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The reaction between N,-methoxycarbonyl-L-tryptophan methyl ester and trifluo-
roacetic acid anhydride in pyridine furnished, as the main product, (25,3aR,8aS)-
dimethyl 3a-(N-trifluoroacetyl-1,4-dihydro-4-pyridyl)-8-trifluoroacetyl-1,2,3,3a,8,
8a-hexahydropyrrolo[2,3-b]indole-1,2-dicarboxylate. A second five-membered
heterocyclic ring was formed through attack of the N, nitrogen to the 2-position
of the indole ring system. Short intramolecular distances between the non-bonded
electronegative atoms (O and F) and between fluorine and a benzene ring, are

attributed to tight packing of the molecules in the crystal structure.

We have previously found that N,-methoxycarbonyl-L-
tryptophan methyl ester (1) reacts readily with trifluoro-
acetic acid anhydride (TFAA) in trifluoroacetic acid with
cyclisation and concurrent trifluoroacetylation to give the
diastereoisomeric products 2 and 3 in the ratio 14:1
(Scheme 1).! When TFAA in pyridine was used instead,
the main product 4 (Fig. 1) displayed NMR spectra re-
sembling those of 2 and 3 but with a number of additional
lines indicating incorporation of the pyridine ring into the
product.> Mass spectroscopy (peak matching corre-
sponding to C,;H F¢N,O,, found m/z = 547.1179, error
1 mmu) indicated the presence of two trifluoroacetyl
groups and one ring derived from dihydropyridine. Al-
though a thorough investigation of all reaction products
had been performed? the diastereoisomer of 4 was not
detected. Obviously a regio- and stereo-specific reaction
had occurred in pyridine in contrast with the reaction in
trifluoroacetic acid. It is probable that the latter reaction
is stepwise involving an ion-pair while the former implies
the participation of the adduct TFAA-pyridine.> The
main objective of the X-ray analysis was to determine the
exact structure of compound 4.

X-Ray crystallographic structure determination

Data collection. Low-temperature data were collected on
an Enraf-Nonius CAD4 diffractometer with Cu Ko ra-
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diation. A graphite crystal was used as the monochro-
mator. The initial orientation matrix and cell parameters
were determined from 22 reflections 40.49° <6 <44.22°.
6416 reflections were measured on a transparent beam-
formed crystal with ®/28 scans covering the octants A k/,

Data reduction. The Blessing data reduction package
DREADD* was used for the data reduction and error
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Fig. 1. The atomic labelling system and the configuration of
4 as determined by X-ray analysis.



Scheme 1.

analysis. The space group was determined from the sys-
tematic absent reflections as derived from the diffracto-
meter list. The reflections were corrected for Lorentz po-
larisation. Since the initial structure refinement showed
the need for an extinction correction, the decay correc-
tions were weighted by intensity. The decay differed sub-
stantially for the three intensity-control reflections; 002
[max. 5481(50), min. 4749(64)], 020 [max. 2576(22), min.
2466 (22)], 210 [max. 2470(21), min. 2406(21)]. Due to
this, an anisotropic decay correction was applied. The
data were corrected for absorption.’ The transmission
factors were between 0.897 and 0.628. The data were
averaged with normal probability down-weighting of out-
liers. 4700 unique reflections with R;,, =0.030 were ob-
tained from 3324 reflections measured once and 1376
reflections measured two or more times. 4656 of the
unique reflections were observed [F=4c(F)].

Structure solution. The direct method facility of SHELXS-
86° was applied for the structure solution. XMOL’ was

Table 1. Crystal data and structure refinement.
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used as a graphical interface to the list of starting coor-
dinates suggested by SHELXS-86. The indole system,
the trifluoroacetyl groups and the methoxycarbonyl
groups were immediately recognizable. The subsequent
difference electron density map revealed the remaining
non-hydrogen atoms in the structure.

