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studied. While the degree of separation of myotrophic 
and androgenic activities in IX. and X is very good, and 
the androgenic response is quite low tit the fourth and 
sixth week, the anabolic potency is less than that re­
ported for the adamantoate ester. 

E x p e r i m e n t a l Sect ion" 

Acids . T h e c y c l o h c p t a n c - and cyclo i indocanecarboxyl ic , and 
cyc looe tancaee t ic acids a re ava i lab le from Aldrich Chemica l Co . 
I l o m o a d a m a n t o i c . and a d a m a n t a n e a c e t i c acids were p r e p a r e d 
from a d a m a n t o i c acid by the p rocedure of S t e t t e r and l i a u s c h e r . ' 
T h e c ro-2-norbornene-5-carboxyl ic acid was o b t a i n e d b y the 
iodolac ton iza t ion purif icat ion p rocedure . 5 Cyc looc taneca rboxy l i c 
acid was p r e p a r e d by ea rbona t ion of the evclooctyl b romide , 
albeit in low yield.1" 

Acid Chloride.- - T h e above carboxyl ic acids were conve r t ed to 
the i r respec t ive ac id chlor ides by m e a n s of purif ied S O C b . " 
A m o r e convenient p rocedure which gave the cyc looc taneca rbony l 
chlor ide d i rec t ly ut i l izing pe rox ide -ca ta lyzed ca rboxy la t ion with 
oxalyl chlor ide 1 2 in t h e presence of cyclooctane is descr ibed 
below. 

Cyclooctanecarbonyl Chloride. A solut ion of 100 g of cyclo­
oc t ane (1.14 moles) . 94 ml of redist i l led oxalyl chlor ide (0.52 mole) , 
and 0.6 g of reerys ta l l ized benzoyl peroxide (0.027 mole) was 
h e a t e d u n d e r reflux for 24 hr. F r a c t i o n a t i o n of t h e solut ion 
yielded 23.75 g of cyc looc t aneca rbony l chloride, bp 105-115° 
(!) m m ) , yield 1 2 . 5 ' , . T h e r e m a i n d e r of ma te r i a l recovered by 
dis t i l la t ion consis ted of oxalyl chlor ide (06 ml) a n d cyc looc tane 
(77 g) . T h e yield based on recovered h y d r o c a r b o n was 6 7 ' ' ; . 

«-Chlorocyclooctaneacetyl Chloride. — T o 500 mg of cyclo-
oc taneace t i c acid was a d d e d 7.5 ml of aged undis t i l led SOCI2 . 
T h e solut ion was refluxed on the s t eam b a t h for 7 h r and then 
al lowed to remain a t room t e m p e r a t u r e ove rn igh t . Excess 
S O C b was e v a p o r a t e d u n d e r v a c u u m , leav ing a l ight lv colored 
residue. Anal. Ca l cd for C i „ H i 6 C U ) : CI, 31.77. F o u n d : CI, 30.65. 

Steroid 170-Cyclic E s t e r s . — T h e p r e p a r a t i o n of the 17/3-esters 
essent ia l ly followed t h e prev ious ly pub l i shed p rocedure . 2 T h e 
phys ica l c o n s t a n t s for these c o m p o u n d s a p p e a r in T a b l e I. 
T h e crys ta l l ine es ters were i so la ted d i rec t ly from t h e react ion 
m i x t u r e a n d in some cases were purified by c h r o m a t o g r a p h y . 

19-Nortestosterone 17/3-(a-C 'h lorocyclooctaneaceta te) . 
C h r o m a t o g r a p h y over Florisil of the react ion res idue resul t ing 
from react ion of 7.6 g of no r t e s to s t e rone and 5 g of a-chlorocyclo-
oc laneace ty l ch lor ide in benzene and pyr id ine furnished 5.2 g 
of ester . Rccrys ta l l i za t ion from e the r gave two forms of c rys ta l ­
line p roduc t s , nip 15!)-160° and 123-125° . T h e lower mel t ing 
form had the p roper ana lys i s a n d the ident ica l opt ica l ro ta t ion 
and X- rav p a t t e r n as the higher mel t ing form. X m r d a t a reveal 
51 (18-H,' s), 283 (17-H, s), 351 C4-H, s), a n d 248.5 ( - C H C O - , d, 
./ = 7 cps l cps. 

