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iii with 1 equiv of NaH under these same conditions gave complete cleavage 
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Alkyl or ary l  chlorosulfites (7) reacted w i t h  p-nitrothiobenzoic acid to  give S-acylalkyl or S-acylaryl thiosulfites 
(6). However, treatment o f  a lky l  chlorosulfites w i t h  al iphatic thiocarboxylic acids afforded acylalkyl sulfites ( 5 )  and 
acylalkoxy tr isulf ides (8) as a result o f  disproport ionation of  6. These trisulfides were also obtained by the reaction 
of dialkoxy disulfides w i t h  thiocarboxyl ic acids. Thermal  decomposition of 6 gave 8 and carboxylic esters. 

In contrast to ordinary sulfites and monothiosulfites,' 
RSS(0)OR' ( l) ,  dithiosulfites,Z RSS(0)SR (2) (R = Ar or 
tert-alkyl), prepared from thionyl chloride and mercaptans 
are relatively unstable compound and readily decompose to 
give di- and trisulfides. Previously, we have reported the 
preparation of diacyl dithiosulfites,:' RCOSS(0)SCOR' (3), 
and acylaryl dithio~ulfi tes,~ RCOSS(0)SR' (4), by the reaction 

of acyl thiochlorosulfites with thiocarboxylic acids or thio- 
phenols. These acyl derivatives of dithiosulfites were found 
to  be reasonably stable on standing but decomposed to afford 
carboxylic anhydrides (from 3) or disulfides and carboxylic 
anhydrides (from 4) on heating. Acyl derivative of ordinary 
sulfites," RCOOS(0)OR' (51, are stable a t  room temperature 
but decompose on heating into carboxylic esters or carboxylic 
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Table I 
P-O,NC,H,CSSOR' 

II J 
0 0  

6 

Anal. Calcd (found),  % IR (KBr), cm-' Yield, 
Registry no. Compd R '  MP, "C % vc=o V S 4 J  C H S 

61268-11-9 6a 

61 2 68-1 2-0 6b 

61 268-1 3-1 6c 

61268-14-2 6d 

61268-15-3 6e 

61 2 68 -1 6-4 6f 

61  268-1 7-5 6g 

61 268-1 8-6  6h 

76-78 

84-85 

72-73 

96-98 

78-79 

74-76 

72-73 

87-88 

Table 11. NMR Spectral  Data  for S-Acyl Thiosulfites ( 6 )  

Compd 6 (CDCl J" 

6.1 
6b 
6c 
6d 
6f 
6g 
6h 

8.14 (q, 1 HI 4.00 (s, 3 H) 
8.15 (q, 2 H) 4.42 (m, 2 H ) h  1.49 (t, 3 H) 
8.17 (q, 2 H) 4.35 (m, 2 H)b  1.86 (m, 2 H) 1.02 (t, 3 
8.17 (q, 1 H) 5.18 (m, 1 H) 1.47 (d, 6 H) 
8.09 (q, 4 H) 7.13 (s, 4 H) 2.33 (s, 3 H) 
8.11 (q, 1 H) 7.17 (s, 4 H) 2.67 (q, 2 H) 1.24 (t ,  3 
8.14 (q, 1 H) 7.11 (m, 3 H) 2.33 (s, 3 H) 2.29 (s, 3 

H) 
H) 

Chemical shifts are in parts per million from internal Me4%. 
-0CH2- protons showed ABX:) or ABX? type coupling. Cou- 

pling constant and chemical shift: 6b, J A R  = 9.35, U A  - U H  = 19.6 

Measurement of spectrum of 6e was omitted, as it has no aliphatic 
protons. 

Hz; 6 ~ ,  J A B  = 9.75, u.4 - I J H  = 21.5 Hz, 20% CDClr, 60 MHz. 

anhydrides depending on the condition. Accordingly, we are 
interested in studying acyl derivative of monothiosulfites, 
RCOSS(0)OR' (6),  in the present investigation. 

Resul t s  and Discussion 
Alkyl or aryl chlorosulfites (7) prepared from thionyl 

chloride and alcohols or phenols were allowed to react with 
p-nitrothiobenzoic acid. Crystalline S-acyl thiosulfites (6a-h) 

RCSH 

0 
II 

( 1 )  ROSC1 - RCSSOR R'OH - socl. 

