
C O N C L U S I O N S  

1. The reac t ion  of N - c h l o r o - N - s o d i u m - p - c h l o r o b e n z e n e s u l f o n a m i d e  with ac ry lon i t r i l e  in aqueous m e d -  
ium proceeds  as cyanoethylat ion and leads mainly  to the fo rmat ion  of N ,N-d i - (2 -cyanoe thy l ) -p -ch lo robene -  
zenesul fonamide .  

2. The reac t ion  of allyl chlor ide with the same  ch loramine  in aqueous medium proceeds  through the 
s teps  of rep lac ing  the al lyl ic chlor ine and leads to the fo rmat ion  of N - c h l o r o - N - ( a l l y l ) - p - c h l o r o b e n z e n e s u l -  
fon am ide. 
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Cer ium ammonium ni t ra te  (CAN) is an eff icient  oxidizing agent for organic  compounds.  The unsaturated 
hydrocarbons  that were  studied in the reac t ion  with CAN included cyclohexene.  It is assumed that the 2 -n i t ro -  
xycyclohexyl  and cyclohexenyl  r ad ica l s  a re  genera ted  f rom cyclohexene in the initial oxidation step. In CH 3 �9 
CN and DMSO, containing Ce(IV), these rad ica l s  a re  conver ted  to cyc lohexen-2-o l  (I) and 1,2-cyclohexanediol  

[11. 
In the p resen t  paper  we studied the reac t ion  of cyclohexene (containing ~ l % o f  water)  with C~N or c e r -  

ium ammonium sulfate (CAS) in the absence  of a solvent .  Both oxidizing agents conver t  cyclohexene p r e -  
dominantly to (I) and cyc lohexen-2-one  (II). In addition, cyclohexanone (III) and b icyc lohexen-2-y l  (IV) are  
obtained with CAS, while cyclohexanol  (V), 3 -n i t rocyc lohexene ,  and (IV) a re  obtained with CAN. The obtained 
data differ  f rom those given in [1], which gave r eason  to expand the concepts  regard ing  the mechan i sm of this 

re  act i o n .  

The format ion of the sa tura ted  products ,  (II) and (V), evidently s e r v e s  as evidence that when cyclohexene 
r eac t s  with CeffV) sa l t s  an e lec t ron  can be t r a n s f e r r e d  to the me ta l  ion with the genera t ion  of the ca t ion - r ad i -  
cal  [C6C~011;, which is then solvated by water  [react ion (1)]. The thus formed 2-hydroxycyclohexyl  radica l  (VI) 
is conver ted along two direct ions:  it c leaves  hydrogen f rom the H donor (cyclohexene) [react ion (3)] and is 

oxidized by Ce{IV) [react ion (4)]: 

c6}[10 + Ce (I v) - -  [C~U,, l "* + Ce. (I [ I) H,O / - - - ~ - - 0  H + H + ( l )  

(v0 

Ce (Iv) -- x/~/ . .a_ Ce 0wl') + H + (2) CsH,o + 

(Vll) 
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(VI) + CsHa,, - ,  (V) + (VI t) 

(3) 

(VI) + Ce (IV) ~ (]II)+ Ce (IID -~- H + 
(4) 

P r o b a b l y  only (HI) is f o r m e d  in this  m a n n e r ,  in c o n t r a s t  to (V), whose  p r e c u r s o r  can also be the 2 - n i -  
t r o x y c y c l o h e x y l  r ad ica l .  The d i r e c t  oxidat ion of  (V) to (III) is p r a c t i c a l l y  nil  under  the r e a c t i o n  condi t ions .  
This  follows f r o m  the r e s u l t s  of  e x p e r i m e n t a l l y  d e t e r m i n i n g  the r e a c t i v i t y  of  (V) when reac ted  with CAN and 
CAS, which proved  to be l eas t  in the s e r i e s :  (I) > flU), cyc lohexene  > (V). 

The r e l a t i ve  r eac t i v i t y  of  the e n u m e r a t e d  compounds  was d e t e r m i n e d  k ine t ica l ly  by the r a t e  of  the 
t r ans i t i on  Ce( IV)~Ce( I I I ) .  The r e s i d u a l  amounts  of  CAN and CAS in the r eac t i on  s y s t e m  w e r e  es tab l i shed  by 
t i t r a t ion  (he te rogeneous  condi t ions) ,  and also s p e c t r o m e t r i c a l l y  by the concen t r a t ions  of  Ce(IV) for a h o m o -  
geneous  solut ion of  CAN and oxid ized  subs tance  in aqueous CH3CN [2, 3]. 

