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This investigation is a continuation of work started during World War II by the Harvard group.

The series

cited in the title has been extended to include members having very large hydrocarbon groups in the hope that
they will undergo metabolic hydroxylation to give products of adequate antimalarial activity in man and resistant

to further metabolic oxidation.

This work is an extension of a wartime research re-
corded in 24 initial papers! and in 4 supplementary
publications.?

The typical 2-hydroxy-3-alkyl-1,4-naphthoquinones
1 and 3 have adequate activity in the suppression of
Plasmodium lophurae in ducks, as indicated by their
quinine equivalents (@) of 2.1 and 0.5, and they also
effectively destroy the exoerythroeytic forms of malaria
parasites found in the reticulo-endothelial cells of
chickens infected with P. gallinacewm. In a clinical
trial of the two compounds in syphilitic patients under-
going malaria therapy (blood-induced P. vivar and
P. falciparum), 1, highly potent in ducks, proved to be
completely inactive in man, whereas 3 showed definite,
if weak, activity. 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 ar chickens. Compound 1 affords the car-
boxylic acid 2, whereas 3 is degraded ta two secondary
aleoholic derivatives, one of which was identified by
synthesis as 4. The naphthoquinone antimalarials
are powerful inhibitors of respiratory systems. At a
concentration af 1 X 10-8 37, 3 effects 509, inhibition
of the respiration of parasitized red blood cells drawn
from a duck infected with P. lophurae. A close paral-
lelism between antimalarial and antirespiratory activity
for 158 quinones showed that the #n viiro test can be
used safely for evaluation of antimalarial activity on a
microscale. Applecation of this technique established

(1) L. F. Fieser, M. T. Leffler, et al., J. Am. Chem. Soc., 70, 3151, 3174,
3181, 3186, 3195, 3197, 3203, 3206, 3213 (1948): M. T. Leffler, et al., ibid.,
70, 3222, 3224 (1948) (papers X111, X1V); L. F. Fieser, et al., ibid., 70,
3156 (paper 11}, 3215, 3228 (paper XV) (1948); 71, 3615 (1949): 72, 996
(1950): J. Pharmacol. Exptl. Therap., 94, 83, 97, 112 (1948): J. Biol.
Chem., 176, 1359, 1363 (1948): L. F. Fieser, J. Am. Chem. Soc., 70, 3165,
3232, 3237 (1948).

(2) M. Paulshock and C. M. Moser, ¢bid., 72, 5073, 5419 (1950):
Cram, thid., T1, 3850, 3953 (1949) (papers NXVII XXVIII),
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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 to metabolic degradation
but has the fault of reducing biological potency.
However, a method of compensating for this loss was
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revealed by u study of distribution characteristios
(paper XV, Distribution of a hydraxynaphthoqui-
nane between ether and an aqueaus buffer and determi-
nation (hy calarimetry) of the amount extracted per-
mitted  ealenlation  of o logarithmie  constunt pk
cliaraeteristic af cacli campountd. The study revealed

[Qninone o
[(Quinanetroe

pE = lag + pll -2

the impartant relatiouship that for maximal anti-
ntalarial activity o naphthoquinane must have a hy-
draphilic-lipophilic balinee such that the pZ value
fulls in the range 10-12. Aetaholic hydroxylation of
the side chain praduces a marked hydraphilic shift, as
i« evident fram the p/s valne far 8 of 9.5 as compared
ta the value of 6.4 1(11 its metahalite (4).  Hawever,
I any series ply inereases with inereasing maolecular
weight and henee lass i activity from hydroxylation
af the side chiatn can be campensated far hy inereasing
the size of the hydracarban part of the chain.  These
ennsiderations suggested svuthesis af 5, which cantains
a tertiary hydroxyl gronp ta provide pratection from
nietaholic degradation in o campensatingly large (C)o)
side chain,  Althanght auly feehly active in ducks

