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morpholine hydrochloride.16 The ally 1 compound listed in Table 
I was obtained by the reaction of 2-dimethylaminoethyl chloride 
hydrochloride with allylamine using isopropyl alcohol as a solvent 
in the same manner described for the preparation of the diethyl-
amino analog.2 

2-Dimethylamino-N-methylpropionamide.—A solution of 12>s 
g. (0.77 mole) of 2-bromo-X-methylpropionamide17 in 200 ml. 
of benzene was added to a cold solution of 150 g. (3.3 mole J of 
dimethylamine in 700 ml. of benzene. It was necessary to cool 
the mixture during the initial exothermic reaction. After stand
ing at room temperature for 3 days, the mixture was heated at 
55-65° for 4 hr., cooled, and treated with a cold solution of 40 g. 
of sodium hydroxide in 100 ml. of water. The layers were sep
arated and the organic phase was dried over potassium carbonate. 
After evaporation of the solvent, the residue was fractionated to 
give 77 g. (77'?c) of colorless product, b.p. 71-72° (2 mm.). 

Anal. Calcd.forC 6H„N 20: N, 21.52. Found: X, 21.57. 
N'jN^N^Trimethyl-l^-propanediamine.— A solution of 39.0 

g. (0.3 mole) of the preceding amide in 50 ml. of ether was added 
dropwise to a suspension of 15.0 g. (0.4 mole) of lithium aluminum 
hydride in 600 ml. of ether and the mixture was stirred for 20 hr. 

i 16) J . I'. M a s o n a n d II . VV. Block, J. Am. Chum. »Soc, 62, 1443 l, 1940). 
(17) W. E. W e a v e r anil W. M. Whalcy , ihid.. 69, 1141 (1917). 

Many biologically active synthetic pyriniidines have 
been reported and most of them exert their effects on 
the nucleic acid metabolism of the cells.3 The com
pounds reported in the literature are considered analogs 
of the naturally occurring pyrimidines or their nucleo
sides which are pyrimidines substituted with a carbo
hydrate moiety in the 1-position. However, more 
recently46 a remarkably different type of nucleoside was 
isolated from soluble ribonucleic acid (RNA) of yeast. 
This is an isomer of uridine and is chemically identified 
as 5-ribosyluracil (pseudouridine) in which the base 
ribosyl linkage is C-C instead of the usual X-C. 

Little work has been done in synthesizing structural 
analogs of this nucleoside with potential antimetabolic 
activity. We wish to report here the synthesis of a 
series of 5-substituted pyrimidines where C-5 of the 
pyrimidine carries a noncarbohydrate grouping. These 
were prepared in order to test the dual possibility that 
they may be effective as (i) antimetabolites in systems 
where 5-ribosyluridylic acid has been implicated, as for 
example in the ability to incorporate C14-amino acids 
(leucine) into RXA by certain fractions of soluble RXA 
which characteristically contain substantially large 

(1) Abs t r ac t ed from the P h . D . thesis of T. V. R a j k u m a r , 1963. 
(2) P re sen t ed in p a r t before the Medic ina l Divis ion a t t he 142nd N a t i o n a l 

Mee t ing of the Amer ican Chemica l Society, A t l an t i c C i ty , N . J., Sept . , 
1962. 

Ci) R. I-;. H a n d s c h u m a c h e r a n d A. 1). Welch, " T h e Nucleic Ac ids , " Vol. 
I l l , E. Chargaff a n d J. N . Davidson . Ed . , Academic Press Inc . , New York, 
X. Y„ I960, p. -153. 

(4) W. E. Cohn, ,/. Buil. Chem., 235, 1488 (1960). 
(5) I-'. F. Dav i s and 1'. W. Allen, ibid., 227, 907 (1957; . 

