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요 약. 3,4, 5-Trimethoxybenzoyl chloride 와 diethyl makmate 를 축합시 킨 후, 염 소화반응 및 가 

수소화 분해 반응을 거쳐 diethyl 3,4,5~trimethoxybenzylmalonate 70 %의 수득율로 합성하였다.

ABSTRACT. Direct condensation of 3,4,5-trimethoxybenzoyl chloride with diethyl malonate 
followed by chlorination and hydrogenolysis afforded diethyl 3,4, 5-trimethoxybenzylmalonate in 70 
% overall yield.

INTRODUCTION

The significant antibacterial activities of tri
methoprim (1) % 5-(3,4,5-trimethoxyphenylme- 
thyl) -2,4-pyrimidinediamine, and its analogues2 
have provided continueous impetus to develop 
new synthetic methods. Of numerous syntheses 
developed so far, the simplest one involves the 
reaction of 3,4,5-trimethoxybenzaldehyde (TM 
BA) (4)3 with ^-substituted propionitrile follo
wed by guanidine" % although coupling of 
phenolic Mannich base with pyrimidine deriva
tives has recently been introduced5.

Another route to trimethoprim also started from 
TMBA (4), which was condensed with more 
active methylene compounds such as diethyl 
malonate6, malononitrile7 or ethyl cyanoacetate8. 

One noteworthy example is the reaction of 
diethyl malonate with TMBA as illustrated in 
Scheme I6. Hydrogenation of the condensation 
product 5 afforded a key intermediate, diethyl 
3,4,5-trimethoxybenzylmalonate (6), which was 
treated with guanidine or urea to produce the 
hydroxypyrimidine derivatives 7 (R=NH2 or 
OH). Chlorination of the compounds 7 with 
phosphoryl chloride and subsequent transfor
mation of the resulting compounds to 2,4- 
diamino-6-chloropyrimidine derivative followed 
by hydrogenolysis of the 6-chloro group fur
nished trimethoprim (1) in excellent yield6~8.

ArCOX—►ArCH=C[CO2Et)2 —► ArCH2CH(CO2Et)z 

2, X = OH 5 6
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In these as well as in most other syntheses of 
trimethoprim, the starting point was TMBA 
(4), which was prepared in variable yield from 
3, 4, 5-trimethoxybenzoic acid (2) by chlorina
tion9 and reduction3. In place of such a di伍cultly 
available TMBA, we have taken advantage of 
readily accessible 3, 4, 5-trimethoxybenzoyl chlo
ride (3) as a starting material and. developed 
a new and efficient synthetic method for a 
trimethoprim intermediate, diethyl 3, 4, 5-trime- 
thoxybenzylmalonate (6).

RESULTS AND DISCUSSION

Base-assisted condensation of the acid chloride 
3 with ethyl cyanoacetate or diethyl malonate 
furnished the condensation products 8 and 11 in 
excellent yield. Nmr and ir spectra of these 
compounds clearly indicated that the cyano 
derivative 8 exists mainly in enol form 8b rather 
than keto form 8a, whereas the malonate 11 
does exist in keto form.

Chlorination of the cyano derivative 8b with 
phorphorus pentachloride in. dimethylformamide10 
readily afforded the chloro compound 9 within 
an hour, but hydrogenolysis of this compound 
9 with hydrogen over Pd-C produced many 
products, probably due to the progressive reduc
tion of the cyano group, thus the pure cyano 
derivative 10 could not be isolated.

Condensation reaction of the malonate 11 with 
urea proceeded smoothly, but the undesired 
arylpyrimidine derivative 14 was obtained in 
excellent yield instead of the trimethoprim 
derivative 13, the keto group of which could be 
transformed into various functional groups (see 
Scheme 2).

Chlorination of the malonate 11 with phosp
horus pentachloride in dimethylformamide10 pro
ceeded smoothly, even if higher reaction 
temperature and longer reaction period were 
required, compared to the chlorination of the

ArCCHCOzEt 즞스 ArCsCfCNjCO! Et
CN OH

8a Bb
I

ArCH2CHCO2Et ＜휴— Arg = C(CN)C°zEt

CN 이
10 9

ArCCH(CO2Et)2 —► Ar 乎(；但6白)£一＞(£)

o Cl

Ar=3.4,5-TR1METHOXYPHENYL

Scheme 2.
cyano derivative 8. The chlorinated product 12 
was then reduced by H2/Pd-C to diethyl 3, 4, 5- 
trimethoxybenzylmalonate (6), which can be 
e伍ciently transformed in three known steps6"8 
into the biologically active trimethoprim (1).