(CH.).C(OH)(n-C H, ),
OH

5

intramuscularly  administered 5
AMetahalism studies in man
and in various animals were made by parenteral ad-
nministration of drug. withdrawal of blood samples
fram tinie to time, and determination of the activity
of the naphthaquinone preseut by measuring the anti-
respiratory activity by the Warburg technique. In
the case aof intravenously administered 3, the activity
af nuphthaoquinone extracted from plasnia fell ta ane-
third the ariginal level after anly 0.5 hr, and after 4
hr the activity revealed a level of ane-tenth that of 3
and persisted at the sane level far same 20 hr. Pareu-
terally administered 5 afforded satisfactary levels of
effective drug lasting for several hours. The lahara-
tary evidence painting ta 5 as a promising drug was
nat camplete nutil after the war, when fornierly cx-
tensive facilities far elimeal trial were no longer avail-
able. However, inoa trial cartied out in Lebanar,
intravenausly administered 5 praved ta he bath sup-
pressive and curative, at least in the limited namher of
caxes tried.  That the comipaund did naot <ub%eq11e111ly
find o place in practieal therapy perhaps is hecause it
ix cffective onty whett given by parenteral administra-
t1att.

The ather candidate antimalarials developed durinw
the war such ux pentaquine, primaguine, tmd chlora-
quiile, are 11111(10(11—((111t1111111g (nmpmunds related to
tiie  Germarn-develaped  quinacrine and paniaquine.
Chlaraquine in particular gained widespread use; 1
has low toxicity and suppresses all usual fornis of
maliia. However, in 1964 drug resistance ta chlaro-
quine in malaria (2. faledparwm) became i@ serious
prohlem in Southeastern Asia and o patential thread

when given arally,
passesses high pateney.,
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in Sauth Americn®  The naphthoquinane series secis
particularly attractive because resistanee af purasites
ta nitragen heteracyeles shauld nat imply resistanee 1a
canmpaunds cantaining anly 4 Hoand O and probably
actitg hy o different meeliism, The present ex-
tensian af the carlier wark i candneted as o Joiut praject
hetweett the Flarvard! and Sterling-Winthrap gronps,
Onie plan i= ta examine quinanes <imilar ta 3 but having
Lirger hyvdracarban side eliains. T the plat af aetivity
against . lophurae i ducks for 2-hvdroxy-3-fe-
evelohexylalkylj-Fod-naphthaguinanes (paper TH). qui-
nane 3 iz =eenr ta he =amewhat helow the peak of
the carve, which then rises o little ta Cye Cy aud then
fall~ oft alwuptly.  The highest member esamined,
2-liydroxy-3-(w-cyvelaliexvhianyl) -1 4 -naphthaquinane,
fornterly =cenied quite nninteresting heeanse it ix anly
feebly active indneks, Hawever, it now secins possit I
that the campound will he metahalized i man and prob-
able that the metabalites ave mare potent than the 3
netabalites. Thus, our present aim = ta find a cam-
paund whicly itself daes nat passess satisfuctary drug
action but wihiell will vield a wcetabalite having this
quality and resistant ta further metahalie degradatian.

Fartunate far aur praject is the facet that the methad
af nssay against 20 laphurae in ducks has given way ta
methods nsing 7. bergher in aniee® and ', eynonolai
i mankeys="  Our carlier wark inchuded explaratary
experiments ained at finding a test aniimal <liowing
a respanise to administered naphtliogninane cotparahle
ta that of man and therefare suitahle far ('x:uuill:ninn
af new campaunds with respect ta persistence and re-
sixtanee ta deactivation (paper XX, Fallawing in-
travenous adiministration of 3. naphthaquinane pig-
ment disappearcd fram the hlaod of dags, eats, and
rahhits in aomatter of o few minutes after the injection:
It persisted far langer periads in a guinea pig and in an
anesthetized mankey, but very little drug degradation
nvvur‘r'v(l Intravenously injeeted 3 persisted i the
blaad af o duck far mare than 1 hre and sutfered o
degradation.  The mause praved ta he a particularly
satisfactary  test animal. Tntravenously  mjected 3
and 5 both persisted in the hlaad far cansiderakle
periads and suffered metahalic deactivatian camparal le
to that ahserved i mun; § persisted hetter and was
degraded less extensively thun 3.

