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Hydroxoundecahydro-closododecaborate(2-) as a Nucleophile. Preparation and Structural
Characterization of O-Alkyl and O-Acyl Derivatives of
Hydroxoundecahydro-closcdodecaborate(2-)
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The syntheses, solid state structures, and spectral propert@salsfyl and O-acyl derivatives of hydroxoun-
decahydroelosododecaborate(?), 1, are described. Alkylation df with ethyl iodide was achieved in dimethyl
sulfoxide using potassium hydroxide as a base, leading to-0¥do)4][CH3CH,O—B15H11(2-)], 2, bis-
(tetrabutylammonium) ethoxyundecahydrioesadodecaborate(2) [monoclinic P2;/n, a = 1192.4(9) pmp =
1253.9(4) pmgc = 3049.1(10) pmpS = 92.69(4¥, Z = 4, R1= 0.0693, wR = 0.1517]. Alkylation with 1,5-
dibromopentane afforded the cyclic oxonium salt [PPNHGO—B12H11(1-)], 3, (u-nitrido)bis(triphenylphos-
phorus)(1) tetrahydropyraneundecahydraloscdodecaborate(t) [monoclinicP2;/c, a = 1938.1(2) pmp =
1329.7(10) pmgc = 1944.0(2) pmj3 = 108.82(10), Z = 4, R1= 0.0484, wR = 0.0833]. Acylation ofl in
acetonitrile with acyl chlorides in the presence of pyridine yielded{f{Ho)4]2[CeHsCO,-B12H11(2-)], 4, bis-
(tetrabutylammonium) undecahydrobenzoldsododecaborate(2) [monoclinic P2;/c, a = 1812.0(4) pmp =
1711.9(3) pmg = 1685.0(3) pmj3 = 114.03(3), Z = 4, R1= 0.0915, wR = 0.2093], and [N-C4Hg)4][CHz-
CO,-B12H11(2-)], 5, bis(tetrabutylammonium) acetoxyundecahydiasc-dodecaborate(2) [monoclinic P2i/n,
a=1190.5(2) pmp = 1243.0(10) pm¢ = 3078.4(4) pmp = 92.76(10j, Z= 4, R1= 0.0642, wR = 0.1462].
All crystal structures showed distortion of the pseudoicosahedral geometry of the boron cluster. The boron
oxygen distances varied from 144.2(5) pm 8r148.5(3) pm for5, 149.4(12) pm for4, to 152.8(4) pm foi3.
The 3-fold coordinated oxygen of oxonium salts nearly planar.

Introduction sulfonium salts [RS—Bi2,H11]~. The reaction with acid halides
. . 2_
Boron neutron capture therapy (BNCT) provides an alterna- 93V€ stables-acyl denvanvgg [RCOSBRH?_] T
tive way of treating cancér. The basic idea is to destroy tumor In our course of synthesizing new {1,2]“~ derivatives we

cells by combining two methods: enrichment of boron-10 in have investigated the chemistry of the oxygen analogue of BSH,
cancer cells and subsequent irradiation of the tissue with hydroxoundecahydrolosododecaborate(2) [HO—BizHiy)*"
neutrons. After capturing thermal neutrons the boron nucleus - The preparation oD-benzyl andO-acyl derivatives ofl
disintegrates in ionizing particles, destroying the cell. To realize Nas been described before. sfCH,0—B1H14]>” was ob-
this therapeutic model, boron compounds are needed whicht@ined by the reaction of [BH1>~ with benzoylp-toluene-

accumulate in cancer cells. They should be nontoxic and water-Sulfonate? Reaction of [BzH15]*" with carboxylic acids gave
soluble. Since the icosahedronyjBi1;]2- is hydrophilic and the corresponding carboxylatododecaboratéde report here

known to be harmless to man, it is an interesting compound the (eaction ofl with primary aIkyI halides and acid chlorides
for BNCT. Its thiol-substituted derivative mercaptoundecahy- |€ading toO-alkyl andO-acyl derivatives of hydroxoundecahy-

dro-closododecaboratef2) [HS—ByHi]?~, 6 (BSH), ac- droclosododecaborate(2). The new compounds were char-
cumulates in tumor tissue and is therefore utilized in the therapy aCterized by their crystal structures, infrared and NMR spec-
of gliomas in Japahand Europé. troscopy, and elemental analysis.

