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Abstract - Using a stereospecifically labelled precursor, the 
peroxide catalysed cyclisation of N-t-butyldihydrocinnamamide 
to the corresponding f3-lactam was shown to proceed with 
complete loss of stereochemistry at the benzylic carbon atom. 

The evidence which is presently avail- 

able, suggests that isopenicillin N 

(2) is derived by oxidation cyclisation 

of the tripeptide &-(L-a-aminoadipyl)- 

L-cysteinyl-D-valine (LLD-ACV, 1) by a 

mechanism which is as yet unknown but 

which proceeds with retention of 

in the presence of Cu(o-phenanthroline)2 

C12. Although the yield of this 

process was low (~a. 2%), it was the 

first report of a direct oxidative 

cyclisation of an amide to a t3-lactam. 

configuration in each of the 
1 closures . 

H3yy,,> * = 
LLD-ACV 

dO,H 

ring 

1 

Attempts to model this reaction 

have been unsuccessful' except where 

artificially reactive systems have 

been used3. In a previous communi- 

cation 
4 , we reported the cyclisation 

of N-t-butyldihydrocinnamamide (3) to 

a R-lactam (t) with di-t-butylperoxide 

‘2 

6Ha=3.23 ppm 
6Hb=2.67 ppm 
6Hc=4.57 ppm 

N-t-Butylcinnamamide (5) and the 

g-chlorodihydrocinnamamide (6) were 

excluded as possible intermediates in 

the reaction by appropriate control 

experiments and a radical mechanism 

involving organocopper species was 

suggested. 

5 6 
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The biosynthesis of penicillin G 

from a chirally labelled cysteine 

precursor has been reported’ to occur 

with retention of configuration at the 

cysteine B-carbon ie. the pro-S 

hydrogen at C-3 of cystein is lost 

stereospecifically. In continuation 

of our study into the mechanism of 

penicillin biosynthesis, we report 

here an investigation of the stereo- 

chemical course of the cyclisation 

of 3 to 4. 

RESULTS AND DISCUSSION 

Racemic 2R93R/2S,3S - dideutero- 

N-t-butylcinnamamide (7) was synthesised 

by catalytic reduction of trans-N-t- 

butylcinnamamide with deuterium gas 

and Wilkinson’s catalyst. 

The ‘H NMR spectrum of 7 contains 

two broad resonances in the methylene 

region (82.36, 62.91 ppm, CDC13 

solvent, 20°C) which resolve to an AB 

quartet (JAB = 7.0 Hz) on irradiation 

of 2H. The dideuterocinnamic acids 

obtained on hydrolysis of 7 exhibit 

a vicinal H-H coupling constant of 

6.6 Hz as reported6 for the threo 

isomers. 

:7 was treated with di-t-butyl- 

peroxide and Cu(o-phen)2C12 in 

chlorobenzene at reflux for 96 hours. 

The 8-lactam products were isolated 

from the reaction mixture by prepar- 

ative GLC and unreacted ‘7 was 

recovered unchanged ie. without loss 

of stereochemical integrity. 

Each of the possible stereospecific 

cylisations of 7 yields a B-lactam 

product which can be identified uniquely 

by ‘H NMR spectroscopy, by virtue of 

the characteristic cis and trans __ 
vicinal H-H coupling constants in the 

B-lactam ring (Table 1). 

TABLE 1 

Productsa from stereospecific 
cyclisation of +?. 

Reaction 
Course 

Inv. (-H) 

Inv. (-D) 

Ret. (-H) 

Ret. (-D) 

Pre acted 
Product -2’ NMR 

Lc; _+8_ 62.67(s) 

63.23,64.57 
JAB=5.4 Hz 

‘-z; 62.67,64.57 
JAB=2.8 Hz 

a. only one enantiomer is shown in 
each case. 

b. 8-lactam ring protons only, pym 
from TMS with irradiation of H. 

