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Abstract:Seven 6, 12-epiiminodibenzo[b,f][ 1,5 ]diazacines 2 with different substituents at position 13 have
been prepared from o-(triphenylphosphoranylideneamino)benzaldehyde 1 and the corresponding alipha-
tic and aromatic primary amines in yields ranging from 40 to 80%. The molecular and crystal structures

33135, /D - m
of Lumpunu.) 2d(R=4 113b C6H4; and2e (R=4 H?CO Lgt :4) have been determined by X-Ray analy-

sis. Compound 2d crystallizes as a racemate while compound 2e crystallizes as a unique enantiomer
(absolute configuration R,R). © 1997 Elsevier Science Ltd. All rights reserved.

Although iminophosphorane 1, available by Staudinger reaction between o-azidobenzaldehyde and trip-

1 itself

ine,! contains the two reactive groups for an aza Wittig reaction, it has been reported tha

undergoes neither intra- nor intermolecular aza Wittig reactions.? This lack of reactivity has been attributed to

the formation of a resonance-stabilized chelate-ring involving the iminophosphorane and formyl groups
We have found that iminophosphorane 1 reacts with primary amines (benzylamine, picoilylamine, ferro-
H a, R=C¢Hs-CH, (46%)
CHO NG b, R =Fc-CH, (42%)
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H f, R=4CI-C¢H, (80%)
1 2 g, R=4Br-CqHy (52%)
Scheme 1

cenylmethylamine and anilines) in ethanol at room temperature in the presence of catalytic amounts of acetic
acid to give the tricyclic compounds 2 containing the dibenzo[b,f][1,5]diazocine ring system in yields ranging
from 40 to 80% (Scheme 1). The main interest of these compounds lies in their close analogy with Troger’s
bases.*7
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When an ethanolic solution of iminophosphorane 1 was treated with acetic acid at room temperature, the star-
ting material was recovered unaltered. A similar result was obtained when it was heated in toluene at reflux and
L AN O ™ STa I < ablo e al o ot o BT i S Iyt i I .

even at 220 °C in a sealed tube. These results ¢ y prccmac that the conversion 1—2 involves the initial for-

mation of the dibenzo[b,f][1,5]diazocine ring 3 via a double aza Wlttig reaction followed by cross-addition of
the amino group on the two aldimine groups of 3. A tentative mechanism for the conversion 1—-2 could invol-
ve the initial reaction of iminophosphorane 1 with the primary amino group to give the intermediate 4 which
provides the aniline derivative 5 by loss of triphenylphosphine oxide. Compound § reacts with a second equi-
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valent of inﬁnophasphorane 1 by the same way to give 6 which loses triphenylphosphine oxide to form 7. This

~ ‘.'

compound undergoes cycliz
attack of the resulting amino group on the other aldimine bond (Scheme 2).

It has only been described briefly that the reaction of o-tosylaminobenzaldehyde with ammonium acetate,
methyl- and ethylamine afforded the corresponding 1,5-ditosyl-6,12-epimethyliminodibenzo[b,f[1,5]diazoci-
nes; the X-ray structure determination of the N-methyl derivative was reported.”

r (Fig. 1) and crystal structure of comnounds 2d and 2e are listed in Table
own in Fig. 1. The most significant differences between both com-
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C3-C4 and the lengthening of the C6-C7 distances is observed together with a significant opening of the C12-
N3-C7 angle. The angle of the two benzene rings fused to the bicycle system is quite constant [77.9(1) and
76.6(1)°] and similar to the compound described in ref. 7 (85.8°, an acetonitrile solvate, CSD refcode: VIFV IP)8

The crystal packing in 2d is only due to van der Waals contacts while in 2e the molecules form chains along the
b axis via N2-H2--"N3 hydrogen bonds. These chains are then linked by N1-H1--O1 bonds along the ¢ axis to

give sheets.
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Figure 1. Views of the molecular structures of 2d (a) and 2e (b) showing the numberi
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crystallographic study. Ellipsoids are drawn at 30% probability level.
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Table 1. Selected Geometrical Parameters for Compounds 2d and 2e (A, °)

'

