
into a ca l ib ra ted  f lask,  and the opt ical  densi t ies  of the solutions at kma  x were  determined;  the concentra t ions  of 
the compounds w e r e  de te rmined  f r o m  the ca l ibra t ion  graph.  
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S Y N T H E S I S  A N D  S T E R E O C H E M I S T R Y  OF 

3 , 4 - D I S U B S T I T U T E D  S U L F O L A N E S  

N.  N.  N o v i t s k a y a ,  B ,  V .  F l e k h t e r ,  
a n d  G .  A.  T o l s t i k o v  

UDC 547.732'733.07 : 541.63 

The s t e r e o c h e m i s t r y  of the reac t ions  of 4 -hydroxy-2- su l fo lene ,  4 -hydroxy-3-ch lo rosu l fo lane ,  
and 3 ,4-epoxysul fo lane  with nucleophilic reagen ts  was studied. The oPtimum conditions fo r  the 
p r e p a r a t i o n  of sulfolanes  with oxygen-containing subst i tuents  were  worked out. 

Li t t le  study has been devoted to the reac t ions  of 4 -hydroxy-2 - su l fo l ene  (D, 4 -hydroxy-3 -ch lo rosu l fo lane  
(II), and 3 ,4-epoxysul fo lane  (HI) with nucleophilic reagen ts .  A notable exception to this is an e a r l i e r  study [1~ 
in which it was  shown that t r ea tmen t  of sulfolene I with sodium methoxide leads to a complex mix tu re  of sub-  
s tances ,  the m a j o r  por t ion of which r ema ined  unidentified. 

We have p rev ious ly  developed methods fo r  the p r epa ra t i on  of c i s -  and t rans -3 ,4 -d ihydroxysu l fo lanes  (IV, 
V) by oxidation of 3 -su l fo lene  [3]. In a continuation of our  r e s e a r c h  o n t h e  synthes is  of m o n o m e r s  f r o m  sul-  
folene (for example ,  see  [4, 5]) we invest igated the hydrat ion and methanolys is  of I -HI.  

The synthes is  of 4 - h y d r o x y - 2 ' s u l f o l e n e  (D se rved  as the subject  of our  spec ia l  exper iments ,  s ince we 
were  unable to find convenient  methods in the l i t e ra tu re .  We es tab l i shed  that chlorohydr in  II can be obtained 
in a l m o s t  quanti tat ive yie ld  by hypochlorinat ion of 3-sul fo lene  in aqueous solution. The dehydrocblor inat ion of 
the ch lorohydr in  to give sulfolene I p roceeds  bes t  (90% yield) in aqueous dioxane in the p r e s e n c e  of an equiva- 
lent amount  of KOH. The use  of ba r i um  carbonate  o r  pyr idine gives  I in 80 and 60% yields ,  r espec t ive ly .  The 
hydrat ion of sulfolene I and the hydrolys is  of chiorohydr in  II in aqueous solution in the p r e s e n c e  of KOH give 
mix tu r e s  of c i s -  and t r ans -d io l s  in 65-95% yields ,  depending on the t e m p e r a t u r e  (60-100~ and reac t ion  t ime 
(4-30 h ) .  The ra t io  of IV to V ranges  f r o m  1 : 3  to 1 : 2 .  Thus the yields  of diols a r e  comple te ly  sa t i s f ac to ry  
under  the desc r ibed  conditions.  It should be noted that hydrat ion is compl ica ted  by the fo rmat ion  of d i m e r  VI, 
the yie ld  of which may reach  80%. The tendency of sulfolene I to undergo d imer iza t ion  is pa r t i cu l a r ly  high in 
solut ions with concent ra t ions  above 0.04 M. 