1 
Integration of the H NMR spectrum 

of the isolated 8-lactam products 

indicated a preferential loss of 

hydrogen over deuterium (~a. 2.4:1) 

during the cyclisation. The resonances 

of the benzylic protons (64.57 ppm) 

appeared as a superposition of two 

doublets (J = 5.4Hz, J = 2.8Hz) which 

were assigned to the benzylic protons 

of 9 and 11 by ‘H and 2H decoupling 

experimenis (Figure 1). 
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Fig.1 

I 2.8Hz h 
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5.4Hz n 

a. 

1 
H NMR spectrum of the benzylic protons 

(64,57 ppm) of 8-lactam products. 

a. CDClg.solvent, ZO’C. 
b. with irradiation at $2.67 ppm. 
c. with irradiation of H. 

The observation that two doublets 

of equal intensity were obtained at 

64.57 upon irradiation of ‘H [Figure 1) 

is only consistent with complete loss 

of stereochemistry at the benzylic 

carbon of 7 during the cyclisation 

to 8-lactam products. 

Clearly, the observed reaction 

products are not in accord with the 

reported retention of configuration 

in the biosynthesis of the penam 

nucleus. However, in our experiments, 

any stereochemical preferences which 

may have arisen from small differences 

in activation energy between alternative 

reaction pathways (retention, inversion, 

racemisation) would have been obscured 

by the harsh reaction conditions 

required for the cyclisation. 

In the biosynthesis of isopeni- 

cillin N from LLD-ACV, each ring 

closure involves a stereospecific 

cyclisation at an unactivated carbon 

atom. Coordinatively unsaturated 

metal complexes are a class of 

compounds with a capacity to react 

with C-H u-bonds 7 under relatively 

mild conditions and such compounds 

have not, as yet, been considered as 

possible catalysts in penicillin 

biosynthesis. 

The reaction of coordinatively 

unsaturated complexes at o-bonds is 

most favoured when the bond is 

constrained in close proximity to the 

metal centre 8 eg. C-H bonds in 

coordinated ligands. In an enzyme- 

bound ACV substrate, the oxidative 

addition of a metal to the %-carbon 

of the cysteineresidue or the B-carbon 

of the valine residue would yield an 

organometallic species, effectively 

activating these positions towards 

subsequent reactions eg. nucleophilic 

attack, reductive elimination. 

In cases where it has been 

studied, oxidative addition (and 

reductive elimination) of coordinatively 

unsaturated metals to C-H bonds often 

occurs with retention of stereochemistry’. 

It is attractive to speculate that a 

metalloprotein containing a coordin- 

atively unsaturated metal center 

could be the catalyst responsible for 

the oxidative cyclisations which 

occur in penicillin biosynthesis. 

EXPERIMENTAL 

NMR spectra were recorded on a 
Bruker WH300 snectrometer in CDCl, 
solution at 20% and chemical shi?ts 
(6) are presented in ppm from internal 
TMS . IRspectra were recorded on a 
Pye-Unicam SP3-200 spectrometer and 
elemental analyses were performed by 
Dr F. Strauss (Oxford). M.ps. were 
recorded on a Kofler hot stage 
and are uncorrected. 
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(t)-N-t-Butyl-2-phenylazetidinone (4) 

Zinc dust (1.5g, 23mmol) and 
ammonium hydroxide (2.2mls. 2OM) were 
added to a solution of 3,3'-dichloro- 
N-t-butyl-2-phenylazetidinonel0 (124 mg, 
0.46mmol) in methanol (5mls). The 
mixture was heated at 730C for 24 hours, 
cooled, and dilute hydrochloric acid 
(40mls, 2M) was added. The mixture 
was extracted with ether (2 x 40mls) 
and the combined extracts were dried 
(MgSOq), filtered and concentrated 
in vacua. The crude product was 
purified by distillation (SO-60°, 
0.01 mmHg, Kugelrohr) to give (+)-N-t- 
butyl-2-phenylazetidinone (4) as a 
white crystalline solid (90mg, 96%). 
Recrystallisation from light petroleum 
(40-600C) afforded an analytical 
sample mp. 62.5-63.5OC. Anal. 
expected: C, 76.8%; H, 8.=N, 6.9%; 
found: C, 76.5%; H, 8.4%; N, 6.9%.6lH: 
1.24(9H, s, -CMe3), 2.67(1H, dd, H-3, 
Jzx(trans)= 2*8Hz, J33/(gem) = -14.6Hz), 

3.23(1H, dd, H-3 , J23 (cis)= 5.4Hz), 

4.57(1H, dd, H-Z), 7.2-7.4(5H,m, Ar-H) 
ppm; vmax (CHC13) 1735 cm-l. 

