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The structure of the title compound (1) has been elucidated by an X-ray crystal determination. The crystals
are triclinic, space group P1 with a unit cell of dimensions a = 6.6109(5), b = 7.5939(4), ¢ = 9.3171(6), o =
77.133(5), B = 75.566(6), v = 63.575(5). The model was refined to an R value (unweighted) of 4.3% for 1551
independent reflections. The distortion of the heterocyclic ring, with a CNC bond angle of 112.5° is in accor-
dance with a prior calculation and relates to the observed reduction in basicity.

J. Heterocyclic Chem., 20, 1155 (1983).

Some years ago we first reported that a fused, strained
ring adjacent to the nitrogen atom of quinoline caused a
reduction in basicity [3]. The initial studies on 1,2-dihydro-
cyclobutajb]quinoline (1) were extended by us and others
to a variety of related heterocyclic systems [4-9]. The most

notable recent work has been that of Thummel and co-wor-
kers who have reported the synthesis and basicities of
strained pyridines 2 and 3 [8,9]. The observed effect of

2 3

ring strain on basicity has been interpreted in terms of or-
bital rehybridization, whereby the bridgehead carbon at
the ring fusion uses orbitals with enhanced p character in
bonding to the small ring [10]. Such rehybridization re-
sults in an orbital of higher s character to bond with the
adjacent nitrogen. As a consequence of such an induced
effect, the nonbonding (n) electron pair on nitrogen is in
an orbital of higher s character and thus is less available
as a proton acceptor. Consistent with this interpretation is
the absence of diminished basicity when the small ring is
fused to other than the [b] face of pyridine [7,8] and
quinoline [11].

Very recently, however, the geometry of the heterocyclic
ring has been identified as the major factor in determin-
ing the proportion of s-character of the n orbital [1}. Mole-
cular orbital calculations, using the partial retention of di-

Figure 1.
with atomic numbering.

Diagram of 1,2-dihydrocyclobuta[s]quinoline

atomic differential overlap (PRDDO) approximation [12],
showed that the percent s-character of the nonbonding or-
bital was increased more by smaller C(2a)-N(3)-C(3a)
angles than by changes in the hybridization of the carbons
at the ring fusion. Furthermore, partial geometry optimi-
zation of 1 gave a CNC angle of 112.1°, a value markedly
smaller than that observed for any cyclobutanaphthalene
system (vide infra). These results prompted us to submit
this compound to crystallographic X-ray analysis.

EXPERIMENTAL

Crystal Data.

Crystals of 1[13], C,,H,N, are triclinic, space group Pl,a = 6.6109(5),
b = 7.5939(4), ¢ = 9.3171(6), a = 77.133(5), B = 75.566(6), y =
63.575(5); V = 402.27A* (A = CuK, = 1.5418 at 18°C) Z = 2; Dcaren
= 1.28 g/cm?®; absorption coefficient, W(CuKy) = 5.918 em™.
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Figure 2. The molecule shown with 50% probability el-
lipsoids; A refers to H(1A) and H(2A) and B to H(1B) and
H(2B).

Figure 3. The unit cell.
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Data Collection.

Precession photographs and cell reduction caleulations revealed the
crystal to be triclinic. The cell dimensions were determined by a least-
squares fit of the observed 20 angles for 24 reflections centered auto-
matically.

Three dimensional intensity data were measured on a computer-con-
trolled Enraf-Nonius CAD-4 diffractometer using CuK, radiation mono-
chromatized by reflection from a highly ordered graphite monochro-
mator. The data crystal of 0.50(010) x 0.42(100) x 0.19(001) mm was
clear, air stable, and mounted along the crystallographic (111) direction.
Data were collected by 6 — 28 scans to 26 (CuKy) = 154° (sin O/\ = 0.63).
Peak backgrounds were measured as one-tenth of the total scan width
(0.7°) on each side. Normal scans which did not result in sufficiently high
precision on net intensity measurements were repeated at a slower scan
speed. The take-off angle was 3.2° and the diffracted beam was automati-
cally corrected for coincidence losses. One form of data yielding 1736
unique reflections was collected. These were scaled to standards (decom-
position = 18%) and corrected for absorption using BNLABS, a local
version of ORABS [14]. The absorption corrections to F,? ranged from
0.76 to 0.90.

Solution of the Structure.

An earlier data set consisting of very weak intensities (MoK, radia-
tion, small erystal) had been collected on this material. Using these data,
direct method techniques failed to yield a successful solution. The orien-
tation of the ten-membered ring was located by Patterson techniques by
which peaks were correlated with ring centers from which in turn carbon
atom positions were calculated. The remaining carbon atom positions
were located in an observed Fourier and the position of the nitrogen
atom was determined on the basis of isotropic thermal parameters. Al-
though these data did not yield a successful refinement, these positional
parameters were those used as input to the current data refinement.

