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Th12 rc5:iction between 2-amino-4hydroxypyrimidine ( I )  and acrylonitrile gave 2-amino-l-(2-carboxyethyl)-4( lH)-pyrim- 
idinune (11) and none of the isomeric 3-substituted derivative (111) while the methylation of I gave a mixture of Zamino- 
I-nict 11) 1-4( lH)-pyrimidinone ( V )  and 2-amine3-mcthyl-4(3H)-pyrimidinont. (VI ) .  In  contrast, P-amino-4hydroxypyrirni- 
tlinc-Gcarluxplic acid (VIII)  treated with acrylonitrile and with dimethyl suiinte gave, rcxspectively, 2-amino-3(2-carboxy- 
c,t h~~l)-~-oxo-3,4-diliydrop~rin~idi1ie-6-carbox~lic acid ( I S )  and 2-amino-:3-mct!i~;l-4oxo-~,~dihydrup~~riinidine-~-carbox~lic 
acid ( X I )  with none of the 1-substituted derivatives bcing formed. Co1Tlp)ij:ids I1 and IS  were successfully cyclized t o  
6,7-dihydro-BH-pyrimido [ 1,2-a]pyrimidine-2,8(9H)-dione (F'II) and f,7-d:i:~dro-4H-pyrimido[ 1,2-a]pyrimidinc-4,8(9H)- 
dione (S). 

The reaction between 2-amino4-hydroxypteri- 
dines and acrylonitrile has been shown to produce 
6,9-dihydro-l1 H-pyriniido (2,l-b) p teridines. This 
reaction involved a cyanoethylation of the 3- 
nitrogen of the pteridine ring followed by ring 
closure to produce the dihydropyrimidine ring. 
It ivas also shown that careful alkaline hydrolysis 
of the pyrimido(2,l &)pteridines gave 2-amino-3- 
("-rarho\ryethyI)-(~I-~)-pteridinones. As part of a 
program t o  explore the generality of this reaction 
severai 2-aniino-4-hydroxypyrimidines have been 
esaniined. 

Tho rcaction bct,ween isocytosine (2-amino4 
hydroxypyrimidincj (I) and an excess of acrylo- 
iiit,rilc in  a reflu:iing dilute sodium hydroxide soh-  
tion produced, after acidification with acetic acid, 
a 6137~ yield of a chromatographically pure com- 
pound. Elcmenta! analyses indicated the addition 
of n CLIl,Oz residue to I hvhile the infrared spectra 
indicated thc presence of a carboxyl group. On 
the hasis of the corresponding reaction in the pteri- 

nied probable that the product 
\va? onc of tho two ring-alkylated compounds, 
2 - nniino - 1 - ( 2  - carboxyethyl) - 4(1H) - pyrim- 
idincine (11) >r  2-~mino-3-(2-carboxyethyl)-4-(3€1)- 
py rinii dii if )11 ( s  (I I I) . 

Coinpotiiid 17 ~ v t i s  also considered since we had 
sho\vn in t , ! ~  ptcridine system that 2-amino-3- 
:ilkyl-4-pteridirioncs were converted to 2-alkyl- 
nminoll-hydrox.yptcric1iiies by dilute baw3  How- 
ever, IV  \vas eliminated since it should have ultra- 
violet absoiption spectra similar to the spectra of 

(1) R. I <  Anaicr and W. V. Curran. J .  Am. Chem. Soc.. 
81; 5650 (1959).- 

(2) When this reaction involved the use of 2 -amine4  
hydroxy pteridines the products were usually isolated as 
the cyclic derivatives, i.e. pyrimido(2,l-b)pteridine~~ 
However, the reaction of 2-(2-carboxyethylarnino)ii- 
hydroxypteridine-Gcsrboxylic acid with acrylonitrile gave 
a crude product which was a mixture of the pyrimido(2,l- 
h)pteridine and the 3-( 2-carboxyethyl)-4-pteridinone de- 
rivatives.' 

(3) W. V. Curran and R. B. Angier, J .  Am. Chem. SOC., 
80, 6095 (1958). 

isocytosine whereas the spectra of the product 
were entirely different. An examination of the 
literature revealed that 2-amino-3,6-dimethyl4- 
(3H)-pyrimidinone4 and 2-amino-l16-dimethyl4-- 
( 1H)-pyrimidinone5 had been prepared but no ultra- 
violet absorption spectra, were available. Todd, 
et al; have recently reported the synthesis of the 
two isocytosine nucleosides, 2-amino-l-(P-D-ribo- 
furanosyl)4(l H)-pyrimidinone6 and 2-aniino-l-(p- 
D-arabofuranosyl)-4(lH)-pyrimidinone.~ Compari- 
son of the ultraviolet absorption spectra of these 
isocytosine nucleosides and the isocytosine-acrylo- 
nitrile reaction product showed many simiiarities 
indicating that I1 was probably the correct struc- 
ture. Preliminary attempts to convert I1 to a 
uracil derivative were not promising. However, 
structure I1 was corroborated by the synthesis and 
characterization of the 1- and 3-methyl derivatives 
of isocytosine. 

