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Continuing our investigations of the one-electron oxidation of alkanoic acids and their amides in sodium 
peroxydisulfate-chloride ion systems [i, 2], we studied the regio- and stereoselectivity of oxidative chlorine- 

lion of cyclohexanecarboxylic acid (1) and its methyl ester {II) in the Na2S2Os-CuCi 2 system. 

During one-electron oxidation in aqueous solutions at 85-90~ with the use of equimolar amounts of 

Na2S208 and CuC12, the acid (I) was converted to a mixture of eis and trans isomers of 2-, 3-, and 4-chloro- 
cyclohexanecarboxylic acids (Ilia, b)-(Va, b) (Table I). The correlation of chlore acids (Ilia, b)-(Va, b) was 
determined by proton NMR spectroscopy (250 MHz) as the methyl esters (Via, b)-(ViIla, b) after methyl ation 

with diazomethane. 
f/~ COOR 

(I).,(~I) (III'@>(VIa) CInb),(TI b) 

+ ~ 

Cl Cl: 

(IVa),,(Vlra) (ivbL(wIb) 

•/C00R, 
4-  ~ ,~  CO'OR 

c1 dI, 

{Va),( ym&. (VS), (VIIIb~ 

It = It (I), (IIIa), (Illb), OVa), (IVb), (Va), (Vb); R = CHa (II), (Via), (V]b5 (VHa), 
(Vnb), (Vma), (Vmb). 

Under analogous conditions in the presence of the Na2S208-CuCI2 system, as a result of oxidative ckAori- 

nation ester (II) was converted into a mixture of esters (Via, b)-(VIIIa, b), the correlation of which was also 

determined by proton NMR spectroscopy. 

The 2-, 3-, and 4-ehlorocyclohexanecarboxylic acids were formed with due regard for the statistical 

factor 2 for substitution at the C 4 atom in the correlation 0. 65:1:1.18. Thus, oxidative chlorination of the acid 

(I) occurred preferentially at the 3 and 4 positions of the cyclohexane ring. The composition and the correla- 

tion of the products of oxidative chlorination of the acid (I) did not depend on time, and, as was shovel by a 
control experiment run, the products retained their configuration under the reaction conditions. On the basis 
of the correlation of the esters of the 2-, 3-, and 4-chloroeyclohexanecarboxylic acids equal to 0. 60:1:1.18 
(with due regard for the statistical factor), the regioselectivity of oxidative chlorination of ester (II) practically 

did not differ from that observed in the case of the acid (I), and, therefore, the nature of the eleetron-acceptor 

substituent, namely, carboxyl or methoxycarbonyl group, in the cyelohexane ring did not affect the regioselec- 
tivity of oxidative chlorination. 

However, the nature of this substituent affected the reaction stereoehemistry very significantly: from 
acid (1), all the chlorocyclohexanecarboxylic acids were formed preferentially as trans isomers, while oxidative 
chlorination of ester (If) at the 3 and 4 positions occurred nonstereoselectively. Chlorination of acid (I) by 
molecular chlorine occurred just as nonstereoselectively during irradiation or in the presence of PCI 3 [3]. 
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TABLE io 

Its Methyl Ester (II) in the Na2S2Os-CuCI2* 

Substrate 

\/C00H i'~! 

C o n v e r -  

sion,% 

Oxida t ion  of C y c l o h e x a n e c a r b o x y l i e  Ac;id (!) a.r~d 

OveraD 
yield,% 

f 

Reaction products and yields,% ? 
based on the converted substrate 

(Ilia), 7, (IIIb), 19, (IVa), t5, 
(Iu 26, (Va), t0, (vb), i4 
(IIIa), 8, (IIlb), 17, (IVa), {5 
(IVb), 30, (Va), 9, (Vb), 15 

(Via), 9, (VIb), 16, (VIIa), 20, 
(VIIb), 22, (VIIIa), t3, (VIIIb), tt  

55 

70 $ 

50 

9~ 

94 

9t 

* 85-90~ 6 h ,  100 m m o l e s  of (I) o r  (II), 100 m m o l e s  of 

Na2S2Os, 100 m m o l e s  of  CuC12" 2H20 , and 100 m l  of  w a t e r ,  
$ The o x i d a t i o n  p r o d u c t s  of  a c i d  (I) w e r e  a n a l y z e d  as  t h e i r  

m e t h y l  e s t e r s  a f t e r  m e t h y l a t i o n  wi th  CH2N 2. 
The r e a c t i o n  t i m e  was  12 h.  

