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‘r.mLE I 
ANALGETIC ACTIVITY AND ACUTE ‘r0XICITY 

----------AIouse lail flick t e s t - - - - - - - -  - 
blouse .\v 74 increase 

LDso iu, -Dose- in reaction 
Eo. nl R n3 s m d k g  Route mg/kg timea 

1 3-COOH 4-CH30 H HC1 5000 IP 150 + 22 
300 +81 

IP 70 + 18 
2 3-COOH 4-HO H HC1 
3 3-COOH 4-HO 5-CH3 . . .  13 

4 3-COOH 4-CH3O 5-CH3 . . .  . . .  IP 80 + 24 
5 3-CHO 4-CH3O H HCl 400 s c  200 0 
6 3-CONH2 4-CHaO H HCl 1500 s c  300 +10 
7 3-CONHs 4-CH30 H . . .  4000 sc 300 $ 2 . 7  
8 3-COOH 4-CZHsO H HCl 3000 IP 1000 +4 
9 3-COOH 4-C1 H HC1 . . .  IP 300 + 20 

10 3-COOH 4-C1 H . . .  3000 . .  . . .  . . .  
11 4-COOH 3-HO H . . .  1500 s c  300 + 2 . 6  
12 3-COOH 2-CH30 H HC1 3500 IP 150 + 16 

1000 IP 300 +13, +15 
m -  

a Average of reaction times determined at 15, 30,45, and 60 min after administration of compounds. See ref 6 for a description of the 
test method. 

TABLE I1 
PHENYLALANINE DERIV.4TIVES 

No. It 1 

1 3-COOH 
2 3-COOH 
3 3-COOH 
4 3-CHO 
5 3-CONHz 
0 3-CONHz 
7 3-COOH 
8 3-COOH 
0 3-COOH 

10 4-COOH 
11 4- C 0 0 €I 
12 3-COOH 

R2 
4-OH 
4-OH 
4-CHaO 
4-CHaO 
4-CHaO 
4-CHzO 
4-C?HaO 
4-Cl 
4-c1 
3-OH 
3-CH30 
2-CHaO 

R3 
5-CH3 
5-CH3 
5-CH3 
H 
H 
H 
H 
H 
H 
H 
H 
H 

X 

HCl 
HzO 
HC1 
HCl 

HCl 
HC1 

HzO 

HC1 

M P ,  
O C  

271-272 
255-256 
291-292 
3 49-3 5 0 
246-247 
270 
206-207 
255 
292-293 
305 
158-160 
200 

NH,.X 
Re- 

crystn 
solventa 

V-E 
E 
R 
I-EA 
E 
E 
I-EA 
I 
R 
R 
IT, 
I 

7-Calcd, c/c- 
C H K  

55.13 5 . 4 8  5 .84  
47 .85  5 .06  5 .06  
53.50 6 . 2 5  5 .16  
50.80 5 , 4 6  5 .46  
48.01 5.49 10.18 
55.61 5 . 9 1  11 .74  
49.65 5 .55  1 . 7 9  
42.88 3 .96  5 . 0 0  
49.29 4 .14  5 .75  
49.42 5 . 3 8  5.74 
55.22 5 . 4 8  5 .86  
47.92 5 . 0 8  5 . 3 8  

--Found, %-- 
C H I i  

54.67 6 . 2 8  5 . 6 1  
47.85 5 . 0 i  4 . 8 1  
53 55 6.36  4 80 
50.46 5 . 5 7  5 . 3 3  
47.74 5 . 4 9  9 . 8 0  
55.64 5 .77  11 .39  
49 .36  5 . 5 2  4 .85  
42.62 3 . 9 9  4 .97  
49.10 4 .38  5.YJ 
49.62 5 . 6 1  I j . 6 6  
55.43 5 . 6 9  5 .62  
47.80 5 19 5 28 

E, ethanol; EA, ethyl acetate; I, isopropyl alcohol; R, reprecipitated from 0.1 .V NaHC03 with 0.1 .V HC1; W, water. 

The carboxaldehyde (5 ,  Table I) was prepared as a 
potential biological precursor of CMPA. I t s  con- 
siderably greater toxicity than that of ClIPA but com- 
plete lack of analgetic activity suggests that while it 
is probably much better absorbed, it is very slowly, if 
at all, converted to ClIPA in vivo. The amide analog 
of CAIPA (7, Table 1) was prepared on the basis of the 
similarity of its relationship with CMPA to  that of 
glutamine and glutamic acid. It was hoped that, like 
glutamine, it would be better absorbed than the re- 
lated dicarboxylic acid7 and would provide higher 
blood and brain levels of an analgetically active 
species. The poor analgetic activity of this coni- 
pound could be directly correlated with its very poor 
gastrointestinal absorptions determined by the method 
of Hogben, et al.9 It is noteworthy that ring methyla- 

( 7 )  P. Schwerin, S. P. Bessman, and H. Waelsch, J. Bid.  Chem., 184, 37 
(1950). 

