
Tefmk&mVol.&?.No. 6.p~. 1EUto 1850,1986 oo(Mo20@6 S3.00+ .OO 
RimedinGratBhin. Q 1986l’qammprcllLtd. 

SYNTHESIS OF SOME [4.1.1]- AND [3.1.1]PROPELLANES 
WITH SILICON, PHOSPHORUS, SULFUR, TITANIUM, 

GERMANIUM, OR TIN IN THE LONG BRIDGE? 

T~~owru BUTKOWNCYJ-WALKIW and Gm SZEIMIFS+ 
Inatitut fir Organis& Chemie der Universitgt M6nehen, Karlstral3e 23, D-8ooO M6nchen 2, 

Federal Republic of Germany 

(Receid in USA 17 April 1985) 

met-The doubly lithiated Glanes gh aud 13b wexc cyelized by several dihalida XC& afIording the 
[4.l.l]propellanw 9a-g and+ rcqctively, the [3.l.l]propellanes Ma-d. on ilTadiation of the titan&cycle SC, 
“titanocene” was eliminated forming the [3.l.l]propellane 11. Silane 1Sa was brominated in pyridi~ to give 
the dibromidc ISa, which served as starting material for the synthesis of propcllancs 16 and 16. 

The rapid development of the synthesis of small-ring 
[k.l.m]propellanes (l, m = 1,2; k+ 1 +m < 8) in recent 
years has made nearly all parent sjstems of this class of 
compounds accessible or at least has provided evidence 
for their existence as 5eeting intermediates.‘** In most 
cases of the successful syntheses of [k.l.l]propellan~, 
whichcontain thebicyclo[l.l.O]butaneframeworkasa 
structural subunit, a strategy was followed in which the 
central propellane C-C bond was formed in the last 
reaction step. Propellanes la-c were obtained in this 
way by reduction of halides 2a-c,&’ whereas the 
synthesis of Id6 and of some derivatives of lc’*’ was 
achieved by intramolecular cyclization of an allylic 
car&me of type 3. 

In this paper we present our results on another strategy 
of [k.l.lJpropellane synthesis: starting from a 
bicyclo[l.l.O]butane, the acidity of the bridgehead 
positions is used to introduce the third bridge in two 
separate reaction steps. We have previously applied 
this method for the synthtsis of [l).l.l]propellane 6.” 

[4.1.1]Propelkmes 
The facile preparation of tricyclo[4.1.0.0’*‘]heptane 

(7a) “Jo made this compound a suitable starting 
material for further investigation. Recently it was 
shown that 78 could be converted to the dilithio 
derivative 7b by complexing n-butyllithium (BuLi) and 
1,2-bis(dimethylamino)ethane (TIMEDA) in hexane.‘l 
The obvious idea ofsynthesizing [k.l.l]propellana by 
treating 7b with biiunctional eleetrophiles, however, 
has not been successful so far. The low solubility of7bin 
hydrocarbon and ether solvents combined with its 
oligomeric structureI might account for this failure. 

5 6 

Some years ago we were able to prepare several 
[4.1.1]- and [3.l.l]propellanes by the Diels-Alder 
reaction ofsome short-lived bicyclo[l.l.O]but-1(3)-ene 
derivatives 4 with c~dic l$-dients, like anthracene, 
furan and isoindole, leading to 5 and related adducts. 
In these cases, the @ird bridge of the propellane $ is 
connected to C-l &C-3 of 4 in a single reMion step. 

TDcdicated to Profcusor Rudolf Gomppcr on his 60th 
birthday. 
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Li 
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Dilitho 8b, prepared loom aihne 88 by metalation 
with the BuLi/TMEDA complex in hexanc or with 
BuLi in ether, was known to cyclixe with dichloro- 
dimethylsilane a5ording 6.” Addition of several other 
dichlorides XC& to a solution ofaled to the formation 
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Table 2 Specification of X and Y, isolated yields and selected ‘H- and ‘%NMR chemical shifts of 
[3.l.l]propcllancs 14a-fand ll(6 vahcs in CD&) 

14 a b C d 

X SiMcr SiHMe SiMePh GeMe, 
Y (332 a2 (332 a1 
y0 Yield 17 8 66 4.4 
NMR 
d 2-H 2.40 247 2.70b 245 
66-H 2.40 247 240 2.45 
dC-1 17.6 15.9 17.7 22.3 
6 c-2 50.4 50.1 525 51.3 
6C6 50.4 52.3 49.4 51.3 
6 c-7 17.6 17.3 16.6 16.8 

‘Yield by quant. ‘H-NMR speotroscopy; chemical shifts in C6D,. 
b Cis to Ph. 

e f 11. 

