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AB$TRACT 

Desulfurization of ~Ketosulfides and Thioc anates with 
Tris dialkxlamino)phosphines 

Tris (dimethylamino)phosphine desulfurizes S-ketosulfides to 

afford a variety of products, including ketones and enol ethers; the 

mechan~sm 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 custamary route to optically pure sulfoxides involves 

treatment of a diastereomeric sulfinate ester with a Grignard reagent. 

Product analysis suggests that the variable yields encountered, even 

under carefully controlled conditions, are due to the reduction of the 

sulfoxides. tt 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 sulfpxides. 

The organocuprate reâgents react more rapidly with sulf1ni~des 

to give still higher yields of sulfoxide. Diastereomeric sulfinimides, 

have been chGsen as key intermediates in the synthesis of a varLet y of 

sulfinyl derivatives. A synthesis which gives 900d yields of the 
, 

chiral imiGe precursors has been developed. Examples of the 

dias tereomeric 

resolution. 

In 

syntliesis of 

have been prepared, "paving the wayc for 

a need dem0nttrated dur.!ng this study, a new 

reagents has peen uncovered. 
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ETUDE DE LA OIIMIE DU SOUFRE 

RESUME 

Les sulfures B-c'toniques sont d~sulfur~s par le tris­

(dimethylamino)phosphine et donnent une variété de produits, incluant 

des c~tones et des ~thers vinylit;lues. Un sel de phosphonium est 

probablement impliqu~ dans le m~canisme. Le thiocyanate fut 

dèsulfud par cè reactif, et les principaux produits de cette réaction 

co~lexè furent le cyanure et le sulfure de benzyle. 

Les sulfu~es optiquement purs sont g~n&ralement obtenus ~ar 

l'action d'un reactif de Grignard sur un di8at~r~oisomère d'un ester 

sulfinique. Cependant les rendements sont variables même sous des 

conditions de rhaction rigoureusement contrôlées, et la caus-e en est 

la réduction des sulfoxydes comme d~montr~ par l'analyse des pr~uits. 
t 

Les oo~lexes organiques de lithium et de cuivre se sont avérés 

hautement stéréos~cifiques dans leur réaction avec les esters 

sulfiniquesi comme ils rèagiss~nt difficilement avec les sulfoxydes, 

le niveau de r&duction fut beaucoup moindre. 

Des rendements encore plus "levés de sulfoxydes ont ',té 
" , 

obtenUs par la réaction d'organocuivreux sur les sûlfinimides avec 

lesquels il réagissent plus rapidement. 

Des sulfinimides di.a8t~réoisomeriques ont é~ icfen,tifihs 

comme étant 'des interm'diaires importants dans la synth.~e d'Une 

variété de dérivés .8ulfiniques. Une synthèse donnant 'de bons. 

rendements d' imides di8s~tdques -a été d6velopp-'e" permettant la 

pr,p~ratioon de Bulfillimides diasté1oisomérique,et ~avant la voie vers 

leur r6aolution. 

En relation avec cette 'tud~, une nouvelle synthèse de 

thioimides qtil,tsant d~s silane~ a, l!tl! d6collverte. 
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PART l , 

DESQLFURIZATION 'OF a-KETOSULFIDES AND 'nHOCYANA'ÎIES 

. : ~I'l'H ~S (DIALKYLAMINQ) PH'OSl?JÙNJ::s ' 

: . ' 
1. INTRODUCTION' 

" 

until Wl:Shler ~howed in, l828"th~t,:urea' ct>uid b~ prepared 

. l ' 
fran inorganic materials t orgarric compounds were thoUiJht to contain 

a "spirit" whioh only living things could ,transmit.'. Today we .,n6 

longer consider organic compounds ta have this, God-;-give'n "Sll,irit" but 
\ ' 

we do retain the useful classification of orqanic and inor{J~nic compou,nds, 

Since the' carbon-carbon bond i9 especially stable ,and can forÎn" long .. ~,~ .. 

chains, a vast range of orqa.nic compounds. i8 wss:ible" 

The generation of .carbon-carbon bonds is one of the major 

goals of synthetic orga.niê c~emists. Among the innumeraple reactione 

that generate ~uch bonds, examples can be found ~at involve ~diti~n \. 

of a carbonium ion or a free radical ~o an unsaturated ~tstem. nucleo-, 

, philic substitution reacti?ns ~f oJ;'gariometallic reagents, 'carhanion • 

',1 
II-

condensations; union of two ,free l.'adica!!; ,qenerated thermaUy, photo.. .' 
, 

chemically or elect:rochemical1y; and ;t1'leimal or phl'tochemit!al cyélo-
- . 

. addition 'reactions. " 

, 
Sinee carbon chains c~n x.:nd.ily he' 'l1nked through a sulfu~ '( , , .r-. , 

'atom, ~ technique u.>.at could, selecti~ly remove ~his' su.+fur atolll' wpuld. 

provide a~ew and potential~y Val~able synthetic technique for making 
7 ~. 

carbon-carbon bOndS. 

, 'b..e--èS' ~-"""'- - + . , 

\' 
':,\ '1 " , ; 1 

" ' 

( ! ,/ 

l 

1 1 ---c-s-c .......;.,. 
l 1 

" 

;, 

. , 

l' 
l , 
l , , 
\ '0 ..... 

: ' ,1 l ' " 
........ - .... 1W6-1:,....,..;... 
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A variety of agents have been used to desulfurize compounds 

containing divalent sulfur. 

4 
and heat . 

s - S 

o s 

o 

800 0 

These l.nclude cyanide 10n 
2

, Raney nickel
3 , 

CN 

Raney ~ 

nl.ckel 

o 

1[) 
5 

Most of these techniques are not wl.dely applicable or often requ~re 

drastic conditions~ hence more subtle cheml.cal means were' sought. 

Certain sulfur compounds have been desulfurized by tteatment with tr1valent 

phosphorus compounds under mild conditions. Ta determine the vi ab 11 1. ty 

of th~ proposed synthetic pathway using such reagents, the scope of these 

desulfurization reactions was reviewed. 

One of the earliest examples of such a reaction was examined by 

.. - 5,6 
Schonberg , who shOWEd that simple alkyl disulfides are inert ta 

triphenylphosphine i~ boiling benzene, but certain reactive disulf1des, 

such as dil:Îenzoyl d,).sulfide, are desulfurized to give the corresponding ,. 
sulfide. Attempts- t!o extend this procedure ta less reactive dl.sulfl.des 

were at first unsuccesSfu~-7. Triphenylphosphine does not desulfurl.ze 

dialkyl or diaryl disulfides in dry benzene at temperatures as high as 140 0
• 

• 
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An anomalous report does appear in the literature
8 

that several disu1fides 1 

including dibenzYl disulf1<È ,are readily desu1furized by tripheny1phosphine. 

These results conf11ct with the observations of SChBnberg 5
,6, Moore and 

7 9 
Trego , and Gleason , who report that such disulfides are l.nert under 

harsh condl.tions. 

Allylic disulfides are readily desu1furized by triphenylphosphl.ne 

ith
. 10 w accompanyl.ng rearrangement A mechanistic study of this reaction

11 

lndicates that the reaction rate increases significantly as the solvent 

YI s/'­

~~ + 

polarity increases. 

98.5% 1.5% 

These results led to the suggestion that a charged 

transition state, such as l, is involved in the rate-determininq step: 

\ 

l 

In contrast wH:h triary1- or trialkylphosphines 1 phosphites 

readily desulfurize most disulfides 12 • However, Arbusov-type rearranqement 

12-14 
occurs ; for examp1e, the product of the treatment of n-propy1 disulfide 

'~., - , 
, .. '.-
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4 

with triethyl phosphite i8 not n-propyl 8ulfide, but ethyl n-propyl 

sulfide. 

o 
....... /"'.... " + '-.,/ 'SP( OC2H S) i 

13 
Harvey, Jacobson and Jensen provided evidencé for an ionie 

intermediate in this reaction by showing that unsymmetrica1 disulfides 

react much faster than symmetrical disuifides. The enhanced rate can 

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

result in easier rupture. 

~ 
RS-SR + liCOC2HS) 3-
'V 

+ 
RS-P ( OC2H S) 2 

~2œ3 
" RS 

RS-P (OC2HS) 2 + RSŒ2CH3 

~ 

- The driving force for such a rearrangement wou Id like1y inv01vé the high 

-1 1~ 
energy of the P = 0 bond (140 Kcal mole ) . 

. 16 17 . 
Wa1linq and Rabinow1tz' treated n-buty1 disuifide with 

triethyl phosphite in the presence of hydroquinone, a radi~al inhibitor1 

they optained n-butyl ethyl sulfide in Iow yieId, showing that the reaction 

may oceur partially throuqh a free-radical pathway. 
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RSSR 

initiation 

products 

products 

If the reaction ia carried out in the presence of radical 

17 initiators or ultraviolet light, the free radical mechapism predominates 

under these conditions, the formation of a camplex mixture minimizes the 

synthetic utility of the reaction. For example, dibenzyl disulfide gives 

onlya small quantity of dibenzyl sulfide (5%); the main products are 

toluene (19\) and bibenzyl (46\). 

Althou9h the reaction of disulfides with Phosphites i8 Qf little 

synthetic utility for thé preparation of sulfides, it provides a good route 

18 
ta maloxan (l!.) , the axo analogue" of the well-known .insecticide -r 
malathion (2h). 

X C02CH2CH3 

(CH30)t~SbaCH2C02CH2CH3 
l!. x=o 3È.. x=s 

Maloxon la a metabolic product of malathion in bot;h the cockroach and the 

19 
muse 

fi 

" 

1 



-. 

o 

-
,) 

6 

Cyclic esters of phosphoramidous acid (~ are known to give 

poorly-defined products on treatment with alkyl halides, althouqh they 

react with sulfur to qive the correspondinq phosphine sulfides
20

• It 
~ 

appeared that those compounds might desulfurize disulfides without the 

• 21 
Arbuzov rearranqement It 'lias found that s~le alkyl disulfides 

gave no reaction even in boiling toluene, while allylic disulfides lose 
/' 

sulfur with accompanying rearrangement in ~a stmilar reaction to that 

. 12-14 observed with phosphines and simple ph~sph1tes Arornatic disulfides, , 

tetraalkyl thiuram disulfides 4 and certain heterocyc1ic disulfides open 

s S 
Il, Il Il ~ R 

N~S.....çN 

l " R R 

4 

,'. 

the ring of the phosphor~idite to form derivatives of phosphoramidous 

acid (.2)-21 / 22. 

II 
.& 
i 

il 
!-

1 
f 

1 
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Tris(dialkylamino)phosphines (6) smoothly desulfurize 

,', 

disulfides to givë near-quantitative yields of the corresponding sulfides23 ,24. 

1 
(~N) 3P + 

7 

+ 

-. 

The reaction is applicable to a wide range of alkyl, aralkyl, alicyclic, 

and other disulfides. The reaction rate increases markedly with the 

solvent polarity; 
24 

second-order kinetics are obeyed . 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. 

oiaryldisulfides are not desulfurized. ~n these grounds the following 

mechanism was proposed: 

R2....s-s-R3 + 

t: 

/ 
:P-

" 
R? -L + R3S- fast 1 
---s~ S 2 

N 

The Ïormation of symmetric~l sulfide can then be explained as fo11awa: 

, 
+ 5 = p.::" 

Further evidence for ~ ionio pathway was provided by the 

detection of a thermally labile phosphonium salt Qn treatment of 

1 

=P­
..... 

r 
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8 

24 
di-2-benzothiazole disulfide (~ with aminophosphine • 

(r~-s-(J) 
8 

. .. 
" 

Related work has shawn that tris(dialkylamino)phosphines (~) 

are particularly useful for extrudin9 sulfur smoothly from a variety of 
25 26 

other molecules. These include thiosulfonates (9al ' , sulfenyl -. 

waw, 

i l ( ) 
26- fi' ( ) 27,28 . If' d (<>-d) 29 , th osu fonates 9b , thiosul nate esters 9c , tr1.SU 1. es ~ 

30 31 32 
sulfenimddes (~) 1 and sulfenate esters (9f) , • 

24 In some cases , the desulfurizati,ns are known to be two-step 

processes, as shown below: 

Jt1SXR2 '" slow l +" fast RIXR? 
1 

+ ~ R S1:- » + 5 = ~ 
" -XR2 -

9a X= - 502- 9d X :; -5S-

~S-S02-
," XR2 ... 

ct -3 
~ X- e -N(-CR }z 

c X -~~- f X"'" -0--

CP 
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The phosphorus nucl~phile attaeks the sul fur atom, displaeing 

- l an XR anion in an SN2-type proeess; ls then alkylated by the phos-

phonium salt to g~ve the desulfurized product and phosphine sulfi~e. 

Although simple sulfides do not reaet with trivalent phosphorus 

compounds t episulfides are readily desulfurized by phosphines or phosphites. 

33 ~ 
Davis et al. ahowed that, on treatment with a phosphine (or phosphite) 

for several days at roam temperature, episulfides 105e sulfur to yield 

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

(C6HS) aP • 'c 
/ 

1 = C , + 

use of dry solvents with weak Vlolvating powers, and by low temperatu~s. 
p \ 

~If the se conditions are satisfied, the proportion of polymerie side-product 

34 
ia greatly reduced • 

The mechanism of this reaction was studied by Neureiter and 

35 
Bordwell , who showed that triethyl phosphite converts eis-2-butene . -
episulfide H&.> to 2-2-butene,and trans-2-butene episulfide to ~-2-

butene. The stereochemistry of this reaetion rules out the attaek of 

phosphorus on a carbon atom to give an inter.mediate sueh as Il (Route A) , 

ainee such a mecnanism-requires that the stereoehemistry of the product be 

opposite to that of the etarting material. 

--,-
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H··· C 

œt~ l "S 
H-··C/ 

/ 
CH3 

lQ. 

l attack on sulfur 
(route B) ( 

l 

. '\. 

10 

attack on 
carbon 

(route A) 

. 
~- ----_ ....... ~ -..... - -

11 

+ S 

36 Boskin and Dénney provided further evidence,for ~ute B by 

sgewing that ,the kinetics of the reaction are second-order and that its 

rate ls virtually independent of solvent polar1ty. The mechanism now 

accepted 1a one involving direct attack of phospnorus on su~fur. 

The desulfurization of thietanes on tr~atment with phosphines or 

37 phosphites has a1so been obse~ed. 3-Chlorothiet~e (13) loses sulfur •• to qive allyl éhlorlde (!i) on treatment with triphenylphosphine or triethyl 



o 

\' 

11 

phosphite, although the reaction is considerably slower than for episuifides~ 

C).'r-1

s 
L! + (C6HS) 3P 

70 hr -+ 

13 14 93% 

Two mechanisms were proposed to rationa1ize the formation pf the a1kene. 

One pathway involves the rear~angement of an ionic intermediate 15 to give 

episu1fide 16, which then loses sulfure 
\ -

CiD [ .. 
S 

IfY\C1 
16 

j fast 

(C6H S) 3P=S 

13 - 15 

14 + 

• The other route involves attack of phosphorus on sulrur to give the alky1 

'" sulfide !li this undergoes nucleophilic displacement of phosphine sulfide, 

, yielding li. 

13 

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

fo11ow"second-order kinetics37• 
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12 

3-Hydroxythietane and its parent heterocycle, thietane, are 

also desulfurized, but far less rea~ily. Althouq~ triphenylphosphine 

sulfide is formed, the remâining products of ~e reaction 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 yield3B • 

IBa X'=-N 

b X = 0 

(C6Hs) 3P " 
base 

x 0 

AA 
1-.9 

Since the starting sulfides can readily be prepared by coupllng an 

a-halocarbony1 compound of the type 20 with a thiolactam 21 or a thi61carboxyllc 
~ 

acid ~, the reaction ls hiqhly useful for the p~pa~ation of se~~hdary 

vinylogous amides or enolizable a-diketones. This reaction provided a 

key step in a syrtthesis of_corrins that was deyeloped in response ta one 

of the many requirements of Woodward and Esèhenmoser's epie synthesis of 

vitamin B 38b 
12 

It has been sU9gested that ~ is first converted by base to 

an episulfide ~, whlch ls then desulfurized. - Il> 

.. 
• ~ 
l 

i 
l 

J 
l 



13 
.;. 

0 

0 0 1 
+HNy Br Br 

S 

~ .. 21 18 - 20 22 

o 

23 

o 

~. HX>-0 tautomerization 
oc; - '" 19 23 

Although detailed mechanistic evidence is as yet lacking, the 

ease of desulfurization of such enolizable systems relative to stmple 

sulfides can thus be explained. 

AlI the desulfurizat10ns hitherto described involve valence 

expansion of phosphorus ,(P (III) + PCV) ) , whether the reaction in,volves a 
.. 

phosphine, phosphite, or aminophosphine. This process has beén Observed 

with a great'variety of oxidi.ing agents. A number of these valence 

expansion reactions are summarized in Table I. 

o 
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TA,BLE l 

Some Re~c;tiona of P{I*> CompoUnds 

oxidi PDg Agent 1 ! 

2 

°VR 

O~R2 

Sa 

.. 

RgP=S 

o 
Il 

(R10) zPR2., RIx 

~ 

, . ' 

Ref. 

1 

39,40 

41,42 

43 

44,49 

45 

46,47. 

As previously described, most desulfurization ,~éacttons seem 

to oceur ~n two stepS, the fi~st step requirinq nucleophi~ie attaek of 

~osphorus on sul fur: to give. the phosphonium salt intermediate. 

Tripheflylphosphine i8 a, bette.,r nucleophile than rnost :-pho~~hitesll,_4.8, 

~ r, '"' •• r::~ .. r }, 

and might he ekpected to attack sulfur co~u~ds more readily. HO\'Ie"\rer, 

thé es formed by attack of' pJ::losphltes are stabilized 'by 
o ' 

, ' '1S ' 
the greai; stabillt1 qf the P "" 0 bond then provides 

fOrce for rearrangement. 

! 

1 

1 

l 

1 
1 

l' 

i 
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. ' 
The intermediflte phosPJ'Wni\Uh sa'lt is' silni-larly stabÜi'zed in 

o , l' 

-' . . • 49 56- , 
aminophosphines, which are e)ttremely re~cti va' 'nuc:;leophiles ,'. - - ÏI\Ore so 

than phosphites, sinee n;itrO<J:en :lS les~ 'el~c:tfonè9ati'Ve ,than oXygen. '0' ., ~~ , 

E1eetromeric releasS of electrons ',from nitroge~ '!Jo' stâb,i'liZe the' inter" 1-

mediate phosphonium salt ls pos,s,ible, and an ~1?usoV7'1~ke-' r~{il~rangement 

51 ' 
i~ less likely to oceur For these reasons ,aminophosphi~e$ ère 

ef~ctive deaulfurizing agents. 

The second stage of the reaction' inV'.olves att,ack of a displaced . 
>. -

nucleophile on the phosphdnium salt to evict phosph~ne sulfide. Disù1fide~ 

are readily desulfurize4 because the initially displaced ~ulfide ion (an 

excellent lea'\dng grouP) ia also a very powerfu1 nucieophile. l'f 

• 
t;1esu1furization reaotions are to proviqe a new technique for carbon-carl?on 

, . 
bond formation, a oarbanion must be generated which pan fulfill the dùal 

role of leaving 9roup and nucleophile. . . 

, 

" 

,. 

L 
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~ 
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'1 
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2. * DISCUSSION 

Carban10ns can be stab111zed by con)ugat1on with a carbon-

52 
oxygen double band . Accord1ngly, a number of S-ketosulf1des 24 were 

" 

) 

° R
2 

Il 1 
R 1C-C-SR4 , 

R 3 

24 

prepared and thai~ reaction with trIs(dimethylamlno)phosphine (6a) examlned. 

S Keto.sulf1des 

Several syntheses for these compounds have been reported: the 

53,54 
rea Ion of mercaptIde ion wIth a-haloketones , the treatment of 

sulfenyl halides with ketones
55

, the decomposltion of dlalkylphenacyl 

, 56,57 
sulfonl~ salts wlth base , and the reductlon of S-ketosu1foxides wlth 

d 'ab' If' 58 sa .l.Uln met lSU Ite • 

O,N ~. )6el 
N02 

o 

11 The work in this and following sections has been pubUshed91 
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23- 32 

Previous wor suggested that the proposed desulfurl.zation 
" 

reaction wou Id probably involve a phospho.nium salt intermediate ~. 

26 

In order to fac1litate displacement of the carbanion of 26, a phenyl group 

was used at R2 . It appeared that a benzyl rnoiety at R4 might encourage 

easy displacement of tris (dimethylaml.no) phosphine 'Sulfide ('l..2.). Ther~fore, 

a-benzoy l-a-phenylmethyl benzyl ~.ul fl.de (27a) was prepared. 

Most methods of preparatl.on of 8-ketosulfides gl.ve poor ylelds 

or are llmlted ln scope. Fortunately 27a can be prepared ln good yleld 

from simple starting materl.als by a method recently developed l.n our 

59 
laboratory 

.-r 

OC6H S 

- , 

III 
C6HSCCSCHZC6H5 

1 

l.HSiC13/(n-C4H9)3N~ 27a 
~. NaOH 

Vapor 

Cl 

This /compound was hea,ted with phosphine ~ in a variety of solvents. 

phase iromatOgraPhiC analysis indicated that desoxybenzoin , -
(C6HSC00I2C6HS' 28) was ta principàl product of an extremely slow reaction. 

However, in the absence of solvant, the starting materials were consumed in 

less than one hour to give three produc'ts as analyzed by quantitative gas 

chromatography 1 I-benzoyl-l, 2-4iphenylethane (29a) (69%), desoxybenzoin (28) 
, 
(22\), and tris(dimethylamino)phosphine sulfide (7a) (86'). 

o 

.f!à IC6HS~C6H5 
C6HS 

+ 7a 

_ .... ,.....-~-~:-·_-----_IiIII._il ...... iIioo 

• 
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The target molecule ~ was subsequently isalated in 43% yield) identical 

in every respect ta an authentic sample prepared by the benzylatian of 

. 60 
desoxybenzol.n 

In the reaction of 6-ke"tasulfide ~ with phosphine ~, it 

appears that the ionie interrnediate 26a, (RI' R.2 = C6HS' R3 = H , Rt. = Cli2C6HS) 

does indeed form and ia partially diverted by proton abstraction ta give 

desoxybenzoin (28). To test the hypothesis that the proton is abstracted 

from the carbon atom adj acent ta the carbony l group, 27b was required. A 

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

sodium had been added. The absence of a methyne signal (6 4. 72) in the 

nmr of the resulting material indieates that this proton is the mast acidic. , 

This material (27b) was treated with 6a. Gareful chromatogr~ppy 

of the produet mixture gave, as e~ected, desoxybenzoin (~), which was 80\ 

deuterated in the benzylic position (nmr). 

27b 29b x :: D 60% 

x = H 40% 

o 

l ' ... -
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This indicates that the carban~on of salt 26a preferentially removes the 

atom from the position between the carbonyl group and the sulfur atom, 

even if this requires c1eavage of a stronger C-D bond. 

35 

7 \- J 

i 

27b 

1 

The fa te of anion 30 ~s open to speculation since no products 

were isolated that might aCCO\1nt fo+, this material. 

Tc de termine whether ·alkylative coupling eould oeeur for a 

a-ketosulfide which did not have R" = benzyl in 24. a-benzoyl-a-phenylmethyl 

ethyl sulfide (31) was prepared and treated with aminophosphine §!.. 

