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studied. While the degree of separation of myotraphie
and andragenic aetivities i [X and X is very good, und
the androgenic response is quite low at the faurth awd
sixtl weel, the anabblic poteney s less thun thut re-
ported for the adantuntaate ester.

Experimental Section®

Acids. - The eveloheptane- aud evelonndecancearboxylie, and
evelooetanencetie arids arve available from Aldrich Chemiend Co.
Houmadanrmtoie and adimmantancacetie acids were prepared
froi adamantoie acid by the procednre of Stetter und Rauscher. !
The ero-2-norbornene->-carboxyvlic acid was vbtained by the
indolactouization purification procedure.  Cvelonetunecarboxylic
deid wis prepured by earbonation of the evelboetyl bromide,
albeit u low vield.

Acid Chloride.--The ubove carboxylic neids were converted to
their respertive aeld chlorides by means of purified SOCL.!
A wore vonvenieut procedire which gnve the eyelooctanecarbonyl
elioride direetly utilizing peroxide-catalyzed earboxylation with
oxadvl ehloride!® in the presemre of cevelaoetane is  deseribed
below,

Cyclooctanecarbonyl Chloride.--A solution of 100 g of eyvelo-
octate (114 moles), 94 ml of redistilled oxalyl ehloride (0.52 mole ),
il 6.6 g of reerystallized benzoyl peroxide (0.027 1ole) was
Leated nnder reflux for 24 hr. Fractionation of the solution
vielded 23.75 ¢ ol vyelooetaneearbouyl chloride, bp 105-115°
(0 ), vield 12,50 The reiainder of material recovered by
distillntion consisted of oxalvl chloride 166 ml) and evelooetane
(77 g). The vield based on recovered hydrocarbon was 674,

«~Chlorocyclooctaneacetyl Chloride.--To 500 mg of evelo-
octanercetie aeid was added 7.5 il of aged nudistilled SOCL.
The =olution was refluxed on the steam bath for 7 hr aud then
allowed to remin at roour temperature overnight,  Kxeess
SOCL was evaporated under vacenum, leaving a lightly colored
residie, ctnal. Caled for CioHisCLO: Cl, 31.77. Found: Cl, 30.65.

Steroid 173-Cyclic Esters.——-The preparation of the 17g8-esters
essentially followed the previously published procedure.?  The
physical coustants for these conipounds appear in Table 1.
The ervstalline esters were isolated directly froni the reaetion
mixture and in <ouie cases were purified by ehromatography.

19-Nortestosterone 173-(a~Chlorocyclooctaneacetate).
Chronntography over Florisil of the reaction residue resulting
from ceaction ol 7.6 g of nortestosterove nud 5 g of e-chloroeyeto-
octaneaeetyt eliloride in benzene and pyridine furnished 5.2 g
of ester. Reervstallization from ether gave two forms of ervstal-
line produets, wmp 139-160° und 123-125°. The lower melting
form had the proper analysis and the identical optical rotation
and N-ruy pattern as the higher melting form.  Nnir data reveal
A4 (18-11, %), 283 (17-FL, &), 351 (4-H, s), and 248.5 (-CHCO-, d,

Jom= T oeprieps.

tf0 Mlmehing poims are aneorceered. T'he microanalyses were perlormed
Messrs, W L. Brawn, 11, Lo Himier, und . L. Cline.  Where analvses
ace indicared canly Ly symleds ot e elemems or Taneilions, analyvtieal resal(s
obtuited foe those elements oce (unetions were witldn =0.4°5 of the tleoreri-
cal vihies,

