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conjugated systems by the methylene group, the benzyl 
group of X b  binds directly to  the enzyme in some fash- 
ion such as  a charge-transfer complex6-8 or less likely 
by hydrophobic binding.l4,1j 

Khether the 6-phenyl or 6-benzyl groups of X aand X b  
bind in the same fashion still cannot be resolved at this 
point ; that  is, the 6-phenyl might influence pyrimidine 
binding and the 6-benzyl might bind directly. n'ever- 
theless, the positive results remain that the 6-phenyl, 
6-benzyl, or 6-fury1 groups of Xa. Xb,  and Xe increase 
binding compared to a 6-methyl group, and an electron- 
withdrawing nitro group as in Xc decreases binding. 

I t  !vas previously observed that replacement of the 
4-hydroxyl group of 2-amino-5-(3-anilinopropyl)-4- 
pyriniidinol (111) by amino (XXIII)  gave a 2600 en- 
hancement in binding* and by d-mercapto (XXIV) a 14- 
fold e~ihanceiiient.~ I n  another paper of this series it 
was noted that replacement of the anilinopropyl group 
of I11 by a 4-phenylbutyl (XXII)  also led to an en- 
hariceiiierit of binding.7 I n  Table 11, a comparison of 
the effects of these three substitutions on binding of the 
6-phenyl and 6-benzyl groups of X a  and X b  is made. 

The 35-fold enhancement of 6-phenyl (Xa) over 6- 
methyl (Xb) in group A (Table 11) with an anilino- 
propyl group is maintained in group B when the phenyl- 
butyl side chain is present (XXII  us. XIXa).  In con- 
trast this increment is almost completely lost in the 6- 
benzyl series (XIXb us. XXII) ; thus the phenylbutyl 
side chain causes a decrease in the binding of the 6- 
benzyl group or cice cersa, or both. 
.I further erihaiicenient in binding by the 6-phenyl or 

6-benzyl nioieties in the 4-amino series (groups C and D) 
(14) R .  .I Wallace, A.  N Kurtz,  and C Niemann, Biochemistry ,  2, 

(15) G .  Nemethy and H Scheraga, J .  Phvs Chem , 66, 1773 (1962). 
824 (1963). 

is not observed; of interest is the fact that  6-benzyl 
group causes a decrease in binding compared to the 6- 
methyl group with the anilinopropyl side chain (group 
C), but had no detrimental effect with the phenylbutyl 
series (group D) . Similarly, a further enhancement 
in binding by the 6-phenyl group in the 4-mercapto 
series (group E) was not observed; in fact, the 6-phenyl 
(XVIIa) was about one-half as effective as a 6-methyl 
(XXIV). This lack of additivity with the 6-phenyl 
moiety in groups C, D, and E (Table 11) could be at- 
tributed to the fact that the 4-amino and 4-mercapto 
groups on the pyrimidine already have the most favor- 
able tautomeric form and can no longer be influenced by 
the phenyl ring as in group A ;  however, such an ex- 
planation for the 6-benzyl moiety is untenable. One 
possible explanation is conipatable with both the 6- 
benzyl and 6-phenyl systems; when the 4-amino and 4- 
niercapto groups are bound to folic reductase, a confor- 
mational change results in the enzyme which no longer 
allows binding of these aryl moieties. If this explana- 
tion is correct, it should be possible to construct irre- 
versible inhibitors that  will detect this enzymic confor- 
mational change by utilization of the bridge principle of 
specificity16; currently a search for such types of irre- 
versible inhibitors is underway. 

Furthermore, even though the three ways of increas- 
ing the binding of I11 are not additive, placement of a 
phenyl or benzyl group a t  the 6-position of I11 does not 
decrease binding (except in the case of XVIIIb which is 
not a serious loss) ; thus it should be feasible to synthe- 
size a variety of potential irreversible inhibitors with 
covalent bond forming groups built off the 6-position in 
niolecules related to XVIII,  XXI ,  or XXIII .  

(16) B. R.  Baker, J .  Pharm. Sci., 63, 34i (1964). 
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Bmino acid analogs of two tryptamine antagcnists of serotonin %-ere prepared for biological evaluation. The 
1-benzyltryptophans prepared in this study, like l-benzyl-5-methoxy-2-methyltryptamine (BiiS), produce seda- 
tion in mice while a nonbenzylated tryptophan caused stimulation. 

