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The crystal structure and the absolute configuration
of schelhammerine hydrobromide
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Auszug

Die Struktur von Schelhammerin, einem Alkaloid, isoliert aus Schelhammera
pedunculata F. Muell.,, wurde als deren Hydrobromidsalz mittels rontgeno-
graphischer Analyse bestimmt. Die Kristalle sind rhombisch und gehéren der
Raumgruppe P2;2:2: an. Die Elementarzelle enthélt vier Molekiile. Die Gitter-
konstanten, bei Zimmertemperatur gemessen, betragen o = 21,22, b = 9,64,
¢ = 8,92 A. Die Analyse stiitzte sich auf 818 Reflexen, von welchen 636 beob-
achtet wurden.

Der Ort des Bromions wurde mittels der dreidimensionalen Pattersonfunk-
tion bestimmt. Fiir die Bestimmung der Orte der C-, N- und O-Atome wurden
Fourier-Synthesen sowie Differenz-Synthesen angewandt. Die vollstédndige
Struktur wurde dann mit Hilfe der Vollmatrix nach dem Prinzip der kleinsten
Quadrate bis zum Endwert R = 0,147 verfeinert. Die absolute Konfiguration
wurde nach der Methode von BIJVOET ermittelt.

Abstract

The structure of schelhammerine, an alkaloid isolated from Schelhammera
pedunculata F. Muell., hag been determined as its hydrobromide salt by x-ray
diffraction analysis. The crystals are orthorhombie, space group P2:2:2; with
four molecules in the unit cell. The cell dimensions are a = 21.22, b = 9.64,
¢ = 8.92 A taken at room temperature. The analysis was based on 818 reflec-
tions, 636 of which were observed.

The site of the bromide ion was determined from the three-dimensional
Patterson function. The sites of C, N and O atoms were determined from
electron density and difference maps. The complete structure was then refined
by the full-matrix least-squares method to a final R value of 0.147.
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The absolute configuration was determined by BisvorT’s method and is
shown below:

OH

Introduetion

Preliminary chemical and spectroscopic examination of a group
of related alkaloids extracted from the rare northern Queensland plant
Schelhammera pedunculata, F. Muell. (family Liliaceae) indicated these
to have a new ring system. Since one base, named schelhammerine,
appeared to possess as many as three asymmetric centres, it was
chosen for the crystallographic determination of its molecular structure
and absolute configuration. The analysis was carried out on the
hydrobromide salt and a preliminary communication describing the
chemical, spectroscopic and x-ray crystallographic work has been
published elsewhere (Jomns, Kowaras, LAMBERTON, Sroumis and
‘WUNDERLICH, 1968).

Experimental

Schelhammerine hydrobromide crystallizes from ethanol in the
orthorhombic system as colourless prisms elongated in the ¢ direction
though a few crystals were found with their elongation along the b axis.
The x-ray analysis required several crystals because of the gradual
decomposition of the compound in the x-ray beam (CuK« radiation).
The unit-cell dimensions were measured at room temperature from
Weissenberg patterns, with the crystals mounted about the b and ¢
axes (CoK« radiation). The powder lines of silicon (¢ = 5.4305 A at
25°C) were used to calibrate all films. The density of crystals was
determined by flotation, suspension occurring in bromobenzene at
19.8°C (WUNDERLICH, 1957).

Crystal data—Schelhammerine hydrobromide, Ci19Ha3NO4 - HBr,
M.W. 410.32. Orthorhombic, a = 21.22 -+ 0.03, = 9.64 4 0.03,
c=8.9210.02A. V = 1825+ 12 A3, D,, — 1.495, D, — 1.49 - 0.01;
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Z =4, F(000) = 848, u = 36cm 1 for CuKx radiation, 2f2(Br)/
Zf2(C,H,N,0) = 1.24 at (sinf)/1 = 0.

Systematic extinctions (A00, 0k0 and 00! reflections absent only
for k, k and [ odd, respectively) uniquely determined the space group
to be P2;12,2;. The intensity data were obtained by the multiple-film
Weissenberg equi-inclination technique with visual estimation against
a calibrated scale. From five b-axis and five c-axis levels a total of
818 independent reflections were obtained, of which 182 (22.20/,) were
too weak to be observed. The diffraction patterns on most films faded
at about 6§ = 45° due to apparent strong thermal motion. The inten-
sities were corrected for the Lorentz and polarization factors and for
the splitting of the x;x; doublet (RAE and BArRkER, 1961).

Since the dimensions of the crystals used were about one-tenth
of the “optimum size” (2/u) (BUERGER, 1942), no absorption correction
was applied. Correlation factors between sets of films were determined
and the data placed on the absolute scale by a least-squares fit of
WiLsoN’s plot (WiLson, 1942).

Structure determination

The bromide-ion position was determined from the three-dimen-
sional sharpened Patterson map using structure factors modified by
the expression (1/f2) cosh[2a(sin0)/4) exp[—(472/p)(sin20)/12] where
a=4A and p = 3.3 A2 (WunDERLICH, 1965).

The = coordinate of the bromide ion was indistinguishable from
zero so that the electron-density map based on bromide ion only
contained a mirror plane at x = 0. In addition to the ‘real” and
“ghost” peaks in this map there was a number of spurious peaks
presumably due to the poor data and to abrupt series termination.

