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Ti ti 
Abst 

An investigation of the Traube procedure for the synthesis 
of guanine hydrochloride has shown that substantial increases in 
yield can be effected by altering the (i) initiai condensation 
and (2) the reduction steps. The initial condensation of ethyl- 
cyanoacetate is carried out in methanol using a one hundred per- 
cent molar excess of guanidine hydrochloride with an equivalent 
amount oi sodium. The solution is cooled to zero degrees before 
addition of the ethylcyanoacetate and the product Is removed by 
filtration within an hour of the initial reaction. The cyan- 
acetylguanidine which is pioduced is then cyclized to the pyrimi- 
dine derivative by suspension in boiling one nomial sodium 
hydroxide and precipitated with sulfuric acid as described by 
Traube. Resuspension in water and treatment with sodium nitrite 
produces the isonitroso compound. This is then suspended in 
water and wanned to seventy degrees for the reduction. Twenty- 
four milliliters of sodium hydroxide is added to a suspension of 
0.2 moles of the isonitroso in three hundred milliliters of 
water and slow addition of one hundred grams of sodium hydrosul- 
fite is began inimediately. The solution is stirred throughout 
the reaction. After addition of the sodium hydrosulfite is corn- 
piete the solution is wanued to ninety-five degrees and filtered 
hot to remove impurities. After cooling and filtering, the 
triamine bisulfite is refluxed In formic acid for ten hours 
and the resulting guanine suspended in boiling water and neu- 
tralized with ammonium hydroxide. Suspension of the guanine in 
ten percent hydrochloric acid yields guanine hydrochloride on 
cooling. Overall yields of better than forty percent were 
obtained by this procedure. 
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AN IìvP E()VED SYNTHSI S OF GUÂNI HID ROC kiLO }I DE 

I. INTRODUCTION 

The purine bases adenine, guanine, xanthine, and hypo- 

xanthine (8, pp.95-125) are or Interest to the chemist 

because or their occurence in living tissue. These corn- 

pounds have been reported in several animal glands. (8, 

p.294) Guanine has received more attention than the other 

bases perhaps from the fact that it is easier to isolate 

from natural sources. krocedures beve been rked out for 

its isolation from such diverse materials as yeast nucleic 

acid, kidney, liver, spleen or pancrease extracts. (7, 

pp.44.l-L7) Guanine has been reported as a component of 

certain species of fish scales (4, pp.169-213) and a proce- 

dure for obtaining this compound from fish residues has 

been described in the Russian literature. (5, p.1225) 

However, in all the procedures based on obtaining the purine 

from natural sources the yields are small and the processes 

are tedious. The animal glands are first freed from fat 

and ground into a water solution which in turn is made 

alkaline with sodium hydroxide, boiled and then brought to 

neutrality with acetic acid and filtered. After standing 

overnight, the nucleic acid is precipitated and removed by 

filtration. 

This nucleic acid is resuspended in methanol and 

treated with gaseous hydrogen chloride. The nucleic acid 



slowly goes Into solution and then repreolpitates as a 

mixturo of free purine bases which are separated by filtra- 

tion and redissolved in hot water. The solution is then 

made neutral to congo red paper by the addition of sodiuni 

hydroxide. The precipitate which foins is redissolved. In 

hydrochloric acid and again reprecipitated with base. 

For fina], purification the crude guanine is dissolved in 

boiling dilute sulfuric acid and then treated with silver 

sulfate. The silver salt is removed while still hot and 

the guanine freed from silver by treatment with hydro- 

chloric acid. The clear filtrate yields pure guanine upon 

addition of slight excess of ammonia. 

Since guanine is obtained from natural sources by 

tedious extraction methods the compound of necessity must 

be expensive. For this reason chemists have long been 

interested in the development of synthetic processes for 

the preparation of this purine base. 

Fischer (, pp.2251-2253) first prepared synthetic 

guanine from uric acid by a impractical preparative pro- 

cedure which, however, was very helpful in the elucidation 

of the structure of the purine bases. Uric acid was con- 

verted to trichloropurine by procedures which, experi- 

mentally, ere very difficult. (see diagram one.) The 

trichioropurine was hydrolyzed to 6-oxy-2,8-dichloropurine. 

