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THE NUCLEAR REDUCTION OF CERTAIN 
PYRIMIDINES WITH PALLADIZED 

CHARCOAL 

INTRODUCTION 

The tetrahydropyrimidines, a general class of heterocyclic 

compound of Increasing biological interest, exist in three isomeric 

forms that differ only in the position of a double bond as iLlustrateu 

in Figure 1. 

Figure 1. The Isomeric Tetrahydropyrimidines. 

These structures may be designated as the 2, 3, 4, 5- 

(1, 2, 5, 6-) tetrahydropyrimidine (A), 1, 2, 3, 4- (1, 2, 3, 6-) tetra- 

hydropyrimidine (B) and 3, 4, 5, '- (1, 4, 5, 6-) tetrahydropyrimidine 

(C) respectively; the last configuration (C) also has been referred 

to as 1, 3-ctiaza-2-cyclohexene (59). 

The preparation of 2, 3, 4, 5-tetrahydropyrimidines (Figure 

IA) generally involves the condensation of ketones with ammenia 

(7, 18, 40, 46, 62, 95). In certain instances, conden8ation 
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products of amines and aldehyde8 have been reactec with esters 

(10, 73) to give substituted derivatives of 2, 3,4, 5-tetrahyoro- 

pyrimidine. 

The direct condensation of beta-aminoketones and either 

aldehyde8 or ketones in the presence of ammonia as a synthetic 

method recently has been investigated (3, 4). P schematic 

representation of this reaction is shown in Figure 2. 

R 

C H 
N -- 
HC-N- 
/ 

R4 

R2 

- NH3 

Figure 2. Condensation of a Beta-aminoketone, a 
Carbonyl Compound and Ammonia to give 
a 2,3,4, 5-Tetrahydropyrirnidine Derivative. 

The simple st te trahydropyrimidine prepared by this condensation 

technique is 2, ¿, 6-trirnethyl-a, 3, 4, 5-tetrahydropyrimidine. A 

sulfanilamide derivative also has been prepared by the reaction 

of mesityl oxide and acetylsulfanilylguanidine (39). 

The mechanism of these condensation reactions (3, 31) 

and the reduction of the products to hexahydropyrimidines has 
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received sorne attention (18, 62). The substituted 2,3,4, 5- 

tetrahydropyrimicilnes are hydrolyzed readily in neutral and 

especially in acid media (3, 18, 31). For this reason, derivatives 

for analysis, e. g., picrates, oxalates and amides, are, at best, 

prepared with great difficulty, and in most Instances, only ceriva- 

tives of the hydrolysis products are i8olatea (3, 18). 

Substituted 2,3,4, 5-tetrahydropyrimidines have found ue as 

vulcanization accelerators (64) and in the preparation of certain 

diamines (44) and aminoalcohols (45) employing catalytic hydro- 

genolysis. 

Ofthe 1,2,3,4-tetrahydropyrimidines (Figure IB), only 

those having at least one enolizable group, e. g. the hydroxyl, 

on the ring have been reported. Derivatives of this tetrahydro- 

pyrimidine having two hydroxyl groups Include moßt of the more 

familiar tetrahydropyrimidines , being derivatives or analogues 

01 uraci.I (2, 4-dioxo-!, 2, 3, 4-tetrahydropyrimidine). 

The 1, 2, 3, 4-tetrahydropyrimidines having only a single 

enolizable substituent are not so numerous, but uo include a 

number of important derivatives. Most of these have been prepared 

by the Biginelli reaction (11) which involves the condensation of 

an aldehyde with a beta-ketoester and urea, as outlined in 

Figure 3. 
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() 9 ___ 'i 

R-CHO + CH3-C-CH2-C + H2N-C-NH2 >- 
OC2H5 

H R OÇÇ 

R=C6H5 

Figure 3. The Biginelli Synthesis of 1,2,3,4- 
Tetrahydropyrimidines. 

The mechanism of this condensation ha8 received extensive 

attention (34, 36, 49). FoLkers and Johnson also have studied 

the acetylatlon (37) and reduction (35) of the 2-keto-tetrahydro- 

pyrimidine s. 

Other methods that have been useful in the preparation of 

oxo-tetrahydropyrimidines have involved the Lossen rearrange- 

ment of lactarn oximes (9), dehydration of N-acylated aminoacid 

amide8 (66, 83, 84, 85) and the condensation of urea and acrolein 

under special conditions (90). 

Certain of these compounds have interesting biological 

properties, e.g. , 2-oxo-4-hexyl-6-methyl-1, 2,3, 4-tetrahydro- 

5-pyrimidine carboxylic acid was found active against murine 

poliomyelitis (60, 61), as well as specialized industrial applica- 

tions (76). 



The preparation of 3, 4, 5 6-tetrahydropyrimidines (Figure 

IC) has been almost entirely the result o direct condensation 

reactions. i. wide variety of conditions have been employed in 

these reactions, but the reactants may be placed conveniently 

into two classes: 1. the reaction of i, 3-diamines (Z, 7, 8, 14, 

24, 25, 28, 29, 32, 41, 52, 56, 63, 70, 72, 79, 86. 89, 93, 97), their øalta 

(22, 23, 42, 43, 74, 87), or amides (5, 50) with hydrogen chloride 

(50), calcium oxide (5), organic acids (2, 7, 8, 22, 24, 25, 28, 29, 63, 

70, 79, 86, 93, 97), nitriles (22, 23, 74, 87), acid anydrides (70, 97), 

esters (52, 70, 79, 89), s-triazine (41), carbon disuJuide (36), 

cyanogen halides (32), isothiuronium salts (14) or ethers (72) 

and, Z. the reaction of amidines with 1, 3-dihalopropanes (19, 

78) or I, 3-diarnines (17, 33, 55, 57, 58, 59, 65, 75, 92). 

Typical reactions of these two classes are 8hown in 

Figure 4. 

Isolated reports of the nuclear reduction of pyrimidines 

prepared by conventional methods occur in the literature. Davies 

and Piggott (26) in 1945 reported the catalytic reduction of Z- 

chloro-5-phenylpyrimidlne to 3-phenyl-3, 4, 5, 6-tetrahydro- 

pyrirnidine. The water soluble reaction product (the hydro- 

chloride salt) couda not be purified, but the tetrahydropyrimidine 

was isolated and analyzed as the picrate derivative. Six years 



-C-N-(CH)-CH-Nl-4 
2 ' 

/CHZ NH2 NI-iI 

CH2 + C=NH 

CHrNH NL ÇS 

kN\ 

RTCoÇH 
± 2N\cH;3 

o (5) 

H2NN 
C,H5SO3k 

(17) 

(89) 

R 2 

Figure 4. Reaction8 Employed in the Preparation 
of 3,4, 5, 6-Tetrahydropyrimidlnes. 

later, Lythgoe and Rayner (54) reduced 2, 5-dichloropyrirnidine 

and 5-chloro-2-phenylpyrimidine to 3, 4, 5, 6-tetrahydropyrimidine 

and 2-phenyl-3. 4, 5, 6-tetrahydropyrlmidine respectively. The 

free tetrahydropyrimidines were not isolated, but were purified 

and analyzed as the oxalate and picrate derivatives. Although 

these authors Implied that pyrimidine was reduced to 
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3, 4, 5, 6-tetrahydropyrimiaine in the presence of ada and stated 

that nuclear hydrogenation of pyrimidine was catalyzed by acid, 

no experimental support was given these opinions. 