(+)-2,3-Dideutero-N-t-butylcinnamamide (7) 

N-t-Butylcinnamamide (12.5g 62mmol) 
and tris-triphenylphosphinerhodium 
chloride (Z.lg, 2.3mmol) were dissolved 
in dry benzene (250mls) and stirred 
under a deuterium atmosphere for 48 
hours. The solvent was removed and 
the residue triturated with ether (300 
mls) for 48 hours. The mixture was 
filtered and the solvent removed to 
give a crude product (13.4g) which was 
distilled (to 200°C, O.lmm Hg, Kugelrohr) 
and recrystallised from hexane to yield 
racemic 2R,3R/2S,3S-dideutero-N-t- 
butylcinnamamide (7) as a white - 
crystalline solid (ll.Zg, 87%) mp.88- 
890C. 
(lH, m, 

6lH: 1.29(9H,s, -Clje3), 2.38 
-ClD-CO-), 2.94(1H, m, -CFjD-Ar), 

S.ZO(lH, bs, -NH), 7.2-7.4(5H, m Ar-I_I) 
ppm. Irradiation of 2H simplified 
the resonances at 62.38 and 62.94 to 
an AB spin system with JAB=7.0Hz. 

Cyclisation of 7 to N-t-butyl-2-phenyl- -- 
azetidlnone products 

A mixture of (_+)-7 (log, 48mmol), 
Cu(o-phen)2C1 (240mg,~0.5mmol) and 
di-F-butylperJxide was heated in dry 
chlorobenzene at reflux for 96 hours. 
The volatiles were removed in vacua 
and the residue was distill;ie(to 
150°C, O.Zmm, Kugelrohr). 
distillation residue was purified by 
flash column chromatography (silica 
eluted with ethyl acetate/dichloro- 
methane, 5:95) followed by preparative 
GLC (OV225, 21OOC) to yield a mixture 
of N-t-butvl-2-uhenvlazetidinone 
products. ’ 6iH: l.i4(9H, s 
2.67(1H, m, H-31 3.23(1H, rn: ,?eyy' 
4.57(0.58H; m, H-2), 7.2L7.4 (SH,.m, 
Ar-H)ppm. 

Acknowledgements 

We thank the SERC and BTG for 
financial support and the SERC for a 
grant for the Bruker WH300 spectrometer. 

References 

1 a) 

b) 

cl 

d) 

e) 

fl 

g) 

h) 

i) 

j) 

k) 

1) 

ml 

2 
a) 

b) 

Reviewed by D.J.Aberhart, Tetra- 
hedron, 1977, 33, 1545. 

J.O'Sullivan, R.C.Bleaney, J.A. 
Huddleston and E.P.Abraham, 
Biochem.J., 1980, 184, 421. 

Y.Sawada, J.E.Baldwin, P.D.Singh, 
N.A.Soloman and A.L. Demain, 
Biochem.J., 1979, 184, 465. 

T.Konomi, S.Herchen,J.E.Baldwin, 
M.Yoshida, N.A.Hunt and A.L. 
Demain, Biochm.J., 1980, 184, 427. 

P.A.Fawcett, J.J.Usher, J.A. 
Huddleston, R.C.Bleaney, J.J. 
Nisbet and E.P.Abraham, Biochem. 
_., 1976, 157, 651. J 

J.E.Baldwin, B.L. Johnson, J.J. 
Usher, E.P.Abraham, J.A.Huddleston 
and R.L.White,J.Chem.Soc.Chem. 
Commun., 1980, 1271. 

N.Neuss.C.H.Nash. J.E.Baldwin, 
P.A.Lempke and J.B.Grutzner, 
J.Amer.Chem.Soc., 1973, 95_, 
3797 (correction on p.6511). 