It was possible to identify eleven atoms making up a planar
system of fused 5 and 6-membered rings with two ortho-substituent
atoms on the 6-membered ring, but the electron density map based
on these and the Br atom did not afford any new information regarding
the rest of the molecule. It was clear, however, that a shift of the
bromide ion away from x = 0 was necessary. Successive difference
maps, in which xp; was progressively varied and least-squares refine-
ment, in which only the Br parameters were varied, both gave xp, =
—0.009. Further Fourier syntheses using the refined Br parameters
were calculated but it became evident that a complete structure
would not be found on the basis of the differentiation of “real” and
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“ghost”” atoms according to peak height even when taken in con-
junction with stereochemical criteria. Furthermore, the overall £ factor
remained over 0.40 during these trials. In retrospect, part of the reason
for this failure was obvious: no peak appeared for three of the carbon
atoms, and of the two pairs of atoms falling on both “real” and
“ghost”’ sites, only one such pair was identifiable from its higher than
average peak.

It was decided at this stage to proceed in the manner suggested
by Haxsox (1963) for structures in which the heavy atom when
taken alone generates a mirror plane. Either the A or the B component
of F is a cosine function of the parameter perpendicular to this mirror
plane and is therefore independent of the choice of “real” or “ghost”
atom site. HansoN found that when these components only were
used as Fourier coefficients, clearer and more informative maps were
obtained.

With Zpeavy ~ 0 in P212,2;, these invariant components are A
when b+ k= 2n and B when 2+ k= 2n + 1 and they result
in Fourier syntheses containing a mirror plane at x = 0. In the
present analysis, the maps were not significantly improved probably
because of the inadequate data but at least it was no longer possible
to be misled by the relative heights of peaks related by the ‘real”-
“ghost” relationship. However, the advantages of this approach were
immediately obvious in another direction. A dissection of R factors
was made for reflections for which F is made up of the invariant
(2 f; cos2mha;) component only (A0l and kO when A 4 I = 2n and

k = 2n respectively and all 0kl) and of the variant (X'f; sin2mha)

component only (A0l and 2k0 when » + 1= 2n + 1l and k = 2n + 1
respectively). The first column in Table 1 shows the break-down of
R factors derived from a structure-factor calculation in which the
Br atom and 21 light atoms were included. It was obvious at this
stage that a number of “ghost” atoms had been chosen (five, in fact)
and as well, two were spurious. From this point on, the complete
structure gradually emerged from considerations of:

(a) stereochemistry—in particular, the quaternary nitrogen atom
site was characterised on the basis of N—H - - - Br bond formation,

(b) van der Waals contacts—several “ghost’” atoms were eliminated
on these criteria and the methoxyl C atom site was adjusted for best
van der Waals contacts before refinement,
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(¢) high-temperature parameter values—least-squares refinement

of one trial structure indicated that two atoms were incorrectly placed,
(d) inspection of dissected R factors as outlined above,

(e) and of course peaks on the symmetric electron density and
difference maps.

Column 2 in Table 1 shows the R factors when the complete
structure had been found, the indication being clearly given by the
now acceptable values of R for “variant only” terms.

Table 1. Analysisof R =X I [ Fol — [FCH/Z ]Fo' at various stages of the determination

Stage of determination ! 1% ) 2 3 [ 4

F independent of sign of x coordinates—invariant terms

Wl h+1=2n 0.277 | 0.168 0.123 [ 0.095
O k= 2n 0.252 0.204 0.244 0.153
0kl all 0.298 0.195 0.193 0.132

F dependent on sign of x coordinates—variant terms

WL h4+1=2n+1 | 0.522 | 0.261 ] 0.169 | 0.126

kO k= 2n + 1 0.568 | 0202 | 0187 | 0.183

F composite of invariant and variant terms

"L all 0.361 0.227 | 0.189 |  0.147
hol all 0.356 0.180 1 0.139 l 0.106
R0 all 0.399 0230 | 0217 |  0.167

* Each stage is described in the text.

Table 2. Analysis of R = X||Fo| — chH/Z{Fo[

R } Range of sin 6 } R l Number of reflections

All planes 0.147 0.00—0.40 0.141 I 171
hodd 0.153 0.40—0.50 0.155 129
kodd 0.159 0.50—0.60 0.146 163
1 odd 0.165 0.60—0.70 0.201 187
E+ 1 odd 0.144 0.70—0.75 0.287 65
h+1 odd 0.161 0.75—0.80 0.254 45
h + kodd 0.155 0.80—0.85 0.272 23
All OKL 0.132 0.85—-0.90 0.197 14
All ROL 0.107 0.90—0.95 0.296 19
All hEO 0.167
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Table 3. Observed and calculated structure factors and phase angles (in millicycles)
Unobserved reflections are starred