2d 2e 2d 2e

Ni-C2 1.388(3) i.397(7) C5-N2 1.403(2) 1.397(6)
N1-C7 1.450(3) 1.454(5) C7-N3-C12 115.7(1) 118.2(2)
C7-N3 1.475(2) 1.447(5) C4-N3-C12 116.4(1) 116.4(3)
C4-N3 1.477(2) 1.488(6) C4-N3-C7 106.9(1) 108.5(3)
Cl12-N3 1.433(2) 1.433(4) C4-N3-C12-C13  -169.4(2) -51.1(5)
C4-N2 1.456(2) 1.444(4)

Hydrogen interactions in 2e

X-H H-Y XY X-H-Y
NI-HI-N3 (1-x, y-1/2, 1-2) 0.94(5) 2.45(6) 3.245(6) 143(5)
N2-H2--O1(x,y,1+z) 0.98(5) 2.28(5) 3.238(4) 163(4)

Structure of the pseudo-Troger's bases 2 in the solid state and in solution.

For this discussion we have selected a representative of each class of compounds 2, the N-C 2R_ series

(2a-2¢) and the N-Ar series (2d-2g), the selected compounds being 2a (N-benzyl) and 2e (N-anisyl). The most
characteristic feature of Troger’s bases
OCH, and related compounds is their chiral
nature which allow Troger’s bases to be
/ resolved.”-

\—NI CH» SY—N N . . 1
N \ Vo LN N N ‘//\ The most interesting aspect of the 'H
l Ny I U N | NMR spectrum of compound 2a is the

& | = & # appearance of the N-CH, at position 13:
L/ \ , o’ \.__. ) an AB system with 6, = 3.62, 8 = 3.97
Hyq Hqo S R -
ppm and 2/, 5 = 13.2 Hz, the anisoch-
2a 2e rony of the methylene protons reflecting
the chiral nature of the 2 rin e and H12 appear as sin 88 ppm NH protons (HS and

cinglate nt A « ha
singiets at 4.66 ppim while the
d

~

Hi1) resonate at 4.52 ppm (slightly broad). In the region of saturated protons, compound Ze shows the signals

2]
4
A}

of the para-methoxy group (singlet at 3.63 ppm) and two doublets at 5.65 ppm (H6 and H12) and at 6.73 ppm
(slightly broad, HS and H11) with a JNHCII coupling constant of 3.3 Hz.

All reported X-ray structures of Troger’s bases,>*¢ compounds 2d and 2e (we have called pseudo-Troger’s
bases) as well as 6,12-imino-6H,12H-dibenzo[b,f][1,5]-dithiocins® are centrosymmetrical crystals, i.e., both
enantiomers are present in the unit cell. On the other side, the unit cell of compound 2e contains only one enan-

tiomer whose absolute configuration was determined (R,R). Thus, for the first time a compound belonging to a

o <
amilv related to Troger’s bases presents spontaneous resolution, However, no comnound of familv 2 shows
ramuy réiateQ 10 iTOger 5 Dascs PICSUIS SspOIlalivOns 1660 1 €1, 10 €O ..r.,-..,‘. O al b S110
cntntmw; smnrar (ocnluant: T 1 ) and mraliminary attamnte tn nea ohiral T " ~nbhimne (rurlndavirinae trial
10Uy pUWCLE (dulveldit \,112\,12) alill Piiliiiiiary diliiipild o Uit Lillial (i a0e LUTUES (L YLIUUTAUNG, Ui
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cetylcellulose) to separate both enantiomers failed with compounds 2d-2g, including 2d (a

ers failed with compounds 2d
Another kind of 'H NMR experiments which failed were the use of chi
alcohol (with compound 2e): in neither case was splitting of signals observed.

The most reasonable explanation is that Ze is probably a racemate consisting in R,R and S,S crystals, the
molecular structure have been determined on an R,R one. These enantiomers quickly racemize in solution (this
being consistent with spontaneous resolution) !0 by a mechanism similar to the one we have proposed in Scheme
2 for the formation of epiiminodibenzo[b,f][1,5]diazocines. The rapid racemization is necessary to explain the
HPLC and NMR experiments, not so the absence of optical rotation which could be due to the presence of the

same amount of R,R and S,S crystals in the sample.

| H
Z \ P N N \// NN
NS e N—K 'y
H H H H H N
R
2,58 8 TH*
Scheme 3

Scheme 3 shows how an S, S derivative could racemize by two succesive ring-openings, in 8 the first S cen-

an lacac 4o ataranganinity and 1n T+ tha cama honmance L‘n s onnmee A A
tCl TUdLD lta DLCICKIEC HUIL allda 111 IC >atlic uappcub 1U1 tllc SCTLUILIU VLT,

General Methods.

