
843 JAMES H. SHOUT AND THOMAS I). DARBY Vol. II 

The benzylamino derivative was hydrogenated in AcOH over 
Pil--C ill room temperature and pressure. The catalyst was 
filtered, the solvent was evaporated, and the residue was basi-
fied and distilled to give the product, 2-aminomethyI-2,3-di-
hydrobenzofuran, bp 86° (0.01 mm), n26u 1..5575. Anal. 
(C9H„NO) C, H. The hydrogen maleate had mp 147° (from 
HtOH-EtsO). 

The primary amine was converted to the guanidine by a 
standard procedure (A, ref la). The product had mp 204-206° 
(from aqueous acetone). Anal. (CiJIi:tN*:i()-0.,')II2SOt) C, If, X. 

2-Guanidinomethylnaphthalene Tosylate (10).—2-Aniino-
methylnaphthalene (2.5 g) and guanidine tosylate (3.6 g) were 
heated together at lot)0. Xlfj was evolved while the temperature 

of the reaction was raised to 100° over 4.1 min. When cold, the 
mixture was crystallized from II2() and then EtOII to give thr 
product, mp liis 200°. Anal. (C12Hi3X3-C7HsH03) 0 . If', X. 
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The reaction between X-(2-aminoethyl)aziridine and 2-methyl-2-thiopseudourea sulfate failed to give the 
expected 2-(l-aziridinyl)ethylguanidine sulfate (I, n = 2). The product isolated proved to be 2-(2-methylthio-
ethylamino)ethylguanidine sulfate (V), and it caused an effective blockade of the sympathetic nervous system as 
determined by its effect on the nictitating membrane of the unanesthetized cat following oral administration. 
Eight homologs and analogs were prepared in order to study the structure-activity relationships in this series of 
compounds. The title compound proved to be the most active member of the series and was subjected to exten
sive pharmacological evaluation. The mechanism of formation of the title compound was studied. The reac
tion appears to proceed via 2-(l-aziridinyl)ethylguanidine followed by opening of the aziridine ring with meth-
anethiol, rather than by a one-step intramolecular reaction. 

The first guanidine reported to be effective in blocking 
the sympathetic nervous system was guanethidine3 

(I, 11 = 7). Lower homologs (I, n = 4-6) have been 

NH 

(CH2)n
 NNCH2CH2NHCNH2-0.5H2SO., 

1 

prepared,4 but not those with n = 2, 3. We were 
interested in preparing the smallest homolog of the 
guanethidine series. Therefore, the reaction between 
X-(2-aminoethyl) aziridine (II) and 2-methyl-2-thio-
pseudourea sulfate (III) was investigated (Scheme I) . 
The product of this reaction, however, was not the 
desired 2-(l-aziridinylethyl)guanidine sulfate (I, n = 2) 
but proved to be 2-(2-methylthioethylamino)ethyl-
guanidine sulfate (V), on the basis of elemental analyses, 
ir, and nmr spectra. The same substance wTas obtained 
when N-(2-methylthioethyl)ethylenediamine (VII), ob-

II + CH;,SH — > Crf3SCHoCH,XHCH2CII2NH2 + III —>• V 
VII 

tained from II and methanethiol, was allowed to react 
with I I I . 

At first glance it seems logical tha t I (n = 2) did 
form, and then underwent ring opening to V by reaction 
with methanethiol. Indeed, the evolution of some 

(1) Paper III: J. H. Short, and T. I). Darby. J. Med. Cl.em., 10, 83H 
(1967). 

(2) Presented before the Division of Medicinal Chemistry at the 154th 
National Meeting of the American Chemical Society, Chicago. Til., Sept 
1967. 

(3) R. A. Maxwell, R. P. Mull, and A. J. Plummer, Experkntia, 15, 267 
(1959). 

(4) R. P. Mull, M. K. Egbert, and M. R. Dapero, ./. Org. Chem., 25, J'Jn.'i 
(1960). 
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1,71=2 

methanethiol during the course of this reaction was 
evident. On the other hand, the intermediacy of I 
(jt = 2) is not essential to formation of V. One could 
visualize a concerted mechanism in which liberation of 
methanethiol does not occur. If I (n = 2) is actually 
an intermediate in this reaction then any other thiol 
present should compete with the methanethiol to open 
the aziridine ring. On the other hand if VI, or some1-
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thing similar, represents an intermediate in the course 
of the reaction, then exogenous thiol should have no 
influence on the nature of the product. 

In order to attempt to determine which course this 
reaction follows the reaction between II and III was run 
in the usual manner with the addition of ethanethiol. 
The product isolated proved to be about a 1:1 mixture 
of V and 2-(2-ethylthioethylamino)ethylguanidine sul
fate (X, R = C2H6, m = n = 2). Identity and approx
imate ratio of the two substances were determined by 
nmr spectroscopy, and identity was confirmed by means 
of tic. 

Similar results were obtained when 2-ethyl-2-thio-
pseudourea sulfate (IX, R = C2H5) was allowed to react 
with II in the presence of methanethiol. 

These observations tend to indicate that I (n = 2) 
is formed in situ followed by attack of the thiol on the 
aziridine ring to give the observed products. The 
above results would be meaningless, however, if either 
III or V underwent exchange with ethanethiol. Both 
III and V were allowed to stand in contact with ethane
thiol at room temperature and at 55°. No exchange 
was evident in either experiment with V, but with III 
some exchange did take place at 55°, but none was 
evident at room temperature. Since the guanidine is 
prepared at room temperature, the intermediacy of 
I (>i = 2) in this reaction seems well established. 

