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The icosahedral dicarboranes and their decapitated aniof112R5B10H1 (closg and [7-R-7,8-GBgH1o] ~
(nido), exert a distict influence at the position of substituents attached to the cage carbon atomclblse
fragment is electron-withdrawing while th@do anion is electron-releasing. These effects are studieé®y
NMR, phosphorus oxidation, and phosphorus protonation in [782R-7,8-GBgH1q ~ species. ThéP NMR
chemical shift dependence is related to the R alkyl or aryl nature of pF8PIR-7,8-GBgHig . No direct
relationship to the nature of the R substituent on rifdo-carboranylmonphosphine toward oxidation has been
found. The basicity of thaido-alkylcarboranylmonophosphines is the highest while the lowest corresponds to
thenido-arylcarboranylmonophosphines. Interpretation can be carried out qualitatively by considering the electronic
properties of the cluster and the nature of the R groups. The influenceisfd®s relevant. Confirmation of the
molecular structure of the oxidated and protonatgtb-carboranylmonophosphine compounds was obtained by
X-ray diffraction analysis of [NBg[7-P(O)Ph-8-Ph-7,8-GBgH1¢] and [7-PH{Pr)-8-Me-7,8-GBgH1q).

Introduction piperidine-toluené in a 1:4 ratio ¢losocarboranylmonophos-

Terti hosphi th ti tant ligand phines:piperidine) at 28C, theclosoprecursor is left unaltered.
ertiary phosphines aré among theé most important igands geyer resylts were obtained in toluene forlaso-carboranyl-

in inorganic chemistry. This comes as a result of their electronic monophosphine/piperidine ratio of 1:50 or in ethanol with a
and steric properties that make them very valuable in coordina- ratio of 1:258 '

tion chemistry and catalysis. Their nucleophilicity, in general,
increases with increasingp, although within a given series

of phosphines it is modified by steric hindraricén general,
tertiary phosphines are very sensitive specs®mwing weakly
basic properties and are readily oxidized by air to produce even
more weakly basic molecules such as phosphine oxides.
Oxidation and protonation reactions are of particular importance
in understanding the activity of phosphirfes.

We reported earliéithe synthesis and structural characteriza-
tion of several monosubstituted 1,2-dicaddasc-dodecaborane
derivatives which incorporate a phosphorus atom bonded to OneExperimentaI Section
of the cluster carbon atoms. Thedeso-carboranylmonophos-
phines are less basic than similar organophosphorus compounds Instrumentation. Microanalyses were performed in our analytical
and less reactive toward oxygen, acids, and metal ions due tolaboratory using a Carlo Erba EA1108 microanalyzer. IR spectra were
the influence of the carborane cluster on the P atom. On the recorded with KBr pellets on a Nicolet 710-FT spectrophotometer. The

contrary, theimido-derivatives are very reactive toward metals .- NMR (300.13 MHZ)'lllB NMR (96.29 MH2),*'P and*P{*H} NMR
ions5 (121.48 MHz), and®C{H} (75.47 MHz) spectra were obtained on

. . . Bruker ARX 300 instruments. All NMR measurements were performed
Itis important to point out that the deboronation process from i, qeuterated solvents at ZZ. The B NMR chemical shifts are

closocarboranylmonophosphinesio-carboranylmonophos-  referenced to external BROEL, while the H and 3C data are
phines is not easy to deal with. If deboronation is attempted referenced to SiMe The 3P data are referenced to external 85% H
with alkoxide® the expectedhido species is not produced, due PQ,. Chemical shifts are reported in units of parts per million (ppm),

to the cleavage of the dasie—P bond. If it is attempted with and all coupling constants are reported in hertz (Hz). Thélfbridge)
coupling, corresponding to the B(10) observed at-€30 ppm, is not
indicated in the''B NMR data. In most of the cases, these couplings

The nido-cluster strongly influences the phosphorus atom
response, not only in the easily observable shielding chemical
shift in 3P NMR but in their chemical properties. In this paper,
we report on the preparation of nexdo-carboranylmonophos-
phines, the contribution of theido cluster to the’'P chemicall
shift in the NMR spectra, and their reactivity toward oxygen
and acids. The crystal structures of [Nffd-P(O)Ph-8-Ph-
7,8-GBgH1g] and [7-PH{Pr)-8-Me-7,8-GBgH1q] are also re-
ported.

TInstitut de Ciecia de Materials de Barcelona.

* University of Turku. just broaden the doublet, thus making the calculation difficult and
8 University of Helsinki. inaccurate; however, they can be estimated to be ca. 40 Hz. Positive
(1) Smith, D. J. HComprehengie Organic ChemistryPergamon Press:  values of the shifts, according to the IUPAC convention, are to high
Oxford, 1979. . . _ frequency.
@ ,'f]‘t’jfs';‘gﬁ'c'g; '\,/\ll"ex%grr](l,"(fgrg_%ggzh%phorus Compoundsiley Materials. Thec_IosocarboranyImonophosphines [1-RR2tPh-1,2-
(3) Berners-Price, S. J.; Norman, R. E.; Sadler, B. Jnorg. Biochem. C:BioH1q] and [1-P(Pr)-2-Ph-1,2-GB1oH:q] and nido-carboranylmono-
1987 31, 197. phosphines [NBY[7-PPh-8-Ph-7,8-GBgH1d], [NMe4][7-PPh-8-Me-
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7,8-G:BoHag], [NBug][7-P(Pr)-8-Me-7,8-GBoHag], [NBu,][7-PEt-8-
Me-7,8-GBgH,q and [NMe][7-PPh-7,8-GBgH11] were prepared
according to the literature? Piperidine, toluene, and ethanol were of

Teixidor et al.