SiMel SiMe, - 
0 NH - 

11 7.8 70 

2.65 2.56 3.46 
2.65 2.56 3.46 

17.8 15.3 46.0 
50.8 50.2 55.9 
50.8 50.2 55.9 
17.8 15.3 38.2 

The photoeIimination of “titnnocene” from #is not 
only a valuable ring-contraction, reaction, at the same 
time it seems to bc an efficient method of coupling 
two bicyclo[l.l.O]butane units at their bridgehead 
positions. Currently, this aspect is being further 
investigated in this laboratory. 

Two additional routes to [3.l.l]propellanes have 
been examined. Metalation of silane 13a by the 
BuLi/I’MEDA complex or by a mixture of BuLi/t- 
BuOK in hexane gave rise to 13b, which, again, could be 
cyclixed by dichlorides XCl,, affording propellanes 14 
(Y = CHJ. The specification of X, the isolated yields 
and selected chemical shifts of 14 are collected in Table 
2. Compoupd 14e was obtained in 66% yield from 14h 
by nucleophilic exchange of the silicon-bonded 
hydrogen by phenyllithium. 

Disilane 15a was the starting material for the 
synthesis of two further [3.l.l]propellanes. It was 
obtained in 68% yield from 7b and two equivalents of 
chlorodimethylsilane. When treated with sodium in 
liquid ammonia, the substitution of amide for hydride 
was accomplished2’ and axa[3.l.l]propellane 14f 
could be isolated in 7.8% yield. Furthermore, lga was 
converted to dibromide 15% by bromine in pyridine. 
Remarkably, the bicyclo[ l.l.O]butane unit of 15a 
remained unchanged during this process. When 15h 
was allowed to react with aqueous sodium hydroxide, 
theoxa-disila[3.1.1]propellane Uewasformedin 11% 
yield. 

(CH& iCH& 

16 

(CH3)2 ‘CV2 

17 

The equirnolar mixture of dibromosilane 1% and 
anhydrous hydraxine in ether gave rise to a 2: 1 
substitution product (11% yield), which could have 
structure 16 or 17. The ‘H-NMR chemical shifts of the 
bicyclo[l.l.O]butane protons appeared at 6 2.17. This 
value is closer to the chemical shifts of the 
correapondingprotonsof[4.l.l]propellane.s6,9eandd 
than to those of [3.1.l]propellanes 9e and f. Therefore, 
structure 16 seems more likely for the unknown 
compound than 17. This was finally confirmed by an X- 
ray analysis. *i The nitrogen atoms in 16 exhibit truns 
oriented pyramidal configurations. As a consequence, 
the two methyl groups at silicon are non-equivalent and 
show two separate signals in the ‘H- and 13C-NMR 
spectrum of 16. 

Concluding remarks 
The results presented in this paper have shown 

that bridging reactions from substituted 
tricyclo[4.1.0.02*‘]heptanes allow the synthesis of 
hetero[k.l.l]propeIlanes without difIicuIty. This 
should be applicable to other bicyclo[l.l.O]butanes, 
thus making many new small-ring propellanes easily 
accessible. 

EXPERIMENTAL 

General remurks. M.px and bps are uncorrected. ‘H-NMR 
spectra were recorded on a Varian A 60, a Varian EM-360 or a 
BrukerWP8OCWinstrument, ‘3C-NMRspcctraonaBruker 
WP 80 FI spectrometer. (CH,),Si was used as internal 
standard. Mass spectra were obtained on a AEI-902 
instrument, IR spectra on a Perkin-Elmer 125 spectrometer. 
Solvents were purified by standard procedures. 
Tetrahydrofuran and ether, when uxed as solvents for 
metalorganic reagents, were distilled from an excess of lithium 
aluminum hydride. All air-xensitive reactions were performed 
in flame-dried glassware under N,. 

n-BuLi wax purchased from CHEMETALL as a 1.5 M 
soln in hexane. Compoundx 7a,“*‘* 13a,22 Ba,” and 
bis(cyclopentadienyl)titanium dichloride23 were prepared by 
reported procbdurex. 

[4.1.1]Propellones 
General procedure. From 22.7 ml (34.7 mmol) of BuLi in 

hexane (1.53 M) the solvent was evaporated in eacw and the 
remainingoi.lwasdiasolvedin2Omlofether.Tothi.soln4.3Og 
(17.6 mmol) of & in 10 ml of ether war added and the mixture 
was stirred for 5 d at room temp. The yellow soln of t&h was 
diluted with 200-300 ml of ether and cooled too”, whereupon 
17.4 mm01 of dichloride XCl, was added dropwise during 30 
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min. The mixture was sthd for 18 h at room tcmp, poured 
into 200 ml of ice-water, and the layers were separated. The 
organic part was twice extractal with loo ml of water, dried 
over MgSO,, and the solvent was evaporated in CUZCUO. The 
product was then isolated by crystallization, high-vacuum dis- 
tillation or sublimation of the residue. 

