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Synthesis of @-Lactams from lmines and 1 -Lithio-oxy-2-phenylacetylene 
By Anthony G. M. Barrett and Peter Quayle, Department of Chemistry, Imperial College, London SW7 2AY 

The ynolate 1 -lithio-oxy-2-phenylacetylenet prepared from 3,4-diphenylisoxazole and n-butyl-lithium in tetra- 
hydrofuran at -78 "C, condensed with the electron deficient imines (R'N=CHR*) to give the p-lactams [R'NH- 

CH(R2)h(Ph)CON(R1)CHR2] (R' = C6H4N02-4 and C6H4C02Et-4; R2  = Ph, CGH4Me-3 and C6H4N02-4). 

THE cycloaddition reaction of substituted ketens with 
imines provides a diverse array of p-lactams. The reac- 
tion is a most conlrenient synthetic entry to the penicil- 
lins, cephalosporins, norcardicins, etc. 'Thienamvcin (1) 

and related carbapenem antibacterials are notable for the 
presence of the non-classical hydroxyethyl side chain. 
Routinely, in synthesis this unusual substituent is in- 
corporated via the condensation reaction of a P-lactam 
enolate with acetaldehyde or an acetylating reagent with 
subsequent reducti0n.l As a concise route to 3-(1- 
hydroxyethy1)azet idin-2-ones we sought to combine the 
versatile imine-keten cycloaddition with the enolate- 
acetaldehyde condensation (Scheme 1) .2 If realizable 

MeCHO 1 

( 5 )  
SCHEME 1 

this process would permit the direct imine to thiena- 
mycin anologue transformation, albeit in a stereo- 
chemically irrational * way. We thus attempted to pre- 
pare a lithiated keten (2) and condense this with an imine 
(3) to give the P-lactam enolate (4) directly. This would 
then be available for trapping i n  sitzi with acetaldehyde 
to give the p-lactam (5 )  (Scheme 1). Herein we report 
our attempts to realize this transformation. 

Although enolate chemistry is vast, studies of the 
related ynolate anions (6) are f r a g m e n t a r ~ . ~ , ~  Clearly, 

the ynolates (6) are metallated keten (2) equivalents. 
In 1975 Schollkopf and Hoppe reported that the metal- 
lation of 3,4-diphenylisoxazole (7a) with n-butyl-lithium 
gave the anion (7b). This ring fragmented to give 
benzonitrile and the ynolate anion (6a). We considered 
that the condensation of the ynolate (6a) with aldehydes 
and ketones to give, for example, the p-lactones (8) and 
( O ) ,  was a favourable allspice for the realization of 
Scheme 2 .  
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3,4-Diphenylisoxazole (7a) reacted with n-butyl-lithium 
in tetrahydrofuran (THF) at  -78 "C to give an intense 
royal blue solution. Addition of the imines (1Oa)- 
(10d) resulted in slow discharge of this colour. Acidific- 
ation at  the orange-red end-point gave products which 
clearly were p-lactams (vms. 1 765-1 755 cm-l). These 
four products all microanalysed as 2 : 1 imine-ynolate 
adducts and were assigned as the p-lactams (13a)-(13d). 
All spectral data were fully in agreement with these 
structures. In particular, the p-lactams (13c) and (13d) 
showed molecular ions in the mass spectra and all showed 
an amine N H  proton (wmx 3 410-3 350 crn-l) coupled 
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with an adjacent CH proton [for example (13a) 8 5.52 
(1 H, d, J 8 Hz) and 5.9 (1 H, d, J 8 Hz)] and a single 
azetidin-2-one C-4 proton [for example (13a) 6 5.28 (1 H, 
s)]. The n.m.r. spectra showed that the P-lactams (13a) 
-( 13d) were stereochemically homogeneous. However, 
none could be obtained crystalline, thus X-ray crystallo- 
graphic structure determinations could not be carried out. 

'R' 
LiO 

(12) 

RZ 

Tentatively, the p-lactams were assigned as structures 
(13a)-(13d) on the basis of assumed steric approach 
control and chelation via the intermediate (11) and 
transition state (12) (Scheme 2). 

