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showed a strong infrared absorption band, typical of sulfonic 
acids, a t  1033 cm-1; infrared data (cm-1): 695 m, 770 w, 825 w, 
1033 s, 1160 s, 1500 m, 1600 m, 1625 s, 1650 m, 2900 w, 3400 s. 

Aniline-Formaldehyde Copolymer (II).-A solution containing 
8 ml (0.088 mole) of aniline, 400 ml of water, and 3 ml of concen- 
trated HCl was heated to incipient reflux, and 8 ml(O.099 mole) 
of 377, of CHZO solut,ion was added. The solution became turbid, 
and within 60 sec, oily droplets appeared. The mixture was re- 
fluxed for 4 hr, and the hot supernatant liquid was decanted. 
The resin was allowed to solidify, powdered, and washed with 
warm water. The yield of product melting a t  85-120" was 5.5 
g ;  infrared data (em-l): 690 w, 750 m, 815 m, 940 w, 1260 w, 
1310 w, 1520 s, 1620 s, 2850 m, 3000 m, 3330 m. 

Sulfonation of the Aniline-Formaldehyde Copolymer (VII).- 
Two grams of powdered I1 was added with strong agitation to 12 
ml of fuming H2S04. The solution was heated a t  70" for 2.5 hr 
and then added slowly, with caution, to 250 g of crushed ice. 
The acid solution m-as made basic with CaC03 and the precipitated 
CaS04 removed by filtration. The filtrate was then carefully 
treated with sufficient KazC03 to convert the calcium sulfonate 
salt of VI1 to the sodium salt. The precipitated CaCOI was 
filtered off, and the filtrate was evaporated almost to dryness. 
The residue was treated with 10 ml of concentrat,ed HC1, and the 
brown precipitate was collected by filtration and dried under 
vacuum. il 
strong infrared absorption band characteristic of the sulfonic 
acid group appeared a t  1032 cm-'. The infrared spectrum of this 
material was comparable to that of VI1 prepared by the hydrolysis 
of IV;  infrared data (cm-l): 750 w, 830 w, 900 w, 1032 s, 1200 
s, 1300 m, 1490 m, 1595 m, 1660 m, 3000 m, 3400 s. 
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In  view of the p-lactam structure in such biologically 
important compounds as the penicillins and cephalo- 
sporins, it was thought of interest to place this ring 
between para-substituted phenyl and thiazolyl func- 
tions. The latter two occur in 4-aminophenyl (2- 
amino-5-thiazolyl) sulfone (Promizole) and its cyclo- 
propane analog.2 The synthesis of t'hree p-lactams 
(I) is recorded in this note. 

R . + - c H ~ , L - ~ H ,  

I I  
O=C-CH, 

I 

Several  method^^-^ are available for the synthesis of 
6-lactams, but some of them are not very general in 
applicability ; furthermore, the yields are very different 
with the same method for different substituted p- 
lactams. We have chosen the method developed by 
Sheehan and Bose7~* for the synthesis of the 0-lactam 

(1) L. L. Bambas, J .  Am. Chem. Soc., 67, 671 (1945). 
( 2 )  D. G. hlarkees and A. Burger, ib id . ,  70, 3329 (1948). 
(3) H. Staudinger, "Die Ketene," F. Enke, Stuttgart ,  1912. 
(4) H. Staudinger, H. W. Klever, and P. Kober, Ann.,  374, 1 (1910). 
(5) R. Breckpot, Bull. SOC. Chim. Beiges, 32, 412 (1923). 
(6) H. Gilman and M. Speeter, J .  Am. Chem. Soc.. 66, 2255 (1943). 
( 7 )  J .  C. Sheehan and A. K. Bose, ibid. ,  72, 5158 (1950). 
(8) J .  C. Sheehan and A.  K. Bose, ib td . ,  73, 1261 (1951). 
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moiety of compounds of type I. The sequence of re- 
actions used is shown in Chart I. 

These p-lactam derivatives proved to be of little 
biological interest. They were found to be inactive 
when tested in vitro against several species of protozoa 
and against Escherichia coli (at 1 mg/ml). Little 
CKS activity was exhibited in mice. In  preliminary 
enzyme screens Ia was found to be inactive. Diuretic 
activity of I b  was determined in rats dosed a t  5 and 
50 mg/kg intraperitoneallyg; the compound mas 
found to be inactive although it exhibited some toxic- 
ity. Table I summarizes the properties of the coni- 
pounds prepared during this investigation. 

Experimental Section'o 

A typical procedure for the synthesis of compounds of type 
I is described below in the preparation of l-p-chlorophenyl-4- 
(2-aminothiazolyl)-2-azetidinone (Ib) .  

