
1254 Li2Ni[NH(CH2COO)212.(H20)4 AND Cs2Ni[NH(CH2COO)212.(H20)4 

potassium bis(triacetonitrito)nickel(ll) octahydrate, 
K4NilN(CH2COO)312.(H20)8, the Ni -N and N i - O  
bond distances are 2.12 and 2.06 /k respectively 
(Fomenko, Polynova, Poray-Koshits & Mitrofanova, 
1972). The structure of the bisl2,2'-iminobis(aceta- 
midoxime)lnickel(II) cation in a chloride hydrate (Cul- 
len & Lingafelter, 1970) is very similar in shape and 
dimensions to our Ni complex, with allowance for the 
slightly longer distance where Ni--N takes the place of 
Ni-O,  and disregarding a few extra peripheral atoms. 
Angles in the chelate rings and at Ni agree within 2 ° on 
average with the values reported here for corresponding 
angles. 

In the Cs salt, all of the H atoms of water molecules 
are involved in hydrogen bonds to other O atoms; rele- 
vant distances and angles are listed in Table 3. In the Li 
salt, H(7) and H(9) are well situated for hydrogen 
bonds, while H(6) may weakly hydrogen-bond (Table 
3). In this salt, H(8) has no neighbor suitable for hydro- 
gen bonding. 

This work was done in part under the auspices of the 
US Energy Research and Development Administration. 
We thank Professor R. E. Connick for bringing this 
problem to our attention, Mr K. Klotter for providing 
the crystals, and Dr L. K. Templeton for assistance 
with the absorption correction and other calculations. 
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Abstract. CIgH26CINSi, Mr = 331.96; monoclinic, 
P2,/c, a = 17.207 (4), b = 6.915 (2), c = 17.066 (4) ~,  
/3 = 104.18(2)°; Z = 4, D,,, = 1.13(1), D,. = 1.12g 
cm -3, U = 1968.8 (9) ,/k3;/~(Mo Kt0 = 2.54 cm -~. A 
folded conformation is adopted with a dihedral angle 
between benzo group planes of 132. I ° and an extended 
dimethylaminopropyl side chain in the pseudoaxial 
position on the Si hetero-atom. 

Introduction. Crystals of the title compound were pre- 
pared by J. Y. Corey. The product was purified and 
recrystallized from xylene-chloroform mixtures.t A 
crystal 0.3 × 0.3 × 0.2 mm was mounted on a Syntex 

* To whom correspondence should be addressed. 
t Details of the synthetic procedures will be published at a later 

date. 

P21 diffractometer and data were collected to 20 = 52 ° 
with Mo Kt~ (h = 0.71069 /k) radiation (graphite 
monochromator) and the 0-20 scan technique at 2 ° 
min -1. Backgrounds were measured at each end of the 
scan [20 scan range: 20(Mo K t ~ ) - 1 . 0  ° to 20(Mo 
Kt~ 2) + 1.0 ° ] for a total time equal to one-halfthe scan 
time. Systematic absences were hOl, I odd: 0k0, k odd, 
uniquely determining the space group P2Jc. Fifteen 
reflections with 20 between 20 and 28 ° were centered 
with a programmed centering routine; cell parameters 
were obtained by least-squares refinement of these 
angles. During data collection, the intensities of three 
standard reflections were measured every 97 reflec- 
tions with no significant variation in intensity observed. 
The data were reduced to F 2 and o(F 2) by procedures 
similar to those described previously (Schmonsees, 
1974: Mivake, Togawa & Hosoya, 1964). Standard 
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deviations were assigned as follows: o(/) = [Ocou~tcr(/) 2 + 
(0.03I)2] v2, where Ocou~ter = (I + K2B) 1/2, I = net inten- 
sity, B = total background count, and K = ratio of  
scan time to background time. No corrections for ab- 
sorption were made. The 2024 data with Fo 2 > 3o(FoO 
from the 4399 data scanned were used in the structure 
solution and refinement. 

