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Novel Analgesics and Molecular Rearrangements in the Morphine-

Substitution of the Piperidine Ring in

Derivatives of 6,14-endo-Ethenotetrahydrothebaine

By D. L. Haddlesey, J. W. Lewis, ang, P. A. Mayor,” Reckitt and Colman, Pharmaceutical Division, Hull

Various 6,14-endo-ethenotetrahydrothgi)larines substituted at positions 15 and 16 have been prepared by electro-
philic attack on the corresponding 15,16-didehydro-compounds or nucleophilic attack on the iminium salts derived
from these bases. The less hindered approach to C-15 or C-16 is from the «-side (/.e. aromatic ring A side) of the
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molecule.

TrE  15,16-didehydro-6,14-endo-ethenotetrahydrothe-

baines described in the preceding paper offer a way of
introducing substituents into the morphine nucleus at
C-15 and C-16. The iminium perchlorate (2a) reacted
with sodium cyanide to give the 16«-nitrile (3a) con-
taminated with about 5%, of the 168-epimer (3b). A
model (Figure) indicates that the less hindered approach

FIGURE

to the iminium ion is from the «-face (z.e. the ring A side),
the 88-hydrogen atom effectively shielding the p-face.
The configuration of the nitrile group in the major
product was confirmed by n.m.r. In deuteriochloro-
form the 16p-proton resonance at = 6-11 was partly
obscured by the C-3 methoxy-signal at = 6-18, but in
pyridine the signal appeared at = 5:75 as a triplet
(J 5 Hz), due to approximately equal coupling with the
two C-15 protons (one eg—eq and one eg—ax coupling).
The 10g-proton lies in the deshielding zone of the axial
16e-nitrile group and the signal for this proton was
shifted downfield from its normal position (ca. = 6-9) to
< 6-4.

The axial nitrile group in structure (3a) lies very close
to the aromatic ring and thus this structure is clearly
thermodynamically unfavoured. In boiling methanol
it epimerised to the 16p-nitrile (3b), in which the nitrile
group is equatorial and disposed away from the ring
system. In the n.m.r. spectrum of compound (3b) the
16a-proton signal appeared as a double doublet (J 7 and
10 Hz) at < 6-57, typical of an axial proton coupled with
vicinal axial and equatorial protons. The 108-proton
resonated at its normal position (= 6-81). Reduction of
the 168-nitrile with lithium aluminium hydride gave the
168-aminomethyl compound (3c).

Cyanogen bromide added to the enamine (la) to give

1 Part XX1V, D. I. Haddlesey, J. W. Lewis, P. A. Mayor, and
G. R. Young, preceding paper.

a mixture of two 15-bromo-16-cyano-compounds, readily
separated by crystallisation. Bothisomerslost hydrogen
bromide when treated with alkali, affording the 15,16-
didehydro-16-nitrile (1b). The structures of the adducts
follow from the work of Fusco ef al.2 and the stereo-
chemistry was assigned by n.m.r. The spectrum of the
lower melting isomer showed two coupled doublets at
7 4-30 and 6-40 assigned to the C-15 and C-16 protons,
respectively. The coupling constant (11 Hz) was
typical for 1,2-diaxial protons and this adduct is con-
sidered to be the 15«-bromo-168-nitrile (4a). The 108-
proton resonance was normal (z 6-76), as expected for a
16p-nitrile. The C-15 and C-16 protons in the higher
melting isomer resonated at = 5-72 and 5-83, respectively.
The coupling constant (6-5 Hz) was satisfactory for a
1,2-axial-equatorial proton coupling and this isomer
must be the 15«-bromo-16«-nitrile (4b). As before the
16a-cyano-group deshielded the 108-proton, which
resonated at = 6-28. The production of the two isomers
may be rationalised as in Scheme 1. The first step is
the attack of a bromonium ion at the less hindered
a-face of the enamine to give a bromo-iminium ion. The
15a-bromine atom counterbalances the steric effect of
the 88-proton on C-16 and in the second step the cyanide
ion may attack equally well from either side.