(9) J. E. Baer and K. H. Beyer, Am. J .  Pharm., 133, 5 (1960). 
(10) Infrared spectra were kindly determined b y  Professor A .  K. Bose of 

Stevens Insti tute of Technology, and Dr. I. P. Varshney of Aligarli Unirers- 
ity, India. Melting points and boiling points are uncorrected. 



1 W-l( 14 
!I8 

13-132 
144 
11' 
1%- 1!16 
2' 1 
21.5 

Cr, s t n  
sol\ en t  

Petr ether 
l'ct r ether 

. . .  

. . .  
Ether-petr ether 
Ether-petr et,lier 
Petr ether 
Petr ether 
Benzeiieetlier 
Beiizene-et her 

Petr ether 
I'etr ether 
.lq ethanol 
1';t I l l9  alcoliol 
Benzene 
Elliallol 
Ethanol 
I<thanol 

Diethyl p-Chloroanilinomalonate iITb).--A mixture of 25.5 g 
of p-chloroaniline and 23.9 g of diethvl broniomalonate was 
placed in a 100-nil flask which wan evacuated to a pressure of 
40 inni. The reaction mixture was theu allowed to stand in ail 
oven maintained a t  60-70" for 8 hr. The solid cake was powdered 
and extracted several times with ether. The crude p-chloro- 
anilinomalonate, obtained on the removal of the solvent was 
recrystallized from petroleuni ether (bp 60-8Oo); i t  was ideriti- 
cal with a sample obtained earlier." 

Diethyl Chloro(p-chloroacetanilido)malonate (IIIb).--21 
benzene solution of 5.0 g of diethyl p-chloroanilinomalonate 
was refluxed with 5.0 g of monochloroacetic acid and 2.5 nil of 
PCla for 4-5 hr. The reaction mixture after cooling was washed 
with water a number of times. On removing the solvent from 
the dried benzene solution, 5 5 g of a viscous brown liquid was 
obtained. Evaporative distillation a t  240-245" (15  mni) 
afforded a golden yellow liquid, Argi 5.78 (ester) and 6.00 p 
(amide). 

Anal. Calcd for C,sH&12N05: C, 49.72; H, 4.69; S,  3.86. 
Fourid: C, 49.95; H, 4.91; N, 4.01. 

l-(p-Chlorophenyl)-4,4-dicarbethoxy-2-azetidinone (IVb).- 
To a benzene solution of 5.5 g of diethyl chloro(p-chloroacetani- 
1ido)malonate was added 1.53 g of triethylamine. The reaction 
mixture was left overnight and the precipitate of triethylamine 
hydrochloride was removed by filtration. The benzene solution 
was washed with dilute HC1 and then with water. A viscous 
liquid was obtained (4.0 g) on the removal of the solvent. The 
crude material, when subjected to evaporative distillation, 
yielded a golden yellow liquid, X2:"' 5.68 (p-lactam) and 5.73 p 
(ester). 

Anal. Calcd for C1bHl&lNOs: C, 55.28; €I, 4.91; X. 4.30. 
Found: C, 55.49; H, 5.20; N, 4.45. 

1-( p-Chlorophenyl)-4-carboxy-4-carbethoxy-2-azetidinone 
(Vb).-An alcoholic solution of 1.6 g of KOH was added slowly 
to an alcoholic solution of 8.0 g of l-p-chlorophenyl-4,4-dicarb- 
ethoxy-2-azetidinone. The potassium salt (6.7 g, 78%) separated 
in  2 hr. On the addition of ice-cold HC1 to a solution of the potas- 
sium salt in a minimum quantity of water, an oily layer sepa- 
rated. The oil was taken up in ether and the ethereal solution 
was washed free of mineral acid. The viscous liquid (5.55 g)  
obtained after the removal of the solvent solidified on scratching. 
The crude material was crystallized from an ether-petroleum 
ether mixture. 

Found: C, 51.87; 13, 4.52; N, 4.93. 
.inaZ. Calcd for C13Hl?C1NO~: C, 52.4; H, 4.03; X, 4.71. 

l-(p-Chlorophenyl)-4-carbethoxy-2-azetidinone (\'Ib).--> 
l-p-Chlorophenyl4-carhoxy-4-carbethox;v-2-azetidirioiie k.5.0 R 1 
\vas decarboxylated in the presence of 2 drops of pyridine. I k -  
c'arboxylation started a t  120' aiid was mriiplete at 1.50' withii i  
1 hr. 
sively with dilute SaPCOH solution: dilute HCI, and with water. 
On the removal of the solvent, 3.25 g ( 7 7 . 4 5 )  of a solid w:i- 
obtained which Crystallized froin petroleum ether: the infrarctl 
spectrum showed the presence of a p-lactain ring. 

