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-ABSTRACT

. ’ “
- A synthesis of the stereochemically comp.l ex sesqu1terpene

alkaloid dendrob1ne was attempted in which a Diels-AIder reaction

was incorporated as the central feature. The synthesis of three

highly functionalized conjugated dienes was dhdertaken'for use

in this reaction. The two initial diene syntheses were :

'abandoned because of diff1cu1t1es encountered with some of

the1r precursors. The third d1ene, 4-isopropyl-2-pyrone, was
successful]y synthes1zed but because of its exceptiona] staﬁT?Tty.
~

proved unsu1tab1e for the proposed synthes1s

~ The qeneration af conjugated dienes by thenno]ysis'of
2 S-dihydrothiophene - 1,7 - d1ox1des was 1nvest1qated and a

'new preparative route to the parent 2, 5- dihydrothiophene ring

"~ system was estab11shed. The selective oxidation of these )

compounds to their correspondinq su]fones was. shown to be a
factile reactwon. Pyrolysis of the sulfones at moderate tenper~
atures gave dienes and oreatly improved yie]ds over conventiona1

synthet1c methods were obtained in certain 1nst;nces A pre11m-

~ inary 1nvest1oat10n of the feasibility of employing this new

method in a dendrobine’ synthesis is described.
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DENDROBINE: A DIELS-ALDER ARPROACH
CHAPTER 1
+ A GENERAL INTRODUCTION

The chemical ana1y51s of fo]k remedies has 1ona been an- area
holding great interest for natural products chemfsts and many va]uable:
chemotherapeut1c agents have come to 11ght as the resuit of such
1nvest1qat1ons In 1932 Suzuki and coworkers] began an examination
of the const1tut1on of an herba] preparation which had been in use
in the Orient for centuries. Known as "Chin-Shih- Hu” in China? . and

s "Kinsokikoku" in Japan3, this preparat1on was regu]ar]y used as
a tonic and was reported to be particularly usefyl in strdngthenfnq
the d1qest1ve system. after high fever 4 Suzuk1 s 1nvestiaat10ns
‘revealed the presence of a number of a]kalo1ds which he surmised were ;.
the biologicaily active 1ngred1ents - Originally there was some doubt
as to the origin of these alkaloids because of the complex nature of

the commerc1a] product. However, it has-now been firmly established

- that these compounds are e]aborated by on1y one genUS, the Dendrobium

orchids, particularly D. nobi]e Lindley’ This species is endemic to -
centraT andw;e tern Ching and is 1n common cu]tivation in Hong Konq
. both for med1c1na1“purposes and as a high]y prized ornamenta] plant.5
A total of seven a]ka]o1ds have been 1so]ated from D. nobile, but by
far the most abundant is dendrobine 2 | -

The pharmacology of dendrobine was the object of some early
c]inica] studies, 5, 7_- Tne ‘drug possesses slight ana]gesic and anti-

pyretic activity. Moderate hyperglycemia, diminished cardiac
1



‘ activity ehd suppréssed respiratign all. resth.from moderate dosage

~ levels while high Tevels severe1y impair the central nermous system

I

and death resu]ts

»

After the or1q1na1 1so]at1on bf dendrobine the e1uc1dat10n of
Jits mo]ecuTar formu]a as C GHaqu?' and the demonstration that 1ts
r T
.funct1onallty included an N- methyl. oroup, no doub]e bonds and. the &

presence of a y&Tactone], over th1rty years were requ1red for a

lcomp]ete structire proof. Independent]y, three qroups Ted by H1rata8

Inubush19, and. Okamot(ﬁ]0 by employing modern spectroscopic aids in

.conJunct1on w1th degradat1on studﬂes, succeeded in determining the

/

relative conf1gurat1on of dendrob1ne as 1.

&

N, 1 “

Fithe 1. - Relative Confiﬁﬁhation of Dendrobine.
S o XI

, .
Since dendrobine conta1ns fifteen:ske]eta1 carbon atoms. it seemed

reasonable to think of this cohBound’g; a sesquiterpene However, no
unrearranged combination of three isoprene units can yield. dendrobine,
This p]aces it 1n a realm of sesquiterpenes of abnormal structure

known as the picrotoxanes.Z2+4 This name derives from the first 'known
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, . .
atypical: sesquiterpene, pitrotoxininjg
' ) [
~~ -
: 2 ’

Figure 2 - Picrotoxinin =

-

fhe picrotoxanes contain both‘e terpenoid series, exemplified byp
, cor1amyrt1n tutin and me]11tox1n and an alka]oid series, and it is
this latter group ta which dendrobine belongs. . i
The question of the in vivo assembly of such an unusual carbon :
framework has stwmu]ated cons1derab1e interest Ear]y experimenta]
work by Okamoto]], employing rad1oactive1y labelled mevalonic acxd
gqactone. indicated that dendrobine did 1ndeed have a meva]onoid . y
or1q1n Subsequent]y, three possible routes to the picrotoxane skeleton

were advanced in the 11terature 12,13,14.

14C_

Recently, however, Edwards"5
by employing 4- meva]ono]attonegand carr_ying out the appropriate
degradat?On procedures was able to demonstrate- that the 1ncorporat10n _
of the rad1o -lahel was consistent with a biosynthetic pathway involving

-trans - cis farne501 4, germacrane § and cada]ane 5 skeletons - )
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. Figure 3 - Intermediates in the Biosynthesis of Dendrobine

Our interest in dendrobine as a synthbiic'objective-arose from
our familiarity with the investigations carried out by Edwards. An
examination of dendrobine shows that it possesses seven aawnnetric

centres, with all six Gentres of the carbocyc]ic "A" ring being

'asymmetric In addition, because all ring Junctions are c1s—fused

the mo]ecule is forced into assuming the tiqhtTy locked cage arrange-
ment characteristic of the p1crotoxanes. These structural details
taken together present an interesting and formidable cha]]énqe to

the synthetjc chemist, ' )

-

After work was- begun on this project, 1t quick]y became ev1dent

that other groups were also 1nterested in synthesizinq dendrobine.
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A report of the synthesis of the basic tricyclic dendrob{nefske1eton

8 soon appeared 16 A D1els P1der reaction 1nvo]v1ng carvotanacetone

7 and butadiene followed by a rina contraction reaction was the

central feature-in this synthesis.

-

Figure 4 - Synthesis of the Unfunctionalized Dendrobine Skeleton

Soon another Jdpanese group led by Yamada published a tota]

synthesis of d1—dendrob1ne 17,1819 Usfng as starting material,

3,4-dihydro-7-methoxy-5- methyl - 1(2H) -nabthalgﬂpne, fhg synthesis

of racemic dendrobine was c6mp1etedlin 21 steps. -Thé crucial Step

in this e!egant'synthes1s utilized a’ stereocontrolled synthesis for

L

the giﬁ-hydrihdane ske]eton,deve]oped by H.S. Johnson20 and
D.H.R. Barton.2l A 76% yleld of the tricyclic, intermediate 10 was

-

1solated after an 1nterna1 Michae1-a1dbl‘reaction sequence was

performed on the a-B8-unsaturated ketone'g; (Figure 5). “
. \ . i}



Flqure 5§ - The Central Peaction of Yamada's Dendrobine Synthesrs

"The main thrust of our own synthetic attempt wes ditected at
the highly funct1ona11zed "A" ring, since it is this.ring wh1ch bears v
the majority of asymmetric s1tes A Diels-Alder reactwon Was
env1saoed as the centra] reaction in the proposed synthes1s because
‘of 1ts weI1 known stereose1ect1v1ty 22 The stereochemistry of °
Diels-Alder adducts is qenera11y highly predictable because of
stereochem1ca1 constraints emhodled in the so-called A]der Stein (jt\
rules The cis- pr1rc1p1e dictates, that the qeometric arranqementhi \\*§
of subst1t0ents in both the diene and d1enoph11e componeots be \
preserved in the 1:1 Diels-Alder adduct. In addition, the Alder
endo rule, sometimes termed the principle of maximum accumulation
~of unsaturation, often allgows one to predict the relationship of
the diene,suhst{tuenrs fo those carried by the 'dienophile. Finally,
Jw1th unsymmetr1ca]]y substituted dlenes and d1enoph11es, there
exist two p0551b1e modes of addition.  Generally, however, ‘it is
observed that one mode of addition predominates. Although the

Diels-Alder reaction is thought not to involve diradical inter-

mediates, the predom1nate mode of addition can often be determ1ned

Sy

LR W]



by a ccns1derat10n of the relative stabi]ities of this type of f
intermediate.23.

We be]ieved that the Die]s A]der reaction was admirab]y suited
‘for approaching the complex stereochemistry of dendrobine The
initial reaction ¢ould 1mmed1ate]y establish stereochemistny at
~ three points in the "A" ring and the further 1ntroduction of

asymmetry would be controlled by these centres.

<

bow



RESULTSIAND DISCUSSION -

Spec1f1ca11y. we heped to employ 4-methy1 -2~ penténqic acid- 11
or a suitable derivative’ thereof as the dienophi]e, since the trans
reTationship.of the 1sopropyl andacarboxy]ate groups ensures a

| sfmilar-arrangement in the Diels-Alder adduct. This is precise]y

the required arrangement for dendrobine (Figure 6)..

