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Palladium-Catalyzed Coupling of Ethynylated p-Carborane Derivatives: Synthesis and
Structural Characterization of Modular Ethynylated p-Carborane Molecules
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Methodology leading to a new class of rodlipecarborane derivatives is described, involving the palladium-
catalyzed coupling of B-iodinateptcarboranes with terminal alkynes. The products of these reactions contain
an alkyne substituent at a boron vertex of thearborane cage. Reaction dbso2-1-1,12-GB1oH11 (1) with
close2-(C=CH)-1,12-GB;¢H11 (3) in the presence of pyrrolidine and catalytic quantities of bis(triphenylphosphine)-
palladium dichloride and cupric iodide yields 1@egso1',12-C,B1gH11-2'-yl), acetylene4). Oxidative coupling

of 3 in the presence of cupric chloride in piperidine affords Ligo1',12-C;B10H11-2'-yl)»-1,3-butadiyne §).
Reaction of 2 molar equiv. aflose2,9->-1,12-GB1oH10 (6) with close2,9-(C=CH),-1,12-GB1gH1 (7) in the
presence of pyrrolidine and catalytic quantities of bis(triphenylphosphine)palladium dichloride and cupric iodide
yieldscloso2,9-(lose2'-1-9'-C=C-1',12-C,B10H10)2-1,12-GB10H10 (8), a rigid, iodine-terminated carborod trimer

in which thep-carborane cages are linked at the 2 and 9 B-vertices by alky=€)®ridges. The molecular
structures ob and the previously describ@tbso2,9-(C=CSiMe;)»-1,12-GB1¢H1o (9) have been determined by
X-ray crystallography. Crystallographic data are as follows:5fanonoclinic, space group2/a, a = 12.352(6)

A, b =14.169 (6) A,c = 12.384(5) A, = 109.69(2}, V = 2041 B, Z = 4, R = 0.098,R, = 0.135; for9,
monoclinic, space grou@2/m, a= 22.111(4) Ab = 7.565(2) A,c = 6.943(2) A, = 107.871(8), V = 1105

A3 Z=2 R=0.059,R, = 0.090.

Introduction

An interest in structurally well-defined molecular components
suitable for further modular syntheddsas led us and other
investigators to the synthesis of rédmd cycle$ based upon

stable icosahedral carborane cages as modular building units

joined via a variety of linkers. These carborane-containing

modular systems exhibit interesting and unusual properties such

as anion complexatioh,supramolecular assemilyand the
formation of rigid-rod molecule3. In an earlier repoff we
presented a rational synthesis and the crystallographic charac
terization of a tetramerigp-carborane derivative in which
icosahedrap-carborane molecules function as modular units

® Abstract published irAdvance ACS Abstractgune 15, 1996.
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linked together at the carbon vertices in a linear fashion. A
copper-mediated carbeitarbon bond formation process was
employed in these “carborod” syntheses. Due to their rigidity
and linear shape, carborod molecules have potential uses in
framework construction processes he solubility of carborods

in common organic solvents was found to be greatly enhanced
by silylation of the terminal carbon vertices, but the terminal
sites were blocked to further extension reactions. Our continu-
ing interest in this area has led us to search for new types of
p-carborane-based modular units that are suitable for linear

construction with enhanced solubility, rigidity, and reactivity,
thus allowing the construction of longer carborod molecules.

Eaton and co-workers recently demonstrated the use of
alkynylcubanes as precursors of rigid-rod molectles$n
addition, functionalized alkynes, which can be easily prepared
in high yield® have emerged as a class of versatile precursor
molecules for the construction of nanostructifeShe highly
selective modular incorporation of acetylenic moieties into novel
oligomers has been demonstrated in the syntheses of large and
structurally well-defined molecular nanostructutgs.

