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Fig. 3. Molecular packing diagram viewed along the c axis. 

The pyrimidine and imidazole rings of the caffeine 
molecule are planar and the dihedral angle between 
them is 1.6 (1) and 2.6 (1) ° for molecules A and B, 
respectively; the dihedral angle between them is 
67.0 (2) ° in the free molecule (Sutor, 1958). 

lntermolecular bonds and molecular packing. 
Molecular packing in the crystal is shown in Fig. 3. 
Three hydrogens are available for hydrogen bonding 
in each molecule, two from the aryl amino nitrogen 
and one from the sulfonamido nitrogen. But H(42)A 
and H(41)B do not participate in hydrogen bonding. 

Table 3. Hydrogen-bond geometry (A, o) 

D---H...A D ~ H  D...A H...A D---H.--A 
N(4)B--H(42)B...O(3t)A 0.79 (3) 3.134 (3) 2.38 (3) 160.7 (2-6) 
N(4)A--H(41)A'"O(3U)B 0"79 (3) 3.195 (4) 2.45 (3) 159.3 (2.6) 
N(I)B--H(I)B'"N(6~a)A 0"80 (3) 3.083 (3) 2"29 (3) 171.4 (2.3) 
N(1)A--H(I)A...N(61")B 0.81 (3) 2.978 (4) 2.17 (3) 172.0 (2.1) 

Symmetry code: (i) x, - y +  I, z+ ½; (ii) x, - y +  ½, z -  ½; (iii) x, y, z; (iv) x -  I, 
I 1 -y+~,  z-~. 

The hydrogen-bonding geometry (Table 3) shows 
weak hydrogen bonds having D...A lengths > 3.0 A. 
The predominant intermolecular forces responsible 
for complex formation are therefore non-bonded 
interactions. The flat caffeine molecules are packed 
parallel to each other. 
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Abstract. Adenine-adeninium tetrafluoroborate- 
water (1/1/2), C5HsNs.C5H6N~.BF4.2H20, Mr = 
394.10, monoclinic, P2Jm, a -- 5.358 (1), b = 
19.468 (7), c = 7-905 (2) A, fl = 104.75 (2) °, V =  
797-4 (7) A 3, Z = 2, Dx = 1.641 g cm -3, A(Mo Ktr) = 
0.71069 A,/1, = 1.42 c m -  1, F(000) = 404; T = 298 K. 

* Author to whom correspondence should be addressed. 
0108-2701/91/030580-05503.00 

Final R = 0.062 for 1597 unique observed refections 
with Io > 2o'(lo). After consideration of various fac- 
tors the structure was assigned as adenine and adeni- 
nium moieties in a 1:1 ratio, disordered over the one 
site. The BF4 anion and the two water molecules of 
crystallization lie on mirror planes. H atoms on C(2), 
N(6), C(8) and N(9) of adenine were located in 
difference-Fourier maps and were refined, but those 
© 1991 International Union of Crystallography 
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on the water molecules could not be located and 
have been ignored. The site of protonation required 
for charge balance could be either N(1) of the 
adenine moiety or a water molecule of crystallization 
and has been" assigned as the former, where the 
occupancy of that proton is 0.5. The adenine bases 
are hydrogen bonded together in two different modes 
found commonly in other adenine salts. 

Introduction. In an attempt to synthesize a complex 
between Pb n and adenine, crystals were obtained 
that have subsequently been shown by X-ray analysis 
to be a hydrated adenine tetrafluoroborate salt. The 
crystals contain no Pb u. Refinement was undertaken 
in space group P2~/m and also in its non- 
centrosymmetric equivalent, P21. In space group P2~ 
there are two asymmetric units per unit cell, each 
consisting of two adenine moieties, one BF4 anion 
and two water molecules of crystallization. In space 
group P2Jm there are four asymmetric units per cell 
and each is composed of one adenine moiety, one 
half BF4 anion and two half water molecules of 
crystallization. The BF4 anion and both water 
molecules lie on mirror planes. Charge-balance 
considerations require that the structure be mono- 
protonated at some position. In space group P2~/m 
charge balance could be achieved either by the pres- 
ence of a half proton on the N(1) of adenine, giving a 
disordered structure, or a half proton on one of the 
two half water molecules in the asymmetric unit, 
giving H3 O÷. In space group P21 protonation of one 
of the two adenine groups or one of the two water 
molecules in the asymmetric unit is also required for 
charge neutrality. Assignment of a full proton to 
N(1) of both adenine groups would disrupt the over- 
all charge balance, unless one water molecule was 
actually a hydroxyl group. This is an unlikely situa- 
tion in a solution at pH 3.25 and one that we have 
not considered further. When considering the 
protonation of one adenine, both ordered and dis- 
ordered structures are possible in P2~. In the ordered 
structure the asymmetric unit would contain one 
adenine and one adeninium group in separate sites. 
In the disordered structure, the adenine and adeni- 
nium groups would occupy the same sites with half 
occupancy. Refinement in P2~ suggested the dis- 
ordered structure and refinement has, therefore, been 
completed in P2~/m. The considerations pertaining to 
the choice of space group and protonation site are 
discussed below. 

