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( CsH:)2C-------CHC6Hj 

r l  

'CHd 
I3.p. (rnm.) Calcd., '0 Found, 5; 

C'onipd. R or m.p.. "17. c €I c tl 
YXV" -COOEt 94-!rB 
SXVI" ---('OOH 201-20:: 
S X V I I  I€ 166-1fi8 ( 0 . 2 )  9.3.4 ($.t i  93.6 6 . 8  
a H. S1:tudinger, E. Anthes, : i t i d  F. Pfenninger, Ber., 49, 1928 

'11 it's p-fluorophenyl isomcr \I11 was iiiactivc. 

(1916). 

\Ve  ha\^ no explanation for this esceptioiial bcliavior. 

Experimentall 

General Method.-.\limy of the cotnpounds reported in this 
st,udy were prepared by nieans of a Grignard reacation according 
to the following procedure. To :I Grignard reagent niade by the 
interaction of slightly niixe than 1 g.-atom of 1Ig with slightly 
more t'han 1 equiv. of the appropriate benzyl halide in ether W E  
added an ether solution of I equiv. of the appropriate ketone. 
The mixture was refluxed for 1-2 hr. and was finally cooled and 
treated with a slight excess of water or methanol. The reaction 
mixture was then extracted with ether, the ether solut,ion \+-as 
dried, and the ether was removed to give the desired alcohol. 
Some of the alcohols so prepared could be purified by distillation. 
Others lost a molecule of water when distilled either alone or with 
a few drops of sulfuric acid and gave the corresponding un- 
saturated derivatives. Some of the pertinent details are given 
in Table 17. 

Triarylcyclopropane Derivatives (Table V) .  l,l,Z-Triphenyl- 
cyclopropane (XXVII).----Six granis of 2,2,3-triphenylcyc*loprcl- 
panecarboxylic acid prepared acwrding t,o the method of Statid- 
inger6 was heated above 290" until the evolution of COY ?eased. 
The reaction mixt,ure T ~ S  then ciist,illed and the fraction boiling 

(4) All melting points are corrected;  t he  hoiline points are uncorrected 
(5) See Table V, footnote a. 

at 16U-180" (0 .2 n i i i i . )  w:*s collectetl. IJpon retli8tillattion, tlie 
Ixoduct, was obtained in the foriri of' :t soft yellow g l u y s  boiliiig 
:it 166-168" (0.2 rnni.). 

Miscellaneous. 4-Chloro-N-(4-~hlorophenyIphenylmethyl- 
ene )an ihe  (XXIX).--~.k mixture (Jf 22 g. of p-c.hlorol)exizophenoi~e, 
26.6fg.9of p-chloroaniline, :tiit1 5 drops of c~oiireiitratetf tI('1 
was heated t,o 2.50' fnr  ahout 20 t i i i n .  The iiielt w:is i ~ v o l r d ~  
ext,racted with hot benzene, :md the benzene solutiori R':V 

filtered to remove :in insoluble ( line ni:iteri:Ll varj.ing i r i  

cnlor from dark browi to chrk l ) l i  he benzene x i s  renlovetl 
and the residue \vas di illecl tbviril i o  yield :i visiaous yellow oil, 
b.p. 190-1%2'i(o.2 mrri. 

- l n ~ l .  Cnl1.d. f(11. ( ' i t iH, ;<C : (.'. 70.1); 1 1 .  4.11: ( ; I ,  ? I , \ .  
Found: C ,  70.2: II, 4.0: ( : I ,  21.;. 

Pyrimidine Derivatives. VI. 2,4,5-Triamino-6-chloro- and 

The Chzldrrn's Cancer liesearch Foundation,  and the Departmetits of Biological Chumistrr/ unil I'athologil, 
HarLard Medzcal  School at The Children's Hospital, Boston, Jlussnchiisetts 
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The preparation of the title compounds has been accomplished from a( lic st;irting materials via a seyueiiw 
of steps involving synthesis and reduction of the corresponding 5-phenylazo derivatives. h s  an alternate ap- 
proach, nitrosation of two pyrimidine intermediates was attempted. Treatment of 2,4-diamino-6-chloro- 
pyrimidine with nitrous acid produced a multicomponent mixture which, by means of exhaustive paper ChrCJ- 
inatographic analysis, was found to  consist of 4-amino-6-chloro-27-hydros~.pyrimidie, 2-amino-6-chloro-4-hg- 
droxypyrimidine, 4-amino-2,6-dihydroxypyrimidine, :ind a i rwe  of unreaet,ed skrting nmterial. I t tempted 
nitrosation of 2,4-diamino-6-mercaptopyrimidine, however, resulted only in  the oxidation of the sulfur with 
consequent formatmion of bis(2,4-diamino-6-pyrimidyl) disulfide. In  the course of this work several previously 
unreported pyrimidines have been prepared. Quantitative ultraviolet absorption spectra are given for all coni- 
pounds prepared, as >vel1 as a summary of growth-inhibitory properties in selected in vitro and in viao bioassay 
systems. 

As part of a continuing prograin of cancer chenio- systems. We recently reported the synthesis of various 
therapy, a number of pyrimidine derivatives have been substituted pyrimidines using 4-aniino-6-chloro-2-nieth- 
synthesized in these laboratories for biological evalua- ylthiopyriniidine as a versatile starting inaterial.* 
tion and as precursors of condensed pyrimidine ring We should like now to describe the preparation of the 

(1) This inLestigation was supported in part by research grants ( c y ~ j 3 5  title compounds, as well as the synthesis and chemistry 
and 03516) from the Sational Cancer Institute, National Institutes of of SOIne related substituted pyriniidilles. 

The key intermediate utilized in this investigatioii Health, U. 5. Pubhc Health Service. 
(2) For paper V in this series see M. Israel, E. K. Protopapa. H. \ 

'I'his ('01 I I -  Echlein, and E. J. Wodest, J. \ led.  Chem., 1, 5 (1964). was 2,4-diarnino-A-chloropyrimidine (IV) . 
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pound was prepared by two different approaches, one 
involving chlorination of a dianiinohydroxypyriniidine, 
the other requiring amination of an aniinodichloro 
compound. For the first route, 2,4-diamino-B-hydroxy- 
pyrimidine (I) mas prepared by condensation of guani- 
dine with ethyl cyanoacetate. When the usual Traube 
conditions3z4 were followed, I was obtained in 45% 
yield along with an 8-12Ye yield of cyanoacetylguani- 
dine. The latter compound, originally reported by 
Traube, is formed by reaction of the ester group of 
ethyl cyanoacetate as evidenced by nitrile absorption 
in the infrared. The total yield of I could be increased 
to 58-64y0 by conversion of the uncyclized by-product 
into I in refluxing 1 N sodium hydroxide. However, 
the preparation of I based upon the procedure of Van- 
Allaq5 further modified by precipitation of the product 
a t  pH 8,'j was found to be superior to the Traube 
method and afforded I in 8O-85yO yield. Chlorination 
of I with phosphorus oxychloride (Scheme I)  by modi- 
fication of the procedure of Roth, et a1.,7 afforded IV in 
62-71% yield.'j 

