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Recently here has been much concern on raccmization 
of rulfoxides. Sulfoxidca have been found to be race- 
mizcd phtocbcmicaUy,’ by tbennai induced bomolytic 
chvage,’ bg reversibk allytic rWrangcaKnt through 
ally1 sutfenate esters’ and by pynmidal inversion’ at 
higher tempcnturc. It has also been shown t&I race- 
mhtion of sulfoxidcs takes place quite rapidly by 
revcrsibk nuckqhilic substituh at room temperature 
in bydrWhbric acid, sulfuric acid’ and dinitrogen 
tetroxi&(N,O.),’ and at somewhat higher temperatures 
in acetic anbydridc sohhh’ pbospboric crid sohrtion’ 
and in wuk cuboxylk acid.‘O 

In contrast to sulfoxides the rasemization of tbc 
optically active suhic esters has been investigated very 
tittk &spite the importance in the @ sulfur stereo- 
cbcmistry” as the main source of the optically active 
SdfOXkkS. 

ncsulfhiccstcnwhichgivestabkcarhiumiom 

upon bcterolysis have been known to be racemixed and 
rcarra& to SuLfOnes through h-pair intcMlcdhtcs in 
polar solvents” (Pi I). 

FW I. 

Earlier. Hchandso n md Dickcnon” found t&U die- 
stereomcrk (-)mcntby4-jucncsulthtcs in aitr&nzenc 
cpimcrh in pre3ence of hydrogen chloride and chloride 
anioo. A mcchaism invdving revenibk formation of a 
suhyl chloride was proposed (Fu. 2) and the cpi- 
mcrization was accounted for by rapid chloride anion 
exchange at suIfur in tbc s&thy1 chloride intefmediatc. 

Mcallarbik we found that a&ally &he 8uBllic 
setcrs are readily nccmi.?A with trichbro8utic 8llhy 

tPcrmancntatMras:~tdOrganicSuKurCoe 
poti.CaltreofMo&cuhrMdMvnrmdccuhrSttldiclP~ 
AcAemy d Scitm, W-362 hdz. Bmzm 5. Pot&. 
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drkkwitboutch~S-OR~.I%ispapcrwilldcai 
with a &t&d account of our kinetic study on the 
racemhtion reaction of eMot.ion?eric &YJ 
alkancsul&aatW) ami dhstcrcomeric (-)menthyl 
(-)arc_2) with trichbroscctk anhydride. 

R-i-OR' 

0 rQi-aCnthy' 

(1) (2) 

a: R-Me, R'=Pr" a: XmH. 

b: R=Me, R'.Pr' b: X=k, 

c: R=&. R'=fd c: x-C.1 

d: R-Me. R'wocmtyl 

c. R*Eu". R'=Pr" 

WIJal optidly active Dcopentyl met&ancxtin8tdld) 
or ( - jmcntbyl ( - )p-totuc0e3uMa8td2b) was treated with 
thchlonmcctk anhydride in benzene sohhon at room 
tempcr8tWc, tbc sllhic ester. Ecovered IKarly quan- 
titatively by qutachhg with a large amount of water, was 
fauodtohvclostitsa&ity.NKRandIRspcctnof 
tbcrccovabdcstcrxwcrcfouodtobcidcnticaltothoxc 
of the s* oocs. When optically active acopcntyl 
llBc~l4 was treatal with bichhoacctic 
anhydride in bcnzlhc, the ntc of racemhtio&J was 
foulMitofouowahmrc4WeUoowiththccoDccb 
trationoftrkhbrorcaifanbydridcandbcnccthcrate 
wa9foumJto&pendonboththcsutthiccstcrPnd 
trichbroacetk a&y&h (Bnt order each) as shown in 
Tabk 1. 
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64 1. Dwom and s. OAX 

Ho. Corm. of K13CCO)20 k x 10' rrlrt4vc 

mlr/l mlrtivr (sac-v) rrts 
ccacn. 