Hene and Winthrop (47) reported the reduction of 4,6- 

dlchloro-2-propylpyrlmidine to Z-propyl-3, 4, 5, 6-tetrahydro- 

pyrimidine, which was isolated and purified as the hydrochloride 

salt. A picrate derivative also was prepared and analyzed. 

Pn extensive study of the nuclear reduction of methyl and 

amino substituted pyrimidines was initiated by Smith and Christen- 

sen (91). The substituted 3,4, 5, 6-tetrahydropyrimidines were 

i8olated, purified and analyzed as the hydrochloride salts. Benzoyl 

aerivatives also were prepared and analyzed to further character- 

ize the reduction products. These investigators concluded that 

nuclear reduction of pyrimidine and its homologues required 

the presence of acid and that the reduction of amino substituted 

pyrimidines in the presence of sufficient acid to neutralize the 

primary and secondary amine groups present at the end of the 

reaction gave only the dihyarochioride salts of the amino- 

dihyciropyrimidines . The analogous methyl substituted pyrimi- 

dines reduced under the same conditions gave the mono- 

hydrochloride salt of the mnethyl-3, 4, 5, 6-tetrahydropyrimidines. 



Under conditions for neutral reduction (no acid present Initially) 

the amino-dichioro- and dichloro-rnethylpyrimidines were reduced 

to the cor re sponding amino - and methyl -tetrahydropyrimidines. 

The nuclear reduction of 4-substituted pyrirnidines to the 

tetrahydropyrirnidine level can lead to the formation of two 

structural isomers. These are shown in Figure 5. 

X = -CH3 
1111t -NH2 

X 

B 

Figure 5. The Structural Isomers of 4-Substituted 
Tetrahydropyrimidines. 

In the case of the amino derivative, these isomers should be 

designated as 4-amino-3, 4, 5, 6-tetrahydropyrimidine (or 6- 

amino-I, 4, 5, 6-tetrahydropyrimidine)(Figure SA) and 6-amino- 

3, 4, 5, 6-tetrahydropyrimidine (or 4-amino-I, 4, 5, 6-tetrahyro- 
pyrirniaine)(Figure 5 B). In these tetrahydropyrimidines carbon 

4 (or 6) is assymetric, thus optical isomers are also theoretically 

possible. Racemic mixtures should, however, result from this 

method of pr3paration of these compounds. 



The value of the 3, 4, 5, 6-tetrahydropyrimidines is readily 

apparent from the variety and number of patented applications. 

Among their biological uses are germicidal and mothproofing (24). 

fungicidal (2, 7,8, 69, 70, 71, 79), bacteriocidal (30, 81) and insecti- 

cidal (72). Derivatives tested for pharmaceutical uses have been 

found to possess activity as local anesthetics (23, 96), diuretics 

(29), spas rnolytica (28), regulators of the cardiovascular system 

and pressor amines (14), antihistaminica (52) and antitubercuiar 

compounds (22), while others were inactive as hypnotics (89). 

Certin derivatives were valuable as pharmaceutical inter- 

mediates (55, 9). 

í rnong the industrial applications of the 3, 4, 5, 6-tetra- 

hydropyrimidines derivatives are the following: additives to 

lubrIcating oils (86), surface active agents for greas es (94), 

dye intermediates (59, 72,97), corrosion inhibitor8 (12, ¿7), 

detergents (8. 70), asphalt additives (8, 70), fuel oil additives 

(25) and emulsiflers (70). 

Though interest in the 3. 4, 5, 6-tetrahydropyrimidines 

has steadily increased, the systematic study of the derivatives 

for the forementioned purposes, particularly the biological 

uses, has been limited by the difficulty and labor involved 



in the preparation of properly substitutea intermediates for 

condensation reactions which would yield the 4-, 5-, or 6- sub- 

stituted tetrahyoropyrimidine s, although variations in substituents 

at position Z are nearly unlimited. Nuclear reauction of the 

properly substituteci pyrimicline seems the most promising method 

for the preparation of the desired isomers, since this method is 

limited only by the synthesis of the pyrirnidine. Further, it 

affords the only satisfactory preparative procedure for tetra- 

hydropyrimidines unsubstituted at position 2. 

An investigation of the catalytic reduction of certain 

substituted pyrlmidines was thus undertaken to determine the 

nature of the reduction products and the value of the reduction 

method as a practical procedure for the preparation of positional 

isomers of the 3, 4, 5, 6-tetrahydropyrimidines. 

A more extensive investigation than that performed by 

Smith and Christensen (91) seemed imperative in light of certain 

errors which occur in the publication of their results. The most 

glaring of these mistakes occurs in their product analyses. 

Specifically, these are (a) the calculated empirical formulas 

of the benzoyl derivatives used to characterize the reduction 

products upon which the calculated elemental percentages are 
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based and for which good experimental agreement if found, are 

for the mos t part, incorrect and (b) though the empirical formula 

calculated for the amino -tetrahydropyrimidine dihydrochioride 

salts is correct, the calculated carbon and hydrogen percentages, 

for which good experimental agreement Is also found, are also 

incorrect. 

The exact nature of the hydrochloride salt of the various 

amino-tetrahydropyrimidines has been the subject of sorne 

interest since the publication of the work of Smith and Christen- 

sen. Because of the errors in analyses presented by these 

investigators, their results are not clear definitive for 

these compounds. 

Furthermore, the conclusion that the reduction of the 

aminopyrimidines in acid medium yields the corresponding di- 

hydropyrimidine dihydrochioride exclusively, while the reduction 

of the amino-thchloropyrimidines under neutral conditions 

(initially) yields the corresponding tetrahydropyrimidine dihydro- 

chloride exclusively seems inconsistent upon consideration. 

Dehalogenation of the arnino-dichioropyrimidine must first occur 

so that the acid thus formed can then catalyse ring reduction. 
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At the point where dehalogenation of the amino-dichioropyrirni- 

dine has occurred, the situation of the aminopyrimidine in acid 

solution is created, hence identical products should be expected. 
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EXPERIMENTAL 

The substituted pyrimidines employed in this investigation 

are listed in Table I. Fundamentally, the compo.mds selected 

represent the positional isomers of the amino and methyl substituted 

pyrimidines and the chioro derivatives of 5-nitropyrimidines. 