Although a number of B-substitutg@carborane derivatives
have been synthesizét,the previously described method
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for their fabrication was of only limited utilit}3 Our newly Table 1. Details of Crystallographic Data Collection f&rand 9
developed methodolody;*3providing B-vertex ethynylation of 5 9
p-carborane, utilizes a palladium-catalyzed coupling reaction

of terminal alkynes withp-carborane iodinated at either one ﬁ,\',n pirical formula Sgizjgzo %1332.228?105'2
boron vertex ice. at the 2-position) or at two opposite boron  cryst size (mm) 0.k 02%x 04 02x0.2x05
vertices (.e. the 2- and 9-positions). The iodinated precursors cryst syst monoclinic monoclinic
are synthesized by electrophilic iodinationgtarborane under space group P2/a C2/m
Friedel-Crafts conditiond! The 2-iodo- and 2,9-diiodp- g(é) ﬁ-fgg(g) 525-(13212(4)
carborane derivatives were found to couple with trimethylsilyl- éA)) 1238 48 6.9 438
acetylene in the presence of pyrrolidine and bis(triphenylphos- ¢ (deg) ' '
phine)palladium dichloride to afford the corresponding ethyn- g (deg) 109.69(2) 107.871(8)
ylated p-carborane products in good yield. Subsequent desil- y (deg)
ylation with fluoride ion afforded primary carboranyl acetylenes. ¥ (A% 2041 1105
We demonstrate that these compounds have the potential to q 4 2
- ) aic (g/CTF) 1.09 1.01
serve as modular building blocks for the construction of | agiation ¢) Cu Ka. Cu Ko
p-carborane based, rod-shaped molecular structures with acety- (1.5418 A) (1.5418 A)
lenic linker groups. u(cm ) 2.86 13.9
scan rate (deg/min) 6 12
: ; scan width: below i (deg) 1.3 1.3
Experimental Section above Ko (deg) 1.6 16
General Considerations. Standard Schlenk and vacuum line 29 max(d€g) 90 115
techniques were employed for all manipulations except where otherwise 9212 ?OII‘?d Hecti +h, 4k =l +i:3, "ék' e
stated. Pyrrolidine and piperidine were purchased from the Aldrich 28' gf ggls(]du?e;ﬁ]s?cil%zs(l) 10197247 7291
Chemical Co. and used as received. The compounds 2godo- pa;’ameters refined 118 118 70
carborane 1), 2-ethynylp-carborane J), 2,9-diiodop-carborane ), Re 0.098 0.059
2,9-bis(ethynyl)p-carborane 1), and _2,9-b|s(tr|methylsnlylet_hynyl)- RS 0.135 0.090
p-carboraneq) were prepared according to methods described previ- GoOE 4.40 3.14

ously1t12 Melting points were measured in sealed capillaries on a
Thomas-Hoover capillary melting point apparatus. Protet) @nd
carbon C) NMR spectra were recorded on a Bruker AM 360
spectrometer at 360.13 and 90.55 MHz, respectively. Béig) KMR
spectra were recorded on a Bruker AM 500 spectrometer at 160.46
MHz. Chemical shifts fofrH and*3C NMR spectra were referenced

to residualtH and*3C present in deuterated solvents. Chemical shift
values for''B spectra were referenced relative to externa-BEL

(0.0 ppm with negative values upfield).

AR = Z||Fo| — |Fell/|Fol. ® Ry = [ZW(|Fo| — |Fcl)ZW(|Fol?] 2 ¢ GOF
= [ZW(|Fo| — |Fc))¥(No — N\)]¥2, wherew = 1/(0?|F,|). ¢ There are
two crystallographically independent molecules.

