7584

(s, thienyl CH,) 2.1 (s, CH3C=0); Amax20 235 (e
10,570), 255 (e 6900 sh).

Table I compares the antimicrobial activity of compound
12a with that of 6(R),7(R)-sodium cephalothin.
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Total Synthesis of 3-Lactam Antibiotics. VIIL.!?
Stereospecific Total Synthesis of
(£)-1-Carbacephalothin!®

Sir:

As part of a program to devise convergent total synthe-
ses of B-lactam analogs in our laboratories,? it was of inter-
est to synthesize the nuclear analogs of the parent cephalos-
porins in which the sulfur atom is suitably substituted by
simple isosteric groups. We now describe the stereospecific
total synthesis of (&)-1-carbacephalothin!® (1), which em-
braces all the characteristic functionalities of cephalothin
(2), except that the cephem sulfur has been replaced by
methylene. Although partially substituted bicyclic analogs
have been synthesized,? there appeared no report to date of
the synthesis of the appropriately functionalized cephalos-
porin analog 1. The crucial synthon 6 was synthesized as
follows. 4-Pentenoyl chloride* reacted with diazomethane in
ether (overnight, dark) to yield quantitatively 1-diazo-5-
hexen-2-one (3): ir (n) 4.72 (=N=N), 6.06 (C=0,
C=C).5 The diazoketone 3 decomposed in glacial acetic
acid (1 hr, 60-70°) yielding the coupling product, 1-ace-
toxy-5-hexen-2-one (4) (90%): nmr 2.17 (s, CHj), 4.67 (s,
CH,), 2.47 (m, CH,CH3), 4.82-6.17 (CH,=CH); ir 5.70
(ester), 6.08 (C=C), 5.74 (C=0). Ketalization of 4 was
accomplished smoothly (3 equiv of ethylene glycol, 10% p-
TsOH by weight of ketone, benzene, 2 hr reflux) to give §

0]
N
S N X
}_1( A -OAc
o)
COOH

1X =CH;
2X =8
X/\/TR
Y

3,X=CHy Y=0 R= CHN,
4,X=CHy Y= 0O;R = CHOAc

5X = CHy Y = <Z:l; R = CH,0Ac
0
6X=0Y = <o:| R = CH,0Ac

(90%): nmr 2.03 (s, CH3), 1.7-2.15 (m, CH,CH>), 3.95 (s,
CH,CH;), 4.0 (s, CH;), 4.8-6.1 (m, CH,=CH); ir 5.7
(ester) 6.06 (C=C). Oxidative scission of the double bond
in § was achieved by cautious addition of 2 equiv of sodium
metaperiodate to a heterogeneous mixture of olefin 5, and
0.06 equiv of osmium tetroxide in ether and water (24-27°,
2.5 hr). The resuiting aldehyde 6 was isolated in 60% yield
after chromatography:® nmr 2.10 (s, CHs), 2.04-2.6 (m,
CH,CH>), 4.0 (s, CH,CH,), 4.03 (s, CH3), 9.73 (t, CHO);
ir 3.66 (CH of aldehyde), 5.7 (ester), 5.79 (C=0).

? 050 0Ac
H,N-_ _-P(OEY), ?
N-__-P(OEt),
COOCH,Ph
: COOCH,Ph
? 8

The aldehyde 6 was condensed (ether, anhydrous magne-
sium sulfate, | hr, room temperature) with the amine 7%2 to
give the unstable Schiff base, benzyl a-(S5-acetoxy-4,4-ethy-
lenedioxypentanaldimino)diethylphosphonoacetate (8):
nmr 1.27 (t, CH3), 2.08 (s, CH3), 3.96 and 4.02 (s,
CH,CH; and CH;), 4.5 (d, HCP, J = 20 Hz), 5.25 (s,
CH,), 7.38 (s, Ph), 7.82 (d, d, HC=N); ir 5.72 (esters),
6.0 (C=N). While other methods failed to produce even
traces of 8-lactam, an addition of an ethereal solution of the
freshly prepared Schiff base 8 to a mixture of 1.5 equiv
each of triethylamine and azidoacetyl chloride” at —78° in
ether and warm-up of the reaction mixture to room temper-
ature overnight resulted in the stereospecific cycloaddition
to  cis- 1-(benzyloxycarbonyldiethylphosphono)methyl-3-
azido-4-(3-ethylenedioxy-4-acetoxy)butyl-2-azetidinone
(9): 30% after chromatography; nmr (100 MHz) 2.08 (s,
CH3), 4.70 (d, N;CH, J = 5.5 Hz), 5.0 (d, HCP, J = 24
Hz), 5.22 (s, CH3), 7.34 (s, Ph); ir 4.70 (N3), 5.62 (B-lac-
tam C=0), 5.69 (esters). Notably, this stereospecificity

Table I. Minimum Inhibitory Concentrations (MIC) Expressed in ug/mi

Staphylococcus Streptococcus Escherichia Salmonella
aureus pyogenes Klebsiella sp. coli Shigella sp. schottmuelleri
Compound 2865 3124 2882 2884 2880 2837
15 1.56 <0.39 6.25 6.25 6.25 3.12
Na cephalothin® <0.39 <0.39 3.12 3.12 3.12 3.12

(6(R),7(R))

o Racemic Na cephalothin has approximately one-half the activity of 6(R),7(R)-sodium cephalothin. s
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(cis cycloaddition) is totally reversed (to transcycloaddi-
tion) if the 4-(3-ethylenedioxy-4-acetoxy)butyl side-chain
in 9 is replaced by the 4-SMe group.!2 Although attempted
selective deketalization of the ketal 9 under various condi-
tions failed, treatment with aqueous 10% sulfuric acid in
glacial acetic acid (8:1, 2 hr, 50°) resulted in deketalization
with concomitant selective ester hydrolysis of the acetate
(not the benzyl ester or phosphonate) affording 89% of cis-
1-(benzyloxycarbonyldiethylphosphono)methyl-3-azido-
4-(3-0x0-4-hydroxy)butyl-2-azetidinone (10): nmr, ketal,
CH,CH,, and acetate CH3 disappeared; ir 2.56 (OH), 4.70
(N3), 5.62 (8-lactam C=0), 5.72-3.80 (C=0 and ester).