The methylation of isocytosine (I) with dimethyl 
sulfate in dilute sodium hydroxide gave two prod- 
ucts as shown by paper chromatography. The simi- 
lar solubilities of the two pyrimidines and the by- 
product, sodium methyl sulfate, made it neces- 
sary to resort to partition chromatography in order ____ 
(4) R.  Rlajima, Chem. Ber., 41, 176 (1908). 
(5) A. D. Ainley et al., J. Chem. SOC., 59 (1953). 
( 6 )  I). M. Brown, A. R. Todd and S. Varadarajan, J .  

(7) D. M. Brown, D. B.  Parihar, A. Todd, and S. Vara- 
Chem. SOC., 868 (1957). 

darajan, J. Chem. Soc., 3028 (1958). 



to  obtain purc The purified com- TABLI< T 
pounds, 2-amino-3-methyl-4(3H)-pyr~midinone (3- 
methylisocytosine) (VI) and 2-amino-l-methyl-4- 
(1H)-pyrimidinone (1-methylisocytosine) (V) were 
vliniur.terized by hydrolysis in hot liV sodium hy- 
dioxide to the known uracil derivatives, 3-methyl- 
2,4- (1,3H j pyrimidinedione and l-methyl-2,4 (1, 3H) 
pyrimidinedione, r e spe~ t ive ly .~~ '~  Examination of 
the data given in the experimental section shows 
that iii this methylation the yield of l-methyliso- 
cytosinc (V) greatly exceeded the yield of the iso- 
meric 3-methylisocytosine (VI). 

OH 0 0 

Q H 
I 

CH:CH&OOH 
I1 

VI1 

C'ompiison of the ultruviolct absorption spectra 
(Table I) of the isonicric methylisocytosines, V 
and VI, ivith the spectra of the airylonitrile-iso- 
cytosine reaction product demonstrated conclusively 
that thc latter compound was 2-amino-l-(2-car- 
boxyethylj-4 (1 H j-pyrimidinone (11). Attempts 
to cyclize I1 in boiling water or dilute acid, in a 
manner aiialogous to that used with the cor- 
responding pteridines, were only partially success- 
ful. However, I1 heated in glacial acetic acid for 
onc hour produced 6,7-dihydro-2H-pyrimido [1,2- 
a]pyrimidine-2,8(9H)-dioiie (1711) in a 927, yield." 
Cpon standing in dilute alkali T'II again reverted 
to 11.1~ 

Sincc 2-aniino-~-hr-di~osypteridiiies are alkylated 
rsclusively iii thc 3-position by acrylonitrile1 

(8) h l r .  Chwlcs Pid:wks :md st:ilf c:trricd out thc chroms- 
tographic srparation of thcw coiiipoiinds, details of which 
:wc reported in thc  e\pcriniaiit:tl section. 

(9) D. J. Brown, E. Hocrgcr, :tiid 8. F. Mason, ,I. C h e m  
Soc., 21 1 (1955). 

( 10) The  sini1Jlc Ii).clrolysis o f  ::-iiietIi\-lisor?;torilic ( V I )  
to 3-mc~tIiyluritcil is of wnic  iiitcreat since in the pteridinc 
aerics the corrcspniiding %-ariii1io-3,6,'i-triinetl1~~1-~(3H)- 
ptcridinoiie dors not hydrolyze h i t  undcrgocs a rearritngr- 
niciit to 2-i~ictliyl:ti~~iii[i- ~ - l i~~ t l ros~~- t i , i -d in i e thy lp te r id in~ .~  

( I  1) h 7 7 ;  yicid of the c!rc.lic. voinpounid (VII) was also 
oht:tinrd from tlic i i i o t  i i c r  li(111(1r of tile originxl acq~lonitrilc- 
isocy t osiiie reacat ion. 

( 12) I t  is :~pp:ti'clit. tli:tt, ill i ieutr; i l  or  iiioderatcly acidic, 
ailueoiis soliltioiir :in c'quilihriiini is sct up Iictwcen I1 and 
\'II. With thc  c,orrer;pontlirig cwiiipo\inds iii thc pteridinc 
series uiidcr siinilsr conditions this eqiiilibrium was dis- 
placed toward 1 hc ryc,lic. dcrivativcs 1r.hic.h wcrc therefow 
readily isolated.' I lowrvc~r ,  v i th  the pyriiiii(li1ic c.onipounds 
the equilibrium seeins to have f:ivored isolation of the non- 
cyclic conipou~ids, I1 and I S .  

