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Abatraet-Indirect, but compelling evidence for the intermediacy of dithiiranes 1 and thiosuties 2 has been 
found by us and is also provided by literature data. The intriguing dithiirane -+ dithioester rearrangement as 
well as most of the interrelations and conversions postulated in !khe&e 1 have beeo demonstrated 
experimentally. In a number of cases acetyl CrchloroaJkyl disultides 16 (X = Cl, Y = COCH~) are useful 
starting materials for the synthesis of thioamidea such as 40. 

While the chemistry of some Coordinated thiocar- 
bony1 derivatives such as thiocarbonyl ylides, 
thiocarbonyl S-imides, sulfines, and sulfenes (as well as 
of their cyclic tautomers thiiranes, thiazirines, 
oxathiiranes, and thiirane &l-dioxides) has been 
relatively well understood for some time the 
corresponding chemistry of thiosulfines 2 (and 
dithiiranes l), interrelated with the isomeric dithio- 
esters 3 and oligomers 5, is a more recent development. 
In the wake of our pilot study of dithiiranes and 
thiosulfines as reactive intermediates1.2 additional 

work has cltied the picture to such an extent that we 
find it appropriate to sum up our experience in this area 
and to delineate the state of the art as it presents itself at 
the end of 1984.$65 

As corroborated by a number of recent independent 
investigations all extant reports of isolated stable l/2 
are in error and describe in fact dimers, such as 1,2,4,5- 
tetrathianes 5 (n = 2), or oligomers.2*4*5 A statement 
in the Ho&en-Weyl handbook to the e&t that 
tetrathi&eroaycarbonic acid has the structure 2 
(R’ = R2 = SH)6 has no foundation in the cited refer- 

: 
R'-C-S-R' =z 

1 

Scheme 1. 

t Pnstnt address: Institut dc Limit, U~vcMtC de 
ence.’ Alleged R1R1CSe2 and R’R1CTe2s speciea have 
also been demonstrated not to be monomeric. 

caMtauin~ conrtnatine, Iugtria @emuuuat ad&8ss: 
wt of chemistry, Facutty of sciences, ranta 

Carbon trisulfide l/2 (R’ + R2 = S) is an especially 

University, Tqnta, Egypt). 
simple example of a l/2 system and deserves to be 

~Presentaddras:OrganicDsplrtmmfFa&yof&m- diaoursed eeparately. I& spdoiee CSs %as.been 
. istry, J. Lukakwia potyterlaaaa univenity, Ra%&lV, eneoa as a product of the pyrolysis, tlash 

Poland. photiysis, and radialysic, respeui~ely, of CSi9*‘0 and 
§~eco~ofthe~tithispPpais,kta~~ h~~*~aubjcdbdt~~~~t”aJ 
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The intriguing paction between ben2y.q gearated 
by pyrolysis of phthalic anhydride at 700”, and carbon 
disul6deyielding8and9mightormightnotinvolve1/2 
(R’fR2 = S) as intermediates.’ z 
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1,3-Dithiolana2-thione 1Or3 and 1,3,4&hiaxole-2- 
thiones 111**t5 (as well as related heterocycles) are 
known to react thermally with electrophilic alkynes 
with formation of the corresponding ‘1,3-dithiok-2- 
thiones. 

R 

l--l 
T 

* cs3 4 !a 
l/2 (R’ + R* = 5) 

Y 
-- 

10 u - 

In the former case, kinetic evidence suggests a 
concerted reaction between 10 and the alkyne (no 
intermediate CS,) while the formation of discrete CSB 
from 11 has not been ruled out. 

I (It’ + R* = 0) 

OrC=S 2 2 (RI + R’ = 0) 

s=c:% 12 

s c F/O” == 13 

s c y” == 

The five potendal tautomem of CO!&t’ which 
include the di&lfrane 1 (R’ +R2 = 0) and the 
thlosultlne 2 (R’ + RZ = 0) have been eubject to 
theoretical scrutiny“ as well as experimental work 
cona?rned with laser chemistry,16 the fate of 
atmospheric CS2,i6 and the in viva toxicity of CS,.” 