CO), 6: —7.9 (d, 1B,%(B,H) = 115), —9.0 (d, 1B, J(B,H) = 152),
—13.5 (d, 1BH(B,H) = 144), —15.1 (d, 1B,X(B,H) = 192), —17.2
(d, 2B, 13(B,H) = 154), —18.7 (d, 1B}(B,H) = 154), —31.8 (d, 1B,

reagent quality. The solvents were dried from sodium and deoxygenated.*J(B,H) = 134),—34.4 (d, 1B}J(B,H) = 144).3'P{*H} NMR ((CDs).-

CH3NO, (HPLC grade) was purchased from LAB-SCAN, (§£2O
and CROD from SDS, and 70% HCIOQfrom Panreac. Unless

CO), 8 16.86 (s, PPr)). *C{H} NMR ((CDs),CO), 6: 12.99 (s),
17.02 (s), 19.48 (s), 19.92 (d(P,C) = 23), 21.94 (dJ(P,C)= 17),

mentioned elsewhere, the reactions were carried out under a dinitrogen22.57 (d,J(P,C) = 19), 23.54 (s), 24.74 (dI(P,C) = 17), 25.21 (d,

atmosphere. J(P,C)= 21), 58.49 (s), 124.96 (s), 126.02 (s), 126.9 (s), 133.54 (s).
Preparation of [NBug][7-PEt,-8-Ph-7,8-GBoHy. To a three- Preparation of [NBug][7-P(O)R2-8-R'-7,8-C,BgH1¢]. General Pro-

necked round-bottom flask (250 mL) fitted with a dinitrogen inlet/ cedure. The nido species were oxidized by their reaction in a 1:0.5

outlet, containing piperidine (1.38 g, 16.22 mmol) and 1-diethylphosphino- molar ratio with a 0.1163 M solution of 4@, in acetone. For the

2-phenyl-1,2-dicarbalosododecaborane (0.20 g, 0.65 mmol), was following preparation only the reagents are indicated.

added deoxygenated ethanol (20 mL). The mixture was degassed again. Preparation of [NMe][7-P(O)Ph,-8-Me-7,8-GBgH1q]. [NMey][7-

The solution was refluxed for 16 h, and once cooled, the solvent was PPh-8-Me-7,8-GBgH1q] (50 mg, 0.12 mmol), KO, (0.50 mL), and

evaporated. The residue was again dissolved in ethanol (10 mL), andacetone (5 mL) afforded [NM#7-P(O)Ph-8-Me-7,8-GBgH1]. Anal.

a solution of an excess of tetrabutylammonium bromide in water (10 Calcd for GgHssBgNOP: C, 54.11; H, 8.36; N, 3.32. Found: C, 54.97,

mL) was added dropwise while a dinitrogen stream was bubbled through H, 8.30; N, 3.231H NMR ((CD3).CO), 6: —2.17 (br s, 1 H, B-H—

the solution. A white solid was precipitated, filtered off, and washed B), 1.38 (s, 3 H, Ch), 3.45 (s, 12 H, Ch), 7.28-8.11 (m, 10 H,

with water (5 mL) and dried (194 mg, 56%). Anal. Calcd foglds1Bo-

NP: C, 62.31; H, 11.31; N, 2.60. Found: C, 62.95; H, 11.65; N, 2,66.
IR, v (cm™Y): 2966, 2875 (G-H); 2523 (B-H). 'H NMR ((CDs)2-
CO),d: —2.15 (br s, 1 H, B-H—B), 0.89 (m, 6 H, CH), 0.99 (t, 12

H, CHs, 3J(H,H) = 7), 1.45 (hex, 8 H, CH %J(H,H) = 7), 1.83 (q, 8

H, CHy, 3J(H,H) = 8), 2.23 (m, 4 H, CH), 3.44 (t, 8 H, NCH, 3J(H,H)
=9), 7.04-7.35 (m, 5 H, GHs). 'B NMR ((CD5),CO), 6: —7.2 (d,

1B, 1(B,H) = 130), —10.6 (d, 1B,%)(B,H) = 152), —13.2 (d, 1B,
1J(B,H) = 111),—14.1 (d, 1B.XJ(B,H) = 132),—17.9 (d, 2B 1J(B,H)

= 129),—19.0 (d, 1B,2)(B,H) = 133),—32.3 (d, 1B2)(B,H) = 129),
—35.1 (d, 1B,X(B,H) = 139).3P{1H} NMR ((CD5).CO), 0: —5.43

(s, PER). 13C{*H} NMR ((CDs).C0), 6: 10.66 (d,J(P,C)= 8), 11.02

(d, I(P,C)=17), 12.99 (s), 19.47 (s), 21.20 (@pP,C)= 15), 22.53 (d,
J(P,C)= 15), 23.51 (s), 58.56 (s), 125.10 (s), 126.22 (s), 126.61 (s),
132.77 (s).

Preparation of [NBug][7-P(Pr),-8-Ph-7,8-GBgH1(]. To a three-
necked round-bottom flask (250 mL) fitted with a dinitrogen inlet/
outlet, containing piperidine (1.18 g, 13.82 mmol) and 1-diisopropy-
Iphosphino-2-phenyl-1,2-dicarbdescdodecaborane (0.20 g, 0.55

CeHs).1*B NMR ((CD5),CO), 6: —7.2 (d, 2B,%J(B,H) = 186), —11.1
(d, 1B,3(B,H) = 139),—12.5 (d, 1B,XJ(B,H) = 146),—14.5 (d, 1B,
1J(B,H) = 178),—16.0 (d, 1B.XJ(B,H) = 145),—21.6 (d, 1B.2J(B,H)
= 151),—33.2 (d, 1B,3)(B,H) = 135),—35.2 (d, 1B,}J(B,H) = 146).
3p{1H} NMR ((CD3),CO), 6: 31.75 (s, P(O)PH. *C{'H} NMR
((CD3),CO), 0: 23.29 (s), 55.07 (s), 126.59 (d(P,C)=9), 128.15
(d,J(P,C)=11), 130.05 (s), 130.78 (s), 132.26 ,C)=7), 132.82
(d, J(P,C)= 8).

Preparation of [NMe][7-P(O)Ph,-7,8-C;BgH11]. [NMe4][7-PPh-
7,8-GBgH14] (50 mg, 0.13 mmol), KO, (0.55 mL), and acetone (5
mL) afforded [NBu][7-P(O)Ph-7,8-GBgH11]. Anal. Calcd for GgHssBe-
NOP: C, 53.02; H, 8.16; N, 3.44. Found: C, 52.98; H, 8.06; N, 3.38.
IH NMR ((CD3).CO), 6: —2.25 (br s, 1 H, BBH—B), 3.45 (s, 12 H,
CHa), 7.15-7.75 (m, 10 H, GHs). 2B NMR ((CD3),C0), d: —7.9 (d,
1B, 3)(B,H) = 144),—9.5 (d, 1BX)(B,H) = 144),—12.5 (d, 2B1J(B,H)
= 166), —14.7 (d, 2B,%J(B,H) = 144), —19.3 (1B),—33.0 (d, 1B,
1J(B,H) = 125),—35.1 (d, 1B2J(B,H) = 144).31P{1H} NMR ((CD3)--
CO), 0: 39.27 (s, P(O)PH.IEC{*H} NMR ((CDs;),CO), 6: 55.25 (s),
127.42-134.58 (m).