Refinement. The SHELXL-93® full matrix least-squares
refinement on F> was used for the refinement process. In
order to assess the validity of subsequent hydrogen as-
signments and their possible degrees of freedom, every
tenth reflection was omitted from the refinement proce-
dure and used for a test data set to produce REe¢ values,
as recommended by Brunger.’” The difference electron
density map calculated after anisotropic refinement of the
non-hydrogen atoms displayed electron density from hy-
drogens. At this stage the R-values based on
F[F=4c(F)] were R =0.0514 and REree =0.0531. Three
different levels of freedom for the hydrogens were tested
in the subsequent refinement. In all three cases the iso-

Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

V4

Density (calculated)
Absorption coefficient
F(000)

Crystal size

0 range for data

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R* indices [F=4c(F))°
R indices (all data)®
Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole in electron difference map

C23H19F6N306_ 1

547.41 g mol

122.0(5) K

Cu Ko

Orthorhombic

P2,2,2, .

a=8.964(2) A _
b=14.404(2) A
c=17.673(5) A

2282.0(8)°

4

1.593 Mg m 3

1.299 mm™'

1120

0.15X0.47 X0.20 mm
3.96-74.97°
-11<h<11, —-12<k<18, —21<1<22
6416

4700 [R(int)=0.030]
4700/0/346

1.048

R1=0.0332, wR2=0.0897
R1=0.0335, wR2=0.0900
—0.10(9)

0.0045(3) .
0.265 and —0.225e A™3

?R1 is the residual based on F and R2 the residual based on F2. The weights are given by

w=1/[c 2(F2)+(0.0590P)>+0.68P]
where P=[Max(F2, 0)+2F2]/3.
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tropic displacement parameters of the methyl-hydrogens
were constrained to 1.5 times the equivalent isotropic dis-
placement parameter of the atom to which they were
bonded. The corresponding value was 1.2 for all other
hydrogens. A riding model refinement with distances and
angles fixed yielded R =0.0344 and R%ree =0.0359.

A refinement with fixed angles and bond distances as
variables resulted in R =0.0344 and RE:e =0.0362, and
with both angles and distance as variables the values were
R =0.0339 and R¥ree =0.0366. The increase in R in-
dicates that the information content in the data was in-
sufficient for a refinement of the hydrogen positions. The
riding model with fixed distances and angles was used for
the hydrogens in the subsequent refinement. The C-H
distances were set at 0.98 A for methyl-hydrogens and
0.95 A for ethyl-hydrogens. The C—H distance used for
aromatic hydrogens was 0.95 A. The SHELXL-93
weighting scheme parameters were iterated to conver-
gence. The final values of R and REee, before merging of
the work and test data sets for final refinements on all
reflections, were R = 0.0332 and REre =0.0348. The final
difference electron-density map showed no special fea-
tures. The trifluoromethyl groups were well defined: one
in an eclipsed conformation and one in a staggered. The
final atomic coordinates are listed in Table 2. The choice
of stereoisomer was confirmed by the Flack'® absolute
structure parameter, which was 0 to within one standard
deviation.

Discussion

Description of the structure. The structure of 4 (Figs. 1 and
2), as determined by the X-ray analysis, includes the pres-
ence of a second heterocyclic five-membered ring (C) for-
mally derived from attack of the N, nitrogen on the C=C
bond of ring B as in the reaction sequence leading to 2
and 3 outlined in Scheme 1. However, as evidenced by
the simultaneous attachment of the N-trifluoroacetyl-
pyridine fragment this addition had been initiated by the
presence of the reagent derived from TFAA in pyridine.

Bond lengths and angles are listed in Table 3. Loss of
aromatic character of the B ring is reflected in the elon-
gation of the carbon-carbon bonds compared with typi-
cal single-bond distances. The N-trifluoroacetyldihydro-
pyridine unit is connected to C(3) through tetrahedrally
coordinated C(17). H(17) was clearly visible in the dif-
ference electron-density map. This attachment disrupts
the aromatic system of the pyridine ring and localised
double bonds are formed between C(18)-C(19) and
C(20)-C(21). The formation of the second heterocyclic
ring and the attachment of the N-trifluoroacetyl-
dihydropyridine group create two new chiral centres at
C(3) and C(10). The absolute configurations of the chiral
centres are C(1), S; C(3), R and C(10), S.

The two trifluoroacetyl groups form amides to N(2) of
the indole system and N(3) of the dihydropyridine ring.
Both amide systems are almost planar and N(2)-C(11)
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Table 2. Atomic coordinates (X 10*) and equivalent isotropic
displacement parameters (A%x 10%). U,, is defined as one
third of the trace of the orthogonalized U;; tensor.