Thix paper reparts synthesis of the three missing
methers of the 2-hydraxy=-3-{e-cyelahexylalkyl)-1.4-
naphithaoquinane series. Bloassay dara are reserved
for camparizan with thase for carresponding w-ndaant -
vialkyl camponnds to be desertbed inan aecomprnying
paper.

Experimental Section®

the approach which seen:edd moacrive
Lervi-

Preliminary Trials.--
was Ta use commereially available ¢Eastman, Tisha) 114

(81 DL VL AMoore ad 1L L Lanier, WU, J. Frops Mo, Jlyg. 2005 010613
AL DL Youue and D V. Mooen, ifad,, 10, 317 $1061),

1) We were adviserl of 1he situation atul nrged 16 rosiane wark oo the
napbthionuinenes by Lir. Leo Rane, University of Miani Sclood of Melietae,
aned Nr. DNavid P. Jacobus, Walier Reed Army Medical Cencer. Componiold
5 is under active reexanumalipn by the Miamd amd Walier Reed groaps,
The Harvard work was nalialiy apporisl mopart by geanl CA-U1G5 feom
1he National Institnres wof [lealth (L. o170

31 DGl Navey, Feptl, Cheswthesapy, 1, 198 9106550 =00 olsec 01
Tlaarscon, Brid, J. Phocacel,, 5,109 10510,

iG) J, P, Thurslow, sbid,, 5, 507 (19501,

Ty Fxporiments by 1, P80 de, exeep o= noted.
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undecanoic acid® as starting material for construction of the large
side chain (CH2)0CeH)y. Hydrogenation of the benzene ring and
conversion through the acid chloride to the peroxide by the
method of Silbert and Swern® gave material almost completely
free of the carboxylic acid, but use of this for alkylation of 2-
hydroxy-1,4-naphthoquinone gave a yellow product which
remained an oil despite all attempts to induce crystallization.
The plan to carry out successive Hooker oxidations was thus
abandoned.

In another trial, the method of Ple$ek! (yield 419) and hy~
drogenation!! gave 6-cyclohexylhexanoic acid (8) (mp 32-33°)
(SchemeI).
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2-(8-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 CCly was saturated with gaseous BFs and
refluxed on the steam bath overnight. The BFs-addition
product was decomposed with either aqueous sodium acetate or
aqueons Na,COs, and the substituted hydroquinone was ob-
tained by ether extraction; yield of crude product 749. Crys-
tallization from ligroin gave golden yellow platelets, mp 76-77°.

Anal. Caled for CigHOs: C, 74.44; H, 9.03. Found: C,
74.60; H, 8.96.

The same product was obtained by the procedure of Arm-
strong, et al.,'? for C-acylation of hydroquinone with a car-
boxylic acid and BF:. A product of inferior quality was ob-
tained in higher yield, but purification led to the same yield as
reported above.

2.(6-Cyclohexylhexyl)hydroquinone (10).—Reduction of the
carbonyl group of 9 was attempted by several methods but none
praved fully satisfactory. A modified Clemmensen procedure of
Adams, et al,'* seemed promising, but catalytic reduction,

(8) S. A. Dmitriev., N. M. Karavaev, and A. V. Smirnova, Tzv. Akad.
Nauk SSSR, Otd. Khim. Nauk, 1800 (1961); Chem. Abstr.. 56, 7207
(1962).

(9) L. 8. Silbert and D. Swern, J. Am. Chem. Soc., 81, 2364 (1959).

110) J. Pledek, Collection Czech. Chem. Commun.. 21, 902 (1956).

