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ASD WILLIAM C. WERKHEISER 

Deparlmwl of Experi?nental Therupeulzcs, R o w e l 1  Park  Memorial Znslilute, Bii$alo 3, S e w  York 

Received AYovembeT 20, 1964 

-4 series of 2-amino-.i-anilinopr~p~ I-4-pyrimidinols (X)  bearing a p-nitrophenyl. p-tolyl, or 2-furyl group at 
the 6-position were synthesized. In  addition, a series of 2,4-diaminopyrimidines with a phenylbutyl ( S X I )  or 
anilinopropyl group (XTTII) at the 5-position and bearing either a &phenyl or 6-benzyl group were prepared. 
Enzymic evaluation of the effects of these and related compounds on folic reductase showed that the increase in 
binding of 2-amino-5-( 3-anilinopropy1)-6-met~hyl-4-pyrimidinol (111) previously observed by single replacement 
of (a) the anilino group by benzyl, (b)  the 6-methyl by 6-phenyl or 6-benzyl, (c) the 4-hydroxyl by 4-amino, or 
( d )  the 4-hydroxyl by 4-mercapto were not necessarily additive if two or more of these changes were made in the 
same molecule; some cases of additivity in binding were observed with two structural changes. 

In previous papers of this series it was reported that 
(a) the 6-inethylpyriniidyl analog of tetrahydrofolic 
acid (I) was bound more tightly (K ,  = 2 X low6) to 
folic reductase than the substrate, folic acid ( K ,  = 
10 X 10-6)3; (b) replacement of the 6-methyl with a 6- 
phenyl group (11)4 afforded an even better inhibition of 
folic reductase with Ki = 9 X lo-+; (c) only about 20% 

OH I_ 

1, Ri = CH3; Rf = CONHCHCOOH 

IV, 13; = CsHs; R 2  = H 
Y, Ri = C ~ H ~ C H S ;  RP = H 

of the total free energy of binding to folic reductase was 
lost when the carboxyl-L-glutamate residue was re- 
iiioved as in I11 (K ,  = 63 X and IV (K,  = 1.8 X 
10-6)6; and (d) the benzylpyriniidine V (K ,  = 4 X 
10-6)6 lyas bound to folic reductase alniost as well as the 
6-phenylpyrimidine (IV). Since the 6-phenyl and 6- 
benzyl groups gave more effective binding to folic re- 
ductase than the 6-methyl group, we have investigated 
further the mode of binding of the 6-phenyl (IT) and 6- 
benzylpyrirnidines (V) and wish to report the results in 
this paper. 

The first structural change investigated was replace- 
ment of the 6-phenyl group in IV by the electron-ac- 
cepting A-nitrophenyl group (Xc) and by the electron- 
donating groups, p-tolyl (Xd) and 2-fury1 (Xe). Two 
routes had been previously developed for synthesis of 
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conipourids of type X ;  these routes differ in whether the 
anilino nioiety is introduced last4 or is introduced first.6 
The nitrophenyl analog was prepared by the first route4 
via IXc primarily because the second route was not yet 
available a t  the time. The second route6 via X I  was 
used to synthesize the p-tolyl (Xd) and 2-fury1 (Xe) 
analogs. That these two routes were fairly good 
general methods was indicated by the fact that no coiii- 
plications arose in the synthesis of the three coiii- 
pounds. One might have anticipated that the hydrogen 
bromide used for removal of the ?;-tosyl group from the 
fury1 analog (XIe) might have attacked the somewhat 
acid-labile furan ring, but fortunately these fears 
proved unwarranted. 

