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AMmct-A study of UK static stamchanktry uf l.l,2~4&apha1yl (I) ad l,l~-ktmmit~ (2) 
byenpiricalfa&IdW Xrsy~oction,and’HNMRrrvcalsthattheprrfmncefortheMli 
confamatioa. exhiibitai by the m&&cd 1,1~-t&mykthmcs, is sustaid inthe andc+m didam, dtbougb 
insomwhat~~form.This~prtaencestsadsincontrasttothegoPclkcprrtaenceof1,122- 
t&a&y- Examdim of ‘J,,,, coupCog constants for R,H3iSHRz (R = pbenyl, muityl, 2$dmetbyl- 
phcnyl. t-batyt, cyclobcxyl) a&@q the exiatace of a Knrplus relation for H-!%-Si-H systems. 

CONFURMA~IONAL cquiliium mixhm of l,W- 
tetmalkykthancs contain a prepoaderaace o&F Ek$ 
co&mm which increases with &casing 
the alkyl groups.- AsifnihUthollgbkS!Sp#wuaced 
bend has bee0 noted for l,I~~ldiS and 
for the amlogou diphosphimcl IO sharp contrast, 
unckmpcd 1,l~&t&aarykthanca show a marked pref- 
crcncefortheon#coaf~9since~-in 
tlR&tkanddylWkstaeocbemishyof~y 
wbstihuetbaaesand-aleinthelastanalysis 
tmxabk to difIcremccs io the metrics (i.e., bond kq#hs, 

0 16.6 

I 

etc.) of the two systems,Ub the question arises whether 
the deviant behavior of the Mraarykthanes is also 
shared by tbc &rically dissimikr 1,1,2&t&uuyl- 
disilancs. To answer this question, we undertooL a study 
of the static sta-wchemistry of l,UJ~yl- 
disilane (1) and 1,1,2,2~ ityldisihulc (2). These 
colnpouIlds Iverc chose0 baxusc the phcnyl and mesity1 
gmupsspnnawiderangeofstaicdcmand,andbecause 
compa&k sbuctural informatkn is already available 
for the corresponding etlumes.9 The present paper 
npoas the results of this study. 
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1,1~-T&upha1yWilane (1) 
EW caMatio~ The empkiud force tkld .(EFl? 

mctltodlIasproveltstK!ccssfulitltbecalculahonof 
ground-- of.straitEdaswlla!tun&aitA 
hydwubous’ql’ and di&tus.- Tbc eturgy ltypasur- 
faccof1i?lexpa%altobcvcrycompksandany 
cxplo&ottmust&reforebcginfromacarefu8ysckc- 
talsetofinput stwtuxs. In addition to gauche-anti 
iaomcfismabouttheccotralSi-Sibond,t&epbenyl 
~8EalsOfN?CtoMt&ItCabOUtthCSicboads;tlX 
~ofhvistofcachphcnylringis&s&balbythe 
Si-Si-C-CdibfXM8llgkaaek’(~).AsintbCpreviousstudies 
on the !Jtueocbemicauy comspondce l,lJJ-t&a- 
pbenya-allinput .stlwmswere-to 
have 14= 45”. Also, in keeping with the earlier obsu- 
vation5 thatgroundstatcstnctuesoftbelpenaaltype 
representedby1rctainatkastoncekmcntofsym- 
mL?&y,ontylWlH.syllnWtriciaput~swcrcc4m- 
~Tbu~fourC2gavchcaadfiveMti(twocUaad 
onecachofC,,C,andC,)inputsbWures were used. 

. . 
Mimtmwionoftbenineinput&ucturesbytbepre 

viausly described EFF,” using the program BIGSTRN.‘4 
)kkkdfiVCminima,~pondingtOtWOMll6fldthree 

gwAeconfomnxs.SbwtualdetailsarcgivcnioF~1 
aad 2. Tabk 1 lists the 8ve confortwrs in order of 
i&xa&staicalcr8y,‘~andshowsthatthelowcst 
(lol) and hiehest (I&) enagy minimaatesqwatcdby 
onlyalmut0.8kcal/mol.§uchasmaUcnergydiffaaKcis 
well within the Hror limits of the ~“*‘5 aad 
prcchxksN!liabk&ctionofoacoftltc8veminimaas 
thcgrotmdstatc,ie.,astheglobalminimunInshwt, 
tlte EFF cakulatiotts proved incapable of answering a 
cattral question of this study: doe33 1 adopt a gPucAe &I, 
l&#l&oranfWi(lal*l&)conf0rmationintbeground 
state? We tbcrefon tutwd to X-ray analysis for futltcr 
CMkatiott of this point. 

x-rep rmcrlysts crystals of l,‘* obtained from bcnzin 
60-70, were monoclinic, space group E&/n, with a= 
6.410(2), b = 7.660(l), c = 21.4390 A, /I = !MU7(2P, and 
h= 1.1S6gcme5 for Z=2 (C&I&, M=%6.61). 