The imines (lOe)-(lOg) reacted with the ynolate (Oa), 
but the product mixtures, although they contained p- 
lactams(s) (W 1760 cm-l), were totally intractable. The 
imines (loll), (lOi), (14), and the imino-chlorides (15a)- 
(15c) on attempted condensation with the ynolate (Ga) all 
gave inseparable complex mixtures. 

( 1  4 )  

Me0 v 
(16)  (17) 

Since the ynolate (6a) condensed slowly with the 
imines (l0a)-( 10d) to give the p-lactams (13a)-(13d) , 
the intermediate P-lactam enolates (1 la)-( l l d )  must 
have been more nucleophilic. This unfavourable relat i1.e 
nucleophilicity of compounds (6a) and (1 la)-( 1 Id) 
prevented the realization of Scheme 1. 

Briefly, we examined the preparation of the ynolate 
(6b) in the anticipation of this showing enhanced nucleo- 
philicity . Thus, 4- (3,4-dimethoxyphenyl)-3-phenyl- 
isoxazole (7c) was prepared from 3,4-dimethoxyphenyl- 
acetaldehyde via the enamine (16) and the isoxazoline 
(17).8 The isoxazole (7c) reacted with n-butyl-lithium in 
THF solution at  -78 "C to give a royal blue solution. 
The blue colour was discharged on the addition of the 
imines (loa), ( lob),  or (10d). Acidification in every case 
gave an intractable mixture of compounds that included 
(3-lactam(s) (v 1 760 cm-l). 

Although the ynolate anion (6a) could be used to pre- 
pare the p-lactams (13) the reaction was only successful 
for electron-deficient aromatic imines. This conden- 
sation reaction, although an extension of ynolate chem- 
istry, is not to be recommended as a useful synthetic 
method: purification of the P-lactams (13) is non-trivial. 
Bergbreiter and Newcomb have recently described the 
convenient synthesis of P-lactams from ester enolates and 
aryl aldimines. 

EXPERIMENTAL 

Melting points were determined with a Kofler hot stage 
apparatus and are uncorrected. Chromatographic absorb- 
ents refer to hIerck products. All reagents and solvents 
were purified by standard techniques. lo  Tetrahydrofuran 
(THE') was freshly redistilled from potassium benzophenone 
ketyl. The following reagents were prepared by standard 
met hods : a-clilorobenz,zldoxi~ie, 3,4-d irnet h oxyphenyl- 
acetaldehyde,7 n,4-tliphenylisoxazole (7a) and compounds 
(lOa),ll (10b),12 (1Od),l1 (10f),12 (10g),l3 (10h),i4 (10i),15 (14),18 
(l5a),I7 and (15c).l8 

All reactions were carried out under dry nitrogen. 
Preparation of the Imines (10e) and (lOc).-4-Methoxy- 

benzaldehyde (2.99 g)  and 4-nitroaniline (2.76 g) in ethanol 
(50 ml) were refluxed for 1 11 and cooled to give N-4-methoxy- 
benzylidenc-4-nitvoaniline (10e) (3.66 g, 71 yo), m.p. 123-124 
"C (EtOH); wmx. (Nujol) 1 510 and 1345 cm-l; G(CDC1,) 
3.95 (3 H, s), 7.07 (2 H, d, J 9 Hz), 7.37 (2 H, d, J 9 Hz), 7.92 
(2 H, d, J 9 Hz), 8.27 (2 H, d, J 9 Hz), and 8.38 (1 H, s);  m / c  
256 (M+')  (Found: C, 65.75; H, 4.7; N, 10.9. Cl4HI2Nz0, 
requires C, 65.6; H, 4.7; N, 10.95%). 4-Nitroaniline 
(1.38 g) and 3-methylbenzaldehyde (1.2 g) in dry benzene 
(20 ml) were heated under nitrogen for 12 h (Dean-Stark). 
Evaporation and crystallization from benzene-light petrol- 
eum gave N-3-metlzylbenzylidene-4-.)lilroaniline (1Oc) (1.18 g, 
49%), m.p. 87-88 "C; wmax. (CHC1,) 1 520 and 1 350 ern-'; 
G(CDC1,) 2.42 (3 H, s), 7.23 (2 H, d, J 9 Hz), 7.34-7.47 
(2 H, m), 7.62-7.82 (2 H, m), 8.22 (2  H, d, J 9 Hz), and 
8.4 (1 H, s) ;  W / P  240 (M+*)  and 138 (Found: C, 69.9; H,  
5.05; N, 11.6. C,,HI2N,O2 requires C, 70.0; 13, 5.05; N,  
11.65%). 

