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Abstract—2-Methyl-2 H-cyclopenta[d]pyridazine reacts with trifluoracetic anhydride to give the S- and
7-trifluoroacetyl products in about a 1:3 ratio. A series of HMO calculations have been made for similar
ten n-electron heterocycles in an attempt to predict the positions in the 5-membered rings which would be
most reactive to electrophilic substitution. The predictions based on the relative n-electron stabilities of the
possible cationic intermediates are in accord with the available experimental data. If the atoms in the 6-ring
are numbered 1-6 with the n-excessive heteroatom at the 1-position, then the most reactive site to electro-
philic substitution in the 5-ring will be the atom which is linked to either the 1-, 3- or 5-positions. The
structures of the major and minor trifluoroacetyl! isomers of 2-methyl-2H-cyclopenta{d]pyridazine have
been determined by X-ray crystallographic analyses, and the HMO predictions agree with the finding that
C(7) is the most reactive position. 2-Methyl-5-trifluoroacetyl-2 H-cyclopenta[d]pyridazine crystallizes in the
monoclinic space group P2,/m, cell constants a = 8-109, b = 6-713, ¢ = 8-768 A, B = 91-88°, with two
molecules per unit cell. All of the atoms have been located and refined by full-matrix least-squares and the
final residual is 0-056. The bond lengths appear to be influenced by a contribution of a pyridazinium form
to the resonance hybrid. 2-Methyl-5-bromo-7-triftuoroacetyl-2 Hcyclopenta[d)pyridazine crystallizes in
the orthorhombic space group Pram, cell constants a = 12:920, 5 = 12-513,. = 6752 A, with four mole-
cules per unit cell. Although the quality of the diffraction data was severely limited by rapid decomposition
of the specimen in the X-ray beam, the gross features of the structure were revealed. The residual following
isotropic refinement was 0-19.

PREVIOUS investigations of the reactions of electrophiles with azulene! (1) and with
the iso-n-electronic hetero-analogs cyclopenta[c]thiapyran? (2) and indolizine? (3)
have shown that substitution occurs in the five-membered ring. Thus, reaction takes
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place at C(1) and C(3) in azulene and indolizine and at the corresponding 5- and 7-
positions in cyclopenta[c]-thiapyran. These same atoms are also the sites of protona-
tion.2* * With the inclusion of a n-equivalent* N atom in the ten n-electron skeleton,
the position of protonation is N in the case of 5-azaazulene® and the I-, 2- and 3-
azaindolizines,* but it changes to the 5- and 7-C atoms in the case of 2H-cyclopenta[d]
pyridazine® (4).
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The reaction of 2-methyl-2H-cyclopenta[d Jpyridazine (4b) with trifluoroacetic
anhydride yields two trifluoroacetyl derivatives in the ratio of 1:2:6.7 Although the
NMR spectra of the products indicated that substitution had occurred in the 5-ring,
it was not possible to make a definitive distinction between the two isomers. However,
the establishment of the structures of the minor isomer (5) and that of the bromo
derivative (7) of the major isomer (6) by X-ray crystallographic analyses (vide infra),
has identified C(5) and C(7) as the locations of electrophilic attack and C(7) as the
most reactive position. We have done a series of Huckel molecular orbital calculations
for some of the m-excessive azulene hetero-analogs in an attempt to predict the
direction of electrophilic substitution reactions in the five-membered ring. Two
extreme models were considered to have merit for these predictions. One was based
on the n-electron densities (q,) of the ring atoms as an index of the relative reactivities
if the transition state more nearly resembles the reactants, and the second was based
on the localization energy (L,*)® as an index if the transition state more nearly
resembles the cation intermediate (e.g. 8a or 8b). The localization energy is the amount
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of energy required to localize a n-electron pair onto a ring atom, providing a measure
of the relative stability of the possible intermediate. The smaller the value of L,* fora
molecular configuration the more probable is electrophilic substitution at the
designated atom. The HMO parameters suggested by Streitwieser® were used in the
calculations, details of which are given in the experimental section.

