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Abstract

Part 1 Electrophile Structure as a Factor in Alkylations of

Camphor Derivatized Glycinates
Alkylation reactions of the camphor imine of t-butyl

glycinate 1 were found to proceed with varing amounts of _
diastereofacial selectivity depending.un the electronic nature ;;
thé alkylating agent. Saturated alkyl halides gave
diastereomeric execegées up to &7%. Allylic and benzylic
alkylating aéénts reacted to provide diasterécmeric excessas up
to 98%. A transition state model ;hich involves a favarable
blectronic interactién between the pi system of thg aikylating
agénF and the lithium enolaate has been proposed to explain the

enhanced diasterenselectivities observed for these types of

alkylating agents. . -

v

N ?‘R X N\ | ?

1 NCHZCOZtEu . : N(;,HCOzt- Bu

- R

(1—Brumuethy1)beﬁzéﬁe, 3—b?umocyclohexene, and.S,S—dimethyl—
l3—broﬁoqycluhexene were found to react to give only two of the
-fuur bﬁssible diastereamers. It was determined that the
stereochemically pure'center of the products from these reactions
was C—S (by amino acid numﬁering). |
‘ balladium mediated allylation reactions of the sodium

TTenolate of 1 were also possible.

iiid
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and 1,3~-Thiazplidin—-4—-ones

[

Attempts to capture thi/sulfur stabilized carbonium ion

intermediate of the Pummerer réchion of 1,3-oxathiolan-5-ones

/ .

and_1,3*thiaznlidih-4—ones with olefins and benzene are
described. The reactions were unsuccessful .with the
oxéthiolannnes studiéd. Substitutions at the S5-position of 3—
methyl-1,3-thiazolidin-4—-aone have been achieved usiﬁg
trifluoroacetic anhydride as the catalyst. S-Phenyl
substitutions \of all thiazelidinones ue?e easily pe?formed.-\
utilizing an. cess amount of concentrated sulfuric acid as the

catalyst. Aldol and alkylation teactions of the 3—-methyl-

thiazolidinone were also successful.

[-J
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CHAPTER 1.

OF CAMPHOR DERIVATIZED GLYCINATES




Introduction

The formation of carbon-carbon bonds in a stereospecific
fashion (asymmetric synthesis) has ;;cone a prime directive ¥for
the synthefic chemist during the last fifteen years and great
strides toward this end have been achieved for a large variety qf
reaction types; The recent puhlicatidn of a series of
monagraphs? devoted to the current state of this art attests to
the interest and importance of this subject.

The underlying principle responsible for successful
asymmetr%t synthesis is that different stereoisomers of the
praoduct arise from diastereomeric transition states of unequaJ'
enerqgy (Figure 1). The magnitude of this energy difference‘(gﬁaﬁ)
is reflected in the ratio of enantiomers (or diastereomers) of
the product that are formed. This energy difference can be

calculated on the basis of the Gibbs Free Energy equation.

aAG = -RT 1n K, where K is the ratio of
. ' stereoisomers formed

From this equation it can be calculated that the energy
difference between diastereomeric transition states which give
rice to a 3:1 ratio of stereoisomers is only @.465 kcal mol—-*. As
the ratio of stereoisomers increases, the value of AAG rises
exponenti;lly so that the energy difference between transition
states forming a 95:5 ratio of stereoisomers is in the range of
1.75 kecal mol—3. The slight nature of these values is brought
into perspective when one considers that the activation energy
for conversion af one chair form of cycldﬁexane to the other

chair form is about 10 kcal/mol=.



rx coordinate

Figure 1. Energy diagram for an asymmetric reaction.

-

By convention, the rétio of enantiomers (or diastereomers)
formed in a given reaction is expressed as "X enantiomeric - (or
diasfereameric) excess" (Xee, ¥de). ' The value is calculated using
uthe following formula:

amount enantiomer A — amount enantiomer B

Z ee = - X 120
amount enantiomer A + amount enanticmer B

By today’'s standard a reaction must provide at least 904 ee (or
dé) to be considered synthetically useful.

A chiral influence must be involved in the mechanism for a
reactiaon to proceed through a diastereomeric transition state. :
When a chiral influence is nat present in a reactihn between two
prochiral molecules, the possible transition statgs are
enantiomeric and therefore equal in energy. As a result,
asymmetric synthesis is not possible. The chiral influence can
be incaorporated as part of one reactant, the solvent, or in a &
catalyst. Many successful strategies involve the derivatization
of one of the reactants with a naturally occuring chiral _
molecule. When the'reaction ié completed, thelchiral directing

agent (CDA) is removed to provide enantiomerically enriched or

8]
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‘ ~ .
pure product. This process is depicted in Figure 2.

.

Al-c+|[Bl-c ——= |Al-C-c-[B

.racemic product

Al-C +.[x]  —e [X[Akc+[Bl-c

. *

X [~|A|-C—-C-|B
dxasteroomerzcally enr:ched
intermediate !

enantiomerically enriched
Product

& ‘ c
+ Al—C—C—|B

Figure 2. Use of CDA's in asymmetric synthesis.

The exact natu}e of the chiral influence on the
diastereomeric transition states varies with different reactions.
0f the reactiocns involving ennlatéé, the Aldol types are best
understood in this regard. The Zimmerman—Traxler transition
state model”® accounts for most of the stereochemical results
obtained for lithium, baron, magnesium, and zinc enolates. The
madel states that the Z- and £-enclates react with carbonyl
compaounds through one of four different six-membered chair-like
transition stétes. The stereochemistry of the product can be
predicted a priori by examining the poassible steric interactions
that would be present in the transitién‘state. The madel

predicts that Z-enclates will give predominantly syn aldols while

Ll



the antf[aldals arise from the £-enolates (Figure 2a). The
initially proposed model hag-been modified to include skewed
chair transition state“conformations®. These account for the

generally larger stereoselectivities observed for Z-enaolates,

.
— -

Ry i lO "R
1. Base Ol M..-
— e, 3 —
© R ZRCHQ _R:a*r“g' 1 Ra/\ﬁ,l),\&
L ~HR2 1 2

E BNOLATE ANTI

- Q [ Ro * oH
Rz\)-l\ 1.Base M0 )\jk
Ry 2RLHO| Ry~fe7eed | R X N,

M H R1 . 3 R2
Z ENOLATE SYN

Figure 2a. Zimmerman-Traxler transition state model '

A global transition state model, such as that proposed by
Zimmerman and Traxler, to explain the stereochemical autcome of
alkylation reactions does not exist. In accaordance with Ebé
Hammond poétulateﬂ, the transition state structure of alkylatiSﬁ
reactions should more closely resemble the reactants than the
products. This arqument has been used to explain the preference
for "equato?ial alkylations" of cyclohexanone enolates*. In most
other. cases Tf—{acial'selectivity in approach of the electrophile
can be explained using syeric consideratians only.

L

One naturally occuring chiral molecule that has been
frequently utilized as a CDA is camphar (Figure 3). The molecule
is readily avail;ble in both enanfiomeric forms and its rigid
bicyclic structu;e is well suited for use in asymmetric

synthesis. In many cases the products derived from reactions



that employ Camphor as a CDA are crystalhne and occasxonally
d1astermer1|:a11y pure compounds can be obtained by ':-

recrystallization.

Figure 3. - 1-(R) ~Camphor.

We sought to synthesize optically active amino acids by
alkylating gly:1;ate esters which were derlvatxzed with camphar.
Previous work from ocur research group showed that camphor was a
useful CDA in this regard.

Oppolzet s group has been very active in using camphor as a
chiral'directing'agent. They reported that high stereoselectivi—_
ties were Dbtaiﬁed in Lewis acid mediated intra-> and
intermolecul are Diels-Alder reactions of camphor derived sultams.,
The high de‘s (>98%) were attributed tg internal chelation of the
Lewis acid so as to restrict rntation of the C(O)N and cac,
bands‘ In this reacting conformation the approach of the diens
tn the Si face was hindered by the C-8 aethyl group of camphor
(Figure 4y . Reductive cleavage gave back the chiral directing
agenf, which could he recycled. _

High de;s (>P3%) were obtained in the addition of alkyl®” and
alkeny]l t= copper reagents to a structurally modified camphaor

encate (Figure 5). The neopentyl ether substitution of camphor

5 ‘l
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.O\‘“S\' (3 Re face

e

0= TiXn

A

- Figure. 4. Camphor as a CDA in'a Diels-Alder reaction.

inhibits approach of the reagent from a direction that is
parallel to the plane of the camphor six-membered ring.
Saponification of the product returned the CDA and-gave the

chiral B-substituted carboxylic acid.

Figure S5S. Camphor as a CDA in substitution with copper reagents.

Camphor has also‘been utilized as a chiral directing agent
in alkylation reactions. Oppolzer et al.** used a chmphor
sul fonamide to direct approach of alkylating agents to the Si
face of an ester enolate (Figure &). The authors make no
comments about the conformation of the enolate that reacts

preferentially. However, because good de’'s (784-B9%) are

t
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obtained, a lithium coordination to the sulfonamide function such

that this group hinders Re face approach to the enclate amay be
proposed. LAH reduction of the diastereomeric mixture of

products pfovided goad yields of alcohols and regenerated the
CDA.

SQZ—-N/‘O SOy —N

0 0

Figure 6. Camphor as a CDA in alkylation reactions.

-
" Kelly and Arvantis*= reported that stereoselective

alkylation reactions of a camphoE based oxazoline (Figure 7). In
this case, the C-B8 methyl group of camphor hinders approcach of
the electrophile from a direction perpend@culér to the plane of
the camphor six—membered ring. Based on the absolute (R)-—
configuration of the «-hydroxy acids abtainedAafter hydrolysis,
the authors concluded that because the caonfiguration of the
enolate was stable, the lithium atom of the enoclate must be
cuardinated to the nitrogen of the oxazoline. The alternate
coordination of lithium to the oxygen of the oxazoline wﬁuld make
the top face of the enolate the Re face and butto@ side attack of

the electrophile would give the (S)-enantiomer of the hydroxy

acid. One of the drawbacks of this approach toward hydroxy acids

is that the chiral oxazoline requiredra multistep synthesis from



camphor. Hydrolysis of the alkylated product gave only low
yields of hydroxy acids and the chiral moiety required several

synthetic steps to be regenerated.

—_—
OmH '

Figure 7. Camphor derived oxazoline in alkvlation reactions.

Oppolzer and Dudfield*™ made use of camphor—ia-sulfun;midé
derived esteés in the 5téreoselective formation of halnbydrins.
and, subsequenély terminal epoxides (Figure 8). De’'s of between
.541 andﬁ??Z were obtained. Recrystallization gave : T
diastereomerically pure products. In these cases the chiral
moiety blacks approach of the reagent from a direction that is
parallel to the plane of the camphor six—membered'ring.

As an extensian to this work Oppolzer e§ al,** very recently
reported that an Sn2 typé substitution by azide ion of the
optically pure camphor derivagized halides proceeded smoothly.
Transesterificatiaon rehuved the CDA and subsequent hydrogenation

aftforded good yields of amino acids with very high optical purity

(>93% ee) (Figure 9). ' .
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Figure 8. Camphor directed brpninatiun.
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0 ’ R,.\\Bf N3e Oﬁ“/{\H

—— i

N

< oo i SOZNQ 0. "3
e | O

o T](OCHZPh)z,J

0 ' Pd/Basoy R o+ OH
HO~ gy " =—————  PhCH,-O~ %
NH2 H o H2 . ' o N3 SOZNQ
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Figure 9. Amina acid synthesis directed by camphor.




, «-Amino acids!® are simple chiral molecules of significant
biological interest. To the‘uréani; chemist they are important
members of the chiral pool*Za and the literature is replete with
different strategies used for tﬁeir synthesis in both
racemic and optically active forms. Most methdds make use of
glycine or other amino acids as templates fram which to construct
higher homologues. In these cases the acidic amine hyqtogens
have usually been protected as either an iﬁine or a tertiéry
amine. Esters are typically used as acid protecting groups.
'G‘Donnell's group has illustratéd the utility of
electrophilic glycinates in the synthesis of amino acids., It
reported that the 2-acetoxybenzophenone imine of ethyl glycinate
was subject to nucleophilic attack by alcohols, thiols, and
arganocuprates?4«*¥, Hydrolysis of the imine function provided

-

the glycine ester in good yields (Figure 1@).

-

“Nu' :Z o
C=N
o \(,: H’C OO0Et
C Nu

—L>

RCu

Figure 18. Electrophilic glycinate reaction with nucleophiles.

~C=N ,LO00E -
C \(I:H OO0kt
C R




The same research group also showedi® that the imine was
s . . - .- ’

subject to carbon-carbon bond forming reactions with

arganoboranes. Good to excellent. yields were obtained upon

treatment of the imine in the presence of a hindered potassium

phenoxide with reagents prépared from 9-BBN (Figure 11). o

LC N\ ,COOEt R-B :) :‘C =N\ . _COOEt:
o "
OAc , . @ fl?

e

Figure 11. Electrophilic glycinate reaction with arganobaoranes.

A reéent report fraom Williams et al.**” shaowed that
asymmetric amiﬁo acid synthesis can be achieved using
electrophilic glycinates. They we?e able to prepare the
optically pure bromine compound shown in Figure 12. Nucléaphilic
displacementlnf bromide ion with nrganncuprafes, Brijnard
reagents, and silyl enol ethers proceeded with almost cbmplete
diasterecfacial selectian. Catalytic hydrogenation afforded the
amino acid in fair yields. However, there remain praoblems with
this approach to chirallaminu acids. Thé_generatinn of aptically
pure bromolactone involved a resoluticn of enantiamers in the
first sfep of a multistep synthesis., Further, hydraogenation to
afford the amino acid destroyed the chiral directing agent such
that it could not be recycled. Clearly this method would be

inappropriate as a general route to optically pure amino acids.

11
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Figure 12. Chiral amino acids from electrophilic glycinates.

-Anionic approaches to amino acid synthesis are more cnmqu
than the electraophilic glycinate strategy shown above.
Schollkopf et al.3®—22 praepared optically active amino acids
using alkylation and aldol reactions of the lithium enolate of
chiral bis-léctim ethers (Figure 13). These were easily formed
in threé steps from readily available, stéreachenically pure
valine ar Q,D—dimethyl-u—methyiaopa and glycine esters. Approach
substitutent. Epantiomeric excesses of greater than 80X wére
obtained in all cases. The method was also shown to be
applicable far éhe asymmetric synthesis aof «—disubstituted amino
acids. Though the chiral bis—lactim ether required a multiétep
synthesis, the regeneration of the chiral template in the final
sfep Hithoi?'lnss of optical purity makes this method attractive.

Seeba:h'é-grnup has employed an alternate strategy in the
synfhesis of chiral aminp and hydroxy acids®3. Using methods
that they bhad previously developed2* they were able to

synthesize optically active imidizolidinone A (Figure 14)'frnm

12



NH2 A Al"

. q |
T ArC HZ-C - C NH CH2COOM9 3StEp5 N oc Ha
L T ny 3. cn3lc LA

e Ny
. /A"CHz‘C — COOMe
‘ﬁ . Chy
il ' ) _;#;x’ ) :
o + 1 HCl/HzO
RaCH -COOCHj3 - Z)NHa/Hgo CH.O N
o 3
& N Hzi,,/ '
ﬂ T _Flgure 13. Amino acid synthesis from bis-lactim ethers.
1 L -
* . ,‘?."{. . )
@ (S)—U—?fﬁ%ylserlne and pivaldehyde. DeprutonatIQn with LDA at
5 % redu:gg ‘temperature gave the enantiomerically pure enolate B
ﬁ.'g wh1ch Fdas readxly alkylated ulth methyl and benzyl iodides to

vield d;asterenmer:cally pure C. Hydrolys15 afforded the’
enantiETerically pure amino acid. When racemxc A was used ggggg

r . L1
" /,alkylation occurred almost exclusively.

ou CH3

mo ]

0

LDA

_._—-—

z Bz Bz

A_'A B <

Figure 14. Chiral amino acid synthesis from chiral
imidizolidincnes.




Other anionic routes to amino acidsrinvolv- additions of
electrophiles to enolates of glycinate imines. Alkylations of
benzylidene derivatives of glgcinatns (CoaHaCH=NCHaCOOR) were
successful with reactive’ alkylating agentgas.za_ Michael
reactions with this reagent gave 1,4-addition products
exclusively. 1,2-Additions of-carbbxyl stabilized imine anions
to enones and carbonyls have not been observed3«, Aldol

reactions are passible with the anion of N,N~dialkyl

glycinates=™,

e — e
— ——

0°Donnell ét;éf:_c?ported that Schiff bases of glycinate
esters can be alkylated under phase transfer conditions using
either potassium hydroxide=s® cf potassium carbonatezv (Figure
15). In general, yields in excess of 70X were chtained with most
alkylating agents. The attractive feaénres af this sethod were
the simplicity, low costs,.and‘highf}ields that could be

obtained. Further, the method can be used for large scale

preparations of amino acids.

U 1) Base/PTC
C=N_  coogt 2INHCL R-CH-COOH
Ar CHo JINaOH hh
-} 4)pf4 6 2

Figure 15. Phase transfer catalysed synthesis of amino acids.

Joucla et al.>= recently reported that enolates of imines

derived from benzophenone and A—amino esters undergo nucleophilic

14
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substitutxun reactions with 4-bromo-2-hutencate in th- pres*'ce
aof HMPA and THF (Figure 14). Hhen HMPA was omitted from the
reaction, mixtures of cyclopropane derivatives were forsed in an
addiiinn—;lininatinn reaction. The role that HMPA plays in thés
and ather systems is npt understood but its strongly :oardinating_

nature may disaggregate the tetrameric (or higher) lithium

envlate, thus alteting the reaction.

LDA/THF @

—>
-78°/10 mi
78%/10min c N-C H-C OOMe
C=N-CH,COOMe

<€§g§/ - ) C(DCM%e

2

o~

| C=N-CH-
57" 7 Zome | LDA/THF ~ooMe
2Me | pa L\
o | -782oRT o |

COOMe

Figure 16. Reaction of imine anions with 4-bromo-2-butenoates.

Asymmetric synthesis of amino acids by alkylations of
glycinate imines has beén achieved by derivatizing the imine with
a chiral direct}ng agent. The CDA has been attached to the
oxygen atom as part of an ester. Alternately, the chiral
~influence has been attached to the nitrogen atom of the imine.

Katsuki et.al>! have used a chiral amide function to achieve
high ee’'s in thawglkylative synthesis of amino acids (Figure 17).
Methyl iodide and benzyl bromide reactiuﬁs took place smoothly.
Secondary iodides required conversion to the corresponding

triflates for satisfactory chemical yields. The (25, 3S)—amide

LS



gave (S5)-amino acids after hydrolysis. This required that

approach of the electrophile occured to the Si face of the Z-

enolate.
| R " OR
H .
F=N-CHz-C—N N LDA 3S‘C:N)\/N
CHy 0 DRX g :

OR OR

HCI

R
NH2/'\1,OH <
0

Figura 17. Chiral pyrrolidine sediated synthesis of amino acids._

~An alternate apprqach to optically active amino acids make
'

use of imines derived from chiral ketones and glycinates. Yamada
'ét'al. found that alkylations 6f glycinate imines of (1S,25,5S)
2-hydroxypinan-3-one32+33 proceed with much higher
sterguselectivities than with glycinate imines of (-)menthona=+
(Figure 18). fhe low stereoselectivities found in the alkylation
of the menthone imine may be due to non-sterecselective addition
to the enclate, or epimerization of the reaction center due to
’.deprotnnatiun of the monoalkylated product.

The results of the alkylation of the 2-hydreoxypinanone imine
uére curious. If the proposed lithium chelated dianion is
carrect, the configqurations 6* the amino esters abtained indicate
that approach of the alkylating agent to the enolate must have
occured from thq_nost hindered face of the snolate (Figure

19). Further, there appeared to be little relationship between the

16



steric requirement of the alkylating agent and the de obtain@.

NCH2C02t-Bu
1LDA
2.RX
3.H30
H

R ee = 22-24v,

~. ) A
Figure‘IQQ\ Alkylation of chiral imines of glycinates.

)y RX

Figure 19. Proposed conformation of hydrdxypinannne enolate.
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Methyl iodide gave a higher optical yield (83X es) than did the
larger benzyl bromide (44X ee). The authors pointed out that,
even in the presence of excess alkylating agent no dialkylate& %
products were obsarved. This however does not constitute
absolute proof Ehat only the kinetic products were obtained
because a deﬁr&tunation—rcprntnnatfon process may have accured
without dialkylated products being foraed.

McIntosh and Mishra®®.3+ studied the alkylation reactions of
_the camphor imine of t-butyl glycinate. ;They found that aikyl
halides gave up to &@% de. Allylic alk*lating agenté affurded‘
de’'s in the ranée of 75% while benzyl bromide gave solely ane
diéstereu r. Transamination of the benz*lated imine provided

the (R)-phgpnylalaninate indicating that the alkylating agent'

reacted fromx the less hindered Re face only (Figure 2@).

EA + - H
NH,OH OA T
. 3 c—::- + HZN"'G" COZt- Bu
\ CH3OH N\ CH.CH
i Nchozt—Eu NOH 2°6''S
CHyCeHg ‘

Figure 28. Transamination of camphor imines.

They also showed that only the kinetic products were
abtained in the alkylation reactions of the t-butyl glycinate.
‘Attempted deprotonation of'mcnnbédzylatad material and subséquent

quenching with D20 showed no deutérium incorporation. This

18



indicated that a second d-p;otanatinn could not be achieved.
Cunsistaﬁt'uith this result was the fact that no dialkylated
materiais were found during any alkylation reactions.