. ~ ___. .. 

Ultraviolet Absorntion SDectra 
hniax., rnM(e)  

~ 

Substitiient O,l.\. NaOH 0.l.V HCI 

2-.4niino-4-pyrirnitlinones 

225( 7,7801 213( 9,470) Isocytosine (I) 
273( 6,500) 257( 6,970) 

3-Methyl (VI) 283( 9,120) 256( 5,940) 
1-Methyl (V) 260( 5,500) 217( 9,250, 

2GO( 7,620) 
1-( 2-Carboxyethyl) (11) 26O( 5,850) 21 T( 9,780) 

260( 7 ,880)  
342-Carboxyethyl) (XI)  286( 8,150) 258( 5,680) 
6-Carboxylic acid (VIII) 292( 5,230) 214( 12,550) 

276( 6,900) 
:3-~4eth?.l-6-rarbos?.iic acid 300( 6,060) 215( 10,400) 

(XI11 278( 5,630) 
3-i2-Carhoxyethyl)-& 302( 6,680) 220( 1 1 ,100) 

carhoxylic acid (IX) 278( 5,450) 

Pyrimido (1,2-8) pyriniidiriedioncs 
VI1 233( 32,400) 220( 24, GOO' 

260(15,00O)Sh 260( 5,940)Sh 
s 249(11,900) 212( 9,350) 

304( 14,600) 231( 9,800) 
282( 8,000) 

it' seemed plausible that an isomer of VI1 might he 
produced by introducing a bulky group in the 6- 
position of the pyrimidine ring in order to hinder 
att'ack at the 1-nitrogen. Therefore 2-amino-4- 
hydroxypyrimidine-6-carboxylic acidI3 (VIII) was 
prepared by a modification of a method previously 
described for the preparation of 2-thio-4-hydroxy- 
pyrimidine-6-carboxylic acidI4 and related com- 
pounds. When VI11 was t,reated with excess acrylo- 
nitrile as previously described for isocytosine (I). 
the product had elemental analyses which indicated 

Acrvlonitrile HOOCCHZCHZN 
OH' ' 

IX  VI11 

0 rx5l 'v N 

XI1 A X  
IOH 

XI11 XI 
. . .. . . . .. .. 

f IS) d. I~lihclilitlI :tnd I i .  I:. Stqil~tlJli, J .  C ' h e i t i .  SOC., 77,  
SO8 ( 1900). 

(14) 11. Baclistez, C h e m  Ber., 64B, 322 (1931). 



the addition of a CaH402 residue. Fusion of t'his 
compound at 310" gave in low yield, a new com- 
pound with elemental analysis which indicated 
the loss of a mole of water and a mole of carbon 
dioxide. Basic hydrolysis then produced a com- 
pound which was assigned structure XI ~ since its 
ultraviolet absorption spectra were very similar to 
the spectra of 3-methylisocytosine (VI) (Table I) .  

Hence the precursor of XI was €i17-dihydro-4H- 
pyrimido [ 1,2-a]pyrimidine-4,8- (SH)-dione (X) and 
the product of the reaction of acrylonitrile with 
VI11 must have been 2-amino-3-(2-carboxyethyl)-4- 
oxo-3,4-dihydropyrimidine-6-carboxylic acid (IX) . 

In  order to verify the above structural assign- 
ments VI11 was methylated in the usual manner 
wit'h dimethyl sulfate to give a good yield of a 
single monomethyl derivative. This compound was 
converted to 3-methylorotic acid (XIII) by alkaline 
hydrolysis and was also decarboxylatad to 3-methyl- 
isocytosine (VI) in refluxing quinoline, establishing 
the structure to be 2-amino-3-methyl-4-oxo-3,4- 
dihydropyrimidine-6-carboxylic acid (XII) . The 
ultraviolet absorption spectra of XII ,  both in 0.1N 
sodium hydroxide and 0.1N hydrochloric acid, 
were identical with those of IX ,  thus confirming the 
structure of the latter compound and providing 
additional evidence for X and XI. 

Since the yield of 3-methylisocytosine (VI) from 
the methylation of isocytosine was quite low, the 
action of alcoholic-ammonia on 2-met.hylthio-3- 
methyl-4(3H)pyrimidinone9 was investigated as a 
preparative procedure. This did not prom to be 11 
satisfactory method. 3-Methylisocytosine (VI) 
was obtained but the yield was low (about 15%) 
and 3-methyluracil was also formed as a major by- 
product. 