The purified 6-oxy-2,-dichloropurine was ainmonlated. with 
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alcoholic ammonium hydroxide by heating in a sealed tube 

for five hours at one hundred and fifty degrees. Thïs 

yielded 2-amino-6-oxy-S-chloropUrifle which was in turn 

converted to guanine by reduction with hydroiodic acid. 

Diagram I 

H H 
HN-00 HN-C Ci HN-CO 

I 1H 
O=C C-N ci 

KOH I I 
H 

___ __ CIC C-N 
I II 

L> 

II 
ci 'c c 

HN-C-N7 N-C-N N-G--N' 
H 

HN-00 
11H 

H2N-C C-N 
II II 

HN-00 
11H 

j-* HZNC C-N 

Traube (li, pp.1375-1378) had an entirely different 

approach to the synthesis of guanine. This worker first 

synthesized the pyrimidine moiety of the purine, converted 

it to a diamino derivative which in turn was cyclized to 

the imadazole. Ethyl cyanoacetate was used as the starting 

material. it was condensed with guanidine to fonu cyan- 

acetylguanidine (see diagram 2) which in turn was cyclized 

to 2,4-diamino-6-oxypyriaidine. This Intennediate was 
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nitrosated and reduced to yield 2,4,5-triainino-6-oxypyrimi- 

dine and this in turn was cyclized to guanine by refluxing 

with formic acid. This procedure gave an overall yield 

of twenty to twenty-five percent and was very competative, 

economically, with guanine from natural sources. 

Diagram 2 

o 

NH2 ¿-O-C2H5 HN-00 
HN=C + CH2 -i HN=C CH2 

NH2 CN H2N CN 

HN-00 HN-00 
I I HONO 1 I 

HN=C CH2 HN=C C=NOH 

I I I I 

HN-CNH HN-CNH 

HN-00 
____ I I ___ H000H H2N-C _______ C-N-CO 

N-C=NH 

NaOH 

HN-00 
redn. I 

H2N- C-NH2 

N-CNH 

HN-00 
I I H 

H2N-C C-N 

Initial experiments carried out in this laboratory 

indicated that although certain of the steps in Traube's 
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process gave excellent yields and were easy to execute, 

other steps gave low yields and. were dittioult to dup-. 

licate. This was particularly true of the (i) initial 

condensation, (2) the reduction of the isonitroso deriva- 

tive and. (3) the final cyclization of the triaraine. 

Since improvements in these operations would give a 

very practical method for the preparation of the base, 

studies were undertaken to improve the yield of the ini- 

tial condensation. Preliminary experiments had indicated 

that this was a very critical operation inasmuch as widely 

divergent yields were obtained in repeated trials. It 

was evident that time, temperature and concentration were 

all critical and that rigid contro),. must be maintained 

through this operation. The condensation between ethyl- 

cyanoacetate and guanidine is apparently only one of sev- 

eral competing reactions which results in large fluctua- 

tions in yield of the desired product. After considerable 

experimentation it was found that maximum yields of the 

desired product were obtained at temperatures ranging 

from minus five to plus five degrees, using at least a 

one hundred percent molar excess of guanidine with isola- 

tion of the product within an hour of the initial reaction. 

The second operation to receive attention of this 

laboratory was the reduction procedure for the isonitroso 

derivative, The process as originally outlined by Traube 



gave reduction to the triamine which was isolated, partially 

as the free base and partially as the sulfate. Later 

workers substituted sodium hydrosulfite (1, p.3113) for 

annnonia and hydrogen sulfide as a reducing agent although 

isolation of the product was carried out in the same man-. 

nei'. Decomposition of the triamine compound by base while 

in solution or by air oxidation after isolation was detri-. 

mental to the procedure causing lower yields in later steps 

and production of a colored impurity which was exceedingly 

hard to separate from the guanine hydrochloride in the 

final purification. 

Hepner (6, p.355) in the preparation of xanthine had 

used zinc in foitc acid as a reducing agent and converted 

the isonitroso compound directly to the fomimido deriva- 

tive. The application of this procedure to the synthesis 

of guanine was of special interest since conversion could 

be made directly from the isonitroso compound to guanine. 

Some very good yields were obtained using this procedure. 