X
N; OR
0 R
*
o N. P(OEt), o N » OAc
COOCH,Ph COOR/
12, R = Ng R’ = CH,Ph

=<§:|;R=Ac

33 R =NH; R = H

IO,X =O;R=H 14’R=NHGJH2_ESJ;
ILX = O; R = Ac I
0
RI=CH3

S

15, R = NHOCH, ;

)
(0]
R’ = Na

Acetylation of the ketol 10 (acetyl chloride, pyridine,
methylene chloride, room temperature, overnight) gave the
acetoxy ketone 11 in 82.5% yield: nmr (100 MHz) 2.14 (s,
CH3), 1.25 (m; CH3), 4.13 (m, CH3), 4.63 (s, CHy), 4.73
(d, N;CH, J = 5.5 Hz), 499 (d, HCP, J = 24 Hz), 7.32
and 7.34 (Ph); ir 4.70 (N3), 5.62 (8-lactam C=0), 5.70
(esters). Cyclic olefination of 11 was smoothly effected with
sodium hydride in dry glyme (50°, 1.5 hr) to afford on
chromatography the bicyclic (+)-benzyl 75-azido-1-methy-
lenedethiacephalosporanate (12) (62%): nmr (100 MHz),
1.98 (s, CHj;), 3.72 (m, CCHN), 4.8 and 5.07 (AB q,
CH,0), 4.85 (d, HCN3, J = 5.5 Hz), 5.20 (s, CH3), 7.21
(m, Ph); ir 4.7 (N3), 5.62 (B-lactam C=0), 5.73 (esters),
6.09 (C=C). Simultaneous hydrogenolysis of the benzyl
ester and reduction of azide (10% Pd-C, Hj, aqueous diox-
ane, 0.5 hr, room temperature, 45 psi) in 12 yielded the
zwitterion, (%)-78-amino-1-methylenedethiacephalospora-
nic acid (13): ir (Nujol), 2.94 (NH;, OH), 5.57 (8-lactam

=Q), 5.74 (acid and ester). Acylation of the amino acid
13 with 2-thienylacetyl chloride and sodium bicarbonate in
aqueous acetone at 0° for 1 hr afforded (+)-78-(2-thieny-
)acetamido- 1-methylenedethiacephalosporanic acid (1),
80% overall yield from the azido benzyl ester 12 (nmr (ace-
tone-dg) 2.03 (s, CHs), 3.89 (s, CH;), 5.50 (dd,
NCHC=O0, J = 5.5 Hz, J = 9 Hz), 4.8 and 5.07 (AB q,
CH;0), 8.00 (d, NH, J = 9 Hz); ir 5.7 (B-lactam C=0),
5.8 (acid and ester); m/e 318 (M* — AcOH)), which was
further identified as the methyl ester (diazomethane, ethyl
acetate, ether) 14 (nmr 2.05 (s, CH3), 3.8 (s, CH; and
CH,), 4.8 and 5.16 (AB q, CH3), 5.4 (dd, NCHC=0, J =
5.5 Hz, J = 9 Hz), 6.45 (d, NH, J = 9 Hz); m/e 392
(M™)). The sodium salt 15 of the acid 1 was prepared by
adding equimolar sodium bicarbonate to the acid 1 in
water: nmr (D;0) 2.07 (s, CH3), 3.9 (s, CH,C=0), 5.28
(d, NCHC=0, J = 5 Hz), 4.63 and 4.9 (AB q, CHy); ir
(Nujol) 5.67 (B-lactam C=0), 5.73 (ester), 5.98

7585

(NHC=0), 6.22 (COO™); uv Amaxti2C 238 (¢ 12,800), 255
(e 10,440).8 Table I compares the antimicrobial activity of
compound 15 with that of 6(R),7(R )-sodium cephalothin.
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Decamethoxonium, an Alkylating Analog of
Decamethonium
Sir:

Decamethonium (decamethylenebis (trimethylammon-
ium) (I)) binds tightly but reversibly to acetylcholinester-
ase. In the case of enzyme from the electric eel, the value of
the dissociation constant of I is 3 X 108 Af at low ionic
strength.! Decamethoxonium (decamethylenebis(dimeth-
yloxonium) (II)) is structurally similar to I, and the trial-
kyloxonium group is a highly reactive alkylating function.?
Consequently, we expected that IT might be an active-site-
directed alkylating agent for acetylcholinesterase. This re-
port describes the synthesis of II and its effect on the ester-
ase, as well as preliminary results with another protein, ace-
tylcholine receptor.

(CH,);N(CH,) (N(CHy);  (CHy),O(CH,);,O(CHy),
I 1

1,10-Dimethoxydecane was prepared from 1,10-dibromo-
decane (Aldrich Chemical Co.) by refluxing the dibromo
compound with a slight excess of sodium methoxide in
methanol for 24 hr. After evaporation of the methanol and
addition of water to the residue, the product was extracted
into ether and purified by distillation at reduced pressure. I1
was prepared from 1,10-dimethoxydecane by alkylation
with methyl iodide in the presence of silver hexafluorophos-
phate, after the procedure of Meerwein.3* 1,10-Dimethoxy-
decane (3.0 ml) and, immediately afterwards, methyl iodide
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