EXPERIMENTAL" 

Paper chromatdgmphy. The descending techniqric was em- 
ployed using Whatman No. 1 paper witah the following sol- 
vent systems: solvent A, 1-butanol-5N acetic acid (7-3) ; 
solvent B, ethanol-water-concentrated ammonium hy- 
droxide (80-16-4) ; solvent C, 1-butanol-pyridine-water (1-1- 
1);  solvent D, acetone-water (4-1); solvent E, isopropj.1 al- 
cohol-liV ammonium hydroxide (7-3). The compounds u.ere 
detected as ahsorption spots using an u l h v i o l e t  lamp pro- 
vided with a filter to give primarily light of 254 mp and n 
zinc silicate plate coated with I h  Pout phosphor No. 
GO9 235.16 

Mclhylalion of isocytosiiie. T o  11.1 g. (0.1 niolc) cf isocyto- 
sine (I), dissolved in 20 i d .  of 5.V sodium hydroxide, \vas 
added 12 ml. (0.12 mole) of dimethyl sillfate over it 2.5-hr. 
period. The temperature remained at 35-40" tliiring this 
proccss. After chilling the solution overnight tlic solid wts 
col lcc tcd and driod; yield 2.2 g. (Fraction A ) .  'UIC nwttivr 
liquor w:m cvaporatcd to an oil, tlirsolvcd i i i  al)aoliitc alcohol 
:tiid agitin evaporated in vacuo. Thc solid rcsidiir was es- 
tracted with about 150 ml. of n-propyl :tlcohol; yield of rwi- 
due 15.0 g. (Fraction B). The filtrate froin E'rtaction R c ) i i  

(15) Thc melting points have hecn corrected for tlic ex- 

(16) Cominerciallv available from E. I. dii Pont dc 

___ 

posed stem of the thermometer. 

Neinoiirs & Co., In;., Polychemicals Dcpt., 350 5th Avc., 
New York, N. Y. 

coolirig gave 5.5 g. of solid (1Jr:ictioii C). The mother liquor 
was concent,rated to :tbout :E ml.  and ether added to  give a 
slightl?. tiirbid mixture. This wts  cooled aiid the product was 
collwtcvl; !.ieltl 1.4 g. (Fraction I)). The total of 21.1 g. of 
product rt:presr:iits an 86.5% yield assuming complete rwc- 
tion to the methylisocytosinrs and sodium methyl sulfate. 
'Rip  follonirig table givrs siilfrir analyses and R f  values in 
solwnt A for the foiir fractions with 12/0.51 corresponding to 
starting material. A valrie of l2Y0 S corresponds to about 
50y0 sodium methj.1 sulfate: 

P'mction I t ,  i n  Solvriit A 50 s 
A ( 2 2 g,) 
B (1.5 0 g.) 0 38 11 1 
c (Q5 5 g )  0 38, 0 62 1:1 2 
D ( 1 4 g.) 0 38,O 51,O 62 9 !I 

0 38, 0 51, 0 62 - 

Five hriritlretl pr:tins of Celitct !vas niixcd with 250 ml. of 
L t i o  stationary phaso of the solvont syst,em ethyl acetate:- 
ir;ethariol:water (4 :  1 :2 ,  v./v.), tht:ri packed in uniform in- 
crements ahoiil c(1ii:LI l o  tlic t1iainetc.r of the column (column 
= 5.5 cm. in cli:mic:tc:r X 90 cm. in leiigth). Fraction C was 
dissolved in 25 nil. of the stationary phase plus 25 ml. of the> 
upper phase and mixed wit,h 50 g. of Celite. This was packed 
into thc coluinn Ivhich was t,hen developed with the mobile 
phase. The effluent from the: coliirnii was run throiigh a flow 
cell Ivith a light path of 0.5 cm. and the ultraviolet absorption 
a t  255 mp recorded automatically. Thrre was a peak a t  650 
nil. (1 hold-hack volume) and a minimum after 1300 ml. 
Elution of the column with an additional 4 hold-back vol- 
umes of the mohile phase did not produce any more material. 
The column wns  tlirn Ivashed ni th  methanol.8 Evaporation 
of the first 1S00 mi. of rluate left 1.25 g. of product; m.p. 
254-264". This product \vas slion-n to be 3-niethvlisocytosine 

to 3-inetli~~luraril. For analysis a portion 
Il izcd froin :tl)soliitc: c,thanol; m.p. 262- 

Anal. Calctt. for CiHiNjO (125): C, 48.0; H, 5.6; N ,  33.6. 

