402 Wittiam I Macense axp N,

Benzo[glquinolines. [I.

1" ALpBrursoN Vol. 12

Synthesis and Pharmacological Evaluation of cis- and

trans-1-Alkyl-5,5-dimethyl-1,2,3,4,4a,5,10,10a-octahydrobenzo[glquinolin-T7-ol.

A New Class of Narcotic Anlagonists'

W. F. Micuaxe axp N. I ALpErTsSON

Departvent of Chemdsiry, Rennscluer Dolylechnic Instilads, Ty, Ncw Yark, wul
Sterling-Winthrop Research [nstitale, Rensselare, New Yorl:

Received Scplembor 12, 148

The stereoselective synthesis ol eis- and (rans-1-ntkvi=s, d-dimethy!-1,2,5,4,4a,5, 10, 10a-o ctahydrobenzo| g i-

quinolin-7-ol 15 deseribed.

These compimmuds have been assayed fur n:

entic antagomst activity.  The lrans

isomers show little activity, whereas the ¢is tsomers possess approximately oms-twentieth the activity of the cor-

responding rans-henzomorphans.

I the course of our continuing scarch for more effec-
tive analgetic and narcotic antagonist agents, our in-
terest i the l-alkyl-3,5-dimethyl-1,2,3,4,44,5.10,100-
octahydrobenzo [g]quinolin-7-ol ring system was stimu-
lated by the observation of Cope and Burrows? thiat 1.5-
dimethyl-4-hexenylamine, readily obtained from citral,
would react with formuldehyde~formic acid to give
a, o, 1,6-tetramethyl-3-piperidiniemethanol. A sumilar
reaction with p-methoxyphenylacetaldchyde might be
expeeted to give the corresponding 2-(p-inethoxybenzyl)
derivative which, after eyelization and ether cleavage,
would give 1,2,3,4,44,5,10,10a-0ctahydro-1,2,5,5-tetra-
methylbenzo [g Jquinolin-7-ol (8a). In addition to pos-
sessing o phenylethylamine group and o properly situ-
ated “ccutral carbon’® the c¢is-fused isomer can assume
a conformation (as showi by Dreiding models) in which
much of the molecule is superimposable ou the tians-
5,9-dimethyl-6,7-benzomorphan systetn.  Therefore, i
compounds of this type, the eis-fused izomers were
anticipated to possess a higher order of analgetic and
narcotic antagonist activity then the corresponding
trans-fused isomers which are approximately planar
aud are conformationally rigid.  However, owr original
synthetic approach proved unsuccessful.*

Shortly afterward, & group of warkers® reported the
isolation of 1,5-dimethyl-4-cthyl-1,2,4,4,44,5,10,10u-
octahydrobenzoly Jquinolin-7-o0l (8b) 2= a by-product of
a benzomorphan synthesis.  This compound was pro-
posed to have a trans B/C ring fusion, with the CH,
group equatorial and the C.H; group axial.  luterest-
ingly, 8b possessed analgetic poteney between that of
morphine and that of codeine, in sceming defiance of
well-established structure-activity relationships among
compounds of this type.®  We were thus encouraged to
seek an alternative synthetic approach to compounds
of general structure 6. This paper deseribes the stereo-
selective synthesis of cis- and  frans-T-metlioxy-35,5-
dimnethyl-1,2,3,4,44,5,10,10a-octahydrobenzo g [-quino-
lie (5a and b) and the narcotic wantugonist activity of
sone sclected derivatives.

(1] Tuken Ia pact feooc the PD. thesis of W 1. Michae, Repsselieer 1Poly -
techaie luscinute, Troy, N. Y., Juye 1068,

(2) A, L Cope and W, D. Biuerows, J. Org. Chem., 30, 2163 (153),

3) GO IS L Max o Medicload Chemtster,” AL Burgee, B Interselopms
'aldishers, Ine., New York, N, Y., lush, p 335; (by Al 1L Beckett awd A )
Cumyy J Phavm, Plactled . 6, D86 (1054,

