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< : ABSTRACT
The pr‘incipleé of optlical lsomerism were applied to a study of
“the stereochemical aspects of a novel class c;f drgalnoaulf«ir .compounds,
<'\ the chiral sulfonium ylid. The first synthesis of su;:h an ylid was
reported in 1968 by Darwish and Tomilson (9) when (- )-etmlmethyl-
sulfonium phenacylid ((~)-5) was prepared from (-)-?hylmethylphenacyl— D
sulfonlum perchlorate ((-)-15). : \ '

Several réactions of (-)-5 which retalned the chiral sulfontum
center in the product were devised, These 1nclfxiedx treatment with. -
acetlc anhydride to give («)-ethylmethylsulfonium acetylbenzoylmettwlid
((~)-10); .treatment with bengoic anhydride and phenyl isocya_nate to give

_ the cor‘responding methylids (-)-9 and (-)-11; and O-alkylation with
diméthyl sulfate to gi\r:e“ (+)-ethylmethyl-a-methoxy-g-styrylsulfonium
methyl sulfa\te ((+)-1 _2) ‘ Resolution of the correspc'mdix{g- (#)-13 using
dibenzoyltartu-ic acid monohydrate as resolving agent gave the correspond-
ing (3) and(-)-vimrl perchlorates plus the unexpected producta frOm
the Michael-addition of methanol solvent to the vinyl-sulfoniun salt,
(-) and (+)-ethylmethy1-2 2-dimethoxy-2-phenylethylsulfonium perchlorate.
The rates of racemization of these sulfonium ylids and salts were - :
studied. The results of these kinetic studles are discussed in the
' light of current pyramidal inversion theoriles,

The ability of chiral sulfonium ylids to efi‘ect an asymmetric
transfer was tested by treatment of optically active’ ethylnethylslﬂ.- h
foniun p-nitrobengylid ((+) and (=)-22) derived from (+) and (=)~
etrqlmethyl-g-nnrobenzylsuuonim parchlmte ((+) and ( )-21)
with aldehydes and’ ketones. The ylid ( )-g_ was found to undargo a

o nuoleophillo resction Yy bégzaldehyts’ tg provide m-g-nitro-
v
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stilbene oxide, however, the extent, of asymmetric ‘transfer )f% S |

negligible as' nearly racemic oxirane was obtained’ 1{3 ylid (4)- 22\;
in falling to react with ketones,/underwent the %ommelet r;a;.'rmgeﬁe;; | @
to (+)-methy1 a-(2-nethyl- 5-n1tropheny1)ethyl eulfide ((+).ﬁ) and _ *
Yihyl 2-mothyl-5-nitrobenzyl sulfider(33). The Somnslet ‘rearrengoneny ;
of (B)l—(+)-etlxylmethyl—_g_-chloropenzyleulfonium perchlorate provid?gg; g -;
the analogous chlorosulfides (+)-41 and ﬂ = :

ransfor 1in thahe Sommel?s’q'q ‘.

| rearrangements was wseseed by deteminlng the ene.ntiomeric and" gytical

The efficiency of the a.symmetric t
'}_r
purities of (+)-2’~_‘ a.nd (+)J+1. ‘The enantiomeric ﬁmitieﬁ of“these \ §
Q. sulfides, determined as’ their cor::esponding sulfonee using the c 1ra1
shift reagent Em(hfbc)B, were found ‘to be 19.5 % 0, 7 and 27,5 * 1 2s¢ X
respectively, These values of ena.ntiomer:lc purlty compared favourably
with values of optical purity obtained by comparison qf the specific
Totations of the rea.rra.ngement dexrived sulﬁdes with tﬂe absolute ‘
rotation of resolved samples obtained by indap‘endent methode. ‘
Examination of the reactive conformations of the benzylide from
(B_)-A(-c-)-}i expe.cted# f-o lead to ﬁxzoduct and of the projections of the
cyelic tgansitionetatee from these c'onformations‘ has pemitf.ed,t'.he

.sulfide (+)-41 to be assigned the S absolute configuration. | .

)




N * -
- - ~ ACKNOWLEDGEMENTS

-

A
The author wishes to express his sincere gratitude and’
. |

appreciation to: ,‘ ' \.'
.o R y . .

Dr. David Darwish, Research Director, ‘for initially

encouraging enrollment in a Graduate stndies progran at the
F '

. i o
Unlversity of Alberta and for his understanding and stimulating

guidahce during the progress of this nr"k. ’ A

.
Dr, Karl R, Kop80ky for kindly previewing preliminary
drafts of this thesis on such short notice.
éf:Jow graduate_students and members of the faculty
-who were consulted on numerous occaslons:. ‘

H
Members of the technical support staff for their

excellent work, e
.The Universit& of Alberta ann the National Reeearch t
Council of Canada for their generous financial support. |
D, ﬁ Campbell, father, and J, A. Campbell father-in-law,
for thelr generous financial support during enrollment in the
Graduate Studiee program. o I

To his wife, Jeésle, for her loving patience and

0y . ) . ' C .

. ' .
understanding. . ,
~
S M
o - \
4*" - &
L
",‘v«{ ’
O ) . . ”
T . , . . L] ’ o
\ . L o
. , .
¥ . . L s 4
. . - *
. - H N
. t .. e‘ . a - N A
.v s - DO . e . v
- . . i 3 N
." B 4 1\9,:
i N . . Wt
. Qv . Sy



TABLE QF CONTENTS
)

CHAPTER " ) | . PAGE

{ONE. INTRODUCTTION : ' 1
THO CPTICALLY ACTIVE SULFONIUM YLIDS 11
‘ Introduction : | ‘ 11
Synthesis and Resolution _ B ‘ 13
Reactions of (—)-Eth&lmethylsulfonium ’ 14

. Phenacylid -
Kinetic Reéu}ts ., . S 28
Discussion ' : . 38

Experimental ' L3

THREE ©  CHIRAL SULFONIUM YLIDS AS AGENTS OF ASYMMETRIC - 60
. N \ . A. Y
‘SYNTHESIS
Introduction ;o ) o 60

Synthesis and Resolution of Ethylmethyl-g-nitro- 63
benzylsulfonium Perchlorate

Test Redctions for the Asymmetric Induction 65
‘ Experiments
*Preparatiohﬂvf.the Sommelet Sulfides S 7
Asymmetric Indudtion Reactions ‘ 76
. , a. ‘ o
Discussicn _‘ . ST 80
" Bxperfmental : . T - 87
. K !
4 )
/{i’ . *
4 B 'M;1 .
B 2




D BIBL] OGRAPHY

LY
»

-

ESTIMATION OF ASYMMETRIC INDUCTION IN THE
SOMMELET REARRANGEMENTS i
Intfodqétlon.
. Enantlomeric Purity of the Sommelet Sulfides

Preparation of Opticaiiy Active Methyl
a~(2-Methyl-5-nitrophenyl)ethyl Sulfide (34)

Preparation of QOptically Active;Methyl o
a-(2-Methyl-5-chlorophenyl)ethyl Sulfide (A1)

Discussion . "

Experimental

Ty . .

vt

124

124 |

/}24
127

135

141
154

182

)



III

VI

VII

VIII

o \'IIST OF TABLES
\ ‘DESCRIPTION
?roperties offSome Ethylmethylsulfonium Methylids.‘

Racemizatioq of CF)-Ethylmethylsulfonium Acetyl-

benzoylmethylid (- )-10, 0.0325 M in Benzene at 50°,

Method I. Yoo .

@

Racemization of (+)—Ethylmethy1—-2 2-dimetho:q-

-

2-phenylethylsulfonium Perchlorate (+)—_2, 0. 0?38 M

in Methanolfat 25 ’ Method I

Rates of Racemizatlon of Some Sulfonium Ylids in
K’* / . -

- AT

Benzene,
r}

Rates of RacéﬁiZatiqn‘of Some Enhylmethylsalfonium
Salts in Methanol.

Activation Parameters for the Racemization of some
Ethylmethylsulfonium Ylids and Salts at 50 . ,

/:

Racemization of (- )-Ethylmetmjlsulfonium Phenacylid

in the Presence of 15 Equivalents of Benzoic
Anhydride at 25 in' THF,

Test Reactions for the: Asymmetric Induction '

o Experiments.

Rate. of Change of Optical Activity of (+)-Ethy1-
” methylsulfonium pritrobenzylid.> :

PAGE

22 .

1

35
37
48

Ry
66

115

N.M.R, Product Analysis of the Sommelet Rearrangement 116

of Ethylmethyl-grnitrobenzylsulfOnium Perchlorate.

Standard Solutiona for the Product Analysis of the

N Sommelet Rearrangement of (R) (+)—2rChlorobenzyl-

ethylmethylsulfqninm Perchloratg,

“

Control. Analysis of ‘the Products of the Sommelet f

'sulfanium Parchlurate.a

119

120

“Rearrangement of (R)-(+)-RrChlorobenzylathylmgshyl. T



XIII Product Yields for the Sommelet Rearrangement of - 123 '
(R)- (+)—BfCh1orobenzylethylmethylsulfonium
Perchlorate.

XIv Effect of Added Eu(hfbo) on the N,M.R. Spectrum of 156
o (X)-Methyl a—(2—Methyl-5-nitrophenyl)ethyl ’

Sulfone (2_) in CDCl3 L. -

0 Calibration ‘of Enanticmeric Puritvastidation of '
(1)-54% using the Peak Areas of, the S-Methyl
Resonances (e and e'), , '

XV | Effect of Added Eu(hfbc) on the N, M R. Spectrnm of 157
(+)—Methy1 a-(2-Methy1-5-chlorophed’l)ethyl Sulfone b

(62) in cnc:13

Calibration of Enantiomeric: Purity Estimation of
- (1)-62 using the Peak Areas of the S-Methyl
Resonances (d and a'). '

XVI . " Effect of Added Eu(hfbc) on the N,M.R. Spectrun of 158 i
Ethyl 2-Methy1-§-n1trobenzyl Sulfone (_j) in CDCl3 ‘

XVII Effect of Added Bu(hfbe), on the N.M.R, Specttun of 158 .
Ethyl 2-Methy1-5-chlor0benzy1 Sulfone (5_) in CDC1,.

XVIII Bstimation of Enantiomeric Rurity using the N.M.R. 160 .
Peak ‘Areas of the Sulfane (+ +)-34 Derived from the
Nitro-Sommelet Rearrangement. . “ ,

\ - .

XIX - Estimation of Enantiomeric Purity using the N.M.R, 161

- ' '- akMreas of the Sulfone (+)-62 Derived from the S
i Chloro—Sommelet Rearrangement. B o f .n’ ‘ N
TW§#¥i6('3:‘ E5f3°t of Added Eu(hfbc) ‘on the N.M.R. Spnctrum of 168 '

Ct)-ap(2—Mbthy1-5-nitrbpheny1)ethyl Alcohol (5_)




[+ . LIST OF FIGURES

FIGURE "/;': o S ¢ PAGE

I 1 ‘Emergy Profl&Q for a Self-immolative Reaction, | | 7

P s Synthetic Route to (>)+Ethylmethylsulfonium 13- o

| /,"T Phenacylié l,‘ f co J ' ) '; . | oo ‘ .\ T e ]
III [ 'Reactiqns of Dimethylsulfonium Phenacylid, . ’ 16 ' , ;I‘.
’Iv‘ , »Log (ut - ) versus. Time for the Ra.cemization o 18 g

)-Ethyhnethylsulfonium Phenacylid in the . )
sence ' of 15 eq, Benzoic Anhydride at 25 in THF., C

'/ (a - ) versus Time for the Racemiza.tion of , 19 ~
enzoylated ( )=5 after 2700 Seconds of Reaction o |
in THF at 25°, : '

vi /' N.MR: Spectra of ( -Et'hylnietwlsul_fonim Acetyl- 21
/. " 'venzoylmethylld ((-)\-10) at + 40° (top) and - 60°

/ (bottom) in GD,C1, wi - TMS as Internal Standaxd. ‘ R
/ " .
NII Some Rea.ctions of Ethy]me hylsulfonium Phena.cylid. 25
/o :
/ VIII ~ Resolution of E‘thylme’bhyl—a—methoxy-ﬂ-styrylsul- . 26
/;, ' fonlum Methyl: Sulfate. , | :
// N . N ’ N o
/ CIX Log (a - am)c versus Time, for the Ra.cemizatipn of 30 N
oo (-)-Ethylmet 1sulfoniun Acetylbenzoy]methylid, - Ty
0. 0325 M in Benzene at 50°, Method b P S
: . - SR
- XX : I.c:'él (at -a ) versus ‘Time for the Racemization of 32w
. . 1,001 o Py
R : lmtm'l-Z,2-dime}poxy-2-phenylethylsmfonium <o ‘ o
e lgprphlorate, 0.0738 It wn Hethanol at 25°% Method TL. - - ¢
.l XI .:“‘ﬁe‘sis‘ a.nd Resolution of Ethylmethyl-p_anitrobenzyl- 63?»]: ‘

onium Pérchlorate. .




b
XV.  Prepiration of Optically Active Methyl a-(2-Methy1- 132 ™
' 5-n1tfopheny1)etrw1 Sulfide and Sulfone. - \
D ‘ . : "
XVI , Projactions of the Four Reactive Confomatlona of © 150 )
| the ylid from (R) (+)-35." '
XVII  Newman Projections of the Developing G—C BoM and 151
‘. ‘ the Y1id Bond in the Cycl;c Transitions States from
’ . 113 - 16, . ‘
: \ \' ' P ‘
\ | 0 ‘ - }
' i
a h‘ \\ n ‘
5 ‘ v
“:’ [
. o
‘. & .
- ' " . ! \ Le
. . »
b 3 s
I3 » ;,"-ﬁ - ' k T
Y 5. . . '/: ‘
LN | . o
, | . N e T
: " g X o™ -k
\ 4 ) i Vs -




S

o - K Mialow, Introduction to*Stereochemistry, Benjamin, Néw Ycrk, e .

1965. S f')l% SRR
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" CHAPTER (NE .

. INTRODUCTION

. &
.

oo

o R
,‘\‘ . . .
' N (-

v J

: Studies An opticaf 1somerism have contributed immensely to the

understanding of orgenic stereochemistry. In order to probe reaction

“ Y
mechanisms , to devise chemical synthesis and to formulaf’conformetional
A} \

\hrelationships, scieptists hpve applied the classical principles of

\optical isomerism. This thesis will describe a study of some of the
<

eterepchemicel aspects of a novel class of organosulfur compounds,

Y
W\ |

the chiral sulfonium ylid,

| the history and p nciples of’ optical isomerism as applied to this

| research and of nomenclature of the sulfur compounds cf interest is .

desirable. Several author? have recently published excellent texts .

v g

and articles worthy of mention dealing with«subJects related to ;1“=‘

‘optical isomerism: . .f_* R ST B o S

- E. L. Eliel, Stereochgmistry of Carbon Co_pounds, McGraw-Hill,

Newrork. 4962- P SR

.
mo Fon t B ; ) 1‘ o l !

. K, ,mslow a.nd M. Raba.n,a Stereoisomeric Relationéhips bf Group; S

in Mblecules, in Topics of Stersochemistrx, Vol. 1, pp. 1°- 38,

ed. E, L. Eliel and N. L.

Yorko 1967r




-y ~__.
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E. L. Ellel, Rocent Advanced 1n Stereochemical Nomenolature,

J. Chen, m" l_‘?_. 163 (1971).

- [}
S. H. Wilen, Reaolving Agenta and Resolution in Organlo

Chemistry, in Toples of Steraochemiatry,ﬁ vol, 6, pp. 51_5? -~ 176,

ed. E. L. Ellel and N, L. Allinger, Intersclence Pub. Inc., -New
York, 1972, .

The h‘lntorloai events, daflnitiéns and exmwiea mentioned in this ’C
introduction can be found in these references and are cited without |
upecifif: referral either to the review or to e original public'ution. )

In 1815, J, B. Biot was the first to observe that ‘abiutiona of
some naturally occurring organic compounds rotated the plane of
polarized 1ight. The first resolution of a racemic modification into
its optical enantiomers was accomplished by Louls Pasteur in 1848 by
the mechanical separation of ;the two kindsrof crystals of sodium
ammonium tartrate formed during the slow ovapt;ratlon of an aqueous
solution of the salt at room tempﬁratm. As was later shown, had

-

the amdient temperature during the evaporation been above 27°.. a
. .

]

racemic compowsl would ‘have precipitated rather t.hanv the groas mixture

of: crystals of each enantiomer. This egrliest example of a resolution
11llustrates the subtle experiméntal canditions that a chemist sometimes
encounters in establishing the necessary conditions to resblve a compound.

As there are no assured methods of performing a particular resolutiom,

an extensive. ssries of pilot projects involving a trial and errar

approach using established tgchniques is usually required,

) ' 4 _ ;

The favoured approach %o resolving a raceaic modification - involves
the fot’nucn and.separat{ion of a dlasterscmeric mixture.from an ‘

'optically active resolving agent and the racemic compound, If, for

5 .
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oxample, the racemate (1)-A 1is troated with (+)~B, the dlastereomerio
.mixture ‘of (4)~A(+)~B and (-)-A(+)-B 1a formed. As diastercolaomers
ATre differont compounds, their sl}ghtly different physical properties
often facllitate theirv geg?gétlon. The resolution 1is completed with
tho regeneration of the (+) and (-) enantlomers from thelr pure
diasteyools?mera. ‘Diastefeolsomars have most frequently b
separated bjlthe fraétional crystallization of the less soluble
1som;r.. Oocaaionally suoh an effiglent separation occurs that tha
.more aol,lb‘lo iaomer can be readlly obtained pure from the mother
llquor of the arlgina] crystallizatlon. ChromatOgraphic separation of_
\diastereoisomers is being used in more speclalized 1nstaﬁcea today,
particularly with the improved instrumental technology avallable,

The resolviné agents most frequently employed are naturally
occurring compounds or derivatives thereof. Many synthetic Eesolving
agents 1n pure farms are now avallable to the modern chemist. The
synthetic agents are often available 1n both isomeric forms thereby
facilitating the resolution of both isomers of a racemate when recovery
of the more soluble diastereolsomer during a fractional crystallization
is inefficient, This principle of using enantiomeric resolving
agents waa recognized by Markwald in 1896, Diastereamer formation
can-involve '"the production of a salt, of a covalently' bonded derivative
such as an eater, &of complexes, The eater method has the digadvan-
gage in that crystalline derivatives are less frequently encountersd

than for the salt method, Chromatographic resolutions can, however,
be performed on the covalently bonded diastersoisomers, .

: Pérual resolutions of racemates have be. achieved by the
ulocpivé removal of one enantiomer during a reaction involving

Y

-
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diastereomeric transition states and by the faster clepvage of a
particular dlastoreoisomer of a dlastereomeric mixture to enrilch

the produot with one enant&omer at the expense of the other,
' \

Of current interest today 1s the use of enzymes to effeot these types
of kinetic resolutions, ’
The optical purity of a partlally resolved compoundscan sometimes

be lncreased by separating the racemate from the active isomer by

repeated fractional crystallizations. Optical purlty is defined as

the specific rotation,[a], of a substance divided by the absolute

rotation, [A], the specific rotation of the pure enantiomer,; eq. [1l].

~ [a]

% optical purity = x 100 (1)

(Al

Enantiomeric purity refers to the excess of an enantlomer over its
correspdnding racemate as a percentage of the mixture as a whole.

~ Hence values of enantiomeric purity and optical purity*are; the same

for a compound as optical purity is simply an experimental neasurement
of the excess enantiomer. Two basic criteria for regarding a resolution
as complete are the constancy of melting points and of optical rotétiéna
upon congecutive recrystallizations of the enantiomer and precursor
diastereoisomer and equal and opposite absolute rotations for the two
enan£1omers. Af ayallable, In applying these‘'criteria the chemidal
purity of the samples must bekassured as impuritles that may ﬁ;t have
be‘ﬂ removed ffgm the sample during ﬁhe resolution o;n blas the oétical
Totation nqasursnanté.‘

Spectroscopic methods of determining enantiomeric pur"y which

»
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' are faat‘and reliable are increasingly important today. The progr;sat
of a resolution can be monitored by obsgrving the disappearence of one
set of absorptions in the N,M.R. spectr:\due to diastereotopic atoms
of\a mliture. Enantiomeric purity can be determined by quantitatively
converting an enantiomeric mixtugg to a diastereomeric mixture by
use of a chiral reagent‘and recording the N,M.R. spectrum of the pro-
duct, Assuming care is taken ‘b prevent enantliomeric or dlastersomeric
enrichment dufing this procedure, the relative 1n£egrationa of the
ddastereotopic protons indicate the enantiomericlpurit; of the original
mixture, The diastereolsomers formed can be covalent&y bonded molecules
or translent complexes disﬁiﬂgﬂishable on the N.M.R. time scale{~”The
N.M.R. methad of analysis in many 1nstances'elimina¢es;the some%amea
tedious and eﬁpenqive procedure of deterﬁining optical purity bj

e ¢
!

the classical methad of comparison with authentic samples that often
nust be syntheslzed; !

The successful resolution of a Sjgral molecule requires that the
enantiomer be optically (enantiomerically) stable at normal op;rating
conditions. No racemization should occur during the regeneration of
the enantiomers from the resolved diaatifeoiaomers. Racemization
is a process of 1nterconvart1né one enantiomer to its éﬁrtner whereby,.

in time, a.racemic modification is produced. Racemization oeéurs.upon /‘ﬁ
the reversible production of a.symmetrical 1ntefhed}atb agph ;hat th§ ;
stereoghemioal integrity of the center of éhirality 1; losb;? A récSmlza-
Elon;process‘is often followed. by observing the loss of'ppiical
activity of solutions of the chiral substrate, However, the rate of
loss of optlcai’activ;.ty cannot be equated with the rate of racemization

" Af ‘the chiral suhstréte‘undergoes decompositiqn to products other thgﬁ

R PR -t .
1’ ! “




its enantiomer, | =y \

The arigin of optically active compounds is a,fascinéting subject
" ‘that has likely been discussed since the earliest’ observation of
optical activity. Optical activity is now recognited to be such an
inherent feature of 1ife that the failure of other planeta to yleld
~ant1vaum§telﬁfl may be taken as avidence for the absence of 1ife of
complfxity comp;rable with the earth's (1). There have been a few

exgmples of the spontaneous. resolution of racemates into their optical

1 omers; however, in all but a recent case, the~i§hbliity to obtain
erimentally nearly equal distributions.of enafitiomorphs suggested
there tosbe some undefined 41ssymmetr1c influence affecting the
 crystallization précess. .R. E. ?1nqock, et gl_have recently described

'the spontaneous generatioﬁ of optically active (+) and (-)-1,1'-

binaphthyl upon crystallization of'ihe active i1somers from.the racemate's .

melt (2), Thus, in twa hundred crystallizations, the sum of the
observed sbecific rotations. was [a]589 +O.14°, ¥hile the maximum
‘observed rotations wers [a]589 +206° and,-208°.’ In practical terms,

it remains that an asymmetric environment 1s required to effect’an
asimmétric synthesis, as a synthesis of chiral molecules in the total
absence of an asymmetric physica} environment is expected to produce *
a racemic mcdification. Mosher defines an asymmetric synthesis as a
reaétion"in vhich an achiral unit in an ensemble of sudbstrate
nolecules is converted by a‘reactiqg\}nto a chiral unit in such a manner
that stereoisomerie producte are produced in unequal amounts, 'l‘his .
definition 12'1n princip}e the sqmg.as ‘that origina;ly proposedhby
Narckomld in 1904, | | '

r
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Although nature 1s well known toééinthesize many enantiomers to
the exclLsion of their isomers, tﬁe chemist only occasionally accomplishes
this in a laboratory synthesis. Per cent asymmetric syntﬁeéis is de-
fined as tqQ eitent to which one enant Qer»is produced in excess over -
the other and 1s numerically equal t6 optical burity or dlastereomeric
purlty, The ability of a chiral centéi té_igﬁuce a partigular geomet¥y
at a nearby develop%ng center of chirality in an asyﬁmetffh synthesis
has been related to the ste;edbheﬁical and electronic effects of the
inducing chiral center on the enyironmeht,at the new center, In a
self-immolative reaction, in which an inducing center ik destroyed
at the same time that a new chiral cent:er 18 i‘orméd th; enantiomeric
ratlo of products is attriduted to the energy differences of the
diastereomeric transition states leading to each enantiomer as rtgere

are no free energy‘differences in either the products or the reactants,

see Figure I, Therefore, the greater the free energy difference of

the transition states, ﬁhe higher the efficlency of the asymmetric “

transfer,

Co R PR
N lpde
]
Q
ﬁ product.s

. '  reaction coordinate - -

-

F‘;.g\me 1, Energyv profile far a self-immolative reaction.



Pasteur realized th;t the activity of a compound was caused by
ths asymmetric arrangement of atoms in the molecule. J. A, leBel and
J. A, van't Hoff in 18?& explaiued the optical activity of many organic
compounds as a consequence of a tetrahedral, asymmetrICally substituted
carbon atom, Emil Fischer in 1890 devsloPsd the projsction formula
to represent asymmetripslly substituted atoms. Not until 1951 was the
sign of rotation’d{ an enantiomer correlated with its absolute -
conflguration when J. M, Bijvoet determined the structure of sodium
rubidiun ‘tartrate by X-ray crystallography, Prior to then, the
structural correlations had been.arbitrsrily assigned based on (+)-
glyceraldehyde having the R configuration., Fortultously, the assign-
ment of absolute configuration had been ‘correct. A correlative method
~of determining configuration'inyolves the comparison of a compound with
"that of 'another whose configuration and signvof‘rotation are known.
" The comparison'often requires a chemical.degradation of one of tﬁb pair

.-

in a series of Treactions not involving the‘ssymmqtric center or

involving the center only in a predictable manndr. Absoluts configuration

has also been assigned from reactions 1nvolving asymmatric synthesis
'and kinetic resolutions based on the known stereochemical effects of
substitent groups on an asymmetrically substituted carbon atqm. | |
The R-5 oonfigurational nanenclerture referred ta is that prcpossd —
by Cahn, Ingold and Prelog for the systematio ;reconding of the absoluye

-configuration af chiral molecules, Thts system has been extanded by
' K. R. Hanson to designate paired stersoheterotopic ligands of . a tetra- :

¥
- hedrally substituted atau such as the hydrogen atcns of the msthylsne "
,carbon cf ethanol, Thsse hydrqgsns ars designated as E_QfR (HR) and |
2.2?3 (HS) and the oarbon centdr as a prochiral center.}ahn assembly 13
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prochiral if a chiral assembly is obtained when a ligand in'a non-chiral
'assembly fs‘reﬁiaced by a new ligand Thus a pro-R ligand 1s that which
upon elevation in priority gives the R oonfiguration. Hanson has also
provided a ‘system for designating the two faces of a trigonal atom such

-'T as that:of acetaldehyde, If the prloi}ty sequenpe of the ligands start_ hh-
ing with the ligand of highest prioflty is seen to be clockwise, then
wthe re face of the trigonal atom 18 observed; if anticlockwise, then
the sl face is obsérved These latter rules are not concerned with
the - chirallty of the products of any reaction involving a trigonal atom,
but only with. the topology of the molecule containing such an atonm,

The nomenclature. systems are ‘illustrated below:

o

R . H.” ) )
] 'S Hp
' . [ , ) o

H D
' - \ £ SN
;o c—on - 2 —s¢
‘ !
CHg / T prochiral genter _ ‘
CH3 . [
() . " ' g H

., CHgy

<

As indicated, these basic concepts 6f optical i1somerisn Were
applied to a otudy of the‘stereochemiéal properties of sulfonium.,
ylids. A. Ve ohnson in the 1n;;oduction to his book- ¥1 Chemist
outlines the various nomenolature systems used by vario;’ authors 1n
the literatura (3) The word ylid is derived from. the ending 24
yhich implies an open valenoy. 1. e, methyl, benzyl, benzox_, etc.,

‘-and tha ending 1d 1mp1ying anionic dharacter, i,° e. methide. Therefore
.8 sulfoniun ylld 1s,deﬁned as Y compound oontaining a carbanion ‘which
is du‘ectly sxibstituted with a positiyely charged sulfonium group, eq.—[zl .

|

[y
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The suffix x}ggg:has been used 1in specific reference to the resonance
structure 1lb in which the sulfur valency has been expanded, to 10 electrons’
thus implying partial douele bond character. A third system 1s based on
the hypothetical fﬁlly'substitgted neutral specles SHu; snlfﬁrane.

As an example of these nomenclé@ure systems the compound 2 1s named: €

) 3 '

at diphenylsulfonium methylid

%: diphenylsulfonium methylene

c: diphenylsulfuranylmethane or diphenylmethylenesulfurane
Although the last system is favoured by A. W. Johnson,.the first
nomenclaturefsystem has been adopted exclusively in this thesisu,'
first, as it is the classical system; but more 1mportant1y, asiit
more readily denotes the asymmetry and nucleophilibity inherent in .

v

these types of compounds. o

’

-+ In Chapter Two, some reactidnee%f a crystalline optically active

‘ sulfenium ylid will be discussed, Severel,new ylids were synthesizedd -
and & stuly of theu"‘ optichl stability perfei'meat | The thixd eh&pter
'K;will describe the use of reactive chiral sulfonium ylide as agente
Vlcayable of asymmetric transfer, Finally, Chapter Four concludee

' experiments on gsymmetric¢ induction by determining the extent af

xesymmetric trenefer in the Sommelet rearrangement of tno benzyl

sulfanium salte._
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CHAPTER TWO
OPTICALLY ACTIVE SYULFQNEUM YLIDS

Introduction S -

The first sulfonium ylid, dimethyleu{'fonium fluorenyli‘d was
prepered‘by Ingold (4) tm 1930 by the reaction of the co.njug‘ate acid
bromide with base. A numbdr of stable sulfoniun ylids have been

. prepared since 1930, the‘c/hemieel properties of'whieh have been.exten—
sively studied (3). | | | |

. Although the first ;;esolution of a eulfon@ salt was reported
by Pope and Peachey ( 5){ in 1900, failuree 4n resolving su. énium
{ylids were reported as’ late as 1966, Nozaki, et al (6), £ ’Zl‘ example,
obta.ined repemic met lphenylaulfon‘ium 2—1odophenacylid u;lon basic
treatment of (-)-p= odophenacylmethylphenyleulf onium picrate.

“The pyremida]/ configuration of sulforxium ylide has been confirmed y
by N.M.R, spectrOscopy (7) and x—ray crystallbgraphy etu:lies (8) l
The N. M’R spe ‘tra of 1 showed the methylene proteps of the S-bengzyl

groups af be non-equivalent, hence diastereoto&% evei! at 100 (7b).

. . 3 " "v&“} -
CGHSC"2\° e'c— 0\ cHa l‘ L T -‘n
S$=- c ..C, . Q (
i C 4 \ b 2N / PO b
CBHS "2 'C..-O c“a -
| ) cee L
. . ¥
2 ot

v valence of the two acetyl-methyl groupe at room temperature. However
ey beeane differentieted et lower temperatures. the coaleecenee

\ ; tampere.ture boing ca, 25" This result was 1nterpreted ga.mdence |

N / for a. rapid excha.nge ot‘ 43 and 4b a%roon tenperature, with the exchansa :

being elowad doun eoneiderab]y at /lowar temperaturee. 'me exchange



was ouggested to occur through either internal.notation around the
S—C bond or inversion at the sulfur pyramid with the authors favouring

. the latter. The average 1ife time of each conformer was eatimated to'

be ca, 0,02 seconds at —25 » ' | - r‘h
jooTe AN |
‘// | %C CH ' CHQ‘ ‘\Ha .“ C H f )
e o,,¢"CHy \ 9’:' -C 3
Y G T
. T —— %
/ L \C=CHy \ © },c-cua
CHg 7 | 7 -
CHy 3 \ ‘ 6
e/ e/
ba " ']

Recently, Darwish and’ Tomilson (9) reported the prenaration and
facile ‘facemization via pyramidal inversion of (- )-ethylmethylsulfonium
phenacylid (- )-i The ylid ( )-2 was found to have a half-lige of
racemization of ca. 30 ninutes at 50° in ‘bengene, In view of this - \

o~

latter Teport, Nozaki's interpretation of the kinetic process studied

in 4 appears to be inoorreot. That is, it geems unlikely that pyramidal‘

;.inversion in 4 oould be occurring at such a rapid rate. However, one
might be able to rationaliﬁé it on the following basis,. The ra.tes

on pyramidal inversion reactions in sulfonium sa.lts a.re Imown to bs
susceptible' to steric acceleration (10, 11) If a diacylmethylid (as.\in“

'4) was very much la.rger sterically than a phenacylid (as in 2), an -

» Hha.na.lagoua aterio factor in sulfoninm ylids might result in a much

. faster pyramidal invorsion for 4 than for 5_. : Furthenmora » the pygamid

of l& may have a.asuned a. hore Plana.r arxangement ‘because of stabilization

3 "due to the coulombic interactions between the *ectron-ricb Oxlnga n atoma e
. ‘_‘of fhe diacylmethylid end the positive aulhxr aton 88 mdicated in ua

‘ and Ln;, thereby lowering the activation energy for pyz'amidal mwrsion.

12




7 , "“'/,’.':‘ o \I v
fo , ‘ R 13,

thesis and Resolutiom '
(~)-Ethylmethylsulfonium phenacylid ((-)-i) was prepared accord-
Figure II outlines

to the procedure of Darwish and Temilson (9).

f'/ fhe route shich was followed for the resolution p::ocedure. .
ik oA
. ' 4 )

I}
R
3 ' .

i o a | |
o, CHy o
Br

‘Kl"l

vE

/ @—ccnzé__)-r CHacnzscn —_— .—cca
“CH,CH,

g | | o (H-6

1
b :
" o
W ‘ ‘ . ’ ) ) . :
fractional ,
o] «
/653

[l ! ‘

e »
, ){\ B ?' d ,CH, crystallization ~—

W @—ccu S | “— - @-—,ccus\ '

oL CH,CH 7 X

‘;!-\‘,\&S, R o 2773 . Tegeneratlon i " CH,CH3.

Ko T S B e()s s
. AW ‘i‘, DOBT . . ) .t

SN, ST ‘
", % "Figure II, Synthetic route to (-)-ethylmethylsulfonium phenacylid
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~ The yl:ld was reeolved by the diaetereomeric sa.lt method using
- (=)-2(R), 3(_)-dibenzoy1tu«oar1e acid monchydrate (HDBT) (12) as the
reet}lving agent,, Repeated crystallization of the diastaeomeric ealt
mixture, from methanol at 5 ga\re the optice.l]y pure, leee soluble
(= )-ethylmethylphenacylsulfonitm hydrogen ZU 3(ﬁ)-dibepzoyltartrate
((- )-z). (] 589 - 90.2” (e 0. 56 methanol) (reported [a]BE 589 - 88,2°
(c 0.4%, nethanol) (13)). | S . o
Treatment “of the resalved DBT salt with dllute-base s E.E.L wou:kup
‘' and oryetallization of the recovered oil yielded ( )-2, [a] 589 216°
(c 0,419, benzene) (reported [a]. Sg9 - 137 (e.0.487, belnzene) (9)).
"’I‘he observed rotation of the ylid was considerable higher tha;: the
. previouely reported value due to a. nmore efficient resolution a.nd
1golation procedure. Other data supporting t.he structure ‘of thie s

o } '
oompound eompa.re‘with t"‘ ported data, Reactione of ( )-2 were

., conduoted ueing material with fspecific rota.tione of ca.. [a] 589 ~ 180 '

as the final recrystal;izetioge ;;1n the .reeolutj.,on were extremsly tedieue. >

R
o

) ] ) - ‘ o A
. [ . A h e N . L B ’ Lo
. N | . . Y . { ‘ o
Lo . f P .
" - -, « . ) ) ™ v ; . o ' b
'

C ke

" ,l P . o M . H
TR . b I

: “» Beactions of M—Ethﬂnetkylsulfonium Phena.cylid --""1\ f !
. . Su]i‘oni.\m ylide :{eact aa n\mleoppilie _::eagents. | 'iheir reactivity : ‘.,
: 1e depende’t upon thb exbent pf atabili!&iion of the ca:"banion pccr:tion
of the ylide. Highly reactive ylids have been prépared‘\ by- the alkylation .

'.v, o of dieryleulﬂdes followed ;'by-tz‘eatment of the.resultlnt eulfonium t N
i ’ The;x % ofﬁ-carbonyl
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resulted in products of C- and O-allq'lation. : I .

A

.

Figure III 1llustratee some rea.ctione of dimetu}“leulfonim S
\ phenacylid (8) (15). Eque.tion [3] 111uetra.tee the C—benzoylation
of' the phenacylid with benzolc anhydride to yield a bigh]y stabilized
b -ylid. The a.mbident cha.ra.oter of a phenacylid was demonetra.ted by '
reection of 8 with benzoyl chloride, eg. [4] « The 1ntermediate vinyl
eulfonium 1on was unsta.ble in the presence of chloride lon a.nd
demethyla.ted to yield an enol benzoate,. The phena.oylid 8 could a.leo
be C-a.lkylated, though in low yield, using benzyl bromide, eq. {5],
Here agein, the. 1ntermediate sulfoniun 1on waa unstp.ble in the preeenoe '
of bromide 1on and onIy ‘the. demethylated pr&:duct was observed. . ,,
Theee rea.ctions ﬂ:luetrated in Figure III were chosen as model
. E r¥actions for the active sulfon:lum ylid (- )~2. The reeciion oon&itione
~ would, however, require’ some modifioa.tion 1n order to ensure the ’
' 1sola‘.tion of ‘optically active prod{xét;. ) ‘ L |
N Firet, for the C-aoylation reaction, the reaotion time would ha.ve
to be ehortened from &3 hours, The reported rate ‘of ra.cemiza.tion of
'( )-5_ at 2.5 in cx{z‘mz 15 3.52 x 10 5*eeconde -1 (9) The sterting
| materie.l would have therefore a helf-li,fe of loss otf _' Lo

" of oa. 5% houre 1n the ebsenoe of any reaotante. Even if the deeired

produbt woxe to ra.cemize p.t the sam]e rate ,ae ( )-2 it ﬂould"‘have been
. FAd

-:";mpossible to 1eolete Dptioe.lly eotive me.terial n 'I'.he rea.d’ﬂon tine

e a‘..
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time for the early stages of the reactlon, The technique for studying «

the loss of optical actlivity is descrlbod later in this chaptér in the

sections entitled Kinetic Results and: Experimental. From Filgure IV

At 1syaeen that after 2700 seconds of réactlon, the curve resembles -
that for a first-order rate. From 0 to 2700 seoconds there is an
1n1t1;§ curvature indicating departure from first-order analysis.
During this time, reaction is occuring to give a product of different
optical rotatory power than that éf the starting material. 'Tﬂe ’
reaction preparing the new ylid was therefore Judged to be complete
after 3000 secoqﬂs or 50 minutes, The loss of optical actlvity was
followed to ze:d rotation, Figure V shows a plot of log (at - a)
versus time for this loss of -optical activity after 2700 seconds,
Upon complete loss of optical activity, the raactioﬁ ﬁlxture was diluted
with galorofo:m and the mixture extracted several times with a 10%
sodium hyﬂroxid; solution to destroy excess bengzoic anhydride,
The organic phase was washed with water, dried ow;er magnesium sulfate
and evaporated: The residual oil was iiturated in Skellysolve B to ;
yleld. crystalline (*)-ethylmeth?lqplfonlum dlbenzoylmethylid ((i)-2)
Optically active (- )-e%wlmemylsulfonmm dibenzoylnethyldd ((-)-9)
was prepared by tr:Sting (=)-5. uihb~15 equivalents benzolc anhydride
in THF at room temperature for one hour, After a rapid warkup, the
residual oil was cfyatallizéd from chloroform-Skellysolve B solvent
mixture to yleld (~)<9, [a] ﬁe - 31.9° (c 1.38, bengene) in 51%
isolated yield, In a eimilai nanner, (- )-ethylmethylsulfanlum acetyl-
benzoylmethylld ((-)- 10), [°]546 430.8° (¢ 0. 766 benzena) was
prepared by the reaction of 15 equivalents of acetic anhydride with

one equivalent of (-)=5 in bensene at room temperature for 45 minutes.

