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The Crystal Structure and Absolute Configuration of the
Dihydrobromide of (+ )-Haplophytine

By DavID E.ZACHARIAS*
Crystallography Laboratory, University of Pittsburgh, Pittsburgh, Pa. 15213, U.S.A.

(Received 1 May 1969)

The dihydroindole alkaloid, haplophytine, from the plant Haplophytine cimicidum (Apocynaceae) forms
a dihydrobromide, C37H4,2Br;N4O4, which is monoclinic, space group C2 with a=25-535, b=7-490 and
c=18861 A, f=101°19" with four molecules in the unit cell. Data were collected on a Picker four-
circle automated diffractometer with Cu Ku radiation. The structure was solved with the heavy-atom
technique and refined anisotropically by a full-matrix least-squarcs procedure to a final R index of 0-071.
The hydrogen atom positions were not determined. The molecular ion consists of two large residues, one
having the skeleton and absolute configuration of (— )-aspidospermine and the other a tetracyclic tetra-
hydro-f-carboline skeleton closely resembling the alkaloid eburnamine.

Introduction

Haplophytine is the major alkaloid of the Mexican in-
secticidal ‘Cucaracha’ (cockroach) plant Haplophyton
cimicidum A-DC-(Apocynaceae) and, together with
the alkaloid cimicidine, it is responsible for the insect-
killing property. When these two substances were iso-
lated and partially characterized in the first reported
chemical investigation, it was found that haplophytine
possessed most of the insect-toxicity (Rogers, Snyder
& Fischer, 1952; Snyder, Fischer, Walker, Els & Nuss-
berger, 1954a, b; Snyder, Strohmayer & Mooney,
1958). More recent reports of chemical studies (Cava,
Talapatra, Nomura, Weisbach, Douglas & Shoop, N
1963; Cava, Talapatra, Yates, Rosenberger, Szabo, N
Douglas, Raffauf, Shoop & Weisbach, 1963) have de-
scribed the isolation and characterization of seven mi-
nor alkaloids from this plant. Three of these, eburna- CaMs
mine (III), isoeburnamine, and O-methyleburnamine ()

contain the tetrahydro-$-carboline skeleton (I) and the
remaining four are of the aspidospermine type (II).
The occurrence of both eburnamine- and aspidosper-
mine-type alkaloids in this and in several other plant
genera (Hunteria, Vinca (Catharanthus), Pleiocarpa and
Rhazia) has led to the hypothesis that both arise from
a common biogenetic precursor (Schnoes, Burlingame
& Biemann, 1962). The chemistry of the Haplophytine
alkaloids has been reviewed by Saxton (1965); that of
the Aspidospermine alkaloids by Gilbert (1965, 1968)
and that of the eburnamine-type (Hunteria) by Taylor
(1965). The absolute configuration of (—)-aspidosper-
mine-N(b)-methiodide has recently been determined by
Craven & Zacharias (1963).

@jclﬁ
N

H

D

* Present address: Smith Kline and French Laboratories,
Philadelphia, Pa. 19101, U.S.A. V)

A C 26B - 5*



CONFIGURATION OF THE DIHYDROBROMIDE OF (+)-HAPLOPHYTINE

1456

(61) L¥00-0—
(1) L100-0—
(€2) S100-0—
(91) 0£00-0—
(z€) ¥£00-0—
(91) 2000-0
(61) 6000-0—
(17) 2500-0—
(1) 0102-0—
(S1) L000-0—
(02) 2000-0—
(€1) 9100-0
(91) £200-0—
(81) 6€00-0
1) L100-0
(91) 2000-0—
(91) 1000-0—
(#1) 6000-0—
(L1) L£0O-0
(12) $100-0
(91) 6200-0
(91) L000-0—
r1) 6000-0
(L1) $000-0
(91) S100-0
(L1) €200-0
(12) 8500-0
(81) 8100-0—
(TT) L000-0—
1) 2100-0—
(91) €+00-0
(1) LZ00-0
(L1) 0000-0
(€1) S100-0—
(L1) ¥100-0—
(S1) £000-0—
(S1) 1200-0
(€£1) 6100-0—
(€1) $200-0
(€1) ¥100-0
¥1) 0500-0
(81) 8L00-0—
(91) 9¥00-0—
(11) 6000-0
(11) 2000-0
(£1) $000-0—
(€1) L¥00-0
(11) 2100-0
(2) 6000-0
(2) £000-0

€ty

($) 2Z000-0
(€) £000-0
(¥) Z000-0—
#) 1100-0
($) 1100-0
(¥) 0100-0
(€£) £000-0
($) T000-0—
(¥) 8000-0
&) #000-0—
(%) T000-0
($) 0000-0
(€) 0100-0
(€) 0100-0
(€) 0000-0
(%) 1000-0
(¥) 6000-0
(€) 1000-0
(¥) L000-0—
(¥) T000-0—
() 1000-0—
() ¥000-0
(€) 2000-0
(€) 1000-0
) 01000
() $000-0
() £100-0
(+) 10000
(9) 8000-0
(€) 0000-0
(#) ¥000-0
(€) 1000-0
(€) 9000-0
(€) 1000-0
(€) 10000
(€) 2000-0
(¥) 9000-0
(€) 1000-0
(€) $000-0
(£) 6000-0
(€) 9000-0
(£) 0000-0
(¥) $000-0
(Z) ¥000-0
(€) 1100-0
(¥) $000-0
(€) 8000-0
(2) 1000-0—
(0) 9000-0
(0) 0000-0