All melting points were determined on a Kofler hot-plate melting point apparatus and are uncorrected. IR
spectra were obtained as Nujol emulsions or films on a Nicolet Impact 400 spectrophotometer. NMR spectra
were recorded on a Bruker AC200 (200MHz) or a Varian Unity 300 (300MHz). Mass spectra were recorded on

a Hewlett-Packard 5993C spectrometer. Microanalyses were performed on a Perkin Elmer 240C instrument
HPLC experiments were carried out on home-built Waters instrument (Laboratory of Prof. J. Irrure, Barcelona)

using cyclodextrine (LiChroCART 250-4, Chiradex, eluent methane:water 40:60) and triacetylcellulose (ET
250/8/4 CHIRAL TRIACEL, Macheray-Nagel, eiuent ethanol) columns. The absence of optical rotation for aii
epiiminodibenzo[b,f]]1,5]diazocines 2 was determined with a Perkin Elmer 241 MC polarimeter using CH,Cl,

as solvent (compounds 2 absorb at 295 nm, € = 5000).

Preparation of o-(Triphenylphosphoranylidene)aminobenzaldehyde 1.
To a solution of triphenylphosphine (1.78 g, 6.7 mmol) in dry dichloromethane (10 mL) at 0°C, a solution
of o-azidobenzaldehyde (1.0 g, 6.7 mmol) was added dropwise in the same solvent (20 mL) under nitrogen and

the reaction mixture was stirred at room temperature for 16 h. The solvent was removed under reduced pressu-
1 a1 Al i 2T csine alamase st caniahhad Am oa cilina aal Aasaliimmn alnting urith athol anatata/n_havana
re and the residual maierial was chrom LOBrapnea Oii d SiiiCa goi COLuriil, CIulng wiul Culyl alliail/Ni-nexanc
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(3:1) to afford 1 as yellow prisms in 30% yield; m.p. 175.°C; IR (Nujol) 1676, 1593, 1549, 1439, 1379, 1342,
1266, 1182, 1109, 829, 756, 720, 696 cm™!; 'H-NMR (CDCl,) 6 6.45 (d, 1H, 3J=83Hz), 662 (t, 1H,3/=175
Hz), 7.01 (ddd, 1H, 37 =8.3,7.3, 4J= 1.9 Hz), 7.39-7.58 (m, 9H), 7.75 (ddd, 7H, 5J = 12.2, 8.1, ¥J =1.7 Hz)
11.10 (s, 1H); }3C-NMR (CDCl 3) 6 116.9, 122.9 ("f= 11.1 Hz), 127.9 (%J = 2.4 Hz), 128.7 (°J = 12.1 Hz),
129.4 (3J =19.6 Hz), 130.3 ({7 = 100.6 Hz), 132.0 (J = 2.8 Hz), 132.4 (2] = 9.9 Hz), 134.5, 155.9, 193.8; EI

MS m/z (%): 381 (M, 33), 353 (21), 352 (83), 277 (23), 199 (17), 198 (53), 183 (100), 152 (36), 108 (26), 107
(42), 77 (75). Anal Calcd. for C,5H,NOP: C, 78.73; H, 5.29; N, 3.67. Found: C, 78.56; H, 5.44; N, 3.54.

General Procedure for the Preparation of 13-Aryl-5,11-iminodibenzo [b,f][1,5]-5,6,11,12-tetrahydrodiazocines 2.
To a suspension of 2~triphenylphosphorar1y1ideneaminobcnzaldehyde 1 (0.5 g, 1.31 mmol) in dry ethanol

the appropriate amine (1.64 mmol) and acetic acid (0.5 mL) were added. The reaction mixturc was sti-
he appropriate ami .0 1) acetic acid re aqded. action mixture was st

\

. at on the amine
Cpenaerit on tne aiine
11

aratitra T 16 h b-
hus, compounds 2d-g precipitated from the reaction mixture and were recrystailized from
ethanol, while for isolation of compounds 2a, 2b and 2¢ it was necessary to concentrate the resulting solutions
to dryness and the resulting crude products were then chromatographed on a silica gel column using dichloro-
methane/ethyl acetate (10/1) as eluent.