1) (7 R Geewe, R Hunoan, Go Jieobsen, B Nalte, wal In, Boceke, o,
581, 85 (12153), for « shidlie eyelizatioo i 1he raorpbhaa sedes,  Foenaldehyde
wave U119 vz closore, wheras pheayleetiddelyde siove 339 polyoerzation,

150 B.odoshy, 120 Lo Moy, 1 Fobes, 0 Dady, mod AL B diombsen, S0 Mok,
Chtn, 8, 530 1135,

Chemistry. - Acvlation  (Schewme 1) of diethyl 2-
eyvanocthylilonate with p-nethoxyphenyvlacetyl ehilo-
ride using NaH afforded 1. Catalytic reduction of this
crude ketonitrile over Pt gave 2. Preparation of the
carbobenzoxy derivative of 2 followed by treatment
with 1 molar equiv of KOH in EtOH-H,O afforded =
crystalline half-aeid ester which wasg decarboxylated nt
200° to give 3 as a mixture of stercoisomers. The ¢és
somer’ 3a readily erystallized from an ethanol solution.
Treatment of 3a with MeMgI followed by hydrogei-
olysis of the carbobenzoxy group (Pd-C) afforded 4a.
When 4a wus treated with ot 1:5 HaSO-AcOH, evceli-
zntion occurred readily giving 5a.  Ouly a sinall ainount
of 8b could be detected by tle.

Hydrogenolysis of the mother liquors from the crys-
tallization of 3a afforded a mixture of amino esters from
whichi the trans isomer could be isolated.  Reconversion
to 3b and subzequent treatment as deseribed above for
3a led to 8b.  Ouly a small amount of 5a could he de-
tected by tle of this eyclization product. Treatment
of either 5a or 5b with HBr followed by NH,OH gave
the correspouding phenolic norbases (6, Ry = Ry = H).
The N-methiyl, -allyl, -propyl, and -cyelopropylmetlivl
derivatives were prepared by the usual procedures.

I order to establish the gross structure of 5, Hol-
mann degradation of the methiodides of 5a and b wns
performed.  When 109 NaOH was used, no reaction
oceurred anud the starting methiodide was recovered.
When the TIOH method® was used, both methiodides
gave 7, the structure of which was establislied spectro-
scopically.  When 359 NaOH was used, both methio-
dides again gave 7. This is in coutrast to the methio-
dide of the methyl ether of 8b which, under these condi-
tions, wis reported?® to give quantitative elimination of
Mel.

The assignminent of the stercochemistry of the B/C
ring fusion in 5a and 5b was based on four bodies of
evidenee.  Iirst, 3a and 3b lead stereosclectively to 5a
and 5b, respectively.  Sceond, Hofmaun degradation
of the methiodides of 5a axd 5b was observed to procecd
more rapidly on the 5a methiodide, in which the leaving
groups can assume the favorable anticoplanar orienta-
tion.t  Third, Bohlmann® has fouud that absorptions

i) The stevesapisity ol ilds osgpowid  wos estoblisbied T NyOlot
syt ion,”

iT) In L. Llicl, 1L 1edensosk, sed R, V. Asleceya, . i Claem, Sae,
83, 2351 11061).

(R) () WL Deweers ond o ML My INeoon, L Chicr, Sue., 1555 41060, i1y 8,
Melkorago wwld A Tolley, dbad., 245 L1UG0)Y,

i) In Bobluam, Chepe. Bevs, 91, 2157 201008,
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in the ir at 2800-2700 em™! occur in tertiary amines
which have two hydrogens adjacent to the nitrogen and
trans to the lone pair. A comparison of Dreiding
models of the N-Me derivatives of 5a and b showed
that the érans isomer always fulfills these conditions due
to its conformational rigidity, and the cis isomer ful-
fills them only part of the time owing to conformational
interconversions, The ir spectra of the N-methyl
derivatives of 5a and 5b each showed a band at 2780
cm~!; however, this band was very much more intense
for the 5b (trans) derivative. TFourth, the geminal CH;
groups in each isomer assume different positions rela-
tive to the aromatic ring. To the extent that the aro-
matic ring affects the chemical shifts of these CHy
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groups,'? the difference will be greater in the trans iso-
mers whose CH; groups are less symmetrically oriented
to the aromatic ring. The average difference of chemi-
cal shifts of these CH; groups (Table 1) in derivatives
of 6a was 5 Hz; of those in derivatives of 6b it was 13
Hz,

