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SYNTHllSES OF cU-WELED GUANINE, ADENINE, S-AZAGUANINE AND 

Edward L. Bennett 

Radiation laboratory and Department of Chemistry, 
University of Calif~, Berkeley, Calif.* 

ABSTRACT 

May 17, 1951 

Methods are described tor the syntheses ot aden1ne-4,6-Cl4, S-aza

adezrl.ne-4,b-ci14, ~nin~4-c14 and S-azaguan1ne-4-c14 in yields ot ,20% and 

45-50%, respective:Qr, f'romsodium cyanide.. The procedures use known synthe

tic methods with modifications to produce satistactory yields tor isotopic 

syntheses. 

The work described in this paper was sponsored by the U.s. 
Atomic Energy CommissiOIl. 

For publication in the Journal ot the1American Chemical Society. 



by 

Fdward t.. Bermett 

UCRL--1302 

-RadiatlonLaboratory ~nd Department of Chemistry~ University-
of _ California, B~rkeley, Californial 

Interest in $-azaguanine (5-am:ino-l-~triazolo Cd) pyrimidine) as a possible 

anti-cancer agent 2 made the synthesis of this compound as well as guanine, adenine 

and8-azaadenine (7-amino-l-y-triazolo(d) pyrimidine) labeled with isotopic car-

bon desirable forblological studies. 

The syntheses of several labeled pu:t"ine compOunds have been described3 in

cluding a deninf6cD2-c14 , 
4 adenine-4~6-C14, 4. adenine-S-C14,5 guanine-2-C14, 

6 
guanine-

8-C14,
7 

and 8-azaguanine-2-C14 .. 6 

(1) 

(5) 

(6) 

The methods indicated-in Figure 1 enabled a common intermediate, ethyl 

The work described in this paper was sponsored by the U.S. Atomic 
]hergy Commissiono 

Go Wo Kidder, V .. Co Dewey and R .. Eo Parks, Jro'} Science, l.Q2, 511 (1949)0 

For a S'UT'tlay of methods of -synth~ses of these and other heterocyclic com
pounds see' Co Eo Crompton and Ne HoW'oodruf'£, NucleOnics, 1, No o 4, 44 (1950). 

Lo F 0 Cavalieri, J .. F .. Tinker and A.BendiCh, J 0 Amo Chame Soc. 1l., 
533 (1949) 0 

Ve M. Clark an4 H 0 Ka1ckar, J 0 Cham.. Soco_~~9 (1959) .. 

"Progress Beport on the Chemotherapy of leukemia and Studies on the Mechanism 
of Action of Certain Anti-Cancer Agentslt ~ Southern Research Institute, 
Birmingham, Alabama, August 15, 1950,,-

Me Eo Balis, Go B~ Brovm'1. G~ Bo Ellon~ Go Bo Hitchings and Ho Wanderververff, 
Jo-Biol. Cham .. 188, 217 {1951)0 -
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cyanoacetate, to be used in the syntheses of the four desired compo1l..l1c1.so The 

method indicated for adenine-4,6-C14 is essentially that described iri refe:renc9, 4 

but mOdifications in the procedure inereased the yield from sodium cJ~U:'l; de from 

.308% to 2a'foo 8-Azaadenine 'WaS prepared 'in: a similar yield 0 The syntheses of 

guanine-4-C14 anc;l 8-azaguanine-4-C14 follo'tved know procedures 'with modifications 
... '.' , . " 

that allOl-led overall yields from sodium cyanide of 45-50% to be obtained 0 By 

suitable mOdification in the labeling of the ethyl cyanoacetate, the procedure 

described belOW can be readily adapted to prepare guanine- ,or 8-a.zaguanine label-

. ed in the 5- orb-pOsition, and adenine or 8-azaadenine labeled :5.n the 5-positiono 

":,1 .' 

f 
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Figure 1 
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CNCH2CONH2 

*, 
CNCH2CN" ' 

" . ."! 

