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(877 , )  of 17, bp 1iC-177' (0.3 mm); the colorless oil quickly 
crystallized. 

w-Cyclohexylnonanoic Acid (18).-A solution of 361 g of w- 
phenyliionaiioic acid in 1450 ml of AcOH was hydrogenated in the 
presence of 4 g of PtO2 a t  80" and 155.5 kg/cm2 pressure. The 
catalyst, was filtered and the acetic acid was removed under 
vacuum. Distillation of the residue afforded 354 g (96%) of a 
fraction boiling a t  160-169" (0.5 mm). The distillate crystallized 
on stailding and a sample recrystallized from methanol melted 
a t  45-4i". 

A n a l .  Calcd for CI:I€I*SO~: C, 74.95; H, 11.74. Found: C, 
75.17; H, 11.84. 

2-Hydroxy-3-( w-cyclohexyloctyl)-l,4-naphthoquinone.-A solu- 
tioil  of 562 g of acid 18 in 550 ml of CHCL was added to 325 g of 

After refluxing for 2 
hr, the CHCls was removed under vacuum and the residue dis- 
tilled. The fraction of w-cyclohexylnonoyl chloride boiling a t  
141-144' (0.1 mm), a colorless oil, amounted to 540 g (90%). 

In  the next step 255 g of 50% H?02 was added with external 
cooling to a solution of 129 g of w-cyclohexylnonoyl chloride 
in 1 1. of ether. The reaction mixture was stirred a t  -5' during 
addition of 47 g of pyridine over a period of 1 hr. The mixture 
was then warmed to room temperature and allowed to stand for 
1 hr, and then the ethereal solution was washed with 5% NaHC03 
solution and then with HIO. The solution was dried (h'arS04) arid 
added carefully over a period of 2 hr to a well-stirred solution 
of 52.5 g of 2-hydroxy-1,4-naphthoq:iinone in  500 ml of acetic 
acid while maintaining the temperature of 100-110". Heating 
was continued for 1 hr and the AcOH was removed under vacuum. 
The residue was slurried with 1 1. of pentane and filtered to re- 
move unreacted hydroxynaphthoquinone, and more of this 
qriinone was removed by several extractions with 570 S a H C 0 3  
solution. The residue remaining on evaporation of the pentane 
contained both produrt and considerable w-cyclohesylnonanoic 
acid. To permit recovery of the acid, the residue was esterified 
by refluxing i t  in 600 ml of ethanol and 4 ml of concentrated. 

uch a rate as to maint,ain reflux. 

H2S04 for 6 hr (2-hydroxy-1,4-naphthoquinone is converted 
into the ether under conditions of Fischer esterification but 3- 
alkyl derivatives are too hindered to react) *2 The ethanol was 
removed in vacuo arid a solution of the residue in pentane was 
extracted alternately with 2% NaOH and H20. after several 
extractions a red gum of the sodium salt of the product began to 
adhere to the walls of the separatory funnel and could be brought 
into the aqueous layer by addition of small amounts of methanol. 
The red water and water-methanol extracts were combined and 
acidified ni th  HC1 and extracted with ether. After removal of 
the ether, crystallization from methanol yielded 37.0 g of crude 
2-hydroxy-3-alkyl-l,4-naphthoquinone. Two recrystallizations 
gave 30.0 g (31%) of product, mp 79-80". 

The above pentane layer containing ethyl w-cyclohexylnonoate 
was concentrated and distillation of the residue gave 45.5 g of 
the ester, bp 113-117" (0.3 mm); this represents a recovery of 
34%) based on the acid chloride. 

2-Hydroxy-3-( w-cyclohexylheptyl)-1,4-naphthoquinone (Hooker 
OxidationZ3).-A mixture of 11.1 g of 2-hvdroxy-3-(w-cyclohexyl- 
octyl)-1,4-iiaphthoquinone, 3.6 g of 3'a2C03, 75 ml of dioxane, 
and 75 ml of 1310 was heated with 6 ml of 307, Hi02 under Nz a t  
70" until the solution was colorless. The solution of keto1 was 
cooled in an ice bath and treated with concentrated HCl and 
then H20 saturated with SO2 until the odor was retained. Nitro- 
gen was passed in to eliminate excess 802 and 60 nil of 257, 
KaOH was added, followed by a solution of 30 g of CuS04 in 
150 ml of H?O. The mixture was heated on the steam bath for 
30 min and filtered through Filter-Cel, and the residue was 
washed well with H20 dnd dioxane until the filtrate came through 
colorless. The red filtrate was cooled in ice and acidified with 
Concentrated HCl. On further cooling and stirring the product 
crystallized. The bright yellow crystalline prodact was collected 
and recrystallized from methanol (h'orit). The yield of quinone, 
mp 102-103", was 8.6 g (81%). 

