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Partial asymmetric oxidation of sulphides 1, 2, 5 and 6 with 
percamphoric acid is described. The results are summarized on 
Tables 1—3 and interpreted in terms of the earlier proposed tran­
sition state with diamond-lattice structure for the oxidation of 
sulphides and sulphoxides with percamphoric aoid (Shemes 1 
and 3). Subclasses of sulphides 1 and 2 gave sulphoxides with 
the same sign of optical rotation. Sulphoxides from sub­
classes 5 and 6 have opposite rotations. These facts, as 
well as the fact that sulphoxides 4a and 4b (Table 1) on the one 
side, and the sulphoxides 7a and 7b (Table 2) on the other, have 
opposite signs of rotation, are strongly in favour of the proposed 
transition state illustrated on Scheme 1. 

Several a symmet r i c sulphoxide syntheses have been accomplished, altho­
ugh in low optical yields, by oxidizing the appropr ia te sulphides wi th such 
optically active perac ids as pe rcamphor ic acid, pe rhydra t rop ic acid, and .'a,-sub-
s t i tu ted perg lu ta r ic acid.2,2a'3 

Regarding in r e t rospec t the work on the asymmetr ic synthesis of sulpho­
xides in o u r Labora tory , we a t t empted to gain information about the absolute 
configuration of sulphoxides by means of active peracids.3 However, i t soon 
became evident tha t o t h e r laborator ies were s imultaneously and independent­
ly work ing on the s a m e problem. 2 ' 2 a 

We la te r found t h a t dur ing the reaction of butyl me thy l sulphoxide4 wi th 
L-cysteine or (+)-2 .mercaptopropionic acid, the (—)-CR)-sulphoxide accumula­
ted, indicat ing tha t the (S)-enantiomer was reduced faster by the thiol5 

(Scheme 2a). 
I t is t r u e t h a t o u r exper iments wi th the optically active reagents w e ha­

ve used gave compara t ive ly low optical yields, bu t the configurat ion assigned 

* To whom inquiries should be addressed. 
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to the few sulphoxides obtained were proven in later investigation's to be cor­
rect. We also proposed a hypothetical transition state for these oxidations 
with diamond-lattice structure (Scheme 1). 
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Our hypothetical transition states for the reductions with thiols are pre­
sented in Scheme 2a, b. 

Me 
.0 

0 ' 

© 
-N Rj 

/ N>—H 
B U © (a) 

(S) (D (b) 

Scheme 2 a, b 

It is evident today that no simple rationalization of ithe optical induction 
in terms of the eolypsic effect of small, medium and large groups in the res­
pective transition states is possible, because electronic and other effects are 
important in the formation of transition states. Therefore, at best one might 
derive particular heuristic rules for predicting absolute configurations for dif­
ferent substrate series. These hypothetical transition states, proposed more 
than twenty years ago3, were severely criticized at that time as superfluous, 
since the geometry of the relevant transition states of oxidation remains un­
known.6 Today the real transition state for the oxidation of sulphoxides still 
does not exist, and the criticized transition states remain useful in certain 
cases: for instance, the interesting fact that opposite stereospecificity is found 
in asymmetric oxidations of sulphoxides and of sulphides with the same pe-
roxy-acid; i.e., the enantiomeric sulphoxides which are preferentially formed, 
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from the sulphides are found to be those which are oxidized more slowly to 
sulphones.7'8 Both asymmetric inductions can be interpreted with the same 
model of transition states proposed earlier.2 Our model of the transition state 
with diamond-lattfice structure3 for the oxidation of asymmetric suiphoxndes 
with (lS)-(+)-<percamphoric acid has enables us to interpret both asymme­
tric inductions9' M (Scheme 3). 
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Therefore, in the present modest exiperimental contribution we have gi­
ven new examples of the asymmetric oxidations of several classes of new 
asymmetric sulphides (1, a: R, Nbutyl, R', allyl; b: R, n-amyl, R', allyl) and 
disulphides (2, a: R, f-butyl, n = 1 ; t>: R, f-butyl, n = 2) 

RSR' RS(CH2)nSR 

1 2 

The resulting sulphoxides were the following: f-butylallyl sulphoxide (3a); 
n-amylallyl sulphoxide (3ib); t- butyl-sulipbinyl-f-butylthio methane (4a); 1-t-bu-
tylsulphinyl-2-f-butylthio ethane (4b). The results are summarized on Table 1. 