The n.m.r. evidence does not exclude the possibility
that the lower melting isomer is the 15B-bromo-16«-
nitrile, in which the piperidine ring assumes a boat
configuration (the ring-pD chair configuration of this
isomer possesses an axial bromine atom and an axial
nitrile group and is very unlikely). In the boat form the
C-15 and C-16 protons are franms-diaxial and may be
expected to show a coupling constant of about 11 Hz.
However the formation of such an adduct would involve
an initial attack of bromonium ion from the g-side,
which seems unlikely on steric grounds.

Hydroboration of an enamine followed by peroxidation
of the organoborane normally leads to a 8-hydroxy-
amine3 The 15,16-didehydro-compound (lc) reacted
vigorously with diborane. Oxidation of the product
with hydrogen peroxide gave the 15«-alcohol (4c). In
the n.m.r. spectrum of the product the signal for the
C-15 proton was superimposed on the C-3 methoxy-
signal (= 6-14) and the splitting pattern could not be

2 R. Fusco, S. Rossi, and G. Bianchetti, Gazzetta, 1961, 91,
841.

3 1. J. Borowitz and G. J. Williams, J. Org. Chem., 1967, 382,
4157.
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observed. Acetylation of the 15-hydroxy-group shifted
the signal for the C-15 proton downfield to ~ 4-81, where
it was revealed as a double doublet (J 6 and 10 Hz)
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typical of an axial proton. The 15-hydroxy-group is
therefore «-oriented, an assignment in keeping with the
general finding that approach to the enamine or iminium
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salt is less hindered from the «-face. A secondary re-
action was the reduction of the enamine to give com-

pound (3d). Protonolysis of an organoborane under
oxidising conditions is unusual.
Br:\ Br (CN Br CN
> ND - ? :'N) " TN
If Me If Me Ir Me

SCHEME 1

The iminium chloride (2b) reacted readily with
pentyl nitrite, affording the pale yellow 15-hydroxy-
imino-iminium chloride (5). Basification of this salt
gave the purple 15-nitroso-enamine (6a), from which the
salt could be regenerated with dilute hydrochloric acid.
The colour of the base may be explained in terms of
resonance with a charged structure (Scheme 2). The

13
0=N “0-N
%‘L D
N‘:) g~ \N"
/Me /Me

SCHEME 2

base was reduced with sodium borohydride to a colour-
less oxime (7), which proved resistant to further reduction
and to acetylation. In ethereal hydrogen chloride
solution the oxime isomerised to a second oxime which
was readily acetylated. Resonance of the nitroso-
enamine according to Scheme 2 will be favoured when
the resonating system is planar. The most likely boro-
hydride reduction product would be therefore the ant:-
oxime, in which the hydroxy-group of the oxime is
directed away from the piperidine nitrogen atom. The
hydroxy-group of the anti-oxime is held close to the
58-proton and understandably acetylation is hindered.
In the syn-oxime the hydroxy-group projects away from
the 58-proton.

Attempts to alkylate the enamines with alkyl halides
and with methyl vinyl ketone failed.

All the tetrahydrothebaines bearing substituents at
C-15 or C-16 were considerably less active as analgesics
than the unsubstituted compounds when tested in rats
by the tail pressure method.* The pharmacology of a
series of 16-alkyl-6,14-endo-ethenotetrahydrothebaines
will be discussed elsewhere.

EXPERIMENTAL

N.m.r. spectra were determined for solutions in deuterio-
chloroform (unless otherwise stated) with tetramethylsilane
as internal standard at 60 MHz with a Varian T60 spectro-
meter. The principal bands only are quoted.

The perchlorates of the 15,16-didehydro-compounds were
prepared by the method described in the preceding paper.
Hydrochlorides were prepared by adding an ethereal
solution of hydrogen chloride to the base in ether and

4 A. F. Green and P. A. Young, Brit. J. Pharmacol., 1951, 6,
572.
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collecting the solid. In general the crude salts were used
for subsequent reactions without characterisation.