(11) G. 8. Hiers and R. Adams, J. Am. Chem. Soc., 48, 2392 (1926).

112) E. C. Armstrong, R. L. Bent, A. Loria, J. R. Thirtle, and A. Weiss-
herger, ihid., 82, 1928 (1960).

(13) R. Adams, C. K. Cain, and B. R. Baker, ibid., 62, 2201 (1940).
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although erratic, gave the only satisfactory batch of 10. A
mixture of 7.25 g of the ketone 9, 0.5 g of 309% Pd-C, and 200
ml of absolute ethanol showed no uptake of hydrogen overnight
at 4.2 kg/ecm?.  Addition of 3 drops of concentrated HCl and
further shaking for 20 hr effected complete reduction (yield
quantitative). An analytical sample was obtained by boiling a
portion with a large volume of petroleum ether (bp 38-52°)

and drawing off and concentrating the solution. This gave
white flakes, mp 77-79°.
Anal. Caled for C;sHys0.: C, 78.21; H, 10.21. Found:

C,78.41; H, 10.14.

2-(6-Cyclohexylhexyl)-1,4-benzoquinone (11).—A mixture of
1 g of the hydroquinone 10, 2.3 g of freshly prepared Ag,O,' 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 melted at 65.5-67.5°.

Anal. Caled for CisHuO2: C, 78.79; H, 9.55. Found: C,
79.01; H, 9.54.

2.(6-Cyclohexylhexyl)-1,4-naphthoquinone (12).—The pro-
cedure for conversion of the benzoquinone 11 to the naphtho-
quinone 12 was patterned after one described.’® A Carius tube
charged with 5.1 g of 12, 2.5 ml of butadiene, and 40 ml of AcOH
was sealed and heated at 80° for 48 hr. The reddish yellow solu-
tion was filtered by suction through a pad of Norit and the light.
orange filtrate was heated on the steam bath to eliminate buta-
diene. A solution of 3.5 g of NaNQ; m a little H,O was added,
and the mixture was warmed briefly on the steam bath to give a
wine-colored solution. After addition of a solution of 5 g of
CrO; and 1 ml of concentrated Ho8O4 in 5 ml of H,0, the mixture
was heated on the steam bath for 45 min and then poured onto
ice and H.0. The flocculent precipitate was collected and
washed well with H,0. Crystallization from methanol gave
2.0 g of the yellow naphthoquinone, mp 78-79°.

Anal. Caled for CwnHx0.: C, 81.44; H, 8.70. Found:
C, 81.05; H, 8.53.

The plan was to hydroxylate 12 in the quinone ring by BFs-
catalyzed bromination and alkaline hydrolysis,® but the product
obtained in poor yield in the first step was anomalous (Anal.
Caled: Br, 19.81. Found: Br, 46.98). Although on hydrolysis
it afforded the expected product, we report below a more re-
liable route to this compound.

Acids Required for Alkylation.—3-Phenylvaleric acid (13),
available from the Aldrich and Fisher Chemical Companies,
served as starting material for the preparation of w-cyclohexyl-
nonanoic acid (18) (Scheme II). Hydrogenation of the ben-

ScueME 11
H-Pt LiAlH.
CsHs(CH2)4C02H —— CsHu(CHz)4C02H ——>
13 92%, 14 1009,
HBr-H-80; mal ester syn
C¢H1(CH,);0H —> CeHu(CH,);Br ————>
15 85% 16 0%

