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A&r&-N-Aryl+lactams have been found to be characterized by strong UV maxima at about 250 mu. 
Some N-aryl y-lactams also show similar absorption max but heavily substituted y-lactams or N-phenyl 
Glactam display only low absorption in this region. 

A study of UV and NMR spectra indicates that in N-aryl ~lactams. the hetcrocyclic ring and the 
three valences of nitrogen are planar and the N-aryl ring lies in the plane of the blactam. This planarity 
as well as the strong UV absorption are the result of an extended conjugation between the aryl ring and 
the amide function. Ortho substitution on the atyl ring causes a slight departure from this planarity and 
reduces the intensity of tbe UV absorption. In case of N-aryl y-lactams, ortho substitution on the aryl 
ring causes enough departure from planarity to eliminate altogether the absorption max near 250 mu. 

THE characteristic carbonyl absorption in the IR has been used extensively for 
distinction between &, y- and &lactams. Several isolated reports on the UV 
absorption of amides,4 lactams’ and unsaturated lactam8 have appeared in the 
literature, but the structural and stereochemical features of cyclic amides have not 
been related to their electronic spectra We have investigated a large number of 
lactams and have discovered a correlation between the W spectra of N-aryl lactams 
and their structure and stereochemistry. 

N-Phenyl-&lactams (I) with various substituents on the heterocyclic ring were 
found to show a strong max near 250 mu (Table 1). The position of this max under- 
goes a bathochromic shift on the psubstitution of a halogen or methoxy group on 
the N-phenyl ring.’ A change in the steric disposition of groups at C3 and C, does 
not introduce any appreciable change in the position of the absorption maxima. 

N-Aryl y-lactams (II) are also characterized by a strong W max near 250 mu 
(Table 2). However, substitution on the heterocyclic ring eliminates this absorption. 
For example, 1-phenylpyrrolidin-2-one shows an absorption max at 246 mu 
(E 17,200) whereas 1-phenyl-5,5dicarbomethoxypyrrolid&2_one shows no max 
above 210 mu. Even the simplest N-phenyl-8-lactam (III) fails to display any strong 
uv max. 
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The chromophore for the intense UV absorption must be the Aryl-N-CO- 
group in which the possibility exists for the overlap of the x-orbitak of the aromatic 
system, the p-orbital on the sp’nitrogen and the n-orbitals of the carbonyl group. 
This overlap is max when the valences of the nitrogen atom are planar and the 
aromatic ring and the c----O group are in this plane; the overlap is diminished if the 
aromatic ring or the carbonyl group departs from this plane or if the nitrogen atom 
assumes a non-planar disposition of its valencies (a possibility in y- and 8-lactams). 
The difference in the UV absorption pattern in lactams of different ring size must 
therefore be a reflection of the shape of the ring. X-Ray studies have shown that the 
&lactam ring is planar in penicillin’ (IV) and cephalosporin C8 (V). The strong UV 
absorption of the N-aryl &lactams can be satisfactorily accounted for by assuming 
that the three valences of the nitrogen are in one plane and the N-aryl ring is also 
in the plane of the heterocyclic ring. The conformation of the Glactam must be 
such that the aryl group is substantially deflected out of the plane of the -N-CO- 
group. A similar situation must exist for heavily-substituted r-lactams. But in an 
unsubstituted N-aryly-lactam, substantial coplanarity of the chromophoric system 
appears feasible. 

/s, CH, 
R-CO-NH-CH-CH C; R-CO-NH-CH-CH 

I I I 
CH, 

o=c -N-CH-COOH o=c -N C-CH,OAc 
‘c/’ 

6 OOH 

IV V 

To test the validity of this assumption, N-aryl & and y-lactams with pbromo- 
phenyl and o-bromophenyl substitution were examined It was observed that N- 
(o-bromophenyl)2azetidinone (Table 1) shows a UV absorption max with a lower 
intensity than its pbromo isomer and that N-(o-bromophenyl)2-pyrrolidone (Table 2) 
exhibits little UV absorption in contrast with the strong max of the corresponding 
pbromo compound. Since the o-bromo substituent would be expected to force the 
phenyl ring out of the plane of the amide group, the observed data are in agreement 
with our assumption regarding planarity. 