2%

1) 6100-0— (6) 1£00-0
(1) 1000 () 0100-0
(1) €£000-0 (9) £200-0
(Z1) 9000-0— (L) 9200-0
(61) 1100-0— (8) $200-0
(€£1) €200-0 (L) LT00-0
(F1) 1200-0 ($) 8000-0
F1) €200-0— (8) €£00-0
(Z1) 8000-0 (9) 8200-0
(IT) 1000-0 (9) S100-0
(11) 9200-0 (9) 1€00-0
(o1) 8100-0— () 9100-0
(I1) $000-0 (9) LT0O-0
(1) 0200-0 (9) 0200-0
(T1) 2000-0 ($) 9000-0
(€1) L000-0 (9) €100-0
(€1) 6000-0 () $100-0
(01) L1000 (9) 1200-0
(I1) 6000-0— (8) 21000
(91) L1000 (9) 2200-0
(1) 11000 (L) 0200-0
(€£1) L000-0 (L) 0200-0
(6) $000-0— (9) 61000
(Z1) 8100-0— (S) 61000
(2) 6000-0 (6) L¥00-0
(1) 0200-0 (8) 0£00-0
(8) 8000-0 (9) 0£00-0
($1) 1000-0 (¥) 9000-0
(91) L1000 01) 1500-0
(6) 6000-0 (9) §200-0
(11) 0200-0 (9) ¥200-0
(Z1) £200-0 (¥) 8000-0
(6) 2100-0 (9) 7£€00-0
- (6) $000-0 ($) 1100-0
(Z1) £000-0— (9) 8200-0
(01) 0000-0 (L) 1£00-0
(8) 8000-0 (L) ££00-0
(6) 0100-0— ($) 9100-0
(01) $000-0— (9) 9200-0
(8) 9000-0 (9) ¥£00-0
(01) 2000 (9) $200-0
(01) 0000-0 (L) 9900-0
(01) 2€00-0 (8) 9900-0
(8) 9000-0 () 6100-0
(8) 9100-0— (S) 1€00-0
1) 1200-0— ($) 0£00-0
(6) $200-0 () €200-0
(8) 0100-0 ) S100-0
(1) 9000-0— (1) 2£€00-0
(1) 2000-0— (1) 0+00-0
N_Q an

(9%) 9020-0
(£9) 9810-0
($9) TL20-0
(8%) 9210-0
(L9) 05€0-0
(€S) £020-0
(69) 0L£0-0
(8t) $£€20-0
(6%) 6210-0
(Lg) 02100
(8€) 6L00-0
(6€) €210-0
(L¥) 0910-0
(8%) €220
(65) 8870-0
(€5) 8610-0
(15) T810-0
(¢p) 6¥10:0
(8v) 58100
(89) ¥5£0-0
(0S) LST0-0
(0S) TL10-0
(9v) $T10-0
(8v) 8810-0
(1) 9110-0
(6v) 6910-0
(59) 0Z£0 0
(09) 1620-0
(09) 8L10-0
(8€) 8900-0
(9%) 6510-0
(65) +820-0
(L) £600-0
@P) vL10-0
(1) T€10-0
(16) $810-0
(8€) L600-0
(ob) 0¥20-0
(€p) ¥120:0
(6£) ¥010-0
(LY) ¥520-0
(¥9) 85+0-0
(8%) L0£0-0
(62) 8910-0
(v€) TL10-0
() ¥5T0-0
(L£) §620-0
(€€) L970-0

(9) 9120-0

() 2810-0

w2y

($) #100-0
(€£) 8000-0
(€£) S000-0
(¥) 21000
() 0200-0
) L1000
(€) 1000
(¥) 2100-0
(€) €100-0
(€) 1100-0
(€£) €£100-0
(¥) 01000
(€) 0100-0
(€) ¥100-0
(€) $100-0
(¥) L100-0
(#) L100-0
(€) L000-0
(€£) 0100-0
) S100-0
(¥) T200-0
(S) 1200-0
(€) ¥000-0
(€) L000-0
(€) £000-0
(€) 1100-0
) 7200 0
() 0200-0
(S) 8100-0
(€) 9000-0
(€) 6000-0
(€) 6000-0
(€) 8000-0
(€) S000-0
(€) L000-0
(€) 2000-0
(€) L000-0
(2) £000-0
(€) 0100-0
(2) 9000-0
(€) 6000-0
(2) 8000-0
(€) 1100-0
(2) 6000-0
(€) 1200-0
(€) ¥200-0
(€) ¥100-0
(2) $000-0
(0) €100-0
(0) Z100-0

