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Synthesis and Crystal Structure of
9,12-Bis-(4-acetylphenyl)-1,2-dicarbadodecaborane(12):
Self-Assembly Involving Intermolecular Carboranyl
C—H Hydrogen Bonding
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The rigid three-dimensional nature of the isomeric icosahedral
carborane (€BioH1y) cages, 1,2drtho), 1,7 (metgd, and 1,12
(para), accompanied by the versatile chemistry observed at both
the carborane €H and B-H verticed 2 makes their derivatives
attractive candidates for crystal engineeringhe syntheses of
molecules containing modular carborane subunits, which may Figure 1. Crystal packing diagram df. Selected distances (&) and angles
prove useful in this quest, have been reported by this laboratory (°): C(1)+-H(1) = 0.98(4), H(1)--(011) = 2.17(4), C(2)-H(2) =
as well as others:® It has been demonstrated thattho- 1.02(4), H(2)--O(5) = 2.36(4); C(1)-H(1)---O(11) = 146(3), C(2)-
carborane forms hosguest complexes with cyclodextrfhand H(2)---O(5) = 160(3). The remaining phenyl and carborane hydrogen
cyclotriveratrylené® Furthermore, Wade has recently demon- atoms are not shown for clarity.
strated thabrtho-carborane forms a well-ordered 1:1 adduct with
hexamethylphosphoramide (HMPA). Similarly, the deca-B- and C(2)--O(5) 3.335(8) A that only the hydrogen at C(1) is
chloro-ortho-carborane dimethyl sulfoxide (DMSO) adduct has significantly interacting with a carbonyl oxygen attached to
been shown to exhibit strong hydrogen bond interactions in the another molecule. Atom O(5) is the carbonyl oxygen of a
solid staté”? The characteristic common to these hegtest molecule related by a center of symmetryat 1/2,y =0,z =
complexes and solvent adducts is the pivotal role of hydrogen 1/2, and O(11) is the carbonyl oxygen of a molecule related by
bonding provided via the carborane’s—@ vertices, which a translation along tha axis (see Figure 1). This distance of
defines the organization of the complex in the solid state. We 3.015(7) for C(1)--O(11) is significantly shorter than the corre-
now report the synthesis and solid-state structure of a ruothed- sponding values of 3.130(5) and 3.179(6) in the HM&#ho-
carborane derivative, 9,12-bis-(4-acetylphenyl)-1,2-carbordne) ( carborane dimer reported by Watle.The solid-state infrared
see Figure 1§ which provides the first example of a carborane spectrum ofl exhibits two stretching frequencies for carborane
system involving intermolecular hydrogen bonding in which the C—H (3070 and 3044 cnit; 1,2 carborane 3071 ct). This

functional group interacting with the carborane g is connected
to the carborane cage.
Functionalization ofortho-carborane at the 9- and 12-boron

observation of two stretching modes and the shift to lower

(13) All manipulations were carried out under anaerobic and anhydrous
conditions unless otherwise stated. The 4-bromoacetophenone was purchased

can be readily achieved by iodination at the 9,12-vertices followed from the Aldrich Chemical Co. and converted to the ethylene ketal using

by reaction with the appropriate Grignard reagént,in the

present instance the Grignard derived from 4-bromoacetophenon

ethylene ketal. Colorless crystals bivere grown from acetone
solution by slow evaporation of the solvent. The structuréd of
was confirmed by an X-ray crystal analysis, which also revealed
an interesting intermolecular phenomenr®énEach carboranyl
C—H is within close proximity of a carbonyl oxygen atom
extended from another molecule. However, it is apparent from
the differing G-H—0 bond distances C(+)O(11) 3.015(7) A
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azeotropic distillation with ethylene glycol/benzene in a De@tark apparatus.

A solution of the Grignard was prepared by adding the bromoketal (15.7 g,
€4.6 mmol) to Mg (2.20 g, 90.5 mmol) in THF (300 mL) over the course of

2 h. The solution was then stirred overnight at°’25 The acidic carborane

CH vertexes react with Grignard reagents. To prevent the unnecessary loss
of the Grignard reagent derived from the 4-bromoacetophenone ketal, they
were removed prior to the coupling reaction with $SAgBr. To a THF (200

mL) solution of 9,12+4-1,2-GB;oH10 (8.50, 21.5 mmol) was added 13.5 mL

of CH;MgBr (3.0 M, in diethyl ether). The evolution of methane ceased after
~15 min, and the solution was stirred overnight at°25 The bromoketal-
derived Grignard solution artdans-PdCh(PPh), (50 mg, 0.071 mmol) were
added to the carborane solution via cannula. The resulting reaction mixture
was refluxed under nitrogen for 3 days. The reaction mixture was quenched
with HCl(ag) 10% (100 mL), the organic phase was separated, and the aqueous
layer was extracted with diethyl ether (2 100 mL). The organic phases
were combined and dried over anhydrous MgSIhe MgSQ was separated,

and the solvent was removed under reduced pressure toly&sld red solid.

The crude product was recrystallized from acetone to yield a white solid (4.43
g, 54%) mp 252°C (sealed capillary)'H NMR (400 MHz, CDC}): 6 =

7.87 and 7.29 (d 4H, g4), 0 = 3.50 (br s, 2 @ carborane)p = 2.58 (s

3H, CH3); 3C{*H} NMR (100 MHz, CDC}): & = 190.5 (GH,COCHy), 6

= 135.9, 133.0 and 127.@¢H,COCH;), 6 = 50.1 CH-carborand, 0 = 26.6
(CeH4COCH3); MB{H} NMR (160 MHz, (CH),CO): 6 = 8.24 (s, 2B,
BCsH.COCH;), 6 = —8.83 (d, 2B, BH)0 = —13.58 (d, 4B, BH)p = —15.86

(d, 2B, BH); MS (El): For GgB10H240, calcd 380.2779, found 380.2781; IR
(KBr pellet, v cm™): vchcarborane)3070, 3044y 2601, 2592, 2560yc—o

1660
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energy’ is consistent with the X-ray structure and the conclusion and carboracyclé$with novel solution and solid-state properties.

that only the one €H of C(1) is significantly involved in
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