The benzylation reaééiun aflthc aethyl qucinat- analoque
gave a 3:1 ratio of diastereomers. A second deprotonation with
'LDA followad by quenching with Da0 gave S@% deuterium

.
incorporation and a 1:1.5 ratio of diastereomers. Based on this

result they concluded that the lower de aobserved in this case
cnuld be the result of epxmer1zat1cn of the chiral center due to
deprotonation and reprutonation during the reaction even thaugh
na dnubly alkylated materials ueralobserved.

) Based on the stereochemical results of the alkylation .
reaction of the”t—butyl glycinate McIntosh and Mishra Postulaéﬁd
th;t the&enhanced de’s observed with allylic and benzylic alkylating
agents uefe.a Fesult of the reaction praceeding through a
transition state in which the unsaturated paortion of.the
alkylating agent was eclipsed‘nith the enolate ring so that a
favarable electronic interaction between the enolate and the
alkylating agent could occur (Figure 21). In this conformation
mnlecuiqr models suggest that a significant steric bias for

approach of the alkylating agent to the Re face of the enolate
exists.

és an extension of the stuydy initiated by McIntosh aﬁd
Mishra, tha present work examined the alkylation reactions of the
caméﬁur'imine of t-butylglycinate with alkylating agents of
. various structural and elecércn@c characteristics: We sought to

understand and refine the proposed model as well as to determine

the scaope and limitations of this alkylation process as a route

19



for synthesizing optically active amino acids.
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= —— . e e e

'The 1—-(R)—camphor imine of t-butyl glyciﬁatn (1) was
pfnpared as described previously by McIntosh and Hishr:a“'-’*.
The authors pointed out that due to thlhstnric requiresents of
the €-18 angular asethyl érnup af camphor, the iaine doﬁﬁlc bond
was expected to pnssasshFhe E=configuration. This conclusion was
based on examination of molecular models a;'nd the absence of any
signals arising from a second diastereomer in either the 3@@ MHz
1 NMR or 75 MHz *3C NMR.

Thg lithium enﬁiata of 1 was easily generated at -78<C using
lithium diisopropylamide in TH?. The éxact conformation aof the
enalate was expected to be the on&hfn which the lithium atom is

coordinated to the imine nitrogen as is illustrated in Figure 22,

Si face

N\
R
3

. Re face
&igure 22. Alkylation reaction of 1.

Internal coordination of metal ions in msetal enclate systems
is well documented and in somes caéas, provides the structural
organization required for asymsetric synthesis in acyclic
systené‘._ The effect of this coordination of lithium is to.

provide a planar five—membered enolate system.A Because the

21



appraach'nf ahreloctrophill to the enolate sust occur from a

direction that is perpendicular to the plane of .the enclate®”, it

was felt that'thn €-8 mathyl group of casphor should inpcdcl
l'apprﬁach of an electrophile to the Si face of the enoclate
relative to the Re face.

The alkylation reactiuns of 1| were carried out gt reduced
tampnrétur. (-78°C or -2@8<C) in THF containing 1 equivalent of
HMPA. Lithium enoiat-s are well known to form tetrameric ‘and
higher aggregates®®, The presence of HMPA facilitates the

~. "

alkylation process. McIntosh and Mishra®S.34 ghowed that the

-

benzyl bromide alkylation of the methyl ester analogue of 1 in

the absence of HMPA resulted in reduced chemical yields. W®When

_ 2 equivalents of the additive were used the observed de’s

decreased appreciably (Figure 23). The mode of action of HMPA is

still controversial but dissociation of the polymeric lithium

aggregate may account for the increased'yields in the presence of

HMPAS™,
1) L DA, HMPA
e
2)CgHsC HoBr,-78°
NCHZCOQMe N?HCOzMe
CHyCgHs
Equivalents of HMPA Yield Qieétgcgemgcié Ratio
) 49% 1:3
1 73% 1:3
2 - 7@% 112

Figure 23. Dependance of HMPA on yield and de’ s39-3%,
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The alkylating agents chosen for this study were either
primary or secondary in nature. Saturated and unsaturated
examples from both classes were sxamined. The stersochemical
nuécﬁ;c of the alkylation reactions was analysed quantitatively
by J0@ MHz 4H-NﬁR data (App-ﬁdix A). The methine proton adijiacent
to the ester carbaonyl function ;f substituted imines (C-2 by
amino acid nu-b-riﬁg) had. a characteristic chemical shift for
‘each diastereomer formed in a given reaction. Intagratinﬁ af
these different signals provided a measure of the ratio nf
diastereomers present. Line heights were used to determine Xde
in cases where the signals for diastereomers were too close
together for ac:ufata intagﬁatiun.- In cases where diastereomars
could be clearly distinguished, de calculations based an liqe
heights agreesd with calculations based on integration to within
4%. In some cases the t-butyl singlet and the singlets for the
methyl groups aof casphor for each diastereomer were discernable.
McIntosh and Hishrg3°-3; reported that the methine proton of the
(R,R) isﬁner always éppeared at lawer field than the same signal
for the (R,S5) isomer. The 75 MHz *3C NMR also showed sep;rate
signals for some carbons of each diastereomer. The exact carbons
thch exhibited this behavior varied with the alkylating agent

used.

The stnreochemiﬁll outcome and chemical yield of the
reaction of 1 with primary alkyl halides are summarized in Table
1.

Entry 1 shows that sthyl iodide reacted ta give a 2:1

mixture of diastereomers (33X de). This value was consistant
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Table 1

Products and Yields of Alkylation Reactions With Primary
Alkylating Agents

( R
W 0T
Entry Cpd R X Yields Temp “de

1 3a Ethyl I 38 (811 -78 33
2  3b g-Methylbenzyl Br 74 ~78 98
3 3c  1-Napthylmethyl Cl 31 [931 -78 93
4 "3d 4-Nitrobenzyl Br &9 -78 51
S 3e Methallyl Br 40 -78 72
& 3f (CHsz) 2C=CHCH= Br oo -78 ' 33
7

39 Propargyl ~ Br 78 =78 &7

< the values in brackets are based on unrecovered imine

with the postulate put farth by Mishra®® which stated fhat
saturated alkylating agents gave higher 9-'5 with increasing
steric bulk. She found that Mel gave B% diastereﬁneric excess of
methylated product while n—butyl and isobutyl iodides gave de‘s
of 6. ‘ |
Examination of space filling dpduls shows that the
alkylation reaction with primary reagents can procesd thraough

four general transition states (ngura 24) depending on the

orientation and directidn of approach of the electrophile to the

enolate. The sterically most favored transition states are TSa
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Figure 24. General 'I_:r-ansitibn states in alkylation reactions.




-

and TSs because the.bulk of the molecule is oriented away from
the camphor maiety.

Comparing the result of the pressnt study with those of
--HcInto:h‘aqd_ﬂishra’°-3* it can be concluded tﬁat-di's much abave
68X are unattain;bié-fbk:this"tlass-af,alkylating agent using the
canditions that were lmplofdd (—78‘8), In;rnasing‘fﬁé chéin“'
length to longer than 3 carbons has no effect on de’'s because the

added steric bulk‘is removed from thé Feactian center to a
positioﬁ where the C-8 methyl group o% camphor haslittle e%fect
(compare nBu and isoBu). :

The reaction of g-metthbenzyl bromide with the
imine at —78eC gave high de’'s. This result is consistant with
the obgervation bylM:Intosh a#d Mishra39.3« tﬁat benzyl bromide
reacted steréospecifically to give only one diastereomer (iBBZ
de). They gxplained that the enhanced de was a result aof thé

reacti through a transition state in which the

with the enolate ring system

romatic group was "eclip
(Figure 24: TSc aor TSp). The autho claimed that an extra
stabilization Qas gained through a favarab electronic’
interaction between the partial positive charge -the aromatic
syétem (genetated at the transition state) and the electrons
of_the enolate. Malecular models showed that in this
caonformation there would be a much larger steric bias for
approach of the alkylating agent to the Re face (Figure 24:
of the enolate and that the 2-(R)-diastersomer should be be
formed. hTransaminatinn gave the expected 2—(R)—phenyialaninate.
Their results with allylic alkylating agents support this

hypothesis. Allyl bromide and methallyl chloride gave de’'s of
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- 76%. Bath these reagents should favor a transition state in
which thc‘TT'systeh is brieﬁted above or below the enolate ring
system. The snailar de’'s, relative to that which was obtained
for be&zyl{brnnid-, were due to the laallir steric requiresents
of the allylic reagent thus allowing more Si- face approach (TSg).
The result of the reaction with methallyl bromide obtained
Aiﬁ this study (Entry S in Table 1) was in agreement with the
above observation. A de of 72% wis nbtéined;' That the reaction
of methallyl chloride required a temperature of -4@°C3D.34 While
the methallyl bromide reacted rnndilv-at -78°C illustrates the
importance of the leaving group to tﬁe reactivity of the
alkylating agent. 'Although the differnnce in temperature did not
;?féct thé stereoselectivity of the reaction, it will be
demanstrated later that this variable can have a significant

effect on the diqstereomeric excess that is obtained in some

cases.

While the results of the presen; study do not refute the
hypntﬁégfg—zg;;_;;ere is an electronic interaction between the TT
system of the alkylating agent and’the enolate, anaother somewhat
different explanation seems plausible.

In 1977 Posner and Lentz""-‘u reparted the results of
their study of regioselective lithium enolate formation of
cyclopentanones. They found that cyclopentanones beariné a
méthyl group and a phenyl group in the 3-position underwent
deprotonation at room temperature with LDA and the resulting

enolate could be trapped as the silyl enol ether. They observed

that enolate formation occured preferentially toward the phenyl

group (Figure 23).
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PN 1) LDA

NIMSCL
EtsN ' -

CH3 CHg CHq

‘R = Ph

1.0 3.3
pMePh it 1.2 4.3
pMelOPh 1.@ 7.6
pO=NPh i.0 2.9
PhCH= 1.@ &.1
nBu 1.@ a.3

Figure 25. Regiospecific Enolate Formation of Cyclapentanones .

Since the phenyl gruup is situated at the 8-carbaon, resonance
;tabilization of the enolate could naot account for the observed
regioselectivities. Inductive forces were also ruled out since
the greater electron witﬁdrauing pNOzPh substituent gave lower
regioselectivity than the electron donating p-methoxy analogue.
Further, the second highest regioselectivity observed was for the
banzyl substituted cyclapentanone whose inductive effects would
be exceedingly small. The authors postulated that the cause of
this;phenamenun was a lithium—arene TT coordination brought about
through an electronic interaction of the electron donating
aromatic system and the electropositive Iithium atom (Figure 286).
Similar reéﬁlts were gbtained in the corresponding cyclohexanons
series*:,

Similar metal-TT coordinations have been used to explain the
increased optical yield aobtained in 1,4-addition reactions of

chiral cuprates with enones*® and Yoshida et.al*™® suggested that
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0

Figure 26. Lithium-TP Arene Coardination

a magnesium—phenyghcoo#dination is responsible for the law

nuqlenphilicity.o# A in aldol reactions with aldehydes.

¢

CH | N(CH
' Qc — e
e / \ :

S

Mg/T

ABr

'Furth.r evidence for the coordination of lithium with TT
bonds was provided b* éalculatiuns performed by Nagese and
Houk“*4. They showed that the structure of 7—lithionnrbornadiene§
is slightly distorted relative to norbornadiene such that the
lithium atom was moved closer to the neighbouring TT bond (Figure
 27). The authors calculated that about 3@ kcal /mol of
stabilization was afforded by internal coordination with the
alkene. However it must be noted that no strongly coaédinating
solvent uastinciudqd in these calculations.

Based on these observations an alternate model to explain
the alkylation reactions of 1 with allylic and benzylic reagenfs
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Figure 27. Distortion of 7-Lithianaorbornadiene

can be postulated. The high diastereoselectivities (relative to
1

alkyl halides) observed may be a result of approach of the

alkylating agefit with the TT system eclipsing the enolate ring

such that a lithium-TT bond coordination can occur (Figure 28).

Figure 28. Lithium-TT arene coordination in alkylations of 1.
“
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New sxperimsental esvidence supporting a model where

cnordin;iion of some type is important includes the lower
diastereoselectivity observed for p-nitrobenzyl bromide. The
.coafdinatin; ability of this aryl group is less than the aryl
groups of benzyl bromide, g-methylbanzyl bromide, and (1-
chloraomethyl)napthalene by virtue of it; lower electron donating
charactaristic‘“. The lower de cannot be a result of reaction at
‘the Si face with the aryl group oriented above of tﬁe enol ate
ring (Figure 241 TSc) since the magni tude of the steric
interaction with camphor of fhis reagent appears to be the same
as for beﬁzyl bromide. The minor diastereomer aust arise from Si
-face apbroach:uith the aryl group situated away from the enolaée
system (Figure 24: TS.).

Th; lower de’'s observed for allylic alkylating agents were
attributed to the smaller steric raquirements of these reagents.
Molecular models shauvthat Si face approach is much less hindered
than in the cases of benzylic reagents. i

Experiments to distinguish between this model and that
proposed by McIntosh and Mishra are difficult to désign. The
strongly cuorﬁinating salvents (THF, HMPA) in the reaction could
be expeﬁted to coordinate to lithium much more strongly than
would the TT systems which are relatively weak donors. The HSAB
principle** supports this. On the other hand, ﬁTJTT
interactions are well knawn*”. Nevertheless, the previously
citeﬂ.fesults obtainad by Posner<+®™.41 dpo ghow that the results
of Li—TT interactions can be observed. Such weak interactions

arg sufficient to cause de’'s of the order of those observed

because the magnitude of the energy difference between the

—
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diastereomeric transition states is quite small (<2 kcal moi-1),
Subsequent results are discugsed in terms of the Li-TT
coordination model but are equally well explained using the
enoléta‘TT'nndnl.

Onie rather disconcerti g r-su}f was observed in alkylations
with crotyl bromide®* and 1—bréra~3—dethyl—2—bﬁtnne.*-De's of &@X
and 33% respectiv-iy wera found with these alkylating agents.

. The common structural feature of these reagents was the presence
of a methyl group g;ggg‘to the reaction sitq. . The presence of
~this group must destabilize the alignm;nt of the iithiuai#‘f‘
coordination in snm; fashién such that tqg,molecula reacts with
the R group oriented away from camphor (Figure 24: TSa, TSa).

How this destabilization arises is not gndur.stood. However based
.an the de obtained for ;lk*latinn'rcactians with cyclohexenyl
systems that will be presented Iater,'tﬁe cause of this

A passible complicating factor in the allylic cases which
should be considered is thé‘intﬂrvantiun of a Sn2° alkylation
mechanism. Ip all allylic‘examples studied the Sn2°‘ mechanisa
wauld give £he same prqduct as the Sn2 pathway. Mishra*® noted
one instance of an ShZ'-rlaction. 3—Chloro—1i-butene reacted with
the methyl ester of imine 1 to afford rearranged product. With
the current level of our understanding about éhe details of the
alkylation reaction; it cannot be stated definitively whether the
occurrence of thisg pathway.shbuld incrqase or decrease the de’'s
obtained. Deuterium Iabal}ing studies would appear to be
necessary for an investigation of this typn; However, the high

de's aobtained in the bénzylic cases where Sn2’ reactions are



. : g
L]
impossible suggest Epat the intervention of this pathway, if it

has any effect, can only reduce the ocbserved de’s.

Thé-luher de (67%) observad for the reaction of propargyl
Lranidc was not unexpected. The reaction is beliesved to proceed
thraugﬁ a transition state in uhi;h.th- Li—TT bond caordinatipn
occurs. Haueve} beca&ﬁé'the molecule is linear the stecic bias’
for approach from the Re or Si faces is small. A single
recrystallizatioh of t;é product gave diasteraomefically pure

39. - Catalytic hydrogenation of this material provided

diastereogerically pure propyl substituted imine 4 (Figure 29).

B

. The results of reactions of 1 with secondary alkylating
agents are 5hbun in Table 2.

The reaction of 1 with isopropyl iodide at -78°C gave a low
vield (20%) ofi§h as a mixture of two diastereomers formed in a
ratid of S5z1 (67% de). This value is consistent with the results
observed with the primary alkyl halides discussed previously. It

is assumed that the molecule reacts preferentially from the Re
;
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Entry

N

Y S

|

1a

11

1A . A 1
=

IA
Lt

3n

Ja

3p

Jable 2

\
\bl
R X
1 soPr I
isaoPr I
2-Butyl I
CeHia I
CeHnCHCHS Br
CuHaCHCHy Br
CaHaCHCHZCHS Br
S-cyclohexanyl Br
S5,5~diMe-3-cyclo- Br
hexenyl
CH==CHCﬂCH3 C1
HC=C-CH-CH Br

Products and Yields of Alkylation Reactions
Alkylating Agents

o'y

With Sgcnnaary-

e

Yield= Temp Zde (ratios)®

2@ (8@)
86
40

@ (99)

50 (99)
6 |

31 (&4

54 (7@)

i1 (29

a (7o)

483 (82)

=78

&7
&5
(3.4/2.671.0/71.@)
ea
(2.4/1.571.@)
(4.4/3.Q/1.4/71.2)
&3

79

(3.9/2.7/1.3/1.@)

“ values in brackets are baged

® in cases where more than two

are repaorted

on unrecovered imine
diastersomers are formed ratios
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f;ce with the oéiéntation aof the terminal -Fthyl groups'auay from
the enolate ring system (TSa). The low chemical yield 6btainéd

. could be improved to 86% by repeating the reaction at-429-c.

The increase ig temperature did not signifi:antlyﬂaffnct tha dé
obtained (652); L |

2-lodaobutane did not react at -78eC. At a temperature of‘
—20<C a 49X yield of a 3i was ubfainéq. Bec&use the.;eaction led
to a prod;ct in which two new chiral centers ;ere present} there
existed the possibility of four diastereomers beiqp formed. The
isolated product was indeed a mixture of four diastereomers
isolated in a,rétiu_af 3.4/2.6/1{3/1.6. Note tha%‘tun
diastereomers cnnsfitufed 75X of the mixture. These.are beiieved
to be a result of Re face approach of the afLylating agent to fhe
enol ate. Examinatinn of molecular models did not allow a
prediction to be made ;bout the absalute‘cnnfiguratinn at the
second chiral ceﬁter of the predominant isomer.

Cyclohexyl iadide (Entry 4) did not react at -789C or -—-2@-C.
Tais result was not surprising because the general reactivity of
this ring system in alkylations is known to be small“+®. The
axial protons at positions 2 and & may interact with the enolate
such that approach of the carbon bearing the leaving group may be
hindered (Figure 3@).

All alkylation reactions of secondary allylic and benzylic
reagents led to products in uhieh two new chiral centers are
formed. Because of this, it is possible that the products
isolated could be mixtures of up to four diastereomers.

Alkylation reactions of secondary benzylic reagents gave

some surprising results. (1-Bromoethyl)benzene was found to react
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Figure 3@, Diaxiai Interactions aof Cyclohexyl Iodide

5.:.

with the enolate of 1 at -78oC tg give a 50% yield of 3k. High

field *H NMR of this material showed what appeared to be three

from an unrelated systen (impurity)., The pPrasence of only two
doublets for the .methine proton (ratio 931) indicated that only
tuo'uf the four pq&sible diastereomers were formed in this
reaction._ This result requires that one of the two Newly formed
chiral centers must be stereochenically pure. The data do not
allow a decision as to which one of the chiral centers is

stqﬁbochemically homogeneous.

phenethyl substituted aming aster (5) ag a 9:1 mixture of

diastereomers (Figure 31). This result was consistant with the
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presence of two diasterecmers of Sk.

Me 9.‘ '
N\ o\.L

3K /

S —

Figure 31. Transamination of 3k

The alkylation reaction with (1-bromopropyl }benzene required
u é temperature of -2@°C. Four diastereomers of 31 in a ratio of

4.4/3.0/1.4/1.@ were isolated in a 314 éhemical yield. Naté that
two of these isomers again account fgr 75% of the praduct mixture.

It was intriguing that (i1-bromoethyl)benzene gave aonly two
diastereaomers while the present case gave all four possible
diastereomers. .In an attempt to explain this anomaly the
reaction of (1-bromoethyl )benzene was repeated at -20=C. Under
these reaction conditions a mixture of at least three
diastereomers was found. This result indicates that the
diff;rence in energies between the trapsitiuds states (aaG)
givinq rise tblthe fnu? diasterecmérs of 30 are smaller than
those giving rise to the diastereaomers Lf 3k. As has been noted,
changing “the reaction temperature from ~782C to -208=C in some
cases does nét significantly affect the observed de's, whereas in
other cases, significant changes do occur. These results serve
to indicate how delicately balanced are the various factors that
determine the stereochemical selectivity. In general, it appears
that the benzylic electrophiles are much more sensitive to

temperature effects than are alkyl anes, even though the same
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center of the imine is being affected in each case.

. 'The reactions of secondary allylic halides gave the saae
type of results. Reaction of 1 with 3-cyclohaxenyl brnmidé.
prnvided'54z of only two diastereomers af 3Im in a ratio.oi S11
(63% de). The same results were cbserved with the reaction of 3-
bromo-5,5-dimethyl-cyclohexene. This _reaf:ti on _pr_bca&ded at -78eC
to ﬁrovide an 114 yield aof 3n as two diastereoﬁers (7@% de).