mmol), was added deoxygenated ethanol (20 mL). The mixture was Preparation of [NBu4][7-P(O)Phy-8-Ph-7,8-GBgH1g]. [NBu4][7-
degassed again. The solution was refluxed for 17 h, and once cooled,PPh-8-Ph-7,8-GBgHiq (50 mg, 0.08 mmol), KO, (0.34 mL), and
the solvent was evaporated. The residue was again dissolved in ethano@cetone (5 mL) afforded [NBi[7-P(O)Ph-8-Ph-7,8-GBgH1o]. Anal.
(10 mL), and a solution of an excess of tetrabutylammonium bromide Calcd for GeHeiBsNOP: C, 66.30; H, 9.43; N, 2.15. Found: C, 65.40;
in water (10 mL) was added dropwise while a dinitrogen stream was H, 9.24; N, 2.16H NMR ((CD3),CO), 6: —1.83 (br s, 1 H, B-H—

bubbled through the solution. A white solid was precipitated, filtered
off, washed with water (10 mL), and dried (100 mg, 32%). Anal. Calcd
for CsoHesBgNP: C, 63.47; H, 11.46; N, 2.46. Found: C, 64.10; H,
11.85; N, 2.23. IRy (cm™Y): 2965, 2874 (G-H); 2523 (B—H). H
NMR ((CD3),CO0O),0: —2.30 (br s, 1 H, B-H—B), 1.04 (t, 12 H, CH),
3J(H,H) = 7), 1.00 (m, 12 H, Ch), 1.48 (hex, 8 H, Clj 3J(H,H) =

7), 1.83 (g, 8 H, CH, 3J(H,H) = 7), 2.15 (m, 2 H, CH), 3.44 (t, 8 H,
NCH,, 3J(H,H) = 8), 6.95-7.60 (m, 5 H, GHs). B NMR ((CDs)-

(4) (a) Kivekss, R.; Sillanpa, R.; Teixidor, F.; Vitas, C.; Niiez R. Acta
Crystallogr. 1994 C50, 2027. (b) Kiveka, R.; Sillanpa, R.; Teixidor,
F.; Vifias, C.; AbadM. M.; Nafez, R.Acta Crystallogr 1995 C51,
1864. (c) Kiveks, R.; Teixidor, F.; Vims, C.; Nitiez R. Acta
Crystallogr. 1995 C51, 1868. (d) Kiveka, R.; Sillanpa, R.; Teixidor,
F.; Vifias, C.; Niiez, R.Acta Crystallogr 1996 C52 2223. (e) Niiez,
R.; Vifas, C.; Teixidor, F.; Sillanfia R.; Kivekés, R.J. Organomet.
Chem.1999 592, 22.

(5) (a) Vinas, C.; Niiez, R.; Teixidor, F.; Kiveks, R.; Sillanpa, R.
Organometallicsl996 15, 3850. (b) Vitas, C.; Flores, M. A.; Nitez,
R.; Teixidor, F.; Kiveka, R.; Sillanpa, R. Organometallics1998
17,2278. (c) Vitas, C.; Niiez, R.; Teixidor, F.; Sillanf@ R.; Kivekas,
R. Organometallics1999 18, 4712.

(6) (a) Wiesboeck, R. A.; Hawthorne, M. F. Am. Chem. Sod964 86,
1642. (b) Garret, P. M.; Tebbe, F. N.; Hawthorne, MJFAm. Chem.
Soc.1964 86, 5016. (c) Hawthorne, M. F.; Young, D. C.; Garret, P.
M.; Owen, D. A.; Schwerin, S. G.; Tebbe, F. N.; Wegner, P.JM.
Am. Chem. Sod 968 90, 862.

(7) (a) Zakharkin, L. I.; Kalinin, U. NTetrahedron Lett1965 407. (b)
Zakharkin, L. I; Kirillova, V. S.lzv. Akad. Nauk SSSR, Ser. Khim.
1975 2596.

(8) Teixidor, F.; Vires, C.; Abad, M. M.; Nb@ez, R.; Kiveks, R.;
Sillanp&, R.J. Organomet. Chen1.995 503 193.

B), 1.09 (t, 12 H, CH, 3J(H,H) = 7), 1.59 (hex, 8 H, Ckl 3J(H,H) =
7),1.94 (g, 8 H, CH, 3J(H,H) = 7), 3.55 (t, 8 H, NCH, 3J(H,H) = 8),
6.69-8.09 (m, 15 H, @Hs).1'B NMR ((CD3).CO), 6: —6.8 (d, 2B,
1J(B,H) = 146),—11.8 (d, 1B.2J(B,H) = 144),—13.7 (d, 1B,2J(B,H)
= 156), —15.6 (d, 2B,%J(B,H) = 136), —22.4 (1B), —32.9 (d, 1B,
1J(B,H) = 130),—34.9 (d, 1B,}J(B,H) = 144).3'P NMR ((CD;),CO),
0. 26.26 (s, P(O)PH.13C{'H} NMR ((CD3),CO), d: 12.96 (s, CH),
19.47 (s, CH), 23.49 (s, CH), 58.47 (s, NCH)), 124.79-139.84 (m).

Preparation of [NBu4][7-P(O)(Pr)»-8-Me-7,8-GBgH10]. [NBu][7-
P(Pr)-8-Me-7,8-GBgH1¢] (50 mg, 0.1 mmol), HO; (0.45 mL), and
acetone (5 mL) afforded [NBi[7-P(O)(Pr)-8-Me-7,8-GBgH1g]. Anal.
Calcd for GsHgsBsNOP: C, 57.52; H, 12.16; N, 2.68. Found: C, 57.31;
H, 12.38; N, 2.47!H NMR ((CD3).C0), 6: —2.30 (br s, 1 H, B-H—
B), 0.97 (t, 12 H, CH, 3J(H,H) = 7), 1.19 (m, 6 H, CH), 1.30 (m, 6
H, CHg), 1.44 (hex, 8 H, Ch} %J(H,H) = 7), 1.76 (s, 3 H, Ch), 1.82
(g, 8 H, CH, 3J(H,H) = 7), 2.14 (m, 1 H, CH), 2.43 (m, 1 H, CH),
3.43 (t, 8 H, NCH, 3J(H,H) = 8).1'B NMR ((CD3).CO), 6: —7.9 (1B),
—8.3 (1B), —12.7 (d, 2B,X)(B,H) = 156), —15.23 (d, 2B1J(B,H) =
144), —20.1 (d, 1B,J(B,H) = 135), —32.8 (d, 1B,J(B,H) = 132
Hz), —35.1 (d, 1B,XJ(B,H) = 144 Hz).3'P{*H} NMR ((CD5),CO), é:
55.10 (s, P(O)Pr)). 3C{*H} NMR ((CD3)CO), 6: 12.99 (s, CH),
14.96 (s), 16.39 (dJ(P,C)= 19), 17.12 (dJ(P,C) = 26), 19.47 (s,
CH,), 23.51 (s, CH), 24.83 (s), 58.43 (s, NCH