The second structural change investigated was re- 
placement of the anilinopropyl side chain in X by 
phenylbutyl to give XIXa and XIXb;  since the phenyl- 
butyl derivative of the 6-methylpyrimidine (XIX, R1 = 
CH3) was bound more tightly to folic reductase than the 
anilinopropyl group (X, R1 = CH3),7 it was of interest 
to determine whether an additive tightening of binding 
were actually possible with coiiipounds such as XIXa 
and XIXb  coinpared to X (R1 = CH3). By the second 
synthetic route6 uia XVI, XIXa  and XIXb  were readily 
obtained in crystalline form 

Sext  we wanted to deterniirie if a third factor leading 
to tighter binding would be additive in a molecule such 
as XVIIIa or XT'IIIb; that is, if the better binding by 
6-aryl (or A-aralkyl) and the better binding by the 4- 
aniirio group of niolecules of type XTII18 or the 4- 
niercapto group of type XVIIg n-ere additive. Coni- 
pounds XVIIIa and XVIIIb were synthesized ma XI1 
as previously described for the 6-methyl derivative 
(XVIII, R, = CH,).8 However, the synthesis of the 
4-mercapto derivative (XIIIa) showed an interesting 
difference in reactivity of the halogen of 6-phenyl- 
pyriniidine (XIIa) coinpared to XI1 where R, = CH3.9 
I n  the latter case, XI1 ( R ,  = CH,) was inert to 
thiourea in boiliiig t-butyl alcohol unless the 2-aniino 
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group wa- acetylatedY: i t )  contrast, YI Ia  reacted 
readily with thiourea in boiling t-butyl alcohol to 
give, after treatnient with base, the 4-niercaptopyrinii- 
dine (XIIIa) in good yield. This difference in reac- 
tivity of tlie halogen of XI1 certainly indicates that tlic 
6-aryl group can influence the cheiiiistry of &position of 
the pyriiiiidiiie ring, the significarice of which will be 
discwssed i11 the erizyine section. 

lYtially, we tried to put the three factors that en- 
liariced the binding together in one molecule such as 
XXIa  and XXIb ;  if all these factors were additive, one 
niight ohtaiii a compound with an estimated K,  of about 
3 x tlie order of ariiiiiopteriii and amethopterin. 
Coinpout ids XXIa  arid XXIb  were readily synthesized 
uia the 4-chloropyrimidines XXa and XXb. 

Experimental 
IIelting point" %ere taken 111 ( apillary tube. in a llel-Teiiip 

blork. those below 230" are correi ted. Infrared (in KBr disk) 
and nltr:iviolet spe i  tr:i ( lopc ethanol) Tyeie deternnned 011 Perkin- 

J'lnier h ~ e ( : t r l J ~ ~ l ~ J t ( l l i ~ ~ t ~ ~ ~ ,  JIodelb 1:j;B and 2 U ,  rehpectivci) : 
thin la>-er chroiiiatogranin (t.1.c.) were run on  silica gel ( +  (Brink- 
Iiiarrn) and spot< were detected in  icdine VLL~IIJ~; all :tii:tlyt ic,:illj. 
piirr i ~ i ~ n ~ p i r i ~ ~ i i i ~  tlescri1,ed in thi* p : ip~r  gave a qiiigle spol I I I I  t . I . / .  , 

u i i l e ~  01 tiervvi.-e iritiic*:itecl. 
2-Amino-4-hydroxy-6-~p-nitrophenyl i-5-pyrimidylpropion- 

aldehyde Diethyl Acetal (ISc).  ---l:eaction of ethyl p-nitrol)eli- 
zoylncretate with : i i ~ i r k i i ! ,  rorlversioli to the :ic.et:il ( vII( , ) ,  I 

and voiiileiieaticrn n i t t i  guanidine carbonate in diriiethyl sulf- 
oxide as tiescri1)ed for the preparation of IXn'  g:tvc~ i t  25' 
over-all J-ielti i r f  IXc. Recrystallizatioii frurii aqueous ethali(Jl. 

r i i~!leuni ether :ifTorded nearlj- 

I ,  ii..io. 7.44 !SO.;. !),G w ietl 
)(I:, 25.3 ( I . j , G O l ,  300 ( i n H )  N:Oi)): A::',' 27: 

. I  t l t l i .  (*:lllYl. fl!r C':;H..S;( .X.:i: H ,  ti.O!l: S ,  1:A 
~ I I I I I I I ~ :  (1, >ti. 1: 13; ti.22: S, 15. . 