(22 )  L. F. Fieser, J. Am. Chem. Sac., I S ,  2922 (1926). 
(23) L. F. Fieser and A I .  Fieser, i b zd . ,  70, 3215 (lY48). 
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The naphthoquinones formulated were synthesized as candidate antimalarials of interest because of their 
analogy to the promising w-cyclohexylalkyl derivatives.' The preparation of some of the acids required for 
diacyl peroxide alkylation of 2-hydroxy-1,4-naphthoquinone involved expansion of the already interesting chem- 
istry of adamantane. 

The unique properties of adamantane, which have 
aroused considerable interest in the hydrocarbon and 
its derivatives on the part of both chemists and 
pharrnacol~gists,~-~ prompted us to explore as possible 
antimalarial drugs the five w-( 1-adamantylalkyl) de- 
rivatives (1) of hydroxynaphthoquinone formulated 1 

(1) For paper XXIX see I.. F. Fieser, J .  P. Schirrner, S. Archer, R. R. (Table 1). Each of these was prepared either by diacyl 
peroxide alkylation of 2-hydroxy-l,4-naphthoquinone 
or by the Hooker oxidation of the next higher homolog. 
The Starting material, adamantane (2), is noly asrail- 
able by the Schleyer synthesis7 and is supplied by 
A1drich Chemical co .  ; for the gift of a first trial bat,&, 

Lorena, and P. I. Pfaffenbach, J .  M e d .  Chem.. 10, 513 ( l06 i ) .  
( 2 )  T h e  Harrard  work was supported in part hy a grant from the National 

Institutes of Health, CA-01696. 
(3 )  R. C. Fort ,  Jr.,  and P. von R. Schleyer, Chrm. R w ,  64, 277 (1964). 
(1) K. Gerzon, E. V. Krunkalns, R.  L. Brindle, F. J. hlarshall, and 11. A. 

(.i) R .  T. Rapala and R. J. Kraay. Ahstraots, 148th National Meeting of 

(6) iT. L. Davis, R. R. Grunert ,  R. F. Hoff, J. W. McGahen, E. 11. 
Neurnayer. hI. Paulshook, J. W. Watts,  T. R. Wood, E. C. Heimann, and 
C. E Hoffrnann, Science, 144, 862 (1064). 

Root,  J. .Wed. Chem., 6, 760 (1963). 

the American Chemical Society, Chicago, Ill., Sept 1964, p 220. we are indebted to  Dr. Marvin Paulshock of the Du 
(7) P. von R. Schleyer, M. M. Donaldson, R. D. Nicholas and C .  Cupas,  

Org.  Sun., 43, 8 (1962) .  
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I'oiit groupF t h:rt diw)veretl the striking antiviral 
:wt ivity of 1-aniiiioadamaiitaiie. 

Preparation of the Required Acids.-One key itarting 
iii:iterial. ad3niantaiie-l-carboxylic acid (4), was pre- 
1)ared in good yield both by cwbosylation of adaman- 
tanr with formic acid, t-butyl ~tlcohol, and 96% H2S016 
:tiid from 1-bronioadarnaritarie, formic acid, arid 9(ic/( 
H2S049 (Scheme I). The next product de*ired, l-adn- 