XIII' 

VIII -., 
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Ex;perlmenta1 ,. 

. . .J:. f ~:. . 
Ethyl cyanoagetate-3-C14 (l)4,8 g - Forty mco of 'barium carbonate', was converted 

to potassium cyanide9 in three 2 IllInoie preparationslO 0 Hydrogen cyanide was 

, gen'erated' by,the,Addi tionof,' 3 :f sulfuric acid and collected in 24 role of 0 0 3 F 

sodiUm hydroxide in 85% yield from barium. carbonate. Sevente~i1:'mi:' Of."an'inactive 

2 Fsodi~ cyanide ,solution and 22 role of a 2 Fsodium chloroacetate solution 
:. ,r ': _ ", 

(prepared by neutralizing 4015 go of chloroacetic acid with 2.36 go ot: sodium 

carbo~te) were added, ~d,the 's,olution was heated in a waterba~h at 7Q.;.95° 

OVer a 20 minute period o The cooled f3olution~s'acid.iH.ed with 10 rolo Of ,]D.;72% 
'. I' 

perchloric acid (sulfuric aCld is equally satisfactory) and extracted£or 48 hours 

in a continuous liquid-liquid extractor with ether 0 

~e cyanoacetic-.3-C14 acid in ether was converted; to the ethyl ester by 

the carelul addition of excess ,diazoethane in eth~r ,(prepared from N-nitros~N

ethyl" Ureall) at 0°. <The 'reaction,: mixture vm~ an~ed to stand several '~6irrs. at' 
'. . " ".. . :.,\ \' " 

00 , then ,cooled in a Dry Ice-isopropyl alcohol bath ,to freeze outwater~,i1'h:e ',' 

ether"soiut~on of 1 was decanted and divided into two, equal portions each esti-
, ~ ;:'i:'<:;'<:~: ;:.~.:;' 

mated t9 ,contain 15 mc 0 (18 mmoles) of 10 The ether solutions were distilled 

first, atatmospher.ic pressure and finally at reduced pressure through a small 

Vigr¥tE-type> still head' lmtil the residual volumes were about; 5:inl~ In order 

(8) JoKoHo IngliS, ftOrganic":Synthesestt , Coll. VOle I, JOhn\lil~y ,& Sons, Inco', 
,New York, New 'Y'()rk (1941.), po 254,. 

Ro Eo Selff and B 0 M:o Tolbert, UCR;L Report #1299. 

(10) ~ The author 'Wishes to acknOwledge the prep:u-atio+lof' the' hydrogen cyanide 
by Mr o~eEo Selff 0 ' ';" 

-./ ~ .. ,',;', .;: .. ,';.: 

'(JiY , Jr'; AXndt~' WCh:-ganic Syntheses", COll. Vol. II, John WUey', & Sons , In~,~, 
" New York, rrew YQrk (1943) 7 p~ 165 ' 

.' "" " ." 

,I .. : 

t 
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to dry completely, 50 mle of benzene waS added, and the small aqueous phase Was 

sep:1rated. The solution ws again concentrated to 5 ml. (600 bath temperature/ 
. ... !; 

40 ~.) followed by the addition of ,30 ml. of benzene and r~concentration. The 

combined ether-benzene distillates contained about 6% of the c14 activity when 

plated into sodium hydroxide. 

C:rnppgcetamide-3-Q14 (11)4,12: .,;;, To.! was added 3 ml. of concentrated ammoniulli 

hydro.rl~e, the ,solution was allowed to stand at room temperature for one-half 

hour, then stored at 00 overirl.ght. l! was removed by filtration, washed with a 

small amount of cold ethanol and air dried; yield, 800 mg. The filtrate and wash

ings were concentrated 1.Ul.d:er reduced pressure to 1 mlo (the distillated contained 
was 

1 mc. of a volatile compound), 4 m1. of ethanol/added and the solution was again 

stored at 0
0

.. l! was obtained in a yield of 475 mg; total yield, 1 .. 275 g. (76% 

.from. sodium cyanide). The filtrate from this fraction contained 2-,3 mc. but attempts 

to isolate additi.onal cyanoacetamide by isotope dilution were not successful. 