Fiqure € - .Proposed Entry to ‘A" Ring of Dendrobine

This dienophile component presented no synthetic prob]ems and
was formed in one ‘step from 1sobutyra]dehyde and ma]onic ac1d by

the Doebnér modification of the Knoevenagel reaction. 24

+COs

‘fjgure 7 - Synthesis of 4-Methyl-2- Pentenoic Acid
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The general. principle which was followed in. the design %f the

diene components was to provide the dienes with reactive groups

which could be used to effect further rina closures while affording
. 1 , .c*

the opportunity to-establish the proper stereochemistry of the "A"

ring.

™

. ' The first diene whose synthesis was attempted was the

'_acyc1ic diene lg and its proposed ®laboration into dendrobine is

iTlustrated in Scheme I. This diene carries a reactivé side chain

as well as a methyl group destined for the angular ﬁdsition. The

halolactonization reaction of this proposed synthesis demonstrates:

how the stereochemistry estab]ishe& by the initial Diels-Alder
reaction would be used to control other points of asymmetry in

the same ring. The préjected synthesis of;E;1s~shown in Scheme
11 | "

* i

was adoptgd.25 The addition of sodium acetylide to cyclopropy!
methy! ketone 13 afforded the acetylenic alcohol 14, in good yield.

Concomitant ring opening and dehydration of the alcohol by 48% HBr

For this synthesis, a hodification'of'the Julia olefin synthesis

generated the enyne 15,3n quant1éat1ve yield. However, a11'attempt5‘

to displace bromide by the anion, of ethyl chloroacetate fa11ed

Under aT] reaction conditions and in a variety of soivents, gas

chromatographic examination Of the reaction mixtures failed to

reveal the desired product. Since the displacement of bromide by

cyanide 10H'pr6ved'to be a facile reaétion as reportedzs, we have

. no satisfactory explanation for the failure of this reaction.
0ur attention was subsequently d1rected to the synthesis of o

a simﬂardignel&contained in an _4{ndan ,ske_leton. The projected |

= .
L] ] * /

-



10.

SCHEME I




SCHEME 11

¢

m



L3%

~ 12
use of this compound in a synchesjs of dendrobine is illustrated in
Scheme IT1I. The aromatic nucleus would serve a< a platform on whose

.substituents the majority of synthetic operations would be performed

Final funct1ona1izat10n could then be achieved by 3 disruption of the

( aromaticity of this ring through Birch reduction. We hoped to solve

the problem of angu]ar methyl group insertion by app]ying the method
of House 26 on the Diels-Alder adduct. A1ky1ation of non- symnetric
ketones genera11y leads to a variety of products and di- and tri-
substitut1on aré the rule rather than the exception. House, however,
has shown thet enol acetates can be employed for the monoalkylation

of ketones: By reaction of the eno) acetate with two equivalents of .

' methy] lithium; the Tithfum enolate can be Qenérated in a regiospecific

manner and alkytation with methyl” fodide affords the des1red mono-
alkylated product _The thermodyhamica]]y favoured cis-bicyclo[4.3. O]nonane
r1ng system would be expected to result from this operation,

The proposed synthesis of the diene is depicted in Scheme IV. The

synthesis of the indanone‘z‘zlwas'accmplished in a number of ways. The

Initial synthesis employed m—methoxycinnamic acid 19 as a starting.
material. After hydrogen reduction, the hydrocinnamic acid 20 could
be cyclized either by dehydration?? or by an internal Friedel- Craft
acylation reaction.ZB Average yields of approximate]y 60% were obta1ned

in each instance. As ev1denced by qge1r nuclear magnetic resonance (nmr)

spectra, each reaction produced a mixture of isomers (5- and 7- methoxy-
1ndanones) but the desired isomer could be obtained re?atively pure hy

repeated recrystal]ization.

4 .‘

A more economica] procedure and one which yie]ds an 1somerica11y

pure product has been described by Panetta and Bunce. 23 Startinu with



13

IIT 3W3HIS




14

© AT 3H3HOS




5- indanol 17 the |equ1red ketone Was rea11zed in 75% yield after
‘methylation aﬁg ox1dat10n

D1ff1cu1t1es arose at this point. The standard methods for the
Preparation of acety1enic a]cohols require the use of acetylenic -~
organometa11ic reagents. Lithium acetylide generated in.liquid
. ammonia and ethynyl:maqnesium bromide in eoth tetrahydrofuran and
~dioxane vere emp]oved in an attempt to generate the acety]en1c alcohol.
The resu]ts of these react1ons were very d1scoura01nq, as on]y small
y1e]ds of tas reauired alcohdl could be recovered ‘ o .

e resorted to a stabilized form of 1ithium acetylide, the ethy;
lene diamine ‘compliex, which had.been reported to be useful 1in certaih.

30

instances. Aoain, only small yields of the acety]enic(a1coh01

- - could he recovered. Consistently, the producte of all the above
reactions proved\to be dark oils conta1n1nq startina ketone, acetylen1c
alcoho] and enyne resu]t1nn from dehydratTOn of the a]coho] Vacuum
distillation failed to effect a separation of these components and
veryvcrude Separations of the alcohol darkened qQuickly, even under
an 1nert atmosphere at low temperature protected from 11qht

Perhaps the maln reason for the failure of this reactiom-is that the
carbony] qQroup of this indanone is extreme]y resistant to nucleophilic
attack because of the resonance effect of the methoxy droup. This
severe damping of carbony] character does not affect reduct1ons by
stfonn reducing anents such as 11th1um aluminum hydride (78% yield of
corresponding alcohol.zg) However, reactions invo]vinq acetylenic

organometallics generally cannot. be run at temperatures exceed1nq 10°

because of the well-known prnpens1ty of this type of compound to

sl
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. - e © . ’
disproportionate. Consequently, reactions involving these reagents

' are_fypically-run at réom'temperatuﬁp with relatively long Feaction
times. In our case, reaction times of from four days to a week
using a three-fold excess of reagent were employgﬂ andlundef these
conditions yie]ds were extremely poor. Crude preparations of the _
alcohol 23 were'déhydratedlto the enynejgi, but the r{iultinq datk‘
oil was exceptionally unstable. Alfhough the enyne cou]d-be i§01ateq
as a low melting white solig by preparative scale thin-layer chroma-
tbgraphy, decomposition readily occurred within 24 hours, even‘when
elaborate precautions wére taken, 'Thg fendency of similar sysfens

to polymerize has been noted in the 11’teratur_e.31 leﬁcg the To; e
yields and 1nstap111ty of these intérmediates were clearly unaccept-
able, this‘approach was aBandoned and less conventional dienes were

considered for the Diels-Alder approach to dendrobine.

S0



CHAPTER 11

"~ An attractive a1ternate approach to solving the difficu]t stereo- .
" chemical proh]ems assoc1ated with dendrobine 1nvolved the ut111zat1on

of an a- -pyrone 25 as a Diels-Alder diene.

~

Fiaure 8 - a-Pyrone -
. N

: The“u-pyrones are extreﬁe]y interesting compounds. In nature they are
found both in plant and anima] species In barticu]ar, they form part of

the cardioactlve ‘glycosides found in the red squill plant (Urginea maritima)
-32,33

as well as in var1ous toRd venoms. The phys1o]ouica1 activity of

these alycos1des res1des chlefly in the aglycone residue where the
17 g-sidechain of the steroid nucleus takes the form of a 5-substituted-

a-pyrone. = - . ’ ‘ ' , R

’ SCILLARENIN ' . ' BUFOTALIN

Figure 9 -~ Cardioactive G]yéosides Containing thg u-Pyrone'Chrdmophore‘
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The alycosides of plant origln (scil1ad1enol1des) are w1de]y
used as rodenticides while the toad venoms (bufadienol1des) have long
been employed by certain South American tribes,as\lethal blowdart
poisons}. These .poisonous principles are rouahly equivalent in
tdxicity to curare and strychn1ne. Some 5ufadignolides have been
'shown to possess a potent {inhibitory action against cells derived
from human -cancers. 3%

As. a result, there has been considerable 1nterest in developing

synthetic methods for the attachment of the a-p_yrone chromophore to

steroid nuclei and several naturally occurring bufadieno]ides have

‘ ) 5 :
. recéntly been synthesized.3 »36 The chemistry of o- pyrone itself

" has been the obJ9ct ‘of renewed interest3/, partigularly its reactions

38,39

with nucleophiles , its photochemistry4n’41;‘ and its behaviour

as a Die]s-A]der diene.42'43

< Vbh Péchmann first prepared the parent compound, ﬂ-pyrpne‘gg, by

pyrolyzing the mercury salt of coumalic acid.44

R\

&

g
Figure 10 - Von Pechmann's-Preparation of a-Pyrone

This compound exhibited excellent properties as a Diels-Alder
diene with the classical dienophiles.?2" since a-pyrone can be viewed

