
Journal of Medicinal Chemistry 
@ Copyright 1967 by the American Chemical Society 

VOLUME 10, NUMBER 4 JUKE 26, 1967 

Naphthoquinone Antimalarials. XXIX. 
2-Hydroxy-3 - (o-cyclohexylalkyl) -1,4-naph thoquinones 

LOUIS F. FIESER, JOSEPH P. SCHIRMER, 

Harvard I 'niversity,  Department of Chemasiry, Canibrzdge, Massachusetts 

SYDNEY ARCHER, ROMAK R.  LORESZ, AKD PETER I. PFAFFEKBACH 

Sterling-TVznihrop Research lnstzi ide,  Rensselaer, S e w  Y o r k  

Received Octohcr 27, 1.966 
lievised Manuscript  Received February 28, 1967 

This investigation is a continuation of work start,ed during World War I1 by the €€award group. The series 
cited i r i  the title has been extended to include members having very large hydrocarbon grolips in the hope that 
they will undergo metabolic hydroxylation to give products of adequate antimalarial activity in  man and resistant 
to further metabolic oxidat,ion. 

This work is an extension of a wartime research re- 
corded in 24 initial papers' a,nd in 4 supplementary 
publications. 

The typical 2-hydroxy-3-alky1-1,4-naphthoquinones 
1 and 3 have adequate act'ivity in the suppression of 
Plasriaodiuin lophume  in ducks, as indicated by their 
quinine equivalents (Q) of 2.1 and 0.5, and they also 
effectively destroy the exoerythrocytic forms of malaria 
parasites found in the reticulo-endothelial cells of 
chickens infected with P.  gallinaceum. I n  a clinical 
trial of the two compounds in syphilitic patients under- 
going malaria therapy (blood-induced P. vivax and 
P. falciparuna),  1, highly potent in ducks, proved to be 
completely inactive in man, whereas 3 showed definite, 
if weak, act'ivity. A study of plasma and urine ex- 
tracts from nonmalarial subjects given the drug estab- 
lished that both quinones are degraded rapidly in the 
human organism, whereas they are not metabolized 
by ducks or chickens. Compound 1 affords the car- 
boxylic acid 2, whereas 3 is degraded to two secondary 
alcoholic derivatives, one of which was identified by 
synthesis as 4. The naphthoquinone ant,imalarials 
are powerful inhibitors of respiratory syst,ems. At a 
concentration of 1 X -11, 3 effects SOYc inhibition 
of the respiration of parasitized red blood cells drawn 
from a duck infected wit'h P.  lophurae. A close paral- 
lelism between antimalarial and ailtirespiratory activity 
for 1.3 quinones showed that  the in vitro test can be 
used safely for evaluation of antimalarial activity on a 
microscale. Application of t,his technique established 

(1) L. F. Fieser. 11. T. Leffler, et  al., J .  A m .  Chem. Soc.. 70,  3151, 3174, 
3181, 3186, 3195. 3197, 3203, 3206, 3213 (1948); M. T. Leffler, et  al., i b i d . ,  
70, 3222, 3224 (1948) (papers SIII ,  X I V ) ;  L. F. Fieser, et al., i b i d . ,  7 0 ,  
3156 (paper II ) ,  3215, 3228 (paper S V )  (1948); 71, 3615 (1949);  73, 996 
(1950); J .  I'harmacoi. Ezptl .  Thernp. ,  94, 85, 97,  112 (1948);  J. Bid. 
Chem., 176, 1359, 1363 (1948); L. F. Fieser. J .  Am. Chem. Soc., 70,  3165, 
3232, 3237 (1948). 

(2 )  LI. Paulshock and C .  AI. Moser, 
Cram, ihid., 71, 3950, 3953 (1949) (pap 
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that the metabolite of 1,  with two oxygens in the side 
chain, is completely devoid of activity, whereas the 
metabolite of 3 retains about one-tenth of the original 
activity. 

