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by recrvstallizarion from the same solvent svstems had mp L0
1520 pET 3063 (NH), 1690 (amide 1), 1665 (C==0)), 1615 and
1300 (C==C), and 1530 cm =t (amide 11y ASEY 230 g (e ¢
10~% = 17.8), 278 118.6), and 455 (3.7 1.

The 4-03-V,N-diethyvlaminopropylamino =3-aevianino-1,2-
puphthoguinones listed in Table 1 were syutltesized by
analogous procedure.

1-(3’-V,V-Diethylaminopropy! j-2-pentylnaphth}1,2-/]imid-
azole-4,5-dione (IVb).—-A ~olntion of 2.51 g, 6.1 mmol, of TITH
in 200 ml of AcOH was reflnxed for 0.5 hro Tt was concentrated
by freeze-drying and the remaining residne was chromatographed
on 400 g of ALO; axing CHCly as rhe elnent. A red band was
collected.  Removal of the CHCLy on a rotary evaporator followed
by recrystallization of the remaiing red eryxrals from StOAe
gave 1.6 g (7297 v of TVDh, mp 138-141°. The analytical sample
prepared by recrvstallization from EiOA¢ had mp 140-142°
P BT0 emitt C==0r g A0 D061 g Te X 107 22.6), 260

Dy and 440 (14 ATET 203 (2025 AN (240
U261 122.%) and 268 120800 AT 258 (106 a Y
240 (17.9) and 260 (1460 AT Y267 (180«

The 1-3°-V, N-diethyvlaminopropyl-2-alkyInaphthl1,2-jiimid-
azole~d d-diontes listed in Table IT were <vurliesized by an aualo-
gons procedire.
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In view of the reported antiandrogenic activity of a
7-acety-2(3H)-phenanthrene derivative,® we became
mterested i1 preparing beuzlelindene analogs for
purposes of comparison. We were also nterested in
developing methods for preparing compounds= having
angular carboalkoxy and ecarbinol groups. Starting
with 3,4-dihydro-6-methoxyv-1(2H)-naphthalenone (2),
suitably  substituted benz{e]inden-2-one derivatives
were first prepared using Scheme 1. Alkylation of the
starting ketone with propargyl bromide followed by
hydration of the produet alkyie appeared to be the
most convenient approach for the mtroduction of a
propanoue side chain.  The method has been used by
Islam,* Dauben,” and coworkers, but only on 8-
keto esters using alkoxide cataly=tz, We alzo wished 1o
use the method on ketones such ax 4, whiceh require
motre busic conditions for alkyvlation.

Catalytic hydrogenation of 9 and 10 produced mix-
tures from which both ¢/s and trans izomerz could be
isolated and compared. All attempts to obtain both
isomers of 11 from 8, however, were unsuccessful,
although five different methods involving catalytie and

(13 Sopported, in part, Ly Grant CA-D3077, Naiional Cancer Institaie,
National lnstitutes of 1lealdl.

(2) For the previoas paper of this series, see R. E. Juday, L. Cabbage,
J. Mazur, and B. Bakwa, J. Vel Chen, 11, 872 {1068).

(31 L. O. Randall and J. T. Setitto, Fwlocrinology, 82, 689 (1938).

43 A. 2L lslam and R, A, Raplael, J. Clem. Soc., 4086 (1952).

57 W. G Daaben, ). W, MeFap)awl, aied J. )2, Rogan, J. Org. Chem., 26,
207 (19611
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chemical were uscd, including one reduction in which
the double bond was =hifted to the endo position.”

These hydrogenation result= are interniediace be-
tween  those «f <imple hyvdrindenones and  16-keto
sterotd analogs.  Augustinet found thac (he Tormer
formed only cis iscaners even when an angular earbo-
methoxy group wos present. Wilds> and ourselves?
have found hoth o/s and frans 1somers formed from the
hvdrogenation of AM-it-keto =teroids, even when no
danglilar graaip wos present. Augustine proposced b
nultistep process i which the entalvst <ubstrate com-
plex 1= fess hinderod in the eiv configuration.  Wikds
attributed <onie o his vesults to sterie inhibition of
adsorption on the catudy<t by the angular group, tlhs
resttlting iz the Soriacion of rans i=omers.  Thix could
explain the resalts 7rom the hvdrogenation of 9 and 10,
but the fathre to obtain any frans i=omer of 11 by any
of the above micthods could be explaimed by thermo-
dyvnanie controt (o the reduction to give the more
stable cds txomer with the hydrogenations occurring by
sonte nlt=tep process.