II .1 
0 0  

1 
0 

7 6 
were obtained in fairly good yields. The IR spectra of 6 showed 
the carbonyl and sulfinyl absorptions in the region of 1630- 
1670 and 1135-1170 cm-l. The  results are shown in Table I. 
The  NMR spectrum of 6b or 6c showed ABX:3 or ABX? type 
coupling in its protons of methylene adjacent to  the oxygen 
atom. This magnetic nonequivalence may arise by the asym- 
metric center of sulfinyl group as in the case of ordinary sul- 
fites.fi The  pertinent NMR data  are given in Table 11. 

On the other hand, the reaction of thioacetic acid with ethyl 
chlorosulfite gave an unexpected result. Two products, A and 
B, were obtained in nearly equal amount. The  former low- 
boiling product A was found to  be the already known acetyl- 
ethyl sulfite (5b)5 and the latter high-boiling product B was 

73  1670 1165 

52 1670 1170 

62 1665 1165 

58 1640 1135 

46 1630 1140 

64 1670 1140 

79 1650 1140 

74 1660 1150 

36.78 2.70 
(37.09) (2 .77)  
39.27 3.30 

(39.44) (3.28) 
41.51 3.84 

(41.82) (3.63) 
41.51 3.84 

(41.28) (3 .53)  
48.29 2.81 

(48.30) (2.66) 
49.8 6 3.29 

(50.22) (3.28) 
51.29 3.73 

(51 .60)  (3.73) 
51.29 3 .73  

24.54 
(24.32) 
23.29 

(23.04) 
22.15 

(21.98) 
22.15 

(21.82) 
19 .83  

(19.80) 
19 .01  

(18.83) 
18.26 

(18.31) 
18 .26  

(51.50) (3.67) (18 .21)  

proved to have a formula CdH&& by elemental analysis. The 
IR spectrum of B showed a carbonyl band a t  1735 cm-I but  
no sulfinyl band in the region of 1100-1200 cm-'. In order to 
determine the structure of B we have carried out the following 
experiment. When diethoxy disulfide (9) was treated with 
equimolar thioacetic acid, one ethoxy group was readily dis- 
placed with CH3COS group and acetylethoxy trisulfide and 
ethanol were obtained in good yield (eq 2). The  IR spectrum 

R'mSOR' + RCSH - =OR' + R'OH (2 )  

9 I1 
0 

I1 
0 

8 

of this sulfide was completely identical with that of B. The 
sulfur linkage of dialkoxy disulfides is unbranched' and the 
IR spectra of B and diethoxy disulfide showed similar ab- 
sorptions in -S-0- (660-730 cm-l) and +C-0- (1010 and 880 
cm-') stretching bands as shown in Figure 1. Accordingly, it 
has been elucidated tha t  B is unbranched trisulfide 
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Table 111. Reaction Products of Alkyl Chlorosulfites with Aliphatic Thiocarboxylic Acids 

RCOSOR' (5) 
II 4 
0 0  

RCSSSOR' (8) 
I1 
0 

Yield, Registry Yield, Anal. Calcd (found), % Registry 
R R'  %a Bp, O C ( m m )  no. %a B p , ' C ( m m )  C H S no. 

CH, CH, 5a 36 43-44 ( 3 )  5308-06-5 8a 

CH, C,H, 5b  49 51 (2 )  5308-11-2 8b 

CH, n-C3H, 5~ 78 66-66.5 (2.5) 1666-21-3 8~ 

CH, i-C,H, 5d 75 56-57 (1.5)  61268-19-7 8d 

C,H, C,H, 5e 5 6  64-65 ( 2 )  61268-20-0 8e 

n-C,H, C,H, 5f 48 67-68 (1) 61268-21-1 8f 

29 5 1  (0 .4 )  21.16 3.55 

41 62 (0.4) 26.07 4.37 

35 72 (0.5)  30.27 5.10 

58 73.5 (0.6) 30.27 5.10 

30 71 (0.35) 30.27 5.10 

(21.44) (3.43) 

(26.31) (4.20) 

(30.64) (5.30) 

(30.54) (5.11) 

(30.31) (5.20) 

(34.02) (5.78) 
39 82-83(0.5) 33.94 5.70 

56.49 61268-22-2 

52.20 61268-23-3 

48.50 61268-24-4 

48.50 61268-25-5 

48.50 61268-26-6 

45.30 61268-27-7 

(56.33) 

(52.06) 

(48.26) 

(48.37) 

(48.47) 

(45.18) 
QYields of 5 and 8 are calculated on the basis of eq 3. 