LiAlHs, HBr,
mal ester syn

Can(CHz)GCOgH — CGH]](CH2)5C02H
17 18

zene ring with platinum catalyst in acetic acid at 4.2 kg/em?
proceeded readily.” The product 14, which distilled at 130°
(1 mm) {lit.!! 151-153° (4 mm)], was obtained i 929 yield.
The cyclohexylvaleric acid was reduced quantitatively by
LiAlH, to the alcohol 15 which afforded the bromide 16 in 859,
yield of distilled material, bp 80° (0.3-0.4 mm). Alkylation of
malonic ester, hydrolysis, and decarboxylation afforded w-
cyclohexylheptanoic acid! 17 (mp 25-26°) in 709, over-all
yield (the intermediate malonic acid, crystallized from petroleum
ether, melted at 111-112°). A portion of the acid 17 was nsed
for an alkylation and the remainder was used to synthesize the
known!! w-cyclohexylnonanoic acid (18). The bromide boiled
at 113-115° (0.2 mm); the malonic acid was obtained in 68¢;
over-all yield; w-cyclohexylnonanoic acid (18) was crystallized
from petroleum ether and melted at 44.5-45.5° (lit.0 45.5-46.5°).

(14) I, A, Pearl, "'Organic Syntheses," Coll. Vol. IV, John Wiley and Sons,
Inec., New York, N. Y., 1963, p. 972,

(15) L. F. Fieser, J. Am. Chem, Soc., 70, 3165 (1948),

(16) L. F. Fieser, ibid., 70, 3172, 3173 (1948),

(17) P. A. Levene and R. E. Marker, J. Biol. Chem., 110, 311 (1935).
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w-Cyclohexyloctanaie acid was prepared similarly  (Rcheme
IID). A suspension of 12 g of LIAIH, in 100 ml af tetrahydro-
foran (PHEF) was stirred i til maost of the hydride had dissalved:
asalntian af 19.8 g af w-cyclahexythexanaie acid (8) in THF wiw
added in 1-1.3 hr, and the mixtire wax reflnxed avernight.  The
mixtnre was caoled inice and the camplex decompased hy the

SeveEME

LiAllly ITHr-11.801
Ca g CHDCOT e Gy (CLE)OH e
8 8 19
mal psler sy
Cal i ClHa By = ———> Cil(CHRCO, 1
20 s 21

additian of -2 ml of 10¢7 NaOH =alution. The heating mantle
was replaced, the mixture was branght to reflnx, and additional
alkali was added by draps 1mtil hydralvsis was camplete.  The
LiOIT =ertled ax a fire powder which was easily remowved by
filtration thraugh a sintered-glass finmel, which was then washed
with ether.  Removal af zalvent in o flash evaparatar gave alco-
hal 19 which fram the ir spectinm wax found to he pure enangh
for the next step. A mixtire of 223 g of 19, 30 g of 484 1By,
and 7wl af cancentrated 11504 was refluxed far 5-6 hr, caoled,
dilnted, and extracted with ether.’ The vield af hramide 20,
Lhp 118° (2 min), was 22 ¢ (74°7). Fur alkylotion of malanie
ester by a standard pracednre,’® 200 ml of absalute ethunal was
distilled inta a dry roand-battomed flusk, 2.1 g of sadium was
added, and the mixture was stirred and refluxed nntil solution
was complete.  Then 26 g of diethyl malanate was added,
fallawed hy 22 g of the bramide 20. The mixture was stirred
and refluxed avernight (NaCl separated) and a salntion of 26 g
af KO ip 25 ml of THLO was added to hydralyze the ester. The
mixture was heated to bailing and the candenser was removyed.
Ax the ethanal hoiled aff, 11,0 was added to keep the salt in soln-
tian.  When remaval of ethanol was complete, the mixtnre wus
rinsed to o mixtire of 52 g af cancentrated 1180 and 300-400
ml of ice water. ‘The malonie ester saon separated as a white
solid and was collected by snetian filtration. A sumple erystal-
lized fram petrolenm ether melted at 114-115°.11 I{eating the
malonic acid at 140° far 4 hr gave 10.4 g of w-cyelahexylactanoie
neid (22).