Preparation of N-Metl~yl-4-ni trob~nzimi~oyl  Chloride ( 15b). 
-N-Methyl-4-nitrobenzamide (5  g) and phosphorus penta- 
chloride (5.75 g) were heated together until melted. After 
a further 20 min a t  100 "C phosphorus oxychloride was 
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removed under reduced pressure ancl the residue was dis- 
tilled to give the title compound (1 5b), b.p. 110 OC/0.05 mmHg 
(short-path distillation), m.p. i l- i3 'C, vlllaX. (Nujol) 1 660, 
1 610, 1 535, 1 465, 1 365, 900, 865, ancl 848 cm-l; G(CDC1,) 
3.33 (3 H ,  s) and 8.03 (4 H ,  s) ; wile 200, 198 (M+')  180, 163, 
and 117 (Found: C ,  48.55; H, 3.75; N, 14.0. C,H,C1N20, 
requires c', 48.4; H, 3.55; S ,  14.17;). 

Preparation of (E)- 1-( 3,4-L)inzetlzoxypl~enyl)-2-p3?v.rcli- 
dinylethsne ( 1 (i) .-Freshly redistilled pyrrolidine (0.54 g) 
was added to 3,4-dinietliosyphenylacetaldehyde (1.36 g) 
and toluene-4-sulphonic acid (10 mg) in dry benzene (50 nil) 
a t  0 "C. The mixture was refluxed overnight (Dean-Stark 
trap) and the benzene removed under reduced pressure to 
leave the crude enamine (16) ; v,,,,,, 1 640, 1 515, 1 420, 1 370, 
1 220-1 260, 1 150, 1025, and 680 ciii-'; G(CDC1,) 1.81- 
2.15 (4 H ,  m ) ,  3.0(i-3.37 (4 H, in), 3.83 ( 3  H, s), 3.88 ( 3  H, 
s),  5.04 (1 13, tl, J 14 Hz), 6.iO (3 H ,  s), and 6.94 (1 H ,  d ,  
J 14 Hz) ;  m/e 233 (Air t*) ,  218, and 151. 

Pvepavation of trans-4 (3,4-Dinaethoxyphenyl)-3-phenyl-5- 
fiyvvolidin-l-yl-2-isoxazoline (1 7)  .-The enamine (16) (1.69 g) 
ant1 dry triethylaniine (1.05 nil) in dry diethyl ether (50 ml) 
were added, with stirring, over 20 niin to a-chlorobenzaldox- 
ime (1.19 g) in dry diethyl ether (50  ml) a t  0 "C. The mix- 
ture was further stirred a t  0 "C for 2 h when water (100 ml) 
was added. The organic phase was washed with water 
(3 x 25 ml), dried (MgSO,), evaporated, and the residue 
chroniatographed on Kieselgel H [ 10 g ; eluant, benzene- 
dichloromethane (1 : l ) ]  t o  give the title compound (17) as a 
white foam. A sample was purified by p.1.c. (Kieselgel 
GF,,, developed in dichloromethane) ; (C.HC1.J 1 530. 
1 465, 1265, 1250, and 910 cin-l; G(CDC1,) 1.6-1.73 (4 H ,  
m) ,  2.43-2.83 (4 H, m) ,  3.7 (6  H, s), 4.1 (1 H ,  d ,  J 2.5 Hz), 
5.12 (1 H,  (1, J 2.5 Hz), 6.5-6.66 (3 H,  in), and 7.03-7.56 
( 5  H ,  in); m/e 352 (&I+*) 350, 281, 253, ancl 218 (Found: C, 
71.55; H, 6.85; N ,  7.95. C21H24N203 requires C, 71.25; H, 

