0° C ;  (Found: C, 63.2; H, 5.3; N, 8 .0 . C 1 8 H 1 8 N 2 0 3 S requires C, 63.1; 

H, 5.3; N, 8 .2% ); v m a x  (film ) 3 4 4 1 , 2097 , 1675 , 1373 , 1294 , 1107 , and 749  

c m '1 ; S H (250  M H z; C D C I3 ) 1.28 (3 H, t, d  7 .0  Hz, C H 2 C H 3 ), 3 .00  (1 H, br, O H ),

4 .05  (1 H, d, d  12.3 Hz, C H ^ h ) ,  4 .12  (1 H, d, d  12.3 H z, C H g P h ), 4 .26  (2 H, dq, d

7 .0 , 2.0  H z, C 0 2 C H 2 ). 6 .11  ( 1 H, d, d  3 .2  Hz, C H O H ), and 7 .1 1 -7 .6 5  (9  H, m, 

ArH); m/z_ ( 1 5 0 ° C )  314  (M_+ - N 2 , 4 % ), 2 9 6  (7 ), 22 8  (1 4 ), 22 3  (3 4 ), 206

(2 1 ), 161 (2 2 ) ,1 3 7  (2 1 ), and 91 (1 0 0 ).

E th y l 2 -D ia z o - 3 - o x o - 3 - ( 2 - p h e n v lth io )p h e n v lp ro p a n o a te  (2 7 5 a ) .

Barium m anganate (2 .5  g, 9 .8  mmol) w as added to a solution of (2 7 4 a ) (1 .55g , 4.71 

mm ol) in d ichlorom ethane (50  ml) and the suspension stirred rapidly for 15 h at 

room tem perature, and then heated at reflux for 3 h. Th e  reaction m ixture w as  

filtered through Celite, evaporated, and the residue subjected to chrom atography to 

give the tit le  c o m p o u n d  ( 2 7 5 a )  (1 .0 6  g, 91% ) as a yellow oil; ( Found: M .+ , 
3 2 6 .0 7 1 7 . C 1 7 H 1 4 N 2 0 3 S requires M , 326 .0 7 2 5 ); v m a x  (film ) 2 1 4 3 , 1724,

1 6 35 , 1 3 1 7 , and 75 0  c m '1 ; S H (2 5 0  M H z; C D C I3 ) 1 .18 (3 H, t, si 7.1 Hz, 

C 0 2 C H 2 C H 3 ), 4 .18  (2 H, q, d  7.1 Hz, C 0 2 C H 2 C H 3 ), and 7 .16 -7 .46  (9 H, m, ArH); 

m /z  (1 0 0 ° C )  3 2 6  (M .+ , 1 % ), 3 0 0  ( 1 ), 253 (5 ), 225  ( 1 0 0 ), 197 (5 0 ), and 176  

( 2 7 ) .

E th v l 3 - (2 -B e n z v lth io )p h e n v l-2 -d ia z o - 3 - o x o p ro p a n o a te  (2 7 5 b ) .

Barium m anganate (1 .8  g, 6 .9  mmol) w as added to a solution of (2 7 4 b ) (1 .1 8g, 3 .44  

mm ol) in d ichlorom ethane (50  ml) and the suspension stirred rapidly for 12 h at 

room tem perature. More barium m anganate (0.88 g, 3 .44  mmol) was added and the 

suspension heated at reflux for 6 h. The reaction mixture w as filtered through Celite, 

evaoorated and the residue subjected to chromatography to give the title com pound  

(2  7 5 b )  (1 .3 5  g, 88% ) as a yellow  oil; ( Found: C, 63 . 4; H, 4 .7 ; N, 8 .4 . 

c  1 8 H 1 6 N 2 ° 3 S requires C, 63.5; H, 4.7; N, 8 .2% ); v m a x  (film ) 2 1 4 2 , 1724 ,

1694, 1634 , 1370 , 1304 , 1118, and 752 cm ’ 1 ; o H (250  M Hz; C D C I3 ) 1.16 (3 H, 

t, si 6.8 Hz, C 0 2 C H 2 C H 3 ), 4 .06  (2 H, s, C H 2 Ph), 4 .16 (2  H, q, d  6.8 Hz, C 0 2 C H 2 ), 

and 7 .2 2 -7 .3 5  (9  H, m, ArH); m iz  (FAB; glycerol) 341 (M_H + , 1% ), 313  (1 ), 

2 7 7  (2 ), 2 3 9  (4 ), 2 2 7  (4 ), 211 (3 ), 185 (2 6 ), and 91 (1 0 0 ).
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Ethyl. 2-Q ja z o -3 -o x o -3 - (2 -p h e n v ls u lp h in v n p h e n v lp ro p a n o a te  (2 7 6 a ) .  

m -C PB A  (0 .82  g, 4 .8  mmol) w as added over 0 .5  h to a solution of (2 7 5 a )  (1 .3 0  g,

4 .0 0  m m ol) in d ich lo rom ethane (2 5  ml) at -1 5 ° C .  A fter 0 .2  h, 2 0 %  sodium  

m etabisulphite w as added. Basic work-up and purification gave the title com pound  

(2 7 6 a )  (1 .1 6  mg, 85% ) as a yellow solid, m .p. 9 4 -9 5 °C ; ( Found: C, 59 .4; H, 4.0; 

N, 8 .0 . C 1 7 H 1 4 N 2 0 4 S requires C, 59.6; H, 4.1; N, 8 .2% ); v m a x  (m elt) 2 1 47 , 

1724 , 1625 , 1304, 1041, and 751 c m '1 ; 5 H (2 5 0  M H z; C D C I3 ) 1-16 (3 H, t, J.

