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which on dehydration may be expected to yield 

olefins of the type C6HsCC=C(CHdz are converted 

into indanes by S.JoJ, sulfuric acid. 

clized to indanes under the influence of 85% sul- 

A case of direct cyclodehydration appears 
to exist in the conversion of 4-phenyl- 1-butanol 
into tetralin by the action of hot phosphoric acid. 

2 .  The isolated intermediate olefins are cy- NEW YORK, N y. RECEIVED SEPTEMBER 6, 1933 

! I  furic acid. 
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The Alkylation of Pyrimidines. An Attempt to Prepare 1-Glucosidocytosine 

BY GUIDO E. HILBERT 

With the object of seeking a method for the 
synthesis of a model of cytidine, the action of 
methyl iodide on 4-amino-2-methoxypyrimidine 
(I) was investigated. This method of attack 
was suggested by previous work' in which it was 
shown that the action of methyl iodide on 2,4- 
dimethoxypyrimidine yielded 1,2-dihydro-2-keto- 
I-methyl-4-methoxypyrimidine which was readily 
converted by hydrolysis to 1-methyluracil. Sub- 
sequently,2 this method for the synthesis of 1- 
alkyl uracils was extended to the synthesis of 
nucleosides by the substitution of acetobromo- 
glucose for the alkyl halides in the interaction 
with 2,&dimethoxypyrirnidine and resulted in 
the formation of 1,2-dihydro-2-keto-l-tetraacetyl- 
glucosido-4-methoxypyrimidine, which on simul- 
taneous deacetylation and dealkylation with 
alcoholic hydrochloric acid yielded l-glucosido- 
uracil. One would thus expect by analogy that 
4 - amino 2 - methoxypyrimidine would interact 
with methyl iodide to form I-methylcytosine 
and with acetobromoglucose to form l-tetra- 
acet ylglucosidocytosine, in which the glucose 
residue probably occupies the same position as 
ribose in cytidine. 

Methyl iodide interacted with 4-amino-2- 
met hoxypyrimidine (I) to yield a crystalline 
met hiodide, CsHloN301. Since there are three 
potential basic groupings in (I), methyl iodide 
could form an ammonium salt by combining with 
either of the cyclic nitrogen atoms in the (1) 
and (3) positions or with the amino group in the 
(4) position. Theoretically, since the grouping 
(--N==C(NH2)-) is the ammono analog of an 
amtde, (O=C(NH2)-), interaction of the amino 
radical with methyl iodide would not be ex- 

(1) Hilbert and Johnson T H I S  JOURNAL 62, 2001 (1930) 
(2) Hilbert and Johnson rbtd , Sa, 4489 (1930) 

pected under the conditions of this experiment 
There is, however, no information that allows 
one to  predict which of the nitrogens in positions 
(1) and (3) would be more subject to attack. 
Upon treatment with hydrochloric acid the 
methiodide lost the elements of methyl iodide 
to form 1-methylcytosine (111). The structure 
of this was confirmed by conversion on bromina- 
tion in aqueous solution to I-methyl-5-bromo- 
uracil, the properties of which were identical 
with those of a specimen prepared by the bromina- 
tion of 1-methyluracil. Methyl iodide therefore 
attacked 4-amino-2-methoxypyrimidine in the 
(I)  position, forming 4-amino-2-methoxypyrimi- 
dine-1-methiodide (11). This is the first case in 
which a stable methiodide has been obtained 
from this type of pyrimidine and is additional 
evidence in favor of the mechanism postulating 
the intermediate formation of a methiodide in 
the reaction between alkyl halides and 2,4-di- 
alkoxypyrimidines to form 1,2-dihydro-2-keto- 1 - 
alkyl-4-alkoxypyrimidines. 

N=CNH2 r s = C m a 1  

N- CH CHSN--CH 

OC CH 
1 1  

CHSN-CH 
(111) 

On heating, the methiodide (11) melted at  128' 
with vigorous effervescence and then resolidified 
to melt again over a wide range from 190-235". 
Since Knorr3 showed that 4-niethoxyquinoline-1- 
methiodide was decomposed on heating to form 