Fhaporation of the methanol wash from the colrinin gave 
2.5 g. of solid: imp. 140-1(i5O (12.!15i S) .  Paper chroma- 
tography in solvent .4 s h o w d  the other isornttr (Rf 0.38) was 
in this fraction. However, fraction l3 contained most of the 
I21 0.38 isomer and it was purified in the following manner: 

Three grams of fraction B was dissolved in 20 ml. of water 
and heatrd on a steam bath. To this was added 20 ml. of 
hot, saturated ethanolic picric acid and the picrate crystal- 
lized immediately. The mixture was cooled and the solid 
\vas collected. The damp picrate was dissolved in a solution 
of 300 nil. of wttcr and 50 ml. of ethanol by heating. The 
solution was cooled to 50" and t,reated with Dowex-l(CX3;) 
until the sripcrnatant ivas  colorl(ss. The resin was filtered off 
arid thr  filtratr evaporated to dryness in tiacuo with the aid 
of ahsolute ethanol. The residue was recrystallizrd from 60 
nil. of ahsolutr rthanol; yield 0.10 g. m.p. 272-278' der. 
Corirriitration ,of the filtrate to I0 nil. gave an additional 
0.17 g., m.p. 27:1-278" dec. For analysis a portion of  the first 
crop \vas rrcr~.stallixed from a1)solutc ethanol; n1.p. "5- 280"; 

0.38 (solvrnt A ) .  T h i s  product was shown to be 1- 
irictli\.lisoc~~tosirlc (1') I>v hydrolysis to l-mrth>~liiracil. 

Anal. Calcd. for C,HiN,O (125): C ,  48.0; H, 5.6;  S,  33.6.  
IJound: r, 48.4: I T ,  (i.0; X, :<;<,3. 

i1 lka l tne  hytlro/!/sz.s of V I .  Five h i i n c l r t d  ~nilligr:~iirs of thc 
I o w r  nidtiiig ~i ic~lh~~lisocytosi i i~~ ( V I )  was I i c ~ t t c d  for 1.5 
h r .  on n str:tni bath in 5 nil .  of 1% sodium hydroxide,. 'I'hc 
soliition \v:m t.vapor:ilcd to about 2.5 nil. and acidified hot to 
p H  5 wit ti conrentrated h>.tlrorhloric acid. The precipitated 
glass \vas rcwiovrd hy filtration and thr  filtratr evaporat,Pd 
to dryness in uuctm with  the aid of al)soliitr alrohol. T h r  
rcsidue was extractrd with 25 nil. of a1)sohite :iloohol and 
the extract was evaporated to 1 0  nil. and coolrd; \.ield of 
crystalline product, 121 ing.; n1.p. li!4-181°, The irifrarrd 
spectrum of this material was idcritical with t l ic  sliortr~uii of 

266", R f  0.62 (solv(,Iit .\). 

E'orlrld: c, 47.7: I f ,  5 . 6 ;  s, :38.8. 
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an nuthcntic sample of 3-methyl~raci l .~  Paper chroma- 
tography of the mother liquor in solvents A, B, and C showed 
that  3-methyluracil wa8 the only detectable product. 

Alkaline hydrolysis of V. Ninety-five milligrams of the 
higher melting isomer (V) obtained from the methylation of 
isocytosine was dissolved in 2 ml. of 1N sodium hydroxide 
and heated on a steam bath for 1.5 hr. keeping the volume 
constant by the addition of wat.er. The solution was acidified 
hot to pH 5 with glacial acetic acid and filtered from some 
precipitated glass. The filtrate deposited needles when 
cooled; yield 40 nig.; m.p. 230-235'. This compound was 
identical with an authentic specimen of 1-methyluracilg 
(mixed melting point and infrared spectra). 

3-hfethylisocvtosine (VI) via the amination of 2-methylthio- 
S-methyl-$(SH)-pyrimidinone. One and a half grams (9.G 
mmoles) of 2-methylthio-3-methy1-4( 3H)-pyrimidinofIes was 
added to 50 ml. of absolute methanol, cooled to 5', and 
saturated with anhydrous ammonia. The resulting solution 
was heated in a bomb a t  155' overnight, then filtered to re- 
move some black, amorphous material. The filtrate was 
evaporated to dryness in Vacuo and the residue dissolved 
in absolute ethanol and again evaporated to dry- 
ness. The residue was then dissolved in 15 ml. of 
absolute ethanol, treated with Norit, and filtered. 
After chilling the solution overnight, the cryetals 
were collected; yield 0.50 g., melts over long range start- 
ing a t  135'. Paper chroinatography in solvents A, B, and C 
revealed that this was a mixture of 3-methylisocytosine and 
3-methyliiracil. Recrystallization of the mixture from 5 ml. 
of ethanol (Norit) gave.0.20 g. (16%), m.p. 253-260" of 3- 
mcthylisocytosine. This material was chromatographically 
homogeneous and traveled side-by-side in solvents A, B and 
C with one of the isomers (VI) obtained from the methylation 
experiment. 