This opening of the aziridine ring at room tempera
ture is in contrast to the reaction of methanethiol with 
N-ethylaziridine and X-(2-aminoethyl)aziridine. In 
these two cases reaction does not occur at ambient 
temperature, but elevated temperatures must be 
employed. 

The more facile ring opening of I (n = 2) is undoubt
edly due to the fact that the aziridine nitrogen is 
partially protonated thus facilitating the attack of the 
methylthio anion. Thiols in general are acidic enough 
to protonate the aziridine nitrogen, thus facilitating 
ring opening, without addition of an acidic catalyst, 
although elevated temperatures are frequently required. 

2-Methylpseudourea salts, as well as the thio analogs, 
may be used to prepare guanidines. Methanol instead 
of methanethiol is evolved. Methoxide anion is a 
poorer nucleophile than the methylthio anion; further, 
methanol is such a weak acid that it does not signifi
cantly protonate the aziridine nitrogen. An alcohol, 
therefore, will not open the aziridine ring in the absence 
of an acid catalyst, so we felt that the reaction between 
II and 2-methylpseudourea sulfate might produce the 
desired 2-(l-aziridinyl)ethylguanidine sulfate (I, n = 
2). Several attempts to effect this reaction failed to 
lead to any single pure product. 

The effectiveness of V in causing blockade of the 
sympathetic nervous system led us to prepare a number 
of homologs and analogs of V in order to attempt to 
draw some conclusions in regard to structure-activity 
relationships. 

First we wished to determine the significance of the 
sulfur atom for activity. 2-Diethylaminoethylguani-
dine sulfate is also an effective adrenergic blocking 
agent.6 This compound, guanethidine, and V possess 
in common a basic nitrogen atom separated from the 
guanidine moiety by two carbon atoms. This grouping 

(5) J. H. Short, U. Biermacher, D. A. Dunnigan, and T. D. Leth, J. Med. 
Chem., 6, 275 (1963). 

SCHEME II 

NH 

N(CH2)„NH2 + RSCNH2-0.5H2SO4 

VIII IX 

1 
NH 
II 

RS(CH2)mNH(CH2)nNHCNHV0.5H2SO, 

X 

t 
CH3S(CH2)mNH(CH2)„NH2 + IX 

XI 
is of undoubted importance, and the presence of the 
methylthio group may be of secondary importance. 
Analogs of V, wherein the methylthio group was re
placed by hydrogen and by diethylamino, namely 
2-ethylaminoethylguanidine sulfate and 2-(2-diethyl-
aminoethylamino)ethylguanidine sulfate, were pre
pared and both proved to be inactive. The presence of 
the sulfur atom does, therefore, appear to be of real 
significance. The oxygen analog of V, 2-(2-methoxy-
ethylamino)ethylguanidine sulfate, was active, but 
less so than V. The oxygen analog of V, as indicated 
above, could not be obtained from II and 2-methyl
pseudourea sulfate and was actually prepared from 
N-(2-methoxyethyl)ethylenediamine. 

The reaction between l-(3-aminopropyl) aziridine 
(VIII, n = 3) and IX (R = CH3) produced a compound 
containing sulfur, and it is assumed to be 3-(2-methyl-
thioethylamino)propylguanidine sulfate (X, R = CH3; 
m = 2; n = 3) (Scheme II). The isomer of the last 
compound, 2- (3-methylthiopropylamino)ethylguani-
dine sulfate (X, R = CH3; m = 3; n = 2), was pre
pared from X - (3-methylthiopropyl)ethylenediamine 
(XI, m = 3; n = 2). These isomers were equally 
active, but considerably less active than V. 

A higher homolog, 3-(3-methylthiopropylamino)-
propylguanidine sulfate (X, R = CH3; m = n = 3), 
was prepared from X-(3-methylthiopropyl)-l,3-pro-
panediamine (XI, m = n = 3), and it proved to be 
inactive. 

The amines (XI, m = 3; n = 2 and XI, m = n = 3) 
required for the last two guanidines were prepared in 
four steps starting with the reaction between methane
thiol and acrylonitrile to give 3-methylthiopropionitrile. 
The latter was reduced with LiAlH4 to 3-methylthio-
propylamine. The amine was allowed to react with 
glycolonitrile and acrylonitrile to give, respectively, 
3-methylthiopropylaminoacetonitrile and 3-(3-methyl-
thiopropylamino)propionitrile. Reduction of the ni-
triles with LiAlH4 led to the desired diamines. 

The reaction between N-(2-aminoethyl) aziridine 
(VIII, n = 2) and 2-ethyl-2-thiopseudourea sulfate 
(IX, R = C2H5), as indicated above, produced 2-(2-
ethylthioethylamino)ethylguanidine sulfate (X, R = 
C2H5; m = n = 2). This homolog of V proved to be 
inactive. 

All the compounds described above contain a secon
dary amine function. We felt it was necessary to 
prepare a homologous tertiary amine to determine the 
importance of the secondary amine group. The neces
sary intermediate for the preparation of the N-ethyl 
homolog was 2-methylthiodiethylamine, which was 
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obtained by action of methanethiol on X-ethylaziridine. 
The yield was 81% when the reaction was effected at 
100°. At 80° the yield was only 23% and none of the 
desired secondary amine was obtained when the 
reaction temperature was (10°. 

The secondary amine was allowed to react with 
glycolonitrile and the nitrile was reduced, in turn, to 
N-ethyl-N- (2- methyl thioethyljothylonediamine. The 
guanidine, which was prepared from this amine in the 
usual manner, proved to be less active than V, but 
about as active as the other active compounds. 