Ph 

Ph 

structure symmetry Steric Energy (kcal/mol) 

a1 C2 -7.12 

A!$ ci -6.68 

s C2 -6.55 

&al c2 -6.35 

a3 c2 -6.31 

lx 
- ‘i 

40.69 



The intensity data wee - ou a Hi&r-watts 
~~~i~*~K~~e-Z~~, 
acts 
proximatey 0*4x0.5x05rm$ was used f~ 
~~~~~~f~~~= 
I5.0 cm-‘f A totaI of 14% reIIe&ons were measluad for 
B<SiP,ofwhich1~3waecomidererltobeobserved 
(I > 2&o). The shuctun was solved by a multiple &I- 
~~I?~~~~~-~~ 
squares. ‘I&e Iow theta &k&as which were stroagIy 
affected by extin&a were omitted from the final 
refinement. In the final refinement anisotropic Ummal 
parameterswrreusedfortheheavieratomsandisdro- 
p~~f~~~for~Ha?~~ 
~a~~~l~~~s~f~~~ 
cuktions but their prametm were nut xdined- The finaI 
dixnpancyindicesanR=O.WInadwR=O~lfoTthe 
~~I~~~*~~~~e 

has no peaks ~IWW than ItO, I e A-). 
% mokcuk sits on an inversion center in the crystal. 
Thus, it was necessary to locate only ooe silicoa atom 
and the atoms of two phenyl rings. A stereovkw of the 
final structure (lx) is givea in FW 3, and the final 