Experimental. Crystals were obtained by the 
following method. Pb(NO3)2 (0.25 g, 0-75 mmol), 
adenine (0.306g, 2.26mmol) and NaBF4 (0.5g, 
4.55 mmol) were each dissolved in water (25 ml). The 
three solutions were mixed and heated to N363 K 
for 15 min. The resulting white precipitate was 

Table 1. Atom coordinates and isotropic temperature 
factors (A 2) 

B~q = S ~r2Y ,Y. s Uisa,* aj*a,.aj. 

x y z B o r B ~ q  
N(1) -0.0852 (3) 0-3612 (1) 0.3670 (2) 3.30 (7) 
N(3) -0.3631 (4) 0.4292 (1) 0.1492 (2) 3.64 (8) 
N(6) 0-3240 (4) 0.3931 (1) 0-5257 (3) 3.75 (8) 
N(7) 0.2089 (4) 0.5280 (1) 0.3163 (2) 3-46 (7) 
N(9) -0-1692 (4) 0-5395 (1) 0.1184 (2) 3.54 (8) 
C(2) -0.3052 (4) 0.3735 (1) 0.2439 (3) 3-64 (9) 
C(4) -0-1734 (4) 0-4762 (1) 0.1890 (3) 3.08 (8) 
C(5) 0.0620 (4) 0-4691 (1) 0.3118 (3) 2-98 (8) 
C(6) 0-1094 (4) 0.4078 (1) 0.4057 (3) 3.06 (8) 
C(8) 0.0604 (5) 0.5678 (1) 0.1987 (3) 3.59 (9) 
O(1) -0-0825 (5) 0.25 0.5611 (4) 4.7 (1) 
0(2) 0.4826 (6) 0.25 0.6935 (4) 6.4 (2) 
B(1) 0.1209 (8) 0.25 0.0600 (5) 3.9 (1) 
F(I) 0.2456 (5) 0.25 0-2350 (3) 5.7 (1) 
F(2) -0.1403 (5) 0-25 0.0345 (4) 8-9 (2) 
F(3) 0.1947 (5) 0.3061 (1) -0-0162 (3) 9.2 (1) 
H(l)t  -0.07 (1) 0.314 (3) 0.449 (7) 5 (1) 
H(2) -0.433 (5) 0.336 (2) 0.216 (3) 3.6 (5) 
H(8) 0.119 (5) 0-612 (1) 0.168 (3) 4.1 (6) 
H(61) 0-460 (6) 0.424 (2) 0.562 (4) 4.8 (6) 
H(62) 0.343 (6) 0-354 (2) 0.571 (4) 5.2 (7) 
H(9) -0-289 (5) 0.557 (2) 0.038 (4) 4.3 (6) 

t Occupancy  = 0.5. 

filtered and discarded and the filtrate allowed to 
evaporate slowly in air. Colorless X-ray quality crys- 
tals grew within four days. The pH of the solution 
was 3.25. A rational synthesis of the compound has 
not been attempted. 