Recent preparative and kinetic work by Oae’s 
groupt9 led to the discovery that tertiary amine N- 
oxides are capable of oxidixing carbon disulfide under 
mild conditions according to 

CS, +R’R2R”NO- COS, + R1R’R3N. (1) 

The likely presence of 1 (R’ +RZ = 0) among the 
COSz tautomers generated was elegantly de- 
monstrated by trapping of disulfane 15 formed by 
hydrolysis according to 

1 (R’+R’ = O)+H,O-+ HzS2+C01. (2) 

IS 

The radical anion of l/2 (R’ + R2 = C,H5-N) has 
bum generated from the phenylimidogen radical anion 
and CS,.zo 

Among generally applicable approaches to the 
preparative generation of reactive l/2 intermediates 
the most straightforward involve lJ-elimination from 
suitable precursors 16 or 17 : 

R'\ yx 
R' 

C 
R 2' 'S_S_Y 

\C7 

R2' 'S-Y 

16 Lz 

cycloreversions of 5 or dmembered heterocycles,2 
thiation of thiocarbonyl compounds 4 according to* 

R’\ 
R2' 

c=s + [s] - ml 

and the thiation of heterocumulenes 18, 
stance.21*22 

R' 
\c,S7 -&g&-w LI>C=S2 

R2' 
[ 1 

2 (X = NR3,0) 2 

R' 
'Cd 

R2' 

(3) 

for in- 

(4) 

4 

Another synthesis of 4 via a hypothetical 2 
intermediate can be effected by treatment of 
hydrazones 19 with SzCll?“ls In some cases 
hexathiepanes 22 are also isolated.23*25 

In a few cases l/2 intermediates, described as 
colourless or lightly coloured products which can be 
kept at low temperatures, but generate the intensely 
coloured 4 upon.warming to room temperature, have 
been tentatively characterixed_24*25 

It is interesting to note that no lJJ-trithiolanes 23 
(cf. reaction (6)) have been reported as by-products of 
these reactions where 2 and 4 are assumed to be present, 
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(5) 

[ $J].+p]_ 
2 (R’ + R2 = CFzCF,CFz) 1 (R’ + R2 = CF2CF2CF2) 

F 
F 
F 

Q 
F 

F F 

2 (R’ + R2 = CFdFzCF2) 

22 

nor is there evidence of the rearrangement in reaction 
mt 

kl + 3 - 
R’\ /-\ iR2 (6) ,;/c\,/c\,i 

24143 (7) 

While a number of simple trithiolanes 23 fail to 
dissociate to 2 and 4 according to reaction (6)r6s2’ 
several cases are on record where 4 form 23 by thiation 
or unspecific oxidation. Intermediate formation of 
(interalia)2from23isevidentinthefollowingsystem2s 

(9) 

Serendipitous thiation of 4 according to reaction (3) 

4 5 [l/2] 

might weIl be a key step in the formation of 23 
from 1~Mhiadiazoles,29 of 1,2dithiolane 24 from 
thiobenxophenone and maleic anhydrideP’ and of a 
1,3dithiole from a cyclic thiourea and 
diphenylacetylene.3 ’ 

A recent report32 claiming the formation of 
1,3dith@ylium salts from the dication 25 and 
alkynes does not provide enough experimental detail. 
to prove or disprove the intermediacy of l/2 
(R’ + R2 = Et,N+). 