at room temperature. The product (Table I) was isolated in the 
usual manner.2 This diamine is apparentlv the major product of 
the reaction of C1CH(CH3)CH2N(CH3VHC]1 S and excess aque
ous CH3N IT; 1).p. 134-137°; yield ( i 7 ( c " Samples of com
pound 26, obtained from the diamine prepared by either method. 
had identical melting points, mixture melting points, and n.iu.r. 
spectra.'-0 
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: 18) 1'urchused from Mich igan Chemical Corp . , St, Louis, Mich . 
(19) A mixture of N ) . N l , N ' - - t r i n i e t h y l - l , 2 - p r o p a n e d i a m i n e a n d X ' . N ' - , N : -

t r ime thy I - l , 2 -p ropaned iami r i e was expec ted from t h i s reac t ion . T h e cyeli-
/ a t i on of QIC F K C n ^ l C I R N C C H s h to t he e t h y l e n i m o n i u m ion a n d subsequen t 
reac t ion with the an ion of d ipheny lace ton i t r i l e y ie lded a mix ture of isomeric 
p r o d u c t s : see E. M. Schul tz a n d J. M . Sprague , ./. Am. Chem. Snr.. 70, IS 
U948) , a n d references cited there in . 

20) The a u t h o r s a re indeb ted to D r . A. Cohen for the d e t e r m i n a t i o n and 
i n t e rp re t a t i on of the n. m. r. spec t ra . 

amounts of ."i-ribosyluridylic acid,"7 and (ii) as an
tagonists of nucleic acid metabolism in bacterial and/or 
mammalian systems. 

The method of synthesis employed here is an exten
sion of the ones used by Langley8 in the synthesis of 
(3-substituted pyrimidines and by Ulbricht9 in the case 
of thymine and thymidine, where advantage is taken of 
the ability of pyrimidines to undergo halogen-metal 
interconversion reactions. Using this method Langleys 

also synthesized 2,4-dimethoxypyrimidiiie-o-carboxylic 
acid. Attention here has been focused on the reaction 
of o-pyrimidinyllithium with aryl aldehydes to prepare 
a series of 5-substituted pyrimidines. 

Our starting material, 2,4-diethoxy-5-bromopyrimi-
dine (I), was synthesized according to the sequence of 
reactions reported by Hilbert and Jansen.10 Langley's 
procedure8 was adopted to synthesize the pyriniidyllith-
ium compound (II). Reaction of II with an ether 
solution of an aryl aldehyde resulted in 2,4-diethoxy-
o-arylhydroxymethylpyrimidine (III). These com
pounds were characterized by their ultraviolet and 
infrared absorption spectra and also elemental analysis 
(Table I). 

The next step in the sequence was the attempted 
hydrolysis of the ethoxy groups of III to obtain the 

< t > ; S. Osawa, Bior.him. Bmphu-i. Aria, 42, 244 ( 1060 i. 
17) S. Osawa and K. O taka , ihid., 36, 549 (1959). 
IS! IS. W. Langley , ./. Am. Chem. Hon., 78 , 2136 (1956). 
(9) T. h. V. Ulbr icht , Tetrahedron, 6, 225 (1959). 
(10) ( i . l i . Hilbert a n d K. 1'. J ansen , J. Am. Chem. Six-,, 56, 134 U934) 
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Synthesis of a series of 5-substituted pyrimidines through the halogen-lithium exchange reaction has been 
reported. 2,4-Diethoxy-5-arylhydroxymethydpyrimidiries prepared in this manner have been oxidized and then 
hydrolyzed to 5-acylunieils. The 5-acyluracils have been reduced successfully to 5-arylhydroxymethyluracils. 
The stability of 5-arylhydroxymethyluracils is discussed. 



September, 1963 5-SUBSTITUTED P Y R I M I D I N E S 551 

C,H50 ^ N 

OC2H5 

Xj 

OC,H5 

Br 

I 

OC2H5 

N ! ^ C H O H R 

C2H5O^N 
n 

C2H5CT N 

in 

OC2H5 

0 

HNV0011 

Air 
H 

V 

0 

CftCr N 
IV 

0 

IT 
u H 

VI 

uracil derivatives (VI). However, difficulties were 
encountered in the reaction. Several different methods 
(both acid and base catalyzed) were tried in order to 
hydrolyze the ethoxy groups of III. None of the 
methods afforded a suitable approach toward the 
hydrolysis and isolation of the desired 5-substituted 
uracil derivatives (VI). In all the cases the end prod
ucts were either the starting material or other ill-
defined compounds which defied our attempts at char
acterization. All the experiments were monitored by 
paper chromatography and in cases where products 
different from the starting materials were indicated, 
they were isolated and elemental analysis and spectral 
data obtained. 