Dimerl?yl(7,7’ - (2 - s&prop - 2 - ylia&) - bis(tricyclo- 
14.1 .0.02.7kpf - 1 - yl))germmim (Pr) 

Flowing the general procedure and aqueous work-up, 
from 4.30 g (17.6 mmol) of & and 283 g (16.3 mmol) of 
dimetbylgermanium diobloridc, 0.327 g (5.8%) of 9m was 
obtained by sublimation of the raw material at 110” (bath 
tcmp)/O.oOl Torr as a white crystalline solid : m.p. 13 l-l 32” ; 
‘H-NMR (CDCl’) b 0.15 (s, 6H, (C&)Si), 0.34 (s, 6H, 
(C&)nGc), 1.30 (m, 12H, +Hz, 4-Hz, 5-Hz, 3’-H’, 4”Hz, 5’- 
H3), 1.83 (m, 4H, 2-H, 6H, 2’-H, 6’-H); “C-NMR (CDCI,) d 
-3.21 (q,cH,),Si), - 1.66(q,&H,),Gc),7.63(s,C-7). 15.72(s, 
C-l), 20.96 (t, C-4), 21.62 (t, C-3, C-S), 46.43 (d, C-2, C-6); mass 
spcctrum(rcl.intcnsity)m/e 346,344,342(M+,w/J,331,329, 
327(100),241(80),227(50), 199(20), 181 (So), 149(33), 135(27), 
121 (II), 109(16),91(13),73 (67), 59(69).(F-ound:C,63.23; H, 
8.60. CBIC for C,,,H2,G&i: C, 6265; H, 8.18x.) 

Dinrethyi(7,7’ - (2 - daprop - 2 - yliikne) - bk(fricyclo- 
[4.1.0.0qBepr- I -yO)ri?l(*) 

Acwrding to the general procedure followed by aqueous 
work-up, from 4.30 g (17.6 mmd) of & and 3.70 g (16.8 mmol) 
dimethyltin dichloride, 0.628 g (9.6%) of s was obtained by 
sublimation of the cru& residue at 140” (bath tcmp)/O.oOl 
Torr as white crystals: IILP. 125-126”; ‘H-NMR (ClXl’) 6 
0.16 (s, 6H, (C&)‘Si), 0.28 (I, 6H, (C&)$n), 1.48 (m, 12H, 3- 
H&Hz, 5-Ht3’-H,,4’-H,,5’-H3,2.14(m,4H,2-H,6_H,Y- 
Y 6’-H); “C-NMR (CDCl’) 5 - 10.81 (q, ~H’)‘Sn), - 1.48 
(q, @&),Si), 5.54(s, C-l), 12.69 (s, C-7), 20.89 (t. C-4), 21.86(t, 
C-3, G5), 46.91 (C-2, C-6); mass spectrum (rel. intensity) m/e 
393,391,389(M+,70/~50/,3%),375(15),232(23).151(24),149 
(17), 145 (M), 118 (lOO), 97 (38), 90 (19), 59 (40). (Found: C, 
55.40; H, 7.17. Calc for C,,,H&i Sn: C, 55.27; H, 7.21x.) 

Phertyl(7,7’ - (2 - daprop - 2 - y/i&e) - bk(tricyclo- 
[4.1 .O.OL qhepr - 1 - yr))phosphme (SC) 

The reaction of 4.30 g (17.6 mmol) of & and 2.64 g (14.7 
mmol) of dichlorophenylphosphanc, according to the general 
procedure followed by aqueous work-up and sublimation of 
the raw material at 160” (bath tcmp)/O.oOl Torr, afforded a 
white crystalline product, from which after purification from 
acetonitrile 0.485 g (9.4%) white crystals of k were isolated : 
m.p. 131-132”;‘H-NMR(CDCl,)~O.ll and0.49(29,3Htach, 
C&-S& 1.4O(m, 12H, 3-Hz, 4-H’, J-H’, 3’-H’, 4’-Hz, 5’-H3, 
203 and 229 (2m, 2H each, 2-H, 2’-H and dH, 6’-H, or 
rcvcrsad), 7.22-8.02 (m, 5H, C,&); “C-NMR (CDCl’) d (the 
13C-31PcouplingisomittaI) -3.3Oand -0.56QI,Si), 1271 
(G7), 20.77,21.35 and 21.47 (C-5, C-6, C-7, in unknown order), 
23.06 (C-l), 50.84 and 52.65 (C-2, C-6, or reversal), 126.63, 
127.95,131.33,14284(aromaticX).(Found : C, 75.92;H, 7.65. 
Calc for CzIH’,PSi; C, 75.39; H, 7.76x.) 

