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A new method for the preparat ion of functional derivat ives of sulfolane by ozonolysis of 13- 
th iabicyclo[8 .2 .1] -c is -5- t r idecene  and its derivat ives was developed. 

Sufficiently effective general methods for the preparat ion of di-  and polyfunctional sulfolane der iva-  
tives have not yet  been described.  The essential  inadequacies in the known methods include the low yields 
of the target  compounds, the many steps involved in the syntheses,  the difficulty in obtaining the s tar t ing 
mate r ia l s ,  and the laborious separat ion of the s t e r eo i somers  [1]. 

The possibi l i ty for the synthesis  of 2 ,9-d ich loro-13- th iab icyc lo[8 .2 .1] -c i s -5- t r idecene  (I) by reaction 
of sulfur dichloride with t r ans , t r ans , c i s - cyc lododeca - l , 5 ,9 - t r i ene  was recent ly  demonstra ted [2]. We have 
establ ished that I is formed in a steady yield of no less than 9070 in the react ion of equimolar amounts of 
reagents  in dilute dichloromethane solutions a t - 2 0 ~  13-Thiabicyclo[8 .2 .1] -c is -5- t r idecene  (H) is ob- 
tained in high yield by reduction of I by means of LiA1H 4. Its ozonolysis as a function of the conditions and 
solvents was studied. The ozonolysis  was ca r r i ed  out in dilute (1 : 20) solutions. 

Acetoxyhydroperoxyaldehyde HI is formed in acetic acid at - 2 0  ~ The s t ructure  of aldehyde III was 
conf i rmed by determinat ion of the percentage of active oxygen, positive react ion with 2,4-dini trophenyl-  
hydrazine,  and IR spectra l  data. 

Absorption bands of equal intensity at 1760 and 1260 cm -1 are  related,  respect ively,  to the s tretching 
vibrat ions of the carbonyl  group and the as~mametrical s t retching vibrations of the C - O - C  group of an e s -  

t e r  grouping, while the absorption band at 1015 crn - I  is re la ted to the symmet r ica l  s t retching vibrations of 
this same grouping. The aldehyde group is cha rac te r i zed  by the frequency of the stretching vibrations of 
the carbonyl  group at 1740 cm -1 and the s t re tching vibrations of the CH group at 2730 cm -1. The absorp-  
tion at 930 cm -1 is due to the s tretching vibrations of the - O - O -  peroxide grouping. 

Frequencies  in the region of the vibrations of an SO 2 group are  absent in the IR spec t rum of aldehyde 
III, but there are  other f requencies  in the region of the vibrations of the SO group (1050 cm-i) ;  the SO vi-  
brations therefore  cannot be isolated. IIowever,  inasmuch as macrocyc l i e  saturated sulfide VI is oxidized 
only to sulfoxide VII under the ozonolysis conditions, it can be supposed that the degree of oxidation of the 
sulfur atom is also the same in III. In addition, we showed by special experiments  that under these same 
conditions thiophan is oxidized to the sulfoxide, but thiophan sulfone is not formed even at 20 ~ 

Oxidation of III with hydrogen peroxide in the presence  of sulfuric acid gives c i s -2 ,5 -d i (y -ca rboxy-  
propyl)sulfolane (IV) in 85-90% yield. The IR spec t ra  of acid IV and its dimethyl and p-bromophenacyl  e s -  
t e rs  contain bands at 1120, 1290, and 1310 cm "1, which are  charac te r i s t i c  for the symmetr ica l  and a sym-  
met r ica l  s t re tching vibrations of the s o  2 group. As seen, the oxidation of SO to SO 2 proceeds during the 
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decomposi t ion of the ozonolysis  product .  The conformation of the subst i tuents  follows f rom the fact  that 
the addition of SC12 to cyclic dienes always p roceeds  with the format ion  of c i s -d i subs t i tu ted  he te rocyc les  [3]. 

Ozonation in formic  acid p romotes  the m o r e  rapid oxidative decomposi t ion of the hydroperoxide  and 
an inc rease  in the yield of IV to p rac t i ca l ly  quanti tat ive levels .  The s t ruc tu re  of in t e rmed ia te ly - fo rmed  
formoxyhydroperoxyaldehyde V follows f rom the IR spec t ra ,  the resu l t s  of iodomet r ic  t i t ra t ion of the ac -  
t ive oxygen, and a posi t ive react ion  with 2 ,4-dini t rophenylhydrazine.  

