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Abstract: Conformational analysis of hexadecamethylcyclooctasilane (I) has 

been perfomed using molecular mechanics calculations. Unlike its hydrocarbon 

analog, cyclooctane, which adopts a boat-chair (BC) conformation in the ground 

state, r is calculated to adopt a twist-chair-chair (TCC) structure as the 

lowest energy conformation. Other conformations of 1 are relatively close in 

energy to the TCC form. A comparison between 1 and cyclooctane Is reported. 

Introduction 

Special Interest In the class of compounds known as permethylcyclopolysilanesI arises, in 

part, frcm the unusual electronic properties2 demonstrated by these molecules. Because of 

electron delocalization in the o-framework, permethylcyclopolysilanes exhibit Interesting U.V. 

spectra,8 they are able to easily form delocalized anion3 and cation radicals,4 and they will 

form charge transfer complexes with n-acceptors.5 Despite the level of interest in the chemistry 

of these compounds, relatively little structural information is available for these systems.‘I In 

order to partially fill this information gap, we non report a molecular mechanics investigation 

of the structure and conformational properties of hexadecamethylcyclooctasilane (I). 

A number of X-ray crystal and molecular structures for organosilicon ring systems have been 

reported previously.6 The results of these studies, together with theoretical 

investigations,7~6L have suggested that the permethylcyclopolysllanes adopt structures which are 

similar to those found for their hydrocarbon analogs, the cycloalkanes. For example, the 

derivatives of (MeESi)6 adopt & conformations,~,i and the six-membered cyclopolysilane ring, 

(l+i)6' adopts the familiar chair structure associated with cyclohexane.6b In further support 

of this position. recent crystallographic and molecular mechanics investigattons6x have revealed 

that both (HeESi)I and cycloheptane adopt the twist-chair (TC) structure in the ground state. 

Interestingly, however, the conformational energy differences and interconversion barriers 

calculated for this seven-membered silicon derivative were found to differ substantially from 

those obtained for cycloheptane.6A These findings suggested that the analogy between the 
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structural and conformational behavior of permenthylcyclopolysilanes and cycloalkanes may no 

longer pertain when one considers such larger ring systems.61 In order to test this hypothesis, 

information on the structure and conformational energies for the next higher 

permethylcyclopolysilane homolog (i.e., A) is required. Since attempts to obtain solid-state 

structural information on 1 have, to date, been unsuccessful (due to disorder in the crystal) we 

have turned to molecular mechanics calculations in order to predict the stereochemical properties 

of this compound. 

Methods 

Calculations were performed with the program lW?g using the previously described parameters 

for permethylpolysilanes.g Full relaxation geometry optimizations were performed for all of the 

conformations under consideration. lo In certain cases (see below) these geometry optimlzations 

were performed under syrmnetry constraints. 

The ten basic conformations for eight-membered rings have been identified in previous 

studies of cyclooctane.ll These conformations have been described as the twist-chair-chair 

(TCC). chair-chair (CC), crown (CR), twist-boat-chair (TBC). boat-chair (BC). twist-boat (TB), 

twist-chair (TC), chair (C), boat-boat (B), and boat (B). The BC is of & SytnmetrY and this form 

is generally accepted as the ground-state conformation for cyclooctane. Both the BB and the B 

are of &d sytmvetry and the C and TC both belong to the c2h point group. The TCC and TBC are 

axially symmetric with & and 5 symmetries, respectively. The CR, CC and TB are of s, & and 

24 symnetry. The torsion angles that were obtained for these ten conformations in the study of 

cyclooctane by l+endricksonlla were used as the starting values for the present calculations on 

these same conformations of 1. Geanetry optimization of the TCC. CC, CR, TBC, BC. TB and TC 

forms were perfoned without constraint. The C, BB and B conformers were optimized under the 

the constraint of Gh, (&, and %d syfmnetry, respectively. Wiile the structures of those 

conformations obtained via optimization without symmetry constraint no longer belong to the Same 

point groups as their input geometries (see above), for simplicity we have retained the Same 

conformational descriptors for the resulting structures. 