Details of the crystallography are as follows. 
Colorless block-shaped crystal, dimensions 0-75 x 
0.31 x 0.26 mm, monoclinic, space group P2~/m (no. 
11), Rigaku AFC-6S four-circle diffractometer, data 
collected at room temperature. The crystal-to- 
detector distance was 285mm, monochromated 
Mo Ka radiation was employed with a 1.0 mm diam- 
eter incident-beam collimator, to/20 scan techniqfle, 
variable scan width where Ato = (1.30 + 0.30tan0) °, 
scan rate 4 ° min-~in  ~o. Weak reflections with F < 
10tr(F) were rescanned a maximum of four times and 
counts accumulated, stationary background counts 
were recorded at each side of the reflection. The ratio 
of peak:background counting time was 2:1. Lattice 
parameters were from 25 reflections having 30.0 < 28 
< 31.9 °. An empirical absorption correction was 
applied using DIF,4BS (Walker & Stuart, 1983) with 
transmission factors ranging between 0.77 and 1.18. 
The absorption correction was applied to the struc- 
ture after isotropic refinement of all atoms, excluding 
hydrogen. Three intensity standards measured every 
150 data showed no decay. The structure was solved 
by direct methods using SHELXS86 (Sheldrick, 
1985) followed by difference-Fourier syntheses. The 
total of 2089 reflections was measured to 20 = 55.1 o 
(h 0---6, k 0---24, I - 10---,9) with 1900 being unique. 
Equivalent reflections were averaged (Rin  t = 0.044) 
and the 1597 having Io > 2tr(lo) were used in the 
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Table 2. Interatomic distances (A) and angles (o) 
involving the non-H atoms 

N(1)----C(2) 1.345 (3) N(9)--C(4) 1.354 (3) 
N(1)--C(6) 1.357 (3) N(9)--C(8) 1.350 (3) 
N(3)----C(2) 1.309 (3) C(4)--C(5) 1.389 (3) 
N(3)---C(4) 1-345 (3) C(5)--C(6) 1.394 (3) 
N(6)--C(6) 1-322 (3) B(1)--F(I) 1.374 (5) 
N(7)---C(5) 1.386 (3) B(1)--F(2) 1.362 (5) 
N(7)---C(8) 1.312 (3) B(1)----F(3) 1.354 (3) 

C(2)----N(1)---C(6) 121.7 (2) C(4)1C(5)--C(6) 117.9 
C(2)---N(3)--C(4) 112.0 (2) N(1)---C(6)---N(6) 119.7 
C(5)---N(7)----C(8) 103.5 (2) N(1)----C(6)----C(5) 115.2 
C(4)---N(9)----C(8) 106.6 (2) N(6)----C(6)----C(5) 125.1 
N(I)---C(2)---N(3) 126.7 (2) N(7)---C(8)---N(9) 114.0 
N(3)---C(4)---N(9) 127.9 (2) F(1)---B(1)--F(2) 111.5 
N(3)--C(4)--C(5) 126.4 (2) F(1)--B(I)--F(3) 109.0 
N(9)--C(4)--C(5) 105.8 (2) F(2)--B(1)--F(3) 109.8 
N(7)---C(5)---C(4) 1 I0.1 (2) F(3)--B(1)--F(3') 107.5 
N(7)--C(5)1C(6) 132.0 (2) 

(2) 
(2) 
(2) 
(2) 
(2) 
(3) 
(2) 
(2) 
(4) 

structure refinement which was by full-matrix least 
squares on F (154 variables) using the TEXSAN 
crystallographic software package (Molecular Struc- 
ture Corporation, 1985). The final data-to-parameter 
ratio was 10.37. All non-H atoms were refined aniso- 
tropically. H atoms of the adenine moiety were 
located and refined isotropically. Problems relating 
to the assignment of a proton on N(1) of adenine are 
discussed in detail below. H atoms on the water 

• molecules could not be located and have conse- 
quently been ignored. Neutral-atom scattering fac- 
tors and anomalous-dispersion corrections were from 

/International Tables for X-ray Crystallography (1974, 
Vol. IV, pp. 99, 149). Final R = 0.062, wR = 0.085, 
GOF = 3.81. Weights were given by w = 4Fo2/tr2(F~o). 
In the final cycle the maximum LS shift/e.s.d, was 
0.001. The final difference-Fourier map maximum 
and minimum peaks were 0.36 and - - 0 . 4 4 e / ~ k  -3 ,  
respectively. Table 1 gives atomic positional param- 
eters, Table 2 bond lengths and angles and Table 3 
lists possible hydrogen-bonding interactions. Fig. 1 
depicts the hydrogen bonding between adenine moie- 
ties along with the atom-labeling scheme.* 

l)iseltssion. The structure has been refined, and is 
reported, in space group P2a/m, but was also refined 
in the non-centrosymmetric equivalent space group 
P2~. The DIFABS absorption correction was applied 
in both cases after full isotropic refinement of all 
atoms, excluding hydrogen. H atoms on C(2), N(6), 
C(8) and N(9) were located in difference-Fourier 
maps but those on the water molecules could not be 

* Lists of thermal parameters, structure factors; bond distances 
and angles including H atoms, intermolecular distances and least- 
squares-planes data and a complete description of the structure 
determination have been deposited with the British Library Docu- 
ment Supply Centre as Supplementary Publication No. SUP 
53236 (40 pp.). Copies may be obtained through The Technical 
Editor, International Union of Crystallography, 5 Abbey Square, 
Chester CH1 2HU, England. 