The following conclusions may therefore be made 
concerning structure-activity relationships of these 
compounds: (1) the methyl group is essential for 
activity; (2) sulfur may be replaced with oxygen, 
but a reduction in activity ensues; (3) either, but 
not both, ethylene groups may be replaced with a 
trimethylene group to give active compounds, but 
again activity is reduced; and (4) introduction of an 
alkyl group at the secondary amino nitrogen gives less 
active homologs. 

The infrared spectra of the nine guanidines were 
determined. The only bands useful for identification 
purposes are a pair of strong bauds between 1700 and 
1600 cm"1. 

Pharmacology. Effect on the Cat Nictitating Mem
brane.—The nine guanidines were investigated for 
adrenergic neurone blocking activity by means of their 
effect on the nictitating membrane of the unanes-
thetized cat following oral administration in the 
manner previously described.'"'' hour of the compounds 
(Table I, 2, 7-9) were inactive at 30 mg kg. hour of 
them (3-6) caused a + + prolapse lasting 24 hr after 
a 30-mg/kg dose. A 30-mg'kg dose of 2-(2-methyl-
thioethylamino)ethyIguanidine sulfate (1) caused a 
+ + prolapse lasting for 72 hr at 30 mg-kg while a 
+ + prolapse lasting for 2(S hr followed administration 
of 10 mg/kg. Compound 1, therefore, is about three 
times as active, on a milligram basis, as the other four 
act ve compounds. The data, are summarized in 
Table I. 

Effect on Cat Blood Pressure. The five compounds 
showing adrenergic neurone blocking activity were 
examined for their effect on mean arterial blood pres
sure of the anesthetized cat following intravenous ad
ministration in the manner previously described.1 

The blood pressure responses were variable. The 
title compound (Table II, 1) at 2 and 5 mg kg along 
with 4 at 10 mg/kg caused an initial brief rise in blood 
pressure, followed by a prolonged decrease. The initial 
pressor response is presumed to be due to liberation of 
catecholamines from the adrenergic nerve endings. A 
similar pressor response is seen following intravenous 
injection of guanethidine, and is believed to be due to 
release of catecholamines.6 In some cases only the 
pressor response occurred (1 and 3 at 10 mg-kg) while 
in other cases only a depressor response was seen (3-5 
at 2 mg/kg and 5 at 10 mg/kg). Very little effect on 
blood pressure occurred following administration of 6. 

The pressor response to bilateral carotid artery occlu
sion was generally reduced, as expected, since this 

i(i) J. W. McC'ul.l .m, Y. Kaneko , ami I. II. Pas-e. ./. I'hamunol. E.c,,tl. 
Therap., 131 , 346 (1961); T. E . Gaffney, Id. Braumvald , a n d T. C. Cooper. 
Circulation Res., 10, 8H (1902); D. C. Harr ison, C. A. Chidsoy. H. (loldma.ii. 
and K. Braumvald , ihi,!.. 12, 256 UttlWl; K. T. Aht.s, Brit. ./. I'lmrmnr,,!.. 
26, 1(>2 (1966). 
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" The degree of prolapse is indicated as follow 
quarter of the eye covered by membrane: + 
eve is covered. 

+ , one-
one-half of the 

pressor response is mediated through the sympathetic 
nervous system. 

The effects of these compounds on the response to a. 
test dose of epinephrine varied. No uniform effect on 
the heart rate or respiration was observed. 

These results are summarized in Table II. 
Further studies were carried out only with V. 
Symptomatology in Dogs.—The candidate drug (V) 

was given to two dogs at each of three dose levels. 12, 
25, and 75 nig kg for 14 days. The compound was 
placed in gelatin capsules, ami the capsules were im
mersed for 10 sec in a 10% formaldehyde solution and 
then allowed to dry overnight. These "enteric-coated 
capsules" were placed inside the next larger size capsule 
and given to the dogs in a meat ball. The dogs were fed 
immediately. These precautions were taken to prevent 
the capsules from breaking down in the stomach which 
would result in immediate emesis. This method of 
dosing is used routinely in our laboratories for studying 
guanidine derivatives in both normotensive and hyper
tensive dogs. Reasonably uniform absorption from 1 lie 
intestine has been confirmed with labeled compounds. 

The following observations were made: effect on 
pupil size, nictitating membrane, respiration, heart rate, 
and mucous membranes; evidence of CNS excitation; 
and Cil disturbances. On the first day these observa
tions were made at 0.5-hr intervals for 2.5 hr and then 
hourly for the rest of the day. On days 2 14 observa
tions were made 3-(> hr after administration of the drug. 

All dogs showed a + or + + prolapse of the nicti
tating membrane which developed on day 2 and re
mained throughout the test, period. 

At 75 mg/kg emesis occurred after about half of the 
doses in spite of the precautions described above. Two 
episodes of diarrhea occurred with one dog and three 

loldma.ii
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TABLE II 

EFFECT OF GUANIDINES ON THE BLOOD PRESSURE OF ANESTHETIZED CATS 

Compel" 

1 

3 

4 

5 

6 

Dose, 
mg/kg 

2.0 

5.0 

10.0 
2.0 

10.0 

2.0 
10.0 

2.0 
10.0 
2.0 

10.0 

Effect 
on mean 
arterial 
blood 

pressure^ 

+ 17' 
- 4 0 
+ 50 ' 
- 4 7 
+ 40 
- 2 1 
+ 9 1 " 
+ 2 9 
- 1 5 
+ 39 ' 
- 1 4 
- 1 7 
- 5 1 