21. (R’ + R2 = CF2CFzCF2) 2 (R’ + R2 = CFzCFzCF2) 

tWch8ve,~~ootreaction(5)CR1’= Ra - &in&e F 

pres~uzeftio~one4(R’ = R’ e C,H F 
(8) 

to &t&h imulb klnounta’ of tba notocioudy Inbaa 23 
(R”.- Rs = R’ k R’ = C,H,).= 



142 A..Q?iNlNGetd. 

IUSUL’IS AND DISCWSION 

Our efforts to generate and study l/2 were to a large 

21 extent based upon 16 @ = Cl, Y = COCH,) as key 

In our experience the appearance of [R’R’CSJ’ intermediates, which in turn were prepared from a- 

peaks in the mass spectra of potential l/2 precursors chloroalkanesulfenyl chlorides R’R2CClSCl 29 and 

such as !&containing heterocycles and acyclic 
thioacetic acid or from diazoalkanes and acetyl- 
chlorodisulfane. 

R’ 
.E 

\p 
- &?I (12) 

A 2’ 'S-SH 

(X = Cl, 22 
Y = COCHj) 

trisuffides has limited prediction value for the course of 
the pyrolysis of these compounds. Even with 
sophisticated experimental techniques no l/2 species 
could be detected in the mass spectra of such 
pyrolysates.2’p33 

30 w - [a 1 
- tic1 

Examples for all theoretical reaction pathways 
shown in Scheme 1 could be found. However, when 
final products related to 4 were isolated it was not 
possible to discern between formation of 4 according to 
reaction(l3)or(14),i.e. theorder oftheconsecutiveloss 
of sulfur and hydrogen chloride, respectively, from 30. 

77 f! (13) 

Attempts to generate l/2 by l&elimination of 
chlorine from chloro a-chloroalkyl disulfanes 16 were 
unsuccessful, but, on the other hand, l/2 could hardly 
be expected to survive the reaction conditions chosen 
by the authors.” 

R’ 
\,Y 

f/‘S-SC1 

16 (X = Y = Cl) 

In addition to the cases mentioned in Ref. 2 the 
photochemical reaction (1O)3s might well involve 1/2- 
type intermediates or related diradicals. 

Our first successful attempt to carry out reaction (12) 
involved Ma as starting material and was complicated 
by the dithiirane + dithioester rearrangement l/2 + 3. 

While this experiment was carried out at ambient 
temperature we later found that reaction (15) takes 
place below approximately 18”. At higher temperatures 
the yield of 32 diminishes sharply and varying amounts 
of oligosulfides 33 (cf. Ref. 37) and Ss can be isolated 
besides other, not fully characterized, products. 

R’ ,S 

Y 

+ Nu O- O,R’ 
[LIZ] + Nu-C,~* (11) 

28 
In a study where 4 was isolated after basic hydrolysis 

of Zs intermediate generation of l/2 according to 

reaction (11) was considered in the case of 28 (R’ + R’ Attempts to trap la/2a with a variety of alkynes were 
= SCH2CH2S), but ruled out because the authors unsuccessful nor did experiments aimed at generation 
failed to observe any S, which they expected if the of lr/2a from l@ under acidic conditions (for instance 
isolated 4 was formed via 1/2.“‘j However, the authors for HC!&HsOH, C6HsSH, or C6H3CH2SH) meet 
do not report any experiments in the presence of with success. For instance with thiols 16a might have 
potential l/2 scavengers. been expected to form, inter ah, tetrathioperoxy- 
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Cl \ /Cl C 
Cl ’ ‘S-S-C-CH, 

d 

(15) 

carbonates 34 according to 

16a - 
+ RSH + 2 RSH S 

c R-S-E-S-S-R (16) [&&al - [*I - 
- RSCOCH5 - 2 HCl 
- HCl 54 

In the case of Mb the same dithiirane + dithioester data of which were compatible with the structure Sd 
rearrangement appears to take place in the presence of (n = 2), i.e. 3,3,6,6-tetraphenyl-1,2,4,Stetrathiane 39. 
morpholine. Since the rearranged intermediate 3l1 However, further work with reaction (19) was 
contains a labile anhydrosultide function”s the abandoned when our efforts to fully characterize 5d met 
isolable end products are 36 and 37.39 with limited suoxss. 