M:lIOhonitrile-l-C14 (III) and Phenylazomalononitrile-l-c14 (IV)48 - The sublima-

, IQation reaction appar~tus shown in Figtlre2 was 'used for the prep:1ration of ID. 
the -

By/follOWing procedure,~· yields -Of, 60-70% in the conversion of' 11 to 11 were ob- . 

tainede .ll (1.27 g.) was placed in the reaction-subllmation aptm"atus (Figure 2), 

1.3 g. of phosph~ penta chloride was added (operations carried out in a dry box), 

and mixed by gentle shaking. The reaction was carried' out by heating' for 4 minutes 

at 95-1000 (water aspirator) ,and after the initial reaction had subsided isopropyl 
, 

I " ' 
. alcohol and Dry ,Ice were placed in the cold finger and the product was sublimed 

(12) B .. B. Corson, R. Wo Scott and C. Eo Vose, &1lOrganic Syntheses llll
, Collo Vol. I, 

John Wiley & Sons, Inco, New York, New Yor1.t (1941), po 1790 , 



at ,30 rom o as rapidly as possible '6nt~ it by uidng an. oil bath previ:ausly heated 

to 16~170o 0 The sublilJlation requi:rsd'abOu"t '5 m.mtite!s· and yielded a light yellw 

produ©t" m 'i.iras X"i:ns<t~d from the cold ,finger ,into a 125 m1~ cOniea.l f'laskwith 

5 mlo of methanol and 22 mloiOf' 2F SOdiU11l acetate~ and t.hetl it solution Of· ben ... " 

zane diazorJ;ufm, cl';,lQJ."ide (pr~pa.red by dissolv:iriglo9 go Qf aniline in 6 0 75 mle 

, "'" ~ ",,' - .~. . ~ :'. ",,: . 
of' 1075 go 'iJf sQ,¢ll1im n:ltr:tte in 6 m1" 4;fJ:f' water.l';;,) were a,del-ed and aft6i!:- storage 

(66%) of' lEo 

'~t'6-Di8~~,yhAA-YilaZQwr.in~~d4((Y14g = III (1070 gO\) 10 :romgles~ 805 mo.o) 
" 

was· P1a©61Q. ;In a jO ml" (c;Qnical flask ~quippad with a ~ jOint" Absolute butianol 
, . I • 

{, ml.ut<l 10:1.4 gj) (1504'I1J\I."l.~1IIDs) of' f'OI"mruDJ"dine hYOxo@tuQ'X'ide14 and 140 0 nU" of 
• ~ lJ .' , .' . • .' 

',a 1 .. 2 F sodium but,QOCide solutiol:.'. 'l.,j'efce added.. A ref'lt.ti!: ~ondens:ro:" and d>~.Jl.ng tu~e 

were at,t.'1.\7ned 9 the conterrtswere nixed by s'W,XlJ,ng at room tempe;r:"at1.U"'e ',for 10 
, • , ' C • - :,' , l, 

minu-'ees 9 't.hen ref'l'l.!lCed f'o.r. ,tow:" hours 0 Arter storage at 0': t9VeJ."rl .. J:.ght.~ th.6 product 
,.' 

,ws rem01.red by £i1 'i,:,;ra tion and wshed 'With small portions Qf cold ethanol and 

(13) J .. Bo Con.ant~ Ro Eo Lut~ and Bo Bo CQrsQn$) IlllOrgtmicSynthes6s\lll9 Coll o 
VOl o 15) Jobn Wiley & Sons 9 Ir.l.Co~ New York~ N~w York (1941)9 Po 490' 

(14) .D.itf'ieulty 'WaS experienced. in the pr'eJpli"ation of ethyl fCX'mimino ether \, 
hyd'1I'Q~hlQl'ide on a 4 mole s~ale by the p!'iOCledure described in (4) using 

. 