~AS possessing both an electron withdrawing group as well as an

18
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electron donating substituént in theory, 1t should exhibit usefu]Ireactiv-
ity w1th a wide range of dienophi]es. - _. ;
Zimmerman ab]y demonstrated the synthetic uti]ity of .c-pyrone in h1s-
novel synthes1s of the theoretically 1nteresting mo]ecule barrelefie 26 45f
{(Scheme v). ‘Seyferth has used the a—pyrone nuc]eus as an entry to highly
o~ strained stannane systens‘g‘ inaccessible hy conventional methods.43
| (Scheme v). 1n Iight of results such as these, it is somewhat surprising
that a ~-pyrones haye not found greater use as synthons
The 1: 1 D1els-A1der adducts of - pyrones contain a bridgjng 1actone
structure which 1s thennal]y unstab]é and at re]atfve]y low temperatures
undergnes a retrograde Diels-Alder reaction eliminating carbon dioxide and
forming a new diene. It was hoped that if mild reaction conditions were
- employed, one could largely avoid the loss of Cﬂ and. maintaih the lactone
intact Because _bridged systems such as these possess a favoured direction

of approach one cou]d establish stereochemistry by hydrogen reduction of
the rema1n1ng double bond

, + . . )
O X 7
v - Y :

Figure 11 - Hydrogen Reduction of_ the a-Pyrone Diels-Alder Monoadduct
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| In the qajority of raeported instances, the Diels-Alder diadduct
was~isolated This arises by a second addition of dienophile to the
diene formed by thermal elimination of CO2 from the monoadduct. ¢
However. a Russian qroup led by Shusherina has shown the feasibi]ity
‘of stopping the reaction after the addition of one mole of dienophile. 46
By emplqzk_? N- phenylma]eim1de as the dienophile and utilizing various
a-Dyrones, they were able to obtain the monoadducts 1n botling benzene
ar toluene as.solvent Ra151ng the reaction temperature to 140°

however, caused elimination of 002 and formation of the diadduct

Clearly the pyrone required for the Diels-Alder reaction was

: 8- 1sopropy1 2-pyrone 28 and. its projected use in the synthesis of
dendrobine {s depicted tn Scheme VI. Unfortunate1y. a. survey of the
_1jterature revealed that with the exception of methyl and deuterium
substitution3’ there were no known examples of ﬂ-pyrones substituted
solely in the 4 position. The synthesis of G-pyrone derivatives has.
been reviewed47 48 49. Of three-generalized approaches to a-pyrones,
only cyclizat1on reactions can be employed to generate monoa1ky1ated
pyrones. Basica]ly there are two systems which can be satisfactorily
cyclized, the glutaraldehydic. acids (figure 12) and the glutaconic
acids (figure 13) '

Figure 12 - Cyclization of a 6lutaraldehydic Acid v

v
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The eno] form of a g]utaraldehydic acid can be 1acton12ed under

' acid catalys1s forming an enol 1actone. and there exist a number of

methods for “introducing the final degree of unsaturation.3§'35

—

Figqure 13 - chlizatibn of 2 Glutaconic Acid

Glutaconic acids yield 6-ch10r0-2-pyrones direct]y on heatinq
with phosphorus pentach]oride The halogen may then be removed by
zinc-acetic acid reduction to yield the o-pyrone. 3

' ~ Subsequent to the completion of this project an abstract of a
doctoral dissertation appeared which descrihed an attempt tp employ
- 4- isopropyl! - 2 - pyrone in a Diels-Alder synthesis of derdrobine S0
The desiqn of this synthetic approach remarkably para11eled our own and

‘an attempt will be made to compare and contrast this wOrk with

our own,

fay



“favour of the ‘glutaraldehydic acid 43 (a:heme VIII).
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RESULTS AND DISCUSSION

Thefsynthesis of 3- 1sopr0py1 glutaconic ac1d‘;g was attempted first.
This diacid had already been the object of two unsuccessful syntheses. 51,52

" our projected synthetic method is 11]ustrated in Scheme VII.

The known 5- iSOpropyl -1,3- cyclohexanedione 2153. was qxidative]y '
opened to the glutaric acid 32 ‘whose half-ester.zg was prepared via the
anhxdride 33. This half-ester was converted to the mondacid ch]oride 35
with SOC-]2 and brominated in the presence of eieess SOCI2 as solvent.>%

The product of this reaction was 1mmediate1y quenched with excess methanol -
to yieId the dimethyT bromoglutarate 36 Subsequent distillation gave an
approximate]y equimolar mixture of cis and - trans- dimethyT glutaconates 37

and 38 Because it proved extrerely difficult to effect a separat1on of

~ the synthetically useful isomer, 38, this synthesis was abandoned in

The same cyc10hexanedione 31 could be converted to the vinylogdus

ester 1gwh1’ch was reduced with tithium a'luminum hydride to the cyclohexenone

41.. He-had hoped to selectively oxidize this system to the q1utara1dehyd1c

acid 4 03, Hoodward tn his synthesis of reserpiness, emplo}ed osmium tet-

roxide to oxidize an a,B- unsaturated ketone to a vic-diol. This com-
io ic acid. In view

pound was further oxidized to an aldehydic acid by per'
of the expense of osmium tetroxide. a modification of this procedure was

adopted, in which the osmium tetroxide is used catalytica]ly in conaunction

+ with barium ch]orate.56 In this instance, the intermediate osmate ester

is oxidized by chlorate ion, regenerating osmium tetroxide and yielding
the vic-diol. Hhen this procedure was applied to compound A1, the osmate

ester did form, as witnessed by its: bIeck colour, but 1t praved extremely

~
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resistant to oxidation undep'all conditions.

Cornforth' s well- known synthes1s of mevannolactone 4457 (Scheme I1X)
was considered as an alternate apbnoach E\che required pyrone If the
unsaturated s-lactone could be suitably functiona]ized at .the 4-position,
this would provide an oppertunity for introducing the second double bond
Qf the pyrone. '

The enclate ion from the Claisen condensation of methy] isopropyl
ketond and methyl formate was auenched with acetyl chloride to yield
the keto eno]acetate 46 (scheme X}.  Hydrogen reduction of the carbon-
carbon double bond afforded the keto ester 47 in quantitative yield.

‘A Reformatsky reaction employing ethyl bromoacetate proved to be very
sluggish and the reaction could only be in1tiated at-very high temperat-
ure. After norma1 work-up, .the product was not the expected B°hydr0xy
ester but rather the &~ 1actone 48 This reaction had produced in one
step the same type of transformation that Cornforth had—carried out 1in
three steps and a comparabIe overail yield was obtained. A1l attempts
to functionalize this compound failed, however A11y11c bromination by
N- bromosuccinfmnde functionalized the tert1ary position of the 1sopr0py1
" group as expected SSJ Treatment of the 1actone with selenium dioxide in
both refluxing tert- butyl alcohol and acetic acid, procedures known to .
effect dehydrogenation, 59,60 yielded only startinq material. Attempted
dehydrogenation using palladium on charcoal, in p-cymene as so]vent.sl
unexpectedly 1ed to reduction of the double bond of the .actone. The-
use of sulfur for dehydrogenation a method used with some success in
bufadienolide syntheses.35 36 was also-investigated. Hydrogen sulfide.

was evq1ved when the lactone was dropped onto molten su]?ur, an 1nd1cet{ou
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that dehydrogenation had occurred but the product was an 1ntractab1e
tar. The well documented base induced ring opening of lactones such
as 48 was confirmed and the potassium salt of the dienoic acid 49
L could be isolated inh good yie]d 62 A]] attempts to recvc]ize this
compound by ha]o]actonizat1on to a functiona]ized - lactone 50 were -

' unsuccessful, however. - ™ “ o

The approach which eventua]ly did lead to the synthes1s of the
desired pyrone 15 outlined in Scheme.XI. Suhjecting the known keto
acetal 5163 to both Reformatsky and Wittig reac;ion conditions djd <7
'not provide the requ1red product. In contrast to the results of Vade®0
who reported only the isolation of startwnq materials from these
_ reactionsr a fact which he attributes to steric hindrance by the iso-
propy?”roup, these reactions in our hands gave high yields 'of the
ieto enol ether §g. CIearly the Reformatsky and Mittiq reagents are
acting as strong bases in these reactions, and this result is
paralleled by the formation of 52 from 5] by s1mp]e distiTlat1on from
a catalytic amount of sodium methoxide.64 '

The_Minnesota workers did synthesize the B-hydroxy ester 53 by
applying the re]atively new procedure of Rathke. 65 In tdds procedure,
the keto -acetal St was added to 1ithio ethyl acetate denerated quan-
titatively at -70° by lithium bis (trimethy]s11y1) amide. The resulting
B«hydroxy ester was hydrolyzed dehydrated and cyc]ized to the a-pyrone
_jg; in an overal] yleld of 37%. These same workers found that this
reaction eeouence could be applied equally well to the'keto enol

~ ether ig | The e-hydroxy ester 94 also yie]_‘ded the pyrone when the usua:];
- ! . !
dehydration procedures were employed.

~ We found that the pyrone‘gg could be formed by a Reformatsky reaction

o7
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.0n the keto enol acetate 46. The distilled product of this

: reaction;'isolated in 36% yield, was identical in all respects to  ’
° ’ .
Hade's pyrone. Since the reaction was carried out at high temper- .
ature with no attempt to moderate the reaction, any postilated

mechanism far this unusual cyclization reaction is highly specul-

- ative. A possible mechanism is ‘suggested in fiqure 14.

Figure 14 - Possible Mechanism for the Formation of w-Pyrone 28 L
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With the required pyrone in hand, we proceeded to 1nvestigate 1ts

properties as a Diels-Alder diene. Unfortunate]y it proved to be a very

poor one. ~Both d1methy1 acetylenedicarboxylate and maleic anhydride,

two exce11ent d1enoph1les, failed to react with this pyrone when stirred
together at room temperatUre for a week. Raising the temperature to that
of refluxing benzene also failed to effect a reaction.