We fee l  t h a t ,  un l ike  in the  c a s e  of  s u b s t i t u t i o n  at  C 2, the  t r a n s  s t e r e o s e l e c t i v i t y  of c h l o r i n a t i o n  of  a c i d  

(I) at  the  C 3 and C4.a toms in the  Na2S2Os-CuC12 s y s t e m  was  due to the  o c c u r r e n c e  of  the  r e a c t i o n  a c c o r d i n g  
to  two m e c h a n i s m s  s i m u l t a n e o u s l y .  As a r e s u l t  of s u b s t i t u t i o n  of the  h y d r o g e n  at  the  C 3 and C 4 a t o m s  by  
c h l o r i n e  v i a  i n t e r m e d i a t e  " c l a s s i c a l "  3-  and 4 - c a r b o x y c y e l o h e x y l  r a d i c a l s  wi th  f l a t t en ing  at  the  r a d i c a l  c e n t e r ,  
(IVa) and (IVb) and a l s o  (Va) and (Vb) w e r e  f o r m e d  n o n s t e r e o s e l e c t i v e l y :  

COOH 

(/ 
(h 

Concurrently, during one-electron oxidation 

generated: 

COOH COOH 

+.<y 
(IVa,b) (Va,b) 

which,  wi th  1,5 

of (I) at the COOH group, cyclohexylcarbonyloxy radicals (A) were 

COOH 66H CO 

(y (yo 
(1) (A) 

and i, 6 migration of the H atom [4] via transition states (B) and (C) were rearranged into 3- 

and 4-carboxycyclohexyl radicals, the configuration of which was apparently fixed because of the "buttressing" 

effect of the carboxyl group. One-electron oxidation of these radicals with transfer of a CI atom occurred pref- 

erentially "from the rear, " something that determined the predominance of the trans isomers of the resulting 

3- and 4-chlorocyclohexanecarboxylic acids. 
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. s 

(D) 

The six-membered transition state (B) was more favorable energetically than the seven-membered transi- 

tion state (C), something that determined the greater stereoseleetivity of oxidative chlorination at the C 3 atom 

than at C 4 (the ratios (IVb)/(IVa) and (Vb)/(Va) were equal to i. 7 and 1.4, respectively). In our opinion, the 

combination of these two mechanisms was responsible for the stereoselectivity of the oxidative chlorination of 

acid (I) at the C 3 and C 4 atoms. 

The 2-carboxycyelohexyl radicals (D) were formed from (I) only as a result of intermoleeular abstraction 

of an H atom, without participation of the reaction with rearrangement. The predominant formation of trans- 

2-ehlorocyclohexanecarboxylic acid (IIIb) from (C), just as of its ester (Vlb) from 2-(methoxycarbonyl)cyelo- 

hexyl radicals, was probably due to polar shielding of cis transfer of the chlorine atom by a COOR group (R ---- H or CH3). 
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With r e s p e c t  to ~ e  ,:;~:~.:'eoselectivity of oxidat ive ch ior ina t ion  of acid (i) in the Na2S208- CuC12 s y s t e m ,  
the obtained r e s u l t s  a r e  ~n i~ood ag reemen t  with the gene ra l  scheme of o n e - e l e c t r o n  oxidat ion of a iks~oic acids  
in th is  s y s t e m  ~o a lky lca rbony loxy  rad ica l s~  which were  fu r the r  r e a r r a n g e d  into 3- and 4 -ca rboxya lky l  r a d i c a l s  
[1]. In our opinion,  in cont~"ast to the p r i n c i p l e s  obse rved  in the a l iphat ie  s e r i e s ,  the p r e f e r r e d  for-marion of 

p roduc t s  of the r eac t i on  of 4- ,carboxycyclohexyl  r a d i c a l s  in c o m p a r i s o n  with 3 -ca rboxycye lohexy l  r a d i c a l s  was 

due to the p o l a r  effect  of the COOH group on i n t e r m o l e e u l a r  a b s t r a c t i o n  of the H a tom.  Because  of confor.ma- 
[ional convergence ,  this  group in tile eyclohexane s y s t e m  deac t iva ted  hydrogen abs t r ac t i on  f rom the C ~ atom 
to a g r e a t e r  deg ree  than f rom the C 4 a tom,  favor ing the genera t ion  of 4 -ca rboxycyc lohexy l  r a d i c a l s .  