('3) Knorr Her , 80, 022 (1897) 
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1-methyl-4-quinolone and methyl iodide, it  was 
expected that a t  128' (11) would behave similarly 
to form 1-methylcytosine (111) and methyl iodide. 
This in part was found to be the case. As the 
yield of nicthyl iodide was only 30-4004 of the 
theoretical, i t  was evident, however, that  the 
main coursc of the reaction was in another direc- 
tion. The pyrolyzed solid was found to consist 
of a trace of l&dimethylcytosine (V), 1-methyl- 
cytosine and an iodo salt which was probably 1- 
methylcytosine-3-methiodide (IV) . As it was 
impossible 1.0 separate (IV) from this mixture in 
the pure state by ordinary means it was con- 
verted in an aqueous solution with silver sulfate 
to 1,3-dimethylcytosine which in the acid medium 
hydrolyzed to 1,3-dimethyluracil. This was 
readily separated from 1-methylcytosine by 
sublimation. The identification of 1,3-dimethyl- 
uracil was completed by a comparison of the 
properties of i t  and the bromo derivative with 
those of authentic specimens. Without doubt, 
the presence of free 1,3-dimethylcytosine in the 
degradation product arose from the interaction 
between (1x7) and a base, perhaps 1-methyl- 
cytosine. ?'he thermal decomposition of (11) 
thus involves two reactions (1) degradation with 
liberation of methyl iodide to  yield 1-methyl- 
cytosine and (2) the formation of 1-methyl- 
cytosine-3-methiodide (IV) . 

CH~N=CNHI CH,N--C=NH 

(11) -1 [ OC i H  ] ----f O=C CH 
~ I1 

C H 3 N - C H C H 3 N - C H 
(IV) (VI 

I t  does not seem possible, since the decomposition 
is practically instantaneous, that  (IV) could have 
been formed by the interaction of molecular 
methyl iodide and molecular 1-methylcytosine. 
The alternative mechanism, in which formation 
takes place by way of intramolecular rearrange- 
ment, seems much more plausible. If this latter 
mechanism is correct, it  is of interest as i t  may 
be a new type of rearrangement depending upon 
whether the rearrangement took place within 
the positive ion or resulted from the internal 
reaction of active methyl iodide and active 1- 
methylcytosine. 

As Knorr4 lias shown that cyclic lactams con- 
taining the cvntiguration (--N(CH.J -CO -) do 
iiot interact with inetliyl iodide :tnd since the 
ntnirio group is :iti:iloqotis t o  tliai in  :in amidc, 

(41 Krirrr  ISrr , 30 !I20 (18137) 

it  was expected that the nitrogen atom in the 
(3) position of 1-methylcytosine would be most 
susceptible to  attack by alkyl halides and this has 
been confirmed. The interaction between 1- 
methylcytosine and methyl iodide a t  room tem- 
perature required several weeks for completion. 
The methiodide formed was converted by alkali 
to 1,3-dirnethylcytosine (V), and the introduced 
methyl group was definitely shown to be in the 
(3) position since bromination of (V) in water 
yielded 1,3-dimethyl-5-bromouracil. This par- 
ticular type of alkylation is interesting since it 
affords a method for the synthesis of imides, a 
class of compounds which previously was un- 
known in the pyrimidine series. 

Of theoretical interest is the rearrangement on 
heating of 4-amino-2-methoxypyrimidine to 1 - 
methylcytosine. This occurred a t  about 180' 
and because of interference by the amino group 
was not nearly as smooth as the analogous re- 
arrangement of 2,4-dimethoxypyrimidine to 1,3- 
dimethyluracil. 

Since the reaction between methyl iodide and 
4-amino-2-methoxypyrimidine (I) produced a 
stable methiodide, the analogous reaction between 
acetobromoglucose and (I) to yield a stable bromide 
was anticipated. As one would expect the isolation 
of either 1-tetraacetylglucosidocytosine or 1 -gluco- 
sidocytosine'to be facilitated by the use of mild 
conditions in their preparation from 4-amino-2- 
methoxypyrimidine - 1 - tetraacetylglucosido- 
bromide, i t  was logical to seek such conditions 
indirectly by the development of mild means for 
the preparation of 1-methylcytosine from 4- 
amino - 2 - methoxypyrimidine - 1 - methiodide 
(11). A number of methods have been elaborated 
and perhaps the most desirable, although some- 
what laborious, was that involving treatment of 
an aqueous solution of (11) with silver sulfate. 
The sulfate presumably was formed and a t  room 
temperature was unstable and decomposed to 
form (111) exclusively. 

