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ABSTRACT

Desulfurization of B-Ketosulfides and Thiocyanates with
Tris(dialkylamino) phosphines

Tris (dimethylamino) phasphine desulfurizes f~ketosulfides to
afford a variety of products, including ketones and enol ethers; the

mechanism probably involves a phosphonium salt. Benzyl thiocyanate

was readily desulfurized by this reagent in a complex reaction to afford

benzyl cyanide and dibenzyl sulfide as the main products.

synthesis of Chiral Sulfur Compounds

The customary route to optically pure sulfoxides involves
treatment of a diastereomeric sulfinate ester with a Grignard reagent.
Product analysis suggests that {:he variable yields encountered, even
unider carefully controlled conditions, are due to the reduction of the

sulfoxides. it has been shown that the more convenient lithium

organocuprate reagents undergo highly stereospecific reactions with the

sulfinate esters. less reduction occurs, since the organometallic

reagents react more sluggishly with the sulfoxides.
The organocuprate reagents react more rapidly with sulfinimides

to give still higher yields of sulfoxide. Diasterecomeric sulfinimides.

have been chesen as key intemediates in the synthesis of a variety of

sulfinyl derivatives. A synthesis which gives good yields of the

chiral imide precursors has been developed. Exémples of the

diastereomeric sulfinimides have been prepared, -paving the way for

resolution.
in resbo se to a need demonitrated during this study, a new

synthesis of thioimides" via organosilicon reagents has been uncovered.
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ETUDE DE LA CHIMIE DU SOUFRE

RESUME

Les sulfures B-cétoniques sont désulfuréds par le tris-
(dimethylamino) phosphine et donnent une variété de produits, incluant
des cétones et des éthers vinyligues. Un sel de phosphonium est
probablement impliqué dans le mécanisme. Le thiocyanate fut
désulfurd par ce reactif, et les principaux produits de cette réaction

complexé furent le cyanure et le sulfure de benzyle.

Les sulfures optiquement purs sont généralement cbtenus par
1'action d'un reactif de Grignard sur un diastéréoisomére d'un ester
sulfinique. Cependant les rendements sont variables méme sous des
conditions de réaction rigoureusement controlées, et la cause en est
la rédduction des sulfoxydes comme démontré par l'analyse des produits.
Les complexes organiques de lithium et de cuivre se s:‘mt avérés
hautement stérdospécifiques dans leur réaction avec les esters .
sulfiniques; comme ils réagissent difficilement avec les sulfoxydes,

le niveau de réduction fut beaucoup moindre. . -

Des rgndemerits encore plus élevés de sulfoxydes ont été
obtenus par la réactior‘l d'organocuivreux sur les sulfinimides avec

lesquels il réagissent plus rapidement.

Des sulfinimides diastéréoisomeriques ont été identifids
comme &tant -des intermédiaires importants dans la synthese d'une
variété de dérivés sulfiniques. Une synthese donnant ‘de bons.
rehdements d'imides dissymétriques a été déwloppém-permttant la
prépai:ation de sulfinimides diasté‘zéoiso'mériques et pavant la vole vers
leur lréeu<:olqt.'c:l:":(icw:x'sa. '

. - En relation avec cette étude, une nouvelle synthése ?le
thioimides utilisant des silanes a été découverte.
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DESULFURIZATION OF B-KETOSULFIDES AND THIOCYANATES'
WITH THS(DIMMNO) PHOSPHINES
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of a carbonium ion or a free radical to an unsaturated system; nucleo-

- . [ o

PART I

DESULFURIZATION OF B-KETOSULFIDES AND TH IOCYANATES
"WITH TRIS (DIALKYLAMING) PHOSPHINES . » - .

1.  INTRODUCTION'

until Wshler showed m 1828 that aurea- céuid bg prepared
from inorganié materialsl, organic compounds were thought to gontain

a "spirit" which only living things codld,trangmit.' - Today w'e .no
longer consider organic Soxx;pounds to have thls God-,-give'r.l "spirit"” b}xtO )
we do retain the useful classification of organic and,inor,‘ggnic compounds)'
Since @-.he’ carbon-carbon lbond is especiall; stable and can, gg;;rinn‘:'ioﬁ;; ’

Fl

chains, a vast range of organic compounds. is possible. . -
The generation of carbon-carbon bonds is one of the major

goals of synthetic oi'ganié chemists. Among the innumerable reactions

~
1

that generate such bonds, examples can be found that involve addition

»
o

t v

" philic substitution reactions qf’ organometallic reagents, carbanion -~ &

condensations; nnion of two free radlcals generated thezmally. photo- ’ -~

chemically or elec’crochemically, and thermal or phgtochemical cyclo-

: addition reactmons.

. ’

. . éince carbon ciaains can, readily be"linkéd through a sulfur

- £
atom, a technique that could selectxvely remove this sulfur atom would

carbon—cnrbon bdnds. < ) e \ o o
f ° ’ I K o . ’
1

"mé-s“ x—sz—-——-*mc,:—s-(!:m*‘-*M i~ A

S P T PN o A

' R )
‘, PR Y . : K Lo C e "o
» 1 ~ B - v

n

e ‘¢ » -
. , ) i

‘K = leaving group. .. v e e .00

o

. proVide a new and potentially Valuable synthetic technique for making i* c.

N 2y




3

a s

"y

et KT e e . e e -8

A variety of agents have been used to desulfurize compounds

, 2 , 3
containing divalent sulfur. These 1include cyanide 1on , Raney nickel
and heat4. \ o

O
- NH,
BN
NH , L s
s — S8
S . R
R1>< Raney 1
nickel
R, Ry H
S ”
U\
/ S
A
[\ o — >
N s
S o

Most of these techniques are not widely applicable or often requaire
drastic conditionsj hence more subtle chemical means were' sought.

Certain sulfur compounds have been desulfurized by treatment with trivalent
phosphorus compounds under mild conditions. To determine the viability
of the proposed synthetic pathway usAing such reagents, the scope of these
desulfurization reactions was reviewed.

One of the earliest examples of such a reaction was examined by
SchSnBergs'6, who showed that simple alkyl disulfides are inert to
triphenylphosphine in lboiling benzene, but certain reactive disulfides,
such as dibenzoyl d,isulfidg, are desulfurized toc give the corresponding
gulfide. Attempts to extend this procedure to less reactive disulfades
were at first unsuccessful“"-']. Triphenylphosphine does not desulfurize

dialkyl or diaryl disulfides in dry benzene at temperatures as high as 140°.

¢
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An anomalous report does appear in the literature8 that several disulfides,
including dibenzyl disulfide,are readily desulfurized by triphenylphosphine.
These results conflict with the observations of Schb‘nbergs's, Moore and
'rrego7, and Gleasong, who report that such disulfides are inert under
harsh conditions.

Allylic disulfides are readily desulfurized by triphenylphosphine

0 N .
with accompanying rearrangementl . A mechanistic study of this reaction

indicates that the reaction rate increases significantly as the solvent

P
5 80°
I ‘ + (CGHS) 3P + (Csﬂs) 3P=8
S
polarity increases. These results led to the suggestion that a charged

transition state, such as 1, is involved in the rate-determining step:

\
6"5 /\ ) SNl' S \/ + 5=p
4 l \ §=P (CgHs) 3
P(C6H5)3 S . >
|
P6+(Csﬂs) 3

L

In contrast with triaryl- or trialkylphosphines, phosphites

1 .
readily desulfurize most disulfides 2. However, Arbusov-type rearrangement

occurslz-ld; for example, the product of the treatment of n-propyl disulfide

PYE IR
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//A\\V/S~\S’/ﬁ\\v// + P(OCpHg)3 ——

v

with triethyl phosphite is not n-propyl sulfide, but ethyl n-propyl

sulfide.

O
fl
/\/S\/ +\/\-‘5"?(0‘3:2“5)2'
13 ’ . .
Harvey, Jacobson and Jensen provided evidencé for an ionic
intermediate in this reaction by showing that unsymmetrical disulfides
react much faster than symmetrical disulfides. The enhanced rate can

readily be explained since increased polarisation of the S—S bond should

result in easier rupture.

X

-+
RS—P (OC3Hs) 2 RS—P(OCyHs), + RSCH,CH3

e
R%—-SR + B(ocyHg) 3 — gla'lzd‘lg —_ &
\

RS

. The driving force for such a rearrangement would likely involve the high
-1,15
energy of the P = O bond (140 Kcal mole l) .

16,17 treated n-butyl disulfide with

Walling and Rabinowitz
triethyl phosphite in the presence of hydroquinone, a radical inhibitor;
they optained n-butyl ethyl sulfide in low yield, showing that the reaction

may occur partially through a free-radical pathway.

&
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RSSR ——* R* + (C3H50) 3P=8

i RSSR R = alkyl

initiation RSR + RT

' products
\ -
RS¢ + P(OC2H5) 3 — LRSﬁ(OCZHs)g:l
O

L CHCH,+ + RSP(OCyHs) 3

RSSR R = aryl

CH3CHySR + RS*

products

If the reaction is carried out in the presence of radical
initiators or Jltraviolet light, the free radical mechanism pr:edomimatets17
Under these conditions, the formation of a compléx mixture minimizes the
synthetic utility of the reaction. For example, dibenzyl disulfide gives
only a small quantity of dibenzyl sulfide (5%); the main products are
toluene (19%) ‘and bibenzyl (46%).

' Altho.ugh the reaction of disulfides with phosphites is ;f little
synthetic utility for the preparation of sulfides, it provides a good route
to maloxon (2a) 1.8' the oxo analogue of the well-known insecticide —

malathion (2b).

X CO,CH,CH3
(CH 40) tySéHCHQC02CH2CH3
22 x=0 2 Xx=s

Maloxon is a metabolic product of malathion in both the cockroach and the

19
mouse .
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Cyclic esters of phosphoramidous acid (3) are known to give
poorlg‘(-defined products on treatment with alkyl halides, although they
react witk‘: sulfur to give the corresponding phosphine sulfides2 . It
appeared that thoge compounds m;ght desulfurize disulfides without the
Arbuzov rearrang'ementzl. It was found that simple alkyl disulfides
gave no reaction even in boiling toluene, w}}ile allylic disulfides lose

sulfur with accompanying rearrangement in ‘a similar reaction to that

observed with phogphines and simple ph05phiteslz-l4. Aromatic disulfides,

tetraalkyl thiuram disulfides 4 and certain heterocyclic disulfides open

s S

R R
NI

/

’
NC—-SS—CN

R R

-8

the ring of the phosphoramidite to form derivatives of phosphoramidous i

acia (5)2122,

0
0
. 2¢ap2 2 . .2
P-NR, + RZSSR® —— R2SCH,CH,OPSR
o’
. NR

3 “ 5 ,

i ,




Tris(dialkylamino)phosphines (6) smoothly desulfurize

disulfides to giveé near-quantitative yields of the corresponding sulfide523'24.

1 265R3 1 J 3
(R,N)3P  + R?SSR® — (R,N)3P=S  + R%sp
©

R1=Q'13 7

%
13

\

6b R! = CH,CHj
N
The reaction is applicable to a wide range of alkyl, aralkyl, alicyclic,
and other disulfides. The reaction rate increases markedly with the
solvent polarity; second-order kinetics are obeyed24. Symmetrical
sulfides are’side-products in some of these reactions, and inversion of
stereochemistry occurs at one of the carbon atoms a to the disulfide group.

Diaryldisulfides are not desulfurized. On these grounds the following

v

mechanism was proposed:

&
/ ’ +/ - ‘
rR-g-sw% + p- —3—%—”—-—» RZ-5—8- + R3S ;Sf-i’-g-’-:-r RZSR3+S=P\-*
N N

a
The formation of symmetrical sulfide can then be explained as follows:

L]

\
- - ~p
st + RZS"SRS R RZS“SR?' + sna -l 32832 + § = Pi_

Further evidence for an ionic pathway was provided by the

detection of a thermally labile phosphonium salt on treatment of .




c ° | ,

di-2-benzothiazole disulfide (8) with a.minophosphine24.

kasad

8

Related work has shown that tris (dialkylamino)phosphines (6)

are particularly useful for extruding sulfur smoothly from a variety of

26

other molecules. These include thiosulfonates (_9_9_)‘ > , sulfenyl

27,28

thiosulfonates (9b) 26, thiosulfinate esters (9c) , trisulfides (94d) 29,

sulfenimides (%e) 30, and sulfenate esters (9f) 31'32.

24 , .
In some cases , the desulfurizatigns are known to be two-step

processes, as shown below:

-

‘+/ /

alsmz + p_i __S__]i.__w___’ RISP.'\- ...f_aﬁﬁ'_., RIXRZ + S = P:’ -
“xr? -~

9a X = -SO0p- 94 X = -SS- '

> . Q
b X = S-S0y~ ) e XRZ = -N(-CR%),
E [}
S X = -5 £ X= -0-




The phosphorus nucleophile attacks the sulfur atom, displacing
an ~XR1 anion in an SN2~type process; “xr! is then alkylated by the phos-
phonium salt to give the desulfurized product and phosphine sulfide.

Although simple sulfides do not react with trivalent phosphorus
compounds, episulfides are readily desulfurized by phosphines or phosphites.
Davis et a1.33 showed that, on treatment with a pho.sphine“ (or phosphite)
for several days at room temperature, episulfides lose sulfur to yield

an alkene. It was later shown that the reaction is facilitated by the

s
/7 \ /
>c—c’ CgH5) 3P Sc=c + (CeHs)sP = s

el
use of dry solvents with weak $olvating powers, and by low temperatures. {;

. 1f these conditions are satisfied, the proportion of polymeric side-product
is greatly reduced34. .
The mechanism of this reaction was studied by Neureiter and
_BordwellBs, who showed that triethyl phosphite converts cis-2-butene
episulfide (10) to cis-2-butene,and trans-2-butene episulfide to trans-2-
butene. The stereochemistry of this reaction‘rules out the attack of
phosphorus on a carbén atom to give arr intermediate such as 11 (Route A),
since sucé a mechanigm requires that the stereochemistry of the product be

opposite to that of the starting material.

*

o
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Ha
*C | attack on R
‘.
C'Hg/I\S + p(oCyHs) 3 —-Saxbon (C2H50)3$"C~
He, (route A) ' “CHj3
*C H’o
7/ - *c-s”
CH3 ) /
1o 3

attack on sulfur

(route B)
’
H H
’0' (C HsO) 3P —_— C..
7 c ‘ 2 ‘CHS
CHg™ |; .8' -+ P(OC2Hs) 3 } JCH
H ... c S ——————— CO 3

1

CH3 H

CH3 a3 -
> < + § = P(OCsHs) 3 ) > < + S = P(OC5H5) 3
H H H CHj !

36

Boskin and Denney provided further evidences for Route B by

showing that the kinetics of the reaction are second-order and that its

rate is virtually independent of solvent polarity. The mechanism now
accepted is one involving direct attack of phospliorus on sulfur.
The desuwlfurization of thietanes on treatment with phosphines or

phosphites has also been observed37. 3-Chlorothietane (13) loses sulfur

% .
to give allyl c¢hloride (14) on treatment with triphenylphosphine or triethyl

LS
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phosphite, aithough the reaction is considerably slower than for episulfides.

cl

I I + (CgHs) 3P _J0hr , CH,=CHCH,Cl + (CgHs) 3P=5
S
13 14 934

Two mechanisms were proposed to rationalize the formation of the alkene.
One pathway involves the rearrangement of an ionic intermediate 15 to give

episulfide 16, which then loses sulfur.

clL. - * s
l | =—= lSl 1w = L\ ‘el
s : s
16

(C635)3P fast

14 +  (CgHg) 3P=S

The other route involves attack of phosphorus on sulfur to give the alkyl
A

sulfide 17; this undergoes nucleophilic displacement of phosphine sulfide,

» yielding 14.

°

CL slow + - fast _
X~ T & ] P(Cglg) 3 ———> [CHy=CHCHSP(CgHs) 3] + Cl~ ——— CHp=CHCH,Cl + (CgHg) 3P=S
sv .
B 1

Rate measurements support the latter process, as the reaction appears to

follow. second-order kinetics37. . ’

B R Tt XU, i ~ e pena r -
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3-Hydroxythlietane and its parent heterocycle, thietane, are

also desulfurized, but far less readily. Although triphenylphosphine

sulfide is formed, the remaining products of the reaéﬁion of these compounds
with triphenylphosphine have not been identified37.

Triphenylphosphine, in the presence of base, has recently been

found to desulfurize activated sulfides of the type 18 in good yiela>®.

0 X )
X S
Y (CiH3) 3P .
base
18a = -N 19

B X=0 ,
Since the starting sulfides can readily be prepared by coupling an |
a-halocarbonyl compound of the type 20 with a thiolactam 21 or a thiolcarboxylic

arid ég, the reaction is highly useful for the prppagation of seqph&éry

vinylogous amides or enolizable g-~diketones., This reaction provided a
key step in a synihesis of corrins that was deyeloped in fesponse to one
of the many requirements of Woodward and Eséhenmoser'g epic synthesis of

. 38b
vitamin Bi,o - .

It has been suggested that 18 is first converted by base to

an episulfide 23, which is then desulfurized.

I’




BTN ettt g

13

o
S
R e -
23
X HX taut {zati
automerization
23 CgHg) 3P N = - 19
Although detailed mechanistic evidence is as yet lacking, the
ease of desulfurization of such enolizable systems relative to simple
sulfides can thus be explained.
] all t;he desulfurizations hitherto described involve valence
expansion of phosphorus (P(III) + P(V)), whether the reaction involves a
phosphine, phosphite, or aminophosphine. - This process has been observed

with a great variety of oxidising agents. A number of these valence

expansion reactions are summarized in Table I.

L
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Some Reactions of P(Iﬁ:) Compounds

P(III) Compound Oxidiging Agent Product (s) . Ref.
N 0 M ¢
. ' ‘ !
‘ R3P 03 A R3P=0 39,40
R3P RZ00R? RiP=0, R20R2 41,42
1 O\‘ R? 1 ,0 Rz
RyP I r3e{ J( 43
0”\Rr? 0” “Rr?
]
. R3P cely R3P=CCly, R3PCl; 44,49
R3P Sg RgP=S © 45
0
5 : ) ] ; .
(R}o) 3P RZX (R}D) ,PR?, RIX 46,47

~

As previously described, most desulfurization reactiens seem
to occur in two steps, the f:"wst stepf requiring nuclebphi_lic attack of
pho‘sphorus on sulfur to give the phosphonium salt intermediate, )
Tripheftylphosphine is a, bettg,r nucleophile than most :phos.phitesll'j:‘a '
and might be expected to attack sulfur compounds more readily. Howe‘krer.,

the interme es formed b'y attack of pbosphftes are stabilized by

electromeric rglease; the gréat,, séability of the P = O br:md]‘5 then provides

.

3

R a powerful dr/iving force for rearrahéement.’

-
L
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The intermediate phosphomum salt is similarly stabilized in .
aminophosphines, which are extremely reacti\re nucleophiles‘?'s, “~ more so .

PR 7 Y.
than phoaphxtes, since nitrogen is less 'elect;onegatlvg than io:'cygent'o, i ‘

F

Electromeric release of electrons ’,frcsm nitrogen to s'tébliiié:e the inter-
mediate phosphonit;m salt is possible, and an Axl;usovrli.lée" réa%rianéemem :

is less likely to occur51., qu these reasons ‘aniixvmo;',hosphines;re V ;“
effective desulfurizing agents. ‘

']i‘he second stage of the reaction involves ’attack of a displaced ’
nucl;aophile on the phosphénium salt to evict ﬁhoéi:hirie sulfide. Disulfides
are readily desulfurized because the initially dispiaced ‘sulfide ion (an
excellent leaving group) is also a very powerful nucl'eop'hile.‘ It
desulfurizati‘on reactions are to provide a new techn;?que for carbon-carbon

bond formation, a carbanion must be generated which can fulfill the dual c

role of leaving group and nucleophile.
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2. DISCUSS ION

Carbanions can be stabilized by conjugation with a carbon-

oxygen double bendsz. Accordingly, a number of B-ketosulfides 24 were

S (I) R2
o
rRIc-c-sr"

11

r

prepared and their reaction with tris(dimethylamino)phosphine (64) examined.

B@llfldes

Several syntheses for these compounds have been reported: the

‘ . 53,54
readtion of mercaptide ion with a-haloketones 3 , the treatment of

5 .
sulfenyl halides with ketones 5, the decomposition of dialkylphenacyl

6,57 .
sulfonium salts with base5 , and the reduction of R-ketosulfoxides waith

sodium metabisul,fitess.

o]
o ? .
- ]
RISH NaOC2H5 RIS R“CCCl RZCC'SRl

. e} 0

1 ) 2 LB
OoN SCl + R*CH,CR“—+ R lG-ICR s
NO

OoN
4]

0 0 (0] 0
i - o+, onn [ P
CgHsCCHoBr + R*SR“ + [CgHgCCH,SR'R¢}+ Br — [CsHsCG‘lSRle] + CgHsCCHSR*

|

. 1

R

o 0 o o 0
I _ R i
RICOR? + CHyS@H; Na' ——— RICCH,SCH; —228295, glech,scg

.

» :
The work in this and following sections has been publishedgl.
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2 .
Previous work23 3 suggested that the proposed desulfurization
.w
reaction would probapbly involve a phosphenium salt intermediate 26.

2

O R
“ - +
Rlc—t: RYSP[N(CH3) 5] 3
3

26

In order to facilitate displacement of the carbanion of 26, a phenyl group

was used at RZ. It appeared that a benzyl moiety at RY might encourage
easy displacement of tris(dimethylamino)phosphine sulfide (7a). Thergfore,

a-benzoyl-a-phenylmethyl benzyl §ul fide (27a) was prepared.

Most methods of preparation of B-ketosulfides give poor yields

or are limited 1n scope. Fortunately 27a can be prepared in good yield

from simple starting materials by a method recently developed 1in our
s

5
laboratory 9.
%? CeHs  CgHy ﬁ?sﬂs

P 1.H5iCl - N
CeisC-Ceghs TOC2Bala, Nl PMCHRSCL, (o biecwycons > s;:og'(“ Cula) N, 55,

- | .

