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frared spectrophotometer, Model IR-20, at Matheson Coleman 
and Bell, Norwood, Ohio. Elementary analyses were made by 
Galbraith Laboratories, Inc., Knoxville, Tenn. 

5-Guanidinovaleric Acid (4). To the solution of S-ethyliso-
thiourea dihydrogen sulfate (10.0 g, 0.05 mol) dissolved in 25 ml 
of 2 N NaOH was added 6.0 g (0.05 mol) of 5-aminovaleric acid 
dissolved in 10 ml of H2O under ice cooling and vigorous stirring. 
The mixture stood for 5 hr in the ice bath and was kept overnight 
at room temperature. The turbid solution was filtered and acidi
fied (pH 4) with concentrated HC1. Absolute EtOH was added to 
the solution and the precipitate of NaCl was filtered off. The fil
trate was concentrated and subjected to ion-exchange chromatog
raphy, using a 2.0 x 40 cm column of Amberlite CG-120, 200-400 
mesh, pyridine form. For elution, first 500 ml of H2O and then 0.1 
M pyridine were used. The peak quantity of 4 appeared in the ef
fluent at approximately 1800 ml. The 4 fractions, 1600-2100 ml, 
were pooled and concentrated in vacuo. The dry residue was 
treated with H 2 0 - E t O H - E t 2 0 to produce crystals: yield, 28.0%; 
mp 267-271°. 

c-Guanidinohexanoic Acid (5). S-Ethylisothiourea dihydrogen 
sulfate (10.0 g, 0.05 mol) and 6.5 g (0.05 mol) of e-aminohexanoic 
acid were treated in the same way as 4 except for the following 
modifications. After the reaction was completed the precipitate 
was filtered and washed with cold H2O. The crystals were then 
dissolved in 20 ml of 2 N HC1. The pH was adjusted to 8.0 by the 
addition of 2 N NH4OH. After standing at 5° overnight, the white 
crystals were filtered and washed with cold H2O and EtOH and 
then dried in a vacuum desiccator: yield, 68.0%; mp 274-275°. 

Guanidinoacetyl-L-histidine Hydrate (6). The solutions of 
1.50 g (0.007 mol) of S-ethylisothiourea dihydrogen sulfate in 5 ml 
of H 2 0 and 1.74 g (0.007 mol) of Gly-His-HCl in 3 ml of H 2 0 were 
adjusted to pH 8-9 with 4 N NaOH. They were then mixed and 
kept at room temperature for a week. The cloudy suspension was 
filtered and the filtrate concentrated to dryness in vacuo. The 
residue, after addition of a small amount of EtOH, was dried in 
vacuo. A small amount of H2O was added to dissolve the dry resi
due and resulting solution was poured onto the column (2.5 cm 
i.d. x 30 cm Amberlite CG-120, 200-400 mesh, pyridine form). 
H 2 0 , 1.0 M pyridine, 2.0 M pyridine, and 1.0 M pyridine-0.5 M 
NH4OH were used as the effluent solutions. Each fraction was 
tested for ninhydrin, Pauli, and Sakaguchi reactions. The 6 frac
tions were pooled and concentrated to drvness in vacuo: crystals 
from H 2 0-E tOH; yield, 69.2%; mp 108-111° dec. Hydrolysis (6 N 
HC1, 110°, 24 hr) gave 1 and His, confirmed by tic. 

fJ-Guanidinopropionyl-L-histidine Hydrate (7). S-Ethyliso
thiourea dihydrogen sulfate (5.0 g, 0.025 mol) and /3-Ala-His (5.3 
g, 0.025 mol) were treated in the same way as 6: yield, 38.8%; mp 
121-124° dec. Hydrolysis as described above gave 2 and His (tic). 

7-Guanidinobutyryl-L-histidine Dihydrogen Sulfate (8). S-
Ethylisothiourea dihydrogen sulfate (10.0 g, 0.05 mol) and 7-Abu-
His (11.0 g, 0.05 mol) were treated in the same way as 6 except 
for the following changes. For the final crystallization, the aque
ous solution was adjusted to pH 5 with 2 N H2SO4 and absolute 
EtOH was added to form fine white crystals; yield, 51.7%; mp 
119-124° dec. Hydrolysis as described gave 3 and His (tic). 