The structure was solved by an iterative application 
of  the E2 relationship (Long, 1965; Sayre, 1952) with 
199 normalized structure factors of  magnitude 1.3 or 
greater. An E map based on the set o f  phases for the 
solution with the largest consistency index (0.977) gave 
the positions of the atoms for the major part of  the 
structure; the additional atoms were located from a dif- 
ference map. Least-squares refinement (Busing, Martin 
& Levy, 1962) of the non-H atoms with isotropic ther- 
mal parameters gave a discrepancy value R~ = ~:11Fol 
-IFcll/r~lFol = 0 . 1 1 8 .  Refinment was continued with 
anisotropic thermal parameters for the non-H atoms 
and an isotropic thermal parameter for the H bonded to 
N lthe H atoms bonded to C were included in the cal- 
culations at ideal locations (Zalkin, 1974) with fixed 
C - H  distances of  1.0 A and isotropic thermal param- 
eters 10% larger than the equivalent isotropic B of  the 
atom to which they are bonded]. The fixed isotropic B 
values for the H atoms ranged from 4.1 to 7.5 /k 2. 
Table 1 gives the final positional parameters with 
associated estimated standard deviations for atoms 
which were refined. Final discrepancy values were R~ = 
0.046 and R2 = [E w ( I F o l  - IF<l)Vr~ wF2] '/2 =0.049.*  

Table 1. Final positional parameters (104) with 
estimated standard deviations in parentheses 

x y z 

C(I) 4058 (2) 837 (6) 902 (2) 
C(2) 4757 (3) 1744 (8) 873 (2) 
C(3) 5049 (3) 3232 (8) 1408 (3) 
C(4) 4635 (3) 3776 (6) 1990 (2) 
C(5) 3392 (2) 1764 (6) 3944 (2) 
C(6) 3151 (3) 252 (8) 4354 (2) 
C(7) 2733 (3) -1272 (7) 3943 (2) 
C(8) 2558 (2) -1318 (6) 3098 (2) 
Si(9) 2675 (1) 173 (1) 1549 (1) 
C(10) 3489 (2) 3442 (5) 2658 (2) 
C(ll) 3221 (2) 1750(5) 3102(2) 
C(12) 2801 (2) 192 (6) 2667 (2) 
C(13) 3622 (2) 1358 (5) 1463 (2) 
C(14) 3921 (2) 2831 (6) 2018 (2) 
C(15) 2585 (2) -2346 (5) 1139 (2) 
C(16) 1792 (2) 1668 (5) 1032 (2) 
C(17) 1605 (2) 1575 (5) 105 (2) 
C(l 8) 850 (2) 2709 (5) -285 (2) 
N(19) 522 (2) 2172 (4) -1155 (2) 
C(20) -311 (2) 2900 (6) -1460 (2) 
C(21) 1041 (2) 2820 (6) -1683 (2) 
C1(22) 470.5 (7) -2187 (1) -1209.0 (6) 
H(NI9) 499 (18) 670(52) --1161 (18) 

The largest parameter shift in the final cycle of  full- 
matrix refinement was less than 10% of  its standard 
deviation; the error of  fit was 1.69. Atomic scattering 
factors and real and imaginary anomalous dispersion 
corrections for CI and Si were taken from Inter- 
national Tables for X-ray Crystallography (1974). The 
highest residual electron density in the final difference 
map was 0.29 e A -3. 

Discussion. The title compound is one of  a group oftr i-  
cyclic Si heterocycles with central rings of  varying sizes 
which are currently being examined for central nervous 
system activity (Corey, Corey & Glick, 1976; Paton, 
Corey, Corey & Glick, 1977). The title compound 
adopts a folded boat conformation with an extended 
dimethylaminopropyl side chain occupying the pseudo- 
axial position on the Si hetero-atom. 

The molecule and the numbering scheme are shown 
in Fig. 1 (Johnson, 1965). Table 2 gives the values of  
the interatomic bond lengths and angles (Busing, Mar- 
tin & Levy, 1964). The dihedral angle between the 
least-squares benzo group planes is 132.1 ° 

Table 3 presents a tabulation of  benzo group dihe- 
dral angles for dihydroanthracenes with atoms at the 9 

Q 
® 

Fig. 1. Atom numbering for the title compound. 