I-Amino-l-( 2-carboxyethy1)-$( I H)-pyn'midinone (I1 ). 
Isocytosine (20.0 g., 0.18 mole) was added to 180 ml. of I N  
sodium hydroxide containing 40 ml. of acrylonitrile and r o  
fluxed for 2.5 hr. Aft,er t,he excess acrylonitrile was removed 
in vacuo, the solution was treated with Norit and filtered. 
The filtrate was acidified to p H  5 with 25 ml. of glacial acetic 
acid and cooled; yield of product 22.2 g. (66%). The mother 
liquor deposited n second crop (2.6 g.) after long standing in 
the cold. Paper chromatography in solvent D showed that  
the second crop was the pyrimido [ 1,2-a] pyrimidine (VII). 

Two grams of the first crop was recrystallized from water 
for analytical purposes; Rf0.44 (solvent D). 

Anal .  Calcd. for C~HgN303 (183): C, 45.9; H, 5.0; N, 22.9; 
Found: C, 45.6; H,  5.2; N, 23.1. 

6,7-Dihydro--dH-pyrirnido [ 1 ,2a] p?(rimidine-%,8-( SH)-dione 
(VII). Two grams (10.9 mmoles) of 2-amino-l-(2-cart>ouy- 
ethyl)-4(1H)-pyrimidinone (11) was reiiuxed for 1 hr. in 50 
ml. of glacial acetic acid. The solution was evaporated in 
vacuo to an oil which crystallized after adding absolute 
et,hanol. The alcohol waa removed in  uacuo and the crystal- 
line product slurried in absolute alcohol and filtered; yicld 
1.65 g. (92YC), m.p. 255-255' dec., R,  0.60 (solvent D). 

Anal .  Calcd. for C ~ H T N ~ O P  (165): C, 50.9; H,  4.3; N, 25.5. 
Found: C, 50.6; H, 4.3; N, 25.7. 

When VI1 was dissolved in 0.1N sodium hydroxidc and 
allowed to  stand for 24 hr. a t  room temperature, spcctro- 
scopic and chromatographic examination of the solution 
showed that  VI1 had been converted back to the open chain 
compound 11. 

I-~~rnino-~-hydroz~jpyrirnidine-6-carboxy~ic acid (VIII). 
Guanidine hydrochloride (9.5 g., 0.1 mole), 21.2 g. of diethyl 
osalacetate sodium salt (0.1 mole) and 0.5 g. of ammonium 
thiocyanate were added to 15 ml. of ethanol and stirred for 
10-15 min. Ten drops of concentrated hydrochloric acid was 
added and the stirring was continued for an additional 2.5 
to 3.0 hr. After standing overnight a t  room temperature, a 
solution of 28 g. of potassium hydroxide in 100 ml. of water 
was added ,and refluxed for 1 hr. The solution was then 
treated with Norit and acidified with 30 ml. of concd. hydro- 
chloric acid; yield of product 8.8 g. This product was dis- 

solved in 120 ml. of 1 N  sodium hydroxide on a steam hath, 
treated with Norit and filtered. The filtrate was acidified 
with 10 ml. of concd. hydrochloric acid; yield 6.3 g. 11 srcond 
purification wa.s carried out using 200 ml. of 0.5N sodium 
hydrovide and 8.3 ml. of concd. hydrochloric acid; yield 5.3 
g. (34y0); RfO.56 (solvent E). 

Anal .  Calcd. for Ct,HoNaOa (155): C, 38.3; H, 3.6; N, 26.7. 
Found: C, 38.7; H, 3.3; N, 27.1. 

2-Amino-3-( !?-carboxyeth yl)-4-oxo-8,4-dih ydropyrimidine- 
6-carbozvlic acid ( IX).  2-Amino-Chydroxypyrimidine-6- 
carbo~ylic acid (3.9 g., 0.025 mole) was added to 51 ml. of 
1 N  sodium hydroxide containing 6 ml. of acrylonitrile and 
refluxed for 10 hr. Two 6-ml. portions of acrylonitrile were 
added after 6 and 9 hr. The excess acrylonitrile was removed 
in vacuo. The solution was acidified to pH 2.0 with G N  hy- 
drochloric acid, cooled, and the product was collected and 
dried; yield 4.25 g. (75Yc), m.p. 294-295' (gas evolution with 
previous browning and wetting). For analysis a portion of 
this product was purified twice by dissolving in 2 equivalents 
of hot 0.3N sodium hydroxide and acidifying with coriccn- 
trated hydrochloric acid; m.p. 299-302'; R f  0.49 (solvent 
E). 

Anal .  Calcd. for CsHsNyOs (227): C, 42.3; H, 4.0; N, 18.5 
Found: C, 42.2; H, 4.1; N, 18.8. 

