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The boron-atom insertion reaction of nido-9,11-1,-7,8-C,BgHe?~, with the HBCl,:SMe, complex yields closo-4,7-1,-
1,2-C,B1oHi0, 1, in excellent yield. Although the two boron atoms (B3 and B6) nearest to the carbon atoms in 1 are
equally available for attack by nucleophiles, the boron-degradation reaction of 1 with alkoxide ion occurs only at
the B6 vertex, yielding regioselectively [(CHs)sNH][nido-2,4-1,-7,8-C2BgH1q], 2. The molecular structures of 1 and 2
have been determined by X-ray diffraction studies. Crystallographic data are as follows. For 1, monoclinic, space
group P2i/n, a = 6.9199(19) A, b = 23.9560(7) A, ¢ = 7.2870(2) A, B = 94.081(4)°, V = 1204.9(6) A3, Z = 4,
Peaed = 2.18 g cm~3, R = 0.020, R,, = 0.0610; for 2, orthorhombic, space group Pca2;, a = 14.1141(7) A, b =
7.0276(4) A, ¢ = 16.4602(9) A, V = 1632.7(15) A3 Z = 4, peara = 1.81 gcm =3, R = 0.022, R, = 0.0623

similarity to aromatic arene systerh3he two boron atoms
(B3 and B6) closest to the carbon atoms on the cage are the

rane) as a building block for macrocyclic and supramolecular most electron-poor and hence are attacked by a variety of

assemblies has been the focus of many recent rebotts. nucleophiles, such as alkoxfdand fluorid€ anions, in the
acidity of the G-H vertexes ofo-carborane enables the ~Présence of protons. The resulting nido-carborart-7,8-

formation of hydrogen bondsused in the generation of C.BgH35, lacks one of the two boron atoms adjacent to the

supramolecular structures. This, coupled with the symmetry tv_vo carbon atonjs_ in th_e closo-carborane. Treatment_of the
of the icosahedral carborane cage and the high thermal and"ldo-7:8-GBsH12™ ion with a base, such as NaH oiBuLli,

Introduction
The utility of 1,2-dicarbacloscdodecaboraneofcarbo-

chemical stability, has led to its use as a desirable buildin
unit with many promising applicatiorfsA vital factor for
the further development of this field is the ability to
selectively introduce diverse functional groups at boron
vertexes of theo-carborane cage.

The acidic nature of the-€H vertexes of th@-carborane
cage facilitates a versatile range of substitution variations at
these positions by common organometallic reagents, while
leaving the relatively hydridic BH vertexes unaffectetl.
However, functionalization of the boron vertexes is com-
paratively less straightforward, but a predisposition to
apparent electrophilic substitution reactions provides a

gy|elds the corresponding dicarbollide dianiarido-7,8-

C:BgH1:2~. Functionalization of the B3 vertex of the-
carborane cage may be achieved by reconstruction of this
closo-cage with the insertion of a substituted boron-atom
electrophile into a dicarbollide dianion, as demonstrated by
Hawthorne et. al. in 1968Another route for the introduction

of substituents on the boron vertexes involves the reaction
of B-iodinated o-carboranes with a variety of Grignard
reagents under Pd-catalyzed cross-coupling conditions to

form a B—C bond? The most commonly employed method
for the introduction of iodine at the boron vertexes of the

o-carborane cage involves electrophilic iodination of
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C|OSG4,7-|2-1,2-CzBloH 10 and [(CH3)3NH][ nido—2,4-|2-7,8-CngH10]

o-carborane with iodine or iodine monochloride (ICI) in the Table 1. Crystallographic Data for Compoundsand 22

presence of AIGl and methylene chloride as solvént? empirical formula GH1B1dl CsHooBoloN
Another way to introduce iodine atoms onto boron atoms is tempI o 298(2) K A 298(2) K
by the double displacement reaction of boron triiodide with ‘évr?,\;fseynsﬂ’t 0.71078 £ o fL0TS A
the dicarbollide dianionido-7,8-GBgH1*.°2Recently, Endo space group P2:/n (19) A Pca2 A
11 i At ; a 6.9199(19 14.1141(7

gt al.l have gtll|zed a comblnatlor). of the poron atqm b 23.956(7) A 7.0276(d) A
insertion reaction and the electrophilic iodination reaction ¢ 7.287(2) A 16.4602(9) A
i i i i _triiodo- . B 94.081(4) 90
in the rggloselectlve synthesis of 3,6,9-triiodo- and 3,6,9, v 1204.9(6) & 1632.7(15) &
12-tetraiodoe-carborane. z 4 4