The alternate route to IV, via monoamination of 2- 
amino4,6-dichloropyriniidine (111), involved first the 
preparation of 2-amino-4,6-dihydroxypyrimidine (11) 
from guanidine and diethyl malonate according to the 
method of T r a ~ b e . ~  Refluxing I1 with phosphorus 
oxychloride in the absence of dimethylanilines led to 
2-amino-4,6-dichloropyrimidine (111) in 50% yield 
after purification by either recrystallization or subli- 

(3) D. J .  Brown, "The Pyrimidines." Interscience Publishers, Inc., S e w  

(4) W. Traube. Be?., 33, 1371 (1900). 
( 5 )  J. A. VanAllan. "Organic Syntheses," Coll. Vol. IV, John Wiley and 

Sons, Inc., New York. N. Y., 1963, p. 245. 
(6) For successful and reproducible chlorination i t  is of critical importance 

to  use I free base that  is completely free of traces of acid salt. Material pre- 
pared according to the modified VanAllan procedure described herein, with 
precipitation a t  p H  8 and vacuum drying a t  50° for 17 hr., is suitable for 
chlorination. 

(7) B. Roth ,  J. M. Smith,  Jr., and M.  E. Hulquist, J .  Am. Chem. SOC., 
72, 1914 (1950). 

(8) D. J. Brown, "The Pyrimidines," Interscience Publishers, Inc.. New 
York, N. Y.. 1962, p. 164. 

York, N. Y . ,  1962, p. 71. 

N q = N c 6 H 5  - Sn + HC1 N 2 f H 2  

HzNI-\N NHz HzNJ+N NH2 
VI11 IX  

mation. I11 was then monoaminated with ethanolic 
ammonia at 160' following the procedure of Buttner.g 
This route afforded IV in 20% over-all yield in three 
steps from acyclic materials, whereas the first de- 
scribed sequence led to a 57% over-all yield of IV in 
two steps and obviated the pressure reaction. 

Refluxing IV with an excess of sodium hydrosulfide 
in 95% ethanol for 1 week afforded 2,4-diamino-6- 
mercaptopyriniidine (V) , which was isolated as the 
sulfate salt in 74% yield. The product was purified 
by reprecipit'ation from an alkaline solution by the 
addition of sulfuric acid. Control of pH is important : 
at pH 5-6 t'he half-sulfate is obtained, below pH 4 
the full sulfate is formed, and at  pH 4-5 a mixture of 
sulfate and half-sulfat,e precipitates with the latter 
predominating. The free base of V was prepared by 
dissolving the half-sulfate in hot 1 N sodium hy- 
droxide and adjusting the pH to 9.2 with 50% acetic 
acid. While this work was in progress, V free base 
was reported by Elion, et aZ.,10 via a sealed-bomb re- 
action of IV with potassium hydrosulfide. More 
recently, V sulfate was obtained by reaction of IV 
with sodium hydrosulfide in ethylene glycol at 140- 
15O0.l1 We have also prepared V in 20% yield by 
direct thiation12 of I utilizing a highly reactive grade 
of phosphorus pentasulfide13; earlier attempts to 
t'hiate I to V by means of the usual commercial grade 
of phosphorus pentasulfide under various conditions 
proved unsuccessful. 

The title compounds VI1 and IX were prepared by 
reductive cleavage of the corresponding 5-phenylazo 

(9) E. Biittner, Ber., 36, 2227 (1903). 
(10) G .  B. Elion. W. H. Lange, and G. H. Hitchings, J .  Am. Chem. Soc.,  

78, 2858 (1956). 
(11) G .  D. Daves, Jr.,  C. W. Noell, R. K. Robins, H. C. Koppel, and A .  G. 

Beaman, ibid., 82, 2633 (1960). 
(12) The direct thiation of I and various other 4-hydroxypyrimidines has 

been presented (E. J. Modest, S. Chatterjee, S. A. Lemlein, and D. M. Brun, 
Abstracts of Papers, 138th National hleeting of the American Chemical 
Society, New York, N. Y., Sept.. 1960, p. 4-0). 

(13) The authors are indebted to Dr. Theodor Reetz and Dr. John W. 
Cross of the Monsanto Chemical Company, St. Louis, Mo., for gewrou 
samples of this reactive grade of phosphorus pentasulfide. 
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coriipounds VI and TWI, respectively. \'I was oh- 
ained from tlic reaction of IT' with ~)ciizctiedinzoiiiuiii 
chloride in a sodiuni acetate- acetic acid h f i "  at pII 
.5-5.5.14 Howvcr,  the coupliiig of \- xvith 1)ctizcwb- 
diaeoriiuni chloride required specific alialine conditiolis 
(pH 9.6 animoniuiii hydroxide-amnionium chloridc 
buffer) for optiiiial quality of product. 

.inalytical saiiiples of T'I arid T'III n-erc obtained 
with great difficulty: purificatioti p r o x ~ d  cxtrciiic.ly 
troublesonic and involved coiisitlerable loss iii yirld. 
Such losses had to  he suffcrcd, l ion ('ver, espc&lly i t 1  

the. cas(. of \-I, for rcductioii of itiipuie azo coiiipouiid 
iiivaiiahly I d  to black amorphous solids possessiiig 110 

pyrimidine character in the ultraviolet. Reduction of 
highly purified T'I by iiiea~is of tin and hydrochloric 
acid, staiirious chloride and hydrochloric acid, or 
zinc and acetic acid afforded 2,~,;,-trianii1io-6-chlor.o- 
pyrimidine (VII)" in yields of 17-2(iyoJ the lo\v yields 
probably resulting froin the ease of hydrolysis of tlic 
6-chloro substitueiit. 1-11 could riot hc prepared di- 
rectly froiii 2,-l,3-t~iariiiiio-B-~1~~roxypyritiiidirie (X) by 
chlorination with phosphorus oxychloridc and, or 
phosphorus pentachloridc. 

Thc itiercaptotriaitiirie IX, isolated as the dihydro- 
chloride salt, mas obtained hy tin and hydrochloric 
acid reduction of purified TXI. This coiiipouiid has 
heen reported previously by Eliori, et al.,'" via an anal- 
ogous sequence of reactions involving the formation 
and reduction with zinc and hydrochloric acid of the 
corresponding 3-p-chlorophenylazo compound. 

