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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. 

Acknowledgments. The microanalyses were pro
vided by Mr. Orville Kolsto, Mr. Victor Rauschel, and 
stuff of the Abbott Microanalytical Laboratory. The 
pressure reactions were carried out by Mr. Morris 
Freifelder and Mr. Daniel Dunnigan. Mr. William 
Washburn and his associates provided the infrared 
spectra. Kvelyn Baker and her associates provided the 
tic's. The nmr spectra were provided by Dr. Milton 
Levenberg and Ruth Stanaszek. We also wish 
to thank Messers. Harold Brondyk, Charles Shannon, 
and Leo Wiemeler for assisting with the pharmacological 
studies. Dow Chemical Company generously provided 
samples of l-t2-aminoethyl)aziridine, l-(2-cyanoethyl)-
aziridine. and 1-ethvlaziridine. 

The Synthesis of Subst i tu ted Phenethylamines 

STEPHEN RAINES AND CSABA A. KOVACS 

Tin- Xalional Drug Company, Research Laboratories, Division of Richardson-Merred Inc. Philadelphia, Pennsylvania l!Jl!,'t 

Received January 2, 11)68 

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) 

Ada, 3 1 , KilT 

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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C6H5CH,CHCOOH 
o-HOC6H4CHO 

o-HOC6H4CH-N 

II 

C6H5CH2CHCOOC2H5 p-TC6H4COCl 
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p-YC6H4CH2NH 

VI 

(COOEt), 
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CHART I 

C6H5CH2CHCOOH 

NH2 
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XIII 

C6H5SNa 

C6H5CH2CHCH2SC6rl5 

C6H5CONH 

XIV 

NalO, 

C6H5CH2CHCH2SOC6H5 

C6H5CONH 

XVI 

V-VII , X, X I I I : a, Y = CI; b, Y = H 

C6H5CH2CH CH2 SCH2C6H5 

C6H5CONH 
XV 

benzylic secondary amines (Via and b) preferentially 
undergo the intramolecular ring closure rather than the 
intermolecular reaction demonstrated by the primary 
amine (IV). 

Numerous products, IXa -e , were prepared by the 
reaction of isocyanates and isothiocyanates with 
2-amino-3-phenyl-l-propanol (IV). In all cases, the 
expected ureas and thioureas were formed in preference 
to the carbamates and thiocarbamates. Where ethyl 
chloroformate was used, the expected carbamate, 
a-(hydroxymethyl)phenethylcarbamic acid ethyl ester 
(XI) , was isolated. 

The reaction of thionyl chloride with 2-benzamido-3-
phenyl-l-propanol (Xb) and 2-(p-chlorobenzamido)-3-
phenyl-1-propanol (Xa) converted the hydroxy groups 
to chloro groups, resulting in the compounds, 2-benz-
amido-l-chloro-3-phenylpropane (XHIb) , the optically 

c6ir6CH2CHCir2oji 
1 

RXIIC—NH 
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z 

IX 
R 
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VIII 

R 
p-CH3OC6H4 
p-C6H6CH2OC6H4 
p-FC6H4 
o-HOC6H4 
p-CH„CONHC6H4 
p-CH3C6H4 
3,4,S-(CH30)3C6H2 

active (R) form of which has been reported,5 and 2-(p-
chlorobenzamido)-l-chloro-3-phenylpropane ( X l l l a ) . 
The dl form had a melting point which differed from the 

(5) K. Koga, H. Matsuo, and S. Yamada, Chem. Pharm. Bull. (Tokyo). 
14, 243 (1966). 
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C'uHisNOi' ' 
O I S I I U C I N O J 

C.sHisClNO 

CisHieClNOi 

C H H I T N O S 

C n l l i s N O ; 
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CisIheClNO^ 

C ' jHnNO, , 

C W H M N S O I 

C s H t i C l i X O 
CidHuClNO 
C M H J I N O S 

C - i l h N O S 
C c l I a N O i S 

'' ("-: calcd, 

reported compound"' by 20°. Compound Xl l lb was 
used as a starting material to prepare a number of sulfur 
derivatives (XIV-XVI). 

Since a low order of analgetic activity of the Schiff 
base, 3-phenyl-2-(p-methoxybenzylideneimino)-l-pro-
panoI( Villa) , was observed, a number of compounds of 
this type were prepared (VHIb-g) in hopes of increasing 
the activity. 

Pharmacology.—The compounds reported in this 
paper were administered orally and screened for anti
hypertensive activity in renal hypertensive rats,6 

antiinflammatory activity in the carrageenin abscess 
test7 in rats, and analgetic activity in the phenyl-
quinone-induced writhing test in mice.8 General 
symptomatology and toxicity were observed in dose 
range studies in mice. 

2-Amino-3-phenyl-l-propanol (IV) demonstrated ac
tivity (ED50 = 46 mg/kg) in the phenylquinone writh
ing test. 3-Phenyl-2-(p-metlioxybenzylidencimine)-l-
propanol (Villa) also showed activity in this test 
(ED50 = 70 mg/kg); subsequent screening in the hot 
plate testa showed a low order of activity (500 mg/kg) 
and a lack of activity in the Randall-Selitto test10 using 
the noninflamed paw. In mice, the minimal lethal dose 
was greater than 1 g kg and the minimal symptomatic 
dose was 125 mg/kg. 