Tasri I
gem-DiMmeTHYL CHEMICAL SHIFTS? AND THEIR DIFFERENCES
IN THE STEREOISOMERIC BENZO[g]QUINOLINES

Ri R2 bcvs, Hz  Otrans, Hz Acie Airans
CH, H 78,73 78,67 5 11
Cl, CH, 80,75 78,65 5 12

H J4C 72,68 72,60 4 12

H CHy® 86,78 86,72 8 14

H CH,CH,CH 74,70 76,63 4 13

H CHyc-C;Hze 87,80 87,73 7 14

H CH.CH=CH, 77,726 87,72 5 15

¢ Internal TMS standard, CDCl; unless otherwise specified.
® DAMSO-ds. ¢ CF:CO,H.

Pharmacology.—The N-methyl, -allyl, -propyl, and
-cyclopropylmethy! derivatives of the cis and trans iso-
mers 6a and 6b (R, = H) were assayed for analgetic
antagonist activity by the rat tail flick method! vs.
meperidinie and the results are summarized in Table II.

Tasre I1

ANALGETIC ANTAGONIST ACTIVITIES OF SOME DERIVATIVES
or 3,5-DimETHYL~1,2,3,4,44,5,10,102-0CTAHYDROBENZO [g]-
QUINOLIN-7-0L#

R
N
HO ;

R
N

CH,
HO H.C CH,
—_— ——ADs, mg/kg se————————
trans- ——Benzo[glquinoline——
R Benzomorphan cls trans
CH;-c-C5; 0.014 0.27 Inactive
CH,CH=CH, 0.019 0.46 11
CH;CH,CH, 0.036 1.05 14
CH; 7.9 Inactive

¢ The dose of compound which will reduce the effect of a
standard dose of meperidine by 509,

The data for the corresponding trans-5,9-dimethyl-6,7-
benzomorphans are included for comparison. It is seen
that the benzolg]quinolines are approximately 5% as
active as the corresponding benzomorphans. In-
vestigation of the structure-activity relationships in
this new class of compounds is continuing.

Experimental Section

All melting points are uncorrected. Nmr spectra were obtained
on a Varian Associates A-60 spectrometer; ir spectra were ob-

(10) C. E. Johnson, Jr., and F. A, Bovey, J. Chem, Phys., 29, 1012 (1938).
(11) L. 8. Harris and A, K. Pierson, J. Pharmacol., Exp. Ther., 143, 141
(19641,
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tained o1 a Perkin-Elmer Model 207 spectrometer, with the ex-
ception of the Bohlmann bands which were observed nsing a
Beckman IR-7 spectrometer.  Where analyses are indicated only
by svmbols of the elements or fimetions, analytical results ob-
tained for those elements or functions arve within £9.4¢, of the
theoretical vahies,

Diethyl 2-Cyanoethyl-p-methoxyphenylacetylmalonate (1).-
Nall (46.1 g, 1.1 moles, 37.39 dispersion) wax washed twice with
400-mmt portions of Phile, the washes heing removed by =uetion
shirongh a sintered-glass phug.  Phdle (2 1) and 213 ¢ (1.0 mole)
of diethyl 2-cvanoethylmalonate were then introdnced, and the
mixtire was stirred and refluxed for S hr. Tt was then cooled in
an iee bath while a solution of 185 g /1.0 mole) p-methoxyphenyl-
acetvl chiloride e 600 ml of Phde was added in o fine stream.
Alter the nddition was complete, the mixture was stirred for 3 hr
while bemg allowed to come to room temperatnre.  The mixtnre
was filtered throngh Filter-cel, and the filtrate was evaporated to
drvness in recio to give 206 g of ernde 1, Attempts to punify this
material by distillation were nnsiceessful due to extensive de-
composition.  However, the ernde material Jir (film) 2250 (C==N),
1750 and 1725 em~Viester and ketone),  Anal, (CoallaNOg €
el I 6.4 N, 5000 Found: ¢, 62060 1, 637 N, 5.4] was
fonnd 1o be satisfactcey for the continnation of the synthesis.

