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Abstract-Reaction of benzylpenilloic acid (1) with N , N ' -  

diphenylethylenediamme ( 2 )  I" mixture of water, acetic acid and toluene 

under reflux yielded 0-penicillamine (4). In a similar way, 4 was also 

obtained from benzyl- and phenoxymethylpenicilloic acid a-amides (6a-f) 
and benzylpenicillin potassium salt (13). The structures of the by- 
products formed in these reactions were also determined. 

0-Penicillamine (4) is clinically used as drugs of cystinuria, Wilson's disease and 

rheumatoid disease.' As a part of our attempts to develop a facile preparative 

route to 4, we previously reported the rrng-cleavage method of thiarolidine in 

benzylpenilloic acld (1) and benzylpenicilloic acid a-amides (6a-d) by using 
arylamines such as anilines, o-phenylenediamine, 1.8-naphthalenediamine and o-amino- 

thiophen~l.~' 

We next focussed on the reaction of 1, 6a-f and with N,N'-diphenylethylenediamine 

(2) instead of arylamines mentioned, because possessing two reactive amino groups 

is also considered to be a useful reagent for nucleophilic fission of thiazolidine 

ring. 

First, we explored the reaction of benzylpenilloic acld (1) with 2. Treatment of 1 

with 1 in a mixture of water, acetic acid and toluene for 6 h under reflux gave o- 

penicillamine (Q) and 2-substituted 1.3-diphenylimidazolidine derivative (5) in 23 

and 22% yields, respectively (-1. 



The reaction pathway for the formation of 4 and 5 can be rationalized as follows: 

the intermediate ( 3 )  is formed through cleavage of C-S bond of thiazolidine i n 1  by 

the nucleophilic attack of one amino group of 2. 

Further nucleophilic attack of the another amino group to N-C-N molety gives rise to 

a formation of i through elimination of 4. 
Next, the reactions of benzylpenicilloic acid a-amldes (6a-d) and phenoxymethyl- 

penicillolc acid a-amides (-1 with 2 were investigated. When 6a-f were treated 
with 2 in the same manner as described for the reaction of 1 with 2, 0-penicillamine 

(4). a-2-anilin~eth~lforman~l~de (11)4 - and amides (8a-f) were obtalned in 42-51, 

47-63 and 63-76% yields, respectively (Chart). The structure of 1_1 was confirmed 

by converting it to 1 . 3 - d i p h e n y l - 2 - i m ~ d a z o l ~ d i n l u m  chloride (2) by cyclizatlon with 

hydrochloric acid according to the literature m e t h ~ d . ~  The results are summarized 

in Table 1. 
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Table 1. Reaction of Amides (-1 with N,N'-Diphenylethylenediamine (21 

Starting Products ( %  yleldl [u1g2  degree of 4 
Material - 4 - 8 - 11 (c=1.0, 1N NaOHl 

6 - 

6 - R 1  R2 

a NHCOCH2ph NHCH2CH2Ph - 
b NHCOCH2Ph NHCH2Ph - 

C NHCOCH2Ph NHPh - 
d NHCOCH2Ph NHCH2CH3 - 
e NHCOCH20Ph NHCH2CH2Ph - 
f NHCOCH20Ph NHCH2Ph - 

Chart 2 - 

- - - 
The mechanism for the formation of 4, 8 and 11 is postulated as shown in Chart 2. 
It seems likely that the reaction takes place in two stages: first, 4 and the 
intermediate (71 are formed by the nucleophilic attack of amlno groups, accompanied - 
with ring flssion of thiaeolidine in 6. Then, C-C bond between 2- and u-position is - 

cleaved by the ~articipation of lone pair of nitrogen atom to give two products. I! 