(8 )  Private communication from Dr. P. Greengard. 
(9) C .  li. Honben, I). J. Tocco, I) .  13. Urodie, and I,. AI. Selianker, J .  

l’ i iur?nucul.  l$‘.rjill .  P’herup., 126, 279 (1955). 

tion in this series markedly enhances toxicity and 
analgetic activity. It would seem that ring niethyla- 
tion may have the effect of forming a lipophilic center 
which facilitates absorption by passive diffusion. The 
situation we envision for compounds of this type paral- 
lels that of soaps which also hare lipophilic and ionic 
centers and are able to partition both between fat  and 
aqueous phases. 

Experimental Sectionlo 

o-bIethoxybeiiaoic acid, o-ethox>-hnzoic acid, 2-hydrosy-rtl- 
toliiic acid, o-methoxybenzaldehyde, arid p-chlorotolueiie were 
obtained from 1)istillation Products Industries, I I ~ C , .  2-1Ty- 
droxy-p-toluic acid was purchased from K & K Laboratories, 
Inc. The toluic acids were esterified and met,hylated by st,and- 
ard reactions and gave products with physical constant,s in 
agreement wit,h the published data: methyl 2-methoxy-m- 
toluat’e, bp 95’ (1.2 mm), lit.“ 114-116 (14 mm); methyl 2- 

(10) Microanalyses were performed b y  Mr. J. Deonorine of these labora- 
tories. Melting points (corrected) were taken on a Thomas-Hoover melting 
point apparatus. 

(11) R. A n s c l i i i l o ,  11. .\solicribery, 11 .  l ieul ic i t ,  I‘. Iirorii,, I < .  1liept.n- 
kroger, and V. Zerbc. l l , ~ n . .  442, 18 (1925). 





~~-3-(3-Carboxy-4-ethoxyphenyl)alanine Hydrochloride.- 
Diethyl acet'amido( 3-carboxy-4-ethoxybenzy1)malonate (4 g, 
0.01 mole) was refluxed with 25 ml of 1.2 N HC1 for 19 hr. 
The reaction mixture was concentrated in vacuo and the crystal- 
line residue was recrystallized from isopropyl alcohol; yield 2.02 
g (69.0%). 

~~-3-(3-Carboxy-2-methoxyphenyl)alanine Hydrochloride.- 
Iliethyl acetamido(3-carbomethoxy-2-methoxybenzyl)malonate 
(7 g, 0.0177 mole) was hydrolyzed with 100 ml of 1.2 N HC1 for 
20 hr. Concentration of the reaction mixture in vacuo gave a 
rrystalline residue which was recrystallized from a mixture of 
isopropyl and ethyl alcohol; yield 2.7 g (557,). 

~~-3-(3-Carboxy-4-methoxy-)n-tolyl)alanine Hydrate.-A 
mixture of 4.5 g (0.0135 mole) of formamido-(3-carboxy-4- 
methoxy-5-methylbenzy1)malonic acid and 50 ml of 50% eth- 
anol was refluxed for 24 hr. The white crystalline compound 
which precipitat,ed was filtered off, washed with water, and dis- 
solved in 0.1 S NaHC03 solution. The bicarbonate solution 
was charcoaled, filtered, and acidified. The precipitate was 
filtered off, washed with water, and dried; yield 1.8 g (417,). 

DL-~-( 3-Carboxamido-N-formyl-4-methoxypheny1)alanine.- 
Formamido( 3-carboxamido-4-methoxybenzy1)malonic acid (6 g, 
0.0193 mole) was refluxed for 7 hr with 90 ml of 1 : l  ethanol- 
water. The mixture was concentrated in Z"XO and gave a 
syrupy residue which crystallized while standing under ether at 
ice-bath temperature. It melted a t  115-119' after recrystalli- 
zation from ethanol; yield 4 g (547,). 
Anal. Calcd for Ci2H1S205: C, 54.13; H, 5.25; Pi, 10.52. 

Found: C, 54.43; H, 5.59; N, 9.92. 
~~-3-(3-Carboxamido-4-methoxyphenyl)alanine Hydrochlo- 

ride.-3-( 3-Carboxamido-N-formyl-4-methoxypheny1)alanine (4 
g, 0.015 mole) was refluxed for 7 hr with 200 ml of 0.0995 N 
HCl. The reaction mixture was concentrated to dryness in 
DUCUO. The oily residue crystallized under a mixture of ether- 
ethanol and was recrystallized from alcohol; yield 1.5 g (36.5Yc), 
mp 243-244'. 
DL-~-( 3-Carboxamido 4-methoxyphenyl)alanine.-Formamido- 

(3-carboxamido-4-methoxybenzy1)malonate (7  g, 0.022 mole) 
was refluxed for 26 hr in a mixt,ure of 300 ml of 1:  1 ethanol- 
water. The solvents were evaporated in uacuo, and the oily 
residue was t,aken up in the minimum amount of hot ethanol 
and allowed to crystallize in the refrigerator. The crystalline 
product was removed by filtration and recrystallized from 
ethanol; yield 3.5 g (66.67,), mp 269-270". 

