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volatile phosphorus compounds isolated above. The mix- 
ture was refluxed for 0.5 hour and then distilled through an  
efficient column. The forerun boiling from 80-110' was 
discarded and the fraction boiling 110-112° accepted. A 
portion of this fraction was added to concentrated aqueous 
ammonia at 0' and the amide formed was recrystallized twice 
from water, m.p. 142-143' (lit. 141'), specific activity 3.0 
cts./min./mg. BaC03 (corrected, 6.0). 

Radioactivity Determinations.-All C14-containing com- 
pounds were oxidized under reduced pressure with the oxi- 
dation mixture of Van Slyke and Folch,8 the carbon dioxide 
collected in sodium hydroxide and precipitated in the usual 
manner.8 The radioactivity was determined with thin 
uniform layers of barium carbonate, using a thin mica- 
windowed Geiger-Muller tube. 

(8) D. D. Van Slyke and J. Folch, J .  Eiol. Chcm., 136, 509 (1940). 
(9) W. G. Dauben, J. C. Reid and P. E. Yankwich, Anal.  Chem.,  19, 

826 (1947). 
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The Acid-catalyzed Condensation of Tertiary Alco- 
hols with Benzaldehyde1 

RECEIVED OCTOBER 11, 1954 

Primary and secondary alcohols have been 
shown to be oxidized by aromatic aldehydes.2 
Tertiary alcohols react with benzaldehyde to pro- 
duce eventually colored products without oxida- 
tion. This evidence of reaction led us to try to 
isolate and independently synthesize some products 
of the reaction. It was found that the reaction 
follows the scheme 
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R3 OH 

f HzO 
These tetrahydropyranols have not been reported 
previously. The reaction conditions suggest that  
the actual reactants are the aliphatic olefin with 
the conjugate acid of the a l d e h ~ d e . ~  The con- 
densation of triethylcarbinol with benzaldehyde 
yielded 2,6-diphenyl-3,5-dimethyl-4-ethyl-4-tetra- 
hydropyranol (I) the structure of which was proved 
by the synthesis 
~ C B H ~ C H O  + (CzH5)zCO + 

H I C ~  OH 

CHa&-cHa ____f CzH6MgBr c & ~ - - c H ~  

CSH5 CsHs Hydrolysis C6H6- 0 , - ~ 6 ~ 6  Crystalline Substance from Methyldiethylcarbino1.- 
The procedure was essentially the same as that for t-  

I amyl alcohol, except that the ethanol wasnot used, and 
the sulfuric acid and water were mixed and cooled before The reaction Of the ketone with ethylmagnesium 

bromide yielded a product identical in all respects 50 hours. The yield was one gram of material melting from 
with I. Since a large number of isomers is possible 161 to 162 . Anal. Calcd. for CNHZ~OZ: C, 81.0; H, 
(4 meso forms and 6 racemates) it is noteworthy 8.16. Found: c, 81.0; H, 8.37. The compound is Prob- 

ably a 2,6-diphenyl-3,4,5-trimethyl-4-tetrahydropyranol. 
that  both routes lead to the same compound. Racemic 2,6-Diphenyl-4-methyl-4-tetrahydropyranol.- 

Seventy ml. of a benzene solution containing 1.2 g. (0.0048 
prepared by condensation of t-butyl alcohol and mole) of trans-2,6-diphenyl-4-tetrahydropyr0ne~~~ were 

adding to the organic mixture. The whole was shaken for 

2,6-Diphenyl-4-methyl-4-tetrahydropyranol was 

benzaldehyde. Reaction of the higher melting 
isomer of 2,6-diphenyl-4-tetrahydropyrone with 
methylmagnesium iodide gave the same product in 
low yield. 

Dimethylethylcarbinol and methyldiethylcarbi- 
no1 yielded crystalline products in the reaction, but 
both proved to be different from any compounds 
prepared by the other route. 

