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Researches on Pyrimidines. CXL. Pyrimidines Derived from Carbethoxymalonic 
Aldehyde 

BY ELIZAEETH D Y E R '  AND T R E A T  B. JOHNSON 

Etliyl 7 , ~ '  - diethoxyacetoacetate, (C2HjO)%- 
CHCOCH2COOC2H5, was used by Johnson and 
Cretcher2 as the basis of their synthesis of uracil- 
4-aldehyde. An investigation of an isomeric 
ketone ester which was expected to serve for the 
synthesis of uracil-5-aldehyde has now been 
undertaken. This ketone ester, represented by 
formula (A), should theoretically be formed by 
application of a Claisen condensation between 
ethyl B,P'-diethoxypropionate and ethyl formate. 
The product obtained, however, reacted in 
accordance with the constitution of the sodium 
salt of carbethoxymalonic aldehyde (B), instead of 
the salt of the expected acetal derivative (A). 

(C: H~O)ZCHCH(CHO)COOC~H~ (A) 
OHCCH(CHO)COOC,H5 (13) 

The salt obtained, I, gave with aqueous copper 
sulfate an immediate precipitate of a crysta1l;ne 
copper salt conforming to formula 11. Moreover, 
when an aqueous solution of the salt I was 
treated with ethyl pseudothiourea hydrobromide, 
an addition product of the composition V was 
formed a t  once. Furthermore, the salt I re- 
acted with phenylhydrazine in acetic acid solution 
to gi1.e l-phenyl-4-carbethoxypyrazole, 111. 

OHCC(COOCzH5)=CHOICa 
I 

[OHCC(COOC2Hfi)=CHO]zCu 
I1 

C,;H&N= CH C( COOCJiJ===~H 
I11 

IV 
N I-1-C (SC~H~)NHzOHCC(COOCzHfi)=CHOH 

v 

OHCC(COOCzHa)=CHOK 

Information about the composition of the salt 
I was necessarily secured by a study of its deriva- 
tives, since the salt itself could not be obtained 
in a sufficiently pure condition for analysis, nor 
could the free carbethoxymalonic aldehyde be 
isolated. A similar behavior of nitromalonic 
aldehyde was observed by Hill and Torrey.4 

( 1 )  Kestwrch l'rllow in 0rg: i i i i r  Cliririistry of the ('heiiiiral Foiit i- 

( 2 )  I t n l t 11< :1n i  iiii<l C'rrtchrr, ' I ' i i v  I i I i t K v A i . ~  37, 214.5 ( l ! l l5)  
< lat in i i ,  l i i c  , l!):{2 193:{, 

The addition product of carbethoxymalonic 
aldehyde and pseudoethyl thiourea, L', was stable 
enough to permit recrystallization and analysis. 
The molecular composition indicated by the 
analyses was supported by the formation, upon 
saponifying the substance with alcoholic potash, 
of a crystalline potassium salt having the formula 
IV. Moreover, the compound V gave with phenyl 
hydrazine in acetic acid the same pyrazole as the 
sodium salt I. Additive compounds similar in 
type to the product V were obtained by Rehrend 
and Ernert5 from the interaction of certain ureas 
with acetoacetic ester. 

The addition product V could be dehydrated 
by acetic anhydride to form the pyrimidine VI, 
which was transformed by the usual methods 
into the pyrimidines VII, VI11 and IX, respec- 
tively. The compounds VI11 and IX are of 
interest in the study of fundamental pyrimidine 
types, because they represent simple substitution 
products of 2-oxypyrimidine.6 

1 -.  ____ ~ 

~-=C(SL".H~)N=CHC(COOC~H,)=CH 

~ = C ( S C , H , ) ~ = C H C ( C O O H ) = ~ H  

"I 
~. -- 

\'I I 
1 

NHCOIi==CHC( COOH)=CH 

r 
VI11 

NHCON=CHC(COOC~H~)=~H 
IX 

X 
NH:!CON=CHC( COOC2Hr,)=CHOH 

Other derivatives of carbethoxymalonic al- 
dehyde were prepared by condensing the sodium 
salt I with urea and thiourea to form the ureide 
X and the thioureide XI. These compounds 
are analogous to Hale and Brill's7 derivatives of 
nitromalonic aldehyde. The ureide X could be 
closed to form a ring only with great difficulty, 
since most dehydrating agents were ineffective 
or caused the splitting off of urea. By the use of 
alcoholic sodium ethylate, however, a small 
qiiantity of t i l e  cy~l ic  estw IX was obtained from 
x. 