- 4 
+ 8 

Duration, 
min 

2 
180 

10 
120 
22 
39 

4 
110 
42 

8 
114 

32 
94 

3 
55 

Carotid occl 
Before 

+ 10 

+ 63 

+ 22 
+ 16 
+ 18 

+ 59 
+ 22 

+ 39 
+ 2 2 
+ 39 
+ 50 

lusion(:-d 

After 

+ 9 

+ 12 

+ 3 
+ 4 

0 

+ 30 
+ 10 

+ 10 
+ 6 

+ 4 0 
+ 10 

Epinephrine17-6 

Before 

No 

Xo 

+ 33 
+ 14 
+ 48 

+ 19 
+ 20 

+ 9 
+ 24 
+ 20 
+ 48 

chang 

chanj 

After 

;e 

?e 

+ 16 
+ 38 
+ 46 

+ 20 
+ 50 

+ 14 
+ 20 
+ 46 
+ 55 

Heart 
ratec 

0 

+ 
0 
— 
— 

0 

+ 
-
— 
-
-

Respira-
tionc 

0 

0 

0 
0 
— 

+ 
— 

0 
0 
0 
0 

° The numbers refer to the compounds in Table I. b The mean arterial blood pressure is approximated by taking the sum of the 
diastolic and systolic pressures and dividing by 2. c + = increase, — = decrease, 0 = no change. d The effect of 25 ng of epinephrine 
on the blood pressure is measured before and after administration of the drug. " The effect on the blood pressure of 0.5 min of bilateral 
carotid artery occlusion is measured before and after administration of the drug. ' An initial increase in blood pressure was followed by 
a decrease. ' An initial large increase in blood pressure was followed by a prolonged smaller increase. 

episodes with the other one. Both suffered a 20% 
weight loss. The only other adverse symptom seen was 
dryness of the nasal passages. 

At 25 mg/kg one dog had two episodes of emesis and 
one of diarrhea. The other dog on 25 mg/kg and the 
two dogs on 12 mg/kg showed no abnormalities except 
for "dry nose" on days 11-14. 

Effect on Hypertensive Dogs.—Studies in both renal 
and neurogenic hypertensive dogs were carried out 
with V in the manner previously described.1 These 
dogs belong to a hypertensive colony maintained in 
our laboratories and each animal has been in the 
colony for at least 2 years. The control arterial blood 
pressures were obtained for 3 days before drug admin
istration and the pressures were stable during this 
period. The control values given in Figures 1 and 2 
correspond closely to other measurements made during 
the preceding year. 

Single doses of 30 mg/kg of V given to both types of 
dogs did not cause an initial rise in blood pressure, as 
sometimes occurs with adrenergic blocking agents, but 
only a fall in blood pressure took place. The blood 
pressure was still significantly lower 24 hr later but had 
returned to control levels by 48 hr after administration 
of the substance. Diarrhea was observed in two of the 
four dogs. 

A single oral dose of 5 mg/kg elicits at least a 15% 
decrease in blood pressure in both types of dogs. 

Figure 1 shows the results of an 18-day study with 
two renal hypertensive dogs. The control blood pres
sure reading is indicated on day 0. A single dose of 
20 mg/kg of V was administered on day 1. The dogs 
received a daily maintenance dose of 2.0 mg/kg on 
days 2-15 and 5.0 mg/kg on days 16-18. A significant 
reduction in blood pressure is evident, and no adverse 
side effects were seen. 

A similar study was carried out on neurogenic hyper
tensive dogs and the results are shown in Figure 2. 
Results were more striking with the neurogenic dogs, 

as expected with this type of drug. Again no side 
effects were seen. 

With four additional hypertensive dogs (two renal 
and two neurogenic), the results achieved with single 
daily oral doses were similar to those reported in detail 
in Figures 1 and 2. The compound has been adminis
tered a total of 106 times to the eight hypertensive 
dogs. The dose has ranged between 0.5 and 30 mg/kg. 
It causes a rapid onset of antihypertensive effect at 
20 mg/kg, and the effect can be maintained with a daily 
dose as low as 2 mg/kg. 

When guanethidine was studied in hypertensive dogs, 
similar results were seen, however diarrhea and emesis 
were common with guanethidine even at the lowest 
effective dose (5 mg/kg) in striking contrast to the lack 
of side effects seen with our compound. Guanethidine 
failed to show a significant effect on blood pressure at 
2.0 mg/kg. 

Toxicity Studies.—Acute toxicity studies were done 
in mice with V. The oral LD50 was found to be 1200 
mg/kg, and the LD60 by the intravenous route was 
93 mg/kg. The data are compiled in Table III. 

The oral LDso in rats was found to be 1850 mg/kg 
with a 95% confidence limit of 1560-2120 mg/kg. The 
intravenous LD30 was not determined in the rat. 

The oral LD50 of guanethidine in rats is reported to be 
1000 mg/kg while the intravenous LD50 is 23.1 mg/kg.7 

Conclusions.—A new guanidine, 2-(2-methylthio-
ethylamino)ethy]guanidine sulfate (V), in animals, 
shows antihypertensive properties similar to those seen 
with guanethidine. It appears to have a somewhat 
better therapeutic index than guanethidine based on 
the oral LD60's in rats (1850 vs. 1000 mg/kg) and the 
minimum effective oral dose in hypertensive dogs (2.0 
vs. 5.0 mg/kg). Further, at effective dose levels, V 
causes fewer side effects than does guanethidine. 