(7,7’ - (2 - Siluprop - 2 - ylkicne) - bls(nfcycl0 c4.1 .O.O’*‘] hepr - 1 - 
Yl))sulfi& (si) 

Following the general procedure with aqueous work-up, 
from 4.30 g (17.6 mmol) of & and 1.64 g (15.9 mmol) of sulfur 
dichloride, 0.517 g(120/,) of 9d was obtained as white crystals 
by sublimation of the raw material at 120” (bath tcmp)/O.oOl 
Torr : m.p. 88-89” ; ‘H-NMR (CDCl,) 6 0.30(s, 6H, (C&)$i), 
1.39 (m, 12H, 3-Hz, 4-H,, EH2, 3’-Ha, 4’-Hz, 5’-H’), 2.03 (m, 
4H, 2-H, &H, 2’-H, 6’-H); ’ 'GNMR (CDCl,) d - 1.54 (q, 
_CH ,Si), I .54 (s, C-7), 20.32 (t, C4), 21.11 (t, G3, C-5), 33.13 (s, 
C-l), 54.91 (d. G2, cd); mass v (rcl. intensity) m/e 274 
(M+, loo”,?), 259 (31), 231(18X 215 (94), 167 (32)+ 141(25), 91 
(62), 59 (47), 43 (25); M’ talc 274.121, obsd 274.124. (Found: 
C, 69.72; H, 7.85. Calc for ClgHIISSi: C, 70.01; H, 8.080/,.) 

4.30 g (17.6 mmol) of 8a was met&ted by 227 ml (34.7 
mmol) BuLi (1.53 M) in htxane and 3.80 g (32.7 mmol) of 1,2- 
bis(dimcthylamino)ethane (TMEDA) within 3 d at room 
temp. The mixture was diluted with 200 ml of pcntanc. 
Subsequently, 10.0 ml of a soln of phosgcnc in tolwne (1.93 M) 
was added dropwisc under stirring. After 16 h, aqueous work- 
up afforded 0.428 g (9”/J of sir by short-path distiUation of the 
rcaidual oil at 130” (bath tcmp)/O.CHIl Torr. 9c solid&d to a 
crystallincmatcrialofm.p. 12~131”:IR 164Ocm-‘(CO); ‘H- 
NMR (CDCl’) 60.23 (s, 6H, (C&),Si), 1.38 (m, 12H, 3-H’. 4 
H’, 5-Hz, 3’-Hz, 4’-Hz, 5’-HJ, 3.03 (m, 4H, 2-H, dH, 2’-H, 6’- 
H); “C-NMR (CDCl,) S -3.30 (q, QI,Si), 20.08 (t, G4), 
ul.74 (t, C-3, C-5), 32.19 and 33.89 (2.s, G7, C-l, or reversed), 
51.06 (d, G2, C-6), 213.11 (s, CO); mass spo&um (rd. 
intensity) m/e 270 (M +, 5@/J 255 (25l, 242 (75). 227 (50), 214 
(25x 74 (100); M+ talc 270.14399, obsd 270.144. 

Bls(cyclopencn&eny~(7,7’ - (2 - siklprop * 2 - y/f&e) - 
bls(~yclo[4.1.0.03.‘]hCPt - 1 - yl)tftmium (!H) 

3.5Og(l4.3mmol)of&wasmctalatedby28.7mmolofBuLi 
in 20 ml of ether for 5 d at room temp. TIu mixture was diluted 
with MO ml of ether, cooled to o”, and 3.54 g (14.2 mmol) ol 
bis(cydopentadicnyl)titanium dichloride was ti as a solid 
in portions of approximately 1oOmg. The 8wpcnaion was then 
stirred for 3 h at O”, the solvent war cvaporrtod &I DO at 
room temp, and the crude product was treat& with 25 ml of 
benzne. The benzene soln was iiltelud ircnn the in8oluMc 
residue and a ‘H-NMR spectrum was mearurad which 
showed a 2 : 1 mixture of& and 9lyield of 9a 7% by quant. ‘H- 
NMR with tolucne as integration standard). Attunpts to 
separate the mixture by crystallization or by chromatographic 
methods were unsuccc&ul. Attempted distillation of & from 
91 at 60” (bath tcmp)/lO-’ Torr kd to decomposition of 91. 
NMR spectrum of 9f: ‘H-NMR (C,D,) b 0.38 (s, (C&),Si), 
1.40-1.52(m,3-H,,QH1,1H’,3’-H,Y-H,,S-H,~3~8(a42- 
H,&H,2’-H, 6’-H), 5.87(s,C,&); “GNMR(C*DJ60.70(q, 
S;H’Si), 21.00 (t, G4), 24.78 (t, C-3, C-5), 59.85 (d, C-2, C-6), 
71.54 (s, C-l), 113.01 (d, C_,H,); the signal of C-7 could 
not be detected, it was probably cove& by signals of&. 