The significance and the wide-ranging applications of this ~ peatca o 2.183gcn® 1.812 g cm3
. . . . . absorption coefficient 5.164 mmh 3.824 mnt
field of chemistry led us to reinvestigate a previodsly GOF onF2 1.005 1.018
reported diiodo nido-carborane salt, [(§§NH][nido-9,11- final Rindices | >20(1)] R=0.0199 R=0.0220
1-7,8-GBgH1(], 3, prepared by the initial rapid electrophilic Rw = 0.0608 Ry =0.0623
attack of formal T upon the open face of theido-7,8- 3R =X ||Fo| — |Fell/|Fol- Ru = [Z W(|Fo| — |Fc)3*2wherew = 1/0?Fy|.

C:BgHi2~ ion. The application of these easily formed o

iodinated nido-carborane compounds as both radioiodine©f 2-5 M butyllithium in hexane (1.8 mL, 4.4 mmol) was added

carriers and as precursors for boron neutron capture therapyfoPWise to the stirring mixture at tC. After the addition was

(BNCT) agent® remains under investigation. Herein, we completed, the reaction mixture was stirred at room temperature
. 9 - 9 ) S for 2 h and then refluxed for 4 h. After the reaction mixture was

wish to report the synthesis and structural determination of

ical iodi d d 5 cooled to room-temperature, all solvent was removed under vacuo.
two new symmetrical iodinated compound®soe4,7-1-1,2- Anhydrous hexane (50 mL) was syringed into the remaining solid

CzBigHio, 1, formed unexpectedly during the boron insertion  to|1owed by dichloroboranemethyl sulfide complex (0.4 mL, 3.0
with the dicarbollide dianiomido-7,8-GBgHi1*~ and the  mmol) at 0°C. The mixture was stirred for an additidrérh at
nido-carborane salt [(CHNH][nido-2,4-1,-7,8-GBgH1(], 2, room temperature and then was hydrolyzed with 10 mL of water
which is formed regioselectively whehis subjected to the  to quench excess dichloroborane. The organic layer was separated
stereoselective deboronation reaction with alcoholic base.from the mixture, dried over MgSQand then concentrated on a
rotovap. The resulting solid was purified by recrystallization from
Experimental Section a mixture of 4:1 hexane/ethyl acetate to giverield = 72% (0.63
. o 1

General Considerations.Standard SghlenK line and glovebox. gH%63221T)521?m984l-5|3)511§Nl_|\|/|g|\€: é%rﬁpénqg%ccl)zzdf(ji(;
techr_u_ques were employed for the manipulation of water- and air- i 152),—5.3 (s, 1B,Js_1s 157),~7.9 (d, 1B,Js_y, 153),—10.9
se_nsmve reagents an_d produ_cts. Solvents us_ec_i were reage_nt-grad%d‘ 1B, Js_y; overlapping)—12.6 (d, 3B,Js_y 170),—27.2 (s, 2B).
dried over an appropriate drylpg agent, and d|§tllled under nitrogen. 13C NMR (8, ppm, CDCl) 59.7 (s, carboran€H). HR-EIMS:
Et_her _andn-hexane were distilled from a sodlurbenzophgnone miz calcd 397.9802: found 397.9788.
still prior to use.3 was prepared by previously reported literature Preparation of [(CHs)sNH][Nid0-2,4-1,-7,8-CBoH1d, 2. A

) Lo " h
methods Boron tr_nodlde and dl_chloroborgﬁenethyl sulfide solution of 0.14 g (2.5 mmol, 100% excess) of potassium hydroxide
complex were obtained from Aldrich Chemical Co. and used as . .
received.n-Butvllithium was obtained from Acros Chemical Co in 50 mL of absolute ethanol was placed in a 100 mL three-necked
and tllsec.i asurté/clei\;gd w : : * flask equipped with a magnetic stir-bar, a reflux condenser, and a
Phvsical M ' The 1H. 13C 4118 NMR gas inlet and outlet. After the solution was cooled to room
yswad deasur%mel?tsARi 560 » an ch spgct:ah.ﬁ temperaturel (0.50 g, 1.3 mmol) was added and was stirred for 1
were recorced on a bruker spectrometer. Chemical SNIts , o, temperature and then was heated to reflux temperature

