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The synthesis end P.M.& spectra of some I-phenyl-j,&disubstituted 

G-laotams has recently been reported (1) and marked magnetic non- 

equivalence of benzylic CH2 protons in a number of N-benzyl oyclio amides 

has been records& (2,3). We now report the P.M.R. spectra of fourteen 

&lactams (Pip. 1) which show a number of interesting spectral features. 

In these compounds (Table 1) Jois > Jtrans, and these vioinal 

coupling constants are of the same sign and opposite in sign to the two 

geminal couplings Jj3, and J44'. Comparatively large cross-ring couplings 

between N-substituents and H3 or R3, are observed; and in the N-benzyl 

compounds, marked magnetic non-equivalence of the benzylic protons and 

stereospecific coupling to the C-3 protons in &substituted compounds 

suggests highly preferred conformations of the N-benzyl grouping. 

We assume in the following discussion that the &laotam rillg is planar, 

but that the N-substituent is not coplanar with the ring atoms, a 

conclusion which is almost inescapable on the spectral evidence presented. 

Chemical shift data are summarised in Table 1, coupling constants in 

Table 2, and long-range coupling constants in Table 3. 
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Chemiaal Shifts (DDlB.1 Relative to Tetranmthulsilene (iIltez?ULl~ 

CompOUOd 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

XIII 

XIV 

3 

HI 3.08 

lit 2.87 

II: 3.08 

"i"5: 7.27 

H: 2.81 

HI 2.69 

CH3s 0.76 

HI 2.96 

C6H5: 7.23 

H: 2.80 

cH3: 1.27 

Hr 2.42 

cH3: 0.74 

H: 3.04 

Substltuent 

3' 4 

II: 3.08 Hr 3.42 

Hr 2.87 II: 3.05 

II: 3.08 H: 3.57 

H: 4.39 H: 3.27 

HI 3.63 C6H5: 7.26 

Ii: 3.33 C6H5: 7.26 

HI 3.48 c6&jx 7.23 

CH3: 1.35 c6H5' 7.23 

%r 4.36 ii* 3.18 

H: 3.26 C,H,t 7.26 

H: 3.00 HI 2.68 

H: 2.94 cB3' 1.14 

II: 3.46 C6R5: 7.23 

cE3’ 1.24 CgH5: 7.25 

4f 

H: 3.42 

Hr 3.05 

H: 3.57 

HI 3.66 

m'4.70 

H: 4.45 

H: 4.62 

A: 4.00 

Bi 3.56 

Ii: 4=35 

H: 3.20 

a: 3.49 

Ii: 4.59 

H: 3.96 

B 

H: 7.0 

cE2 : 4.28 

C6H5' 7.27 

c6~51 7.27 

H: 6.83 

Ii: 6.80 

CE3: 2.70 

a3' 2.79 

a31 2.71 

a21 4.45 

CgH5: 7.27 

CB2 2 3.73 
4.74 

C,H,: 7.26 

cB2: 4.40 

C6H5* 7.27 

CA2 14.04 
4.46 

c,H$ 7.25 

cH2 8 3.89 
4.88 

C6H5' 7.24 

CA2 8 3.74 
4.81 

C6H5' 7.24 
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Compound 

IV 

V 

VI 

VII 

VIII 

IX 

.X 

XI 

'XII 

XIII 

XIV 

TABLE 2 

COUDliQ? Comtants in cYcles/sec. 

J33’ J44’ 
J34 ois 

J34 
trans J 

g= 
NW2 

-5.6 5.9 2.6 

-15.0 

-14.2 

-14.7 

-14.3 

5.4 

5*0 

5.5 

-5.5 5.5 

5.1 

-5.5 5.1 

4.9 

5-2 

2.7 

2.4 

2.2 

2.5 

2.2 

2.8 

2.2 

2.2 

not obs. 

-14.9 

not obs. 

-15.3 

-14.6 

-14.8 

CH3-CH 

7.3 

7.2 

7.3 

5*9 

7.3 

7.3 
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Low-r-e h,,D~iW! COll&SZlta in OYddSeO. 

compowld 

Iv 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

XIII 

XIV 

H3 

0.9 

0.9 

0.70 

0.65 

not obe. 

0.6 

O.&O.3 

E3* 

1 l l 

2.4 

0.46 

0.40 

0.5 

0.30 

not obs. 