Experimental 
2,6-Diphenyl-4-methyI-4-tetrahydropyranol by Acid Con- 

densation.-Twenty-five ml. each of benzaldehyde and t- 
butyl alcohol and 100 m!. of 20% (volume) sulfuric acid 
were added to  a one-liter flask equipped with a sealed stirrer 
and condenser. The reaction mixture was maintained a t  a 
temperature of between 120 and 130' for one hour, with 
vigorous stirring. The unreacted benzaldehyde was then 
steam distilled out of the reaction mixture and the remaining 
viscous oily substance was dissolved in boiling petroleum 
ligroin. Upon cooling, clusters of colorless needles appeared 
which were recrystallized and washed with petroleum 
ligroin. The yield was 1.6 g. of crystals melting a t  143- 
144'. The residue (200 mg.) remaining in solution in the 
petroleum ligroin was chromatographed on a Magnesol- 
Celite column,' using progressively richer mixtures of ben- 
zene in hexane. 

The major (88 mg.) crystalline substance separated was 
identical with that isolated above. Minor amounts of 
crystalline mixtures appeared both before and after this 
product in the chromatogram. Anal. Calcd. for CnHz002: 
C, 80.6; H, 7.51; mol. wt., 268. Found: C, 80.7; H, 
7.62; mol. wt., 287 (Rast, using exaltone). 

2 ,6-Diphenyl-3,5-dimethyl-4-ethyl-4-tetrahydropyranol by 
Acid Condensation. Method 1.-Twenty-five ml. of benz- 
aldehyde, 26 ml. of triethylcarbinol and 100 ml. of 20% 
(by volume) H2S04 were treated as above, except that the 
temperature was 140' and the time three hours. The 
yield was 0.3 g. of crystalline substance melting a t  177-178'. 

Method 11.-Forty-five grams of benzaldehyde, 20 g. of 
triethylcarbinol, 250 ml. of 95% alcohol and 320 ml. of 
50% (by volume) sulfuric acid were mixed in a one liter 
flask. The flask was shaken at room temperature for 18 
days. Before steam distillation, the mixture was partially 
neutralized by adding 50 g. of potassium hydroxide pellets 
with stirring and cooling. From here the procedure par- 
allels that of method I. Chromatography of the residue on 
a Magnesol-Celite column yielded together with the' original 
crop of crystals 3.7 g. of product melting 178-180'. 

Anal. Calcd. for CZ~HZSOZ: C, 81.3; H ,  8.45; mol. wt., 
310. Found: C,81.2; H, 8.52; mol. wt. (Rast), 313. 

Crystalline Substance from Dimethylethylcarbino1.- 
Sixty-six grams of benzaldehyde, 23 g. of t-amyl alcohol, 
200 ml. of 95% ethanol and 100 ml. of distilled water were 
mixed in a two-liter round-bottom flask. With constant 
stirring and cooling, 90 ml. of concentrated HzSOd was slowly 
added to the mixture. After stirring for two hours, 100 ml. 
of distilled water and 3 moles of KOH pellets were added 
slowly with cooling. The mixture was steam distilled, 
decanted and the oil dissolved in petroleum ligroin. The 
compound, separated by chromatography on the Magnesol- 
Celite column, melted a t  142-143', yield 0.5 g., is probably 
a 2,6-diphenyl-3,4-dimethyl-4-tetrahydropyranol. 

Anal.. Calcd. for CleH~z02:  C, 80.8; H, 7.85. Found: 
C, 80.8; H, 7.98. 

(1) Work was performed in the Ames Laboratory of the Atomic 

(2) F. R. Duke, Anal. Chcm., 19, 661 (1947). 
(3) E. Arundale and L. A. Mikeska, Chent. Reus., 61, 505 (1952). 

(4) G. S. Hammond and A. Raave, THIS JOURNAL, 73, 1891 (1951). 
(5) P. Petrenkc-Kritschenko and D. Plotnikoff, E n . ,  30, 2802 

(1897). 
(6) R. Cornubert and J. Viroit, Compf .  rend. ,  224, 1114 (1947). 
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added to an excess of methylmagnesium iodide over a period 
of five minutes with rapid stirring. The mixture was hy- 
drolyzed by adding ice and dilute hydrochloric acid. The 
organic layer was dried and evaporated on the steam-bath. 
The colorless oil which remained after evaporation was 
crystallized from petroleum ligroin. The melting point was 
75-77', yield 1.02 g. This compound was not further in- 
vestigated. 

