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N-Alkyl and N-aryl p-lactams yield lithio carbanions upon reaction with lithium diisopropylamide in 
tetrahydrofuran at -78". These lithio salts react with a variety of electrophiles (e.g. ketones, esters, reactive 
alkyl halides) to give the 3-substituted derivatives in fair to good yield. The procedure is useful for the 
preparation of rather complex 3-substituted 8-lactams from readily available simple derivatives. 

Les p-lactames N-alkyle et N-aryle donnent des lithiocarbanions en rtagissant avec le lithium diisopropyl- 
aniide dans le tetrahydrofuranne i - 78". Ces sels de lithium reagissent avcc divers electrophiles (par exemple 
cetones, esters, halogtnures d'alkyles, reactifs) pour conduire aux dtrivts substituts en -3, avec des rende- 
ments moyens ou bons. Cette mtthode est utile pour la prtparation des p-lactames complexes substituts en 
-3, a partir de dCrivCs simples, facilement accessibles. [Traduit par le journal] 

Canadian Journal of Chemistry, 50. 3196 (1972) 

A number of authors have recently reported 
that the reaction of N,N-disubstituted alkyl 
amides e.g. 1 with strong bases such as NaNH, 
(1,2), n-BuLi (3) or lithio s-trithiane (3) leads to 
carbanions which can be alkylated with a variety 
of alkyl halides or condensed with carbonyl 
compounds. e.g. eq. 1. 

The problems encountered in the synthesis of 
complex 8-lactams either via cyclization of 
acyclic precursors or cycloaddition reactions 
(4), prompted us to investigate the synthesis of 
a variety of 3-substituted P-lactams from more 
readily available simple lactams via the car- 
banion route. 

The formation of 8-lactam carbanions in the 
penicillin and cephalosporin series has been 
investigated by a number of groups (5). In these 
examples two types of reactions have generally 
been observed (a) epimerization of the naturally 
occurring cis-8-lactam to the more stable trans 
configuration and (b) 8-elimination of the thio- 
late moiety followed by further rearrangements 
(Scheme 1). 

Several recent reports have indicated some of 
the synthetic potential of 8-lactam carbanions. 
The first, by Kaiser et al. (6), showed that treat- 
ment of the allyl.dimethylammonium salt 2 with 
NaH in dimethylformamide-benzene resulted 
in the intramolecular migration of the ally1 
group from nitrogen to carbon thereby forming 
3 (eq. 2). 

More pertinent to the work discussed in this 
paper are the results of Bohme et al. (7) who 
were able to transform methyl N-benzylidene- 
6-aminopenicillanate (4) into a mixture of the 
epimeric-6-methyl derivatives 5 and 6 upon 
reaction with CH,I/NaH in dimethoxyethane 
at 0" (eq. 3). In this case the ease of carbanion 
formation is undoubtedly due in large part to 
the additional stabilization afforded by the 
neighboring N=CHPh group. A similar re- 
action was also carried out on the analogous 
cephalosporin derivative. 

More recently, Firestone and coworkers (8) 
have shown that the imine prepared from 6- 
aminopenicillanic acid benzyl ester and p- 

'Revision received May 29, 1972. 
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DURST AND LaBELLE: METALLATION OF P-LACTAMS 

H 
R = phthaloylamino 

nitrobenzaldehyde readily yielded a carbanion 
upon treatment with phenyllithium in tetra- 
hydrofuran at -78". Alkylation of this carb- 
anion with methyl and ethyl iodide gave the 6u 
alkylated isomers. 

We have found that simple monocyclic 
N-methyl2 or N-phenyl 8-lactams readily form 
lithio derivatives upon addition to an equimolar 
amount of lithium diisopropylamide in tetra- 
hydrofuran at - 78". These species are reason- 
ably stable at -78" and react readily with a 
variety of electrophiles to yield the 3-substituted 
derivatives in fair to good yield (eq. 4, Table 1). 

Thus the lithio salt 7a reacted with acetone or 
methyl iodide to afford the products 11 and 12 
in 80 and 59% yield respectively. The i.r. 
spectrum of each product showed a strong band 
in the 1730-1750 cm-' region which confirmed 
that the 8-lactam ring had been retained (9). In 

the n.m.r. spectrum of each product the coup- 
ling between the two remaining ring protons 
was <2.5 Hz, indicative of the trans-configura- 
tion (10). No evidence of the presence of the 
cis isomers of 11 and 12 was detected in the 
n.m.r. spectra of the total crude products. The 
other spectroscopic features were as expected 
and are recorded in the Experimental. The 
lithio salts of the 8-lactams 9 and 10 also yielded 
only one product on reaction with the various 
elactrophiles. These were also shown by n.m.r. 
to have the trans configuration. Not unex- 
pectedly, diastereomeric mixtures were obtained 
from the lithio salt of 8. No attempts were 
made to separate these diastereomers. 

