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The synthesis of 3-ethy1-8-methy1-1,3,8-triazabicyc1o [4,4,0] decan-2-one possessing high microfilaricidal ac- 
tivity is reported. 

I n  earlier studies of this series, the syntheses of certain 
o p e n - ~ h a i n ~ ~ ~  and cyclic4-* analogs of diethylcarbam- 
azine (I) were described, but none of these compds 
possessed significant antifilarial activity. This com- 
munication describes the synthesis and antifilarial 
activity of 3-ethyl-8-methyl-l,3,S-triazabicyclo [4.4.0]- 
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Chemistry.-Condensation of dimethyl aspartateg 
n.ith benzyloxycarbonylsarcosinelO using DCI  gave 
dimethyl benzyloxycarbonylsarcosylaspartate (111). 
Removal of the benzyloxycarbonyl group from I11 by 
catalytic hydrogenation or by treatment with HBr- 
AcOH followed by cyclization, effected either by 
heating in abs EtOH or by storage over P,Oj in vacuo 
for 45 hr, gave methyl 2-( l-methyl-2,5-dioxopiperazin- 
3-y1)acetate (IV). When heated with EtXH? in a 
sealed tube for 36 hr, IV yielded N-ethyl-2-(l-methyl- 
2,5-dioxopiperazin-3-yl)acetamide (V), which on re- 
duction with LAH gave l-methyl-3-(2-ethylamino)- 
ethylpiperasine (VI). When VI was condensed wit,h 
ClCOOEt a t  pH 3-3.5, the monocarbamate VI1 was 
obtained. The same reaction gave a dicarbamate 
(VIII) when treatment with ClCOOEt was carried out 
in the presence of XaOEt or Et3N. Cyclization of the 
monocarbaniate VI1 to  3-ethyl-8-methyl-l,3,5-triasabi- 
cyclo [4.4.0]decan-2-one (11) could not be achieved by 
heating. This was eventually effected by treatment 
of VI1 with NaOEt (Scheme I) .  

Biological Activity.-11, \{,hen tested for its anti- 
filarial act’ivity in cotton rats infected with Litornosoides 
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carini i ,  showed a high microfilaricidal activity. In  
this test I1 is about 5 times more effective than di- 
ethylcarbamazine. It is equally effective by both ip 
and oral routes of administration. The NED and 
LD50 results have clearly shown that the safety margin 
of I1 is higher than diethylcarbamazine. I ts  activity 
persists much longer than that of this drug.” 

When tested against Hymenolepis  nana in mice and 
Nippostronyylus  brasiliences in rats by the technique of 
S t e ~ a r d ~ ~ , ~ ~  and Chandlerella hawk ing i  in crows by the 
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Figure 1.-Interatomic distances in 3-ethyl-d-methyl-l13,X-tri- 
azabicyclo [4.4.0] decan-2-one. 

method of Chatterjee and Sen,14 I1 showed no activity 
but was effective in clearing about 40% of worms in 
fowls experimentally infected u-ith Ascaridia galli at :in 
oral dose of 250 mg/kg. 

11, like diethylcarbamazine, inhibited the passive 
cutaneous anaphylactic response, and also showed sig- 
nificant antiinflammatory activity \\ hen tested in rata 
according to Winter, et a1.l5 At a dose of 28 mg/Iig po 
i t  caused 3070 inhibition of carrageenin-induced edema 
as compared to 31% inhibition by 25 mg/kg of phenyl- 
butazone. 

Kone of the open-chain analogs of diethylcarbama- 
zine described earlier showed antifilarial activity. 
This and the fact that  the corresponding homopiper- 
azine analog was about 0.5 as active uould suggeet 
that ,  in addition to functionality of the three S, the 
geometry of the molecule and the resulting K-S dis- 
tance are of great importance in determining the nc- 
tivity of diethylcarbamazine and its analogs. The di- 
ethylcarbamoyl side chain of diethylcarbamazine can 
assume different conformations. The fact that  analog 
I1 in which one of the E t  groups forms part of a ring 
has the full profile of biological activity of diethylcar- 
bamazine would suggest that the preferred conformation 
of diethylcarbamazine in the biophase is such in 11 hicli 
bond distances are similar to those described for I1 in  
E'igure 1. 

Experimental Section 
A l p  aiid tips itre uiicor. The vttrioii- compds were roiititiely 

checked by ir and iiini' on :i Perkiii-Elmer ilifriirord aiid \.:triali 
A-6011 instrument :uid only stieh data as are relevillit I:, the 
discuajioii are giveii. The iimr v:iliies are espre5sed i l l  T i i i i i ts  

spec'trti were detd x i th  a. IIitachi I~SITT-61~~ 
>ingle fociisirig spcctroiiieter. liinlyses :ire itidicated olrly I)?. 
syml)ols of the elements (ir flitict ioiis aiialyzcd aiid were \vitliiti 
&0.4(:; of the calcd values. 