Synthesis of closo2,9-(loso2'-C-9'-1-1',12-C;B19H10)2-1,12-
C2B1oH10 (8). A mixture of 6 (49 mg, 0.13 mmol)7 (12 mg, 0.063
mmol), dichlorobis(triphenylphosphine)palladium (10 mg), and cupric
iodide (2 mg) was dissolved ioa. 3 mL of toluene and 1 mL of
) . . pyrrolidine. The reaction mixture was stirred at reflux temperature

Synthesis of 1,2-bis(2p-carboranyl)acetylene (4) A mixture of for 45 h. The solvent was removétvacuoand the residue extracted
1(0.10g, 0.37 mmol)3 (0.06 g, 0.37 mmol), bis(triphenylphosphin€)- ity a mixture of methylene chloride and pentane (1:1). The extract

palladium dichloride (15 mg), and cupric iodide (2 mg) was dissolved a5 passed through a neutral alumina bed and concentrated under

in ca 15 mL of pyrrolidine. The reaction m_ixture was stirred at_reﬂux reduced pressure to yield a yellowish solid. The crude product was

temperature for 2 days. Solvent was remoiredacuq and the residue = frther purified by flash chromatography (silica/dichloromethane:

was then extracted with hexanes. The product was further purified by penane (1:1)). Recrystallization from hot hexane prod@cesia white

flash chromatography (silicashexanes) followed by recrystallization from ¢4)iq (27 mg, 60%), mp 273274 °C (sealed capillary).H NMR

pentane to affordt as a white solid (0.11 g, 73%), mp 36302 °C (CDCl): 3.00 (br s, 2H, CH), 3.10 (br s, 2H, CH), 3.27 (br s, 2H,

(sealed capillary).!H NMR (CDCly): 3.02, 2.77 (br s, 2H, CH), 1.31 CH), 1.30-3.35 (br, 24H, BH) ppm.23C{H} NMR (CDCl): 87.6

3.30 (bl’, 18H, BH) ppm,13C{1H} NMR (CDC|3)Z 87.2 ECB), 66.1, (ECB), 88.4 FCB), 68.4, 66.3, 67.7 (CH) ppm_llB{lH} NMR

62.3 (CH) ppm:"B{’H} NMR (ELO): ~12.8 (4B),~13.7 (6B).~14.3 (£(,0): —13.2 (28B),~27.8 (2B,Bl) ppm. HRMS (EI) for GoBaoHsdl»

(SB), —16.2 (ZB, B(:E—) ppm; HRMS (E|) for GB2oH22 (m/z) calcd, (m/z) calcd, 728.3447; found, 728.3445 W

310.4607; found, 310.4611 (M. X-ray Crystallography. Table 1 summarizes crystallographic data
Synthesis of 1,4-loso1',12-C,B1gH11-2'-yl)»-1,3-butadiyne (5) for compoundss and9.

A mixture of cupric chloride (10 mg) an8 (17 mg) was dissolved in 1,4-Closo1,12-GByH11-2-yl),-1,3-butadiyne  (5). A colorless

ca2 mL of piperidine and 5 mL of toluene. The reaction solution was crystal, obtained from benzene solution, was placed on a fiber and

stirred open to air at reflux temperature for 18 h. Solvent was removed mounted on a Syntex Pdiffractometer. Unit cell parameters were

in vacuoand the residue extracted with hot hexanes. The extract was determined from a least-squares fit of 38 accurately centered reflections

passed through a neutral alumina bed and concentrated under reducegli 7.5 < 29 < 40.1°). Data were collected at 2% in the6—26 scan

pressure to yield a yellow solid. The crude product was further purified mode. Of the 1747 unique reflections measured, 1092 were considered

by flash chromatography (silica/lbenzene:hexanes (10:90)) to ield opservedI(> 30(l)) and were used in the subsequent structure analysis.

as a white solid (9 mg, 53%), mp 28290 °C (sealed capillary)H Data were corrected for Lorentz and polarization effects and for

NMR (CDCly): 2.86 (br s, CH, 2H), 3.05 (br s, CH, 2H), 1:38.36 secondary extinction and decay. Programs used in this work include

(br, 18H, BH) ppm. C{*H} NMR (CDCl): 90.6 &CC=), 86.4 locally modified versions of crystallographic programs listed in ref 14.