Preparation of [NBug4][7-P(O)('Pr)-8-Ph-7,8-GBgH1q]. [NBuJ][7-
P(Pr)-8-Ph-7,8-GBgH1¢] (50 mg, 0.09 mmol), KO, (0.38 mL), and
acetone (5 mL) afforded [NB{[7-P(O)(Pr)-8-Ph-7,8-GBgH1g]. Anal.
Calcd for GoHesBsNOP: C, 61.69; H, 11.22; N, 2.40. Found: C, 61.35;
H, 11.01; N, 2.29!H NMR ((CD3),CO), 5: —2.35 (br s, 1 H, B-H—
B), 0.85 (t, 12 H, CH, 3J(H,H) = 7), 0.90 (m, 12 H, Ch), 1.25 (hex,
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8 H, CH,, 3J(H,H) = 7), 1.72 (g, 8 H, CH, 3J(H,H) = 7), 1.95 (m, 2
H, CH), 3.40 (t, 8 H, NCH, 3J(H,H) = 8), 6.85-7.45 (m, 5 H, GHs).
B NMR ((CDs).C0),6: —7.3 (d, 2B,2J(B,H) = 145),—14.2 (d, 3B,
1J(B,H) = 138),—16.5 (1B),—20.8 (d, 1BXJ(B,H) = 165),—32.5 (d,
1B, Y(B,H) = 130), —34.6 (d, 1B,%J(B,H) = 149).3P{H} NMR
((CD3),CO), 8: 56.89 (s, P(O)Pr)). *C{*H} NMR ((CDj3).CO), o:
12.99 (s, CH), 16.90 (d J(P,C)= 15), 18.16 (s), 19.48 (s, G} 23.53
(s, CHy), 27.94(s), 58.44 (s, NCH 125.42 (s), 126.04 (s), 133.58 (s).

Preparation of [NBu4][7-P(O)Et,-8-Me-7,8-GBgH1q]. [NBu4][7-
PE®-8-Me-7,8-GBgHiq] (50 mg, 0.10 mmol), KO, (0.45 mL), and
acetone (5 mL) afforded [NB{[7-P(O)E%-8-Ph-7,8-GBgH1g]. Anal.
Calcd for GaHsgBgNOP: C, 55.92; H, 12.04; N, 2.84. Found: C, 55.65;
H, 11.85; N, 2.68H NMR ((CD3).CO), d: —2.44 (br s, 1 H, B-H—

B), 1.08 (t, 12 H, CH, 3J(H,H) = 7), 1.27 (m, 6 H, CH), 1.49 (hex,
8 H, CH,, 3J(H,H) = 7), 1.78 (s), 1.89 (q, 8 H, CK3J(H,H) = 8),

2.12 (m, 4 H, CH)), 3.04 (t, 8 H, NCH, 3J(H,H) = 8). B NMR

((CD3),CO), 6: —7.7 (1B), —8.2 (2B), —12.2 (1B), —15.3 (d, 2B,
1J(B,H) = 158),—18.6 (1B),—33.4 (d, 1B XJ(B,H) = 132),—35.7 (d,

1B, JJ(B,H) = 101).3'P{*H} NMR ((CD3),CO), 6: 50.52 (s, P(O)-
Et). 13C{*H} NMR ((CDj3),CO), é: 5.64(s), 6.95(s), 13.03 (s, GH

19.53 (s, CH), 21.70 (d, J(P, CF 17), 22.91 (s, Ch), 23.54 (s), 24.96-
(s), 58.45 (s, NCh).

Preparation of [7-PHEt,-8-Ph-7,8-GBgH10]. To a three-necked
round-bottom flask (250 mL) fitted with a dinitrogen inlet/outlet,
containing piperidine (1.77 g, 20.27 mmol) and 1-diethylphosphino-
2-phenyl-1,2-dicarbatoscdodecaborane (0.25 g, 0.81 mmol),was

Inorganic Chemistry, Vol. 40, No. 11, 2002589

was added dropwise, giving a white precipitate. The solid was filtered
off, washed twice with water (5 mL), and air-dried (30 mg, 63%). Anal.
Calcd for GH,gBoP: C, 40.85; H, 10.67. Found: C, 41.29; H, 10.75.
IR, v (cm™): 2973, 2917, 2875 (EH); 2544, 2509 (B-H). 'H NMR
(CDCly), 6: —2.70 (br s, 1 H, B-H—B), 1.49 (m, 12 H, CH), 1.65 (s,

3 H, CHs), 2.72 (m, 2, CH), 5.46 (dm, 1 H,-/H, 1J(P,H) = 444).1'B
NMR (CDCly), 6: —6.0 (d, 1B,2J(B,H) = 144),—8.4 (d, 1B,%J(B,H)
=163),—10.1 (d, 2BXJ(B,H) = 144),—12.7 (d, 1BX(B,H) = 173),
—16.6 (d, 1B,)J(B,H) = 134),—22.0 (d, 1B,.J(B,H) = 144),—30.6

(d, 1 B, W(B,H) = 115), —34.0 (d, 1B,%J(B,H) = 144).3P NMR
(CDCly), 6: 37.03 (d, PHPr), YJ(P,H)= 444).13C{*H} NMR (CDCly),

o: 17.17 (s), 18.04 (s), 18.75 (d(P,C) = 19), 23.02 (s), 23.59 (s),
24.16 (d,J(P,C)= 10), 24.82 (s).