-
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?

The ylid (-);2 was also gregted With an equivalent of phenyl isocyanate
in THF at room bemperatuie for 15 minu@gs to yleld after workup
(-)Lethylmethylsulfoﬁium benzoyl(N-phenylcarbamoyl )methylid ((-)-11),
[“1236 - 39;90 (3‘0.727, benzene).. |

The N.M.R, spectra of (-)-9 wére found to be invariant at femperatures
of +40°, - 20° and - 40°, However, the N.M.R. spectra of (-)-10
changed significantly upon the’ lowering of fhe temperature, At + 40°
the acetyl-methyl signal was ; harp singlet at § 2,14, whereas
at - 60° , the absorption had broadened to a signal ceh;;red at d 2,35,
All other resonances remained essentially the same, The spectia of
(-)-lg are 1llustrated in Filgure VI, These temperature variéﬁae spectra
are sinilar to those recorded by Nozaki, et al (7c) for dimethylsul-
fonium diacetylmethylid(ﬂg and dimethylsulfonium astylbenzoylmethylid
(12). The interpretation of these épectral phenomena aré presented
Latef in this ,\chapter. I

Some physical constants ahd.spectral properties of these new '
optically ac@ive'sulfcniumvylids are summarized in Table I. It
is noted thatlthe melting points reported in Table I far the active
ylids are identical with those obtained for their racemates as
_ reported in the experimental section, The identity.Of the melting
points of fhe récemic‘and active isomers of the same'ylid suggests
that the ylids may have been racemizing during the heﬁ@ing process
such that the meifing poiﬁté obtained are for racemic materials,
Solid phasé raéem;zatioﬁ was confirmed 1n.that the active methylids

9, 10 and gl_weré‘comgletely raceniged after storage far one year

&t 500 ;_
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F‘iguz-e VI, N M.R. spectra of (- )wthyhethy%hlfonlum ‘acetylbexmoyl—
~ ,methylid ((~ )...10) at +ua (top) and - 60° (bottomf in cnam2 ‘with \

THS as 1nterna.1 etandard. o



‘TABIE I

PROPERTIES OF SOME ETHYIMETHYLSULFONIUM METHYLIDS

N

0.

NN
.0 0,54

hl

/S-—C ‘

‘ \
. CH3CH2 R

\

Compound R MePey © al I;}I‘aa I.R.P, cm-l N.M.R.o. 6
(-)2 cgico 151 -152 -3L5° 1570 3.92, 3.24
(-)-10 G0 98-99  -30.8° 1605  3.81, 3.06
(-)-11 cgiihmco 171 - 172 -39.9° 1635 3.97, 3.09
(-)-5 H 83 -85 -216 9. 1585  3.86, 3.00

o [ 4
at ¢ ca, 1, benzene.

1
b
ct

. ds

As a nujol mull.

mcm%,mmmﬂsMﬁsddhnuwwmdmﬁm&“

A ‘589 mu, ¢ ca, 0.5,.bengens.

N,
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Equations (4] and [5 1llustrate réactions in which the initially
formed sulfonium halides were unstable and underwent\demethylation‘
reactions, In order to obtain‘ products with the sulfmium center
preserved, it was thought that e[ react'ant containing a leaving group
which woold be nén-nuclecphilic would be appropriate, It was hoped
that the ’Q})Ment character of the nucleophilic @oﬁion of the ylid |
would(lead to specifically O-a.lkylated and C- a.llquated salts undez\
rthe appropriate reaction conditions, however bnly O-e.lkylated
materials were obtained. |

_ When (~)-5 was treated with excess dimeythyl sulfate in acetone for
30 minutes at room temperature, a vinyl eulfooixm salt was obtained,
g:(+)-ethy1methyl-a—metho:cy-p_—styrylaulfonhm nethyl sulfate' ((+)-13),

30 +3.9%° (¢ 5.2, metha.ool) The alkylation of 8 with trimgthyl-

[°']365
+oxonivm tetrafluoroborate (Meerwin's Reagent) has been reported to yield
‘a _Z_/Ev:tirt;re of the* an&lagous salt 1n a ratio of 94/6 (16)s The.
assignment of the Z oonﬁguration to (+)- _2 is,based upon these
‘ results reported by Ca.serio. ot al. l
| The ylid (1)-5 was treatéd with benzyl tosylate in THF a.t room
temperature for twenty bours. The evaporation residus of the reaotion
" mixture could not be crystallized from a metganol-ether solvent :
nixtura. The N.M, R. spectrum of the olly product indicated the preeenoeﬁ .
" _' of two compounds while the Infrared spectrum showed a strong olefinic

absorption at ‘161’9 cnt and & weaker oarbonyl absorption at 1690 cm 1

" To. simplify the epeotrum. the toeylate was oonverted to the perchlcmate
-~ salt by anion e:ochange techniques. Tbo perohlora.te salt was cryetallised
,u an 84/16 nixtui'a of o-benzyla'@d nateria.l 11; 1 and ethylnethyl-~ |
_phenaoyloulfmim perchlorata ( _5) No reeonanoop for c-allqlatad . !,

# N . PEY .' ,": L. LI - .
vy . *\" s : : . . R ’ -’r'

: ) . . N =
1
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material were evident in the N,M.R. spectra of tbi'ewperchlorate-selt
mixture, - | |

Figure VII summarizes the reactions of (-)-ethylmethyleulfeeiunt"
phenacylld which retalned the sulfonium functionality of the initial
starting materlal, \

In order to obtain the active vinyl sulfonium salt 13 of higher
specific rotation, the resolution of the salt via its DBT lse.lt was
etteitpted. Figure VIII outlines the procedure for the resolution
of }2.‘ Racemic 13 was dissolved in methanol; eluted through a
Dowex 1 - X8 hydroxide exchange column and the eluate neutralized
with an equimolar anount of HDBT. A diastereom_eric salt mixture
of ethylnethyl-2,2-dinethoxy-2-phenylethylsulfonium bydrogen
2(3):3(B)-dlbenzoyltertfate (16) waslobtained‘, an une:tpected product
of the Michael addition of the solvent across the vinyll sulfonium
system, Repetition of this anion excha.nge reaction several tines
yielded var§ing amounts of the vinyi- and the Michasl-sddition —~d
sulfonium DBT sa.lt, verying from pure vinyl 17 to pufe Michael 16
or to mixtures of the two in the first crop from the fracticnal
~ crystallization. The Michael and vinyl salts were easily distinguished
as the N,M.R. spectra of the two were signficantly dif’ferent. The |
experimental oonditione could not be established such that either
ealt could be‘ obtained exclueively witb predictability. The Michael
‘addition DBT salt was not- converted back to a mixture of vinyl and
h Hichael addition salts upon aniOn exchange from DBT to perchlorate.

, A beee cata.lyzed Micheel addition of’ methanol a.orose the double bond
- of an anllagoue vinyl sulfoniun ealt has recently been reported by -

Stirling, et a.l (17)
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1) hydroxide excha.nge
2) HDBT, Metha.nol
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. If then, for the first crop, the anlon was;. yanged fro DBT
to perohlora.te, a mixture of ( )-eﬂwlmethyl—u—metho:w-g—styﬂ?
sullfonium perchlorate ((- ) 18), [“]'365 - 8.80° (e 0,716, methanol)
and. (+)-ethylmetkwl—2 2-dimethoxy-2-phenylethylsu1fon1wn perchlorate ‘
((+)-f_2). [a]365 + 4, 75° (c 0 64»2, ‘nethanol) were obtained which' were
easilv separated by the fractional cryatalllzation of the vinyl Balt
(7)-_1__2_3_ from a mefche.nol—ether solvent mixture, Fron.the mother 1iquor,
the ‘ m;:heel-gddition salt (+)—_]§_ precipitated upon the addition’ of S
exceés-et&xer and the coolingv of the resulting mixture at - 10°, In
a similar manner the third crop of DBT salt from ‘the resolutlion pro-
cedure was”converted t0 a mixture of (+)-18 [“]365 + 8, 14-4 (c 0. 842,
| ‘inethenol) and (-)-19, [a] 365 - 5 16 (c 1 %, methanol)
Thus, although the resolution of the racem:lc _2 was complica.ted
by a side rea.ction leading to unexpected Michael-addition of solvent
' across the double bond , the vixwl perchorate eventua.lly obtained from
the resolution procedure was of h:lgher molecula:: ﬁtation, [M] 365 - 27.,2 P
T (e o 716, methanol) than the material obtained by alkylauon of ;
o (-)-5 with dimethyl eulfate, [M}365'+ 12.6° (o 5.2, methanol). The _‘Qi
yield of the vinyl salt was significantly reduced because of the
B lmpredictable Miohael-addition reaction. Thq.Michael-addition product

'"‘,‘_"{*13-4’ a hovel etructure Qcomi,a,ied }.0 previoug_‘optioelly ac’ti

'

o \ sulfonlim salts resolved in these laboratories.
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Kinetlc Results ' e,

-

'The rate of loss of optical activity, ka' of 'the optically active
sulfonium ylide and salts were studied by following the disappearance
of optical activity with time. A Perkin-Elmer Model l’+1 ‘Polarimetér
was used with incident 1ight of wavelengths of 546 mit a.nd 365 nu as
required, The rea ;/etions were followed either in a thermostated ‘
polarfmeter ce\ll method I) or by using a sealed ampoule technique 3
(method II) as described in the. experimental section of this chapter,
Rotations were obtained directly from the digital readout of the )
instrument, with an infinity measurement taken after 10 half-lives ’
of reaction. 'I'he first order rate- constants were calculated: from
‘eq. [6] whers a, is the initial rotation, ot is the rotation at time t
and a,1s the infinity reading. Reactions were usually followed to
ca. 85% completion Good first order rate constants were ‘obtained. |
d'stra'.ight line wz/

‘I‘ypical exa.mples..of these rate studiee using Method I and Method II
arse summarized in Table II and Table III~ respectively. ‘Ihe

corresponding plots of log (a - a ) versus time are illustrated in '

)

Figure IX and Figure x o 3,"‘ - | G L :
¢ ‘..j. ' . ‘» . - . \.[? . ] . /’
1. . ’I, ' S '
_— ) 2.30( | ‘\'...-‘a ' - ' ‘ ‘ -

.r'n

-

obtained when log (a qm) was plotted versus time,

28
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RACEMIZATION OF (- )-ETHYIME’IHYISUIFONIUM AGETYLBENZOYLME'I‘HYLID (-)-10,

00325MINBENZENEAT50,ME’IHQDI. S R

‘,Y Qg = Cg |
Vat - Qg ; a?t

: oa | .
‘Timey, = Gy, Log (@, -a,) - Log

seC,. o - , 8eC,

,s‘?"

o 0099 . -0.7011

6 , o1 o282 0.0271 1,04

™\ 120 ) _611?6 o cogms . 0,0534 ,
200 © ' 0J60 -0.795 < 00988 L0
330 | o2 .87 Gues 1.02

1,02,

w0 013 -0901 L 02090 0 107
620 :o‘.’lqz;' _-,0.9'9'1.‘4. '. 0.2903 | . .05
780  © 0,08 - -LOSSS 0% 1,05
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TABIE IIX

RACEMIZATION CF (+)~ETHYLMETHYL~2, 2~DIMETHOXY~2-PHENY LETHY LSULF ONIUN
PERCHLORATE (+)-19, 0.0738 M IN METHANOL AT 25°, METHQD II.

¢ -

e ) i)
103 sec, ' ' sec.”

0 ' 0,086 -1.0655

95 B 0.073 .=1,1367 ) 0.0712 . 1.73
AT - 0,061 -1,247 0.1492 .98
431 " 0,081 -1.3872 0. 3217 1,72
PR 0,030 -1,5229 Y 0.4s7h 1,94
611 © o 0,026% -1.4850 0.5195 1.96
718 0.081 . -1.6778 / 0.6123 1,96
113% 0.011 -1.2586 ) | 0.8931 1,82

7 .

Average k .. ¥ average deviation = (1.87 *0.120) x 10"'6 sec. "1

ar A 365 nu.
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The rate constant kl' the first order rate constant for the
conversion of one engntiomer to the other by pyramidal inversion
as 11lustrated in the scheme below, can be oalculatad from the rate
of loss of optical activity k,, As the N.M.R, speotra)of the
evaporation residues obtained after ten half- llveéxqf loss of optical
activity weTe superimposlble upon Jhoae for racemic materiala &d .
for these sulfonium ylids and salts\wpre estimated to be very

much smaller that k,. Therefore to an excellent approximation,

}
Krac = kg = 2k

e

)

3 k

‘\‘\ 1 -
S—R «——— S —R
© k_y ,/' .
- CH3CH2
CH3

Lo S >\\\:ﬁ J///ka

decomposition produqte
\ Reae = 1.7 kg = Ky
\ ’ 5' , . 2 )
\Table v summarizea the racemizatlon rate constante. kruc' for
the s&lfoniun ylids stuiled in this chapter and Tahle V, those for
the su;toniuu salts, Valuea for zﬁ&ated comporunda are included for
conparison.
The ffect of temparatnre en the race-;zation of the anlfoniul

ylids md alts was detemined using eq. tel ' which was ‘derived from
oquation, oq. (71 (18). Sﬁbstiggtlon of ¢he exparinentalls




RATES OF RACEMIZATION OF SOME SULFONIUM YLIDS® IN BENZENE

TABIE IV

o
BN
s-c¢
CH,CH, \a
Ggound R (Y114) ao,o Tenp.,° u],‘oskra‘o..’ sec, "t
(-)-2 06H5co 0,0463 0,147 50 55,5 + 1.3
. 0.0232 0,086 50 57.7 + 1.1
0.0463  0.108° 25 2,27 % 0.07
(-)-10 (mjco, 0.0325 0.19% 50 106 * 2
0.066 0,109 50 107 + 2
0.0325 0.217 25 4,40 £ 0,07
(-)-11 cghmcO 00232  0.290 50 79.1% 0.3
- 0.,0232  0.290° 25 3,20 + 0,04
(-)-2"«( i 0,018 50 39,7+ 0.2
0.02 25 . - L67% 0,01
ot
atr ASH6 mp. methad I- unless. qtf;erwise specified'.‘ -

by ASH6 my, memt.hod,;H.
¢t Refersnces (9) and (13).




TABIE V

RATES OF RACEMIZATION OF SOME ETHYLMETHYLSULFONIUM SALTS IN 1"115’1‘_}{1\.11014a

\

CHSCHZ\'
_S—R
CH © e '
X
Compound R | xe [salt]- ao,o Temp ,o 1051Qrac., aec.'-1
(+9-13 ©Hy0, o5, 0.163° 079 50 193 £0.06
oy =y % oazp 0.07n 701 29.7 £1,5°
(+)-18 " c10, 0.072° 0.074 50 2,08 £0.17
‘ " 0,078° 0,100 70 32.8 +2,0°
(2)-19 CyHC(CTHy) H, €10, 0.112 0,158 50 5.26 £ 0,09
(+)-19 " " 0,111 0,129 50 5,61 & 0.1%
. g " 0.077 0,091 50 5,64 + 0,02
" m 0,074 0,101 ,25 0,187 £ 0,010
| (-)-15 CgiCOCH, cl9,- 0.0 50 © 0,373 £ 0,006 |
‘ - " 0.020 . 720- 5.58% 0,180
(-)  cgls c1g, 0.030 - . 50 2.88% q.n"’

A ]

at l365 mp, method I unless otherwise specified

b Two equivalents of 2.6-1utidine edded

c1 A365 mp, method 11, ,

di R, L, Tomilson and D, Darwish, referencee (9) a.nd £13). .
- o1 C, E, Soott and D, Darwien. rgference (11)

I ]
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k= Ae_Ea/RT’F / )
k, Ea ('1‘2_- T | 3 ‘
log — = —r— o 8} !
ky  230R T,T, o . |

b

{ Y
'y
Re

deteqmined l&_;c at the apprcpriate'temperaturqs into equation (8]

glves the energy of activati.on.\ For reactlons in solution, the enthalpy
! . -
of activation is given by eq. [9] (18).
ﬁ&
4 o "‘
AH = Ea /~ RT (- (9]

g,

4 /‘

The entropy of activation 1s calculated from the Eyring equa.tion, eq. [10] '
ALY

where kB is Boltzmann 8 constant h 13 Plankf's sconstant a.nd K is the'

transmission coefficient which fm' racemization 13 equal to one,

L]

- iy T/ -eAS, /R .BAHI‘/RT (01
Thus at 50 - ' o . '
wnus 8 | | R | Cet
AT = b 576;(‘1 12,83 ;Aﬂl )
3 - .. ‘ 08 - . =
. km‘ 1,478

The vall.ues calculated' for thg enthalpy and ent(ropy of activatién
for the raoemization of t.he sulfonium ylids and salts are listed in-
v' Table VI. The esttlmation of errors were calcnlated from the average

devia‘tions of the rate consfa.nts using th.e method descrlbed by

-~

HiberB (19)s As the avera,ge deﬂati ons for ,
salts yere °°nsgierable, the activation parameters for theae sa.lts are -

- af best approxinatims. 'me values for othez‘ ylids a.ui sa.lta are

lncluded A Table VI for Mediato compmaono |

. 3 . '

; f . .

‘v . : . . : . B tE i ot ! ‘ / ¥
. . . . : . v
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+ TABLE VI

ACTIVATION PARAMETERS FOR THE RACEMIZATION OF SOME ETHYIMETHYIL~

SULFONIUM YLIDS AND SALTS AT 50

Y1id or Salt

Ea, kcal/mole

LY

+ K
AR, kcal/mole AS, eu

06353-95806}{5'
0
: céﬂs'a—(':-gcn

o
og-g-tmcge

, .

g_ b

’
3 :c:c\

H

c-6nsc(oc}{3)zcn2-

d6n5gcnz4

b

CH,50),
c10,
dl% |

b

Cl%

Gloh

[+ 38

Ly

P52 0.5

\

24,3 1 0.3

24,5 £0,2

30,1 :tb%

30,4 +1.8

26,12 *0,8

23.9 £ 0.5 |

23.7 £ 0.3

23,9 £ 0.2

© 23,6 0.2

|
29.5 £ 0.5

29.8 +1.8

255 £ 0.8

29.0 £0.5

27.5 £ 0.4

0.4 £ 1.5

0.1% 0.9

lqli‘ 0.6 )

-1.1 :t- 0.5

il t 1,6
12 £ 5.7
0.8+ 2,6
b £ 0,6

lhl i 1.2

._aa 'Ylids in benzene, salts in methahol .
b1 R, L. Tomilson and D. Darwish, references (9) and (13).
et C, B, Scott and D, Darwish, reference (11)

»*
»
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Discusaion
Several reports of N.M.R., temperature dependent exchange processes
in sulfonium ylids have appeared, Tﬁe line widths and chdﬁical shifts
of the methine proton resonance of dimethylsulfonium phenacylid
NeTe temperéture dependent (20,21), Ii‘was éugéegted that this may
reflect a C—C rotational‘p:ocess interconverting Z and E c;nfo:mers;
However, this spéctral phenﬁmena has since been shown to result from
an intermolecular exchange reaction between ylid amd trace amounts of
water and othe¥ proton acids (16). Indeed, the N\M.R. spectra of
anhydrous 8 in sthanol-free CDCl3 were found to be temperature invariant
‘over the temperature rangs - 30° to 100°. It was concluded that

C—C rotation was rapld on the N.M,R, time scale,

o O .CH, @ @ _CH,

Q\__ /S\CH — \ ’S*CH

c..c\ 3 < — ,Ce c. 3
& %
g B

The N.M.R, spectrum of d1nsthylsulfoniun diacétylmethylid (&) showed

magnetic aquivalenee of the two'acetyl-methyl groups at room temperature.

However at -‘60 , the G-methyl signals were split into & 11l doublet
with iﬁe critical temperature being gg.—25’.- The spectral resonances
of dim'ethylsulfonilgm‘ acetylbenzoylmsthynd (12) and those of (-)-10,
the optically active athylmethyl analcgue, shouad similar tnmperatura

38

dependence with'coalescenco—eecuring ca. - 60 » Nozaki, et al postulatod-.

that two 'pProcesses would account far these observationsg hindered
rutation around the S-—C bond or 1nvsisian of comfiguration at the
sulfur axou. ha bb, both of wbich would be slouad doun upan cooling. .

4
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A thind alternatlye axplanatioc -of the effect, exch‘a.nge between Eg

and 4c', wes,considered less llkely as it wouid require the siﬁlultaneous
- Anversion at the sulfur etom and internal rotatioe of two C—C bonds,
They had ‘confirmed the pyramid structure of the sulfur atom %n ylids
by the non-equivalence of the prochiral protons of a methylene group
attached to the sulfur, Having no estimate of the rate% .fhe
ra.cemization process and the earlier fallure to Tesolve methylphefwl-
sulfonlum p-iodophenacylid lead them to prefer the latter alternative
for the kinetic process involved. The isolation of ‘optically active
(- )-ethylmethylsulfonium acetylbenzoylmethylid (- )-10 and the kinetic
study of the ylid ‘indicates that the temperature dependence observed

was related to hindered rotation about the S—C bond and not to

pyranidal inverslon.

N o
' ‘ O-C_‘/'C—Mc o Mc_?"ke JC—Me
MC.M:' .BC"'MC o NC—Me

( " . Ner
N ha , ko '

S— C‘)h 0 == Me., \Q )?——Me 7 .
Me S S e S0 |
1 eO Me
be he®

— —

Three nondestructive processes must be considered for the

racemizatfon of these sulfonium ylids. “The first is ca.rbon-su#fur -

bond fisgion to form a carbene and ethyl methyl sulfide, which: cou]d
~ recombine’ to give racemic ylid. This process has been considered and
ruled out 'by Nozaki, et al (6) for methylphenylsulfonium phenacylid
"I,Heating this ylid 1n the presence of sulfides other than phenyl methyl

sult;ide produc_ed no sulfide exchange, Furtheﬂ:o;e, no exchange was,

A/’ PR 4
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observed in the formation of this ylid from the connesponding sulfonium
salt in the'presence’of a foreign sulfide, Racemization via associated
specles can he“;tled out since the kinetic data reveal that the‘rate
constants are independentvof ylid doncentration, Nozaki did‘flnd that
mixtures of certain ylids underwent':ylid-exchange possibly via
‘associated species to the extent of 8% in refluxing benzene, From.

the klnetic analysis, the yliqgg ) 10 at the higher temperature of

ca. 80° would have.a half- life of ca. 26 seconds. Clearly only

pyramidal inverslon can acCount for the racemization of these sulfonium

ylids. _ ) | . .

Eﬂi?ors affecting the I%te of pyramidal inversion in moleculee1
containing a trivalent atom (N, st , ot y P, As, etc.) have been LN
revieved by Bent (23), Lehn (24) and Mislow (25). The major factors
that influence the magnitude of an inversion barrier‘are steric effects,
conjugation, angular conetrainte and electronic effects, |

Steric acceleration of the pyramidal inversion reaction: in
eulfonium salts has been demonstrated by Daxwish, et al (10, ll)
aryl sulfonium salts, the eubstitution of an aryl group for a prlmary
alkyl group caused an ca, 10-fold rate enhancement in the pyramidal
. Linversion reaction, An analagous steric effect;, phenyl versus ethyl,

. probably accounted for Nozaki'e failure to obtain optically active
methylphenylsulfonium p-iodophenacylid. Although the magnitude of the .
rate enhancement for’ aryl substitution of a primary" alkyl grOup nay be |
different for sulfonium phenacylide than for sulfonium salts, 8 eizeable
effect is etill anticipated. Electronically, 1t vas reasoned that the

‘eulfur pyramid of a diacylmethylid ma& have been forced into 8 mere |
' tplanar configuration because af coulombic stabilization betueen the
, “electron-rteh oxygen atoms and the poeitive eulfur as’ illustrated in

S - e Sy
N i : ~‘ . a,“ o
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" conformations 4a and 4b, thereby lowering the barrier to pyramidal

! _ C
1nversien;‘-However, it is evident from the present work that-the

steric and electronic effect of a diacylmethylid group compared to
a phenacylid group 1s not 80 great as to prevent the 1solation‘gf the
optically active ethylmethylsulfonium diacylmethylids.

~ The ylid (-)-Q_has been found to race?ize 200 times faster than
1ts corresponding perchlorate salt (- )—_2 (9). Darwish“and Tomilson‘
, have suggested this faster racemization of the ylid was due to the |
phenacylid group being more electropositive than a phenacyl group.
As a result, the lone pair of electrons on the sulfur atom of.theﬂ
ylid were expected to have greater p-character and the ylid to be
‘more nearly planar than the salt. Since ‘bhe transition state for
pyramidal inversion is planar, it was reasoned that the energy of
activation should ‘be correspondingly less for the ylid than the salt,
An alternative explanation for the faster racemizatfon of the ylid

was that p-dvr-bonding might have been better at the transition state

for the ylid than for the ground state ‘¥hereas no such stabilization
v

. of the transition state. was poesible for the salt. .By a similar

reasoning, a slovwer racemization of the vinyl galt (+)1;2 oompared _,)

s with that of. 1ts ylid’precursor (- )-2 was anticipated. As a

- Q_phenacylid group s antipipated to be nore electropositive than a-

"vinyl group, the ylid should te more planar and, have a lower

3

| activation energy. Furthermore,,O-aikylation removes the extensive

'vp-d whbonding postulated to accelerate the pyramidal 1nversion procgss.

- The five-fold increase in the rate of racemization of the V1ny1

" salt’ (+Q-*2'compared with that of ( )-_2 may be due to small resonance |
| “contributions such a3 ;2_ and _jL_slightly fawourins the planar

../,,
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state over the;ground state in the vinyl sa}t. on the

'%né vinyl substituent might cause larger nonbonded -

1nteractions than a phenacyl srbstituent thereby accelerating the rate
of racemization; ‘A steric acceleration is certainly occuring for the
Michael salt _2 compared with the phenacyl salt _2 ‘as evidenced hy Q@

‘the lb—fold rate enhancement upon ketaligation.of” the phenacyl

‘substituent.
)
) /
® ,CHEH, = . _CH.CH e CH.CH;
CH,© s\.CH? 3 onge s 2% cno sl 2a
SN 3 N ‘Q‘C:' cH o G=C7 TCHg -
O O O
x° -\ X o x&
Ce N
\ S _ o, '
B o
13a N\ 13
o \ Y \ .




‘>‘ Experimental

'Ihe treated solven
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Physical Measurementsl A . - o

|

All me]ting points Were obtained using a Hershberg type melting

point apparatue with a eet ‘of . Anschutz thermometers. All valubs

B
*

are uncorrected . | _ -
Nucleaxr Mmgnetic Resonance spectra were recorded using Varian -

'Anelyucal N.M, R spectrometers, Models A~60 and A—56-6o. The latter

F

,model was aleo used for low te perature runs, Chemical shifts are
f’reported in 6 units from intergéi\tetramethylsilane (TMS)&

Infrared spectra were recorded on a, Perkin-Elmer Grating Infrared

\

Spectrometer Model 421,
| Optica.l rotetion measurements were obtained using a Perkin-Elmer o

j }ofemmeter Model 141.

Elemental analyses were performed by M:r:s. D. Mahlow and Mrs. A. .Dunn. B

Y '
P /n,‘ T N ‘ . . P ' ) v . ‘. . .
R T :
. Qolvents for Kinetic Expei'émdntsl IREEREP .. - et N o

. iy o : e s et

Anhydrous methanol was prepared from commercia'dﬂ‘failable R . ,
" methyl hydra.te By treatment withgnasnesium methoxide en%dietillation L r

Anhydrous Methanol e & I A

as described by Fieser (26). o

. . .'ﬁ_

| - Shawinigan Reagent Grade Benzene ms purif:led accordins to the,;:_ o
- “‘“h“l ot Fioser (53) by téatment with concentrated sulfuric g1, VU

¥ias dietilled) from calc:lum hydride.




Rengonts and Materlals:

']
(Organic solvonta wero romoved on a rotary evaporator under ©

reduced prosaure,

2 6-Lutidine

2, 6-Lutidine wag kindly supp&1ed by M. A. Armour. It had been
purified as follows. Eastman practical grade 2,6-lutidine was dried
over potassium hydr&xida for sovoral days, followed by refluxing
and distillation from barium oxide as described by Fleser Tor the

preparation of anhydrous pyridine (26). The center cut was treated

with boron triflucride and distilled as descrided by Brown, et al (27).

E@gylgpo__yl Sulfide

Eastman Kodak ethyl methyl sulfide was used direotly without

purifioatib?.

Phenacyl Bromide

\¢

Eastman Kodak phenacyl bronflde was used directly without

purification, e

LI

» ' \

Praparatlén and Use of<gxg;oxido Exchange Columns . ’

A 25 x 450 mm, column of Dowex 1-X8 exchango resin, 50 - 100 mesh,
in its chloride form, was continuously .washed with 5% scdiun hydroxide
solution until all the chloride lons had been eluted (negative silver
chloride tegt). The column was theh. washed u;th technical grade methanol
.until '@‘e»e;uato ftasted }xeut;‘?l. Reagent grade methanol was used o
‘elute saaples fur!anian aznhango.‘ The sulfoniun hydroxido.‘luatea were

\

LY
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collected and immedlately neutralized with a dillute solution of.the
/ \
. /
roquired acid.
Precautions ware necessary in the preparation of the perchlorate

salts: eoxcess acld was avolded; evaporation of the neutralised oluate

” was not continued to dryness as there was the danger of an explosionj

and olly salts were not induced to crystallize by scratchi or

tdturation, . \

ﬁ;)—Ethylmeggy}sulfonium Phenacylid ((1)-5)

Ethylmethylaulfonium phenatylid was prepared in a manngr similar
to that descr;bed by Darwﬁah and Toﬁilson (9). Phenacyl broﬂide
(23.1 g, 0,116 mole) and ethyl methyl sulfide (8.8 g, 0.116 mole)
were dissolved in 50 mi. acetone and the mixture let stand in the dark
at room temperature for 24 hours. A large excess of ether was added
to the acetone solution and the mixture cooled overnight at - 100.

) The supernatant liquid was decaﬂted from thé olly precipitated
bromids (X)6. The crude bromide was treated with 200 nl, of 5% sodium
hydroxide solution at 5° for 20 minutes. The solution was extracted
several times with éhloroform, the combined extracts waghed with
water, drjed over‘magdesium sulfate and the chloroform oved, The,
yellow restdual oil was crystallized from benze;o-SkallysoIve B solvent
mixture to yleld 12,3 g (0.0635 mole, 55%) ()5: m.p. 83° (Feparted -
8 = 85° (9))1 KM.R, (GIC1,), 87.85 (m, ZH), 743 (n, 3), 4:2) (?
1K), 3.86 (m, 1K), 3.00 (m, 1H), 2,90 (sy 3H), 1.26 (t, J = 7.0 cps,
3H)} Infrared (nujol), 1585 (l). 1510 (8). 55 (8), 1200 (l). 1045 o
(n), 850 (s) da™,
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-)-2 -Dibenzoyltartaric Acid Monchydrate (HDBT)

(-)-2(R),3(R)-Dibenzoyltartaric acid monchydrate waslprepared

according to the method described by Butler (12),

\

(=)-Ethylmethylphenacylsulfonium Hydrogen R)-Dibenzoyl .

!
i

tartrabd' ((-)-7) .
To a methanol solution of 5 g (0.0258 mole) (t)-5, was added

9.7 g (O.Q258‘mole) HDBT, After stirring to offect solution, the mix-

ture was cooled at 50 overnight, The resulting crystals weres collected

by filtration, ground to a ponder, dissolved in a minimum volume ]

of methanol at room temperature%and recrystallized at 5°. Three further

recrystallizafions by this technique ylelded, as large prisms, 1,8 g

(3.26 mmole, 12.6%) (~)-Z1 [01 589 - 90, 2° (c 0.564, methanol)

(reported [01589 ~ 88.2° (13))s N.M. R. (DMS0-d4), & 8.15 - 7.15

: (m' 17“), 5.67 (51 ), 3.4 (qy J = 7.0 cps, ), 294 (s, 3H)|

1,36 (tl J =7.0 cps, 3H).

g-)-mthylmethylamonim Phenacylid ((- i)-;)
A quantity of 56 (9.07 mmole) (- )-z. (a1 T P 90.2° (¢ 0,564,

nathunol), was dissolved 1n 60 ml, of 10% sodiun hydroxide solution

and the mixture stirred at 0° for 4 hour. 'Ihe reaction mixture was
extracted with chloroform, the extracts washed with water, dri:d over
magnesium sulfate and thoat‘:hlorofom removed on a rotary evaporatar,
The residual ysllow oil was crystallised from benzege-Skellysolve B
solvent mixturs to yield 1.5 g (7.7% maols, 85%) (+)-5+ m.p. 83
; [u’]';rag‘- 216 (c 0,419, bensens) (reported (a1§§9 - 137 (¢ 0.487,

. . \

/

ah
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benzene (9)). The N.M.R, and Infrared spectra were superimposible with
those of racemic material. In subsequent experiments, material having

0
specific rotations of ca. 180 were used,

Racemigation of (-)-Ethylmethylsulfonium Phenacylid in the PréEBneq‘of

15 Equivalents of Benzoic Anhydride ' ‘i\\\\l\\\\

A 0.148 g (0.764 mmole) quantity of (-)-5 and bengolo anﬁydride

(2.59 &, 11.5 mmole) wers weighed into a 10 ml. tared volumetric flask
and THF added to the mark. The rate of loss of optical activ;ty was
studied by Methad ‘I described later in this sec£ion. Table VII presents
the data for this racemization. It was evident fr;m these data that
optically active (- )-ethylmethylsulfonium dibenzoylmethylid could

be isolated if the reaction was quenched 1n ocne hour, Assuming
benzoylation to be complete after ca. 2700 secands, an approxijate

rate constant for the loss of optical acfivity was‘calculated to be
(3.33 + o.zd)\ x 107 secands™ at 25° 1n THF. The ylid had therefore

a half-1ife of activity of ca, 6 hours under the preparative conditions,
After racemigation was complete, tha crude ylid was isolated from the
reaction mixture as described -in the 1mmediapely following synthesis,
The crude residual ?1£ was titurated in Skellysolve B amd filtered
after crystallizaiton to yield 0,171 g (0,573 mole,' 75%) (L)-ethyl-
methylsulfoniunm dibengoylmethylid ((%)-9), m.p, 150 - 151°, ‘

o (- )-5_ (1‘16 &, 6,00 mmole) and b.nloic anhydride (20,3 g, '
91,0 nnolo) uar:?diaaolvod in 1;‘\1 _THF and the nixturo st;rrod at
: ?

<



: TABLE VIIX
RACEMIZATION OF (- )-ETHYLMETHYLSULFONIUM PHENACYLID IN THE PRESENGE

OF 15 EQUIVAIENTS OF BENZOIC ANHYDRIDE AT 25 IN THF..

Time, Time®, at,°b Log (@, ~a_) Log ( ?—o———z—o-o )® 1o5k1“,
10200, 102800, t - i seo, "1
0 0.793 -0,1007
3 0.778 -0,1090
6 1 0.769 -0,1141
12 0. 749 -0,1255
18 0,73 -0,1343
27 0 10,717 -0.1445 —
63 36 0,642 -0.1925 0,0480 2,94
108 . 81 0.553 -0.2573 0,1128 3.07
150 123 o796 -0.3224 0.1979 - . 3.2
218 . 191 0372 0:4205 0,2850 b2 .
29 . 252 0.299 0.5 - 0.3798 \;h \
376 349 0,208  ©  -0.6819 . 0.537% 3455 “*
7799 752 0,048 o188 7 13 2.60
931 90k 0,033 -1.4815. ~1.3370 3,41
o 0,000 ‘ ‘ 4

@A‘verage k

| * ‘average deviation = (3. 3t - 0, 20) x 10-5 seccnds™!

a1 Time of 2700 seconds taken as tg Por the caloulation of the
rate oonatant fo:: racemization of the benzoylated product.

b1 1546 w.
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~room temperature for 4 hours. The mixture was)dilutéd with chloroform

add the resqltdng solution extracted with dilute sodium hydroxide several
times. The combined adueous layers were extracted with chloroform,

The organic layers were‘washed with water, driled over magnesium

sulfate and evaporated, The residual oil was crystallized from chloro-
form~Skellysolve B solvent mixture to yleld 1.132 g (3.80 mmolp, 63.4%)
(£)-91 m.p. 153 - 154 1 N.M.R, (coci,), & 7.02 (n, 10K), 3.92 (m,

1H), 3.2% (m, 1H), 2.95 (s, 3H), 1.34 (¢, J - 7.0 cps, 3H); Infrared
(nujol), 1570 (s), 1545 (s), 1015 (m), 955 (m) cn™.

