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VII.* ELECTRON-ACCEPTING PROPERTIES OF HEXAFLUOROTHIOACETONE 

DIOXIDE TRIMER 

G.  A.  S o k o l ' s k i i ,  V.  M. P a v l o v ,  UDC 547.876.221:543.422.25.6 
V.  V. E z h o v ,  a n d  I .  L .  K n u n y a n t s  

On the bas i s  of UV and NMR spec t ro scopy  it has been  es tab l i shed  that  with e thers  and t e r t i a r y  
amines  the  cycl ic  t r i m e r  of hexaf luorothioacetone  dioxide f o r m s  d o n o r - a c c e p t o r  Complexes 
in which the re  is  t w o - c e n t e r  coordinat ion in the cases  of 1,4-dioxane,  1 -methylmorphol ine ,  
and 1 ,4-die thylpiperazine ,  and t h r e e - c e n t e r  coordinat ion in the ca se s  of 1,3, 5- t r ioxane  and 
hexamethy lene te t r amine .  The reac t ion  of the t r i m e r  with secondary  amines  has given amides  
of hexaf luor  o- 2- H - p r o p a n e -  2- sulfonic acid. 

The s table  cycl ic  t r i su l fone  (I), which is the t r i m e r  of the hypothet ical  hexaf luorothioacetone dioxide, 
has  been  obtained by  var ious  methods and is  t h e r e f o r e  p r e p a r a t i v e l y  acces s ib l e  [1]. 

2 SO a + (CF~)2CHCOOH 1 CF3 

/SO,~ CFa SO2--~CFa 

(CFa)2C .0 + (CFa)2C~C=O CF3 
�9 \ s  O J  i 

The chemica l  p r o p e r t i e s  of this t r i su l fone  (I) have not been  d i scussed  previous ly-  some of them a re  con- 
s ide red  below. 

The t r i su l fone  (I) is iner t  to e lec t rophi l ic  reagen ts :  i t  does not r e a c t  with bis  ( t r i f luoromethyl)ketene,  
b romine ,  chlorine,  sul furyl  chloride,  and sul fur  t r ioxide,  even at 200~ At the s ame  t ime  it r e ac t s  under  
r e l a t ive ly  mi ld  conditions with var ious  e lec t ron-dona t ing  compounds.  Thus. although solutions of the t r i -  
sulfone (I) in methylene  chloride,  ch loroform,  ca rbon  te t rach lor ide ,  and dichloroethane show no absorpt ion 
in the 250-380 nm region, its solut ions in d i -n -bu ty l  e ther  p o s s e s s  some  absorp t ion  of light.  The optical  
densi ty  of such solut ions r i s e s  cons ide rab ly  in the p r e s e n c e  of e lec t ron-donat ing  compounds containing co- 
o rd ina t ion-unsa tu ra ted  oxygen or  n i t rogen a toms,  which shows the p r e s e n c e  of d o n o r - a c c e p t o r  in teract ions  
of these  subs tances  with the t r i su l fone  (I). 

On compar ing  the UV s p e c t r a  of the solut ions inves t igated (Fig. 1), it can be seen  that d i -n-buty l  
e the r  and 1-methy lp iper id ine  r e a c t  feebly with the t r i su l fone  (I): 1.4-dioxane.  1-methylmorphol ine ,  and 1.4- 
d ie thylp iperaz ine  r e a c t  m o r e  v igorous ly ,  and, finally. 1,3, 5- t r ioxane  and hexamethy lene te t r amine  r e a c t  
r e l a t i v e l y  s t rongly .  The dec i s ive  c h a r a c t e r i s t i c  of the e f fec t iveness  of such in teract ions  is not the e lec-  
t ron-dona t ing  capaci ty  of the reagent  but s t e r i c  f ac to r s  - the number  of e lec t ron-dona t ing  cen te r s  in the 
molecu le  of the r eagen t  and the i r  spat ia l  co r r e spondence  with the e l ec t ron-accep t ing  cen te r s  of the m o -  
lecule  of the t r i su l fone  (I). which can be r e p r e s e n t e d  by one, two, or  even all t h ree  sulfonyl groups.  The 
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Fig. 1. UV s p e c t r a  of solut ions 
of the t r i sul fone (I) in d i -n-bu ty l  
e ther -  1) s tandard:  2) in the 
p r e s e n c e  of 1-methylp iper id ine :  
3) in the p r e s e n c e  of 1.4-dioxane.  
4) in the p r e s e n c e  of 1 -methy l -  
morphol ine-  5} in the p r e s e n c e  of 
1 ,4-die thylpiperazine:  6) in the 
p r e s e n c e  of 1 ,3 .5- t r ioxane:  7) in 
the p r e sence  of hexamethy lene-  
t e t r amine .  