8, lJ.U"ge aK:C®SS o,f' anhydrous hydrog\7n ClhlOr:tds" '-"he proou~t app9sxed to be 
:mainly amIll.OniUID, cl1,lorids., Subs6qu'6nt preP>;l,loations uslng 101 moles of hy= 
d..~Qgen cl110l"id~/mlQle of' hydrogen Clyardde15 ' yislded a: :pl"odu©t eontaining'!' 
a.bout 65 mole percent Q.f the desiJ;>ed pr'QdUcr*'d and 35 mole P'SJ,"t"cent ammonium. 
t~hlQ"!'ideo 'The analysis given for the iminQ ethE',l" in' (4) (f,;h~ory<3204%) 
indi©ates tbB,t, it alsQ may have b6en impm'6t> 
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water and air dried. ChrOmatogl-aphy of a' small po~tiori of this 'cOmpound on sili~ic 

acid-celite '(developed. with 95% b~~ene-5% ethanol) indicated that itws '85% pur.~ 

The corrected yield. was l~ g. -(70%) 0 Condensations, carried out ill methanoi yield' 

ed nO product, while' One carri~d out in ethan~l gave 55% 'of 10 . 

4p5Q6-.TriaminopyrimidineSU#ate-4~c4 lvI}g ~ '1, (1060 g~, 85% Pure) wa~dissolved 

in 10 mlo of glacial a~etic acid and 205 g~ of pOWdered zinc was added In small 

portions oV~ a 15 minute period o The zinc wa~'removed by f'11tratlori andwshed 

with three 4 ml. portions of warm water co~taining 1 mlo of glacial acetic 'acid. ' 

The filtrate and washings we're cooled9 and 5ml~ of 9 F suJ...furic a~id were :~dded. 

Arter storage for 3 hours at 50, n was filter~d8.nd washed,with tnr~~ 2'~o pOr";' 

tions of cold water; yield 1.23 g. (78%) ~ No furtl:ter pI-OductVIas'- Obtain~d';even 
, 

after the addition of inactive carr~er~SeverC1,~' tr:i,al reductions usingRanei nickel 

on ! dissolvea in glacial acetic acid gave 65-70% yield~, but r~quired' a 'lbnger 
, , 

time to carry out and were no more satisfactor,y than the redu~tioridescribedo 

Adem.n~ Sl?]fate:-h:ydrate-4~C14 (VII)4: -' Several attempts' to repeat' the '~O'eed.'we';' 

described in (4) resulted in explosiOns of v.arying severity either when h~t:ing , ,', 

in the Carlus; tube at 160-i700 or especiall,y when opeidng'the cooled t~b~swith ' 
a hot rod at the end of the reactiono Therefore, the folloWing modification was 

used o 

n (612 mg.', 2.54 ~oles) was heated in a flask equipped w.itha retiux'" " 
• ::: .. c'" o· . '>:-, .<,' - t ' 

condenser in an 011 bath at 160 with 11 mloof formamide and 0'~3 mlo 'of9g..;100% 

fOrmic acid for 205 hourso After 1.2 hours, an additiOnal 0 025 mle of fOrmic acid 

ws added!, The formamide was removed 1u vacuo at a bath temperature of 140-145,()0 

The residue was; dissolved by warming in 9 ml., of 005 1 sUlfuric acid and the sola

tion was deco19;ized tdthasmall amount of Norlte and allowed to crystallize for 
'" '. '. 
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o 
several days at. 5. The light yellow product was filtered, 't'1S.shed with a SIJJa11 

amoUnt of water and ethanol and air dried o ,Yield:: 341mg. (67%, specific 

activity 0.85 mc/mmole). 

