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STUDIES ON LACTAMS-VII’ 

A NEW SYNTHESIS OF /?-AMINO+LACTAMS 

Stevens Institute of Technology, Dqmmmt of -try and - 
Engineaing. Hoboken, New Jersey 

(Rec&xd In U.S.A. 6 June 1966; accxp~cdforpublicorion 19 July 1966) 

AMnet-A synthesis of &amino-&lactams has been achieved by the cycleaddition of diphcnyl- 
kc!cnc and N.N,N’-trisubstituted amidines. Since these /?-lsctams undergo facile d-position in 
prcwxx of a trace of moisture, their puri&ation proved very dif&ult. However, it was possible 
lo isolate four uyrtallinc &amino-B_lactams. The hydrolysb of 3,3dipbenyl4amino-2-azctidinoncs 
proaeds along a different path from that of 3,3dialkyl-%amino-2 azctidinoncs. A mechanism 
involving the formation of a carbanion on carbon 3 stabilized by two pbenyl groups is suggested. 

THE discovery that the antibiotics penicillin and cephalosporin C contain the a- 
amide-B_lactam unit has led to an interest in the synthesis of substituted amino-& 
lactams. Two groups of workers’*” announced recently the same method for the 
synthesis of p-amino+lactams. The reaction**” of phenyl isocyanatc with j&/3- 
disubstituted enamines (1) was shown to produce substituted 4-amino-2-azetidinones 
(II) which were unstable to moisture and readily decomposed to give a-formyl- 
acetanilide derivatives (III). 
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An examination of the B_amino+lactam structure reveals that it could possibly 
arise from the cycloaddition of a ketene and an amidinc such as IV. The reaction of 
ketenes with several types of compounds containing the imino group, as for example, 
the oximinc-ether V, the phenylhydrazone VI and the imido chloride VII, has been 
previously investigated in other laboratories. It was reportetiJ that V, VI, and VII 
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do not react with ketenes to form B_lactams. The imido thioester VIII, however, 
reacted with dimethylketene to give the corresponding /?-lactam.e That the presence 
of sulfur substituent on the carbon of the imino group does not prevent /3-lactam 
formation was furtherdemonstrated by the synthesis of fused /?-lactams from ketenes and 
thiazolidines.7.8 The reaction of ketenes with amidines appears not to have been 
explored previously. 

The standard method for the preparation of trisubstituted amidines involves the 
reaction of disubstituted amides with primary amines in presence of phosphorus 
oxychloride.’ We found this method to be satisfactory. For the reaction with 
amidines, we chose diphcnykttene since it is readily obtained and was found by 
Staudingefl to be one of the most reactive ketenes for the preparation of B_lactams. 

Diphenylketent (x) prepared by dehydrohalogenation of diphenylacetyl chloride,1o 
was added at room temperature to an ether solution of N,Ndimethyl-N’-phenyl- 
formamidine. The reaction product showed an absorption band at 5-67 p which 
indicated the formation of the /?-lactam but the oily product could not be puritied. 
The attempted purification by column chromatography yielded a crystalline, colorless 
solid which was identified as diphenylacetanilide by comparison with an authentic 
sample. 

The reaction of diphenylketene (X) with 4-(N-phenylformimidoyl)-morpholine 
(IX) resulted in the formation of crystalline 1.3.3~triphenyl4morpholinoazetidinonc 
(XI), m.p. 1141 IS”, which was obtained in about 45 % yield; the infrared spectrum 
of XI showed absorption at 5.72 ~1. The NMR spectrum of XI displayed signals at 
T 2.24-2.94 corresponding to 15 aromatic protons; a singlet at T 4.56 representing 
the hydrogen on carbon-4; a triplet centered at T 6.63 corresponding to 4 protons 
on carbons adjacent to the oxygen, and a triplet at T 7.39 corresponding to 4 protons 
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* R. H. Holky and A. D. Holley, J. Amer. Chem. Sot. 73.3172 (1951). 
’ H. T. Clarke, J. R. Johnson and R. Robinson, 7%~ Clumfsfry of Pen&i/fin. Princeton University 

RUY (1949). 
’ J. C. Sheehan and E. J. Comy, Oganic Jkactbtu 9,388 (1957). 
l Houbtn-Weyl, Methmikn der Orgrrnirchrn Chew& Band M/2; p. 6% Georg Thiaw VeLg. 