100 AN Hossey o o Chene Swe T3, 13151 5 1n

L 1] Seeiee wod 1 Raaseliee, Chene Bev, 93, 11 @ Lty

12y AL S Klaessetcwud 11O Braw o 0 o, Chene, Noel, 64, 320 el 2y,

i

Synthesis of 6-Hydroxy-5,8-dioxo-7-(9-hydroxy-

9’-n-pentyltetradecyl)carbostyril!
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Proceeding from the weak aetivity shown by hiydra
lapachol (Ia) aguinst Plasmodium lophurac in ducks,
ieser and eolleagues (during the period 1942-1945)
svstematically and very effectively prepared a nunber
of reluted napthoquinones with improved untimalarial
properties.?*  Of these, the earefully designed lapinone
(Ib) offered 1nost pramise of not being casily trans-
formed to an inaetive imetabolic producet and inhibiting
parasite respiration,  Shortly after World War II, o
brief clinical trinl of lapinone against Plasmodium vivar
guve encouraging results.*  The present and increasing
need for an effective chemotherapeutie treatinent of
Plasmodivwin falciparune infestations in man led us to
explore further the interesting lend provided by lapin-
one.  Ax the important metabolie produets of certain
quinoline-type antimalarials appear to be quineline-
quinanes and ecarbostyrils,* synthesis and antimalarial
evaluation of carbastyril VIII secmed an important
objective.

The ready oxidation of cyclohexy!l ketone 1T with
molecular oxygen in dimethyl sulfoxide containing
potassium #-butoxide to hydroxyquinone III as re-
ported? curlier was selected as the starting point for the
svnthesis of quinone VIII. Pyvridone II was easily
obtained by a two-step reaction sequence from 1.3-
diaxaevelohexane,  Accordingly, the preparation  of

11 This stady received supgon Tecn e U, S0 Aoy Medical R and D
Coemmand nnder Coniract 1DA-40-1H3-3 D-35010 and the present mannseria
w Comrilation Na.o 319 ITrem (lee demmy Rescareh Programn on Malarin.

12) (a) A most interesting review ol this subject has heen nrepared Ly
L. I Fieser, “The Scientific Method,” Reinliold Publishing Cuarp., New
York, N. Y., 1964, p 163; see also, L. F. Fieser, I. P. 8chirmer, 8. Archer,
R. R. Lorenz, and P. 1. Ptaffenbach, J. Med. Chem., 10, 513 (1967): (b)
G. Fawaz and L. F Fieser, /. Am, Chem. Soc., 72, 996 (1950).

(3) Therapeutic activity oi tbe important 6-methaxy-8-aminoquinaline
antimalarials hax been attrilaated to their 9% rivo conversion to qainoline-
quinanes and rablit liver was found tu eanvert quinine into tlhe corrosporad-
ing carbosiyril derivaiive. Ruelerences pertinent to this subjeel and a sune
mary of experiments cancerned with preparation of 5,6-dioxacarlwsryrils
will Lie ubnained Ly celerring (o: R. R. Holmes, J. Cunrady, J. Guulirie, and
R. Melkay, o6/, 76, 2100 (1971,

1y R Tercin, W Ol Floaiue, aad I 17 Tadl, S0 Ovge Chene, 88, 118
C1OH8;.
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quinone IIT was repeated and in the present instance,
the intensely red isomeric o-quinone I'V was also isolated
(approximately 109, vield). 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
e !, whereas hydroxyl group absorption arising from
o-quinone IV gives rise to a sharp absorption band at
3330 em~'. TFurther, the uv absorption has shifted
from Apax 244, 308, and 427 mu for quinone III to
Amax 227, 322, and 443 my for quinone IV. Even
more useful was the rapid intraconversion of o-quinone
IV to p-quinone III merely upon recrystallization from
tetrahvdrofuran 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
hydroxynaphthoquinones® and quinolinequinones® for
alkylating the quinone ring. Assuming a similar
alkylation course, carbostyril IIT was condensed in hot
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glacial acetic acid with ethyl sebacyl peroxide. Partic-

ularly, pmr examination of the orange crystalline prod-
uct (209, vield) clearly supported 7-alkylated carbo-

(5) See, for example, J, W, Taylorand J. C. Martin, J. Am. Chem. Soc., 89,
6904 (1967), and especially studies by L. F. Fieser, M. Z. Nazer, 8. Archer,
D. A. Bertierian, and R. G. Slighter, J. Med. Chem., 10, 517 (1967), and
L. F. Fieser, M. T. Leffler, ¢t al., J. Am. Chem. Soc.. 70, 3206 (1948).