Preparation of [7-PHPh,-8-Ph-7,8-GBgH1¢]. TO a three-necked
round-bottom flask (250 mL) fitted with a dinitrogen inlet/outlet,
containing piperidine (4.2 g, 49.6 mmol) and 1-diphenylphosphino-2-
phenyl-1,2-dicarbaiosododecaborane (0.4 g, 0.99 mmol), was added
dried and deoxygenated toluene (40 mL). The mixture was degassed
again. The solution was refluxed for 26 h, cooled to room temperature,
and kept for 24 h at these conditions without stirring. After the solvent
was evaporated under vacuum, the residue was again dissolved in
ethanol (15 mL) and a solution of HCI (1 M) in water was added
dropwise to precipitate a white solid. The solid was filtered off, washed
twice with water (10 mL), and air-dried (200 mg, 51%). It was not
possible to get a good analysis, since piperidine was present as an
impurity. Anal. Calcd for GoH2¢BoP: C, 60.86; H, 7.64. Found: C,
60.32; H, 7.56. IRy (cm™%): 2959,2924,2853 (€EH); 2544 (B-H).

added deoxygenated ethanol (25 mL). The mixture was degassed again1H NMR ((CD3);CO), &: —1.85 (br s, 1 H, B-H—B), 7.25 (d, 1 H
The solution was refluxed for 24 h, and once cooled, the solvent was P—H, L(P, H) = 507), 7.39 (M, 15 H, @s). B NMR ((CD5):CO)

evaporated. When ethanol (15 mL) was added to the residue, as. _710 (d, 2B,2)(B.H) = 126), —8.69 (1B),—13.54 (2B),—16.95

crystalline white solid precipitated. The solid was filtered off, washed
with ethanol (5 mL), and air-dried (115 mg, 48%). Anal. Calcd for
CioH26BoP: C, 48.27; H, 8.78. Found: C, 48.38; H, 8.31.1Rcm™1):
2980, 2938 (CG-H); 2530, 2432 (B-H). *H{*'B} NMR ((CD3).CO),
0: —2.01 (br s, 1 H, BH—B), 1.23 (m, 6 H, CH), 2.24 (m, 4 H,
CH,), 5.44 (br d, 1 H, P-H, 1J(P, H) = 476), 7.33-7.57 (m, 5 H,
CsHs). 1B NMR ((CDs).CO), d: —6.9 (d, 2B,1J(B,H) = 134),—10.9
(d, 1B,%)(B,H) = 144),-13.6 (d, 1B,%)(B,H) = 163),—15.2 (d, 2B,
1J(B,H) = 144),—22.3 (d, 1B,XJ(B,H) = 154),—30.6 (d, 1B,%J(B,H)
=96),—34.1 (d, 1B.2J(B,H) = 144).32P NMR ((CDs),CO),d: 24.50
(d, PHES, WJ(P,H) = 476). 13C{1H} NMR ((CD3).CO), 6: 7.15 (d,
J(P,C)= 8), 7.25 (d,J(P,C) = 8), 13.15 (d,J(P,C) = 53), 14.05 (d,
J(P,C)= 53), 128.1 (s), 128.5 (s), 132.3 (s), 137.8 {(R,C)= 8).
Preparation of [7-PH(Pr),-8-Ph-7,8-GBgH1g]. To a three-necked
round-bottom flask (250 mL) fitted with a dinitrogen inlet/outlet,

(d, 1B, 2J(B,H) = 139), —22.78 (d, 1BXJ(B,H) = 140), —30.89 (d,
1B,%J(B,H) = 113),—34.85 (d, 1B}J(B,H) = 143).3'P NMR ((CD)--
CO), o: 15.74 (d, PHP) J(P,H) = 507).

Autoxidation Studies. Thenido-carboranylmonophosphines (15 mg)
were dissolved in 0.5 mL of deuterated acetone or methanol. Their
autoxidation was carried out in NMR tubes at room temperature (22
°C) and followed by?'P NMR spectroscopy at various time intervals.
The NMR tubes were evacuated, refilled with normal air, and partially
filled with the solution of thenido-carboranylmonophosphines to be
studied. Estimations of the relative concentrations of species were made
from peak heights.

Titrations. Suitable amounts ohido-carboranylmonophosphines
were dissolved in CENO, and titrated with 0.100 M HCI@solutions.

All titrations were followed by using a CRISON micropH 2000 with
a glass electrode. Following Berners-Pric®Ph was used as a

containing piperidine (1.27 g, 14.88 mmol) and 1-diisopropylphosphino- standard. Aqueousiq values were calculated using the formula of

2-phenyl-1,2-dicarbatoscdodecaborane (0.20 g, 0.60 mmol), was

Streul? modified by Allman and Goel®

added deoxygenated ethanol (20 mL). The mixture was degassed again.

The solution was refluxed for 24 h, cooled to room temperature, and

kept for 24 h at these conditions without stirring. After, the solvent

pK, = 10.12—0.0129AHNP + 573)

was evaporated under vacuum and the water (15 mL) was added, thgyhere AHNP = [HNP(PPh) — HNP(nido-carboranylmonophos-

mixture was stirred at room temperature for 5 h, giving a white solid.
The solid was filtered off, washed twice with water (10 mL), and air-
dried. The addition of a HCI (1 M) solution (1 mL) dropwise to the
solution increased the yield (150 mg, 77%). Anal. Calcd for
CiH30BgP: C, 51.48; H, 9.26. Found: C, 51.45; H, 8.88.1Rcm™1):
2982,2932 (C-H); 2569,2535,2521 (BH). 'H NMR ((CDs),CO),
d: —2.20 (br s, 1 H, B-H—B), 1.16 (m, 12 H, CH), 2.67 (m, 2 H,
CH), 5.08 (br d, 1 H, P-H, 3J(P,H) = 459), 7.33 (m, 5 H, ¢Hs). B
NMR ((CD3),CO), 6: —6.8 (d, 1B,J(B,H) = 143), —8.0 (d, 1B,
1J(B,H) = 150),—10.4 (d, 1B,XJ(B,H) = 139),—14.7 (d, 2B,"J(B,H)
=173),-16.3 (d, 1B.2J(B,H) = 176),—22.9 (d, 1B.1)(B,H) = 151),
—30.8 (d, 1BXJ(B,H) = 136),—34.3 (d, 1BXJ(B,H) = 144).3'P NMR
((CD3),CO), 6: 36.20 (d, PHPr), J(P,H) = 459). 3C{'H} NMR
((CD3)CO),6: 16.50 (d,J(P,C)= 15), 17.98 (s), 18.79 (s), 22.73 (s),
23.37 (s), 24.09 (dJ(P,C)= 19), 128.1 (s), 128.5 (s), 133.0 (s), 134.7
().

Preparation of [7-PH('Pr),-8-Me-7,8-GBgH1q]. The degradation
procedure used was that described in the literature for [NB&'Pr,-
8-Me-7,8-GBgH1(].8 After the ethanol was eliminated under vacuum,
the residue was dissolved in water (10 mL) and a HCI (1 M) solution

phines)].

X-ray Structure Determination of [NBu 4][7-P(O)Ph,-8-Ph-7,8-
C,BgH1q] and [7-PH('Pr)-8-Me-7,8-GBgH1o]. The unit cell parameters
and single-crystal data collections for both compounds were performed
at ambient temperature on a Rigaku AFC5S diffractometer using
graphite-monochromatized Mo K radiation. Data obtained were
corrected for Lorentz and polarization effects but not for absorption.
A total of 3929 and 2964 unique reflections were collected byt
scan mode (@nax= 50°) for [NBu4][7-P(O)Ph-8-Ph-7,8-GBgH1¢ and
[7-PH(Pr)-8-Me-7,8-GBgH1q], respectively. Although the data col-
lection speed for the former was/gin, the data set contained only
1246 reflections greater thaw@) (31.5%).

