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Abstrad - Acyl radicals puimed by Mtuty l t in  hyWde-azobisiscibutyrcnitrile 

h%ced tamlysis of thnylselerol asters tudem& highly selective 6--- a- 

ttol to a l e  brds, affmdhg, i n  a chain reacticn, cyclic - i n  very 

high yield. Suitably substituted thnylsel-icylates are mus canrerted into 

theaul-espcndirg-. 

Ihe inkmulecular additim of free-radicals to cartm-cartm mltiple  b;nds 

has becons all e%tPlWd~ly used PZWXSS fca the Synthesis Of Cyclic Cag& cab. 

PXTds.1-3 A A s n t  mthzd for the site specific g e w a t i m  of cartm-centered free-radi- 

cals inwlvg the c h m s w d f i c  tamlysis of a C-Halogen, C-S ca C-Se brd by Malkyltin radi- 

cals deriwd fmnths -tin+des.4 The f i r s t  repptsmths applicatim0f 

this mthzd for the symthSi.3 of mlti- conplex O q d C  oxlpxm% irrvolved the i n b -  

~ o l ~ a r  a d d i m  of -1.5 vinyl6 ary17 radicals to cartmsartm m a p l e  tcrds. w l e  

thase -1y were -1y follcwed by - of -,l-4 the anal- Cycliza- 

tim of -1 radicals has bm rarely errploy& in  ~yntk3is. The f i r s t  reixd m the 

inb=amlcs.&lar additim of -1 radicals to dcuble hnds, dated 1964. is related to ths wli- 

zatiol of s-campholenic a- to inmu3ed by diacetyl 1t was f o l l m  t~ 

three s i m i l a r  reppts m pea~~~id9inmu3ed cyclizatim of r n s a m ~  adehyde~,~JO mi t~ tm 

ontrastiq m the z d x t i v e  cyclizatim of acyl chloridas h3xed by tritutyltin 

+da ( m )  and -triile (m).11,12 A, en. e5=udy indicated that at lox 

-, c i d i l o y i  radical - rndergo ring In 1986. we a 

rma efficient me- fca the sqntbda of a-alkqli&m-~-lactcres, which is based m the 

intrmnlecular addittol of -1 radicals to triple tcrds.14 

Ihe success of this mttpdl5 led m to invaNgate the svitability of acyl radical annelaticn 

for the p p a r a t t o l  of and - 6lnar~zred wit ketcres.16 we repeated the 

reactim of citmmiloyl c h l a  la wim ~ / A T B N , ~ ~  and conpared it to the sam d m  



Table I: Readions of Ciimmelloyl C N d d s  la and of Fbsylselmyl Citxmslloate lb with l W l n  

(1.15 eqiv) ad initiator or inhibitor (0.015 equiv) in Toluene at 110"~. 

- 

1 Initiator/ Wde of Prca~cts* 

X Inhibitor additicm of wlic Acyclic 

m / I n  2+3 2/3 4 1 

a** - C1 AIBN single 85% 1.5:l 10% 

b*** - C1 AIBN 90 min 45% 1.5:l -- 
c** - C1 Galviroxyl single -- 8% 

d** - PhSe AIBN single 87% 1.6:l 12% 

,*** - PhSe AIBN 90 min 98% 1.6:l -- 
f ** PhSe - hydrcquirrxle single -- 1cc% 

*Fx&ck  determired by ,! analysis 20 min after the start of the reaction. **Initial m- 

tratim of 1 was 0.024: sh-dard &ti-. l9 ***Indivicbal so1utim-s of V3lW (0.1M) ad AZBN 

(0.01M) - simLltanausly added to a solutim of 1 (0.0334 initial cmcentraticm). 
with the sel-1 ester of citxmslloio acid lb, as sham in Scheme I and Table I. In experi- 

ments perf- by mixirg all the reagents at the start of the readi01'~ m substantial dif- 

fere~s between the reaction pattems of the chloride la and sel-1 ester lb was obserwd, 

both cmpxuds (entries a ad g) afforded cyclic p r u % ~ t ~  (m- 2 am3 isxmnVnY3 3) in 

gxd yield, acmnpanied by m-negligible m t  of acyclic redu&bm ~ r d ~ ~ t  (ci-lal 4). 