In connection with the synthesis of these triamines, 
the possibility of preparing the 3-nitroso derivatives 
of IV and V was first investigated. It was hoped that 
these compounds might then he rcduced easily to 
VI1 aiid IX, respectively. The factors governing thc 
ease of nitrosation of pyriinidilics have been geiieral- 
ized.16 With sodium nitrite a id  acetic acid, the 
introduction of a nitroso group requires that electron- 
releasing groups (such as NH2, OH, SH, SCH,) hts 
present at the 2-,  1-, and 6-positioriq; without activation 
at position 2, mineral acid niust be used in place of 
acetic acid to promote the nitrosation. On the basis 
of this empirical rule, it \vas expected that V would 
undergo facile nitrosation but that IV would be nitro- 
sated with difficulty, if a t  all. 

13elow 20" sodium nitrite failed to produce any 
significant reaction with IV  iu either mineral acid or 
l.jyb aqueous acctic acid. However, above 30" in 
aqueous acetic acid, a reaction was achieved; a sandy 
brown solid, possessing none of the physical or chemical 
characteristics expected for a nitroso coiiipound, 
began to  pyecipitate midway through the reaction. 
This product cotitained a considerable quantity of 4- 
n1~iino-6-chloro-2-hydroxypyriiiiidirie (XIV), as indi- 
cated by the isolation in 5BYb yield of 4-amino-2- 

(14) A detailed study has been made in these laboratories of the pI-1 con- 
ilitions for optimal diazo coupling with substituted pyrimidines (H. N. 
Schlein, G .  E. Foley. and E. J. Modest, hbstracts of Papers, 131st Xational 
Meeting of the American Chemical Society, lf iami,  Fla., April, 1957, p. 3- 
N). 

(15) VI1  ha8 recently heen prepared by reduct ion of the corresponding 6- 
p-chlorophenylazo derivative [Y .  F. Shealy. J. 13. Clayton, C. A. O'Dell, and 
J. A. BIontgomery. J .  Oro. Cliern., 27, 4.518 (1962)l. Prior t o  his publication 
and when our work was newly complete, Dr. 3 lontgomer~-  kindly madr! 
avnilable t o  us a sample of Ilia material (m.p. 227O rlec.), whir,h TJrored to  I F  
identical with our own. 

(16) €3. Lythgoe. A. R. Todd, and A. 'I'opham, J .  Chem. Snr.. 315 (194.1); 
L). Lythgoe, Quod. Rev. (London), S, 205 (1949). 

??. SCHLEIN, ASI) PI. .J. ~ I O D E F T  VOI. 7 

r--- c1 I 
1 1 I NaNO? 

i XIX 1 
NaSH 

SH C1 

XIV 
f 

Nk 
CH3SAN IiHz 

N k  
* I , , ~ K  Ti132 

XVI XVIII  
OH blX7IJ ."I, 

CH3SAN NHz 
XVII 

The presence of XIV in the reaction mixture of IV 
mid nitrous acid was also demonstrated by paper 
chromatographic analysis. Descending paper chroina- 
tography of samples of the reaction product, run in a 
-1 : 1 : 1 1-butanol-acetic acid-water solvent systeiii with 
adenine used as an interrial standard, afforded three 
ultraviolet absorbing spots, one of which showed the 
saiiie R.\d value (1.15) as authentic XIV. Streaked 
chromatograms were then run aiid the strip correspond- 
ing to  R L k d  1.15 n-as cut from the paper and eluted 
with methanol. The ultraviolet absorption spectra 
of the material obtained on evaporation of the eluate 
matched those of authentic XIV in methanol, pH 1, 
and pH 10 buffer solutions. The 56% yield of XV on 
thiatiori of the crude product from the reaction of 
nitrous acid with IV  indicates that XIV is the major 
component of the reaction mixture and, therefore, that 
the preferred site of attack of nitrous acid on IV is at 
the 2-aniino group. However, since me have previously 
ahomii that tiitroils acid converts .l.-ainino-6-cbloro- 
pyrimidine into (i-chloro--l-~i?idroxypyriinidirtr, * i t  was 
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considered that attack at  the 4-amino group of IV 
would also be likely to occur. The identification of 
the other coiiiponents of the reaction mixture was 
attempted by comparison of R A ~  values and ultra- 
violet spectra of eluted material with authentic samples 
of the various replacement and hydrolysis products of 
IV (Table I). In  this way, XVI was shown also to be 

TABLE I 
RAd VALCES ASD ULTRAVIOLET ABSORPTION MAXIMA I N  

hIETHASOL FOR 2,4-DIAMINO-6-CHLOROPYRIMIDlNE AKD ITS 
HYDROLYSIS AND/OR REPLACEMENT PRODUCTS 

XCHaOH 
max 8 

Pyrimidine RAda mfi 

I 2,4-Diamino-6-hydroxy 0 .57  268 
I1 2-Amino-4,G-dihydroxy 0 .41  257 
IV 2,4-Diamino-6-chloro 1 .54  283 
XIV 4-Amino-6-chloro-2-hydroxy 1 15 283 
XVI 4-Amino-2,G-dihydroxy 0.59 263 
XIX 2-Amino-6-chloro-4hydroxy 1.50 226,288 

Barbituric acid 0.56 256 
6-Chlorouracil 1 36 261 

a Descending paper chromatography a t  24' with a 4 : l : l  1- 
butanol-acetic acid-water solvent system for 17 hr. with adenine 
used as an internal standard. Spot locations are expressed as 
R A d  units with adenine a t  1.00. 

present ( R A d  0.59). Elution of the uppermost absorb- 
ing streak (R.4d 1.51) afforded material, the ultraviolet 
spectrum of which did riot permit differentiation be- 
tween IV and 2-amino-6-chloro-4-hydroxypyrimidine 
(XIX).17 both of which exhibit R 4 d  values of approxi- 
mately 1.51 in 4 : 1 : 1 1-butanol-acetic acid-water. 
A solvent system (1-butanol-ammonia-water, 100 : 2 : 
16) was found that afforded a sharp separation of IV 
and XIX ( R y d  1.99 and 0.90, respectively). samples 
of the IV-nitrous acid reaction mixture run in this 
weakly alkaline solvent system clearly showed the 
presence of both XIX and a sinall amount of unreacted 
IV. These results indicate that nitrous acid attacks 
1V at both the 2- and 4-amino groups and presumably 
that one of the products, XIV, is susceptible to hy- 
drolytic replacement of the chlorine. S o  trace of any 
of several other possible hydrolysis and/or replace- 
ment products, e.g., 6-chlorouracil, l8 2-amino-4,6- 
dihydroxypyrimidine (11), or barbituric acid, could be 
detected. 

Attempts to prepare 2,4-diamino-B-mercapt0-5-nitro- 
sopyrimidine by direct nitrosation of V with nitrous 
acid or isoaniyl nitrite were also unrewarding, although 
the corresponding methylthiopyrimidine is nitrosated 
smoothly in 88% yield.lg Despite the fact that the 
substitution pattern in V allows for facile nitrosation, l6 

the product was always a yellow-tan solid which showed 
a hypsochromic shift of 21.5 nip (from A m a x  322.5 to 
301 nip) in the ultraviolet a t  pH 1. The product 
caused a gradual, rather than instantaneous, decolori- 
zation of Feigl's iodine-azide reagent2sz0 and, on re- 

(17) We are grateful t o  Dr. C. C. Cheng and Mr. Fred Baiocchi of the 
Midwest Research Institute, Kansas City, Mu., for the purified sample of 
XIX used for comparison in th i s  work. 

