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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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TABLE 1. Oxidation of 1-Ethyleyc lopentanol  with the L T A - M X  

System* 

o 
,.m 
o 
~J 

o , .  

t 
t : 2 : 5 J LiC1 
t : 2 : 5 ~ NaCl 
1:2:5 IKCI 
1:t:0,5 [CuCis 
f : 1 : 5 / LiBr 
l: t : i | NaBr 

/ 's= o 

99 
30 
76 

? 75 
63 
21 

99 
94 
95 
52 
98 
95 

&- 

2 X ~ N  

N 

t : 1 : 5  
1:1: t0 
t:1,5:5 
1:2 5 
i : t  5 
t22 5 

NaBr 

KBr 

8 
- O C9 

69 99 
73 99 
81 99 
98 98 

99 

* 80~ 3-6 h, 0.01 mole  of a lcohol ,  0.01 mole  of py r id ine ,  25 ml 
of benzene;  extent of r eac t ion  of LTA,  100%. 

$ 1 -Hep tene -5 -one  (34% on or ig ina l  alcohol) a l so  ident i f ied .  

TABLE 2. Oxidation of 1 -Alky l -  
cye lopentanols  with the Sys tem 

L T A -  LiCI* 

Extent of I Yield of RCO- 
Alkyl reaction o 1 (CH2)4C1, % on 
(R) alcohol,%{ alcohol reacted 

CHs 
C2H~ 
C~Hi5 
C9Ht9 

7t ! g9 
68 98 

08 
90 

"* 80~ 5 h ,  a lcohol :LTA:LiC1:  
CsH5N -- 1:1:5:1, benzene 25ml ;  
extent  of r eac t ion  of LTA, 100%. 

In Table 1 a r e  given data  on the c leavage  of 1-e thylcyc lopentanol  by L T A - m e t a l  ch ior ide  (or b romide ) .  

The mos t  eff ic ient  ch lo r ide  in th is  r eac t ion  is  LiC1. One r eason  for  the high ef f ic iency of LiCI as  a eomponent 
of the oxidat ive  s y s t e m  is  i t s  h igher  so lubi l i ty  in benzene ,  as c o m p a r e d  with NaCI and KC1. Li th ium,  sodium,  
and po t a s s ium b r o m i d e s  a r e  equal ly r e a c t i v e  in the oxidat ion of a lcohols  by the s y s t e m  L T A - M B r ;  us ing a 
r a t io  of a l coho l :LTA:MBr  of 1:2:5, the y i e ld  of 1 - b r o m o h e p t a n - 5 - o n e  was n e a r l y  quant i ta t ive with al l  of these  

b r o m i d e s ,  and with a r a t i o  of 1:1:5 it was 60-70%. 

When the oxidant p a i r  LTA-CuC12 was employed ,  f rom 1-e thylcyc lopentanol  the re  was obtained,  in add i -  
t ion to 1 - c h l o r o p e n t a n - 5 - o n e ,  h e p t - l - e n e - 5 - o n e ,  i . e . ,  the 5-oxoheptyl  r ad i ca l  r e a c t e d  in two ways ,  by a sub-  
s t i tu t ion  m e c h a n i s m  and by a deprotonat ion  m e c h a n i s m .  It a ppe a r s  that  CuC12 or  i ts  complex  with LTA oxid izes  
the 5-oxoheptyl  r a d i c a l  to the co r r e spond ing  ch lo r ide .  The Cu(I) which is  fo rmed  in the r eac t i on  is  conver ted  

by LTA into Cu(OAe)C1, and pe rhaps  p a r t i a l l y  to Cu(II) a c e t a t e ,  which oxidize  the 5-oxoheptyl  r a d i c a l  to the un- 

s a t u r a t e d  ketone.  

These  findings a r e  in acco rdance  with the r e s u l t s  of deea rboxy la t ion  of v a l e r i c  ac id  by the LTA-CuC12 
pair~ which affords  a mix tu re  of butyl ch lor ide  and 1-butene [7]. 