The products isolated indicated a cleavage of the C-C 
bond at C-5 of pyrimidine. In the case of 2,4-di-
ethoxy-5-(4-fluoro-a-hydroxybenzyl) pyrimidine, ele
mental analysis revealed no fluorine in the hydrolysis 
product, which was supporting evidence for the cleavage 
of the carbon-carbon linkage at C-5. 

Formic acid (5,10, 25, 50, and 90%) in sealed tubes at 
150° was tried as the hydrolytic agent since Wyatt and 
Cohen11 have shown that under these conditions with 
88 or 98% formic acid they were able to isolate 5-hy-
droxymethylcytosine in good yields from phage deoxy
ribonucleic acid. However, this method was not adapt
able in the case of the compounds reported here. Two 
major products, uracil and 5-benzyluracil, in approx
imately 20 and 65% yields, respectively, were isolated. 
Uracil resulted through a hydrolysis of the ethoxy 
groups as well as a carbon-carbon cleavage at C-5. 
The formation of 5-benzyluracil is possible as a result 
of the reduction of the benzyl alcohol derivative (III, 
R = phenyl) to the hydrocarbon level. This is feasible 
if one considers the reducing character of formic acid, 
especially at 150° in a sealed tube. Formic acid at 
refluxing temperatures in an open system was without 
appreciable effect either in hydrolysis or the cleavage 
of the carbon-carbon bond at C-5. 

The difficulty encountered in hydrolysis may be due 
to the unexpected lability of the uracil carrying a 
hydroxymethyl group at C-5.12 One of the explana
tions that may be given is that during hydrolysis a 
reversal of the synthetic pathway occurs resulting in 

(11) G. R. Wyatt and S. S. Cohen, Biochem. J., 65, 774 (1953). 
(12) A. Bendich, "The Nucleic Acids," Vol. I, E. Chargaff and J. N. 

Davidson, Ed., Academic Press Inc., New York, N. Y., 1955, p. 90. 

uracil and the aldehyde. The isolation of uracil from 
the hydrolysate seems to support this postulation. 
In fact, when a 0.002 M solution of 5-a-hydroxybenzyl-
uracil (prepared by an alternate procedure) in 6 N 
hydrochloric acid was heated under reflux it was con
verted entirely to uracil within 1 hr. The fact that 
C-5 of uracil (pyrimidine) is the most electrophilic 
center in the molecule and hence has the greatest ability 
to form a carbanion also explains why a uracil deriva
tive with a hydroxymethyl group at any other position 
is more stable than when it is at C-5. However, evi
dence has been presented in the literature13 which argues 
in favor of the stability of 5-hydroxymethyluracil. 
The ill-defined products probably arose from a cleavage 
and recyclization of the pyrimidine ring to a different 
product or from a polymerization reaction similar to 
that presumed to occur with 5-hydroxymethyluracil.13 

With respect to the 6-substituted pyrimidines. 
Langley8 observed that acid hydrolysis of 2,4-diethoxy-
6-alkylhydroxymethyl pyrimidines to the corresponding 
6-substituted uracils resulted in their conversion to 
the imidazolones through the opening of the pyrimidine 
ring and recyclization. Here, the carbon-carbon bond 
at C-6 was not cleaved. 2,4-Diethoxy-6-phenylhy-
droxymethyl pyrimidine was, however, successfully 
hydrolyzed with acid to the uracil derivative without 
ring opening or cleavage of the carbon-carbon bond 
at C-6. 

The difficulty in hydrolysis was overcome by oxida
tion of I II to 2,4-diethoxy-5-acylpyrimidine (IV). Two 
methods of oxidation were tried. One of them entailed 
oxidation with alkaline potassium permanganate. 
Here, the product isolated was 5-benzoyl-4-ethoxy-2-
pyrimidinol which on acid hydrolysis yielded 5-benzoyl-
uracil (V, R = phenyl). 5-Benzoyl-4-ethoxy-2-pyrim-
idinol was identified through the bathochromic shift 
in its ultraviolet absorption maximum with a change in 
pH and also elemental analysis. This method of 
oxidation, however, was not reproducible and also 
failed to give clean products in satisfactory yields. 

