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A d .  Calcd. for Cl&N&: C, 77.12; H, 7.19; N, 10.00. 
Found: C, 77.16; H, 7.28; N, 10.05. 

H+d* of 7 g. of th ia compound wan e€fected by heating 
it in 50 mL of 6N hydrochloric acid on the ateam bath for 8 
hr. The cooled mixture waa filtered, and the d i d  waa 

from methanol-mter to give 6.1 g. (90%) of 
f o n e  (III. X = OC&, Y = 
H), lap.  75-76.5" (lit. m-p. 76", 
(C) X = H, P = c1. Aminonitrile I ( X  - H)* waa alky- 

lated on the 0.2-mole wale with pchlorobemyl chloride 
eeaentially by the procedure d d b e d  in ( A ) .  The liquid 
ammanis wan evaporated from the mwtion product and the 
reaidue taken up in ether. After filtering to remove inorganic 
dta, the ether soiution ww dried over magnesium sulfate. 
The solvent was removed to leave 67 g. (100%) of the crude 
alkylation product aa a light yellow oil. A sample of this oil 
waa diasolved in hexane and the solution cooled in a Dry 
Icetrcetone bath to precipitate a d i d ,  but the pure product 
wan not ieolated. The combined oil wan dissolved in 105 ml. 
of coned. hydrochloric acid and the solution refluxed over- 
night. The mixture was cooled and fil- to give 41.3 g. 
(90%) of (r(Pchloropheny1)acetophenone (111. X = H, 
Y = a), m.p. 133-136" and at 135.5-136" after recryatalli- 
sation from ethanol (lit. m.p. 133").'bv11 
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Some a-Dialkylaminophenylacetonitrjles and 
Corresponding Amino Acids and 

Amilloamided 

M u d  May 10,1961 

Recently' a-dimethylaminophenylacetonitrile 
( Is)  waa prepared from benzaldehyde, dimethyl- 
amine, and aodium cyanide through the sodium bi- 
sulfite addition compound of the aldehyde, and 
hydrolyzed to amino acid IIa. 

Ia. X = H IIIa. X = H 
Ib.X = a IIb.x = a 11m.x = c1 
IC. X = OC& 

IIa. X = H 

IIIc. X = OCHt 

We have synthesized aminonitriles Ib and IC, 
hydrolyzed Ib  to amino acid IIb, and converted all 
three of the aminonitriles Ia-c to the corresponding 
aminoamides 1IIa-c. Also aminonitrile IV  was pre- 
pared from the appropriate reagents and converted 
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to amino acid V and aminoamide VI. The yields 
were good to excellent. 

C&CHCN CsHsCHCOOH CbHsCHCONH2 
I I I 

IV V VI 

In the synthesis of the aminonitriles 25% aqueous 
dimethylamine was UBed instead of the anhydrous 
amine employed e8rlier.f The initial formation of 
the aldehydebisdf3.e compound seems advan- 
tageous especially for solid aldehydes. Even with 
benzaldehyde the yield of Is was higher (94%) 
than that (75%) obtained without the use of the 
bisulfite. 

Whereas ordinary nitriles can be hydrolyzed to 
the corresponding acids with dilute sulfuric acid, 
aminonitrile Ia undergoes tmme reversion to 
benzaldehyde (27%) even with 50% refluxing 
sulfuric acid. The conversion of Is, Ib, and IV to 
the corresponding amino acids was accomplished 
by treatment with more concentrated sulfuric 
acid. However, aminonitrile IC produced only 
water-soluble tars; apparently sulfonation and/or 
cleavage of the ether group occurred. This method 
appears more convenient than that employed 
earlier for amino acid IIa, which was obtained from 
phenylacetic acid through the a-bromo acid bro- 
mide.' 

The intermediate a m i n e d e s  were prepared 
with concentrated sulfuric acid under milder condi- 
tions. As these compounds are relatively insoluble, 
they were readily isolated free from any amino 
acid that might have been formed. Aminoamide 
IIIc was obtained in better yield with polyphos- 
phoric acid, which is specific for amide fonnation.6 

In Table I are listed some infrared bands. The 
amino acids IIa, IIb, and V exhibited absorption 
bands for bonded O-H at  3.5-4.1 p, and C=O 
at 6.1-6.3 p.' The aminoamides IIIa-c and 
VI exhibited characteristic bands for N-H at  
3.0-3.1 p and G=O at 5.9-6.0 p.' However, the 
aminonitriles Ia-c and IV exhibited only a very 
weak band or no absorption band for the nitrile 
group. Ia gave a very faint peak a t  4.51 pa which 
was infllfficient for characterization. 