Stuttgart (1958); J. van Braunn, Brr. Dlch. Chem. Gu. 37,2678 (1904). 
I* H. Staudingcr. Ber. Dtxh. C/tern. Gcs. 44, 1619 (1911). 
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on carbons adjacent to the nitrogen in the morpholine moiety. The mass spectrum 
of XI does not exhibit a molecular ion peak but shows pealrs at m/e 194, 190, 119, 
and 265 corresponding to fragments resulting from the cleavage u and b of the 
B_lactam XI. The presence of fragments C and D is consistent only with structure 
XI for the product of the reaction of amidine IX with diphenylketene. 
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XVI, XVIII, and XX) was attempted. It was possible to prepare analytically pure 
samples of /I-lactams XIX and XXI. A sample of B_lactam XVII, m.p. 101109”. 
appeared to be quite pure from the NMR and IR spectra; attempts at further pm-&x- 
tion led to decomposition. IR spectral evidence (57 p) indicated the formation of 
two other /I-amino+Iactams (XIII and XV) but neither of them could be isolated as 
pure compounds. 
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The B_lactams XI, XVII, XIX and XXI as other B_amino$-lactamss** are very 
sensitive to moisture. The presence of a trace of moisture in the air or in the solvent 
from which XI, XVII, XIX, and XXI were crystailixed causes the opening of the 
ring and makes the purification of @mine-@ctams very difficult. It is interesting 
that the mode of decomposition of 3,3diphenyl4amino2-axetidinones XI, XVII, 
XIX, and XXI is different from that of 3,3dialkyLsubstituted B_lactams.a*a We 
have not detected the presence of the amido aldehyde XXII. Diphenylacetanilide 
(XXIII) was a product of decomposition of @-la&am XI and XVII. 2,2-Diphenyl- 
pnitroacetanilidell (XXIV) and 2,2diphenyl-p-acetanisididel* (XXV) were the de- 
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composition products of #?-lactams XIX and XXI, respectively. The density of XXIV 
and XXV was established by the comparison with authentic samples prepared by 
conventional methods. 

The mode of decomposition of B_lactams XI, XVII, XIX, and XXI by the rupture 
of the bond between carbon-3 and carbon-4 may be explained by the formation of a 
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)I 1. WolitMi. D. Bwa. E. CzerwirUa-Fejgin and W. Zamlyllski, Chem. Ad. (Warsaw) 4, 989 
(1959); Chem. Abstr. 54, 17158b (1960). 

I* C. L. Stevens and G. H. Singhal, /. Oqg. Gem. 29, 34 (1964). 
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transient carbanion on carbon-3. Such a carbanion is stabilized by a carbonyl and 
two phenyl groups. A possible mechanism is illustrated by the decomposition of 
l+-nitrophenyl)-3,3diphenyl4piperidino-2-azetidinone (XIX). This mechanism is 
consistent with the observation that N-formylpiperidine (XXVI) can be isolated along 
with the amide XXIV as the decomposition products of XIX. 

The reaction of amidines with diphenylketene to give 4amino-2-azetidinones 
appears to be general for N,N,N’-trisubstituted amidines. As to be expected, the 
addition of diphenylketene to a disubstituted amidine (viz. XXVII) led only to an 
amide (XXVII I). 
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EXPERIMENTAL 