Serotonin2 (5hydroxytryptamine) and the serotonin 
antagonist, l-benzyl-5-methoxy-2-inethyltryptaniine3 
(BAS) ! do not readily cross the blood-brain barrier. 
The biological precursor of serotonin, 5-hydroxy- 
tryptophan, however, is transported into the brain 
where it  is decarboxylated to serotonin.2 I t  was con- 
jectured, therefore, that amino acid analogs of BAS 
might possess interesting biological properties. Several 
tryptophan derivatives (la-lc) were consequently pre- 
pared in these laboratories to explore this po~sibi l i ty .~ 

( 1 )  Psychopharmacology Service Center, National Insti tute of Mental 
Health, Bethesda, hld. 20014. 

(2)  S. Vdenfriend, H. Weissbach, and D. F. Bogdanski, J .  Diol. Chem.. 
224. 803 (195 i ) .  

(3) (a) D. W. Wooley and E. N.  S h a n ,  Srience. 124, 34 (1956); (b) D. 
IT. Wooley, E.  Tan  Winkle, and E. i'i Shaw, Proc. .Vat!. Acad. Sci. C. S. 
43, 128 (195;). 

( 4 )  G .  Domschke and G. Muller, J .  p r a k i .  Chem., [ 4 ]  21, 85 (1963), 
described the preparation, by a different synthesis than what we employed 
of one of the tryptophans (Id) n e  had intended to synthesim. 

Two methods were considered for the preparation of 
the desired amino acids, the Warner-Moej tryptophan 

( 5 )  D. T. \Tamer and 0. A .  Moe, J .  A m .  Chem. Soc., 7 0 ,  2764 (1948), 
prepared the key tryptophan intermediate, diethyl acetamido(3-indolyl- 
methyljmalonate (b) by Fisher cyclization of the phenylhydrazone of di- 
ethyl acetamido(p-formyletliyl) malonate (a) and converted it to  m-trypto- 
phan by previously described procedures. 
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brain caused excitation. The sedative effects of coin- 
pounds l b  and IC at a dose of 50 iiig./kg. i.p. suggest 
that they either, like BAS, do riot cross the blood- 
braiti barrier or, if they do so, are riot decarboxylated to 
I3XS c*oiigeiiers. I t  would seeiii that l a  which is closely 
related to nonnal tryptophan iiietabolites inight have 
crossed the blood-brain barrier. I t  appears, at  least, 
to have the best chance of coiiipouiids la-lc of peiie- 
t r a t i i i g  into the brain. At this juncture, analyses of 
braiii tissue froin ariiinals fed these coiiipourids are re- 
quired to resolve the issues of their perietratioii into the 
hraiti atid the f o r i n  in which they act. 

Experimental' * 
Diethyl Acetamido(3-oxobutyl)malonate.12-A solution of 

methyl vinyl ketone (16.2 ml., 0.2 mole) in 15 ml. of dry benxene 
was added dropwise with stirring to a slurry of 43.4 g. (0.2 mole) 
of diethyl acetamidomalonate and 0.2 g. of sodiuni methoxide in 
65 nil. of dry benzene. The temperature of the reaction mixture 
slowly rose to 35' during 30 min. The mixture was stirred for 
20 hr. at  room temperature, cooled with ice water, and filtered. 
The crystalline product, after recrystallization first from a 1 :1 
rnixt,ure of benzene and hexane (yield 47.R g., S3.2'3, m.p. S6-87") 
and then from ethanol, melted at  88-89'. 

-Inn/. Calcd. for Cl3HYlS06: C, 54.34; H, i . 3 7 ;  X, 4.9s. 
Found: C, 24.39; H, 7.56; S, 5.17. 

Diethyl Acetamido(5-methoxy-2-methyl-3-indolylmethyl)- 
malonate (2d).-Diethyl acetamidomalonate (5 .75 g., 0.027 
mole) and 6 3  g. (0.026 mole) of 5-methoxy-2-methyl-3-piperidino- 
1iiethylindole~3 were added stepwise to a cooled (ca. 50') solution 
of sodium et,hoxide prepared from 0.65 g. (0.026 g.-atom) of 
sodium and 75 nil. of absolute ethanol. The resulting mixture 
was warmed to 60-TO" to dissolve the reagents, cooled to 30", 
and treated with excess dimethyl sulfate ( 5  ml.) (cooling to 
30-40") during 0.5 hour. 

l 'he niixture was then stirred for 4 hr. at raoni temperature, 
*tored overnight at room temperature, and poured into ice-water. 
The resulting mixture was stored in the refrigerator overnight. 
The crude indolemalonate was filtered off and washed with 
water. It wa> dissolved in ethancl and reprecipitated by pouring 
into ice-water (yield 8.4 g., 69.55;, m,p. 153-155'). A sample of 
the precipitate melted a t  160' after recrvstallization from iso- 
propyl alcohol. 