The localization energy and electron density calculations gave opposite predictions
for the preferred position of electrophilic substitution, with that based on localization

* n-Equivalent and n-excessive heteroatoms furnish one and two electrons respectively to the n-electron
system.
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energy paralleling all of the known results (Table 1). From these data, the most
reactive position in the 5-ring of 4b should be C(7), and the major isomer was thus
predicted to be 2-methyl-7-trifluoroacetyl-2 H-cyclopenta[d ]pyridazine, structure 6.
This prediction was verified by the X-ray experiments described below. It is of interest
that this same conclusion was reached by consideration of the relative resonance
stabilization of the positive charge in the two intermediate species involved (8a and
8b), and also, that the 1:2.6 ratio of the two isolated substitution products corresponds
closely to the 1:2-7 ratio of the isomeric conjugate acids (8a and 8b, E = H) formed in
trifluoroacetic acid.®

Several of the compounds in Table 1 are as yet unknown and for certain of the
known ones the most reactive position for electrophilic substitution has not been
determined. Further work is therefore needed to determine the general applicability
of these predictions. The results thus far, however, indicate that (a) if the n-excessive
heteroatom is in the 1-position the S-position will be the more reactive, (b) if the n-
excessive heteroatom is in the 2-position, the 7-position will be the more reactive, and
{c) the presence of a n-equivalent nitrogen atom in the 6-membered ring does not alter
the predictions in (a) and (b).

Compound 5 crystallizes in the monoclinic space group P2,/m with two molecules
per unit cell, a situation which requires that each molecule have C, symmetry and be
located on a crystallographic mirror plane. Thus, the atoms in each molecule are all
coplanar with the exception of two of the fluorines in the trifluoromethyl group and
two of the H atoms in the N—Me moiety. The observed bond distances (Fig 1) show
substantial deviations from those values expected for the formally written structure
(i.e. 5) with alternating single and double bonds. For example, the lengths of the C—N
and C=N bonds differ by only 0-01 A and distances in the C(1)—N(2)—N(3)—C(4)
moiety show close agreement with the lengths of similar bonds in other N-containing
aromatics (e.g. 1,2,4-triazole).!® A very interesting feature is the C(4a)—C(7a) distance
of 1.431 A, which is shorter than the transannular distances in other azulene-like
compounds (1-47-1-50 A).!! This difference, in conjunction with the lengths of the
C(5)}—C(6), C(6)—C(7) and C(5)—C(9) bonds, suggests that cannonical form 9 makes
an important contribution to the ground state resonance hybrid.
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We have been unable to discover any crystal packing explanation for the asymmetry
of the exocyclic bond angles at N(2) and for the carbonyl group angles at C(9), but a
rationale can be made by considering the relative electronegativities of the atoms
linked to the central atoms in question. In the case of N(2), the greater electronegativity
of the N substituent, N(3), with respect to the C substituents, C(1) and C(8), causes a
polarization of the N(2) orbitals toward N(3). Since p orbitals are more readily
deformed than s orbitals, the 2p orbital distribution should shift toward N(3). Thus,
the N(2) o-bond hybrid orbitals which are oriented toward N(3) will be richer in p
character and the o-orbitals to C(1) and C(8) will have proportionately more s
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character, creating a situation which should effect a decrease in the bond angles
adjacent to N(3).!2

A similar argument can also explain the difference in bond angles at C(9). The highly
electronegative fluorine atoms linked to C(10) could increase the electronegativity of
C(10), which could in turn interact with the carbonyl carbon and produce a decrease
in the C(9) angles adjacent to the C(9)—C(10) bond.

A diagram of the unit cell viewed down [010] is shown in Fig 2. The two molecules
are located on the mirror planes at y coordinates of } and 3 and their relative positions
along c are such that molecular overlap in the b direction is small. The length of the b
axis (6713 A) is almost twice the van der Waals thickness of an aromatic ring
(2 x 34 = 68A).