Diethyl 2-(p-Methoxybenzyl)-3,3-piperidinedicarboxylate Hy-
drochloride (2).——A solntion of 206 g (0.82 mole) of ernde 1 in
AcOL, 3600-ml toral vohune, was hyvdrogenated at 24° (30 atm)
n=ing 10 g of PO After consumption of the theoretical quan-
tity of s, the catalyst was filtered, and the filtrate was evapo-
rated to dryness. VYo the residne was added 600 ml of H.0O and 80
ndof HCL  After washing 1103, the nqueons sohition was made
Lasie with NHLOH and extracted with EwO. The combined
extracts were washed 111,0), dried, and filtered.  To the filtrate
was siddest 195 ml (0,82 mole) of 4.2 N EtOH-HCL, and the sohin-
tion was coonled a1 0° for several honrs.  The prodiet was filtered,
washied with several portions of 10,0, and dvied in vacuo at H0° to
give 216 g of ernde produet, mp 160-161°. Tworecrystallizations
TELOH-FH0) atforded 2, mp 165-165°. Anal. (CLHANO) €
, N.

Ethyl 1-Benzyloxycarbonyl-2-( p-methoxybenzyl)-3-piperidine-
carboxylate (3).--A mixture of 205 g (0.76 mole) of 2, 144 g (0.84
noled of benzyl chiloroformate, and 1.5 L of CHCL wax stirred
with iee cooling while 171 g 11.7 moles) of FtsN was added drop-
wixe.  After the addition, the reaction mixtnre was stirred at
room temperatire for 3 hr, then washed snecessively (11,0, dilnte
I N L saturated NaHCO3).  The organic layer was dried,
fittered, and evaporated to dryness 1o give 372 g of synmp.  Thix
material, 50 g of KOH pellets, 765 ml of H.0, and 765 ml of KtOH
wias =tirred and reflnxed for 6 hr, then concentrated 1mtil ondy
1.0 distilled. More 1HO was added, and the mixtire was ex-
tracted twice with Lit:0O. The combined cther exirncts were
washed (11;0), dried, filtered, and cvaporated to dryness in vacuo
to give 169 g of recovered starting material.  The H.0 layer was
aetdified with HCL: addition of a few niitlihters of Et.O and shak-
g ennsed erystallization. The prodnet was filtered, washed

(11.0), and dried to give 177 g of prodhiet, mp 186° dec.  Recrys-
tallization tE1O) afforded material, mp 186-188° dec.  Anal.

1Ca HaeNO5) G L N

Heating 120 g (1126 nioie) of this material at 200° cansed a
semooth evohition of C*O. The residue (105 g) was dissolved 1
260 1l of O and cooled in ice to produce erystalline ers
iwomer 3a, 50 ¢, mp 60=-71° Anal. (CyHwNO;) C, H, N.

The mother Hguor from the erystallization of 3a was evaporated
to deyvness to give a syrupy residue (43 g). Hydrogenolysis in
EHOH «ver Pd--C and isolation of the basie components gave 21 ¢
of o =yrup. Treatment of this syrup in BtOAe solution with 10.8 g
LTS eqinv) of p-tolaenesnlfonic acid monohydrate gave a crystal-
hine walt. Recrystallization (LtOH-Et0) gave material, mp
140 14.’.0 .11111{. ((,f]eN‘:gN():(’(‘;I[x()gi\‘) (t, Ii, N

Treatment of this salt with benzyl chloroformate as described
above Tor 2 gave the cis-free tglpe) (rans isomer 3b.  All efforts to
ervstatlize this material from a variety of solvents failed.

vix-2-( p-Methoxybenzyl)-«,o-dimethyl-3-piperidinemethanol
(4). A solation of 121 g (0.29 mole) of 3a in 1800 ml of Et.O was
added to an excess of ethereal MelMgl,  After quenching with
dibite TTCH washing the Et.O layer with NaHCO;, and evapora-
tion of the solvent, there waz obtained 105 g of ernde carbinol.
Thix material in FtOH (1 L total volnme) was hydrogenated nsing
20 g ol Pd-C. The basie fraction (4a, 63.9 g) was converted to its
p-tohtenesntfonate salt, mp  204-206° after recrystallization
fora BHOIL. Aral, 7CaullNOy CiHL05%0 ) 10 N,