Dimethyl Benzyloxycarbonylsarcosylaspartate (111). -A soli1 

of DCI (12.0 g, 0 . 0 3  mole) iri dry EtOAc (20 nil) was idded 
tlropwise at. 0 - 3 O  t o  a stirred solii of ~ieriayloxycarboiiylsarco..iire 
(12.0 g, 0.03 mole) mid dimethyl aspartate (X.60 g, 0.0.5 mole) iii 
d r y  EtOAc (30 ml). The mist M'AJ stirred for a11 add111 2 hr a1 
0' aird then left overtlight. The solli was treated wit,h AcOTI 
(1 inl) to decomp escesr of I X I  atid stirred agaiii a t  0' for 1 hr, 
the pptd dicyclohexyhirea was removed by tiltratioii, the ppt W:L+ 
washed with dry EtOAc (10 i d ) ,  aird the comhitietl filtrates were 
washed riiccessively with 1 1 2 0 ,  1 A' IICI, 1 .V NaOIT solii, and 
satd aq KaC1 (200 in1 each) aird dried (Na&04). The mlveut 
\vas removed in ~ ~ a c i i o  lo give the peptide I11 as a viscoiis oil, 
j-ield 16.20 g ( W r ;  1. Anui.  (C171Tn.S?Oij C, IT, X. 
.. ~ ~ ~ . .. 
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a-1)euteriochloramphenicol was synthesized and its activity against Escherichia coli was tested in comparison 
a-lleuteriochloraniphenicol had only approximately SOT0 of the chloramphenicol 

This finding supports the hypothehis that the benzylic C-H bond is broken in the kinetically deter- 
This is consistent with the idea that the antibiotic blocks a n  enzyme 

with chloramphenicol itself. 
activity. 
mining step of chloramphenicol action. 
covalently. 

Several hypotheses have been developed to  explain 
the mode of action of chloramphenicol in bacterial 
cells.' * Evidence is increasing that chloramphenicol 
interferes with the synthesis of proteins essential in 
cell d i v i ~ i o n . ~  However, the biochemical studies on 
the mechanism of action of chloramphenicol and the 
structure-activity studies in the chloramphenicol series 
of compounds essentially remained unrelated.2 An 
interesting exception is the work of Jardetzky and 
? J ~ l i a n . ~  These authors suggest that the antibiotic 
acts via a competitive inhibition mechanism because 
of some structural similarities between chloramphenicol 
and pyrimidine nuc!eotides. However, Richmond re- 
cently pointed out,j that antibacterial substances which 
act solely by competitive inhibition of a single enzyme 
or receptor have proved to be relatively ineffective 
as chemotherapeutic agents. Even in cases where 
antibacterial compounds affect the operation of regula- 
tory processes in the cell in a competitive manner the 
evolutionary flexibility of bacterial populations ensures 
that a process of mutation followed by selection allows 
the bacterial population to  survive. Therefore, the 
most effective bacterial inhibitors are compounds that 
bind irreversibly to  an enzyme active center or are 
bound covalently to an enzyme product that is used 
for a subsequent biosynthetic step. Azaserine, puro- 
mycin, and penicillin, for example, act in this manner. 
l'rom a chemical point of view i t  is not difficult to  
detect the chemically reactive site in azaserine, puro- 
mycin, or penicillin. Chloramphenicol is a very potent 
antibiotic, too. Hoivever, compared to other antibiotics 
chloramphenicol appears to be quit e unreactive (Fig- 
ure 1). 

Recently, Hansch, et u Z . , ~  reported a good quantitative 
correlation with a set of chlornmphenicols of struc- 
ture I obtained using regression analysis. In ecl 1 
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H HNCOCHCl, 

Y++,OH 

OH H 

I 

log A = [3.069 ( * 1 . 2 ) ] E ~  + [0.227 (*0 .16) ]~  + 
0.769 (h0.25) (1) 

n = S s = 0.140 Y = 0.954 

log A represents variations in chloramphenicol activity 
on the growth of Escherichia coli due to changes of the 
substituent Y.7 E R  is a radical parameter8 and T a hy- 
drophobic c ~ n s t a n t , ~  both dependent on the properties 
of Y. Although substituent effect analysis per se can- 
not elucidate a particular mechanism of action it still 
can provide valuable information about the nature 
of drug-receptor interactions. From eq 1 it was con- 
cluded that changes in activity are proportional to 
the ability of the substituents to stabilize a free radical 
provided the lipophilic character of the substituents 
is kept constant. This led Hansch, et al., to postulate 
that chloramphenicol may act via a hydrogen radical 
transfer mechanism.6 Therefore the benzylic CH bond 

H HNCOCHClz 

TI 
HNCOCHCL 

OH A 
In 

is proposed to be the point of chemical attack at  the 
site (I'igure 1). The enzyme involved could be in- 
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