1 0.286 1 6.30 1 

2 0.292 1.03 6.55 1.04 

3 0.01 1.54 9.20 1.46 

4 0.595 2.06 12.6 2.03 

a) Est8r - 7.02 x 10 -2 Dolr/l 

b) k2 - 21.7 t 0.6 x lo-' M-'*Sac-' 

sccondorlJerrateconstMt!JflXtbcraccmizathofr 
series of dkyl alkamx~l) with trichkrorcetic 
anhydride,wt&hwcrecakuhtalbydividhgtbc6mt 
orckrratcc4Iestantsd ncanization by trishktorcctic 
anhydride conca~tratioo. arc lhtal in Tabk 2 

!hihrntccon8tantsfortberaccmizatiooofaserks 
of dhtaeomerk (-hacotbyi (-jarcnesuldrutcd2) with 
ar+othxpcrthmtdataarccoUect4inTabk3. 

IaspccthoftbchcticdatainthtTabks2and3 
rcvcak that the rate8 of ncemizatioo of tbc 
-1) UC higher ha0 those of 
~2)univarybytlenaturcofbothRaod 
R’poupsinI.Tt1ckincticdataiaTabk3a&oiadkatc 

Tab&2.Kbeticdaaoomaair&odAyl~t). 
RS(O)OR’ritbaichbraceticanbydridciabcnzmc~ 

Ire. R R’ lap.$r). 1.C k2 x 10' (M-'.sec-') 

1 Me Pr" CL) 25.5 40.2 t 0.9 
2 lb Pr' (Lb) 25.5 72.7 t 1.5 
3 h But (1s) 25.5 17.2 $ 0.3 
4 lb HP (&)b) 25.5 21.7 t 0.6') 
5 m WJ (121 31.2 33.0 * 0.9c) 
6 h HP (11) 40.3 62.9 t 1.2') 
7 &I" F-r" (12) 25.5 14.4 r 0.5 

a) Estrr - 7 x 1O-2 sle/l. (C13CCO)20 l 2-3 x 10 -' mlr/l. 
b) W - mopentyl. 

C) Ia n 13.2 kC~l/~lO. ~5' = -28.5 ,.". (xc ZS.S*C). 

that lk rate of racemization of (-)nunthyl (-)p- 
tolucncsuBnatc(2b) was about twice that of oxygen 
exchange. This mcaes tbat cbe reaction involves a Wal- 
de0 invenioo. The eaerOy and entropy (at 25.YC) of 
acthtbo for the nccmization were found to be 
14.S kcalbk and -26.8e.u.. respectively. For race- 
mizatioo of ncopeotyl mcthancsulBaatdld) the entropy 
of activath was found to be -28.Se.u. These small 
values of tbe entropies of activatioo arc also io kecpinp 
with tbc !&2 type mccbnism. 

IO tbc “0 exchange reaction of diary1 sulfoxidcs in 
both dinitrogcn tctroxide and bi&ly conceotrated sul- 
furic acid, ULr, is unity, wbik UK eotropks of activa- 
tion are suuktaatially huge and positive.L’ The race- 
mizatjoo reaction of diary1 sulfoxides in warm acetic 
anhydride and less cooceotrated sulfuric acid is con- 
sidered to be of &2 trpe process and gives a & 
value of roughly l/2. The entmpka of activation of these 
rerbolu arc atso quite ~mall.~ AS- = -28.6e.u. (at 
1203 for acetic anhydride and -18.9e.u. (at 307 for 
diluted sulfuric acid respectively. Kinetic data in Table 3 
reveal that tbc polar elect of p-substitucnt is markedly 
luger than that io the racemizatioo of diary1 sutfoxides 
in warm acetic anhydride. Tbc rates arc nicely correlated 
with tbc Hammctt quatho and a negative p v&c (for 
u), -1.53. was obtained. llusc results indicate that in 
contrast to mcunizhn reaction of sulfoxidcs in acetic 
anhydride solutiuo.’ tbe tht step of the ractioo, i.e. 
acylatioo, is the mtcdctcrminilg one, though the Ik, 
vahbcofrou&ly 1/2indkatuthattbeenerRybarrieff0r 
t!hc oxygen exchan~c proccas &2) must be quite similar 
to that of tbc initial acyhtioo. Thus. the over-all process 
of the reach cao be illustrated as showo in F@. 3. 