The 3-methyl-8-lactam 12 also yielded a 
lithio derivative (120) which was trapped with 
benzophenone to give 13 in a 30% yield. When 
12a was quenched with H 2 0 ,  12 was regen- 

H H H3C H H,C H 
NaH, DM' P~CH=NB> + P~CH=NR> , P ~ C H = N ~ >  

[31 
CH,I - 

0 - 0 0 - 
?O,CH, ?O,CH, CO,CH, 

4 5 ( 5 % )  6 ( a  Isomer, 90%) 

,Methylation of N-unsubstituted b-lactams was carried out by dissolving such lactams in excess CH31 a t  0-10' and 
slowly adding 1 equiv dry, powdered KOH. The yield of N-methylated b-lactams was generally over 80%. This alkylation 
procedure was also successful with other reactive halides such as benzyl or allyl bromide, but not with ethyl bromide or 
isopropyl iodide. In the latter experiments polymerization of the b-lactam occurred. 
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- - - 

7 CH, CH=CH2 H 
8 CH, CH=CH2 CH3 
9 CH, Ph H 

10 Ph Ph H 

TABLE I. Introduction of a 3-substituent into 
7-azetidinones 

-- 

Lithio salt Electrophile Yield "/, 

Acetone 
Methyl iodide 
Methyl benzoate 

Acetone 
Benzophenone 
17-Butylbromide 
Benzophenone 
Cyclohexanone 
Acetone 
Iodine 
Methyl benzoate 
Benzophenone 

erated; no evidence of isomerization to the cis 
isomer was detected by n.m.r. 

Reaction of 7a with methyl benzoate led to 
the formation of the phenacyl lactam 14 (i.r. 
1750 and 1680 cm-') in 28% yield. The trans 
stereochemistry is assigned by analogy with 11  
and 12 but could not be verified by n.m.r. In 
addition to the above material, a second prod- 
uct was obtained in 50% yield to which is 

tentatively assigned the dilactam structure 15. 
The material had a broad m.p. (128-1 51 ") and 
is probably a mixture of diastereomers. The i.r. 
spectrum of 15 showed bands at 3580 and 3400 
(free and bonded OH), 1740 (C=O), 988, and 
930 cm-' (terminal vinyl). N.m.r. bands occur- 
red at 6 2.4-2.8 (three sharp lines, total 6H, 
due to the NCH, group of the various di- 
astereomers), 3.1 (s, 1 H, OH), 3.5-4.0 (m, 4H, 
ring H), 4.8-6.0 (m, 6H, vinyl), and 7.2-7.7 
(m, 5H, aromatic). 

In addition to the adducts derived from the 
lithio salt of 10a, we generally observed the 
formation of a small amount of bi-product 
which was identified as 16 (see Experimental 
for spectroscopic data). The yield of 16 can be 
increased to about 27% by allowing a solution 
of 10a to warm to room temperature in the 
absence of a trapping agent. Its mode of forma- 
tion is suggested in eq. 5. Products analogous 
to 16 were not observed in the reaction of the 
lithio salts of the N-alkyl-P-lactams. 

Experimental 
N.m.r. spectra were recorded as CHCI, solutions using 

Varian T-60 and HA-100 spectrometers; peak positions are 
quoted in 6 units. 1.r. spectra were recorded in CHCI, 
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( o  j Acetone Derioaiiue 
A solution of the lithio salt 80. prepared from 334 mg 

(2.7 mmol) of 8, was reacted with 3 ml of acetone for 5 
min. at -78'. Work-up gave 538 mg of colorless oil which 
after purification by preparative t.1.c. gave 377 mg (77%) of 
white solid, m.p. 64.5-70.5" (methylene chloride-ether- 
pentane). The n.m.r. spectrum showed peaks at 6 1.16-1.75 
(m. 9H), 2.42-3.09 (m, 5H), and 5.00-6.45 (m, 3H). The 1.r. 
spectrum showed bands at 3580 (m). 3440 (b), 2980 (s), 
1730 (s), 1375 (s), 999 (m), and 925 (m). 

Anal. Calcd. f o r C I o H l 7 N O 2 :  C,  65.54; W, 9.35: N, 7.64. 
Found: C,  65.45: H. 9.16: N, 7.62. 