TasLe 11
Proveriibs oF BuNzolg]UuiNoLIN-T-0Ls LvaLuareh
])11,\1(\1‘\1‘1)1,1)111(‘\LLY

R
N
HO

CH CH
1t Clonlie I"octaada Mp, €C Mialyses
Clly s ClllyNO 204207 C) I, N
frans CillyNO 270-272 )M, N
CHeme-Cylls s CllxNO-HCH 267-269  C) 11 N
trans  ChullaNO-HCE 266 dee C, 1) N
CHCH=CH. ris CillNO-TICH 271-273 C) LN
frans CillsNO 215218 G, 1, N
1 CHCH ors CillzNO-THCE 264260 C) 11, N
frans  CyullaNO-TICH  >500 o LN

Similar treatient of 3b gave 4b as the hydrochloride, mp 104
160° after recrystallization from EtOH-P60O.  Anal. (Clla-
NO,-HCH C, H, N.

1,2,3,4,4a,5,10,10a-Octahydro-7-methoxy-5,5-dimethylbenzo-
[g]quinoline (5).— A mixtire of 8.0 g (0.018 mole) of 4a p-tohiene-
snlfonate, 65 mt of AcOH, and 13 ml of H.804 was heated on a
steam bath for 10 min, ponred into H»0O, made basic with NI, OH,
and extracted with Et:0. The extract was washed (I.0), dried,
filtered, and evaporated to dryitess to give 3.6 g (80, ) of erade
5a. 'This was pnrified ns the hydrochloride, mp 225° after re-
erystatlization from EtOH.  Anal. {CigHuNO-HCEH C, H, N,

Similar treatment of 4b hydrochloride gave 5b-TICHL mp 205-
298° after recry=tallization from tOH. . Anal. (CslNO-HCL
¢, 1, N.

1,2,3,4,4a,5,10,10a-Octahydro-7-methoxy-1,5,5-trimethylben-
zo[¢]quinoline.— A 1.0-g sample of 5a-HCl wax converted to the
base with NHL,OH and dried in Ft.0).  Afrer filtration and evap-
oration of the solvent, the residne /0.7 g), 2 ml of HCO,H, and 2
ml of 354, CH.O were heated on a steam bath for 1.5 hr, dihnted
(H:03 made basic with NH,OTI, and extracted with Iit,0.  The
extract was washed 1H0), dried, filtered, and evaporated to dry-
ness. The residne (0.7 g) was dixtilled, bp 105-110° (0.0 mm).
Anal. (CrH2NO)H, N: C: enled, 78.71; found, 78.23.

Similar treatment of 5b-HCI afforded the (rens isomer, bp 120°
.02 mm).  Anal. (CHENO) C, H, N

The corresponding methiodides were prepared by treating these
hases with 1 eqniv of Mel in MeCN. The ers methiodide, after
recrystallization (H,0), had mp 288-203° Anal.  (ClinINO)
¢, H, N,

The trans methiodide, after recrystallization (MeOID), had mp
301-305°  dnal. (CellsINOY C, H, N.

Hofmann Degradations.—The cis and {rens methiodides were
snbjected to the TIOH degradation procednre.” The dixtillates
{7) from each meihiodide were shown to be identical by tle and iy,
uv, and nmr speetrometry.  Anal. 1CHsNO) C, H, N

When a mixture of 0.5 g of either methiodide and 2.5 il of
353¢7 NaOH was stirred and refluxed far 3.5 hr, cooled, and ex-
tracted with Et.0), the ¢is methiodide was foind to give 7 in 46¢;
vield, whereas the {rans methiodide gave 7 in only 239 yield.

Demethylation of 5.--A mixture of cither 5a- or 5b-1HCl and 10
times its vohnme of 484, HBr was stirred and reflnxed for 10 nin,
then cooled.  The produet phenalic norbase hydrobromides were
filtered, washed (1.0, and dried. The e¢ix hydrobramide had
mp 333-336°.  Anel. (CuHaNO-HBr) C, H; Nooealed, 4.49;
found, 5.09.  The {rens hydrobromide had mp 204-208°. Anel.
(CsHaNO-NBr) €, H, N.

