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Abstru A convemcm synthesis ol z-ammo-j&lacfams has been devlsal wlrh IIK aim of preparmg 

dcnvatlvcs and analogs of pcmnllm and ccphalosporm C II h;rs been found Ihal z-audo-blaclam can 

be obramal from the rcacuon of a-ando acid chlonda wllh lmlncs In prcscnu of irlcrhylammc The 

audo group undergoes faclk catalytic rcducrlon IO afTord z-ammo-p-lactams Thc sequenoz of addition 

of the reactants mflucnccs the stereochemlsrry of the azldo-placlam formed The slow addition of 

audoacclyl chloride IO a soluiton of bcnralamhnc and rnclhylammc m mclhylenc chloride favors the 

cts product. while the rrwu srcrcochemlstry IS favored when lrlerhylammc IS added IO a mixture of the 

SchlfT base and aadoacciyl chlonde Prolonged healing m presence of rncrhylamlne did nor result m the 

mterconverston of cis- and franc- I -phenyl-3-aado4ip-n~~rophenyl)-a7rrldln-2-one 

I-Cholcstanyl-3.3-d1merhylaz~udme-2-or~ hat been prcparcd a an analog of the blactam-substtlumd 

slerold alkaloids reported recently 

f3-LACTAMS as a class had been of limited interest until the discovery that penicillin 
possesses this heterocyclic ring system’ as a key feature. Further interest was aroused 
by the finding that the structure of the antibiotic cephalosporin C’ also contains the 
z-amido-&lactam moiety. Recently it was reported* that the major alkaloid of 
Pachysandra tmminolis is a steroidal alkaloid carrying a (5lactam ring. Thus it is 
apparent that p-lactams arc not quite as uncommon in nature as it was considered 
earlier. 

In the course of his studies on the chemistry of ketcnes Staudinger’ discovered 
that ketenes. in particular keto-ketenes react with imines to produce /%lactams. 
The lirst known B_lactam 1.3.3.4-tetraphenyl-2-azetidinone. was prepared from 
diphenylketene and benzylidene aniline.6 

In connection with the total synthesis of penicillin. Sheehan and Ryan’ allowed 
phthaloylglycyl chloride to react with benzylidene aniline and other Schilf bases in 
the presence of triethylamine and obtained IAdisubstituted 3-phthalimido-2- 
azetidinones. These phthalimido l3-lactams could be converted to thecorresponding 
3-amino+lactams by hydrazinolysis. However. this approach is unsuitable for the 

’ For pan IV see A K Rose. M S Manhas and R M Ramer. Tcrruhedrtm 21.449 (1965) and for part 

VII set A K Box and I Kugayvsky. fhid 23.957 (1967) 

* II T Clarke. J R. Johnson and R Robmson Tlu Ckmwrg ojf’entctllrn. PrInceton Umvcrsity Press 

(1949) 

’ I: P Abraham and G. G F Ncwlon. Btockm J 79.377 (IWI) 

’ T Klkuchi and S Uyco. Tehohedron f.ettrrs 3473 (1965). 

’ H. Slaudmger. Dir Kcrrnr Ferdinand Enkc. Sruggarr i 1912) 

’ H Slaudtnga. fA~g.s Ann 356. 51 (1907) 

’ J C Sheehan and J J Ryan. J Am Chem Sot 73. 1X34.4367 (1951) 
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synthesis of penicillin because of the instability of the g-lactam ring in penicillin 
to hydrazine.’ 

The facile conversion of the azido group to the amino function under mild con- 
ditions. such as catalytic hydrogenation. is well known. In view of this, a-azido-P_ 
lactams appeared to us to be desirable intermediates for the synthesis of penicillin 
and cephalosporin C derivatives and analogs. 