SCHEME I 
HCOZH, (CHj)jCOH, H&301 

I , , 
I Br2 soc1, LiAIHi 

RH - RBr HCozHr HlSO1 RCOaH - RCOCl 

2 3 4 5 

A A 
RCH,OH 6 H+. bcHj ::H 
T*Clj Py 7a 7b 

DMF RCHZOTS KCN RCHZCN --+ RCHzCO2H 
a 9 10 

mantylacetic acid (lo), wai obtained by Stetter, et al.,$ 
by submitting acid 4 tu the Brndt-Eistert reaction, 
but since their yield was only we sought an al- 
ternative synthesis. The route through the hydroxy- 
methyl, bromomethyl, and cyanomethyl derivatives 
suffers from the fact that  displacements of l-hydroxy- 
niethyladamantane (6) involve major participation of 
either the adamantylniethyl carbonium ion 7a or the 
rearranged ion 7b and hence can yield either the 
normal adamantylniethyl bromide froni 7a or the honio- 
adamarityl derivative from 7b, depending upon the 
conditions.lO~ll Thus, in the reverse reaction, 1 - 
homoadamantanol reacts with hydrogen bromide i n  
acetic. acid at 23" to  give 1-bromohoinoadamantarie, 
whereas at  150" the product is l-bromomethyladanian- 
tane. However, we found that  this difficulty can be 
obviated by proceeding through the tosylate (8). 

( 8 )  11. Koch  and \V. Haaf, O w .  Syn., 44, 1 (1964). 
( Y )  1%. Stetter, XI. Schwara, and -1. kiirshhorn. Ber., 92, 1629 (1969). 
(10) H. Stetter and P. Goebel, i M . ,  96, 550 (1963). 
(11) J. E. Korlander, S. P. Jindiil, P. yon R.. Schle;\.er, and I t .  r. 1:ort. 

Jr., Abstracts, 14Yth National Xfeeting of the Ameriran Chemical Society: 
Detroit, klich., April 1965. 

pure 1 SO< I. 
Y 

H 0.  1'4 
RCOCl 4 -- ROH + RCOOK 

5 13 14 

probably \vas due to the preiencac of :I tr:iw ( ~ f  h u h 1  I ( *  

acid in the crude acid employed. Thus crude : I i * i t l  

washed liberally with hot H2O until the n-tishiiigs g: t~  (' 

a negative test for sulfate ion on trentiiieiit I\ i t l i  

SOClz gave the acid chloride. When pure :tc*itl ;I* 

dissolved in concentrated H2S04, recovered hy addit i o n  

of ice, filtered, dried, and treated ni th  SOCl?, the  prod- 
uct was 1-ch1oro:tdaninntane. React ion of thr pur(' 
acid (1 g )  arid rwiicentrated H2S04 (1 drop) n j t h  SO( ' ] -  
( 2  ml) afforded 1-chloroadamantanr. The dnvillg 
force for the acid-catalyzed decarboxylation :tppnrent Iy 
is the formation of the highly stabil isd adaninrit> 1 
carbonium ion 11. 

A further unueual reaction v-aq encouiitercd i t i  :in a i  - 
tenipt to convert ac~arnantaiie-l-c.3r~~o~ylic' :tvitl chloric'(~ 
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(5 )  into the corresponding diacyl peroxide according to  
Silbert and Sn ern's by reaction with HzOz and pyridine. 
The product was a mixture which on extraction of an 
ethereal solution with dilute alkali afforded adaman- 
tane-1-carboxylic acid as one component. The neutral 
fraction, obtained on evaporation of the ether on being 
sublimed and then crystallized, afforded l-hydroxy- 
adamnritane (13). Further processing afforded also 
the ester 14. 
An attractive route to  acids higher in the series than 

10 was suggested by a report by Stetter and Goebel14 
that, under catalysis by A1Br3, 1-bromoadamantane 
can be added to  ethylene to give 1-(p-bromoethy1)- 
adaniantane (16) (Scheme 111). h slight modifica- 

SCHEXIE I11 
CH?=CIII 
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AIBrd 