Acetobromoglucose reacts smoothly with 2,4- 
dimethoxypyrimidine and as the latter is a liquid, 
an excess serves as the medium for carrying out 
the reaction. In the reaction between aceto- 
bromoglucose and 4-amino-2-methoxypyrimidine 
these favorable conditions, however, do not hold 
since in this case the pyriniidine is ;t high melting 
solid tliat ha.; oiily slight soliibility in orgaiiic 
solvents. 'I'he lack of  siicress in finding a proper 
mediiiiii f o r  tlic reactants has resulted in thc i i i i i -  
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form failure to effect their combination. Since 
Richardson and Soperj have shown that the 
rate crf formation of ammonium salts from alkyl 
halides and amines is enormously increased by 
the use of a medium having high "cohesion," 
most attention was centered on such solvents as 
acetonitrile and nitromethane. Only in the case 
of nitromethane were crystalline products isolated. 
These were the impure hydrobromides of 4- 
amino - 2 - methoxypyrimidine and 1 - methyl- 
cytosine, from which it may be inferred that one 
of the side reactions involved removal of hydrogen 
bromide from acetobromoglucose. 

rlr- improved procedure for preparing cytosine 
and isocytosine irom 4-amino-2-chloropyrimidine 
and 2-amino-A-chloropyrirnidine, respectively, is 
recorded in the experimental part. 

I wish t o  express my appreciation for advice 
and #cooperation from Professor Treat B. Johnson. 
The microanalyses recorded were kindly carried 
out by n r .  Reid T. Milner and Mrs. AI .  S. Sher- 
man 

Experimental Part 
Preparation of 4-Amino-2-methoxypyrimidine and its 

Rearrangement to I-Methylcytosine 

Preparation of 4-Amino-2-methoxypyrimirimidine.-It has 
been shown previously6 that the action of a saturated solu- 
tion of ammonia in alcohol in 2,4-dichloropyrimidine re- 
sults in the formation of the isomeric 2,4-aminochloro- 
pyrimidines and since they are difficult to  separate in 
good yield, the mixture was converted into the isomeric 
2,4-:~minomethoxypyrimidines by interacting with sodium 
methylate in alcohol. 4-Amino-2-methoxypyrimidine, the 
product desired for this investigation, was readily ob- 
tained pure by taking advantage of its greater insolubility 
in water. ii mixture of 97 g. of crude, finely divided 2,4- 
dichloropyrimidine (from 100 g. of uracil) and 500 cc. of 
concentrated ammonia was warmed on a steam-bath for 
six hours. The reaction mixture was cooled in an ice-bath 
and filtered; yield, 68 g. of the crude yellow mixed 2,4- 
aminochloropyrimidines. The product was converted 
intcl the 2,4-aminomethoxypyrimidines as previously de- 
scribed ; the yield of pure 4-amino-2-methoxypyrimidine 
was 20 g.; sintered 168', m. p. l'70°.7 In the latter reac- 
tion i t  is desirable to  use a generous excess of sodium 
methylate since in one experiment in which there ap- 
parently was an insufficient amount, the product more in- 
soluble in water was not homogeneous. On crystalliza- 
tion, various fractions were obtained which individually 
melted rather sharply somewhere in the range of  176-210' ; 
the diff'creiit fl-:ictiolls rave tests for halogen and were 
sclld sdutioiis o f  k m i i i i c i  5-elili1r~1~~yi-iniidine with .t- 
:iriiitii)-~-~iic.th~ , \ ~ l l v l - i i i i i ( l i i i ~ , ,  ;LL. O I I  Fiirthc.1- ti-caftncllt with 
-. .~ . 

( 5 )  I < i c l i ~ n l b o i i  oii<I Soprr, . I .  C' l tr i i i .  .\,M., lti7:i (l!I?!l). 
11;) Ilillx-it sild J o I ~ n m 1 1 ,  'THIS J t ~ i : i < x , % i , ,  52, 115'2 (l!t:iO) 

sodium methylate pure 4-aniino-2-niethoxypyrimidine was 
obtained. 

Rearrangement of 4-Amino-2-methoxypyrimidine to 1- 
1Methylcytosine.-One-half gram of 4-amino-2-methoxy- 
pyrimidine was heated in a test-tube a t  180" for five hours. 
During the course of the heating the melt gradually solidi- 
fied and turned brown; i t  had a strong amine-like odor. 
A small amount of the original pyrimidine that had sub- 
limed on the side of the tube was removed mechanically. 
The residue was dissolved in a small amount of hot methyl 
alcohol and the solution treated with an equal volume of 
benzene. This was placed in the ice box and a brown 
amorphous powder slowly separated. The solid was col- 
lected on a filter, dissolved in 4 cc. of boiling water and 
decolorized with bone black. The aqueous filtrate was 
evaporated to dryness and the residue recrystallized several 
times from alcohol. It separated as colorless prisms; 
yield 0.025 g.; m. p. 303" (decomp.). It was shown to be 
1-methylcytosine by a comparison of its properties with 
those of an authentic specimen (see below). 