The yield of acid IV fal ls  on pass ing  f rom acids to alcohols and then to ine r t  solvents  (chloroform,  
hexane). Judging f rom the IR spec t r a  of the products  of ozonolysis  of II, a mix tu re  of monomer i e  and poly-  
m e r i c  ozonides,  the yields of which a re  N 60 and 40%, respec t ive ly ,  is fo rmed  in ine r t  solvents .  An in-  
c r e a s e  in the ozonolysis  t e m p e r a t u r e  in any of the solvents leads to a dec r ea se  in the yield of IV. 

The oxidation of the ozonolysis  products  is a cce l e r a t ed  cons iderably  by the use  of seleniun dioxide. 
Thus the oxidation of identical  amounts of the in te rmedia te  with 30% hydrogen peroxide in acet ic  acid con-  
raining sulfuric  acid usual ly  p roceeds  in 30-50 h, as compared  with 20-30 h at 60 ~ in fo rmic  acid containing 
sulfuric  acid, while oxidation with hydrogen peroxide in the p resence  of a catalyt ic  amount  of se lenium di-  
oxide takes  12-15 h at room t empera tu r e .  The amount of hydrogen peroxide consumed is reduced con-  
s iderably .  

The aee to lys i s  of I gives 2 ,9 -d iace toxy-13- th iab ieyc lc [8 .2 .1 ] -c i s -5 - t r idecene  (VIII), the saponif ica-  
tion of which gives diol IX. Ozonolysis  of IX in acet ic  acid with subsequent  oxidation in the p r e sence  of 
sulfuric  acid gives 2 ,5-di( ' / -butanol id-T-yl)sulfolane (XI) in high yield (91%), the IR spec t rum of which con-  
tains an absorpt ion band at 1780 cm -1, which is cha rac t e r i s t i c  for the s t re tching v ibra t ions  of the carbonyl  
group in a f i v e - m e m b e r e d  laetene.  The IR spec t rum of in te rmedia te  X, in which absorpt ion bands of an 
aldehyde group a re  absent,  the negative reac t ion  of X with 2 ,4-dini t rophenylhydrazine,  and the cons iderab ly  
sma l l e r  amount  of hydrogen peroxide  requ i red  for the format ion  of XI as compa red  with the hydrogen p e r -  
oxide consumption in the p repa ra t ion  of acid IV indicate that lactonizat ion p roceeds  immedia t e ly  af ter  the 
format ion of the aldehyde through in te rmedia te  hemiace ta l  X, bypassing the s tep involving the format ion of 
the hydroxy acid. 

Bis lactone XI was a lso  obtained in quanti tat ive yield during mi lde r  oxidation by means  of se lenium 
dioxide without heating. 

Laetene XI is  also fo rmed  in the ozonolysis  of diaeetate  VIII but in lower  yield (50%7. React ion of 
the in te rmedia te  with 2 ,4-dini t rophenylhydrazine is also negative in this case .  Hydro lys i s  of the i n t e r -  
media te  at  room t e m p e r a t u r e  in water  a lso  gives bis lactone XI. Lactone XI r e a c t s  v e r y  read i ly  with a m -  
monia  in water  to give 2 ,5 -d i (a -hydroxy-T-amidoxypropyl ) su l f0 lane  (XID; i ts  s t ruc tu re  was conf i rmed  by 
i t s  IR spec t rum,  which contains two bands a t  1615 and 1680 em -1, cha rac t e r i s t i c  for  a f ree  CONH 2 group, 
and a doublet  a t  3500, 3400 era - i .  

The reduction of lactone XI by LiAlt{ 4 in e ther  at 20 ~ p roceeds  read i ly  and gives,  in high yield, 2,5- 
d i (a ,T-dihydroxypropyl)sul folane (XIII), which was cha rac t e r i zed  as the te t ra (p-n i t robenzoate)  (XIV). 

The ozonation of dichloro sulfide I is compl ica ted  by side reac t ions  as a consequence of the high l a -  
bility of the chlorine a toms.  Dichloro acid XVI the re fo re  cannot be obtained in yields of m o r e  than 10-20%, 
but the yield can be r a i s ed  to 30% in the ozonolysis  of sulfexide XV. 

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

The IR sp ec t r a  of mine ra l  oil suspensions ,  hexaehlorobutadiene suspensions,  liquid f i lms,  or  CC14 
solutions were  r eco rded  with a UR-20 s pec t rome te r .  The PMR spec t r a  were  obtained with a Tes l a  BS487B 
s p e c t r o m e t e r  with an opera t ing f requency of 80 MHz with hexamethyldis i loxane (HMDS) as the internal  
s tandard.  Th in - l aye r  ch romatography  (TLC) was c a r r i e d  out on act ivi ty  III  alt tminum oxide. 