praamdtrs iu Tabks 2 and 3, Tht C, couformation of lx 
is perfectIy oft?& and ia this aspect is ale to la* 
~l~.A~~nof~~s~~~~s 
rFg* 2) of lx with those of the five calculated conformers 
shows good agmsnmt; all six stmctms exhibit nearly 
standard values. nfkcting the uncrowded nature of the 
mokcuk (the expected exceptions are the Si-H bond 
k&s, which were not refined in lx). However, al- 
~~~ dihtdral angks ahout the Siisi bond in $1 

structuns (la& la& and lx) Bn also qulte 
simiIar and between 50 and W, correspooding to stag- 
gered couformations (F@ l), the angks of twist of the 
pheny1 rings (4) ditler nuukedIy. A simiIar discrepaocy 
had previously heen encuIW and discussed for the 
case of ~a~y~~‘aod it had then heen noted 
that this discnpancy ~lust~t~ an iaherent busy in 
cakula~ the structures of large moka~ies by the EFF 
method: the wtdai hypersurface being ao doubt 
extremely compIex, one can never be certain that aI the 
minima, in&ding the gIobaI minimum, have been found. 
When lx was used as an input structure, minimization 
yiekied 1%. AMough oo attempts were made to explore 
the hypersurface further, in view of the p~h~~tive costs 

nvktisilane It1 with stfudard dcvictions in acrcnthcsw 

OAf 19fll dr 
a.31 IIf 
0.12 IOf 8%X 
0.00 P(3) 0:3eo 
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8.;;; a; 

0.3714(31 
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-0.015 0.391 
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_-_ _ 
~fldt 0.134 
X(22$ 0.610 0.362 
Rt23) 0.481 0.411 
rrf24) 0.164 0.281 
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0.404236 If 
-0.06213f 91 
-0.05267( 91 
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b.08213( 9) 
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-0.1990 
-0.2177 
-ii;1312 
0.1123 
0.2133 
0.2467 
0.1794 
0*0769 
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c 
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4.9 
5.0 

f:X 
6.0 
5.5 
5.0 

r;:: 

f:! ai2si 0.094 0.053 

* Aniwtmplc themal pmamtera are given in Table 3. 

1311xl*4 
4 5 5 5 

Atom BZ2xlO 833x10 
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The anisotropic tmper~turo f&ctor has the fern 

.wq,(-fh'lU1 * lc2B22 + L2D33 + 2hkBZ2 + 2h1813 + 2kUi23)) 
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I%. 3. !hawitw d the x-ray stmctwe of l,la-tqyl(l). McwulEu c, SynmKay. 

thatsuchascarchwoddcntail,itwouldappearthatthe 
X-ray8tn&urcdocsnotcorrcspoadtoaminimumon 
this surface. 

1,1,2&Tetmmesityldidane (2) 
EFFcaMatbnsNineinputsWtures fa 2 were 

cbo8enonthesamehasiiasttmscfa1.Mb&atbn 
yiddcdsevcllminbqu%apodQtothrccgovclu 
andfour~cadormcrs.Thctwobwcstenasystruc- 
turcs uncovd were ulti (2a3 ad gade (pl), with 
theformcr2Skcal/moInnxcstahlcthanthelattcr(Tahlc 
4).Thcstaiccncrgbsofthenmainbg6vemiuimawm 
from3.3to11.3W~l~thanthatd2r~,aadtbe 
corqJodDgconfofmersare~ofc~notcxpbctedt0 
amtrii !&Scantly to the cod- lquilihrium 
mixhIrc.TheEFFcakulatioasthuspn?dictthat2at 

should exist almost entirely in the anti 
details for 28l ad 2gl arc 

prcscntalinFIgs4ad5. 

0 
I4 

83. 
-03.1 75.6 

61.1 a 63 
-42.8 

83.4 
-52.1 75.5 2 @ 

H 

2x1 

Both structures possess approximate C2 symmetry. In 
each stn~turc, two symmetry data! rings (the A rings) 
aretwistedsothatoneoftheortlro_MellrouPsineach 
riogpointstowardthei&kofthemolccule.Thc%crings 
hevesmanvaluesof~~~.andthesisibondlieselmost 
intheplancoftheriags.Intheothcrpairofsymmctry 
related rings (the B rings), which have large 141 vahres, 
thesisihondaxisisalmostpupcdiculartotheplanes 
oftherings.Alsonotahlcine.ach&ucturcistheextrcme 
expansbnofoncpairofSiihondanglesfrom 
t&ahuhdgcom&y:inthcsca@es,theCatomshclong 
to the A Sngs. Thus, in both 2s1 ad 2g,. this pair 
of riugs is bent hack from the central hod (the 
other pair is slightly bent in), evidently as a result of 
aonhoded ia&a&ms arising from the inward pfob- 
tingmethylgroupsontheArings.Thelargcmagnih& 
of these distortbns, in what is a relatively uncrowded 
system, is p&ably a r&ctbn of the smalkr bending 
cumtants ahout silkxm, as compad to cadxm.‘9 



T&k 4. Cakulatcd staic a#pies of some co&mm of 1.1.2.2-tetRmtsitylcfiu’lam (2) 

Structure Symmetry Steric Energy (kcal/mol) 

G&l c2 IO.55 

31 C2 13.08 

2x1 c2 
Ill.55 

2X2 C2 106.88 

La2 c2 10.11 

TotestthereliabUyofthcEFFpra%ction,anX-ray 
analysis of 2 was also wKMaken. 

X-my arulysis Crystals of 2 (see Expcr&ntal See 
tion), ObtaiMl from a benzenaethanol mixture, WQC 
o&&nnbii, space grarp Pcab, with a = 8.1!%(2), b = 
39.037(6), c = 40.6730 A, and & = l&Q cm-’ for 
Z= 16 (C,&& M=534.94). The intensity data were 
measured on a Hilgcr-Watts diflractometer (Ni tiltaed 
Cu Ku radiation, O-28 scans, pulse height dis- 
crimination). The size of the crystal used for data colkc- 
tion was approximately 0.10x0.15x0.7mm. The data 
were umectcd for absorption @ = 11.0cm-‘). of the 
8766illdepmdentr&ct&lsfore<Ep,5586weream- 
sidered to be obacrval (I>254 (I)). The crystal m 
taincd two symmetry Mmuplivaknt n&cuka 

ThestructuewassolvedbyamultiplesaMoapre 
caiurc.“TheHatompo&nswencakulaMfnwthe 
mokcularganndry.lllclenMonsofthcMegroups 
wcrcbasalonpeaksfoundonadilTaencenmpcal- 
culatulafteranisu&opic&iDementofthesiaadc 

atoms.Forthisplqn%?e,thccightphalylringsofthchvo 
independentnm&cukswcrcsplitintohvogroups.SetA 
amsistsofthefourr@sforwhichtheSi~tor- 
sion angles arc about -11” (the even numbered rings 
comprising atoms C(z),. . . ,C(26), C(41),. . . ,C(46), 
etc.)andsetBumsistsofthefourringsforwhichthe 
!SSi-GCturaionaq@areaboat!RP(tbeoddnum- 
be& * compnslog atoms C(ll),...,C(la), 

,..., C(M)dc.).InsdA(n=2,4,6,8),themethyl 
IpMlpsor?~tothesiliconwcrcorientulsothatthe 