The. attempts by Wade to utilize 28 in similar reactions also met
with fai]ure. He found that -under various conditions of t1me, temper-
ature, solvent and Lewis id catalysis, the d1en0ph11es 55 56 and 57
did not react, A D1els—A1der adduct was obtained with maleic anhydride
but only after extended refluxing of the two components in to1uene In
this case, the product was shown to be the diadduct 58 which, of course.
was unsuttahle for the proposed synthesis of dendrobine Because of the
exceptional stability of this pyrone,. h1gh temperatures were required
to force it to react and under these cond1t1ons only the diadduct
‘cou1d be isolated. Manipu]ation of the reaction conditions either led

to .no reaction or formation of the synthetica]ly useless diadduct



o

Figure 15 - Diels-Alder Reactions of a~Pyrone (28)
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CHAPTER Irr g ‘
The advantages offered hy the.Diels-Alder reaction for approaching
stereochemically. complex structures has already been mentioned. Qur
OWn experience verified the fact that perhaps the reason this approach | -;

_ has not been put to ardater yse 1s the difficulties that.arise in 4
synthes121nq h1qh1y functionalized conjugated dienes for this. react1on
Synthet1c methods for the dienophile components, most often unsaturated
carbonyl compounds, are wel] estab11shed but regiospecific and stereo-
specific syntheses of the dienes are qenera]]y much more difficult

One procedure for the production of dienes which has received
comparatively 11tt1e attent1on has been the thermal decomposition of

4

2,5 - dihydrothiophene 1, 1- dioxides 56

l 4-55();3 *\\\\\\\\\\\\\\ﬁs o '1,. _ : 'l\ik

——— ‘56
"~
\S ) '
U

Figure 16 - Thermal Decomposition of 2,5 -,Dirw&gothiophene - 1,1 - Diox{des

This method has been used as the terminal step in the pur1ficat10n

-

(-’
T~ of diene mixtures and, in fact, constitutes an important 1ndustr1a1 proced-
ure for production of high purity diene monomers. 65 This ‘thermal decom-

position is known to proceed in a regiospecific ffd stereospecific



\/:

ﬁgjsrotatory manner ag relatively low temperatures. 67, 68 Gg The

primary method for forming sylfones of type 56 involves the so-called’
cheletropic reaction of sulfur dioxide and a diene under moderate
pressure and temperature. 66 This procedure is cliearly not a synthetic
method for_diehes as the diene is required as a startina material.

An alternate approach {s the oxidation of a suitably substituted

2,5 - dihydrothiophene‘gz. Thus, if a generalized procedurs could
.be found for the formation of this tyﬁe.of compound, it woLId

constitute a valuable method for the production of dienes.
.. This rina system has been shown to have synthetic utility
in other areas. An elegant example of -the use of a dihydrothiophene

derivative 1s the stereospeciflc approach to trans - fused bicyclic

' systems developed by Stork and Stotter’0 depicted in Scheme XII.

- In addition, the sulfones are becominq more important {n'oroahic

36

synthesis. Alteration of the 2,5 - dihydrothiophene su]fone skeleton -

before thermolysis allows the production of divinyl ethers, amines
and methanes’!»72 {scheme XI11). The scope of all these reactions,
however, has remained rather Timited because of the relative inaccess-
1b111ty of 2,5 - dihydrothiophenes and their corresponding sulfones.

A route to these compounds not dependent on dienes as a starting
mater1a1 would siqnificantly increase their utitity.

" A number of methods have been described in the literature for the
synthesis of 2,5 - dihydrothiophenes, but all suffer from major
difficulties and none can be described as a genéral synthesis Two of
these. addition of sulfenyl chloride to a conjugated d1ene73 ﬁgllowed
by elimination of the elements of chlorine, and cyc]ization of a
mercaptomuconate74 are clearly unsuited to our needs beodﬁse oé\

Paps
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" the requirement for the diene as a startino material. The most
obvious method, the reduction of a;suitably subst{tuted thiaphene,
suffers from Tow yields because of the necessary separation of
the isomeric 2,3- and 2,5 - dihydrothiophenes. 1In addition, gemin-
ally substituted compounds cannot be prepared by this method.

Finally, a Japanese group75 has prepared a limited number of
3,4 - disubstituted 2,5 - dihydréthiopenes in Tow yield by the

Michael reaction sequence outlined in figure 17.

. | ' + | . - \
e HS |
o |
COOH COOH

A

~

Figure 17 - Synthesis of 3,4 - Disubstituted 2.5 - Dihydrothiophenes

Again, this procedure suffers from Tow yie]ds and the atta1nab1e
'substitution pattern is severely limited. |

_The use of viny!phosphonium salts as part.of a genera]tzed route |
- to dihydroth1ophenes was investigated. Although salts of this type

have . been known for over a century76, thefr chemistry remained largely



G |
| unexp]oréd until two publications stimulated renewed interest. In
1953, Wittig described the reaction which has elevated organophosphorus
compoundg to such an fmportant positton 1in organic cheﬁistry 7 '
Subsequently, Doering and Schreiber demonstrated that vinylsu]fonium
salts underwent an10n1c additions yie1dinq ylids stab111zed by
pl - dii orbital overlap between sulfur and carbon.’8 Since this
type of stabilization was known to exist in the phosphorus analogs,
the phosphoranes, Keough and Grayson initiated a study of the
electrophilic reactivity of vfny]phOSphonium salts towards compounds
containing a rep1aceabie hvdrogen 79 They showed that these salts
- were excellent Michael-type acceptors and that compounds containing
- CH, -NH, -PH, -OH, and -SH bonds could undergo addition. The
term "phosphonfoéthy]ation" was coined by these authors to describe

this type of conjugate addition. - N

i z:CsN30)p,S

H

Figure 18 - Phosphonioethylation Reactions

At about'the same time, Schweizer began a series of studies of
the chemistry of vinylphosphontum salts and their substjtuted analogs.

In the course of his approxfmately forty papers on this subject he

- -

)
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i 4
has de]ineated a large number of useful synthetic procedures

emp]oyinn, in partfcu]ar v1ny]tripheny]phosphon1um bromide. " These

b
~reactions can be brnad1v catenorized into two distinct nroups

{a) € ;ﬁﬂIN-LE”GTHENINP PRﬂCE%?ES

Npuat1ve]y charged nucleoph1]es add to the 32331 sa1t formlnn
a phosphorane which reacts with carbony!l compounds in the standarg
l]tt1n fashion and leads to ¢hain- -extended products and triphenyl-
phospthe ox1de 80,81 - Compounds containina heteratoms may also'be
used in this process.81,82 (Scheme X1v)
dwketones have been C- aTky]ated to yield 1nner phosphon1um

sa]ts 83 -

F{qure;TQ - C- Alelétion_of Bg‘ﬁiketones

4

{b) RING SYNTHEREé

If a carbonyl aroup is 1ncorp0rated into the Michael donor, a
"1chae] ”1tt1q reaction seauence takes place and a variety of useful
carbocyclic and heterocyclic products can be obta:ned 84-88 (Srheme XV)
B~ funct1ona11zed carbony] compounds also have been cyc]1zed to the

corresponding 2(H) - 1 - benzopyrans (3- chromenes) and 1,2 - d1hydro-

quinolines.89>97 _ . ‘ . &
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SCHEME XIV
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The behaviour of -vinylphosphonium sa]ts with 1,3 - d1polaroph1les

has been investiqated and shown to be a qeneral reaction 9

End

- o
;.?ﬁ, o

Figure 20 - Reaction of a Dipolarophile witﬁ Vinyl Salt 58-

The vinyl sa1ts have been investigated as potentia] 1abe111ng
agents for proteins 92 Under physio]oqica] cond1t1ons, thiol
groups add easily to this salt and the resulting adduct prec1p1tates

from solution

These clea?:ﬂmenstrations of the facile addition of various
anions to 58 coupled with Schweizer's work on 2,5 - d1hydrofurans
and pyrroles indicated to us that the formation of 2.5 - dihydroth1o-
phenes should also be readily achieved Subsequent oxtdation of
these compounds would provide the 1ntermed1ates requ1red for the

proposed diene synthesis.

44



RESULTS /AND DISCUSSION

The recuired vinvl triphenylohosphonium bromide’ig is availahle
by a number of Hifferent synthetic routes (Scheme XVI), the most
often auoted beinc- that of‘qchﬁeizer a3 Triphenylphosphine 15
reacted with '—bromopheneto]e to form a phosphonium salt. At
moderate temneratures, this salt e11m1nates phenol ‘to y1e]d the
vinyl salt 38. A s]1qhtly modified procedure was recently _
reported in which. -2-bromoethanol was employed. 92 Finally, 58 may
be prepared from ethane = 1,2 - bis (trlphenylphosphon1um) dibromide
by base-induced el1m1nat1on of triphenylphosphine.?% Each of these
methods was employed to prepare the vinyl salt, hut because each
was tedious and t]re -consunina, it was found more econom1ca1 to
employv the cormercially ava1lab1e product.