g

(1) £96€-0
(8) 791¢£-0
(6) S65€-0
(6) ¥1¢-0

(I1) L¥6€-0

(11) ¥25T-0
(6) 1€€0-0

(I1) L1S€E-0

(01) 08€1-0
(6) S6£T-0
(6) ¥10Z-0
(8) 0LST-0
(6) £092-0
(8) 8LTI1-0
(8) SS61-0
(6) ZOEE-0
6) ¥Lv0-0
(6) S611-0

(11) 6160-0

(01) £0L0-0

(01) 60€1-0

(01) 9692-0
(6) 9012-0
(6) 1ZS1-0

(11) 9€81-0

(01) 0L52-0

an viey-0
(6) £091-0

(T1) €2TH-0
(8) 8L6T-0
(6) 18¥¢-0
(8) Z6L£0
(6) 6v5€-0
(8) 9v6T-0
(8) 0L92-0

(01) 7982-0

(o1) 8¥1€-0
(L) 60LT-0
(8) Z601-0
(8) L1020
(8) ££€9¢-0
(6) $£9€-0
(6) 0LLZ-0
9) ¥192-0
(L) 05£0-0
(L) 8v00-0
(L) 1€€%-0
(S) Z06€-0
(1) 1911-0
(1) 9ts1-0

z

(1€£) 0289-0
(L7) 1651-0
(L€) 00£S-0
(92) 01550
(%) 9SLL-O
(1€) 9SL1-0
(9€) L962-0
(€€) T80L-0
(92) SH01-0
(L2) $¥6T-0
($2) £6£0-0
(s2) T192-0
(62) £08%-0
(9€) 8905-0
(0€) 8L6S-0
(1€) ¥¥SL-0
(0€) 8S€€-0
(97) 1¥TH-0
(67) 8£65-0
oY) L19L-0
(62) £288-0
(0£) 7968-0
(s2) $079-0
(z€) TT6H-0
(LT) 8TvE-0
(62) I€1€-0
(LE) S6¥T-0
(P€) 9£v€-0
F€) 1520-0—
t2) L9LY-0
(82) 205¢€-0
(Te) vELT-0
(92) 992£-0
(92) vTvb-0
(0€) 1£2S-0
(82) 695-0
92) L1ZH-0
(#2) ££0€-0
(€2) 06¥£-0
(12) 968L-0
(92) LOIE-0
(L2) 86E-0
(927) €281-0
(81) €¥E1-0
(02) 1822-0
(€27) LESE-0
(T2) €9%1-0
(02) STLT0
($) 6+£5-0
(0) 0000-0
q

*san[eA 9A1303dsa1 oY) JO SHSIP [EWIOAP ISE[ 9Y) 0 19§01 Sasoyjuated Ur SUOIBIAGP PIEPUER]S PI)BWNSS oYL
* (€T + ST + T P T + €21+ T2gzy + 1) — ] dxd St pasn uoIssaidxa 1030ey dnjersdwa) oYL,

SUONDIAdP PADPUDIS paIpuiIsa 112Yy] pup Siajauipivd jpuliays pup jpuoriisod ool *1 d|qe],

(8) ¥89%-0
9) 9z¢1-0
(9) vOLY-0
(9) ¥9L£-0
(6) s€Tv-0
(8) 6¥pH-0
(L) 620¢-0
) svLg0
(L) £18€-0
(L) LESEO
9) €1TH-0
(9) 86¥¢-0
(9) 10£€-0
(9) ¥L8T-0
(L) 181¢-0
(8) 09€1-0
(L) €921-0
(9) 88¢€1-0
(L) 69¥0-0
(8) LOLO-0
(8) s¥80-0
(8) L8TI-0
(9) 8601-0
(9) 16800
(9) $190-0
(L) 1990-0
(6) SOEI-0
(8) 605€-0
(8) TLIT-0
(9) $881-0
(9) £681-0
(9) 26£2-0
(9) 2€82-0
(9) v082-0
(9) 90£2-0
(9) 82€1-0
(9) 6860-0
() ¢Iip-0
(S) $s91€-0
(S) 6L01-0
(9) 98¢€1-0
() 9815-0
() 8v61-0
(¥) 0g€E-0
(9) $580-0
(9) 6951-0
() 1eve-o
(P) s€€€-0
(1) TShp-0
(1) 9822-0
X

Le)d
(C19e)
(1%}
((Z9)e]
(€€
(ZeD
ae»
0£)D
(62)0
(820
oo
920
((Y4)0]
(740
(€200
@0
a0
(179)0]
610D
(81)0
@wno
no
(990}
(29}
(490}
@no
ano
ono
(3]
®)0
o
()]
©)D
(2]
(9]
@0
o
PN
(N
(ON
(DN
o
(9)o
(s)o
#o
(€)o
@0
o
@1g
(g



DAVID E. ZACHARIAS 1457

The absolute configuration determination of the di- Smith Kline and French Laboratories, Philadelphia,
hydrobromide of haplophytine (IV) when combined Pennsylvania.
with the chemical and spectroscopic data from the al-
kaloid and its dihydrobromide permit the assignment

of (V) as the absolute configuration of haplophytine Crystal data:
(Rae, Rosenberg, Szabo, Willis, Yates, Zacharias, Jef- C3;H4BroN,O; M.W, 814-5
frey, Douglas, Kirkpatrick & Weisbach, 1967). Monoclinic, space group C2 (No. 5)
a=25-535+0-005 A V=3537-2 A3
. b= 7-490 + 0-005 Z=4
Experimental ¢ =18-861 +0-005 Dz=1-530 g.cm-3
Haplophytine dihydrobromide, recrystallized from =101°19+5' D (flotation)=1-528 g.cm—3

methanol, was provided by Dr Bryce Douglas of Prismatic, elongated along b.