O\P/O cl ..
J {OC2Hg) 4

This ,compound was heated with phosphine 6a in a variety of solvents,
Vapor phase d(romatographic analysis indicategq that desoxybenzoin
(CeH5COCH,CgH s, 28) was t‘ principél product of an extremely slow reaction.
However, in the absence of solvaent, the starting materials were consumed in
less than one hour to give three products as analyzed by quantitative gas

chromatography: l-benzoyl-1,2-diphenylethane (29a) (69%), desoxybenzoin (28)

('22\) ,» and tris(dimethylamino)phosphine sulfide (7a) (86%) .

o o)
(e}
CsHs Ha )V\ )J\’C H
C6HS&—— S~ —=—#CgHs CgHs + CgHg 685 Ta
CeHs CgHsg
. 2la 29a 28




The target molecule 29a was subsequently isolated in 43% yield, identical
in every respect to an authentic sample prepared by the benzylation of

6
desoxybenzoin 0

o)
P KOH }

CgHs + OH ———— 2 Hy0

ceﬂs)\/ 6Hs + CeHs le0-170° 222 20 |

In the reaction of B-ketosulfide 27a with phosphine 6a, it
/ 1

appears that the ionic intermediate 26a, (R), Ry = CgHs, R3 = H , R, = CHyCgHg5)

does indeed form and is partially diverted by proton abstraction to give

desoxybenzoin (28). To test the hypothesis that the proton is absgtracted
from the carbon atom adjacent to the carbonyl group, 27b was required. A

sample of 27a was therefore recrystallized from EtOD to which a trace of

sodium had been added. The absence of a methyne signal (6§ 4.72) in the

nmr of the' resulting materia;l indicates that this proton is the mogt acidic.
This material (27b) was treated with 6a. Careful chromatography

of the product mixture gave, as expected, desoxybenzoin (28), which was 80%

deuterated in the benzylic position (nmr).

O D

. 0 D )
S CeH
CeH ~ "675
’ S/HI/ B2 Csﬂs/W\csﬂs + csﬂs/yCSHs
‘ . CeHs CgHs D X
270 . 2% X = D 60%
X =H 40%
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g C;’ . This indicates that the carbanion of salt 26a preferentially removes the
atom from thke position between the carbonyl group and the sulfur atom,

. even if this requires cleavage of a stronger C-D bond.

o
QP =P: N
CeHe —fmi _ N7
Csﬂs/“\!/s\/ 65 CgHs : -,‘P—S/\Ceﬂs
CgHsg CeHls

27 27b

T G ket

D D CgHs

0 [0} . O D
CGHS)? S\/ CGHS + CGHS/U}» CGHS C6H5 /H/\CGHS
6Hs \’

300 7,

The fate of anion 30 1s open to speculation since no products
were isol_lated that might account for this material.

To determine whether -alkylative coupling could occur for a
B-ketosulfide which did not have R" = benzyl in 24, a-benzoyl-a-phenylmethyl
ethyl sulfide (31) was prepared and treated with aminophosphine 6a.

Although l-ben;.oyl-l-phenylpropane (32) was formed in reasonable’ yield (31%)
it” proved difficult to isolate, since it behaves in a very similar manner
{(on both absorption chromatography and gas chromatography) to desoxybenzoin
(28) and a third unidentified material 33. The fourth product, trans-1-
ethoxy-l,2-diphenylethene (34) , gives further credence to the carbanion

mechanism. If intermediate 35 is formed, a variety of reaction pa‘;'.hways

-
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are available. The m(athyne proton of 31 may be a.bst‘racted by the

anion of 35 to give dea&)xybenzoin and anion 36. The fate of anion 36
\

-

is unclear; it might po\s‘si_bly be alkylated by the cation of 35 to give

B-ketosulfide-37.
0. 0
/JL\\V/FGHS
S
C¢ ~N7 ba CgHs . Y [(Cﬂg)leaPé\
CeHs
3l il

32
?(35
CSH 0
(o] NS
H H
s + 7a . 6 s
\/ -
37 34
¢
.? ba
CgHg
CeHs ‘

[ A
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G If the anion of 35 reacted with starting material and then

] were alkylated by its gegenion, the unidentified product 33 might well be

: An attempt was made to prepare the former by treatment of ketosulfide 31
with ethyl bromide in the presence of ethoxide. Three compounds were
formed in this reaction, all with absorption characteristics very similar

to those of the starting material; separation of the mixture could not be

achieved.

¢ If the anion of 35 is not diverted by proton abstraction, it
g can act as an ambident anion in its reaction with the phosphonium ion.
Attack by carbon yields ketone 32, whereas attack by oxygen gives enol

ether 34. Investigation of the alkylation of ethyl acetoacetate with

of the alkylating agent is correlated with the proportion of C-alkylation
Since both.ethyl ketosulfide 31 and benzyl ketosulfide 27a have identical
ketonic sSubstituents attached to the sulfur atom, one might predict that

v

31 would give more enol ether.

@ N,

ketosulfide 37 or its desulfurization product 3-benzayl-3-phenylpentane (38).

alkyl halides in the presence of base suggests that increased SNZ activity

61,62
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In an attempt to simplify the mixture of products in the .
desulfurization of 31, effects of solvent on the reaction were considered.
It has, been reportef:le’:i'64 that C-alkylation of ketonic anions is promoted
by the use of hydroxylic solvents (such as water, polyfluorinated alcohols,
or phenols). It is unlikely that the proportion of ketone 32 could be
increased by the use of such solvents; instead, the anion of 35 would‘ become
irreversibly protonated, giving desoxybenzoin as the major produc1':. Polar
aprotic solvents, such as N,N-dimethylformamide or dimethylsulfoxide, tend
to increase the proportion of 0-alkylation61'62. The effect in this
reaction was slight. Finally, use of volatile aprotic solvents such as,
benzene or p-dioxane gives slow desulfurization to form a product rr!ixture
very similar to that obtained by treatment of B-~ketosulfide 31 with neat
aminophosphine.

It was found that temperature has little effect on product
distribution; the major effect is on reaction rate. This observation
suggests that the rate-determining step is the attack of phosphorus on
sulfur to give 35, or (less likely) that this step is fast and that the

subsequent reactions of this intermediate all have similar thermodynamic

parameters.

To test whether .the a-phenyl group is required for desulfurization
a-benzoylmethyl benzyl sulfide (39) was prepared and treated with amino-
phosphine 6a. Benzyl sulfide (43) (50%) was the only product isolable from
the reaction. This ketosulfide rcacted more slowly than the ketosulfides
previously discussed; starting material (2%) was present even aftef
heating'for 3 hours at 150°. Acetophenone (30%) was the other major
product; only a small amount of l-benzoyl-z-phenylethaness (40) (5%)

was produced. ~
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The cbserved products (7a, 40, and 43) could be rationalised
by a mechanism similar to that invoked for the reaction of 27 and 31
with phosphine 6a (Scheme I). However, this pathway appears improbable,
firstly because the anion of 41 would have to attack the starting material
to displace mercaptide ion; this intermolecular reaction is not observed
with the more stable desoxybenzoin anion formed from 27 and 31.
Secondly, if ion pair 41 were formed, its fate should be similar to that
of the corresponding ion pairs formed from these a-phenyl-f-ketosulfides;
the formation of mercaptide ion from 39 should be encouraged by the presence
of .the a-phenyl moiety. Finally, ketone 42, which should be formed along
with mercaptide ion, was not‘observed in the reaction mixture, precluding
significant benzyl mercaptide formation by this route.

Benzyl mercaptide was shown to react with starting material 40
to give dibenzyl disulfide, which is known to desulfurize on treat?ent with
6a to give dibenzyl sulfide (:1_3_)24.,4' A more plausible source of mercaptide ion
is attack of phosphorus on carbon {Scheme II) in an SN2 reaction analagous to
that proposed for the r®actions of trialkyl phosphites with aromatic thio- .
cyanatesss. Although this pathway contrasts both with our initial mechanism
and the mechanism propo\sed by Borowitz67 for the reaction of an analogous sub-
strate,attack of phosphorus on caxbon instead of sulfur explains the low yield
of phosphine sulfide obtained. Such a direct ‘substitub.ion reaction would be
encouraged by the reduction in crowding at the a-carbon atom produced by
removal of the phenyl group. Removal of this group would also increase
the a.cti/vatibn enerqgy for the attack of phosphorus on sulfur to displace

the carbanion of 41, which is less stable than the anion of 26a and 35;

this is probably the major factor governing the course of the reaction.
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Thus tris(dimethylamino)phosphine will desulfurize g-ketosulfides to gave
a variety of products; the nature of the reactions involved is highly
dependent on the structure of the substrate. The results obtained are

sunmarised in Table II.

/

SOV

B-Carbethoxysulfides

e

A carbagion can also be stabilized by the carbonyl group of an

ester function. Ethyl-4-phenyl-3-thiabutancate (44) 68-70 was chosen as

At o wasd e e

an example of compounds that could give birth to this type of carbanion.

It was prepared by the action of sodium benzyl mercaptide on ethyl

L R S S

bromoacetate:

.
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CeHs” “~S™Na’ + Br/wr ~ —— CsHs/\s/\,(.ov
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The Reaction of Tris(dimethylamino)phosphine with B-Ketosulfides

AR IO 5 ek s e

TABLE II

x)
e e et ot

Starting Material Products (%) :
19 3 lQ 2 3 9 2
RCQHSCH,R RCCHR“CH,R CgHgCCHo R ((CH3) oN]3P=S Other
number R! R2Z Rr3 (7a) i
27
2la CgHs CgHg CgHs 693 (43)b 22& (IZ)b 86a
a a a H_ Sefls a c
- 31 CgHs CgHg CHj 31 9 67 c H,_\OC q 14 unidentified 28
695 F-275 material (33)
’ N
o
43  CeHs H CgHs 52 30® 472 (CgHgCH,) S 502

a- crude yield (estimated by partial isolation of product and/or ;

quantitative vpc, nmr of impure fractions).

b~ isolated pure.

c~ percent of vpc integral trace.
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This compound gave no reaction with neat tris(dimethylamind)
phosphine (6a) even when the reaction mixture was maintained at high
temperature for extended periods. The lack of reactivity of the ester
can be rationalized by the relatively high pK, associated with the anion

which must be displaced by phosphine for desulfurization to occur (Table III).

Ceis” s NcoEt  —E o ceug” B4 Tiauycopmt]
a5
- + - 73
CH3COoEt —> H' + ~:CH,COpEt pK, 24
‘ 1
c o R J
celis” s Yy Cofs 8, (g S-B> T :CH,CCgHs)
° a1

0 o -
] il 71-4

+
CH3CCgHg H + :CH,CCgHg pPK 19

The anion of 41 is more stable and is hence a better leaving
group than the anion of 45. A nucleophilic substitution reaction
involving attack of phosphine on the carbon Atom a to the carbogyl group
would be much slower for the ester than for the ketone.* Thus, the
limit of the reaction of aminophosphines with sulfur-containing molecules

emerges: aminophosphines will not displace groups with pKa Z 20. Where

-

the PK, is near 20, higher temperatures and neat reactants are usually

required to effect displacement.

* .
It has been shown that a-chlorcacetophenone undergoes halide exchange
about eight times more rapidly than ethyl chloroacetate when treated

with potassium iodide in acetonea}.
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G TABLE IIf 3

~ Reaction of Aminophosphines with RSXR
. PK 2 wpK,
X Product Ref. of RXH Ref. X  product Ref. of RN Ref.
"’SOZ- alb 25026 2 75'76 -0- a 31132 l? 2
9 9
-5- a,b 27,28 2 77 ~-CH;C~- b,c - 19 71-3
-85~ a 29 8 78 ~CH2C02- 4d - "24 73
0 .
-N{CRp) a 30 9 79 | -NR- d 83 25 72
~-5- a . 24 10 80 4

a smooth desulfurization to give RXR in good vield.

4

) p {f X can provide an ambident anion (e.g. -$05-) more than one product
may be formed.

c some degulfurization, competition from side reactions.

d no reaction.
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The Reaction of Thiocyaf;/ates with Tris(dimethylamino) p_hosphi‘.nes

; T

Cyanide ion, lik,aé/ sulfide ion, is a good leaving group and 4a
S

good nucleaphile. It wf;{s thus fc—:_-lt that thiocyanates might readily be
converted to nitriles of treatment with an aminophosphine. E':arly reports
exist in the literatuje for the desulfurization: c;f (:hiocy’ana;:es82 and
isocyanate583 on tr/ﬁétment with trialkylphosphines, although few gxperimental

data are given. More recently, the reactions of thiocyanates with trialkyl

phosphates have been studiedss'“'gs; desulfurization accompanied by ra-

8
arrangement was observed 4. Sheppard obtained evidence that the re-

arrangement pccurs through an ionic pathway and proposed the following

mechanism?

0

+
(R'0)sp  + R%ZscN —— (R!0) 2PsR? — (Rlo),PsR  + RlcN

o-r! + cn
Pilyram and Phillip566, in a detailed study of the reaction of
a_number of aryl thiocyanates with trimethyl phosphite, ‘fourid that instead
of preferentially attacking sulfur to form intermediate 47, phosphorus can
attack the carbon .atom of the thiocyanate group, displacing a mercaptide

ion to give intermediate 48. .
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l——— ArSCN  + (CH3O)3P-——-I

+ - - +
IAISP(OCH3) 3 :CN]} [ArS (CH30) 3PCN]
a a8
.}
(o} 0
AIP(OCH3)2 + CHaCN AI.‘SCH3 + (CHaO) zpCN

S

Treatment of benzyl thiocyanate (49) with tris{dimethylamino)phosphinc

gave an immediate exothermic reaction which produced a deep red color, even
! :.a{ room temperature. Vapor phase chromatograp;y 1ndicated that the
reaction mixture was extremely complex (at least 10 products) . Preparative
thin layer chromatography yielded I,pnly benzyl sulfide (44) and tris{(dimethyl-,
\

amlno)phosphqine sulfide (7a) as 1solable materaials. A large quantity of
brown o1l was also obtained which contained many components. Vapor phase
chromatography shc;wed that benzyl cyanide was one of the major products.

The reaction was repeated i1n a variety of solvents. The yields

of the major constituents of the mixture are shown below (Table IV). The

rate of formation of the red color increased with the polarity of the solvent.

P U 0 e m e e e o e o i 2y o e o e < o . .
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TABLE IV

The Reaction of Benzyl 'I'h‘iocyanate with Aminophosphine 6a

e — - -

b
solvent 'I‘imea (min) Products (%)

F

3

none 40 45 9
acetonitrile 40 42 17
dichloromethane 30 25 22
p—-dioxane 60 25 11
~benzenec . 130 21 6

(CeHgCHY) 28 CgHgCHCN [(CH3)2N]3P=S

32

30

38

41

28

a - time for the reaction mixture to attain constant composition (vpc).

<

b - determined by quantitative vpc.

c - reflux.

If the appearance of the red color provides an indication of

the rates of the major reaction pathways, then it seems that an ionic

mechanism, such as the one shown below, is in operation.
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- 6a ' +
C CgHgCHSCN ———> CgHs5CH,SP[N(CH3) 3] ———l
2 20 Tew
2
! CgHsCHS + (CN),

CgHgCHCN + _7_a_

49

P

(CoHgCHp) 28 +  :SCN "CN + (CgH5CHgS) )

‘ Benzyl cyanide could be formed by attack of the aminophosphine on the sulfur

T I T ST MR TR T IR N T e
=S
-8

atom, followed by attack of the displaced cyanide ion on the intexrmediate

phosphonium ion, 1n accord with the mechanisms of the other desulfurization ;%
reactions discussed. Attack of cyanide ion on thas phosphonium ion may

also give some isocyanide; although vpc did not rule out the existence of :%
this compound, none was 1isolated. . ;

If, instead of attacking the phosphonidm ion, the cyanide ion

attacks a second molecule of thiocyanate, it could displace mercaptide ion.

The mercaptide ion could then attack starting material to give either the

"

observed sulfide or dibenzyl disulfide. Again, vpc did not rule out the

presence of the latter material, but 1t was not isolated from the reaction

o

mixture; if formed, this compound could be desulfurized by aminophosphine

to give dibenzyl sulfide“.

Attack of 6a on the carbon atom of the thiocyano group is also

possible66. Such an attack would lead to displacement of mercaptide ion,

which could react with 49 to give dibenzyl sulfide.

.
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3. EXPERIMENTAL

“

Common intermediates were obtained from commercial sources.
Purification was unnecessary except where indicated in the text.
Melting points were obtained on a Gallenkamp apparatus and are uncorrected.

Thin layer chromatographic analyses were performed on Eastman
chromatographic sheets 6060 (silica gel with fluorescent indicator on
poly(ethylene terephthalate) support; polyvinyl alcohol binder). Solvent
systems used are indicated in the text.

Gas chromatographic analyses (vpc) v;ére performed on an F & M
Model 5750 Research Chromatograph equipped with a Perkin-Elmer Model 194B
Printing Integrator. T™wo 6' x 1/8" stainless steel columns were used -
10% silicon gum rubber UC-W98 on Diaport-Ss (80-100 mesh) and SE-30 ultraphe;se
(10% by weight) on Chromosoﬂu) W AW/DMCS (80-100C mesh).

Refractive inéices were measured on a Carl Zeiss 38341 Refractometer
at room temperature.

Infrared spectra were recorded on a Perkin-Elmer Model 237 Grating
Infrared Spectrophotometer. Spectra were calibrated with the 3027 cm”
and 1601 cﬁ-l bands of a polystyrene film reference.

Nuclear magnetic resonance (nmr) spectra were recorded én a
Vvarian Associates T-60 Spectrophotometer, All data are given in parts
per million relative to TMS (used as an i%ternal standard) . Solvents used
are indicated in the text,

Mass spectra were recorded on an AEI~MS-902 Mass Spectrometer

équipped with a airect ingsertion probe.
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Preparation of B-Ketosulfides

a-Benzoyl-o-phenylmethyl Benzyl Sulfide (28a) was prepared by the

5
method of Harpp and Mathiaparanam 9; mp and mmp 70-71°¢; identical in all

respects to an analytical sample kindly provided by Dr. P. Mathiaparanam.

a-Benzoyl-a-phenylmethyl Ethyl sulfide (32) was preﬁared in a similar

manner, mp and mmp 78-79.5°, identical in all respects (tlc, vpc, ir, and

nmr) to a sample provided by Dr. P. Mathdiaparanam.

a-Benzoylmethyl Benzyl Sulfide (40) was prepared by a modification

of the method of LongS4. Sodium hydroxide (2.0g, 0.05 mol) was dissolved

in 50% aqueous ethanol (40 ml). Benzenethiol (6.2g9, 0.05 mol) was added
with shaking, followed by bromoacetophenone (10.0g, 0.05 mol). The mixture
grew warm and a tan suspension was formed. After refluxing fo; one hour,
the tan solid was removed by filtration and crystallized from ethanol to
giveaf pale brown solid. Recrystallization gave c¢olorless plates,

mp 88~90° (lit.s4 mp 87°) (8.5g, 70%).

The Action of Tris(dimethylamino)phosphine on B-Ketosulfides

a-Benzoyl-a-phenylmethyl Benzyl Sulfide

(a) In the presence of a solvent

S
Refluxing a solution of a-benzoyl-a-phenylmethyl benzyl

sulfide (28a) (0.318g, 1.0 mmol) and pre-distilled tris (dimethylamino)phosphine
(6a) (0.16g, 1.0 mmol) in benzene or p-dioxane (1 ml) for 8 hours gave
small amounts of desoxybenzoin as the major product (gualitative vpc). A

‘:’ similar result was obtaineé with dichloromethane, stirring for 24 hours at

room temperature or refluxing for 12 hours.

f




B R T

=

35

[
(b) Without solveﬂp

a-Benzoyl-a-phenylmethyl benzyl sulgide (28a) (1.00g, 3.2 mmol)
and tris(dimethylamino)phosphine (6a) (0.510g, 3.2 mmol) were heated on an
oil bath at 120°. After 30 minui::jgll starting material had been
consumed (vpc). The mixture was then chromatographed on siliéa gel
(60-100 mesh) using hexane (100 ml), hexane-dichloromethane mixtures (9:1,
100 ml; 4:1, 100 ml; 3:2, éOO ml; 1l:1, 500 ml) and dichloromethane (100 ml)
as eluents. The fractions‘collected wg?e monitored by vpc. Separations
were not completely efficient; however, combination of the first eluents
and crystallization (ethanol) gave l-benzoyl-l,2-diphenyleth;ne (30a)
(0.39g, 43%) as colorless needles, mp and mmp 119-120°; lit. mp 120-i2l°60’86;88.
It was identical in all respects (vpc, tlc, ir, nmr) with an authentic

sample. A later fraction was crystallized from aqueous ethanol to afford

0.075g (12%) of desoxybenzoin (29) ;mp and mmp 55-56°, identical in all

‘respects to an authentic sample.

a-Benzoyl-a-deutero-a-phenylmethyl Benzyl Sulfide (280)

B-Ketosulfide 2Ba (2.Qg, 6.4 mmol) was crystallized from

deuteroethanol (EtOD) to which a tracde. of sodium had been added. The

‘product was dissolved in carbon tetrachloride (10 ml); the resultant solutipn

waa-filtefed and evaporated to give, after recrystallization (EtOH), the
title compound 28b (l.49, 70%) as colorless needleé, mp 74~-76°, with no

i ‘

detectable abscrption in the nmr spectrum at & 4,72, suggesging quantitative

deuteration at the a-position.

&
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A portion of this material (0.79g, 2.5 mmol) was mixed with
tris (dimethylamino)phosphine (6a) (0.456g, 2.8 mmol) and heated on an
0il bath at 150° for one hour. The resulting mixture was cfxromatographed
to give: (a) l-benzoyl-l-deuterio-1,2-diphenylethane (30b) (6.389g, 55%),
after crystallization (EtOH) mp 121-123°, mmp with non-deuterated material
121-122°; identical to 3Q0a by tlc and vpc; (b) CgH5COCH;CgH(0.045g, 9%),
mp 47-51°, pure by tlc (CCl,) and vpc, containing 80% deuterium at the
benzylic position (mmr, CCl,); (c) a mixture of these two materials (0.130g)
(tlc, vpc); and (d) tris(dimethylamino)phosphine sulfdide (7a) (0.340g, 81%),

identified by vpc and nmr.

S

a-Benzoyl-a-phenylmethyl Ethyl Sulfide (32)

o-Benzoyl-a-phenylmethyl ethyl sulfide (32) (0.128g, 0.5 mmol)

A N
and tris(diethylamino)phosphine (6a) (varying amounts) were mixed and heated

on an oil bath for various periods of time at different temperatures.

4
Virtually constant yields of 7a, 33, 34 and 35 were obtained in a reaction

that'was complete in about 10 min. (vpc).

<

The reaction was also examined using benzene, dioxane and
dimethylformamide as solvents (1 ml) and 1 mmol of each of the starting

materials. Yields varied only slightly with the solvent.