2-Acetamido-4-hydroxy-6-(p-nitrophenyl)-5-pyrimidylpropion- 
aldehyde Diethyl Acetal.---Acetylation of 200 mg. (0.55 inriiolr) i d  

1x1: with p>-ridine 2nd aretic snhydride as described for the 
preptiratii~ii of  the ii-phenyl ariLtlogJ gave, after recrystallizaiiirli 

2.CIS? (?;HI, 5.iI-k. Ci.OO-G.OS, ti 

nip # ! e  l 4 , ~ 0 0 1 :  A;f,'%27> lilFi(e I 

pionaldehyde (VIIIc). h mixture of 7.%5 g. (18.2 riiriioles) of the, 
preceding w e t d  t i r i d  700  nil. of water was refluxed with stirring 
fl)r 2 lir. rliiriiig wliirli time solutioii occurred and the prlldul't 
separated. 
:111d the p r l l l l ~ l ~ ~ (  \v:is heii with water :  

.-ifter lleiiig wirled to I ) ' ,  the mixture wts fi 
yield 5.17 g. (h6  

2-Amino-5-( 3-anilinopropyl)-6-(p-nitrophenyl)-4-pyrimidinol 
I Sc) .  Reductive i.oiitlensation o f  VIIIc with ttriiline 

pyrimidinol IXId). .ilkylatioii o f  ethyl p-toluylacet,atela with 
N-(3-1)roniirprol)yl)-p-l~)l~-sulfonaiiilide, as described for the 
preparation r r f  SI:t," gave S I d  in 
"MO. 

over-all yield, iii .p. 20:; 

: ( '> (X.5: H, 5.7:: S .  i l . . i .  

)-5- [X-( p-tolylsulfonyl )aniline- 
propyl] -4-pyrimidinol (XIe) was prepared in lSr:, over-all yield 

This compound had m.p. 22x- 

mw f infl), 270 i i n f l  I. 

H, .;.I!): S, 12.1. 

2-Amino-5-( 3-anilinopropyl)-6-( a-furyl)-4-pyrimidinol (Xe).--- 
To :t solution of 41 mg. of  phenol in 0.4 ml. of 3001, HRr in acetic 
:wid m-as added 100 nig. (0.216 iiiniole) of YIc.  .4fter 1 h i .  
the mixture was diluted with 25 nil. of ether. The hydrobromitle 
salt of Xe m'aa collerted on a filter and washed with ether. The 

solved in about 35Tc ethanol, then adjusted to 
:qiieous XaOH. After several hours :tt Oo,  

lterect. :ind the product was washed with water. 
f ~ l J l l i  : t i iueoi i$ ethanol gave 32 rng. (787;) of 

)ylncet:ite.Il 
3 0 0 ) :  A:;,:,7 234 n1/.4 ( e 

310 [ e  7'300r. 

)iL: I I I . ~ ) .  211 -211": A,,,,, 2.90(NH), 6.01. 6.25, 
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6.70 (XH,  c=C, c=S), 13.4, 14.4 p (C&); A::.' 235 mp ( e  
9300), 315 (16,800); A::,' 240 mp ( E  20,000), 285 (14,200), 320 
(11,300); 310mp(e9200). 

Anal. Calcd. for C1;HISN4O2: C, 65.9; H, 5.81; S, 18.0. 
Found: C, 65.6; H, 5.69; N, 17.7. 

Similarly, 2-amino-5-(3-anilinopropyl)-6-p-tolyl-4-pyrimidinol 
(Xd) was made from XId,  except the reaction time was 6 hr.; 
the yield after recrystallization from aqueous ethanol was 299 
nig. (89%,): m.p. 177-178"; 230 mp ( e  13,600), 280 (9900); 
A,,3, PH 7 242 nip ( E  23,400), 295 (8800): Ak:x'3 290 mp ( E  8300). 

Anal. C'alcd. C?oH22S40.0.5H?O: C, 69.8; H, 6.78; N, 16.3; 
0, 630.  

