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Introduction

Little is known about the reactions of organic moieties
attached tocloseboranes. In previous investigations we
reported the derivatization of jgH1.SH]?~, [B12H11NH3g] ~, and
[B12H110OH]J?~.173 The alkylation of the latter with dibromo-
pentane gave [BH1:0(CHy)s]~, 1.2 Compoundl contains a
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Scheme 1. Pathways in the Reaction dfwith Nucleophiles
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to fluorine. The'H NMR spectrum of2 contains a doublet of

tricoordinate oxygen atom and therefore was interpreted as antriplets for a CHF group recorded at 4.4 ppm. Since the

oxonium salt, although it showed surprising stability with respect
to hydrolysis. In this note we describe the reaction4 ofith
halide and hydroxide ions in THF solution which result in the
opening of the tetrahydropyran ring.

Results and Discussion

Principally, three different reaction pathways are conceivable
in the reaction of [B;H1:0(CH,)s]~ with nucleophiles due to
the positively charged oxygen df(see Scheme 1). The first
pathway, the replacement of the cyclic ether by the anion Nu
(Nu = F, Cl, OH), would afford [B,H1i:Nu]?>~ and tetrahydro-
pyran. In the second route, a Hofmann-type dealkylation at
the trisubstituted oxygen, the anion Nwould act as a base
abstracting thg-proton of the tetrahydropyran ring, leading to
the formation of HNu and the olefin fgH1;0(CH,)sCH=CH;]?".
The third possible pathway would be ag2substitution at an
o-carbon of tetrahydropyran affording {B4110(CHg)sNu]?.

The reactions of compound with tetrabutylammonium
fluoride, tetrabutylammonium hydroxide, and tetrabutyl-
ammonium chloride, respectively, were carried out in THF
solution. In the case of the fluoride and hydroxide ions, the
room-temperature conversion bfto the new specie8 and3
was observed by HPLC. However, a solution dfand
tetrabutylammonium chloride in THF did not react, even when
refluxing for 24 h.

It was found that both fluoride and hydroxide ion reacted
with 1 according to pathway 3 affording compounds of the type
[B12H110(CH)sNUJ?~ (2, Nu=F; 3, Nu= OH). The structures
of compound® and3 were determined by NMR spectroscopy.

The!®F NMR spectrum of consists of a multiplet at217.0
ppm with a pattern typical for the G&H,F moiety. This signal
is split into a triplet of triplets due to the gemindD(*H—19F)
= 47.5 Hz] and vicinal proton couplingJ(*H—1%%F) = 25.0
Hz]. Five13C{'H} NMR resonances were observed, of which

chemical shifts as well as tH&(*3C—°F) (n = 1—3) and2J(*H—
19F) coupling constants are consistent with a terminal fluoroalkyl
group, the structure of is readily assigned to the fluoro-
pentamethylene derivative [BH1,0(CHy)sF]%.

TheH NMR spectrum of3 recorded in DMSQdg contained
a triplet at 4.3 ppm which was assigned to the hydroxyl proton
since it vanished upon addition o£0. A multiplet at 3.4 ppm
resolved into two triplets upon the addition ob®@ and was
attributed to the two CkD hydrogens. Five singlets were found
in the 13C{1H} NMR spectrum of3. All NMR data for 3 are
consistent with the derivative jBH1;0(CH;)sOH]?~. No
evidence for an olefinic group was found, ruling out the
possibility that reaction pathway 2 had taken place.

Of the three possible reaction pathways described in Scheme
1 only one took place, the nucleophilic substitution reaction at
the a-carbon atom of the trisubstituted oxygen. The replacement
of the boron-bound tetrahydropyran ligand by a nucleophile is
not feasible, probably due to the strong boraxygen bond.
We assume that compoutdnight react according to pathway
2 with the application of a sterically hindered base such as
potassiumert-butoxide. The anticipated product of this reac-
tion, [B12H1:0(CH,)CH=CH]?~, would provide a double bond
with the potential for further derivative chemistry. The oxonium
salt 1 reacted only with fluoride and hydroxide ions. No
conversion was observed in the case of the chloride ion. This
was unexpected taking into account that the chloride ion is
usually a better nucleophile than the fluoride or the hydroxide
ion. We conclude that the hardness of the applied base is an
important factor for the observed reactions. Both the fluoride
and the hydroxide ion are hard bases. It is possible for these
two ions to replace the softer base, the uncharged disubstituted
oxygen. The chloride ion, on the other hand, cannot displace
the ether oxygen, since chloride is considered to be a softer
base than the fluoride or the hydroxide ion.

