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As discussed in the preceding papers,1'2 chemical removal of 
the ^-methoxy-L-phenylalanyl moiety from the antibiotic puro* 
mycin (I) affords a degradation product, the aminonucleoside (II),3 

which does not show the antibacterial4 activity of the parent 

N(OH 3 ) 2 
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N H a 

( I I ) ; R = H 

antibiotic. This fact suggested that this activity involved the 
presence of the #-methoxy-L-phenylalanyl moiety and, in order to 
elaborate this hypothesis further, it was desirable to prepare 
certain simple derivatives of this amino acid. J In puromycin 
(I), the amino acid is joined to the remainder of the molecule (i.e. 

* To whom inquiries concerning this paper should be addressed, 
t Stanford Besearch Institute, Menlo Park, California. 
} In one'of the accompanying papers1 we have described the preparation of a 

number of biologically active esters of substituted phenylalanine derivatives. 
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Table I. y-Methoxy-AT-phthaloyl-L-phenylalanine amides 
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• Recrystallised from methylene chloride-ether unless otherwise stated. b In chloroform. c Recrystallised from ether. <* Recrystallised from 
benzene. « Could not be obtained in crystalline form. / Recrystallised from methylene chloride-hexane. 



T a b l e I I . j ) -Methoxy-L-pheny la l an ine a m i d e s 
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11-76 6 0 - 8 5 
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0 Recrystallised from methylene chloride-ether unless stated otherwise. 
* For details see experimental section. 
e In chloroform unless stated otherwise. 
d Recrystallised from hexane. 
« Recrystallised from hexane-ether. 
' M S 0 + 1 6 ° (ethanol). M. Bovarnick and H. T. Clarke8 report m.p. 121-

123°, ME6+34°, (95% ethanol) for this compound. 
'Obtained by molecular distillation in 110-120° bath/0-5 mm as 

h Recrystallised from ether. 
* Isolated directly as acetate salt. 
J The substance was hygroscopic and could not be purified to give 

better combustion values. 
* Obtained by molecular distillation in 160-170° bath/0-5 mm as a 

hygroscopic oil. Calcd. for i H 2 0 3-33%; found 3-93% (Karl 
Fischer), 

i Iteorvstallised from chloroform-roethano1 
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II) through an amide linkage and therefore it was most relevant to 
prepare and test several amides of p-methoxy-L-phenylalanine. 

For the preparation of most of the amides described in this 
paper, the jV-phthaloyl derivative of ^-methoxy-L-phenylalanine5 

was converted to the acid chloride by a variation of the literature 
method.6 The acyl halide was not purified per se but was 
allowed to react with an excess of the requisite amine to give the 
^-methoxy-iV^-phthaloyl-L-phenylalanine amides (III) listed in 
Table I. Removal of the phthaloyl group with hydrazine hydrate 
in ethylene glycol monomethyl ether, followed by treatment with 
glacial acetic acid, yielded the desired ^?-methoxy-L-phenylalanine 
amides (IV) which were either crystalline solids or could be char-

HOCH2 OCH3 

RNH OH 

(V); R = p-CHaOC,H4CHaCHCO— 
I 
NH2 

(VI);R = H 

acterized as acetate or picrate salts. These compounds are 
described in Table II. p-Methoxy-L-phenylalaninamide (IVa) 
could be obtained by the sequence just described but was prepared 
more conveniently via the reaction of methyl #-methoxy-L-
phenylalaninate hydrochloride3 with methanolic ammonia. 

It was of particular interest to prepare the^-methoxy-L-phenyl-
alanine amide (V) in which the amine component was methyl 
3-amino-3-deoxy-/S-D-ribofuranoside (VI).7 Compound (V) repre­
sents an analogue of puromycin (I) in which the purine portion 
has been replaced by a methoxy group. The amide (V) was 
prepared via the condensation in dimethylformamide solution of 
(VI) with the mixed anhydride obtained from iV-carbobenzoxy-^-
methoxy-L-phenylalanine3 and ethyl chlorocarbonate. The inter­
mediate carbobenzoxy derivative was not characterized as such 
but was hydrogenolized over palladium-on-carbon catalyst to 
afford methyl 3-deoxy-3-(p-methoxy-L-phenylalanylamino)-j8-D-
ribofuranoside (V) in 38 per cent yield (over-all from VI). 
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Biological Activities 

