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F i f t een  p r e v i o u s l y  un repor t ed  2 - a l k y l -  and 5 - a l k y l - 2 , 2 - d i m e t h y l - 1 , 3 - d i t h i a n e s  have been synthes ized  by 
the condensa t ion  of 2 - a l k y l p r o p a n e - 1 , 3 - d i t h i o l s  with ace ta ldehyde ,  i sobu ty l r a ldehyde ,  and ace tone ,  and 
t h e i r  s t r u c t u r e s  have been conf i rmed  by t h e i r  IR s p e c t r a .  The ex i s t ence  of s t e r e o i s o m e r s  in a number  of 
the t h ioace t a l s  has  been shown by G LC and TLC.  Some of the s t e r e o i s o m e r i c  2 , 5 - d i a k y l - 1 , ' 3 - d i t h i a n e s  
have been  s e p a r a t e d  by f r ac t iona t ion  in an eff ic ient  column into the individual  i s o m e r s ,  the pu r i t y  of which 
was conf i rmed  by TLC,  GLC, and IR s p e c t r o s c o p y .  

In view of the i n c r e a s i n g  i n t e r e s t  in the s t e r e o c h e m i s t r y  of the he t e ro  ana logs  of cyc lohexane  and the p r e p a r a t i o n  
of new phys io log i ca l l y  ac t ive  subs t ances ,  the number  of p a p e r s  devoted to 1 , 3 - d i t h i a n e s  has i n c r e a s e d  [1,3] .  In r ecen t  
y e a r s ,  some s t e r e o e h e m i c a l  ques t ions  have been s tudied in r e l a t i o n  to the 2 - subs t i tu t ed  1 , 3 - d i t h i a n e s  and the 
subst i tu ted 5 - h y d r o x y -  and 5 - a c e t o x y - 1 , 3 - d i t h i a n e s  [2 ,3] .  

Continuing our  inves t iga t ions  on the p r o b l e m s  of the  s t e r e o c h e m i s t r y  of h e t e r o  ana logs  of cyclohexane [4], we 
hay e syn thes ized  a number  of cyc l i c  t h i o a c e t a l s  of the  type of 2 , 5 - d i a l k y l - 1 , 3 - d i t h i a n e s  and th ioke ta l s  of the type of 
2, 2 , 5 - t r i a l k y l - 1 , 3 - d i t h i a n e s  which have not p r e v i o u s l y  been r e p o r t e d  in the l i t e r a t u r e .  The s t a r t i ng  m a t e r i a l s  fo r  
these  syn theses  we re  2 - a l k y l p r o p a n e - 1 , 3 - d i o l s  [5], which we re  conver ted  into 2 - a l k y l - 1 , 3 - d i b r o m o p r o p a n e s  [6] 
( I - I I I ,  Tab le  1) ; the l a t t e r  were  conver ted  by r eac t i on  with th iourea  in an a lka l ine  med ium into 2 - a l k y l p r o p a n e - 1 , 3 -  
d i th io l s  [7]. The 2 - a l k y l p r o p a n e - 1 , 3 - d i t h i o l s  ( IV-IX,  Table  2) w e r e  condensed with ace ta ldehyde ,  bu ty ra ldehyde ,  
and acetone in the p r e s e n c e  of c a t a l y s t s  [8 ,9] ,  giving 1 , 3 - d i t h i a n e s  (X-XXIV,  Table  3). 
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Table  1. 2 -Alky l -1 ,  3 - d i b r o m o p r o p a n e s  ( I - I I I )  

CH3 
C2H5 
C4H9 

Bp, ~ 
(pressure, 

mm) 

65 (15) 
93 (28) 
88 (4) 

M~ D 

a;-o ] nD~~ . .[calcu-I 
] . . . . .  I l a ted /  

1,783211,6080, 36,09 { 35,97 
1 6808t 1,5070 40,78 l:51361 40,72 1,4985 50,02 49,97 

Empirical 
formula 

C4HsBr2 
C~H~oBr2 
CTH,4Br2 

Br, % 

found calcu- 
lated 

74,2 74,0 
69,5 69,6 
61,8 62,0 

60 
93 
74 

The IR s p e c t r a  of compounds X-XXIV (Fig .  1) have s t rong  abso rp t ion  bands  in the 1294-  1279, 1194-1182,  1068-  
1055, 979-964 and 886-872 cm -1 r eg ions  which,  a cco rd ing  to l i t e r a t u r e  data [1], can be a s c r i b e d  to the 
c h a r a c t e r i s t i c  bands  of 1 , 3 -d i t h i ane  s y s t e m s .  

