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purified by chromatography on alumina in Celly and eluted
with Cglly with inereasing proportions of IK1OAe, when ihe
produet was obtained as an oil.
2-(N'-8-Hydroxyethyl-.V-substituted Jaminomethylquinoline (II)

(R" = (CH»»OH). T.-—A mixture of 2-substituted aminomethyl-
quinoline (11, R* = TII, 0.03 mol) and ethylene oxide (.04 mol}
in EtOH (50 mly was stirred at 30° for 1S hr, solvent was evapd
to dryness and the products were isolated as hydrochlorides.

2-(3,4-Dihydroxyphenethyl )aminomethyl-1,2,3,4-tetrahydro-
quinoline (54). U.—2-(3,4-Dimethoxyphenethylaminomethvl-
1,2,3,4-tetrahvdroquinoline (2.0 g) and HBr (20 ml of 457) were
refluxed 20 hr. lixcess HBr was evapd in vacuwo and the vesidue
crystallized from EtOH-I60 10 give the HBr salt of the di-
hydroxy compound,

2-Phenethylaminomethyldecahydroquinoline {IV) (63)., -2-
Phenethylaminomethylquinoline (1T, R’ = H, R = (CHL), Cell.,
2.0 gy in AcOIl (50 ml) and 3%, Rh-C (1 ¢ at 70-80° weve
hydrogenated under 5 atm of ., The usnal work-up gave the
free base, which was purified by chromatography and obtained
as an oils vield, 2.7 g; unr (CCLY <howed only one singlet (2.5 8,
Colly} in the aromatic reglon.  Lnaf. {C5 Ny, N
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3-Phenethyl-1,2-dioxoperhydro-1(/{ )-pyrazino|[l,2-«|guinoline
(V) (64). TV was converted into V by the action of diethyl
oxalate as deseribed earlier:  ervsiallized from FHOAe hexane.
mp 210%; vield, 7577, Anal. (CypHeeN2Owy, N

3-Phenethylperhydro-1(H )-pyrazinoe|1,2-«]quinoline (V1) (65}
wus obtained by LAH reduction of V oas deseribed earlier, and
purified by chromatography: mp 35-60°, yield 70 nmr (CCL}
285 (=, Colli), 7-8.8 (my, 25 protons); VI-2HTCL ervstallized from
LStOTL mp 220°, Anal. (Cola N G, 1L
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Cyclization of N derivatives of trans-2-(p-methoxybenzyl -, e-dimethyl-3-piperidinemethanol gives derivatives
of mixtures of cis- and trans-1,2,3,4,4a,5,10,10a-octahydro-7-methoxy-3,3-dimethylbenzo[g] quinoline, the product

ratios depending on the N substituent.

Cyelization of the eis aleohols gives the eis products exclusively. A

possible explanation involving olefinic intermediates is dizcussed, along with the application of this phenomenon
to the synthesis of cis-1-alkyl-1,2,3,4,44,5,10,10a-oct shydrobenzolg]quinolines and their evaluation as narcotic

antagouists,

In our previous paper,? it was established that certain
N-alkyl derivatives of cis-1,2,3,4,4a,5,10,10a-octahydro-
5,5-dimethylbenzo [g Jquinolin-7-ol (1b) possessed ap-
proximately 0.05 the narcotic antagonist activity (vs.
meperidine) of the correspondingly N-substituted g
isomer of 2’-hydroxy-5,9-dimethyl-6,7-benzomorphan
(2). Our basic premise was that these alkyl derivatives
of 1b probably owe their activity to the fact that they
can assume a4 conformation in whiech much of the

}|{.'
LN
R, i H(
CH. CH,
la,R,=H 2
b,R, =OH

molecule 1s superimposable on the corresponding N-
alkyl derivative of 2. If such be the case, then one
might conclude that the mechanisms of action of the
two different types of molecules are the same, or at
least very similar.? A necessary (but not sufficient) con-
dition for the validity of this interpretation is that
removal of the C7-OH function of 1b to give 1a should
lead to deereased activity in this series, since the corre-

(1; Taken in part from the Ph.D). thesis of W. I, Michne, Rensselaer,
Polyvtechnic Institute, Troy, New York, Jnne, 1968,

(2) W, I'. Michne and N. . Albertson, J. Med, Chem.,, 12, 102 (19691,

(3% Por u discussion of the implications of =uelh a comparison, =ce P. =0
Porwochese, J. Pharm. Sei., 55, 865 (1906},

sponding change in the series of 2 derivatives results
in such a decrease.* With this idea in mind, synthetic
approaches to the efficient production of la (R, = H)
were explored.