the signals at 84.0, 30.0, and 21.6 ppm appeared as doublets A somewhat similar ring opening of a cyclic ether has been

due to the direct!p(*3C—19F) = 161.8 Hz], geminalP(13C—
19F) = 18.6 Hz], and vicinal JJ(*3C—1%) = 5.4 Hz] coupling
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reported previously. The boron cluster [BH1g]?~ was found

to react in the presence of NaOMe in THF to afford the
[B2oH180(CH)4OMel*~ anion. However, in this case no
evidence for a chemical bond between the THF molecule and
the boron cluster could be found prior to the ring-opening
reaction.
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Conclusion in ethanol and allowing diethyl ether to diffuse into the solution afforded

) ) B 180 mg (0.25 mmol, 58%) of large, colorless crystals (mp AGpHof
In this study it was shown that the formally positively charged 2.

oxygen of tetrahydropyran bound toiBi1;~ polarizes the IH NMR: 4.4, CHF (dt,J = 47.5, 6.3 Hz). *C{H} NMR: 84.0,

a-carbon atoms of the ether ring. This polarization allows for cH,F (d, J = 161.8 Hz); 67.8, OCh 31.5, OCHCH,; 30.0, CH,-

the nucleophilic attack of hard bases like fluoride and hydroxide CH,F (d, J = 18.6 Hz); 21.6,CH,CH,CH.F (d, J = 5.4 Hz). 1°F

ions, whereas the softer chloride anion did not react. The NMR: —217.0, CHF (it, J = 47.5, 25 Hz).

substituted pentamethylenealkoxy derivatives oH3;~ were Anal. Calcd for GiHe3aB1FNLO: C, 60.80; H, 12.83; B, 17.75; N,

isolated in good yields. The monohydroxy compouhi a 3.83. Found: C, 60.83; H, 12.79; B, 17.60; N, 3.82.

useful synthon for further derivative chemistry. It can be  Synthesis of [NA-C4Hg)d]2[B12H1:O(CH2)sOH], 3. A sample of

described as a BHi;~ moiety to which a hydroxy group is  0.32 g of1 (0.68 mmol) and 2.0 g of tetrabutylammonium hydroxide

attached to the boron cage with a pentamethylenealkoxy chaindecahydrate (2.50 mmol) were dissolved in 20 mL of THF. The

as a spacer. It should therefore be possible to utilize the reaction mixture was stirred for 20 h at room temperature and turned

reactivity of the hydroxy group in order to attach the icosahedral Slightly red. After removal of the solvein vacug the gummy residue

boron cluster to tumor-seeking compounds, which is of con- maz(?ﬂrerggs'” zi()eigﬁe()f ‘g’r"’]‘(tjerﬂ‘]‘gt'gé :g:?éf"f,\‘ljéstﬁoi\(l’gg "t":se(\jl'zzg'r‘gig o

siderable interest in boron neutron capture thefapy. precipitate 0.33 g (0.45 mmol, 66%) of (mp 162) 3.

Experimental Section HNMR: 4.3, OH (t); 3.4-3.3, 2 OCH (m). **C{!H} NMR: 68.1,

CH,OB; 61.0, CHOH; 32.9, CH,CH,OH; 32.0, CH,CH,OB; 22.4,
The NMR data were recorded in DMS@-at room temperature with CHCH,CHO.

*H NMR (6(TMS) = 0.0 ppm) at 360.1 MHZ*C{*H} NMR (6(TMS) Anal. Calcd for G/HeB12N:O2: C, 60.97; H, 13.00; B, 17.80; N,

= 0.0 ppm) at 90.1 MHz, antfF NMR (5(CFCk) = 0.0 ppm) at 338.9  3.84. Found: C, 60.95; H, 12.88; B, 17.64; N, 3.80.

MHz. Only selected NMR data are givenin the Expenme_ntal Section.  Reaction of 1 with Tetrabutylammonium Chloride. A sample

Mlcroa_nalyses were performed by Analytische Laboratorien, Prof. I_Dr. of 150 mg of 1 (0.21 mmol) and 297 mg of tetrabutylammonium

H. Malissa und G. Reuter GmbH, Gummersbach, Germany. Melting cp|orige (1.07 mmol) were dissolved in 10 mL of THF. The solution

points obtained on a Gallenkamp melting point apparatus are un- -« afluxed for 24 h, and the solvent was remoiedacua ThelH

corrected.. NMR spectrum of the residue showed only signals of the starting
Synthesis of [NA-C4Hg)4]2[B12H110(CHo)sF], 2. A sample of 200 material.

mg of [N(n-CsHg)4][B 12H1:0(CHy)s] (0.43 mmol),1,2 and 675 mg of
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