(16) The  comparison sample of 6-chlorouracil was supplied through the 
courtesy of Dr. R. B. Ross of the  Cancer Chemotherapy National Serxice 
Center. 

(19) E. J. Modest, H. Kangur, H. ?i. Schlein, and S. P. Bhattacharya, 
Abstracts of Papers, 131st National Meeting of the American Chemical 
Society, Miami, Fla., April. 1957, p. 4-N. 

(20) F. Feigl "Spot Tests in Organic Analysis " 5th English Ed., Elsevier 
Publishing Co., Amsterdam, 1956, p. 226. 

duction, returned starting material V in high yield; 
both properties are characteristic of a disulfide linkage. 
The structure was conclusively established as bis- 
(2,4-dianiino-6-pyri1nidyl) disulfide (XI) by conipari- 
son with an authentic sample prepared by oxidation 
of V by iodine in potassium iodide solution at  pH 6AZ1 
In contrast to the reaction of IV, paper chromato- 
graphic analysis of the reaction mixture of V and 
nitrous acid failed to show any indication of possible 
replacement and/or hydrolysis products of Ti. 

The ease of oxidation of the sulfur in V was further 
demonstrated by the formation of 2,4-dianiinopyrinii- 
dine-6-sulfinic acid (XII) on treatment of the niercapto 
coinpound with hydrogen peroxide (30%) at room 
temperature, this being completely analogous to the 
case of the 2-unsubstituted compound.2 This product 
showed the properties of an internal salt, being soluble 
at pH 1 and pH 10 but relatively insoluble in distilled 
water. 

Quantitative ultraviolet absorption spectra of coni- 
pounds prepared during the course of this investiga- 
tion have been determined and are given in Table 11. 

Compd. 

I 
I1 
I11 

IV 

YC 

V I  

Y I P  

YIIII 
I S h  

SI'  

XI1 

S I T  

T.4BLE 11 
ULTRAVIOLET ABSORPTION SPECTRA 

PH 1--- -pH lo-- -- 
A,,,, mp e X 10-3 Amax, mp c x 10-3 

265 20.07 267 13.91 
257 11.18 261 13.22 
233 15.25 233 14.83 
298 5 .75  299 5.59 

n 2290 9 .33  
282 7.76 

244 9 .83  226 17.40 
3 2 2 . 5  31.02 304 19.68 
358 29.85 233 13.52 

3 64 21.11 
22s 12. 68 23Ge 
305.5 5 .15  302 5.67 

9 Q 

310 27.37 325 13. 72 
214 32.55 
230 33.15 9 
301 18.08 
272.5 6.68 229 11.42 

292 7.11 
264 17.21 263 16.85 

290b 7.54 

225b 19.36 224 15.17 

a pH 2: 227 (9.55), 299 (7.43). Inflection. Lit.'o pH 1: 
242 (8.80),  322 (23.80); pH 11: 235 (15.30, infl.), 297(16.60). 
Lit." pH 1: 244 (8.10), 320 (28.10); pH 11: 237 (16.50), 298 
(17.50). Lit.'j pH 1: 229 (13.3), 305 (5.6); pH 13: 236 sh, 304 
(6.2). e Shoulder. f Dimethylacetamide: 286 (13.541, 393 
(26.20). YInsoluble. Lit.Io pH 1: 310 (21.80); pH 11: 240 
(13.60), 320 (12.10). llethttnol: 287 (13.87). 

The spectrum of the disulfide XI displays a similar 
behavior t'o that of its 2-unsubstit~uted analog; both 
are insoluble a t  pH 10 and show hypsochromic shifts 
in pH 1 solution for long and short wave peaks as 
compared to the thiol compounds froin which they are 
derived. For the long wave peak, this shift amounts 
to  23 nip for both compounds. Koppel, et a1.,22 have 

(21) These reaction conditions are essentially those described by W. H. 
SIiIler, R. 0. Koblin, Jr., and E. R. Astwood [ J .  Am. Chem. Soc.. 67,  2201 
(1945)l and were used more recently to  prepare thymidine disulfide and 4- 
thiouridine disulfide [J. J. Fox, rt al., ibid. ,  81, 176 (1959)l. 

(22) H. C. Koppel, R. H. Springer, R. K. Robins, and C. C. Cheng. J .  
Ore. Chem., 16 ,  792 (1961). 



generalized that the major absorption inaxiniurn of a 
4-niercaptopyriniidine, appearing in the range 300- 
320 ink at pH 1, undergoes a hypsochimiic shift i'rorti 
pH  1 to pH 10. The behavior of IX disagrees lvith thi- 
generalization in that the absorption iiiaxiniuni at 
312 nip at pH 1 undergoes a bathochroniic ihif t  to 
325 nip when the spectrum of a freshly prepared solu- 
tion in pH 10 buffer is immediately determined. This 
finding indicates that Boppel'q gerieralizatiori does 
riot extend to kubst i tuted iiiercaptopyriiiiidiiics 

Biological Activity.-The t\relvt, pyriniidinc, del I \  a- 
tives listed in Table I1 have heeii examined in \arioiis 
z n  vitro and in civo bioassay systeinb at the Ckiildrcii's 
Cancer Research Foundation.23 .I11 except Y I  and 
T'II have been evaluated in tlic ~S'tiq~torocrus i'aeca7zs 
S o .  8043-folic acid bioassay system in the pi~:sciice of 
0.001  nil. of folic acid.24 Six coiripounds (11. 
111, Ti, VIII, IX, arid XII) W I T  found to be active at 
a 507; inhibiting dose (ID5") of le+ thaii 100 y iii1. 

(ID50 = 60, 30, 25 ,  3, 50, and 80 y iiil. ,  respecitively). 
k'urther details of the antiriietabolite activity of ?,A- 
diaiiii1io-6-niercapto-.i-phenylazopyririiidiiie (T'III) arid 
reversal of inhibition in niicrobiological sybteiiis have 
been rcported.2i Of four compounds (VII, 1-11 I ,  
IS, and XII) investigated for activity against IC13 
cells (human epidenuoid carciiioiiia) in  culture,2fi t lw 
s~lfiriic acid XI1 Jraci active at aii IDj, of 66 y n i l .  