IFel a, Rkl |F | || a, bk (F | |Fel ag hk 1o (F )
30.8 0 360 32,6 31.8 250 1021 36.2 36.4 512 1512 93.8
10.1 500 4 37.3 43.9 0 1" 50.8 51.5 ©57 16 36.0
156,0 4 5 6.3* 10,9 750 12 8.9% 5.3 500 17 1.9
59.9 [ 6 64.0 69.5 0 13 10.0%* 20.9 78 18 20.4
b8 0 7 6.6% 7.0 250 031 39.5 19.0 750 022 924
86.8 0 8 37.8 38.1 [ 1 108.5 100.7 521 1 89.8
46.5 1] 37.0 33.7 250 2 68.5 58.7 725 2 59.4
28,14 0 10 17.8 16.1 0 3 87.2 84.0 552 3 121.5
16.9 0 " 8.4 19.5 250 4 17.4 19.5 59 4 107.8
1.2 [ 12 7.7% 9.6 0 5 106.5 88.1 526 5 53.8
30.4 500 13 7.9% 0.3 750 6 33.0 39.7 288 6 87.5
72.7 230 1% 19.9 17.8 0 7 48.1 52.3 472 7 34.9
110.3 500 15 25.0 23.1 250 8 18.4 33.6 601 8 24,2
109.0 250 16 19.7 16.9 L] 9 49.1 73.4 446 032 S
103.3 500 120 6.8« 7.3 250 10 12.9%  10.0 750 1 4.2%
83.1 250 2 13.7 13.0 500 041 5.4 41 0 2 97.5
42,3 500 3 6.9% 1.4 750 1 8.6 6.8 671 3 17.2
98.8 250 4 17.2 17.1 500 2 29.5 33.0 874 4 54.8
65.9 500 5 21.9 2.1 750 3 10.7 .2 750 5 25.8
35.3 250 6 31.2 30.0 0 4 32.8 29.6 876 6 17.4
36.1 500 7 14.8 10.5 750 5 23.6 24,1 431 7 25,3
7.7 250 8 7.5% 5.k 0 6 20,1 13.9 131 8 42,6
£3.2 500 9 7.7% 1.8 250 7 27.0 26.9 405 9 52,0
33.5 250 10 7.9% 0.7 499 8 35.4 36.9 132 10 34.8
24,8 500 1 27.4 21.2 750 9 24.2 27.0 385 " 27.7
35.2 250 12 27.8 25.1 0 10 13.5 4.6 225 12 51.3
40 [ 13 8.1% 12,4 750 1" 18.2 21.7 628 103 77.5
4.8 230 080 7.6% 9.3 500 12 16.5 16.8 198 2 1K
31.5 500 1 35.9 35.9 250 13 13.0% 22,9 417 3 112.0
12,4 250 2 7.7 13.0 500 051 520 49.0 750 4 25.9
34,1 250 3 7.7% 3.5 750 1 91.3 57.5 942 5 38.9
45.8 0 N 46.8 41,2 500 2 34.5 335 815 6 2.0%
77.3 250 5 14.3 8.7 250 3 40.8 40.1 15 7 30.8
47.9 6 7.9%*  17.5 500 4 44,9 50.5 742 8 7.7
86.0 750 7 29,4 22.5 250 5 108.1 67.5 5 9 42,4
71.0 o 3 29.8 16.7 500 6 49.9 441 765 10 2.8%
32.5 750 9 29.8 15.2 250 7 57.3 46.3 930 1" 36.8
21,0 0 10 29.7 23.9 500 8 a5 36,8 713 12 21.8
18.1 750 1 8.0% 2.8 750 9 26.7 28.6 990 13 38.5
BTN 12 15.8 17.1 500 10 9.7% 20,4 81 1% 32.6
19.3 750 190 16,3 10.2 250 11 10.7*  19.0 54 15 26.6
1,1 0 2 8.1* 3.5 500 12 32.6 30.2 750 16 1.4
9.2 750 3 16.3 12.6 250 13 53.6 42,7 964 013 746
Vo 4 1.5 10.1 500 661 9.4% 12,6 500 1 95.1
9.2 750 5 8.1* 0.5 250 1 20.7 22.9 328 2 45.1
23.9 0 6 16.1 12,6 0 2 13.5 k. 728 2 16.5
14,8 750 0100 7.7* 4.8 [ 3 G.8* 14,0 256 B 54.0
29,4 1 10.8 11.8 750 i 0, 1% 16.1 77¢ 3 59.8
11.5 750 2 7.6% 3.6 [ = 10.5% 4,2 250 6 51.4
72.9 0 3 28,5 22,2 750 € 15.7 19.9 697 7 46.9
33.8 250 4 7.5% 0.2 0 7 11.8% 8.5 857 & 56. 4