The fact that these two reagents rea&t to gi#e reasonable
de’s cﬁeax) pru#ides evidence for the caonclusion that.tn obtain
substitutent. Attempts to prepare l-methyl-3-bromocyclchexene
from the corresponding' alcohol so that this hypothesis
could be tested with allylic ring systems were unsuccessful . Th;
product isolated from these attempts was 1l-methyl-1,3-
cyclohexadiene generated from elimination of HBr.

As in the réactiun aof (i-bromoethyl)lbenzene, the presence of
anly two diastereamers of 3m and 3n indicAdtes that aone of the
newlylfnrmed chiral centers is stereocheaically pure. The
questiaﬁ as ta which one of the chiral centers of 3m was
homogeneous was easily answered. Destruction of the chiral
carbocyclic center by catalytic hydrogenation (Figure 32) gave a
molecule for which only two diastereomers can exist. High field
'H NMR data from the product of this reaction showed the presence
af two diasteﬁeaners. Since racemization was not expected‘to
occﬁr it was concluded that the stereochemically pure center of
3Im was the allylic one. Based an this result the
stereocchemically pure center of 3k andl§g can tentatively be

assigned to the benzylic and allylic carbonslrespectively.
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3m 6

Figure 32. " Catalytic hydrogenation of 3m

Nn£e also that the product of this hydruagenation reaction
(68) is the Same as would be expected if the cyclohexyliadide-
reaction had been successful. This methodology does provide an
alkylative approach into this class aof substituted imine.

The canclusion that the stereochemically pure c;rbon of 3k,
§é, and 3n is C-3 suggests that one enantiomer of the alkylating
agent must react preferentially. Examination of.. space filling
molecular models of the expected transition state leading to 3k
does prnvidé a clear ekplanatinn as to why thig shnul& accur.. It
is aséumed that a Li-TT arene coordination occurs and that Re
face approach of the alkylating agent is prefered to Si face
attack és was shown for the primary alkylating agents. In thisg
diastereofacial approach the methyl group af (1-—
bromocethyl)benzene will be near either the t-butyl function or
the endo protéﬁ at C-3 of camphor depending on the enantiomer of _
the alkylatiné agent that reacts (Figure 33). -

To test this h;hutﬁesis thw reactions aof (1-
bromoethyl)benzene, 3—bromocyclohexene, and 3~bromo-3,5-dimethyl ~
cyclohexene were repeated using two equivalents of alkylating

agent (i.e. one equivalent of each enantiomer). The results are

summarized in Table 3.
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= ] Y —]
Q .‘
) ' &
,C-CH Ha—C¥"
773 CH3 IS
H ¢ H

Br r
Figure 33. Transition states of Re face approach of (1-
) hru-oqthyl)b.nzlnl

v

Entry 1 shows that the chemical yield of th. product froa
the reaction with (l—bro-o-thyl)blnzan- improved from 582 to &8%.
The de remained unchanged. The interesting result of
tﬁis reaction was that the recoverasd alkylating agent had strong
aptical activity ([xlp -43°9 (c 2.1 EtOH)) and possessed the same
direction of rotation as the known S—Qnantiamlr";. This requires
that th.rR enantiomer of the alkylating agent reacts
prefereﬁtially-ovtﬁ the S enantiomer. Bescause the reaction was
expected to occur with iAvirsion of configuration, it was
concluded that the major d;aster-onar formed in this reaction had
the (2R, 35) configuration (by amino acid nusbering). ‘Attenpts
to prepare a crystal suitable for X-ray analysis were
unsuccessful.

Using two equivalents of 3—cyclohexenyl broside (Entry 2)

improved the yield marginally from S4% to 66X. However the de was



Jable 3

-

Praoducts and Yields of Alkylation Reactions With Two Equivalents
of - Secandary Alkylating Agents*

R .
i -

- .0

Entry Cpd . R X Yield Temp 4de
1 3k CaHsCHCHx Br aa' -78 . B@
L3501 t8a1l

2 3Im 3I—cyclohexenyl ﬁr && -~ 78 89
541 £631]

3 3n . diMe-3-cyclohexenyl Br bbb . =78 76
[111 : 741

« value in brackets are for the reaction with 1 equivalent.

improved dramaticﬁlly from &63% to B9X. A single recrystalli-
zation provided diastereamerically pure 3m. Single ;rystal X-ray
analysis®* showed that the absclute con?iguratinn af the imine
was (2R, 35) (Figure 34). The crystal structure also proved that
the imine bond geometry was in fact £ tﬁus confirming the
expectations aof McIntosh and Hishra’a-s‘..

The reactian of 1 with two equivalents of 3-bromo-5,5-—
dimethyl-cyclohexene gave a de of 76X - not significantly
different from the de obtained (75%) when one eqqivalent of
alkylating agent was used. The chemical yield hnueQer was

improved from 11X to 6&X%.
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These dramatic results are very strong evidence for the
L |

hypothesis that one enantiomer of the alkylating agent reacts
preferentially over the other enantiomer. Masamune®™2 has coined .
the tera "double chiral'inductidn' to describe this kind af
situation. Jn double asymmetric synthesis the interaction of two
homochiral reactants can lead to very much higher -
diastereoselectivities than is possible in (single) asymmetric
‘synthesis. For this to occur however, the homochiral reagents
must be “matched". Matched reagents are those in'uhich the
respective diastereofﬁ:es possess little or no opposing
interactions in the transition statea. "Mismatched" pairs oé
chiral reagents give lower diastereuselectivié?as than are seen
in single asymmetric synthesis in analogous systems.

Masamune reported in a recent publication®=® that this
hypothesis appli;S to a number of reaction types in which very
high de’s were obtained. He also applied thié stratégy in the
asymmetric synthesis of sugars and macrolides.

In the case uf:(l-brumoethyl)benzene, the imine enolate and
the (R)-enantiomer of the alkylating agent constitute a matched
pair system. The mismatched pair would be tﬁe correspnnding (S)—
enantiomer and the imine enolate. As discussed previously, the
interaction between the endo proton on C3 of.camphAr and the
methyl group of (l-bromoethyl)benzene appears to be responsible
for the fact that the (S)~enantiomer is part of the mismatched
pair. The cause for mismatched pairs in the reaction aof the

cyclohexenyl alkylating agents was nat apparent through

examination of space filling models. —
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It was interesting to note that the reaction of styrene
oxide was unsuccessful. This result was not unexpected. Mishra
found that aldol reactiuns:of_thi lithium enolate of | were also

unsucc;ésful. This result was attributed to the fact that-the
imine is a soft bas; while the carbonyl carbon of the ketone or
aldehyde is a hard acid. The Hard and Soft Acids and Bases’
(HSAB) concept, developed by R.G. Pnarsnn‘*; stétes that soft
bases prefer to react with soft acids, and hard bases with hard
acids. Soft bases (or acids) are characterized by high
polarizability, lérge size, and empty laow energy orbitals. Hard
bases (or acids) have the opposite propertiaes.

Stark®*+ has used this hypothesis to explain why 1,4-addition
of imine enuIates to d&njugated ketones is prefered over 1,2- '
addition.

The final entry of Table 2 shows that 2-bromo-3-butyne gave
a mixture of all four possible diastereomers. This result was

not surprising in view of the result obtained with propargyl

bromide. The linearity aof the maolecule avoids any large

v

‘interactions with the chif&l directing agent. Note however that
again two diastereomers make up 735X of the product mixture.
Because no allene was formed, the Sn2’ alkylation mechanism was
not involved in this reaction.

One preliminary experiment on an alternate approach to the
chiral alkylations of imine 1 has been carried out. Reaction of
the sodium enolate of 1 with allyl acetate at 25°C in the presence of
Pd (dppe)z gave ; 5@X yield of bsa (33X de) (Figure 35). The
rationale for this experiment lay in the assdmptinn that the TT-

allyl palladium electrophile should be sterically more demanding

~

N 33 .



than simple allyl halide. Since the bulky complexed palladium

interacﬁinn.uith C-8 aof the camphor moisty during.attack from the
Si face u#glexpécted to ﬁindnr this mode of reaction, leading to
‘Znhanced diastereoselectivity. The results obtained do not
‘support this cancfﬁsion. It may be that the sodium - TT or
sodium enolate — TT coordination is not as strong as the
correspanding lithium ;;se._ The higher réaﬁtion temperature
could also p1a¥ an important role in the diastereoselectivity of
the reaction as was seen in the alkylations of lithiated

enolates. Further work must be carried out befare any definitive

canclusions can be made.

Lh @ ,Ln
//q \\Pdt’
H
z l‘\\\O R

Figure 33. Allyl palladium mediated alkylations.

The work presented here has shown that good to excellent
de’s can be obtained in the alkylation reactions of 1 with
allylic and benzylic halides. The enhanced de’s far these types

of reactions can be explained using a madel in which the TT

45



L

' system of the alkylating agent is coordinated to the lithium atom
of the enolate. In some cases, one enantiomer of secondary
alkylating agents reacts péeferentially over the other

‘- enantiomer. These are excellent exasples of double asymsetric
synthésis.. ) 'h
Future considerations re;arding the chemistry of 1 include
an examination of the r?La th%t:5n2'.reactinns play in the de’'s
aobtained from allylic alkylatigg agenﬁs, the use of Lewis acids
to catalyse aldol réactians an; epaxide alkylations, and palla-
dium mediated reactions of a11§1ic cﬁmpnunds. ‘Investigatiuns
into the stereocchemical nature of the deprotgnatian process of
thg_gycinate are also of interest. Chirally pure monodeuterated
glycine would be valuable in this regard. The information
obtained from these studies would add to our knowledge about the

utility of the t—butyi glycinate imine of camphor for generating

optically active amino acids that has been conveyad hefa.




- Compound

3a
sbh
3c
2d
Ze-

3£ .

R group

athyl

. o-m.tﬁylblnzyl

1-napthylmethyl
4-nitrobenzyl

methallyl

L.}
t

(CH3)=C=CHCH=V
péupérgyl
isopropyl
2-butyl
CeHnCHCH=>
CaHaCHCHzCH= T
3—cyclo?axeny1
555—diﬁe—3-cyclohexenyi

HC=C-CH-CHs>
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Table 4

iH NMR Spectra of Camphor Imines gf t-Butyl Glycinates

ENTRY CMPD CHEMICAL SHIFT (in ppm downfield from TMS)

1 3a: 3.73°[3.481 (dd, 1H, J = §.4, S\1 Hz), 2.48 - 2.31

" (m, 1H), 2.83 — 1.65 (m,

.o 9H), 1.2 ~ 1.48 (m, 4H), (s, 3H), @.94 (s,
3H), @.87 [@.867] (t, 3H), @.82 [A.781 (s, 3H)

2 3b:  7.19 - 46.98 (m, 4H). 4.8@ (dd, 1H, J = 18.3, 3.6
Hz), 3.25 (dd, 1H, J = 13.5, 3.6 Hz), 3.@86 (dd,
1H, J = 13.6, 10.35 Hz), 2.38 (s, 3H), 2.25 -
2.15 (m, 2H), 1.73 - 1.41 (m, 3H), 1.45 (s, 9H),
1.1@8 - .98 (m, 2H), @.96 (s, 3H), @.84 (s, 3H), iy
@.72 (s, 3H)

3 3c: B8.20 - 7.23 (m, 7H), 4.17 (dd, 1H, J = 10.2, 3.3
Hz), 3.83 (dd, 1H, d = 13.5, 3.3 Hz), 3.55 — 3.35
(m, 1H), 2.@5 — 1.80 (m, 4H), 1.47 (s, FH), 1.45
- 1.20 (my, 3H), B.91 (s, 3H), B.76 (s, 3H), @.64
(s, 3H)

4 3d: B8.08 (d, 2H), 7.4@ (d, 2H), 4.@85 (od, 1H, J = 9.7,

4.1 Hz), 3.42 - 3.88 (m, 2H), 2.48 — 2.2@ (m,
i1H), 1.98 - 1.45 (m, 3H), 1.43 (s, 9H), 1.42 -
1.83 (m, 3H), @.98 (s, 3H), 0.8@ (s, 3IH), O.78
(s, 3H)
5 3e: 4.75 -4.65 (m, 2H), 3.96 (dd, 1H, J = 8.4, 5.4 Hz),
| 2.63 -~ 2.34 (m, 3H), 1.97 - 1.55 (m, &H), 1.42

£1.431 (s, 9H), 1.36 —- 1.@9 (m, 3H), B.97 (s,
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. 3h), @.91 (s, 3H). 8.79 [B.781 (s, SH)
3f:  5.089 - 4.98’(m, 1H), 3.8@ (dd, 1H, J = 9.@, 5.7
Hz), 2.65 — 2.85 (m, 4H),.2.80 - 1.75 (m, 3H),
1.7 (m, 3H), 1.68 (s, 3H), 1.48 (s,9H), 1.48 -
1.2 (@, 2H), 1.8@ (s, 3H), 0.92 (s, 3H), .75
(s, 3H)
39 4.05 (ad, 1H, J =9, 5.4 Hz), 2.48 (ABMX system,
1H, Jam = 16.8 Hz, Jam = 8.8 Hz, Jax = 2.6 Hz,
Imx = 2.6 Hz), 2.49 - 2.41 (m, 1H)y 2.09 - 1.80
(my 4H), 1.75 — 1.65 (m, 1H), 1.42 (s, 9H), 1.28
- 1.19 (@, 3H), 1.8@ (s, 3H), B.95 (s, 3H), B.82
(3, 3H) . '
Sh:  3.46 €£3.421 (d, 1H, J = 8 Hz), 2.48 - 2.2@ (m, 2H),
2,22 - 1.48 (m, 4H), 1.44 C1.46] (s, 9H), 1.43 -
1.2 (m, 2H), 1.88 (s, 3H), 0.79 [@.761 (s, 3H),
@.95 C@.931 (d, 3H, J = &6 Hz), @.87 [@.881 (d,

IH, J = & Hz)

3i: 3.52 (d, 1H, J = 8.4 Hz), [3.6@ (d, J = 7.3 Hz) 1,
[3.58 (d, J = 7.3 Hz)1, 2.22 (m, 1H), 2.14 — 1.72
(m, SH),-1.39 (s, 9H), 1.40 - 1.08 (m, 4H), @.97
(3, 3H), B.93 - 8.8 (m, FH), B.78 — B.71 (m, 3H)

Sk: 7.28 - 7.18 (m, SH), 3.96 (3.931 (d, 1H, J = B.HzJ,

3.49 (dg, 1H, J = 7, 8 Hz), 2.43 - 2.20 (m, 2H),
1.93 - 1.45 (m, SH), 1.28 (s, 9H), 1.29 (d, 3H, J
=7 Hz), 1.4 (s, 3H), B.93 (s, 3IH), B.77 (s, 3H)
31:  7.48 - 7.15 (m, SH), 4.@1 [3.98, 3.97, 3.961 (d,
1H, d = 9 Hz), 3.38 - 3.14 (m, 1H), 2.55 — 2.25

(my 1H), 2.2 — 1.37stm, 8 Hz}, 1.23 [1.26] (s,
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9H), 1.@6 [1.871 (s, 3H), B.95 [@.96] (s, 3H),

@.86 - @.72 (m, &H)
12 3m: 5.8 — 5.45 (m, . 2H), 3.63 cs.ey, 3.46@1 (d,rlH, J = §
. Hz), 2.9@ - 2.76 (m, 1H), 2.55 — 2.29 (m, 1H},
2.85 - 1.1@ (m, 12H), 1.42 [1.44] (s, 9H), @.97

a

(0.991 (s, 3H), @.91 [@.92]1 (s, 3H), @.77 [B.74]

(s 3H)

13 3n:- S5.7@8 — 5.48 (m, 2H), 3.59 (3.521 (d, 1H, J = 9Hz),
2.91 - 2.75 (m, 1H), 2.5@ — 2.48 (m, 1H), 1.98 -
1.5@ (m, 7H), 1.48 (s, SH), 1.48 - 1.8@ (m, 3H),
9.98. (s, 3H), B.92 (s, 3H), B.9@8 (s, 3H), @.87 -
(s, 3H), B.76 (s, 3H)

14 3p:  3.78 [3.75, 3.73, 3.711 (d, 1H, J = 8.4 Hz), 3.18 -

3.85 (m, 1H), 2.52 — 2.35 (m, 4H), 2.05 — 1.45
(m, 4H), 1.41 [1.40, 1.42, 1.431 (s, 9H), 1.09
£1.211 (d, 3H, J = 7 Hz), @.95 [B.961 (s, 3H),

' @.91 (s, 3H), B.76 [@.771 (s, 3H)
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Entry Cmpd C-1 c-2 C-3 c-4 c-5 C-6
53.9 183.8 35.8 34.0. 27.5 31.9
[36.11  [27.4%
3b S3.7 184.6 35.7 - 43.5 26.9 32.3
£35.4]
3 53.6 184.4 35.6 43.3 26.9 31.4
3d s4.1 185.8 36.0 93.5 27.3 31.9
. [31.81
53.9 = 184.2 35.9 43.8 27.4 o 32.1
53.9 183.9 36.2 44.0 27.4 32.3
[54.@] £35.91 [43.9]
S4. 1 186.1 36.@ 43.9 27.4 32.3
£35.91 . [31.91
54.1 184.3 36.3 44.0 27.7 32.4
[35.91 (27.661 [32.11
53.9  184.2 3.2 43.8 27.5 32.3
] [36.11 C[43.91 [32.21 C[47.11
£35.71 , £32.01
S54.2 185.1  36.2 43.9 27.5 32.23
" [32.21]
54.1 185.2 36.3 43.8 27.71 32.0
| £35.91 [43.91 [27.61
[27.51 -
[27.4]
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ne

c-2 C-3

c-5

o2

_Entry Cmpd C-1 c-4 C-&
12 3m 54.1 184.7 34.4 43.9 27.5 32.3
: [43.91 : -
13 3n 54.0 184.5 36.3 43.9 27.5 32.3
: [27.41 [32.11
14 3p 54.2 36.2 43.9 27.5 32.3
(36.8]1 [44.Q01 (27.4]1 ' [32.11



1"
/CH\ﬂ. /0 14
n C
IOI
Entry Cmpd C-7 c-8 c-9 c-18  C-11 c-12
1 3a 47.2 19.5 . 18.9 11.4 6.7 169.3.
\ [18.81 [11.31 .C&6.41
2  3b 46.8 19.1 18.6  11.2 65.7 171.3
- £19.41 [18.91 ([11.53
3 3¢  46.4- 19.2 18.7 11.3 65.6 171.3
4 3d 47.1 19.4 18.8 11.4 45.9 17@.2
: [18.61 £65.81 :
5 Se 47.1. 19.5 18.9 11.4 63.9 171.2
& 3 47:1 19.6 18.9 11.5 65.5 171.6
C . [19.31 [65.61
7  3q 47.2 19.5 18.9 11.3 69. 4 169.9
[69.21
g 3h 47.3 19.6 19.1 11.6 72.3  171.3
£71.91
9. 3i a7.2 19.5  -19.@ 11.6 &9.4 171.3
[47.11 [19.4]1 C[18.81 [11.51 [72.31
- £71.@1
[7@.03
12 . 3k  47.3 19.5 19.1 11.7 71.5 17@.6
© r[19.@3
11 31 47.3 19.4 19.0 11.7 7t.3 17@.3
[19.6]1 ([18.93 £71.11

(11.61



Entry Capd C-7 c-8 c-9 c-18 c-11  .c-12

12 3m _47.3 19.4 18.9 11.5  70.3 178.9

13  3n  47.1 19.4 18.9  11.5 7.3 170.8
- »” . )

t4 " 3p  47.3 19.4 18.9 11.3 £9.9 169.6
- £69.81]

94



10 N~ C A

Entry Cmpd ©C-13 c-14 R
1 . 3a =8.4 28. 1 32.4, 18.4[10.41]
2 3  Ba.7 27.9 137.1 [136.71, 13@.4 r£13@.97,

129.7 £138.11, 126.5 [125.91,
. 125.6 [125.11, 43.2, 19.8 [19.6]

3 3c ga.8 28.0 134.9, 133.7, 123.1, 128.4, 128.1,
126.9, 125.7,, 125.3, 125.1, 124.1,
35.2 |
4 3d 81.4 27.9 . 147.9, 13@.4,130.5, 123.1, 38.6
5 3e ga.7 27.9 142.4, 112.3, 4@.7, 23.0
& 3¢ 80.5 28. 1 133.4, 120.9 [120.61, 19.8, 18.@,
32.@ [31.8]
7 3q 81.2 28.0 B1.4, 43.8 [64.21, 22.5 [22.73
£28.13
8 3h g@.4 28. 1 18.5, 31.3 [31.13
£28.21
9 3i 82.3 28.@ 24.9 [24.41, 15.6 [1S5.7, 14.9 14.8]
£28.13 37.4 (37.6, 37.71, 1@8.9 £11.@, 11.3]
10 3k 80. 6 27.9  128.2, 128.1, 124.4 (1256.31, 144.4,
42,9, 17.3
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c-14

R -

12,

13

14

28.1
[28.81

28.8

128.9, 128.2, 37.9, 25.3, 24-9, 20.9

127.3, 126.9, $9.3 [38.51, 37.0@,
29.2, 25.3, 25.2

16.5 [17.&61, 28.8 [29.31, 69.3 (69.11°
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Table &

ENTRY CMPD

ABSORPTION (ca—1)

U & W N

i@

11

12

13

14

Saz

3b1

L 7 T 7 B 7 B T
l? I+ IE 'IE n

I
b=y

1155.7
1152.3
1151.9
1153.2
1143.8

1150.8

1156.4

1137.1

1158.2

1151.5

1148. 6

1147.@

1147.6

1154.2

1684.3
1683. 1
1683.0
" 1343.9
1660.9
1685.@
1483.5
1683.9
1684.6
1481.8

16481.2

1678.8

1682, 4

- 1682.4

1737.3
17346. 4
1735.4
1732.3
1735.3
1737.4
1726,2
1738.1
1735.3
1733.7

:1735.2
[1721.@]

1731.6
1739.1

1737.5

2937.7
2958.3 -
2957.3
1518.8
2970. 4
2959.6
2962.8
2958. 8
2940.8 .
2983. 1.