‘ Anal, Cdlcd..for 018H18928' c, 72.45; H, 6.08; S, 10,74, Found:

C, 72.26, 72,48y H, 6.23, 5.89; S, 10,85, 10,67.

o {
(-)-Ethylnethylsulfonium Dibengzoylmethylid ((-)-9)

)

A 1.16 g quantity (5.97 mmole) of (-)-5 and benzolc anhydride
(20.3 g, 91,0 mmold) were dis\solved in 15 ml. of THF and stirred at
room temperature for ons hodr. The worku% procedure was the same as
that for the racenic material, yielding 0.924 g (3.10 mmole, 51%)
(-)-9+ m.p. 151 - 152 ] [“]546 - 31.9° (e 1. 38 benzene), The N.M. R.
and Infrared spectra were 1dentical with those of the racemate. ‘

Anal, Calcd. for C,gH 18o 31 G, 72.,45; H, 6.08; S, 10,74 Foundu

a, 72. 08» 7;077' H, 6 22, 5. 963 S' 10.43, 10 3“

!
1

ﬁu)-Ethylmethx;sulfonium Acetylbanzoylmethylid ((*)-10)

Al.l7 g quantliy (6,02 mmvle) of (¥)-3 was dissolved in 10 ml.i
of benzene. Freshly distilled acetic anhydride (8. 5 ml.. 90 mmole)
was added and the reaction mixture stirred overnight at room fémperature. )

50 ml, of a 20% sodium hydroxide solution was addpd and the mixture
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stirred for 30 minutes then extracted with chloroform several times,

The ,combined organic extracts were washed with water, dried over mag-

‘nes sulfate end evaporated. The olly residue was crystallized from

* chlbroform-Skellysolve B solvent mixture to yield 1.20 g (5.08 mmole,

85%) (1)-10; m.p. 98 ~ 99°) N.M.R. (coo1y), 8 7.33 (sy 5H), 3.81 (m,
1), 3.06 (m, 1H), 2.86 (s, 3H), 2.1% (s, 3H), 1.2 (t, J = 7.0 cps,
3H); Infrared (nujol), 1605 (s), 1560 (s), 1020 (m), 960 (m), 710 (m)
-1 '
cm M
Anal. Caled, for 013H16023s c, ‘66‘.07; H, 6.82; S, 13.57. -Foundi
a, 65.69, 66,103 H, 6.83, 6.765 S, 13.50, 13.44,

(-)-Ethylnethylsulfonium Acetylbenzoylmethylid ((-)-10)

A 1,26 g quantity of (-)-5 (6.47 mmole) was dissclved in 10 ml, of

THF., Freshly distilled acetic anhydride (10 ml., 106 mmole) was added

. / o
and the solution stirred at room temperature for %5 minutes, 100 ml.

e
.

of a 10% sodium hydi-oxide solution was added and the resulting mixtuze
stirred for 20 minutes to decompose the excess anhydride; The reaction
sélut‘ion was extx:acfied with mefhylene chloride several times and

the extracts dried over magneg’ium sxilfaté and ev,apoi‘a.ted. The residual
oil was crystallized from benzene-Skellysolve B‘ solvent mixture to
yield 1.31 g (5.55 mmole, 85%) (-)-101 m.p. 98 - 99°1 [a1§E6 - 30.8°
(c 0.77, beniene) The N.M.R. and Infrared spectra were identica.l
with those of ‘the racemic material.

| Anal., Calcd. for 013H160 Si1 ¢, 66,07; H, 6. 82; S, 13 57. Found1i
c, 65 76, 66,14; H, 6.72,, 7.06{ s, 13. 5@, 13.97. -
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(£)-Ethylnethylsulfoniun Bonzoyl(N-phenylcarbanoyl)methylid ((%)-11)

A 1.17 g (6. 02 mmole) quantity of (i)—i and phenyl isocyanate
(0.72 g, 6.05 mmole) wore dissolved in 25 ml. THF and the solution

stirred for 2 hours at room temperature. Excess phenyl lsocyanate wag’

| destroyed by the addition of 0.1 ml. 95% efha.nol." The solvent was
removed and the residual oil crystalllzed from chloréforn-Skellysolve B

_ solvent mixture to yleld 1. 80 g (5.77 mmole, 96%) (1)-11| m.p. 171 =

| 172 } N.M.R. (cnc13), d 12.32 (s, 14), ?.34% (m, 10H), 3 97 (m, 1H),

3. 09 (m, .1H), 2.89 (s, 3H), 1.20 (t, J = 7.0 cps, 3H); Infrared .

| (nujol), 2200 - 4000 (broad), 1635 (s), 1595 (s), 1520 (s), 1055 (n)cn L.

Anal, Calcd, for C gH,gNOS1 C, 68.98; H, 6.11; N, 4.47; S,
10.23. Found: C, 69,26, 68,88; H, 6.33, 6,261 N, .56, .15

rd

(- )-E‘l'hylmethylsulfonium Benzoyl(N-phexglca.rbmoyl)methylm (( )-11)

’ A quantity of 2,09 g (10.8 mmole) ‘of - (~)-5 and phenyl isocya.nate
(1.3 g, 10.9 mmole) were dissolved in 25 ml. of THF and the solution
stirred at‘r'OOm temperature fog: 15 minutes, The workup procedure

-Was 1d§ntical to that fc‘n:v the ifacemic material yieiding 3.03 g (9‘.67
mmole, 89.6%) (f)-_l_]._a m.p. 171 - 172°} [a]Rszé - 39.9° (c 0.73, bengene).

" The N.M.R. and Infrared spectra were identical with those of racsmic

material. . r

Ansl, -Calod. for 018H19N° S1 C, 68.98; H; 6,115 N, 4475’8,
10,23, Fowd: C, 68,79, 69.11; H, 6.37, 6.20; N, k.l2, b5y s,
, . o .
10.49, 10,38,
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g-giy-btny1methy1-a-metgg§y-5-sigry15ulfonium Methyl Sulfate (()-13)
A quentity of 58 (25.8 mmole) (%)-5 and dimethyl sulfate (5 g,
39.7 mmole) were dissolved in 50 ml, of acetone a;d the solution let
stand at room temperature for one hour, Ether was added to the reaction,
mixgﬁ}e to the clowd point and the mixture coo%el[§t - 50_ ThoAresult_
1né oil wes 1ndeced to crystallize by scratching the sides of the
flask to yleld after filtering 7.4 g crude meteriai. This was
recrystallized from methanol-ether solven{ mixture to yleld 5.4 g
(16.9 mmole, 65%) (£)-13: m.p. 103°, N.M.R. (cpe1,), & 7.51 (s, 5H),
6.00 (s, 1H), 3.7% (s, 1H), 3.62 (s, 3H), 3.62 (q, J = 7.0 cps, 2H),
3.13 (s, 3H), 1.42 (t, J = 7.0 cps, 3H)1 Infrared (EHClB); 2990 (s),
1608 (s), 1572 (m), 1490 (m), 1452 (s), 1210 (s), 610 (m), 575 (m) ent,
Anal, Caled, for C..H, 05,1 C, 48.73; H, 6,293 s, 20,01

13720°5°2
Found: C, 48,60, 48.95; K, 6.18, 6.23; S, 20,26, 20,28,

gf(+)-Ethylmethyl-a-methoxytézstyrylsulfonium Methyl Sulfate ((+)-13)

A 2.2 g (1.3 mmole) quantity of ( )-2 and dimethyl sulfate

" (2.2 g, 17.5 mmole) were dissolved 1in 30, ml. acetone and the solution

stirred for 30 minutes at roém temperature, Ether was added to )

" reaction mixture to the cloud point and the mixture cooled at ~ 50.

The crystalline projuct was filtered yielding 0.90 g (2.8 mmole, 25%)
(+),13. m.p. 101 - 102°% [a]365 + 3.94° (c 5.2, methanol). The N.M.R.

and Infrared spectra were identical with those for the racenmate.

anal, Caled, for Gy o005, Cs 48.73; H, 6.29; s, 20,01,
Found;  C, 48,77, 48.96; H, 6,26, 5.90; S, 20,20, 19.78.

&

. . D .
L . : . o
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’Resolution of Z-Q‘)-Ethylmethxl}-a—methow g-styrylsulfonium

Methyl Sulfate ((:t)-ig)
\ The difficulties encountered in the "f;asélution of‘this salt are

o

shown by the non-reproducability 011 theé following three experiments.
Experiment ones -
| Racemic 13 (5.50_3, 172 mnole) was dissolved in a minimum amount
of methanol and eluted throhgh an hydroxide axch;a.nge chlumn into a flask
containing HDBT (6.1&.6 g 17.2 mmp'le). The solvent was concentrated
to 75 ml., on a rotaxy qvapératorl, ether added to the cloud point and
the mixture reﬁiéefated at 50. The precipitate was lsolated to
yleld 6.6 g (11.0 mmole) ethylmethyl-Z,2-dinethoxy-2-phenylethyl- .
sulfonium hydrogen 2(R),3(R)~dibenzoyltartrate (16): mn.p. 129%;
[cx] 589 ~ 75. 6° (c 0.452, methanol); N.M.R. (DMSO—dé), b 8 08 —‘? 17
(m, 15H), 5.64 (s, zn) 4,05 (s,2H), 3.26 (a, J=-70cps, 2H), 320
(s, 61{). 2.73 (s, 3H), 1.22 (¢, J-7.0 cps, 3H)) Infrared (nujol),
1728 (s), 1670 (m), 1600 (w), 1585 (w), 1260 (s), 710 (m) en™t

Anal. Cdled, for Cy Hy0y5Ss C, 62201 H, 5.721 8, 5.36.
Found: G, 62.51,,62.415 Hy 5.7, 5.63; S, 5.35, 5.57.
'E:xperiment' twos ' ‘ | o

Raeemlc 13 (2. 75 'y 8 58 mmole) was dissolved in a minimum amount
of methanol and elute;i through an hydroxide exchange column into HDBT
(3 15 g, 8 48 mmole) The solution was concentrated to ca. 50 nl.,
ether added to the cloud point and the mixture cooled at 5 « The
precipitate was isolated to yleld 1,39 g (2.46 mmole) ethylmetlwl-a-
methoxy-p-styrylsulfonilm hydrogen 2(R), 3(3)-dibenzoy1tartrate ( _1) )

m.p. 11u } (o] BT 589 78, 2° (c 0,597, methanol)) N. M R. (DMSO-dG),
/ -00 - 7010 (mn 15“)1 6 26 (mn 3H)o 6,08 (33 m)t 5 70 (33 ﬂi),




3,76 (s. BH) 3.3 (ay 7 = 7.0 cps, 2H), 3.03 (s, 3H), 1.30 (t J =

7.0 cps, 3H); Infrared (nujol) 3500 (w), 1715 (s), 1645 (m), 1625 (m),

W), 1255 (s), 1110 (n), 715 (s)

Anal, Caﬂcd for CBOHBZOIOS' c, 61.63; (ii;152;lé, 5.48, Fou?d:
c, 61.75, 61.40; H, 5.51,5.5%1 S, '5.54, 5.74. ' |

’

\\\\\ Experiment threei " ' oy

Racemic 13 (4.68‘5, 14.6 mmole) was dissolved in a minimum amount
of methanol and eluted'through an hydroxide exchange column into HDBT
(5.45 g, 14.5 mmole) The -solvent. was céncentrated to ca. 30 ml,, ether
added 2o the cloud point a® the mixture cooled at 5 " The precipitate
was filtered to yleld 2,67 g of a 3/2 mixture (by N.M.R.) of the ‘

A vinyl/Miohael-addiiion sulfoniun DBT salts 17/16, m.p. ilu - 120°,

In -each of the above three experiments a second crop of material
was oboeined by the addition of more ether and the cooling at 5 of theA
resulting mixture, After filtering the second crop, the mother liqpor
pas conc;ntrated to near dryness and excess ether added. After cooling
the mixture at 5 , the supernatant was decanted 1eaving a tacky white
semi-solid which solidified 'to a hard cake under reduced preesure,

This material became the third crop, The first and third crops from

these reeolutions were then converted to their perchlorates,

Exchange of the firet crop to perchlorate ealtsa - /,%3
A 2678 quantity of a 3/2 mixture of vinyl/Michael-addition ,;

leulfonium DBT salt Kfirst crop) was dissolved in methancl and eluted ‘f

through an hydroxide exchange oolumn into g 72 g (5.04 mmole) 70% aclqh ,

The solution was neutralized by the addition of dilute eodium methoxide,'

*» ‘ " T . v '
: ‘. ' A a
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reduced in volume, ether added to the cloud point and the mixture
cooled at 5°. The precipitat; was f1ltered to ydeld 0.361 g (1.17
mmole) (- )—ethylmethyleuhmethoxy-ﬁ-styrylsulfonium psrchlorate ((=)- 18). )
m.p. 115 j [a]365 - 8.80° (¢ 0,716, methanol); N.M.R. (DMSO<Q6),
87 56 (s, 5H), 6.02 (sy 1H), 3.79 (ss 3H), 3.43 (qy J = 7.0 cps, 2H),
3.04 (s, 3H), 1. 36 (t, J = 7.0 cps, 3H); Infrared (cuclj), 1610 (m),
1570 (u), 1490 (w), 1459 (m), 1080 (s), 1000 (m), 970 (w) cm ~, Excess |
ether was added to the nother liquor to. yield 0. 621 g (1. 82 mmole) ’
(+)-ethylmethyl-2 2—dimetho:q-z'—phenylethylsulfonimn perchlorate ((+)- 19)s -
m,p. 65 1 [a]365 + 4,75° (c 0.642, methanol); N, M R. (DMSOﬂdé) L) 7 55
(s, SH), 4.03 (s, 2H), 3.2% (q, J = 7.0 cps, 2H), 3. 28 (s, 6H), 2.72
(s, 3H), 1.73 (t, J = 7.0 cps, 3H); Infrared (cHC1,), 2840 (w), 1490
' (w), 1450 (m), 1420 (w), 1285 (m), 1090 (s), 703.(m), 622 (m) enT, .
The conversion of a sample of pure Michael-addition sulfonium DBT
salt (first crop) to its oerchloi"ate gave an 85% yleld of (+)-19 not -

contaminated by any of the vinyl. salt,

Exche.nge of the thind crop to perchlorate salts: . ' ; '_ » Q’g’
A 1, 77 quantity of a 2/1 mixture of vinyl/Michael-addition \

sulfonium sulfonium DBT salt (third crop) was dissolved in mfthmol
and eluted through ‘an hydroxide exchange column 1nto 0. l+91 g (3. 45

ole) 70% HClO,_’ The solutlon was neutralized by the addition of dilute
_»eodium mqthoxide ' reduced in volume, ether added to the cloud point a.nd
the mixture cooled at 5 . The crystals were collected to yledd y,
L0 0 u35 & (1 497 mmole) Z-(+)-18: meDe lll# ; [°]365 + 8, eu. (c 0. 842, .
'.methenol) The N".M R.. a.nd Ini‘rared epectra were superimposible S .‘ ,
with those of the (- )-isomer.- Ewher was added to the mother liquor |

o e « o



s _ ‘ A
:to isolate impure (~)-19, m.p..55 - 750.‘ In.anotﬂer;expériment a‘v \
‘ third crop was processed as above to yield (—)~;2; m;?.‘§5?; [alggs” L
- 5.16o (¢ 1.14, methanol). | ' “

These percﬁlorates 18 and 19 did not givé\gatisfaqtory carbon o
and de?ogen analysis‘becag§e.the samples exploded upqh cdmbustion l \‘
analysis, | -

Benzyl p-Toluenesulfonate .. -~ .. -- ' ' .

Benzyl alcohol (10 ml., 97‘mmole)'was dissolved in 100 m1.
anhydrous ether, Sodium hydride (&, 2 g of 57% NaH, 1oo mmole) was -

added and the solution stirré; for 18 hours at room temperature. The .

B suspension of sodlum alcohoiate was cooled in a wet-ice slurry and tOSyl

chloride (19.5 g, 97 mmole) in 100 ml, ether'added dropwise, The
| mixture was g}irred for 2 hours at 0° and one hour at room - temparatnre. 7
', The reaction mixture was filtered aﬁd the mother liquor evaporated, |
The residual 011 was crysta%lized from ether at - 70 .. These ‘
.crystals were twice recnystallizéd from benzene-Skellysolve B solvent .
- mixture to yield 6 58 g (25 2 mmole, 26%) benzyl tosylatez ‘Mm.pe 61m~:'
62° (reported m.p. 58,5 - 58,9° (28)); K. M R. (cnc13), > 7.52

(q, bK), 7.06 (m, 5H), 3.8% (m, 20), 2; 37 (s, 3H)s Infrared (nujol), o
1600 (m), 1500° (m), 1350 (‘b), 1170 (7) cn™ . B |

’
[,

1

‘{,a. .



¥
y o

Alkylation of Et_ylmeth_ylsuli‘onlwn Phenacylid with Benzyl Tosylate

(

Benzyl tosylate (l 56 g, '5. 98 mmole) qnd (:t)—i (].12 8, 5. 78 mmole)
Were dissolved in 25 ml, of THF, After stirring the mixture for 20 . _
‘gshours at roon temperature, the gplvent was vemoved. An N\MR seectrlk “
) of the residual oil sh.ow:ed_ th_e ‘presenoe of the O-benzyle.ted product
as thé major component, - Attempted cryg‘}ellization of the reeidual
| oil' from a methanol-ether solvent mixture 'yielded";”gnother oil, The
N.M.R. spectrum of this iatter 5’11 we.e .sim\ilar‘-‘to‘ the crude meterial
in most respeope. The tosylate anion wa;-:mexoh'anged-for plerchlorate
hy eluting a"methanolic solution of the “0i11 through an hydroxide
exchange column and titrating the eluate with dilute perchloric acid.'
The neutralized eluate was concentrb.ted, ether added» to the cloud
poix;t and t{xe mix{core cooled a.t 5 The‘precipitate was fi}tered t&
» .yie]d 0.551 g materialt m.p. 111 - 11303 N.M.R. (CDQIB), 3 7.6 -
7.2 (m, 10H), 5.81 (‘s,.m)'. 4.98 (sy 2}{), 3.2.6- (qy J = 7.0 cps, 2H), :,
2.73 (3, 3K), 1.23 (t; 3), 5.32 (s, Lapurity), 2.98 (s.' npurity);
Infrared" (nujcﬂ), '1680 (w), 1605 (s), 1080 (broad)cm . " Thé 1mpurity
resondnces corresponded to those expected for a 16% yield of
ethylmethylphenacylsulf onium operchlorate ( _2) 1n tl:e sa.lt. The ,
vinyl salt appeared to be isomerically pure in configurapion about the -

ole:tf:mic bond. T ’



Polarimotric Ratea

Method It

-
.

'I.‘ha‘ n&nﬂpla wan accurately welghed into a 10 ml, tared volumetric
flask. Solvent was addod to the mark and tho flask shaken until a
homogonc.aous soclution wns c;btainnd. An aliquot of the solution of the
optically active sample wa‘a Iflgcod in a ca. 5 ml. thermostated

polarimoter coll, Thd cell was mt\tg\tulnc»d at 25.00 £0,02 and
b

o ot
50.0 * 0,02 as required, dy wamﬁ,‘g&rculutlng from a Colora Ultra-

: R L & L%
Thermostat bath, ’Ih&ji%}“eﬁgm taken after 5 minutes to ensure
. . s EERRE O and N

temperature oquu@hﬁmj 'Ihe’%pr‘tical rotation was taken from the
DR TEEE
digital £eadout o:‘:‘(éﬂ’é'};kin—ﬁlmer Polarimeter Model 141 at the
appropriate time intervals. For the fas‘ter rates, time was recorded
from a lab-Cron 1400 timer. A "blank” reading was taken after each
observation bty recording the rotation of the céll cpamber in the
absence of the polarimeter cell. The rate constants were calculated
on the basis of an experimental infinity obtained after 10 half-lives
(zero rotation). After 10 half—lives\ of reaction at 500, the racemized
éaapie was contentrated to dryness and the residue submitted for
N.M.R, aqaly‘sis. As the spectra of the racemized materials were
superimposible with those of synthetic racenic materials, within the

~a

experimental 1limits, there was no decomposition of the substrate.

- -

®

Method IIs

' hé sample vas accurately Welghed into a 50 ml, tared
volumetric flask, Solvent was adfed to the mark and the flask shaked
until a hamogeneous solution was obtained, Aliquots of ca, 5 ml.

. were transfered to ampoules., The anpgules were sealed and placed in

58
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conatant tomparature oil batha thormostated at 25,00 + 0,03,

150,00 * 0,03 and 70,00 1 0.03° as roquired. At the appropriato time
1nt§rvnlo', the ampoules woro removed fromftho bath and 1mmodiately.

. ©ooled 1in a wot-1ce alurry, The firat point :wnn taken at least

5 minutes after the ampoulea had boen immorsed in the bath so as

to ensure tomperaturo oqullibration. The nn;pbuloa were opene(i

and an aliquot transferrod to a polarimeter c&l at room
temperature. The rotation was 1mmedi;1te1y rocé\ordeq. " A1l
subsequent handling of the samples was similar to that deacribed

. for Method 1.
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CHAPTER THREE

CHIRAL §ULFONIUM’YLIDS AS AGENTS OF ASYMMATRIC SYNTHESiS
Introduction

The general utility of the reaction of sulfonium ylids with
aldohydes and kotonos to yleld the Ceresponding oxiranes has been
reported by Coroy and Chaykovsky (29), A. W. Johngon, Hruby and
Williams (30) and Franzen and Driessen (31). The highly reactive
sulfonium alkylids were fyp}cally generated at low temperatures
in situ by the additlo sultable bases to solutions of the
corfespohdiﬁg salts {n inert solvents, Trost has found that the
crystalline phenacylid 8 falled to react with cyclohexanone but did
slowly condense in a Michael fashion wltg chalcone and dibenzoyl—
ethylene to yield cyclopropane products (32). The.sane ylid has also
been raported to react in low yleld with p-nitrobenzaldehyde (15). -
Numerous recent reports describe phenacylids and dlacylmethylids as

ctants with highly reactlve' electrophiles for the synthesls of

several achiral heterocyclic systems (33).

C. R. Johnson and Schroeck (34) in 1968 reported the synthesis of
optically active cyclopropanes and oxiranes using the optically active
methylene transfer agent (R)-(-)-N,N-dimethylamino-p-tolyloxoswlfonium

methylid ((-)-20). In all cases’ where.compara.tivg data for other

! (o]
]
,"/ os
o ¢ !
' :(2H2 T
| /N}H "CH,
| CH, CH,4
|
| (R)~(~)-20
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asymmetric synthesis of the same active cycloprOpanes and oxiranes
were avalladble, the optical puritles obtalned were the highest repoérted

for direct asymmetric synthesiﬂ. Previously an asymmetric aynthesis

" of 2-arylcyclopropyl carboxylic acids by the reaction of achiral

dimethyloxosulfonium methylid with chiral B-arlyacrylates had been

~

reported by Nozakl and co-workers (35). These examples of asymmetric

synthesis with oxosulfonium ylids prompted this investigation of

chiral sulfonium ylids as agents for asymmetric synthesis,

The reduced nucleophilicity anticipated for the chiral sulfonium
ylids described in Chapter Two, and :Leir facile racemlzatlon suggested
that the seleétfbn of a more reactive ylid\was necessary. Of the
vgriety of optically'active sulfonium salts characterized in these
laboratories, ethylmethyl-p-nitrobenzylsulfonium perchlorate (21) (36)
was chosen a suitable precuréor of a reactive ylid. During a study i
of the racemization of substituted benzylsulfonium salts (36b), it
was required to prepare.the éalt 21 from 1ts corresponding methyl
sulfate using an hydroxide exchange 001umn.. Upon élution of the
methyl sulfate through the column, a deep wine-red colour formed
which was ascribed to the forﬁation of the correspondiﬁg yiid 22,
Neutralization of the basic effluent with perﬁhloiic abid, with ‘
concomitant loss of the wine-red colour, yielded ihe perchlorate salt
in 65% isolated yleld, It was épparent that the sulfonium hydroxide
and sulfonium ylid were in equilibrium in the methanolic ablufian. ,‘

Furthermorb, the exchange and equilibrium processes had little

P ¢

‘ 3 \
_effect upon the chiral sulfonium center as cptically active (+)-a

could be prepared by this eequence.

+



| 62
!

In 1961, Swain and Thornton (37) reported thatvdimethyl—p;
nitrobpnzylsplfonium pftplueneéulfonate (22), when treated with sodium
‘hydroxide in water at 60°, was converted quantitatively to a mixture
of Z and E-p, R -dinitrostilbene. Based on thelr kinetic results and
the product analysis, they postulated that the ylid 24 derivéd from
\g2 spontaneously decomposed to a carbene intermediate., Relnvestigations

.
of this reaction by U, Schulz (38) and by Closs and- Goh (39) showed
that the ylid é& decomposed to a much more camplicated product mixture
by means other that a carbene-sulfide decomposition route; A mechanisn
involving el$ctron transfer from the'ylid 24 to the sulfoniun salt 23
was proposed to account for all the products, Several atéempts by
Schule to isolate the ylid 2\ failed however.
| it seemed reascnable that the sulfonium ylid concentration in
the coloured effluent might be sufficient to allow trapping reactions
of 23 by aldehydes ;nd ketones, Related reactions have_ been shown to
oceur between aldehydes and the ylid from benzyldimethylsulfonium
chloride in heated ;queous hydroxidg solutiuns to produce oxiranes in
high ylelds (40,41). A. W, Johnson s technique for the generation’
of bengzylids in aprotic solvent; ;as considered a more laboriqps
pechniqua requiring more stringent experimental conditions. than the
" proposed column technique used to prepare the wlne-red equilibriun |
solutidn uf the sulfonium hydroxide and ylid, Therafore, a study of

the ability of chiral sulfonium ylids to tranafer asymmetry from sulfur

LI

to carbon was initiated" using (+)-21 as & suitable precursor of an

optically active sulfonium ylid. e . b
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Synthesis and Resolutlion of Ethylmethyl-p-nitrobenzylsulfonium

'

Perchlorate

Optically actlve ethylmethyl-p-nitrobenzylsulfonium perchlorate
was prepared accordipgyto the procedure of Darwish and Hui (36) ag :
lllustrated\in Filgure XI. Ethyl E;nitrobenzfl sulfide was prepared
by the ££éatment of a-bromo-p-nitrotoluene with sodium ethanethiolate
in methanoi. Thls sulfide was readily alkylated in aéetone with
-dimeﬁhyl éulfatq to yleld (i)—ethylmethylfgfnitrobenzjlsulfonium
methyl sulfate (()-25). The salt 25 was resolved by the fractional
cry§tallization of 1ts DBT salt prepared by the exéhange techniqueé

" described in Chapter Two. The two dlastereclsofers were easi}y

separable as the less soluble lsomer gé, m.p..‘lSOé, [a]ggg _ 71.50'
[ulggé - 172o (c 0.27, methanol) (reporteq,[u]§g9 - 68,8 ﬂg 0.55,
methanol) (36)) and the more solpble isomer 27, m.p. 241, [a]ﬁgé - 2070

(Q.25, methanol). The lesk spluble diastereoilsomer was suspended

5 ' CH.,ONa ‘
rcnrz-{?»no2 + CHCHSH —3 " » CH3°H2$CH2-@-N02

. . (CH,) 80
g\ hydroxide exchan:o \ 3'27h
'H3CH2\ | HDBT CHSCHZ\ .
s~cu-@~o < = . s—cu@-no
CH 7o 2’ 2 | CH ‘o . 2 2
-3 o ) fractional 3 : o
DBY ‘ crystallization X
26 and 27 ‘2) hydroxide exchange
! ~ Ha1 251 X = CH3394

; (4) and (-)-21: X = ClO,
' Figure XI. Synthesis and resolution of 'ethylmethyl-p-nitrobenzyl-

\

sulfonium perchiorate.

[
1o



on the top of an hydroxide exéhanpe column and warm methanol was
gontinuously eluted through tne column until the effluent Was no 1onger
red 1n colour. As the effluent was collected it was titrated with
diXute perchloric acid uslngwthe yld as-an internal indicator, The
neutralized effluent was concentratéa ﬁo precipitate the salt (+)-21,
*M.P. 80o [a]589 + 17. 9 , [a]436 + u1.4° (c 0.459, methanol)

(reported m.p. 83.5 - 85 , [a]?£9 + 7. ¢ (¢ 0.9, methanol) (36)). The
more soluble diasteresolsomer was converted similarly to its perchlorate

3

(~)~g£, m.p. 86), [a]gg9 - 15.40, [a]ggé -‘37.70 (E 0.408, methanol),
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Test Reactlons for the Asymmetric Inductlon Experiments

The nucleophilicity of the ylid 22 in the coloured effluent
was tested by reactlion with carbonyl combéunds. Raéhér than tiltrating
the effluent prepared by eluting gg; 1 g of 25 through an hydroxide
exchange column with acid to génerate a salt, various.aldehydes,f
ketones and aﬁ q,ﬁ—unsaturatea ketone were added andlthe solutlons

, o
stirred at roomﬁkemperature. The results of these experinments are
summarized in Table VIII. A gradual loss of the wine-red colout
was observed in allicases to yield eventually yellow-orange coloured -
solutions. H0wever; the raﬁe 6f loss of the 1initial coloﬁr'was found
to be dependent upon the electrophile added. After the colour had
faded, the reaction mixtures were concehtrated. The &ellow evaporation
residues obtained for the reactions with aidehydes weTe crystallizéd '
to give the oxifaneé 28 to 31 in 65 - 77% ylelds, The oxliranes were
assigned the Egggg configuraﬁion baé;d on an analogy with A, W. Johnson's
observation that Eggggfgfnitrbgﬁilpene oxide was formed exclusively
in the reaction of dimethyiquifonium benzylid with Efnitrobenzaldéhyde
(30), Furthermore, the melting points for 28 'and 30 agreed with the
literatureAQalues a#ailﬁ?%e for oxirangg of the trans configuratlon
(30, 42), Thé‘small N.M.R. coupling'cons}ants of ég. 1.6 cps for:
the methiné'protons wéfe_hithin the ranée of 1.4 ;,3.1 cps expected
for gggggloxiranes versus the fange of 2,2 - 4,5 cps for gié
oxiraﬁeé (43)2: ‘“ﬁim - . ' ”

In the.réactionsmwith ketones and chalcone, the cdlqur of the
;eactiqn soiution persistedAfotvlonger périods of time, The eyaporation

™

residue in each case was a red oil, ' Crystalljzation of each residue .

»

from benzene-Skellysolve B solvent mixture yieldsé\émall amounts of

.8
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TABLE VIII

TEST REACTIONS FOR THE ASYMMETRIC INDUCTION EXPERIMENTS

Added Reagent with 22  Reactitn Time® Product M.p, " % Yield

hd

be‘n‘galdehyde -1 hour oxirane _Z_f}_ | ‘12’4» 65.5
lg—cﬁlorobenzaldehyde 1" " 29 125  '77.3
'R.:n'itroben;aldehyde 1" " 30 200 77.3 l
‘ a‘c‘etaldehyde /% " » 31 8 66,0 )
chalconel 2 " 32 104 . 16,0, /
! X . ‘ ‘
o |
A - \\\H .
NO, ~u R ‘ )

trans-28¢ R'= C(H,-y X= 0
trans-29: R = R‘Cicéﬂq" X=0
trans-30: R = p-NOCgH,-, X = 0
’,  trens-31: R=CHz X=0

321 R=CgHCO~, X = CoHCH-

p-nitroacetophenone {7 =~ 9 hours no oxirane
'héetone | o ' "
'he‘nz(&-)ﬁenone S : " "

\ cyclchexanone " "

] : A

at . Tinme for the wineZred colour to disappear,
bi Sulfide decomposition products and oxirane 30 observed.
" ¢1 Stereochemistry not assigned, S ‘

- . ‘
¢ o ! . . . s
b .
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a high melting yellow material which was found to be identical with
the oxirane 30 obtalned 1in the reaction of the ylid 22 with Efnitro-
vbenzaldehyde.' In the reaction with chalcone, a second crop of material
was 1solated which corresponded to a 16% yield of a cyclopropane adduct,
In all these latter cases, the mother liquors upon concentration to
drynese exh%piteg.similar N.M.R. epeciga. No pe;ks could be assigned
to products of oliranevformatien. Rather, the major decompoeition
products were copsidered to be sulfides fron the Sommelet rearrangement
because of 1;e resonance pattern in the high field region o} the spectra;
Schultz, in his reinvestigation of the reaction of 23 with aqueous
sodium hydroxide solution at IOOO, found a total of eight compounds -
of combined yield of ca., 50%t p,p'-dinitro derivatives of stilnene,-
tolane, bibenzyl and'stilbene oxide and p-nitro derivatives of benzyl
alcohol, benzaldehyde, benzoic ecid and toluené, Th;’}emaining material
was coneidened to be polymerlc ;n nature. 1In. addition, Schuleg detected
an almost quantifative loss of dinothyl sulfide. The lsolatiom
of trans-30 in the reactions ¥ith added ketones and chalcone |

éuggested thet the ylid}22 was decomposing in a mamer ‘similar to .

that prqposed by Schulsz, However, the presenCe of non-volatile
sulfides in the product Was a significant departure from Y}
quantitative loss of dimethyl sulfide in/the decomposition of _2
Therefore, a major effort was initiated to confirm ‘the identity -

of the sul“ur contaixigg naterials cé‘ the evaporation residuee.

... The Sommelet (44) and Stevens.jkfj\ifs‘;angements of sulfonium
salts are well known. Yoshiming’ and Hatch (40) reported trace amounts |
of eulfiJ:; originating from either a Sommelst or Stevens rearrange-

nent during an amirane eynthesis using benhyldimathyleulfoniun

\67



o
chloridelin aqueous hydroxide solution. Hayashi and da (46) studied

the methoxide catalyzed rearrangement of Various R—substituted benzyl

sulfonium salts and report high ylehis of the corresponding Sommelet

rearrangement products, However, the E;nitrobenzyl system was not
studled because of an antlcipated»quantltative decomposition of the

salt to dinitrostilbene as reported by.Swain and Thorrton. v

The N.M.R. spectra of the resldues from reaction of 22 with ketones

shewedlthe following major signals neglecting those contributed by -
the ketonest 3 1.25 (t), .58 (a), 1.95 (s), 2.48 (8)y ‘2.5,1 éq)

and 4,16 (q). In addition to these slgnels,»tkere were -other singlets
in the reglon § 8.00 ~ 4,50 of much smaller intensdty. Furthermore,
the aromatic ;egien was not indicative of a simple Rgég-subetltuted
nitso-aromatic compound(s) The couplieg‘EOnstahts and the chemical
shifts suggested the presence of an ethyl group and an a-arylethyl
substituted group, The Sommelet sulfides expected from the rearrange—
ment of 25 were ethyl 2-methyl-5—nitrobenzyl sulfide (32) and

ethyl a-(2-methyl- 5-nitrophenyl)ethyl sulfide (2&) . The major ¢
resonances of the N.M.R._spectra’of the evaporation regidues

supported these structures, The relative ratios of the two

sulfides 34/33 wasca. £/1 as gauged by the relative intensities of the

dodblet asd triplet in the spectra, =~ - ' .'\v
‘ . o ' A : .
"NO; CHy | NO, CHg
CH,SCH CHy4 o - CH=SCHy.
- CH3
3 .
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of the salt has not been made, .Therefore » it would have ‘bee,ri ' G

' . The sulfide 34 was isolated in pfxre form from the residue of the

reaction of 22 with acetone by column chromatograp}w. The sulfide" Xf\ |

) b
33 could not be 1solated pure as it was contaminated with small a.mounts

of the faster eluting 34, These sulfides were partially separated
by ges-liquid chromatography however their overlap prevented a
quantitative analysis or 1solation at the collection port of the GIC..
A llterature survey proved these sulfid_es to be unkhown. Therefore,
their assignments were confirg:ed by comparison with authentic samples
prepared by independent methods, '

Although the pyramidal configuration of (*)-21- has been
confirmed by.x-ray crystallography (#6), a carrelation between

the sign. of rotdtion of an active isomer and absolute configuration

 inpossible to make a configurational assignment of the potentially

optic‘ally active 34 from the Sommelet rearrangement based on a

'mechanistic scheme for the ree.r‘rangement.of sa’ (+)-21, For this

e

reason, a literature prosedure for -the SOmmelet re‘arrengemént (4?)

was considered for p-ch1orobenzylethylmethylsu1fon1m perchlorate

4'(i) '(QS), the (+)-1somer of. whioh has been assigned the R configura- '

‘.tion from X-ray crystallography studies ('+6)

p—Chlorobenzyletlwlmethylsulfonlxm perchlorate was prepared
as follows, p—Chlorobenzaldehyde was reduced to the corresponding

’ alcohol 2_ w.lth sodium borohydrlde. ‘The bromlde 37 was obtained b;

bubBling hydz‘bgen bromide ga.s through & benzens solution of }__. C
("‘)-p-Ghlorobenzylethylmethylsulfonium ‘bromide (3_§~) was obtained by

< k B B o
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the nucleophilic displacement of ethyl nethyl sulfide on 37 in acetonef
The unstable bromide salt was converted“to 1ts perchlorate (£)-35

by the exchange technliques described earlier. The’sali wes resOlvad

by the fractional crystallization of its DBT salt, Regeneretion of

the perchlorate fron the less soluble diastereoisomer 22, [a]589 - ?l 8
[a]ﬁgé - 174 (c 1. 52, methanol) (reported [ot]589 - 69.6° (e 1 6,
methanol’ (48)), yielded (R) (+)-35, ["]365 + 62, 2° (c O, 60 metha.nol)

(reported 18T 4+ 6, 2° (48)). The more soluble diestereoisomer 40

365
[01436 - 198 (e 1. 19, methanol) gave (ﬁ) -(~)-35, [a]365 - 43 5° (c l 8,
methanol)., - \ A o .

~ The salt (*)-22 was decomposed at 70 in two hours in the presence
of 10 equivalents of a 24% sodium methoxide solution, The presence of
three compounds in the product was indicated by N.M.R. spectroscopyz\
methyl a-(2-methyl-5-chlor0phenyl)ethyl sulfide (41), ethyl 2—methy1— |
5-chlorobenzyl sulfide (42) and methyl prchlorobenzyl ether (dz) in
the relative ylelds of 4:1:1 respectively. In this case'the
decomposition products were sufficiently sepereted by QIC to
permit, quantitative analysis and recovery of the com%Qnents at the

collection port,. Thelr assignments weTe confirmed by comparison 2
. [
of their spectra with those for authentic sampleS'prepared by
’independent nethods. | S .f' - s

. ‘ . ’ . . . /



Prepsration of the Sommelet Sulfides v e «:f a

. The r{eaction sequences for the prepa.ration of the Sommelet
.rk‘ “
sulfides are, summarized in F‘igures XII a.nd XIII.

Ethyl 2-nethyI-5-nitrobenzyl sulfide (32) was prepared by the
nucleophilic displacement of sodiu.m ethanethiolate on Z-chloromethyl-
4-nitrotoluene (144) (49) 1in methanol, Thé chloride 44 had beﬂ}prQ)a.red
by the chloromethylation of p-nitrotoluene with bis-chloromethyl ether '
(50) and chlorosulfonic acid, The chloride.a.d to b handled cares
fully as it was a lacrymator and a skin irrita.nt. The liquid su].fide
22 was oxidized by excess HZO2 in ecetic acid‘to. provide the solid
sulfone derivative _2 " .“:\ E ‘ N '

The sulfide 3% was prepared 1n a 7;step sequence. fTon Z—methyl-
5-nitroaniline. 2-Cya.no-l+-nitrotoluene (156) was prepared by a

S‘h.ndmeyer reaction of cuprous cyanide and the diazotized amine. IR

- The_ nitrile was hydrolyzed ‘accdiing to a literature method ( 52)

RS

T crnde acid chlaride sample, conta.ining l_»z, with dimethyl cadniun in

l
for an anelegous substrate in aqueous hot sulfuric aoid solution to

yield 2-methxl-5-nitrobenzoic acid n7) (53) When the solid acid ‘
was slﬁy added to thionyl chloride at 60 over a period of 3 hours
and the excess solvent rémoved under reduced pressure, Z-methyl-j— : “
nitrobenzoyl chloride (48) ( 54) ‘could be obtained only slightly‘
contanin | by the high melting 2-methyl-5-nitrobenzoic emydride (l_»g)
The anhydride Was easily remmred by fraction&l crystﬁllization* from :

benzene-Skellysolve B solvent mixture. If thionyl chloride was

refluxed. during the addition, gree.ter anounts. of "3 resulted, !