43.8 5 10.5 13.9 750 13 12,5% 11,5 862 9 11.8
0.9 751 101 37.7 32,5 750 9 13.5% 10,5 55 10 411
28,5 0 2 69.9 70,1 250 10 14.5% 16,4 - 667 1 32.5
27.6 250 3 B6.6 86.0 250 1" 15.7% 16,7 224 12 38.4
60.0 500 4 544 55.2 250 071 581 56.2 250 13 9.7
56.5 250 5 68.2 63.6 250 1 12.5% 11,7 668 14 18.2
29.9 500 6 31.0 38,6 750 2 55.4 48.7 285 15 20.1
18.9 250 7 35.0 30.8 250 3 13.0% 7.7 133 16 18.8
20.1 0 8 5.1* 10,4 750 4 26.1 27.0 210 17 21.0
18.0 250 9 31.3 17.9 250 5 13.9% 8.4 563 18 10.7
1.7 500 10 20.6 8.2 750 6 29.0 34.1 250 023 253
26.1 250 11 6. 4% 0.6 751 7 15.2% 6.0 600 1 65.3
2.8 500 12 80.9 61.0 750 8 27.9 21,2 24 2 43.0
21,1 250 13 7.3% 12,3 250 9 17.1%  15.4 315 3 39.3
10.0 0 14 13.5 1.8 750 10 25.9 28.7 195 4 48.5
2.0 500 15 8.3% 3.7 750 " 19.6% 3.1 187 5 30.3
76.5 750 16 17.6 19.9 750 002 120.0 1420 0 6 47.1
67.3 500 17 9.2% 4.4 250 1 1043 15,7 [} 7 29.2
91.9 750 18 33.4 27.5 750 2 78.9 88.7 0 8 49.3
.0 0 19 19.9 23,2 250 3 30.8 349 500 9 31.2
26.3 750 011 37.0 26,7 750 & 146.0  140.6 0 10 56.1
19.0 [ 1 75.2 849  9hh 5 4.5% 9.6 500 " 37.1
70.1 750 2 9h.4  109.3 172 6 ta2.1 123.2 0 12 7.4
10.4 500 3 53.9 55.5 224 7 5.1% 4.7 0 13 13.4
51.5 750 4 83.8  94.6 306 8 63.2 60.5 0 1% 3.8%
2.8 0 5 33.7 31k 68 9 30.5  29.6 0 15 15.4
51.1 750 6 104.0 97.7 242 10 13.8 14.5 0 16 15.4
3.5 0 7 64,4 65.3 964 11 20,0 16.% 500 17 21.1
23,4 750 8 58,7 52.1 232 12 45.2 45.6 0 18 12.1
k.2 500 9 37.7 30.1 [ 13 15.3 1.9 0 033 5.2
36.2 750 10 85.5 78,3 231 ih 32.5 34.3 0 1 49.7
4.8 300 11 21.4 23.5 160 15 28.5 27.9 0 2 16.3
7.8 750 12 3.5 42,0 213 16 21.7 22.6 0 3 84,3
9.4 500 13 49.9 44,7 25 17 9.4 1.7 0 4 26.1
3.2 750 14 411 26.7 277 18 35.9 31.7 0 5 445
48.3 500 15 1.8 10.7 157 19 14,2 1.6 0 6 37.0
16.9 750 16 0.4 31,9 211 012 198.1 168.0 250 7 37.0
1.0 [ 17 5.0% 3.7 250 1 30.0 30,9 550 8 5.8
4.3 250 18 5.2% 12,5 157 2 71 70.3 898 9 33.0
14,5 500 19 15.6 21.2 985 3 68.2 58.7 589 10 17.5
18.3 250 20 16.8 7.7 272 b 34.2 36.8 4 11 36.6
31.8 500 021 49 31.5 0 5 27.6 25.6 637 12 16.5
15.2 750 1 58,4 50.5 536 6 59.0 51.0 153 13 38.0
9.8 500 2 37.1 32,1 428 7 34,0 33.5 469 14 28.5
21,4 750 3 44,5  38.0 B96 8 33.9 27.2 939 15 27.2
1.0 500 4 61.3% 58.9 479 9 52.3 49.7 55k 16 13.8
1.6 250 5 70.2 57.7 910 10 43.9 35.6 85 17 15.5
4.8 500 6 4.5% 12,0 552 11 22.3 0.7 605 18 11.6
45.0 0 7 25.1 22.0 543 12 28.0 243 90 19 10.6
.5 250 8 8.8 19.6 157 13 26.6 24,4 610 20 10.2
18.6 0 9 18.5 15.6 871 14 23.3 24.1 52 043 57.0