<5-Guanidinovaleryl-L-histidine Dihydrogen Sulfate Hydrate 
(9). S-Ethylisothiourea dihydrogen sulfate (0.8 g, 0.0037 mol) and 
5-Avl-His (1.0 g, 0.0037 mol) were treated in the same way as 8: 
yield, 50.6%; mp 80-82° dec. Hydrolysis as above gave 4 and His 
(tic). 

e-Guanidinohexanoyl-L-histidine (10). S-Ethylisothiourea 
dihydrogen sulfate (1.4 g, 0.0063 mol) and 6-Ahx-His (1.7 g, 0.0063 
mol) were treated in the same way as 6: yield, 56.1%; mp 102-
103° dec. Hydrolysis as above gave 5 and His (tic). 
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T h o m a s Hieber of Ma theson Coleman and Bell for ir 
spectra , and Joseph J . M u k k a d a for technical ass is tance. 
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We have previously reported the t rypanocida l act ivi ty of 
several subs t i tu ted 1,2,3,4-tetrahydrocarbazoles1 (THC) 
and dihydro[c]benzocarbazoles . 2 Cont inuing with the 
search for more active compounds and the es tab l i shment 
of a relat ion between chemical s t ruc ture and act ivi ty, we 
have prepared several new compounds active against 
Trypanosoma cruzi, the paras i te responsible for Chagas ' s 
disease. 

In the s tudy on s t ruc tu re -ac t iv i ty re la t ionships , the bio
logical effect produced by chemical modification a t three 
regions of the compounds conta ining an N-subs t i t u t ed in
dole nucleus was considered, i.e., the benzene ring, the 
alicyclic ring, and the heterocyclic r ing. Previously,2 we 
have found t h a t in compounds containing an N-subs t i tu t 
ed indole nucleus, a methoxy or chlorine subs t i tuen t in 
the benzenoid port ion of the a romat ic ring provides com
pounds with higher act ivi ty. From the several subs t i tuen t s 
checked on the a romat ic ni trogen, the 2-piperidinoethyl 
has proven to enhance the act ivi ty bo th on the ep imas t i -
gote and t rypomast igote stage of T. cruzi. 

Main ta in ing the most active s t ruc ture , when the alicy
clic ring was dehydrogenated , the fully a romat ic com
pounds 6-8, a l though wi th good act ivi ty on the epimast i -
gote stage, lose completely their act ivi ty on the hema t i c 
form. 

T h e a m o u n t required of the more act ive compound 4 to 
prevent the t ransmiss ion of t he disease by an average 
blood transfusion is slightly below t h a t of Crystal Violet ,3-4 

with the advan tage of being '20-fold less toxic and color
less. Compounds 9 and 10 and the 8-subst i tu ted 
5,6-dihydrobenzo[a]carbazoles (DHBC) are water insolu
ble and cannot be checked in vitro. Thei r in vivo act ivi ty 
is low even at a high dose. 

Biolog ica l Resu l t s . The activit ies repor ted in Tab le I 
were measured on the epimast igote stage of the T u l a h u e n 
s t ra in of T. cruzi in a l iquid cul ture m e d i u m . 5 When the 
same tes t was performed in blood, on the t rypomas t igo te 
stage, the act ivi ty of 4 is 200 ^g/m\ and therefore only 100 
mg will be required for an average transfusion. In the 
same condit ions the act ivi ty for Crystal Violet is 250 ug/ 
ml. 

T h e toxicity of 4 was tes ted on Rockland mice weighing 
18-20 g and the LD50 was 200-220 m g / k g (ip), whereas 

t This investigation was supported by grants from the National Research 
Council (Argentina). 
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Subs t i tu ted 1,2,3,4-Tetrahydrocarbazole F u m a r a t e s (A) 
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280-282 dec 50 
256-259 dec 50 
196-198 42 
194-196 65 
232-233 60 