In the r eac t i on  of 1 -a lky lcyc loa lkano l s  with L T A - M X ,  the alkyl  group exe r t s  a s c r een ing  effect ,  shown 
by the reduct ion  in the extent  of r eac t ion  of the alcohol in the homologous s e r i e s  f rom 1 - m e t h y l -  to 1-nonyl -  
cyclopentanol  with L T A - I A C 1  (Table 2), 

The mos t  r e a c t i v e  of the 1 -me thy lcyc loa lkano l s  examined  was 1-methylcyc lopentanol  (Table 3). As is the 
case  with the oxidat ive  s y s t e m s  LTA-Cu(OAc)2  [2] and L T A - K S C N  [3], the r e a c t i v i t i e s  of t e r t i a r y  cyc l ic  a l co -  
hols  in ox idahve  decyc l i za t ion  with L T A - m e t a l  hal ide  d e c r e a s e  in the sequence C 5 > C 7 > C6, f i - f ragmenta t ion  
of the alkoxyt r ad i ca l  being v i r t ua l l y  the sole  route  of oxidat ion.  Only in the case  of 1 -methylcyc lopentanol  is  
1 - m e t h y l - l , 4 - e p o x y c y c l o p e n t a n e  a lso  fo rmed .  

1395 



TABLE 3. Oxidat ion of 1 -Me thy l cyc loa lkano l s  by 
L T A -  MX* 

Extent of Yield of CHaCO- 
reaction of ] (CH2)n+ICH2X, 

Alcohol MX [alcohol, % % 

H a C ~ O H  LiC1 
LiBr 

( ~  NaBr 
__ KBr 

H~C, //OH LiC1 
LiBr 
NaBr 

H3C OH $ LiC1 
LiBr 
NaBr 

I I XBr 

7t 70 n=2 
67 65 
71 70 
66 65 

60 57 n=3 
48 47 
63 62 
57 55 

65 48 n=4 
55 39 
68 51 
80 43 

* 80~ 3 h (for MBr) o r  5 h (for LiC1), a lcohol :  
LTA:MX:CsH5N = 1 :1 :5 :1 ,  b e n z e n e  25 m l ,  ex ten t  
of r e a c t i o n  of LTA 100~ 

On alcohol  t aken .  

$ In add i t ion ,  10-15% of 1 - m e t h y l - l , 4 - e p o x y c y c l o -  
pen t ane  was  f o r m e d .  

TABLE 4. P r o p e r t i e s  of 1 -Ha ioa lkanes  

Ketone 

CHACO (CHa) ~Cl 

CH3CO (CH2) ~CI 

CH3CO (ell2) eCl 

C2H5C0 (CHa) :CI 

C~HIsCO (CHz) :C1 

CgHigCO (CH2) ~C1 

CHACO (CH~) 4Br 

CH3C0 (CH2) 5Br 

CH3C0 (CHa) 6Br 

C2H5C0 (CH2) ~Br 

Bp, ~ C 
(mm Hg) n~ 

78 (10) t,4476 

t08(20) t,4479 

50 (0,6) 1,4504 

89 (15) t,4463 

89 (0,5) t,4549 

176 (10) 

83 (6) 1,4700 

70-72(t) t,4707 

79-80(1) t,4768 

91-92 (6) t,4702 

Molecular 
formula 

C6HiiOCI 

C7H:3OC1 

CsHisOC1 

CTHI~OCI 

C,:H2aOC1 

Ct:H=0C1 

CsHii0Br 

C7Hi30Br 

CsHlsOBr 

CTH,aOBr 

Found/calculated, ~c 

C H Hal 

53,84 8,:8 25,82 
~ 26,20 

56,57 8,81 23,67 
"8"-~- 23,70 

59,00 8,93 22,30 

56,7t 8,60 23,62 
~ ~,70 

66,o9 ~,oo 15,98 

67,94 I0,85 14,58 

40,31 6,27 44,67 
~ 44,92 

43,.__~ 7,0____77 41,49 
~,6o 6,74 41,5o 
46,00 7,t3 39,24 
-46-~" ~ 38,70 
43,96 6,85 4t,00 

To judge f r o m  the amoun t s  of the p roduc t s  (A) and (B), which 
of the  r a t e  c o n s t a n t s  for  the l? -breakdown of the  a lkoxyl  r a d i c a l  and 

the H a t o m ,  i s  K E / K  R = 4. 

do not  undergo  f u r t h e r  r e a c t i o n s ,  the r a t io  
i ts  r e a r r a n g e m e n t  with 1 , 5 - m i g r a t i o n  of 

, )  