Rs expscted, lower- the Igm cuocentratiol supprwed the f-tim of acyclic aldehyde 4. 

-, while in experiments involving the sel-1 ester lb the yield of ke- increased to 

a nearly quantitative value (entry e ) ,  a praaunced decrease in yield was observed in experi- 

ments involving the acyl chloride la (entry 5). The superhity of the sel-1 ester over the 
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acyl chloride d e r i ~ t i w  in the m/m hdxed hmlyt ic  qclizaticn - to derive mainly 

£ran tla? l o ~ e r  susceptibility of ssleml estars to ccmpetitive icrric reacticrrs. is 

the stability of the ester lb (and 5a-d, which are discussed later) to ChmMtograPrnr. In 

acmrd with a p a v h ~ ~  r e w  ol acyl tla? acyl chldds la reacts s~an*- 

-1y with TBlX in the absence of AIBN and in the of galm121 give ~ ibXnEl l a l  

(entry 2 ) .  while the &em1 ester lb  did not react a t  all wder similar &ticns (Entry f). 

m sh& the a p p l i c a w  of the tnmlytic cyclizaticn to tb synthasis of rbrmmms t b  

pheylselercsalicylates 5a-d were pxared,22'u and reacted with WIW/IBN - standKd on- 

diticns.lg In each case, tb - chmmmx? 7, derivirg £mu 6-- cyclizaticn 

of intezmdiate acyl radicals 6, as shmn in sckm? I1 and Table 11, was isolated in high 

yields. m rrne of these expeaiments ware pn%&s derived £ran hydrqm tcamsPer to an 

Tilble IT: of Sel-1 Esters 5 wi *  TBlX and AIEXi. 

M e m l  aFditicns/ msalcta 

Ester ~ a t i t i ~  (isolated yield) 

5a -l9/o.m 7a (90%) 

5b s t and~d l~ /o .  OBI 7% (87%) 

E ~tardard~~/0.~724 7c (79%) 8 (8%) 

E stardardl9/0. ?M 7c (74.5%) 8 (7.5%) 

E standard19/neat 7c (75%) 8 (7%) 

E l m  IBM cor.25 7c (77%) 8 (8%) 

5d - l 9 / ~ . 0 ~  7d (91%) 9 (3%) 

5.3 low IBM a n c . 2 6  7d (708.) 9 (17%) 



acyl radical of type 6 identified. Particularly gratifying is the ahsenoe of pxlcts derived 

f m  i n t r a m l d a r  M a c t i m  of allylic -en atans through a six-membered rirg tran- 

siticn state as was obsarved i n  an a- 6-exo-trig c y c l h t i m  of 6-hept8nyl radicals. 24 

0 S n  Bu, OSn ha 
I 

A 7 e  w l i z a t i m  pzn3~ct was identified in the r a m  of the mthallyl dsrivativ~ E. 

Thus, t h . c l n a M n o n e 7 C W a S a c r m P a n i d b y t h e 7 - n s m b r & r i n g ~ 8 .  mobserved 

(Table 11) irMpendence of th. 7c/8 ratio m +Ae Ignl ccrrentcat&n indicates lctretic p r t i t i cn  

rather than a -C p-cces imn~virg rirg exp~lsicn.~7,= 

Ib cyclizaticm of 5d a££orded, in Klditim to the -1- 7d, th. chrrmaKn. 9. % 

formaticn of this anpml is c h w  to attack of tribrtyltin radical. m the p3m.q PIC&& 7d. 

givi2-Q the adauct radical 10. mch loses bvql radical thrcugh @-cleavage, a££- the t in  

en la te  11 as akwn in s&am 111. 

5% WAIF2 i - imhcd qc l i z a t im  of seleml esters is clearly a useN mtkd far th. w3pra- 

ticn of and other 6- rirg u d a r  mild m-war m r d i t i c n ~ . ~ ~  
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