and the 1 . 3 - d ~ p h e n y l i m i d a z o l i d i n i u m  intermediate ( 9 ) .  Compound 11 was probably 
derived from further addition of hydroxy anmn to the intermediate (91, followed by 

the tetrahedral intermediate6 10 and concomitant r m g  cleavage. - 



As described above, the formation of Q and 8a-f proceeded through two step sequences 
via 6a-f from penicillins. We investigated the same reaction by using two -- 
equivalents of 2,  in the expectation that treatment of penicillin with two 

equivalents of 2 would give 4 through penicillolc acid or-amide (2) as an 

intermediate. Treatment of benz~l~enicillin potassium salt (2) with two 

equivalents of 2 in a mixture of water and acetic acid under reflux for 6 h gave 4, 

11, N-(2-anilinoethy1)-2-phenylacetamidoacetanilide I E )  and a diazepine derivative - 
(15) along with a small amount of ti-(2-anilinoethy1)phenylacetanilide (18) (yield: 

4, 29%; 11, 49%; 17, 47%; 15, 6.5%; 5, 2.8%. respectively) (-3). - 

The mechanism for the formation 4, 2, 15 and 17 is postulated as shown in Chart 3 .  

First, 13 reacts with 1 to cleave the 13-lactam ring and yields a benzylpenicilloic 
acid a-amide intermediate (2). It partly undergoes intramolecular cyclization to 

afford 15, accompanied by the elimination of 4. The intermediate (14) undergoes 
ring fission of thiazolidine by the nucleophilic attack of another molecule of 2 to 
yield the desired 4 and the 2-substituted 1.3-diphenylimidazolidine intermediate 

(5). 
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Compound 17 and the intermediate (2) are formed by C-C bond cleavage between 2- and 

a-position of 16. Compound 2 is formed from the intermediate (10). The minor 

product 18 seems to be fotmed by the reaction of phenylacetyl group in R1 with 2. 

Attempts to prepare Q from & by using aliphatic diamine such as ethylenediamine in 

similar conditions were unsuccessful. 

From the results descr~bed above, it became clear that 2 reacts with'i, 2, and 12 to 
give 4. 

EXPERIMENTAL 

Melting points are uncorrected. Mass spectra (ms) were taken on a Shimazu LKH 9000 

spectrometer, and ir spectra were recorded on a JASCO US-301 spectrometer. 'H Nmr 

and 13c nmr spectra were recorded on a Varian XL-200 instrument. [alD Was 

determined on a JASCO DIP-360 instrument. 

Phenoxymethylpen~cilloic Acid a-Amides 6e and 6f 7 

Phenoxymethylpenicillin potassium salt (7.74 g, 20 -1) was dissolved in water 

(50 ml). To this solution phenethylamine (2.42 g, 20 mmol) was added dropwise with 

stirring at room temperature over 30 min, and then stirring was continued for 5 h. 

The mixture was acidified with 50% phosphoric acid, and the resulting crystals were 

filtered and washed with water. 

Recrystallization from methanol-water (1:l) gave a-phenethylamide (E) as a white 

powder. Yield, 7.3 g (75%). mp 99-10ZDC. 'H Nmr (DMSO-d6) a : 1.18 (3H, s ,  CH3), 

1.53 (3H. s ,  CH31. 2.72 (ZH, t, 5=6 He, -CH2CF12Ph), 3.29 (2H, m, -CF12CH2Ph), 3.57 

(lH, s, H-41, 4.43 ilH, dd, - J=8 and 6 Hz, methine proton), 4.54 (2H, s, -CH20Ph), 
4.89 (1H. d, 3=6 Hz, methine proton), 6.89-7.39 (10H. m, ArH), 8.06 (1H. d, 3=8 Hz, 

NH), 8.25 (1H. t, 3=5 Hz, NH), 12.91 (1H. br s ,  C02H). Signals due to 3-NH are 

concealed in other signals. Ir v KHrcm-l: 1645 (C=O), 2910, 3280 (NH). Ms m/z: 472 max 
+ 

(M +I). Anal. Cacld for C H N 0 S.H20: C, 58.87; H. 5.97; N, 8.58. Found: C, 24 29 3 5 

59.15; H, 6.15; N, 8.64. 