Atom X y z Usq

c(1) 7644(2) 6783(1) 6938(1) 16(1)
C(2) 7723(2) 6400(1) 7749(1) 17(1)
C(3) 6482(2) 6919(1) 8168(1) 15(1)
C(4) 6872(2) 7921(1) 8343(1) 15(1)
C(5) 8091(2) 8267(1) 8737(1) 19(1)
C(6) 8160(2) 9220(1) 8879(1) 23(1)
C(7) 7030(2) 9803(1) 8625(1) 24(1)
C(8) 5805(2) 9466(1) 8225(1) 21(1)
C(9) 5755(2) 8517(1) 8091(1) 16(1)
c(10) 5246(2) 7051(1) 7574(1) 15(1)
Cc(11) 3262(2) 8311(1) 7531(1) 17(1)
C(12) 1944(2) 7648(1) 7367(1) 20(1)
C(13) 5496(2) 7428(1) 6217(1) 18(1)
C(14) 6032(2) 7865(1) 4963(1) 28(1)
C(15) 8175(2) 6059(1) 6381(1) 17(1)
c(16) 7502(2) 4792(1) 5622(1) 31(1)
C(17) 5939(2) 6415(1) 8903(1) 18(1)
C(18) 4789(2) 6983(1) 9314(1) 20(1)
C(19) 3361(2) 6745(1) 9374(1) 20(1)
C(20} 3881(2) 5244(1) 8826(1) 20(1)
C(21) 5317(2) 5462(1) 8750(1) 20(1)
C(22) 1300(2) 5741(1) 9143(1) 21(1)
C(23) 694(2) 4802(1) 8854(1) 26(1)
N(1) 6070(1) 7047(1) 6858(1) 16(1)
N(2) 4618(1) 7974(1) 7732(1) 15(1)
N(3) 2807(2) 5889(1) 9094(1) 19(1)
0(1) 2923(1) 9127(1) 7552(1) 26(1)
0(2) 4199(1) 7670(1) 6147(1) 28(1)
0(3) 6545(1) 7500(1) 5684(1) 22(1)
0(4) 9470(1) 5950(1) 6231(1) 24(1)
0(5) 7056(1) 5543(1) 6110(1) 22(1)
o(6) 418(1) 6301(1) 9394(1) 28(1)
F(1) 1106(1) 7979(1) 6821(1) 35(1)
F(2) 2237(1) 6769(1) 7207(1) 36(1)
F(3) 1110(1) 7633(1) 7997(1) 45(1)
F(4) =779(1) 4793(1) 8919(1) 36(1)
F(5) 1035(2) 4659(1) 8131(1) 46(1)
F(6) 1228(1) 4093(1) 9255(1) 43(1)

[1.356(2) A] and N(3)-C(22) [1.370(2) A] are shortened
indicating partial double-bond character. The C(12) atom
deviates by 0.012 A from the mean plane of
C(12)C(11)O(1)N(2) and (C23) by 0.001 A from the
mean plane of C(23)C(22)O(6)N(3). The carbamate
group N(1)O(3)C(13)O(2) can also be considered planar
with a distance of N(1) from the mean plane of the re-
maining atoms of 0.005 A and a C(13)-N(1) distance of
1.359(2) A. These features are typical of resonance de-
localisation resulting in cis—trans isomerism in solution of
compounds of this type as demonstrated by NMR tech-
niques.'™ The N(2) trifluoroacetyl group adopts a con-
formation with the carbonyl oxygen O(1) towards the
C(8)-H hydrogen as also found in another
N-trifluoroacetylindole.!! Since the cis—trans ratio in so-
lution of compounds 2 and 3 is close to 1:1' this con-
formational preference does not reflect different steric re-
quirements of the trifluoromethyl vs. the CO group but is
either coincidental or due to crystal effects.



CYCLISATION OF TRYPTOPHANS

Fig. 2. ORTEP** drawing of 4. Ellipsoids drawn at the 50% probability level.

Configuration and non-bonded interactions. The torsion
angles are given in Table 4. The aromatic character of the
pyrrole ring has been removed by the cyclisation resulting
in two cis-fused enveloped-shaped rings B and C. The
atoms C(10), C(3) and N(2) of the B ring are twisted out
from the indole mean plane as demonstrated by the tor-
sion angle C(4)-C(3)-C(10)-N(2) of -25.2(14)°. The
torsion angle N(1)-C(1)-C(2)-C(3) of -28.9(14)°
shows the puckering of the C ring to be a little higher. A
search of the Cambridge Structural Database'? revealed
32 structures with similar ring systems including three
fused rings, one of these'® very similar to 4. Both cis and
trans configurations of the junction between B and C rings
were found although the cis configuration is the most
common. The average of the torsion angle C(9)-N(2)-
C(10)-N(1) defining the relative position of the B and C
rings was 106.3° for the trans configurations vs. —116.6°
for cis, as compared with — 84.57(14)° in compound 4.
The angle between the least-squares planes of the indole
plane and the C ring is 78.00(5)°, almost perpendicular
to the indole system.