Anal. Calcd. for C6H10N3: C, 47.97; H, 5.04; N, 
33.60. Found: C, 48.02; H, 5.79; N, 33.55. 

Johnson and Clapp* prepared 1-methylcytosine by the 
methylation of cytosine in alkaline solution, and since 
this method is well known to lead to mixtures which are 
difficult to  separate, i t  is not surprising that the deconipo- 
sition point (278-279') recorded by them is lower than 
that obtained in this work. However, their statement 
that the base is volatilized with aqueous vapors has not 
been confirmed. 

4-Amino-2-methoxypyrimidine-l-methiodide and Methods 
for its Conversion to 1-Methylcytosine 

Preparation of 4-Amino-2-methoxypyrimidine-1-meth- 
iodide.-A solution of 3 g. of 4-amino-2-methoxypyrimi- 
dine in 40 cc. of methyl alcohol was treated with 10 cc. of 
methyl iodide. The reaction mixture rapidly turned 
yellow and was allowed to stand at room temperature for 
twenty-four hours, Upon the rapid addition of 100 cc. of 
anhydrous ether to the clear solution, the methiodide crys- 
tallized in dendritic aggregates of colorless plates. Thc 
mixture was cooled overnight and filtered; yield 4.8 g 
(75% of the theoretical). The methiodide melted with 
vigorous effervescence at 128'; the melt quickly solidified 
and on continued heating sintered a t  190" and was com- 
pletely melted at 230-235" (brown liquid). It is stable 
for months at room temperature and is extremely soluhle 
in cold water and cold alcohol and insoluble in ether. 

Anal. Calcd. for C6HdT301: C, 26.95; H, 3.77; 
N, 15.74; I ,  47.53. Found: C, 26.98; H, 3.88; N, 15.71; 
I ,  47.15. 

Preparation of 1-Methylcytosine by the Action of Silver 
Sulfate on 4-A1nino-2-methoxypy~~dine-l-methiodide.- 
To a solution of 1.92 g. of the methiodide in 10 cc. of water 
was added a boiling solution of 1.3 g. of silver sulfate in 
150 cc. of  water. Silver iodide precipitated immediately 
:~ucl after several triiiiutes was filtered [ i f f .  The  ~xces'i 
>ilvcl- was rc.iiiovet1 with hydr(Jg~1I sulfide a11t1 t h e  latter 
<qwlled 1)y Iici~tiiig tlic s(11uti~111 fo l -  :L s1lol-t til1ic.. ' 1 ' 1 1 c ~  

' stllful-ic :wit1  w:ts i-ciiic)vc.il clii:riitit:itivcly \vi t l l  

I<ll ,I ,SC,li  :>I111 CI,,,,~,, I .  l i i 01  ( ' l h t " l K ,  5, 112 \,1!1(16 l ! l t ~ ! l j  
_ _  . . 

,S) 
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barium hydroxide, and the filtrate evaporated to dryness 
under diminished pressure. The colorless residue was 
recrystallized from alcohol; yield 0.65 g., m. p. 303" (dec.); 
a niixcd in. p. with 1-nicthylcytosine was unchanged. 

Anal. Calcd. for Cd-IiON3: C, 47.97; H, 5.64. Found: 
C, 47.90; H, 5.85. 

Decomposition of 4-Amino-2-methoxypyrimidine-l- 
methiodide in Alcohol.--A solution of 1 g. of the methio- 
dide in 20 cc. of 95'% alcohol was heated under reflux on a 
steam-bath for three hours. Within thirty minutes large 
crystals separated. The reaction mixture was cooled in an 
ice-bath and filtered; yield 0.35 g. (75% of the theoretical) 
of 1-methylcytosine. I t  was recrystallized from 40 cc. of 
alcohol and sep.arated as large colorless prisms; it turned 
brown at  295" and melted with decomposition a t  303'. 

dnal .  Calcd for CbH;ON3: C, 47.97; H, 5.64; N, 
33.60. Found: C, 47.9.5; H, 5.77; N, 33.15. 

The filtrates from the 1-methylcytosine contained an 
ammonium salt which gave a test for iodine. That i t  was 
not the original methiodide was shown by the fact that on 
further heating of the alcoholic solution i t  was recovered 
unchanged. Later work indicated that i t  was probably 1- 
methylcytosine-3-methiodide. 

Interaction of the Methiodide with Hydrochloric Acid.- 
To 1.5 g. of the methiodide was added a few cc. of con- 
centrated hydrochloric acid. On slight warming the 
solution immediately became cloudy and a heavy oil 
separated. The reaction mixture was concentrated to dry- 
ness on a steam-bath and the crystalline residue dissolved 
in water and made slightly ammoniacal. The yield of 1- 
methylcytosine was practically quantitative; m. p. 303" 
(dec.) . 

