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The structures of 5-methyl-5-phenyl-5Ndibenzo[ b,f] silepin (I) and &methyl- 
5-phenyl-lO,ll-dihydro-5H-dibenzo[ b,fl silepin (II) have been determined from 
three-dimensional X-ray data collected by counter methods. I crystallizes in the 
orthorhombic space group ham with a 7.596(3), & 18.102(5) and c 12.190(2) 
.9; observed and calculated densities (2 = 4) are 1.17 and 1.18 g cme3, respective- 
ly. II crystallizes in the monoclinic space group P2,/c with a 11.115(g), b 7.920(3), 
c 20.765(5) A and 0 111.71(2)” ; observed and calculated densities (2 = 4) are 
1.17 g cme3_ Anisotropic refinement of nonhydrogen atoms, with hydrogen 
atoms included at fixed ideal locations, gave conventional R-factors of 4.5% (I) 
and 5.0% (II)_ Compound I exhibits the boat conformation for the tricyclic 
framework and is located on a crystaIlographicaIIy required mirror plane. Com- 
pound II has the expected folded boat conformatio,c_ The torsion angle about 
the lO,ll-bond is 0.0” for I, a crystallographic symmetry requirement, and 89.9O 
for II. Mean Si-C bond distances are 1.863 A(1) and 1.875 A(I1). The dihedral 
angles between the planar benzo groups are 129-7” (I) and 137-2” (II); introduc- 
tion of unsaturation at the lO,ll-position decreases the dihedral angle in the tri- 
cyclic system, i.e., the tricyclic system is more bent. 

Introduction 

In Ouf continuing investigation into the effects of Group IV heteroatom re- 
placement on the structural features of tricyciic ring systems, we have determined 
the solid state structnres of the two compounds, 5-methyl-5-phenyL5Hibenzo- 
[b,fl silep-m (I) ad 5-methyl-5-phenyl-lO,1l-dihydro-5H-dibenzo[b,fl silepin 
(“). 



The tricyclic framework in these heterocycles is related to those found in a 
number of pharmacologically active compounds which display central nervous 
system activity. A set of parameters has been developed to describe the struc- 
tural features of dibenzo-tricyclic systems; these parameters include the dihedral 
angle between benzo planes, distance between benzo ring centers and the twist 
(out of plane) and skew (inplane) of the two benzo rings relative to one another 
[l]_ We now report the effect on these parameters when a multiple bond is intro- 
duced into the central ring of the tricyclic compound. 

Experimental 

Crystals of the title compounds were prepared by J. Corey. Cell parameters 
and some data collection information are given in Table l_ Crystals of both com- 
pounds were attached to glass ribers and mounted on a Syntex P2, four-circle 
diffractometer. Space groups were assigned on_ the basis of rotation and axial 
photographs and counter data. Fifteen reflections with 20 greater than 15 de- 
grees 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_ 

TABLE 1 

CRYSTAL DATA FOR 5-METHYL-5PHENYLSH-DIBENZO[b,flSlLEPIN <I) AND 5-METHYGS- 
PHENYGlO.ll-DIHYDRO-5ff-DIBENZO[b./lSSILEPIN (II) 

I II 

MolecuIzu formula CzIHIsSi C21H2oSI 
MoIecuIar weight 298.46 300.48 
CzystaI system ortborhombic monocIinic 
Space group Pnum iqrc 

; 
7_596(3) 11.115(3) 
18.102(5) 7.920(3) 

; 
12190(2) 20.765<5) 
- 111.71<2) 

Number of moIecuIes per ceII 4 4 
Detitx. found (caled.) (6 cmw3) 
Volume <A3) 

1.17 (1.18) 1.17 (1.17) 
X676.2(9) 1698.4(9) 

Linear absorption coefficient (cm-‘) 1.37 1.3s 
CrYtidimmsions<mm~ -- 0.11 X 0.16 X 0.20 0.13 x 0.14 X 0.33 
Number of independent data co~Itx~ . 1799 2668 
Number of independent da&for which 2 5 &o(f) 568 1171 

. 
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During data collection, the intensities of three standard reflections were 
measured every 47 reffections for I and every 97 reflections for II with no signif- 
icant variation in intensity observed_ The data were reduced to F' and o(F2) by 
procedures similar to those described previously *_ Standard deviations were 
assigned as follows: 

c(Z) = [%lunrer (I)’ + (0.03 x Z)2]“1 

where (J,,,*~~ = (I + ZPB)“’ , Z = net intensity, B = total background counting 
time, and K is the ratio of scan time to background time. No corrections were 
made for absorption, anomalous dispersion or extinction. Scattering factors were 
taken from Vol. IV of the International Tables [2]. 