2959.8

-2938.7
2952. 46

2962.3

1

The four strnhgest peaks are reported.

’
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Table 7

— s e S it . B . o —

Calculated! Found
ENTRY CMPD c H N c H N
1 3b 78.8@ 9.54 3.79 77.75 9.81 3.42
2 3c 79.95 8.69 3.45 79.18 B.&1  3.24
3 3f 75.42 18.57 '4.19 . 75.45 ‘10.74 4.27
4 3q 75.28 9.63 4.41 . 75.32 9.82 4.53
5 3h 74.21 1@8.81 4.55 74.53 18.98 4.97
s 3 74.71 18.97 4.3% 75.46 11.04 4.42
7 3k 77.83 9.32 3.81 77.70 9.36 3.94
8 31 768.28 9.72 3.465 78.19 9.55 3.37
9 3m 76.83 18.73 4.@3 76.21 1@.83 ‘4.a9
1@ 3n ' 77.37 18.28 3.75 77.18 1@.13 3.55
11 3p 75.66 9.84 4.431 © 75.65 9.88 4.33

~ Mass spectra were taken in the FI mode -and all campounds

showed their molecular ion peak. \\\\\\\\
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PUMMERER REACTIONS OF S-OXIDES OF.

“1,3-0XATHIOLAN-S~ONES AND 1,3-THIAZOLIDIN-4-ONES



1,3-0Oxathiolan-S5-cnes (Z)‘ar. ive membered ring

heterocycles that have served as frecursors to a number of useful

mo] ecul types. McIntosh

Siddiquise reported that these are
readily red th diiscbutylalusinum hydride to the
corresponding 2—n¢rcaptua1dlhydes, which were previously
aifficult to obtain®oo, =-Mercaptoaldehydes can be used to
generate dihydrothiophenes®+-o> fFigure 34) wﬁich‘gre.useful as
intermediates in a number of synthesesSe-aw, McIntosh and
Mishra®: were alsg successful in reducing this haterocycle with

LAH to the 2-mercaptoalcohal which has been utilized by

Otherse2—en jn the synthesis of epaxides (Figure 3&).

Ol BAL R1 \

3 R R

S 5 6

; R4 |

7 Ri< CH,0H = ! N R
LAH > >< : /s RZ/\_/O |

Figure 3&. Metal hydride reduction of oxathiol anones

¥

Cameron and Pinnickee reported that flash vacuum pPyrolysis
of 1,3-oxathiolanones gives the corresponding thiiranes in nearly
quantitative yields. The reaction is stereospecific and goes

with inversion of canfiguration (Figure 37). Thiiranes have been
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used to generate olefins+” and,ﬁ—aminnmcrcaptans*'.

-

0 - A .

Fﬂx\'jﬁa 2N e o3 Ry 3

"R, > R, CO il >€7<
2 4 .2 - | R2 S. an

Figure 37. Pyrolysis of 1,3—-oxathioianones

Raney nickel desulfurizations

béen achieved by Romo de Vivar and
compound and products derived #rnm

-and diphenyl ketene were obtained.

1,2-biradical (Figure-3é).

of this heterocycle have alsao
Romo*®, The ariginal carbonyl
reaction between the solvent

The authors postulate that the

; reaction goes by way of a 1,4-biradical which rearranges to a

0

-

0 -
o " | o
S R . R ‘ 9
j:s/k’ RaNi, dpl —- /u\\ + 2C=0
g ° R R '

S
G/C—OH <
o L .
E}\II Et(j}4
Q_/C‘“OEI.G—
RO\ & H

Figure 38. Proposed mechanism for RaNi desul furation of
oxadthial anones
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The possibility of providing a general route to 2-

uercaptnaldehydes of véryipg structure prompted Mclntosh and co-

. workers. to-examine methods for substituting the C-4 position of 7.

They found that the lithium enclate of the 3,3-dimethyl-

oxathinlanpne reacts with aldehydes and ketones to give

diastereomeric mixtures {(where applicable) of aldol products”™®,
Helquist”* made use of this methodology for the synthesis of

i
u

enethiols (Figure 39). - '

0 1) LDA s o -
Re=g O e

ANl o K N Nt

s ?3MsCl R~ MeOH” R gy

, DBU R | o

Figure 39. Synthesis of enethiols from oxathiolanones

McIntosh et.al”® also examined the alkylation chemistry of
oxathiolanunes; They.repnrtéd that,_unlike the aldol reacfiuns,
alkylations cannot be used as a general method for substituting
the 4—-position of 1,3—-axathiolanones. Successful alkylatian
reactions were restricteq to 4-methyl substituted heterocycles and
very reactive alkylating agents (e.g. allyl and benzyl).

fhe limited scope of enolate chemistry of oxathiolanones
suggests that creating the “umpolung” situation would add to the
breadth of igs utility in synthesis (Figure 40)._ That is, using
the heterocycle as an electrophile in reactions with nhcleophilag
might be a sqperior method for aftaining substitution. To

achieve this, a Pummerer type reaction would be an appropriate
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method.

o. 0 0_ 0 ., 0 '0 |
s (sl S

Figure 40. Reaction of eléctrophilic oxathiol anone

Sulfoxides bearing an acidic o—hydrogen will readily
. 7/
undergo an unusual reaction with electrophilic agents such that

v

the sulfoxide function is reduced and the &—carbon is oxidized.

"

This reactinﬁ, commonly known as the Pumserer Reaction, was first
- observed by Pummerer in 19@972. He noted that a—phenylsul finyl
acetic acid, when treated with dry HCl, gave q-&hlaré—o(—
phenylthinacatic acid. |

The mecﬁanig; o; the reaction has been the subjéct-of debate
for many years. The actuai pgthuay to the products appears to
depend on the particular nature of.both the sulfoxide and the
acylétiné agent. In generél. the mechanism can be thought of as
four consecutive steps, any one uf'g&i&h have been found to be rate
'determining;in iﬁdividual cases (Figure 41)7>. The majority of
mechanistic studies make use of acetic anhydride or
.triflucroacetié aphydride as tﬁe.electrnphilic reageﬁt.‘

The first step aof the reaction is acylation of the‘sulfinyl
oxygen to form an acyloxysulfonium salt. Swern”+ isolated such a
. species by Eeacting dimethyl éulfuxide with trifluoroacetic
anhydride at -6@=C. Upon warming to room temperature the

Pummerer product was obtained. The effect of this first step in

a2



Step! ® e

R—-\%—C H3+(CH4C0),C0 ——=R —'Is-—c H3 +0Ac
0 ' O |
Ac B}
. e
© 1 ee |
Step?2 '
R=S~CH P e | R-S—CHy=—o R=5=CH,|.
_ oyt ) ]
H
O\AC' ) OAC OAC
— i
@ - T & ®
R—S—~CHy <—eR-S=CHy | Step3 | R—S=CHy<——oR—S—CH
OAc OAc S0ac OAc |
| _ | .
9 9 .
R-5z=CHypo——= R-S—-CH Steps - R—-s5—CH
EH 2| 2R R=S—CHy
Figure 41. Mechanism of the Pummerer Reaction

the reaction sequence is to confer increased acid character on

the %—hydrngen such that removal by the acetate ion in the second

step is facilitated. The second step leads to an

acyiuxysul{unium ylid. The importance of proton remaval in step
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two is seen in the fegiochemistry'nf the product. Because the
acyloxy graup:migrates to tﬁé carbﬁn from which the protaon was
removed a great aéﬁunt of reginsaiéction is acquired. Iﬁ
general, the acyluxy,gfoup will nigréte én the carbon bearing thé'
mast a:idic'hydrngeég huueyer steric factars must be
:ansidered?s"ﬂ. E s

The'th;rd step in the reaction sequence is S-0 bond
cleavage. .This results in the formatiun_o% a sulfur stabiiized
carbonium ion which may or may not be fnvnl;ed as an infimate ian
pair. The life fime of the ion pair depends 1argn1§ an the
nature éf the éubstitutents, solvent, and acylating ‘agent”s,

The recombination of the acetate ion and the sulfur
stabilized carbanium ion is the fourth step in the reaction, It
is very fast simply because it is the joining of two oppositely
charged 5peéies. The most contentious point of the mechanism is
whether the reaction occcurs in an intramolecular or an

intermolecular_fashion. Evidenqe suggests that the acetoxy

migration may occur either way depending on the nature of the

Vti cipantg”3, I

lGiven that the mechanism is.as outlined abave, it was
expected that olefins or aryl functionalities would be able to
capture the sulfur stabilized carbonium ian intermediéfe {Figure
42) . ‘There are a. number of precedents which show that this
intermolecular reaction might be possible.

Tanikagi and coworkers”® have shown thgt the -
trifluorocacyloxy sulfonium salﬁs Df a number of sulfaxides could
be generated at -8@=C. These ware found to react with sulfides

and thiols to give the sulfur substituted products (Figure 43).
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, ) OAc ) _ .
—S=CHy=—=R—S—CH, | —=R—S—CH, + HOAc

Rj/g ' Rana -—__)
H

L

Figure 42. Reaction of electrdphilic oxathiol anones ith'ofefins.

< :
O . — CC __ S - K
? 9T o, peR-s-cr-Sop,
. ' - o o R R
-80 ; 2
P T 1
n R
| _ ™ |
o’ “oR-S-CH-S R4

. Figure 43. Reaction of Pummerer intermediate with sulfides and
thiols. :

Swern”_reported that the TFAA generated Pummerer
intermediate of dimethylsulfoxide oxidizes alcohals to the
carbanyl cumpnuﬁds. Small amounts of ethers (up to 3@8%)

were also cbtained (Figuré 44). The exact products depend on the

reaction temperature.
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CHeS-CHy IEAA oy 28 gy [WROH o b ROCH,
3 o 3 \\
-60: ® DTEA 75
j' i “ g C}43

Figure 44. DMS0 oxidation of alcohols to carbonyls.

Swern?® was also agle to show that aryl aﬁines; aryl amides
and aryl sulfonamides react with the: sulfur stabilized carsuni;@
ion ét temperatures below —-3@<C tb'giggriminusu1¥uranes (Figure
45). While this.is nat. an example of a carban bond forming

reaction, it indicates that it is passible to capture the

Pummerer intermediate. . ’ -

. 0 -
‘ 4 | CIJT‘FA
CH3—S CHq TEAA CHy-S-CH3
GO
NITROGEN CONTAINING
COMFOUND
[— 1
CH4q CH N4 '
3 3 CHa-S-CH
\\S// 3 | 3 ®
I~ - N OTFA
N
TR H R ]

Figure‘45. Preparation of iminosulfuranes.
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]
This approach to substituting the 4-position of . ,
w . . : ' -
oxathiolanones should also be successful in the reactions of

»

other sulfur containing heterocycles. 1,3-thiazolidin-4-ones are

the lactam analéaués of oxathiolan-S-ones. This class of

i

0 | R

7~
. X 5§
B . - R % 3&
- 3 '51*R1
. - S
- ' R4_1 Rz .
L

i
.

heterocycle paossesses a wide variuty of biological activity and
has been the subject of many studies in this regard”®. Their
synthetic utility however has not been convincingly qemunstrated._

Most chemical studies of this erocycle have centered.around

s
-

substituting various: positions of fhe Fing using aldol type
chemistry®®.®:1_  The Fesulting arylidene and alkylidene
~derivatives are subject tn‘fﬁ§ge§pécted reactionshuf * B
unsaturated carbbnyl compounds?® (i.e. 1,4-addition of Grignard
reagenfs,gand halogenations). Alkaline hydrolysis of the 7
heterocycle to the cnrreaponding-ﬁercaptna:id has been reported.

Metal hydride reductions and desulfurizations of this class of

molecule have not heen attempted.

4
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A. OXATHIOLANONES ' _ | )
To initiate the study of the Pusserer and Pusmerer type

rqactinns three 1,3—qxathiolan—5—on¢s (7) were preparad as
described previnusly"-".

Oxidation aof Za in :nld gla:xallacetxc acid and excess
hydrogen peroxide gave the corresponding sulfnxxde Ba smoothly
and in high yield (Figure 4&). Overoxidation to the sul fone was
not detected. The nuéleoéhilic character of the sulfoxide is .
reduced due to the electfnn withdrawing characteristic of the

carbonyl function and more strenuous oxidatihn procedures are

'required to effect the overoxidation®=.

-0 - H209 ; 'i[T;
R s/%’ At

HOAc R

I
A

]
T

=2

A
1
X
L4

7 -

4]
A
1]
m
o+

Figure 46. Oxidation of oxathiolanones.

Qxi&atiun af Zg.gtilizing the same procedure gave a low
vield of an unsﬁable oil identified as fhe alcohol 9 (Figure 47).
Proton NMR of this mater1a1 chowed an exchangable proton at 4, 78
ppm. The IR Epectra also showed the characteristic strong OH
aséorption. Puhpnund 9 is believed to be formed by aqueous

hydralysis of the Pummafer.reactiun product that is ‘generated in
. 1Y . -

situ after oxidation occurs.
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7 Hs O ° X HOA =)
| 2 c :, .

AcQ

_ I\I w
O
\\

O <F——WN
B

-0

HO
' o E ' . 9

Figure 47. Postulated pathway fn} formation of 9.

Oxidation of 7c utiliiing the same procedure provided an
inseparable, three component amixture of products. These were
identified as.the startind sulfide, the expected sulfoxide 8c,
and an elimination prpauct 138. Evidence for 1@ comes from *H NMR
data in which a quartet at 6.8 ppm is ébserved. It is thaught
tﬁav he acetic anh*dride initiates the Pum&nrer }eacticn and the
sulstabilized carboniuu‘ ion is quenched by elimination of a
protaon in the alkyl side chain'as is illustrated in Figure 48.
This idea is supported by the results of Monteiroc and Germal®S,
They observed that treatmen£ of araikyl:B—oka carbonyl ' ‘
compounds with acetic anhydride and a trace of pTsCOH gave the
corresponding alkylidene products. Althnuéh they offer'nqﬁ;hd
explanation for this reaction other than it involves a Pummerer

rearrangehent the same mechanism as Figqure 48 can be invoked.
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Oxidation of 7Zc with MCPBA or t-butylhydroperoxide did nat

improve these results. , . .

’/

Y—

‘O_. : | . - _:.
s/l/mb ( g/}/ —b' 99* s/l/ iy é/{’
| H o

0—
L | 10

-

Figure 48. Postq}atnd mechanism for formatioqqof 1@.

-

While the sulfoxides of oxathiol an-S-ones which bear an
alkyl group in the 4-position are very labile coapdunds whose QSe
in synthesis'would be unattractive, the nature of sulfogide Ba
lends itself to examination of Pummerer and Pummerer type
chemistry as a route to subsﬁituging the 4-position of 1,3-
axathinlan—s—énes.

Compound Ba réacted-cleanly with trifluoroacetic anhydride
e in trifluorocacetic acid ta yiald_the 4?trif1uoroacetuxy product
11 (Figure 49), Although this material is very heat sensitive
and decomposes upon attempted distillation, thig rnsuit indicates
that the molecule is subject.to the Pummerer reaction under the
TFAA/TFA conditions employed. This demands that the sulfur
stabilized carbgn}um iod.Fequired for intermolecular capture by
ﬁlefins is generated during the reaction.

Kay and co-workersee répartad that the Pummerer reaction of

2,2—dialky1—1,3—oxathiolan—5—ones (12} with.acetfc anhydride

4

L
A
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proceeds in an 1ntranqlccular fashxun. Th.y found that th-

acetoxy group uas 1ntroducnd on tu thc side of the ring {13)

’

0 o 5 - 0 o
D oTFAA 0 i
s TFA | © 5/’/ o s*
. =) ‘<2‘h -
OTFA
0 _ ]
o 1

Figure 49. Pummerer reaction of B8a.

formerly occupied by the S-oxide bond (Figure S@). If an
1ntnrmolecular react:on had occured the acetoxy group should have
attached itself stereogelectxvely to the sxde of the heteracycle

that is cis to the smallest alkyl group at C-2.

O ’ - 0 O ’
Acs50 i
/LCH3 2 — i /hCH3 !
5 2 pTSOH@aO- RN -
2 R ‘ AcO R )
0 Y
12 ¢ R=Et ‘ 13

Figure 5@. Intramolecular nature of acetoxy migration.

It was felt that the use of thelless nucleophilic
trifluoroacetic anhydride would allaow a nucleophilic solvent to

compete for the carbonium ion.

Repeating the TFAA reaction shown in Figure 49 utilizing

71
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benzens or 1-hexene as the solvent gave the 4-trifluoroacetaoxy
molecule 11 as the only product "(Figure 51). Clearly the
intermolecular reaction cannot compate with the intramolecular

migration.

o)

1? I v

TFAA
ok,

1-hexene R b

0]

Figure S51. Reaction of 8a with TFAA in nuclecphilic solvents.

Based upon these raesults it was hopa& that the Pummerer
intermediate might be.glné?ated by same other electrophiiic
species that could %df react further in an intramolecular
fashion.

Lé%is acids are defined;ﬂ as any_species which has a vacant
orbital, while a Lewis base is a species that possesses an
unshared pair of electrons. The sulfoxide function meets the
réquirement for a Lewis base and uoﬁld be expected to react nitﬁ
a Lewis acid. If this Qer; to occur a positive charge uoufhi
develop an the 5u1fur-o{ the lactone thus gener&ting the sulfur
5tab1ized carbonium ion required for the intermolecular Pugmeref
reaction (Figure 52).

The literature is replete with examples in which Lewis acids -
are used to catalyze reactions. The most drasatic cases come
from the field of Diels-Alder®s anqrené'7 reaction chemistry. In

these cases complexation of the Lewis acid to the carbonyl
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function of dienophiles or enophiles creates an electron
deficiency in the unsaturated part of the molecule such that the
diene or the ene maiety reacts with a such lower ictivatfan

energy.

O o 550_;
L.A. TQI:;;:;F’ —— <i;;;:/*é;—-<> :I:;;:/F/
@

- 0 L~ ‘ . —

—LA

- o N

'
@

Figure 52. Genaratxnn of the Pummerer intermediate by Lewis
acids.

Attempts at usingicatalytic amounts of BF;-etharatg in
hexene, benzene, or anisole to effect an intermolecular reaction
with oxathiolanones led to intractable mixtures of producfs.'
Thetg was norevidence in the cruda{qgactinh mixtures f&r
intermolecular capture of the Pummerer intersediate. Using
Ti(QiPr)s as the electrophile in benzene resulted in inseparable
ring. opened products (C=0 172@ cm—1). Clearly, this heterac;cle
was seﬁsitive tu.tha Lewis acid conditions that were emploﬁsd.

Tha generation nf the required 5u1fur stablllzed carbonium
ion using sulfuric acid should also be pnssxble. The proton has
a vacant orbital and should accept electrons from the oxygen of
the sulfaxide function in the same way as the Lewis acids. In
all cases using a catalytic amount of acid resulted in
decomposition of the starting material with ﬁn identifiable

products being isolated (Fiéure 53).



benzerie-A)BF3°Et20
*_,, or of - Decompose
1-hexene B) Ti{0i Pr)l, ' -

or . :
7 o C)H2304

OoO«w

i

Fiqure 53. Réactinn of Ba using catalytic amounts of Lewis or =
protonic acids. ‘

These Fesults demanstrate that this he;eﬁucycln ig a very
labile material — much like b and 8c. The molecule is subject
to rapid decompasition upon treatment with both aineral and Lewis
acids even in catalytic amounts. Attempts to capture the TFAA
generated intermediate in an intermolecular fashion were
unsuccessful. .

B. THIAZOLIDINONES . ;

'‘Because the corresponding lactams of axathiolanones ueré
expected to be‘mora stable and the DIBAL reductions of these
molecules were ExpECQQQ to be routine,\attantion was turned to
these heterocycles. Five examples of 1,3-thiazolidin-4-ones (l14a-
e) were examined. \

Compounds 14c*=® and 14d®Y were prgpared as previously
described. ;al‘other thiazolidiaaﬁes were synthesized by
céndensing the corresponding katimine and‘2—mercaptnacetic acid‘
with the azeotropic removal of water. Peroxide oxidation of all
sufides to fhe sulfoxides (15) was straightfdruard with no

evidence of any sulfone being faormed (Figure 54). Sulfoxides 15d

and 15e were insoluble in most organic solvents and were not
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suitable for further investigation, The lactam nitrogen amust be

substituted in order for the molecule to possess apprupriéte

Y

solubility characteristics.

R | o ‘ . '

S . : ' /B
N 0
o, <C°°H /‘/R Hp 02 j/R
C . :
14 .
a R’ = Ph, R = <CHa)e - O
b R’ = Me, R = £CHa¥g
C R’ = Me, R =H 15
d R" =H, R =H, pClAr
e RY = Hy R = Me

)

Figure 54. Formation and oxidation a{_1,3—thiaznliqincne5.