13-Benzyl-5,11-iminodibenzo[b f][1,5]-5,6,11,12-tetrahydrodiazocine 2a. 46% yield,; Ry = 0.84; m.p. 167-169
°C, yellow prisms; IR (Nujol) 3370, 1603, 1493, 1463, 1376, 1264, 1114, 1090, 1012, 756, 722, 699 cm™!; 'H-
NMR (CDCl,) 6 3.62 (d, 1H, 2J=13.2 Hz),3.97 (d, 1H, 4] = 13.2 Hz), 4.52 (s, 2H), 4.88 (s, 2H), 6.59 (d, 2H,
3] =7.8Hz), 6.72 (t, 2H, 3J = 7.3 Hz), 7.01-7.05 (m, 4H), 7.25-7.33 (m, 3H), 7.41 (d, 2H, 5J = 7.3 Hz); 13C-

NMR (CDCl,) 8 54.5, 65.8, 116.2, 118.8, 124.2, 127.4, 128.1, 128.5, 128.6, 129.3, 137.9, 141.2; EI MS m/z
(%): 313 (M, 7), 223 (17), 222 (100}, 129 (12), 92 (13), 91 (76), 77 (15), 65 (30). Anal Caled. fo rCyyH,oN3:

S {76, 77 (15), 65 (30).
C, 80.48: H, 6.11: N, 13.41. Found: C, 80.35; H, 5.96; N, 13.23.
13-Ferrocenylmethyl-5,11-iminodibenzo[b.f] [1,5]- 5, 6, 11, 12-tetrahydrodiazocine 2b. 42% yield; R, = 0.69;
m.p. 196-197 °C, yellow plates; IR (Nujol) 3393, 1608, 1495, 1329, 1270, 1117, 1082, 1036, 1009, 890, 825,
754 cm™'; 'H-NMR (CDCl;) 8 3.48 (d, 1H, 2J = 12.3 Hz), 3.58 (d, 1H, 2J = 12.3 Hz), 4.06 (s, SH), 4.08 (t, 2H,
3J = 1.4 Hz), 4.13 (t, 2H, 3J = 1.4 Hz), 4.28 (s, 2H), 4.84 (s, 2H), 6.54 (d, 2H, 3J = 8.0 Hz), 6.70 (t, 2H, 3J =
7.3 Hz), 6.96-7.01 (m, 4H); 13C-NMR (CDCl,) § 49.8, 65.1, 68.0, 68.2, 68.5, 70.1, 70.2, 82.9, 116.0, 118.5,
123.8, 127.9, 128.3, 141.0; EI MS m/z (%): 421 (M™*, 7), 223 (17), 222 (20), 199(82), 121 (100), 77 (21), 65

= i D TEsE AT i

(14). 56 (45). Anal Calcd. for C FeN,: C, 71.27: H, 5.50: N, 9.97. Found: C, 71.42; H, 5.35; N, 9.70.

V177, JU \TU ). naa ar \1251‘231 Wi 3 [ LV N A‘ o2 S, Liy, J.00,

13-(3-Picolyl)-5, 11-iminodibenzo[b,f][ 1,5]-5,6,11, 12-tetrahydrodiazocine 2c. 28% yle]d R; = 0.89; m.p. 158-

1A 107 QN IcA 111‘\1n

159 °C, yellow prisms; IR (Nujol) 3404, 1612, 1497, 1268, 1116, 1040, 893, 754 cm™"; "H-NMR (CDCl,) &
3.67 (d, 1H, 2J = 13.2 Hz), 3.87 (d, 1H, 2J = 13.2 Hz), 4.24 (bs, 2H), 4.82 (s, 2H), 6.58 (d, 2H, 3J = 8.1 Hz),
6.72 (t, 2H, 3J = 7.5 Hz), 7.00-7.01 (m, 4H), 7.23 (t, 1H, 7J = 7.3 Hz), 7.79 (d, 1H, J = 7.8 Hz), 8.52-8.57 (m,
2H); '3C-NMR (CDCl5) 8 51.6, 65.5, 115.9, 118.6, 123.5, 123.6, 127.8, 128.3, 136.9, 140.8, 148.6, 150.2; EI
MS m/z (%): 314 (M+, 3), 222 (21), 149(60), 119 (50), 107 (15), 92 (100), 77 (39), 65 (55). Anal Calcd. for
C,oH;gN,4: C, 76.41; H, 5.77; N, 17.82. Found: C, 76.12; H, 5.60; N, 17.94.