To link the boron cluster [BH12]?~ to organic moieties
known to be tumor-seeking, e. g. porphyrins or carbohydrates,

the icosahedron itself is not suitable. Substitution abfB]*~ General Information. TheH and*3C NMR spectra were recorded

is usually achieved by acid-mediated hydride displacerhér. at 360.1 MHz and 90.1 MHz on a Bruker WH 360; tH& NMR
were interested in other ways of derivative chemistry because spectra were recorded at 200 MHz on a Bruker AM 200. All NMR
reactions of this type often lead to the formation of byproducts. spectra were measured in €N at room temperature; chemical shifts
Strongly acidic conditions are also often not compatible with are given relative to TMS or BFOEt. The NMR data of the cations
the presence of other functional groups. Utilizing the sulfur- are omitted. The hydrogens of the boron cluster of all new compounds
substituted icosahedrdhas a nucleophile, it was fouhdhat gave a broad multiplet at 2:80.2 ppm. This multiplet is not listed in

. . . o, the individual NMR data. Infrared spectra were determined as KBr
alkylation by primary alky! halides leads to surprisingly stable pellets on a Biorad FTS-7 spectrometer. Microanalyses were performed

*To whom correspondence should be addressed. Telephone: lCJ;y Analytlst::hehLzboratorlen, Pr?f.' Dr. H Malissa und G. Reuter GmbH,
+49 421 218 2200. Faxi-49 421 218 2871. E-mail: detlef gabel@chemie.uni- Gummersbach, Germany. Melting points are uncorrected{HCs-
bremen.de. Bi1.H11] was prepared according to the literatfire.
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Table 1. Crystallographic Data for Compoun@s-5

Peymann et al.

2 3 4 5
formula GaHggB1oN0 C41H5:B1:NOP»*CHCls CaoHgsB12N20- CasHgeB12N20-
fw 670.8 884.9 746.8 684.8
space group P2:/n P2i/c P2i/c P2i/n
a, pm 1192.4(9) 1938.1(2) 1812.0(4) 1190.5(2)
b, pm 1253.9(4) 1329.70(10) 1711.9(3) 1243.00(10)
c, pm 3049.10(10) 1944.0(2) 1685.0(3) 3078.3(4)
B, deg 92.69(4) 108.820(10) 114.03(3) 92.760(10)
V, nm? 4.554(4) 4.7420(8) 4.774(2) 4.5500(10)
p(calcd), g cm® 0.978 1.239 1.039 1.000
Z 4 4 4 4
u, mmt 0.052 0.295 0.058 0.055
A, pm 71.073 71.073 71.073 71.073
T,K 173 173 173 173
R12 0.0693 0.0484 0.0915 0.0642
WRZP 0.1517 0.0833 0.2093 0.11462

aR1= Y ||Fo| — IFd/l/Y|Fal. bWR, = Y (W(Fe2 — Fcz)z)/Z(W(FOZ)Z-

mmol) of potassium hydroxide, and 32Q (4.8 mmol) of ethyl iodide
were dissolved in 20 mL of dimethyl sulfoxide. The solution was stirred

which was dissolved in boiling water. Addition of 1.42 mg (4.7 mmol)
of tetrabutylammonium chloride gave a precipitate which was recrystal-

for 2 days at room temperature. The solvent was removed at reducedlized from ethanol to give 240 mg (0.32 mmol, 68%) of colorless

pressure at 60C. The residue was washed with methanol and dissolved
in water. Addition of 1.42 g (4.8 mmol) of tetrabutylammonium
chloride gave a precipitate which was filtered off. Crystals for X-ray
analysis were prepared by dissolving in ethanol and allowing diethyl
ether to diffuse into the solution. After a few days 100 mg (0.15 mmol,
31%) of colorless crystals & (mp 208-210 °C) were isolated.

H-NMR: 3.5 (q, CH); 1.1 (t, CH). C-NMR{'H}: 65.0 (CH);
16.7 (CH). IR: 2963, 2875, 2484B—H), 1470, 1379, 1154, 1114,
1045v(B—B), 1017, 916, 890, 803, 740, 717 cin Anal. Calcd for
CasHgsB12N2O: C, 60.88; H, 13.22; N, 4.18; B, 19.34. Found: C,
60.71; H, 13.16; N, 4.13; B, 19.10.

Preparation of [N(CH 3)4];[CeHsCH20-closeB1,H11(2-)] (7). A
200 mg (0.48 mmol) sample df as the cesium salt, 136 mg (2.42
mmol) of potassium hydroxide, and 544 (4.73 mmol) of benzyl
chloride were dissolved in 20 mL of dimethyl sulfoxide. The solution
was stirred for 2 days at room temperature. The solvent was removed
at reduced pressure at 80. The residue was washed with methanol
and dissolved in water. Addition of 515 mg (4.7 mmol) of tetra-
methylammonium chloride and cooling over night gave a precipitate
which was filtered off. The precipitate was washed with small amounts
of water to afford 150 mg (0.39 mmol, 83%) of colorless crystalg of
(mp > 250°C).

H-NMR: 7.4-7.1 (m, GHs); 4.4 (s, CH). *C-NMR{H}: 144.5
(C-1); 127.5, 126.0 (C-2, C-3); 125.5 (C-4); 70.0 (PHIR: 3029,
2477v(B—H), 1487, 1198, 1152, 1054B—B), 1010, 950, 897, 755
cmi,

Preparation of [N(n-C4Hg)4][C sH100-closeB12H11(1-)] (3). A 200
mg (0.48 mmol) sample df as the cesium salt, 136 mg (2.42 mmol)
of potassium hydroxide, and 6% (4.73 mmol) of 1,5-dibromopen-
tane were dissolved in 20 mL of dimethyl sulfoxide. The solution was
stirred for 2 days at room temperature. The solvent was removed at
reduced pressure at 8C. The residue was washed with diethyl ether,
dissolved in hot water, and filtered. Addition of 1.42 g (4.7 mmol) of
tetrabutylammonium chloride gave a precipitate which was recrystal-
lized from ethanol to give 200 mg (0.41 mmol, 87%) of colorless
crystals of3 (mp 159°C). Crystals of they-nitrido)bis(triphenylphos-
phorus)(#-) salt of 3 for X-ray analysis were obtained by dissolving
in chloroform/ethanol and cooling te18 °C.