Chemistry.-—The general synthesis of compounds in
the 1b series found only limited applicability to the
preparation of 1a (R, = H9) = (SchemeI). Acylation
of diethyl 2-cyanoethyvlmalonate with phenylacetyl
chloride using NaH afforded 3. Catalytic reduction of
this ketonitrile over Pt gave 4. Carbobenzoxylation of
4 gave 5 which was saponified to half-acid ester 6.
Decarboxylation of 6 gave 7a as a mixture of stereo-
isomers.  However, uulike the mixture 7b from which
the ¢fs isomer crystallized readily, mixture 7a could not
be separated. Treatment of mixture 7a with MeMgl
followed by hydrogenolysis of the carbobenzoxy group
gave a mixture of 8a isomers, also inseparable. Cyveliza-
tion of mixture 8a with hot 1:35 H.SO~AcOH guve o
mixture of approximately 609; 9 and 409 10 as de-
termined by nmr.?% This mixture could be separated
through the use of dry column chromatography® on
alumina; however, only small quantities of the mixture
could be separated at any one time.

The difficulties attending the separation of stereo-
isomers in Scheme 1 made it desirable to find
an alternative route to the large seale preparation of 9.

(43 N, I Albertson, unpublished results.

(57 Rinee the 8b isomers cyelize without losing their configurations, it cuu
b assumed that the 8a isomers behave similarly.  ence, the composition
Of mixture 8a is probably 609 cis and 4097 frans.

i B3 Loev and M. M. Goodmwn, Chem. Tnd., 2026 (1U67).




BrNzo[g]oUiNOLINES

Oue possibility was to convert mixture 8a into some
derivative mixture from which the cis isomer could be
readily crystallized. Such a derivative could then
either be converted back into cis-8 and cyclized, or be
cvelized and subsequently converted into 9. When
mixture 8a was treated with TsCl in pyridine (Scheme
IT), there resulted a erystalline, easily purified N-Ts
derivative 12 (309, yield). This derivative cyclized
readily to give 959, pure 14 which in turn was converted
into 9 by treatment with LAH. The N-methyl, -allyl,
-propyl, and -cyclopropylmethyl derivatives of 9 were
prepared by the usual procedures.

Having achieved our objective of a facile preparation
of 9, it was of interest to determine if 10 could be equally
readily prepared by cyclization of the residue 13 from
the crystallization of 12. To our great surprise, cycliza-
tion of 13 did not produce any more than 209 15;
the major portion of the product (approximately 809
of the crude material) was the cis product 14. Now,
since about half of the crude tosylation product was
isolated as the erystalline ¢is isomer 12, then the major
portion of the residue 13 should be the trans isomer.
If this is so, then the cyclization of the N-Ts derivatives
of both ¢is and trans starting materials gives largely
the ¢is product! Needless to say, this most unusual
transformation was a bonus for our synthetic effort
and certainly warranted further investigation.

The investigation of this cyclization reaction was
carried out using as starting materials the pure ¢is and
trans isomers of 8b because of their availability, The
N-methyl, -p-nitrophenyl, -acetyl, and -p-nitrobenzene-
sulfonyl derivatives of each isomer were prepared and
cyclized, and the composition of the crude reaction
mixture determined by nmr. All of the cis isomers
cvelized to give >959, cis product. The results from
the trans isomers are shown in Table I. That the

TanrLe I
Prooucr DistriBUTION IN THE CYCLIZATION OF
DERIVATIVES OF trans-2-(p-METHOXYBENZYL)-
o,@-DIMETHYL-3-PIPERIDINEMETHANOL

HC  CH,
\/ X
; O—O0H  ocH,
N H‘gc CHIJ
R
R Y, trans 9% cis
H >95 <5
CH; 80 20
p-CeH4N02 65 35
COCH; 40 60
p-SOZCeH4N02 20 80

interchange does not take place after the cyclization
reaction was shown by the fact that when (rans-
1,2,3,4,44,5,10,10a-0octahyvdro-7-methoxy-3,5-dimethyl-
1-(p-nitrobenzenesulfonyl)benzo [g Jquinoline is sub-
jected to the reaction conditions, it is recovered un-
changed. These results suggest that the extent of isomer
interchange is in some way dependent on the basicity
of the nitrogen.