Tn civo activity has I-weii cvaluatcd i i i  o i i ~  or 1 1 1 0 1 ~ ~  

traiisplaiitable mouse tunior systeiiis according to t hc 
standard procedures eiiiployed iii this fouiidatioii. 27 

Coinpourids 11, V, T'I, and XVI exhibited slight to 
iiioderate tuiizor inhibition in the C1498 tuiiior systcui 
when administered iritraperitoiieally at riontoxic do>- 
ages. I, 11, and ST'I also dcnionstrated slight tuiiior 
inhibition 21s. 1'15% lyiiiphatic leuli~niia. 

i l ' c  are indebted to  1)r. ( h r g c  E. l'olcy foi tlw (I(,- 
terniiriatioii of the hiological activity of  those coiii- 

pounds in s~lectcd hactcrial aiid iiianuiialiaii ct.11 
(*ulturc systeiiis arid to  111, ('harlottc I.. lladdock a id  
I h .  Sidncy 1;arbci. for tho Iiiological data agaiiist 
t ~~aiisplaiitahlc iiious:c tuiiioi'h 

Experimental Z y  

Iiltrav:i~let, :ibsc,rptiini q iw!r : t  \ \-ei '~ tiieasurcd at. pH I (0. I .\. 
HC1) atid :tt pH 10 (0.05 >11 siirliuiii c.:irl)oii:~tc-strditini borate 
tiuffer) wi th  :I ( h r y  .\lode1 11 spec,triipliotometer. Infrared 
spectra aere  determined with :I Perkin-Elmer Model 137B 
spectrophotometer by the I i H r  disk technique. Paper chronia- 
togranis were run on Whatiiiaii S o .  1 paper for 17 hr. st room 
temperat,ure arid examined on a viewing bos equipped with a 
15-w. General IClectrir g:rrmic.id:rl 1:tnip and R Corning filter, 

( Z 4 1  Of the  other pyrimidine v o i r  
<lafa iiertaininx tn cuinlmunds XIV 

rliacussrd in this report, bio 
VI[, and XVIlI have been s i i tn -  

(1958). 
( 2 5 )  E. J. Modest. 11. K. Schlrin, and G. E:. Foler.. J .  Pharm.  Phnrmacol., 

9, 68 (1057). 
(26) G. E. Foley and H. Eagle, Cancer Res. ,  18, 1012 (1958); H. Eagle 

and G. E. Foley, ibid.. 18, 1017 (1958). 
(27) The four-tumor screen includes t he  following transplantable mouse 

tumors: L1210 ascitic lymphatic leukemia in the D B F / I  hybrid, P153.I 
lymphatic leukemia in the DBA/2 inbred, C1498 myelogenous leukemia in 
the C67BL/6 inbred, and D B R B  mammary carcinoma in the DBA/l  inbred 
strain. The  standard assay procedures havebeen described [C. L. Maddock. 
G. J .  D'Angio, S. I'arber, and 1. H. Handler, Ann. S. Y.  Acad. Sei.. 89, 386 
(196011. 

(28) Analyses were performed by the Scandinavian Rlicroanalytical Lab- 
oratory. Herlev, Denmark, and Dr. Carol H. Fitz, Seedham Heights, Mass. 
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a t  160" for 3 hr., following the procedure of Buttner.g The 
ethanol solution was evaporat'ed to dryness and the residue was 
crystallized from water, yielding 2.73 g. (62%) of IV as prisms, 
m.p. 200". A mixture melting point determination of this 
product with material prepared according to procedure A showed 
no depression. 

2,4-Diamino-6-mercaptopyrimidine (V). A. From 1V.- 
A suspension of 33.2 g. (0.23 mole) of 2,4-diamino-6-chloropyrimi- 
dine and 127 g. (1.15 moles, 5 J1 excess) of sodium hydrosulfide 
t,rihydrat,e in 500 nil. of Y5',; ethanol was refluxed and stirred for 
7 dal-s. The hot suspension was filtered from residual sodium 
chloride and evaporated to dryness in vacuo. The brown sticky 
residue was dissolved in 250 nil. of water and filtered free of 
unreacted IV ( 3 . O  g.). The resulting dark filt'rate was clarified 
with Uarco and the pH of the clear amber filtrate was adjusted 
to 3 with concentrated sulfuric acid. After overnight refrigera- 
tion, the yellow solid that had precipitated was separated and 
washed with water. The product was redissolved in 200 nil. 
of 1 N SaOH a t  steam bath temperature and again treated with 
Darco. The pH of the clear filtrate was adjusted to 4 with 
concentrated sulfuric acid, and the solid which formed upon 
overnight refrigeration --as collected, washed well with water, 
and dried at 50" in wxuo overnight. The yield of yellow solid 

From I.--A suspension of 2.0 g. (0.014 mole) of 2,4-di- 
axiiino-6-hydroxypyrimidiiie nionohydrat,e and 6.2 g. (0.028 
mole) of phosphorus pentasulfide'3 in 60 nil. of reagent grade 
pyridine was refluxed, with vigorous stirring, for 50 min. The 
reaction mixture was evaporated to dryness and the gummy solid 
was hydrolyzed in 12 nil. of water on the steam bath. The light 
yellow solid that precipit'ated on cooling was separated by 
suction filtration and dried; yield, 1.21 g. This solid was dis- 
solved in 1 -1: KaOH and filtered to remove insoluble impurity. 
Adjustment of the pH of the filtrate to 3 with 9 S sulfuric acid 
returned 0.66 g., equivalent to 205% yield, of 1- as the sulfate 
salt. The ultraviolet spectrum of this material was identical 
with that of the material obtained by met'hod A. 

The free base of V was prepared from t.he half-sulfate as 
follows. 2,4-l)ianiino-6-mercaptopyrimidine half-sulfate (6  g.) 
was dissolved in 60 ml. of 1 -1; XaOH (steam bath) and filtered 
free of insoluble impurity. The filtrate was cooled to approxi- 
mately 5" and the pH was adjusted to 9.2 by the addition of 50% 
acetic acid. After refrigeration, the pale yellow solid that had 
formed was collected, washed wit,h cold water, and dried for 4 hr. 
at' room temperature in vacuo. This solid (3.87 g., 87%) was 
crystallized three times from Fater (once with Darco). The 
colorless prismatic needles melted a t  298" dec. with previous 
darkening above 220' (lit.1o 309-310"). 

dnal. Calcd. for C4H6S4S: C, 33.79; H, 4.25; S, 39.41; S, 
22.55. 
2,4-Diamino-6-chloro-5-phenylazopyrimidine (VI).-A solu- 

tion cont.aining 0.1 mole of benzenediazoniuni chloride was pre- 
pared by t'reating a cold (0") solution of 13.0 g. (0.1 mo!e) of 
aniline hydrochloride in 80 nil. of 3 aY HC1 dropwise wit,h a solu- 
tion of 7.B g. (0.11 mole) of sodium nitrite in  20 ml. of wat,er 
at such a rate that the reaction t,emperature did not rise above 
3". During the preparation of the benzenediazonium chloride 
solution, a cold solut,ion of 14.5 g. (0.1 mole) of 2,4-dianiino-6- 
chloropyrimidine in 200 ml. of 20% acet,ic acid was prepared by 
warming on the steam bath, clarifying with Darco, and cooling 
to 0". 