IH-NMR: 4.4 (t, a-CHp); 1.8 (m, f-CHy); 1.6 (m, y-CHy).
13C-NMR{*H}: 82.1 @-CH;,); 24.8 (3-CHy); 21.1 (-CHy). IR: 2964,
2933, 2874, 2491(B—H), 1471, 1166, 1046(B—B), 968, 946, 884,
738, 720 cm*. Anal. Calcd for GHs/B12NO: C, 53.73; H, 12.24;

N, 2.98; B, 27.63. Found: C, 53.97; H, 12.03; N, 2.86; B, 27.50.

Preparation of [N(n-C4Hg)4]2[CeHsCO2-closoBiH11(2—)] (4). A
200 mg (0.48 mmol) sample df as the cesium salt, 80@L (9.90
mmol) of pyridine, and 80@&L (6.9 mmol) of benzoyl chloride were
suspended in 20 mL of acetonitrile. The suspension was stirred for 2

h at room temperature. The solvent was removed at reduced pressure.

The residue was washed with diethyl ether, dissolved in a small amount
of acetonitrile, and filtered. The filtrate was evaporated to give a residue

crystals of4 (mp 174°C).

H-NMR: 7.9 (M, Hyng); 7.5-7.4 (M, Hneta Hpar). C-NMR-
{H}: 165.2 (G=0); 135.2 (C-1); 130.6 (C-4); 128.9, 127.6 (C-2, C-3).
IR: 2963, 2934, 2875, 2480%(B—H), 1683, 1473, 1327, 1152, 1045
v(B—B), 1005, 891, 878, 800, 741, 714 ci Anal. Calcd for
CagHgeB12N20O,: C, 62.72; H, 11.88; N, 3.75; B, 17.37. Found: C,
62.81; H, 11.77; N, 3.61; B, 17.45.

Preparation of [N(n-C4Hg)4]2[CH 3CO,-closoB1-H11(2-)] (5). A
200 mg (0.48 mmol) sample df as the cesium salt, 80@L (9.90
mmol) of pyridine, and 40Q.L (5.6 mmol) of acetyl chloride were
suspended in 20 mL of acetonitrile. The suspension was stirred for 1
h at room temperature. The solvent was removed at reduced pressure.
The residue was washed with diethyl ether, dissolved in a small amount
of acetonitrile, and filtered. The filtrate was evaporated to give a residue
which was dissolved in warm water. Addition of 1.42 g (4.7 mmol)
of tetrabutylammonium chloride gave a precipitate which was filtered
and suspended in hot ethyl acetate. Ethanol was added until solution.
Slow evaporation at room temperature afforded 120 mg (0.18 mmol,
38 %) slightly yellow crystals o6 (mp 174°C). Crystals for X-ray
analysis were obtained from ethanol/diethyl ether as describe?l for

IH-NMR: 1.95 (s, CH). *C-NMR{*H}: 171.5 (G=0); 12.7 (CH).

IR: 2961, 2934, 2875, 248i/(B—H), 1697, 1477, 1377, 1364, 1291,
1046 v(B—B), 1030, 883, 741 crmt. Anal. Calcd for GsHgeB12-
N0z C, 59.64; H, 12.66; N, 4.09; B, 18.94. Found: C, 59.46; H,
12.72; N, 4.04; B, 18.92.

X-ray Crystal Structure Determination

Crystallographic Data Collection and Refinement of the Struc-
ture of [N(n-C4Hg)4]2[CH sCH;O-closoBi:,H11(2—)] (2). The diffrac-
tion intensities of an approximately 12 0.4 x 0.1 mm colorless
crystal of 2 were collected with graphite-monochromatized Ma K
radiation using a Siemens P4 diffractometer at 173(2) K andth20
scan technique to @max value of 22.49. A total of 7825 reflections
were measured, of which 593R,( = 0.0591) were unique. The data
were corrected for Lorentz and polarization effects. The cell parameters
were obtained from least-square refinement of the setting angles of 30
centered reflections with in the range 5.311.C°.

The structure was solved by direct meth8d#ll atoms except
hydrogens were refined anisotropically.Hydrogen atoms were
included in calculated positions with the common isotropic thermal
parameters for the methyl-, the methylene- and the boron-bonded
hydrogen atoms. The full-matrix least-squares refinement based on
F2 converged with agreement factors R10.0693 and wR= 0.1517
for 5932 reflections and 455 parameters. Crystallographic data are
summarized in Table 1. Atomic positional parameter? afe listed
in Table 2.