The conformation of the trifluoroacetyl substituent may be governed by the forma-
tion of two H-bonds between a molecule and its translational equivalent along c.
These interactions, which can be seen in the C(7)—H(7)... F(1) and C(1)—H(l)...O
distances of 2-39 and 2-44 A respectively, stabilize the s-cis conformation of F(1)and O
about the trifluoromethyl-carbonyl bond C(9)—C(10) relative to the s-trans conforma-
tion. The F and O atoms are eclipsed in this arrangement and the resulting O ... F
distance of 2.58 A is less than the 2.75 A sum of the van der Waals radii of the atoms.*?

The magnitude of B,, for F(1), 19-7 A2, is sizable compared to the temperature
factors of the other atoms. This large a value, which corresponds to an rms displace-
ment of 0-50 A along b, is not found in the other components of the thermal ellipsoids
of F(1), nor is F(2) appreciably anisotropic. Thus, an oscillatory motion of the tri-
fluoromethyl group about the C(9)—C(10) bond does not appear to be responsible for
the anisotropy of F(1). Rather, B,, might reflect a small positional disorder of the
atom normal to the crystallographic mirror plane which could be caused by the
proximity of the oxygen atom. There was no evidence for a 180° rotational disorder of
the trifluoromethyl group in a difference map computed with the final atomic para-
meters. A ‘riding motion’ correction'* has been made to the two C—F distances, the
effect of which was to increase C(10)—F(1) from 1-300 A to 1-368 A and C(10)—F(2)
from 1-328 A to 1-355 A. The corrected lengths are ca 0-03 A longer than the distances
usually observed in polyfluoro compounds.* '3

The features of the crystal structure of the 5-bromo-7-trifluoro derivative 7, are
similar to those found for the 5-trifluoroacetyl compound 5. The material crystallizes
in the orthorhombic space group Pnam with four molecules per unit cell and each
molecule is located on a crystallographic mirror plane normal to c. Although the
material was very sensitive to the X-radiation, the measured diffraction intensities
served to identify the molecule as 2-methyl-5-bromo-7-trifluoroacetyl-2 H-cyclo-
penta[d Jpyridazine (7) and to reveal its gross structural features. Unfortunately, the
finer details of the structure such as accurate bond lengths and angles were not avail-
ablein thedata. The conformation of the trifluoroacetyl group, with the O atom nearest
the 6-membered ring, is similar to that observed in the structure of 5. There appears to
be a rotational disorder of the trifluoroacetyl group about the C(9)—C(10) bond. The
lengths of the ¢ axis in the Pnam cell and of the b axis in the P2,/m cell are very similar,
6752 A and 6-713 A respectively, since both are dictated by twice the thickness of the
cyclopenta[d Jpyridazine ring.

* The C—F distance in molecules containing only one fluorine per C atom is about 1-38 A, whereas,
that found in cases such as the trifluoromethyl group is 1-33 A.1¢
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TABLE 1. REACTIVITY INDICES FOR ELECTROPHILIC SUBSTITUTION OF HETEROAZULENES®

Reference or

Compound Footnote  Position q, (e) L' (B
| o 25 5 1-145 0-692
s 7 1214 0-726
“ 2 5 1174 0741
S___ 7 1120 0.722
| = ¢ 5 1-133 0-737
7 1-194 0-781

o
= b 5 1-156 0.785
o 7 1-108 0.760
N 26 5 1-162 0-651
| 7 1-238 0673

N

|

CH,

= 2 5 1178 0741
N 7 1-120 0.722

Ph~

=
ij) 6 5 119 0956
N 7 1-137 0944
H,C” Z
N7 b 5 1-146 0-582
ll\ 7 1-220 0.608
N
|

CH,

f"l “ d 5 1-110 0891

o 7 1-082 0-862
Z N 27, e 1 1155 0-782
s N/ 3 1-060 0-682

¢ All of the electron density and localization energy data reported in this table were caiculated by the
authors using the HMO technique with the coulomb and resonance integral parameters given in the
experimental section.