The bazes were obtained hy treating warnr agneons solitions
of the hydrobromides with NH,OH.  After recrystallization from
EtOH, the ¢i/s norbase had mp 214-216°.  Anal.  (CuHaNO)
C, H, N. The (rans norbase, after recrystallization (Me.CO),
had mp 101-193°.  Anal. (CilHaNO) C, H, N.

Derivatives for Pharmacological Evaluation.—The derivatives
of the stereoisomeric norbases preparved for pharmacological
evaluation were ax follows:  NCHy, prepared by reductive alkyla-
tion of the norbases with formaldehyde; N-cyelopropylmethyl,
prepared by the procedire of Ciates and Montzka;™® and the

(12) M. D. Giaes qosd 1o Montzkee Jo 3o, Chen o 70127 610064,
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N-allyl and N-propyl derivatives, prepared by the procedure of
Archer and co-workers.!® The requisite physical date are shown
in Table III.

(13) 8. Archer, N. F. Albertsou, L. 8. Harris, A. K. Pierson, and J. G. Bird,
J. Med. Chem., 7, 123 (1964).
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Synthesis of 6,7-Benzomorphan and Related Nonquaternary
Carbon Structures with Marked Analgetic Activity
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6,7-Benzomorphan (9) has heen synthesized from pyridine or 4-pheunylpyridine. This compound (9), without
a quaternary carnon or tertiary nitrogen, is codeine-like in analgetic activity as determined in the mouse hot-plate
method. 2-Methyl-6,7-benzomorphan (8) and its 2/-hydroxy analog (15) are as active as their 5-methyl

(quaternary carbon containing) relatives.

Recently,” we presented a brief account of the syn-
thesis of 2-methyl-6,7-benzomorphan (8) and 6,7-benzo-
morphan (9),? the simplest members of a family of strong
analgetics® of which two (phenazocine® and pentazo-
cine®) are in medical use. In the present report, details
of this synthesis (from 4-phenylpyridine) and a more
practicable one (fromi pyridine) are given. In addition,
we have prepared 2’-hydroxy-2-methyl-6,7-benzomor-
phan (15) from either 8 or pyridine and have found that
8, 9, and 15 have surprisingly good analgetic activity.

Several methods” including the conventional 6,7-
benzomorphan and morphinan syntheses* proved refrac-
tory for 8 before 4-phenylpyridine (1) was selected as
the starting compound. Through the N-oxide,® 1 was
converted to 8 by reaction Scheme I, compound 31
serving as a key intermediate. Demethylation of
8 with either BrCN" or diethyl azodicarboxylate”
gave 9,

Yields in this series of reactions were 80-959, except
in the cyeclization (35%,) and N-demethylation (209
with BrCN, 409, with diethyl azodicarboxylate) reac-

(1) (a) Pormer Visiting Associate, uow at the University of Nagoya, Japan.
tb) Visiting Fellow from Tokyo, Japan.

(2) K. Kanematsu, R. T. Parfitt, A. E. Jacobson, J. H. Ager, and E. L. May,
J. Am. Chem. Soc., 90, 1064 (1968).

13) Chemical Abstracts name: 1,2,3,4,5,6-hexaliydro-2,6-methano-3-benzazo-
ciue,

(4) E. L. May aud L. J, Sargeut in "Analgetics,” G. deStevens, Ed., Aca-
demic Press, Inc., New York, N. Y., 1965; N. B. Eddy and E. L. May, *Syn-
thetic Analgetics,” Part IIB, Pergamon Press, Ltd., Oxford, 1966, p 115 ff.

“(5) E. L. May aud N. B, Eddy, J. Org. Chem., 24, 294, 1435 (1959); J. G.
Murphy, J. H. Ager,and E. L. May, ibid., 25, 1386 (1960) ; Prinadol®, Narphen®.

(6) S. Archer, N. F. Albertson, L. S. Harris, A, K. Plerson, and J. G. Bird,
J. Med. Chem., 7, 123 (1964); Talwin®.