Reaction of  16,N-Didehydro-6,14-endo-etheno-Ta-(1-
hydroxy-1-methylpentyl)tetrahydyothebainium Perchlovate with
Sodium Cyanide.—A solution of the perchlorate (4 g) and
sodium cyanide (2 g) in water (100 ml) was stirred at 24° for
3 h. Ether (50 ml) was added and the stirring was con-
tinued for a further 2 h. Evaporation of the ether left
16a-cyano-6,14-endo-etheno-To-(1-hydroxy-1-methylpentyl)-
tetrahydrothebaine (3a) (3-3 g), m.p. 145—150°. T.l.c.
indicated that it containcwi\I about 5%, of the 168-epimer
(Found: C, 72-1; H, 7:5; ;| 6:3. CyeHyN,0, requires C,
72-4; H, 7:8; N, 6:0%), vp,x 2220 cm™ (CN), = 3-29 and
348 (ABq, H-2 and H-1, J 8 Hz), 3-95 and 4-55 (ABq,
H-18 and H-17, J 9 Hz), 5:22 (s, exchanged with D,O, OH),
548 (s, H-5B), 610 (shifted to 5-75 in pyridine) (t, H-168,
J 5 Hz), 6-18 (s, 3-OMe), 6-23 (s, 6-OMe), 6-40 (d, H-108,
J 19 Hz), 6:79 (d, H-9«, J 6 Hz), and 7-38 (s, NMe). When
this compound was crystallised once from methanol and
twice from ethanol it epimerised to the 16B-nitrile (3b),
m.p. 166—168° (Found: C, 72-1; H, 7-9; N, 6-1%), v,
2250 cm™ (CN), t 3-27 and 3-48 (ABq, H-2 and H-1, J 8 Hz),
3-95 and 4-58 (ABq, H-18 and H-17, J 9 Hz), 5:26 (s, ex-
changed with D,0, OH), 5-45 (s, H-58), 6-18 (s, 3-OMe),
6:23 (s, 6-OMe), 343 (dd, H-16a, J 7 and 10 Hz), 6-81 (d,
H-108, J 19 Hz), 6-75 (4, H-9«, J 7 Hz), and 7-40 (s, NMe).

168-Aminomethyl-6,14-endo-etheno-Ta-(1-hydvoxy-1-
methylpentyl)tetrahydyothebaine (3c).—The 16@-nitrile (3b)
(2 g) and lithium aluminium hydride (2 g) in ether (100 ml)
were boiled for 18 h. Water (4 ml) was added and the
solution was filtered and evaporated to give the 168-
aminomethyl compound (1-9 g) (from aqueous ethanol), m.p.
130—132° (Found: C, 71:6; H, 8'7; N, 5:7. CyHy(N,O4
requires C, 71-8; H, 8-7; N, 5:6%,).

Addition of Cyanogen Bromide to 15,16-Didehydro-6,14-
endo-etheno-Ta-(1-hydroxy-1-methylpentyl)tetrahydrothebaine.
—A solution of the dehydro-compound (3 g) and cyanogen
bromide (3 g) in methylene chloride (40 ml) was kept at 24°
for 1 h, filtered, and evaporated to give a froth (4-2 g)
which was taken up in methanol (10 ml). After 18 h the
crystals (1 g) were collected and recrystallised from ethanol
to give 15a-bromo-16a-cyano-6,14-endo-etheno-To-(1-hydroxy-
L-methylpentyl)tetrahydrothebaine (4b) (0-6 g), m.p. 188 —192°
(decomp.) (Found: C, 62-3; H, 6-3; Br, 14-9; N, 5-1.
C,sH,,BrN,O, requires C, 61-9; H, 6-5; Br, 14-7; N,
5-29%), ~ 5:13 (s, H-5B), 5:27 (s, exchanged with D,0, OH),
572 and 5-83 (ABq, H-158 and H-168, J 65 Hz), 6-22 (s,
3-OMe), 6-26 (s, 6-OMe), ca. 6-28 (partly obscured by the
6-OMe, H-108), 6-77 (d, H-9«, J 7 Hz), and 7-37 (s, NMe)
The CN stretching band was too weak to be observed in the
ir. spectrum. A second crop of crystals harvested from
the methano!l solution after a further 18 h afforded 15«-
bromo-168-cyano-6,14-endo-etheno-To-(1-hydroxy-1-methyl-
pentyl)tetrahydvothebaine (4a) (0-65 g), m.p. 181—183° (from
ethanol) (Found: C, 62-1; H, 6-3; Br, 154; N, 529%),
Yoy, 2250viv cm™ (CN), = 515 (s, H-5), 5:28 (s, exchanged
with D,0O, OH), 570 (d, H-158, J 11 Hz), 6-18 (s, 3-OMe),
6-24 (s, 6-OMe), 6-40 (d, H-16«, J 11 Hz), 6-71 (d, H-9«,
J 8 Hz), 6-76 (d, H-108, J 19 Hz), and 7-35 (s, NMe). The
two isomers showed different characteristics on t.l.c.
(alumina; ether), the 15«-bromo-168-cyano-compound
having the greater Ry value.