H.Kluender, C.H.Bradley, C.J.Sih, 
P.Fawcett and E.P.Abraham, 
J.Amer.Chem.Soc., 1973, 95, 6149. 

D.J.Aberhart and L.J.Lin, J.Chem. 
sot. Perkin I, 1974, 3220. 

H.Kluender, F.C.Huang, A.Fritzberg. 
f-I.Schroes. C.J.Sih. P.Fawcett 
and E.P.Abraham, J;Amer.Chem.Soc., 
1974, )6, 4054. 

F.C.Huang, J.A.Chan, C.J.Sih, P. 
Fawcett and E.P.Abraham, J.Amer. 
Chem.Soc .,1975, 97, 3858. 

J.E.Baldwin and T.S.Wan, Tetra- 
hedron, 1981, 37, 1589. 

G. Bahadur, J.E.Baldwin, L.D.Field, 
E-M.M.Lehtonen, J.J.Usher,C.A. 
Vallejo, E.P.Abraham and R.L. 
White, J.Chem.Soc.Chem.Commun., 
1981, 917. 

See for example: 
J.E.Baldwin,A.L.J.Beckwith, A.P. 
Davis. G.Proctor and K.A. 
Singleton, Tetrahedron, 1981, 
31, 2181. 

J.Cheney, C.J.Moores, J.A.Raleigh, 
A.I.Scott and D.W.Young, J.Chem. 
Soc.Perkin I, 1974, l_, 986. 



The stereochemistry of cyclisation 2781 

3 a) J.E.Baldwin and T.S. Wan, J.Chem. 
Soc.Chem.Commun., 1979, 249. 

b) A.I.Scott, S.E.Yoo, S-K Chung 
and J.A.Lacadie, Tetrahedron 
Letters, 1976, 1137. 

4 J.E.Baldwin and A.P.Davis, J.Chem. 
Soc.Chem.Commun., 1219. 1981, 

5 D.J.Morecombe and D.W.Young, 
J.Chem.Soc.Chem.Commun., 1975, 198. 

6 M.C.Baird, J.Magn.Resonance, 1974, 
14,117. 

7 See for example: 
a) F.A.Cotton and G. Wilkinson 

"Advanced Inorganic Chemistry" 
4th Edition. Ch. 29.30, Wiley, 
New York, 1980. 

b) G.W.Parshall, Catal sis Vo1.1.355, 
* Specialist Reports, C emical 

Society, 1977. 

c) C.A.Tolman, S.D.Ittel,A.D.English 
and J.P.Jesson, J.Amer.Chem.Soc., 
1979, 101, 1742. 

8 a) J.Chatt and J.N.Davidson,J.Chem. 
a, 1965, 843. 

b) F.A.Cotton, B.A.Frenz and D.L. 
Hunter, J.Chem.Soc.Chem.Commun., 
1974, 755. 

c) J.W.Rathke and E.L.Muetterties 
J.Amer.Chem.Soc., 1975, 97, 3272. 

d) A.J.Cheney, B.E.Mann, B.L.Shaw and 
R.M.J.Slade, J.Chem.Soc.(A), 
1971, 3833. 

e) D.E.Webster, Adv.Organomet.Chem., 
1977, 15, 147. 

f) B.L.Shaw, J.Organomet.Chem., 1980, 
200, 307 and references therein. 

9 See for example: 
a) N.A.Dunham and M.C.Baird, J.Chem. 

Soc.Dalton, 1975, 744. 

b) P.L.Bock, D.J.Boschetto, J.R. 
Rasmussen, J.P.Demers and 
G.M.Whitesides,J.Amer.Chem.Soc., 
1974, 96, 2814. 

c) A.S.C.Chan, J.J.Pluth and J.Halpern, 
J.Amer.Chem.Soc., 1980, 102, 5952. 

d) G.W.Kirby and J. Michael, J.Chem. 
Soc.Perkin I, 1973, 115. 

10 N.Yoshida, Sankyo Kenkyusho Nempo, 
1966, 18, 38; CA., 1967, 66, 
115506~. 