Azidoacetyl chloride and its homologs can be conveniently prepared.s We have 
found that the reaction of Schiff bases (I) with azidoacetyl chloride (II) in presence 
of triethylamine in benzene affords two isomeric z-azido+lactams (III and IV). 
The stereochemistry of these isomers was deduced from the size of the vicinal 
coupling of the protons at C, and C,. The relative proportions of the cis (J = 5 45 c’s) 
and trwrs (J = 2.0 2.5 c/s) isomers’ were found to depend on the sequence of 
addition of reactants. 

When a methylene chloride solution of azidoacetyl chloride was added dropwise 
to a solution of benzalaniline and triethylamine in the same solvent at room tem- 
perature or below, cis to rrans ratio of the resulting p-lactam was approximately 3: 1. 
However. when triethylamine was added to a solution of the Schiff base and acid 
chloride. the relative proportions of cis and trwrs isomers were reversed and were 
found to be about 1:3. This indicates that a certain degree of steric control can be 
exercised on the product of this reaction by changing the sequence of addition of 
the reactants. 

The possibility of interconversion of cis- and trans- isomers was examined. Each 
pure isomer of I-phenyl-3-azido4-(gnitrophenyl)azetidin-2-one was dissolvd sep- 
arately in deuterated chloroform to which an exce.ss of triethylamine was added, 

PhbZCti-f’h 

l .- 

CICO-CH*-CN 

PhN=CH-Ph 

O=C--CIf,CN 
1 Cl 

PhNI-&-Ph 

Ii 

VI 

’ A. Bcrrho and J Maw. lielugs Ann 498. 52 (1932) 
’ H B. Kagn. J J Bassclter and J L I.uche. Terruhedron Ltfrrrr 94 I t 1964) 
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These solutions were sealed in NMR tubes and heated in a steam bath for two days. 
Periodic recording of NMR spectra demonstrated the complete stability of both 
isomers under these conditions. In the synthesis of these l34actams. methylene chloride 
was used as a solvent and the reaction temperature did not exceed room temperature. 
Hence. the change in the relative proportion of cis- and trans- plactams discussed 
above must be ascribed to steric control of cyclization rather than equilibration. 

Bijhme et al.” have studied the reaction mechanism of l3-lactam formation using 
cyanoacetyl chloride. According IO these workers the intermediate in this reaction 
is the salt V which undergoes dehydrohalogenation in the presence of triethylamine 
to afford the j34actam VI. 

Another possible pathway is the formation of a ketene intermediate resulting from 
the reaction of acid chloride with triethylamine which subsequently forms a l34actam 
cia cycloaddition with the Schiff base. Since the reaction that we have studied gives 
both isomers irrespective of the sequence of addition of the reagents and the relative 
proportion of the products is dependent upon the reaction conditions. more than 
one reaction pathway may lo operative. It is quite possible that both mechanisms 
arc involved at the same time but at different reaction rates. 

We have extended this synthesis of g-lactams by using substituted azidoacetyl 
chlorides. z-Methyl-. x-ethyl- and x-phenylazidoacetyl chloride were also found IO 

react with Schiff bases to give the corresponding a-substituted z-addo+-lactams 
(Table I). although in smaller yields. Under these reaction conditions the azidoacetyl 
chlorides are converted to nitriles (e.g. z-phenylazidoacetyl chloride affords ben- 
zonilrile’ ‘). 

lmines other than Schiff bases e.g. imidates” also undergo reaction with azido- 
acctyl chloride in the presence of triethylamine to give g-lactams. Thus. ethyl 
N-phenylformimidate (VII) reacted with azidoacetyl chloride in the presence of 
triethylaminc to form the B_lactam VIII. The NMR spectrum of the crude product 
showed the cxclusivc formation of the trots isomer. Since the l3-lactam VIII did not 
lend itself to easy purilication. it was catalytically reduced using Adams catalyst IO 

” tI Bohmc. S EM and K llartke. Chcm Btv 98. 1463 (I%51 

” Slmllar ohvrvatlons have been made by Dr <i Smohnsky of Bell Telephone Labora!ona 

‘I Smcc the completion of rhls phase of our work. the rcacuon of phthalyl glycyl chlonde ulth tmtdalcs 

hs been rep)r~cd by 1. Paul. A Dracger and <i Hdgctag Chrm Be? 99. 1957 (1966) 
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the corresponding amino-I%lactam (IX) which was subsequently converted to the 
crystalline phthalimido blactam (X). The same @lactam X was also prepared by 
reacting phthaloylglycyl chloride with VII in the presence of triethylamine. 