The data in Tabks 4 md S reveal that the rate of 
ruxmizahoo of m-propyl mcthanuul5nrtc(la) is rc- 
tar&d after addition of trichbroacctic acid or 
thbroaatic acid. Thb obscrvatioo is also in keeping 
withtbcs~tcdmehanismbccauacadccrcascoftbc 
rate of racemhtion hconsidcredtobcductodcac- 
tivahn of stioyi oxygen eithr by hydrogen bonding or 
protohoo, wbi suppresses the initial acylation. In 
connection to this obscwation it is worthy to note that 
the rxemhtion of aeopcntyl m&anesulfMtcJld) with 
trkhloroacctic anhydride is 25 times slower than with 
trihoraacctk anhydride (Table 6). The lpfoe enhance- 
ment of the rate of raceahtion with trhoroautic 
anhydride is umhbtaily associated with its more ekc- 

T&k 3. KiDctic dua on RamintDn of (-)Incntbyl (-bBfmeluMslM2) WiIb tridhroracic alAydridc* 

Ho. x In 5olvent Tsp t 0.l.C k2 x 10' 

p-XC6H,S(0)mthyl (M".sec-1) 

1 H (z$) '6% 25.5 2.08 t 0.05 

2 he (@) C6"6 25.5 

3 k C6"6 35.7 

5.25 : c$'~) 

12.1 

4 k C6H6 45.1 24.0 ? l.OC) 

5 k THF 25.5 2.27 t 0.14 

6 k THP) 25.5 4.51 t 0.18 

? t; (C) C6"6 25.5 1.32 t 0.06 

a) Ester l 7 x 10-2 mole/l; (c1,ccO),0 - 2-5 x 10-l clr/l. 

b) k2("chm& = 2.72 : 0.12 x lOA M-'*WC-'; kex/kr,, - 0.52. 

c) El n 14.5 kcrlhle; A5'= -26.8 e.". (at 25.5.C). 

d) 493.7 q of HpC12 us rddd to 10 n l mrctlon dxtum. 



Rw+lliartioaOfSdMCCS’UYWitbtrichbnvaicraLyQidc 

0 
(1) R-S-OR' * (c13cc0)20 gz% 

OCOCCl, 

d-on~ Cl,CC& 
. @ 
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_ 

Tabk 4. Iuhma of tr&bm~& wid 00 

pICC1, 

R-S-OR' e *-;l.Ot" _- (-) R-i-OR' 

&ml, Km, 6 

Fa 3. 

UXfSCdZhOO 

No. c13ccOOH (d) k x 10' (Id) Nl. rate 

1 0 5.77 1.00 

2. 36.4 5.22 0.90 

3 66.7 3.94 0.66 

4 92.0 2.68 0.50 

5 140.5 2.09 0.36 

6 251.2 1.33 0.23 

%la- 1.7x Io-‘mc&J1;(cI~co~- 1.428x lo-‘mow. 
‘Acidwrrd&!dIo10Qlractioo~tufc. 

MO. CF3UXH bdb) t I 10' (WC-') ml. rate 

1 0 4.80 1.00 

2 18.7 3.73 0.78 

3 65.3 2.64 0.59 

‘~-199x10-‘mddl;(CI~CO~-I.Plxl0-’adtn. 
‘ACidWlIddsdIO10dfCdiWmix~. 