Z-Methyl-s-nitroacetophenone ( 2_) was prepared 1n a low 255 yield
in a depa.rture from the published procedure (55) by react‘ion of a
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Figure XII. Preparatlon._df the ethyl-Sommelet sulfides 33 and h2..
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Pigure XIII. PrepaFanm of the methyl-Sommelet sulfidds 34 and 41.
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solid sulfone 58, o . S \ . o

.

ether solvent at reflux for 75 minutes. Acrcmatic nitroanhydrides (56)

and acld chlor{des (57) have boen reported to react with organocadmium

reagents to yleld ketones, A purification step of the crude acid

vchloride Wwas conalderod, thorefare, not necessary. In some experiments

small amounts of acid chlorlde were also co-distilled with the

ketone. The ketone was reduced wit;x sodium borohydride in methanpf

to yleld a~(2-methyl-5-nitrophenyl)ethyl alcohol 51, Any aci&

chloride present during the reduction was solvolyzed to the oorrespond-

ing ester 52 which remalned in the mother liquor dufing the fract7bna1

crystalligation of the crude 51. The alcchol was'converted to the

carresponding bromide 53 by bubbling HBr gas through a benzene
L]

solution of 51, Finally, 53 was treated with-eodlum methanethiolate
in methanol to yleld the sulfide 34, mp 49.5 - 500. The sulfide
was oxidized to i1ts higher melting sulfone derlvatlve 4

1n acetic acid at 100 .

by excess Hz > '

Ethyl 2-methyl-5-chlorobenzyl sulfide (42)was prepared as follows.

»2—Methy1—5-éhlorobeﬁzaldehyde (53) (58) prepared by the method of Beech

(59)- 1n the: reaction of forwaldoxime with the bilazotized 2-methyl-5-

chloroaniline, was reduced to the alcochol 2_ sodium borotudride

in ;netha.nol The corresponding broatde 57 vas prepared by bubbllng

HBr gas through a bengene aolution og 2_ Nuc)_.e.ophilic displacement

.of sodium othmethiolate op 57 gave the liquid aulfide b2, | Oxidation ‘

of the sulfide by excess RZOZ in acetic acid gava the corresponding

The second chloro-Sonmelot sulfide 41 was pmpared fron .
Zdetlvlos-chlorowetophenm 59 (66) obtnnad in d procedure similar .

%
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to t‘b?t for tho aldehyde 55 by tho reaction of acotaldoximo (61) with
dh\fz;).tl?.e(i 2-mathyl-5-chlotvoaniline. Tho kotone 59 was rgid”lxocd to the
alaohol QQ by sodium borohydride reduction. The corresponding bromide
61 was obtalned by bubbling HBr gas through a bonzene solution of 60.
Nuq:llaophlliodiapla’()omont of salium ethanothlolate on (1 gave the
Hquid sulfido M. Oxldatlon of 41 yith cxcoss H,0, in acetic acid
produced the solid sulfone _6_2_.

p-Chlorobenzyl methyl ether, the prod;xct of displacement in

the methoxlde-catalyzed rearrangement was prepared from p-chloro-

"benzyl braiiide (37) and sodium methoxide in methanol.



|
Aaymmotric Induction Roactlons

The abtlity of chiral sulfonium ylids to transfer asymmetry
from sulfux to. carbon was inveutlgated l%oactions identical to
those Just %escribod\for the racemic mafcflals. .

Whon optically active anitrobcnzylid 22 prepared from (-)-21
was treated at rocc temﬁcraturo with an cquivalent of benzaldehyde,
an optically active evaporatlon residue was obtained, [“1236 4 6.3?o
(c 1.24, CHZCIZ). Crystalllzation of this material gave Xacemlc
oxirane 28 in 57% yleld. The mother liquor after concentration gave
a residue, [ﬂ]§£6 + lZ.i)(g 3.02, CHZCIZ) which could beg crystallized
to give actlive oxirane 28, [a]2£6 + 5_5f’(£ 0.506, bengene). Again,’
.however, the major activity reslded with the material in the-mother

’

11quor which was shown by N.M.R. spectrpscopy'to consist of the

desired oxirane plus some decompdﬁition products 1ncluding sulfide 34.

N

A final 9 mg of solid material [a] + 20° (c 0,18, benzene),
546

J
was obtalned from this latter material. 3*

The fact that the sign of rotation had changed after reaction

-

was initlally encouraging, hqucv%r, significantly larger rotations
would have ceen more useful’ in ihe ;nalysis of the reaction products.
From the fractional crystallization of the evaporation Tesidye,

| 1t was not ﬁbssible to aseign the activity observed to the oxirane

with confidence. Although the .N.M.R. quctrum of the active oxirane 28
%uswuhwﬂﬂawmt&tdIMWmmauMLtmmammmcfm
‘active impurity could easily have escaped de}ection. The specific
rotations calculated were subject to large e‘perimental crrofb due to
the small sample sizes and -small observed :o;atIOns. The significant

]

lrotations remalned in the mother liquomg of pach crystallization.

*

»

o
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suggesting that an optical fractionation of the‘raqemio from the

active oxirane was occurring. However, the presence of decomposition'
products in the active residues made the asslgnment of activity B
difficult.

When opfically actlve ylid from (+)-21 was treated at room
temperature>with a lerge excess of acetaldegyde, the colour of the .
reectden solution faded almost 1dmed1ately. After concentration of
the reaction mixture, the residue was crystalllzed from benzene-Skelly-
solve B solvent mixture to yleld the racemic oxirane 31 in 50% yleld.
When the evaporation residue of the mother liquor. of‘thls crystallization
eastrituratedin hot Skellysolve B and the superne}ant decanted fromA |
a red restdual oil and cooled, active oxirane;}}] [31“36-_ 4,9° c 0.7,
benzene) was isolatedﬁfn 20% yield.l The red regidue, optically actiJé,
contained someﬂoiirane as well as sone decomposition‘proddcts; |

These experiments confirmed that asymmetiic products were belng
3 e

prqduced, however, the origin of tﬁg activity remained in doubt.

Even for the very fast reaction with excess acetaldehyde, considerable

.

decompositionoccurrmdposeibly giving asymmetric products. ‘Some of

this decompositian nay have occurred during the anion exchange reaction.

the anly compound readily identified from the N,M.R. spectrum of the'zl

the decomposition produots was the Sommelet sulfide 2& There jas L‘w'

'the possibility that the activity ongmated with this smme, o q
" To teet this hypothesis, the changes in optlcal acti-ar f: ¢
‘solutian .of the ylid derived from (+) 21 were folloued at | 5”E?w 50 ;
" The thsults presented in the experimental section indicaxe a conpiex

rate- of changs of opugl activity- with the reaction occmmg in at

. lgast two etagee. At 28,900 eeeonde reactiqn at 25 . the colour of

' .,
’wf. . . . ‘ . .-
< . . P ,
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the ylid had faded and the solution had an observed rotation of 0.062°,
Aseumlng that thls indlcated complete decomposition .of the ylid, ;:
asymmetrical products had been formed. Some of the products were,

A ‘
however, optically lablle as optical stablility Wae not achleved ﬁntil
105 seconds with an observed rotatlon of 0.0280; In another experiment,
an allquot of a decomposition solution of (4+)-21, [alggé + 34,7%

(c 1.06, methanol), was withdrawn after § hours reaction at room

temperatureiand concentrated. Using benzhydrol as an internal standard,

| the yleld of the two jSommelet sulfides 34 and 33 were estimated by

' proceeded with alnost identical degrees of asymmetric inductions in

~ the sulfide 2& The changes of rotation after the loss 'of the yMd -

N.M.R. spectroscopy to be 30 and 12% respéctively. It was confirmed .
that the sulfide 34 contributed to the actlvity of . the solution by
1solation of the pure sulfide from theiremaining solution by column
chromatography., Pure non-crystallized 34, [a]§29 +, 19.70, ta'] I;ge

+ 20, l ' [ov.]u3 + 42, 7 (c 0,483, CH (.12), recrystallized from
Skellysolve B, [o]u36ﬁ*,39:l (¢ =.358, CHZClz).wae obtained as the
faster-eluting sulfide. Sulfide 33 could not be obtained pure free
of sulfide 34, g; the decomposition of (+)-21, [a]436 + 40. 3

(c 0.94 methanol), was continued for 17 hours rather thep 9 hours,

the non-recrystalllzed sulfide 34 isolated had-a specific rotation of .
fal 436'* 54.2 (¢ = 0. 512, CH 012) ‘Correcting for the ‘differing -

optical pgrities of the starting sulfdnium salts, the two reactions ,

colour‘were therefore likely related to rap:mizatipn of other ﬁ‘

‘e

unmentiﬁed products amd not to_the sulfide 211 L .
This isolation of the optlcally active sulfide 34 in Jue“of 1971

was' tpe first example of an asymmebric syathesis using a chiral .o

. ’ ¢ -
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sulfoniun ylid. Recently,‘ Trost and Hammen (62) communicated their
obseTvation of an asymmetric synthesls’in the [3,52] s‘lgmatro;)ic
rearrangemont of '(+)‘—edamantylallylethylsulfonlmn tetrafluoroborete
((+)-—§2) to (I_i)-(-)—-l«afiemanty1—-2-pent—-l+—en_yl‘ sulfide ((K)-64) under
reversible ylid generatlon conditione‘ witn a mlnlmun of 94% optical
induction. | |

| fI‘he obserVaf.iqn of. asymmetric induction in the sulfide product
frqm th‘e Sommelet rearrangement was extended to the 1Merature
procedure described e-;Lrliext for substituted benzyldimethylsulfonium L
s‘a}ts. when (R)- (+)-22, [u] 365 + 62.20 (e O.}598, methanol) was
treated with methoxide ion 1n a manner described for the racemic Y
material, the oil obtained a.fter workup upon solution in 5 nl. benzene N
* had an observed ro‘.tionxof + 2.44°, Analysis by CLC using 2-mothyl-
naphthalene as an 1nternal standerd showed the solutlon to contain
compounds 41, 42 and 43 in 57. l+ 13.4 and 29. 3% yields respectively
(corrected for 9% produet balance). Based on the 57.4% rield of 41,
_ti,e active eulflde had a speoific ro_tation of [o‘]f:g6 + 67.‘46 .(9_ 3.62,
. benzene). ' | -
© Tne active sulfide' (+)-l41 was condensed in a U-tube gt the
- collection‘port of the GIC instrument on successive 1nject10ns of . . K
a concentrated solntion of the ‘011, The condensed sample, [“1436 '
+66,2° (e 0. 660 benzene) ha.d spectra.l prop‘ertiesdentical with tnose‘
' of the racemic material excepting optical rotation. Racemization o .

‘ldufing the chrama+ograph1c seperation was nuled ot by the ldentity

-of the specific. rotatlons as. detemined before and after

stography. - : 1AV




| techniques in this instance required none of these pretautlons.

\

lecussioﬁ
[

The direct reaction of the y1id ‘22 generated in situ by the

-

" exchange techniques had many advantages‘gfgoonvenlence and economy over

!

reactions involving strong bases 1n inert solvents. The usual method -

of generating a ieactive ylid required careful drying of the inert

solvent and low temperature reactions, Furthérmore, the extremely

ﬁasic reagents used required careful handling techniques. The exchange

’

"~

The condensation reactions with aldehydes gave oxiranes derived

. ffom y1id formation at the benzylid position, The acidifylng effect
. » . ’

of the_gfn1£rophenyl substituent resulted in the benzylid‘formed from‘

"* the sulfonium hydfoiide having sufficient concentrationvto peimit‘facilé

J - )
condensation ‘with aldehydes, That the benzylid 22 and its sulfonium
i ' /
hydroxide were also in equilibrium with,the_ylids 65 and’ 66 formed
-

at the methyl and etﬂy]{substituents, was evidenced by the isolation

of the 'Sommelet sulfides 1n the absence of reactive electroghlles. R
The high yleld o( trans-g§ from reactiongiith benzaldehyde, indicated
ot . i Py
. ] . . \
_ . 7
° : CH v
o e ,CH . e ,tH,
NO{@ CHS, 3 —> Noz-@—cuzs\
\cuzcrg T CHCHy .
) 22 - b . 65
— » '
) . ) \ " ?.’ * : _.’ ) . s - .
1‘.: . .’\_s?{‘t»r .
@ cﬂs o A CH~3' o
NO -.—cn X — “°2°"2 N
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that the stabiliged benszylid had a higher concentration than the more
‘ ' v
reacti've ylids 65 and 66. As the reactions with the benzylid were

“slowed down, the reaotions of the metmrlid and ethylid became moxe .

-

'important resulting in products of the Sommelet reamange ent,

The optical yielda in the asymmetric induction reactions with
aldehydee were disappointingly low., VWhereas the sign of rotation in
the Sommelet rearrangement did not change in proceeding from salt to

producte,‘ a sign inversion.did occur in the reaétions, of 22 with '

aldehydes, II.‘; the rotation of the residues originated from active “l
oxiranes » the predominance of./racex'nic- oxirane isolated and the small
rotations of sample: presumed to be pure oxirane, suggested that the

extent of asymmetric induction was negligible. Although the \

absolute rotation of trans- 28 is .not available, a very l ge value ;
£ . /

for w1 546 is antici;pated on, the basis of the known absolute rotation "/
ey m o . A

of trana—stilbene oxide (trans 2, 3—diphenylox1r$e) being ‘ {; S

. ' . "
. lfrlpc ) o

(alf 589 310° (63) although the P_—nitrt‘: substituent would alger fthe ? /m’ S
g e ot
TR . o

optical’ rota.ry power somewhat o ’ L S T
.‘ .;1;”‘ e

Darwish and Nakamura - 584) ga,ve aleo pbserved low optical yields

e

41 sulfonium ylids with aldehydee. .

/ &

'in the oxirane sy{x {6514 fﬁg‘n ch
B s

For the ylid‘s dergv"d from he ogé}cally actiVe eulfonium salts _Z

w":‘\

by generation w‘lth lithium ailqls in d.ry T}{F‘ at - 78 ’ eseentially
‘ zero rotation of the oxirane product was obseped in each reaotidn

; with benzaldehyde. 'rrost and Hanmen (62{ ‘exanined the ability of “the

¢ Vo

’ 1o NI . Vot

Q. o o regeirem
e e T R-CHGH.R CH3 -

* " s~R' CF3SO4 - z
SR 3T ¢/ R= p-anisyl,R'-CHCHj &
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methylid from <(+)-adamantylethylmethylsulfoniun tetrafl@ioborate (68)
to produce active oxiranes in 1.‘eaction with benzaltiehyde. They also
falled to;obse;ve"aignificaht rotatione in the products, |

These low optical ylields for sulfoniun ylids are in contrast with
the significant yieIL}s obtained py Q. R. Johnson and Schroeck for-the
oxosulfonium methylid (R)ﬁ-(—)—ZO (34). Johnson found the oxosulfoniuni
.. methylid 20 to be similar in stability and reactivity with dimethyl— |
-oxosulfonium methylid (69) rather than dimethylsulfontum methylid (L) : N
These latter two ylids, as characterized by‘Core)y Z; Chavkovslq, have
different reactivities, For example, the simple ylid 79 0 underwent 1,2-°
carbonyl addition ‘with a p-un...aturated ketones to form oxiranes

whereas the ylid _2 gave a cyclopropane adduct C.. R. Johnson and
Schroeck haVB" also found thaf the attack .of stabilized yiids with ’
aldehydes is reversible wh?reaa the attax:k of a non-stabilized ylid
‘such as 70 is irrevereible (66) Trost has suggeeted ‘that the differences’
in’ optical Ylelds. may be attributed to the higher reactivity
" of the non-s:tabilized sulfonium methylids. P" o T h .

. The ability to transféﬁ}asymmetry may depend upon the additional
steric and electronlc requirements qf the oxygen ligand inan oxo-
sulfonium ylid, The non-bonded intzractione 1n -the: transition etate
involving this substituent may be more significant than the non-ﬁfnded4l

interactions 1nvolv1ng the lone pair of electrons on the lsulfur. <.A

-~

‘compa.rieon of the ability of the two classes of ylids to tranefer .

'asymmetry could be made by trea.ting the ylid genez:ated from (B.)-('f)-'

‘e



the oxygenated analogue of the ylid generated from the salt _Zp
described by Darwish and Nakamura. In addition whateVer influence

the dimethylamino substituent had‘upon the course of the oxirane

synthesis from 20 would. be removed in using the y11d generated from
' ! ) " .
. (E)'(*)'Z_‘ . \ ?

E
. u o @*‘:/cnzcnz,
* | | g@ a0l
: .
(R)-(+)-71 |
, A
From the ekisting evidence; a chiral sulfonium methylid is
B ~ incapable of irfducing asymmetry at a developing tetrahedral center
| by a preferential attack of the methylid on one of the stereohetero-'
topic faces of an aldehyde function, An alternate method of -
trénsferring'aeymmetry to the oxirane producﬂ‘should be’considereg

for sulfonium ylids generated at a pro-chiral center. Two new"

' .

chiral centers are formed when a benzylid condenges with an aldehyde, ",

l

one each from the benzylid and aldehyde carbons, However, the : A |

geometry of the carbon originating from the aldehyde,is dictated by

the configuration of the attacking benzylid as exclusive;;\traHE‘\\

N
geometry 1s obse;ved in the oxirane product. A. W. Johnson has- "

proposed the mechanistic schene illustrated by eq. [11] for the = .
, e
reaction of a benzylid with, benzaldehyde. Of the tqo betaine _
P
conformations required for internal S 2 rin dlosure te the oxirane,
)

A

&\.\the threo conformer has three bulky groups gauche to each other thus’

' raieing the energy of this conforme;; “The. transition state for ring

o olosuxe frOm the threo fdrm would be higher'in snergy than that from

e

the ngg form because of the eclipsing of the ph ,1 rings.
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chemistry of ’the nucleophilic center is affected

" ! on! the Cguche Effect (67). The

}1 ‘
> ' 2 .
\‘ " v ' - | ) ¢ 'y e '
H o
; ‘ Ph(\ ALY
) \ ’ , N
o /6“3)289 pp H H Ph PhH
Y | 0 @/CH3 thy\reo
sCH + <:>~CHS\ .
~ .
CH4 A ; [11]
\ °
o H r,
. *\a /
= phenyl 4 / N
. \
(OH) s.' H
327 @ Ph

Therefore the stereochemistry of the asymmetric center or:bginating with

the aldehyde is determined by the stereochemistry of the attacking

carbon nucleophile and not by the ﬁ—sulfonium center. If t,he stereo-

i

the adjacent
i s \ .

~Chiral sulfonium center, then an asymmetxgic s

thesis of tﬁe\oxira'ne
. s \‘ ' .

would result.
- wOlfe recently summarized his t
: uche Ef‘fec’c’ describes the tendency

of a species to adopt a s&:ucture which has the maximum number of

a

gauche 1nteractions bebween ad,)acent electron pairs and/or pola:r
N

h‘bonds. Ca.rrying out ab init:lo molecular orbital\ ca.}culations on models'

Y

suchanHO,Nzﬂ

g FCH2

: of roﬁation led Wolfe to conclude f.hat the nost sta.ble\ structu:re con- ‘

‘tained the maximum n ber of gauche 1nteractions. - By applying these- '

eretical and experimental.studies‘

OH a.nd others ’- the energy prcfile as a functionv

'y
.



v . . : ' . ) \Y

theories of the Gauche Bffect to sulfonium salt and ylid g¢hemistry,

Wolfe postulated a selective. removaﬂl of that methylene proton gauche

to the elsctron pair on suli’llr with' lnductlon of asymmetry at the
3 ) R . /
(x—ca.rbon. o , ) tj -

A

o E)lcpe"rimentally"wolfe fonnd-there to‘ bel'.a dlastereotopic selectivity ‘
~.h of the benzylic protens'in the basercatalyzed \deuterlu'mlexchange of + o
behzyl methyl sulfoxide (__l to glve predominately the R3(SR) - ' «A
diastereomer'(68) . However others subseque}{tly found the exchange o
\rate of 72 to be solvent dependent such that the Sb(RR) diastereomer

h

+~ could be obtained alm0$t‘ exclusively (69) ‘Furthermore, R.' Ry Fr’aseg

-7

4‘ :
‘and coworkers, studied the H/D exchange of the diastereomeric ‘hydrogens “ 4

o

1n a conf ormationally rigid sulfoxidev and found a solvent dependence

l
)

upon the relati% rates of exchange (?O)a The inabili%y of the ‘. “».

) theory to predict carbanton stabllity was attributed tjo the inability

V

of ‘the MO calculations to include the’ effects of solve!tionq v N
L 4 R

- The low optical yields in the. oxirane eynthesis from the

Lt

PO

E—nitrol;enzylid 22 spggested that there was little selectivlty betwien

. i

_the dia.stereotopic benzylic hydrogergs during ylid f ormatibn assumi g

Tha.t the con&guration of the ca,rba.nion may ‘ost ie no " ‘, R AR

unexpected in view oi’ the low barriers ‘to py:r: ;

of the ca.rba.nion 1nto the nitro-aromatic ,ring (22b) thereb‘ loyering B

\4'

the barrier ‘even fu.rther. : If the carba.nionio center becane racemized, 2
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the ‘chiral sulfonium gro&p apparently did nét induce a greater
nucleophilicity At elther the re or sl face of the average planar
configuration of the carbanion, Racemlizatioh of the ylid at the - .
sulfur center could no£ accoggt.qu the low asymmétrlé 1;;uctlon
as the reactions with Aldehydea progeeded more rapidly than the Sommelét
rearrangement, for which ,active p;oducts were isolated. ‘ N

- .Before rat;onalizfng the gbsgrvation of asymmetric 1ﬁduction in
the products of the Sommelet rearrangement, %he equpiﬁents to

. determine the per cent asymmetric synthesis in the Sommelet sulfides

will be describéd.v,These experiments are presented in Chapter Four,



Exporimental | N

p-Nitrobenzyl Ethyl Sulfide

.

Pp-Nitrobenzyl ethyl sulfide was prepared in a'manner sim}lar to
that described by Hellmann and Eberfe (72). To a sodlun methoxide
solution prepared by dissolving 5.4 g (0.234 mole) clean sodium
metal in 60 ml. methanol, was added 120 ml. ethyl mercaptan. With
stirring, a 50 g quantity (0,232 mole)\of a -bromo-p-nitrotoluene
vas added to the thlolate solution. After one hour, the.reaction'
mixture was diluted with 100 ml, water and gxtracted several times
" With ether. The ether extracts were drleé 6ver méghesium sulfate and
the solvent removed. 'The resldue was distllled under reduced pressure
to yleld 42 g (0.213 mole, 92,2%) p-nitrobenzyl ethyl sulfide:

b.p. 151;-157 (4 mm), 170 (10mm);NMR (CDGl ), 8814 (a4, J =
8,5 cps, 2H), 7.43 (4, J = 8,5 cps, ZH)\ 3.80 (s, ZH) 2,46 (q, J =
7.5 cps, 2n) 1.2% (4, J = 7,5 cps, 3H); Infrared (neat), 1600 (s),

1520 (s), 1345 (s), 110 (m) ent,

A

(£)-Bthylmethyl-p-nitrobensylsulfonjum Methylsulfate (()-25)

A quantity of 42 g (0,214 nole) p-nitrobeneyl ethyl sulfide was
“stirred with 28 g (0,222 mole) dimethyl sulfate in 50 ml, acetons
overnight., The solvent waa removed and the residue cryséallized froy
methanol-ether solvent mixture to yleld 59 g (0.183 mole, 85.5%) ()-
251 m.p. 102° (repdted 93 - 95(%whnux.mma% aeuzm.
J=9,0c¢ s,‘ZH) 7.89 (4, 9.0 ops, 20), 4.96 (s, 2H), 3. (8. 3H),
3.4 (g, j 7.5 cps, 2H),“3.95 (s, 3H), 1,40 (t, J = 7.5 cps, 3H)1
Infrared (sujol), 1610 (n), 1520 (s), 2460 (s), 1230 (s) cn™>.

r ' : L

iy, K

N |
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2

(=)-lithylmothyl-p-nitrobenzylsulfoniun Hydrogen 2(R),3(R)-Dibenzoyl-

tartrate

A 13.1 g quantity (0.0406 mole) 25 was dissolved in a minimum

amount of methanol and passed through an hydroxide exchange column

into 15.2 g (0.0406 mole) HDBI: A wine-red colour, ascribed to the
formation o§ the corfzsponding y1id generated on the exchangp column,
was immediately extinguish;d upon reaction with the acid. After the
ylid was completely W%fhed from the column, the resulting mixture
was concpntrated to 100 ml. and filtered to yleld 8,35 g of the legs
soluble isamer 261 m.p. 150°; [a1§g9 - 71.5°, [alggé - 172° (c 0.27,
methanol)‘(reported;[a]};g9 - 68,8 (c 0.55, methanol) (36)); "
N.M.R. (DSMO-4¢), 8 8.5 - 7,4 (m, 14H), 5.70 (s, 2H), 4.89 (s, 2H),
3.35 () R = 7.5 cps, 2K), 2.83 (s, 3K), 1.29 (t, J = 7.5 cps, 3H);
Infrared (nuj@l), 1?i0 (s), 1665 (m), 1525 (s), 1115 (m) cm-}.

snal, Caled, for CoglizN0ygSt Cr 59.041 Hy 4.781 N, 2,46
S, 5.63, Faund: C, 58.93, 58.91, H, b.51, 4.88; N, 2.76, 2,65,

Ss 5.96, 5.87,
After coqling the mother liquor at 50, a further 4,3 g material

precipitated, hEther was added 1n-excéé§ to the mother liquor of

[ PR , o
this precipitate to precipitate after cooling at - 10 , the more -

' soluble isamer 27t m.p. 141°) laljz = 207 (g 0.25, methanol). .

The second crop of crystald was recrystallized from methanol-ether

-solvent fnixtx‘xre:to yieid 1.73 g of 26 and ffom the mother liquor,
2,16 g of 27, The overall yleld of 26 and 27 was 19.4 g (0,&31&1 ﬁole,

R 8308%)0“ o
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(:j:@fﬁz}ggigyl— -nitrobenzylsulfonium Perchlorate ((+)-21)
| A quantity of 9.8 g\ﬁl?.Z mmole ) 26 in 250 ml. methanol was applled,‘;.mjg

to an hydroxide ‘exchange column. Methanol (ca. i500 ml. )-was ’

continuously washed through the column untdifrgé‘hlghlyvinsoluble salt

had dissolved and ekchanged. The effluent was iitrated“with dilute

methénolic HClOu using the ylid as an Anternal 123écator. The soluéion

was concentrated to 100 ml. while maintaiﬁing a batﬂ temperatuxe

below 250. éther, added to the cold solution, preﬁipitated 4,79 g

(15.3 mmole, 89.2%) (+)-gl: Mep. 80° } [a]589 + i? 9, [ulh36 + 41, b ~

(e 0.&59, methanél).(reported,[a]589 + ?.6 (¢ 0.9, methanol);

m.p. 83.5 - 85 (36))5 N.M.R. (Dits0-d(), 8 8.25 (d, J.= 8,0 cps; 2H),

‘ 7.72‘(01, J'm 8.(')“cps, 2H), 4.80 (s, 2H), 8.33 (q, J = 7.5 cps, 2H),

2,84 (s, 3H), 1.36 (t, J = 7.5 cps, 3H); Infrared (nujol), 4610 (s),

1500 (s), 3430 (s), 1100 (broad) cm-l. The spscific rotation reparted

is the highest aﬁtained for several preparations of this salt.l

T Anal. Caled. for cloﬂluclNoés. C, 38.53; H, b, 53) c1, 11. 3?|

N, 4,503 S, 10.29, Found: C,)38.4Q, 38.08; H, 4.39, 4.48; Cl, 11.5?.

11,17y N, 4,51, 4.74) S, 10.45, 10.38.

(4)-Etny1methy -g-nitrobdnlesulfonium Perchlorate ((-)- 21)

A 10.7 g (18.8 mmole) quantity.of 2 _Z was dissolved in a minimum
amount of methanol and’converted as above to its perchlorate (-)-211

m.p. 80 ' (01589 - 15.4°, [°]436 37.4° (c 0,408, methanol)



-

LChlorobenzyl Alcohol (36) ’ . &% S

8

e

)
b Ex l& :

E-Chlorobenzyl alcohol was prepared ina manner similar to ﬁh b {.
e

L%

described by Po (48). P-Chlorobenzaldem'de (150 g, 1.08 mole) m* = ;‘
300 ml, methanol was reduced upon the dropwise addition of a solutiﬁn . |

of 21 6 g (0.54% mole) sodium borohydride in 100 ml, water., After{} s\
most of the reducing agent had been added and there was ne furth’ﬁ o

|

evidence of exothemicity, the re solutionv;was diluted with 300
. N, :

ml, water and the mixture extracted with ether twi& The c )bined "’

extracts were washed with water, dried and corxcentrated The aplid - B ;’_‘."

residue was crystallized from benzene-Skellysol“ B sdivent mixthre : § '

2 to yield 131 g (0,969 mole, 89%) 36+ N.M.R, (CDCl ), d 7.22 (33 ba),

2

" p-Chlorobenzyl bromide (37) .

4,48 (s, 2H), 3. 37 (s, m); Infrared (cnc1 ), 3500 (m), 3300 (broad), N
3000(m), 1600 (n), 1500 (s), 1410 (a), 1090 (s) on™s =

P-Chlorobenzyl bromide was prepared in a mya.n'ner‘ gimila.r to ;chat
described by Po (48). The alcohol 36 (lll g, 0,78 mole) was
dissolved in 700 ml, bengene, | HBr gas was bubbled through the
‘solutdon wntil no mare water separated frog the solution. -'l'he
bengene layer was separated, washed successlveli with watér, 5%
aqueous sodium blcarbanate and wéter, drieé over magnesium éulfate )
and coﬁcentrafed to ca. 150 nl, ’I"l;e s'olution Was dilutecl with pe_n’cgne
and the mixture éoom to 5° to precipitate 149 g (0,725 nole, 93%)
371 N,M.R, (cm13). 8 7.22 (s, uH), u.;b (s, 211); Infrared (cnc13)

1600 (s), 1490 (s), 11&10 (s), 1095 (a) s

E *
¢ ¥

~
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1

CL)"--ETCh1orohen"’3"1‘3t‘}"ylmc’thlflsulfonium Bromide ((£)-38) f T

To 26 g (0,127 mole) 37 dissolved in 50 ml acetone,’ was added -
& (0.158 mole) ethyl methyl sulfide. After the solution was allowed
1to stand at room temperature for 20 hours, it was diluted with '.Xif
75 ml, and the resulting mixture cooled to - ?8 The olly prec}pltate
was separated, titurated in ether and the residue crystallized under f
P
reduced pressure, Recrystalliz:tion from methanol~ether solvent mix—(
ture gave 20,0 g (0,071 mole, 56%) of the unstable 38: m.p) 87 - 97°
N.M.R. (D,0, external THS), § 7.33 (m, 4H), 458 (s, 2}), 3.22 (q,
3= 7,5<fps, 2H), 2.7% (s, 3H), 1.34 (t, J = 7.5 cps, 3H); infrareg'

(nujol), 1590 (w), 1490 (s), 1370 (s), 1095 (s) cn™ .

(f)-p-Chlorobentylethylnethylsulfonium Perchlorate ((%)-35) |
A 19.5 g quantity (0.0693 mole) crude 38 was converted to its
perchlorate hy anion exchaege techniques to yleld, after crystallizatieﬁ
f:bm'hethanol, 12 g (0.6398 mple, 58%) (1)-35: m.p. 88 - 89°. -

"(reported m,p. 880‘(48)); N.M.R. (DMso-dc), & 7.4 (s, 4H), 4,68 (s,
2H), 3,28 (a5 3= 7.5 cpsy 2H), 279 (s, ), 1.32 (¢, J = %5 cps,
3H) Infrared (cuc13), 1585 (w), 1480 (m); 1085 (s), 610 (m) em™L.

. AE__- Calcd, for Clogluclzsquu C, 39 88; H, 4.69; Gl, 23,54

.s, 10,65, Found: C, 37.83, 37, 331 H, 4 53, ¥.18; C1, 22,83, 23.34)

S, 10, #7, 10, 85. In several attempts, the correct analygis for

.carbon and hydrogen was never achieved, Th%s was likely.due to the

sample explo?ing during combustioglanalysis with accompany%pg

- o ' . *

sagple loss, .
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(-)—ErChlorobenzylethilmeihylsulfodium Hydrogen 2(R),3(R)~Dibengoyls’

tarttate ' ' S
| N 5,06 g sample (16 8 mmole) ofr(+)—22 was converted t¢/its DBT

salt by the usual methods with 6 33 g (16.9 mmole) HDBT.. F actional

crystallization of the DBT salt three times from methanol gave the

: 1ess soluble diastereoisomer 391 me.p. 150 - 151 "[a]589 71.8 ’

[°]436 - 174° (c 1. 52, methanol) (reported [u] 69. 6° (c 1.6,

8
methanol) (48)); N.M. R. (DrMsO-d), 8 8.00 - 7. 209(m, 14H) | 5.62 (s,
24, 4,69 (s, ZH), 3.27 (q; J = 7,5 cps, 2H), 2.78 (s, 3H), 1.29 (%,
J = 7.5 cps, 3H); Infraved (nujol), 3000 {brgad), 1700 (.s).' 1650 (m),
.+ 1590 (.w),! 1485’ (w), 1370 (m) cm "1 7o the ori.ginal mother liquor,

™

.Concentrated to 75 ml,, was added ether to the cloud point and the
mixture cooled at 50. The precipitate, 3,43 g, was reéryStaliized from
methanol to yield 2,25 g of the more soluble diastereoisomer 404

m.P. 15001 [a] - 82, 2° } [a]436 - 198° (e 1.39, methaﬂo;).

589
o / .
(R)-(+)-p-Chlorobenzylethylmethylsulfonium Perchlorate ((R)-(+)-35)

A 1.53 g quantity (2.74 mmole) 39 was cbnverted to its perchlorate
by enion éxchangé techniques to yleld after two recrystallizatioms

From methanol-ether solvent mixture 0,742 g (2,41 mmole, 90%)

Py | o R .. © R _, 0
(R)-(+)-22r m.p. 80,5 - 81,5 1 [“]589 + 15,0 , [01365 + 62,2
(c 0,60, methanol) (reported (01365 +56 2° (48)) The Infrared and -

- N.M.R, spectra were superimpOSible with thoJe of racemic material,
{ . .

92
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(3)- (_)-R-Chlorobenzylethylmathylsulfonium Perchlorate ((_) (- )-gi)

The more soluble diastereoisomer 40 (2.06 g, 3. 67 mmole) was

converted to 1ts perchlorate by the usual methods to give 1,00 g ‘

(3.33 mnole, 90.7%) (8)-(- )-Qix [“]589 - 38.8° (c 0.936, methénol)
Recrystallization of this material from 20 ml, methanol 1n th?/freezer , ‘/ |
gave 0,818 8 (~)-35, [a]365 - 43,5° (¢ 1.22, methanol). No attempts |
were made to further increase the optical purity of this lsamer,

)

§ucleqph111c Reactiaps of Ethz}methylsulfoniumAngitrobenzylid with

Carbonyl Compounds

*1) with benzaldehyde |

A 1,%2 g quantity of (3,78 mmole) of 25 was &issolved in a
minimum amount of methanol and the solution eluted through an hydrOxide
exchange column 1nto a flask containing 0 407 g (3.84 mmole) benzal-
dehyde. The resulting solution, stirred under nitrogen, slowly -
lost-its wine-red colour over a period of one houx,. The solvent was
removed and}the Tesidue brystalliégﬁ'from bénzéﬁé—pentane solvent
mixture to yielﬂ 0.608 g (2 48 mmole, 65. 5%)-trans-p-ﬂitrostilbene
oxide (28)t m.p. 124° (reported 125 - 126° (30)); N, M R. (CDCIB),
L) 8 23 (d, J =87 cps, 2H), 7.50 (d, J = 8, 7 cps, 2H), 7.40 (s, 5H),
3,96 (4, 7 =1, 6 cps, m), 3. 83 (@, J=1.6 cps, m); Infrared (nu;]ol),
. 1602 (w), 1511 (s), 1350 (s), 860 (m), 840 (m) cn™?,

Anal, Caled, far clll»Hll 5t Gy 69.70; H, 4,605 N, 5.81.
Pouids G, 69.63, 69:124 H, 4,67, %741 N, 5.69, 6,16,

[



'2) with p_—chlo‘robenzaldehyde o
A 1,26 g quanti}:y (3 91. mmole) of 25 was'dissolved in methanol
-and thefsolution elu&ed through an hydfoxide column into a flask
lcontainlngho 558 g;(j 9¢:mmole) R;chlorobenzaldehyde. After one-
v~ hour, the solution was concentrated hnd the resldue crystallized
from methylene chloride-péntane solvent mixture. to yield 0,832 g
(3 02 mmole, 77. 3%) tra.ns—p_-nitro-p_ -chloroétnbene oxide (gg).
m.p. 124 - 1251 NIM.R. (cpe, xﬁ 8.26 (4, J - 8.7 cps, 2H),
7,53 (S. J = 8,7 cps, 2H) 7436 (s, 4H), 393 (d, J = 1.6 cps, 1),
3.84 (4, J = 1,6 cps, lﬂ)l Infrared (nujol), 1600 (m), 1520 (s), 1340

(s), 860 () e, : ‘ | .
Anal, Calcd. for ,Cluﬂlocm%' C, 60.99; H, 3.65; Cl, 12.86;

N, 5,08, Found: G, 61,02, 61.25; H, 3.71, 3.81; C1, 12759'.

12,63; N, 5,18, 4,98,

v
i
!