Introduction of a hydroxyl group into the side chain 
renders the drug resistant t o  metabolic degradation 
but has the fault of reducing biological potency. 
However, a method of compensating for this loss was 
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uiideranoic acid8 as starting material for construction of the large 
side chain (CH2)laC6Hll. Hydrogenat,ion of the benzene ring and 
conversion throiigh the acid chloride to  the peroxide by t8he 
method of Silbert and Swerng gave material almost completely 
free of the carboxylic acid, but use of this for alkylation of 2- 
hydroxy-1,4-11aphthoqiiirione gave a yellow product, which 
remained an oil despite all at,t,empt.s t.0 induce crystallization. 
The plan to carry oiit siiccessive Hooker oxidations was t,hus 
abandoned. 

In anot,her trial, the met.hod of Plebek'o (yield 41%) and hy- 
drogenatioii" gave 6-cyclohexylhexanoic acid (8) (mp 32-33") 
(Scheme I). 
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2-( 6-Cyclohexylcaproyl)hydroquinone (9).-A mixture of 0.1 
mole of the acid chloride from 8 (SOCL) and 0.1 mole of hydro- 
quinone in  50 ml of CC14 was saturated with gaseous BFI and 
refluxed on  t,he steam bath overnight. The BF3-addition 
product was decomposed wit,h either aqueous sodium acetate or 
aqueous Sa?COs, and t8he substituted hydroquinone was ob- 
tained by et,her exhaction; yield of crude product, 74%. Crys- 
t,allizatioti from ligroin gave golden yellow platelets, mp 76-77'. 

Anal. Calcd for C18H2603: C, 74.44; H, 9.03. Found: C, 
74.60: H, 8.96. 

The same product, was obtained by the procedure of Arm- 
strong, e t  for C-acylation of h:rdroquinone with a car- 
boxylic acid and BF,. A product of inferior quality was ob- 
tained in higher yield, but pnrificat,ion led to the same yield as 
reported above. 
2-( 6-Cyclohexylhexyl)hydroquinone (lo).-Reduction of the 

carbonyl group of 9 was attempted by several methods but none 
proved fully satisfactory. A modified Clemmensen procedure of 
Adams, et seemed promising, but, catalytic reduction, 

( 8 )  S. .i. Dmitriev. N. >I. Iiaravaev, and -A. V. Smirnova, Tzu .  Akad .  
S n u k  S S S R ,  O t d .  Khim. N a u k ,  1800 (1961); Chem. Abstr.. 66, 7207 
(1962). 

(9) L. S. Silbert and D. Swern, J .  Am. Chem. Soc., 81, 2364 (l95Y). 
(10) .J. Plesek. Collection Czech. Chem. Commun., 111, 902 (1956). 
( I  I )  G. S. Hiera and R.  .Idams, J .  Am.  Chem. Soc., 48, 2392 (1926). 
(12) E. C. Arrnqtrong, R. L. Bent. A. Loria, J. R. Thirtle, and A .  LVeiss- 

(1,;) K.  Adam-, c'. I(. Cain, and B. R .  Baker, ibid., 62, 2201 (1940). 
Iwrger, ? h i d . .  82, 1928 (1960). 

although erratmiel gave the only sat,isfactory batch of 10. .4 
mixture of 7.25 g of the ketone 9, 0.5 g of 30Yc Pd-C, and 200 
ml of absolut$e ethanol showed no uptake of hydrogen overnight' 
at 4.2 kg/cm*. Addition of 3 drops of concentrated HC1 and 
further shaking for 20 hr effected complete reduction (yield 
qiiantit.at.ive). An analytical sample was obtained by boiling a 
port,iori wit,h a large volume of petroleiim et'her (bp 38-52') 
and drawing off and concentrsting the soliit.ion. This gave 
whit,e flakes, mp 77-79". 