t,.)') i + I i i e s i ~ l  x t i < l  liriiril. I I I N . .  233, 11 (ISXI;)  
( 1 ; )  IS>h!,S I , ,  Hlli l  IOYCt., 'l'riis J O l l K N  >I., 37, ZlI; . !  fI!l l iJ  
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The thioureide XI was dehydrated by heat to 
give a cyclic compound which differed in proper- 
ties from Hale's metathiazine,' and which ap- 
peared to be a thiopyrimidine as expressed by 
formula XII. This substance was soluble in 
alkali and gave with chloroacetic acid a product 
in which the acetic acid radical was attached 
to the sulfur, XIII. This latter structure was 
shown by the ready elimination of thioglycolic 
acid upon hydrolysis. 

NH: CSN=CHC(COOCzHa)=-CHOH 
XI 

~=C(SCHXOOH)N=CHC(COOC~H~)=&H 
XI11 

Experimental 
Ethyl $$'-Diethoxypropionate.*--The following modi- 

fication of Sugasawa's methodY was used. Fifty grams of 
the powdered sodium salt of ethyl formylacetate10 wa5 
added in small portions, during stirring and cooling, to 370 g. 
of absolute ethanol containing 60 g. of dry hydrogen chlo- 
ride. The mixture was stirred for a total of three hours, 
neutralized with dry .;odium bicarbonate, and filtered from 
the inorganic salts, which were washed thoroughly with 
absolute ethanol. The filtrate and washings were con- 
centrated under reduced pressure at 60°, and the residual 
oil distilled. Twenty-four grams of colorless acetal was 
obtained, which was analyzed after one redistillation; 
b. p. 65" at 2 mm.; nzl; 1.4101. 

Anal. Calcd. for C ~ H I ~ O ~ :  C, 56.81; H, 9.54. Found: 
C, 56.82; H, 9 35. 

Sodium Salt of Carbethoxymalonic Aldehyde, 1.- 
When a mixture of 0.1 mole of ethyl B,p'-diethoxy- 
propionate and 0.12 mole of neutral, freshly distilled ethyl 
formate was dropped slowly into 90 cc. of dry ether con- 
taining 0 12 mole of powdered sodium, hydrogen was 
evolved and the sodium dissolved, forming a red solution. 
After standing for a t  least twenty-four hours, the ether 
was evaporated in the cold. The residual gum, when 
treated with a very small quantity of water, yielded a 
precipitate of a salt which was shown by its reactions to 
consist chiefly of the sodium salt of carbethoxymalonic 
aldehyde, I. 

This was insoluble in ether, slightly soluble in alcohol, 
moderately soluble in water, hut could not be made to 
crystallize from any solvent nor could it be purified com- 
pletely. An aqueous solution of the salt, when treated 
with phenylhydrazine and glacial acetic acid, deposited 
pale yellow needles of l-phenyl-4-carbethoxypyrazole,11 
which melted a t  99-100°12 after recrystallization from 

aqueous acetic acid. The substance was identified 
by Knorr's pyrazole reaction,l3 by saponification to give 1- 
phenyl-4-carhoxypyra~ole,~~ and by analysis. 

Anal. Calcd. for C12H1202N2: N, 12.97. Found: N, 
12.89. 

Attempts to obtain the free carbethoxymalonic aldehydc 
by mild acid hydrolysis of the sodium salt suspended 
in ether gave a mixture of unidentified oils and crystals of 
ethyl trimesate, in. p. 133". This was identified by a 
mixed melting point with an authentic specimen. In the 
pyrimidine condensation described below the solid salt was 
ordinarily not isolated, hut was used in the form of the 
red gum or its aqueous solution. 

Copper and Potassium Salts of Carbethoxymalonic 
Aldehyde, I1 and 1V.-The copper salt I1 was precipitated 
from an aqueous solution of the sodium salt I by interaction 
with copper sulfate, and the green precipitate obtained 
was washed with dilute sulfuric acid. One gram of the 
copper salt was dissolved in 530 cc. of boiling water, and 
on cooling 0.8 g. separated in the form of narrow blue-green 
plates, which melted with decomposition a t  about 205". 