Discussion 

The structures that were obtained for the various conformers of 1 after geometry 

optimization are shown in Figure 1. The ring torsion angles (Si-Si-Si-Si) obtained for these 

optimized structures are shown schematically in Figure 2. The relative strain energies for the 

ten conformations of 1 are reported in Table 1 and selected average bond lengths and angles are - 
reported in Table 2. 

Inspection of Table 1 reveals that the ground-state structure of 1 is calculated to be the 

TCC conformation. The CC and CR conformations are not substantially higher in energy than this 

TCC form, however, since the calculated relative strain energies for these conformations are only 

0.4 and 0.9 kcal/mol. Because of this close energy ordering, we feel it is reasonable to expect 

that the CC and CR conformations, in addition to the TCC. may be observed in ground-state 

structure determinations for 1. Indeed, the disorder observed in the crystal of r may be a 

result of the presence of a mixture of conformational states for this molecule.12 The existence 

of several conformational states below a relatively small strain energy of 1.0 kcal/mol suggests 

that 1 will exhibit considerable conformational flexibility. 

The geometries and relative energies of the C, BB and B conformations of 1 were obtained by 

optimization under symmetry constraints. Releasing these symmetry constraints on the B and BB 

conformations followed by geanetry optimization yields the TB structure. Optimization of the C 

structure after removing the synvnetry constaints yields the TC form. No intermediates were 

encountered between the B. BB and TB or C and TC forms. Nhile the C. BB and B conformations are 

thus relative energy maxima for 1, these structures are relative energy minima for cyc1ooctane.l' 
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v Vlews af the calculated structures for conforwtlons of & Canfonnational descriptors 
are s own to the right of the corresponding structure. Hydrogen at@% have been removed for 
claclty. 
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Table 1. Calculated Relative Conforaatlonal Energies for 1 and Cyclooctanea 

Conformation 

TCC 

cc 

CR 

TBC 

BC 

TB 

TC 

C 

BB 

B 

CycjooCtaneb 

0.0 C 

0.4 C 

0.9 1.22 

2.3 2.37 

2.6 0.0 

3.7 C 

4.3 9.96 

6.3 9.51 

9.2 1.67 

IO.7 12.13 

a 'In kcal/mol 

b Taken from reference llc 

c Not an energy extremum on the W2' potential energy surface.'l' 

Table 2. Selected Average Calculated Bonding Parameters for 

Confonatlons of 1 

Conformation Average Sl-Si Bond Lengtha Average Si-Si-Si Angleb 
TCC 2.351 118.3 

cc 2.351 118.5 
CR 2.352 118.9 

TBC 2.352 119.4 

BC 2.354 119.6 
TB 2.354 120.2 

TC 2.353 119.2 

C 2.354 120.5 
BB 2.354 122.3 
B 2.356 123.0 

a In Angstran units 

b In degrees 
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Further accentuating the differences between cyC1ooctane and _1 is the observatfon that while the 

TB, TCC and CC forms are found not to be energy extrema for the former,ll': for the latter these 

conformations are relative energy minima, 

In Order to allow for a detatled comparison of relative conformationa? energies between1 

and cYc?ooctane, we have a?SO assembled the calculated relative energiesllc for this hydrocarbon 

In Table 1. The BC conformation Is both calculated and observed to be the ground-state structure 

for cyclooctane,ll These calculations thus revea? that structurally as wall as energetically, 1. 

differs substantially from its hydrocarbons analog. While, as mentioned previously, the CC and 

CR confo~ti~ns of 1 are re?atfvely close in energy to the ground-state TCC, for cyclooctane the 

CR confonat+on resides 1.22 kcalfmol above the lowest energy structure. The TBC and BC 

structures of 1 have comparable strain energies of 2.3 and 2.6 kcal/mo? as do the TB and TC 

structures wfth relatfve strain energtes of 3.7 and 4.3 kcai/mo?. While the strain energy of 