Intensity data for I were collected with the 0 - 20 scan technique. All reflec- 
tions with 20 G 50’ were measured with a scan speed of 2-O deg min-‘. Back- 
grounds were measured at each end of the scan (20 scan ranger 20Mo-Z&, - 1.0 
to BOhlo-K,, + 1.0”) for a total time equal to one-half the scan time. 

Intensity data for II were collected by the w-scan technique_ This quick data 
set was obtained by sampling the tops of all peaks with 20 G 45O. The normal 
number of steps collected was 13 with 11 steps used in the intensity calculations. 
A masimum of 3 additional steps were taken if the masimum intensity step was 
too close to either end of the normal scan range; additional steps were necessary 
for less than 1% of the reflections scanned. The normal total scan range was 1.0” 
in w with a scan speed of 2.0 deg min-‘_ Backgrounds were measured at either 
side of the peak with a 1.0 deg displacement from the K,,.? peak position for a 
total time equal to one-half the scan time. 

The structure of I was solved with program MULTAN. The Iocations of 11 of 
the 13 nonhydrogen atoms in the asymmetric unit were obtained from the initial 
E-map. The positions of the remaining two atoms were found in a Fourier syn- 
thesis using phases calculated with the partial structure. Full matrix isotropic 
least squares refinement resulted in discrepancy values of: 

Ri=Cll F,i-lF,(!/CIF,I=0.103 ad Rz= [,~(~IF,I-_F,~)'/~wF,~]~~ = 0.110 

Least squares refinement was completed with anisotropic thermal parameters 
for nonhydrogen atoms and inclusion of hydrogen atoms at fised positions with 
isotropic thermal parameters 10% greater than the equivalent B for the atom to 
which they are bonded_ The hydrogen atoms were placed at ideal calculated 
locations with C-H distances of 1.0 A after each least squares cycle. Final dis- 
crepancy indices were RI = 0.045 and R2 = 0.041. The largest parameter shift in 
the final cycle of refinement was less than 10% of its standard deviation. The 
error of fit was l-45 and the highest residual electron density in the final differ- 
ence map was 0.19 eAW3. Table 2 lists the atomic coordinates and thermal param- 
eters; the fixed isotropic Z3 values for the hydrogen atoms ranged from 6.6 to 

* Local vetions of the foltowing pro-s urn used: (1) SYNCOR. W_ Schmo-’ prow for 
data reduction: (2) FORDAP. A. ZaIkin’s Fourier x~roaam: (3) ORFLS and ORFFE. W. Busing. K. 
hfartin and K Levy’s full ma&ix Ieast-sauucs proaam and fimction and error pxamm: (41 ORTEP. 
C_K. J&nson*s prooun for drawiru uystal modek (5) MULTAN. Getmain. Main and Woolfson’s 
program for structure soiutionr. (6) FINDHATOM. T_J. Anderson’s modification of A. Zalkin’s 
hydro6cn atom rindi plogam. 
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TABLE 4 

COMPARISON OF STRUCTURAL PARAMETERS FOR I AND II AND RELATED CARBOCYCLES 
---..- _.--- _-._-.-._. _... -_-._ ---_-.-_-.-. 

Compound Distance (.a) 
between centers 
of benzo rings 

_-_- ._...... _ .- .--.-. - -.-- _-- ~-- - ga S: 

3 =E% 

o-o 
NJ 
I 

Qc&f$ 
I 

Br 

129.7 5.33 

Skew (A) = Twist (=I Ref. 