7.1 Hz, C 0 2 C H 2 C H 3 ), 4 .15  (2 H, q, l  7.1 Hz, C 0 2 C H 2 C H 3 ), 7 .1 2 -7 .7 8  (8 H, m, 

ArH), and 8 .08  (1 H, d, 7 .6 Hz, ArH); mlA (FAB; glycerol) 343 (M .H +, 3% ), 315

(1 9 ), 2 9 9  (6 ), 269  (2 5 ), 22 9  (2 3 ), 213 (23 ), 185 (4 3 ), and 93 (1 0 0 ).

E th y l 3 - (2 -B e n z v ls u lp h in v n p h e n v l- 2 -d ia z o - 3 - o x o p ro p a n o a te  f2 7 6 b t .  

m -C PB A  (0 .58  g, 3 .4  mmol) w as added over 0 .5  h to a solution of (2 7 5 b ) (0 .960  g, 

2 .8 2  m m ol) in d ich lorom ethane (25  ml) at -1 3 ° C .  A fter 0 .2 5  h, 20%  sodium  

m etabisulphite w as added. Basic work-up and purification gave the title com pound  

( 2 7 6 b )  (868 mg, 86% ) as a viscous oil; (Found: C, 6 1 .0 ; H, 4 .7 ; N , 7 .9 . 

C 1 8 H 1 6 N 2 ° 4 S s q u ire s  C, 60 .7; H, 4.5; N, 7 .9% ); v m a x  (film ) 2 1 4 8 , 1724 , 

1619 , 1321 , 1271 , and 75 2  cm - 1 ; 5 H (60  M H z; C D C Ig ) 1.22 (3 H, t, J 6 .4  Hz, 

C 0 2 C H 2 CH_3 ), 4 .0 2  (1 H, d, 1 1 . 0  Hz, CH_2 Ph), 4 .19  (2 H, q, J_ 6 .4  Hz,

C 0 2 C H 2 C H 3 ), 4 .40  (1 H, d, si 11.0  H z ,C H 2 Ph), and 6 .9 5 -7 .8 8  (9 H, m, ArH); mZz 

(FAB; glycerol) 3 5 7  (M H  + , 6% ), 331 (1 2 ), 2 7 7  (4), 223 (7 ), 185 (4 8 ), and 93  

( 1 0 0 ) .

E th y l 2 .3 - D ih v d ro - 3 - o x o -1 -p h e n v lb e n z o [b ]th io p h e n e -1 - o x id e -2 -c a r b o x v la te . 

in n e r  s a lt  ( 2 7 7 a )

Dirhodium  te traace ta te  (4 m g) w as added to a solution of (2 7 6 a )  (1 .13  g, 3 .29  

mmol) in benzene (30  ml) which had been rapidly heated to reflux. After 2 minutes 

at reflux , the yellow coloured solution w as cooled, evaporated, dichlorom ethane (5  

ml) added and the catalyst rem oved by filtration through C elite. The filtrate w as  

evaporated , and the residue recrystallized to give the title  c o m p o u n d  (2 7 7 a t  as 

c o lo u rless  c ry s ta ls , m .p . 1 7 5 -1 7 6 ° C  (b e n ze n e ); (Found: C , 6 5 .0 ; H , 4 .4 . 

C 1 7 H 1 4 0 4 S requires C, 65.0; H, 4 .5% ); v m ax  (Nujol) 1719 , 1656 , 1 6 06 , 1370 , 

1 1 96 , 1040  and 771 cm _1 ; 8 H (2 5 0  M H z; C D C Ig ) 1 .17  (3 H, t, J_ 6 .9  H z, 

C 0 2 C H 2 C H 3 ), 4 .0 0 -4 .2 9  (2 H, m, C 0 2 C H 2 ), 7 .5 4 -7 .7 4  (5 H, m, EtLH), 7 .80  (1 H,
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dt, 1  7 .4 , 0 .8  H z), 7 .90  (2 H, m), and 8 .02  (1 H, d, ±  7 .5  Hz); 5 C (6 2 .9  M Hz; 

C D C13 ) 1 3 .8 , 5 9 .2 , 8 5 .0 , 1 2 2 .9 , 1 2 3 .0 , 1 2 4 .0 , 1 2 7 .6 , 1 2 9 .8 , 1 3 3 .2 , 1 3 4 .1 ,

134 .2 , 135 .4 , 136 .3 , 161, and 175 .0 ; m il. (1 9 0 °C )  314  (M + , 54% ), 269  (97 ), 

213 (1 0 0 ), 197  (1 8 ), 177 (3 0 ), 136 (6 2 ), 118 (7 8 ), and 77  (60 ). The m other 

liquor from the recrystallization w as subjected to chrom atography and gave a second  

com ponent e th y l 2 ,3 -d io x o -3 - ( 2 - p h e n v lth io )p h e n v lp ro p a n o a te  (2 7 7 b )  (1 9 4  mg, 

19% ) as a yellow  and readily hydrated oil; (Found: C, 64 .8 ; H, 4 .8 ; S, 10 .5 . 

c 1 8 h 1 6 ° 4 S requires C, 65.0; H, 4.5; S, 10 .2% ); v m ax (film ) 3 4 2 3 , 1 7 4 7 , 

1720 , 1675 , 1585 , 1463 , 1300 , 1233 , 1100 , 1069 , 1047 , 1016 , and 743  cm ' 

1 ; 8 h  (250  M H z; C D C Ig) 1.11 (3 H, t, d. 7 .0  Hz, C 0 2 C H 2 C H 3 hydrate), 1 .26 (3 H, t, 

d. 7 .0 Hz, C 0 2 C H 2 C E 3 keto), 4 .23 (2 H, q, d. 6 .9H z, C 0 2 C E 2 hydrate), 4 .29 (2 H, q, 

d. 6 .9  Hz, C 0 2 C H 2 keto), 5 .36  (2 H, br, 0£L hydrate), 6.86 (1 H, dd, d. 7.8, 1 .0  Hz, 