Found: C, 61.80; H, 6.59; N, 7.49. 
~~-5-Methoxy-2-methyltryptophan (la).-A suspension of 

8.4 g. (0.0215 mole) of diethyl acetamido(5-methoxy-2-methyl-3- 
indolylriiethyl)nialonate in a solution of 5.3 g. of NaOH in 26 ml. 
of water and 32 nil. of ethanol was refluxed for 3 hr. and evapo- 
rated to dryness in vacuo. Water (50 ml.) was added to the resi- 
due and the resulting solution was filtered, extracted twice with 
an S:2 mixture of chloroform and 1-butanol, and acidified 
with 11.7 ml. of concentrated HC1 with ice cooling. The acidified 
mixture was covered with 10 ml. of 8: 2 chloroform-1-butanol and 
was refrigerated for 3 days. The precipitat,ed malonic acid was 
filtered off, washed with water, and dried; yield 5.6 g. ( i 8 % ) ,  
m.p. 133-137". 

The nialonic acid (5.6 g., 0.0167 mole) was decarboxylated by 
heating at  1S0-200" for 1.5 hr. Barium hydroxide solution [12.8 
g. of Ba(0H)n in 42 rnl. of water] was added to the derarboxyla- 
tion residue, and the mixture was refluxed for 24 hr., cooled, and 
acidified with HsSOi. The hot mixture was filtered, and t,he pre- 
cipitate was extracted first with hot water and t,hen with 
ethanol. The combined aqueous solutions were evaporated to 

r Inal .  Calcd. for CroHrtjS2Otj: C, 61.52; H, 6.71; N, i.18. 

(11) Microanalyses were carried out  by blr. John Deonorine of these 
Laboratories. All melting points were taken on a Thomas-Hooi-er melting 
point apparatus and are corrected. 

(12) After the completion of our study, the preparation of this compound 
u-as described by H. Gershon and A. Scala, J .  Org. Chem.,  Z6, 2347 (1961), 
by a variation of our  method. It was first prepared by A .  Sanno, Yakagaku  
Zasshi ,  78, 1113 (1958): Chem. Ahstr., 53, 6238 (1959), from either diethyl 
acetamido(2-piperdinomethyl) malonate, dimethyl sulfate, and 2,4-pentane- 
dione or from diethyl acetamidomalonate. dimethyl sulfate, and 1,5&is- 
(dimetliylamino)-3-pentanone. 

( 1 3 )  R .  Dalillioiim, Acta Chem. Scand., 9,  10T4 (19.55). 

dryness, and the residue was recrystallized from the minimum 
volume of water. The crystalline product was filtered off, 
washed wit,h cold alcohol, and dried; yield 1.53 g. (3770) ,  n1.p. 
269-270". 

Anal. Calcd. for C16H1S?\r206: C, 62.88; H, 6.50; X, 11.28. 
Found: C, 62.85; H, 6.63; T, 11.21. 

The recrystallization filtrate and washings were combined with 
the alcoholic extract and evaporated to dryness. The residue was 
taken up in ammonia, and the solution was evaporated to dryness. 
The solid residue was recrystallized and gave an additional O.i5 g. 
of product, m.p. 269-270". 

Diethyl Acetamide( 1-benzyl-3-indolylmethyl)malonate (3a).- 
.4 500-ml. flask was charged with 250 ml. of liquid "8, 1.2 g. 
of 90% sodarnide (0.0028 mole), and 8.65 g. (0.025 mole) of 
diethyl acetanlido( 3-indolylmethyl)malonate. The homogenous 
mixture was treated during 10 min. n-ith 3.2 g. (0.015 mole) 
of benzyl chloride dissolved in 10 ml. of absolute ether and was 
stirred a t  room temperature until most of the ammonia had 
evaporated (ca. 3 hr.). The reaction flask was then swept with 
dry nitrogen to remove the last traces of ammonia. Methanol 
(10 ml.), acetic acid (10 ml.), ether (200 ml.), and wat,er (100 ml.) 
were added to the flask and the mixture was stirred. The ether 
layer was separated and combined with the ether extracts (2)  of 
the water layer. The combined ether solutions were washed 
with water, dried, and evaporat,ed to dryness. The residue after 
recrystallization from 9 5 5  ethanol melt,ed at  120-121 ', yield 6.2 
g. ( 5 7 % ) .  A second recrystallization did not change the melting 
point,. h mixture of t>his preparation and diethyl acetamide( 1- 
benzyl-3-indolylmethy1)nialonate prepared according to Con- 
forth. et  al.,6 melted at 120-121O. 