.5
3
.7
.0
3
3
.6
3
.2
.

3
3
.6
.8
.2
-5
.6
.0
-5
-9
A

.7
.6
.2
.0
9
il

0
ok
-7
.8
7
.6
.7
B
.6
-0
.1
.2
.6
.2
.6
3
.2
.0
.2
.3
.8
.0
.6
.6
-9
3
-0
-5
.0
.2
PR}
-8
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bkl '%‘ FJ
143 5.2 3.7
2 53.7 8.2
3 29.6 28, 4
4 39.5 36.3
5 343 25.9
6 22.6 22.4
7 3.1% 5.0
8 32.3 25.9
9 28.2  27.1
10 29.9 25,7
n 19.5 17.2
? 35.3 33.1
13 BO% 11,7
1% 19.6 27.7
15 26,2 22.6
16 10.8 13.8
053 25.8 24.9
1 43,3 LAY
2 25.6 21,1
3 ETY 26.3
4 31.5 30.4
5 29.1 28.4
6 37.1 35.7
7 38.3 36.6
8 8.8 10.0
9 37.5 30.8
1 32.6 27.9
" 20,4 20.3
12 8.3 15.8
B 17.9 18.4
14 141 14,2
15 9.9 13.6
0673 9.5 7.9
1 25.4  25.9
2 3.5% 6.4
3 22.7 22.7
4 3.6% 5.1
5 30.0  25.5
] 18,0 19.0
7 32.3 29.6
8 22,2 18.8
9 13,3 191
10 4.4 9.5
1 8.6 8.9
12 1.5 18,2
3 12,4 15.7
14 14.1 19.3
073 33.4 n.7
1 5.0% 6.7
2 32,7 25.8
3 19.5 1.1
A 32.3 26.5
5 9.2 8.9
6 25,4 25.9
7 4.2 3.1
8 24.7 23.8
9 LR L
10 Pt 7.8
il 14,1 12,8
2 18.3 16.6
083 L3 12.7
1 13.9 15.8
2 6.1 14,3
3 4o4% 2.9
4 6.0 15.0
5 12,3 1.9
6 10.8 7.2
7 23.0 22,9
093 3% 5.3
1 b3 7-9
2 8.7 12,35
3 8.6 6.7
A 1.5 15.5
5 11.5 10.6
104 60.1 62.8
2 109.3  110.3
3 2.0% 4.8
A 38.9 33.3
5 56.1 39.6
6 5.3 1.9
7 6.0 8.6
8 46.4 43.2
9 51.5  hk,0
1 36.8 33.0
1" 13.8 10.8
2 20.2 21.5
13 19.2 20.1
14 24.5 23.0
15 19.2 17.2
014 LY 9.2
1 55.5 56.0
2 57.8 By,
3 57.2 46.2
& 70.1 52.9
5 29.6 31.5
6 27.2 23.2
7 60.9 45.1
) 19.6 21,0
9 73.2 57.3
0 15.7 16,1
1 31,0 32.7
12 32.8 31.4

* Unobserved reflection
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Least-squares refinement using the program of Busine, MARTIN
and LEvy (1962) into which was incorporated the weighting scheme
of HucHaEs (1941) and the facility to refine isotropic and anisotropic
thermal parameters simultaneously gave the results in column 3.

Inspection of the structure-factor listings revealed definite trends
in the values of (|Fo| — |F¢|) for certain sets of reflections correspond-
ing to the different crystals used and to their state of decomposition

Table 4. Atomic positional and temperature parameters

The numbers in brackets are the standard deviations X 104 for the z, y and 2
parameters of the C,N and O atoms and for the Uj; parameters of Br,
x 105 for the z, y and z parameters of Br and x 102 for the B parameters

\ @

‘ \ Y 1 # | B

c (1) 0.3396(16) —0.1260(38) 0.4146(45) 3.78(77) A2
¢ (2 0.3590(19) — 0.1545(50) 0.2514(56) 5.62(99)
C (3) 0.3742(14) —0.0231(35) 0.1781(39) 2.35(67)
C (4) 0.4168(15) 0.0775(39) 0.2708(42) 3.34(78)
C (5) 0.3837(16) 0.1043(45) 0.4278(41) 3.36(83)
C (6) 0.3509(16) —0.0188(41) 0.4873(48) 3.64(85)
c (7 0.3457(19) 0.0007(52) 0.6624(57) 5.11(100)
C (8) 0.3969(17) 0.1126(49) 0.6923(42) 3.91(87)
C(10) 0.4840(17) 0.2277(38) 0.5318(44) 4.43(79)
C(i1) 0.4571(18) 0.3686(44) 0.5523(52) 5.60(102)
C(12) 0.4297(19) 0.4087(44) 0.3927(51) 5.04(88)
C(13) 0.3615(18) 0.3610(45) 0.3888(57) 5.40(105)
C(14) 0.3391(14) 0.2295(32) 0.4186(37) 2.27(64)
C(15) 0.2756(18) 0.2043(44) 0.4279(44) 5.09(98)
C(16) 0.2314(18) 0.3008(45) 0.3998(52) 5.53(100)
cumn 0.2577(24) 0.4525(55) 0.3963(65) 7.30(136)
C(18) 0.3125(16) 0.4740(42) 0.3516(43) 3.51(81)
Cc(19) 0.3196(17) 0.1634(51) 0.0512(53) 5.86(97)
C(20) 0.1477(21) 0.4331(52) 0.3814(62) 6.87(121)
0(21) 0.4099(14) — 0.2464(37) 0.2543(37) 7.23(77)
0(22) 0.3131 (9) 0.0447(26) 0.1455(27) 3.53(52)
0(23) 0.1665(14) 0.2996(34) 0.4102(38) 7.01(76)
0(24) 0.1994(18) 0.5257(44) 0.3585(44) 9.69(96)
N (9) 0.4318(14) 0.1179(34) 0.5482(37) 4.31(71)

0.50730(18) | — 0.17709(55) 0.53972(55)

B 0.00277 Un 0.0631(27) Az

Baz 0.01524 Use 0.0717(30)

Bry  Bu 0.01722 Uss 0.0694(35)

i 0.00213 U 0.0221(25)

Bas —0.00031 Uiz — 0.0030(24)

Bos 0.00156 Uss 0.0068(28)
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in the x-ray beam. Independent scale and atomic thermal parameters
were obtained for these reflections and then the F, values modified
to place them on the same temperature scale as the rest of the data.
R-factor values after further refinement are given in the last column
of Table 1 and in Table 2 and a listing of observed and calculated
structure factors and phase angles expressed in millicycles given in
Table 3.

The final atomic positional and temperature parameters and their
standard deviations arising from the least-squares calculations are
listed in Table 4.

