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residue was dissolved in about 10 ml. of dioxane. A hot, freshly 
filtered solution of 4 g. (0.02 mole) of cupric acetate in 37 ml. of 
water was added. The resulting mixture was heated several 
min. and shaken intermittently while cooling to  room tempera- 
ture. The precipitated copper salt was collected and air dried, 
weight 7 g. (837,). The copper chelate was not decomposed by 
shaking with 10% sulfuric acid and only very slightly with 25y0 
sulfuric acid. Shaking with 50% ice cold sulfuric acid and ethyl 
acetate decomposed most of the copper compound. The organic 
layer was separated, washed with water and dilute sodium bi- 
carbonate, dried over magnesium sulfate, and filtered. After 
removing the solvent, the residue was distilled. The distillate 
collected 163-172" (0.2 mm.) was cloudy and redistillation at  
165-170" (0.2 nini.) did not improve the quality of the product. 

dnal .  Calcd. for CISHI~O~CUI,/~: C, 70.15; H, 5.28: Cu, 
9.78. 

Difficulties were also encountered when the cyclization was 
attempted with metallic sodium or potassium t-butoxide in toluene 
according to established procedures. 2 1  

5-( 2-Diethylaminoethyl) -2,2-diphenylcyclopentanone Hydro- 
chloride.-The cyclization of methyl 2,2-diphenyladipate with 
sodium hydride in oil was effected as described above. The 
reaction mixture was cooled in ice while a solution of P-diethyl- 
aminoethyl chloride in xylene, prepared according to  Meltzer 
and Lewis,23 was added. After being stirred at  room tempera- 
ture for 2 hr., the mixture was heated on a boiling water bath for 
2 hr. The mixture was cooled, treated with a few ml. of ethanol, 
and a large volume of water followed by a few drops of acetic acid. 
The organic layer was separated, and the organic solution was 
extracted twice with 10% hydrochloric acid. The acid solution 
was made strongly basic and estracted with ether. After removal 
of the solvent, the residue was refluxed with 30 ml. of 307, sulfuric 
acid and 20 ml. of acetic acid for 6 hr. The cooled mixture was 
poured into ice cold sodium hydroxide and the strongly basic 

Found: C, 70.60; H, 5.49; Cu, 9.48. 

(21) TV, S. Johnsin.  B. Bannister, and R. Pappo, J .  Am. Chern. Soc., 78, 

(22) R. I. Meltzer and  A .  TI. Lewis, J .  O t g .  Chem., 22, 61.5 (1953). 
6331 (1966). 

solution was extracted with ether. The ether solution was dried 
over magnesium sulfate, filtered, and saturated with hydrogen 
chloride at  0". The oil which separated crystallized upon stand- 
ing in the refrigerator overnight. The precipitate was separated 
and recrystallized three times by dissolving in a minimum amount 
of absolute ethanol, cooling, and adding anhydrous ether. The 
pure product ( 1  g.) melted a t  164.5-165.5 

Anal. Calcd. for C,sH,~CINO: C, i4.27; H, 8.13; C1, 9.53. 
Found: C, 74.10; H, 8.43; C1,9.65. 
5-(2-Dimethylaminoethyl)-Z,Z-diphenylcyclopentanone Hy- 

drochloride.-This compound was prepared as described above for 
the diethylamino homolog. The white solid melted at  206.5- 
208.5" dec. 

Anal. Calcd. for C,IH2GClKO: C, 73.25; H, 7.62; C1, 10.30 
Found: C, 73.00; H, 7.59; Cl, 10.55. 
5-Dimethylaminomethy1-2,2-diphenylcyclopentanone Hydro- 

chloride.-To 2,2-Diphenylcyclopentanone (1 g.), melted on the 
steam bath,23 were added 0.25 g. of paraformaldehyde, 0.25 g. of 
dimethylamine hydrochloride, and 5 drops of 1 : 1 hydrochlo- 
ric acid. The mixture was heated on the steam bath with oc- 
casional shaking until complete solidification had occurred. The 
solid was washed with ether, dissolved in water, filtered, and 
made basic. The mixture was extracted with isopropyl ether 
The ether solution was dried over magnesium sulfate, filtered. 
and saturated with hydrogen chloride at  0". The precipitate 
which formed was separated and after air drying for 12 hr. 
weighed 0.4 g. 

A n d .  Calcd. for C>oH~,ClNO: C, 72.82; H, 7.33; C1, 10.75: 
X, 4.25. Found: C, 72.80; H, 7.50; C1, 10.85; K, 4.21. 

5-Methyl-2,2-diphenyIcyclopentanone.-Prepared by cycliza- 
tion, alkylation, and hydrolysis as described above. The prod- 
uct, b.p. 143" (2 mm.), m.p. 52-54', was easily recrystallized 
from methanol. This procedure is better than alkylation of the 
cyclopentanone.24 Attempted alkylation with P-dimethyl- 
aminoethyl chloride was unsuccessful. 