Table  IV. Spectral  Data  for  Acylalkoxy Trisulfides (8) 

IR (neat), 
uc=o, 

Compd NMR, 6 (CC14)" cm-I 

8a 3.73 (s, 3 H) 2.46 (s, 3 H) 1735 
8b 3.93 (4, 2 H) 2.45 (s, 3 H) 1.23 (t,  3 H) 1735 
8c 3.83 (t, 2 H) 2.45 (s, 3 H) 1.67 (m, 2 H) 1735 

8d 4.14 (m,  1 H) 2.47 (s, 3 H) 1.28 (d, 6 H) 1735 
8e 3.94 (q ,2  H) 2.71 (q ,2  H) 1.29 (t, 3 H) 1725 

8f 3.94 (4, 2 H) 2.70 (t, 2 H) 1.71 (m, 2 H) 1730 

Chemical shifts are in parts per million from internal MejSi. 

0.93 (t,  3 H) 

1.23 (t, 3 H) 

1.25 (t, 3 H) 0.95 (t, 3 H) 

CH3C(0)SSSOC2H:, (8b). Similarly, the other acylalkoxy 
trisulfides (8) were obtained by the  reaction of alkyl chloro- 
sulfites (7) with aliphatic thiocarboxylic acids or by the re- 
action of dialkoxy disulfides (9) with thiocarboxylic acids. The 
results are shown in Tables I11 and IV. 

Thermal  decomposition of S-p-nitrobenzoylisopropyl 
thiosulfite (6d) gave bis(p -nitrobenzoyl) disulfides, isopropyl 
p-nitrobenzoate, and p-nitrobenzoylisopropoxy trisulfide. As 
it has been considered that isopropyl p -nitrobenzoate would 
formed from p-nitrobenzoylisopropyl sulfite with loss of sulfur 
dioxide, this result indicates that 5 and 8 would be formed by 
disproportionation of initially formed 6 (eq 3). This  decom- 

6 -+ XRCOSOR + %RCSSSOR' ( 3 )  
I1 
0 

II 1 
0 0  

5 8 

I RCOR + SO, 
II 
0 

position of 6 is characteristic as compared with those of the  
related compounts 2-5. 

T h e  alkoxy group of 8 could be further displaced by -SR' 
or -SC(O)R' group. Reaction of 8b with ethyl mercaptan was 
carried out  at room temperature t o  give acetylethyl tetrasul- 
fide and ethanol (eq 4). Reaction of 8b with thiobenzoic acid 
or p -chlorothiobenzoic acid proceeded in refluxing CC14 and 
symmetrical trisulfides, sulfur, and ethanol were obtained. 
These products are  assumed to be formed by disproportion- 
ation of initially formed acetylbenzoyl tetrasulfide t o  diben- 

8b + C2H,SH - CH,CSSSSC,H, + C,H,OH ( 4 )  

0 
II 

8b + RCSH - 
0 0  

I1 
0 - XRCSSSCR + %CHICSSSCCH, + S ( 5 )  

II II 
0 0  

I1 II 
0 0  

zoyl tetrasulfide and diacetyl tetrasulfide followed by desul- 
furization. 

Experimental Section 
Infrared spectra were measured with a Hitachi EPI-G2 spectrom- 

eter. The NMR spectra were determined on CDCli or CC14 solution 
with a Varian A-60 spectrometer. p-Nitrothiobenzoic acid was pre- 
pared as previously de~cribed.~ Alkyl chlorosulfites,s phenyl chloro- 
~ u l f i t e , ~  and dialkoxy disulfides',10 were prepared by the method of 
the literature. p-Tolyl chlorosulfite, bp 81 "C (1.5 mm), p-ethylphenyl 
chlorosulfite, bp 83 "C (1.5 mm), and 2,4-dimethylphenyl chlorosul- 
fite, bp 94 "C (1.5 mm), were prepared in a similar way to the prepa- 
ration of alkyl chlorosulfites. All other reagents were obtained com- 
mercially. 

S-Acylalkyl and S-Acylaryl Thiosulfites (6a-h). To a solution 
of 3.4 g (0.03 mol) of methyl chlorosulfite in 10 ml of ether, a solution 
5.5 g (0.03 mol) of p-nitrothiobenzoic acid in 40 ml of ether was added 
dropwise over 0.5 h at -30 "C. The stirring was continued for an ad- 
ditional 3 h and then the temperature of the mixture was allowed to 
rise to -10 "C. The reaction mixture was evaporated under reduced 
pressure and the residual solid was recrystallized from chloroform- 
petroleum ether to give 5.7 g (73%) of 6a as light yellow needles, mp 
76-78 "C. The other compounds (6b-h) were prepared in a similar 
way. 

