634  Jovrpul of Hedseinal Cheniistry, 1476, Vol. 13, No.

2’'-Methoxy-2,6-dimethyl-9-0x0-7,8-homobenzomorphan (XX).

To a solution of XVII (306 mg), CrO; (1656 mg) in 1 N Hy=0),
(62 ml), was added 10 N H.SO; (9 ml) at room temperatire
diring 3 hr, and the nmuxture was allowed to staud for 20 hr.
It was basified with NHOH, extracted wich Ei.O, dried, nud
evaporated. The residine was recrysiallized from hexane to give
NN (165 mg, 5297): mp H8-119°; ir, 1660 e v (JicO1l
227 mu (e 12,000), 278 (12,300).%  dnal.  (CiiHaNO.) CHN.
Methobromide XXIa was prepared in Me.CO i u u<il manner,
mp  211-213°  dral. (CiHuBrNO. (LN, Methoper-
chlorate XXIb was prepared from NNTa by addidon of nqg
NaClOg, mp 217-219° {(fromt MeOll).  Ana/. (CHLCINOG
C,H.N.

1-(3-Dimethylaminopropyl)-7-methoxy-1-methyl-1,2,3,4-tetra-
hydronaphthalene (XXII)-HClL—A mixtire of TI (10.35 g,
KO (10 g), NH,NH,-H;O) (10 ml), and diethyleneglyeol (90
ml) was heated at 175° for 3 hr and worked np in the nanl
manuer to give XXII-HCl (5.4 g, 46Y%), mp 151-153° (from
Me.CO-LEtOH~E6O).  Anal. (CrllsCINO) CH)N,

3,4-Dihydro-4-(3-dimethylaminopropyl )-6-methoxy-4-methyl-
1(2H )-naphthalenone (XXIII)-HBr.--~-XXII (from 5.38 g of the
hydrochloride) was oxidized with Cr(); in Ho80y in the nsnul
mamner.® Crnde base was converted to the hydrobronnde (o
give 3.29 g (31%): mp 137-141°; analytical sample, mp 142
144° (Me.CO-EtyQ): ir, 1652 cin™: uv (FtOH), 227 mu e
14,100), 280 (13,700).*  Anal. (CyxHBrNOs) CH,N.

2-Bromo-3,4-dihydro-4-(3-dimethylaminopropyl )-6-methoxy-
4-methyl-1(2H )-naphthalenone (XXIV) -HBr.— XXIII-HBr
(2.35 g) was brominated in AcOH (30 min, at 535-65°) to give
NXTV-HBr (2,41 g, 87.59) mip 113-116°:  analyvteal smuple,
mp 115 117° (from Me.CO). Anal.  (CillaBraNO,-0.5H.0)
L H,N.

Cyclization of XXIV HBr.--"I'v n =(irred si=penston nf N X1V -~

(wurio, Rooxs H, v Coanne

HBr 2.4 gy in RO (S mby, 5.6, NFHLOH 4 mib) was added with
cooling,  The mixtire was stirred at room (emperature for 2 hr
st evapornted moraeuo to dryness helow 10°0 The restdne wiis
extraeted with ot Me,CO (100 ml i two portons: and il
tered Tromn Tnorgante netertal, Fvaparation of the vambinel
Me.CO guve n crvstadhine vestdne (172 g mp 120 123750
which was disolved in HLO, bastfied with NHOTH, extneterl
with 6D, dried, snd evaporated. Conversion ol the residue
tnto  (he =ult gave 4-(3-dimethylaminopropy!)-6-methoxy-4-
methyl-1{4#/ )}-naphthalenone (XXV)-HBr (1.67 g. S5 mp
125-127° dram MeCO-Tit.00; v, 1643 em™:  nv (Ol
237 mp le 15.5000, 503 te 1123000 nnm (105, oletinie protans,
355 4d, 1,/ = 10 Hzyand 7 288 @d, 1,/ = 10 Hze Aol
(CrHaBrNO 05100 C,HND The O laver was evap-
rated iy owaeno betow 107, the restdie was disolved e FLO
i1 mh), NaClo, 1140 mg) was ndded, nud che =olittion wis coaled
in 4 refrigerator nvernight tn give NXIb (10 mg, 0.5, mp
216-21R°. Thix was dlentienl wicth yhe smuple previonsly
vhtained from XX anp, iv, and thed
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The synthesis of various naphthyleyclohexenone derivatives is reported.