(=CB), 65.7, 62.8 (CH) ppm."B{'H} NMR (EtO): —12.6 (4B), Atoms were located by direct methods (SHELX86). All calculations

—13.0 (8B),—14.1 (6B), —16.0 (2B, BG=) ppm. HRMS (EI) for were performed on a VAX 3100 computer in the J. D. McCullough

CgBaoH22 (M/2): calcd, 334.4827; found, 334.4823 (M X-ray Crystallography Laboratory. All atoms of the carborane moieties

were refined with anisotropic parameters. Carboranyl hydrogens were

(11) (a) Bregadze, V. IChem. Re. 1992 92, 209. (b) Grushin, V. V;
Bregadze, V. |.; Kalinin, V. NJ. Organomet. Chem. Libr. 20988

(14) CARESS (Broach, Coppens, Becker and Blessing), peak profile

20, 1.

(12) Jiang, W.; Knobler, C. B.; Curtis, C. E.; Mortimer, M. D.; Hawthorne,
M. F. Inorg. Chem.1995 34, 3491.

(13) Zakharkin, L. I.; Kovredov, A. |.; OlI'shevskaya, V. Mkad. Nauk.
SSSR. Ser. Khin1985 809.

analysis, Lorentz and polarization corrections; ORFLS (Busing, Martin
and Levy), structure factor calculation and full-matrix least-squares
refinement, ORTEP (Johnson) figure plotting, SHELX76 (Sheldrick)
crystal structure package, and SHELX86 (Sheldrick) crystal structure
solution package.
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located and were included, but parameters were not refined. H atomsScheme 1
were assigned isotropic displacement values based approximately on

the value for the attached atom. Scattering factors for H were obtained ,@ I+ (CHy}Si—CoC-H —=—e @E.C-Ei(f“ﬂl 2
from ref 15 and for other atoms were taken from ref 16. The largest : "

peak on a final difference electron density map was 0.1°& A 1 )
closo2,9-(Me;SiCy)2-1,12-GBigH1o (9). A colorless crystal, ob- am= H:[ %—E-C—@ 4

tained from a deuterated chloroform solution, was placed on a fiber i

and mounted on a Syntex Miffractometer. Unit cell parameters were

determined from a least-squares fit of 10 accurately centered reflections I PUIFPhabCliCul, %-L"L' = -@ 5

(16.8 < 20 < 35.7). Data were collected at 2 in the6—26 scan Pyrrolidine/Benzene reflux

mode. Of the 813 unique reflections measured, 729 were considered minor byproducts

observedI(> 3o0(l)) and were used in the subsequent structure analysis.
Data were corrected for Lorentz and polarization effects but not for Scheme 2
secondary extinction and absorption. Programs used in this work %§
I
1

=

BN i,
+ '%1%7 C=C-H
3

include locally modified versions of crystallographic programs listed
in ref 14.
Atoms were located by use of direct methods (SHELX86). All

calculations were performed on a VAX 3100 computer in the J. D. o=BH o
McCullough X-ray Crystallography Laboratory. All nonhydrogen ° ng i. Pd(PPh;3),Cl,/Cul, Pyrrolidine reflux
atoms were refined with anisotropic parameters. All methyl H were °=

included in calculated positions: €4 = 1.0 A; H—C—H 109.5. Scheme 3

Carboranyl hydrogens were located and were included but parameters

were not refined. H atoms were assigned isotropic displacement values 5N i FN y%{{s.
based approximately on the value for the attached atom. Scattering 2 $£1'7 C=C-H %’%’f C=C-C=C %’%f

factors for H were obtained from ref 15 and for other atoms were taken 3 5
from ref 16. The largest peak on a final difference electron density g

map was 0.23 e 2, i. O,/Cul, Pyridine/Toluene reflux

O

® e 0
I

Results and Discussion . ) . .
C:BigHi1 (1) with one molar equivalent of trimethylsilyl