CsHs-S, ,cl 
+ 03 

+ [&&I - 
&CH&H*-SOz &-S-F-CH5 

- IPNCOCH, 
w 

16b 6 
- - HCl 

S 

[cds-s-!-S-SO&H,C”5-4 ] __ 

OT\NiSCHs 
w---= + 

4-CH3C5Hr-SOzS @ “23-3 (17) 

36 - 12 

Here one should take notice of the different 
migratory aptitudes of R’ and RZ in zb. 

The corresponding rea&on.of MC *th morpholine 
takes f diffecent coum+Apparultly k.is tra@ed 
-YbYteenW. 

t4i~~htbecoacdrsactioa(iS), 
awtiocd a.mristy d akynes~faik4i to - tbc 
hypotheGcal intermediate 2e of reaction (18). 

When 16d (generated in sifu from (CeHs)&N, and 
CH,COSCl)wastreatednjthmcuphohnein@eusual 
-rc&ms&KlkighJYmaolubbproductofm.p. 
1l0-il-~@rmingaMuemeR)wasohtain@thecrude 

The remaining 16 (Rz = X = Cl) investigated by us 
was converted by morpholine to products derived from 
4, cf. reactions (13) and (J4)_disqsed above. These 
results are presented in Tahlea 1 and 2. 

Inenumharof~rea&nn(~&udstothioamides- 
4Oii&&asiblebyother~dTebk2. 

Ihtbb~of16L~~IYnerulsdouttheinvolvement 
of 8 preaquilibrium (21) (amJogo~ to the reported 
behauioar of C0F&lWCFsCZB~~ by demon- 
strating the absencx of ‘H-NMR,‘sig@ in the crude 
reaction .mixture ptsignebk to &” and/or its 
wn products, 
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16~ - 

-43 Ncucti, 

- Hcl 

CR2 = x + &l) 

&/~I - 

CsHs\ 
c 

,5-S\ ,WS 

I+&’ ‘s-s’ 
C 

‘C6HS 

39 - 

+ZU c>“” 
- ~CHS 
- Ha 

fl8) 

(19) 

(20) 

(2-S) 

Rcwziws (15), fi’lf, (18) en’d (20) 
Sterling met&i 86 fX t Ci, Y = CH&B)- (0.1 mol) is 

dimofvaf in 100 ml ether Of bcskmne and treat& undc? 
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Table 1. Aatyl cwhloroalkyl disulfidcs 16 (X = Cl, Y = CH&O)* 

aapand R’ II2 w. (~C)(solvmt) “20 Vlcld FOW&'Calculatsd Foraula (W) Raf. md 
bp. PcMw+J 0 (X1 c H Cl s r&as 

xi!? 

16d - 

EC 

16h - 

gl_ 

16k - 

161 - 

Cl 

C6W 

CC& 

C%‘F 

CClF2 

Cl 109-fI0/10 I.5680 

d‘8$6%,~2 85-87 (ethaml) - 

CsHscu - 

CsHs 

Cl w/o.23 1.5827 

Cl 9710.x) 1.5891 

Cl iM10.25 1.5560 

Cl m/o. 25 1.5212 

C2HS~ cl 

C6H5NKn Cl 

C&150 Cl 

C&lSs cl 

94-96/0.X 1.5332 

85-86 fetlwr- - 
pat.ether) 

94-97 (ether- - 

pet.etJw) 

111-113 (ether) - 

62 

95 

15.75 1.27 46.32 

15.90 1.34 47.16 

45.93 3.63 8.72 xl.14 

45.87 3.61 8.46 M.61 

C3HSC13~2 (225.5) 

63 23.36 
23.40 

20.76 
xl.79 

C$i&l~oS (274.0) 

60 c*tl,cl5Os~ (3im.5) 

43 22.44 
21.96 

C~H3CIrFO% (292.0) 

51 23.63 
23.27 

C1JIxClzfz0S (275.5) 