And .  Calcd. for CsH70N3: N, 33.60. Found: N, 
:33.43. 

Bromination of 1-Methy1cytosine.-An excess of bro- 
mine was added to a suspension of 0.8 g. of l-methylcyto- 
sine in 5 cc. of water. The resulting clear yellow solution 
was concentrated to dryness on a steam-bath. The yel- 
lowish white crystalline residue was decolorized with bone 
black and recrystallized from 200 cc. of hot water. 1- 
Methyl-5-bronioitracil separated as a mass of colorless 
needles: yield 2.0 g.; m. p. 272-274' to  a red liquid. 

Anal. Calcd. for C51&,02N2Br: C, 29.27; H, 2.46; 
N, 13.67. Found: C, 29.40; H, 2.60; N, 13.40. 

For purposes of identification i t  was compared with and 
found to  be the same as a specimen prepared by brominat- 
ing 1-methyluracil in the same manner as described above. 
Johnson and Clapps reported the decomposition point of 
this compound tc be at 255-260'. 

Thermal Decomposition of 4-Amino-2-methoxypyrimidine- 
1-methiodide 

The methiodidt: (1.494 g.) was heated in a short, wide 
test-tube a t  130-135'. It liquefied with ' vigorous ef- 
fervescence and ic a few ininutes had resolidified to a pale 
yellow solid. 'i'hc. volatilc matter evolved in the pyrolysis 
wits passed with the aid of a stream of dry air into :L tube, 
which wts cooled in a t i a t t i  of acetone and sulid c ~ - L o i i  
rliiisidt.,  and tlir cciiorlws liquid whicli vonclensed was 
itleiitified :ts tirethy1 i ~ ~ l i d t ~ .  
rliclc w;i\ : i ~ i ~ ~ i i i i ~ i : i i ~ i c ~ ~ l  tiy :i 1115s i n  

'I'he pprc 

corresponding to a yield of methyl iodide which was 
only 32% of the theoretical. 

In  another experiment 10.8 g. of the methiodide was 
pyrolyzed by heating a t  140' for fifteen minutes. The 
solid product had an amine-like odor and weighed 8.4 g.; 
the loss in weight calculated as methyl iodide in this 
case was 42% of the theoretical. 

1,3-Dimethylcytosine.-This was obtained when the 
reaction product after grinding to a fine powder in a mor- 
tar was heated a t  140-145" a t  1 mm. pressure in a 
round-bottomed, wide-necked flask. A crystalline product 
sublimed on the cooler portions of the neck; yield 0.14 g. 
It melted at  7Ck115' and was obviously a mixture. 1,3- 
Dimethylcytosine was separated and obtained quite pure 
by recrystallizing twice from 2 cc. of benzene; yield 0.04 
g.; m. p. 144". A mixed melting point with that prc- 
pared from 1-methylcytosine-3-niethiodide (see below) was 
unchanged. 

Anal. Calcd. for CsH90N3: C, 51.76; H, 6.52; N,  
30.21. Found: C, 52.21; H, 6.49; N, 30.06. 

1,3-Dimethyluracil.-The residue after removal of the 
above mixture by sublimation was dissolved in 50 cc. of 
hot water, treated with a suspension of 65 g. of silver 
sulfate in 300 cc. of water, allowed to  stand overnight 
and filtered. The excess of silver ion was removed by hy- 
drogen sulfide and the sulfate ion quantitatively by barium 
hydroxide. At this stage considerable ammonia was lib- 
erated and expelled by concentrating the filtrate to dryness 
under diminished pressure. A separation of the more vola- 
tile material in the finely ground residue was effected by 
subliniatioii by heating a t  100" a t  1 mm. pressure in a inan- 
ner similar to that described above. Sublimation was 
facilitated by occasionally interrupting the experiment 
and breaking up the residue, which had a tendency to cake. 
The sublimed material consisted of yellow crystals and 
weighed 2.34 g.; m. p. 100-120". It was dissolved in 30 
cc. of water, decolorized with bone black, filtered, con- 
centrated to dryness under diminished pressure, recrystal- 
lized several times from benzene and finally from a little 
alcohol; yield 1.8 g., m. p. 122' (corr.). It was very 
soluble in cold water and hot alcohol and moderately 
soluble in hot benzene. A striking property was the be- 
havior of the crystals in alcohol, from which they first 
separated as long needles that on standing for a short time 
were transformed into large, long rods. A melting point 
of the product when mixed with 1,3-dimethyluracils was 
unchanged. 

