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Table 6. Selected torsional angles ( ° ) for  (I), (II) and (III) 

E.s.d.'s are ~0-3 o. 

(I) (II) (III) 
N(4)-C(8)-C(1)-C(9) 162.5 168.4 165.8 
C(8)-C(I)-C(9)-O(2) 173.3 115.2 122.6 
C(1)-C(2)-C(3)---N(4) 11.1 15.5 15.4 
C(8)-C(I)-C(2)-C(3) 2.2 0.6 2.8 
N(4)-C(8)-C(I)-O(3) 56.6 8.6 52.2 
N(4)-C(3)-C(2)-O(3) 53.5 49. I 49.7 
C ( 1 )---O(3)-C (2)---C (3) 99. I 99.3 99.5 

(I) (II) (III) 
C(2)-O(3)-C(I)-C(2) 99.9 97.5 98.6 
N(4)-C(8)-C(1)-C(2) 7-5 14.5 10.6 
N(4)--C(8)-C(7)--C(6) 2.2 39.0 34-9 
N(4)-C(8)-C(7)-O(I) 161-6 5-8 83.0 
C(8)-C(7)-C(6)-C(5) 32.7 38-2 37.4 
C(7)-C(6)-C(5)-N(4) 41.2 23.7 26.7 
C(7)-C(8)-N(4)-C(5) 13.5 25.0 19-2 

Table 7. Intermolecular distances (A) 

E.s.d.'s for N...O distances are ~0.004/k. 

(I) (II) (III) van der Waals distance 
N(4)..-0(2) 2.70 2.73 2.77 2.90 
N(4)...H(O2) 1.76 1.84 1.86 2.70 

All three structures show intermolecular contacts 
between N(4) and 0(2)  (Table 7) which are somewhat 
shorter than the combined van der Waals radii. The 
N(4) . . .H(O2)  distances confirm hydrogen bonding 
(Hamilton & Ibers, 1968). The orientation of the C(9) 
hydroxyl [0(2)] seems to be influenced by the position 
of the epoxide oxygen [O(3)], although the real distance 
0 ( 2 ) . . - 0 ( 3 )  2.887 (I), 2.802 (II) and 3 .699/k  (III) is 
greater than the O . . . O  van der Waals distance. Finally, 
the OR TEP views of (I), (II) and (III) (Figs. 1, 2 and 3) 
indicate that the C ( 9 ) - O H  and C ( 7 ) - O H  bonds are 
anti to each other in each case. 

We gratefully acknowledge financial support of this 
work by the National Cancer Institute of NIH 
(CA31490) and we thank Professor J. Aaron Bertrand 
for his assistance in various calculations. 
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Abstract.  M r = 2 7 2 . 5 ,  orthorhombic, Pna2 l, a =  
30.849(1) ,  b = 8 . 2 4 8 ( 2 ) ,  c = 6 . 3 8 1 ( 2 ) A ,  V =  
1623.4,/k 3, Z = 4 ,  D x = l . 3 3 2 g c m  -3, X ( M o K a ) =  
0.71073,/k, g = 2.689 cm -1, F(000) = 592, T =  

183 (1) K, R = 0 . 0 4 9 9  for 810 observed reflections. 
Exhibiting non-crystallographic twofold rotation sym- 
metry, the molecular structure displays effects of 
intramolecular strain associated with bulky substituent 
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Table 1. Experimental parameters for 1,8-bis(tri- 
methylsilyl)naphthalene 

Crystal habit Needle-like, colorless 
Crystal dimensions 0.10 x 0.10 x 0.30 mm 
Diffractometer Enraf-Nonius CAD-4 with graphite 

monochromator 
Reflections for 

lattice parameters 25 
Scan mode 09-8 
Scan rate 2 to 20 ° min -1 (in co) 
20max 60° 
Range ofhkl 43 l l 8 t o 0 0 1  
Reflections measured 2767 
Unique reflections 2560 
Intensities > 3a(/) 810 (used for structure analysis) 
Standard reflections Three showing -1-7% relative change 
Extinction parameter < 1.0 x 10 -7 
Structure derivation Direct methods and (F  o - F c) maps 
Least-squares refinement Full-matrix using F 
Hydrogen-atom introduction Calculated based on structure type, 

positions refined on last LS cycle 
E.s.d. of unit observation 1.19 
Final R index 0-0499 
Final weighted R index 0.0540 
Weighting scheme w = 4F2/o2(F 2) 
(Ale)max 0.26 (scale factor) 

0.17 (atom positional parameters) 
Max. height in final difference 

Fourier synthesis +0.3 e A -3 
Data processing S D P  (Frenz, 1982) 

Modified for TEXRAY 230 system, 
Molecular Structure Corporation 

groups at peri positions of the naphthalene ring [a 
15.3° twist relative to the C(9)-C(10)  bond and 
deflection of Si from the mean molecular plane]. 