Refinement.

The nitrogen and eleven carbon atoms were refined by differential syn-
thesis refinement [15]. At this point the nine hydrogen atoms were

Table 1

Positional Parameters (x 10%), Anisotropic Thermal Parameters (x 10%), and Isotropic Thertal Parameters With
Estimated Standard Deviations in Parentheses [a]

Atom X y z Bior B
N(3) 1672(2) 2211(1) 884(1) 229(3)
C(2a) 1535(2) 2326(2) —=511(1) 242(3)
C(8a) ~ 346(2) 2567(2) —1100Q1) 275(4)
C(8) —2356(2) 2731(2) —192(1) 247(3)
(V) —4378(2) 2856(2) 2436(1) 236(3)
C(6) —4383(2) 2780(2) 3916(2) 291(4)
C(5) - 2395(2) 2485(2) 4395(1) 360(5)
C(4) —430(2) 2283(2) 3388(1) 297(4)
C(3a) - 363(2) 2384(2) 1845(1) 230(3)
C(7a) —2381(2) 2658(2) 1358(1) 223(3)
C(2) 3082(2) 2254(2) —2020(1) 298(4)
C(1) 981(2) 2528(2) —2687(1) 348(4)
H(8) —3802(28) 2922(22) -521(17) 4.9(3)
H(7) —-5713(29) 3021(23) 2071(20) 5.8(4)
H(6) —5780(33) 2921(25) 4629(21) 6.3(4)
H(5) —2439(30) 2457(24) 5471(19) 6.5(4)
H(4) 992(29) 2061(24) 3739(20) 5.8(4)
H(2A) 4417(26) 992(21) —2112(16) 5.1(3)
H(2B) 3529(26) 3395(22) —-2312(17) 4.9(3)
H(1A) 1190(24) 1430(20) —3186(16) 4.7(3)
H(1B) 276(25) 3858(21) ~3359(17) 5.4(3)

622 633 ﬁl 2 6] 3 623
219(2) 116(1) —102(2) —39(1) —2I(1)
175(2) 114(2) —-89(2) —33(2) —16(1)
178(2) 107(1) —942) ~49(2) - 10(1)
198(3) 121(2) —94(2) —64(2) -9(1)
226(3) 138(2) —102(3) —342) —16(2)
270(3) 130(2) -120(3) 7(2) —30(2)
267(3) 108(2) —131(3) —29(2) —23(2)
238(3) 1132) —117(3) —542) —18(2)
170(2) 108(1) -81(2) —-43(2) - 15(1)
163(2) 115(2) —78(2) —41(2) —14(1)
234(3) 120(2) —120(3) -72) —29(2)
225(3) 107(2) —123(3) —36(2) —15(2)

[a] Anisotropic thermal parameters in the form exp [—8,,k* + B,k + Basl? + 28,,hk + 28,hf + 23,:k?].
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Table 2

Interatomic Distances With Estimated Standard Deviations
in Parentheses

Bond Length (A)
N(3)-C(2a) 1.307(1)
N(3)-C(3a) 1.387(1)
C(2a)-C(8a) 1.405(2)
C(2)}-C(2a) 1.514(2)
C(8)-C(8a) 1.355(2)
C(1)-C(8a) 1.518(2)
C(7a)-C(8) 1.429(2)
C(6)-C(7) 1.366(2)
C(7)-C(7a) 1.416(2)
C(5)-C(6) 1.401(2)
C(4)-C(5) 1.368(2)
C(3a)-C(4) 1.4142)
C(3a)-C(7a) 1.429(2)
C(1)-CQ2) 1.573(2)
C(8)-H(8) 1.02(2)
C(7}H(?) 97(2)
C(6)-H(6) 97(2)
C(5)-H(5) 99(1)
C(4)-H(4) 1.00(2)
C(2-H(24) .98(1)
C(2-H(2B) 97(1)
C(1)}-H(1A) .98(1)
C(1)}-H(1B) 1.04(1)

located by a difference Fourier synthesis as the nine highest peaks in the
map. Atomic scattering factors were taken from a standard source [16],
while that for hydrogen was the best spherically averaged value of
Stewart, et al. [17]. In the final least-squares calculations, the function
minimized was LZwA?, where A = |F,|—|F.| with weights @ =
4F,Y0*(F,?) and 0%(F,?) = 0%...{I) + (0.03F?? Using a three sigma rejec-
tion, 1551 reflections were included in the refinement. All non-hydrogen
atoms were allowed to vary anisotropically, hydrogen atoms isotropically, and
extinction isotropically to give values of R, = 0.043 and R, = 0.068 where
R, = T|F,| = [FJ/CIF.| and Ry = EW|F,| = |F.|?J)TW|F.| "2 The
extinction coefficient was refined to 0.42 with the 100 reflection requiring the
maximum correction (0.75). The error in an observation of unit weight was
3.28. The maximum density in a final difference Fourier was 0.19 electron
A~ Positional and thermal parameters are given in Table 1. A list of observ-
ed and calculated structure factors is available on request from one of the

authors (J. S. R, Jr.).