N
s
13

Isolation of Products

a-Benzoyl-a-phenylmethyl ethyl sulfide (32) (640 mg, 2.5 mmol)

-and tris(dimethylamino)phosphine (6a) (450 mg, 2.7 mmol) were heated on

Y]
an oil bath at 150° for one hour. The resulting mixture was then chroma-

tographed on silica gel (60-100 mesh, 609).‘ua'ing hexane (500 ml) and



hexane-dichloromethane mixtures (9:1, 2 &; 4:1, 2 £; 7:3, 1 &; 3:2, 1 &
and 1l:1, 1 £) as eluents. The fractions wollected were monitored by vpc.
Separations were not completely efficient; however, the first fraction,

a colorless oil (80 mg), was pure by tlc (hexane) and vpcs vmax(liq. film)
2978, 1638, 1604, 1689, 1497, 1452, 1120 (v. broad), 925, 772 and 700 cm-l;
nmr gave signals (CCl,) at ¢ 1.8-2.8 (multiplet, 10 H), 3.8 (singlet, 1 H),

6.1 (quartet, 2 H), and 8.7 (triplet, 3 H); ms showed P+ at 224. This

information indicates that the material is an enol ether, CgHgCH = C(CgHg) OCyHs.

e ; : 8 - .
Identification of a trans-band in the ir 2 at 925 cm 1 suggests that this

compound is trans-l-ethoxy-1,2-diphenylethylene (35) (14%). The second

fraction was rechromatographed to give a sample of l-benzoyl-l-phenylpropane
. 33 (61 mg, 1ll%) (vpc, tlc, nmr), after crystallization (EtCH) mp and

s ’ mmp 49-52°: 1lit. 57°88, 58°90); a mixture of 33 and 34 (160 mg) (vpc, tlc)
was also obtained. Ke'tone 33 was also present in the next two fractions

(vpc, tlc, nmr). Tris(dimethylamino)phosphine sulfide (7a) (327 mg, 67%)

was isolated in a further fraction; pure by vpc and tlc.

a~Benzoylmethyl Benzyl Sulfide

T R a-Benzoylmethyl benzyl sulfide (40) (2.42g, 10 mmol) and
Frisidi'methylamino) rhosphine (6a) (1.80g, 11 mmol) were heated on an oil

- bath at 150° forpthraa hourxs. The resglting mixture was chromatographed
on silica gel (60-100 mesh) (250q) uéaingl as golvents hexane (1.5 1),
hexane/dichloromethane mixtures ?1:10, 1R 1:9, 1 2; 3:17, 1 %; 1:4, 1 %;
3:7, 1 &; 2:3, 185 1:1, 1 & 7:3, 1 &), dichloromethane (1 2),

chloroform (1 %), ethyl acetate (L &) and methanol (] 2). . Efficient

EASEPRS N U ¥ i
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separation proved impossible; however dibenzyl sulfide (540g, 50%) was

isolated as yellow prisms, mp and mmp 47-49°, identical in all respects

(tlc/benzene, vpc, ir, nmr) to an authentic sample of the sulfide.
Further fractions were obtained containind acetophenone, 3

dibenzyl disulfide, l-benzoyl-2-phenylethane (ﬁ})es, starting material,

and traces of other unidentified materials (vpc, tlc/cyclohexane or benzene,

nmr) .
Ttis(dimethylamino)pgosphine sulfide (7a) (911 mg, 47%) was
isolated in an almost pure state. Large quantities of polar material
o containing many unidentified components were also obtained. }

Ethyl 4-Phenylthiabutyrate (43)

(a) Synthesis

Benzenethiol (6.2g, 50 mmol) was added to a stirred solution
of sodium hydroxide (2.0g, 50 mmgl) in 50% agquecus ethanol (40 ml). Ethyl
bromoacetate(8.4g, 50 mmol) was added and the mixture refluxed for 15 minutes.
The ethanol was removed by distillation and the resulting suspension was .
washed with ether (3 x 25 ml). Combined ether extracts were washed with
water (25 ml) and dried (MgSOy). The ether was removed by digtillation
and the residual'oil distilled to give ethyl 4—pheny1—3—;hia£utyraté (45)

(8.4g9, BO%) as a colorless oil, bp 168-174°/15 mm (lit. 110°/1 mm.ea,

63, 265°/760 mm 70)n520

70

183-184‘A50 mm. 1.5356 (1it. 1.535569, 1.5352 7)),

o Vmax 3008 (C-H str), 1745 (C=0 str), 1505 (aromatic C-C str), 1135 (C-0 str),

and 764 (aromatic C-H bend) cm-l; nmr (Cclu)‘gives signals at § 7.44

o ~ (singlet, 5 H), 4.22 (quartet,’2 H), 3.90 (singlet, 2 H), 3.03 (singlet, 2 H)"

and 1.26 (triplet, 3 H).
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‘not identified, as they proved inseparable.
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(b) Action of Tris(dimethylamino)phosphine

A mixture of sulfide 45 and aminophosphine 6& (1 mmol of each)

was heated for various times at different temperatures. No reaction

occurred (vpc). W

Benzyl Thiocyanate

Benzyl thiocyanate (149 mg 1 mmol) and tris(dimethylamino)phosphine

o
( 163 mg 1 mmol) were mixed. An immediate reaction ensued, turning the

mixture deep red. Mixing these materials in methylene chloride (1 ml)
or acetonitrile (1 ml) gave a similar result. When benzene (1 ml) was

*

usgd as solvent the reaction was much slower; the mixture turned yellow,
orange, then red.

The methylene chloride solution obtained in this manner was
separated into five fractions by preparative tlc on silica gel (solvents:
cyciohexane-ethyl acetate (l:1) then benzene).

Dibenzyl sulfide, identical to an authentic sample (vpc, tlc,
nmr, ir), and tris(dimethylamino)phosphine sulfide (7a) (vpc, nmr),
were~1solqted.

The other three fractions contained many components that wefe

v

+

The reaction was then repeated in a variety of solvents; the

4
]

product mixtures were analyzed for dibenzyl sulfide, benzyl cyanide and 7

by quantitative vpc, as described in Chapter 5,
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5. CALIBRATION OF THE GAS CHROMATOGRAPH
To determine the composition of the mixtures produced by e
reaction of thiocyanate with tris{dimethylamino)phosphinre, the gas
chromatograph was calibrated, using cumene as an internal standard.
The response factors varied considerably with the flow rates of the
gases, but were consistent if these were not altered. Txpical

»
calibration curves are shown in Figure I.

~3
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FIGURE 1. Standardization of Gas Chromatograph
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¢é. SPECTRA OF TRANS-1-ETHOXY-1,2-DIPHENYLETHENE
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SUMMARY AND CLAIMS TO ORIGINAL RESEARCH

LY

It has been demonstrated that tris(dimethylamino)phosphine

desulfurizes a variety of B-ketosulfides in variable yields.

Phosphonium salt intermediates have been implicated 'in the
reactions, which éroduce a variety of products, including

ketones and enol ethers. ,

Tha scope of this type of the desulfurization reaction involving

RSXR with aminophosphines has been determined; the phosphine will

b 4

not desulfurize molecules with leaving groups of pka 2 20.
\
It has also been demonstrated that benzyl thiocignaf:egis readily

desulfurized by the aminophosphine in a highly complex reaction
to afford benzyl cyanide and dibenzyl disulfide as

products.

o
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PART II

THE SYNTHESIS OF CHIRAL SULFUR €OMPOUNDS

1. INTRODUCTION

-

i,
Unlike carbon, sulfur has a number of stable oxidation

states; divalent, tetravalent and hexavalent states of sulfur are
all known. Tetravalent sulfur forms compounds that differ in their
stereochemistry from the coxresponding carbon compounds ;’ while the

carbonyl group is planar, the sulfoxide mojiety is tetrahedral as the

N
* R Ces \\Q SO

c=o0
N
R'Y R o

lone pair of?electrons on the sulfur atom acts as a fourth group
attached to the ,f:entral atom. Thus, thelsulfoxide moiety can give
rise to asymmetry in a molecule. The first known natural product in
which -optical activ;'.}:y results from chirality of a“n‘ atom other than

carbon was sulforaphene (1), a mustard oil isolated from the seeds of

the blaék raddish (Raplianus sativus var. alba L.)l. . Iberin (2, n==3)2,

sulforaphane (2, n=4)3, and 'hiqher homdlogues containing flve"s; sixs»,

o 0
] : I
CH 38 CH=CHCH, CH3NCS . CH3§ (CHy) nNCS

1 - . .2 .
|- = ‘-r'f\,




eight7, nineg, or ten9 methylene groups have also been isolated from
plant sources. All these compounds are levorotatory and exhibit . i
similar optical rotatory dispersion curveslo. Since an X-ray

dnalysis of the thiourea derivative of naturql (-)-iberin shows that

the configuration at the sulfur atom is R, this configuration has been
&

assigned to all the sulfoxide—isothiocyanatesll.

OthHer naturally occurring sulfoxides include biotin sulfoxide

(3), found among the metabolites of Aspergillus niger and other

12,13 14-17

, aliin (4, R = CH,=CHCH;-) found in garlic- and

penicilia

onionzo, cysteine methyl sulfoxide (4, R = CH3~) isolated from cabbagelg,

20,21 )
turnip 0. and ‘other vegetableslg, and the cyclic sulfoxide 5 isolated
H (CH,) ,COH .
N ~ o] o
ol - i
fo) S=0 RSCH ?HCOZ S
' s L
N I
H CHjy N CoH
H
3 4 3
18,21 , .
from onion . The irritant principle of the onion is thought

to be the sulfene, thiopropanal-s-oxide (CHj3CH,CH=S=0), formed by the .

action of the enzyme allinase on cysteine S-(l-propenyl) sulfoxidew’zz.

-
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f

‘synthesis of Chiral Sul!oxides

The standard method for the preparation of sulfoxides’ involves }
the oxidation of sulfides. Of the many reagent;s that have been used

23,24 and l—chloz:obenruzotriazc>le25

for this oxidation, sodium periodate
are preferred since the problem of overoxidation to the sulfone is
1:15ually avoided. Diaryl sulfoxides may be prepared by oxidation with

N-bromosuccinimideze, but this reagent ‘cleaves the C-S bond of alkyl

27

sulfides
A group of Yugoslavian workers demn‘)nstrated that oxidafion

of sulfides with y-substituted monoperglutaric acids (&) produces

28,29

sulfoxides possessing a small amount of optical acti\rity They

explained this optical induction by invepking a cyclic transition state
(7)"in which the substituent .on the peracid .and the bulkier group on

the sulfide (RJ’*) prefer equatorial p'ositionszg.

o .

o a0 \ .

' R ) : Rl *
— : " ) -
HOC-CHCH2CHpCOgH = < e ]
: "M, v RE - 2
" W [
: - 0 s
3 | VR
7 n—0

Italian workers led by Montanari showed that such partial

ster:eospecific synthes#s were not limited to oxidations with mono- )
30~32

perglutaric acids » and proposed ‘a mchanism33 inspired by the

34

work of Cram™ and Prelog35. They argued that the product formed

” ! ny
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depends on the relative sizes of the groups S (small), M (medium) and

L {large) attached to the peracid, as well as the relative sizes of '

the groups on the sulfide. If the perac»d attacks perpendicular to
the sulfide molecule, transition state 8 or 9 will be preferred
/
M L
\L—CO3H---'-S, —_—— S eey
" AN
S A B (o] A
8
, L
(J
CO3H++» - - s, ————g . /s\...
) B A o} B A
9.

depeniding on the relative sizes of the substituents, and hence the

predominant configuration of the product can be predicted33'36’37. !

38.39 took exception to these arguments, citing discrepant ‘

Mislow
results and reminding that even a blind stab at the configuration of

the sulfoxides has a 50% chance of being correct. After further
‘ 32,40,41

'

studies of the reaction with a wide variety of peracids
Montanari réplied that in every case where solvation effects and electro-
static interactions could be discounted with certainty, his tlhxeory

" predicts the correct configuration'for the sutfoxifies.

Although these reactions inva}:iably give sulfoxides in greater
- 4244

N

than 80% yield, the éroducts always have low optical purity

Higher optical purities can beé obtained by performing the reaction at low

-
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40,41
temperatures, but optical purities over-10% are unusual ' .

Materyal of higher optical purity is obtained in lower yield (9-~61%)

when an aralkyl sulfide is oxidized in a culture of Aspergillus niger

_or with the insoluble material obtained by extracting the mold with

/ -
ac/étone45 47, : x

Sulfoxides of low optical purity {(v6%) have also been obtained
by the oxidation of sulfides with iodire in the presence of a chiral
48a . , ; :
catalyst . Comparable optical induction has been observed in the
. . "o s w48b.
electrochemical oxidation of sulfur with a "chiral electrode .
Several techniques exist for the optical enrichment of racemic -

sulfoxides. Partial oxidation with optically active peracids’ ar

Aspergillus nigerso and partial reduction with chiral t:hiolss:L or phos-

. ... 52 . .
phorus thioacids a give low yields of material with varying degrees
of optical purity. Kagan has successfully employed chiral acid chlorides

to help partially resolve SulfoxideSSZb.

Sulfgxides have been resolved using platinum complexe853'54.

A more elegant [technique involves the preferential inclusion of one

enantiomer in¥o a chiral host molecule such as a B—cyclodextrinssa.

Photochemical oxidation of sulfides using a chiral sensitizer preferentially

. . 558b,c
gives one isomer .

Optically pl.{re sulfoxides were first prepared by Anderse1156'57.

Treatment of a menthyl sulfinate ester (10, R2 = ment}gyl) with a Grignard

reagent, according to the method of Gilmanse, gave a sulfoxide of hi;éh

optical purity. Mislow and co-workers subsequently confirmed the high

»




stereospecificity of the reaction, demonstrating that inversion occurs

at sulfur38 '59 .

R1 Rl
| 2 2 |
tS-OMen + R MgX —m R -S:
] !
o) (o] .

Other djastereomeric sulfinyl derivatives such as sulfinamides

(1L) %0:61  ana heterocycles (L?_)62 have also been treated with

(e} N O C6H5 .
o, 2 AN
R'SOR R'SNRj s
NS
CH3 @3 O
' ' 10 11 12

ofganometallic reagents, but none appears to have displaced sulfinate

esters as the preferred precursors to chiral)sulfoxides.

¢
»~

While this valuable synthetic téchnique can, in certain -
- ' k]
instances, give high yields of sulfoxide, close scrutiny of the literature

reveals that the yield depends greatly on the structure of the target

3

sulfoxide. Diaryl sulfoxides and,aiyl benzyl sulfoxides can often be

. prepared in good f(ield, ugually greater than BO%J and 70-84% respectively3'8‘63'64- .

.

.

. Yields of aralk&l sulfoxides appear to be’ more variable. Andersen

.

obtained ethyl p-tolyl sulfoxide in 62% yield56; _he also found that

4

althoggh reaction of.menthol methylsulfinate with phenylmagne’aium.brdmidq

&

‘“gave a 91% yield of menthol, only a 60%-yield of the crude methyl b'henyl

’ +
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»
sulfoxide was obtaninedss. Mislow and co-workers prepared a number of i
aralkyl sul’foxides:}?; only the yield for i-propyl p-tolyl sulfoxide is
13
reported (22%). Methyl i-propyl suplfoxide and allyl methyl sulfoxide

~

were also prepared, but no yields are glven,lsuggesting that these are
low*.
The simple sulfinate ester 13 and the cyclic sulfinate esters

14 and 15 were chosen as models for a study of thie Grignard reaction.

: o : ‘ G
I
CeH sSOCH s and ( S=g
6495 3 o” §O ® Ve
14 15

Although these substrates differ somewhat from the menthyl esters, they
should enable us to éxplore possible side~reactions in the reaction of
sulfl}adte esters with Grignard reagents, and should give a clue to the
problems that can arise. Analysis of the product mixtures showed that
the reactions are complex. These compounds can give sulfoxides, but
conditions must be very carefully selected,.othexwise‘jonsiderable
quantities of sulfides and other impurities are groduc;ed. These
impurities often ;emin tenaciousiy with the sulfoxide, making separation
difficult and therefore severely limiting the syrithetic utility of the

3

reaction..

e

I A

* An _interesting indire®t approach to the synthesis of chiral dialiﬁhi’-ic
sulfoxides has recently been reported. .Chiral aralkyl sulfoxides will

" react with an alkyl lithium to give dialiphatic sulfoxides; however

neither the product yields nor optical purities’ is dependably high66'67. B
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The nature of the sulfide formed as a by-product appears

to depend on the structure of the intermediate sulfoxide and on the

"quantity of Grignard present. If the sulfoxide contains a phenyl

group and a two-fold or greater excess of organomagnesium reagent is
used, the sulfide formed generally corresponds in structure to the

sul foxide:

a.q. . + CglsMgBrx — CgHsS (CHy) 30H

16-

In other cases a sulfide corresponding to double addition of the

Grignard reagent is observed:

e.q. + CH3MgBr —_— CH 3CH,S (CH3) 4OH
]
or O
u i

\ ‘

The reaction of sulfoxides with Grignard reagents has been

shown to be exceedingly complexegh?z; manyh products are %ormed,

including sulfides of the type 16 and 17. Manya and co-workexs 1772
explained the formation of these compounds by proposing an intermediate

sulfonium methylide 18 whdich can .either ajéct a carbene fragment (step a)

. ~ C 4
or rearrange in a similar manner t¢ that proposed in the Pummerer

rearrangément73, ¢step b). Such an inte_mediate (18) coiild be present

in the Grifgnard-vsulfinate ester reaction.

’
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~
) R
> R S-OMg + :CHop
3 3
step a step ¢ R"MgX step R MgX
a
1 3 1, | 3
o , R ?ng R S~R RS ? R
I /
Ris-c-n —RMIX ., plo &5 0
\ + N
step b
| 3 |
18 Rls-(‘:—OMgX RMgX RlS-(f-Ra
step\ 1 R3ng )
RM=c< /

The suylfide corresponding in structure to the sulfoxide
could then be formed from the sulfenate intermediate produced in étep‘ a.
I1f the carbene fragment adds to this magnesium salt before step c,
then the double addition product will be formed as shown in step d.
The double addition product is the same as that produced by rearrangement
of the sulfonium methyli‘de 18 (step b) or the more probable elimination

from 18 (step b'), followed by addition of the Grignard.

[ d

Lithium Organocuprates . i
' ‘,p | '
For many years copper-catalyzed reactions were unwittingly

v

carried out by chemists using copper vesgels for their zeactiohs{ The
' first stoichiometric organocopper reagents were prepared 'by Gilman, -who )
ﬁs‘olate‘d methylcopiber while studying the cata.lfsis of griq;lqi-d reactions .
by s;its of coi:per and other heavy metalé“l. Iﬁ is dida‘;’icult to prepare
pure methyl copper and cotf};ar reagents with the stoichiometiy 'RCuvs. . ‘Ih’
contrast, ethereal solutions of compounds with the'scoiqhiometi'y RpCulLi

can easily be made'by adding two eqﬁivdlents of organolithium reagent

~
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0 to one equivalent of cuprous halide; the reaction is often self-
& indicating, obviating the need to standardize the lithium reagentm. |
Organocopperlithium reaétions often Qarallel Grigna_rd
reactions, but the former are usually more specific, Thus, while
., Grignard reagents will add to an a,B-unsaturated ketone to give a
mixture of the 1,2- and 1,4-products, the organocopper reagents give
only the 1,4 addition product77.
. .
. ‘ .
(0] | C.m . ('DH
o | A
-G=C-C- + RMgX —— R-C-C=C- + -c=cl:-<':—
!
HO
(]
R~-C-C-C~
This seiectivity has been exploited in the synthesis of ketones from
acyl chlo;:ides78,_and of alcohols from epoxides79.
‘ .
j -
rlcw  +  RPout —— RMR ‘
2
) R 2 If P
‘-q-‘tlz- + ° R Cuni ~—— -clz-?- A
OH
In this way materials which are unstable towards Grignard reagents . °
' can be isolgted7g'8°. .
D . ) . o i
It was thought that the gelectivity of the organocopperlithium peagents
. might apply tg their reaéti,on‘wiﬂ‘:h s;;lfinate esters., . If these reagents
‘ o would convert sulfinste esters to optically pure sulfoxides without sub=

sequent reduction; they would usefully improve the Apder‘s:en syntliasiéé

"
3

0 P . - -
. . ’ - - - "y -
- : P N
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the sulfinio a.c;\.d with diazomethafnesa. - " o

2. RESULTS AND DISCUSSION

synthesis of sulfinate Esters

- Sulfinate esters can be prepared from a sulfir‘xic ac/id and
an alcohol in the presence of pyridine or potassium carbona.téal.
It has been' rei:orted that hydrochloric acid will catalyze the esteri-
fic::at:i.on82 or hydrolysis_83 of sulfinate esters,as occurs with the
corresponding carboxylate esters.. The uncatalyzed esterification

proceeds if water is removed by azeotropic distillétion84.

0
I] i
rlson + R%H — RUSOR® 4+ Hy0

»

The esterification can also be effected with the coupling agent
N,N'~dicyclohexylcarbodiimide (19) 85.

«

o n-CeH11 o NCgij; o ‘
0e ] /4 , ROH ] -
ArSon 4 G .';—-—--*Ar§00\ . RSOR | +  O=C(NHCgH11)»
N ?CGHI . NHCgHy
19

Methyl esterxs of arenesulfinic acids can be prepared by treatment of

!. aa PR —— . b . P

-




& A T e

" tion Of sulfites

., sulfinate esters.
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Nucleophilic attack of the sulfinate ion on alkylating agents
could, in principle, give the sulfinate ester. However, in most cases
the bidentate nature of this ion results in the formation of sulfone as
the sole product, or a mixture of sulfone and the sulfinate ester87.

O, ’ O. - (o] i o
oo 3

i i i )
Rl-§-0~ «——+Rl.g™ + R2X -—— RI-8-OR + RI-S-R° + x°~

I ¥
0 ‘ 0

W
The reaction of the sulfinate anion with ethyl chloroformate

is a useful exception.

i Wy
- I ;
RSO + ClCOCHpCH3 -+ RSOCOCH2CH3 ) .
O
’ 0
+ ,0=C to
RS /0 ~—*  RS-0OCHpCH3 + -COg
\ -
O CH,CHj3

In a similar vein, sulfinate ions react with an alkyl chlorocarbonate

in the presence of an alcoh§1 to give the sulfinate ester containing

the alkoxide %roup derived from the alcohol solventea.'_

L

89

Treatment of alkyl chlorgsulfinateé (20) with Grig reggents” , oxidation
of aisulfides’*'l of thiolsgzlwihh lead tetraacetate,

_?3_?5 2 Ozonolysis of sulfenate ssters

cleavage of t-butyl sulfoxides with N-halosuccinimides’’ all giv

»
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o l 0 3
1.0 2 1.0 2
R708~C1 + R"MgX —— ROSR” + MgxCl

20 A}

2RlSH + Pb(OAc)..--——PRISSR1 + . Pb(OAc), + 2ACOH
1.1 2 1 ‘
R SSR™ + 3Pb(OAc)y + 4R OH —> 2R SOR +  3Pb(OAc) 2
e
(o]
. 2
+ 4AcOH + 2AcOR
0 0

1 i
Cglg0-S~0CgHg , ——* p-CgH50S~CgHyOH

0]

; 1 2 it 2 ‘
R S-OR + 03 ——* R S-OR

21
o )
I "
R'sK’ LbS R'X + R°SOR’

HCLy, RI0H

None of these reactions, however, gives good yields of sulfinate

w

estar i;'rom readily available starting materials. A method developed

by l()o:mglasé98 in wh:ich a sulfinyl chiorid; reacts with an alcd};ol dpes x}‘ot
suffer from these drawbackg, 'although‘ "Qhe suif;pyl_ cfhlorides are unstable
and must be reacted in situ, - A convenient and stable source of the

sui’f:l.nyl moiety is provided by the sulf;inyl phthalimides (_?_?_) ;- a series of

reagents deyeloped by Harpp.and Backloo "1013-. . These compounds’ react with

-

alcohols or alkoxide ions -to dive sulfinate e_steré in near guantitative yie;dl,Ol.