A Perkin-Elmer Infracord was used for routing IR willurcme nt. ThcIRJpectraofncwcom- 
pounds were recorded on a Perkin-Elmer Model 21 spaztrophotometcr. The NMR spectra were 
obtained with a Varian DPdO spectrometer operating at 56.4 MC or a Varian A-6OA spcotrometcr 
operating at 60 MC. TMS served as the internal standard. Broad or complex spectra in the aromatic 
region arc reported as a range. the signals are designated as c. Singlet peaks are designated as s, 
doublets as d, triplets as I, and multiplcts as m. The mass spectra were obtained with a Consolidated 
Ekctrodynamic Corporation mass spectrometer Mdel No. 21-103C using an all-glass inkt system. 
The mps, obtained on a Fisher-Johns m.p. apparatus arc uncorrected. Analytical determinations 
were performed by Alfred Bcmhardt Microanalytischu Laboratorium, Max Planck Institute, 
Mulheim, West Germany, and by Schwarzkopf Microanalytical Laboratory. Woods& 77, New York. 

The preparation of diphcnylkctcnc and the reactions of diphenylketcnc with amidincs were 
carried out in N atrn. 

Diphmylaceryl chloride.” A mixture of 42.4 g (0.2 mole) diphenylacetic acid and 35.6 g (a3 mole) 
Socl, was heated under rcflux on a steam bath for 1 hr. The CXCCJS SOCl, was ranovcd under 
vacuum. Crystallization from pet. ether yielded 36.5 g (79”/@ product m.p. 55-57”. 

Diphenylkerene (X).** To a soln of 2.3 g (O+Ol mok) diphcnylaatyl chloride in 25 ml anhydrous 
ether, an ether soln (10 ml) of 1.4 g (0.01 mok) tripropylaminc was added dropwise. Tripropylamine 
hydrochloride prccipitated as a white solid. The reaction mixture was stored in a tightly stoppcrcd 
tlask overnight in a refrigerator; then it was filtered to obtain a dilute soln. of diphcnylkctene. 

Reaction of diphmylketetu with N.N-dinurhyf-N’-phcnyl-forrrwuni 

(a) Phenylbcnzoyldiazomc thanc” (050 g. 2.25 mmolc) and N.Ndinuthyl-N’-phcnylformarnidine 
(0.33 g-2.25 mmolc) were dissolved in 25 ml dry hcxane and irradiated” with uv light for 48 hr. The 
samples were withdrawn after 4,11,27,34. and 45 hr. for IR studies. The absorption band at 4.88 p 
gradually disappeared and the band at 5.67 p became stronger. After the irradiation was compktcd, 
the solvent was rcmovcd by evaporation. Tbc IR spectrum of the oily residue did not show absorption 
at 5.67 p which indicated that the /I-lactam was dazomposed. 

To a stirred soln of 1.5 g (091 mole) N.N,-dimethyl-N’-phcnylformamt ‘dine in 50 ml of 
anhydrous ether. M ether soln of diphcnylketcnc was added over a period of 1 hr. After the addition 
was compktc. the reaction mixture was filtered. The IR spectrum of the filtrate showed absorption 
bands at 5.67 14 and 6.10 p (unreactcd amidinc) TLC (carried out on silica gel plate using 30% 
AcOEthcxanc as developing solvent) indicated the prcscnce of 3 components in the reaction mixture. 
Column chromatography was also attempted. Florisil was used as the adsorbent, clution was done 
with hexanc and then with bcxar~+AcOEt solns in ratios of 19:1,9:1, 4:1, 3:l. 1:l. and finally with 

I’ C. D. Ncnitxcscu and E. Salomonica, Organic Syn. 15, 62 (1935). 
I4 W. Kinnsc and L. Homer. &r. Dtrch. Chrm. Cm. 89.2759 (1956). 

?8 



962 A. K. Bose and 1. KUGAJEWCY 

pure AcOEt. A aystallinc material (@7 g), m.p. 175-177”. was elutcd by the 9:1 luxan+AcOEt soln. 
Recrystallization from AcOEr-bexanc yielded a colorks solid, m.p 176-17”. cizl 6G p; MW 
(mass spectrum) 287. A mixture m.p. with authentic XXIII and the comparison of IR spectra 
indicated this material to bc diphcnylaatanilide. 