6,7-Dihydro-4H-pyn'mido [ I  ,241 pyrimidine-.@( 9H)-dion E 

(X). 2-Amino-3-(2-carboxyetliyl)-4oxo-3,4dihydropyrimi- 
dine-6-carboxylic acid (1.0 g., 4.4 mmoles) ( IX)  was heatcd 
to 310' in a silicone bath for s twra l  minutes until gas evolu- 
tion appeared to be complete. The cooled residue was ex- 
t,racted with two 80-ml. portiona of hot 50% ethanol. The 
extract waa evaporated to dryness I;: uacuo and the residue 
wa5 taken up in 20 ml. of 50Yc ethanol. A%er standing over- 
night a t  room temperature a small amount ~f a gummy solid 
ha.d precipitated. This was filt,ered off and discarded. The 
filtrate, on chilling, deposited crystals; yield 0.23 g. (34.59?c). 
Paper chromatography in solvent E showed the pr;mary spot 
a t  R, 0.70 with some fluorescent impurities. Two 8 w y t , a l -  
lizations from 50% ethanol gave 80 mg. ( l l ~ o )  of chrowato- 
graphically pure material; m.p. 295-298' dec. 

Anal .  Calcd. for C7H~N302 (165): C, 50.9; H, 4.3; N,  25.C. 
Found: C, 51.1; H, 4.5; N, 25.6. 

When a sample of X was dissolved in 0.1N sodium hy- 
droxide and allowed to stand 24 hr. a t  room temperature its 
ultraviolet absorption spectra were essentially identical to  
the spectra of 3-niethylisocytosine (VI). In  a second cxperi- 
ment, 73 mg. of X was dissolved in 1.0 ml. of 1.012: sodium 
hydroxide and allowed to stand 24 hr. a t  room tempvrr:iturc. 
The solution was then cooled and acidified, first to p H  5 with 
acetic acid and then to p H  2.5 with 6N hydrorhloric acid; 
yield of crystalline product 12 mg. The ultraviolet absorp- 
tion spectra of this product were again essrntislly identical 
to the spcctra of VI; R10.67 (solvcnt E), 0.52 (solvcnt A) .  

2-Arnin~Y-nkcthyl-4-oXo-S,$-diilydTop?Jrimidine - 6 - cnrhor- 
y / ic  i lcid (XII). Five grams (0.032 mole) of 2-;imino--l-hy- 
droxypyrimidine-fi-carboxylic acid was dissolved in J 00 ml. 
of water by adding 21 ml. of 10N sodium hydroxide solution. 
Dimethyl sulfate (13.8 ml., 0.138 molc) was added drnpwisc 
over a 50-min. pcriod with stirring. The tempcrature rnsc to 
40' during this process. After stirring for an additional I .5 
hr., the solution was treated with ,Norit, filtered, and t,h(. 
filtrate acidified to p H  1 with 6 ml. of concd. hyrirochloric 
acid. The crystals were collected and dried; yicld 4.8 g. 
Paper chromatography of this material in solvent E rcw:ilrd 
two spots R ,  0.56 and R ,  0.G7, the slowvrr-moving spot (>or- 
responding to the starting compound. The product. WIS rc- 
dissolved in 100 ml. of 1N sodium hydroxide and treated 
with 6.5 ml. (0.OG5 mole) of dimethyl sulfate, droinvisc, 
over a 20-min. period with stirring. After stirring again for an 
additional 1.5 hr. the solution was treated with &'orit and 
acidified to pH 1 with concentrated hydrochloric acid; yield 
3.4 g. (63%), m.p. 290-292.5' with gas evolution; R ,  0.67 
(solvent E) with only a trace of starting material. 

Anal .  Calcd. for CsHiN303 (169): C, 42.6; H, 4.2; N, 24.9. 
Found: C, 42.5; H, 4.7; N, 24.7. 



S-Jlethylorotic acid (XIIT). 2 - A m i n o - . 7 - n i e t h ~ l - . ! - n ~ ~ - ~ ~ ; ~ -  
dihydropyrimidine-6-carbosvlic acid (100 mg., 0.69 mmolc) 
(XII )  was dissolved in 2 ml. of 1A’ sodium hgi!roside and 
heated for 1.5 hr. on a st.rani b:tth cluriiig wliicli time the 
volumc dccreased to 1 ml. The volume wss ndjiistcd to 2 nil. 
with watcr and the solution acidiIicd to p€I 5 with glac,i:rl 
acetic acid; yield 12 mg. Paper chromatography in solvent E 
showed this crop to be a mixture of startirig material ( R J  
0.54) and an unidentified, lower Ii?f product. The filtrate was 
further acidified with 6 N  hj.drnchloric acid to give 34 nig. 
(34%) of 3-methylorotic acid m.p. 313-316’. This W : ~ S  identi- 
cal (melting point and chromatography in solvent E [X, 
0.66)1 to an authentic specimen prepared by the method of 
Fox el a1.” 

