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Abstract The pyramidalization of the nitrogen in sulfonamides of 7-azabicyclo[2.2.1]heptane is enhanced in the solid state as
compared with the corresponding monocyclic sulfonamides of pyrro]idine and 3-pyrroline. We postulate a general structural

motif of pyramidal nitrogen in sulfonamides. © 1998 Elsevier Science Ltd. All rights reserved.

We have shown that pyramidalized amide nitrogen is an intrinsic feature of the 7-azabicyclo{2.2.1]heptane
motif in the solid state.! As regards sulfonamides, examples with planar nitrogen have been reported,2-4 but
most tend to exhibit nitrogen pyramidalization.?>© The purpose of this paper is to establish the intrinsic
structural character of sulfonamides of 7-azabicyclo[2.2.1]heptane by comparing the magnitude of
pyramidalization with those of the most pyramidal simple N-sulfonylamides of aziridine and azetidine.

The planarity of sulfonamide nitrogen can be represented in terms of two angle parameters, the summation
of the three valence angles around the mtrogen (0), and the out-of-plane angle (a) of the sulfur atom of the
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j and a value of 6 smaller than
60 °. The Cambridge Structural Database contains 370 examples of aryisuifonamides of secondary amines,
including 19 examples of aziridine derivatives,® and 2 examples of azetidine derivatives.® The average value of 8
of the 349 examples (i.e., except the 21 small ring derivatives) is 352.4 ° (standard deviation 5.7 °), ranging from
a minimum of 332.3 ° to a maximum of 360.0 °. The data suggest that planar sulfonamides occur (74 examples
of arylsulfonamides in the Cambridge Structural Database take the value of 8> 358.0 °),2 but that N-
sulfonylamides tend to exhibit pyramidal nitrogen more frequently than do amides.? In fact, simple monocyclic
sulfonamides, N-(p-toluenesulfonyl)pyrrolidine S and N-(p-toluenesulfonyl)-3-pyrroline 6, are pyramidalized
(5:0=349.2 °, =30 °; 6: 8=353.4 °, 0=24 °) in the crystal 8 which i

s in sharp contrast to the essentially plan

nitrogen of the relevant amides of N-benzoylpyrrolidine and N-benzoyl-3-pyrroline.’ The planar trlgonal

N-sulfonylamides can be attributed to = bonding between the nitrogen and sulfur atoms, due o pr-dg
bonding between the nitrogen lone pair and vacant sulfur orbital,* or negative hyperconjugation of the nitrogen
lone pair (vide infra).'®-1} Thus, the rotational barriers of N-S bonds of sulfonamides are smaller than those of
the N-C bonds of amides,* leading to potential pyramidalization of the nitrogen of N-sulfonylamides.

The nitrogen atoms of N-(p-toluenesulfonyl)-7-azadibenzobicyclo[2.2.1]heptadiene 1 and N-(p-
toluenesulfonyl)-2,3-dimethoxycarbonyl-7-azabicyclo[2.2.1 Jheptadiene 2 are more pyramidalized (1: 6=341.4 °,
o=36.0° 2 0=341.3 °, «=35.9 °) than those of the monocyclic counterparts 5 and 6 (Table 1).? The N-S bond

