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Summary 

The structure of 5-p-N,N-dimethylaminophenyl-lO,ll-dihydro-5H-dibenzo- 
[b,flsilepin has been determined from three-dimensional X-ray data collected by 
counter methods The compound crystallizes in the monoclinic space group 
P2,/c with a= 14121(4), b= 14.379(3), c= 9.126(2) A and p= 99.57(2)9 The 
observed and calculated densities (Z= 4) are 1.19 and 1.20 g cmm3, respectively. 
Anisotropic refinement of nonhydrogen atoms with hydrogen atoms at fixed 
calculated positions gave a conventional R-factor of 4.6 %for 2023 reflections 
with F% > 3o(Fi). The central seven-membered ring of the tricyclic system ex- 
hibits a folded boat conformation; the dihedral angle between the benzo groups 
is 137.2”. The benzo groups are twisted approximately 21” relative to one an- 
other and skewed such that the two carbons bonded to silicon are 0.33 a closer 
to one another than the two benzo ring carbons one atom removed from the 
silicon. The nitrogen atom is displaced 0.04 A from the plane of the adjacent 
carbon atoms. 

Introduction 

The pharmacological activity of tricyclic ring systems has been attributed 
in part to the conformation of the ticyclic moiety, but as yet there are insuf- 
ficient structural data on tricyclic heterocycles to evaluate this effect--The solid 
state structure of 5-p-N,N-dimethylan$nophenyl-l0,ll-dihydro-5H-dibenzo- 
[b,fl-silepm (I) is reported inthispaper. This is the first structural study of a 
silicon substituted aniline derivative_ The structures of three_ dibenzo [b,flheteio- 
cycles with sp3-hybridized atoms in the 10 and 11. positions have been published: 



41%(methylthio)dibenzo[ b,f]thiepin-l.l-yl]-l-piperazinylpropanol hemihydrate 
[l], 5,5-diphenyl-lO,ll-dihydro-5H-dibenzo[b,f]germepin [2] and 5-(3-dimethyl- 
arninopropyl)-lO,ll-dihydro-5H-dibenzo[b,epine hydrochloride [3]. No 
structural reports have been published for the related carbocycle with sp3 hybridiz- 
ed carbon in the 5-position but two structures with sp* carbon in the 5 position 
have been published: 5-(bromomethylene)-lO,ll-dihydro-5H-dibenzo [a,d]cyclo- 
heptene [4] and 3-(10,1l-dihydro-5H-dibenz[a,d]cycloheptene-5-ylidene)-l-ethyl- 
Z-methylpyrrolidene hydrobromide [5]. (Structural formulas of the compounds 
are given in Table 3.) 

Experimental 

Crystals of the title compound were prepared by the method of Corey 16 J. 
A summary of data collection and cell parameters is given in Table 1. The crys- 
tal was attached to a glass fiber and mounted on a Syntex P21 four-circle diffrac- 
tometer. The space group was assigned on the basis of rotation and axial photo- 
graphs and counter data. Fifteen reflections with 20 between 15 and 27 degrees 
were centered using a programmed centering routine. Cell constants and errors 
were obtained by least squares refinement of these angles. Intensity data were 
collected with monochromatic MO& radiation which had been diffracted by a 
highly oriented graphite crystal whose diffraction vector was parallel to the 
diffraction vector of the crystal. The 8-28 scan technique was used with a 2.0 
degree per minute scan speed. Background counts of thirty seconds were taken 
at each end of the scan. 

During data collection, the intensities of three standard reflections were 
measured every 97 reflections with no significant variation observed. The data 
were reduced to p and a(p) by procedures similar to those previously describ- 
ed*. Standard deviations were assigned as follows: 

* Local versions of the following programs were used: (1) SYNCOR. W. Schmonsees’ program for 

data reduction: (2) FORDAP. A. Zalkin’s Fourier program: (3) ORFLS and ORFFE. W. Busing. 
K- Martin and H. Levy’s full matrix least-squares program and function and error program: (4) 
ORTEP. C.K. Johnson’s pro- for drawing crystal models; <5) FASTES. E.R. Corey’s xuxxna- 
lization program: (6) REL. R.E. Long’s Program for iterative application of the Sigma-Z relation- 
ship: (7) FWDHATOM, T.J. Anderson’s modification of A. Zalkin’s hydrogen atom finding program. 