In order to attain generality for the synthesis, a re11ab1e
preparat1on of a- rprcantokeuones and their o- haloketone precursors
was required, The reo1ospec1f1c haloaenation of carbony] compounds
has been r9v1exedqstﬂ3nd a recently reported procedure involving ™

“N-halosuccinimide ha]ocenafﬁon of enol bor1nates seems to offer

a h1nh1v reo1osoec1f1c synthes1s for th1s type of compound 96

In this vork, ketones were selected in which the site of ha]ogenat-
1on was unamb1nuous The « u-haloketones are wéll known as be1nq

excellent suhstrates for displacement reactions and the rep]acement

45

of halide by the sulfhydryl aroup proved to be a faci]e reactlon In

certain instances, the ;-Wercaptoketones vwere isolated as hithy
insoluble dlmer1c d]hvdroxy - 1,4 - d1th1anes 97.98 These b
d1mers are Pnown 7 to be sens1t1ve to traces of ac1d and readily

dehydrate to transannular ethers (fiqure 21).
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Figure 21 - Acid-Base Reactiéns of the Dimeric a-Mercaptoketones

In basic solution, however, an. equilibrium is established
between monomer and dimer and,the material becomes readily so]qb}e.gg

Dur 1pit1al attempts to synthesize a d1hydro£hiophene fbllowed
~ Schweizer's methodology clbse]y. o ' \

Sodium hydride 1in tetrahydrofurah was used to generate the
mercaptide anion. A d1methy] formamide (DMF).sqution.Of the vinyl
salt was then added. DMF was employed as the co-solvent in an
. effort to improve the solubilities of the reactants. However; the
mixture of dihydrothiophene, DMF- and tribhenyiphosphine oxide
.yhich was obtained on aqueous work-up provéd extremely difficult
'tp separate. Repeated triturations with pentane, followed by
filtration and elution through an alumina column were required
to effect the separaf1on. As a result of these manipulations, only

modest yields of dihydrothtophene could be recovered, and while



© the reaction showed the mérit of the proposed scheme, the isolation
procedure reﬁuired vas-tedious and wasteful of product.

In an attemﬁt to simplify the vork-up procedure and optimize
yields, EEEE-A butaﬁol was investigated as a reaction sojvent.
. The lower é]cohols-cannot'bé uéed as solvents since they undergo @
conjugate addition to the viny] salt ?ormihg inactive B—a]kbﬁy—
- Phosphonium salts. Aaain, however, .difficulties were'encountered |
in the work-upf Eventually most of these procedu}a1 difficu]fies
were overcome by emnToyiﬁa pyriding as the reaction solvent. It
posgesses the abiJity to dissp]ve both of the reactants cfeating
‘a hom&peneous reaction mixture a3 well as to serve as the
required base. The ease with which it could be removed from the
products by simple acid extraction was also an important considgr-
ation. Some dihydrothiophenes were” formed in_this manner, but
the addition of a stoichiometric amount of the stronger base
triethylamine was routinely employed to-speed ‘the reaction and to
insure complete reaction.  Simple column chromatoqraphy through
acidic a]um1na eliminated all phosphorus- conta1n1nq compounds
- as well as coloured impurities. Typically, aas chromatographic
exam1nat1on of the column eluates revealed product pur1t1es of
95% or greater. A nuriber of 2,5 - dihydrothiophenes have been
prepared using this standardized pro;edure]nn, and._they are

summarized in Table .

- a A " .
Physical properties of these compounds are outlined in

Tables.I1 and I1].
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TABLE 1 '

- Products and Yields of 2,5-Dihydrothiophenes

Compound T1me Yield

‘u-Mer;aptoketone Ref. Salt  Product - number (hr.) (%)
"ot 58 =] s |
'8 ) s
- S
102 58 60 30 95
P P~

OH - | | |
o 102;9@_9318_76
“\rﬁ\ 104 58 - I . l 63 168" 65
, w P S~

SH
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- TASLE 11
ANALYTICAL _DATA

Compound Number . ~ Lalculated - Found

| | C K. s ¢ W s
[ 65.60 9.44 24.97 65.67 9.55 24.2}
a 68.55 8.63 22.83 68.68 8.74 22.8p
62 66.65 7.99 .25.35 66.69 8.01 25.1]
Pad
63 . 74.98 6.86 18.16 75.14 6.94 18.09
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Difficu]ties were encou Qered in synthesizing the mercaptans

of certain aromatic ketones. The mercaptans from desyl chloride
and phenacyl bromide proved to be highly susceptible to oxidation
and high yields of disulfides, starting ketone and elemental sulfur
were recovered from these preparations. These mercaptans had been
prepared previouslylos'los. but elaborate precautions such as dis-
tillation under a reducing atmosphere of hydrogen sulfide had to J
b taken to prevent these undesirabie side reactions. The prepar-
ation of these compounds was discontinued at this point, since we
were more concerned with pursuing the chemistry of the dihydrothio—
- phene sulfones. L
} | The reported selective oxidation of 2,5- dihydrothiophenes was
confirmed.'? The synthetic utility of this ring type is 11ys.
trated by the oxidation-cycloelimination - cycloaddition sequence
~~ depicted in figure 22.

Oo—Cg-

61

i
—————

65

4

* Flgure 22 - 0Oxidation-Cycloelimination - Cycloaddition Reaction Seguence




. 53
Oxidation of 61 with two equivalents of_mfchloroperhenzoic
‘ac1d afforded the sulfone 54 in quantitative yield. Thennolysis
‘of this compound in refluxing xylene (140°) in the presence of
dimethyl acety]enedicarboxy]ate afforded the known]oa dimethy]
3,5,6,7,8, Ba - hexahydronapthalene - 1, 2 - dicarboxylate 55 in
an overall yield of ?8% from Gl. Although this reaction sequence
“showed the utility of this method, 1t must be mentioned that
the diene, 1*viny1cyclohexene, obtained in this sequence can be
readily prepared in ,Quantity by alternate methods. As a demon-
stration of the value of this method for diene synthesis; we sought
to prepare a diene which was.not 5o readily available by convgntion-
al methods. S : e “
In 1963, Goldman]09 prepared the diene. 67 by the sequence
outlined in Scheme XVII-¢n an overall yield of 8% from the starting
materiai'}gi. We investigated the synthesis of this diene utilizing
the dihydrothiophene 60 (Scheme XVIII)c ﬂxidation withl@;chIoro- s
perbenzoic acid afforded the suifonejgiin quantitative yield. In -
refiuxing'xyiene so]ution in the presence of maleic anhydride, a
rapid evolution of sulfur dioxide occurred.“but the product-iso]ated
“in 58% yield after hydro]ysis was the diacid'Zl.derived from the re-
arranged diene 70 110 This type of sigmatropic rearrangement, some-
times called an interna] ene synthesis, has been well documented 10,11
Reducinq the reaction temperutdre to 110° reduced the rate of
reaction drastica]Iy but after a prolonged reaction time, 3 quantit-
ative recovery of three products was achieved. Hydrolysis and ester-
1fication of these materials led to.the.isolation of the rearrenged ;
adductll’ (19%), unrearranged diester Eme'wg and the known

éd
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lactone E;;er'74]09 derived from the diacid 3. The. unambiguous

| synthesis of diene 69 thus proceeds in 74% overall yield 1n three
steps from the easily prepared compound 60

H In an effort to extend the usefulness of this new ﬁnocednng.
methods fdn the further functionalization of the 2,5 - dihydro-
thiophene sulfones were investigated. Our coniinuing interest in
dienesﬁfor a Die]s-Alder-route to dendrobine led us to investigate
synthetic methods for generating sulfones, which on thenmolysis,
would . yield adducts containing enol acetates or enol ethers Thus
the required sulfones would bear a]koxy or acyloxy groups 1n the
3- position (figure 23).
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Figure 23 - Oxygen-Functionalized Dihydrothiophene Squones

One possible approach to sulfones?ﬂﬁmtiona]ized in this way is
illustrated in f{gure 24.

7
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Figure 24 - Formation of 3-Methoxydihydrothiophenes




Bromine, as e)q:.-t-_\t:ted,”2 added smoothly to sulfoﬁe}ﬁi
formina the dibrqmosu]%oneilg. An attempt to effect both
substitution and dehydrohalogeﬁation by reacting this
compound with two equwva]ents of sodium methoxide in methano]
led to only one (77) of the two possible isomeric methoxy-
sulfones (76 and 17). Since the double bonq of ‘i‘somer'?l is
in conjugation with the sulfone group, this result was not
surprising\]?3 However, one report sugqested that.in a simil;
ar system, under base cata1ys1s% the double bond became
mob1le, and depending on the solvent employed, either of
these isomers could be isolated. 114 A1l attempts to carry
out a prototrop12\rearrangement of 77 te 76 appeared to
produce an equilibrium mixture in which 17 predominated

Tsomer 77 is, of course, not svnthetica]ly useful, Since

it does not undergo thermolytic elimination of sulfur

-/
dioxide. R . /

s

An a]ternate approach to the formation of the des{red
-sulfones invo]ves.the reaction of u-mercaptoketoneé with
; substi§uted vinylphosphonium salts. We had a1read} demon-
stréted that 2 number of B-aTkyl. and g-arytl substituted vinyl
salts gave excellent yields of d1hydroth10phenes 115 ; To
carry out our objective, the required v1ny1 salts would
have to bear oxygenated functional groups at the a-position.
The preparation of one such salt, u—ethoxyvihylphosphonium

bromide 79, is shown in figure 25. : \
~ .

h4 ’ M
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Ph;,%" t
| : + (EUgNHBr
?3 e

~ Fiaure 25 - Preparation of a-Ethoxyvinyltriphenylphosphoniun Bromide

Salt 79 was employed 1n several reactions utif?éing the usual methpd
for producing 2,5- dihydrothiophenes. An almost quantitative yield of ”
triphenylphosphine was recovered from each reaction. Schweizer alsp
observed in some 1nstances anomalous resu]ts when u-substituted vinyl
salts were’ employed in his heterocyc]ic rinc :;yntheses."6 A possible

‘rationalization for this result is shown in figure 26.