ill) All mel t ing point.-, a re uncor rec ted . T h e microanalyses were performed 
li.v Messrs . \Y. I,. Brown, II. L. Hun te r , ami I ) . I,. C'line. W h e r e analyses 
a re indica ted only by symbols in' the e lements or functions, ana ly t ica l resul ts 
ob ta ined (or those e lements or functions were within r O . I ' v of the theoret i ­
cal va lues . 

t l l l i A. S. I lnssey, ./. . I m. (7>< m. S;r ,, 73 , 1 HI) 1 i l l l o l ) . 
I I . II. S t e t t e r ami K. Hauscher . Client. Her.. 93 , 1 Hi I i 1IIH0). 

• 12 M . S . Kharasch ami II. C Brown. ./. Am. Ch,m. , V „ 64, 329 I 1942,. 

Synthesis of 6-Hydroxy-5,8-dioxo-7-(9-hydroxy-
9'-n-peiityltetradecyl)carbostyril' 

(IEOKGE 1!. PKTTIT ANI) LEONARD E. IIoroirroN 

Dcpartitn'iil of Chemislrt/, Arizona Stale L'niiTrxilti, 
Tempe, Arizona 85281 

lieceiretl February ,i!), 1!)H8 

Proceeding from the weak activity shown by hydro 
lapachol (la) against Plasmodium lophurae in ducks, 
Fieser and colleagues (during the period 1942-194")) 
systematically and very effectively prepared a number 
of related napthoquinones with improved antimalarial 
properties.2!i Of these, the carefully designed lapinone 
(lb) offered most promise of not being easily trans­
formed to an inactive metabolic product and inhibiting 
parasite respiration. Shortly after World War II, a 
brief clinical trial of lapinone against Plasmodium vivax 
gave encouraging results.21' The present and increasing 
need for an effective chemotherapeutic treatment of 
Plasmodium falciparum infestations in man led us to 
explore further the interesting lead provided by lapin­
one. As the important metabolic products of certain 
quinoline-type antimalarials appear to be quinoline-
quinones and carbostyrils,11 synthesis and antimalarial 
evaluation of carbostyril VIII seemed an important, 
objective. 

The ready oxidation of cyclohexyl ketone II with 
molecular oxygen in dimethyl sulfoxide containing 
potassium t-butoxide to hydroxyquinone III as re­
ported4 earlier was selected as the starting point for the 
synthesis of quinone VIII. Pyridone II was easily 
obtained by a two-step reaction sequence from 1,8-
dioxocyclohexane. Accordingly, the preparation of 

(!) This stuil.\ received support Irom the U. S, Army Medical R a n d I) 
C o m m a n d tinder Con t rac t 1) A-49-193-M D-3010 a n d the present manuscr ip l 
is C o n t r i b u t i o n Xo. 3 19 from the A r m y Resea rch P r o g r a m on Mala r i a . 

(2) la) A most in teres t ing review of this subject has been p repared by 
L. J'\ Fieser, " T h e Scientific M e t h o d , " Reinhold Publ i sh ing Corp . , New 
York, N . Y., 1964, p 163; see also, L. F . Fieser, J . P . Schirmer , S. Archer, 
R. R. Lorenz, and P . I. Pfaftenbach, J. Med. Chem.. 10, 513 (1967): (b) 
Ci. Fawaz and L. F Fieser. ./. Am. Chem. Soc, 72, 996 (1950). 

(3) T h e r a p e u t i c ac t iv i ty of the i m p o r t a n t 6 -methoxy-8-aminoquinoI ine 
an t ima la r i a l s has been a t t r i b u t e d to their in vivo convers ion to qtlinoline-
tjtiinones a n d rabbi t liver was found to conver t ipiinine into t he correspond­
ing carbos tyr i l de r iva t ive . References per t inen t to th is subject and a sum­
m a r y of exper iments concerned with p repa ra t ion of 5 ,6-dioxocarbos tynls 
will be ob ta ined by referring to : R. K. Uolmes. J . C u n r a d y , J. Gu th r i e , and 
K. M c K a y , ihiil.. 76, 2400 (KI.Yl). 

