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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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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 )  Par ts  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 Pa ten t ,  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~ii l .~  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). 
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Chemistry.---The biguanide,3 111 were obtained in the 
usual way from the salts of primary :mines a,nd cyano- 
guanidine in  ujueou 

T h e  l-aryI-B-:iniid arc only little liiio~vii."-~ 
I11 :I number of papers,*r*lo :I iiew simple method of 
s)rnthcsis of these compounds i \ x s  described, in which 
:~niidirieuren derivatives are formed t)y refluxing pri- 
ni:iq~ aromatic. anii~ies Ivith c~~.n~ioguwnidiiie in exc 
IlCl. 111 sonic itistatrcw it is :dv:tntagcous to 
higu:ttiides 21s startirig niaterids; when refluxed i i i  

( ' d t n ,  .I.  l ' r , i k f .  ( 'hein, ,  121 84, 40.3 I l ! l l l ) .  
, .Junutl. I l e l ~ ,  Ch7m. A r t i i ,  35 ,  llJi0 (I'J52). 
. I<rindu and 1'. Ray. .I. Irirliiiri Cheni. Sor.., 29, 811 (1!)53): C'heni. 

. t i ,atr . .  48,  2600 (1954>.  
I .  9. 2T (1951). 

n,  and  I i .  I)+hrowska, Rorznikz  
I:. Skowrohka-Seraf in ,  H. 

I)ul i rowska,  a n d  . J .  .Ixrikowaka, E37111 I 'olon.,  Sci .  Cliisse I I I ,  1, il 

uu-roriska-Serahn, Hull .  .4uid. I 'oion. .?vi.. CITisse 111, 4 ,  361, 363 (1956):  

I \ ' ,  Y = 0 
i - , Y  = XI1 

The reaction5 of II m ith VIa  or YIh form :L tie\$ 11 : t i  

of synthesis of  2-p\ rimidy1ure:l derivatives I]., t h c 5 i  

also give new evidenw for formula I1 f o r  a i i i i d i t i c . -  
urea derivativer calairned 111 our former p a p ~ r ; "  I h c > i t  
isomers I Ia  do i i ( i t  reart n ith VIu or b to give 11) rinii- 

dmes because of  the :~bsenc~b of the C'( 
group 111 their niolcculcs. 

1 1  ?\ I IC( -?;I 1 )?\*I{C( )U 11 
lla 
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TABLE I1 
MELTING POINTS, ANALYSIS, YIELD, A N D  TOX~CITY OF THE NEW PYKIMIDINE I )LRIV.~TIVEJ 

X-(-J-NHC.UH+ \ 
11 N- 

c H 3  
l ' i e l d ,  '70 LDm 

Y 4" 
---- Calril. '5 --- - Found ,  'To -- Uethod ( inice) ,  

N0.Q Y X R 31p, OC Formula C n N c H N A h  B mg/kg ip 

I +  SH F CH3 223-226 CiSHi4FNb 60.22 5.45 27.01 60.12 5.39 27.14 66 71 510 
2+ K H  Br CIl, 188-191 CI3Hl4BrNj 48 76 4 .41  21.88 4!).12 4.69 21.77 76 51 !I00 
3+ N H  I CH, 178-180 CI3Hl4INb 42.52 3 .85  10.07 42.60 4.01 19.16 41 54 730 
4 S I 1  c CHa 240-243 C1;HI;Ns 70.08 5.88 24.04 69.92 6.01 24.06 54 58 . . . 
5+ 0 I€ CII3 198-200 C13IT14S40 64.46 5 . 8 3  23.13 64.93 6.19 23.57 48 35 2000 

7 0 c CH) 204-207 C17HlflN40 60.84 5 .52  I!) . l i  70.03 5.44 19.3s 40 19 

9 0 Br OH 285-286 CI,Hll13rN402 44.59 3.43 17.34 44.97 3.56 1 7 , l 3  77 5.5 
10 0 I 013 273-275 C I ~ H I I I N ~ O ~  38.93 2 90 15.  14 39.01  3 .02  14.98 27 42 
11 0 c OH 283-285 Cl6III4N4O2 65.29 4 80 19.03 65.38 5 0 19.30 58 2,5 

d After 60 days. 

G O  I CH3 208-210 Cl~131~17i4O 42.41 3 56 15.23 42.42 3 . 5 3  14.97 20d 2!)  3250 

S O  F 011 297-302 CI?HIIFNIOZ 54.92 4.2.3 21.37 X i 3  4.41 21.56 48 52 

0 + = pyrimidirie derivatives tested for antimalarial activity. After 7 days. c p-XC61-14 = pnaphthyl.  

The qricstion arose nhether IV arid V, nhich are 
analogs of the aniidineureas I1 and biguanidcs I11 
but with a p~rini idine ring instead of the amidine 
moiety, would be more active against parasites than 
the noncyclic compounds I1 and 111. TWO methods 
were used in the preparation of these compounds, 
both involving (.ondensation of arylaniidineureas (11) 
or arylbiguanides (111) with acctylacrtone (VIa) or 
ethyl acetoacetate (VIb) (see Experimerital Section). 