Table 2. Observed and calculated structure factors
The columns listed are /, 10| F,|, 10Fe.
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1458 CONFIGURATION

OF THE DIHYDROBROMIDE

OF (+)-HAPLOPHYTINE

Table 2 (cont.)

-13
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e

* Indicates unobserved reflections.

A crystal, 0-05x 03 x0-:03 mm, was mounted with
the b direction parallel to the ¢ axis of a Picker automa-
ted four-circle diffractometer. Diffraction data for 2001
independent reflections (sin 6 <0-765, 260 <100°) were
measured using Cu Ko radiation (1=1-5418 A) and a
scintillation counter detector. Integrated intensities
were obtained using /26 scans of 2° in 26 at a scanning
rate of 2° min~! with background counts of 20 sec at
the limits of each scan. There were 334 reflections for
which the integrated intensity, I, was less than 3a(/).
These were given values of I equal to 0-50(/). There was
no evidence of decomposition of the crystal during
X-irradiation. The initial and final integrated intensities

of three standard reflections varied less than 1% from
the average of the integrated intensities of the standards
recorded during the course of data collection. No ab-
sorption correction was made. For the determination
of absolute configuration, the integrated intensities of
thirteen reflections of the type hkl! were measured and
compared with the corresponding reflections recorded
in the main body of the data which were hkl.

The structure determination and refinement

The positions of the bromine atoms were found by iden-
tification of the bromine-bromine vectors in the three-
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dimensional Patterson function. The space group origin
was fixed by arbitrarily setting the y coordinate of one
bromine atom equal to zero. Using the phases of only
the two heavy atoms, all of the light atoms excepting
hydrogen were located after three cycles of structure
factor calculations and three-dimensional electron den-
sity syntheses.

The structure was refined by a full-matrix least-
squares procedure using isotropic temperature factors
until convergence at R=0-103. The atomic scattering
factors and the dispersion corrections for the bromine
atoms (4f'=—095, Af"”"=1-6 for Cu Ka radiation)
were those in International Tables for X-ray Crystallo-
graphy, (1962). The estimated standard deviation in an
observed structure amplitude |F| was taken as o(F)=
| Fmin| +0-07|F|, where [Fmin| is the average value for
the structure amplitude assigned to the unobservable
reflections. The structure factors were then calculated
reversing the sign of the imaginary contribution 41",
for the bromine atoms. The resulting R=0-108 gave an
initial indication that the assumed absolute configura-
tion was correct. Three further refinement cycles of all
positional parameters and anisotropic temperature fac-
tors for bromine converged with R=0-084. The cor-
rectness of the assumed absolute configuration was
again tested by a structure factor calculation using these
refined positional parameters with the sign of the y co-
ordinate reversed for all atoms. The higher disagree-
ment index of 0-094 again supported the assumed mod-
el. Finally, all atoms were refined anisotropically until
the shift-to-error ratio was less than 0-1 for all param-
eters refined. Owing to the limitation of computer mem-
ory, it was necessary to refine the atoms of the molecule
in four groups, as follows:

Atomic groups for full-matrix anisotropic refine-
ment:

1459

(1) 0:5,6,7; N: 3,4;C: 3,4, 5,23 through 32, 34, 36.
(2) Br:1,2;0:1,2; N: 4;

C: 3, 4, 6 through 10, 25, 28, 30, 33 through 37.
(3) N:1,2; C: 1 through 8, 11 through 16, 20, 22, 25.
(4) 0:3,4;N:1,2; C: 1.2, 12 through 22.

The final disagreement factors are as follows:

Unweighted R Weighted R

All data 0-086 0-096
Omitting unobserved reflections 0-071 0-083

where

R = |41/ 2| Fol Weighted R=y > (WA2)y 3 (W|Fol?)
wW=[l/o(F)  A=|Fo|—I|F

The final atomic parameters with e.s.d.’s are given in
Table 1. The corresponding observed and calculated
structure factors are listed in Table 2. The comparison
of the observed and calculated values using these posi-
tional parameters referred to a right-handed crystal
axial sysiem for the intensities 7(hk/) and I1(hkI) is made
in Table 3. The hydrogen atom positions were not de-
termined.

Table 3. Determination of absolute configuration
Unser = Tige) Qs + Tiid)

h k ! Calc.* Obs.
1 1 13 +0-02 +0-04
1 1 —13 +0-06 +0-21
5 1 7 +0-04 +0-02
5 1 —7 +0-06 +0-04
5 1 14 —0-20 —-0-18
5 1 —-14 +0-05 —-0-01
9 1 6 —0-05 —0-05
9 1 —6 —-0-15 —-0-11
13 1 6 +0-05 +0-03
13 1 -6 —-0-02 0-00
X
2

Zz

2

Fig. 1. The absolute configuration of haplophytine dihydrobromide. The positive sense of y is towards the viewer.
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Table 3 (cont.)
9 1 =11 +0-12 +0-11
6 2 15 —-0-20 —-0-30
6 2 —15 +0-08 0-00

* These values are calculated with the atomic parameters
listed in Table 1, referred to a right-handed crystal axial system.