In the second method, chromium trioxide-pyridine 
complex was employed as the oxidizing agent.14 This 
method proved to be very effective and the oxidation 
products (IV) were characterized through their ability 
to form analytically pure oximes, and also by means of 
elemental analysis and ultraviolet and infrared absorp
tion spectra. The ultraviolet spectra exhibited a high 
extinction coefficient indicative of a conjugated car-
bonyl group (Table II). 

The hydrolysis of IV to 5-acyluracils (V) was easily 
accomplished by heating for 20-30 min. in the presence of 
6 N hydrochloric acid. This also points out the ease of 
hydrolysis without a carbon-carbon cleavage at C-5, 
when that position is substituted by a group other than 
a hydroxymethyl. The 5-acyluracils also formed ox
imes. Their ultraviolet absorption spectra exhibited 
a bathochromic shift with a change in pH character
istic of a uracil moiety devoid of the ethoxy groups 
(Table II). 

The reduction of the 5-acyluracils (V) to 5-aryl-
hydroxymethyluracils (VI) was achieved by the use of 
potassium borohydride in aqueous solution. A sig-

(13) R. E. Cline, R. M. Fink, and K. Fink, / . Am. Ckem. Soc, 81, 2521 
(1959). 

(14) G. I. Poos, G. E. Arth, R. E. Beyler, and L. H. Sarett, ibid., 75, 422 
(1953). 
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C o m p o u n d 
n o . 

ni 
VII 
VIII 
IX 
VI 

X 

XI 

2, 4-Diethoxy-5-pyrimidinyl 
2,4-1 )iethoxy-5-pyrimidinyl 
2,4-1 )iethoxy-5-pyrimidinyl 
2,4-1 )iethoxy-5-pyrimidinyl 
2,4-Dihydroxy-5-pyrimidinyl 

2,4-1 Jihydroxy-o-pyrimidinyl 

2,4-Diliydi'oxy-5-pyrimidinyl 

TABLE I 

RCHOIIF 

R' 
Phenyl 
4-Fluorophenyl 
p-Tolyl 
Furfuryl 
Phenyl 

4-FIuorophenyl 

p-Tolyl 

n.V.. "C. [mm.) 
or in.p. , c(.'. 

140-160(0 0 8 ) 
87-88(0.4} 

100-105 (0.:J) 
110-112 
221-223 

325-328 dec. 

316-317 dec. 

Hi 

0.03 
.03 
.03 
.93 
. 59 

.70 

,69 

Yield, % 

70 
b)7 
46 
40 
40 

45 

45 

*max 
1)1)1 

266" 
273" 
266" 
266" 
2656 

288'' 
265'' 
28S" 
263'' 
2SS" 

«,„», 
6175 
5220 
5070 
7092 
7624 
6235 
6353 
55S0 
6S92 
56SI 

a Spectra measured in ethanol. /( Spectra measured in 0.1 Ar HC1. c Spectra measured in 0.1 A' NaOH. 

C o m p o u n d 
no . 

IV 

X I I 

XI I I 
V 

XIV 

XV 

XVI 

2,4-l)iethoxy-5-pyrimidinyl 

2,4-Diethoxy-5-pyrimidinyl 

2,4-1 )iethoxy-5-pyriniidinyl 
2,4-1 )ihydroxy-5-pyrimidinyl 

2,4-I)ihydroxv-5-pyrimidinyl 

TABLE II 

O 
ll 

R—C—R' 

H ' 

Phenyl 

4-Fluorophenyl 

p-Tolyl 
Phenyl 

2,4-I)ihydroxy-5-pyriinidinyl p-Tolyl 

4-Ethoxy-2-hydroxy-5-pyrimidinyl Phenyl 

Ji .p. , D C . (mm.) 
or m.p. , c O . 

150-160(0.1) 

93-95 

110-130(0.05) 
296-298 dec. 

4-J'TuurojjJu-nyl 281 283 dot 

298-299 dec. 

