
Table 11-Effect of Buffering Eisenia Extract on 
Carrageenan-Induced Rat Paw Edema 

Mean Edema, 
Treatmenta m m 3  t SE ( 6 ) b  

Saline 1174 5 99 
BufferedC Eisenia extract  678 t 176d  

UAdministered intraperitoneally 1 hr before carrageenan. bNum- 
ber of animals. C Buffered at  pH 7.4 with 0.2 M KH,P0,-Na2P0,. 
d p  < 0.05. 

multiple-range finding test. Comparison of the anti-inflammatory 
activity data utilized the Student two-tailed t test (7). 

RESULTS AND DISCUSSION 

The results of testing the activity of the Eisenia extract for abil- 
ity to stabilize lysosomal membranes are presented in Table I. 
They have been corrected for any direct inhibition of the enzyme. 
Acid phosphatase was a poor indicator of lysosomal membrane 
condition, since the powerful stabilizing agent phenylbutazone, 
which was used as a positive control, inhibited enzyme release by 
only 7%. However, phenylbutazone (0.309 mg/ml) and the extract 
a t  a concentration of either 3.087 or 0.309 mg/ml offered signifi- 
cant inhibition of release of 0-glucuronidase. A t  the lower extract 
concentration of 0.031 mg/ml, there was no protection. 

Since some compounds have been shown to be anti-inflammato- 
ry because of their irritant properties (81, it was important to de- 
termine if the compound might be acting as an anti-inflammatory 
agent by virtue of its acidity; it normally was injected a t  pH 4.5. 
When the material was buffered at  pH 7.4 and anti-inflammatory 
activity was assessed (Table 11) using the carrageenan-induced rat 
paw edema model, there was only 42% inhibition of inflammation. 
This value is somewhat lower than the expected 88% (l), indicating 
that the protection afforded by the Eisenia extract is due in part 
to a nonspecific counterirritancy. 

It appears that there are two mechanisms for the anti-inflamma- 
tory activity of the complex polymer isolated from E. bicyclis 
(Kjellman) Setchell. One is its ability to stabilize the membranes 
of lysosomes and inhibit the release of the destructive lysosomal 
enzymes, and the other is a counterirritancy effect. 
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Synthesis and Antimicrobial Activity of N -  Substituted 
N’ - C y ano - S - (triorganostanny 1) isot hioureas 

EUGENE J. KUPCHIK *x, MICHAEL A. PISANO *, 
ANDALI V. RAGHUNATH *, RAYMOND A. CARDONA *, 
NORA FORMAINI *, and CECILIA ALLEGUEZ * 

Abstract 0 Six N-substituted N‘-cyano-S- (trimethylstanny1)iso- 
thioureas were synthesized by the reaction of (trimethylstan- 
nylkyanamide with various organic isothiocyanates. The IR spec- 
trum of each compound was obtained over the 4000-30-cm-’ 
range, and some bands were assigned. The six new compounds and 
five previously synthesized N-substituted N‘-cyano-S- (triphenyl- 
stanny1)isothioureas were tested for and were found to exhibit an- 
tifungal activity. N-Phenyl-N’-cyano-S-(triphenylstanny1)isothi- 
ourea was also investigated for antibacterial activity and was ob- 
served to be especially inhibitory toward Gram-positive species. 

The antimicrobial activity of two compounds was compared to  
that of the oxygen analogs of these compounds. 

Keyphrases 0 N’-Cyano-S- (triorganostannyl)isothioureas, N- 
substituted-synthesis, IR spectra, antimicrobial activity 
0 Antifungal activity-synthesis of six and evaluation of 11 N- 
substituted N’-cyano-S(triorganostanny1)isothioureas O Anti- 
bacterial activity-evaluation of N-phenyl-N’-cyano-5’-(triphen- 
vlstanny1)isothiourea 

Recently, the synthesis of 13 N-substituted N’- 
cyano-0- (trimethylstanny1)isoureas (Ia) and 12 N- 
substituted N‘-cyano-0- (triphenylstanny1)isoureas 

(Ib) was described (1). Six of these compounds were 
tested for and were found to exhibit antifungal activ- 
ity; one (Ib, R’ = CsH5) was also investigated for an- 
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I Table I-N-Substituted N'-Cyano-S(trimethylstanny1)isothioureas NHCN 

Analysis, % 

Compound R Yield, ?@ Melting Pointb Formula Calc. Found 

1 CH3 

2 c~cIo-C,H,, 

3 C6H5CH2 

4 C6HS 

66 

76 

61 

76 127-128" C6H,,N3SSn 

149-1 50" 

106-107" 

125-1 260d 

65 

68 

129-1 30" 

