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In this work we examined the effects of various factoxs such *

Y
N

as. solvent, tenperature, time, etc.;on‘the reactions of e numbef of

acyclic lithio sulfoxides and of some cyoiic lithio eulfones in an

attempt to test experimentally the finding;fsuggested by "extensive non-

.empirical calculations on the hypothetical n§drogen methyl sulfinyl
(14) and sulfonyl carbanions; we also attemptee to evaluate the

- synthetic potential of o - sulfinyl oarbanions as suggested by the

preliminery work of Durst (i9) and MeClory (20}.

The conditions (tempereture, caroanion eonilibration time,
side reactions) under which a - sulfinyl and sulfonyl carbanions can
best be generated and trapped with electrophiles have bEEn defined.

A Series of_ecyclic sulfoxide carbanions were generated and quenched
with a number of electrophiles and the diastereomeric product ratios and
etereochemistry of the reactions determined in each case. ihe-
‘diastereomeric prodnct ratio is constant for each lithio sulforide
regardleSS of the electrophile used (CHgL, D20, acetone). A critical

evaluation of a hypothesis (20) to explain the variations in diastereomer

ratios with change in sulfoxide structure is made.. The deuteratiOn and

\

hydroxyalkylation reactions were shown to proceed with retention of the

carbanion stereochemistry, the alkylation reactions with inversion. 3

|
\

- An interpretation of the stereochemistry of the reactions and a f\\‘

mechanism to support ‘this interpretation is propoe%d ) i
Ay
\

\

\

\

o



' stabilized carbanions are drawn.

An investiéetion of the stereochemistry of the deuteration
and methylation reactions of the carbanions of two confdrmétionally

fixed sulfones was carried out. Preliminary conclusions conoerning
. ‘ s “\ - . “\.
the stereochemistry of these reactions an@ those of other sulfur

TN

- |

The sulfone stabilized carbanions in a-conformationélly fixed
six-membered ring system were found to exhibit a strong nreferenoe for'

the equatorial orientation. Several other sulfur étabilized carﬁenione\
exhibit similar behaviour (33, 39 41, 42). This phenomenon was examined

and a new determination of the lithiun A value (o to a sulfone) in

-

T.H.F. was made. ) i T~

The effect of solvent on the conformational preference of.the
benzyl methyl sulfoxide cérbanion was studied, In high dielectric
congtant solvents the R, S 1ithio sulfoxide was preferred, in low
dielectrrc constant solvents tne s, 8 lithioleulfoxide predominated.

The effect of solvent on o - snlfonyl‘carbanions.wés also investigated,.

the carbanion on the 0-5-0 bisector was the preferred one in T.H.F.

The relationship between the kinetic and thermodynamic pre—
ference in the’ lithiation of benzyl methyl and benzyl t—butyl snifoxide‘
was determined. For benzyl methyl sulfoxide the- kinetic preferénce for
the removal of the pro S hydrogen in the S sulfoxide' was 1.7:1 while

the thermodynamic preferenCe for the 5, S vs R, S carbanion was 15:1,



41\
- v |
For benzyl t-butyl sulfoxide the values were 117 # 20:1 and 101°:1 }n_ﬁ\)

favour of the pro §_(in S) Erotoﬂ and thelg;\g carbanion reépectivély.
The implications arising from these results are discussed.

The ben;ene and trifluroracetic acid solvent effecté on‘

. . ] f . : )
"proton shifts in a.number of acyclic sulfoxides were measured. - These:
effects were compared with %he downfield shifts resulting from the

~addition of Eu(DPM),. Fof'the acyclic sulfoxides studied none of the
' |

methods produced effects whiqh show any correlation with sulfoxide
L .

stereochemistry. F
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‘CHAPTER 1

GENERAL "~ INTRODUCTION

-

Interest iquulfur stabilized carbanions:T arose from the
initial work of Cram ;nd co~workers (1) on o - sulfonyl carbanions
(R=-S02-C (R) 2) in.the early 1560'5. The novelty of this work was thé

'remarkable asymmetry demonstrated by this reactive specles. Similar

o

observatlons were soon after reportedlby two other groups of wofkers
(2, 3). A controversy regarding the structure and preferred con- ‘
formation of o - sylfoﬂyl carbanibﬁs arose and this problem received
a great deal qf attention duriné the subsequent years (4).

\

'The‘devélopment of o~ sulfinfl carbanion chemistry was
much slower. This may be atfributed torth;’initial conclusion of Cram
and Pine (5) that X~ suifi#yl cérbanions-were intriqsi;élly
s&mmepric, aqd thus less interésting than the <>(; sulfonyl carbanions.

Cram and Pine based their cqnclusions on the base catalyzed exchanges

,of.optically active 2-octyl phenyl sulfoxides (see Scheme 1),

T The term cafbanion will in general.be used to dgnote-the metal salt
of a earbon acid .e.g.: an o~ lithio sulfoxide R~CH(L1i)-S0-R

will be called an - sulfinyl parbanfon.



The'rate of exchange at carbon, ke’ and the rate of racé—
lmizétion at carbon, k ., were measured-by fémoving aliduots of sulfoxide
at various times from the ;eactioﬁ mixture and okidizing the sulfoxides
of sulfone. The.sﬁlfones were tHen'éxamined for their ;ptical purity
and deuterium content. The stegeoche;ical reéultélwere then expreééed
in terms of a ke/g* ratio. As ke/%& approaches 1nfini£j th;.steric
course of the reagf;on'approqches compiete retention qf configuration‘ s

. ER _ .
at carbon. Complete racémization is expressed by a ratio equal to one,
whereas complete inversion requires a ratio of 0.5.. Theléulfoxides
were-stéble to racemization at sulfurﬂundér the reaction conditions
employed. Values Qf ké/gi'were measureé in t-BuOD with t-BuOK as base

ét 60° and in DMSO 1.2 M in MeOH with MeOK as base at 60 . In t~BuOH,

sulfoxide'é {R, 8) had ke“%t' 1-.2.and_3_ (S, S) had ke/kaL= 3.6. In

DMSO:; had ke/k5‘= 0.6 and gzhad ke/k“- 1.4. In contrast to these
. . ) o
results sulfone 3 had ke/k5(= 73 - 1980 in t—BuQH at 25 and ke/k.c=i

10 in DMSO at 25 .

These results‘demonstrated‘that the sulfoxide carbanion .

was generated and consumed with considerable racemization at carbon *
: ¢ ’ : ‘
in contrast -to high retention of the carbanion configuration demon-

strated by the sulfone.



solvent
base
£-BuoH . k2 k2 (2
—-E = 1.2 _—§»= 3.6 —§ = 73-1980

t-BuOK k2, Ko ke,

a a a
DMSO-CH,0D Ke o kg L ke o

b= Y- b~ b~

CHOK ke ko, Ke<
Scheme 1

a) ke = rate of exchange at carbon
b) k. = rate of racemization at carbon o -
¢) The original absolute configurations at,su1fdf assigned'by”Craﬁf

‘have been reversed (6) and are corrected here. This in no way

changésuthé major conclusions of the author



{3

Cram explained tﬁg differénces in the sterocheﬁical
behaviour of the éulfbnyl_and suifinyl‘carbaniéns on the basis of
intrinsic symmgtry.proﬁerties of the ioﬁs themselves., 'He suggested
thaf ng— sulfonyl éarbanions-weré ésymmetricﬂand vere conéﬁmed faster
than they racemizéd,Abut that - sﬁlfinyl carbanions were either° o
symmetric or equilibra;ing aéymmetric but enantiomeric species. The ‘
small variations iq ke/ki(from_unity were attributed to asym?etric
solvation due to the sulfur asymmetry. l

In 1965,'Wolfe and co-workers (7) reported that the °
diasterectoplc protons of benzyl methyl sulfoxide exchanged at

‘ o
significantly different rates in D,0/Na0D at 15 ; one proton

exchanging 14 times faster thaﬁ ﬁhe other. This showed_thgt for the
more rapidly'éxchanginé hydrogen, an o~ sulfinyl carbanion was
formed and qbngumedlwith high selectivity. The énly reasoﬁable pro-
cess for the exchange was oné involving retention of configuratioﬁ in
each step. The éfereo:hemistxy of the exéhange for the slower proton

- could not be determined from these results (see Scheme'2).'

The following year Wolfe 95_21'(3) reported that the faster
exchanging proton in benzyl methyl.sulfoxide was the pro S hydrogen.
\‘. - ' - '

This assignment has since been shown to be in error épd'it is the pfo

Ejhydrogen‘whgch is the most rapidly exchanged in D,0/NaOD (9)

S

5
. 5



Scheme 2

a) The conformation depicted for the exchange is not
.necessafi1y the one involved

) Hg

pro S hydrogep

iy

pre R hydrogen

. - | &
1 B .
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(see Scheme 2). In addition the authors pbinfed,put that the structure
and stability of o<- Sulfinyl carbanions appeared to be strongly

. . s
influenced by the nature of the solvent in which they are generated.

-
a

ﬂSeveral othHer examples of étéreosalective bésé - catalyzed
exchanges néxt to the sulfinyl group in acyclic systems have since
been reported (10), These results showad that benzyl methyl sulfoxide
ﬁas not a unidue system, but they did not contribute’any further
information ‘concerning the preferred carbanion conformations .or the

stereochemistry of the exchange process.

Kinetic exchangeé u;iﬁg conformationally fiied,'or strongly
'biased sulfoxides, (see Fig. 1), havé yielded much more useful
informatidn (11 - 133. Ig:i, Fig. 1, the ?elative‘rateg of gxchange
ﬁarie& from 1 for H; to 7500 for Hs in CH;OD — CH30K and from 1 for H;
to 1200 fbr Hy in t;BuOH - t—BuOK. In 5 and 6 Fig. 1, the relative :'
rates in D20 - NaOD and MeOD - MeONa were Ha>He He'>Hal. In t-BuOH - .
t-BuDK and DMSO 1M CH30H - cnaox the exchange was non~stereose1ective.
In 7 kh Iy > 12/1 and in 8 k [k = 1/2.5 in GD3;OD - CDsONa. A
qualitative discussion of the rate differences for 9 was given (13)

and will be discussed later in the thesis.
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These fesults demonstrated ewo things: 1) A significant
solvent effect exists on the relative rates of exchange of a set of .
diastereotopic protons having fixed relatiopehip eo the sulfoxide
asymmetry, in other words, on the relative stability of earbanions
in various confofmetione. 2) Small changes in the dihedral angle, 8,
cause large changes’in the relative exchange rates, i.e. carbanion
stability 1s greatly affected by change in . These results‘will_be

discussed at greater lengths in the appropriate section of the thesis.

To gain further insights as to the nature of o&- sulfinyl

carbanfons and thelr stereochemical behavieur, Wblfeland co-workers
.carried out ektensive:non?empiricel calculations on the hypotheticel'
_hydrogen methyl sulfinyl carbanion (EHzls(O)ﬁ) (14). These caleu-
lations were carried out within ‘the Hartree ~ Fock framework and are
of the L.C.A.0. - M.0. - S.C. F /ty'pe.=|== They were used to examine the

//

following points: . ///

.-/

1) The hyﬁridization of the carbanion (i.e. is it tetrahedral

or planar).

T

A diecuseion of the background, the terminohogy and limitations of
this type of calculation is beyond the scope of this thesis. For

‘a brief review of the above points see Ref. 15.

e



2)

3)

4)

1)

2)

The involvement of d - orbitals on sulfur (i.e. d - orbital

conjugation with the carbanion).

The variations in carbanion energy and in the barrier to

carbanion inversion as a function of rotation about the

carbon sulfur bond.

The effect of substituting analkyl group (methyl) for
hydrogen at sulfur.

The calcuiations suggested th;“%ollgying:

A pyramidél carbanion is preferredifﬁiﬂg. sp® hybridization).
d - orbital conjugafion 1s'not a siéﬁificént facﬁor in

determining the properties”of these carbanilons.

3) _The variation in carbanion stability as a function of

4)

rotation about the C - Slbond showed two maxima and two
minima (see Fig. 2). The barrier to}carbanion iﬁ#eréiqn
is low or non—éxisteutland any carbanion generated in a
high energy conformation should spontaneously convert td
one of lower energy by inversion, rotation or both.

The calculated properties were virtually unaffected when

the S — H bond was replaced by a C = S bond.

Subsequent calculations (16) have suggested that ap® hybridization

is also favoured in oK~ sulfonyl carbanions.
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Most studies of the properties ofsulfur stabilized
carbanions and in pafticular o4 - sulfinyl carbanions have involved

'

base.catalyzed hydrogeh - déute;ium exchanges (5, 7,lld -~ 13). By
contrast, work. on the éynthegic appliéations‘of cul—.éulfinyl o
carbanions (17), e.g. methyl sulfinyl'carbanion, has required the pro—
duction.of thg carbanion in high yield under irreversible conditions.
The carbanion can then be reacted with an electrophile to give the
desired product. One of the methods to produce these carbanioms is to
react sulfoxldes bearinglcgw hydrogenslwith élkyllithiumg in
.tetrahydrofuran (T.H.F.) (17a, 18). When aﬁplied to sulfoxides of the
type R—dﬁzs(O)—Rl this method should give risé to a mixture of

diastereomeric lithio sulfoxides. e.g.

HQ !
R—CHz-g-—Rl RILL ,R—i-S—R? + R—E— R
. i '
The first example of this type was reported by Durst in
1969 (19). He reacted chloromethylphenyl sulfoxide with 1 -
butyllithium at - 78 in T.H.F. to give soluble o~ lithio salts.

These salts were reacted with a geries of symmetrical ketones (see

o i :
Scheme 3), followed by hydrolysis. An analyéis.of the products showed
that one diastereomeric adduct was pro&uced in greater than 98:2 pro-
portion. The unusually high stereoselectivity in the formation of the |
adduéts was.attributed to an energy difference of at least 2 kcél/mole |

between the 2 possible dlastereomeric lithio derivatives.

<
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‘ Ph—g-CIiz-Cl L Bul g ph_ﬂ SHM R1R2CO 3
foyy T.H.F. -78
Ph—g CH-gR],Rz ———-—} Ph—g gH:8R1R2
1
R1Rz-(CH255

Ry=Rz=CHj3, Ph |
SCHEME 3
A study of the metallation of sulfoxides of the type’

R--S(O)—CHZ-R1 (R or R! = alkyl or aryl) followed by reaction with

symmetrical ketones was then, carried out McClory (20). He found that
the diastereomeric ratios of the products varied from 60:40 for benzyl

phenyl sulfoxide to greater tham 95:5 for benzyl t - butyl sulfoxide.T

'In order to continue and expand this work we decided to
study the chemistry of of - sulfinyl carbanions from two points of view:
1) To attempt to test experimentally the findings

suggested b}}- Wolfe et al's calculations.

l + A more complete descriptidn of this work will be given in Chapter 3

of the thesis.
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///Z) To evaluate the synthetic potential of X~ sulfinyl

carbanions as intermediates in the synthesis of com-

pounds having asymmetry at carbon related to that at

sulfur.

In order ‘to achieve our' aims 1t was necessary for us to
determine the following: |

'1) The possible effects ﬁf solvents on the configuration
and stébility of these carbanions.-

2) The diastereomer préduct ratios obtained by reacting
1ithioksalts of sulfoxides having diastereétopié’pro—
tons with a variety of electrophiles.

3) The variation in ;hese pfoduct‘ratios with variations
in sulfoxide structure.

4) The ste;eochemical course of th; Eeactions of the
lithio salts, with varilous electrophilés, produciné

the major diastereomers.

¢
Y
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-CHAPTER 2

PRODUCTION AND STABILITY OF (’(; LITHIO SULFOXIDES

B

Introduction:

- In order to study ©<- sulfinyl carbanionsl a good method
for tﬁeir preparation was required. One poss;ible method was via the.
reaction of the sulfoxide with an alkyllithiu:ln' in T.H.F. (17 - 20).
Durst and McClor§ (19, 20) have .both pointed.oht that iithib sulfoxides
of the type R—CHLi-S(O)-R are produced almost instantaneousiy on
reaction.of the sulfoxide with alkyllithiums in T.H.F. at - 780. This
was 1dndicated by the appearance 9f a yellow colour after i:he addition
of the first drops of alkyllithium.f: Reactiéns of the lithio salts
with ke;ones were also rapid as'evidenced by the loss of colou;%'(ZO).
From a preparativelpoint of view this gppeﬁred to be a rapid and easy

way of obtaining o€ - sulfinyl carbanicns.

E

Colour has previouslj been uséd as a diagnostic tool to detect the

presence of carbanions in solution (21). N.B. Not all e<- sulfinyl

carbanions are coloured, so that appearance and loss of colour can-
not always be used as a criterion for their formation and reaction

(see experimental) (25).
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The thermal stability of of- lithio chloromethyl sulfoxide
has been examined (19; 265. ‘In T.H.,F., at - 780 this salt was stable
for at least 2 hours, but decomposed rapidl& above - 20‘{ Decomposition
via X- elimination of form either phenyl sulfinyl carbene or
chlorocarbene was suggested'(lQ). Tin has since shonn that this reaction
ddes not occur; a oomplex mixture of products is obtained (26).
‘McClory (20) also moted that some benzylic earbanions decomposed att]ﬁ

He found that methyllithium was in general a better base than

© n-butyllithium,

’ Franzen (22) has reported that DMSO reacts with alkyllithiums

in the following manner:

CH;~S0-CH3 L CH3—SO-R + CHsli

Jacobus and Mislow (23) investigated the reactions of aryl methyl

sulfoxides with methyl and phenyllithium in which they also claim to have

observed digplacement. The generality and mechanism of this displacement

reaction has recently been studied in some detail in this laboratory (24).

Since it was.our desire to produce cleanly relatively stable
o4 - lithio salts of sulfoxides bearing diastereotopic hydrogens by
reaction with alkyllithiums, experimental conditions in which the above

mentioned displacements and decompositions are minimized were required
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i
. Thermal Stability of X~ Lithiobenzyl Methyl Sulfoxide - o

o ~ Lithiobenzyl methyl sulfoxide was generated at -~ 66,
in T.H.F. by reaéfipn wgth.a 10%Z excess of MeLi.* The reaction mixture
was allowed to warm to room temperature, 24°%, over hglf an hour and the
carbanion quen;hed with a large excess of water (gréater.tgan 10 foi&\
excess). The nuclear magnetic resonance (n;m.r.) spectrum of the total
crude ieaction mi#ture showed about 50%Z regenerated suifoxi&e and 507
othgr materials.- When the lithlo salt wés generated at - 601>and kept
for four_hOUrs at this temperaﬁure, then quencﬁed with excess H;0, a
mixture of SOi_sulfoxide.and SOZ'othef materials waé again obtained.
(The percentageé are based on the n.m.r. spectrum of the total crude
reaction producté)i Ihése other materials were attributed to decompo-—

sition of the lithio sulfoxide and could be separated from the

iy . £

j= The lithio sulfox%de prgcipitaﬁed out of solutiom at - 78‘2 When
the solqtioﬁ‘wasﬁkarmed to - 60°if completely disolved. We felt
that reaction unéef homogeneous conditions would lead to simplér
interpretations, thergforé - 60 owas preferred to éhe lower

temperatﬁre mentioned in the previous work.

A 10%Z excess of-Mell was used 'to account for any residual traces of
water in the réaction_solvent'or reaction vessel. On large scale

reactions a smaller excess was often used.
. )
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&

N

récovered sulfoxide‘by chromatography on silica geli They constituted
of the faster moving fractions‘apd'appeared as a smear on thin layer'
chromatography (T L.C.). They also exﬁibited a complex m.m.r. spectrum
in CDCl3 with broad multiplets at 2,75 - 3:65, 3.60 - 4.20, 6 80 -

7.60 ppm downfield from TMS.ﬁt The infrared spectrum in CHCl,; exhibited

a strong peak at 1035 em L.

From the above data we-concludéd that thé”ﬁ:(— lithio
sulfoxlde had probably decomposed to give a complex mixture of products.
We made no further attempt to determine the nature of these products
We felt that the 1:1 ratio of decomposition products to recovered
-sulfoxide was due to the formation of a decomposition product or pro-

ducts which completely quenched the carbanion after 50% .decomposition.

Therefoie the same percentage decomposlition occurred irregardless of

o

When the o< - lithio salt was generated at - 60 and

the reaction conditions.

gquenched dfter five minutes, less than 52 decomposition was observed.

ThF delta (§) scale will be-used throughout'this thesis unless

%
otherwise indicated.
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When the anions were quenched after 1 minutéf'virtuélly no decompo-
sition could be-detected. Recovered ylelds of sulfékidé were >907

-
under these condltions.

Displacement Reactions at Sulfur:

. .
<X - Lithioc benzyl methyl sulfoxide was generated at
o ‘ i - [
- .60 in T.H.F. using n-Buli as base 'and quenched after one minute with

excess wateé. ~Analysis of the total reaction mixturé by n.m.xr.. ©
indicated the pégsence of 60% sta;ting sulfoxide and 407 of another

material. ih; peaks eorresponding te this magérial were at 0.7 - 2;0
and 2;2.7 3.0: We attributed thesg peaks fo methyl n-butyl sulfo;ide

which we assumed arose from the following displacement.

n~-Buli
THF,-60°

A more careful examination of this reaction has confirmed this.

. PH~-CHz-S0-CHj > CH3-S50-n-Bu

assignmént'(ZAb).

When of{ - 1ithio benzyl phenyl sulfoxide was generated in
o
T.H.F. at - 60 .using MelLi and quenched after one minute with excess

HZO,Janélyéis of the n.m.r. spectrum of the total crude reaction pro-

o

T Other implicafions of this rapid Quénch time will be.discﬁééed in

Chapter 3.
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ducts showed about 987 regenerated sulfoxide Peaks cerreSpondiné to

about 2? of the total crude were identical with those of phenyl methyl

sulfoxide. .This product could arise as follows:.

!

PH-CHy~SO0-Ph ~mrtlt 5 Ph-S0-CH;

THF, - 60°

An independant study (24b5 has confirmed that this reaction occurs  °
' : : - A
under the above conditions with comparable yvields.. Our ;eeults are

alsc in agreement with. those of Le Belle (24) which indicated that
Ph-CH; is a preferred leaving group in these substitution reaction

(gng.rpreferred over CHz and Ph ).

In all other cases where MeLi was used as base mo signifi—

cant displacement products were noped. This was further confirmed by

- generally high recovered ylelds®of products (>90%). Le Belle (24)

has also observed that the amount of displacement increases in the

order MeLi < n-Buli % t-Buli.

“
) '

Therefore the generel,precedure adopted for the generatiom 7

of o - lithio sulfoxides was to react the apetOPriate sulfoxide with

. S e :
10Z excess MeLi at —_60 C, After ome mlinute an excess of the desired

electrophile was added. o ’ O —

-
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CHAPTER 3 -

PREFERRED CONFORMATION OF AGYCLIC O{- SULFINYL CARBANIONS

Introduction:

As pointed out in Chepters 1 and 2, sulforides bearing alpha
hydrogens.react_rapi&ly ﬁith alkyllithiqms to give carbeuions‘and.if
the alpha hydrogens are diastereotopic then diastereomeric lithio 4
sulfoxides could be produced. Durst (19) ‘and McClory (20) have
- generated a number of carbanions of sulfoxides of the type
'lR—S(O) CHz-R in T. H F. Both assumed that the diastereomeric 1ithio
salts thus produced rapidlywequilibrated by the carbanion inversion

meehanism @7n.

H . 11

v 5 . ¥ 1
R—g—s(O)-—R < R-E—S(O)-—R
COLi . H '

They.noted,that the reaction of-theee carbanions‘with ketones were
‘very.rapidieven et - 78°, They both felt that the reactionlof these
carbaniens with ketones were fast'enéugh to trap the above menrioned“
carbanion equilibrium. If this is so, then a eixture of diastereomeric
“adducts should be obtained and the ratio of these products should be a
measure of the carbanion equilibrium in solution (e. g_ a measure of the
relative stabllity of the two equilibrating carbanions) Both observed

some unu5ually high stereoselectivity in the formation of adducts and
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‘ . .
they attributed this to a significant energy difference between the
two possible diastereomeric lithio saltslin éolutioh.‘ Durst's results

1

were summarized in Chapter 1, McClory's are listed in Table 1.

~The latter (20) observed significant va;iations in
diastereomer prodhqt ratios with changes In sulfoxide sﬁructure.
He interpgeted thesé vériétions as a balance between two competing
factors affecting the carbanion equilibrium : one fact;r being

‘electronic,. the other steric in origin.

McClory (20) assumed that the relative stereochemistry at

carbon and sulfur of the predominant adduct of benzyl methyi and

phenyl éthyl sulfoxide waé opposite to that of the predominant

adduct. for t-butyl ethyl and t-butyl benzyl sulfoxides. This
aséumption was based on the‘rESultsrobtained from some benzene induced
n.m.TI. solveﬁt shifté of e{-d-benzyl methyl and o(?gé£enzy1 ;;butyl‘
sulfoxides obtained-by quenching the respective lithio sulfoxides

with ng'and of the non deuterated parent compounds*.

We wili demonstrate later in the thesils that this method is not

*

very reliable for assigning stereochemistry in acyclic sulfoxides.

t
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There exdst 3 possible sets of staggered conformations for the

equilibrating carbanions of the sulfoxides he studied (see Fig. 3).

_An interpretation of McClory's (20) arguments concerning the prefered

carbanion configurations-follows: Assuming A and B (Fig. 3) are

electronlcally favoured with A sterically favoured due to the Rz-lone

" palr gauche interaction in A < the Rz-oxygen gauche interaction in B.

As R; and R increase in size A becomes disfavouredlsterically.
Therefore in A the electronic and steric effects oppose each other and
one could expect a change in theirelative conﬁigurations at carbon
and sulfur of the major diastereomer as the size of Ri and/ér.Ré is
greatly increased.

if C and D are electronically the most favoured conforﬁétions,
D should be more stable than C (e.g. Ri1-Rz gauche interaction > R,-H
gauche interactioﬁ). In this case thg steric and electtoﬁic factors.
should reinforce éach other. Therefore no change in the relative
carbon and sulfur stereochemistry wqﬁld‘b¢ expected with changes in
the size of R; and Rz. This is inconsiA;ent with fhe assumption made
by McClory based on the benzene induced solvent.shifﬁs. Thisn

possibility was therefore eliminated.
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~

If E and F are assumed to be the myst electronically favoured
farbanion copfb:mations withsgthe more stable (Ri1-R; * hydrogen -
Exygen gauche interactions > Rj-hydrogen + Rz-oxygen gauche interaction)

t

then the steric and electronic factors again should reinforce each

other and the same conclusion regarding the relative sulfur and carbon

ﬁste;eochemistry as for C and Q_holds.

i / , From these arguments McClory concluded that the carbanion on
. ] KT
the bisector of the oxygen - sulfur - lone pair angle (A) must be .