To verify the structure of the new pyriniidinyl ureas 
(IV) we also prepared these compounds by condensing 
aromatic urethans (VIIa) with 2-anii1iopyrimidines 
(VIIIa),'L aromatic primary amines (VIIb) with 2- 
pyrimidylureas (VIIIb),llJz or aryl isocyanates (IX) 
with 2-aiiiirit~p3'riniidines (VIIIa)l3,l4 (Scheme 111). 
The compound obtained from phenj lurea (VIIc, 

I \ ' ,  Y = 0 
\', Y = NII 

X D N C 0  

IX 

X = H) and 3-methylmercapto-4-hydroxy-6-methyl- 
pyrimidine (VIIIc, R = OH)15 was found to have the 
structure IV (R = O H ;  X = H) arid not that  of 1- 
phenylcarbamyl-2-imino-4-methyl-6-lietodi hydropyrim- 

itliiie.l5 Some hydroxy derivatives of pyrimidines 
(TI', R = OH) uere obtairied in form of their sodium 
snlts. The bases (IV, R = OH) also form unstable 
11) tlrochlorides. They decompose evolving HCl when 
heated arid readily hydrolyze in aqueous solution. 

Toxicity.-The toxicity of the biguanide, amitline- 
urea, and pyrimidine derivatives was determined using 
Karber's method;16 the compounds were ad 111 nisteicd 
parenterally to white mice weighing 16-29 g I I I  the form 
of a suspension in 2.57c of gum arabic. The resultq are 
given in Tables I, 11, and 111. In geiieial, the pyrinii- 
dine derivatives were found to be ( J f  Ion- toxicity. 

Antimalarial Activity.-The antim:tlarial activity of 
the 1)yrimidine derivatives IV and V was trsted against 
P.  berghei in mice by Dr. F. Hawking, Sational Insti- 
tute for Medical Rcqcsrch, London. The animals were 
inoculated intraperitoiieally 11 ith P.  bwqh(>z (npproxi- 
matelv 5 x 106 prrrasite,i/mouse) : t be test roni- 
pounds were given once daily intraperitoneally durinq 
4 days, the first dose being given 4 hr after iiioc*ulatioti. 
Three mice were used for each do5e. On clay 3 ,  z.e. ,  
24 hi after the last dose, blood films were taken from 
a11 of the mice and the percentage of red blood cells 
containing parasites was estimated and compared with 
that of the controls. Antimalarial action was indi- 
vated by a reduction in the degree of parasitemia to  
10-2Oc7, of that of the rontrols. Thirteen pyrimidine 
derivatives (indicated by a plus sign in Table I) caon- 
taining different substitucnts nere tested lor  their anti- 
malarial activity. 

At dohes of 0.5, 1.0, 2.0, 2.3,  !5 0, and 10.0 rng00-g 
mouse, no activity was found. Nitroguariil given 
intraperitoneally also showed no antimalarial activity 
and was found to be highly toxic. In previous experi- 
ments in nvim malaria and in clinical trials. this coni- 

(11) R. n. Aslia.orth. A ,  I. Cronther,  F. H. 8. Curd, and F. L. R ~ ~ ~ ,  J .  pourid was administered orally and proved to  be of 
low toxicity and ot a marked activity. The question Chem. Sac., 581 ( I H 8 ) .  

(12) S. Tlirtuell, ibii t . ,  1725 ( lS53) .  
(13) R. C. O'Neiii and A .  J. Basso, U.  9. Patent 2,762,742 (1956). 
(14)  N g .  PI]. I3uu-IIoi, NE. D. Aiiong,, and V. T. Suu. J. Chem. SOC.,  2815 

[ I'J.58). 

(1R) RI. Ridi and S. Cliecchi, A n n .  Chim. (Home) .  44, 28 (1!454): Chem. 

(16) G .  Karher. Arch.  Erpll. Pulhol.  Phurnwkul.. 162, 480 ( l Y 3 1 ) .  
A b u t r . .  49, 4658 (lY5.5). 
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(I) The prodiict (IT, R = OH) was suspended in H20 and 
acidified with dilute acetic acid; the solid was washed with hot 
R20, boiled with CHIOH, dissolved in 2% aqueous-alcoholic 
XaOH, and precipitated on cooling as the sodium salt'; after 
crystallization from CH30H, the prodiict was acidified with dilute 
acetic acid and boiled with H20. 

( b )  The crude product (T, R = OH) was suspended in H20, 
neutralized with dilute acetic acid, and recrystallized from pyri- 
dine or N-methylformamide. 

Sodium salts of 11. were obtained in 2Yc HYO-alcohol solution 
of SaOH arid recrystallized from alcohol; they crystallize with 
1 mole of alcohol. 

Hydrochlorides of IT were prepared in hot Concentrated HC1, 
washed with absolute ether and dried in vacuo; they lose HCl 
on  heating. 

l-Aryl-3-(4,6-dimethyl-2-pyrimidyl)ureas (IV, Y = 0 ; R = 
CH,) and l-Aryl-3-(4,6-dimethyl-2-pyrimidyl)guanidines (V, 

Y = N H ;  R : CH1).-Both compounds of type IV and V neie  
prepared according to methods A arid B using acetylacetone 
instead of ethyl acetoacetate and recrystallized from acetone- 
ethanol solution, 1-butanol, or pyridine. 