(7,7’-(2- Si&~op-2-yli~)-bis(tn’cycloC4.l.O.~~’J~pt- l- 
Y f))met~lV@ 

2.OOg(8.18mmol)of&,16.4mmolofBuLiand0.500g(8.33 
mmol) of methyl formate were brought to reaction aaxwding 
to the general procedure. Aqueous work-up and distillation of 
the remaining oil at 1 XL1 40” (bath temp)/IKKIl Torr ai?o&d 
80 mg (4.8%) of !Ig as a waxy solid : ‘H-NMR (CD&) d 0.10 
and0.45 (2 s, 3H each, CH’Si), 1.35 (m, 12H,3-H1,4-H’, 5-Hz, 
3’-H’, 4’-Hz, 5’-HJ, 2.22 and 2.41(2 m, 3H and ZH, HO, 2-H, 
2’-H and &H,6’-H),4.55(s, lH,CHOH); “GNMR(CD&)~ 
-3.27 and - 1.09 (2 s, GH,Si), 11.32 (s, C-7), 20.72 (t, C-4). 
21.02(t,C-3,C-5),31.83(s,C-l),46.5Sand49.79~2d,CC-2,Cd), 
72.15 (d, CHOH) ; mass spectrum (rd. intensity) m/e 272 (M +, 
15%). 257 (30), 197 (32), 75 (100). (Found: C, 74.54; H, 8.91. 
Calc for CI,H2,0Si : C, 74.94; H, 8.88”/,.) 

(7,7’- (2 - Silaprop - 2 - ylidene) - bi.#dcyclo[4.1.0.0’~‘]lrcpl- 1 - 
Yrl)surfo~ (9Q 

Thcmixturcof0.4OOg(1.46mmol)ofWand4.56gof300/,aq 
H,O,(approx4Ommol)in4Omlofacxtonc wasrcfIuxaifor24 
h. On cooling, 0.348 g (78%) of9b precipitated from the sob aa 
whitecrystals:m.p. 126-127 “;‘H-NMR(ClXl,)b0.39(0,6H, 
(CH’),Si), 1.46(m, 12H,3-H,~H,,S-H1,3’-H,,4’-H1, 5’-HA 
3.00(m,4H,2-H,6-H,2’-H,6’-H);‘3C-NMR(CDCl’)G -3.36 
(q, Qi,Si), 19.93 (t, C-3, C4, G5), 27.62 (s, C-7). 38.58 (s, C-l), 
51.01 (dC-2,C6);~spactnrm(rel.intensity)m/e306(M+, 
loo/,), 291(100), 227 (40), 199 (30), 167 (15), 92 (70), 75 (40), 49 
(50);M+calc306.11O,obsd3O6Jl3.(Found:C,6222;H,7.75. 
Calc for C16H,,0’SSi : C., 62.70; H, 7.23%.) 
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1,l’ - (7.7’ - (2 - Silaprop - 2 - ylia!ene))bi(tricycl~4.1.O.W7] - 

heptone) (11) 
Attempted synrhesis qf 11 fiarr 9c. A soln of 200 mg (0.739 

mmol)of9cin300mlofcydohexanewasirradiatedwitha 150 
W mercury high-pressure lamp for 16 h at rocllll temp under 
N1. After evaporation of the solvent in mcuo, the ‘H-NMR 
s~ofthe~~gon~o~o~signatsofketonc9L 

Attcmptedsynt~u~lfra9L020dg(~.653mmol)ofthc 
sulfone 9h was distilled at 0.05 Torr through a quartz tube 
(length 40 cm), plactd in an oven and heated 16 370”. The 
volatile material was condensed in a trap cooled by dry 
ia/aatone.The ‘H-NMRspecQumofthecondensedprdduct 
showedsignalsof9honly.Thepyrolysisreactionwasrepeated 
with 0.150 g (0.489 mmol) of 9b at an oven temp of 470”. The 
corn&x ‘H-NMR spectrum of the condensed material did 
not Show signals of sh or of 11. 

Svnrhesbofll from !M. 1.5011 ofa 2: 1 mixture(bbv ‘H-NMR) 
of&nd9f(&&ining 1.64n&olof9f)and2~g~l4.3mm&lj 
of diphenylacctylene in 350 ml of henzene were irradiated with 
a 150 W mercury high-pressure lamp for 18 h at room temp. 
The benxene was evaporated fn vacw, and the residue was 
bulb-to-bulb distilled at 10’” Torr at a bath temp of 60-l 10”. 
According to NMR analysis, the volatile material was 
composed of diphenylacetylent, & and 11 (yield of 11 by 
quant. ‘H-NMR l.l4mmol= 70%). Isolation ofpure 11 from 
the mixture was not achieved. Spectroscopic data of 11: ‘H- 
NMR (C,D,) 6 0.22 (s, (CHH),Si); signals of 3-H*. 4-H= S-Hz, 
3’-Hz, 4’-H,, and 5’-Hz are covered by comspondiig signals 
ofCH,of&:3.46(m,2-H,6-H.2’-H,6’-H);’”C-NMR(CsD,) 
6 -2.?O(q,cH,Si), ti.78& C-4, C_4’),2l:iS (t, C-3, C-5, tij’, 
C-57.38.23 Is. C-7.G71.46.00ls.Cl.GlZ 55.85Id.G2G6. 
C-2’;C-6’); ti + c-tic 242.149081 bbsd’242i49. l-hi ;hot;lysis 
ofmixturesofLand9finbenznewererepeatedseveraltimes. 
In the absence of diphenylacetylene. the yield of 11 remained 
under 40”/,. ‘H-NMR spectra of 11 in C,Dc recorded at 
intervals of 6 h and keeping the sample at room temp, showed a 
constant intensity of the signal of 11 at 6 3.46 within the l?rst 24 
h ; subsequently, the intensity of this signal derzased steadily ; 
after 72 h, only 20% of its original intensity was observed. 