Reaction of Alkyl Chlorosulfites with Aliphatic Thiocar- 
boxylic Acids. A solution of 22.8 g (0.3 mol) of thioacetic acid in 20 
ml of ether was added to a stirred solution of 38.5 g (0.3 mol) of ethyl 
chlorosulfite in 80 ml of ether at -30 "C during 1 h. The stirring was 
continued for an additional 2 h and then the temperature of the 
mixture was allowed to rise to room temperature. The reaction mix- 
ture was evaporated under reduced pressure and fractional distillation 
of the residue gave two fractions. Rectification of these fractions gave 
8.9 g of acetylethyl sulfite (5b), bp 51 "C (2  mm) [lit.5 bp 44 "C (1 
mm)], identified by elemental analysis and IR spectrum, OC=O 1750, 
us-0 1190 cm-', and 10.5 g of acetylethoxy trisulfide (Sb), bp 62 "C 
(0.4 mm). The other compounds (5 and 8) were obtained in a similar 
way. 

Decomposition of 6d. S-p- Nitrobenzoylisopropyl thiosulfite (6d, 
1.3 g) was heated at 110-120 "C for 1 h under nitrogen atmosphere. 
After standing at room temperature, the mass turned to a reddish- 
yellow solid. Recrystallization of the solid from chloroform-petroleum 
ether gave 0.4 g of bis(p-nitrobenzoyl) disulfide, mp 183-184 "C (lit." 
mp 183 "C). The filtrate was evaporated and the residue was chro- 
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matographed on silica gel using benzene as eluent to give 0.1 g of 
isopropyl p-nitrobenzoate, mp 107-110 "C (lit. mp 108-110 "C), and 
0.1 g of p-nitrohenzoylisopropoxy trisulfide: mp 77-79 "C; IR v( '  - ( J  

1685 cm-'; NMR (CDC1.J 6 8.22 (q,  4 H), 4.23 (m, 1 H), 1.33 (d, 6 H).  
Anal. Calcd for CloH11NO& C, 39.33; H, 3.63; S, 31.50. Found: C, 
39.41; H, 3.65; S, 31.52. 

Reaction of Dialkoxy Disulfides with Thiocarboxylic Acids. 
A solution of 3.8 g (0.05 mol) of thioacetic acid in 20 ml of CCld was 
added to a stirred solution of 7.7 g (0.05 mol) of diethoxy disulfide in 
30 ml of CC14 a t  room temperature, and then the temperature of the 
mixture was gradually raised to 60 "C during 1 h. Finally, the reaction 
mixture was refluxed for 1 h and EtOH was removed as its CC14 az- 
eotrope by evaporation. The residual liquid was distilled to give 5.8 
g of acetylethoxy trisulfide (8b) ,  bp 60-61 "C (0.35 mm), yield 63%. 
Similarly, 8a, 8d, and 8e were obtained: yield of 8a, 65%; 8d, 69%; 8e, 
77%. p-Nitrohenzoylisopropoxy trisulfide was purified by recrystal- 
lization from n-hexane, mp 79 "C, yield 74%. 

Reaction of 8b with Ethyl Mercaptan. A solution of 2.4 g (0.038 
mol) of ethyl mercaptan in 20 ml of CCIJ was added to a stirred solu- 
tion of 7.0 g (0.038 mol) of 8b in 30 ml of CC14 at room temperature 
for 1 hand then stirring was continued for an additional 3 h. The CCll 
solution was then concent rated under reduced pressure and the re- 
sidual liquid was distilled to give 3.0 g (47%) of acetylethyl tetrasulfide: 
bp67-71 "C(0.3mm);NMR62.50(~,3H),2.93(q,2H),1.42(t,3H). 
Anal. Calcd for C,HxOS.I: C, 23.98; H, 4.03; S, 64.01. Found: C, 24.06; 
H, 4.08; S, 63.98. IR V ( T = O  1730 cm-'. 

Reaction of 8b with Thiobenzoic Acid. A solution of 2.7 g (0.015 
mol) of 8b and 2.0 g 10.01,i mol) of'thiohenzoic acid in 50 ml of CCll 
was stirred at 70 " C  to r  10 h and the solution became light yellow. The 
reaction mixture was cooled and the precipitate was collected and 
recrystallized from benzene to give 0.79 g (34%) of dihenzoyl trisulfide, 
mp 114-115 "C, IR P ( '  -1) 1690 cm-I. Anal. Calcd for C I  IHjI,O&{: C. 
34.86: H. 3.29; S, 31.39. Found: C. 54.92; H, 3.30; S, 31.24. The filtrate 
was chromatographed on silica gel using CCIl-chloroform (1:l) as 

eluent to give 0.45 g (11%) of dibenzoyl disulfide, mp 127-129 "C (lit.12 
mp 130 "C), and a small amount of diacetyl disulfide and trisulfide. 
Similarly, p-chlorothiobenzoic acid reacted with 8b to give bis(p- 
chlorobenzoyl) trisulfide, mp 124-125 "C (lit.4 126-126 "C),  and a 
small amount of diacetyl disulfide and trisulfide. Disulfide was formed 
during the operation of chromatography. 