179 

TABLE 1 

PHYSICAL CONSTANTS AND EXPERIMENTAL DATA: 5-n-N.N-DIMETHYLAMINOPHENYL-lO.ll- 
DIHYDRO-SH-DIBENZO[b.flSILEPSN 

Molecular formula 
Number of molecules per ceh 
a 
b 

; 
density (caled.). g cmW3 
density (found) 
crystal size 
linear absorption coefficent 
20 scan range (deg) 
number of independent data 
collected 
number of independent data 
for which I > 3a (I) 
28 (max) 

C22H23NSi 
a 
14.121(4) A 
14.379(3) x 

9.126(2) A 
99.57(2)” 

1.20 
1.19 
0.38 X 0.39 X 0.48 mm 
1.33 cm-i 
20 MO-KaI - 1.0 to 20 MO-K,, + 1.0 

3727 

2023 

50° MO-K, 
- 

o(1) = [cJcounter(l)* + (0.04 x I)*]*‘* 

where o‘counter = (I + FB)* 12, I = net intensity, B = total background counting 
time, and K is the ratio of scan time to background time. No correction for 
absorption was made. Only those data for which F2 > 30(F) were used in the 
structure solution and refinement_ 

The structure was solved by an iterative application of the Sigma-2 rela- 
tionship [7,8] using 208 normalized structure factors (E’s) of magnitude 1.5 or 
greater. An E-map based on the set of phases for the solution with the Iargest 
consistency index (0.89) contained the positions of the 24 non-hydrogen atoms. 

Least squares refinement of the positional and anisotropic thermal para- 
meters of the 24 nonhydrogen atoms yielded R, = 0.082 and Rz = 0.127. The 
hydrogen atoms were placed at ideal locations relative to the positional 
coordinates of all other atoms with C-H distances of 0.97 A and an Si-H dis- 
tance of 1.48 A. Least squares refinement of positional and anisotropic thermal 
parameters of the nonhydrogen atoms with fixed positional and isotropic 
thermal parameters for hydrogen atoms set 1.0 A* greater than the equivalent 
B for the atom to which they are bonded resulted in discrepancy values of 

R, = ~II~oi - ]FJI/Z]F,I = 0.046 and R2 = [C(ZJJ]F~] - ]FJ)*/CWF,~]“* = 0.056 

The largest parameter shift in the final cycle of refinement was 8 % of its standard 
deviation_ The error of fit was 1.79, Scattering factors were taken from Vol. IV 
of the International Tables [9]. The highest residual electron density in the final 
difference map was 0.38 ea -3_ Table 2 lists the atomic coordinates and thermal 
parameters. A listing of structure factors is available*. 

* The Table of structure factors has been deposited as NAPS Document No. 02678 (10 pages). Order 
from ASISJNAPS. clo Microfiche Publications. 440 Park Avenue South. New York. N.Y. 10016. 
A copy may be sW.xned by citing the document number. remitting $5.00 for photocopies or 
$3.06 for microfiche. Advance payment is r%iuired. Make checks Payable to Microfiche Publications. 
Outside of the U.S.A. and Canada. postage is S 2.00 for a photocopy or S 1.00 for a fiche. 
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Discussion 

The crystal structure of the title compound consists of discrete mono- 
meric units. A stereoscopic molecular view excluding hydrogen atoms is given 
in Fig. 1 and a stereoscopic view of the unit cell contents including hydrogen 
atoms is given in Fig. 2*. All nonhydrogen atom intermolecular contacts are 
greater than 3.5 A; the shortest intermolecular contact that involves a hydrogen 
atom is 2.8 S, between C(4) and a hydrogen atom bonded to C(9). Bond distan- 
ces and angles are presented in Fig. 3. 

The conformation of tricyclic ring systems has been described previously 
with four parameters Ill]. The angles and distances used by Wilhelm and Kuhn 
were obtained from Dreiding models. The X-ray structural results are more 
conveniently described using the parameters given below. 

The first is a bending angle defined as the dihedral angle between the planes 
of the benzo rings. This dihydrosilepin has a bending angle of 13’7.2” (II) 
between the experimentally planar rings. 

The second and third parameters involve the twist (out of plane) and skew (in 
plane) of the two benzo rings relative to one another. The benzo rings are 

(continued on p. 184) 

Fig_ 1. A stereoscopic view of the 5-~-N.N-dimeth~laminophen~l-lO.ll-dih~dro-5H-dibenzof~,fJsilepin 
molecule. The atoms are represented by 50% probability tbermsl ellipsoids. 

* This figure was prepared on and photographed from the plasma screen of a laboratory bw=tive 
computer sy*m 1101. 
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Fig. 2. A stereoscopic view of the unit cell contents including hydrogen atoms at calculated positions. 

twisted in opposite directions by an angle of approximately 21” (III) and are 
skewed so that the carbon atoms bonded to the silicon (C(l)...C(9), 3.14 A) 

are closer than the carbon atoms one removed from the silicon (C(Z)...C( lo), 

Fig. 3. Bond dkkancea and angles. Estimated standard deviations for bond distances: Si-C. 0.003; N-C, 
0.004 (except N-(X21). 0.005): C-C, 0.004 (except C(3)-C(4), C(4)-C(5). C(5)--C(6). c<ll)-~(12). 
C<12)--c<13). and CQ3kC<14). 0.005). Estimated standard deviations for angles: C-Si-C. 0.1: Si-C-& 
0.2: C-N-C. N-&C.and c-c_c. 0.3 (except C<7)-C(8)--c(lO). 0.2). 
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TORSION ANGLES co, IN THE SEVEN-MEMBERED RING 