Attempts to alkylate amino acid IIa and amino- 
amide IIIa through their dianions IIa' and IIIa' 
as described for the alkylations of phenylacetic 
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TABLE I 
INFRARED BANDS ( p )  FOR AMINONITRILES, AMINOACIDS, AND AMINOAMIDE~ 

Iab IbC ICC IVC IIac IIbd Vd IIIad IIIbd IIIcc VId 

3.4-3.6e 3.4-3.6* 3.4-3.6e 3.45-3.55 3.35 3.5-3.8 3.5-3.7 3 . 0  3.05 3 . 1  3 . 1  
4.51' 12.55 12.35 13.55 3.7-4.1 6 . 1  6 . 0  5 . 9  5.95 6 . 0  5 . 9  

13.66 13 .8  12.8 14.2 6.2-6.35 12.9 13.5 13.0 12.15 12.0 13.0 
14.36 13.5 13.9 14.3 13.85- 13.8 13.6 13.85- 

14.0-14. 3e 14. 15e 14. 15e 

All spectra were taken on a Perkin-Elmer Infracord. Smear between salt plates. Potassium bromide wafer. Nujol 
mull. e Very broad band which may contain two or three bands. 1 Very weak band. 

acidg and phenylacetamidelO were unsatisfactory. 
Addition of the amino acid or aminoamide to two 
molecular equivalents of potassium amide in liquid 
ammonia followed by one equivalent of benzyl 
chloride appeared to produce alkylation product 
but the pure compound was not isolated. Although 
most of the amino acid or aminoamide may have 
been converted to its dianion, sufficient amide ion 
evidently remained in equilibrium to effect the 
self-alkylation of the halide, as the purple color 
associated with this reaction was observed and 
stilbene was obtained. l1 

Similarly attempts to alkylate the amino acid 
and aminoamide with n-butyl bromide were 
unsuccessful, and the starting acid and amide were 
recovered. These results indicate that the a-hydro- 
gens of the amino acid and aminoamide are less 
active than those of phenylacetic acid and phenyl- 
acetamide respectively. 

 EXPERIMENTAL'^ 
~-Dimeth?llaminophenyZacetonitrile (Ia). To a stirred slurry 

of 416 g. (4.0 mole) of sodium bisulfite in 600 ml. of water 
was added 424 g. (4.0 mole) of benzaldehyde followed, after 
15 min., by 800 g. (4.44 mole) of 25% aqueous dimethyl- 
amine.13 After stirring for 30 min., the mixture was cooled 
(ice bath) and a solution of 200 g. (4.1 mole) of sodium 
cyanide in 400 ml. of mater was added dropwise. The ice- 
bath was removed and the stirring continued for 3 hr. The 
organic layer was separated and combined with three 
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Kantor, and A. E. Brodhag, J .  Am. Cheui. Sac., 78, 1653 
( 1956). 
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Ann Arbor, Mich. 

(13) This reagent has recently afforded an 88% yield of Ia 
but the details were not given; H. M. Taylor and C. It. 
Hauser, J. Am. Chem. Sbc., 82, 1960 (1960). 

ether ext,racts of the aqueous layer. The ether solution was 
dried over anhydrous magnesium sulfate and the solvent 
removed. The residue was distilled to give 598 g. (9473 of 
Ia, b.p. 76-78' at 0.8 mm., ny 1.5116 reported b.p. 78-79" 
a t  1.1 mm., ny 1.5120.2 

2-( N ,  N-Dimeth&zmim)-2-( &chlorophayE)aeetonitrib 
(Ib). This aminonitrile was prepared from 0.71 mole each of 
p-chlorobenzaldehyde, sodium bisulfite (in 150 ml. of water), 
dimethylamine (128 g. of 25Y0 aqueous amine), and sodium 
cyanide (in 100 ml. of water) essentially as described for Ia 
above. After the 3-hr. reaction period, the mixture was 
filtered, the precipitate washed with water and dried in vacuo. 
Recrystallization from absolute ethanol yielded 114 g. 
(84%) of Ib, m.p. 40-43" and at 43.5-44.5' after two re- 
crystallizations from hexane. 