4 ' .

electronmically the most favoured one. When the steric interactions
in A become prohibitive (e.g. as Ri and/or Rz become large), these

unfavourable interactions can be relieved by either rotation to E or

rotation and inversion to D. Since simple rotation to E does not glve
rise to a new diastereomer {e.g. opposite relative stereochemistry at
sulfur and carbon of the'mejor adduct), the p;eferred pathway for
relieving the steric interaction must be conversion to D. Thetefore.
the carbanion D trapms to oxygen and gauche to the 1one pair is
electronically preferred to the one which 1s trams to the 1one palr and
gauche to oxygen (E). These cénclusioas are in agreement with the

order for carbanion stability proposed by Wolfe et al (14) on the

basis of their ab initio calculatioms. - 8
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The va;idity of McClory's conclusions regarding the preferred

conformations for acyclic sulfoxide carbanions depends on the
following 3 points:

1) Opposite reiative stereochemistry a£ sulfur and carbon is
obtalned for'the reaction of the cérbanions of bénzyl methyl
and benzyl t-butyl sulfoxides. The same relativelstefeo— -
chemistry'at,carbon and sulfur is obtained for benzyl methyl
and phenyl ethfl sulfoxides. |

2) Carbanion equilibration occurs r#pidly under the reaction

. cond;tions used.

3) Reactive electropﬁiles such as ketones trap the carbanion

‘equilibrium. ' /\}

In order to verify McClory's conclusions the above 3 points

had to be verified. -

Diastereomer ‘Product Ratios From The Reactions Of The Lithio Salts Of

Sulfoxides With Electrophiles

K
~u

For our study we chose to first re-examine the reactions of
the lithio salté of benzyl méthyl '$en£y1 phenyl and benzyl t-butyl
. sulfoxides with a number of different electrophiles, mainly D0, CH3L,
acetone. We then examined the variations in the diastereomer ratios
by systématically increasing‘the gize of R in Ph—CHz—S(O)-R: R =

i
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methyl, ethyl, isoﬁpropyl; phgnyl; t-butyl. The reactions of o(éiithio—
p-tolyl-ethyl sulfoxide were also examined. The effect of temperature
on the diastereomer product ratios for ©{~ lithiobenzyl methyl sul-

foxide was also noted. The results are listed in Table 2.

Measurement of Diastereomer Product Ratios

The diastereomer pfoduct ratlios in Table 2 were obtained.
spectromeﬁrically by n.m.r. intégfation of a signal from each
diastereomer. An average of at least'8 iﬁtegrals obtaiped with a
Varian HA-100 Spectrometer were taken for each measurement. . The

accuracy of this method can be taken as better than #57 for each

integral. The n.m.rT. iﬁtegration methqd has been shown to compare
favourably with results obtained by ma;s spectrometry (accuratg to
> 22)_ﬁhen the kinetics for the exchange of bénzyllmethyl'sulféxide
iﬁ D,0/Na0D were measured by both metﬁods (28).J’We have also noted

a similar good agreement {see Chapter 6).

. The benzylic séifoxides in Table 2 gave well resolved AB
sﬁectra {n.m.r.) for the diastereotopi; protons in DMS0-dg or CDCl,.
Thé diastereomer product ratios of the deuterated adducts of these
sulfoxidea were ‘obtained by. integration of the relative heights of the

two singlets due to the unexchanged protons during deuterium decoupling
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Thé-diastereomer_rétios for the aikflation reactlons of‘
o~ 1ithiobenzyl methyl sulfoxide vere measured by intzz\gration of
the two singlets' obtained for tﬁe methyl group bonded to sulfur.
An authentic sample of the major-diastereomerhﬁor the methylation

reaction was obtalned via synthééis from ©<- phenethyl alcohol

(see Chapter 5).

The hydroxyalkylation of benzyl methyl sulfoxide with
acetone gave two products, the major isomer having a methine singlet -

at & = 3.94 and methyl singlets at & = 1.07, 1.64, and 2.37. The

minor isomer had the methine singlet at ) = 3,22 and methyl singlets
at 6l==1.21,_1.62 and 2.09. Integrals of the methine singlets were
used to determine the product ratio. The gross stfuctures of the

two lsomers .were proven aé'follows: (See Scheme 4 and Experimegkgl

Section for details).

0 | 0
Ph—CHCl—g-—CHg B Ph—CH—-g-—Cﬂg
T f : | L —cn,
l CH3;MgBr
. N 3
Ph-CH-S(0)~CH; <—2L0% Ph-CH—S-CHa

HO-C-(CHj3) 2 : HO-C~(CH3)2

 SCHEME 4
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The élkylation of benzyl t~butyl sulféxide with CH3I

ylelded only one diaétereomer in >§92‘as evidéncéd by-n.mlr.‘
spectrometry., In this c9mpound thé methyl doublet appeﬁred at

g=. £.63, J = 7.2 Hz. To verify the abgence of the other
diastereomer 1t was necessary to brepare this product. This was
accomplished via oxygen - mefhylation of the above adduct with
methyl trifluoromethanesulfonate folldwed by treatment with Zﬁ XOH.
This sequence ié known to cause inversion at sulfur (29). (Schemé 5);
The new diastereomex had'it'gkmethyl doﬁbleﬁlat S =1,72, J = 7.2 Hé.
One peréent of this producy in the ofiginal reaction mixture would

have been detected by n.m.r.

- CHj . . CHj3
Phe-C-8-t-Bu CFs-50,-0CH; 4 Ph—§~g—_;_-Bu
% g | H 8—CH3
| KOH '\, -CHsOH
CHs O
Ph—g - g—t—Bu
A
H_

SCHEME 5 g
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The methylation Of-boozyl phenyl sulfoxide with CH3I\yielded
the two known isomers of od- methylbenzyl phenyl sulfoxide (30). | The
methine protons of the two isomers appear as. quartets at 6‘=6 91 and
. 3.66 in CCly as solvent. In‘CDC13 the methyl groups of the two isomers
appear as doublets at é;== 4.00 aﬁd‘3.85, J ==7;2 Hét"Boto sets of
isignals were used as_probes-for the proouct ratios and yielded
{dentiéal volues. .

Alkylaﬁ%on of p-tolyl éthyl‘solfoxidé with ailyl bromide gave
4~pent-l-enyl ﬁftolyl sulfoxidef IpZCDCl3 the alkyl methyl groups of
the two lsomers appeaf as twoe doub;eoo at 6:= 0,93 and 1.09, J = 6.6 Hz;
ond ﬁere_used ;o meooure the ﬁfoduct7ratios. ‘When 3-bromo=-l-butene
was the alkylatiog.agenf 5~hex—2-enyl Eftolyl sulfoxide* was obtained
. The non allylic methyl group ‘appears as four doublets due to the

' formation.of 4 isomers (gﬂ&. each diasteroomer may be obtained as a’

‘It has :ecent;y been shown that l—bromo-z-buteno also reacts to

give this pfbduot (35). The,ollyiio bromide used in these reac;ions
'containeé 107 of the 1—bromo'aod 907 of the. 3-bromo compound; since

a >10-fold ekcess of electrophile yas-ﬁsed, the carbanion may have
reocted-exolusively with ohe 1-bromo compound. .Further invest%gatioﬁ

of .this point is currently onderway (35).' \
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mixture of cis and trans isomers about the double bond). The major

'isomer's doublets appear at § = 1.10 and,1.06~and those of the minor

isomer at 0.92 and 0.90 (J = 6.8 Hz for all &4 doublets). The cis/trans
ratio was 2. 42 to 1, but it was not possible to determine from spectro—

scopic data whether the cis or trans isomers are dominant.

.

Effect of Time and Temperature on the Carbanion Equilibrium

'MCCIQEY {20) in hi's work assumed that carbanion eduilibration
was rapid and that equilibrium was attained in less than 15 minutes,
0
even when the carbanion was generated at —878 . To test this

assumption we examined the variations in diastereomer product ratios

.- ‘>

with the time allowed for carbanion equilibration. We chose o4~

lithiobenzyl methyl'sulfoxide as our model‘carbanion.

ﬁheu tuis metal salt was allowed to equilibrate for 15 minutesd
at - 600, then reacted with a large excess of D,0% (>10 fold molar fr.
exéese) the diastereomer ratio was 15.5:1. When the eQuilibration |
time was reduced successively to 10, 5 and 1 minutes, product ratiost

[

3 ‘ .
jdentical with that for the 15 minute equilibration were obtained.

_ When DC1 or acetic acld-f-d was used to ttap the carbanion in

T.H.F. no changes in dlastereomer product ratlos were observed.

G



This diastereomer product ratio could be ‘due to elther a carbanion
" equilibrium (K = 15) ;r a kinetic salectivity with one proton being
removed 15 times as fast as the other, there being no subsequent
equilihration. (e.g. the product ratio would_reflect the kinetic
selectivity of the proton removal reaction).
In order to verify which of the above two possibilities was
the correct one we prepared samples of . c%--d—benzyl methyl sulfoxide
Specifically deuterated in the E__.R or pro § positions and of known
deuterium content. These samples were then reacted with- CH3LL at -
.60 in T.H.F.. and the carbanions quenched with CHal.H In all experiments
a 15: 1 ratio of methylated adducts (by m.m. .T. ) was obtained By
measuring the proportions of deutérated and non’ deuterated products
we were able to determine the kinetic selectivicy J,The kinetic
selectivity was 1 7 £0.3 favouring the E__.S over. the pro R proton

for (S)—benzyl methyl sulfoxide. A more detafled description of this
’ a

A

work will be preseﬁted in Chapter 6.

¢

L

From these experiments we concluded . that carbanion equili-

bratioen does occur in acyclic sulfoxide carbanions and that equili-

brium is reached in 1ess than 1 minute In 1ight of this we decided

to quench all our carbanions 1 miuute after their formation. All the

=S
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‘ﬁata lieted in Table 2 was obtdgned using these reaction conditions.
>A further point Vhich suﬁports'our conclusion is the constancy of the
product ratioes an& the good agreement with McClory's reeults. The
applicability of-out conclusion regarding carbomn equilibration te

other sulfur stabilized carbanions will be shown later in this Chapter.

. At‘leaet 10 fold molar excesses of electrephile were used
to trap tte earbanion~equilibria. @hen equimolar amounts or slight
excessesiof electrophi}eé wererused diagtereomeric raties_other than
those reéorded in Table 2 were observed in some easee. This may be

explained as follows; When no excess of electrophile is used, the .

addire=-initially formed by reaction with the electrophile may 1tself

FuanFle o mLL 3

react with unquenched catbanion; this new adduct carbanion could then

etimerize before ﬁeing reprbténated." In such a situation the preduct

ratio may not reflect the patent carbanion equilibrium. When a 1etge
, b

excese of electrophile 1s aﬁded all at once with rapid stirring‘to

the scarbanion mixture, the earbanion equilibrium is more likely to

 be trapped. ‘ ' ‘_ ’ A/

N
b}

n

When our model carbanion was generated\in T.H.F. at various
temperatures and quenched with D,0, changes in selectivity were observed
(Table 2). A plot of log k (k = product ratio) vs /T (T = temperature i

oK) gave a straight line (see Fig. ). This behaviour, consistent
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with a temperature dependent equilibrium; further supports the ldea

that o<~ sulfinyl carbanions readily undergo equilibration.

IOno of, our principa} aims as-outlined in the general intro-
duction was toltest.experimentally the findings suggested oy Wolfe
EE.ElfS cafculations., One of these was that both o{- sulfinyl and
sulfonyl carbanions have low barriers to inversion (14, 16). We felt
that we coﬁld establish an upper limit for the barrier to carbanion

inversion (AdT) if an estimate of the maximum time for inversion

could be made.

When 3—pheny1—2-thia—trans—decalin—Z, 2~dioxide, (é), was
reacted with CHaLi‘in T,H.F; at — 60 and the carbaniom quenched with
excess Hzo,aftor 1 mioute, the -axial isomer g:was obtained in 927%
?ielo* (>987 purity by n.m.r.) (see Scheme 6). The isomers %:and 2
were distinguishod from.each other by n.m.r.: 'l_ohows a doublet of

doublets at é-==4 06, Jax—ax = 12. 5 Hz Jax—eq, = 3,8 Hz for the

Amethine_proton; 2 had a broad singlet at 5#—-4 24 for this proton.

*. ‘ o ’ -
This rather surprising equitorial to axial equilibration wlll be.

discussed in greatei detail in Chapter 4.
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An estimate of the upper limit for the free energy of

inversion (Ad+) of the carbanions 3 and 4 can be arrived at by the

following line of reascning Assuming that deprotonation and
reprOtonation occur with the same stereochemistrf# (most likely

| retention in bqth steps) and since 2 was the only product (987 puri£y)
{solated from the carbanion reaction, one can estimate that the |
carbanion equilibration procéss has proceeded through at least 10

half 1ives in 1 minute. - The maximum half life for this reaction is

.thus 6,seéoﬁds. The rate COnstaﬁt for a first order reaction (such

as this one) is related to half life by eq. 1 (31).

where ;% = half life and ki = rate. From eq. ]l we get ki = 0.115

seconds ! for the inversion process. The free energy of inversion

AéT can now be obtained from the Eyring_equétion:(32), eq. 2.

st :
. HkT —RT P I RN N - ----------- B EEEEEE ) onnccz)

“ where k =.Bdltzmanis ¢constant, T = temperature, h = Planck's constant,
Rﬁ= gas coustant. Substitution of ki in eq. 2 gives a value of 13 kcal
per mole as the upper limit for AéT at - 60 .' Via a similar line of

reasoning Durst (33) has arrived at a value of 12 kcal per mdle for

We will show this is so for at least one sulfoxide (Chapter 6).
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Scheme 6
_—..—l-‘

Scheme 7

A ——————
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AéT ror the equilibration of the‘sulrone carbanions §_ana 6 at - 78
(Scheme 7). | |

Theee‘resulfs demonstrete that some sulfur stabilized T

carbanions rapidly equilibrate even at low temperasdre. In going

‘from gultone carbanioms to sulfone carbanions there is a decrease of
one oxidation level at suifur, nevertheless both types of carbanions
“have demonstrated simllar behaviour and similar values for AéT it
therefore seems reasonable to asgume that a further decrease of one
oxidation level at sulfor (e. B going from sulfone tésulfoxide

arbanions) should mnot greatly affect the behaviour of the-carbanion.

ok~ Sulfinyl carbanions ghould therefore also have similar low

barriers to carbanlon inversion (e.g. AéTf~413 kcal/mole).

Conclusions:

‘
-
r
T
.
b

We have shown that of- sulfinyl carbanions equilibrate

rapldly under the reaction conditions employed. We have also shown.*
thet reactive electrophiles in general act as carbanion traps. Two
free energy diagrams can oe drawn to explain these results (see Fig. 5)
a) Carbanion eqdilibration is slower than the reaction of the
carbanion wite.the electrophile 1,53:'A6T inv >AGI1= {curve a), the

electrophile therefore will trap the carbanion‘equilibrium;
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b) CarBanion equilibration'is faster than carbanion reaction i.e
AéT inv. '<Adt tcurve b) but since the reactlion between the carbanion
‘and electrophile 1s a rapid exothermic reaction, according to Hammond's
postulate {(45) the transition states for both carbanions should reflect
their respective ground states i.e.: AL\.GT oL AG . Unless the barrier
to carbanion inversion is extremely’amall as suggested by the
theoretical calculations, ‘then explanation a) should be the ‘moxe
likely one. When carbanions are exposed to less reactive electrophiles,
:diaatereomer ratlos other than those obgserved with reactive ones would
not be unexpected. This has been observed in some-cases (34, 50).

We have shown that oK sulfinyllcarbanions equilibrate

rapidly and, that reactive electrophiles serve as traps for this

equilibrium. This is a verification of points 2) and 3) on which
McClory's conclusions were based. “The principal point (point 1) on
which McClory's explanation for the preferred conformations for
acyclic carbanlons was bagsed will be treated in Chapter 5 and

conclusions regarding this theory will be glven at that time.

Implicit in ali the previous arguments and conclusions in
this Chapter was the assumption that o<~ sulfinyl and sulfonyl

carbanions are ap’ hybridized. Although the sp> carbanion model'
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cannot be eliminated we at present feel that the sp representation
for both o<~ sulfinyl and sulfonyl carbanions is probably the correct
one., - Therelare several points which favour this latter-representation.
1) The ab initio‘calculations of Wolfe and co-werkers (i&, 16) predict
an sp’ hybridized carbanion for bbth sulfoxides and sulfones. 2) The
variations of product ratios with temperature indicate a tePperature
dependent equilibrium process (i.e. either inversion for sp’ carbanions,
or rotation for sp carbanions). ) The effects of solvents on some
o<~ sulfonyl carbanions-ere more comsistemt with an’sp hybridized
model (see Chapter 4) 4) The etereochemistry of_electrophile attack
on Cui; sulfinyl carbanions is nore readily explained on the basis of

an sp’ model (see Chaptet 5).
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o '- CHAPTER 4

' SOLVENT EFFECTS QN THE -CONFomlmmNAL

REFERENCE OF O~ SULFINYL AND' o<~

SULFONYL CARBANIONS

Introduction:

The effect of'solvent on the stereochemical fate of base

- catalysed exchanges involving carbanion intermediates has been
extensively studied by Cram "and co-workers (36). Four qnalitatively
different kinds of solvents for carbanions have been recognized (21):
a) protic polar solvents such as water, the lower alcohols and polyols,
b) aprotic polar solvents such es’dimethyl sulfoxide (DMSO),;sulfolane,‘
dimethyl‘formanide (DﬁF); c) protic apolar solvents such as the
butanols end aniline;ﬁ d) aprotic non-polar solvents such as T.H.F.,
ether? dioxane, bhénzene and cyclohexaner These divisions ere somewhat-

arbitrary since a continuity of changes in the properties of carbanions

are observed as the solvent ig varied (21).

Cram (36) has also characterized the solvents as being /
racemization, retention, or inversion solvents. The polar protic- ;
solvents give exchange with predominant inversion, the polar aprotic
solvents with racemization,'and.the other two types gire excnange with

predominent retention of configuration (see Table 3). Cram has also

Sow
]

o




45

' “TABLE 3

Ccram's classification of carbanion solvent-base systgms.a

-

Solvent

CH3;0H

HO- (CH2)30H

TMS0
B.T.A.-Oﬁb)
ETBUOH
Ph~NHCH3
Benzene
Dioxane

t-BuOH

Base

CHa0K

HO- (CH2)a-0K

‘EfBuOK

KOH

(CHS )‘QNOH

" Ph-NKCH3

E;BuOK

ETBUOK or KOH

-EfBuOK

Type'of System

‘Inversion

- Inversion

Racemization
Racem@zation
Racemi.zation
Rgtention

Retentibn

Retention

Retention =

a) Data taken from reference 36.

b) B.T.A.-OH = Benzyltr

imethylamine hydroxidé.
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- showmn that the base has a considerable effect on the stereochemics

course of such exchanges (Table 3) The most striking exsmple of this
. occurrmdwhentetramethyl ammonium t—butoxide was substituted for l\
potassium t—butoxide as base in t—butanol the steric ‘course of the
exchange ‘went fromvretention to rscemization; It has also been noted
that ‘the metal cation plays a minor but detectible role in controlling
the stereochemical course of the exchange reactions (37}, Lithium

'\

“.salts tend to give somewhat higher retention in retention solvents than \

a 1

\
do potassium o;‘sodium salts, the latter two giving similar results.

In inversion solvents 1ithium 'salts ofxen gives less inversion than
. . . . E-3

potassium salts.

When Cram and co-workers (38) studied the base - catalysed

.r.

exchange of phenyl 2—octyl sulfone in a variety of solvent — base
ystems, they f,/Pd that in all systems the exchange proceeded with
retention of configuration at carbon (see Table 4 and also Chapter 1
for significance of k /kbiratios) Although all systems gave enohange
with retention, the stereoselectivity was pevertheless quite sensitive
to base and medium. The polar and protic solvents (inversion and race-~
mization solvents) provided lower net retention for sulfone exchanges
-tham did‘the non-polar protic (retention) solventsd, The base also

£

displayed an important role in the stereochemistry of the exchange:



TABLE 4

Cram's results for the base-catalysed exchange of 2—ééty1'§henyl

- gulfone in various solvents.

| _ b
. ) ) kea) /k.‘ )

Solvent Base .
CH,0H CH30K 10
HO- (CHz)50H . HO- (CHz) 50K 14.5-32%)-
DMSO CH30K ' 0
t~BuOH (CH3) ,NOH 22-64%)
t-BuOH t-BuOK 7331980°)
. J | |
a) 'ke = rate of exchange at carbon. |

b) k= rate of racemlzation at carbon. / . '
¢) Ratio varies with concentration of base emploﬁed.ﬁ
‘ |
* |
v
f

F
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When tetramethylammonium hydroxide ‘was substituted for'potassium - . ' !

t—butoxide in tﬂbutanol the amount of retention decreased by factors
of 3.5 to 31 depending on the base—substrate concentrations This is -

reminiscent of the previously observed effect of tetraalkylammOnium

Hsalts; From these results Cram et al concluded that carbanions""ﬂ

/
I

st;bilized ‘by a sulfonyl gropp had different stereochemical capabﬁlities

than those stabilized by any other group studied up.to that time. !

~Little gselectivity was observed by Cram and Pine (15) in the
“Bise-catalysed. exchanges of optically active 2-octyl phenyl sulfoxides
whether the solvent was t-butanol or DMSCG. The first study in which

any significant effect of solvent was observed was that of Katritzky

and co—workers_(12). They examined the base-catalysed exchanges of
cis'and trans A - phenylthiane—leoxides in D,0-NaOD, CHgOD—CHaONa,
BuOH—t—BuOK -DMSO 1M CH30D—CH30K (see Fig. 1, Chapter l) In borh
D,0 — NaOD and CH;0D- CH30Na the exchanges were stereoselective, the
relative rates of exchange being Ha>He and He >Ha (see Fig. 1). The
exchanges in the other tyo solvent—base systems were nonstereose&ective
From this the authors concluded that in polar protic solvents, Wat%&,
'fand methanol, the order of carbanion stability was B>A>C (See Fig. 6).
For the exchanges in E—butano]: and DMSO.they suggestﬁed that "the non-
stereoselectivity probably arises from fast invere?on of the carbanions

St | 8
.. in these solvents”.. , o . .

0
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I B ' c
?Nemna.n proljection formulas of the stagpgered conformations

;;o‘f “an X~sulfinyl carbanion

J/{ L - ' Figure 6

1 2
. ph_cﬁz—S(O)TCH3 | Ph-CHLl—S(O)-CHB
3 A
\ _
b Figure T
- I
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The Effect of Solvent on the Co %@mtional Preference of Carbanions

Derived From Banzyl Methyl' Sulfoxide

' The well documented effects of solvent and base on the
stereochemist*y/%f acyciic o~ sulfonyl carbanions suggested that
.acyclic X~ sulfinyl carbanions should also demonstrate gsome solvent-—
base dependence in their reactions. The preliminary results of
Katritzky et al (12) in cyclic systems further supported this idea.

We therefore decided to investigate the effects of solvent on the ‘

stereoselectivity of formation of diastereomeric monodeuterated

‘sulfoxides é:and gz(Fig. 7) produced from.benzyl methyl sulfoxide, (3),
. _ N . =

by competitive bese—catalysed'exchange* in deuterated protic solvents,

and by rapid quench of the &<~ iithiosulfoxide 4 in aprotic medla.

The relative rates of exchange ‘of~the two diastereotopic

r

_protons of 3 are given ip Table 5. The rates in D20/Na0D were obtained
by measuring the deuterium uptake by mass spectrometry and are
accurate to 2% (28), they compare favourably with those obtained by

nfm.r..integration of the benzylic AB quartet as the exchange proceeded:

This work was carried out in collaboration with R. R. Fraser,
R.B. Swingle, Y.Y. Wigfield who did the base—catalysed exchange
experiments. We carried out the rapid quench experiments

o

i




This latter method was used to obtain the data in CDQOD/CDaoNa. In
£-BuOD the relative rates were obtained by queﬁching the reaction
after partial exchapée‘and ahélysing the n.m.r. spectium ef the
products, the accuracy being % 157

: ‘ ' o .

The lithio derivative é:wes:generated at 24 din DMSO, T.H.F.
ard 5enzene by reaction of benzyl methyl sulfoxide with CHaLi. The
"carbanion in T.H.F.. was quencheq with-excéss D20. In benzene and DMSO
an excess of D,0/DOAC (acetic acld-0-4d) was‘used to quench the
carbanion. It was noted in these solvents that the LiOD produced omn

quenching of the carbanion catalysed. further exchange of the sulfoxide

unless 1t was immediately neutralized on formation Similar
occurrenceshave been observed by others (21) when DMSO was used as
soivent. ‘The results from the quenchiﬁg experiments are listed in

Tabkle 6.

These results can be rationalized on the basis of either
a single planar earbanioﬁ"intermediate which protonatés_prefereptially
from one side in high dielectric solvents 0,0, CD30D and DMSO and
from the opposite side in low dielectric solvents T.H. F. ’ t—BuOD ane
benzene or two isomeric pyramidal carbanions in which the relative

energies of the diastereomers vhry greatly with solvent.* We prefer

The question ef planar vs pyramidal carbanion structure was discussed

in Chapter 3. :



TABLE 5

’

N Hethyl Sulfoxide at\24°

Relative Rates of Eichange of the Diastereotopic Protonms in Benzyl

Solvent / Base o Relative Rates
' - HA HB
D20 / NaOD ‘ ' 14.2 1
CD30D / CD3ONa | B 5.5 . 1
£-BuOD / t-BuONa l ©0.50 1
£-Bu0D / t-BuOLi | 022 1 .
TABLE 6

Relative Amounts of Monodeuterated Species 1 and 2 Formed
Quenching of 4 at 24° [:_g

‘Relative Amounts

Solvent | : - 1 2
DMSO . _ 1.7 1
Benzene ' . . 0.11 1

T.H.F. - 0.13 1
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the latter view‘at this time. ‘Qn this basis the ahove‘experimente
provide evidence that the relative stability of diaetereomeric
carbanions derived from 3 are-markedly dependent on solvation. The
kinetic results provide the relative stabilities of the transition

states leading to, carbanions. A theoretical discussion of the validity

of the relative rates of exchange as a ‘measure of carbanion stability

¢ !

has recently been published (11b). The quenching experiments give
the relative stabilities of the carbanion.themselves (see Chapter 3).
Under both sets of experimental conditions the diastereomer .