t li G. R. Pe t t i t , W. C. Fleming, and K. F. i'aiill, •/. Org. Chem., 33 , 1089 
I I9H8). 
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quinone III was repeated and in the present instance, 
the intensely red isomeric o-quinone IV was also isolated 
(approximately 10% yield). The following evidence 
seemed to favor structure IV. The intramolecularly 
hydrogen-bonded hydroxyl group of p-quinone III 
displays broad ir absorption between 3620 and 3400 
cm -1 , whereas hydroxyl group absorption arising from 
o-quinone IV gives rise to a sharp absorption band at 
3330 cm -1 . Further, the uv absorption has shifted 
from Xmax 244, 308, and 427 mp for quinone III to 
Xmax 227, 322, and 443 nut for quinone IV. Even 
more useful was the rapid intraconversion of o-quinone 
IV to p-quinone III merely upon recrystallization from 
tetrahydrofuran while orange isomer III was efficiently 
transformed to IV by passing in solution through a 
silica gel column. A future study of this isomerization 
at varying pH values would seem of interest. 

Next, the half ethyl ester of sebacic acid was con­
verted to acyl peroxide V. Attack by the free radical 
derived from an acyl peroxide has been quite useful with 
hydroxynaphthoquinones5 and quinolinequinones6 for 
alkylating the quinone ring. Assuming a similar 
alkylation course, carbostyril III was condensed in hot 

la. R = CH,CH,CH(CH3)2 

OH 

I 
b,R = (CH2)hC[(CH2)£H3]2 

CH3CH202C(CH2)6C02—]2 
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VI 
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OCOCH3 

VII 

HOx 
OH 

tCH3(CH2),]2C(CH2)9-^Y S ° 
0 H 

VIII 

glacial acetic acid with ethyl sebacyl peroxide. Partic­
ularly, pmr examination of the orange crystalline prod­
uct (20% yield) clearly supported 7-alkylated carbo-

(5) See, for example, J. W. Taylor and J. C. Martin, J. Am. Chem. Soc, 89, 
6904 (1967), and especially studies by L. F. Fieser, M. Z. Nazer, S. Archer, 
D. A. Berberian, and R. G. Slighter, J. Med. Chem., 10, 517 (1967), and 
L. F. Fieser, M. T. Leffler, et al„ J. Am. Chem. Soc, 70, 3206 (1948). 

(6) Y. T. Pratt and N. L. Drake, ibid., 82, 1155 (1960); 77, 4664 (1955). 

styril VI. The vinyl protons at positions 3 and 4 
appeared as doublets at 5 6.84 and 8.01, respectively, 
with coupling constants of 9 cps. Other aspects of the 
pmr spectrum were also as anticipated. Reduction and 
acetylation of quinone VI with zinc dust-acetic anhy­
dride provided (96% yield) colorless triacetate VII. 
Treating ethyl ester VII with n-pentylmagnesium bro­
mide in THF and subjecting the crude product to oxida­
tion with air afforded the required quinone (VIII) as an 
orange powder melting at 150-151°. The preceding 
nine-step synthesis of carbostyril VIII offers the pros­
pect of being generally useful for obtaining such qui-
nones. 

Quinone VIII is being evaluated under direction of 
the Walter Reed Army Medical Center, Washington, 
D. C. At present, available antimalarial screening 
results are as follows. Employing dose regimens up to 
640 mg/kg in prior (3 days) infected (Plasmodium 
berghei) mice, quinone VIII was considered inactive. 
A mean survival time for the treated group at least 
twice that of controls (7.0 ± 0.5 days) suggests poten­
tially useful activity. 