The benzenediazonium chloride solution, after decomposition 
of excess nitrous acid with urea, was filt,ered into the flask con- 
taining the cold pyrimidine solution. With continued cooling 
and vigorous mechanical stirring, solid SaOH was added to 
bring the pH to 4, followed by a large quantity of sodium acet8ate 
to buffer the solution a t  pH 5.5 (short-range indicator paper); 
the resulting brown suspension was left stirring at room tempera- 
ture overnight. Filtration, followed by thorough washing with 
cold water, aft'orded 17.8 g. of mustard brown solid (72% yield), 
111.1). 145-165' dec. Purification was achieved by repeated re- 
crystallization of the product from 507, aqueous ethylene glycol, 
with the aid of Darco, until the product was bright yellow-orange 
in color and had a decomposition point of over 230". For analy- 
sis, material thus purified and melting a t  241-243' dec. was 
recrystallized twice more from 95% ethanol (crude product will 
not crystallize from alcohol) affording yellow-orange solid, 
m.p. 242-243' dec. 

Anal. Calcd. for CloH9Cl?'rT6: C, 48.29; H, 3.65; C1, 14.26; 
h-, 33.80. 

(V.H&OI) was 40.7 g. (749;). 
B. 

Found: C, 33.79: €I, 4.41; h-, 39.17; S, 22.62. 

Found: C, 48.41; H, 3.90; C1, 14.04; N, 33.76. 

2,4,5-Triamino-6-chloropyrimidine (VII).-Purified 2,Pdi- 
amino-6-chloro-5-phenylazopyrimidine (m.p. 240-243" dec. , 
1.0 g., 4 mmoles) was suspended in a mixture of 20 ml. of ethanol, 
15 nil. of water, and 2.5 ml. of glacial acetic acid. A gentle 
stream of nitrogen was introduced and the mixture was warmed 
to 70" with stirring. Granulated zinc (30 mesh, 2.62 g., 40 m- 
moles) was added in small portions over a period of 20 min. 
The resulting yellow solution was stirred a t  70" for 1 hr. longer 
and then cooled and filtered to remove excess zinc. The filtrate 
was concentrated to 10 ml. in a nitrogen atmosphere, neutralized 
to pH 7 p-ith anhydrous sodium carbonate, and lyophilized. 
The resulting solid was extracted with 30 ml. of warm (60") 
ethanol, and the ethanol solution was clarified with Darco and 
evaporated to dryness in vacuo. The pale orange residue was 
sublimed under high vacuum a t  125-130" for 48 hr. yielding 168 
mg. (26%) of white solid. liesublimation returned 110 mg. of 
white powder, m.p. 226-227" dec. (lit.16 227" dec.). 

Anal. Calcd. for C4HsClSb: C, 30.10; H, 3.79; C1, 22.22; 
S, 43.89. 

Impure samples of VI1 showed a tendency to turn pink within 
a few days in air; high-purity resublimed samples, however, 
remained colorless for long periods of time. 

TI1 was also prepared by reduction of 1'1 by means of "Stan- 
nochlor" (Metal and Thermit Co. grade of anhydrous stannous 
chloride) in 1.2 A; HC1 a t  50". The yield after purification 
by high vacuum subliniation was 13%. 

2,4-Diamino-6-mercapto-5-phenylazopyrimidine (VIII).- 
A cold (0-5') solution of benzenediazoniuni chloride was pre- 
pared by dropwise addition of a cold (0-5') solution of sodiuni 
nitrite (4.56 g., 0.066 mole, in 12 nil. of water) to 5.58 g. (0.06 
mole) of freshly distilled aniline in 52 nil. of 3.6 -\- HC1, the 
temperature not being permitt,ed to rise above 3". Excess nitrous 
acid was decomposed with urea until t,he starch-iodide test be- 
came negative. At the same time, a buffered solution of 2,4- 
diamino-ti-niercaptopyriniidine was prepared from 12.6 g. 
(0.066 mole) of the half-sulfate in 1.2 1. of 2 S S H B  to which 88 
nil. of concentrated HC1 had been added to bring t.he pH from 
11.0 to 9.6. The pyrimidine solution was cooled to  12' and, 
with stirriiig, the solution of benzenediazoniuni chloride was 
added t'o i t  below the surface via a long-stem separatory funnel. 
A bright yellow precipitat,e began to  form imniediat,ely. The 
addition required 10 min. and, a t  the end of the reaction, the pH 
of the mixture was 9.5. After standing at room temperature 
for 24 hr., the solid was collect,ed, washed well with water, and 
sucked dry with the aid of a rubber dam. It was further dried 
under vacuum for 17 hr. at room temperature and for 5 hr. 
a t  50". The yield of orange-yellow solid was 9.94 g. (67Tc), 
m.p. 210" dec. with progressive shrinking and preliminary melting 
from 115". 

The crude solid was purified from acet.one-water ( 2 : l )  by 
dissolving 'L.55 g. in 678 ml. of acetone a t  room temperature and 
filtering free of a small insoluble residue. IVater (339 ml.) was 
added to the clear orange filtrate to precipitate the product. 
The suspension was refrigerated overnight a t  -30" and the 
solid was collected, washed with cold acetone-water (2:  1) and 
dried a t  45" in vacuo for 4 hr. The pale yellow solid (1.11 g., 
447, recovery) decomposed a t  248-250" with progressive shrink- 
ing and darkening above 178". 

The acetone-water preciphation afforded VIII of sufficient 
purity to be used for the subsequent reduction step. For analy- 
sis, a sample of material t'hus purified was precipitated a second 
time from acetone with water (recovery this time was of the 
order of 86%). This twice purified product (200 mg.) was dis- 
solved in 300 mi. of ether at rooni temperat,ure and the solution 
was filtered free of insoluble residue. The volume was reduced 
very slowly on a steam bath to a few milliliters; crystals appeared 
after the volume had been reduced to  approximately one-half. 
The crystals mere collected, washed with ether, and air-dried. 
The pale orange prismatic plates (recovery 31%) decomposed a t  
257-259" with previous shrinking at 253-256'. The analytical 
sample was dried a t  100" in vacuo for 48 hr. 