In an attempt so cliange the omer ratios obtained,
the vdroboratian< ar 8§ and 9 were studied.  The boron
restdnes were renioved by acetolvsis to produce mis-
tures af the wlkeres, 14 and 150 It proved nnbo==ible

H
—
R
CH.0 CH.O
14.R=H 16.R=H
15.R=CH 17.R=CH

ta remove 13 without 1o=< of the O funetions.  Analysix
of 14 and 15 by g¢lpe <howed that all four possible
l<omers were present mosubstantial amounts i each
caze.  Analysix <hcwed that 16 contained about equal
amounts of thie »ix and trans i~omers, while 17 wax 704,
trans,  Converston o 11 into 16 produced a =ugle
i=omer, correspotnling to the faster moving isomer on
glpe, and thns may be assigned the ¢fs configuratian,
The cis and traes 1somers of 12 and 13 were dis-
tinguished by (he following method.  Since the frans
izomers are move highlyv strained than the s, the
carbonyi streteh bandx in the ir speetra <honld have the
higher frequeney.s The actual frequencies were 1747
and 1741 e 1ov the presumed frans zamers and
1742 and 1737 em 7 for the o omers, respectively.
The halt-height whlth of the angular methy | peak tn the
pmr =pectruin of the presumed trans izomer of 12 was
also greater thou o s by 0.2 ep=.'*1% The configura-

i WL B Fabreniolo Vo Corapugre, M Lacie, Mo WL Goldbers, ane
R. W. Kieestewsl, 0 i Chion 9, 304 (1966). This techine e, axed o he
pleenantlirene analog of 8, gave tiw tors iromer exelusively.

Ty Ro L. Aggestine awl VDo Broow, J. Ocg. Chem., 28, 802 (1360,

(&) A L. Wilds B. Ze sel, R. fatton, and J. Jolinsan, Jr., 2807, 19,
1904,

9y R deelay and Verace Dokwa, agoublisled resaly s

(10} For more conquiere discassiof of tle stereochemistry of 1Le reduction
of cyclic ketones, see: o B, ). Aagesidne, “Catalylic MNydrogenation.”
Mareel Dekker. 1ne.. Newo York, N, Y., 1965, pp 61-62; (L) R. L. Avgastine
and J. Van Peppen. An+. N. . tewa. Seci., 158, 482 (1069); (¢ 11, O.
Honse, “Modern Syvioleric Rewelions,” W, A, Benjamin, Inc., New York,
N.YL 1964, ppr 16-202.

112 N, B, Coleliage Lo i1 Daly, ard 8. B. Wilberly, “Introdociion to
Infrared and Raman Speciroscopy,” Academnic Press, New Yourk, N. Y.,
1964, pp 239-241,

P12 M, Robinswr. 7edratvdren Lett., 1683 (1965).

13y K, Wiian-oe T Meoved), and T. Spencer, J. Awmer. Chem. Soe, | 88,
BEERSUIIN
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ScHEME
0 0 0
H.C=CH CH,COCH, [.
- coocn. — o~ T %
CH,0 CH,O CH,0O
3 5R=H 8R=H
\ 0O / 6: R= CHz 9,R = CHS
CH, 7,R = COOCH, 10, R = COOCH,
CH,0 l
4 0]
H
R
CH,0O
11,R = H{(cis)

tion of the trans isomer of 13 was further confirmed by
converting it into the frans isomer of 12 by an un-
ambiguous method.

The steric results of the B,Hg reduction: may be ex-
plained by the assumption that the reactions are
kinetically controlled and that there is little difference
in activation energy between the two possible modes of
addition, even when an angular methyl group iz present.

The compounds bioassayed, 22 and 23, were pre-
pared from 8 and 9 by conventional methods.