Description and discussion of the structure

The absolute atomic configuration of the molecular ion
is shown in Fig. 1. It consists of two structural units:
part A, on the left, has the framework and absolute
configuration of (—)-aspidospermine as confirmed by
Craven & Zacharias (1968); part B, on the right, pos-
sesses the f-carboline skeleton and resembles eburna-
mine. The bond lengths are shown in Fig. 2(e) and (b)
and are listed in Table 4. The bond angles are given in
Table 5. Conformation data are presented in Table 6.
In part A4, the carboxyl group and C(20) to which it is
attached are nearly coplanar. O(2) lies in the same plane
as that formed by the benzene ring but the other atoms
attached to the ring, C(2), C(25), O(1) and N(1) are
considerably out of the plane. Both the six-membered
rings, C(1), C(2), C(15), C(14), C(13), C(12) and N(2),
C(15), C(14), C(19), C(18), C(17) have the boat confor-
mation but are distorted owing to the rigidity imposed by
the quaternary N(2) atom and adjacent double bond to
C(15). The planarity of the least-squares plane through
N(2), C(15) and their associated atoms C(2), C(14),
C(16) and C(17) is comparable with that of the benzene
ring.

Table 4. Intramolecular bond lengths and distances and

their estimated standard deviations

The e.s.d.’s are in parentheses and refer to the last decimal
digits of the respective values.

Bond Length Bond Length
O(1)-C(10) 1141 (2) A C4)—C(5) 1-42 (2) A
O(1)-C(5) 1-39 (2) C(4)—C(25) 1-56 (2)
0(2)-C(9) 1-47 (3) C(5)—C(6) 1-35 (2)
0(2)-C(6) 1:39 (2) C(6)—C(7 1-42 (2)

T O3)-C21) 1-:23 (2) C(7)—C(8) 1-34 (2)
0(4)-C(21) 1-30 (2) C(12)-C(13) 1-38 (2)
0O(5)-C(28) 1-41 (2) C(13)-C(14) 1:51 (2)
0(6)-C(32) 1-27 (3) C(14)-C(15) 1-48 (3)
O(7)-C(35) 1-39 (3) C(14)-C(19) 1-60 (2)
N(1)-C(1) 1-48 (2) C(14)-C(20) 160 (3)
N(1)-C(7) 1-41 (2) C(16)-C(22) 1-54 (3)
N(1)-C(11) 1-42 (2) C(17)-C(18) 1-44 (3)
N(2)-C(15) 1-:28 (2) C(18)-C(19) 1-48 (2)
N(2)-C(16) 1-51 (2) CQ0)-C(21) 1-49 (3)
N@2)-C(17) 1:52 (3) C(23)-C(24) 1-52 (3)
N(3)-C(24) 1-48 (2) C(23)-C(25) 1-49 (2)
N(@3)-C(26) 129 (2) C(25)-C(28) 1-60 (2)
N(3)-C(31) 1-46 (3) C(25)-C(34) 1-:50 (3)
N4)-C(298) 1-47 (2) C(26)-C(28) 1-:56 (2)
N@4)-C(32) 1-38 (2) C(26)-C(29) 1-51 (3)
N(@4)-C(36) 1-44 (2) C(27)-C(29) 1-49 (3)
C(1)-C(2) 1-56 (2) C(27)-C(32) 1-45 (3)
C(1)-C(12) 1-48 (2) C(30)-C(33) 1-44 (2)
C(2)-C(&) 1:56 (2) C(30)-C(34) 1-38 (2)
C(2)-C(15) 1-48 (2) C(33)-C(37) 1-34 (2)
C(2)-C(22) 1-61 (2) C(34)-C(36) 1-38 (2)
C(3)-C(4) 1-41 (2) C(35)-C(36) 1-41 (2)
C(3)-C(8) 136 (2) C(35)-C(37) 1-34 (3)
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Table 4 (cont.)

Distances less than the sum of the van der Waa]s»radii

Distance Distance

O(1)-0(5) 2:64 (2) A Br(1)-0(5) 317 (1) A
0O(6)-0(7) 2:52 (2) Br(2)-C(26) 3-39 (2)

Close approaches less than 4 A

Distance Distance

Br(1)-C(26) 3:65(2) A Br(2)-N(3) 3-55(2) A
-N(3) 3-66 (2) -N(4) 3-64 (2)
-C(20) 3-90 (2) -C(29) 3-67 (2)
-C(21) 3-90 (2) -C(32) 3-72 (2)
-C(31) 394 (2) -C(23) 3-86 (2)
-C(28) 3-95 (2) -C(36) 3-96 (2)

Bond lengths averaged according to bond type
Trigonally and tetrahedrally bonded atoms are denoted by
‘trig’ and ‘tetr’ respectively.

No. of Average R.m.s.
Type bonds bond deviation
length
C(tetr)-C(tetr) 11 1-54 A 0-017 A
C(tetr)-C(trig) 11 1-51 0-011

(b}

Fig.2, Intramolecular distances in haplophytine dihydro-
bromide.



Table 4 (cont.)