186-1S7 

Us 

0.90 

.91 

.90 

.49 

.59 

.00 

Yield, 

/o 

60 

52 

69 
44 

OS 

12 

Am;,* 

202"'6 

273-275b 

254«,t 
270-272'' 
270" 
252".' 
279" 
252rf 

309 d 

252"-" 
279" 
252* 
309 d 

280" 
260* 
310'' 
270" 
256'' 
302° 

Appears as a shoulder. '' Spectra measured in alcohol. c Spectra measured in 0.1 .V HCl. '' Spectra measured in 0.1 V 

14,480 

14,844 

10,975 

13,792 
11,104 
14,308 

19,219 
10,242 
I 1,860 
16.717 
13,014 
13,873 
15,296 
10,890 
17,568 

NaOH. 

nificant drop in the molar extinction coefficients of the 
reduced compounds was observed and the values cor
responded to those normally observed for pyrimidines 
without a conjugated carbonyl group (Table I). The 
infrared absorption spectra exhibited a band indicative 
of a hydroxy 1 group (3600 c m r ' ) . 

In a preliminary report, Ulbricht16 has reacted 
5-pyrimidyl-lithio compounds with aldehydosugars to 
yield 5-substituted nucleosides. It is possible that 
much better yields of these compounds can be obtained 
by use of benzyl ethers of uracil which can be removed 
by hydrogenation rather than acid hydrolysis. 

Experimental 

Melting points are corrected and were determined on a Mel-
Temp unit made by Laboratory Devices. All ultraviolet spectra 
were taken on a Beckman DU or a Zeiss spectrophotometer. 
The infrared spectra were run as KBr pellets or as Nujol mulls 
on a Perkin-Elmer Infracord spectrophotometer. Ether and 
tetrahydrofuran used in the reactions were distilled from lithium 
aluminum hydride; and stored over sodium wire. All experi
ments with organolithium compounds were carried out in an at
mosphere of dry oxygen-free nitrogen; magnetic stirring was 
employed in all cases. ra-Butyllithium was either prepared by 

the method of Oilman16 starting from n-butyl bromide which 
was dried over phosphorus pentoxide, decanted, and distilled, or 
was purchased from the Lithium Corporation of America as a 
heptane solution. I t was estimated by differential t i t rat ion." 

2,4-Diethoxy-5-arylhydroxymethylpyrimidine (III, R = C6H6). 
—In a 300 ml. three-necked flask equipped with a dropping 
funnel, a nitrogen inlet tube, a condenser, and a low temperature 
thermometer (the latter was suspended in the condenser) was 
placed 2,4-diethoxy-o-bromopyrimidine (I) (4.94 g., 20 mmoles) in 
about 100 ml. of dry tetrahydrofuran. The flask was cooled 
to about —70° in a Dry Ice-acetone bath and re-butyllithiuin 
(pre-cooled to —70° (2.0 M, 10.5 ml., 21 mmoles) was added 
dropwise with stirring to obtain an orange colored solution. 
After stirring for about 5 min., a solution of benzaldehyde (or 
other aldehyde) (2.12 g,, 20 mmoles) in 30 ml. dry ether, was 
added over a period of 5 min. The contents of the flask were 
stirred for about 1 hr. at —70° and then the cooling bath was 
removed, allowing the reaction mixture to warm to about 20°. 
Approximately 30 ml. of 2 N sulfuric acid was added with stirring 
and the organic layer was separated. The aqueous layer was 
extracted with ether and the combined ether extracts were washed 
with water and dried over anhydrous sodium sulfate. Ether was 
removed by evaporation in vacuo and the residue was sublimed. 
The fraction subliming between the temperatures of 140 and 160° 
(0.08 mm.) was collected to obtain 3.9 g. (70%) of a pale yellow 
sirup which solidified to a semisolid when allowed to stand at 5° 
for a few weeks; R; 0.93. 

il.">) T. I,. V. U l l m d i t , Anijew. Chem. Intern. Ed. Engl.. 1, 476 (1962). 

(16) H . Oi lman , .1. A. Reel, C. G. Bramien , M . W. lSulloek, G 
a n d L. S. Miller, J. Am. Chem. Soc, 7 1 , 1499 (1949). 

(17) H . O i lman and A. II. Huuhein , ibid.. 66, 151.5 (194 I ' . 
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«min 

245 
248 
250 
247 
235 
249 
235 
250 
237 
250 

tmin 

2766 
2102 
3367 
4006 

2165 
3012 
2824 
2987 

. Carbon, 
Calcd. 