(6) A. G r o l l m a n , 1'roc. Soc. IixplL Biol. Med., 57, 102 (1944). 
(7) S. Golds te in and 1\I. Schnal l , Arch. Intern. Pharmacodyn., 144, 269 

(1963). 
(8) L. C. H e n d e r s h o t a n d J. Fo r sa i th , J. Pharmacol. P'xptl. Therap., 125, 

237 (1959). 

(9) N . B. E d d y a n d D . Le imbaoh , ibid., 107, 385 (1953). 
(10) L. O. Randa l l , J . J . Sel i t to , a n d J . Valdes , Arch. Intern. Pharmacodyn., 

113, 233 (1957). 

Experimental Section 
Where analyses are indicated, analytical result* obtained for 

those elements were within ±0.4C , ' of the theoretical values. 
Absorption bands in the infrared spectra were as expected. See 
Table I for physical and analytical data. 

A. General Preparation of II and Villa g. A solution of 
amine (0.05 mole), aldehyde (0.05 mole), p-toluenesulfonic acid 
(catalytic quantity.), and C/He (300 ml) was heated under rellux 
until 0.9 ml of II20 was collected in a Dean-Stark trap. After 
permitting the reaction to come to room temperature, it was ex
tracted twice with a saturated N a H C 0 3 solution (200 ml), dried, 
filtered, and concentrated under reduced pressure. The resulting 
oils were solidified by trituration with petroleum ether (bp 30 00°) 
or ether. 

B. General Preparation of Va, Xa, and XI.-—To a stirred and 
cooled solution of the amine (0.1 mole) and Et3X (0.3 mole) 
in Cello (600 ml), the acid chloride (0.1 mole) dissolved in C«II6 

(100 ml; was added dropwise. After stirring at room tempera
ture overnight, II-O (400 ml) was added. Compound Xa sep
arated and was filtered directly while Va and XI remained in 
the ('.'{lis layer which was separated and combined with the CdE, 
extracts of the aqueous portion, dried, filtered, and concentrated 
under reduced pressure. The resulting oils were solidified by 
trituration with cyclohexane. 

('. General Preparation of Via and VIb.—The amide (u.l 
mole) was dissolved in dry T I I F (300 ml) and added, dropwise, 
over a 1-hr period to a stirred suspension of LiAlHi (0.2 mole! 
in dry T U P (700 ml) which was immersed in an ice bath. The 
reaction mixture was then refluxed for 4 hr. After cooling in an 
ice bath, the complex was decomposed by the dropwise addition 
of a l0'/c aqueou,- XaOII solution (50 ml) followed by a saturated 
aqueous solution of Xa_.S04 (50 ml). After stirring for 45 min, 
anhydrous Xa;SO< ( 15 g) was added. The reaction mixture was 
filtered and dried with additional Na2S()4, filtered, and concen
trated under reduced pressure. The resulting oil was crystallized 
by treatment with heptane. Compound VIb was recrystalli/.ed 
from EtOII in an sS'", yield, nip 68-69" (lit.1 69-71°). 

U. General Preparation of XHIa and XHIb. A mixture of 
alcohol (0.05 mole), SOCk> (0.J mole), pyridine (catalytic quan
tity), and CJIn (500 ml) was heated under reflux for 4 hr. The 
reaction mixture was concentrated under reduced pressure. The 
resulting oil was solidifietl by trituration with petroleum etlier or 
ether. 

E. General Preparation of Vila, VTIb, and XII. The amino 
alcohol (0.05 mole) and ethyl oxalate (0.05 mole) were heated 
together in Ph.Me (500 ml) and the solvent (300 ml) was distilled 
off over a 10-hr period removing the EtOII as it was formed. 
After removal of the remaining solvent, under reduced pressure, 
1 he oily residue was solidified by trituration with cyclohexane. 

F. General Preparation of IXa-e. To a solution of the amine 
(0.05 mole) in Cells (100 ml), a solution of isocyanate or isothio-
cyanate (0.05 mole.) in CuIIe (50 ml) was added and the reaction 
was permitted lo Maud for 10 hr. When* crystallization could 
not be directly induced in the reaction mixture, the solvent was 
removed and I lie residue was treated with petroleum ether to 
give a solid material. 

G. General Preparation of XIV and XV. - T o a solution of 
EtOXa (0.05 mole) in EtOII (100 ml), the thiol (0.05 mole) dis
solved in EtOII (50 ml) was added. After 15 min, (he chloro 
compound (0.05 mole) dissolved in EtOII (200 ml) was added, 
followed by 5 hr of refluxing. Tho XaCl formed was filtered from 
the hoi solution and on cooling, crystals of the pure product were 
deposited. 

H. Phenyl (2-Benzamido-3-phenyl)-l-propyl Sulfoxide 
(XVI) . -To a cold solution of X a I 0 4 (0.011 mole) in II,() (50 
ml), a solution of XVI (0.01. mole) in MeOH-EtOII (100 ml) was 
added and permitted to stand for 4 days. After filtration, the 
filtrate was extracted with CHCI3. The CHC13 layer was dried, 
filtered, and concentrated under reduced pressure resulting in a 
solid material. 
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