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78. Crystal Structure of 4-Trimethyltin-quinuclidinium Perchlorate
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Summary

The crystal structure of 4-trimethyltin-quinuclidinium perchlorate has been
determined by direct methods and refined by least squares techniques. Crystals
of C,yH;,CINO4Sn are monoclinic, space group I2/c with lattice parameters
a=729.445(13), b= 18.400(8), c=11.300(5) A, £=95.82(5)°, V=6090.65A3, and two
independent molecules (Z=16). Interatomic distances are compared with those of
known structures of quinuclidinium chloride and 4-haloquinuclidinium chlorides
and perchlorates.

Introduction. - The pK,-values of quinuclidine and 4-substituted derivatives
have been determined by Grob et al [1] and were found to depend strongly
on the nature of the substituent in the 4-position. It was therefore of interest to
learn whether there is a corresponding change in the bond lengths and angles
and in the C(3)...N nonbonded distance!) as the substituent is varied. Kurahashi
et al [2] have recently solved the X-ray structures of quinuclidinium chloride
and of 4-haloquinuclidinium chlorides and perchlorates. This communication
describes the crystal structure of 4-trimethyltin-quinuclidinium perchlorate, in
which, in contrast to the halogen derivatives, the substituent is a bulky, electron-
donating group (vide infra).

Crystallographic Part. - The systematic absences, hkl: h+k+1=2n+1, hOl: h=2n+1, I=2n+1,
are compatible with the monoclinic space groups Jc or I2/f. Lattice constants are a=29.445(13),
b=18.400(8), ¢=11.300(5) A, £=9582(5)°, V=6090.65 A3, Dgp =1.630, Dy =1.633 g/em? for
Z=16. The intensities of 3963 independent reflexions were collected (8/26 scan) in the range
2< 0 <27° with a Philips-PW-1100 diffractometer equipped with a fine-focus molybdenum tube and a
graphite monochromator (MoK,, 1=0.71069 A). No absorption correction was made. Since the
Paiterson map could not be interpreted, the structure was solved by direct methods with the program
SHELX-76 [3], assuming the space group to be I2/c. Scattering factors for neutral atoms (except
H-atoms) and terms for anomalous dispersion were taken from Cromer er al [4]. Scattering
factors for H-atoms are from [5]. 1770 reflexions with (Fy)> 30 (Fp) were used in the aniso-
tropic refinement. All parameters converged and a subsequent difference Fourier map led to the
location of all H-atoms. The final R-index is 0.038 (R=)||Fy| — | F.! I /3| Fgl). Atomic positional
and thermal parameters are listed in Table I, positional parameters of H-atoms in Table 2, while
interatomic distances and bond angles are given in Table 3.

1y The numbering is that of the Figure.
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Table 2. Positional parameters assigned to H-atoms