® Compound not known.

¢ Boyd?® has reported the 2,4,6-triphenyl derivative. Borsdorf2® and Boyd and Ellis*® have carried out
HMO calculations on this system.

¢ Linn and Sharkey3! have reported the 1,4-diphenyl derivative.

¢ Longuet-Higgins and Coulson3? and Aussems, Jaspers, Leroy and van Remoortere? computed
n-clectron densities for the 1- and 3-positions which were essentially the reverse of these values. Atom
localization energies reported by Galbraith et al.>* predicted that C(1) would be more reactive than C(3)
to electrophilic substitution.
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TABLE 2. INITIAL REFLECTION SET FOR THE PHASE PYRAMID

Reflection E Symbol*
020 2481 A=-
P11 2:045 B=-GJ
0 60 3.083 C=-
040 2:627 D=+
4 3 2 2231 E=FK

-1 1 8 3.056 F = + (origin)

-7 2 2 2:098 G
1 4 0 2:025 H

-3 16 2822 I=-F

-6 13 2832 J = + (origin)

-5 26 3073 K = + (origin)

¢ The phrase relationships deduced for the starting set are also listed.

EXPERIMENTAL

X-ray crystallographic study of 2-methyl-5-trifluoroacetyl-2H-cyclopenta[d) pyridazine (5). A sample of the
minor isomer (§) was dissolved in acetone and the soln was placed in an enclosed jar along with a beaker of
water. The water was changed daily and after 10 days the needles which had formed were collected, washed
with water and dried over P,O, at | mm. The diffraction symmetry and systematic absences, 0k0 absent for
k odd, were consistent with the monoclinic space groups P2, (acentric, Z = 2) and P2)/m (centric, Z = 4).
All of the unit cell parameters and intensity measurements were obtained using a 0-3 mm cube-shaped
sample mounted along b and usinga PDP-8 controlled Picker diffractometer with Zr-filtered Mo radiation
(4 = 0.71069 A). The Bragg angles for twelve planes were carefully measured and used for the least-squares
refinement of the cell constants. The crystal density was measured by the neutral buoyancy method in
KI aq.

Crystal data: C,oH,OF;N;, mol. wt. 228.2. Monoclinic, a = 8109 + 0-002; b = 6-713 + 0.002;
c=18768 + 0003A; 8 = 9188 + 0.04°. prosss = 1:580gcm ™3, Z = 2, pyico = 1-588 gem ™3,

The intensity data were collected using the 26-8 scan method with a scan rate of 2° min ™! and two 15 sec
background counts. Measurements of three standard reflcctions, performed at 30 reflection intervals, were
used to monitor and later correct for intensity fluctuations. Scale factors ranging from 0.98 to 1.01 were
applied to the data. There were 1199 unique reflections within a total of 1530 data measured to a maximum
20 of 55°. 576 (48 %) of the corrected intensities were found to be at least 1-5 standard deviations above
background and were coded as “‘observed”; the remaining data were coded “‘unobserved™ and given
intensities equal to 1-5 o.

The data were reduced in the normal way and a scale and overall isotropic temp factor were computed
using the X-ray 67 subprogram DATFIX.!” The condition used in DATFIX to determine these factors
isthat £2 = 1.0taken over all of the reflections. A comparison of the distribution of the normalized structure
factor amplitudes (| E|) with the theoretical statistical distributions expected for centric and acentric space
groups'® clearly indicated that the space group contained a center of symmetry and was therefore P2,/m.
Since this space group has four general equivalent positions and crystal density measurements had indicated
that there were only two molecules per cell, each molecule must have C, symmetry and be located on one of
the crystallographic mirror planes. Additional evidence for this space group was available from the
Patterson function, which showed major concentrations of vector density at u,0,w and u.},w.