- 1.628 A; 2: 1.634 A)is elon gated as compared with those of 5 (1.613 A)and 6 (1.597 A) in the crystal
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Figure 1 ORTEP Diagrams Showing 50 % Probability Displacement Ellipsoids
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state. The crystal structure of a nitrogen-pyramidal N-methylsulfonyl amide of 7-azabicyclo[2.2.1]heptadiene,
i.e., N-(methylsulfonyl)-2,3-dimethoxycarbonyl-7-azabicyclo[2.2.1]heptadiene, complexed with tricarbonyl
iron was also reported.!2 The observed pyramidalization can be regarded as a fixation of the inherent pyramidal
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Greater nitrogen pyramidalization (a=41 °) is observed in the saturated sulfonamide, (p-toluenesulfonyl)-
2,3-dimethoxycarbonyl-7-azabicyclo[2.2.1]heptane 3. The N-S bond is also elongated significantly. (p-
Toluenesulfonyl)-2,3-ditrifluoromethyl-7-azabicyclo{2.2.1Theptane 4 is also pyramidalized, the out-of-plane
angle (o) of 4 being comparable with that of the monocyclic saturated counterpart 5; nevertheless, the N-S bond
of 4 is elongated as compared with that of §. Our single crystal structural determinations of the simplest
sulfonamides of a small ring system,?!3 i.e., p-toluenesulfonylaziridine (7) and p-toluenesulfonylazetidine (8)
provide a reference of maximum pyramidalization of the sulfonamides, o (and 8) being 59.5 ° (291.2 © (2))/59.1 °©

(291.3 °(2)), and 37.25 ° (338.8 °(1)), respectively. Thus, the degree of pyramidalization inherent in 7-
: ) oo I PP TP ST LR PO .S DI T o
azabicyclo[2.2.1]heptane seems to be comparable to that of azetidine N-sulfonylamides.>-¢

In the case of unsymmetrical substrates, the tiit direction of the suifonyi group with respect to the nitrogen
trigonal plane is an issue. With 2, anri-tilting of the sulfony! group with respect to the diester group is observed,
the direction being the same as in the case of the relevant benzoyl compound, N-benzoyl-7-azadibenzobicyclo
[2.2.1]heptadiene.! The syn-tilting of the sulfonamide group of 3 is observed, while the tilt direction of the
sulfonyl substituent is changed to anti in the case of 4.



In addition, the sulfonamides (1, 2,4 and 8) take the conformation in which the S-C bond is anti-
periplanar with respect to the N lone pair (A). The sulfonamide group of 3 and 7 takcs a syn-periplanar
conformation (B). These conformational preferences of syn- or anti-periplanar structures have been generally
observed even in planar sulfonamides,?-3 and have been rationalized in terms of negative hyperconjugation
between the nitrogen lone-pair and the electron-deficient C-S bond (o*p_q).m" 1.14-16 The relevant negative

hyperconjugation is suggested theoretically to be strongly enhanced in a-sulfonyl carboanions,!? which are
Table 1 Nitrogen Pyramidalization of Sulfonamides 2
angles around N out-of-plane angle N-S bond length
0 (deg.) o (deg.) (A)
1 3414 (2) 36.0 1.628 (3)
2 341.3 (2) 35.9 1.633 (3)
3b 336.4 (6) 41.1 1.635 (7)
336.7 (6) 40.6 1.636 (7)
4 347.8 (2) 29.1 1.627 (3)
5 349.2 (3) 30.4 1.613 (3)
6 3534 (3) 23.7 1.597 (4)
7b 2912 (2) 595 1.649 (3)
291.3 (3) 55.1 1.647 (3)
8 338.8 (1) 37.3 1.620 (2)

a) Standard deviations are shown in parentheses. b) Two kinds of molecule are involved in a unit cell.

isoelectronic to pyramidal sulfonamides. Localization of the nitrogen lone pair in the pyramidal sulfonamides,

i.c., increase of electron-donating ability of the nitrogen non-bonding orbital, is postulated to counterbalance the

attenuation of the negative hyperconjugation due to the elongation of the N-S bond.
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the nitrogen lone-pair and the electron-deficient C-S bond can participate to fix the preferred syn- and anti-
conformations. Pyramidal nitrogen sulfonamides may provide a new platform to design peptide mimics'8 or a
new motif!*20 bearing an unnatural three-dimensional extension in drug design and molecular assemblies. The
findings in this paper provide a fundamental basis for such future applications.

We thank the Computer Center of University of Tokyo for searching the Cambridge Structural Database.
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