Ank(ydrldr k (WC-') k2 (M-‘.S,-‘) 

R concn.(mlc/l) 

4 2.917 I 10-l (6.32 ? 0.16)x10-' (21.7 b 0.6)x10-' 

CF3 2.0s x 10-2 (I.12 ? O.OB)rlO-' (545 t 4) I lo-' 

~tclupl~bMtlmt~o~trlhb~~ anhydride. 
4ilammg step of rcacthn, xyl- 

ation: sbouhi be mhaily facilitatal with t&orox& 
anhydride antI haKc the ovcf-all fate of ltaction is 
eveoludly irbmad. 

Ttlc nccmitnrino of rulfoxidca b klmwn to be 
cdyzcd markedly by a rmrll aaaount of hwh acida 
BUC!I as mercuric chkridc: However. tbc addition of 
OJg HgCI, mxkratcs the nte of nccmizath of (-b 
mcothyl (-)p-torue~umM#2b) only two-fdd. Tllis 
tdaW)dCdectOflWCUhSChblidCi8dSOCOcon- 

sidcradtobeductotberccekntbaoftbcthtrryhtioa 
step, siace in this step tbc kaving of tridhmetltc 
gmupillllbc~f~w by co-ordinha with mercurk 

R,~-o~~~;;;;b3c12 _ R,~o.,-cc13 CCl,COCP 
_ _ 

6 
3 

The solvent d?cct 011 the me of fwzahtbll of 
ooopcatyl me~tiMtdl9 was e;umiaed md the 
mults arc colkctcd in Tabk 7. 

Apparently th nrth is rbwa in a nuckopMc 
sohfent. dioxulc. hut fluter iu a kss nuc~ lad 
po&aotventsucbaaacctonitrik.TbcdurioT~3 
also indicate that t!K rate of IaccWn of (-)mcnthyl 
(-)p-tohreBa) is about 2 times lower in THF 

ho. solvmt k2 I 10' (Id-'.sec-') 

1 6aum 21.7 2 0.6 

2 0Ioxrw 5.45 ? 0.16 

3 Acrtonftrtlc 64.9 $ 1.3 

a) Ester n 7 x lo-2 may; 

(Cl,CCO&O = 2-3 x IO role/l. 

than in batxcnt. Slower mcemization in dioxmc and 
llfFiaducuminlytorrpccialiutacthbetween 
solvent and uic!lklti anhydride. silxe both diox- 
w rad THF are ouckophilic rolva~ts, they would io- 
tef8ctwithMhydhktoformrloosccomplcxaadthis 
illttnctioa may suppfeu tbc acyktba of SuMllyi oxygen 
ofbwb&ity,thmiuingtbcntcofracahth. 

Tbcf8ce~is wdwb4auy of ionic cbnncta 
iadbCDCCCXpectCdtObC -inawmpOkr 

soheatacebaitrilebcQulsctbeinithlrryl8tioooftbc 
8ualyl oxyp wdd be facihtai in this Bolvcnt. 

Sincetbcmechiamofracemizat&oftkrutGc 
aters with trickkrorcetic anhydride b Matat from 
thtoftbcutlfoxiduinw8rmac.&caahydrkk~itL 
interertipstomasurcthentcofncemintioaofaamc 
ullfoxidu ill presence of trichbrwetic adlydridc. Tbc 
n?dtlrre&talinT*8. 

CoaqmrisonofthimdatawithtbcdatafromTabka2 
d3Ievcahthattbcnlccmintioa of rulfoxidca h &out 
lo’ times faster than that of tbc ualic c5term. T&is 



66 1. I)wovlcr lad 9. 0~ 

f&k 8. Kiodc data on the racmiah nacho d ratfoxidc, 
p-Td-9(0)-R with - amhybidc b - 

low u 2s3 2 0.f 

1 Me 

2 &It 58.7 ? 2.0 

3 Ph 11.6 t 0.7 

a) sulfoxtda n 3 x lo-2 male/l; 

K1,cc0),0 - 3.5 x 10-3 mlc/l. 

strongenhuumentofthentcof~oofrrrl- 

fox&s L undoubdy caused by tk mwb higher 

nucroophilicity of tk 8ulbyl oxypn in aulfoxirh thm 
thIofthcsuKinicuten. 