1 having R configuration at carbon and. S at sulfur (9) is preferentially

t

formed in solvents having a high dielectric constant while g_having S
configuration at carbon and S at sulfur (9) predominates in solvents
of low dielectric anstant. The metal cation also seems to exert
some effect (Table 5) on the stereochemical course. of the exchange

When the cation was changed from sodium to lithium in t-BuOH as solvent,

7

" a different stereoselectivity was observed. This observation is
‘analogous to those of Cram et al (37) for carbanion exchange reactions

in t-BuOH.

Effect of Solvent.on Some Sulfone Carbanions‘

As pointed out above the effect of_solvent on base-catalysed

exchange next to sulfone has been well studied. However, no data
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involving the effect of solvent on quenching experiments of ©-
' sulfbnyl carbanions has appeared in the literature. . We therefore

decided to:study the effect of solvent on the quenching reactions of

1

sulfone carbanions.

When the eﬁuitorial phenyl sulfone 5 (Scheme 8, see

Chapter’ 3) was treated with CH3Li in T.H.F. at - 60 and the carbanionv
'quenched after 1 minute with a large excess of H»0, only axial sulfone
6 was recovered. When 6 was reacted with CHaLi in DMSO -dg at 24 and
the carbanibn quenched after 1 minute with excess HZO a 90% yield of El
(>987 pure by n.m.r.) was recevered. Integration of the methine
relative to the aromatic pqﬁtons ehowed'teat essentiaily no deuterium
incorpor#¥ion had occured (e.g. <5%). This demonstratés that the
conversion of axial'gieelequito;ial 5 is not a rapid sblvent-carﬁanioe

exchange‘pfocese'leading to the thermodymically more stable product.*

f3

Eiiel et al (39) have observed that conformationally fixed -
2 — lithiodithianes undergo rapid base solvent exchange in
. DMSO-dg to give 2,2 dideuterated dithianmes under similar

conditions.
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The results in T.H.F. may be interpreted in terms of either
equilibrating sp hybridized carbanion intermediates 7a and Jb or in
terms of a gingle sp hybridized intermediate 8 If one assumes the

first explanation to be correct then 7b 1s favoured in T.H.F. whereasc\

7a is favoured in DMSO. Both carbanions are assumed to reprotonate

!

with retention:of configuration. If .the second interpretation is
correct then‘in T.H.F. the high stereospecificity may beljaccounted for
on the besis of preferential equitorial attack on the.carbaniqnﬂg.
To.actonnt.for,the result in DMSO the attack by the electréphile
must occur from the more hindered axial direction. |

1f£ ou; interpretation of the results on the basis of an sp3
hybridized carbanion ig correct, lithium (the carbanion) exhibits a

S

strong preference for the.equitorial position in T.H.F. .i
carbanion on the bisector of the oxygen - sulfur - oxygen angle is
preferred to the one gauche to one oxygen and trans to the other. 1In
T.H.F. 1t appears that the preferred conformation for ©¢- sulfonyl

carbanions as was the case for O~ sulfinyl carbanions is in agreement

with the theoretical calculatlons (16).



An estimate of the minimum energy diﬁfefeuce for 1iehium
eﬁuiferial vs lithium axiaI‘(?a vs '7b) may be auiived at as follows:
The ratio of 5 to 6 obtained upon quenching is a measure of the
' equilibrium between 7a and 7b (see Chapter 3) Since less than 27

of 5 was obtained 7b is more stable than 7a by at least 1. 7 kcal per
mole.t To 'this must be added the phenyl A value, 3.0 kcal/mole (hD),

to compensate_fer the unfavourable axlal phenyl interaction in 7b.

The minimum enexrgy difference for equitbrial lithium vg axial 1ithium

&

B

is thus 1.7 + 3.0 = 4.7 kcal per mole.

T

The observed high thermodynamic preference for the

equitorial vs axial orientation of the 1ithium in T.H.F. is not
unique to oL~ lithiosulfones Durst (33) has observed that in
ccnformationally biased six—membered ring ‘sultone carbanions in T.H.F. ‘

1ithium also shows a high equitorial vs axial preference. The
estimated preference for éhe equitorial orientation was 2. 2.7 keal -
/mole. A similar equitorial preference for lithium in some

' conformationally fixed six-membered ring dithiane- carbanions in T.H.F.

has been reported by Eliel and co-workers (39, 41, 42). They estimated 2

this preference to be at least 4 to 5 kcal per mole.
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&

A

The general preference for tha aquitorial orientation of

sulfur stabilized'carbanions in T.ﬂ.F..coﬁld be attributed to a

steraoelectronic effect. For the sulfone carbanions the calculated
conformation of 1owest ene;éy corresponds to the carbanion in the
equitorial positiﬁn (16) Explanations for the preferred equatorial
orientation in dithianes have also been advanced -(43, 44). Even
.though an explanation for our results consistent with-the theoretical
calculations was at hand, we . felt that the estimated areference~for
the equitorial vs axial orientation of the carbanion was remarkably
high. In addition th;ﬂ;tove three estimates neglected the A value for
" 1ithium in T.H.F.; in all cases it was assﬁﬁed to be relatively

small. The limited data available seemed to support this assumption.

Glaze {(46) found that in dimethyliether at - 78 menthyllithium had a {
5.7:1 ratio of equitorial to axial iithium, i.e. an A value of about

0.7 kcal per mole. The related cyclohexyl Grignard and dicfclohexyl

magnessium deriyatives ahow A values between 0.25 and 0.78‘kca1/ﬁole

in ether solvents (47). We however decided to verify this assamption

experimentally.

dis—&—gfﬁutylcyclohaxyl phenyl sulfpna 9 was prepared as
described by Eliel and Ro (48). The sulfur methine proton in the
n.m.r. spectrum of this compaund appeared as a broad ainglet at

N

P
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~

~. v
é;- 3. ll. trans—QHt—Butylcyclohexyl phenyl sulfone 10 was; prepared
by equilibration of 9 in refluxing CHgONa/CH30H (44) (see Scheme 9).

The sulfur methine proton of 10 appeared as a triplet of triplets at

J; 2.86;.Jex-ax = 12.5 HZ, Jax—eq. =-3.5 Hz.

-

When 9 was treatéed with either a 10 or 507 excess of CH;Li - L
. ‘ o . : v ' b ‘
in T.H.F. at - 60 and the carbanion quenched after 1 minute with a

o

large excess of Hy0 a 99% yileld of a 23 to 777 mixture of 9 to 10 was.

-

obtained.* The ratio of 9 to igrweé cbtained by n.m.x. inteération L

of the sulfur methine protons. When 10 was treated with a 50% excess

of MelLi under identical conditions a 96% yield of a 23 to 777% mixture

- of 9 to 10 was again obtained:. Since waterirraps the carbanilon

equilibrium (Chapter 3), the above results reflect the thermodynamic
-.equilibrium between 1L andb12 At - 60 0the—7.7°23 ratio corresﬁonds '
to an energy difference of 0.5 kcal/mole. faveuring 12 over 11 (see
Scheme 9).‘ Sterically 12 is favoured overlll by the SOz—Ph A value
which is 2.5 kcal per- mole (40). Assuming that both the axial and
_equitorial ‘carbanions are stabilized to the same extent by the sulfone

group, then the A value for 1ithium in T.H.F. is 2.5-0,5m 2 kcal per

mole.

These results are an average of at least 2 or more duplicate

4

" experiments.
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In light of this reault it seems that the previonaly estimated
minima for the equitorial preference of lithium in six membered ring"
sulfur stabilized carbanions are all about 2 kcal/mole_too high. Even

C—-\

when corrected for this, the equitorial preference for these sulfur

stabilized carbanions remains surprisingly high.

When 9 vas treated vith a 50% excess of Meli at 240 in’
DMSQ—ds as.solvent ‘and the carbanion quenched with H;0 after 1 ninute
a 937 yield of product totally deuterated at the’ sulfur methine position
was recovered Comparison of the high field n.m.r. signals for the
. ring together with the t-butyl protons of the ‘product with those of 9
and 10* indicated that the product was mainly deuterated 10 The
conversion of 9 to 10 in DMSO can be attributed to a rapid solvent

a

carbanion exchange leading to the thermodynamically more stable product.

This is analo;pus to the behaviour of dithianes in DMSO (39).

of an sp hybridized carbanion can be invoked (sée Scheme 11) As in
43 -
~ the. case of 8 equitorial attack should be favoured since the steric

! .
1

N . R : : — .
These signals-inmg_and 10 are quite different due to the effect.of the

|

~ R B

“axial S0;-Ph grdup“in_QJ”.M“ R 2
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’

. hindrance by the ring protons is similar in both Eiend }g_end since the

$02- *Ph group (A #aiUe F 2.5 kcal/mole) and the phenyl group (4 value
= 3.0 kcal/mole) are of comp, @iple size. Therefore mainly axial
sulfone 9 should be obtained ‘ﬁnt only 237 of 9 is obtained 'According'

to the’ sp model,_this means that 777 of the attack by the electrophile

‘on the carbanion must have.occurred from the more hindered’ axialreide\:

a

It would seem that for two carbanions of the same type, in the_sane

' edlvent, experiencing eimiier sterlc effects two different courses for-1

the attack of HzO on these carbanions predominate We feel thet the

~-

sp® carbanion model leads to an explanation inconsietent witb the
=experimental observations,ﬁand that the behaviour of the above C><—
sulfdényl carbanions is more‘readily interpreted on the basis of an’

_sp? hybridized model.

Effect of Solvent on Some Conformationally Fixed t)(— Sulfinyl

Several papers dealfng with the conformational preference of
Q><— sulfinyl carbanions in conformationally fixed systems and the

effect of solvent on this preference have recently appeared (11, 13)*.

a .
In all these papers the results were discussed in terms of an sp3.

hybridized carbanion.
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A.good summary of the work in this area has most recently been pre- -

sented by Fraser et'al (11). The results from’ these oapers.are

summayrized in Table 7 (the compound numbering in this section will

refer to that of Fig. 1, Chapter 1).

The relative rates of exchanges of the protons in 4 were
=1, Hp = 1100, H3 = 300, Hy = 1300 in t-BuOD/t—BuOK and H1 =1,

2 = 200, H3ﬁ= ?600, Hy = 30 in CD30D/NaQCD3. Proper evaluation of
the'resuits reouires a comparison of HlAEETHQ and ﬁargg:Hu only, since
these pairs of protons reside in. identical environments with respegt
to the asymmetric biaryl systeh. Any. differences in reactivity within.
either pair can tous be atfributed to the influence of the sulfoxide

group on the stability of the carbanions and thlg difference is a

"

-

' In t—BuOD the rate of exchange of Hy 1s approximately 3
times that of Ha. Therefore in this solvent carbanion C>B. “But in
CD30D the rate of exchange of H3>200 times that of Hy, therefore

Y

carbanion B>>C in this solvent This 1atter result is similar to- one

‘obtained by Lett and Marquet (13) in D20 and by Katritzky (12) in Dzo

and CD30D (12}\ (compounds 5, 6 and 9 in Table 7).
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TABLE 7

Effect of Solvent on the Stability of Conformationally Fixed Sulfoxide
Carbanions T : -

f——
R

K
) ) . Order of Carbanion
Comgounda) Solvent / Base ‘f- ' Stabilitﬁb) o Ref.
4 ' t-BuOD/t-BuOK . . O3B © 1la
- . ‘ o B 4
4 ' CD30D/CD30Na fT B ' 1la ot
, CDs0D/CDsONa .- - BAC - 12
. " D,0/Na0D ‘ S B>A>C 12
5 and 6 ) .
DMSO-CD30D/CD3ONa BACNA . 12

~ - £-BuOD/t-BuOK .~ . .- B cLo12 s
9 D,0/Na0D | . B>C, BA 13

. - L S
7 CD30D/CD30Na’ ," o 11a
8 | cDsop/CDsONA - . 1la
Theory . Gas Phase,f L CASB>C 14

. / ' ' .
i f’l l l : "
a) See Fig. 1, ChapE?# 1 for ;gmbound numbering, p. 7.
b) See Fig. 6, p. 49: . . -
N/ )
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. . Apart from the 4:;arkable solvent effect noted above a rather
_large angular dependence of carbanion orientation was observed.

Exchange of protons H; and Hz in 4 1ead to, (type A carbanion in both

cases. In spite of only a 40 difference in their orientation with

respect to-the sulfur asymmetry H; exchahged 200 andJlOOtimes faster
.than Hl-dependinngn.the solvent. The exchange which produces the

carbanion closer to'the.lone pair on snlfur occurs more slowly in both
-lsolvents. | | |

—— , ; ! r."".l\

1. ‘: - S

'Exchange experiments in CD;0D/CD30Na for compounds 7 and 8

showed that kh /kh ;BAIZ:llin Z_andlkh /kh =:1:2.5 in 8. These
. .--x n o == X n . -

o i

results indicate_that abstraction of the oroton syn to the sulfur - =~
oxyéen bond is greatly prefered.( 5.4 times) to that syn to the sulfur

lone pair.

- From these results Fraser and co—workers concluded that the \

molecular orbital calculations of Wolfe et al (14) concur with
" experimental findings in that large variations in carbanion stability

Vs dihedral angle do occur. TFrom the fact that a thange in solvent
completely reversed the relative reactivities of protons Hi and Hy

they.concluded that the role of solvent dominates gver that of the
dihedralJangular relationship of the carbanion to the sulfoxide in

determining,the'ultimate stereochemical influence on reactivity.

\
o

i

R



These authofs also re-examined the results from ‘the kiretic

exchanges of benzyl methyl sulfoxide and suggested that the high

selectivity in D20 (16:1) might be best explained on the basis of.

non-staggered carbanion conformers.

1
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" CHAPTER 5

-

_ STEREOCHEMICAL COURSE OF THE REACTION OF o= SULFINYL

w

AND C>(— SULFONYL CARBANION WITH ELECTROPHILES

Introduction:

One 6£ the main objectives in our study of oA - sulfinyl

carbanions was to,evaluate thelr synthetic potential as intermediates
in the synthesis of compounds having asymmetry at carbon " In order
to do this it was necessary to determine the stereochemical course

of the geactions of the lithio salté of sulfoxides with various

I;

*f'eleotrophiles, which produce the major diastereomeric products * This

was acobmplished in the following manner: Sulfoxides of known
absolute configuration (6, 49) were reacted with methyllithium and

é the cxi- lithio sulfoxides thus formed were treated with Eleotrophiles
The asymmetry at sulfur in the products was then? Removed by either T
oxydation to sulfones or reduction ro sulfides. The absolute con-

‘ figuration‘at‘the alpha-carbon was then determined by comparison of

' the rotation of these products with compounds having known configuration

)

-

at carbon.

-

: Q
The stereochemigiiebehaviour of cyi—_lithio benzyl methyl,
benzyl t—butyl and p;tol 1 ethyl sulfoxides was stuided in greatest..

detall. These lithio sulfoxides were chosen because they would.also -
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)

enable us to examine the major assumption on which McClory's arguments

(20) concerning the prefered conformations of acyclic sulfoxides

carbanions were based {point 1) Chapter 3).. 1*

Tﬁe Stereochemical Behaviour of o~ Lithlo Sulfoxides

The éptically active sulfoxides of known configuratiéon were

prepared by reaction of the appropriate érignard reagent with either
. . . i .

1-menthyl phenylmethane sulfinate or l-menthyl p-tolyl sulfinate, both

‘of known configuration at sulfur (6,j49, 51).

When (s) < benzyl methyl sulfoxide 1y, [o(] +97.7 (C = 0.8

EtOH)* 1it. (52) E=<JO + 96, was treated with CH3Li at - 60 4in T.H. F

and the carbanion quenched with a > 10 fold excess of D20, monodeuterated
sulfoxide 2 b(]o + 92 % (C = 0.7, EtOH) ‘was obtained (Scheme '12). This
result demonstrated that no significant loss in sulfoxide asymmetry

-

occurred under the reaction conditions used - 8imilar observations

:have previously been made by Jacobus and Mislow (53). A sample

The rotation of . this sulfoxide ‘was slightly higher than any
previously reported since we were able to obtain l-menthyl
phenylmethane sulfinate, its precursor, of a higher rotation'thanr
previously reporred‘(Sl); “In additiony variations in the rotation

of this sulfoxide were noted.due to.its extreme hydroscopic nature.

57

N
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of 2-was oxidized ;6 the su]ﬁfone 3=, [qu— 0-7.9 {C-= 1.2, CHCl3) using”
excess m'-chlo._rol.)erbenzoi_g: acid (MPBA). A .second inortion of 2 'was
reduced to the sulfide 4, >, + 0.5 (C = 11.5,;039}3) using SnCla-
CH3COCL in DMF/CH3CN  (53). | (_‘-S.:) - °<.— ,Deuterioﬁénz}}l methyl sulfone,
[946- 0.6 (C = 6, CHCng) and (8) - o(-‘-'rd‘euteriobenzyl methyl sulfide,
[C:-q;+ 0.73 (C = 12, EtOH)_ have previous‘ly been described (Qa). "I'he

. major isomerx produced on deuteration of _tk_xe lithio salt of (8) -

Eenzyl met'hf;l sulfoxide thus has S config{xratibniat carbon.

r

D
v .
Ph~C—-5032-CHj3
A |
H
; (9)-3 (-0.9)
R
MPBA
A . |
i 7 Yy
PheCHa-S-CHy —3bt . > Ph-C-S-CHs 239—>!Ph—0~g-CH3
A | T.H.F., = 60 % a ,l 4a
(-1 (*97.7) T (8,875 \ (s,8)-2 (+92)
. - ! lL ) >
| H
| o
b o
| Ph-G-5-CH
. 7 ,‘!Ph—g—- 3 o
TN - E |
DS (S)=4 (+0.5)
T -
SCHEME 12

A
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When the lithic sulfoxide 5 was reacted with CHsI and the
product oxidized with excess MPBA, the sulfone 6 M‘, 25 (C = 7 EtOH) - :

'.was obtained (Scheme 13).

v :
LCHT Ph-(-502~CHy
2)MPBA CHs
. “ L - (R)-6 (+25)
Ph—CHz-i-;_-bﬂg CHsLd —> Ph-G-$-Gs —— |
8 T.H.F., - 60 50
(8)-1 (£97:7) | T89-S
1) (Cl3)2=00_ o~ % 2
)MPBA . h"ﬁ“SOz'CHg
o OH .
®)-7 (-45.6)
. . o ) P e -
. SCHEME 13 : '
. . o _‘ l . -
The configuration at carbon in 6 was determined by the sequence of =

' reactions shown in Scheme 14. (S) d—?henetgl alcohol M 43.2
{neat) 99% optically pure, reported M 43.6 (neat) (54), was co:nverted
to (S)-— o(—-methylbenzyl phenylmethane sulfonate 8* by reaction with

ol - toluene ,sulpfogyl chloride and (Et)gN in CH2Clz.(56}. The

Intermediate 8 is not stable and decomposed in a few minutes at room
P

temperature. It was therefore not isolated and characterized but was;

immediately converted to give 9 or lQ o
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sulfonate ester was réacted wikh ﬁdtassium“methyl ﬁhiolate.in CH30H

to give the (E)jéulfide E.Esii {(C = 0.8, EtOH). It is well known
thag such dispiacemenEE (SN2) occur with inversion at carbon"(SgS.

- Sulfide g_was.tﬁgn oxidized to (R)- ;me&wibenzyl #mthylAéulfone 2},
E:{Lf 3l (C-= 0.8,.E§0H). The major diastereomer frém the methylatipn-'
reaction therefore had B;;onfigurapionfat carbon.. Assuming maximum

. rotation fof ;ulfone 2} ﬁhen the 6ptica1 purity of 6 was 81Z; in.good.“'
agreement with the 85% predicted on the basi§lof the diastereomer |

. |
ratio determined in Chapter 3.

CHj

CHj _ o
v ~CHg- - Y
Ph-C-OH 1); Ph-CHz~505C1, CHpGlz Eh—g—O-SOz—CHz-th .
i 2) (Et)sN H
(8) (-43.2) _— S C(®-8
R-SK, CH3OH -
Ph-G-50,-R - &—— MPBA © PheG-5-R ‘
CHj o - CHs -
®) S ®) A
6R=CHy (+30.9) . ‘¢ . - 9R=Ch (168
14 R = t-Bu (+43.7) o 10 R = t-Bu o ¢
e SCHEME 14
T R
\
»

i g

o

[
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¢ h .

When thé lithio sulfoxideVS‘was quénched wich acetone and
the adduct oxidized with MPEA, the sulfone 7, [oq,_ 45.6 (c *1 9 EOH),

was obtained (Scheme 13) Sulfone 7I having R configuration at carbon '

" was obtained from (8) - mandelic acid, [ot]D+ 147 (C = 2.5, Hzo) e, -

Bb§o+ 157 (57) as shown“in Scheme @5)*. The hydroxyalkylation gﬂ—(s) -
benzyl methyl sulfoxide thus gave as its major adduct’'a compound having

R configuration at carbon. C . S

3 $OZCH3. 1) CH3S0,C1, (Et)sN - €001y 1
HO-G-Ph : > PGSRy
Lo 2) CH;-SK oA
- (o) By 172 S o ®)ed,- 67.6
. . R
C o | . _lcrga_MgBr
| HO-C-(CH3)2 ik | HO-G-(CHs)z
Ph-C-S0,-CHs € E)! . S Ph-C-S-CHgj B
A t i y coL
H | B .
o-gBgua o @B
' . 'SCHEME 15 N
— . | , r - \u .

B . .
- . o - {

The retention of pptical purity at carbon in ‘this seqﬁence 1s
probably <lOOZ in going from the ester to the sulfide since partial

¥ racemization via enolates may have occurred in the thiolate dis-

placement and in the Grignard reaction.

1_ : /3
e //. |
- ) . ‘\
N ~i.
| ~—
| . = ~..
\'-
./I‘ ' '
rl I | s“,\ I
\
) \ |
’
| ‘ 13
4

rﬁ ) |
] /.r_

-4

~

-

Q.dﬁ

.
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7%

o ' (R) - Benzyl t-but:yl sulfoxide 1, [oq; 167 (C =.0.7, EtOH),

A N
¥ |

‘, 1it. F}'{JD'* r281 (52)) was reacted__wit;h CH3L1 in I.I:LF. at - 60 to give

the carbanion 12 which was quenched with elther an excess of DgO or. -
S

CH31 (Scheme l§).

¢

o . . ’ H
oy L v 1) v
.PhLCHz_g"—E_Bu CH,Ld —> Ph—A-g—E-Bu —1)-23-0—> Ph- g SOg—t—Bu ,
A THF, - 60 pg 2) 0 3
(R)-11 (+167) ' - - ®B)-12. - (®)-13 (+0.6)
S . i3 |
(R)-1L (+280) _CHjlLi 5> ®R-12 1) CHsld Ph—g—*soz-g—nu
' T.H.Fi, - 60° 2) 0 H
L _'.J':a‘ [ *- L "“ o 3
- R - © . (S)-14 (-46 )

SCHEME 16

- The absolute configurations at carbon of the ‘two products thus obtaineg'_

were shown to be R and 5 respectively (See Experimental Sectlon and s
Schemes 14 and 17). : o N
5o | S
Ph-g'fﬂ _ PhCHz-SOzCl (Et) 3N > ‘ Pﬁ“g"ﬂ
OH . (Chz Clz _ 0-50,-CHoPh-
(5) e = 8-
e . o l £-BuSK, CH;OH |
o ' gy
Ph-C-S0z—t-Bu * € MPBA Ph-C-S-t-Bu .
Er= 0T | - A= -
D ’ . ' ‘ . ."., . Lo B ' D .
‘R)-LZ (#0:3) - (R)-16 ’

L
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Finally (R)p-tolyl ethyl sulfoxide 15, [c>§0+ 187 (C = 1.66,
.

’:CHCIgj, reported E>{L+ 187.5 (6), was reacted with CH3;Li ih T.H.F. to
give lithio sulfoxidE‘;g (Scheme 18). \When écetoﬁe was used to quench

16, and the resulting adduct reduced, sulfide 17, [o{p 61.7 (C-1.66, S

‘_'_‘*—-_
CHC13), of (S) configuration at carbon was. obtained. The configuration

———

.é\\qarbon was determined by comparison with “the- (R)Rsulfide 17l ExﬂE

58.6 (C '-*--tl--?.’:."?’ CHCl3) synthesised from (S) - lactic acid, [¢(_]D+‘3.38,

—

65% optically ﬁﬁ;e‘j§9)é'via the reactions depicted in Scheme 19,

H Cnlisls o -
CH3—§~0H EOH, . —> CH3"§“0H
CO2H | ' Toewl . €Oz Et
(&) - (+3.38) - (&) (-6:1)
| ll) CH3502C1 7™ (Bt )N
2) p-Tol-SK " =l .
H - e = ST
p-Tol-§-C-CHy < CHs¥el _ R—Tol- —g-cna A
HO-C-(CH3) 2 " | ‘ S coa Et |
(R)-17' (-58.6). o w® (+91.27)° -
. SCHEME 19 o ' e

s
s

Assuming that no optical activity is lost in the synthesis of (R)-17 {(see

however footnote p. 73) then the diastereomer product ratio obtained im

-

the hydroxyalkylation reaction 1s :;:1:(fable 2, Chapter 3).

When ig was reacted with 3-bromo-1-butene (see footnote p.32),
thevdoﬁ£lé bond éf the adduct hydrogenated and the sulfoxide oxidized,
sulfone.ég E@kf‘3.74 (C = 2.03; CHCl;) was obtained._ When n-butyl 'iodide

was used to quench 16 and the resulting adduct oxidized, sulfone;ig
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. [04; 3.04 (C = 6.48, CHCla) was agaln obtained. Synthose of (R)-p-tolyl
2-hexyl sulfone 18 E‘-@D \f{i\lﬂ (C = 5.5, CHCla) from, (S)-Z-—hexanol

b(:lb* 9.3 (neat)* showed that the two above adducts had R configuration

' aLcarbon—--(Seheme-_ZO).. e
\ ) ST -

Reaction of 16 with allyl bromide followed. by hydrogenatibn of
the adduct's double bond and reduction of the sulfoxide group gave sulfide
_Z_L__9_ ME 4,95 (C = 0'.9’ CHCl3). When n-propyl :Lodide was used to quench
16, sulfide 19, .[quu ‘73.6'4. (C = 11.1, CHCl3) was obtained afton.: reduction
of tt{e sulfo:;:ide group'in tha-‘{original adduct. The configuraﬁion at-carbon
in 19 was shown. to" R by synthesis of (R)——p_-tolyl 2-pentyl sulfide 19
[oq 11 6 (C - 13.28, CHCl3) from (S)- 2—pentanol [C-<]D+ 10.62 (neat)+

(Scheme 20). o T T

CHy . ' : CHy -
o hon D oo, oels, 5 8 os, cuuen
" 2) (Et);N B
R = CyHs (+9.3) | o R = Culls (+2,1)
R= C3Hy (+10.6) | ‘R = Cslly (+5.2)
o - B o p-Tol-SK, CH3OH
N  em T
: p_—xol-soz-g-a < = : P_—_Tol-S-g—R
D : DR . E | .
® . : - ®
- P | . ‘R = CyHo (-7.67)
18 R = CyHs (+6.43) o 19 R = 3y (-11.6)
e ' SCHEME 20 -

*
_ The_alcohol was 67% optically pure, lit. Eb<]0+ 13.9 (neat) (60)
This alco}aol was 91% optically pure, 1it. E:ZJ = 11.68 (neat) (61)
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A summary of the results of our study of the stereochémistry

oflpPe reaction of,lithio_Qg}foxides with a number of electrophiles

is given in Table 8. ‘ o .