Methylation of J-{(6-methoxy-2-

naphthyl)-2-cyclohexen-1-one (2) by vartous procednres allowed us (o prepare the monomethyl (5¢), dimethyl
(5d), trimethyl (6a), and tetramethyl (6b) derivatives, the structure of which derives fromn their physical prop-

erties.
nunsaturated ketones (11a, 11b).

Reduetion of the tetrahydrodimethoxyphenylnaphthalene 8¢ affurded n mixture of the «.8- and g,y-
The new substances were subniitted for a variety of bioassavs.

Compounds

4b, 6a, 8a, 9b, and 11b were inactive when tested for oral es(rogente and oral antfertility activity.

Interest in seco-steroids generated by the potent
antifertility aectivity of 2-methyl-3-ethyl-4-phenyley-
clohex-4-ene carboxylic acid® lead us to prepare a series
of phenylated cyeclohexenones. Condensation rene-
tions between aryl g-dialkylamino ketones and aceto-
acetic ester or similar compounds possessing an active
CH, constitutes s convenient route for the synthesis
of aryleyvelohexen-1-one derivatives.® This method has
been emploved to prepare new eompounds in the phen-
vleyvelohexenone,® naphthyleyclohexenone,* and phen-
vinaphthalenie? series. In this work we wish to report

i1) Contribntion No. 370 from Syntex Institute of Organic Chemistry:
for Contribntion No. 369, see: I. T. Harrison, P. Lewis, P. Nelson, W.
Rooks, A. Roszkowski, A. Tomolonis, and J. H. Fried, J. Med. Chem., 13,
203 (1970).

(2) J. McL, Morris and G. Van Wagenen, Amer, J. Obstet, Gynecol., 96,
804 (1U66); see also: G. W. Duncan, Excerptn Med. Found. Int, Congr.
Ser., No. 156, 69 (1967).

(3) ¥.C. Novello, M. E. Christy, and J. M. Spragne. JJ. JAmer. Chem. Sec.
76, 1330 (1953).

1) F. . Novello and M. E. Christy, 7bid., T8, H431 (1953).

(5% ", A. Robins and J. Walker, J. ("hem. Soe., 177 (1957).

the svnthesis of new related trievelie keto derivatives
as well as some of their methylated analogs.

Condensation between 2-(g-dimethylaminopropion-
vI)-6-methoxynaphthalene - HCI (1b), readily obtuined!
from 6G-methoxy-2-ncetyl-naphthalene (1a)®" nnd ee-
toncetie ester in a basie medium, affarded 3-(G-meth-
oxv-2-naphthyl)-2-e¢velohexen-1-one (2)* ns the major
compound. Another substance formed during the
reaction corresponded to CanHyO4, as evidenced by the
mass spectrum molecular ion (M* 462), and the ele-
mental analysis.  Strueture 3 is proposed for this com-
pound on the basis of its nmr spectrum which showed
12 aromatic protons and only one olefinic H, besides 2
aromatic methyl ether groupings (see Experimentad
Section).

Catalytic hydrogenation® of 2 provided the substi-
tuted cyclohexanone 4a, along with some of the core-
sponding aleohol (4b).  LAH reduction of 4a vielded o

16) R. D. Hawoerth and G. Sheldrick, 7bid., 864 (1934).
i75 R. Robinson and 11. N, Ryidon, 7bid., 1364 (1939).
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la. R= CH3 2
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CH,0 CH,0
4a,R, R, = ketone 5a. R, = CHZS‘O—: R,=
b, R,=0H;R,=H
¢, Ry=H:R,=0H b.R,=R,= CHS‘Q—
C, Rl—CHg Rg
d. R;=R,= CHs

mixture of isomeric alecohols (4b, 4¢), which were sep-
arated by tle. The equatorial (4b) and axial (4¢) con-
figuration of the OH group was assigned on the basis
of the resonance of the proton on the C bearing the OH
(see Experimental Section).