Anal. Calcd. for C6Hs02X2: C, 51.40; H, 5.76: S,  
20.00. Found: C, 51.51; H, 5.84; N, 19.76. 

1,3-Dimethyl-5-bromouracil.--This has been previ- 
ously* prepared by refluxing 5,5-dibromo-6-hydroxy-5,5 
dihydrouracil in absolute alcohol. It was more simply pre- 
pared by brominating 1,3-dimethyluracil (0.20 g.) ac- 
cording to the method described for the preparation of 1- 
methyl-5-bromouracil. 1,3-Diniethyl-5-bromouracil was 
recrystallized from 25 cc. of hot water and separated as 
largc jagged platrs; yield 0.24 g., in. p. 182-183'. A mixrd 
inelting priiut with an authentic spccimcsn was unchai~grtl. 

:tnaZ. C ' : i l ( d  f i i i -  C',.II;0.;N2H~-: N ,  12.7!!. I ~ ~ t i i i i < l :  

K, 12.72. 
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1-Methylcytosine -Thc product remaining after re- 
moval of l,:<-dimethylura,cil was a yellowish brown solid: 
weight 2.18 g. It was dissolved in 100 cc. of boiling al- 
cohol and filtered from a small amount of flocculent matter; 
the alcoholic solution wa:: evaporated to dryness and the 
residue purififd as dew-ibed a1:ovc; 111. p.  301'; yield 
1.2 g. 

Anel. Calcd. for CBM~ON!R: C, 47.97; IT, 5.6~1; N, 
33.(;0. Found: C, 47.09; H, 6.50; N, 33.7S.  

In one experiment the procedljrc following the treat- 
ment of the pyrolyzed product with silver sulfate was al- 
tertid in ordcr to  avoid hydrolysis O F  l ,:~-din~etliylrytosine 
by neutralizing the acid as rapidly as p:)sqihlc. This al- 
lowed the isolation of n considerable amount of 1,R-di- 
inethylcytosine, which was, howcver, difficult to  separate 
from 1,3-dimethyluracil by siniplc crystallization. 

1,3-Dirnethylcytosine 

Preparation of l-Methylcytosine-3-methiodide.-- A sus- 
pension of 0.46 g. of 1-methylcytosine in a solutioii of 1.6 
cc. of methyl iodide and 7 cc. of absolute methyl alcohol 
was allowed to  stand in the dark a t  room temperature for 
several months. The solution became dark red in color 
and a mass of enormous colorless blocky prisms was pres- 
ent. Thc solution was decanted from the crystals, which 
were then thoroughly washed with dry niethyl alcohol; 
yield 0.59 g., m. p. 265-266" (dec. to a red liquid). From 
the decanted liquid, after adding 50 cc. of ether, cooling and 
filtering, an additional 0.28 g. of the methiodide was ob- 
tained; total yield 88yo of the theoretical. It conta.ins 
iodine and a Zeisel determination showed the absence of 
rnethoxy groups. I t  is soluble in cold water and hot al- 
c<)hol, from which it may be recrystallized. 

.InaZ. Calcd. for C ~ H I O N ~ O I :  C, 26.96: H, 3.77; K ,  
15.74. Found: C, 57.02; H, 3.84; N, 15.48. 

Preparation of 1,3-Dimethylcytosine.--h solution of 
0.125 g. of 1-methylcytosine-3-methicdide in 2 cc. of 
water was treated with 4 cc. of concentrated sodium 
hydroxide. A colorless oil immediately separated arid 
was removed by extraction with chloroform. The chloro- 
form extract was Concentrated to  dryness, redissolved in 
dry chloroform and filtered from a small amount of floccu- 
1t:nt matter. On evaporation prisms separated: 111. p. 
144-145', yield 0.053 g. I t  was purified by sublimation 
arid separated as bundles of rods of in. p. 147.3". 1 ,3 -  
IXrnethylcytosine is very soluble in water and alcohol 
and moderately soluble in benzene. 

:Inal. Calcd. for CsHs02N2: C, 51.7tj; H, G.52; Y, 
30.81. Found: C, 51.96; H, 6.53; AT, 30.34. 

The ammonia liberated by hydrolysis with hydrochloric 
acid was determined quantitatively. Digestion of 1.920 
ing. of substance with 0.01007 N hydrochloric acid was 
carried out on the steam-bath for one hour. The amount 
of acid neutralized was 1.36 cc., whereas that  required 
by theory for one molecule of ammonia was 1.37 cc. 