°

A
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’ Figure 26 -A Phosphorane Rearrangement Leading td Elimination of Triphenylphosphine
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Because a comp]etely normal phosphon1oethy]ation reactlon could
be carried out with benzenethiol to form 2- th1ophenoxy-1 ethoxy- ‘
ethy]tr1phenylphosphon1um bromide 83, we believe that salt 79 remains
a fairly actwve Michael acceptor. The intermediate phosphorane 80 is
in this case destab1l1zed by the adjacent ether oxygen and a rearrange-
ment to 81 seems feas1b1e This compound could then underqo a.facile
e11m1nat1on of tr1pheny1phosph1ne to form the vinyl su]fide 82. No
ev1dence for the . formatign of 82 was obtained, however, as the only .
product which coald be recovered from co?umn chromatoqraphy was.,

tr1pheny1phosph1ne. _

'y :
An ana]oaous synthes1s of a—acet;ryvinyltr1pheny1phosphon1um
brom1de was attempted Fus1on of 1,2- dibromoethy] acetate w1th
tr1pheny1phosph1ne,produced what appeared to be a high-melting bis- -
phosphon1um salt On reaction with tr1ethy1amine this compound gave

v1nv]tr1phenv1phosphon1um brom1de and trlphenyIphosph1ne oxide in -

L

‘approx1mate1y equal amounts The spectral properties and combustion-

ana]ys1s of the bis-phosphonium sa]t were of no he]p in elucidat1nn
its structure This problem is currently under investigation.

S1nce the conclusion of this project, other members of this ..
research aroup have shown the complete generality of this new method
for the synthes1s of 2 5-d1hydroth10phenes The reaction has been
extended to 1nc1ude u—mercaptoaldehydes]17, as‘we]I as many sub-
st1tuted v1ny1phosphoq1um sa]ts.}18 In addftion, promising resu]ts
have been obta1ned with a vinylphosphonate modification of this

reaction. 119
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Reagent arade chemicals were used without further purification unless

EXPERIMENTAL SECTION

SO spec%fied. Infrared (ir)'spectra vere recorded on Reckman IR12 and
IP20A instruments in 10% solution. Huclear mégnetic resonance (nmr) spectra
were obtained,on 5 JEOLCO CENHL speotrometer and are reported in parts
~ per million {¢) downfield from tetrahethylsilone as internal eéandard.

The splitting pattern of each resonance is codified as fo1Iow5;

]

s = singlet, d = doutlet, t = triplet, q = quartet, m ; multiplet and

it

b broad Electron 1mpact mass spectra vere recorded at 70eV on a

' Var1an MAT CHR - DF -spectrometer. Ultraviolet (uv)‘spectra vere

recorded on a Beckman DB spectrophotometer Glc analyses were performed
on Peu]ett Packard 720 and 5;50 1nstrunent; with peak areas determined by
d1sc 1ntenrat1on“A Fisper-Johns meltinag point apparatus was emoloved

to determine meltinc points and indices of refraction were measured with
a Carl 7eiss rnfractometer Combust1on analvses were performed by

A. B Aynli ”1croana1u51§ ‘Laboratory, Toronto, Nntario and GaTbra1th

lahorator1es, Vnoxv1lle Tennessee.

1

+ 4 - Methyl - 2 - Pentenoic Acid (11) was prepared by ‘the method of .

Goldbera and Linstead®® in 76% yield: bp 103 - 105° (10 mm).
nzg 1.4494 (reported bp 104 (10 rm)): ir (CHC1,) 3500 - 2500, 1700,

Fl . ‘
1655 ¢! e (CC1,) 6 1.10.(d,6), 2.42 (n,1), 5.70 (dd, 1), 7.00 (m.1).

3 - Methyl - 7 - bromohept - 3 - pn - 1 - voe (14) was prepared accord-

ing to the method of Julia and Descoins25 in 41% yield: ir (CClg)
3310, 1€25 en s e (CClgq) s 1.5 (s, 1), 1.85 (s, 3), 2.5 -3:5 (m, 4),
5.65 (t, 1).
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5 - Methoxy - 1 - indanone (22) was prepared by the method of Birch

et a1.%7

in 63% yield as well as by the method of Johnson and Glenn28
in 62% yield. Both preparations gave 1ight tan crystaTs whose wide
melting range, 65 - 108°, ‘indicated an isomeric mixture. Repeated
.crysta111zation from aqueous methanol eventually gave an isomerically
pure product me1t1ng at 108°. The method of Panetta and Bunce2?
afforded gg in an pvera]] yield of 75%. This isomerically pure
product melted at 108.5 - 109.5° (reported 108 - 109°):

‘ir (CHCI3)'1700,:]600 cm']: ﬁmr'(CDC13)-6 2.70l(m,'2), 3.10 (m, 2),
1387 (s, 3), 7.30 (m, 3.

) - 3
5 - Methoxy -1 - ethynyl - 1 - indanone (23) - Ina 1. three-necked

flask equipped with mechanipa1 stirrer, 250 mil. dropping funne1 and
'reflux‘condenser with attached me?cury bﬁbb]er,'was adeed 8.50 g (.35 moles)
magnesium turnings and 200 m1. of LAH dried THE. Ethyl bromide

(43.6 g, 0.40 mo]es) disso]ved in a small amount o% THF was added over

a per1od of 2 hr. and after a further period of 3 hr. this so1ution was
transferred unden nitrogen to a 500 m] dropping funnel. In a 2 1. three-
necked flask thoroughly flushed with nitrogen and fitéed with a mechanical
-stirrer, ref1u£ condenser with drying tube and gas inlet, was added 100 ml.
of dry THF. The solvent was saturated with ery acetylene for fifteen
m1nutes; Ethyl magnesium bromide was added in 5 mi. portiens‘allowing
time after each-addition for the evolution of ethane. Approximately 3

hr. were requ1red for this addition, after whfch the solut1on was homo- :
geneous. 5 - Hethoxy -1- 1ndanone ﬂﬁ 2g (0.1 mo]e) in THF solution _

- was then added over-a period of 1 hour. The reaction mixture was stirred
for four days, then carefully neutra]ized with saturated ammonium chloride

solution. The organic layer was washed several times with brine - and

T
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. 62
’"dried over anhydrous sodium sulfate. Solvent was removed in vacuo

and the resulting material vacuum dist111ed to yleld 7.3 g of a
rapid]y discoloured clear 011 containing 22 23 and 24. Hithout
further purif1cat10n, this material was dehydrated by azeotropic
disti]]ation of water from benzene containinq a few crystals of
E.“ to]ueneSU]fDﬂiC * acid. The solution was deco]or1zed with
Norit dried over sodium sulfate and-solvent removed in vacuo

The resulting dark o1l was subjected to preparative scale thin-layer
phromatoéraphy dn silica gel using benzene as eluant. From a

) fast-running fludrescent band (Rf = 0.7) a small amount of a low
melting‘ehjte solid vas isolated: fir (CHC1,) 3310, 1610, 1590,

. 1480 cm‘];i nmr (CDC13) § 3.13 (s, 1), 3.35 (bs, 2), 3.75 (s, 3),

. \\ :
6.66 (m, 1). 7.16 (m, 3).

5 - Isopropyl - 1,3 - cyclohexanedione (31) was prepared according to

the method of Frank and Ha11>3 and was isolated as the moﬁohydrate in
80% yield: mp 55° .(reported mp 62°); {r (KBr) 1730, 1710 en~!.

. 5 - Isopropyl - 2 - Cyc]ohexenone(gl) was brepared from 31 by

esterification and reduction according to Frank and Ha1153 in an

overall yie]d of 46%: bp 108 - 120 (18 m), (reported bp 104 - 108°

(13 m)); ir (CHC13) 1675 ‘cm-T; nmr (cnc1 ) 6 0.90 (d, 6), 1.65 (m, 1),
2.25 (m, 4), 5.98 (m, 1), 6.96 (m, 1).