( b  j Berrropl~errorre Deriuariue 
To a solution of 3.0 mmol of the lithio salt 80 was added 

550 mg (3.0 mmol) of benzophenone. The reaction was 
worked-up after 5 min to yield 850 mg of crude product. 
Column chromatography (silica gel, chloroform-methanol) 
gave 683 mg (75%) of adduct as a mixture of diastereomers, 
m.p. 147-152" (methylene chloride-ether). The n.m.r. 
spectrum showed peaks at 6 1.05 and 1.37 (two singlets, 3H), 
2.66 and 2.67 (2 singlets, 3H), 2.81 and 3.03 (two singlets, 
IH),  4.23 (s, l H ,  exchangeable with D 2 0 ) ,  4.83-5.93 (m, 
3H), and 7.00-7.80 (m, 10 H). The i.r. spectrum showed 
bands a t  3420 (b), 1730 (s), 980 (w), and 920 (w) cm-I.  

Anal. Calcd. for C,,H,,NO,: C. 78.14: H, 6.89; N, 4.56. 
Found: C, 78.03: H. 6.96: N, 4.53. 

Be~fzoplre~~one Addlrcr of I-Mer/1yl-4-p/rerr~~I-2-ozeridi1i011e 
A solution of the lithio salt 90 was prepared by reacting 

371 mg (2.3 mmol) of 9 with 2.5 mmol of lithium diisopro- 
pylamide for I min. Benzophenone (420 mg, 2.6 mmol) was 
then added and the reaction mixture stirred for 6 min. 
Work-up gave 750 mg of an orange solid from which 390 
mg (50%) of adduct was obtained as a white powder, m.p. 
216-217" (methylene chloride-ether). The i.r. spectrum 
had bands at 3560 (w), 3360 (broad), and 1730 (s) cm- ' .  
The n.m.r. peaks occurred at 2.75 (s, 3H), 4.00 (broad 
singlet, IH), 4.33 (d, J = 2 . 0  Hz, IH),  and 7.00-7.66 (m, 
15 H). The OH absorption could not be seen in the n.m.r. 

Anal. Calcd. for C2,H,,N0,:  C, 80.44: H,  6.16: N, 
4.08. Found: C,  80.32; H,  6.01; N, 4.07. 

Benzoplierto~~e Deriuariue of/,3-Di1ner/1yl-4-vi11yl-2- 
azeridinone 

A solution of 220 mg (1.76 mmol) of 12 was added to l .I 
equiv of lithium diisopropylamide and 320 mg (1.0 equiv) 
of benzophenone was added after 1.25 min. The reaction 
was stirred for a further 10 min. Work-up gave 558 mg of 
crude product which was recrystallized to give 162 mg (30%) 
of pure 13, m.p. 171-172.5" (methylene chloride-ether- 
pentane). The i.r. spectrum showed bands at 3600 (w), 
3460 (broad), 1735 (s). 1020 (w), and 925 (w)cm-I.  The 
n.m.r. showed peaks at 6 1.30 (s, 3H), 2.46 (s, 3H), 3.36 
(broad singlet, IH),  3.90 (d, J = 7  Hz, IH),  5.03-6.06 (m, 
3H), and 7.12-7.69 (m, 10 H). 

The mass spectrum of the compound indicated the parent 
peak at m/e=307, calcd for C,,H,,N02 =307. 

3-Deriurrriues of' /,4-Dip/ierryl-2-rrzerir/ino~1e 
(0) 3-Iodo Deriurrrilv 
A solution of 2.23 g (0.01 mol) of 2-azetidinone and 1.1 

equiv of lithium diisopropylamide was stirred for 3 min. 
Iodide (2.54 g. 1 equiv was added: the reaction was stirred 
for a further 30 min. The work-up was carried out as usual 
except that the aqueous layer was saturated with sodium 
sulfite. Column chromatography (pentane-ether) of the 
crude product yielded 1.022g grey solid (29%). m.p. 
106.5 -~108" (ether--pentane). The n.m.r. spectrum indicated 
p e a k s a t 6 4 . 7 2 ( d . J = 2 . 0 H z ,  l H ) , 5 . 1 4 ( d . J = 2 . 0 H z ,  IH), 
7.04-7.47 (m, 10 H). The i.r. spectrum showed bands at 
1755 (s), 1600 (m). and 1374 (m) cm-I.  The mass spectrum 
of the compound indicated the parent peak at mle = 349. 
Since the compound tended to decompose. it was not 
analyzed. 