The 2 , 5 - d i a l k y l - 1 , 3 - d i t h i a n e s  syn thes ized  mus t  be m i x t u r e s  of g e o m e t r i c  i s o m e r s .  The gas - l iqu id  
c h r o m a t o g r a p h y  of subs tances  XVI and XXI c l e a r l y  showed the p r e s e n c e  in the s a m p l e s  of two s t e r e o i s o m e r s  in a 
r a t i o  of 4 0 : 6 0 .  A study of the t h i n - l a y e r  c h r o m a t o g r a m s  of the 2 , 5 - d i a l k y l - 1 , 3 - d i t h i a n e s  led to s i m i l a r  r e s u l t s .  We 
sepa ra t ed  some of the m i x t u r e s  into individual  i s o m e r s .  This  was p e r f o r m e d  in t o t a l - condensa t ion  columns with 40 
t h e o r e t i c a l  p l a t e s .  The p e r c e n t a g e s  of the individual  s t e r e o i s o m e r s  w e r e ,  acco rd ing  to GLC, 92-99%; t h i n - l a y e r  
c h r o m a t o g r a p h y  led to s i m i l a r  r e s u l t s  (Table  4). The r e s u l t s  given r e p r e s e n t  the f i r s t  c a se  of the s epa ra t i on  of 2 , 5 -  
d i a l k y l - 1 , 3 - d i t h i a n e s  into c i s - t r a n s  i s o m e r s .  

* F o r  p a r t  III, see  [11]. 
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The IR spect ra  of the individual  i s o m e r s  differ f rom one another  main ly  in the 940-500 cm-1 region,  which can 
a lso  be used to check the course  of the separa t ion  and i ts  comple teness .  Thus,  absorpt ion bands in the IR spec t rum 
(Fig. 2) at 914 and 680 cm -1 a re  cha rac t e r i s t i c  for the low-boi l ing i somer ,  while bands at 926 and 711 cm -1 a re  
p r e s e n t  in:the spec t rum of the high-boi l ing i somer .  The p r e sence  of a compara t ive ly  weak band at 926 cm -1 in the 
spec t rum of the low-boi l ing i s o m e r  (far l e s s  in tense  than in the mix ture  of i somers )  apparent ly  shows the p re sence  of 
a smal l  amount  (about 8%) of the high-boi l ing i somer ,wh ich  was conf i rmed by the GLC method. 

0l  . . . ~  Y . . . .  , ~  . . . .  
2BOO 1500 1400 1300 1200 1100 1000 900 800 700 600 500 400 ~0 I), c m  

Fig.  1. IR spec t rum of 2 - m e t h y l - I ,  3-di thiane (X) (film of the 
pure  substance  between KBr plates ,  IKS-14A spec t romete r ) .  

The r e su l t s  obtained do not give informat ion on whether  the individual  i s o m e r s  belong to the c i s -  or  the t r a n s -  
s e r i e s .  F u r t h e r  invest igat ions  will  be devoted to elucidat ing the configurat ion of the i s o m e r s  of the th ioaceta ls  and to 
a cons idera t ion  of the s te reoehemica l  f ea tu res  of the thioketals  of the 1 ,3-d i th iane  se r i e s .  We may  note that in  the 
s e r i e s  cons idered  (Table 4) there  is  some deviat ion f rom the Auwers-Ski ta  ru le ,  which shows the imposs ib i l i ty  of 
applying it without subs tant ia l  changes.  However,  the fact that the high-boi l ing i s o m e r  is  solid under  o rd ina ry  
condit ions p e r m i t s  the quite definite assumpt ion  that it, and consequently the other h igh-boi l ing i s o m e r s ,  a re  more  
stable than the low-boi l ing i s o m e r s .  