Table 3. Possible hydrogen-bonding interactions 
(< 3-4 A); O(1) and 0(2) are water molecules of 

crystallization 

N(3)-..N(9 ~) 2.903 (3) F(I)...C(2 v) 3-390 (3) 
N(6)...N(7 u) 2.931 (3) F(2)...O(2 '~) 2.928 (4) 
O(I)...N(1) 2.652 (3) F(2)...C(2) 3-170 (3) 
O(1)...N(1 ~) 2.652 (3) F(2).--N(1) 3-360 (3) 
O(1)...O(2) 2.941 (4) F(3)...C(8 '~i) 2.995 (3) 
O(1)...O(2 i') 2.787 (4) F(3)...N(9 '~) 3.107 (3) 
O(2)...N(6) 3.1 l0 (3) F(3)...C(2 v) 3-213 (3) 
O(2)-..N(6 ~) 3-110 (3) F(3)...O(2 ~) 3.262 (4) 
F(1)...N(1) 3.140 (3) 

Syrnmetry code: (i) - 1 - x , l - y , - z ;  (ii) 1 - x , l - y , l - z ;  (iii) 
+ x , ~ - y , + z ;  (iv) 1 +x, .+y ,+z;  (v) l + x , + y , + z ;  (vi) 
- l + x ,+ y , -  l +z; (vii) - x , l - y , - z ;  (viii) + x ,+ y , -  l +z.  

- - ~ i  H~ ~C~ 

-.. _,~l c s ~ c  4 ~ --'.,, 

HI H2 

Fig. 1. ORTEPII  diagram (Johnson, 1976) showing the infinite 
chain of hydrogen-bonded adenine moieties along with the 
atom-labeling scheme and 30% probability thermal ellipsoids. 
For symmetry codes see Table 3. 

located. The structure refined to an R factor of 0-065 
in P21/m, with full shifts being applied, and to the 
same R factor in space group P2~, where it was 
necessary to apply half shifts. Both refinements were 
carried out with no proton assigned to N(1) of 
adenine. When a proton of occupancy 0.5 was 
assigned to adenine N(1) in space group P21/m, the 
R factor dropped from 0.065 to 0.062, wR from 
0.090 to 0.085, and the GOF from 4.01 to 3.81. The 
charge on each BF4 anion must be balanced by a 
single positive charge to achieve charge neutrality. 
This could be accomplished either by protonation of 
an adenine ring or protonation of a water molecule 
of crystallization. The usual site of protonation of 
adenine is at N(1) which has a pKa value of 4-15. 
Protonation would be expected in the pH range 
2-4-5 (Ts'o, 1974). Several structures have been 
reported that contain adenine protonated at N(1) 
(Hingerty, Einstein & Wei, 1981; Kistenmacher & 
Shigematsu, 1974; Langer & Huml, 1978; Langer, 
Huml & Lessinger, 1978; Langer, Huml & Zachova, 
1979). 

Voet & Rich (1970) note that sites of protonation 
on a purine or pyrimidine base can be readily in- 
ferred from a consideration of bond angles and bond 
distances. Specifically, the internal ring angle at an N 
atom in a six-membered heterocyclic ring will aver- 
age 118.6 (14) ° when the N atom is not protonated 
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and 123.0 (4) ° when that N has an extra-annular 
attachment, such as a proton. This is supported by 
several structural studies (Hingerty, Einstein & Wei, 
1981; Iwasaki, 1974; Kistenmacher & Shigematsu, 
1974; Langer & Huml, 1978; Langer, Huml & Les- 
singer, 1978; Langer, Huml & Zachova, 1979). 
Furthermore, the average internal ring angles at C(2) 
and C(6), which are adjacent to N(1), are 129.1 (15) 
and 117.3 (16) °, respectively, in a non-protonated 
pyrimidine and these angles are expected to each 
decrease by N4° on N(1) protonation. 