2.37 kca?/mot found for the TBC conformation of cyclooctane is thus comparable to the value 

obtained for the corresponding conformation of l_, the relative energies for the BC structures of 

these two molecules differ substantially. The C and BB forms reside 6.3 and 9.2 kcal/mol above 

the TCC for L. While the strain energy of the C forms are therefore reasonably comparable for 

these two IIYllecules, the BB conformation of cyclooctane has a strain energy of only 1.67 

kcalfmo?. Evidently, steric Interactions between the bulky methyl groups in i are responsible 

for the higher relative energy found for this form of j_. The 8 conformation is foufid to be 

highest in strain energy for both compounds with a relative strain energy of 10.7 kcal/mol for r 

and 12.13 for cyclooctane, 

Selected average bond lengths and angles for the various confo~ations of 1 are shown in 

Table 2. It is particularly interesting to note that while all of the average Si-Si bond 'lengths 

are calculated to reside withfn the 2.351-2.358 A range and thus compare well with the unstrained 

value of 2.346 & the Si..Si-Si angles in each of these confo~ations are considerably larger than 

the unstrained value of lll.t* and average 11B.3°-123.0". Whfle exceptions exist, a general 

trend is observed for both of these bonding parameters with the longer bond lengths and larger 

angles being demonstrated by those structures with the highest relative strain energies. The 

average Si-Si-Si angles in these structures are atl somewhat expanded relative to those value5 

calculated (ca. 117,2*) and observed fll6.2O) for tettadecamethylcycloheptasilane. The expansion 

of fnternal bond angles from strain-free values has been noted previousty for odium-ring 

hydrocarbons13 (see also, Table 3). Based on the results obtained for (He2Sf)7s6& it was 

suggested that the higher honologs of pe~ethytcycl~polysilanes may also demonstrate a similar 

trend. ne present calculations suggest that the expansion of internal S1-Si-S1 angles relative 

to strain-free values wit1 be a general phenomena for these higher homologs. 

The present calculations establish that the ground-state Structures and retative 

conformationat energies differ substantially between 1 and cyclooctane. Thus, the hypothesis 

that the analogy between the conformationa? behavfour of pe~tby?CyC?OpO?ySi?anes and 

cycloalkanes will dissolve upon consideration of the higher homologs finds full support in the 

present work. Bespite this disparity in the stereochemical behaviour of 1 and CyClOOCtane, a 

ccrmparison of structural parameters leads to some interesting similaritfes. It is interesting, 

for example, to compare the twist angles in the confo~ations of 1 with those obtained for the 

same conformations of cyclooctane. To allow for such a comparison we have assembled Structural 

info~tion from the most recent molecular mechanics calculations on cyclooctanellC in Figure 3. 

Only seven out of the ten possible conformations are presented in this Figure since the NV' 

force field used in these previous calculations did not locate the TB, CC and TCC conformations 

as energy extrema on the cyclooctane hypersurface. In Table 3 we have also assembled the 

torsional information from the X-ray structura? dete~inations of previously reported cyclooctane 

derfvatives.14 In this assemblage we have included only thosf! derivatives which do not contain 

substituents that would lead to further ring fOrmatiOn in the molecule (i.e., cyclooctane fused 

ring systems and bfcyclic derivatives were excluded). 



Compound 

A 

8 
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Table 3. Selected Structural Parameters for Cyclooctane Derlvativesll 

