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I n  the course of a continuing invest igat ion of re la t ionships  between 

react ivi ty ,  hyperconjugative s t ab i l i za t ion  and ac t iva t ion  energies of a lky l  

radical  reactions it became necessary t o  es tab l i sh  the ro l e  of carbon t e t r a -  

chloride -- the usual solvent -- i n  s - b u t y l  hypochlorite chlorinations 

ref.  2 of This f a i r l y  se lec t ive  chlorinating agent reac ts  the 

chain 

The reaction is carr ied out i n  non-polar solvents and proceeds cleanly and 

i n  high yields. Fluorocarbons, excess hydrocarbon substrate,  and carbon 

te t rachlor ide have been used as solvents, the last being the most conanon, 

Although products and yields  a r e  subs tan t ia l ly  the  same i n  a l l  these solvents 

there eq i s t s  the poss ib i l i t y  t h a t  i n  carbon te t rachlor ide the  sequence (3), 

(4) can become par t  of the  radical  chain reaction. 

R* + C1CC13 + RC1 + -CCl3 (3) 

*CC13 + ( c B ~ ) ~ c o c ~ *  - C I * C C ~ ~  + (CH3)3CO* (4) 

The poss ib i l i t y  t h a t  reaction (5) may a l s o  occur can be ruled out on the 

basis  of 
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. . 
the  repor t  t h a t  the  r e l a t i v e  r e a c t i v i t i e s  of a s e r i e s  of hydrocarbons do . 

E. 3 not vary s i g n i f i c a n t l y  wi th  changes i n  solvent .  The absence of any s i g -  

, . n i f i c a n t  amounts of chloroform among the  products i s  inconclusive i n  view 

re f .  4 of the  considerable s e l e c t i v i t y  of the trichlorqme thy1 rad ica l .  Sequence 

(3)-(4) i s  suggested.by the. wel l  known use of polyhalomethanes a s  ch lo r ina t ing  

r e f .  5 agents. 5 

The ch lo r ina t ion  of toluene, 2,3-dimethylbutane, and 2,2-dimethyl- 

propane ( e - p e n t a n e )  i n  carbon t e t rach lo r ide  and the  possible involvement 

of the  solvent  was inves t igated  by t h e  use of t e r t -bu ty l .hypoch lor i t e  labeled 

"i'th chlorine-36, a beta  emitter .  I n  a l l  cases the  a c t i v i t y  was found exclus ively ,  

wi th in  experimental e r r o r ,  i n  the  a l k y l - c h l o r i d e  product ind ica t ing  t h a t  

react ions  (3)-(4) do not  occur t o  any s i g n i f i c a n t  extent .  Even when the  

hypochlori te  was added dropwise a s , a  d i l u t e  so lu t ion  i n  carbon t e t rach lo r ide  ' 

t o  a carbon t e t r a c h l o r i d e  so lu t ion  of the  hydrocarbon, n o . a c t i v i t y  could be 

detected i n  t h e  carbon t e t rach lo r ide .  

I n  the  case "of toluene the  absence of any involvement of the  solvent  

is  not unexpected i n  view of the  r e s u l t s  of Walling and Padwa who, i n  a 

s i m i l a r  r eac t ion  with t e r t - b u t y l  hypochlori te  and toluene i n  bromotrichloro- 

ref. 6 methane solvent ,  d id  not  obta in  more than a 3% y ie ld  o f  bromotoluene. A 

reac t ive  a l k y l  r a d i c a l  (cyclobutyl),  however, wao reported t n  r e a c t  97% with 

the  solvent  t o  give a l k y l  bromide, upon dropwise add i t ion  of hypochlori te .  

I n  our case ' the f a i l u r e  of even the  reac t ive  primary rad ica l  E-pentyl t o  

r e a c t  with approximately a 500-fold excess on the average of carbon t e t r a -  

chlor ide  over hypochlori te  ind ica tes  a large  d i f fe rence  i n  a c t i v a t i o n  energy 

f o r  a b s t r a c t i o n  of bromine 2. chlor ine  from halomethanes. An a c t i v a t i o n  

energy of about 13 kcal/mole f o r  a b s t r a c t i o n  of chlorine'  from carbon t e t r a -  

-?£. 7 chlor ide  by the methyl r ad ica l  can be estimated. 7 



It appears t h a t ,  i n  the usual  - t e r t - b u t y l  hypochlori te  ch lo r ina t ions  

i n  carbon t e t rach lo r ide ,  the  solvent  i s  not involved i n  the  chain reac t ion  

sequence. s t u d i e s  of a c t i v a t i o n  energies of react ions  .of a l k y l  r a d i c a l s  

derived from o r  i n  the  presence of hypochlori tes can be c a r r i e d  out  i n  

carbon t e t r a c h l o r i d e  without any doubt a s  t o  the  o r i g i n  of the  chlor ine  

atom i n  the  a l k y l  ha l ide  product. 

