
Pyridoxal Phosphate. 111. Pyrimidine Analogs. 
3-( Substituted 5-Pyrimidy1)propionic Acids as Potential Inhibitory Analogs 

of Pyridoxal Phosphate 

Several substituted 3-(4-aniiiio- aiid 4-h~drox~-.i-p~~1'ir i i id~~l~p1.0pio1ii(~ Iicida (3a-d, 4a,c, atlid 5a,c) have beeii 
hynthehized as arialoga of t,oxopyrirnidirie phosphate aiid evaliiated ab iiihibitors of pyridoxal phosphate mediated 
enzymic decarboxylation and transaminat,ion. Xoiie of the compoiiiitls ,showed hignificaiit iiihibitory caparif >.. 
The ainirio acids (4a,c j were synthesized t,hrough the "-methyl- and ~-pheriyl-4-methyl-7-oxo-3,6,7,8-tetrahy- 
dropyrido[2,3-d]pyrirnidiiies (lOa,c). The chloro aiiiitie : ' ,-(4-chl~iio-ii-nieth~l-~--ptieii~l-,i-~~~-~iriiidyl)p~~ipioii- 
amide ( l l c j  gave t hr  hydroxy nitrile X-i4-hydi~osy-6-r1~ethyl-~-pheii~l-.i-p!.rirnidyl)propionitrile ( 1 2 ~ )  wheii 
heated in vacuo. 

Toxopyrimidirie phosphate' (1, TXP) :md :malog;.' 
:iw potent inhibitorb of pyridoxal phosphate (2, I'Pal) 
dependent enzymes. The previous paper'" in thih 
heries reported that certain substituted ?-formyl- 
pherioxyacetic acids are inhibitory toward the P P d -  
dependent enzyme tyrosine decarboxylase. In  :u i  

effort t o  combine the apparent binding contribution5 
of t h r  pyrimidyl moiety of 1 arid the carboxylic acid 
function of the phenoxyacetic acid<. x series of 8-(wt)- 
.titutccl ~-pyrimidyl)propioriic acids (3-5) haw bre>ii 
hyiithriized arid crizyniicdly c~v:tlu;it c>d :ib inhibit 0 1 . ~ 7  
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Chemistry. --The react'ion sequences used for syiit,he- 
ais of 3-5 are shown iri Scheme I arid follou. geiiertill). 
tliost used previously4 to synthesize 4a as n. part'ial 
au:tlog of thiamine. l l e thy l  and phenyl groups \vcre 
chosen :is the It2 and Itfi substituents because they would 
1)ivvide coriveriicrit loci for the placement of hydro- 
phobic bonding and potential alkylat,ing 
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of at least five compounds resulted from which only a 
small amount of chloro amide (l la) could be isolated. 
I n  a convenient, alternative route the chloro esters 
9 were subjected to  ethanolic SH3 at 110-150" to give 
smoothly the lactams 10; alkaline hydrolysis of 10a,c 
furnished the desired acids 4a,c. Treatment of 9a,c 
with alcoholic 1le2SH gave, after alkaline hydrolysis, 
the dimethylamino acids 5a,c. 

In an effort to obtain a 4-amino amide, 9a was treated 
with liquid XH, at room temperature. S o  amino 
amide was isolable, but there was obtained lactam 10a 
in '>Oo/, yield, the chloro amide l l a  in 16% yield, and 
starting material. Treatment of 9c with KH4OH- 
dioxane at room temperature gave the chloro amide 
l l c  in Myc yield. 

Attempted sublimation of l l c  gave in quantitative 
yield the hydroxy nitrile 12c, identical with 12c formed 

c1 0 

lla, c 12c 

by  independent synthesis from condensation of benz- 
amidine with 2- (2-cyanoethyl) acetoacetate This f ac- 
ile reaction most likely occurs by nucleophilic attack 
of the amide oxygen on the 4 position to displace the 
4-chloro group followed by decomposition of the inter- 
mediate imino ester. 