The structure was solved using the symbolic addition procedure and the computer code PHASER.!® The
initial steps in the process involved calculating the unique set of X, equations for the 187 largest lEs
followed by the construction of a *‘symbolic” phase pyramid with the cleven reflections shown in Table 2
as a starting point. These 187 reflections, which had a minimum E value of 1-234, gave 2400 X, equations,
the maximum number of equations that could be handled by the program. It was possible to reduce the
number of unknown phases in the starting set from 11 to 5, three of which could be used to specify the
unit cell origin. Thus, there were really only two unknown starting phases which limited to four the number
of possible phase solns. Three of the four E maps?® which were subsequently computed were characterized
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by a single large peak at y = },* whereas the remaining map contained the image of a 6-membered ring
with two para-substituents.t With these eight atom positions as a starting point, the remaining atoms were
located from a series of structure factor and electron density and difference synthesis calculations.

The structure was refined by full-matrix least-squares,} using anisotropic temp factors for the C, N, O and
F atoms. The H atoms were located from a difference synthesis and were included in the refinement with
isotropic temp factors. The least-squares weights (w,) were evaluated from w, = 0-4/MAXI1(o(F ),, 0-0116/F ),
where MAXI1 refers to the FORTRAN maximum value function and the ¢'s are the structure factor standard
deviations estimated from counting statistics. This function served to reduce the contributions of both the
small and large F’s in the refinement, giving a median value of about 1-0 for F’s of about 40 electrons. The
unobserved data were given zero weight if [F| < |FJ, otherwise these terms were weighted normally. The
average and maximum parameter shift-error ratios computed from the last cycle of least squares were
0-011 and 0-071 respectively; the final R index was 0-056 and the weighted R was 0-049.§ The atomic form
factors used in the calculations were from the following sources: C, N, F and O—Berghuis et al.?'; H—
Stewart et al.>? Table 3 lists the atomic coordinates and temp factors and the bond lengths and angles are
shown in Fig 1. A structure factor list can be obtained from the authors. ||

X-ray crystallographic study of 2-methyl-5-bromo-7-trifluoroacetyl-2H-cyclopenta[d]pyridazine (7). This
compound, which was prepared by the reaction of N-bromosuccinimide with 6,” recrystallized as yellow
needles from hexane-methylene chloride. The crystal symmetry and systematic absences, 0k! absent for
k + 1 odd and hO! absent for h odd, were consistent with the orthorhombic space groups Pna2, (acentric,
Z = 4)and Pnam (centric, Z = 8). The cell parameter and intensity measurements were all obtained with a
single 0-2 x 0.2 x 04 mm specimen mounted parallel to the needle axis (b), using a Datex-automated,
General Electric XRD-6 diffractometer and Nb-filtered, Mo radiation (2 = 0-71069 A). A carefully measured
set of 12 Bragg angles were used for a least-squares determination of the unit cell lengths. The crystal density
was not measured because of the small quantity of sample, but the value calculated for four molecules per
unit cell is about what one would expect for a bromine-containing organic molecule.

Crystal data: C,,H4OF ;N,Br, mol. wt. 307-1. Orthorhombic, a = 12.920 + 0-004; b = 12-513 + 0-006;
c=6752+ 0001 A Z=4,p.,.4=1868gcm™3.

The intensity data were gathered with the 26-8 scan method using a 2° min~! scan rate and two 20 sec
background counts. Four standard reflections, measured at intervals of 75 reflections, were used to monitor
intensity fluctuations and crystal decomposition. During the first 24 hr of data collection, the sum of the
standard reflection intensities had decreased by ca 50%; and the color of the specimen was considerably
darker than it had been at the start. The intensity measurements were continued for another 24 hr and then
terminated, at which time the standards showed an overall 759 decline. The data subsequently were scaled
assuming that the sample decomposition was a linear function of the standard intensities. Of the 864 unique
data measured to a maximum 26 of 50°, 417 were 1-5 standard deviations above background and were coded
as “‘observi

The data were reduced in the normal way, and a scale and overall temp factor were computed using the
X-ray 67 subprogram DATFIX. A three-dimensional E2-1 Patterson function was calculated and the
structure was solved with conventional heavy atom techniques in the centric space group Pnam. Since there
are eight equivalent positions in Pnam and only half as many molecules per unit cell, each molecule must

* Each of these peaks led to the same Harker section vector in the Patterson map. This vector was the
largest peak in the map and corresponded to a non-Harker vector located at the center of the 6-membered
ring.