H COCH,

22

Single isomers of 22 and 23 were obtained. They
would be expected to have the indicated configurations
if addition of HC=CMgBr occurred on the less hindered
side of the molecules.

Neither 22 nor 23 showed significant antiandrogenic
or antiuterotropic activity.?

Experimental Section!*

Methyl 1,2,3,4-Tetrahydro-6-methoxy-1-0x0-2-i2-propynyl j-2-
naphthalenecarboxylate (3),—A mixture of 2 (30.0 g), NaH® (4.6
g), and Me,CO; (18.0 g) in DMAC (225 ml) was stirred at room
temperature {Ar atm) wntil Hs evolution had almiost stopped.
The reaction mixture was then cooled to 0° and a wolution of
propargyl bromide (30 g) in 13 ml of dioxane added keeping the
temperature below 5°. The mixture wax stirved 30 min at room
temperature, cooled, and hydrolyzed. The precipitate was re-
crystallized (MeOH) to give 42.0 g (9171 of 3, mp 111-113°.
Anal. (’C]sI{ls()Ai) C, H.

Methyl 2-Acetonyl-1,2,3,4-tetrahydro-6-methoxy-1-o0xo0-
naphthalenecarboxylate (7).—Compound 3 {42 g% was dissolved
in AcOH (156 ml), and cooled to room temperature. Formic acid
(88%%, 150 ml) and H,O (10 ml) were added and the mixture was

(14; Al melting points are corrected. Ir spectra were obtained on a
Beckman IR7 spectrophotometer. Where analyses are indicated only by
symbols of tlie elements, analytical results obtained for thiose elements
were within 0.4% of the theoretical values. Nnir specira were obtained
on a Varian HA60 spectrophotomater. Spectral resalts agreed with the
suggested structures routine.

(15) The NaH used tliroughout was a 53%; suspension in mineral oil.
Prior to use it was washed with cyclohexane. The amounts listed are on a
dry weight basis.

12,R = CH;, (cis and trans)
13,R = COOCH, (e's and trans)

stirred at room temperative while a 3 =olution of Hg(OAc), was
added dropwise until an exothermic reaction set inn. The mixture
was stirred 2 hr at room temperature, and diluted (H.Q). The
precipitate was collected, dried, and recrystallized from MeOH to
give 39.5 g (89%) of 7, mp 110-111°. Anal. (CxHis0;) C, H.
2-Acetonyl-3,4-dihydro-6-methoxy-1(2H )-naphthalenone (5).—
Compound 7 (27.0 g) was added to a svlution of KOH (22.0 g)
in H:O (30 ml) and EtOH (90 ml) and the mixture stirred at
room temperature (Ar atm) until the solution remained clear
when diluted with H,O (about 30 min). The product was re-
crystallized from MeOH to give 18.5 g (86%) of 5, mp 95-97°
(18). Anal. (Ci.H,605) C, H.
3,4-Dihydro-6-methoxy-2-methyl-1(2H )-naphthalenone (4).—
The methods used to prepare 3 and 5 were followed, using Mel
instead of propargyl bromide in the alkylation step. Starting
with 2 (20 g), a yield of 16 g of 4 was obtained, bp 105° (0.05 mm),
lit.16 114° (0.1 mm).
3,4-Dihydro-6-methoxy-2-methyl-2-(2-propynyl)-1(2H)-naph-
thalenone (24).—A mixture of 4 (16.0 g), propargyl bromide (13.0
g), and NaH (2.3 g) suspended iu diglyme (100 ml) was stirred
at room temperature (Ar atm) for 12 hr. After work-up, the
residue was distilled in vacuo to give 17.6 g (929) of 24, bp 127°
(0.05 mm). Anal. (CsH,160.) C, H.
2-Acetonyl-3,4-dihydro-6-methoxy-2-methyl-1(2H )-naphtha-
lenone (6).—The procedure used to prepare 7 waz followed.
Starting with 30 (17.6 g), a vield of 18.2 g (96¢%) of 6 was ob-
tained, bp 137° (0.05 mm). Anal. (C1:H1s03) C, H.
3,3a,4,5-Tetrahydro-7-methoxy-2H-benz[e]inden-2-one (8).—
A mixture of 5 (15.5 g), NaH (1.9 g), and dry toluene (180 ml) was
heated rapidly to boiling, with stirring, and was refluxed (Ar atm)
for about 3 min, ormtil the evolution of He slowed. The mixture
was then cooled rapidly to 53° and hydrolyzed with ice and dilute
AcOH. The crude product was vacuum distilled and recrystal-
lized from MeOH to give 9.1 g (65%) of 8, mp 136-138°. Anal.
(CisH140,) C, H.
3,3a,4,5-Tetrahydro-7-methoxy-3a-methyl-2H-benz[¢]inden-2-
one (9).—The procedure used to prepare 8 was followed. Starting
with 18.2 g of 6, NaH (2.1 g), and toluene (150 ml) a yvield of 12.0
g (609 ) of 9 waz obtained, mp 94-95°. Anal. (Ci;Hi60:) C, H.
Methy! 3,3a,4,5-Tetrahydro-7-methoxy-2-0x0-2H-benz[¢| -
inden-3a-carboxylate (10).—The procedure used to make 8 was
followed, except that N-methylpyrrolidone or DMAC was
added when the reaction mixture reached reflux temperature.
Starting with 7 (5.0 g), NaH (0.5 g), and 50 m! of toluene, and
adding 1.0 ml of N-methylpyrrolidone (or 1.5 ml DMAC) after
the mixture started to reflux, a yield of 2.4 g (319) of 10 was
obtained, mp 177-179°. Anal. (C14H1604) C, H.
cis-1,3,3a,4,5,9b-Hexahydro-7-methoxy-2H-benz[e]inden-2-
one (11). 1. Palladium-Charcoall” Hydrogenations. A. In
Toluene.—A mniixture of 0.5 g of 59 Pd-C catalyst in 25 ml of
toluene was boiled to remove H:0, and theun cooled. Compound