YN'\ R 
Enzymic Evaluation.-The hydroxy (3) and the 

amino (4a,c, 5a,c) acids were tested7 as inhibitors of 
the recombination of PPal with the apoenzyme of 
tyrosine decarboxylase (TDC) and aspartate amino- 
transferase (AAT). Only minimal inhibitory activity 
(10-15yc inhibition at  [I]/ [SI = 100 (for 4AT) and 
10,000 (for TDC))  was found. These compounds are 
therefore not sufficiently analogous either to TXP (1) 
or PYal (2) to  bind satisfactorily to the PPal site of 
TDC arid AAT and thereby prevent recombination of 
PPal with apoenzyme. 

Experimental Sections 
Ethyl 3-[4-Hydroxy(%-methyl-, -2-phenyl-, -2-phenyl-6- 

methyl-, and -2,6-dimethyl)-5-pyrimidyl] propionates (8). A.-A 
mixture of equimolar amounts of acetamidine hydrochloride, 
SaOEt ,  and diethyl 2-formyl-' (or 2-acetyl-) glutarate (7, R6 = H, 
CH3) in EtOH (ca. 500 m1/0.1 mol of 7) was refluxed 20 hr, concen- 
trat,ed to 40 ml, and filtered. Addition of HBr gas or HC1 gas gave 
crude Sa.HBr, mp 206-210' (EtOH), in 49'5 yield and crude 
8d.HC1 in 23% yield. The crude salt,s were dissolved in HZO 

(6) h-. F. Albertson, J .  Am. Chem. Soc., 72, 2594 (1950). 
( 7 )  T. L. Hullar, J .  X e d .  Chem., 12, 58 (1969). 
(8) hlelting points were taken on a Fischer-Johns melting block and those 

below 220' are corrected. I r  spectra were determined in KBr disks, unless 
otherwise indicated, with a Perkin-Elmer 11 ode1 237 spectrophotometer; the 
absorptions were as expected. Uv spectra were taken with a Beckman DB-CI 
spectrophotometer and were as expected. Et20 and CHCla extracts wer? 
dried over MgS04. .411 solutions were concentrated bb- spin evaporation ovrr 
a steam bath a t  reduced pressure (water aspirator) unless otherwise indicated. 
I'rtroleum ether had bp 30-60'. Where analyses are indicated only by symbols 
of thr element., analytical results obtained for those elements were within 
*ll.470 of the theoretical values. 

(ca. 1 ml/g) and concentrated aqueous K&O3 was added until 
CO, evolution ceased. Addition of saturated (NH4)BOt (20 
mllg of 8a.HBr or 8d.HCl)  precipitated the free bases. Re- 
crystallization from CHCl3-petroleum ether gave Sa in 42% 
yield, mp 110-112° (lit.4 mp 113"), and 8d in 20% yield, mp 

B.--A mixture of equimolar amounts of benzamidine hydro- 
chloride, NaOEt, and diet,hyl 2-formyl-' (or 2-acetyl-) glutarate 
(7, R6 = H, CH3), in EtOH (100 m110.03 mol of 7) was refluxed 
12 hr, filtered, and concent,rated to 25 m1,'0.03 mol of 7 to give a 
gummy precipitate which was filtered off (for 8b, the precipitate 
formed at  0" before concentration and was consequently removed 
at that point). Recrystallization of the precipitate from CHC13- 
Et& gave 8b i i i  5 4 7  yield, nip 145-146' [.4nal. (CISHlSN203) 
C, H, N] ,  and 8c in :MCi yield, mp 145-146' [Anal. (CISHI*- 

3-[4-Hydroxy(2-methyl-, -2-phenyl-, -2-phenyl-6-methyl-, 
and -2,6-dimethyl)-5-pyrimidyl] propionic Acids (3). A.--A 
solution of ester Sa (6-10 mmol) in 1 S KOH (50 ml) was re- 
fluxed 12 hr, neutralized, and concentrated to dryness. The 
solid was dissolved in HZO (20 ml) and EtOH (150 ml), then 
petroleam ether (50 ml) was added: the mixture was filtered, 
and the resulting solution was concentrated to give crude 3a (ca. 
86'3.). Crystallization from EtOH gave pure 3a ( 5 4 5  yield), 
mp 210-211'. i inal.  (CaHlo"203) C, H, S. 