.InaZ. Calcd for Cl2Hi2CISO3: C, 56.81: 11, 4.76:  K,  5 . 5 2 .  
Found: C, 67.27; H,4,96, S, 5.57. 

l-(p-Chlorophenyl)-4-carboxy-2-acetidinone (VIIb). - To 
it solution c.oiitaining 0.67 g of KOH in 30 nil of alcohol XI> 

gradually added with stirring 3 0 g of nioiioester VII). 'rhc 
mixture was left overniglit. Potassium salt, (2.40 g, 7s' ) 
was obtained on reinoving the solvent. Cold ioiic.eiitr:itetl 
HC1 \vas added to 2.0 g of this salt, in a minirrium o f  vivatcr. 
Thi:: solution was then extracted with ether. Thc etliered 
layer was Tvashed wit11 water. On removing the solwrit :I vi*- 
coli': Ijquid w-as obtained which >cilidified on srratcliiiig ( I .4> 
g). The crude solid ~ a s  crystallized from benzcn-ctlrrr mi\- 
turc. 

.4ncll. Calcd for C ~ o I - 1 8 C l X ~ , ~ :  c:, 58.2:;: 11. 3.37:  N. ti.21. 
Found: C, 53.41; II,3.88; S, 6.38. 

1 -( p-Chlorophenyl)-4-chlorocarbon~l-2-azetidinone (VIIIb). 
A benzene solution of 2.0 g of the monoacid T'IIb vxtd rcfiused 
with 1.4 ml of SOC12 for 4 hr, Excess SOC1, was reniovcti 1)) 
repeated addition and diatillation of beiizrne. 0 1 1  reniord of  
the solvent,, 2.0 g of the acid chloride was obtained. The coni- 
pound could not be obtaine alytically pure: l i o ~ \ - c v ~ r ,  t l i c ,  

acid chloride on hack hydrc 
5.(ic5 (6-lactnni), 5.75 p (ac,Fl cw-boiiyl). 

5.73.  

One gram of the crude acid chloride (VIIIb) vias itdded <lo\vl). 
with shaking to  1.5 g of tliazoiiiethane in ether. The rcavtioii 
mixture was left overiiight. To this reaction niixturt~ \v:t- 
added slowly an  aqueous d u t i o n  of q?yc HBr with d r r i n g  unt i l  
evolution of nitrogen rcaied. The ethereal solution w:~- wndied 
free of acid. Removal of the solvent gave a yellow solid (0 .7  g ) .  
The crude product was recrystallized from ethyl alcohol. The 
preseiice of a B-hctaiii riiig was indicat,ed by the infrared spec- 
trum. 

.lnu/. (hi~d for C~lIII.,L$rCISC)2: c ~ ,  4i.G;: 11. 2.Wi: S ,  
4.B'L. 

1 -( p-Ch1orophenyl)-4-( 2-aminothiazolyl)-2-azetidinone (Ib). 
A r i  :rlc,oliolic wht ion OF (1,' g of thc hroriio kctolie IS11 \\a> 

The material was t,aken up i n  henzeiie aiid washed sui 

gave the parc.iit a d :  

:ltiuL. Calcd for C io~I iC laS02 :  C, 49.34: 11, 'I.%; S ,  
Found: C,48.4S; 11, 3.00; S,  5.81. 
l-(p-Chlorophenyl)-4-bromoaeetyl-2-azetidinone iIXbj. 

Found: C, 44.52,I-I, 3.80, N, 4.iO. 
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refluxed with 0.2 g of thiourea for 1 hr. After removing the 
solvent, the product was taken in small amount of water to 
which dilute ",OH was added. A buff-colored precipitate 
settled (0.15 g). The infrared spectrum of this compound 
showed A,",":"' 3.10 (primary amino group), 5.75 (p-lactam car- 
bonyl), 6.58 (N-H deformation), and 6.12 fi  (C=N bond of 
thiazole ring). 

Anal. Calcd for C1?H1&1N,OS: C, 51.49: H, 3.58; Ih;, 
16.02. 
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Found: C, 51.80; H, 3.60; X', 15.20. 
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The ability of inorphinelike analgesic drugs to pro- 
duce transient lens opacities in mice was reported by 
Weinstock, Stewart, and Butterworth.1-2 Weinstock 
and Stewart3 showed that the opacity was caused by 
deposition of an opaque substance on the lens. This 
substance was inferred by Weinstock4 to be a metabolite 
of the drug formed a t  the lens surface. 

The metabolic fate of meperidine has been reported 
on by Plotnikoff, Elliott, and Way.5 These authors 
observed the presence of nornieperidine (IV) and hy- 
drolyzed meperidine (11) in significant amounts in 
both rats and humans. Hydrolyzed normeperidine 
(V) also appeared to be present. 

We have studied some known and hypothetical 
metabolites of meperidine (1) and are reporting our 
observations concerning lens opacity in mice with these 
compounds. 