Anal. Calcd. for CloHltNZCl: C, 61.69; H, 5.70; N, 14.39; 
Cl, 18.21. Found: C, 61.91; H, 5.54; N, 14.24; C1, 18.23. 

B( N ,  N-Dimethylamim)-2-( 4-methozyphen y1)acetonitrile 
(IC). This aminonitrile was prepared from 1 mole of anis- 
aldehyde and the appropriate reactants essentially rn de- 
scribed above for Is. There was obtained 105 g. (55y0) of 
IC, b.p. 107-109" a t  0.8 mm., n g  1.5210, which crystallized 
oh standing, m.p. 32-35'. After two recrystallizations from 
hexane, the compound melted a t  36.5-38". 

Anal. Calcd. for C1IHlrNzO: C, 69.45; H, 7.42; N, 14.73. 
Found: C, 69.23; H ,  7.14; N, 14.48. 

2-Morphoho-2-phenylacetoszit7ile (IV). This aminonitrile 
was prepared from one mole each of benzaldehyde, sodium 
bisulfite, morpholine, and sodium cyanide as indicated above 
for Ib. After standing overnight, the reaction mixture was 
worked up to give in two crops from absolute ethanol, 
172 g. (85%) of IV, m.p. 68-70", reported m.p. 6&70°.* 

C(NlN-Dimethylamino)-&(4-ehlotophenyl)metk d 
(IIb). This amino acid was prepared by a modification of 
the earlier procedure for IIa.2~1~ A solution of 39 g. (0.20 
mole) of aminonitrile Ib  in 40 ml. of concd. sulfuric acid was 
stirred for 3 hr., and 15 ml. of water was then added to 
reduce the acid concentration to about 70%. After stirring 
a t  150" for 18 hr., the solution was cooled and poured onto 
crushed ice. Concentrated ammonium hydroxide was added 
to p H  8. After decolorizing (Norite) and filtering, the 
solution was acidified with hydrochloric acid to p H  6, and 
cooled. The resulting mixture was filtered, and the filtrate 
partially evaporated, and the resulting precipitate combined 
with the solid on thc funnel. The product was dissolved in a 
minimum of hot water, and the solution cooled to give 38 g. 
(89%) of IIb, m.p. 232-235" and a t  232-235" after another 
recrystallization from water and drying in VUCUO. 

ilnal. Calcd. for CloHI2CINOz: C, 56.21; H ,  5.66; N, 6.56; 
C1, 16.59. Found: C, 55.83; H, 5.83; N, 6.68; C1, 16.36. 

$2-Morpholino-2-phenylacetic acid (V). This amino acid was 
prepared from 81 g. (0.4 mole) of aminonitrile IV and 80 ml. 

(14) The melting point of 246-247" for IIa recrystallized 
from ethanol-water (ref. 2) has now been raised by re- 
crystallization from ethanol-acetone to 260-261 ', which 
agrees with that of IIa prepared in another manner (ref. 4). 
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of concd. sulfuric acid (diluted after 3 hr. with 35 ml. of 
water) essentially as described above for IIb. After stirring 
a t  135" for 16 hr., the reaction mixture was worked up to 
give, in several crops, 75.8 g. (86%) of V, m.p. 207-210" 
after recrystallization from ethanol and subsequent subli- 
mation in vacwt. 

Anal. Calcd. for C1zHlsNOa: C, 65.14; H, 6.83; N, 6.33. 
Found: C, 64.88; H, 6.62; N, 6.20. 
9-( N,N-Dimethylamino)-9-phenylacetamide (111s). To a 

100 ml. of stirred concd. sulfuric acid was added dropwise 
80 g. (0.5 mole) of aminonitrile Is. The resulting hot solu- 
tion was stirred for 1 hr. (cooling gradually to room tempera- 
ture) and then poured onto 400 g. of crushed ice. After 
stirring until solution was achieved, concentrated ammo- 
nium hydroxide was added with cooling until precipitation 
ceased. The solid was collected, washed with water, and 
dried at 80" in vacuo. The crude product (75 g.) was re- 
crystallized from 1500 ml. of benzene (filtered hot) to give 
in several crops, 69.5 g. (78%) of IIIa, m.p. 152-154". 

A d .  Calcd. for CloH1,NZO: C, 67.38; H, 7.92; N, 15.72. 
Found: C, 67.25; H, 8.03; N, 15.60. 