3) with p-nitrobenzaldehyde
- From 1,22 g (3.77 mmole) _2 and 0, 565 g (3.73. mmole)lgfnitrobenzal-
dehyde, was obtained after a single crystallization from methylene-
: chlcmnde-pentane eélventpmixture 0.831 g (2. 91,mmoleh 77 3%) trans—'
P2’ -dind.trostilbene oxide (g_). BeD. 199 - zoo (reported 200 - 201°
(uz)): N.MLR, (cD,C1,), & 8,27 (d, 3 = 9.0 cps, bH), 7.56 (d, I = 9.0, |
cps, 4H), 4, oz (s, 2H)3 Infraved (nujol). 1600 (s), 131;5 (s), 1100 (w),
/“"/85761) en™t, o p
o Aga_;. Calcd. for 014510 205 G, 38,751 H, 3521 N, 9 79. o
© Found: ¢, 58 71, 58 691 H,. 3.22, 3. lm; N, 9.74, ‘297.



';‘Skelly-olve B to the' mother liquor precipitated after cooling at

-~

L) with aceteldehyde | »
From 1,26 g (3.90 mmole) of 25 and greatef'thanrz equivalents
excess acetaldehyde was obtained, after.a crystallization from,
| methylene chloride-pentane‘selvent nixture,. 0,460 g (2.5? mmole,
66%) ﬁggggrl—(g}qitrobhenyl)piopylene oxide (31): m.p:\é6oi N,M.R.
(CD2012), 0 8.19 (a, J = 9.6 cps, 2H),‘7.447(d, J = 9,6 cps, éﬂ).‘
3,66 (d, J = 1.9 cps, 1H), j‘oo (octet, 1H), 1.44 (4, J = 5.2,
3H)} Infrared (nujol), 1600 (s), 1345 (s) en L,
~Qﬂ.0ﬂ@.ﬁr%%%y mémm,‘5oan,7&

Foundt €, 59,82, 59.48; Hy 5.00, 5.24; N, 7.86, 7.84.

LY

&
~5) with chalcone ‘ .

. In a similar haﬁner, the yl1d from 1,21 g'(j ?5 ;mole) of 25

and 0,782 g (3,76 mmole) chalcone were allowed to react for two houra.
" The evaparation residue was crystallized from benzene-Skellysolve B
solvent mixture to ‘obtain a few milligrams of a yellow material,
m.p. 199 + The mass and infrared spectra“of this material suggested
1t to be oxirane 30, Mixed mel%ing point determination of this
paterial with the oxirane 2_ wes undepresSed. Addition of moxe
- 10° 0, 205 g (0 60 mnole, 16%) of a cyclopropane adduct 2_: T
151 104 } N M.R.. (ch13), d 8, 25 - 7 25 (m, 143) 3.80 3,00 ', i
. (m, 3H)}. Infrared (nujol), 1660 (s), 1600 (s), 1520 (s), 1u45 (s), |
1345 (e) em- ; ' The etereochemistry about the cyclopropane ring was | ) ;
not a,ssigned. The N M.R. spectrun ar thie mother Liguar, shonad B

_that dacompoeition sulfides wers p;asant, s ,4f}f e ‘ f‘ ¥ Eon



.6) with ketones /ﬁ \ ‘ B ,' | .
!
Hhen equimolar quantities of 2 _é_and each of benzophenone, .
\\
cyclohexanone, pgnitroacetophenone and. acetone were treated similarly
r . ' »

as for the aldehyd the colour of the ylid ‘persisted for much L

After 7 -9 hourgl the solutions became - f T

i |

/ | longer periads, bf time.y
I yallow coIoureg. The evaporation residues were crystallized from |
j J bénzene-Sk?ilysolve B solvent mixtufe tolyield in each instance 3
amall-amounts‘of 30. The evaporation residuesifrom the mother
liquOQS‘%ad similar N,M.R. epectra in the ‘high field reglon of the - f
spectra., The ch&racteristic abscrotions were located at d h 16 (@),
- 2 51'(2), 248 (a), 1.95 (s), 1.58 (a) and 1,25 (t). The relative
-4y tensity of the doublet to triplet absorptions was ca, 2/1. ‘There
/were numerous smallen signals ip each spectra in the 5 0 -5 region{
/ Furthermore, a simple a-substitution pattern was .not present |

/% 4n the arqmatic region of Yhe spectra, No major products could be

/o assigned to oxirane farmation from the ketones.

J [ e ‘_‘ ) R ‘ ‘ , ' i . - :
| PTOdUCt Analzgis qu the Scmmelet Rearrangements | | o

1) for ethylmethyl127n1trobenzylsulfonium methylsulfate (_;ﬂ
Thaievaporation residua ‘of the mother liquor from tha reaction

of 0 92L (2 86. mmole) ac&ﬁgne uith the ylid 22 from 0.924 g,(2.86 . 'tf.tt
u. J, ':.‘", j"."
‘H a was chromatographed .on 30 g BDH aﬂumina. The column ﬁae o




Wl (3 31 mmole) quantity °f'2§ was he&fed for two hours at 70 1n : 2"% " ‘

-2 "j‘the m:.xl;ure extracted with ether. E'L'he ether extracts we're dried and

'following fractions contained the sulfide 33, Rl‘ = 4,4 minutes,

~ minute. 'mere was an overlap of the peaJcs for. the two sulﬂdes
lidentify any other compolmds of the reaction mixture, Recrystallization ~-

of the first two ‘fra,ctions f‘rom Skellysolve B gave &, m.p. L8, 5 .
The N M.R. and Infrared spectra. of this material v{ere superimposible

\2) for p—chlorobenzylethylmethyleulfonium perchlora.te *( 32) : N

3 "sod;lum methoxide s,olution (0.76‘3 Na (33. mmole) :ln 6 84 g methanolp L
“"."’10% Na. 1n methano:[) The reaction mlxture wae poured into water a.nd- o : i

: jf\»“vcmcantrateyfto give 0.650 g qf a ‘y nw °u'A 'I’he N M R. spectrum of

, 97

chrom;itographiq plates, developing the plates with 10% ben'zene- ',_‘

cyclohexa.x;\e ‘solvent mixutre and vi'sualizing the plates with‘ iodine -

vapour, showed a single spot at be present R = 0, 3.“" However,

'

' the first two fractions gave solid evaporation residues wherea.s

the remaining did not., The first two fractions were shown by GLC and-

N.M.R. qpectrosc.d‘py to be pure sulfide 34, RT = 3, 7 minutes, The

contaninated by small amounts of the sulfide 34. The lrariable
parameters for th_e GLC analysis were: column; 6' x 2" 20% SE 30

on 60 - 80 thon;eedrblw  column temperature, 210°% detector, 3i‘Q°;R
injector, 280% ﬁiament current, 200 ma.;}; heiium' flow rate, ' 60 ml./

-

thereby pre\renting quantita.tive ana.iysis. No a.ttempt was made to-

[—

upon those of a synthetic sa.mple prepared later.

.p.g_,',' :

| ‘In a procedure similar to ‘that. of Hayashi and Oda. for the \(
Sommelet rearrangement of dimethylbenzylsulfonixm sa.lts (’4—3), a f 00 g

E N T
v ‘n.".'ﬁir T
MDA TR
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~ and 120 g parafomalde&yae (effectively 4 mole £orma1derwde) ma;l.n-

: (3.45 mole) 80 that no gaséoua HCl was lost from the mixture (ca. 5
b.ours) ¢ The' mixtnre wés stirred for four) hours in an icey-bath, thefu
letlétéﬂ at room temperatui'e over ni it
"welshed with 1ce-water a.nd uith 1&0 ml. 40% aqu ous sodium hydro:dde
i .If.solution. -The prod&xct waa separated, dried 'o ‘r potaSsiuni‘ ca.rbcnate
tj;;*,than potaqgium hydrdxide and tha product distilled at atmoepheric _
Pressu::e 'to k'yield 111# g bls-chloromethyl ether, b.p. 97 99 (700 nm)

. 1 ' A ‘ .
. A ‘
. . ‘. N . ‘\‘ i ' |‘
R .
L3 Y

this oi}l showed only three compounds to be present: methyl u-(2-methy1-
5-chloropheny1)ethyl sulﬁde (ul), et}wl 2-methy1-5-chlorobenzyl sul- N

fide (42) .and. methy‘l R—chlorobenzyl ether (__2) in the relative ratios’
\

‘of l&.2: 10,93 respectively. This was confirmed by cm analysis of the
<

oiln sulfide 41. R’I‘ = 13 2 \min.l sulfide 42, R‘I‘ = 17.2 min.; ether 43, ,,
R‘I‘ 3.76 min. ‘Thé variable parameters for this Gm!nalysis weres . ;
column, 6' x 3/8" 20% qd.rbowax 1500 on 60 - 80 Ghromosorb H; column‘ |

temperature, 174 -detector, 315 3 1n:)ector, 2?0 y collector, 2?5 b | -

f:llament current, 200-ma. ; helimn flow rate, 60 ml. /minute.

--Bis-chloromethyl Ether |  , - : C L R

-

Bis-chloromethyl ether waa prepa.red according to.the méthod of .. s

s. R. Buc (50) To a mixtuxe of 84 nl, concentrated HCl (1 mole)

-0

tained below 10 ) Was added d:opwj.se 226 ml, - chlorosulfonic a,cid

. .
. . .« £
Pru——— -t - -

The upper lmr wa.s separ%ted y




A

2-tiothy1-4-n trotoluono (’Eli)
2-Chloromethyl-h-nitrotoluone was ngpn¥nd by thé‘mathod of

° Bororovskil, Kurdyakova and Pronbrnnhonnklln(ﬂi): p-Nitrotoluone
(50 g, 0.365 molo) dlasolved in 60 ml. bia-chloromethyl ether was
treated with 85 g chloroeulfqnic acid for, one hour below 100. The
solution wan allowed to stand ovdrmight at room temperature then
tronfnd with ico-water. The prociplitate was filtered and recrystalligsed ‘F<::“\
from methanol to yleld 62 g matorial. This w;s dissolved 4in methylene ¥}
chloride, dried over magnesium sulfate and concentrated,
The.rsaidue was cryatallized from methylene chloride-Skellysolve B to
yleld 31 g (0.167 g mole, 45.8%) 4h, m.p.(é? - 68o (reported m.é,
61.50); N.M.R. (cn (03} ). d 8,03 (m, 2H), ?.32‘(d, J = 8,0 cps, 1H),
4.63 (s, 2H), 2.50 (s, 3H)};. Infrared (nujol); 3060 (m), 1612 (m), 1590
(m), 1090 (m), 815 (a), 840 (a), 735 (a) cm .

Anal, Calod for 08H801N02| c, S1.773 H, 4.,34; C1, 19, 10; N,
7.55. ‘Foundl Gy 51.8?, 51.99; H, 4,44, 4,20; C1, 18,90, 19,13

N' 701"9] 7oa-.9 ‘ t

Ethyl 2-Hethy1e§-n1troben§yl Sulfide (22)

A 12 g quantity (64,5 nmole) 44 in nethanol vas slowly added to a
stirred aolutiog of ao@iunyethanethiolate prepared by adding 1,54 g .
(67.0 mmole) sodiug and 5 g (80.3 nmole) ethanethiol to 30 ml,

" methanol. 'Agter 30 minutes, the reaction mixture was dliuted with 50 \
ml, water and the riaulting mixturn extf;ctod with ether several | |
ti;os. Tho othnr extraetu were dried .over nagnesium sulfate and

R cdncantrated. Tho residus was distilled under reduced pressure to yiold

i0.5 g (”08 nOh’ 7705) 22‘ . 'btpc 16? - 169 (5 “)'nn - 105812[




.,
o

15.16, 15.16, .

100

N.M.R. (002012). S 7.94 (m: 2H),.7.27 (4, J = 8.0 cps, 1), 3.77 (s,
2H), 2.51 (q, J ='7.5 cps, 2H), 2.48 (s, 3H), 1.25 (t, J = 7.5 cps,’
1)y Infraved (noat), 2980 (m), 2940 (m), 1615 (w), 1590 (m), 1520
(s), 1455 (m), 1350 (a), 1085 (m), 815 (s), 740 (s) ent,

Anal. Caled, for cfﬁﬁleozs. c, 56.83; H, 6.203 N, 6.66; S,

15.17. Found: C, 56.563 57.11; H, 6.16, 6.33; N, 6.77, 6.86; s,

N

" Ethyl é-Methx}fj—ﬁitrobénzyl,§u1fone (4s)
L 3 ’ *

A 0.317 g-(l.SO-mmé;92 qugnfity of sulfide 22 was oxildized upon
heatiné for three hours on a steam baih in the presence of 0.383 g
(3.26 mmole) 30% 1,0, A1ssolved in 5151. acetic acidr After cooling,
the reactioh ﬁixture'was neutralized with 5% aodiumfgicarbonata solu-
tion and extracted with chloroform, The chloroform extracts were
washed with water, drigd over maggesium sulfate and concentrated.

The solid residue wag crystallized from chloroform-Skellysolve B
solvent mixture to yfeld 0.291 g (1.21 mmole, 80.0%) 451 m.p. 139 -

14003 N.M.R. (cpca 5 8.21 '~ 8,14 (m, 24), 7,42 (4, J = 7.5 éps,

)s
1H), 4.38 (s, Zﬂ)o33-09 (qy J = 7.0 cps, 2H), 2.57 (s, 3H), 1.45 (t,
3= 7.0 cps, 3H) Infrared (CHC1,), 1605 (¥), 1580 (x), 1510 (m), 1345
(s), 2310 (s), 1270 (m), 1130 (s), 1110 (s), 1080 (w), 1040 (m), ’
905 (a), 875 (w) en™l, - 4

mal, MMoa, for ) NS Gy 49371 H, 5.91 Ny 5.76s

3, 13,18, Foudi C, 48,51, 49,11 K, 5.51, 5.461 N, W9, 5,58,

”

3, 13009. 13017. 4 " g o toe
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2-Cyano-4-nitrotoluens (46) BTN

2-Cyano-l-nltrotoluene was prepared according to the general
mothod described by Vogzl (73) for the Sandmeyer preparation of
aromath:fuirileﬁ;l'h quantity of 51 g (0.336 mole) 5-nitro-o- |
toluldine was disaolvod {n a boiling solution of 85 ml. concentrated
HC1 and 300 ml. water. The m1xtur§ was cooled to o° Y an ice-salt
bath. During 15 minutes with vigorous stirring, a solution of 25 g
sodium nitrite in 50 ml. water was addéd to the cooled solution,
A cuprous cyanide solution was previously prepared by adding dilute -
HZSON to 100 g copper sulfate pentahydrate in 320 ml. water until the
solution was acidic to Coﬁéo Red paper., To this solution was added
with stirring a solution of 28 g sodiﬁm bisulftte in 80 ml. wate£
warmed to 600, immediately followed by 28 g potassium cyani&e in 80
Al. water, After 10 minutes, the\cuprous cyanide was filtqred and
washed with 200 ml, water. The precipitate was'transferred toa
three litre round bottom and dissolved in a solutioélqﬁfjg‘g potassium
cyanide in 125 ml, water, . ;
The cuprous cyanide solution was warmed to 60o and thedcold ‘ " ,
diazonium salt solution added slowly with yigorous stirring»inle
maintaining the temperature around 60°, After completiocn of the
reaction, the cooled mixture was extracted thres times with ether.

The combined ether layors were dried over megnesium sulfite and

concentrated. The residus was érystallized from methyi;ne chloride-

F
it

*pentans solvent mixture to yield 378 (0. 228 mole, "%8 %) 46: m.p.

97 - 99 recrystallized from 95% ethanol, m.p. 105 = 106° (reportsd -
106 - 108° (51))s N.M.R. (0D 012), o 8.30 (m, 25),['54 (a, 3 -‘8.5

‘eps, 1H), 2.6? (s, BH)I Infrared (CHCIB), 2240 (m), 1620 (8),

1590 (s)..:nuo (), 1085 (s). 912 (s), 840 (n) ca™

L4

=
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2-Methyl-5-nitrobenzolc Acid (47)

The nitrile 46 was hydrolygzed according to the method of Erlenmoyef,
Waldl and Sorkin (52). In a solutign of 50 ml. water and 100 ml.
concentrated H,50,, 30 g (0.185 mole) §§ was heated at 145° for 6
hours., After cooling, t;e solutlon was poured into ice-water and the
aqueous layer extracted seyeral times with ether. After clarifying the
ether ;xtracts with Norit ‘ihe acld was extracted from the ether with
500 m1, of 10% aqueous sodium hydroxide solution. fhe basic extracts
were acidified with HC1 to precipitate the crude gcid., This was
recrystallized from ethanol-water solvent mixture @o yield-leg
(0.116 mole, 62,7%) 471 m.p. 178 - 179° (reported 175 - 176° (53))s
N.M.R. (DMso-dg), 8 8.57 (4, J = 2.6 cps, 1H), 8.28 (q, 1H), 7.57 (a,
J = 8,5 cps, 1H), 2,68 (s, 3H); Infraved (nujol), 2700 (broad), 1700
(8), 1520 (s), 1260 (s), 1135 (m), 1675 (m), 740 (m), 690 (m) en”l,

Anal, Calod. for CgH,NO,: r/) 53041 Hy 3.905 N, 7.73.
3

Found; C, 52.9%, 52.91y H, 3.60,73.93; N, 7.44, 7 32

2-Methy1-5-n1tr6benzoyl Chloride (48) ' R
A 2,75 g quantity (15,2 mmoie) 47 was slowly added in 3 hours ///

to 25 ml of thionyl chloride heated to 60°, The excess solvent was

distilled at atmospheric pressure and the traces of solvent ramoVed

under reduced pressure. The residue was crystallized from benzene- 1

pentane solvent mixture to yleld a small amount of 2-methy1-5--nitroben--~

golc anhydride (49). The evaparation residue of the mother liquor

: ;as crystallized érom:benﬁane-pentane solvent mixtuia to yield

2.59 6 (13.0 maole, 85.4%) 48s “m.p, 55 - 57° (reparted 58 - 59° (55))3

‘. N.M.R. (cnc13). 8.9.08 (d. J = 2,5 cps, ), 8.42 (q, m). 7.57 (d. J=
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8.0 cps, 1H), 6,72 (s, 3H); Infraved (cuclB)', 1785 (s), 1760 (s), 1610
(=), 1590 (n), 1530 (s), 1350 (s)," 1100 (s), 935 \(s), 810 (s).,

2-Mothyl-5-nitroacetophenone (50)

Crude 48 was prepared 5y adding 12,4 g (68.5 mmole) 47 to 100 g
of refluxing thionyl chloride. Removal of the solvent ylelded crude
48 containing a considerable quantity of 49,

Methyl magnesium bromide was prepared by the quantitative conver-
sion of 1,66 g (68 5 mmole) magnesium in 100 ml ether with methyl bro- -
mide, After 6,40 g (35,0 mmole).cadmium chloride was added to the
Grigg%ni solution at Oo, the mixture was biought to room temperature
over 30 minutes. While heatipg the dimethyl cadmium solution at reflux,
an ethereal solution of the c;ude acld chloride was slowly added over
15 minutes and ref}ux continued‘a;fuzther 15 miqutes. The reaction
mixture was poured into 1ce-water and the layer; separated. The
ether layer was extracted with aqueous sodium hydroxide solution, ggtér,
dried over magnesium aulfate and evaporated. The basic extracts were
acidified and filtered to yleld 4,33 g (22.4 mmole) 47, 'The evaporation
residue was-distilled under reduced pressure to yleld 2,00 g (11 mmole,
25%) 501 b.p, 134 - 137%( 5 mn)) m.p. 54 - 55°. (veported 54 - 55° (sh));
semicarbazone, from 95% ethanol, m.p» 235 - 236 (reported 222 - 223° i
(54))1 -N.M.R, (CD 012) 8,44 (4, J = 2,5 cps, 1K), 8, 14 (q,ﬁ
7.40 (4, J = 8,0 cps, 1H), 2.64 (s, 3H), 2.59 (s, 31{); Infrared (cuc13)
1700 (s), 1620 (s), 1530 (s), 1355 (s), 1100 () ca™L

. Anal,’ Calcd. for C ;19}10 c, 60.331 H, 5.06, N, 7.82. Foum.

=

¢, 59.67,. 59 92 H," 5,08, 5 124 N, 7.7, 7.93.
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a-(2-Methyl-5-nitrophenyl)othyl ATcohol (51)

s A solution of 0,60 g (15.9 mmole) sodium borohydride in 18 ml,
water and 2 ml, of 10% équeous sodium hydroxide was added dropwise
over 45 minutes to a stirred solution of 5.41 g (30.2 mmole) 50 4in
50 ml, methanol, The reactioJ'sglution was diluted with 100 ml. water
and the resulting mixture was extracted with ether sayeral times. The
ether extracts were dried over magnesluﬁ sulfate and'ébncedtrated.
The residue was crystallized from chloroforn-Skellysolve B solvent
mixture to yleld 3.29 g (18.2 mmole, 60.4%) 51: m.p. 90 - 91%
N.M.R.’(CDZCIZ), 0 8,26 (d, J =2.5 cps, 1K), 7.87 {q, 1H), 7.22
(d, J = 8,0 cps, 1H), 5.11 (q, J = 6.5 éps, 1H), 3.13 (s, 1H), 2.36
(s, %g), 1.42 (4, J = 6,5 cps, 3H)} IAf;ared (CH013); 3600 (m), 1585
(m), 1520 (s), 1450 (m), 1345'(35,‘1105 (m), 1065 (i) cm_l-ra

Anal, Calcd, fo?‘C9HllN03| C, 59.64; ﬁ, 6.125 N, 7.76.
Found: C, 59.57, 59.62; H, 6.35, 6.26; N, 7.72, 7.60. L

L [

Methyl é-Metgyl-S—nitrobenzoate (52)

Base catalyzeg)methénolysis of the acld chloride 48 ylelded 52
m.p. 56°; N.M.R. (cDc15), 8 8:68 (4, J = 2.5 cps, 1H), 8.16 (q, 1K),
7.37 (4, J = 8.0 cps, 1H), 3.93 (s, 3H), 2,68 (s, 3H); Infrared (03013),
1720 (s), 1610 (m), 1520 (n), 1350 (s}, 1320 (s), 1130 (s), 1080 (s),.

905 (m) cm-l.
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a-(Z—Hethyl—5—n1trophen§l)ethyl Bromide (53)

A 30 ml, benzene solution of lﬁé? g (6.9 'mmole) 51 was Baturated
with gaseous HBr. After 30 minutes, the reacti?n mixture was poured
into 150 ml, water and the layers separated. Thq benzene layer was "Q{?
washed with water, dried over magnesium sulfate ?nd concentrated. The ' 1»

residue was crystallized from Skellysolve B to yleld 1,56 g (6.37 mmole, g
| 91,2%) 53t m.p. 53 - 54%5 N.M.R, @DCIB),6£L39 (4, J = 2,5 cps, 1H),
8.03 (q, 1H), 7.32 (d, J = 8.4 cps, 1H), 5.38 (q; J = 2.5 cps, IH),

2.52 (s, 3H), 2.12 (t, J = 7.0 cps, 3H); ‘Infrdred (cnc13), 1605 (w),

1580 (m), 1510 (m), 1240 (s), 1050 (m), 900 (m) cml .

Anal, Calcd. for C9H10BrN02: C. 44,28y H, 4,13; Br, 32,73

N, 5.76. Found: G, 44,33, 44,07y H,:4,29, 4.21; Br, 32.73, 32.56} |
N, 5.90, 5.49,

)‘.i '
Methyl a-(22ethyl-5-nitrophenyl)ethyl Sulfide (34)

r

A l:h9 g quantity (6,10 mmole) of 53 in 25 ml methanél was
slowly added to a stirred solution of excess m thanethiol and 0.155 g
(6,72 mmole) sodlum in 25 ml methanol After' 30 minutes, the reaction
solution was dilutgdswith water and the mixture ektractéd with ether
several t}mes; The ether extracts were diied over magnesium sulfate

and concentfated.‘ The residue was cryétéllized from Skellysolve B fo

yleld 1.09 g (5.13 mnole, B4%) 41 m.ps 49.5 - 50,53 N, M.R. (CD Glé). ‘9;1?{
6 8.24 (d, J = 2,4 cps, 1H), 7196 (q, 1H) 7,25 (d, J = 8,5 cps, 1H), N .v v
b, 17 (¢ 7 = 7.0 cps, 1H), 2.47 (s, 33), 1,9u (s, 3H), 1.584d, J = ; 5‘ ;
7,0 cps, 1H)j Infrared (CHCI3), 1605 (m), 1580 (s), 1500 (g), TR
'14“0 (e), 1100 OF 910 (e) ™l S o | ’;;7

“Anal, mﬂed. for CygH) N0, St Gy 56,831 H, 6.20, N, 6. 66, S. 15.17. s
Found: C, 56 90. 56 591 Hy 6 ok, 6 233 N, 6 37, 6.54; 8y 15,09, 15,06.16 A, i;é;?i
r ‘s W BIRE.
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Methyl a-(2-Methy115—nitrophen1;)ethyl Sulfone (54)

In a procedure similar to that for the preparation of 45, the
“sulfide 3 was oxidized to its sulfone gg in an 80.5% 1sqlated yieldn
m.p. 150 - 151y N.M, R..(CDC15), 5 8.38 (4, J = 2. 5 cps, 1H), 8.14:(q, "
"IH) 7,45 (d, J = 8,0 cps, H), 464 (q, J = 7 0 cps, 1H), 2.85 (s, h 59
34), 2.59 (s, 3H), 1.87 (4, J = 7.0 cps, 3H); Infrared (cHe1,), 1605 | .
(w), 1580 (w), 1510 (m), 1345 (s), 1310 (s), 1280 (w), 1265 (w), |
1135 (s), 1115 (s), 945 (s), 900 (m) em’ ™
Anal. Caled, for Gy H).NOSi C, 49.37) H, 5.39; N; 5.763 'Mi .
S, 13,18, Found; c, 49,20, 49,86y H, 5.44, 5,693 N, 5.35; S, 13,02,

2-Methy1-5-Chlorobenza1dehyde (22) o . /

This was prepared by the method of Jolad and Rajagopal (58)
A 10% solution of formaldoxime was prepared by dissolving 11,5 g
pareformaldehyde and 26.3 g hydroxylamine hydrochioride in ?O ml,
hot water, adding 51 g sodium ecetate .and refluxing tnermixture for

15 minutes, To the resulting solutioen 6,25 g copper sulfate, lg

N

1y s’.}'

sodium bisulfite and 160 g hydrated sodium acetate in 180 ml, water
‘were added, To 2-mefhy1-5-chlorbaniline (36 g, 0.25 mole) 1n 578l )
concentrated HC1 and 150 m1l, water at 0 ) Was added-dropwise a solution o
& of '17.5 & sodium nitrate 1n 23’ml. water. After th; a*ition, 2 g |
“hydrated sodium acetate was added to neutralize theksoiution. The |
euﬁral diazonium chloride,solution was 1ntroduced below the surface
of éhe formaldoxine solution with vigorous stirring at 10 - 15 .
. t481:11'1:1113 Nas continued for one hou.r, then the solution was mada

neutral to. Gnngo Red paper and a further 230 ml, concentrated HC1 added..,

..5

. '} " S -, ;‘, ’A, 




The solution was refluxed for 2 hours, \then steam distilled. The
dlsti‘llate was neutraliz*l with 5% aqueous sodium biearbonate and ex-
tracted with ether, Theklether extract was concentrated to dryness and
the residue shaken at 60° with 90 ml. of a 40% a(llueous sodiun neta
bisulfite solution, The addition product was filtered, washed with
ether and decomposed in 60 ml 12 N HCl This hydrplyzed solution
was extracted with ether several times. :I‘he combinecf ‘ether extracts
were washed with 5% sodjum bicarbonate so;lptil_qn, water, dried over <
Qegnesium sulfate and concentraeed. _The residue was crystallized from
Skellysolve B to yleld 15.2 g (0.0983 mole, 39.3%) 55: m.p. 29 - 31°,
sublined at 30° (0.2 am), m.p. 31 - 32° 2,4-DNP, m.p. 250 - 251°
(reported 2,4-DNP m.p. 246 - 247° (58))1 N.M.R. (D), § 10.72 (s,
1K), 7.7% (@, J = 2.0 cps, 1H), 7.43 (q, 1H), 7.17 (4, J = 8.0 cps,
1H), 2,63 (s, 3H); Infra.red (nujol), 2610 (m), 1680 (s), 1590 (m),
1555 (w), 890 (s), 820 (s) em” L

' ‘Anal, Caled, for C g, C10:  C, 62,155 H, 456 01, 22,93, '
F'eundl G, 61.84, 62.30; H,' 4.51, 4-,64; C1, .22.88, 22,96,

2-Methyl-5-chlorobenzyl Alcchol (56) = . ,.,.

The aldehyde 55,(13.3 g, 0,0862 mole) in 50 ml, methanol at
20° was reduced by the dropwise addition of a solution of 1 70 g (0,045
nole) sodium borohydride in 20 ml, water. IAfter addition,, the rea.ction ,
nixture was diluted with water and extreoted with ether several times.

The ether extracts were wa.shed with water, driéd over- magnesium eulfate

B-to’ yiel& 11, 5 g (o 0735 mole, 85. u%) 5_: m.p. lm $ N m R (cnc13).

-~
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and concentrated. The residue was crystadlized from benzene~Ske11ysolve




108

§.7.26 (s, 1H), 7.08 (d, J = 8,0 cps, 11{) 699 (d J=9 0 cps, lH),”
‘?'u 49 (s, 2}{), 2,96 (s, 1H), 2,18 ((3}{ Infrared (CHCIB), 3600 (m),
1600 (m), 1490 (s), 1100 (m), 880 (m) cm™ 1 -

Anal, Calc. for c8H901o. c, 61.95; H, 5. 79; €1, 22,64, . Found,

C, 61,66, 61.54; H, 5757, 6,10; Cl 22,18, 22, 90

Z-Methy1-5-ch19robenzyl Bromide.(iz) | 4

HBr gas was bubbled through a 50 ml. benzene solution of 56 |
(11.3 g, 0.0723 mole) until no further wate@éparated. The resction ‘,
mixture was poured info water and extm-at:ted with benzene several
times, The benzene\extra.ots were washed with 5% aqueous so&ium
bicarbonate solutimn, wafer, drﬂ;e\d over magnesium sulfate and con-
. centra%;ad‘. . The'residueswas di'r;stalliz'ed‘ from ‘beuzene-Skellys,olve B
solvent mixturs to-yield 13.9 g '((.).063.2 mole, 87.5%) 571 m.p. '3_1 -
32% n. LR, (dbc13), 5 7.26 (s, 1H), 7’.‘;8 (d, ¥ = 7.5.cps, 1), 7.08

(d, ,} = 7.5 cps, 1H); 441 (s, 2H), 2.35 (s, 'qg}';(mf'rmd (cHeL,),

1600 (n), 1575 (w), 145 (), 1110 (s), 900%0¥ fcgi“. . "
g ";3‘” ‘ ' . o E ‘f f‘a \.3 -
- ol SR B
- Ethyl 2-Methyl-5-chloroben zyl ‘Sulfide (42) .f‘s w o
o

The bromide 57 (12 9 g, 0 0587 nole) in 1200 ml. methanol was V
o slowly added to a stirred sodium ethanethiolate‘soluuion prepared
by adding 1 llll» [ (0 0626 mole) sodium metal and 4 g etha.nethiol to i
, ,'40 ml, methanol. After one hour stirring ' the reaction solution was
B diluted ¥ith 100 nl, water and the resulting mixture extracted with
;' ~ v‘ether several times. The ether extra.ets wexe wa.shed with water, dried f L
, | over magnesium sulfate a.nd concentrated. The residue Was distilled
| under reduced presaure to yield 8.00 g (0.0399 mole, 68 2%) . '
. ua. b.p. 117 118 (6 mm); n - 1.5611: N M, R (cnc ). a 7.24 -

S




S Toa eolution of 175 g bydroxylamine hydrochloride and eodium ca.rbonate

«-‘,,am., | A;Eter 15 houre a.t o° . the eolution * aaturatad with ult

¢« - 109

6,99 (m, 3“). 3.64 (sv ZH), 2, 46 (Qn J =7 5 cps, 2“):- 2-34 (Bn 3“)': “\

1.23 (t, J = 7.5 cps, 3}1); Infrared (neat), 2985 (e), 2965 ,(s), 1595 R
(m), 1485 (s), 1400 (m), 1265 (m), 1115 (m), 9oo (m), 885 (m), 815 |
(s) om 1- | _ .o '

Anal, Calcd, for ClOHlB

C, 59.97, 59.68; H, 6.79, 6,64,

C1S1 G, 59.84; H, 6.53, Founds .

YO KT S

Ethyl 2-Methy1-5-chlorobenzﬂ. Sulfone (58)

p]

In a procedure eimilar to that far . the prepa.ration of the nitro~ - o
sulfonee 45 and 54, the chlorosulfide 42 was oxidized to its Correspond- |
, 1ng sulfone g_. npe 116 - 117°; W, M.R. (cnc13). 3 7.28. (31 31{), 4,23

(s, zn), 3.00 (q, J = 7 5 cps, 1H), 2.42 (s, 3H), L.41 (t, J = 5 cps,
'33); Infrared (cnc13), 2970 (w), 1590 (w), 1475 (m), 1310 (e), 1120
_(s), 890 (m) ent, | . -

~ Anal, Calod, for °10H1 olo a, 51.61, H, 5.63; C1, 15.23;
o s. 1378, Fowdi ©, 577, 51311 K, 5,68, 5,575 CL, 15.46; 15,35
Sy 13.93, 13,81, . - - X T RS ‘

Acetaldoxiine | o : L R . o _/‘.

“5‘ .

Acetaldoxime was prepared according to the method of wieland (61)-'

. in 1&50 ml. water at 0° ’ was added e}owly 100 g aoetaldehyde 1n 50 ml.

e

‘ ; | m the mx.bm emaoted ﬁth ether. | Af‘her the extracte om : _;‘3
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This was prepared by the method of Beech (59) z-Methyl-S-ohloro- '

/,.‘ |
p iline (35 5g, 0, 2&7 mole) was diazotized as previously described

léor the preparation of the aldehyde 22 The neutralized diazonium salt

'(, solution obtained ‘Was passed below the surface of ‘a stirred solution ’

of 2255 g ecetaldoxime, 12.5 g copper sulfate, 1 g anhydrous sodiumk

&
sulfite and 165 g sodium acetate 1n 200 ml, water at 10 - 15 . After; e

.the addition,,the stirring was continued for one hour, then the solu-

tion was made acidic to Congo Red paper and a further 230 ml, concen- .

‘trated HC1 added, The resulting mixture was refluxed for three hours
”.then steam distilled, The distillate was neutralized with 5% sodium ’
'bicarbonate solution)and extracted with ether., The ether extracts were

‘,rashed with- 10% aqueous sodium hydroxide solution, water, dried over

magnesium sulfate and concentrated, The residue was fractionally *

distflled through a vigreux column under reduced pressure to yield

\ 1i 4 g (0. 0676 mole, 27, u%) 59 .p. ol - 96 (4 5 mm) 3 n =1, 5462

{\
T

N
m

N (reported bop. 121 = 122° (7 mm); nz =1 5452 (60)): 2,4 DNP. m.p.

l83 - 184  NULR, (cnc13), 5 7 60 (d,"J = 2 0 cps, 1H). 7.27 (q,. 1),
%10 (d, J - 8 0. cps, m), 2.53 (s, 3H). 2.45 (s, 31{); Infra.red (neat),
]}685 (s), 1595 (w), 1480 (m), 1355 (s), 1285 (s), 1240 (s), 1100 (m),

955 (m). 840 (m). 820 (m) cm -

(2-Methy1-5-chloropheny1)ethy1 Alcohol (60) IR
i \ To 6 82 g (o ot;os mole) 52 m 50 ml. methanol at room temperature

,1. 10% aqwtms methanol and 18 ml. water. The reaction solution '
) qre_dxtracted with ether.;ngfj.e




o R BTt
. . The ether extracts were washed with weter, dried over magnesium sulfate
and concentrated, The'gesidue was distilled under reduced pressure

to yleld 5.66 g (0.0332, 82. a’») 601 b.p. 97 - 98 (3.5 m)s nD =1 5457.
N.M.R, (cnc13), 5 7.48 (d, J = 1.5 cps, 1H), 7.08 (m’lgﬂ) 5.04 (q,
J=6,5 ch, zn), 2,26 (s, 3H), 2 12 (s, IH), 1.38 (4, J = 6.5 cps,

3H)3 Infrared (cH013). 3600 (m), 1595 (n), 1400 (m), 1375 (m), 1105

(s),.1075 (s) en”t ‘ \-'.\ )
Lo i
Anél. Calcd for CgﬂllCIO: c, 63.35;43,‘6§50: Cl1l, 20.78.

Found: C, 63.16, 63.63; H, 6.42, 6,643 C1, 21.01,.21.27.

- )

u-(Z—Methyl—jychlorophe l)ethyl Bromide (61)

, HBr gas was bubbled’ through a 10 ml, bénzene solutiqn af 1.62 3

(9 52 mmole) 60 until no further water eeparated. The mixture wae

'poured into water 4nd ggr

extracts were washed uiih 5% sodium bicarbonﬁte solution, weter,
dried over magnesium sulfate and concentrated.‘ The residue was dis-
tilled under rediiced pressure to yield 1.59 g (6 78 mmole, 71.3%) 61:
;bm94(35mhnn 15%mNMR.WM%L6?49@,$=14
cps, 132, 7.10 (m. 2H), 5431 (q, J = 6.5 cps, 13), 2.35 (s, 3H),'2.03
(a, J‘- .5 cps. 3H): Infrared (neat). 2980 (m), 1590 (m), 1ueo (s),
50 (e}, 1185 (s). ) (s), 810 (s) o™t | ‘

\

T

B !
t
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‘ 1595‘(m), 1484 (s), 1450 (s), 1125 (m‘,‘865 (s), 810 (s) cm” 1

. '860 (m) cm ,, ‘ | | » o
| 3:47, Anal. Calod for Clo 1301ozs. c, 51 61; H, 5.63; Gl, 15 23, s. "5v;-‘
| ,5;13 78.‘ Foqnq; c. 51.70. 51, 533 H, 5 75, 5 61; cl. 14 95, 15.11, E.ﬁ

\

S P ; ] .
Methyl a-(2-Methyl-5-chlorophenyl)ethyl Sulfide (41)

The bromide 61 (1.63 &, (6.93 mmole) was'added to a stirred,

sodium methanethiqlate solution at 0° ’ prepared by dissolving O 169 8

AR

v
LSS

(7.33. ﬁmole) sodium metal and’ 1 ml, methanethiol in 10 ml, nethanol.,

After stirring for 3 hour, the reaction solution was poured into water

‘ . . \ @
qnd‘theumixture extracted with ether, The ether extracts-were dried

‘over magnesiqmtsulfate,and‘concehtrated. The residue was distilled

under reduced pressure to yleld 1,02 gx(5.08 mmole, 73.5%) &if
bup. 108 - 120° (5 mn)} n§5 = 156403 N.MLR. (CDCL,), B 7.#2'(3,.1H),
705m.mxu08h,J=6Scm.mL233@.wL194h.wL

\

1.55 (4, J = 6.5 cps, 3H); Infrared (neat). 2985 (m), 2920 (m).