Experimental Section 

The compounds which we investigated are listed in Table I 
along with the dosages used. The compounds were adminktered 
subcutaneouJy to  Swiss albino mice (18-25 g of body weight), 
a t  a log dose of l/10 less than the LD;o value. Aqueous solutions 
(1%) of the compounds or their hydrochloride salts were used. 
Ten mice were used in each study and their eyes were examined 
carefully for signs of lenticular opacity using a microscope. 

Results and Discussions 

Of the compounds listed above, only meperidine pro- 
duced significant opacity (8/10 mice were affected). 
The only other compound that gave any effect (2/10 
mice) was meperidine methiodide (VII), but at' a rather 
high dose of 100 mg/kg. If a met'abolite of t'he anal- 

(1) M .  Weinstock, H. C. Stewart, and K. R. Butterworth, Nature. 182, 

(2) M. Weinstock. H. C .  Stewart, and I<. R. Butterworth, Erptl. Eye 

(3)  hl. Weinstock, and 13. C. Stewart, Brit. J. Ophthalmol., 46, 408 11961). 
(4) M. Weinstock, P1i.D. Thesis, London University, 1961. 
(5) K. P. Plotnikoff. H. TV. Elliott, and E. L. \Vay. J .  Pharmacol. EzpLZ. 

1519 (1958). 

Res., 2, 28 (1963). 

Therap., 104, 377 (1952). 

TABLE I 
Dose, 

Compd mg/kg 

chloride (meperidine) ( I )  40.0 
l-lIethgl-4-carbethoxy-4-phenylpiperidine hydro- 

l-Methyl-4-carboxy-4-phenylpiperidinea (11) 100.0 
l-llethyl-4-hydroxymethyl-4-phenylpiperidineb 

( 111 ) 100.0 
CCarbethoxy- 4-phenylpiperidine ( I V )  50.1 
4-Carboxy-4-phenylpiperidinea ( V )  79.4 
4-Hydroxymethyl-4-phenylpiperidine (TI) 15,6 
Meperidine methiodidec (VI I )  100.0 
l-Methyl-4-carbethoxy-4-p-hydroxyphenylpiperi- 

dined (VIII) 79.0 
Q Prepared by alkaline hydrolysis of the corresponding ethyl 

ester. * B. Elpern, J .  Am. Chem. SOC. 76, 281 (1954). Pre- 
pared by treatment of meperidine with ethanolic methyl iodide; 
mp 196-19i.5". Anal. Found: C, 48.9; H, 6.21; I, 33.0. 

Prepared from p-methoxyphenylacetonitrile by the general 
method of F. F. Blicke, J. A. Faust, J. Krapcho, and E. Tsao, J .  
Am. Chem. Soc., 74, 1844 (1952). The hydrochloride melted a t  
208-211'. Anal. Found: C, 60.4; H, 7.47; N, 4.82. 

gesic drug were responsible for the opacity, it mould 
seem reasonable that the metabolite alone should be 
more active than the parent drug. 

These data, although cursory, indicate that the parent 
drug or some other less obvious metabolite is respon- 
sible for the opacity or that  the responsible metabolite 
is only active when formed in the lens itself. 
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The synthesis of labeled phenoxybenzamine was 
undertaken in order to quantitate and otherwise ana- 
lyze the nature of the adrenergic CY receptor. With the 
availability of the labeled compound it  might be pos- 
sible, with a suitable experimental design, to measure 
the m a l l  quantities of phenoxybenzamine which are 
att'ached to receptors. 

A number of synthetic approaches exist for the prepa- 
ration of the p-haloalkylamine class of compounds. 
In general, the methods have relied on the preparation 
first of the N,K-disubstituted amino alcohol and sub- 
sequent replacement of the hydroxyl group with a 
halogen. Recent reviews of this subject have been 
written by Ullyot and Kerwinz and Graham.3 

Since the reaction had to be performed on a semi- 
micro scale, i t  mas desirable to employ the most direct 
method possible with the fewest chances for manipula- 
tive loss or separation problems. The method of 
synthesis chosen4 was that  which had proved success- 

(1) A portion of these results was presented during the  April 1965 meeting 
of the  Federation of -4merican Societies for Experimental Biology, Atlantic 
City, Fi. J. 

(2)  G. E. Ullyot and J. F. Kerwin in "Medicinal Chemistry," Vol. 2, F. F. 
Blicke and C. hl. Suter, Ed., John Wiley and Sons, Ine., New York, h'. Y., 
1956, pp 234-307. 

(3) J. D. P.  Graham in "Progress in Nedicinal Chemistry," Vol. 2, G .  P. 
Ellis and G. U. West, Ed., Butterworth and Co., London, 1962, pp  132-176. 