In the cour se  of a study of the poss ib i l i ty  of the use of d i m e r  VI in the synthes is  of diols we obse rved  
that it decomposes  rapidly  in aqueous alkal ine solutions.  The reac t ion  has a dis t inct  t e m p e r a t u r e  b a r r i e r .  
Thus the d i m e r  r e m a i n s  unchanged at 90 ~ fo r  20 h, whereas  a f t e r  1 h at 100~ it is conver ted  to a mix tu re  of 

Insti tute of Chemis t ry ,  Bashk i r  Branch  of the Academy of Sciences of the USSR, Ufa 450054. Trans la ted  
f r o m  Khimiya  Gete ro t s ik l ichesk ikh  Soedinenii, No. 8, pp. 1051-1055, August, 1977. Original  a r t i c l e  submit ted 
Apri l  22, 1976. 
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T A B L E  1. C o m p o s i t i o n s  of  the I s o m e r i c  
M i x t u r e s  Obta ined  by  Hea t ing  the Ind iv id -  
ual c i s -  and  t r a n s - D i o l s  in Aqueous  Al -  
ka l ine  Solu t ions  

Temp., I Itram-Diol V. cis-Diol IV, 
"C [Time' h IV : IV ratio V: IV ratio 

100 

60 

3 
8 

20 
30 

20 
30. 

67 : 33 
65 : 35 
63 :.37 
63 : 37 
9 2 : 8  
89:14 
86:14 
85:!5 

.49 : 5t 
56 : 44 
57 : 43 
60 : 40 
5:95 
7:93 

12:88 
27 : 73 

T A B L E  2 .  P r o d u c t s  of  the  R e a c t i o n  

of Su l fo lene  I wi th  Me thano l  

Temp., 

~ 

20 

40 

65 

Time, h 

48 
72 

128 

1~ '5 

28 

16 
24 

Comp. of mixtt~e, % 
VII VIII IX 

44 51 2 
37 53 4 
34 53 5 

38 57 2 
35 56 3 
31 54 6 
43 54 l 
38 57 2 
36 54 4 
32 53 7 

d i o l s  wi th  a IV to V r a t i o  of 33 : 67. This  r a t i o  c o r r e s p o n d s  to the e q u i l i b r i u m  c o m p o s i t i o n  of the m i x t u r e  of 
d io l s  d e t e r m i n e d  e x c l u s i v e l y  by  t e m p e r a t u r e  c o n d i t i o n s .  In fac t ,  a t  100~ we o b t a i n e d  a m i x t u r e  wi th  a s i m i l a r  
c o m p o s i t i o n  (35 �9 65) in e x p e r i m e n t s  on the h y d r a t i o n  of s u l f o l e n e  I and the h y d r o l y s i s  of c h l o r o h y d r i n  II wi th  
an  aqueous  d ioxane  s o l u t i o n  of  p o t a s s i u m  h y d r o x i d e .  We a l so  e s t a b l i s h e d  tha t  u n d e r  t h e s e  c o n d i t i o n s  the i nd i -  
v i d u a l  d i o l s  a r e  c o n v e r t e d  to a m i x t u r e  of  i s o m e r s  wi th  a p p r o x i m a t e l y  the s a m e  c o m p o s i t i o n  (Table  1). Equ i -  
l i b r i u m  m i x t u r e s  of the  d io l s  w i th  l o w e r  p e r c e n t a g e s  of the IV i s o m e r  c o r r e s p o n d  to a t e m p e r a t u r e  of 60~ 

Thus the r e s u l t s  of the l a t t e r  e x p e r i m e n t s  enab l e  us  to p r o p o s e  the h y d r o l y s i s  of c h l o r o h y d r i n  II a s  a 
c o n v e n i e n t  m e t h o d  f o r  the  p r e p a r a t i o n  of a m i x t u r e  of 3 , 4 - d i h y d r o x y s u l f o l a n e s  in which  the t r a n s  i s o m e r  p r e -  
d o m i n a t e s .  I t  is  not  d i f f i cu l t  to s e e  tha t  the c o n v e r s i o n  of II and VI to d io l s  p r o c e e d s  th rough  a s t e p  involv ing  
the  f o r m a t i o n  of s u l f o l e n e  I, wh ich  is s u b s e q u e n t l y  h y d r a t e d .  ]?he s t e r e o s p e c i f i c i t y  of the a d d i t i o n  of  w a t e r  is  
d e t e r m i n e d  by  the t e m p e r a t u r e  c o n d i t i o n s .  