0.35 

0.4 

Coupled Group 

NH 

NH 

BCH3 
NCsi3 

Nm3 
"cli2-C6H5 

NCE2-C&i5 l 

+ 

NCE2-C6E5 l 

NCE2-C6B5 * 

NCE2-CaH5 l 

l Major long-range coupling to the high field 

benzylic proton 

+ Long-range coupling could not be clearly distinguished. 

Chemical Shifts (Table 11 

A phenyl or methyl group in positions 3- or 4- of the klaotam 

ring lnduoes marked magnetic non-equivalence in the neighbouring CH2 

group, the proton& to the substituent being shifted to higher field 

and that trans to the substituent to lower field. The proton directly 

attached to the ring carbon bearing the subatituent also shows a 
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paramagnekc shift to lower field. For example, in oompound IV, 

6 H3t - 4.39, 6 Ii4 = 3.27 and 6 II 4, 9 3.66, while in V, S H 3 - 2.81, 

6 H3. = 3.63 and 6 Ii 4, = 4.70; and in the parent oompound I, 6 H3 I 

6 H3, = 3.08 and 6 II 4 
I 6 H 

4' 
- 3.42. Similarly, in oor~pounds VII, 

VIII, XIII, and XIV, the methyl substituent & to the aromatic ring is 

found approximately 0.5 ppm. to high field of the m methyl group. 

The asymmetry induced by a methyl group is unexpectedly large. The 

separation in compounds XI and XIIcof ~a. 0.5 ppm. between the resonanoes 

of the proi,ons & and m to the methyl group is greater than that in 

the corresponding phenyl compounds, IX and X. 

In the phenyl compounds, this asymmetry is ascribed to a 

preferred conformation of the phenyl group in which the plane of the 

aromatic ring is approximately at right angles to the plane of the 

B_lactam ring in its equilibrium position. Non-bonded interactions will 

then be at a minimum and a proton & to the aromatic ring will be just 

within the shielding region of the aromatic ring current (4) while the 

trans protan lies well within the deshieldiog region. The protons of a 

methyl group & to the aromatic ring will then lie well within the 

shielding region, and a trans methyl group withln the deshielding region. 

Thus a paramagnetic shift of the proton m to a phenyl group of 

0.2&0.47 ppm. is observed in the pairs of compounds I and IV, I and V, 

II and IX, II and X, and XIII and XIV, while the diamagnetic shift of 

the proton,& to the phenyl group is rather smaller and variable in 

the pairs II a& IV, I and V, and II and X, and is apparently paramagnktic 

in the pairs II and IX, and XI and XIV. The anomalous behaviour of the 

last two pairs we asoribe to changes in conformational preferenoes of the 



courJin&! oonetante (Table 2) 

Coupling between ois protons (4+5*9 ops.) and- protons - 
(2.248 cps.) in the @-laotam ring is similar in magnitude’to valuea 

reported for the cyolobutanone system (7) and the relative magnitude of 

the ooupling constants is in agreement dth the predictiona Of the 

Karplus equation (8) althou+Jh it is obvious that the same constants in 

the co+ relationship do not apply to the strained @-laotam ring, where 
the dihedral angles should be elose to 0' and 120' for the u d trams 

configurations. 
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l’he variation in the E ooupliq constants is striHng. J33, 

(-14.3 tc -15.0 ape.) is in the normal range for geminal protons a to 

an unsaturated oentre’(9) while JM, (-4.9 to -5.9 ops.) is considerably 

smaller than expected and olose to values reported for substituted 

oyolopropanes (10). This effect cannot be explained. by the presence of 

the eleotronegative nitrogen,atom since the N-bensyl grouping’ shows a 

normal gamlnal coupling (-14.6 to -15.3 ops.), leading to the interesting 

speculation that ring strain in the B-laotam ring may be aooommodated 

mainly by rehybridisstion of the 4-carbon atom. A smaller but similar 

effeot is apparent 

the 4-position but 

oouplillg Joustante 

later dat’e. 

in the CH3-CH coupling oonstant rhioh is 5.9 ops. at 

7.2-7.3 ops. at the 3-position. F’urther work on ‘+LH 

should clarify this matter and will be reported at a 

I?tle vicinsl coupling conetants’have been shows to be of the came 

sign (assumsd positive) and opposite In sign to the two geminal coupling 

oonetants by field-sweep double resoaanoe experimente. 