It is tempting to speculate on the intermediacy of a
tetrasubstituted olefin in this reaction.” The required

(7) A tetrasubstituted olefin should cyclize to give predominantly the
¢ty product.8®
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ScHEME I
CO,C,H,
‘ H,—-Pt
©~CHﬁC‘CHZCH2CN —
0
CO,C.H,
3
R, CO,C,H; R (CH,),C—OH
e
AcOH
| i
R, o
4,R,=H;R,=CO,C.H;R,=H 8a,R=H
5,R,=Cbz0; R,=CO,C,H,; R,=H b, R = OCH,

6,R, = Cbz0; R,= COOH: R,=H
7a,R;=Cbz0; R,=H;R,=H
b, R =CbzO; R, = H; R, = OCH,

CH; CH, CH; CH;
9 10
ScHEME 11
CH, CH, CH, CH,
A4 N
| C—O0OH C—OH
a ——> +
N7 N
| |
Ts Ts
12 13
H,S0, H,S0,
HOAc HOAc
’fs Ts
: |
—
CH, CH, CH; CH;
14 15

olefin 23 (R = H) could not be synthesized directly by
dehydration of the 8b carbinols because of their facile
cyclization. However, the olefin was isolated from a
large scale preparation of 8b isomers, and the same
derivatives were prepared and cyeclized. In all cases,
the product mixture contained the c¢is and {rans
produects in a ratio of 80:20, respectively. Hence the
olefin could conceivably be an intermediate in the
cyclization of the trans carbinols 8h, with the amount
of olefin formed being determined by the conforma-
tional preference of the starting aleohol in the cyeliza-
tion medium, which in turn is influenced by the basicity
of the nitrogen. Specifically, both isomers of the al-
cohols under consideration can exist in two conforma-
tions as shown in Scheme ITI. The cis isomers (16 and
17) can undergo cyclization in either conformation,
since the distance between reacting centers is the same

(8) H. E. Zimmerman and T. W. Cutshall, J. 4mer. Chem. Soc., 80, 2893
(1958).
(9) F. Johnson and 8. K. Mallotra, ibid., 87, 5402, 5493 (1965).
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Seneme T

C(CH,).OH
N .
; <
R ¢n @O(‘H‘
16
C(CH,),0H
<
MEQOCH
R
17

N ==
CH._—@—OCH\

C(CH.),0H

ScHEMY IV

20 21
[ R
N
cfLo
' CH, CH,

22

in both conformations. In the frans isomers, only
conformation 18 can evelize readily; conformation 19
would prefer olefin formation over eyclization due to
the prohibitive distance over which the cyclization
would have to occur. In the cyclization medium, 20
(Scheme IV) would probably be preferred in the more
basic derivatives since this would result in maximum
separation of charge in the N,O-diprotonated species.
With the less basic derivatives, 21 would probably be
preferred due to an intramolecular stabilization of a
monoprotonated species.  This proposal presupposes
that the trans carbinols can exist in the diaxial confor-
mation 19, Ir spectral studies of the trans earbinols
have established that in CCl; when R = e, 19 is the
exclusive conformation; and that when R = p-nitro-
benzenesulfonyl, a large percentage of the molecules
exist as 19.1

Pharmacology.—The N-methyl, -allyvl, -propyl, and
-evelopropylmethyl derivatives of 9 were assayed for

{103 W. F. AMichine, to be published.
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nareotic antagonist activity by the rat tail flick method
ps. meperidine.  Using this method, low nareotie
antagonist activity was indicated for these compounds,
but no reliable AD; values were obtained.  Thus, the
7-OH function enhances activity,

Experimental Section

Melting points were determined by the capillary method and
are uncorrected.  Ir (Perkin-Elmer) and nmr (Variaun Associafes
A-60) substantiated all structures.