Preparation of 4-( 3,4-~imet~~oxyphenyl)-3-phenylisoxazoIe 
(7c).-The isoxazoline (17) (2.1 g)  in methanol and concen- 
trated hydrochloric acid (1 : 2 v/v; 65 ml) was refluxed for 
90 min under nitrogen. When cold, diethyl ether (50 nil) 
was added and the aqueous phase was neutralized with 
saturated sodium hydrogencarbonate. The aqueous phase 
was extracted with diethyl ether (3 x 50 ml), and the total 
organic phase was washed with saturated sodium hyclrogen- 
carbonate (1 0 ml), dried (MgSO,), and evaporated. Chro- 
matography of the residue on Kieselgel H [lo g ;  eluant, 
dichloromethane-benzene (1 : I ) ]  gave the title compound 
(7c) (1.01 g, G O O / , ) ,  1ii.p. 97.5-98.5 "C (from ethanol); v,,,, 
(Nujol) 1 230 and 810 mi-'; G(CDCl,) 3.42 ( 3  H, s), 3.64 
(3 H ,  s ) ,  6.1 ( I  H ,  m) ,  0.8 (2 H ,  ni), 7.2-7.55 ( 5  H ,  m), and 
8.47 (1 H,  s ) ;  wz/e 281 (i l l i*),  266, 160, 155, and 151 (Found: 
C, 72.5; H,  5.35; N, 4.8. C,,H,,NO,requires C,, 72.6; H, 
5.35; N, 5.0%). 

Preparation (1 f 3- (4-hTitroanilino-4-nitro~henylmethyZ)- 1,4- 
di-( 4-nitrophenyl)-3-phenylasetidzn-2-one ( 13a) .-n-Butyl- 
lithium (1.60h.1, 1.50 nil) was added, with stirring, to 3,4- 
diphenylisoxazole (7a) (552.5 mg) in dry T H F  (20 ml) a t  
-78 "C under nitrogen. Instantly, r?. royal blue solution 
was produced. After 10 min the imine (loa) (682.5 mg) in 
dry T H F  (5 nil) was added as drops, the temperature being 
kept a t  -78 "C. After 2 11 a t  -78 "C. the royal blue d o u r  
had discharged and acetic acid (150 mg) was added to the 
deep red-orange solution. The mixture was allowed to  
warm to room temperature, the solvent was evaporated off, 
and the residue leached with dichloromethane (2 x 25 ml). 

7.0; N, 7 .700) .  

The extract was chromatographed on Kieselgel H (10 g ;  
eluant, dichloroniethane) to  give the title p-lactam (13a) 
(741 mg, 89%) as a bright yellow foam. A sample was 
purified by p.1.c. on Kieselgel GF,,, (6-developments in 
dichloromethane) ; vIwx. (CHC1,) 3 410br, 1 765, 1 600, 1 525, 
1 520, 1 380, 1 350-1 320br, 1 270, 1 115, 900, 860, 840, 
790, 740, and 705 cm-l; G(CDC13-[2HH,]acetone, 9 : 1 v/v), 
5.28 (1 H ,  s), 5.52 (1 H ,  d,  J 8 Hz), 5.9 (1 H, d,  J 8Hz) ,  6.35 
( 2 H , d ,  J,9Hz),6.6-7.1(9H,m),and7.5-7.9(10H,m); 
vM/e Mi' absent, 538, 481, 295, 279, 236, 221, and 162 
(Found: C,  61.5; H, 3.9; N, 12.45. C.&,,N,O# requires 
C, 61.8; H, 3.65; N ,  12.7%). 