ArH hydrate), 7 .0 5 -7 .6 0  (~ 7  H, m, ArH), 7 .98  (1 H, dd, d. 7 .8 , 1.9 Hz, ArH keto), 

and 8.00 (1 H, dd, J 7 .8 , 1.6 Hz, ArH hydrate); 5 C (62 .9  M H z; C D C I3 ) 13.0 , 13.2,

6 2 .4 , 6 2 .6 , 9 2 .3 , 1 2 4 .0 , 1 2 7 .9 , 1 2 8 .1 , 1 2 8 .3 , 1 2 8 .7 , 1 2 9 .1 , 1 2 9 .3 , 1 2 9 .6 ,

1 3 0 .0 ,1 3 1 .3 , 1 3 1 .6 , 1 3 2 .5 , 1 3 3 .0 , 1 3 3 .8 , 1 3 4 .4 , 1 3 4 .6 , 1 3 5 .0 , 1 35 .5 , 1 3 7 .2 ,

1 4 5 .5 , 1 59 .3 , 1 6 9 .8 , 180 .7 , 1 9 1 .6 , and 192 .2 ; m /z  (1 5 0 ° C )  314  (M .+ , 5% ),

2 2 7  (1 ), 213 (1 0 0 ), 184 (19 ), 152 (3 ), and 139  (2 ).

E thvl 1 - B e n z  v l- 2 .3 - d ih v d ro -3 - o x o b e n z o [b ]th io p h e n e -1 - o x id e - 2 - car box vl a te , 

in n e r  s a lt  ( 2 7 8 a )

Dirhodium tetraaceta te  (4 mg) w as added to a solution of (2 7 6 b )  (554  mg, 1.56  

mmol) in benzene (30  ml) which had been rapidly heated to reflux. After 2 minutes 

at reflux, the yellow coloured solution was cooled, evaporated, dichloromethane (5 ml) 

added and the catalyst rem oved by filtration through C elite . The filtra te  w as  

evaporated , and the residue recrystallized to give the title  c o m p o u n d  (2 7 8 a )  as 

c o lo u rless  c ry s ta ls , m .p . 1 6 8 -1 7 2 ° C  (b e n ze n e ); (Found: C, 6 5 .8 ; H , 4 .8 . 

C 1 8 H 1 6 O 4 S requires C, 65.8; H, 4 .9% ); v m ax (Nujol) 1714, 1630 , 1374 , 1345, 

1 2 11 , 1 0 7 5 , and 7 6 2  cm - 1 ; S H (2 5 0  M H z; C D C Ig ) 1 .45  (3 H, t, J 7.1 Hz, 

C 0 2 C H 2 C H 3 ), 4 .38  (2 H, m, C 0 2 C H 2 ). 5.16 (1 H. d. J 13.5 Hz, C H 2 Ph), 5 .36  (1 H, 

d, d. 13.5 Hz, C H 2 Ph), 7 .0 5 -7 .1 2  (2  H, m, C H 2 P h ), 7 .1 9 -7 .3 6  (3 H, m, C H 2 R h ),

7.61 (1 H, approx d, d. 7.1 H z), 7 .69  (1 H, dt, d. 7 .3 , 1.5 Hz), 7 .77  (1 H, dt, J. 7.3,

1.5 H z), and 7 .83  (1 H, approx d, d. 7 .7  Hz); m /z  (1 6 0 °C )  328 (M .+ , 1% ), 312  

( 1 ), 282  ( 1 ), 255  ( 1 ), 2 2 7  (5 3 ), 176  (5 ), 136  (5 ), and 9 1 (1 0 0 ). T h e  m other
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liquor from the recrystallization w as subjected to chrom atography and gave a second  

co m ponent e th y l 3 -(2 -b e n z v lth io ) p h e n v l-2 .3 - d io x o p ro p a n o a te  ( 2 7 8 b l  (30  mg, 

6% ) as a yellow and readily hydrated oil; (Found: C, 65 .8 ; H, 5 .2 . C-j q H ^ C ^ S  

requires C, 65 .8; H, 4 .9% ); v m ax (film ) 3 4 3 8 , 1747, 1705 , 1673 , 1 311 , 1231 , 

1100 , and 6 9 8  cm "1 ; 8 H (250  M Hz; C D C Ig) 1 .07  (3 H, t, d  7 .2  Hz, C 0 2 C H 2 ChL3 

hydrate), 1 .32 (3 H, t, d  7 .2  Hz, C 0 2 C H 2 C H 3 keto), 3 .78  (2 H, s, C\±2Ph keto), 4 .19  

(2 H, s, C H 2 Ph hydrate), 4 .20  (2 H, q, d  7 .2  Hz, C 0 2 C i i 2 hydrate), 4 .39  (2 H, q, d

7 .2  Hz, C 0 2 C H 2 keto), 5 .29  (2  H, br, O i l  hydrate), 7 .1 2 -7 .3 7  (5 H, m, C H o P h ), 

7 .3 8 -7 .5 7  (3 H, m ), and 7 .9 5 -8 .0 6  (1 H, m); m /Z. (1 5 0 ° C )  328  (M.+ , 1% ), 282  

(1 ), 25 5  (1 ), 2 3 7  (1 ), 2 2 7  (58 ), and 91 (1 0 0 ).

E thyl 4 -[(2 -M e th o x v c a rb o n v lp h e n v h th io ]- 3 - o x o b u ta n o a te  (2 7 9 ) .