arbazole F u m a r a t e s (B) 
180-182 73 
170-172 62 
194-195 77 

Subs t i tu ted 1,2,3,4-Tetrahydrocarbazoles (C) 
85-87 68 

90 

Subs t i tu ted 5,6-Dihydrobenzo[a]carbazoles (D) 
158-160 95 
138-140 95 
156-158 90 
157-159 80 
187-189 dec 76 
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"Concentrat ions were considered to be useful when all epimast igotes were killed after no longer t h a n 16 hr in the liquid 
media containing the tes ted compound. ''Lit.7 83 -84° . Subl imed (130°, 30 M). cLit. 163-164°: C. V. Rogers and B . B . Corson, 
J. Amer. Chem. Soc, 69, 2910 (1947). d I t decomposed rapidly and could not be analyzed. 'All compounds were analyzed for 
C, H, and N , a n d the analyt ical results obtained for these elements were within 0.4% of the theoret ical values. T h e uv, ir, and 
nmr spectra also were in agreement wi th the proposed s t ructures . Mel t ing points were t aken in capillaries and are uncorrected. 
All compounds except 9 and 10 were recrystallized from ethanol . 

the dose admin is te red to a pa t i en t with an average blood 
transfusion will be a round 1 mg /kg . T h e acu te toxic 
symptoms of 4 were those of centra l exci ta t ion; d e a t h oc
curred with respiratory paralysis . Wi th 0.5 LD50 (ip) 
t achypnea and t rans i tory depression was observed. 

Infected blood after t r e a t m e n t with 200 Mg/ m l °f 4 was 
inoculated into whi te mice and no infection was de tec ted . 
Controls died (100%) 15-20 days after inoculat ion. 

T h e in vivo s tudy of 13 was m a d e on mice (18-20 g) in
fected with the MI s t ra in of T. cruzi (4 x 105), a dose t h a t 
kills 90% of the control mice. In mice receiving. 2 days 
after infection, five daily injections (ip) of 100 m g / k g of 
13, the survival increased to 60%. 

E x p e r i m e n t a l S e c t i o n 

The 6-substituted THC derivatives were prepared by the proce
dure described by Borsche6 for 6-nitro-THC. The 6-trifluoro-
methyl-THC was purified by sublimation (130°, 30 n) and the 8-
methoxy-THC was purified by distillation (190°, 15 mm). 

Trifluoromethylphenylhydrazine Hydrochlorides. NaN0 2 

(2.1 g, 3.1 x 10~2 mol) in water (10 ml) was added dropwise with 
stirring to 2-aminobenzotrifluoride (4.27 g, 3.0 x 10~2 mol) in 
concentrated HC1 (12 ml) at - 5 ° . After 30 min of stirring, stan
nous chloride (20 g, 8.9 x 10-2 mol) in concentrated HC1 (22 ml) 
was added dropwise. The reaction mixture was kept 16 hr at 0°. 
water (100 ml) was added, and the solution was made alkaline 
(pH 8) (concentrated NH3). The suspension was extracted (Et 2 0, 
200 ml); the combined extracts were dried and saturated with dry 
gaseous HC1, affording 5.8 g (90%) of crystals of mp 216-217° (lit.7 

218°). 
The 4-trifluoromethylphenylhydrazine hydrochloride was ob

tained in 80% yield bv the same procedure: mp 203 204° ilit.7 

206-207°). 
1-Methoxycarbazole. A solution of 8-methoxy-THC (602 mg. 

2.5 mmol) in xylene (5 ml) and 0.2 g of 30% Pd on charcoal was 
refluxed for 12 hr. The filtered solution was evaporated and the 
residue recrystallized (aqueous EtOH): yield 54:! mg 190%I: mp 
66-68° (lit.8 69-70°). 

Preparat ion of 8-Substituted o,6-Dihydrobenzo[a]carbazoles. 
A solution of «-tetralone (0.02 mol) in acetic acid (12 ml) was re-
fluxed and the 4-substituted phenylhydrazone (0.02 moll was 
added during 1 hr. Heating was maintained for 1 hr longer. Alter 
cooling the precipitated DHBC was filtered and worked up as 
usual. 

The 8-nitro-DHBC and 8-trifluoromethyl-DHBC were prepared 
by this modification. The corresponding 4-substituted phenylhy-
drazine (0.03 mol) was added to a boiling solution of a-tetralone 
(0.02 mol) in 10% sulfuric acid in acetic acid (70 mil. The solu
tion was refluxed for 90 min and cooled and the precipitate 
worked up as usual. 