In Table 4 the temperature parameters of Br— are given in terms
of the usual f;; parameters in the expression exp — (A2f11 - k%P2
+ B33 + 2hkpie + 2hlfis + 2FklBes), and in terms of the vibration
elements of the type Uiz = f12/27%a*b* along with standard deviations
for the latter.

The atomic scattering curves of BeraHUIS, HAANAPPEL, POTTERS,
LoopsTrA, MACGILLAVRY and VEENENDAAL (1955) were used for
C and O. Values for N* were obtained by extrapolation using data
by FREEMAN (1959). The International tables for x-ray crystallo-
graphy, Volume 3, were used for the bromide ion and corrections
made for anomalous scattering, using data of DaAuBEN and TEMPLETON
(1955).

Abselute configuration

The absolute configuration was determined by the method of
BiyvorT, PEERDEMAN and vax BommEeL (1951). The differences be-
tween the intensities of A1l and A1l reflections on Weissenberg patterns
taken with CoKwx radiation were examined and the results listed in
Table 5. The comparisons of I(h1l) and I(k1l) were carried out by
three observers independently, and where there was not unanimity,
a question mark (%) has been entered in the Table. Only those reflec-
tions for which the ratio, expressed as a percentage, of the difference
between F2(h1l) and F2(k1l) and their mean value exceeded 100/,
and for which (sin6)/A < 0.45 were considered. The value of f5, = 2.0
at (sin§)/A = 0 was obtained by extrapolation of graphical data given
by RAMASESHAN (1964).

It will be seen that out of twenty-two observations, sixteen are
consistent and one inconsistent with the F2 values calculated from
the parameters given in Table 4, and the remaining five are doubtful

Z. Kristallogr. Bd. 130, 1-3 9
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because of lack of unanimity among the observers. Therefore the
parameters in Table 4 and the perspective drawing in Fig. 1 represent
the absolute configuration with respect to a right-handed set of axes.

Fig.1. Perspective view of the molecule indicating the absolute configuration

Table 5. Reflections used to determine the absolute configuration

Calculated |F2 (h1l) — F2(h1l)| - 100
h1l _ — Observed
F(h1l) \ F2(htl) L[Fe(h1l) 4 F2(R11)]
311 3433 2760 21.7 I(p1l) > I(h1D)
511 1046 928 11.9 ?
1111 619 495 22.3 >
1511 129 107 18.6 ?
112 1012 915 10.1 >
412 1249 1450 14.9 <
512 748 578 25.6 >
712 1047 1233 16.3 <
812 642 824 24.8 <
1112 477 388 20.6 ?
213 1845 2109 134 <
313 277 211 22.5 <
413 2946 2249 26.8 >
1513 605 678 11.4 <
114 2812 3452 20.4 <
614 460 633 31.7 <
814 426 488 13.6 <
1014 245 279 13.0 <
1114 1148 1000 13.8 ?
215 250 347 32.4 <
715 329 279 16.4 ?
916 1067 1182 10.2 <
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Discussion of the strueture

The crystal structure confirmed the deductions made from chemical
and spectroscopie, especially nuclear magnetic resonance, data run
in parallel with the x-ray work, namely that schelhammerine and
related bases are the first members of the “homoerythrina” group of
alkaloids in which the additional methylene group is incorporated in
ring C. In line with the mechanisms advanced for the biosyntheses
of a number of recently characterized homoaporphine (BATTERSBY
et al., 1967) and homomorphine (FRIDRICHSONS ef al., 1968 ; HarT ef al.,
1968) alkaloids, it is considered likely that the Schelhammera bases
are derived by oxidative intramolecular coupling of 1-phenyl-ethyl-
1,2,3,4-tetrahydroisoquinoline precursors (JOHNS et al ., 1968) resulting
in 7-membered rings in each case.

The relative stereochemistry of the hydroxyl and methoxyl sub-
stituents at C(2) and C(3)* respectively is shown to be frans diaxial
whereas in erythratine, the normal Erythrina base corresponding to
schelhammerine, configuration of these groups is frans diequatorial
(BARTON et al., 1966; BarToN, 1967). The absolute configuration at
C(5)* is the same as that found in both the non-aromatic alkaloids
[e.g. dihydro-p-erythroidine (Haxsow, 1963)] and in the aromatic
series [e.g. erythraline (Nowackr and Bownsma, 1958, and BOEKEL-
HEIDE and CHANG, 1964)].

The bond lengths and angles are listed in Tables 6 and 7 respectively
but because of their large average standard deviations (0.05 A and
3.3° respectively), it would be inappropriate to analyse them in any
detail. Suffice it to say that the averaged values are consistent with
the characteristic values of bond lengths and angles found in 5-, 6- and
7-membered rings (SUTTON, 1965; ASHER and S1M, 1965).

The three projections of the structure (Fig.2 a, b and ¢) show that
the aromatic and methylene-dioxy rings along with C(5) and C(12)
lie roughly in the x,y plane and the equation of the least-squares
plane (SCHOMAKER, WASER, MARSH and BERGMAN, 1959; NORMENT,
1963) through these eleven atoms is given by 0.300x + 1.546y
+ 8.803z — 4.091 = 0, the average deviation of atoms from this plane
being 0.055 A. It is obvious from both Table 6 and Fig.2b and 2¢
that C(17) is greatly displaced from the site corresponding to accepted
stereochemistry but neither difference maps nor least-squares refine-

* The half-chair conformation of ring 4 and the relative configuration at

this centre was deduced independently from the 100 Mc/sec nuclear magnetic
resonance spectra using the double irradiation technique.