Ethynylated carborane derivatives are a class of compoundsacetylene under these conditions produced the expected product,
which have the potential to be used in the synthesis of polymeric closo2-(C=CSiMey)-1,12-GB1dH1: (2), as well as small amounts
precursors to boron carbide thin films. This application has of the actylene linked dimers and5 (Scheme 1).
recently been demonstrated using C-ethynylated derivatives of In a similar manner, the reaction of 2-iogecarborane 1)

o- andm-carborane, where the acetylenic moiety attached_ toa, ihan equimolar quantity of 2-ethynyicarborane)resulted
carbon vertex of the carborane cage serves as a cross-llnklnqn the formation of4 as the exclusive product (Scheme 2)

group in UV-initiated polymerization reactio#s. Control of i .
the degree of cross-linking is crucial in determining the quality  AS Might be expected, 2-ethyngcarborane 3) displayed

of the thin film produced. chemical reactivity analogous to that of ethynylated organic

C-ethynylated carborane derivatives have been prepared insupstrate%? lnl thel presence of cupric chloride,_la seco?dary
low to moderate yields using a copper-mediated coupling @MN€ and molecular oxygen, compoubivas easily coupled

reaction of C-lithiocarboranes with a terminally brominated ©Xidatively to produces (Scheme 3). This dumbbell-shaped
acetylend® An alternate route taC-ethynyl o-carborane is molecule is gomprlsed of twpararc.arborane cages which are
provided by the reaction of 1,3-butadiyne with 1 equiv of attached to either end of_1,3-butad|yne. The carbo_rane moieties
BioH12(SMe)2.12 The preparation of B-substituted acetylenic are bonded to the termmgl carbons qf. 1,3-butadiyne through
carborane derivatives has been limited to the coupling reactionthe boron atoms located in the 2-position of the cages. This
of the B-iodinated carborane with an acetylenic Grignard reagent 'esult is in agreement with an earlier repdi which a similar
in the presence of a palladium catal{tAlthough moderate ~ Molecule, 1,4¢loso1’,2-CoBioH11-1'-yl)-1,3-butadiyne, was
yields have been reported for these reactions, we have not found®repared directly from the oxidative coupling of 1-ethynyl-1,2-
them to be synthetically useful. Recently, we reported an CoBioH1a.
alternate method for the preparation of B-ethynylated Reaction of 2 equiv of 2,9-diiodinatgecarboranes with 1
carborane derivatives. In this new method, reaction conditions  equiv of 2,9-diethynylp-carborane {) proceeded smoothly
similar to those used to prepare ethynylated aromatic derivétives (Scheme 4). The desired produ8} (vas the exclusive product.
were utilized. This is the first example utilizing the boron vertices of
Both 2-iodo- and 2,9-diiod@-carboranes are reacted with p-carborane to assemble a trimer having two discrete types of
an excess of the appropriate l-alkyne in the presence ofmodular units: an acetylenic linkage ang-&arborane cage.

pyrrolidine and catalytic amounts of (P§#PdCL under mild Compound is a valuable synthetic intermediate, since it retains
conditions to afford the corresponding B-alkyrprearborane an iodine atom at each end of the molecule capable of further
derivatives in good yield>?! The reaction otloso2-1-1,12- substitution. Use of such compounds in future modular as-
sembly reactions should result in the formation of even longer
(15) Stewart, R. F.; Davidson, E. R.; Simpson, WJTChem. Physl965 B-substituted ethynyp-carborane derivatives. Compoundls
42, 3175. and8 exhibit greatly enhanced solubility in nonpolar solvents

(16) International Tables for X-Ray CrystallographyKynoch Press: . . .
Birmingham, England, 1974; Val. IV. in contrast with the corresponding carborods constructed solely

(17) Johnson, S. E.; Gomez, F. A.; Hawthorne, M. F.; Thorne, K. J.; of carborane caged. This enhanced solubility is a critical
Mackenzie, J. DEur. J. Solid State Inorg. Cher992 29, 113.