3 - isopropyld— G]utar1c:At1d (32) - - A solution of 218 g (5.45 mo]es)
of sodium hydroxide in 300 m1 of mater was cooled by the addition of
1250 g of fce. A stream of ch1or1ne was passed rapidly through this
solution until 161 g (2. 27 moTes) had been absorbed. A solut1on
cons?stinq of 72 g (0.5 m01es) of 31 dissolved in 525 ml. of water
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containing €65 g (1.16 mo]es) of potass1um hydroxide was run slowly |
into the sodium hypochlor1te solution. After addition was complete
the reaction was stirred for 8 hr. after which 50 g of sodium sulfite
was added to decompose excess: sodium hypoch]orite The so?ution was
ac1d1f1ed to Congo red with hydroch]oric acid and water added to
redisso]ve the precipitated salts. The mixture was extracted with
three 200 m1 portions of ether and the extracts dr1ed over sodium
sulfate. Solvent was removed in vacuo to yield 80 g (92%) of light
yellow crystals: nmr (CDCT3) 6 0.85 {d, 6), 1.78 (m, 1), 2.34 {m, 5),
10.01 (s, 2). ¢

8

3 - Isopropyl Glutaric Ahhydride (33) - To an excess of acetic

anhydride was added 56.5 g (0.32 moles) of the d1ac1d 32. The

l so]ution was refluxed for 5 hrs. and allowed to stand overn1ght Aftee
-remova] of the solvent by dist111at10n at atmospheric pressure, the
residue was vacuum distilled to yield 41.4 g (75%) of a Tight ye11owt
0il which became'sem1—so11d at room temperature: ' bp 130° (0.75 mm);

i r (CHC1,) 18157 1765 cm "5 e (coC 3) 60.92 (d, 6), 1.78 (m,- 1),
.2 60 (m, 5). |

Methyl 3 - Isopropyl Hydroqen Glutarate (__) - The anhydride 33,

41.4 a (0 265 moles), dissolved 1n 100 m1- of methano] was added slowly
to a methanol soiutwon containing 1 equivalent of sodium methoxide.
The solution was stirred overnight then refluxed for 1 hr. The

| mixture was poured onto an acid slush and extracted Qith three 100 ml
portions of ch]oroform The organic extract was dried over anhydrous
sodium sulfate and the so]vent removed to yleld 48 0gqg (96% of
essentia]ly pure 34 as shown by gic. examination: bp 120° (0.25 mm);.

\"
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fr {CHC13) 1730, 1710 en)s (COET3) 6.0.90 (d, 6), 1.82 (m, 1),
2.43 (bs, 4). 11.00 (s. 1). '

!

Lis and Trans ‘-D1methy] 3 - Isopropylglutaconates (37) and (38) _ g,

an excess of thionyl chloride, 1n g (0.0582 moles) of thé half-estar
32 was refluxed unt1] 211 nas evolution ceased. The reaction was

- cooied to 0° and £.0 q {0.55 no]es, 1.05 molar excess) of bromine

wa§ addéd. After 1 hr the mixture was refluxed for 3 hrs.‘and,lgﬁ
stand cverninht, . A larae excess of methanol was added and the
solution reflyxed for 3 hrs ~.Solvent was removed in vacuo, and the
residue was taken up in ether, vashed with d11ute sod1um b1carbonate
“and dried over sodium sulfate Pemoval of . solvent nave 15 a of a
Ticht vellow oil which vas vacuum distilled. Fxtensive decomposition
Occurred ard nlc. nxa?1nat10n of the distillate revealed one larﬂe
peaL vwhich proved to he ap enproxirately eauimolar mixture of 37 and
38: 1r(CHC13 1750 cm™le ooy (C0C13) 6 095 (d, 1), 1.08 (d, 6H),
2.10(r, €1}, 2.5 (m, 1), 4.9 (m, 7).

3 - Ctheoxy - 5 isepropyl - 2 o cvc]ohexenone {40) Was prepared

accordinm to the. ‘pProcedure of Frank and Hall~ 53 and isolated in 72v “"\\

vield: bp 95°(1.2 ), wax (o5 Et”H) 25¢ nm (reported bp 124°

J

(1.2 re), wmax (957 reow) P40.5 m)s ir (CHCT ) 1650, 1610 cm~1,
ney (CDCTS) 8 G.88 (d, £), 1.22 (1, 3 3), 2.10 (m,. 6), 3.84 (0, 2),
£.25 (s, 1).

L Acotoxy - 4 - rethvl - 1 - penten - 3 - one (46). - To 70.32 q

{3.08 roles) of sediyr hvdride in a1 1. three-necked round bottom
flask fittee vitb a therrometer, drorp1n0 funnel ard mechanical stirrer

: was added 175.8 o (2. 03 roles) of methyl formafe N catalytic amount
: . _



65
‘of absolute ethanol was added and 126'1 a‘(l 47 moles) of methyl
isopropyl ketone in 100 m1 of dry ether was added over a per1od of
one hour. After stirring for six hours, the reaction mixture was
cooled to -10° and 230 g [2.93 moles) of acetyl ch1or1de was s]ow1y
added. After an additicpal six hours, ether and water was added
and the organic Tayer w s washed with 75 ml of -saturated sodium
bicarbdnate solution and 50 m1 of brine. After dryihé over sodium
sulfate and removai of solvent, vacuum d15t111at10n gave 111 g (48%)
of a celourless liquid: bp 55° (0.35 mm); fr (CHC1 ) 1775, 1695,
]630 em 1y nmr (COCI ) § 1.10 {d, 6), 2.23 (s, 3), 2. 80 (m, 1), 6.06
(d. 1), 8.28 (d, 1).

2 - Methyl - 5 - Acetoxy - 3 - penténone (47) - Compound 46,
j.]Q 1q (D 123 moles), was hydrogenated in ethyl acetate at atmospheric
pressure over 5% pa]lad1um on carbon. The progress of the hydrogenation
was followed by glc (8 ft. X ©.375 in. 20% SE-30 on Chromosorh W column.
125°) and a quantitat1ve recovery of product was obtained: bp 57° (0.35 mm)
(ir (CHC13) 1740, 1710 em™15 nmr (CDC15) 6 1.10 (d, 6), 2.01 (s, 3), -
2.61 (m, 1), 2.78 (t. 2), 4.33 (t, 2)

3- isopropy] - 5 - Hydroxy - 2 - Pentenoic Acid Lactone 48

To a m1£ture of 9.66 g (0.064 moles)'of méfhyl bromoacetaté and 8.24 g
(0.13 g-atoms) of activated zinc in 30 m1 of benzene was added 10 g :
(0 064 mo]es)of compound 47 and a crysta1 of jodine. The reaction *
flask was heated with a flame and after approximately ten minutes of
intermittent heating, the reaction began and proceeded with reflux.
After the exothermic reaction had ceased, the mixture was heated at

reflux overniaht and 4 m]. of acetic acid in 30 ml of ‘water was added.
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The reactidn was extracted with four 25 mi} portions of ethér, and
this extract was washed with dilute sodium b1carbonate sclution and
dried over anhydrous sodium sulfate.- Vacuum distillation afforded
2.6 g of a clear oil: bp 87-95° (0.35 m); ir (cc1,) 1725, 1640 cm';
nmr (CC14) s 1. 16 (d, 6), 2.35 {m, 1), 2. 40 (bt, 2), 4.30 (t, 2)

5.65 (m, 1). “

v

"PGtassium 3-Isopropyl - 2,4 - Pentadiencate (49) - An ethereal solution

of lacténe 48, 1 g (0.007 mates), wag“added to 0.81 g (0.007 moles) of
potassium tert-butoxide in 3 ml tert hutanol .The reaction was heated
gently for 4 hours, cooled, and the solvent removed to yield 1.1 g (91%)
of the acid salt: nmr (DZO) 6 1.1 (d, €), 2.75 (m, 1), 5.4 (m, 3),

6.98 (m, 1).

4 -~ Isopropyl - 2 - pyrone (28) - A reaction mixture cons1stinq ofe

19.6 a (0.128 moles) of methyl bromoacetate and 16.7 a (0 25 q- atoms)

of activated zinc irn 30 m?. of berzene containinag a small amqunt of

. fodine and gg_was heated w%th‘a‘flame until tﬁe reaction began. The
mixture was kept ref]uxing‘by the slow addition of 20 @ (0.128 moles)

of 46. After stirring four hours 8 m] 6f.acet1c acid ih 50 ml of water -
was addedf The product was extracted Qith ethyl acetate, washed wjtp
dilute sodium bicarborate solution and dried over anhydrous sodium
su]fate: After removal of solvent, the product wés vacuum dfstilled

to yleld 6.5 o (36%) of a yellow liquid: bp 80 (0 35 mm),

uv (95% EtOH) X max 288 nm (e = 4300) (reported5“ bp 56-59 (C.05 mm)

- uv. {95% ELOH) X max,285 rm (c = 4500)); ir (CHC14) 1720 em™ 15
nmr (CDC13) 6 1.18 (d, 6), 2.60 (m, 1) 5.97 (m, 1), 6.00 (dd, 1),
720 (44, 1). e
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Preparation of a-mercaptoketones. A]l a- mercaptoketones were

‘prepared accord1nq to the reference given 1n Table 1.