DL-4-Carboxy-m-tyrosine Hydrate.-~~-3-(Carboxy-3-meth- 
oxypheny1)alanine (3.0 g, 0.0125 mole) was refluxed with 30 ml of 
48y6 HBr for 5 hr aud allowed to cool overnight,. The crystal- 
line previpitate was filtered off and dissolved in wat,er. The 
pH of the result,iiig solut,ioii was adjueted t,o 3.2 with 10%; 
NaOH. The precipitate was filtered off, washed with water, 
xitd theti dissolved ill 0.1 NaHCOs. The bicarbnuate solution 
was clarified (charcoal), acidified to pH 3.2, and filtered. The 
filter cake was washed well with water and dried; yield 1.55 
g (515%,). 

Synthesis of Potential Antineoplastic Agents. 
XVII. IY,N-Bis(2-fluoroethyl)anilines1 

l'rior t u  thc report2 of the clinical applicut'ioii of the 
drug ftorpan (I), essentially no work had been reported 
on the synthesis of 2-fluoroethylamines as potential 

(1 )  (a) Par t  S V I :  P. Schuyler, F. D. Popp, and  A. C. Noble, J .  M e d .  
Chem., 9, 774 (1966).  (b) Supported in part  by research grants from the  
.American Cancer Society and from the National Cancer Institute, U. S. 
Public Health Service. 

(2) (a) L. P. Larino,., &I. D. Chadakova, and E. I. drkhangel'skaia, Vopr .  
O n k o l . .  7 ,  112 (1961); (b) see 
also H. Dubicki. F. Zielinaki, and I:. IV. Starks,  J .  PImrm. Sei . ,  I S ,  1422 
(1964). 

Cuncer Chemotherapy Abstr.,  2 ,  872 (1961); 

antineoplastic agents. Since that time, however, a 
number of  report^^-^ of 2-fluoroethylamines have 
appearede6 In addition to the activity of I additional 

n N(CH,CH,X)L 

H III,X=OH 

I V, X-OTs 
IV, X=CI 

rationale for the synthesis of 2-fluoroethylamines has 
been pre~ented .~  We report here the synthesis and 
some screening results on a number of substituted K,S- 
bis(2-fluoroethyl) anilines (11). 

In an initial approach to the synthesis of I1 it was 
found that X,N-bis(2-chloroethyl)aniline (IV, R = H) 
and ;S,S-bis(2-chloroethyl)-m-toluidine (IV, R = 
3-CH3) could be converted to the corresponding fluoro- 
ethylanilines (11) by refluxing with anhydrous potas- 
sium fluoride in methanol. However, attempts to ex- 
tend the generality of this reaction to  other chloro- 
ethylanilines (IV) failed. 

As an alternative approach it was decided to attempt 
to replace the p-tolylsulfonyloxy grouping because of 
the ease with which they could be prepared and because 
several of the desired compounds had already been 
reported.' These tosylates (V) were prepared by reac- 
tion of I11 with p-toluenesulfonyl chloride in the pres- 
ence of pyridine; the new compounds so prepared are 
included in Table I. 

1x1 initial exampIes it was found that the tosylat'e 
could be readily replaced by fluorine by refluxing V with 
excess anhydrous KF in methanol. This displacement 
was accomplished without difficulty to  give VI (R = 
H, R = 3-CH3, and R = 4-CH3). These and other 
5,K-bis(Zfluoroethy1)anilines are included in Table 
11. However, when applied to V (R = 3-F and R = 
3-N02) and to V I  this method led to the isolation of a 
N-(2-fluoroethyl)-N-(2-methoxyethyl)aniline (VI1 arid 
VIII, respectively), These and other related com- 
pounds are included in Table 111. Cse of absolute 
ethanol in place of methanol with VI led to IX. Sev- 
eral other attempted displacements in methanol gave 
oils from which pure products could not be separated. 
Treatment of N,S-bis(2 fluoroethy1)aiiiline (IX) or 
compounds of the type VI1 with refluxing methanol or 

(3) (a) 4. P. Martinez, W. W. Lee, and  L. Goodman, Tetmhedron, 20, 
2763 (1964); (b) A. P. Martinez, W. Vi. Lee, and  L. Goodman, J .  Med.  
Chem., 8,  741 (1965). 

(4) (a) Z. R. Papanastassiou and R. ,J. Bruni, J .  Oro,  Cheni., 29, 2870 
(1964); (11) Z. R. Papanastassiou, R. 3 .  Bruni, 1'. P. l~ernande?, aiid P. I,. 
Levins, J .  X e d .  Chem., 9, 357 (1966). 

(5) G. R. Pett i t  and R. L. Smith,  Can.  J .  Chem., 42, 572 (1964). 
(6) Our work in this area began before these reportsa-5 appeared. 
(7) G. 11. Tiininis, British Patent 662.645 (1951). 