61 CfiHsClzO,Sz (263.2) 

81 

m 

64 

22.59 20.71 

22.86 20.67 

24.14 0.82 54.33 13.06 

23.74 0.66 34.49 14.08 

C9H3C170~S2 (455.4) 

22.93 0.65 

22.93 0.64 

CgH3C170$3 (471.5) 

48 

43 

u 

u, 

l All cmpoinds exhibited satisfactory IR, 'H HR. awl crass spacers 
w pnparsd u fran (C&JCN2 acd at3CUSSX, no spectral ar anelyticel data available 

- &was Wwa as JujIpd by a hi@ sulfur analysis. but did furnish tha expctad _ooi *hen subjected to rasctim(zo)(saa 
Table 2) 

Table 2. Thioamides 40 obtained aaxxding to (20). 

m. (~c)holwnt) Llt.np. (Ref.) 'field FtiKalcuLstad Forrula (W) 
bp. fW/n!Hg bp. (X1 C H Cl S 

103-111 c-1 

90-94 (W) 

99-m @lltand 

59-61 (*I 

imm.4 

169-170 bthanol) 

23&244bmzenc) 

166 0x4) 

42 15.32 
14.97 

42 13.13 
12.90 

37 13.95 
13.82 

61-62 (401 49 14.83 
14.87 

15o"lS1/3 ($2) 37 15.54 
15.77 

166 (53) 76 12.20 
12.81 

71 33.56 2.10 44.55 8.43 
33.41 2.06 4b.82 6.11 

83 31.&i 44.06 15.54 
31.66 43.07 15.58 

CSf+SclZ~ (214.1) 

C6H‘JC13m (248.6) 

C#aCl2Ft#S (232.1) 

C&&lF2fUS (215.6) 

WhN'3S (203.3) 

C12H14Nz02S (250.3) 

CllHsClsNo2S (395.5) 

c~lttsclsNos2 (411.6) 

l All cDlpMds exhibited satisfactory Ifl, 'H HR. "C WR, md mss spsctra 
* RAfiadty s&Wnatim 
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stirring, with 0.6 mol of morpholine, dissolved in 50 ml of the 
same solvent. The rate of the addition is such that no 
appreciable rise of the temp of the mixture occurs. The mixture 
is extracted three time with water, dried over CaCl,, and 
evaporated in DMU). The residue is recrystallimd from the 
appropriate solvent. 

Reaction (15). After recrystallization from EtOH 32, m.p. 
137-139” (lit.49 m.p. 128-134”), is obtained in 22% yield. 

Reaction (17). Alter recrystallization from EtOH 36, lap. 
141” (litso m.p. 138-141”), is obtained in 60”/. yield. In a 
separate run the mixture was treated with excess Me1 at reflux. 
By preparative TLC (eluent : ether-petroleum ether 1: 3) p 
toluenethiosulfonic acid S-methyl ester, m.p. 5658” t.lits’ 
m.p. 58”), could be isolated. 

Reuction (18). After recrystallization from EtOH 38, yellow 
crystals, m.p. 121-122”. are isolated in 25% yield IR (cm-‘. 
KBr) 1680 s, 1660 s; ‘H-NMR (6, CDCl,j2:9 m (4H); 3.6 m 
(4Hl. 6.07 s (HIl. 7.2-8.2 m (1OHl: r3GNMR (6. CDCl3 55.4 
(N*H,), ‘66.9 (o-c;H&, 688 (S-C-H), -128.9, -129.3, 
134.0.135.2 (aromatic), 191.5 (C=O);” MS (m/z, 70 eV) 373 
(M), 286 (M -C,H$JO), 254 (M -C,H,NOS). (Found: C, 
60.42; H, 5.51; N, 3.43; S, 16.67. Calc for C,sH,,NOsS, 
(373.5): C, 61.10; H, 5.13; N, 3.75; S, 17.17%) 

Acknowledgements-Mtrs Bayer AG (Leverkusen) and A/S 
Cheminova (Lemvig) supported this work with generous gifts 
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