Where analyses are indicated only by svmbols of the elements,
analytical results obtained for those element= are within 0.4,
of the theoretical values.

Diethyl 2-Cyanoethylphenylacetylmalonate (3).-Thix pro-
cedure has been described.? Using 21.9 g (0.55 mol, 60¢, dixper-
sion) of NaH, 106 g (0.55 mol) of diethyl 2-cvanoethyl malonate.
and 77.5 g (0.5 mol) of phenylacety] chloride, there was obtained
152 ¢ (9200 of erude 3. A sample was twice distilled, bp 165
166° (0.02 mm), n® 14977, Ana/. (CxHaNO;) C, H, N,

Diethyl 2-Benzyl-3,3-piperidinedicarboxylate Hydrochloride
(4).—This procedure has been described.? Usxing 91.8 g (0.2x
mol) of erude 3, there was obtained 57.4 g of erude 4, mp 179°,
Recrystallization from EtOH-ELO gave pure 4, mp  ISS°
Anal. (CyHy,CINO C, HL N

Diethy! 2-Benzyl-1-benzyloxycarbonyl-3,3-piperidinedicarbox-
vlate (5).—Thix procedure hax been described.? Uxing 68.7 ¢
(0.19 mol) of 4, 36 g (0.21 mol) of carbobenzoxy chloride, 250 ml
of CHClLy, and 43 ¢ (0.42 mol) of N there was obtained 84 g
(10200). A sample was cryvstallized and recrvstallized from
hexane, mp 66-70°.  Anal. (CyyHyuyNOg) C, H, N

2-Benzyl-1-benzyloxycarbony!-3-carbethoxy-3-piperidinecar-
boxylic Acid (6).—Thix procedure has been described.? Using
379 g (0.82 mol) of erude 5, 34 g (0.82 mol) of KOH, 825 ml of
[S1OTH, and 825 ml of 11,0, there was obtained 145 g of crude 6
along with 183 g of recovered 5. A sample of crude 6 was re-
crvstallized  from 4O, mp  I82-182°0 tnal. (CuHaNO
¢, H, N.
c1s-and (rans-1,2,3,4,4a,5,10,10a-Octahydro-5,5-dimethylbenzo-
‘y|quinoline Hydrochloride (9 and 10). A. Using mixture 8a.
--These procedures have been dexcribed.? Using 300 g (0.70
mol) of crude 6, there was obtained 216 g (80, ) of crude mixture
7a. When thix mixture in 2000 ml of Et,0 wax treated with
Grignard reagent from 41.3 g (1.7 mol) of Mg turnings, 242 g
(5.7 mol) of Mel, and 300 ml of 11,0, there was obtained 201 g
of crude mixture.  Hydrogenolysix in FHHOH containing 1 equiv
of HCY and 10 g of Pd-C gave 106 ¢ of mixture 8a. When 1.1 g
(5 mmol) of this mixture was treated with 3.5 ml of AcOH and
1.4 ml of Hs=0y, there was obtained a mixture (approximately
60:40 by nmriz) of 9 and 10, Thix mixture was separated using
dry column chromatography, on aluming, and developing with
CHClL-5¢, MeOH. The bases were characterized as their hydio-
chlorides.  The ¢is isomer 9 had mp 265-266°.  Anal. (CHe-
CING C, H, N, The Irans izomer had mp 286-287° {nal.
(CRHLCING O H, N

B.—To a stirved =uspension of 200 mg of LA in 5 mlof THI
was added 200 mg of 14 (vide infra)in b ml of THE. The reaction
mixture was refluxed for 6 hr, quenched with 1 ml of H.O, and
filtered. The filtrate wax evaporated, and the vexidue was puy-
titioned between 1V THCL and 11,0, Basification of the acid
laver with NILOH followed by EtO extraction, drying, and
precipitation of the HCL 2alt gave 9 identical with that prepared
according to procedure A,

Derivatives for Pharmacological Evaluation.-——The N\-Me,
-eyclopropylmethyl, -allyl, and -Pr derivatives of 9 were prepared
by the procedures veferred to in ref 2, and had the following
properties: N-Me, bp 75° (0.05 mm), .tnal. (CisllyN) C, 1, N:
N-cyclopropylimethyl, bp 103-105° (0.05 mm), .tnal. (CiHuN)
C, H, N N-allyl, bp 82-85° (0.05 mm), Anal. (CiHoN) C, H, N
N-Pr, bp 90-99° (0.05 mm ), Anal. (CxHuN) C, H, N