@tic& rctiw d&yl ultmm&m(l) were ryuhaid u 
rrporcsd.“byrc&hdthe~so&oylchkhk 
wilbrlcobdiflpmeoaotmop&&rtinlat&rmiaer. 
lad purifkd by &GUuh. a-Propyl -la): b.p. 
3?nmmH1. [ab +27.2B’(c - 1.03. EtoH) m” (ab 
- 26.9?@OH)I. i-Propyi mchmaplhpte(lb): b.p. 33VS mmH& 
[crb -28.9SQ - I24uEtoti) m” [& -l62B’@!DH)l. r-Botyl 
mchersuthe(lc): b.p. 3C3MSe Ieln -2l.T(c - 
1.93 EtOH) [lit.“ [bb - ISdQ(EioHjl.-- Nwpemyl 
-Id): b.p. 4U5’/3- [ob tU.t(r(c- 
I.rzlXIH) mu [o)a -zz.IT(EloH)E r-PnlPyl a- 
-la): b.p. 6Z63VJmmJig. [o~t23.lV - 
0.93 E1oH) N” I& tz?.f(~)l. 

qfhuy acfiw (-)lwdyd (-)ormanf@Ma(2) wue obtriaed 
by Ibt rach of the mod& xuMnyl cibrik *j-) 
mea&dinpeicoaofpyhhcxndplridedby~ 
(-)Mcntbyl 
-203.3V -216 WU)Y), 
- 205.nrcconc)l. (-)Ycnlbyl 
IOZIOC. [oh- 203.c(c - 2.34 m). Iti.” mg. labl~.l’C. 
IaID- 2l~~)l. (-)wcntlrl (-kchbroka- 
~oukaaue&): m.p. 874T. lob- 181.1’ (c - 0.66 xcan=). 

o+cdIy uii# (-Mll c-k 
~duausd$aare(Z))wuprepuedbytherrmcproaQut~ 
uohbdcdp-hala&ylcyoridcwhLbwuprrpMd~ 
‘tilxbekd s&r& rdd. m.p. IOI-IOP. [eb -2013 (c - 
1.34 UzuMe), oh3 cxcux xl4m% of 00. 

@ficdIy &or rdfatida YQC pcpnd ffm 6)oentbYi 6)P- 
tohmamw (m.p. latloc wi& I&- 293s (bcelooa)l ud 
xppmprhG+fd~rcadiqlotbtmuhJ 
dtvebped by AlldulcaY p-Totyi mabyl x&oxide: m.p. n-w. 
I&+ IU.P (c - I.01 wccoac). (Ih” l .P. =7c, (alot 1433 
(ueoec)~ p-Totyi r-butyi tioxidc: ag. tc9Q. I&t 168X 
(c - 0.28 rcrtoac). m” mg. B9.MV. I&t 161’ (-)I. 
p-Tdyl pbeayi ~&ox&: m.p. M. IobtZ7.l’ (c -5.19 
&DH). (YL” q .p. 9293’c. I+ t na @tOH)l. 

SO/WWJObhdCOWCfW&+as&WiSCd~lDtbr 

ourlproc4durr. 
-tf&anh~~w~wu~ 

t/ii&ho. bg. &87V mmHI. 
Rfn&proce&rK~ralaoffsmmhhudorypa 

ucbxqcwcrcPeumsdbytbefolbriqmchdrrriqUNlON 
OR-MD Poluheter & HJTACHlds trp pttl x~cc@u=tcr. 

Khdc pmc&re I (J&em&h UaoXnaackrtr).Tbt 
rer~wefcc8fTkdautinrabdahaiurbkblt&Gcaca 
xnd~mu&uhydridcof~uamokracdholvaiin 

Acho*lrQarar~das(J.D.)t&chtbeJrpnSockty 
fottkPmoticaddforroaeyarf&rrhip. 
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