In o~er to recover additional n.J; from the filtrate, it vms passed .. 

through an ion exchange colUDlll (Amberli"tie IFA-400 in the Chloride' form), the 

e1ue~t fractions containing the adenine were concentrated to 2.5 ml, 60 mg. of 

inactive adenine sulfate and 0010 mlo of 9 F sulfuric acid- were added, and 
,. ,. \. 

aft.ertreatment with Norite and crysta11i~at,ion at 5°, 84 mg~ of VII, (specific 

activity"0.55 mc/nnnole) were obtained.. The total yield of m !'rom sodium 

cyanide 'lims 20%. 

The purity and identity of VIr were shown by ultraviolet 'absorption 
'. - ", 

. 5,16 . . 
spectrum, "max = 12,800 lit ~63 Io/f) pH 2 .. 0 and f~lter paper chromatography.,-

.. ~ .. 

Only one radioact,ive spot. (also visible/under ultraviolet light) was obtained . .' .,~ " .. , 
,jtl 

when VIr .t-~s chromatographed on t.Jhatman No o 1 filter paper using 4fJ ',.rt;..% . 

n-:-butanol-25.wt.% propionic acid-35 wt.% water as the solvent system _ (Rr= ~.f 

'when applied from hydrocllloric acid solution). 
-'1"7 - ,',.-;,':: 

8-Azaadenine-A,,6-C14 (7-amine-l-v-tri,azolo Cd) pyrimidine-3a,7-C14) (VIII)_,: -
J . ,.... ".' . , 

VI (608 mg., 2.52 mmoles) vms dissolved by Warmingtdth -10 ~o of 2 F sodium 
.! ~ :. ' , 

acetate. The solution Was cooled to room temperature, 1.5 ml. of glacial 

acetic acid added, followed by 213 mg. of sodium nitrite in 5, ml. of wate~. 

The solution \oms al101.J'ed to. stand at room temperature for 5 minutes during 

which time a buff colored precipitate formed, subsequently the solution was 

(16) 

(17) 

. .--' 

L.F. 
Soc., 

R. O. 
J. R • 

Cavalieri, A. Bendich, J. F. Tinker, and G~ B. Brown,J.Am.'Chem. 
19., 3875 (1948). 

Roblm, Jr., J. O. Lampen, J. P. English, Q. B. Cole, and 
Vaughan, Jr.~. J ~ Am. Chem. Soc., 67, '290 (1945). 
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heated en a steam .bath fer 15 minutes. ,fl.fter allewing VIII to. crystallize",a~ . 
. ' 

50., it 'Was filtered, wash~dwith a small ameunt of 'Water and alcehel.8.!ld drie.d. 

Yield:. 295 mg(86%)-.Theabeve p:r;-educt \-JaS disselved by warming in2Q m:L. ef,. 
. . .. . . '". ~ 

1 F ammoni'LllIlhydroxide, decolorized with 50 mg. of Ne;rite, and after filtering 

gla~ial acetic acid was adde.ddrepwise t~ the warm filtrate until a precititate 

'b",gan . to. form in the het so.lution. . The product was ,rem~ved frem the ceele,d 

selution and washed .lith water and ethanol; ~rj,eld: ,270 mg. (79%, specific" 

activity 0.~5 mc/mmole) •... 

The cembined. filtrates were concentrated and 51 mg. ef inactive VIII 
;, ." .. "'~ 

added. After one recrystalli~ation,> 52 mg. of VIII"was ebtained, spec~fic 

activity 0.19 mc/mmole. Thus" the tetal radieactive yield was 82% fremVI, ... 

and 20% frem sedium cyanide. 