torsion a&s C(nl>C(@Co-C(‘l)-H aad c(nl)-C(r& 
C(119)-Hmnl~faoneHatomineechmethyl~up. 
InsdB(n=1,3,S,7),thCo~~-Me~pswmrotated 
2lP~thec&axistoblingtbcactarsiSmangks 
tOMP.All&htporrr-MCgMUpS~OriCOtalsOthllt 
the torsion a@ CMQ-C(N-C(n8~H was 180 for one 
hydrogcnofeachMcgmup. 

Thelhudrc&mentwascarrialoutbyMockdiagomd 
kastsquarcsiowhichthemabixwasprt&nedinto 
twobbcka,oocforcachir&pa&ntmo&cuk.Aniso- 



tropicthermalparameterswereusedfortheSiandC 
atoms, and isotropic temperature factors were used for 
the H atoms. The four H atoms which are bonded to the 
Si atoms were t&red, but all other H atoms were held 
tixed at theii calculated positions. The final discrepancy 
imlices are R = 0.0% and WR = 0.053 for the 5586 obser- 
ved reflections. There were no peaks 8reater than 
+o.l e A-’ on the final diEerence map. 

stnrnnal details of both independent molecules (2x, 
and 2x3 are given in F&s 4 and 5, a stereoview of 2x1 is 
presentetl in Fig. 6, and the final parameters are listed in 
Tables 5 and 6. On inspection of FW 4 and 5, it is 
immedmtely apparent that both 2x, and 2x, ecprx with 
the EFF prediction of an o&i ground state for 2. Ano- 
ther feature shared among the three StlucWes (2x,, 2x2, 
and &) is the essential Cz symmetry, which pairwise 
relates mesityl rings with small and large an&s of twist 
(A and B rings, respectively); fwthemm% the large 
expansion and slight compression of the Sii(A) and 
!Mii(B) bond angles, respectively, predicted by the 
EFF calculation and commented on above, is foully 
reproduced in the X-ray structures (Fs. 5). In one res- 
pect, however, the X-ray structures differ signitlcantly 
from the calculated one: in 2x1 and 2x2, the A rings 
define CSiii-C d&e&al angles whiih are smaller than 
the corresponding angles de&red by the B rinBs, whereas 
in 2a, this relationship is exactly reversed. Eurthermore, 
in the X-ray structures the H atoms are bent away from 
theAringsandtowatxltheBr&s,whereasthereverse 
is the case for 2a,; expressed in terms of the H-Si-Si-H 
dihedml angle which contains the A rings, b1,2x~, and 
2ar have values of 193.8, 188.2. aud 172P, respectively. 
Since in all three sttWures the rings which &fine the 
smaller C-Siii-C dihedral angles are contained by the 
larger H-SiiH dihedral angle, it follows that these 
rings must also define the larger H-Si-Sii dihedral 
angles. In particular, for 2x1 and 2x* the average values 
of H-!M&C(A) are 75.5 and 70.36, respectively, and the 
average values of H-&?&C(B) are -52.6 and -SS.y, 
respectively, whereas for 2a, the average value of H-!%- 
SC(A) = -52.3” and of H-!%-Si-C(B) = 73.5’. 

Thisdis&pancywasresolvedwhen2x,wasusedasan 
~s~~~E~~l~~Int~~(~~ 
contrast to the case of 1, discussed above), eon of 
2x1 resulted in a new s&ucture (W which is &picted in 
E$s 4 and 5, and which closely resembks the X-ray 
structures in all respects, including bond ten&s, bond 
a&es, central dihedral angles, riq twists and the rela- 
tionships between these parameters. Wthermore, as 
shown in Table 4, the calculation also places 2ax c-a 
0.5 kcal mol lower in energy than 2aa. Thus, within the 
error limits of the force field, 2ar and &are of comparable 
energy. This fhrdii ~a~y~~s the need for a 
thorough exploration of the hypersurface in EFF cal- 
culations of compkx strucWres; as has been noted 
befon,“itisfarfromu~~n~~t~~~(~ 
opposed to &bal) minhmh particularly with respect to 
torsional degrees of freedom. 

Nuclear hi&n& Rwonance Studid 
The ‘H NMR spectrum of 1 at ambiit temperature 

(3r”) exhiis a singlet (S 5.I8ppm) and a multiplct (S 
7.08-7.51 ppm) assigned to the ScH and tbe Ar-H pro- 
tons, respectively. Since the EFF calculations predict the 
existence of five conformers of 1 within a 0.8kcal/mol 
~ofs~~,it~ex~~alow~ 
‘H NMR study of 1 might exhiiit splitting of the !%H 
signal. However, at -loo”, the !&II signal remained a 
sharp singlet. There are three posstble reasons for the 
absence of splitting: the calculations may have under- 
estimated the energy differences between the five con- 
formers, or splitting was unobservaJ due to acci&otal 
isochrony, or the temperature was not sutIiciitly low to 
prevent rapid interconversion of the conformers 

~‘H~~mof2~~at~~ent 
temperature (337 and also at the slow exchange liit 
(-80’). To assist in the as&nnmnt of siis in the Me 
region, the ‘H NMR spectra at 3P and at the slow 
exchMge liit (-71”) were aIso IWorded for l&$2- 
te~~~~hy~~yl~~~ (3). The chemical 
shift data for 2 and 3 are collected in Table 7. The room 
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0.34292tlZ) 
CwPX616tlZl 
0.28386tl2) 
0.3670t7) 
0,3S47(8) 
0.42Z2t8) 
0.3512(8) 

xz:: 
0:3S32 
0.3737 

O.lf876t 3) 
o,leoe%t 3) 
6,44S2St 3) 
Oe4218St 3) 
O.lS24Et~~~ 
0.12313t~11 
0.09673(11) 
O,OS%S3(12~ 
0.12692(121 
O.lS338t103 
~.~18O~t~2~ 
0.07024t12) 
~.~6292tll~ 
0.228SZtlX) 
0.2S48ltl21 
0,28422(12) 
0,28882tlfl 
0.26336(U) 
0.2338ltl2) 
a.2s27rt12j 
0.32149tl4t 
0.2983Otl3~ 
~*13??4(~~} 
0.109783113 
~.07830(1~} 
~*0~3l?t~2) 
o.looll(l2t 
0.~3214tll~ 
o.ll19ltxl~ 
0*03847tl2~ 
o.ls972tlr) 
0.2116OtlO~ 
0.23903(1&f 
&26049(RO) 
O,lS672(11) 
0.22979t11) 
0.20?4lt11) 
0.24S83tUj 
0.28129tll) 
0.17884tl2~ 
4.41466tlO) 
0,3868f(llI 
0.36263(11) 
0.36469113) 
0.3923SilJt 
~*4~?14(~1~ 
Os38224tlZ) 
0*33?8~tl4~ 
th446OXtl2, 
0.48948( 9) 
O.sl2Oltll~ 
O*S4443(11~ 
0.5SS66tt1) 
O.S33SStl2] 
0.sm70tlfl 
hSO32Stllj 
O~S9~6Ot~l~ 
0,4764S(l21 
tb3802StUj 
0.3S20Stllt 
0.3226Otlfl 
6.32006(12~ 
tL34714fl3) 
Oe3??21C22) 
~.3sl4st~l~ 
0~28?79tl2~ 
0e40S78fl2) 
0.44241(16) 
c*47l23(llf 
9e48488tllj 
0*479s~t~3~ 
0144190t13) 
9,42782tllB 
0,48894tllJ 
Ch48S98tlJ) 
Qr39624111) 
0,X843(7) 
O,ISlOO(Sj 
0.4426t7) 
~~~~~~t8~ 