Alkylation of 2-Hydroxy-1,4-naphthoguinone.—In a typical
case, 1 mixtnre af 3 g af w-cvelohexylheptanaie acid (17), 9 ml
of SOCL, and 100 ml of belizene wax refluxed overnight, and ex-
cess rengent and solvent were distilled nnder reduced pressure:
additional benzene was added and distilled. The infrared spec-
trum then indicated the residne ta he of satisfactary purity.
Faltowing the procedure aof Silher( and Swern.® a sabitian of the
aeid chlovide i 100 ml of erher was stired 2t 0° and 0.5 ml of
904, 110y was added.  After 10-15 min 2.25 ml «f pyridine was
added drapwize; the solutian became tnrbid and a precipitate
separnfed. The mixtnre was stirred al room temperature for
b hr and then washed with 110, 3 11CL L0, 297 NaOH, and
11,00, ‘Fhe solution wax then dried and evaparated at 40° in a
flash evaparator.  The material salidified on standing and the
infrared =pectrnm indicated satistactary povity: vield 4.5 g, This
maierial, ragether with 1.7 g of 2-hyvdroxy-1,4-naphthaquinone,
was hented with HHO ml of acetic acid and sthrred at 95-100°
{oil lieth ) avernight. The acetic neid was removed by distillation
fram the oil bath at redneed pressine and then in a fash evapara-
te, A samtion of vhe residne in 100 ml of henzene was washed
with three 30 ml partions of agneans NallCOy 1o remove 2-
hydhraxy-1,4-naphrhoquinone (0.7 g) and then with three 50-ml
portions of agqneons Na.COjy salntian (discarded). The alkylated
aninone was then extracted with several partions of 267 NaOll
salntian.  Acidification of the cmubined red extracts gave an ail
which salidified and which on callection by ether extraction gave
1.5 g of vellaw-orange solid.  Chromatagraphy an silica gel and
ervatallizdion from ligrain gave 1.2 g of 2-hydraxy-w-cyclo-
hexvihexyl-1L4-naphthogninone, mp 106 -106.53°.

Anal,  Caled for CullnO € 77.61; H, 8.20.
7742, 1 SR

Fawd: C,

(1R%: The proeolure is based sa hai for dodeeyt aleohal by (1, Kamm and
.2, Marvel, “Qrganie Syptleses,” Coll. Vol I, dohi Wiley and Sons, lue..
Now York, No Y., st p 20,

1 . Addaens aml LR Jolmson, U Laboralory Experimnents in (rganie
Chemisery © Ule sd, The Macmiltan Co,, New York. N. Y. 1033, ppe 417,

1
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The fallowing homalogs were prepared initially in the sane
way from acids 21 and 18.
2-1ydroxy-3-(w-cyelohexylheptyl)-1,4-naphthaquinane, mp
102.5-108° Anal. Caled for CullsnQs: €, 7795 H, 8.53.
Foomd: C, 77.75; 1, 8.44.
2-1yvdroxy-3-(w-cyelahexyloetyvli-1,4-naphthogninone, mp 78~
70°  dnal. Caled far CullnO;: C, 78.22: 11, 8.7, Found:
¢, 7707 I, Na2.

Large-Scale Preparations.*—aw-Phenyvinonanoic  acid  (17)
was prepared mitially according ta Huisgen, ¢ al.,*1 by condensa-
tian of  bis(3-phenyviprapyDeadmiom  wirh adipie add  ester
chlavide followed hy Waltf-Kislmer reducerion.  Although 1he
vields were good, a synthesis preferred heennse of the ready avedl-
ahility of 1he starting maerials and the case of mnning the re-
actians =tarts with the condensation of hydracinnamoyl chloride
with I-morpholinocyelohexene, basie cleavage of the 8-diketane
15, and WollT-Kislmer rednetion (Scheme 1V).

