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Faculty of Pharmaceutical Sciences. Iiokkaldo Unlverslty. Sapporo 060. J a p a n  

m - a - l i a l o r ~ l t r l l e s  and a-haloeslers reacted wllh Lntemal olefln 111 the presence 

of Kl to glve cycllzed producls In good ylelds vla radlcal intermedlale. a-lodonllrlle 

allorded Zb and 2& merely upon heatlng. 

We have already found that  alkyl halides such  a s  a-haloamldes. a-haloesters and  a-haloketones 

could oxidatlvely add to  the low-valent metal con~plex to glve a-alkylmetal complexes. whlch reacted 

wlth internal olellnic bond to allord varlous  heterocycle^.^ It was expected that  a-halonitrile 

should react wlth Internal double bond in the  presence of palladlum catalyst to allord a cyclked 

product. In this paper, we want to report a cyclimllon of a-hnlonitrlle having Internal double bond 

In the presence of palladlum catalyst or KI or In the absence of catalyst. Thus, when a-bromonltrile 

1.2 was  treated wlth PdlPPl13)~ in the  presence or proton spongell.8-bls(din1ell1ylan1it~o]- - 

naphthalene] in IIMPA a t  65 "C for 3.5 h. flve membered cyclized products &. 3 and  4 were obtained 

In 18  %. 2 0  % and  6 % ylelds. respectlvely. Any sk mcmbered producl was not detected. a -  

lodonitrlle & was treated wllh PdlPPh314 (10 rnol '?d 111 HMPA in the presence of proton sponge at 

room temperature to glve cyclized products a and  a in 67 O/u yield&:2b'=3:21.~ 

P ~ ~ P P ~ S J ,  r NCvCH3 + NCv "r"l - y Proton sponge 
COOph HHPA, 6S°C ~ O O P I ~  

h 0 0 P h  h 0 0 ~ h  
JA 22 - 3 4 - 

PdiPPhd, ""rlP --.- I Table 1 Cyclization of a-iodonitrile& with Pd(PPh& 

Y Proton sponga 
HMPA, 20% 

COOPh 
recovered 

li7 
Run Catalyst (mol, eq.) &,a 1 

22, 'u 
(WZV~1.312) 

mu Ncp=Jc; 1 Pd(PPh3)4(0.1) 67 % - 
DBU a -  a 2 Pd(PPh3)4-BHT(0.1-0.1) 81 

3 none 12 5 3 %  
r ~ O O P ~  



On the 13c-nmr spectra of these compounds, the chemical shirt 01 the iodornethyl group ol the 

former product & in DMSO-d6 at 100°C appeared at  6 1.72, but that of the latter one was observed 

at 6 4.67.4 These results suggest that the former product has cis subsutuents because the chemical 

shirt of the iodomethyl group 0 1 a  on 1 3 ~ - n m r  spectrum should appear at  the higher fleld due to the 

stcric compression of cis subsllhenls. Compounds a and were Created with DBU In DMSO to give 

the same dimination product 5 in 88 "/o and 82  % yields, respectively. To survey whether this 

rcaction proceeds via radical inlennediaie or a-alkylmetal complex. a-lodorlitrlle l4 was treated 

with PdiPPh3)qIlO mol %l in the presence 01 2.6-dl-tert-butyl-4-me(hy1phenoUBHT. 10 nlol %I as 

radical scavenger to allord cyclized product in good yleldiTable 1. Run 21, which results indicate that 

thls reaction would have passed through a-alkylmetal complex. However, it was vely surprising that 

thls reactlon proceeded without palladium catalyst though the yield was IowlTable 1. Run 31. In view 

01 these interesting resulls. the cycllzatlon of a-halonllrile under thermal conditions was 

Investigated. It is  noteworthy that a-lodonitrile fi on refluxing in 2-bulanone Tor 2 h aflorded the 

cyciized products a and Z in high yield182 %. a : U = l : l l i T a b l e  2. Run 11. This reactlon would 

proceed via radical 6 derlved from the carbon-halogen bond cleavage o l l 4  under thermal condilions 

because the reactlon was depressed by radical scavenger such a s  4.4'-thio~bisi6-t-butyl-m-cresoll 

ITBMI'I or  2.6-dl-t-butyl-4-nleiliylflie1~oIi~1Iill~l'able 2. Rmw 2 and 31. A possible reaction 

mechanism could be shown a s  followes 

lb 2 - 1 

Q X=Br RXOOPh Table 2 Cyclization of  a-iodonitrile fi in  Z-butanone 

b X=I RSOOPh - 
c X=CI RsCOOPh Yield of Recovered 
d XrCl R=COOEt R u n  Additive - 2 m l w  - 1 