8,8,10,10 - Tetramethyl - 8,10 - d~ilatetracyclo - 
[S.3.0.01*6.01*7]decane (I&) 

To a suspension of 21.6 g (192 mmol) of t-BuOK and 16.0 g 
(96.2 mmol) of 13a in 20 ml of hexane, 125 ml (193 mmol) of 
BuLiinhexane(l.54M)wasaddedwithin3Omin.Themixture 
was stirred for 4 d at room temp. diluted with 300 ml of 
pentane,andchilledinaniabath.Afteradditionofl2.4g(96.1 
mmol) of dichlorodimethylailane the suspension was stirred 
for 16 h at ambient temp, and, subsequently, poured on 11 of 2 
N NaOH aq. The organic layer was washed twice with 200 ml 
of water. After drying over figSO, the solvent was 
evaporated. Distillation of the resulting brown oil gave 3.60 g 
(17%)of14aasaco1or1ess1iquid,b.p.60-70”(bathtemp)/0.001 
Torr: ‘H-NMR (CDCI,) 6 0.07 (s,2H, 9-H& 0.16 (s, 12H, 
(C&&Si), 1.37 (m, 6H, 3-Hz, 5-H& 240 (m, 2H. 2-H. bH); 
‘“C-NMR (CDCI,) S -0.45 (q, QI,Si), 8.8l(t, C-9), 17.62 (s, 
C-l, C-7), 20.68 (t, C-4), 21.32 (t, C-3, C5), 50.37 (d, C-2, C-6); 
mass spectrum (rel. intensity) m/e 222 (M+, 420/,), 207 (46), 179 
(38), 131 (100). 75 (53), 73 (52), 59 (23), 43 (15); M+ talc 
222.1260, obsd 222.125. (Found: C, 64.56; H, 10.10. Calc for 
C,,H,,.$: C, 64.79; H, 9.97x.) 

8,8,10 - Trimethyl - 8.10 - dkilatetracycfo[5.3.0.0’6.02JJ - 
decane (Mb) 

7.93 g (47.7 mmol) of 1% was metalated to give 13b by a 
mixtureof 10.7 g (95.4 mmol) of t-BuOK and-57.8 ml (96.5 
mmol) of BuLi in hexane (1.67 M) as deacriw above for the 
synth&ii of 14a. Addition oi 5.49 g (47.7 mmol) of 
dichloromethylsilane. afforded, after a reaction time of 16 h at 
room temp and after work-up as for 14 800 mg (r/d of Mb as 
a colorless liquid, b.p. 40” (bath temp)/O.OOl Torr: ‘H-NMR 
(CDCI,) 6 0.20 and 0.24 (2 s, 3H each, C&Si), 028 (d, 3H, 
CE&SiH), 1.37 (m, 6H. 3-Hz. 4-H,, S-Hz), 247 (m, 2H, 2-H, 6- 

ti), 4.26 (m, lH, j@i) ; the signal pattern of 9-H, is covered by 
the methyl signals ; ‘“GNMR (CDCI,) 6 - 3.36,0.58 andO.94 
(3 q, cH,Si), 6.6o(t, G9), 15.9Oand 1726(2s,Gl and G7, or 
reversed),20.65(1,C4),21.17(1,G3,C-5),50.09and5230(2d, 
C-2, G6, or reversed); mass spactrum (rel. intensity) m/e 208 
(M+,~~),193(47),180(18),165(30),117(100),73(80),59(33); 
M+ calc208.11035,0bsd208.111. 

8.8.10 - Trimethyl - 10 - Phenyl - 8,lO - disilatetracyclo - 
[5.3.0.0’~~.0qdecane(lle) 