It melted a t  173". 

(23) J. hI. Sprague and E. 11. Schultz, Brit .  Patent 733,406; C h ~ r n .  

(24) S. Selson, Ph.D. Tliesis, Lehigh University, 1951. 
A b s t r . ,  60, 7867e (1996). 

Anorexigenic Agents : Aroma tic Subs ti tu ted 1 -Phenyl-Z-propylamines 

GERALD F. HOLLAND,' CARL J. BUCK, ASD ALBERT \VEISSMAS 

Medical Research Laboratories, Chas. Pfizer and Co., Inc., Groton, Connecticut 

Receized J l a r c h  SO. 1963 

A number of aromatic substituted 1-phenyl-2-propylamines (Table I )  have been prepared by three general 
routes. The anorectic activities of these compounds are listed in Table IV. Although none are as active as 
(+)-amphetamine, a number are more potent than phenmetrazine or diethylpropion. The most active com- 
pounds are 1-(4-dimethylaminophenyl)-2-propylamine and l-(3-trifluoromethylphenyl)-2-propylaniine. Un- 
expectedly, 1-(3-trifluoromethylphen~l)-2-propylamine is more potent than 1-(4-trifluoromethylphenyl)-2- 
propylamine. Both the 3- and 4-trifluoromethylamphetamines depress food intake in the rat and dog without 
observable central nervous sytem stimulation. 

I-Phenyl-2-propylamine (amphetamine) was studied 
by ,411es in 1927.3,4 Since the initial investigations, 
dealing with the vasopressor effects of amphetamine in 
man6 and the dog,6 a vast literat'ure on this important 
sympathomimetic amine has appeared.3 The majority 
of these reports are concerned wit'h either more de- 

(1) Presented before the Division of Medicinal Chemistry, 140th National 
Aleeting of the American Chemical Society, Chicago, Ill., Sept. 3, 1961, 
Abstracts, p. 5-0.  

(2) I n  this rengrt 1-phenyl-2-propylamine (amphetamine) and  its deriva- 
tives are related to  (=t)-l-phenyl-2-propylamine, unless stated otherwise. 

(3) C. D. Leake, "The Amphetamines," Charles C Thomas, Springfield, 
Ill., 1958, p. 4.  

(4) G. A. .$lies. J .  Am. Chem. Soc., 64, 271 (1932); amphetamine was first 
prepared b y  L. Edeleano, Ber. ,  20 ,  616 (1887). 

(5) G. Piness, H. Xiller, and G. A. Alles, J .  Am.  .Wed. Assoc., 94, 790 
(1930). 

( 6 )  G ,  A .  Alles, J. Pharmncal. Ezptl .  Thrrap . ,  47, 339 (1933). 

tailed pharmacological st'udies or clinical applications 
of this drug.' 

although amphetamine has found a number of 
clinical applications it is most widely used as an adjunct 
in the treatment of obesity.8 Concomitant with the 
anorectic effect are some undesirable side effects, which 
are related to central nervous system stimulation, such 
as insomnia, nervousness, and hyperactivity. Some 
consider that  this central sympathomimetic stimulation 
is the general mechanism by which amphetamine and 
its congeners depress If this is so then 

( 7 )  L. S. Goodman and  A. Gilman, "The Pharmacological Basis of Thera- 

( 8 )  S. C. Harris, Ann. N .  Y .  Acad. Sci., 63, 121 (1956). 
(9) W. Modell, J .  Am. M e d .  Assoc., 173, 1131 (1960). 
(10) W. Modell, "Drug8 of Choice," The C. V. Mosby Company, St.  

peutics," The Macmillan Company, New York. K. T., 1958, p. 52. 

Louis, Mo., 1960, Chapter 21. 



the divorcement of the undesired stimulation from the 
therapeutically useful anorectic effect should not be 
possible.9 lo Fineberg partially objects to this stimiila- 
tion-anorexia hypothesis because i t  does not explain tlif. 
anorexia observed in borne patients iii the complete a b -  
sence of central sympathomimetic stimulation.'? t)thcri 
have considered that since certain hypothalamic centerr 
are important in the regulatioii of food iiitake,l3 l 4  t hew 
centers might be the site of action of amphetaniinc. 
Brobeck has shown that amphetamine cwite- thv 
medial region of the hypothalamus (.atiety centrli I ,  
and he suggests stimulation of the iaticty center a,. :I 

possible mechanism. l5  Stoil e and lIillerl lion c'\ PI . 
favor the yiew that  amphetaniiiic act3 at the latcwl 
nuclei of the hypothalamus (feeding center), arid 
lielieve that  amphetamine inhihits this feeding center. I '  

Only further studies will decide I\ hether any of t l i c v  
mechanisms, either individually or collrctivcly, ar(' 
sufficient to  explain the anorectic propc.rtit.. of ampht~t- 
amine. 