Reacrlon of dlpAcnylkrrcne with atnkiine XVI. To a stirred soln of 3.5 g (0315 mole) amidine? 
(XVI) in 200 ml pet. ether, the soln of diphmylkctcne (prepared in pctr. ether from 3.4 g-1 5 mole 
diphcnyl-aatyl chloride) was added dropwise within 2 hr. The stirring was continti for additional 
14 hr during which period a white solid precipitated. The reaction mixture was stored overnight in a 
rcfrigcrator and XVLI was removed by filtration as a solid (4.45 g-797& mp 108-108”; r”,“i’.“* 5.72 p 
NMR (CD&l) T: 2.22-2*% (c. 1 SH); 4.54 (J. 1 H); 7.42 (m. 4H); 8.73 (m. 6H). During crystalliz+ 
tion the &lactam XVII wan decomposed. 

Rcacrlon ofdiphenyfkcfcne with midine XII und XIV. Reaction of diphcnylketcnc with XII and 
XIV WEU carr~cd out in a manner similar to that dscribed previously for N.Ndimcthyl-N’phcnyl- 
formamidine (B). The reaction products were viscow liquids, I&$.“’ 5.7 p. 

I ,3,3-Triphenyl4morpholino-2-azetidinone (XI). Diphcnylketcnc was prepared from 11.5 g 
(0.05 mole) diphenylacttyl chloride and 5.5 g (045 mole) tripropylaminc as described. To a stirred 
soln of 10.4 g (0055 mole) IX“ in 125 ml ether, the ether soln of diphenylkctcnc was added dropwise 
over a period of 2 hr. The stirring was then continued for an additional 14 hr. The reaction mixture 
was filtered and left to stand overnight in the cold when a white solid precipitated. After filtration 
and crystallization from ether the product was obtained as a colorksl solid, m.p. 114-l 15”; yield 
8.5 g (47.9%) (in a second identical procedure. the /Uactam was obtained in 44.2% yield.) Rc- 
crystallization from A&Et-pet. ether did not change the m.p. of the product i.:,“; 5.73 ; NMR 
(CDCl3.r: 2*t1-294 (c, 1SH); 4.56 (J. IH); 6.63 (I, 4H); 7.42 (m, 4li); M~u spectrum: prom- 
inent peaks (m/e. intensity BS % of most intense @): 266, 114 265, 63.8; 205. 114; 206, 
45; 194. 13.2; 190, 11.0; 189. 6.8; 180, 16; 179. 12.0; 178. 15.3; 166, 18.2; 165, 42.2; 152. 
5.2; 151,3@; 139.4.8; 132,5*2; 13Q9.2; 120.84; 119,loO.O; 115.84; 105.5.8; 104.16.0; 103. 
11.8; 102.5,12*2; 102,16.5; 93,922; 92.64; 91,640; 90.6a; 89.9.2; 88,S.O; 87.49; 86.6.0; 
85, Sa; 83, 5.2; 82+5,9.2; 82.62; 78,60; 77.31.2; 70.10.2; 69, 5.5; 68, 5.0. (Found: C, 78.37; 
H, 6.43; N, 7.24. Cald. for CJi,,N,O,: C, 78.10; H, 629; N. 7.29x.) 

I-[(N-pNfrro@enyC) firmfm&yl] piprridinr XVIII. To a hcatcd soln of 12.4 g (011 mole) N- 
formylpiperidine and 13.8 g (@l mole)pnitroanilinc in benzene, 16.8 g (@ll mole) PUCl, was added 
with caution. The mixture was refluxcd on a steam bath for 4 hr. After cooling, the solid amidine 
hydrochloride was separated by filtration. washed with ether and dissolved in a 20% NaOHaq. 
The alkaline soln was extracted several times with ether until the ether extract was colorless. Tbc 
combined ether extract was washed with water and dried over MgSO,. The ether was removed on a 
rotory evaporator and the solid residue was crystallized from EtOH giving yellow aystals. m.p. 
80-82”, yield: 15.0 g (68.7 %). An analytical sample obtained by several rcuystallizatioru from EtOH 
melted at 8142”. j&t.“’ 6.15 JJ NMR (CDClJ, t: 194 (d, I - 9 c/s 2H); 3.07 (d, I - 9 C/S 2H); 
2.41 (5. 1H); 649 (broad, 4H); 8.34 (broad 6Ii). (Found: C, 61.82; H, 6.19; N, 17.86. Cak. for 
C,,HI,NIO,: C, 61.78; H, 6.48; N. 18.02%.) 