* A list of structure factors and tables of thermal parameters, 
positional parameters for the H atoms, torsion angles about the 
central ring and the 3-dimethylaminopropyl side chain, a packing 
diagram, and least-squares planes for the benzo groups and the 
central ring have been deposited with the British Library Lending 
Division as Supplementary Publication No. SUP 32272 (14 pp.). 
Copies may be obtained through The Executive Secretary, Inter- 
national Union of Crystallography, 13 White Friars, Chester 
CH 1 1NZ, England. 
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and 10 positions which are bonded to four other atoms 
(i.e. two tetravalent atoms). The first group of  com- 
pounds consists of  carbocycles which display the fol- 
lowing trends: placement of  one or two substituents in 
the axial position(s) results in an increase in the value of 
the dihedral angle relative to the parent carbocycle: a 
substituent in an equatorial position apparently results 
in a decrease in the dihedral angle: replacement of  a 
CHR group in the 10 position by a second short-period 
tetravalent hetero-atom results in a decrease in the 
dihedral angle between benzo groups. Reports of  X-ray 

structural studies of  dihydroanthracenes with second- 
period hetero-atoms in both the 9 and 10 positions indi- 
cate that tetravalent S atoms may result in a further de- 
crease of  the dihedral angle (diphenylene disulphone 
~ 127 °, Hosoya, 1958) but that tetravalent Si increases 
the dihedral angle (9,10-disiladihydroanthracene 156 °, 
D'yachenko, Atovmyan & Soboleva, 1975: 9,9,10,10- 
tetramethyl-9,10-disiladihydroanthracene 156°, D'ya- 
chenko et al., 1974; 9,9,10,10-tetraphenyl-9,10-disi- 
ladihydroanthracene 180 °, Sobeleva, D'yachenko & 
Atovmyan, 1974). 

Table 2. Bond lengths (,~,) and angles (o) 

C(1)-C(2) 1.369 (5) Si(9)-C(12) 1.867 (3) C(5)-C(6) 1.377 (6) C(10)-C(11) 1.526 (5) 
C(2)-C(3) 1.386 (6) Si(9)-C(13) !.861 (4) C(6)-C(7) 1.369 (6) C(10)-C(14) 1.524 (5) 
C(3)-C(4) 1.409 (6) Si(9)-C(15) 1.869 (4) C(7)-C(8) 1.399 (5) C(16)-C(17) 1.537 (4) 
C(4)-C(14) 1.402 (5) Si(9)-C(16) 1.871 (4) C(8)-C(12) 1.399 (5) C(17)-C(18) 1.524 (5) 
C(13)-C(14) 1.400 (5) N(19)-C(20) 1.488 (4) C(11)--C(12) 1.404 (5) C(18)-N(19) 1-501 (4) 
C(1)-C(13) 1.400 (5) N(19)-C(21) 1.484 (4) C(5)-C(11) 1.395 (4) N(19)-H(N 19) 1.04 (3) 

C(1)-C(2)-C(3) 119.8 (4) C(12)-Si(9)-C(16) 110.8 (2) C(5)-C(I I)-C(10) I 19.6 (3) 
C(2)-C(3)-C(4) 119.9 (4) C(13)-Si(9)-C(15) 112.0 (2) C(8)-C(12)-Si(9) 123-9 (3) 
C(3)-C(4)-C(14) 119.9 (4) C(13)-Si(9)-C(16) 110.2 (2) C(10)-C(11)-C(12) 120.3 (3) 
C(4)-C(14)-C(13) 119.7 (4) C(l 5)-Si(9)-C(16) 110.8 (2) C(1 I)-C(I 2)-Si(9) I! 7.5 (3) 
C(14)-C(13)-C(1) 118.7 (3) C(20)-N(19)-H(N 19) 108 (2) C(11)-C(10)-C(14) 113.8 (3) 
C(13)-C(1)-C(2) 122.0(4) C(21)-N(19)-H(N 19) 109 (2) Si(9)-C(16)-C(17) 113-8 (2) 
C(4)---C(14)-C(10) 118.7 (4) C(5)-C(6)-C(7) 120.7 (4) C(16)-C(17)-C(18) 111.6 (3) 
C(1)-C(13)-Si(9) 124.5 (3) C(6)-C(7)-C(8) 120.0 (4) C( 17)-C( 18)-N(I 9) 112.2 (3) 
C(l 0)-C(14)-C(13) 121.6 (3) C(7)-C(8)-C(12) 120.5 (4) C(l 8)-N(I 9)-C(20) 111.0 (3) 
C(14)-C(13)-Si(9) 116.8 (3) C(8)-C(12)-C(11) 118.4 (3) C(I 8)-N(19)-C(21) i 13-0 (3) 
C(12)--Si(9)-C(13) 101.1 (2) C(12)-C(11)-C(5) 120.1 (4) C(18)-N( 19)-H(N 19) 105 (2) 
C(12)-Si(9)-C(I 5) 111.5 (2) C(11)-C(5)-C(6) 120.3 (4) C(20)-N( 19)-C(21) 110.9 (3) 