II0 011 I10 011 

U ''o. --o~-- "~ - - -= 
.~ ;~ , ~ 0 

I I I 0 2 ~...,i'~ ~ 0 2 

VI 

The m e t h a n o l y s i s  of I and  II is  a m o r e  c o m p l e x  p r o c e s s .  As s e e n  f r o m  the da t a  in T a b l e  2, the  r e a c t i o n  
of  s u l f o l e n e  I wi th  m e t h a n o l  in the  p r e s e n c e  of s o d i u m  m e t h o x i d e  p r o c e e d s  wi th  the f o r m a t i o n  of a m i x t u r e  of 
c i s , t r a n s - 3 - h y d r o x y - 4 - m e t h o x y -  (VII, VIII) and c i s , t r a n s - 3 , 4 - d i m e t h o x y s u l f o l a n e s  (IX, X), the  r a t i o  of wh ich  
d e p e n d s  on the t e m p e r a t u r e  and r e a c t i o n  t i m e .  

As  e x p e c t e d ,  a m i x t u r e  of the  s a m e  fou r  compounds  (VII-X) is  f o r m e d  when  c h l o r o h y d r i n  II is  t r e a t e d  
wi th  e x c e s s  m e t h a n o l .  A m i x t u r e  of m e t h o x y s u l f o l a n e s  VII and VIII  in a r a t i o  of 40 ; 60 is f o r m e d  in up to 90% 
y i e l d  in the r e a c t i o n  wi th  an  e q u i m o l a r  a m o u n t  of CHsOH in d ioxane  a t  40~ f o r  4 h. 

In the c o u r s e  of an  a n a l y s i s  of the  i s o m e r  m i x t u r e s  we found i t  n e c e s s a r y  to ob t a in  and iden t i fy  the ind i -  
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TABLE 3. Spectral Charac te r i s t i c s  of 3,4-Disubst i tuted 
Sulfolanes 

Compound 

4 - Hydrox y- 2-sulfolene (I)* 

trans-3- Hydr~y-4-chlorosulfo-  
lane (ID 

cis-3,4- Dihydroxysulfolanediol 
(IV) 

trans-3,4-Dihydroxy~ulfolane- 
diol (V) 

cis-3,4 - Diacetox ysulfolane 

trans-3.4 -Diacetoxysulfolane 

c ~ -3 - Hydroxy-4- methox ysul- 
mmne (VID -4 

Trans-3-Hydroxy -methoxy- 
sulfolane (VIII) 

cis.a,4-Dimcthoxysulfolane 
(Ix) 

tram-3,4 -Dimethox ysulfolane 
(X) 

Characteristic frequencies, 
U, cm " l  

1090. 
1290, 
t110, 
1300 
1085, 
1135, 
1295, 
1115, 
1275, 
1080, 

SO2 OH (OAr 

1140, 3300--3500 
1310 
1123, 3450 

1115, 3410 
1272, 
1310 
1145, 3450 
1310 
1125, (1750) 

1150, 1290, 
1300, 1310 
1126, t155, (t760) 
1303, 1312 

3440 

1125, I140, 3470 
1295, 1310 
1085, 1110, 
1142, 1295, 
13!5 
1095, 1140, 
1235,1305 

ChemicalshiRs, 5, ppm 

2-H, 5-H 3-H, 4-H CH3 

IT --- 

IT 

Ef 

II 

H 

n 
12 
12 

13 

2,11 s 

2,14s 

3,38 s 

3,43 s 

3,38 s 

3,43s 

* The vinyl protons appear at 6.79 ppm (s). 

vidual i somers ,  t r ans -3-Hydroxy-4-methoxysu l fo lane  (VIII)was obtained f rom epoxysulfolane III and methanol 
in the p resence  of t races  of sulfuric acid. It is apparent  that the constants presented in [6] for  the trans iso- 
m e r  per ta in  to a mixture of the i somers .  Dimer  VI is a third react ion product.  The i somer ic  dimethoxysul-  
folanes were  obtained by methylation of the corresponding diols with dimethyl sulfate. ]?he individuality of 
VIII-X was conf i rmed by the spect ra l  data. As seen f rom Table 3, the differences in the spec t ra  are  large 
enough to ensure  sufficiently distinct qualitative identification of the i somers  and their  accura te  quantitative 
determination.  

Dimer  VI undergoes methanolysis  at l l0~ in the p resence  of CH3ONa to give a mixture of two dimethoxy 
derivat ives  IX and X and the previously descr ibed [1, 7] 3-methoxy-2-sul fo lene  (XI). 