Atom X y z Atom X y z
C(1) H(D) 0.2083 0.6961 0.2097 C(1y HW) 0.2972 0.4250 0.2978
H(1*) 0.2229 0.7109 0.1220 H(1™) 0.2939 0.3370 0.3010
C(2) H(2) 0.1363 0.6698 0.1434 C(2) H@2) 0.3543 0.3177 0.4422
H(2*) 0.1532 0.6785 0.0883 H@2™) 0.3613 0.4058 0.4357
C4 H#) 0.1799 0.5825 —0.0329 C4) H@® 0.3973 02751 0.3051
H4*) 0.1919 0.5097 —0.0043 H#™*) 0.4205 0.2626 0.2852
C(5 H(S) 0.2641 0.5491 0.0258 C(5) HG) 0.3404 0.2565 0.2060
H(5*) 0.2490 0.6294 0.0077 H(™*) 0.3833 0.2748 0.1235
C(6) H(6) 0.2581 0.9942 0.2817 C(6) H(©) 0.3946 0.4085 0.1382
H(6*) 0.2362 0.5657 0.2921 H(6™) 0.3587 0.4567 0.1918
c H(7) 0.1644 0.4810 0.1643 C(Tmy  H@™ 04429 0.3989 0.2743
H(7*) 0.1540 0.5474 0.2272 H(@™*) 0.4122 0.4665 0.3396
C(8) H(8) 0.0556 04319 —0.0098 C(&) H®) 0.4442 0.2465 0.6764
H(8*) 0.1116 0.3964 0.0202 H(8™*) 0.4063 0.2064 0.5642
H(8**)  0.1097 04290 —0.0264 H(@**) 03944 0.2711 0.6688
c H() —0.0008 0.5592 0.0830 C©%) HO) 0.5453 0.2956 0.4917
H(9%) 0.0345 0.6365 0.1038 H(%*) 0.5236 0.3290 0.4268
H(9**)  0.0498 0.5744 0.1621 H$™**) 0.5121 0.2618 0.4455
C(10) H(10) 0.0391 0.6030 —0.1385 C(10) HQ10) 0.4943 0.4558 0.6125
H(10*)  0.0909 0.5896 —0.2389 H(10*)  0.4309 0.4442 0.6203
H(10**) 0.0654 0.6536 —0.1338 H(10**) 0.4556 0.5040 0.5367
N H(N) 0.2706 0.6257 0.1956 N’ H(N") 0.3146 0.3570 0.1360
Table 3. Bond distances and selected bond angles in the cation
Atoms Distance (A) Atoms Distance (A) Atoms Angle (%)
N—-C(1) 1.484(24) N-C(1) 1.500(19) C()-N-C(5 109.6(1.4)
C(H)—-C(2) 1.502(27) C(1N—C(2) 1.533(19) C(5)—-N-C(6) 108.1(1.3)
C2)-C(3) 1.512(22) C(2)—-C(3) 1.488(20) C(1)-N—-C(6) 110.3(1.4)
C(3)—-C4 1.545(22) C(3"-C@#) 1.525(20) C(2)—-C(3)—-C(4) 106.6(1.3)
C(4H—-C(5) 1.494(25) C(#)-C(5) 1.513(22) C4)-C(3)—C( 104.3(1.2)
C(5)—N 1.503(21) C(5)-N’ 1.489(21) C2)-C3)-C(7) 106.0(1.1)
N—-C(6) 1.498(23) N-C(6%) 1.479(21) Sn—C(3)-C(2) 114.3(1.0)
C(6)—-C(7) 1.480(23) C(6)—C(7) 1.518(20) Sn—C(3)-C(4) 113.3(0.9)
C(3)—-C(M 1.549(19) C(3")—C(7) 1.567(19) Sn—C@3)—-C(7) 112.6(1.0)
C(3)~Sn 2.119(14) C(3)—Sn’ 2.171(11) C(1)—N'—C(5) 110.7(1.2)
C(8)—Sn 2.126(18) C(8)—Sn’ 2.175(24) C(5)—-N"—C(6) 110.2(1.2)
C(9)~Sn 2.131(27) C(9)—Sr’ 2.082(22) C(1)—-N'—C(6") 109.5(1.2)
C(10)—Sn 215721 C(10)—-Sn’ 2.162(22) C(2)—C(3)-C#4) 107.6(1.2)
C(3)-N 2.550 C(3)—N’ 2.554 C)-C3)-C(1) 108.1(1.0)
C@H-C(3)-C(7) 107.3(1.2)
Sn'—C(3)—-C(2) 112.6(0.8)
Sn'—C(3)—-C(4) 1118.(0.9)
Sn'—C(3)—-C(7) 109.2(0.8)

Discussion. - An ORTEP-plot of a 4-trimethyl-quinuclidinium cation is shown
in the Figure. In contrast to quinuclidinium chloride and its halogen derivatives
the molecules lacks any crystallographic symmetry. Table 4 compares average
distances of the C(1)-N- and the C(3)—N-bonds in trimethyl-quinuclidinium
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Figure

Table 4. Comparison of average distances in 4-R-quinuclidinium chlorides and perchlorates®)

4-R-Quinuclidinium salt C(1)~N-Distance (A) C(3)-N-Distance (A)
R Anion

H ClI- 1.508(7) 2.534(8)
F CI- 1.490(7) 2.502(8)
F ClO4~ 1.51(2) 2.48(3)
Cl CI- 1.489(9) 2.501(9)
Cl ClO4~ 1.504(11) 2.490(10)
Br. Ct- 1.501(10) 2.506(10)
Br. ClO4~ 1.50(3) 2.49(2)

J ClO4~ 1.50(3) 2.55(3)
Sn(CHj)3 ClO4~ 1.484(24) 2.550(22)

4) Values for quinuclidinium chloride and 4-halo-quinuclidinium chlorides and perchlorates are
taken from [2].

perchlorate with those in quinuclidinium chloride and halogen derivatives. No
significant variation is observed. In particular, C(3)—N distances in 4-iodoquinucli-
dinium perchlorate and 4-trimethyltin-quinuclidinium perchlorate are found to be
similar, although the pK,-values are 8.95 and 11.52 respectively [1].

The author is grateful to Professor C. A. Grob for having suggested this problem.
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