16-Cyano-15,16-didehydro-6,14-endo-etheno-To-(1-hydroxy-
1-methylpentyl)tetrahydvothebaine (1b).—A solution of either
of the cyanogen bromide adducts or a mixture of the two

HH
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(0-6 g) and potassium hydroxide (0-3 g) in ethanol (30 ml)
was boiled for 30 min, filtered, partially evaporated, and
diluted with water. The precipitate was collected and
crystallised from ethanol to give the didehydro-nitrile
(0-5 g), m.p. 146—149° (Found: C, 72-9; H, 7-7; N, 5-7.
CoH N0, requires C, 72-7; H, 7-4; N, 6:1%), v .. 2230
(CN) and 1605 (enamine) cm™, = 3-95 and 4-63 (ABq, H-18
and H-17, J 8 Hz), 4-58 (s, H-15), 516 (s, H-58), 5:30 (s,
OH), 6-20 (s, 3-OMe), 6-24 (s, 6-OMe), and 6-92 (s, NMe).

Reduction  of 15,16-Didehydro-6,14-endo-ethano-Ta-(1-
hydroxy-1-methylethyl)tetrahydrothebaine with Diborane.—
The didehydro-compound (10 g) in tetrahydrofuran (50 ml)
was treated with an excess of diborane in tetrahydrofuran
(2%; 40 ml). Vigorous effervescence ensued. After 24 h
the solution was warmed gently with 10x-sodium hydroxide
(40 ml) and hydrogen peroxide (100 vol; 20 ml). Ex-
traction with ether afforded a white solid (9-6 g), a portion
(25 g) of which was split into two fractions by preparative
t.l.c. [silica; ecthyl acetate-propan-2-ol-water (7:4:3)].
Repeated t.l.c. of the faster running material gave pure
6,14-endo-ethano-15a-hydvoxy-Ta-(1-hydroxy-1-methylethyl)-
tetvahydrothebaine (1-5 g), m.p. 197—198° (Found: C, 69-7;
H, 76; N, 3-3. C,H;,NO; requires C, 69-7; H, 8:0; N,
3-:3%), © 499 (s, OH), 5-14 (s, H-58), ca. 6-2 (H-158), 6-14
(s, 3-OMe), 6:45 (s, 6-OMe), 6-88 (d, H-108, J 18 Hz), and
7-48 (s, NMe). Acetylation with pyridine-acetic anhydride
mixture gave the l5a-acetoxy-compound, m.p. 174—176°
(Found: C, 67-6; H, 7-7; N, 2:9. C,Hy;NO; requires C,
68-2; H, 7°7; N, 3-1%), = 5-15 (dd, H-158, J 5 and 10 Hz),
5-05 (s, OH), 543 (s, H-58), 6-12 (s, 3-OMe), 6-45 (s, 6-OMe),
6-85 (d, H-108, J 18 Hz), 7-66 (s, NMe), and 8-02 (s, COMe).

The second component (0-5 g) from the first preparative
t.l.c. was identical with an authentic sample of 6,14-endo-
ethano-7«-(1-hydroxy-1-methylethyl)tetrahydrothebaine,
m.p. and mixed m.p. 140—142°.