(6) Y. T. Pratt and N. L. Drake, 1bid., 82, 1155 (1960); 77, 4664 (19553).
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styril VI. The vinyl protons at positions 3 and 4
appeared as doublets at § 6.84 and 8.01, respectively,
with coupling constants of 9 ¢ps.  Other aspects of the
pmr spectrum were also as anticipated. Reduction and
acetylation of quinone VI with zine dust-acetic anhy-
dride provided (969 vield) colorless triacetate VII.
Treating ethyl ester VII with n-pentyhnagnesiu bro-
mide in THE and subjecting the crude produet 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 Arimny Medical Center, Washington,
D. C. At present, available antimalarial screening
results are as follows. Emploving dose regimens up to
640 mg/kg in prior (3 days) infected (Plasniwodium
berghet) 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 Section’

Ethyl Hydrogen Sebacate.—The procedure employed by
Swann and colleagiies® was modified as follows. A mixture of
sebacic acid (101 g), diethyl sebacate (75 g), n-BwO (25 wml),
and concentrated HCI (12.5 ml, sp gr 1.19) was heated at reflux
(reaction mixture temperatiire maintained at 160°) until homno-
geneous. The heating bath temperature was lowered to 110-120°
and 959, 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 pressiire and a bath temperature of 120° were reiioved.
Cooling a solution of the residnal oil i CsHg cansed wireacted
sebacic acid (31 g) to erystallize. The CeHs filtrate was concen-
trated ¢n vacuo aud the residue distilled through a 350-mm
heated column packed with glass helices. Diethyl sebacate (61 g)
was collected at 134-137° (1.> mm). A pure fraction eorrespond-
ing to ethyl hydrogen sebacate (33 g) boiled at 163-167° (1.5
mm) and melted at 34-35°, Crystallization of fractious boiling
at 155-163 and 167-175° from hexaile provided an additional
18 g of ethyl hydrogen sebacate: total yield 49.

For preparing lesser quantities of ethyl hydrogen sebacate,
the cride reaction mixture was more couvenieutly separated by
column chromatography ou silica gel. Elution with CyHg gave
diethyl sebacate while coutinued elution with 1:1 CslHe~CHCL;
vielded ethyl hydrogen sebacate. Further purification of the
half-ester by recrystallization from hexane gave an over-all
vield of approximately 60%.

Ethyl Sebacyl Peroxide (V)."—The ethyl zebacyl chloride
prepared from ethyl hydrogen sebacate (20 g) and SOClL:-C:H;N
was added to drv Et:0 (125 ml) and cooled to —3°. Cool-
ing at —5° was continiled while adding 309 H.O. (6.6 l)
followed by 20¢, NaOH (20 ml) during 1.5 hr. The reaction
mixture was treated with AcOH until weakly basic to litnius,

(7) Solvents were redistilled aml solvent extracts of aqueous solutions were
dried over Mg80Q;. Each reaction was monitored using tle plates prepared
from silica gel G (E. Merck, A. G. Darmstadt). The tlc plates were devel-
oped employing 12, 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
Kofler melting point apparatus. The uv (EtOH solution, Cary-14 spectro-
photometer), ir (in KBr, Beckman 1R-12), and pmr (CDCl; Varian Associ-
ates, A-60 spectrometer) spectra were provided by Miss K. Reimer. Chem-
ical shifts (5) are relative to TM® as internal standard. Element microanal-
yses were performed in the laboratory of Dr. A. Bernhardt, Max Planck
Institut, Mualheim, Germany.

(8) 8. Swann, Jr., R. Oeliler, and R. J. Buswell in ""Organic Syntleses,"
Coll. Vol. II, A, H. Blatt, Ed., John Wiley and Sons, Inc., New York, N. Y.,
1944, p 276.