The results, however, were not consistent and best results 

were obtained by direct addition of formic acid to an inti- 

mate mixture of the isonitroso compound with powdered zinc. 

A violent initial reaction resulted. After this initial 

reaction had subsided the solution was refluxed for ten 

hours and the guanine was isolated as the hydrochloride 

by dissolving lt In a ten percent hydrochloric acid solu- 
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tion. Attempts to control the violent initial reaction by 

cooling or by slower addition resulted in loss of product. 

The zinc in formic aoid reduction had shown that it 

was possible to obtain good yields of the reduction product 

but the inconsistancy in the yields made it advisable to 

investigate the possibilities of carrying out the redue- 

tion in still another manner. Cain, Mallette, and Tay-. 

br (2, p.1998) in their preparation of pyriinido-pyrazines 

had reportedly obtained good yields of the reduction pro- 

duct by employing a modification of the sodium hydrosulfite 

reduction method. 

An excess of sodium hydrosulfite was used but only 

a minimum amount of sodium hydroxide was added so that the 

product was isolated as the bisulfite instead of the free 

base. Experimental runs conducted in this laboratory gave 

good yields of the desired product without contamination 

due to the effects of base or air oxidation. -in addition 

to this, the method made it possible to remove impurities 

which had been carried through from earlier operations. 

These impurities which were partially soluble in base and 

insoluble in acid were present in small amounts in the 

isonitroso compound. When the reduced product was iso- 

bated as the free base the contaminants were not elimin- 

ated until the final crystallization of the guanine as 

a hydrochloride. When isolation of the reduced product 



as the bisulfite was employed, removal could be effected 

by filtration of the hot reaction solution. Repeated runs 

gave yields of the bisulfite which varied by only a few 

percent and a product which gave good conversion to gua- 

nine. 

The problems which had originally appeared in the 

cyolization step were not evident in the altered procedure 

and after application of the changes in the condensation 

and reduction steps it was found that further investiga- 

tion of the cyclization step was not necessary. The ori- 

ginal losses which had been due to contamination of the 

triamine compound and to losses resulting from the purif i- 

cation process were no longer present when the bisulfite 

of the triamine was used. Yields of better than seventy 

percent were obtained by using the same cyclization pro- 

cedure which had originally given yields of thirty-five 

to fifty percent. 

Over-all yields of about forty percent of the theore- 

tical yield were obtained with calculations being based 

on the amount of ethylcyanoacetate used. An additional 

seven percent recovery was obtained by refluxing the 

methanol solution from the initial condensation for three 

hours to form the 2,4-diainino-6-oxypyrimidine and then 

converting this, while still in solution, to the 2,4- 

diamino-5-isonitroso-6-oxypyrimidine by the addition of 



hydrochloric acid, water and sodium nitrite. (2, p.1998) 

Attempts to recover additional material as suggested by 

Traube (il, p.1375) by evaporation to dryness resulted in 

a product which did not yield guanine on subsequent treat- 

ment. 
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EIP1iRIMENTAL 

I. Condensation of ethylcyanoacetate with guanidine hydro- 

chloride. (II, p.1375) 

The initial condensation of guanidine hydrochloride 

with ethylcyanoacetate to form the cyanacetylguanidine 

was carried out by using forty-eight grams or ethylcyano- 

acetate as the standard amount of reactant by which comp- 

arison was made. Other conditions were varied to deter- 

mine the best conditions for the condensation. 

Ten grams of sodium were added to one hundred and 

fifty milliliters o methanol and a solution of forty 

grams of guanidine hydrochloride in 100 milliliters of 

methanol was then added to the sodium methoxide solution. 

The sodium chloride which formed was filtered out and 

forty-eight grams of ethylcyanoacetate was added at room 

temperature. The cyanacet3rlguanidine started to precipi- 

tate out after the solution had been allowed to stand for 

five minutes. A yield of sixteen and one half grams or 

thirty-one percent of the theoretical yield was obtained. 

The condensation was then repeated using the same 

amount of reactants but varying the temperature conditions. 