Additional information on the stereochemistry of these lactams was obtained from 
a study of the NMR spectrum of I-pbromophenyl-3,3dimethyl-2-azetidinone which 
displays a singlet for the two Me groups at T 8.62 and another singlet for the two 
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methylene protons at r 6.65. The equivalence of the Me substituents at C3 and also 
of the two protons at C, is consistent with the planarity of the blactam ring and the 
planarity of the three valences of the N atom. This NMR spectrum alone cannot 
distinguish between the conformation A in which the aryl ring is in the plane of the 
@-lactam ring and the conformation B in which the plane of the aryl ring is at right 
angles but s~e~cally disposed to the plane of the $%lactam ring. 

N -CH2 

I I 
N- CH, 

O=C-C(CH,), 
I I 

O=C- C(CH3)2 

A B 

Tbe NMR spectrum of ~bromophenyl-2*~etidinone also displays one singlet 
(T 860) for the two Me groups and another singlet (7 618) for the methylene group. 
This again reveals the planarity of the B-lactam ring. The methylene protons will be 
equivalent to each other if (a) the o-bromophenyl ring lies su~~ntially in the plane 
of the glactam ring or if (b) the phenyl ring rotates around its axis fast enough to 
provide a sharp peak as the time-averaged signal for the methylene protons. Lowering 
of the temperature to -34” failed to resolve this methylene signal or even to 
broaden it. 

In the NMR spectrum of pbromophenyl-2-azetidinone, the C3 methylene protons 
and C4 methylene protons occur as two triplets centered at t 694 and T 648, res- 
pectively, again revealing the symmetry of the ring systems. The relative intensity 
of the peaks of the triplets am not in the 1:3:1 proportion. This may arise, at least 
in part, from the near identity of chemical shifts of these two methylene groups and 
the consequent departure from first order spectra. The corresponding o-bromo-fi- 
lactam also shows two triplets centered at T 7.01 and T 6.01. In contrast to the C, 
methylene protons, the C, methylene protons have undergone a considerable 
downfield shift showing the strong influence of the o-bromine substituent on them. 
This influence, however, must be symmetrical with respect to the C, protons because 
the signals for the two methylene groups are close to ideal triplets. The implications 
of this observation are that the two protons of each methylene group are still nearly 
equivalent to each other. Hence, the o-bromophenyl ring must be rotating fast 
enough or its preferred conformation must not be far from the plane of the klactam 
ring so that the symmetry element has been destroyed only to a limited extent. It 
may be recalled that the intensity of the W absorption of the o-bromo &lactam is 
considerably reduced but still quite sign&ant (A,, 247 mp, E 8650). 

We have also examined the electronic absorption of several acyclic amides (Table 4) 
related to the lactams studied.* Acetauilide, dimethyl anilinomalonate and dimethyl 
N-acetylanilinomalonate show a strong max (8 11,000-16,ooO) near 240 rn& This 

* Kagan et ~1.~’ have studied the IR and W spectra of enamidea, a class of compounds cbatacterizd 

by the group )=C--N--CO-. This chromophoricsystea;1 has been reported to have a strong absorption 

max at about 240 mp (e + 12$00). 
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TABLE 2. -f-LAmAm 

4 
R,- N -C’ 

I I 

‘R, 

R, = Ph, R, = R3 = R4 = Rs = R, = R, = H 246 17,200 * 

R, = Rs = Ph. Rx = R, = R, = H, R6 = R, = COOMe Sh. 256 842 * 
R, = R, = Ph, R, = R, = H, R, = pN02-C,H,--Gi~, 267 12Joo I7 

Rs = R1 = COOMc Sh. 218 16.300 
R,=Ph,R,=RJ=R,=RS=H.Rg=R,=COOMc no peak or shoulder above 210 mp 
R, = Me,R, =R,== Ph, R,Rs = CH-Me, R, = Rr = H Sb. 270 212 ** 