When the substituted cyclohexenone 2 was allowed
to react with p-toluenethiol and formaldehyde in tri-
ethanolamine,® a mixture of mono- (5a) and bis- (5b)
alkylated compound was formed. Chromatographic
separation afforded the pure nonerystalline 5a and 5b,
which were treated separately with Raney Ni to pro-
vide the monomethyleyclohexanone 5¢ and dimethyl-
cvelohexanone 5d, respectively.

Direct methylation of ketone 2 with an excess of
Mel in presence of +-BuOK?® gave a mixture of 4 com-
pounds, besides some recovered starting material.
Tle separation vielded the monomethyl (5¢), dimethyl
(5d), trimethyl (6a), and tetramethyl (6b) derivatives,
whose structures result from examination of their nmr,
ir, and uv properties (see Experimental Section).

When the monomethyl ketone 5¢ was treated with
Mel under similar conditions, several compounds were
formed of which only two could be isolated in low yield.,
The main substance was the tetramethyl ketone 6b
(109%,). The other compound, which did not show any
C==0 absorption in the ir, exhibited a very intense uv
absorption at 234 nm, and its nmr presented two MeO
groups and one aromatic Me. Structure 7 was assigned
to this substance on the basis of these properties, as
well as its mass spectrum (M+ 278) and elemental
analysis (see Experimental Section). In order to
account for this structure, dehydrogenation must have
occurred after C- and O-alkylation of 5¢.

(8) D. N. Kirk and V. Petrow, Proc. Chem. Soc., 114 (1961); D, Burn and
V. Petrow, J. Chem, Soc., 1223 (1962).
(9) H.J. Ringold and G. Rosenkranz, J. Org. Chem., 28, 602 (1957),
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The 7,8-dihydro-1-methoxyl-6-phenylnaphthalenes
(9a, 9b) were prepared by known procedure® via the
carbinols (8a, 8b), which could be isolated (see Experi-
mental Section), Catalytic hydrogenation of 9b af-
forded the tetrahydrodimethoxyphenylnaphthalene 8e.
Birch reduction of 8¢ under controlled conditions, fol-
lowed by mild acid treatment of the methyl enol ether
10, gave the 8,y-unsaturated ketone 1la, readily iso-
merized to the conjugated ketone 11b.

Biological Results.—Compounds la and 1b were
tested for antiinflammatory activity utilizing carra-
geenin-induced inflammation of the paw of female rats®
and were found to be inactive (<0.1 X phenylbuta-
zone). These two compounds were also tested for
oral analgetic activity using phenylquinone-induced
writhing in male mice by the method of Hendershot
and Forsaith,' Compound 1a elicited weak activity
(approx 0.07 X aspirin), whereas 1b appeared to be
toxic at the dose used (200 mg/kg).

Compound 2 was inactive when tested subcutane-
ously!? ( <0.2 X progesterone) and orally® (<0.1 X
norethindrone) for antiestrogenic activity in female
mice.

The following compounds were found to be inactive
when tested for oral estrogenic activity!* in female mice
using estrone (E) as the reference standard: 4b (<0.0-
005 X E), 6a (<0.3 X E), 8a, and 9b (<0.005 X E),
and 11b (<0.02 X E),

None of the compounds which were tested for oral

(10) C. A. Winter, E. A, Risley, and G. W, Nuss, Proc. Soc. Ezp. Biol.
Med., 111, 544 (1962).

(11) L. C. Hendershot and J. Forsaith, J, Pharmacol. Ezp. Ther., 128, 237
(1959).

(12) R. I, Dorfman, F. A. Kincl, and H. J. Ringold, Endocrinology, 68,
17 (1961).

(13) R.I. Dorfman, F. A, Kinel, and H. J. Ringold, ibid., 68, 43 (1961).