It may be assumed that the dimethoxy derivat ive is formed f rom VII and VIII through a step involving 
methoxysulfolenes XII and XIII, which a re  converted to i somer  XI under severe  conditions. Isomerizat ion of 
this type has been noted in [8] for  s imi la r  alkylthiosulfolenes.  

On the basis  of the above discussion one can conceive of the following scheme for  the t ransformat ions:  

OH- 
II C.~O~H--" Ill 

CHaO OH 

CH3OH 

VII I  

CH~O OH CH:~O OCH~ 

. 

S CH~OH 

VII, VIII IX, X 

CH~Otl [11 - - -  VII ,i- VIII + VI 

I l l  

V I . . . .  
OH-  

CH3011 VII § VII I  IX, X 

Xll Kil l  Xi 

EXPERIMENTAL" 

The IR spec t ra  of thin layers  of Nujol suspensions of the compounds were recorded  with a UR-20 spec-  
t rometer .  The PMR spec t ra  were obtained with a Tesla BS 487B spec t romete r  (80 MHz) with hexamethyldisi-  
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loxane as the internal  s tandard.  The cou r s e  of the reac t ions  was followed by th in - l aye r  ch romatography  on ac-  
t ivity III A120 s with elution with a b e n z e n e - e t h a n o l  s y s t e m  (9 : 1). The mix tu res  of i somer i c  diols w e r e  ana-  
lyzed f r o m  the a r e a s  of the s ignals  of the acety l  protons  in the PMR s p e c t r a  a f t e r  acetyla t ion with acetyl  chlo-  
r ide  at  room t e m p e r a t u r e .  It  was  es tab l i shed  by p r e l i m i n a r y  exper iments  that the individual diols a r e  not i s o m -  

e r i z e d  under  the ace ty la t ion  conditions. The mix tu res  of methoxy der iva t ives  were  analyzed f r o m  their  PMR 
spec t r a .  

t r a n s - 4 - H y d r o x y - 3 - c h l o r o s u l f o l a n e  (II). Chlorine was bubbled at a r a t e  of 700-750 m l / m i n  fo r  5 h through 
a solution of 200 g (1.7 moles)  of 3-su l fo lene  in 1.8 l i t e r s  O f water ,  a f t e r  which the mix ture  was cooled, and the 
p rec ip i t a t e  was r emoved  by f i l t ra t ion  to give 260 g (90%) of ch lorohydr in  II with mp 167-168 ~ (from dichloro-  
ethane) and R f  0.25. Found: C 28.0; H 4.3; C1 20.6; S 18.7%. C4HrC103 S. Calculated:  C 28.2; H 4.1; CI 20.8; 
s 18.8%. 

4-Hydroxy-2 - su l fo l ene  (I). A) A total  of 52.2 ml  of a 1.02 N aqueous KOH solution was added dropwise  
a t  70" to a solution of 9.4 g (0.055 mole) of chlorohydr in  II in 60 ml  of aqueous dioxane (1 : 1) at  such a ra te  that 
the medium remained  constant ly  weakly alkal ine.  The reac t ion  was moni tored  f rom the co lor  of the indicator  
[a mix ture  of a 0.1% solution of methylene red  and a 0.2% solution of methylene blue (1 : 1); t rans i t ion  pH 7], 
which was added to the reac t ion  mix ture .  Af ter  all  of the KOH solution had been added, the solution was heated 
at  70~ fo r  2-3 h. The mix tu re  was then evapora ted  to d ryness  in vacuo,  and the res idue  was ex t rac ted  with 
acetone.  The combined ex t r ac t s  we re  dr ied with magnes ium sulfate  and f i l tered,  and the f i l t r a te  was vacuum 
evapora ted  to give 6.7 g (91%) of sulfolene I with n~  1.5238 and R f  0.31. Found: C 36.1; H 4.6; S 23.8%. 
C414603S. The ace ta te  had mp 114-115" {from methanol) and R f  0.75. IR spec t rum:  1740 cm -1 (C=O). PMR 
s p e c t r u m  (CDC13): 2.11 ppm (s, CH3).  Found: C 40.3; H 4.5;  S 17.9%. C6H804S. Calculated:  C 40.5; H 4.5; 
S 18.0%. 