(7) R. A. Maxwell, A. J. Plummer, F. Schneider, H. Povalski, 
Daniel, J. Pharmacol. Exptl. Therap., 128, 22 (1960). 

ma A. I. 
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MEAN ARTERIAL 
BLOOD PRESSURE 

mm Hg 
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210 -
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180 -

RENAL HYPERTENSIVE DOGS 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 IB 
DAYS 

Figure 1.—The effect of 2-(2-methylthioethylammo)ethyl-
guanidine sulfate (V) on two renal hypertensive dogs. The con
trol blood pressure is recorded at day 0, and represents the 
average of three measurements taken on three different days. 
On day 1, 20 mg/kg of V was given, followed by 2.0 mg, kg on 
days 2-1."), and then 5.0 mg/kg was given on days 16-18. Blood 
pressure measurements were made 4 hr after administration of the 
drug. 

TABLE II I 

ACUTE TOXICITY STUDIES WITH V ix M I C E 

- • —Oral" ---
Dose, 
ng/kg 

1000 
1200 
1400 

Mortality 
ratio 

2/10 
5/10 
7/10 

50(1 

2000 10/10 

Intravenous 
Dose, 
ng kg 

00 
70 
SO 
90 

100 
l i t ) 

125 

Mortality 
ratio 

0/10 
0/10 
: j / io 
4/10 
7/10 

10/10 
8/10 

" Symptoms of toxicity: increased activity followed by de
creased activity, fur ruffling, salivation, ataxia. The animals 
died quietly in 20 min to 5 days. Survivors were observed for I 
week. Calculated LI),;,, = 1290 mg/kg, 95//, confidence limit 
= 1090-1320 mg, kg. Female Swiss-Webster (Wisconsin) mice 
weighing 16-22 g were used. The drug was administered as a 
10'/ suspension in 0.5''( methyleellulose. '• At all doses excite
ment occurred. Convulsions occurred in some mice at the two 
lower dose levels. At higher doses convulsions were usually seen. 
Death occurred immediately. Calculated LI),-,,, = 93 mg/kg, 
9 5 ' / , confidence limit = 86-100 mg kg. Both male ami female 
mice were used. 

Wo therefore feel that these results clearly indicate that 
V should be investigated in the clinic. 

Experimental Section8 

N-(2-MethylthioethyI)ethyIenediamine.—A solution of 86 g 
(1.0 mole) of N-(2-aminoethyl)aziridine and 62.5 g (1.3 mole) of 
methanethiol was heated at 100° for 18 hr in a bomb. The 
product, bp 99° (8 mm), was obtained after removal of a small 

(8) -Melting points were determined in capillary tubes in a silicone oil 
hath, and are corrected. Nmr spectra were determined on it Yuriaii A-l',0 
spectrometer. Ir spectra were determined on a Perkin-EImer Model ."21 
spectrometer. Where analyses are indicated only by symbols of the ele
ments, analytical results for those elements are within :t0.3'/? of the theo
retical values. 

MEAN ARTERIAL 
BLOOD PRESSURE 

mm Hg 
NEUROGENIC HYPERTENSIVE DOGS 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
DAYS 

Figure 2.—The effect of 2-(2-melhyIthioethvlainino)ethyl-
guanidine sulfate (V) on two neurogenic hypertensive dogs. The 
control blood pressure is recorded at day 0 and represents the 
average of three measurements taken on three different days. 
On day 1, 20 mg/kg of V was given, followed by 2.0 mg/kg on 
days 2-15, and then 5.0 mg/kg was given on days 16-18. Blood 
pressure measurements were made 4 hr after administration of the 
drug. 

amount of forerun. The yield of colorless oil was 114.5 g (85'/ t), 
/,25D 1.5042. Anal. (C;,[IHX2S) C, II, N. 

An experiment carried out at 60° produced an 81 ' , . yield of 
the diamine, while none was obtained at room temperature. 

l-(3-Aminopropyl)aziridine.—Reduction of 96 g (1.0 mole) 
of l-(2-cyanoethyl)aziridine was effected according to the pro
cedure of Bestian.9 The yield of colorless oil, bp 73-77° (40 
mm), was 42 g (42 r

( ) , n25n 1.4538. Bestian9 reported bp 61-62° 
(19 mm). The reduction has also been effected with L1AIH4.1" 

2-Ethyl-2-thiopseudourea Sulfate.—2-Ethyl-2-thiopseudourea 
hydrobromide11 was converted to the sulfate salt with Ag2SOj 
and was crystallized from MeOH-IT-.>0 to give material melting 
at 225-226°, lit.12 mp 202°. Identical material was obtained 
from thiourea and diethyl sulfate. Anal. (CJI8X2S •O.0H2SO4) 
C, H,X. 

3-MethylthiopropyIamine. -A suspension of 1.1.4 g (0.3 mole) 
of LiAlIIj in 200 ml of dry ether was stirred and cooled in an 
ice-salt bath. From a dropping funnel a solution of 40 g (0.4 
mole) of 3-methylthiopropionitrile13 in 200 ml of dry ether was 
added .at such a rate that the temperature remained below 0°. 
Stirring was continued for 2 hr at 0° after the addition had been 
completed. The reaction mixture was decomposed by the drop-
wise addition of 12 ml of H 20, 12 ml of 1 5 ' / XaOTI, and 36 ml of 
1FO while the temperature was maintained at 0°. The solid 
was collected 011 a filter after being left at room temperature, over
night. The solvent was removed and a colorless oil was obtained 
from the residue, bp 56-57° (8 mm), rc25i) 1.4906. The yield of 
amine was 15.6 g (38/./). The recorded boiling point at at
mospheric pressure is 169°." 