B.-The alkaline hydrolysates (as above) of esters 8b and 8c 
were acidified to  pH 3 to precipitate the crude acids 3b and 3c in 
ca. 83c;; yields. Ilec allization from EtOH or EtOH- 
petroleum ether gave in 68", yield, mp 233-234" [dnal. 
(C13H1ZSPOP) C, H, SI, and 3c in 7 5 5  yield, mp 219-220" 
[Anal. ilcids 3b and 3c readily sub- 
limed in U ~ C I I O  on heating. 

C.-In attempted preparation of the 2,6-dimethyl acid 3d, the 
hydrolysate (as above) of 8d was acidified to pH 3 and concen- 
trated to dryness, and the residue was triturated with EtOH. 
Concentration gave the acid as an amorphous, hygroscopic solid. 
An EtOH solution of the acid was neutralized to pH 7 ,  concen- 
trated, and triturated with EtOH. Upon concentration an 
amorphous hygroscopic solid was obtained [Vmax 1780, 1600, 
1656, and 1115 cm-l] which resisted clean crystall i~ation.~ 
-4 solution of the hydroxy ester 8d (1 mmol) in H2O (5 ml) 

containing KOH (1.2 mmol) was refluxed 3 hr and concentrated 
to dryness. The resulting K salt was recrystallized twice from 
EtOH t o  give the K salt of 3d in 58% yield: mp >300"; Ymax 
3000-2300, 1670, 1610, 1.595, lt573, and 1400 cm-I. Bnal. 

Ethyl 3-[4-ChIoro( 2-methyl-, -2-phenyl-, -2-phenyl-6- 
methyl-, and -2,6-dimethyl)-5-pyrimidyl] propionates (9).-A so- 
lution of 8 (0.02-0.11 mol) in POC13 (50 ml) was refluxed 30 min 
and then concentrated to a syrup. The syrup was dissolved in a 
mixture of ice H20 (50 ml) and Et20 (75 ml), and concentrated 
aqueous K&O3 was added m-ith stirring until COr evolution 
ceased. The aqueous layer was flirther extracted with Et& 
(75 ml), and the combined Et20 solutions were concentrated to a 
siyrrip. Crystallization from petroleum ether (Et20 for 9c) gave 
the crystalline chloro esters: Sa4 in 91' yield (mp 29-31': Ymax 
2960, 2910, 1740, 1575, 1525, and 1440 cm-l) of sufficient purity 
fur subsequent transformation, 9b in 87';; yield, nip 56-57' [..inal. 
(CiaHliC1Kd3?) C, H, C1, K], and 9c in 91c,-+ yield, mp 69-70" 

Chloro ester 9d was liquid at  room temperature and thus was 
distilled, bp 142' (0.6d Torr), to give 68% yield of 9d of sufficient 
purity (v",9".: 2980, 2940, 1740, 1570, 1535, 1430, and 1200 em-') 
for subsequent transformation. 

7-Oxo(2-methyl-, -2-phenyl-, -2-phenyl-4-methyl-, and -2,4- 
dimethyl)-5,6,7,8-tetrahydropyrido [2,3-d]pyrimidines (10). A.- 
A solution of 9a-c (2-5 mmol) in Et,OH (40 ml) saturated with 
NH3 at  0" was heated in a steel bomb at  140" for 2-3 days.1° 

112-114'. A4nal. (CllHlflNZO3) C, H,  N .  

S,O:j) C, H, SI. 

(ClIHlIN203) C, H, N ] .  

(CgHiiKN203) C, H, K. 

[ .ha/ .  ( C ~ ~ H ~ : C ~ N S O I )  C, H, 31. 

(9) This compound is most like15 lactone i. No evidence of such lactones 
was found in series a-c. 

( I O )  These conditions are undoubtedly more vigoious than iiecessars becaube 
action of methanolic ammonia on 9a for  only i hr a t  90-100° pave 10a in 51% 
yield.4 