(9) This procedure is lased upon one kindly provided hy Dr. Richard
Strube, Division of Medicinal Chemistry, Walter Reed Army Institdte of
Research, Washington, D. C.
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Stirring was conduned approximately Sonin and the ethereal
phase washedl with ice-water and dried.  Determination of
percxide enntent using o NuoS.0; titrntion technigue, @ indicated
1700 vield (0.042 mole) of ethyl sebacyl peroxide. The ethereal
soluticer of peroxide Vo owagz used direetly i preparation of curba-
styril VI
6-Hydroxy-5.8-dioxocarbostyril (IIIL--Oxidaticar of pyridone
1 in DAMRO--BuOH with molecular O. was repented as pre-
vialisly described? except the mixinre was vigaously shaken or
stirred, thereby redueing total reaction tiine 1o e, Crystalliza-
ticar of ernde produet from THF gave, in additioi o guinone 111,
the Imensely red  5,6-dioxo-8-hvdroxvearbosivril IV, 107,
viehln  o-Quinone IV exhibited A.., 227, 322, and 449 1np
(tog e 4,15, 4.27, aud 2.61). Both guirwne HI awed IV were soluble
I aqueans NallSO0L Intreonversion of isamerie yuinones
I and 1V was easily rvealized.  Neeryvsiallizing o-quinone IV
from THLE vielded p-quinone I, Filiering a solution of p-
quitcene HI in THE throngh a eddavne of silica gel pravided
o=tineare 1V,
6-Hydroxy-7-(8-ethoxycarbonyloctyl)-5.8-dioxocarbostyril (VI).
- Hydrexyguinone TIT (5.4 g, 0.03 molel wus dissolved in hol
(~teannn bathn AeOH (60D wil).,  Heating and =tirring were can-
tinied 2 hir while slowly adding the ethereal ~cduiion of ethyvl
sebhiaerl peraxide (0,04 ninle). Simulranenusly 12,0 was removed
by alistillnticn. Before completely yveumewing solvent in vacuo,
Liesting was continned another 2 . The residite was trituraied
witle }.0 and the less saluble starting urerial (quinone II1
wils codlevied. The ethereal filirnte wus extuteted with dibie
NultCO; salurion and the agaeons exiraet was wished well with
IO, The basie solution was neidified witdi 2.V T1ICL and guinone
VI was extracreld with B0, Following removal of solvent, the
red uily residne crystallized from EtOH as caunge custers 115 g
pure by tle witl 1:2 CHCL-MeOH ax sdvena; An avalytical
speciinen wis reerystallized from 1O in the <ame color aud
crvstal Tarne: mp 162-1019°; Ap.x 209, 1249, aud 446 g (log «
4051, 4045, aud 2.93): v 8180, 3120, 1778, 1740, 1680, 1645,
and 16ES em ™ pury, 8127 (tripler, 5 Clly protons, J = 7
ep~i. E5S (broad singlet, 12 CH. protous,, 2.530 {triplet, 2 ClLE,
projais, J o= 7 oeps), 244 (teiplet, 2 CHL protoe, o = 7 epsh
440 (quartet, 2 =CLILO- protous, ./ = 7 cpsin 6.84 (danbler, 1
vityl pracon, J o= O epss, S0 fdonblet, tovinyd provor, S o= 4
eps g, and 1,08 Ceotmplex, a2 pratan gigial revieved upon conta
with .03,
Anad, Caled for CullaNOg: C
Ifeand: 84
5.6,8-Triacetoxy-7-(8-ethoxycarbonyloctyljcarbostyril ( VI ;.-
Ta a =uspension af erhivl exrer VI (2.0 g1 in Ae.O (4 ml) was
added Zu dust 12 g oand auhydrias NaOAe (04 g1 Silring
(magneticallyy was umintained 1 reun lemperatire 4 b
AcOH oty mls was added and the solation was filtered.  The
pale vellaw filtrnte was dilnted with TLO 110 il aud trincetoxy-
quincdine VI sepavated.  Trincernte VII was cddlected, washed
(11,03, and dried: vield 2.4 g (06',+.  Rerrvsrallization from
0700 O gave o analyticad sainple as a whire powder melfing
at 164 165%; tle, CHCL-MeOH 11:24; A 257,900, and 208
. ¢ opuar, 8 1.22 (iriplet,
3 CHypriaans, J = 7 oeps), 132 (hraad siigler, 12 CLL protous:.
202 (singlel, acetmie), 237 (singlet, ncennted 2.30 (multipler,
4 CLL protons), 2.30 tsinglet, acetate), +.12 fqaariet, 2 ~CIHL0
produns, f = 7 eps), 6.65 (doubler, I viuyl protow, JJ =Y eps),
7.049 (doubler, | protow, J = O ¢psy, el THOS Adilfuse singlet,
t predon disnppesaing upon equilibratione with 1,01
doal, Caled for CalHpNOy: O 6201 H 661 N, 20N
toand: ¢, 652,22 H, 6.70; N, 2.011,
6-Hydrox 8-dioxo-7-(9-hydroxy-9-pentyltetradecy!)carbo-
styril (VIID).--Triscetoxyquinoline VIT (2.0 g) in THF (50 ml,
aliming driedt was added during 2 o e the Grignard reagent
prepared fram =browopentane (N5 g3, Mg turnings (1.3 g), aud
dry (distilled fram Na) IBt:0 (500l Before adding 2 N HCIL
(i ), stirring ot roowr temperature was coutinued 15 hr.
The agueaas Inver was disearded and aiv was bhubbled through
the vthiereal <olutian for 15 min. Following removal of solveut
in curno, the residuadl oil in Cellg (200 ml) was washed (five
Hiess with 0.8, NaHHCO, in 7115 11,0-MeOll.  The combined
NallCO, extraet was washed wirth Colls nid acidified with 2.V
HCL Exiraetion with Cglls and removal of solvent from the
cambinal extrner led fo g red ail. Crystallization from ExrOH