l-(pNlrrophPnyl)-3,3_diplunylQpipcridino (XIX). The solid product (75 % yield) 
obtained from diphcnylkctcne and XVIII using the same prdure as for XI was crystalli& several 
times from mcthykne chloridbhcxane at room temp. An analytically pure sample, m.p. 91-92”. 
Jp!.“’ 5.72 /I; NMR (CDCl,). t: 1.85 (d, I -a 9 c/s. 2H); 2.27-276 (c. 1OH); 4.41 (J, IH); 7.51 
(broad, 4H); 8.71 (broad. 6H). (Found: C. 72.65; H. 617; N, lm. Cak. for C&HUOINI: 
C, 7345; H. 5.90; N, 9.830/,) 

l-(pMerlroxypheny~3.3-Dlphn?ylQmorp~f~2~zeI~~~s XXI. The procedure for the 
preparation of XXI was that uxd for &lactam IX. Starting from 3.3 g (OGll3 mole) of XXIV, 3.6 g 
(61%) raw product was obtained. Several aystallizations at room tanp from mcthykne chloridc- 
hexane yielded a colorless. crystalline, analytically pure sample. m.p. 94-95”. ei’ 5.74 P; NMR 

(CDCU 7: 264-343 (c, 15H); 3.49 (J, 4H); 637 (complex, 7H); 659 (I, 4Ii). Mass spectrum: 
prominent peaks (m/e, intensity as % of most intense peaks): 341.3-S; 296,1.25; 210.2.0; 194,34.2; 
167.48.5; 166, 100.0; 165,94); 164.8.2; 150,8.5; 149.93.0; 139. 12.0: 34.525; 126.3.0; 121, 
6.0; 115, 8.0; 113, 5.0; 106. 7.0; 91, 35; 90,4+; 88. 5.5; 87, IIQ; 86.7.5; 83. 16.5; 82, 31.0; 

u A. Larizra, G. Brancaccio and G. Letticri, J. Og. C’hcm. 29.3697 (196)). 
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81, 195; 80, 74; 79. 35; 78, 35. (Found: C. 78.09; H, 6.29; N, 587. Calc. for C,,H,,N,O,: 
C, 78.34; H, 6.16; N, 571%) 

Rractbn of dt@enyIketcne with N.N’-dtphcnyl-ocet~ (XKVII). A soln of diphcnylketcnc 
(prepared from 2.3 g. 01 mok diphenylacetyl chloride) was added to an etheral soln of 2.1 g 
(041 mok) N.N’diphcnyl-ac+tamidine. The reaction of mixture was left to stand overnight and 
filtered; the ether was removed on a rotary evaporator. A solid residue (3.2 g) was purihed by 
several crystallizations from EtOH; m.p. 106107”; Gt.“’ 69/1 ; NMR (CDCl,) Z: 347 (aromatic, 
2OH); 4.93 (s. 1H); 892 (s. 3H). (Found: C. 82.77; H. 599; N, 7.36. C&z fo&H,,N,O: C. 
83.14; H. 5.98; N. 6.93 %.) 

Note uddcd &I proo/-After the present work was submitted for publication, we became aware that 
Opitz and Koch (J. Koch, !Sc.D. Thesis, Ebcrhard-Karls-UnivcrsitAt zu Tubingen, 1%5) have studied 
the reaction of dimethyl ketcne with some amidincs. The reaction products were not isolated but 
allowed to react with 2&dinitrophenylhydrazinc. The derivatives so obtained indicated that /.I- 
amino-B_lactams must have been formed in the reaction between the ketenc and the amidincs. 
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