Imines in which the -. &N - moiety is a part of a ring system e.g. in 3.4-di- 
hydroisoquinolines XI. react with azidoacetyl chloride to give fused a-azido-()- 
lactams (XII, XIV) in good yield. The azido-&lactam XII could be catalytically 
reduced to amino g-lactams (XV) and subsequently acylated (XVI) (Table 2). 

This method for the synthesis of z-acylamino-P_lactam has been extended to the 
preparation of some structures closely related to penicillin and cephalosporin C.” 
Further work along these lines is in progress. 

X. R = Ph. R, = R, -. H. R, - h, 

XI. R = p-NO, C,H.. R, = R, - H. R, -. h’, 

XII: R - p-NO*- C,H,. R = R, - OMe. R, - N, 

XIII. R = Ph. R, -. R, = H. R, = NH2 

0 
1 

XIV: R - Ph. R, = R, - H. R, 7 PhCHzCNH 

We have also prepared an analog (XX) of the recently discovered steroidal 
alkaloids.. pachystermine-A (XVII) and pachystermine-g(XVIII). by the cyclization’* 
of the gchloroamide XIX from 3x-aminocholestane. 

XVII : Pachysrermmc A ~ R. C-c) 

XVIII : Pachystermme R. R. CHOti 

” A K Bose and B AnJancyuhi. Chum & fnd. 903 (19661 
” I L Knunyantn E E Rytslm and N P Gamharyan Irrrsf A&ud Nauk. S.S.S R. Utdel Khm Nouk 

1037 (IYSS); M S Manhas and S J Jeng J Ory Chrm JI. 1246 (1963. 
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I:XPERIMENTAL” 

Andoacctyl chlondc and +azJdoproplonyl chlorldc were prepared by 1hc melhod dcscribcd by Bcrtho 

and Malcr 8 

z-Azldopknyl chloridr lb A soln of ?I g z-andophcnylaccuc acid In 30 ml benzene and 18 ml .SOCl, 

was rcfluxcd Ior 3 hr 411cr rcmovmg bcnzcne and 1hc cxccss SOCI, 1he rcstduc was dlsrlllcd The frac1lon 

dlsrtlhng at 9K. 102’ 4 mm (16.8 gl was the 111k compound 

P-Chloropitdyl chloride ‘* A mtxturc of f$-chloroplvahc acid 113 g). SOCl, (Ig g) and benzene (10 ml) 

was srtrrcd for I hr and then rcfluxcd for 2 hr The acid chlondc (94 gl was obramcd by dlstllla1ron as 

the fracrlon b p 88 90’.60 mm 

N-C’holesmnyl Q-chbroptrcl~lomdr A soln of 4 g 3z-ammochola1anc’” In 200 ml benzene and 3 5 g 

P-chloroplvalyl chlondc wcrc rcfluxcd for 4 hr The rcacllon mixlure was washed success~vcly wl1h waler. 

NaHCO,aq and waler The solvenr was removed from Ihc orgamc layer af1cr drying over MgSO, and 

the rcslduc was crysralhrcd from EIOH IO @ye 4 7 g @O”,) of the amide. m p I44 I45 i:z:pl 3 p (NH). 