2 ,9 -Dich io ro -13- th iab icyc lo [8 .2 .1 ] -c i s -5 - t r ideeene  (I). A solution of 35.8 g (0.34 mole) of SCI 2 in 
200 nil of dry Ctt2CI 2 was added dropwise  with s t i r r ing  in the cour se  of 5 h a t - 2 0  ~ to a solution of 64.8 g 
(0.34 mole) of t r a n s , t r a n s , c i s - c y e l o d o d e c a - l , 5 , 9 - t r i e n e  in 160 ml  of dry  CH2C12. The solvent  was then r e -  
moved  by vacuum dis t i l la t ion,  and the res idue  was washed on the f i l ter  with d imethy l fo rmamide  (DMF) and 
ether .  The solvents  were  evapora ted ,  and the res idue  was worked up s i m i l a r l y  to give 100 g (95%) of I 
with mp 128-129 ~ Found: C 54.1; H 6.8; CI 27.0; S 12.0%. C12H18C12 S. Calculated: C 54.3; H 6.8; CI 
26.8; S 12.0%. IR spectrum, p, era-i: 686 (C-CI), 720 (cis-CH= CH). PMR spectrum, 6, ppm (in CDCI3): 
3.12 (2H, m CI-C-II), 3.50 (2H, m S-C-H), 5.30 (2H, d, J=12 Hz, H-C), 1.87-2.07 (12H). 
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1 3 - T h i a b i c y c l o [ 8 . 2 . 1 ] - c i s - 5 - t r i d e c e n e  (II). This  compound was  obtained in 85% yield by reduction of 
d ichlor ide  I with LiAIHr in ether  and had bp 108-110 ~ (2 ram) and nD 2~ 1.5462.  Found: C 73.7; H 10.5; S 
15.5~0. C~2H20S. Calcu lated:  C 73.4; tt 10.2; S 16.1%.- �9 

2 , 9 - D i a c e t o x y - 1 3 - t h i a b i c y c l o [ 8 . 2 . 1 ] - c i s - 5 - t r i d e c e n e  (VIII). This compound was  obtained in 80% yield 
by the action of sodium acetate  on I in g lacial  acet ic  acid and had mp 143-144 ~ Found: C 61.4; H 7.8; S 
10.5%. C16H2404S. Calculated: C 61.5; H 7.6; S 10.3%. IR spectrum,  u, c m - l :  725 (c i s -CH = CH), 1245, 
1745 (OCOCH3). PMR s p e c t r u m ,  6, ppm (in CC14): 5.5 ( ' C H  = CH-) ,  1 .87  (s OCOCH3); 

2 , 9 - D i h y d r o x y - 1 3 - t h i a b i c y c l o [ 8 . 2 . 1 ] - c i s - 5 - t r i d e c e n e  (IX). This compound was  obtained in 90?0 yield 
by saponif icat ion of VIII and had mp 176-178 ~ Found: C 63.1; H 9.0; S 14.07o. C12II2002S. "Calculated: C 
63.1; H 8.8; S 14.1%. IR spectrum,  v, Cm-l: 725 ( c i s -CH = CH-) ,  3300-3400 (OH). 

c i s -2 ,5 -Di (T-carboxypropy l ) su l fo lane  (IV). A) Ozonized  oxygen was  passed  through a solution of 2 g 
(0.01 mole)  of II in 40 ml o f  g lac ia l  acet ic  acid and 60 ml  of CHCI 3 a t - 2 0  ~ until ozone  began to appear in 
the outlet  f rom the f lask.  The CHCI 3 was  removed  by vacuum dist i l lat ion at 20 ~ 10 m l o f  30?0 H202 and a 
drop of sulfuric  acid w e r e  added, and the mixture  was  heated at 60 ~ until the peroxide d e c o m p o s e d .  The 
mixture  was  then vacuum evaporated to dryness  at 40-506, after which the oxidation was  repeated until a 
crys ta l l ine  res idue  had f o r m e d  (30-50 h). This res idue  was  c r y s t a l l i z e d  from acetone  to give a product 
with mp 164-165 ~ Found: C 52.9; H 7.7; S 9.9%. C14H24OGS. Calculated: C 52.6; H 7.6; S 10.0%. IR s p e c -  
trum, u, cm- l :  1120 , 1290, 1310 (SO2); 1713 (COOH). 

B) A 2 g (0.01 mole)  sample  of II in a solut ion of 40 ml  of formic  acid and 15 ml  of ethyl acetate was  
s i m i l a r l y  ozon ized .  The o z o n o l y s i s  product  was  oxidized as in method A (20-30 h, 10 ml  of H202) to give 
2.4 g (96%) of IV with mp 164-165 ~ ( from acetone) .  