0.33 

121 4.87 0.63 2.7 6 

134.1 4.99 

137.2 5.53 

119.9 4.91 0.54 13.4 8 

114.4 4.78 
116.8 4.87 

. . 

0.55 

0.28 17.4 This work 

0.61 12.5 9 
0.61 15.0 

00.0 This work 

4.2 i 
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10.3 A’_ A listing of structure factors is available *_ 
Compound II is isostructural with 5-methosy-5phenyl-lO,ll-dihydro-5H- 

dibenzo[ b,fl silepin [ 31. The final coordinates for the 15 atoms in the tricyclic 
framework of the latter compound were used to calculate phases for a Fourier 
map of II. The positions of all nonhydrogen atoms were taken from the resultant 
electron density map. Full matrix least squares refinement with anisotropic 
thermal parameters for C and Si and inclusion of hydrogen atoms in the same 
manner as described for I gave final discrepahcy values R , = 0.050 and R_. = 0.048. 
The largest parameter shift in the final refinement cycle was less than 10% of its _ 
standard deviation; the error of fit was 1.6% The highest residual peak in the 
final electron density map was 0.21 eAm3. Table 3 gives the final atomic coordi- 
nates and thermal parameters; the fised isotropic B values for the hydrogen atoms 
ranged from 5.5 to 7.6 A’. A listing of structure factors is available *. 

Discussion 

The crystal structures of the title compounds consist of discrete monomeric 
units. No unusual packing distances are present; the shortest intermolecular dis- 
tances involving nonhydrogen atoms are 3-73 A in I and 3.62 A in II. Stereoscop- 
ic drawings of each molecule excluding hydrogen atoms are given in Fig. 1 and 2. 
Appropriate bond distances and angles are recorded for I in Fig. 3; bond distan- 
ces and angles for II are in Fig. 4. Values of the angles and distances in the rings 
follow the trends associated with second row element substituents on benzene 
rings [4]. 

Compound I contains a crystallographically required mirror plane of symme- 
try and exhibits the boat conformation for the tricyclic system. Compound II 
has the expected folded boat conformation [ 1,3,5]_ 

Fig. 1. A stereoscopic drawing of 5-methy~-5-phenyl-5H-dibenta[b.llsilcpin (I) aitb atoms represented 
by 50% probability eIIipsoid?i 

* See NAPS document no. 03914 for 9 papes of supplementary material involving a Listing 01 the 
obsn~cd attd calculated SQUC~IIC factors for CzIHI8Si I and C~iHl~i II. Order from ASISlNAPS 
clo Microfiche pUbIicatioos. P-0. Box 3513. Grand Centnl Station. New York. N-Y.. 10017. 
Remit In ad- foreacb NAPS accession number $1.50 for mierofiehe or $5.00 for photocopies 
up +o 30 pages. 15c for each additional page Make cheeks payable to Microfiche Pubticationz 



Fig_ 2. ~~ereoscopicdrawingof ~methyl-~phenyl-lQll~ihydro-5H-d~be~o~b.~~~e~~. W).witb 

ato~representedby 5046probability ellipsoids. 

A comparison of the structural parameters that have been developed to de- 
scribe tricyclic systems is presented in Table 4 for the silicon derivatives, I and 
II&s well as related carbocycles. The dihedral angle between benzo planes for I 
is smaller than that for II, i.e. the tricyclic framework of I is more bent. The 
range of dihedral angles observed in lO,ll-dihydrodibenzo[ b,fl silepin struc- 



tures is 137.2 to 141.8” [1,3,5]. Data for comparison of this parameter in car- 
bocyclic systems with sp3 carbon at the 5-position are not available at this time. 
An sp* carbon atom at the 5-position results in an increase of the dihedral angle 
upon introduction of unsaturation in the lO,ll-position. The degree of twist in 
the t&y&c framework decreases with introduction of unsaturation. The twist 
angle is related to the torsion angle about the 10,ll bond. In I the torsion angle 
is 0.0” as required by the mirror plane: in II this angle is 89-g” (the range of this 
torsion angle for lO,ll-dihydrodibenzo[ b,fl silepins is 88.3-92.4” [ 1,3,5]). 
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