A portion of the amine was converted to the hydrochloride, 
and was crystallized from .\Ie2CO-EtOAc: mp 148.5-149.5°. 
Anal. (CJT.tNS-MCliC, H, X. 

IS)) II. Bestian, .1; , ; : . , 566, 2J0 (1950). 
110} O. L. Salerni and R. N. Clark, J. Med. Chem., 9, 778 (1966). 
i l l ) E. Brand and F. C. Brand in "Organic Syntheses," Ooll. Vol. I l l , 

K. ('. Horning, Ed. ,l,,hn Wilev and Sons, Inc.. New York, S. Y., 1955, p 
1 HI. 

12, J. Taylor, ./, Vhtm. .So,:., I l l , 050 1,11)17;. 
•. |:!.i ('. U. Ilurd and h. I. Gershbein, ./. Am. Chem 
,11) It Karrer, 1:1. Scheitlin, and [I. Siegrist, Helv 

,Sm-., 69, 2328 (19-17). 
Chim. Acta, 33, 1'2H7 
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No. 

1 
2 
3 
4 
5 
6 
7 
8 

X 

s 
S 

s 
s 
s 
s 
0 
0 

Wl 

o 
o 
3 
3 
2 
2 
2 
2 

ra 
1 
2 
2 
3 
1 
2 
1 
2 

Ri 

H 
H 
H 
H 
C2H5 

C2H6 

H 
H 

TABLE IV 

NITRILES ? 

CH3X(CH2) 
Yield, 

R ! % 

CN 58° 
NH, 40* 
CN 82« 
NH2 686 

CN 89° 
NH2 916 

CN 59" 
NH, 61 

LND AMINES 

R1 

imN(CH2)»R2 

Bp, °C (mm) 
113-116(0.3) 
121-123(12) 
154-156(10) 
130-132(10) 
123-125(11) 
108-109(11) 
97-98(12) 
74-76 (10) 

n 2 5 D 

1.4960 
1.5006 
1.4930 
1.4996 
1.4840 
1.4890 
1.4324 
1.4436 

Formula 
C6H12N2S 

CeHi6N2S 
C7H14N2S 

C7Hi8N2S 
C 7 H H N 2 S 

C7H1SN2S 

C5H10N2O 
C S H H N J O 

Analyses 
C, H, N 
C, H, X 
C , H , X 
C, H, X 
C, H, N 
C, H, X 
C, H, X 
C, H, X 

" The ff-aminoacetonitriles were prepared from the appropriate amines and glycolonitrile as described in the Experimental Section. 
6 The nitriles were reduced to the corresponding amines as described in the Experimental Section. c The nitrile was prepared by allow
ing equivalent amounts of acrylonitrile and 3-methylthiopropylamine to stand overnight at room temperature before distillation. 

2-MethyIthiodiethylamine.—A solution of 78 g (1.1 moles) of 
N-ethylaziridine and 72 g (1.5 moles) of methanethiol was 
heated in a bomb at 100° for 18 hr. Distillation gave 106 g 
(81%) of colorless oil, bp 50-52° (10 mm), n25D 1.4702. At 80° 
the yield was 23%, and no product was obtained at 60°. Anal. 
(C 5Hi 3NS)C,H, X. 

Preparation of N-Substituied a-Aminoacetonitriles.—A solution 
of 0.3 mole of the appropriate amine and 25 g (0.3 mole) of 70% 
glycolonitrile in 150 ml of ethanol was heated under reflux for 
4 hr. The solvent was filtered to remove a small amount of in
soluble material. The solvent was removed from the filtrate and 
the residue was subjected to vacuum distillation to give the 
aminoacetonitriles as colorless oils. Thev are described in Table 
IV. 

Reduction of Aminonitriles to Diamines.—Reduction of the 
aminonitriles was effected with LiAlH4 in the manner described 
above for reduction of 3-methylthiopropionitrile except that the 
reaction was carried out in refluxing ether. The diamines are 
described in Table IV. 

2-EthyIaminoethyIguanidine Sulfate.—A solution of 8.8 g 
(0.1 mole) of X-ethylethylenediamine (Ames Laboratories) and 
13.9 g (0.05 mole) of 2-methyl-2-thiopseudourea sulfate in 25 
ml of H 2 0 was left at room temperature overnight. Addition of 
2.8 ml (0.05 mole) of concentrated H2SO4 caused a white solid to 
precipitate which was crystallized from H 2 0 to give 10.5 g (45%) 
of the guanidine: mp 250-251°; j£«o1 1690 (s), 1630 (s) cm- ' . 
Anal. (C5H,4X4-H2S04) C, H, X. 

2-(2-Diethylaminoethylamino)ethyIguanidine Sulfate.—A solu
tion of 8.0 g (0.05 mole) of X'jX'-diethyldiethylenetriamine 
(Ames Laboratories) and 7.0 g (0.025 mole) of 2-methyl-2-
thiopseudourea sulfate in 50 ml of 50% EtOH was left at room 
temperature for 3 days. The solution was taken to dryness after 
2.8 ml (0.05 mole) of concentrated H2SC>4 had been added. The 
residue was crystallized twice by dissolving in a large volume of 
boiling MeOH, concentrating the solution, and chilling. The 
yield of white crystalline solid was 8.5 g (48.8%); mp 206-207°; 
y^i"1 1652 (s), 1609 (s) cm-1 . Anal. (C9H28N5-1.5H2S04) C, H, 
N. 