ScnEME 1V

d N
~ B1.N
C,H,CH,CH,COCI  + I
13
g N
_/ 0
CGHECHDCH._,ﬁ ha C.;H3CH2CH;.? Rau
\
O 0
14 15
C.H(CH.),COCH,,COH ~Bs  C\HL(CH,),CO.H
16 17

2-Hydrocinnamoylcyclohexanone (15).—A solution af 250 g
(1.49 molex) af hydracinnamoyl chloride in 650 ml of CHCl; was
added over a periad of 2 hr ta a salution of 213.6 g (1.27 moles) of
l-marphalinacyclohexene! and 155 g (1.53 moles) af Et;N in
1.6 1, of CHCL while maintaining a temperature of 35°. The
resulting light red salntion was allowed to stand at reom tem-
perature for 20 hr and then refluxed with 640 ml of 18% HCI far
5 hr ta eliminate the enamine group. After caaling, the arganic
layer was separated, washed well with water, and concentrated
under vacuum. Distillation of the residue afforded 201 g (69%,) of
the I,3-diketane 15, hp 152-160° (0.5 mm), n%p 1.557. The
distillate crystallized an standing and a sample recrystallized
fram methanol melted at 42-42.5°.

Anal.  Caled far Cills0s; C, 78.23; H, 7.88.
78.30; 1, 7.58.

7-Keto-9-phenylnonanoic Acid (16).—Patassium hyvdraxide
salution (4 .V, 640 ml) was heated ta bailing and to it was added
200 g af 2-hydracinmamayleyelohexanane.  The mixtire was
stirred, refluxed far several minutes until hamageneaus and
caaled, and the light yellow salution was acidified with cancen-
trated HCl and stirred to hasten crystallization.  The product
was callected, washed with H,0, and dried in vacuo at room temn-
perature far 1G hr to vield 207 g (9697) of white crystals, mp
138-40°.

Anal. Caled for CilluOs: C, 72.55; 11, 8.12.
73.00; H, 8.03; neut equiv, 247.8.

w-Phenylnonanoic Acid (17).—A solution of 395 g of the keto
acid 16 and 270 ml of 8567 hydrazine hydrate in 1600 mi of di-
ethylene glycol was heated at 120° for 4 hr.  Water and excess
hydrazine were removed under vacuum, the vacuum being main-
tairted until the pat temperature had again risen ta 120°. The
mixture was cooled ta 70°, 410 g of KOH wus added, and the
temperature was gradnally raised to 220° in 2.5 hr and held at
this poiut for 5 hr. After cooling, the dark paste was dissolved
i 6 1. of hot IO, acidified with concentrated 1ICl, and extracted
three times with ether. The combined ether extracts were dried
(Nas80,), charcoaled, and evaparated. Distillation gave 245 g

Found: C,

Ifaund: C,

(20) By 8. Arclier, R. R. Lorenz, aud P. 1. Pfaffenbacli.
(21) R. Huisgen. W. Rapp, 1, Ugi, H. Walz, and I, Glogger, Axu.. 686,
52 (1954).
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(67%) of 17, bp 170-177° (0.3 mm);
crystallized.

w=-Cyclohexylnonanoic Acid (18).—A solution of 361 g of w-
phenyluonanoic acid in 1430 ml of AcOH was hydrogenated in the
presence of 4 g of PtO; at 80° and 155.5 kg/cm? pressure. The
catalyst was filtered and the acetic acid was removed under
vacuum. Distillation of the residue afforded 354 g (969%) of a
fraction boiling at 160-169° (0.5 mm). The distillate crystallized
on standing and a sample recrystallized from methanol melted
at 45-47°.

Anal. Caled for C);HgOs: C, 74.95; H, 11.74. Found: C,
75.17; H, 11.84.

2-Hydroxy-3-(w=-cyclohexyloctyl)-1,4-naphthoquinone.—A solu-
tian of 362 g of acid 18 in 550 ml of CHCl; was added to 325 g of
SOCHL at such a rate as to maintain reflux. After refluxing for 2
hr, the CHCl; was removed under vacuum and the residue dis-
tilled. The fraction of w-cyclohexylnonoyl chloride boiling at
141-144° (0.1 mm), a colorless oil, amounted to 540 g (90%).