( h  j Cyclo/~esnrrot~e Deriuatire 
To a solution of 3.14 mmol of the lithio salt of 1,4- 

diphenyl-2-azetidinone was added cyclohexanone (310 mg, 
3.14 mmol) and the reaction stirred for 10 min. Column 
chromatography of the 700 mg of crude product gave 
416 mg (41%) of pale yellow solid. Recrystallization from 
methylene chloride-ether-pentane gave white needles, 
m.p. 163-164". The i.r. spectrum showed bands at 3580 (w), 
3430 (b), 2940 (s), 1735 (s), 1600 (m), 1495 (m), 1380 (m), 
and 1145 (m) c m - ' .  The n.m.r. spectrum showed peaks at 
6 1.06-2.10 (m, l l  H), 3.16 (d, J = 2 . 5 H z ,  IH), 5.06 (d, 
J = 2.5 Hz, 1 H), and 7.00-7.48 (m. 10H). 

Anal. Calcd. for C , , H Z 3 N 0 2 :  C, 78.47: H,  7.21. Found 
C, 78.35; H, 7.21. 

( c )  Acelorie Deriurrriue 
1,4-Diphenyl-2-azetidinone (3.97 mmol) was stirred with 

1.0 equiv of lithium diisopropylamide for 30 s and 3 ml 
(10 equiv) of acetone was added. The reaction was stirred 
for 10 min. Work-up gave 1.18 g of yellow solid. Column 
chromatography yielded 643 mg (58%) white solid. m.p. 
148-149.5" (methylene chloride-ether-pentane). The n.m.r. 
spectrum showed peaks at 1.32 and 1.43 (two singlets. 6H). 
1.87 (s. IH), 2.10 (d, J = 2 . 5  Hz, IH). 5.00 (d, J = 2 . 5  Hz, 
IH),  and 7.00-7.45 (m. 10H). The i.r. spectrum showed 
bands at 3580 (w) ,  3460 (b). 1725 (s), 1600 (m). 1350 (m), 
and 1375 (m) cm-I.  

Anal. Calcd. for Cl ,M,9N0, :  C,  76.84: H, 6.81 ; N. 4.97. 
Found: C,  76.25: H,  6.77: N, 4.90. 

( d )  Berrzoyl Deriualioe 
1.4-Diphcnyl-2-azetidinone (1.22 g. 5.49 mmol) was stir- 

red with 1.05 equiv of lithium diisopropylamide for 30 s 
and 1 equiv of methyl benzoate was added. After 10 min 
the reaction was worked-up to give 1.85 g of yellow solid. 
Column chromatography yielded 1.1 g (61%) of white 
solid, m.p. 133-136" (methylene chloride-ether-pentane). 
The n.m.r. spectrum showed peaks at 6 4.80 (d, J = 2.0 Hz, 
IH). 5.75(d, J =  2.0 Hz, lH),6.95-7.61 (m, 13 HL8.05-8.25 
(m, 2H). The i.r. spectrum showed bands at 1740 (s), 
1682 (s), and 1600 (m)  cm-' .  

Anal. Calcd. for C2,HI7NO,:  C,  80.71 : H, 5.24; N, 4.28. 
Found: C, 80.48: H,  5.47: N.4.20. 

Decor?tposition of rlie Lirlrio Salr of 1.4-Diphe~ryl-2- 
aieridirlorie (IOa) 

To a solution of 1.1 equiv of lithium diisopropylamide 
was added 2.80 mmol of 2-azetidinone and the solution 
allowed to warm to room temperature over 20 min. Work- 
up yielded 630 mg of crude material which was recrystal- 
lized from methylene chloride-ether to give 167 mg (27%) 
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of  17 as a white solid, m.p. 182-183". The i.r. spectrum 
(KBr pellet) showed bands at 3380 (w) ,  1740 (s), 1710 (s), 
1600 (m),  1490 (m). 1360 (m). 750 (m). and 690 (m)  cm-I.  
The n.m.r. spectrum (DMSO-d,) showed peaks at 2.78-3.48 
(m, 2H), 4.57 (d, J =  2.5 Hz, IH), 4.72-5.08 (m, lH) ,  5.42 
(d,J=2.5Hz,lH),6.06(d,J=7.5Hr,lH),6.48(d,J=6.5 
Hz, 2H), 6 .827 .60  (m, 18 H).  

Anal. Calcd. for C3,,H2,N302: C, 80.69; H. 5.87; N, 
6.27. Found:  C,  80.58; H,  5.95; N,  6.25. 

Financial Assistance by Bristol Laboratories, Syracuse, 
and by the National Research Council of Canada is grate- 
fully acknowledged. 
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