TABLE I 

Substituted Pyrimidinea Employed in the Reduction Study 

2, 4, 6-Trichioropyrimidine (53) 
2-Aminopyrimidine (91) 
Z-Amino-41 6-dichioropyrimidine (21) 
4-Aminopyrimidine (91) 
4-Amino-2, 6-dichioropyrimidine (Z 1) 

5-Aminopyrixnidine (91) 
5-Amino-2, 4-dichioropyrimidine 
5-Amino-4, 6-dichioropyrimidine 
4, 6-Dichloro-2-methylpyrimidine (6) 
4-Methylpyrirnidine (91) 
z, 6-Dich.loro-4-rnethylpyrimidine 
2, 4-Dichloro-5-methylpyrimidine (38) 
2, 4-Dichloro-5 -nitropyrimidine (98) 
4, 5 -Dichioro -5 -nitropyrimidine ( i 6) 
2, 6-Dicbloro-4-methyl-5-nitropyrimidine (15) 
4, 6 -Diamino-5-nitropyrimidine (16) 

Conventional methods of synthesis were u d in the prepara- 

tion of these pyrimidines. Usually, the pyrimidinediones were 

reacted with phosphoru8 oxychioride in the presence of a tertiary 
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amine to give the corresponding dichioropyrirnidine (53). Nitra- 

tion of the pyrimidinediones was accomplished by reported methods 

(15, 98). Z-Amino-4, 6-dicliloro- and 4-amino-Z, 6-dichioropyri- 

midine were prepared by the reaction of 2, 4, 6-trichloropyrimi- 

dine and alcoholic ammonia (21). The isomeric 5-amino-dichioro- 

pyrimidines were prepared by catalytic reduction of the cor- 

responding dichloro -5 -nitropyrimidines. Dehalogenation of the 

various chioropyrimidines was accomplished using the technique 

cited by Smith and Christensen (91). 

The catalyst employed in this investigation was ten per 

cent palladium-on-charcoal (Matheson-Coleman and Bell). 

The theoretical molar hydrogen uptake to achieve nuclear re- 

duction to the tetrahydropyrimidine level for certain typical 

substituted pyrimidines is shown in Figure 6. 

The general procedure for the dehalogenation and 

nuclear reduction of the chloropyrimidines was as follows. A 

mixture of O. 025 mole of the chioropyrimidine in 50 ml. of 

water and 4, 500 mg. of ten per cent palladized charcoal was 

shaken with hydrogen in a Parr low pressure hydrogenation 

apparatus at room temperature (20-26°) at an initial pressure 

of 45 p. s. i. After cessation of the hydrogen uptake, the 



5rnoles H 

c N CI 
4 moles H2 

IzIII 

¿ molet 

2H 

3 moles H2 

7 moles H2 

a 

+ 3HCÌ 

+ ZHC1 

+ ZH+ 

I 

II + 

CI 

I 
1+ 

Figure 6. The Theoretical Hydrogen Uptake 
to Achieve Nuclear Reduction. 

i s 

2H20+2HC1 

catalyst was removed by filtration and washed with two 5 ml. 

portions of water. The washings and filtrate were combined 

and warmed (3O-6O) with Norite. The Norite was removed 

by filtration and the solvent evaporated to dryness under reduced 



pressure using a bath maintained at 50-60°. 

To aid In the removal of residual hydrochloric acid, 25 ml. 

of alcohol was added and removed in vacuo. The procedure was 

repeated wIth 25 ml. of dry benzene. The residue was dried in 

vacuo over potassium hydroxide In a vacuum desiccator. The 

products could not be recrystallized from absolute methanol- 

petroleum ether (91), absolute methanol-benzene, acetone, acetone- 

petroleum ether, acetone -benzene, absolute ethenaol-benz ene, 

butyl alcohol or butyl alcohol-benzene. 

To achieve the nuclear reduction of non-chiaro substi- 

tuted pyrimidines, the same general procedure was used with the 

addition of a slight excess of concentrated hydrochloric acid, 

sufficient to neutralize all primary and secondary amine groups 

present at the end of the reaction. 

At the onset of this investigation it was found that the 

success in effecting nuclear reduction of all 8ubstituted pyrimi- 

dines in their study with the catalyst-pyrirnidine ratio, 300 mg. 

to O. 025 mole as described by Smith and Christensen (91), could 

not be repeated. It was thus necessary to determine the amount 

of catalyst required to effect nuclear reduction of all the 

substItuted pyrimidines in this investigation, retaining the re- 

action conditions previously described. The result of this 
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determination is shown in Table Il. 

The catalyst-pyrimidine ratio found most expeditious 

in achieving the nuclear reduction of all substituted pyrimidinea 

at room temperature and at an initial pressure of 45 p. s. i. was 

4500 mg. to 0. 025 mole. While this may not be the optimum 

catalyst-pyrimidine ratio for reduction under these conditions, 

the time required to effect the reduction was most convenient. 

This ratio and conditions of pressure and temperature were 

used throughout this investigation. 

As pointed out in Table U. under prolonged periods of 

shaking with hydrogen after cessation of the theoretical hydro- 

gen uptake no further hydrogen was absorbed. In two instances, 

replacement of the spent catalyst with a fresh charge causec 

no further hydrogen uptake. 

While the amino-dichioro- and 2, 4-dichloro-5-methyl- 

pyrimidines did not absorb hydrogen at a catalyst-pyrimidine 

ratio of 300 mg. to 0. 025 mole, the dichloro-5-nitropyrimi- 

dines were slowly reduced at this ratio to the corresponding 5- 

amino-dichloropyrimidlnes (Table II). By increasing the amount 

of catalyst fifteen fold, however, the hydrogen uptake was 

sufficient to convert these compounds to the corresponding 5- 

amino -3, 4, 5 , 6-tetrahydropyrimidines. 



TABLE II 
Effect of Catalyst-Pyrimidine Ratio on Reduction Time 

wt. 10% -- ---- Theoretical Observed 
Palladized Hydrogen Hydrogen 
Charcoal Pyrimidine Moles Uptake (Moles)a Uptake (Moles) Time, Hrs. 
300mg. 4-amino-Z,6-dichloro- 0.025 0.1 0.0 72 
900 mg. 4-amino-2,6-dichloro- 0.025 0.1 0.05 48 (1) 

1500 mg. 4-amino-2, 6-dichioro- O. 025 0. 1 0. 09 72 
4500 mg. 4-amino-2, 6-dichioro- O. 025 0. 1 0. 104 2 (2, 3) 

300 mg. 2-amino-4, 6-dichioro- O. 025 0. 1 0. 0 72 
4500 mg. 2-amino-4, 6-dichioro- O. 025 0. 1 0. 1 2 
300mg. 2,4-dichloro-5-rnethyl- 0.025 0.1 OO 24 

4500 mg. 2,4-dichloro-5-rnethyl- 0.025 0. 1 0. 103 1 1/4 (4) 
4500 mg. Z, 6-dichloro-4-methyl- O. 025 0. 1 0. 102 1 1/2 (3) 
4500 mg. 2-amino- O. 025 0. 05 0. 054 2 (5) 
4500mg. 4-amino- 0.025 0.05 0.05 1 1/4 

300 mg. 2, 4-dichloro-5-nitro- O. 025 0. 175 0. 068 20 (6) 
300 mg. 4, 6-dichloro-5-nitro- O. 025 0. 175 0. 066 48 (6) 
400 mg. 2, 6-dichloro-4-rnethyl- 

5-nitro- 0.025 0.175 0.07 72 (6) 
4500 mg. 2, 4-dichloro-5-nitro- O. 025 0. 175 O 18 2 
4500 mg. 4, 6-dichloro-5-nitro- O. 025 3. 175 0. 166 1 1/2 (7) 

(a) Required to reduce compound to corresponding tetrahydropyrimidine. 
(1) 50% starting material recovered. 
(Z) No further hydrogen uptake after 5 hours continued shaking under hydrogen. 
(3) No further hydrogen uptake after 24 hours when spent catalyst replaced with fresh catalyst. 
(4) No further hydrogen uptake after 4 hours continued shaking under hydrogen. 
(5) No further hydrogen uptake after 4 hours continued shaking under hydrogen. 
(6) Corresponding amino-dichioropyrimidine isolated in yields: 18% (98), 49% 82) and 36% (99). 
(7) No further hydrogen uptake after 6 hours continued shaking under hydrogen. 
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The dichloro-5-nitropyrimidines were reduced to the 

corresponding 5 -amino-dichloropyrimidine s by the following 

modified procedure. mixture of 0. 025 mole of the dichioro- 

5-nitropyrirnidine in 100 ml. of diethyl ether, 10-15 ml. of water. 