The methoxycarbonyl group connected to C(1) adopts
an exo configuration relative to the surface of the con-
densed rings in contrast with the findings for all other
similarly substituted hexahydropyrroloindoles where an
endo configuration is adopted.'® This has led to the sug-
gestion that the endo configuration allows a non-bonding
interaction between the ester group and the aromatic sys-
tem,' but this hypothesis was subsequently invalidated.'®
The present result supports the proposal that the stability
of endo and exo configurations in gas-phase is not widely
different and that the preferred configuration in their syn-

thesis is determined mainly by van der Waals forces and
solvation.'”

The N-trifluoroacetyldihydropyridine moiety is exo to
the condensed ring system with a torsion angle C(10)-
C(3)-C(17)-C(18) of —63.9(2)° with the electronegative
atoms F(3) and O(6) at an interatomic distance of only
3.188(2) A. The pyridine ring is bent towards the trifluo-
roacetyl group containing F(3) as illustrated by an angle
of 12.72(12)° between the mean planes of the pyridine
fragments C(17)-C(18)-C(21) and C(18)-C(21)-C(19)-
C(20)-N(3). These unexpected findings could be due to
a tight packing of the molecules (calculated density
1.593 Mg m~?) in the crystal (Fig. 3). Moreover, F(5)
from the eclipsed trifluoroacetyl group on the pyridine
ring displays a short intermolecular contact to the ben-
zene ring of a neighbouring molecule. The distance from
the least-squares plane through the benzene ring to F(5)
is 3.494(2) A and to the carbon atoms in the benzene ring
is in the range 3.56-4.07 A. This is probably also due to
tight packing in the crystal. Other unexplained short dis-
tances involving trifluoromethyl groups have been de-
scribed.'®

In trifluoroacetamides, the trifluoromethyl group often
adopts conformations, relative to the N-C=0 group,
eclipsed with either O or with N.!1718 In 4 the trifluo-
roacetyl group at the pyridine nitrogen has the trifluo-
romethyl group almost eclipsed to oxygen [torsional angle
F(4)-C(23)-C(22)-0(6) 1.8(2)°] while it is closer to ni-
trogen in the other trifluoroacetyl group [torsional angle
F(2)-C(12)-C(11)-N(2) - 19.6(2)°]. To our knowledge,
the reason for this preference for eclipsed conformations
has never been explained. High-resolution microwave in-
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Table 3. Bond lengths (A) and angles (deg).