Although I-benzoyl-l-phenylpropane (32) wâs formed in reasonable yield (31\) 

it' provêd difficult to isolat'e, sinee it behaves in a very similar manner 

(on both absorption chromatography and gas chromatography) to desoxybenzoin 

(2a) and a third unidentified material 33. The fourth product, trans-l-

ethoxy-l,2-diphenylethene (34), gives further credence to the carbanion 

mechanism. If intermediate 35 19 formed, a \l'ariety of reaction pathways 

o 

v;,-_~""""""" l ;:-

• D"t _" ~. " 
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are available. 'l'he mr-hyne proton of 31 œay be abstracted by the 

anion of II to qi,,:e de~XYbenzoin and anion 36. The fate of anion 36 
\ -\ 

ia unclear, it miqht pos-sibly be alkylated by the cation of 35 to qive 

B-ketosulfide -n... 

o 

ctJJ~S""""'" 
CsHS 

31 

+ 

32 

l 
~6H~0'V 
H~6HS 

li 

+ 7a 
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rf the anion of ~ reacted with starting mater1al and then 

were alkylated by its gegenion, the unidentified product ~,mi9ht weIl be 

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

An attempt was made to prepare the former by treatment of ketosulfide ~ 

with ethyl bromide in the presence of ethoxide. Three compounds were 

formed in th!s reaction, aIl with absorption characteristics very similar 

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

achieved. 

If the anion of 3S is not diverted by proton abstraction, it 

can act as an ëUli>ident anion in its reaction with the phosphonium ion. 

Attack by carbon yields ketone E, whereas attack by oxygen gives enol 

ether 34. Investigation of the alkylation of ethyl acetoacetate with 

alkyl halides in the presence of base suggests that increased SN2 activi ty 

f 
. . . 61,62 o the ~lkylatl.ng agent ~s correlated with the propçrtion of C-alkylatl.on 

Since b~th,~thyl ketosulfide ~ and benzyl ketosulfide 27a have identic~l 

ketonic Jubstituents attached to the sulfur atom, one might predict that 

31 would give more enol ether • 

. , 

27a 

31 
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In an attempt to simplify the mixture of products in the 

desulfurization of 11, effects of solvent on the reaction were considered. 

63,64 
It has, been reported that C-alkylation of ketonic anions ia promoted 

by the use of hydroxylic solvents (such as water, polyfluorinated alcohols, 

or phenols) • lt isunlikely that the proportion of ketone E could be 

increased by the use of such solvents; instead, the anion of 35 woul.d become 

irreversibly protonated, giving desoxybenzoin as the major product. Polar 

aprotic solvents, such as N,N-dimethylformamide or dimethylsulfoxide, tend 

to increase the proportion of O-alky lat ion 61,62 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 mixture 

very similar to that obtained by treatment of B-ketosulfide ~ 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 ~" or (less likely) that this step i5 fast and that the 

subsequent reactions of this inte~ediate aIl have similar thermodynamic 

parameters. 

Ta test whether .the ct-pheny'l group la required for desulfurization 

a-benzoylmethyl benzyl sulfide (39) was prepared and treated with amina-

phosphine ~. Benzyl sulfide (43) (50\) was the only product isolable from 

the reaction. This ketosulfide r~acted more slowly th an the ketosul.fides 

previously discus5ed; starting material (2\) was present even after 

heatinq for 3 hours at 150 0
• 

1 
Ac_etoph~none (30\) was the other major 

product, 65 only a small amount of I-benzoyl-2-phenylethane (40) (5\) 

was produced. 

. -"-*-,-

.~"\" 
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The observed products (7a, 40, and 43) could be rationalised 
-....- -

by a mechanism simi lar to that invoked for the reaction of 11 and l!. 

with phosphine Ga (Scheme 1). However, this pathway appears improbable, 

first1y because the anion of 41 wou1d have to attack the starting material 

to displace mercaptide ion, this intermo1ecular reaction is not observed 

with the more stable desoxybenzoin anion formed from II and 2!." 

Second1y, if ion pair 41 were formed, i ts fate shotl1d be similar to that 

of the corresponding ion pairs formed from these a-pheny1-S-ketosulfides; 

the formation of mercaptide ion from 39 shou1d be encouraged by the presence 

of ,the a-phenyl moiety. Finally, ketone 42, which should he formed along 

with mercaptide ion, was not' observed in the reaction mixture, precluding 

significant benzyl mercaptide formation. by this route. 

Benzyl mercaptide was shawn to react with starting material ~ 

to give dibenzyl disulfide, which is known to desulfurize on trea9rnt with 

6a to give dibenzyl sulfide (43) 24.~ A more plausible source of me'rcaptide ion 

is attack of pho~phorus on carbon (Scheme II) in an SN2 reaction analagous to 

that proposed for the rlJactions of tri'a,lky1 phosphites with aromatic thio-

66 
cyanates • Although this pathway contrasts both with our initial mechanism 

and the mechanism pro~sed by Borowitz
67 

for the reaction of an analogous sub­
\ 

strate,attack of phosphorus on carbon instead of sulfur explains the low yield 

of phosphine sulfide obtained. Such a direct substitution reaction wou1d be 

encouraged by the reduction in crowding at the a-carbon atom produced by 

removal of the pheny1 group. R.emova1 of this group would also increase 

the activation energy for the attack of phosphorus on sulfur to displace 

the carbanion of 41, which ia less stable than the anion of ~ and ~j 

tilis is probably the major factor governing the course of the reaction. 

• 
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C6H~:- . C6HS~-P-[N(CH3) 2] 3 C6H~ S'-.,../ C6H S 

6a 

~' 

39 

o 

C6Hs~6H5 
o 

C6H~S-

~~ o 

C6HS~C6H5 + 

42 

C6H('- S~C6H5 + 7a 

o 

C6H5~-S- + 

o 

C!>H~S~C6H5 
39 

C6'Hs ............... S ~C6HS 
~ 

43 

+ 

o 

C6HS.Àœ3 

~L 
C6H S ~:- + C6H~ s" S ............... C6HS 

SCHEME l 

\ 40 
1 
' .. 

'~"'~<>.~-:r.,;:>~ 'f'~~,. :.l~~."'~,.r.\~~~__=.i':. .... _ ... "&tiiIIit..~~_~l""~g~;,~ ....... .::.ar':t. r5 zr 't'fCe,.t.,). ;kr ,,,Op,, . 

7a 

'" oc. 

1 

~ 

r 

1 
1.1 



c> 

, 

o 

-
25 

SCHEME II 

6a 

r 

'rhus tris(dimethylamino)phosphine will desulfurize a-ketosulfides te g:Lve 

a variety of products 1 the nature of the reactions invoived i5 highly 

depenélent on the structure of the substrate. The res ul ts obta ined are 

summarised in Table II. 

ê-Carbethoxysulf ides 

A carbaf;i.on can also be stabilized by the carbonyl group of an 

, 68-70 
ester function. Ethyl-4-phenyl-3-thl.abutanoate (~) vas chosen as 

an eXaJIŒ)le of compounds that cou Id qive birth to this type of carbaniori. 

lt vas prepared by the action of sodl.wn benzyl mercaptide on ethyl 

broDloacetate: 

CSHs .............. S-Na+ + Br~ 0......,­

a 

, 
1 

~; 
~ 

, 
1 

j 

1 

\1 
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starting Material 

o 
Rlë~qI2.R3 

R2 
number RI R2 R3 

27a C6HS C6HS CSHS 

31 CSHS CSHS CH3 

43 CsHs H CsH$. 

" 

TABLE II 

The Reaction of Tris(dimethylamino)phosph~ne with S-Ketosulfides 

~ 
R1cœR2.œ2R3 

69
a 

(43)b 

a 
31 

sa 

~ 2. 
CSHScœ2R 

22a (l2)b 

ga 

30
a 

Products (%) 

[(CH 3) 2N ] 3P=S 

( 7a) 

B6
a 

67
a 

47
a 

H C6HS 
'-"" ---C6HS OC2HS 

Other 

14
a 

a 
(C6"Sœ2) 2S 50 

a- crude yield (est~mated by partial isolation of product and/or 
quantitative vpc, nmr of impure fractions). 

b- isolated pure. 

c - percent of vpc integral trace. 

4 

~ 
'-" 

unidentified 
materia1 (33) 
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This compound gave no reaction with neat tris(dimethylamino) 

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 relative1y high PKa associated with the anion 

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

6a -

o 
/""-- + 1 - Il 

[C6HS s-p~ :CH2CC6HS) . ) 

---'" + H + 
71-4 

19 

41 

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 carbonyl group 

* would be much alower for the ester than for the ketone. Thus, the 

limit of the reaction of aminophosphines with sulfur-containing mole cules 

emerg8S: aminophosphines will not displace groups with pK ~ 20. a Where 

the PKa ia near 20, higher tempe ratures and neat reactants a~e usually 

required to effect displacement. 

It has been shawn that a-chloroacetophenone undergoes halide ex change 

about eight times more rapidly than ethyl chloroacetate wh'en treated 

with potassium iodide in acetone81
. 
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TABLE UI 
~ 

Reaction of Alninophos phines with RSXR 

'VPKa ,~ 'VpKa 

X Product Ref. of rota Ref. X Product Rsf. of RXH Ref. 

-50Z- a,b 25,26 2 75,76 -0- a 31,32 19 2 

~ ° " 11-3 -s- a,b 27,28 2 77 - CH2C- b,c 19 

-58- a 29 8 78 -CH2C02- d '24 73 

° " 

" -N (CR2) a 30 9 79 -NR- d 83 25 72 

-s- a ? 24 10 80 

a. smooth desulfurization to give RXR in good yield. 

b if X can provide an ambident anion (e.g. -S02-) more than one product 
may be formed. 

c some desulfurization, competition fram side reactions. 

d no reaction. 

/ • 
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The Reaction tes with ines 

Cy~nide ion, lilttj!' sulfide ion, i5 a good leaving gro~ and a 
/' 

good nuc1eophile. It w,;,t.s thus f~lt that thiôcyanates might r~adily be 

converted to nitriles on treatment with an aminophosphlne. Ear 1y reports 

exist in the litérat~e 'for the desulfurization, ~f thiocyanat:as
82 

and 

83 
iso~anates on tr~atment with trialkylphosphines, although few experimental. , 

data are qiven. More recently, the reaotions of thiooy~nates with trlalkyl 

, ,66 84 135 
phosphates have been studl.ed ' , ; desulfurization aocompani~d by re~ 

84 
arrangement was observed . Sheppard obtained evidenee that the re-

arrangement peeurs through an ionie pathway and proposed the fOllowing 

mechanism: 

- + 

+CN 

Pilgram and Phillips66, in a detailed study of t.he reac:tion of 

a number of aryl thiocyanates with trimethyl phosphite, 'fourid that instead 

of preferentially attacking 5ulfur to form intermediate 47, phosphorus can 

attack the carbon ,atom of the th~ocyanate group, displacing a mercaptide 

ion to give intermediate 48. 
\, 
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r- ArSCN 

+ t _ 
+ 

!ArSP(OCH3)3 :CNl 

48 

j 
o o 
Il Il 

ArP(OCH3) 2 + CH3CN ArSŒ3 + (CH30) 2PCN 

Treatment of benzyl thl.ocyanate (49) with trl.s(dl.methylaml.no)phosphu1c' 

gave an immediate exathermic reactlon WhlCh produced a deep red color, even .. 
"at room temperature. Vapor phase chromatagraphy lndlcated that the 

reactlon ml.xtur€ was extremely complex (at least 10 products) . Preparati ve 

thln layer chramatagraphy ylelded ,pnly benzyl sulflde (~) and tus (dl.methyl-, 
" 

amlna) phosphine sulflde (7a) as Lsolable materlals. A large quantl.ty of 

brown 011 was also obtained whl.ch contal.ned many components. Vapor phase 

chromatography showed that benzyl cyanlde was one of the maJor products. 

The reaction was repeated ln a variety of solvents. The ylelds 

of the maJor constituants of the mixture are shown below (Table IV) . The 

rate of f9rtnation of the rad color lncreased with the polari ty of the solvent. 

, . 
. 

L\ 
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• 
TABLE IV 

The Reaction of Benzyl 1'l1iocyanate with Aminophosphine 6a 

solvent Timea (min) 

none 40 

aceton1 tr 11e 40 

d1chloromethane 30 

p-dloxane 60 

,benzene 
c 

130 

45 

42 

25 

25 

21 

b 
Products (\ ) 

9 

17 

22 

11 

6 

a - time for the react~on mlxture to attaln constant composition 

b - deternuned by quantitative vpc. 

c - reflux. 

32 

30 

38 

41 

28 

(vpc) • 

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, i5 in operation. 

-~-_._--------.------ --
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~ + 
C6H SCH 2SCN .... CSHS0i 25P [N( CH 3) 31 t 49 50 7CN 

CSHSCH2CN + 7a 
491 

CSH sCH 25 + (CN)2 

(C2HSCH 2) 25 + - ~-:SCN - CN + (CSHSCHiS) 2 

44 

Benzyl cyan ide could be formed by attack of the aminophosph1ne on the sulfur 

atom, followed by attack of the displaced cyanide 10n on the intermedl.ate 

phosphonium ion, 1n accord with the mechanl.sms of the other desulfurizat10n 

reactions d1scussed. Attack of cyan ide ion on th1S phosphonium ion may 

aiso give sorne isocyanide; although vpc dl.d not rule out the existence of 

this compound, none "'as isolated. 

If, instead of attacking the phosphoniûm ion, th~ cyanide 10n 

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

The mercaptide ion could then attack starting rnaterial 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 reaotion .. . 
mixture, if formed, this compound could be desulfurized by aminophosphine 

ta give dibenzyl sulfide
24

• 

66 
possible 

Attack of ~ on the carbon atom of the thiocyano group ia aiso 

Such an attack would lead to di~p~acernent of mercaptide ion, 

whioh could react with 49 ta give dibenzyl Bulfide. 

1 • 

1 

i 
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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 Ga11enkamp apparatus and are uncorrected. 

Thin layer chromatographie analyses were performed on Eastman 

chromatographie sheèts 6060 (sil~ca gel with fluorescent indicator on 

poly (ethylene terephthalate) support; polyvinyl alcohol binder) . Solvent 

systems used are ~ndicated u'l the text. 
'. 

Gas chromatographie analyses (vpc) were performed on an F & M 

Madel 5750 Research Chromatograph equ1pped with a perkin-Elmer Model 194B 

Printing Integrator. 'l'wo 6' x 1/8" stainless steel columns were used -

10\ silicon gum rubber UC-W98 on Diaport-S (80-100 mesh) and SE-30 ultraphase 

(10\ by weight) on Chromosorb W AW/DMCS (80-100 mesh). 

Refractive indices were measured on a Carl Zeiss 38341 Refractometer 

at room temperature. 

Infrared spectra were recorded on a Perkin-Elmer Model 2 7 Grating 

Infrared Spectrophotameter. Spectra were calibrated with the 3027 cm 

-1 
and 1601. cm bands of a polystyrene film reference. 

Nuclear magne tic resonance (nmr) spectra were recorded on a 

varian Associates T-60 Spectrophotometer. AlI data are given in parts 

par mil1.i>on relative ta TMS (used as an i\tternal standard) . Sol vents used 

are ind~cated in the text. 

Maaa apectra were recorded on an AEI-MS-902 Maas spectrometer 

equipped with a direct insertion probe. 

o 
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• 
Preparation of 8-Ketoaulfides 

a-Benzoyl-a-phenylmethyl Benzyl Sulfide {~ was prepared by the 

d f . 59 7 710 metho 0 Harpp and Math~aparanam ; mp and mmp 0- ; ~dentical in aU 

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

, 
a-Benzoyl-a-phenylmethyl Ethyl Sulfide (Jl) was prepared in a similar 

manner, mp and mmp 78-79.5°, identical in aIl respects (tIc, vpc, ir, and 

nmr) to a saIl\Ple provided by Dr. P. Math.i.aparanam. 

a-Benzoylmethyl Benzyl Sulfide (4Q.) was prepared by a modification 

of the method of Long54 Sodium hydroxide (2.0g, 0.05 mol) was dissolved 

in 50% aqueous ethanol (40 ml). Benzenethiol (6.2g, 0.05 mol) was added 

with shaking, followed by bromoacetophenone (10.0g/ 0.05 mol). The mixture 

grew warm and a tan suspension was fonned. After reflux~ng for one hour, 

the tan aolid was removed by filtration and crystallized from ethanol to 

give a pale brown solid. 
""-J 

Recrystallization gave colorless plates, 

mp 88-90° (lit. 54 mp 87°) (8.5g, 10%). 

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

a-Benzoyl-a-phenylmethyl Benzyl SuIf ide 

(a) In the presence of a solvent . .... 

Refluxing a solution of a-benzoyl-a-phenylmethyl benzy1 

~ulfide (284) (0.3189, 1.0 mmol) and pre-distilled tris(dimethylamino)phosphine 

(6a) (0.16g, 1.0 mmo1) in benzene or p-dioxane (1 ml) for 8 hours gave 

a1ll411 amounts of desoxybenzoin as the major product (qualitative vpc) • A 
1 

stmi1ar result was Obtained with dichloromethane, stirring for 24 hours at 

robm temperature or refluxing for 12 hours. 
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(b) Without 

a-Benzoyl-a-phenyl thyl benzyl sulfide (28a) (1.00g, 3.3 mmol) 
, -

and tris(dimethylamino)phosphine (~(O.510g, 3.2 Mmol) were heated 

ail bath at 120°. After 30 minutes ~11 starting materia1 had been 

consumed (vpc). The mixture was then chromatographed on 5i1ica gel 

on an 

(60-100 mesh) uSing hexane (100 ml), hexane-dichloromethane mixtures (9:1, 

100 ml; 4:1, 100 ml; 3:2, 500 ml; 1:1, 500 ml) and dichlorome~hane (100 ml) 

as eluents. 
" qp, 

The fractions col1ected were monitored by vpc. separations 

were not comp1etely efficient; however, combination of the f~rst eluents 
.... 

and crystal1ization (ethanol) gave I-benzoy1-1,2-diphenylethane (30a) 

(0.39g,43\) as co1oriess needles., mp and nmw 119-120°; lit. mp 120_-12p60,86':'SS. 

It was identical in aIl 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 aIl 

"respects to an authentic sampie. 

a-Benzoyl-a-deutero-a-phenylmethyl Benzyl Sulfide (2§b> 

e-Ketosulfide ~ (2.Qg, 6.4 mmol) waS crystallized from 

deuteroethano1 (EtOD) to which a traée-of sodium had been added. The 

'product was dissolved in carbon tetrachloride (la ml); the resultant solutipn 

was· filtered and evaporated to give', after recrystallization tEtOH), the 

<,) title compound ~ (1.4g, 70') as colorleas needles{, mp 74 ... 76°, with no 

K ~. 
detectable absorption in the nmr spectrum at ô 4.72, suggest1ng quantitative 

deuteration at the a-position. 

r 
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Cl 
A portion of this materia1 (o. 79g, 2.5 l'IIl\ol) was mixed with 

tris(dimethylamino)phosphine (~) (0.456g, 2.8 mmol) and heated on an 
, 

oi1 bath at 150° for one hour. The resu1ting mixture was chromatographed 

to give: (a) 1-benzoy1-1-deuterio-l,2-diphenylethane (30b) (6.389g, 55%), 

after crystal1ization (EtOH) mp 121-123°, mmp with non-deuterated material 

121-122°; identical to ~ by tlc and vpc; 

mp 47-51°, pure by tIc (CC14) and vpc, contain~ng 80% deuterium at the 

benzylic position (nmr, CC14); (c) a mixture of these two materials (0.130g) 

(tIc, vpc); and (d) tris (dimethylamino)phosppine suIf~de (~) {0.340g, 81%), 

1dentified by vpc and nmr. 

a-Benzoyl-a-phenylmethyl Ethy1 Sulfide (J.2.) 

a-Benzoy1-a-phenylmethyl ethyl sulfide (32) (0.128g, 0.5 mm01) 

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

on an oil bath for various periods of time at different temperatures. 
(1 

virtually constant yie1ds of 7a, l!, 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 

dimethyl~ormamide as solvents (1 ml) and 1 mmol of each of the starting 

materials. Yields ~aried only slightly with the solvent. , 

Iaolation of Produc~8 

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

,and triB(~ethylamino)phosphine (6a) "(450 mg, 2.7 mmol) were heated on 

an oil bath at 1500 for one hour. The resultinq mixture was then chroma-

o toqraphed on silica gel (60-100 meah, 60g). 'us"ing hexane (500 ml) and 
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hexane-dich1oromethane mixtures (9:1, 2 li 4:1, 2 1; 7:3, 1 ii 3:2, l i, 

and 1:1, l l) as eluents. The 'fractions co11ected were monitored by vpc. 

Separations were not completely efficient; however, the first fraction, 

a c010rless oil (80 mg), was pure by tIc (hexane) and vpc l \1 (liq. film) 
max 

-1 
2978, 1638, 1604, 1689, 1497, 1452, 1120 (v. broad), 925, 772 and 700 cm 

nmr gave signals (CC14) at é 1.8-2.8 (multiplet, 10 H), 3.8 (singlet, l H), 

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

information indicates that the material i5 an enol ethe~ CSHSCH 

Identification of a ~-~and in the ir89 at 925 cm-1 sugge5ts that this 

compound i8 trans-1-eth0xy-1,2-diphenylethylene (35)(14%). The second 

fraction was rechromatographed ta g1ve a sample of 1-benzoyl-1-phenylpropane 

11 (61 mg, 11%) (vpc, t1c, nmr), after crystallization (EtOH) mp and 

nunp 49-52°: lit. 57
088

, 58 090 ); a mixture of ~ and 34,(160 mg) (vpc, tIc) 

was also obtained. Ketone 33 was also present in the next two fractions 

(vpc, tIc, nmr). Tris (dimethy1amino)phosphine sulfide Cl!!) (327 mg, 67\) 

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

~-Benzoylmethfl Benzyl Sulfide 

a~BenzOYlmethyl benzyl sulfide (40) (2.429, 10 mmo1) and 

~riS(dimethylamino)pho8phine (o6a) (1.809, 11 mmo1) were heated on an oi! 

bath at 150 0 for three hours. The resulting mixture was chromatographed 

on silica gel (60-100 mesh) (250g) using as sol vents hexane. (1.5 1), 

hexane/dich1oromethane mixtures (1: 10, 1 R., 1:9 , l R.; J-: 17 1 1 R.; 1: 4, l R.; 

3:7, l 1; 2:3, l R.; 1:1, l 1; 7:3, 1 R.), dichlorotnethane (1 1), 

chloroform (1 L), ethyl acetate (1 1) and methanol (1 i.). . Efficient 
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separation proved impossib1e~ however dibenzy1 su1fide (540g, 50\) was 

iso1ated as yellow prisms, mp and mmp 47-49°, identical in aIl respects 

(tlc/benzene, vpc, tr, nrnr) to an authentic éample of the sulfide. 

Further fractions were obtained oontaining acetophenone, 

dibenzyl disulfide, 1-benzoy1-2-pheny1ethane (41)65, starting material, 

,) and traces of other unidentified materia1s (vpc, t1c/cyc1ohexane or benzene, 

nmr) . 

Ttis(dimethy1amino)phosphine sulfide (7a) (911 mg, 47\) was 

isolated in an almost pure state. Large quantities of polar materia1 

containing many unidentified components were also obtained. 

Ethy1 4-Phenylthiahutyrate (4!U 

(a) Synthesis 

Benzenethiol (6.29, 50 mmol) was adde~ to a stirred solution 

of sodium hydroxide (2.0g, 50 mmol) in 50\ aqueous ethanol (40 ml). Ethyi 

bromoacetate(8.4g, 50 mmol} was added ànd the mixture refluxed for 15 minutes. 

The ethanol was removed by distillation and the resu1ting suspension was 

washed with ether, (3 x 25 ml) • Combined ether extracts were washed with 

water (25 ml) and dried (MgS04)' The ether was removed by disti~~ation 

and the residual·oil distilled ta give ethyl 4-Phenyl-3-~hiabutyrate (~) 

(8.49, 80\) as a colorless oil, bp 168-174 11 /15 mm '(lit. 1,10°/1 

69 1.5356 (lit. 1.5355 , 

68 
mm. 

Vmax 3008 (C-H str), 1745 (C~O str), 1505 (aromatic C-C str), 1135 (C-O str), 

. -1 
and 704 (aromatic C-H bend) cm nmr (CC14) gives signaIs at 6 7.44 

.... / t '1. 