An examination of the results of the déuteration of benzyl

v ) ' .
-methylland.benzy%_gfbutyl sulfoxides shows that sulfoxides having the

~same S~0 asymmetry give products in which:the-mqjor dlastereomers

have the opposite configuration at carbon.- This is most clearly

3

illustréted in Fig. 8. Analbgous ;esults.were obtained iﬁ’the
methylation of these sulfoxides. ThE'élkylation and hydfoxyalkylation

of benzyllpethyi and p-tolyl ethyl sulfoxides having‘the-séme S=0

: . - L o ,
' asymmetry also gave in each case, products in which the major

diastereomers had opposite.configuration at carbon.

The results shown in Table 8 and Fig. 8 are mot those predicted
on the basis of McClory's hypothesis regarding ‘the préferéd con-
formations of acyclic of- sulfoxide carbanions discussed in Chapter 3.

Benzyl methyl and p-tolyl ethyl sulfoxidg\carbanions were predicted

‘to produce the same stereochemlstry at carbon while the benzyl t-butyl

carbanion should produce the opposite stereochemlstry at carbon.

Only the latter prediction held true, thus the hypothesis must pe

' seriousl& questioned. Even for the simple series of benzylic °



TAB"LE 8

Stereochemistry of the trapping product:s from the reactions of various
o~ lithio sulfoxidesin T.B.F. at - 60

.\.

. Confighra‘tion of Product at

Parent éulfoxidé l Ele'ctrophile.- Sg;l.fur Carbon.”

| ]520 S S
Ph-CH2-5(0)-CH; " CH3COCHj \ S \ R
HsI s R
Ph-CH,-5(0)-t-Bu D30 R R
CH3I R s

, ., CHsCOCHs | R . -
o  CH,=CH-CH-Br®) R R

' ' c':na _—
R—T.ol—-S(O)—C-Hz-CHg | CHp=CH-CHp-Br ~ ‘R g_

! ‘ y
n-Propl . 1 R | Iﬁ\\
n-Bul | R Ra “‘\

\ . \

) o
ol

) !
a) This reagent.contained 10% of l-bromo-2-butene, see footmote p. 32.%
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| N,
.
0 0 \."\
R R , -
2 & RT
CH.3 ‘ t-Bu'
pﬁ. ’ ' . Ph
(538) Ry=Li Ryl | ‘ (R,R) RI=Li,R2=H
(S’S) Ry=0,Ry=H - ~(R,R) Ry=D,R,H
(5,R) R, =H,R =CH \ R.=H R.=
AL A (R,S) 31-H,R2-CH3
_ L -
(S:R) Ry=-C-(CH3), ,R,=H T
LN
{R,R) R]=a1ky1,R2=H

Figure 8
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sulfesides‘(Ph—QHzﬂs(O)—R) the applicapios\of fhe hypothesis is.

‘ questionabie, since as the size of the alkyi'groue (R) is increased

from methyl, to ethyl, to-i;prepyl;\tohgfbufyiﬁ\a systemstic variation

in the product ratios is predicted. Ae examihation of Table 2 in J/(‘h\)

Chapter 3 shows that this is clearl& not the case. It therefore

appears that a simple treatment. for the prediction of the preferred : T
EOnfdrmations of acyclic sulfoxide carbanions on‘the basis of only

steric and electronic factors is inadequate.

A comparison of the stereochemical course of the*reaction‘
of" CK: 1ithio benzyl methyl sulfoxide with various electrophiles
shows that the deuteration and hydroxyalkylation reactions give products

having the samevorientation of the substituents at carbon* (Fig. &,

Teble_B); the ,methylation reactlion however gives preducts having
oppdsite.configﬁration at carbon. Similar stereochemical results. were
also observed for the benzyl Ejbutyl and p-tolyl ethyl sulfoxide

carbaniong.

The reason for the differences in the g.and"g_desigﬁation of the
products is due to higher priority of the (CHi) ,~C-OH group over
the phenyl group in this system, thus changing the designation of

- the hydtoxyalkyletion product from S to R at carbon.
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' Evidence has been bresented thaf H-D exchaﬁgé proceeds’,
‘éith retention of.carbanion coﬁfiguratioﬁ'k?, 11, 27). We will show
in the neﬁt Chaﬁter that_déﬁrotonafioﬁ aﬂd.reﬁrotonation of -a
sulfoxide carbanion proceeé via the same stereochemical pathway in
both steps, either retention or:imversion; therefore the overall
process must:.‘ be occurring with retention at carbbn. "By anology to the

sulfone carbanions we would expect the hydroxyalkylations to'proceed

- with retention of carbanion configuration (62).
¢ .

Since the deuteration and hydroxyalkylation reactions

proceed with retention of carbanion configuration, the alkylation

reaction must therefore proceed with inversion of carbanion coﬁfigur-
atién. The possibility that meﬁhylation has proceeded with retention
as a result of the less stable carbanicn ;eacting more rapldly is

highiy'dnlikely iﬂ\view of the comsistency of the methylation, I
hydroxyalkylation aﬁd‘deﬁteration diastereomer ratios reported in

Chapter 3.

Nishio and co-workers (63) have also recently reported that
methylation and deuteration of o¢ - lithiobenzyl methyl sulfoxide
occur with opposite stereoéhemistryf They initiaily sﬁggeéted that
methylation occurred with retention and deuteration with inversion but

have since agreed that the stereochemicai course which we have pro-

posed is more 1likely (50, 78).

Lo
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Stereochemical Behaviour of Other Sulfur Stabilized Carbanions

A number of electrophilic substitutions at carbon with in-
version of_configpration have recently been reported (64—67)._ The most
relevant example to our stuéy is the ihtramolecﬁlar alkylttion of éﬁ

K- sglfinyl carbanion tt giftsat épisulfoxide t67). _thp meso-bis

( o{ - dibromobenzyl) :ulfoxide and di -'bis (X - dibtoﬁotenzylj

sulfoxide were treated with_hexamethylphosphorictriamidetthey gave

‘respectively a cis, ggtg—episulfoxide-and a Eéggg episulfoxide. The
only mgchénism consist.nt with these reéults'is one in which inversion
at both reaction sitesisotcurring (i.e. at the tarbaﬁion and alkyl halide
carbon). Other examples closely related to our study are_the ihtra-
molecular alkylations of cy(— sulfonyl carbanions to -glve episulfones
which are the intermediates in the Ramberg ~ Backlund rearrangement.

.The bridgehead carbanion from l-bromo-9-thiabicyclo (3 3.1) nonene must
invert in order to d}splace bromide ion to give Al’s - bicyclo (3.3.0)
octene after loss of SOz (65). Bordwell and co-workers (66) have con-— &
cluded that the formation ot cls -ol, oc - dimethylstilbene from
erythro—t)(-bromo—<><—methy1benzy1-c>(7methylbenzy sulfone is the result
of an inversion at both benzylie carbons. In thislixample, alkylation
with inversion is apparently prefered over rotation and” alkylation with
reteht}tﬁ; In the interébiecular alkylatioﬁs tf'tyﬁ— lithio sulfoxides
deseribed’in the previous sectionm, both reactions with retention or’
inversion could héye occured directly!'the latter seemé to be the pre--

fered pathway.
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In order to examine the generality of the ﬁfefefence for
; inﬁérsioﬁ in the ;lkylatipn of sulfur stabilized carbanions we
exam{ned'the reactions of some coﬁformationall& fixed sulfones, Thé
. ; first system examined was 1,;11-dimét§y1—5, 7~dihydrodibenz (c, e)

thiepin-6, 6-dioxide (20) (Fig. 9).

\ When the carbanion of %g‘was genefated and quenchéd.in the
~ usual manner using acetic acid-0-d aé the proton source, a 977 yield

of pure monodeuterated sulfone was recovered. Integration of the AB

quartet of the benzylic protons during deuterium decoupling shgwéd

that 79% of the protons exchanges were of the low field half of the AB .

~pattern and 21% of‘the high field hglf. Fraser and Schuber  (68) ﬁave
shown that the low. field protons in the AB quartet corresp&ﬁd,to Hy

in 20 and the high'field protons correspond to Hz in gg. The relation-
ship of H; and Hz to the sulfur asymmetry is best seen in the Newman
projection 20a (Fig. 9). 'Projection 20d shows the major product of
the deuteréE;on reaction; This result shows that the carbanion on

¥ .

the bisector of the oxygen-sulfur-oxygen bond is the most stable of
the two possible carbanions. This result is qualitatively similar ta
that reported by Fraser and - Schuber fgi;;hé’exchange reaction in

t-butanol-sodium phenoxidg,jﬁgabf’
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~ When the carbanion of 20 was quenched with CH3I an BBZ'yieid
of 2 91 to 9 ratio of monomethylated splfonesjéi to 22 was obtained
(see Fig., 9 for Newman projections of g}_énd 22). Tﬁe ratio was

e

measured byAintegration of the.methyl.dopblets'which app;ar at
é?; 0.91 for 21 and at S\H 1.68 for 22. Tge mekhyl'groupain'élflies
almost parallel to and abové_the1plane of benzene ring anﬂ/;hould
experience shielding.by this group (74). In 22 the methyl group is

parallel and tP‘the side of the benzene ring plane and should thus be

deshielded relative to that of 21 (74). N o

,

\ .

n

_ : ~
Dreiding models sbéﬁjthat the steric interactions in 2] are

more severe than in 22. Under equilibrating conditioms gl_should

therefor? isomerige to 22.' When the 91 to § mixture of 21 to 22

gbtained from the carbanion reaction was refluxed for 18 hours in M

CH3ONa/CH30H, a 917 yield of a 9 to 91 ratlo of g}_to'gg_was‘obtained.

This qpnfirms the stpreochemic%ipfssignment made.on the basis of the

5

p.m.r. spectra of the two products.

r

: ‘Preliminary results on.the carbonation of 20 (i.e. quenching

-~

of Ehe,carbanion With COz) indicate that- this reaction also proceeds

with the same stereochemical coursé as the deuteration (35).
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The deuteration results show that the carbanion on the

biséctor‘of the oxygen-sulfur-oxygen angle is the more stable of the

[

'two possible ones; this is in,agreement with the order of stability

1

_predicted by ab initio calculations (16). ‘However the most striking

-obServationfis thgt the-methylétion bccured'with\}pversion aven
though .this leads: to the thermodynamically less stgbié-product..

The ‘second system we decidéd iolexémiﬁ;,was ds—zf£hiébicyplo
.(2.2.1j‘heptane 2,2—dioxide-§£i)“(Fig.‘ 9), In this compbund the |
steredelectronic stébilizing factors are t;e same for both possible
carbaniOns'and'the'effect 6f éteric;inhibiti@n on the coursélof Uﬁ?‘
-reaction can be ekamiﬁed e#clusive of the_sfereoeiectronic influences:
In 23 H_ and B appear éé an AB quartet, 8\= 2.71, é\=‘3.0 (JAB =
212 Hz);yitﬁ the lod'fieid doubiet correspondipg to H# and high field
to Hn' This aésig?ment was mgde on the basis of long range coupligg
betwéen Hx and the exo hydrogen on C-5. When the carbaniop_of %;
was qﬁencbéd with D20 the total amount of eichange cotild be gccéuntgd
for by exclusive exchange of Hx and some:exchange of the bridgehead

proton at C1. This indicates a steric preféerence for the carbanion

to be in the less hindered exo position (see Chapter 4).

Ll

Cemn
i
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Whe? the carbanion of,23 was quenched with ‘CHsl only one
methylated product was obtained in 877" yield The metﬁine quartet
of‘this product appeared'at é), 2.77, J = 7Hz, and exhibited no long
range couﬁling with Fhe proton on C-5. This compound was therefpre’
assigned struetureléi (Fig. .9), having the methyl geoup-in the.exo

: poSition.n To confirm our assigement a sample of the endo methyl
compound 25 25 was prepared.. Treatment df gifwitﬂ an equimolar.imount '

0

of CHaLi in T.H.F. at - 60 , followed by quenching with H20 after )

hour gave a 78% yield of a 1.8:1 mixture of exo 24 and endo 25. The

oy

~ ratio was obtained by htegration of the methine quartets of éi aﬁd 25.
The quartet for %g:appears at J1= 3.16, (3 = 7Hz) and 1t exhibits |
long range coupling (Nl-Z Hz) with the exo proton on c-5. A spectruﬁ
of the,tﬁfal recovered product mixture indicated that 61% of the
bridgehead protons on C1 in both compounds had undergone exchange.
This again demonstrates the importance of the orientation of the
carbanion relative to sulfur in determining it's stability,'and that
the carbanion on the bisector of the 0-5-0 angle (bridgehead carbanion)
~1s more stable than the one eelipsing one of the sulfur‘oxygens.. The
ability of bridgehead protons to form sulfone carbanion is well knowa _
(65, 70). | | |
S~

The results in th; 2 - thiabicyclo‘(Z.Z.l) heftane 2,

2-dioxide system again demensprate the steric requifeeent for lithjium

i
| : '

i
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N s,
in T.HTFf,‘sincedonly the iess hindered exo:cafhanioh aﬁpeafs to form.
The methylatidn add.deuteration reactions both give only exo products,
both reactionshﬁresumably occurring with retention of carbanion
configuration. in this systeﬁ alkylation with inversion'(from the'endo'
) side) 1s sterically strongly hindered and this hindrance may be

. <N

enough to force the_reection.to occur with rétention. A similar

explanation may be ihvoked to account for the results obtained when

L] ’ >

: -

the carbanions of sultone 26 (33) and the 1—3 dithiane 27 (39, 41, 42)
(Scheme 21) weré reacted with various electrophilesy .In both cases
alkylatioh; hydroxyalkylation and deuteration gave exclusively products

substituted in the equitorial pesition.

v

The generality of the preference for alkylation of sulfur
stabilized carbanions with inversion remains to be tested The above:
preliminary experiments indicate that the steric course of the alkylaeion
can be either retentioﬁ or inversien dependihg on steric factoxs
pfesent in the molecuie.

v

An Explanation for the Stereochemlstry of Reaction of Sulfur Stabilized

- Carbanions

The reason for the difference in the steric course of "the

eaction of some sulfur stabilized carbanions with alkyl halides as

compared to other electrophiles such as Dzo_or carbonyl compounds is



050 1) n-BuLi,T.H.F.
2} Electrophile =

=
' ,S

.90

1) n-Buli,T.H.F. o

2) Electrophile ~

Scheme 21

A ]

7=

R = D,CHy, (CHy) ,=C-OH
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not clear from the data available. A possible<exﬁlénation follows:

. “":_,

Recently Allinger et al (71) have;@a;ried.oﬁt quantum
mechanical calculations on'the stereochemlstry of SN2 and SE2 reactions
at carbon using the displacementofatwdride by a hydride ion and of a
proton‘by a proton‘in“methane as models.“ Their calculations revealed
thét inversioﬁ at carbon is favoured over retention for both SN2 and

. SE2 regctions,ﬂfor the_former by 14.9 and the latter by 5.3 kéal/mole.
They suggested that since thenénefgy &ifférence between the retention
and inversion pathways;in’the\SEZ féaction was relatively small,
except{onS'UJtﬁe inversion rule might occur when other fact&rs (e.g.

solvatfon steric hindrance) intdrveme to tip the balance in favour of

either pathway.

For the reaction of the carbanion with D20 and ketones one
can envisage a 4—centre transition state (Fig. 10)* which would lead

- to reaction with retention of carbanion configuration. Accordiﬁg to

By analogy to Grigmard reactions one could also envisage 6-centered
transition states involving 2 molecules of carbanion per molecule
. of electrophile (80). At presént we have no evidenqe_supporting a

2 to 1 stolchiometry and thus will not discuss this possibility.
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|

Figure 10
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the hard and soft §€1d~base theory (HsaB) (72) the internal eolvation
between lithium (hard acid) and oxygen (hard base) should be strong,
thus favouring such a tramsition state. For methyl iodide (Fig. 10)
such.a transition state is less favoured since icdine is a soft base. '
More important is, thét such a transition state also requires the
unfavourable retention stereochemistry at the carbon of methyl iodide
which is undérgéing SN2 . attack. The cases were alkylation occured
with retention can be explained in terms of strong steric retardation

| p
- I
of alkylation with inversion.

Asymmetric Synthesis

One example of the synthesis of an opticé?!iggbtive non-
sulfur containing compound starting from an optically active sulfokide
“has been reported from this laboratory (73). Optically active {(8)-
epoxidé gg? E:%QD-ZB.S {(c = 2.5, peﬁt&ne), was ngéiﬁed in 60% overall
i field starting from‘(S);benzyl’methyl sulfoxide and cyclohex;none.

The assignment of (S)-configuration was based on the known stereo-—

chemical COurse of the hydroxyalkylation of benzyl methyl sulfoxide .

and the subsequent chemlstry shown in Scheme 22.
R
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Ho - :
| i CH,COCL/SnCl k
Ph-C-S5-CH 2 nbl2 5 —CG(
. - 3 - T DMF Ph—-C-5-CH,
0H : - oH
R, S (-150) ° R R (-153)
CHsI, Ag ClO4

h 0 ' i | (/

Phe 2% KO . o

i )CQ-O & Z KOH Ph-C-S£{(CH3)2

| | | o8 )
s (-26.5) R (-78)
SCHEME 22

We feel that the s&nthesisﬂof optically active cempeunds via
1ithio sulfoxides has significant potential. - Some of the'advantages
:ere'the availability of both enantiomers of optically active sulfoxide
(29), the high induction at the alpha carbon by the sulfoxide, the

variations in this induction with solvent and poesibility of diastereomer
purification at an intermediate stage. The major impediment at this
time is the lack of methods for the stereospecific cleavage of the C-8

bond. Work on this problem 13 currently underway in this laboratory.'
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' /CHAPTER 6

RELATIONSHIP BETWEEN THE KINETIC "AND THERMODYNAMIC

PREFERENCE FOR THE LITHIATION OF SULFOXIDES

Introdcction:

This work was undertaken in order to cemonstrate that acyclic

1ithio sulfoxides equilibrate in T.H.F. at low temperatures (Chapter 3).

. During the course of this work Eliel'g£_§1_§39) reported on
the.relationship between the kinetic and thermodynamic selectivity in
conformationally fixed 1,3-dithianes. They observed that the kinetic
selectivity between the equitorial and axial positions, ke/ka = 8.6 =
1.3, was much jower than the thermodynamic selectivity, the latter
favouring the equitorial carbanion by a factor of more than 1001 I@EW“'
light of this report we felt that an application of this method to the
benzyl t-butyl sulfoxide system would also enable us to determine its
kinetic selectivity.and thence indirectly the thermodynamic selectivity

which was unapproachable by direct meesurement.

Kinetic Preference Between ‘the Diastereotopic Hydrogens in thg‘

Lithiation of Benzyl Hethyl Sulfoxide

- The kinetic preference for the removal of the diastereotopic

hydrogen;jn'benzyl‘methyl sulfoxide was first investigated. Samples

s,

37
;! ]
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of C><r deuteriobenzyl methyl sulfoxide of known configuration*

(Chapters 3 and 5) and isotope content were prepared. The (S Sf -

sulfoxide ;T was prepared as described in Chapter 33 the (R,S) - } =
_:r ,//’
sulfoxide 6' was prepared from - dide:iiiifEEBgﬂlzﬁérﬂyl sulfoxide
in a similar fashion, using H,0 te quench the carbanion. Intermediate
/
-mixtures of5 and 6 were obtained by partial isomerization at sulfur :
/

in 3 using F-SOz—OCHa (29). The ratios of the diastereomeric deuterated

sulfoxides were measured as described in Chapter 3 (Table 9).

The total deuterium content of all the sulfoxides was

determined by mass spectrometry..Variation of the ionization potential

(IP) showed that mno (M.—l)+ dissociation, corresponding to\the loss of
a proton from the molecular ion (639)] ,~occured at'lou 1P (12-15 ev ) for
alllsulfoxides stidied. The region from, (Mr5) to (M—l)+ was devoid
of peaks in all.oases. An average of 15 to 20 measurements of the -

IS + + . .
expanded (M) to (M+5) * region for +he nondeuterated parent sulfoxides

Although we worked with racemic ‘mixtures, all formulas and dis-
cussion in this Chapter will be presented in terms of sulfur

chirality as § for ease of discussion.

Diastereomerically pure monodeuterated sulfoxides could not be

prepared in this fashion, both were contaminated with small_amounts

of the other diastereomer (Table 9).
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were then @ade ip'orde:'tp:determine the natural abundance of lsotopes
in the sulfoxides. The deuterated sulfoxides were ¥un'in a siﬁilar'
fashion and the aﬁfroﬁriate corrections for the contribution of the
natural.abundance iéotopes,to“eacﬁ péék were made (74). This engured )
that machine errors wére min;mized and permitted-the‘accuraté deter-. T

mination of the relative intensities oE:Ehe/{M)+ to (M+5)+ peaks. . 'n

A sample calculation for benzyl methyl sulfoxide follows;
The {éotopic ratios in the parent compound were (M)+: (M+1)+: (Mf2)+:
+ e - ; T
(M+3) : (M+4) : = 100 : 12.38: 5.52: 0.75: 1.74. The ratios in the

deuterated sulfoxides were 7.63(M)+:‘100(M+1)+: 18.70 (M+2)+: 6.60

(M+3)+: 1.77-(M+4)f. . The correctioﬁ for the matural isotopic abuﬂdénﬁé
éf the parent combound wés then appl;éd. The ﬁigﬁer isotopés of the
(M)+ peak would contribute (7.63 X 12.38)Z of the intensity of the
(H*‘l)+ peak, The contribution of‘the {(M*) peak to the.‘(M+2)+ peak
would be (7.63'X 5.52)Z and so on for (M+3)t and (M*A)+ peaks. These
values were £hen sub?racted from the intensities of the'corresponding_
peaks, Si@ilar cofrections were then made for the contribution of the '
higher isotopes qf the (M+l)+ peaks to-the ‘intensities of the (H+25+,‘
(Mf3)+ and (M+4)+peaks, From the corrected relative intensities, the
proportioqs.of'undeuterated, monodeuterated and dideuferated su}foxides

could be determinped with an accuracy of better than 1%7. A good



98

correspondance (within experimental error) béf;een,ihe péfcentage of -
monodeuterated and nondeuterated sulfoxides as measured b§-mass
sbecfrometry'and n.m.T. integ;ation was observed (gt&; benzyl methyl
sulfoxide: mass-gpéctroﬁet;x{QBZ dy, 7% dp3 n.m.T. 962 d;, 47 do;

benzyl Efbutyl'sulfoxide: mass spectrometry 96.4% di, 3.57% doj n.m.T.

96% d;, 4% do.

Samples of(}(—deuteriobenzyl_methyl sulfoxides of known
configuration and ilsotope content were reacted with CH3iLi under tﬁe
usual conditioms and'the reaction quenched wiéh‘excess CH3;I. -The

mixtures of O{-methylbenzyl methyl sulfoxides 7 and 8 thus obtained

_(fecqve{ed yields were > 907 in all caéeé) (Scheme 23 were gxamihed
for.dépterium‘content by n.m.T. Qsing the benleic methyl group as
the probe.* Appropriate corrections for the presence of nondéuterated -
and dideuterated éulfoxides in the starting sulfoxides, as determined

by mass spectromefry, were madgg (Table 9).

.

Thé mass_spectrunm of O&- m;thylbenzyl methyl sulfoxide does .mot
give a molecular ion peak. The émounté of l:and g:obtained were
measured by integration of the doublet due to the -CH—Cﬂglﬁethyl.
peék in l:vs the singlet'for the ~CD-CH; methyl peak.in E_during

deuterium decoupling.
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- The isotope effect=1= (1E = kH/kD) and the selectivity factor

(s kH /k ) were calculated using equations 1 and Zif* (39) (N5 and '

S
mole fractions of 5 and 6 respectively)

1

Ng
TABLE 9

Reaction of CN(— deuteriobenzyl methyl sulfoxide with methyllithium
followed by methyl iodide

' Starting Materials:®) ) - Products:P??¢)»d)
75 %6 R %8
92. .8 ) .39 61
53 47 ' : 30 . 70

6 g4 ‘ 20 - 80

a) Ratioe were measurec in DMSO-dg using a Varian HA-100 Spectrometer .
equipped with a deutefium decoupler; error * 57 (Chapter 3).

b) See footnote p. 98. | A

c) These oercentages are correcfed for the presence of nondec;eratedl
and. dideuterated starting materials.

d) These results are averages of at-least 2 or more experiments in

which the same starting ratio of 5 and 6 were used.

T* These equatlons are modifications of a set originally derived by j
y. : ,

are approximately equal. The same assumption was made by Eliel et al .

(39).
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Solution of these eqoations gave an isotope effect of 2.5 *
‘0.4 and a selectivity factor kH /kHR 1.7 + 0.3. The magnitude of
the isotope effect is reascmable for the rapld reaction of a strong
base, CHaLi, ‘with a relatively acidic carbon acid (77) and is approxi-
mately the same as that found by Eliel et al (39) for the reaction

of 1,3-dithianes with n-Buli (kH/kD = 2,5 £ 0.1).

Our results differ quite significantly from those obtained
by Nishihata and Nishio (78) who reported an isotope effect of 7 and a
"selectivity factor of 0.66 for the reaction of monodeuterated
sulfoxides 5 and 6 with n-Buli in T.H.F. at - 70 . The reason.for
these differences are not obvious at present. We have'shown in o
Chapter 2 that in addition to proton abstractioa,'the displace;ent
-'reaction Ph-CHz—S(O)—Cﬂg + n—BuLi ——————%>CH3—S(0)n~Bu + Ph—CﬂgLi
occuts to the extent of‘AOZ under the experimental conditions used?by.
. A : ,

these authors. What effect this competing reaction has on the reaction.