(8) Sheldrick, G. M. SHELXS-86. Universit&ottingen, 1986.
(9) Sheldrick, G. M. SHELXL-93. UniversitaGottingen, 1993.
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Table 2. Atomic Coordinates x10%) and Equivalent Isotropic Table 5. Selected Bond Lengths (pm) and Angles (deg)3or
Displacement Parameters (pm 107%) for 2 o(1)-C(1) 145.6(4) o(1}C(5) 147.3(4)
X y z Ueq) O(1)-B(1) 152.8(4) C(13C(2) 150.0(5)
ca) 4730(4) 2219(3) 1168(2) 58(1) @) DL care@ 1%2.20)
c@) 5800(4) 1677(8) 1068(2) 72(2) <) ee B 10
o(1) 4775(2) 3324(2) 1078(1) 42(1) B~50) 1rase g 17619
B(1) 3781(4) 3926(4) 1168(2) 34(1) BO)~B(®) 1rede) BRI 17880
B() 3435(4) 4344(2) 1705(1) 34(1) A 17e30)  BHE 178.70)
B(3) 3921(5) 5311(4) 1327(1) 35(1) B(@-BE) A S 1808
B(4) 3323(4)  4978(4) 798(1)  33(1) B350 17080 2&E 178.80)
B(5) 2474(4)  3829(4) 851(1)  39(1) BE)-BE) ia)  Bare® 17580
B(6) 2559(4)  3440(4)  1412(1)  38() BE~BE) R BrEe) 175.00)
B(7) 2810(4)  5620(4)  1668(1)  32(1) B()-B(10) irias  Bere) 1)
B(8) 2737(4)  6008(4)  1107(1)  39(1) BOB(E) ras)  BOrBY 176.20)
B(9) 1847(4)  5116(4) 8172)  39(1) B(e)-B(10) A U e 178.50)
B(10) 1367(4)  4149(4) 1103(1) 40(1) ()50 1720 BB 178.703)
B(11) 1966(4) 4480(4) 1721(0) 37(1) ngg—sgl)z) e 9((5; 35915&03 177:18
B(12) 1516(4) 5523(4) 1357(1) 36(1) B(10)-B(12) 177.0(5) B(10)B(11) 177.0(6)
aU(eq) is defined as one-third of the trace of the orthogonalizgd B(11)-B(12) 176.9(5)
tensor
: C(1)-O(1)-C(5) 111.9(3) C(I)O(1)-B(1)  122.4(3)
C(5-O(1)-B(1) 121.8(3) O(1}C(1)-C(2)  110.9(3)
Table 3. Selected Bond Lengths (pm) and Angles (deg)Zor C(1)-C(2)-C(3) 111.2(3) C(2yC(3)-C(a) 109.2(3)
C(1)-0(1) 141.3(5) C(1yC(2) 148.9(6) C(5)-C(4)-C(3) 112.1(3) O(1}C(5)-C(4) 110.2(3)
O(1)-B(1) 144.2(5) B(1)-B(6) 177.4(7) O(1)-B(1)—B(4) 118.0(3) O(1yB(1)—-B(5) 121.9(3)
B(1)-B(2) 178.4(6) B(1)B(5) 180.0(7) O(1)-B(1)-B(2)  120.7(3)  O(1}B(1)-B(6)  123.5(3)
B(1)—-B(4) 180.5(7) B(1)-B(3) 180.9(6) O(1)-B(1)-B(3)  117.0(3)
B(2)—B(6) 175.7(7) B(2)-B(11) 176.3(7)
B(2)—B(7) 176.7(6) B(2)-B(3) 178.7(6) Table 6. Atomic Coordinates x10% and Equivalent Isotropic
B(3)—B(7) 176.4(7) B(3)-B(8) 176.6(7) Displacement Parameters (pm 1071) for 42
B(3)—-B(4) 178.4(6) B(4)-B(8) 176.3(7)
B(4)—B(5) 177.2(7) B(4)}-B(9) 177.2(7) X y z Ueaq)
B(5)—B(10) 176.8(7) B(5)-B(6) 177.7(6) B(1) 2599(5) 4547(7) —2626(7) 43(3)
B(5)—B(9) 177.9(7) B(6)-B(11) 177.5(7) B(2) 1613(6) 4234(6)  —3215(7) 43(3)
B(6)—B(10) 177.9(7) B(73-B(11) 175.9(7) B(3) 2351(6) 4071(6) —3615(7) 45(3)
B(7)-B(12) 177.7(7) B(7)-B(8) 177.7(6) B(4) 3286(6) 3852(7)  —2709(7) 50(3)
B(8)—B(9) 175.2(7) B(8)-B(12) 178.2(7) B(5) 3113(5) 3900(6) —1761(7) 38(3)