Table  2. 2 -Alky lp ropane-1 ,3 -d i th io l s  (IV-IX). 

IV CH3 
V CzH5 

VI C3Hr 
VII i-C3H7 

VIII C4Ho 
IX C6HIa 

Bp, ~ 
(pressure, 

mm) 

MR 9 
d42O riD2~ 

found 

81-82 (25) ,,0327J  ,52501 36, 8 
87 (28) 1,0275 1,5290 / 40,43 
88 (8) 0,9985 t 1,50901 44,85 
76 (5) 1,0087 1,5151 / 45,45 

96--97 (6) 0,9871 1,5085 49,67 
99 (l) 0,9658 1,4978 58,88 

Empirical 
formula 

calcu- 
lated 

36,101 C4HIOS2 
40,761C~sHj2S~ 
45,391C6H14S2 
45,39 ] C6H1~$2 
50,06 C7H~$2 
59,23 C9H20S2 

s. % 

foondt calc~ 
I lated 

522 52,4 70 
47,0 47,1 75 
42,6 42,2 75 
42,7 42,2 87 
38,8 39,1 84 
32,6 33,0 81 

E X P E R I M E N T A L  

The 2 - a l k y l - 1 , 3 - d i b r o m o p r o p a n e s  ( I ,  HI, Table 1) were synthesized as descr ibed p rev ious ly  [6]. 

The 2 -a lky lp ropane -1 ,3 -d i th io l s  (IV-IX, Table  2) were  obtained by a published method [7]. A mix ture  of 0.43 
mole of a 2 - a lky l -1 ,3 -d ib romopropane  and 0.91 mole of thiourea in 50 ml  of ethanol was boiled for  6 hr ,  cooled, 
t rea ted with 300 ml  of 5 N NaOH solution,  and again heated in a constant  flow of n i t rogen for  2 hr ,  a f ter  which it was 
cooled and acidified with 2 N HC1 to pH 2. The oily yellow layer  of dithiol was separated off and the aqueous layer  
was extracted with ether ;  af ter  drying with magnes ium sulfate,  the ether  was dis t i l led off and the dithiols were 
isolated by f rac t iona t ion  in vacuum. The IR spect ra  of the diothiols IV-IX exhibit  the absorpt ion  bands of uSH at 
2558-2550 cm - I  and of 6C--  S at 710 cm -1. 

The 2-subs t i tu ted  5 - a l k y l - 1 , 3 - d i t h i a n e s  (X-XXIV, Table 3) were  obtained by the condensat ion of the dithiols IV-  
IX with acetaldehyde,  butyraldehyde,  or acetone in the p resence  of acid cata lys ts  (KU-1 or KU-2 ion-exchange r e s i n  
in the H-form) in benzene solution by analogy with l i t e r a tu re  methods [8-10].  The separa t ion  of the s t e r e o i s o m e r i c  
1 ,3 -d i th ianes  was ca r r i ed  out by f rac t iona t ion  in the to ta l -condensa t ion  columns with 40 theore t ica l  plates  (glass 
packing) in a s i m i l a r  m a n n e r  to the separa t ion  of the i some r s  of XVI. Some 35 g of the mix ture  of i s o m e r s  was 
dis t i l led in a 24-hr  column with a ref lux number  of 50. Th i r t een  f rac t ions  were collected,  of which f rac t ions  3 -5  and 
10-11,  respec t ive ly ,  had s i m i l a r  cons tants .  The p roper t i e s  of the i s o m e r s  a re  given in Table 4. 