Preparation of 3- [ (4-Ethoxycavbonylanilino) - (4-nitro- 
phenyl)methyl]- 1 - (4-ethoxycavbonylphenyl)-4-( 4-nitropheny1)- 
3-phenylazetidin-2-one (13b) .-In the same way the imine 
(lob) gave the title p-lactani (13b) (79%) as a pale yellow 
foam; vlnau. (CH,Cl,) 3 350, 1 755, 1 700, 1 605, 1 525, 1 370, 
1350, 1280, 1270, 1 175, 1 110, 1015, 850, 770, 740, and 
700 cm-l; G(CDC1,) 1.32 (3 HI t, J 7 Hz), 1.38 (3 H, t ,  J 
7 Hz), 4.28 (2 H ,  q, 7 Hz), 4.38 (2 H, q, J 7 Hz), 4.74 (1 H ,  
d, J 9.5 Hz), 4.9 (1 H, d,  J 9.5 Hz),  5.61 (1 H ,  s), 6.12 (2 H, 
(1, J 9 Hz), 7.2 (2 H ,  d, J 9 Hz), 7.3 (3 H, m), 7.4 (4 H ,  m), 
7.64 (4 H I  ni), 7.9 (2 H ,  d,  J 9 Hz), and 8.06 (4 H I  m), m/e 
Mi* absent, 519, 398, 369, 298, 253, and 165 (Found: C, 
67.4; HI 4.95; N, 7.7. C,,H,,N,O, requires C, 67.2; HI 
4.8; N, 7.85%). 

Preparation of 4- (3-MethylphenyZ) -3-[ (3-methylpheny1)- (4- 
nitroaniZino)methyl)]- 1- (4-nitrophenyl) -3-phenylazetidin-2- 
one (13c).-In the same way the imine (10 c) gave the p- 
lactam (13c) (58%) as a pale yellow foam; vmx. (CH,CI,) 
3 400, 1755, 1600, 1520, 1500, 1380, 1320, 1265, 1 180, 
1 110, 895, 850, 835, 790, and 750 ern-'; S(CDC1,) 2.13 (3 H, 
s), 2.27 (3 H, s), 4.83 (1 H, s), 5.03 (1 H,  d,  J 7.5 Hz), 6.0 
(1 H ,  d, J 7.5 Hz), 6.4 (2 H,  d,  J 9 Hz), 6.67 (2 H ,  m), 6.9- 
7.4 (13 H, m), 7.87 (2 H, d ,  J 9 Hz), and 8.04 (2 H, d ,  J 9 
Hz); m/e 598 (Ad+'), 481, 358, 328, 240, and 210 (Found: 
C, 72.25; H, 5.25; N, 9.25. C3,H3,N40, requires C, 72.25; 
H, 5.05; N, 9.35%). 

Preparation of 3-[(4-NitroaniZino)phertylmethyZ]-1-(4- 
nitrophenyZ)-3,4-diPhenyZazetidin-2-one (13d) .-In the same 
way, the title compound (13d) was obtained as a foam 

1 384, 1 328, 1 180, 1 150, 1 112, 1072, 1 030, 1000, 900, 
850, and 830 cm-l; G(CDC1,) 4.97 (1 H,  s), 5.12 (1H , d, .I 
7 Hz), 5.97 (1 H, d, J 7 Hz, NH), 6.35 (2 H, d,  J 9.5 Hz), 
6.8-7.65 (17 H, m), 7.77 (2 HI d, J 9.5 Hz), and 7.93 (2 H, 
d, J 9.5 Hz); mle 570 ( M i ' )  554, 432, 343, 328, 31.5, 297, 
269, 227, 180, 119, and 117 (Found: C ,  71.65; H,  4.7; N, 
9.7. C3rH,,N405 requires C, 71.55; H,  4.6;  N, 9.87;). 

(66%); v,,,. (CHzCl,) 3 410, 1 760, 1 600, 1 520, 1 502, 
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Note added in proof: A most elegant synthesis of ynolates 
from the dimetallation of dibromotnethyl ketones and re- 
arrangement has recently been reported (C. J. Kowalski 
and I<. W. Fields, J. Org. Chew., 1982, 104, 321). 
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