The ^-methoxy-L-phenylalanine amides described in this paper 
were tested for in vitro antibacterial and antifungal activity by the 
agar dilution technique against the organisms described in the 
accompanying paper. * In contrast to the £>-alkoxy-L-phenylala-
nine ester series, members of which showed substantial activity 
in these tests,1 none of the amides had activity at a concentration 
of less than 500 [xg/ml. I t is of interest that methyl 3-deoxy-3-
(j3-methoxy-L-phenylalanylamino)-j8-D-ribofuranoside (V) was in­
active in the antifungal and antibacterial tests and also when 
tested against Trypanosoma equiperdum in mice and against the 
transplanted mammary adenocarcinoma in C3H mice. Both 
puromycin (I) and the aminonucleoside (II) showed activities in 
the last two tests.* 

Experimentalf 

•p-Methoxy-'N-phthaloyl-L-phenylalanyl chloride.6 Transformation 
of jj-methoxy-JV^-phthaloyl-L-phenylalanine5 to the corresponding 
acid chloride was brought about with phosphorous pentachloride 
in ether. The acid chloride was not isolated as such but was 
converted to amide as shown in the following example. 

N - (p - Methoxy - N - phthaloyl - L - phenylalanyl) - cyclohexylamine 
(Ille). Dried ^p-methoxy-IV-phthaloyl-L-phenylalanine (6-5 g, 
20 mmole) was suspended in absolute ether (80 ml) and the mix­
ture was stirred in an ice bath for 10 min when phosphorous 
pentachloride (4-3 g, 21 mmole) was added. Stirring was 
continued for 20 min in the ice bath and for 30 min at room 
temperature. The clear solution was evaporated and the residue 
was evaporated twice with small portions of toluene. The 
residual gum was dissolved in chloroform (100 ml) and to the 
cooled, stirred solution cyclohexylamine (5 • 05 ml, 44 mmole) was 

* We would like to thank the following for these testing results: Mr. A. C. 
Dornbush (antibacterial and antifungal testing), Dr. R. I. Hewitt (antitrypano-
somiasis testing), Miss S. L. Halliday and Dr. J. J. Oleson (antitumour testing) 
of these Laboratories. 

•f Melting points were taken on a Kofler micro hot-stage and are corrected. 
Solutions were evaporated under reduced pressure unless stated otherwise. 
Magnesium sulphate was used as drying agent. 
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added. The mixture was stirred at room temperature for 1 h 
and was then extracted with successive portions of water, 1 N 
hydrochloric acid, saturated aqueous sodium bicarbonate solution 
and water. The dried solution was evaporated and the residue 
was triturated with ether and filtered to yield, after drying in 
vacuo, 7-34 g of product (90 per cent), m.p. 148-150°. Tor 
analysis the material was crystallized from methylene chloride-
ether.* 

Amides of Tp-Methoxy-L-phenylalanine. Removal of the phtha-
loyl blocking group was carried out with hydrazine hydrate and 
acetic acid. The reaction mixture was worked up by two different 
methods depending on whether the product was water soluble 
(Method A) or water insoluble (Method B), as shown in the 
following examples. 

Method A 

N-(-p-Methoxy-L-phenylalanyl)-2-hydroxyethylamine (IV b). 
Hydrazine hydrate (0-206 ml, 4-29 mmole) was added to a hot 
solution of iV-phthaloyl derivative (III b) (1-58 g, 4-29 mmole) 
in ethylene glycol monomethyl ether (3-4 ml), and the mixture 
was heated with occasional shaking on the steam bath for 12 min. 
To the thick, white suspension was added glacial acetic acid (0 • 86 
ml, 15 mmole) in ethylene glycol monomethyl ether (2-5 ml) and 
the mixture was heated on the steam bath for another 15 min and 
was then evaporated. The residue was triturated with methanol, 
filtered, and the precipitate was washed further with a little 
methanol. Filtrate and washings were combined and evaporated. 
The residue was taken up in water (25 ml), filtered from a small 
amount of insoluble material, and the filtrate was stirred with 
Amberlite IRA-400 anion exchange resinf (freshly washed with 
2 N sodium hydroxide solution and then with distilled water until 
the supernatant was neutral) until the solution reached pH 9. 
The resin was removed by filtration and was washed thoroughly 
with distilled water. Filtrate and washings were combined and 

* The compounds described in Table I were prepared in a similar manner. 
Yields were calculated from y-methoxy-JY-phthaloyl-L-phenylalanine. 

•f Amberlite IRA-400 is the registered trademark of the Rohm and Haas 
Company for a strongly basic anion exchange resin. 
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evaporated at 35-40°. The residue was further dried over 
phosphorus pentoxide in vacuo to afford 1-06 g of glass. This 
was dissolved in methylene chloride, and ether was added at the 
boiling point until crystallization started. The mixture was then 
cooled in an ice bath, the crystalline solid was collected, washed 
with ether and dried to afford 0-52 g (51 per cent), m.p. 72-73°. 

