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Abstract. C,;H,,NO7.Br—.H,0, M, = 388.344, mono-
clinic, P2, a=10-929(5), b=8-110(3), c=
10675 (3) A, f=96-50(3)°, V'=940-1(6)A} Z=2,
D,=1352), D,=1372Mgm~>, A(Mo Koa) =
0-71069 A, u(Mo Ka)=2-18 mm~', F(000) = 408,
291 K, final R =0-034 for 3040 observed reflections.
The N-side-chain torsion angles starting from C(1)
towards C(16) are at a local energy minimum in the
four-dimensional torsional space: antiperiplanar, anti-
periplanar, (—)-synclinal and antiperiplanar respec-
tively. An intramolecular (C—)H---O hydrogen bond is
present. The crystal packing is essentially determined
by the water molecule.

Introduction. The structure of the title compound was
determined as part of a structure—activity study on
6,7-benzomorphans. On the basis of in vivo
pharmacological studies in mice it was classified as a
morphine-like agonist (Merz & Stockhaus, 1979). The
main purpose of this study lies in the determination of
the N-side-chain conformation which is believed to be
essential for opioid activity.

Experimental. Crystals obtained at room temperature
from an equimolar ethyl acetate—methanol solution.
Density measured by flotation in benzene/CCl,,
~1.5 x 0-7 x 0-5 mm, Syntex P2, computer-controlled
four-circle diffractometer, graphite-monochromated
MoKa radiation, w-scan technique (26,,,=50° 0<
h<12, —9<k<9,—12 <] <12), cell dimensions by
least-squares refinement of the setting angles of 24
reflections with 26 < 28 < 30°, space group P2, from
systematic absences 0kO for k odd. Three standard
reflections (020, 001, 301) monitored after each 50
reflections decreased slowly to 89% of their initial
intensity. 3307 independent reflections measured

* Chemical Abstracts name: (—)-(2R,6R,11R)-1,2,3,4,5,6-hexa-
hydro-6,11-dimethyl-3-(3-methoxypropyl)-2,6-methano-3-benzazo-
cin-8-ol hydrobromide monohydrate.
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(Friedel’s law not obeyed), 3040 observed reflections
{I > 20(D)). Lorentz—polarization corrections, absorp-
tion corrections by the method of North, Phillips &
Mathews (1968), scattering factors from Cromer &
Mann (1968), and Stewart, Davidson & Simpson
(1965) (for H), anomalous-dispersion correction for Br
(International Tables for X-ray Crystallography,
1974).

The position of the Br was revealed through a
Patterson synthesis and served as input for DIRDIF
(Beurskens et al., 1981). The resulting E map showed
the complete molecule, including the water molecule.
Refinement with XRAY76 (Stewart, Machin, Dickin-
son, Ammon, Heck & Flack, 1976) by block-diagonal
least squares on F, first with isotropic temperature
factors and then anisotropically; full-matrix least
squares finally executed. H positions from AF synthesis
included in refinement with fixed isotropic temperature
factors of the atoms to which they are attached
increased by 10%; final R = 0-034, wR = 0.046 and
S§=009, w= (250 + |F,l + 0-101F,19)7"; (4/0),,. =
0-10, (4/0) . = 1-46 [for H(14B), the worst defined
atom in the AF mapl, —0-81 < final 4p excursions <
0-86 ¢ A3 (both near Br).

Discussion. The atomic numbering scheme is given in
Fig. 1 and parameters are listed in Table 1.§ Bond
lengths and angles are given in Table 2. An ORTEP
view (Johnson, 1965) is shown in Fig. 2. Bond lengths
and angles are as expected. The fused-ring system is
also normal: a flat aromatic ring connected to a
six-membered half-boat ring, and a piperidine ring in
the chair conformation perpendicular to it. Following
the N-side chain from C(1) to C(16) an antiperiplanar
[—162-4 (4)]/antiperiplanar  [179-3 (4)]/(—)-synclinal
[—63-1 (5)]/antiperiplanar [—177-5 (4)°] conforma-
tion is adopted. Empirical potential-energy calculations

§ Lists of structure factors, anisotropic thermal parameters and
H-atom parameters have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP
51006 (25 pp.). Copies may be obtained through The Executive
Secretary, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.
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Table 1. Atomic coordinates (x10% Br x 10%) and
equivalent isotropic thermal parameters with e.s.d.’s of