During the course of a search for nmv anorexigenic 
agents that  would not only be of clinical intereht 
but would also he useful in niwhaniwi qtudies, \\ (3 

have synthesized and screened a number of aromatic 
substituted l-pheny1-2-propylaniiiici: 

Synthesis.-Three methods were employed for the 
preparation of the aromatic suhstituted l-phenyl-2- 
propylamincs. The first (method Ll) inr.olved the ( ~ 1 1 -  

densation of a substituted ht.nzaldehyde with nitro- 
ethane followed hy lithium nliiniiiium hydride rrrluc- 
tion of the intermcdiate l-ar\-l-2-nitropropeiic. This 
wcll known sequence of read i o i i ?  is mnr-eniclnt for t 1 i ~  

p rc. parat io 1 i of the arrip1ict;iniiiic~i it1 wli ivl i  the I ( b -  

l'-'"'" 

qiiired aldehydes are either available or reaclily accv -  
sible. The aldehydes which were not commerci:illy 
available were preparrd by tlir following route\ 

R S. Slethod 

CF3(2, 3, and 4) c: 1 Cirignnrd (Xlg, Il3IIc) 
SCK? (2  and 3) COO11 IlcFadyen-Stevens 
SCHIC~HS (2 anti 4)  COOT-I McFadyen-Stlevens 
4-SCHB CHX1 Sommelet 
3-CH3-4-SCH3 CHZCl Sommelet 
4-SO.CHj CHj CrOa-AcsO 

Chlorosulfonation o f  K-acetyl-1-phenyl-2-propyl- 
amine followed by amination and deacetylation was 

(11) J. F. Fazekas, W. R. Ehrmmtr:int ,  I<. 1). ('arnl>Lc~ll, a n d  hl .  (.. 

(12) S. K. Fineberg. ibid., 175, 680 (1461). 
(13) J. It. Brobeck, Ann. .V. Y .  Acnd. Sc i . ,  63, 44 (l!425). 
(14) U .  Andersson and  S. Larsson. P/iarmai.ol. Rev. ,  13, 1 (1961). 
(15) J. R. Brobeck, S. Larsson, and  E. lieyes, J .  P h y s i o l . ,  132, 358 (1!15(jl 
(16) F. R. Stowe. Jr., and .A. T. Xlilkr, Jr., Ezperientin, 13, I14 (19571. 

Kegron, J .  Am. M e d .  Bssoc., 170, 1018 (1959). 

.I general route t o  tlie (+)-1-(4-amiiiophenyl)-2- 
propylamines 11 as developed (>lethod C).  Sitratioii 
of (+)-amphetamine (I) produces position isomer-. '' 
Trifluoroacetylation of this mixture gives pure (+)- 
S- trifluoroacetyl - I - (4 - nitrophenyl) - 2 - propylamintl 
(TIT). Catalytic reduction of I11 yields (-)-S- 
trifluoroacet yl- 1- (~-aiiiiiiopheriyl)-~-propylaniine ( I  \-). 
(+ )-l-(~-Xniinoplie1iyl)-3-p1.opylamine (V) was prc>- 
pared by detrifluoroacetylatioii of I\' with dilute I)rt 
'Lhe \-aluabltb intermediate I V can he alkylated 01 

wylated. etc., to compounds rqmwnted  by ,itructure\'I 
13y this latter procedurcb IT' :uid iiir~thaiirsulfonylcl~lo- 
i%lr form (+) -~- t r i~uoroae~~ty l -~- (~- i i ie t l iy l~ i i l fami~lo-  
plitny1)-2-propylaniii~~. I)etrifluoroacetylatioii g i \ v  
i +)-l-(4- i r~ethyl~~i l farnid~~pl1~~11~-l)-~-pr~~pylai i i i1i~~ 0-1 , 
1<, = tH,li? = CEI,SOn). -Also thc. rcmtiori lietncen I \  
tint1 t )cnzo~~l  c~hloricle lead? to (+ )-N-trifliioroacet~-l- 1 - 
( ~-~)c~iizari~idopheiiyl~-~-propylaiiiiii(~. Remox a1 of tlicl 
I I ifiiioi~o:~cctyl groiip %i\ P ( + ) - I - (  ~- '~ciiz:tr i i ido~~li~~iiyl~- 

:2-propylamiiw (\-I, It1 = II, I t n  = ('6115CTO). Tlir. 
l-plienyl-i3-propS'larnine hydrochlorides are described i ti 
Table I.  The intermediates of method A, l-phenyl-2- 
nitropropenrs and l-phen~-1-2-propylamine4, arc listed 
in l'ablrs IT and 111, rcspc~tir-clv. 
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TABLE I 
AROMATIC SGBSTITUTED 1-PHENYL-2-PROPYLAMIIiE HYDROCHLORIDES 

R 

4-CF3 
3-CF3 
2-CF3 
4-SCH3 
3-SCH3 
2-SCH3 
3-CH3-4-SCHj 
4-SOzCH3 
2-SCHzCeH6 
4-SCHzC6Hs 
4-CH( CH3)z 
4-N( CH3)z 
4-SOzNHz 
4-SOZr\'( CH3)z 
( f )-4-xHz 
(+ )-4-NHSOzCH3 
( +)-~-NHCOCBH~ 

R 

4-CF3' 

3-CF3' 
2-CFaa 
3-SCH: 
2-SCHa 
4-CH( CH3)Z' 
4-SCH3d 
4-SCHzCeHse 
2-SCHzCeHb 
4-SOzCH3' 

Method 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
B 
C 
C 
C 

B.p. range, "C. (mm.) 
or M.p.. "C. 