AnaZ. Hydrate. Calcd. for C 1 2 H ~ 4 0 ~ C ~  -I- 2H20: 
HzO, 9.34. Found: H20, 9.40. Anhydrous form (dried 
at 7G0, 20 mm.). Calcd. for ClPHllO8Cu: c, 41.18; H, 
4.04; Cu, 18.18. Found: C,41.20; H,4.00; Cu, 17.96. 

The potassium salt IV was obtained by saponification 
of the ethyl pseudothiourea addition product V with potas- 
sium hydroxide in boiling absolute ethanol solution. The 
salt crystallized from absolute ethanol (1 g. soluble in 50 
cc. of boiling ethanol) in the forni of colorless plates, m. p. 
264" with decomposition. 

Anal. Calcd. for C6H704K: C, 39.51; H,  3.87; K, 
21.46. Found: C, 39.89; H, 4.03; K, 21.48. 

Addition Product of Carbethoxymalonic Aldehyde and 
Ethyl Pseudothiourea, V.-The salt of carbethoxymalonic 
aldehyde prepared froin 0.1 mole of ethyl B,P'-diethoxy- 
acetate was dissolved in 100 cc. of cold water and treated 
with 0.12 mole of ethyl pseudothiourea hydrobromide. 
Stirring caused the immediate precipitation of 11.8 g. of a 
molecular addition product of carbethoxymalonic alde- 
hyde and ethyl pseudothiourea V (46% yield). The prod- 
uct, melting a t  143", with effervescence, was crystallized 
from absolute ethanol. Eleven grams dissolved in 200 cc. 
of boiling absolute ethanol, and upon cooling the solution, 
5.5 g. separated in the form of colorless transparent blocks, 
melting a t  143.5-144.5" with effervescence. Concentra- 
tion of the filtrate caused some decomposition. 

Anal. Calcd. for CsH1604NzS: C, 43.50; H, 6.50; 
N, 11.29; S, 12.92. Found: C, 43.72; H, 6.58; N, 11.14; 
S, 12.66. 

The mother liquor from the reaction product yielded 
upon further standing 0.2 g. of 2-ethylmercapto-5-car- 
bethoxypyrimidine, VI. 

The addition product V was soluble in dilute acid or 
alkali with decomposition. When dissolved in warm 
acetic acid and treated with phenylhydrazine, a pyrazole 
was furnied which was identical with the I-phenyl-4- 
carbethoxypyrazole obtained from the salt I. Hydrolysis 
- 

( In )  Knorr, A n n . ,  S38, 200 (1887). 
( I d )  Cl,aisen, ihid., 296, :+I!) (th!)'?).  
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of the product V with aqueous alkali, followed by treat- 
ment with phenylhydrazine in acetic acid solution, gave 1- 
phenyI-4-carl,oxypyrazole, which corresponded in proper- 
ties arid analysis to Claiscn's compound.~4 

.lncl. Calcd. fur C1oH,O2N,: N, 14.90. Found: X, 
14.84. 

The, additiiiii product T' underwent saponification with 
alcoholic potassium hydroxide with the formation of the 
potassium salt IT-. Dehydration of the addition product 
yielded the pyrimidine VI. Attempts to  obtain a similar 
addition product from methyl pseudothiourea sulfate and 
the salt I were unsuccessful. 

2-Ethylmercapto-5-carbethoxypyrimidine, VI.-A solu- 
tion cd 5.6 g. of the addition product V in 15 cc. of acetic 
anhydride was heated for four hours a t  100". The acetic 
anhydride was evaporated by a stream of air, and the 
residue was iced and diluted with water. The precipitate 
obtaiied was purified by dissolving in a warm mixture of 
30 cc. of alcohol and 10 cc. of water. This solution, on 
slow zooling, deposited 4.1 g. of colorless rhombic plates, 
in. p. 47-48". The pyrimidine VI is easily soluble in most 
organic solvents and concentrated acid. It is soluble 
in water and alkali. 