102

under stud?'is not clear at present.” Our major criticism of this work
is that a selectivity factor of less. than 1 is highly unlikely since
it implies that the less stable carbanion 2 is formed more readily

than the more stable carbanion 1. According to Hammond's postulate ' \\_})}

+

(45) this means that the less acidic proton is removed preferentially

[ T

_to*thelmore acidic. In light of this we feel that Nishihata and
Nishiofe results are highly suspect.

"

Kinetlc Preference Between The Diastereotopic Hydrogens in the

. Lithiation of Benzyl 't-Butyl Sulfoxide

R aha s

¥hen (5,5) o~ deuteriobenzyl t-butyl sulfoxide ©, > 997 |
diastereomerically pure (n m.T. ) and free of dideuterat material

(mass spectrometry), was reacted with CHiLi in the stﬂndard fashion

i f‘)«' -

and the reaction gquenched with excees CH3I > 90% yields-of methylated

sulfoxides 10 and 11 11 were obtained (Scheme 24). Analysis of the

' products by n.m. r. (see above) indicated < 37 of 11 was present. -

[

The product was then.enalysed by mass spectrometry using an AEI MS- 9
High Reeolution ‘Mass Spectrometer equiped with a signal aﬁgrager.' A
*minimum of four hundred measurements were made at 12 ey on samples
.obtained from duplicate experiments. The proportion of ll wae
determined by comparison of the heights of the. é7 1%}3 and CgHgD

.peaks. After appropriate,corrections for nondeuterated}etarting '
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material, the proportion of ‘10 to 11 found was 97.9 * 0.2Z of 10 and

' . I S = B |
2.1+ 0.2% of 1. . - | (\\ .

Assuming that the lsotope ;ffect for benzyl éfbutyl‘sulfoxide
is tﬁe same as for benzyl methyl suifoxide*, the kinetlc selectivity
for the removal of the 232 §.vs the pro R hydrogen is calculated to
bé (97:9 + 0.2 / 2.1 = 0.2) (2.5 * 0.4) = 117 £ 20. Experimental
justification for the assumption cnncerning the isotope effect was .
obtained by reacting C>Q— deuteriobenzyl t-butyl sulfone 12 with

QHgLi and trapping the carbanion with CH3l I (Scheme 25).

1) CH;Li, T.R.F.,-60 ' L .

Ph-CHD-S0,-t~Bu > Ph—?Hr802fEfBu + Ph—?D—SOz—EfBu
" 7 ) 2) CH3 I w ' CH3 . . CHg
12 ' 13 14

SCHEME 25

It seems highly unlikely that'replécemgnt of a methyl group at
a position two atoms removed from the reaction site would

greatly change the isotope éffect.



1-05

_Greater than 90% yields of mixtuxes of 13 and'l4 were obtained in

duplicate experiments. Analysis of the mixture by n.m.r. yielded a K

value of ‘2.3 % 0.2 for the isotope effect, mass spectrometric analysis

gave a value of 2.55 % 0.1.

A kinetic selectivity of > I00 : 1 for the exchange of
dias;ereotopic-hydrogens alpha to a sulfoxide is not exceptional in
conformationally fixed'systems, where seieé%ivities”of > 1000 : 1
have been reported by Fraser 55 31;(11). -The novelty of the high
.selectivity observed in g.is that i; occured in an open chein system
and more importantly with a fase whose pké is about 13 pka ueits

greater than that of the alpha hydrogens.of iT.

The pk of methane is 40. Bordwell apd'eo-workers (79) have

shown that the change CH3-302—CH3 to Ph~CH2-802-CH3y lowers the
L

pka from 28.5_3;1_22. A similar decrease in going from DMSO
. . - /‘ ‘ .
(pk; = 33,5) to Ph-CH2-S{0)-CH3 give the'letter-a Pka of about

27. G I

LAY

7
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'l‘l-ue high selectivity in. 9 can be most readily explained by
agssuming that benzyl t-butyl sulfoxide. exists almost exclusively in
the trans coﬁformat;ion (Sche;ne 24) in which the removal of the pro
S hydrogen is strongly favoured over the removal of the pro R hydrogen

by a stereoselectronic factor (14}, i._e_:.‘ the carbanion gauche to

the lone. pair and trans to the oxygen.

The Thermodynamic Preference inm o< -Lithio-Benzyl t-Butyl Sulfoxide

An estimate of the energy 'di'ffer.;e_rlce between lithio
t-ierivatives 3 and 4 can be obtained from the following line of-
reasoning.‘ The kinetic prefereﬁce factor of 1.7 to'l at -60° 1in
favour of the pro § hydrogen in benzyl methyl sulfoxide is equa?. to
a difference in transition state free energiles-of 0.23 kcal/mcle for
the removﬁl of the pro § vs the Br_oi hydrogen. The thermodynamic
selectivity of 15.5:1 at - 600- fo'r"rl";:.he (§_,_S_)- carbanion 1 vs the (E,E)
carbanion 2 is gqual to a 1.15 kcal/mole free energy difference. If
the rembval of the @ S and pro R hydrogens in benzyl methyl sulfoxide
leads initially to the lithio derivatives 1 and 2, then the relation~l
ship bet:we.g:; the transition state energy difflerences for their

formation and their ground state energy differences (Bronsted
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4 . o ’ .
‘coefficlent oK) 1is 0.23/1.15 = 0;20*;"Finally assuming that the
relatipnship between transition state and groﬁnd state energy diffé¥—
encgg;is similar for benzyl methyl and benzyl t-butyl sulfoxides, the
energy difference between 3 and 4 can be estimated. The kinetic selec-
. tivity of 117:1 at - 60 corresponds to a free energy difference (Aéﬁu
of 2.17 kcal/mole'betwéen the two transition itates. The free energy
difference (AéT ) between 3 and é:isrAéT = AéTT'/0< or 2.17/0.20 =
10.8 kéal/mole. This free energy difference corresponds to a thermo-
dynamic selectivity of %0'° between 3 and 4. The tesult for the freé
energy difference between the most stable and least stéble carbén£op is
compatible with that Obééined fronkgh_initio calculations (14). We have -
however shown in Chapter 4 that solvent, which was neglected in the cal-
culations, plays a predominant'role in determining the-stability of ' ' 1
carbanions in different conformations with respect to the sulfur asymmetry.
The cbrrespon@ghce between calculations and experimehﬁal results ;s poor

in highly polar solvents, but the above results show that in T.H.F. the

experimental results parallel the calculated ones. ' -

. " ... ~
The Bronsted coefficient o< is a measure of the resemblance of the

transition state to the product(s) or starting material(s). It is
< 0.5 if the reaction in queétion (as above) is exothermic > 0.5

if endothermic (ref. 77 pp. 156 - i61).
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)

Finally, the result in the t-butyl benzyl.sysﬁem clearly
illustrates an important stereochemical conseqﬁence: the deprotonation
of benzyl t-butyl sulfoxide with CH;Li and protonation (deuteration)
of the O~ lithiobenzyl derivative both occur with the same sfereo—

chemical course, the more 1ikely one belng retention g? configuration
- ~

in each step.
D20

b
- T

flw
A
e

Egpilibration'of Sulfoxide Carbanions

~

The expérimental results described for benzyl methyl

sulfoxide show conclusively that the benzylic sulfoxide carbanions

equiliﬁrate under the reaction conditions employed (T.H;F., - 60?

1 minute). When eéséntially pure monoéeﬁterated sﬁlfoxide i'
(containing 8% of 2) ;as treated with CH3Li, 612 of the_carbanion'
formation arose by removal of the pro R proton (H) and 397 of the
carbanion formation by remqyal of the pro S proton (D5 (see Scheme 29,
Table 9). The initially formed pfoportion of carbanions 1 to g;was

39 ta ﬁl or 1:1.5. But when the carbanion mixture was trapped with
Cﬂaiméfter 1 miﬁute, a mlxture of methylated ﬁroducta corresponding

to a 15:1, (94:6) ratio of ;:to,g:was obtained tthpter 3). This
cPuld only have occured if gaequilibrated rapidly to é:under the

reaction conditions employed.
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CH;Li

: H
K15 o
A A -
H,D O

Li
vV .
Ph-C-S-CH;

CH3I

il
b

CH,

. I

.« 2030

A alf
- O -

H
vV V.
Ph-C-5-CH; + Ph~

AA
H,D O

CHg»-

942

6%

SCHEME 26
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o - .CHAPTER 7

‘A COMPARISON OF THE EFFECTS OF 'SOLVENT AND

Eu(DFM)320N'PR0TON'SHIELDING:IN ACYCLIC

SULFOXIDES

Introduction:

In the iaat.lO-years proton magnetic resonance spectnometry
has provided a varilety. of\empirical correlations which have allowed
the determination of conformations in cyeclic sulfoxides (81, 82 83).

A number of solvent effects have also been successfully correlated

with the stereochemistry of the sulfoxide function, e.g. benzene

induced shifts have\been used to assign configurations in penicillin

' sulfoxides (84), 'Trifluoro acetic acid (TFA) has also been claimed

“to be a useful solvent for sulfoxide configurational assignments (85).

A third meqhod involves the apectral changes resulting from the
formation of complexes with paramagnetic species, shift redgents. The
use of the shift reagent Fu(DPM)3 (tris- [?ipivaloylmethano] europium),

for the elucidation of the stereochemistry of cyclic snlfoxides ‘has

been described (86), and it's effect on some acyclic sulfoxides has

¥

also been reported (87).
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We have recently, in coooeration with R.R. Fraser and-co—?;
workers, described (88) the effect of added Fu(DFM), oo both oyclic
and acyclic sulfoxides and comoared these results witﬁ benzene and
TFA solvent shifts. In'this way the‘stfengths and limitations of é}
these three methods for assigning sulfoxide stereochemistry were
e#aminéo."The work on the cyclic systems was carried out b& Fraser

and co-workers; we examined a number of acyclic eulfoxides. Qur results

and conclusions’regarding these sulfoxides will be presented in the’

following sections.

Effect of Solvents

The sulfoxides examined were benzyl methyl, (1) benzyl phenyl
{g), benzyl Efbutyl,Qg),sulfoxides‘and the two isomers. of o(*methylbenzyl
phenyl,ﬁi‘aod gg,aﬁd ol - methyibenzyl t-butyl sulfoxides, (6 and 7),
'(Fig. 11). The assignment fot each benzylic oroton in sulfoxide 1 and
g:was made in an upequivocal fashion by comparison of the spectra’ of
the nondeuterated sulfoxides with those of the monodeuterated 3u1foxides
of known configuration (Chapters 3 5) in the various solvents used.
The coafigurations of methylated sulfoxides 6 aod 7 are also known N

&hapter 5}.
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The configuration of sulfoxides 4 and 5 were determined by$¥
.ﬁethylation of (§?~henzyl pheﬁyl sulfoxide, cﬁ(;+-253, ©c = 0-58;
acetone), in the usual fashion to give a 1.5 to 1 (Chapter'3) mixture
of suifoxidea 4 and éakn:m.r.). A portion of this mixture was oxidized
to ©{- methylbenzyl phenyl sulfqde,'c>< + 17.35 (C = 4,35, CﬂgOH).
Corey and Lowrey (90) have previously described the preparation of
_(g_)—o(-methylben;zytl phenyl sulfone, O(D_ 94 (C = 1. 5, CHy OH) , there-
fore:the'major diastereomer fromlthe methylation reaction, 4, has R

configuration at carbon, whereas 5 has'S configuration at carbon. The

ﬂiastereomeric sulfoxides 4 and 3 could be separated by chromatography |

on silica gel. The spectral properties of 4 and 5 are identical with
ﬁthe.mino; and major products, respectively, obtained from the MPBAI
oxidation of C><T methylbenzyl sulfide (91b) - Qur, assigpmenc of the
configuration of 4 .and 5 as the minor and major products of this‘
oxydation has been confirmed, by Nishio and Nishihata (91).

Strom et al (92) showed that the alpha protons im di-n-

butyl-sulfoxide exhibit a greafer nonequivalence in benzene than in
CClu, whereas the benzylic protons of dibenzyl sulfoxide do riot. ’
This observation has been verified by Kingebury (93). Nishio initially

assigned the structures ﬁ_and.é_to the major and minor products,

respectively, obtained by oxydatidn'cf o~ methylbenzyl phemyl sulfide

+

-

ey

-
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with MPBA_on-the basis of benzene and TFA solvent shifts for the
methine and methyl protons (91b)7 He reasoned that the major con-
formers for i:and g:qught to be as illustrated in Eig; 11, and thus

the methine protons in‘é:ought'to be less affected by benzene-than

that of'gg but more .affected by TFA. The methyi grouﬁs ought'tq behave
in tﬂ; opposite fashion. Since it is.now known that S and ;ot ﬁ;is-the
major product 6f the oxidation (see above) (9la), both the TfA and
benzene solvent shifts ied,to the wrong assignments. The failurelin
this case casts-doubts ufon any assignments of acyclic sulfoxides based
on the solvent shift method; e.g. the stereochemistry of the two
diastéreomerslof'cm(— cﬁlorobenzyl phenyl sulfoxide (94) and thé
designation of diastereotobib protons in substitqtéd-benzyl phenyl
sulfoxides (85). The weakness Qf this method is further undefscored by

oﬁr results (Table 10).-

As pdinted out earlier py Nishio the protomiclosest to the
oxygen atom should éxpe#iencé the laréesﬁ solvent sﬁifz in TFA due ﬁo
TFA hydragen bonding to the suifinyl'oxygen. This behaviour was
observed for cyclie sulfoxidés (88). Hoﬁever, in benzene the qpposite
~ought to be observed si?ce benzene complexes more'effec£ively on the

side of[the sulfoxide remote from the oxygen thus resulting in

consistently greater shielding of the protons more remote from the‘,
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' oxygen atom. This type'of behaviour was again observed for cyclic

_ gulfoxides (38)f

As it is generally accepted thdt CClu is a more inert

solvent than CDCla, it was chosen as J:;\:;EE;ence solvent. ‘The TEA

(ATFA = STFA —

§Ccly), benzene (AMCeHs = 8CgHe - 6CC1l,) and Eu (DPM)3

- (PS = 6Eu - 8CCly) induced shifte_are recorded in Table 10.

Examination of Table 10 showe that no significant differen—

- }
tiation exists between the two benzylic protons df benzyl methyl and

- benzyl: phenyl sulfoxides, lland 2, dn the 3 solvents used. Assuming

that the most favoured conformation for benzyl t—butyl sulfoxide (3) is

as depicted in

Fig. 11, themn H should be less shielded than Hﬁ by

... benzene and more deshielded than Hb by TFA relative to .CCly. 1Im fact-

_the opposite is observed. The remaining sulfoxides must be_éonsidered

in pairs. If the conformations depictedl for 4 and 5 are dominant

(Fig. 11), the methyl group of ﬁ_ought to be more strongly shilelded

_than that of 5

going to TFA.

in going from CCly to benzene but less deshielded in

The magnitudes of the benzene induced shifts are the same

while the relative sizes of the TFA shifts are opposite to the: above

expectations.

The relative glzes of 'the observed shifts for the

methine protons in the two diastereomers are dlso incompatible with this

model. For the c:(— methylbenzyl t-butyl sulfoxides, 6 and 7, the
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_observed-shiftSvare even more bewildering. Assuming the usual solvsnt

interaction on the sterically most-faﬁoored conformers (Fig.ll); the,
rélative magnitudes of.rhe benzeoe‘shifts are ss e#ﬁected for the -
merhyl grouos but opoosire for the methine hydrogens§ for the TFA shifts °
the oppdsife is observed,‘thexmethine hydrogens-behaﬁe as expected, but
the-hethyl groups do not. |

l ﬂ)
As pointed out above, changes in the n.m.x. spectra of eyelic

sulfoxides upon’ solvent changes from CE€l, to benzene or TFA occur in a

B

consistent and undé&giandable fashion. 1In contrast, this method yields

inconsistent and uninterprotable results for acyclic sulfoxides, and

therefore it seems. to be ineffective for the determination of configura-

. tions of acyclic sulfoxides. There are perhaps several reasons for this.

The most obvious weakness in applying the solvent shift method to
acyclic sulfoxides is that it requires’ the assumption of the most

stable conformation. In addition, it is assumed ¢hat the same conform-—
ation predominates in each solvent used in the’ comparison. This may not
necessarily be true since it is wcil known that sulfoxides associate
with each other in non-polar solvents (95) and hydrogen bond effectively

in polar protic solvenrs-GS).. Aﬁother assumption made in applying

thisrmethod~is that the solvent will affect proton shielding in each

_conformer to the same extent. It 1is concgigﬁEic that the solvent might

. exert tts—greatest shift influence on one of the less stable conformers,
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and thus the opserved spectrometeic changes would not reflect the
actual conformer distribution. finaily, when Considering ?éirs;ﬁf
diastereomers, it is necessary to assume that each diasteieomer v
interacts with the eolvenL in the same manner and to the same extene.-

That this 1s not always so is seen'by examining the results for 6 and

I~

in TFA and benzene. 1In both solveﬁts,opposite coﬁclusions regarding
configuration are indicated depending on whether the methine or the
" methyl group 1s used as probe.

-

Effects of Eu(DPM)a

The downfield shifts resulting from the addition of 0.33

ed:igélents of Eu(DPM); are recbrded in Table' 10." The induced shifts

in all likelihood arise from pseudocontact interactions (88).

‘”The'hse of Eu(DPM)3 - induced ghifts. to determine the
configuratioﬁs of acyclic sulfoxides suffers from essentially the _same .
1imitations,as does the solvent shift, method For sulfoxide 1 it faills
to distinguish between the benzylic protons, in 2 it gives only a slight
differeutiatioﬂ and in gs(if‘the couformerﬁ in Figi‘ll is the most
staBle one) it leads to the wrong protbn.assignment; For the assumed'
dominant conformer of 4 and 5 the PS vaiees for the methyl groups are
'0pposite to that predicted from a distance dependence. In1§ and.; the

. . l
assignment based on the PS values for the methyl groups is correct, but
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that based on the methine pfotohé is in error. It is highly likely
that Q_an&ll have unequal equilibrium constants for COmﬁlex formation
with Eu(DFM)3, and this‘is largely responsible for the observed,

inconsistencies,

Conclusions:

Eed

Both solvent shift methods and the shift reagent method are

unreliable for the assignment of configurations in acyclic sulfoxides.
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EXPERIMENTAL

~ The chemicals used during the course of this work were

.* supplied by Aldrich Chemical Co., Fisﬁér Scientific and Canlab.Lfd.
The solvents were supﬁlied by thé }aﬁﬁer two éompénies and meet'A.C.S.

- specifications. The 3-bromo-l-butene was obtained from Chemlcal |
Samples Cq. and contained 107 l-bromo-2-butene. Optically active
2—pentauoi, 91% optically pure, and 2-hexanol, 67% optically pure,
weré.obtained from Norse Laboratories Inc.. Heavy water (99.77 D20)
was supplied by Atomic Energy of Camada Ltd.. Alkyilithiums were

supplied by the Foot Mineral Co., or Ventrom Corp., Alfa Products.

t~Butylmagnesium chlgride (2M 4in etﬁgr)'and phenylﬁagnesium bromide
(M in ?the;)'were obtained from Matheson, Coleman and Bell. All
n.m.r5”501veﬁtq and shift reagents were furnished by Merck, Sharp and
Dohme Canada Ltd.. 'The'siliéa-gel used for T.L.C. and preparati%e
T.L.C. was MNfKiegelgel N)UVgsq-supplief Mackeary Nagel $.Co.. éilica
gel 60, supplied by Brinkman Instruments Canada Ltd. was used for

k]

column chromategraphy.

Melting points were obtained using a Thomas Hoover melting
point apparatus and are uncorrected. Similarly all‘boiling points
reported are uncorrected. All n.m.r. spectra were obtained on’a

Varian HA-100 or T-60 spectrometers using €DCl; as solvent . (unless



121

othérwise specified).l The‘peak positions are given in ppm downfield
from T™MS. Infrared spectra were obtﬁined using a Beckman IR-20 or
IR-20A spectrophotomete;.'-The gspectra of solid compounds were obtainéd-
using CHCl3 as solﬁent; liquids or odils were_used neat. Mass .spectra
were obfained using eithg; a Hatachi RMU-6 spectrometer or a; AFI

. MS-9 épectrometer. Optical rotatilons were 6btained on a Perkin and

Elmer 141 polarimeter.

Elemental analysis were carried out by Scandanavian
Microanalytical Laboratories, Denmark or the National Research Council
" of Canada, Ottawa.

1]

Synthesis of Sulfides

General Procedure:

To a solution of the appropriate thiol (1 equivalen;)
dissolved in methanol (952) containing 2.5 equivalents of KOH was
added in a dropwise fashion a solution of 1 equivalent (1 eq.) of
alkyl halide in methanol. fhe reaction was allowed to stir overnight
and the precipitate formed was filtered off. The filtrate was diluted
with 200lml, of H20 and extracted with 4 X 50 ml. of CH2Cla. The
combined §;ggniclextracts were washed with 3 X 25 ml. of 10% KOH and
2 X 25 ml. of Hz0, dried over magmesium sulfate and the solvent removed

al .
by evaporation on a Totary evaporator. The crude products were
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generally purified by distillation under reduced. pressure.

. Benzyl Methyl Sulfide

Avallable from Aldrich Chemical Co.

Benzyl t-butyl Sulfide

o

From 5 gm. of benzyl bromide (0.029 moles) and 2.63'gm. of

' o
f t-butyl thiol (0.029 moles), 4.4 gm. (84%) of the sulfide, b, p .63 - 65o
|

[ |

. Q -
/ 0.5 mm. (lit. b.p.114 / 12 mm. (96)), were obtained.

Benzyl Ethyl Sulfide
Available in these laboratories (%7).

Benzyl i-propyl Sulfide

From 10 gm. of~ifpropy1 thiol (0.13 moles) and 10.7 gm. of
benzyl bromide (0.13 moles) was obtained 17.17 gm. (84%) of the sulfide,

] ° & o o
b, p. 53 - 55 / 0.5 mm. (1it. b’p.89 - 90 / 14 mm. (57)).

Synthesis of Sulfoxides

General Procedure:

The appropriate sulfide (1 eq.) was dissolved in 100 ml. of

1:1 methanol / Hz0 and the solution cooled in ice. To this was added

slowly (over 2 or more hours depending on the scale) with stirring a
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0.5M solﬁﬁion of NalO; (1 eé.), and ihe éeaction mixture allowed to
stir overnight. The precipitate which hgd formed was filtered off and
washed.with CH2Clz. The filtrate was extraeked-with 5X %5 ml. 6% '
CHzClz and the comb;ued extracts and waéhings dried over MgSOh and the
solvent evaporated‘on,a rotary evaporator. The crude sulfoxides were

purified by recrystgllization and sublimation or both.

Benzyl Methyl Sulfoxide

From 13.7 gm. of benzyl methyl sulfide (0.1 mole) and 21.5
gm. of NaIO, (0.1 mole), 12.3 gm. (822) of sulfoxide, m,p, 52 - 53 (lit
m,p,53 - 54-(96)), were obtained. This sulfoxide sublimed rapidly at

50o / 5 microns.

3.91, J = 13Hz, 2H);

n.m.r. : 2.44 (s, 3H); 3.98 (AB q : GA = 4,05, GB

7.43 (s, 5H).

in D20 : 2.57 (s, 3H); 4.16 (AB q : &

p = 4013, 85 = 4419, J =138z, 2H) ;

6.53 (m, 5H).

in DMSO—dG‘: 2.45 (s, 3H); 4.00 (AB q : 8, = 3.92, 8
JHz, 2H); 7.16 -(m, SH). |
IR:§5=0 1030 cm '

Benzyl t-butyl Sulfoxide

When 4.42 gm. of benzyl t—butyl sulfide (0.025 moles) were

ox idized with 5.27 gm. of NalOu (0.025 moles), 3.3 gm. (682) of

*
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0 ‘ o N .
sulfoxide, m,p. 74 - 75 (1;-t- m,p. 75 - 76 (96)), were obtained after

recrystallization from CHyCly / Pentdne. This sulfoxide sublimed well
at 700/ 5 microns, B :

mmne s 138 6 SE); 3.70 (4B g : 8y = 3.60, & T 3.81, T = 12.9 Hz,
2H); 7.32. (5,"5}1) _ . .

IR : S=0 1025 ecm

Benzyl Phenyl Sulfoxide

- ' o 0
Available in these laboratories, m,p, 40 - 41 (lit. m,p, 400—
N .
41 (96)).

nom.r. : 4.02 (s, 2H); 7.20 (m, 10H)

{n DMSO-dg : 4.15 (AB q : 8§, = 4.08, &, = 4,25, J = 12.6 Hz, 2H);

7.27 (m, 10H).

Benzyi Ethyl Sulfoxide

6xidation of 5 gm. of sulfide (33 moles) with 7.05 gm. of
NalO, (33 moles) gave 3.62 gm. (64Z) of pure,sulfoxide', m, p. 530— 540'
(lit. m. p. 540- 550 (98)), after sublimation at 500/ 5 microns.
n.m.T. :'1.25 (t, 3B); 2.57 (q, 2H); 3.88 (s, 2H); 7.27 (s, 5H)
in DMSO-de : 1.17 (t, 3H); 2.64 (m, 2H); 3.99 (AB q { 5, = 3.91,
8y = 4.09, J = 13.1, 2H); 7.33 (s, 5H) |

IR:S=0 1025 ecm
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Benzyl i-propyl Sulfoxide

From 8 gm. of sulfoxide (48 moles) and 10.3 gn. of Nalo,
48 moles), 8.65 gm. (98%) of sulfoxide, m.p, 36 - 38 (1it. m.p, 38 - 39
(94)) were obtailned.  This sulfoxide sublimed at_GQol_S'hiérons.
E&&:llew-s=ﬁz3m;L%(&J=§m,wnzﬁsmgmn

3.85 (s, 2H); 7 30 (s, 5H)

-

in DMSO~-dg : 1.18 (d, 6H); 2.78 (m, 1H); 3. 93 (AB q : GA = 3.82;

6, = 4.05, J = 12.7 Bz, 2H); 7.32 (s, 5H).