Diethyl Acetamido(l-benzyl-2-methyl-3-indolylmethyl)- 
malonate (3b).-Diethyl acetamido(2-methyl-3-indolylmethyl)- 
malonate14 (10.0 g., 0.0278 mole) was beneylated in the same 
manner as diethyl acetamido(3-indolylmethy1)malonate using 
250 ml. of liquid "1, 1.35 g. of sodamide, and 3.8 g. of benzyl 
chloride. The crude gummy product obtained upon evapora- 
tion of the ethereal solution was dissolved in hot ethanol. The 
hot ethanolic solution was poured into ice-water, and the crystal- 
line product was filtered off (yield 12.5 g., m.p. 137-141') and dried 
azeotropically in benzene. The benzene solution was poured into 
4 vol. of petroleum ether (b.p. 35-80"), and the precipitate (11.3 
g.) was recrystallized from 90% ethanol; yield i . 5  g. (59.65) ,  
m.p. 155-157'. A sample of the product, recrystallized again for 
analysis, melted a t  158-160'. 

Anal. Calcd. for C:6H30N20E: C, 69.31; H, 6.71: S, 6.22. 
Found: C, 69.26; H, 635;  S, 6.13. 

Diethyl Acetamide( l-benzyl-5-methoxy-3-indolylmethyl)- 
malonate (3c).-Beneylation of diethyl acetamide( 5-niethoxy- 
3-indolylmethy1)malonate~~ (11.6 g., 0.0308 mole) was carried 
out and worked up as described for the benzylation of diethyl 
acetamide( 3-indolylmethyl)nialonate. The hot ethanolic solu- 
tiou of the sirup obtained upon work-up of the reaction mixture 
was diluted with water until the first sign of turbidity and placed 
in a refrigerator to cryhtallize. The crystalline product, (9.2 g.. 
64.2Yb yield) melted at  99-100'. A sample, recrystallized for 
analysis from ethanol, melted at 100-101". 

Anal. Calcd. for CP6H30X206: C, 66.93; H, 6.46; S, 6.01. 
Found: C, 67.28; H, 6.86; N, 6.35. 

~~-N-Acetyl-l-benzyl-2-methyltryptophan.-A mixture of 
7.0 g. (0.0155 mole) of diethyl acetamido(l-benqd-2-methyl-3- 
indolylmethy1)nialonate (3b) and 31 ml. of 2.5 A* NaOH was re- 
fluxed for 3 hr., cooled, acidified with 60 ml. of 2 S HCI, and re- 
frigerated. The crystalline precipitate (4.7 g., 77.5y0 yield) 
melted a t  105-112' and gave a satisfactory nitrogen analysis for 
the expected acetamidomalonic acid. 

Anal. Calcd. for C22H2rS.0j: Y ,  7.10. Found: S,  7 .27 .  
The acetamidomalonic acid (4.7 g.) was decarboxylated by re- 

fluxing for 2 hr. with a mixt,ure of 30 ml. of alcohol and 25 nil. of 
water. The hot reaction mixture was filtered, diluted with 200 
nil. of water, and st,ored in the refrigerator overnight. The finely 
divided precipitate was centrifuged and recryst>allized from about 
65 ml. of 50y0 ethanol; yield 3.0 g. ( i2(70) ,  m.p. 213-214". An 
analytical sample, obtained from a second recrystallization from 
alcohol, melted at 214-215". 

Anal. Calcd. for CP1H?&203: C, 71.98; H, 6.33; S, 8.00. 
Found: C, 71.59; H, 6.46; S,8.08. 

(14) H. S.  Rydon, J .  Chem. Soc., 706 (1948). 
(15) .I. \\-. Cook, .J. D. Lolidon. and P. McCloskey, ?hid. ,  1203 (1951). 