(sing1et, 5 H), 4.22 (quartet~'2'H), 3.90 (singlet, 2 H), 3.03 (sinqlet, 2 H) 

and 1~26 (triplet, 3' H) • 
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(b) Action of Tris(dimethylamino)phosphine 

A mixture of sulfide ~ and aminophosphine 6a (1 mmol of each) 

was heated for various times at different temperatures. No reaction 

occurred (vpc). 

Benzyl Thiocyanate, 

Benzyl thiocyanate (149 mg l mmol) and tris(dimethylamino)phosphine 
c 

( 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) ga~e a similar result. When benzene (1 ml) was 

used as solvent the reaction was much sloweri the mixture turned yellow, 

orange, then réd. 

The methylene chloride solution Obtained in this manner was 

separated into five fractions by preparative tIc on silica gel (solvents: 

cyclohexane-ethyl acetate (1:1) th en benzene) . 

Dibenzyl suIf ide, identicai to an authentic sample (vpc, tIc, 

nm~, ir), and tris(dimethylamino)phosphine sulfide (7a) (vpc, nmr), 

were' lso1ated. 

The other three fractions contained many components that were 

not identified, as they ~oved inseparable. 

The reaction was then repeated in a variety of solvents1 the 
". . . 

product mixtures were analyzed for dibenzyl sulfid~, benzyl cyanide and 7 

by quantitative vpc, as described in Chapter 5. 

o 
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5. CALIBRATION OF THE GAS CHROMATOGRAPH 

To determine the composition of the mixtures produced by 

reaction of thiocyanate with tr~s~dimethylamino)phosph~, the gas 

chromatograph was calibrated, using cumene as .àn internaI standard. 

The response factors varied considerably with the flow rates of the 

gases, but were consistent if thèse were not altered. 

" calibration curves are shawn in Figure I. 

Typical 

, 
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6. SPECTRA OF TRANS-l-E'l'HO -1,2~DIPHENYLETHENE 
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SUMMARY AND CLAlMS TO ORIGINAL RESEARCH 

1. It has been demonstrated that tris (dimethylamino) phosphine 

desulfurizes a variety of a-ketosulfides in variable yields. 

2. Phosphonium salt intermediates have been implicated ·in the 

3. 

r~actions, which produce a variety of products, including 

ketones and enol ethers. 

The scope of this type of the desulfurization reaction inV011.ng 

RSXR with aminophosphines has been determined; the phosph.ine i11 
>r • 

not desulfurize molecules with leavinq groQPS of pKa ~ 20. 

\ 
4. It has also been demonstrated tl}.at benzyl thio~~nate -1s readily 

desulfurized by the aminoph.osphine in a highly com le~ react~on 

to afford benzyl cyanide and dïbenzyl disulfide as e major 

products. ( .. -

.. 
" 
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PART II 

THE SYNTHES 1S OF CHIRAL S ULFUR €OMPOUNDS 

1. INTRODUCTION -,~ 

Unlike carbon, sulfur has a nwnber of stable oxidation 

states; di valent, tetravalent and hexavalent states of sulfur are 

all known. Tetravalent sulfur forros cOllQ?ounds that' d!ffer in their 

stereochemistry from the corresponding carbon compounds;' while the 

carbony1 group la p~anar1 the sulfoxide moiety is tetrahedra1 as the 

~ R • 
•• C = 0 

RI ,. 
\ .. 0 

~S::::... 
RI" ~ 0 

fi 
Ione pair of electrons on the sulfur atom acts as a fourth group 

attached to the ,central atom. Thus, the, sulfoxide moiety can give 

rise to as~try in a molecule. 'l'he first known natural product in 

whi~'optical activ~~y results from chirality of àn atom othei than 

carbon was sUlforçlphene (1) t a,mustard oil isolated from the seeds of - ' 

the blaCk radElish (~phanus sativus var. alba L.) 1. 
2 

Iberin (!, n"3} , 

sulforaphane (l, n=4) 3, and higher homôlogues containing five 4,5: six6., 

o 
Il 

0i3§at-CHCH2CH2NCS 

l 

, si 

, '1' 1/\ . 

. , 

,1 

o. 

Q 

,.' 
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'h 7 i 8 9 hl h 1 b il df el.g t , n ne , or ten met y ene groups ave a so een so ate rom 

plant sources. AlI these compounds are levorotatory and exhibi t 

10 
similar optical rotatory dispe~sion curves Since an X .. ray 

ànalys,is of the thiourea derivative of natural (-)-iberin shows that 

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

assigned to aIl the SUlfoxide-isothiocyanates
11 

CUler naturaÙY occurring sulfoxides iriclude biotin sulfoxide 

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

penicilia12 ,t3, aliin (!, R = CH2=CHCH2~) found in garlic~~-17 and 

20 '19 on ion cysteine methyl sulfoxide (!, R = 0i3-) isolated from cabbage , 

turnip20,21 and 'other vegetables19 , i;Uld the cyclic sulfoxide .§. isolated 

18 21 
from onion ' • 

o 
1 Il _ 
RSOI*THÇ0 2 

NH3 

The irritant principle of the onion ls thought 

to oe the sulfene" thiopropanal-s-~x.1.de (CH3Cl!2CH-S=O), formed by the _ 

, 18 22 
action of the enzyme allinase on cyst~ine S-(l-propenyl) sulfox~de ' • 

" 

'. , 

-. 
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'synthesis of Chiral s~oxides 
i 

The standard method for the preparation of sulfoxides' involves 

the oxidation of sulfides. Of the ~any reagen~s that hàve been used 

. 23 24 for this oxidation, sodium per10date ' and l-chlorobenzotriazole 25 

, 
ar~ preferred sinee the probl~m of 6Veroxida~ion to the sulfone is 

usually avoided. Oiaryl sulfoxides may be prepared by oxidation w±th 

b . i . d 26 th' . l th C 5 b d f lk l N- romosucc1n ~ e , but ~s reagent e eaves, e - bn 0 a y 

sultides 27. 

A g~oup of Yugoslavian workers demonstrated that oxidation 

of sulfides with y-substituted monope~glutarie acids (~) producas 

sulfoxides pôssessinq a small amount of optical act{vity 28,29 They 

explained this 'optical ind~ction by invoking a cyclie transition state 

(2)'in which the substituent ~n the pe~acid _and the bulkier g~oup on 

1, . ~9 
the sulfide (R ,) prefer equatorial positions • 

R 
r '~.' l ,_ 

H02C-ŒŒ2CH2COaH· ~ 

6 

Italian workers led by Montanari showed hh~t such partial 

ster~ospecifi.c synthéliles were not limited 'to oxidat'ions with mono-. . 
perglutaric acids3~-3~, and'~roposed 'a mechanism33 inSPire~ hy the 

work of cram34 
and prelog35 • 'rheY' arg~ed that tl)e product fomed 

o .. 
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depends on the relative sizes of the' groups S (small), M (medium) and 

L (Iargel attached to the peracid, as well as the relative SiZ9S of 

the groups on the suifide. If the peracltd attacks perpend~cular to 

the sulfide molecule, transition state ~ or 1 will be preferred 
t 

, 

M t. 
y.:. C03H" •• ·s •• 

s 1 .B 
A 

8 

v 
s 

9, 

-

-

b S, .... :s 
o:-:r 

A 

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

predominant configuration of the product can be predicted33 ,36,37 

MiSlow38 ,39 took exception to these arguments, citinq discrepant 

results and reminding that even a blind stab at the configuratidn of 

the sulfoxides has a 50\ ç:hance of being correct. After further 

studies of the reaction with a wid~ variety of pera~idB32,40,41 , 
. 

Montanari replied that in every case where solvation effects and electro-

atatic interactions could be discounted with certainty, nis thèory 

'predicts the correct configuration'for the sulfoxides. 

Althouqh these, reactions inva:riably ~ive sul.foxid.s in greater 

than 80\ yield, the products always have l~ optica1 purit~42-44. 

Higher optical purities can bè obtained by pe.rformin~ the reaction at low 

.' 

'~ 
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40,41 
temper<;rtures 1 bu,t optical pUrJ. t~es over ·10% are unusual 

, 
Mater~al of higher opt~cal purity is obtained in lower yield (9-61%) 

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

or with the Insoluble material obtalned by extracting the mold with 

1 45-47 
aqetone 

5ulfoxides of 10w optical purity (~6%) have also been obtained 

• 
by the oXldation of sulfides with iodine in the presence of a chiral 

48a catalyst Comparable optical induction has been observed in the 

,48b, 
electrochernlcal ox~dation of sulfur with a "chiral electrode' . 

Several techniques eXlst for the optical enrlchrnent of raèemic 

sulfoxides. 
. 49 

Partial oxidatlon with optically actlve peraclds' or 

Il ' 50 Aspergl us nlger and partial reduction Wlth chiral thiols
5l 

or phos-

h th , 'd 52a . p orus lOaC1. s g1. ve low ylelds of material wlth varying degrees 

of optical purity. Kagan has sllccessfully employed chiral aC1.d chlorides 

to help partially resolve sulfoxides
52b

. 

SUltides have 
53,54 

been resolved uslng platinum complexes • 

A more elegant technique involves the preferential inclusion of one 

55a 
enantiomer 111 0 a chiral host molecule such as a ~-cyclodextrin . 

, Photochernical oxidation of sulfides using a chiral sensitizer preferentially 

. 55b c 
gi ves one lsorner '. 

56,57 
Optically pure sulfoxides were first prepared py Andersen • 

Treatment of a menthyl sulfinate ester (10, R2 = men~yl) with a Grignard 

reagent,_ according to the method of Gilman58 , gave a sulfoxide of hi9h 

opti?al purity. Mislo~ and co-workers subsequently confirmed the high 
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stereospecificity of the reaction, demonstrating that inversion occurs 

38,59 
at sulfur . 

RI 
1 

cS-OMen 
Il 
o 

+ 
2 

R MgX 

Rl 

2 1 
R -S: 

U 
o 

.) . 

other diastereomeric sulfinyl derivatives sueh as sulfinamides 

C.!l) 69,61 and heterocycles c.g) 62 have. aiso been treated with 

0 0 CGRto, .,:' 111 1" 2 
R SOR2 R SNR2 N/S~ 

ai3 1 0 
0i3 

10 11 g 

organometallic reagents, but none appears to have displaced suifinate 

~sters as the preferred preeQrsQrs to chiral.1sulfoxides. 

Wllile this valuab1e synthE!tic tèchn.ique can, in certain . . . . 
instances, giva_ high yi~lds of sulfoKide, cl~se scrutiny of the literature 

reveals that the yi,eld depends greatly on the structure of the target 

sulfoxide • Oiaryl sul.fo~ides and 1 aryl benzyl sulfoxides can often be 

. '38 '63 64 
. p.1='epared in 900d yieId, usual1y greater than 80~ and .:70-84% respect~vely .' , 

, Y'ields of aralkyl sulfoxides appear to he" more' variable. Andersen 

ob'tained ethyl p-tolyJ. SulfoKide in 62\ yieLd
56

; he also found that 

altho~9h reaction of .,menthol methylsult:inate ,with phenylmagneS1um .brolllidt;: . 

. "gave él' 91, yield of ménj:hol, only a 60\· yield of t;.he crude methyl phenyl 

'. 
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sulfoxide was obta1ned
65

. Mislow and co-workers prepared a number of 

aralky1 sul'foxides 38; only the yield for i-propy1 p-to1yl sulfoxide is 
"- .. 

reported (22%). Methy1 i-propyl Sll1foxide and allyl methyl sulfoxide 

were a1so prepared, but no yields are gl.ven,\suqgesting that these are 

low· . 

The simple sulfinate ester !l and the cyclic sulfinate esters 

14 and 15 were chosen as models for a study of thie G;-ignard reaction. 

o~ and 

13 14 

Although these substrates differ somewhat from the menthyl esters, they 

should enable us to explore possible' side-reactions in the reaction of 

sulfl.ndte esters with Grignard reagents, and should give a clue to the 

problems that can arj,se. Analysis of the product mixtures showed that 

the reacti0ns are complexe These compounds can gi ve sulfoxides, but 

conditions must be very careiully selected, otherwise .?'nSiderable 
"'"' 

q,uantitiQs o~ sul.fides and,other impurities are p,roduced. These 

impuritie;s often remain tenaci,ousl..y wlth the sulfoxide-, making separation 

difficult and therefore sevërely limitinq the syrlthetic utili ty of the 

reaction .. 

. 
~ An interesting indir~t approach to the synthesis of c~iral diali~itic 

sulfokides has recently been reported. _ ,Chiral aralkyl sulfox:ides will 
," 

raact with an al"kyl lithium to give di.':lliphati.p sulfox:ides; however 

neither the"p~oduct,yield~ n6r-optical purities'!s depèndably high66 ,67 

c 
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The nature of the sul:fide formed as a by-product appears 

to d~pend on the structure of the intermediate su1foxide and on the 

quantity of Grignard present. If the su1foxide contains a phenyl 

group and a two-fold or greater exceS$ of organomagnesiwn reagent is 

used, the su1fide formed generally corresponds in structure te the 

sulfoxide: 

8.g. 0 8::::::::::.+ 
0/ 0 

15 
1&-

In other cases a sulfide co(responding te double addition ot the 

Grignard reagent is observed: 

e.g. O~O+ 
14 17 
....... 

The reaction of sulfoxldes with, Grignal:'d reaqents has been 

69 .... 72 
shawn to he exceeding1y cernplex J 

, 
many ~roducts are fo~e4, 

inc1uding sulfides ot the type .!§.. and 11. 

explained the formation of these compounds by proposing ap intermediate 

sulfonium methylide .!! wh-ich can -either ejéct a carbene fragment (,lep a) 

or r~arrange i~ a sim~lar mannèr", tç that proPQsed ,in the Pummer~r 
lit 

- 73 
rearrangement . fstep b) • Suéh an inte.rmediate (18) could .be· prel:$ent 

--r, 

in, the Griqnard"'sulf.1.nate ester _reactien. 

\ 

blUU'" -, 
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step a 

OMgX 
l J 1 

R S-C= 
+ " ~step b 

step 

18 ~ l 1 
3 

R MgX .. 

1 3 ' 
- ~ R S-C-OMgX 

step bl R MgX _____ 

R1g=-C< -----

The sulfide corresponding in structure to the sulfoxide 

could then be formed from the sulfenate inte~ediate produced in step' a. 

If the carbene fragment adds to this Magnesium salt before step c, 

then the double addition product will be formed aS shawn in, step d. 

The double addition ptoduct is the same as that produced by rearrahgement 

of the sulfonium methyli.de 18 (step b) or the more probable e-limination . -:-
• fr;om 18 (step b

' 
),. followed by addition of !;he Grignard. 

Lithium Organocuprates 

" "J 
for many years 'copper-catalyzed reactions" wére unwittiJ\9'ly 

carried out by cheriUsts usin<] copper vessels for their !!eactions.' 
, ' 

The 

firet stoichiOIIIetric organocopper reagents were pI;'epared by Gilman, who 
" , ',' 

'lsolated methyl-coPflet while studying the catalysis of ~ri<]n~rct reactions 

'74 by ealt;s of copper ahd other heavy metals " 
'. 

It 19 did!ficu~t t.o ?repar~ 

, -, 75 ' 
p~re methyl éopper and other reagents with the stoichiometry RCl.l • ' ,In 

contraBt, ethereal solutions of c~mPound$ witb the's~oichiometry ~CULi 

càn easily he made' br addiog two eqÛivalents of organolithium reag~mt, 

• 
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to one equivalent of cuprous halide; the reaction is often self-
- 7& 

indicating, obviat;i.ng the need to 'standardize th~ lithiwn reagent. • 

Or9anacopperlithium ~eaetions often p'arallel Grignard 

reactions, but the former are usually more specifie. Thus, while 

Grignard reagents,will add ta an a,~-unsaturated ketone to give a 

mixture of the 1,2- and 1,4-produ~ts, the organocopper reagents give 

77 
0)11y the 1,4 addition produc:t 

#' 

o 
Il 

-Ç=C-C­
l , 

+ 

CH 
1 1 1 

JU4gX -+ R-C-C=C-
1 1 

1l 
H 0 
1 Il 

R-C-C-C-

+ 

OH 
1 

-OrIC-C-
1 1 1 

R 

~his selectivity has been exploited in the synthesis of ketones from 

78 79 
acy1 chlo~ides l,and of alcahols from epoxides • 

[), 0 
111 

R2ÇuLi 
III, 2 

R CCl + - R CR 

,0 
R2 

R
2

CUL.i 
1 /\ -é-b- t ,- -C-C-

l , 
1 1 

OH 

ln €b;ls way xnater·ia1s which are unstable towa,rds Griqnard reagènts 

can be isol~ted79,80. 

~ 

, " ' 

It WAS thought that the ~e1èctivity of the organocopperlith~um reagents 

.inight apply te) their reaèt.ion with s~lfinatè esters •. " If ~th.s-e re~gents , ~ ,- ~ . . 
. . 

would cQnvert su1finate este~s to optiçallY"pure suifoxide~ withoùt sub-

" aaquent r~ducti:()n; they would' usefùlly ,intprove the ~der8en synthesiè~ 

• 

, 

" 
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2. ~S ULTS AND DI.SCUSS tON 

synthesis of Su1finate Esters 

- Sulfj.nate estÈars can be prepared from a su1finic. ac:id and , 

'al an alcohol in the presence af pyridine or potass'ium caX'bonate . 
. 

It ha!:! been reported that hydroehlaric ~Gid will catalyze the esteri-

fication82 or hydrolYSis~3 of sulfinate esters, as oceurs with the 

corresponding carboxylate. esters. ' The uncatalyzed esterification 

proceeds if watèr ia removed by azeotropic distillation
B4

• 

o 
ln 

R SOH + + 

The esterification ean alsa he effected with the c~upling agent 

N,N'-dicyc1ohexylcarbodiimide (19)85. 

o 
Il 0 

ArS OH 

" 

+ 

o 
1 

ROH 1. RSOR o=C <t,mCSH 11) 2 

Mèthyl ésters of .aX'èn~sulfinic acids can be prepal';ed' by tréa~e~t of 
',!. <. , - • - , ~ -, -- - - -S6 .. - - _.1 

th. sulfinio acid'with diatome~hane .' ~ 

.... iJ )0 

, ~. . 
, , 

" 

" • 0, 
." 
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Nucleophilic attack of th~ 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 
, 67 

the sole product, or a mixture of sulfone and the sulrinate ester • 

0 0 
\ 

[ 0 o ] " Il /1 
" 2 Rl-S-O- -+---+Rl-S- + R2 X - Rl_S-OR + R1-S-R + x-.---' 

Il If 
0 0 

1« 

82 The reaction of the sulfinate anion with ethyl chloroformate 

i8 a useful exception. 

00 
\1 Il 

RSOCOCH2CH3 

In a similar vein, suifinate ions react with an alkyi cnlorocarbonate 

in the presence of an alcoh~l ~o give the sulf1nate ester con~aining 

the alkoxide ~roqp 
. . 86·' 

~erived from the alcohol solvent • _ 

Sulfinate esters' are formed .in. severai reactions. 

.. 

Treatment of alkyl chlor9sulfinates (~) wi~ Grig oxidation 

of' disUlfides90 ,91 or thiOl~92,With lead tetraacetate, 

tion 9f_ ~U),fit.~.~~3-~5.L _9Z01101ysis o~ sulfenate esterlil 
"'"";; , ~ ~ ~ .~ ., " 11~· 

, . 
sQlfinate esters. 

, .' 

decompesi .. 

, ' 
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o 
l " ROS-Cl 

20 -'-

;2R
l

SH 

RlSSal 

o 

+ Pb(OAC) .. 

+ 3Pb (OAc) ~ 

Il 
C6ffSO-S-OC(?HS u 

21 

0' 
111 2 

R SR 

+ 

NXS 1 

CHClg, R3QH 

-
, 

63 

+ Mg XC l 

~ RlSSRl + . Pb (OAc) 2 + 

+ 4R
2

OH 2R
1

SOR 

o 
~ 

p-CSHSOS-C6H40H 

o 
111 2 

R S-OR 

+ 

o 
2- 3 

R SOR 

If 
0 

+ 

+ 4AcOH 

" 
u 1 

, 
2AcOH 

3Pb (OAc) 2 

+ ' 2ACOR
2 

None o'f these reactions, however', qives qood yields of sulfinate 

ester from readily available startinq ~aterials. A method developed 

,98 ' . ~ 
by Douglass in which a sulfinyl chloride reac~s witn an alcdhol does ~ot 

r 
s~ffer from these drawback~, althouqh ,~h~ sulf~~y~ chlorides are unstable . '. . ~... ,-

and m~st be reacted !!l~. ' A convenient and stable source of the 

sulfinYl ~iety ls provlded byohe sulfinyl phthallmtdes (22);. a series of' . .~- ,"""" .. 
, . 100 ,101. ' . . -, " , 

reagents q~veloped by Harpp. and Back " ".. These compounc'l!f react wlth 

alcohols or alkoxide ions ·tQ give - . , 
sulfin~te esters in ne~~ quantitative Yi~~dl~l 

-: + R
2

0H -> _ R1tOR2 !~ .• HN~ 'S '~""" R S-N', , . ......:::: 
, . 
",~ 

·~'l' 
° 

'. 
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Reaction of-Sulfinate Esters with Organoco2Perlithium Reagent,* 

The literature examipation in thé previous section shows that 

thê Andersen synthesis ts the best approadh to optically pure suifoxides. 

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

improvemen t. If the. poo:j;' yields in these 8ynthes~s can be ascr4.bed 

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

good models for a study of. lithium organocuprates as replac::fements for the 

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

advantage in that a direct comparison can be Il!ade with the p~oduct analyses 

, obtained previously for the Grignard reactions 68. 

by 

by treatment of 

disulfide with c pres~~~f ace tic acid, followed 

98 thanolysis of the intermediate sulfinyl chloride • 

o 0 
1 • 

'C6HSSSC6HS + 2CHSOOOH ,+ 3Cl2 ~ C6HSSC1 + 2CH3CCl + 2 Hel 

o 
1 

C6H-SSOCH 3 

13 

This sulfinate èster ~as ~reat~d with vari~us q~antitie. 'of lithium 

dimethylcuprate. A,fter hydroly.sis, analysis of the mixtures by vpc or 

nmr sh~ the ,pres~nce of'.methyl phenyl sulfoxide and Jilethyl phenyl' 

sulfide, together with varying amo~ts of starting mat~rial. ., Alteri~g 

*This study, ,oQmbined with a study'of the reactions of sulfinate esters 

and Grignard reagents, has been submitted for publicatien'68. 



" 

, . 

the reaction times and tempe ratures indicated that an optimum yield 

of the sùlfoxide was produced in a rapid reaction by treating one' 
, 

mole of the sulfinate with two moles of the organometallic reaqent at 
"' , , ' ~ " 

"low ternperature ('0° or below) . , Distillation of this mi~ture gave 

the sulfo~ide in 59% yield, more than twice the yield of sulfoxiQe . 

obtaineq from the Grignard 'reaction under optimum conditions (see below). 

The material was pure by tIc and vpc and indistinguishable from a sampIe, 
, , 

of the sulfoxide prepared by oxidation of the sulfide. The sulfinate 

ester was not total1y consumed if 1ess than two ~les of organometal1ic 

reagent were used. <> • 

Treatment of th~ sulfinate ester with lithium diethylcuprate 

or lithium diphenylcuprate gave sulfoxide as the'major.product (Table 1)., 

Similar results were obtained with. samples of methyl n-butanesulfinate 

(~l prepared 'through the sulfinyl chloride98 or the SUlfinYIPh~aIimideIOl,and 

+ .CHaOH , 
. 0 

--... ~ n-CItH9~OCH 3 
" 

23 -
+ HNÇo 

o 

with "the Bultin(!s !i and ll,. prepared' from the thi~~.ulfonates .!.! and 25 

py' desul'f.urization with tris (diethYlami~o) pposphine102 , 103 • 
~ 

1 • 

\ 

, 
..". 