9%
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Table 6. Interatomic distances

Cte*‘cte*
(characteristic value
— 1.537 4- 0.005 Ay**

C (2)—C (3) 146 A
C (3—C (@) 1.56
C (4)—C (5) .69
C (71)—C (8) 1.55
C(10)—C(11) 1.48
C(11)—C(12) 1.58

Average 1.54

Cte—‘Ctr *
(characteristic value

= 1.501 -+ 0.004 A)

C(2)—C(1) 1.53
C(5)—C(6) 1.47
C(7)—C(6) 1.58

Average 1.53

Cte-‘carom*
(characteristic value

— 1.505 + 0.005 A)

C (5)—C(14) 1.54
C(12)—C(13) 1.52

Average 1.53

Ctr-ctr
(characteristic value
= 1.335 4+ 0.010 A)

C(1)—C(6) 1.24
Oarom_camm

(characteristic value
= 1.394 - 0.005 A)

C(13)—C(14) 1.38
C(14)—C(15) 1.37
C(15)—C(16) 1.34
C(16)—C(17) 1.57
C(17)—C(18) 1.25
C(18)—C(13) 1.54

Average 1.41

Cie—O
(characteristic value
= 1.426 - 0.005 A)

C (2)—0(21) 1.40 A
C (3)—0(22) 1.48
C(19)—0(22) 1.43
C(20)—0(23) 1.37
C(20)—0(24) 1.43

Average 1.42

Carom—O
(characteristic value

= 1.36 4 0.01 &)

C(16)—0(23) 1.38
C(17)—0(24) 1.46

Average 1.42

Cie—NT*
(characteristic value
= 1.52 4+ 0.03 A)
C (8)—N(9) 1.49
C (8)—N(9) 1.48
C(10)—N(9) 1.54

Average 1.50

* to = tetrahedral and tr = tri-
gonal corresponding to sp3 and sp?
hybridization respectively, and arom

= aromatic.
** The characteristic values quoted

are those given by HaMILTON et al.

(1962) for Ci—N+ and by SurToNn
(1965) for the other cases.
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Table 7. Bond angles

X—Cie—Y X—Carom—Y
C (1)—C (2)—C (3) 109.1° C (5)—C(14)—C(13) 121.3°
C (1)—C (2)—0(21) 107.6 C (5)—C(14)—C(15) 117.6
C (2)—C (3)—C 4) 115.4 C(12)—C(13)—C(14) 127.0
C (2)—C (3)—0(22) 106.0 C(12)—C(13)—C(18) 115.7
C (3)—C (2)—0(21) 112.7 C(13)—C(14)—C(15) 120.9
C (3)—C (4)—C (5) 108.2 C(13)—C(18)—C(17) 116.3
C (4)—C (3)—0(22) 109.7 C(14)—C(13)—C(18) 117.2
C (4)—C (5)—C (6) 113.3 C(14)—C(15)—C(16) 123.5
C (4)—C (5)—N (9) 110.3 C(15)—C(16)—C(17) 113.6
C 4)—C (5)—C(14) 110.7 C(15)—C(16)—0(23) 132.7
C (6)—C (5)—N (9) 97.7 C(16)—-C(17)—C(18) 119.6
C (6—C (5)—C(14) 111.1 C(17)—C(16)—0(23) 111.4
C(14)—C (5)—N (9) 113.1 C(18)—C(17)—0(24) 129.4
C (6)—C (1)=C (8) 101.7 Average value within
C (7)—C (8)—N (9) 102.9 - )
N (9)—C(10)—0(11) 109.9 (@) 5-membered ring 105
C(10)—C(11)—C(12) 104.7 (b) 6-membered ring 1‘19
C(11)—C(12)—C(13) 107.3 (¢) T-membered ring 124
0(23)—C(20)—0(24) 112.8
X—-0—Y

Average value within C (3)—0(22)—C(19) 112.7
(@) 5-membered ring 104 C(16)—-0(23)—C(20) 105.7
(b) 6-membered ring 112 C(17)—0(24)—C(20) 108.4
(¢) 7-membered ring 109

Average value within

5-membered ring 107

X—Ciu—Y X-_N+—Y

C(1)—C(6)—C(5) 124.9 C(5)—N(9)—C (8) 106.3
C(1)—C(6)—C(T) 127.0 C(5)—N(9)—C(10) 119.0
C(2)—C(1)—C(6) 126.2 C(8)—N(9)—C(10) 117.7
C(5)—0(6)—C(T) 107.1 Average value within
Average value within (@) 5-membered ring 106
6-membered ring 125 (b) 7-membered ring 119

ment indicated any shift from the present position and the correla-
tion-matrix elements did not indicate any unduly large interaction
of the parameters of C(17) with those of any other atom.