2-Amino-6-phenyl-5-(4-phenylbutyl)-4-pyrimidinol (XIXa).- 
Alkylation of ethyl benzoylacetate with 4-phenylbutyl bromide 
to give XYIa followed by condensation with guanidine carbonate 
as previously described for the preparation of X I X  (R, = CH3)' 
gave, after recrystallization from hot 95% ethanol, a 27 
over-all yield of product; m.p. 256-259"; A,,, 2.9i ( S H ) ,  6.( 
6.10, 6.40, 6.45, 6.70 ( S H ,  c=s, c=s), 14.25 p (C&); A::: 
233 nip ( E  11,600), 278 (7600): A::,' 233 nip ( E  14,300), 300 
(6500); Agn," 290 mp ( e  5100). 

-Anal. Calcd. for C,oH?1S30: C, 75.2; H, 6.59; S,  13.2. 
Found: C, 7 3 . 2 :  H, 6.68; S, 13.2, 

Similarly, by alkylation of ethyl y-phenylacetoacetate to XVIb 
followed by condensation with guanidine gave a 21% over-all 
yield of 2-amino-6-benzyl-5-(4-phenyIbutyI)-4-pyrimidinoI 
(XIXb): m.p. 240-243'; A:y,'228 mp(e 13,200) 266, (8900); A::: 
228 nip ( e  1 l,SOO), 295 (7300); 

Anal. Calcd. for C?1H23S30: C, 75.9; H,  6.91; S, 12.6. 
Found: C, 76.0; H, 7.10; S, 12.6. 

2-Amino-4-chloro-6-phenyl-5- [N-( p-tolylsulfonyl)-3-anilino- 
propyllpyrimidine (XIIa).-A solution of 2.29 g. (4.84 mmoles) 
of XIaG in 10 nil. of phosphorus oxychloride was heated for 1 
hr. under reflux in an oil bath, preheated and maintained a t  
110'. The cooled reaction mixture was poured into 100 g. of ice 
and 30 ml. of acetone; the gumm) product, which soon solidified, 
was collected on a fllter and washed with water. The moist 
product was dissolved in a mixture of 35 nil. of acetone, 20 ml. of 
05'C ethanol, and 25 ml. of water: the solution was neutralized 
to  p H  7 with 1 0 5  aqueous SaOH,  then spin evaporated in uucuo 
to the cloud point, diluted with 20 nil. of water, and cooled in an 
ice bat,h. The  separated product was recrystallized from aqueous 
ethanol to give 1.58 g. (66'3) of product, n1.p. 18%189", that was 
suitable for further transforniati,ins. In  a pilot run the anal>-tical 
sample had n1.p. 187-189"; 237 m p  ( e  29,800), 322 (7700); 

-3r nip ( e  33,400), 315 (6400). 
=trial. Calcd. for C26&C1N4O?S: C, 63.3; H, 5.09; N, 11.4. 

Found: C, 63.5; H,  5.12; N, 11.1. 
2-Amino-6-benzyl-4-chloro-5- [N-( p-tolylsulfonyl)-3-anilino- 

propyllpyrimidine (XIIb).-A solution of 488 mg. (1 mmole) of 
X I b  in 2.5 nil. of phosphorus oxychloride was heated under 
reflux for 1 hr. in an oil bath, preheated and maintained a t  110". 
The cooled reaction mixture was poured into 25 g. of ice and 20 
ml. of petroleum ether (b.p. 30-60"). An oil separated that soon 
solidified: the product was collected on a fllter and washed with 
water. The crude, moist product, was suspended in 30 ml. of 
water and neutralized to pH i with 5yc aqueous SaHCO3. The 
product wa': collected on a filter and recrystallized from aqueous 
ethanol to give 257 mg. (5lY0) of white crystals: m.p. 123-126'; 
AEEx',7 236 nip ( e 26,300), 309 (4200); A::? 305 nip ( e 4600). 

Calcd. for C2;H2;ClN40&: C, 64.1; H,  5.33; S, 11.1. 
Found: C, 63.8; H, 5.46; N, 10.8. 