Oh283 

~*~~~~ _*___m a*3s42 0.1344 
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Et)* 
E(lE)B 
H(16)C 

i$x;r; 

",IE;" 
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H(27)A 
H(27)B 
B(27)C 
H(29)A 
H(26)B 
E(28)C 

:I% 
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li(49)B 
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Et651 
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E(69)C 
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E(77)C 
E(76)A 
H(79)B 
Il(7OC 

%I2 

rt:y 
HOS) 

:I:;;"; 
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XI;: 
E(6WC 

fK',f 
B(89)C 

E 
1o:o 
7.3 

;:: 

E 
9.0 
9.0 

d:8 

::*i . 

::t 

t:: 
6.5 

::i 

1::: 

:Ki 
7:s 

;:3 

5:: 

t:: 

1::: 
10.0 
10.0 
9.0 

88:: 

Z 

71:: 

1::: 
11.0 
11.0 

;:: 

a:: 

ii:: 

f:i 
11.0 
11.0 
11.0 
6.0 

88:: 
6.0 

t:: 

3:; 

1o:o 
10.0 
10.0 
7.5 

;:: 

5:: 
9.0 
6.0 

1::: 
10.0 
10.0 

::"o 
6.0 
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0.:3* 
0.416 
0.255 
0.624 
0.499 
0.651 
0.464 

-0.009 
0.657 
0.619 

00% 
0:1ro 
0.236 

-Oo% 
-0:02s 

x*::,' 
0:tso 
0.656 
0.824 
0.376 
0.390 

EI' 
0:465 
0.303 
0.541 
0.965 
0.347 
0.372 
0.296 
0.940 
0.834 
0.753 
0.994 
0.14s 
0.972 
0.567 
0.146 
0.82) 
0.842 
0.950 
o.ll9 
0.259 
0.266 
0.150 
0.306 
0.294 
0.450 
0.676 
0.444 
0.535 
0.350 
0.595 
0.609 
0.430 
0.735 
0.693 
0.963 
0.657 
1.106 
0.420 
0.420 
0.412 
1.099 
0.954 
0.940 
1.136 
0.968 

fX 
0:653 
0.696 
0.769 
0.972 

8% 
01934 
0.552 
0.591 
0.429 

T 
0.2207 
0.2520 
0.2335 
0.2522 
0.2732 
0.2931 
0.2967 
0.2633 
0.3269 
0.3493 
0.3090 
0.2663 
0.2906 
0.2529 
0.2966 
0.3092 
0.3372 
0.3776 
0.4566 
0.3363 
0.3274 
0.3505 
0.4527 
0.4131 
0.4372 
0.4654 
0.4546 
0.4303 
0.4553 
0.4654 
0.4137 
0.3646 
0.4222 
0;4971 
0.4799 
0.5096 
0.4307 
0.4169 
0.3990 
0.4702 
0.4546 
0.4661 

8%; 
pm: 

0:1090 
0.4272 
0.4356 
0.3998 
0.3950 
0.4661 
0.3506 
0.3533 
0.3692 
0.4759 
0.4356 
0.4524 

oo%'o: 
0:4749 
0.3656 
0.3645 
0.3795 
0.3905 
0.3501 
0.3814 
0.4oa1 
0.3676 
0.3500 
0.3273 
0.3679 
0.2795 
0.2309 
0.3366 
0.3634 
0.3514 
0.1970 
0.2142 
0.2115 

:*::rt 
0:2e99 

a B 
0.0757 
0.0495 
0.0653 
0.1600 

8% 
0:3034 
0.2662 
0.2753 
0.2411 

!iifO: 
0:3403 
0.3276 
0.2112 
0.1949 
0.2093 
O.OSE6 
0.0970 
0.0667 
0.1227 
0.1241 
0.03115 
0.02Sb 
0.0261 
0.1520 
0.1761 
0.1737 
0.2603 
0.2257 
0.2693 
0.2407 
0.2314 
0.2751 
0.3042 
0.2822 
0.1744 
0.1579 
O.lE20 
0.3426 
0.3946 
0.3611 
0.3912 
0.4009 
0.3427 
0.3157 
0.3341 
0.4439 
0.4673 
0.4407 
0.5606 
0.5413 
0.5231 
0.074 
0.4919 
O.S960 
0.6063 
0.5969 
0.4679 
0.4560 
0.4761 
0.3023 
0.3456 
0.3290 
0.3676 
0.3575 
0.2696 
0.2795 
0.2695 
0.3994 
0.4152 
0.4246 
0.5065 
0.4306 
0.5120 
0.4679 
0.4769 
0.4726 
0.5092 
0.4970 
0.3646 
0.3796 
0.4002 
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s% 
it I:; 
si (4) 
C(ll) 
Cu2) 
C(U) 

El::; 
C(16) 
C(l7) 

:I::; 

::::I 
C(23) 
C(24) 

El:;! 
C(27) 

$:I 

::::I 
co31 
C(34) 
C(35) 
C(36) 

:::r; 
C(39) 
C(41) 

:I::; 
C(44) 
C(45) 
C(46) 
C(47) 
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C(U) 
C(52) 

Et::; 
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C(57) 
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C(59) 

:I::; 
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C(65) 

Et:!; 
C(68) 

E1::j 
C(72) 

z:::; 
C(75) 

z67; 

%I 

:I;:; 

:I::; 

:I::; 

%a; 
,C(89) 

4 
81lxlO 

Et1 :; 
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174( 3) 
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::I;:; 

:::I;:; 

:xzPI 
375(16) 
265(12) 

z:l:t{ 

:::I::; 

2::IE; 

fzf',; 
169(U) 

tS:Iltl 
183(U) 
173(U) 
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ZIEl 