65095 L Lot N, LT

s VR Kokainae and M. Jelling, /. Joe. Chem. Soc., 63, 1432 (1941).
11 A R Barneiv and Ry 1L Thorasen, /. Chenn, Soc., €, 1261 £1967).
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provided ab orange powder it g7 honmgenewrs aa tle of: 2
CHCLe-MeOll as solveut).  Owe recrvstallizatioar from Eroll
affarded a0 pure speciinen ax an urange pawder vrelting a1 13D
tate: 255, 330, and 445 mu (log e 1.27, 450, el 2020
Frs 90204320 tbroad s, 4250, 1688, 1665, 1650, and HS o
pur, 8 0.90 (riplet, 6 CHyprotans, J = Jepsy, Lo (hyoad siugler,
30 CHL pradanss, 2,36 Ypoorly resolved 1riplet, 2 CHL prodons,
6.88 tduablen, 1 ovinyd proton, J = 4 epsioand S deabder,
viiyd praton, J = 10 ¢psi

Awads Caled for CilIgNOL: O
Peame: COoT004:0 H, 9.19; NL 288

Thana: b b N, QU

A Diethylstilbestrol Ester

Reavane A Curseg, KoM S, asp Biessel, WL Brows

Department of Food Science and Carver [lesearch Foindution,
Tuskegee [nstitute, Tuskeyce I'nslitule, Alahane 36088

Lecerved Decermber 15, 1967

Dicthylstilbestrol (DISS) inhibits mitosis al cliek
heart fibroblastic cells! :awd epithelial growth in human
prostatic  adenoma  and adecnocarcinomir in o tissue
culture.”®  p-Aminobenzoic acid (PABA) lhus heen
found to inhibit or retard the cnzyvmatie oxidation of
DES and henee it was speculated that PABA hus o
protective or sparing action on DR

[ this study the syvuthesis of the PABA ester of
DES is reported and itz effert on protein synthesis in
mouse fibroblastic vells (L.2071) in tissne cultire is
assessed,

The synthesis of di-p-aminobenzoxl ester of diethivl-
stilbestrol (4) front 3.4-bis(p-hydroxyphenyl)-3-hexenc
(1) and p-thionylaminobenzoyl chloride (2) is proposed
ta ovewr after the formation of 3.4-bis(p-thionyl-
arminobenzoyvl-p-hyvilroxvpheny-3-hexene (3) (Scheme

I).
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HOCH CanCCH,OH A 208N Cell COCT —>

C.H,
t 2
Call
+ 0
DHCL 4+ OSNCGILCOOCHC=CCHOCOCHTINRO e
Calt,
3

Call
<O, = LN CHLCOOUH C=CCATLOCOCHN

Calli
4

DES, DES cster, PABA, and DES 4+ PABA
0.3-ppm level did not uffect total cell count but
3.0-ppm level DES, DES ester. and DES + PABA
decreased total cell count us compured with the O-ppm
level (Table 1). PABA ut 3.0 ppm exhibited no
effect.

(1v M. Leitreé and H. Fernlolz, Z. fhy=iel. Cheo., 278, 201 (1443,

i2¢ A. Wojewski and D. P. Kaniewicz, JJ. Urol., 98, 721 {1464}

13y G. % Tarnawski, F. A, Schmid, J. G, Capraeeina, and €. ¢ Seocls
Cancev fes., 26, 181 (1966).

14) 8. Ansbacher, W. A. Wisansky, amd (i, I Marvin, Fuaderaine Frene
1, 98 11942).