+ 184 phases were used to calculate this E map. The two parasubstituent peaks were substantially larger
(2—4 times) than the other six maxima. Although these original 184 phases were expanded to a set of 438
phases using the program ADDPHAS, an E map computed with the 438 terms still showed the same two
large peaks and no more detail than the original 184 term synthesis. A comparison of these phases with
those from the final structure factor calculation showed that 50 of the initial set of 184 phases and 109 of the
added set of 329 phases were incorrect. This large number of discrepancies would explain the poor quality of
the original E map.

1 The quantity minimized in these computations was Z w(F, | — IF_ ).

§R= Z(‘Fo |- |F= I")/ZlFo |. Weighted R= (Z WI(IFo | —IF, 0? /): wi(F,, |)2)*
ll Address requests to H. L Ammon, University of Maryland.
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1.300(6)

FiG 1. Bond lengths (A) and angles (°) for 2-methyl-5-trifluoroacetyl-2H-cyclopenta[d)
pyridazine. Estimated standard deviations are given in parentheses.

have C, symmetry and lie in the crystallographic mirror plane normal to the ¢ axis. The structure has been
refined with full-matrix least-squares with individual isotropic temperature factors to an R index of 0-19.
Because of the poor quality of the diffraction data, the structure was not amenable to further refinement.
An apparent disorder of the trifluoromethyl group further complicated the problem. The data, however,
were sufficiently good to unambiguously establish the structure as 2-methyl-5-bromo-7-trifluoroacetyl-2H-
cyclopenta[d]-pyridazine (7). The source of the C, N, O and F form factors has been previously referenced ;2!
the bromine form factors were taken from the International Tables for X-ray Crystallography.?*

Huckel molecular orbital calculations. The calculations were made using a FORTRAN IV program
obtained from Prof. S. Staley and modified by H. L. Ammon. Both the usual HMO and the w-SCF24
techniques were applied to each molecular system. Since there were no significant differences between the
results from the two methods, only those data for the HMO calculations are reported in Table 1. The
coulomb and resonance integrals used arc shown below.

ap = ac + huB, Bas = kashs
Parameters used for the parent molecules

KN:) =15 KC—S) =08
hN-) =05 KC—N) = 0-8
KO:) =20 kN—O) =038
KS:) =15 KC=N) = 1-1
KCH;—N:) = 10 kN—N) = 1.0
KC=C) = 1-1 k(Ph—N) = 0-0

KC—C) =09
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)

FIG 2. A view along [010] of the 2-methyl-5-trifluoroacetyl-2 H-cyclopenta[d]pyridazine unit
cell. Some of the closer intermolecular contacts are shown (A).

Parameters used for the intermediate ions

A(N+) =20 k = 1.0 (for all bonds in the
KO +) =25 six-membered rings)
h(S+) =20 KC=C) = I (in 5-ring)
MCH;—~N+) =15 k(C—C) = 09 (in 5-ring)
KN.) = 05

Acknowledgement—We gratefully acknowledge financial support from the National Science Foundation
(GP-5776, GP-9293, GP-15791); parts of this work were performed under the auspices of the Atomic
Energy Commission, the computer time used in this work was made available in part through the facilities
of the Computer Science Center of the University of Maryland.