C,sH,eNO$.Br.H,0

the refined parameters in parentheses
B =%2,2,8,3,.a,

x y z B (A?)
Br 72889 (4)  150946* 68420 (4) 418 (1)
c) 8999 (3) 9098 (4) 2443 (3) 254 (7)
c@) 8805 (3) 7593 (4) 1871 (3) 2.52 (8)
0@2) 9603 (2) 7075 (3) 1043 (2) 3.72(7)
c(3) 7813 (3) 6624 (4) 2128 (3) 2.88 (8)
c@) 7042 (3) 7200 (4) 2981 (3) 301 (9)
c() 6542 (3) 11020 (4) 4974 (3) 242 (8)
N(2) 7344 (2) 11032 (3) 6234 (2) 2.46 (1)
cO) 8613 (3) 10404 (4) 6099 (3) 2.69 (9)
c() 9192 (3) 11366 (4) 5109 (3) 2.84 (8)
c(s) 8385 (3) 11437 (3) 3825 (3) 232(7)
C(6) 8206 (2) 9707 3) 3263 (2) 1.91 (6)
c) 7234 (2) 8726 (4) 3559 (3) 2.24(7)
c(®) 6312 (3) 9302 (4) 4423 (3) 2.82(8)
co) 7127 3) 12150 (4) 4061 (3) 251 (8)
c(10) 6228 (4) 12411 (5) 2869 (3) 3.43 (9)
c(1) 9022 (3) 12586 (4) 2960 (4) 3.3(1)
c(12) 6754 (2) 10097 (7) 7235 (2) 3.10 (7)
c13) 7308 (4) 10508 (7) 8549 (4) 46 (1)
c(19) 6658 (4) 9539 (6) 9488 (4) 4.5(1)
0(15) 5423 (2) 10041 (5) 9369 (2) 415 (6)
c(16) 4735 (5) 9266 (8) 10239 (4) 50 (1)
0(17) 8733 (3) 4481 (4) —287(3) 4.228)

* Parameter kept fixed for origin definition.

Table 2. Bond lengths (A) and bond angles (°)
cn-c@) 1-371 (5) C(@—C(5) 1.546 (4)
C(17—C(6) 1-391 (4) C(5)-C(6) 1-529 (4)
C(2)-0(2") 1:376 (4) C(5)-C(9) 1.538 (4)
C@)-C(3) 1-391 (5) c(5)-c(11) 1-533 (5)
C(3)—C@) 1.389 (5) C(6)-C(7) 1.391 (3)
C(@)—C(7) 1388 (4) C(N—C(®) 1.515 (5)
C(D-N(2) 1-520 (4) C(9)—C(10) 1.531 (5)
C(1)-C(8) 1.522 (5) c(12-C(13)  1.501(5)
C(1)-C(9) 1.529 (5) CU3-C(14)  1.513(D)
N(2-C(3) 1-500 (4) C(14-0(15)  1.402 (5)
N@)-C(12) 1-513 (5) O(15)-C(16)  1.407 (6)
C(3)—C(4) 1-509 (5)

C@)-C(I)—C(6) 121-4(3)  CE)-C()-C)  109-4 (2)
C(IN-CQ)-0Q2") 1188(3)  C()-CG-C(  111.6(2)
C(IN—CQ)-C(3) 120:0(3)  CO~CE-CAI) 11022
0Q2)-CQ)-C(3) 1213(3)  C()—C@6-C(5)  120.8(2)
CQ)-C(3)-C@) 11893)  CU)—CE-CMN  119-0(2)
CE)-C)-C(N 1212(3)  C(5-C(6)-C(1) 1202 (2)
NQ-C()-C®  11372)  C@)-C(-C®E)  119:3(3)
N@2-C(-C(9)  108:6(Q2)  C@)—C(N-C®  117.9(3)
C(®-C()-C(9  111-4(3)  C(6-C(1—C(8)  122.6(3)
C(-N@-C(3)  111Q2)  CU-CE-C()  11520)
C(H-N@-C(12)  1119Q)  C()-CO-C(5)  108-9(2)
CE-N@2-C(12) 111.8()  C()-CE)-C(10)  109-7(2)
NQ-CG-C@)  1110Q)  C(—CO-C(10)  114-6(3)
CE-C@-C(5)  113.4()  N@)-C(12-C(13) 112:9(3)
C@-C(5-C(6)  110-4(2)  C(12-C(13-C(14) 109-5 (3)
C@-C(5-C(9  107-5(2)  C(13}-C(14)-0(15) 108-0 (3)
C@-C()-C(1l)  1077Q2)  C(14)-O(15—C(16) 113-0 (3)