C(S)-SlC<l)-C<2) -27.3(3) 
Si-C(l)-C<2)6(7) 1.5(4) 
C(l)-C(2)-C(7?-C(8) -29.6(4) 
C(2)-C<7kC<8)-C<lO) 90_7<3) 
C(7)-C(8)-C<lO)-C<S) -73.1<3) 
C(8)-C(lO)-C(S)-Si -7.1(4) 
C(lO)-C(9)-Si-C(1) 51.6<3) 

3.74 A). The average angles of 82.4 and 96.0” in the trapezoidal projection of 
the benzo carbons in the central ring provide a quantitative measure of the 
skewing in the system._A fourth parameter is the distance between the centers 
of the benzo rings which is 5.56 A. These data are compared in Table 3 with 
similar information for other dibenzo tricyclic systems with central seven-mem- 
bered rings. The table includes only compounds with sp3 hybridized atoms at the 
lO,ll-positions of the heterocycle and analogous carbocyclic systems. The twist 

TABLE 5 

DEVIATIONS <XI OF ATOMS FROM SELECTED LEAST SQUARES PLANES= 

Plane 1. 0.107X + 0_747Y-00.6572 = 5.03 

Sib -9.23 C<19) 
ca5)b -o.o3 c(zo)b 

c(l6>b 0.09 a211 

C(17)b 0.10 C(22) 
C<l8) 0.00 Nb 

Plane 2. 0.497X - 0.832Y - 0.2472 = 4.01 

Sib -0.56 C(81b 
C(l) -0.13 C(9) 
C(2) 0.12 CxlO) 
C(3)& 0.43 cad 

C(6@ -0.09 c<wb 
cc716 0.12 cwab 

Plane 3. 0.282Y - 0.927Y - 0.2482 = -4.84 

Sib 0.00 C(6) 
cm 0.01 C<7)b 
C(2) -0.01 C(8)’ 
C(3) 0.00 C<SIb 
C(4) 0.01 c(lo+ 

C(5) -0.01 c<lii$ 

Plane 4.0.818X - 0.445Y - 0.3662 = 0.068 

Sib -0.13 C<lW 
C(lIb 1.15 C<ll) 
cc+ I.75 CCt2)~ 

C<?)b 1.48 cc131 
Ccl@ O,OS C&14X - 
C@z; -9&z& GCl@ 

-0.07 
-0.10 

0.00 

0.00 
-0.04 

-0.80 
0.13 

-0.12 
0.30 
0.83 

-0.01 

0.00 
-o.Ol 

-0.66 
O-76 

0.31 
0.83 

0.01 

0.00 

Cm6 

0.00 

(WIQ 

Q&z% 

s X. Y, 2, are orthogonal unit vectors defined by the equatibns: X = a. Y = b. 2 = a X b. The equation for 

thepkuxeisax+bY+cZ=d.b Atoms not included in the least squares plane. 



angles are the averages of the torsion angles about the nonbonded vectors across 
the central ring that involve the benzo carbon atoms (e_g.,‘C(2)-C(l)-C(9)-C(10) 
and C(l)-C(2)-C(lO)-C(9). Torsion angles for the central ring are presented in 
Table 4 and indicate considerable ring strain. 

The phenyl moiety of the dimethylaminophenyl substituent forms a dihedral 
angle of 110” with the best plane for the central ring benzo carbon atoms (C(l), 
C(2), C(9) and C(10); plane 2 in Table 5). The dimethylamino fragment is rotat- 
ed 4.4” from the plane-of the phenyl ring to which it is bonded with the nitro- 
gen atom displaced 0.04 A from the plane of the adjacent carbon atoms (C(lS), 
C(21) and C(22); plane 1 in Table 5). The differences in C-N distances may be 
explained qualitatively by the s-p* vs. sp3 hybridization of the carbon atoms 
bonded to the nitrogen atom. The near planarity of the dimethylaminophenyl 
substituent may be a result of delocalization of electrons into silicon orbitals of 
‘IT symmetry [12,13] and is supportive of the ground state bonding description 
of R3Si substituted anilines [13]. The orientation of the dimethylaminophenyl 
substituent minimizes hydrogen-hydrogen interactions involving the hydrogens 
bonded to carbon atoms 6,14,16 and 20_ The Si-C(l5) bond distance of 
1.855(3) BL is significantly shorter (-50) than the Si-C(1) and Si-C(9) bond 
lengths of l-878(3) and X370(3) A, respectively. The latter two bond lengths 
are in agreement with Si-C bond distances compiled by Yokoi 1143. Table 5 
also gives the displacement of selected atoms from the benzo ring least squares 
planes (planes 3 and 4 in Table 5). 

Additional structural studies are in progress to determine the effect of 
heteroatom replacement of carbon and nitrogen on the bending and twist angles 
and the skewing of benzo groups in these tricyclic systems. 
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