Ring Torsion hglesaBb 

-70.3 101.0 -43.4 

70.7 -105.8 46.8 

-63.1 

62.1 

-61.4 104.8 -48.2 -60.1 

65.7 -96.1 37.9 68.8 

-63.0 100.3 -41.2 -61.2 

60.65 -100.7 48.2 62.1 

-65.4 97.9 -46.4 -63.5 

67.2 -98.0 40.5 67.2 

-59.8 105.7 -52.2 -62.i 

61.5 -10% 5 50.3 63.9 

-61.8 107.6 -50.8 -61.8 

60.1 -105.8 51.0 625 

-58.0 107.2 -55.7 -58.7 

61.3 -106.6 45.9 65.1 

-74.9 101.4 -38.7 -69.5 --_ 
73.2 -103.5 45.4 64.U 

-64.4 102.6 -46.5 -62.5 

65.3 -102.6 46.6 63.5 

-63.2 -101.3 45.5 62.6 -- -~___ 
62.1 102.4 -46.9 -62.8 

-62.8 99.3 -41.8 -67.8 

63.3 -101.4 44.1 66.3 

-61.9 108.2 -50.3 -62.4 

x.5 -107.6 52.9 60.8 

-61.5 105.6 -45.3 -64.4 -- 
58.2 -107.6 57.1 57.1 

-57.8 105.6 -52.3 -62.2 _ 

59.9 -107.9 52.0 61.1 

-69.2 1137.6 -47.5 -62.9 

67.3 -1n4.9 50.0 59.6 

-63.8 102.2 -40.6 -66.5 

62.8 -104.5 52.2 59.5 

Average C-C-C Angle' 

116.0 

116.8 

116.3 

117.1 

115.4 

115.5 

115.7 

114.8 

116.0 

116.2 

116.4 

115.3 

115.7 

115.8 

115.7 

116.4 
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L 

M 

-65.4 104.6 -57.1 -55.7 
. - . . . 

-66.5 103.8 -45.3 -64.2 
. - . . . 

116.2 

116.2 

N -61.9 1no. 5 -49.5 _ -57.6 117.0 
. - . . . 

A) Cyclooctane-1.2-trans-dicarboxyllc acid. Dobl R*Dult J 0-m 
Helv. Chin\. Acta 1966, 49, 2492. 
Burgi, H. -8.; Dunitz, x D. 

B) Cyclooctane-c?~~l,;~dic~rb~~ylic &d. 
gnoll. A. 

cyclooctanc. 
Helv. Chim. Acta lg68, 51. 1514. C) trans-1.4-Oichloro- 

Van Egmond, J.; Romers, C. TetradehronTg69, 2, 2693. D) l-kinocyclo- 
octane carboxylic acid hydrobrcmide. Srikrishnan, T.; Srinivasan, R.; Zand, R. 
;. C$::;rMolp. Structure 19Z1, r, 191. E) Cyclooctane-1.5-dione dloxime. Winkler. F. 

* Chesick, J. P.; Dunitz, J. 0. Helv. Chim. Acta 1976, 59, 1417. 
Fj'cis-3,7~Di~~-butylcyclooctyl-cls-p-bromabenzoate. Hoge, R.; &&ierc R.; Fischer, 
K. F. Cryst. Struct. Cotmn. lgzz,.6. 363. G) Bls(p-acetoxyphenyl)cyclooctylidenemethane. 
Precigoux, 6.; Busetta. B.; Coursem:e. C.; Hospital, M.; Miquel, J. F. Acta Crystallogr., 
Sect. B Lgzfl, 834, 3300. H) cis-Cyclooctane-1,5-diol. Miller, R. W.; McPhail, A. T. 
J. Chem. Soc.,-i%rkln 2 1979. 1527. I) Cyclooctane-1,5-dione-dioxime. Miller, R. W.; 
kPhai1, A. T. J. Chem. Res. 19Zp. 2R5, 3122. J) Cyclooctane-l,$dione. Miller, R. W.; 
HcPhail, A. T. J. Chem. Sot., Perki- 1979, 1527. K) Cyclooctane oxime. Groth, P. 
Acta Chem. Stand. Ser. A 1951, A35, 117. 
Acta Chem. Stand. Ser. A. 1941,-A55, 117. 

L) Cyclooctane phenylsemicarbazone. Groth. P. 
H) l-Ethyl-3-((4-cyclooctyl-pyrid-3-yl)-sulfonyl)-urea 

hydrogen nitrate. DuPont. L.; Lxnski. K.; Stadnlcka. K.; C&large. J. Cryst. Struct. Convnun. 
1981, 10, 925. N) 5-(3',5'-Oinitrobenzoyloxy)-cyclooctanone. Jones, P. G.; Sheldrick, G. N.; 
Kirby,T. J.; Glenn, R.; Halstenberg. H. Z. Kristallogr. 2983.163. 75. --.._ 