Amide hydrate (6f) was similarly prepared by using benzylamine instead of 
phenethylamine. Yield, 75%, mp 6 5 - 7 1 ~ .  'H Nmr (DMSO-d6) 6 : 1.09 (3H, s ,  CH~), 

2.55 (3H. s, CH3), 3.57 (1H. s, H-4). 4.30 (2H. d, 5=7 Hz, -CH2Ph), 4.50 ( l ~ ,  t, 8 



J=8 Hz, methine proton), 4.57 (ZH, s, -CH2Ph), 4.96 (1H. d, 53 Hz, H-21, 6.94-7.41 - 
(lOH, m, ArH), 8.13 (lH, d, J=8 Hz, NH), 8.67 (lH, t, 3=7 Hz, NH). Slgnals due to 

3-NH and CO H are concealed in other signals. Ir vKBPcm-l: 1645 (C=O), 2910, 3280 
2 max 

(NH). Ms m/z: 458 (~++1). 

Reaction of Benzylpenilloic Acid (1) with 6,N'-Diphenylethylenediamine (2) 

Benzylpenilloic acid hydrate (1) (3.26 g, 10 mmol) and N,Nr-diphenylethylenediamine 

( 2 )  (2.55 g, 12 mmol) were added to a mixture of water (30 ml), acetic acid (60 mg, 

1 mmol) and toluene (20 ml). 

The mixture was heated under reflux with stirring for 6 h under a nitrogen 

atmosphere. After the resulting mixture was allowed to stand at room temperature 

for 2 h, the precipitated product formed was filtered and washed with water, dried 

in vacuo to give the recovered 1 (2.15 g). Then toluene layer was removed from the 

filtrate by decantation, and aqueous layer was washed with two times of 10 ml 

portions of chloroform and evaporated under reduced pressure. The remaining solid 

was washed with methanol to give 0-penicillamine (4) (340 mg, 23%), mp 198-20O0C, 
2 2 

(ljt.9 mp 200-205T). [rr12D5 -62.90" (1N-NaOH, c=l) (lit.9 [ e lD  -61'). The toluene 

layer was washed with water and dried over anhydrous sodium sulfate and evaporated. 

The remaining residue was chromatographed on silica gel (50 g) with hexane-ethyl 

acetate (1:1, v/v) as an eluent. The first fraction of the eluate gave the 

recovered Z (1.50 g). The second fraction eluted with the same solvent gave 2-(1- 

phenylacetylaminomethyl)-1,3-diphyenyllmidazolidine ( 2 )  (830 mg, 22%) as a white 

powder, mp 131-133T (from ether). 'H Nmr (CDC13) d :  3.42 (2H. t, 5=7 Hz, 

-CH2CH2-), 3.48 (2H, s, -CHZPh), 3.50 (2H, t, 5=7 Hz, -CH2CH2-), 3.55 (ZH, q, - J=5 
and 6 Hz, -CH2NH-1, 5.51 (1H. t, 5=5 Hz, H-2). 5.57 (1H. t, 3=6 Hz, NH), 6.66-7.38 

(15H, m, ArH). Ir v E'm-l: 1642 (C=O), 2920, 3300, (NH). Ms m/z: 371 (M+). Anal. 
Calcd for C24H25N30: C, 77.60; H, 6.78; N, 11.31. Found: C, 77.47; H, 6.73; N, 

11.28. 