B(9)—B(10) 178.1(7) B(9)-B(12) 178.4(6) B(6) 2067(6) 4131(6)  —2061(7) 42(3)
B(10)-B(11) 177.8(6) B(10¥B(12) 180.0(7) B(7) 1653(6) 3309(6)  —3675(8) 56(4)
B(11)-B(12) 178.2(6) B(8) 2706(6) 3083(7)  —3380(7) 53(3)
O(1-C(1)-C(2)  111.54) C(I}O(1)-B(1) 115.9(3) Eg%) 2}1333‘3 éiii% _%gg% iégg
O(1)-B(1)-B(6)  126.8(4) O(1}B(1)-B(2)  123.8(4) B(11) 1493(6) 3357(6)  —2725(7) 48(3)
Sgg—ggg—gg ﬁg%g& O(1yB(1)-B(4)  119.4(3) B(12) 2164(6) 2658(7)  —2822(7) 50(3)
: 0o(1) 2715(3) 5411(4)  —2627(4 50(2
. . . . c() 3016(5) 5866(6) —1950%8; 46%33
Table 4. Atomic Coordinates x10*) and Equivalent Isotropic 0(2) 3401(4) 5674(4) —1211(5) 70(2)
Displacement Parameters (pm 107%) for 32 c) 2845(5) 6721(6) ~2192(7) 45(3)
X y 7 Ueq) c@d) 2510(5) 6952(6)  —3049(7) 54(3)
0o(1) 1399(1) 8422(2) 2505(1) 46(1) ggg ggggg ggggg _gég?ggg 675283
ggg %g% ggggg i%g‘l‘% Séﬁﬂ c(6) 2884(6) 8058(6)  —1741(9) 71(3)
o) 288(2) 8231(3) 1107(%) 26(0) c() 3047(5) 7273(6) 1526(7) 59(3)
C4) 818(2) 7388(3) 1450(2) 62(1) aU(eq) is defined as one-third of the trace of the orthogonalizgd
C(5) 1522(2) 7777(4) 1939(2) 66(1) tensor.
B(1) 1512(2) 8036(3) 3274(2) 30(1)
B(2) 1564(2 6737(3 3459(2 34(1 - oo -
80 mme  sLO e B0 oA e O e e
B(5) 1153(2) 8664(3) 3872(2) 31(1) w?th 6 in the range 7.210.3. The refinement similar t@ converged
B(6) 823(2) 7446(3) 3539(2) 30(1) with agreement factors of R 0.0484 and wR= 0.0833 for 8329
B(7) 2209(2) 6600(3) 4335(2) 35(1) reflections and 566 parameters. The compound crystallizes with one
B(8) 2543(2) 7816(3) 4674(2) 31(1) solvent molecule of CHGI Crystallographic data are summarized in
B(9) 1796(2) 8516(3) 4752(2) 31(1) Table 1. Atomic positional parameters ®fare listed in Table 4.
B(10) 1009(2) 7746(3) 4472(2) 34(1) Crystallographic Data Collection and Refinement of the Struc-
B(11) 1263(2) 6561(3) 4215(2) 36(1) ture of [N(n-C4Hg)4][CeHsCO--closoB1H11(2—)] (4). The intensities
B(12) 1865(2) 7217() 4960(2) 82(1) of a colorless needle shaped crystal of approximatexl@21 x 0.1
aU(eq) is defined as one-third of the trace of the orthogonalizgd mm were collected on a Siemens P4 diffractometer in a fashion similar
tensor. to that used foR. A total of 5442 reflections were measured, of which
4335 Rt = 0.1270) were unique. A total of 29 centered reflections
Crystallographic Data Collection and Refinement of the Struc- with 6 in the range 3.77.5° were used for determining the cell
ture of [PPN][CsH1¢dO-closaB1,H11(1-)] (3). The diffraction intensi- parameters. The refinement similara@onverged with RE 0.0915
ties of a colorless crystal of approximate 0<50.3 x 0.1 mm were and wR = 0.2093 for 4335 reflections and 508 parameters. Crystal-

