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Communications to the Editor 

Nuclear Analogues of /3-Lactam Antibiotics. 4.1 

Total Synthesis of Bisnorisopenicillins2 from 
Antibacterially Active Monocyclic 
/3-Lactam Precursors 

Sir: 
In the cephalosporin field of ^-lactam antibiotics there 

has been considerable interest in the relationship of the 
substituent at C-3' to antibacterial activity. Various 
studies have indicated that the electronegativity of the C-3' 
substituent might influence the antibacterial activity by 
altering the stability of the /3-lactam bond to nucleophilic 
cleavage.3 For many related cephalosporins [e.g., ceph-
alothin (la) and its ADCA analogue lb] there is an ap-
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la, X = H; Z = OAc 
b, X= H;Z=H 
c, X = OMe; Z = OAc 
d, X = OMe; Z = H 

parent correlation between in vitro activity and the ability 
of the substituent at C-3' to function as a leaving group;3d 

the compound with the better leaving group usually ex
hibits better activity. This trend appears to be more 
pronounced in the cephamycins (7a-methoxyceph-
alosporins) since it has been reported that lc exhibits in 
vitro activity similar to cephalothin (la),4 while its de-
acetoxy analogue Id is virtually inactive.5 The apparent 
beneficial influence of a good leaving group at C-3' on in 
vitro activity of cephalosporins caused us to consider the 
possibility of constructing penicillin nuclear analogues with 
a potential leaving group incorporated directly into the ring 
system. Bisnorisopenicillin I2 is representative of this type 
of nuclear analogue since the sulfur atom is situated such 
that it might be expelled as mercaptide in a manner 
comparable to the vinylogous acetate of cephalosporins II6. 

Based on this premise, we were hopeful that bisnor
isopenicillins I might exhibit the increased antibacterial 
spectrum characteristic of the cephalosporin antibiotics. 
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In this communication we report the total synthesis of 
bisnorisopenicillin and a monocyclic precursor, both of 
which display potent antibacterial action. 

Our synthetic plan was based on the selective cleavage 
of the thioacetate ester in monocycle III to the corre-
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sponding thiol which was expected to cyclize via intra
molecular displacement of halogen (Z) to afford the desired 
3-thia-l-azabicyclo[3.2.0]heptane nucleus IV. The initial 
steps in the preparation of monocylic precursors such as 
III followed our previously reported synthetic approach 
to /3-lactam nuclear analogues.1 

Acid-catalyzed addition7 of benzyl glyoxylate to 2 lb (2 
equiv of boron trifluoride etherate, 3 equiv of 
OHCCOuCHjPh, THF, 22 °C, 1 h) afforded the hydroxy 
iodide 38 as a 1:1 mixture of carboxylate epimers. 
Treatment of this mixture with 1 equiv of thionyl chloride9 

(1 equiv of pyr, THF, -20 °C, 0.5 h) afforded the unstable 
chloro intermediate which was converted in situ 
(KSCOCH3, DMF-THF, -20 °C to room temperature, 1 
h) to the thioacetate 4 [55% from 2: IR (Nujol) 7max 5.63 
(0-lactam), 5.69 (ester), 5.84 (thioacetate), and 6.01 nm 
(amide); NMR (CDCl3-Me2SO-d6) 5 2.37 (s, SAc), 3.77 (s, 
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Table I. Minimum Inhibitory Concentrations (MIC) Expressed in Mg/mL and nmol/mL0 

(1) (2) (3) (4) (oT (6) (7)" {ST" 
Compd S.c.d S.f.e E.c.f E.c J K.p.h S.m.' P.m.1 E.a.k 

6b 3.1(5.5) 50(88) 6.3(11) 12.5(22) 3.1(5.5) 50(88) 50(88) 12.5(22) 
l l b 6.3(7.4) 50(59) 25(30) 25(30) 25(30) 200(236) >200(>236) 25(30) 
Thienylpenicillin0 0.2(0.5) 1.6(3.7) 12.5(29) 12.5(29) 25(58) 50(116) >200 (>464) 25(58) 
Cephalothin(la) 0.1(0.2) 6.3(14) 3.1(7.0) 3.1(7.0) 1.6(3.6) >200 (>453) >200 (>453) 6.3(14) 

a The antibacterial activity expressed in nmol/mL is enclosed in parentheses. The nmol/mL calculation is based on the 
carboxylic acid form of each compound. b Racemic. c R. R. Chauvette et al., J. Am. Chem. Soc, 84, 3401 (1962). d S.a. 
= Staphylococcus aureus SK&F 23390. e S.f. = Streptococcus faecalis HH 34358. f E.c. = Escherichia coli SK&F 1 2140. 
s E.c. = Escherichia coli HH 33779. h K.p. = Klebsiella pneumoniae SK&F 1200. ' S.m. = Serratia marcescens ATCC 
13880. 'P.m. = Proteus morgani 179. k E.a. = Enterobacter aerogenes ATCC 13048. 