Anal .  Calcd. for C9H1202K2S: S, 13.21; S, 13.13. 
Found: E, 13.03, 13.00; S, 15.05. 
2-Ethylmercapto-5-carboxypyrimidine, VI1.-This acid 

was formed kiy careful hydrolysis of the ester VI. A solu- 
tion of 2.4 g. 'of the ester VI dissolved in 8 cc. of ethanol was 
treated with 8 cc. of a 10% alcoliolic potassium hydroxide 
solution, and the mixture was heated to boiling. It was 
then cooled, the solvent evaporated, and the residue in 
aqueous solution aas acidified with cold dilute hydrochloric 
acid. Two grams of the mercapto acid was obtained, 
which was recrystallized from water. One gram dissolved 
in 225 cc. of boiling water, and 0.7 g. separated on cooling 
as long, colorless needles, m. p. 182-183'. 

Alizal. Ca.lcd. for CiHs02N2S: E, 15.21; S, 17.43. 
Fouiid: K, 15.13; S, 17.00. 
2-Keto-5-carboxypyrimidine, VII1.-This acid was pre- 

pared by hydrolysis of the mercapto ester VI or the acid 
1-11, rJ, solution of 1 g. of the mercapto ester VI in 10 cc. 
of concentr.xtcd hydrochloric acid was heated on the 
stean-bath under reflux for four hours, and then evapo- 
ratel to dryness. The residue consisted of an unstable 
hydrochloride of the pyrimidine, which gave 0.45 g. of 
the acid on hydrolysis. The product was recrystallized 
in 111 cc. of Iioiling water, from which i t  separated on cool- 
iug as colorless prisms (0.3 g.). The substance did not 
melf, but gradually turned brown above 220". 

.Inal. (Hydrate). Calcd. for C;H,OjNZ f HrO: 
H,C, 11.39. Found: H,O, 11.23. .41ihVdrous form, dried 
at  100". Calcd. for C6HIOSK~: C, 42.30; H, 2.88; N, 
20.P2, Found: C. $2.37; 13, 3.02; N, 19.W. 

?he pyriiiiitiiiic; 1,111 is vasil?; ~1du1)Ie in either acid or 
alkrlitic sol~iti~iii. 

2-Keto-S-.carbethoxypyrimidine, IX. ~~ TI i is 1 iyri ini( I ii ie 

w a i  rrl)tai:it d Iiy c~<tt~ilir:ttii~ii o f  t l i c ,  :trill VTII or iii siii:ill 
vir1 1 i ) y  V I (  \ i i i c ,  irylii. i i i w i ~ i c  S with stidiuiii ctliyl- 
at( ,  '1'111 I'OI 111c'r iiicililrtl. l::tt.rit,(l ( i t i t  with :~I isol i i t<~ 
V ~ ~ I ; L I H I ~  :tid I I ~ ~ ~ I - O ~ W  cliloritle, gttvv ;I i i i is tui-c .  or t h y  c5tc.r 
IX, ~ i i r l t i i i g  at If\.'; 11i l "  wlicn piirv, with a sulist:tiii.e 

tl 

melting a t  186-187". which has not beeii fully studied, 
The ester IX crystallized from water in the form of color- 
less plates containing a mole of water. 

A d .  (Hydrate). Calcd. for C?H,O,P\', + HzO: HzO, 
9.68. Found: HzO, 9.61. (Anhydrous forin). Calcd. 
for C7Hd&N1: C, 39.97; H, 4.80; S, 16.67. Found: 
C, 49.95; H, 4.93; N, 16.77. 

Ethyl 8-Urea-m-formylpropionate, X.-The ether solu- 
tion resulting from the condensation of 16.4 g. of ethyl 
6,6'-diethoxypropionate with ethyl formate and sodium 
was aerated to remove the ether, and then treated with a 
solution of 6.2 g. of urea in 60 cc. of glacial acetic acid. 
The mixture was warmed and shaken until solution was 
complete, and then allowed to stand for twenty-four hours. 
After evaporation of the solvent i?a DUCUO, the residue was 
diluted with 200 ce. of water. A precipitate of 5.5 g. of 
ureide X was obtained (34% yield) which was recrystal- 
lized from 50 cc. of boiling ethanol. The product sepa- 
rated on cooling in the form of dense clusters of short 
needles, 4.3 g., m. p. 175" with effervescence. The same 
substance was obtained by using acetic anhydride instead 
of acetic acid. 

Anal. Calcd. for CiH10O4N2: C, 45.14; H, 5.42; N, 
15.06. Found: C, 45.24; H, 5.39; N, 15.00. 