collected on a Siemens P4 diffractometer in a fashion similar to that lographic data are summarized in Table 1. Atomic positional param-
used for2. A total of 10134 reflections were collected t@aax value eters of4 are listed in Table 6.
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Table 7. Selected Bond Lengths (pm) and Angles (deg)4or

Peymann et al.

Table 9. Selected Bond Lengths (pm) and Angles (deg)5Sor

B(1)—0(1) 149.4(12) B(1)B(2) 173.9(13) 0(1)-C(1) 132.5(3) O(1)yB(1) 148.5(3)
B(1)—B(3) 174.3(14) B(1)-B(6) 175.8(14) 0(2)-C(1) 119.4(3) C(1yC(2) 150.2(4)
B(1)—B(5) 176.3(14) B(1)-B(4) 176.9(14) B(1)—B(2) 176.3(4) B(1)-B(5) 177.2(4)
B(2)—B(3) 174.9(13) B(2)B(11) 176.9(14) B(1)—B(3) 177.5(4) B(1)-B(4) 177.8(4)
B(2)—B(7) 177.8(14) B(2)-B(6) 178.6(14) B(1)—B(6) 178.1(4) B(2)-B(6) 176.8(4)
B(3)—B(7) 179.1(14) B(3)-B(8) 179.0(2) B(2)—B(11) 177.1(4) B(2)-B(7) 177.7(4)
B(3)—B(4) 179.9(14) B(4)-B(9) 174.0(2) B(2)—B(3) 179.0(4) B(3)-B(8) 177.6(4)
B(4)—B(5) 175.1(14) B(4)-B(8) 177.3(14) B(3)—B(7) 177.7(4) B(3)-B(4) 178.4(4)
B(5)—B(9) 175.2(14) B(5)-B(10) 177.7(13) B(4)—B(8) 177.6(4) B(4)-B(9) 177.8(4)
B(5)—B(6) 179.4(13) B(6)-B(11) 177.2(14) B(4)—B(5) 178.3(4) B(5)-B(6) 176.6(4)
B(6)—B(10) 179.6(13) B(7rB(11) 174.0(2) B(5)—B(10) 177.0(4) B(5)-B(9) 179.5(4)
B(7)—B(12) 176.0(2) B(7)-B(8) 180.6(14) B(6)—B(11) 176.2(4) B(6)-B(10) 177.5(4)
B(8)—B(12) 177.0(14) B(8)B(9) 178.0(2) B(7)—-B(11) 176.3(4) B(7)B(12) 176.7(4)
B(9)—B(10) 173.3(14) B(9)B(12) 176.1(13) B(7)—B(8) 177.2(4) B(8)-B(9) 176.5(4)
B(10)-B(12) 174.6(14) B(10yB(11) 177.9(13) B(8)—B(12) 177.4(4) B(9-B(12) 177.7(4)
B(11)-B(12) 176.1(14) O(%yC(1) 130.2(10) B(9)—B(10) 177.8(4) B(10yB(11) 178.1(4)
C(1)—-0(2) 119.9(10) C(1yC(2) 151.7(13) B(10)-B(12) 178.1(4) B(11yB(12) 176.7(4)
C(2)-C(3) 137.9(12) C(C(7) 139.7(12)
C(3)-C(4) 142.1(12) C(4yC(5) 137.2(13) C(1)-0(1)-B(1) 124.4(2) O(2)C(1)-0(1) 126.9(2)
C(5)-C(6) 138.8(13) C(6¥C(7) 139.3(12) 0(2)-C(1)-C(2) 121.1(2) O(2yC(1)-C(2) 111.9(2)
O(1)-B(1)—B(2) 126.1(2) O(1)yB(1)—B(5) 115.5(2)
O(1)-B(1)—B(2) 114.6(7) O(1)B(1)—B(3) 116.3(8) O(1)-B(1)—B(3) 126.2(2) O(1)B(1)—B(4) 119.5(2)
O(1)-B(1)—B(6)  120.7(8) O(1yB(1)—B(5) 126.6(7) O(1)-B(1)—B(6) 119.6(2)
O(1)-B(1)—B(4) 124.2(8) C(1yO(1)-B(1) 126.8(8)
0(2)-C(1)-0(1) 127.3(9) O(2yC(1)-C(2) 120.7(10) i ich i i i
O -C(1)-C(2)  112.0(10) three singlets, which is consistent with tBg symmetry of3,

Table 8. Atomic Coordinates % 10*) and Equivalent Isotropic
Displacement Parameters (pm 107%) for 52

and by its solid state structure determined by X-ray analysis.
Colorless crystals of the acetdieand the benzoaté were

obtained similar to the procedure described for thioestes of

in the reaction ofl with the corresponding acid chlorides/

X y z Ueq) e -
pyridine in acetonitrile. The molecular structuresdofnd5
8% gzgg% éiéﬁgg géggg zggg were determined by single-crystal X-ray diffraction.
c() 9847(2) 2825(2) 1219(1) 33(1) The structures of the cations tetrabutylammonium and (
SO ) 1oy 147D 2D notbe discussed further. Table 3 ists selected bondlength and
not be discussed further. Table 3 lists selected bond length an
B(2) 8366(2) 785(2) 1680(1) 27(1) angles of [CHCH,0-closoB12H11(2—)] (2), and a plot showing
E% ;g;i% iggggg 1;’3;8)) ég&; the molecular structure &is given in Figure 1. The molecule
B(5) 8300(2) 121(2) 789(1) 31(1) consists of an icosahedral boron cluster with one ethoxy ligand.
B(6) 8920(2) —143(2) 1311(1) 29(1) The pseudoicosahedral geometry of the cluster is distorted. The
B(7) 6902(2) 527(2) 1699(1) 29(1) B—B bond lengths range from 175.2(7) to 180.9(6) pm. The
B(8) 6266(2) ~ 787(2) 1178(1) 33(1) B(1)—O(1) distance is 144.2(5) pm which is similar to the
B(9) 6819(2) 134(2) 807(1) 35(1) reported bond length for 4-M8-7-MeO-BgHj, (8) (143.5
B(10) 7808(2) ~969(2) 1098(1) 33(1) pm)10 Significant difference from spgeometry is found for
B(11) 7850(2) —551(2) 1652(1) 29(1) : o N
B(12) 6557(2) —555(3) 1345(1) 33(1) the B(1)-0O(1)—C(1) angle [115.9(3]. Similar deviation is

aU(eq) is defined as one-third of the trace of the orthogonalizgd
tensor.