)

Synthesis of Optically Active Sulfoxdides

The synthesis of optically active sulfoxides was carried
out in two steps: a) Préparation and purification of menthyl

phenylmethane and mgnthylgrtoiuene sulfinates b) Reaction of the

~menthol esters with appropriate Grignard reagents.

d) i) " Preparation of menthyl phenylmethane sulfinate:

Benzenemethane sulfinyl chloride was prepared in 797
yield from benzyl mercaptan according to the method "of Douglass et al
(102). | |

In a round bottom 2 neck flaskeduipped with a nit;qgeﬁ inlet-
outlgt system and auselfécompénqating dropping fumnel, a solution of. -
32.8 gm of the abovg'acid chloride (0.17 moles) in 300 ml. of anhydrous
ether was cooled to - 78o in a dry-ice acetone bath. & solution_of.

23.4 gm of pure l-menthol (0.15 molesl in 60 mi. of 1:1 pyridine/ethef
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L.;was then added droewise? After additionfthe reaction was stirred for | -
30 minutes at - 78 , .then allowed to warm to 0 . The reaction mixture

was then Washed with successive 100 ml. portions of 5% Nazco;, ﬁzo, 2%

HC1, H20. .The ethereal layer wae dried over MgS0, and the ether removed
on a rotary evaperator. The reddish oll obtained erystallizedlin the
refrigerator overnight and the crystals were filtered off and pressed-

_dry with a YParafilm" dam. (A polyethylene type film, manufactured by
thelAmerican Can Co.i. ‘The filtrate was put aside and allowed to isomerize
at room temperature over a period of six months to yield a second crop

of crystals (99). A yield of 32.7 gm (77Z) of crude crystalline material
was obtained. Two recrystallizations from 60" - 80 petroleum ether

(pet. ether) yielded 19 gm of pure white crystals m. p 73.5 - 74.5 ,

[o§+ 125.4 (c = 0.24, EtOH), 1it. m.p. 75.7 - 76. 5 , and lit. [od,* 120

(c = 0.25, EtOH) (96). ‘ | P \_\

11) Preparation of menthyl p—toluene sulfinate - ' ' ‘\\
. \\\
p-Toluene sulfinic acid was obtained in 957 yileld from p- \\\\\\
toluene sulfonyl chloride by reduction with NapS03; and subsequent treat-

ment with acid (lOl). The sulfinic acid (0.38 mmoles) was then refluxed
with 40 ml. of SOCl, (0.56 moles) for 40 minutes, then the excess SO0Cl2
distilled off. The resulting crude acid chioride was dissolved in 800

ml. of anhydrqus-ether and cqoled to - 78 in a flask equipped as described

above. To this solution was added-dropwieeta mixture of 33 gm of l-menthol
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| {0.22 moles} inl90 mi of 1:} ether/pyridine. The reaction mixture was

kept for 2 hours at - 780, then warmed to‘do end worked up as above. ‘ \\\\\
The thick orange oil'obtained cryatallized overnight at rooo temperature

and the crystals,filtered off and.pressed dry with a "Parafilm" damn,

The filtrate isomerized in 8 weeks at room temperature to gilve a second

crop of crystals .(99). After 3 recrystallizations from GOSSJ)pet. ether,

28.3 gm (50%) of pure white crystals, m.p. 105—106? Eyqi 192 (c = 2.8, ST
acetone), _lit.. Mo 106—10.7Oand lic. E’qb— 199 (¢ = 1, acetone) (6), " |

were obtained.\: A

b) Reaction of Medthyl Sulfinate Esters with Grignard Reagents

" General Procedure

The appropriate Grignard reagent (1'- 1.5 equivalents (eq )
in dilute'solutiod in ether or T.H.F. (<0.5M) was slowly added to a
solution of 1 eq. of the menthyi'sulfinate ester dissolved in dn§ ether.
or T.H.F.: After additioo, the reaction mixture was stirred for 15 to
'_30 minutes, then 20 ml of saturated NHqu solutlon was added to
hydrolyse the unreacted Grignard. The total reaction mixture was then
poured into 100 ml. of H20 and the organic layer separated. The aqueous

~

lafer was saturated with NaCl and extracred‘with CH,Clz. The combined EN
organic fractions were dried over MgSO, and the solvenﬁ.removed on the

rotary‘evaporator. The colourless oil- thus obtained was washed with

pentane to remove the menthol present and the crude sulfoxide was . purified



by crystallization, distiilétion or sublimation,

Benzyl Methyl Sulfoxide: -

From 13 mmoles of menthyl.phénylmethane sulfinate,Eﬂgg'

125.4, and 30 mmoles of CHyMgBr, 1.38 gm (66Z) of pure sulfoxide,
g o P ‘
fpﬂ; 97.7 (c = 0.7, EtOH), m.p. 52-53, lit. m.p. 53-54 (96), 1it.

. E?i"‘ 96 (51), were obtained after sublimation.

Benzyl t—butyl Sulfoxide:

When 3 gm. of menthyl phenylmethane sulfinate (10 4 mmoles),
ED%%; 123 (C = 0.24, EtOH) and 5.4 ml., of 2M t-BuMgCl (ll moles) were

reacted, 363 mgm (18%) of pure sulfoxide, [od,+ 280 (c = 0.26, Etom),

0 "]
m.p. 74-75, 1lit. Ng 281 (EtOH) (51) and 1lit. m.p. 75-76.(96), were -

obtained.

Benzyl Fhenyl Sulfoxide:

Menthyl phenylmethane sulfinate (10 mmoles) , E}{k, 123
(c = 0.24, EtOH), and PhMgBr (27 mmoles) yielded 1.26 gm (54%) of pufe'*
0
sulfoxide, Eaﬁb+ 253 (c = 0.58, acetonme), m.p. 40-41, 11:.&:{1; 254

o
(acetone), and 1lit. m.p. 40-41 (96)).

R;folyl Ethyl Sulfoxide:
| From 17 mmoles of menyhyl Effoluene sulfinate,E:(k;lIQZ

(c'= 2,8, acetone) and 32 imoles of EtMgBr i£ T.H.F., 890 mgm (53%) .of -

thé‘desired sulfoxide, E>q3'187 (¢ =‘1.66; CHCl3), 11t'E?ﬂﬁ+.187‘5

(acetone)r(ﬁ), were obtained. 4

e
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‘A competing reaction producing diethyl sElfoxide was noted

in this case. This latter product could be sep ed from the'desired
sulforide by distillation under reduced pressure or chromatography on
msilica gel using ethyl Ecetate as. solvent. . The identity of this product

was confirmed by comparison of its spectral properties, IR and n.m. X,

spectra, with those,obtained from aneo igi‘al.sample.— The amount obtained;

ot this undesired product_varied with th tine'of‘reaction but not
significantly with the concentration of- initial reactants 1t the
reaction was allowed to proceed 20 minutes ‘after the addition of Grignard
was completed lOZ of the total sulfoxides recovered was diethyl
sulfoxide,. After 30 minutes, 207 of recovered sulfoxides and after

45 minutes SSZ'of recovered sulfoxideswmre diethyl sulfoxide. The.overall‘

yields of products based on starting ester remained constant (L.e. between
60 to 65Z). This product presumably arises from a dispiacement of the
p;tolyl group on the originally formed pftolyl ethyl sulfoxide and is -
similar to'that reported for alkyllithiums (Chapter 2),. Further work i

in this area is in progress in these laboratories.

ulfoxide Carbanion Reactions . ' Co “"7”

General Procedure

One equivalent of. sulfoxide* was dilssolved in 35 ml. of dry

* , . :
The carbanion reactions were generally carr£¥d out on a 1 to 2 milli-

k W
mole scale. The sulfoxides were always freshiy distilled or sublimed

Yol

before use to remove adsorbed water. . \ L
I\



130 " g

T;HLF.*=in a 50 ml. 2 neck f%égg equipped with a nitrogen inlet—outiet
system'hnd a rubber éceptuﬁ. 'The solution was then’cooled to - 60t?in
a dry-ice acetone bath and sti;iédlrépidlj,with‘g.magnetic stirrer. -
To this c&oléd sqlutioﬁ.ﬁés added via the gceptﬁﬁ-the appropiiate< 

alkyllithium (l.leq.) (e.g. either CH3Li, 1.6M in ether, or n-BuLi, 1.6M

in hexane). The reaction mixture was stirred for 1 minute at - 6022

-

then an excess of the approprisate electrophile (10 eq. or more) was
added with rapid stirring. After 1 minute the entire contents of ' the

reicti&n véssel vere poured into 150 ml. of H,0.saturated with NacCl.
Th% aqueous miiturewwas extracted with SlX 40 ml. of CH,Cls, the
co%Binea extracts dried o%er MgSOu, and tﬁe solvent removed on>a ;btary

evaporator. THe products-(gegeréll§‘>'952‘pureFby n.m.r,) were analysed

directly; theylcould subsequently fe purifie& by recrystéll}zation. | . u__ -) JIT;

chromatography or distillationm. —_— e N ; I

Re%Ltions of ©{- Lithiobenzyl Methyl_sﬁlfoxide
- With D20’
.~ A solution ofi-1.3 mmoles of lithio Sulfoxide was quenched

- with l.m;. of D20 (50 mmoles) to give 185 mgm {(9272) of X~ deuteriobenzyl-

o
i

T Dry T.H.F. was obtained by distillation of reagent grade TfH.F. from

o~

LiAlH, under a nitrogen atmosphere immediate;y prior to its use.

¢

(4]
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methyl sulfoxide (957 d-ineorporation as measured by mass specrrometry
, was generaglly achieved). - N.m.r. analysis in DMSO-d¢ showed.that the
high field benzylic proton (pro S, sulfur chirality 5) was replaced pre-
ferentially to the low field one in a ratio of 15.5:1;l'Identical ratios

- were obtained when DCL or acetic acid-0-d were used to quench the reaction.

- With CH3I or CHsBr . EEN

From”l'95 ,moles of lithio salt and 2 ml. of methyl fodide
(N 20 mmoles), 313 mgm (967) of colourless oll were obtained Analysis
of this 0il by n.m.rt. showed it.was > 95% pure ol- methylbenzyl methyl:
sulfoxide and integrationiof the sulfur methyl signals gaVe a diastereomer
nroduct"ratio of-}&.S:%. When CH3Br was used an 80% Yield of product was
obtained and the diastereomer ratio was'15:1. n.m.r.: 1:71 d, J = -~
7.4 Hz, SH); 2.16 (s, 3H) (maﬁor isomer); 2.27 (s, 3H) (minor isomer),
3.81 (q, J = 7.4 Hz, 1H); 7.32 (m, 5H). ;3;1 s=o 1010cm

Tl

- With Acetone .

1

When 5.7 mnoles of lithio sulfoxidé were reacted with 50
mmoles of acetone, 1.14 g (942) of a colourless oil were obtained. This"
oil > 95% pure methyl l—phenyl—Z—hydroxy—Z—methyl—propyl sulfoxide con1
sisted of 2 14.9:1 mixture of two diastereomers . This ratio was

obtained by integration of the two methine signals of the diastereomers

s
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—

n‘-rﬁ-r-= 'major‘iSOmer- 1.07 (s, 3H); 1.64 (s, 3H); 2.37 (s, 3H); 3.94

(s, 1H) 5.22 (s, 1H) (0H); 7.32 (m, 5H).

minor isomer: 1.21 (s, 3H); 1.62 (s, 3H); 2.09 (s, 3H) 3.22 (s, lH),

LS

~.3.90 (s, 1H) (OH); 7.40 (m, 5H).
.25: major isomer  5=0 1005 cm™?

minor isomer  8=0 1015 cm *

- With 3-bromo l-butene*

From 1.3 mmoles of carbanion and 15 mmoles of 3-bromo l-butene,
238 'mg;ln (88%) of methyl-l—phenytl—3—penteny1 Sulfoxide were 6btained.

' This product' is a colourless oil. Integration of t:he two sulfur methyl
groups indicated that the ratio of diastereomers was 14- 15 1

H.M.T. ¢ 1.64 (m, 3H); 2.11 (&, 3H) (major isomer); 2.26 (d, 3H) (minor

e

{somer); 2.90 (m, 2H); 3.47 (d, J = 6Hz) * 3.57 (4, J = 6Hz) (1W); 5.51

(m, ZH) 7.33 (m, 5H)

IR: s—o 1015 cm™?

- With Allyl Bromide

_ When 1.3 mmoles-of the 1ithio salt were reacted with 15 mmoles

of allyl .bromide, 231 mgm'-\(Q?.Z) of methyl l—phenyl—B—bt:_lt:enyl sulfoxide

See Footnote page 32.
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(> 95% pure by n:m.r.)vmne obtain;d.; This preoduct Qas a colourless

oil. Using the sulfu; methyl group as probe the diastereoper rati;

wag found to be 14-15:1. This qompound was then further purified-byl

chromatography on silica gel-using ether a; solvent. The spectral

properiies.pf the chramatographed product were identical with the crude

product. n.m.r.: 2.12 (s, 3H) (major isomer);.2.28 (s, 3H) (minor
—_— 0 :

isome;); 2.93 (m, 2H); 3.52 (d, J = 6.2 Hz) + 3.&2_(d, J = 6.2 Hz) (1H);

5.10 (m, 2H); 5.76 (m, 1H); 7.34 (m, 5H). IR: §=0 1015 cm’

~

Effect -of Temperature on the Reactions of ¢~ Lithiobenzyl Methyl

sulfoxide | T | o
o o . | : . : § 'L\
- With D20 at — 20 ~ \ 5

When the lithio sulfoxide was generated and quenched as-ébqye
- HE

. - - fa) 4§ s,
with D,0, the only difference being the reaction temperature, chOTla

91% yield of a 12.4:1 miktu;e_g#‘d;astereomers was obtained.
‘ o -
- = With Do0 at 24

. ‘.,' o )
< When the carbanion was guenched at 24 an 887 yleld of a

7.7:1 mixture of diastereomers was obtained.

Effect of Solvent on the Reactions of<>(-Lithiobenz§l Methyl Sulfoxide

’ o
- With DC1 in DMSO at - 24
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. When 1.3 mmoles of benzyl methyl sulfoxide-were feacted - ‘ .f;..
with 1.4 mmolee of CH3Li in 10 ml. of DMSO (freshly distilled from
.‘CaHz before use) at 24 and the resulting carbanion quenched with 2 ml.
of 6N DC1, 150 mgm (75Z) of monodeuterated ‘sulfoxide were obtained. N.m.r.

analysis in DMSO- dg showed that the low field benzylic proton (pro R,

sulfur chirality S) was replaced preferentially by a factor of 1.7:1. ﬁgfi:.
When D,0 was used to quench the reaction, varlable diastereower ratios . ;h, fj
. were obtainéd.' RN
s *

% -

o -
- With Acetic Acid-0-d in Benzene at 24

When 1.3 mmoles of benzyl methyl sulfoxide were reacted
with 1.4 mmoles of CH3Li in 35 ml. of dry benzene (freshly distilled)

o :
at 24 and the lithio salt quenched with acetic acid-0-d, 160 mgm (807%)

of monodeuterated sulfoxide were obtained (> 957 pure by n.m.r.).
N.m.r. analysis in DMSO—ds showed that the pro S (sulfur chirality §)

(high field). proton was replaced preferentially by a factor of 9.1:1.

Decomposition Reaction of ©<¢~- Lithiobenzyl Methyl Sulfoxide

The lithio salt of benzyl methyi-sulfoxide was generated in
T.H.F. at f-ﬁoo, then allowed to warm to room temperature, 24 , over
one half ﬁour and then quenched with H20. N.m.T. analysis of the product
indicated the presence of 50% regeﬁerated benzyl methyl sulfoxide.and

507 other maferials. Chromatography on sillca gel using 6:1 Ether/CH30H
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as solvent yielded pure benzyl mefhyl sulfoxided (slowest fraction)
and a mixtﬁre of other éroducts (fastgst fractiéns) whose épectrai
properties are giéen in Chapter 2, ﬁhen the carbanion was generated
and kePt at:— 60o for 4 hoﬁrs before being quenched.with H,0, an

identical mixture of starting sulfoxide and decomposition products was

obtained as above.

Displacement Reaction at Sulfur in Benzyl Methyl Sulfoxide

When n-Buli was used to generate .the carbanion instead of
‘CH3Li and the éérbanion quénched with H20, a mixture of two products
was obtailned (T.L.C.,‘p.m.r;). One set of peaks cpmprising of about
60% of the $ixtufe (n.m.r.} correspanded té startiné sulfoxide, tﬁe
other peaks‘at 0.7-2.0 and 2.2-3.0 ppm were attributed to the presence
.of 407 ﬁethyl Efbutyl sulfoxide. This assignment was ﬁadé'by qoﬁparisqp
of the spectral Propefties of this product with those of an ériginal

sample. An independent study has since confirmed this assignment (24b).

‘Réactiong of - Lithiobenzyl Ersutyl Sulfoxide
“=-Hith D;0 - ' |
| From 5.1 mmoles Oé,lithio sulfoxide-and iOO'mmoles of D30
(2 ml.), %44 mgm (94%) of X - deuteriobeﬁzyl E}butyl sulfoxide were
obtained (> QSleure by n.m.r}d. The deuterium incorporation was

-, > 957 by ﬁass sﬁectrometry. Analysis of the product by n.m.r. Indicated
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that the high field benzylic proton (pro R for sulfur chirality R) was
exchaﬁged preferentiaily; no exchange of the low field proton would

be detected. The diastereomer ratio was estimated to be > 99:1.

~ With CH3I . -
'thn‘2:6 mmoles of the lithio salt was reacted with 20 mmoles

Al

(2 ml.) oﬁ CHal, 505 mgm (95%) of oX- methylben;}l t-butyl sulfoxide
(> 95% pure, n.m.xr.) wvere obtained. N.m.r. aﬁglysis reveaied the
_presenée of oniy one diastereomer. After sublimation, the product
sulfoxidé, a white crystalline material ﬂad m.p. 45—470.

nomr.: 1.12 (s, 9H); 1.63 (d, J = 7.2 Hz, 3H); 3.88 (q, J = 7.2 He,

1H); 7.30 (m, 5H) IR: =0 1025 cm !

Reactions of ©<¢- Lithiobenzyl Phenyl Sulfoxide

- With D,0 ' . S
When 1.4 ﬁmolgs of the 1lithio sulfoxilde were ¥éacted ﬁith

50 mmoles of D20, 1 ml., 273 mgm (917) of.cx:— deuteriobenzyl phenyl

gulfoxide were thained.' N.m.r. aﬁalyéis in DMSO-dg showed that the

high field benzylic proton was preferentially replaced by a factor of

1.5:1. | | L
When the 1ithio salt was quenched with H20, an n.m.r: analysis

of the total products recovered Bhowed peaks corresponding to those of

phenyl methyl sulfoxide. These peaks corresponded to about 27 of the
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" recovered sulfoxides. An independent study has confirmed this

obseréation (24b).

- With CH;I

- When -the carbanion'generated from 200 mgm of sulfoxide (0.93
mmoles) was quenched with 1 ml. of CH3;I (10 mmoles) a J/947 yield of a
mixture of the two diastereomers of a(-nmthylbenzyl phenyl sulfoxide
was obtained. The diastereomer product ratio, 1.53:1, was measured by
n.m.r. integrg;ion of the_Fwo ne;hine quartets in CCly (87) and;of the
ﬁethyl doublets in CDClg. The isomers could be separated by chfométo—

graphy on silicla gel.

n.m.r.: major isomers: 1.58 (d, J =7 Hz, 3H); '4.00 (g, J = 7 Hz, 1H);

7.21 (m, 10H). minor isomer: 1.68 (d, J = 7.3 Hz, 3H); 3.85 (q,

= 7.3 Hz, 1H); 7.26 .(m, 10H) . in CCly: (See ref. 91).

Deuteration of Benzyl Ethyl Sulfoxide

When 200 mém of benzyi ethyl sulfoxide (1.2 mmoles) were
treated with CH;Li (13.mm61es) followed by 1 ml. of D20 (50 mmoles) as
described-above, 197 mgm (98%) of monodeuterated sulfoxide were obtained.
* N.m.r. analysis of the product in DMSOfds showed that the highfield

benzylic proton had exchaﬁged bréferentially by a factor 9.9:1.

&

en
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,Deuteration'of‘Benzyl’ifpropyl-Sulfoxide

When 200 mgnm of benzyl i-propyl sulfoxide (1.1 mmoles) were

reacted with® CH3Li (1.2 mmoles), and the resu]ting carbanion trapped
“with D,0, a 90% yield (180 mgm) of monodeuterated sulfoxide was
obtained. Analysis by n.m.r. in DMSO-d% showed that the high field

benzylic proton was preferentially replaced by a factor of 13.1:1.

Proof of .Structure of Hydroxyalkylation Adducts of Benzyl Methyl

Sulfoxide With Acetone

The gross structures of the two diastereomers obtained from

_the reaction of ©¢~ lithiobenzyl methyl sulfoxide with acetone were

determined by the sequence of‘reactidns depicted in Scheme 4.

"‘

Potassium methyl ;hiolaﬁé (23.5 mmoles) was prepared by ?f

‘bubbling CH3SH slowly through a sointion of 1{35-gm. (23.5 mmoles) of

KOH in 150 ml. of CH3iOH for 3 houri To this solution was added 3.95 gm -
of c(-chlorobenzéi methyl ketone (23.5 mmeoles) and the mixture stirred
for 8 hours in a closed vessel. Unreacted CH38H was allowed to evaporate
overﬁight and the reaction mixture poured into 200 ml. of H20, The
aqueous mixture waé ex;racted with CHZQIZ, the extracts dried over MgSOu
and the solvent evéporated én'é rotary evaporator to yleld a yellow oil.
This ©il was distilled at reduced pressure, 75310.25 mm, to give 3.6 gm

(85%) of o<~ mercaptomethylbenzyl methyl ketone.

b



139

nam.r.: 1,99 (s, 3H); 2.12 (s, 3H); 4.56 (s, 1H); 7.30 (s, 5H).

The above keto sulfide, 474 gm (26.2 mmoles), was dissolved

in 40 ml. of anhydrous ether and cooled to 0 C in a flask equiﬁped with .
a nltrogen inlet—outlef sfstem and a selfcompensating dropﬁing funnél.
A solution of CH3MgBr (52.5 mmoies) in ether was sléﬁly added to the
above solution. After é.hours, 25 ml.. of Hy0 wer; added, followed by
just enough éN HCl to dissolve the Mg(Osz preciﬁitatéiformed. Thé
organic phase was separated off and the-aqueous one extracted with ether.
The ' combined oréénic fractions were dried over Mg50, and the ether
rembﬁed o; a rotary evaporato?.l The crude product was distilled at

88./0.25 m. to yield 4.90 gm (95%) of methyl l-phenyl-2-hydroxyl-2-
methylpropyl sulfide. n.m.r.: 1.22 (s, 6H); 1.90 (s,‘3H); 2.50 |

|

(s, 1H) (OH); 3.75 (s, 1H); 7.37 (m, SH).

The hydroxy éulfide from'abOQe, 1 gm (5.1 mpoles), was oxidized -
to sulfoxide using NaIOu (5.1 mmoles) as described previously to yield
1 gm (95%) of a mixture of two diastereomeric sulfoxidég>(m 50:50 by
n.m.r.) - The mixture was chromatographed on silica gel using 2:1
Ether/Pentane as solvent; the faster moving fraction corresponded to
the major lsomer from the carbanion reaction, the sléwer fraction to

the minor product (see above for spectral properties).
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Inversion -of Configuration at Sulfur in c:(-'ﬂethylbenzyl't—butzl

sulfoxide (29)..

ol - Methylbenzyl.gfbutyl sulfbxide, 505 mgm (2.4 mmoles),
obtained by alkylation of benzyl t-butyl sulfoxide (see above), was
dissolved in 4 ml. of CHC1; whish_had been purified by filtratiod
through a silica gel column. To thiS'solution was added 0.41 gm of
CF3-S03-CH; (2.5 mmoles) After 3 minutes, 20 ml. of 2N KOH was added.
'The agqueous phase was extracted with 4 X 20 ml. of CHzclz, the extracts
dried over MgSO, and the solvent removed onarofary evapprator to give
461 mgm (92%) oﬁ'a mixture of two diasteredmeric‘sulfoxides. The
ﬁixture was separated on preparative‘T.L.C. ﬁiates usiné?3;l eEher/
pentane as solvent. The‘faster'mdving fraction was a new isomer, the
slower moving fraction was identical with starting material (carbanion
reaction isomer). n.m.T.: (carbanioﬁ reaction isomer): 1.12 (s, 9H);
1.63 (d, J = 7.2 Hz, 38); 3.88 (q, J =.7.2 Hz, lH) 7.30 (m, 5H).

(new isomer): 1.09 (s, 9W); 1.72 (d, J = 7.2 Hz, 3H); 3. 82 {q;, J = 7.4

Hz, 1H); 7.33 (m,-5H). IR: 5=0 1025 .cm ' (both :{:somers)

Oxidation of Sulfides and Sulfoxides'to‘Sulfobes

General Procedure:

The sulfide, 1 eq., was dissolved in 30 ml. of CHsClz, to
which was added MPBA, 3-4 eq. The reaqtioﬁ mixture was:then either

allowed to stand overndght at room temperature or refluxed for 2 hours.
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The reaction mixture was then washed with successive portions of 10%
NasS0Qa, 107% NaHCOa, H20 and the organic phase dried over MgSO,. The

solvent was removed on a rotary evaporator and the sulfones obtatned

were purified by recrystallization.
The procedure for the oxidation of"sﬁlfoxides to sulfones

is identical except that only 1.5 — 2.0 equivalents of MPBA per

equivalent of sulfoxide were used

Reduction of. Sulfoxides to Sulfide (53)

General Procedure:

The sulfoxide, 1 eq;, was dissolved in-14 mi. of 2.5:1
, , 0 - ' ' ' . |
CH;CN/DMF ateQ ., To this solution was added 1.1 eq. of SnClz,2Hz0

o
‘

and 3 edf#df'scetyl chlo%ide The reaction mixture was stirred for 1

hour at 0 1 hour at room temperature before being poured into 150 ml.

"

of HZO. The aqueous mixture was extracted with CH2C12, the extracts Sy

J'

washed with successive portion of 3Z HC1, 5% NaHCOa, H20, and then dried

over MgSOe. The solvent was removed on a rOtary evaporator and the

'

raﬁduedissolved'in"20—30 mlp of'6:l.pentane/ether. This solution wes'

~,

"washed with HgO to Tremove residual traces of DMF. The organic phase'

[

. was dried over MgSOu and the solvent evaporated. The crude sulfide

ﬁthus obtsined was purified either'by'chromatography or distillation

.‘u
v

v
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_Stereochemistry of Sulfoxide Carbanion Reactions

—~

The stereochémlstry of the sulfoxide carbanion reactions was

determined by quenching the carbanions of sulfoxides of known con~ '

figuration at sulfur with various electrophiles. The product sulfoxides
were then oxidized or reduced to sulfones or sulfides and the rotations N

- of these compounds compared to those of sulfones -ox sulfides having

" known configuration at carbon.