malonic ester syn 

I K C N ,  hydro1 1 
ItCIIICH2Br __ + RCH2CHzCOzH RCHZCH~CHZCOZH 

16 17 18 
LiAlHI 1 

_ >  

HBr 
+ RCHzCHzCH&HzCOzH 

3 
ItCII,CH,CH,OH 

19 20 malonic ester syn 

tion of a procedureg for bromination of adamantane 
raised the yield of 1-bromoadamantane to 96%; the 
amount of bromine was reduced to half (added at once) 
and i n  the work-up sodium bisulfite was replaced by 
SO,. Stetter and Goebel14 conducted the addition to  
ethylene at  -20 to -30" and obtained 1-(@-bromo- 
ethy1)adaniantane (16) in 57% yield. In  operating in 
t h i h  temperature range we experienced the difficulty 
that the product contained appreciable amounts of by- 
products, one of which appeared from nmr and ir 
spectra of the mixtures to be 1-(a-bromoethy1)adaman- 
lane. This difficulty was virtually eliminated when the 
reaction temperature was lowered to  -75", excess 
ethylene was avoided, and high-quality A1Br3 was 
used. Under these conditions the yield usually was 
R.i-iO%',. The p-bromoethyl derivative 16 mas con- 
verted in 70% yield via the nitrile to  p-(1-adanianty1)- 
propionic acid (17), which was obtained in only 10-207& 
yield by carbonation of a reaction mixture from lithium 
and the bromide 16 (and a few drops of n-butyl bro- 
mide). By application of the standard malonic ester 
synthesis,'; the p-bronioethyl derivative 16 afforded 
y-( 1-adanianty1)butyric acid (18). Still higher acids 
n c ~ e  obtained by further application of the two syn- 
thet ic sequences cited. 

The acids in this series exhibit an interesting alter- 
nation in melting point. Figure 1 shows that  the 
melting points of the acids with an odd number of meth- 
ylene groups are on a line below the line for the acids 
of the n = even series. 

Alkylation of 2-Hydroxy-l,4-naphthoquinone.-For 
conversion of the new acids to the corresponding diacyl 
peroxides the procedures used previously by Fieser, 
Leffler, et aZ.,I6 proved less satisfactory than the newer 

(13) L. S Silhert and D. Swern, J A m .  Chem. SOL.,  81, 2364 (1959). 
(14) H. Stetter and P. Goebel, Ber., 96, 1039 (1962). 
(15) R. &darns and R. RI. Kamm. "Organic Syntheses," Coll. Vol. I. 

,John Jf iley and Sons, Ino., New Tork, N T., 1941, p 250, E. E. Reid and 
J. R. Ruhofi, zbzd., Coll. 1'01. 11, 1943 p 474. 
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method of Silbert and S ~ e r n ' ~  involving treatment of 
the acid chloride with H202 and pyridine. The diacyl 
peroxide alkylations proceeded essentially as in the 
earlier work, that  is, peroxides from unhindered acids 
afforded 2-hydroxy-3-alkyl-l,4-naphthoquinones of sat- 
isfactory purity in moderate but adequate yield. Our 
attempts to prepare the first member of the series, 
2-hydroxy-3-(l-adamantyl)-1,4-naphthoquinone, have 
been unsuccessful. The result of attempted conver- 
sion of 5 to the diacyl peroxide has been described. 
Attempted Hool~er '~  oxidation of the next higher homo- 
log (1, n = 1) likewise was unsuccessful. One of us 
previously encountered difficulty in attempted prepa- 
ration of 2-hydroxy-3-cyclohexy1-l,4-naphthoc~uinone 
and obtained this compound only by a synthesis starting 
with the addition of butadiene to cyclohexyl-1,4- 
benzoquinone. 

Assays for Antimalarial Activity. 19-The 2-hydroxy- 
3-(w-cyclohexylalkyl)-1,4-naphthoquinones described in 
paper XXIX' and the 2-hydroxy-3- [w-( 1-adamanty1)- 
alkyl]-l,4-naphthoquinones were tested for antimalarial 
activity in Plasmodium berghei infected mice using the 
method of Thurston.*O All medications were admin- 
istered orally in graded doses once a day for 5 days to  
groups of five mice at  each dose level. 

Chloroquine, the control drug, consistently cleared 
the blood of parasites of all the mice for the entire 
test period of 28 days at  a dose of 5 mg/kg. Similar 
results were achieved with 25 mg/kg of 2-hydroxy-3- 
cyclohexylheptyl- and 2-hydroxy-3-cyclohexyloctyl-l,4- 
naphthoquinone. The cyclohexylnonyl homolog was 
less active, since 100 n~g/lig was required for complete 
clearance. 

The best of the adamantane derivatives were 1, 
n = 2 ,  and 1, n = 3. The former cleared the blood 
of all five mice at  40 mg/kg for 1 week but at  20 mg/ 
kg only two of the five were cleared. Compound 1, 
n = 2 ,  cleared parasites in four of five mice at  the 20 

(16) L. F. Fieser, XI. T. Leffler, el a2 , J .  A m .  Chem. Soc., 70,  3158 (1948). 
(17) L. F. Fieser and M. Fieser, zbzrl.. 70, 3215 (1948). 
(18) L F. Fieser t b z d ,  70 ,  3165 (1918). 
(19) l3j D. 1 Berbeiian and R. G Slighter of the Sterling-Winthrop Re- 

(20) J. P. Thurston, Brit. J .  Pharmmol., 6, 409 (1950). 
search Institute. 
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continued for 36 hr. The mixture was added to hot H?O and 
cooled, and the turbid aqueous solution was extracted with ether 
and acidified. A solid separated and on crystallization from 
aqueous methanol afforded 6 g (70%) of 17, mp 142-144'. The 
analytical sample melted at 144-145'. 