Anal. Calcd. for C~OHION~S:  C ,  48.76; H, 4.09; S, 34.13; 
S, 13.02. Found: C, 49.39; H, 3.94; S, 33.62; S, 12.70. 
2,4,5-Triamino-6-mercaptopyrimidine (IX) Dihydrochl0ride.- 

To a suspension of 0.7 g. (2.84 mmoles) of 2,Pdiamino-6-mer- 
capto-5-phenylazopyrimidine in 800 ml. of 70% ethanol was 
added, in aliquots, 5.6 ml. (0.067 mole) of concentrated HC1. 
Most of the solid dissolved immediately. Granulated tin (0.52 
g.) was added and the internal temperature was niaint'ained a t  
approximately 80" for 14 hr. wit,h st,irring. During this time the 

Found: C, 30.33; H, 3.84; C1, 21.85; N, 44.00. 
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reaction mixture changed f rom a11 orange solution to  reti, :tiid 

then to yellow. Aft,er 14 hr., the ultraviolet nbsorption spec'- 
truin of the solution indicated essentially complete conversitrri 
to IS ;  the niiuture \*--as filt,ered free of  tin and s:it,ur:i,tcd \vitli 
H28 until no niore precipitate forined. The titi siilfitle n-:ts 
separated by filtration :tiid t,lie c h r  yellow fili.r:ttc w s  cv:lpor:tt ecl 
t o  dryness under vacuuni (45-53' Iiath te inpera~u~e; .  ' h e  p:ilc 
orange residue wts dissolved in  SO id. c)f mihytlrous niet2i:irid. 
Addition of 400 ml. of xiihytlroiis ether precipitated :I nearly 
idorless solid. Aft,er refrigeration, the solid \vas separated, 
washed with ether, and air-dried. The y idd  was 245 rng. 
(:Tf,7>); no in.p. below :%I)" but tli~rkeniiig : t h v e  230".  Tivo 
crystallizations from 2 .\' HCl, the first w i th  1 )arcu, aiicirdtd 
:tnalytically pure, pale ~ ~ I o \ T -  prismatic rolfs \vhic*li o i i  heatiiig 
darkened progressively above 200' but failed to nielt l)elow :EO". 

:+o.s1; s, 30.44; s, 13.!):1. Forilld: c, "0 
.I nul. Calctl. for C4H:SjS~211C1: C, 20 

31.OD; S. 30.23; 5j 13.Y2. 
Bis( 2,4-diamino-6-pyrimidyl) Disulfide (SI).-- A suspensiriri 

t r f  2.0 g. (0.0105 inole) of 2,~-dianiino-6-it iercapt1ip~r~m~d~iie half- 
sulfate in 110 nil. of m t e r  c,oritninirig 20 nil. of pH 6.S S:tOEI- 
KHBPOI bufi'er ( 0  1 31) was \mrinetl on :i steam lxith :md filteretl 
1iy gravity i o  reriicrve a small i t ~ e o l u l ~ l r  residue. .4t, this point 
the pH of the filtrate had to be re:tdjusted t i )  1i.S t)y tlie :idtlitiiiri 
of it few drops of lof;; SaOH. The solutirlii WIS cwolrd to .is 
:tiid to i t  mis added dropwise, with stirring, :i 1 .\- iodirie-potus- 
siuiri iodide solution. During t h r  addition, tlie teriiper:ttiire w:i+ 
iiiLtintniiied at ;- io, aiid tlie p E i  kept t*onst:mt n.t 6.S bj- 
tlie addition of 1 *Y potassium c:trl)onate solut8icrii. Tlie iodii-ie--- 
potassium iodide gcilution was attltietl until the iodine urlor w:is 
no longer discharged; t h e  nnioiitii. ol' iodine :tddetl (8.0 in!. I 
was less than the theoretical niii:)iint (10.3 iril.  r eq \ i i rd  I .  'I'hc 
white precipitak W:M separated hy sric,tioii tiltratioti : 
clriet-l: yield, 1.1s g. (H0L;L). The rriitlc disulfide wis rc 
l i d  froin anhydrous methancil t ! J  yielii white pr ianu  
wliich begin t o  decoiiipose at 160" a d  \vhicli i i i e l t d  i n to  :it1 

orange licluitl at, 179'. The priitluc~1 : i i i : ~ I \ . n ~ I  t'irr S I  \vi!li i i i i i '  

InolelYllc! [ I f  Incthyl :ill~l~lllll. 
C,Hi~Sa;;?.(,!t~~!)l€: c', 34, 
Fourid: c', :3,i,I)S: I f .  4.79; 

r ?  1 his product wns :iluci otJt:tiiiid \ v h e i i  :i siiliitioii ot' \' iii 20' 
achetic :tciti \vas tre:lled witli :ti1 ec1uiv:tleiit m i o u n t  i r f  sirJiutii 
nitrite :I t  15" or when :i cold solut irm of \: in  I AV S:tOH ciriit:iitiiiig 
ii,ri equivaleiit itriioutit uf sodium nitrite W:LS :tcidified. This 
identity w:ts establislied by nieltiiig arid niixture rnelt,ing point 
tiotermiii:Ltioii, by comp:Lrison of iiifr:tred atid ultraviolet' spectra, 
atid by behavior on asc.entIiiig paper chronintogr:tphy ( N  ,, 
0.Ci i n  1: I: 1 l-hut,qt water :uid X i , ]  0.70 i i i  

14: I : .j 2-prop:tiic)l-am 
2,4-Diaminopyrimidi d (.MI).- -2,1-l~i:ttiii11!i-~i- 

~iierc~:tptopyriiriidirie ha ().(I16 mole) \vas dissolved 
ir i  BO 1n1. of 1 -Y XaOH and the resultirig SI 

\\-it,h st,irring and co~it~iiiueci cmiliiig, (5 nil ,  ii 
trydrogen peroxide) was :tdde:l dropwise. 
in:Lintained at  5" for 10 ntin., mid the solut,iori wis acidified with 
fj AY HC1 t,o pH 1. The ice k i th  was rem,ived and  the resulting 
suspension was stirred for  43 niin. Thr white product, wviis 
cdlectrd, washed with cold ~ v a k r ,  pressed as dry as possihlr 
:mii dried : L t  70"; 1.23 g. (4,5'; ). Rec~ryst~:illia:ttii~n froii i  :t 1:irgc 
volume Of hot wtter returned 0.5 g. rif pale ypllow micro 
litii! solid. 
gr:tdu:tlly tlarlienrd, turning red a t  2110° :in11 li1:ti-k :tt 2q,j". 

S, lS.11. Fouiid: C, 27.X'; 13. : ; , S 2 ;  S,  32,l.j:  d, lS.64. 