Ior 'Hand’*C NMR spectra were referenced to S|g_na|s of_re3|dual until hydrogen evolution ceased (2 h). After cooling, an additional
H and13C present in deuterated solvents. Chemical shift values 20 mL of absolute ethanol was added. The excess potassium
for 1B NMR spec_tra were r eferenced r e"'?‘“‘"? to externz-_;d-BlEtg_ hydroxide was precipitated as potassium carbonate by saturating
(0 = 0.0 ppm with negayve "a'”es indicating an upfield shift). the solution with a stream of carbon dioxide. The precipitate was
Mass spectra were obtained using a VG Autospec (El) and an o g eq by filtration and washed with five 15 mL portions of
electrospray mass spectrometer. ethanol. The combined filtrate and washings were evaporated to
Preparatlon of €l0s04,7-13-1,2-CpB1oH10, 1. The salt [(CH)s- dryness to yield the crude potassium salt, which was dissolved in
NH][nido-9,11-1-7,8-G:BoHud], 3, (1.00 g, 2.2 mmol) was placed  \ a4er and reprecipitated as the trimethylammonium salt by the
in 30 mL of anhydrous ethyl ether in @ 100 mL three-necked flask 4 qition of 0.50 g (5.2 mmol) of trimethylamine hydrochloride in
equipped with a magnetic stir-bar, reflux condenser, and gas |_nlet 20 mL of water. The precipitated trimethylammonium saltwas
and outlet. The system was slowly flushed with argon. A solution s ateq by filtration, washed with 10 mL of cold water and dried

in vacuo. Yield= 92% (0.51 g, 1.2 mmol), mp: 139140°C.H

(9) (a) Li, J.; Logan, C. F.; Jones, M., Jnorg. Chem 1991, 30, 4866.
(b) Zheng, Z.; Jiang, W.; Zinn, A. A.; Knobler, C. B.; Hawthorne, M. NMR (9, ppm, GD5O) 1:1"18 (m, (GH3)s OH), 2.39 (s, CH, B),
F. Inorg. Chem.1995 34, 2095. (c) Zakharkin, L. I.; Kovredov, A. ~ —3.21 (br, s, endo,H) B NMR (4, ppm, GDeO) —9.1 (d, 2B,
I.; OI'shevskaya, V. A.; Shaugumbekova, Z.J50rganomet. Chem. Jg—n 141),—13.7 (d, 3B, Jg—n 147),—31.6 (s, 3B),—33.5 (d, 1B,
1983 226, 217. Js—+ 146).23C NMR (9, ppm, GD6O) 49.1 (s, carboran@H), 45.5
10) Zheng, Z.; Jiang, W.; Zinn, A. A.; Knobler, C. B.; Hawth M. E. SBH ' ' 186 S o
O e rarn 1095 4, 2005, 1+ Knobler, C. B.; Hawthore, (s, (CHa)s. HR-ESMS: miz calcd 386.9716; found 386.9723.
(11) Yamazaki, H.; Ohta, K.; Endo, Yetrahedron Lett2005 46, 3119. X-Ray Crystallography. Table 1 lists a summary of crystal-
(12) Pak, R. H.; Kane, R. R.; Knobler, C. B.; Hawthorne, M.likorg. i
Chem 1994 33, 5355, Iographlc.data fod and 2..
(13) Mizusawa, E. A.. Thompson, M. R.. Hawthorne, M. Forg. CoIIe_ctlon and Reduc_tlon of X-_Ray Data for 1.A colorless
Chem1985 24, 1911. crystalline cut parallelepiped obtained from a hexane/ethyl acetate
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Scheme 1

2Li* o~

3 HBCly:SMe,
|

1

solution was mounted on a thin glass fiber on a Bruker SMART
1000 ccd diffractometer. Unit cell parameters were determined from
a least-squares fit of 4249 reflections (5.9026 < 56.60). These
dimensions and other parameters, including conditions of data
collection, are summarized in Table 1. Data were collected at 25 Taple 2. Selected Bond Lengths and Angles for
°C. Of the 2904 unique reflections measured, 2732 were considered

Figure 1. ORTEP representation @foso4,7-k-1,2-GB1oH1o, 1.