TABLE 1 

Sulphoxides obtained by oxidation with (lS)-(+)-percamphoric acid in 
EtiO solution at —5° 

Compound 

3a 
3b 
4a 
4b 

B.p. 

b.p. 
b.p. 
m.p 
b.p. 

/mm; m,p. 

55-
65-

. 73-
85-

-60°/0.1 
-70°/0.1 
-74° 
-89°/0.07 

[ « ] D M 

+ 1,62° 
0,0° 

+3,5° 
+ 1,56° 

Solvent 

MeOH 

" 
" 

dioxane 

We also oxidized the following mercaptals (5) and trans-1-methylthio-l-al-
kenes (6) with (lS)-(+-)^percamphoric aoid: l,l-i>fsmethylthio-3-phthalimido 
propane (5a); l,l-fc»fsmethylthio-4-phthalimido butane (5b); trans-l-methylthio-
-1-heptene (6a); trans-ljmethylthio-4^phthalimido-l-butene. 

R < R' 
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Table 2 summarizes the proper t ies of the resul t ing sulphoxides: 1-methyl-
sulphinyl-lTmethylthio-3nphthalimidopropane (7a); 1-methylsulphinyl-l-methyl-
thio-4-phthalimidobutane (7b); trans-1-methylsulphinyl-l-heptene (8a); trans-
-l-methylsulphinyl-4-iphthaliimido-l-butene (8b). 

TABLE 2 

Sulphoxides obtained from 1-methylthio derivatives 5 and 6 by oxidation with 
(lS)-(+)-percamphoric acid in EtzO at 0°C 

Compound m.p. [«]D23 Solvent 

7a* 
7b 
8a 
8b 

* See ref. 9a 

135—137° 
101—114° 

b.p. 62~Ć7°/0.02 
151—153° 

—0.8° 
- 5 . 4 ° 
—0.6° 
—1.4° 

CHCL 
MeOH 
MeOH 
CHC1, 

O u r exper iments on the par t ia l a symmet r ic oxidat ions of sulphides 1, 2, 
5, and 6 wi th ( lS)-(+>percamiphoric acid a r e summar ized o n Table 3 in which 
the sign of optical rotat ion is correla ted wi th the s t ruc tu re of subs t i tuents 
R a n d R' as proposed in the hypothet ical t rans i t ion s ta te wi th diamond-
-lattice s t ruc tu re i l lus t ra ted i n Scheme 1. I t lis evident t ha t some subclasses of 
ou r sulphides (1 and 2) gave the same sign of opt ica l ro ta t ion . Other subclas­
ses of sulphides (5 and 6) gave opposi te signs of ro ta t ion . In t e r m s of the 
large, med ium, and small sizes of subs t i tuents R and R' as proposed for ou r 
t rans i t ion s ta te , the fact tha t sulphoxides 4a a n d 4b o n the one side and sul­
phoxides 7a a n d 7b on the o the r side have oppos i te signs of opt ical rota t ion, 
is s t rongly in favour of o u r proposi t ion for the t rans i t ion s ta te i l lus t ra ted on 
Scheme 1. 

TABLE 3 

Sulphoxides of the structures 3, 4, 7, 8 (RSOR', R < R') obtained by oxidation from 
the corresponding sulphides with (IS) — (+) — percamphoric acid: sign of optical 

rotation correlated with the nature of substituents R and R'. 

Compound 

3a 
3b 
4a 
4b 
7a 
7b 
8a 
8b 

R < 

allyl 
allyl 
?-BuSCH2 — 
r-BuS(CH2)2 — 
CH3 
CH3 
CH, 
CH3 

R' 