The .. identity and. purity of' ·VIII were .shown by ultr~violet aq.serp1:,icm . 

spectra,~ '\ax = 10,100 a.t 264 JY(, pH 2 .. 0;. ~ = 10,850 at 275ry1, pH 6.5; 

. and ti.max = 10.,900 at 275 m}6pH 9.0 •.. The pesition ef.''i.
max 

at pH 2.0. agreE3~ 

with that reperted in (16), but the ether values are ~ot in agreement. He\,,-:

ever, the pesitien ef :e' fer pH 60 5 and 9.0 are in sU1:>stantial agreement . - max . . 

with these reperted in (17) •. 

Chremategraphy in butanel-prepienic acid-water gave a single spet 

visible under ultravielet light, Rf =00 70 which cerrespended with the 

enly radio'acti ve spet 0. btained. 

Anal. Galed. fer C
4

N
6

H
4

: C, 35.3; H, 30 0; N, 61.7. Feund:: G, 35.3; H, 30 0;: 

N, 61.7; 

. : .. 
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2,4-Diamino-6-hYdroxy-pyrimidine-4~CI4 (IX) and 2,4-Diamino-2=isonitroso-6-

hydroxv-mimidine-4-C14 (X)18,19:..;. 'A solution prepared from 4~6 g. of guanidine 

hydrochlorid.e and 1 0 04 goof' sodiuni in 20rDl. of absolute me,th8.nol VJaS added, 

to'l (18 Inm<?les) and the ridXture' was-refluXed for 8 ho'Drs (protected from 

moisture by a dr3ing tube). ' The methanol Was removed ~der reduced pressure' 

to yield a thick broWIl.syrup(IX). 20 This was dissolved in 4D ml. of water; 

30 m1:. of 2F ,sodiUm acetate, 8 nil.' of: 6 F hydrochloric acid and 30 ml. of ,',', 
, " 

2 F sodium'nitrite'were added. 'After several minutes4in1~ additional 6]' 

hydrochloric acid was added and the solution,was stored at 00 for several 

hours;, then the rose red precipitate of ~ was filtered and \\lashed with \.fater. 

It \-laS used to pre~re II' without drying since it was found that it could be . 

more readily suspended while still moist o The filtrate contained ~bout, 10%' ' 

of the starting C14 activit Yo ' 

2,4,5-Triarirl.ne~6-hYdro:xy-pyrimid~ne sulfate '(XI)18,19: '- Moist !'i.Ja;s'suspended 

ansi partially' dis~olved in 35 ml. 'of \-later and 4 ml .. of 5.9F sodium' hydfunde. 

J..ft~rseverai minutes 2~ 5 nil 0 of 405 F sulfuric acid: was' added with vigor6us"': 

stirring,~h~sol~tion was VJarm~d to 500 and 10 g.' of spdium hydrosUlfi t~ , , 
; . ' • _"I 

\-laS added in small portions over a 15 minute period. The warm:soiution was'" 

filtered and to the clear yellow filtrate was added 6ml. of 4.5 F s1fl.furic: 

acid. After storage at 00 , the crYstalline, light>yel1ow precipitate' 'Was 

(18)~ W. Traube, Ber. 33, 1371 (1900). 

(191 C. K" Cairt, M.F. Mallette, andE. C~ Taylor, Jr., J.Arn. Chein~ Soc., 
68, 1996(1946) .. 

! .: 

(20) Experiments indicated that the yields using absolute ethanol or butanol 
were similar although inclined to be more variable. The pH for the 
nitj':'osation shoUld be more acid than 5,,0 at the beginn:L'"lg of the 
reaction. 
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"l" 
~~ .. ~ 

filtered and ~sh~c1 ~th Vj~,!~.; Yi:eld: 

. " . 
. .' , . . . :~. < " . 