poss ib i l i ty  of the two-cen te r  coordination of 1,4-dioxane and of the 
t h r e e - c e n t e r  coordinat ion of hexamethy lene te t r amine  with the molecule  
of the t r i sul fone (I) is  expl~tined by the following cons idera t ions .  The 
O - O  in te ra tomic  dis tance in 1,4-dioxane ("chair" conformation)  and 
the N - N  dis tance in hexamethy lene te t ramine  {structure of the ada-  
mantane  type) are ,  respect ive ly ,  2.82 ~ [2] and 2.42 ~ [3]. Although 
the geome t r i c  p a r a m e t e r s  of the molecule  o f  the t r i su l fone  (I) have 
not been  determined,  they can be es t imated  by compar i son  with those  
for  1, 3, 5- t r i th iane .  Since the degree  of oxidation of the sulfur  a tom 
does not fundamental ly  affect  the C - S  in te ra tomic  dis tances  (1.80 ~ in 
dimethyl  sulfoue and 1.82 ~ in dimethyl  sulfide [4]}. i t  m a y  be con- 
s ide red  that  the dis tance between the SO2 groups in the t r i sul fone (I) 
d i f fers  l i t t le  f r o m  the S - S  dis tance in 1.3, 5-tr i thiane,  which is 2.90/~ 
[5]. The v e r y  sl ight d i f ference  in the d is tances  between the e lec t rou-  
donating cen te r s  in 1,4-dioxane or  hexamethy lene te t r amine  and the 
d is tance  between the e lec t ron-accep t ing  cen te r s  in  the t r i su l fone  I 
p e r m i t  the  assumpt ion  of the fo rmat ion  of dono r - - accep to r  complexes  
of  the following types:  

i I I ' I 

,I, I 11 

In such complexes ,  invers ion  of the s i x - m e m b e r e d  ring of the t r i su l fone  (I) is difficult o r  is  even i m -  
poss ib le ;  consequently,  in ca se s  of mul t i cen te r  coordinat ion the "cha i r"  conformat ion  mus t  be immobi l ized  
and the t r i f luoromethy l  groups  be fixed in the axial and equator ia l  2 .4 .6-pos i t ions  of the r ing.  I t  has been 
poss ib le  to demons t r a t e  the l a t t e r  by the 19F NMR method.  The spec t rum of a 10~ solution of the t r i su l fone  
(I) in d i -n-butyl  e ther  contains only one s inglet  s ignal  (6 ~ -18 .3  ppm). which re f l ec t s  some  averag ing  of the 
posi t ions  of the t r i f luoromethy l  groups as the r e su l t  of r ing invers ion  (see [1, 6]). At the s a m e  t ime.  the 
spec t rum of a 10% solution of the t r i sn l fone  (I) in dioxane contains two singlet  s ignals  of equal intensi ty  (at 
- 1 7 . 7  and - 1 8 . 7  ppm); on adding 1 ,4-die thylpiperaz ine  (two equivalents)  to this solution, the d i f ference  in 
the values of this p a i r  of chemica l  shifts  i n c r e a s e s  sl ightly (-17.6 and -18 .8  ppm).  Similar ly ,  two signals  
a r e  found in the s p e c t r o m e t r y  of a 10% solution of the t r isul fone (I) in 1,3, 5- t r ioxane (-17.3 and - 1 8 . 9  ppm} 
and l ikewise  in the p r e s e n c e  of hexamethy lene te t r amine  Cat - 1 7 . 0  and -19 .1  ppm).  These  f ea tu res  of the 
NMR spec t r a  show the p r e s e n c e  of two types  of spat ia l ly  i s o m e r i c  t r i f luoromethy l  subst i tuents  Ca")  and 
Ce")  in the fixed "chai r"  conformat ion  of the t r i su l fone  (I} when it f o r m s  a d o n o r - a c c e p t o r c o m p l e x t h r o u g h  
mul t i cen te r  coordinat ion with a po lye ther  or  a polyamine.  