it  should be noted that  r e a r r a n g e m e n t  of r a d i c a l s  (A) with mig ra t i on  of hydrogen into 3- and 4 - e a r b o x y -  

cyelohexyl  r a d i c a l s  should cont r ibute  to an i n c r e a s e  of the r e g i o s e l e c t i v i t y  of oxidat ive  ch lor ina t ion  of (I) at 
C 3 ana C 4 a toms  in ca.mparison with oxidat ive  ch lor ina t ion  of e s t e r  (II). However ,  this  was not obse rved ,  

p r o b a b l y  because  of the g r e a t  s t e r i c  demands  of the COOCH 3 group in c om pa r i s on  with the COOH group dur ing 
oxidat ive  ch lo r ina t ion  of (II) at the C 2 a tom,  leading to an i n c r e a s e  of the amount of oxidat ive ch lor ina t ion  of 
(II) at the C 3 and C 4 ato.ms~ 

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

The GLC ana lys i s  was c a r r i e d  out on an LI(hM-dMD chromatograph  with a f l ame- ion i za t i on  de t ec to r  in 
a s t r e a m  of N 2, and the columns ( s t a in le s s  steel)  were  3000 • 3 m.m with 10% Carbowax 20M t r e a t e d  with H3PO ~ 
[5] on Cel i te  545 (52-60 mesh) and 1700 • 3 mm with 3% PEGS on Chro.mosorb G (120-140 -mesh) t r e a t e d  with 

d i m e t h y l d i c h l o r o s i l a n e .  The proton NMR s p e c t r a  of solut ions in CDC13 were  -measured on Brucke r  WM-250 
(250 MHz) and Tes l a  BS-497 (100 MHz) s p e c t r o m e t e r s  f rom HMDS. The IR s p e c t r a  were  obtained on a P e r k i n -  
Elmer instrument in a thin layer in a solution in CCI 4. The oxidizing agent was analytically pure Na:~S2Od, the 

CuCI 2 was a pure-grade reagent, and acid (1) was a Merck reagent, rnp 29-30~ (cf. [6]); they were used with- 
out additional purification. Ester (II) was purified by distillation in vacuo, bp 7i-73~ (15 re_m). 

Oxidation of Cyclohexanecarboxylic Acid (1) and Its Methyl Ester (If) in the Na2S208 -C If CI 2 Syste-m. This reac.- 
tion was carried out in accordance with the general procedure for oxidation of alkanoie acids [1]. T~e residue 

after evaporation of the ether extract of the products of oxidation of (1) were methylated with excess CH2N 2 [7]. 

After separation of (If) by fractionation in vacuo, the obtained -mixture of -methyl esters (Via, b)-(VIIIa, b), just 

as the mixture of products of ~he oxidation of ester (II), was analyzed quantitatively by proton NMR spectros- 

copy (250 MHz) according to the correlation of the integrated intensities of the signals of CH30 groups m the 
region of 3.62-3.70 pp.m and ef CHCI groups in the region of 3.98-4.52 pp.m. The chemical shifts, the nature 

of the signals, and the values of the spin-spin coupling constants were identical to the data of [8] for individual 

(Via, b)-(u b). The correlations of esters (Via, b)-(VIIIa, b) were determined from the results of four 
independent experiment runs, 

Configurational Stability cf Acids (ILia~ b)-(Va, b), To 30 mmoles of a mixture of chioro acids (ILia, b)- 

(V~, bl~ during methylation of which with diazomethane (Via, b)-(VIIIa~ b) were formed in a correlation of 

7:19:15:26:10:14 and 30 mrnoies of CuCI2o2H20 in 40 -ml of water, a solution of 30 -mmo!es of Na2S208 in 25 ml 

of water was added at 85-90~ the whole was heated for 2 h at 85-90~ and extracted with ether (3 • 50 ml), 

and the extract was dried with MgSO~ and evaporated. We obtained 25 .mmoles of a -mixture of chloro esters 
(Via, b)-(VIIIa, b) in a correlation of 8:18:14:25:10:15. 