Bromination of 1,3-Dimethylcytosine.-This was car- 
ried out in the sttine nianncr as that describrd for the 
i)roiii illation of 1 ,:j-dii71ethyluracil. 'I'hc riwtion mixture 
rfter evipowtioii to dryiiew was tligrstctl with cold watt I- 

:ind iiltw-ed; 1 1 1 .  1). 1x2'. '\ r i i i s i ~ l  nicltiirg ~ ~ i i ~ l t .  wi th  
I ,:< tiinivtlivl -~- l~r~i i i i t~ i i~ : i (~ i I  w a y  Iin('11angecl 

A n d .  Calcd. for C6HiOzNzBr: C, 32.88; H, 3.22. 
Found: C, 32.95; H, 3.61. 

Attempts to Prepare 3-Glucosidocytosine 
A mixture of 4-amino-2-mcthoxypyriniidine and a,ceto- 

bromoglucose, when heated above the nielting point (Jf the 
latter, liquefied and then inlmediatelg solidified. Ij~trthcr 
heating was without visible effect. All attempts to 
isolate a hotnogeneous product were rinsiicc*csFful. hTo r('- 
action took place when a solution of 4-air;iiio-~-methosy- 
pyrimidine and acetobromoglucose in ether wcrc :~llowcd 
to stand for several weeks. When quinoline was usrd :is a 
solveiit and the reaction mixture heated a t  80' for sever-a1 
hours a brown intractable sirup resulted. 

One gram of 4.a1nill0-2-methoxypyri1nidi1~e was treated 
with 50 cc. of nitromethane; the major portion of the 
pyrimidine dissolved. Upon the addition of 3.33 g. o f  
acetobronioglucose the solution became brown. After 
standing a t  room temperature for twenty-four houri large 
colorless prisms separated; yield 1.0 g. ;  111. p. 147' jcf- 
fervescence). The crystals, in the air, very rapidly ns- 
sumed a chalky appearance, which was apparently due to 
the loss of solvent of crystallization. The product was 
very soluble in water and alcohol and attellipts t o  purify 
by reprecipitating several times from alcohol with ether 
only depressed the melting point (145'). 

Anal. Calcd. for CEHsONaBr: C, 39.13; H, 3.91 ; S ,  
20.40. Found: C, 31.20; H, 4.33; N,  22.84. 

The analysis would suggest that it was 4-aniino-2- 
niethoxypyrimidine hydrobroniide contaniinatcd with 
some of the free base. 

Treatment of the salt with an aqueous  solutio^^ of SC~diUlli 
bicarbonate resulted in vigorous eff crvescc 
immediate separation of needles of m. p. 170"; a mixed 
melting point with a specimen of 4-arniiio-2-nirthaayp~irin i- 
dine was unchanged. 

The nitromethane filtrate on standing depositcd nwre 
crystalline material; yield 0.35 g. ,  m. p. !)5--lliS" (cf- 
fervescence). 

Anal. Found: C, 27.06; H, 4.37; X, 2l.Xi. Tlic 
calculated values for 1-methylcytosine hydrohroltlide arc 
C,25.00; H,4.19; N,21.95. 

The filtrate from the crystalline material was con- 
centrated and yielded a sirup that did not crystallize. 

Preparation of Cytosine.-This has been preparedfi by 
hydrolyzing 4-amino-2-chloropyrimiditle with water in a 
bomb tube at 140'. It was more easily prepared by 
hydrolyzing with concentrated hydrochloric acid. 

One-half gram of 4-amino-2-chloropyrimidinc was 
treated with 10 cc. of hydrochloric acid and evaporated to 
dryness on a steam-bath. The hydrochloride was con- 
verted to  the free base with ammonia and recrystallized 
from 15 cc. of water (decolorized with bone black) con- 
taining a trace of ammonia. It separated in the large flat 
plates characteristic of cytosine and contained one mole- 
cule of water of crystallization; yield 0.37 g. 

Preparation of 1socytosine.-This was also more easily 
Irepared by the same method as that described for cyto- 
sine. Isocytosine separated froni a hot water solution on 
rapid chilling in the form of ncetlles and when cooled 
.;lowly crystallized as I:irgcx cIi:r~~~irr~d s11:i~~ciI ~)i.iwis OF 
i n .  p. 274 -37'ic;" ( ( l tx , . ) .  



Summary 
A method lor the preparation of cytosine 

derivatives alkylated in the (1) position has been 
described. Methyl iodide interacts with 4- 
amino-2-methoxypyrimidine to form 4-amino-2- 
niethoxypyriinidine-1-niethiodide which can be 
converted by a number of procedures to l-methyl- 
cytosine. 