1 .. .' , . :' 
'~I: . . ----:. , 

, 
\ 

, 
\ 

~, \ . f~~ 

'. " , .. ,,- . . 

'" 

-' 
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TABLE t Reaction of Sulfinate Esters vith Lithium Orqanocuprates 

,~ 

Sul-
~te 
Ester, 

Rl 

; 

·0 - . (1.3) [!l 

B'eaction Product 
. 'i'eIç) (OC) " 

0 
" 

CB3- , 0 . CsB:SSCB3& 

" 

Yield 
(, ) 

59 

~aS- -78· 
Ci d 

CsBsSCB2.Œ 3 36 

nÇJ.IIg-· -40 CsB5s!!.C..,ag a 36 

, . 
1 -

.. 

, , 

-

o 0 
'RlSOR3 + RlCULi. ~ a2SR3 

2 

o 
a. (23) -

and other prodacts 

14 

Reaction product Yield Reaction Product 
Temp (OC) (%, Temp (OC) 

~, > 0 
0 -!!.C~9sœ3a 50 0 œJ< CB2) 40If' 

, 
(58) -. 

, . 
. . .. 

0 no isolable . products. ~ 
, 

. 
0 

.~ 

-30 
• c 

!!.-CftH9S.!!.CttR9 ,15 

'. '1 d 
-78 !!.-C~9S!!.C4H9 52 -, ' . , 

1 

Yield 
(%) 

59 

,-
l7 

Others 

Sulfinate Reaction product Yield! 
Ester Temp (OC) (%) 1 

o ! 
10 R2:.CsHs 0 C6HSSCB3c '22 ! 

1 
R3=P3(CsH".> CsHsSCB3c S3 

~ 

< 

, 

. " ' 9 ' . 9 f, ~ i . , 
,~S- 0' 

0 CsBsSCsBs
e 

;50 -78 
... ,..,. a 

CsHsS!!.C4H9 64 0 C6HsS(Œ2.) Itœ 32 15 0 CSHSS(CB2)3OH 

, . 
--

. ' (57) (56) 
-, o ' 

-78 
- • e' 48, 

d 

CsBsSCsllS, . 

&:. purified l?l'-' ~tillation; li - purified by preparative tlc (silica! chlorofom) ; 

c· puri~iecLby,colUIIID. ctu:omatography (silica, ethyl,ace~te) then }(ugelrobr distillation at 100°/1 mm Hq; , 

od -purified by oolUllin 'chromatocjraphy (silica, ,etllyl' acetate), distillation, then rechromatographe4 (dry co'lumn 
aluaina) vith benzene-pyridine (19:1) or 1,4-dioxane; 

'e - purified by colUllll clu:omatography (silica, hexanes then chloroform); 

f-purined:by CQloU111n ~toc:Jrapby (siù'ca, ethyl acetate-cyc1ohexane (4:1)" then methano~). 
\. 

, ' 

',; ",mll'.O'. . , .. ., 'U_ilu .. :iIIlIliIW' ,.dU smr n 'ilfl • _m iF. :Mlll1mn tlln,. 7r If F Mill LIU. ft GE iB$ItMr d_ 

." 

0'1 
0'1 

52 

\ ~ 

1 ~ 
1 
\ 

i 
j 

1 ,-

" 

1 
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4 : 1 

~, n==2 < li, n=2 

25, n=;,3 .!?' n=3 

-' / 

In most cases ~he yieldof isolated sulfoxide was greater 
~ 1 

than that formed in the corrèspondi~g Griqnard reaction. Furthermore, 

the or~anocopper reagents àre·more selective, and hence the sulfoxide, 

will'tolerate an excess. Treatment of 13 with a four molar excese 

of lithium dimethylcuprate gives methyl phenyl sulfoxide in 43\ yield. 

The best yield of sulfoxide obtained from the corresponding Grignard 

reaction is 27\; treatment of 13 with 3.3 moles of Grignard reagent 

gives only sulfide. 

The reaction of ~ with lithium di-n-butylcuprate clearly 

shows that sulfoxide formation is favoured at low temperatures; the 

reaction yielded over 50\ of the target sulfoxide at -78°, although no 

product could be isolated at 0°. 

, . 
Formation of Sulfides 

In contrast with the Grignard reaction,sulfide for.med by 
1 

àddition of two alkyi groups is not a siqnificant product; in most 
'. 

cases Iess sulfide corresponding in structure to the sulfoxide wasoformed. 

;' 

" 

.' 

1 _ 
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;'The reaction of II with lithium di-n-hutylc~:rate anà E... 

with lithium qiphenylcuprate gave anamalous results, ip both cases 
f(J. 

n-hutyl phenyl sulfide was for.med and no sulfoxide could he detected. 

The Bulfides could be farmed by reductian of the sulfaxides 

in a mannet: similar to that propased for the Grignard reactians. 

However, a path~ay involving a sulfonium methylide intermediate (~) 

ia unlikely since double addition products' are not observed. 

Ta determine unequivocally whether sulfide could arise from 

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

cuprates. Most of the required sulfoxides could be prepared by 

oxidation of the sulfide with sodium periodate24 This reagent does 

not oxidize n-butyl phenyl sulfide, n-hutyl phenyl sulfoxide was 

obtained from the sulfide hy oxidation with m-chloroperbenzoic acidl04 ,105. 

Treatment of the sulfoxides with lithium organocuprates (Table II) 

showed that reduction of the sulfoxide could not account for all the 

suIfide farmad. For example, after treatment of n-butyl phenyl sulfoxfde 

with lithium di-n-hutylcuprate for an -hauT, 11% of the sulfoxide could 
.. 

ba recovered, wh~reas only sulfide could he isolated fram a 15 minute 

reaotion with the sulf!nate at the same t~erature. 

The aulfinate ester might be partially converted to the sulfenate. . , 

ester (ll), which could then téact w:ith the organometallic reagent to give , 
., 

o 
l, Rl~OR2 + RICUL! --... R1SOR2 

/ 

( 
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DBLEll Reaction ~,f~XideS vith .L<thium organocuprates 

{ 

;~ - SUlf(lxl.de 
11 .. le) 

-; .l' 

~ 
CsBsSC6Bs 
"~ 

~ 
nC~gS~H5 

~ 
0I3SCSHS 

, ~ 

o . ' 

nC4~~œ3 

., 

" 

(~3)2c\iLi 

NwlDer 
R3 of moles 

C~5- 2 
0-

_ . "!!.C4B9- 2 

013- (üj.2 

o 

013- 2 

a - isolated as sulfone. 

~ .. 

0-

Rl~~ + ~CULi 

Teup. Time 
(OC) - (!lr) Produd'ts (% Yield) 

o 
Rl_S-R3 ethers 

, 1 

o 3 94 

-40 1 11 nC,+kgSC6R S BQ 

-
o 3 49

a 
œ3SC6HS 11 

0 0 • • a 
C6HSSŒ2Cl12S<:6HS (26) 10 

C6HSSŒ2Cl12SC6H!) (27)' 3' 

o 3 88 

a 

" 
~ 

'? 

T . __ m ,sn flllil Jl7 "PlSwn.'j (m tH ' \ ~ . ..J1iiIIr'fiNTU f 11111111 'nr,u,. r li -, i iiIIltiliallu ... mtrs mtu ''C ttf =1)' e t'ft e ' ? 7_>-. , f axe' 
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0'1 
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1 
1 

! 
1 
1 
1 1 
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1 
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the sulfide. 1 2. d Hethyl benzenesulfenate (21, R =C6HS1 R =CH3) prepa;re 

by the method of LeCher
106

, reacted rapidly and SIMlothly,'with lit~iUJl\ 
, . 

dimethylcuprate ~o give methyl phenyl sulfide in good' yield. However, 

this pathway does not permit an explanation of the anomalous. reactions 

that produce n-butyl phenyl sul~ide (Table I). 

'l'W'o interesting by-products were isolated ip low yie14 'fr~m 

the reaction of m~bhyl phenyl sulfoxide with IH:hium dimethylcùprate. 

These ware l, 2,-di (phenylsulfinyi) ethane (~, R=C6HS)' isolated as the 

disulfone( and 1,2-di(phenylthio)ethane (!l, C6HSSCH2CH2SC6HS)' 

Ehantiomeric dfsulfoxides ~ have previously been pJ;epared in gopd 

yield by the c~pper""Promoted dimerization of the a:-carbanion ~I07. 

strong .. 
base 

A!fl Sulfina;e Esters 
.-

Cu 
salt 

, . 

i \>:In the reactions Of, SUlfina~e tere ~ith organocopper reagents, 

~'rable quaptities of material re in unaccounted for. While 94\" of 

/.: a 8~le of diphenyl sulfodd~ could e recove~e~ ~fter treatJnent with 

, lithium diphenyz.;:upia extended period "bf 'Ume (Tab}.e 'II) " dt 'pr,oved 

·f· 

, " 

. " . . , 

impossible ta ~solat' ,t-J'le' sulfoxide in yields greatez: than 50. from" the, 

• " . 
reaction of en~ene8ulfin,~e (13) wit~' lithium d~ph'enYlc.uprate... The 

, : 

,only other ~ganic material isolated, in th.ese rea~t'ion~ was b:lphenyi, a 
~ . ..' 

- -
deebri\POaition product of the litll wn a~d copp~r-lithiUm r~a'gents. The'· sulfinate . , 

, . . ' . . ' 
e~ter might be' reacting with the or anoçoppèr reagent in the ,following ~ay~ . ' .. ~. . . . .. 

" , . 
~ 

10 

+ R~CULi 
o 

1". -
,R so" 

29 
"'""'!" 

·2 ), 
R -R + 

. 3· ' 
RCU 

.. .. 

'. 

" 

,. 

I~/ • 
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If thia oceurs, the sulfinate anion (29) would be difficult to deteet 

in the complex mixture of inorganic salts produced in the reaction. 

Trèatment of a f1ulfin~tYe ester 1.n which R
2 la an aryl group (a.g. 10) 

with an organocopperlreagent should give a higher,yield of sulfoxide than 

that obtained with 'e correspon~;-a kyl ester. However, teaction of 

p-toly 1 benzene. ultr ate (10 I~-(C.H 5 R
2 "P-C!! ICS" 4 - ) wi th li thi UIII 

dimethylcuprate gave methyl phenyl su fox,ide in low yield (,22\) '. Thi~ 

'may m~rely reflect e i~stability of. the aryloxy sulfinate esters. 

Al 'though i t pro pos~1ble ta prepare p-tolyl benzenesulfinate in'good 

yield by the reaction of pheny~ sulfinylphthalim1de with the sodium salt 

o~ p-cresol, the ester.decomposed on standing overniqht at -20°, 

, . 

'" 

~\ 
~.' 

+ 

. 

~~'-': .CsHsSN 1 r 
~, 

o . .. 
'" a~empts te 4istil o~ chromatograph it also caused ifs decomposition 

... ~" ... ~ 

. ' 

.. , 

,,' 

, . 
to a brown br. 

"' 
~i8 obs,rva~i~n.is ~orrobora~ed by'~aarschers ând 

, 108'" '. '," ' 
. ~ay .' ~''''J,\o un~uccessful~y at~eplpte~: to' pr.,:pare Phe,;Yl :et-ranesulfinate 

o 1 ~ 2 ' ".' . -
(,!g". R -0:13' R -C&,HS> • 
'. . 

Q • 

• 

'0 ' It -h~ b •• ~ ilhowri that ·or~~ocopp .. r ~~aqent8 ~rs ~r~ ~ cOll"en,iel'1t' 

~than" Gi',i~~d r.~?~~t., <and- tha~ the; 91;& hi91:l.~ Y1elc1~ of lI\.\lfo.)ti~ .~~ 
, •• !" 

• •••• 1 

r~~ion w..t.t;h ~n.i~Unat •• Itezr.. If 'th. r.actioM are .t.reo~p.~~fic, .-

-,' 
r ~ ~ Q~ 

\ " 

. ' . .. 
... 

: "j~ : 1111 

'tJ ' ... 

• ~ ... 1' • r 

,­
_0 

: ... .,. ' .. 
,\ , . 

.. ", •• l 

,- , 

. ' 

,;... j" 

.f 

" 1 
"'1 
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" 
then they would be the preferred reagent.e for the synthesis of chiral 

sulfoxides. 
" 

(-) -Menthyl (-) - (S}-benzenesulfinate (12) was prepared by 

trea~nt of phenyl S!Ul,finylphthalimide with l~thium menthoxide. 

o~o Il ' ~ 
CSHSSN " . . ~ 

+ 

30 

Tre~tment o'f this 1nat~rrl with iitbium diJnet11ylcuprate gave Jnèthyl 

phenyl sul~ox~dè (16\) with a high de9~eé of optical aot1vi~y 

r '. 

vapor .phas.e cihromat;qqraphy i:ndica~ed that ~e: sulfoxide 

was only' 95\ pU,re despite" exteneiv@ purification. ' The sulf'o~ide h$d' 

be~n ieolated by o~en cC;;lumn ch~~tographY" further . . purific~tion was 
.' , 

"'~ 

aècomplished by thin layer ehromat~qrat>h~ 101lOwed by 
" "'. 1 -' 

Kiigelroh~ distillation •. 
\ ,~ , 

RépoJ;'ted values' of the' .o~ti~al rotation, o'f Il\ethy l pheny l sulfoxide,. . \ 

prepared,fr~m a pure diaste~eomer of a sulfinyl. compound, v,ary-fr~m 128~62 
u 'J ... 

~o 149o~09~: . Wllile this' May reflect in 'part th~ deqree Qf'stereo-
, , 

specificity 0," th'e reacti~ns, invok~d,' it muse'aleo be an indication of 

" 
the ,l?xotÙ.., which ar!.a'e i,n remoYi~q impur~~ies " f70,m th~ "l;'l~ox~delJ, 

lI. • .. r ~ .; _. .. 0 - -'- -- ~ ~ .. l J _ •• -. 

whioh are olten hygroscopie oils or aolidS wi.t.h low melting points. 
-, ~ , - ~ 

i 

, ~,,~roua ,.reporta in ~be l1tera~\1r. c!e.er~e ~thoc!a 'of 

14~nt'itYint J ~Ul~O~~d.~. ,', ' '~~~~ CO,UP1; Wi,~ .'QUzo, .re.~~ts to' refleèt _ ~e 
perv • .faity~ of j:h •• e c01I\pOunds when 'moat' elusleal mathods of separation, , , , 

, 1" . " , '.' - ~ • , 

~. u. at.tDljted.. ~en '9bromatograp11.ed on ·sUie. ~r alumina, sul:tq,1Cid.ea 
J 1 )~ 

J 1 :- - .-- .. -r" 

1 
,1 • 

'1" 
::~ l' 1 

" 
, ,,' '/ 

J '-.. ::... ~, ", 

--

" , 

,~ "',' 

" 
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tend to 1 tail' 110,111 and separation by vapor phase chromatographY is 

112-4 
not usually feasible since they often decompose rapidly above 100 0 

• 

Pure sam,ples can only be obtaine~ after painstaking chromatoqraphic 
o 
~ 

, 
separations coup1ed with repea'ted distillation. This 8ee~d to be 

· · , an ideal problem to which the modern t~chnique of high effloiency 

liquid chromatography (he le) could 'be addressed. 

Hele offers tour modes of saparaton:-

Nomal phase ehromat09rafh)! in wnioh the nonpolar moving phase 

elutes materlal from Il polar stationary phase (usually '811io& or alumina). 

Reversed phase chromatography in whieh Il polar solvent elutes · .' )lâterial trom a nonpolar stationary.phase {in modern packing ma~eria18, 

this stationary phase 18 often: .s'illca to which liyrkocarbon g·roups are . 

.' 

Gel p!rmeation chromatographY (gpc) in wh1ch molecu1es are s~parat.ea 

according to size in ~. parti:ally croulinked, ir~egiÙar. gel • 

. 
, Ion exc;hans. chromat9iraphY,' Il t:ecllniqUe u.ea to sep.rate ftX'Y 

polar materials., 

Although sam,ples of sulfox,ides coUld be sepârated on nor,mal 

~ha8e columns,. i-t:' wu fO,und that ~is teçhniq\18 wu lillli ted to very 

amall léadings, otherw-iae serioue ,'tailing' occurred. This evidenoe 

confirmed tha~ normal phase chroJ)llltography (on silio& or alumina) _ 1a not 
. , 

i~ •• lly lui~ed to th~ purification of these mixtures. ExaminaUen of 
.. ~, t 1 • • 

th ••• mat..rials by' WC show.ea: ~e presence of hiqh molecular weight 
" ~ ," ., ~ 

~itie., perha.pa th ... partially caU8e -the 'tailing' pllenomanon. 

~*" 

,- , 1'" . 
fi - ,1 ( 

' . 
. 

'f -. .' 
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Reversed phase chromatography of ,a reaetion, mixture . 

containing sulfoxide on Cla-Porasi1 (811ica to which CIe hydrocarbons 

have been bonded) gave a major syuunetrical peak on ,elution with 

'tetrahydrofuran-w~ter mixtures (3: 1 to 20 :,1),. the presenee of other 

minor materia1s was usually indicated by; the ultra-:-violet detector. 

Analysis of tpe sulfoxi4es Wa8 eventual1y accomplished under ~ese 

-conditions', which gave àyrnmet:dcal peaks for analytical work and olean 

samples of the sulloxides from preparative rune. 

A c_t:ul reading of th,e li teraturt: sugCjJested that 

(-:-)-mentbyl (-)"(S)-p-toluenesulfi~at:e shpUld he far: easier ~o isolate' 
• • l 

, , 
than' the correlJponding 'pheny l cow;>ound (~). 'l'reatment ot this material 

with 'lithium organocuprates showed ~h~t a steréospecif~e'reaction oacurs, 

qivin9 moderate llields of sulfo)lide, with inversion at sulfur (Table III). 

Thus this reaotiQn co~titutes a more efficient,convenien~, rôut~ tç 

chiral sulfoxides", 
~ , 

Treatment of ( ... ) -menthyl ( .. )-(S),-p-tol~enesulfd.na!:e with' l~thium:: 

di-n-bu~ylc:uprate gave' a mixture that was cOll\Plex: Menthol was th'e 

pnly cOJl\POnent that was iso~ated and identified. 'This x;esult is" in 

accord with those obtained when methyl ben8enesulfinate reacts with this 

reagent. 1 1 

'", 

, Sulfinimides 1-

The Andersen synthesis might be further .&tproved, by suppiant.in~ 
, ~',' 

the mentMl sUf,fina,te ester~ wi~h -other diastereomeric s\,llfinyl" derivatives. 
• JI' ~ ~ • '"' 

&ulfin.i.mi'1e~, (22) j ~ potential s~ùr~e 9f' suèl) 1:ea9ént~/'Iwould have aeveral 
t ~!~ _. _ - ,~ 

, . ad'fantagel. OYeZ' ~. ..ters. . The aulfinimidea can conveniently bel : 

l' - " 

" 
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TABLE III 

Re~ction of Menthyl; Sulfinates with LithiUfll or!lanocUprate8~ 
Synthe. i8 of ,Chiral, Sulfox1des' ' 

~l 'a3 

CpHS œ~ 

. , , 

p CHSC6H-4' CHa 

PCiSCsH4 .C6H S, 

•• :!! 

o 
~II, 

R SOMèn + 

Yield ,. 

\ 
'16 

, . 

",5,5 

S9 
',' 

,4' 

[«-] 
D 

+ 133.9° 

+ 143.2° 

+ 21.8 0 

: ·a.- Hi9~eB~. v4;Lue in'· ~he:·-s .. solven.t~ 
, , ~.. 

[a:) lit Optical 
.. D purity , 

+ i460 a 
'96 

+ 1.4S':sob 99 

( .. fi 

+ 2~Qé!- 100 

,t • < 6Jt: 

. b "'7 l'or 11 t.erature' values,'. 'lëe exPttill)lant'al section page 119. 
• • > • ...' 'c -: • .'{ t:. .' . 

, . -

" . ,',' 
, 
.-~ ... 

l , 

- -- Ji .. • 
'~ . 

, 

, ... ~ • " 1 

--~ ,.~ '" - ' , , 

_ .... - -, -
• "ol " 

"- ....... 

., 

,.- . 
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• prepared from readily available tbioimides (31) by oxidation with -
m-chloroperbenzoic aoid100• ',The thioimide intermediates (31) appe~ -

'~O~~ 
RS-N t 

. .4 
+ 

22 --. 

',\ ( 
~o hAve an indefinite ahelf lifé (sever~l'years)-in contraat to the 

menthol àulfinate.eâters. (The melt:1.nq pOin~ of a pure sample of 
. -

menthol p-toluenesùlfinate ~~orease~ from'104-106° to 82~92° aftèr 

.. ~ ri~ mQnth~ in an ~~rtight ·~bl1. , durin,q 'this' period the .sampl~ turneq 
'" '~ . 

.. 

.. ... '" 
brown and ,developed' an' odor lof menthol)'. Ân6ther a.d"antage of the 

sulfintmides is that they'ae. usuall~ so~ids' ~ith b~q~'meltinq poin~sl , . 
'~ , <> • ~. • ! ~ • " ' <;) • 

,in eontrast, thè esters <Qf low mc>lecular we:1fht sulfinio a,cids are often 
. .' ~ 
'. ~, . ,- . 62 Q 

oils that are dj,fficult to purify '. ". 
1 .• L, 

" .A furthér adva1\tage of sulfinimidea 1.' that: the 'im1de 'function 

)!. a ,better leaving group th~ the alkoxide ion, from .a sulfinate ester 
, \ 

or the amide ion f~om.either a sulfinamide (11) or-the heterocyclic 
. ", l' -, " 

system g. Resolution of a sulfinimide with a chiral centre in the 

imide moi et y ~9ht allow' formation of ~ulfoxidea under milder conditions , r-

(lower ,temperatures and shorter re,action t:imes), thua lM.Qimizj.,ng 
Il ~ If" . 

reduction • In addi~ion, this better leaving group could expedite th" 

• A qreaàer deqree of consistency ~ould be AChieved if oompoun~s ha"inq . 
, ,t' :" 

the structure 3'1 were ca:Ued sulfènilnidea. However, thia ·term has --- . ' 
been us.d to denote compounds with the formula PB-NB-SR. .I.n .o~èler 

to avoid. confusion cOlQPOunda having the, structure 11 a,.' bast namad 

N- (alleyl or azylthio) iiaidea11S
• .• . . ~ 

.- , , 

, " 
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synthesis of optically pure sulfinate esters and sulfinat\)iùes wi'th 

sulfur as thE! sole chiral c;:entre. Sulfinate esters of very low 

bptical purity (1-2\) have been prepared by the transesterification 
l 

" 81 
of a menthol ester w,ith a non-chiral alcohol , or by oxidation of a 

su'lfenate ester with a chiral peracidl16 ,1l7 Hydro1ysis of methane-

su~finyl chloride ~4er mild conditions gives a crystalline sulfinic 

aèid containing sulfur aton\S ot only one ch'ira1ity Cby X-ray )' 

crysta110graphy), but attempts to car~ out a stereospecific esterifi-
. \". "118 

~ation of this-màterial failed , More recently ~ulfina~e esters.of 
1 

hi9her optical puri,ty (10 ... 45\)· have been prepared by reaction of a 
r , 

sulfinyl ch~oride with ac~~ral alcohols 
1 

. , . 119 ' . ' 
a~ti ve ,tertiary .amj.nes., •. Su~finate' 

in the pres~nce of optical,1X, 
~ ~ ... .. ~ ..... ~i,,;..r 

eS,tars Can b~ partially relpQlved 

b i ' ':- i i 1 Q od" r '120?, y nclus on nto .. -oycl extn.ns , thie te-cpnique' ie limi tec:n s ince '. 

in Ilklst !=ases mater~.t,' of low dptical purity i8 obtain~d. 

the a-cyclodext~ins cat~lyze hy'drolysi~ q~th.se esters. 