Experimental Section7 

Ethyl Hydrogen Sebacate.—The procedure employed by 
Swann and colleagues8 was modified as follows. A mixture of 
sebacic acid (101 g), diethyl sebacate (75 g), re-Bu20 (25 ml), 
and concentrated HC1 (12.5 ml, sp gr 1.19) was heated at reflux 
(reaction mixture temperature maintained at 160°) until homo­
geneous. The heating bath temperature was lowered to 110-120° 
and 95% EtOH (30 ml) was added. Heating at reflux was then 
continued 2 hr. An additional 10 ml of EtOH was added and 
heating at reflux continued 2 hr. The reaction flask was 
equipped for distillation and components vaporizing at water 
aspirator pressure and a bath temperature of 120° were removed. 
Cooling a solution of the residual oil in C6H6 caused unreaeted 
sebacic acid (31 g) to crystallize. The CeH6 filtrate was concen­
trated in vacuo and the residue distilled through a 350-mm 
heated column packed with glass helices. Diethyl sebacate (61 g) 
was collected at 134-137° (1.5 mm). A pure fraction correspond­
ing to ethyl hydrogen sebacate (33 g) boiled at 163-167° (1.5 
mm) and melted at 34-35°. Crystallization of fractions boiling 
at 155-163 and 167-175° from hexane provided an additional 
18 g of ethyl hydrogen sebacate: total yield 49%. 

For preparing lesser quantities of ethyl hydrogen sebacate, 
the crude reaction mixture was more conveniently separated by 
column chromatography on silica gel. Elution with Celie gave 
diethyl sebacate while continued elution with 1:1 C6H6-CHC13 

yielded ethyl hydrogen sebacate. Further purification of the 
half-ester by reerystallization from hexane gave an over-all 
yield of approximately 60%. 

Ethyl Sebacyl Peroxide (V).9—The ethyl sebacyl chloride 
prepared from ethyl hydrogen sebacate (20 g) and S0C12-C.-,H3N 
was added to dry E t 2 0 (125 ml) and cooled to —5°. Cool­
ing at —5° was continued while adding 30% H>02 (6.6 ml) 
followed by 20% NaOH (20 ml) during 1.5 hr. The reaction 
mixture was treated with AcOH until weakly basic to litmus. 

(7) Solvents were redistilled and solvent extracts of aqueous solutions were 
dried over MgSO*. Each reaction was monitored using tic plates prepared 
from silica gel G (E. Merck, A. G. Darmstadt). The tic plates were devel­
oped employing Is. Silica gel (0.05-0.20 mm) obtained from E. Merck was 
used for column chromatography. Analytical specimens displayed one spot 
on a thin layer chromatogram. Melting points were determined using a 
Kofier melting point apparatus. The uv (EtOH solution, Cary-14 spectro­
photometer), ir (in KBr, Beckman IR-12), and pmr (CDCls, Varian Associ­
ates, A-60 spectrometer) spectra were provided by Miss K. Reimer. Chem­
ical shifts (5) are relative to TMS as internal standard. Element microanal­
yses were performed in the laboratory of Dr, A. Bernhardt, Max Planck 
Institut, Mulheim, Germany. 

(8) S. Swann, Jr., R. Oehler, and R. J. Buswell in "Organic Syntheses,'' 
Coll. Vol. II, A. H. Blatt, Ed., John Wiley and Sons, Inc., New York, N. V., 
1944, p 276. 

(9) This procedure is based upon one kindly provided by Dr. Richard 
Strube, Division of Medicinal Chemistry, Walter Reed Army Institute of 
Research, Washington, D. C. 
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Stirring was continued approximately 30 ruin and the ethereal 
phase washed with ice-water and dried. Determination of 
peroxide content using a Xa2S203 titration technique,10 indicated 
a 70', ' yield (0.032 mole) of ethyl sebacyl peroxide. The ethereal 
solution of peroxide V was used directly in preparation of carbo-
styril VI. 

6-Hydroxy-5,8-dioxocarbostyril (III). Oxidation of pyridone 
II in 1 ).MSO-/-BuOII with molecular O, wa> repeated as pre­
viously described' except the mixture was vigorously shaken or 
stirred, thereby reducing total reaction time to 3 hr. Crystalliza­
tion of crude product from TI IF gave, in addition to quinone III . 
the intensely red 7>,6-dioxo-8-hydroxycarbostvril (IV, 10 ' , 
yield). o-Quinone IV exhibited A„,iix 227, 322, and 443 UIM 
(log f 4.10, 4.27, and 2.61). Both quinone III and IV were soluble 
in aqueous NaHSOs.1 ' Ititraconversion of isomeric quinone,-
III and IV was easily realized, liecrystallizing o-(juinone IV 
from Till-' yielded p-qitinone III . Filtering a solution of p-
quinone III in T H F through a column of -ilit-;t gel provided 
n-quiiione IV. 