thienyl CH2C0), 5.14 and 5.16 (s, C02CH2Ph), 5.99 and 
6.05 (s, C#C02CH2Ph)] which was also a 1:1 mixture of 
carboxylate epimers.10 In an attempt to effect selective 
cleavage of the thioacetate group, monocycle 4 was sub
jected to mild hydrolysis (K2C03, H20-THF, 0 °C to room 
temperature, 1 h) followed by acidification (H3P04) to 
afford a crude reaction mixture which exhibited anti
bacterial activity.11 Isolation and purification revealed that 
the monocyclic acid 512 [75%; IR (Nujol) 7max 5.66 (/?-
lactam), 5.74 (acid), 5.89 (thioacetate), and 6.00 nm 
(amide); NMR (CDCl3-Me2SO-d6) 5 2.43 (s, SAc), 3.78 (s, 
thienyl CH2CO), 5.34 (dd, J =5,9 Hz, C-3' /3-lactam H), 
5.95 and 6.05 (s, CH€02H)], not the bisnorisopenicillins 
8 or 9, was the principal reaction product as well as the 
major antibacterially active component. The predominant 
formation of 5 via selective hydrolysis of the benzyl ester 
in the presence of the thioacetate group was unexpected.13 

The sodium salt (6) of acid 5 could be prepared by a 
standard method (NaHC03, H20, and lyophilization). 

X 0 2 C H 2 P h 

3 

8, R = CH2Ph 
4,X= I;R=CH2Ph 9, R = H 
5, X = I ; R = H 10, R = Na 
6, X = I ; R = N a 11, R = H3N-C6H13 

7, X=Br;R = Na 
The desired cleavage-cyclization reaction was ultimately 

achieved by treatment of 4 with 2 equiv of cyclohexyl-
amine14 (CH2C12, 0 °C, 1 h) to afford the bicyclic ester 8 
as a mixture of carboxylate epimers. The major isomer 
could be purified by fractional crystallization to afford a 
crystalline product [60%; mp 160-161.5 °C; IR (Nujol) y^ 
5.62 (0-lactam), 5.74 (ester), and 6.04 nm (amide); NMR 
(CDC13) 5 3.77 (s, thienyl CH2CO), 4.65 (m, C-5 H), 5.12 
(s, C02CH2Ph), 5.37 (dd, J = 5, 8 Hz, C-6 H), and 5.52 (s, 
CtfC02CH2Ph); m/e (FD) 402 (M+)]. Mild hydrolysis of 
8 [NaHC03-Na2C03 (pH 9.2), H20-THF, 0 °C, I h] 
followed by acidification (H3P04) afforded the highly 
unstable acid 9.15 The sodium salt (10) of acid 9 was found 
to be considerably more stable; however, all attempts to 
purify 10 directly from the hydrolysis reaction mixture 
were unsuccessful. The problem was eventually solved by 
taking advantage of the cyclohexylamine-mediated 

cleavage-cyclization reaction. When the monocyclic salt 
716 was treated with excess cyclohexylamine (CH2C12,0 °C, 
1 h) the bisnorisopenicillin salt 11 was obtained, con
taminated only with excess cyclohexylamine, 2V-cyclo-
hexylacetamide, and sodium bromide. Successive tritu
rations with hexane and ether removed the amine and 
amide impurities. A sample of 11 [95%; IR (Nujol) 7max 
5.66 (/3-lactam), 6.01 (amide), and 6.18 nm (carboxylate)] 
prepared in this manner (containing 1 equiv of sodium 
bromide) was suitable for preliminary antibacterial testing. 

The in vitro activities of 11 and its monocyclic precursor 
6 are compared with those of the corresponding penicillin 
and cephalosporin in Table I. Compounds 617 and 11 
exhibit activity against gram-negative bacteria (organisms 
3-8) which is comparable to that of thienylpenicillin. 
Unfortunately, this trend does not continue against the 
gram-positive bacteria (organisms 1-2), since 6 and 11 are 
substantially less active against Staphylococcus aureus and 
Streptococcus faecalis than either their penicillin or 
cephalosporin counterparts. Since compounds 6 and 11 
are not only racemic but also a mixture of carboxylate 
epimers, it is possible that a single stereoisomer of 6 or 11 
might exhibit in vitro activity which was two to four times 
better than that shown in Table I. 
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la, R = n-C3H, 
b, R = c-C3H5-CH2-
c, R = CH2=CHCH2-
d, R = (CH3)2C=CHCH2-
e, R = C12C=CHCH2-
f, R = CJS-C1CH=CHCH 2 -

compounds were 3.9 and 5.1, respectively, whereas the 
cis-3-chloroallyl analogue If was also a strong antagonist, 
ADso = 0.018. Since the compounds with saturated N-
substituents were equal to or more antagonistic than the 
vinyl analogues, it would appear tha t the spatial ar-
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A series of N-sec- and N-tert-alkylnormorphines was synthesized and evaluated for analgesic potency, antagonist 
activity, and opiate receptor binding. Computer-assisted conformational analysis profiles were utilized to assist 
in the selection of compounds for synthesis and correlation of receptor events with in vivo observations. N-
tert-Alkylnormorphines 5a-c were devoid of agonist activity; however, some sec-alkyl analogues showed interesting 
mixed agonist-antagonist actions. AT-sec-Butyl- and Ar-(a-methyIallyl)normorphine were separated into R and S 
isomers, which exhibited quantitative pharmacological differences. The JV-sec-butyl S isomer 10a showed analgesia 
approximating morphine with nalorphine-like antagonist activity. Preliminary testing indicates only slight evidence 
for physical dependence with this compound. 
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