Wetic Non-eauivalenoe of Benevlio Protons. 

lrrom Tables 1 and 2 it may be seen that s 4-substituent is required 

for observable magnetic non-equivalence of the N-bensylic protons. A 

phenyl group In this position results in 8 difference in chemical shift of 

about 1 ppm. in the beneylio .protone , while the methyl group in XII causes 

a differwoe of 0.61 ppm. If we assume that the N-bsnzyl group lies on the 

opposite nide of the @-laotam ring to the 4-subetituent it is apparant that 

conformations 2A and 28 will be preferred to 2C where there is strong 

interaotlan between the aromatic ring of the benzyl group and the 4- 

substitus&. The proton HA in conform&ion 28 will then be strongly 
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deshielded by the carbonyl group relative to proton 5 while both 

protons would probably be slightly deshielded by the ring-ourrent 

of the aromatic ring in the 4-position. In conformation 2B, J and 

HA should be approximately equally deshieldsd by the oarbony group 

and by the aromatic ring in the 4-poeition. Further evidence for 

these two conformations comes from a oonsidaration of stereospecifio 

coupling of the 3-protons to the high-field benzylio proton Eb discussed 

in the following section. 

Lonu-ratwe Couulin~ and Conformation (Table 3). 

Long-range oouplillg between the N-substituent (H, CE3, CE2CaH5) 

and protons in the 3.and 3’ positions has been established by double 

resonance experiments. The coupling is largest in oompounde IV and V 

(coupling over 4 bonds) but resolvable 5_bond coupling vae observed as 

first-order splittings of the ring proton ISUltipletS in all OaseS oited. 

A NH substitueat split eaoh peak into a doublet, a N-CE3 substituent gave 

a quartet, and a N-benzyl substituent gave either a triplet or a doublet 

of doublets. In no case vas coupling to the 4 and 4' protons observed, 

suggesting that the coupling is transmitted a the sp2 carbon of the 

oarbonyl group, or possibly by direot orbital overlap. 

The ooupling is highly stereospeoiflo. The greatest coupling 

is to the proton cis to the ring substituent in the 4-position except - 

in compound V and there is a smaller, resolvable coupling to the m 

proton. This implies that the I?-substituent cannot lie in the plane 

of the B-laotsm ring, but that the hybridization of the ring ndtrogen 

atom must be somewhere betreen sp3 and sp2 with the V-substituent lying 

out of the ring plane. The magnitude of the 4-bond coupling in N-E 



compounds is remarkably similar to the & and four-bond coupling 

observed in oyclobutanones (7). With the N-subetituent trane to the 

4-substituent, or to the 3-substituent in 4-unsubstituted compounds, the 

pathway of greatest long-range coupling is transoid. Similarly in the 

N-benzyl compounds, stereospecific coupling to HI,, the high field benzylic 

proton, follows an extended transoid 

conformatimon 2A, HA and HB should be 

Compound V shows anomalous behsviour 

arrangement in conformation 2B. In 

squally coupled tc the 3 and 3' protons. 

with the greatest coupling to the 

proton trans to the ring substituent. We suggest that the steric 

requirements of the solvated nitrogen lone pair are greater than those 

of the hydrogen atom and that the lone pair is trans to the 4-subetituent 

in the preferred conformation leading to the tr8nsoid pathway for the 

larger long-range coupling. 

P.&B. Spectra 

AU P.M.& spectra were determined in lO$ CDC13 solution on a 

Varian D.P, 60 spectrometer and calibrated by the side-band technique 

using a Ihurhsad-Wigan D 890 A audio-oscillator. Double resonance 

experiments were made by operating in the lower side-band mode of the 

V 3521 intl?grator. Chemical shifts and coupling constants were obtained 

by analysis of the AB and ADX systems and are accurate toO.005 ppm. and 

0.1 cps. respectively. Long-range coupling constants wars obtained by 

first-order analysis. Compounds I, II, and III gave A2B2 or AB'BB' spectra 

and unequivocal values of the coupling constants have not yet been 

obtained. Chemical shifts for these compounds are accurate to 0.01 ppm. 

All. compounds were prepared by established literature methods. 
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