observed E, > 4o (F.)), but all reflections were used in the lengths (A) angles (deg)
subs_equgnt structure analysis. I_Datz_i were corrected_for Lorentz and ggg:gg)) i:ggggg g((é?g%::gg gg:é?z()lg)
polarization effects and for extinction and absorption. Programs  c(1)-B(5) 1.696(4) B(8)-B(4)—I(4) 123.71(19)
used in this work are those supplied with the Bruker SMART 1000  C(1)-B(6) 1.719(4) B(3)-B(4)—1(4) 116.62(18)
ccd diffractometer. C(1)-B(3) 1.731(4) B(5)-B(4)—1(4) 121.86(19)
) ) C(2)-B(11) 1.690(4) C(2¥B(7)—I(7) 119.91(18)
Solution and Refinement of the Structure of 1.Atoms were C(2)-B(7) 1.697(4) B(8}-B(7)—1(7) 124.72(18)
located by use of statistical methods. All nonhydrogen atoms were C(2)—B(6) 1.722(4) B(3)-B(7)—1(7) 116.90(18)
i i i ic di iti - C(2-B(3) 1.726(4) B(12yB(7)—1(7) 127.61(19)
included with anisotropic displacement parameters. Pos_mon pa BA)—I(4) 2165(3) B(LL-B(7)—I(7) 121.40(19)
rameters of all hydrogen atoms were allowed to vary. The isotropic  g(7)_|(7) 2.159(3)

displacement parameters for hydrogen atoms were based on the
values for the attached atoms. Scattering factors for H were obtainednidOQ 11-b-7,8-GBoHg2~ dicarbollide dianion with BJ did

A . e .
frpm Stewart et at* The maximum and mininum values c3)n a final not give the expected 3,4,7-triiodeearborane. Instead, a
difference electron density map were 0.52 ar@l48 e A3 . . .

new diiodo-carboranel, was obtained as a single product

Collection and Reduction of X-ray Data for 2. A colorless i | ields. 1 btained - bl hi lid
crystalline cut rod obtained from an acetone solution was mounted In low yields. 1 was obtained as an air-stable white soli

on a thin glass fiber on a Bruker SMART 1000 ccd diffractometer. after recrystallization from 4:1 hexane/ethyl acetate. The
Unit cell parameters were determined from a least-squares fit of COMposition ofl was established by mass spectrometry, and
6495 reflections (4.95< 20 < 56.40). These dimensions and  the proposed structure is also supported by its NMR data,
other parameters, including conditions of data collection, are which were further confirmed by the crystallographic study
summarized in Table 1. Data were collected at°@5 Intensities (Figure 1). In thé'B{H} NMR of 1, the resonance at27.2
did not decay during the course of the experiment. Of the 3435 ppm corresponds to two boron atoms and does not exhibit
unique reflections measured, 3197 were considered obsefyed (- coupling which is consistent with the presence of twelB
> 4o (F,)), but all reflections were used in the subsequent structure bonds. Selected bond lengths and bond anglesl fare
analysis. D_ata_were corrected_for Lorentz and pola_lrlza_tlon effects summarized in Table 2.
and for extinction and absorption. Programs used in this work are . . .

The surprising formation of, instead of the expected

those supplied with the Bruker SMART 1000 ccd diffractometer. .. o N
Solution and Refinement of the Structure for 2.Atoms were triiodo-carborane derivative, suggested that steric hindrance

located by use of statistical methods. All non-hydrogen atoms were May play a role in the formation of the final product. Two
included with anisotropic displacement parameters. Methyl hydro- types of steric strain recognized by Browrthat may

gen atoms were placed in calculated positions. Position parameterdnfluence the formation of one product over the other are (i)
of all other hydrogen atoms were allowed to vary. The isotropic a face-to-face interference due to the presence of two bulky
displacement parameters for hydrogen atoms were based on thdodine atoms on the open pentagonal face of the dianion
values for the attached atoms. Scattering factors for H were obtained(Scheme 2), pointing upward and away from the open face
difference electron density map were 0.48 ani42 e A°. “F-strain” and (i) the strain generated in forcing the three
bulky iodine atoms in the planar boron atom (irgBtloser,

to a near tetrahedral geometry during the capping reaction

_ Efforts to prepare a new triiodinateecarborane (as shown  (scheme 2), called “B-strain”, indicating the strain localized
in Scheme 1) yielded unexpected results. The reaction of