Acknowledgments.-We wish to express our gratitude 
to Dr. Bruce-Chwatt, Chief of Research and Technical 
Intelligence Division of Malaria Eradication, World 
Health Organization, for his kind interest in this 
research and aiding us with supplies of instruments and 
materials. We are greatly indebted to Dr. F. Hawking, 
Sational Institute for Nedical Research, London, for 
the antimalarial tests, and to Dr. I<. Jakimomka, 
Drug Institute, Warsaw, for the toxicity determi- 
nations. 
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An apparent correlation between the activity of chloramphenicol analogs, as determined by microbial kinetics, 
and the electronic polarizability of their aromatic substituents has been found which suggests the activity of 
chloramphenicol and its thiomethyl analog may arise, in part, by intramolecular charge transfer. 

Recent attempts at  correlating the biological activity 
of chloramphenicol analogs by means of the Hansch 
equation2 suggest that the correlation, or lack of correla- 
tion, obtained by this equation depends markedly on 
the accuracy of the method used to  evaluate biological 
activity. Hansch arid associates'" reported a fairly 
good correlation (correlation coefficient, = 0.824; 
Escherichia coli)  for chloramphenicol analogs whose 
activities were determined by a serial dilution m e t h ~ d . ~  
I n  contrast, Garrett and co-workers4 were unable to 
correlate many of the same chloramphenicol analogs 
studied by the Hansch group when their activities were 
determined by a inore accurate kinetic method. 

We wish to present an apparent correlation between 
the activity of chloramphenicol analogs, as determined 
by microbial l~inet ics ,~ and the electronic polarizability 
of their aromatic3 substituents. I n  light of this new 
(*orrelation, it appears that a Hansch treatment can 
provide a fairly good, but not necessarily significant, 
correlation for chloramphenicols whose activities are 
determined by kinetic methods, provided the limits 
imposed by the parameters employed in this treatment 
are not exceeded. 

Results and Discussion 

The molar electronic polarizability of a substance is 
given by the 1,orentz-Lorenz equation5 as follows where 

(1) This investigation was supported in par t  by Grant  AI 07811-01 from 
tlie h-ational Institutes of Health. 

(2 )  (a)  C. Hanscli, R .  XIuir. T.  Fuj i ta ,  P. P. hlaloney, F. Geiger, and 
.\I. Streich, J .  Am. Chem. SOC., 86, 2817 (1963);  (b j  C. Hansch and T. 
Puj i ta .  ; b i d ,  86, 1616 (1964) .  

(3)  XI. N.  Shemyakin,  hl .  N.  Kolosov, R l .  XI. Levitov, K.  I. Germanora,  
.\I. G.  Karapetyan,  l u .  B. Slivetsov, and E. hl. Dambdas, J .  Gen. Chem. 
C S S R ,  2 6 , 8 8 5  (1956) .  

(4) E. R. Garret t ,  0. G. Wright, G. H. Miller, and K. L. Smith,  J .  M e d .  
Chem., 9, 203 (1966) .  

n is the refractive index of the substance, JI is its 
molecular weight, D is its density, N is Avogadro's 
number, and CXE is the electronic polarizability. A 
useful property of molar electronic polarizability, 
alternatively known as molar refraction, is its addi- 
tivity, i .e. ,  the molar refraction of a substance may be 
represented as the sum of atomic or group refrac- 
t i o n ~ . ~ ~  Further, since electronic polarizability is ex- 
pressed in units of volume, molar, atomic, or group 
refractions are a measure of molar, atomic, or group 
volumes, respectively. 

When Fisher-Hirschfelder-Taj lor rrodels are made 
of the substituted benzenes corresponding to the aro- 
matic nucleus of chloramphenicol analogs, it is noted 
that the activity of a chloramphenicol appears propor- 
tional to the volume which its aromatic substituent 
presents to a surface. Using atomic and group refrac- 
tionsZh as a measure of this volume, an excellent linear 
correlation is obtained with the inhibition constants4 
of all chloramphenicols except chloramphenicol itself 
and its thioniethyl analog (Table I).  The correlation 
which is obtained, while empirical in origin, does have 
some theoretical justification.G 

From a consideration of the partition function for a 
population of electrically uncharged molecules con- 
fronted with both an electrically conducting surface 
and an adjacent solution, Agin, et CZZ. ,~  derived the 
equation 

l n  C, = K ' O I E  + In C* 
( 5 )  (a) P DebJe,  "Polar hlolecules," Dover Pubhcatlons, Inc , New 

York, N.  T , 1929; (b) Y. K. Skrkin and h l  E Dla tk lna ,  Structure of 
Moleoules and the Chemical Bond," Doier  Publications Inc., New York 
N. I-., 1964 

(6) D Agin, L Hersh, and D. Holtzman, Proc.  S a t l  Acao! Scz C S. 
63, 952 (1965) 