14+141°c 

C,,H,,FN,SSn 

C ~ 1 H 1 4 N 4 0 2 S S n  

C 25.93 
H 4.71 
N 15.12 
S 11.54 
Sn 42.70 
C 38.18 
H 6.12 
N 12.14 
S 9.27 
Sn 34.30 
C 40.71 
H 4.84 

26.01 
4.64 

15.18 
11.27 
42.83 
38.46 

6.09 
12.30 

9.52 
34.69 
40.99 

4.84 
N 11.86 12.06 
S 9.05 9.01 
Sn 33.52 33.45 
C 38.85 38.89 
H 4.45 4.21 
N 12.36 12.46 s 9.43 
Sn 34.90 
C -36.91 
H 3.94 
N 11.74 
S 8.96 
Sn 33.15 
C 34.31 
H 3.67 
N 14.55 
S ' 8.33 
Sn 30.82 

9.38 
34.62 
37.13 
4.08 

11.92 
8.78 

32.89 
34.20 

3.75 
14.41 

8.12 
30.68 

aBased on material that melts within 5" of  the analytical sample. b Analytical sample. C Recrystallized from ether. d Recrystallized from 
chloroforn-n-pentane. 

Table 11-IR Spectra of N-Substituted N-Cyano-S-(trimethylstanny1)isothioureasa 

Compound NH C-N C=N SnS "as v s  

1 3322 m 2198 (s 1515 s 390 s) 541 s 472 m )  
481 w) 

370 (mM 541 s 488 m )  
2 3c i:izt:/ 1536 s d  
4f 3236 m )  2174 (s 1520 ( s ) d  

g:: I:/ 513 1s) 
1515 1.1 360 {m)b 

P 

2183 Is) 1517 \s\d 328 Is); 500 Is)' 
2193 sl 1538 s d  335 m P  541 (s 490 m\ 

5h 
61 

a T h e  SnS values were obtained using CsI pellets; the other values were obtained using KBr pellets. Values are expressed in centimeters-'; 
s = strong, m = medium, and w = weak. A band was present a t  337 (s) ; in mineral oil, bands were present a t  360  (w) and 335 (s). C'A band 
was present at 556 (w). dThis  assignment is uncertain due to the presence of aromatic C=C bands in this region. eThe only band observed 
in the 400 -300-cm-' region was at  306 (rn) (303  m in mineral oil). f A  band was present a t  565 (w). g A  band was present a t  330 (w). h A  
band was present a t  562 (w). ' A t  330 (s )  in mineral oil. ] A  band was present a t  553  ( m ) ,  kA band was present at 315 (m) .  The same bands 
were present in mineral oil. 

tibacterial activity and was found to be inhibitory 
toward Gram-positive species. 

The purpose of the present study was to evaluate 
the antimicrobial activity of some N-substituted N'- 
cyano-S- (triorganostanny1)isothioureas (IIa and IIb), 
which are the sulfur analogs of Ia and Ib, respective- 
ly. 

R'N- COSnR, 
I 

NHCN 
Ia: R = CH, 
Ib: R = C,H, 

R'N = CSSn R, 
I 

NHCN 
IIa: R = CH, 
IIb: R = C,H, 

EXPERIMENTAL' 

N-Benzyl-N'-cyano-S-( trimethylstanny1)isothiourea 
(Compound 3)-A mixture of (trimethylstanny1)cyanamide (2) 
(2.048 g, 0.01 mole), benzyl isothiocyanate (1.492 g, 0.01 mole), and 
ether (25 ml) was refluxed for 72 hr and filtered to give 2.7 g (76%) 
of  Compound 3, mp 104-105°. Two recrystallizations from ether 
gave the analytical sample, mp 106-107O. 

The other compounds in Table I were prepared in a similar 
manner. 

Biological Methods-The organotin compounds were individ- 
ually dissolved in tetrahydrofuran except for Compounds 7-10, 
which were solubilized in chloroform. The preparation of sterile 

Melting points were determined with a Mel-Temp capillary melting- 
oint apparatus and are uncorrected. IR data were obtained using KBr pel- P '  ets with a Beckman IR 8 spectrophotometer. The far IR data were obtained 

with a Perkin-Elmer model FIS-3 IR spectrophotometer (CsI pellets or min- 
eral oil) and with a Perkin-Elmer model 21 double-beam IR spectrophotom- 
eter fitted with a cesium bromide prism and purged with nitrogen (KBr pel- 
lets). Elemental analyses were performed by Schwarzkopf Microanalytical 
Laboratory, Woodside, N.Y. 
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Table IV-Antlbacterid Activity of N-Phenyl-N'-cyano. 
S-(triphenylstanny1)isothiourea (Compound 9) 

Concentration, 
d m l  

Organisma 1 10 100 

Bacillus subtilis 2+ b - 2+ 2+ 
Escherichia coli - + 
Micrococcus agilis 2+ 2+ 2+ 
Staphylococcus aureus 2+ 2+ 2+ 

aObtained from the culture collection of the Department of Biol- 
ogy, St. John's University. b- indicates no  inhibition of growth, + 
indicates partial inhibition of growth, and 2+ indicates complete in- 
hibition of growth. 

solutions of the organotin compounds, the fungi employed, the an- 
timicrobial testing procedures, and the determination of growth 
inhibition were reported previously (1). 