2-Amino-6-phenyl-5- [N-( p-tolylsulfonyl)-3-anilinopropyl] -4- 
pyrimidinethiol (XIIIa).-A mixture of 200 mg. (0.407 mmole) of 
XIIa ,  31.6 nig. (0.417 mmole) of thiourea, and 3 ml. of t-butyl 
alcohol was refluxed with stirring for 2 hr. Then 5 ml. of 10% 
Tu'aOH was added and the mixture was refluxed an additional 
10 min. The mixture was adjueted to about p H  6 with 3 I\' 
HCl. The product was collected on a filter and washed with 
water. Recrystallization from aqueous ethanol gave 157 mg. 
(797,) of the analytical sample: m.p. 230-240" dec; A,,, 2.98 
( S H ) ,  6.05, 6.15, 6.30, 6.45 ( S H ,  C=N, C=C), 7.47, 8.62 
(SOr) ,  14.34 p (C&);  A::.' 348 mp ( e  13,200); A::,' 365 mp ( e  
13,100): 330 mp ( e  10,800). 

Anal. Calcd. for C26H26?;40&: C, 63.9; H, 5.32; S, 11.4. 
Found: C, 63.8; H, 5.35; N, 11.3. 

2-Amino-5-( 3-anilinopropyl)-6-phenyl-4-pyrimidinethiol 
(XVIIa).-In a solution of 600 mg. (6.36 mmoles) of phenol in 
1.2 nil. of 30% HBr in acetic acid was dissolved 300 mg. (0.715 
mmole) of S I I I a .  After 1 hr. a t  room temperature, the snlu- 

Found: C, 69.4; H, 6.45; ?;, 16.7; 0, 6.57. 

283 mp ( e  7200). 

~ " 1 1  7.13 '7 - 
m.LX 

Anal. 

tion was diluted with 30 ml. of reagent ether. The yellow 
solid was collected on a filter and washed with ether. The crude 
product was stirred with 20 ml. of 5y0 NaOH, then filtered from 
some insoluble disulfide of XVIIa. Acidification of the filtrate 
gave 137 mg. (66y0) of solid; t.1.c. showed the presence of a 
minor component that  was not removed by recrystallization. 
The remainder of the material was dissolved in the minimum 
amount of hot ethanol and streaked across a 20 X 20 cm. thin 
layer plate coated with 20 g. of silica gel G. The plate was de- 
veloped with 3: l benzene-methanol. The faster moving product 
(XVIIa) u'as located under an ultraviolet lamp; this area was 
scraped off the plate and eluted with 20 nil. of hot methanol. The 
methanol extract was further clarified by filtration through a 
Celite pad. The solvent was removed in vacuo and the residual 
64 nig. (315%) of product was recrystallized from aqueous ethanol 
to give 44 mg. (21%) of pure product: m.p. 170-173"; A,,, 2.90 
( S H ) ,  6.03, 6.23, 6.43, 6.65 ( S H ,  C=S, C=C), 13.35, 14.30, 
14.43 p (C&); A:;: 265 mp ( e  i i o o ) ,  350 (12,400); AEty7 
245mp(e 19,500), 363(13,200); Ak7x'3328mp(e 11,100). 

-Anal. Calcd. for ClsH&aS: C, 67.9; H,  5.95; S, 16.6: S, 
9.52. Found: C, 67.8; H, 5.87; S, 16.5; S, 9.70. 

2-Amino-4-chloro-6-phenyl-5-( 4-phenylbutyl )pyrimidine 
(XXa).-.4 solution of 319 mg. (1  mniole) of XIXa in 25. nil. of 
phosphorus oxychloride was converted to XXa as described for 
XIIb.  To the moist solid was added 20 nil. of acetone and 10 nil. 
of water; the mixture was neutralized to p H  7 with 5% aqueous 
XaHCO3. The mixture was spin evaporated in vacuo to about 
one-fourth volume. The white emulsion was extracted with 
chloroform and dried with lIgSO4, and the combined chloroform 
extracts were spin evaporated in vucuo. Recrystallization of the 
residue from aqueous ethanol gave 156 mg. (47%) of white crys- 
tals: m.p. 88-89"; A,,, 2.85 ( S H ) ,  6.16, 6.40, 6.60, 6.70 (NH,  
C=s, c=c), 13.0, 14.34 p (CgHj); Az:x''7 238 nip ( e  19,300), 
315 (5600): 

dnal. Calcd. for C~oH20ClS3: C, 71.1; H, 5.93; S,  12.4. 
Found: C, 70.9; H,  5.92; iY, 12.3. 

