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Cyclisation of Carbinyl Radicals onto Imines and Hydrazones 
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Table. Products and yields from the cyclisation of *hen xenueknylalkylimkes using BugSnH 

~benzeneseknylitnine la lb lc Id le 9a 9b 9c 9d 9e 

eu, product (%) 0 39 47 0 43 0 54 42 7 0 

end0 product (‘6) 0 0 5 0 0 0 6 18 0 0 

uncyclised imine (%)Q 0 0 0 35 0 71 0 0 40 39 

aDSumhda9~amineafterNaB~~ofthcimine 

The required precursors were each synthesised in three high yielding steps. The w-benzeneselenyl- 
alkylimines were prepared by quantitative condensation 10 of the respective a&enzeneselenylalkylamines and 
aldehydes OT c&enzneseknyl-aldehydes and amines. Careful reduction (LiAlH.4) of obbenzeneselenylnitriles. 
prepared by reaction between o-bromonitriles and benzeneselenide,l 1 gave the the required &n~nz.eneselenyl- 
alkylamines. Reaction between CD-bromoesters and benzeneseknidett gave ~benzeneselenykstetrs which were 
reduced with DIBAL to yield the relevant r&en xeneselenylaldehydes. 

Four factors were observed to influence the cyclisations: stereoelectronic effects (exolendo). polarisation 
of the imine bond, ring size, and stability of the resulting radical. ln the C-(*benzeneselenyl)imines reactions 
(Scheme 1). 5-exe cyclisation onto the C-atom of the imine was favoured as predicted from studies of the 
analogous alkenes.t i.e. (lb) and (lc) gave the aminocyclopentanes. (6b) and (6~). in 39% and 47% yield 
respectively. Clearly the sterecelectronic effects and imine polarisation are the dominant factors and not the 
stability of the intermediate radicals. The nucleophilk alkyl radical prefers attack on the electropositive imine C- 
atom While (lb) gave only exo-cyclisation. (lc) gave a small amount (5%) of endo cyclisation to yield 
piperidine (7~). The exclusive exo-cyclisation of (lb) is possibly influenced by aryl stabilisation of the 
intermediate anilyl radical (3b). In anilyl radicals, the unpaired electron rather than the lone pair overlaps most 
strongly with the xclectron cloud.12 a-Aminoalkyl radicals (4). the intermediates for en& cyclisation, which 
am stabilised by overlap of the unpaired electron with the nitrogen lone pair of electrons.13 do not appear to 
influence the course of the reaction, i.e. the cyclisations are not unrkr thamodynamic control. 

The competition between 6-e.xo cyclisation and 1,5-hydrogen abstraction [(ld) and (le)] is determimd by 
the nature of the N-subs&cm. l$-Hydrogen absuaction is favoured when the intermediate radical (13) is 
stabilised by conjugation to the aryl substituent [(ld) gave 35% uncyclkd product] but not when an aliphatic 
substituent is present [(le) gave 43% of the cyclohexylamine (6e) viu (3e)]. The influence of the imine 
polarisation is not sufficient to allow 7-e&0 cyclisation. The reaction of (la). as expect& gave no endo- 
cyclisation (5-e&) and only polymeric products were obtained. Fast ring-openingt4 of the intamdiatc cyclo- 
butylaminyl radical (3n) prevents Qexo cyclisation products for (la). 

(13) 

dendo Cyclisation is mom favourcd in the N-(co-benzeneseknyl)imine reactions [e.g. (SC) in Scheme 21 
than in the C-(~benzeneseknyl)imines reactions [e.g. (1~) in Scheme 1] indicating the influence of the imine 
polarisation; e.g. the 5-exo&endo ratio for (lc) of 0.11 rises to 0.43 for (SC). Again the stabilisation of the 
intem&kte radicals is not a major factor. even though in this case the exe-radical (l!J) is mote stable than the 
e&-radical (14). more endo-cyclisation is observed in the reactions of (9b) and (SC) than for (lb) and (1~). 
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Le. th8 8ff8ct of tht imine polarisation is dommfult over the inwmsdiue ra&xll smbRity. HoVRwer. the 
stabilisation of (U) may explain the lower &x0/6-e&r ratio (0.11) for (9b), with asyl- as well as w- 
stabilisuion, as cornpa& to rtre c*o-inarmadiate for (PC) (0.43). In con- tbc reactpns with aryl m&U* 
anslogous to (9b) and (SC). give alrruxt complete 6-endo cyclisation to yield 1z23.6aetrshydroisoquinoopuinolinca 

In~totesttbescopeafthesyntbsticrpplicption,weextendedoutshrdiesto~a cyclisatiarof 
hex-S-en-l-y1 &icals is hindered by substitution on the S-positiont and themfore cyclisation onto k&nines 
was not pmdict& to be fivoursble. K&mine (16). the kuo analogue of (lc), gave 56% of the S-exe lmxiuct 
(17) and traces of the err&r-amine (18) indicating that a-substitution on the imine is not &ding However, 
cyclisation of k&mine (19) was less success&l and gave only 19% of the 5-e.w amine (20). no endo product, 
and20% of the lulcyclisedpmduct 

p~~N.m)Ph - o(,_(w2, + d N--(-h 
” 

aYN: - aN3 WV 18% 

Cycllsation of carbon-centred radicals onto bydrrrzoaos 
With the success of cyclisation onto imines and the reported cycbsations with oximc-cthcrs,6 tht studios 

were extemkd to hydrazones. Although one study of radical cyclisation onto hydm=mes (5_eu, cyclisation onto 
N-aziridinylimines) has been reported.16 there has been no systematic study of the use of hydrazones. A range 
of hydrazones (21) were synthesised by co&ensation of S- baurrreselenylpent with different hydrarines 
runI reacted with Bu$QtHc under the standam cmrditions (Scheme 3). 

R’ o- R’ R’ 
N-N' - h-N’ - N-N' 

‘FP ‘fv H ‘FP 

&ePh 
(21) 

(22) 

a,Rl=H,R2=Ph; b,Rl=Rz=pb; c,R~=H,R~=COP~: B.R1=H,R2=CONH2 
Yields: (23a) = 18%; (23b) = 32%; (23c) = 50%; (23d) = 6096 

Scheme 3. qclisation of carbon-centred radicals onto hydrazones 

Only prohcts nsulting from 54x0 cyclisstion wcrt isolatd and no endu-cycliscd or uncycliead products 
wa dctecW. The J-exe cyclisation is favor&red both by the stercoelcctronic effects and by staM.li&xi hydrazyl 
radical intermediates (22). Attempts to optimise the yield of (23a) (18%) from (21a) fail& the iammediate 
radical (22a) is stable and electron-rich and rhaefom stow reaction with the nucleophilic Bus&H is predlctal. 
Side reactions such as diqxoportionation reactions to hydmzincs and diarzncs baxm likely. The formstion of 
diazenos are supported by rhe observation of bright ral colours during the reaction. The yield of (23b) was 
higher (32%). possibly explained by the abscncc of a hydrogen on the other N-atom of the hydrazyl 
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