.

El

Y
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Reaction &f -Sulfinate Esters v}ith Orgaﬁocoggerlithium 'Reagents*

v

The literature examination in the previous section shows that

thé Andersen synthesis is the best approach to optically pure sulfoxides.

However, as yields obtained are often low, there is ample scope for
x

improvement. If the poor yields in these syntheses can be ascribed

to reduction of the sulfoxides, then simple sulfinate esters should provide

good models for a study of lithium organocuprates as replacements for the
. rd

Grignard reagents. Use of simple sulfinates as models has the further

R~ T R T ey

advantage in that a direct comparison can be made with the product analyses

. obtained previously for the Grignard reactionsse.

thyl benzenesulfinat as prepared by treatment of

f acetic acid, followed

thanolysis of the intermediate sulfinyl chloridega.

diphefiyl disulfide with € ine in the pres

by
) 0
1 - [] .
'CgHgSSCgHy + 2CHCOOH + 3Cl, — CgHgSCL + 2CHCCL + 2 HCl
0 0
I I
CEHESCl + CHOH —  CeH5SOCH;

i s w _]_.é_

" This sulfinate &ster was treated with var;ious quantities -of lithium
dimethylcuprate. Aft.e_r hydrolysis, analysis of the mixtures by vpc or
nmr showed the presence of ‘methyl phenyl sulfoxide and fethyl phenyl-

sulfide, rtogether with varying amouynts of starting material. ' Altering

)

*This study, _combinéd with a study of the reactions of sulfinate e;sters

v

and Grignard reagents, has been submitted for publication‘a.

3
,
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the reaction times and temperatures indicated that an optimum yield

of the sulfoxide was produced in a rapid reaction by treating one

' ,

molexof the sulfi?aée with two moles of the organometallic reagent at
Jow temperature (0° or below). " Distillation of tﬁis mixture gave

the sulfoxide in 59% yield, more thah twice the yield of sulfoxide
obtained from the Grignard reaction under optimum conditions (see below).
The material was pure by tlc and vpc and indistinguishable frqm a sample

of the sulfoxide prepared by oxidation of the sulfide. Thé sulfinéte

a

ester was not totally consumed if less than twa moles of organometallic

reagent were used. & o

-

Treatment of the sulfinate ester with lithium diethylcuprate

or lithium diphenylcuprate gave sulfoxide as the4major°product (Table I).,
Similar results were obtained with samples of methyl n-butanesulfinate

(23) prepared ' through the sulfinyl chldride98 or the sulfinYlphthalimidelOI,and

()
o - ' ) o )
n-Cy,HgSN + «CHjOH ——> n-C,HofpCH; + HN O
- i . , . e J
| 23

with the sultines 14 and 15, prepared from the thiogulfonates 24 and 25

by desulfurization with tris(dieth?lamino)Phosphinéloz’103.

R
. .



f - purified by column chmétography

(sifica, ethyl acetate-cyclchexane (4:1), then methanol).

S

7

B
. TABLE T Reaction of Sulfinate Esters with Lithium Organocuprates
&
y ) Q Q
‘ " ¢ "R2SOR3 + R;_Cum =+ R2SR® and other products
. . .
Sul- f
finate -0 2. -
Ester. CgHcSocHz  (13) . n—-CyHqSOCH 23 14 Others
Rl Reacticn Product Yield | Reaction Product Yield | Reaction =~ Product Yield |Sulfinate Reaction Product Yield
- Temp (°C) - - (%) | Temp (°C) (%) Temp (°C) (%) Ester Temp (°C) (s)
‘ .9 Q. 0 o
ca3-. 0 -CgHsScHa® 59 0 nCy,HgSCH3? 50 0  cmaS(cHy 0 59 |10 R%=CgHs 0 CeHsSCHSC 22 |
' ' ‘ ' (58) 3 e *
. - R¥=pCH3(CgHy) CeHsSCH3 53
? d A L
CoHg~ -78-  CgHsSCH,CH3 36 X
-
nCyBg- - ~40 CeHsSnCyHe® 36 o no isolable - B
L < s products L ¥
; o c -, -
i -30 n~CyHoSnCyHg ~ 15 >
.9 a
-78 n-CyHoSnCyHg 52 -
- - . » Al i
S 9 . a ¢ .. 2 £
. CgHs~ 0  CgHsSCgHg 50 -78 CeHsSnCyHg 64 0  CgHgS(CHp)yOH " 32 |15 0 CgHsS(CHZ) 30H 52
! N (57 (56)
) L9 e )
. =78  CgHsSCgHs" 48 .
a:puriﬁed by distillation; b- purified by preparative tlc (sil'ica! chloroform);
c - purified by -column chromatography (silica, ethyl.acetate) then K{xgelrohr distillation at 100°/1 mm Hg:; '
.d -purified by éolxmn‘chronatog'raphy (silica, -ethyl acetate), distillation, then rechromatographed (dry colwm
*  alumina) with benzene-pyridine (19:1) or 1,4-dioxane; ‘
‘e - purified by column chromatography (silica, hexanes then chloroform): o
" . -y
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(cip) 7 TsFL (GH,Ty

(Cﬂz);\

(st [(comg) o8] 3P — o N Q o * {(coHs) oN] 3P=s
0% % . oﬁs\o ' (lss

_2___1 n=2 ! _]__4_, n=2

25, n=3 ’ 15, n=3

In most cases ghe yield of isolated sulfoxide was Preater
than that formed in the corrésponding Grignard reaction. Furthermore,
the organocopper reagents é{e-more selective, and hence the sulfq#ide‘
will tolerate an excesé. ‘Treatment o%ilé_with a four molar excess

- 3

of lithium dimethyicuprate gives methyl phenyl sulfoxide in 43% yield.

The best yield of sulfoxide obtained from the corresponding Grignard

reaction is 27%; treatment of lg.with 3.3 moles of Grignard reagent
gives only sulfide.‘

The réaction of gg'with\lithium di-n-butylcuprate clearly
shows that sulfoxide formation is favoured at low temperatures; the
reaction yielded ovér 504 of the target sulfoxide at -78°, although no

product could be isolated at 0°.

o
FICE

Formation of Sulfides

»

In contrast with the Grignard reaction,sulfide formed by
\ .
addition of two alkyl groups is not a significant product; in most

cagses less sulfide corresponding in structure to the sulfoxide was.formed.
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:The reaction of 13 with lithium di-n-butylcuprate and 27

with lithium diphenylcuprate gave anomalous results; ip both cases
n-butyl phenyl sulfide was formed and no sulfoxide could be detected. b

The sulfides could be formed by reduction of the sulfoxides ‘

in a manner similar to'that proposed for the Grignard reactions.

However, a pathway involving a sulfonium methylide intermediate (18)

is unlikely since double addition products are not observed.

R

To determine unequivocally whether sulfide could arise from

the sulfoxide, a number of sulfoxides were treated with lithium organo-

cuprates. Most of the required sulfoxides could be prepared by i

oxidation of the sulfide with sodium periodate24. This reagent does

b

not oxidize n~butyl phenyl sulfide; n-butyl phenyl sulfoxide was ‘
obtained from the sulfide by oxidation with m-chloroperbenzoic acid104'105.
Treatment of the sulfoxides with lithium organocuprates (Taﬂle I1I1) -.
showed that reduction of the sulfoxide could not account for all the
sulfide formed. For example, after treatment of n-butyl phenyl sulfo%;de
with lithium di-n-butylcuprate for an houy, 11% of the sulfoxide could:

be recovered, whereas only sulfide could be isolated from a 15 minute

«

raaction with the sulfinate at the same temperature.

The qulfinate ester might be partially converted to the sulfenate ,

1

ester (21), which could then react with the organometallic reagent to givé

0

“ r
1 3
: _ " R1SOR? + RjcuLi — Rlsor2 -R2GuLL , plged
o ' /
- . "
b
% 4]
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- - TABLE 1 Reaction of Sulfoxides with Lithium Organocuprates
' e e L - .
= ' : _ rRSR2 + Rjcuni
3 £ - 3 ; C : . .
. - Sulfaxide . (R¥) yCyLi Temp. Time ]
T (1 mle) : ‘ (°¢)- (hr) Produdts (% Yield)
~ - Numpber . 0 )
r3 of moles - Rrl-s-g3 Others
o - 5
LT CgHsSCiHg CeHs- 2 0 3 94 { -
‘o -4
DC4HGSCgHs 'nCyHg- | 2 -40 1 . 11  nCyHgSCgHs 80
g - ) . . .
. ‘o ] a
. CH3SCgH CH3~ @2 . o 3, 49°  CH3SCeHs 11
. ‘ . 9 ? _a
e TS W . CeHsSCHoCHoSCgHs (26) 10
- ;: ‘ o ) . .
) . - CeH5SCHy CHoSCgHy (27) - 3
Y . . .
)2 o
+ nCyHgSCH3 cH3- 2 0 3 88
a — isolated as sulfone. @ ,
N . ~
- s
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, the sulfide. Methyl benzenesulfenate (21, R1=C5H5, R2=CH3)‘ prepared

by the method of Lecherloe, reacted rapidly and smeothly with lii:_hium
dimethylcuprate to give methyl phenyl sulfide in good yield. However,

this pathway dces not permit an explanation of the anamalous . reactions

that produce n-butyl phenyl sulfide (Table I). . ‘

Two interesting by-products were isola;:ed in low yield from

.

the reaction of methyl phenyl suifoxide' with lithium dimet'hylcdpraté. '

' These were 1,2-di (phenylsulfinyl)ethane (26, R=CgHg)- isolated as the

disulfone, and 1,2-di(phenylthio)ethane (27, CgHsSCHCH,SCgHs) »

Ehantiomeric dfsulfoxides 26 have previously been prepared in gopd

yield by the cqpper-fpromoted dimerization of the «-carbanion __2_8_107.

+

o 0 o o)
> o ' o
\ RSCHs SN 4 rscw, = RSCH o CH)SR
28 26
Aryl Sulfinate Estexs ) .

S
2

Ed .
®  In the reactions of sulfinate ters with organocopper reagents,

erable quantities of mai:erial remgin unaci:ounted for. While 94% of

» A

a sample of diphenyl sulfoxide could Be recovered after treatment with

lithium diphenyl;eup'r’a or an extended period of ‘time (Table II) ,'; dt ‘proved
" . .

impossible to isolatg the sulfoxide in yields greh'ter‘ than 50% from the, -

decomposition product of the lith um and copp&r-llthitim reagents. The; sulfinate

o .

I
R'SoR? + RgCuLi

?
10

-e
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t If this occurs, the sulfinate anion (29) woulé be difficult to detect

in the complex mixture of inmorganic salts produced in the reaction. i

Tréatment of a éulfinqte ester in which R2 is an aryl group (e.g. 10)

‘with an organocopper reagent should give a higher yield of sulfoxide than

e correspondjﬁ‘i{g P kyl ester. However, reaction of

that obtained with
i p-tolyl benzenesulfinate (10, Rl=CeH5 Rzﬁp-CH3C5H¢,-) with lithium

3 dimethylcuprate gave qiethyl phenyl su fox,tde in low yfi.eld (22%). This

' may mqrely'reflect e instability of the aryloxy sulfinate esters.

) h ) ,
Although 1t pro possible £o prepare p-tolyl benzenesulfinate in: good

yield by the reaction of phanyi sulfinylphthalimide with the sodium Silt
/ of p-cresol, tlie :ester .décomposed on standing overnight at -20°
NaH + p-CH3CgHjOR ——> p-CH3CgH4O Na'
L g . :
.o e+
, P=CH3CgHL0 Na ~ +

©

at;empts to distil or chromatograph :.t also caused its decomposition

to a hﬁo?x'own 'éar. 'I'his obsgrvation is corroborated by Baarschers and

“ -

. l(rupayma‘, who unsuccessfuliey attempted to prapare phenyl met}zanesulfinate -
. - .

1 S
(10: R "'C-‘ia, Rz-Csﬂs). ot

¢ . . o R A - . . N

.
.
o
”
A’&
B M'%Jr‘mrixmwm":;‘mmamw\hﬁi.mmmm,m i il
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,stqreocluttiutrxu oo - c e - .

It ‘has baén shovm that organocoppor rqagents are more comraniant'

‘-thm Gxiqnlrd roménts, aand that they give highcr yield? of sul!oxido on

rqmion with tu;ﬂmto esters. e thn toactionl are ltereospociﬂc, K
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C*’ then they would be the preferred rea:;en}:s for the synthesis of chiral
sulfoxides.
(-)=-Menthyl (~)-~(S8)-benzenesulfinate (30) was prepared fay

treatment of phenyl sulfinylphthalimide with lithjium menthoxide.

0]
LI TN I
+ Meno Li" -2+ cgHgSOMen

30

wo—
X

Treatment of this matgzjﬁal with lithium diniétﬁylcupraté gave methyl’
phenyl sulfoxide (16%) with a'high ;ieg;:ee of optical activity ’
(=1, = 134°). Vapor ,phas‘e c”hi‘oma}t;qé‘;raphy indicated that the sulf?xide
was only-QStt pure despite extensiva purification. - The éulfoxide ‘had -
been hiaolated by open column ch;:"om_atography;ll further purification was
aécomplisﬁed by thin layer chromat;agraphy; Eollbwed by I;Cﬁgelréhr distill,étion.~
‘Réported values of the optical rotation of met.hyl phenyl sulfoxide,
prepared from a pure diastereomer of a sultinyl compound, vary-from 128“62
- . t“.o 149“?’09. " while this may reflect in part the degree of 'stereo-
specificity of the rea,ctipns,invoke,df it must®also be an lndication obf
the pr;blongs which arlse in removi’r';g in\éurities from' the sulfoxides, ’
which Aro qften hygroncopic oils or solids w!,th low melting poim:s.

I l)iumerous reports in the literaturs describe met:hods of
1dun£~i£yin sultox:_ldes. »"I'hese colple with ‘our,-reaul.ts to refleot,the
- porvernity of ;hue cou\pounda when most’ clus:l.cal mthods of separat.ion

. e attn#tod. When thamat.oqraphed on silica or alumina, sulfq,xidaa

U ,'I
- ’ o -——— “ b 1
i i - . . y s . s e
. ' - . - 4 ‘
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. . . . ,
.
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tend to 'tail'lm’nl and separation by vapor phase chi'omatography is

not usually feasible since they often decompose rapidly above 100°112-4.
Pure samples can only be obtained after painstaking chromatographic
separations coupled with repeated diétillation. This seened to'be—
an ideal!“ problem to which the modern technique of high efficiency

liquid chromatoqraohy (helc) could ‘be addressed.

Helc offers four modes of separaton:-

Normal phase chromatograghx in which the nonpolar moving phase

elutes material from a polar atat:iongry phase tusually ‘g8ilica or aiumina).

b

Réversed phase chromatography in which a polar solvent elutes

» . .
pmaterial from a nonpolar stationary. phase (in modern packing materials,

this stationary phase is often dilica to which hydxocarbon groups are

»
4 .

bonded) .

Gel mmeation ’chromato'graghz (gpe) in which molecules are separated

according to size in a partially crosslinked, irragular gel.

lon exchango chromar.ggraghz a technique used to separato very

polar mater:ials. T

Although samples of sulfoxides cou,ld be separated on normal
Phase columns, it was £ound that tihis technique was limited to very '

small loadings, otherwise aerious .'tailing occurred, ‘ This ev:l.denoe

1

confirmed that normal phase chromatography (on silica or alumina) .is not

~

.. ideally suited to the purification of these mixtures. Examination of

these materials by gpc shawea the presence of‘ high molecular weight

iwuritien; perhaps these partiully cause the 'tailing pﬁenomanon. '

r .-
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Reversed phase chromatography of a reaction. mixture
containing sulfoxide on Cjg-Porasil (silica to which C3g hydrocarbons
have'been bonded) gave a major symmetrical peak on elution with
tetrahydrofuran-water mixtures (3:1 tq 20:1)y the preserice of other
minor materials was usually indicated by the ultra-violet detector.
Analysis Iof the sulfoxides was eventually Accomplished under these
conditions, which gave symmetrical peaks for analytical work and clean
samples of the sulfoxides from preparative runs.

. A capeful reading of the literature sugqested that
(- )-menthyl (=)~ (S)-p-—toluenesulfinate shpuld be far easier to J.solat:e
than' the corresponding phenyl con\pound (20). Treatment of this material
with ‘1i;:hi\*nn organoc;:prates showed that a st;eréospecific -r'ea¢tion o¢:cura,
giving mde:ata wields of sulfoxide, with invers:l.on at sulfur ('I‘able III).
'rhus this reaction constitutes a more efficient convenient routa to
chiral sulfox:[dea. ‘
'rreatment of (-) -menthyl (—)-(S)-p-toluenesulfinate with’ lithium.
. di-n-butylcuprate gave a mixture that was conmplex. Menthol was the
only component that was isolated and identified. This zesult is. in | .

accord with those obtained when methyl bensenesulfinate reacts with this L

reagent. -

‘gulfinimides = ~ - - - o

The Andersen synthesis might be furthexr :ﬂ;mprovad,by suppianbing

S

_ the menthol sulfinate esters with other diastereomeric sulflnil‘- derivatives,

 Sulfinimides .(.3.2) ; a potential sburce of 'suéh reag‘en'cs,:\woulc! have several

" advantages. over the esters: . The sulfinimides can conveniently be -
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TABLE III

Reaction of Menthyl Sulfinates with Lithium Organocuprates:

0

R

Synthesis of Chiral Sulfoxides

I
SOMen

3 o

R CulLi.

[=)

.
Risp®

lit

(=1,

Optical

purity

CgHg

i

pmscsﬂ-g)»

-

«“t

CHg

PCH 3CgHy, LCgHs , " 59

+ 133,9°

.+ 143,20

+ 21.8°

o

©oedd

?,

+ 146°2
+ 145,5°

+ 2292

L}

96

b

a- Highest value in"the;rsan‘\e salvent,

" ‘b= For lita"raturé' values .'j‘;}pfe exgerinental

¥

K

\Zf B

section

page 119.

AAAAA




A gyt v s ' .

Oy .

7%

*
@ prepared from readily available thioimides (31) by oxidation with

' m-chloroperbenzoic 2014'%, ‘. The thioimide intermediates (31) appear

’ C03H

cr -

to have an indefinite shelf life (several years) in contrast to the -
menthol éuifinate» eétersq. ' (The melting point of a pure sample of

u;entt;ol p-toiuenesulfinate decreéued from 104-106° to 8‘2-"92" after
., s:.x ulonﬁhg in an airtight 'v'iail; during ‘this" period the sample turned
.‘ S brown and ::leueibped‘ an ‘odor of menthol) Anéther adVantage of the
b sulfinimides is that they ate usually solids w:Lth high ‘melting points;
-in contrast, tha est:ers of low malecular weiqht sulfinic acids are often
oils that ‘axe dj.fficult to purify ~.
. A further advantage of sulfinimides is that the imide function
s a better leaving group than the alkoxide :Lon from a sulﬁinate ester
or the amide ion'from either a sulfinamide (11) or:the heterocyclic
system 12. Resolution of a sulfinilmide with a chi'ral centre in the
imide molety might allow-‘fo;matiofg of gulfoxides unc{er milder conditions
(1wer,ten\peraturus and shorter reaction times), thus“ n\i_nimi;hg

raduction. In addition, this better leaving group could expedite tha

R

*

A greater degree of consistency would be achieved if compounds having °
the stmcture 31 were called sulfanimides. Howaver, this term has
been used to denote compounds with the tormula RE-NH-SR., .In qrder

. , to avoid confusion compounds having thn structure 31 axe ‘best named

N-(alkyl or axylthio)imidesns. “ . ' " ‘
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synthesis of optically pure sulfinate esters and sulfinamides with .
sulfur as thd sole chiral gentre. Sulfinate esters of very low

optical purity (1-2%) have been prepared by the transesterification
A

of a menthol ester with a non-chiral alcoh018]', or by oxidation of a

. sulfenate ester with a chiral peracid116'117. Hydrolysis of methane-

sulfinyl chloride ur_lder mild conditions gives a crystalline sulfinic
acid containing sulfur atoms of only one chirality (by x-ray ,'
crystallography) ’ but attempts to carry out a stereospecxfic esterifi-
cation of this inaterial failedll » More recently sulfinate esters .of
higher optical purity (10—45%)- have been prepared by feaction of ‘a
sulfinyl chloride with achiral alcohols in tha presence of optically

active tertiary aminesllg.' _' sulfinate esters can be partially resolved

by inclusion into B-CYClodextrinsnO{ this technique is limited; since’

the B-cyclodextrins catalyze hydrolysis of these esters,

. . The \reactio\qs of a number of sulfinimides with lithium organo-

than the sulfinate ester reactions. Theé sulfinimides were prepared by’

. "oxidation of the corresponding thio'imidesml. These wexe prepared

from tz;e'sulfenyl chlorides by a modification of the method of Kittlescon
(thiophthalimides) or by a modification of the procedure of Abé and

¢ 124
co~workers (thiosuccinimides) :

in most ‘cases materinl of low dptical purity is obtained.  In addition,

cuprates were examined (Table IV) to determine whether they’were cleaner

e

121-123

-
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Although treatment of N- (phenylthio)anccinimide with lithium
dimethylcuprate gave poor yields (24%) of methyl phenyl sulfoxideXt o°,
reaction at ~78° gave a 90% yxeld of the crude sulfoxide which wa;s
readily purified by distillation or column chromatography.

In all cases examined (Table IV), yields of ‘sulfoxide ware

’

. found to be higher than those obtained from sulfinate ester. n-Butyl

phenyl sulfoxide, which was not dbtained from reaction of aulfinate

‘ he -

esters with organocopper reagents, was producad in gxeater than 501

Y

yield from phenyl or butysul_fipimides. j
” L4
i,
. Only minor amounts of sulfide were produded in these reactions.
e major by~product was an an}igie arising from ring opening of the

imide. This reaction does not appear to reduce the yield-of sulfoxide.
£ * N . -

o
: i
e.g. + (CgHs)pCuldl ~—* CgHgSCglls  +
A B ‘
1 ‘ o ~
R : ' .
' HN
1. '
£ : ‘ - 124




g . Chiral Imides

If the reaction of a lithium organocuprate with a sulfinimide?

e

is to provide a route to chiral sulfoxides, an optically active imide
must be incorporated into a series of sulfinimides. A variety of
chiral imides deri,Ved from a.lkyl or aryl succinic acids are described .-

) in.g,i'xe literature, Bﬁt in most cases the succinic acid érecursors - are

TR I R [T e

. comrcialiy available oniy ‘a8 the tace:ﬁic mixture'v}hich must be

A

% v resolved by repeated czydtallization of the:Lr strychnine or brucine

1 saltslzs 126" 'I'his ptocedure is .not compatible with ‘the practical

’ requirement that the chiral imide be available in large quantities.