Anal, Calcd for Cloﬂljcls:‘ d, 59 83; H, 6 52; Cl 17,66;

S, 15,97, Fowndy €, 59.90, 59.92) K, 6, 19 &. 1 ot 17, 37» 17'86’
S, 15.89,+15.79, e -

[N , »

s - .
$ . s
. ]

3

- Methyl a-(2-Methyl-5-chloropheny1)ethyl Sulfone (62)

In a.procedure similar to that for the preparation of the sulfone

,"'2_, the sulfide 41 was oxidized to its sulfone 62: m.D, 143 - w° ;.
" . N.H. R (cnclB),\a 7 7o (s, 1n), | 36 (s. 2H), 4 58 (dfga 7-0 cps. lﬁ
‘2, 78 (s, 3H), 2. u6 (s, 3H), 1 78 (d, J - 7 0 cps, BH);sInfrared

v

(cHe1 ), 2900 (w). 1590 (w), 1480 (m). 1300 (s). 1130 (s)y 945 (s).

s. 13 97, 13 ot

- 112
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P-Chlorobenryl Methyl Ether (43)

"A6.5 ¢ quadtié& (Q.Oj%?‘mole) p-chlarobenzyl biomido (37) was
added to a sodium metl';o;cida‘aolution (1 g sodiun’'metal in 30 ml,
methanol) and the h1xture refluxed for 2 hours. The reaction mixture
was poured into water and tha &ixture extracted with ether aevaral
timos. The etf;xén sxtrants were’" waahed with water, dried over

e
magnesium aulfate and concentx:qted The reaidue was distilled under

reduced preasure to yield L, 24 g (0.0271 mole, 85. 7%) 531 b, p;
f - 71 (10 mm)t nD\ .1 5190; N.M.R. (0001 0. d 7.34 (s, 4H).
B (s, zu) 5 tnj( 3}:); nﬂ*mmd (neat), 1600 (¥), ‘W90 (a), .
1410 (w), 1380 (w), 1195L “‘. 1090 (a), 1020 km), 810 (n) cal,
Anal, Calcd, for C n9c1o. C, 61.35; H, §.791 i, 22.64,

~

Found: C, 61,62, 61.65; H, 5.?4, 6.03; Cc1, 22,62, 2?53.

Asymmetric Induction Ebcperinients'

1) Eﬂ\vlmethylsulfonium g_-nitrobenzylid with benzaldehydo
A 0414 ¢ quantlty (.33 mmole) (-)-21, [01436 37 7° (c 0.408,
;athanol), was dissolved in a m anount of methanol and \eiuted
through an hydroxida exchange cqluﬁn into a flask cchtaining 0, 11&87 8
(1.40 mmale) benuldehyde. The solution was stirred under N, for one
hour then ooncentra.w "W raeidue. 0.310 g, had a speaific rotation
of m% +6:37°% (¢ tuab. CH,CL,)s _This wad cmumm froa methylene
ohlorido—Slul]ysolvo B solven xturo to yield 0.18*& g (0.76 mmole,
: fuhncu; was concentrated to yiom

. §7%) racemic oxirane 28. Z'uo nathe
0.151 € uternl. (n] 9& 44' :;&3?(%3.02. cuzclz) This latter residus
| e 0,063 g (0.26 nolo, 20%)

(+)-aB| l.p. 125 ' la] 585:6?&' "53 (c 0.506, benkens). The K.M.R. -
. ' \ ! -7




spectrum of the active oxirane was superimposible upon that of raoemio”
material. After concentration of the” mother liquor from the latter S VN o,
crystalligation, the N,M.R. 5pectrum of the residue indicated thq pre-
sence of 28 as weil as decomposition products 1nclt;d1ng sulfide 33

A final 9 ng of solid materisl, m.p. 120 - 122 , (a]lgr% +20 (c 0.18,

benzene) was obtalned by trituration of the residue in Skellysolve B,

2) Ethylmethylsulfonium p-nitrobenzylid with acetaldehyde

In s\'aimilar manrier, 0.672 g (2.16 mmdle) (+)-21, (d]fgé + bl.lfo
(c 0.459, *I)nethanol) » was dissolved 1'n & minimun amount of methanol
and elutedr through an hydroxide exchange columx: into 6 g acetaldehyde
at Oo. The wine-red colour of the ylid disappeared almost limmediately.
The solvent was removed and the residue crystallized from bengzene-pentane
solvent mixture to yleld 0.194% g (1.08 mmole, 5@.2%) racemic 3l. Hh?n
the evaporation re,sidue. :‘f this crystalligation was titurated in hot
Skellyaolve Bwand the mother liquor decanted from a red residue and |
cooled at 5% 0.0774 g (0.43 mmole, 20%) (-)-31:1 m.p. 85 - 86°) -
((’1436 - ’&49 (d 0.77, ben ne), ta.s isolated. The red residue, ’
optically active (p), was ;SVmg;N.M.R. spectroscopy to contain some

épo_xlde 3:1_ plus deComposition 'products including sulfide 34,

3) Rate of change of optic.al activity of (+)-ethy1mau;yls\;1foninj
p-nitrobengylid ,

A 0,555 g quantity of 21, (u],'g6 +.38,2° (g 0.385, methanol) vas
.dissolved in 40 ml, methanol and passed through an hydgoxide exchangs
coluin into a 100 al, volmtric flask, An;mota of this solution were
trunaftmﬂ to polarhour colla thermostated at 25 and 50 « The changes

ctrotatimoburvodonm”tumnnmmgimmrabhn.

" i :
[ A
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JABLE IX

‘f'\’IbAL Adrxngx OF (+)~-BTHY LMETHY LULFQNIUM

»

Time, sec. Time, sec.

o
® 589" 589°*
0 * 0,077 1350 . 0,060
1750 " 0.085 1500 0,072
4 7225 0.091 1900 0.083
10150 0.08% 2850, 0.081
15350, 0.Q76 7175 0,052
_ 28500 0.062 8900 0,04
42200 0.056 12650 - 0.034
28000 0,049 42150 0,028 -
100900 0.030 100900 0.028 .
. 0.028

a1 Effluent solutlon from 0.555 g 21, [01436 + 38, 2° (c 0.385,
_ methanol),
b1 Wifle-red colour of y1id disappeared.

4) Sommelet rearrangement of Ethylmethyl-g-nitrobenzylsulfonium

perchlorate ((+)-21) " "
Al,0lg quAnfity (3723 mmole), of ng [u]ﬁgs + 3&.7°'(§ 1.06,

nethanol), was dissolved in methanol and eluted through an hydroxide

exchange column u{to a 250 nl, volumetric flask., After nine hours at

rocm tenperature, ;‘%.93 nl, aliq\;ot of the effluent solution and

a 4,890 nl‘.,_all,quot of a séluticn of 1,422 g benzhydrol (8.0 mmdle) in

100 ml, bensene were mixed and the solution concentrated ,



Using the integrations of the benzylic préﬁons of hulfide 33, the

S-methyl protqne.of'sulfide 34 and the benzylic proton of benzhydrol
in the N.M.R. spectrum of the evaporation residua, the ylelds of .
the two shlfides 34 and 32 were estimated to be 30% and 12%

i
respectively. This analysis 1s summarized in Table X.

' TABLE X
N.M.R. PRODUCT ANALYSIS CF THE SOMMELET REARﬁANGEMENT OF ETHYLMETHYIL~

" p~NITROUBENZYISULFONIUM PERCHLORATE®

Compound ~ Ave, Integ. # Protons Mmole/Analysis Yield, mmole, %

benzhydrol ;1,95 1 benzylic 0.391
sulfide 34 2.90 3 S-methyl 0,194 0.97, 30
sulfide 33 « 0.79 2 benzylic 0,076 0.38, 12

[y

a: theoretical yleld of products per analysis, 1/5 of 3.23 mmole (+)-21,

Crude (+) sulfide 34, ["]589 + 19, 7 , [0]578 +20.1° , [a1436
42, ? (c 0.483, OH 2) was 1solated from the remaining reaction

mixture by chromatography of the evaporgtion residus in a manner

analagous to the isolation of the pure racemic sulfide. Crystalliza.tion

of the crude’rom Skellysolve B gave sulfide (+)-34, [“1106 + 39 1
(c 0.358, CH c12) This material was pure by GIC. analysis. Its

@
N.M.R, and Infrared spectra was suparinposible with those f’or racemic

o,
material, Assuming the absolute rotatighun 21 to be [A] 436 414
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(c 0.459, methanol), th; Righest specific rotation recorded, the
corrected rotation for £he non-orystallized sulfide obtained for
this experiment was [a]fg6 + 510" (o 0.483, CH OL,).

In a similer experiment, the ?50 nl, solution of the ylid 22
derived from 1.01 g (3.23 mmole) (+)—§l, [Q]E§6 + 40,3° (9_0;94, methanol),
was let stand at room temperature for 17 hours, A 150 ml. partion of
this solution was Qoncentrated to dryness and the residue chromato-
graphed on 22 g Woelm neutral alumina (activity one) with benzene-
Skellysolve B solvent nixtures to give 0.0512 g (0.242 mmole) non-

| crystallized (+)-}_li. [a) & 436+ 2° (c 0.512, CH L1 corrected +55.6°,
Oxidation of thls latter crude (+)-34% with 0,103 g (0.91 mmole)
30% Hzoz in a manner described for the preparation of the racemioc sulfone
54, gave after workup 0,0567 g (d 233 mmole, 96.5%) non-crystallized
(+)-541 [01436 + 31.6° (c O. 56?, CHClB) The N.M,R., spectrum of this

material yas superimposible upon that of its racemate.

. 5) Sommelet rearrangement of (R)-(+)-p-chlorcbenzylethylmethyl-
sulfoniun perchlorate ((R)-(+)-33)

A 0,502 g quantity of (R)=(+)-35 [5136 +16.2° (g 0.566,
methanol), was treated with sodium methoxide in a procedure similar
to that descrifed)for its racemate. The evaporation residue after B
wm-kup was. transfer;ed toa 5 ml, volumetric flask with benzene and

analyzed for aptical rotation. + 1.1? , @ 436 + 2.4# .

589
" Using the product yiold determined later, the specific rotatian of -

the activvg'vsulrﬂdqﬂ vas [a] o 589 +32,3° (u],aa + 67K (e 3.62, benzens),




The prcluct balance for this rearrangement aas determined by GIC
using the column and conditions outlined earlier for the analysis of
the racemate, An accurately known amount of the internal seandard,
2-methylnaphthalene, RT = ?.40 minutes, was adl:d toveach injection
solutloa Ain order to ascertain the percentage ylelds of each
component, In order to calibrate the analytical method, a series of
standard solutions for each‘component of farioua concentrations wers
prepared by maklng a eeries/ef dilutiops of a stock solution of
each in benzene as shown in Table XI. Control solutions in.serum-
capped vials were prepared by transferring 1,014 ml. of each of these
standard solutions by means of a callbrated automatic pipette to.
1,014 ml. aliquots of a 2—me£ﬁylpaﬁhfhalene stock solution., A typical
stock. solutiory of the internal standard was prepared by dissolving
O:Bl# g 2—methy1na§hthalene in benzene in a 25 ml, volumetric flask,
The series of control solutions containing varlous ratios of eaehf |

. Eémponent relative to the internal standard were injected into the

GIC in 20 g1, aliquots and the area of each component relative to the

peak area of the 1nternal ‘standard was calculated using the Honeywell

Disc Chart Integrator. The weight ratios and observed area ratios

of the control solutions are lieted in Table A11,’ Standardization
curves were‘constructed by plotting the area ;atfo versus weight ratlo
as illustrated in Figure XIV fei'the case of sulfide 41'- The slope

of the line was determiﬂéa by using a least squares program avallable

for an Olivetti Programme 101 Electronic Resk Computor,

A 1 014 ml, aliquot of a stock solufion 9f the 1nternal standard

|
and a 1 014 ml. aliquot of fhe optical analysis solution were mixed

and threa 20 pl, samples of the resulting eolution were 1njected 1nto
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STANDARD SOLUTICNS FOR THE PRODUCT ANALYSIS OF THE SOMMELET REARRANGE-

TABLE XI

MENT OF (R)-(+)-p-CHLOROBENZYLETHYLMETHYLSULFCNIUN PRRCHLORATE

\

L

ol
Solution Aliquots of Stock®
. \

Allquots of Bengzene Dilution Factar

ml, , ml,

A 1x 1.0 ° - 0 1.00
B b x 1,014 1 x 1.014 0480,

a 3 x 1,014 1x 1.014 0.75

D 2 x 1,014 * 1 x 1.0k 0.67

E + 1x1,04 1 x 1.014 10,50

F 1x 1,014 of C 1x 1,014 04375

G 1x 1,014 - 4 x1,0W 0,20 i

e gt

1

e

at Stock solution of sulftde 41, 1.6536 g / 25 ml. benzene;

- of sulfide 42, 0.4068 g / 25 nl, benzene; of ether 43,

0.3366 g / 25 nl, benzene.
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| TABLE XII . Y
. CONTROL ANALYSES OF THE PRQDUCTS OF THE SOMMELET REARRANGEMENT OF

(R)-(+)=p-CHLORCBENZY LETHY LMETHYLSULFONIUM PERCHLORATE

Comtzol , ~  Welght and Area Ratios of Substrate / Standard
N sulfide 41 sulfide 42 ether 43
‘ welght area . welght area ~welght  area
) ' : : . Do L |
A 5.55 k.92 134 1,137 .~ 1.088  1.042
B ‘4,u5 3.95 - 1075 0,966 0.870  0.832
c . h.16 ' 3.78 1.008 0,877 0.816 0,756
D 370 3.27 0.897 0,784 0.725 0.715
E | 277 . 249 0.672 .0.572 0.5 0,598
~F 2,09 L8 0.504 0,496 0:408 0,406
111 1.00 0.269 0,201 0.218 0,259
\ -

0.889- o .0.861 . ' 0.885

at From the calibration curves potting area ratios versus
weight ratios. . '



5.0 ¢

F
o

>

Area ratio sulfide / standard
o
o

/
\ ‘ | ~ SLOPE = 0,889

1 i £

1.0 2,0 ~_3.0 4,0 5.0 6.0

Welght ratio sulfide / standard

ethyl sulfide (k1) using 2-methylnaphthalene as an internal
& qtandaﬂ:. | "

o
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the GIC, The area of each component relative to the peak area of the
- internal standard was calculated, Knowing the slope, the area ;atio
of the component and the standard, and the weight of the intemal
standard, it was pos ible to calculate the weight of each component
analyzed in sach Inzection solytion and henc thel weight of each
component in the bulk sample. Table XIII summarizes the results of
these experiments to determine the product balance. |

The optical analysis solution remaining after Gld analysis was
concentra.ted and the residue dissolved in a small a.mount of benzene
was injected into the GIC in 20 pl. aliquots. The gases con‘esponding
to the desired active sulﬁde (+)-41 were 'Eondensed in a U-tube fitted
into the collection port of the GLC instrument. "The condensate, W\

. ,../-

[“]589 +31.1°, [“]436 +66.2° (¢ '0.660, benzene), had N.M.R. and
\ Infrared spectra identical w‘lth those for ra.ce\tc—material.

In a similar experiment, 0.504 g (1.67 mnole), (R)-(+)-35,
[a] 546 +16,2° (c 0.566, methanol), was treated with sodiun xhethoxide.
The evaporation residue after workup was dissolved in bengene 111 a
25 ml. volumetrlc flask. A concentrated ‘berizene solution of ‘the
evaporation residue from 15 ml. of this solution was 1njected 1nto
the GIC 1n 20 p.l. aliquots. - The ga.ses correspond.ing to the active
v suli‘ide (+)-41 were condensed. The oondensa;te, [a] 436 + 70. .
(e 0,26, benzene), was oxidiged with excess }{202 as, described previously
for the oxidation of the racemic sulfid.e to give the sulfone (+)-62;
‘ [a]365 + 26,9% (g 0.29, benzene) ‘The N.M.R. spectzun of this .

) on-crystallized naterial was superimposible upon that of 1ts racema.te.
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~ TABLE XIIX
PRODUCT YIELDS FOR THE SOMMELET REARRANGEMENT OF (R)= (+)-270HLORO~

BENZYLETHY LMETHYISUIFON IUM PERCHLORATE : ‘ N

—

Compound Area Ratio by / Analysis ¢  Total Yield, Average Yield,

mmole : %
b1 2,54 . t 36.4 i 0.901 |
2,63 7307 093 539
. 2,51 36,0 0,89
42 0542  © 8.03 0.20
| 0.599 8.87 0.22 12.6 )
0.579 - 8.57 - oa
| 1,073 155 " 0.59 27.6
0,984 - 14,2 ﬁ 0J45 :

Total recovery = 94,1% of, theory

&

¢

“at ‘Analysis solution contains 12, ?5 mg 2-methy]na.phthalene as
" internal standard “and 1. 014/5 of the products from the
rea:rra.ngementof 1,67 mmole (R)- (+)-2§.
bs Proddct/standard area ratios from ‘G1C enalysis, -

03' Ga.lculated knowing the slopes from Table XII for the
calibration Curves. )
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CHAPTER FOUR

ESTIMNTIGN QF ASYMMETRIC INDUCTION IN THE SOMME REARRANG&MENTS

‘ Lntroduction ‘ , v

'f) " As indicated earlier, the extent of asymmetric synthesis in a
#eaction is directly related to the optical or enantiomeric purity
of the product formed, Although enantiomeric purity and optical-
purity give the same information about an enantiomeric mixture and
hence can-be used interchangebly, a dietinction between the two will
'be mai%tained in this chapter becduse of the inherentiy different
experimental methods used to determine each. The task was therefore
to determine the optical and enantiomeric purity of the active

! Sommelet sulfides (+)-2&_and (+)-41,

Enantiomeric Purity of the Sommelet Sulfides . = . N\

,T' . Of -the N.M. R methods available to. determine the enantiomeric
Ipurity of a. compound, the techniques involvingﬁghiral shift reagente
give accurate data with the least amount of experimental time. The \
| chiral lanthanide‘shift reagent Tris[3-(heptafluorobutyryl)-d-camphorato]- “
europium(III), commonly abbreviated as Eu(hfbc)B, has been reported o
: to cause differential downfield shiftg (IJS) in the N,M.R. epectra '

of numerous racematee conteining functional group such as amines,

alcohols, esters, ketones, epoxides, sulfoxides d eldehydes (?b)

A . L . ‘ X




.

‘ﬂ\ f] R .

- When a (IDGl3 stock solution of Eu(hfbo)3 was added to a.solution

of either of the racemio Sommelet sulfides b or ll-l, no spectral shifts

' wﬂwe_gg_mgll)ierved in the N.M.R. spectra, However, when the reagent was
- added to s%lutions of their corresgonding sulfones ﬂ and 62,
spectral shifts were observed with the enantiotopic groups giving
| distinguishali(e resonances, At the appropriate molar ra.tios of Bhift
lreagent to sulfone ’ the S-methyl and a-methyl resonances ‘for each
: ena.ntiomer were separated su.fficiently such that the relative areas |
of the resonances for ea.ch enantiotopic gr.oup cou:ld be determined b;rQ
.integration using A Varian Hy 200 Analytical Spectrometer. Honce, '
for the active sulfones, the enantiomeric purity could be obtained
from the relative integrations of the resonances of enantiotopic metlxvl
| ' g:ronps. It was fou.nd that the enantiomeric pu.rity of the sulfones
could be detemined nithout ha.ving to isolate the sulfides in a pure
~state from the crude reaction product. - Hhen the rea.ction product |
| wae oxidized with excess Hzoz in acetic scid a.t 100 the extraneous
oompounds in the oxidized mixture were found not to interfere wifj,h the
NN, R. analysis of the a.otive qu.ﬁones. Fortutious]qr, the by-produots

'such as the ethyl suliones _i a.nd 5_, ethers and o%her compounds in

o each mixture, aw not:hava spectral a‘qsofptions ooincident hm the
' f“en!antiotopic resonances studied uhen the shift reagent was added. .
' "Obviously, the a.courate estimation of enantimeric purity usins

o enan\tioﬂ‘opio resonancee requires that po extraneous signa.ls be buried

' w
v
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N, H R spectral shifts were also.observed for the pure ethyl
sulfones 45 and 2_ in the Presence :of 11.11(hfbc)3 As the hydrogens ‘
of the methylene groups 1in the benzyl and ethyl bortions of the
molecule were prochira.l, they became diastereotopic to one another -
under the influence of the chiral shift resgent with the result
that small differential shifts between th p____-R and 2__"3 hydrogens
were observed. Simile.r differentiel N. M. . resonance signals have been

LY

observed for the interne.llsr ena.ntiotopic rotons of ~dlbenzyl sulfone

’

(75) o T - /

The results of the chiral shift experiments to determine the
enantlomeric purity of the active sulfones derived from the
Sommelet rearrangements , 88 outlined in detall in the experimental T e
section, ares nitro—sul:fone 54, 19, 5 0.7% (isolated) and 20.3 '+
O 7% (crude)j chloro—sulfone 62, 27. G- 1.2% (isola.ted) and 25,5 + _
0% (crude) The. term "isola.ted" refers to non-fractional]y | ‘ S
crystallized sulfones obtained from pure sulfides isolated from the pro- ' |
duct‘ mixtures of the Sommelet rearrangements described in Ghepter Three. “
" The term crude refers to the sulfone present in the oxidized product .
mixture obtained as described in the experimentai section of this ‘ ‘.
. cha.pter. Tlie errors reported with these numbers are th3 everage - 'v "‘.
deviation from the mea.n of six determinetions.‘ i‘he agreement o o
' ,between the e.na.lyses for the isolated sulfones and ose for the ;- '
crude qui‘ones verifies tha.t there were no extraneous signa.ls buried
under the enantiotopic resonances thet were used to Bstimate the “
relative amounts of each ena.ntiomér. o The enantiomeric purity of the
o sulfides was ta.ken to be identicel with their suli‘cnes, as racemizetion , .i

1118 the oxidation of the sulfidas in the a.cid medium wes considered S
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unlikely. It has been shown, howover, that chiral conters ad jacent

o sulfonyl functions racemige under base~catalyeed conditions via
I : ¢

a-sulfonyl stabllized carbanion (76),

' -

In order to verify tpaso estimations of enantlomeric purity,'
an independent mothod of analysls was required. To aocoﬁplish this,
work was initlated simultandousiy to prepare the reéolved So@melet
sulfides and sulfones. The optical purity of. the sulfides isolated

from the Sommelet rearrangements could then be determined by ocomparison ¢
[} \'! A
- 3

’
of the observed specific rotations with the absolute rotations of the

pure enantlomers. . . . -
. ¢

Prepagation of Ogyicall& Active Methyl a-(2-Methyl-5-nitrophenyl)ethyl
Sulfide (34) ‘

The synthetic route to the racemic sulflde 2_ procaeded via
a—(2-methyl—5—n1troph{nyl)ethyl alcohol (2_) Resolution of thia
‘alcohol would then -provide the necessary precursor to the active sulfide.
jﬂ—Acetoxy-AP-etienic 7cid (22) was chosen ai‘ ossible agent for the
resolution of the aloshol. The acid has hod limied but successful
usage 1n resolving alcchols as crystalline dfastereomerlc esters
egpecially when the aalt approach failed (77)s In addition to the
usual xopticgl methods, 1t was. hoped that N.M.R. spectroscopy might be
uaod to follow the progress of the resolution by monitoring peaks due
to dlutereotopic groups of the estora,r

" The acid was Teadlly avallablo by hypobrouito oxidation af the
commercially available pregnenolone acetate 'Q}) by the method of
vStannﬁan and Eisanﬁtunn (78); Ehe tssolviﬁg acid was converted to
its arude scid ‘chlaride 74 by resctfon with thionyl chloride accarding

A ]
[N
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to the method of Steiger and ﬁeichstein (79). Fallure to follow
their éxperimental oonditions initlally resulted in high ylelds of the
oorreapo;ﬁing anhydride, The diastereomeric ester mixture was prepared
by reaction of the ‘crude acld chloride with the alcochol ﬁl in pyridine.
After workup, small anounts of the anhydridé\Zi\were removed by
fractional crystallization from chldrcform-Skeilysolve B solvent
mixture with the ester remaining in the mother liquor. The N.M.R.
,8pectrum of tha evaporation residue of the mother liquor indicated

" the presence of a 50:50 mixture of diastereomeric esters as the
angular methyl groups of the steroldal skeleton and the aromatic ortho-
hydrogen displayed distinct resonances for each‘ieomer. Crystallization
'of the residue from benzene-SkelLyaolva B solvent mixture gave the
solid ester 6, m.p. 117 - 118% [91436 - 25, 3° (¢ 0.645, CH 012)
Unfortunately, repeated crystallization of the ester falled to change
the integration ratios of the diastersotopic C-18 methyl groups aor

%
to change the thple's specific rotation,

o’

. COR | -
cw
’ cH 3 721 R=CH ’
.13 R=CHy.
4 R=Cl
CH,CO, ’. 261 R = wg(cn))u

Though this resolution falled, a method of determining the optical
purity of the repsolved alcohol ance obtained was avallable, An N.M.R,
spectrua of the ester derived froa an optically pure sample-of ‘the
alochol would exhibit only one signal far a C-18 angular methyl Mp. '
This would howsver provide redundant informatiod with that which could
be cbtained mare easily using the chiral shift reagent Bu(hfbo),
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The classlcal method of resolving an alcchol has involved
inoreaslng the acidity of an alcohol-containing compound by
conversion to an alkyl hydrogen phthalate 80 preparing an organic acid.
Resolution was then accomplished by the fractional crystallizaﬁion of
the diasterecmeric salt formed from the acid with a sultable optically
active base., This technique was used to resolve the hydrogen phthalate
27 ok the aicohol 51 via salt forﬁhtion with (+) or (-)-a-phenylethyl
amine (78). The convenlent laboratory preparation gf both enanéiom;ra

- of the amine following the method of Thielacker and Reichstein (80)

facilitated the isolation of both enantiomers of the alcchol 5l.

The hydrogen phthalate 77 was prepared by reaction of the

alcohol 51 with an equimolar quantity of phthaiic anhydride in pyridine

at lOdo. Inla typlcal resolution of the racemate, equimolar amounts

of the (-)-amine and (1)-77 were mixed in methanol, then ether added

to the solution and the mixture cooled at 5°'to precipitate the less

soluble diastereoisémer 29, m.p. 167°. 1In repeated recrystallizations

of this first orop, the specific rotations of:the ;atqrial maximized

after two crystallizations then began to slowly decrease, Houé%%r,

" in several experiments, the hyﬁrogen phthalates (-)-77 obtained from

the salts after the specific rotatians had maximiged, had similar

rotatians of fal;], ~ 160 to - 165° (g 1,0, CHCL 5)y ovan though the
*%ults had apecfific rotations varying from [dl 436 " 15 to - 19 (e 1.0,

methanvl), The evaporation residus from the oﬁginal mother liquor ,

of the less soluble diasterecmer was crystalnzed from ether to sivo .

the mare selublo diutmaismr 80, ap. 150 ’ (a] 436 S8 ° (¢ 1.86,

nthanol). Msemntlon of the hydromn phthalate from 80 gave

(+)-72, [o) 436 #132 (c 4.4, cml.,). The optical punity of the
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(+) isomer was inoreased by resolution with (+)-78, enantiomeric with
the (~)-amlne originally used. Thus the move soiuble salt of the (-)
amine became the less soluble salt of the (+) amlne. Regeneration of
the hydrogen pht;);xlate from this salt gave (+)-77, [a]llgé + 164°

(¢ 0.956, 03013). ‘, )

Neither active hydrogen ’i)hthalate obf.\ﬁnéd gave coﬁect analysis
t}lough their NMR and Infrared spectra were superimposible upon each
other and with those of theix\racemate. Both isomers occasionally
had sharp melting points of 750, f:hough a depression of 3;4 degrees
was usually observed. These problems of analysis and broadened .melt-
ing points were not overcome despite numerous attempts. The ultimate
result was unaffected in that base catalyzed hydrolysis of each isomer
y.ielded the corr;sponding (+) and (-) alcohols 51 of opposif.e roté.t..ions
of [“]436 150° (¢ 0.5, CHC1,). 'The identity of the specific rotations

of the two isomers suggested that 100% optical purity of the alcchols

| had been achieved despite the problems associated with their hydrogen

' phthalates,

, The optical purity of each enantiomer of 51 was confirmed by
observing the downfield N.M.R, spectral shifts for solutions of each

, isooer upon addition of Eu(nfbc)3 At a molar ration of 0,167 for the
ahi.)t't reagent to (i)-51, the a-methyl group was split into an obaerved |

trip\i\é-t', 1, e, overlapping doublets, as oboervad on a 60 Mﬁz.
mstr\:x:nent. When El.f'(hfbc)a' was va.dded to solutions of each enantiocmer,
the duﬁl‘iolty of resonances for the a-methyl group was absent and
only a Klng].:ddoublet was observed in each case. No absorptions dus

\ : : . (
‘to an enanticmeric impurity could be seen in the region of the doudblet,

130
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Having resolved the alcohol 51, it Wwas neéessary to derivatize
1t with a sultable leaving grouﬁ such that a displacement reaction
by nethanethiolate would provide the desired sulfide 34, ' In their
kinetic study of the Walden inversion reactions of a-phenylethyl’
chIoride, Hughes, Ingold and Scott found varying degrees of SNl and
SNZ displacement reactions, with ions of increased nucleophilicity
facilitating dimolecular substitution reactions (81). Although
tp %methods of preparing active a-phenylethyl chlorides from alcohols
(%ith thionyl chloride or phosphorous oxychloride) ave well known,
the stereochemical integrity of the chiral center has not always been
maintained (81, 82) For these reasons, the preparation of the
tosylate of 51 was considerea better than that of the corresponding
chloride, Ik the preparation of the tosylate wasﬁshcceésful, the
overall process from the alcchol to sulfide would involve the
chiral center only once. The synthetic route to the resolved sulfide 34
from the racemic alcohol 51 i1s summarized in Figure XV,

The tosylate 81 was prepared in ylelds of 20 ~ 40 % by the reactian
‘of equimolar quantities of 51 with tosyl chloride in pyridine at - 10°
for three days. The remainder of the product was the corresponding
chlof?ﬁe 82. The yiel@ of tosylate could not be increased beyond 40%
despite attempts to alter the reaction conditions. During the reactidd,
pyridihium hydrochloride precipitated thereby ccnsuminé‘dhloride ion
Mhich could not react with the tosylate to produce the undeaired 82,
To ensure that the pyridinium hydrochloride would precipitate, the ",
reaction mixtu?q wes ‘soeded with a crystal of the salt. Despite the

séeding, conslderable yields of the chloride were aluiys obtained,
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\

‘ ' o
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| 100
,CH=50,CH, « ,CH=SCH, .
CHy = .~ CH o
(4) and (-)-3% {+)-24 (-)-24
Preparation of optically active methyl a-(2-methyl-5-nitro- "

 Figure XV,
‘ phenyl)ethyl sulfide and sulfone.

”

\



133

Tosylate of constant rotatlon, [a]436 3510';"(9 0.5 - 1.2,  benzens)
for esach enantiomer, was obtailned by the. fracfional crystallization"
of the crude product three times fron¥'“Jbenzene-Skellyeplve‘B solvent
nixture. ' ‘ .' |
Nucleophilic displacement’by.sodium methanethiolate on the
tosylate (-)-81 in ethanol yield‘ed‘ th;, desire‘d.sulfid‘e (#)-3ks
' crude non-crystallzlzed, [o]436 + 242 (c 0.963, cH 01, ) crystallized, .
[o:]436 + 266° (g O 656, CH 2). Similarly, the epantiomeric crude - |
non-crystall}zed sulfide (-)-34, [a]ﬁgé - 25‘6o (c 0.534, CH2012), vas
obtalned from the tosylate (+)-81. The sign inversion that occurred
in proéeeding from the a.lco.hol‘ to sulfide via/ the tosylate -suggested
inverted stereochemistry 1}1 f.ﬁe sulfide co@ared to the alcohol ar '.
tosylate, as was expected from fhe published results of the ssz.reaetions
of ’hydroxide , alkoxides and thi‘olatés on optically active a-phenylethyl
" chloride (81, 83) | S ' . o "
Oxidation of the sulfide <+)-3_‘b [a] X 436 266° (¢ o 656 CH,C 2),
‘gave after crys{:a.lliza.tign from CHClB-Skellysolve B solvent mixture,
the corresponding eulione (+)-§&, [0]436 + 11&9 (¢ 0.72, CHClB) |
The enantiomeric purity qf.‘ thie gllfone was 86,0 t+ 1.0% as detemixfed
by N.M, R spectral shif‘h analy‘sis. The absolute rotation of the
sulf.’one was therefore calculated to be [A] 436 173 « The ma.ximum
specific rotation obtained "focr (+)-2£ was [a] 436 * 155 (c 0.21, CHClB)
after several mcrystallizations from benzea. Similarly, . oxidation - ut.
ung the su].fme"f )-35, [a],Bé - &:»6 (c 0. 534, CH 012). gave the
oorresponding crude sulfone (=)=5k, [u]436 - 145° (g Qs 55, CHCla). :
/The enantiomeric purity of this sulfone wae determined to be 9k,1 £

) ,.;.:' 0.3%,  From #his figure, the absqlt;te,rotation of the sulfane was cal-



culated to be [A]436 154 . However, the crude (-)-54% was. crystallized
to give material, [a]436 - 163° (c 0.474, CHC1 ) Tha-inoeggrnity of
ltheee results suggested that welghing errors became significant in the
analysis of the crude sulfonesib Based on the enantiomeric purit} o
estimation of 94.1% for the crude non-crystallized sulfone (-)-5k

and the fact that 1ittle optical fractionation occurred upon several
recrystalligations of (+)-§&,‘tne absoiute rotation‘ofﬂéﬂ vas agaln
ealculated to be [A]f:(,l;6 1730. Asslning the oxidatien of the active
sulfide 2& did not affeet the stersochemical integrity of the a-chiral
center end aesuming tnat the tosylates 81 werxe enantiomericelly

pure, the less than 100% optical purity for the sulfones j& indicated
that a small amount of the displacement reaction by sodium methane- )

thiolate on 81 proceeded via an Syl reaction mechanism.

Typically the crude non-crystallized samples were evaporation

-~
AL

b

residuee obtained 1n 25 or 50 ml. 14/20 B pear-shaped flasks. The
weight of the crude was determined from: the difference in the welght
of the flask plus crude and the weight of the flask after the crude
had been wWashed from the flask with solvent and the excess of solvent
removed under reduced pressure. Although the flasks were handled

with tongs and tissue paper during this precees, weighing errors ‘
apparently arose, The weights.of the cryetailiged naterials were |
considered more reliableves the~selids were easily transferred unto

- tared weishing Papers. then quantitatively transferred to: voanetric ‘4' B
flasks, The correlatione with crystallized rather than non-crystallized
eamples required that there.be little -ox no enantiomerie enrichment
‘during the crystellization, as,was the case of the eulfone (+)ﬁ§g
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The enantiomeric purity of the sulfide (+)-34, [aiﬁgé + é66°
(c 0.656, CHZClz), obtained from the synthesls was therefore 86.0% .
based on the purity of its corresponding sulfone. Therefore, the
absolute rotation of the sulfide 34 was celculated to be “\ligé 3090

(c 0.656, CH,,C1 Comparing the rotations of the sulfidse,

2)*
RT o '
[Q]436 + 55,6 corr., derived from the Sommelet rearrangement with
this absolute rotation, the optical purity of the product was 18.0%. o
In a similar correlation. for the sulfone, [01556 + 31.60 (c 0.567,

'

CHC13), derived from the Sommelet rearrangement, the optical purity

of the product was 18,3%. These values of optical purity are in
. . ( ,

excellent agreement with the enantiomeric purity estimation obtained

using the chiral shift reagent.

Preparation of Optically Active Methyl a—(2—methyl—5—chlorophenyl)ethyi

Sulfide (41) |
| With the experience gained in ¥reparing the ‘active nitro—sulfide,
experiments were inltiated to prepere the active chloro-sulfideiii |
in a similar manner., The critical stages in the nitro-systenllnvolved
the iedlation of the toeyiate 81 and a successful resolution of the
alCOhol 52 The tosylate 81 had been so reactive under thp experimental
conditions that a high yield of the corresponding chloride accompenied
the tosylate. Resction of the chloro-alcohol 60 with brosyl chloride
or tosyl chloride in g manner similar to that described for reaction of the
-nitro-alcohol 51 resulted anly in the 1golation of the corresponding e
chloride 82. No pyridinium hydrochloride could be precipitated from _
_the reaction solution even with seeding. Thie reeult was not: unexpected .

*
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/
T

he\
in view of the substituent change from nitro to chloro resulting in

a more stabildzed bensyl carbonium ion from the reactive sulfonate

ester of the chloro-system. Simultaneoesly with these experiments

to prepare the sulfonate esters of 60, the resolution of the alcohol

was attempted via its hydrogen phthalaté 83. The preliainarj results
| ‘presented‘in the experimental section Andicate that‘i;e optically

pure alcohol 60 might: be obtained via resolution of §3 with the
‘d-phenylethyl amines, ‘ jg A

The search for an alternate route to the active ‘'sulfide: 41,

P

which would not invélve reactions at: the reactive asymmetriv center,
‘ resulted in the study & the resolutio} ’ef a—(2—methyl—5-chlorophenyl)-
' ethanethiol ((®)-94). The thiol wasfreadily available by~reaction

of the bromide 61 with sodtun hydrcgen sulfide. The techniques con-
: sidered for this thiol were based on. those routidely described

in the standard reference books for the resclution of alcohols.

?onsideratiOn was given first to the diastereomeric salt method

of‘resolution. For this purpose, the hydrogenfthiolphthalate'_é

was prepaied‘by reaction of the thiol 84 with phthalic anhydride in (
pyridine. However, the-attembts to resolve _j_by the salt method with
elther (-)Jz_ ar brucine led to the complete destruction of the ;
. d~arylethyl moiety. In both instances, ‘active solids could'be
B precipitated, but these wére shown by N. M R. spectroscopy to lac&;‘
thé necessary functiondlity. The N.M, R, spectra of the evaporaticq
residuls of the mother liquors showed.three princiﬁie singlets at
1) 2.67. 2,22 and 1. 28, a.ll of which remain unassigned. | Therefore, L
t? | the salt methed was abandqned in search of a method invoIving eowpletely

‘_ covalently bomded diastereoiscmers.