6 13 p (amide carbonyll IFound: C. 75 77; H. 1097; N. 2.40 Calc for C,,H,,CINO. C. 7591; H. I I-IS; 

X.276) 

1 -~‘holrsfon~/ 3.3-dlmrrh~lo.-rridlnP-2-onr N-Cholcstanyl-B-chloroplvalylamKle (7 gL potassium t-but- 

oxdc (2 5 g) and bcnrenc (Hx) ml) wcrc refluxcd for 3 hr The rcaclton mlxlurc was washcd with waler 

The organic layer dncd over MgSO, Removal of the solvcnr from 1hls soln IC~I a whl1c sold whtch was 

crystallizd from aoctonc to give 3.7 g (57 33 d the blactam m.p. IO1 103’. cd 5.7 )r (B-kctam cllrbonyl). 
(Found C. XI XI ; Ii. I I 50; N. 306 Calc for <:,zH,,NO: <‘. 81 XI, II. I I RO: S. 29g I 

p-Fluoro~n~olm~/tne A mixlure of 6 g aniline and 8 g pfluorobcnzaldehydc was rcfluxcd on a s1cam 

ba1h for I hr Dtstlllarton of 1hc rcacllon mixlure afTordcd I! g of Ihc Schlfl base (b p 140 I45 3 mm) 

(Found (‘. 78 14; ti. 542. N.687 C’alc for C,,H,,FN.C. 7g.37. H. 505. N. 7+33”,,1 

&low arc gtbcn typical procedures for prcpanng blactarns by rhc rcac1lon of a SchllT bases with audo 

acid chlondcs in prcscnct of EI,N The sequence of addt1lon of 1hc acid chlondc and F.r,N IO 1hc .SchtIT 

ba% dcrcrmmcd 1he prcpondcranu of IIK ci~ or the rtuns f%lactams Method .4 afforded rhc CL( l.somcr 

and Mcrhud B y~eldcd the rrunc Isomer as the maJor product 

.%frrhcd A A soln of 2 26 g (10 mmoln) p-m1robcnzalamlmc and I4 ml 110 mmolcsl Fr,S m CIO ml 

dry CH,Cl, was coolcd IO 0 To 1hts was added wtrh sllrnng over a pcnod d 45 mm a soln of I.2 g 

(IO mmolcs) azldoacxryl chloride m .3O ml CIi,CI, The mIxlure was rhcn srtrrcd for I hr a! 0 and an 

addlrlonal I hr at room 1cmp The rcaclton mlx1urc was washed with waler The orgamc laycr wa dncd 

over MgSO, Removal of the solvcn~ aflordcd a brown residue which on crysralhnatlon from alcohol 

give the CIS p-laclam. m p I35 (ylcld 35 “,) 

.%lrfhcd R To a soln of I 3 g (5 mmoks) bcnral-phromoan~lmc and 06 g (5 mmolcsl aadoacclyl 

chlondc In 25 ml dry (‘H,CI, a1 0 wzs added dropwlsc with s1lrnng over a period of 45 mm a soln of 

0 7 ml (5 mmolcsl EI,S In 15 ml (‘ll,CI, This soln was sltrrcd lor 4 hr more and worked up m 1hc usual 

.A11 m ps arc uncorrcctcd IR spccrra were recordal on a Pcrkm-Elmer mfracord The SMR spectra 

were recorded on a Vanan A-&IA spectromcicr and mass spcc~ra werr 1akm on a 21 lO3C CEC mass 
spcclromcrcr T?K mtcroanalysu of ihc compunds reported wcrc performal by A Bcmhardr a1 

Mlkroanalyttscha Laborarorium Irn Max-Plaock Instlrur. MUhelm (Ruhr). Wcs~ Germany 

A Darapsky. I Prokr Chon 99. I79 (1919). 

M S Khansch and H C Brown. J Am Chum Sot 62.925 (1940). 

W R Herflcr and 1. J Corey. J Org Chum 2.3. 1221 11958) 
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way The crude product was chromatographcd over Xl g neutral alumma kn?me elua~cs aflordai 054 g 

(6S”J pure frunc blaclam m p IOX (ErOH) 
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