Other X-ray structures have been reported, however. data is unavailable for these systems. See: 
1) trans-syn-trans-1,2,5,6-Tetrabromocyclooctane. Ferguson, G.; Macnicol, 0. D.; Oberhansli, W.; 
Raphael, R. A.; Zabkiewicr. J. A. J. Chem. Sot.. Chem. Corma. lpQ8. 103. 2) Bis(l-cyclooctylidenf 
-3,5,5-trimethylpyrazolinium)hexachloro-tin. Van Schalkwyk, T. G. 0.; Stephen, A. M.; Hodgson. J. 
B. S. Afr. J. Sci. 1926, 72, 341. 3) l-p-hydroxyphenyl-2,2,4.8-tetramethyl-thia-chroman 

cyclooctane clathrate. HarG, A. 0. '1.; HcKendrick. J. J.; HacNicol, D. 0. J. Chem. Sot., Perkil 
2 1979, 1072. -_-_ 

a In degrees 
b Following the notation of Hendricksonlla 

VP Schematic representation of the calc~lated~~~ 
r ng orsion angles (C-C-C-C) around the ring perimeter. 

conformations of cyclooctane showing 
Conformational descriptors are shown in 

the center of each structure. 
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Inspection of Figures 2 and 3 reveals that the CR, TC, C, B8 and 8 conformations are very 

similar in terms of ring torsion angles for r and cyclooctane. Angles In these structures differ 

on average by ca. So, 3*, 8O. 5" and 8* and are consistently smaller in tthan in cyclootisne. 

By contrast, the T8C and 8C conformations differ substantially between 1 and cyclooctpne with 

differences in ring torsion angles rangfng as high as ca. 30". 

The assemblage of X-ray crystallographic data on cyclwctane derivatives indicates that all 

of the cyclooctanes adopt the BC conformation In the ground statell and the torsion angles for 

these molecules are similar. Also shown in Table 3 fs a list of average C-&-C angles for these 

eight-membered ring systems. Inspection of these angles clearly reveals their expansion relative 

to strain-free values13 (see above). A comparison of the BC conformation obtained for Lwith 

those observed for cyclooctane reveals that the calculated BC conformation of 1 differs 

substantially from the observed 8C conformation of cyclooctane derivatives. Thus the 

experimental torsion angles obtafned for the cyclooctanes also differ from those calculated for 

Acknowledgment We 

Petroleum Research 

this research. 

thank the University of Delaware Research Foundation, the donors of the 

Fund (17163-Gl), and the University of Eelaware Honors Program for support of 



6420 J. R. DAMEWOOD, JR. and R. GAMBOGI 

References and Notes 

11 

21 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

IO) 

II) 

12) 

13) 

14) 

15) 

For reviews see: a) Gilman, H.; Schwebke, G. L. Adv. Organometl. Chem. 1964, 1, 89. b) -___ 
Kumada. M.; Tamao, K. Ibid. 1968, a, 19. c) West, R.; Carberry, E. Science 1975 189. 179. 

..-__ ---_- 
d) tiengge, E. In "Homoatcmic Rings, Chains and Macromolecules of Main-Group Elements"; 

Rheingold, R. Eds.; Elsevier: Amsterdam, 1977, p 235. e) West, R. In "Comprehensive ____ 
Organcmetallic Chemistry"; Wilkinson, 6.; Stone, F. G. A.; Abel, E. W.. Eds.; Pergamon Press: 

Oxford, 1982; Chapter 9.4, p 365. ____ 
Pitt, C. G., In "Hcmoatcmic Rings, Chains and Macromolecules of Main-Group Elements"; 

Elements"; Rheingold, A., Ed.; Elsevier: Amsterdam, 1977; p 203. West, R. Pure Appl. Chem. -..-.. 
1982, 2, 1041. Brough. L. F.; West, R. J. An. Chem. Sot. 1981, 103, 3049. Brough, L. F.; _--.. ____ 
West, R. J. Organomet. Chem. 1980, 194, 139. -_.,.. 
Carberry, E; West, R.; Glass, G. E. J. An. Chem. Sot. 1969, 91, 5446. -.,-.. 
Bock, H.; Kaim, W.; Kira. M; West, R. J. An. Chem. Sot. 1979.x. 7667. 