Anal. Calcd for C18H2802: C, 78.21; H, 10.21. Found: 
C, 78.41; H, 10.14. 
2-(6-C~clohex~lhex~l~-1.4-benzoauinone (11 ).-A mixture of - . I  

1 g of the hydroquinone 10, 2.3 g of  freshly irepared A g 0 , 1 4  and 
30 ml of anhydrous ether was stirred and filtered. Removal of 
the ether in vacuo gave 1 g of a yellow solid, mp 64-65'. A 
sample recrystallized from acetic acid-water me1t)ed at 65.5-67.5'. 

Anal. Calcd for C18H?602: C, 78.79; H, 9.55. Foiuid: C, 
79.01; H, 9.54. 
2-(6-Cyclohexylhexyl)-1,4-naphthoquinone (lL).-The pro- 

cedure for conversion of the benzoquinone 11 to the naphtho- 
quinone 12 was patterned after one described.15 A Carius tube 
charged with 5.1 g of 12, 2.5 ml of butadiene, and 40 ml of AcOH 
was sealed and heat,ed at 80" for 48 hr. The reddish yellow solii- 
t,ion was filtered by suction t,hrough a pad of Sorit  and t,he light, 
orange fi1trat.e was heated on the steam bath to  eliminate buta- 
diene. A solution of 3.5 g of NaNOI in a little H20 was added, 
and the mixture was warmed briefly on the st~eam bath t.o give a 
wine-colored solution. After addition of a solution of 5 g of 
CrOs and 1 ml of concent,rated H&04 in 5 ml of H20, t,he mixture 
was heat,ed on the steam bath for 45 min and then poured onto 
ice and H20. The flocculent precipihte was collected and 
washed well with H20. Crystallization from methanol gave 
2.0 g of the yellow naphthoquinone, mp 78- i9".  

Anal. Calcd for C22H2802: C, 81.44; H, 8.70. Found: 
C, 81.05; H, 8.53. 

The plan was to hydroxylate 12 in the quinone ring by BF3- 
catalyzed bromination and alkaline hydrolysis,16 but t.he product 
obtained in poor yield in the first step was anomalous (Anal. 
Calcd: Br, 19.81. Found: Br, 46.98). Alt,hough on hydrolysis 
it afforded the expected product,, we report, below a more re- 
liable route to this compound. 
Acids Required for Alkylation.-5-Phenylvaleric acid (13), 

available from the Aldrich and Fisher Chemical Companies, 
served as starting mat,erial for the preparation of w-cyclohexyl- 
nonanoic acid (18) (Scheme 11). Hydrogenation of t8he ben- 

SCHEME I1 

zene ring wit,h platinum catalyst in acetic acid a t  4.2 kg/cm* 
proceeded readily." The product 14, which distilled at. 130" 
(1 mm) [lit.ll 151-153' (4 mm)], was obtained in 92% yield. 
The cyclohexylvaleric acid was reduced quantit,atively by 
LiAlHa to the alcohol 15 which afforded t,he bromide 16 in 85c7, 
yield of dist,illed material, bp 80" (0.3-0.4 mm). Alkylation of 
malonic est,er, hydrolysis, and decarboxylation afforded w- 
cyclohexylheptanoic acid" 17 (mp 25-26') in 707, over-all 
yield (the intermediate malonic acid, cryst,allized from petroleiim 
ether, melted at 111-112"). A port,ion of the acid 17 was rised 
for an alkylation and t,he remainder was iised t,o synthesize the 
known11 w-cyclohexylnonanoic acid (18). The bromide boiled 
at 113-115" (0.2 mm); the malonic acid was obtained in 68y0 
over-all yield; w-cyclohexylnonanoic acid (18) was cry~t~allized 
from petroleum et,her and melted a t  44.545.5" 45.546.5' ). 