C) A 2 g (0.01 mole)  sample  of II was  o z o n i z e d  under the condit ions  of method B. The ethyl acetate  
was  r e m o v e d  by vacuum dist i l lat ion,  3.5 ml  of  30% II202 and 0.001 g of SeO 2 w e r e  added, and the mixture  
was  a l lowed to stand overnight.  It was  then heated at 60-80 ~ for 1-2 h to d e c o m p o s e  the peroxide to give 
2.5 g (98%) of IV with mp 165-165.5 ~ 
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Acetoxyhydroperoxyaldehyde IIL A 2 g (0.01 mole) sample  of II was ozonizvd under  the conditions of 
method A. The solvents  were  r em oved  by vacuum dist i l lat ion at  0-20 ~ and the res idue  was dr ied thoroughly 
in vacuo to give 3 g of a hygroscopic  oil. The ma te r i a l  contained 4.8% act ive oxygen (the ca lcula ted  value 
was 5.2%). The reac t ion  with 2 ,4-dini t rophenylhydrazine was posi t ive.  IR spec t rum,  v ,  cm- i :  930 ( - 0 - 0 - 7 ;  
1260, 1760, 1015 (OCOCHa); 1740, 2730 ( -CHO).  

Formyloxyhydroperoxya ldehyde  V. This  compound was Similar ly  obtained under  the conditions of 
method B, I t  contained 5.3% act ive oxygen (calculated value 5.4%). The react ion  with 2 ,4-dini t rophenyl-  
hydraz ine  was posi t ive.  IR spec t rum,  u, cm- l :  930 ( - O - O - ) ;  1200, 1740 (OCOH); 1020 ( - C - O - C - ) ;  
1780, 2730 (CHO). 

2 ,5-Di(y-butanol id-7-yl )sul folane  (XI). A) A 2.3 g (0.01 mole) sample  of IX was ozonized in 70 ml  of 
glacial  acet ic  acid and 100 ml  of ch lo ro fo rm a t - 2 0  ~ The ch lo ro fo rm was then r emoved  by vacuum d i s -  
t i l lation, 3.5-4 ml  of H202 and a drop of sulfuric  acid were  added, and the mix tu re  was heated  at 60 ~ until 
the peroxide had decomposed  (10-15 h). When the oxidation was c a r r i e d  out with se lenium dioxide, a ca t -  
alytic amount  of se lenium dioxide was added to the res idue  a f te r  r emova l  of the ch lo ro fo rm by dist i l lat ion,  
and the mix tu re  was allowed to stand at room t e m p e r a t u r e  overnight.  The res idual  peroxide was de co m-  
posed by heating at  60 ~ for  1-2 h, a f te r  which the solvent  was r emoved  by evaporat ion,  and the res idue  was 
c rys t a l l i zed  f rom acetone to give 2.5 g (91%) of XI with m p  176-177 ~ Found: C 50.6; H 5.5; S 10.9%. 
ClzHlsO6S. Calculated:  C 50.4; H 5.6; S 11.2%. PMR spec t rum (pyridine), 6, ppm: 3.5 (2H, S - C - H ) ;  4.5 
(2H, H - C - O - ) ;  2.06 (m), 2.37 (m, 12ti). IR spec t rum,  v, cm- l :  1100, 1300 (SO2); 1780 (CO). 

B) A 0.23 g (0.001 mole) sample  of IX was ozonized in a mix tu re  of 7 ml of acet ic  acid and 10 ml  of 
ch loroform.  The solvents  were  then r emoved  in vacuo, 10 ml  of water  was added to the res idue ,  ~nd the 
mix tu re  was heated  a t  40-50 ~ for  70 h. It  was then cooled and f i l te red  to give c r y s t a l s  with rap 169-172 ~ 
The IR spect r t tm was identical  to the IR s pe c t rum of sulfolane XI. 

c is -2 ,5-Di(c~-hydroxy-T-amidoxypropyl)sul fo lane  (XII). Gaseous ammonia  was bubbled a t  15-20 ~ 
through a sa tu ra ted  aqueous solution of 2 g (0.01 mole) of XI; a f te r  XI had d i sappeared  on the th in - layer  
c h r o m a t o g r a m  [15-20 rain, R f  0.57, h e x a n e - a c e t o n e  (1 : 1)], ammonia  was bubbled into the mix tu re  for  
another  2 h. The resu l t ing  prec ip i ta te  was r emoved  by f i l t ra t ion and c rys t a l l i zed  f rom alcohol to give XII 
with mp  158-160 ~ Found: C 45.1; H 7.2; N 8.5; S 9.8%. Cl~H22N206S. Calculated: C 44.8; H 6.8; N 8.7; 
S 9.9%. IR spec t rum,  u, cm- l :  1130, 1290 (SO2); 1615, 1680 (CONtt2); 3200, 3300, 3420 (OH, CONIt2). 