B) A suspension of 100 g (0.6 mole) of chlorohydr in  H and 70 g (0.35 mole) of BaCO 3 in 1 l i te r  of wa t e r  
was  heated with s t i r r ing  to 1000C for  5-6 h, a f t e r  which it was cooled, and the p rec ip i t a te  was r emoved  by f i l -  
t ra t ion  and washed on the f i l t e r  with acetone.  The f i l t r a te  was worked up as in expe r imen t  A to give 70 g (85%) 
of sulfolene I with bp 174-175" (1 mm) and n~ 1.5242. 

Hydrat ion of Hydroxysulfolene I. A solution of 4.2 g (0.03 mole) of sulfolene I and 0.17 g (0.003 mole) of 
KOH in 750 ml  of w a t e r  was heated at 60~ for  10 h, a f t e r  which the solution was cooled and neutra l ized,  and 
the wa te r  was vacuum evapora ted  to d ryness .  The res idue  was dissolved in hot acetone,  and the sa l t  was r e -  
moved by f i l t ra t ion.  The acetone was evapora ted  f r o m  the f i l t r a te  to give 3.9 g (82%) of a mix tu re  of IV and V 
(25:75). Found: C 31.4; H 5.4; S20.9%. C4H804S. Calculated:  C 31.6; H5.3 ;  S21.1%. 

Hydrat ion a t  100~ gave a mix ture  of i s o m e r s  IV and V (35 : 65) in 66% yield.  

Hydrolys is  of Chlorohydr in  1I. A) Wate r  (500 ml) was added gradual ly  to a solution of 5.1 g (0.03 mole) 
of ch lorohydr in  II in 250 ml  of dioxane, a f t e r  which a sa tu ra ted  solution of 1.68 g (0.03 mole) of KOH was added 
with s t i r r ing ,  and s t i r r ing  was continued fo r  another  30 min. A sa tu ra ted  aqueous solution of 0.17 g (0.003 
mole) of KOH was added, and the mix tu re  was s t i r r e d  at  50-60oc fo r  30 h. The mix tu re  was then worked up as 
in method A to give 4.3 g (95%) of a mix tu re  of IV and V (25 : 75). 

B) A total  of 180 ml  of a 10% aqueous KOH solution was added with s t i r r ing  at  60 ~ in the cour se  of 10-15 
min to a solution of 51.3 g (0.3 mole) of chlorohydr in  II in 1500 ml  of water ,  a f t e r  which the mix ture  was heated 
at  100" fo r  1-1.5 h. It was  then cooled, neutra l ized,  and worked up by the usual method to give 29.4 g (65%) of 
a mix tu re  of IV and V (35 : 65). 

Hydrolys is  of D i m e r  VL A suspension of 1 g (3.7 mmole)  of d i m e r  VI and 0.03 g (0.7 mmole)  of KOH in 
20 ml  of w a t e r  was heated at  100" fo r  15 min, a f t e r  which it was worked up in the usual manne r  to give a mix-  
ture  of IV and V (33 : 67) in 65% yield.  

Genera l  Method fo r  the I somer iza t ion  of 3 ,4-Dihydroxysul fo lanes .  A solution of 5 g (0.033 mole) of dihy- 
droxy der iva t ive  V and 0.17 g (0.003 mole) of KOH in 700 ml  of wa t e r  was heated at 60"C, and 160-ml  s a m p l e s  
of the mix tu re  w e r e  r em oved  a f t e r  3, 8, 20, and 30 h and worked up in the usual manner .  The mix tu res  of IV 
and V were  acetyla ted  and analyzed by PMR spec t roscopy .  

A s i m i l a r  expe r imen t  was c a r r i e d  out at 100~ 

]?he i somer iza t ion  of c i s -3 ,4 -d ihydroxysu l fo lane  (IV) was c a r r i e d  out under  the s a m e  conditions. 

c i s -  and t r a n s - 4 - H y d r o x y - 3 - m e t h o x y s u l f o l a n e s  (VII and VIII). A) A 0.59-g (0.011 mole) s ample  of 
CH3ONa was added grndual ly  to a solution of 1.7 g (0.01 mole) of chlorohydr in  II and 0.44 ml (0.011 mole) of 
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CI{3OH in 100 ml  of dioxane, and the mix tu re  was s t i r r e d  at  40 ~ fo r  4 h. It was then worked up in the usual  
m a n n e r  to give 1.4 g (82%) of a mix tu re  of VII and VIII (40 : 60) with R f  0.33. Found: C 35.8; H 5.9; S 18.8%. 
C5H1004S. Calculated:  C 36.2; H 6.0; S 19.2%. 