(18) Zakharkin, L. I.; Kovderov, A. |.; OlI'shevskaya, V. Mkad. Nauk.
SSSR. Ser. Khinl986 1260. (21) Yang, X.; Jiang, W.; Knobler, C. B.; Mortimer, M. D.; Hawthorne,

(19) Callahan, K. P.; Hawthorne, M. B. Am. Chem. S0d973 95,4574. M. F. Inorg. Chim. Actal995 240, 371.

(20) Jiang, W.; Knobler, C. B.; Curtis, C. E.; Mortimer, M. D.; Hawthorne,  (22) Rubin, Y.; Lin, S. S.; Knobler, C. B.; Anthony, J.; Boldi, A. M;
M. F. Inorg. Chem 1995 36, 3491. Diederich, F.J. Am. Chem. S0d 991, 113,6943.
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Table 2. Selected Bond Lengths and Angles fsr

Lengths (A)
C(1)-B(2) 1.713(10) 1.713(10) B(2)B(6) 1.713(10) 1.775(12)
C(1)-B(3) 1.707(11) 1.702(13) B(2)B(7) 1.815(12) 1.711(11)
C(1)-B(4) 1.683(11) 1.727(12) B(2)C(13) 1.528(10) 1.534(11)
C(1)-B(5) 1.683(11) 1.676(14) C(13)C(14) 1.209(9) 1.166(10)
C(1)—B(6) 1.746(11) 1.686(12) C(14C(14) 1.418(8) 1.398(9)
Angles (deg)
C(1)-B(2)-B(@3) 59.1(4) 56.9(5) B(2yC(13)-C(14) 179.1(6) 175.5(7)
C(1)-B(2)—B(6) 61.6(5) 57.1(5) B(3)B(2)—B(6) 109.6(6) 105.3(6)
C(1)-B(2)—-B(7) 103.7(5) 102.1(6) B(6)B(2)—C(13) 125.0(6) 119.1(6)
C(1)-B(2)—-B(11) 106.3(5) 103.6(5) B(#B(2)—C(13) 121.0(6) 127.2(6)
C(1)-B(2)—-C(13) 124.4(6) 121.2(6) C(13)C(14)-C(14) 177.5(6) 178.5(7)

2 The second value given for each length or angle is the appropriate value for the “primed” atoms of a second unique molecule.

2M B3 B4

Cc2M

OC @B

Figure 1. ORTEP representation of compourfii showing the _ ec o5 8si _
crystallographic numbering scheme. Hydrogen atoms are omitted for Figure 2. ORTEP representation of compourflj showing the

clarity. crystallographic numbering scheme. Hydrogen atoms are omitted for
clarity. The molecule has a crystallographically imposed center of
Scheme 4 symmetry.
21 %E{; I + H-C=C é;;g% C=C-H —i: Table 3. Selected Bond Lengths and Angles fr
' ‘ Lengths (A)
C(1)-B(2) 1.719(8) B(4)-B(4) 1.785(7)
P Py = C(1)-B(3) 1.704(5) B(2)-C(1A) 1.532(7)
L, - =0 L5 C(1)-B(4) 1.725(6) C(1A)C(2A) 1.206(7)
< S TN ! B(2)-B(3) 1.767(6) C(2A)-Si(1) 1.837(5)
8 B(2)-B(4) 1.786(6) C(2M)-Si(1) 1.867(6)
SZBH i oycul, Pyridine/Toluene reflux Angles (deg)
o= B(2)—C(1)-B(4) 114.2(3) B(3)B(4)-B(4)  107.2(3)
B(2)-C(1A)-C(2A) 178.5(3) B(4¥B(2)—C(1A) 125.4(3)
feature for the construction of larger oligomers since nominal ng—gglg—B?g 1%%2((2; g((izl%)EE(Z()z—)C(lég 121-383
ility i ; i i ; B(3)—-C(1)-B(4 . Ay-B(2)—B 175.
iﬁgﬂ;‘g r|Irzl ;;[i%r:](.jard solvents is required for their synthesis and B(3)-B(2)-B(3) 1067(3)  Si(1)B(2)-B(2) 174.1(1)