C(tetr)-N(tetr) 3 1-46
C(tetr)-N(trig) 4 1-49
C(trig)-C(trig) 13 1-38
C(trig)-N(tetr) 3 1-41
C(trig)-N(trig) 2 1-29
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0-030
0-028
0-010
0-027
0-003

In the B part of the molecular ion, the benzene ring
is more nearly planar and the adjacent atoms N(4) and
O(7) lie within this plane (¢f. planes 4 and 5 in Table 6).
Both. the aliphatic six-membered rings also have the
boat conformation, again somewhat distorted by the
double bond between N(3) and C(26). The junctions

Table 5. Molecular bond angles and their estimated standard deviations

The e.s.d.’s are in parentheses and refer to the corresponding decimal digits of the respective values.

C(5)—0(1)—C(10)
C(6) —0(2)—C(9)
C(1)—N1)—C(7)
C(1)—N1)--C(11)
C(7)—N(1)—C11)
C(15)-N(2)—C(16)
C(15)-N(2)—C(17)
C(16)-N(2)—C(17)
C(24)-N(3)—C(26)
C(24)-N(3)—C(31)
C(26)-N(3)--C(31)
C(28)-N(4)—C(32)
C(28)-N(4)—C(36)
C(32)-N(4)—C(36)
C(2) —C(1)—N(1)
C(12)—C(1)—N(1)
C(2)—C(1)—C(12)
C(1)—C(2)—C(8)
C(1)—C(2)—C(15)
C(1)—C(2)—C(22)
C(8) —C(2)—C(15)
C(8) —C(2)—C(22)
C(15)-C(2)—C(22)
C(4)—C(3)—C(8)
C(3)—C(4)—C(5)
C(3)—C(4)—C(25)
C(5)—C(4)—C(25)
O(1)—C(5)—C(4)
C(4) —C(5)—C(6)
O(1)—C(5)—C(4)
O(2)—C(6)—C(5)
0(2)—C(6)—C(7)
C(5) —C(6)—C(7)
N(1)—C(7)—C(6)
N(1)—C(7)—C(8)
C(6) —C(7)—C(8)
O(5)—C(28)-C(25)
O(5)—C(28)-C(26)
N(4)—C(28)-C(25)
N(4)—C(28)-C(26)
C(25)-C(28)-C(26)
C(26)-C(29)-C(27)
C(33)-C(30)-C(34)
0(6)—C(32)-N(4)
0(6)—C(32)-C(27)
N(4)—C(32)-C(27)
C(30)-C(33)-C(37)

(a) Equations of the best least-squares planes

Angle
115-5 (1-4)°
117-4 (1-5)
107-6 (1-5)
1225 (1-7)
1236 (1:7)
1144 (1-5)
124-5 (1-5)
120-9 (1-5)
1224 (1-5)
114-4 (1-5)
123-1 (1-5)
119-3 (1:5)
111-1 (1-4)
129-5 (1+6)
104-5 (1-4)
111-5 (1-5)
114-0 (1-5)
100-8 (1-4)
111-8 (1-5)
1140 (1-5)
1153 (1-5)
111-1 (1-4)
104-2 (1-5)
1175 (1-6)
117-1 (1-5)
1210 (1-5)
121-8 (1-5)
117-3 (1-5)
120-2 (1-5)
122-4 (1-6)
121-5 (1-6)
119-8 (1-6)
118:7 (1-6)
128-2 (1+6)
113-9 (1-6)
118-0 (1:6)
119-4 (1-4)
101-7 (1-3)
104-9 (1-4)
105-7 (1-4)
1155 (1-4)
112-1 (1-5)
1182 (1-9)
120-8 (1-9)
121-8 (1-9)
117:3 (1:7)
118-3 (2-2)

Angle
C(2) —C(8)—C(3) 1269 (1-5)°
C(2) —C(8)—C(7) 107-6 (1-5)
C(3)—C(8)—C(7) 125-3 (1:6)
C(1)—C(12)-C(13) 1249 (1-7)
C(12)-C(13)-C(14) 124-0 (1-7)
C(13)-C(14)-C(15) 108-3 (1-5)
C(13)-C(14)-C(19) 109-4 (1-5)
C(13)-C(14)-C(20) 112:6 (1-5)
C(15)~C(14)-C(19) 108:3 (1'5)
C(15)-C(14)-C(20) 107-4 (1-4)
C(19)-C(14)-C(20) 110-7 (1-4)
N(2)—C(15)-C(2) 112-:3 (1-5)
N(2)—C(15)-C(14) 1231 (1-6)
C(2)—C(15)-C(14) 124-5 (1-5)
N(2)—C(16)-C(22) 103-4 (1-5)
N(2)—C(17)-C(18) 113-5 (1-7)
C(17)~-C(18)-C(19) 111-6 (1-9)
C(14)-C(19)-C(18) 110-0 (1-7)
C(14)-C(20)-C(21) 116:7 (1-5)
0O(3)—C(21)-0(4) 122:5 (1-8)
0(3)—C(21)-C(20) 119-7 (1-7)
0(4)—C(21)-C(20) 117-4 (1-6)
C(2) —C(22)-C(16) 102-9 (1-5)
C(24)-C(23)-C(25) 114-4 (1-5)
N(3)—C(24)-C(23) 110-9 (1-5)
C(4) —C(25)-C(23) 113-3 (1'5)
C(4) —C(25)-C(28) 1086 (1-4)
C(4)—C(25)-C(34) 112:3 (1-4)
C(23)-C(25)-C(28) 109-9 (1-5)
C(23)-C(25)-C(34) 111-0 (1-5)
C(28)-C(25)-C(34) 100-9 (1-4)
N(3)—C(26)-C(28) 121-3 (1-5)
N(3)—C(26)-C(29) 122:6 (1-5)
C(28)-C(26)-C(29) 1155 (1-4)
C(29)-C(27)-C(32) 1155 (1-6)
O(5)—C(28)-N(4) 108-8 (1-4)
C(25)-C(34)-C(30) 123-2 (1-6)
C(25)-C(34)-C(36) 114-1 (1-5)
C(30)-C(34)-C(36) 122-1 (1-7)
O(7)—C(35)-C(36) 119-1 (1-7)
O(7)—C(35)-C(37) 120-5 (1-9)
C(36)-C(35)-C(37) 120-3 (1-8)
N(4)—C(36)-C(34) 107-4 (1-4)
N(4)—C(36)-C(35) 135-2 (1-6)
C(34)-C(36)-C(35) 117-5 (1-6)
C(33)-C(37)-C(35) 123:5 (21)