T
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. After the consideration of many possible resolving agents that e
would give covalently bonded diastereolsomers with.thiols, menthyl |
'ehloroformate (86) was selected as resolving agent, The enceeseful
chromatographic reselution of diastereomeric esters from the reaction of
alcohols and amines with 86 has beqn reported by Weetley“end Halpern
(84). Menthyl chloraformate was prepared according to the method of
Einhorn and Rothlauf (85) fr menthol ard phosgens in a pyridine-
benzene eolvint mixture The“addition of 86 to an ethereal eolutlon
of sod;um-a-(2-methy1-5-chlpropheny1)ethaqgthio1a¢e, prepared from
sodium hydride and 84, resulted in the inmediate precipitation of
sodium cﬁloride. After filtering the Teaction mixture and coicentraticn - -
of tg'mnother liquor, O~menthyl 0—(2~methyl—5~chlorophenyl)ethyl “
.thiolcarbonaxe (82), fa]365 T (e 1.0, benzene) was obtained ‘

as an oil,

.

Partial resolution of the thielqerbonete was achleved by‘celumn
chromatography of the oll on aluminum oxide (weelm‘neutral, ectirity‘ k‘
one) using eequentially the\solvents Skellysolve B, benzene, and ether
as eluants, Skellyeolve B was ueed to elute the faster eluting fractions

| cantalning thiolcerbonete of rotatian greater than [“]365 - 150

Intermediate fractions with rotatlone between [°]365 - 50 and - 150 0°

were oollecté"with benzene and finally the cqlumn wae‘flnshed with - h‘w':“
' othdr to remove the slower eluting fractions. The quantities of the |
" faster and elower eluting fractione were increaeed by reoycllng the

1ntermediate fractions. Finally'the extreme fractions were recycled

l S
~»

un the column 80 as, to 1ncrease their respective diastereomeric o e «":l'
purities. In thie manner, sizeable quentitiea af the faster elutlng, "4$;}
‘ * ' .

S5 i

[“]365 cas .~ 240 ' and the slower eluting, 5“1365 ce. 0 1 fractiens e

t - Coa *
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were obtained. - A | - ' »
i )\t this 'staée, 1t was desirable to know t};e érbe’;lt of resolution.
Th‘e diastere‘omeric purity of these fractione could not be determined “
by N.M.R; specti‘oscopy as their spectra. were identical. Amethod‘ of
estimating the extent of the resolution from the optical .yields of
/ consechtive crops in a fractional crystallization of a solid deriva—'
tive of the resolved thiol appeared most beneficlal as the procedure
would serve to improve the - extent of the resolution as well, ‘I'herefore,

‘the thiol (-)-84, [a] 365 - 61.7 (c 0,70, ,crﬂ1013) was obtained from a
methoxide catalyzed transesterification reaction of a'quantity of the
Faster eluting thiolcarbonate, [a] 365 28].o (¢ 2.13, benzene). |
Conversion of the a,ctive thiol to either .its 3, 5—d.initrothiolbenzoate

88 or p-nitrothiolbenzoate 89 gave solid esters, The fractiona_l :

‘ crysta.llization of these esters was ineffipient leaving the elightly
enriched ester: in the mother liquar. 'From the optical 'y‘ie‘lds, hov;ever,'
the thiol a.ppeared to be 20 -~ 30% optic:;l]y pu.re. The obtaining of .
optically pure thiol Bll» from the combination of . resolution via its , ' ‘

N
diaatereomeric thiolca.rbonate and enantiomeric enrichment of its

thiolbenzoate 88’ or _2 seemed too laboriou% a ggocedure to warran}" ' ‘
" further work, although with suitable modifications , the procedure ' |
may have provided a genex% resolution techniqhe worthy of consideration. _ : ,~,;.

Attention was diverted to prepa.ring derivatives of the sulfide 41

which might be euitable fpr deriving optica,lly pure ma.terials. : As; ' .
described in Chapter Three, loxidation o:f the sulﬂde with eJ/coeps }{2 2. | ‘:5‘,‘-" o

| in a.cetic acid gave directly the oozreeponding solid su}i‘one _3 Thie \, é : L
. sulfone was tharefore a candidate for the fractional tallization o

x 6‘3 ..-' B
T g e R A R
Ve

e
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. of the racemate from the ective or '§ricle verea such tha.t'optically' pure

the. N H, R spectrum of (- )-62 1n the pr)eence o{\ Eu(hfbc)s. +Based ,.:

. ' L N
" . .
e : : : - q
L 39

A\,
\

[a]365 fZg (c 3 07, beﬁzene) by the a.lkarlatién of
its thiolate with metmrl iodide.’ The sulfide was oxidized with

excess HZOZ in acetic acid to give the crude sulfone (-)-62, [u] 365

-~ 31, 3- (c 3.46, CHdlB).-

chlorofom-Skellyeolve B solvent mixture gave the ra.oemic Yy

Recrystallization of this nmaterial from '

sulfone, m.p. 143 - lhl& Concentration of the mother liquor ylelded
a crude evaporation residue, [a] 1365 - 113 (e 0.1851, CHClj)_.. o

Recryetallization af ‘this evaporation residue twice from'\benzene- )

\

Skellysolve B solvent mB\xture wve thé sulfone (-)-62, m.p. 99 ~ 100°,
LY

: “\
‘[31}65 - 127 (c 0.522, CPQI or benzene), of constant optica.l rotation.

In) this instance, the differentia.l 1n solubilities of the racemete .
e

and active sulfone vas su:t‘fici‘ent to \3ke ava.ila.ble the optically pure .

sulfone. This contrasted the attempts to enrich the thiplbenzob.tes

- .4n which a clean eeparation of is ie; was not achieved. , | ‘
, -The enantiomeric p‘ai‘ity of the atter eu]i‘one was conﬂrmed

to be 100% by ob%ervirllg spectral ehifts for on:\y ohe ena.ntiomer in -

N

on the observed absolute rotation of [A] 365 127°. (c 0.52, banzene), A

the optical‘ purity of t“’; ¢ o non-cryetallized sulfone, [a] 365

L4 26 9 (c 0 29 3 benzer;e), derived from the Somn;elet rearrangement

: ,was 21.2%. 'I‘he difference of ca. 14% between ‘;_e\optical purit.y o S "

RV E PUT
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1, 1ts accurate. weight. Tht; absolute
"rotation of the su]i‘ide 41 was estimated to be [A] 365 265 based onl .
a correlation of the ena.ntiomeric purity of 25.0% for a crude nan-
qrystallized aample of sulfone obta;ned from oxidatipn o?the A

sulfide (+)-41, [a]§T65 + 66.2° (c 0,66, benzens).
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Discuasion

: v
The baso-catalyzed roarrangement of sulfonium salts 1sciopranontu—

\

tive of a genoral procesa of bond reorganization proceeding via sulfonium

y1lids and characterized by the conversion of 90 to 91. 1In the case
of tho Sommelet rnafrnngomont, the participating doudble bond 1a
embodled within an promatie ring. The sulfonium ylids Eapablo of thie

general roorganigation have varying structural feoatures and are generated
\
under a variety of conditions as i1llustrated by the following examples.

-

e,

A C A? . A——¢
NN U N
\
R TN - \Ezf\ 7 Ns >
90 S 1

The rearrangement of diﬁethylsulfonium pheﬂacylid (8) to ;:(methyl-
thio)methoxystyrene (92) in refluxing vater was postulated by hatts
and Yao {86) to involve reversible ylid formation to the less stable
methyzﬁd éj in the protic solvent with rearrangement occuring via a

‘eyclic- transition state,

2]
0 H o? 0 CH
N i, 42
PN PadN >, -~ PA Y
CH - 7
CGHS o (0] CH3 T, CBHS CHZ PY CH3
] 83 ,
- I b W
! ?,cuzscus 0 - -CH,
Cs — Clay.-'S
Pd - ~. . P d ~ - ~
cl"s cfuz cB'fs Hz CHy
) \ : :
92
. i ) J




Phonols in the presence of dicyclohoxyl carbodiimide and dimethyl
/
* sulfoxide undergo thiomothoxymothylation of the ortho poaition via

the intermedlacy of tho ylid 94 (87). When the unsymmotrioal benzyl
methyl sulfoxide wgﬁ“uaed, ri\ng alkylation occurred to give the more
hlghl} subatitutod product from the more stabilizod benzylid 95

than to glve product from the oorresponding methylid.

Q ' |

ROH ,5CH

2o g

—_— e > — '
OH o’s‘cn3

2&1 R=H
K . 95+ R = 66“5

£
R

CH/. ~H H R

S Gon " O fen
OM 0 "SCHy

An analagous thiomethoxymethylation of aromatic amines has been

*

reported by Claus and Vycudilik (88) to occur via the intermediacy

fof the sulfimide 96 and sulfonium ylid 97. ‘ .
))
) DM50 CH %cn
—_—— P 2.
NHZ P205 N/s\CH N/S\
o '9 ) 3 UN
H
96 7 )
_ L}
- " .
CH,SCH =~
C I O
! NH2 ‘ ‘NH <
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P, Gassman and co-workers (89) and C. R. Johnson and co-workors
(90) in communications published simultaneously roported the ortho
alkylation rearrangement for sevoral aminoaulfonium salts (aléo named

agasulfonium salts) 98 upon bagse troatment.

' e
'\g\l@ (‘:Hs baso @ (l:Hz
NIS\R’ . - NIS\RI
R X R
.9_@ 1
H

NHR e NR

Baldwin and co-workers in a series of communications (91) have
described the allyl rearrangement of several allyl sulfonium salts

upoh base treatment, for example the conversion of 22»@0 100.

-

e WCH -—-t o

Consideration of the princij:les’of conservation of orbital symmetry

(92) suggested thiﬁ reaction to be a symméiry-allowed (2,3] sigmatropic
roarrangement (91,93). A signatropic change of arder [1,j] 1is defined
]

as the nigration‘of a o-bond, flanked by one or more 7 electron systems,

to a new position uhose temini are 14 1 and J - J,.atoma removed

from the original bonded ];oci, in an uncata]yzad, intramolecular

" process, It was implied that the generalized process 90-+91 for all

sulfoniun ylids could be considered as concerted [2)3) sigmatropic

. . . .
- . - . ¢
- (.
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rearrangements, including the Sommelef rearrangement.
. On the basis of the relative acidities (94) of a-protons of ethyl
and methyl substituents in sulfonium salts, it is expected that the
methylid ;gi would be formed in a greater concentration than the
corresponding ethylid 102 in the equilibrium solution, .That proton
abstraction was not product determining was evidenced by the product

balance favouring rearrangement from the more highly substituted ylid 102,

X ®cn - X ® cHen
QL {" 1S
CH 2 CHzCI'(3 | . Crﬂzze\cﬂa

101 ' - " 102

Ollis, et al suggested there was a d;aster;otopic selectivity
of proton abstraction upon ylid formatiqﬁ.during the allyl rearrangement
192;-*-19& on the basis of the 40/60 mixture of two diasterecmeric
racemates 1solated (93). However, this non-equal‘mixture of dlastereo-
isomers could have arisen from a selective reactivity of one of the
stereoheterotopic faces of the terminal carbon of the allylic group
with the benzylid., That there may have‘been little diaatereotoplc
selectivity upon ylid formation to provide a pyramidally stable
carbanion is implipd by the observation of low optical ylelds
in the axirane g_q from the reaction of. the Pensylid 2Z with
benzaldehyde and in the oxirane éynthesie from the ;ylid from the
chiral sulfoniun salt 67c as doscribed bj Darwiehland Nak;mura (64).
" The sinilarity betwee} the axirans synthesis and the allyl rearrange-

ment is seen 1n thpt invo potenual lnduction of asymmetry

upon bengylid [fﬂmuax and reaction of the bensylm with an
)
elactrophil‘i,c double bond, see __}_.

»‘, ,,03 'l
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The efficient transfer of w@etm (<94%) from sulfur to carbon
An the allyl rearrangement of (+)-adamantylallylethylsulfonium
tetrafluoroborate ((+)-63), taken as further evinfence of the concerted~
ness of the allyl rearrangement, was depicted by Trost and Hammen to
proceed from the ylid 106 as the non-bonded interactions of this
confarmer wild be minimiged compared wijh those of 107 (62).
s representation of the ylid 106, which falls to adequ*ly
describe the geometry of the carbanion, suégesta that the asymmetric’

transfer 1s dues to stereochemical control in the cyclic transition

state, Unfortunately, it was "not stated whether the possibility

S
base A/ e06 _6 AdS H
é? _< = . (E)f(:)fg’ ‘
Ad | ’ /. / . ] :\\ H
@-(0-8 é;" BN N -/<
o : S. "CH
Mg ' (3)-(4)-&
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that the transfer resulted from a diastereot(ép’io selectivity of
proton abstraction giving the pyramidal ca.rbanionvdepicted as 108
;aa considered. "If, however, pyramidal inversion of this a-carbanion
1s much more rapid than reérrangbment,\ciearly, the kinetic averaée
of the 1nvertoﬁers of the carbanion, depicted as 109, will

'experience fewer non-bonded interactlions than the conformations

. . o .
resulting from a 180 rotation of the C—8 bond.

4 \

Fava, et al have observed a case of dlastereotopic éelectivity
 of proton abstraction in the dedterium - hydrogen exchange réaction ’
on 110 in basic D,0, for which the prétong cis to the S-methyl group
éxchanged cansiderably faster than the protons trans (94,95). Althougﬁ |
- thls result agrees with that‘predicted by th; Gauche Effect, it should

‘not now be considered substantiating evidence of the theory in the
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1ight of the discrepencies in the predictability of the theory with
severaliebservations‘as.outlinsd previously in Chapter Three. In any
event, this demonstration of.disstereotopic selectivity of proton
abstraction adjacent to a pyramidal sulfonium atom to produce a
pyrsmidslly stable carbanion cannot be considered a general case
until the cosformatienal'effect of the'ring system have been removed
from the reaction, The oxirane synthesis with the ylids of the
optically active salts 21 and 67c tested the possibility of‘en
induction of esymmetry at the a-carbon in a system free of the
‘conformational constraints of a ring‘system. The negligible optical
ylelds of the oxiranes suggest that either a diastereotoptc selectivitf
hof proton removal is uﬁispdrtant or that the carbanion cahnot maintain
its stsr%ochemistry prier\to acting as a nucleopﬁile.' However, in
terms of the ellyl and Sommelet rearrangements, stereochémical control
in the transition state appears more important. ) . R
| The allyl and Semmelet rearrangements are examples of self-
immolative transformations in which the 1nduc1ng chiral center is
destfoyed at the same time that a new chiral center is created. The
lower efficiency of asymmetric transfer 1n the Sommelet rearrangements,
.20 - -25% ‘compared with <94% for the allyl rearrangement, Nas '
anticipated because of ‘the greater opportunity for the racemiza.tion A
. of the inducing sulfonium center under the reaction conditions,  The
_ytemperatures of the SOsﬁelet rearrenéenents ’ 25° and ?Oo,'were
leignificantly blgher than that necessary for the allyl rearrangement,
- 33 « The much higher temperaturee of the Scmmelet rearrangenents |

»

were of course hecessary to;compensateﬁfar the loss of resonance  ,
vstabilizatiun in the arcmatlc zuné 1n\proceed1ng from the &i&d. .

 J
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At ?0o in the tine neceseary to accomplish the Sommelet rearrangement

N

/At these higher temperatures, the stereochemical integrity of the

asymmetric sulfur will have Been reduced dus to pyramidal inversion.
The rate constants for the loss of optical activity for ‘(+)-§}_ in
nethanol at 70° waia found to be (9.15 % 0.13) x 107 seconds™ (36) \

and for (+)-32 in methanol at 50 and 70° .were (6.60 £0,09) x 1076

~ seconds” and (9. 66 + 0, 06) x 1077 seconds -1 respectively (#4).

1
of 35, the ealt would ha.ve'undergone one half-1ife of racemization
(t% ca. 2 hours) in the absence of methoxide ion.. If the ylids

I3

derived from this salt recemized at even faster rates than the salt,

. as was found for ethylmethylsulf on,ium phena.cylid ((-)-j) whi):h raceniged

200 times faster than its salt ‘(9), then a fui'tixer loss of the
steresochemical 1ntegi‘1ty of the sulfonlum center #ould\ heve resulted.
Ti'xe py_ramide.). sulfur of (+)-_62 would not be expected to racemize to
'significant' extent during the cne hour reaction at - 330. A

cons’iderable portion of the loss of etereospecificity in the asymmetric
synthesis of the Sommeﬂet eulfldea was therefore due to racemigation
via pyramidal inversion of the chiz:‘al sulfonium center.

A detailed exanination of the intermediate stages of the
. Sommelet rearrangement of (R)- (+)-3j_ has permitte\d \an assignment of
absolute oonfiguration to the sulfide (+)-l&1 obtained. Aq. [12] outlinee
the .proposed meche.nism for the rearrengement from the S-ethyl eubsta.-
tuent proceeding via the cyclio transition state 1. ' This _
rearrangement differe from the allxl rearrangement of (+)- 63 1n tt;at
the miﬁal product consists of a aet of dia.etereomeric sulfldes 12

,ratha:: than'a set of enantiomers. However, undar the reaction conditions

\

) i ] : . ."V.’ -
N y . K ) oo ‘1
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(12]

.the set of dlastereomeric sulfides was reduced to a sét of enqntiomers
upon re—aiomatization.

| Pfojections of the four reﬁotive conformations of the ylid from
(R)-(+)-35 expected to lead to.the set of diastereoisomeric sulfides
112 are illustrated in Figure XVI. Conformations l_z and 114 involve
the'aftacklof the re face of the kinetic average of a planar carbanion“ =
upon the re face and sl face of an ortho carbon of the aryl molety
respectively Conforﬁations 115 and 116 involve the attack of(th§

81 face of the carbanlon upon the si and re face of an ortho carbon
respectively It §h6’ia‘be noted that the viewing from one side of

a substituted ring can provide two ortho carbona with different stereo-

‘heterectopic f&ces. The conformations ;;Q.and 114 are obtained simply

| by rotation of the sulfur-benzylic carbon bond and not by a 180

rotation of the aryl-benzylic carbon bond. The latter rotation would

, 1nterchange the oarbons to be viewed but would not change the designa-
‘tion of tha face uf the ortho carbon viewed or the configuration

of a'product.from attack at that»face. More severe non-bonded

' r
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124

® Figure XVI, Projections of the four reactive conformations of the
ylid from (R)-(+)-35.

interactions between the aromatic ring and the methyl substituent of

the carbanion would tend to disfavour the conformations 114 and 116

over 113 and 115, In the ‘5-membered cyclic transition states leading
from 312'- 116, extensive eclipsing of substituents occurs as T
11lustrated by the Newnan projdctions of the devéloping G—C -

bond and of the ylid bond, Figure XVII. It 1s seen ggat the nore,
favourable conformations __2 and __2 lead to transition’ states 1n

which the §ubstituents about the developing G-—C are partially

‘eclipsed whereas the "less favourable conformations 114 and 116 give {
transition states uhare the substituents are filly eclipsed f’
ponsideration of the eclipsing ebout the ylid bond grovides‘the_key:

.

. , " ; . R . -
' 4 Py ’ o »
.
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Figure XVII. Newnman projections of the developing C—O bond and the
B _¥1id bond in the cyclic transition stetes from 1 __}_- 116.

determinant for the assignment of configuration to the sulfide even-,

tually produced. For the cyclic transitioq state from the conformation

113, the substituents about the ylid bond are partially eclipsed thzées
/

. those from the cyclic transition state from 115 are fully eclipsed.”

ntTherefora reazrahgement is expected to proceed preferentially from __2

Nl
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Prefered rearrangement from t}{e reactive conformation 113

would provide the (S,R)-diastereoisomer of 112 whereas rearrangement

from 115 would provide the (R,S)-dlastereoisomer of 112, 'These latter

two 1somers of 112 are enantiomers which are clearly derived from
diastereomeric transition states. Re—aromati'zation of (3,R)-112°
destroys the R center and provides sulfide of the S configuration.»

Theref ore, (+)J+l is assigned the S configuration.

P

®w (g.h;)-ga

This assignment of S config-uration ‘to (+)-41 pemits %imilar '

assignments to be made for the corresponding thiol (*t-)-84 and the :

-~

sulfone (+)- 62, as. these compounds wer® interrela.ted in reacti ons *

not affecting the chiral center. It can also be concluded ‘tha,t the L

: R enantiomer at‘ the suli‘one 62 is shifted further dopfield in the

: "“.N M, R spectra ef the su]fone in the presence of Eu(h:f"nc)3 ' The

A

_uced, shifts for (+).2 and (+)-62 |

simila.rity of the lentha.nide
: suggests that a similar a.ssignment ocf configura’cion qay be exbended

. ! g
v"f.' " ’ ar o »

. E . . .. . o .

.,_«
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to the entire nitro~series of 'compounds prepared with a‘(+) slgn .

of rotation excepting the salt (+)-21 whlch would have R configuration . °

in accord with the mechanlism proposed for the Sommelet rearrangement

0

of (R)=(+)-35. ' | | (

The observation of asymmetric synthesis in the allyl and Sommelet
rearrangements suggests that similar observations might be observed
in other systems of the generalized process Qg-—a-g_ ‘For example,
a more’ efficient transfer of asymmetry in an ortho alkylation reaction
than that for the oommelet rearrangement is predicted on the basis

of the following recent reports in the, literature. Menon and Darwish

“\‘\

‘ (96) have found the chiral sulfonium ylid N-acetylethylmethylsulfimide

. 117 to racemize 1/46 as fast as its corresponding aminosulfonium

salt 118 which racemizes with krac'=~l.65 x 19_6 eecondé~ljat 700 An
acetonitrile. Claus and co-ﬁorkers have recently found the achiral
N-chnloropﬂ%nyldiethylsulfimide (119) to undergo the ortho alkylation |
rearrangement depicted in” eq. [13] (97) Therefore, the unknown ylid,
N-R_phlorophenylethylmethylsulfimide should serve ds. a sultable sub-
'-strate for an aeymmetric systhesis of an aromatic amine. The

extent of aeymmetrio transfer is expected to be. higher than tnoee
observed for the Sommelet rearrangemente becauee the eulfimide

1s expocted to nalntaln lts etereochemical integrity better than g

" the. ylide derived from the benzyleulfonium ealts.

i

0 c"zc"z oo e cazcu3
Coe s ‘ . X o .
As CH N’ ‘CH . CH ~USN-SO oTs
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Anhyd:r:ous Py'ridine

-

Anflydrous pyridine was prepared by distille.tion from barium
oxide with the careful exclusion of moisture a.nd stora.ge of the

center-cut of the distillate over K(;H pellets (2!

"If'Tris[3-(heptafluoro’butyryl)-d-C&mPhOI‘atO]-9“1'01’1“’”(111) (Eu(hfbc) ).

}ih.x(b.fbc)3 was obtained from w1llow Brook Laboratoriee, Inc, -

" under the trade‘ name Eu Optishift.~II. It wé'.s stored in & desicator

‘and used withowt purification, - ,‘f S
.b‘ » ’ . ‘]‘ “.
’ N r . " “(" ) e
" ~
o t : e
ot - '
. o ' .’>
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Effect of Eu(hfbo}j on the N.M.R, spectra of Sulfones

A Varian HA 100 Analytical Lpectromotor was used for the

dnnntiomor?o purlty analysos of the.sulfones, Typlically a stock
solution of the ohift reagont was prapared by dissolving ca. 60 ng

3; Using a fino-tipped disposable pipotte,

the stock solut)on waa added dropwiso to a solution of the sulfone
. * I3

Em(nfbc)3 in 0.3 ml. <DC1

in a N.M.R. tubes The tude was‘ca%fod and shakon to ensure adequate
\
mixing of the solution, ﬁﬁter rooqm§1ng the spectrum and having obtained

LR
tho denired apectral}pbiﬂgt?ﬁthtiﬁdﬁal drop count (ca. 50) of the

- and %he final concentrations of the

stock aolution was*O“_q
“‘ﬁ& ,;‘;&ﬁ&&
'ﬁi 7 3
shift reagent and nﬂ.{one in the N.iM.R. solution calculated, The

full spectra were recorded first at a 1000 Hz., sweep wldth. The"
relative areas of the resonances being studled were determined from a
series of six 1ntegratibna at expanded sweep widthas of 50 or 100 Hz,
Per cent enantiomeric purity was calculated frém the ratio of the
difference of the integrations of enantiotopic protons to the—sum of
their integrations, The error was calciztfed as the avarage deviation
from the mean of the six determinatians,

‘Tables XIV and XV sumnarige the Lanthanide Induced Shifts (r18)
in the N,M.R, spectra of racemic samples of the sulfones 54 and 62
in the presence of added Ru(hfbc),. The differential shifts (A3)
between resgnances of snahtlotopic protons and the rela;ive'abundanée
of the enantiomer shifted further downfield to the whole enantiomeric .
mixture are also shown, The effoct of added Eg(hfbc)B«an the spectral
shifts of the sulfones 45 and 58 Wre summarized in Table XVI and

Table XVII respectively.
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TABLs XIV

EFFECT OF ADDED f::u(hfbc)3 ON THe N.M.R. SPECTRUM OF ()-METHYL
' .

@~(2-MTHY L~ 5-NITRQPHENY L) STHYL SULFON (54) IN cnc13“

b ¢ Proton |\ LIS,6me Ad; ppm

t a . 0,02 0.13

“‘@'C“g b ® o012 0.02

a d e c 0.10 0.00

,CH—S0,CH, d 1.01 0.12

CHa ‘ e 0.73 0.12

9 £ 0.17 0.12

R = No, & 0.60 0.1

CALIBRATION OF ENANTIOMERIC PURITY ESTIMATIGN OF (%)-54 USING THE

PEAK AREAS (F THE S-METHYL RESONANCES (e and e')°

>t

Integration Proton e Prt:"ton o' Total Integ. % Ratlo efe+e’

1 11,29 11,45 22,74 49.6
2 10.72 11.13 21.84 49.1
3 10.48 11.30 21.78 48.1
4 10. 56 11,08 21.64 48.8
5 10,60 11.52 21,92 -~ 48
6 10.58 11.10 2168 . 48.8

Average + average_f/deviation = 48.8 t 0.4%

ar 0,034 ﬁEu(hfbcﬁ)j; 0.25 M sulfone 54; molar ratio 0,14,
b1 Sweep offset 330 Hz.j sweep time 100 sec.j sweep width 50 Hs.
c1 Singlets at § 3,62 and 3.51) band widths of 10 He,
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TABLE XV

EFFECT OF ADDED mu(hfbc)3 ON THE N,M,R. SPECTRUM OF (t)~MSTHYL

& ~(2-METHYL~5-CHLORQPHENY L)ETHY L SULFONE (62) IN cnclja

e e

b — _.—‘__...mv———___.__—.-_l__-.rr.__—«.._.
e o

proton LIS, ppm Ad ppm

n—<::?-cna a 0.7 0.14
a c d b 0.09 0.00
,CH=S0,CH, o 1.13 0.12
CH, d 0,76 0.09
t o 0.20 0.02
£ 0.71 0.15

R = Cl

CALIBRATION OF ENANTIOMERIC PURITY ESTIMATION OF (iy-ggb USING THE \

A ‘:l )
PEAK AREAS OF THE S-METHYL RESONANCES (d'and d')°®

a—

—t’

Integration Proton d Proton d' Total Integ. % Ratia a/d+d': 'y
1 11.23 11,16 " 22,39 50.2
2 11,04  11.30 22,3 C 49,4
A 3 10,55  10.90 21,45 49.2 :
L 10.90 11.21 22,11 49.3 ~
5 11.36  11.14 22,50 50,5
6 10.95 11.07 22,02 49,7 -

Avar;age + average deviation = 49,7 X 0.4%

ar 0,057 M Eu(hfbc) 1 0,17 M sulfone 62; molar ratio O. 54
b1 Sweep offset 325 Hz.} sweep time 100 sec,j; sweep width 50 Ha,
c1 Singlets at b 3.64 and 3,56; band widths of 8 Ha,
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TABLE XVI

EFFECT OF ADDED Eu(hfbc)3 ON THE N,M.R. SPECTRUM OF ETHYL .

\
2-METHY1~5-NITROBENZYL SULFONE (45) IN (:1)013a

b c Proton L13, ppm A), gpm *
f 0.70 :
NO a
CH, b 0.18 0
a 9
CH.S0, CH.CH c 0.20 0
g 22 23 d 2.37 0.02
e 2.52 0,02
£ 0.2 0
& 0.90 0

\ \ | /

-

ar 0.039 M Eu(hfbc)jy 0.11 M sulfone 54; molar ratio 0.35,

TABLE XVII o
)

EFFECT OF ADDED Eu(nrbc)3 ON THE N.M.R. SPiCTRUM COF ETHYL

2-METHYL-5-CHLORGBENZY, SULFONE (58) IN CDC14°
b . ' ' -
e Proton LIS, opm  Ad ppm -
CI CH3 a * 1.09 0 =~

. f b 0.28 0

CI-|2!-302CHZCH3 c 2.59 0,05
¢ d d 2,41 0,05
) 0.71 0
£ 142 0

a1 0,039 M Bu(hfbe)4y 0.11 M sulfone 58y molar ratio 0,35,

A -
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Inantiomeric Purity Measurements

_The enant;omeric purity of the optically active sulfone 54,
[u]§§6 + 31.6° (c 0.567, CHCIBJ, derived from the sulfide (+)-34
‘;1aélated from the prodycts of the nrtro—Sommelet rearrangement as
descrlbed in Chapter Three, was determined as:summarized 1n Table XVIII.

\

In add;tion, a 50 ml, aliquot of the decomposi%ion solution from the
rearrangement wasléoncentrated and the evaporation residue oxidized
with 0.171 g (1 50 mmole) 30% H,0, in 3 ml. acetic acld at 100" for
three hours. The crude oxidized produot isolated in a manner similar
to that deséribed for the isolation of the pure racemic sulfone was
 titurated 1in 0.4 ml, CDC1y and filtered into an N.H.R. tube. The
solution was titrated with a stock solution of Lu(hfbc)3 until the
desired N.M.R. spectral shifts for ‘the active sulfone were observed.
The enantiomeric purity of the sulfone in the crude product was ‘
determined as\sumAZrized in Table XVIII, ‘The resonances due to
the other compounds did not interfer with the analysis.as‘the region
studied was free of extraneous slgnals. o

The enantiomeric purity of th;\optically active sulfone 62, -
fd]ggs + 26.9° (c 0.29, benzene), derived\from the sulfide 41 1solated
from the products of the chloro-Sommelet rearrangement as described in
Chapter Three, was determin;g as spmﬁarized in ?able‘X%}. In this
experiment involving the sulfone 62, too much stockuégiution 6f the
shift reagent was added,such‘that the downfield S-methyl resbnances
were overlapping with the resonance at O 4.88 due to the shift reagentz
| Therefare, the u-methyl doublet rescnances were ysed, only in this .

instance, to determine the enantiomeric purity of the sulfone,

>



\<\\ Integration® Proton e Proton

Al

TABLE XVIII

" ESTIMATION OF ENANTIOMERIC PURITY USING THE N.M.R. PEAK AREAS (F THE

SUIFONE (+)-54 DERIVED FROM THE NITRO-SOMMELET REARRANGEMENT

DAY

~7

A -~ for the i1solated sulfone®

Integrationb Proton e° Proton e' Total Integ. Difference % K.P.

AW FW N

DN

9.23 13.72 22.95 .49 19.6
'9.56 13.80 23.36 4, 24 18.2
8.92 13.58 22,50 4,66 20,7
9.23 13.60 22,83 4,37 19.1
9.28 13.50 22.78 4,22 18.5
9.25 - 14,05  23.30 4.80 %  20.6

»

Average + average deviation = 19,5 + 0,7%

1

B - for the crude oxidlzed product

d

~

' Total Integ. Difference % E.P

1 9.04 ., 13.7 22,76 4,68 20,6
2 9.10 13.49 22,57 37 194
3 9.10 13458 22,68 L. 48 19.8
4 9.00 .75 22,75 - b.75 20.9
5 9,07 18.59. 22,66 b.52 19.9
6 8.95 13.78 22,73 4,83 21.3
Average + average deviation = 20.3'110.?%
. 4
)
‘a1t In LDCIB; 0,034 M Eu(hfbc) 3 O, 25 M sulfone 2&; ratio 0.14,
bt ‘Sweep offset 330 Hz.; sweep time 100 sec.j.sweep width 50 Hz.
ct S-methylfg\nglets at 3 3,64 and 3.52; band uidths of 8
and ‘9 Hz, raspectivaly. .
dt In CDCljy 0,07 M Eu(hfbc)gx ca, 0.23 M sulfone 43 ca.
0,08 M.sulfone b . o
81 'Sweep offset 330 Hz,; sweep time 100 sec.; sweep width 50 Hz.
£

S-methyl singlets at § 3.65 and‘3 56; band widths of 8 and
9 He. respectively. , .
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ESTIMATION OF ENANTIOMERIC PURITY USING THE N.M.R. PEAK AREAS OF THE

TABLE XIX

SULFONE (+)~62 DERIVED FROM THE CHLCRO-SOMMELET REARRANGEMENT

A - for the isolated sulfone®

Integrathnb proton £!proton £' Total Inteé. Difference % E.P.

[N, B — WVIN NI o

8.13
8,52
8.06
8.52
7.80
7.84

Y

- 14129
14,23
14,13
14,26
14,13
13.90

22 42

22,75

22.19
22,78

21.93
21.74

6.16

571
6.07

6. 74

6.33
6.06

27.5
25.1

27.4

25.2
28.9
2749

Average t average deviation = 27.0 t 1.2%

B - for the crude oxidized produotd

Integration Proton df Proton ar Total Integ. Difference % B.P.

»

1 8,34 14,12 22,46 5.78 25, ?
2 8.29 14,00 22.29 5.71 © 25,6
3 8.20 14,35 22,85 5.85 25.6
. 8.40 , 14,00 22.40 5.60 25.0
57 8.23 . 14,20 22,50 5.90 26,2
6. 8. 14,00 22,44 5.56 2.8
‘Average + average deviation = 25,5 1t 0. 4%
at In CDC;B; 0,064 M Eu(hfbc)jy ca. 0.15 M sulfone 62; ratib 0.43,
bi Sweep offset 310 Hz,j sweep time 250 sec.j sweep width 50 Ha.
ci _a;MetJ\yl doublets at & 3.58 and 3,253 band widths of 15 He. |
di In CDCly 0.065 M E\l(hfbc’)ag ca, 0.17 M sulfone 62; ca,
0 05 58“]:@10 5__. >
er Sueep!offset 390 Hz, ) sweep time 250 sec.j sweep width 50 Hs,
£1 S~ methyl singlqts at O 4.34% and 4,18y band widths of 9 and.

11 He., respectively.

’
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The corresponding crude oxidized prodﬁct was obtained by the pxidation

of the evaporation residue obtained from a 5 ml, aliquot of the solu~

tion of products from the chloro-Sonnelet, reerrangeﬁeﬁt as described in
Chapter Three with 0.115 g (1.0 mmole) 30% H,0, 1n 3 ﬁl..acetic acid

at 100° for three hours. The enantiomeric purity of the‘euifene 62 . .
1n the crude oxidized product was deternined as summarized in Table

XIX.

3ﬁ—Acetoxy-Aé-etienic'Acid (ig)

BE—Aqetoxy-APQetienic acid was prepared following a procedure
similar to that reported by Staunton and Eisenbraun (78). To a |
solution of 21 g (0,525 mole) sodium hydroxide in 180 ml. water at
-.50,:wes slowly added 21.5‘5 (0.134 mole) broﬁine. After the addition
was complete, the solution was diluted with 120 ml, dioxane and |
maintained at 0 » The cold hyppbromite solution was added to a
solution of 14, B g (0,04 mole) pregnenolone acetate (73) 1n 550 ml.
dioxane and 160 ml, water while maintaining the temperature below
100; After addition wa?-fomplete,~the mixture was stirred for two
hours then quehched Wite a solution of 5 g anhydrous sodium sulfite
'in 50 ml, water, The reaction mixture was refluxed»for 15 minutes

and the clear solution,'while still hot, acidified .by the cautious
addition of 25 nl, goncentrated HCl. This mixture was cooled at

: 5 overnight. The precipitated jﬂ-hydroxy-A?-etienic iiéé wWas filtered, o
dried, then titurated in 100 ml. dry pyridine at 90 . ‘The hot'eolu-
tion was filtered and the mother liquor cooled and treated with 10

. mlg acetic anhydride, After 18 hours, the'exeeéi\ef acetic anhydride:

1 . k
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and the mixed anhydride in the reaction solution were hydrolyzed by
the addition of 20 ml. water and the boiling of the resulting mixture
until the precipitate had Just dissolved. The clear solution was then‘
diluted with 70 ml, water and cooled to precipitate the crude
Bﬁ-acetoxy—AS-etienio acid, m.p.ﬂé25o.‘ Crystallization.pf‘thie
material atv room temperature i"ro:;r we.rm acetic acid-ylelded 4,13 g
(0M®115 mole, 28.8%) 721 m.p. 258 - 240°, [a]§g9 - 31.3° (c 1.35, -
0%) (reported [a1§§9 - 32° (cnc‘ij) (98))5 N.I.R. (cpe1y), 310,04
, (s, 14), 5.40 (m, 1H), 4.60,(broad, 1H), 2.04 (s, 3H), 1.04 (s, 3H),
0.76.(53 3H)} Infrared’(CﬂGlB), 3500.(")' 3000 (broad), 1700 (s),
1370 (m), 1360 (m), 1120 (w) cn™". Crystallization of the crude
fron chloroform;ékellyseive B er bengenesbkellysolve B solvent
nixtures failed to glve pure materials of eonstant specific rotation.
Anal. Caled. for 022 32041 Q, 73.303 H, 8.95. Found: G,

&

73, 41 73.17; H, 8. 78 9.23..

-(2-methyl-5-nitrophenyl)ethyl BB-aceﬁoxy-A5—etienate (76)

Following the procedure of Steiger and Reichstein (79), a
.500 g (1, 39 mmole) quantity of 72 was treated with 1,75 ml. thionyl

hours at room temperature., Excess golvent was removed

under reduced,pressure to give the crude 3ﬁ~acetoxy-Aé-etienyl chloride

(Z4). The aleahol 51 (0.258 g41.47 mnole) 1n 10 nl, pyridine was

'

added to the crude chlorig .the ‘solution stirred for‘two days.
{

was poured into dilute HC1 to precipitate the

}‘crude eeter. e dried crude was titurated in 5 ml, benzene and the

inixture filtered to yield 0. 0631 g (0 09 mmole) Bﬁ-acetmcy-AS-etienic.

a2
14

. . N
-t A c . B
o . -
& . 5
M R . B . ' . N
' . . '
B . L
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5
arhydride (75) (79). The evaporation residus from the mother liquar !

lwa.s crystallized from benzene-Skellysolve B solvent 'mixtura to yleld

0. 540 g (1,03 mmole, 70. 2%) Z_a m.p. 117 - 118°%; [(1]589 - 20.3°

(c 0.997, cu 012); N.M.R. (c0013) 8 8,30 (d, J = 2.4 cps, 0.5H)

8.25 (4, J-=21+cps, 0.5H), 8.01 (q, 1H), 7.30 (s, J = 8.4 cps, m),/\/
6.09 (q, J = 6.5 cps, 1H), 5.40 (s, J_Q, 4,58 (broad, 1H), z.k-{y

—BH), 2,02 (s, 3H), 1.54 (d, J = 6.5 cﬁs, 34), 1.03 (s, 1.5}{), 0.99

(s, 1.5H), 0.72 (s, 1.5H), 0.53“ (s, 1.5H); Infrared (cnc13), 1715 (s)‘,

1605 (w), 145 (m), 1345 (s), 1075 (m), 1060 (s) cm’l; ‘Mass Spectra,

" m/e 463 (base), 448, 299, 285, 253; 391, 179, 164, 523 (parent, absent),
Recrystallization of 26 from benzens-skellysolve B solvent mixture

falled to change 1ts specific rotation or its N,M.R. spectrum.