In addition, 

The 'reacti~,!,s. o~ a number ~f SUlfini~deé with lithium or~ano­

cuprates ~ere examined (Table IV) "t.o determ~ne whether they' were cleaner- , - , 

than the sulfinate ester reactions. ThE! suifinimides were prepared by':' 

, 'oxiq,ation of the corresponding thiolmides 1:01. '!hase wexe prepared 

trom t~e'sulfenyl chlorides by a modification of the me~od of Kittleson121-l23 
• 

(thiopht~~limi~8S). or by a mod~fica~ion of the procèd~~ of Ab' and 
f 124 " 

co~orkars (thio8uccinimides) J 

" • 

RSH 
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TABLE IV 

~ctiODt of Sulfini.mi.des with Lithium or9!loeup;rates 

;-. 

.' 

-Illide r-

Phthaljaide' CH3 

~ 

" 

t~, CsSS 
, .. ;­
r 

-
SucciniM;de 1" CH3 

fi 
f. .... .f. 

@ 

' .. 

t 

. 
" 

~5 

n~~7 

(l-

TeIap 
(OC) 

'0 

-40 

o 

- . 
-78 

-18 

-78 

-. 
0 

Rl~_Imi~ + R~CuLi 
- ~. \"fi- , 

.. 

Yields .(\) 

Cl 
R1S~ laide . R1SR2 Others 

~ 

17 
o 

"'~NH2 
0yeoas 

1 

50 

" 
r, • 

12 89 
i • 

" 
o 

~4 1.7 14 

90 

.0 . 0 
. C~5&:s2ÇH.2âœ2 ~ 10 75-:', . 
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Altbough treatinent of N-:- (phenylthio) succin~mide with lithium 

d.i:met:hylcuprat,e gave "POO}; yields (24'> of ~thYl p~e~Yl sUlfoxide \~ O·, 

reaction at -78 0 gave a 9o, yield of the crude sulfoxide which w~ 

readily purified by distillation or colUl'lÙl chromatography. 

In aIl 'cases examined. (Table IV), yièlc1s of ''ènilfoxide were 

.' found to be higher than those obtairied from sulfinate eate·r. n-Butyl 

j ....- ' ~ ( 

phenyl' sulfoxide, which waa not·Dbtained trom reaction of sulfinate 
" 

esters with organocopper Teagents, w~ produced in gJ:eater than 50 • .. 
yield from phenyl or butYsul,fi~imides. 

~ ~\ 
ft " 

1 Only minor amounts of sulfide wt\.l'ie produded in th.se reactions. 

e maj or by-prodUct 'Was an amide arising from ring opening of the '. 
, ~ . .. 

.-
This reaotion ,does not appear to reduceo the yield~ of sulfoxide. .. ,-. imide. 

.' a.g.,· , + + 

89' 

+~::~ . 
v' 

12' 50' 

'l''f , " ., , '" t .. • ,. ~ 

, ' 

" 
~ 
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. " 

Chiral Imides 

If the reaot1on of, a lithium or9artocupr~te with a sulfin.imide" 

ls to lpx::ovide a route"to chiral sul:toxides, an optically active imide 
9 ' 

must be incorporèi.ted into a seriès of sulfinimides. . , A variety of 

chiral 'imides der;ved from al.kyl or aryl succ.inic acidl!!. are' deseribed _. 
• • 1 \ • . ' 

, . 
, in, ~he l~terature, but in mOs~ cases the succinic acid precursors '. a~e 

co~rcially available only'.a the race~c mixture'which must be 

resolved: 'Dy rePeate~ cx:ystallizàt1on of ihei.r 8t~chnine or brucine . " 

salts125 , 126. " . This ,pt'o.ceeSure 1s ,not c~mpatil:>le with 'the practica1 
, . ~ , 

requirement that the chiral imide be availlÎb,l .. in large quantit~es • . 
, 127 

' Accordin9 to' a recent report 1 optioally pure malic acid <M> and 
" , 

~artaric: aC,ieS <11) can bo.. c~nverted to their imides J these acids are 

cOlllll8rcially ava~1able, lBinoe they oan be obtained from natural souro.a., 

0' 

OH' OH 

OH OH 

33 -
.(-> - lS) ~ai1~icfe CA!> i. pt.pareieS by treabnent of an' amidç,{ ~.ter of 

(-)-(S)-mal1c ac:ic1 <W with sodium methoxicle in benzyl &looho!. 'A 
- } , ~ 

li terature eSredqe' revealeeS that Pasteur had prepared the -amido; aster . , 

, " 
• precul'sor .B~ethyl-ct-(-)-(S)-mAlamate <ll.) by treàtinq diethyl mA1At~ 

(36) with ammonia128• This reactiqn yieÜcled only 8-15\ of the amido:" ---- ~ , 

alltu, the remaininCjJ e.ter couleS be J'.ooveraeS and recycled. A mora 

, , 

"" 
\.J: , .... 

", 

" 

, ' , , . 

~~------------------------.. ----
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convenient çme.-atep <.synthesi$ -of the imide li (from the ,d1este~ 36) 

was developed., A mèthanolic solution of the dtester (36) 1a treate~. 

. , 0 0 O' 
" ,. . 

HO-. <HO_. , j;lG.., 
Ç2t1SOH/HCl NHa 

H 
1 ,,- ) 

r' 
~, OCZHs 

J 
li ~ 

~ 

lZ' 

HO ., 

37 38 li -' -, -
2" ,- ' 

1 
~ \fI{... \ 

'- '~ith ammonia. in the prJ!",ence' of snethox.f,.de c 
" . aci6iticatièn qives imide 34 . -

" ' 

" in 56t yield, after purifioati~~. 

Treatme.l1t df tli. sodium salt i! with',.phenyl âul~enyl ohloride121-12l, 
. '" - " 

gave n'b thioimid~: : Neither,' did treatment of lIa.l1l11icSe (.!i) w1th ~ 
'.. , \ 

8ultenyl oh1oride in the pre.~no. of triethylamine, a1though a wide " 

. 129 variety of thioimicSes'have been,synthesized under theae oonditions • 
, , , 

An unaucceastul attempt wae made to'prepare N-(phenylthio)maltmide by 

tr.atment of the sodium salt 38 with phenyl benzenethiosulfonate t39) - -
, l~O at hi9h tempe rature (150·), in imttation of & aynthesis of sulfenamides • 

. ' 

1 \ 
'p 

1 
" j 
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, 

HO. • 0 Ho't~ . \1 
N-Na+ + C6H5S-SC6~5 " • t. t , N-SCsH5 + C6HSS02" Na+ IJ, 

Il , 
0 

'0 

38 li ~ 
1 .. \ ' 
t 

The cause of the unreactivity of (S) ~m&limiÇle and its salts 
" . 

must involve the hydroxyl group., This moi:ety could aid in th. 

de1ocalizati00 of neqative charge from nitroqen by stabilizing the 
i • 

neutral nitroqen' forma by hydrogen bonding or outright tautomerism. , . 
'. 

, HO. 

t' 

(;{ . ta~t_ri.m· 
L..{ · · 

o 

.H ...... 
.,' 

Il 
< 

'. 

. , 

The dimethyl ether ot (R)-tartrimide (~ i~ a known COm,l;>OUhd~31,132. 
" " . ~ , , 

, ~ - ~ 

for whioh th.se interaotions are not possibl~. , (R) -Tartliric acid (m-, 
. . 

, 133 ' , " 
w-. esteriti.d by the method of Fischer ,1 '\ the dies ter ~ \f~S cpn-·"" 

verted to the di ether 41 by treatment witb methyl ,i.odicle and silvéZ\' 
-- ,:,cc l, J , 

134 oxide • ,Tbe re8ultinq mater!al waa cycU.zed with methoxide an~ 
, ' . ' ~ - ~ ....,.1' 

umonia to g.i:ve the salt .!!, which dould;, be '.oonverted tQ tl)e ~re~ imide 
- • '1" , " 1 

if de.ind. 

could be pr.~U'.d, in 12,-80' yield b •• ed, oh (Rl-~.rtar~~ acid. 

, u , 

t 
1 r ~ r 7 , 

" , .. '. 
" , 

, ' 

. 
" 

, ." 
" . 

. ' . \ 
,1,"1< 

;. 
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o 
" 

MeOH/Hcl 
') 

, '. 

o 

HCl \, 

.' . , ... . 
~ " .... 1 

. 42 ,M=Na o.r K ,~.30 ~~ .. ~ . 

- , 
'l'he éodi:um /liAit of (R) -2p-dimet;hoxy udc1.nimide 

Jfea~t vith "PheriYl 'sulfenyl ChloFide't gi.ve 'the 

- "f, ... 

~"" 

would not, 
- " 

:; Treatment of the imide: 43 with triethylaini~e,' ,fo'll~t\d' by liIulfenyl 

chlor~de 1~9 .'gaVe ~- (Phe:l~iO) ~ ~R' -2, 3-di~~thO~~uéein(imidé· (4~) in 
~ _ -d,. 1 ) J ,,'c',-

,0 \ oj" • ~" 

ve~ pqor y~e~d . (4\), .diphe~l cl~o~lfide was t~. ma~~r proàuct (6S~). 

3:~r~Ved yielda of .!i w~r . ~btained.})Y addition of; t:~èthylamine to a 

.m~xture of Bulfenyl ebl ride .and the imide (64\) or by t~e&t.mènt of 
, " \ \'. 

, ~the ~tas8i:um salt of th ,imide (g, M-X) with 8ulfenyl chlo.dde ' 

·-dS-60') • 

CH'90 t/" O', 
, . ....+ 

Q K . 

. alSO· ," ' 
" 0' 

1 -

d)'H . 3 , 

Q ~ , l 

,', 

. " .; , . 

'" 

.. 

~ ,> 

• t • 

" , .. 

01 3 

\1 
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Oxidation of 44 with rn-chloroperbenzoic acid' gave - . 
N-(phe leulfinyl)-(R)-2,3-dimethoxYsuccinimide (45) as a solid with . -

" 
a broad meltinq rlbqe (120-137°) which was not si~Hiéantly sharpened 

by' repeate~ crystallization. The optical rotation of. the sample was, 

simil~rlY un~ffected. The identity of ~ was ç;qnfirmed spectroscopically 1 

in a~diti~~, treatmel'1t o~ ~ with methanol qa.ve methyl,'bÉ!nz-enes,ulfi1late 
. \ 

(13) ('80\). and treatment with lithiUln dimethylcuprate At: 0° ,gave' 
, oJ· " ~ • • • 

d ~ , , 

8ulfoxide in 4 yield cOJUparable with that trom the 41)a,loqous sulfinyl ' . ' 

succinimide and.Phthalimide compo?~dS (cf. Table IV). The sul. fi nate. , . 

ester and suÙ;oxidé so obtafned had no signfficant Qptioal activity. 
• .., {'f • l,' 

" : .. ~ ~ , 

Thèse proper~ies of ft can be â,q,lained by ~ns~deririCJ ij:. a P1i~tre 
, . " ~ , . 

, "of tWb diastereomer& which are'not separable by crystallization. 
'[,> 

N-(Be~~ylsulfini1)-(R)~2,3-dim~tn9xysuccinimide (~).wÀs 
o , • - " 

,1. ~ 

Althôügh the oxidatiQn step proceeded 
, . . 

, prepared .by the 'same rout:e as '4~. 
!,. ",..:'J • 

" "",in 9~'od Iyield, (88'~, the i::ondensati~n' ,~;~p aqài~ 9~v~ OnlY,.a mod~r'~~~,e " 

yield of th~ thio.imide (53,). 'Attempts to crystalli~e 46·'tAiled. • In 
"l -~, -

solution i~ deCOlllP<>$-ed éven at' ~20:0\ tè giva' nt) ~2 .3-diu:ethà~~~C·Ci~i;n.:Lde 
"~ ,. • f ,0 ~ 

~ 1 0_ • 

(~J • '!'he, s6lid waa 'stAble "for' 10irger perioQs' at -20 0 ~ but, after à 
, , , _ _ 0 " .. , 

~ '~ , 
J ~t) ( l • ~" 

few day. it hfld t;umeCi pink and haa Cleveloped :.tl1.e charact.er:Cstic odour ' 
• ,n" l "" " • \ , _ 

ot "benzal,dehy-de.. ~ The- pres'ence~ of b~Za~d,~y~e ~as con~irmed :by h~9b": 
" '.' 1 • M ""UJ J ~. " 

'effi~1:en~ °liqu.id ebrœiatoq~aphY. Th~ ~~t~r~,'.i .miqh~J,tdebo~,e ~~ou9h 
"" a aulfine int4ï:mediate «4~~ () " ' \.: . 

, < " '- ' 'J 
f) ",1 

· o.~., " . IL ' 
~ S ' oœ 

~ "", " " 3 
C6H5~ , N . , ' 

H 3 , 
,1 

',-----+ 

.. 
(~ l 

u '. • >.0 0 

..::....,..,. 06fl'sCH-S''''. -
. , , 

46 ,47 " - '. ~c 
'i 

" ", ~ ," 
" " 

" . ,'. "l', 

.. • , 
~', ( ," " \, 

'0 " 
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In reeent years zwanenburg and others have shown that 

135-149 
su1flnes have a r1eh and var.led ehem.lstry If su1flne 47 1S 

Indeed the maJor deeomposltlon product of su1flnlmlde 46, these 

dlmethoxylm1de denvatlves mlght constltute a useful entry to them. 

d 
135-142 

The maJor routes ta these eompounds require ael le or baS1C 

d 
135,136,143-145 

con l t 10ns , whe reas tPie decomposltlon of the sulflnlmldes 

-
+ 

occurs under neutral candI tlons. 

The synthesls of Thl01mIdes 

In the prevI0us sectlon lt has been shown that (S)-mallm,lde 

and (R) -2, 3-d.l.methoxysuCCln.l.mlde can be prepared .ln excellent yleld 

from the readi1Y available (S)-mallc and (R)-tartaric acids. Prellmlnary 

. . 
experiments l.ndicate that the procedure wll1 also give (S) -2-methoxysueelnlmlde 

from (5) -malie acid. Thus (S)-mallmlde, (R)-tartrimlde and theQ.r ether 

derivatives are readlly aval1able. Slnce a wide varl,ety of su1fenyl 

chiorides can be prepared from the d.lsulflde by treatment with 

chI 
. 119,129,150,151 

orl.ne 
"-

or sulfury 1 chIorldc
152

, a variety of diastereo-

merie sulfinimides should be preparabie. 

_ .. _~ .. ~ .. t,.;i;tut$R __ 'WiI'"'t ... ,,.m.iIlI ... ~ 
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In con trast, the yle Ids of thl.Ollnlde obtal.ned under any one 

set of condItions can vary wlld,1.y. Par example, phenyl sulfenyl' 

chlorlde wIll react wlth phthallm~de or sUCCinl.mlde ln the presence of 

tr1ethylamlne ta glve the thlolmldes 
129 

ln 95% and 75% Yleld respectively 

Under the sarne condItIons reactlons Wl th [5) -malimlde and (R) -2,3-

dlmethoxysuccinlmlde were less successful. 51mllarly, at}empts ta 

prepare N- (n-butylthlO) sUCClnlrnl.de falle~ under condltions that were 

• 
vIable for other alkyl and aryl succinlmldes _ It thus appears that 

the yleld of thlolmlde can change draatlcally wlth small changes ln the 

structure of elther the hydrocarbon or the Imlde mOlety, A less 

flckle reactlon would lmprove access ta the thlolmides. 

Slllcon-nltrogen bonds are cleaved ln reactl.ons wl.th compounds 

contalnlng carbon-chlor lne bonds 153. 

1 /' 1 
Cl-C--

1 

" 1 
~l-N ........ + + N-0-

/ 

1 d ' 154 h d h h' '1 l' Abe an Armltage s owe t at t 15 reactl.on a sa app les to a 

varlet y of covalent sulfur-chlorine cornpounds: 

e.g. + + 

J 
Treatment of an imide with an excess of hexarnethyldlsüazane (4~-lat 

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

* Although many simple N- (alkyl and aryIthio) succlnimldes ar;-e 

described in the literature l24 ,129, N-(n-butylthio)succinl.ll'lide 

lS ~onspicuously absent. • 

'~. 

l , 

J 
) ,-
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(. N-(trimethylsllyl) l.mide ln good yield
153

-
5 

.' 

e,.g. 2 2 + 

N-(trlmethylsllyl)succinl.mide (49) was shown to react with sulfenyl 

chlorldes to give thloimldes in ylelds çgeater- than 60%. 

Nmr analysis of the mixtures produced by. reactlon of benzyl 

or p-toluenesulfenyl chlorldes with N-(trunethylslly.l)-(+)-{R)-2,3-

dimethoxysucclnlml.de (50), elther at room temperature or at elevated 

tempe ratures , suggested the presence of the thl.Olmldes (.~lJ together 

with sorne l.mlde. Attempts to punfy the thl.Olmldes by crystaillzatl.on 

01
3° :r{ -51 (CH 3) 3 

Œ30 •• 

50 

+ RSCI --+ 

were unsuccessful and column chromatography yielded only imide and 

disulfide. 

These results are probably a result of the properties of the 

dimethoxyimide, sinee this wlÎlProvlde a better leaving group than 
" 

succinimide, owing to the presence of the two electronegati ve methoxy 

groups. If previous experlence ls vall.d, i t should be poss ib le to 

improve the purity of the crude product by modifying the reaction 

" conditions,thus makinq a fl.nal purification by crystalliza . n possible. 

• Thus these results do not eclipse the promise of the o reagents to provide an im,proved route to thioimides. 

-""":""""' ... :---.-:---~-:---"'- --~ _.-;--~ - ---;--~.-----:---:-7-··-·--- --;"--;-"";"-_. _.... .._._.-.--.... ---"'~ 
l ',-~ •• ~ , ,:;;0 
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3. FUTURE PROSPECTS 

A versatl.le route to diastereomeric sulfinimides 1.5 now 

avallable. Perhaps a series of these eompounds will be amenable to 

resolution by crystalllZatl.On. If the ml.xtures all prove to be 

recalcltrant, a variety of techniques are avallable which should lnduee 

sorne stereoselectlvity Into the formatIon of the sulfinimldes. When 

one of the two dlastereomers predominates ln a mixture, separation 

often becomes faClle. 

It 15 possible that sorne stereoseleetlvity wl.ll be observed 

whan a less symmetrl.c Imide than (R) -2, 3-dimethoxysuceinl.mide 15 

incorporated into the sulfinlmide (e. g. (5) -2-methoxysuecl.niml.de). If 

thlS l.mide wl.ll not suffiee, theA perhaps a more bulky substl.tuent than 

the methoxy group mlght provide the key. The synthesl.s of a serl.es of 

... 
N-substituted t-butyldimethylsllyloxysuecinimides (52) could be useful 

ln this regard. 

o ~o fH3 ~~ OSiC(Cli3) 3 
R-S-N 1 

01 3 

o 
52 

If the effect of a large group loS ,not suffie1.ent"",stereo-

selectivity might be inoreased by the use of a chiral peracid28- 33 ,36-41,11S,116 

45-47 
or an enzyme for the oxidation of the thioimides. 
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• 
c Reaotion of a sulfinyl chloride with menthol g~ves a 

o. 38,39,156,157 
preponderance of one of the poss~ble d~astereomers 

Sim1.1arly, reaction of sulfinyl ch10rides w~th achiral alcoho1s in the 1 

presence of a chiral amine gives a sulfinate ester with sorne induced 

optical activityl19 Perhaps the reaction of a sul;inyl chloride 

with a chiral imide (el.ther dl.rectly, or through a more controlled 

reaction involving the s1lyl ~m~de) will give an excess of one of the 

diastereomers. 

If none of these approaches work, recent developments ~n high-

eff~c~ency l~quid chromatography may make separation possible. Sulfin-

-' 
~m~des decompose when chromatographed on s~lica or alumina, but ml.ght 

. 
.~ .. 

be stable on newly Qeveloped packl.ng mater~als ~n wh~ch the hydroxyl 

funct~ons of silica have been replaced by nitrile functions. 

o 

.' "\Je"" 
.... ;. .r 

t .IIIFJUt • 
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4. EXPERIMENTAL 
"" 

Common intermediates were obtained from commercial sources. 

P\lrl fication of these was unnecessary except where indicated. <, Me.lting 

polnts were obtained on a Gallenkamp apparatus and are uncorreet-ed. 

Vapor phase chromatographie 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" stalnless steel 

columns were used - 10% silicon gum rubber UC-W98 on Diaport-S (aO-100 mesh) , 

SE-3D ultraphase (10% by W'eight) on chrornosorb W AW/DMCS 80-100 mesh, 

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

on ehromosorb W AWjDMCS. 

Thin layer chromatographie analyses (tIc) ~ere perfonmed on 

Eastman ChrolMtographic sheets 6060 (silic:a gel with fluorescent 

indicator) or 6063 (alumina wi th fluorescent indicator). S6lvent 

systems are indicated in the texte Preparative thin layer separations 

<tIere carried out on glass plates 20em x 20 cm coated with a 0.,75 mm layer 

of silica gel HF-254 (ace. to Stahl) . Refractive 1ndioes were measured 

on a Carl Zeiss 38341 Refractometer at room temperaturè. Specifie 

qravities were measured w.ith a 2 "'1 pyc:nomet-er aiso at l'oom tempera,ture. 

High-efficiency Iiquid chromatographie analyses were performad 

On a Waters Associates High Speed Chromatograph equipped with a Model 6000 

pump, a U6K loop in je ct or, differential ultraviolet (254 and 280 cm-l) 

and refractive index detectors, and a Hewlett-Paekard Electronic 196 

dual pen recorder. Columns, solvent systems and flow rates are indieated 

in the text. 

90 

,~ .. , 

1 - . " 

Q 



t , 

( 

o 

-

\ 

91 

Infrared spectra were recorded on Perkin-Elmer Model 257 

or Unl.cam SPlOOO grating l.nfrared spectrometers. Spectra were 

call.brated with 3027 and 1601 cm-
l 

bands of a polystyrene fJ.lrn 

reference. 

Nuclear rnagnetJ.c resonance spectra (nmr) we.re recorded on a 

Varian Associates T-60 spectrophotometer. All data are reconled 1.n 

parts per nullion relative to tms (used as an J.nternal standard). 

Mass spectra were recorded on an AEI-MS-902 Mass spectrorneter 

equipped with a direct l.nsertion probe. 

Microanalyses were perforrned by Organ;Lc Microanalyses, Montreal. 

Optl.cal rotations were measured on a Perklon Elmer model 141 

automatic polarimeter. 

Synthesis of Sulfinate Esters 

Methyl Benzenesulfinate (1~)9B 

Thiophenol (30.0 g, 273 rnrnole), glacial acetic acid (16.4 g, 

273 nunole) and methylene chloride (35 ml) were mixed in a 500 ml three-

necked flask fitted with a meahanical stirrer, a condenser with a drying 

tube, a tharmometer and agas inlet tube. The flask was cooled to -10°, 

and the contents were chlorinated. * The mixture turned pink and then 

to a straw G:olor that did not change on further addition of chlorine. 

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

Ph. D. Thesis 1 McGill university 1972. 
'1 
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Acety 1 chlor1de, hydrogen chloride and the solvent methylene chlor1de 

were reIOC>ved by allowing the m1xture to warm to room temperature, 

heating 'to 70 0 at atmospheric pressure and, after coo11ng to 10 0
, to 

70 0 (20 nun) until the evolutlOn of volat11t; t'natter hild virtually ceas~d. 

The mixture was then cooled ta -30 0 1n a dry 1ce/aceton1tr11e 

slush bath and methanol (13.9 ml, 344 rrunol) was added dropw1se. The 

mixture was transferred to a distillation flask and gently heated under 

reduced pressure to 70 0 (20 mm); thls temperat ure was rna1nta i ned un t 11 

evolut1on of hydrogen ch10ride had pract1cally stopped. -.. The crude ester 

was cooled, diluted w1th ether (50 ml) and treated with aniline (5 g). 