Method B 

N-(p-Methoxy-i,-phenylalanyl)-be7izylamine (IV d). The N-
phthaloyl derivative (III d) (0-414 g, 1 mniole) was treated with 
hydrazine hydrate and glacial acetic acid as described above. 
After evaporation of the methanol solution, the residue was mixed 
with 0 • 5 N hydrochloric acid (15 ml) and filtered. The precipitate 
was washed with a little more acid and the combined filtrate and 
washings were saturated with sodium bicarbonate. The mixture 
was extracted several times with 5 ml portions of chloroform and 
the combined extracts were washed with a little water, dried and 
evaporated. The crystalline residue was recrystallized from 
methylene chloride-ether to afford 0-187 g of product (66 per 
cent), m.p. 89-90°. 

Tp-Methoxy-h-phenylalaninamide (IV a) from methyl •p-methoxy-
h-phenylalaninate hydrochloride. Methyl ^-methoxy-L-phenyl-
alaninate hydrochloride3 (53-4 g, 0-218 mole) was added to dry 
methanol (1000 ml) which had been saturated with ammonia at 
0° and the solution (protected from atmospheric moisture) was 
allowed to stand at room temperature for 5 days and was then 
evaporated. The residue was mixed with water (300 ml) and was 
filtered from a small amount of undissolved precipitate. The 
filtrate was saturated with sodium bicarbonate. The product 
crystallized suddenly to give a very thick suspension which could 
be filtered only after the addition of chloroform (100 ml). The 
precipitate was washed with a little water and was dried in vacuo 
(25 g, m.p. 102-103°). The layers in the filtrate were separated 
and the aqueous phase was extracted several times with chloro­
form. The combined chloroform extracts were dried and evapor­
ated. The crystalline residue was triturated with a small amount 
of ether and filtered to afford another 9-5 g of product, m.p. 
102-104°. Identity with (IVa), prepared from the JV-phthaloyl 
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derivative (Ilia) by method A, was established by mixture melting 
point. The total yield (34-5 g) was 81 per cent. 

Anal. Calcd. for C10H14N2O2: c> 61-83; H, 7-27; N, 14-42. 
Found: 0, 61-64; H, 7-18;N, 14-29. 

Methyl 3-deoxy-3-(p-methoxy-'L-phenylalanylamino)-f3-D-ribofur-
anoside (V). Ethyl chlorocarbonate (0-88 ml) was added to a 
stirred, cooled solution of iV-carbobenzoxy-^-methoxy-L-phenyl-
alanine (3-29 g, 8-4 mmole)3 in dimethylformamide (15 ml) and 
triethylamine (1-24 ml). Stirring and cooling were continued for 
10 min and the suspension was then added in portions to a stirred, 
cooled solution of methyl 3-amino-3-deoxy-/3-D-ribofuranoside7 

(1-14 g, 7 mmole) in dimethylformamide (15 ml) and triethyl­
amine (2 ml). The mixture was kept at 0° over-night and was then 
evaporated at 60-70°. The residue was mixed with chloroform 
and water and the phases were separated. The organic phase was 
washed with saturated sodium bicarbonate solution and with 
water, and was then dried and evaporated. The residue, which 
crystallized when triturated with ether, was collected by nitration, 
washed with ether and dried in vacuo to give 2-15 g of product 
(64 per cent), m.p. 157-158°. This material could not be recry-
stallized to give acceptable combustion values and 1-85 g (3-9 
mmole) of it was therefore converted to the final product (V) by 
suspension in absolute alcohol (50 ml) to which had been added 
1 g of palladium-on-carbon catalyst (10 per cent) suspended in 
ethylene glycol monomethyl ether (10 ml). Hydrogen was 
bubbled through the solution until the exit gases no longer 
contained carbon dioxide (C02 was detected with aqueous barium 
hydroxide solution). The suspension was filtered through diato-
maceous earth and the filtrate was evaporated. The residue 
crystallized when triturated with ether containing a few drops 
of methylene chloride; yield, 0-9 g, m.p. 123-125°. Recrystal-
lization from methylene chloride-ether gave 0-78 g (38 per cent 
over-all from methyl 3-amino-3-deoxy-/?-D-ribofuranoside), m.p. 
122-123°; [a]

2
D

5+ 26-7° (c, 1-1 in chloroform). 

Anal. Calcd. for C1 6H2 4N206 : C, 56-46; H, 7-11; N, '8-23. 
Found: C, 56-23; H, 7-28; N, 8-55. 

Summary. Various amides of ;p-methoxy-L-phenylalanine were prepared 
as simple analogues of the antibiotic puromyoin. These amides did not 
show significant in vitro antibacterial and antifungal activities. 
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