266 356 
259 46s 
253 423 

RI = p-Cf-C,H,, R, = Rs -I R, = Rs = Ra = R, = H 252 15,700 * 

R, =p-Br-+H,,Rz=RR1=R1=Rs=Rb=R,==H 25rl 18,100 * 
209 10,500 * 

R,rpI~~H,.R1--R,rR,=R,~R5=R7=X 257 23,ooo * 
R,=pMc-C,H,,Rz=RJ=R,=Rs=RR,=R,=H 256 20,500 ‘ 
R, = o-Br-C,H,, Rt = Rs = R, = R, = R6 = R7 = H Sh. 293 190 * 

Sh. 213 350 
Sh. 267 425 

RI=o-F--C,H,,Rz=R,=R,=R,=R,=Rt=H Sh. 268 691 - 
230 3304 

l Prepared in this laboratory, to bc described clscwherc. For I-phenylpyn‘olidin-2-one. see*’ 
**Sample kindly supplied by Dr. C, D. Lunsford of A. )t Robins Company. 

max disappears in the N-cbloro-acetyl- and N~~bromopro~ionyl~nil~o~Ionates. 
That this change in the UV absorption is caused by steric factors and not the prince 
of a halogen atom was demonstrated by the obse~atiou that dimethyl N-isobutryl- 
anilinomalonate displays little absorption in the 240 rnp region. Obviously a bulky 
N-aryl group interferes with the preferred conformation in which the aryl group, 
the nitrogen and the amide carbonyl are in the same plane. 

X-Ray studies by Kagan et al. ** have demonst~t~ that in VI, in the crystalline 
state, the vatencies of nitrogen are very nearly planar and the N-aryl ring is indeed 
in the same plane as the @lactam ring. Our spectral observations indicate that the 
same conformation is preferred even in solution. However, in a blactam or in a 
heavily substituted y-lactam, the tendency for the coplanarity of the aryi-N---CO- 
system due to cunjugation is superseded by the steric requirements of the rest of 
the ring. 

P-Br-C,H., ,C&, 
N----C\H 

I I 
o=c-c. 

VI 
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TABLE 3. AMIDES 

No. Compound &l s 

I. Ph-NH-CO-Me2 

l 2. Ph-NH-CH(CO,Me), 

3. Ph-NHCH(CO,Me), 

I 
CO-MC 

4. Ph-N-CH(CO,Me), 

CO-CHs-Me 

5. Ph-N-CH(C02Mc), 

CC&CHMe, 

6. P&NCH(CO,Me), 

CGCH,-CI 
7. Ph-N-CH(COsMc), 

CO-CH,-CH,-Br 
8. p-Brx,H,-NAH(CO,Mc)s 

C~H2-CHI-Br 
9. p-Me+H,-N-CHPh-COIEt 

CO-CH,-CI 
10. Ph-N-CH,COPh 

CC&CH(CI)Ph 
l ll. Ph-NH-CH,--C&Ph 

12 Ph-NH-CO-CMe,Br 

13. Pb-NWO(CH,),Br 
14. p-Br-C,H,CO-CMc,-CH,CI 

Sh. 279 490 
241 15.700 
288 1800 
239 11.100 
285 2200 
237 14.300 

Sh. 267 545 
Sh. 262 657 
Sh. 258 726 
Sh. 225 4500 
Sh. 267 250 
Sh. 264 265 
Sh. 262 289 
Sh. 260 313 
Sh. 257 342 
Sh. 266 400 
Sh. 260 615 
Sh. 225 5420 
Sh. 267 244 
Sh. 260 392 

227 13,900 

Sh. 264 650 
Sh. 269 488 

Sh. 289 1270 
238 22200 

285 3250 
245 21,400 
285 2400 
234 12,ooo 
242 14,400 
249 16,500 

l Starting materials for some amides. These compounds have bccu 
included for the sake of comparison. 

EXPERIMENTAL 

The UV spectra were recorded on a Beckman-DK-2A spectrometer in 95% EtOH solu at room temp 
(~25~). 

Dimcthylanilinomalooatc. m.p. 66”. was prepared according to procedure of Blank?’ The amides 3-10 
and 12-14 (Table 4) were prepared by acylation of the corresponding amino compounds with the appro- 
priate acid” Anilinoacetophcnooe (compound 11, Tabk 4) was prepared as described by Verkadc and 
Janctzkyf’ AU the compounds were characterized by satisfactory elemental aoalysis dtbeir mass spectral 
fragmentation. 
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