0. 05 mole of concentrated hydrochloric acid and 300 mg. of 

ten per cent palladized charcoal was shaken with hydrogen in 

the Parr apparatus at room temperature and at an initial pressure 

of 45 p. s. i. After cessation of the hydrogen uptake, the catalyst 

was removed by filtration. The ether layer was separated and 

the aqueous layer made strongly alkaline with potassium hydrox- 

ide pellets, using an ice bath to control the temperature of the 

solution. 

This alkaline solution was extracted with three 50 ml. 

portions of ether. The combined ether extracts and the original 

ether layer were wa8hed once with 50 rai. of water and dried over 

anhydrous magnesium sulfate. The ether was removed by dis- 

tillation and the residue recrystallized from benzene-petroleum 

ether. The 5-amino-dichloropyrimidines have been previously 

reported; the melting points of the pyrimidine8 isolated in this 

study agreed with those of the literature. 
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Nuclear reduction of the amine and methyl substituted 

pyrimidines does not occur in neutral or basic solution. However, 

reduction of the ring system of the chloro and chioro substituted 

amino and methyl pyrimidines does occur in unbuffered neutral 

solution; only dehalogenation occurring in basic solution. 

In the presence of hydrochloric acid all the substituted 

pyrimidines underwent nuclear reduction. The hydrogen uptake 

necessary to convert these compounds to the corresponding tetra- 

hydropyrirnidines was observed in all instances. This is contrary 

to the report of Smith and Christensen (91) who found that the 

dihydropyrin-iidine was the exclitsive product of the acid reduc- 

tion of the amino pyrimidines. 

The reduction products, isolated as the hydrochloride 

salts, were generally colored and very hygroscopic. No solvent 

or simple solvent system was found from which these salts could 

be recrystallized. However, a white crystalline solid could be 

precipitated from a concentrated water solution of the salt product 

of the reduction of 4-amino- and 4-amino-Z, 6-dichioropyrirnidines 

with absolute ethanol. 

The chloride analyses of the crude salts obtained by 

removal of the catalyst and solvent and subsequent drying 
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are given in Table UI. 

From the data in Table Il!, it appears that the mono- 

hydrochloride salt is the isolated product of the reduction, with 

the exception of the reduction products of the 4-amino- and 5- 

aminopyrimidines, their chioro derivatives and the dichloro-- 

nitropyrimidinee. The deviations from the theoretical values for 

the dihydrochioride, being in all instances lower, can be attri- 

but ed to either hydration of the salt or hydrolytic degradation of 

the tetrahydropyrimidine formed by the reduction. The poor 

correlation between the theoretical and observed chloride values 

of the monohydrochioride salts could only indicate the presence 

of other chloride forming salts. 

The infrared spectra of the reduction products are shown 

in Figures 7, 8 and 9. These spectra and all other infrared 

spectra cited were measured in Nujol mull with a Beckman 

IR-5 double beam recording spectrophotometer. While the 

absorption bands are in general broad, making interpretation 

difficult, certain distinctive features are discernable. The spectra 

of the reduction products of the isomeric clichloro-5-nitropyri- 

midines and that of the reduction products of 5-amino-4, 6- 

dichioropyrimidine (and 5 -aminopyrimidine, which is not shown) 



TABLE UI 

Chloride Analysis of the Reduction Products 

Caic. for Expected 3,4,5,6- 
Mono Di Tetrahydropyrimidine 

Unreduced Compound % Cl % Cl Found Hydrochloride M. P. 

z, 4, 6-trichioropyrimidine 29. 5 29. 7 Unsubstituted 
¿-aminopyrimidine 26. 2 29. 4 2-amino 
2-amino-4, 6-dichioropyrimidine 26. 2 41. 3 28. 5 2-amino 
4-aminopyrimidine 26.2 41.3 39.2 4-amino 
4-amino-2, 6-dichioropyrimidine 26. 2 38. 3 4-amino 
5-aminopyrimi.dine 26. 2 41. 3 36. 9 5-amino 
5-amino-4, 6-dichloropyrimidthe 26. 2 35. 2 5-amino 
2, 4-dichloro-5-nitropyrimidine 26. 2 36. 2 5-amino 
5-arnino-2, 4-dichioropyrimidine 26. 2 39. 6 5-amino 
4, 6-dichloro-2-methylpyrimidine 26.4 28. 8 2-methyl 
2, 6-dichloro-4-methylpyrimidine 26.4 29.4 4-methyl 
2, 4-dichloro-5-methylpyrimidine 26.4 28. 5 5-methyl 

over 280° 
1161180 

146-147° 

187° 
178- 180° 

121- 125° 
88 -9 1° 
122- 129° 
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are very similar in gross appearance, with slight differences in 

the 1400 to 1500 cm'. region of the spectrum (Figure 9). These 

products should, theoretically, be identical. 

Present iii all spectra is a strong absorption band in the 

1665 to 1695 cm. region, which generally denotes the presence 

of either carbon-oxygen, carbon-carbon or carbon-nitrogen 

double bonds. Theoretically, it is possible for either of the latter 

two types of bonds to appear iii the tetrahydropyrimidine reduction 

products (Figure 1) while the former bond could only occur Lii 

a hydrolytic product which was not further reduced. This band 

is broad in the spectra of the 2-amino, 5-amino, ¿-methyl and 

S-methyl reduction products and may be composed of tvo very 

close bands in this region. However, in the spectrum of the 

4-amino -Z, 6 -dichioropyrimidine reduction product (Figure 8), 

two bands are clearly evident in this region. This doublet could 

indicate either the presence of the two isomeric tetrahydro- 

pyrimidines (Figure 5) or another compound with a strong ab- 

sorption band at this wave length. 

To characterize the tetrahydropyrimidunes obtained by 

the reduction of the substituted pyrirnidines, picrate derivates 

of the reduction products were prepared employing the conven- 

tional method (88, p. 180). Three or four recrystallizations gave 

products of analytical purity and excellent crystalline form; the 

yields were uniformly low. The elemental analytical data for 

these compounds are presented in Table IV. 



27 

From the data in this table it is evident that the mono- 

picrate derivative of the 2-amino-, 2-methyl- and 4-methyl- 

3, 4, 5, 6-tetrahydropyrimidines were isolated. The melting points 

of the picrates of the 2-amino- and 2-methyl-3, 4, 5, 6-tetrahydro- 

pyrimidines were in agreement with published data; the picrate 

of the 4-methyl compound has not been previously reported. 

