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Stereoselectivity in amidyl radical cyclisations. Acyl mode cyclisations. 
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Abstract: Amidyl radicals generated from tributylstannane mediated homolysis of O-benzoyl hydroxamic acid 

derivatives undergo 5-exo cyclisation to give mixtures of cis and trans pyrrolidinones. While the steric nature of the 

nitrogen substituents investigated had little effect on the diastereoselectivity of the process they did effect the relative rate 

of the cyclisation reactions. The major products could be predicted by application of the "Beckwith rule". 
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In recent years intramolecular radical additions to alkenes have been developed, and these represent a 

powerful tool for the construction of cyclic arrays. TM While the rules which govern the regiochemical and 

stereochemical outcome of 5-exo carbon radical cyclisations are well known 5-8 the study of the stereochemical 

outcome of amidyl radical cyclisations has received much less attention, (Scheme 1). 9 The stereochemical 

outcome of cyclisation of carbon radicals can normally be predicted by application of the Beckwith model, which 

predicts that cyclisation preferentially takes place via a chair-like transition state with the substituent (R) in a 

pseudo-equatorial position, (Fig. 1). 5.8 As part of a programme developing routes to biologically active 

heterocycles we have examined the cyclisation of a number of amidyl radicals of type (1) in order to determine if 

the Beckwith rules also governed the outcome of amidyl radical cyclisations, (Scheme 1). We chose initially to 

investigate the stereoselectivity of "acyl mode" cyclisation reactions as these have been shown to take place much 

faster than the related "alkyl mode" amidyl radical cyclisations. We were particularly interested to determine how 

the nature of the nitrogen substituent (R 2) affected the stereochemical outcome of the cyclisations. 
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(1) Scheme 1 (2) (3) Fig. 1 
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Synthes i s  o f  cyc l i sa t ion  precursors  

1) Gr (5a-b) 1) Bz202, Na2CO 3, I~-~~N.R2 R2NHOH CH2CI 2, 0*C, El3 N CH2CI 2, RT, 3 hrs 
. R 2NH2 

I 

(4a-b) 2) PhCOCI, Et3N, CH2CI 2, 0*C, lhr O. .~Ph  2) (5a-b) CH2C12, 0*C, Et3N (7a-b) 
(28-53%) (25-75%) (6a-f) O 

Method 1 Method 2 

Scheme 2 

We recently described the synthesis of [~-lactams via a 4-exo radical cyclisation approach ~° utilising O- 

benzoyl hydroxamic acid derivatives H as precursors for the desired amidyl radicals. Consequently, we 

prepared a range of 3-methyl and 3-phenyl-substituted O-benzoyl hydroxamic acid derivatives (6a-f) and 

examined the diastereoselectivity of their cyclisation reactions. The cyclisation precursors were prepared either 

by a two step sequence involving selective N-acylation followed by O-acylation of the corresponding N- 

alkylhydroxylamine salts (4a-b), (Method 1, Scheme 2), or by a one step process from either butylamine 

(7a) or i-propylamine (7b) using the procedure of Zinner 12 (Method 2, Scheme 2). The nitrogen 

substituents were chosen so as to probe the effect of a small (Me), removable (Bn), and bulky (i-Pr) group 

upon the outcome of the cyclisation. 

R 1 R 2 (6) Yield of (6) a Method 

Me Me (6a) 27% b 1 

Me Bn (6b) 50% 1 

Me Bu (6e) 53% 2 

Me iPr (6d) 28% 2 

Ph Me (6e) 75% 1 

Ph Bu (6f) 50% 2 

Table 1 
Preparation of cyclisation precursors (6a-f) 

aRepresents combined yield for both steps 
bLow yield due to water solubility of intermediate hydroxamic acid. 

Cycl i sa t ion  react ions  

With the desired precursors (6a-f) in hand attention was turned to their cyclisation reactions. It was 

hoped that the steric nature of the niu'ogen substituent (R 2) might play a role in determining the stereochemical 

outcome of the cyclisations. Hence, to a 0.15mmol/ml solution of the substrate in toluene was added, via a 

syringe pump over 8 hrs, Bu3SnH (1.1eq) and AIBN (10mol%) (the final concentration of substrate was 

0.075mmol/ml). After work-up and chromatography the cyclised diastereomeric compounds (9) and (10) were 
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isolated in addition to varying amounts of the reduced compound (8) (ratios of products were determined from 

the 400MHz 1 H NMR spectra of the crude samples, see Table 2). As all the reactions were carded out under 

identical conditions of concentration and temperature direct comparisons between the ratios of products can be 

made. In all cases the major cyclised products were assigned as having the t rans  configuration on the basis of 

either hOe measurements or by comparison to authentic samples./TM 

R 1 O 
R 1 O a 1 ':" a ~ ~  

~ ~ ' N  I ]  "R2 Bu3SnH, toluene, AIBN ~ J " ~ N  "a2 ~ r  O 
I • N_R 2 + N_R 2 

O v P h  110"C, 8 hrs, syringe pump I + 
H 

O 
(ta-r) (8a-f) (9a-f) (lOa-f) 

Scheme 3 

(6) R l R: Cyclised/reduced Yield a of (9) + (10) d.e b 

(6a) Me Me 17:1 47% 17% 

(6b) Me Bn 12:1 53% 23% 

(6c) Me Bu c 55% 10% 

(61t) Me iPr 7.4:1 42% 11% 

(6e) Ph Me 3.5:1 22% 43% 

(6t') Ph Bu 12:1 82% 35% 

Table 2 

Results of cyclisation reactions 

ayield of isolated mixture of diastereomers 
bD.e determined by NMR of crude material 
CNegligable amount of reduced compound (8) detected in the crude NMR 

In all the reactions the major products (9a-f) and (10a-f) arose from cyclisation with reduced products 

(8a-f) being formed in minor quantities. The results indicate that the steric nature of the nitrogen substituent 

does have a controlling effect on the level of reduced products formed. In the methyl-pendant series (6a -d )  

(R~=Me) the precursors containing the more sterically demanding N-alkyl groups (benzyl (6b) and i-propyl 

(6d)) furnish the greatest amounts of reduced products. This is presumably due to the increased bulk at nitrogen 

which retards the relative rates of these respective cyclisations. On the other hand the steric nature of the nitrogen 

substituent seems to have little controlling effect on the diastereoselectivity of the cyclisation reactions. Although 

the major products (9a-f) were those predicted by the Beckwith rule, the diastereoselectivity exhibited was poor 

(far worse than reported for related carbon radical cyclisations 57 and aminyl radical cyclisations)) 5 When bulkier 

pendant substituents (e,g. R ~ = Ph) were utilised the diastereoselectivity was found to increase, however only 

modestly. One possible explanation for the low stereoselectivity reported may be that the sp2 nature of the amide 

carbonyl leads to a flattening of the conventional competing Beckwith "chair-like" transition states (Fig. A Vs 

Fig. B) or a lowering of the energy of any respective "boat-like" transition states. In order to propose a more 
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realistic model for the observed stereoselectivity it will be necessary to determine the electronic configuration of 

the amide radical. While it is generally accepted that the ground state electronic configuration of an amidyl radical 

is that of a l-t N radical, reactions thought to proceed via the higher energy ~ state as well as twisted 1-I~ states have 

been reported. ~6~9 Molecular modelling studies are currently underway to try and rationalise the observed 

selectivity and these will be reported in due course. 

H R H H 

Fig. A Fig. B 
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