N-Alkylations. The alkylation of compounds 1-8 was carried 
out as previously described.1 
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Synthesis of Cephapirinf and Related Cephalosporins 
from 7-(a-Bromoacetamido)cephalosporanic Acid 
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Since the structural elucidation of cephalosporin C 
(I),1-2 the discovery of ingenious and remarkably efficient 
chemical methods3-6 for its N-deacylation has rendered 
the novel fused dihydrothiazine-0-lactam nucleus, 7-
aminocephalosporanic acid (7-ACA, 2), readily available 
for the synthesis of semisynthetic cephalosporins which 
now complement the penicillins in chemotherapeutic in
terest.7 

The purpose of this report is to describe a convenient 
and versatile synthesis of cephapirin (4)8 and related a-
heterosubstituted acetamidocephalosporanic acids by nu-
cleophilic displacement of the bromine atom in 7-(a-
bromoacetamido)cephalosporanic acid (3)9 with mer-
capto- and aminopyridines8 '10 and various 1,3-disubsti-
tuted and trisubstituted thioureas.11 

Treatment of an aqueous-acetone suspension of 7-ACA 
(2) with bromoacetyl bromide in the presence of sodium 
bicarbonate afforded crystalline 7-(a-bromoacetamido)-
cephalosporanic acid (3) in 77% yield. The interaction of 
3, 4-mercaptopyridine, and triethylamine in methylene 
chloride at room temperature produced 7-[a-(4-pyridyl-
thio)acetamido]cephalosporanic acid (cephapirin, 4) in 
82% yield (Scheme I). 

A stirred suspension of 4 and iV,iV-diisopropylethylam-
ine in aqueous acetone reacted with methyl iodide at am
bient temperature to provide a fair yield of 7-[a-(l-
methyl-4-pyridylthio)acetamido]cephalosporanic acid be
taine (5).i^12 

3-Mercaptopyridine13 and commercially available 2-
mercaptopyridine were converted by procedures analogous 
to the one used for the preparation of 4 into the corre
sponding cephapirin isomers 6 and 7, respectively (Table 

I ) . Chemical properties and spectral data observed for 
cephapirin (4), 6, and 7 were in accord with the assigned 
structures. However, the remote possibility remained that 
the tertiary nitrogen atom instead of the thiol function in 
4-mercaptopyridine had preferentially undergone reaction 
with 2 to form 7-[a-(4-thiopyridon-l-yl)acetamido]ceph-
alosporanic acid rather than the thioether 4. This ques
tion was definitely settled by the independent synthesis of 
cephapirin by Silvestri and Johnson.14 Compound 4 and 
the product of unequivocal structure which they obtained 
by coupling 7-ACA (2) with a-(4-pyridylthio)acetyl chlo
ride hydrochloride were identical. 

In contrast to the behavior of 4-mercaptopyridine, 4-
aminopyridine reacted with 3 to form the betaine 8 as the 
only product isolated. Since thiols are generally stronger 
nucleophiles than the corresponding amines, this result 
was not unexpected. Compound 8 was reported by other 
investigators15 after the completion of our work. Their 
method of synthesis was analogous to our own. 

In order to obtain the desired amino analog 9 of 
cephapirin (4), Ar-(4-pyridyl)glycine16 was converted into 

tCephapirin is the nonproprietary name for 7-[a-(4-pyridylthio)acetami-
dojcephalosporanic acid (4), code number BL-P1322; CEFADYL is the 
trade name of Bristol Laboratories for this compound. 

tThe code number for 5 is BL-S217. 

its acid chloride hydrochloride and coupled in an anhy
drous medium with silylated 7-ACA to obtain a 59% yield 
of 9. 

7-[a-(l,3-Diethylformamidino-2-thio)acetamido]cephalo-
sporanic acid (10) is a representative of a series of this class 
of cephalosporins prepared by displacement of the bromine 
atom in 3 by various acyclic and cyclic 1,3-disubstituted 
and trisubstituted thioureas in methylene chloride in the 
presence of a tertiary amine. 