C(1)-N(1) 1.465(2) N(1)-C(1)—C(15) 114.34(13) C(19)—C(18)—C(17) 124.0(2)
C(1)—C(15) 1.521(2) N(1)-C(1)-C(2) 103.07(12) C(18)-C(19)—N(3) 122.2(2)
C(1)—C(2) 1.541(2) C(15)—C(1)-C(2) 109.39(12) C(21)—C(20)—N(3) 122.4(2)
C(2)—C(3) 1.5632(2) C(3)-C(2)-C(1) 103.77(12) C(20)—C(21)-C(17) 123.7(2)
C(3)-C(4) 1.518(2) C(4)-C(3)-C(2) 113.29(12) 0(6)—C(22)-N(3) 124.3(2)
C(3)—C(10) 1.5639(2) C(4)-C(3)-C(10) 100.80(11) 0(6)-C(22)-C(23) 118.2(2)
C(3)-C(17) 1.564(2) C(2)-C(3)-C(10) 104.61(12) N(3)-C(22)-C(23) 117.48(14)
C(4)—-C(5) 1.388(2) C(4)—-C(3)-C(17) 110.14(12) F(4)-C(23)-F(5) 108.2(2)
C(4)—C(9) 1.391(2) C(2)-C(3)-C(17) 113.64(12) F(4)—C(23)-F(6) 107.7(2)
C(5)—C(6) 1.397(2) C(10)—C(3)-C(17) 113.59(12) F(5)-C(23)-F(6) 108.1(2)
C(6)—-C(7) 1.390(3) C(5)—-C(4)—-C(9) 120.41(14) F(4)-C(23)—C(22) 109.25(14)
C(7)-C(8) 1.393(2) C(5)—C(4)—C(3) 128.63(14) F(5)-C(23)-C(22) 111.9(2)
C(8)-C(9) 1.388(2) C(9)-C(4)-C(3) 110.85(13) F(6)-C(23)-C(22) 111.6(2)
C(9)-N(2) 1.433(2) C(4)—-C(5)—C(6) 118.5(2) C(13)-N(1)-C(10) 121.81(12)
C(10)-N(1) 1.465(2) C(7)-C(6)—C(5) 120.3(2) C(13)-N(1)-C(1) 123.15(12)
C(10)-N(2) 1.471(2) C(6)—C(7)—C(8) 121.8(2) C(10)-N(1)-C(1) 113.74(12)
C(11)-0(1) 1.215(2) C(9)-C(8)-C(7) 117.1(2) C(11)-N(2)-C(9) 123.97(13)
C(11)-N(2) 1.356(2) C(8)-C(9)—C(4) 121.98(14) C(11)-N(2)-C(10) 128.06(13)
C(11)-C(12) 1.546(2) C(8)—C(9)—-N(2) 129.45(14) C(9)-N(2)-C(10) 107.77(12)
C(12)-F(1) 1.314(2) C(4)-C(9)-N(2) 108.50(13) C(22)-N(3)-C(20) 126.06(14)
C(12)-F(2) 1.324(2) N(1)—-C(10)—N(2) 111.10(12) C(22)—-N(3)-C(19) 117.22(14)
C(12)-F(3) 1.341(2) N(1)-C(10)-C(3) 103.08(11) C(20)—N(3)—-C(19) 116.62(14)
C(13)-0(2) 1.220(2) N(2)-C(10)—C(3) 104.91(11) C(13)-0(3)-C(14) 115.14(13)
C(13)-0(3) 1.336(2) 0O(1)—-C(11)-N(2) 124.2(2) C(15)—0(5)—C(16) 115.10(13)
C(13)—N(1) 1.359(2) O(1)-C(11)-C(12) 114.35(14)

C(14)-0(3) 1.452(2) N(2)-C(11)-C(12) 120.86(13)

C(15)-0(4) 1.201(2) F(1)-C(12)-F(2) 107.66(14)

C(15)-0(5) 1.337(2) F(1)-C(12)—F(3) 107.29(14)

C(16)-0(5) 1.440(2) F(2)-C(12)—F(3) 105.79(14)

C(17)-C(18) 1.504(2) F(1)-C(12)-C(11) 110.52(13)

C(17)—C(21) 1.5606(2) F(2)-C(12)—C(11) 118.65(13)

C(18)-C(19) 1.330(2) F(3)—-C(12)-C(11) 106.33(13)

C(19)—N(3) 1.419(2) 0(2)—-C(13)-0(3) 125.23(14)

C(20)-C(21) 1.332(2) 0(2)—C(13)-N(1) 124.1(2)

C(20)-N(3) 1.419(2) 0O(3)—C(13)—N(1) 110.70(13)

C(22)-0(6) 1.213(2) 0(4)-C(15)-0(5) 124.9(2)

C(22)—N(3) 1.370(2) 0(4)-C(15)-C(1) 122.43(14)

C(22)-C(23) 1.645(2) 0(5)-C(15)—C(1) 112.58(13)

C(23)—F(4) 1.325(2) C(18)—C(17)-C(21) 109.19(13)

C(23)-F(5) 1.329(2) C(18)—C(17)—C(3) 111.20(13)

C(23)-F(6) 1.333(2) C(21)-C(17)—C(3) 112.91(13)

vestigations of simple trifluoroacetamides failed to allow )

determination of the potential barrier because of lack of Table 4. Torsion angles (deg).

fine structure attributed to rapid intramolecular vibra- C(2)-C(1)-C{15)-0(4) —85.3(2)

tional relaxation.'® In crystalline trifluoroacetamide, ro-
tational disorder of the CF, group is observed®® attrib-
uted to a small potential barrier with several minima.
Moreover, in methyl trifluoroacetate, the potential barrier
of the CF, group is very small*' allowing the predominant
conformation to result from the operation of otherwise
negligible interactions. For example, the interaction be-
tween the dipoles of C*-F~ and N = C-O~ might sta-
bilize the conformation with fluorine eclipsed with nitro-
gen. In acetamide®>> the conformational changes from
gas phase to solid state can be explained entirely by the
electrostatic lattice forces.
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C(3)-C(10)-N(1)-C(1) 8.5(2)