Configurational Stability of Esters (Via, b)-(VIl/a, b). To 30 m-moles of chloro esters (Via, b)--(VIIIa, b) 

in a correlation of 7:19:15:26:10:14 and 30 .re.moles of CuCI2"2H20 in 40 ml of water, a solution of 30 mmoles 

ol Na2S208 in 25 .ml of water was added at 85-90~ the whole was heated for 2 h at 85-90~ and extracted with 
ether (3 • 50 rnl), and the extract was dried with MgSO 4 and evaporated. We obtained 25 .re.moles of a -mixture 
of chloro esters (Via, b)-(VIIIa, b) in a correlation of 7:16:15:28:10:15. 

The authors thank A. S. Shashkov for his help in discussing the proton NMR spectra. 

C O N C L U S I O N S  

1. Oxidat ive ch lor ina t ion  of cyc lohexaneca rboxy l i e  ac id  and i ts  -methyl e s t e r  in the pe roxyd isu l fa te  - 
copper  ch lor ide  s y s t e m  occu r s  p r e f e r e n t i a l l y  at C 3 and C 4 a toms .  

2. Oxidative ch lor ina t ion  of cyc lohexaneca rboxy l i c  acid  is  a s t e r e o s e l e c t i v e  r e a c t i o n ,  and t r a n s - 3 -  and 
t r a n s - 4 - c h l o r o c y c l o h e x a n e c a r b o x y l i c  ac ids  a r e  p r edominan t ly  fo rmed ,  
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OXIDATIVE CLEAVAGE OF TERTIARY CYCLOALKANOLS 

BY THE LEAD TETRAACETATE- METAL HALIDE SYSTEM* 

B. I. Kapustina, S. S. Spektor, 

and G. I. Nikishin 

UDC 542.92:542,943.7:547.  514.46 

Reaction of tertiary cyclic alcohols with lead tetraacetate (LTA) affords oxoalkyl radicals RCO(CH2)n+ i- 

~H 2 (n = 1 - 4) [2-4]. These radicals are oxidized by the LTA-Cu(OAc)2 system to w-unsaturated ketones [2], 

by the LTA-KSCN system to w-oxoalkyl thiocyanates [3], and on treatment with the LTA-AgOAc system these 

radicals recombine to give diketones [4]. 

We here examine the oxidation of tertiary cyclic alcohols with the LTA-group I metal halide (MX, where 

M = Li, Na, or K, and X = Cl or Br) system. The reaction is carried out in benzene with the addition of pyri- 

dine, which accelerates the oxidative reaction. In the first step, a complex of LTAwith MXis probably formed, 

and this then reacts with the alcohol. Similar complexes [K2[Pb(OAc)6 ] and K2[Pb(�9 ] have been pre- 

pared [5, 6]. 

The mechanism of the oxidative cleavage may be represented as follows 

Pb TM (OAc)~ + 2MX ~ [pblv(OAc)~X~]M~ 
R OH R O' 

CH~) + [pblV(oAe),X~]M~ -~ ~ + [pblII(OAe)aX~]M~. + AcOIt 
( ~,~ (CH~),~ 

R O" 0 

o o 

/ ~ '  IV I I I  / A N ' /  
R (CH~)n -+- Pb (X).Pb (X) ~ R (CH~), n . ~-.~-- .~II;./~.~,~,!.~ 

[pblII(oAc)aX~]M~ ~ PblI(OAc).~ + A c O M  + MK + X 9 
n = 2 - -4 ;  R = CH3, CiHs, C:Hxs, Call19; M = Li,  Na,  K; X ~ C1, Br 

Initially, oxidation of the alcohol with the lead complex salt gives cyclic alkoxyl radicals. Reduction of 
Pb IV to Pb III may occur according to the equation shown in the Scheme, and also probably, to [pblII(OAc)4X]M2~. 

The alkoxyl radicals then isomerize to oxoalkyl radicals. The latter are, for the most part, oxidized by Pb IV 
or Pb IH to l-haloalkanones, and to a very small extent they mediate removal of hydrogen from the H-donor 
(~ 1-2%) o o 

R~(CH.,) ,S% s~ R ~ ( C ~ ) , S %  

* For  the previous communization,  see I1]. 
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