%I:;; 
195al) 
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fW 
165(U) 

%I:'1 
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:::I:; 

z1:;; 

::z:; 
384Ll7) 
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:zy 
224U2) 
239(13) 

:::I:; 
178Ul) 
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167U.l) 
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:::l;f; .~ 

is’: I::; 
226(U) 
298(13) 
339(16) 

5 
822X10 
59(l) 

"6:::; 

x'1::; 

z::; 
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::I:; 
97(5) 
127(6) 
80(4) 

JfK 
96(5) 
lOO(5) 

z:; 
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98(5) 

!:I:! 
106(5) 

'%1 
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%I3! 
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66(3) 

::I:; 
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83(41 
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96(4) 

XI 
55(3) 

::I:! 
97(5) 
97(5) 
76(41 
93(4) 
179(7) 
132(5) 

;:I:; 
eO(4) 
87(4) 
71(4) 

;I"::; 
151(6) 

fXj 
67(4) 
88(4) 
89(4) 
98(5) 
79(4) 

U8(5) 

:::Ifl 
64(4) 
68(4) 
86(4) 

2:::; 

::I:; 
f!(4) 
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5 
B33XlO 
73(l) 
65(l) 

:::t; 
69(3) 
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04(4) 
70(4) 
9E(4) 

t:::; 

::I:; 
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80(5) 

'I:::; 
90(4) 

:::I:; 
61(3) 
75(4) 
65(4) 
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84(4) 
75(4) 
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5713) 

52::; 
58(4) 
71(0 
63(3) 
87(4) 
94(4) 
93(4) 
(l(3) 
64(3) 
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'c3'(:1 
84(4) 
1220) 
89(4) 
58(3) 

:fl:; 
66(4) 
76(4) 

::I:,' 
70(4) 

YI:; 
53(3) 
53(4) 
67(4) 
83(4) 
70(4) 
71(4) 
87(4) 
91(4) 
60(3) 
68(4) 
77(4) 

?:I:; 
74(4) 
80(4) 

';:I:; 

5 
B12x10 

::I 1; 
-6( 4) 
-2( 5) 

-1405) 

I::;;:; 
-77(20) 
-8(18) 

-37(17) 

','I::; 

":I::; 
-33(19) 
16(21) 

-56(25) 

I::;;;; 
-72(21) 

-ff;;::; 

-s:;;:; 
-28(19) 
-48(20) 
-19(17) 

-::I::; 
l(26) 
85(18) 

-43(16) 

I;:;;,'; 
-94(21) 
-123U9) 
-13(17) 
-64U9) 

-z;:;;;; 
9(15) 

-11(17) 
29(20) 

%Itf; 
-4(18) 

ZIf:; 
-11(191 

4(15) 

%I:;; 
85(20) 
9(19) 
12(17) 

-eo(zo) 
52(26) 

-1"~Wj 

36(17) 
43U9) 
25(20) 

::I::; 
53(19) 

:;I::; 
-2U6) 
47(17) 
71(20) 
69(21) 

-25(19) 
16(19) 
43(21) 
l!:!+) 

5 
B13x10 

-::I I'; 

:I fI 
-15(10 
-25(17) 
-7608) 
20(20) 
309) 

-12(17) 

-tqz':; 
-86(20) 
ll(17) 

-14(20) 

-::I%:; 

I:I:o'l 

izI22:; 
-17(21) 

8(15) 

f::::; 

-fa'lE, 

:::z; 
-6(21) 
54(19) 
6(16) 

"fK1 
-28(20) 

-::;y 
133(19) 

-:::I:l 
-lO(lO 
-14(18) 

6(20) 
-81(22) 
-2(20) 

;:I;:; 
-143(25) 

51(19) 

-::I;:; 
37(18) 

-55(19) 
-44(20) 
-38(18) 
lOl(19) 
6(22) 

-:t::t; 
-3(18) 
-25(18) 
60(21) 
73(19) 

-33(19) 

-28(19) 
32(17) 
59(18) 
39(18) 

;::I::; 
95(19) 

-115(20) 

-66(21) 'f:Iz 

5 
823x10 
-l(l) 
-6(l) 

2 (1) 
-3(l) 
4(3) 
l(3) 
5(3) 

r:;g; 

",I:; 
-39(4) 

I:;:; 

;I:; 
13(4) 
17(41 

-;:I'; 

I:::; 

I:{:; 
-10(3) 
14(4) 
7(3) 
l(3) 

-::I:; 
-E(3) 
-l(3) 
3(3) 

1:;;; 

31:; 
-19(3) 

-:;g; 
2(3) 
4(3) 
ll(3) 
13(4) 
614) 
O(3) 

'St13: 
9(4) 

-3(3) 

-83::; 

I::;:; 
5(3) 
O(3) 

-39(4) 

-:::; 
-2(3) 
-2(3) 
7(3) 

Y:; 

;:I:; 
16(0 
-3(3) 
5(3) 

:::I'; 
-9(4) 

-8::; 
38(r) 

-23(3) 
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The anbotropic tamparatura faotor ham the form 

axpk(h'Bll + k2B22 + t2B33 + 2hkBl2 + Z&l3 + 2kh23,) 
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33Oc -aooc 3S°C -71Oq 

ortho-aethyl 2.14 1.71. 2.21, 2.20 1.76. 2.23 

2.24, 2.44 2.28. 2.5s 

para-methyl 2.21 2.16 - 

Si-H 5.40 5.43 5.56 5.52 

Ar-H 6.70 6.54, 6.69, 6.75-7.28(m) 6.59-7.41(m) 