Results and Discussion

(15) (a) Brown, H. C.; Bartholomay, H.; Taylor, M. D. Am. Chem. Soc
(14) Stewart, R. F.; Davidson, E. R.; Simpson, WJTChem. Physl965 1944 66, 435. (b) Brown, H. C.; Fletcher, E. Al. Am. Chem. Soc
42 3175. 1951, 73, 2808.
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Scheme 2
A H
[ P [ < e 20,
e i R s AR
! ! BI1 a’  fes '
| | I ‘ ‘\ B5
5> = Sl
S, };,E
Sterically encumbered Sterically allowed |
approach approach
Scheme 3 Figure 2. ORTEP representation efido-2,4-1>-7,8-GBgH107, 2.
Table 3. Selected Bond Lengths and Angles fr
lengths (A) angles (deg)
B(1)-B(2) 1.735(6) C(7¥B(2)-1(2) 122.4(3)
/ B(1)-B(4) 1.756(5) B(1}-B(2)-1(2) 122.7(2)
! ' B(1)-B(3) 1.780(5) B(3}-B(2)-1(2) 117.6(2)
] B(1)—B(6) 1.802(5) B(6}-B(2)-1(2) 125.2(2)
KOH/ETOH KoR/EeH B o) Le8s)  CBGIC) s34
Deboronation of Deboronation of B(2)-B(3 1.740(5 (7 B(3)-B(2 58.5(2
the B3 vertex the B6 vertex 5223-5263 1.747253 cgsisg—sgzg 100.8((3))
B(2)-B(11) 1.788(6) C(7¥B(3)-B(4) 102.3(3)
— B(2)-1(2) 2.198(4) C(8Y-B(3)—B(4) 58.9(2)
H H B -~ B(3)-C(7) 1.715(6) B(2)-B(3)—B(4) 106.4(3)
I I B(3)—C(8) 1.729(6) C(8YB(4)—B(9) 54.8(2)
B(3)—B(4) 1.754(6) B(5}-B(4)—B(9) 59.8(2)
B(4)—C(8) 1.714(5) B(3}B(4)—B(9) 107.7(3)
B(4)—B(5) 1.737(4) B(1)-B(4)—B(9) 109.4(2)
B(4)—B(9) 1.773(5) C(8)yB(4)—1(4) 124.1(2)
B(4)—1(4) 2.191(4) B(5}-B(4)—I(4) 126.1(2)
B(5)—B(9) 1.751(5) B(3)}-B(4)-1(4) 116.9(2)
3 2 B(5)—B(10) 1.763(6) B(1}B(4)—I(4) 122.4(2)
Obtained Regioselectively B(5)—B(6) 1.828(6) B(9)-B(4)—1(4) 122.9(2)
] . B(6)—B(11) 1.777(6)
at the back of the molecule. For the case under discussion, B(6)—B(10) 1.782(5)
the latter B-strain may be the determining factor in the ggg:g((f)l) i:g%ggg
formation of the final product, which results from a-Bi C(8)-B(9) 1.605(6)
(from traces of HBJ) moiety (lesser B-strain) taking part in 386_5&5’)1) }'Sé?%
the capping reaction (Scheme 2) rather tharl Brom Bl3) N(1C)-C(1C) 1.444(8)
(greater B-strain). The targeted synthesislofising the N(1C)-C(3C) 1.466(7)
N(1C)-C(2C) 1.482(8)

dichloroborane-methyl sulfide complex as the capping
reagent resulted in increased yields (72%).

The above results led us to further investigate the avail-
ability of the B3 vertex ofl, sandwiched between two iodine
atoms, for further reactions. As shown previouslthe
two boron atoms (B3 and B6) closest to the carbon atoms
on the cage are the most electron-poor and hence are equall
susceptible to attack by a variety of nucleophiles. As shown
in Scheme 3, if the deboronation reaction occurs at the
B3 vertex of1, the product will be the previousl§known
compoundg3, with the 12th or the “extra hydrogen” located
on the B10 vertex. The product of the deboronation reac-
tion at the B6 vertex ofL would produce a new diiodo-
nido-compound, 2 (Figure 2), with the 12th or the
“extra hydrogen” located between the B10 and B11 atoms.
The base-promoted deboronation reactiorilakesulted in
the regioselective formation o2 as a single product
in high vyields. This result suggests that the availability Conclusion
of the B3 vertex ofl, located between two iodine atoms,
to the attacking nucleophile is hindered, and the debo- Previously? selective deboronation of the B6 vertex could
ronation reaction occurs exclusively at the B6 vertex. be achieved by functionalizing the B3 vertex. In this study,

2 was obtained as a crystalline white product after
recrystallization from acetone solution. The composition of
2 was established by mass spectrometry, and the proposed
structure is also supported by its NMR data, which were
further confirmed by the crystallographic data (Figure 2).
Y the'B{H} NMR of 2, the resonance at31.6 ppm does
not exhibit coupling which is consistent with the presence
of two B—I bonds. Selected bond lengths and bond angles
for 2 are summarized in Table 3. In the monoanion, the
bridging B—H—B hydrogen atom is located between B10
and B11, B16-H101= 1.11(5) A and B1+H101= 1.37-

(5) A. B10—H101-B11= 97(3Y. lodine atoms are bonded

to boron atoms B2 and B4 and are meta with respect to each
other. These boron atoms are also adjacent to the ortho
carbon atoms C7 and C8, respectively.
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