114-120 (0 ,5)  
m.p. 37-39 

104-118 (0.6-1.0) 
92 (0.07) 
98-126 (0.1-0.7) 
11 0 (0 .07) 

m.p. 76-77 
m.p. 74-75 
m.p. 70-71 
m.p. 131-132 

126-134 (1) 

CH&H(CH3)NH2.HCl 
R 

RI.p., O C .  

200-201 
163-164 
207-208 
190-191 
136-137 
146-147 
202-203 
260-261 
157-158 
173-174 
200-202 
220-221 
227-228 
215-216 
296 
260-26 1 
294-295 

7-- % Ca1cd.- 
C H 

50.11 5.47 
50.11 5.47 
50.11 5.47 
55.15 7.41 
55.15 7.41 
55.15 7.41 
57.00 7.83 
48.09 6.46 
65.39 6 86 
65.39 6.86 
67.42 9.43 
52.59 8.03 
43.11 6.03 
47.39 6.87 
48.63 7.26 
45.36 6.47 
66.08 6.59 

TABLE I1 
AROMATIC SUBSTITUTED l-PHENYL-2-NITROPROPENES 

R CH3 

Yield, 
nn range ("C.) % 

1.5029-1.5100 (33) 63 

1,5043-1.5099 (24.5)  63 -- 1.5010-1.5060 (26) /a 
1.6021-1.6113 (25) 40 
1.6285(25.5) 72 
1.5801 (25.5) 36 

34 

59 
70 

--- 
h- 

5.85 
5.85 
5.85 
6.43 
6.43 
6.43 
6.04 
5.60 
4.77 
4.77 
6.55 

11.15 
11.17 
10.05 
12.61 
10.58 
9.64 

-- % Found-- 
C H 

50.40 5.47 
50.06 5.56 
49.82 5.60 
55.22 7.54 
55.07 7.53 
54.96 7.45 
57.31 7.85 
47.41 6.50 
64.95 6.79 
65.80 6.93 
67.08 9.48 
52.88 8.12 
42.87 6.11 
47.24 7.13 
48.64 7.10 
44.98 6.45 
66.02 6.87 

9 

5.97 
5.93 
5.47 
6.48 
6.35 
6.53 
5.98 
5.59 
4.51 
4.97 
6.45 

11.44 
11.02 
9.64 

12.55 
10.84 
9.29 

---% Ca1cd.- ---% Found- 
Formula C H N C H N  

CioH8F3N02 51.95 3.49 6.06 52.45 3.49 5.79 

CioHsF3KOz 51.95 3.49 6.06 52.77 3.96 5.72 
CioH8F3NOz 51.95 3.49 6.06 52.02 4.01 5.83 

CloHi1SOzS 57.39 5.30 6.69 57.12 5.50 6.39 
CieHisNOzS 67.34 5.30 66.87 5 . 2 2  
C;eHibNOzS 67.34 5.30 4.91 67.62 5.49 4.70 
CiOHiiN04S 49.78 4.60 5.81 49.63 4.80 5.80 

a The 2-, 3-, and 4-trifluoromethylbenzaldehydes were kindly supplied to us by Dr. Charles E. Maxwell of these Laboratories. The 3- 
methylthiobenzaldehy.de was prepared according to J. W. Baker, G. F.  C. Barrett, and W. T. Tweed, J .  Chem. Soc., 2831 (1952). The 
4-isopropylbenzaldehyde was purchased from Eastman Kodak Co., Rochester 3, N. Y. The 4-methylthiobenzaldehyde was prepared 
according to N. P. Buu-Hoi and N. Hoan, ref. 27. e The 4-benzylthiobenzaldehyde was prepared according to D. F. Elliott and C. 
Harington, J .  Chem. Soc., 1374 (1949). f The 4-methylsulfonylbenzaldehyde was prepared according to T. Momose, Japanese Patent 
3073 (1951); Chern. Abstr., 47, 5439 (1953). 