This ureide was neutral to litmus, soluble in alkali aiid 
acid, and did not reduce Fehling's solution nor ammoniacal 
silver nitrate. The ureide could be transformed into the 
pyrimidine IX in 16% yield by mild hydrolysis with onc 
equivalent of sodium ethylate. Other agents for closing 
the ring, such as heat, acid, acetic anhydride and zinc 
chloride, either caused decomposition, or were ineffective. 

Ethyl 6-Thiourea-a-formylpropionate, =.-The sodium 
salt obtained from the condensation of 20 g. of ethyl p,@'- 
diethoxypropionate with ethyl formate was dissolved in 
150 cc. of water, 9.6 g. of thiourea (1.2 equiv.) was added, 
and the mixture was treated with concentrated hydro- 
chloric acid during stirring and cooling until no further 
precipitate or oil u-as produced. The stirring was con- 
tinued for five hours, and the mixture was placed in the 
ice-box for sixteen hours. The powdery product consisted 
of 7.3 g. (3470 yield) of the thioureide, Ivhich was crystal- 
lized from absolute ethanol. One gram 15-as soluble in 
about 15 cc. of boiling, and in 50 cc. of cold absolute 
ethanol. 

Anal .  Calcd. for C ~ H I O O ~ N ~ S :  iV, 13.86; S, 15.87. 
Found: h', 13.72; S, 15.83. 

Dehydration of the thioureide X I  to give the thiopyrinii- 
dine XI1 could be partially accomplished by heating with 
alcoholic sodium ethylate, or concentrated hydrochloric 
acid, but most successfully by heating in WLUO.  

2-Thio-5-carbethoxypyrimidine, XI.-When 1.7 g. of 
the thioureide XI was heated a t  150-1i~O" under 3 nim. 
pressure for one hour, water was evolved, and 0.9 g. of the 
thiopyriniidinc XI1 sublimed and condenscd on the cooled 
portions o f  the flask. The sulxtancc took the form of 
1 1 1  iglit yt~lio\\- iicctilc..;, 111. 1). 2 i4--2,1(i" with dcc~riiij~i~aitic~ii. 
' l . l i t ,  i r t 4 d i i c .  w i i  :I kir. 

. l / t ( l / .  c~alcll. f o r  CiM&orN c:, 45.Ii0; 14, 3..?X; 
N, 15.21; s, 17.4:.;. I ' t l u l l t l :  C,4557 ;  l l , 4 . 5 ! l ;  N. l5.l.k; 
s, l7.li$l, 
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The thiopyriniidine is slightly soluble in boiling water (1 g. 
in 300 cc.) in boiling ethanol (1 g. in 90 cc.) and soluble in 
alkali and acids. It sublimes readily below its melting point. 

2-Mercaptoacetic Acid 5-Carbethoxypyrimidie, XII1.- 
-1 solution of 1 g. of thiopyrimidine XI1 and 1 g. of chloro- 
acetic acid in 123 cc. of hot water was boiled for half an hour. 
On cooling, 0.97 g. of the niercaptopyrimidine XI11 sepa- 
rated as long needles which melted a t  175-176.5" after one 
rerrystallization from water. One gram of the substance 
was soluble in about 1011 cc. of boiling and in 500 cc. of cold 
water. 

Anal.  Calcd. for C~HIOO~NZS: N, 11.52; S, 1325. 
Found: X, 11.42; S, 12.85. 

The pyrimidine dissolved in acid with the evolution of 
thioglycolic acid. Thc residue left after acid hydrolysis 
has not yet been identified. 

Summary 

dehyde were obtained by application of a Claisen 
condensation with ethyl @,@'-diethoxypropionate 
and ethyl formate. Crystalline copper and potas- 
sium salts were isolated in addition to an amor- 
phous sodium salt. 

The interaction of the sodium salt of car- 
bethoxymalonic aldehyde with (a) urea, (b) 
thiourea, and (c) pseudoethylthiourea hydro- 
bromide resulted in the formation'of (a) a mono- 
ureide, (b) a monothioureide and (c) a molecular 
addition product of pseudoethylthiourea and 
carbethoxymalonic aldehyde. Each of these sub- 
stances, when dehydrated, formed the correspond- 
ing (a) 2-keto, (b) 2-thio and (c) 2-mercapto- 
pyrimidines. 