1.95 ml (4.00 mmol) of phenyilithium in benxene/ether (2.05 
M)wasaddedtoasolnof#)Omg(0.%mmol)ofllbin3mlof 
ether. The mixture was stirred for 5 h at 0”. Aqueous work-up 
and distillation of the mmaining oil of the organic layer 
afforded 0.181 g (66yA of 16 as colorless liquid, b.p. 90” (bath 
temp)/O.OOl Torr : ‘H-NMR(CDCl,)d 0.17.0.23 and0.33 (3 s, 
3H each, CH,Si), 0.42 and 0.51 (AB system, 9-Hz), 1.44(m, 6H, 
3-H,, 4-Hz, 5-H,), 2.40 (m, lH, 6-H), 2.70 (m, lH, 2-H), 7.15- 
7.76 (m, 5H, H,C,); 13GNMR (CDCl,) d -0.93, -0.75 and 
O.OO(Sq,~H,Si),7.66(t,C-9), 16.62(s,C-7), 17.68(s,C-lQO.05, 
20.80and21.23(3t,G4,C-3,C-5),49.37(d,C-6),5249(d,G2), 
127.66, 128.87, 134.15, 139.14 (aromatic-C); mass spe&um 
(rel. intensity) m/e 284 (M+, 350/,), 269 (30), 256 (20), 241(30), 
203 (40), 191 (70), 177 (So), 135 (la), 73 (90); M+ talc 
284.14166, obsd 284.143. 

8,8,10,10 - Tetramethyf - 8 - germo - 10 - silatetracyclo - 
[5.3.0.0’*‘.02*‘]d (14d) 

The suspension of 13b inhexane, pmpared from 1.74 g (10.5 
mmoll of 13a 232 u (20.7 mmd) of t-BuOK and 12.6 ml (21.0 
mmolj of Buti in &ane (1.67 M) aa described for 14a,. was 
treatd in the usual manner with 1.79 g (10.3 mmol) of 
dimethyigennsnium dichloride. Aqueous alkaline work-up 
and distillation of the r emaining oil afforded 121 mg (4.4%) of 
14d as colorless liquid, b.p. 40” (bath temp)/O.oOl Torr, which 
solidified to a white wax: ‘H-NMR (CDCl,) 6 0.06 (s, ZH, 9- 
Hz), 0.15 and 0.35 (2 s. 6H each, C&Si and C&Ge), 1.35 (m, 
6H. 3-H1, 4-Hz, 5-Ha), 2.45 (m, ZH, 2-H, 6-H); “C-NMR 
(CDCI,) 6 -0.73 and -0.36 (2 q. CH,Ge and CH&, or - _ 
ieve&), 10.02 (t, C-9), 16.75 id i2?9 (2 s, C-l and C-7, or 
reversed1 20.74 It. G4121.59 It Cl. C-51 51.3416 C-2 C-6): 
mass &&rum (~l.int&sity)~~e 268(M’, 38%i2&(2?), 284 
(20), 253 (lOO), 251(79), 249 (61), 177 (20), 161(27), 73 (94). 

Propellanes from 1,7 - bis(dimethylsilyl)tricyclo[4. I .O.OL”j - 
heptane (1%) 

$nthesis of&. 4.00 g(42.5 mmd) of 7a was metal&d by a 
mixtureofl9.6afl75mmolloft-BuOKandlllmlIl70mmol) 
of BuLi in hexG(l.53 M)ior 4d at room temp under stir&, 
atTording 7h. The suspension was cooled to 0”. 15.8 g (167 
mmol) of chlorodimethylsilane was addad dropwise, and the 
reaction mixture was stirred for 3 hat ambient temp. Aqueous 
work-up and distillation of the remaining oil of the organic 
layer, after evaporation of hexane fn eacuo, gave 5.90 g(6PA) of 
1Sa ascolorlessliquid, b.p.40°/0.001 Torr : ‘H-NMR(CDCl,) 
6 0.12 (d, J = 4 Hz, 12H, C&Si), 1.36 (m. 6H, 3-Hz, 4-H1, 5- 
Hh2.00 (m, W, 2-H, &H), 4.28 (spt, J = 4 Hz, 2H.BSi) ; ’ "C- 
NMR(CDCl,)S -3.69(q,~H,Si),11.17(s,C-l,G7),21.29(t, 
C-3, C-4, C-5), 4240 (d, C-2, C-6); mass spectrum (rel. 
intensity) m/e 210 (M+, 200/.X 195 (15), 151(24), 135 (30), 115 
(35), 73 (70), 59 (100); M+ talc 210.1260, obsd 210.126. 

1,7-Bir(bromod~thylsily&ricyclo(4.1 .0.0L3heprane (1Sb) 
To asoln of 1.9417(9.22mmoll of 1Sain IOmlofDvridine was 

added 4.60 g (18.7&mol) of Br, at 80” under &ring. The 
mixturewasallowedtocooltoroomtemp,thepptwastiltered, 
and the pyridiie soln was conantrated in vocuo. The 
remainingbrownoilconsistedmostlyoflSbandofpyridine.It 
was used without further purification. Spectroscopic 
propertiaof1Sb:1H-NMR(CDCl,)G0.66(s, 12H,(C&),Si), 
1.38 (m. 6H. 3-H1. 4-H2, 5-H,). 2.30 (m. 2H. 2-H. 6-H): 13C- 
NMR(CDti,)6 5181 (q&I&,, 16.8j (bci, G7j,2O.d&,Z- 
3, C-5). 20.26 (1. C4), 41.77 (d. C-2, C-6); mass spectrum m/e 
368 (M’, 0.5%). 
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8,8,10,10 -* Tetramethyl - 9 - aam - 8,lO - aWatetracycla - 
[5.3.0.0’*6.d~73&c4me (ly) 