Gas- l iquid  ch romatograms  of the mix tu res  of s t e r e o i s o m e r s  (XVI, XVIII, and XXI) and a lso  those of the 
individual  i s o m e r s  af ter  separa t ion  were  recorded  on a "Tsvet  n chromatograph with a column 2 m long, SE-30 
s i l icone e l a s tomer  as the liquid phase,  and hydrogen as the c a r r i e r  gas at a column t e mpe r a t u r e  of 180 ~ C in the case 
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T a b l e  3 

*r 
g 
g 

:• H 

C H ~  
XII I-CsH~ 

XIII C2Hs 

XIV i CHa 
x v  

i-C~H7 

XVII I C~H~ 
XVIII! C~H~ 

XIX C~H~ 

xXxXl i-CsH~ 

XXII CtH~ 
XXIII i C~Ht~ 
XXIV] CsHI3 

Bp, ~ 
R,, (pressure, 

mm)  
d~o nD~~ _ _ _ _  Empirical ~" 

I , = l  formula 
2** 

CHs 

CH3 

CH3 
CH3 

CH~ 

CH~ 
i-CaH7 

CH3 

CH~ 
i-C~Hr 

CHa 

H 56 

87 n 
H 

H 71 

H 109 

H t32 
126 

~ 9 

;) 

3) 
(3) 
(2) 
(4) 

1,1217 1,5595 38,60 39,09 CsHl0S2 47,4 47,8 81 

1 0701 1 5439143 65 43 72! C~H ~$2 43,6 43,7 / 66 
39,0 1,0705/ 1 5403 47 57148,381 C7H1482 39,5/69 

1,0563[ 1,5392148,02i 48,38 Celtic,S2 I 39,7 39,5 [ 85 

10476~t 5315!4794'48,381C7HI,$2 39,3 ~9:51761 
1 0285 1 5308'52 91 52 98 CsH 6S2 36,2 [ 

. , ~ t S 36,0 36,4176 1,0465 1,0330i52,20 a2,78 CsH 6 z 

1 0311 l 5270[52 54 !52 98 Cstl 6S2 36,2 I 36,4 78. 
110221 1',5265157',26:57 68: CsH 0Sz 33,8[ 33,7181 

' i i 
1,0184 1,5258 57,36 57,68 C9H18S2 33,4 33,7 80 

1,02271t 5245 56,45!56 951C~H~sS2 33,4 i 313,7 761 
1,0186 1,5243 62,58'62,381C~oH2oS~ 
0,9978 1,5t78 62,10 62,38 CloH~oS2 3110 3113180' 

/ 1 0026i 1 5230:62,15 62,38 ICtoH2oS2 31,1 31,3 65 
]0,98651 t,5098166,61166,05i CuI-122S2 29,7 ]29,4]76. 

Table 4. 'Proper t i e s  of the I s o m e r s  of the 2 , 5 - D i a l k y l - 1 , 3 - d i t h i a n e s  

Com- 
pound 

XVI 

XVIII , 

XXI 

Isomer' Bp, ~ (pressure, 
mm) 

69 (1) 
72 (i) 
76(0,5) 
79 (0,5) 
98 (2) 

T. na, 41 

d42O 

1,0425 
1,0395 
1,0227 
1,0194 
1,0165 

riD 2~ 

15348 
1,5330 
1,5279 
1,5266 
1,5262 

�9 ~ t R ~ ]  R * 

found calculated [ t 

52,44 52,18 0,68 
52,57 52,78 0,62 
57,68 57,68 0,62 
57,40 57,68 0,55 
61,50 62,02 0,61 

0,51 

Ratio of  
the 1so- 

met 

40 
60 
40 
60 
40 
60 

*Chromatography was carried out in a thin nonfixed layer of AI203 of activity grade II in hexane. 

p~ 

100 

60. 

40  

20 

0 

80 

60 
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F i g .  2.  IR s p e c t r a  of 5 - i s o p r o p y l ~ 2 - m e t h y l - 1 , 3 - d i t h i a n e  
(XVI):  top)  l o w - b o i l i n g  i s o m e r ;  bo t t om}  h i g h - b o i l i n g  i s o m e r .  
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of compounds XVI and XVIII and 123 ~ C in the case of compound XXI. 
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