2.Benzyl-«,c~-dimethyl-1-( p-toluenesulfonyl )-3-piperidine-
methanol (12 and 13).—T0o a =olution of 7.0 g (0.03 mol) of crude
mixture 8a in 35 mi of CGHN was added with stirring 5.7 g (0.03

(115 Lo~ Harris and A K. Plersou, /. Pharmacol, Lrep. Ther., 143, 1141
B

(123 Thie Mo signals Tor the cix isomer vcearted at 7% and 73 1z while
those tor the frany isomer ocenrred at 78 and 66 1z,
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mol) of p-TosCl in 35 ml of pyridine. Stirring was continued for
0.5 hr after which the solvent was removed by distillation. The
residue was partitioned between H,O and Et;O. The Et,O
layer crystallized to give 3.8 g of 12. Evaporation of the mother
liquor gave 3.5 g of mixture 13 which was not characterized.
Two recrystallizations of 12 from EtOH afforded material which
had mp 172-174°. Anal. (CHyNOsS) C, H, N.

cis-1,2,3,4,4a,5,10,10a-Octahydro-5,5-dimethyl-1-( p-toluene-
sulfonyl)benzo[g]quinoline (14). A.—Compound 12 (2.8 g,
0.07 mol) was cyclized according to the procedure given above for
the preparation of 9 and 10. Crystallization of the crude residue
from EtOH gave 2.2 g of 14. Recrystallization from EtOH gave
material, mp 143-145°. Anal. (C22HxNO:S) C, H, N.

B.—Residue 13 (0.54 g, 0.0014 mol) was cyclized according to
the above procedure to give 0.36 g of 14 identical with that
prepared above.

Carbinols for Cyclization Studies.—These derivatives were
prepared from the pure isomeric amino alcohols 8b.2 Reductive
methylation with CH,O and H; over Pd-C gave the NMe deriva-
tives: c¢is isomer m p94-96°, Anal. (C;7HyNO) C, H, N; frans
isomer mp 78-79°, Anal. (CyHxzNO) C, H, N, Acylation with
AcCl or p-O:NCeHSO0,Cl in CHCl; in the presence of Et;N gave
the corresponding amide: e¢is-V-acetyl, mp 138-141°, Anal.
(CisH»NO;) C, H, N; trans-N-acetyl, mp 111-113°, Anal
(C13H27N03) C, H, N, CiS-A\?-p-02806H4N02, mp 182—1860,
Anal. (C2HsN:OS) C, H, N; trans-p-0.8CsH,NOs, mp 132-134°,
Anal. (CxHuNyO68) C, H, N. The p-C:HiNO; derivatives were
prepared according to the procedure of Badar, et al.’®* These
compounds could not be obtained crystalline, and were char-
acterized only by their ir spectra.

3-Isopropylidene-2-p-methoxybenzylpiperidine and Derivatives.
—The neutral fraction from the decarbobenzoxylation of 1-
benzyloxycarbonyl-2-(p-methoxybenzyl)-«,a-dimethyl-3-piperi-
dinemethanol was allowed to stand for 3 months. A 21.7-g
sample of this residue was diluted to 200 ml total volume with
EtOH and hydrogenated over Pd-C at room temperature and
4 atm. Uptake ceased after 3 hr withthe consumption of ap-

(13) H. Bader, A. R. Hansen, and F. J. McCarty, J. Org. Chem., 31, 2319
(1966).
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proximately 1 molar equiv of Hz. The basic fraction was dissolved
in dil HCI and cooled to give, after filtration and drying, 9.1 g of
crude 23-HCl. Recrystallization from EtOH-Et,O gave pure
23, mp 255-257°, nmr (CDCl;, TMS) 413 (A:B,,4) 223 (5, 3),
95 (s, 3), 64 Hz (s, 3). Anal. (Ci¢H«CINO) C, H, N.