Triethylam ine (0 .18  ml, 1 .30 mmol) w as added dropwise to a stirred solution of ethyl 

2-m ercaptobenzoate  (182  mg, 1 .08 mmol) and ethyl 4-ch loroacetoacetate  (0 .1 5 5  

ml, 1 .1 4  ml) in D M F  (3 m l), to give an im m ediate  exotherm ic reaction  and  

precipitation of a white solid. After 1 h, the reaction mixture was subjected to aqueous  

w ork-up and chrom atography to give the title co m p o u n d  (2791 (308  mg, 96% ) as 

colourless crystals, m .p. 5 2 -5 3 °C ; ( Found: C, 56.4; H, 5.4. C 1 4 H 1 0 O 5 S requires 

C, 56 .7; H, 5 .4% ); v m ax  (m elt) 1744, 1713, 1280, 1255, 1029, and 745  cm "1 ; 

5 h  (250  M H z; C D C I3 ) 1.24 (3 H, t, J 6 .9  Hz, C H 2 C J i3 ), 3 .66  (2 H, s, S C H 2 ), 3 .88  

(2  H, s, 0 2 C C H 2 ), 3 .92  (3 H, s, C 0 2 C I1 3 ), 4 .16  (2 H, q, d  6 .9  Hz, C 0 2 C H 2 ), 7.21 

(1 H, dt, d  7 .5 , 0 .5  H z), 7 .29  (1 H, dd, d  7 .7 , 0 .5  H z), 7 .41 -7 .51  (1 H, m ), 8 .00  

(1 H, dd, d  8 .0 , 1 .5 H z); m /z  (1 5 0 ° C )  296 ( j \ i + , 10% ), 224  (3 3 ), 181 (4 7 ),

150  (4 2 ), 45  (1 0 0 ).

E th v l 2 -D ia z o - 4 - [ ( 2 - m e th o x v c a rb o n v lD h e n v h th io ] -3 -o x o b u ta n o a te  (2 8 0 ) .  

Triethylam ine (0 .1 5 4  ml, 1 .10 mmol) was added dropwise to a solution of tosyl azide  

(2 1 6  mg, 1 .10  mm ol) and (2 7 9 )  (295  mg, 0 .9 9 7  mmol) in acetonitrile (3 ml) at 

- 1 0 ° C ,  to give an im m ediate precipitate. After 0 .25  h, the reaction m ixture was 

allow ed to w arm  to 4 ° C  and stirred for 12 h. The solvent w as evap o ra ted , 

dichloromethane added and the organic phase washed with saturated sodium bicarbonate 

solution and brine. The dichloromethane was evaporated and the crude product purified 

by chrom atography to give the title  co m p o u n d  (2801 (1 4 2  mg, 44% ) as colourless
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crystals, m .p. 1 0 5 -1 1 0 °C  (dec.); ( Found: M + , 322 .0622 . C 1 4 H 1 4 N 2 0 5 S requires 

M_, 3 2 2 .0 6 2 3 ); v m a x  (Nujol) 2138 , 1712 , 1651 , 1 328 , 1283 , 1252 , and 744  

c m ' 1 ; 5 H (2 7 0  M H z; C D C Ig ) 1.33 (3 H,t, d  7.1 Hz, C H 2 CJ±3 ), 3.91 (3 H, s, 

C 0 2 C H 3 ), 4 .25  (2 H , s, S C tf^ ). 4 .35  (2 H, q, J, 7.1 H z, C 0 2 C H 2 ), 7 .20  (1 H , dt, d

7.0 , 1 H z), 7 .45  (1 H, dt, d  7.0, 1 Hz), 7 .55  (1 H, dd, d  7 .0 , 1 Hz), and 7 .95  (1 H, 

dd, d  7 .3  H z); m /z  (1 0 0 ° C )  3 2 2  (M .+ , 2 9 % ), 29 4  (2 2 ), 265  (1 2 ), 235  (14 ), 

219  (1 6 ), 181 (3 1 ), 168 (3 2 ), 136 (7 4 ), and 45  (1 0 0 ).

E th y l 2 -D ia z o - 4 - [ ( 2 - m e th o x v c a rb o n v lp h e n v h s u lp h in v l] -3 -o x o b u ta n o a te  (2 8 1 ) .  

m -C P B A  (61 mg, 0 .3 5  mmol) w as added to a solution of (2 8 0 )  (95  mg, 0 .295  

m m ol) in d ichlorom ethane (10  ml) at -1 0 ° C  over 0.5  h. After 0 .2  h, 10%  sodium  

metabisulphite w as added. W ork-up and purification gave the title com pound  (2 8 1 ) 

(93 mg, 93% ) as a viscous oil; ( Found: C, 49 .5 ; H, 4 .1 ; N, 8 .4. C -|4 H - j4 N 2 0 g S  

requires C, 49 .7 ; H, 4 .2 ; N, 8 .3% ); v m a x  (film ) 2 1 3 9 , 1 7 1 3 , 1 6 5 1 , 1396 , 

1 3 28 , 1289 , and 1 0 2 7  cm "1 ; S H (2 5 0  M H z; C D C Ig ) 1 .27  (3 H, t, d  7 .0  Hz, 

C H 2 C H 3 ), 3 .92  (3 H, s, C 0 2 C H 3 ), 4 .23 (2 H, q, d  7 .0  Hz, C 0 2 CtL2 ), 4 .35  (1 H, d, d

14.3 H z, S C H 2 ), 4 .62  (1 H, d, d  14.6 Hz, S C H 2 ), 7 .58 (1 H, dt, d 7 .5, 1.3 Hz), 7.81 

(1 H, dt, J 7.8, 1.3 H z), 8 .0 7  (1 H, dd, d  7 .5, 1.1 H z), and 8 .27  (1 H, dd, d  8 .0 , 1.1 

H z); m /z  (1 0 0 ° C )  338  (M .+ , 1% ), 310  (3 ), 293 (3 ), 262  (2 ), 209 (1 5 ), 183

(1 0 0 ), 167  (3 6 ), 15 2  (8 1 ), 139  (56 ).

E thvl 4 -[ (2 -M e th o x v c a rb o n v lp h e n v h th io ]- 2 .3 - d io x o b u ta n o a te  [enol form] (2 8 2 ) .  