2. 

~. 

1. Salt derivatives of carbethoxymalonic al- KEW HAVEX, CONPI'. RECEIVED SEPTEMBER 26, 1933 

[CONTRIBUTIC" FROM THE FERTILIZER INVESTIGATIONS UNIT, BUREAU OF CHEMISTRY AND SOILS, UNITED STATES 
DEPARTMENT OF AGRICULTCRE] 

The Dissociation Constant of Nitrogen-Nitrogenase in Azotobacter 

BY HANS LINEWEAVER,  DEAN BURK AND w. EDWARDS DEMING 

This paper presents the results of an investiga- 
tion concerning the nature of the dissociation of 
the complex formed between nitrogen gas and 
the enzyme nitrogenase in nitrogen fixation by 
Azotobacter a t  ordinary temperatures and pres- 
sures. 

Methods for the evaluation of dissociation 
constants of enzymic and other reactions have 
been extended recently by Lineweaver and Burk. 
The results to be presented here show that the 
mechanism of nitrogen fixation by Azotobacter 
may be represented by 

u, V 

z12 
(1) -- E -L -- NzE + E f P 

Z' = k' (Nz)(E) = k (N2E) (2) 
K K ~  = (E) (Nz)/(NzE) (3) 

where one molecule of Nz combines reversibly with 
one molecule, or independently reacting group, 
E (nitrogenase) in the Azotobacter cells. a and 
k are the velocity and velocity constant of the 
irreversible decomposition of N2E (nitrogen- 
nitrogenase), a j  and a2 are the velocities of revers- 
ible formation and dissociation of NzE, K N 2  is 
the respective dissociation constant a t  equi- 
librium, and 1' is the reaction product. (NsE) is a 
rectangularly hyperbolic function of (Nz). 

( 1 )  11. 1,inrwravei. arid I )  Hiirk, "l'hr 1lvtrr ini i i :~t ion of l i t tzyme 
I )issvciation Const;rrits," i n  ~ , r w s .  

This type of mechanism leads to the equation 

where V,,,, is a numerical constant representing 
the maximum velocity a t  high nitrogen pressures 
where the enzyme exists completely in the form 
NzE (If,,,, = k(E,,,,,)). A plot of the recipro- 
cal of the velocity against the reciprocal of the 
nitrogen pressure (lfi against l/(Nz)) yields a 
straight line whose slope Kx2/  Vmax, and ordinate 
intercept 1/ V,,,, evaluate KK2,  as illustrated 
in Fig. 1. Kxz is established as a thermodynamic 
dissociation constant if it does not vary as a func- 
tion of k, or V,,,., that is, if v is negligible com- 
pared to a2 (cf. also Haldane12 p. 40). In this 
study, several factors influencing k have been 
varied, viz., PH, humic acid concentration, oxygen 
pressure and temperature. Several other factors 
have also been varied, aiz., concentrations of 
calcium, strontium and oxalate, and PH, which 
were previously s h o ~ v n ~ ~ ~  to be specific in fixation 
as distinguished from Azotobacter giowth. These 
might alter T7nla,, by altering the concentration 

l l ~  = Kxz/Vnliniila.(Nz) + 1/lTmax. (4) 

( 2 j  J H .  S. I Iuldar ie ,  "l,;ri/ynirs," T.ongmans. Green and  Co. ,  

(:ij I?. I { I I I ~  : I ~ I  I< ' I .  l r i l t l? l - ,  / I I ~  1,;1ig ( h ~ w  , . I H ~  /,.,I., 4, 
I .ondon,  1!4:30. 

:1 ( 1 9 . X )  
( 4 j  I) Hiirk, 11. l . i i i r n w \ e t -  :11i<1 C. K. IIur~irr,  . I .  t l u c l ,  i l l  pres,: 

, j .  aI,o 11. lciirk, ":\~otrsr dn<l  Nitrogenaqe iri Azolol,ucter," a re 
view rli:tpter i n  "13ryel,nisse de r  En2vrnfoischiriip," I ly 17, 1' Norii 
a i i r l  I<, W C ~ ~ ~ ~ I ~ K ~ ~ W I ,  Vol. 111, i n  I>rw%. Leipzig,  1934. 