REFERENCES
' A. G. Anderson, Jr., J. A. Nelson and J. J. Tazuma, J. Am. Chem. Soc. 75, 4980 (1953)
2 A. G. Anderson, Jr. and W. F. Harrison, Ibid. 86, 708 (1964)
3 E. D. Rossiter and J. E. Saxon, J. Chem. Soc. 3654 (1953)



The position of electrophilic substitution of 2-methyl-2 H-cyclopenta[dJpyridazine 517

W. L. F. Armarego, Ibid 4226 (1964)

K. Hafner and M. Kreuder, Angew. Chem. 73, 657 (1961)

A. G. Anderson, Jr. and D. M. Forkey, J. Am. Chem. Soc. 91, 924 (1969)

A. G. Anderson, Jr., D. M. Forkey and L. D. Grina, unpublished work

R. D. Brown, Quart. Revs. 6, 63 (1952)

A. Streitwieser, Jr., Molecular Orbital Theory for Organic Chemists p. 135. Wiley, New York, N.Y. (1961)

¢ R. Goldstein, J. Ladell and G. Abowitz, Acta Cryst. B2S, 135 (1969)

't A, W. Hanson, Ibid. 19, 19 (1965); H. L. Ammon and M. Sundaralingam, J. Am. Chem. Soc. 88, 4794
(1966); G. Bastiansen and J. L. Derrisen, Acta Chem. Scand. 20, 1319 (1966)

12 H. A. Bent, Chem. Revs. 61, 275 (1961)

13 L. Pauling, The Nature of the Chemical Bond (3rd Edition) p. 260. Cornell University Press, Ithaca, N.Y.
(1960)

14 W.R. Busing and H. A. Levy, Acta Cryst. 17, 142 (1964)

!5 J.R. Holden and C. Dickinson, J. Phys. Chem. 73, 1199 (1969)

16 Tables of Interatomic Distances and Configuration in Molecules and Ions (Edited by L. E. Sutton) Suppl.

1956-1959, p. S17s. The Chemical Society, London (1965)

X-ray 67: Program System for X-ray Crystallography Technical report 67-58 (NSG-398). Computer

Science Center, University of Maryland (1967)

18 See Tables 1 and 2 in L. L. Karle, K. S. Dragonette and S. A. Brenner, Acta Cryst. 19, 713 (1965)

19 H. L. Ammon, PHASER: A System of Programs for the Application of the Symbolic Addition Procedure
unpublished, 1964

20 1. L. Karle, H. Hauptman, J. Karle and A. B. Wing, Acta Cryst. 11, 257 (1958)

21 J. Berghuis, 1J. M. Haanappel, M. Potters, B. O. Loopstra, C. H. MacGillavry and A. L. Veenedaal, Ibid.
8, 478 (1955)

22 R. F. Stewart, E. R. Davidson and W. T. Simpson, J. Chem. Phys. 42, 3175 (1965)

23 International Tables for X-ray Crystallography (Edited by K. Lonsdale), Vol. 111, p. 206. Kynoch Press.
Birmingham, England (1962)

24 A, Streitwieser, Jr., Molecular Orbital Theory for Organic Chemists p. 115. Wiley, New York, N.Y. (1961)

25 R. Mayer, J. Franke, V. Horak, I. Hanker and R. Zahradnik, Tetrahedron Letters 9, 289 (1961)

26 A G. Anderson, Jr. and H. L. Ammon, Tetrahedron 23, 3601 (1967)

27 W. L. Mosby, The Chemistry of Heterocyclic Compounds (Edited by A. Weissberger), Vol. XV, Part 1.
Interscience, New York, N.Y. (1961)

28 G. V. Boyd, J. Chem. Soc. 1978 (1958)

2% R. Borsdorf, Z. Chem. 4, 422 (1964)

3% G.V.Boyd and A. W, Ellis, J. Chem. Soc. B, 349 (1966)

31 W_J. Linn and W. H. Sharkey, J. Am. Chem. Soc. 79, 4970 (1957)

32 H. C. Longuet-Higgins and C. A. Coulson, Trans. Faraday Soc. 43, 87 (1947)

33 C. Aussems, C. Jaspers, G. Leroy and F. van Reemoortere, Bull. Soc. Chim. Belges T8, 479 (1969)

34 A. Galbraith, T. Small, R. A. Barnes and V. Bockelheide, J. Am. Chem. Soc. 83, 453 (1961)

© @ 9 & w s

17