C(4)—C(3)-C(10)-N(2) —25.2(14)
C(5)—C(4)—C(3)-C(2) -56.1(2)
C(7)—C(8)—C(9)-N(2) 176.8(2)
C(9)-N(2)-C(10)-N(1) —84.6(14)
C(10)—C(3)—C(4)-C(9) 16.7(2)
C(10)-C(3)-C(17)-C(18) -63.9(2)
C(12)—C(11)-N(2)-C(9) -161.9(14)

C(18)—C(19)-N(3)—C(20) 7.4(2)

C(18)—C(19)-N(3)—C(22) —-176.0(2)
C(21)—C(20)-N(3)—C(22) 175.5(2)
N(1)-C(1)-C(2)—C(3) —28.9(14)
N(1)—C(13)-0(3)—C(14) 177.6(1)
N(3)-C(20)-C(21)-C(17) —3.0(3)
N(3)-C(19)-C(18)—C(17) 4.4(3)
O(1)—C(11)-N(2)—C(9) 8.9(3)
0(2)—-C{13)-N(1)-C(10) - 11.6(3)
F(2)—C(12)-C(11)-N(2) —19.6(2)
F(4)-C(23)-C(22)-0(6) 1.8(2)
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Fig. 3. ORTEP drawing showing the molecular packing of 4 in the crystal viewed down the c-axis.

structure. The Danish Natural Science Research Council
supported this research by financing the X-ray diffracto-
meter (J. nr. 11-1837 to Sine Larsen).

References

1.

Anthoni, U., Christophersen, C., Nielsen, P. H. and Ped-
ersen, E. J. Acta Chem. Scand. In press.

. Anthoni, U., Christophersen, C., Obel, A. and Nielsen,

P. H. To be submitted.

. Anthoni, U., Christophersen, C. and Nielsen, P. H. To be

submitted.

. Blessing, R. H. Cryst. Rev. 1 (1987) 3.

. De Titta, G. T. J. Appl. Crystallogr. 18 (1985) 75.

. Sheldrick, G. M. Acta Crystallogr., Sect. A 46 (1990) 476.
. XMOL (1993). Version 1.3.1, Minnesota Supercomputer

Center, Inc., Minneapolis MN.

. Sheldrick, G. M. (1993). In Preparation.

. Brunger, A. T. Nature (London) 355 (1992) 472.

. Flack, H. D. Acta Crystallogr., Sect. A 39 (1983) 876.

. Siripaisarnpipat, S. and Larsen, S. Acta Chem. Scand., Ser.

A 41 (1987) 539.

. Allan, F. H., Kennard, O. and Taylor, R. Acc. Chem. Res.

16 (1983) 146.

13.
14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

Flippen, J. L. Acta Crystallogr., Sect. B 34 (1978) 995.
Chan, C.-O., Cooksey, C. J. and Crich, D. J. Chem. Soc.,
Perkin Trans. 1 (1992) 777.

Crich, D., Chan, C.-O., Davies, J. W., Natarajan, S. and
Vinter, J. G. J. Chem. Soc., Perkin Trans 2 (1992) 2233.
Clegg, W., Noltemeyer, M., Sheldrick, G. M., Maringgele,
W. and Meller, A. Z. Naturforsch., Teil B 35 (1980) 1499.
de Meester, P. and Chu, S. S. C. J. Heterocycl. Chem. 23
(1986) 1249.

Freer, A. A., Gall, J. H. and MacNicol, D. D. J. Chem.
Soc., Chem. Commun. (1982) 674.

True, N. C. and Ross, B. D. J. Phys. Chem. 88 (1984) 3216.
Kalyanaraman, B., Kispert, L. D. and Atwood, J. L. Acta
Crystallogr., Ser. B 34 (1978) 1131.

Jones, G. 1. L., Summers, T. D. and Owen, N. L. J. Chem.
Soc., Faraday Trans. 2, 70 (1974) 100.

Jeffrey, G. A., Ruble, J. R., McMullan, R. J. K., DeFrees,
D. J., Binkley, J. S. and Pople, J. A. Acta Crystallogr., Sect.
B 36 (1980) 2292.

Popelier, P., Lenstra, A. T. H., van Alsenoy, C. and Geise,
H. J. J. Am. Chem. Soc. 111 (1989) 5658.

Johnson, C. K. (1970) ORTEP, Report ORNL-3794, Sec-
ond Rev., Oak Ridge National Laboratory, Oak Ridge TN.

Received August 19, 1993.

339