Preparation of 2,5 - d1hydroth10phenes. A1l the dihyﬂrothiobhenes.

listed in Table I were prepared by the following procedure.
Viny]tripheny]phosphon1um bromide (0.01 moles) was dissolved in
50 m1 of dry pyridine 1n a 100 m flask equipped with magnetic '
stirring,. reflux condenser and nitroaen inlet. Tr1ethy1am1ne was
added (0.015 mo]es) and the m1xture was stirred at room temperature
for 30 m1nutes  The appropr1ate u-mercaptoketone (O o1 mo]es) was
heated at ref]ux for the per1od of time indicated in Table I. The
coo]ed solution was poured into 600-m1 of water and extracted twice
with 100 ml of ether and twice w1th 100 ml of pentane. The combined
organic 1ayers were washed w1th two 100 m} port1ons of 10% hydroch]orlc
acid and dried. The solution was reduced in volume to approx1mate]y
10 m1 and chromatographed on alumina using pentane as the eluant. This
removed all phosphorus-conta1n1ng and colored impurities. Solvent was
removed in vacuo to yield the dihydrothiophene which glc analysis showed
to be greater than a5% pure5’ Analytical samp]es were collected by qlc.
Indices of refraction and nmr parameters are shown in Table II. The
results of - combust1on analysis are shown in Tab]e IIT. Except for

the lack cf carbonyl absorpt1on the ir spectra uerg uninformative.

2,4,5,6,7,7a - Hexahydrobenzc[b] thiophene - 1,1 - dioxide (64) -

a cold solution of 1.4 g (0.010 moles ) of dihydrothiophene 61 was
added 3.96 g (0.022 moIes) of m-chloroperbenzoic acid in two equal

port1ons. The solution was stirred at 0° for 3 hr. and at room :
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temperature for 1 hr. The precipitate of m-chlorobenzoic acid was

removed by filtration ahd the filtrate was washed with two 75 m3
- portions of saturated sodium ca}bonaté solution, and drfed Evap-
oration of séﬁvent afforded 1 67 g (982) of a co]ourless liquid:
T (CHely) 1310, 1130 el mmr (CDC13) 6 1.1 - 2.7 (m, 8),
3.3 -3.8 (m, 3), 5.57 (m, 1). ‘

‘Dimefhyl 3,5,6,7,8,8a3 - hexahydrbnaptha]ene -1, 2 - dicarbokylate (65)108.

———

Sulfone 64, 1'qg (n.0058 moles), w&s dissolved in'5 ml of xylene and
0.28 g (0.0058 moles) of dimethy! acety]enedicarboxy]ate and a small
amount of hydroquincne vere added. The so]ut1on was heated at reflux
for 6 hr. and the xv]ene Vs reroved by dxst11lation at. atmospher1c

- pressure. Gle ana?ysis 0f the residue revealed onTy one peak which
was collected and shown to be 65. The yield was ca]culated to be
78%:" 4r (CHC1,) 1730, 166 cm™'; pmr (cocty) 1.10 - 2.32 (m, ),
2197 (m, 3), 3.75 (s, 3), 3.80 (s, 3), 5.35 (m, 1).

-2 22,3 - Tr1methy1 -.2,5 - dihydrothiophene - 1, 1 - dioxide(;gg).

To a cold solution of 2 q (0 016 moles) of 60 in'methylene chloride
\wWas added 6. 18 g {0.032 moles) of m»ch]oroperbengc ¢ acid in two

equal portions. The exothermic reaction was mcderated by an ice-

bath. The solution was stirred at 0° for 3 hours and at room
temperature for one hour. The prec1p1tate was removed by filtration

and the filtrate vas uashcd with twc 75 ml portions of saturated

sodium carbonate solution, dried and evaporated. The residue so]idifieq
to give 2.5 ¢ (1602) of a white solid: mp 64 - 65°5 1r (CHC1,) 1310,
1140, 1110 en™'; nmr (c0CT 3) £ 1.88 (s, 6),1.81 (n,3), 3.7 (r, 2).
570 (. 1). - | "
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Found: -C, 52.52, H, 7.72; S, 1‘9.86.
4.

Anal. Calculated for CH,,0.5: C, 52.465 H, 7.51; S. 20.00.

3,4,5 - Tr1methy1 - 4 ~ cyclohexene -~ 1,2 - dicarboxylic acid (71a)

Sulfone 68, 0.5 g (0 0031 moles) and €.31 ¢ (0.0N31 moles) of maleic
anhydride were dissolved in 5 ml of xylene and a2 small amount of hydro--
'qu1none was added. The solution was refiyxed for 6 hours cooled”’

and evaporated to afford 0.5 g of a solid which was immediately hydrol-
yzed in boiling water for 1.5 hours. -Fvaporation and retrystaTlization
of the residue from water gave 0.45 (58%) of the d1ac1d |
mp 173- 174¢ (reported1]0 173-174°); ir. (KBr) 3500 - 2500 1705 cm i.

Reaction of (68) with maleic anhydride in toluene.

The react1on was run as before except that toluene was emp]oyed as
the solvent. The evolution of sulfur dioxide was much siower and the
"react10n was mon1tored by nmr. After 165 hours of reflux, the
reaction was essentially gomp]ete. The reaction was worked up as
before and a mixture of acids was obtained from which 65 mg of yAl
precipitated and was isolated by filtration. Ester1f1cat10n of the
evaporated mother liquors w1th d1azomethane gave a mixture of three
esters which were separated by g]c (8 ft. X 0. 375 in SE-30 on Chromo-
! sorb w). These proved to be diester 71b, dimethyl 3,3,4 - trimethyl -
4 - cycTohexene - -1,2 - dicarboxylate 73b and 2 - carbomethoxy - 5 -

hydroxy - 5,6,6 - tr1methy1cvc]ohexanecarhoxy11c acid lactone 74.

2 - Thaab1cyclo [3.3.0] oct-4-ene - 2,2 - dioxide -(75)

To a cold solution of 2.3 a (0.018 moles) of dihydrothiophene 62

was added 7.2 g (0.045 moles) of;mrchloroperhenzoic acid in two eqqaf

&\
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portions. The solution was stirred 1 hour at 0° and at room

temperature for 1.5 hours. The solution was filtered and washed

-- with two 25 ml portions of saturated sodium carbonate solution,

‘dried and evaporated. The res1due crysta111zed immediately to

afford 2. 5 g (87%) of a slightly ye]]ow 5011d mp 73-784°;,
ir (CHC]B) 1325, 1140 cm ]; nmr (CDC13) § 1. 7 2.6 (m, 6),
3.8 - 4.2 (m, 3), 5.75 (m, 1). ' ‘

2 - Thia - 4,5 - dibromobicyclo [3.3.0] octane -2,2 - dioxide (75)

To 1.5 g (0.0024 moles) of 62 d1ssolved in 30 m1 of carbon tetrach]orade
at 0° was added 1.5 a (0.0nN94 moles) of bromide dropwise over 0. 5 hour.
The reaction was stirred 1 hour-at Q° and an additional hour at room
temperature " The, solution was evaporated and recrystallized from-
absolute ethanol to yield 2.5 q (83%) of white cfysta1s

mp 116 - 118°.'1r (CHC]B) 1335 1125 om ]. nmr (CDC13) ) 1 5 - 2. 7

(m, 6) 3. 44 (m, 2), 3.80 (t, 1), 4 88 (m, 1).

4,5-Dihydro - 4 - meihoxycyc]opentano[b] thiophene - 1,1 - dioxide (77)

To an excess of sodium methoxide in methanol was added 0.5 g (0.0015 moles)
of the dibromosulfone 75. After stirring for 2 hours at room temper—
ature, the solvent‘was removed and the residue taken up in ethyl acetate.
The extract was washed with water, ‘then brine, and dried over sodium

sulfate. Evaporation of the solvent left a white so]1d nmr (CDC] )

‘5260—290(m 6), 3.42 (s, 3), 3.75 (m, 2), 4.60 (m, 1).

1,2 - Dibromo - | - ethoxxgthane'(zg) was prepared according to the

method of Batkibekova et al'?® in 68% yield: bp 88° (35 mm)

* (reported bp €8-71° (10 mm)).



)

Ethoxyviny}triphenylphosphonium bromide (79)- A benzene solution
of 22.0n g (0. rmoles) of the dibromide 78 and 26.2 ¢ (0.1 mo]es)

1 -

of triphenv]phosph1ne was stirred at room temperature for 5
houre. The prec1p1tate of 2 - bromo - ethoxyethylphosphonium
bromide was filtered Off and 1nmed1ate]y d1ssolved in methylene .
'ch10r1de To this solution was sTowlg added 10.1 g (D 1 mo]e)
of tr1ethy?am1ne The exotherm1c reaction was moderated by .
'coo11nn and the reaction was stirred for 3 hours. The precup-
itate of tr19thy1am1ne hvdrobrom;de was filtered off and

so]vent wes removed from the f1]trate The resu]t1ng 011 was .
heated in ethy] acetate for 0.5 hours to induce crysta]11zat1on
A total 0f 17.0 a (41%) vas isolateq: Mp 173 - 175°;

mer (€0C13) 6 1.39 (¢, 3), 4.26 (q, 2], 4.gp 6.20 (m, 2),

7.0 - 7.9 (n. 15).

¢ - Thiophenoxy - 1 - ethoxyethyltr1phen;1phosphon1um bromide (£3)

To an excess of thiophenol containing a catalytic amount of . )
tr1ethv1an1ne was added 2 0 g {0.no4g moles) of 79. The react1on'
mixture was refluxed 0vern1nht and a larqe excess of ethy] acetate
vas added tg induce precipitation. F1Ttrat1on and recrystallization
from methylene ch10r1de - ethyl acetate qave N.85 0 _(33%) of a{j
white crystalline solid: mp 177 - 180°; nmr (CDC13) a 1;43 (t, 3),
3.12 (a, 2), 4,60 (g, 3%, 7.60 (m, 20). |
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