The structure of [NBgj[7-P(O)Ph-8-Ph-7,8-GBgH,¢ was solved
by direct methods and refined by full-matrix least-squares by using
the SHELX-97 program systethIn the [NBu] ™ ion, terminal part of
one butyl group is disordered with the carbon atoms C44 and C45
occupying two positions, the site occupancies being 0.64(2) for C44A
and C45A and 0.36(2) for C44B and C45B. P, O, N, and fully occupied
C atoms were refined with anisotropic displacement parameters. Boron
atoms and disordered carbon atoms were refined with isotropic
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Scheme 1. Partial Degradation oflosoCarboranylmonophosphines nido-Carboranylmonophosphines

R
16 h reflux
H — 4% o [CHsNH,]* +B(OEt); + H,
+ CsHioNH + 3 BtOH & o peridine
R= Et, iPr, Ph
R'= H, Me, Ph
[CoHsNH, ] _(NBugIBr/H2Q - [Ny, + [CoHsNHyIBr
EtOH

displacement parameters. Hydrogen atoms were included in the produce azeotropes with their respective alcololhie B(OEt):
calculations at the fixed distances from their host atoms or rotating 7.75EtOH azeotrope lowers the B(OEboiling point from
groups (CH) and treated as riding atoms using the SHELX-97 default 117-119°C to 76.6°C. 18 Considering that the removed boron
parameters. . vertex had been converted to B(OEthe reaction mixture was
The structure of [7-PHRr),-8-Me-7,8-GBqHad was solved by direct evaporated at 0.1 mm and vol(atileg1 were trappee-z8 °C.

methods and refined by SHELX-97. All non-hydrogen atoms were The 118 f1h L her |i h |
refined with anisotropic diplacement parameters. Hydrogen atoms e spectrum of the remaining mother liquor shows only

bonded to the carborane cage and that connected to P were refinedn€ pattern for thaido [7-PPr,-8-Ph-1,2-GBgH1| ~ anion. The
isotropically, but rest of the H atoms were included in the calculations 'B spectrum of the trapped solution showed only the comple-
at the fixed distances from their host atoms and treated as riding atomsmentary resonance at 17.02 ppm. Once the fate of the
or rotating groups using the SHELX-97 default parameters. removed BH' is known, the question of how this B(OEfs
produced remains. Our explanation of why the partial degrada-
tion reaction oftloscecarboranylmonophosphines with piperidine

I. Partial Degradation or Deboronation of the closc in ethanol is successful is based on the fact that piperidine is a
Carboranylmonophosphines.The reaction oftlosccarbora- secondary amine, a possible nucleophile and a Hatieat
nylmonophosphines 1-BR-R-1,2-GB1gH10 (R = Ph, Et,'Pr; establishes an acid/base equilibrium with ethanol. Piperidinium
R' = Me) with piperidine using a 1:25 ratio in ethanol for 16 ethoxide is present in a minor amount in the reaction medium,
h produces in high yield the respectia@o-carboranylmono- much less than is required for a quick degradation but sufficient
phosphines [7-PR8-R-7,8-GBgH1q ~.8 The general reaction  enough amount to slowly and smoothly produce B(@Efhe
is shown in Scheme 1. It has been known for years that the low [EtO]~ concentration produces mild conditions that prevent
partial degradation reaction oo-carborane is driven by a  the Guser—P hydrolysis.
nucleophilic attack which can remove one of their BH units oy conclusion is that the partial degradation @bso

(B(3) or B(6)), formally as BH", leaving nido-shaped [7,8-  carhoranylmonophosphines is greatly dependent on the presence
C2BgoHig ~ or [7,8-GBgHyy]* anions. Several nucleophiles such - of the phosphorus atom bonded to the cluster carbon atom. This
as alkoxide$,amines] fluorides;?and phosphanéshave been g ifies the electronic distribution in thosocluster and the
used. The partial degradation ofosccarboranylmonophos- B(3)/B(6) atoms become less electrophilic than in 1,2'R,R
phines using the well-established procedtingith KOH in 1,2-G:BoHo derivatives (R,R= alkyl or aryl groups). This
ethanol was unsuccessful because thes&-P bond was \q,1d explain that the partial degradation reactionith
hydrolyzed, and only theido[7,8-C;BeH,z~ was obtained. In - hinerigine in toluene does not proceed. In contrast, the strong
contrast, the de_gradatlon process with plperldlne_m tolﬁem_e partial degradation conditions using alkoxitleee too aggresive

a 14 molar ratio ofcIosqcarboranylmonophosph|nes 0 PP~ 4nd lead to alkaline hydrolysis of theyse—P bond. The low
eridine at 20°C did not give the desiredido species, and the constant concentration of alkoxides reported here permits the

startlng_closocompo_unds_ were recovered. L combination of the nucleophilicity of the [EtOwith the mild
To discern on the identification of the removed BH unit using conditions required to preserve theGe—P bond
er .

piperidine in ethanol, the partial degradation reaction was carried F . avid b |
out at reflux temperature for 16 h on 1PR-2-Ph-1,2-GBgH;. or comparison purposes, two newdo-carboranylmono-

1B, 1B{1H}, 31P{1H}, and3!P spectra of the reaction crude phosphines, [NB[7-PEg-8-Ph-7,8-GBoH,q] and [NBu}]W' )
were recorded. Th&P{1H} and 3P spectra show a single P(Pr)-8-Ph-7,8-GBgH1(], have been prepared.by following this
resonance at 16.86 ppm that confirms the presence afitiee procedure. These compounds were characte_rlzed by IR andNMR
[7-PPr-8-Ph-1,2-GBoH1]~ anion. The 1B{1H} spectrum spectrqscopy anq elemer\tal analysis, which corroborate the
displays the pattern 1:1:1:1:2:1:1:1 in the range betwe®rs1 formation of thenido species.