The general procedures for the carbanion, reduction and’
oxidation reactions “have all been given above. The results for each
sulfokioe and the details for the synthesis of compounds of known con-

.figuration at carbon fo}lows.

- . . a
- . v .

Deuteration of (s) - Benzyl Methyl Sulfoxide

@y

(S)-Benzyl methyl sulfoxide, Eﬂi; 97.7 {c = 0.7, EtOH),
was deuterateolas described above to glve ol - deuteriobenzyl methyl
sulfoxide,.l'S><:'lb+ 92 (c = 0.72, Eton)‘\in'sezﬁem. e

N\

Oxidation of O%- euteriobenzyl Methyl Sulfoxide

‘ When a portion of the above ol- deuterate sulfoxide was
oxtdized with MPBA, (S) - cwi- deuteriobenzyl methyl sulfone,ED{L 0.9
(c = 1.15, CHCl3), m.p. 124-125 was cbtained in 85% yield (1it. 45

0.6 (c¢= 6, CHC13) (9a), lit. m.p. (Ph-CH,~S02-CH3) 125- 126 (104)) .
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nem.r.: 2.73 (s, 3H); 4.23 (bs = 1H); 7.40 (s, SH) -

IR: S0, 1140 cu”! and 1300 cu

Re.c.luction of O(—_ ‘Deuéeriober;zylrl'iethyl Suifoxide

A-port_ion of 'the o~ deuteriobenzyl méthyll‘sulfoxide fro
" above was reduc:.éd to (§) ;_- O<'—deu£eriobenzyl met:hyi sulfide, qug 0.4
(c = 11.5, CHCLs), lit. [d,+ 0.73 (c = 12, EtOH) (9a) in 83% yield.

n.mor.: 1.94 (s, 3H); 3.62 (bs, 1H); 7.27 (s, 5H).

Methylatioh of (é) - Benzyl Methyl Sulfoxide and Oxidation of Product

(S) - Benzyl methyl sulfoxide,[od}* 97.7 (¢ = 0.7, Eton),

was methylated in 887 yield to ‘give o{ - methylbenzyl methyl sulfoxidé,

3= 6.1 (c = 0.6, EeOH): + -

!
. Oxida.tion‘ of th'i; sulfoxide with excess MPBA gave a quanti-

tative yield of.white crystaliin.e ol - methylbenzyl methyl sulfome, ‘,

. mPp. 108-—110? + 24;7 (c = 7, EtO}i). The’ sulfpné was recryqtéliiéed

to constant rotaltion from ethex — CHzCl:/pentane. | “

n.m.r.: 2.80 (4, J= 7 Hz, 3H); .2.52 (s) (ﬁ%nor isomer) * 2.63 (s).

(major isomer) (3H);‘,4.23 I(q.,. J = 7 Hz, 1H); 7.46 (s, S5H) SN

“IR: so, 1135 em~! and 1305 cm™
w:":' - : )
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Synthesis of (R) - oo - Methylbenzyl Methyl Sulfone -

(R) —cx{— Methylbenzyl methyl- sulfone was synthesized from

(S) o(— phenethyl alcohol as shown in Scheme 17.

; ' (E)-—O(—Phenethyl aicohpl,[oz_t)— 43.2 (neet) (99% pure) (54},
0.5 ml. (4.18 mmoles), and 0.8 gm of C><— toluenesulfonyl-chloride.‘ '

(4.1 mmoles) were dissolved-in 20 ml., of" CHzClz and ‘the mixture cooled

N ¢
to 0. To this mixture was added all at once 0.65 ml. of (Et)aN (4 6

mmoles). The reéaction mixture was poured . into ice wat:j))the organic layer

. separated off and the aqueous layer extracted with eth The combined

|

\ organic fractions were dried over MgSO, and the solvent removed under
(/]

, vacuum at 15 (if a much higher temperature was used the product de—

composed). The resultant phenylmethanesulfonate, 4 white crystalline

solld, decomposed rapidly if allowed to etand-at‘#oom temperature for
o I :

- ) . | 1
a few minutes. It was therefore not characterized but employed
' . \ ,

: , ' |

immediately in the next.step of the synthesis. |
. B
. |
The phenylmethanesulfonate was dissolv%d in 5 ml. of CH30H-
Y
o _—
-~ and added to a solution of CH3SK (43 mmoles) coo%ed to - 50 . The

CH35K solution was prepared by slowly bubbling C?asH gas through a

: l
solutigp,e£\5§? (43 moles) in 25 ml. of CH30H. Fhe reaction mixture u

was allowed to/ warm to room temperature, then iﬁ was poured into 150 ml.

of H,0. The aqueous mixture was extracted with‘CHzclz, the extracts B N

|



E3<h~ 121 (c = I.SQ/CHC13); were obtainéd.
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‘._.. . *
: | RN

washed with 5% KOH and H20 before being dried over‘MgSOq. The solvent

‘ was removed on a rotary evaporator to give a clear oil which after

!

chromatography on silica gel (pentane as solvent) yielded 150 mgm (247)
of pure coloorless gz(: metﬁylbenzyl methyl sulfide,E3€L+ 168 (c = OiS,'
Eth). . - m.m.r.: 1.50 (d, J = 7 Hz, 3H); 2.87 (s, -3H); 3.83 (q, '

7 Hz, 1H); 7.27 (s, 3H). ‘ |

i N

The sulfide {0.98 mmoles) was oxidized using 600 mgm of MPBA

(85%, 3 mmoles) to yield 125 mgm (73?) of pure white cr?EE;IEE;;’—ﬂ

“(R)- Cﬂ&—methylbenzyl methyl sulfone, m.p. 111~ 112 + 30,9 (c = 0.84,

'EtOH), after 2 recrystallization from ether - CHgClz/pentane Its

.

spectrﬁ& properties were identical to the sulfone obtained via the

-
LY

carbanion route.

Analzsis:‘ - ) . ‘ .

n

Calculated: C = 58.69, H = 6,57

Found: _° C = 58,89, H = 6.63 - o . )

Hyﬂrox%alkylation of (S)-Benzyl Methyl Sulfoxide and Oxidation of the

Product to Sulfone . . L - ' L ey

When 200 mgm of (S)—benzyl me thyl sulfoxide;:E>{L;-97.7
(c 0 7 EtOH) (1 3 mmoles), were metallated and quenched with acetone,

230 mgm (85%) of methyl l—phenyl -2 hydroxy—Z—methylpropyl sulfoxide,

P

J ~
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The product sulfoxide (1.1 mmoies)'was oxidized with MPBA
. 4 ' )
(1.7 mmoles) to give.176 mgm (7lzlﬁof pure methyl 1—pheny1—2—ﬁydroxy4
2—methylpropyl'9u}fone, Ebéi; 45,6 (c = 1.95, EtOH), m.p.(120—121? after ’
3 recrystallizations from CHzClzlientane. 7 |
n.m.r.d 1}302(5, 3H); 1.47 (s, 3H); 2.66 (s, 3H); 3.87 (bs, 1H) (OH);
4.6 (s, 1; 7. 43 (m, S5H). o

—

IR: SO * 1300 em™! and 1120 em”'; ' ‘OH 3500 cm !

Analisis:

Calculated: € =57.88; H= 7.07, § = 14.02

"Found: . C=57.91, H=7.07, S = 14,08

Wnthesi&f R) ~ Methyl l—Phenyl—Z Hydroxy 2—Methylpropy1 Sulfone . -

E

- / '
— () - Mandelic acid, 20 gm (130 mmoles), E@%{ 147 (¢ = 2, E’j

H,0) (947 pure), was refluxed overnight in 100 ml. of 10:1 CH30H/H, S0y

An outline of the synthesis is given in Scheme 18.

(conc ). The volume of sclvent was halved by evaporation under vacuum

and therrema;ning solution poured into 200 ml. of Hp0. The aqueous
. mixture was, extracted with 6 -X 25 ml. of CH2Cl2 and the,extracts washed

with successive 50 mli. portions of K2C03 (saturated solution) and H,0

" before being dried over_Mg8041 The solvent was evaporated off on a
o

rotary. evaporator to gilve 18 4 gm (84?) of methyl mandelate, m.P. 52j53,

[od,r 172 (¢ ="1.1, cuc13) Lit. m.p. 55-55.4 (99), lit.[od]- 167 (CHCLS)

¢

for (R) - methyl mandelate.



147

The methyl ﬁandelate, i5 gm (90 mmoles) and meehene suifonyi
chloride, 10.34 ‘gm (99 mmoles) were reacﬁed with (Et)sN (110 mmoles)
‘.in CH2C12 aceording to the method of King and Durst (55) to give 21.7 gm |

(901) of the mesylate of methyl mandelate. After 2 recrystallizations-‘
from CHZCIZ/pentanerhis material had m.p. 112-113 andle{l+ 109 (c =
1.7, CHCla). / n.m.r.: 3.06 (s, 3H); 3.73 (s, 3H); 5.97 (s, 1H);
7.43 (s, SH). | . B |

Rt C=0 17557'; 0-80, 1350 and 1170 cm |

r

Analysis:

" Calculated: C = 49,18, H = 4.95, § = 13.10

Found: C =.49.35, H = 4.90, §'= 13.10

To a solution of CHsSK (20.5 mmoles) in 150 ml. of CH;0H,
piﬁpared as desc?ibed ebdve, was added a soluFion of 5 gm of the
mesilate of methyl mandelate (20.5 mmoles) in 15 ml. of CH3OH. The
reaction mixture was allowed to stand overnight; then it was poured
into H;0. The aqueous mixture was extracted with CH2Clz, and the
extracts washed with Hzo before being dried over MgS0y. The solvent
was removed on a rotary evaporator. to yield 3.78 gnm (947) of a clear
yeilow oil which wa5‘chromatographed on silica gel (4:1 petroleum ether

/ether as solvent) to give pure sulfide (Ph—?H—COz—Cﬁg),E>q5 67.6
" 5-CHj
(¢ = 1.7, CHCls). |
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. pim.r.: 2.03 (s, 3E); 3.70 (s, 3H); 4.50:(s, 1H); 7.33 (m, 5H).-

The above sulfide,.l_gm (5 mmoles) was added Lo an excess

of CH3Mgl (21.6 mmoles) in ether and the reactien mixture refluxed

for 1 hour. A saturated solution of Nqul 30 ml. was then added and
the precipitate formed was filtered off and washed with ether " The
aqueous layer was extracted with ether and the combined ether fractions
dried over MgSOy. Aftef evaporatien of.the ether, 729 mgm (737) of
crude methyl l—phenyl—Z-ﬁydroxy;ZQmethylpfopyl sulfide was'obteined;

It was'purified by chromatography on silica gel to'give pure sulfide,
oZ]D 136.1 (e = 2.45, CHCl3).

nm.r.: 1.22 (s, 6H); 1.90 (s, 3H); 2 37 {bs, 1H) (OH) 3. 75 (s, 1H);

7.37 (m, 5H).

When 150 mgm of this sulfide (0.77 mmoles) was oxidized
with MPBA (2.3 mmoles), 135 mgm of pure sulfone, m.p. 119 121, E:qo 41.1
(c = 1.77, EtOH) was obtained after 3 recrystallizations from ether—
CH,Cl,/pentane. 1Its éeectral properties were identical to those of the

sulfone obtained from the carbenion route.

Deuteration of (R) - Benzyl t-Butyl Sulfoxide and Oxidation of The Product

To o — Deuteriobenzyl t-Butyl Sulfone

¢

' (®) - Benzyl t-butyl sulfoxide (1.35 mmoles), o4+ 167
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(c = 0.7, EtOH) (60% optically pure), was metallated and qqenched with
D20 (50 mmoles) in the usual fgshion.‘ Thé product. was oxidized with

sulfone, m.p;-125—126{"1 t. m.p. 126-127 (benzyl t-butyl sulfone) (L0%) 5~

MPRA (2.8 mmoles) to givg 250 mgm (877) of ©¢ - deuteriobenzyl Efbutyi

EDZL+ 0.6 (C =. 14,5, CH, Cl;) after recnystallization from CHzCl; - ether
/pentane.’ N.m.r. analysis indicated > 95% deuterium incorporation.
nomr.: 1.42 (s, 9H); 4.10 (bs, 1H); 7.33 (bs, 5H).

IR: SO 1120 cm ' and 1300 cm

Synthesis of (R) -©OK- Deuteriobenzyl t-Butyl s¥1f one

(§)-o{ ~Deuteriobenzyl alcohol (optical purity ~ 307) was.
. pfgpared by the method of Wolfe ;nd Rauk (58, 9a) (i.g,'reduction of
berizaldihyde wiFh diisopinocampheyldeuterioborane prepareq from (-)
;ﬁinene tEﬂq5483 neat) and deuteriodiborane).

The above alcohol, 1.25 gm (11.5 mmoles) and o - (rﬁ\

tolu;nesulfonyl chloride (11.5 mmoles) were reacted wiéh (Et)sN (11.8
mmoles) according to the metﬂbd of King and Durst. (55) to give 1.75 gm_
(647) of white érystglline ol - deu£erioﬁenzyl phenylmethanesulfonate
after crystallizafion'from CH2Clz/penténe.

nom.z.: 4.3 (bs, 1H); 4.87 (s, 2H); 7.43 (m,.loﬂ).

IR: 0-50: 1165 cm~! and 1350 cm"l"‘
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To a solufion of potassium t-butyl thiolaté'(6.7 ﬁmoles),
prepared from 5 gm of KOH (90 mmoles) and t-BuSH (6.7 mmoles) in 50 ml.
of CH30H, was added a solutlon of 910 mgm of o(-deuteriobenzyl
phenylmethanesulfonate (3.5 mmoles) in 10 ml of CH30H The reaction
mixture was allowed to stand overnight, and then was poured into 200 ml.
of H,0.- The aqueous mixture was extracted with CHzCl, and the extracts
washed with 107 KOH and H,0 before being dried over MgSO. Thé solvent
. was evaporated to give crude of —d—benzyl-&;but}l sulfide. The
sulfide was chromatographed on silica‘gel (ll;l pentane/ether as solvent),
and ;hen further purified by preparative g.l.c. (a cﬁfégasorb lSOO'célumm
was used) to give 100 mgm (15%2 ofjpure'suifide. | |

"

. nmr 1.35 (s, 9H); 3.77 (bs, 1H); 7.30 (s, 5H).

~ The above. sulfide (é.§5 mmoles) was oxidized with MPBA

o,

(4 mmolés) to give 104 mem (8§%3 of cx:—deutéiiobenzyl t-butyl

sulfone whose spectral properties were identical to those of the

sulfone obtained via the carbanion route. ‘Recrystallization gave material
. ' ]

having + 0.4 (¢ = 4.26, CHCl3), m.p. 125-126, 1lit. m.p. 126-127

(benéyl t-butyl sulfone) (104). ' - _ ‘ (j

fn
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Methylation of (B) - Benzyl E;Butyl Sulfoxide and Oxidation of The Product '

To CNC Hethylbenzyl t-butyl Sulfone-

When 149 mgm of (R)-benzyl t—butyl sulfoxide (0.76 mmoles),
ES%lf_ZBQ (C = 0.26, EtOH}ﬂﬁfe metallated and quenched with excess CH3I,

155 mgm (97%) of X~ methylbenzyl t-butyl sulfoxide were obtained.

n

Y

The crude reaction product (0.74 mmoles) ﬁ;s then-oxidized
with MPBA (1.5 mmoles) to give 170 mgm (98%7) of white crystalline
oK —methyl—benzyl t—butyl sulfone. Recrystallizatiﬁn from ether -
CHzclzlpentane gave material havingE;ét— 46.3 (c = 0.99,, CHCl;) and

o
m.p. 110-110.5.

n.m.r.: 1.20 (s, 9H); 1.80 (d, J ='7 Hz, 3W); 4.43 (g, J = 7 Hz, 14);
Releiet : P

7.4 (m, 5H).
R: S0, 1125 em ! and 1300 cu”’

Synthesig of (R) -O<- Methylbenzyl t-Butyl $ulfone

An outline of this synthesis is given in Scheme 17.

The phenylmethanesulfonaté ester of (§)-o<-phenethyl

”

alcohol,E:{L; 43.2 (neat) was prepared as described previougly.

The o< -phenethyl phenylmethanesulfonate (4 18 mmoles)\was

dissolved in 5 ml of MeOH and added slowly to a mixture of t- BuSH

o
(4.2 mmoles) and 2.4 gm KOH (43 mmoles) in 25 ml. of CH30H at - 50 .
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The reaction mixture was allowed to warm to room temperature, stirred.

for 3 an hour, and poured -into 150 ml. of Hz0. The aﬁueous mixture was

extracted with 5 X 40 ml. of CH2Clz; the cowbined extracts were then
washed with 5% KOH and Hzo and then dried over MgSOu The soi;ent was
evaporated off and the residue chromatagraphed on silica gel (pentane‘
as solvent) to give 139 mgm (18%) of pure o< - methylbenzyl t-butyl
sulfide. | ' S

Hem.T.: 1.23 (s,‘9H)1'l.57 (d? J =17 Hi, 3H); 4.01 (q, J = 7 Hz, 1H);

7.30 (m, 5H).

The sulfide {(0.71 mmoles)‘was oxidized with MPBA to give
145 mgm (957) "of crude sulfone. RecrYstallization‘from ether - CHzClil
/pentane gave pure (R)- <><—methylbenzyl t-butyl sulfone, Bﬁq; 43.7

. | 0 § o
( c= 0.82, CHCl3), m.p. 110-111. Its spegtral properties were ldentical

to those of the sulfone obtained via the carbanion route.

‘ Analysis:
Calculated: € = 63.70, H = 8.02, 5 = 14.12
= 63,38, H=7.92, 5 = 13.92 .
* \5 bl

Found: C

o’

Methylation of (R) - Benzyl Phenyl Sulfone

'When 487 mgm of (R) - benzyi phenyl sulfoxide, E*q; 253

( ¢c= 0.58, acetone) (2.3 moles), was metallated and quenched with

<3
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excess CH3I in the usual manner, 488 mgm (957) of a 1.5:1 mixture (by

n.m.r.) of thg two possible diastereomeric oK- methylbenzyl phenyl

sulfoxides were obtained. These isomers could be separated by

chromatography on silica.gel.

Owidation of .©<— Methylbenzyl Phenyl Sulfoxide

"A portion of the 1.5:1 mixture of vdiastereoh)er'ic sulfoxides
- (2.2 mmoles) ‘obtained from the carbanion reaction was oﬁidized W :h
MPBA (3.9 mmoles) to give 460 mgm (88%Z) of whité crj*stalline 404
- methylbenzyl phenyl sulfone. 'fhis product was recw;ystallized. once
from ether - CHZClg/p'enta;né to give material having a 'rotation[oév**
17.4 (¢ = 4.3, CH;0H). Cc;mparison of this value with liter.ature values

for of - methylbenzyl phenyl sulfone (86) indicated that the major

carbanion isomer had R configuration at carbon.

nom.r.: 1.77 (4, J = 7'Hz, 3H); 4.23 (g, J = 7 Hz, 1H); 7.40 (m, 10H).

IR: 502 1155 em~} and 1315 em ®

W]

Hydroxyalkylation of (R) — p-tolyl Ethyl Sulfoxide and Reduction of

the Adduct to Sulfide

(R) - p-tolyl ethyl sulfoxide, an; 187 (¢ = 1.66, CHCl3)
was reacted with CHsLi and quenched with acetone to give a quantitative
yleld of p-tolyl 3-(~2-hydroxy-2-methyl)-butyl sulfoxide, E:{]; 203

-1 .

(c = 2,23, CHClj).



154

pomx.: 1.03 (4, J =7 Hz, 3B); 1.27 (s, 3W); 1.45 (s, 3H); 2.33
(s, 3H); 2.50 (m, 1H); 4100 (bs, 1H) (OH); 7.36 (q, 4H).

.

IR: OH 3400 em '3 S=0 1030 cm ®

o

<&

. C # '
. The. p-tolyl 3-(-2-hydroxy-2-methyl)-butyl sulfoxide obtained

above was ;eduned-in the standard way to give a quané%tative yield.of
~ crude hydroxy sulfdde This sulfide éas purified by'nnromatogranhy
on silica gel (6:1 ether/pentane as solvent) to give a clear yellow
oil, Ea§+ 61.7 (¢ = 1.66, CHCLs).

C op.m,r.t 1 30 (bs) + 1,37 (bs) (9H); 2.28 (s, 3H); 2.57 (bs, 14) (On);

3.13 {q, I =7 Hz, 1H); 7.20 (q, 4H).

Analysis:
The analysis was carried by high resolution mass s?ectrometry
using perfluorotributylamine as interpal standard Calculated ratio

sulfide to standard = 1,.050606, Measu dlratio 1. 050606

Synthesis of (R) p-Tolyl 3- (~2-Hydroxy-2-Methyl)-Butyl Sulfide from

" (§)-Lactic Acid - ) .

This synthesis is outlined in Scheme 22.
& 20%Z solution of lactic acid in H,0 (0. 12 mmoles) containing
657 (S)-lactic acid and 357 DL-lactic acid was mixed with 13 ml. of

benzene (0.14 mnles) and 15 ml. of EtOH (0.23 moles) and a few drops
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5]

of conc. H280,. The solution was distiiledlover 5 hours till the

o ; oo
63~80 fraction had been collected. The residue was cooled in ice and

neutralized with solid K2C03. Chloroform was added, the salts removed

, by filtration and the filtrate dried over MgS0,. The solvent was

‘removed ont a rotary evaporator to glve 8.3 gm (50%Z) of ethyl lactate.

a.m.T.: 1.4 (m, 6H); 3.5 (bs, 1H) (OH); 4.26 (m, 3H).

o~

The eeter, 8 gm (68 mmoles), and methane suifonyl chloride,
13.3 gu (74 mmoles), were reacted with (Et)gN in CH2Cl; using the
prpcedure of King and Durst (55) to give after work up 8.33 gm (627)
of pure white mesylate of ethyl lactate,lﬁéL 52.5 (e= 1.8, CHCl3),

m. p 104- 107. n.m.r.: l 55 (t, J = 7 Hz, 3H) 1.66 (d, J = 7 Hz, -

3H); 3.20 (s, 3H); 4.33 (q, J = 7 Hz, 2H); 5.16 (g, J = 7Hz, 1H).

IR: Cc=0 1750cm” *

0-503 1170cm } and 1350cm *

A : ¢

.The mesylate, 1.72 gm (8.8 ﬁﬁz;es) was added to é eblution

of 492 mgm of KOH (8.8 mmoles) and 1.09 gm of thiocresol (8.8 mmoles)

- In 50 ml of CHgOH. The reaction wae allowed to proceed overnight, '
then the reaction mixture was poured into 150 ml. of H,0. The_aqueous' \
mixture was extracted with CH2Clz, and the extracts washed-uith 107Z
KOH: and HzO before being dried over MgSOq. The éolvent wae removed

lon a rotary evaporator to leave 1.59 gm (851) of crude sulfidex
(p-tolJS-?H—CHg). The sulfide was purified by chromatography on silica

) CO2 Et - » , _
. B - ' . ‘%‘,

§
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gel (4 1 pentane/ether) to give a pale yellow oil, Eﬁq +91.25 @ = .2,

CHC13). S p.mr.: 1.20 (t, J = 7 Hz, 3H) 1.45 (d, J 7 Hz, 3H),
2.30 (s, 3H); 3.70 (q, J = 7 Hz, 1H); 4.10 (q, 337 Hz, 2H), 7. 16
(q, 5H).

The above sulfide (2.4 mmoles) was added to QVSOInEion of
CHzMgL (12 mmoles) in ether. Thn reaction mixture was refluxed for
30 minutes then 30 ml. of saturated NH4Cl were addedf The enner lnyer
was. decanted and the aqueous phase extracted with CHzCLz. ‘fhg
combined organic fractions were dried over MgSOy and the solvent removed
on a rotary evaporator. The residue was chromatographed on silica gel

(6:1 ether/pentane as solvent) to give 190 mgm (38%) of pure p-tolyl

 3-(-2- hydroxy—Z—methyl)—butyl sulfide, Egﬂ 58 6 (C 1.33, CHCL3).

Its spectral properties were identical teo those of the sulfide obtained

via the carbanion route.

Alkylation of (R) - BfTblyl Ethyl Sulfoxide With 3-Bromo-1-Butene and

Subsequent Conversion of the Product to ngbtyl 2-Hexyl Sulfome

When 500 mgm of (R)-p-tolyl ethyl sulfoxide (3 mmoles), ;

| E:%L: 215. 7 (c = l 75, CHClg) was metallated and quenched with excess

3-bromo l—butene (containing 10% 1—bromo—2—butene) 625 mgm (95%) of

: tholyl 5—hex—2—eny1 sulfoxide were obtained N'm.r.'angigsis using

/

,the non allyliq methyl group as probe indicated that the dlastereomer




1

Cmmr.: 0.60 = 2.20 (m, 12B); 2.43 (s, 3®); 2.93 (m, 1M); 7.50 (g, 4.

- L5 7

.

© product’ ratio was 2 7:1 and the cis - trans (or trams -~ cis) ratio was

4
2.42: 1._ ‘p.m.r.: 0.90 (4, J = 6 8 Hz) + 0. 92 (d, J = 6.8 Hz)

(minor isomer) (3H) 1. 05 (d, J = 6.8 Hz) + 1.10 (d, J = 6.8 Hz) (3H)
(major isomer); 1;§2 (m, 3H); 1.81 - 1.97 (m, 3H); 1.37 + 1.39 (28, 3H);
6.43. (m, 2H); 7.37 (m, 4H): ' , ' , )

wr

w

; The unsaturated sulfoxide, i?S mgm (0.57 mmoles) ané'250'mgm
of 107 palladium on charcoal were added to 100 ml, of ethyl acetate in a
hydrogenating bottle. The bottle was put on a Parr hydrogenator at
25 psi OVernight. The catalyst removed by filtration, the solvant dried
over MgS0,, and the solvent evaporated off to give 116 mgm (937) of
p-tolyl 2-hexyl sulfoxide. g ;

a.g.r.: (CCL.) & 0.55 < 1.85°(m, 12H); 9.40 (bs, 4H); 7.30 (q, 4H).

The p-tolyl 2-hexyl. sulfoxide (0.52 mmoles) was oxidized in
92% yield’to sulfone using excess MPBA (1.1 mmoles). After recrystalli-
zation from ether/pentane, p-tolyl 2-hexyl sulfone,E5§6-3.74 {c = 2.03,

CHC%;) was obtained. . (

@R: S0, 1130cm ! and 1290cm '
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Alkylation of (R)-p-Tolyl Ethyl Sulfoxide with m-Butyl Iodide and AR

Oxidation of Product to‘pFTolyl'Z—Hexyl Sulfone.