Dirhodium tetraacetate  (2 mg) w as added to a solution of (2 8 1 ) (68 mg, 0 .2 0  mmol) 

in b enzene (30  ml) which had been rapidly heated to reflux. After 5 m inutes at 

reflux, the yellow coloured solution was cooled, evaporated, dichlorom ethane (5 ml) 

added and the cata lyst rem oved by filtration through C elite . Th e  filtra te  w as  

evaporated, and the residue recrystallized to give the title com pound  (2 8 2 ) (32  mg, 

5 1 % ) as yellow  crystals , m .p. 1 1 3 -1 1 7 ° C  (b e n z e n e /h e x a n e ); (Fo u n d : M_+ , 

3 1 0 .0 5 0 6 . C ^ 4 H 1 4 O g S  requires M., 3 1 0 .0 5 1 1 ); v m a x  (N ujo l) 3 3 8 7 , 1 715 , 

1646 , 1578 , 1562 , 1280 , 1258 , 1167. and 1048  cm "1 ; 5 H (250 M Hz; C D C Ig)

1.39 (3 H, d  7.1 Hz, C H 2 C H 3 ), 3 .95  (3 H, s, C 0 2 C H 3 ), 4 .37  (2 H, q, d  7.1 Hz, 

C 0 2 C H 2 )> 6 .50  (1 H, d, d 2.0 Hz, S C H C O H  enol), 7 .37  (1 H, ddd, d 7.8, 5 .2 , 2.0 Hz, 

ArH), 7 .56  (1 H, dt, d  8 .0 , 1 .5 H z, ArH), 7 .59  (1 H, dd, d  7 .8 , 1 .7 H z, A rH ), 7 .62  

(1 H, d, d  1-7 Hz, C H S A r enol), and 7 .9 7  (1 H, dd, d  7 .0 , 1.5 Hz, ArH); mlZ
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( 1  5 0 ° C ) 31 0  (M .+ , 5 4 % ), 2 7 9  (4 ), 2 0 9  (2 4 ), 181 ( 1 0 0 ), 1 6 7  (4 5 ), 136  

(2 6 ) ,and  4 5  (8 6 ).

E th y l 3 -( t -B u tv ld im e th v ls ilo x v ) - 4 - r ( 2 - m e th o x v c a r b o n v lD h e n v l) th io ] - 2 - o x o b u t-  

3 - e n o a te  (2 8 3 ) .

Triethylam ine (10  |xl, 71 pm ol) and i  butyldim ethylsilyl trifluorom ethanesulphonate  

(15.1 p i, 66pm o l) w ere  added to a solution of (2 8 2 )  (17 .0  mg, 55  pm o l) in TH F  

( 1 ml) and the solution stirred for 6 h at room tem perature, before evaporation of the 

solvent, and rapid chromatography of the residue on Florisil to give the title com pound  

(2 8 3 )  (16  mg, 69% ) as a yellow oil; ( Found: M + , 4 0 9 .11 41 . C 2 0 H 2 8 O 6 SSi - C H 3 

requ ires  M., 4 0 9 .1 1 4 1 ); v m a x  (film ) 1 7 24 , 1 6 66 , 1 5 5 7 , 1 3 5 4 , 1 2 88 , 1256 , 

and, 1061 cm - 1 ; Sh  170 M H z; C D C I3 ) 0 .25  (6 H,s ), 1 .03 (9 H ,. s), 1 .36 (3 H, 

t, J 7 .0  Hz, C H 2 C H 3 ), 3 .93  (3 H, s, C 0 2 C H 3 ), 4 .33  (2 H, q, ,J. 7 .0  Hz, C 0 2 C H 2 ), 

7 .3 0 -7 .4 0  (1 H, m ), 7 .4 8 -7 .6 3  (3 H, m ), and 7 .94  (1 H, d, ±  7 .0  H z); mJ z  

( 1 3 0 ° C )  424  (M_+ , 1% ), 4 0 9  (3 ), 393  ( 1 ), 3 6 7  ( 1 0 0 ), 235  (3 0 ), 167  (4 6 ), 

136 (4 5 ), 73 (4 4 ).

E thvl 4 -C h lo ro - 2 - d ia z o - 3 - o x o b u ta n o a te  (2 8 4 ) .

Triethylam ine ( 1 .0 2  ml, 7.61 mmol) w as added dropwise over 0.2 h to a solution of 

tosyl azide (1 .5 0  g, 7.61 mmol) and 4-ch loroacetoacetate  (1 .2 0  g, 7 .2 5  mmol) in 

acetonitrile at -1 0 ° C . The  reaction mixture w as stirred at -1 0 °C  for 12 h and then  

w ater w as added. The aqueous solution was extracted with dichlorom ethane, and the 

organic phase w as dried over magnesium sulphate and evaporated. The residue was  

purified by chrom atography on silica gel to give the title com pound (2 8 4 )  (1 .2 7  g, 

92% ) as a yellow oil; (Found: M + » 190 .0141 . C 0 H y C IN 2 O 3 M., requires 190 .01 45 );

v m ax. (film ) 2 1 4 2 ’ 1 7 1 4 ’ 1 6 7 1 » 1 3 3 7 ’ 1 2 9 3 ’ 1 2 1 6 ’ 1029 , and 745  cm ‘ 1 ; S H 

(250  M H z; C D C Ig ) 1 .32 (3 H, t, J 7.0  Hz, C H 2 C H 3 ), 4 .30  (2 H > 0 O 2 C H 2 ), and

4 .6 0  (2 H, S, CH_2 C l) ; m /z (1 5 0 ° C )  190 (M + , 13% ), 155 (12 ), 141 (2 6 ), 134  

(1 1 ), and 91 (20 ).