All of the coupling products obtained in this study have been derivati In the struct f BdEnd 9 th
characterized by multinuclear nuclear magnetic resonance'aN€ dervalives. in the structures of compou €

spectroscopy (NMR) and hiah resolution El mass spectromet _acetylenic fragments are present at either t_hg 2- or 2,9-positions
Tﬁe 118 NIE)/IyR( reso)nancesgotlosoZ-R-l,lZ-QBlolel and Y of thep—carbqrane cage. The 2- and 9-positiong-chrborane
clos62,9-R-1,12-GB1cH1o species exhibit a distinctly different are symmetrically _equwalent, and consequently they bear the
pattern from those of the corresponding iodo- and diipdo- same charge density.

: : . In the structure 06, averaged bond distances argerans B
b . Although the ch | shifts of th Is due t
fr?é l;)ori)nne 2toms E))(ljjr%]ded(ioch)e/cTrlc():geﬁsIafeoessinstliglﬂf/1 tsheusear?] = 1.696(13) A, B-B = 1.761(13) A, B-Cacerytenc= 1.534(11)
973\, and G=C = 1.166(10) A. In the structure & the average

in all of these compounds, the carbon-substituted boron atoms ;
; o : bond distances are GooransB = 1.716(6) A, B-B =
are deshielded, thus giving low field resonances compared to carborans
gving b 1.775(6) A, B-Cacetylene= 1.532(7) A, and &C = 1.206(7)

their iodo counterparts. This chemical shift difference provides ! . .
a simple way to confirm the presence of a B-alkynylated A. Selected bond distances a_nd anglessfand9 are listed in
Table 2 and Table 3, respectively.

derivative. Also noteworthy is that the carbon nuclei directly . - DA . .
bonded to boron vertices give rise % NMR signals which _ The primary axis of rotation in co_mpogrﬁhs essentially
are broadened (sometimes beyond detection). This broadenindiN€ar: deviating less thar®rom the idealized case of 180

must be attributed to their close proximity to boron atoms in '€ overall length ob as measured from the boron atom at
the carborane cag@. one end of the molecule to the furthest boron atom at the

The molecular structures of both 1 digso1',12-C;B1oHi1- opposite end of the molecule is calculated to be 13.579 A.
2'y1)»-1,3-butadiyne §) and closo2,9-(C=CSiMey)»-1,12- Compound9 was also found to be nearly linear with the two
C:BicHio (9) were established by X-ray diffraction studies silylated apetylenic fraglments and tpearborane cage situated
(Figures 1 and 2, respectively). Although the synthesis of 2/0ng 2 line. [The StB(2)-B(2) angle is 174.1(%) and
compound9 was described in our earlier repdttan X-ray C(2A)—I_3(2)—B(2)_ IS 1.75‘0(27'] The length oS, as measured
diffraction study was not performed at that time. To our by the Interatomic distance from the methyl C"?“b"“ of one
knowledge, both structures presented here establish the firstimethyisilyl group through thep-carborane moiety to the

; it furthest methyl carbon of the other trimethylsilyl group is
tall hic ch t t f B-alkynylat bo-
crystaflographic characterization o alkynylatgecarbo calculated to be 8.872(6) A. This value is slightly longer than

(23) Harris, R. K.; Mann, B. E. EdsNMR and the Periodical Tabje half thellength (17.195 A) reported fqr the co.rres.ponding
Academic Press: London, 1978; p 195. tetramericp-carborané2 The calculated interatomic distance
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for B,—Bg [B(2) to the symmetrically equivalent B(2), 2] in  to a new series of ethynylatgdcarborane molecules for use in
the cage foB is about 3.405(5) A, which is significantly longer  the construction of modular carborods.
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