Ten grams of sodium were added to three hundred milli- 

liters of methanol and the sodium chloride was removed by 

filtration. The solution was then cooled to zero degrees. 
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before addition of the ethylcyanoacetate. With addition 

of ethylcyanoacetate being made at zero degrees, precipi- 

tation of the Droduct began in ten minutes and was coin- 

plete in twelve hours. A yield of thirty-five percent 

of the theoretical yield was obtained which was a slight 

(four percent) increase over that obtained under the 

original conditions. A third run was made, also at zero 

degrees but with twice the amount of methanol, which 

resulted in a thirty nine percent yield. 

The condensation was then carried out again using the 

conditions of low temperature and larger volume of methanol 

but with twice the amount of guanidine hydrochloride. 

Twenty grams of sodium were added to three hundred milli- 

liters of methanol and eighty grams of guanidine hydro- 

ohioride in two hundred milliliters of methanol were added 

to the sodium methoxide solution. The sodium chloride was 

filtered out and the solution was then cooled to zero 

degrees. Addition of forty-eight grams of ethylcyanoace- 

tate gave a precipitate of cyanacetylguanidine within three 

minutes with total precipitation being complete in about 

a half hour. Repeated runs made under these conditions 

gave yields which varied from seventy-eight to eighty 

percent. The results of these studies are given in Table 

J. on page twelve. 
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Table I 

Ethylcyanoacetate-Guanidine Hydrochloride Condensation 

Ethyl- Guanidine Methanol Tup. Yield Yield 
cyano- Hydro- (mis.) (grams) Peroent 
acetate chloride 
(grams) (grams) 

48 40 250 200 16.5 30.8 

48 40 250 0 19.0 35.5 

48 40 500 0 21.0 39.2 

48 80 500 00 43.0 80.5 

48 80 500 ØO 42.0 78.6 

48 80 500 00 375 700 
(tech) 

48 80 500 00 37.5 70.0 
(tech) 

200 320 2000 0 163.0 73.0 

II. Preparation oÍ 2,4-diamino-6-oxypyriniidine. (11, p.1376) 

The cyanacetylguanidine obtained above was dissolved 

in five hundred milliliters of boiling one normal sodium 

hydroxide. Dilute sulfuric acid was then added until the 

solution reacted acidic to congo red paper. The product 

precipitated out as the white 2,4-diamino-6-oxypyrimidine 

sulfate. A eighty percent yield was obtained. 

III, Preparation of 2 ,4-diamino-5-i sonitroso-6-oxypyrimi- 

dine. (ii, p.1376) 

One hundred grams of 2,4-diamino-6-oxypyrimidine 
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sulfate were added to fifteen hundred milliliters of boil-. 

Ing water. A solution of seventy grams of sodium nitrite 

in two hundred milliliters of water was added slowly, with 

stirring, to the suspended solid. The rose-colored 2,4- 

diamino-.5-isonitroso-6-oxypyrimldine began to forni imnied- 

lately, heating and stirring were continued for five min- 

utes after the addition of the sodium nitrite solution. 

The solution was then cooled and filtered. J1ghty-two 

grams (ninety-eight percent of the theoretical yield) of 

the 2,4-dlamino-5-isonitroso-6-oxypyrimidine were obtained. 

The reduction of the isonitroso to the triamine 

compound was carried out by three methods as described 

below. 

Iv. Preparation of 2,4,5-triamino-6-oxypyrlmidine. 

Thirty-one grams of the 2,4-diaxnino-5-isonitroso- 

6-oxypyrimidine was suspended in seven hundred milliliters 

of water and stirred with a mechanical stirrer. The sus- 

pension was warned to sixty degrees and one hundred and 

six grams of sodium hydrosulfite was added. One hundred 

and twenty milliliters of six nornial sodium hydroxide was 

then added slowly and the temperature rose to seventy- 

two degrees. Stirring and heating were continued for ton 

minutes and the solution was then allowed to cool in the 
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ice box overnight. The product obtained was probably a 

mixture of the free trianiine base and the triamine bi- 

sulfite as evidenced by the high yields obtained. Results 

obtained by this method are given in Table II with per- 

centage yields being calculated as the free base. 