TABLE I11 
AROMATIC SUBSTITUTED l-PHENYL-2-PROPYLAMINES 

Yield, ---% Ca1cd.- ---% Found-- 
R B.p. range, 'C. (mrn.) nD range ("C.) % Formula C H N C  H X  

3-CF3 60-74(0.4-0.7) 1.4564-1.4584(28.5) 66 Ci0HizF3N 59.10 5.95 6.89 59.02 6.26 6.04 
2-CF3 59(0.3-0.4) 1.4650-1.4665(24.5) 65 CioHizF3N 59.10 5.95 6.89 59.41 6.34 6.60 
4-SCH3 108-118 (0.6)  1.5710-1.5761(27) 78 CiOHir,XS 66.24 8.34 7.73 65.56 8.49 7.11 
4-SCHzCsHs" 160(0.7) 1.6051-1.6068 (25) 46 CieHioNS 74.66 7.44 74.29 7.65 
2-SCHzCsHSa 148(0.5) 1.5951-1.6034(24) 53 CwHiqNS 74.66 7.44 74.40 7.70 
4-CH( CHa)2 78-84(0.7-0.8) 1.5071-1.5082(24.5) 70 
2-N( CH3)2",* 104-108(0.2-0.3) 1.5500-1.5512(23) 79 

a In  a number of cases where the compound to be reduced was insoluble in ether, tetrahydrofuran was used. After decomposing the 
excess lithium aluminium hydride with water, the tetrahydrofuran was removed by distillation and the aqueous solution then extracted 
with ethyl acetate. * The 1-(4-dimethylaminopheny1)-2-nitropropene was prepared according to D. E. Worrall and L. Cohen, J. Am. 
Chem. SOC., 66, 842 (1944). 
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ing fractions were collected: (1) 4.3 g., b.p. 59" (0.3 mm.), n Z 4 J ~  
1.4650, and (2)  3.5 g., b.p. 59" (0.4 mm.), n Z 4 J ~  1.4665. The 
yield was 65%. 

Anal. Calcd. for ClOH12FYX: C, 59.10; H, 5.95; N, 6.89. 
Found: C, 59.41; H,6.34; N,6.60. 

The hydrochloride was prepared by bubbling dry hydrogen 
chloride into an ethereal solution of the base. The analytical 
sample was prepared by recrystallization from ethanol-ether. 

All of the 1-phenyl-2-propylamine hydrochlorides were pre- 
pared by this procedure, unless otherwise stated. 
1-(4-Trifluoromethylphenyl)-2-propylamine.-The free base 

was not purified by distillation; instead the hydrochloride was 
prepared from the crude base. A 687" over-all yield of the hydro- 
chloride from l-(4-trifluoromethylphenyl)-2-nitropropene was 
obtained. 

l-(3-Methylthiophenyl)-2-propylarnine.-The hydrochloride 
was prepared from the crude base. A 36% over-all yield of hydro- 
chloride was obtained from the 1-( 3-methylthiophenyl)-2-nitro- 
propene. 
1-(4-Toluenesulfonyl)-2-( 2-methylthiobenzoyl) hydrazide.-To 

a solution of 14.5 g. (0.08 mole) of 2-niethylthiobenzoic acid 
hydrazidez5 in 175 ml. of pyridine at  0" was added 17 g. (0.089 
mole) of 4-toluenesulfonyl chloride. After the addition was 
complete the mixture was warmed on the steam bath for 10 min. 
and then poured into 600 ml. of water containing 300 ml. of con- 
centrated hydrochloric acid. The solution was cooled and 23.8 
g. (8870) of product was collected by suction filtration. An ana- 
lytical sample was prepared by recrystallization from ethanol- 
water, n1.p. 132-133'. 

Anal. Calcd. for C1bH16NZ03Sz: C, 53.57; H, 4.80; S, 8.33. 
Found: C, 53.60; H,4.76; S, 9.06. 

2-Methylthiobenzaldehyde.-A mixture of 91.5 g. (0.272 mole) 
of 1-(4-toluenesulfonyl)-2-(2-methylthiobenzoyl)hgdrazide and 
33 g. (0.31 mole) of sodium carbonate in 620 ml. of ethylene glycol 
containing a small amount of powdered soft glassa6 was heated 
at  160" for 4 min. The mixture was poured into hot water which 
was then cooled and the oil that separated was extracted into 
ether and distilled. There was obtained 20.2 E. (50%) of product, - - -  
b.p. 92" (0.09mm.), n241) 1.6270. 

Anal. Calcd. for CaHaOS: C. 63.15: H. 5.30. Found: C. , ,  _ _  
(i2.98; H, 5.29. 
1-(2-Methylthiopheny1)-2-propylamine.-The hydrochloride 

was prepared from the crude base. This hydrochloride was 
synthesized in 707, over-all yield from 1-(2-methylthiophenyl)-2- 
nitropropene. 

1-( 3-Methyl-4-methylthiophenyl j-2-propylamine.-The hydro- 
chloride (Table I)  was prepared in 62% yield from 1-(3-methyl-4- 
methylthiophenyl)-2-nitropropene. The latter was formed in 
28 % yield from 3-methyl-4-met hylthiobenzaldehyde. 27 

2-Benzylthiobenzaldehyde.-The McFadyen-Stevens reaction 
was employed for the preparation of this aldehyde. %Benzyl- 
thiobenzoic acid hydrazide, m.p. 165-166", was synthesized in 
867, yield from ethyl-2-benzylthioben~oate.~~ 

Anal. Calcd. for C ~ ~ H ~ ~ S Z O S :  C, 65.10; H, 5.46; N, 10.85. 
Found: C,65.49; H,5.52; K, 10.55. 