Table 3. Benzo  group dihedral angles for dihydroanthracene derivatives with tetravalent atoms in the 9 and 10 

H R  

H R '  

H R  

0 0 

positions 

H H  

R R' Dihedral angle (°) Re ference 
H H ~ 145 (a) Ferrier & Iball (1954) 
H C(CH03 (b) 147 Brennan, Putkey & 

Sundaralingam (1971) 
CH3(b) C2H~(b) 152 Bordner, Stanford & 

Zieger (1973) 
CH3(b) (C H2)3N(C H.~)2. HCI. H20. C 3H60(b'c'd) 155-6 Chu & Chung (1976) 

155.7 
CH3 ~e) CH(C H3)2 (b) 129 Stanford (1973) 

H - 133.9 Chu & Chung (1974) 
CH2C6HII ,L, - 133.7 Chu & Mangion (1975) 
CH2CH(CH.~)) °~ - 141.8 Chu & Chung (1973) 

H H 136 D'yachenko, Atovmyan & 
Soboleva (1976) 

CH3(e) (CH2)~N(C H3) 2 . HCI (h) 132. I This work 
/ \  

R R' 

(a) Two dimensional structure. (b) Axial substituent. (c) Two molecules per asymmetric unit. (d) CF 3 substituent at position 2 of tricycle. 
(e) Equatorial substituent. 
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In the solid state, the trans-trans and trans-gauche 
configurations for the C,,-C/~ and C/~-C r bonds of the 
dimethylaminopropyl substituent have been observed 
(Corey, Corey & Glick, 1976). The dimethylamino- 
propyl groups of the two independent molecules in the 
recently published structure of (+)-cis-9-(3-dimethyl- 
am inopropyl)- 10- methyl- 2 - (trifl uoromethyl)- 9,10- di- 
hydroanthracene (Chu & Chung, 1976) have the 
trans-trans configuration, as is observed in this struc- 
ture. 

The distance between the chloride ion and the 
quarternary ammonium center is 3-016 (3) ~; the Cl 
to H distance in the hydrogen bond is 1.98 (4) ,/k and 
the N - H . . .  Cl angle is 178 (3) °. The closest inter- 
molecular nonbonded distance between non-H atoms is 
3.641 (4) A between C1(22) and C(20)', related by 
translation in the y direction. 

JYC and ERC acknowledge the support of NIH 
research grant No. R01NS10903 from the National 
Institute of Neurological Diseases and Stroke. 
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Abstract. C8H703C1 , M r __- 186.5, monoclinic, space 
group P2 r a = 7.602(6), b = 22.164(17), c = 
5.328(4) ,/~, /~=114.26(3)  o, V=818 .1  ,~3, Z = 4 ,  

* Contribution No. 446. 

Do = 1-523, De= 1-514 g cm -3. There are two mole- 
cules in the asymmetric unit. Strong hydrogen bonds of 
the O. • • H - O  type are observed. 

Introduction. The title compound, a plant-growth hor- 
mone, is soluble in warm water, and crystals suitable 