Table II 

Sodium Hydrosulfite Reduction to the Triamine Free Base 

Isonitroso Sodium Sodium Yield Yield Percent 
(grams) Hydro- Hydroxide of of Yield 

sulfite (grains) Base Sulfate 
(grains) (grams) (grams) 

31 106 120 28.0 7.0 113.0 

31 106 143 21.0 8.0 90.0 

31 106 124 22.5 12.5 111.0 

20.3 69.5 78.14. 9.5 16.0 96.5 

31 106 125 26.0 7.0 105.0 

31 106 125 22.5 9.0 97.0 

V Conversion of 2 ,4-diamino-5-i sonitroso-6-oxypyrimidine 

to guanine hydrochloride using zinc in formic acid. (6, 

p.355) 

Fifteen and one half grams of 2,4-diamino-5-isonitroso- 

6-oxypyrimidine was mixed intimately with zinc and intro- 

duced into a five hundred milliliter flask. "orinic acid 

was added to the mixture causing a violent reaction to 

take place. When the reaction had subsided the flask 
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was connected to a reflux condensor and the iriixture was 

refluxed for twenty hours on a hot plate. The crude gua- 

nine was separated from the formic acid by filtration and 

the solution evaporateé to obtain an additional yield. 

The total crude guanine was suspended in three hundred 

mïlliliters of boiling water and neutralized with ammonium 

hydroxide. The solution was cooled and filtered and the 

guanine then suspended in three hundred milliliters of 

ten percent hydrochloric acid. The hydrochloric acid solu- 

tion was heated to boiling and charcoal added. On filtra- 

tion and cooling, the guanine hydrochloride was separated 

out as white needle-like crystals. Results obtained by 

this method are given in Table III on page 16. 

VI. Preparation of 2,4,5-triamino-6-hydroxypyrimidine 

bisulfito. (2, p.1998) 

A liter flask containing three hundred milliliters 

of water and equipped with a stirrer and thermometer was 

placed in a water bath and twenty-eight grams of 2,4-diamino- 

-5-lsonitroso-6-oxypyrimidine was added. The solution was 

warmed to seventy degrees and twenty-four milliliters 

of twenty percent sodium hydroxide was added. Addition 

of one hundred grams of sodium hydrosulfite was began 

immediately. Addition was continued, with vigorous stirr- 

ing, at a rate which would maintain the temperature at 
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Table III 
Zinc-Formic Acid Reduction of the Isonitroso 

Igonitroso Zinc Formic Percent Yield Percent 
(grams) (grams) oid Formic (grains) Yield 

(mis) Acid 

15.5 22 100 90 17.5 78.0 

15.5 30 100 90 10.0 44.7 

15.5 30 150 90 15.5 69.2 

15.5 30 150 90 8.5 37.9 

5.0 10 50 90 4.0 55.4 

15.5 20 150 90 10.5 47.0 

15.5 25 150 90 15.0 67.0 

15.5 25 150 90 13.5 60.2 

15.5 30 150 90 13.5 60.2 

10.0 20 66 90 10.0 69.2 

15.5 30 100 90 12.5 55.8 

15.5 30 100 90 12.0 53.7 

15.5 30 150 90 7.0 31.2 

15.5 30 100 90 10.5 147.0 

15.5 30 125 90 10.0 4.4.7 

15.5 30 100 90 13.0 58.0 

15.5 30 90 99 17.5 78.0 

15.5 30 90 99 15.0 67.0 

15.5 30 100 75 12.0 53,7 

15.5 30 90 99 10.0 44.7 

15.5 30 100 99 15.0 67.0 



17 

about eighty degrees. J:leating and stirring were then 

continued for an additional forty minutes. The rose color 

was almost completely discharged by this time. During this 
time the solution was allowed to heat up to ninety-five 

degrees and care was taken to see that it did not boil. 
The light yellow solution was then filtered, while still 
hot, through a preheated funnel. The cream-colored 2,4,5- 
triamino-6-oxypyrimidine bisulfite began to crystallize 
out iiiimedlately. The results obtained were as follows. 