E th y l 2 -D ia z o -4 - ( 2 - h v d ro x v e th v l) th io - 3 - o x o b u ta n o a te  (2 8 5 ) .

2 -M ercaptoethano l (0 .1 4 2  ml, 2 .0 2  m m ol) w as added dropw ise to a solution of 

triethylam ine (0 .2 8 0  ml, 2 .02  m m ol) and (2 8 4 )  (350  mg, 1 .84  mmol) in D M F  (5
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ml) at room tem perature . A precipitate rapidly form ed. After 2 h w ork-up, and  

chrom atography of the residue gave the title com pound  (2 8 5 ) (395  mg, 93% ) as an

oil; (Found: M + , 2 3 2 .0 5 1 9 . C 8 H 1 2 N 2 0 4 S requires 232 .0518 ); v m a x  (film) 

3 4 1 7 , 2 1 37 , 1714 , 1646 , 1327 , 1178 , and 10 4 6  cm - 1 ; § H (250  M H z ; C D C Ig) 

1.32  (3 H, t, J. 7.o Hz, C H 2 C H 3 ), 2 .28  (1H , br, OhL), 2 .76  (2 H y t J. 6 .9  Hz, ChL2 S ),

3 .75  (2 H, t J. 6 .9  H z, C H 2 0 ) ,  3 .76  (2 H, s, ChL2 C O ), and 4 .29  (2  H, q, i  7 .0  Hz, 

C 0 2 C tL 2 ); mZz (1 0 0 ° C )  232 (M .+ , 3 3 % ), 2 1 4  (2 6 ), 187  (5 ), 159 (1 5 ), 127

(3 7 ), 9 9  (3 7 ), 86  (4 9 ), and 61 (1 0 0 ).

E th y l 2 -D ia z o - 4 - ( 2 - h v d ro x v e th v h s u lp h o n v l- 3 - o x o b u ta n o a te  (2 8 6 ) .

m -C PB A  (0.31 g, 1 .80 mmol) was added over 5 minutes to a solution of (2 8 5 ) (380

mg, 1 .64  mmol) in dichlorom ethane (10  ml) a t-2 0 °C . The reaction m ixture was  

allowed to warm to 2 5 °C  over 0.5  h. TLC  showed a very polar component. More m-

CPB A  (0 .1 7  g, 1.0 mmol) was added over 1 minute at 2 5 °C  and the reaction mixture 

stirred for 0 .25  h. W ater was added and the mixture extracted with dichloromethane

(x3). The com bined organic phase was w ashed with 5%  sodium bicarbonate (x3), 

dried, evaporated, and the residue purified by chromatography on silica gel to give the

title  c o m p o u n d  f2 8 6 )  (122  mg, 28% ) as a viscous oil; (Found: M.+ , 2 3 6 .0 3 5 7 .  

C 8 H 1 2 N 2 ° 6 S " N 2 requires M , 2 3 6 .0 3 5 5 ); v m a x  (film ) 3 5 2 4 , 2 1 4 7 , 1 7 14 ,

1651 , 1375 , 1320, 1121 , and 1034  cm _1; 6 H (2 5 0  M H z; C D C Ig ) 1.35 (3 H, t, si

7.1 H z, C H 2 C H 3 ), 1 .80 (1H , br, O H ), 3 .48  (2 H, t, J 5.2  Hz, C H 2 C H 2 S), 4 .1 5  (2 H, 

t, J. 5.1 Hz, C H 2 0 ) ,  4 .35  (2 H, q, ±  7.1 Hz, C 0 2 C H 2 ), and 4 .84  (2 H, s, C O C ]l2 S ); 

m /z  ( 1 2 0 ° C) 236  (M .+ - N 2 , 27% ), 226  (2 ), 2 0 8  (3 ), 190 (2 0 ), 144  (1 5 ), 117  

(46 ), 84 (75), and 49  (100 ). No sulphoxide w as isolated.

E th v l 6 -Q x o - (1 .4 ] th ia o x e p a n -1 . l - d io x id e -S -c a rb o x v ia te  (2 8 7 ) .

A solution of (2 8 6 )  (1 1 0  mg, 0 .4 1 7  mmol) in benzene (9 ml) and dichlorom ethane  

(2  ml) w as rapidly heated to reflux. After 2 m inutes at reflux the reaction mixture 

w as cooled, evaporated and the res idue  p u rified  by chromatography to give the title 

c o m p o u n d  1287) (19  mg, 19% ) as a solid, m.p. 7 3 -7 7 °C ; (Found: M + , 2 3 6 .0 3 5 7 . 

C 8 H 1 2 ° 6 S requires M., 2 3 6 .0 3 5 5 ); v m ax (m e lt) 3 4 0 0 , 1 7 5 2 , 1 7 3 2 , 1 6 6 7 , 

1628 , 1329 , 1303 , 1271 , 1198 , and 1129 cm ’ 1 ; 5 H (2 5 0  M H z; C D C I3 ) 1 .3 0 (3  

H, t, JL 6 .9  H z, C H 2 C H 3 , keto), 1 .36 (3 H, t, j i  6 .9  Hz, C H 2 C tL3 , enol), 3 .3 0  (1 H,
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approx d, d  14 .5  Hz, C H 2 C1H2 S, keto), 3 .53  (2 H, approx t, d  5.1 Hz, C H 2 C H 2 S , 

enol), 3 .7 9  (1 H, ddd, d  14.5, 10.4, 3 .5  Hz, CH2 d ± 2 S, keto), 3 .98  (1 H, dd, d  13.1,

2 .9  Hz, C H 2 0 ,  keto), 4 .1 0  (1 H, ddd, 13.1, 10.9 , 1.5 Hz, C H 2 0 ,  keto), 4 .1 7  (2 H, 

s, SCH.2 CO , enol), 4 .2 1 -4 .3 9  (2+2  H, m, C 0 2 CH.2 keto/enol, and CH.2 0  enol), 4 .63  

(1 H, dt, d  13.2, 3 .3  Hz, S C H 2 CO, keto), 4 .73  (1 H, s, C H C 0 2 , keto), 4 .78  (1 H, d, d

13.2  Hz, S C H 2 CO , keto), and 10.73 (1 H, s, O H, enol); ca. 90%  enol; m /z  (1 0 0 °C )  

23 6  (M .+ , 16% ), 2 0 8  (2 ), 190 (1 2 ), 166 (1 1 ), 144 (9 ), 135 (1 6 ), 122  (16 ), 

107  (1 2 ), 99 (1 9 ), 84  (79 ), and 49 (1 0 0 ).