The analytical data also indicates that a dipicrate salt 

is isolated from the reduction products of the 4-aminopyrimidine. 

This, together with the data in Table UI, strongly suggests that 

the 4-amino-3, 4, 5, 6-tetrahydropyrimidine does form a dihydro- 

chloride salt. The difference In behavior between the 2-amino 

and the 4-amino (and possibly the 5-amino) is easily explained 

since the ¿-amino compound is actually a cyclic guanidine and 

would be expected to form a monohydrochioride salt. 

The only picrate isolated from the reduction products 

of 5-aminopyrimidine had an elemental analysis corresponding 

to that of ammonium picrate. No picrate corresponding to that 

of the unsubstituted or 5-methyl-tetrahydropyrimidines was 

obtained. 

The infrared 8pectra of the picrate derivatives are shown 

in Figures 10 and 11. From these spectra it Is possible to es- 

tablish the stretching frequency absorption band of the carbon- 

nitrogen double bond in these compounds. This band is present 

in the region between 1675 and 1695 cm1 . , which is the region 



TABLE IV 

Analysis of the Picrate Derivatives of the Nuclear Reduction Products 

3, 4, 5, 6-Tetra- Caic. 
hydropyrimidine Recorded Mono Di- Tri- Found 

Picrate M.P. M.P. %C %H %C %H C %H %C 

Unsubstituted 109-110° 279_2800(41) 38.3 3.5 35.4 2.6 44.1 3.8 

2-amino- 183-184° 183-184°(73) 36. 6 3. 7 34. 5 Z. 7 33. 6 Z. 3 36. 8 3.8 

4-amino- ZOl-2O2* 34.Z 2.8 

5-amino- 226-228° 29.2 2.65 

2-methyl- 153-154° 153-153.52(1) 40.4 4.0 36.7 2.90 40.4 4.2 

4-methyl- 106-107°* 40.2 4.2 

5-methyl- 149-150° 41.3 5.1 

* New Compound 
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assigned to carbon-nitrogen double bonds in straight chain com- 

pounds (80, p. 20) and also in guanidine compounds (80, P. 5). 

While the number of compounds studied is small, it may be noted 

that the absorption peak for this bond in the 2-substituteci tetra- 

hydropyrimidine picrates is at the lower end of the range cited, 

while the peak in the 4-substituted tetrahydropyrimidines is at 

the tippe r value. 

From the analytical data of certain of the picrates isolated 

from the reduction products, the difficulty in purifying these 

salts, and the chloride analytical data, it appears that the nuclear 

reduction of the substituted pyrimidines was not straightforward 

and that other products were being formed. 

This possibility was investigated by subjecting the hydro- 

chloride salts obtained by the nuclear reduction of the substituted 

pyrìmidines to chrornatographic analysis, employing methods 

used successfully with other amines (13, pp. 71-74) (20). 

Water solutions of the crude reduction products of 3. 1 

molar concentration (calculated on the tetrahydropyrimidine 

monohydrochloride basis) were prepared. About three lambda 

of these solutions were used in spotting the paper. Whatman 

No. 4 was found to give the best product separation. The spotted 

chrornatograms were allowed to equilibrate for at least sixteen 

hours in the developing solvent vapor prior to development. 
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The solvent system n-butanol-acetic acid-water (4:1:5 

y/y, organic phase) was found to give the best product separa- 

tion and spot definition. The results of analyses with this solvent 

are shown in Table V. Other solvent systems found suitable 

for product separation, though not as satisfactory, were t-butanol- 

formic acid-water (70:13. 5:16. 5 y/y) and m-cresol-acetic acid- 

water (50:2:48 y/y). The analytical results with these solvents 

are shown in Table VI. The solvents n-butanol-glycol mono- 

chl.orohydrin-concentrated ammonium hydroxide-water (50:10: 

.5:16 y/y) (13, p. 71) and diethylene glycol monoethyl ether- 

propionìc acid-water (70:15:15 y/y) saturated with sodium 

chloride (48) gave only streaking or no separation. 

The descending method of chromatogram development was 

used. The chromatograrns were dried in an oven (110°), then 

sprayed with ninhydrin solution or placed in iodine vapor for 

spot detection. 

These analyses clearly demonstrate that all the reduc- 

tiOfl8, despite the fact that the hydrogen uptake appeared to be 

theoretical, yielded mixtures containing, in certain instances, 

as many as five components. 



TABLE V 
Chromatographic Analysis of Reduction Products 

Rf Values (2326) 
Pyrimidine Reduced No. Ninhydrin Iodine Vapor 

214,6-Trichloro- I 
1 

.43 
i .18 

2 .43 3 .29 
2-Amino- II 2 49 a 4 .27 .21 
2-Amino-4,6-dichloro- UI 

5c 
.21 Za .51 4 .26 4e .22 

4-Amino Iv .zz .l8 .l4 .o6 334c .182 [32 .o6 
4-Amino-Z,6-dichloro- V .22e 75 5 Ø45 .l9 .142 .04 

5-Amino- VI 305c .151 06c .ì6 .o6 

5-Amino-2.4-dichloro-. VII .29 .18e 121c071c .29 .262 .162 .072 

5-Amino-4,6-dichloro- VIII 354 

2,4-Dichloro-5-nitro- x 35 
4, 6-Dichloro-5-nitro- X 171 

4,6-Dichloro-2-methyl- 
2,6-Dichloro-4-methyl- xII .iz8 
2,4-Dichloro-5-methyl- XIII 

.196 334 .Z5 .192 
j97 .14e 5 .07e 332 .l5 .i2 
.121 .051 .302 .Z1 .132 

.3O 492a .29 
Ø58 502a 31 J43 .06 
101c 492a .Z7 .l4 

Color Key: 1. light blue, Z. dark brown, 3. light brown, 4. clear, 5. yellow, 6. dark purple, 
7. light purple, 8. reddish purple. a=heavy, b=light, c=faint. 

tJ.) 



TABLE VI 
Chromatographic Analysis of the Reduction Products 

Rf Value 92326) t-Butanol:Formic .Acid:Water 
Pyrimidine Reduced No. Ninhydrin Iodine Vapor 

2,4,6-Trichioro- I .661 494 .662 .48 

2-Amino- It 
742 .46 

4-Amino- IV 53 .32v .23e .iz5 334 J2 ii2 
5-Amino- VI 334 .196 334 .182 

2,6-Dichloro-4-methyl- XII 721c .52 .3010.2410 732 .242 

2,4-Dichloro-5-methyl- XIII 741 457 742 494 .4Z 

Rf Value (23-26°) m-Cresol:Acetic Acid: Water 

4-Amino- IV .zi .15e 5 
5-Amino- vi 

125b .09v .122 

2,6-Dichloro-4-methyl- XII 985b .1411 075b 

172 

Color Key: 1. light blue, 2. dark brown, 3. light brown, 4. clear, 5. yellow, 6. dark purple, 
7. light purple, 8. reddish purple, 9. greenish blue, IO. rose, 11. red. aheavy, 
blight, c=faint. 
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In an attempt to identify sOrne of the compounds detected 

on these chromatograms, a serie8 of amine compounds, either 

possible hydrolytic products or closely related analogues, was 

analyzed employing the same chromatographic technique. The 

result of this analysis is presented In Table VII. It should be 

noted that while the test amines reacted with ni.nhydrin to give 

the usual colors, some spots on the chromatograms of the re- 

duction products reacted to give such unusual colors as bright 

canary yellow, orange yellow and greenish blue. 