f>-Hydroxy-7-(8-ethoxycarbonyIoctyI)-5,8-dioxocarbostyriI (VI;. 
- Ilydroxyqiiinone III (o.4 g, 0.03 mole) was dissolved in hot 
(steam bath) AcOH (600 nil). Heating and stirring were con­
tinued 2 hr while slowly adding the ethereal solution of ethyl 
sebacyl peroxide (0.03 mole). Simultaneously E t 2 0 was removed 
by distillation. Before completely removing solvent in vacuo, 
heating was continued another 2 hr. The residue was triturated 
with Mt-.-O and the less soluble starting material (quinone I I I ; 
was collected. The ethereal filtrate was extracted with dilute 
Na I ICO;) solution and the aqueous extract was washed well with 
F.M ). The basic solution was acidified with 2 .V IICI and quinone 
VI was extracted with Ft»0. Following removal of solvent, the 
red oily residue crystallized from EtOH as orange clusters (1.7) g 
pure by tic with 1:2 CHCU-MeOH as solvent;. An analytical 
specimen was reerystallized from EtOH in the same color and 
crystal form: rap 102-163°: X„l;lv 234. 320, and 446 irifx (log t 
4.31, 4.3.\ and 2..>7j): v,,l:iI 31S0, 3120, 177s. 1740, 1680, 164.",, 
and 161S c u r 1 : pmr, <5 1.27 (triplet, 3 OIF protons, ./ -— 7 
cps). 1.3S (broad singlet, 12 CIF protons,. 2.30 (triplet, 2 CIF 
protons, ,/ = 7 cps), 2.44 (triplet, 2 CIF protons, ./ = 7 cps i, 
4.1." (quartet. 2 - 0 H 2 O - protons, .1 = 1 cps,, 0.S4 (doublet, 1 
vinyl proton, J = 0 cps), N.01 (doublet. 1 vinyl proton, ./ = 0 
cps), and 9.OS (complex, a 2 proton signal removed upon contact 
with ]).,()). 

Arm/. Calcd for GoIF.-.NO,,: (', 63.9s ; H. 0.71 r N, 3.73, 
Found: C, 04.1.">: H, 6..S4: N, 3.73. 

5,6,8-Triacetoxy-7-(8-ethoxycarbonyloctyl;carbostyril (VII;. 
To a suspension of ethyl ester VI (2.0 gi in Ar .0 (4 ml) was 
added Zn dtist (2 g! and anhydrous XaOAc (l;.4 g). Stirring 
(magnetically) was maintained at room temperature 4 hr. 
AcOII (17) ml) was added and the solution was filtered. The 
pale yellow filtrate was diluted with IFO ( l.">0 ml; and triacetoxy-
qttinoline VII separated. Triacetate VII was collected, washed 
(IFO). and dried: yield 2.4 g (90 ' , i. Rocrystallization from 
',).">'', EtOIl gave an analytical sample as a white powder melting 
at 164 16."»e: tic. CUClj-MeOH (1:2>: A!h:l, 237, 27)9, and 2i)3 
IU/I: Vln, x 3270, 1740, 1690, and 1660 c n r 1 : pmr, S 1.22 (triplet. 
3 CI l:i protons, ./ = 7 cps), 1.32 (broad singlet. 12 CIF> protons i. 
2.32 (singlet, acetate), 2.37 (singlet, acetate). 2.30 (multiple!, 
4 CIF protons'), 2..">6 (singlet, acetate), 4.12 (quartet, 2 CIFO 
protons. ./ -•= 7 cps), 6.63 (doublet, 1 vinyl proton. ./ = I) cps), 
7.69 (doublet, I proton, ./ = 9 cps;, and I 1.(1.") (diffuse singlet. 
I proton disappearing upon equilibration with 0 , 0 ) . 

Anal. Calcd for C ; 6 H 3 3 X O J : 0, 02.01: If, 6.61: N, 2.7S. 
Found: 0. 62.22: II, 6.70; N. 2.90. 