One organotin compound, N-phenyl-N'-cyano-S- (triphenyl- 
stanny1)isothiourea (Compound 9), was also investigated for anti- 
bacterial activity according to the procedure reported earlier (1). 

RESULTS AND DISCUSSION 

Synthesis-The five N-substituted N'-cyano-S-(triphenyl- 
stanny1)isothioureas (IIb) used in this study were described pre- 
viously (3). The six N-substituted N'-cyano-S-(trimethylstanny1)- 
isothioureas (Ib) are new compounds and were prepared by allow- 
ing (trimethylstanny1)cyanamide to react separately with six dif- 
ferent organic isothiocyanates (1:l mole ratio) in refluxing ether 
(Table I). The IR spectra of these compounds are summarized in 
Table 11. The IR spectra contained both the u,(SnC) band and the 
vs(SnC) band, indicating that the trimethyltin group may be non- 
planar in these compounds (4). 

Biological Results-The 11 N-substituted N'-cyano-S- (trior- 
ganostanny1)isothiourea compounds were investigated for inhibi- 
tion of growth of 10 fungal species. One compound was also inves- 
tigated for antibacterial activity. Table 111 shows the antifungal 
activity of the compounds tested. The data presented indicate that 
the trimethyltin compounds (Compounds 1-6) were significantly 
more active than the triphenyltin compounds (Compounds 7-1 1). 
The incidence of total inhibition of fungal growth, for example, 
was six times greater with the trimethyltin compounds as com- 
pared to the triphenyltin compounds. In addition, the latter com- 
pounds did not exhibit total inhibition at  a level of 10 pglml, 
whereas the trimethyltin compounds did in four instances. 

Of the 11 compounds tested, the most effective antifungal activ- 
ity, as indicated by total inhibition of growth, was exhibited by N- 
methyl-N'-cyano-S-(trimethylstanny1)isothiourea (Compound 1). 
From the data compiled, it was possible to compare the growth- 
inhibiting properties of specific trimethyltin compounds with their 
triphenyltin analogs. Thus, for example, N- benzyl-N'- cyano-S- 
(trimethylstanny1)isothiourea (Compound 3) completely inhibited 
four of 10 fungi, whereas the triphenyltin analog (Compound 8) 
displayed only partial inhibition of growth. The latter compound, 
however, did possess activity against Rhizopus stolonifer, which 
was lacking in the trimethyltin derivative. Similarly, N-phenyl- 
N'-cyano-S-(trimethylstanny1)isothiourea (Compound 4) dis- 
played greater overall antifungal activity than i ts  triphenyltin 
counterpart (Compound 9). 

The superior antifungal activity of the trimethyltin compounds 
was even more evident when N-p-nitrophenyl-N'-cyano-S- (tri- 
methylstanny1)isothiourea (Compound 6) was compared with i t s  
triphenyltin analog (Compound 11). The former compound com- 
pletely inhibited five of the 10 fungi whereas the latter compound 
displayed total inhibition against only two of the fungi. Of interest 
was the fact that the trimethyltin compound partially inhibited 
Saccharomyces cereuisiae, an activity shared by only one other 
compound, Compound 1. 

Further comparisons were possible between two of the organotin 
compounds reported in the present investigation and their oxygen 
analogs, the antimicrobial activities of which were described pre- 
viously (1). For example, Compound 4 completely inhibited the 
growth of three of the 10 fungi, whereas N-phenyl-W-cyaho-0- 
(trimethylstanny1)isourea (1) totally inhibited only one fungus. 
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Secondly, N- phenyl-N’-cyano-S- (triphenylstanny1)isothiourea 
(Compound 9) and its oxygen analog (1) both exhibited total inhi- 
bition of two of the 10 fungi tested. The former compound com- 
pletely inhibited Aspergillus niger and R. stolonifer a t  a concen- 
tration of 100 pg/ml. The oxygen analog, on the other hand, was 
most active against Myrothecium uerrucaria and S. cereuisiae a t  a 
similar concentration. The latter activity is noteworthy in that 
none of the 11 compounds reported in the present investigation 
completely inhibited S. cereuisiae. 