(14) B. L. Rubin, A. 8. Dorman, L. Black, and R. 1. Dorfman, ibid,, 48,
429 (1951),
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Mp, Yield, Ninax Vinax.
No. °¢ Yo om Log ¢ e H
In 107-109 242 4.56 1675
258 4.44 1620
310 4.13 1600
2 146--147 46 224 4.32 1665
256 4.04 1630
276 4.12 1595
332 414
B TOR-199 12 200004 4.06% 1680~
242 1,71 1645
259204 4.73 16350
250260 471 1GOO
DIR-520 s
4a 126- 127 Y] 250 4.91 1705
262 3.76 1635
270 374 1610
31 .21
332 3.0
4h 135-136 ~4 230 4.96 13320
252 364 1610
260 261 375
270 3.72
BIN 321
332 .50
te 132153 12 250 4.05 3300
252 3064 1610
261 BH
270 3.71
k] 3,20
R 3.25
He 99-100 15 226 4.71 1665
270 4.3 1635
308-312 4.09 1605
Hd 99-100 12 226 4.68 1665
268-270 4,32 1630
J08 4.06 1610
G 8283 i 233 4.85 1710
263 3.77 1635
273 378 1610
318 30103
331332 314
Gl 68 -69 2.4 233 4.90 1680
8 261-262 3.83 1635
272 3.84 1605
318 3.20
332 3.26
7 102-103 7 234 4.75 1635
278 4.0 1605
320 3.21 1580
i3 3.24
Sa 136-137 271 3. 10 3300
278 310 1590
1100
S¢ 118-119 82 224 4.35 1600
278 3.51 1580
Oat 82-85 220 4.26 1570
304G 4.34 1100
O 91-92 312 4.44 1605
1580
1100
Ila 113-114 b 220 (=h) 3.97 1715
271 312 1585
279 314

TasrLe I

/

S0 S =TS I — =]

B DR N BV )

el

o ~

~¥

N WLt —

—_—
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IS = = = =] oS —
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T — =~ — =} L

77 In
.83-2 .31 (m, 2H-C;)

.35-2.60 (m, CHzCe-H)
.61-2.81 (m, 2H-Cy)

.92 (—OCIi)

.10-7 .81 (6-aromatie H)

13 (Ce-CH:; ax.)

13, 1,19 (d, J = 6 s, CeCIy)
32 (Co—CHj; eq.)

91 (-~OCH)

68 (g, S = 6 Hz, Jo = 2.5 Haz, vinyl-1T)
10-7 .78 (G-aromatic 11)
15, 1,17 (4x CHy)

Nmr, ppm
63 (-—-CO~-Cll;)

.00-8.55 (6-aromatic H)
.90 (--OCH;)

.54 (olefinie-H)
008,50 16-tromatie 1)

05 (2x OCHY)
50 (olefinie-11)

00 -8 GO (F2-aromntic 1)

B3Ry (0=
007,80 (G=aromatie 11)

.97 (s, —OII)

40--2.90 (m, Ar--CH ax.)

4-4 .00 (m, CIT--OH ax.)

85 (g, —OCH,)

.00-7 SO (m, G-nrontic 1D

L5 (—=OH)
823,47 (Ar-C'LT ax.)
84 (-—OCH3)

21 (CH-OH ey,

L96-7.78 (G-avomatic )

.78 (vinylic CH;)

.89 (—OCH;)

.10-7.87 (6-aromatic H)
23 (d, JJ = 7 Hz, Ce-CHy)
1.5 Hz, vinylic CIi;)

37 (pair of d, 2 at Gy)
90 (-—-OCH;y)

.67 (t, vinyl-H)

00-7.90 (B-aromutic 113

16 (Co—CGHy)
.89, 3.94 (2x OCHy)
7. 80-7.90 (Q-nromatic H)

05 (1, J = 6 Hz, 1)

.76 (—OCH,)

5.55-7.65 (8-aromatic H)
.50-3.20 (B-benzylic H)
5.50-7.26 (7-aromatic II)
.82 (—OCH;y)

.65-7.70 (H-vinylic 4+ S-aromatic I1)
.50-3.20 (m, Ar-CHy-CH.-)
.82, 3.84 (2x OCH,;)
.65-7.65 (H-vinylic - 7-aromatic M)
.65-3.00 (4-benzylic H)