In the next step 255 g of 509, H.0. was added with external
cooling to a solution of 129 g of w-cyclohexylnonoy!l chloride
in 1 1. of ether. The reaction mixture was stirred at —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 59, NaHCO;
solution and then with H,O. The solution was dried (Na.SO4) and
added carefully over a period of 2 hr to a well-stirred solution
of 52.53 g of 2-hydroxy-1,4-naphthoquinone in 500 ml of acetic
acid while maintaining the temperature of 100-110°, Heating
was cantinued far 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
guinane was removed by several extractions with 59, NaHCO;
salution. The residue remaining on evaporation of the pentane
contained both product and considerable w-cyclohexylnonanoic
acid. To permit recovery of the acid, the residue was esterified
by refluxing it in 600 ml of ethanol and 4 ml of concentrated.

the colorless oil quickly
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H.S0, 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 and a solution of the residue in pentane was
extracted alternately with 29, NaOH and H,0. 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 with HCI and extracted with ether. After removal of
the ether, crystallization from methanol yielded 37.0 g of crude
2-hydroxy-3-alkyl-1,4-naphthoquinone. Two recrystallizations
gave 30.0 g (319) 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
349, based on the acid chloride.

2-Hydroxy-3-(w=cyclohexylheptyl)-1,4-naphthoquinone { Hooker
Oxidation?2%).—A mixture of 11.1 g of 2-hydroxy-3-(w-cy clohexyl-
octyl)-1,4-naphthoquinone, 3.6 g of Na,CO;, 75 ml of dioxane,
and 75 ml of H;O was heated with 6 ml of 309, H;O, under N, at
70° until the solution was colorless. The solution of ketol was
cooled in an ice bath and treated with concentrated HCI and
then H.0 saturated with SO, until the odor wasretained. Nitro-
gen was passed in to eliminate excess SO; and 60 ml of 259
NaOH was added, followed by a solution of 30 g of CuSO, 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 H,O and 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 product was collected
and recrystallized from methanol (Norit). The yield of quinone,
mp 102-103°, was 8.6 g (81%,).

(22) L. F. Fieser, J. Am. Chem, Soc., 48, 2922 (1926).
(23) L. ¥, Fieser and M. Tieser, ¢bid., 70, 3215 (1948),
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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

diaeyl 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
pharmacologists,®~® prompted us to explore as possible
antimalarial drugs the five w-(1-adamantylalkyl) de-
rivatives (1) of hydroxynaphthoquinone formulated

(1) For paper XXIX see l.. F. Fieser, J. P, Schirmer, S. Archer, R. R.
Lorenz, and P, 1. Pfaffenbach, J. Med. Chem., 10, 513 (1967).

12) The Harvard work was supported in part by a grant from the National
Institutes of Health, CA-01696.

(3) R. C. Fort, Jr., and P. von R. Schleyer, Chem. Rev., 64, 277 (1964).

(4) K. Gerzon, E. V. Krunkalns, R. L. Brindle, F. J. Marshall, and M. A.
Root, J. Med. Chem.. 6, 760 (1963).

(5) R. T. Rapala and R. J. Kraay, Abstracts, 148th National Meeting of
the American Chemical Society, Chicago, I1l., Sept 1964, p 220.

(6) W. L. Davis, R. R. Grunert, R. F. Hoff, J. W, McGahen, E. M.
Neumayer, M, Paulshock, J. W, Watts, T. R. Wood, E. C. Hermann, and
C. E. Hoffmann, Science, 144, 862 (1964).

0

OH
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1

(Table I). Each of these was prepared either by diacyl
peroxide alkylation of 2-hydroxy-1,4-naphthoquinone
or by the Hooker oxidation of the next higher homolog.
The starting material, adamantane (2), is now avail-
able by the Schleyer synthesis’ and is supplied by
Aldrich Chemical Co.; for the gift of a first trial batch,
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, Syn., 42, 8 (1962).