The obse rved  d i f fe rences  in the values  of the chemica l  shifts,  just  l ike the d i f fe rences  in the in tensi -  
t i e s  of absorp t ion  in the UV region~ probably  re f l ec t  different  levels  of charge  t r a n s f e r  in d o n o r - a c c e p t o r  
coordination; it is na tura l  that  on pass ing  f r o m  e the r s  to amines  the s t rength  of the coordinat ion bond r i s e s .  
This explains the following phenomenon.  The optical  dens i t ies  of solut ions of the t r i sul fone (I) in d i -n-butyl  
e ther ,  1.4-dioxane,  and 1,3, 5 - t r ioxane  r e m a i n  constant  for  s eve ra l  weeks:  under  these  c i r cums tances ,  the 
t r i su l fone  (I) can be isola ted quanti tat ively f r o m  these  solutions by f r ac t iona l  dist i l lat ion.  If, however,  
1-methylpiper id ine ,  1 ,4-die thylpiperazine,  or  hexamethy lene te t r amine  was used as donor, the optical  den- 
s i t i es  of such solutions fel l  to one half  a f t e r  2-3 h, and a f t e r  a day the absorpt ion  of light had fallen to zero;  
i t  was imposs ib le  to i so la te  the t r isul fone (I) f r o m  such solutions e i ther  by f rac t ional  dist i l lat ion or even 
by  t r ea t ing  the solution with m i ne ra l  acids .  Apparently.  the a m i n e - t r i s u l f o n e  d o n o r - a c c e p t o r  complex 
or iginal ly  f o rmed  changes i r r e v e r s i b l y  by  the t r a n s f e r  of the reac t ion  cen te r  into the anionic f ragment .  
which leads to the decycl iza t ion  of the t r i su l fone  (I) with the subsequent  c leavage of s e v e r a l  C - S  bonds. I t  
has  been poss ib le  to demons t r a t e  this fact  by  p r e p a r a t i v e  exper iments .  
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TABLE 1. The Sulfonamides (CF3)2CHSO2NR 2 

. . . . . . . . .  A ! k a l i m e t r y  . . . . .  19F NMR spectJ:a ~ 

i c o n s u m p t i o n o f K O H ,  eqts j  f luor ide  c h e m i c a l  s p i n - s p i n  Corn- NR: . . . . . . . . . . . . . . . . .  
pound! i to  p h e n o l -  ito M e t h y l  ! ion  found, shift ,  p p m *  coup l ing  

: phthalein IOrange equivs constants, Hz 

[ la (CH;)C~H, ! 8,08 7.12 ,, 5,92 - - 1 6 , 6  8.1 
l i b  i ((;I-l~)s 8,04 i 7,05 ! 6,03 - I 6 , 5  8,0 
t i c  i (CH2CH_-!,:O 7,96 ! 7,06 i 5.99 - 16,0 8.6 

* The s p e c t r a  of 20% solutions in ethanol were  recorded:  the s ignals  
were  doublets.  

It was found that diphenylamine,  which is c h a r a c t e r i z e d  by a low e lec t ron-donat ing  capaci ty  (because 
of s t e r i c  hindrance)  does not r eac t  with the t r i su l fone  (I) even at 200~ The m o r e  highly e lec t ron-donat ing  
N-methylani l ine ,  piperidine,  and morphol ine  r eac t  with the t r i su l fone  (I) even at 0-10~ when 2-3 equi- 
va lents  of these  amines  were  used, the cor responding  amides  of hexa f luo ro -2H-propane -2 - su l fon ic  acid (II) 
we re  isola ted with yields  of 86-90%. 

S02---~(CF3)2 
U~ + - . R2Xtt 

I + R.NII ~ SO~'---/~ 
(CF3) 2 -- SO 2 R2Nlt ~ (CF3)2CSO2C(CF3)2SO2C(CF3)2SO2--NltR2 . . . .  