65.67 
61.63 
66.64 
59.09 
60.54 

55.93 

62.07 

% — 
Found 

65.79 
61.82 
66.84 
50.04 
60.79 

55.92 

61.85 

.—-Hydrogen; 

Calcd. 

6.61 
5.86 
6.99 
6.06 
4.63 

3.81 

5.17 

, %—-
Found 

6.86 
5.43 
7.13 
6.13 
4.84 

3.90 

5.38 

, Nitrogen, 
Calcd. 

10.21 
9.58 
9.71 

10.60 
12.84 

11.86 

12.07 

% . 
Found 

10.25 
9.39 
9.60 

10.69 
12.78 

11.86 

11.98 

. Fluorine, 
Calcd. 

6.50 

8.05 

% 
Found 

6.30 

8.27 

' Carbon, % • '—Hydrogen, %—> 
*min. nif* emin Calcd. Found Calcd. Found 

230 5600 66.17 66.10 5.88 6.10 

-—Nitrogen, %—« 
Calcd. Found 

10.29 10.21 

'—-Fluorine, %—• 
Calcd. Found 

M.p. of 
oxime, °C. 

122-125 

Nitrogen, % (oxime) 
Calcd. Found 

14.63 15.37 

231 

233 

225 
236 
279 

227 
236 
279 
227 
238 
283 
227 
238 
277 

5413 

4373 

62.07 

67.13 
61.11 

61.99 

67.16 
60.91 

5.17 

6.29 
3.70 

5.33 

6.51 
3.53 

9.65 

9.79 
12.96 

9.79 

9.58 
13.06 

6.55 6.71 146-148 

150-152 
233-235 dec. 

13.77 14.04 

13.95 
18.18 

14.10 
17.95 

56.41 56.42 2.99 3.16 11.96 12.11 8.12 7.84 242-243 dec. 16.87 16.81 
5856 
8892 
5679 
6574 62.61 62.58 4.35 4.52 12.17 12.45 
9379 
8482 

63.93 63.96 4.92 4.99 11.47 11.38 

245-247 dec. 17.14 16.98 

Anal. Calcd. for Ci5H18N203: C, 65.67; H, 6.61; N, 10.21. 
Found: C, 65.79; H, 6.86; N, 10.25. The ultraviolet absorp
tion spectra in ethanol showed Xmax 266 m/a (e 6175) and Xmin 

245 m»(e 2766). 
Exactly the same procedure was followed for the preparation of 

compounds VII, VIII, and IX. 
5-Benzoyl-4-ethoxy-2-pyrimidinol (XVI).—2,4-Diethoxy-5-a-

hydroxybenzylpyrimidine ( I I I ) (0.2 g., 0.73 mmole) was dis
solved in 2 ml. of 10% sodium hydroxide. Potassium permanga
nate (0.8 g.) in 50 ml. of water was added to this and the mixture 
heated under reflux while stirring until the pink color was dis
charged. This required approximately 1.5 hr. The flask was 
cooled, acidified with 2 N sulfuric acid, and the dark-colored 
manganese dioxide decolorized by the addition of 10% sodium 
bisulfite. The mixture was concentrated by evaporation in 
vacuo and the product was recrystallized from an ethanol-water 
mixture, yielding 21 mg. (12%) of a white solid, m.p. 186-187°; 
i?f0.72. 

Anal. Calcd. for Ci3H12N203: C, 63.93; H, 4.92; N, 11.47. 
Found: C, 63.96; H, 4.99; N, 11.38. Ultraviolet absorption: 
Xm8I 276 rm< (e 15,295), Xmln 227 im* (0.1 N HC1). Xmax 256 mM 

(f 10,890) and 302 mM (e 17,568), Xmin 238 m/i and 277 mM (0.1 
V N a O H ) . 

2,4-Diethoxy-5-benzoyIpyrimidine (IV).'—A solution of 2,4-
diethoxy-5-a-hydroxybenzylpyrimidine (III) , (2.74 g., 10 
mmoles) in pyridine (30 ml.) was added slowly with stirring to the 
complex formed from chromium trioxide (3.0 g.) and pyridine 
(30 ml.), maintaining the temperature between 10 and 20°. 
The dark brown mixture was allowed to stand at room tempera
ture overnight and then was poured into water (500 ml.). 