(16) E. Buchta, M. Klisch, 8. Maier, and H. Baxer, Ann. Chem., 576, 7
(1952).
(17) Catalyst from Englehard Industries.
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8 (1.0 gj was added und the nixtire hydrogenated ar room
teimperatnre and at atmospherie pres<ure npiil the H. nprake
stopped.  Approximately I mol wax abzorbed. The prodnet was
recovered and recrystallized in MeOH 10 give 0.2 g of prodne,
ntp U8-60°, Glpe analy=ix of the produer <howed rhat a single
i=onter wax present.  Anal. (Cy 605 C, FHL

B. In Alcohol.---When the hydrogenation was carvied ont i
1AL, Tl nprake stopped after abont 1.5 mol of H. had been
absorbed. The produet contained abom egnal mmonnis of aleohal
and <atmmed ketone and had 1o he oxidized nsing the method
omlived below.

2. Raney Ni8 Hydrogenations. 1'c a =olution of 15.0 g of 8
in 100 ml of dry dioxane was added 6.0 g of moixr cataly=t and
the mixtnre was =tirred, at room temperatnre and L atm of M.,
nntil gas nptake =topped after the abzorption of about 2 mol.
The carbivol was recovered and oxidized to 11 nsing 1he Sarei '
reagent.  Thie produet {overall vield 80¢¢) wax identical with
that olnaived in part 1a.

3. Li-NH, Reduction.—A =olniion of 8 (2.0 g1 in T (25
ml7 was added 10 a =olntion of Li (0.3 gJ in lignid NTE (100 mh
a1 —353° Afrer stirving ar —35° for 10 min, Ha() was added, and
the NHy evaporated. A vield of 1.8 g of 11, identical with tha
obtaived by hydrogenation, was obtained.

4. Li-NH; Reduction of the Ketal Derivative.- -Componnd 8
was  copverted o 22-ethylenedioxy-2.3,4.5-tetrahydrost-
methoxy-1H-benzlelindeue by the procednre nsed 10 prepare 25.
Starting with 10.5 g of 8, and refluxing the reaction mixinre 24
hr, a yvield of 9.5 g (75%) of the ketal wax obrained, mp 86-88°.
el (CgllgQy) C) ML The ketal was reduced using the method
ontlined above in part i, except that morpholine was nsed ax
solvem instead of THF. The crnde rednetion produer was hy-
drolvzed with 8845 formic acid 1o give a prodnet identical wiih
that obiained by hydrogenation of 8.