After allowing a few minutes for any benzenesulfonyl chlor1de to react, 

the rn1xture was washed with water (50 ml), dilute hydrochlor1c aC1d 

(2 x 50 ml) and then water (50 ml) . A portion of the first acid wash 

liberated aJl1line on basification with d1lute aqueous SOd1um hydrox1de 

solution, indicating that aIl the sulfonyl chloride 1n the ester had 

been destroyed. The organic solution was dried (MgS04), the ether was 

removed, and the residue was dist1lled to give rnethyl benzenesulfinate 

<'!.!> as a co.J.orless oil (35-40\), pure by vpc and tlc (silica/benzene), 

bp 65-67%.5 mm (lit98,99,10~bP 88-89°/0.3 mm, 47.5-51.0°/0.2 nun, 

43-45%.07 mm), n 25 1.5425 (lit
98 

D 

1498 (aroInati'c c c str) and 113 7 

n2s 1.5437), showing ir v at o max 
-1 

cm (5=0 str) and nmr absorptions 

at 6 7.37 - 45 7.80 {SR multiplet) and Ô 3.37 (38 singlet). 

" 
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Methy l n-Butanesultinate (D,.l 

via 

Method A: The sulfinate ester could be prepated from h-butaneth101 

the sulfinyl chloride as desc~ed above (yield 75%). 

101 
Method B: N-(n-butylsulfinyl)phthalim1de (5.02 g, 20 1I\l001), 

prepared as described in the section on sulfinimides, was added to a 

solution of sodium methox.i,de (1. 42 g, 20 mmol) in methànol (40 ml)". 

After 30 min of st:i:,~ring at room temperature, the methanol was evaporated 

in vacuo. The residue was stirred "'1gorously _with pentane (60 ml) which 

was subsequently decanted. The pentane extraction was repeated several 

more times and the washings were combined and evaporated ta give the 

methyl n-butanesulfinate as a colorless 011 (yield: 75-80% after 

dist11lation) . 

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

oil bp 69°/9 nun (lit
98

,lOl bp 69-7(1)'10 mm, 84-5°/12 mm), n;G 1.4430 

(lit98
,101 n

D
25 1.4438,1.4430) showing \) 1135 cm- l 

(5=0 str) and 
max 

nmr abso~tions at cS 3.82 (3H singlet), c5 2.5-3.0 (2H multiplet), 

6 1. 2-2.1 (4H multiplet) and 6 0.8-1.2 (3H multiplet). 

1,2-0xathiane 2-olCide (~) 103 

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

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

acetic acid (250 ml) was cooled in an ice bath and a solution of 35\ 

aqueous hydrogen peroxide solution (125 ml, 1000 mmol) in glacial acetic 

acid (125 ml) wu added slowly to prevent the reaction mixture tellU?erature 

1 ,. 
, 
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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 ml) . 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 (MgS04), the solvent was 

removed at reduced pressure. Scratching the resultant oil after cyclo-

hexane had been added gave l, 2-dithl,ane l, l-dioxide (24) as a colorless 

solid (27.1 g, 48\) mp 49-53° (lit
158

,103 mp 54.5-55°, 54-56°). 

1,2-0xathiane 2-0xide (~) 

Tris(diethylamino)phosphine (17.9 g, 110 mmol) was added slowly 

to a stlrred solution of 1,2-dithiane 1,1-dioxide (~.(l5.2 g, 100 nun01) 

ln dry benzene (60 ml). An immediate exothermic reaction occurred to 

give an oil which slowly redissolved to give a clear golden yellow 

solutron. After stirring fo~ 5 hours the solvent was removed under 

vacuum and the residue fractionally distilled to give a clear ail 

bp 48-49%.15 mm. This oil was redistilled from sulfur (0.5 g) ta give 

!,2-oxathiane 2-oxide (14) (10 g, 83\) as a colorless oil bp 58-60%.25 mm 

(lit
103 

bp 60-61%.1 mm) n~3 ~.4867 (lit
l03 n~5 1.4862), ir (fl1m) 

-1 
1125 cm (S-O str). 

103 
1,2-0xathiolane 2-0xide (JJû 

1,3-Propanedithiol (27.0 g. 250 mmol) was oxidi.ed with hydrogen 

peroxide (78 ml, 750 mmol) as described in the previous section to give 

.L2-dithiolane l,l-dioxide (~) as an oUy solid (10.6 g, 33\). This. 

{ 
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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 1,2-oxathiolane 

2-oxide (15) as a colorless oil, pure by vpc (5.6 g, 67\) bp 40-43°/ 

0.2 mm (lit103 
bp 48-49%.2 mm), n;S 1.4859 (litl03 n5S 1.4862)~ 

ir shows v at 1105 cm -1 (S=O' str) , nmr shows' absorptions at ô 4;55 
max 

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

p-Tolyl Benzenesu1finate (10, Rl= C6HS' R2=p-CH3C6H4} 

p-Cresol (2.16 g., 2.0 mmol) was added tQ a stirred suspension 

of sodium hydride (0.84 g of a 58\ suspension in paraffin oH (2.0 mmol)) in 

pent~;O~ ml). The salt was washed weIl (pentane)and then suspended in 

carbon tetrachloride. Phenyl sulfinylphthalimide (~, Rl=C6HS) 101 

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

The mixturé 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 (CDC1~) gave signaIs at ô 8.8-7.5 (miltiplet, SH) ô 7.3 

(singlet, 4H) and 6 2.2 (singlet, 3H). The compound decomposed 

exothermically to give a red polymerie tar when distillation was 

attempted; decomposition also occurred when the conpound was stored 

overnight at -20°. 

. , 
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158 
synthes!. of Li~hium org~ocuprates 

f' , 
CUpl;'OUS Iodide , 

.. 
CUprous iodide as purchased from Alfa Chemical Co. or 

Fisher Scierttific Co. was a hrown or black powder. A sample (10 g) 

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

After addition of decolorizing carbon (0.25 g} the solution was 
, 

filtered into water (250 ml). The suspensio~ was allowed to settle, 
t 

decanted ànd washect well Wl:th water,· absoJ,ute ethanol ali'ld 
\ 

hexanes. Thè ~props iodide Ca white powder) was dried under vacuum. 

Lithium organocuprates 

Purified cuprous iodide (1.9 9, 10 mmol) was place~ in a 

three-necked flask, fitted with two ~ropping funnels with equilibrating 
f 

side arma, and a magnetic stirrer. The apparatus was flame·dried 

"f 
under a stream of prepurified 'nitrogen. Anhydrous ether (10 ml) was 

1 

added, and the stirred susp."nsion was cooled to the required temperature. 

The alky~ or aryl lithium was then added dropwis&,.. 

Lithium pimethylcgerate 

This compound> ,,,,as prepared at or below 00 • 011 addition of 
1 

the first drops of methyl. lithium 'an intense yellow coloration (methyl 

copper) wu producedk, then, a furthe;- ad(Ùtion of methyl lithium ",as . 

continued a colo~l.ss or light tan solutiort was produced (after additi9n 

Thi.. end poin~ could be tit:r.:ated easily with methyl . , 
of 20 DlllDI). 

lithium. 
1 

, . 
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Lithium Die'thYlpupr'ate , . 

-' 

This was prepared at or helow --30°. 
, ' 

, , ' 
After ,addition of two 

~ 

equivalents of ethyl lithium a black 901ution J;e'sult(ad. . Tnis end point 

waj!l very difficult to detect. 

Lithium di-n-buty1cuprate 

• The pre~aration ~as carried out at or be10w -30°. Th-e initial 

briqht yellow color Iasted until abo\lt haH the butyl lithiÎUn was added, 
, 

this changed to a bright hlue solutiQn whicQ turned red 'at the end Point. 

Lithium Diphenylcuprate 

This was prepared at ~r be10w 0°.' The suspension initial·.ly 

tutned bright yellow,' then a red brown co1or until one equivalent of the 

phenyl lithium had Qeen ,added. The 'solution then started turninq green. 

After addition of two. equivaIehts of phenyi li~ium 'a dark green or black 

solution was obtained. 

SynfbesiS of SuIf ides 
6 

.rI 

'h-Butyl methyl sulfide, diphenyl sul~ide ànd methyl phenyl 
( .' . 

8ulfide were a11- a~aHç.le from connercial sources. 

Method A:, Ethyl phenyll~uIfide, :phenyl propan"3":ol ~uIfide (53) 

, \ ' - 159' 
and butan~~-ol, phenyl s~ (55)- ~ere p~epared py the fo',llQWing nft}thod • 

, TQ the ice-cold alkyi 'mercaptan was added with stirring a 25% aqueous 

solution of sodium hydroxide (1.25 moles) • To the resu1ting clear 

l ' 

.>li ., 
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solution the chloroalkanol was added at such a rate that the reaction 

tetl\Perature did not exceed 60°. Stirr l ng was continued at room 

tetl\Perature for four hours,after WhiCh the organlc layer was taken up 

ln ether, washed with 25% Sodium hydroxide and 1ter. After drying 

(MgS04) the resldue was fractionally dlstilled under reduced pressure. 

The ylelds and properties of the sulfldes are summarized ln Table v. 

Method B: n-Butyl phenyl sulflde and butan-4-o1 methyl sulflde (S4) 

160 
were prepared by the fOllowing method . SOdium (2.3 g, 100 mmol) 

was d1ss01ved ln ethanol (50 ml) and the thlol was added (n-butanethldl 

was added dropwise; methanethiol, prepared from methyl lsothiourea 

sulfate as descrlbed below, was bubbl6!d slowly through the Solutlon) 

The chloroalkanol (100 mmol) was added and the resultant mixture was 

refluxed brlefly. After filtration to remove sOdium chloride, the 

solvent was flash-evaporated and the residue distilled ta glve the 

sulfides whose yield and properties are ~ ln Table V. 

~thod C, Di-n-butyl SUlf'de~~repared by reduction of the 

sulfoxlde with sodium blsulfite
161

. n-Butyl sulfoXlde (4 g, 2S tIUOOl) 

was added to a solution of sodium blsulflte (16 g, 150 mmol) ln water 

(40 ml) and the mixture was hea~ed on a steam bath fOr 48 hours. The 

mixture was cooled and extracted several times wlth chloroform. The 

solution was dried (MgS0 4 ) and evaporated to give crude sulflde that 

was purifled by ,\acuum distillation (Table V). 

, 
-f 
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Name 

di-n-buty1 su1fide 

Method' Yl.e1d 
of E!'ep~_ _~,) 

C 70 

ethy1 phenyl sulfl.de A 70 

","-,­
n:-butyl pheny1 -') B 74 

TABLE V. 
a 

Preparat~on and Propert~es of Su1f~des 

B011~ng POl.ll t 
(Oc/am Hg) 

70-2/12 
162 

lit 187/7 60 

91-91. 5/10
163 

92-96/0.5 

lit 123/1l
64 

90/10
165

, 98/22
166 

102-4/15
167 

120-2n8 

no/tempo 

1.4509/25 
162 

l1t 1. 45297/20 

1. 4532/30
163 

1.5423/25 

Ana1}-tical and 
spectral Data 

~ 

1! -su1flde 
lit 117/15

166 

78_83/2.3
168 

123_9/25 169 

1I-t 1. 5472/21 166 

1. 5432/28
168 

J 
f 

1 

phenyl propan-3-o1 
su1f1.de cg) 

C6H SS( 0i2) 30H 

A 71 105/0.1 

lit 134_5/2
170 

155_9/8
171 

""'"'--

1. 5312/25
169 

a-AlI sulfl.des were pure by tIc (sl.ll.ca, hexanes) and vpc, 

anD had nmr spectra consistent with thel.r structures. 

__ ;:~~~ .. Ii;.""IA? "'~::~"'r:' ~'",~ ... ,~~~ •. ~"- "-;'(\'">;~k_l~ 

~r v (f~lm) : 3340 (O-H str) , 
max 

2910 and 2810 (C-H strl , and 

1060 
-1 

cm 
+ + 

ms: 120 (P ) and 87 amu (CH3CHZSGH2 ' 

base peak). Anal.calcd. for C9H12OS: 

C, 64.28; H, 7.14; S, 19.04. 

Found: C, 64.53; H, 7.19; S, 19.04 

• , ... ~ ,'. "';,~ I.~~ ~_~, ~ •• ", '"-"., , _ - l' 
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\0 
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TABLE V (contlnued) 

. f -~N --- Method Yield Soiling Point n /temp. Analytical and 1 ame 
D 1 of prep. ' 'Il) (OC/mm Hg) Spectral Data 

f! 

1 
~ 

butan-4-o1 me~yl 
sulfide (54) 

CH3S (ai2) 400 

butan-4-01 pheny1 
sulfide (~) 

C6HSS (CH2) /tOH 

B 

A 

48 

78 

103-5/10 

I1t 81_5/3
159 

112/0.1 

lit 150/6
172 

173 needles mp 24 0 

~~,~~,,--, " - '<" ~~~Œ~.I'"~·;"1~~.s~l.~tt'",,\ .• ·r .. "-:..v·.~ .... ~ ~ _"" ~.... l' .: , 

lry (film) :3340 (O-H str), 2910 and 
~ 

2850 (C-H str), 1055 (C-O str) and 1030 

(C-S str) 
-1 

cm 
+ + ms: 120 (P ), 102 (P -H20) and 61 

+ 
(CR3SŒ2) amu. 

l.r Y (hlm): 3380 (O-H str), 2950 and max 
2870 (C-H str), 1060 (C-O str) and 

-1 
1030 cm (C-5 str). 

+ + ms: 182 (P ), 164 (P-H 0) 1 123 (C6HSSCH2) 
+ + + , 110 (C6HSSH ), 9"!'"""(C7H7 ) and 77 amu (C6HS ). 

Anal. calcd. for C10H1405: C, 70.07; 
H, 6.58; S, 23.35. FOW1d: C, 70.24; 

H, 6.67; S, 23.36. 

~ 
o 
o 
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( . f h 1160 
Synthesl.s 0 Methanet 3.0 

Methyl Isothiouronium Sulfate
l74 

Thioltrea (78 g, l mol) and water (70 ml) were placed in a 

l litre round-bottomed f1ask. 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 vigorously for one hour then cooled. Ethanol 

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

washed with ethanol (2 x 50 ml). Evaporation of the mother 1iquor to a paste, 

addition of ethanol and filtration gave a second crop of the materl.al 

whl.ch was comblned with the flrst crop of methyl lsothl.ouron~um sulfate 

(total yleld 107 g, 78\) mp 243 0 w1th decomposition. 

Methanethio l 

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

dropping funnel and a condenser. The end of the condenser WBS attached 

to the following assembly: an ~Pty flask; a flask containing dilute 

sl11furic acid (l volume of concentrated sulfur i c acid to two volumes 

of wat~r), a drying tube containing calcium chlodde: an empty flask; 

the flask containing the reagents with which the methanethiol is to 

react; an empty flask, a flask containing aqueous lead acetate solutl.on 

.sela trap for unreacted thio1, and fina1ly a suction pump. 

A slow current of air was pulled through the apparatus by means 

of th~ suotion pump. A solution of 5N aqu~s sodium hydroxide solution 
/ 

(20 ml) was added dropwise to the methyl :lsothiouronium sulfate (14.8 g 1 

o 

1 
j 

1 
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53 mmol) in the first flask. When the addition was complete, thls 

flask was heated slowly to reflux tCllIPerature and malntalnùd there for 

one hour, to complete the reaction. The materia1 produced ln this 

reactionwas trapped ln ethanolic sodium ethoxide, as described prevl0usly. 

syntheslS of the Sulfoxides 

Dl-n-butyl sulfoxlde was commerclally aVaiIablel The other 

su1foXldes were prepared by oXldatlon of the sulfides with sodium periodate 

23,24 104,105 
(NaI04) or m-chloroperbenzolc aCld . 

Methyl Phenyl Sulfoxlde 

In a 500 ml flask equipped wlth a magnetic stlrrer were placed 

sodium periodate (22.5 g, 105 mmol) and water (200 ml). The mlxture 

was stirred and eooled in an iee 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 fl1tration, and the solution was extracted 

with methy1ene ch10ride (3 le 50 ml). The combined extracts were dried 

(MgSO~) and the solvent was flash-evaporated. The residue was distilled 

from decolorizing charcoal (1 g) ta give methyl phenyl sulfoxide (22.6 g, 

89%) as a colorless ail bp 95-6°;0.5 mm (lit
24

,175 78-C}°;O.1 mm, 115°/2 mm), 

pure by vpc and tIc (silica, benzene: ethyl acetate 5:1 Rf 0.20) 1 n~5 1.5762 

(lit
175 n~5 1. 5580) • 

,&,,,#.'''V !il. M ... ~" __ ~ __________________ ... L~ ___ _ _ ____ - ____ o. 
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Ethyl Phany1 Sulfoxide (1.30 g, 84\) was prepared from ethyl phenyl 

sulfide (1.3B g, 10 mmol) as a colorless oil bp 80-2%.15 mm (lit176 ,24 

146°/13 mm, 101-2°/1.5 mm), pure by vpc and tIc (silica, chloroform, 

Rf 0.46) or ethyl acetate (Rf 0.64 )n~2 1.4679. 

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

sulfide (2.08 g, 20 mmol) as a colorlase oi1 bp 101°/8 mm, n~5 1.4679. 

Phenyl Propan-3-o1 Sulfoxide, C6HSS(O) (CH2)30H (56), (1.39 g, 95%) 

was prepared from phenyl propan-3-o1 sulfide (53) (1.68 g, 10 mmol) as 

a colorless oi1 that decomposes before boiling, purified by chromatography 

on alumina (eluents: chloroform then dloxane); pure by tIc (silica, 

ethy1 acetate Rf ~.33), ms 184 (P+). 166 (P+ -HZO), 126 (CGHSOH+, base 

+ + + peak) 1 107 (O=S (CH2) 30H ) 1 91 (C7H7 ) and 77 (C6HS ) amu; ir v (film) 
max 

3340 (O-H str), 2900 and 2815 (C-H str) and 1010 (S~ str) 

anal. calcd. for CgH1202S: C, 58.69, H, 6.52, S, 17.39. 

H, 6.64, S, 16.87. 

-1 
cm 

Found: C, 58.01; 

Butan-4-ol Phenyl Sulfoxide, CGHSS(O) (CH2)40H (~, (1.59 g, 80\) 

WAa prepared from butan-4-01 phenyl sulfide (55) (1.83 g, 10 mmol) as 

a colorless oi1 that decomposes before boiling, purified by chromatography 

on 9ilica gel (60 g, eluents: benzene (250 ml), chloroform: ethyl 

acetate 5:1 (300 ml), ethy1 acetate (250 ml)}, pure by tIc (silica, 

+ + + ethyl Acetate Rf 0.36), ms 198 CP ), 180 (P -H20), 166 (C6HSSCH=CH2), 

( 

" 
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ir v (film) 3340 (O-H str), 2900 and 2815 (C-H str), 1040 (C-O str) 
max 

and 1010 (S~O atr) 

H, 7.07; S, 16.16. Found: C, 60.84; H, 7.24; S, 15.86. 

Attempted oxidation of n-butyl pheny1 sulfide under the same 

conditions gave starting material, recovered in a yield of 99.8%. 

Oxidation of butan-4-o1 methyl sulfide (54) gave a mixture of sulfide 

54 and sulfo~ide 58 that cou1d not be separated. 

n-Buty1 Pheny1 Sulfoxide 

A solution of n~buty1 pheny1 sulfide (4.56 g, 30 mmol) ~n 

- , 

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-Chloroperben~oic acid (6.09 g 85\ acid, 30 Mmol) disso1ved 

in chloroform (200 ml) was added dropwise. The solution was then 
, 

allowed to warm up to room temperature and stirred for an additional 

half hour. The solution was then washed with saturated aqueous sodium 

bicarbonate solution, then water. After the solution had been dried 

(MgS04) the solvent was flash-evaporated and the crude produet was 
1 

ehromatographed on alumina (120 g, eluent: benzene:pyridine 20:1). The 

resuitant material wes further purified by distillation to give buty1 

phenyl sulfoxide (2.8 g, 51%) as a coloriess oil bp 99-99.5 % .4 mm, 

n~6.5 1.5433, d26 • 5 1.0652, [~]Dexp 53.99 (cale 53.88). 
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n-Butan-4-01 Methyl Sulfoxid~, CH 3S(0) (CH2)40H (18), (1.15 g, 85\) 

-
was prepared from n-butan-4-o1 methy1 sul.fide (54) (1. 20 g, 10 mmo1) 

+ as a co10r1ess oi1 that decomposes before boi1ing, ms 136 (P ), 119 

+ + 
(P -OH) and 64 (P -CH3S0H) amuI ir v (film) 3400 (O-H str), 2970 

max 

and 2895 (C-H str), 1068 (C-O str) and 1020 (S=O str) 
-1 

cm 

26 
Dipheny1 Sulfoxide 

Diphenyl su1fide (18.6 g, 100 mmol) and methanol (30 ml) were 

placed ~n a three-necked fl.ask equipped with a magnetic stirrer, a 

condenser and a thermometer. N-Bromosuccinimide (17.8 g, 100 mmol) 

was added in 5 9 portions. The mixture was stirred at a temperature 

be10w 10° for one hour. The mixture was stirred overnight to give a 
,'~ 

• ,\< 

yel10w solution that was evaporated and stirred with ether (200 ml). 

The resu1tihg solid was removed by filtration (succinimide, 8.3 g, 

~ 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 co1or1ess solid mp 66-8° (lit177- 9 

1 • 

70.0-,70.5°), pure by vpc and tlc (silica, chloroform Rf 0.64). 
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c Reaction of Sulfinate Esters with Lith1um Or,anocuprates 

The sulfinate ester (10 mmol) 1n anhydrous ether (40 ml) was 

added dropwise to the organocopper reagent under a stream of prepurif1ed 

nitrogen. The mixture was stirred and then hydrolyzed with saturated 

ammon1um 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 waahed well w1th chloroform-tetrahydrofuran (1:1). 

The organic extracts Were dried (MgSû4) and evaporated to give ah oil 
" 

that was worked up as indicated below. AlI products were 1dentified 

by comparison to authentic samples. The results are summarized in 

Table I. 

Methyl Benzenesulfinate (~ 

Treatment of the sulfinate ester !l (3.12 g, 20 mmol) with 

lithium dimethylcuprate (40 mmol) at 0 0 for one hour gave a yellow oil 

that was purified by distillation to give methyl phenyl aulfoxide (1.65 g, 

59\) • Treatment of the ester II (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 romol) 

at '-780 for one hour to give an oil that was chromatographed on s11ica 

(60 g; eluents: hexanea (200 ml), toluene (100 ml), chloroform (100 ml) and 

ethyl acetate (100 ml» to give four fractionsl-

~E!~~!g~_~: A colorleas oil (110 mg) containing several components 

(vpc, tlc (silica, hexanes»). 