The reaction between this hydrazide and 4-toluenesulfonyl chlo- 
ride gave a 78% yield of 1-(4toluenesulfonyl)-2-(2-benzylthio- 
benzovl) hydrazide, m.p. 144-145". 

dnal .  Calcd. for C21H20N203S2: C, 61.14; H, 4.89; N, 6.79. 
Found: C, 60.75; H,4.80; N,6.87. 

The decomposition of l-(4-toluenesulfonyl)-2-(2-ben~ylthio- 
benzoyl) hydrazide with sodium carbonate at 160" yielded 2- 
benzylthiobenzaldehyde in 88% yield, m.p. 73-74". 

Anal. Calcd. for C14H120S: C, 73.67; H,  5.30. Found: C, 
73.33; H, 5.65. 
1-(4-Methylsulfonylphenyl)-2-propylamine.-The hydrochlo- 

ride (Table I) was prepared from the crude free base. It was syn- 
thesized in a 227, over-all yield from 1-(4-methylsulfonylphenyl)- 
2-nitropropene 

1-(4-Sulfamylphenyl)-2-propylamine Hydrochloride.-N- 
hcetyl-1-phenyl-2-propylamine (16 g., 0.091 mole) was chloro- 
sulfonated with 210 g. (1.8 moles) of chlorosulfonic acid according 
to a general procedure.2g The crude sulfonyl chloride was treated 

(25) L. Katz,  L. S. Iiarger, W. Schrooder, and  RI. S. Cohen, J .  Oig. C h e m . ,  
18, 1380 (1953). 

(26) h1. S. Newman and E. G. Caflisch, Jr . ,  J .  A m .  Chem. Soc., 80, 862 
(1958). 

(27) ?J. P. IJuu-Hoi and N. Hoan, J .  Ore. Chem., 17, 350 (1952). 
(28) W. J. Barry and I. L. Flnar, J. Chem. Soc.. 138 (1954). 

with excess aqueous ammonia and N-aretyl-1-( 4-sulfamylpheny1)- 
2-propylamine was obtained as a crude oil after the excess am- 
monia was removed. Deacetylation using a mixture of 100 ml. 
of water and 33 ml. of concentrated hydrochloric acid gave 7.8 
g. (357@) of product. The analytical sample was prepared from 
ethanol-ether. 

1-( 4-N,N-Dimethylsulfamylphenyl) -2-propylamine Hydrochlo- 
ride.-This was prepared in 16% yield by the same method 
as 1-( 4-sulfamylphenyl)-2-propylamine hydrochloride, except that 
dimethylamine was substituted for the ammonia. 
l-(Nitrophenyl)-2-propylamine (II).-( +)-l-Phenyl-2-propyl- 

amine ((+)-amphetamine) was nitrated by a procedure similar to 
the one used for (i)-l-pheny1-2-pr0pylamine.~~ The product, 
obtained in 80% yield, was a mixture of position isomers, b.p. 
115' (0.6 mm.), n Z 0 ~  1.5588. 

Anal. Calcd. for CsH12N202: C, 59.98; H, 6.71; N, 15.55. 
Found: C, 59.42; H, 6.94; N, 15.18. 

( +)-N-Trifluoroacetyl-l-(4-nitrophenyl)-2-propy~amine (111). 
-To a solution of 232 g. (1.29 moles) of l-(nitrophenyl)-2-pro- 
pylamine (11) in 11. of benzene was added dropwise 300 g. (1.43 
moles) of trifluoroacetic anhydride. The mixture was then 
heated to reflux for 3 hr., cooled, and the product collected by 
suction filt,ration. The white solid was washed well with 11' hy- 
drochloric acid and water; yield 198 g. (56Y0), m.p. 172-173'. 
An analytical sample was prepared by recrystallization from 
chloroform, m.p. 172-173" [ a I z 4 D  +35.5 ( c  1.0, tetrahydrofuran). 

Anal. Calcd. for CllHllF3Nz03: C, 47.83; H, 4.01; N, 10.14. 
Found: C,47.85; H,4.30; N, 10.26. 

The structure of compound I11 was proven as follows: the 
hydrochloride of I1 was prepared and the pure 1-(4nitrophenyl)- 
2-propylamine position isomer was isolated by fractional re- 
crystallization~.~~ I t  gave, after trifluoroacetylation, material 
which was identical by melting point, mixture melting point, and 
paper chromatography with 111. 