2. The thermal decomposition of the meth- 
iodide proceeds in two directions (1) degradation to 
l-methylcytclsine with liberation of methyl iodide 
and (2) the formation of 1-methylcytosine-3-meth- 

1. 
iodide probably by intramolecular rearrangement. 

Iiiteractioii of 1 -methylcytosine and methyl 
iodide yielded 1 - methylcytosine - 3 - methiodide, 
from which 1,3-dimethylcytosine was prepared by 
treatment with alkali. 

-1 - Amino - 2 - methoxypyrimidine on heat- 
ing 8 t  180’ rearranged to form I-methylcytosine. 

Attempts to introduce glucose in the (1) 
pcsition of cytosine by the interaction of aceto- 
brurnoglucose and 4 - amino - -3 - methoxypyrimi- 
dine were unsuccessful. 

3 .  

1. 
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The Chemistry of the Triethylsilicyl Group 
BY CHARLES A. KRAUS AND WALTER K. NELSON 

I. Introduction 
The groups of the type R3A, where R is an or- 

qanic group or, occasionally, hydrogen, and A an 
element of the fourth group of the periodic sys- 
tem, exhibit marked amphoteric properties. 
Thus, on the one hand, they form compounds with 
the halogens of the type RzXX, which exhibit 
electropolar properties’ to some extent, and com- 
pounds with the alkali metals of the type RsAM, 
which exhibit marked electropolar properties.* 
With increasing atomic number, the compounds 
&AX become more electropolar although never 
strongly so. On the other hand, the compounds 
&AM are in all cases strongly electropolar and 
there is no marked change in properties with in- 
creasing atomic number. 

Save in exceptional cases, the free groups R3A do 
not normally exist in a monomeric condition; they 
ordinarily combine to form dimers. Certain of 
the triarylmethyls seem to be markedly dissoci- 
ated into the free groups in solution, but the cor- 
responding drri\.ati\ es of silicon, germanium and 
tin do not stem to be markedly dissociated in 
solution undt r ordinary conditions. Evidence, 
however, exists that goes to show that as the 
atomic numbtxr of the central element increases, 
the bond joining the groups in the dimer becomes 

freezing benzene, however, the compound exists 
as a dimers4 The Ge-Ge bond is much more 
stable than the corresponding Sn-Sn bond. How- 
ever, even in the case of germanium the bond is 
readily broken by either strong oxidizing or re- 
ducing agents3 The Si-Si bond seems to be 
uncommonly stable and is not broken either by 
a strong oxidizing agent such as chlorine6 or re- 
ducing agent such as sodium in liquid ammonia or 
lithium in ethylamine.’ 

With three stable organic groups attached to 
an element such as silicon, it becomes possible to 
investigate the properties of the remaining, fourth, 
valence of that element. While the properties of 
this residual valence are doubtless more or less 
influenced by the nature of the substituents R, 
nevertheless, in the main, they seem to be con- 
trolled by the central atom-silicon, germanium or 
tin. Some work has previously been carried out 
in this Laboratory on the triphenylsilicyl groupy 
and it seemed worth while to extend the study to 
aliphatic silicon dcrivzti! es. One difficulty with 
the phenylsilicon derivatil-es is that the coni- 
pounds seen] to break down completely under the 
action of strong reducing agents 

The corresponding alkvl derivatives, 011 the 
other hand, are entirelq, stable. Accordingly, the 

increasingly weak. In boiliiig benzene, tri- ( 4 )  Krills and  Hullard, i h i d  , 48, 21:31 (insc). 
Inethyltin See.llS to be partially dissociatrd.3 

Cheer. i h i d . ,  45, 2946 (1923) 

Kahl r r ,  i b i d . ,  65, 3.537 (1933). 

(n) Kraus and  Foster,  ;bid., 43, 457 (1927). 
( 6 )  Meyer and Jacobson, “ l x h r l m c h  der organischen Chemie,” 

( 7 )  See Sectiou V I I I ,  below. 
(1) K r a u s a n d  Callis, Tms JOURNAL, 45, 2624 (1923);  Kraus and 

(2)  Kraus and Johnson, ibid., 65, 2776 (193:3), Kraus arid (8) Reynolds, Bigelow and  Rraus, T H r s  J O U K N A L ,  51, 306; 

(3, Krxus and SrTsions i h i d . ,  47, 2361 (1925). 

Veit and Co., Leipzir. 1007. ed.  2 ,  Vol I ,  part 1, p.  444. 

(1929); Kraus and Eatougtt .  iDid. ,  65, 5008 (1583). 
(’2) Kraris and Koseii, ibid., 47, 2 i 3 9  (1925). 