13-(4-Methylphenyl)-5, 11-iminodibenzo[b f][1,5]-5,6,11,12- tetrahydrodiazocine 2d. 50% yield; m.p. 177 °C,

colourless prisms: TR (Nuiol) 3401, 1613, 1577, 1492, 1299, 1114, 1043, 955, 816,758 cm™!; "H-NMR (CDCl.,)
prisms; IR (Nugjol) 3401, 1013, 157/, 3,735,010, ( 3)
S A 1L (e ALY &7 (A AT 3722 £4R(d M 371=-70H,) 656t 2B 37 -73H7) 678 (d 2H 37 =
0 £.10(8,011), 0.7/ \Q, 21, "J = 3.0 I1L4), VA0 U, 411, J — 1.7 L1L), V.JU L, &11, J i.0 1Rk&)y J. 7O \U, 401, v

PO s ATT 3T M EYTN £ 009 fo AYTIN A 1A 71 ALY 3T 77 100 134 NMD /o Y S NN £2 7
3.3 Hz), 6.92 (t, 2H, °J = 7.5 Hz), 6.98 (s, 411), /.14 (q, 21, v = /./ 0Z); "~“L-NMR (LUUL3) 0 2U.U, 03.5,
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1146 1162 1172 1241 1277 127G 1284 17072 1421 144 A- BT MS m/7 (%) 312 (AM+ 10 1A
TV, 11U Ty 111 ckey L™V Xy Rl iy R&i .7y 24Uy LbuTidey 1dei 1y 15977, LR IVAS LIV L \JOJ. J1J \UVL , LUUJ, J1LiU),
ANYIIEN AINYT 71QY 1OA AN Al M 1ol Lo ™ )& § T £, ON A0. YT £ 11 AT 12 A1 DNawied. £7 ON 27, 1T £ N4
LLL O}, LUT (10), 179 (4). Alldl LaltU. 1Vl Lzlnlgl‘ls C, 0U.40, I1, .11, IN, 10.41. FOUIld. L, 0U. 04, I1, 0.44,
N, 13.28

13-(4-Methoxyphenyl)-5, 11-iminodibenzo[b,f][1,5]-5,6,11,12-tetrahydrodiazocine 2e. 40% yield; m.p. 208-
209°C, yellow prisms; IR (Nujol) 3346, 1607, 1583, 1510, 1495, 1270, 1245, 1028, 758, 744 cm™!; 1TH-NMR
(DMSO0-dg) 8 3.63 (s, 3H), 5.65 (d, 2H, #J = 3.3 Hz), 6.47 (d, 2H, 3J = 8.0 Hz), 6.55 (t, 2H, 3/ = 7.2 Hz), 6.73
(d, 2H, 3J = 3.3 Hz), 6.76 (d, 2H, 3J = 8.8 Hz), 6.91 (t, 2H, 3J = 7.6 Hz), 6.99 (d, 2H, 3J = 9.0 Hz), 7.12 (d, 2H,
3J=7.4Hz); 13C-NMR (DMSO-dg )055.2,64.0,114.2,114.7,116.4, 118.9, 124.2, 127.7, 127.9, 140.7, 142.1,
153.2; EI MS nvz (%): 329 (M™, 93), 314(7), 237 (5), 222(13), 207 (100), 196 (26), 167 (10), 123 (50), 108

Hy 4 Ll ZO {£LU)

12 /A ML znsnlanzas, 77 ifeasiean AL neam b F1T1 £1 & K 11 1) _totenlisdundinmnnias 2€ QNOL iald. — = ANT N
1I-{4- L,IlUIU[IIlCIL_yl/ J,Il LI’lLIlUutUl’IL(, LU L, [=2,U, L1, L L=LELTAILYUTOUIULOLINE 4). OU/0 )’ Cid, lLp. LU/-4ZU0o
[ Fal 1 T /AT 171 1 ANA AN 118 ~ _1 Terr ayr »
L, yeiiow prlsms IK U\lu_]Ol) JJHL 1014, 1494, 1434, 111 / *

1
1

~vv 25 2 - = ~e
2

(CDCl,) 8 5.84 (d, 2H, 3/ = 3.4 Hz), 6.50 (d, 2H, 3/ = 7.9 Hz), 6.57 (1, 2 .84 (d, 2H, 3J =