2 ,5-Di(~ ,y-dihydroxypropyl)sul fo lane  (XIII). A solution of 1 g (3.4 mmole)  of XI in 100 ml  of dry  
t e t rahydrofuran  (TttF) was added to a suspension of 0.34 g (0.009 mole) of LiAIH 4 in 20 ml  of d ry  THF, 
a f te r  which the mix tu re  was s t i r r e d  for  15 rain. I t  was then t r ea t ed  with m o i s t  THF and water ,  and the 
prec ip i ta te  was r em oved  by f i l t ra t ion and washed on the f i l t e r  with water .  The combined f i l t r a tes  were  
evapora ted ,  and the resul t ing  orange oil was dr ied in vacuo. The sal ts  were  sepa ra ted  by dissolving the 
oil in d ry  acetone and f i l ter ing the solution. Workup gave 0.9 g of an oil. IR spec t rum,  u, c m - l :  1125, 
1300 (SO2); 3200-3445 (OH). 

�9 T r e a t m e n t  of the oil with p-n i t robenzoyl  chloride gave te t ra (p-n i t robenzoate)  XIV with mp  204-205 ~ 
Found: C 53.6; H 3.8; N 6.2; S 3.7%. C40H3~NlO18S. Calculated: C 54.1; H 3.6; N 6.3; S 3.6%. IR spec -  
t rum,  v, cm- l :  1110, 1330 (SO2); 1355, 1535 (NO2); 1280, 1730 (OCOR); 1610 (Ph). 

c i s -2 ,5 -Di (~ -ch lo ro -T-ca rboxypropy l ) su l fo l ane  (XVD. This compound was obtained in 10-20% yield 
by ozonolysis  of I by method B and in 30% yield Via method B by ozonolysis  of sulfoxide XV; the product  
had mp 147-150 ~ Found: C 39.9; H 4.9; C1 22.0; S 9.0%. C12H18C1206S. Calculated: C 39.9; H 5.0; C1 
19.6; S 8.9%. IR spec t rum,  u, cm- l :  1130, 1320 (SO2); 1710 (COOH). 

Dimethyl  E s t e r  of Acid IV. This compound was obtained by t r e a t m e n t  of IV with diazomethane in 
e ther  and had bp 225 ~ (2 ram) and nD 2~ 1.4920. Found: C 52.5; H 7.6; S 10.0%. C14H240~S. Calculated: C 
52.8; H 7.7; S 9.9%. IR spec t rum,  u, cm- l :  1120, 1280, 1285 (SO2); 1210, 1740 (OCOCH3). PMR spec t rum,  
6, ppm (CCI4): 3.55 (OCH3); 3.85 (2H, HC-SO2);  1.6-2.6 (16H). 

Dimethyl  Es t e r  of Acid XVL This compound was s i m i l a r l y  obtained f rom XVI and had nD2~ 1.5075. 
Found: C-3-~.0; H ~.-6; C1 18.3; S 8.2%. C12H22C1206S. Calculated:  C 36.9; H 5.6; C1 17.3; S 8.3%. IR spec -  
t rum,  u, cm- l :  1140, 1320 (SO2); 1210, 1740 (OCOCH3). PMR spec t rum (CC14) , 6, ppm: 3.55 (OCH3) , 3 .5-  
4.0 (2H, HC-SO2);  2.5-1.2 (16H). 

p -Bromophenacy l  E s t e r  of Acid IV. This compound was obtained by the usual  method and had mp 
151-152 ~ Found: C 49.6; H 4.4; Br  22.2; S 4.7%. C28H39Br~OsS. Calculated: C 49.2; H 4.4; Br  23.4; S 
4.7%. IR spec t rum,  v, cm- l :  1120, 1300 (SO2); 1710 (COPh); 1745 (OCOR). 
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Sulfoxide XV was obtained by the method in [4] and had mp 138.5-140 ~ Found: C 51.2; H 6.5; C1 
25.8; S 10.9%. C12H18C12OS. Calculated: C 51.2; H 6.4; C125.0; S 11.4~0. IR spectrum, v, cm-l: 680 
(C-C1); 720 (cis-C=C); 1045 (SO). 
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