By comparison of the Rf values and color reactions, the 

only spot which was identified was that appearing at Rf O. 30 to 

o. 33 (n-butanol-acetic acid-water) in the reduction products of 

the 5-arninopyrimidine and it8 chioro derivatives (and the cor- 

responding dichloro -5-nitropyrirnidines) . Ammonium chloride 

gave the same color behavior and R1 values when chromatographed 

in the three solvent systems employed. 

When hydrochloric acid solutions of the parent pyrirnidinea 

were subjected to chromatographic analysis in n-butariol-acetic 

acid-water, it was found that these were not moved from the 

origin. Thus, none of the spots could be due to unreduced pyri- 

midine. 



TABLE VU 
Chromatography of Amine Hydrochiorides 

Rf Value (23-.Z6°) 
Solvents Detecting Agent 

Amine Hydrochloride I II In Ninhydrin Iodine Vapor 
Methylamine . 37 . 57 Purple Brown 
Ethylamine . 45 . 67 Purple Brown 
n-Propylamine .58 .76 Purple Brown 
iso-Propylamine . 55 . 76 Purple Brown 
n-Butylamine . 67 . 80 Purple Brown 
Cyclohexylarnine . 72 Purple 
Allylamine . 47 Purple Brown 
Piperidine . 56 Blue 
Piperazine .23 .38 .10 DarkRose Brown 

.15 DarkRose 
Dimethylamine . 41 . 65 Purple Brown 
Ethylenediamine . 15 . 21 . 04 Dark Blue Brown 
Acetamidine . 38 No Color Brown 
Ìmmonium Chloride . 32 . 35 . 11 Clear (1,11) Clear (1,11) 

Pale Yellow (UI) Dark Brown (UI) 
Hydroxylamine . 28 . 38 No Color Clear 
Ethanolamine .33 .53 .21 Purple Brown 
Methylethanolamine . 31 Purple Brown 
3-Amino-i-propanol .33 Purple Brown 
Z-Amino-1 -butanol . 44 Purple Brown 
Z-Amino-Z-methyl-l-propanol .43 No Color Brown 
3 -Amino-4 -methyl-2 -pentanone . 57 Purple Brown 
i -Amino -4-methyl-Z-pentanone .66 Purple Brown 
Solvents: I n-Butanol:Acetic Acid:Water (4:1:5 y/y, organic phase) 

U t-Butanol:Formic Acid:Water(70:13.5:16.5 y/y) 
Ill m-Cresol:Acetic Acid:Water (50:2:48 y/y) 
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1' sample of the picrate derivative of 2-amino-3, 4, 5, 6- 

tetrahydropyrimidine obtained from the Boots Pure Drug Corn- 

pany, Limited, Nottingham, England, (17) when converted to the 

hydrochloride salt and chromatographed (n-butanol-acetic acid- 

water), gave a spot having an Rf value of 0. 49 (and a faint spot 

at 0.20) detected by iodine vapor. Samples of the analytically 

pure picrates of the 2-methyl- and 4-methyl-3 4, 5, 6-tetrahydro- 

pyrirnidines obtained in thia investigation were treated in the same 

manner. These compounds also gave spots having an Rf value 

0. 50 (plus faint spots at 0.33 and 0. 12 respectively) detected 

with iodine vapor. Spots corresponding to these are found in the 

chromatographic analysis of the reduction producta of th sub- 

atituted pyrirnidines which gave rise to these compounds 

(Table V). It is reasonable to conclude, therefore, that a spot 

in the region of 0. 49 to 0. 51, detected with iodine vapor, must 

be due to the presence of a methyl or amino substituted 3, 4, 5, 6- 

tetrahydropyrimidine which forms a monohydrochioride. No 

8pot having this R1 or color characteristic appears in the chroma- 

togram of the reduction products of 4- and 5-aminopyrimidine, 

their chioro derivatives and the dichloro-5-nitropyrirnidines. 
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The spot detected at 0. 73 with Iodine vapor when the 

solvent system t-butanol-formic acid-water (Table VI) is employed 

may also be attributed to these compounds. 

Spots corresponding to the two cited above occur in the 

chromatographic analyses of the reduction products of 2, 4-di- 

chloro-5-methylpyrimidine (Tables V and VI) indicating the 

presence of the 5-methyl-3. 4, 5, 6-tetrahydropyrimidine in the 

reduction mixture, even though no picrate salt corresponding to 

this compound was isolated. 

The dipicrate salt of 4-amino-3, 4, 5, 6-tetrahydropyri- 

midine, when converted to the hydrochloride salt and caromato- 

graphed with the solvent system n-butanol-acetic acid-water, gave 

a single spot with the Rf value of 0. 06. This 8pot gave a yellow 

color with ninhydrin and a light brown color with iodine vapor. 

spot corresponding to this is found in the reduction products 

of the 4-aminopyrimidine and Its dichloro derivative (Table V). 

Such a large difference in R1 values between straight chain mono- 

amines and diamines having the same number of chain atoms has 

been observed (20). 

The resuits of the chromatographic analysis (Tables V 

and VI) clearly indicate that the reduction of compounds II, III, 



39 

W, V, XI, XII, and XIII yields the corresponding tetrahydro- 

pyrimidine along with other products. Lt seems quite probable 

that the reduction of compounds I, VI, VII, VIII, LX, and X also 

gives rise to the corresponding tetrahydropyrimidine derivative 

along with other products, but that these compounds may have 

different Rf values due to structural differences. 

In an attempt to further characterize the tetrahydropyri- 

midines formed by the reduction of the substituted pyrirnidines, 

benzoyl derivatives of the reduction products were prepared em- 

ploying the usual Schotten-Baumann method (88, p. 180). Isolation 

and purification of these derivatives were tedious and lengthy; the 

yields were low. The analytical data for these benzoyl deriva- 

tives are presented in Table VIII. 

It is evident from this data that the benzoyl derivatives 

isolated rere not those corresponding to the tetrahydropyrimi- 

dines, but very likely were benzoyl derivatives of degradation 

products. 