The NMe and p-SO.CsH.NO; derivatives were prepared by the
procedures indicated in the previous section and had the follow-
ing properties: NMe-HCl, mp 179-183°, Anal. (C;HyCINO)
C, H, N, :\“v—p—SOzCquNOz, mp 114—‘1160, Anal. (ngngNzO;,S)
C, H, N.

Benzo[g]quinoline Derivatives as Nmr References.—The corre-
sponding derivatives of c¢is- and trans-1,2,3,4,4a,5,10,10a-octa-
hydro-5,3-dimethyl-7-methoxy-benzo[glquinoline were prepared
by the same procedures and the nmr spectra recorded. The com-
pounds not previously reported had the following physical proper-
ties (the numbers in parentheses following the melting point are
the chemical shifts in Hz of the gem-Me, groups in the 60 MHz
nmr spectra):  cis-N-p-CsH,NO», glass (80,79), Anal. (CxnHis
N.03) C, caled, H, 6.89, N, 7.67; found, H, 7.41, N, 8.60; trans-
N-p-CEH4N02, mp 164-166° (83,70), Anal. (szstN203) C, H,
caled, N, 7.67; found, 9.04; cis-N-acetyl, mp 81-85° (80,78),
Anal. (CisHyiNO,) C, H, caled, N, 4.87; found 5.33; trans-N-
acetyl, mp 157-159° (80,68), Anal. (C;sHNOy) C, H, N; ¢is-N-
p-S0:CsHNO,, mp 159-161° (81,79), Anal. (C2HxN:0;8) C, H,
N, trans-N-p-S0:CeH:NO2, mp 204-205° (79,59), Anal. (CoaHye-
N.0:8) C, H, N.

Cyclization Procedure.—A solution of 100 ml of AcOH and 20
ml of H.SO0s was used for all eyclizations. A 125-mg sample of
the carbinol and 1.0 ml of the acid were heated on a steam bath
for 5 min, diluted with 23 ml of H,O, made slightly basic with
NHOH, and extracted with 25 ml of CHCl;. The extract was
dried, filtered, and concentrated and the entire residue used for
nmr. The resulting spectrum was compared with that of the
two pure products, and the relative amounts of each determined.
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7-Substituted 3-deoxy-6,14-endo-etheno-6,7,8,14-tetrahydrooripavines have been prepared by hydrogenolysis

of the oripavine diethylphosphatyl esters.

In some cases partial reduction of the etheno bridge also occurs.

The deoxy compounds show analgetic potency intermediate between the oripavine and thebaine analogs.

The nature of the C; substituent is very important in
determining analgetic potency in the morphine series
(1).2 Thus heroin (1¢) is more potent than morphine
(1a) which is itself considerably more potent than co-
deine (1b). In the related series of analgetics (3b-6b)
derived from 6,14-endo-ethenotetrahydrooripavine the
effect of removing the phenolic hydroxyl group by
hydrogenolysis with Na in liquid NH; of the diethyl
phosphate derivatives (2)? has now been investigated.

The phosphates were prepared by reaction of the
oripavine derivatives with diethyl phosphite and CCl,
and were dissolved in Et.O for the Na-liquid NH; re-

(1) Part XVII: J. W. Lewis and W. I. Rushworth, J. Chem. Soc. C,
560 (1970).

(2) N. B. Eddy, H. Halbach, and O. J. Braenden, Bull. W.H.O., 17
369 (1957).

(3) G. W. Kenner and N. R, Williawms, J. Chem. Soc., 522 (1955).

>

action. In most cases the hydrogenolysis reaction went
to completion but purification of the products was not
alwayvs easy. In the case of the 7-dimethylearbinol
(3¢) a by-product having similar chemieal and physical
properties was isolated by preparative tle. This was
shown to be identieal with the 3-deoxy compound (8¢)
derived from the 6,14-endo-ethanooripavine (8b). Hy-
drogenation of the olefinic bond by Na in liquid NH;
was surprising in view of the fact that 3a is catalytically
hydrogenated only with difficulty,* and reduction of
disubstituted olefins by metal-amine systems occurs
only with the powerful Li-alkylamine reagents.> The

(4) K. W. Bentley, D. G, Hardy, and B3, Meek, J. Amer. Chem. Soc., 89,
3273 (1967).

(5) Herschel Smith, "“Organic Reactions in Liquid Ammonia,” Inter-
science, 1963, p 213.