23 N,N-Dimethylamino)-&(.&chhophenyl)acetamide 
(IIIb). This aminoamide was prepared from aminonitrile 
Ib  (added in small portions) essentially as described above 
for aminoamide IIIa. The product was obtained in 80% 
yield melting at 124-125.5" and a t  128-129' after further 
recrystallization from benzene. 

Anal. Calcd. for C10H1aN2C10: C, 56.47; H, 6.16; N, 13.17; 
C1, 16.67. Found: C, 56.34; H, 6.34; N, 12.98; C1, 16.61. 

9-( N,N-dimethy lamino)-2-( 4-ntethoxypheny1)acetamide 
(IIIc). Although only water-soluble tars were obtained when 
rtminonitrile IC waa added to concentrated sulfuric acid 
without cooling, the aminoamide IIc was obtained in low 
yield when 38 g. (0.20 mole) of IC was added slowly to 40 
ml. of sulfuric acid at 25'. The solution was kept at this 
temperature for 3 hr., poured onto crushed ice and 44% of 
starting material IC was recovered by ether extraction. 
After neutralization to pH 8 with concentrated ammonium 
hydroxide, filtration and recrystallization from benzene, 
6.7 g. (1670) of IIIc, m.p. 164-167' was obtained. A small 
sample, sublimed in vacuo, melted at 166-167". 

Anal. Calcd. for Cl1HlaN~O2: C, 63.44; H, 7.75; N, 13.45. 
Found: C, 63.54; H, 7.59; N, 13.48. 

A higher yield of aminoamide IIIc was obtained by 
heating a solution of 19 g. (0.1 mole) of IC in 180 g. of poly- 
phosphoric acid on the steam bath for 1.25 hr., and then 
pouring i t  onto crushed ice. The resulting mixture was 
heated until solution was achieved. After cooling, sodium 
carbonate was added until precipitation ceased. The solid 
was collected on a funnel, dried, and recrystalliied by dis- 
solving in chloroform and adding hexane to give, in two 
crops, 13 g. (60%) of IIIc, m.p. 164166". The melting 
point was not depressed on admixture with a sample of 
IIIc, prepared as described above. 

2-Mmpholino-2-phenylaeetarnide (VI). To 40 ml. of concd. 
sulfuric acid waa added with stirring 40 g. (0.198 mole) of 
aminonitrile IV. The mixture was heated on the steam bath 
for a few seconds to achieve complete solution, and then 
poured onto crushed ice. Concentrated ammonium hydrox- 
ide was added to pH 8. After cooling, the solid was collected, 
washed with water, dried, and recrystallized from benzene 
give 33.3 g. (77%) of VI, m.p. 153-156.5' and at 155- 
156.5' after further recrystallization from benzene. 

Anal. Calcd. for C12H16N201: C, 65.43; H, 7.32; N, 12.72. 
Found9 C, 65.19; H, 7.17; N, 12.59. 
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It has been reported that modification of p-  
phenylalanine mustard (I),2p3 either the L-form2 
or the ~bfo rm,  can lead to marked changes in the 
antitumor properties of the drug. These modifica- 
tions include acylation of the a-amino group of I 
as well as the conversion of I to a variety of pep- 
tides. Another clinically important alkylating 
agent, cytoxan, (II),* was designed as an active 

SHZSHCOOH 

0""' 
I1 N (CHpCHzCl), 

1 
CHCOOCZHS (.p- I 

I YH 

(ClCHzClH2)zN 
I11 

transport form of the nitrogen mustard moiety, 
with that alkylating group to be liberated selec- 
tively at the tumor site by the increased amounts 
of phosphamidase enzymes reported in tumor 
t i ~ s u e . ~  A cyclic phosphorodiamidate of I (or of an 
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A. P. Martinez, W. W. Lee, and B. R. Baker, J. Org. Chem., 
26, 4501 (1961). For the fourth paper on phenylalanine 
mustard, see A. P. Martinez, W. A. Skinner, W. W. Lee, 
L. Goodman, and B. R. Baker, J .  Org. Chem., 26, 860 
(1961). 

(2) F. Bergel and J. A. Stock, J .  Chem. SOC., 3658 (1960). 
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for a review of this work with pertinent references. 
(4) For a summary of data and references relating to 

Compound 11, see Cancer Chemotherapy Reports, 1959, 
No. 3, p. 21 (a publication of the Cancer Chemotherapy 
National Service Center). 
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