(14) I. A. Pearl, "Organic Syntheses," Coli. Vol. IV,  John Wiley and Sons, 

(15) L. F. Fieser, J .  Am. Chem. Soe., 70, 3165 (1948). 
(16) L. F. Fieser, ibid., 70, 3172, 3173 (1948). 
( l i )  P. A. Levene and R. E. hlarker, J .  Biol. Chem., 110, 311 (1935). 

Inc., New York, N. Y., 1963, p. 972. 
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2-Hydrocinnamoylcyclohexanone (15).-A <ottitioti of 250 p 
( I  .49 moles) of hydrociiiiiamciyl chloride i i i  660 rnl of  c>TlC1, w a y  
:idded over :I period of '2 hr l o  a soliitioii of 213.6 g (1 .27 moles) r i f  

Iiihexeiie?' atitl 136 g (1.33 moles) of EtJ i i i  

whilr mniriiaiiiing a temperatiire of :So. The 
resitlting light red si)hilioii \vas allowed to st:md at room lem- 
perntiire for 20 hr :tiid then refluxed with 640 nil of 187,  IICl for 
5 hr to  eliminate the ennmine groiip. After cooliiig, the orgairic 
layer \vas separated, wwhed well with water, a i i d  coricentratetl 
under vacuum. I)istillntioii of the residite afforded 201 g ( 6 9 5 )  of 
the 1,Miketoiie 15, 111) 152-100° (0.5 nun), R% 1 
distillate crystallized oii standing aiiti :i sample re 
from methanol melted nl 42-42.5". 

7S.30:  11, 7.5s. 
7-Keto-9-phenylnonanoic Acid ( 16).-P1)t a.siriiii hydroxide 

-olutioii ( 4  .V, 640 ml) wn': heated t o  boilirig attd t o  i t  \vas added 
201 g of 2-hyc~r.oc.iitiinnii)ylcyclohesaiiolie. The mistui.e \v:w 
.;tirred, refluxed f i i i .  3ever:il minute 1 homogeneous :uid 
twoled, niid the light yellow sotutioit cidified with c:oitreti- 

ed 11C1 :itid atirred t o  hasten cr! a t i o t i .  The prridu(*t 
' collected, rmshed with 1120, a i d  dried in I J ~ C I L O  a 
attire for l ( i  hr l o  yield 207 g ($16';;) of white 

.Ln~l. Calctl for C ' j : I T i 5 0 2 ;  C, 7s. 11, 7.W. Foiiiid: <', 

::s--400. 
.trial. Calcd for  C j j I 1 ~ 0 ~ :  C ,  72.5,j: 1 1 ,  S.12. I?oiititl: V, 

73.00; 11, 8.03: iieut eyiiiv, 247.8. 
w-Phenylnonanoic Acid (17).-A solutioii of 303 g uf the  keto 

acid 16 and 270 ml of R.5:; hydrazine hydr:ite iit 1600 nil of di- 
ethylene glycol was heated at 120" for 4 hr. \'inter aiid e s i w s  
hydraziiie were removed uiider vacuum, the vacuum being maiit- 
tnined uiitil the pot temperature had agaiti risen t o  120'. The 
mixtiire was cooled to ioo ,  410 g of KOH was added, nnd the 
temperature was gr:idiially raised to 220" in 2 . 5  hr and held : i t  
this point for 5 hr. After cooling, the dark paste wax disdvetl 
i t i  6 1. of hot 1120, :tridified with concentrated IIC1, :tiid extracted 
three times with ethclr. The combined ether extracts were dried 
(Xa2S04), charronletf, : i d  evaporated. 1)istillation gave 245 p 

..~. ~ ~ 

(20) l$y S. .\rcl)er, I < .  I < .  Im-enz. and P. 1. P f n f f c n l ~ n c ~ l i .  
(21)  It. l l i i i ~ g r n  \\-. Ra1111, I. Ugi, I i .  \\RIz, and I .  Glwgrr ,  . ~ J , , I . .  680, 

5 2  (195%). 
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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~gis ts ,~-~ 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) .  