The water layer was extracted with five 120-ml. portions of 
ether. The ether extract was washed successively with three 
50-ml. portions of water, three 50-ml. portions of 3 V hydrochloric 
acid, and three 40-ml. portions of water and dried over anhydrous 
sodium sulfate. Ether was removed in vacuo and the residue was 
sublimed to vield 1.62 g. (60%) of a sirup, b.p. 150°-160° (0.1 
mm.); R, 0.90. 

Anal. Calcd. for Ci6Hi6N203: C, 66.17; H, 5.88; N, 10.29. 
Found: C, 66.10; H, 6.10; N, 10.21. Ultraviolet absorption 
Xmax 252 rm« (e 14,480), a shoulder at 273-275 rmt (« 12,000), and 
Xmi„ 230 mM (e 5600) in ethanol. 

Similar procedure was adopted for the synthesis of compounds 
X I I and XI I I . 

The oxime was prepared by heating the ketone in alcohol under 
reflux with hydroxylamine hydrochloride in pyridine; m.p. 
122-125°. 

Anal. Calcd. for C,6HnNa03: N, 14.63. Found: N, 15.37. 
5-Benzoyluracil (V).—2,4-Diethoxy-5-benzoylpyrimidine (IV) 

(0.26 g., 1 mmole) was heated under reflux with 6 N hydrochloric 
acid (2 ml.) for 30 min. A solid separated and was recrystallized 
from ethanol-water mixture; yield 0.072 g. (35%), m.p. 
296-298° dec , R, 0.49. 

Anal. Calcd. for C nH 8N 20 3 : C, 61.11; H, 3.70; N, 12.96. 
Found: C, 60.91; H, 3.53; N, 13.06. Ultraviolet absorption: 
Xmax 279 mM (« 13,793), Xmin 225 im. (0.1 N HC1). Xmai 252 mM 

(e 11,104) and 309 mM (e 14,368), Xmi„ 236 mM 279 m/x (0.1 N Na-
OH). An analogous procedure was employed for synthesizing 
compounds XIV and XV. 

The ketone yielded an oxime, m.p. 233-235° dec. 
Anal. Calcd. for CnHjNaOs: X, 18.18. Found: N, 17.95. 
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5-a-Hydroxybenzyluracil (VI).—5-Benzoyluraeil (V) (0.075 g., 
0.25 mole) was added to a solution of potassium borohydride 
(0.037 g.) in 2 ml. of water. The mixture was stirred vigorously 
for about 10 min. at room temperature and then for a further 5 
min. at 100°. On acidifying with 3 .V hydrochloric acid and 
cooling in ice there was obtained 0.03 g. (40%) of a white solid. 
I t was recrystallized from ethanol, m.p. 221-223°, Ri 0.59. 

Anal. Calcd. for CnH1()N203: C, 60.54; H, 4.63; N, 12..V1. 
Found: C, 60.79; H, 4.84; X, 12.78. Ultraviolet absorption: 
Amal 265 mM (<= 7624), Amlo 235 mM (0.1 A'" HC1). X„,;„ 288 mM 

(e 6235), \m,„ 250 IUM (0.1 .V NaOH). Compounds X and XI 
were synthesized in the same manner. 

Paper Chromatography.—The pyrimidines reported here were 
chromatographed on Whatman No. 1 paper by the descending 
technique in the butanol-water (86: 14 v./v.) solvent system of 
Markham and Smith.18 The chromatogram was run 18-20 hr. 

(18) R. -Markham and J. I). Smith, Bio, hem. ,/., 46, 294 (194!)). 

at room temperature and air dried, and the spots were located 
by means of a Mineralight ultraviolet lamp. 