Reacfinn of 15a with acetic ‘anhydride and E cétalytic.aﬁuunt
-of pTsOH in 'methylene chloride®* gave a good yield of S-
a:etcxyfhia;olidinnnq 14a. Cnmboundg'1§g'and 15c Féacted with TFAA
and TFA to provide the corresponding S—-trifluoroacetoxy products
16b and léc. 16b was isolated as the alcohol due to hydrolysis
duFing the aqueous work—up procedure. fhese results indicaFE that
the Pummerer reaction is possible on these heterocycles and that
the sul fur stgbilized'c;rboniumJinn that is required {or‘
intermuleculaf capture is actually formed (Figure 33).

Attempts to capture this carbonium ian by the rqge(fnn of
TFAA with éulfoxide 15b in benzene led to a mixfure of the S-

trifluoroacetoxy praduct as well as a small amount of the phenyl

substituted heterocycle (17). Although this result demands that
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Figure S5S5. The Pummerer reaction of thiazolidinones.

‘benzeng capture thé carbonium iuﬁ, the minor amounts obtained

indicate that it‘cannot cnapete'successfully,uith the

intrasolecul ar triflun;uacetnxy migration. .
Compuund 15c is unlike all others exan1ned in this work in

that it possess-s no substituent at C-2. The reaction of _

sul foxide 15: with TFAA/TFA in 1l-hexene or l-octene gave the "ene”

_prnducts 18- as a mzxture of E and Z isomers in whxch the E isamer

predominated. No trace of the intramolecular reaction was

detected (Figure 5&).

° N/CH3 | 0 A3
) TFAA )N
—_——
S iV
s R |
0 a R = CaHs
1_5- b R = CgHia - 18

Figure 5&6. Intermolecular Capture of the Pummerer intermediates
) by olefins.
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The ene raaction is defined®® as “"the indirect substituting
addition of a compound with a double bond (enophile) to an olefin
with an allylic hydrogen (ene). it involves allylic shift of one
double bond, transfer of the allylic hydrogen to the enophile,
~and bonding betwsen the two unsaturated teruini".‘_Thn Pummerer
reaction, in which the carbonium ion is captured by an olefin, is
not an ene reaction thugh it may be Viéued as one. The ene is
the olefin which contains the allylic hydrogen. The enophile is
considered to be‘the canonical farm-of the carbonium ion as is
illustrated in Figu}e S7. The reaction invalves an allylic shift
of one double bond and bonding between the'tua'unsatu}ated

termini.

- I

,CH3 o *—N/CH
T—) b ~_-_g‘R_"//'—J\\s)

eOTFA,/sz* R
|+ 1 \

Figure 57. The “Ene” nature of intermolecular capture.

The successful-capture of the sulfur stabilized carbonium
ion 5# 15c wherein C-2 is unsubstituted by olefins suggests that
the substltutlun pattern at C-2 of the thlazolxdlnunes may be an
important factor in determining the pathway (inter— or
intramﬁlecular) that the reaction takes.

Tamura®i=.® and Ishibashi¥*= reported numerous examples of

the Pummerer intermediate being captured by terminal oclefins. In
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all cases the sulfoxide was flanked by a methylene and a methv17
group (Figure 58). There are also several‘rebnrts" of aromatic
sysﬁems reacfing with the sul fur stabilized Earbonium ion.

Haowever , nona of these 1nva1ve molecules that have substxtutxon

. patterns more COﬂpllCBtEd than methylene at the carbons adjacent

to the sulfoxide.
From this work it appears that the dialkyl.substitutiun of

sulfoxides 1Sa,b imparts sumé steric influence on the

_ trifluoroacyloxy sulfonium ion such that the intramolecular

migration is favoured over the intermolecular capture by benzene.

4

o)
n H . TEAA/ TFA CHACH-COO
45 S-CHy-COOE! “ — R ~CHo -COOEt
R—CHZCH-CHZ : S CH1

ﬂ TFAA/ TFA

CHS-CHy-CONRy R-CHa CHRCHy 4, Ru="CH7gH <oNR,
5-CH
3

Figure 98. Tamura's examples of intermolecular capture.

Repeating the TFAA/TFA reaction of 15c with 2-alkenes (2-
hexene) resulted in inseparable mixtures. These were identified
anly as sub5t1tut10n pruducts that have either eliminated to give
the "ene" adducts or have been captured by the trlfluornacetnxy
ion (#igure 59)./}

\
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P ~ TFAA/TFA

R _ "AND
’%/v ' .
H3 : CH3

TFAQ

Figure 59. Intermolecular capture of Pummerer intermedlate by
2—al kenes

O a—w

*

Tamura®™3 reported a similar example in which the reaction
intermediate ha& undergone elimination as well as capture by OTFA
(Figure 6ﬁ)ﬂf it is interesting to note that no 6—membéred lactém
was formedi ig'add}tinn; the carbon adjacent to the sulfoxide is
a methyl group,.praviding.anbther ekampie of the importance of

-

the 5ubstitqtian at the o—carbon.

)
RO iii ‘IL

OTFA

Figure &8. -Tamura’'s cyclization reaction using the Pummerer .

Attempts to generate the carbonium ion fraom sulfoxides 15a
and 15b with a éatalytic amount of H:SD4.in benzene led to a

mixture of starting sulfoxide as the major component, alaong with
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-indicates that it is possxble to generate and capture, in an

-

two uthnr 1nsoparab1¢ products. These were 1dlnt:.-h-d bx 14 NHR

'and MS data of the crude react1an material as the S—phenyl (17) ?

and the 5~hydroxy (19)- th1azo11d1naneg. The formation of 17

(3

intermolecul ar fashion, the sul fur stabilized carbonium iun with

sulfuric acid aﬁd benzene. However, the presence of 19 suggests
that an 1nt1mate ion pair betueen the carbonium ion and the

hyerXIdEEJDn exists in the reactxon pathway (Figure‘ 61).

R R : o . _'
N/ . .10 'N/‘ 0 N/R 0 /R
R H»SQO T-N- :
/4/ _Eé__fﬂ> \\‘,+’R‘3;__45 ® /4,R — ‘/+,R |
S R & H e 3 R e S R |. X 5 R
~{on ® ~' -
‘l OH .17 X=Ph
0 - L B 18 X=0OH

Figure &1. The tight ion pair ih the farmation of 1a.

The proposed tight ion pair is not a new cnnceﬁt in the
Pummerer reaction. Numata and Oae®+ shuwed; using '®"@ Jahelled
sulfn#ide,.that;the Pﬁmmerer (eactiun aof cyandm;lhyl p-tolyl
sulfoxide with acetic anhydride involved an intimate ion pair
species. Isolation and analysis of the distributicn af "0 in the ‘
product revealed that 63Z‘Df the label was located at the |
carbonyl carban, while the remaining 37% is at the ethereal
nxyéen. This uneven distribution suggests that the ester
precursor is not a dissnciated'iun pair. They further cuncluded
that two modes of recaombination are occurring. The "cyclic made"

1nvnlves a five member transition state and since the majaority of

the ilabel is faund in the carbnnyl oxygen, this isg the major

&



pathway. The “sliding mode" transition state accounts for the :®g

found at the ethereal'carbun (Figure 42).

Ar—S —CH, —CN | :
o - Ar-S—-CH-CN

. CN /c o :
. 7’
Ar— S—C—-H Ar—S—(i‘,HzCN A{ /CN . \0(

L L . S—C
N . e 37%

Figure &2. Oae’s *®0 labelled sulfoxide studies.

Repeating the reaction of the sul foxides using a large
excess of HzS04 in benzene gave éxcellént vields of the 5-
phenylated products (17)®®. No alcohols (19) were detected in
the crude reaction mixtures. This can be ratiqna;ized by
assuming that the excess sulfuric acid protonates the hydroxide
ton that is formed during the reaction resulting in the
destruction of the proposed ion pair. Benzene can now compete
effectively with the hydroxide ian for the sulfur stabilized
carbonium ion. This is the first reported example bf an
arylation reaction of a Pummerer intefmediate induced by a
mineral acid. The literature contains a number uf'examples in
,which an aryl functionality has captured fhe sulfur stabilized
carbonium ion that was generated by an excess amount of organic
acid (p—-TsOH, TFA)**.*>_ Included with these are some elegant

syntheses of indoles and carbazoles.
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Attempts to ‘substitute the 5*p051t1un of these lactam
héterocycles with 15imp1_e olefins by using excess: sulfunc acid
leg to an uﬁcnntrollable cationic vinyl polymerization prucesg’!.
This methodsis inappropriate for achieving substitution.

The use of athar praotonic (PPA, MeSOsH, TFA) .or Lewis
(SnCl., BF;—Et:U, AlCls) acids to iac111tate 5ub5t1tutxun of
benzene on the thxazulxd;nune ring led to 1ntractab1e m1xture5 of
decumpnsition prn;Lets.i Silica gel and acidic afﬁmina were also
iéapprnprlate sources of electrophile in the reaction of 13 wxfh
benzene. In these cases only starting 5u1+ux1de was recovered.

It is intereéting to note that Stamos" was successful in
gubstituting aryl groups anto B-aoxo sulfaxides ut11121ng variaus
.Lewis acids (TiCls, BFs—etherate, SnCla) although lcu reactian
temperatures and careful addition of the Lewis acid were required
for clean reactions. The examples that he provides make use of a

methyl methylene sulfoxide that is analogous to compound 135c

(Figure 63). x

L SnCl, !

A~ S

N N
cny ewy” oe (o) cny (|3H/\ 08
0.

0 | 0 o
P
S

Figure &3. Pummerer intermediate generation by Lewis acids.

€. ALKYLATION AND ALDOL REACTIONS
Due to the limited scope of the Pummerer reaction as a route

to substituting the S-position of 1,3-t azolidin—4—-ones with
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. olefinic nuclepphxles, the alkylat1on and aldol reactions of this

heterncycle were briefly investigated.

.McIntosh and co-workers”® reported that alkylations n?'c—
4 monasubstituted 1,3—qxathinlan-5—unes was successful only with
very reactive halides (eg. allyl ﬁrumides. When C-4 is nat
substituted, complex mixtures of prdducts were obtained. They
concluded that the alkylation of 1,3-oxathiolan-S-anes 1s
not ‘a general route to substitutingrthe 4-position of these
hetérucycles. To our knowledée,-alkylation reactions of 1,3-
thiazolidin—4;nnes have not appeared in the chemical
literature.l |

Thiazolidinone 14 was readlly deprotunated by LDA at -78<G
and the result:ng enolate was very reactive toward simple
alkylating agents. Reaction with n-butyl iodide and one
equivalent of HMPA affarded the S-butyl heterocycle (28a) in goaod
vield. The analogous reacticn with methyl iodide provided a &4:1

mixture of mono— and dimethylated products (2@b) (Figure 64).

oL; Cf43
LDA RX i—
S) () )
lac b 2::3‘,‘ (Me> 20

Figure 64." Alkylation of thiazolidinones.

These results suggest that the gem—dimethyl substitution at C-2

of the oxathiolanones studied previously may play an important

role in determining whether the alkylation reaction occurs

cleanly. In any event, the ease of 3-methylthiazolidin—-4—one
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preparation and the simple nature of its alky!&tiun.reactions may
.provide an alkélative'alternative to the uxathinlangqes fﬁr
generating —-substituted nercaptnaldéhydes. .

McIntosh and coworkers also reported”® that aldol
reactions of the oxathiolanone series ueru‘successful and gave
mixtures of diastéreomers where applicable. There are also
several examples in the.liferature which show that aldol
reactions of 2—5ub5tituted—thiazulidin-4—0n25 can result in the
S-arylidene®™®.®1 dorijvatives.

It was not surprising then to find that benzaldehyde reacted
readily with 14e to give a 3:2 mixture of diastereumers 21a and
21b (figure &5). The stereochemical assignment of these
structures is based upon IR data. The strong OH absorption did
not chanée when the sample was diluted. This indicated that H-
bonding must have occurred between the OH function and the
carbonyl. This requires that the conformation of the carbon
bearing the OH has this function close to the carbonyl of the
heterocycle. The configuration of this center was deternineq
fraom *H NMR coupling constants. Assuming a camformation in which
hydrogen—bonding between the alcohol and the amide carbonyl
oxygen atom predominates, the dihedral angle af the C-S5 proton
and the carbinol carbon proton in 21a is approximately 9@ which
Ieads.tu a low value of the coupling constant (2.5 Hz.). The
@pgle for 21b is approximately 188 which leads to a 7 Hz.

%nup ling constant.
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: CH | ' / ‘H
1) LDA N N
j\:—) 2) 2 HO;I-/' o

3 O t)
7y S [

H Qg S ’H_S

21a 21

Figure 65. Aldol reaction of thiazolidinones.
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:Atte-bts ware made to utilize the Pummerer reaction as a
mathod for substituﬁing the 4-position of 1,3—axathiolan—5—pnes
and_thn 5—posit§an of thiazolidin-4-ones.

The reaction of 2,2-dim.thyl-l,;—axathiolan—S—one—S—nxide
with tfffluorqacetic anhydride in trifluarnatetic acid‘afforded
theftorrespnnding 4—trif1uuroacetoxy—oxathidlanone as the
Pummerer reaction product.‘ Attempts to capture the intermediate
sul fur sfabilized carbonium ion with benzene or l-hexene were
Qnsuc:essful. +he intramolecul ar nature of trifluoroacetoxy
migration does not allow the nucleophilic solvent to compete for
thié intermediate. The use of catalytic amounts of béth lLewis
and mineral acids resulted in decnmpqsiticn'of the reaction system.

| i;termolecular reaction of 1l-alkenes with the Pummerer
intermediate generated by the action of TFAA on S-methyl-
‘thiazolidinone provided the "ene" products as a mixturé of E and
L i1samers. When 2,2—dialkylated—tﬁiazulidinunes are used under
the same reacpiun.canaitjans anly ve;t =mall amounts of "ene®
products were obtained. v

These results; combined with literature reports, indicate
that the sulfoxide must be flanked by either methyl or m?thylgne
groups for the intermolecular reaction to be successful..

When 2-alkenes are utilized as the nucleophilic so}vent,
mixtures of elimination and substitution products were thained..

Excess concentrated sulfuric acid may be employed for the
infermulécular reaétion of benzene with all thiazolidinones.

This method was unsuccessful when alkenes” are used as

nucleophiles since the conditions cause polymerization of the

B&6



olefins.

Lewis acids, in catalytic amounts, were inappr'np'riate for .
generating the internediate required for intermolecular reaction
with alkepes or benzene. | |

The hldnl reaction of benéaldehydé with 3-methyl-
thiazolidin-4-one gave a mixture of diastereomers. Alkylation
reactions o:!this heterocycle were found to be succe5§fu1

suggesting that this is the method of choice for obtaining 5-

substituted thiazolidinones and, ultimately 2-mercaptoaldehydes.
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TABLE 8 .

——— e i et v vt e e St e S B o e e . et

ENTRY - CMPD  CHEMICAL SHIFT (in ppa’ downfield from TMS)

1 Bat- 3.82 (ABg, 2H, J = 12 Hz), 1.75 (s, 3H), 1.60 (s,
. -3H) :
- 2 F: 4.78 (bs,-lH, exchanges with D:Uf, 1.98 (s, 3H)}

1.88 (s, 3H), 1.76 (s, 3H) |
11z 6.58 (s, 1H), 2.15 (s, 3H), 2.1@ (s, 3H)
13a: 7.4 -46.9 (m, SH), 3.9 (s, 2H), 2.3 —-@.45 (m, 10H)

lggsngfa (s, 2H), 2.87 (s,3H), 2.35 ~2.87 (m, 18H)

OB

15a: 7.7 - 7.8 (m, S5H), 3.65 (ABg, 2H, J = 1S Hz), 2.7 ~
8.7 (m, 18H)

i5b: 3.53 (ABq, 2H, J = 9 Hz), 2.9@8 (s, 3H), 2.51 - B.80
{m, 18H)

'm’/\l-

iSc: 4.39 (ABq, 2H, J = 11 Hz), 3.53 (ABq, 2H, J = 3
. Hz), 3.@ (s, 3H)

9 16a: 7.75 - 6.9@ (m, SH), 6.28 (s, 1H), 2.465 - @.85 (m,
13H) '
1@ 16b: 5.78 (bs, 1H), 5.57 (s, 1H), 2.84 (s, 3H), 2.43 -

.67 (m, 1@H)

11 16c: 6.38 (d, 1H, J = 2 Hz),.4.56 (ABg, 2H, J = B
Hz) (high field side further split, d, J = 2 Hz),
3.85 (S, 3H)

RN}

12 17a: 7.82 - 7.85 (m, 18H), 5.@8 (s, IH), 2.35 — @.47
(m, 1@H)
13 17b: 7.77 - 7.2@ (m, SH), 5.0@ (s, 1H), 2.95 (s, 3H),
' 2.36 - 0.85 (m, 1@ H) .
14 17¢: 7.23 (m, SH), 4.8@ (s, 1H), 4.38 (s, 2H), 2.9@ (s,
3H)
15 18a: 5.78 - 5.83 (m,2H), 4.22 (s, 2H), 3.92 - 3.55 (m,

1H), 2.92 (s, 3H), 2.85 - B.55 (m, 13H)

16 18b: 5.65 - 5.85 (m, 2H), 4.25 (s, 2H), 3.95 - 3.4@8 (m
1H), 2.92 (s, 3H), 2.9@8 - @.88 (m, 12H)

b}
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18

19

20
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' 4.38 (s, 2H), 3.85 (q, 1H, J = 7 Hz), 2.97 (s,

3H)Y, 1.S5 (d, 3H, J = 7 Hz), (1.85 (s, &H) for
dimethyl derivative)

4.3 (dd, 2H, J < 1t Hz), 4.8 - 3.5 (m, IH), 2.95
(s, 3H), 2.5 - A.70 (m, 9H)

7.65 - 7.28 (m, SH), 5.39 (ABq, 1H, J = 2.2 Hz),
3.60 (d, 1H, J = 2.5 Hz, exchangeable), 4.18 (d,
iH, J = 2.5 Hz), 4.146 (ABq, 2H, J = 7.@ Hz) (high
field side split into doublet, J = 2.2 Hz), 2.95
(s, 3H)

7.5@ - 7.1@8 (m, S5H), 5.2 (s, 1H, exchangeable) ,
4.9@ (d, 1H, J = 8.5 Hz), 4.25 (d, 1H, J = 7 Hz) , -
4.15 - 3.95 (m, 2H), 2.75 (s, 3H)
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i3C NMR of Oxathiolanones

TABLE

9

\\——5 0
TR 2 CHg
ENTRY CMPD c-2 c-4 C-5 Me R
1 8a 98.5 52.7 169.5 23.1 4
' 20.09
2 9 10@8.2 86.6 174.3 32.7
3.7
27.6
3 11 ?1.1 80.5 166.9 33.3 156. 4q
30.0 118.4q
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.TABLE 1@

N NR
R™—&_2
ENTRY CMPD c-2 c-4 Cc-5 R R* R"
1 13a 74.1 171.7 39.2 31.5 134.5
A 24.2 132.4
" 23.4 129.3
(8 128. 4
2 14b 73.@ 17@.1 36.9 26.9 30.9
’ 24.1
22.8
3 1Sa 83.5 168.6 . S1.8 32.7 135.8
28.%9 129.9
24.0 129.5
23.6 128.9
22.3
4 15b 82.1 167.0 51.3 29.7 29.7
28.9
27.7
o 22.8
21.7
5 15¢c 70.2 167.5 54.1 3.1
& “16a 74.1 168.9 40. 4 39.4 135.9 148.1
24.1 130.3 38.3
23.9 129.5
23.4 129.1
21.0
7 17a 72.3 172.3 S51.8  4@.2 138.2 1346.8
39.8 138.6 129.3
24.2 128.7 127.9
23.9 182.7
23.6

21



ia

11

12

13

i

o=
I~
(=
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2@a

71.3

47.7

36.9

37.0

47.2

40.7

48. 4

170.8 49.9

171.4 sa.6

172.4 47.5

174.2 47.4&

172.9 47.5

178.2 46.8

171.4 254

3.0

37.3
27.7
24-2

22.9

138.1
- 128.3
128.1
127.5

138.3

128.6
128.6
127.9

32.2  134.3
\ 133.4
125.@
124.4

32.3

31.3

29.1

28.8

22.3

18.9

34.8  134.1
133.3
125.5
124.7
34.5
31.8
31.6
22.&6
22.4.
18.4

33.6 31.2
29.1
22.1
13.8

31.3 i?.3
(19.1)

31.646 14@,4
128.7
i28.5
127.2
76.5
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TABLE 11
Infrared Spectra. of Oxathiolanaones ené‘Inieszigingngs‘
ENTRY CMPD ABSORPTION _ ‘

1 Bar 1799, 1788, 1236, 107@ cm-* -

2 9: 3500 - 3300, 1750, ;isa, 1375 cm—1

3 11: 18@@ - 1760, 1240, y37a, 1148 cm-*

4 14a: 2948, 1&%5, 1498, 133@ cm-1

5 14b: 3020, 295a; 1660, 14ab7cm—=

& 1Sa: 295@, 1680, 1343, 1108 [cm—»

7 15b: 3I@15, 298@, 1eéa,liasq)cm-=
8 1S5c: 3810, 1495, 1225,11553 cm—t

9 16a: 2950, 1780, 1480, 1228 cm-*

10 14b: 2958, 167@, 1395, 128@ cm-1

11 17a: 2950, 1478, 1375, 120@ cm-*

12 17b: 2940, 16468, 1408, 120@ cm-*

13 17c: 3015, 1470, 139@, 1éza‘cm**

14 1Ba: 29708, 294@, 1445, 140@ cm—:

15 18b: 2975, 14678, 1420, 1395 cm—t

16 20b: 3018, 1670, 1508, 1400 cm-:

17 20a: 2982, 2950, 14670, 1400 cm—*

18 2laz 34650 - 3208 (no change upan dilution), 3210, 1470,

- 1400 cm—1
19 21b: 3I7@4 - 3224

14908 cm—2

(no change upon dilutinn), SBQQ, 156463,

1. The four staongest

peaks are reparted.