Introduction. Steric interactions associated with peri- 
substituted naphthalenes are so great that the 
naphthalene skeleton is severely distorted from planar 
geometry (Handel, White, Franck, Yuh & Allinger, 
1977). Previous studies suggested that molecular 
deformations in 1,8-bis(trimethylelement)naphthalenes 
should follow the order l ( a ) > >  l ( b ) > ( c ) >  l(d) 
(Blount, Cozzi, Damewood, Iroff, Sjostrand & Mislow, 
1980). Completion of the comparisons now becomes 
possible following the recent synthesis of the silicon 
analog (Sooriyakumaran & Boudjouk, 1982). 

(H3C)3~ 4 M(CH3) 3 
I l(a).M = C 

8 1 
/ ~ / ~ l(b),M = Si 

6 1 3 
\ / \ / I(~.M= Sn 

5 4 

Experimental. A sample of 1,8-bis(trimethylsilyl)- 
naphthalene was submitted to the Molecular Structure 
Corporation for collection of X-ray diffraction intensity 
data. Experimental parameters are listed in Table 1. No 
absorption correction applied. All non-hydrogen atoms 
refined anisotropically. Only on the final least-squares 
cycle were hydrogen positions allowed to refine to 
establish e.s.d.'s. The scale factor and extinction 

coefficient were also refined. Atomic scattering factors 
and dispersion-correction parameters are those tabled 
in the SDP" atomic scattering factors derived from 
Cromer & Waber (1974), dispersion corrections from 
Ibers & Hamilton (1964) and Cromer (1974). 

Discussion. The molecular structure and non-hydrogen- 
atom identification is found in Fig. 1. Fractional atomic 
coordinates are presented in Table 2.* Important 
conformational and geometric parameters are presented 
in Table 3. 

1,8-Bis(trimethylsilyl)naphthalene displays the effect 
of intramolecular strain associated with bulky 
substituent groups at the peri positions. The 15.3 o twist 
of the C(1 ) -C(9 ) -C(8 )  and C(4) -C(10) -C(5)p lanes  
about the C(9)-C(10)  axis, the near 2 symmetry of the 
molecule, and the 0 -97A deflection of the peri 
(CH3)3Si- groups from the mean molecular plane 
confirm the resemblance to other members of the 
homologous series of 1,8-bis(trimethylelement)- 
naphthalenes. Closer examination of the bonding 
parameters collected in Table 4 shows l(b) to be more 
like 1(c) than 1 (a). The alignment of l(b) in relation to 
the orthorhombic crystallographic axes is shown in Fig. 
2. 

The unit-cell volumes of 1 (b), 1 (c) and 1 (d) decrease 
with each successive decrease in size of M. 

a b c fl V 
l(b) 30.849(1)A 8.248(2)A 6.381(2)A 90.00 ° 1623A 3 
l(c) 13-045(2) 10.157(1) 12.701 (2) 91.12(1) 1683 
l(d) 13.393 (2) 10.185 (1) 12.976 (2) 92.99 (l) 1768 

* Lists of  anisotropic displacement parameters,  hydrogen-atom 
coordinates, observed and calculated structure factors, and a 
complete table of interatomic bond angles and torsion angles have 
been deposited with the British Library Lending Division as 
Supplementary Publication No. SUP 42258 (9 pp.). Copies may be 
obtained through The Executive Secretary, International Union of  
Crystal lography,  5 Abbey Square, Chester CH 1 2HU, England. 

f c(22~ c(7) cl6~ 

c(23) III 

~ ( 8 ~  C ( c ( 2 1  ) \ ) \\ 

v C(9~ ~ C ( 1  O) 
# \ \  

C(21 C(31 

c(12) 

Fig. l. Molecular structure of ],8-bJs(trimethylsilyl)naphthalene 
showing atom identification scheme. Hydrogen atoms are not 
included, for clarity in presentation. 
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Table 2. Positional and equivalent bsotropk displace- 
ment parameters for 1,8-bis(trimethylsilyl)naphthalene 

Atom numbering as in Fig. 1. Numbers in parentheses indicate 
e.s.d.'s. Anisotropically refined atom displacement parameters are 
given in the form of the equivalent isotropic displacement 
parameters defined as: ][a2B(1,1) + b2B(2,2) + c2B(3,3) + 
ab(cosy)B( l,2) + ae(cos~B(1,3) + bc(cost~)B(2,3)l. 