6.81. 6.85 

%lers otherwise specified, all signals are singlets; d-veluer in ppm 

(t 0.01 ppm); internal stenderd TM (dm,g - 0). bin CD2C12 et 100 MHZ. 

tempaaturespectraofthetwoc4q!ou&arevery 
similar,exceptfortheabsenceofaporcr-Mesienelin3 
andthC~XpiXtl?ddilbIW intbesignalsoftbearoma- 
ticprotons,whichshowupasasiugletin2andasa 
multipletiIl3. 

llkelowteq&urespectrumof2showsflvesinglets 
in the Me region in the ratio 1:1:2:1:1, while the low 
temperature spectrum of 3 shows four singlets in a 
1:l:l:l ratio. Evidently, at the slow exchange limit 
there are four diastereotogc o&-Me groups ia both 2 
and3,andthesignalofgreaterintensityintbeMere-j&m 
of 2 (6 2 16 ppm) arises from the pm-Me group. 

The preseme of four o&o-Me proton and four 
aromaticprotonsignalsio2attheslowexchaqelimit 
craMe7)rulesoutstrlWreswithcualldc,symmetry 
(which, in the absence of accidental isochrony, should 
give rise to two aad eight sigaals. respectively) and is 
consistent only with C, Cl, and C, point group sym- 
metry.*TbeNMRdataarethusumsistentwiththeC~ 
structure of 2 obtakl by EFF calculations and by X-ray 
d&action. Tbe existence of two dia&W@k aryl 
groups(thcAadBhgs),withc&enoinquivakacein 
each~akingfromsbwrotatiouabouttbe!%C~ 
also implies nomquivalence of the pum-Me groaps, aod 
one should therefore in prkipk expect two signals for 
tk4eprotonsattbesbwexchangelimit.TheabseWof 
spGttingoftbesignalat8216ppmmustthercforebe 
ascribed to accidental isochrony. 

ofpartkularinterestarethevicinal’JwwuWpling 
constants involving the central atoms (H-Si-!%iH) in 
l-3. and related disikes. Plevious reports=’ of vicilml 
coupliogumstantsindisilaneshavedalltoatywith 
molecules that give avenge values (cc. coup&g ba 
tweenH&andHISigroq~),rangiqfrom23Hzfor 
(SiH,SiH&NCH, to 4.OHx for disii (though 
anions may have higher valUcs).z1 Ill the UnIrse of the 
presentworkwerecordedthe’JJHHv~f~1,2,3, 
1,122 - k&a - taf - butyldisilane (4). ‘* and l,l# - 
tetlacyclohexyldkilane (5.I.s’ It should be noted that the 

signal. Ideally, such an ABX spectrum should exhibit 
ei&tsignalsintheABportiooofthe 
olllytbeprotonsdirectlybondedto 

elg==& 

because the ‘J~H is not sufkiently large to pnvent t& 
%iH signals from beii swamped by the intease 
Si-H signal. The ‘JJw,q and ‘Ja values are c&cted in 
Table 8. 

AU five compou& exhii ‘Js,,, coupliqs of the 
expectedorderofma&ude.pThe3JHHcoupl@ssbow 
conskkable variatbn, witb the smalkst (cl.0 Hz for 4) 
and largest (9.8Hz for 2) exkmling beyond both tbe 
bwerandupperlimitsofpreviouslyreporkdfquen- 
cies.Thislaqgeraq3eofuWpliDgcoflstantvahrescculd 
inprinc&arisefromavarietyofsources,includiug 
ekctKmiceiktsofthesubstituentsandvariationsio 
Si-Si bond lengths; H-Si-Si bond angles, and H-!&!&H 
dihedral an&s. Howevc~, the small elkct of mono&- 
stitutbnbyligaadsofdi!Teringekctnicnature 
(H&UIk ‘JHW = 4.0 Hz; H,SiSiH2F, ‘J,,,, = 2.7 Hz; 
H,SiSiHzCH~ ‘J~mr = 2.5HZ)=mlk3itlllltikelythat 
ektKmic efkcts are respousible for this large spread. 
Theroleofvaria&lsinsisibondleagthsandHsisi 
bondanglesisalsoas~1edassmall,because2and4. 
which exhii the largest and smallest ‘JWH vahaq res- 
&vely, possess bond w.s (zn~A aad 2391 A", 
and bond aogks (103.9’ and 103.P’) which are 
moresimilartoeachotberthantotkcunesponding 
values for 1 (2.3SOA and ca lop), whose coupling 
colmtallt represents an ill- value. on 
tk other hand, it seems reasonable that a relation- 
!3hip of the KaQius type shouki exist between 
H-Sk!%-H dikdral angIea and ‘Jm values.= The 
molecules with the smallest and largest ‘J,,,, values 
arecakuWdtoexistexclusivelyasguUckW%Si- 
H = 94.7” for 4)” and anti (HZ&!%-H = 171.P for 2&) 
c4mfm, reqectively; Compound 5 is found to exist 
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Tabk 8. ‘Js,r, arnl ‘J,t,,~ vahtes’ for row tetnsnMt~ed disJlnei (K#ii!I@) 
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Compound R lJsiH Ssrn 