Typical Procedure for the Reactlon of Penlcilloic Acid a-Amide Hydrate (6a-f) with 

N.6'-Diphenylethylened~amine (2) 

a-Phenethylamide hydrate (La) (4.74 g, 10 mmol) and N,N'-diphenylethylenediamine (2) 
(2.5'5 g, 12 mmol) were added to a mixture of acetic acid (60 mg, 1 mmol) and water 

(30 ml). The mixture was heated under reflux with stirring for 5 h under a nitrogen 

atmosphere. After being cooled, the mixture was extracted with chloroform. Aqueous 
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layer was evaporated under reduced pressure. The remaining solld was washed wlth 

methanol to give o-penicillamine (4) I760 mg, 51%). mp 201-202'C. The organlc 

extract was dried over sodium sulfate and evaporated. The resulting residue was 

chromatographed on silica gel (50 g) with methanol-chloroform (1:99, v/v) as an 

eluent. The first fraction of the eluate gave N-2-anilinoethylformanllide (11) 
11.52 g, 63%) as colorless prlsms, mp 59-60°C (from ether-petroleum ether), (lit. 

4 

mp 65-66'C). The second fractlon of the eluate gave phenaceturic acid a- 

phenethylamide (&) (2.25 g, 76%) as colorless prisms, mp 143-145'C (from methanol- 

petroleum ether), 11it.l~ mp 141-144'C). 

The other amldes (6b-f) were also treated with 2 to give i, 8b-f and 11. The 
results are summarlzed in Table 1. &; mp 172-173T (lit.'' mp 174-176'C), &; mp 

158-160'C llit.12 mp 158-16OSC), E; mp 170-17l0C (lit.13 mp 170-171'C). b-phenoxy- 

acetylglyclne a-phenethylamide ( & ) ;  colorless prlsms, 159-161°C (from ether- 

petroleum ether). 'H Nmr (DMSO-d6) 6 : 2.72 I2H. t, 5=8 Hz, -CH2Ph), 3.30 (ZH, m,, 

-CH2CH2Ph), 3.75 (2H, d, 5=6 H, -NHCg2CO-), 4.54 l2H, s, -CH20Ph), 6.94-7.42 (10H, 

m, ArH), 7.98 (1H. t, 5=6 Hz, NH), 8.27 (lH, t, 5=6 Hz, NH). Ir vKBrCm-l: 1680 
max 

(C=O), 3240 INH). Ms m/z: 313 (~++1). Anal. Cacld for C18H20N203: C, 69.21; H, 6.45; 
N, 8.97. Found: C, 69.35; H, 6.45; N, 8.99. 

N-phenoxyacetylglycine u-benzylamlde Ig): colorless prisms, mp 148-149°C (from 

ether-petroleum ether). 'H Nmr IDMSO-d6) 6 :  3.82 I2H. d, 5=7 Hz, -NHCF12CO), 4.30 

(ZH, d, 5=7 Hz, -NHCH2Ph), 4.54 (ZH, s, -CH20Ph), 6.92-7.40 (10H, m, ArH), 8.34 (lH, 

t, 5=7 HZ, NH), 8.40 (1H. t, <=7 Hz, NH). 

-1 + 
Ir .;:$m : 1670 (C=O), 3280, 3390 (NH). Ms m/z: 299 (M +I). Anal. Cacld for 
C1,HI8N2O3: C, 68.44; H, 6.08; N, 9.39. Found: C, 68.50; H, 6.04; N, 9.39. 

Reaction of Benzylpenicillin potassium Salt (13) with N,N'-~i~hen~lethylenediamine 

(3 

Benzylpenicillin potassium salt (11) (7.44 g, 20 mmol) and N,N'- 

dlphenylethylenedlamine (2) (8.49 g. 40 mmol) were added to a mixture of acetic acid 

(2.40 9. 40 -01) and water (60 ml). The mixture was heated under reflux with 

stirring for 6 h under a nitrogen atmosphere. After bemg cooled, the mlxture was 

extracted wlth chloroform. Aqueous layer was evaporated under reduced pressure and 

the resulting residue was triturated with methanol. The separated crystals were 

collected by filtration, washed with methanol and dried to glve 0-peniclllamine (4)  