Experimental 

te r t -Butyl  ~ ~ ~ o c h l o r i t e - ~ l ~ ~  was prepared e s s e n t i a l l y  a s  i n  ref: 2a. - 
Chlorine was bubbled through 200 m l .  carbon t e t r a c h l o r i d e  u n t i l  the  so lu t ion  

I 

became 2.015 N by iodometric t i t r a t i o n ;  48 g. mercuric oxide (yellow) was 

added and s t i r r i n g  was continued f o r  17 hours with t a p  water  cooling. The 

s o l i d s  were f i l t e r e d  and the  o rgan ic . l ayer  was ext rac ted  with 160 m l .  cold 

d i s t i l l e d  water. . Afte r  one washing with 20 m l .  carbon t e t rach lo r ide ,  t i t r a -  

t i o n  s h a ~ e d  the .wa te r  l a y e r  t o  be 1.93 N i n  hypochlorous acid.  5:7 g. tert- 

butyl  alcohol i n  71.3 m l .  carbon t e t r a c h l o r i d e  and a l l  of , t h e  hypoch loro~~s  

ac id  so lu t ion  were mixed and s t i r r e d  f o r  3  hours with ice-cooling. The 

organic l ayer  was separated, washed with 5 m l .  water, 10 m l .  5% sodiurn'carbon- 

a t e ,  5  m l .  water, and. d r i ed  with anhydrous magnesium su l fa te .  . The e n t i r d  

preparat ion was ca r r i ed  out  i n  subdued l i g h t  o r  i n  the  dark.   it ration 

showed t h a t  t h e  carbon t e t r a c h l o r i d e  . so lu t ion  was 0.965 - .  M i n  - t e r t - b u t y l  
. . 

I I 

hypochlorite, f o r  a  96.5% y ie ld  based on the  alcoh'ol. 

Port ions of the  hypochlori te  so lu t ion  were l abe led 'wi th  chlorine-36 ' 

iuniiediately before use. s ince  au to rad io lys i s  may be f a i r l y '  f a s t  wi thhypo-  
. .- 

.. L 

ch lo r i t a s .  I n  a typ ica l  preparat ion 5.0 ml.. of the hypochlori te  so lu t ion  were 

shaken i n  a  separatory funnel with 4.0 m l .  of a n  1.6 N aqueous so lu t ion  of HC1 

8 - f ,  8 containing 80 pc chlorine-36. The exchange i s  f a s t  - and equ i l ib ra t ion '  was 



complete a f t e r  15 min. T i t r a t i o n  showed t h a t  au to rad io lys i s  i s  i n s i g n i f i c a n t  

f o r  15 min. i n  the  dark. 

36 Reactions of t e r t -Buty l  Hypochlorite-C1 . I n  a t y p i c a l  experiment 

3.82 g. (29.8 m o l e )  carbon t e t r a c h l o r i d e  and 1.36 g, (18.9 m o l e )  - neo- 

pentane were placed i n  a n  i c e  bath  and 3.77 m l .  labeled hypochlori te  so lu t ion  

(3.8 mmole hypochlori te ,  36.1 mmole carbon t e t rach lo r ide )  were added drop- 

w i s e  over 2 hours with vigorous s t i r r i n g  and i r r a d i a t i o n  from a 300 wat t  

incandescent' lamp. The products were analyzed by gas - l iqu id  chromatography 
an on-line ionization chamber 8nd 

with a Loenco Model 70 Hi-Flex coupled with/a Cary 31 Vibrat ing Reed Elec- 

trometer f o r  simultaneous de tec t ion  of the  a c t i v i t y .  A l l  t he  a c t i v i t y  was 

found under the  E-pentyl chlor ide  mass peak. The experimental e r r o r  i n  

the  a c t i v i t y  determination was 5%. 
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