Hz), 6.93 (t, 2H, 3/ = 7.1 Hz), 7.09-7.24 (m, 6H); 13C-NMR (CDCl,) 8 63.1, 114.8, 165 118.7, 123.2, 123.8,
127.8, 128.0, 128.5, 141.9, 145.6; EI MS m/z (%): 336(26), 335 (M*+2, 19), 334 (M*+1, 100), 333 (M, 5),
222(8), 208 (8), 207 (31), 206 (15). Anal Calcd. for C,0H | CIN5: C, 71.96; H, 4.83; N, 12,59, Found: C, 71.82;
H, 4.76; N, 12.66.

13-(4-Bromophenyl)-5,11-iminodibenzo[b,f][1,5]-5,6,11,12-tetrahydrodiazocine 2g. 52% yield, m.p. 210-

211°C, yellow prisms; TR (Nujol) 3386, 1610, 1586, 1495, 1232, 1114, 1012, 957, 821, 758, 742, 713 cm~!; 1H-

NMR (CDCl;) 8 5.79 (s, 2H), 6.38 (s, 2H), 6.45 (m, 4H), 6.76 (s, 2H), 6.91 (1, 2H, 3J=175Hz),7.04 (d, 2H,

3] = 8.1 Hz), 7.14 (d, 2H, 3J = 7.4 Hz), 7.29 (d, 2H, 3] = 8.5 Hz); 13C-NMR (CDC13) 5 63 2, 111.0, 114.7,
22),:

116.5, 119.1, 123.6, 127.7, 127.8, 131.3, 141.7, 145.9; EI MS m/z (%): 380(2
28), 377 (M*, 94), 276 (6), 275 (7), 274 (6), 273 (6). 258 (3), 222(3), 208 (2) 207 (7) Anal Calcd. for
C,oH,¢BIN5: C, 63.63; H, 4.24; N, 20.94. Found: C, 63.42; H, 4.36; N, 20.85.

X-ray Analysis.
Crystal data for 2d: Triclinic, P-1, a = 11.8973(13), b = 11.3979(18), ¢ = 6.5799(2) A, o = 87.449(6), B =

96.779(5), y= 115.417(10)°. A transparent, colorless crystal of 0.05 x 0.17 x 0.37 mm was used to collect 2709

reflexions up to 8 = 65° using CuKo radiation on a Philing PW11 Adiffractameter The refinamant Af 202 nara_
LIVALVILED uy W VoS UQIIAS N AR UA L QRSAGILIVILR VLI G 4 llllllJO A VY 1 IVVY UILILILIAVIVULIIVLLL, 1 1INV I ETRINLEIALIL VLY L 70 ljal‘-l
b nen rrOtER MN1TL D f T\ maeibmani mzal ~ nflawrsmaman At ae nes e FNNAN e A N NADY ann
Clclb Ublllg L1790 |£0(1) CIILCLHIVUN | {1 ICALIOID LUNLVCL 1 U.U4U allld U.U43 TOS

N

o P

pectively. The highest peak in the final difference Fourier synthesis was 0.16 e A-3.
Crystal data for 2e: Monoclinic, P2, a = 11.5677(18), b = 8.1502(7), ¢ = 9.1132(8) A, B=107311(7)". A
crystal of dimensions 0.10 x 0.10 x 0.33 mm was used to measure 1515 Friedel pairs of which 1384 were con-

ad tA D and D wyalhiac ~
CU o N allu v vaiucy o
1
I

sidered as observed according to the conditions given for 2a. 303 variables were refined including the secondary
extinction [0.10(2) x 104] and the Flack parameters'! [-0.07(60)] in order to determine the absolute configura-
tion. According to this method, the enantiomer present in the crystal is the (R,R) as shown in Fig. 1. The final R
and Rw values were 0.039 and 0.044. The highest peak in the final difference Fourier synthesis was 0.23 ¢ A-3.

were solved by direct methods, Sir92.12 The non-hydrogen atoms were refined anisotropi-
cally and the hydrogen ones were included as isotropic. Most of the calculations were performed on a VAX6410
computer using the XTAL System.!? The atomic scattering factors were taken from the International Tables for

X-Ray Crystallography, Vol. IV.14
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