-

Resolution of Ct)—a—Phenylethyi.Lhine ((2)-78)

'.uv—Phe'nylethyl a;ni'ne was regsolved according t‘o the procedure of
Theilacker and wlnkler (80). ‘ To 31 3 g d-tartaric acid dissolved in .
450 nl, hot methanol was added 25 g (1)-78. The reaction mi:qt.ure»

. was cooled a.t 5 overnight to precipitate material with m.p. 176
This precipitate was twilce recrystallized from minimum amounts of

hot Methanol cooled to room temperature to give the less soluble

.diastereoisomer, m.p. 197 - 198° ¢ [a] 436 +19,2° (c 0.4, methanol)

This salt was decompo* in 50 ml. 10% sodium lwdroxide to liberate “ "

the amine szich was extracted with eth The extracts were washed |
ﬁL&:\.duﬂw GliStilled under

reduced ;Dssure to yield ( )-a—phenylethyl ‘anine ((- -’_7__): b.p.

" 76° (12 ma), a 589'- 38 55% [a] & 569 - - 10, 58° (neat) (re rted (a1 2 589

- 40.3° (neat), d4'0.95 (80)) | L

with water, d:gj.ed and concentﬂ.ted The
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| The original mother liquor of this resolution was concentrated

. And the opticglly impure.adine isolated from the salt. Crude (+)-z§,.'d
[al§g9 +16.8° (c 2.4,'CH013)‘(13.5 g, 0;126 mole),‘Was dissolved in\'
100°ml. 95% ethanol‘and the solution heated to reflux. Sufficient
sulfuric acld 1in ethanol to neutralize the excess of ine active over
the racemic omine, 5.2 g concentfated sulfuric acid (0.0506‘mole).1n
150 ml. 95% ethanol, was added to the amine solutlon and the mixture
cooled to.room temperature. The précipitated hydrogen sdlfate; MeDPa
265 - 268 ’ [a]365 + 18, 5 (¢ 1.10, methanol) was isolated and "
decomposed 1n dilute sodium hydroxide liberating the a.mine which
was recovered as described above for the ( )- isomerlto glve (+)12_,

589 + 38. 41 (neat), [a] 589 + 10, 43 (neat)

' [y - ). .
o-(2-Methyl-5-nitrophenyl)ethyl Hydrogen Phthalate ((%)-77)

A 0.535 g quantity (2 96 mmole) of 51 a.nd 0.437 g (2.96 mnole)
phthalic anhydride were dissolved in 5 ml, dry pyridine and the. .
solutlon heated on a steam bath for one hour, The o7action solution |
was cooled, diluted with 5 ml, acetone and neutralized with. coLd . .v
concentrated'Hleé Addition of water precipitated the crude hydrogen |

) phthalate. The pfecipitaté ﬁasliooloted and'recrystallize from
"-' chloroform-Skellysolve B to yleld o 777 g (2.36 mmolp, 79.7%) (—)-71; .
Bepe 15 5 N, M.R. (epe1,), 811 87 (s, m), 8.32 (d, J = 2.0 cps, ),
© 815 - 2.50°(m, 5H), 7,30 (d. J = Buly ops, 1H), 6.36 (ay J = 6, 5 cps,
m), 2,55 (s. 3H), 1.66 (d, J =6, 5 ¢ps, ~3}1) ; Infrared (coc1 ), 3000 s
(broad). 1718 (s). 1695 (s). 1520 (s), 13#5 (8), 1055 (m). 905 (w) an”l, '

‘o

i

. . R .
. H ! . . . . .
_ ce . 8 - ) . .
. . A . . . .
: e ) R .
Y . .. . . . . . . S
N ot - N -
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anal, Caled. for G H) NOgs C, 62,015 H, 4,59) N, 4.25.

\ 17815 ",
Foundi C, 62,06, 61.74; ﬁ. 4,75, &7y N, b0, b7

L

14

- 165° (c 0,932, CHC1

' rotations [0]436 .15 to ~ 19 .

' vas obtained by resolution of 0. 529 g (1.56. mx\nole) of the impure with

v 0,197 g (1.63 mmole) (+).7__ m a manner eimilar to that for the .

Resolution of a-(2-Methyl-5-nitrophenyl)ethyl Hydrogef; Phthalate

| In a typical resolution, 0,543 8 (1.65 mmols) (+)-Z_'z_ and 0 200 g
(1 65 mmole) (-)-78 WeTe dissolved in 5 ml. methanol Ether, 75 ml.,
Was added and the resulting solutian cooled at - 10 overnight to »
precipitate 0. 356 g of the %s_aoluble diastereoibomer 79t m.p. 166 -
167 ; [(’]436 - 12.0° (9_ 1.52; methanol). ' Two recrystallizations gave
the salt m.p. 167°, [ulfgé - 15.0° (¢ 1.0, methanol), Further

recrystallizatioris resulted in slightly decreased specific rotations,

‘This less soluble dilastereolsomer was dissolved in a small amount of

. methanol and thé solution acidified with dilute HC1. 'I‘he liberated

hydrogen phthalate wae extracted with ether. The extracts were washed,
with ether, dried and concentrated. The residue was crystallized from’
ber‘xz‘ene-Skellys,olve B to yield 0. 6932 g (-)-27t m.p. 75 3 [o] 436

3).' In sinilar resolut s,*aximizations of
the specific rotations also occurred, The (-)-zz-isolated from the “
less soluble diastereomers after the rotations had maximized, all had

rotmone [o] lb36 ca. = 160 td - 165 , even though the ea.lte had

.From several mother liquors of the cryetallizations of the lese_ .
soluble diastereoieomer was obtalned the more soluble diastereoieomer .

80: m.p. 150 '+ ["]'436 ca, 0° (¢ 1L.86, methanol) The pptically ynpure

,(t)f_ﬂ’ [all&36 + 132 (c 4, #3, CHCl ), Was isolated after acldification i |

-of a solution oﬁ 80 and subsequent workup. Tpe optically pure (+)-_7_Z

-
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racemie naterial, ; The'less eoluble diastereoisomer, .p; 1670,
[01436 + 14 1° (o-l 03, methanol),vobtained was converted back to
its hydrogen phthalate to yleld 0. 252 g (¥)-721 m, p. %%
[a]436 +164° (¢ 04956, CH013) . e

The N.M.R. and Infrared spectra of these resolved hydrOgen
phthalates wsre superimposible with those for the racemic compoung.

N

Neither isomer gave, however, proper microanalysis.

(=)-0-(2-Methyl-5-nitrophenyl)ethyl Alcohol ((-)-51)

A 0.125 g (0,381 muole) quantity of (=)-220 [ujﬂgé ~ 160"

(c 1, 25, CHc13), was dissolved in 9.1 nl, 1.25 N sodium hydroxide
(11 % mmole) and- the solution heated on a steam bath for 5 minutes.
The mixture was cooled and extracted with &ther several times. The .

ether extracts were washed with water, dried over magnesium sulfate

'and concentrated. The residue was chromatographed on a short alumina

column withv50:50-benzene-ether‘solvent mixture to remove some red. . ~ /;'. .

impurities. ‘The eluate was conoentrated\and the residue cryetallized
from benzene-Skellysolve B solvent mixture to yield 0 047 g (0, 26 mmole,
68.3%) (- )ﬁg_. mp. 67°% [a]uaé - 150 (c 0. 47, cuc13) Further '
crystallization failed to change the specifie rotation; Extending o
the hydrolysis time to 20 minutes did .not change the yield er—specifio
rotation of the recovered alcohol. The N M. R. and Infrared spectra

=of this aloohol were suyerimposible upon those for 1te isomers. .

-, ' Caled, for G9H11N0 c, 59 64y H. 6 12. n, 7.76. . Lvi*
;.Found: G 59, 62,m60 06; H, 5 78. 6, 34; N, 7. 76, 7.36, e )

R S Lt
s v L ¥ A
. . v A I‘
s . S A 2 o
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(+)-a-(2—Methyl-5-nitropheny1)ethyl Aldchol ((+)-L) S ‘ ‘

Treatment of 0,243 g (0.735 mmole) (+)-77, [a]lg‘é + 164° (c
- 0.956, CHClB) in ; manner similar to that described for its enantiomer
gave after workup 0. 0901 g (0. 498 mmole, 67 QZZ) (+)—i_a m. p. 66 - 67°;.
‘[a]%é + 150° (c 0.858, CHGLy).. ’> ’ L
| Table xx summarizes the data for the N M.R. spectrum of (i)lﬂ
m the presenoe of addeﬁ Eu(h:t‘bc)3 The shift analysis for each of

(+) and ( )- 5_ resulted in a spectrum show‘g the presence of one.

' enantiomer, 1. e, only one a—methyl doublet. ’ ‘ o ’ e

s
T?LE XX ) ' '
EFFECT OF. ADD- Eu(nfbc)3 N T 'N.M.,R. SPECTRUM OF (i)—u—(Z-METHYL—

5-NITROPHENYL)ETHYL AICOHOL ( g_) IN cncl3

“ .
2 \

: b. ¢ %F

. o / Proton LIS, ppmb Av, pbm’ - -
N e - CH a " 2029 ! N O ! ' "c'i‘Y'
'oéd 3 ’ ﬁb | . 0.6 . 0o - ‘ .
2 cH-onf . W 085 0 T
| ,CH - f)H. o g 2,54 0,06
@ ~ CH4 O 0.7% - 0,02
9 P not observed -
. | - g 2.97 012

ar 0, 04 M E\J.(hfbc)3; 0.25 2_; molar ratio O, 167. ‘\
bs. Spectrum recorded on a Varien A-6Q Spectrometer, . -

S T ‘ .
X/’ B . . ! N ¥

3
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(19=0r(2=tiothyl- 5o trophony Hothyd Tonylato {(£)-01)

Tho alcohol (%)-51 (0.0485 g, 0.268 mm\oln) and 0,513 g {0,270
.mmole) tosyl chloride wore disaolved in 0.26 ml. dry pyrldine and kho
solution cooloed at - loo'for 40 hours. Tho.ronction mixture was pourcd
into cold dilute H!1l and the rosulting mixturo thrncégd~wf£h.othor.'
Tho othor extracta were wacshod with 5% so&ium bicurboéato, water,
dried ovor magnosium sulfatd and concontrated. The N.M R.'npoctrﬂm
of tho rosidue indicated tho prosence of 63% toaylate 81, 23% alcohol
51 apd 14% chloride 82 as gauged by the lntogrationa\of‘their .
raspgbtlva a-mothyl doublots at § 1.63, l.bé and 1,90, Two
cryatalllzationa of the evaporntlon residue from bonreno-okollypolve B ‘-~
solvent mixture gave the pure tosylate (*)-81: m.p. 92 - ST
N.MR. (CDC15), § 8.2 ~ 7.05 (m, 7H), 5.92 (q, J = 7% cps, 1H),

2.42 (s, 3H), 2.36 (s, JH), L.61 (4, J =7.0 cps, 3H).
. . N R

g-):9—gg—méthyl—S—u}trOpheny})etqll Tosylato ((-)-Ql)

4 he aloohol (-)-51 (0.167 g, 0.92 mpole) and 0,184 g (0.966
mn;le) toayl chloride were d18801Vod in 0. é; nl, dry pyridine |
The aolution was seeded with a crystal of pyridinium hydrochloride
and cooled at - 10 .for three’ degys. Following a workup procedure
as .deacribed for the prgparatfm of the racemic compound, tha crude
was ci’ystallizad twice from bbnzene-Skellysolve B solvent mixtm:o to
ysem 0.12% g (0,369 mmole, 40%) (-)MBL:" m.p. 103 - 104°) [“’uas
- 350 (c 1. 2‘&. benzane). . It; N.M.R, apectmm was superimposible ulth

- -

that of 1ta mento. ' . A ' .
Mg;_ Co,led fog CIGH 7NO S1 C, 57.30; H, 5.11; N, 4,184 S, 9.56
nm. c. 57.12, 7. 63; u. 551, 5. %) N, 4.21,-3.751 3, 9.68, 9.4,

. *
et + ¢
LN *

& : " . v . A ,*
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(+)-a-(2-Nothyl-5-nitrophonyl)othyl Touylato ((+)-81)
| .

A 0,078 g (0.435 mmoln) quantity of (+)-51 waa troated with
0.084 g (0.443 mmola) toayl chlorldo n 0.42 ml, dry pyridine at
- 10° for 57 hours. The orude was isolated as described for }tha
racemato and crystallleed three timos from benzonec-skellysolve B
solvont mixture to ylold 0.0536 g (0.16 mmole, 36.8%) (+)~81:
}

m.p. 103 ~ 104° p,1ﬁ§6 +352° (¢ 0.533, bongzena). The N.M.R.

_ spectrmmjuf this materlal was superimposible with thaf of Ats racenmata.

(+) and (-)-Methyl a-(2-Methyl-5-nitrophenyl)ethyl sulfide ((+) and
(-)-24) | |

To a flask fitted with a dgy-ice cold-finger condenser was added
successively a sodium ethoxide solution at O0 (from 0,0706 g sodium
(3.07 mmole) in 10 ml. 95% ethanol), 2 ml, methanethiol and finally
0.164 g (0.49 mmo%o) (7)_§l dissolved 1n 2 ml.‘methylpne chloride,
After four hours stirring, the reactlion mixture was diluted with water
. and 9xtractea with methylegpe chloride. ng extracts were dried over
magnesiun sulfate and conceptrated to yield 0,0963 g (0.46 mmole,
93%) crude sulfide 34, The crude, [u]fgé + 242° (c 0.96, CH (,12),

was’ crystaluzed from Skellysolve B to yleld 0.0656 g (+)-2Q:

3 “ '

m.p. - 30&; [q‘j 3&; “;26:56? (o 0.656, GH 2) In & similar manner,
’ w7 rnf'}

(“’uae - 256° (3 0,534, CH 012), ¥as_obtained -

e

% .
13

the crude sulfida ? ¥
from (+)-81. The N.M, R and Int‘ru"ed spectra of these enantiomers
were superimposible upon those for their racemate,

j.* l § e ‘ L
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() ond_l(-}é:iﬂs’@bz}_sx:(?"-:!'P.tw%5;1%#??9*@&)9&*3&9‘3}5_9& ((+)-
(-2 |

A 0,0656 g (0.31 mmole) quantity of (+)-Zi, t“lﬁgé + 2660 (c
0.656, CH,C1,), wan oxidized with 0,104 g (1.25 mmole) 304 1,0, in
3 ml, acetic acid 1n a mahner similar to that for the racemlc sulfides
to provide 0.0843 g (0.347 mmolo, 112%) crude non-crystallized (+)-54, .
[a]ujé + 152 (c ca. 0.756, CHC1;, based on 100% yleld). The cruie
sulfone was orystallized from bengene-Skellysolve B solvent mixture
to yleld 0.072 g (0.296 mmole, 95.5%) (+)-Aki [alfgé + 149° (g
The enantiomerlc purity of this mate£1a1 wes détermined

. 3): : |
to be 86.0 % 1.0% using the technique described earlier for the

0.72, CHC1

enantioneric purity estimations involving. active sulfones de?lved

from the Sommelet rearrangements, Several recrystallizations of (+)-54
from hot bengene cooled to room temperature falled to réise the I.m ‘
fota@;on beyond gglggé + 155o (e 0;21, GHClB). Based 6h the enantiom;ric
purit} estimation, the absolute rotation of the Pulfone 1s calculated

‘ ¢
Al "7 etaio o
C o

to be [u]436 173°,
In a sidilar prepardtion, 0,053 g (0.253 mmole) (~)-34, «

b

‘[Q]ﬁgé - 253o (2'0.534, CHZCIZ), wasﬁoxidized with 0.1;8 g (1.01

1 ole) 30% H 1n 3 ml, acetic acld'at 1009 for three hours. After
) %::rkup, 0,055 g (0.266 mmole, 89,3%) crude non-crystallized (-)-54,

g [°]436 - 14s° (¢ 0.55, CHClB), was obtained. The enantlomeric purity

L .
i of this crude sulfone was determined to be 94,1 t 0,3% using the

technlques described earlier. The sulfone was crystallized from

an N,M.R. solution cantaining the ehift reageﬁt upon the additicn

(°]b36 - 163 (c 0,474, GHClj) . Basedwen the onantiomerio purity

. . . ©



]
E

-

~ Attompted Proparation of a-(2-Hethyl

oestimatlon and assuming there to be no fractionation during bdhe
crystallization process, the absolute rotation of tﬁo sulfone 2_

L N .
1s again detormined to be [Alggé 1/3 The spectral propertles of

thesa sulfones wdf% ldentical with those for thelr racemate.

Al

-chlorophenyl)ethyl Brosylate
ity of 60 and 0.130 g (0.530

A 0.0825 g (0.484 mmole) qu
mmole) p-bromobenzenesulfonyl chloride were dissolved in 0.46 ml.

pyridine and the solution let stand at - 10° for 48 hours. Following

-~

the workup protedure as described for the preparation of 81, the

material that was obtained was exclusively a-(2-methyl-5-chlorophenyl)-
ethyl chlorlde (82): N.M.R. (cuc13),'§ 7.55 (s, 15). 7.15 (s.\ZH). |
5.30 (q, J = 7.0 cps, 1H), 2.38 (s, 1H), 1.85 (d, J = 7.0 cps, 1H).

No pyridinium hydrochloride precigitated from the pyridine solution,

In a repetition of thfs experiment with a seed- of pyridinium

“hydrochloride added; no crystal growth was observed,

. ) ~
. A

a- C27Mato1-5—chlorqphenxl)ethyl szrogen Phthalate (_})

The alcchol 60 (2,02 g, 11,9 mmole) and 1“75 g (ll 8 mmole)

phthalic anhydride were heated 1n 20 ml, pyridine on a steam bath

for 90‘minutés. The reaction wixture was cooled.'diluted*with 25 ml,

acetons, nautralized uith;cold concentrated HC} and water added to
the resulting solution to precipitate an oii/which solidified

on cooling at - 10 . Tbe precipitate was isolated. dried and
recryatallized from chloroform-Skellysolve Blsolvent ma;ture to yleld
2.54 g (7. 96 ‘mnole, ‘66, ¥%) 831 m.p. 121 = 123% N, M.R. (cm13),

8 12.06 (s, 1), 8,11 - 7,41 (s, 5H), 7.13 (s, 2H), 6,33 (¢) J = 7.0

~_cps, 1), 2,39 (s, 3H), 1,62 (4 J = 7.0 cps, 3H); In{rarﬁd.(n?dql).

«

<



W

. o
[GIRT + 150 (¢ 0.773, methanol)., The less soluble dlastereoisomer

173
3000 (broad), 1735 (s), 2675 {(s), 1595 (s}, 1575 (s), 1375 (o), 900
(")'m890 (a), 850 (%), 750 (m) on™ >

. .
N

qii

e

- Resolutign of a-~(2-lMethyl-5-chlorophenyl)ethyl Hydrogen Phthalate

((2)-83) .

Resolution was accomplished by the fractional crystallization
of the salt prepared from 1.35 g (4.2% mmole) (+)~83 and 0.514 g

(4.25 mmole) (~)‘Z§ from methanol-ether solvent mixture. The less

soluple diastereolsomer, 0,817 g, m.p. 159 - 1610, [a]§£5 + 1180
\

(q 1,01, methanol), was recrystallized twlce to glve 0.548 g material,

\

365
waa decomposed in methgnol by the additlon of dilute sulfuric acid

to yleld after the ysual workup as déscribed for the isolation of 27

0.335 g (-)-83: kdlﬁgé - 3?.2% (¢ 1.30, CHCIB)‘. From the decompositian

Y

of the more soluble diastereolsomer isolated from the evaporation
rééidue‘of the origlinal mopﬁer liquor was 5ﬁtqined 0.567 g of semi-
solid (+)-83. The optical purify of this naterial was increased .
by resolution with\(+)f2§:as,the 1ess'solubléidiastereoisomer. |

[a]ggj - 136o (¢ 1.39, gethanol). Decompos%tioh of this isomer .

ylelded (+)-§1c,[d]§25 +37.6 (c 1.26, CHC14). Further characteri-

gation of these hydrogen phthalates was not deme, - -

- .

R Py
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. was cooled, neutralized with cold dilute- HC1l and the resultilg

a- 2—lethyl—)—chlorophenyi)ethanethiol ((f) 84t)

A 5.0¢g quantity (0.0214 mole) of 61 was added to 50 ml. of a

1.3 N potasium hydroxide eolutioq saturated with hydrogen sulflide.

*
This'solution was stirred for 90 minutes at room temperature, diluted
nlth water and the resulting mixture extracted with ether several

\

times, ?he ether extracts were washed with water, drled over
magnesium sulfate and concentrated. 'The residue was distilled under

reduced pressure to yield 2.56 g (0.0137 mole, 64%) (*) 841 b.p.

105 -~ 107 (6 mm); "D = 1.5736; N.M.R. (uuul )y 7. 43 (s lﬂ)

7.07 (m, 2H), 4.33 (pentet J = 6,0 cps, 1H), 2.34 (s, 3H) 1 .87 (4,

J = 6,0 cps, 1H), 1.64 (4, J = 7.0 cps, BH); Infrarae (nea§), 2975
(m), 2550 (w), 1595 (m), 1u90 (s), 1450 (m), 810 (s) cm . .
Anal, Calcd. for CoH) 1GR3t ¢, 578905 H, 5.9%; c1, 18.993
S, 17.17. Found: C, 57.90, 58.36; H, 6.00, 6.091 Cl, 19.15, 19.32)
s, 16.81, 16.72. e :

)
»

L

a~(2-Methyl;5-chlorophenyl)ethyl Hydrogen Thiolphthalate ((*)-85)

The thiol (:S:au (2.29 g, 12.2 mmols) and 1.83 g (12 3 mmole)

phthalic anhydride were dissolved in 20.ml, dry pyridine and the

solution heated on a steam bath for one hour. The reaction mixture

mixture extracteéd with ehher, The ether extracts wére dried and

LAY

concentrated. to yield a residue containing a 3/2 mixt
phthalate to thiol. An ether solution of the residue w:~
séverai tines uith 5% aodium bicarbonate solution. The bicarbonate

layers were neutraiﬁi%d with diIute HC1 and extranted with ether

A

several times. The. ethﬁruextracts were dried over magneeiup sulfa%e o

- ana concentrated.l The soldd reaidue vas titurated 1n}10 L CHL13
' F

LS 8
. ) Co ¢
- . I3 - .
. ; - . . o .
- ‘ * E Y ¥ - 1



and the mixture filtexed to rq&ove phthalic acid. The evaporation'

- resldue from the mother llquor was crystallized from benzene—bkel!&—
solve B solvent mixture to yleld 0.809 g (2.42 mmole,;l9.8% (1)-83+
m.p. 110 — 111°; N.M.R. (cDu13), d 12.40 (s, M), 8.11‘—'7;02 (n, 7MY,
5.11 (q, J = 7.0 cps, 1H), 2.40 (s, 3H), 1.76 (d, J = 7.0 cps, 3H)}

Infrared (CHC1 3000 (broed), 1700 (), 1670 (s), 1290 (s),

3
1200 (s), 915 (s) en 2,

{

- Attempted Resolution of 0~(?SMethyl-5-chloropheny12§thyl Hydrogen

Thiolphthalate

The attempted resolution of 0.689 g (2.06 mmole) (*)-85 with
0.258 g (2,13 mmole) (-)-78 gave as the first set bffcrystals from
agetone-ether solvent mixture 0.2?4"3 material: m.p. 137°l N.M.R.
(aoetoneﬁié),‘b 9.75 (s; 1H), 8.23 ~ 7.04 (m, 10H), 5. 28 (broad, 1H),
1.54 (4, Bﬁ); Iﬁrasred (nujol) 3250 (s), 3000 (broad), 1690 (s), 1635
(s), 1530 (s), 1290 (s) — This naterial was-véid of the

necessary u—g;ylethylthiol functionality and was 1ikely ( )~a-pheny

‘ethyl hydrogen phthalamide (reported nm, p. 133° (99)) The evaporatidn ‘

residue of the mother liquOr smelled of a sulfur derivative. Its ﬁ’
M R. Spectrum showed only three singlets at d 2. 67, 2,22 and 1 28 .

in tqQ;integration.ratio 2:3¢6Arespectively with a qpmplete absence ”

of the necesagry aromatic protons of the sysfem. Similar deoOmposition '

L, : ).

175 -

®

occured when the resolution was attempted with brucine. e m
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(-)-Menthyl Chloroformate (86) o v

To an 1ce—cold phosgene soluﬁion, prepared by condensing 88 g

(O 90 mole) phosgene in 160 ml. cold benzene, a solution of 70 g
(O.u5 mole) (-)-menthol in 110 ml.,benzene'and 37 ml. (0.46 mole)
pyxridine was slowly added over a: period of two hoursa, Affer the
addition, the solution was stirred an additional one hour then - . .
warmed to room ﬂ\mperature overnight,while bubbling the excess |
phosgene through a 10% sodium hydroxide solution. ~The solution was
poured onto 200 g 1ce and the mixture acidified with'dilute sulfuric
acid. ,The separated organic layer waswwashed with 5% sodium b;carbOnate"
sqlutieu, water, dried over magnesium sulfate apd concentrated, -Thd .
residue. was frectionally distilled under reduced pressure to Yleld
49 g 86w "bop. @ - 80° (2 )5 93 - 94° (6 mn); “D = 14592 (reparted
bep. 960 (5 ﬁﬁ); UM 1 4712 (85))1 [01436 - 78 0° (c 1.20, benzene);
N.M.R. (CDClj). 6443 - g, 72 (m, 1H)," 240 - 0, 60 (m, 9H), 092 '

. (d, 6H), 0.81. (d 3H) 3 Infrered (CHCIB), 1775 (s8), 1460 (m), 1160 (s),
945 (s), 835 (e), 690 (m) cm .

O-lenthyl a-(Z-Methyl—S-Ch10r°Ph°n¥1)ethyl Thiolcerbonete (_z)“

-

A 5.55°8 (0 0298 nole) quantity.of (+)_,34 was elowly added to.
a suspension of 1,27 & (0-0322 iole) 57% Naﬂ iz 50 ml,’ etner.. After SRR

hydrogen evolution hed’ ceaeed, thie eolution‘ vx,,,;‘elowly added to 8

: etirred soiution of 7 53 g (o 0302 mole) 86 1n 50 mlr ether. After

¥ one' hour stirring at room tempera.ture, {he ¥ "action miktuze wae filtered

by graﬁty end the pmcip.ttate washed with &t.her ‘igeve.ra]. timee. The ‘

Fother liquor wae concentratedf and 'the tracee 4olvent‘ mmmmd under

reduced préasm‘e to y:le&d the qily __Zl (alggyg}‘

e r i e R O ad

. L e
@ . . !‘r" T - . L . "‘ B .o * LN [ Doy
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N.M.R. (CDCl )» & 737 (s, 1H), 7.20 (m, 2H), 4.82 (broad ), #.75 °

=
(q, 7.5 cps. 1H), 2.39 (s, 3H), 1:67 (d, J = 7.5 cps, 3H), 1.00 ~ ’/// :

v
”

0.65 (m, 9H), 1.26 (s, Ampurity); Infrared (cuu£5), 1760 (m), 1680

. (8), 1600 (w), 1170 (s), 1150 (s) en~2.

\

Resolution of O-Nenthyl a-(2-Methyl-5-chlorophenyl)ethyl Thiolcarbonate

[; . The partial resolution of 87 was accomplished by the column
cnrometography of 5 g quantities on 88 g Alumina oxide ‘(woelm neutra,l,
aotivity one‘) while collecting 50 ml. fractions, 700 ml. Skellysolve

',."\}B wae eluted through the- column, The first fraction contained the “oll

imi)urity from the sodium hydrid% (zero rota.tion). i}ubs'equent
fractions contained the fa.ster-eluting thiolcarbonate with rotatlons
decreasing from [a]565h- 370 to ~ 227 (01) 3 - l b benzene)
Eluting with 700 ml. benzene removed materials of specific rotations
[01355 -'143 to'~g?~8 ~(c 0.3 - l 0, benzene). Finp.lly, the oolumn .
- Was flushed with 56& mi ether to give the slower-eluting thiolcarbon-
" ete of rotation [a]365 - 13.5° (¢ 1. 34, benzene) > . -‘
Combining the middle fractions from. several resolutions and e

rechromatogra.phing tﬁe mgterial as just described increased the . .
‘8 & 2
quantities oi‘ the faster and slower-eluting fractions.. The faster- ©h

~"".eluting fraction, ca. oy g, was rechromatographed on 70 g alumina with

¢SItellyeplve B to. obtain 200 to 500 ng. quantities of material w.lth
» ‘,-rotations ransing from [m]%5 - 281 to - 225 (g_ l, benzene) from' |
' *Q-suceeesive 50 ml. fractions ”The banzene i‘ﬂ ether fractions hed . je>f,
rd 'oné of [q]aas - 180 and - 98 (c 1, benzene) respec{ively,g o | L |
. '.ly, ‘the elower-eluting fmtion, %. I g yas rechromatographed - '

_oxide‘with 1500 ml. kzellyeolve B to ,give material _
a Elutim .’



‘with 300 ml. 1110 bengens-Skellysolve B solvent mlxture gave material

b

¢

_with rotations of [(;]};25 - 66,7 to ~23.9° (c 0.5, benzene), Flushing

. '[a]

by

‘N. M R. spectrum and a weak absorption at 1’760 cm. -1 in the Infrared {

e oolumn with benzene then ether gave thiolcarbonate of rotatlons
+ 21, 8 and + 17. 2° (c 1, benzene) respectively. ‘
'The faster and slower—eluting thiolcarbonates had S\denticﬁl N.M.R.

and Infrared spectra and were superimposible with those of thelr ‘
!

diastereolsomeric mixture excepting the absorption at O 1.26 in the(

spectrun, * | ' : " ‘
7

P
d

Q)' and g-)-a-gz-metny1—5-cfloropheny1)_ethanet'mol ((+) and’ (~)-84)

A 0,222 g (0.60 nmole ) quantity of the faster—eluting 82,
i

365 - 281° (c 2.22, benzene) was dissolved in.5 ml. of 0s5 N
)

sodium methoxide (2. 50 mmole) and the solution heated a}/fefiux / '
for 90 minutes, cooled and poured 1nto dilute godium hydroxide. . ooy

The resulting mixture was extracted witn etﬁe‘%‘ several tﬁmes. The, L

combined ether extra.cts were washed agaln with dllute bzﬁe and the | ’,;/:,M{: r \E)v

basic, extracts aoidifieq, with HCl. The acidified layer' ;tas extracted '. ;‘

v;ith ether severa%, tifn g’ d%? latter ether extracts washed Late
iy %m

L
/

10 ate and concentrated to yield 0. 0?0 € o

water, dried s_

,(o 375 mmole, étj%) (= )y&h MR? - 61, 7 (e o ? CHC13) .Concentration

‘of the original ethqr extrq,cts gave menthol.

§1m11ar1y, the (+‘)-;84. [a]365 + 47 7 (c 0,65, CHCl ). was S
recovered, 1n 54% yield from the metha.go],ysis,of 0 236 g (0 4 mmole) .

rd

'f‘ of the slower—eluting _z, Tal 365 - ll& 70 (c 2.36 benzene), 1n 5 ml. B . c

"kof 0 5 N aodium methoxide. ’l!he N M R, epectrum of each 1somer v;::as o s
superimposible upon that of their racemate. o SRRLY =
Ll ’*,H ' . “jn I o | .t g o R o ce - L "'*/'ﬁ\ o ol

b IO 12
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(4)-a-(2-Methyl-5- chlorophenyl)ethyl 3, 5 Dinitrothiolbenzoate ((%)-88)

The ‘thiol 84 (0.76 g, 4.08 mmole) and 0. 966 g (4 10 mmole )
3,‘5.—din1trobenzoyl chlori,de were dissolved in 2 ml. pyridine and the
. sql\ltion i]e;ated on a steam bath for on_e. hoﬁr. A;fter cqoling, ihe
reaction solution was diluted with W&’}QI‘ and the résulting mixjcure
extracted with ‘crilorof‘orml. The éhlorof orm extracﬁs were (}ried
.over magneslium sulfat:a and concentrated. The residue was- crystalliged '
from chloroform-Skellysolve B to yleld O 784 g materilal, m.p. 135 -

13? . Thi‘s was recrystallized from chlorofo&'m bkel]qsolve B a

solvent mixture, re jecbing the first,crop of matqrial, to yleld

(£)-88: m.p. 138°% NA M.R. (cné13) 8 9.15 (m, 3H), 7.39 (s, 1H),

714 (m, 2H), 5.20 (q, J =70cps, 1H), 2.43 (5\‘3}{) 1.78 (4, J = .

7.0 cps,. BH); Infrarﬁli ((,Hc.lj), 1660 (s), 1620 (m) W40 (s), 1340‘8),

1100 (m) 990 (m) cm 1.‘ ’?- S : '

- )

( )—a—(Z—Methyl—S-chlorophenyl)ethyl 3,5- Dinitrothiolbenzoate ((-)-88)

: ' In'an experiment simjlar to that fﬁr the prega.ration of (*‘)—88
.- 1 ] ‘
0.070 g (-)-8% [u]365 e61 .7° (c 0.7, CHC1,), was converted to 1"“ o \ -

crude 3, 5-din1trothiolbenzoate. Crystalliza.tion of the crude from

'l‘;_:‘u,loroform Skellysolve B solvent mixture gave 0. 0865 g ( )-88 ; ‘ ‘
[G]436 - 62, 8 (c 0, 865, CH 3). F‘ractional crys‘tallization (&‘ :bh:}; o
material from chloroform-Skellysolve B solvent mixturaﬁave 0 0559 g I h
( )-88, [01436 -~ 8, 5601‘(-” 6, 56 GHCl3) - The' eva.poration res;q;,le of .. '
Wher liq\uor, [ql 436 - 182 (c 0.246’ CHCIB), was recrystallized

| 2om benzene-Skellyaolve B solvent mixture to g!ve 10 4 ng material, o

-‘ [01%603 85

((c 0.104 CHG1, ) and an evapora,tion residua wlth a-
a] 436 232 (o cay’ 0.-14 CHClB) The Infra.red spectrqn :

tﬁis latter resm%e\was superimposibl& upan that for ra.cemic 88., L

.."' li




i

E yiem 3% & (1 53 mmole. 90.8 o) orude (-)Ja. OF 436 - 7547

(+)—a—(2-Methyl 5—Ch10r09henyl)ethyl ELgitrothiolbenzoate ((+)—r2)

~

In an experiment similar to that for the prpparation
of (1)-88, 0. 158 g (0.85 mmole)'(i) g4 was treated with 0,160 g
R~n1trobenzoy1 chloride in 2 ml. pyridine for one hour at 100 to

yield after workup and crystallization from benzene—bkellysolve B

solvent mixture 0.222 g (0 66 mmole 78%) (1)-89: m p. 124 - 125 ’

N “M.R. (00013), ) 8 23 (d,‘J = 8 5 cps, 2H), 8. ou (a, J = 8.5 cps, o

" 21), 7,37 (s, 1H), 7.08 (m, 2H), 513(q.J=70cps. 1H), 2,40
(s, 34), 1.73 (4, J = 7.0 cps, . 3H); Infrared (cnu13), 1660 (s), -

‘ 1605 (s), 1520 (s), 1485 (s), 1350 (s), 920 (s), 865 (s), 845 (s) cn . h

\

T

(+)-0-(2-Méthyl-5-chlorophenyl)ethyl p-Nitrothiolbenzoate ((+)-89)

In an experimeht similar to that for the'preparation of ()-89,
(+)- 84, [°]365 + 47 7° (c 0.647, GHClB), was converted to 1ts (+)- \
anitrothiolbenzoate, B1]436 + 36, 6 (c 0.65, 03013) Recrystallization\ +

of this material from benzene-Skellysolve B solvent mlxture gave . -

(f):JZn[ungé +17.5° (3.9.63. CHEL,). “‘: - ."'“ S

( ) Methyl a-(2—Methyl—S-chlorophenyl)ethyl Sulfone (( - 62)

~ To 5 ml of a o 5 N sodium methoxide solution containing 0. 315 g

' (1 69 mmole) (- -84 [aru36 - 51,5 (c 3 15, cac ), obtained“from
' the faster~eluting thiolcarbonate, was added o 376 & (2.66 mmole)

methyl 1od1de. . After being stin:ed. f,ot‘ one hour, the rea,ction mlxture -

.

' was‘poured 1nto 5 nl. 10% spdium'ﬁ x&de solution and the resulting

]

. mixture extracted with ether several \imes. :The ether extracts were |
! 3

v washed with water, dried over maggpsium sulfate and concentrated to ‘

!




R
(o] 365

§s - 122° (2 3,07, bengens).

Thé N.M. R

Wwas superimposible upon that of its racemate.

2 2

after a workup similar to that described for the_isolation of the

The orude sulfide ‘Was treated with 0.407 g (3 4? mmole ) 30%

( ) 62» [a]

of the crude from chloroform—Skel%*§olve B solvent mixture gave

4
(:t)-éz m.p. 143 - 4.°

was crystallized from chloroform-Skellysolve Bssolvent mixture to

mother liquor was twice recrystallized from benzene-Skellysolve B.

solvent mixture to give 0.0678 g.(-)-62;

falled to change the optical roﬁation‘of the

365

.evaporation residue, [al

. yield 0, 018? g material, [G]

365

- 31.3° (¢ 3. l+6 CHC1

365 ~
- 113° (c o 85, CHC1

3)

ZLQ o (c 0 187, 0501

- 127o (c 0,60, benzene of chloroform).

Fractlonal crystallization

.

3

‘m.p. ?9

Further crystallizations

“

spactrum of this sulfide

a-mple. )

in 5 ml. acetic acid for three hours on a steam bath to yield

. racemlc sulfone 0.346 g (1.49 mmole, 97:4%) crude non-crystallized

3) The

;.100,] [01365

uIts‘ﬁ M.R.

a

,afrom the latter s

: . . ’_/’ )
« . The evaporatiqn residue of the'mother liquor

181
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