O 0 

~ 0  ' ~'- "I ~" f" ~'~ 
I --P" c~r 3 ((::it2) 4 �9 . cH 3 (r 

i (A) 
CH3 OI-I CH 3 

(B) 
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TABLE 5. IR and Mass  Spec t ra  of ! - H a l o a l k a n e s  

Ketone IR spectrum, c m- ~ Mass spectrum, m/z 

CHACO (CH2) ~Cl 

CHACO (CH2) sO1 

CHACO (CH~) sCl 

CaHaC0 (CH2) ~C1 

C7H~5C0 (CH2) ~Cl 

CoH,gCO (CH2) ;el 

CHACO (CH2) ~Br 

CHsC0 (CH2) aBr 

CHACO (CH2) 6Br 

C2HaCO (CH2) ~Br 

t720(C=0), 653 and 
730(CC1) 

t715(C~0),658 and 
725(CC1) 

17i5(C=O), 650 and 
730(CC1) 

t7t5(C=O), 658 and 
730(CCl) 

1720(C=0), 655 and 
730(CC1) 

1720(C=O), 655 and 
725 (CCl) 

17t0(C=O), 563 and 
647 (CBr) 

17t0(C=O), 566 and 
650(CBr) 

1720(C=0), 560 and 
655 (CBr) 

t7t5(C=0), 570 and 
650(CBr) 

i34(M) +, tt9 (M-CH~) +, 98(M-HC1) +, 
91 (M-CHaCO) +, 85 (CHACO (CH2) 3) +, 

7t (CHACO (Ctt2) 2) +, 57 (CHaCOCH~) +, 
43 (CHACO) + 

t62 (M) +, 147 (M-CHa) +, 
139 (M-CHaCO) +, 126 (M-HCI) +, 
57 (CHaCOCHz) +, 43 (CHACO) + 

148(M) +, ii9 (M-C2Hs) +, 
tI2(M-HC1) +, 9t (C~HsC1) +, 
57 (C2HaCO) +, 29 (C2Ha) + 

246(M+), 2t0(M-CHa) +, 
t61 (CoHlaeOCH2) +, 127(C9H~9) +, 
it9 (M-C~H~o) + 

t78(M) +, t63 (M-CHa) +, 
t35 (M-CHaCO) +, 12t (CaHTBr) +, 
t07 (C2HsBr) +, 7t (CHACO (CH2) 2) +, 
43 (CHACO) + 

206(M) +, 19t (M-CHa)+,, 
163 (M-CHaCO) +, 149 (CsHi,Br) +, 
121 (CaHTBr) +, 7i(CHaCO (CH2) 2) +, 
43 (CHACO) + 

192 (M) +, 163 (M-C~Hs) +, 
t35(M-C2H~CO) +, t2t (CaHTBr) +, 
71 (C2HsCOCH2) +, 57 (C2HaCO) + 

The l-haloalkanones obtained were isolated preparatively. Their structures were confirmed by IR spec- 

troscopy, and PMR and mass spectrometry. 

EXPERIMENTAL 

GLC analyses were carried out on an LKhM-8MD chromatograph in a stream of nitrogen (24 ml/min), 

using a flame ionization detector and a column of length 1-2 m and diameter 15 ram, with 15% FFAP and 15% 

Tween-85 on Chromosorb W (60-80 mesh). Yields of products were determined using an internal standard 

with allowance for experimentally determined correcting factors. PMR spectra were obtained on Tesla BS- 

497 (i00 MHz) and Bruker WM-250 (250 MHz) spectrometers, internal standard HMDS, and mass spectra on 

a Varian MAT-CH-6 instrument. IR spectra were obtained on a UR-20 spectrophotometer in thin layers or in 

solution in CCI 4. The initial l-alkylcycloalkanones were obtained from the cycloalkanones and alkylmagnesium 

halides. Lead tetraacetate (LTA) was obtained from red lead (Pb304) as described in [8]. The purity of the 

LTA and the extent of its reaction in the oxidation of the alcohols were determined iodometricMly [9]. NaCl, 

KCI, LiCI'H20, CuCI 2, NaBr, KBr, LiBr were commercial materials, chemically pure grade. Lithium chlo- 

ride was ignitedto drive off water of crystallization. Benzene and pyridine were dried over Na and caustic al- 

kali, and redistilled. 