Traven. V. F.; West, R. J. An. Chem. Sot. 1973. 95, 6824:--- ____ 
For examples, see: a) Kratky, C.; Schuster, H. G.; Hengge, E. J. Organomet. Chem. 1983, .,..-_ 
247, 253. b) Carrell, H. L.; Donohue, J. Acta Crystallogr., Sect. B 1972, 2& 1566. c) ___. 
Drahnax, T. J.; West, R.; Calabrese. J. C. J. Organomet. Chem. 1980.198, 55. d) Masamune, -___ 
S. Hanzawa, Y.; krakami, S.; Bally; T.; Blount, J. F. J. An. Chem. Sac. 1982,lo,, 1150. _...,.. 
e) Schafer, A.; Weidenbruch. H.; Peters, K.; Schnering, H.-G.V. Angew. Chem., 1984, 96, 311. _-__ 
Schafer, A.; Weidenbruch, M.; Peters, K.; Schnering, H.-G.V. Angew. Chem., ht. Ed. Engl. 

1984, 3, 302. f) Hurt, C. J.; Calabrese, J. C.; West, R. ____ J. Organomet. Chem. 1975, 91, 273. -___ 
g) Parkanyi, L.; Sasvari, K.; Barta, 1. Acta Crystallogr., Sect. B 1978, 34. 883. h) ____ 
Parkanyi, L.; Sasvari, K.; Declercap, J. P.; Germain, 6. Acta Crystallogr., Sect. B 1978 ___,s 
348. 3678. I) Carlson, C. W.; Haller, K. J.; Zhang, X.-H.; West, R. J. An. Chem. Sot. 1984. ____ 
106, 5521. j) Chen., S.-M.; David. L. 0.; Haller, K. J.; Wadsworth, C. L.; West, R. 

Organometallics 1983, 1, 409. k) Drager, V. M.; Walter, K. G. Z. Anorg. Allg. Chem. !gB!. 

479. 65. 1) Shafiee, F.; Damewood, J. R., Jr.; Haller, K. J.; West, R. J. Pm. Chem. Sot. 

1985. 107, 6950. __-_ 
tiumnel. J. P.; Stackhouse, J.; Mislow, K. Tetrahedron 1977, 2. 1925. _-__ 
Allinger, N. L. et al. pCPE 1981, 13, 359. 

Damewood. J. R., Jr.; West, RI--Macromolecules 1985 B, 159. ____' 
For full relaxation calculations all bond lengths, angles and torsion angles are allowed to 

change during geometry optimization. 

For example, see: a) Hendrickson, J. B. J. An. Chem. Sot. 1967, @, 7036. b) Burkert, U.; WV_.. 
Allinger, N. L. "Molecular Mechanics"; American Chemical Society; Washington, D.C., $?!: p 

98ff and references therein. c) Ivanov, P. M.; Dsawa, E. J. Comput. Chem. 1984, 2. 307 and ____ 
references therein. 

Haller, K. J. personal communication. 

See, for example: Bixon, M.; Lifson, S. Tetrahedron 1967, 23. 769. Dunitz, J. 0. In . ...*- 
"Perspectives in Structural Chemistry"; Dunitz, J. D.; Ibers, J. A., Eds.; John Wiley & 

Sons: New York, \p& Vol. 11, p 1. 

Structural information was obtained from the Cambridge Crystallographic Database (19B6).15 

For a description of the CCD see: Allen, F. J.; Bellard, S.; Brice. M. D.; Cartwright, B. A.; 

Doubleday, A.; Higgs, H.; tkmrnelink, T.; Humnelink-Peters. B. G.; Kennard. 0.; Motherwell, 

W. D. S.; Rodgers, J. R.; Watson, 0. G. Acta Crystallogr.. Sect. B 1_9,!9, 35, 2331. Wilson. 

S. R.; Huffman, J. C. J. Org. Chem. 1980, 9, 560. ____ 