2-(2-Methylthioethylamino)ethylguanidine Sulfate from 1-
(2-AminoethyI)aziridine.—A solution of 43 g (0.5 mole) of l-(2-
aminoethyl)aziridine and 70 g (0.25 mole) of 2-methyl-2-thio-
pseudourea sulfate in 500 ml of H 2 0 was left at room tempera
ture overnight. The solution was taken to dryness and the res
idue was crystallized from EtOH-MeOH (500:100 ml). The 
yield of white crystalline solid, melting at 170-171.5°, was 52 g 
(44.2%). Four recrystallizations from 95% EtOH raised the 
melting point to 178.5-179.5°; ^ O I 1678 (s), 1629 (s) cm"1. 
Anal. (C6H16X4S-0.5H2SO4) C, H, X. 

2-(2-Methylthioethylamino)ethylguanidine Sulfate from N-(2-
MethyIthioethyl)ethylenediamine.—A solution of 13.4 g (0.1 
mole) of X-(2-methylthioethyl)ethylenediamine and 13.9 g 
(0.05 mole) of 2-methyl-2-thiopseudourea sulfate in 50 ml of 
H2O was left at room temperature overnight. The solution was 
taken lo dryness and the solid was crystallized from 100 ml of 
9 5 % ElOII to give 18 g (80%) of material identical with that ob
tained above (determined by nrar, ir, and tic); mp 179.5-180.5°. 
One recrvstallization from 9 5 % EtOH raised the melting point 
to 181-181.5°. 

Reaction of l-(2-Aminoethyl)aziridine with 2-Methyl-2-thio-
pseudourea Sulfate in the Presence of Ethanethiol.—To 7.0 g 
(0.025 mole) of 2-methyl-2-thiopseudourea sulfate in 25 ml of H 2 0 
was added 6.2 g (0.1 mole) of ethanethiol. I t was stirred while 
4.3 g (0.05 mole) of l-(2-aminoethyl)aziridine in 25 ml of MeOH 
was added during 2 hr. The reaction mixture did not evolve 
any heat. The solution was taken to dryness under reduced 
pressure at room temperature after standing overnight. The 
last traces of water were removed by adding 25 ml of benzene 
and taking to dryness. The residue was crystallized from 95% 
EtOH to give 9.0g of material melting at 162-164°. Tic showed 
two major spots which corresponded to authentic samples of 2-(2-
methylthioethylamino)ethylguanidine sulfate and its ethyl 
homolog. The nmr spectrum (D20 solution) had a singlet at 
126.5 cps corresponding to the methyl group attached to the 
sulfur atom. A triplet is seen at 66, 74, 82 cps arising from the 
methyl group of the ethylthio moiety. The integration curve 
indicated approximately equal amounts of the two substances. 
The reaction was repeated using 2-ethyl-2-thiopseudourea sulfate 
and methanethiol. Again an equal mixture of the same two 
substances was obtained. 

Reaction of 2-MethyI-2-thiopseudourea Sulfate with Ethan
ethiol.—A solution of 7.0 g (0.025 mole) of 2-methyl-2-thiopseu-
dourea sulfate in 100 ml of H 2 0 was stirred with a magnet as a 
solution of 6.2 g (0.1 mole) of ethanethiol in 100 ml of MeOH was 
added dropwise during 1 hr. The clear colorless solution was 
left at room temperature overnight. The solution was taken to 
dryness on a rotary evaporator without heating. The residue 
was triturated with MeOH and the solid was collected on a filter. 
The yield was 6.4 g, mp 237-239°. 

The nmr spectrum (D 20 solution) exhibited a single peak at 
157 cps. There was no evidence of an ethyl group. Tic also 
confirmed the identity of this material, and no spot corresponding 
to the ethyl homolog could be seen. 

The reaction was run again, and the solution was heated at 55° 
for 4 hr. The nmr spectrum of the product had a singlet at 157 
cps, a triplet at 75, 82.5, 90 cps, and a quartet at 178, 185, 193, 
200 cps. The integration curve indicated about 3 parts of the 
methyl derivative to 1 part of the ethyl homolog. Tic gave two 
spots which corresponded to authentic 2-methylthiopseudourea 
sulfate and its ethyl homolog. 

Reaction of 2-(2-MethylthioethyIamino)ethylguanidine Sulfate 
with Ethanethiol.—A solution of 7.4 g (0.033 mole) of 2-(2-methyl-
thioethylamino)ethylguanidine sulfate and 6.2 g (0.1 mole) of 
ethanethiol in 40 ml of 50% MeOH was heated at 55° for 4 hr. 
The solution was taken to dryness and the residue was crystallized 
from 9 5 % EtOH to give 7.4 g of material melting at 176.5-
177.5°. Both nmr and tic indicated that this substance was 
unchanged starting material, and that none of the ethyl homolog 
was present. 

3-(2-MethyIthioethylamino)propylguanidine Sulfate.—A solu
tion of 10 g (0.1 mole) of l-(3-aminopropyl)aziridine and 14 g 
(0.05 mole) of 2-methyl-2-thiopseudourea sulfate in 25 ml of 
H.O was left- at room temperature overnight. To the solution 
was added 2.8 ml (0.05 mole) of concentrated H2S04. The solid 
which precipitated on chilling was recrystallized twice from 50% 
MeOH to give 20.3 g (70.5%) of white crystalline solid that 



854 STEPHEN RAINES AND CSABA A. KOVAO Vol. 11 

melted at 235.5-237°; v^'i"1 1686 (s), 1633 (s) cm ' 1 . .l«a/. 
(C-H18N4S-H2S04)C, H, N. 