In the present structure, in space group P21, if one 
adenine group is protonated while the other is not 
this should be manifested in very different ring 
angles within the two adenine groups in the asym- 
metric unit. The internal ring angles at N(1), C(2) 
and C(6) of both adenine groups in space group P2~ 
are as follows. For the first adenine ring the angles 
are 120.1 (5), 125.7 (5) and 116.8 (4) °, while for the 
second ring the angles are 122.7 (5), 128.5 (5) and 
114.2 (4) °. A comparison of these ring angles with 
those for protonated and non-protonated pyrimi- 
dines (Hingerty, Einstein & Wei, 1981; Langer, Huml 
& Lessinger, 1978; Voet & Rich, 1970) shows that in 
the present case it is not possible to decide whether 
either adenine group is protonated or not. The value 
of 120.1 (5) ° at N(1) of the first adenine ring is 
midway between the values for protonated and non- 
protonated adenine rings. The value of 125.7 (5) ° at 
C(2) is characteristic of the protonated pyrimidine 
while the value of 116.8 (4) ° at C(6) is closer to what 
would be expected for a non-protonated pyrimidine. 
For the second adenine ring, angles of 122-7 (5) and 
114"2 (4) ° at N(1) and C(6), respectively, are indica- 
tive of a protonated pyrimidine, while the 128.5 (5) ° 
angle at C(2) suggests a non-protonated pyrimidine. 
These results are not consistent with the existence of 
one adenine and one adeninium group in separate 
sites in the asymmetric unit of the structure in space 
group P21, and instead are suggestive of a disordered 
structure. The possibility remains that one of the two 
water molecules in the asymmetric unit is proton- 
ated. H atoms on the water molecules could not be 
located in difference-Fourier maps, however, making 
it impossible to say anything definitive regarding the 
likelihood of an  H3 O+ species. Since the observed 
geometric differences between both adenine groups 
in P2~ are not thought to constitute an asymmetry in 
the structure, refinement has been completed in space 
group P21/m. 

The three H atoms on the adenine ring and the 
two H atoms on the exocyclic amino grouP were the 
five strongest peaks (0.5 to 0.7e A -3) on final 
difference-Fourier maps in space group P21/m and 
were located at distances of 0.83-1.12 )~ from their 
respective heavy atoms. A peak of 0.3 e A-3 (no. 22 
in this list) was 1.12 A distant from N(1), the most 

probable site of protonation on adenine. This peak, 
being much weaker than the five peaks that were 
assigned as H atoms, could not confidently be 
ascribed to a proton - at least not a proton with full 
occupancy. Geometric considerations in P2~/m are 
also inconclusive. The internal ring angles at N(1), 
C(2) and C(6) are 121.7 (2), 126.7 (2) and 115.2 (2) °, 
respectively, again falling approximately midway 
between the average values reported by Voet & Rich 
(1970) for those angles in protonated and non- 
protonated adenine-containing compounds. They are 
also the averages of those values given above for 
these angles in the two adenine groups in space 
group P2~. These crystallographic results support a 
situation in which the structure is disordered. We 
have settled on a description of the structure 
whereby a proton is located on N(1) of adenine but 
with an occupancy of 0.5. This would be consistent 
with the low intensity of the peak near N(1) on the 
difference-Fourier map. 

The second possibility, mentioned above, is that 
charge balance could be achieved if one of the water 
molecules were protonated instead of an adenine 
group, giving the formula 2CsHsNs.H30+.BF4. - 
H20. As in space group P2~, the H atoms on the 
water molecules could not be located in difference- 
Fourier maps in P2Jm. Peaks appearing at - 1  A 
from the water O atoms were refined as H atoms but 
the refinement was unsuccessful. Also, attempts to 
assign plausible hydrogen-bonding schemes involving 
the water molecules were inconclusive. Therefore, 
while protonation of a water molecule of crystalliza- 
tion remains a possibility, the structure has been 
assigned as CsHsNs.CsH6N~ .BF4.2H20. 

The adenine bases are hydrogen bonded together 
via two different modes of base pairing, first via 
hydrogen bonds of the type N(9)--H...N(3) and 
second via N(6)---H...N(7), thereby forming an 
infinite hydrogen-bonded chain (Fig. 1). The 
N(3).-.N(9) and N(6)...N(7) distances are 2.903 (3) 
and 2.931 (3)A, respectively. These two hydrogen- 
bonding modes have also been observed in other 
structures (Hingerty, Einstein & Wei, 1981; Langer, 
Huml & Lessinger, 1978). Details of possible 
hydrogen-bonding interactions are given in Table 3. 