R " According to a recent reportu?, optioally pure malic acid ( 32) and

tartaric acid (33) can be c'gnverted to their imides; these acids alre

* ) comorciailly available, ‘since they can be obtained from natural sources..
o ) O . [
n\ . H ' H " Y
’ H H Hd‘ ‘ B
. . ' H . oe
- H .\ ‘
. [ ) u‘ . ) -,} + . '
‘32 kE] 34 3

i - “. l . . )
(~)=-{s)-maiimide (34) is preparéd by treatment of an amidp{ ester of
(-)~(s)-malic acid (32) with sodium methoxide in benzyl alcohol. A -

. R 4
literature dredge z:evealed that Pasteur had prepared the 'amido{ester
' precursor B~ethyl-«-(-)=-(8)-malamate (37) by treating di'ethyldmalatg
(36) with ammnialza. This reaction yielded only 8~15% of the amido

L ester; the ;:mininq esater could be xqéévored and recycled, A morxe




“'with ammonia in the prgsence of methoxide: acidification gives imide 34

" in 56% yield, after purification.

\'l ¢ ’

convenient one~step .synthesisof the imide 34 (from the diester 36)

was developed. A mathanolic solution of .the diester (36) is treated,

Q

-

! :HO-.

yo
{ C2H5OH/HCL
OHy

HQ,
HCL

.. . ¥ ',
. . A
.

Treatment of the sodium salt 38 witb'v-phanyl sulfenyl chlcri@elzl'lza\ .

\\

gave nd thioimide. 1Ne‘ither" did treatment of malimide (34) wjth a

Sy

sulfenyl chloride in the presénce of triethylamine, although a wide

variety of thioimides have been, synthesized under these conditionalzg.

An unsuccess ful attempt was made to prepare N-(phenylthio)malimide by_
treatment of the sodium salt 3__8_ with phenyl benzenethiosulfonate (39)

at high temperature (156“) ; 4n imitation of a uynth.sié of sultemmidealgo.

[
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. "
HO,, c|:: HOo, . _ .
N"Nat  + CgH58-SCgfls > N-SCgHs + CgHgSO3 Na* -
- . | R . , 5 s
. . o ‘ .
» ’ ¥ . 0 .
] 39 33

L r ‘ -
. .
. i

The cauge of the unreactivity of (S)-malimide 'and its salts

This mo:i:ety could aid in the C

L

must involve the hydroxyl group.
delqcalizatiogn of negative charge from nitrogen by stabilizing the

neutral nitrogen forms by hydrogen bonding or outright tautomexism.

. HO

'I‘ha dimethyl ether of (R) -tartrimide (43) is a known cou\poundli3l 1132

for wh,tch thoae interact:l.ons are not possible. " (R) -Tartaric acid (33)-Ry L
133 >y

wag esterified by the method of Fischer ; , the diestar 46 was con=- -~

verted to the diether 41 by treatment with methyl iodi.de and ailven
oxide134. 'I‘ha resulting material was cyclizad with l'nethaxide and
ammonia to give tho aalt 42, which 6au1d be converted tq the f,rae imide .
if desired. 'I‘ho free imide, its potassium salt or ihs sodium aalt

could be prepared in 72-80% yield based on (a)-tartarw acid. ¢

-t
-~

} '

¥

M
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MeCH/HCL
-—-——,——-——-—;

. ~, The sodium salt of (R)-2'3—diniet,hoxy uwécinimide (42 MﬂNa) '

would not neact with phaernyl’ sulfenyl chloxide ty give ‘the thiomitje 44«.u

'rreatment of. the 1mide 43 with triethylamine, followed by sulfenyl
\ \ , -

chlaride’?® gave N-(pheqylthio)-(R)-2,3-dimethoxyquccin}fimiqe (44) in

(4

"very poor yield (4%); diphenyl digulfide was the major product (65%).

Improved yields of 404 wer ‘c;btained by addition o'fltri\ethylamine t6 a

B mixture of sulfenyl chl¢ride and the 1mide (64\) or by txeatment of

1 a . .
o ‘ . *
"CH30
] 3
14 CsﬂsSCl ———
' -] \
CH30 \\
. QOgH 4
‘s C3 .

e T b traets L ar T
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: 'I‘hese properties of __;'1 can be expla:.ned by considering 1.3: a mixth.re T

w

84 -

. f -

Oxidation of 44 with m-chloroporbenzoic acid qavé :

N-(phe
a broad melting rahge (120~137°) which was not significantly sharpened

lsulfinyl)-(R) ~2,3~-dimethoxysuccinimide (45) as a solid with

by repeated crystallization. The optical rotation of the sample was
éimi‘lérly unaffectad., The identity of 45 was cgnfirmed spectroscopically;

in agdition, treatment of 45 with methanol gave methyl benzenesulfinate J

(13) (80%), and treatment with lithium dimethylcuprate at 0" gave . . \
sulfoxide in a yield copparable w:.th that from ‘the analogous sulfinyl - \
suctinimide and phthalimide compounds (cf. 'ra.ble iv). The sulfinate )

ester and sulfoxide 80 obtained had no significant. opj:ioal activity.

of two diastereomers which arxe not separable by crystallization.
N— (Benzylsulfinyl) (R)-r2 3-dimethoxysuccinimide (46) was N

prepared by the same route as - 4&. Although the oxidation step proceeded e 'u‘
in good yielad (88%) ' the condensai:ion step again gave only a modera;te ! “ .‘
yield oi the thioimide (53%). - Attempts ‘to crystailize 46. f,ailed S In N
aolution it decomposed even ati -20° €6 give’ (R.)—z.3-dime\:hoxysuccinimide =

(s 3). The soliaxwaa atgble for longer periods at -20" but after a - e

L

few days it had turned pink and had developed the characteristio odour 7 J i
. h

‘

4

3

i

of. benzaidehyde.u ; !‘he presance of benzaldehyde was confirmed by high-

L I

afficienéfx "1iquid chromatography. Thq m&f:orial might"decon\pose through
@ ) . L

a sulfine intérmediate (g)o o T |
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In recent years Zwanenburg and others have shown that

135-149

sulfines have a rich and varied chemistry If sulfine 47 1s

indeed the major decomposition product of sulfinimide 46, these

dimethoxyimide derivatives might constitute a useful entry to them.

135-142
The major routes to these compounds require acidic 3 or basaic

135,136,143-145

conditions , whereas the decomposition of the sulfinimides

rL gl 0
~ . 3 ~N Va
c=s + R3co;H —_— Cc=5

R2 R2

rRl © rL 0

W 3 ~ 4
c-S-Cl  + R 3N —— C=s
H

occurs under neutral conditions.

The Synthesis of Thioimides

In the previous section 1t has been shown that (S)-malimaide
and (R)—-2,3-dimethoxysuccinimide can be prepared in excellent yield
from the readily available (S)-malic and (R)-tartaric acids. Preliminary

! - -
experiments indicate that the procedure will also give (S)-2-methoxysuccinimide

from (S)-malic acid. Thus (S)~malimide, (R)-tartrimide and thedr ether N
derivatives are readily available. Since a wide variety of sulfenyl
chlorides can be prepared from the disulfide by treatment with .
chlorineng'lzg'lso'ISl or sulfuryl chlorldslsz, a variety of diastereo- T
meric sulfinimides should be preparable,.

e v it S ot & .
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In contrast, the ylields of thioimide obtained under any one
set of conditions can vary wildiy. FPor example, phenyl sulfenyl*

chloride will react with phthalimide or succinimide 1n the presence of ‘

, 129
triethylamine to give the thioimides 1n 95% and 75% yield respectively .
Under the same conditions reactions with (S)-malimide and (R)-2,3-
dimethoxysuccinimide were less successful. Similarly, atfempts to ]
prepare N- (n-butylthio)succinimide falleq, under conditions that were
* 4.
viable for other alkyl and aryl succinimides . It thus appears that R
the yield of thioimide can change drastically with small changes in the
structure of either the hydrocarbon or the imide moiety. A less
fickle reaction would 1mprove access to the thioimides. ;
\ 4
Si1licon-nitrogen bonds are cleaved 1n reactions with compounds \
153 f
containing carbon-chlorine bonds . :
4
b i : N
—S1-N + Cl-C— _—> —S51-Cl1 + N-C— g
| |
!

154
Abel and Armitage showed that this reaction also applies to a

LA

-

variety of covalent sulfur-chlorine compounds :

e.9. S Cly + (CpHs);N-5i(CHy)3 ~—> Sn[N(Czﬂs)ZJZ + 2C1-S1(CHj) 3

/
Treatment of an imide with an excess of hexamethyldisilazane (4_&7{3&

o

a temperature just below the melting point of the imide gives the

~

|
!
d
3
«{fé
§

*
Although many simple N~(alkyl and arylthio)succinimides are
described in the literaturel24,129, N-(n-butylthio)succinimide

1s ¢onspicuously absent. *

- A e et s e et S e A s et g e [ a

‘k‘ . L PO [




PN Y B Ty TR g 3w

™

L

A

v a e AN T W b e

87

N-(trimethylsilyl)imide in good yield153—5,
o

H
e.g. 2 i N-H + (0{3)3SI—IL—51((}13)3 —_ 2 N"Sl(CHa)g + NH3
48 O 49 .

N-(trimethylsilyl) succinimide (49) was shown to react with sulfenyl

chlorides to give thioimides in yields greater than 60%.

Nmy analysis of the mixtures produced by.reactlon of benzyl
or p-toluenesulfenyl chlorides with N-(trimethylsilyl)-(+)-(R)-2,3-
dimethoxysuccinimide (50), either at room temperature or at elevated

temperatures, suggested the presence of the thioimides (51) together

with some 1maide, Attempts to purify the thioimides by crystallization
CH30 ¢ OCH3
-S1(CH3)3 + RSCl ———+  RS-N
CH30 »* OCH 3
20 95

were unsuccessful and column chromatography yielded only imide and
disulfide.

These results are probably a result of the properties of the
dimethoxyimide, since this wi'ff\provide a better leaving group than
succinimide, owing to the presence of the two electronegative methoxy
groups. I1f previous experience is valad, it should be possible to

improve the purity of the crude product by modifying the reaction

conditions, thus making a final purification by crystalliza
Thus these results do not 'eclipse the promigse of ths or osilicon

reagents to provide an improved route to thioimides.

o e PR e e een = e = e . —
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3. FUTURE PROSPECTS

A versatile route to diastereomeric sulfinimides 1s now .
available. Perhaps a series of these compounds will be amenable to
resolution by crystallization. If the mixtures all prove to be
recalcitrant, a variety of techniques are available which should induce
some stereoselectivity into the formation of the sulfinimides. When
one of the two diastereomers predominates 1n a mixture, separation

often becomes facile.

It 1s possible that some stereoselectivity will be observed
when a less symmetric imide than (R)-2,3-dimethoxysuccinimide 1s
incorporated into the sulfinimide (e.g. (S)-2-methoxysuccinimide). If
this imide will not suffice, them perhaps a more bulky substituent than
the methoxy group might provide the key. The synthesis of a series of
N-substituted t-butyldimethyls1lyloxysucci.nimides (52) could be &useful .

in this regard.

Q CH;
Q .
3 O?lC(Cﬂg) 3
R-S-N CHj
0]
52

If the effect of a large group 1s.not sufficient, stereo~

selectivity might be increased by the use af a chiral peracid28_33'36_4l'lls'116

-47
or an enzyme45 4 for the oxidation of the thioimides.

88 ’ (
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Reaction of a sulfinyl chloride with menthol gives a
prepondera;ce of one of the possible diastereomers38'39'156'l57.
similarly, reaction of sulfinyl chlorides with achiral alcohols in the‘
presence of a chiral amine gives a sulfinate ester with some induced
optical activityllg. Perhaps the reaction of a sulfinyl chloride
with a chiral imide (either directly, or through a more controlled
reaction involving the silyl imide) will give an axcess of one of the
diastereomers. .

If none of these approaches work, recent developments 1in high-
efficiency liquid chromatography may make separation éossible. Sulfin-
imides decompose when chromatographed on silica or alumina, but might

be stable on newly developed packing materials in which the hydroxyl

functions of silica have been replaced by nitrile functions.
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‘*4 . EXPERIMENTAL

Common intermediates were obtained from commercial sources.
Purification of these was unnecessary except- where indicated. "Melting
polnts were obtained on a Gallenkamp apparatus and are uncorrected.

vapor phase chromatographic analyses (vpc) were performed on
an F & M Model 5750 Research Chromatograph equipped with a Perkin-Elmer
Model 194B Printing Integrator. Four 6' x 1/8" stainless steel
columns were used - 10% silicon gum rubber UC-W98 on Diaport-§ (80-100 mesh),
SE-30 ultraphase (10% by weight) on chromosorb W AW/DMCS 80-100 mesh,

10% apiezon L on chromosorb W AW/DMCS 80-100 mesh, and 10% carbowax 400
on chromosorb W AW/DMCS.

Thin layer chromatographic analyses (tlc) were performed on
Eastman Chromatographic sheets 6060 (silica gel with fluorescent
indicator) or 6063 (alumina with fluorescent indicator). solvent
systems are indicated in the text. Preparative thin layer separations
were carried out on glass plates 20cm x 20 cm coated with a 0.75 mm layer
of silica gel HF-254 (acc. to Stahl). Refractive indices were measured
on a Carl Zeiss 38341 Refractometer at room temperaturé. Specific
gravities were measured with a 2 !«1 pycnometer also at room temperature.

High-efficiency liquid chromatographic analyses were performed
on a Waters Associates High Speed Chromatograph equipped with a Model 6000
pump, a U6K loop injector, differential ultraviolet (254 and 280 cm_l)
and refractive index detectors, and a Hewlett-Packard Electronic 196
dual pen recorder. Columns, solvent systems and flow rates‘ are indicated
in the text.

20
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Infrared spectra were recorded on Perkin-Elmer Model 257
or Unicam SPl000 grating infrared spectrometers. Spectra were
calibrated with 3027 and 1601 cm--l bands of a polystyrene falm
reference.

Nuclear magnetic resonance spectra (nmr) were recorded on a
varian Associates T-60 spectrophotometer. All data are recorded in
parts per million relative to tms (used as an 1internal standard).

Mass spectra were recorded on an AEI-MS-902 b@ss spectrometer
equipped with a direct insertion probe.

Microanalyses were performed by Organ)ic Microanalyses, Montreal.

Optical rotations were measured on a Perkin Elmer model 141

automatic polarimeter.

Synthesis of Sulfinate Egters

Methyl Benzenesulfinate (ZLa)98

Thiophenol (30.0 g, 273 mmole), glacial acetic acid (16.4 g,
273 mmole) and methylene chloride (35 ml) were mixed in a 500 ml three-
necked flask fitted with a mechanical stirrer, a condenser with a drying

tube, a thermometer and a gas inlet tube. The flask was cooled to -10°,

_and the contents were chlorinated.” The mixture turned pink and then

to a straw color that did not change on further addition of chlorine.

* For full details and discussion of this reaction, see P. Mathiaparanham,

Ph.D. Thesis, McGill University 1972.
¥
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Acetyl chloride, hydrogen chloride and the solvent methylene chloride
were removed by allowing the mixture to warm to room temperature,
heating o 70° at atmospheric pressure and, after cooling to 10°, to
70° (20 mm) until the evolution of volatile matt;r had virtually ceased.
The mixture was then cooled to -30° i1n a dry 1ice/acetonitrale
slush bath and methanol (13.9 ml, 344 mmol) was added dropwise. The
mixture was transferred to a distillation flask and gently heated under
reduced pressure to 70° (20 mm); this temperature was maintained untail
evolution of hyg'rogen chloride had practically stopped. The crude ester
was cooled, diluted with ether (50 ml) and treated with aniline (5 g).
After allowing a few minutes for any benzenesulfonyl chloride to react,
the mixture was washed with water (50 ml), dilute hydrochloric acid
(2 x 50 ml) and then water (50 ml). A portion of the first acid wash
liberated aniline on basification with dilute agueous sodium hydroxide
solution, indicating that all the sulfonyl chloride in the ester had
been destroyed. The organic solution was dried (MgsO,), the ether was

removed, and the residue was distilled to give methyl benzenesulfinate

(13) as a coilorless oil (35-40%), pure by vpc and tlc (silica/benzene),

98,99, 10"

bp 65-67°/0.5 mm (lit , bp 88-89°/0.3 mm, 47.5-51.0°/0.2 mm,

43-45°/0.07 mm), n25 1.5425 (1it°® n25 1.5437), showing ir v at
D D max
1498 (aromatic ¢ — ¢ str) and 1137 cm"l (S=0 str) and nmr absorptions

at 6§ 7.37 - 6 7.80 {5H multiplet) and § 3.37 (3H singlet).
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Methyl n-Butanesulfinate (23)
% Method A: The sulfinate ester could be prepared from n-butanethiol

via the sulfinyl chloride as descz!:ed above (yield 75%).

Method B]:'Ol N- (n-butylsulfinyl)phthalimide (5.02 g, 20 mmol),

prepared as described in the section on sulfinimides, was added to a
solution of sodium methoxide (1.42 g, 20 mmol) in methanol {40 ml).

After 30 min of sfigring at room temperature, the methanol was evaporated
in vacuo. The resid\ue was stirred vigorously with pentane (60 ml) which
was subsequently decanted. The pentane extraction was repeated several
more times and the washings were combined and evaporated toc give the

methyl n-butanesulfinate as a colorless o1l (yield: 75-80% after

distallation).

Both procedures gave the sulfinate ester (23) as a colorless

810 pp 69- 70910 mm, 84-5°/12 mm) , n26 1.4430
1

1.4438, 1.4430) showing v__ 1135 cm = (S=0 str) and

0il bp 69°/9 mm (lit

;498,101 n2s

nmr absoxrptions at § 3.82 (3H singlet), § 2.5-3.0 (2H multiplet},

(1

§ 1.2-2.1 (4H multiplet) and § 0.8-1.2 (3H multiplet).
n

1,2-Oxathiane 2-oxide (l4) 103

1l,2Dithiane 1,1-Dioxide (24)

.

A solution of 1,4-butanedithiol (45.8 g, 375 mmol) in glacial

acetic acid (250 ml) was cooled in an ice bath and a solution of 35%
aqueous hyd&rogen peroxide solution (125 ml, 1000 mmol) in glacial acetic

acid (125 ml) was added slowly to prevent the reaction mixture temperature
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rising above 15°. The mixture was stirred overnight. The
solvent was removed under vacuum and the residue was extracted with
chloroform (5 x 50 mi}). The chloroform extracts were reduced to 100 ml,
washed with saturated aqueous sodium bicarbonate solution (50 ml), then
water (50 ml). After drying this solution (MgSOy), the solvent was
removed at reduced pressure. Scratching the resultant oil after cyclo-
hexane had been added gave 1,2-dithiane 1,l-dioxide (24) as a colorless

solid (27.1 g, 48%) mp 49-53° (lit158'103

mp 54.5-55°, 54-56°).

1,2-Oxathiane 2-Oxide (14)

Tris (diethylamino)phosphine (17.9 g, 110 mmol) was added slowly
to a stirred solution of 1,2-dithiane 1,1-dioxide (_21)1(15.2 g, 100 mmol)
in dry benzene (60 ml). An immediate exothermic reaction occurred to
give an oil which slowly redissolved to give a clear golden yellow

.
solution. After stirring for 5 hours the solvent was removed under
vacuum and the residue fractionally distilled to give a clear oil

bp 48-49°/0.15 mm. This oil was redistilled from sulfur (0.5 g) to give

1,2-oxathiane 2-oxide (14) (10 g, 83%) as a colorless oil bp 58-60°/0.25 mm

(11t°3 bp 60-61°/0.1 mm) n23 1.4867 (11¢103 n25 1.4862), ir (falm)

1125 cm © (8=0 str).

1,2-Oxathiolane 2-Oxide (13) 103

1,3-Propanedithiol (27.0 g, 250 mmol) was oxidiged with hydrogen
peroxide (78 ml, 750 mmol) as described in the previous section to give

1,2-dithiclane 1,1-dioxide (25) as an oily solid (10.6 g, 33%). This.

4
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material was dissolved in dry benzene (50 ml) and treated with

tris(diethylamino)phosphine (20.8 g, 92 mmol) to give 1l,2-oxathiolane

2-oxide (15) as a colorless oil, pure by vpc (5.6 g, 67%) bp 40-43°/
0.2 mm (11103 bp 48-49°/0.2 mm), ngs 1.4850 (1it'93 ngS 1.4862);
(s=0 str), nmr shows absorptions at 6 4.55

ir shows v at 1105 cm-l
max

(multiplet, 2H) and 6 1.45 (multiplet, 4H).

p-Tolyl Benzenesulfinate (10, Rl= CgHs, R2=p-CH3C5H4)

#

p-Cresol (2.16 g, 2.0 mmol) was added to a stirred suspension
of sodium hydride (0.84 g of a 58% suspension in paraffin oil (2.0 mmol)) in
pengégf\floo ml). The salt was washed well (pentane)and then suspended in

Phenyl sulfinylphthalimide (22, R1=C6H5)101

carbon tetrachloride.
(5.42 g, 2.0 mmol) was added and the mixture was stirred for 1 hour.

The mixture was filtered and the solvent removed to give p-~tolyl- benzene- -

sulfinate as a colorless oil (4.30 g, 93%), pure by tlc (silica, benzene

Rf=0.6); nmr (CDClj) gave signals at 6 8.8-7.5 (miltiplet, SH) § 7.3

(singlet, 4H) and § 2.2 (singlet, 3H). The compound decomposed

exothermically to give a red polymeric tar when distillation was

’

attempted; decomposition also occurred when the compound was stored

overnight at ~20°.
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Synthesis of Lithium Organocuprateslsa

‘

»
Y

Cuprous Iodide

Cuprous iodidé as purchased from Alfa Chemical Co. or
Fisher Scientific Co. was a brown or black powder. A sample (10 g)

was stirred with a solution of potassium iodide (98 g) in water (75 m1)~.

After addition of decolorizing carbon (0.25 g) the solution was

L4

filtered into water (250 ;nl). The suspension was allowed to settle,
{ . '

decanted and washed well with water, absolute ethanol and

hexanes, The cuprous iodide (a white powder) was dried under vacuum.

Lithium Organocuprates .

Purified cuprous iod:ide (1.9 g, 10 mmol) was placed in a
three-necked flask, fitted with two dropping funnels with equilibrating
side arms, and a magnetic stirrer. The apparatus was flame«dried
under a stream off prepurified nitrogen. Anhﬁdrous ether (10 ml) was
added,}and the stirred suspenslion‘ was cooled to the required temperature.
The ,alky], or aryl lithlium was then added dropwise.