Reaction of Pentyl Nitvite with Ta-(1-Cyclohexyl-1-hydyoxy-
ethyl)-16,N-didehydro-6,14-endo-ethenotetrahydrothebainium
Chlovide (2b).—Pentyl nitrite (25 ml) was added to the
iminium chloride (30 g) in ethanol (220 ml) and the clear
solution was kept at room temperature. After 48 h 7a-(1-
cyclohexyl-1-hydroxyethyl)-16,N-didehydro-6,14-endo-etheno-
15-hydroxyiminotetrahydvothebainium  chlovide (5) was
collected as a pale yellow solid (26-5 g), m.p. 290°
(decomp.) (Found: C, 64-8; H, 7-3; Cl, 6:5; N, 4-9.
C,oH,sN,O,HCL,0-5H,0 requires C, 64-7; H, 7-1; Cl, 6:6;
N, 5:29). The salt in water was basified with ammonia
and extracted with chloroform to give 7a-(1l-cyclohexyl-
1-hydroxyethyl)-15,16-didehydro-6,14-endo-etheno-15-nitroso-
tetrahydrothebaine (6a) as a purple solid (24 g), m.p. 245°
(decomp.) (Found: C, 70-4; H, 7-4; N, 57. CuH;;N,04
requires C, 70-7; H, 7-4; N, 5-79%). Treatment of the base
with dilute hydrochloric acid regenerated the iminium
chloride (5).

In the same way was prepared 15,16-didehydro-6,14-endo-
ethano-To-(1-hydvoxy-1-methylethyl)-15-nitvosotetrahydro-
thebaine (6b), m.p. 265° (decomp.) (Found: C, 67-6; H,
7-1; N, 6:6. C,,HyN,O; requires C, 67-6; H, 7'1; N,
6-6%).

Sodium Borohydvide Reduction of the 15-Nitroso-enamine
(6a).—Sodium borohydride (10 g) was added in portions to
a stirred solution of the nitroso-enamine (20 g) in ethanol
(900 ml), and stirring was continued for a further 18 h.
The solid was collected and dried to give Ta-(1-cyclohexyi-
1-hydroxyethyl)-6,14-endo-etheno-15-anti-hydroxyiminotetra-
hydrothebaine (18-8 g) containing ethanol of crystallisation,
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m.p. 279—280° (Found: C, 689; H, 835; N, 52.
CopHggN,O5,C.HO requires C, 689; H, 8-2; N, 529%).

Attempts to acetylate the oxime gave only starting material.
The anti-oxime (10 g) in ether was treated with an excess of
dry hydrogen chloride. The solid was collected, suspended
in water, and neutralised with potassium carbonate.
Extraction with chloroform gave the syn-oxime (92 g),
m.p. 285—288° (Found: C, 70-5; H, 7-8; N, 53.
CyyHygN,Of requires C, 70-4; H, 7-7; N, 5'7%). Acetyl-
ation of the syn-oxime with acetic anhydride and pyridine
at room temperature gave the acefate, m.p. 240—241°
(Found: C, 69-4; H, 7-4; N, 5-2. C;;H,(N,O4 requires C,
69-4; H, 7-5; N, 5:2%).

J.C.S. Perkin I

Similarly were prepared 6,14-endo-ethano-To-(1-hydroxy-
1-methylethyl)-15-anti-hydroxyiminotetrahydrothebaine, m.p.
263—265° (Found: C, 67-3; H, 7-3; N, 6-4. C,,H,;,N,0;
requires C, 67-3; H, 7-5; N, 6-69,), the syn-oxime, m.p.
297—299° (Found: C, 67-4; H, 7-7; N, 6-59%,), and the
syn-oxime acetate, m.p. 222—223° (Found: C, 66-9; H,
7-4; N, 58. CyH,N,O4 requires C, 66-4; H, 7-3; N,
6-0%).

We thank Mr. C. A. Young for preparative t.l.c., Dr.
1. A. Selby for n.m.r. spectra, and Mrs. P. A. Southwell for
experimental assistance.
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