The unsa tu r a t e d  p roduc t s ,  (I), (II), and 3 - n i t r o c y c l o h e x e n e ,  a re  obta ined by the oxidat ion of  (VII), and 
pos s ib ly  (VI) [ reac t ions  (5)-(7)]. The r e c o m b i n a t i o n  o f t w o c y c l o h e x y l  r a d i c a l s  leads  to (IV) [ reac t ion  (8)]: 

(VI) or (VlI)+Ce (IV)~(I)+Ce ( I I I )+H + 

(VII) + Ce (NOa)~ "z ~ (, '~/--NOo + Co (lll) 

(5) 

(6) 

(I) + 2Ce (IV) --* (II) -{- 2Ce (IlI) -{- 2H § (7) 

2 (VU)I-. (iV) (8) 

Compound (I) is pa r t i a l ly  dehydra ted  under  the r e a c t i o n  condi t ions  and is conver t ed  to b i c y c l o h e x e n - 2 -  
yl  e t he r .  The tota l  yie ld  of  all of  the identif ied p roduc t s  when based on CAN is 70%, and 15% when based  on 
CAS. The given s c h e m e  is in good a g r e e m e n t  with the compos i t i on  of  the obtained compounds ,  and supple -  
men t s  the m e c h a n i s m  p roposed  in [1] for  the oxidat ion of  cyc lohexene .  

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

The GLC ana lys i s  was  run on an LKhM-8MD i n s t r u m e n t  equipped with a f l ame- ion i za t i on  de t ec to r .  The 
co lumns  were :  1 m • 3 m m  with 15% PEGS, both depos i t ed  on C h r o m o s o r b  W (60-80 mesh) ;  the c a r r i e r  gas 
was  n i t rogen .  The IR s p e c t r a  w e r e  taken on a UR-20 s p e c t r o m e t e r  as a thin l aye r  and in CC14 solut ion;  the 
m a s s  s p e c t r a  were  taken on Va r i an  MAT CH-6 and V a r i a n  MAT 111 (GNOM) i n s t r u m e n t s ;  the NIVIR s p e c t r a  
w e r e  taken on a B r u k e r  W P - 6 0 i n s t r u m e n t  ( in ternal  s t anda rd  =D20). In the kinet ic  e x p e r i m e n t s  the s p e c t r e -  
p h o t o m e t r i c  m e a s u r e m e n t s  of  the CAN concen t ra t ion  w e r e  run on a Specord  UV-VIS s p e c t r o p h o t o m e t e r  in 
the 510 nm reg ion  at 25~ in 75% aqueous CH3CN , us ing  a l aye r  th ickness  of  1 cm.  When the r eac t i v i t y  was 
d e t e r m i n e d  under  h e t e r o g e n e o u s  condi t ions  the Ce(IV) sa l t  was back - t i t r a t ed  with 0.02N FeSO 4 solut ion in the 
p r e s e n c e  of  f e r ro in .  The cp (NHa)2Ce(NO3) 6 and (NH4)2Ce(SO4) 3. 2H20 were  used as such.  The cyc lohexene  
was  d is t i l led  th rough  a co lumn and conta ined ~1% of wa te r  (de termined by the F i s c h e r  method) .  