- e,

Lithium pixﬁethylcugrate

This compound® was [prepared at or below 0°. Oh additic.:m of

‘the first drops of methyl lithium ‘an intenée vyellow coloration (methyl

copper) was produced; then as further addition of methyl lithium was
continued a colorless or light tan solutiont was produced (after addition

\ .
of 20 mmol). This end poim,i. could be titrated easily with methyl - »

lithium. :
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Lithium Diethylcuprate - : s

This was prepared at or below -30°. After addition of two

equiv'alents of ethyl lithium a black solution resulted. , This end point

was very difficult to detect. : \ . -

»

~Lithium di-n—butylcgprate
The pregaration was carried out at or below =-30°. The initial

bright yellow color lasted unt:.l about half the butyl lithium was added;

this changed to a bright blue solutlon which turned red at the end point.

'Lithium Diphenylcuprate

2

This was prépared at or below 0°.' The ?uspension initially
turned brigh}: yellow,' then a red brown color until ox;e equivalent of the
phenyl lithium had been' added. The solution then started turning green.
After addition of two equivalents of phenyl lithium'a dark green or black

solution was 'obt':ained'.

§yn€hes is of Sulfides

o/

lh-Butyl methyl su/lfide, diphenyl sulfide and methyl phenyl

sulfide were all available from commercial sources.
4

’ Method A:, Ethyl phenyl:sulfide, .phenyl propan~3-ol :Fulfide (53)

and butan-A-ol phenyl a'ﬁﬂ% (55) were prepared by the fo\J.low;ng niaethodl5

. Te the ice-cold alkyl ‘mercaptan was added with stirring a 25% aqueous

»
1

solution of sodium hydroxide (1.25 moles). To the resulting clear

’
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solution the chloroalkanol was added at such a rate that the reaction
temperature did not exceed 60°. Stirring was continued at room .
temperature for four hours,after which the organic layer was taken up
in ether, washed with 25% sodium hydroxide and V:Ater. After drying

(MgsO,) the residue was fractionally distilled wunder reduced pressure.

The yields and properties of the sulfides are summarized in Table V.

Method B: n-Butyl phenyl sulfide and butan-4-ol methyl sulfide (54)
160 K
were prepared by the following method . Sodium (2.3 g, 100 mmol) .
was dissolved in ethanol (50 ml) and the thiol was added (n-butanethi1ol
was added dropwise; methanethiol, prepared from methyl 1sothiourea
sulfate as described below, was bubbled slowly through the solution) S
The chlorcalkanol (100 mmol) was added and the resultant mixture was B
refluxed briefly. After filtration to remove sodium chloraide, the ‘

solvent was flash-evaporated and the residue distilled to give t;he

sulfides whose vield and properties are ﬁouxd 1n Table V.

Method C: Di-n-butyl sulfide w prepared by reduction of the
1
sulfoxide with sodium bisulfite 61. n-Butyl sulfoxide (4 g, 25 mmol) .,

was added to a solution of sodium bisulfite (16 g, 150 mmol) 1in water

v

(40 ml) and the mixture was heated on a steam bath for 48 hours. The

R

mixture was cooled and extracted several times with chloroform. The

Y

solution was dried (MgSO,) and evaporated to give crude sulfide that

was purified by vacuum distillation (Table V).

e R I e - K~ - B i S L . TN, P



s Ty
{r)
-~

TABLE V.

oy E ity

a
Preparation and Properties of Sulfides
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a- All sulfides were pure by tlc (s1lica, hexanes} and vpc,

and had nmr spectra consistent with their structures.

j Name - Method = Yield Boiling Point nD/temp. Analytical and
of prep. (%) (°C/mm Hg) Spectral Data
, di-n-butyl sulfide c 70 70-2/12 1.4509/25
, l1it 187,760 0 11t 1.45297,20102
‘ 91-91.5/10%3 1.4532/307°°
ethyl phenyl sulfide A 70 92-96/0.5
lit 123/12"%
90/101%°, 98/221%®
102-4/151%7
: n-butyl phenyl =% B 74 120-2/18 1.5423/25
| sulfide lit 117,158 11t 1.5472/21%°
78-83/2.3168 1.5432/28168
123-9/25° 1.5312/25°
phenyl propan-3-ol A 71 105/0.1 ir v ma.x(flln” :3340 (O-H str),
sulfide (33) lit 134-5/2"° 2910 and 2810 (C-H str), and
i CeHsS (CH2) 308 155-9,81 71 1060 cm L.
: ms: 120 (P') and 87 amu (CHyCH,SGH, ,
base peak). Anal.calcd. for CgH;,08:
: C, 64.28; H, 7.14; S, 19.04.
i . Found: C, 64.53; H, 7.19; S, 19.04
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TABLE V (continued)
Name Method VYield Boiling Point nD/temp. Analytical and
of prep. . (%) (°C/mm Hg) p Spectral Data
3 butan-4-0l methyl B 48 103-5/10 iry (£ilm) :3340 (O-H str), 2910 and
| sulfide (54) 159 max
i — 11t 81-5/3 2850 (C-H str), 1055 (C-O str) and 1030
: CH3S () Ol -1 .
3 2/ 4 {C-S str) cm ~.
ms: 120 ("), 102 (P -H,0) and 61
+
(CH3SM,) amu.
butan-4-ol phenyl A 78 112/0.1

iry  (film): 3380 (O-H str), 2950 and
sulfide (55) max

, 172
lit 150/6 2870 (C-H str), 1060 (C-0O str) and
Csﬂss(CHz)gOH 173

-1
needles mp 24° 1030 cm (C-S str).

001

+ +
ms: 182 (P ), 164 (P-H 0), 123 (CgHs5SCH,)
+
v 110 (CessH'), 9P1CoH,") and 77 amu (Ceue’).
’ . Anal. calcd. for CygH,0S: C, 70.07;

H, 6.58; S, 23.35. Found: C, 70.24;
H, 6.67; S, 23.36.
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Synthesis of Methanethiol

Methyl Isothiouronium Sulfate

Thioyrea (78 g, 1 mol) and water (70 ml) were placed in a
1 litre round-bottomed flask. On addition of dimethyl sulfate (69 g,

0.55 mol) the mixture grew warm and a clear yellow solution was produced.

The mixture was refluxed vidgorously for one hour then cooled. Ethanol

(100 ml) was added, the copious crystalline precipitate was filtered, then

R s o T Y,

washed with ethanol (2 x 50 ml). Evaporation of the mother liquor to a paste,
addition of ethanol and filtration gave a second crop of the material

which was combined with the first crop of methyl isothiouronium sulfate

(total yield 107 g, 78%) mp 243° with decomposition.

Y
LN X Sl wacrnee 3 ¢

Methanethiol

A 50 ml round-bottomed flask was fitted with a stopcock, a

dropping funnel and a condenser. The end of the condenser was attached L

to the following assembly: an D’npty flask; a flask containing dilute

A

N sulfuric acid (1 volume of concentrated sulfuric acid to two volumes

of water); a drying tube containing calcium chloride; an empty flask;

Al
=

the flask containing the reagents with which the methanethiol is to

b

it 1o

react; an empty flask; a flask containing aqueous lead acetate solution

as'a trap for unreacted thiol and finally a suction pump.
A slow current of air was pulled through the apparatus by means
of thec suotion pump. A solution of 5N aqugus sodium hydroxide solution
v
(20 ml) was added dropwise to the methyl {éothiouronimn sulfate (14.8 g,
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53 mmol) in the first flask. When the addition was complete, thas
flagsk was heated slowly to reflux temperature and maintained there for
one hour, to complete the reaction. The material produced 1in this

reaction was trapped in ethanolic sodium ethoxide, as described previously.

Synthesis of the Sulfoxides

Di-n-butyl sulfoxide was commercially available[“ The other
sulfoxides were prepared by oxidation of the sulfides with sodium periodate

23,24 ,
{NaIOy) 3 or m-chloroperbenzoic ac1d104 105_

Methyl Phenyl Sulfoxide

In a 500 ml flask equipped with a magnetic stirrer were placed
sodium periodate (22.5 g, 105 mmol) and water (200 ml). The mixture
was stirred and cooled in an ice bath. Methyl phenyl sulfide (12.4 g,
100 mmol) was added and the mixture was stirred overnight at 0°. The
suspended solid was removed by filtration, and the solution was extracted
with methylene chloride (3 x 50 ml). The combined extracts were dried
(MgsO,) and the solvent was flasﬁ-é;;porated. The residue was distilled

from decolorizing charcoal (1 g) to give methyl phenyl sulfoxide (22.6 g,
24,175

89%) as a colorless oil bp 95-6°/0.5 mm (lit 78-=9°/0.1 mm, 115°/2 mm),

pPure by vpc and tlc (silica, benzene: ethyl acetate 5:1 Rf 0.20), ngs 1.5762

(1itt?? n25 1.5580) .

. s
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ﬁ Ethyl Phenyl Sulfoxide (1.30 g, 84%) was prepared from ethyl phenyl
176,24

sulfide (1.38 g, 10 mmol) as a colorless oil bp 80-2°/0.15 mm (1lit
146°/13 mm, 101-2°/1.5 mm), pure by vpc and tlc (silica, chloroform, .
R. 0.46) or ethyl acetate (R, 0.64 )ng2 1.4679. ‘

- .

n-Butyl Methyl Sulfoxide (2.2 g, 85%) was prepared from n-butyl methyl

sulfide (2.08 g, 20 mmol) as a colorless oil bp 101°/8 mm, nés 1.4679.

Phenyl Propan-3-ol Sulfoxide, CgHsS(O) (CHy) 30H (56), (1.39 g, 75%)

was prepared from phenyl propan-3-ol sulfide (53) (1.68 g, 10 mmol) as

a colorless oil tAat decomposes before boiling, purified by chromatography
on alumina (eluents: chloroform then dioxane); pure by tlc (silica,

ethyl acetate R_ 0.33), ms 184 (P'), 166 (P’ -Hz0), 126 (CgHsOH', base
peak), 107 (O=S(CHp)30H'), 91 (CsH;') and 77 (CgHs') amu; ir v (film)
3340 (O-H str), 2900 and 2815 (C-H str) and 1010 (S=0 str) cm_l;

&

anal. calcd. for CgH}202S: C, 58.69; H, 6.52; S, 17.39. Found: C, 58.01;

=]

H, 6.64; S, 16.87.

Butan-4-ol Phenyl Sulfoxide, CgHsS(0) (CH)4OH (57), (1.59 g, 80%)

oo SO ATt s

was prepared from butan-4-ol phenyl sulfide (55) (1.83 g, 10 mmol) as

\

a colorless oil that decomposes before boiling, purified by chromatography
on silica gel (60 g; eluents: benzene (250 ml), chloroform: ethyl
acetate 5:1 (300 ml), ethyl acetate (250 ml)), pure by tlc (silica,

+
ethyl acetate R 0.36), ms 198 (P), 180 (P'-Hz0), 166 (CeHsSCH=CHZ),

-~
SR s o R ikt
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107 (HOCHZCH2CH2CHZSH2+; base peak), 91 (C7H7+) and 77 (C5H5+) amu;
ir vmax(film) 3340 (0-H str), 2900 and 2815 (C-H str), 1040 (C-O str)
and 1010 (S=0 atr) cm '; anal. caled. for CjgH;40S: C, 60.60;
H, 7.07; S, 16.16. Found: C, 60.84; H, 7.24; s, 15.86.

Attempted oxidation of n-butyl phenyl sulfide under the same
conditions gave starting material, recovered in a yield of 99.8%.
Oxidation of butan-4~ol methyl sulfide (54) gave a mixture of sulfide

54 and sulfoxide 58 that could not be separated.

n-Butyl Phenyl Sulfoxide

A solution of dﬁbutyl phenyl sulfide (4.56 g, 30 mmol) 1in
chloroform (120 ml) was placed in a 250 ml round-bottomed flask equipped
with a magnetic stirrer. The solution was stirred and cooled in an
ice bath. m-Chloroperbenzoic acid (6.09 g 85% acid, 30 mmol) dissolved
in chloroform (200 ml) was added dropwise. The solution was éhen
allowed to warm up to room temperature and stirred for an additional
half hour. The solution was then washed with saturated aquecus sodium
bicarbonate solution, then water. After the solution had been dried
{MgsSOy,) the solvent was flash-evaporated and the Frude—product was
chromatographed on alumina (120 g,’eluent: benzene:pyridine 20:1). The

resultant material was further purified by distillation to give_butyl

phenyl sulfoxide (2.8 g, 51%) as a colorless oil bp 99-99.5°/0.4 mm,

n26-5 1.5433, a26.5 1,0652, [RL]D""p 53.99 (calc 53.88).



e il e

S T e TR G RTTRAIT T T T R T T AR AR T A T e

D ik R

SR R TATTETIRIRTTUR VAL T T TR

n-Butan-4-ol Methyl Sulfoxide, CH3S(O) (CH;),OH (88), (1.15 g, 85%)

was prepared from n-butan-4-ocl methyl sulfide (§é) (1.20 g, 10 mmol)
as a colorless oil that decomposes before boiling, ms 136 (P+), 119
(p'-OH) and 64 (P -CH3SOH) amu; ir v (£ilm) 3400 (O-H str), 2970
and 2895 (C-H str), 1068 (C-O str) and 1020 (S=O str) em .

Diphenyl Sulfoxide26

Diphenyl sulfide (18.6 g, 100 mmol) and methanol (30 ml) were

placed in a three-necked flask equipped with a magnetic stirrer, a

condenser and a thermometer. N-Bromosuccinimide (17.8 g, 100 mmol)
was added in 5 g portions. The mixture was stirred at a temperature
below 10° for one hour. The mixture was stirred overnight to give a

T

vellow solution that was%é;aporated and stirred with ether (200 ml).
The resultinhg solid was removed by filtration (succinimide, 8.3 gq,

mp 124-6°) and the filtrate was evaporated to give the crude product.
Crystallization of this material from hexanes:benzene (3:2) gave

diphenyl sulfoxide (5.2 g, 26%) as a colorless solid mp 66-8° (litl77—9

’ -
70.0-70.5°), pure by vpc and tlc (silica, chloroform R_. 0.64).

£
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Reaction of Sulfinate Esters with Lithium Organocuprates

The sulfinate ester (10 mmol) 1in anhydrous ether (40 ml) was
added dropwise to the organocopper reagent under a stream of prepurified
nitrogen. The mixture was stirred and then hydrolyzed with saturated
ammonium chloride solution (50 ml). After stirring for 15 min at room
temperature, the mixture was filtered and both the copper salts and the
aqueous layer were washed well with chloroform-tetrahydrofuran (1l:1).
The organic extracts were dried (Mgso©,) and evaporated to give an oil
that was worked up as indicated below. All products were identified
by comparison to authentic samples. The results ;re summarized in

Table I.

Methyl Benzenesulfinate (l3)

Treatment of the sulfinate ester 13 (3.12 g, 20 mmol) with
lithium dimethylcuprate (40 mmol) at 0° for one hour gave a yellow oil
that was purified by distillation to give methyl phenyl sulfoxide (1.65 g,
59%). Treatment of the ester 13 (10 mmol) with a large excess of lithium
dimethylcuprate (10 mmol) again gave the sulfoxide (0.67 g, 43%).

Lithium diethylcuprate (20 mmol) reacted with the ester (10 mmol)
at '-78° for one hour to give an oil that was chromatographed on silica
(60 g; eluents: Mexanes (200 ml), toluene (100 ml), chloroform (100 ml) and

ethyl acetate (100 ml)) to give four fractions:-

L}
~

Praction A: A colorless oil (110 mg) containing several components

(vpc, tlc (silica, hexanes)).

as the major component (tlc, vpc, nmr).
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Fraction C: A red oil containing methyl benzenesulfinate (13) .

(219 mg, 16%) as the major component (tlc, vpc, nmr).

Fraction D: A yellow oil containing ethyl phenyl sulfoxide as the

major component (tlc, vpc, nmr).
Fraction D was distilled at 80-2°/0.15 mm to give the product that was
further purified by chromatography on alumina (eluent: benzen;:pyridine
19:1), yielding ethyl phenyl sulfoxide (560 mg, 36%) as a colorless oil.
Reaction of 13 (10 mmol) with lithium di-n-butylcuprate at ~-78°
for one hour gave a red oil that was distilled to give n-butyl phenyl
sulfide (600 mg, 36%) as a pale yellow oil.
Treatment of ester 13 (10 mmol) with lithium diphenylsuprate
for one hour at -40° gave an orange oi%y solid, that was chromatographed

on silica (120 g; eluents: hexanes and chloroform) to give two fractions:~

Fraction A: Biphenyl (1.37 g) mp and mmp 67-9°. Addition of phenyl

lithium to ammonium chloride solution, followed by extraction with

ether, gave a solution containing tHe same material (vpc, tlc (silica,

hexanes)) . ™

Fraction B: A solid that was crystallized” from benzene:hexanes (2:3)

to give diphenyl sulfoxide (970 mg, 48%).
The reaction was repeated at -78° for one hour to give an oil
that was chromatographed on silica (60 g; eluents: toluene (100 ml),

chloroform (25 ml), chloroform (250 ml), ethyl acetate (100 ml) and

methanol (100 ml)) to give six fractions:-
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‘ Fraction A: Biphenyl (tlc, vpc).
P Fraction B: An oil that was shown to be ester 13 (86 mg, 6%) (tlec, vpc, nmr).
3 Fraction C An orange oil (521 mg) containing the sulfoxide (tlc, vpc).

FPraction D: A colorless oil (567 mg) containing the sulfokide (tlc, vpc).

— e ———

e N MG

e

Praction E: An orange oil (81 mg) containing the sulfoxide (tlc, vpc).

P —— e

Fraction F: A foul-smelling oil (5 mg) containing many components {(vpc,

tlc (silica, chloroform)).

Fractions C, D and E were recombined and chromatographed on alumina (60 gq;

eluent: chloroform) to give diphenyl sulfoxide as a colorless solid

N
£
f
5
\
L
3
.
:
|
.
b
£
E
;

mMp 62-4° (970 mg, 48%).

Methyl n-Butanesulfinate (23)

Treatment of the sulfinate ester 23 (1.36 g, 10 mmol) with
lithium dimethylcuprate (20 mmol) for one hour at 0° gave an orange oil
that was distilled to give n-butyl methyl sulfoxide (600 mg, 50%).

Reaction of ester 23 (10 mmol) with lithium di-n-butylcuprate
(20 mmol) for one hour at 0° gave a complex mixture. The experimént
was repeated with the same result. Nmr analysis indicated that the
mixture contained a small amount of the sulfoxide, but none was isolated.
Distillation of the -mixture (1.5 g) gave a major fraction bp 93-5°/

0.175 mm (1.0 g) "“that contained many components.

The reaction was repeated at -30° to give a brown oil that was
chromatographed on silica (eluents: tcduene, chloroform and ethyl acetate)

to give three fractiaons:-
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Fraction A: A brown oil (150 mg) containing ester 23 and di-n-butyl

- o o o e

sulfide as the major components, (vpc, tlc).

Fraction B: A pale yvellow oil (100 mg) containing many components

(vpc, tlc (silica, benzene)).

Fraction C: A pale yellow 0il (400 mg) containing n-butyl sulfoxide
as the major constituent (tlc, nmr). This material was
rechromatographed (alumina, eluent dioxane) to give the pure

sulfoxide (210 mg, 15%). .
. ~
The reaction was again repeated at -78° (one hour) to give an

oil that was‘distilled in an attempt to purify the sulfoxide; tHe distillate
(bp 54-93°/0.10 mm) was chromatographed on silica (60 g, eluents::chlorqform
(250 ml), ethyl acetate (250 ml)) to give an ethyl acetate fractighl
containing the sulfoxide (vpc, tlc). Rechromatography on alumina (elueng:
benzene :pyridine 19:1) gave di-n-butyl sulfoxide (822 mg, 52%).

Py . Treatment of the ester 23 (10 mmol) with lithium diphenylcuprate
(20 mmol) yielded a yellow oil that was shown by vpc to have two major
components. This was chromatographed on silica (60 g, eluents: hexanes,

toluene:ethyl acetate 5:1, toluena:ethyl acetate 1:6) to give three

fractions:-
Fraction A: Biphepyl as a solid mp 62-4°, mmp 66-68° (850 mg).

Fraction B: A pale yellow o0il that was distilled to give n-butyl phenyl

sulfide (1.05 g, 64s) (vpc, tlc).

Fraction C: A yellow o0il containing many components (150 mg) (vpc, tlc).

T R B o sl AR B AN TR e PaL i o RN
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N
1l,2=Oxathiane 2-0Oxide (14 .

Reaction of the gulfinate ester 14 (1.20 g, 10 mmel) with ‘

lithium dimethylcuprate (20 mmol) gave a pale yellow oil containing one °

~

major component (tlc). ’ﬁue o0il was washed with ether to give butan-~4-ol
methyl sulfoxide (58) (800 mg, 59%) as a pale yellow oil that could be :

further purified by preparative tlc (eluent: chloroform).

Reactign of cyclic ester 14 (10 mmol) with lithium diphenylcuprate

at 0° for one hour gave’ a brown solid that was shown by tlc (silica,

-

chloroform or ethyl acetate) to contain large quantities of biphenyl, some
butan-4-ol phenyl sulfide (55) and a small amount of butan-4-ol phenyl.

sulfoxide (57), along with many tr‘ace materials. The experiment was

E

repeated at -78° to give a mixture that was chromatographed on silica

- '

(60 g, eluents: toluene (100 ml), ethyl acetate:cyclohexane 4:1 (200 ml),

’ ethyl acetate (200 ml) and methanol (250 ml) to give four fractions:-

Fraction A: Biphenyl as a colorless solid which afte® crystallization

(pentane) showed mp and mmp 6‘73—9". h S

’

Fraction B: A brown oil (145 mg) containing many components (tlc,

- B - -

chloroform).

Fraction C: A brown oil (278 mg) containing many” components (tlc,

T chloroform).

CogMevd L | et da LT s

Fraction D: n~Butan-4-ol phenyl sulfoxide (57) as a colorless oil

(639 mg, 32%) (tlc).’
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1,2-Oxathiolane 2-Oxide 1}5)

Reaction of sulfinate ester 15 (1.06 g, 10 mmol) with lithiu_m
diphenylcuprate (20 mmol) atJ ~78° for one hour gave a material that was
* chromatographed on alumifia (60 g, eluents: chloroform and dioxane) to

give three fractions:-

g;abtior_x_g: A red solid (1 g) that was mainly biphenyl- (tlc, vpc).

<y
- - o . .- ’

Fraction B: A colorless oil containirng mainly starting material (tl

vpe) (25 mg, 2%).