!E!~~!g~_~: A colorless oil containing ethyl phenyl sulfide (168 mg, 12%) 

as the major camponent (tIc, vpc, nmr). 

~~~. ____ ~ ____________ ~ __ h~ __ ~~ ________________ ~ ________________________________________________________ _ 
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~:!=~~~~_s: A red oil containing methyl benzenesulfinate (119 

(219 mg, 16\) as the major component (tIc, vpc, nmr). 

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

major component (tIc, vpc, nmr). 

Fraction D was disti1led at 80-2%.15 mm to give the product that was 

further' purified by chromatography on alumina (eluent: benzene:pyridine 

19:1), yielding ethyl phenyl sulfoxide (560 mg, 36\) as a colorless oil. 

Reaction of !l (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. 

TreatIDent of ester 13 (10 rnmol) with lithium diphenylsuprate 

for one ho ur at -40 0 gave an orang~ oi~y solid, that WBS chromatographed 

on silica (120 gl eluents: hexanes and chloroform) to give two fractions:-

!~!S~!~~_~: 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 sarne mate rial (vpc, tIc (silica, 

hexanes) ) • 

!=!S~!~~_~: A solid that was crystallized C from benzene:hexanes (2:3) 

to qive diphenyl sulfoxide (970 mg, 48\). 

The reaction was repeated at -78 0 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 qive six fraétions:-
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c ~~!S~!2~_~: Biphenyl (tIc, vpc). 

An oil that was shawn to be ester!! (86 mg, 6%) (tIc, vpc, nmr). 

Fraction C: An orange oil (521 mg) containing the sulfoxide (tIc, vpc). 

Fraction D: A colorleas oil (567 mg) contain~ng the sulfoxide (tIc, vpc). 

Fraction E: -----_._--- An orange oil (81 mg) containing the sulfoxide (tIc, vpc). 

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

tIc (si1ica, chloroform». 

Fractions C, 0 and E were recombined and chromatographed on alumina (60 gl 

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

~ 62-4° (970 mg, 48%). 

Methyl n-Butanesulfinate (,ll) 

Treatment of the sulfinate ester ~ (1.36 g, 10 mmol) with 

l~thium 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 ~ (la mmol) with lithium di-n-butylcuprate 

(20 mmcl) for one h~ur at 0° gave a complex mixture. The experiment 

was repeated with the sarne result. Nmr analysis indicated that the 

mixture contained a smail amount of the sulfoxide, but none was isolated. 

1 
Distillation of the-mixture (1.5 g) gave a major fraction bp 93-5°/ 

) 0.175 mm (1.0 g) ·that contained many ~omponents. 

The reaction was repeated at -30° to give a brown oil that was 

chromatographed on 9i11ca (eluents: tdluene, chloroform and ethyl Acetate) 

o to give three fractiqns:-
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~E~S~!2~_~: A brown oil (150 mg) containing ester ~and di-n-outyl 

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

Fraction B: A pale yellow oil (100 mg) containing man~ components ---- .... -----
(vpc, tIc (silica, benzene». 

~!~=~!~~_~: A pale ye110w oi1 (400 mg) containing n-butyl sulfoxide 

as the major constituent (tIc, nmr). This material was 

rechromatographed (alumina, eluent dioxane) to give the pure 

sulfoxide (210 mg, 15\). 

The reaction was again repeated at -78 0 (one hou~ 100 give an 

oi1 that was distilled in an attempt ta purify the sulfoxidei the distillate 

(bp 54-93%.10 mm) was chromatographed on 8ilica (60 g, eluents:\chlor~form , 
\ 

(250 ml), ethyl Acetate (250 ml» to give an ethyl acetate fraction 

containing the sulfoxide (vpc, tIc). Rechromatography on alumina (elueQt: 

benzene:pyridine 19:1) gave di-n-butyl sulfoxide (822 mg, 52\). 

Treatment of the ester ~ (10 mmol) with lithium diphenylcuprél'te 

(20 mmol) yielded a yellow oil that was shawn by vpc to have two major .. 
cOD\POnents. This was chromatographed on 8ilica (60 g, eluents: hexanes, 

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

fractions:-

!!!:~!2~_~: A palé yellow oil that was distilled to give n-hutyl phenyl 

su1fide (1.05 g, 64\) (ypc, tIc). 

!:!:~!2~_S: A yellow oil containing many components (150 mg) (vpc, tIc). 

• 
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1,2-01athiane 2-OXide (,U) 

Reaction of. the ~ulfinate ester 14 (1.20 g, 10 mmol) with 
1 

lithium dimethylcuprate (20 mmol) gave a pale yello~ oil conta±hing one 

major compone nt (tIc). The oil was washed with ether to give butan-4-01 

methyl sulfoxide ·(58) J800 mg, 59%) as a pale
è 

yeliow 0).1 that could be 

further purified by preparative tIc (eIuentJ chloroform). 

Reactiqn of cyclic ester li (10 mmol) With lithium diphenylcuprate 

at 0° for one h(Jur gave' a brown solid that was shpwn by tIc (silica, 

chioroform or ethyl acetate) to conta in large quantities of bipheny1, sorne 

butan-4-o1 phenyl sulfide (55) and a small amount of butan-4-01 phenyl. 

sulfoxide (57), aldng with Many trace materials. - " 
The experiment was 

repeated at -78° to give a mixture that was chromatographed on silica 

(60 g, eluents: tol1.1ene (100 ml), ethyl aG,eta,te:cycIohexane 4:1 (200 ml) , 

ethyl acetate (200 ml) and methano1 (250 ml) to give four fractions:-

~;!2~!~~_!' Bipheny1 as a coloriess soli~.which afte~ crysta11ization 

(pentane) showed mp and mmp 67-9°. 

~:!=~!~~_~, A brown oil (14? mg) containing many components (tIc, 

chloroform) • 

Fraction C: -----------. A b~own oil (278 mg) containing man~~components (tlc, , . 
'V chloroform) • 

~:!=~!~~_!?l n .. 8utan-4-ol phenyl sul fo~ide ('51) as a colorleas oit 

(639 mg, 32.) (tIc).' 

, " 

• 

~ 
'1 
1 
" 
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1,2-0xathiolane 2-0xide 1~ 

Reaction of sulfinate ester 15 (1..06 g, 10 mmol,) with lithium 
, 

diphèn~lcuprate (20 mmol) at -78° for one hour gave a material that was 
. 

, chrbmatographed on alumina (60 g, eluents: e:hloroform and dioxane) to 
~\ 

( 

give thrée fractions:-

~!!2!:!2!L!: A red 80lid (~g) that wae' tnainly biphenyl- (tIc, vpc). 

~!!=!:!2~_~: A colorIees oil containirtg mainly starting material (tIc, 

vpc) (2] mg, 2'). 

r~~=!:!2~_f;' Phenyl propan-3-o1 sulfoxide ~6) (960 mg, 52%) as a very 

,pale yellow' oil (tIc" nmr). 

p-TOlyl Benzenesulfinate 

A saB\Ple of the Bulfinate est.er prepared fro~ phenyl 

sulfinylphthal1mide (~l RII;JC6H5~ 20 nunol:) was treated with .lithium 'f 

dill'lèthylcuprate (40 mmo.l) 10r one hour at 0°'. The resuitant 6il was. 

chromatographed on silica (60 g, eluents: hexanes (300 ml) , . benzene:ethyl 

Acetate 5:1 ~d ethyl a~etate (200 lUI each», to give th7ee fractions:-

;< -

Diphenyl disulfide (180 mg, 8\) as colorleas nee~U'ès mp 65-8°;' 
,,1 

pure by tIc (silic4, hexane8,·Rf.q~63) and vpc. 

Fraction B: p~Cresol (1.15 g, 53'~ as a brawn oil, identified by tIc 
---~ ...... ---

, 
<, (silica, benzens, Rf' 0.37) and nmr. 

E:!~!:!2~_2: A pale yellow oil that was purified by Kugelrphr ~isti~1atipn 

(105°/1 mm) to give methyl pbenyl sulfoxide ~30Ô.mq, 22\), identical 

to an authentic sampIs (tIc, vpc). 

\ . 
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Reaction of Sulfoxldes wlth Lithium Organocuprates 

The sulfoxide (10 mmol) was treated with the organocopper 

reagent for an extended period of tllTle. The results obtained are 

sunnnarized in Table II. In each case the organic materlals were 

lsola,ted ln a simllar manner to that described for the sulflnate ester 

Dlpheny l Sulfoxide 

This material gave an ail that waa ehromatographed on slllca 

(60 g) te give blphenyl and starting material (1.9 g, 94~). 

n-Butyl Phenyl Sulfoxide 

This gave the sulfide as the major produet ln a IDlxture (1.5 g), 

a portion of which (250 mgf was separated into two fractlons by hlgh 

ef1;lclency liqul.d chromatography (Porasll, 2 x 2' x 3/8", methylene 

chlonde: acetoni trile 9: l, 9 ml/min) :-

.. 
~Eè~.;~~~_~: A colorleas oil identifl.ed as n-butyl phenyl suIbde 

(200 mg, 80%), pqre by nmr, tlc and vpc. 

!E!S~!~9_~: A colorless pil, pure by tIc and hele, identified (nmr, lr) 

as ry-butyl phenyl sulfoxide (30 mg, 12\>. 

() 

. " 

- , 

., 
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'1 

, ., . 
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Methyl Pheny1 sulfolÜde 

This gave a mixture of mater~als (1. 4 g) that was partially 

separated by chromatography on s~l1ca (60 9, eluents (200 ml fractions),: 

hexanes, hexane: Methylene chlor ide 19: l, 9: l, 8: 2, 4: l, methy lene chlonde 

and methanol). In this way fou~ fract~ons were obtained:-

Fraction A: Methyl phenyl sulf~de (138- mg, 11%) as a colorless o~l 

ldentical to an authent~c sample (runr, tIc, ir, vpc). 

Fractlon B: 1,2-d.l(phenylth~o) ethane (~) (69 mg, )\) as a colorless 

ail that Bol~dified to needles on standing mp and mmp 70-2° 

(lit I82 ,183 65°,69°). 

Fractions C and 0: were both o~ ls. They were dlssolved ~n glac~al 

acetic acid and oX1dised wlth potasslUln permanganate()' aqueous). 

l, 2-0i (pheny lsulfony1) ethane was filtered off and pur~fied by 

chromatography on s.llica (eluent: benzene:ethyl acetate 5:1) to glve 

a sample mp 182.5°, mmp 182-4° (l.lt184 ,185 179.5-180"). Methyl 

pheny Jo sulfone (68S mg, 49 %) was 1so1ated by extraction of the 

oxidised mixture with chloroformi the combined chloroform extracts 

were dried (MgS04) and evaporated ta give the sulfone as a coloriess 

solid mp and mmp 83-6° (litlBI,lBl 8BO). 

n-Sutyl Methyl SulfoxiCle 

This gave a pale yellow ail (1.06 g, 88%) that was shawn by vpc 

to he starting material. 

~ 'f' 

~ 

J 
il 
t' 
~i 

:1{, 
t 

r;~ 
l 
t;~ 

, 
" ! 



, 

o 

-
.' 

114 

Preparation of Sulfones 

Methy l Pheny l Sulfone 

Method A: Hydrogen peroxide (22.8 g, 30\ aqueous solut~on, 200 nunol) 

was added to a flask containing methyl phenyl su1fide (12.4 g, 100 ,1) . 

After lt had been stirred for one hour a vigorous exotherrnic reaction 

occurred to give a clear golden hOm)genéous solution. This solution 

was refluxed for four hours, treated with decolorising charcoal, filtered, 

diluted with water (200 ml) and cooled to 9ive methyl phenyl sulfone 

(11.6 g, 76~), IIIp 87-9° (lit
l80

,181 88°), pure hy "Pc and tIc (silica, 

methy lene chloride Rf 0.74) . 

.Method B: Methyl phenyl sulf~de (1.24 gr 10 1lIlOC)1) was dissolved 

ln glacial acetlc acid (10 ml). A solution of potassium permanganate 

(3\ aqueous) was added dropw~se untll a drop of the solution applled to 

a pH~ce of f~lter paper no longer gave a purple coloration. Sodium 

busulfite solution WAS then added dropw1.se to dissolve the manganese 

dioxide. The solution was then extracted well with chloroform, the -'" 

extracts were combined, dried (MgS04) and evaporated to give pale ye1low 

needles (1.4 g, 90'11) that were disso1ved in water and treated with 

decolorising charcoal ta give methyl phenyl sulfone as colorless need1es 

mp and JIIIIIp 87-9°. 

~'-""-""""-~~~'~-"".--_II'I_--'----;·C"'---------· ______ . ______ I\o.O"i_~..,..,_. __ ...... "'T .. 'I_-_m.f .... r •• 1.FIiIîI .. '~if:t.i" 
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1,2-0i (pheny1sulfonyl) ethane (W 

1,2-0i (phenylhhio) ethane (27) 

A solut10n of sodium ethoXl.de (50 mmol) was prepared from 

sodium (1. 15 g) and ethanol (50 ml). Benzenethl.Ol (5.51 g, 50 mmo1) 

was added followed by 1,2-dlbromoethane (4.7 g, 25 mmol). The mixture 

was refluxed brief1y, fi1tered while hot, then reduced in volume until 

crystalll.zat10n occurred. The product was f1ltered off and re-

crystallized from ethanol to g1ve 1,2-d1(phenylthio)ethane (~(3.7 g, 

30\) mp 70-2° Uit
182

,l83 65°,69°), pure by tlc (silica, hexanes Rf 0.39) 

with nmr absorptions at Ô 1l.02 (lOH, singlet) and ô 2.92 (4H, singlet). 

1 ,2-0l. (phenylsulfonyl) ethane (l§) 

l,2-0i(pheny1thl.o)ethane (1.23 g, 5 rnmol) was dl.ssolved ln 

glac1al acetic aC1d (5 ml) and treated wl.th excess potassl.um permanganate 

(3% aqueGus). After treating with SOdl.UIn bisulhte solutl.on the crude 

product WaS filtered off and crystal1ized from aqueous ethanol to give 

'l,2-di(pheny1sulfony1)ethane (~) (1.1 g, 71\) as <ilolor1ess needles 

, 184 185 
mp 182-4° (llot ' 179.5-180°), pure by t1c (silica, benzene Rf 0.20) 

showing nmr peaks at Ô 6.95-7.62 (lOH, sing1et) and cS 3.27 (4H, singlet). 

Synthssis 

A solution of dibenzyl disulfide (21. 8 g, 100 mmol) ln carbon 

tetrachloride was cooled to 0-5 0
• 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 ~heny1 sulfenyl 
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chloride (19.8 g, 69%) bp 43-8°/1.5 mm (lit
l06 

58-60 0 /3 mm). 

Phenyl sulfeny'1 chloride (19.8 g, 137 nunol) was treated with 

sodium methoxide (152 mmol) prepared by dlssolving sodium (3.5 g) in 

methanol (200 ml) at 0 0
• The mixture was allowed ta warm up ~o room 

temperature, filtered and evaporated to give an ail that gave two 

fractions on distillation (bp 78-81 0 /4 mm and 93 0 /4.5 mm). The lower 

boiling fraction was redistilled ta give methyl. benzenesu1fenate 

(5.3 g, 27\) bp 95°/6 mm (lit
l06 

88-9%.4 mm), n~6 1.5508, d 26 1.1081, 

[~] BKP 40.75 (cale 40.89). 

Reaction of Methyl Benzenesulfenate with Lithium Dimethyleuprate 

The sulfe.nate ester (1.4 g, 10 mmol) was treated with 11thiwn 

dimethy1cuprate (20 mmol) at 0 0 for one hour. Distillation afforded 
.,., 

a sample of methyl phe.ny1 su1f1de (1.08 g, 87\) pure by vpe gond tlc 

(silica, hexanes or carbon tetrachloride), and identical to an authentic 

sample by nmr and ir. 

.. 

-, 
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synthesis of Chiral Sulfoxides 

M~thyl Sulfinate Esters 

(-)-Menthyl (-)-(S)-Senzenesulfinate (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 dissolv.ed in carbon tetrachloride (300 ml). 
,( , 

N1Phenylsulfinyl)phthalimide (27.1 g, 100 mmo1) was added and the 

mixture was stirred overnight. The mixture was filtered and the 

filtaate was evaporated to give a pale yellow oil (20 g), that contained 

one main compone nt (tIc, silica, chloroform Rf 0.77). The oil was 

dissolved in chloroform and filtered through 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 coloriess 

80lid, ll\P 25° (4.9 q) . This was recrysta~lized twice from pentane to 

give (-)-menthyl (-)-(S)-benzenesulfinate as colorless needles, mp 51-2° 

156 156 140 
(lit 49-51°), [a]o -205.5° (c 2.4 acetone) (lit ' -205.5°, 

-206.1° (c 2.0 acetone». 

Attell\Pts to obtain a second crop of material from the mother 

liquors were unsuccessful. They were evaporatèd, dis901ved in methanol 

and treated with gaseous hydrogen chioride. The resulting solution 

could not be induced to crystallize despite many attempts at a variety 

of concentrations and temperatures. ('. 

o 
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(j 
(-)-Ménthyl (-)-(S)-p-Toluenesulfinate 

Sodium p-Toluenesulfinate
186 

Water (600 ml) was placed in a 2 ! beaker and heated to 70°. 

Zinc dust (80 gr 2.75 atom) was added, followed by powdered p-toluenesulfonyl 

chloride (100 gr 1.3 mol, in 5 g portions). The tempe rature 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 hydro~ide (50 ml) followed by 10 9 portions of sodium 

carbonate. Considerable frothinE occurred at this stage. 

The mixture was filtered and the cake or solids was tranaferred 

to a beaker and heated slowly with 1000 ml water until the mixture started 

to froth vigorous1y. The mixture was again filtered, the filtrates were 

combined and the mixture was evaporated to a volume of 200 ml. The 

mixture was cooled in an iee bath and the erystals were filtered to give 

sodium p-toluenesulfinate (49.2 g, 53\) as large fIat èolorless crystals 

that were air-dried. 

p-Toluenesulfinyl ehloride
187 

.' 
sodium p-toluenesulfinate (42.8 g, 200 mmol) was powdered and 

added in amalI portions (over a period of 15 min) ta thiontl ehloride 

(179 gr 109 ml, 2 mol, bp 76°) in a 250 ml round-bottomed flask. A 

vigorou9 reaetion produced hydrogen chloride and sulfur dioxide. A 

caloium chloride tube was attached to the flask to proteet the str&w-

coloured liquid from the atmasphere. After 2 hours the exoess thionyl 

ehloride was removed by distillation at reduced pressure (15 mm) and 

a tempe rature below 50°. Ether (50 ml) was added and ~he mixture 

o , 

........ ".1 .,:Hm t 
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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 solide The crude sulfinyl chloride was dissolved 

by three successive treatments with ether (50 ml, 30 ml and 30 ml 

respecti vel~) which were decanted from the residue. Removal of the 

ether from the combined filtrates gave the sU!finyl chloride as a pale 

yellow oil,.~-.~at was distilled te g~ve p-toluenesulfinyl chloride as an 

orange oil (31 g, 89%) , bp 74°;0.1 mm. 

188 
{-)-Menthyl (-)-(S)-p-toluenesulfinate 

p-Toluenesulfinyl chloride (19.1 g, 110 mmol) and (1) -menthol 

(17.2 9 1 110 mmol) were dissol ved in ether (275 ml) in a 2 i 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 nunol) was rapidly added to the well-stirred solu'1:ion. After the 

initial reaction had subsided (~l min), a drying tube (silica gel) was 

placed on the Vigreux column. The mixture was stirred overnight and then 

filtered. The ether solution was washed well with water (4 x 25 ml), ... 
dilute hydrochlorid acid (4 x 25 ml) then water (50 ml). After drying 

(MgS04). this solution was evaporated under reduced pressure until crystals 

began to appear. The solution was th en kept at -20 0 overnight. 

The resulting crystals were collected to give the product as 

colorIees prisms (16.4 g). A second and third crop (4.3 9 t 4.8 g) 

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 recrystal1ized twice from 

acetone to give (-)-menthyl (-)-(S)-p-toluenesulfinate (21.5 g, 71')~ 

mp 102-4.5° (lit
188

,38 108-9°, 105-6°) [a10 
-210° (c 2.0, acetone) 

(lit188 ,38 -2100, -1980) 

When freshly prepared this material had no detectable odour. 

After storing for six months in an airtight vial this mate rial turned 

brown and developed an odour of menthol. Its mel ting point had dropped 

to 82-92°. 

Reaction of Menthyl Sulfinate Esters with Lithium Organocuprates 

The sulfinate ester was treated with the organoeopper lithium 

reagent as previously deseribed. The'erude sulfoxide was isolated 

by ehromatography on silie.! using hexane-chloroform and then chloroform-

acetone mixtures as eluents. The fraçtions collected were moni tored 

by vpc and/or tIc. The results obtained are sUmmarised in Table III. 

Methyl Phenyl (+) -(R)-sulfoxide 
",' 

(-)-Menthyl (-}-(S)-benzenesulfinate (1.4 g, 5 mmol) was 

treated with lithium dimethyleuprate (10 1IU'OO1) to give a mixture of 

menthol and the sulfoxide (vpc). This was chrof\atographed on si1ica 

(30 g), to give a yellow oil (228 g, 16%) containing mainly sulfoxide 

with a{-{Jmall amount of menthol (vpc, nmr). The sulfoxide was purified 

by Kugelr6hr distillation, followed by preparative tIc (silica, eluent: 

0, 

! , 

1 

1 

, 1 

'1 
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ethyl. aeetate) and a final. Kuge1rohr distillation, to give a sample 

of methy1 pheny1 (+)-(R)-su1foxide that was 95.2% pure (vpe), Calo 

(e 1.305 ethano1) +133.9° (lit40 ,60,62,109 +146 0 (ethanol), 

+137° (ethanol) ,±0128.5° (ethanol), +149° (solvent not stated». 

Methyl p-Taly1 (+)- (R)-Sulfoxide 
r 

(-)-Menthyl (-)-(S)-p-to1uenesulfinate (3.1 g, 10 mmo1) was 

treated with lithium dimethylcuprate (20 nunc1) ta give a comp1ex mixture 
, 

~at was ehromatographieally separated yie1ding four fraetions:-

!~!~~!2~_~: An oily mixture (153 mg) eontaining several components 

(tlc, vpc). 

Fraction B: Starting material (1.24 g, 41\) mp and mmp 102-4°. 

Fraction C: Menthol (507 mg, 55%) identified by vpc and helc 

(C1S-Porasil, tetrahydrofuran:H2o 1:1). 

Fraction 0: An ail (573 mg, 63%) containinq one major component. 

Fraction D was shown to contain a small amount of high moleeu1ar 

weight material that was removed by hele (4 x ll-styroge1, tetrahydrofuran) . 

The remaining menthol was then removed by reversed phase chromatography on 

Cle-Porasil (2 x 2' x 3/4", tetrahydrofuran:H20 1:1). The major cOJli>Onent 

of the mixture was then purified by a second reversed phase cbromatograph 

under similar conditions (tetrahydrofuran:!l20 1: 10 as eluent), to give 

tnethy1 p ... toluene (+) - (R) -sulfoxide as a pala yellow oil that solidified to 

-1 
colorless needles on standing 1 showing ir absorption at 1050 cm (S-O str) , 

and nmrabsorptions atô 7.1-7.7 (4H, quartet), 15 2.66 (3H, singlet) and 

,. • nn F • q 
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6 2.45 (3H, singlet). This materia1 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]o +143.2 (c 2.0 ethanol) 

(lit38 
+l4P (ethanol), +145.5 (acetone) *). 

Phenyl p-Tolyl (+) - (R) -Sulfoxide 

(-)-Menthyl (-)-(S)-p-toluenesulfinate (3.1 g, 10 mmol) was 

treated with lithium diphenylcuprate (20 mmol). A procedure similar 

to that used for the methyl compound using tetrahydrofuran:H20 1:3 for 

the final step gave ghenyi p-tolyl (+)-(R)-sulfoxide as coloriess 

needles (1.27 g, 59\), mp 91-3° (lit38 ,57,63 91-2.5°, 92-3°, 90-2°), 

. 38,57,63 
[a JD 

+21.8 (e 2.0,acetone) (11t +21.1°, +22°, +21.6°). 

Attempted Synthesis of n-Butyl p-Tolyl Sulfoxide 

(-)-Menthyl (-)-(S)-p-toluenesulfinate (3.1 g, 10 mmol) was 