Funds to purchase the X-ray diffraction equip- 
ment were provided by NSF CHE 87-11307. 
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Pyramidalization in a Hexachloronorbornadiene Derivative 
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Abs~act. 7,8,9,10,11,11-Hexachloro-7,10-dihydro- 
7,10-methanofluoranthene, (1), C17H6C16, M r  = 

422.95, monoclinic, P2~/c, a = 14.814 (8), b = 
8.623(2), c =  14.206(4)A, /3= 111.22(3) ° , V= 
1691.6 (9) A 3, Z = 4, Dx = 1-660 g cm -3, A(Mo Ka) 
= 0-71073 A, /z = 10.16 cm -~, F(000) = 840, T =  
295 K, R = 0.0488 for 3186 reflections. The molecule 
is composed of a naphthalene ring system joined to a 
hexachloronorbornadiene molecule forming an 
acenaphthylene moiety. The acenaphthylene system 
is planar (0-005 A r.m.s, deviation); however, the 
C(sp 2) atoms of the two double bonds in norborna- 
diene are pyramidalized with substituents bent away 
from the methano bridge in the endo direction. The 
C(sp 2) atoms associated with the naphthalene ring 
fusion exhibit pyramidalization angles of 5.1 (3) ° 
while the C(sp 2) atoms substituted by C1 have 
pyramidalization angles of 2.4 (4) °. 

Introduction. Most derivatives of anti-sesquinor- 
bornene (2) exhibit planar geometries around the two 
olefmic C atoms (Watson, Galloy, Bartlett & Roof, 
1981; Paquette, Hayes, Charumilind, Bohm, Gleiter 
& Blount, 1983; Gajhede, Jorgensen, Kopecky, 
Watson & Kashyap, 1985); however, the exo-4- 
nitrophenylmaleimide derivative (Ermer & Bodecker, 
1983) exhibits a pyramidalization of 13.2 (3) ° indicat- 
ing a rather low barrier to the bending mode. In 
these papers the pyramidalization is reported either 
as the deviation of the interplanar angle from 180 ° or 

* Author to whom correspondence should be addressed. 
0108-2701/91/030584-04503.00 

as X, the deviation from planarity of the dihedral 
angles about the sp2C a toms  (Ermer & Mason, 
1982). The olefinic C atoms of syn-sesquinorbornene 
(3) and derivatives are considerably pyramidalized 
and exhibit deformation angles of 16-18 ° (Watson, 
Galloy, Bartlett & Roof, 1981; Hagenbuch, Vogel, 
Pinkerton & Schwarzenbach, 1981). Derivatives con- 
taining additional saturation at the ethano bridge 
exhibit slightly larger angles (Paquette, Green, 
Gleiter, Schaefer & Gallucci, 1984) with derivative 
(4) exhibiting a deformation angle of 22.1 (2) ° 
(Watson, Galloy, Grossie, Bartlett & Combs, 1984). 
Recently, a syn-sesquinorbornene with spiro fusion at 
the two methano C atoms was shown to have a 
deformation angle of 32-4 ° (Paquette & Shen, 1990). 
This deformation is enhanced by steric interactions 
of the spiro groups and the strained double bond is 
sterically shielded from reactants. Relief of angle 
strain about the central double bond is thought to be 
a major driving force in the pyramidalization; how- 
ever, derivatives with bicyclo[2.2.1] (Paquette, Carr, 
Charumilind & Blount, 1980) (5) and bicyclo[3.2.1] 
(Paquette, Hsu, Gallucci, Korp, Bernal, Kravetz & 
Hathaway, 1984) (6) frameworks were found to have 
distortion angles of 9-3-11.8 °. Recently, a neutron 
diffraction study ~of (7) (Ermer, Bell & Mason, 1989) 
found a 7.4 (2) ° pyramidalization for the 7r bond 
which is larger than predicted by theory (Burkert, 
1981; Spanget-Larsen & Gleiter, 1982; Ermer, 
Bodecker & Preut, 1984; Wipff & Morokuma, 1980; 
Rondan, Paddon-Row, Caramella & Houk, 1981). 
When the zr bond in norbornene results from fusion 
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