(860 mg, 29%), mp 197-198"C, [ u l y  -65.80°. The organic extract was dried over 

sodium sulfate and evaporated. The resulting residue was chromatographed on silica 

gel. Elution with hexane-ethyl acetate (1:l. v/v) gave four fractions; fr. 1: 

starting material 2, 4.8 g, fr. 2: N-(2-anilinoethy1)phenylacetanilide (s) (184 mg, 

2.8%), colorless prisms, mp 93-95°C (from benzene-hexane). 'H Nmr (CDC13) 6 : 3.26 

(2H, t, 3=6 Hz, -CE2CH2-), 3.44 (2H, s ,  -CH2Ph), 3.99 (2H, t, 5=6 Hz, -CH2Cii2-1, 

4.26 (1H. br s ,  NH), 6.48-7.52 (lSH, m, ArH). Ir v KBpcm-l: 1645 (C=O), 3340 (NH). 
max 

Ms m/z 330 (M'). Anal. Cacld for C22H22N20: C, 79.97; H, 6.71; N, 8.48. Found: C, 

80.09; H, 6.73; N, 8.40.,fr. 3: N-2-anilinoethylformanilide (11) (2.51 g, 49%). and 
fr. 4: a mixture of 15 and 17. 
Fr. 4 was rechromatographed with chloroform-methyl isobutyl ketone-acetic acid (6: 

3.5: 0.5, v/v) as an eluent. The first fraction of the eluate gave N-(2- 

anilinoethy1)-2-phenylacetamidoacetanillde (9) (3.63 g, 47%) as colorless prisms. 

mp 91-93'C (ether-petroleum ether). 'H Nmr (CDC13) d : 3.25 (2H. t, 5=5 Hz, 

-CH CH - 1 ,  3.58 (2H, s, -CH2Ph), 3.68 (2H, t, 5=4 Hz, -CFf2NH), 3.95 (2H, t, <=5 Hz, 2 -2 

-Ck12CH2-1, 4.20 (lH, br 5 ,  NH), 6.43 (lH, t, 5=4 Hz, NH). 6.48-7.52 (15H, m, ArH). 

13c Nmr (CDC13, 50.43 MHz) 6 c :  170.7, 169.1, 147.8, 140.0, 134.7, 130.3 (2C), 129.3 

(2C). 129.2 (2C). 129.0, 128.9 (2C). 128.1 (2C). 127.3. 117.4. 112.5 (2'2). 48.9, 

43.5, 42.4, 42.0. Ir u;:>m-': 1670, 1645 (C=O), 3318 (NH). Ms m/z 338 (~++1). 

Anal. Cacld for C24H25N302: C, 74.39; H, 6.50; N, 10.85. Found: C, 74.30; H, 6.45; 

N, 10.78. 

The latter fraction of eluate gave 6,7-dihydro-6H-3-phenylacetylamino-1,5-diazepin- 

2-one (15) (517 mg, 6.5%) as colorless prisms, mp 171-173T (from benzene-hexane). 

'H Nmr (CDC13) 6: 3.64 (2H. s ,  -CH2Ph), 3.99 (4". s ,  -Cg2CH2), 7.38-7.77 (15H. m, 

ArH), 7.88 (1H. s ,  NH), 8.41 (1H. s .  H-4). 13c Nmr (CDC13, 50.3 MHz) sc: 169.3, 

165.1, 146.8, 144.1, 134.9, 134.3, 129.5 (ZC), 129.4 (ZC), 129.3 (ZC), 128.9 (ZC), 

127.2, 126.8, 126.2 (2C). 124.1, 119.8 (2C), 105.8, 53.1. 49.7, 45.0, Ir ~::>m-~: 

1630 (C=O), 3270 (NH). Ms m/z: 398 (~++1). Anal. Cacld for C25H23N302: C, 75.54; H, 
5.83; N, 10.57. Found: C, 75.67; H, 5.82; N, 10.50. 
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