EXPERIMENTAL

Melting points were determined on a Mettler 
FP-5 melting point apparatus and are uncorre
cted. Proton nuclear magnetic resonance spectra 
were obtained on a Varian EM-360 (60 MHz) 
spectrometer and chemical shifts are reported 
in parts per million downfield from internal 
standard of tetramethylsilane. Infrared spectra 
were recorded on a Beckmann Acculab-4 spect
rophotometer. All the chemicals used were of 
reagent grade and purified prior to use if 
necessary.

3,4,5-Trimethoxybenzoyl chloride (3) was 
prepared in 88% yield from 3,4,5-trimeth- 
oxybenzoic acid (2) and thionyl chloride by the 
literature procedure9, mp 79~80°C (lit.9 79〜 
81°C). iH—NMR (CDCL)： ^7.10 (s, 2H, phe
nyl) ,3- 90 (s, 9H, three OCH3). IR (KBr): 
1760cm~i (acid chloride).

Ethyl 2cyano-3~ (3,4,5~trimethoxybenzo
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yl) propionate (8). To a solution of ethyl 
cyanoacetate (1.13g, 10 mmole) in benzene (40 
mZ) was added sodium metal (0.23g, 10mm시e) 
and the mixture was refluxed until sodium 
reacted completely. To the cooled s시ution was 
added a benzene solution (20mZ) of the acid 
chloride 3 (2.31g, lOmmole) and the mixture 
was stirred at room temperature for 2 hr. The 
suspension was extracted with ice-water (50 mZ) 
and the aqueous solution was washed with 
diethyl ether. After the aqueous solution was 
acidified with 6N hydrochloric acid, the sticky 
residue was extracted with benzene. Evaporation 
of benzene after drying over anhydrous sodium 
sulfate left a solid which was washed with 
methanol, mp 125°C, yield： 2-3g (75%) - XH- 
NMR (CDC13): S 14.3 (s, 1H, enolic OH, D2O 
exchangeable), 7.35 (s, 2H, phenyl), 4.38 
(q, J=7.0 Hz, 2H, CH2), 3.88 (s, 9H, three 
OCH3), 1.45 (t, J=7.0 Hz, 3H, CH3). IR 
(KBr) : 3600〜3200 (broad, hydroxyl), 2210 
(nitrile), 1650cm-1 (ester).

Ethyl 2-cyano-3-chloro-3- (3,4,5-trimetho- 
xyphenyl)propenoate (9). To a suspension of 
the above compound 8 (3- 07g, lOmmole) in 
dry dimethylformamide (10mZ) was added pho
sphorus pentachloride (2.3g, 11 mmole) and 
the mixture was stirred at 60° C for 1 hr. Ice
water (lOOmZ) and diethyl ether (200 mZ) were 
added and the organic layer was washed with 
10% aqueous sodium bicarbonate and water. 
Drying and evaporation of the ether solution 
gave a yellow solid which was recrystallized 
from methanol, mp 124~125°C, yield： 2.47g 
(76%). 나I—NMR (CDCL)3 7.03 (s, 2H, 
phenyl), 4.35 (q, J=7.0Hz, 2H, CH2), 3.90 
(s, 9H, three OCH3) ： 1.42(t, J=7-0 Hz, 3H, 
CH3). IR (KBr): 2210 (nitrile), 1730cm-1 
(ester).

Diethyl 3,4,5-trimethoxybenzoylmalonate 
(11) was prepared from the acid chloride 3 and 

diethyl malonate by following exactly the same 
procedure for the preparation of the cyano 
derivatve 8, mp 81 〜82°C, yield： 84%. 1H- 
NMR (CDCI3): 8 7.20 (s, 2H, phenyl), 5.25 
(s, 1H, CH), 4.32 (q, J=7.0Hz, 4H, two 
CH2), 3-90 (s, 9H, three OCH3), 1.31 (t, J 
=7.0 Hz, 6H, two CH3). IR (KBr): 1735r 
1730 (ester), 1700cm"1 (ketone).

5-Carbetlioxy-2,4-dihydroxy-6- (3, 4,5-tri- 
methoxyphenyl) pyrimidine (14). An ethanol 
solution(70mZ) of diethyl 3, 4, 5-trimethoxyben- 
zoylmalonate (11) (7.08g, 20 mm시e), sodium 
ethoxide (20 mmole) and urea (1.20g, 20 
mm시e) was refluxed for 5 hr and cooled to 
room temperature. After addition of ice-water 
(200mZ), the aqueous solution was acidified with 
6N hydrochloric acid to pH 6 and evaporated in 
vacuo. The residue was dissolved in benzene 
(lOOmZ), washed several times with water, 
dried and evaporated to colorless &)lid, mp 57 
~58°C, yield： 5.95g(85%). 】H-NMR (CDC13): 
o 7.30 (s, 2H, phenyl), 4.35 (q, J=7.0 Hz, 
2H, CH2), 3.91 (s, 9H, three OCH3), 1.34 
(t, J=7.0 Hz, 3H, CH3). IR (KBr): 3600〜 
3300 (broad, hydroxyl), 1720cm-1 (ester).