B) A solution of 3.4 g (0.025 mole) of epoxysulfolane III and 0.2 g (0.0035 mole) of CH3ONa in 70 ml of 
absolute  methanol  was s t i r r e d  at  room t e m p e r a t u r e  fo r  14 h, a f t e r  which p rec ip i t a ted  d i m e r  VI [0.3 g (7%)] was 
r em oved  by f i l t ra t ion,  and the f i l t r a te  was worked  up in the usual manne r  to give 3.6 g (86%) of a mix tu re  of 
VII and VIII (46 : 54). 

t r a n s - 3 - H y d r o x y - 4 - m e t h o x y s u l f o l a n e  (VIII). A mix tu re  of 4.8 g (0.035 mole) of epoxy compound HI, 75 ml 
of absolute  methanol ,  and 0.2 ml  of concent ra ted  H2SO 4 was heated in an autoclave at  160-170 ~ for  5 h, a f t e r  
which it was cooled, neut ra l ized ,  and f i l te red .  The f i l t r a te  was evapora ted ,  and the res idue  was f rac t iona ted  
to give 3.8 g (60%) of VIII with bp 186 ~ (0.5 mm) and mp 75-75.5 ~ (from ethanol). Found: C 36.8; H 6.2; S 18.8%. 
C5H1004S. Calculated:  C 36.2; H 6.0; S 19.2%. The ace ta te  had mp 71-72 ~ (from ethanol), rR spec t rum:  1747 
cm -1 (C-~-O). PMR s p e c t r u m  (CDC13): 2.14 (s, 3H, OAc) and 3.43 ppm (s, 3H, OCH3). Found: C 40.2; H 5.8; 
S 15.5%. C7H1205S. Calculated:  C 40.3; H 5.8; S 15.4%. 

React ion of D i m e r  VI with Methanol. A mix tu re  of 1 g (0.08 mole) of d imer  VI, 70 ml  of methanol ,  and 
0.8 g (0.014 mole) of CH3ONa was heated in an autoclave  at  110-120 ~ fo r  5 h, a f t e r  which it was  worked up in 
the usual  manne r  to give 0.8 g (60%) of a mix tu re  of IX, X, and XI (11 :19:70) ,  f r o m  which 3 - m e t h o x y - 2 - s u l -  
folene (XI), with mp 128-129~ (from ethanol) and Rf~ 0.56, was isolated by p r e p a r a t i v e  TLC. IR spec t rum:  
1110, 1140, 1280, and 1350 (SO2); 1616 and 1630 cm - i  (C--C). PMR s p e c t r u m  (CsDsN): 2.55-2.70 (m, 2H, CH2) , 
3.26-3.46 (m, 2H, H2CSO2) , 3.42 (s, 3H, CH3) , and 6.07 ppm (s, 1H, HC---~C). Found: C 41.0; H 5.5%. C5H803S. 
Calculated:  C 40.6; H 5.4%. The res idue  was a mix tu re  of IX and X (37 : 63) with mp 53-54 ~ (from CC14) and 
R f  0.68. Found: C 40.1; H 6.8%. C6H1204S. Calculated:  C 40.0; H6.8%. 

Genera l  Method fo r  the Acetylat ion of the Hydroxysulfolanes .  A solution of the sulfolanol o r  a mix ture  of 
the sulfolanols  in a f ivefold excess  of ace ty l  chlor ide  was s t i r r e d  until HCI evolution ceased  (2.5 h), a f t e r  which 
the mix tu re  was allowed to stand overnight .  The degree  of acetyla t ion was followed by TLC. The mixture  was 
vacuum evapora ted  to d ryness ,  and the res idue  was analyzed fo r  the absence  of OH groups  by means  of its IR 
spec t rum.  The compos i t ion  of the mix tu res  was analyzed f r o m  the PMR spec t rum.  Where  n e c e s s a r y ,  the ace-- 
rates  w e r e  c rys t a l l i zed  f r o m  ethanol; the products  we re  obtained in ~ 95% yields .  
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