Q X=CI R=T$ 

1 82  % (111) 7 % 
2 TEMP 32 ( I l l )  4 0 
3 BHT 9 (112) 7 7 

Possible Reaction Mechanism 

I '  

""I i" - NclNi" 
Y + B 

COOPh ~ O O P ~  COOPh 
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Table 3 Cyclization of a-halonitrile 1 with KI in  ?-butanone 

Yield of Recovered 
Run R X Temp. Time 2 (cisltrans) 1 

1 MK)Ph CI 80°C 2 h 28%(1 .2 /1 )  47 % 

2 CM)EI CI 8 0  2 h 10 ( I l l )  61 
3 Ts CI 8 0  2 h 2 (111) 70 
4 M)OPh CI 8 0 1 day 60 (312) 40 
5 CWPh CI rt 1 day 0 1 0 0  
6 CM)Ph B r 8 0 1 day 85 (1.211) 0 

-- 

This cycllzatlon also occurred on converslon of a-chlaronltrlle to a-lodonltrile by treatment with 

KI. When a-chloronitrfle lr was refluxed wllh KI In 2-butanane for 2 h. the cycllzed products and 

2W were obtalned in 15 % and 1 3  % yleldslTahle 3, Run 11. respectively. The yleld was improved when 

the solutlon of k and KI in 2-butanone was refluxed ovemlght1Run 41. None of the  cycllzed product 

was obtained at  room temperature and a-bromonllrile b gave a good result.lRuns 5 and 6). The 

substituents on the amide nitrogen affected thls cycllzatlonlRuns 1-31. Slnce the recovered starllng 

materlal h a s  orlglnal halogen. the  cycltzatlon of a-chloronltrile with KI should occur after 

converslon of a-chloronltrile to a-lodonllflle (Runs 1-51. 

Slmllar reactlon occurred when various a-bromocarbonyl compounds were trealed wlth K1, n- 

Bromoesler & was refluxed wlth KI In 2-butanone lor 2 11 to alIord a cycllzed product 3 and u- 

lodoester Bh in  the ylelds of 27  % and 27  %. respectively. Slmllar treatment of conlpound a 
dforded the hlcycllc compound U143 % yleld16 along with m 1 3 0  O h  yleld). In these cases, a- 

iodoesters Bb and m were obtained. 

EtOOC 
E~OOcuBrf ; 1 + " O o c y f  

Y 0 
COOPh k 0 0 ~ h  600~11 



l l l e  atom transler reaction of C-X bond across a double bond I s  accepted to be a fundamental reaction 

of organic free r a d l ~ a l s . ~  They requires the initiator such a s  n-BugSnH/AIBN. AlBN or distannane. 

In regards these points, it may be slgniflcunt that  present reactions proceed through merely upon 

hcating or In the presence of KI. 
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2 a-Bronlanitrlle La. was prepared from 2-brotnoacrylonilrile by treatment with allylamine in 

the presence ol K2CO3 lollowed by protection of nitrogen with CICOOPh(56 % yleld from 2- 

bromoacryionitrllel. a-Chloronltrlle k was prepared i n  a similar manner from 2- 

chloroacrylonltrile(41 % yield). a-lodonitrile 19 was prepared from a-bromonitrile la by 

treatment wilh Nal in acetone at  room tenlperalure overnight(56 %yield]. 

X I 

XSI, Br COOPh COOPh 

a, X=Br 
&, XzCI 

19 

3. Separation of cycllzcd praducls  and a was perlbnned by preparative thiu layer 

chromalography on sillca gel(horane:ethyl acetate=3: 11. The structures of these compounds 

and a were confinned by pure products and ~ and the ratio was calculated by nnu. 

4. Each l3C-nmr spectral datum 01 compounds 2p or a shows a palr of each signal at room 

temperature In CDC13 or in DMSO-d6 because of its rotamer of C-N bond of carbamate. 

5. Dehalogenation of 2p and with NaBHq In DMSO d o r d e d  U and a. 13C-~rnr speclra of 

and 12b' In DMSO-d6 at  1 0 0 T  showed that the methyl slgnals of these compounds were 

appeared at  6 13.6 and S 14.9 pprn. respectively. These results also suggested that the fonner 

compound has cis subsliluenls and that ol the latter compound has trans substituents. 

NaBH, Nc)-$CH3 
a - Zhl- 

DMSO DMSO 
I I 
COOPh COOPh 

la rn 
6. The stereochemistry of con~pound 11 was decided by comparison wlth the spectral datale of the 

authentic sample.  
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