TABLE 12

Entry Compound Calcul ated Found
c H C H

1 Ba 40.53 5.44 40.04 5.31

2 14a 47.97 &.92 &8.08 b.96
3 . 15a 63.84 6.50 63. 65 6. 44
4 15b 53.7@  7.51 53.79  7.53
S 15c 36.97 5.29 36,32 5.23
& 16a 62.92 6.27 ‘63,16 6.31
7 ;zé 74.26 &.54 ?4,52 6.54

8 17b &8.92 7.32 &6£8.83 7.54
Q 17¢ . 62.15 5.74 6£2.09 5.89
1@ 18a 63.39 9.30 62.78 9.27
11 18b &@.26° 8.59 52.92 g.58
12 2@a 55.45 8.72 55.44 B8.89
13 21a 59.16« 5.86 59.18 5.87
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All infrared spectra were run on a Perkin—-Elmer model 18@
instrunﬁnt. or in the FT mode an a Nicnletls DX spectrometer.
The *H NMR spectra were run at 68 MHz on a Var;an EM3460
spectrometer or on a Nicolet GE 3@0 spectrometer at 388 MHz in
deuterated ch1uru§orm with tetramethylsilane as an internal
standard. The data are presénted in the format: chemical shift
(multiplicity,‘number of hydrogens, coupling‘constant). The
abbreviations used are: s — singlet, d ; doublet, t — triplet, g
- quartet; dd - doublet of doublets, m — multiplet, bs — broad
singlet. The values in square brackets are for the minor
didstereomer.. Cnmr spectra were recorded at 22.464 MHz on a
Bruker CXP 1@8 spectrometer or on a Nicolet 3@8@ spectrometer at
79 MHz. Gas chromatographic analyses were performed on a Varian
Model 3780 instrument using a 1.5 ft. X 1/8 in. column packed

with 5% 0OV1@1 on Chromosorb W. Mass spectra were run on a Varian

A

MAT CH 9 instrument in the field icnizaéiun (FI),-field
desaorption (FD), or electron impact (El) mode. Optical rotﬁtinns
were meaéured on a Perkin-Elmer model 241 polarimeter in 95%
ethanol. The concentrations in grams per 120 mL of salvent are
included in brackets following the measured optical rotation.
Melting points were taken aon a Fisher—-Johns apparatus and are
uncorrected. Microanalyses were done at Galbraith Laboratories,
Knoxville, Tenn., Canadian Microanalytical Services, Vancouver
B.LC.3 Guelph Chemical Labur&tories, Guelph, Ontario; and Uniroyal

Research Laboratories, Guelph, Ontario. Column chromatography

utilized silical gel 6@ (78-230 mesh) available from Merck.

3
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Reagent grade chesmicals were used without further purification
unless otherwise specified. Tetrahydrafyrln was dried with
potassium and benzupheanhe and distilled under nitrogen.

Diisopropylamine was stored over potassium hydroxide.

Hexamethylphosphoramide was distilled and stored over type 4A
molecular sieves with é,mesh size of 18-14 (Fisher). The drying

agent was MgS0O. and solvents were removed at reduced pressure.
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Experimental ancedures

Preparation of t-Butyl Glycinate Imine of Camphor (1)

Tha glycinate imine 1 used aJ/starting material in
alkylation reactions was preﬁared accarding to the procedure
outlined by Hcintosh and Mishra3®o.3e, B
Preparation aof Alkylating Qggnﬁé

All alkylating agents, except as follows, were obtained from
the Aldrich Chemical Co. and were used without further

purification.

Methylallyl Bromide 1ggl.' A splutinn of 28.8 g methallyl alcohal
in 4@ ml. anhydrous ether was charged into a dry 253‘mL 3 necke&
round bottom flask and cooled in an :Ee bath. Under a nitrogen
atmosphere a solution of 37.5 g phosphorous tribromide in 88 mL
anhydrous ether was added dropwise over 5.5 h. When the addition
was complete water Nas_carefully added and the layers separated.
The aqueous was extracted with ether (1 X 25 mL). The arganics
were combined and washed with aqueocus bicarbonate until the
&ashings were basic. Drying, cnncéntrating, and distillation
afforded 11.8 g (3&%) of methallyl bromide 2Zej bﬁ 9°C (768 mm)
(1it. 7@°C (76@ mm)*@®m) 14 NMR: 4.8-5.2 (m, 2H), 3.9 (s, 2H),
1.85 (d, 3H, J < 1 Hz).

ilzgggmggcégxllggggggg 21. Bromination of the corresponding
alcohol using the trimethylsilyl chloride / lithium brﬁmidé
procedure of 0Olah et.al.®* afforded, after distillation, a 3
component mixture u# which 808% (by *H NMR) consisted of thg
required bromide; bp 7@°-8@<C (14 mm), [lit 46°-5@°C (@.2 mm) 9=,

\

1M NMR: 753 (m, >SH), 4.8 (t,.1H, J = 7 Hz), 2.55 - 1.75 (m,
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2H), 1.8 (t, 3H, J = 7 Hz).

§~Cyclbhexanyl Bromide 2m. A solution of 8.2 g cyclohexene,

i ——— ————

17.8 g N~bromosuccinimide, @.1 g AIBN, and 18@ sl carbon
tetrachloride was refluxed for 2 h; Filtering, anq saquential
washing of the fi;tréfe with bicarbnnaté and“uater, drying, and '
concentratihg gavé the crude produ:t.; Distillation yielded B.8 g
(35@8X) 2mt bp &9=-79°C (16'mm5, [lit. S57.5°-5B°=C (14 mm)]i®=,

1H NMR; 5.95 — 5.7@ (m,_2H),.SaB =~ 4,65 (m, 1HH, 2.4 - 1.3 (m,

6H) .

used to effect the cnnve;sian of 3,3-dimethyl-1,4—cyclaohexandione
(A) to 2o0. The dione was converted to S5,5-dimethyl-3-isopraopoxy—
2-cyclohexen—1—-ane (B) by the method aof Cronyn and Gon&rich*";
83%4, bp 93=C (8.8 mm). 5,5-dimethyl-3-cyclohexenane (C) was
"obtained from B as outlined by Gannon and House1®S; 1%, bp 89<C
(28 mm). DIBAL reductioni®e of C affcrded‘tﬁe corresponding
unsaturated alcdhal D; 71%, not pﬁrified. D was cunverieﬁ to the
bromide 2n using the PBrx method bﬁtlined far the synthesis of
Z2e; 71%Z, bp 92=-94=C (26 mm). *H NMR: 5.9 - 5.5 (m, 2H), 4.95 -

4.45 (m, 1H), 2.3 — 1.55 (m, 4H), 1.@ (s, 3H), B.85 (s, 3H).,

Z2=Bromo=-3-butyne 2Zp. 20 was obtained from 3-butyn-~-2-ol using the

methad of Lockhart and Bergmani®7; ‘28X, hp 95°C (7468 mm) Clit.

-

83=e-9@<C (7468 mm) 1197,

-

A 98 mL 3 necked round bottom flask was flamed out under
nitrogen and cooled in an ice bath. 1@ mL dry THF, 2.8 mL n-
butyllithium (2.7 M in hexanes, 7.5 mmol), and 1.2 mi diisopraopyl

amine (8.5 mmol) were charged into the flask. The mixture was
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stirred at @°C for 0.5 h'before cooling to -78°C or -20°C. ‘2.0 g
(7.5 maal) of imine 1 in 1@ mL THF was added. The resulting
orange sulution-uas stirred for @.3 H before addition q;blﬂ mL_
fHF'Eantaining alkylating agent (1.0 or 2.b equiv@lents).and 1.4
"mL HMPA (8.@ mmol). The reaction was kept at low temperafure fgr
8.5 - 1.8 h before quehching with lﬁ mL water. The layers were
separated and the aqueous extra&ted with ether. The combined
organics were dried and concentrated to provide the_q;u@e
prpduct. Purification was achieved by column chromatography

(80: 2@ petroleum ether/diethyl ether). The following solid
products were recrystgllized from hexanes:

39t mp S8=-&48°C, [ 120 +122.4 (c 0.254)

3m: mp B8@°C, [X1s=® +70.0 (c 1.78)

Transamination to Provide S

Transamination of 3k was achieved using the proﬁedufe
autlined by ﬂcIntnﬁf and Mishra3s.3s,
5: &2%, [%x1p2®> -38.75 (c 1.@6), *H NMR 7.45 - 7.23 (m, SH),
3.53 [3.451 (d, tH J = & Hz [7.5 Hz1), 3.13 (dq, 1H, J = 7 Hz,
7Hz); *3C NMR 174.@3, f43.48, 128.43, 128.04-.0128.151, 1246.74,
g1.@7, 46@.85, 43.79, 27.97 [28.17]1, 15.595; IR 2975.2 cm—*,
1727.6 cm—*, 125@8.4 cm—*, 1155.3 cm—*; Anal. cale. C - 71.45,

H - 8.65, N - 3.95; found C — 78.31, H - B8.65, N - 6.08.

To a hydrogen saturated mixture of 18X Pd on charcoal
and 15 mL 95% ethanol was added via syringe 5S8@ mg substituted
2o
imine in 10 mL 954 ethanol. The mixture was stirred under

hydragen until the gas was no longer consumed (2 — 3 h). The
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mixture was firfered through celite and concentrated.
Chromatograﬁﬁ;wbdéi short column (ether) gave 4 and & from 3g and
3. r?spectively. |

\5:_ 71%, *H NMR 3.78 [3.741 (dd, 1H, J = 11.4, 5.1 Hz): 2.48 -
2?40 (m, 1H), 2.83 - 1.58 (m, 6H), 1.47 (s, 9H),'1.43 - 1;21 (m,
4H), 1.83 (s, 3H), 1.88 (s, 3H), B8.96 (t, 3H, J = ? Hz), B;BB (s,-
3H); 13C NMR 184.2, 171.8, 80.5, 65iQ [(54.61, 53.9, 47.2, 43.9,
36;1, 35.@ £35.81, 32.3 [31.91, 28.9, 27.5 [27.41, 19.5 [19.4],
19.3, 18.9, 13.8, 11.4 (11.31; IR 2957.9 cm—%, 1735.6 cm™%,
1683.8 cm~*, 1134.1 cm™*.

b: 95%, *H NMR 3.52 (3.481 td, 1H, 9 Hz), 2.5 - 2.2 (m, 1H),

2.1 — 1.6 (m, 11H), 1.42 [1.431 (s, 9H), 1.352 - @.70 (m, &H),

.97 (s, 3H), 0.98 [@.911] :s, ), 8.75 [B.73]1 (s, 3H); 13C NMR
184.%2, 171.4, 80.5, 71.6, S4.1, 47.3, 43.9, 40.4, 36.4 £35.91, |
32.4 £32.11 38.1'E36.2], 28.9 £264.71, 28.2 [(28.31, 27.7, 26.1
E2é.BJ,‘19.b, 19.1, 11.&6; IR 2928.6 cm—*, 1736.8 cm—?, 1682.3 cm™?
114@.8 cm—2; Anal. calc. £ - 76.83, Hﬁ— 13.83, N - 4.03; found

C -76.21, H - 18.83, N - 4.@89.

Aklylation by Allyl Acetate and Pd{dppe)z=".

‘ B8 mg Sodium hydride (68X in mineral oil) was washed with

dry THF (3 X 1@ mlL) before addition of a solution of 588 mg
glycinate imine 1 in 1@ mL THF. The mixtufe was stirred for @.3 h
before addition of 45 mg Pd(dppe)= catalyst and 20@ mg allyl
acetate. After stirring at 25°C for 25 h, S mL water was added
and the layers separated. The aqueous was extracted with ether
and the combined organics dried and concentrated. Column

1
chromatography (80:2@ petroleum ether / die%hyl ether) gave 215
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mg (38%) ba. *H NMR 5.80 - 5.4 (m, 1H), 5.15 - 4.98 (m, 2H),
3.87 (dd, 1H, J = 8.4, 5.3 Hz), 2.76 - 2.25 (m, 3H), 1.95 - 1.59
& (m, 4H), 1.4@ C1.411 (s, 9H), 1.46 — 1.13 (m, 2H), B.97 (s, 3H,
.91 (s, 3H), @.79 [B.751 (s, 3H). 35C NMR 185.1, 178.9, 134.8
[135.11, 116.9, 68.9, &4.8, 54.8, 47.3, 43.8, 37.1, 36.3, 32.3
£31.91, 28.8, 27.3, 19.5, 18.9 [18.8], 11.3 [1i.21. IR 2971.4,

1735.8, 1688.4, 115@.2.

Pummerer Materials

l1,5-Oxathiolan-3—-onas (7)94-7% and thiazolidinones 14c3® and

14d*®™* were prepared by literature procedures.

§zgnggxl:glg:gégtamethylanethiaznlidin—#—ong (l14a). A solution
of the ketimine derived ffon aniline and cyclohexancne (24 9,
8.14 mol) and 15 g (@.16 mol) 2-mercaptoacetic acid was refluxed
under a Dean—-Stark water separator overnight (3 mL of water was
collected). The solvent was removed and the solid residue

" recrystallized to give 14a; 7@%; mp 1468°C (EtOH).

S-Methyl -2, 2-pentamethylenethiazolidin-4-one (14b). A solution

of methylamine in ethanol was prepared as follows. To a mixture
af 27 mL‘uipethanul and 35 alL of 38X aqueous KUH?'which was
cooled in an ice bath, was added 21.9 g of methylamine
hydrathuride. The solution was stirred for 1 h, {iltered; and
the lavers separatéd. To the organic layez was added 2-
mercaptoacetic acid (208.46 g, 8.22 mol) dropwise with stirring at
@=C. Stirring was continued for 1 h, the salvent was removed,
the resulting solid dissolved in toluene, and 2@ g of

- cyclohexanone u#s added. Refluxing under a Dean - Stark water

separator followed by evaporation gave an oil which was distilled
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"to giva 15;164%; bp 120°C (2.1 mm).

p—A—1 -t e i . e S e s s e ek

In a typical experiment, 0.082 mol of sulfide was dissolved
in 1@ m_ of glacial acetic acid and cooled to @-52C. To this was
added 1.15 equiv. of 3@% hydrogen peroxide dropwise with

stirriﬁg. The mixture was allowed to come to ambient temperature

.overnight and diluted with 15 mL of water. Solid sodium

bisul'fite was added until a negative percxide test was achieved.
The organics were e#tracted into chloroform and washed with
saturated aqueous bicarbonate until the washings were basic. The
extracts were dried and the solvent removed to‘give.the crude
product, which was purified as noted below.

Ba: (Continuous extraction into chloroform was required for
acceptable yields.) -Chrnmatqgraphic purification (EtDAc) gave
8a; B87%; mp 77°C

?: Unstable oil (25% cfude, nat purified)

185a: B6&%, éb 1&4=C (benzene)

13b: 37%, mp 123=C (carbon. tetrachloride)

15¢: This very water soluble compound was decomposed by
continuous extraction into chloroform. Therefore the work-up was
modified as follows. After destruction of the excess peroxide,
the solvenés were removed at room temperature and 8.4 mm. . The
residue was taken up in chloroform, stirred with solid KzCOs,
¥i1tered, and Evapcra€2d. The product was crystallized by

precipitation from acetone with petroleum ether to give 15c; S5%;

mp 109=C (benzene).
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Pummerar Rearrangsments

- In i t;pical ekperiment, a4 solution o# @.2 mol of the
_heterbcy:ie in 1@ - 15 mL of TFA containing 2 equiv. of benzéne
Was cooled to @=C and 1.1 equiv. of TFAA was added dropwise. The
mixture was stirred at @eC for 3 - 4 h, diluted with water (1o -
15 mL}), and extracted with chlnraform.. The extracts were Qashed
with-aqueous bicarbonate snlutign, dried, and evaporated. In
'the case of 1éa, thé reaction mixture consisted of CHz2Cl z/benzene
and a catalytic:§muunt of TsOH, and the electrophile was acetic
anhydride.
11: 45%4; bp 52°C (@.75 mm)
1da: S5%; mp 132eg (benzene or ELOH) ,
16b: 70%X; mp 1&43eC (benzene),

16c:  100% crude (not purified); oil.

Te a cold solution of 15c in 20 mL TFA and 1.5 equiv. of the
alkene (1-actene or 1-hexene) was added 1.1 equiv. TFAA dropwise
with stirring. After 1 h, the éoluticn was diluted with 2@ mL of
water and extracted with chloraform. The extracts were washed
with aquegus bicarbonate and water, dried, and evaporated to give
18a or 18b. E/7 ratios were determined by the relative'peak
intensities of the sp2 carbons in the 13C NMR spectra. When 2-—
alkenes (cyclnhexéﬁe, 2-hexene) werea used, 1H NMR spectra and gas
chrumatngraphy indicated the presence of cnmplex mixtu?es.
1Ba: 4&2%; bp 193=C (13 mm) E/Z = 3:1,

18b:  49%; bp 115°C (@.4 mm) E/7 = 2:1.
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To a vigorously stirred ﬁixtufe of 5 mL of concentrated
H.S504 and 4 oL of benzene was added @.5 g of the sulfoxide 1S5c.
Stirring was continued until the exotherm ceased (ca. 4@ min).
The yellow solution was poured over 1@ g ice and extracted into
methy}ene chloride. The organics were dried and the salvent *
evaporated to yield the cr;de prnddct, which was purified by
crystallization or chromatography.

.lZg: ?3%; mp 119-12:t<C (benzene),
17b: 95%Z; mp 163<C (benzene),

17c: 76%; oil (chromatography 1:1 EtUQ:/benzene)

Attempted Reactions Using Catalytic Amounts of Electrophiles

To stirred solutions of @.Sg of the sulfoxides in alkenes or
benzene was added. 5S-1@ draps of H2504 or Lewis acid. Reaction
times -ranged fraom 20 minutes to 48 hours. Work up in the usual

manner gave the reaction products.

Alkylation Reactions

All alkylation reactions were run as praviously reported 7°.
Compound 208a was cbtained as a.mixture‘n{ mono— and dimethylated
praducts in a ratiao of 6:1 as indicated by gas chromataographic
aAa}ygis.
20a: bp 184=C (11 mm)- )

i
2@b: 44%: bp 95°C (@.S5 mm)

Aldol Condensation

The aldol condensation was run as praviously reported”®.

Compound 21 was abtained as a mixture of two diastereomers (Z2la
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and 2ib) in an isolated ratio of 3:2. The total yield was S4Z.
2la: 3I3%; mpla5eC (1:1 EtDAc/benzene) ,

21b: ©0il (dec. on attempted distillation).

1]
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1H NMR spectra were recorded at 30@ MHz in a CDCls solution. The
inset spectra are the signals due to the methine proton of C-2
(by amino acid numbering). Each diastereomer shawed a unique
chemical shift for this proton. Ratios of dfastereumers were
determined by either integration or line height measurement of

these signals.



—

1246



]
w ]
1
6L #5611
66 L6111
299 "y0Z1
9% "gozt
. 2
Y.
i
\:
y / e
/_ Vo (‘.wu,.r
H ﬁ )
_/r 4 . ‘;, .
. ; oo
/ ‘1
Voo
..n, ! ..&‘. N e A
..,V _. ﬂ ) (RO, — o — j— - .Nh&.l-.ﬂ.l..

T N N
2

)

197



I L 1 ] T 1 1 I I
10 .8 4 2

198




T ! T TT"_T_T
4.1 4.0
IJC i

)
T"_T"—T——T""'ﬂ'__'l_ T 0 T T T T T

!
10 8 6 4 2

|

i@gw



3. 9455
=

\

‘:?—\,r

/

\
9

m

c

Il
2 0
: ] 3e ’
/I
. Mo
_I_IIIT%]IIT'III_
4.00 3.95  3.90
]

T T T T T 1 T | T s -—r——r--—l— _r..-:-,—._r_ _[__

8 6 4 2 0

110



l ! ' !
| I i ]
T
l ! !
1 T
’ 1
{
I ' !
T



o

112



). 442

3. dej

3 43

3 406

(1




‘ Z /E/H\\C/Ot Bu

e e ——
™l :
- -
z6 1901 .
U
60 0501 — -
CRITL U e 4
Ly TN i
uo.oho_w o
¥ ‘sz01 - — ©O
69 zuo j.w ™

114



i
“

mpurHy

113



_______
9455

T v T | ] T ] L N B B
10 8 6 4 2
116



1 equivalent

o

T 1 L 1

3.5
T] 1 L) I T i I l 1 1 v I 3 T 1 ‘ 1 T T l
10 8 6 4 2 0

117



2 equivalents

-/




1063 42

1053. 83

119



T O
i} i
‘m
O .
/,,/ 2
O=0
LE g
\ )
=L T
| B
L ©
[ © -
— i
] = —
[ BTV ral ¢ ——= i
“4\ ‘ ri-c R = : | — @
694 °C : Sﬁ 0
, i 6L ¢ : —— = - i
, . M B :
[ g
b n —

128



3 CH3<cH
F'I- N I .
~CH . _0'Bu
H N~ -
. NTRC§T
A 0
i.‘
/
T ‘ T
3.6
| 1 T L | T T 1 l T I T I I T H [ -1 _I‘__r‘ -
10 8 6 4 2 0

121



— —

nu‘h:_w

Lz s === B

B SGl! ———=mmmwrmmTrTITIT Illl.HH.ll’-thll!li,I - 0

= 2

£9 091 »n. " [ ——— -
*E , B ———— o)) i
€1 69| ————r Tt T T T T -

a— : : | . rO
| | . -

122



15.