Ethvl 3 -o x o -2 - a l lv lth ia n e -1 - o x id e -2 - ca rb o xv la te  ( 2 8 8 ) .

A solution of (2 3 8 )  (5 7 .5  mg, 0 .2 2 5  mmol) in dichlorom ethane (2  ml) w as treated  

with m C PB A  (58  m g) at 15°C . The reaction m ixture w as subjected to reductive  

w ork-up and chrom atographic purification, to give the title  c o m p o u n d  (2881 as a 

viscous oil (38  mg, 6 2 % ), b.p. 1 3 0 ° C  at 0 .4  m m Hg; (Found: C, 54 .1 ; H, 6 .7 . 

c  1 1 H 1 6 ° 4 S s q u ire s  C, 54 .1; H, 6 .6% ); v m ax  (film) 1728 , 1713, 1641, 1299, 

1219 , and 1054 cm ’ 1 ; 6 H (270  M Hz; C D C Ig ) 1.25 (3 H, t, d  6 .0  H z), 2 .2 0 -2 .3 4

(1 H, m), 2 .4 6 -2 .6 6  (2  H, m ), 2 .7 0 -3 .0 0  (3 H, m), 3 .0 5 -3 .2 9  (2 H, m), 4 .2 3  (2

H, dq, ;!  6 .0 , 2 .0  H z ), 5 .1 2 -5 .2 9  (2  H, m ), and 5 .6 5 -5 .8 5  (1 H, m); m_U 

( 1 4 0 ° C )  244  ( M + ,7 4 % ), 22 8  (2 ), 216  (6 ), 198 (2 5 ), 187  (7 ), 181 (5 7 ),

176 (3 4 ), 171 (7 ), 118  (5 4 ), 90  (9 2 ), and 41 (100).

E thvl 3 -H v d ro x v b e n z o [b]th io p h e n e -2 -c a rb o x v la te  (2 8 9 ) .

A solution of (2 7 8 a )  (150  mg, 0 .45  mmol) in ethanol (100  ml) under nitrogen was  

irradiated (254  nm) for 1 .25 h. The solvent was evaporated and the residue purified 

by chrom atography to give the title compound (2 8 9 ) (31 mg, 31% ) as low melting 

crystals, m .p. 5 2 -5 5 °C , l i t . "  m.p. 7 4 °C ; v m a x  (m elt) 3 1 1 3 , 1715, 1658, 1577, 

1 5 36 , 1 4 01 , 1 3 78 , 1342 , 1307 , 1237 , 1148 , 758, and 733 c m '1 ; 5 H (250  

M H z; C D C Ig ) 1.42 (3 H, t, J 7.0 Hz, C H 2 CH_3 ), 4 .43 (2 H, q, J 7.0 Hz. C H 2 C H 3 ),

7 .40  (1 H, dt, J 7 .1 , 1.5 Hz). 7 .50 (1 H. dt. J 7.3. 1.5 Hz), 7 .74  (1 H, approx d, J

8.1 H z), 7 .9 4  (1 H, approx d, d  6 .8  H z), and 10 .20  (1 H, br, OJ±); mZz (1 0 0 ° C )

22 2  (M .+ , 3 3 ), 176  (1 0 0 ), 148 (2 ), 120 (2 5 ), 104 (6 ), and 77  (7).

4
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E lh y l 3 -A c e to x v b e n z o [b |th io p h e n e -2 -c a rb o x v la te  (2 9 0 ) .

Acetic anhydride (7 .4  pi, 78 pm ol) and pyridine (26  p i, 0 .30  mmol) w ere added to a 

solution of ( 2 8 9 )  (1 4 .5  mg, 65  p m o l) in dichlorom ethane (0 .5  ml). The solution 

w as stirred for 1 2  h and evaporated under high vacuum . Th e  crude product w as  

recrystallized to g ive the title compound (2 9 0 )  as colourless crystals, m .p. 104- 

1 0 5 ° C ,  lit. 100  m .p. 1 0 5 °C ; v m a x  (N u jo l) 1706 , 1 5 3 5 , 1 2 8 0 , 1 2 4 9 , 1 1 8 6 , 

1061 , and 73 7  cm ’ 1 ; 5 H (2 5 0  M H z; C D C I3 ) 1.38 (3 H, t, ±  7 .0  H z, C H 2 C H 3 ),  

2 .47  (3 H, s, C O M £ ), 4 .36  (2 H, q, ^  7.0  Hz, CH.2 C H 3 ), 7 .42  ( 1 H, m), 7 .50  (1 H, 

dt, J 7.5, 1.5 H z), 7.71 (1 H, dt, J 8 .5 , 1.1 H z), and 7 .80  (1 H, m); mlz. ( 1 0 0 ° C )  

2 6 4  (M .+ , 6% ), 2 2 2  (5 1 ), 176 ( 10 0 ), 12 0  (1 6 ), 104 (5 ), 76  (5 ), and 43 (13 ).

2 .3 - D ih v d ro - 3 - o x o - 1 - p h e n v lb e n z o [b ]th io p h e n e - 1 - o x id e -2 - c a rb o x v lic  ac id  , in n e r  

2311 ( 2 9 4 ) .