Table 6. Conformation data

The equations of these planes are in the form Ax+ By+ Cz= D and are referred to the crystallographic axes with x,y,z in A.
Planes 1-3 are in part 4 of the molecule, 4 and 5 in part B and 6-9 are those used to calculate the conformation of the atoms

about the C(4)-C(25) bond.

1 Atoms of the benzene ring (4 part)

2 Atoms of the carboxyl group and C(20)

3 Atoms N(2), C(2), C(14), C(16), C(15), C(17)

4 Atoms of the benzene ring (B part)

5 Atoms of the benzene ring (B part), O(7) and N(4)



1462 CONFIGURATION OF THE DIHYDROBROMIDE OF (+)-HAPLOPHYTINE

Table 6 (cont.)

6 C(3), C(4), C(5)

7 C(4), C(25), C(23)
8 C4), C(25), C(28)
9 C4), C(25), C(34)

Plane A B C D
1 0-05834 0-74034 0-64524 649951
2 —0-49093 0-77544 —0-29305 0-07274
3 0:97185 —0-01598 —0-42118 0-95860
4 0-33300 0-52156 —0-78542 0-40942
5 0-33473 0-52201 —0-83494 0-43100
6 0-12933 0-77405 0-58236 6-72694
7 0-10227 0-80471 0-55337 6-47363
8 0-42136 —0:04447 0-80552 7-34597
9 —0-28686 0-93420 —0-15170 0-19845

( b) Distances of atoms from the planes

For each plane, column (i) lists the distances in A from the plane of atoms forming the plane and column (ii) lists the distances
in A above or below (—) the plane for atoms not forming the plane. With reference to Fig.1, the positive side of each plane
(above) is that side which is furthest from the coordinate origin (i.e. closest to the viewer).

® (i) ® (i)

Plane 1 Plane 4

C(3) —0-006 o(1) 0-257 C(30) 0-002 0o(6) 0-148

C4) —0043 0(Q2) —0056 C(33) 0-005 Oo(7)  —0-006

C(5) 0-053 N(@1) -—-0150 C(34) -—0-007 N(4) 0-005

c@6) —0-013 C(2) 0-339 C(35) —0-001 C(25) 0-174

C(7)  —0-039 C(25) -0-177 C(36) 0-007 C(28) 0-024

C®) 0-049 C(37) —0-005 C(32) 0-086

Plane 2 Plane 5

0o@3) -—=0-012 O(7)  —0-003 0o(6) 0-149

04 -—o011 N(4) 0-003 C(25) 0-169

C(20) —0-010 C(30) 0-000 C(28) —0-029

C(21) 0-033 C(33) 0-006 C(32) 0-084
C(34) -—0-010

Plane 3 C(35) 0-000

N(2) 0-023 C(18) 0-143 C(36) 0-006

C(2) —0-005 C(22) —0-298 C(37) —0-002

C(14) —-0-014

C(15) 0-019

C(16) —0-015

Cc(17) —0-008

(c) Dihedral angles between planes

Plal

1
3
3

S

>

—os

>

(d) Conformation of atoms about the C(4)-C(25) bond

C(23)

31:/\

124.6°

C(28)

Angle
97-0°
656
82:3

C(34)

55.4°
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between all the aliphatic rings in the structure are cis. tive evidence of an intramolecular hydrogen bond. A
The dihedral angle between the planes of the benzene second intramolecular hydrogen bond is indicated by
rings of parts 4 and B is 97°. There is a short distance  the distance 2:64 A between the tertiary alcoholic O(5)
of 2:52 A between the phenolic O(7) atom and the car- atom in part B and the methoxyl O(l) atom in part
bonyl O(6) atom of the cyclic amide which is presump- 4.

Table 7.8Intermolecular distances less than 4 A
Space group: C2
General equivalent positions: (4) x,y,z; (B) —x,y,—z; (D) +—x,4+y,—z; (E) 3+ x,5+y,z

In this Table, the numerical subscripts of the symmetry type designator indicate the relationship of the atom not in the unit cell
to the indicated atom of the reference molecule in the unit cell and refer, respectively, to the x, y and z coordinates.