Similarly, 2-amino-6-benzyl-4-chloro-5-(4-phenylbutyl)py- 
rimidine (XXb) was prepared from XIXb except that  the 
product was collected by filtration rather than chloroform ex- 
traction. Recrystallization from aqueous 2-ethoxyethanol gave 
270 mg. (Slyc) of white crystals: m.p. 92-93'; A,,, 2.85, 2.95 
(YH),  6.02, 6.11, 6.32, 6.53 (NH,  C=Y, C=C), 14.0, 14.35 p 
(C&is); Ai:x'" 236 mp ( e  15,600), 305 (4400); Ai:x'3 235 mp 
( e  16,300)) 308 (4600). 

-Anal. Calcd. for C21H22ClXa: C, 71.7; H, 6.25; X, 11.9. 
Found: C, 71.7; H,  6.21; N, 11.9. 

6-Benzyl-2,4-diamino-5- [N-( p-tolylsulfonyl )anilinopropyl] py- 
rimidine (XIVb).-A mixture of 1.12 g. (2  mmoles) of XIIb  
and 40 ml. of methanol saturated with ammonia a t  0" was heated 
in a steel bomb a t  150" for 24 hr. The cooled mixture was clari- 
fied with Norit, then concentrated to about one-third volume 
in vacuo. The solution was made strongly alkaline with 10% 
NaOH, warmed on a steam bath, then diluted with water to 
turbidity. hfter being chilled, the solution deposited 0.68 g. 
(71%) of product which was collect'ed on a filter and washed with 
water. Recrystallization from aqueous alcohol afforded 495 mg. 
(517,) of crystals: m.p. 186-188'; A,,, 2.85, 2.93 ( S H ) ,  6.15, 
6.25, 6.40, 6.70 ( S H ,  pyrimidine, C=C), 7.53, 8.65 (SO&), 
12.15, 13.0, 13.5, 14.1 p (aromatic CH);  A::: 276 mp ( E  8450); 
A;:,' 280 mp ( e  8650); A:::3 293 mp ( e  9850). 

Anal. Calcd. for C?,H?JjO?S:  C, 66.5; H,  5.95; iY, 14.4. 
Found: C,66.6; H,6.09; S, 14.2. 

Similarly, reaction of XXb with methanolic ammonia gave 105 
mg. (467 , )  of pure 6-benzyl-2,4-diamino-5-( 4-phenylbuty1)pyrim- 
idine (XXIb): m.p. 128-131'; A,,, 2.85, 3.00 (YH),  6.02, 6.10, 
6.40 (NH,  pyrimidine, C=C), 13.50, 14.15, 14.45 p (phenyl C H ) ;  
A;:: 280 mp ( E  8300); A::,' 287 mp ( e  8300); 292 mp ( E  7900). 

Anal. Calcd. for C I I H ~ ~ N ~ :  C, 75.9; H, 7.22; N, 16.9. 
Found: C, 75.8; 7.08; S, 16.9. 

2,4-Diamino-6-phenyl-5-( 4-phenylbutyl)pyrimidine (XXla).- 
By reaction of 335 mg. (1 mmole) of X X a  with niethanolic am- 
monia a t  150' for 43 hr. as described for the preparation of XIVb 
was obtained 138 mg. (447,) of analytically pure product: m.p. 
158-161'; A,,, 2.85, 2.95 ( S H ) ,  6.06, 6.20, 6.45 (NH,  pyrimi- 
dine, C=C), 13.55; 14.30 p (aromat,ic C H ) ;  A::: 288 mp ( e  
10,700), A::: 290 mp ( e  8500); 

Anal. Calcd. for CcoH22S4: C, 75.4; H, 6.92; S, 17.6. 
Found: C, 75.6; H, 6.86; Tu', 17.5. 

2,4-Diamino-6-phen~l-5- [N-( p -  tolylsul fonyl )anilinopropyl] - 
pyrimidine (XIVa) Hydrochloride.-A mixture of 200 mg. 

238 mp ( e  21,100), 315 (5900). 

298 mp ( e  7500). 