16.

17.

18.

®

'References

Morrison, J.D. ed. “Asymsetric Synthesis”; Academic Press:
New York, 1985, vol I-V.

Anderson, E.W. Tob. Curr. Chem., 1974, 45, 139.

Zimmerman, H.E.; Traxler, M.D. J. Ae. Chem. Soc., 1957, 79,
1928. : .

Hammand, G.S5. J. As. Chems. Soc., 1955, 77, 334.

Heathcock, C.H.; Buse, C.T.; Kleschick, W.A.; Pirrﬁng, M.C.;
Sohn, J.E.; Lampe, J. J. Ae. Ches.Soc., 198@4, 77, 334.

Evans, D.A.3; in "Asymmetric Syntheéis“, J.D. Morrison. ed.;
Academic Press: New York, 1984, vel III, p 28.

Oppolzer, W.; Dupuis, D. Tet. Letters, 1985, S437.

Oppolzer, W.; Chapuis, C.; Bernardinelli, G. Helv. Chis.
Acta, 1984, &7, 1397.

Oppolzer, W.; Moretti, R.; Godel, T.; Meunier, A.; Loher, H.
Tet. letters, 1983, 4971. . : :

Oppolzer, W.; Stevenson, T. T7Tet. Letters, 19846, 1139.

Oppolzer, W.; Dudfield, P.; Séevensun, T.;'Godel, T. Helv.
Chim. Acta, 19B3, 68, 212. ‘

Kelly, T.R.; Arvanitis, A. Tet. letters, lggﬁ, 39.
Oppolzer, W.; Dudfield, P. Tet. letters, 1983, 3@37.

Oppolzer, W.; Pedrosa, R.; Moretti, R. Tet. Letters, 19B8B6&,
- 831.

Wagner, I1.; Musso, H. Angew. Chem. Int. Ed. Engl., 1983,
22, Bléb.

Morrison, J.D. "Asymmetric Synthesis"; Academic Press: New
York, 1985, vol IV. ‘

0 'Donnell, M.J.; Bennett, W.B.; Polt, R.L. 7et. Letters,
1985, &95.

0’'Donnell, M.J.; Falmagne, J.B. Tet. Letters, 1983, &99.

0 'Donnell, M.J.; Falmagne, J.B. J. Chem. Soc., Ches.
Comaun., 1985, 1148.

—
h
-



19,

20,

21.

. 23.

24a.

24b.

25.

26.

S 27.

28.

3.
32.
33.

34.

‘

Sinclair, P.J.; Zhai, D.; Reibenzpies, J.; Williams, R.M.
J. Am. Chewm. Soc., 1984, 168, 11@3.

Schollkopf, U.; Neubauer, J. Synthesis, 1982, 86l.

Schollkopf, U.; Nozulak, J.; Groth, U. Synthesis, 1982,

B&8. ' T _
Schollkopf, U.; Nozulak, J.; Gravert, M. Synthesis, 1985,
! S5.

Seebach, D.; Miller, D.D.; Muller, S.; Weber, T. #Helyv.Chim.
Acta, 1985, 58, 949. :

Naef, R.; Seebach, D. ‘#Helv. Chim. Acta, 1985, &8, 135.

Seebach, D.; Aebi, J.D.; Naef, R. Helv. Chim. Acta, 19835,
&8, 144,

Bey, P.; Vevert, J.P. Tet. Letters, 1977, 1455. -

Stark, G.; Leong, A.Y.W.3 Touzin, A.M. J. Org. Chem., 1974,
¥, 3493. '

Touzin, A.M. Tet. letters, 1975, 1477.

Ghosez, L.; Antoine, J.P.; Deffense, E.; Navarrao, J.;
Libert, V.; O0'Donnell, M.J.; Bruder, W.A.; Willey, K.;
Wojciechowski, K. Tet. Letters, 1982, 4255.

0'Dannell, M.J.; Wojciechowski, K.; Ghosez, L.s Norarrao, J.:
Sainte, F.; Antoine, J.P. Synthesis, 1984, 313.

Joucla, M.; El Goumzili, M.; Fouchet, B. Tet. Letters,
1986, 1677.

Ikegami, S.; Hayama, T.; Katsuki, T.; Yamaguchi, M. Tet.
Letters, 1984, 3403.

Yamada, S.; Oguri, T.: Shiori, T. J. Ches. Soc., Chew.
Commun., 1976, 136.

Oguri, T.; Kowai, N.; Shiori, T.; Yamada, S. Chew. Pharwm.
Bull. Jpn., 1978, 26, 803.

Oguri, J.; Shiori, T.; Yamada, S. Chem. Pharwm. Eull. Jpn. ,
1977, 25, 2287.

McIntosh, J.M.; Mishra, P. Can. J. Chem., 1984, 64, 726.

Mishra, P. PAPh. D. Dissertation, University of Windsor;
Windsor, Ont., Canadaj; 1985.

Velluz, L.; Valls, J.; Nomine, G.; Angewn. Chem. Int. ed.
Engl., 1965, 4, 1B1; however see ref. & P.23.

124



38.

39.

48.

41.

42.

43.

a4,

45.

46a.

4é6b.

47.

48.

1 49.
Se.
Sli
52.
S3a.
53b.
54.

S5.

[in

Amstutz, R.; Schweizer, B.; Seebach, D.; Dunitz, J.P. Helv.
Chim. Acta, 1981, 64, 2617. .

Krapcho, A.P.; pundulis, E.A. J. Org. Che=., 1980, 45,
3236- ) * b )
Pasner, 6.H.3 Lentz, C.M. T7et. Letters, 1977, 3211.

Posner, G.H.; Lentz, C.M. J. Am. Chem. S50C., 19792, 161,
934. .

Leyendecker, F.; Jesser, F.; Runland, B. Tet. lLetters,
1981, 36@1. ' '

'

Tamaru, Y.; Hioki, T.3 Kawamura, S.; Satomi, H.; Yashida, Z.
J. Am. Chem. 50cC., 1984, 166, 3876,

Nagase, S.; Houk, K.N. Tet. Letters, 1982, 19.

March, J. #Advanced Organic Chemistry; Reactions,
Mechanisms, and Structure~; 279 ed., McGraw—-Hill:
New York, 1977, p 21-22.

Pearson, R.G. J. Am. Chem. Soc., 1943, 85, 3533.

Ho, TL. J. Ches=. Ed., 13278, 55, 350.

Gelmini, L.; Stephan, D.W.; Laeb, S.J. Inorg. Chem. Acta,
1985, 98, LS.

Mishra, P. unpublished results.

Hine, J. ~physical Organic Chemistry~, 1962, McGraw—Hill:
New York, p 176. :

Okamoto,: K.} Konishita, T.; Singu, H. Bull. Soc. Chem.
Jap., 1978, 43, 1549.

X—Ray analysis per formed by J.E. Drake and R. Chadha -
University of Windsor.

Masamane, S.; Choy, W.; petersen, J.S.; Sita, L.R. Angen.
Ches. Intl. ed. Engl., 1985, 24, 1.

.Akermark, B.j Jutand, A. J. Organometal. Chem., 1981, 217,

i Cc41.

Ferroud;, D.; Genet, J.P.; Kiolle, R. Tet. Letters, 1984,
23.

McIntosh, J.M.; Siddiqui, M-A. Can. J. Chem., 1983, 61,
1872.

McIntash, J.M.; Masse, G.M. J. Org. Chem., 1975, 4¢,
1294.

A



96.

57.
s8.
S59.

&a.
‘61.
&2,
&3.

64,

635.
T

&7.

&8.

b9.
70.
71.

72.

73.

74.
73.

76,

McIntosh, J.M.; Steevensz, R.S. Can..J. Cheas., 1974, 52,
1934,

= - e

McIntosh, J.M.; Seiler, R.A. J. Org. Chem., 1978, 43, 4431.

Mack, W.L. J. Am. Chewm. Soc., i97@8, 92, 6918:

Meyers, A.l.; Takaya, T. Tet. Letters, 1971, 2&89.

Phatis, J.M.; Paquette, L.A. J. As. Chem. Soc., 1974, 9s,
471s. |

Mcintaosh J.M.; Mishra, P. unpublished resulté. See Ph.D.
dissertation of P.M. ‘ -

Durst, T.; Viau,.R.; Van Den Elzen, R.; Nguyen, C.H. J.
Chem. Soc. Chem. Comm., 1971, 1334.

Kano, S.; Yokomatsu, T.; Shibuya, S. Tet. Lletters, 1978,
4125.

Gurst, M.E.; Johnson, A.T. Tet. Letters, ;3@@,'4811.

Solladie, G.; Demailly, G.; Greck, C. Tet. Letters, 1985,
435.

Cameron, T.B.; Pinnick, M.E.. J. Am. Chews. Sec., 1980, 142,
744, ’

Meyers, A.I.; Ford, M.E. Tet. Letters, 1975, Z28&41.

Wineman; Gollis; James; Pomponi. J. Org. Chem., 1942, 27
4222.

¥

Romo de Vivar, A.; Romo, J. J. Org. Chem., 1959, 24, 145@.

.

McIntosh, J. M.;Mishra, P.; Siddiqui, M.A. J. Org. Chem.,
1984, 49, 103&.

Butera, J.; Rini, J.; Helquist, P. J. 0Org. Chem., 1983, S5¢,
3676.

Pummerer, R. Chen. Ber., 1909, 42, 2282.

Oae, S; Numata, T. Isotopes in Organic. Chemistry, 1980, 5,
45.-

Sharma, A. K.; Swern, D. Tit. Letters, 1974, 15@3.
Parbam, W.E.; Edwards, L.D. J. Org. Chem., 1948, 33, 4150.

Tanikagi, R.; Hiraki, Y.; Ono, N.; Kaji, A. J. Chems. Soc.,
Chem. Comm, i98a@, 41.

126



77.

78.
79.
80.
a1.

82.
83. .

84.
a5.
B6.

87.

88.
8%.
Q.
Pla.

Z1b.

?ic.
Q2a.
?2b.

2c.

Omura, K.j Sharma, A.K.; Swern, D. J. Grg. Chem., 1974, 41,
957-

Sharma, A.K.3 Ku, T.; Dawsan, A.D., Swern, D. J. Org.
Ches., 1975, 48, 27358."
Singh, S5.P.; Parmar, S.S.;3 Raman, K.; Stenberg, V.I. Ches.
" Rev., 1981, 81, 175.

Goghari, M.H.3; Parikh, A.R.;'Ind. J. Chem., 1977, 15b, 17.

b
Brown, F.C.; Jones, R.S5.; Kent, M, Can. J. Chem., 1963, 41,
817. '
. a

Kay, [.T. - personal communication.

Monteirao, H.J.; Gemal, A.L. Synthesis, 1975, 437.
=0

-

=

Glue, S.; Kay, I.T.; Kipps, M.R. J. Chem. Soc., Ches.
Commun., 127@8, 1138.

March, J. “Advanced Qrganic Chemistry — Reactllions,
Hechanisms, and Structure*, 279 gd., McGraw-Hill: 1977,
236.

Tou, J.S.; Reusch, W. J. Org. Chem., 1988, 45, 3012.

Snider, B.B. Acc. Chem. Res., 198@, 13, 426.

Kametani, T.; Kigasawa, K.; Mineharu, H.; Wagatsuma, N.;
Kohagizawa, T.3; Inoue, H. Heterocycles, 1978, ¢, 831.

Surrey, A.R.; Cutler, R.A. J. Am. Chewm. Soc., 1954, 705,
578.

" Hoffmann, H.M.R. Angew. Chem. Internat. ed. Engl, 1949, 8,

3556.

Témura,Y.; Choi, H.-D.; Maeda, H.3 Ishibashi, H. Tet.
Letters, 1981, 1343.

Tamura, Y.; Choi, H.-D.; Ishibashi, H. Synthesis, 1982, Sé.

Ishibashi, H.; Komatsu, H.; Maruyama, K.; Ikeda, M. Tet.
Letters, 1985, 5791.

Bates, D.K.; Winters, R.T. Am. Chem. Soc. U0rganic
Abstracts., (May 1985), Abstr. #356.

Magnusgy P.3; Gallagher, T.; Brown, P.; Huffman, J.C. J. A=.
Ches. Soc., 1984, 146, 2105.

Hori, M.; Katoaka, T.; Shimizu, H.; Tomoto, A. Tet.
Lletters, 1981, 3429.

127

(‘-'.



93.

4,

?5.

6.

97a.

97b.

78.

?9.

12a.

i01.

1@2.

1a3.

124,

i@s5.

1846,

187.

Tamura, Y.; Maeda; H.; Akai, S.; Ishiyama, K.; Ishibashi,H.
Tet. Letters, 1981, 43@21.

Numata, T.; Oae, S. -  Tet. letters, 1977, 1337.

Dr. I.T. Kay has also observed the formation of 11b
(personal communication).

Tamura, Y.3 Chai, H.-D.; Shindo, H.; Uenishi, J.; Ishibashi,
H. Tet. Letters, 1981, B1. :

Oikawa, Y.; Yonemitsu, 0. J. Ches. Soc. Perkin Trans I,
1974, 1480. -
S -

Oikawa, Y.; Yonemitsu, 0. J. Org. Chem., 1974, 41, 1118.

Burstall, M.L. *“The Chemistry of Cationic Polymerization”,
P.H. Plesch ed., The McMillian Co.: New York, 1925&3.

Stamos, I.K. Tet. letters, 1985, 477.

Hand Book of Chemisfry and ﬁhysics, The Chemical Rubber Ca.
1968. -

0lah, G.A.; Gupta, B.G.B.; Malhotra, R.; Narang, S.C.
J. Org. Chem., 1930, 45, 1438.

Ford, W.T.; Pietsek, D.J.J. _J. A®. Chew. Soc., 1975, 97,
2194, . C o

Handbook of Chemistry and Physics, The Chemical Rubber Co.
1971. :

Cronyn, M.W.; Goodrich, J.E. J. Am. Chem. Soc., 1952, 74,
33t.

Gannon, W.F.; House, H.0. @&rganic Synthesis, John.Wiley and
Soans: New York, 1973, Coll Vol Vv, 294,

Wilson, K.E.; Seidner, R.T.; Masamune, S. J. Chem. Soc.,
Chew. Cowmmun., 1970, 213.

Lockhart, T.P.; Bergman, R.G. J. A=s. Chems. Soc., 1981, 183,
4021. :



‘Vita Auttcris

Name " Randall K. Leavitt

Birthdate : June 19, 1958 Calgary, Alberta o
Married : June 20, 1981 to Pamela J. Burt

Education : . Vincent Massey éecondary School

Windsor, Ontario
. 1972-1977

University of Windsar
Windsor, Ontario

B.Sc. (Hanours Biochemistry)
1978-1982

University Ff Windsaor
Windsar, Ontaria

Ph.D. (8rgahic Chemistry)
1982—-1984 '

Scholarships : University of Windsor Graduate Scholarship
1985-198&.

Natural Science and Engineering Research Council
of Canada Industrial Research Fellowship
1986—-198%9

Professional
Affiliations : Chemical Institute of Canada
American Chemical Society

Publications: J.M. MclIntosh and R.K. Leavitt, "Alkylation
Stereochemistry of Camphor Derivatives of
Glycinates. Double Chiral Induction with
Secandary Halides", Tet. Lett., 27, 3839 (1984).

J.M. McIntosh and R.K. Leavitt, "A Brief Survey of
the Use of the Pummerer Rearrangement for the
Alkylation of 1,3-0xathiolan—5—-anes and
1,3-Thiazolidin—4-anes", Can. J. Chem., &3,

3313, (1985). '

J.M. McIntosh and R.K. Leavitt, "Epoxidation of
Cyclohexenemethanol. A Correction", J. 0Org.
Chew., 49, 3407, (1984).

C.P. Gravenor and R.K. Leavitt, "Experimental
Formation and Significance of Etch Patterns on
Detfital Garnets", cCan. J. Earth Sci., 18,
7465, (1981).



granted”™ everyday activities of Canadians through the eyes
of the Chlneselforélgn students. -These ever&day activitles
include: _ciﬁility, sexuality, partying, Canadian
iq@ependence, and Canadian femigifi attiﬁgges..

According to resﬁbnsés, Canadians are seen to have
good civility, they are typified as "well 'mannered-, -
"polite”, and "friendly". They are éaid_to “"open doors for
others™, “having friendly talks with strangers®, “help .
otheré carry thingé“, "wish others well", 'pblité in
conversation®, etc. Perhaps, these-t6 an average Canadian
~ are "taKen-for-granted" everyday activities. To fall short
of such behaviours in certain specific stiuations, could be
‘considered to be “rude® and “"impolite"” in.-this social
world. For example, it is “taken-for-granted” tha't a sales
person be polite: and- cffer assistance when one walks into
a shop here. But to the Chinese foreign sgudents such
behaviours spell something special and out of the of&inary.
According to some respondents, it is uncommon to engquire
and care for the general well being of fellow members in
Hong Kong. [f one was to do, one. could be stigmatized as
“crazy"©. |

The data showed that subjects typify Canadians as
“sexually open", Canadian couples'are seen to'practice sex
after a few outings. For Canadians, at 1least those
encountered by some respondents, it is “taken-for-granted”

to have sex after a few outings or after parties. Such

practices may be common practices for some university

139



studénts, _.at least: those witnessed }n residence. A
respondent comments: ' ' :-
1 have dated Canadian girls before, and they are very
friendly. You can touch them and.hdld them. It seems

SO0 easy. 1 dated this girl for a few times, we were

at her apartment once, I could have done-it (have sex]

but I didn’t...

The data also expresséd that Canadian 'opennéss' involves
kKissing in the public: _ Seme respondents see such acts as
embarrassing. They expressed that such behaviour should not
. be doné‘in public.' To sone Canadian§ such behaviours may
be .'takeh;for-granted. To embrace and Kiss in puﬁlic is
part of the Canadian culture in welcoming friends -and
relabtves, or sending them away. To avoié such actions in
certain situations could be considered to be “"rude" or
'impolite;. Further, banaﬁians are typified as “daring”
when 1t comes datlng.  They are percelved to be "stralght
forward®. Some respondents reported that they had
witnessed situations .where mere acquaintances were asked
out for a date. Such behaviours appear to be “taken-for-
granted”™ by those Canadians respondents had encountered.

In terms of "partying”, the data reflectéd that
Canadians are typified as *drinking a lot", and
behaving in “"crazy™ manners. . Within the residence social
world of the University, such behaviours appear to be

“taken-for—-granted”. It | is part of the University
students’ subculture. It is also "taken-for-granted™ to
have an establishment, such as the University pub, to cater

liguer to the students. Another “taken-for-granted”

behaviour that the data seemed to indicate is Canadians
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bringing liquor when invited fdr dinner.. Such behaviour is
cqnsldered to be pollte énd in some incidents expected.
From such behaviour, some . respondents typify Canadians as
“1oving to drink™. A resppndent comments:

I invited a Canadian girlfriend for dinner once, and
she brought wine. I wondered why, because 1 “don’t
drink. I thought she loves to drinK...

The data revealed that in Canadian society, it is “taken-

for-granted” that females could visit pubs and driﬁk. Not

in Hong Kong. A respondent comments:

At the pub, 1 was surprised at the large amount of
beer they drink...And there are many females too, and
they were: drinking...In Hong Kong, most drinking
places, girls do not go...Those who drink -are usually
bar girls. )

Responses seemed to indicate that it |is *taken-for-

granted” that Canadians support themselves in higher

‘education. The data alsoc expressed that it is common to

hear Canadian students saying that they have to work in

" the summer to earn money sSo that they could come? back to

school next semester. The indication from the data ls that
such independence is seemed to be “taken-for-granted”™ in
Canadian social life. Further, the data also showed that
in some  instances, it is “"taken-for-granted” that
youngsters do odd jobs to earn some extra allowances.
These “"taken-for-granted” activities in the Canadian social
world are reported to be admired by some respondents.
Admiration is how, they feel, but they have no Knowledge why
it is practiced. Their own cultural upbringing has

inhibited their comprehension. A respondent comments:
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I find that Canadians are very Independent. For
example, you 'kids here deliver newspaper to make an

extra allowances...In Hong Kong, parents do not allow
their children to go on the streets without 'somecne .

looking after them...Even .when they are older,
Canadian students work part-time to support thelr
education. I know pecple in the Economics department
who work full-time in the summer so that they could
pay tuition in the fall. I asKed them why the parents
don’t pay for the tuition? Don’t they like you going
to school? They said their parents could pay but they
preferred to pay their own. I don’t understand them.
In Hong Kong, as long as the famlly has the resources
to support the children, the parents would never allow
the children to work to support their education...Over
here,  sometimes the family may be rich, the chlldren
are still expected to work to support themselves.

Another “taken-for-granted” activity in Canadian social
world that is reflected in the data is the expectation to
leave the family after the children have reached a certain
} ége or are married. To some respondents, such phenomenon
is not expected. & respondent comments:
I know a friend, he told me that he moved out of his
parents’ home when he was 18. He said that it was
time to leave the family and be independent. He’
didn’t have enough money to rent an apartment, so he
rented- a room with another Canadian family near :the
University. I see no reason to leave. He could stay
with his parents and go to schocl from there..In Hong
Kong, we stay with the parents until we get married.