1,3,4,5-Tetrahydro-7-methoxy-2H-benz]:|inden-2-one (28;.
A =ample of 2 (0.4 g) was hydrolyzed by stirving in 8877 formie
acid for 30 min at room temperature. The prodnet was recovered
by dilntion and =olvent extraction 1o give (0.3 g (937 of the
prodnei, mp 73-73°. The C==0 v the v =pectra was at 1750
cm 7Yy copfirming that the donble bond was in the ¢ndo poxitin,
ol (o ‘14”14( o) (l, H.

ris- and (rans-1,3,3a,4,5,9b-Hexahydro-7-methoxy-3a-methyl-
2H-benz]e¢]inden-2-one (12).—Componnd 9 was hydrogenated
nsing the procedive ontlined for 8 in part 1A, The produet was
obtained iy almost quantitative vield.  Glpe of the ernde prodne:
showed that it contained two isomers, Tlie <lower inoving t<omer
was assigned the (rans configiration on the basiz ot it ir avd v
~peerra (mde sapea). The (rans izomer. when separated and re-
crvatallized from MeOH, melted at T8 -80° dpal. (CiHiOy
(4 I

The maother lignors front the separation of the {rwas isomer were
evaporated and diztilled at 145-130° ().05 nun) 1o give the r/s
1somer (C==0, 1743 cm ™), el (CpaHOs C) HL

Methyl c¢is- and (rans-1,3,3a,4,5,9b-Hexahydro-7-methoxy-2-
0x0-2H-benzle|inden-3a-carboxylate 113).--Componnd 10 was
Lvdrogenated nsing the procedure ontlived for 8 in part 1A
Cidpe analy<ix of the ernde prodnet showed i1 1o contain 7077 of
the frays i=omer, The {rans isonter was separated by eryvstalliza-
tion from MeOH, mp 79-81°: ketane C==0) stretch 1741 em~h
el (GO C) TEL

The ¢is ixomer was recovered from the mother lignars and was
an oil di<tiling at 176--170° (0,05 mm ;. ketone C==0 streteh 1737
cm Y .lll(l[‘ |(vl1u”'1~;( ) (‘. H.

Conversion of (rans=13 to {rans=-12. A, Methyl 2,2-Ethylene-
dioxy-2,3,3a,4,5,9b-hexahydro-7-methoxy- 1H - benz]e¢|inden - 3a-
carboxylate (25).--A solution of 13 (6.3 g). ethylene glycol (6.0
¢t and p-tolnenesnlfonic acid (0.1 giin 30 ml of CsHe and 25 ml
of diglyvime was refliuxed for 5 hr, n=ing 2 Dean—Stark trap to re-
move 11O formed.  The solntion was cooled and diluted (H.O1.
The (4l laver was washed free of diglyme and evaporaied
and 1he residite recrystallized to give 3.8 ¢ (829 of 25, mp
OU--101°. Anal. ’.Clchg();,) C{. H.

B.  2,2-Ethylenedioxy-2,3,3a,4,5,9b-hexahydro-3a-hydroxy-
methyl-7-methoxy-1H-benz [e|indene (26).——Compound 25 wax
redneed (LAH, THF) at 0°. Starting with 3.5 g of 25, a yield of
252 (7070) of 26 was obraived, mp 149--150°,  Adnal. (CrHaO,7
(G

I8 Raney Catalyst Co. carta)ys=c,
ey L, 1L Sarcte, Jo Amer. Cliem. Soed, T0, 1680 (1948,

Vol. 13

C. 2,2-Ethylenedioxy-2,3,3a,4,5,9b-hexahydro-3a-hydroxy-
methyl-7-methoxy-1H-benz[¢|indene 2-Methanesulfonate (27 ..
A sobuion of 26 12,3 ¢ and MeSOCH LS gt iy dey pvridinee
230l wos stirred at room temperatnre for 4 e The emde
prodier wosveervsiallized from Cel{e Callie 1o give o 2.8 @ i’
of 27, mp 146° dees ol (CillyOe) C, 11