Registry No.-7 (R' = CH:]), 13165-72-5; 7 (R' = Et), 6378-11-6; 
7 (R' = Pr), 22598-38-5; 7 (R' = Pr-i), 22598-56-7; 7 (R' = Ph),  
13165-73-6; 7 (R' = p-CH:iCfiH+), 61268-28-8: 7 (R'  = p-C?H;C(;Hd), 
61268-29-9; 7 (R' = 2,4-(CH:,)?CfiH:O, 61268-30-2: 9 (R'  = CH,,), 

Et), 28752-22-9; RCOSH (R = OyN-p-CsH I ) ,  :39923-99-4; RCOSH 
(R = CH3), 507-09-5; RCOSH (R = CzHJ, 1892-31-5: RCOSH (R = 

28752-21-8; 9 (R' = Pr), 3359-05-5; 9 (R' = Pr-i), 3359-04-4; 9 (R' = 

C:jH;), 3931-64-4; RCOSH (R = Ph), 98-91-9; p-nitrohenzoyliso- 
propoxy trisulfide, 61268-31-3; ethyl mercaptan, 75-08-1; acetylethyl 
tetrasulfide, 61268-32-4; dihenzoyl trisulfide, 61268-33-5. 
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Single-crystal x-ray structure analyses have been carried out for trans-2-phenyl-1,3-dithiane 1-oxide (51, cis-?- 
phenyl-1,3-dithiane 1-oxide (6), and 2-phenyl-1,3-dithiane trans- l,trans-3-dioxide (7) to examine the effects of 
oxygen substitution on the geometry of the 1,3-dithiane ring. For 5 ,  a = 12.206 ( 2 ) ,  b = 5.749 ( l) ,  c = 14.809 (2 )  8. 
13 = 97.11 ( 1 ) O ;  for 6, a = 5.007 ( l ) ,  b = 20.134 (4). c = 10.095 (3) 8, $ = 98.76 ( 3 ) O ;  and for 7, a = 12.416 ( 3 ) .  h = 5.851 
( I ) ,  c = 14.829 (3) A, 6 = 98.44 (2)". The space group i ~ P 2 ~ / c  in each case with Z = 4. The dithiane rings have a chair 
conformation somewhat more puckered than that of cyclohexane with endocyclic torsion angles in the range 58- 
73". The endocyclic C(2) valence angle shows a marked variation from compound to compound. being 109.6' in 5 ,  
112.9O in 6, 114.2" in 7, as compared to 114.9" in 2-phenyl-1,3-dithiane (4) itself. An argument accounting for the 
steric dependence of this angular variation is offered in terms of transannular dipolar interactions between the two 
sulfur atoms and oxygen and is discussed in relation to conformational equilibria in solution. Short C-H-O con- 
tacts indicative of significant dipolar interactions are found in all three crystal structures. 

T h e  conformational preferences exhibited by six-mem- 
bered cyclic sulfoxides are strongly dependent upon the nature 
of the other ring atoms, especially those which bear a 1,3 re- 
lationship to the sulfoxide group (eq l).l The more stable chair 

-0 

1, X = CH, AGO = +0.17 to 1 . 3  kcal/mol 
2, x,= 0 AGO = +0.6 kcal/mol 
3 , x = s  Act'" = -0.6 kcal/mol 

conformation of thiane 1-oxide ( I )  has the oxygen axial." This 
conformation appears to  be the more stable for 1,3-oxathiane 
3-oxide (2) as well.3 In 1,3-dithiane 1-oxide (3), however, it is 
the conformation with the sulfoxide oxygen equatorial which 
is the more The  reasons for these differences in 
conformational preference are not completely understood. I t  
has been suggested that  the  axial conformation of 1 is stabi- 
lized by an attractive van der Waals interaction between the 
sulfoxide oxygen and the syn-axial C-H bonds.2a,h Electro- 
static interactions between the polar sulfoxide group and the 
cross-ring heteroatom are expected to  make important con- 
tributions to  the conformational energies of 2 and 3. Indeed, 
molecular mechanics calculations indicate that  most of the 