Oxidat ion of  Cyclohexene  with Cer ium A m m o n i u m  Ni t ra t e .  A mix ture  of 200 m m o l e s  of  cyc lohexene  a 
and 20 mm{~les of  CAN was s t i r r e d  in an a rgon a t m o s p h e r e  for  15 h at 70 ~ until  the o r ange  co lo r  changed to 
l ight ye l low.  Then the mix tu re  was  e x t r a c t e d  with e ther  (2 • 30 ml), the e ther  and u n r e a c t e d  cyc lehexene  
w e r e  d is t i l led  off, and the amount  of  r e a c t i o n  p roduc ts  in the r e s idue  was d e t e r m i n e d  by GLC us ing  c y c l o -  
hexanone as the in te rna l  s t andard .  We obtained:  2 m m o l e s  of (II), IR s p e c t r u m  (v, cm- l ) :  1685 (C = C  - 
C ---O), 1620 (C = C  - C ---O), and m a s s  s p e c t r u m  (m/e): 96 (M+), 68 (M - C~H~), 55 (CH2CHCO+); 0.22 m m o l e  
of  (V), IR s p e c t r u m  (v, c m - l ) :  3450 (OH), and m a s s  s p e c t r u m  (m/e): 100 (M+), 82 (M - H~O), 67 (M - H~O - 
CH3) , 57 (CH 2 = C H C H  ----- OH+); 1.5 m m o l e s  of  (I), IR s p e c t r u m  (v, c m - t ) :  1650 (C = C ) ,  3450 (OH), and m a s s  
s p e c t r u m  (m/e): 98 (M+), 80 (M - H20) , 54 (M - H20 - C2H2) , 39 ( M -  H20 - C2H 2 - CH3); 0.21 mmole  of  (IV), 
IR s p e c t r u m  (v, cm-~):  1645 (C = C ) ,  and m a s s  s p e c t r u m  (m/e): 162 (M+), 81 ( M -  C6Hs) , 53 ( M -  C~H 9 -  C~H4); 
0.8 m m o l e  of  3 - n i t r o c y c l o h e x e n e ,  IR s p e c t r u m  (v, cm=l): ]345,  1527 (NO2) , 1650 (C = C ) ,  and m a s s  s p e c t r u m  
(m/e): 127 (M+), 97 ( M -  NO), 81 ( M -  NO2) , 53 ( M -  NO 2 - C2H~). NMR s p e c t r u m  (5, ppm): 1.8 and 2.5 m 
(CH2) , 3.7 t (CH), 7.2 m (CH =CH) .  The p roduc t s  were  identif ied by c o m p a r i n g  with the s t anda rds .  The (l-V) 
s t anda rd  was  p r e p a r e d  f r o m  3 - b r o m o c y c l o h e x e n e  by the Gr ignard  r e a c t i o n  (bp 229-230~ Bicyc lohexyl  was 
obtained by the hydrogena t ion  of  (IV), obtained by the oxidat ion of  cyc lohexene ,  on Ni b romide  ca t a ly s t  at 50 ~ 
in me thano l  solut ion.  Mass  s p e c t r u m  (m/e): 166 (M+), 83 ( M -  C~Hll) , 55 ( M -  C~HI! - C2H4). 
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Oxidation of Cyclohexene with Cer ium Ammonium Sulfate. To 20 mmole s  of CAS was added to 80 
m m o l e s  of cyclohexene and the mix ture  was s t i r r ed  in an argon a tmosphe re  for 45 h at 70*. The subsequent  
workup was the s ame  as descr ibed  above. The internal  s tandard was cyclohexanol.  We obtained: 0.45 mmole  
of (II), 0.3 mmole  of (I), 0.15 mmole  of (IV), and 0.15 mmole  of (HI), IR spec t rum (v, cm-1): 1720 (C =O),  
and m a s  spec t rum (m/e): 98 (M+), 69 ( M -  C2H5) , 55 (CH2CHC -O*) ,  42 (C3H6+). 

B icyc lohexen-2-y l  e ther  was identified in the products  of oxidizing cyclohexene with CAN and CAS. 
In f ra red  s p e c t r u m  (v, cm- l ) :  1080 ( C -  O - C), 1650 (C =C) .  NMR spec t rum (5, ppm): 1.8 (12H, CH2) , 3.8 
(2H, CH), 5.5 (4H, CH =CH).  

C O N C L U S I O N S  

Together  with the main products ,  namely  cyc lohexen-2-o l  and cyc lohexen-2-one ,  the oxidation of cyc lo-  
hexene with ce r i um ammonium ni t ra te  or  c e r i um ammonium sulfate  gives cyclohexanol  and cyclohexanone,  
which a re  probably  fo rmed by the ca t ion - rad ica l  mechan i sm.  
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13-Diketones and the i r  me ta l  che la tes  have a number  of valuable p rope r t i e s  and find wide application 
[] ]. The i r  c loses t  s t ruc tu ra l  analogs,  the monothio- /3-diketones ,  in which one CO group is rep laced  by the 
th iocarbonyl  group, have rece ived  litt le study up to now, espec ia l ly  the monothio-f~-diketones with polyf luoro-  
alkyl subst i tuents .  

Monothio-/3-diketones (I)-(IV), which contain the ] , ] , 2 ,2 - t e t r a f luo roe thy l  moiety,  and also their  nickel 
che la tes  (V)-(VIID, were  obtained in the p resen t  paper :  

CH 
/ % 

HCF~-CF~-C CR 
| I 
o S (1)-(Vlll) 

". J 
x 

X = H  ( l ) - - ( I V ) ,  Nil2 (V)--(VlII). R-.~CHa (I),(V); n-C4H9 (ll),(Vl); 
C(CH3), (liD, (VII); C,Hb (IV), (VIII) 

All of the monoth io-B-d ike tones  were  obtained by reac t ing  the cor responding  polyfluorinated B-diketones  
[2] with H2S in abs.  ethanol,  sa tu ra ted  with HC1, a t - 5 0  t o -  70*C [3, 4], and were  purified by fract ional  d i s -  
t i l lat ion in vacuo.  On the bas is  of  [4], the possibi l i ty  of forming two s t ruc tu ra l  i s o m e r s  due to the s y m m e t r y  
of the s ta r t ing  B-dike tones  can be explained by the predominant  r ep l acemen t  of the oxygen atom of the CO 
group attached to the unfluorinated subst i tuent .  The nickel chela tes  (Table 1) were  obtained by t rea t ing  alcohol 
solutions of the monothio- /3-diketones  with aqueous nickel aceta te  solution. 
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