Two meso Forms of 2,5-Diphenyl-4-methyl-4-tetrahydro- 
pyrano1.-Eighty ml. of a benzene solution containing 1.1 
g. of cis-2,6-diphenyl-4-tetrahydr~pyrone~ was added over a 
period of 20 min. to a solution of an excess of methylmag- 
nesium iodide in ether which was being stirred rapidly. 
The reaction was allowed to proceed for 20 min. and hy- 
drolyzed with ice and diluted HC1. The organic layer was 
dried and evaporated on a steam-bath and the residue 
chromatographed on the Magnesol-Celite column. A 
fraction of 20 mg. melting a t  67-69', which we believe to be 
the meso-1-compound, was followed by a larger fraction of 
meso-2-compound weighing 140 mg. which melted from 142- 
145'. This latter fraction proved to be identical with the 
material from the t-butyl alcohol-benzaldehyde reaction by 
mixed melting point. 

2,6-Diphenyl-J ,5-dimethyl-4-ethyl-4-tetrahydropyranol.-- 
An excess of ethylmagnesium bromide in 180 ml. of ether 
was added to 11 g. of 2,6-diphenyl-3,5-dimethyl-4-tetra- 
hydropyrone8 dissolved in ether. After reaction, the ma- 
terial was hydrolyzed with NH,Cl solution and the product 
recovered and crystallized from petroleum ligroin; yield, 
9 g., m.p. 177-178'. This substance is identical with that 
from the acid condensation; the mixed melting point showed 
no depression. 

2,6-Diphenyl-3,4,5-trimethyl-4-tetrahydropyranol .-This 
compound was prepared as above, substituting methyl 
Grignard for the ethyl compound; yield 8.5 g., m.p. 158- 
159". This compound is not identical with the compound 
prepared by acid condensation above. The mixed melting 
point was 138-143'. 

Infrared spectra were obtained by using a Nujol mull 
spread on a salt plate. A Baird model B recording spectro- 
photometer was used. 

(7) P. Cornubert and P. Robinet, Bull. soc. c h i m  France, [ 5 ]  1, 90 
(1934). 

(8) F. R .  Japp  and W. Maitland, J .  Chem. soc. ,  86, 14S4 (1904). 
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The Synthesis of 6-Thioguanine 
BY GERTRUDE B. ELION AND GEORGE H. HITCHINGS 

RECEIVED OCTOBER 18, 1954 

As part of a program devoted to the investigation 
of antimetabolites of the purine and pyrimidine 
bases, 1 . 2  6-thioguanine (2-amino-G-mercaptopurine) 
was synthesized. This compound has been found 
to behave as a purine antagonist similar to G-mer- 
captopurine in Lactobacillus casei3-j and to exhibit 
activity against a number of animal turn or^.^^^ 

Thioguanine was prepared in the first instance 
by the reaction of a suspension of guanine in tetra- 
hydronaphthalene with phosphorus pentasulfide, a 
reaction which earlier had given satisfactory results 

(1) G. H .  Hitchings, G.  5 .  Rlion, E.  .4. I'alro. P. B. Russell, 11. 5. 
Sherwood and H. VanderWerff, J Biol. ( 'hem., 183, 1 (1950). 

(2) G. H .  Hitchings, G. B. Elion. E. A.  Falco. P. R Russell and H.  
VanderWerff, A n n  S. Y .  Acad S c i . ,  6 2 ,  1318 (1950). 

(3) G .  B. Elion, G. H. Hitchings and H.  VanderWerff, J .  Bid.  Chem.,  

(4) G. B. Elion. S. Singer, G. H.  Hitchings, M .  E. Balk  and G. B. 

(5) G. B. Elion. S. Singer and G. H.  Hitchings, ib id . ,  204, 35 (1953). 
(6) D. A. Clarke, F. S. Philips, S. S .  Sternberg, C .  C .  Stock and 0. H .  

(7) L. W. Law, Proc. Soc. Exper. Biol. Mcd. .  81, 109 (1953). 

m a ,  505 (1951). 