Table IV 

Reduction of the Isonitroso to Triamine Bisulfito 
Isonitroso Sodium Sodium Water Yield Percent 

(grams) Hydroxide ±iydro- (mis) (grams) Yield 
(grams) sulfite 

(grams) 

26 16 93 300 37 90.0 

28 24 100 300 42 94.7 

28 24 100 300 4.1 92.5 

VII, Cyclization of the 2,4,5-triemino-6-oxypyrimidine or 

2,4,5-trlamino-6-hydroxypyrimidine bisulfito. (li, p.1378) 

Twenty grams of the 2,4.,5-trlamino-6-oxypyriznidine 

or the 2,4,5-trianuino-6-hydroxypyrimidine bisulfite was 

suspended in eighty milliliters of ninety percent formic 

acid and the solution was refluxed on a hot plate for ten 

hours. The bisulfite compound dissolved in the formic 
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acid in about two hours to give a slightly cloudy appear- 

Ing yellow solution. This first stage of the reflux was 

also accompanied by a considerable evolution of sulfur 

dioxide when the bisulfite was used. After four to six 

hours of reflux, the crude guanine began to precipitate. 

On completion of the reflux, the solution was cooled to 

zero degrees and the crude guanine was removed by filtra- 

tion. An additional ten percent of the product was gained 

by evaporation of the filtrate. This crude was converted 

to the guanine hydrochloride without drying or weighing. 

VIII. Conversion of crude guanine to guanine hydrochloride. 

The yield of crude guanine from the above cyolizatlon 

was suspended in three hundred milliliters of boiling 

water and carefully neutralized with ammonium hydroxide. 

The neutral solution was allowed to cool and the guanine 

removed by filtration. The guanine was then dissolved 

In two hundred and fifty milliliters of ten percent hydro- 

ohioric acid and decolorized with charcoal, The solution 

was cooled to zero degrees and the white needle-like crys- 

tals of guanine hydrochloride were filtered out. Table 

V contains the results obtained with yields being based 

on the weight of the triamine or triamine bisulfite which 

was used. io yields on the crude guanine prior to con- 

version to the hydrochloride were calculated. 



Table V 

Conversion of the Triemine to uanine Hydrochloride 

Triainine Triamine Formic Yield Percent 
(grams) Bisulfite Acid (grains) Xield 

(grams) (mis) 

20 80 16.0 50.3 

20 80 15.5 

13 80 12.5 61.3 

21 80 15.0 45.5 

20 80 20.2 63.0 

lo 40 9.0 57.4 

lo 60 8.0 51.2 

20 80 13.0 71.2 

la 80 10.5 63.9 

20 80 13.2 72.0 

20 0 13.5 73.8 

IX. Preparation of 2,4-dismino-5-lsonitroso-6-oxypyrimi- 
dine from guanidine hydrochloride and ethylcyanoacetate. 
(2, p.1998) 

By application of the method of Uain, Mallette, and 

Taylor to the methanol filtrate from the condensation of 

guanidine hydrochloride and ethylcyanoacetate, an additional 
yield of guanine was obtained. The methanol solution 
from the Initial condensation was refluxed for three hours 
on a water bath. i.t was then removed from the water bath 
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and five hundred milliliters of water were added to dissolve 

any solid material. The solution was then acidified with 

eighty milliliters of hydrochloric acid. The solution was 

warmed to fifty degrees and a solution of fifty grains of 

sodium nitrite in eighty milliliters of water was added 

with stirring. Stirring was continued while the solution 

was heated to boiling. Un cooling and filtering, twenty- 

six grams of crude 2,4-diamino-5-isonitroso-6-oxypyrïmi- 

dine was obtained. subsequent reduction to the 2,4,5- 

triaznino-6-hydroxypyrimidine bi sulfite and conversion 

to the guanine hydrochloride by the method outlined above 

gave an additional seven percent yield of the final product. 
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A modification of the Traube procedure for the syn- 

thesis of guanine has been perfected by which consistent 

results may be obtained with a substantial increase in 

yield. By altering the two steps of (1) initial condensa- 

tion and (2) reduction in the five step synthesis yields 

of better than forty percent were attained. A one hundred 

percent molar excess of guanidine hydrochloride was employed 

in the initial condensation and addition of the ethylcyano- 

acetate was carried out at zero degrees. The yield of 

cyanacetylguanidine was doubled by employing this modifica- 

tion. Reduction of the isonitroso compound to the tri- 

amine bisulfite instead of the more unstable free base 

resulted in higher yields and greater ease of operation in 

the final steps of the synthesis. 
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