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Abstract: Amidyl radicals 2 generated from tributyl stannane medi-
ated homolysis of O-benzoyl hydroxamic acid derivatives 6a-g un-
dergo alkyl mode 5-exo cyclisation to give mixtures of cisand trans
N-acyl pyrrolidinones (d.e. = 54-74%). The efficiency of the pro-
cesswasfound to be dependant upon the steric and el ectronic nature
of the nitrogen substituent.
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In recent yearsintramolecular radical additionsto alkenes
have been developed, and these represent a powerful tool
for the construction of cyclic arrays*“. While the rules
which govern the regiochemical and stereochemical out-
come of 5-exo carbon radical cyclisations are well
known*>® the study of the stereochemical outcome of
amidyl radical cyclisations has received much less atten-
tion, (Scheme 1-2)°. The stereochemical outcome of cy-
clisation of carbon radicals can normally be predicted by
application of the Beckwith model, which predicts that
cyclisation preferentially takes place via a chair-like tran-
sition state with the chain substituent preferring a pseudo-
equatorial position>®. Aspart of a programme devel oping
routes to biologically active heterocycles we have exam-
ined the cyclisation of a number of amidyl radicalsin or-
der to determine if the Beckwith rules also govern the
outcome of amidyl radical cyclisations. We recently re-
ported the stereochemical outcome of the cyclisation of
amidyl radicals of type 1 to give N-alkyl pyrrolidinones
(Scheme 1)*°. These cyclisations were found to proceed
with poor diastereosel ectivities (d.e = 10-23%) presum-
ably due to the presence of the amide carbonyl group
which led to a flattening of the conventional chair-like
transition state during cyclisation. We now wish to report
the outcome of the cyclisation reactions of the related
amidyl radicals 2 in which the amide carbony! group issit-
uated outside the ring after cyclisation. We were particu-
larly interested to determine if the steric and electronic
nature of the nitrogen substituent (R) affected the stereo-
chemical outcome of the cyclisations.
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Both Zard' and ourselves'®? have previously reported
the use of O-benzoyl-N-akyl hydroxamic acid deriva-
tives as precursors to amidyl radicals. Consequently, we
prepared a range of derivatives 6a-f in which the N-acyl
substituent was systematically changed both sterically
and electronically. The cyclisation precursors were readi-
ly prepared from 5-hexen-2-one 3 by initial reaction with
hydroxylamine hydrochloride and pyridine to furnish the
corresponding oxime (70%)* followed by reduction with
Na/EtOH to give the amine 4 (57%). Reaction of 4 with
Bz,0, and sodium carbonate formed the O-benzoylated
hydroxylamine 5 which was acylated in situ to furnish the
cyclisation precursors 6a-f14.

1) NH,OH.HCI, pyridine
EtOH, reflux, 1 hr, 70%

A AN

o 2) Na, EtOH, 57% NH,
3 4
RCOCI
BZ,0,, CH,Cl g Me
szngg RT MME pyridine M
1] ———
—_—
NH | cH,CI AN R
e 2%-12 BzO
B20 22-66% \ﬂ/
o}
5 6a-f

Scheme 3

Table 1. Preparation of cyclisation precursors 6a-f

6 R Yield
6a Me 66%
6b s-Bu 40%
6C t-Bu 56%
6d i-Pr 56%
6e Bn 22%
6f OMe 56%
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With the desired precursors 6a-f in hand attention was
turned to their cyclisation reactions. It was hoped that the
steric nature of the nitrogen substituent (R) might play a
role in determining the stereochemical outcome of the cy-
clisations. Hence, to a 0.15mmol/ml solution of the sub-
stratein toluene was added, via asyringe pump over 8 hrs,
Bu;SnH (1.1eq) and AIBN (10mol%), (the final concen-
tration of substrate was 0.075mmol/ml). After work-up
and chromatography the cyclised diastereomeric com-
pounds 7a-f and 8a-f were isolated in addition to varying
ratios of the reduced compound 9a-f (ratio of products
were determined from the 250 MHz or 400 MHz *H NMR
spectrum of the crude samples).
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Although conversions were good and NMR yields of the
cyclised products were high (60-70%) the isolated yields
of the cyclised products after chromatography were low
(7a/8a = 38%, 7e/8e = 52%%, 7f/8f = 46%). This was a
consequence of the repeated chromatography required to
remove the final traces of tin residues from the mixtures'®.
In addition to the cyclised and reduced compounds 7-9e
produced in the cyclisation of 6e atrace amount (3%) of a
further product 10 was detected as a 1/1 mixture of dias-
tereomers. The formation of 10 may arise via a hetero
[3,3] sigmatropic rearrangment of the enol form of the
starting material 6e (see Fig. 1)*".
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in thecis isomers appear further downfield than those of
the correspondingrans isomers. The previously un-
known major compounde was also assigned &asans
based upon this effect and by comparison of an authentic
sample prepared by acylation of a commercially available
2:1 cis:itrans mixture of 2,5-dimethyl pyrrolidine (Ald-
rich)?e.

The formation of thérans compounds as the major prod-
ucts is in line with the well established “Beckwith Model”
suggesting that cyclisation proceedls a chair-like tran-
sition state. Semi-empirical MO calculations using the
AM12 approximation, as implemented in version 6 of
MOPAC? indicated that for the unsubstituted radital

the chair-like transition state was lower in energy than the
boat-like transition stateA€ = 2.5 kJ mot). In addition
both semi-empirical (AM1) and higher level ab initio cal-
culations (DF ) indicated that the transition state for cy-
clisation of6a to 7a was lower in energy than that 8a
(AE= 2.1 (AM1) and 7.0 kJ m3I(DFT) respectively). In-
terestingly the diastereoselectivity of the reactions are sig-
nificantly better than for related amidyl radical
cyclisations proceeding in the acyl mode (de = 10-23%)
and for the cyclisation of the 2-methyl-5-hexenyl carbon
radical12 (de=30%jY" and the corresponding N-methyl-
5-pentenaminium radicdl3 (de=34%3:. The steric na-
ture of the N-substituent of the amidyl radicals seems to
have little controlling effect on the stereoselectivity of the
process with botéa and6e undergoing cyclisation with
similar selectivities (de 54% and 58% respectively). The
slightly higher selectivity in the cyclisation 6f suggests
that the electronic nature of the N-substituent may play an
important role in controlling the outcome of the reaction,
however how this electronic effect influences the stereo-
selectivity is less certain. Further experiments in combina-
tion with molecular modelling are currently underway to
probe further the electronic influences of this process and
will be reported at a later date.
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