Crystallographic Data Collection and Refinement of the Struc-
ture of [N(n-C4Hg)4]o[CH 3CO,-closeBi1H11(2—)] (5). The diffraction
intensities of a colorless crystal of approximate ¥.10.3 x 0.1 mm

observed foB (114.5). The B(12)-B(1)—0O(1) angle (175.3
deviates by 4.2from linearity.

Selected bond lengths and angles ofHigO-closeBioH11-
(2-)] (3) are given in Table 5. A view of the solid state
structure is shown in Figure 2. The crystal structure confirms
the presence of the oxonium salt. The six-membered ring exists

were collected on a Siemens P4 diffractometer in a fashion similar to in the chair conformation. The most striking feature is the planar
that used fo2. A total of 17289 reflections were measured, of which  coordination of the oxygen (the sum of the bond angles is
5019 R = 0_14384) v\ﬁare unique_ﬁ'rhe (r:]ell parameters were oﬁtained 356.T). The coordination of the tetrahydropyrane ligand to
rom 35 centered reflections with in the range 5.516.0°>. The _ :
refinement similar t& converged with R 0.0642 and wR= 0.1462 [C.|OSOBlZH11(1 )l changes bond lengths of the ring only
slightly. Compared to the molecular structure of gaseous

for 8019 reflections and 464 parameters. Crystallographic data are . L
summarized in Table 1. Atomic positional parameter$ afe listed tetrahydropyrane determined by electronic diffractiblanger

in Table 8. C—0(1) bonds [145.6(4), 147.3(4) pm f8f 142.0(2) pm for
tetrahydropyrane] foB are found whereas -©C bonding is
Results similar. The B-B bonds lie in the range of 174.0(5) to 180.6-

(5) pm proving cluster distortion from icosahedral symmetry.
The B(1)-0O(1) distance oB is quite long with 152.8(4) pm,
robably due to the higher coordination number of oxygen.
Table 7 lists the bond length and selected bond angles of the
anion [GHsCO,-closoB12H11(2—)] (4), and a plot of the
structure is shown in Figure 3. The three bond angles at the
carboxylate carbon are 127.3{9D(2)-C(1)-O(1)], 112.0(10)

Syntheses. Alkylation and acylation of the hydroxy group
attached to the boron cluster could be achieved as shown in
Scheme 1 by standard procedures. The alkylation reactions werd’
carried out in dimethyl sulfoxide using potassium hydroxide as
a base. Alkylation ofl with benzyl chloride gave th@-benzyl
derivative7, and the ethyl derivativ2 was obtained by reaction
with ethyl iodide. The crystal structure @ was determined
by X-ray diffraction analysis. Alkylation ofl using 1,5-
dibromopentane afforded the cyclic oxonium saltThis was
proven by the proton decouplédC-NMR spectrum showing

(10) Subrtova, VCollect. Czech. Chem. Commuif71, 36, 4034.
(11) Breed, H. E.; Gundersen, G.; Seip,ARRta Chem. Scand.979 A33
225.
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Figure 3. Structure of [GHsCO,—B1.H11(2—)] (thermal ellipsoids at
50% probability).

Figure 1. Structure of [CHCH,O—B1,H11(2—)] (thermal ellipsoids
at 50% probability).

Ci2) c

0(2)

Figure 4. Structure of [CHCO,—B12H11(2—)] (thermal ellipsoids at
Figure 2. Structure of [GH1¢0—B12H11(1-)] (thermal ellipsoids at 50% probability).

50% probability).
carbon of 126.9(2)[0(2)—C(1)-0(1)], 111.9(2) [C(2)—C(1)—
[C(2)-C(1)-O(1)], and 120.7(10)[O(2)—C(1)-O(1)], respec-  O(1)], and 121.1(2) [O(2)—C(1)—O(1)], respectively. The
tively. The C(1)-O(2) double bond is 119.9(10) pm long; the  B(1)-0O(1)-C(1) bonding angle is 124.4R)the B(12)-B(1)—
C(1)-0O(1) single-bond is 130.2(10) pm. The-B bond O(1) angle is 1747 in the range of compoundl
distance varies from 173.3(14) to 180.6(14) pm, again showing |R Spectra. The vibrational frequency of the B4 bond
deviation from the icosahedral geometry. The length of the (B—H) or the B-B bondv(B—B) was not found to be sensitive
B(1)—0O(1) bond [149.4(12) pm] is a little shorter than the one to derivation of the boron cluster. For compouris, 4, 5,

found in3. Noticeable is the difference for the B(¥2B(1)— and7 »(B—H) lies in the range of 2491 to 2477 cfy while
O(1) angle (173.9) from the ideal 180. The B(1)-O(1)— v(B—B) varies from 1052 to 1045 cm. Compared to the
C(1) bonding angle of 126.8(8pf compound4 diverges from frequencies of [BH12]?~ [v(B—B) = 2486, 2462 cmt; »(B—
the tetrahedral, Sghybridized geometry of oxygen. H) = 1073, 1057 cm]!2 only slight differences were found,