’

; ‘péle yellow oil (tlc, nmr). >

¢

p-Tolyl Benzenesulfinate (10), Rl=C5H5, Rzap-cx-xgcegq) -

A saulp;e of the sulfinate ester prepared from phenyl
sulfinylphthalimide (22, Rlscsl-ls“, 20 punol) was trea}ted with lithium .,
dimethylcuprate (40 mmol) for one hour at 0°. The resultant ¢il was,
chromatographed on silica (60 g, eluents: hexames (300 .ml) . benzené:ethyl

acetate 5:1 and ethyl acetate (200 ml each)), to give three fractions‘:--

Fraction A: Diphenyl disulfide (186 ng, 8}&) as colorless needf‘es mp 65-8°;
N - -

pure by tlc (silica, hemnes,’Rf.Q.'EB) and vpc.

A"

Fraction B: p-Cresol (1.15 g, 53%) as a brown oil, identified by tlc e

3

.

(silica, benzene, R 0.37) and nmr. -

“

f [
v 5 ~

Fraction C: A pale yellow oil that was‘purified by Kugelrohr distillation

(105°/1 mm) to give methyl phenyl sulfoxide (300.mg, 22%)., tdentical

to an authentic sample (tlc, vpc). )

¢



4
112 {

l Reaction of Sulfoxides with Lithium Organocuprates

The sulfoxide (10 mmol) was treated with the organocopper
reagent for an extended period of time. The results obtained are
summarized in Table II. In each case the organic materials were

1solated 1n a similar manner to that described for the sulfinate ester

reactions.

TNV IR T - SO W PN

5

Diphenyl Sulfoxide

This material gave an oil that was chromatographed on silica

(60 g) to give biphenyl and starting material (1.9 g, 94%).

n-Butyl Phenyl Sulfoxide ‘

This gave the sulfide as the major product 1n a mixture (1.5 g),
a portion of which (250 mg) was separated into two fractions by high
efficiency ligquid chromatography (Porasil, 2 x 2' x 3/8", methylene

chloride:acetonitrile 9:1, 9 ml/min) : -

Fraction A: A colorless oil identified as n-butyl phenyl sulfide /

p— g ————

(200 mg, 80%), pure by nmr, tlc and vpc. ?

Fraction B: A colorless pil, pure by tlc and helc, identified (nmr, ir) n

as rny-butyl phenyl sulfoxide (30 mg, 12%).

e - e - y - J— ey e e
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Methyl Phenyl Sul foxide L

g S it AP i s

e

it AW, I howibt Ao (LS

This gave a mixture of materials (1.4 g) that was partially
separated by chromatography on silica (60 g, eluents (200 ml fractions):

hexanes, hexane:methylene chloride 19:1, 9:1, 8:2, 4:1, methylene chloride

and methanol). In this way four fractions were obtained:-

D

Fraction A: Methyl phenyl sulfide (138 mg, 11%) as a colorless o1l

1dentical to an authentic sample (nmr, tlc, ir, vpc).

2 T analRa R -

Fraction B: 1,2-di(phenylthio)ethane (27) (69 mg, 3%) as a colorless

oil that soliadified to needles on standing mp and mmp 70-2°
(11(:182'183 65°, 69°).

Fractions C and D: were both o1ils. They were dissolved in glacial

—— s - - et vt

acetic acid and oxidised with potassium permanganate(3% aqueous). ;

1,2-Di(phenylsulfonyl)ethane was filtered off and purified by
chromatography on silica (eluent: benzene:ethyl acetate 5:1) to give

a sample mp 182.5°, mmp 182-4° (11t184'185 179.5-180°) . Methyl

phenyl sulfone (685 mg, 49%) was 1solated by extraction of the

oxidised mixture with chloroform; the combined chloroform extracts ,
were dried (MgsSO,) and evaporated to give the sulfone as a colorless '

solid mp and mmp 83-6° (l.i.tla]"lBl 88°). T

T

n-Butyl Methyl Sulfoxide

o

This gave a pale yellow oil (1.06 g, 88%) that was shown by vpc

to be starting material.

-

R S R ST
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‘ Preparation of Sul fones

g Methyl Phenyl Sulfone

Method A: Hydrogen peroxide (22.8 g, 30% aqueous solution, 200 mmol)

mmv o = -

was added to a flask containing methyl phenyl sulfide (12.4 g, 100 nqlol) .

After 1t had been stirred for one hour a vigorous exothermic reaction

R

¢ occurred to give a clear golden homogenéous solution. This solution

was refluxed for four hours, treated with decolorising charcoal, filtered,
/ «

diluted with water (200 ml) and cooled to give methyl phenyl sulfone
180,181

(11.6 g, 76%), mp B7-9° (lit 88°) , pure by vpc and tlc (silica,

e s

-

0.74) .

methy lene chloride Rf

T IR

Method B: Methyl phenyl sulfide (1.24 g, 10 mmol) was dissolved

A

: in glacial acetic acid (10 ml). A solution of potassium permanganate
(3% aqueous) was added dropwise until a drop of the solution applied to
g a prece of filter paper no longer gave a purple coloration. Sodium

g busulfite solution was then added dropwise to dissolve the manganese
dioxide. The solution was then extracted well with chloroform, the »
\ extracts were combined, dried (MgSO,) and evaporated to give pale yellow
E needles (1.4 g, 90%) that were dissolved in water and treated with

decolorising charcoal to give methyl phenyl sulfone as colorless needles

mp and mmp 87-9°.

o
L

o
<
S

SRS )
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1,2-Di (phenylsulfonyl)ethane (2Q)

1,2-Di (pheny lthio) ethane (27)

A solution of sodium ethoxide (50 mmol) was prepared from
sodium (1.15 g) and ethanol (50 ml). Benzenethiol (5.51 g, 50 mmol)
was added followed by l,2-dibromoethane (4.7 g, 25 mmol). The mixture
wags refluxed briefly, filtered while hot, then reduced in volume until
crystallization occurred. The product was filtered off and re-
crystallized from ethanol to give 1,2-di(phenylthio)ethane (27)(3.7 g,

30%) mp 70-2° Qlit182'183 65°, 69°), pure by tlc (silica, hexanes R

£ 0.39)

with nmr absorptions at § 2.02 (10H, singlet) and 8§ 2.92 (4H, singlet).

1,2-Di(phenylsulfonyl)ethane (26)

1, 2-pi(phenylthio)ethane (1.23 g, 5 mmol) was dissolved in
glacial acetic acid (5 ml) and treated with excess potassium permanganate
(3% aqueous). After treating with sodium bisulfite solution the crude
product was filtered off and crystallized from aqueous ethanol to give

+

'l,2—di(phenylsulfonyl)ethane (26) (1.1 g, 71%) as colorless needles
184,185

mp 182-4° (1lit 179.5-180°), pure by tlc (silica, benzene R, 0.20)

£
showing nmr peaks at § 6.95-7.62 (1lOH, singlet) and & 3.27 (4H, singlet).

Methyl Benzenesul fenate (21, Rl=C5H5, R2=CH3)

Synthesis

A solution of dibenzyl disulfide (21.8 g, 100 mmol) 1n carbon
tetrachloride was cooled to 0-5°. Sulfuryl chloride (13.5 g, 110 mmol)
was added and the mixture was stirred for 0.5 hr, The solvent was

flash-evaporated, and the residue was distilled to give phenyl sulfenyl

" 2 ™
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chloride (19.8 g, 69%) bp 43-8°/1.5 mm (li.tlo6 58-60°/3 mm) .

Phenyl sulfenyl chloride (19.8 g, 137 mmol) was treated with
sodium methoxide (152 mmol) prepared by digsolving sodium (3.5 g) in
methanol (200 ml) at 0°. The mixture was allowed to warm up to room
temperature, filtered and evaporated to give an oil that gave two
fractions on distillation (bp 78-81°/4 mm and 93°/4.5 mm). The lower

boiling fraction was redistilled to give methyl benzenesulfenate

06

88-9°/0.4 mm), n2® 1.5508, 426 1.1081,

1
(5.3 g, 27%) bp 95°/6 mm (lit D

[R ]gxp 40.75 (calc 40.89).

Reaction of Methyl Benzenesulfenate with Lithium Dimethylcuprate

The sulfenate ester (1.4 g, 10 mmol) was treated with lithium
dimethy lcuprate (20 mmel) at 0° for one hour. Digtillation afforded
a sample of methyl phenyl sulfide (1.08 g, 87%) pure be vpc gndﬁtlc
(silica, hexanes or carbon tetrachloride), and identical to an authentic

sample by nmr and ir.
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synthesis of Chiral Sulfoxides

Menthyl Sulfinate Esters

-

(=)-Menthyl (~)-(S)-Benzenesulfjinate (30)

\

A commercial solution of n—butyl lithium (100 mmol) was
slowly added to a solution of menthol (15.6 g, 100 mmol) in petroleum
ether (bp 30-60°, 500 ml). The clear solution was flash-evaporated
and the residue was dissolggd in carbon tetrachloride (300 ml).
N-4phenylsulfinyl)phthalimide (27.1 g, 100 mmol) was added and the
mixture was stirred ovgrnight. The mixture was filtered and the
filtzmate was evaporated to give a pale yellow oil (20 g), that contained
one main component (tlc, silica, chloroform Rf 0.77). The 0il was
dissolved in chloroform and filtered thirough a silica column (60 g)
to remove most of the impurities. After several attempts, the
resultant oil was crystallized from methanol (-78°) to give a colorless
golid, mp 25° (4.0 g). This was recrystallized twice from pentane to
give (~)-menthyl (-)~(S)-benzenesulfinate as colorless needles, mp 51-2°

1
(lit >6 49-51°), [a]D -205.5° (c 2.4 acetone) (lit156'140 -205.5°,

~206.1° (c 2.0 acetone)).

[

Attempts to obtain a second crop of material from the mother
liquors were unsucceasfnl. They were evaporated, dissolved in methanol
and treated with gaseous hydrogen chloride. The resulting solution

could not be induced to crystallize despite many attempts at a variety

of concentrations and temperatures. f
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(~)-Ménthyl (-)-(S)-p-Toluenesulfinate

Sodium p—'I'oluenesulfimate]'86

Water (600 ml) was placed in a 2 % beaker and heated to 70°.
Zinc dust (80 g, 2.75 atom) was added, followed by powdered p-toluenesulfonyl
chloride (100 g, 1.3 mol, in 5 g portions). The temperature rose to
about 80° during the addition. The mixture was stirred for a further
10 min, then heated to 90° and made strongly alkaline by the addition of
12 N sodium hydroxide (50 ml) followed by 10 g portions of sodium
carbonate. Considerable frothing occurred at this stage.

The mixture was filtered and the cake of solids was transferred
to a beaker and hgated slowly with 1000 ml water until the mixture started
to froth vigorously. The mixture was again filtered, the filtrates were
combined and the mixture was evaporated to a volume of 200 ml. 'I"he
mixture was cooled in an ice bath and the crystals were filtered to give

sodium p~toluenesulfinate (49.2 g, 53%) as large flat colorless crystals

that were air-dried.

p-Toluenesulfinyl chil.oride]'87 )

Sodium p-toluenesulfinate (42.8 g, 200 mmol) was powdered and '
added in small portions (over a period of 15 min) to thionyl chloride
(179 g, 109 ml, 2 mol; bp 76°) in a 250 ml round-bottomed flask. A
vigorous reaction produced hydrogen chloride and sulfur dioxide. A
calcium chloride tube was attached to the flask to protect the straw-
coloured ligquid from the atmosphere. After 2 hours the exocess thionyl

chloride was removed by distillation at reduced pressure (15 mm) and

e TP

a temperature below 50°, Ether (50 ml) was added and the mixture
53 m [
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was again distilled. A further portion of ether (50 ml) was added,
to be removed by distillation, giving a viscous oil containing a
suspended granular solid. The crude sulfinyl chloride was dissolved
by three successive treatments with ether (50 ml, 30 ml and 30 ml
respectively)which were decanted from the residue. Removal of the
ether from the combined filtrates gave the suffinyl chloride as a pale

-

yellow oil,“tmat was distilled to give p-toluenesulfinyl chloride as an

orange oil (31 g, 89%), bp 74°/0.1 mm.

(-)-Menthyl (=)=(S)-p~toluenesulfinate™ o C

p-Toluenesul finyl chloride (19.1 g, 110 mmol) and (1) -menthol
(17.2 g, 110 mmol) were dissolved in ether (275 ml) in a 2 & three-
necked flask fitted with a magnetic stirrer, an addition funnel with
an equilibrating side—arm, and a Vigreux column. Pyridine (17.7 ml,
220 mmol) was rapidly added to the well-stirred solution. After the

initial reaction had subsided (~1 min), a drying tube (silica gel) was

placed on the Vigreux column. The mixture was stirred overnight and then

filtered. The et&xet solution was washed well with water (4 x 25 ml),

dilute hydrochlorid acid (4 x 25 ml) then water (50 ml). After drying

(MgSOy), this solution was evaporated under reduced pressure until crystals

began to appear. The solution was then kept at —20° overnight.

The resulting crystals were collected to give the product as
colorless prisms (16.4 g). A second and third crop (4.3 g, 4.8 gq)
were obtained by treating the mother liquor with hydrogen chloride and

storing the solution at -20°.
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The three crops were combined and recrystallized twice from

acetone to give (-)-menthyl (-)-(S)-p-toluenesulfinate (21.5 g, 71%),

mp 102-4.5° (lit188'38 108-9°, 105-6°) [a]. -210° (c 2.0, acetone)

D
(lit188'38 -210°, -198°)

When freshly prepared this material had no detectable odour.
After storing for six months in an airtight vial this material turned
brown and developed an odour of menthol. Its melting point had dropped

to 82-92°,

Reaction of Menthyl Sulfinate Esters with Lithium Organocuprates

The sulfinate ester was treated with the organocopper lithium
reagent as previously described. The: crude sulfoxide was isolated
by chromatography on silica using hexane-chloroform and then chloroform-
acetone mixtures as eluents. The fractions collected were monitored

by vpc and/or tlc. The results obtained are summarised in Table III.

Methyl Phenyl (+)~(R)-Sulfoxide
=

{-)~-Menthyl (-)-(S)-benzenesulfinate (l.4 g, 5 mmol) was
treated with lithium dimethylcuprate (10 mmol) to give a mixture of
ment.hol and the sulfoxide (vpc). This was chromatographed on silica
(30 g), to give a yellow oil (228 g, 16%) containing mainly sulfoxide
with a(,;pmall amount of menthol (vpc, nmr). The sulfoxide was purified

by Kugelr&hr distillation, followed by preparative tlc (silica, eluent:

, «
N .t T f R a '
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S

ethyl acetate) and a final Kugelrohr distillation, to give a sample

of methyl phenyl (+)-(R)~sulfoxide that was 95.2% pure (vpc), [a]
it40 ,60,62,109

D

(c 1.305 ethanol) +133.9° (1 +146° (ethanol),

+137° (ethanol),+°128.5° (ethanol), +149° (solvent not stated)).

Methyl p-Tolyl (+)-(R)-Sulfoxide

[ 4

(-)-Menthyl (-)-(S)~p-toluenesulfinate (3.1 g, 10 mmol) was
treated with lithium dimethylcuprate (20 mmol) to give a complex mixture

that was chromatographically separated yielding four fractions:-

Fraction A: An oily mixture (153 mg)} containing several components

(tlc, vpc).

Fraction B: Starting material (1.24 g, 41%) mp and mmp 102-4°.

—— e e v

Fraction C: Menthol (507 mg, 55%) identified by vpc and helc

(Cyg-Porasil, tetrahydrofuran:H;O 1:1).

Fraction D: An oil (573 mg, 63%) contaimning one major component.

Fraction B was shown to contain a small amount of high molecular
weight material that was removed by helc (4 x u~styrogel, tetrahydrofuran).
The remaining menthol was then removed b;( reversed phase chromatography on
Cyjg-Porasil (2 x 2' x 3/4", tetrahydrofuran:H,O 1l:l). The majo; component
of the mixture was then purified by a second reversed phase chromatograph
under similar conditions (tetrahydrofuran:B;0 1:10 as eluent), to give

methyl p~toluene (+)-(R)-sulfoxide as a pale yellow o0il that solidified to

colorless needles on standing, showing ir absorption at 1050 cm-l (S=0 str),

and nmr absorptions at § 7.1-7.7 (4H, quartet), 8§ 2,66 (3H, singlet) and

——-

—————
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§ 2.45 (3H, singlet). This material was further purified by a

repetition of the last step of the purification to give a sample (503 mg,

55%) mp 74-6° (lit38'62 73-4.5°, 75-6°), [a]D +143.2 (c 2.0 ethanol)

(lit38 +141° (ethanol), +145.5 (acetone)*).

[T

Phenyl p-Tolyl (+)-(R)-Sulfoxide 3

i

(=) ~-Menthyl (-) -(8)~p-toluenesulfinate (3.1 g, 10 mmol) was

3
treated with lithium diphenylcuprate (20 mmol). A procedure similar h
3
§

to that used for the methyl compound using tetrahydrofuran:H,0 1:3 for
the final step gave phenyl p-tolyl (+)-(R)-sulfoxide as colorless )
i needles (1.27 g, 59%), mp 91-3° (1it38'57'63 91-2.5°, 92-3°, 90-2°), x

4 7’

(al, +21.8 (c 2.0,acetone) (1it>>" "% 121,10, 4220, 421.6°). ,
/ :
4 Attempted Synthesis of n-Butyl p~Tolyl Sulfoxide %
f ' A
(~)-Menthyl (~)-(S)-p-toluenesulfinate (3.1 g, 10 mmol) was 3

; treated with lithium di-n—-butylcuprate (20 mmol). Analysis of the
reaction mixture by vpc or helc shows the presence of many materials

from which the only readily-isolable compound was menthol (0.83 g, 53%).

* Other values appearing in the literature are +182.4°62 (c 2.13 acetone)

measured at 5460 i, and +156° (ethanol)189 with no melting point or

other physical properties stated.

i BRI 7
§ =,
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ﬁ Synthesis of Sulfinimides

Thiophthalimides®?>

Sulfuryl chloride (13.5 g, 100 mmol) was added to a stirred
o

\
solution of the disulfide (100 mmol) in carbon tetrachloride (200 ml)
at 0-5°. Three drops of triethylamine were added, then the mixture
was stirred for 30 min. This solution was added to a suspension of

potassium phthalimide (37 g, 200 mmol) in carbon tetrachloride (400 ml)
and the mixture was allowed to warm up to room temperature. After
stirring overnight the solvent was removed and the residue was

crystallized from either ethanol or chloroform-hexanes.

N- (Phenylthio)phthalimide mp and mmp 158-61° (1it'2? 160-1°)
and N- (n-butylthio)phthalimidle mp and mmp 67-9° (lit]'29 65-6°) were
prepared. .

f .l’
Thiosuccinimides

A solution of the mercaptan (500 mmol) in methylene chloride
(200 ml) was added dropwise to a stirred solution of N-chlorosuccinimide

{67.8 g, 500 mmol) in methylene chloride (300 ml) at 0-5°. After 10 min

the solution turned red or orange. Triethylamine (52.5 g,

530 mmol) was added dropwise; during this addition the colour of the
mixture faded. The mixture was allowed to warm up to-room temperature.
After stirring for 10 minutes, the mixture was washed thbrpughly with

i 'water, dried (MgsO,) and evaporated to give the crude thioimide, This was

purified by crystallization from ethanol.
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109,124 1,0

117-7.5°) and N-{benzylthio)succinimide mp 164° (lit124'19° 164-5°,

kb

N~ (Phenylthio) succinimide mp 114-6° (lit

165~6°) were prepared.
An attempt to prepare N-—(n-butylthio)succinimide gave an
orar_lge oil that contained mainly n-butyl sulfide (vpc). In another
experiment the reaction solution was washed well with water; examindtion
of the solution by nmr suggested the presence of the thioimide. The
solution was evaporated to give an oil containing disulfide and another

material (tlc, dilica, benzene, R_ 0.30). Attempts at distillation or

£
chromatography (silica, benzene) yielded only disulfide.

sulfinimides

The thioimides (10 mmol) were dissolved in methylene chloride
(40 ml) and the solution was cooled to 0-5°. m~Chloroperbenzoic acid
(2.03 g, 85%, 10 mmol) in methylene chloride (20 ml) was added over a
period of at least 20 minutes, The mixture was stirred at room
temperature for a further 30 minutes, then ev§porated. Ett;er (30 ml)
was added and the mixture was stirred vigorously for 5 minutes. The
insoluble material was removed by filtration, washed with a small-amount
of ether and dried to give the cr:[ude sulfinimide. This was purified by'

crystallization from methylene chloride-ether.

N-(Phenylsulfinyl)phthalimide, mp and mmp 150-3°,
-
N-(n-butylsulfinyl)phthalimide, mp and mmp 87-8°, J
N-(phenylsulfinyl) succinimide (83%), mp 101-3°, ir vmax 1115 and 1140 cm

(S=0 str), nmr § 7.3-8.0 (multiplet, 5H) and § 2.65 (singlet, 4H), .

1
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ms 88 (base peak), 100 with P’ at 223.0280 * 5 ppm (calc for CjgHgNOj3:

223.0303), and B;Lbenzj{lsulfinyl)succinimide (94%), mp 118-23° with

decomposition, ir Vnax 1120 and 1150 cm_l (S=0 str), nmr § 7.34 (singlet, 5H)
8 4.17 (singlet, 2H) and § 2.73 (singlet, 4H), ms shows base peak at 91

with P+ at 237.0448 + 2‘ppm (calc for C11H1)NO35:237.0459), were prepared.

The Reaction of Sulfinimides with Lithium Organocuprates

Sulfinimide (10 mmol)was dissolved in tetrahydrofuran (40 ml)
and added dropwise to a solution of the lithium organocuprate (prepared
from cuprous iodide (3.8 g, 20 mmol) in anhydrous ether (20 ml)). The
mixture was hydrolyzed with saturated agueous ammonium chloride (50 ml)
after i't-. had been stirred for S min. The resultant mixtui'e was
filtered and the organic layer was separated. The solid and the aqueous
solution were washed well with tetrahydrofuran:chloroform 1l:1l. The
organic solutions were combined, washed w;ll with saturated aqueous
sodium chloride, dried (MgSOy) and evaporated. The resulting material
was chromatographed on silica (100 g) using as eluents (200 ml fractions)

hexanes, hexanes:chloroform 9:1, 3:1, 1l:1, %:3; chloroform, chloroform:

acetone 9:1, 3:1, l:1 and acetone. Tixe fractions were monitored by tlc

and vpc as applicable. The results obtained are shown in Table III.

_Reaction of N-(phenylsulfinyl)phthalimide with tithitm{

dimethylcuprate at 0° gave methyl phenyl sulfide (17%) that was pure by

L

vpe and tlc after distillation.
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Treatment of N-(phenylsulfinyl)succinimide with lithium
dimethylcuprate under similar conditions gave a low yield of the sulfoxide
(24%). Sulfide (14%) was again 1solated, along with a small amount of
the imide (17%). Wwhen the reaction was repeated at =-78° the sulfoxide
became the major product (90’%); this was puraified by rechromatography
of the initial oil on u«styl{:qel (eluent tetrahydrofuran) followed by a

final helc purification on silica (2 x 2' x 3/8" Porasil A, chloroform +

x

1% ethanol).