Anal .  Calcd for C13H~002: C, 74.96; H, 9.68. Found: C, 
74.75; H, 9.59. 

Use of triethylene glycol or DLIFin place of ethanol reduced the 
reaction time to a total of 10 hr but gave ail inferior product. 

y-( 1-Adamanty1)butyric Acid (18).-Sodium ( 2 . 5  g)  was dis- 
solved in absolute ethanol (50 ml, distilled over AIg) with stirring 
and protection from moisture aiid 15 ml of redistilled malonic 
ester was added dropwise, followed by 15 g of I-(0-bromoethyl- 
adamantane). After stirring arid refluxing for 5 hr, most of the 
ethanol Fas distilled, a solution of 20 g of KOH in 30 ml of H i0  
was added, and the mixture was refluxed for 5 hr. ?\lore ethanol 
was removed by distillation and the mixture was cooled, acidified 
(H,SOd), arid extracted with ether. The residue from evaporation 
of the ether was heated in an oil bath a t  170-180" for 1 hr for 
decarboxylation and a solution of the crude acid iii dilute KOH 
was decolorized with Xorit, precipitated, and crystallized from 
aqueous methanol to give 11 g of 18, mp 100-102°. 

Anal .  Calcd for C L ~ H T J O ~ :  C, 75.63; H, 9.97. Found: C, 
75.56; H, 9.89. 

6-( 1-Adamanty1)valeric Acid (20).-Three grams of p-( 1- 
adamarity1)propioriic acid (17) was reduced with LiAlHa and 
the resulting alcohol (oil) was refluxed with 48% HBr (8 g )  and 
H2S04 ( 2  g) for 4 hr. The mixture was extracted with hexane, 
and the extract was washed with Na2C03, dried, and evaporated. 
Distillation of the residue gave 2.9 g of the bromide, bp 105' 
(0.15 mm). The malonic ester synthesis, performed as for 18, 
gave 2.1 g of 20, mp 111-112' (aqueous methanol). 

Anal .  Calcd for CL~HZ,O,: C, 76.23; H, 10.24. Found: C, 
76.27; H, 10.15. 

e-( 1-Adamanty1)hexanoic Acid.-Application to y-( l-adaman- 
ty1)butyric acid of the above sequelice: acid --f alcohol + bro- 
mide [bp 118' (0.18 inm)] + maloiiic acid derivative gave the 
hexanoic acid iii about 75% yield. After decolorization of a 

petroleum ether (bp 38-52') solution with Norit and slow evapo- 
rat,ioii of solvent, the acid was obtained as soft solid melting 
a t  61-64'. 

Anal .  Calcd for C16H26O: C, 76.75; H, 10.47. Found: C, 
77.46; H, 10.39. 

Synthesis of 2-Hydroxy-3-(w-adamantylalkyl)-l,.l-naphtho- 
quinones.-Each acid chloride was obtained by reactioii of the 
acid with 20-305; excess S0Cl2 in ether aiid removal of the ether 
aiid excess reageiit at  50" (water pump). Addition of beiizeiie 
aiid redixtillatioii removed traces of reagent,. Thioiiyl chloride 
was also used without solvelit. 

The diacyl peroxides were made by reactioii of the acyl chloride 
with 90% HzO? iii the preseiice of pyridiiie.13 The yields were 
generally above 90yc but in a few instalices some acid accom- 
panied the peroxide. 111 such a case the acid was recovered in 
usable form by extraction of ail ethereal solutioii with dilute 
alkali. The peroxides are solids melting iii the raiige Y O - l l O o  
with evolution of C02. 