Biological Data.—Compounds V and VI along with 5-benzyl-
uracil and 5-hydroxyinethyluracil were tested against a. wild 
strain and also a uracil-requiring mutant of Escherichia call at; ;i 
final concentration of 25 and 100 -,7ml. During the course (if 
an S hr. period both the control and the analog containing cul
tures showed the same rate of growth, indicating no inhibition of 
growth by these analogs. With the uracil-requiring mutant of 
E. c.oli the experiments were carried out under growth-limiting 
concentrations of uracil (1.0 ml). All the compounds reported 
here have been submitted to the National Cancer Testing Service 
to test for antitumor activity. 
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The syntheses of a number of alkyl and aryl derivatives of 3,5-diiodothyronine are described. Diphenyl ether 
intermediates required for these syntheses were prepared by one of two general procedures. The ability of the 
final compounds (IVa-h and XIa, d) to lower plasma cholesterol levels in rats fed a cholesterol-cholic acid diet 
is also reported. 

The possibility that high serum cholesterol levels may 
in some way be involved in the etiology of atherosclero
sis has led many investigators to study agents which 
cause a decrease in serum cholesterol. Thyromimetic 
compounds, as a class, have been among the most in
tensively studied of these agents. 

Therefore, a number of compounds related to thy
roxine and triiodothyronine had been prepared in our 
laboratories as part of a continuing program of chem
ical synthesis to provide compounds for biological 
evaluation as potential hypocholesteremic agents.1-3 

However, in light of the current interest in thyroxine-
like compounds having alkyl groups, usually methyl 
groups, in place of iodine atoms4-13 it seemed of interest 
to extend this approach and to prepare other alkyl 
derivatives of thyroxine and triiodothyronine. The 
studies of Jorgensen and his coworkers6"812-14 in 
trying to determine what structural features are im-

(1) C. M. Greenberg, C. A, Bocher, ,]. F. Kerwin, S. M. Greenberg, ami 
T. H. Lin, Am. J. Physiol., 201, 732 (1961). 

(2) C. M. Greenberg, L. F. Mansor, C. A. Bocher, H. L. Saunders, and 
.1. F. Kerwin, Endocrinology, 70, 365 (1962). 

(3) C. AI. Greenberg, J. F. Kerwin, \V. L. Holmes, and B. Blank, J. 
Pharmacol. Exptl. Therap., submitted for publication. 

(-t) H. J. Bielig and G. Liitzel, Ann., 608, 140 (1957). 
(5) N. Kharasch and N. N. Saha, Science, 127, 756 (1958). 
(6) X. Zenker and E. C. Jorgensen, J. Am. Chem. Soc, 81, 4G43 (1959). 
(7) E. C. Jorgensen and P. N. Kaul, ./. Am. Pharm. Assoc, Sci. Ed., 48, 

1153 (1959). 
(8) E. C. Jorgensen, X. Zenker, and C. Greenberg, J. Biol. Chem., 235, 

1732 (1960). 
(9) E. Van Heyningen, J. Org. Chem., 26, 3850 (1901). 
(10) G. S. Pittman, H. Shida, and S. B. Barker, Endocrinology, 68, 218 

(1901). 
(11) R. G. Herman, C. C. Lee, and R. Parker, Arch. Intern. I'harmarodyn.. 

133, 284 (19(11). 
(12) K. P. Jorgensen and It. A. Wiley, J. Med. Pharm. Chem.. 5, 1307 

( 19li2i. 
(13) E. G. Jorgensen, P. A. Lehmann, ('. Greenberg, and X. Zenker, ,/. 

Biol. Chem., 237, 3832 (1962). 

portant for thyromimetic activity led us to prepare a 
series of 3 ' and 3',o'-alkyl and aryl-3,5-diiodothyroniiies 
for testing as cholesterol-lowering agents. 

The compounds were prepared by two general routes. 
The first of these (route A) followed closely the method 
of synthesis developed by Chalmers, et a/.,15 for the 
preparation of thyroxine. 

R 

KoCTE A 

NO. 

CHsOHfVoH ^ HO-fVcH=CHC02Et 

R NO, 
NHAc 

CH 2CHC0 2Et 
I 

NHAc 

CH.CHCOOH 
I 

NH2 

(14) (a) K. G. Jorgensen and P. A. Lehman, ./. Org. Chem., 26, 
(1961); (b) E. C. Jorgensen and P. Slade, ./. .Uid. t'hnrm. Che, 
''1962). 

il5) J. It, Chalmers, G. T. Dickson, J. Elks, and B. A. Hems, 
So,:., 3124 (1949). 

891, Si. 7 
,, 6, 729 

J. Ch, 