DecarCo.rylation of &amino-S-melhyl-&-oro-3,4-dih1~dro- 
p~firnidine-6-ca7bozylic acid (XII). Compound XI1 (0.75 g., 
4.4 mmoles) was refluxed for 2 hr. in 100 mi. of quinoline. 
The quinolirx solution was then extracted with thrce 100-ml. 
portions of water and the combined watcr washings were es- 

(17) J. J. Fox, N. Yung, and 1. R7empen, J3iochim. et 
Biophys. dcla, 23, 295 (1957). 

trncted I\ ith ether ( to  remove n c c s s  quinoline). The aquc’oiis 
layer was evaporated to dr? ness in vumio and the residue was 
taken up in about 50 ml. of absolute alcohol. After concen- 
trating the solution to ahniit 15-20 ml. and chilling there waa 
otitained 137 mg. of prodrirt. Two further crops weighing 82 
and 42 mg. (477&) total yield) were obtained by concentrat- 
ing the mother liquor. All three crops traveled side-by-side 
with 3-methylisocytosine in solvents A ( K f  0.G2) and E ( R J  
0.77). The three crops were combined and recrystallized 
from 8 ml. of ethanol using Norit; yield 100 mg., m.p. 2G4- 
267’. The infrared spectrum of this product was identical 
with the spectrum of the 3-mctliylisocytosine obtained by 
methylation. 
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Nine dialkyl pyrimidylphosphonates and six frce phosphonic acids, corresponding to these esters, were synthesized for 
biological studies by modifications of the Arbuzov and the Michaelis reactions. 

The present investigation was undertaken for 
the purDose of exploring the possibilities of biologi- 
cal activity among organophosphorus compounds 
containing a pyrimidyl radical joined directly to a 
phosphorus atom. Our particular attention was 
directed to the compounds of the phosphonic acid 
family, i e . ,  RPO(OH),, in which the radical is a 
pyrimidyl group either with the most simple 
substituents or one that is unsubstituted other- 
wise. This selection was made in order that the 
behavior of the simplest members of the series could 
be evaluated. This line of approach appeared to  be 
potentially useful in view of the existence of many 
biologically important organic compounds which 
contain the pyrimidyl radical in one form or another. 
The compounds constituted about a pyrimidyl 
radical joined directly to  phosphorus could consti- 
tute a possible line of metabolio antagonists since 
it might be expected that the carbon-phosphoriis 
bond would prove to be resistant to enzymatic 
caleavage and the substantially dipolar molecules 
could be expected to persist in a living cell. 

I t  was shown by one of us some years ago th:it thc 
conventional Arbuzov and Michaelis reactions may 
be applicable for the synthesis of phosphonates 
from nitrogen heterocycles contzining a halogen 

(1) This material represents the dissertation submitted 
by C H Roy in partial fulfillment of the requirements for  
the Ph.D. degree at the Auburn University h~liool o f  
Graduate Studies in June 1960. 

atom a t  a carbon atom in the cycle.2 For tlhis rea- 
son, this specific approach was used for the syn- 
thesis of various pyrimidyl members. The very low 
reactivity of 5-halopyrimidine prevented the syn- 
thesis of the 5-pyrimidylphosphonate, but the 
analogous 2- and 4-isomers were prepared success- 
fully, as were seven phosphonates with various 
substituents in the pyrimidine cycle. 

It may be noted that several unsuccessful at- 
tempts to accomplish such syntheses may be found 
in the earlier 1iterature.a . 

The phosphonates synthesized by us displayed 
a strong absorption band a t  300-320 mp in the 
ultraviolet. The infrared absorption spectra of 
these substances were also examined. The notable 
features of these spectra are as follows. The 2- 
pyrimidylphosphonate displays a sharp peak a t  
1225 cm.-’ which is absent in the spectrum of the 
4-isomer. The 2-chloro-4-pyriniidylphosphonate 
shows a band a t  685 cm. -l, probably caused by the 
C-Cl grouping, as this band does not appear in the 
substances devoid of chlorine in the 2-position. 
The normally expected absorption near 990 cm. -l 
for the pyrimidine ring is obscured by the pros- 

( 2 )  G .  XI.  Kosolapoff, J .  Am. Chem. Soc ~ 69,  1003 
(1347). 

( 3 )  €3. A. Arbuzov and B. P. Liigovhin, Zhur. ObslLchci 
Kh7m., 22,  I l W  (1952): A. Burger, J B. Clt.mcntq, N 1). 
Dnwson, and It. I3. Hendcrsori, J .  Org. C‘LCT~L.,  20, 138.j 
(I(’::). 