.80 (--OCHy)

.54 (unresolved t, vinylic H)
yOBS--7.25 (3-aromatic H)

Caevur, Hoors T, ano Coaen

Farmula Analyses
Cial110; (SRINE
Ci T304 CHL O
Cial a0 L HL o
Colu0: G ILO
CieHuOe C,H
Calla0: G 1

Callede  ClI

Coll 00 Gl
CallsO: QI
CiellnO:  CIT
CalloO: (41
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TasLE I (Continued)

Mp, Yield, Amax, Amax,
No. °C % nm Log ¢ em™1
11b 120-121 19 226 4.30 1670
272 3.13 1580
279 3.15
@ Mags spectrum: 462 (M*). > See ref 5. ©Mass spectrim:

antifertility activity'® elicited a positive response.
[Mestranol (M) wasg used as the reference standard. ]
These included the following: 6b and 7 (<0.2 X
AD); 6a (<0.04 X N); 4b, 4c, 8a, 9a, 9b, 8¢, and 11b
(<0.02 X M); and 2 and 4a (<0.0004 X M).

Experimental Section®

3-(6-Methoxynaphthyl-2)-2-cyclohexen-1-one (2)—In our
hands, the techuique described previously* afforded 469, of 2
(see Table I). Moreover, 129, of the pentacyclic condensation
compd 3 was also isolated. Recrystallization from CHaCle-
MeOH gave the anal sample (see Table I).

3-(6-Methoxynaphthyl-2)-cyclohexanone (4a).—Catalytic hy-
drogenation of 2, under the conditions described earlier,* gave
Hh9, of cyclohexanone 4a (see Table I). Furthermore, 179, of
aleohol 4b (see below) was also isolated from the mother liquors.

Reduction of 4a with LAH.—T0 a solntiou of 1.4 g of 4a in 50
ml of anhyd THF, 4 g of LAH in 50 ml of THF was added. The
reactiont mixture was gently refluxed for 1.5 hr, then cooled in an
ice bath, and EtOAc was added slowly. After addition of satd
aq Na:S0; and extraction by the usual procedure, the prodnet
was purified by tle. The equatorial alecohol 4b4 (1.1 g, 849 ) was
first isolated (Table I).

The axial isomer 4¢ was recrystd from Me;CO-hexane (see
Table I).

3-(6-Methoxynaphthyl-2)-2-methyl-2-cyclchexen-1-one
(5¢) and 3-(6-Methoxynaphthyl-2)-2,6-dimethyl-2-cyclochexen-1-
one (5d)—To a solution of 680 mg of p-toluenethiol in 6 ml of
triethanolamine, 1 g of 2 and 1.4 ml of 40, CH,0O were added.
The mixture was refluxed for 20.5 hr under N». To the cooled
solution, CH.Cl, was added. Washing with 59, NaOH, 5%,
HCl, and then H,O was followed by drying and evaporation of the
solvent. Chromatography over 100 g of Florisil gave by elution
with CH,Cl,-hexane (3:7), 290 mg of amorphous 5b. Further
elition with the same solvent furnished 250 mg of 5a. Treatment
of 5a with Raney Nt in Me,CO, at reflux temp for 6 hr under N,
gave the nronomethyl derivative 5¢ (see Table I).

Similarly, treatment of 5b with Raney Ni afforded the dimethyl
derivative 5d (Table I).

Reaction of Ketone 2 with Mel,—To 3.05 g of K in 105 ml of
anhyd {~-BuOH uuder Ny, 7 g of ketoune 2 was added. The mix-
tire was stirred at room temp for 18 hr, under N,. The homo-
getteous solution was cooled and 2 ml of Mel in 30 ml of t-~-BuOH
was added. The reaction mixture was stirred for 1.5 hr, then

(15) F. A. Kincl and R. L. Dorfman, J. Reprod. Fert., 10, 105 (1965).