The reference molecule is designated (4)sss and its atoms are listed first in each pair. To derive the coordinates of an atom
designated (D)sas, the symmetry operation (D) is first applied to the coordinates of the corresponding reference atom listed in
Table 1. The resulting x, y,z are then added to the whole number difference between the subscript of the transformed atom and
the reference atom; in this case (5—5)+x, (4—5)+y, (6—5)+zor x, —1 +y, 1 +z. ‘t’ denotes distance less than the sum of the
van der Waals radii of the two atoms.

Distance Distance Distance
Br(2)—0(4) (D) 315, ¢ A O(5)-C(30) (A)sas 3-67 A C(7)-C(16) (A)s4s 391 A
Br(1)——N(2) (A4)s4s 3-72 0O(6)-N(2) (E)sas 3-55 C(9)-C(11) (D)sas 3-80
—C(16) (A)s45 3-74 —C(2) (E)sas 3-26 -C(22) (A)sas 3-83
—C(17) (A)s45 372 ~C(3) (E)sas 3-59 —-C(30) (A4)sas 3-83
—C(23) (A)s45 3-77 —C(12) (E)sass 3-37 C(10)-C(11) (D)ss6 3-64
—C(31) (D)s35 3-79 —C(13) (E)s4s 3-69 —-C(22) (D)sa6 3-96
Br(2)—-0(3) (D) 3-92 —C(14) (E)sass 3-44 C(11)~-C(33) (D)sa46 3-81
—C(13) (E) 3-78 —-C(16) (E)s4s 3-80 C(12)-C(16) (A)sas 3-49
—C(17) (E)s4s 3-69 ~C(22) (E)sas 3-59 C(13)-C(16) (A)sas 3-96
—C(21) (D) 3-96 O(7)-C(11) (E) 371 -C(17) (A)sas 3-67
0(2)-—C(9) (D)ss6 3-72 -C(12) (E) 3-78 —C(27) (E)ass 3-94
0(3)-—C(29) (D) 3-27 —C(16) (E)sas 3-62 C(17)-C(21) (A)ses 3-98
—C(31) (D) 3-59 —C(22) (E)sas 347 C(19)-C(19) (B) 3-81
O(4)-—C(17) (A)sas 316 N(1)-C(16) (A)sas 3-56 C(37)-C(37) (B)eso 3-93
—C(18) (A)sas 3-59

. /\”'j/

[f1 Jr T L

Fig.3. Molecular packing in haplophytine dihydrobromide.
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While parts 4 and B consist mainly of rigid fused-
ring systems, different conformers of comparable ener-
gy are possible by rotation about the linking bond
C(4)-C(25). The conformation about this bond ob-
served in the crystal structure is shown in the Newman
diagram in Table 6. This is most likely determined by
the intramolecular hydrogen bond O(1)- - - H-O(5), the
interactions Br(1)- - -O(5), 3-17 A, and Br(2)- - -O(4),
3-15 A, both of which may be hydrogen bonds, and the
close approach Br(2)- - - C(26), 3-39 A. These Br-O dis-
tances and the intramolecular hydrogen bonds are
shown in Fig. 3 which is a diagram of the molecular
packing in the unit cell. There are no other bromine
distances shorter than 3-55 A, but each bromide ion is
within 4-75 A of 29 C, N and O atoms from three dif-
ferent molecular cations. The intermolecular distances
less than 4 A are listed in Table 7.

It is notable that the bromide ions occupy positions
which indicate participation in hydrogen bonding in
preference to positions which would imply pure ionic
interactions with the formally positively-charged qua-
ternary N(2) and N(3) atoms; the shortest Br—N dis-
tance is 3-55 A. The short Br(2)-C(26) distance may
be indicative of some localization of positive charge on
the carbon atom adjacent to the quaternary nitrogen
atom rather than at the nitrogen atom itself.

I thank Professor G. A. Jeffrey for constructive criti-
cism in the preparation of this report and Professor
B. M. Craven for technical advice and assistance dur-
ing the course of the work described.
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Structures of Ferrimagnetic Fluorides of 4BF; Type.
I. RbNiF;

By J. E. WEIDENBORNER AND A.L.BEDNOWITZ
IBM Watson Research Center, Yorktown Heights, New York U.S.A.

(Recieved 6 October 1969)

The crystal structure of RbNiF; has been determined from a least-squares refinement of three-dimen-
sional X-ray data. Intensity data were acquired with the CCXD, a computer controlled X-ray diffrac-
tometer, operating in a time shared environment on an IBM 1800 Controller System. The space group is
P63/mme. The lattice constants of the unit cell, which contains six formula units of RbNiF3, are a=
5-840+0-002 and c=14-308+0-004 A. All of the ions in this structure occupy special positions. The
nickel ions occupy two non-equivalent sites, each the center of a fluorine octahedron. Two-thirds of
the NiFs octahedra occur in face-sharing pairs to form NiFs polyhedra. The remaining NiFs octahedra
are linked to the Ni,Fy polyhedra by sharing of corners. The average Ni-F distance is 2:028 + 0-008 A.

Introduction

A great deal of attention has been directed to studies
of the interesting magnetic and optical properties of
ABF;-type ferrimagnetic fluorides with the hexagonal

BaTiO; structure. RbNiF;, an unusually transparent
material, has been one of the most extensively studied
compounds of this group, at these Laboratories and
elsewhere. Rudorff, Kandler & Babel (1962) first syn-
thesized the compound, reported it as a probable ferri-