(O.407 tiitide! Of SIIa aiid 1.5 1111. of riiethanol saturated ~ v i t ~ l i  alii- 
iiioiii:t a t  0" was heated in a steel bomb a t  1SJ0 for 4'3 hr .  The 
c'U(Jled solutiuri was clarified with Norit, then spin evaporated 
~ I I  residue in mcuo .  Twvo precipitations from 
petroleutn ether (h.p. 60-110') gave 108 nig. ( 5 3  
product: ni ,p ,  130-150°; ,,,, I, 2,s. 2,!) ( S H ) ,  (5 
(i.69 ( ,SH,  pyrimidine, C-CI: 7.43, S.ti0 (SO, 

A::,' 232 n i p  ( E 22,9 aroniit t ic~ CH ) ;  

5 I I I ~  ( e  266,800j, 2 W  (SSOO); A;;;,''' 300 111p ( E 68IIIJ). 
.Inrtl. Calctl. fo r  C26H?;SsOyd.HC'1: C ' ,  l i l .5 .  H, 5.52; S ,  1;j.S. 

I ~ i i ~ i t ~ d :  (', 61.5: H, 5 . 7 s :  S ,  1:j.T. 

j-~3-Anilinopropyl)-2,4-diamino-6-phenylpyrimidine (YVIIIa j. 
---4 iiiisture of 300 mg. (0.597 mniole) of SIV:t ,  113 rng. (1.2 
tiiiiioles) IJf phenol, and 3 nil. of 30c1 HBr in acetic acid was 
iiiagrietically stirred at ambient teniperature for 10 hr. protected 
froin moisture. The reaction mixture was poured into about 3 0  
1111. of :tnhydrous ether. The hydrobromide salt of ST'IIIa 
\v:ts collected on a filter, washed with ether, and dissolved in 20 
t i i l .  I J f  water. The solution was made strongly alkaline with loc;  
;i(pieoLi': NaOH, then the product (1.53 rng.) wts collected on a 
filter ant1 w.ashed with water. ?'\vi 

eth:iiiol gave 111 rug. (5'3?;) i i f  r 
,,,.,, 2.7.; (Ha()), 2.S5, 2 

l)yriiitidiiie, C:=T j, IS. 
IIIW ( E S:5IJO); AP,if,' 2'36 II 

. L I U ~ .  CaIcd. flJr CIrHnlSj.H.0: 
l c i i u i d :  (1, 67.7; H, 6.84; ?;! 20.5. 

Similarly, 5 4  3-anilinopropyl)-2,4-diamino-6-benzylpyrimidine 
( YVIlIb) w n ~  obtained in 7 2 7  yield from XIVh as an xniorplunis 

~llllll\cl;v to be .te1ic \\as blionll by tl1c lieally equal l ~ l l l l i -  

iitg of the ti-p-totyl (Sa) and the ti-plieiiyl (Sa) aiialog' 
Thercforc the pooier biiidiiig by the 6-p-nitropheirvl 
analog 15 iiiost probably duo lo  thc electroii-n.ithdia\\ - 
irig effect of the p-tiitio gioup. It follows cwiiverscly 
that an electron-ric.11 group such as the 2-fuiyl (So) 
iiiight incarease biiidiiig ; Iiowever, sitice this was t t o 1  

the case, it is probable that the iiiaxitnuiii e l c ~ l  1 onii' 
effect on biridiiig has alieady been attaiiied ljy 1 1 1 ~  f i -  
phenyl group and ( aiiitot hr  further increased by thc1 
iiiore electron-rich fury1 gioup. Siiice the O-ljviizyl 
group of Xb ('atitw1 effect i h c .  iiiode of biiidiiig of tlit '  

pyrinudiite riiig d w  to tlie iiisulatioii betwei i  t Iic t n o  
I?) \\ \ \ e r l d i ~ : v s r  I Bioi i ~ n t  , 236, 888 (1CJbI). 

i l d )  -i 1 Lahrr/cu\bi  J d 235, l i 7 R  I l O A O ~  
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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. 

~ N H N = C H C H , C H , C ( C O O C ~ H , I ~  - 
I 

NHCOCH, 

I 
H 

b 