2-(2-Ethylthioethylamino)ethylguanidine Sulfate. A solu
tion of 7.0 g (0.082 mole) of l-(2-aminoethyl)aziridine and 12.5 
g (0.041 mole) of 2-ethyl-2-thiopseudourea sulfate in 20 ml of 
II2O was left at room temperal lire overnight. The solvent was 
removed and the residue was crystallized from EtOH. The 
yield of white, crystalline solid was 10.2 g (52.3'yc): mp 151 
152°: « lT ' 1670 (s), 1625 (s) cm' 1 . Anal. (C-lhsN.S-O.5-
n2so4)c, ii, x. 

2-(3-Methylthiopropylamino)ethylguanidine Sulfate. A solu
tion of 14.8 g (0.1 mole) of 2-(3-methylthiopropylamino)ethyl-
amine and 13.9 g (0.05 mole) of 2-methyl-2-thiopseudourea sul
fate in 25 ml of H20 was left at room temperature overnight. 
The solvent was removed and the residue was crystallized from 
EtOH. The yield of white solid was 11.5 g (4S.i(;<); mp 169-
170°; recrystallization from EtOH raised the melting point to 
173.5-174°": ^,2°' 1683 (si, 1627 (s) cm"1. Anal. f C r H ^ S -
0.5H2SO4)C, H, X. 

3-(3-MethyIthiopropylamino)propylguanidine Sulfate.—A solu
tion of 22 g (0.135 mole) of 3-(3-methylthiopropylamino)propyl-
amine and 19 g (0.068 mole) of 2-methyl-2-thiopseudourea sulfate 
in 35 ml of water was left at room temperature overnight. The 
solution was taken to dryness after 3.8 ml (0.07 mole) of con
centrated H2S04 had been added. The residue was crystallized 
twice from E t O H - l E O to give 33.2 g (SI.5%) of glistening white 
leaflets: mp 249-250°: i^"i°' 1686 (s), 1635 is) cm"1. Anal. 
(CSHMX4S-H,S04)C,H,X. 

2-[N-EthyI-N-(2-methylthioethyl)aminoJethylguanidine Sul
fate.- A solution of 8.1 g (0.05 mole) of N-et.hyl-N-(2-methyl-
thioethyl)ethylenediamine and 7.0 g (0.025 mole) of 2-methyl~2-
l hiopseudourea sulfate in 10 ml of I1L.() was left at room tempera

ture overnight.. To the solution was added 25 ml of2; 2-dinie-
I hoxypropane, and it was taken to dryness. The whit e solid which 
remained was collected and washed CMeaOO). The yield was 
7.0 g( 57.5 ' , , ; : nip 70-71°: ^""' 1660 (si, 1015 fshi cm "'. Anal. 
t(y-i2„x4s-o.5ii,so4)(:, ii, \ . 

2-(2-Methoxyethylamino)ethylguanidine Sulfate. A solution 
of 6.3 g (0.053 mole) of 2-(2-methoxyethylamino)ethylamine arid 
7.5 g (0.027 mole) of 2-methyl-2-thiopseudourea sulfate in 25 
nil of 114) was left at room temperature overnight. The solution 
was diluted with 100 ml of .MeOII and 100 ml of acetone after 
1.4 ml 10.025 mole,1 of concentrated ITS04 had been added. 
Chilling caused 11.8 g (86 r

P ) of white, crystalline solid to pre
cipitate: mp 254-255°: i ^T ' 1684 (s), (630 (s) cm""1. Anal. 
(C6II„>X.10-]ES<>1ir, II, X. 
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The methods of preparation and pharmacological data of a 
cribed. 

scries of substituted |4-phenetbylainiues are dc-

2-Amino-3-phenyl-l-propanol (IV) was shown to 
possess significant analgetic activity in these labora
tories. A number of compounds chemically related to 
this structure were prepared by the synthetic routes 
shown in Chart I and screened as to their analgetic, 
central nervous system, cardiovascular, and antiinflam
matory effects. 

Chemistry.—The reaction routes employed to obtain 
the compounds which were synthesized are found in 
Chart I. These compounds were derived from the (// 
form of compound I. Methods for the preparation 
of 2-amino-3-phenyl-l-propanol (IV),1 ethyl 2-benz-
amido-3-phenylpropionate (Vb),2 and 2-benzamido-3-
phenyl-1-propanol (Xb)3 have previously been de
scribed. 2-(p-Chlorobenzylamino)- 3 -phenyl- 1-propa-
nol (Via) and the known 2-(benzylamino)-3-phenyl-
1-propanol (VIb)4 were synthesized by LiAltL, 
reduction of Va and the known ester Vb.4 The cyclic 
compounds, 5-benzyl-4-(p-chlorobenzyl)morpholine-2,-
3-dione (Vila) and 4,5-dibenzylmorpholine-2,3-dione 
(VIlb), were prepared by the reaction of diethyl oxalate 

i l l l'. k a r r e r , P . I ' o r lmuim, und At, Suter , Heir. Oil 
I 11118). 

(2) I. Murakos l i i , ./. /'harm. Soc. Japan. 76 , 1139 (1956). 
C-i) G. Fodor , J . Kiss, a n d I . Sal lay, J. Chem. Soc, 1858 (1951) 
( t ) A. Stolt a n d A. H o f m a n n , Helv. ('hint. Acta, 26 , 922 (1943) 
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with Via and VIb, respectively. The reaction of IV 
and diethyl oxidate yielded N,N'-bis(a-hydroxymethyl-
phenethyl)oxamide (XII), while none of the expected 
product, 5-benz}'lmorpholine-2,3-dione, could be iso
lated. Apparently, under the conditions employed and 
based on the products isolated, the more hindered 
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