D. 0(wns=1.2,3a,4,5,9b-Hexahydro-7-methoxy-3a-methyl-2H-
benz|c¢{inden-2-one 125 - A mixture of 27 2.7 g dried Kl
Wi g powdered Colly €08 gy and dry DMAC was stirred o
reflnx e Ar ams for 2.5 e The mixtuee was cooled, and trearnd
with ice and dilare AcOTL The produet wos isohined by Call.
extraenion and evoporation of the <olvent, it was pod saflicierals
pove foranalysis. The emde iodide was dizsolved im0 mixire ot
20 ml of AcOT and 20 ml of S8 Tormie acid and <tirred {for 6o
min a1l room temperatire. Fhe amde iodo ketone was dissolved
iv FOH o0 omb and hydrogenated over 0.0 g of Pd-C with
NallCOy 10 g+ present 1o nentralize the acid Tormed.  The
prodnet proved 1y be ademieal winh thot isolated from le
hydrogenation ol 9.

Mixture of ¢/~- and /rans-3a,4,5,9b-Tetrahydro-7-methoxy-1H-
benz|s|indene and «is- and {runs-3a,4,5,9b-Tetrahydro-7-
methoxy-3H-benzle]indene (14). - An excesx of diborane® wn~
pas=ed throngh a <olntion of 8 (5.0 g ) in dicxane 30 ml) and TIHF
130 mliar 105 The sobnion wax <tirved (2 hre at voom reapern-
vue, {ollowed by evaporation of 1the solvent /o rocwo. The
rexidite was taken np in AcOH 25 mil tand the mixtwe heared a
2530° for 60 niie in an antoelave,  The prodner, 202 g 7447, .
istilled v P1O-115° ¢0.05 mny. Glpe analysix of the prodnet
showed thot oo components were present in aboat coal
smmonnt~.  baad (O LGOS CH.

From 11, -Sarting with 11 4.7 g1 the =mme reaction was
carried o as ontlined above. To this caze this prodietr contained
only two components, corresponding 1o the faster migrating
compovents of the above mixtnre. When 11 wos first rednced 10
the earbinol with NaBHy and rhen hydroborated, the same mixs
tre of alkenex was obtatned.  The carbinol was mpatfected hy
acetoly=iz at 250° This indieates thar zcane borate ester of the
corbindd i initially formed. which nodergoes delivdration =nb-
sequently. Whether there i~ more 1han one boron wom presenn
i the complex Tramed from 8 was not extablished.

Mixture of ¢/x- and (rvus-3a,4,5,9b-Tetrahydro-7-methoxy-
3a-methyl-1H-benz]elindene and ¢/s- and /runs-3a,4,5,9b-Tetra-
hydro-7-methoxy-3a-methyl-3H-benz[c]indene (15).--Staviing
with 9 15.0 @1l n=ing the procedure oatlined for 14, a yield of
3R eNE ol 15, distilling m THO- TEA® 10.0) nun s, was obiained
Glpe anolysis ol the prodner <hoaved that fowr componenis were
present. Laal, (CpFLOL C T

From 12. - Starting with crnde 12 2.9 g1 the sante reaction
waox carried con e omlived above,  Glpe analysis of the prodne
<howed thot the some fonr components were present in abont 1the
S0 Proportiones,

Mixture of c¢/s- and /runs-2,3,3a,4,5,9b-Hexahydro-7-methoxy -
1H-benzle|indene (161 --The <amples of 14 obtained both from
8 aud 11 were hvdrogenated over Pd-Co Glpe analyv=ix of 1he
product obwined from 8 =howed thot two componenis were
present i sbore eqnal mmonms, thns showing that the original
hyvdrobormioe was vot =tereoscelective. The produe from 11
comaited  only obe emponent, corresponding 1o the fasier
mwoving compouent of the nther =ample. Sinee the fros isome
hos o flimier moleenle, ane wonld expect it o migrare lower thon
the ros somer, bueal, (CLHLO ) C) TH