The X-ray structure of [CHCO,-closoB;12H11(2—)] (5) (Table indicating that intracluster bonding is not perturbed by substitu-
9, Figure 4) shows features similar to thosedafith a B(1)—
O(1) distance of 148.5(3) pm, bonding angles at the carboxylate (12) Srebny, H. G.; Preetz, W. Naturforsch.1984 39b, 189.
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Table 10. B NMR Chemical Shifts (ppm) of Compounds 3, 4,
5, and7

substituent compdno. B(1) B{B) B(7—11) B(12) ref
H —-153 —-153 —-153 -—15.3 18
OC;Hs 2 11.7 -11.3 -127 -175
OCH,CsHs 7 123 -11.2 -126 -—173
OCOCH; 5 79 -107 -—-122 -154
OCOGHs 4 82 -10.6 —122 -154
O(—=CH,—)s 3 13.6 -10.7 -10.7 -155

tion of the icosahedron. Similar results were obtained by
comparison of the IR spectra of monohalohydrododecabovates.
1B NMR Spectra. Table 10 presents the chemical shifts of
compound®, 3, 4, 5, and7. The spectra show a 1:5:5:1 pattern
typical for monosubstituted B-derivatives. Chemical shifts of
different O-substituted derivatives of show only small
variations. Compared to [BH:5]2~ the B-1 atom is strongly
effected by substitution due to thd effect of oxygen. Because
of the positively charged oxygen, the B-1 of the oxonium salt
3 shows the greatest downfield shift. Since the deshielding of
the —I| effect decreases with distance, vertices-B§2 resonate
at higher frequency than vertices B{T1).

Discussion

The alkylation of [HS-B12H15]2~, 6, had been realized by
reaction with alkyl halides in acetonitrife.Since the hydroxy
group of [HO-B1,H11]27, 1, is less nucleophilic than the thiol

Peymann et al.

undecahydrododecaborate(1(9)4and6.15 All boron clusters
show distortion from the pseudo-icosahedral geometry, probably
because of packing interactions. A similar variance has been
observed fo® where the B-B lengths vary from 173.0(14) to
179.6(14) pmi* The B(1)-0O(1) distance seems to be influ-
enced by steric interactions between boron cluster and ligand
rather than by ©B & donation. The longest B(3)O(1)
distances are found for the tri-coordinated oxyge8,iand the
esters4 and 5, which could be due to repulsion between the
carbonyl group and thes-hydrogens of the icosahedron.
Widening of the B(1)O(1)-C(1) bonding angle can be
explained by the same reason. For the ester derivadizesl

5 with a bonding angle of 126.8(8) and 124.4(#)e deviation

is considerable larger than f& [115.9(3F]. The sum of
bonding angles of the tricoordinated oxygen 3ifs 356.F,
suggesting that the oxygen has a nearly planar geometry. This
has been observed for other tricoordinated oxygens attached to
boron clusters, as for example in tetrahydrofurane adducts to
carborane3® The oxygen of the triphenyloxonium ion was
found to be planar as well,which has been explained by steric
requirements of the oxygen ligands rather than by lone-pair
effects.

Conclusions

A novel route to anions of the type [REB1.,H11]2~ with R
= alkyl and acyl and [@H100—B1,H11]~ has been devised by
the reaction of [HG-B1,H11]%~ with alkyl halides and acid

group of6, potassium hydroxide was necessary in the case of chlorides. X-ray structural analysis and IR spectra of com-

alkylation of 1. As opposed t5, alkylation of 1 generally
afforded monoalkylated derivatives. This is probably due to
sterical hindrance since the-B bond is 40 pm shorter than
the B—S bond, and lower nucleophilicity of oxygen. Solely
reaction with 1,5-dibromopentane gave the cyclic oxonium salt

pounds2, 3, 4, and5 suggest that no change in cluster bonding
takes place. Differences in the pseudoicosahedral geometry of
the boron cluster are explained by cation polarisation whereas
the bonding situation of the oxygen ligands differs in depen-
dency on sterical hindrance. Reactionslofvith compounds

3, probably because entropical and kinetic reasons favor of possible clinical interest can now be investigated.

formation of the six-membered ring.
Compound3 is very stable and can be recrystallized from

water without decomposition. It can be interpreted as an adduct

of tetrahydropyrane with the unknown boron hydride undecahy-
dro-closcdodecaborate@). H-NMR data of3 on the other
hand are similar to the chemical shifts of protonated tetrahy-
dropyrane. The chemical shift of thhe CHx-group of tetrahy-
dropyrane, for example, changed from 3.6 ppm to 5.0 ppm for
its protonated fornd? For compound3 a downfield shift of
0.8 ppm to 4.4 ppm was found. Also tR&C-NMR spectra
showed a downfield shift of 12.6 ppm for tleering carbon of
3(82.1 ppm), compared to tetrahydropyrane (69.5 ppm). NMR
data of3 do at least indicate a positively charged oxygen.
Compound<2, 3, 4, and5 are the first oxygen-substituted
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