The antibacterial activity of Compound 9 is shown in Table IV. 
This compound was remarkably active against the three Gram- 
positive species, displaying complete inhibition at  a concentration 
of 1 pg/ml. In addition, partial inhibition of the Gram-negative or- 
ganism, Escherichia coli, was evident. This latter activity con- 
trasts with that of the oxygen analog, N-phenyl-N’-cyano-0- (tri- 
phenylstannyl)isourea, which was previously reported to  be inef- 
fective against E. coli (1). In addition, among the four Gram-posi- 
tive species tested, total inhibition by the oxygen analog was ac- 
complished only against Micrococcus agilis (1). 
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New Synthesis of (RS) -Carnitine Chloride 

SHARON G. BOOTS and MARVIN R. BOOTSX 

Abstract A four-step synthesis of (RS)-carnitine chloride was 
developed using extremely mild reaction conditions and versatile 
intermediates. Crotyl chloride was converted to  tert-butyl3-bute- 
noate using tert-butyl alcohol and triethylamine in ether. Treat- 
ment of tert- butyl 3-butenoate with m-chloroperbenzoic acid in 
chloroform afforded tert- butyl3,4-epoxybutyrate. Reaction of this 
compound with trimethylamine hydrochloride in methanol, fol- 
lowed by mild acid hydrolysis of the tert-butyl ester, afforded 
(RS) -carnithe chloride. 

Keyphrases (RS)-Carnitine chloride-four-step synthesis 
under mild reaction conditions from crotyl chloride 0 Crotyl chlo- 
ride-starting material in four-step synthesis of (RS)-carnitine 
chloride 

The importance of (R) -(-)-carnitine chloride in 
the transport of fatty acids across membranes was 
demonstrated previously (1). Specifically, carnitine 
chloride catalyzes the oxidation of long chain fatty 
acids by participating in the enzyme-mediated trans- 
port of activated fatty acids from the cytoplasm to 
the &oxidation sites within the mitochondria (2, 3). 
The objectives of this investigation were to develop a 
convenient and versatile synthetic route that could 
be readily adapted to the synthesis of not only carni- 
tine chloride itself but also to carnitine analogs. The 
availability of carnitine analogs could provide valu- 
able biochemical tools for investigating the structural 
requirements of carnitine chloride as a catalyst of 
fatty acid oxidation (4). 

DISCUSSION 

In 1966, Ozeki and Kusaka ( 5 )  described the synthesis of numer- 
ous 3-butenoate esters from crotyl chloride (I) and the appropriate 

alcohol in the presence of a variety of tertiary amines. I t  appeared 
that proper functionalization of the olefinic bond in one of the 3- 
butenoate esters would provide a convenient and relatively 
straightforward synthesis of (RS) -carnithe chloride (VI) and, 
thus, carnitine analogs. The tert -butyl ester was selected because 
of the extremely mild reaction conditions required for conversion 
to  the free carboxylic acid (dilute hydrochloric acid a t  room tem- 
perature). Triethylamine was selected as the base because it pro- 
vided the highest yield of the desired 3-butenoate ester, with only 
small amounts (3.1%) of the unwanted cis- and trans-2-butenoate 
esters (determined by GC). 

Since the previous report ( 5 )  provided few experimental details 
and the reaction was not discussed from the standpoint of provid- 
ing an extremely versatile synthetic intermediate, i t  was necessary 
to develop the appropriate reactions conditions to afford the de- 
sired tert-butyl3-butenoate (11) in a yield that would be useful for 
completing the synthesis of VI. The small amount of the cis- and 
trans-2-butenoate esters produced during the preparation of I1 
were of little concern because the following step in the synthetic 
sequence involved epoxidation of the olefinic bond. The mildest 
conditions possible were used that would eliminate the possibility 
of isomerization of the 3-butenoate ester to a mixture of the cis- 
and trans-2-butenoate esters during exposure to  the m-chloroben- 
zoic acid. 

I t  is also well known that a,D-unsaturated carbonyl compounds 
do not normally undergo epoxidation when subjected to the same 
reaction conditions as isolated olefinic bonds. The desired epoxy 
ester (111) was initially converted to the iodohydrin (IV) using the 
method of Cornforth (6). Compound IV was subsequently treated 
with trimethylamine in methanol to afford tert-butyl4-dimethyla- 
mino-3-hydroxybutyrate methiodide (Val which, when subjected 
to ion-exchange chromatography, afforded Vb. The tert-butyl pro- 
tecting group was then removed by the mild reaction conditions 
described to yield VI. 

I t  was later found, after much experimental effort, that I11 could 
be directly converted into the ester Vb, using trimethylamine hy- 
drochloride in methanol, in a yield high enough to make the reac- 
tion synthetically feasible, thus eliminating one step in the syn- 
thetic sequence as well as the ion-exchange chromatography. 
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