Results and Discussion.

The molecule (Figure 1) is planar and the best least-
squares plane including the nitrogen and eleven carbon
atoms showed a maximum deviation from planarity of 0.02
A. A drawing of the molecule is presented in Figure 2 and
that of the unit ell in Figure 3. Bond distances and angles
with their standard deviations are presented in Tables 2 and
3.

The shortest intermolecular contacts between molecules ly-
ing in the same plane are N(3)--C(7) of 3.533 A, N@)-H(7) of
2.605 A, and H(8)~H(2B) of 2.582 A. The average distance
between molecular planes is 3.522 A These distances are
reflective of ordinary Van der Waal’s contacts.

The X-ray structural analysis revealed the accuracy of the
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Table 3

Bond Angles With Estimated Standard Deviations in Parentheses

Bond Angle(®)
C(2a)}N(3)}-C(3a) 112.5(1)
N(3)-C(2a)-C(8a) 128.3(1)
N(3)}C(22)-C(2) 137.6(1)
C(2)-C(2a)-C(8a) 94.1(1)
C(2a)-C(8a)}-C(8) 120..1(1)
C(1)C(82)-C(2a) 92.3(1)
C(1)-C(8a)-C(8) 147.01)
C(7a)}C(8)-C(8a) 114.9(1)
C(8a)-C(8)-H(8) 126.0(9)
C(7a)-C(8)-H(8) 119.0(9)
C(6)-C(7)-C(7a) 120.9(1)
CE)-C(HT) 122.4(11)
C(7a)}C(7)VH(T) 116.7(11)
C(5}C(6)-C(T) 120.4(1)
C(7}-C(6)-H(6) 119.0(11)
C(5)-C(6)-H(6) 120.6(11)
C(4)-C(5)-C(6) 120.5(1)
C(6)-C(5)-H(5) 119.2(11)
C4)}C(5)H(5) 120.3(11)
C(3a)}-C(4)-C(5) 120.9(1)
C(5)C(4)}H(4) 119.2(11)
C(3a)-C(4)H(4) 120.3(11)
N(3)}-C(32)-C(4) 117.8(1)
N(3)-C(3a)}-C(7a) 123.6(1)
C(4)C(3a)-C(7a) 118.6(1)
C(7)-C(7a)-C(8) 121.3(1)
C(3a)}C(72)-C(8) 119.9(1)
C(3a)-C(7a)}-C(7) 118.7(1)
C(1)-C2)}C(2a) 86.2(1)
C(2a)}C(2) H(2A) 113.5(9)
C(2a)}C(2)-H(2B) 112.7(9)
C(1)C(2)}H(24) 116.1(8)
C(1)-C(2)}H(2B) 114.6(9)
H(2A)C(2) H(2B) 111.5(12)
C(2)-C(1)-C(8a) 87.5(1)
C(8a)}C(1)-H(14) 115.9(09)
C(8a)-C(1}H(1B) 112.1(8)
C@)C(1)}H(1A) 116.2(8)
C(2)-C(1)-H(1B) 115.4(8)
H(1A)}C(1)-H(1B) 109.2(12)

earlier calculations. Comparisons of the calculated [1] and
observed (present work) carbon-carbon and carbon-nitrogen
bond distances and angles show root mean square deviations
of 0.020 A and 1.72°, respectively. The principal effect of
the fused small ring is the distortion of the heterocyclic six-
membered ring, resulting in a CNC angle of 112.5° (calcula-
ted 112.1°). This observed value is less than that for the ana-
logous position in biphenylene (4), cyclopropalb]naphthalene
(5), or any of the cyclobutanaphthalenes (6-8) for which struc-
tural data have been reported: 4, 115° {18], 5, 114.7° [19}, 6,
117.3° [20], 7, 117.6° [20,21], and 8, 114.5° [22,23]. Only di-
cyclobutabenzene 9 is known to have a smaller angle: 108°
[24]. A quaternized derivative 10 of 2,7-diazabiphenylene has
NCC angles of 114.4° and 119.2° for the analogous positions
in the charged and uncharged rings, respectively [25].
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