(7) These inchtded a sequence modeled after the isoniorphinan synthesis of
M. Gates and W. G, Webb, J. .tm. Chem. Soc., 80, 1186 (1958); one from
2.chloroacetylamino-1,2, 3,4- tetrahydronaphthalene (irradiation-cyclization
method); aud a method i which ethyl 3-nitro-1-naphthylacetate {D. C. Morri-
sou, U. 8. Patent 3,177,241 (1965); Chem. Abstr., 82, 16164 (1965)], prepared
from 2,3-diuitrouaphthalene, or tlie corresponding 3-acetamino compound
served as intermediates. All attempts to hydrogenate these two compounds
to the 1,2,3,4-tetrahydronaphthalene derivatives resulted in saturation of the
uusubstitated ring. We are indebted to Dr. Julius Hyman of the Fundamental
Research Co., Berkeley, Calif., for a generous supply of 2,3-dinitronaphthalene.

t8) E. Ochiai, J. Org. Chem., 18, 549 {1953).

(9) W. E. Feely and E. M, Beavers, J, .Am. Chem. Soc., 81, 4004 (1959).

(10} F. H. Case and T. J. Kasper, tbid., 78, 5842 (1956).

(11) In the von Braun method, the intermediate N-cyano compound could
be hydrolyzed only with difficulty. After prolonged treatment with boiling
6% HCI, a mixture of the N-cyauo aud N-carbamido compounds and desired
9 resulted.

(12) A. PPohland and H. R. Sallivan, U. 8. Pateut 3,342,824 (Sept 19, 1967).

tions. Methyl ester 5 could not be converted to 7 with
PPA probably because the geometry of the (expected)
most stable (24-diequatorial) conformation would be
such as to defy cyclization.’* The fact that the corre-
sponding acid 6 gave 5 when treated with methanolic
HCI indicates that the stereochemistry of 5 and 6 is
identical.'* Presumably, inversion of 6 (10) to the
2,4-diaxial compound (11), a favorable conformer for
cyelization, takes place to some extent in the presence
of hot PPA. At temperatures higher than the optimal
150°, the formation of decomposition products is
evidently in competition with the inversion—cyclization
process (10 — 11 — 7).

Following this success, the Grewe synthesis for 6,7-
benzomorphans,® which had failed at the cyclization
(of 2-benzyl-1-methyl-1,2,5 6-tetrahydropyridine, 12)
stage, was reinvestigated. Treatment of 12 (prepared
from 1l-methylpyridinium iodide via NaBH, reduction
and Stevens rearrangement®?® of the benzyl chloride
quaternary of the product) with PPA at 155° gave 8
(Scheme II).

Similarly, 2’-hydroxy-2-methyl-6,7-benzomorphan
(15) was prepared using p-methoxybenzyl chloride in
the quaternization reaction, Cyeclization of 14 was
effected with PPA at 205-210°. Compound 15 also
resulted in small yield from 8 by the nitration, hydro-
genation, and diazotization sequence and was converted
to the methyl ether (16a) and to the O-acetyl compound
(16b).

Pharmacology.—In Table 1 are given analgetic
activities (mouse hot plate method)'s and acute (24 hr)
toxicities of 8, 9, 15, 16a, and 16b. Comparative data
for the 5-methyl homologs of 8, 15, and 16a and for
morphine and codeine are also presented. All com-
pounds were administered subcutaneously in water as
hydrochloride salts except morphine (sulfate),

It is evident that 8, 15, and 16b are of the same order
of potency as their 5-methyl (quaternary carbon)

(13) See N. Sugimoto and 8. Ohshiro, Tetrahedron, 8, 296 (1960).

(14) It is possible that the chair form of the 2,4-diequatorial isomer is in
equilibrium with thie boat forin at high temperatures. Molscular models indi-
cate, however, that only the chair-diaxial form is favorable for cyclization.
Evidently, there is not sufficient energy available to overcome the steric inter-
action of the bulky pheuyl aud ester groups iu the chair 2,4-diaxial form of 5.

(15) N. B. Eddy and D. Leimbach, J. Pharmacol. Exptl. Therap., 107, 383
(1953).