( - ) -N-Trifluoroacetyl-1-( 4-aminophenyl j-2-propylamine (IV). 
-( +) - N - Trifluoroacetyl - 1 - (4 - nitrophenyl) - 2 - propylamine 
(111) (59 g., 0.214 mole) in 500 ml. of tetrahydrofuran with 1 
g. of platinum dioxide was hydrogenated at  a pressure of 3 
atm. After the theoretical amount, of hydrogen had been taken 
up the catalyst was filtered off and the tetrahydrofuran removed 
by distillation. Crystallization of the oily residue from ether- 
hexane yielded 42.8 g. (81%) of product, m.p. 76-77', [ a ] %  
- 13.9 ( c  1.0, ethyl acetate). 

Anal. Calcd. for CllH1aF3N20: C, 53.65; H, 5.32; S, 11.38. 
Found: C,53.46; H,5.48; N, 11.89. 

( +)-1-(4-Aminophenylj-2-propylamine Dihydrochloride (V).  
-Under nitrogen, 40 ml. of N sodium hydroxide was added drop- 
wise t o  a solution of 50 ml. of dimethoxyethane containing 10 g. 
(0.04 mole) of ( - )-N-trifluoroacetyl-1-( Paminopheny1)-2-pro- 
pylamine (IV). After 2 hr. a t  25" the dimethoxyethane was 
removed in vacuo and the aqueous extracted 3 times with 40 ml. 
of methylene chloride. The dried solution was concentrated 
under reduced pressure to an oil. The dihydrochloride was 
prepared by dissolving the oil in ether and bubbling in dry hy- 
drogen chloride. The crude dihydrochloride was recrystal- 
lized from ethanol-ether, 4.8 g. (10070), [ a I z 4 D  +16.5 ( c  1.0, 
water). 

( +) -N-Trifluoroacetyl-l-(4-methylsulfamidophenyl) -2-propyl- 
amine.-To a cooled solution of 5.6 g. (0.02 mole) of (-)-N- 
trifluoroacetyl-l-(4-aminophenyl)-2-propylamine in 30 ml. of 
methylene chloride was added dropwise with stirring 1.67 ml. 
(0.022 mole) of methanesulfonyl chloride in 20 ml. of methylene 
chloride and 3 ml. (0.022 mole) of triethylamine in 20 ml. of 
methylene chloride. The mixture was allowed to come to 25" 
and then stirred for 12 hr. The reaction mixture was washed 
with N hydrochloric acid and water and the methylene chloride 
removed under reduced pressure. There was obtained 3.9 g. 
(60%) of product, m.p. 171-172". An analytical portion was 
prepared by recrystallization from ethyl acetate-ether, m.p. 
172", [aIz41) +13.5' ( c  2.0, dimethylacetamide). 

Anal. Calcd. for ClzHl~FaN203S: C, 44.44; H, 4.66; K, 
5.64. Found: C,44.62; H,4.75; K,9.39. 

( +)-1-(4-Methylsulfamidophenyl)-2-propylamine Hydrochlo- 
ride.-A mixture of 4.3 g. (0.0133 mole) of ( +)-N-trifluoroacetyl- 
l-(4-methylsulfamidophenyl)-2-propylamine and 33 ml. of N 
sodium hydroxide in 30 ml. of dimethoxyethane was stirred at  
25" for 2 hr. The dimethoxyethane was removed in vacuo and 

(29) E. Miller, J. M. Sprague, L. W. Kissinper, and L. F. McBurney, J .  
Am.  Chem. Soc., 63, 2099 (1940). 



t lie aqueous solution was adjusted to pH 1.5 with N hydrochloric 
acid. After removal of the water i n  uucuo, a colorless solid was 
obtained, 2.4 g. (6955), m.p. 260-261". The analytical sample 
W H S  prepared by recrystallization from ethanol-et.hcr, [ a ]  % + 1:i.l' (c  2.0, water). 

( + 11 -N-Trifluoroacetyl-1-( 4-benzamidophenyl I -2-propylamine. 
-~-'I'o a cooled solution of 10 g. (0.035 mole) of ( -  1-N-trifluoro- 
:ic:et,yl-l-( 4-arninophenyl)-2-propylainine in 60 inl. of methylene 
(:Iiloride, wis added dropwise with stirring 4.1 ml. (0.035 niole) 
of benzoyl chloride in 20 ml. of methylene chloride and -1.8 1111. 

(0.03.7 mole) of triethylamine in  20 nil. of nictliylenc chloridc. 
'l'lic. mixture was st,irred at 25' for 12 lir., In te r  added, and t8lic 
ivliitc solid that formed was removed bj. suction filtration. T h r c  
~ v : ~ s  obtained 11.7 g. (9652), n1.p. 219-220". . h i  :m:tlyt8ic,;li 
miiiple was prepared by recrystallization froiii ctlianol--w;itcr, 
iii.1). 220--221", [01]*~1) + l 5 . 7 "  (c  2.0, diirieth?-lacctaniiile). 