To a stirred soln of 20 g(87.0 mmol) of Na, dissolved in 250 
ml of liquid ammonia and cooled in a dry icc/sxtooe bath, 
1.50 g (7.13 mmol) of 1Sa was added by syringe. The mixture 
was stirred for 3 b at - 78”, the cooling bath WY then removed 
and the liquid ammonia was allowed to evaporate. The residue 
was treated with 200 ml of ether, the soln filtered and the 
solvent rQnovcd h m. Distillation of the remaining oil at 
0.001 Torr tiorded 0.125 g (7.8%) of II 98 a colorless liquid, 
which solidified to a white w#y mateM. ‘H-NMR (CDCl,) 6 
0.14 (8, 12 H, (C&)$i), 1.38 (m, 6H, 3-H? 4-Hz, S-HA 1.99 
(br~s,lH,NW256(m,W,2-H.~H); “C-NMR(CDCl,) 
6 1.3O(q,~,S& 15.32(~Gl,C-7),20.53(t,C4),21.23(t,G3, 
C-5X50.15(d,GSC-6);marospectrum(rd.inttnsity)m/e223 
(M+,250/Q,208(100), f92(9), 180(13), 133(18),74(25),59(16); 
M’ talc 223.12125, obsd 223.123. 

8,8, IO,10 - Tetramethyf - 9 - oxa - 8,lO - disiiutmcyclo - 
[5.3.0.0’~Wqde~ (Me) 

From 1.94 g (9.22 -01) of 151 the dibromosilane l!!b was 
prepaml aa described above. The crude oil of 1s wan 
dissolved in 200 ml of ether, 50 ml of a 2 N NaOH aq soln wlls 
addodandthcmixturtstirradrigoroualyfor3hatroomtemp. 
The layers were separated, the organic part was dried over 
MgSO,, the ether was removed in IXXUO, and the remaining oil 
was distilled, affording 231 mg (11%) of l&, b.p. 80” (bath 
temp)/O.oOl Torr, which solidified to a crystalline product of 
m.p. 113-114”: ‘H-NMR (CDCl,) d 0.21 (s, 12H, (C&)$i), 
1.42 (m, 6H, 3-Ha, 4-Hz, 5-Hz), 2.65 (m, ZH, 2-H, &H); %- 
NMR(CDCIJ)b -0.6O(q,QI,Si), 17.78(s,C-l,C-7),20.38(t, 
C-4), 20.83 (t, C-3, C-5), 50.79 (d, C-2, Cb); massspectrum (reL 
intensity) m/e 224 (M’, 240/,), 209 (43), 207 (16), 181(18), 133 
(lOtI), 117 (ll), 73 (13; M+ talc 224.10526, obsd 224.107. 
(Found: C, 5928;H. 8.90. Cal~torC,,H,,OSi~: C, 58.87; H, 
8.980/,.) 

2,2,4,4,12,12,14,14 - Octameihyl - 3,13 - diuza - 2,4,12,14 - 
wrus&xfacyclo[14.4.0.0 IJS.~.” ,)X10, ()-WI .@“I .O’JLoJ, 

eicosm (16) 
To a sola of 15b, prepared from 1.93 g (9.17 mmol) of 1% as 

described above, in 25Oml ofcthcr.O.29 g(9.05 mmol) of anhyd 
hydrazinc was added and the mixture stirred for I8 h at room 
temp. The solo was extracted with 50 ml of water, dried over 
MgS04, and the solvent was removed in U(ICUO. From the 
remaining oil, 225 mg( 11%) of 16 crystalliz& as a white solid : 
m.p. 126127” (from hexanc); ‘H-NMR (CDCl,) S 0.09 and 
0.24(2s, lWcach,CH,Si), 1.34(m, 12H,7-Hz,8-H1,9-Ha, 17- 
Hz, 18-Hz, 19-H& 2,17(m,4H, &H, l&H, l&H, 2%H); “C- 
NMR(CDC1,)60.82and206(2q,QI,Si),8.66(s,C-l,C-5,C- 
11, G15), 20.84 (1, C-8, C-18), 21.32 (t, C-7, C-9, C-17, C-19), 
45.40 (d, C6, C-10, C-16, C-20); rns~~ spectrum (rel. intensity) 
m/e444(M+, JooO/,),429(9),337(8),247(5), J30(14), J16(6),73 
(ll), 59 (7); hi+ talc 444.22687, obsd 444.228. (Found: C, 
58.72; H, 9.00. Calc for C1zH40NZSi4 : C, 59.39; H, 9.06x.) 
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