Infrared spectral analysis of the Schotten-Baumann 

products provided further evidence that these were benzoylated 

degradation products. The spectra of these derivatives are 

shown in Figures 1Z and 13. Present in the spectra of the 

derivatives i8olated from the reduction products of 



TABLE Vili 

Ana1ysis of the Benzoyl Derivatives of the Nuclear Reduction Products 

Calculated 
3,4,5,6-Tetra- Mono Di Found 

hydropyrimidine M. P. %C 

Unsubstituted 143° 70.2 73.9 5.5 71.4 5.8 

2-amino- 73-74 65.0 6.5 70.3 5.6 64.8 5.7 

4-amino- 164-165 69.2 5.4 

5-amino- 127-128° 69.3 5.6 

4-methyl- 111-111° 71.3 7.0 74.5 5.9 70.2 6.0 

5-methyl- 58-59° 61.0 6.5 
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2, 4, 6-trichloropyrirnidine, 2, 6-dichloro-4-methyl- and 2, 4- 

dichloro-5-methylpyrimidines is a strong N-H stretching vibration 

band (3448-3226 cm.). These bands would not be present in 

the spectra of the beuzoyl derivatives of the tetrahydropyrimidines 

because there is no N-H bond in the benzarnide derivative of a 

secondary amine. In the spectra of the benzoylated derivatives 

isolated from the reduction products of the aminopyrimidines are 

present carbonyl stretching bands (1709-1757 cm1.) which are 

not those of the carbonyl bond of the amide linkage; these are 

also present in these spectra (1639-1667 cm1.). These carbonyl 

bands occur at a frequency generally assigned to those of the 

esters, ketone8 or acids (80, p. 20). A free acid group in the 

isolated benzoylated product would not be expected to result from 

the Schotten-Baumann reaction. 

Paper chromatographic analysis of the Schotten-Baumann 

products employing the solvent system8 previously cited was 

unsuccessful in that these derivatives could not be detected after 

development of the chromatogram. Agents for detection tried 

were ninhydrin, iodine vapor, dilute potassium permanganate, 

para-dimethylaminobenzaldehyde and ultraviolet light. 
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Chromatographic analysis of the reduction products of the 

substituted pyrimidines showed that some degradation occurred 

under the acid conditions of the hydrogenation reaction. However, 

despite the fact that in certain instances the degradation was not 

extensive since picrate derivatives of certain tetrahydropyrimithnes 

could be isolated, no benzoyl derivatives of a tetrahydropyrimi- 

dine was obtained. It seems very likely that further degradation 

of the tetrahydropyrimidines was caused by the strongly alkaline 

conditions of the Schotten-Baumann reaction. 

This finding, while in accord with the observation of 

Branch and Titherley (19) who isolated only a tribenzoyl deriva- 

tive of 1, 3-diaminopropane from a Schotten-Baumann reaction 

with 2-phenyl-3, 4, 5, 6-tetrahydropyrimidine, is directly contrary 

to the report of Smith and Christensen (91). These investigators 

used their isolated benzoyl derivatives to characterize their 

reduction products. 

It is anomalous that the reduction of these substituted 

pyrimidines should yield mixtures of products while the hydrogen 

uptake, as closely as can be measured with the guage of the Parr 

low pressure hydrogenation apparatus, is theoretical. 
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The most plausible explanation for this observation is 

that the pyrimidine is reduced to the tetrahydropyrimidine level 

and this is followed by hydrolytic cleavage of the tetrahydropyri- 

midine in the acid medium. However, such hydrolytic reactions 

would be expected to give rise to auch products as arninoketones. 

These compounds should undergo further reduction, thus increas- 

Ing the observed hydrogen uptake above the theoretical amount. 

However, if the degradation products should not be reduced or 

should poison the catalyst, this subsequent hydrogen uptake would 

not be observed. 

Some evidence in support of this explanation was obtained. 

Samples of propionaldehyde added to the reduction niixturea of two 

of the substituted pyrimidines, Z, 6-dichloro-4-methyl- and 4- 

amino-2, 6-dichloropyrimidine, after the original hydrogen uptake 

had ceased, were not reduced. No further hydrogen uptake was 

observed and the odor of propionaldehyde was detectable in the 

reduction mixture. Evidently, the compounds present in the 

reduction mixture prevented the catalyst from effecting the 

reduction of a compound ordinarily reduced under these conditions. 

Furthermore, two aminoketone hydrochlorides , 3 -amino-4 -methyl - 

pentanone-Z (67) and l-amino-4-methylpentanone-Z (51) were 
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found to be inert to reduction under these conditions of hydro- 

genation. 

To determine the extent of the influence of the catalyst 

or catalyst support on the hydrolytic or other degradative reactions 

of the tetrahydropyrirnidines, two other catalysts were employed 

for the reduction of the substituted pyrimidines. The reduction 

conditions previously described were used. The catalysts were 

a five per cent palladium-on-barium sulfate catalyst (68) and 

platinum oxide (Adam' s catalyst). 

Results of reductions of certain of the substituted pyri- 

midines with these catalysts is presented in Table IX. In contrast 

to the palladium catalysts. ch.loro substituted pyrimidine8 were 

not reduced in the presence of platinum cataly8t, even under acid 

conditions. The amino and methyl pyrimidines were readily 

reduced under acid conditions. 

Chrornatographic analyses of the products obtained by the 

reduction of certain pyrimidines are shown in Table X. These 

analyses demonstrated that mixtures of products also were obtain- 

ed from the reductions employing these catalysts although, here 

again, only enough hydrogen was absorbec to convert these 

compounds to the corresponding tetrahydropyrirnidines. The 



TABLE IX 
Reduction of Substituted Pyrimidines With Other Catalysts 

Theoretical Observed 
wt. Hydrogen Hydrogen 

Catalyst Pyrimidine Moles Uptake (Moles)a Uptake (Moles) Time, Firs. 

- 
Palladium-on-Barium Sulfate 

9000 mg. 2-amino- 
9000 mg. 2-amino-4, 6-'dîchloro- 
9000 mg. 5-arnino-4, 5-dichioro- 
9000 mg. 2, 6-dichioro -4-methyl- 
9000 mg. 2,4-dichloro-5-nitro- 

Platinum Oxide 

0.025 0.05 0.048 1 

0.025 0.1 0.102 1 

0.025 0.1 0.102 2 
0.025 0.1 0.101 1 

0.025 0.175 0.18 1 

1/2 
i /4 

i /2 
i 12 

525mg.0 2-amino- 0.025 0.05 0051d 
1 

525 mg. 4-methyl- O. 025 0. 05 0. 048d 2 

525 mg. 2,4,6-trichioro- 0.025 0.125 0.0 5 

525 mg. 2-amino-4, 6-trichioro- O. 025 0. 1 0. 0 6 
525 mg. 2, 6-dichloro-4-methyl- C. 075 0. 1 0. 0 5 

(a) Required to reduce compound to the corresponding tetrahydropyrimidine. 
(c) Platinum oxide catalyst. This amount gives 450 mg. platinum on reduction. 
( d) Corrected for amount of hydrogen required to reduce catalyst in situ. 

-J 



TABLE X 
Chromatographic Analysis of the Reduction Products of 
Certain Substituted Pyrimidines With Various Catalysts 

Rf Value (23-26°) n-Butanol:Acetic Acid:Water 
Pyrimidine Reduced Catalyst Ninhydrin Iodine Vapor 
¿,4,6-Trichloro Palladium-Charcoal .i27 39Za 282a 

Palladium-BaSO4 39Za 
2,4-Dichloro-4-methyl- Palladium-Charcoal .i27 .046 50Za .3l .i4 .ø6 

Palladium-Ba504 .126 502a 372 .312 ,ll2 
4-Methyl- PlatinumOxide .1Z6 .ø6 50Za .31 .082 .O4 
2-Amino- Palladium-Charcoal 492a 27 ¿13b 

Palladiurn-BaSO4 . 
512a 3Z . Z3 . 