Mixture of ¢/~x- and /cans-2,3,3a,4,5,9b-Hexahydro-7-methoxy-
3a-methyl-1H-benzl¢]indene (17). - -The =aniples of 15 obtained
from botlh 9 5rad 12 were hydrogenmed over Pd-C'. Glpe analysis
of 1be prodiners <howed e bale efs and fraps izomers were
present hicabom the same ravies, 6000 frans 10 4077 efs, as 1
chtaived by hydrogenation of 9. Awed, (Crlla))y €, 1L

2-Ethynyl-2,3.3a.4,5,9b-hexahydro-7-methoxy-1H-benz|, -
inden-2-0l (18 -\ salntion af 11 (146 g) in THE was added
to o 100 excess of HC=22CAgBr in THF made by the merhod
af Jones.*t The wixvne waos allowed 10 stir overnight at rocan
temperarnre, sbd 1hen bydrolvzed. The emde prodner was
vaennm distilled and veervsiallized from Celdg-CeHie to give 18
13N g, NOOU mp R5-S6°0 Tle analysix indicated that only o«
single isanper was preserd . Laed. 1CyHOl) O 1L

200 11, O Brown dad 13, C Salhiba Rao, (0d., 81, 1id28 1959,
210 ¥ Iy, 11 Jones, L. Skatrelol, and M. €. Whitiug, J. Chenc Seo
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2-Ethynyl-2,3,3a,4,5,9b-hexahydro-7-methoxy-3a-methyl-1H-
benz[e]inden-2-0l (19).—The procedure for preparing 18 was
nsed. Starting with the trans isomer of 12 (8.0 g) a yield of 7.8 g
(87%) of 19 was obtained, bp 134-137° (0.05 mm). Anal.
(CrxHy02) C, H.
2,3,3a,4,5,9b-Hexahydro-7-methoxy-2-(2-methyl-1,3-dioxolan-
2-yl)-1H-benz[e|inden-2-0] (20).—The method of Nieuwland?
was u=ed to convert 18 into 20. A solution of redistilled BF;
etherate (2 ml) and HgO) (0.5 g) in 15 ml of dry ethylene glycol
was added to a solntion of 18 (14.2 g) in 90 ml of dry ethylene
glveol cooled to —10°.  After the addition was complete, the
mixture wasx allowed to warm to room temperature over a
period of several honrs, stirred overnight, aud hydrolyzed. The
crude product was recrystallized fromi CeHg-CeHiz to give 20
(11.5 g, 64%), mp 106-108°. Tle analysis indicated that only
one isomer was present. Anal. (CsH2404) C, H.
2,3,3a,4,5,9b-Hexahydro-7-methoxy-3a-methyl-2-(2-methyl-
1,3-dioxolan-2-yl)-1H-benz[e|inden-2-0l (21).—The procedure
used to prepare 20 from 18 wasfollowed. Startingwith19 (7.9 g)
a vield of 8.1 g (91¢7) was obtained, mp 99-100°. Tlcanalysix in-
dicated that only a single isomer was present. Anal. (CiyHz604) C,
H.
23-Acetyl-1,2,3,3a3,4,5,6,8,9,9b3-decahydro-2«-hydroxy-7H-
benz[elinden-7-one (22).—Compound 20 was converted into
22 using a procedure outlined previously? for similar compounds.
Starting with 20 (6.0 g) a yield of 3.1 g (6497) of 22 was obtained,
boiling range 149-152° (0.05 mm). Anal. (C1:Ha00;) C, H.
2a-Acetyl-1,2,3,3a,4,5,6,8,9,9ba-decahydro-25-hydroxy-33-
methyl-7TH-benz[e]inden-7-one (23).—The procedure n=ed to
prepare 22 wax u=ed. Starting with 21 (6.0 g), a vield of 3.5 g
(73%) of the product was obtained, after the initial prodnet was
purified by column chromatography using silica gel H ax ad-
=orbent, followed by redistillation, boiling range 148-150° (0.05
mm). Anal. (C1sHa(y) C, H.