2.6~ g. ,(52% ~rom sodium cYanid~" 
. : : .• ,'< 

specific activity 0.85 mc!nullole). By the addj,tion ,of 215 mg. of carrier XI 
. - . . ~··<i'.,' :'",,,," .~' . -: ,.:j:-:"~. ~< '-::: 7-:' 

and 5 ml. of. 405 F sulfuric acid to the fi1~rate from ,the'above crystallization, 
. . . . '. ... .. ", " . ~.. ,\" '. '. .":. . .', " "::: ~, ;'~, . ;.: ,'" .. :;' , .' . 

338 mg. additional XI \~s ob~~~~~, spepific activj"ty 0.44 mc./~ole (equiva-

lent to ~% addit~on~l yield from~Oc1ium cyanide). 

hydrochloride dihYdrate-4~14 (nnIS:_ XII '(1.29 ,g~, 
.' . 

"-'- 1 

,5.0 nunoles) was 

mrnoles) of sodium formate. The formic acid was removed under reduced pressure, 

, and the light yellow' solid was dissolved in 25 ml. of 0.5 F hydrochloric acid 

and after treatment'with Norite, the: sol~tion was filtered and stored for 

'several daysat'5°. "'XII was removed by filtration, ,washed with cold water 

and air dried to yield 924,mg;. (83%, '45% from' soditirilcyanide,'specif'i6 

activity 0.85 ;mc~/nmi()le) 0 ,', 

',' , The pu.rity'and l.dentityofth6 compound,Was shovm'by papei", chromatography 

using butanol-propionic acid-we. ter as the solvent system:; ,'onlyone' spot, .' 

(Rf = 0 0 40) visible under ultraviolet light or on making a radioautograph 

i-ras present.' ~Theu1tra';;';'vi61et adsorption; spectrum,e.~':;:lliO()O' at:,21;.8 ~ 

7200 at 270 Il)t(, pH 2.0 agreed wfth an 'authentic sample :1.6 • ~ , '. ',[ 

8-Azaguanine-4-C14 (5-Amino-7-hydroxr-l-v-triazo10 (d) pyrimidine-3a-C14) 
17 (XIII) :: - XI (1.36 go, 5.3 nuno1es) was dissolved by warming to 800 with 

, 

30 mle of 2 F sodium acetate; 1.4 g. (20 ~oles) of sodium nitrite dissolved 
j, 

in 8 mle of water was added to the warm s~lut{bn and it l.vas heated for one-

half hour on a steam be. tho Glacial ac~tic acid (4 ml.) was added and after 

storage overnight at ~ ,the product VJaS filtered, washed with vrater, and 

,dissolved by warming ih 40 ml. of 1 F anunonium hydroxide, treated with 125 mg. 

of Norite and filtered. On storage at ~, 556 mg. of XIII VJas obtained (69%1. 
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By addition of glacial acetic acid to the warmed filtrate until a precipitate 

started. to form, an additional '19)+ mg. (24%)'of XIII was obtained. Total 

yield:' 93% from XI," 51% ~~m' sodium c;Yanideo" ; 

"~ eXhibit~d only one'radioactive zone after chromatography on paper 
,," ,. . . .,'. I.. .' I . 

using butanol-pro'pionic acid-~ro.teras the' solvent system, (Rf = 0 0 30). This 

,spot fluoresced strongly tmder ultra:violet light. The UltraViolet adsorpo-
. ., , 

tion spectrum at pH 2.0 indicated a single max. at 247'mp, f:~ =10,500, 

and a broad shoulder from 262 If)e( to 272 ~ and' agrees 'With that reported 

in (16). 

SUMMARY 

,Methods are described for ,the syntheses of adenine-4,6-c14, 

8-azaadenine .... 4 ,6_c14, guanine-4-C14, and 8-azag!.lalline-4-C14 in yields of 

20% and 45-50%, respectively, from sodium cyanide. The, procedures use 

knovlP. synthetic methods with modifications to produce satisfactory yields 
I, 

for isotopic syntheses. 

",The author wishes to express his app~eciation to, Dr. Melvin Calvin 

for his guidance and interest in the described work. 
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