treated with lithium di-n-butylcuprate (20 mmol). Analysis of the 

reaction mixture by vpc or hale shows the presence of many materials 

from which the on1r 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 Ar and +156° (ethano1)l89 with no melting point or 

other physical properties stated. 
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$ynthesis of Sulfinimides 

Sulfuryl chloride (13.5 g, 100 mmol) was added to a stirred 

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. ~his solution was added to a suspension of 

potassium phtha1imide (37 9, 200 mmo1) in carbon tetrach10ride (400 ml) 

and the mixture was allowed to warm up to room teIli>erature. After 

stirring overnight the solvent was removed and the residue was 

crystallized from either ethanol or ch~oroform-hexanes. 

N-ÇPhenylthio)phthalimide mp and mmp 158-61° (lit
129 

160-1°) 

and N-(n-buty1thio)phthalimide 
129 

mp and romp 67-9° (lit 65-6°) were 

prepared. 

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. Triethylam1ne l52.5 g, 

530 mmol) was added dropwisel 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 thor?ughly with 

'water, dried (MqS04) and evaporated to give the crude thioimide. This was 

purified by cry8tallization from ethanol. 

. , ft • ! 1 u, " 
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N.(pheny1thio)succinimide mp 114-6° (lit109 ,124 116°, 

117-7.5°) and N-lbenzy1thio)succinimide mp 164° (1it124 ,190 164-5°, 

165-6°) were prepared. 

An attempt to prepare K-(n-butylthio)suocin~ide gave an 

orange oil that contained main1y n-butyl sulfide (vpc). In another 

experiment the reaction solution was washed weIl with water; examinàtion 

of th~ solution by nmr suggested the presence of the thioimide. The 

solution was evaporated to give an oil containing dis~lfide and another 

materia1 (tIc, 8ilioa, benzene, R! 0.30). Attempts at distillation or 

chromatography (silioa, benzene) yielded on1y disulfide. 

sylfinimides 

The thioimides (10 mmo1) were dlssolved in methy1ene chloride 

(40 ml) and the solution was cooled to 0-5°. m-Chloroperbenzoic acid 

(2.03 g, 8S%, 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. Ether (30 ml) 

was added and the mixture WU stirred vigorously for 5 minutes. The 

insoluble material was removed by filtration, washed with a small.' amount 

1 • 
of ether and dried to give the crude sulfinim1de. This was purified by 

. 
crystallization from methylene ohloride-ether. 

N-(Phenylsu1finyl)phtha1imide, mp and mmp 150-3°, .. 
N-(n-butylsulfinYl)phthalimide, mp and mmp 87-8°, 

N- (phenylsulf.i.ny1) succinimide (83') t, mp 101-3°, ir v 1115 and 1140 cm-1 
max 

(S-O str), nmr6 7 .. 3-8.0 (multiplet, 5H) and 6 2.65 (s.inqlet, 4H), 

/ 
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+ ms 88 (base peak), 100 with P at 223.0280 ± 5 ppm (cale for CIOHgN03= 
", 

223.0303), and N-(benzy1sulfinyl) suecinimide .(9~%), mp 118-23 0 with 

decolI\POsition, ir V 1120 and 1150 cm -1 (S=O str) , nmr 6 7.34 (singlet, 
max , 

SM) 

6 4.17 (singlet, fH) and ô 2. 73 (~inglet, 4H), ms shows base peak at 91 

+, d with P at 237.0448 ± 2'ppm (cale for CUHllNOgS:237.0459), were prepare. 

The Reaction of Sulfinimides with Lithium Organocuprates 

Sulfinimide (l0 mmol)was dissolved in tetrahydrofuran (40 ml) 

and added dropwise to a solution of the lithium organocQprate (prepared 

from euprous iodide (3.8 g, 20 mmol) in anhydrous ether (20 ml»). The 

mixture was hydrolyzed with saturated aqueous ammonium ehloride (50 ml) 

after it had been stirred for 5 min. The resul tant mixture was 

filtered and the organic layer was separated. The solid and the aqueous 

solution were washed weIl witb tetrahydrofuran:chloroform 1:1. The 

organic solutions were combined, washed weIl with saturated aqueous 

sodium ch1oridè, dried (MgS04) and evaporated. The resulting material 

was chromatographed On silica (100 g) usinq as eluents (200 ml fractions) 

hexanes, hexanes:ch1oroform 9:1, 3:1, 1:1, 1:3; ehloroform, chloroform: 

acetone 9: l, 3 ~ l, l.:l and Acetone. The fractions were monitored by tle 

and vpc as applicable. The results obtained are shawn in Table III. 

Reaction of N-(phenylsulfinyl)phthalimide with tith.i:ll:ft{ 

dimethylcuprate at 0° gave meimyl phenyl sulfide (17\) that was pure by 
... , 

vpc and tIc after distillatioJ1. 
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Treatment of N-(phenylsu1flny1)succinlmlde with lithlUIO 

dImethy1cuprate under similar conditlons gave a low yield of the su1foxlde 

(24\) . Sulbde (14\) was again ls01ated, along with a small amount of 

the imide (17\). When the reactl0n was repeated at -78 0 the sulfoxlde 

became- the major product (90\) i thlS was purIfied by rechromatography 
1 

of the initial oil on IJ-sty\gel (eluent tetrahydrofuranJ followed by a 

final helc purifIcation on sllica (2 x 2' x 3/8" Porasll A, chloroform + 

l' ethanol). 

Treatment of N-(phenylsulflnyl)succlnlmlde wlth Ilthlum 

d~pheny leuprate gave a mixture that was resoi vèd ln ta three major fractlons , 
b~ the prellmin~ry chromatograph:-

Fraction B: A dark oil (1. 552 ~) ~ontainlng diphenyl sulfoxide (tlc) i 

this was chromatographed ÛJ-styroge 1, tetrahydrofuran, 0.5 ml/mln) 

to give the sulfoxide as a pale yellow oil (1.378 9, 68\) that 

was further purified (hele, 2 x 2 ' x 3/8" Parasi1 A, chloroform: 

isooctane 3: 1) to give the product ~ and mmp 68-70 0
• 

Fraction C: A pale blue soUd (176 mg) that was pur1.fied by hepc 

(4 x j.l-styreqel, 0.7 ml/min tetrahydrofuran) ta give a colorless 

solid (12.1 mg, 7\) mp 118-20°, which was shawn by ms ta be 
1 

2-benzoylpropionamide (lit191 ,192 mp 1250). 

N- (Phenylsulfinyl)phthalimi1e " when treated similarly, gave only 

two fractions. The firet of these was biphenyl. The other (2.511 g) 

was rechromatographed on ~-styragel ta giv~ two fractions:-

---,----
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~~~~~!~~_~: Mainly one cOll\POnent (tlc, silica, chloroform: acetonitrile 

17: 3, Rf O. 38) shawn by 1. r and ms __ tJ be 2 -benzoy lbenzamide , 

mp 154-7° (11t193 ,194 160°, 165°) after crystal11zation from 

benzene. 

!'~~~~!~!!_~: An o11y yel10w solid that was stirred with chloroform: 

isooctane 1: 5 and filtered to give 2-benzoylbenzamide as colorless 

needles 1 mp 144-8 0
• The solution was evaporated to give the 

su1foxide, mp and mmp 67-9 0
• 

Treatment of N- (benzylsulfinylJ succinimide with lithium 

d1methylcuprate gave a mixture from which benzyl methyl su1foxide and 

benzyl methy1 su1fide were isolated. . The sp1fide (48 mg, 2.4\) was pure 
\ 

by vpc after hepc (2 x 2' x 3/8", C18 PorasiL tètrahydrofuran:water 1:20). 

The sulfoxid\ (623 mg, 29\) was purifl.ed by hele (4 x ll-styroge1, 

tetrahydrofuran followed by 2 x 2' x 3/8", Cl8 Porasil, tetrahydrofuran: 

water 1:3). 

synthesis of Diastereomerie Sulfinimides 

(-)-(S)-Malimide 

D1ethyl (-)-(S)-mal.ate (.lg) 

Hydrogen chloride was bubbled slowly through a solution of r 

malic acid (50 g) in ethanol (200 ml) for 5 min. The mixture was 

heated on a stéam bath for one ho ur , by which time the reaction was 

complete (nmr). The solvent was flash-evaporated and the residue was 

W 'mm"·' • «4, .. lit 



o 

~)l f3rP1iIIU1'JI ff 
.-,0 11"-""-

,0 

----- ------- ---.....--

128 

dist111ed to give diethy1 (-)-(S)-malate (~) (74-6\) bp 119°/7 mm Hg 

(lit195 ,196 103-50/2-3 mm, 128°/10 mm), [al ; -9.63° (lit197-
9 

-10.18, 
D 

-10.44, -10.465), n~3 1.4328 (lit
195 n~5 1.4340), d 23 1.1208, 

D 
[~)exp 43.7 (cale 43.5). 

S-Ethyl-Œ-(-)-(S)-malamate <;WU 

Anuoonia was bubbled through a stirred sampIs of d1ethyl (-)-(5)-

malate (50 g). After one hour the oil was cooled to -20 0
• The 

crystalline precipi tate was filtered and washed with a small amount of 

ether. crysta111zation from chloroform-ether gave a-ethy1-~-(-)-(S)­

malamate (l2.) (3.5 g, 8\), nw 107-8° (lit
201

102_3°, [o]D (c 2.5, MeOH) 

44.90 (ht
201 

43.8°). 

Nmr analysis indicated that the oil remaining was starting 

materia1 containing a small amount ot the amido-ester (22). 

Sodium (-)-(S)-Malimate (~ 

Sodium (460 mg, 20 matom) was dissolved in methanol (20 ml) • 

The methanol was removed under vacuum, then S-ethyl-«-(-)-(S)-malamate 

(12) (1.61 g, 10 mmol) diss01ved in benzyl aleoho1 (10 ml) was added. 

The mixture was sti.rred at 0.025 mm for one hour. The gelatinous 

preci.pitate wu filtered and washed with ether to give .odiwn (-) - (S)-

malimate (38) (1.20 g, 8SIl), [01
0 

-59.4°. 

Acidification with gaseous hydrogen chloride of a suspension 

of this material in dioxane, followed by removal of solvent, gave an oil 

that sol!dified to qive sticky crystals. " Chromatography on siliea 

.. 0114 PP JO • Zf "' • iIiW1m u q ... - -lill • ,,< 
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(eluent:ethyl acetate) gave a sample of (-)-(S)-malimide (li), mp 97-8° 

(lit
127 

96-7 0
), [<lI -91.1° (c 1.025, MeOH) (lit

127 
-90.6 0

). 

D 

(-) - (S)-Malimide (.li) 

In a three-necked round-bottomed flask equipped with agas 

dispersing tube, a dropping funnel and a dry iee condenser, dimethyl 

(-)-(S)-malate (il) (4 g, 1.94 mmol) was disBolved in absolute methanol 

(150 ml). AmmOnia was allowed to bubble gently through the solution 

for 25 min, then the warm f1ask was coo1ed in an ~ce-cold water bath, 

and sodium methoxide {prepared from sodium (632 mg, .0275 gatom) ~n 

methanol (20 mIl' was added dropwise over a period of 45 min. During 

that time the bath was allowed to warm gradual1y to about 20 0
• The 

dropp~ng funnel was rinsed with absolute methanol (5 ml). The flow of 

ammonia was stopped after 2.5 hr, but the stirring was eontinued for a 

further 30 min at 20 0
• The methanol was then partia1ly removed at 

redueed pressure unti l the volume was reduced to 50 ml. The slurry was 

-, 

acidified with dry gaseous hydrogen chloride (checked with pH papè-f) and then 

the remaining solvent was removed on the rotovap. 

The white soUd was taken up in acetone (100 ml) , which dissol ed 

the free imide. Sodium chloride was filtered off, washed with acetone 

(la ml) 1 the acetone.solutions were eombined, evaporated to dryness and 

the resul ting yellow oil (3.6 g) drie~ in vaouo at roOl'Q tempe rature for 

1.5 days. 

Chromatographing this material on silica gel (eluent:ethyl acetate) 

gave a sample of (-)-(S)-Inal4nide (34) (1.60 g, 56')identical to that' 

deacribed above. 
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(+)-(R)-2,3-0imeth0xysuccinimide (~ 

Oimethyl (+)-(R)-Tartrate (40) 

(R)-Tartaric acid (100 g) was dissolved in methanol (400 ml) 

and dry hydrogen chloride gas was passed until 20 9 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 n~5 1.4520, d 25 1.3344, [~J~5 35.99 (cale 36.74) 1 [01
0 

+2.719 

(lit
202 +2 .l4 0

) • 

Dimethyl (+) - (R) -2, 3-dimetho?tYsuccinate (41) 

Dimethyl (+)-(R)-tartrate (40) (59.3 g, 333 mmol), silver 

oxide (231 g, l mol) and methyl iodide (282 g, 2 1ID01) were mixed in a 

2 1 flask with,a reflux condenser attached. A viqorous reaction 

ensued that was moderated by cooling on iee. The react10n subs1ded 

and the mixture was refluxed for 4 hr; during this period the silver 

oxide turned from brown to purple, and then whitish. The mixture was 

wAshed weIl with ether, the.e,ther solutions were combined and the 

residue was distilled after removal of the ether to give 
lx . 

dimethyl (+) - (R) -2, 3-dimethoxysuccinate (41), bp 137-8°/8 mm, [~) ~I+ 

+102.3 (c 10.97 benzene) (1it202 ,203 +104.7°, c 10.01 benzene). 

- ,. 
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(+)-(R)-2,3-dimetho~succinimide (~ 

Treatment of dimethyl (R) -2,3-dimethoxysuccinate (41) with 

ammonia in the presence of sodium methoxide, as described for the 

synthesis of imide 34, gave crude (+)-(R)-2,3-dimeth0xysuccinimide 

(3.09 g, 99\), that was recrystallized from chloroform-hexanes to give 

131 132 17 
colorless needles, mp 108-10° -<lit ' 108-10°, 11l0) , (al

C 
+ 225.5° 

(c 1.5 acetone), optical purity 95.5\ (lit13l 235.5°, c 1.6 Acetone). 

Potassium (+)-(R)-2,3-dimetho~sucalnimide (~ 

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 qive the 

product .!!. as a colorleas pOW'der (80-90\) that was washed well with ether. 

,-)-(A)-2-Metho~sueeinimide 
\ 

In a manner similar to that deseribed in the previous section, 

(-)-(S)-malic acid was converted to dimethyl (-)-(S)-ma1ate (77'), 

bp 94-7°;0.015 mm (lit20S,206 110-2°/7 mm, 90-2/2 mm), [(l]o -10.2° 

(aeetone c 8.33) (lit204 ,206 -16°, -8.9° (methano1, c 6.3~». This 

material was converted to dimethyl (-)-(S)-2-methoxysuccinate, bp 72°/ 

0.005 mm (lit
207 

108-12°/11 mm), [al o -48.68° (aeetone c 6.23) (lit207 

-47.8° (acetone c 3.047). Cyclisation of this material gave 

~-}-(S)-2-metho!yaucc!nimide as a colorIees sol!d mp 65-7°, anal. found& 

46.32te, 5.2StH, 10.6S'N) cale for CsH7N03l 46.51'C, 5.46'H, lO.85'N. 

-,. 
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Synthesis of N-(Phenylthio)-(-)-(S)-Malimide ca, R-C6Hs) 

Method A: A solution of phenyl sulfenyl chloride (5 mmol, prepared 

from diphenyl disulfide (545 mg,2.5 mmol) and sulfuryl chloride (338 ~g, 

2.5 mmol) in carbon tetrachloride (2.5 ml» was added to a stirred 

suspension of sodium (-)-(S)-malimate (38) (685 mg, 5 mmoI) in carbon 

tetrachloride (7.5 ml). The mixture was stirred overnight and then filtared. 

The residue was washed weIl with chloroform, the organic solutions were 

combined and evaporated to give an oil that solidified on cooling. Nmr, 

tic (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 pr~gedure was repeated uainq (-)-(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 were obtained if 10.1 mmol triethylamine were used in 

this reaction. 

Hethod Cc Sodium (S) -malimJ,.de (685 mg, 5 mmol) was added to a 

stirred solution of phenyl benzenethiosulfonate (39) (1.25 g, 5 mmol) 

in ether (20 ml). After 4 hours tIc (benzen~ indicatêd that no reaction 

had occurred. The solven.t was replaced by dimethoxyethane. TIc and 

nmr indicated that no reaction had occurred .~ter the mixture had been 

heated to 150 0 for several hours. 
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Synthesis of Pheny1 Benzenethio8uifonate (m 200 

m-Chloroperbenzoic acid (20.3 g, 85' pure, 100 mmol) dissolved 

in chloroform (200 ml) was added dropwise to a solution of phenyl 

disulfide (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 saturated aqueous sodium bicarbonate 

solution and then evaporated to give pheny1 benzenethiosulfonate (39) 

(12.0 g, 96\) as a pale yellow ail. Dissolving this ail in petroleum 

ether (500 ml) and cooling to -20 0 gave the product as a crystalline 

sOlid, mp 46-8° (lit200 43-44.5°). 

-, 

Attempted Synthesis of N-(Phenylthio)-(+)-(R)-2,3-dimeth9xYsuccin~de (~ 

Method A: Sodium (+)-(R)-2,3-dimethoxysuccinimide (18.1 g, 100 mmol) 

was treated with benzenesulfenyl chloride, prepared from diphenyl 

disUlfiae (10.9 g, 50 mmol) and sulfuryl chloride (6.25 g, 50 mmo1). 

Arter stirring for three hours the mixture was still bright orange, 

suggesting that the desirèd reaction had net occurred. '!'he mixture 

was filtered and tIc showed that the filtrate contained diphenyl diaulfide 

as the major component. 

Method B: (+) - (R) -2, 3-dimethexysuooinimide (8.3 9, 52.5 mmol) and 

triethylamine (2.6 g, 52.2 mmol) were dia8olve4 in carbon tetraohloride 

(200 ml) and oooled in an iee bath. Ben.enesulfenyl ohloride prepared 
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from dipheny1 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 ta a ye1low color. The solution was 

evaporated and chromatographed on si1ica t~give dipheny1 disu1fide 

(3.7 g, 65\), and N-(phenylthio)-(+)-(R)-2,3-dimethaxYsuccinilnide (44) (550 mg, 

4\) !l'P and mmp 112-4°. 

Method C: Triethylamine (20 mmol) was a~ded ta a solution of 

imide ~ (20 mmol) and benzenesà1fenyl ch1aride (20 mmo1) in carbon 

tetrachloride (200 ml) at 0-5°. The mixture was stirred for one hour, 

filtered then evaporated. The residue was crystal1ized from chloroform-

hexanes to give thiaimide 44 (64'), mp and romp 113-115°, 

Method D: Potassium (+)-(R)-2,3-dimethoxysuccinimide (15.4 9, 

78 mmol) was added to a solution of benzenesulfenyl chloride prepared 

from dipheny1 disu1fide (9:07 g, 42 mmo1) and su1fury1 chloride (5.62 g, 

42 mmo1). The mixture was stirred avernight, filtered and evaporated 

ta give an ail that was crystallized from chlaroform-hexanes to give a 

pale yellow solide This was recrystallized from ethanol to give 

N-(pheny1thio)-(+)-(R)-2,3-dimeth0xYsuccinimide (44) (11.4-12.4 g, 

S'S-60\) as colorleas needles, IIIP 115-7.5°, [a1r +179.P (c 1.32 Acetone), 

pure by't1c (silica, benzene, Rf 0.40), showing nmr absorptions at 

~ 7.8-8.4 (SH, multiplet), ~ 4.~4 (28, singlet) and ~ 4.13 (6H, singlet) 

ms shows peaks at 45~ 65, 73, 77, 88 (base peak), 91, 109,121,129, 

+ -1 218,267 (P ), ir v 1117 cm (S-O str), with anal: C 53.56, H 5.02, 
max 

S 5.33, N n.80. 
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N-(Phenyl-(*)-Sulfinyl)-(+)-(R)-2,3-dimethoxysuccin~ide (~ 

A solution of m-ëhloroperbenzoic 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 tempe rature and 

stirred for a further hour befora 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 (la ml) to give 

N-(phenyl-(±)-sulfinyl)-(+)~(R)-2,3-dimethoxysuccinimide (~) (1.~4 g, 

54\), mp 120-37°, showing ms peaks at 77 (C6HS+)' 88 (CsH4S+), 

+ + 125 (CSHSS =0) and 283.0510 (P , calc. for C12H13N03S 283.0514), 

-1 
ir v shows s-o stretch at 1115 cm ,and [al

D 
+148.1°. 

max 

Recrystallization of this material from methylene chloride-

ether gave material mp 129-49°, [al~s +154.3° (1.17 g) with a second 

crop mp 124-144°, [a)~5+153.4°. 

Treatment of- a sample of .!2. (100 mg) with rnethanol under 

reflux for one hour gave a solution that was evaporated and extracted 

with pentane (5 ml) to give a solution of methyl benzenesulfinate (50 mg, 

79\), that was pure by tIc and vpc (identical with an authentic sample) 

and showed [a]~7 +3.18°. This rotation can be explaiAed by the 

presence of 1.1\ imide as an impurity. 

Trea~nt of a sample o~, 45 (1.42 g, 5 mmol) with lithium 

dimethylcQPrate (la mmol) at 0° for one hour gave a mixture that was 

work~d up in the usual manner to give methyl phenyl sulfide (260 mg, 42\), 

-- , 

methyl phenyl sulfoxide (116 mg, 17\), and (+)-(R)-2,3-dimethoxysuccin1mide 
.--' 

(252 mg, 32\), aIl identical with authentic samples. The sulfoxide showed 
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Synthesis of Thioimides via organosilicon Inteanediates 

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 anhydrol,ls 

c6ndi tions • The produet was distilled from the reaetion mixture to 

give N-trimethylsilylsuccinimid~ (49) bp 97-8°/4 mm, 1~2-4°/l2 mm 

(lit208 120°/18 mm), showing nmr absorptions at ô 2.59 (singlet, 48) 

and 6 ".35 (singlet, 9H)"-_ 

N-trimethylsilyl-(+)-(R)-2,3-dimeth0!ysuccinimide 
~ 

In a similar manner, a sample of (+)-(R)-dimethoxysuccin.tm!de 

(1. 366 g, 8.6 mmol) was treated with hexamethyldisilazane (25,ml) at 90° 

under a constant stream of nitrogen. The imide disso1ved after 15 min. 

The heating was continued overnight; then the mixture was allowed to 

cool. No imide waa precipitated at Chis stage, indicating that the 

reac~ion was complete. Excess hexamethyldisilazane was removed at 

reduced pressure and the residue was disti!led to qive N-tr~ethylsilyl-

(+)-(R)-2,3-dimetho~8uccinimide (1.766 g, 90') as a colorlees hygroscopie 

oil, bp 98-100°/1 mm [al D +193.7°, nmr shows absorptions at 6 3.88 

singlet, 28), 6 3.53 (singlet, 6H) and ô 0.40 (singlet,98). 

Ji ? ,$. . , .. , ... J I.lb 'L 
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N-(Pheny1thio)succintmide 

Diphenyl disulfide (1.09 g, 5 DI1lol) and trimethy1silylà~ccinimide 

(0.585 mg, 5 mmol) were diaso1ved in carbon tetrachloride (20 ml) and 

placed in a bath at 80° 1II0r 24 hr. At the end of this time the solvent 

was removed to give a soUd (1.72 g) mp 96-106°. Crystallization of 

this material (ethanol) gave N-(phenylthio)succ~niDdde (1.4 g, 68') 

mp and ~ 113-5°. 

Under simi1ar conditions benzy1 sulfenyl ch10ride gave 

N-(benzylthio)succinimdde (1.2 g, 54') mp and mmp 160-2°. 

Treatment of>n-butanesulfenyl chloride with the organosilicon 

reagent gave an oil that contained a trace of disulfide and imide 

(tIc benz'ene) • Nmr and ms analysis showed the main component was 

N-(n-butyithio)succinimide (1.39 g, 74'). Repeated attempts at 

crystallization failed and distillation gave only disulfide as did 

chranatoCJra~y attélQ?ts on s11ioa 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 Ln higher yields than those 

obtained in the corresponding GrLgnard reactions. 

2. The major by-product in these reactions i9 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 complet~ inversion et sulfur. 

4. A high efficiency liquid chromatographie 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 damonstrated. 

B. A new synthesis of thioimides (via organosilicon reagents) has been 

identified. 
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