x y z Beq(]k 2) 
Si(l) 0.12037(8) ' 0.1659(3) 0.1110 1.89(4) 
Si(2) 0.17885 (8) -0.2174 (3) 0.2834 (6) 1.77 (4) 
C(1) 0.0892 (3) -0.027 (1) 0.051 (1) 1.6 (2) 
C(2) 0.0578 (3) -0.010 (1) --0.105 (2) 2.0 (2) 
C(3) 0.0217 (3) -0.112 (1) -0.126 (2) 2.0 (2) 
C(4) 0.0148 (3) -0.224 (1) 0.025 (2) 2.2 (2) 
C(5) 0.0348 (3) -0.356 (1) 0.359 (2) 2. l (2) 
C(6) 0.0635 (3) -0.387 (1) 0.506 (2) 2.2 (2) 
C(7) 0.1056 (3) -0.321 (I) 0.493 (2) 2.2 (2) 
C(8) 0.1184 (3) -0.219 (l) 0.333 (1) 1.6 (2) 
C(9) 0.0850 (3) -0.163 (1) 0-189 (1) 1.4 (2) 
C(10) 0.0445 (3) -0.250 (I) 0.189 (1) 1.9 (2) 
C(11) 0.1196 (3) 0.190 (1) 0.402 (2) 2.1 (2) 
C(12) 0.0890 (3) 0.341 (1) 0.002 (2) 2.8 (2) 
C(13) 0.1756 (3) 0.187 (1) -0.013 (2) 2.5 (2) 
C(21) 0.2120 (3) -0.054 (1) 0.411 (2) 2.7 (2) 
C(22) 0.1868 (3) -0.237 (1) -0.001 (2) 2.9 (2) 
C(23) 0.2014 (3) -0.406 (l) 0.389 (2) 2.6 (2) 

Table 3. Geometric parameters of 1,8-bis(trimethyl- 
silyl)naphthalene 

Numbers in parentheses indicate e.s.d, of the last digit. Atom 
numbering as in Fig. 1. 

Interatomic distances (A) 
Si(I)-C(1) 1.894 (10) Si(2)-C(8) 1.895 (I0) 
Si(I)---C(I 1) 1.869 (13) Si(2)-C(21) 1.89 (2) 
Si(1)-C(12) 1.868 (13) Si(2)--C(22) 1.84 (2) 
Si(1)--C(13) 1.892 (12) Si(2)--C(23) 1.838 (13) 
C(I)--C(9) 1.438 (12) C(8)-C(9) 1.455 (13) 
C(2)-C(3) 1.409 (14) C(6)-C(7) 1.416 (14) 
C(4)-C(10) 1.406 (14) C(5)-C(10) 1.428 (14) 
C(1)---C(2) 1.392 (14) C(7)-C(8) 1.380 (14) 

C(9)-C(10) 1.436 (12) 

Bond angles (o) 
C(I)--Si(I)-C(I 3) 116.7 (5) 
C(I)-Si(I)-C(I  1) 106.3 (5) 
C(I)-Si(1)-C(12) 107.9 (5) 
C(l I)-Si(I)-C(13) 114.7 (6) 
C(l l)--Si(l)-C(12) 106.3 (6) 
C(12)-Si(1)-C(13) I04.1 (6) 
Si(I)--C(1)-C(9) 125.7 (7) 
Si(1)--C(l)-C(2) 114.1 (7) 
C(2)-C(I)-C(9) 117.0 (9) 
C(1)-C(2)-C(3) 123. (1) 
C(2)-C(3)--C(4) 118. (1) 
C(3)-C(4)--C(10) 122. (1) 
C(1)-C(9)---C(10) 118.0 (9) 
C(4)-C(10)-C(9) 120. (1) 
C(1)-C(9)-C(8) 124.9 (8) 

C(8)-Si(2)-C(21) I18.1 (5) 
C(8)-Si(2)--C(22) 107.0 (6) 
C(8)-Si(2)-C(23) 107.8 (5) 
C(21)-Si(2)-C(22) 114.7 (7) 
C(22)-Si(2)-C(23) 104. I (7) 
C(21)-Si(2)-C(23) 104.0 (6) 
Si(2)-C(8)-C(9) 126.0 (7) 
Si(2)---C(8)--C(7) 114.2 (8) 
C(7)-C(8)-C(9) 117.5 (9) 
C(6)-C(7)-C(8) 123. (1) 
C(5)-C(6)-C(7) 120. (1) 
C(6)-C(5)-C(10) 122. (I) 
C(8)-C(9)-C(10) 117.2 (9) 
C(5)-C(I0)--C(9) 119.0 (9) 
C(4)-C(10)--C(5) 121.3 (9) 

Table 4. Selected structural parameters for 1,8- 
bis[ (H3C)3M]naphthalene 

Chemically equivalent values are reported as averages. Atom 
numbering as in Fig. 1. 

M=Ci" M=Si M = G e t  M = S n t  
Bond distances (A) 

M --Cmethyl* i.539 1-866 1.950 2.140 
M -C(1/8) 1.558 1.894 1.974 2.162 

Bond angles (o) 
M-C(l /8)-C(9)  125.7 125.8 125.2 125.5 
C(1/8)-C(9)-C(10) llS. l 117.6 117.0 117.2 

M(1)-C(1)-C(8)-M(2) -68.6 
C(9)-C(I/8)-M(I/2)-C(I 1/22) 8.5 
C (1/8)-C (9)-C(10)-C(4/5) 19.3 

Torsion angles (o) 
-57-3 -54.3 -51.3 
-28.3 -30-3 -30-7 

14.9 11.3 8.9 

* Average of the six M-Cmethyl bond distances. 
5" Values derived from Blount et aL (1980). 

I 

B 
I 

C 
I 

- , 4  - 

Fig. 2. [0011 and [010] projections of the crystal structure of 
1,8-bis (trimethylsilyl)naphthalene. 
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