Other investigators have reported17 that 7-[(«-
formamidinothio)acetamido]cephalosporanic acid was not 
obtained from the reaction of 7-(a-chloroacetamido)-
cephalosporanic acid with thiourea in aqueous solution. 
The products isolated were 7-ACA and pseudothiohydan-
toin formed by intramolecular displacement of the N-
chloroacetyl group by thiourea. 

Structure-Activity Relationships. Microbiological re
ports relating to cephapirin (4),f'18 its 1-methyl betaine 
5,J'19 and the class of substituted formamidinothioaceta-
midocephalosporanic acids20 exemplified by 10 have dis
closed the potent antimicrobial properties of these 
semisynthetic cephalosporins, some of which compare fa
vorably with commercially important cephalothin ( l l ) .2 1-2 2 

Some comparative minimal inhibitory concentrations 
(MIC's) data, expressed in ng/rcA, are given in Table I. 
The MIC's were determined by the standard twofold 
broth dilution method after overnight incubation at 37°. 
Although all of the compounds shown have broad-spec
trum activity, 10 and 5 stand out in overall activity. Crys
talline 10 is unstable in aqueous solutions and, to a lesser 
degree, in the dry state. In general, these compounds de
rived from the substituted thioureas had good resistance 
toward ^-lactamases produced by cephalothin-sensitive 
strains of Klebsiella pneumoniae and Escherichia coli but 
were found to be somewhat more toxic to animals than 
the other cephalosporins reported in this paper.20 

Experimental Section 
Melting points were determined on a Mel-Temp apparatus and 

are uncorrected. The elemental analyses are within ±0.4% of the
oretical values unless stated. The ir spectra were recorded on a 
Beckman IR-9 spectrometer. The nmr spectra were run on a Var-
ian A-60 spectrometer at a sweep width of 500 Hz with Silanor-
D20-TSP as the internal standard. 

7-(a-Bromoacetamido)cephalosporanic Acid (3). To a vigor
ously stirred suspension of 200 g (0.731 mol) of 7-aminocephalo-
sporanic acid (7-ACA, 2) in 2 1. of water and 750 ml of acetone was 
added 200 g (2.38 mol) of NaHCC>3, in portions, to prevent exces
sive foaming. The resulting solution was cooled to 3° and 200 g 
(0.99 mol) of bromoacetyl bromide was added in portions over a 
10-min period. After 1 hr of stirring with the cooling bath re
moved, the pH was adjusted to 4 with 40% H3PO4. Decolorizing 
carbon (40 g, Darko-KB) was added and after 15 min the slurry 
was filtered through a Celite pad, with suction, and the pad 
washed with 600 ml of water. The combined filtrates were then 
brought to pH 2 with 40% H3PO4 and after stirring for 1 hr in an 
ice bath the crystalline product was filtered, washed well with 
cold water, and air-dried. The yield was 200 g (77%). An analyti
cal sample was obtained by recrystallization from acetone-water. 
mp 173°. Anal. (C12H13BrN206S) C, H. N, Br. 

7-[a-(4-Pyridylthio)acetamido]cephalosporanic Acid (4).8 To 
a stirred suspension of 39.3 g (0.1 mol) of 3 in 500 ml of CH2C12 
was added 14 ml (0.1 mol) of triethylamine. To the resulting solu
tion was added 11.1 g (0.1 mol) of 4-mercaptopyridine. A nearly 
clear solution resulted with precipitation of the product beginning 
after a few minutes. After stirring 4 hr the crystalline product was 
filtered off, washed well with CH2CI2, and air-dried. The white 
product weighed 35 g (82%). Recrystallization from boiling ace
tone-water (1:1) gave an analytical sample, mp 155°. Nmr indi
cated 0.5 mol of acetone of solvation: nmr (D20 + KHCO3) <5 7.7-
8.6 (m, 4, -C6H4N), 4.2 (s, 2, -CH2-). Anal. (CITHITN'SC^-
0.5C3H6O) C, H, N. 

7-[a-(l-Methyl-4-pyridylthio)acetamido]cephalosporanic 
Acid Betaine (5).i2 To a stirred suspension of 42.3 g (0.1 mol) of 
4 in 50 ml of water and 600 ml of acetone at 22° was added 12.9 g 