with the program EENY (Motherwell, 1974) and
constants by Giglio (1969) indicated this conformation
as one of the lowest energy ones in the four-dimensional
torsional space.

Several short conta_wt di_Stances are found in the Fig. 3. A view of the crystal along e showing the packing. Hydrogen
crystal. One of these is an intramolecular (C—)H---O

Fig. 2. A view of the title compound with 50% probability aniso-
tropic displacement ellipsoids for the non-hydrogen atoms.
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bonds are indicated by dashed lines.
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hydrogen bond [C(12)---O(15) 2.839 (4), H(12)---
0O(15) 2-60(4) A, C(12)—H(124)---0(15) 97 (2)°]
which is compatible with the description of Taylor &
Kennard (1982): a nearest-neighbour contact of
0-41 A, and the immediate adjacency of a positively
charged N to the proton donor. This provides a
reasonable explanation as to why the C(12)—C(13)—
C(14)—0(15) torsion angle is (—)-synclinal instead of
antiperiplanar.

The packing of the crystal (Fig. 3) is essentially due
to the presence of the water molecule. This molecule
serves twice as a proton donor [O(17)---Br! 3-322 (4),
H(17B).--Bri 2:38 (5) A, O(17)—H(17B)---Bri
174 (4)°; O(17)---O(2) 2.846 (5), H(174)---O(2")
2:20 (6) A, O(17)—H(174)---0(2")i 172 (6)°; (i) x,
y—1,z—1; (ii) —x + 2, y—4, —z] and once as acceptor
[0(2)---0(17) 2-653 (5), H(2")---O(17) 1.92 (5) A,
O(2')—H(2')---0(17) 171 (6)°). A hydrogen bond
between piperidinium and bromide is also present
{N(2)---Br 3-359 (3), H(2)---Br 2:45(5)A, N(2)-
H(2)---Br 169 (3)°].

The authors thank Dr H. Merz,
Ingelheim, for providing the title compound.
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(=)-(1R,5R,9R,2'' R)-2'-Hydroxy-5,9-dimethyl-2-{ 2-(tetrahydro-2-furyl)ethyl]-
6,7-benzomorphan Hydrobromide*t
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Abstract. C,)H,(NOi.Br-, M,=396.37, ortho-
rhombic, P2,2.2,, a=12:210(7), b=17.219(12),
c=9-417(5)A, V=1980(QA3 Z=4, D, =
1.33(2), D, =1-330 Mg m—3, A(Mo Ka) =0-71069 A,
u4(Mo Ka) =2-21 mm~!, F(000) =832, 291K, final
R =0-061 for 1598 observed reflections. The N-side-
chain torsion angles starting from C(1) towards O(15)
are approximately at the global energy minimum in the

* Chemical Abstracts name: 1,2,3,4,5,6-hexahydro-6,11-di-
methyl-3-[2-(tetrahydro-2-furyl)ethyl}-2,6-methano-3-benzazocin-
8-ol hydrobromide.
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pounds. XII. Part XI: Verlinde, Blaton, Peeters & De Ranter
(1988).
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three-dimensional torsional space: (—)-synclinal, anti-
periplanar and (—)-synclinal respectively.

Introduction. Both the title compound and its 3''S
diastereoisomer have been classified as morphine-like
opioid analgesics on the basis of in vivo pharmaco-
logical tests in mice, and they are about equipotent
(Merz & Stockhaus, 1979). In contrast, their counter-
parts with a methylene instead of an ethylene bridge
between N and tetrahydrofuryl (Peeters, De Ranter &
Blaton, 1982) display a marked stereoselectivity, with
the 2''S form being roughly 300 times more potent than
the 2''R form. The present structure determination
together with that of its diastereoisomer should provide
some insight into the observed abolition of stereo-
selectivity.
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