A solution of potassium hydroxide (0 .38  g, 6.8 mmol) in w ater (5  ml) was added to a 

solution of (2 7 7 a )  (215  mg, 0 .684  mmol) in ethanol (8 ml) and the solution stirred 

at room tem perature for 15 h, and then heated at reflux for 1 h. W ork-up and  

recrystallization of the crude product gave the title  com pound  (2941 (114  mg, 58% ) 

as colourless crystals, m.p. 1 7 4 -1 7 8 °C  (dec.), (ethyl acetate / methanol); ( Found: C, 

62 .7 ; H, 3 .6 . C 1 5 H 1 0 O 4 S requires C, 62 .9 ; H, 3 .5% ); v m a x  (N u jo l) 3 4 0 0 -  

2 2 0 0 , 1720 , 1689 , 1619 , 1448 , 1382 , 1219 , and 1110  cm - 1 ; S H (250M H z; d6 

D M S O ) 7 .6 7 -7 .7 6  (2  H, m ), 7 .7 7 -7 .8 8  (2 H, m), 7 .9 0 -7 .9 7  (2 H, m ), 7 .9 7 -

8 .0 5  (3 H, m ), and 10 .92  (1 H, br, C 0 2 H); mlA (1 5 0 °C )  286 (M + , 16% ), 242  

(3 3 ), 213  (8 ), 1 9 7  (1 9 ), 184 (9 ), 165 (2 8 ), 136 (1 0 0 ), 108 (2 2 ), 7 7  (3 2 ), 

and 44  (58 ).

2 .3 - D ih v d ro -3 - o x o -1 - p h e n v lb e n z o [b ]th io p h e n e -1 - o x id e , in n e r sa lt (2 9 5 ) .

A solution of (2 9 4 )  (1 1 4  mg, 0 .40  mmol) and acetic acid (0 .2  ml) in xylene (7  ml) 

was heated at reflux for 1.25 h. The solvent was evaporated, and the residue subjected 

to chrom atography on silica gel to give the title co m p o u n d  (2 9 5 ) (85 mg, 88% ) as 

ye llo w  crys ta ls , m .p . 1 6 5 -1 6 7 ° C  (e th e r /h e x a n e ) ; (Found: C, 6 9 .2 ; H, 4 .1 . 

C -j4 H 1 0 O 2 S requires C, 69 .4; H, 4 .1% ); v m a x  (N u jo l) 1 6 31 , 1 6 0 5 , 1 5 10 , 

1277, and 1224  cm ’ 1 ; $ H (250  M H z; C D C I3 ) 4 .77  (1 H, br, S C R ), 7 .5 0 -7 .7 5  (6 

H, m), 7 .8 7 -7 .9 4  (1 H, m), and 8 .0 0 -8 .0 8  (2 H, m); m Ul  (1 0 0 ° C )  242  (M_+ , 

4 1 % ), 2 1 3  (4 7 ), 184  (2 0 ), 165 (1 9 ), 136 (1 0 0 ), 108 (2 1 ), and 77  (2 2 ).
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A ppendix

*

Figure 2. X -rav  crystal structure of compound (270)

Figure 3, X -rav  crystal structure of com pound (278a^

*
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Figure 4. X -rav crystal structure of compound (282)

C ry s ta l D ata  fo r  F ig u re s  (2 ), (3 ). an d  (4 ).

C om pound (2 7 0 ): crystal data: C 11H 160 4 S, M  = 244.3 , monoclinic, a  = 7 .334  (3), h. 
= 7 .7 7 0  (3), £  = 2 0 .2 9 8  (5) A, p = 94 .19  (3 )° , U  = 1154 A3 , space group £ 2 ^ ,  Z  

= 4, = 1.41 gem -3 , Cu radiation, X = 1 .54178 A , p (C u -K a ) = 24 cm-1 , F (0 0 0 ) =

520 . Com pound (2 7 8 a ):  crystal data: C 1QH 160 4 S, M  = 328 .4 , triclinic, a  = 7 .359  

(3 ), h. = 8 .6 1 7  (4 ), a  = 13 .445  (6) A, a  = 9 7 .9 0  (4), p = 9 5 .9 7  (4), y = 105 .36  

( 3 ) ° ,  i i  = 806  A3 , space group Z = 2, = 1.35 gem -3 , Cu radiation, X =

1.54178 A  , j i ( C u - K a ) = 19 cm -1 , £(000) = 344. Com pound (282): crystal data: 

c 1 4 H 1 4 ° 6 S ’ = 3 1 0 -3 ’ monoclinic, a  = 15.906 (3), b. = 11.106 (2), a  = 16.514
(2) A , p = 96.76 (2)°, il_ = 2897 A 3 , sp ace  group E .2.,/a., Z . = 8 (two

crysta llograph ically  independent m olecu les), = 1.42 gem -3 , Cu radiation, X =

1 .54178  A  , j i (C u -K a ) = 22 cm -1 , F (000 ) = 1296. All three structures w ere solved 

by direct m ethods and refined anisotropically to give for (2 7 0 )  R = 0 .044 , R w = 

0 .0 5 4 , for ( 2 7 8 a )  R = 0 .050 , R w = 0 .0 6 2 , and for ( 2 8 2 )  R = 0 .0 4 0 , R w = 

0 .0 4 2  for respective ly  1500, 2 084 , and 25 4 0  independent observed reflections  

[ IF 0 I £  3o  ( I F QI), 9 ^  58, 58, and 5 0 °]. D ata  w ere m easured on a Nicolet R3m  

d iffrac to m eter w ith C u -Ka  radiation (g raph ite  m onochrom ator) using co-scans. 

Com putations w ere  carried out on an Eclipse S 1 4 0  com puter using the S H E L X T L  

program system.
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