~ Some families are rich enough, and they have their
children’s families live with them.

b The data also reflected that Canadian f;%ales are
typified as "mouthy”. It is "taken-for-granted” in this
social world that females have equal rights and freedom as'
males. In Hong Kong, fgmales *Know their place™, and are
not expected to veoice opinions ﬁi public. A female

respondent comments:

I find that Canadian females are not the type that

listen and not ask questions. ..They always have
opinlons, and they are very daring, they speak out in

the public. Chinese girls wouldn’t do that. Like In
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‘Hong Kong, we ~are taught that glrls shouldn’t be -
"mouthy”™. We are taught by our parents to listen and -

don’t questlon. For myself, I dare not volce my
- opinions in public. . S i i

-

The above typifications by respéndeﬁts ;eflect some of
" the 'takén-f;rfgrantédﬂ gyer&day activities of Canadians
, ’ &

within the social world of_?indsorr The data reported that
these phenomena are new to respondents and are not seen as
'taken-fqr-gragxed' behaviours. ' By typifying 'cértain

social aspecf of Canadian everyday lifé, the *“taken-for-
granted® is thrown into question by.the Chinese foreign
students, which in turn highlights the differenéé in
perspectives. Hence, through this process of "bracketing®
these typlfications, the research indlrectly reveals the
need of coping st;ategies--and that there exist a
difference in perceptions in certain social behaviours
between . subjecté and the Canadians they had encountered.
One could glsolconclude that the difference in perspeétlves

reflects the types of strategy employed. This will be

discussed further in the next section.

TYPES OF COPING STRATEGY

This section examines thé coping strategies employed
by respondenﬁs.during specific reported .experiences at the
University'of Windscor. _Copiég strategies are categorized
into types. In this context, categorizatloné are derived
from respondents:' typifications_ ?f Canadian ciﬁfiity,
se&aa&ity, gnd- *partying”, unfaﬁffiarity, and language
problems. The aim of this categorization is to examine

possible general types of coping strategies that are
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-

espoused by the subjects when dealing w;th Canadiané in
their reported experignce, and the percéptions, feelings
and attitudes-assoclafed with each type. - The theory and
methodology employed here Iimif the- research. fron
typologizizg, personalities.” After analysing. the data,
this study typologizes coping strategies in three Qeneral
types: ‘“reject”, "select”, and 'acceptﬂ.' These typologies.
are built on reported strategies and are employed as
Lﬂtergretive devices, they do not represent the general
attitudinal orientation of respondents. It is possible that
strategies fall between these ideal types. Further, it is
important to note that these reported strategies are
obtained from one time interview, respondents may change
coping st}ategies oﬁer time, |

The data seemed to suggest that the “reject® type of
coping strategy appears to be derived from Anegaﬁive
typifications of Canadian «civility, sexuality, and

"partying”. Because of such negative typifications,

/interactions are claimed to be centered around own co-

nationals while avoiding host nationals. * Further,
responses showed that condemning Canadians and perceiving
their own behaviours as "better” seems to be part of this
type of strategy. |

According to the data, the "reject” type of ‘coping
strategy typifies Canadian civility as "well mannered”,
and "polite”™ but this tyﬁe perceives that Canadians “do not

really mean it In sociological terms, perhaps Canadians
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are perceived to be dolng "front" ‘wérk. © As  more |
information s gathered, Canadlan clvility ls t?plf-led as
‘overplayed‘; “putting up a show", “"superficial®, and "not
sincere™. Termination of social interaction,: when faced
with unf;miliar situations, topics of discﬁssion, and
situations whené they haveAproblem expressing thémselves is
a fregdent behaviour in this‘type of strategy. Excuses
such as, "I am 50§r§, I have a class" and "I am meeting a
friend”, are used. The data seemed to indicate that this
type of cSpiég strategy enhances interaction with co-
nationals. ’The data also showed that co—natioﬁal may not
be perceived as “well mannered” as Canadlians .but once
friendship- is established; the& proved to be moré
'sineere'. In thé "reject” type of strategy. Canadians are
perceived as “rude” and “"do not show respecf“ to their
parents and superiors, and some respondents reporteé that
these are unacceptable behaviohrs.

In terms of sexuality, the data indicated that the

"reject” type of coping strategy typifies Canadians as

"sexually open®, “sexually easy”, and "deon’t treat sex
seriously"”. Typifications are derived from such c¢riteria
as: "having sex after a few dates™, “guys brohght girls to

their rooms after parties”, “bringing different .girls
home®", etc. The data expressed that subjects using this
type of strategy expressed discomfort when they witnessed
such behaviouré. "Reject” sﬁrategies such as “avoiding
such ‘scene by walking away, + pretending that the

interactants are not present, and disassociating from women
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who are percelved to have sex wifh different males are
said to-be used.

In terms of 'par&ying‘;' the data revealed that the
-'réject" type of strategy typifies Canadians as “"crazy®,
"wild®", “"drinking too mucﬁ;, and “really ocut of hand-.
Strategies "such as “when they have a party I will hide in
ny roo&. even though they.have invited me" ané *I seldon
[join his parties], whenever his friends come over, I go to
my friend’s place or éo to the 1llibrary” are common
practices deployed to deal with such unwelcome invitations.
“Reject®™ type of stfategy is‘employed when Canadians are
pérceived to behave “unacceptably" during such social
gatherings. Examples of some of these 'unacceptable'
behavioﬁrs include “throwing bottles", *making too much_"
noise at 4 in the morning”, "dancing on tables®, " etc. It
is necessary‘to inform the reader ihat such behaviours are
perceived to be “unacceptable” in the eyes of the some
respondents. In addition, some respondents thought that the
'Cénadians they had encountered perceive such behaviours as

*having a good time".

- The data revealed that the "reject” typé of strategy
could be employed by respondents who claimed to be
unfamiliar'with Canadian society. The data expressed that
these respondents employ'strategies that enable interaction
with Chinese while avoiding Canadians and the usage of

intermediaries when encountering Canadians. Further, the

data showed that the "reject" strategies are used by
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respondents = who perceived themselves having language
broblems when dealing wlth faculty. These respondents

would avoid professors,.rely on other students for academic

assistance and guess on their own if no help is available.
The other éet Bf "reject® strategy reported to be used to
Qeal with Canadian students employed by ‘respondents who
claim to ‘be poor in English involves making excuses to
leave whéﬂ they perceive that they could not be involvedoln
a conversation with ﬁanadians and that it wouid_result in
an émbarrassing situ#tion.' )

The second type of coping strategy could be classified

as “select”. The data showed that the “select® type of

strategy could have both positive and negative

typifications of Canadian civillty, sexuality, and

-~“partying”. Canadians are typified positively if the new
£

norms and behaviours are perceived to be acceptable, and
could be integrated into the foun@ation of the home
culture. Conversely, Canadians are typified negatively the
new norms and behaviours are perceived to be unacceptable,
and could not bé'integrated into the foundation.of the home
cul;ure. Respondents using "select” type of coping
stratégy adopt more flexible coping strategies. They take
a situational approach. These sojourners tend to seek the
best from the new culture. The criterion for acceptliblity
varies within individ;als.

In terms of Canadian civility, the data expressed that

Canadians are perceived as "well mannered-, "polite”, and

“friendly” under the_'selgct' type of strategy. Behaviours
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such as, "saying “thank you"", “help to open door and carry

things®, etc. are perceived as positive. The stré%egy here

s to learn from Canadiéns about public courtesy.

Strategies such as, becoming more conscious about their
nanﬁers in publie, reminding themselves .to say "thank
you”, to say. *you’'re welcome®, “put on a smile", etc. are
used. .In conversation, fhe‘ “select™ type of strategy
enables users to select topics that they are familiar with
so that they could part!cipaté. However, the data also
revealed that the “select™ type of strategy does not
encompass avoidance ‘when users are invelved in
conversations where they percelve themselves having no
knowledge. Instead, this type of strategy allows the user
.
to pretend to Know the topic by asking simple 'questions.
Similarly, as with the “reject”™ type of strategy, the
~select” strategy typified Canadians as “rude” and "do not
respect their parents” when dealing with parents and
superiors.

According to the data, the "select” strategy typifies
Canadians as “"sexually open” but their openness, such as
kissing in public, |is accepted,* and such public behaviour
is perceivéd to be part of Canadian culture. Canadians are
perceived as "forward” (‘woula approach the girl directly
and ask her out®”) when comes to "asking a girl out”. The
~select” strategy accepts such dating behaviﬁur, and sees
Chinese dating behaviour as slow and conventional. Perhaps

the preference reflected experlences: “It Is hard to ask
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Chinese girls out, they take a day or two to glve you an

answer", .
In terms of "partying*, the “select" type of strategy
has the same typifications as the “reject" strategy.

According to the data, Canadians are typified as "wild® and

“crazy®™ in “partying-®. Such behaviours are deemed as
unacceptable. The data showed that some ,respondents had
experienced Canadian “parties®”. They expressed that such

gatherings enhance opportunities for "misconduct® because
they had witnessed Canadians drinking excessively and
taking drugs. They typify such gatherings negatively when.
they make coﬁparison with ﬁarties organized by the Chinese
Students Association. Responses seemed to suggest that as
with the "reject® strategy, the "select" strategy also used
avoidance in these situations.

In terms of the "select” strategy in the context of
language problenms, someflusers claim to keep a list of
professors who are d;emed as "approachable”™ and consult
professors only as a last resort.

The last Ltype of coping strategy can be classified a;
“accept”. The data indicated that this type of strategy
has positive typifications on Canadian civility, sexuality,
and "partying”. Interacting extensively with anadians
whenever a chance océurs is the prevalling motto. This
type of strategy also calls for identifying with the host
culture while condemning their own.

In terms of Canadlan ci;ility, the data suggested that

users of this type typified Canadian as “"well mannered”,
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“friendI%E, and “polite”™. This type of strategy allows
users to identify with Canadian civility while condenning
. thelr own members as "loud®. Respondents using “"accept"”
strategy express embarrassment when members speak Cantonese
in front of Canadians. With the "accept®™ strategy,
interaction with Canadians is enhanced while co-nationals
are avoided. Further, Canadian mannerisms in public ig
perceived to be “"better®, while co-nationals are perceived
as “"rude". By uéing_the “accept® strategy, respondents
make every attempt to learn to cope with Canadian behaviour
and speech. Some of these strategies involve observing how
actors behave in teievision, Iearninglaccent and speech
from them, making an effort teo talk to Canadians, etc.
Further, wusers of the “accept” type of strategy does not
- consider Canadian as "rude” to their parents.

With regards to Canadian sexuality, the data exPressed
that this strategy typifies Canadians as "not that sexually
open”, and their 'openness:~ is seen as enhancing
friendship. Users of this strategy do not aveid such
"openness” as "Kissing in public” but condone lt. Such a
strategy calls for reciprocation of actions. For example,
‘aﬁ Canadians of different sexes would touch and hold each
other with no sexual implications, the strategy would be to
practice su?h behaviours when interacting with Canadians.
Users exppéssed that they héd participated in such
behaviour when dating Canadian women. Further, users of

the “accept” strategy percelive nothing wrong with "scoring"
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o ,
(to 'meet a girl and have sex later) in a party. Users of

]

this strategy perceive that such behaviours are common in
Canadian “parties”. -

‘With the 'accepﬁ' type of strétegy, "partying”™ is not
perceived as “wild" or “crazy" but as opportunity to
enhance interaction with Canadians. The “accept”™ strategy.
such as "you have to behave like [Canadi;nsl if you want to
interact with them”, is used in social.. gatherings.
Further, tﬁe 'acceﬁt' strategy also sees Canadian drinking

behaviour as “acceptab{g:,' "and Canadian parties are
perceived as ;ore *fun” ;hile Chinese parties are " less
fun". For the "accept" type of coping strategy, condemning
other Chinese behaviours and accepting host nationals’
seems to be the prevailigg me thod.

‘In terms of thé "accept” strategy used by respondents
who claim to be unfamiliar with Canadian society, the data
showéd that the "accept” strategg_enables users to observe
and learn froﬁ Canadians.  For, example, <1 watch...my
landlord...Observing wh?éh utensil he used, I followed".
In respect to the context of language, the "accept”
strategy would allow users to seek professors even they
perceive to having lénguage prbbleﬁs. The data seemed to
suggest that this strategy enables users to build
confidence in themselves by encouraging them think over‘the
questions either in Chinese or English before approaching
professors. Further, tée “accept” strategy involves the
use of television programs as a learning tool. Responses

seemed to indicate that such strategy enables users to be
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involved in conversation with Canadians. _ | -

In summary, the data seemed to suggest that_fﬁhe
"reject” strategy is employed to avoid Canadians. .‘&bis
type of strategy is used when respondenté feel
'uﬁcomfortable" with their new environment and converéing
with Canadians. .'Such a strategy limlts interaction with
Cénadians, and Canadian civility, “partying”, and sexuality
- are percéived‘as *unacceptable®. On the other extreme, the
data seemedlﬁo suggest that the "accept” type of strategy
lcreates opportunity for resbondents to encounter Canadians.
This type of strategy faciiitates' interaction with
banadians, and Canadian civility, “partying”, and sexuality
are perceived as "“acceptable”. Between the two extremes is
the “select® strategy. Respondents using this type of
strategy takKe an integrative épbroach. This strateqy d;es

not reject all Canadians’ behaviours neither does it accept

all of them. Rejection or acceptance depends on how the
respondent perceives the situation. ' The data Indicated
that if the respondent perceives to gain fronm the

experience, he/she would accept if not he/she would reject.
In the interest of adjustment, the dataﬁseemgd to show that
the ‘“"reject” strategy does not enhance interaction with
host nationals.  Coversely, responses suggested that the
"accept” strategy calls for total acceptance of the foreign
culture, and rejection of their own. OCne has to bear in

mind that respondents'are temporary members of Canadian

soclety. Their stay’}n/éanada Is determined by the length

s
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of time regquired to comblete thelr education. Users of the -
;accept' strategy may face the problem of readlustment when

they return honme. The data further suggested that the

“select” strategy seems to allow users to interact .with
Canadians and at  the same time maintain .their» ethnic
identity. Ideally, in light of the reported data and
within the framework of ' this research, the “select”
strategies would . be the ideal type of copinglstratégy to
deal w{th' unfamiiiéfity and language problems for some
respondents at the University of Windsor. ‘

4s stated earlfer, these typologies are only‘ general
patterns drawn from an aggregate of forty reSpondents:
They are ideal types generated to evaluate the repsrted
strategies of respondents. They represent tendencies
rather than discrete reactions of individuals and they are
not cross culturally tested. Further, these strategies are
derived from the specific reported encounters. They could
not be generalized to other social events. They are only
part of a recipe of Knowledge. In short, these typélogies
are specifically drived from the findings of this research.
In addition, these typologies reflect only what the
respondents reéort they perceive, feel and did when
encountering Canadians during these specific experiences,
the research is not set up to test the validity of reports

through actual behavioural data.
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CHAPTER IX
-~ ' CONCLUSION »

On the basis .of the analysis of the data, the research

reveals that a measure of familiarity could be qptablished'xf

by relying on past and present experiences, stock of

Knowledge, typifications, and images from the media.
Familiarity broadens the reébondents’ scope and
perceptions toward unfamiliar culture and _ icreates a

.

familiar social world for them, in which social interaction
could be facilitaged. _ The research also beveals that
familiarity takes tﬁo forms, direct and indirect. The
former generatés tested recipes for social?'lnteractlon,
while the latter does not. Coping strategies are
uncovered as -respondents battled with the wuncertain and
unfamiliar. The data indlicated that.familiarity enhances
social'interactlon, while little f;mlllérlty proves to be
an obstacle for social interaction.l‘Hence, thls research
shows how. familiarity plays an importan§ recle in social
interaction. -

In respect to language, the study shows that poor
language facility inhibits respondents to‘make sense of the
surrounding social  world; inhibits respondents in
objectifying‘ their subjective feelings and thoughts; and
makes it difficult for réspondents to 1ﬁterpret western
linguistic symbols and gestures. Poor 1angdage facility
makes the respondents feel alienated and not a part of the
group. The. study shows that proficien;y in writtén
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Lénguage' aloné‘is inadequate fqr.face—to—face §nteraction.'
Further, poor language facility affects reality
é;nstruétlon; The data indicated that two sets of coplﬁg
. strategy are employed by respondents who percelive language
problems. One used to deal with faculty and the other with
Canadlan students. Within each set exlsts three types qf
strateéy, namely “reject”, “select” and "accept”™ types..
This research shows that how having a common language
enhances—social interaction, while a lack of it proves to
be hindering social interaction. Those‘respondents whao
perceive to be preoficient in English reported that théy
have no problem interacting with host nationals.

On the matter of typification, the study shows that
typifications. provide inéividuals with the guidelines to
deél wlfh the routines of everyday life. Through
tybifications, strangers orient _ their behaviours -and
actions in order to establish social interactions with host
nationals. The data showed both negative and positive
typification schemes of respondents before arrival and haow
they have chahged after arrival. The research also;shows
the criteria through which respondents used to establish
their typifications. .In reveal ing these criteria, the
research analyses respondents’ perceptions of behaviours
offered by Canadians, thereby, reveéllng the subjective
procedures of typifications. Further, the criteria
identified in the research spells out the subjects’ process
of constructling soclal reallt;es. Finally, the study shows

that typifications may have sone influence on’ sociall

\
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interaction. The data suggested that when respondents

percelve that host natlonéls typlfy then neéat[vely, they

- would 1limit their sociat interaction with host nationals.

These typifications are drawn from the social world at the

University and its surrounding communities, such as, they-
are app}icable only within the confine of that social.
wqua. ) . . ’ :

The research identifies three types of coping
strategy adopted by the subjects, these are "reject”,
“select” ana "accept" types. Froﬁ the responses, the
"reject® type of strategy is seemed to be* used when
respondents decide to avoid Canadlans, the "select; type is
employed to attain the best out of a situation, and 'the

"accept” type is used to "behave like Canadians”. These

are generated from the specific feported experiences and

are part of a recipe Knowledge. They do not represent
a general approach to deal with Canadians. Discrepancies-
exist but are beyond the detection of this study. In

addition, from the accumulated daté some of the “"taken-for-
granted”™ assumptions of Canadians in Windsor are analysed

through the evyes éf the sojourners. This shows‘ the

differences in perspectives and in stock of Knowledge.

This - reséarcﬁ took éh “inside® approach in examining
adﬁﬁstment . of the Chinese foreign students at the
University of Windsor. Basically, the research deals with
the peréeptions, attitudes and feelings associated with

familiarity, language and typifications of Chinese foreign
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students. The thrust of this feSearch:'baseﬁ on interviews
with- some forty 6ginese foreign students;' was to examine
these Iinternal factors, which have been construed by the
'reSpondents. thémselves as essential in‘facilitating their
adjhstments at the University of Windsor. With the
assistaﬁc; of_grounded-tpeory, the éresént research conveys
how  the ‘mechaniéé of. social -elementg, such as:
-faﬁfflaflty, languagq; and typifications; affect the
pfoceés-‘i;f adjustﬁ%nt. The research may -qot show
quantiéativeiy how these elements affect Chinese fore;gw-
students’ adjustments at the University of Windsor.
However, by revealing the process_of how respoqdents attain
familiarity ‘and how they use familiarity thn interacting
with Canadians, how respondent? perceive their language
fluency affects. §ocia1 interaction, ﬁow typification,
affects social‘,interaction, and the type ofl sératqu
employed iA-TeJation to these elements, the research has
highlighted the importance .of these "elements hin the
adjustnment ﬁrocesses of these Chinese foreignriyudenté at
the Univ;rsity of Winasor.' There is alsoc a great deal more
tﬁat can be éaia about Chinese foreign students’
familiarity, typifications, language problems,‘ coping
strategies and'their iﬁpabts 6n the adjustment processes.
For instanqe, It‘ is possible that there ekis; a set. of
differences in male’s and female’s coping strategy énd
reality @ construction that has not been examined;
dlscrebancies have been‘detected through the. study ,/that

: . - /
need to be examined; qnd'the need to examlne criteria that
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lead respondents who perceive to fluent in English to begin

interactlon with host natlonals. These and othér guestlons

‘suggest the possibility of further research in this area.

»

Finally, this research suggests a u§efu1 approach to
the study of adjustments of foreigd'sthents in Canada.
- The macro aspect of adjusfment such gs Eh¢selg9nerated by
adaptation models iéhore thé experiences, perceptions and
feelings of foreign students.. Micro-level reéearch on
adjustment could fill this gap. 'Perhaps the interaction of
micro and macro researches in this field could assure a
positive §ojourn for these tempérary members of Canadian

’

soclety.
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APPENDIX A

STATEMENT OF PURPOSE
I am a graduate student conducting soclological
' résearch in partial fulfillment of my Haster degree.
The purpese of this research is to ~find out the

adjustment of Chinese foreign students at the University of

Windsor.

If you consent to take part in this project,  you will

be interviewed. The information you give will be kept in:

strict confidence and will be used for this research only.
A tape recorder will be used during phis process. Your
interview will be part of this research to learn more about

the adjustment phenomenon of Chinese foééign students.

I will be glad to explain and answer any guestions

pertaining to this research.

»

Thank you.

Lbee, Keng Mun
Department of Sociology
University of Windsor.
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-APPENDIX B
STATEMENT OF CONSENT
I am taking part in this research on my own free will.
The purpose of this research has been explained to me. I
a@x/éware that all the information I provide during the
e \ -

“interview will be képt in strict_confidence and will be

used for this research only.
Name:

Signature:

Date: )
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