(22) J. A. Nieawland, R. R, Vogt, W. L. Foohey, J. dmer. Chem. Soc.,
52, 1018 (1930).
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Department of Chemistry, Vanderbilt University,
Nashville, Tennessee 37203

Rrcewed September 30, 1969

0-(2-Protoaminoethyldithio)benzoate (1)? has shown
promise as an antiradiation drug,® and two analogous
compounds, o-(2-aminoethyldithio)chlorobenzene - HCI
(2) and o-(2-protoaminoethyldithio)benzenesulfonate
(3), also have shown activity.®® Although several
other derivatives, isomers, and analogs have been
inactive,® the saturated analogs of 1-3 were desired
in order to establish whether the aromatic or the
aliphatic system would provide the better basis
for further extensions. Disulfides 1-3 were prepared
by thioalkylation of the appropriate thiol with 2-amino-

(1) (a) Paper XXVII: L. Field and R. B. Barbee, J. Org. Chem., 34,
1792 (1969). (b) This investigation was supported by the U. 8. Army
Medical Research and Development Command, Department of the Army,
under Research Contracts No. DA-49-193-MD-2030 and DADA17-69-C-
9128, Taken from part of the forthcoming Ph.D. dissertation of P. M. G.,
Vanderbilt University. (c¢) Reported in part at the Southeastern Regional
Meeting of the American Chemical Society, Tallahassee, Fla., Dec 1968;
Abstracts, p 98.

(2) Nomenclature suggested by Dr. F. Y. Wiselogle. See ¥. G. Bordwell,
M. L. Peterson, and C. 8. Rondestvedt, Jr., J. Amer. Chem. Soc., 76, 3945
(1954). Previously 1 was named o-(2-aminoethyldithio)benzoic acid;3 al-
thiough the dipolar ionic structure of 1 is merely inferred from its behavior,
rather than rigorously proved, the “proto’’ nomenclature seems to be a
justifiable simplication.

(3) (a) R. R. Crenshaw and L. Field, J. Org. Chem., 30, 175 (1965); (h)
L. Field and H. K, Kim, J, Med. Chem., 9, 397 (1966).
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SH
= + + -
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X HNT
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~
CH,), .
4 HoscmaNEAT )

ethyl 2-aminoethanethiolsulfonate-2HCI (4), as shown
by eq 1,° and the same approach seemed feasible
for the saturated compounds.

In order to prepare the cyclohexane analog of 1,
it was necessary to synthesize 2-mercapto-l-cyclohex-
anecarboxylic acid (7). This was accomplished by
the addition of a-toluenethiol to cyclohexene-1-car-
boxylic acid (5) and reduction of the benzyl sulfide
(6) to the thiol 7 (eq 2). Others have attempted
to prepare 7 by heating thiourea and conceutrated

O\ + CH;CH,SH —
CO.H

5
SCH,C.H, e,
: :CO._.H
6
@[SH N Sb\(CH:): Y
COH O, ILHT
7 8

HBr with hexahydrosalicylic acid aund then treating
with NaOH. However, they were unable to obtain n
pure product.* Thioalkylation of 7 with 4 gave 2-(2'-
protoaminoethyldithio)-1-cyclohexanecarboxylate (8).
Although the reaction of a~toluenethiol with 5 wnuld
seem more likely to give at the outset frans addition,
and therefore 6 as the c¢is produect, the presence of
excess hot piperidine in turn would seem likely to
have afforded ample opportunity for epimerization to
the presumably more stable {rans izomer of 6. In
any event, tle of 7 in two systems showed only a
single spot, and prolonged treatment with base failed
to effect any apparent change. Only single spots
also were seen for the mercury (II}) mercaptide of 7
and for disulfide 8. Thus it would seem that a single
isomer of 6 resulted, probably the trans.

Thioalkylation of the known frans-2-chlorocyclo-
hexanethiol (9) gave trans-2-aminoethyl 2-chlorocyclo-
hexyl disulfide-HClI (10), the reduced analog of 2
(eq 3).
trans-2-ClCsH, SH + 4 —>

9
trans-2-ClCeH 0SS(CH,):NH; *Cl—  (3)
10

Attempts to prepare the saturated analog of 3 were
thwarted by a series of unsuccessful attempts to prepare
the requisite thiol, 2-mercaptocyclohexanesulfonic acid.

(4) J. F. Burke, and M. W. Whitehouse, Biochem. Pharmacol., 14, 1039
(1965).