6-Hydroxy-5,8-dioxo-7-(9-hydroxy-9-pentyltetradecyl)carbo-
styril (VHI).--TriacetoxyquinoIine VII (2.0 g) in T H F (50 ml, 
alumina dried) was added during 2 hr to the Grignard reagent 
prepared from 1-bromopentane (N.N gj, Alg turnings (1.3 g), and 
dry i distilled from Na) Et<() (7)0 ml). Before adding 2 A" HCl 
(100 ml), stirring at room temperature was continued 1") hr. 
The aqueous layer was discarded and air was bubbled through 
the ethereal solution for l."> mill. Following removal of solvent 
in KICUO, the residual oil in CJF , (200 ml) was washed (five 
times) with 0.N''; NallCO;, in 7: 13 IFO-MeOH. The combined 
NaMCO.i extract was washed with Cslfn and acidified with 2 A" 
HCl. Extraction with CCIIB and removal of solvent from the 
combined extract led to a red oil. Crystallization from EtOH 

' l l l i V. H. K o k a t n u r ami .M. Tellina. ./. . I n , Ci,em. Sw., 63 , 1432 (1941). 
11; A, l i . Burne t t and R, 11. T h o m s o n . J Chun. Snc, C, 1261 (1967). 

provided an orange powder (1.3 gj homogeneous on tic (1:2. 
CHClj-AIeOII as solvent). One recrystallizat ion from EtOIl 
afforded a pure specimen as an orange powder melting at 170 
17)1°: A,„.,x 233, 330, and 447, mM (log e 4.27. 4.30, and 2.7)2 : 
^,i;iS 3620-3320 (broad), 327)0, 16SS, 1667), 1630. and l t i l s cm ;: 
pmr, S 0.90 (triplet, 6 CIF protons, ./ = ."> cps). 1.3-1 i broad singlet, 
30 CIF protons), 2.76 (poorly resolved triplet, 2 OIF protons;, 
6.SN (doublet, 1 vinyl proton, ./ = it ops), and N.00 idoublei. I 
vinvl proton, ,/ — 9 cps>. 

Anal. Calcd for 0,,H43N0.-,: C, 71.00: II, 9.1.,: N, 2.96. 
Found: C. 70.94: IF 9.19: N. 2.SN. 

A Diethylst i lbestrol Ester 

I ' l l N A L ! ) A . C l U X I , , K . M . SlIIFl , AM) l i U S S E I , W . BliOW.V 

Department of Food Science and Carver lleseavch Foundation, 
Tuskegee Institute, Tuskegee Institute, Alahanut 36088 

Received lJccetrdier 18, I'-lHl 

Diethylstilbestrol (DES) inhibits mitosis of chick 

heart fibroblastic cells1 and epithelial growth in human 

prostatic adenoma and adenocarcinoma in tissue 

culture.2 '3 p-Aminobenzoie acid (PABA) lias been 

found to inhibit or retard the enzymatic oxidation of 

DES and hence it was speculated that PABA has a, 

protective or sparing action on DES. 1 

In this study the synthesis of the PABA ester of 

DES is reported and its effect on protein synthesis in 

mouse fibroblastic cells (L'2071) in tissue culture is 

assessed. 

The synthesis of di-p-aminobenzoyl ester of diethyl­

stilbestrol (4) from 3,4-bis(p-hydroxyphenyl)-3-hexeno 

(1) and p-thionyJaminobcnzoyl chloride (2) is proposed 

to occur after 1 he formation of 3,4-bis(p-thionyl-

aniiiiobonzo\d-p-hydroxvphenyl)-3-hexene (3) (Scheme 

I) . 

SCHEME I 

0 4 F 

HOCBHiC= CC6H,OH + 20SNC5H,C0C1 > 

C,H.-, 
1 2 

C.H, 
- r l F < > 

2HC1 + OSNCaiiCOOCJFC—CC (,HiOCOC f iHiNSO >• 

C2IF 
3 

Cd l , 

s o , - II,NC,6II1C:()OC6H4C==C.'CJI.,()C()C6H,NH,. 

C J F 
4 

DES. D E S ester, PABA, and DES + PABA at 

0.3-ppm level did not affect total cell count but at 

3.0-ppm level DES. D E S ester, and DES + PABA 

decreased total cell count as compared with the 0-ppm 

level (Table I) . PABA at 3.0 ppm exhibited no 

effect. 
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