5-Aznino-4,6-dichloro- 
Platinum-Oxide 
Palladium-Charcoal 344 .196 

. 

512a 
19 .11 

344 

Palladjum-Ba504 ,365c,7 .l7 .11 342 .zi .1o3 
¿,4-Dichloro-5-nitro- Palladium-Charcoal 3Ø5 .188 U5 .o6 342 .252 .17 j32 ,O4 

Palladium-BaSO4 .3O .18v 342 .252 j43 
Color Key: 1. light blue, 2. dark brown, 3. light brown, 4. clear, 5. yellow, 6. dark purple, 

7. light purple, 8. reddish purple. a=heavy, blight, cfaint. 
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resulting mixtures differed slightly with the various catalysts, 

though the spots previously identified as characteristic of the 

substituted tetrahydropyrimidines ¿ire present in the reductions 

of the Z-aminopyrimidine and the 4-methylpyrimidine and ltg 

dichloro derivative. 

The infrared spectra of the reduction products of certain 

substituted pyriLnidines obtained using palladium-on-barium 

sulfate catalyst are ahown in Figure 14. Certain differences are 

evident when these are compared with the spectra of the corres- 

ponding reduction products obtained with the palladized charcoal 

catalyst (Figures 7, 8 and 9), particularly in the region from 

1200 to 1800 cm'1. In the spectra of the reduction products of 

two of these compounds, 5-amino-4, 6-dichioro- and Z, 4-dichioro- 

5-nitro- pyrimnidines, two absorption peaks in the region assigned 

carbon-carbon, carbon-oxygen and carbon nitrogen double bonds 

(l66-l695 crn.) are clearly evident. This can only be 

interpreted as further evidence that more than one compound 

with an unsaturated bond is present in the reduction mixture. 
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Figure 14. The Infrared Spectra of the Crude Reduction 
Products of Pyrimidines Reduced with a 
Palladium-Barium Sulfate Catalyst. 



DISCUSSION 

The technique of nuclear reduction employed in this in- 

vestigation for the preparation of the isomeric amino and methyl 

substituted 3,4, 5, 6-tetrahydropyrimidines from the corresponding 

pyrimidines is not practical. The catalyst to pyrimidine ratio 

required to effect nuclear reduction is high and the reduction is 

not straightforward. The mixtures of products obtained compli- 

cates isolation and purification of the desired tetrahydropyrimi- 

dine. Hwever, this investigation by no means exhausts the area 

of catalytic reduction of substituted pyrimidines to the tetra- 

hydropyrimidines and it is reasonable to assume that other 

catalysts and reaction conditions could be found by which such 

reductions would yield the desired product in purer form. 

The conditions for reduction and dehalogenation of the 

animo and methyl substituted pyrimidines and their chioro 

derivative8 were reinvestigated and confirmed. Reinvestiga - 

tion was necessary since such serious discrepencies, to the ex- 

tent of obscuring the nature of the reaction, the reaction products, 

and their properties, occur in the report of Smith and Christen- 

sen (91). Evidence uncovered in the present investigation has 
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served to correct these errors and define more clearly the 

products of the reduction. 

In the cnaracterization of the 3, 4. 5. 6-tetrahydropyri- 

rnidines, it is evident that derivatives formed in acid medium, 

such as picrates and oxalatos, are the derivatives of choice. 

Correct benzoyl derivatives of the tetrahydropyrirnidi.nes were 

not obtained Iron-i the reduction mixtures, even though in certain 

instances the corresponding picrate derivative was isolated. 

Eviaently the tetrahydropyrixnidinea present in the reduction 

mixtures were further degraded in the strong alkaline solution 

of the Schotten-I3auinan.n reaction. While these benzoylated 

products are of little value in the characterization of the cetra- 

hydropyrirnidines, further analysis and identification o! these 

products could be informative regarding the nature of tl alkaline 

degradation of these compounds. 

Paper chromatography was of great value in demonstrat- 

ing the complex nature of the reduction products, proving the 

presence of the s-methyl-3, 4, 5, t-tetrahydropyrimidine in its 

reduction mixture even though no corresponding picrate deriva- 

tive was isolated, and in illustrating the influence of the catalyst 

or its support on the reduction and hydrolytic reactions. 
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Because the hydrogen uptake is theoretical for the forma- 

tion of tetrahydropyrimiciines, the formation of mixtures was 

unexpected. The moet plausible explanation is that the tetrahydro- 

pyrimidines, once formed by nuclear reduction of the substituted 

pyrimidines, undergo hydrolytic reactions in the strong acid 

solution. These reactions give rise to products which either 

poison the catalyst so that further hydrogenation is impossible, 

or are themselves not reducible under these conditions. 

To support this explanation, two piece8 of evidence are 

offered. Two aminoketone hydrochloride salts failed to be re- 

ciuced under condition8 which vere used successfully with the sub- 

stituted pyrimidines. Furthermore, samples of propionaldehyde, 

added to the reduction mixtures of certain substituted pyrimi- 

dines after the initial hydrogen uptake had ceased, were not 

reduced. This could only indicate that the spent catalyst of the 

nuclear reduction could not effect further hydrogenations in the 

presence of the reduction mixtures. 

Inherent in this explanation is the fact that in the re- 

duction of the pyrimidine ring to the tetrahydro level, it is 

theoretically possible to form all three structural isomers of the 
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tetrahydropyrirnidines (Figure 1), probably to varying degrees 

depending upon the original pyrirnidine. Two of these isomers 

are known to be unstable in acid solution and would be hydro- 

lyzed readily, which could then account for the multiplicity of 

products. It is also possible that the substItuted 3, 4, 5, 6-tetra- 

hydropyrimidlnes themselves are hydrolyzed to varying extents 

in the strong acid of the reduction medium during hydrogenation 

or the isolation procedure. 

While the preceding is the most plausible expldnation, 

It does not preclude the possibility that other reactions, such 

as ring fusion of partly reduced rings, are also occurring. 

Though not conclusive in ìt8elI, the color reactions of certain 

of these spots with ninhydrin and their Rf values could be in- 

terpreted as indications of rather complex structures. 

The relative ease of reduction of the nitro group in the 

ciichloro-nitropyrimidines to the amino group Is indicated by 

the smaller amount of catalyst required to effect this reaction 

as compared to that required to catalyze nuclear reduction 

(Table U). The failure of the nitro group of 4, 6-diamino.-5- 

nitropyrimidine to be reduced with catalyst amounts approach- 

ing that required to catalyze nuclear reduction in other 
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substituted pyrimidines suggests that the ionic character of the 

nitropyrimidine is an important factor in the reduction of this 

group. The value of this reduction technique as a practical 

preparative procedure for 5-amino-dichioropyrimidines from the 

corresponding dichioro-nitropyrimidines could be increased by 

improvement of the product Isolation method. 

Though conditions for nuclear reduction of amino and 

methyl substituted pyrimidines and their ch.loro derivatives and 

the nature of the corresponding amino and methyl substituted 

3, 4, 5, 6-tetrahydropyrimidines have been more clearly defined, 

complete understanding of the reduction reaction and its 

coincident side reactions awaits the identification of other 

products comprising the mLxtures obtained from the reaction. 
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