and —35.41 ppm characteristic of th@do [7-PPr-8-Ph-1,2- Two experimental observations, during thieo-carboranyl-
C,BgH1g]~ specie$. An extra resonance at 17.02 ppm is monophosphines characterization, motivated us to further study
always present. ThélB spectrum clearly shows that this the influence of thenido-[7,8-C;BgH12~ anion on the phos-
resonance corresponds to a boron atom with reHBoond. phorus oxidation and basicity. The first observation was the
Since this the only extra resonance observed, it most likely result of extending the deboronation refluxing time from 16 to
corresponds to the removed BH vertex. According to the 21 h. In this case, th&P{H} NMR of the solution displayed
literature!* the chemical shift for ethyl borate appears at two different resonances, one corresponding tanitle species
+17.21517.61% and 18.1 ppnd’ It is known that borate esters and a second one, which was split into a doublet in e

Results and Discussion
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Scheme 2. Oxidation of nido-Carboranylmonophosphines

(O]
solvent

Table 1. Difference between th&#P{*H} NMR (ppm) of
nido-Carboranylmonophosphines Containing a P(Ill) and the
Corresponding Oxides Containing a P(V)

0 3P nido

R R Pl P(V) A

Et Me —8.29 50.52 58.81
Et Ph —5.43 44.30 49.73
Pr Me 15.43 55.10 39.67
iPr Ph 16.86 56.89 40.03
Ph Me 12.79 31.75 18.96
Ph H 19.53 39.27 19.74
Ph Ph 10.50 26.26 15.76

NMR spectrum, with a high coupling constant. This fact led us

to think that a new species containing a® bond had been
formed.

The second observation came about as a result of allowing

the former solution to stand for 3 days in the air. THe{1H}
NMR spectrum showed that thedo species resonance disap-

peared and a new resonance at a lower field was observed. The

new signal indicated that theido species was oxidized in
solution. On the contrary, th#P NMR spectrum evidenced
that a species containing a-Pl bond was stable under air.
Forced Oxidation of nido-Carboranylmonophosphines.
We have forced the oxidation afido-carboranylmonophos-

phines to their corresponding phosphine oxides using hydrogen

peroxide in acetori& (Scheme 2). The new oxidized species

were not isolated, but their spectroscopic characterization was [7-PHE%-8-Ph-7,8-GBgHag]

followed in solution by3P and™B NMR. In all cases, only
one peak at a lower field with regard to the startimigo species
was observed in th&'P{*H} NMR spectra. These resonances
did not split in the3P NMR. The B NMR of the new

Inorganic Chemistry, Vol. 40, No. 11, 2002591

Figure 1. Perspective view of the anion of [NE|{i7-P(O)Ph-8-Ph-
7,8-GBgH1q showing 20% displacement ellipsoids. Hydrogen atoms
are omitted for clarity.

Scheme 3. Forced Protonation of
nido-Carboranylmonophosphines To Form the Zwitterionic
Species

[NBuyJ*

Table 2. *H and3'P{*H} Chemical Shifts (in ppm) and Coupling
Constants between the P and H Atoms in Absolute Values (in hertz)

compounds oH o 31P{1H} 1J(P,H)

5.44 24.50 476

[7-PH(Pr),-8-Ph-7,8-GBgHa] 5.08 36.20 459
[7-PH(Pr)-8-Me-7,8-GBoH1g]  5.46 37.03 444
[7-PHPh-8-Ph-7,8-GBgH;(] 7.25 15.74 507

phines was forced by increasing the refluxing time in the

phosphine oxides showed just minor differences with regard to deboronation process or by reacting with an acid (see Scheme

the nido precursor.
In the oxidized species the negative charge ofilde cluster

3). As is well-known, phosphines react with perchloric acid in
ethanol to give the tertiary phosphonium sak$Vhen nido-

is maintained while the phosphorus oxidation state has changedcarboranylmonophosphines are reacted with an aqueous solution

from P(Ill) to P(V). This is clearly reflected in th&'P{1H}-

of hydrochloric acid in ethanol, a white solid immediately

NMR spectra (Table 1) where it can be observed that the precipitates in a very good yield. The spectroscopic data of the
chemical shifts for the oxidized species have shifted to lower compound confirmed the formation of the expected protonated

field as much as 58.81 ppm.

zwitterionic species.

The formation of the oxide was corroborated when attempting  These phosphonium salts of general formulas [7-RBR -

to grow crystals of [NBy][7-PPh-8-Ph-7,8-GBgH1g]. After the
slow evaporation of a solution of this compound in acetone in
the air, crystals suitable for X-ray diffraction were obtained.
The nido compound had reacted with ,Go produce the
corresponding phosphine oxide [NBr-P(O)Ph-8-Ph-7,8-
C,BgH1g]. The molecular structure is described at the end of
this section (Figure 1).

Forced Protonation of the nido-Carboranylmonophos-
phines. The protonation of thesaido-carboranylmonophos-

7,8-GBgH1g] were characterized by spectroscopic data and
elemental analysis, which were consistent with the proposed
formulas. ThelH NMR spectra displayed broad resonances at
ca.—2.05 ppm (B-H—B) and broad doublets between 5.0 and
7.5 ppm with a coupling constahi(P,H) between 450 and 500
Hz, indicating the P-H bond formation in the compounds (see
Table 2). As a general trend, tR#{'H} NMR resonances of
these phosphonium salts appear at lower field than those
observed for the respective nonprotonatédo-species. As a
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Table 4. Selected Bond Lengths (A) and Angles (deg) for
[7-P(O)Ph-8-Ph-7,8-GBgH1q]

P-O 1.484(5) C7B11 1.608(12)
P-C7 1.811(7) c8-C24 1.533(11)
P—C12 1.795(8) C8B9 1.600(13)
P-C18 1.812(9) B9-B10 1.804(15)
c7-C8 1.592(11) B16B11 1.784(14)

0-P-C12 111.3(4) B1+C7-P 122.5(6)

0-P-C7 115.4(3) B3-C7-P 113.7(6)

C12-P-C7 106.8(4) B2-C7-P 117.6(6)

O-P-C18 109.4(4) C24C8-C7 118.9(6)

C12-P-C18 104.6(4) C24C8-B9 116.0(8)

C7-P-C18 108.8(4) C24C8-B3 120.0(8)

C8-C7-P 118.7(5) C24C8-B4 120.5(7)

Table 5. Selected Bond Lengths (A) and Angles (deg) for
[7-PH(Pr)-8-Me-7,8-GBgH1]