When the lithio salt.of -(R)-p-tolyl ethyl sulfoxide was

quenched with an excess of n-Bul an 887 yield of.Eftolyl 2-héxyl sulfoxide

. ‘ S
was obtained (see above.for spectral properties).

o

At
T

' The above sulfoxide “was oxidized with MPBA to give an 807
yield of Bytolyl 2—hexyl sulfone. This sulfone was purified by pre- )
parative T.L.C. (silica gel and 1:1 ether/pentane as solvent). The

pure sulfone hadE5qb+ 3. 0& {c = 6.5, CHCl3) and its spectral properties )

were identical to those reported above. /"

E» .

Synthesis of R p-Tolyl 24Hexyl Sulfone From (S) ZJHexanol

purity) (61), and 1. 86 gm of c><— toluenes

(S)—Z—hexanol 1 gm (9.8 mmoles, [+ 9 3. (neat) (67% optical’

onyl chloride (9. 8 mmoles)

gh (Et);N (10.8 mmoles) in HzCiz according to the method

: €55} to give 1.9 gm (75?) of crude 2-hexyl

phenylmethanes- fonate The product after purification by chromatography

on silica gel (2: 1 pentane/ether) had Eb{L+ 2.1 (¢ = 7.8, CHCl3).

n.m.m.: 0. 63 - 1. 90 (m, i2H): 4.33 (s, 2H); 4.68 (bq, 1g); 7. 37 (s, SH)

IR: 0-S02 1165 and 1340cm *
.

{

-
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o . Co .- -

o A solution of 1;gu of 2-hexyl phenylmethanesulfonate (3.9 B ‘?'
mmoles) in 15 ml. ‘of CH30H was added dropwise to a solution of ABZ‘mgm
of thiocresol (3. 9 mmoles) end 0.9 gm' of KOH (16 mmoles) in 50 ml. of -
\CH30H. The reaction was worked up as previous thiolate reactions to
give 627 mgm (772) of crude Rjtolyl 2—hexyl sulfide, This material was'
chromatographed on silica gel (pentane) then distilled under reduced

préssure to give pure sulfide @4 - 7 67 (c = 10 45, CHClji).

nom.r.: 0.63 - 1.83 (o, 12H); 2.33 (s; 38); 3.00 (m, 1H); 7.17 (g, 4H).

-

Analysis: - L '
74,96; H = 9.68, 5= 15.36

Calculated : C
. 1

Found 1 C

74.71; H=9.61, §=15.70

The. sulfide, 127 mgm (0.6 mmoIés) was'oxidized‘uith MPBA -
(2.5 mmoles)'to give 110 mgm (75%) of pure 2-hexyl R;tolyl sulfone,

[o(]* 6 43 (¢ = 5,5, CHCl3) after purification by preparative T.L.C.

(see above for its spectral properties)

s
TR
-

-Alkylation of (R) Tolyl Sulfoxide with Allyl Bromide and Subsequent
. & _
Transformation of the Product to p-Tolyl 2-Pentyl Sulfide

‘ ‘G‘ Metallation of 500 mgm of (R) E;tolyl ethyl sulfoxide,‘(3
"mmoles) l;iq; 187 (¢ = 1.67, CHClg) followed by excess allyl bromide
afforded a quantitative yield of tholyl 4—pent~l—enyl sulfoxide.

o Y

_—
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R

N m.r. -analysis using the non aromatic methyl group'as-probe‘ihdicaﬁed

that a 2. 40:1 ratio of diastereomers was foried.
¢ | )
. n.Mm.T.: 0.93 (d, J = 6 Hz, 3H) (minor isomer); 1. 09 (d, J = 6 Hz, 3H)

(major isomer); 1.89 - 2.78 (m, 3H); 2.39 (s, 3H); 5.03 (m,-ZH), 5,69

~ 1)
57

(m, 1H); 7.35 (g, 4H). o VAT

I.R.: §=0  1035cm '

BrTolyl 4-peht;i—enyl_su1£oxide, 625.mgm (3‘mm6ies),was.
hydrogenated, on a Parrx apparatus using 107 palladium on charcoal as. -
catalyst and ethyl acetaée as solvent at 25 psi overanlght.’ A 677 yield .
of pure E;tolyl—Z-pentyl sulfoxide was obtained. ‘

'n.m.r.: 0.5 - 2.0 (m, 103), 2.37 (bs, 43), 2.30 (q, 4H).

. IRs S=0 1035cm !

1

The hydrogenated sulfoxide 420 mgm (2'mmoles),.was_reducéd
to give 222 mgm (57%) of pure-Eytolyl 2—pentyl sulfide, E,Q - 4.38 .
| (¢= 5.36, CHCl3), after chromatography ‘on silica. gel (pentane)
momr.s (GCLy) : 0.66 - 2.0.(m, 10H); 2.33 (s, 383 3.00 (m, 1H);

737 (q, 4H).

Alkylation of (B) EfTolyl Ethyl Sulfoxlde ¢ith n—Propﬁl Iodide and

Reduction of Product to EfTolyl 2—Pentyl Sulfide

L ﬁhen 3 mmoles of the lithio salt of (B)"Ert01yl ethyl .

j)&
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sulfoxide,‘é@q; 187 (c= 1.67, CHCl;) were quenched with excees-grpropyl
iodide, 582 mgm (937%Z) of p-tolyl 2-pentyl sulfoxide were obtained (see

above for its spectrel preperties)f
:= * . . - K
Reduction of this m&terial (2.4 mmoles) .gave 355 mgm,(ﬁﬁlj of
Pure 2—pentyl tholyl sulfide E:{k) 3. 64 (c = 11.1, CHCl3) after chroma-"

tography on silica gel (pentane) Its spectral properties are identical
to those reported above. ' . S ' ’

Synthesis of (R) p-Tolyl 2- Eentyl Sulfide from (S) -2-Pentanol

This syuthesis is outlined in Scheme 23. All procedures.w%re
identical to those used for theﬁsynthesis of Eftolyl 2-hexyl sulfide..

The yields and spectral properties of products are given below.
)

2-Pentyl phenylnethanesulforiate, [0+ 5.2 (¢ = 2.22, CHCL3).

was obtained in 91% yield

-

Cmp.: 0.57 = 1.90 (m, 10H); 4.23 (8, 31); 4_; 63 (bq, 1H); 7.30 (s, 58).

IR: 0-S02 1165cm"1 and 1335cm
_p-Tolyl: 2-pentyl sulfide, 0 11.6 (¢ = 13.28, CHCL3),. was
obtelned in 73%Z yield after chromatography on.silica gel (pentame).

{see above for its spectral properties).




Analysis

Caleulated j C = 74.19; H = 9.35

Found

162 o

1

: C = 73.81; ,H=9.20

1

Experiments Used to Determine the Kinetic Preference Between the

Diastéreotopic Hydrogen in the Lithiation of Benzyl Methyl and Benzyl

EfButyl Sulfoxldes

/

All experiments were csrried out on racemic mixtures of ,

sulfoxides, but they will be deseribed in teims of sulfur chirality as

. -
S for convenlence.

Prepdration of Monodeuterated Sulfoxides and Sulfones:

was obtai

Monodeuterated OS 8) X - deuteriobenzyl methyl sulfoxide

ned by deuteration of benzyl methyl sulfoxide as described _

above. The deuterium content was measured by mass spectrdetry {an

I}

average of 15 to 20 meesurements uere taken) and the diastereomer product

 .ratio was

Chapter 6.

deuterate

sulfur of

-
obtained byfh.m.r. The results are listed in Table 9

Intermediate mixfures (WSO 50) of (R S) and (S S) mono- r{"‘:>
d sulfoxides wefe obtainedvﬁy inverting the configuration at . .

7 :
a port{on of pure (S s) sulfoxide The reagent used was

FSO3CH3 and the procedure was identical to that outlined above for'the'
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jnversion of configurati'on at gulfur in <{ - methylbenzyl t—butyl ,

sulfoxide. o

<

- b , PR - T
(R, 8)- o(.—Deuteriobenzyl metﬁyl sulfoxide was obtained by
A v
‘first'rapidly exchanging both benzylic protons in D20 - NaOD (B); then
metallating this. ?uifoxide and ggenching with H20, The-deuteriuujcon-'
/ .

tent was measured by ‘mass spectrometry and the ratio of (R, S) to' (8, 8)
' H

by n.m.T. (Table 9). - T o . | ”

(s, S) CD( Deuteriobenzyl twbutyl sulfoxide, >992 diﬁstereo—
merically pure (n.m. r. ) and free of d» (mass spectrometry) was obtained

by deuteration of benzyl t~butyl sulfoxide in the usual way»

A sample of the above (S, 5) oK - deuteriobenzyl t—butyl
sulfoxide of known deuterium content was oxidized to sulfone using MPBA.
~:ﬁe
Carbanion Reactions of ‘Monodeuterated Sulfoxides and Sulfones:

Duplicate or triplicate samples of the various mixtures of

o - deuteriobenzyl methyl sulfoxide 1isted in Table 9 were metallated
and quenched with excess CHgI ‘ Yields of methylated sulfoxides varying

between 927 and 942 were obtained Analyses for the deuterium content

ra
1

4in these methylated sulfoxides were carried out as described in

Chapter 6 and the results.are listed in Table 9. In all cases the
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. o :
results from duplicate or friplicate experiments agreed within experi-

w

mental error.

“ Duplicate samples of (S ) oK - deuteriobenzyl t-butyl
sulfoxide were metallated and quenched with excess CHaI to give >902
yields of alpha methylated sulfoxides. Analyeis of these product

ulfoxides with a high resolutlipn mass spectrometer equipped with a .
signal averager showed that the methylated products contained 2.1 *
O.ZZ deuterium. (i.e. the values for each run were 2. 05? and 2. 157 to..

.

give the above average value).
Duplicate Samples of o&- deuteriobenzyl t-butyl sulfone were
metallated- using CHgLi in T.H.F. in the same way 3as the'sulfoxides and

-~

the carbanious quenched with excess CH31 In both experiments 947 yields

of a mixture_of monodeuter;ted and non-deuterated cNL— methylbenzyl
Efbutyl‘sulfonee/GE;e obtained. Analysis of theser;ixtures by n.m.IT., -~
integrationdof the CHj3 doublet vs'the CH; singlet during d-decoupling;

and by mass spectrometry (Chapter 6¥ pave respectively average vaiues

of 2.30 £ 0.2 and 2.55 £ 0. l for the kinetic isotope effect in the~w~ .

proton removal reaction. The valpes from the duplicate runs agreed with .

each other within experimental error.
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Synthesis of Sulfones

Preparation of 3- Phenyl—Z—Thia—Trans-Decaline—2 2—Dioxide

The aynthesis of trans-l—chloromethyl—Z-benzylmercaptomethyl

cyclohexane was carried out as previously described by McClory (20).

'\. : . : . m
The trans sulfide, 8. 3 gm (31 mioles), and M%;A 19 gm (85%

- pure, 93 mmoles), were dissolved in 200 ml. of chloroform and refluxed

overnight The reaction mixture was then washed with successive portions

-

of 10% Na2503, " 107 NBHCO3, H,0 and dried over HgSOu. The solvent was

N .

removedros a rotary evaporator and the residue recrystallized from

ether/pentane to give 5.21 gm (56%) of: pure white crystalline sulfone,
m.p. 80 - 81? a.um.r.: 0.8 = 2. 46 (m, 10H); 2. 63 - 3.14 (m, 2H);

3.45 (bd J=3 Hz 2H); 4.18 (s, 2H) 7.3 (s, 5H).

—

TR: S0, 1300cm- . and 1130cm

A

This sulfon', 4,03 gm (13.& mmoles) was dlésolved in 80 ml. -
of dry T.H.F. in a 2 necked~flask equipped with a nitrogen inlet-outlet

system and a rubber scept and thé mixture cooled to - 60 . Hethyl

' 1ithium (14 mmoles) was ad ed to the—mixture via the sceptum and the flask s
allowed to warm to room temperature and the reaction mixture stirred for
i& hours. It was poursiﬁdnto 150 ml. of H20 saturated with NaCl and the

aqueous'mixture extracted with 5 X 40 mi. of Cﬂquz. The extracts were
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' Found . : C = 67.76; B~ 7.67; 3
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dried over MgSOq, the solvent removeéd on

Nl

—

a. rotary evaporator and the

residue crystallized from ether/pentane 'to give 3.38 gm (gsz) of-

. pure white crystalline 3—pheny1 ~2~thia-tr

0
ﬁ,p. 47°--50 . The isomer with the pheny

position was obtained exclusively.

nem.r.: 0.85 - 2.59 (m, 12H); 2. 64 -~ 3.1

ABC spectrum, by 1lst order approximation

= 4 Hz, 2H); 4.06 (d of 4, Jax— - 12 5

'7.36 (m, 5H).

. o D |
IR: SO 1300cu”! and 1130em™

3

—

N
Analzsis

Calculated : C = 68.16; H=Y.63; S

n

LIl

o

ans—decaline—z 2~di0xide,'

1 group in the equitorial o

o

\

6 (m 8 lines, AB‘Portion of
: Jax—ax - 11.5 H=z, Jex—aq

Hz Jax—eq = & 8 Hz, 1H);

12.11

12.30°

Preparation of 1, 11-Dimethyl-5,, 7-Dihydr

" g-Dioxide | T,

odibenz (c, e) Thiepin-6,

Pure 1, ll—dimethyl—s 7= dihydrodibenz (c, e) thiepin was -

supplied by R.R. Fraser and E. Schuber

© the desired sulfone with MPBA in 957 yiel

by Fraser and Schuber (68)

"y

This material was oxidized to

d using_the method described
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Preparation of: Hexadeuterated 2—Thiabihﬁelo‘{2;2ai] HEptaneﬁz, 2—Didxide

" Hexadeuterated 3, 3 dichloro—Z—thiabicyclo [2.2.1] hept-5-ene

-
N

-2, 2-dioxide was given to us by R.R. ‘Fraser and Y.Y. Wigfield. This
mater‘ial was converted ‘to hexadeuterio 2—thiabicyclo f2.2.1] heptane-2
2—dioxide, m. p 204 - 206 by the method of Johnson and co—workers (101).

0
(1it. m.p. of undeuterated sulfone 203 - 205).

. 1.8 (s, 2); 2.84 (ABq : A = 2.69, §B = 3.00, J = 12 Hz, 2H). L

_ IR: S0;  1300cm and 1130cm™}, lit. (105) - 1300cm~) snd 1130cm™

7

Synthesis of 4-t~Buty1chclohexyl Phenyl Sulfone

The synthesis was analogOus to that previously described by

Eliel and Ro (48).
¥

v 4

Equitorial 4 t—butylcyclohexanol ll gm (71 mmoles) and 5.9
" ml. of methanesulfonyl chloride (78 mmoles) wqre reacted with (Et)3N .
(78 mmoles) in 'CHzCl; by the methsgxof King a%d purst (55} to give

?
14.8 gm (89%) of puré A—t-butylcyclohexyl metﬂansulfonate m.p. 55 ~ 56,

S

after recrystallization ‘from CH2C12/pentane | -

l
n.Mm.T.: 0.66 ~ 2.50 (m, 18H); 3.00 (s, BH) 4 40 (m, 1H).
—_— ) L

1

R:  0-50;  1350cm} and 1175em i

e
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The mesylete, 8.75-gm (37 mmoles); and potessium tﬁioohenolate
(37 mmoles), prepared in the usual fashion, were refluxed overnight in -
100 ml of CH30H. The reaction was worked up in the usual fashion (see : | !
pprevious thiolate reactions) and the crude sulfide distilled to give . |
- 2.7Q gm 6312), bp 100-105 /0 15 mm, lit. bp. 184- l86/l3‘mm (48), of pure ‘
cis A—t-butylcyclohexyi phenyl sulfide. T ’
pum.r.: 0.66 — 2.20 (m, 18H); 3.56 @, 185 7. .20 (m, 5n)
The cis sulfide, 2.68 gm (10. 8 mmoles) was oxidized with
| MPBA (30 mmoles) to give pure cis 4- t—butylcyclohexyl phenyl sulfone,
m.p. 114 - 115 1it. m.p. 115 - 116 (48), in 80% yielg
n.m.r.: 0.57 = 2. 47 (¥ 18H) 3. 11 (m, 1H); 7.59 (m, 3H); 7 91 (m, zn)

IR: SOz 1300cm1 “and 1140cm _a"

Cis 4 t-butylcyclohexyl phenyl sulfone, (2. 5 mholesj; uss
refluxed for 16 hours in ZM CH;ONa—CHaoﬂ and the reaction mixturelpoured
into 200 ml. of Bz0. The aqueous mixture was exgéacted wiph CHQClz,.the' .
lextraets dried over'Mgsou; end the solvent removed to:give.a 97Z,Yie1d
of crude sulfbne. Recf&stallization from.ether—Ch2C127pentene gave-
pure trangs-4- t-butylcyclohexyl phenyl sulfone, m.p. 88 - 89? lit: m.p;

90 - ?1 (48). . nmr.: O. 56 - 2.30 (m, 18H);. 2.86 (t of t;

- Jax-ax = 12.5-Hz, Jax-eq < 3.5 Hz); 7.58 (m, 3H); ?.84 (m, 2H). . f’ .
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Carbanion Reactions of Sulfones

General Procedure

LN

. L ~ The procedure for the generation and trapping of sulfone‘

Rl

carbanions is identical to that glven above for sulfoxide carbanions.

The reaction products, generally >95% puré by n.m.r., were analysed )

:directiyﬂbefore'further purification. 'The,products were then purified

by recrystallization.

< - f,»’

Reactions of 3-Ehenyl¥2-Thia;Trans—Decalin;2, 2-D10xide, - o ‘

- : - 0
—-Equitorial Phenyl Isomer in T.H.F. at - 60 :

Wgen 200 mgm of the equitorial phenyl isomer (0. 76 mmoles)

o]
wemametallated with CHgLi in T H. F. at - 60 , then quenched with excess

-

Hzo 183 mgm {927) of a white solid wenaobtained after work up N.m.r.

analysis of the crude product showed that ‘the AB portion of the' ABC
‘ pattern of the starting sulfone had dissol;edminto armultiplet The-
abenzylic pethine proton had also changed from a doublet of doublets to
-a broad singlet.' From this we concluded that the product consisted of
>BBZ of ‘the axial phenyl - isomer of the sulfone (Scheme 6) The producib
l after recrystallization from ether/pentane had m.p. 128 - 130.?
‘Nom.r.: 0. 7 - 3 00 {m, 14H); 4. 28 {bs, lH) 7.37 (m, 5H).

R S0, 1295¢m -1 and 1105cm- .
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. ’ o . - . ' ‘
- Equitorial Phenyl Isomer in DMSO at 24 : - . ' A

When 100 mgm of the equitorial phenyl isomer (0.38™Mmoles)
' wemadissolved in 5 mi. of DMSO (distilled from CaHé before use), then
treated with CHaLi (0.5 mmoles) and the resulting carbanion quenched

after 1 minute with exeess Hzo an 857 vield of " unchanged startinéfi e

material was recovered on work up.

3 ‘ ST

- Axial Phenyl Isomer in DMSO at 24 :

~

When 100 mgm of the axial phenyl isomer (0 38 mmoles) were

™~

treated in the same manner -as the equitorial isomer, 98 g (987%) of
pure equitorial phenyl sulfone, m.p. 47 - 50 waihreqovered (>987 pure

by n;m.f.) When, DMSO ds was used as solvent, t é same result was

. -obtained. Integration of the product showed that no deuterium incorp—-r

-

oration occurred during the course of the reacti’n (i e : <SZ, n.m.r.

experimental error) (see theme 11). o : - ) '
‘l-' ". | . ‘ . ’ ' - | | ) - \ 11}

ctions of A—t—Butylcyclohexyl Phenyl Sulfone - . “\;" a

- The cis Isomer in T. H.F. at':s 60 @ . ' “\: ' 2 ‘\\\\\

Pure cis 4-t —butylcyclohexyl phenyl sulfone, 200 mgn (0.72 -

mmoles), was metallated and quenched with H20 to give 198 mgm (997) of _ o
crude product. N.m.T. analysis of this product using the sulfur methine .

proton as probe indicated that a mixture "of 77% trans to 237 cis su\fone

‘was obtained. The same result was}obtained when 50? excess of CH3Li N

Is
~—

b,



pi1 T
rather than the usual 10% excess was used to generate the carbanion‘

riplicate experiments ylelded product ratios within 12 of each other.

o
- The trans Isomer in T.H.F. at - 60 :

Pure trans &—t-hutylcycleﬁexyl phenyl sulfone, 200 mgm“

QQ .72 mmoles), was metallated and quenched in, the same fashion as the

cis isomer to give 192 mgm (962) of a 777 trams to 23% cils mixture of. .

~13ulfones. Duplicate runs gave values within 1% of each other.

\

- The c¢is Isomer in DMSO-dg¢ at 24 :

Cis 4—t—butylcyclohexyl phenyl sulfone, 200 mgm (0.73 mmoles),
was dissolved in*5 ml. of DMSO-ds and treated with CHaLi (0. 80 mmoles)
'_The carbanion was ‘quenched after 1 minute with H20 to give 186 mgm

e'(932) of sulfone on work up. N.m.r. analysis showed that the methine

-proton had cowpletely been exchanged for deuterium during the course .- =i’

of the reaction. Comparison of the high‘field multiplet ‘of the product
with those of the pure cis and pure “trans sulfones indicated that the

product was mainly trans sulfone.

¥ ) : . | ]

" 3 X ; .
Reactions of 1, 11-Dimethyl-3, 7-Bihydrodibenz (c, e) Thiepin-6, 6-Dioxide
I . — : l

r
-
N

- With D0 - -
The sulfone, 100 mgmf(0.37 moles) was metallated and ~
quencned with D20 to yield 97 mgm (97%) of monodeutereted product.

’
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-

—

N.m.r. analyeis{in DMSO—-dg of the benzylie AB patterh during deuterium

decoupling showed that the low field protons were exehanged preferentially ‘

to the high field cnes'by a factor oE 79 to 21.

‘ y N

e With CH3I R —— "'L--l-,.. - \ . . . . .
L — ' - ‘

When the lithio sulfone (0 38 mmoles)ﬁgenerated as above was

——

quenohe&;with CH31I, 93 mgm (887) of methylated sulfone were obtained

N.m.T. analysis of the methyl doublet showed that a 91 to 9 ratio of
- ' L4
isomers was obtained. After recrystallization the pure methylated

(o]
sulfone had m.p. 210 - 213,

,Ln.m.r.: 0.91 (d, J = 7 5, 3H) (major isomer), 1 68 (d J = 7.5, 3H)

(minor isomer); 2.12 (s, 6H); 3 97 Gn, 3H), 7.30 (s 3H)

e
‘ . v : — T
. . T~ . T e -
Analysis .| R ’ , ' .,
caleulated i C = 70.57, H'=5.92, -8 =1L.75 S
* found % C = 70.40, H=6.31, S= 11.38 . e
: e LA - _ ' . . \\"\g

when 100 fgm'of the methylated sulfone (0.35 moles) was

refluxed for 18 hours in 2M CH;ONa — CH;0H a 91% yield of a mixture

I

of.sulfones was obtained.- Analysis using the methyl doublets as pxobe .
S . N o
showed that this mixture consisted of 9% of the carbanion isomer ahd '

917 of the thermodynamically more stable igomer.  After reorystallizatiom

-gulfone, m.P. 162 = 164 was obtained ) . ’ -



Analysis S . . S .
' calculated : € = 70,57, H = 5.92
Found 't C.=71.00, H-=6.30

8 : . o . ;
“Reactions of Hexadeuterated 2—Thi'ahicyclo'E2.2.],1,Heptane-—‘2, 2-Dioxide

- With D20 e S . o
T T———— _¥hen_ 50 mgm of sulfone (0.33 moles)wen;_ metallated and,

quenched with D20, 43 mgm (862) of ‘sulfoiie were- recovered on work up.

‘N.m.x. analysis showed that the low field hydrogens of the AB:quartet
\ 0 (L.e. exo hydrogens) were the only ones exchangeid When 1-120 was used to
.quegpch the carbanion, a broad singlet appeared at 3.33 corresponding

to about 122 exchange of the (bridgehead deuterium at C1 (88).

*

: ) \\ When 158 mgm of sulfone (1 04 mmoles)ﬂwere metallated and

—

quenched with excess CH:-]I 150 mgm (877.’) of methylated sulfone were

" —

obtained,  N.m.r. analysis showed that only one methylated sulfone was’

obtained that having the methyl group in“thec exo position

pomr.: 1.27 {a, 3 =7 Hz, 3H), 1.83 (bs, 2H); 2.77 (a5 3 = 7 Hz, 1H).
When 150 mgm of the above exo methylated sul_fone (0.9 mmoles) H‘T' .
oo . 0 :
was treated with CH3Li in T.H.E. at - 60 and the resulting carbanion
) \\ - b . b
\\‘ .
-, .
~
\'\
.
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quenched after % hour with nzo 116 mgm (782) af a mixture of two,

T e

Sulfones_wereobtained. N m.T. analysis indicated that this mixture

correspon&ed to 64% éxo and 367 endo methyl sulfone. The -analysis also

indicated that 61% of the- bridgehead deuterium at Cy had exchanged

n.m.r.: .{endo me thyl sulfone) 1.31 (d 1= 7 He, 3H) 1.75 (bs, Zﬂ),

3.16 (q, J = 7 Hz, J long range ™ 172 Hz, 1H).
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_CLATMS TO ORIGINAL RESEARCH.

The effect of solvent on the conformetionel preference of benzyl

methyl sulfoxide was observed.

The effect.of solvent on thé conformational preferene of snlfonef'

carbanions was described. . ‘ -

. ‘ . e : !
The stereochemistry of .the reaction of various acyclic lithio

3

snlfoxides'with a number of electrophiles was determined and a

reaction mechanism suggested.

. The stereochemistry of the reactions of some-lfgnio sulfones with

D20 and CH3I was determined and a reaction mecbanism prop05ed
The relationship between the kinetic and thermodynamic preference

between the diastereotopic hydrogens in the 1ithiation of benzyl

-

'_menhyl and benzyl t—butyl sulfoxide was determined

|
A comparison of the effects of solvents and Eu(DPM)s on the

proton shielding in acyclic sulfoxideswas carried out. It showed

1

that none of ‘the methodS(gfpduce effects which show any correlation

with sulfoxide stereochemistry, contrary to some previous Teports.

’
—
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