.I ~ ( d .  Chlcd. for  C:ldFII;F31-202: C,. 61.71; 1~1, 4 
C,61.Ti; H,3.20; X. 7.!17. 
-( 4-Benzamidopk, enyl'. -;!-propylamine Hydroclr1oride.-- - 
re of 3.0 8 .  (0.0086 rnolr) of (+)-S-trifluoroaoetyl-1-(4- 

I~eiiz~iiiidoplienyl)-2-prop~-In~~iine and S.7 nil. cif .\' sodium Iiy- 
drositlc in 2.5 nil. of et,li!.l d i v l i o l  was  stirred at, 25" for 16 lir. 
'l'lic :tlcoliol was reniovd iii  ~ i c / / o  :ind tlie :rqutwiis solution 
:lcitlified with .\ hycircicliloric acid. Tlie water \vas removed 
i,t ~ ' u c i i o  and the  resitluc recrystullizeci from ethanol-ctlicr, 

Rat.3"-1200d (Purim 1 ; i I ~  CIICJIV in spill-pri)i~i' 
1.Sg. (70$1),  [ C Y ] ? ~ D  +17.so (CL'.O,TVater). 

Pharmacology. 

The Synthesis of 8-D-Phenylalanine-, 8-p-Fluoro-L-phenylalanine-, 
and 8-p- Fluoro-D-phenylalanine-bradykinin 

7 ' 1 ~ ~  Resecirch Division, P w k e ,  Uucis und Company, A11n :lrbor, Jf ichiguti 

'llic replaccrneiit of' oil(: ainiiio acid by another of 
qiniilar or dilwse struct'ure in a peptide which has brcii 
foiiiid t'o possess a profoulid biological effect has beeii :L 
falwrcd a,pproach used by iiiaiiy iiivestigators t,o obtaiii 
c>it,licr compounds with eiiEiariccd activity, e.g., des- 
:iiiiiiio-osytcci~i mid l-desariiino-8-lysi1ie-vasopressiii' 
01' itihibit,ors of the parent' compound, e . g .  ~ 3-hOlnO- 
tyi,osiiie-oxytocin.2 Although this approach in the an- 
giotensin area has not yielded analogs with enhanced, 
prolonged, or antagonist~ic properties, useful informa- 
tion has been obtained about structure-activity rela- 
t , io~ish ips .~ ,~  

This report describes three new analogs of bradykinin 
i i i  which phenylalanine in position 8 of the molecule 
has been replaced by D-phenylalanine, p-fluoro-L-phenyl- 
:Llariine, and p-fluoro-D-phenylalanine. The variation 

l a r t i .  ani1 V. du Vigneaucl. .I. B i d .  Chem., 237, 
and V. clu Y i g n e a u d ,  Endrocr inologu,  71, !I77 

( 2 )  S. (;rittinaiin. 1'. A .  J:uiiieiwui, : L i d  l t .  -1. Huiswniias, .Vatui.ii,issrri- 

(:Cj R .  Sr,l ia>-y?r. I le lo .  Ciizm. . l i t n .  44, R B i  ( l ! l t j l ) ,  
1 . 1 )  IC. 11. 13rirnyius. P. A .  l ~ I i a i ~ : ~ l l a l i ,  I;. . i raka\r .a ,  1. 11. 1 

(l!l(i2). 

siiiri//en. 44 ,  632 (1967) .  

Sineby, Btochim.  B i o p h u s .  .Icln,  46, 38 (1961). 

oi' ii pcpt,idc st,i.iictul.r hy ohaiiging t l i ~  optical coir- 
figuratioii is a, dcvicc that, lias iiot been greatly rxploiwl. 
Sonic iiitciwt i i i  this dircctioii has been i~epoi~trd" 
Tvith t.he pcptitlc antibiotics, the change h i n g  froill I J  

i o  L rather tliaii I. t o  L) and ail oxytocin aiialog coiitaiii- 
iiig a D-amino acid recently lias beeii desc~ibcd.~ ' I ' l i ~  

iiifluence of sucli a change or of introducing p-fhoro- 
pheiiylalaninc 011 the activity of a pept'ide u-as helicvcd 
to  be unpredictable, but receiit experiences with aiigio- 
tensin aiialogs' 1iaJ-e indicated that in the bradykiiiiii 
series activity might be retained. 

The synthetic scheme used to prepare the three iioiia- 
peptides was idciitical with that' used in the prepara- 
tion of braclykiiii~i~ and is shown in Chart I. 

The p-fluoroplienylalanine was resolved into i t s  
optical antipodrs using purified carboxypeptidasc on 

( 3 )  ii. 1 ' .  L<rlanger, !V, Y, Curran, aiid X, I i o k o \ ~ s k y  
81, 3035 (lnsn). 

ol:Li,l?3 nriil 11. E. Allink, to h r  I>uhl ihhe , l .  
ineider and V. dri  Vigncauii, . J .  . im .  C/crin ,<,Jc., 84, : 3 O U ~ ~  
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