/-butyl 
/2-amyl 
t-butyl 
t-butyl 
CH(SCH3) (CH2)2R" 
CH(SCHJ) (CH2)3R" 
trans-CH = CH<CH2)4CH3 
t raws-CH=CH(CH2)2R" 

sign of 
[ « ] D 

+ 
0 

+ 
+ 
— 
— 
— 
— 

R'~ = tphthalimido 
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EXPERIMENTAL 
M. ps. are uncorrected. Tic was performed on Silica Gel HF254 (E. Merck) and 

spots developed with 1% KMn04 solution. Organic sulphides and sulphoxides were 
detectable with this reagent as intense yellow spots on a pink background. Light 
petroleum refers to the fraction with the b.p. 40—60 °C. IR spectra were taken 
on a Perkin-Elmer Infracord 137. Optical rotations were measured on a Bendix 
NPL Automatic Polarimeter 143D. Sulphides 1 and 2 were prepared in liquid am­
monia according to the procedure described earlier for the preparation of S-alkyl-
cysteines from cystine10, from di-t-butyl disulphide resp. di-n-amyl disulpide and 
the appropriate alkyl halogenide. l,l-bismethykhio-3-phthalimido propane (5a), 
1,1-bis methylthio-4iphthalimido butane (5b), frans-l-methylthio-l-heptene (6a) and 
?raMS-l-methylthio-4-phthaliinido4-butene (6b) were prepared following the proce­
dure described earlier." 

Oxidations of 1, 2 5 and 6 with (IS)—(+)-monopercamphoric acid. IS-
( + ) -monopercamphoric acid was prepared by oxidation of (+)-camphoric anhydri­
de with sodium peroxide, acidification, and extraction with CHC13.

12 Oxidations in 
EtjO were performed as described earlier" Oxidations in CHC13 solution: The titra­
ted CHOL solution of peroxy-acid was added dropwise to a stirred CHC13 solution 
of appropriate sulphide with the temperature maintained at —5 °C until the oxi-
dant had disappeared (iodimetric test). At the end of the reaction (after 6—7 hrs.), 
the CHCI3 solution was repeatedly extracted with saturated aqueous NaHC03, was­
hed with water and dried (MgSO.). Removal of the solvent and crystallization from 
CHaCL-light petroleum gave the corresponding sulphoxides. 

TABLE 4 

Sulphoxides obtained by oxidation with (lS)-(+)~percamphoric acid 

Compound ^ ^ Formula J o u n d < % Requi red (%) 

3a 
3b 
4a 
4b 
7b 
8a 

55—60/0.1 
65—70/0.1 
73—74° 
85—89/0.07 

101—1.14° 
62—67/0.02 

C7H„OS 
C,H16OS 
C,HMOS2 

C0H22OS2 
C„H17Q3NS2 

C,H16OS 

57.30 
60.10 
52.45 
55.46 
54.01 
59.49 

9.91 
9.98 
9.67 

10.48 
5.81 

10.22 

57.49 
59.95 
51.87 
54.00 
53.99 
59.95 

9.65 
10.06 
9.68 
9.97 
5.50 

10.06 
8b 151—153 C13H1303NS 59.44 5,12 59.30 4.98 

Each of these compounds has a strong bifurcated absorption band in the IR spec­
trum characteristic for sulphoxides, rmax (KBr) at 1040—1050 cm -1 . 
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SAŽETAK 

Asimetrijska sinteza sulfoksida oksidacijom alkenil sulfida, dlsulfida i srodnih 
spojeva sa (lS)-( + )-perkamfornom kiselinom. Gera-disulfidi i srodni spojevi, 

XXIII dio 
Ante Deljac, Ranajit Purkayastha, Micheline Popović-Tkalčić, 

Mira Novak, Jadranka Blaiević i Krešimir Balenović 

Opisana je parcijalna asimetrijska oksidacija sulfida 1, 2, 5 i 6 s perkamfornom 
kiselinom. Rezultati su prikazani u tablicama 1—3, a protumačeni su ranije pretpo-
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stavljenom međufazom u ovoj oksidaciji (sheme 1 i 3). Iz sulfida podvrsti 1 i 2 
nastaju sulfoksidi s istim predznakom optičke rotacije, dok sulfoksidi nastali iz 
podvrsti 5 i 6 pokazuju suprotan predznak. Ta činjenica, kao i podatak da sulfok­
sidi 4a i 4b (Tablica 1) imaju suprotan predznak rotacije od sulfoksida 7a i 7b 
(Tablica 2), podupire našu pretpostavku o strukturi međufaze ove oksidacije ana­
logne kristalnoj mrežici diamanta kako je prikazano na shemama 1 i 3. 
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