O x i d a t i o n  of T e r t i a r y  Cyc loa lkano l s  with the L T A - M e t a l  Hal ide Sys t em (Genera l  Method) .  A m i x t u r e  of 

the a l coho l ,  L T A ,  m e t a l  ha l ide ,  and p y r i d i n e  in  b e n z e n e  was  s t i r r e d  v i g o r o u s l y  at 80~ unt i l  a l l  the Pb IV had 
been  c o n v e r t e d  into pb I I ,  when the r e d d i s h - b r o w n  c o l o r  changed  to ye l low (3-6 h ,  depending  on the sa l t  u sed ) .  

The m i x t u r e  was then  cooled and f i l t e r e d .  The so l id  was washed  with e t h e r ,  and ana lyzed  i o d o m e t r i c a l l y  for  
i t s  Pb  IV con ten t  [9]. The f i l t r a t e  and e t h e r e a l  e x t r a c t s  we re  washed  with a 10% so lu t ion  of HC1, NaHCO 3 so lu -  
t i on ,  and w a t e r ,  d r i ed  o v e r  MgSO4, and the so lven t  d i s t i I l ed  off. The ex ten t  of r e a c t i o n  of the a lcohol  and the 
y i e l d s  of p r b d u c t s  w e r e  d e t e r m i n e d  by GLC on the  r e s i d u e .  The m a i n  p roduc t  was  the 1 - c h l o r o  (or b r o m o ) -  
ke tone .  In add i t ion ,  in  a l l  the  e x p e r i m e n t s ,  the s a t u r a t e d  a l ipha t i c  ke tone  (1-2%) was  iden t i f i ed  by GLC (us ing  
a m a r k e r ) ,  I l l  and GC-MS.  The e x p e r i m e n t a l  r e s u l t s  a r e  shown in Tab le s  1 -5 .  
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CONCLUSIONS 

The oxoalkyl radicals RCO(CH2)n+ICH 2 (n = 2-4) generated from five-, six-, and seven-membered 
l-alkylcycloalkanols by treatment with an oxidizing system (lead tetraacetate-metal halide) are quantitatively 

oxidized to l-haloalkanones. 
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TELOMERIZATION OF I-HEXENE WITH METHYL 

CHLOROACETATE AND METHYL PROPIONATE 

A. B. Terent'ev, N. S. Ikonnikov, 

and V. I. Dostovalova 

UDC 66. 0 9 5 . 2 : 5 4 7 . 3 1 3 . 6  

The telomerization of l-hexene with esters of monoearboxylic acids, and the identification of the re- 
sulting telomers, has not been described in the literature. Comparison of the results obtained for the telo- 
merization of ethylene and propylene with esters of' monocarboxylic acids shows that only with propylene does 

1,3-migration of hydrogen occur in the first growing radical [i] 

RCHCH2CHXCO2CH 3 1,3-~H BCH2CH2CXCQHC3 

R = CH~; X = H, CI, CH3. 

The use of l-hexene as the monomer enables the influence of the monomer, and in particular the length 

of the alkyl substituent R, on the course of the telomerization to be assessed. The reaction takes the following 

course 
TBP 

XCH2CO2CH3~)H) --+ XCHCO2CH3 

XCHCO2CH~ + BCH=CH2 -~ RCHCH~CHXCO2CH3 
(A) 

(A) DH RCH~CH2CHXCO2CH3 
(%), (P~) 

DH 
(A) + RCH=CH~ ~ RCH~CH~CHCH~CHXCQCH3 

J 
R (T~.), (P2) 

1,3-H 
(A) ---~ RCH2CH~CXCO~CHa 

(B) 
DH 

(B) ~- RCH~CH2 --* BCHCH:CXCO,zCHa .~ (RCH~CH..)~CXCO~CH3 

X : CHa(T), C1 (II); R ~ C4H9; T B P  - - t e r t - b u t y l  p e r o x i d e .  

A.  N. N e s m e y a n o v  In s t i t u t e  of  H e t e r o o r g a n i c  C o m p o u n d s ,  A c a d e m y  of  S c i e n c e s  of  the  USSR,  Moscow.  
T r a n s l a t e d  f r o m  I z v e s t i y a  A k a d e m i i  Nauk SSSR, S e r i y a  I C n i m i c h e s k a y a ,  No. 7, pp .  1546-1551 ,  J u l y ,  1983. 

O r i g i n a l  a r t i c l e  s u b m i t t e d  O c t o b e r  26,  1982. 
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