1 phony1 187.0 2.5 

z mesityl 186.5 9.8 

1 2,6-dimethylphenyl 184.6 9.1 

r tort-butyl 164.7 < 1 

5 cyclohexyl 158.5 c3 

‘Refers to coupling between H-Si-Si-H vicinal protons. b In Hr. 

as a guachr conformer by EFF cakuktions (H-S-S 
H = 108.Wb and by X-ray analysis (H-Si-SLH = 
IU.7qP and the small ‘JHH value is in Bccoed with 
thesefind&Inthecaseof1theEFFcakuktions 
predictasetofgcuccluandfWiconformersaUvery 
cIoseinencqy(Tabk1)andthemokcukrstructurein 
thecrys&lisan&iconformerwhichisnotaminimum 
on the EFF hyperqrfacc. Thus it is possii that at 
nor&tempefatureslexistsasamixtureofontiaod 
gau&umformersiaso~,anotionthatissuppo&d 
bythein&mc&yvalucoftheobservedviciaalcoupling 
constant. 

The question which motivated the present study, 
wiK&ez the preference of unclamped l,lJ&WaUyl- 
ethaoes for the anti conformation is shared by the 
anal sly substituted disiknes, has been answered in 
tix zrmab ‘ve: the preference is preserv& although in 
attenuated form. Roth mokcuks aaopt the unti con- 
formation in the solid state. However, whik tetraphenyl- 
and tetramesitykthane are both found to exist effectively 
exclusive4 

r 
in the anti cunformation at normal tem- 

peratures, tetrapbenykGlane is calculated to exist as a 
mixture of guuche and tii conformers, and the more 
crowded tetramesityldisikne is calculated to p&r the 
ati ground state by only 3kcal/nml. The decrease in 
the anti-gauche energy gap is readily understood as a 
umsequence of the longer Sii and Si bonds (as 
compared to C-C bonds), which kssen intramolecular 
noflboMkd interactions and, consequently. ti the 
w Merence between the rival conformations. 
wheIherthistrendwiaalsobeobsefvedinthemetficauy 
compambk tetraaryldiphosphines is bard to predict, 
since electronic effects (i.e., conjugation of the lone pair 
on phosphonls with the aryl r-system) nmy have a 
signScant e&t on conforma&al stability. 

The present study has also uncovered the possiik 
existence of a Kr@us nktionshipt) be$ween ‘JHH aod 
theH-Si-SiiHdihedmlangk.Thereappearstobeevi- 
dence for a similar relationship in H-!&C-H sys- 
tems.“* 

reco&dat!MMHxooaJEOLFXSOQspectrometeropuatingin 
theFouriertransformmodc.ThesolvaltwascFCls,andC& 
(1096)wacaddecltooMniaalockCH).TheiatanalstPnderdwas 
TMs,andtlmtemps,co&eredtobeamlratcto*20,werc 
mcasmedwithaWilmadlowtempNhfKthamomta.The’H 
NMKspectraof2and3wcrereco~kdat100MHxonaVariaa 
XLlOOs@XtNMM~opratiqshlthcFollriatmtlsformmode. 
Tke specbometer was locked on ‘H ia the solvent, CD&. 
Tanps,c&dcredtobeaccmateto+20,weremeasumdwitha 
~ccostaatan tbamocouple,andtheiateraaIsta&rdwas 
TMS.‘lheJJJHHstudiesofI-SwaealsoperformedoatheV~ 

Z’~? 
opaatit@kltheFouriatransformolodc, 

p&mm&r was locked on sH in the soiveat. 
CD& 

l,l~-rumm~i&ne (2). This caqXmMl was pmpared 
by a mtlKul al&@os to the pqamtkm of l.l~-tetra- . . . 
megturmpborphine.a Undw dry Ns. hromomasityk?~ (25.0~ 
0.13 mol)~was added dropwise to Mp metal (120 8.05 mol) whiih 
wasiustcoveredwith&vTHF.Aftertlmadditkmwasu.mmktc. 
ana&ioaallOOmlof-THFwasaddal,theGrigaardr&mi 
was stirred for 1 hr, and then trichlaosilanc (6.37 ml, 0.063 mol) 
wasaddeddropwise.FoRowmganovemightnfkrx.themixture 
was cookd and thee poumd into NH&l aq. Tbs suspension 
was extracted with bauenc and the solvent was removed to 
yield CN& 2 (351 g). Rccryst&atkm from a beaxen&OH 
mixture yiddai pure 2 (267g, 15.8%) m.p. 230X33.5’. Tbc ‘H 
NMR &ctrum f&tured sign& at I (CDCl,) 2 175 (6 H, s), 2.20 
(12 H. s). S-50 (1 H. s). and 6.70 (4H. s). (Four& C. 80.83: H. 
8.70; Si, 10.73. t&k. for C&&:~C, RO.&lf H, 8.67; ii, 105046): 

1,1,2,2-T&txEs(2,bdim~h~haryfhfisilane (3). This corn- 
poumlwaspmparalbyapmcedureaaa&oustothepmpamtioa 
of 2 except in the substitutioa of 26dimcthylb for 
kunWm&ityknc. TIK pure pnnWl (4.45& 31.1%) decomposed 
ova tlm ranae 223-231’. The ‘H NMR seectrum featured sianals 
at 6 (CDC~~2.20 (12H. s), 5.58 (1 H. s); aml6.73-730 (6R m). 
(Foomk C, 80.45; H, 8.29; !Ii, 11.54. Calc. for CuH,&: C, 80.27; 
H, 8.00, Si, 11.73%). 
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