Brown, ibid., 202, 647 11933) 

Hitchings, Proc. Am. Assoc.  Cancer Res., 1, 9 (1951). 

with pyrimidines and quinazoliness and later was 
found fruitful in the conversion of hypoxanthine 
to 6-mercaptopurine. However, erratic results 
were obtained with guanine; in many instances 
only unreacted guanine was isolated from the reac- 
tion mixture. This was believed to  be due to the 
extreme insolubility of both starting material and 
product in the solvent, with a resultant depenclencc 
on the physical state of the starting material. This 
interpretation finds support iri the superior results 
obtainable through the use of solvents, such as py- 
ridine, in which a greater solubility is denionstrable. 

Experimental 
A mixture of 10 g. of finely powdered guanine and 50 g. 

of powdered phosphorus pentasulfide in 250 ml. of dry 
pyridine was heated under reflux conditions for 2.5  hours. 
The pyridine was removed by distillation under reduced 
pressure and the residue was heated with 200 ml. of water for 
about ten minutes. After cooling, 100 ml. of concentrated 
ammonium hydroxide Jvas added and the mixture thoroughly 
chilled. The insoluble residue and the precipitate of am- 
monium phosphate was filtered off. The orange filtrate 
was acidified to PH 4 with hydrochloric acid and kept a t  
4' overnight. The precipitate of crude thioguanine was 
collected and treated with 200 nil. of 6 -Y ammonium hy- 
droxide. The insoluble residue consisting mainly of guanine 
was removed by filtration. After removal of most of the 
excess ammonium hydroxide from the filtrate under reduced 
pressure, the solution was adjusted to cn. pH 4 with hydro- 
chloric acid and chilled. Pale yellow needles of thioguanine 
were collected, washed with water and dried at 110'. 
This product (3.5 9.) was 937, pure on the hasis of its ultra- 
violet absorption spectrum. A sample wai; purified for 
analysis by recrystallization from 1000 parts of hot water. 
Theo colorless needles thus obtained did nct melt below 
360 . Cltraviolet absorption spectrum: at p€% 1 ,  X,,,,, 2t58, 
347 mp ( E ,  8,100, 20,900); a t  pH 11, A,,,.,, 242, 27(l2 322 
m p  (E,,, 8,700, 7,200, 16,000). 

Found: C.36.O; H,3.3;  \-,4l.S. 
A n d .  Calcd. for C6HaKaS: C, :3,? ,0;  I f ,  :>.O: s, 4 1  . < I .  

- 

(8) G. B. Elion and G. 11. Hitchings, THIS JOURNAL, 69, 2138 (19.17). 
(9) G. B. Elion, E. Burgi and G. H. Hitchings, i b i d . ,  74,  4 1 1  (3952). 
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The Occurrence of a Sulfuric Acid Ester of Choline 
in the Mycelium of a Strain of Penicillium chryso- 

genum 
BY J. DE FLINES 

RECEIVED OCTOBER 29, 1954 

In  a recent publication Gordon, et [~ l . , '  stated, 
that  they had found a relatively high quantity of 
rather loosely bound methionine in a hot water 
extract of the mycelium of P. chrysogenum (Ii'% 
49-133). We too are investigating the sulfur mc- 
tabolism of this particular strain of P. chrysogenu7n 
and we wish to report the occurrence of the sulfuric 
acid ester of choline, ( CHJxN -'--CH2-CH2-O-SO:3 -, 
in mycelial extracts of this mould. The culture 
filtrates did not contain this ester. 

The presence of ethereal sulfates in culture fil- 
trates of Penicillia has been reported,* but so far 
as we are aware this particular ester has only been 
found by Woolley and Peterson3 in the mycelium of 
Aspergillus sydowi. 

(1) Gordon, ct  ai.. THIS J O U R N A L ,  76, 4037 (1954). 
(2 )  H. Raistrick and J .  M Vincent, Biorhem J. .  48,  90 (1948) 
(3) D. W. Wuolley and W H .  Peterson, J ,  Biol. Chem. 122,  213 

(1937) 