(16) Melting points are uncorrected and were taken on a Fisher-Johns
apparatus. Uv spectra were measured in EtOH on a Beckman DU Model
2400 spectrometer, ir spectra as KBr disks on a Perkin-Elmer Model 21
spectrophotometer. Nmr spectra were recorded on Varian A-60 spectrom-
eter using CDCls as solvent, Mass spectra were measured on an Atlas
CH-4 spectrometer equipped with TO-4 ion source. Where analyses are
indicated only by symbols of the elements, analytical results obtained from
those elements are within == 0.4%, of thie theoretical value.

Analyses

CH

Formula

CITH?O 02

Nmr, ppm
3.79 (—OCH,)
6.05 (d, / = 10 Hz, H-vinylic C,)
6.357-7.30 (Cz= vinyl-H + 3-aromatic H)
278 (M 1),

poured into ice-water, and extracted with CH,Cl,. The organic
layer was washed, dried, and evapd in vacuo. The crude material
was separated by tle, in order of decreasing polarity (A-E).
Fraction A (2.83 g) was identified as the starting ketone 2.
Fraction B (3.05 g), recrystd from MeOH-H,O (nip 99-100°),
was shown to be identical with the monomethylated derivative
5¢ (see above) by usual criteria. Fraetion C (160 mg; mp
99-100°) corresponded to the dimethyl ketone 5d (vide supra).
Fraction D was recrystd from hexane to give an anal sample
(70 mg) of 3-(6-methoxy-2-naphthyl)-2,2,6~trimethyl-3-cyclo-
hexen-l-one (6a) (see Table I). Fraction E corresponded
to 3-(6-methoxy-2-naphthyl)-2,2 6, 6-tetranrethyl-3-cyclohexen-1-
one (6b) (see Table I).

Treatment of the Monomethyl Ketone 5¢ with Mel.—Reaction
of 3 g of 5¢ with 1.65 g of K in 50 ml of t-BuOH, followed by
addition of 3.76 ml of Mel in 15 ml of -~-BnOH was performed as
deseribed above. Tle separation afforded as the most polar
substance, the tetramethyl derivative 6b (266 mg), identical with
an antheutic sample obtained by the other route (vide supra).
The less polar material was recrystd from CH,Cly-hexane to
afford the analytical sample (198 mg) of 3-(6-methoxy-2-uaph-
thyl)-6-methoxytoluene (7) (see Table I).

5,6,7,8-Tetrahydro-1-methoxyphenylnaphthalene-6¢-ols
(8a,8b).—The previously deseribed procednres® led to isolation
of 1.38 g of carbinol 8a by reaction of 5 g of 5~methoxytetralone.
HCO.H treatment of 8a gave the dehydration compd 9a.
Similarly, the noncrystalline carbinol 8b® showed Amax 312 nm
(e 27,800); vmax 3430, 1610, 1590, and 1090 cm~! {(in CHCl;).
Dehydration with HCO.H afforded the known 9b.5

Catalytic Hydrogenation of 9b,—To the dehydro compound 9b
(2.2 g), dissolved i 20 ml of dioxane, 400 mg of Pd-C (39) in 10
ml of dioxane was added. The solution was stirred under H,
nup to absorption of 1 equiv of H,. After the usual work-up
1.8 g of compd 8¢ was obtained (see Table I).

Birch Reduction of 5,6,7,8-Tetrahydro-1-methoxy-6-methoxy-
phenylnaphthalene (8¢).—To a solution of 86 mg of Liin 50 ml of
liquid NHs, 1.5 g of 8¢ in 50 ml of dioxane-THF (1:1) was added
dropwise, with 1 ml of abs EtOH. The reaction was allowed to
continue for 3 hr until disappearance of the blue color. After
evaporation of NH; and extraction with CH)Cl,, the organic
layer was washed, dried, and concentrated in vacuo. The
crude enol ether 10 (1.5 g) was treated with 2 ml of HCI in 20
ml of MeOH, at reflux temperature for 1 hr.  After usual work-up,
the crude product, which showed 8 different spots, was separated
by tle. The most polar compound (290 mg) corresponded to the
conjngated ketone 11b (see Table I). A less polar substance
(80 mg) which was isolated corresponded to the 8, y-unsaturated
ketone 1la. Recrystallization from CH,Cl,-MeOH gave an
analytical sample of 11a.
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