-

Treatment of N-(phenylsulfinyl)succinimide with lithium

diphenylcuprate gave a mixture that was resolved into three major fractions
»
by, the prelimindry chromatograph:-

Fraction A: Biphenyl, mp and mmp 66-68°.

Fraction B: A dark oil (1.552 b) ;:ontainmg diphenyl sulfoxide (tlc);

this was chromatographed (u~styrogel, tetrahydrofuran, 0.5 ml/m1in)
to give the sulfoxide as a pale yellow oil (1.378 g, 68%) that
was further purified (helc, 2 x 2' x 3/8" Porasil A, chloroform:

isooctane 3:1) to give the product mp and mmp 68~70°.

Fraction B: A pale blue solid (176 mg) that was purified by hepc

(4 x u-styragel, 0.7 ml/min tetrahydrofuran) to give a colorless

solid (121 mg, 7%) mp 118-20°, which was shown by ms to be
¢ .

191,192 | 1ocey .

2~benzoylpropionamid'e (lit

N-(Phenylsulfinyl)phthalimide,’' when treated similarly, gave only

two fractions. The fixrst of these was biphenyl. The other (2.511 g)

was rechromatographed on u-styragel to give two fractions:-
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ggéc_:g_i_ex_m_éz Mainly one component (tlc, silica, chloroform:acetonitrile
17:3, Rf 0.38) shown by 1r and ms to be 2-benzoylbenzamide,
lt193,194

mp 154-7° (1 160°, 165°) after crystallization from

benzene.

Fraction B: An oily yellow solid that was stirred with chloroform:
isooctane 1:5 and filtered to give 2-benzoylbenzamide as colorless
needles, mp 144-8°. The solution was evaporated to give the

sulfoxide, mp and mmp 67-9°.

Treatment of N-(benzylsulfinyl)succinimide with lithium

dimethylcuprate gave a mixture from which benzyl methyl sulfoxide and

benzyl methyl sulfide were isolated. _ The s‘ulfide (48 mg, 2.4%) was pure
\'\

by vpc after hepc (2 x 2' x 3/8", C;g Porasil, tetrahydrofuran:water 1:20).

The sulfoxid% (623 mg, 29%) was purified by helc (4 x u-styrogel,

tetrahydrofuran followed by 2 x 2' x 3/8", C)g Porasil tetrahydrofuran:

water 1:3}) .

synthesis of Diastereomeric Sulfinimides

(=)-(8)-Malimide

Diethyl (-)-(S)-malate (36)

Hydrogen chloride was bub‘)_aled slowly through a solution of
malic acid (50 g) in ethanol (200 ml) for 5 min. The mixture was

heated on a steam bath for one hour, by which time the reaction was

complete (nmr). The solvent was flash-evaporated and the residue was

- pppic woa
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K}
( distilled to give diethyl (-)-(S)-malate (36) (74-6%) bp 119°/7 mm Hg

., 197-9
(lit195'196 103-5°/2-3 mm, 128°/10 mm), [a] = =9.63° (1it? -10.18,
-10.44, -10.465), ng3 1.4328 (1i£Y%° néS 1.4340), 423 1.1208,

D
[RL]exp 43.7 (calc 43.5).

DT, TS Tt g e

4 B-Ethyl-o=-(-)~ (S)~malamate (37)

Ammonia was bubbled through a stirred sample of diethyl (-)-(S)-

malate (50 g). After one hour the o0il was cooled to =-20°. The

£

%’ crystalline precipitate was filtered and washed with a small amount of
¥

%

ether. Crystallization from chloroform-ether gave B-ethyl-«-—(-)-(S)-

malamate (37) (3.5 g, 8%), mp 107-8° (1it’’> 102-3°, lal, (c 2.5, MeOH)

a4.9° (11t2°% 43.89).

Nmr analysis indicated that the o0il remaining was starting

material containing a small amount of the amido-ester (37).

»

Sodium (-)-(S) -Malimate (38)

sodium (460 mg, 20 matom) was dissolved in methanol (20 ml).
The methanol was removed under vacuum, then f-ethyl-«-(-)-(S)-malamate
(37) (1.6l g, 10 mmol) dissolved in benzyl alcohol (10 ml) wai; added.
The mixture was stirred at 0.025 mm for Aone hour. The gelatinous

precipitate was filtered and washed with ether to give dodium (-)-(S)-

malimate (38) (1.20 g, 88%), [n\]D ~59.4°.
Acidification with gaseous hydrogen chloride of a suspension

of this material in dioxane, followed by removal of solvent, gave an oil

»

i g
that solidified to give sticky crystals. Chromatography on silica
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{eluent: ethyl acetate) gave a sample of (-)-(S)-malimide (34), mp 97-8°

C ;
(l:lt127 96-7°) , [0.]D -91.1° (c 1.025, MeOH) (lit12 -90.6°) .

-

il
Al —-

D > e

(=)~ (S)~Malimide (;ﬂ)

T eregn -

In a three-necked round-bottomed flask equipped with a gas

L g

dispersing tube, a dropping funnel and a dry ice condenser, dimethyl

(-)=(8) ~malate (41) (4 g, 1.94 mmol) was dissolved in absolute methanol

(150 ml) . Ammonia was allowed to bubble gently through the solution

for 25 min, then the warnm flask was cooled in an 1ce-cold water bath,

and sodium methoxide (prepared from sodium (632 mg, .0275 gatom) 1in

nethanol (20 ml)g was added dropwise over a period of 45 min. During
that time the bath was allowed to warm gradually to about 20°, The
droppang funnel was rinsed with absolute methanol (5 ml). The flow of

ammonia was stopped after 2.5 hr, but the stirring was continued for a

T T T T TR PN oA S o, 0 A e,
-

further 30 min at 20°. The methanol was then partially removed at
reduced pressure until the volume was reduced to 50 ml. The slurry was
acidified with dry gaseous hydrogen chloride (checked with pH paper) and then

the remaining solvent was removed on the rotovap.

The white solid was taken up in acetone (100 ml), which dissolved
the free imide. Sodium chloride was filtered off, washed with acetone
(10 m1); the acetone solutions were combined, evaporatec:l to dryness and
the resulting yellow oil (3.6 g) driec%”in vacuo at room temperature for
1.5 days.
Chromatographing this material on silica gel (eluent:ethyl acetate)

gave a sample of (-)-(S)-malimide (34) (1.60 g, 56&)identical to that’

described above.

— s a e
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(+) - (R)-2,3-Dimethoxysuccinimide (43)

Dimethyl (+)-(R)-Tartrate (40)

(R)-Tartaric acid (100 g) was dissolved in methanol (400 ml)
and dry hydrogen chloride gas was passed until 20 g had been absorbed.
The mixture was allowed to stand for 45 min then refluxed for an hour
to give, after removal of the solvent at reduced pressure, dimethyl

(+)-(R)-tartrate (40) (121 g, 102%), bp 166°/17 mm, 159°/12 mm. A

sample that had been purified by distillation gave one peak on vpc and

showed ngS 1.4520, 425 1.3344, [RLJf)S 35.99 (calc 36.74), [a]  +2.719

(lit’_202 +2.14°).

Dimethyl (+)-(R)-2,3-dimethoxysuccinate (41)

Dimethyl (+)-(R)-tartrate (40) (59.3 g, 333 mmol), silver
oxide (231 g, 1 mol) and methyl iodide (282 g, 2 mol) were mixed in a
2 £ flask with,a reflux condenser attached. A vigorous reaction
ensued that was moderated by cooling on ice. The reaction subsided

and the mixture was refluxed for 4 hr; during this period the silver

4

oxide turned from brown to purple, and then whitish. The mixture was _

washed well wiéh ether, the ether solutions were combined and the
residue was distilled after removal of the ether to give

dimethyl (+)-(R)-2,3-dimethoxysuccinate (41), bp 137-8°/8 mm, [u]%"
202,203

+102.3 (¢ 10.97 benzene) (lit +104.7°, ¢ 10.01 benzene).
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(+)-(R) ~2,3~dimethoxysuccinimide (43)

Treatment of dimethyl (R)-2,3-dimethoxysuccinate (41) with
i

ammonia in the presence of sodium methoxide, as described for the

synthesis of imide 34, gave crude (+)-(R)-2,3-dimethoxysuccinimide

(3.09 g, 99%), that was recrystallized from chloroform-hexanes to give

17
131,132 108-10°, 111°), [u]D + 225.5°

131

colorless needles, mp 108-10° (lit

(c 1.5 acetone), optical purity 95, 5% (lit 235.5°, ¢ 1.6 acetone).

Potassium (+)-(R)-2,3-dimethoxysuc8inimide (42)

This was prepared in a manner similar to sodium (-)-(S)-malimate
using potassium in place of sodium for the preparation of the methoxide,
After the reaction was complete, the solvent was evaporated to give the

product 42 as a colorless powder (80-90%) that was washed well with ether.

{=)~(A) ~2-Methoxysuccinimide

-
.

In a manner similar to that described in the previous section,

{-)-(S)-malic acid was converted to dimethyl (-)-(S)-malate (77%),

205,206

bp 94-7°/0.015 mm (lit 110-2°/7 mm, 90-2/2 mm), [t!]D ~10.2°

204,206 _

(acetone ¢ 8.33) (lit 16°, -8.9° (methanol, ¢ 6.37)). This

material was converted to dimethyl (-)-(S)-2-methoxysuccinate, bp 72°/

7 207

0.005 mm (11t2°7 108-12°/11 mm), [0], -48.68° (acetone c 6.23) (lit

-47.8° (acetone c 3.047). Cyclisation of this material gave

4{@-(8) ~2-methoxysuccinimide as a colorless solid mp 65-~7°; anal. found:

46.32%C, 5.25%H, 10.68MN} calc for CgH7NOg3: 46.518C, 5.468%H, 10.B85%N.
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Synthesis of N-(Phenylthio)-(-)-(S)~Malimide (59, R=CgHg)

’

Method A: A solution of phenyl sulfenyl chloride (5 mmol, prepared
from diphenyl disulfide (545 mg,2.5 mmol) and sulfuryl chloride (338 mg,
2.5 mmol) in carbon tetrachloride (2.5 ml)) was added to a stirred

suspension of sodium (-)~(S)-malimate (38) (685 mg, 5 mmol) in carbon

tetrachloride (7.5 ml). The mixture was stirred overnight and then filtaered.

The residue was washed well with chloroform, the organic solutions were
combined and evaporated to give an oil that solidified on cooling. Nmr,
tlc (silica, hexanes) and vpc showed that this was mainly diphenyl
disulfide (521 mg, 96%).

Similar results were obtained when the reaction was repeated

with dichloromethane as solvent.

Method B: The progedure was repeated using (-)-(S)-malimide (34)
(575 mg, 5 mmol) and triethylamine (530 mg, 5.05 mmol) in place of the
salt (38). Again, most of the diphenyl disulfide was recovered.
Similar results wexre obtained if 10.1 mmol triethylamine were used in

this reaction.

Method Ci Sodiuml(S)—malimide (685 mg, 5 mmol) was added to a
sti;'red solution of phenyl benzenethiosulforate (39) (1.25 g,‘ 5 mmol)
in ether (20 ml). After 4 hours tlc (benzene) indicated that no reaction
had occurred. The solverit was replaced by dimetl;oxyethane. Tlc and
nmr indicated that no reaction had occurred after the mixture had been

.

heatad to 150° for several hours.
2}
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. Synthesis of Phenyl Benzenethiosulfonate (;2)200

m~-Chloroperbenzoic acid (20.3 g, B85% pure, 100 mmol) dissolved
in chloroform (200 ml) was added dropwigse to a solution of phenyl
digulfide (10.9 g, 50 mmol) in chloroform (500 ml) at 0-5°. The
yellow mixture became cloudy after stirring for about an hour. The
mixture was allowed to warm up to room temperature and stirred overnight.
The solution was washed with maturated aqueous sodium bicarbonate

solution and then evaporated to give phenyl benzenethiosulfonate (39)

(12.0 g, 96%) as a pale yellow oil. Dissolving this oil in petroleum

ether (500 ml) and cooling to -20° gave the product as a crystalline

solid, mp 46-8° (l:Lt200 43-44.5°).

Attempted Synthesis of N-{Phenylthio)-(+)-(R)-2,3-dimethoxysuccinimide (44)

Method A: Sodium (+)-(R)-2,3~-dimethoxysuccinimide (18.1 g, 100 mmol)
was treated with benzenesulfenyl chloride, prepared from diphenyl
disulfi(lie (10.9 g, 50 mmol) and sulfuryl chloride (6.25 g, 50 mmol).

After stirring for thre; hours the mixture was still bright orange,
suggesting that the desired reaction had not occurred. The mixture
was filtered and tlc showed that the filtrate contained diphenyl disulfide

as the major component.

Method B: (+)=-(R)=-2,3~dimethoxysuccinimide (8.3 g, 52.5 mmol) and
triethylamine (2.6 g, 52.2 mmol) were dissolved in carbon tetrachloride

(200 ml) and cooled in an ice bath. Benzenesulfenyl chloride prepared

!
;
H
!
!
|
|
H
i
i
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from diphenyl disulfide (5.7 g, 26 mmol) and sulfuryl chloride (3.5 g,

(]

26 mmol) was added slowly. The orange solution of the sulfenyl
chloride rapidly gave way to a yellow color. The solution was
evaporated and chromatographed on silica toe-give diphenyl disulfide

(3.7 g, 65%), and N-(phenylthio)-(+)-(R)-2,3-dimethoxysuccinimide (44) (550 mg,

4%) mp and mmp 112-4°.

Method C: Triethylamine (20 mmol) was added to a solution of

imide 43 (20 mmol) and benzenesulfenyl chloride (20 mmol) in carbon %
tetrachloride (200 ml) at 0-5°. The mixture was stirred for one hour, %
filtered then evaporated. The residue was crystallized from chloroform- i
hexanes to give thioimide 44 (64%), mp and mmp 113-115°. i
3

Method D: Potassium (+)-(R)=-2,3-dimethoxysuccinimide (15.4 g, 4

4

78 mmol) was added to a solution of benzenesulfenyl chloride prepared ?
from diphenyl disulfide (9.07 g, 42 mmol) and sulfuryl chloride (5.62 gq, g
42 mmol). The mixture was stirred overnight, filtered and evaporated :
to give an oil that was crystallized from chloroform-hexanes te give a ﬁ
pale yellow solid, This was recrystallized from ethanol to give ‘%
N- (phenylthio) - (+) - (R) -2, 3-dimethoxysuccinimide (44) (11.4-12.4 g, %
55-60%) as colorless needles, mp 115-7.5°, [a]é7 +179.1° (¢ 1.32 acetone), ‘%

pure by tlc (silica, benzene, Rf 0.40), showing nmr absorptions at

§ 7.8-8.4 (5H, multiplet), § 4.4 (2H, singlet) and 6 4.13 (6H, singlet)

Sy A E el { o ©

ms shows peaks at 45, 65, 73, 77, 88 (base peak), 91, 109, 121, 129,

T

218, 267 (p*), ir v___ 1117 cm © (Sw0 str), with anal: C 53.56; H 5.02;

S 5.33; N 1l1.80. Calc. for Cj;pH]3SNO,: C 53.93; H 4.87; S 5.02; N 11.90.

[
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N- (Phenyl-(¥)-Sulfinyl) - (+)~-(R)~2,3~dimethoxysuccinimide (45)

A solution of m-chloroperbenzoic acid (2.08 g, 10 mmol) in
methylene chloride (25 ml) was added over a period of 20 min to a
solution of thioimide 44 (2.67 g, 10 mmol) in methylene chloride (25 ml)

at 0-5°. The mixture was allowed to warm up to room temperature and

.stirred for a further hour before the solvent was removed at reduced

pressure and the residue was stirred with dry ether (25 ml). The
resultant solid was washed with dry ether (10 ml) to give —

N-(phenyl-(%)-sulfinyl)-(+)~(R)-2,3-dimethoxysuccinimide (45) (1.84 g,

54%), mp 120-37°, showing ms peaks at 77 (CgHs'), 88 (CsHuS'),
125 (CgHsS*=0) and 283.0510 (P', calc. for C,H,3NO3S 283.0514),
ir vmax shows S=0 stretch at 1115 cm-l, and [a]D +148.1°.

Recrystallization of this material from methylene chloride-
ether gave material mp 129-49°, [a]gS +154.3° (1.17 g) with a second
crop mp 124-144°, [a11235+153.4°.

Treatment of a sample of 45 (100 mg) with methanol under
reflux for one hour gave a solution that was evaporated and extracted
with pentane (5 ml) to give a solution of methyl benzenésulfinate (50 mg,
79%), that was pure by tlc and vpc (identical with an authentic sample)
and showed [a]é7 +3.18°. This rotation can be explained by the
presence of 1.1% imide as an impurity.

freatyent of a sample of 45 (1.42 g, 5 mmol) with lithium
dimethylcuprate (10 mmol) at 0° for one hour gave a mixture that was
workgd up in the usual manner to give methyl phenyl sulfide (260 mg, 42%),
methyl phenyl sulfoxide (116 nmg, l7%),/§nd (+)~(R) ~2,3-dimethoxysuccinimide
(252 mg, 32%), all identical with authentic samples. The sulfoxide showed

[u]D - 3.9° .,
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N-(Benzyl-(+)-sulfinyl) ~&#)(R) -2, 3-dimethoxysuccinimide (46)

N-(Benzylthio)-(+)-(R)-2,3-dimethoxysuccinimide

Benzyl sulfenyl chloride (50 mmol) was treated with potassium
(+)-{(R)~-2,3-dimethoxysuccinimide (19.7 g, 100 mmol) as described for the

corresponding phenyl compound, to give N—(beniylthio)—(+)—(R)-ZLB—

dimethgxysuccinimide as colorless needles, mp 65-6° (ethanol), [a]é7

+231.2 (acetone ¢ 1.009), ms shows peaks at 45, 65, 85, 88, 91 (base peak),

+ -
122 (base peak), 160, 261 (p'), ir v__ 1112 cm 1 (s=0 str).

Synthesis of N-(Benzyl-(r)-sulfinyl)-(+)-(R)-2,3-dimethoxysuccinimide (46)

Oxidation of the thioimide (10 mmol) with m-chloroperbenzoic
acid gives benzyl-(r)-sulfinyl-(R)~-2,3-dimethoxysuccinimide (6.4 g, 89%)
mp 89-97°. ,
Attempts to crystallize this material from methylene chloride-
ether yielded only imide, identicél to an authentic sample. EQen at
-20° the sulfinimide solution decomposed over a period of several days
to give imide. A sample of the material (200 mg) was dissolved in
deuterochléroform (2 ml) and allowed to stand for 48 hr. A crystalline
solid was precipitated and the solution turned pale orange. Hexanes

wexre added and the precipitate was filtered off. Nmr and ir showed

this precipitate to be (+)«(R)-2,3-dimethoxysuccinimide (118 mg, 97%).

The mother liquor was evaporated to give a residue that smelled of benzaldehyde.

The presence of the latter material was confirmed by helc (hexanes,

u~porasil).

hg)
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synthesis of Thioimides via Organogilicon Intemmediates

N-Trimethylsilylsuccinimide (49)

A 1000 ml three-necked flask equipped with a mechanical
stirrer, condenser and mercury seal, was charged with succinimide (198 g, -
2 mol), hexamethyldisilazane (48) (242 g, 1.5 mol), and imidazole (2-3 g,
1-2% based on succinimide). The mixture was gently refluxed for 12 hr
while a gentle stream of dry nitrogen was bubbled through the reaction
mixture to help expel the ammonia produced and maintain anhydrous
ccx;ditions. The product was distilled from the reaction mixture to
give N-trimethylsilylsuccinimidg (49) bp 97-8°/4 mm, 112-4°/12 mm

(lit:208 120°/18 mm) , showing nmr absorptions at § 2.59 (singlet, 4H)

and § 0.35 (singlet, 9H) ..

N-trimethylsilyl- (+)~-(R)~-2,3-dimethoxysuccinimide
- §

In a similar manner, a sample of (+)-(R) ~-dimethoxysuccinimide

(1.366 g, 8.6 mmol) was treated with hexamethyldisilazane (25 'ml) at 90°

- under a constant stream of nitrogen. The imide dissolved after 15 min.
The heating was continued overnight; then the mixture was allowed to
cool. No imide was precipitated at this stage, indicating that the
reaction was complete. Excess hexamethyldisilazane was removed at
reduced pressure and the residue was distilled to give N-trimethylsilyl-
(+) - (R) -2, 3~dimethoxysuccinimide (1.766 g, 90%) as a colorless hygroscopic
oil, bp 98~100°/1 mm [a]D +193.7°, nmr shows absorptions gt S 3.88

singlet, 2H), § 3.53 (singlet, 6H) and § 0.40 (singlet, 9H).
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N- (Phenylthio) succinimide

?

Diphenyl disulfide (1.09 g, 5 mmol) and t:rimethylsilyl'sixccinimide
(0.585 mg, 5 mmol) were dimsolved in carbon tetrachloride (20 ml) and
placed in a bath at 80‘° #or 24 hr, At the end of this time the solvent
was removed to give a solid (1.72 g) mp 96-106°. Crystallization of

this material (ethanol) gave N-(phenylthio)succinimide (1.4 g, 68%)

mp and mmp 113-5°,
Under similar conditions benzyl sulfenyl chloride gave

N- (benzylthio) succinimide (1.2 g, 54%) mp and mmp 160-2°.

Treatment of ‘n-butanesulfenyl chloride with the organosilicon
reagent gave an oll that contained a trace of disulfide and imide
(tlc benz’ené) . Nmr and ms analysis showed the main component was
N- (n~butylthio) succinimide (1.39 g, 74%). Repeated‘attempts at
crystallization failed and distillation gave only disulfide as did

chromatogra%ry attempts on silica or alumina.
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5. SUMMARY AND CLAIMS TO ORIGINAL RESEARCH

1. It has been demonstrated that sulfinate esters react with lithium
organocuprates to give sulfoxides 1n higher yields than those

obtained in the corresponding Grignard reactions.

2. The major by-product in these reactions is a sulfide corresponding
in structure to the sulfoxide;in contrast to the Grignard reactions
these reactions give no products resulting from addition of two moles

of the organometallic reagent.

3. Formation of sulfoxide occurs with complete€ inversion at sulfur.

4. A high efficiency liquid chromatographic technique for sulfoxide

. purification has been developed.

5. Sulfinimides have been shown to give higher yields of sulfoxide in
a reaction that is more rapid than that of the corresponding

sulfinate ester.

' 6. A versatile route that gives high yields of chiral imides has been

developed.

7. The feasibility of synthesizing diastereomeric sulfinimides has

been demonstrated.

4

8. A new synthesis of thioimides (via organosilicon reaéents) has been

identified.
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