" (CFj): 
- (C F3)~CHSO2N R ~ 

I I  a - C  

The s t ruc tu re  of the sul fonamides  (II) was conf i rmed  by the i r  19F NMR s p e c t r a  and by the resu l t s  of 
alkal ine hydro lys i s .  

(CFa)2CHSO2NR2 + 70H ~ 6F + CO 2 § OOCCH2SO2NR 2 + 3 H20 

The behav ior  of the t r i su l fone  (I) with r e spec t  to e lee t rophi l ic  and nucleophil ie reagents  that has been  
cons idered  c h a r a c t e r i z e s  it as an e l ec t ron-accep t ing  compound, which is due to the unique compact  a s soc i a -  
t ion in i ts  molecule  of th ree  sulfonyl and six t r i f luo romethy l  groupings.  

EXPERIMENTAL 

The UV spectra were taken on a SF-4A spectrophotometer at 20~ using as standard a 0.01 M solution 
of the trisulfone (I) in di-n-butyl ether, to which the substances under investigation were added in a concen- 
tration of 0.05 M (Fig. 1). The 19F NMR spectra were taken on a Hitaehi-Perkin-Elmer model R-20 spec- 
trometer at a field strength of 14,092 gauss, a frequency of 56.456 MHz, and a resolution of 3 �9 10 -8 with tri- 
fluoroacetie acid as internal standard at a temperature of 34.5~ 

N-Methylhexafluore-2H-propane-2-sulfonanilide (IIa). A solution of 3.2 g (0.03 mole) of N-methyl- 
aniline in 50 ml of ether was added to a solution of 6.4 g (0.01 mole) of the trisulfone (I) in 150 ml of dry 
ether. The solvent was distilled off and the residue was fractionally distilled under reduced pressure 
giving 2.8 g i87%) of the sulfonanilide in the form of a colorless liquid with bp 136~ (5 ram), d4 z~ 1.6140- 
nD 2~ 1.4586. Found %: C 37.6: H 3.0: F 35.2. N 4.6: S 9.6. CIoHgO2F6NS. Calculated %: C 37.4: H 2.8: 

F 35.5. N 4.4. S I0.0. 

Hexafluoro-2H-propane-2-sulfonpiperidide (fib). A solution of 2.1 g (0.025 mole) of piperidine in 50 
ml of e ther  was added to a solution of 6.4 g (0.01 mole) of the t r i su l fone  (f) in 150 ml  of e ther .  The solvent 
was dis t i l led off and the r e s idue  was t r ea t ed  with boiling toluene (2 �9 10 ml):  on cooling, the ex t rac t  de- 
pos i ted  a p rec ip i t a t e .  Rec rys t a l l i za t ion  f r o m  toluene gave 2.7 g (90%) of the sulfonpiperidide,  white ac ieular  
c r y s t a l s  with mp 58~ bp 120~ (2 mm) .  Found %: C 32.4z H 3.8: F 37.9: N 4.7: S 10.8. CsHIIO2F6NS. 
Calcula ted  %: C 32.1; H 3.7~ F 38.2: N 4.7: S 10.7. 

Hexa f luo ro -2H-propane -2 - su l fonmorpho l ide  (IIc). S imilar ly ,  6.4 g (0.01 mole) of the t r i su l fone  (I) 
and 1.7 g (0.02 mole)  of morphol ine  gave 2.6 g (86%) of the sulfonmorpholide in the f o r m  of white ac icu la r  
c r y s t a l s  with mp 86~ (from benzene).  Found %: C 28.1$ H 3.1: F 37.6: N 4.7: S 10.4. CTH902F6NS. Calcu-  
la ted %, C 27.8: H 3.0; F 37.9,. N 4.7: S 10.6. 

Alka l ime t ry .  A weighed sample  of the compound (0.02-0.03 g) was d isso lved  in 10 ml  of ethanol, and 
20 ml  of 0.1 N caust ic  po tash  solution was added to this solution. Af ter  12-15 h, the excess  of alkal i  was 
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back-titrated with 0.1 N hydrochloric acid to phenolphthalein, and then to Methyl Orange. In other experi- 
ments the amount of fluoride ion in the alkaline hydrolyzate was determined by the thoriometric method. 
The results of the analyses are given in Table 1. 
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