The cyclohexene ring (A) is in the same expected half-chair con-
formation as was found in erythraline and dihydro-g-erythroidine.
The five C atoms forming the ethylenic system form a least-squares
plane given by 19.253x — 3.480y - 1.914z — 7.835 = 0, the maxi-
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Fig.2. Projections of the structure of schelhammerine hydrobromide viewed

(a) along the ¢ axis, (b) along the b axis, (¢) along the ¢ axis but only the mole-

cular ions lying between x = 0 and x = /2 along with their H-bonded Br ions
are shown. H bonds are represented by dashed lines
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mum deviation from it being 0.06 A. The 5-membered ring (B) is in
the envelope (ideal Cs symmetry) conformation with C(5) at the apex
and in accord with this distortion from planarity, the average angle
at the sp3 hybridized atoms C(5), C(7), C(8) and N(9) is 102° and that
at the sp? hybridized C(6) is 107°. Similar values to the latter have
been found in a cyclopentanone ring, 113° (McEacHAN, McPHAIL and
Sm, 1966) and in a pyrrolidone ring, 108° (KARLE, KARLE and EsTLIN,
1967). The least-squares plane through C(6), C(7), C(8) and N(9) is
given by —12.472x + 7.442y — 2.1512 + 5.652 = 0, the maximum
deviation from this plane being 0.07 A and the distance of the apical
atom C(5) from it being 0.72 A.

Since the 7-membered ring (C) contains an aromatic bond between
C(13) and C(14), the atoms C(5), N(9), C(11) and C(12) are approxi-
mately coplanar as are necessarily C(12), C(13), C(14) and C(5). Atom
C(10) determines the conformation of the ring and its position results
in the sterically more favourable chair form.

Molecular packing

On seeking criteria upon which to propose a hydrogen bonding
scheme, it was noted that values not significantly shorter than the
sum of van der Waals radii and ranging between 3.2 and 3.6 A have
been found for both O—H---Br and N—H:--Br hydrogen bonds
(e.g. NowackI and BonsMma, 1958; HaMIintoN ef al., 1962; Haxsox,
1963; Mazumpar and SRINTVASAN, 1966, and TAMURA et al., 1966).
Invariably, however, the valence angles at the O and N atoms are
near tetrahedral. On the basis of this background data and of the
values of the distances and especially of the angles given in Table 8,
it is proposed that both N(9) and O(21) form hydrogen bonds with
the bromide ion and that these bonds represent the major factor
controlling the packing of the molecules. The non-polar aromatic and
methylenedioxy rings are necessarily remotest from the Br ion and
are arranged roughly parallel to each other and staggered down the
¢ axis. These features are illustrated in Figs.2a, b and ¢ and in Table 9

Table 8. Hydrogen-bond distances and angles

N (9)---Br 3.27 A 0(21)-+-Br 3.45A
¢ (5)--N(9)—Br 104.1° ¢ (2)—0(21)-Br 111.4°
¢ (8)—N(9)—Br 103.6

0(10)—N(9)—Br 104.1
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Table 9. Intermolecular distances less than 4 A

C(1)--- C(18) (vi)*  3.96 A C (8)---C(19) (vi) 3.64 A
C(1)--- C(19) (i) 3.61 C (8)--Br (vii) 3.73
C(1)---0(22) () 3.92 C(10)--- C(20) (ix) 3.88
C(2):-- C(16) (iv) 3.93 C(10)---0(21) (x) 3.41
C(2)--- C(18) (vii) 3.84 C(10)---0(23) (ix) 3.92
C(2)---0(23) (iv) 3.39 C(10)---Br (viii) 3.94
C(3)---0(23) (iv) 3.69 C(11)---Br (viii) 3.74
C(4)---C(12) (v) 3.92 C(12)---0(21) (vii) 3.57
C(4)---Br (v) 3.98 C(12)---0(21) (x) 3.94
C(6)---C(19) (i) 3.91 C(15)---0(22) (i) 3.61
C(6)---0(22) (i) 3.76 C(18)---0(21) (vii) 3.52
C(7)--- C(16) () 3.93 C(19)---0(24) (xi) 3.48
C(7)--- C(19) () 3.96 C(20)---0(21) () 3.96
C(7)--- 0(19) (vi) 3.85 C(20)---Br (iii) 3.87
C(7)---0(22) (i) 3.40 0(21)---0(23) (iv) 3.51
C(7)---0(23) () 3.64 0(22)---0(23) (iv) 3.95

* The Roman numerals in parenthesis refer to the following symmetry
related positions:

(1) —x, —1Y, 34z (vii) x, 14y, z
(M)  —w by, 4z (vii) 1—w, F+y, 13-z
(i) —idw, 3—y, l—z (ix) d+z, $—y, 1z
(lV) %'_xy —Y, —‘%4_2 (X) 1_‘1“: %—"ys %%Z

V) 1—z, —i+4vy, 31—z (xi)  $—=z, 11—y, —3}+z
(vi) x, Y, 14z

are listed the intermolecular contacts less than 4 A. Tt may be noted
that the minimum C:--Q, 0---Q, C---C and C---Br— distances in
the structure are 3.39, 3.51, 3.61 and 3.73 A respectively for which
the corresponding sum of van der Waals radii are 3.2, 3.0, 3.4 and
3.65 A respectively (BonDpI, 1964; PAULING, 1960).
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