The product failed to melt 1)eli)n :;GO" hut, 011 11 

.lntrl. C:tli:d. for  C.,HC5~Oh': C, 27..X: 11, :i.47; S, 32.17; 

4-Amino-2,6-dihydroxy ( X V I ) .  A. -As  desc,rilx:'l 

t o  :i solrit,ioti of 19.47 g. ( 0  Id  urea iri 300 nil. of  absolut'e 
c~t11:inol which 1i:ttl beeii treated witli 10.33 g. (0.4.5 
g.-atoni) of sodiurn. l'hc mixture wits refiuxed with si,irring for  1.5 
hi..: during which time n. cv)lorlesr precipitate began to rorln. 
.\ft'er cw)litig for a few min., thc solid Tas collected, washed wvit,h 
:ilJsoliitc ethanol, :uiti tirie,l i i i  ti str:tin c:tbinet.. The (*rude 
prodiic,t W:LS dissolved in  241) nil. c r f  wtter with gentle rvarriiing 
:uid t , i r  this soIiit,ion c*oiii~iitr:ite:l IICI (87.5 iiil., 0.45 rii~)le) w:is 
:t:lded. 
collected slid waslied wi th  mater. 
lized, whiie still clamp, from 3.5 1. o f  ))oiling water mit,h a1)proxi- 

1)y ~ l ) l l l " i d , " '  C t h Y l  I'y&lllJ ;.!I:; g,, 0.3  rnolc) \r:m added 

The c~,il i ir less s i r l i i l  tliiti. prwipit,ated iriiniedia,tcly 
The product \viis cr) 

. ~~.~ ~ 

Call hI. C'o~irsd, Anti . ,  340, 310 (1Y06J. 
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ammonia by warming on a steam bath. The dark amber solu- 
tion was clarified with Darco and, after cooling to room tempera- 
ture, the pH was adjusted to 7-S by the addition of 5 ml. of 9 
S sulfuric acid. After overnight refrigeration the solid was col- 
lected, washed with cold water, and dried. The yellow prismatic 
rods weighed 5.5 g. (56y0 jield). Three more precipitations 
from ammonia, the last without Darco, afforded the analytical 
sample; no m.p. below 360" (lit. 355" dec.,lz >360°2). 

A sample of S V  prepared by this route mas shown to be iden- 
tical with material prepared by thiation of authentic 4-amino-6- 
chloro-2-hydroxypyrimidine (XIV) obtained by acid hydrolysis 
of Pamino-6-chloro-2 methglthiopyrimidine (XVIII).2 This 
identity is based upon melting points, conlparison of ultraviolet 
and infrared spectra, and behavior on paper chromatography. 

Acknowledgment.-We wish to thank Dr. Jaiiiiie 
IGnt, Miss Dorothy H. Trites, and RIrs. Abby L. 

Sandler for technical assistance a t  various times during 
this investigation. We are indebted to Mr. James 
H. Gunnerson for the infrared and ultraviolet absorp- 
tion spectra. Larger quantities of the following pyrimi- 
dines were obtained through the courtesy of the 
Cancer Chemotherapy Satiolial Service Center, S a -  
tional Cancer Institute, National Institutes of Health, 
and were prepared according to the procedures outlined 
in the Experimental section: 2,4-diamino-6-hydroxy- 
pyrimidine hemihydrate (Aldrich Chemical Co., 
Xihvaukee, Wisconsin, and Francis Earle Co., Peek- 
skill, New York), 2.4-diamino-6-chloropyriniidine (Al- 
drich) , and 2,4-diamino-6-niercaptopyrimidine half- 
sulfate (Rldrich). 
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The isolation and characterization of the metabolites 
of indomethacin (I), a new nonsteroidal antiinflanima- 
tory agent,' have been reported recently.2 I n  man, 
the acyl glucuronide of indomethacin (11) is rapidly ex- 
creted in the urine, whereas in several animal species 
the Nl-deacylated derivative 111, the 0-desmethyl ana- 
log IV, and the corresponding acyl glucuronides are 
major urinary metabolites. 

During the study of indomethacin analogs the ease 
of hydrolytic removal of the K1-aroyl group under 
mildly acidic or alkaline conditions was noted,3 thus 
the in vivo Nl-deacylation of iodomethacin to the known 
acid 111, previously described by Shaw,* was not totally 
unexpected. 

For the preparation of the 0-desniethyl analog IV, a 
preferential demethylation was effected in about 50% 
yield with pyridine hydrochloride at  180 O without ex- 
tensive concomitant N1-deacylation. 

The chemical lability of acyl glucuronides is well 
known.5 Facile hydrolytic cleavage of the glycosidic 
linkage of I1 was also observed during its isolation.2 
To effect the synthesis of 11, the potassium salt of indo- 
methacin was converted to  the ester glucuronide deriva- 
tive Va by condensation with methyl 2,3,4-tri-0- 
acetyl-l-broino-l-deoxy-~-~-glucuronate~ in acetone. 
Several exploratory attempts to convert Va into I1 
mere abortive. Nevertheless, the crystalline deriva- 
tive Va proved to be identical with a sample (Vb) pre- 
pared from the in vivo metabolite I1 by esterification 

(1) T. Y. Shen, et al., J .  Am. Chem. Soc., 86, 488 (1963). 
(2) R. E. Harman. hl. A. P. Meisinger. G. E. Davis, and F. A.  Kuehl, Jr., 

(3) T. B. Windholz and T. Y. Shen. unpublished observation. 
(4) E. Sham., J .  Am. Chen. Soc., 77, 4319 (1955). 
( 5 )  TT'. H. Fishman, "Chemistry of Drug bletabolism," Charles C Thomas, 

(6) W. F. Goebel and F. H. Babers, J. Bzol. Chem., ill, 347 (1935). 

J. Pharmacal. EzptZ. Therap., 143, 215 (1964). 

Springfield, Ill., 1961, pp. 95-98. 
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Experimental 
l-p-Chlorobenzoyl-5-hydroxy-2-methyl-3-indo~ylacetic Acid 

(IV).-Indomethacin (I, 10 g., 0.028 mole) was added t o  50 g.  of 
molten pyridine hydrochloride (Eastman, practical grade) under 
nitrogen a t  180". The mixture was stirred a t  180" for 0.25 hr., 
cooled slightly, and poured into 200 g. of ice. The solid product 
was filtered, dried, and digested successively with 50 ml. of meth- 
ylene chloride and 150 ml. of ether. Recrystallization from ace- 
tone (75 m1.)-water (126 ml.) yielded 4.8 g. (50yo) of IV, m.p. 
208-210" dec. 

Anal .  Calcd. for C1SH&lK04: C, 62.89; H, 4.10; C1, 10.31. 
Found: C, 63.02; H, 4.40; C1, 10.32. 

Compound IV was compared with a sample of the metabolite2 
as shown in Table I. 

(Methyl 2' 3,'4'-Tri-O-acetyl-~-~-glucuronosyl)-l -p-chloro- 
benzoyl-5-methoxy-2-methyl-3-indolylacetate (V).  A. From 
Indomethacin (Va).-l-p-Chlorobensoyl-2-methyl-5-metht~xy-2- 
indolylacetic acid (5 g., 0.014 mole) was suspended in 16 ml. of 
anhydrous methanol, and 32.8 ml. of a solution of 0.427 N (0.014 

(7) I. A. Karnil, J.  N. Smith, and R. T. Williams, Biochem. J . ,  SO, 235 
(1951). 