Ethyl 2-carbethoxy-3-chloro-3- (3,4,5-tri- 
methoxyphenyl) propenoate (12). A solution 
of 3,4, 5-trimethoxybenzoylmalonate (11) (3.54 
g, 10 mmole) and phosphorus pentachloride (2.5 
g) in dry dimethylformamide(20mZ) was refl
uxed for 1 hr, cooled to room temperature and 
diluted with diethyl ether (150mZ). The solution 
was washed several times with ice-water and 
5% aqueous sodium bicarbonate, dried and 
evaporated to afford 3.10g (83% yield) of oily 
product which was chromatographically pure.

NMR (CDCL)： S 6.75 (s, 가!, phenyl), 
4- 25 (q, J=7.0 Hz, 4H, two CH2), 3.86 (翥 

9H, three OCH3), 1.35 (t, J=7.0 Hz, 6H, 
two CH3). IR (CHCI3): 1725cm-1 (ester).

Diethyl 3, 4, 5-trimethoxybenzylmalonate
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(6). The above chloro compound 12 (1.87g, 
5 mmole) was dissolved in ethanol (30mZ) and 
10% palladium on charcoal (3.0g) was added. 
The mixture was hydrogenolyzed at the hydrogen 
pressure of 50 psi at room temperature for 4 hr 
and the solid material was removed by filtration. 
Evaporation of solvent left a solid which was 
recrystallized from methanol, mp 78~79°C (lit.6 
78〜78.5°C), yield： 1.61g (95%).】H-NMR 
(CDC13): 5 6.55(s, 2H, phenyl), 4.12 (q, J= 
7.0Hz, 4H, two CH2), 3.90 (s, 9H, three 
OCH3), 3.45 (t, J=7.5 Hz, 1H, CH), 3.02 
(d, J=7.5 Hz, 2H, benzylic CH2), 1- 20 (t, 
J=7.0 Hz, 6H, two CH3). IR (KBr) : 1730cm-1 
(ester).

인 용 문 헌

1. (a) E. A. Falco, S. DuBreuil and G. H. Hitch- 

ings, J. Amer. Chem. Soc., 73, 3758 (1951)； 

(b) G. H. Hitchings and B. Roth, U. S. Pat. 

2,909,522 (1959), Chem. Abstr., 56, 2459 

(1962) ； (c) B. Roth, E. A. Falco, G. H. 

Hitchings and S. R. M. Bushby, J. Med. Pharm. 

Chem., 5, 1103 (1962).

2. B. Roth, E. Aig, B. S. Rauckman, J. Z. Ferone, 

S. R. M. Bushby and C. W. Sigel, J. Med. Chem., 

24, 933 (1981) and refernces cited therein.

3. (a) E. B. Hershberg and J. Cason, Org. Syn. 

Coll. Vol. 3, 627 (1955); (b) D. C. Ayres, B. 

G. Carpenter and R. C. Denny, J. Chem. Soc., 

3578 (1965).

4. (a) P. Stenbuck, R. Baltzly and H. M. Hood, 

J. Org. Chem., 28, 1983 (1963); (b) R. M. 

Cresswell, J. W. Mentha and R. Seaman, German 

Pat. 2, 010,166 (1970), Chem. Abstr., 74, 12856z 

(1971) ； (c) J. Paasivirta and T. Asunta, Fin. 

Chem. Lett., 90 (1979).

5. B. Roth, J. Z. Strelitz and B. S. Rauckman, J. 

Med. Chem., 23, 379 (1980).

6. (a) T. T시cutake, Japan Pat. 74 04462 (1974), 

Chem. Abstr., 81, 136173p (1974); (b) N. 

Tokutake, British Pat. 1,468,374 (1977), Chem. 

Abstr., 87, 102370j (1977).

7. B. Alhede and N. Gelting, German Pat. 2,443, 

080 (1975), Chem. Abstr., 83, 58865r (1975).

8. B. Alhede and N. Gelting, German Pat. 2,443, 

079 (1975), Chem. Abstr., 83, 58864q (1975).

9. W. Reeve and J. D. Sterling, Jr., J. Amer. 

Chem. Soc., 71, 3657 (1949).

10. K. Friedrich and H. K. Thieme, Synthesis^ 111 

(1973).

Journal of the Korean Chemical Society