The first step iri the syiithesia involves decompoxitio~i of a diacyl 
peroxide iii the preseiice of ail equivalent amount of 2-hydroxy- 
lJ4-naphthoquiiioiie (obtaiiiable from commercially available 
1,4naphthoquiiioiie by the method of Fieser).18 Thus a mixture 
of the diacyl peroxide aiid hydro.uynaphthoq~iiiioiie in acetic acid 
was heated a t  100-llOo for 4 hr, the acetic acid was distilled 
in ziacuo, and the residue was digested with ether. Filtratioii IJf 
the ether left a residue consistiiig chiefl2- of hydroxyiiaphtho- 
quinone. The ether layer was extracted several times with 15; 
Na2C03 to recover acid derived from hydrolysis of the diacyl 
peroxide. Further extraction with 2c7c XaOII and acidification 
afforded the alkylated quinone, which was purified by crystalliza- 
tion from methaiiol or ethanol or by chromatography oil d i c a  
gel. Yields were geiierally 40-50s.  However, the major by- 
product of an alkylation is the acid precurror, whirh call be 
recovered and recycled with srtbstaiitial increase iii yield. The 
fourth member of the series ( n  = 4, nip 120-121") was obtaiiied 
by Hooker oxidation and ail analysis reported after terniiiiatioii of 
the work indicated too high ail oxygen cuiiteiit, probably due to 
the presence of some of the intermediate ketol. 
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TaDEUSZ U R B A f i S K I ,  BARBARA S E R A F I X ,  

Department of Organic Technology, Instztute of Technology (Politechnzka), IVm sal*, 10, Poland 

AND JERZY ZYLOWSKI 

Instztute of Organzc Chemzstry, Polish Academy of SLzences, Warsaw,  Poland 

Recezved J u l y  24, 1966 
Revzsed Manuscrzpt Recezved January  5,  1967 

Several substituted derivatives of arylbiguanide and arylamidineurea were prepared and cyclized to the corre- 
sponding pyrimidines as additional proof of the structure of arylamiciineurea derivatives. Cyclization of the 
amidirieurea moiety to pyrimidine reducea both the toxicity and the antimalarial activity in mice when compared 
with the starting compounds. 

Some substit'uted amidineureas are active against 
Plasmodiuna gallinaceuiiz in uivo.2asb One of these 

(1) The financial support of this work from the World Health Organiza- 
tion is gratefully acknowledged. 

( 2 )  Parts  I-VI11 are as follows, respectively: (a) T. Ch. Chin, Y. Y, Wu, 
D. Skowronska-Serafin, T.  Urbariski, and J. Venulet, ,Vature. 186, 170 
(1960): (h )  1'. Ch. Chin. Y .  1.. Wu, B. Skowronska-Serafin, T. Urbariski, 
J .  Venulet, and K.  Jakimowska, Bull. Acad. Polon. Sci., 8, 109 (1960): ( c )  R.  
Skowroriska-Serafin and T. Urbariski, Tetrahedron, 10, 12 (1960); (d) T. 
Crbanski. 13. Serafin, and D. Ksieina, Polish Patent ,  48,020 (1962); (e) T. 
Urbariski, B. Serafin, D. F. Clyde, I<. Jakimowska, h l .  Wutkiewicz, P. 
Nantka-Namirski, J.  Venulet, G. 0. Schliitz, J .  Splawiriski, and T .  Potaczek, 
Tetrahedron, 20, S U P P ~ .  I ,  463 (1964); ( f )  B. Serafin, T. Urbariski, and J. 
Zylowski, i b i d . ,  469 (1964); ( 9 )  K. Jakimowska, M. Wutkienicz, and J. 
Venulet, Acta Phusiol. Polon., 16, 701 (1964); (h) M. Wutkiewirz and J. 
Venulet, ib id . .  16, 885 (1965). 

compounds, l-(p-nitrophenyl)-3-amidineurea hydro- 
chloride3 (I), was assessed for its toxicity and subse- 

p-NO,C6H4NHCONHC(=NH)SH, HC1 
I 

quently used in a field t'rial in Tanganyilra by Dr. 
D. F. Clyde on more than 500 subjects infected with 
P. falciparuiii, P .  riialariae, P.  uiua.c, aiid P. ovale; 
it gave fairly sat>isfactory results though it shon-ed 110 

advantage in comparison with progua~iil .~ A detailed 
investigation of this compound, the method of produc- 

(3)  Nitroguanil, T 72. 
(4) W o r l d  Health Orgnn. T e r h .  R r p l .  Ser . .  320, 4 (1961). 