P—C7 1.788(2) Cc#B11 1.631(3)
P—C12 1.817(2) csC18 1.526(2)
P—C15 1.820(2) C8B9 1.617(3)
Figure 2. Perspective view of [7-PERr),-8-Me-7,8-GBoH:¢| showing P—H 1.30 (2) B9-B10 1.846(3)
20% displacement ellipsoids. Hydrogen atoms, except that bonded to ~ C7—C8 1.598(2) B16-B11 1.825(3)
phosphorus, are omitted for clarity. C7-P—C12 110.78(8) B14C7—P 116.41(12)
Table 3. Crystallographic Data for C7—P-C15 117.94(9) B3C7-P 118.72(12)
NB - Cl2-P-C15  109.33(9) B2C7-P 120.89(12)
[NBu,][7-P(O)Ph-8-Ph-7,8-GBgH1q and [7-PH{Pr)-8-Me P 106.6(8) Cl18C8-C7  121.41(15)
7.8-GBeHuo C12-P—H 106.5(8) C18C8-B9  119.56(15)
[NBU][7-P(O)Ph-8-Ph-  [7-PH(Pr)-8-Me- C15-P-H 104.9(8) C18-C8—B4  117.40(15)
7,8-G:BoHyq] 7,8-GBoH1q] C8-C7-P 117.81(12) C18C8-B3 114.67(15)
chem formula GGHG;LBQNOP CgstBgP . .
fw 652.12 264.57 carbon substituents. However, comparison of thePCbond
a(A) 13.884(7) 11.1860(9) distances in the present anion and those of [7.FP8Pr-7,8-
b(é) 21.485(4) 9.3633(10) C:BgH10] ™ 22 reveals that the PC(7) bond of 1.811(7) A in
2(( dzag) 1930'404(7) ég'égg?%l) [7-P(O)Ph-8-Ph-7,8-GBgH1¢] ~ is significantly shorter than the
V(A9 3998(3) 1690.9(3) bond of 1.855(3) A in the compared anion.
z 4 4 Crystal Structure of [7-PH('Pr)»-8-Me-C,BgH1¢]. A draw-
space group P2;2,2; (No. 19) P2;/c (No. 14) ing of the zwitterionic molecule is illustrated in Figure 2, crystal
T(;\C) 21 21 data are given in Table 3, and selected interatomic distances
A Eg)cnrr3) (1)'3)%3% 69 g'gég 69 and angles are listed in Table 5. Structure analysis confirmed
, P 0.97 1.40 the nido nature of the carborane cluster and protonation of the
R [l >20 (1)] 0.0752 0.0390 PPh group. The C(7-C(8) distance (1.598(2) A) and the
WR2 [ >20 (1)] 0.1478 0.0990 P—C(7)—C(8)—C(12) torsion angle (6.1(2) agree with the

corresponding values of [7-P(O)R8-Ph-7,8-GBgH1q] ~. Fur-
ther comparison of [NB[7-P(O)Ph-8-Ph-7,8-GBgH1g] and
confirmation, in the®¥ NMR these resonances are split into a [7-PH(Pr),-8-Me-7,8-GBgH1(] reveals that the carborane’s open
doublet with the same coupling constant as those observed inface, GB3 belt, of the former compound is slightly shorter than
the correspondingH NMR. The11B{1H} NMR spectra of the  the corresponding one in the latter. The reason for that can be
protonated compounds and theido precursors are very similar. ~ such that the negative charge in the former compound is
This proves that the reaction takes place on éke<luster concentrated at the oxygen atom of the® group, while in
phosphorus atom. Besides, a good crystal of [71Pi8-Me- the later compound it is located on the upper belt of the
C,BgHig] (Figure 2) has been grown which has enabled carborane cage.
elucidation of its molecular structure. Il. Contribution of the nido-Carboranylmonophosphines
Crystal Structure of [NBu 4][7-P(O)Phx-8-Ph-7,8-GBgH1q]. to the 3P Chemical Shift. It has been stablished thelosc
The structure of the compound consists of well-separated cationscarboranyl groups have a strong-acceptor effert the carbon
and anions without any close contact between them. A view of substituent. On the contrary, the aniomiclo cluster releases
the anionic part is shown in Figure 1, crystal data are listed in part of its electron density toward the carbon substité&fihe
Table 3, and selected interatomic distances and angles areeslectron-acceptor character of thlso cluster was observed
reported in Table 4. Crystal structure analysis confirmed the for theclosocarboranylmonophosphirfésnd it was calculated
nido geometry of the carborane cage and the phosphine oxidefrom the contribution of thelosocarboranyl fragment to the
formation. Fairly large esd’s of the geometrical parameters limit 33 NMR chemical shift, as had been done with organic
a detailed discussion of the bond lengths and angles. However phosphineg® Table 6 contains th&P{1H} NMR chemical shifts

AR1=Z|Fo| — |Fell/ZIFo|. "WR2= [ZW(|Fo? — |Fe)2w|F*7 V2

some observations have been made. The -GCI(8) distance
of 1.592(11) A falls in the range found for timédo carboranes,
and the P-C(7)—C(8)—C(24) torsion angle of-7.6(11} is

of closecarboranylmonophosphirfésnd their respectivaido
derivatives. The phosphorus chemical shift of thido-alkyl-
carboranylmonophosphine species has shifted to higher field

normal for a carborane cluster bearing bulky substituents at thewith respect to thecloso precursors. This difference is not
cluster carbons. The angles around the C(7) and C(8) atoms dmbserved for thenido-arylcarboranylmonophosphines. This
not indicate any considerable repulsion between the clusterdifferent behavior between aryl- and alkylcarboranylmonophos-
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Table 6. 3P{*H} Chemical Shift (in ppm) fonido- Table 7. Contribution of thenido Cluster to the’’P Chemical Shift,
[7-PR-8-R-7,8-GBgH1¢ ~ and closo-Carboranylmonophosphines (0P)nido Calculated from eq 1
[1-PR-2-R-1,2-GB1gH1g% nido R ) (P
o #P{*H} [7-PEb-8-Me-7,8-GBaHag" Et 14 25.71
R R nido closo A (0 31P) [7-PCPr)z-8-Me-7,S-QBQng]a ‘P': i; %g;g
— — [7-PPh-8-Me-7,8-GBgH1q] P .
A Me e oot e [7-PEt-8-Ph-7,8-GBgHyg]? Et 14 28.57
ipr Me 15'_73 33;.82 718209 [7-P(Pr)-8-Ph-7,8-GBgH;]? Pr 27 24.86
ipr Ph 16.86 38.50 2164 [7-PPh-8-Ph-7,8-GBgH1]2 Ph 18 36.50
Ph Me 12.79 10.97 +1.82 a Cation= [NBu,]*.  Cation= [NMe4]*.
Ph H 19.53 25.58 —6.05
Ph Ph 10.50 13.40 —2.90 Table 8. Oxidation of nido-Carboranylmonophosphines
. . . . . % oxide
phines will also be found later, when discussing thido- .
carboranylmonophosphines basicity. The difference of chemical nido lday  2days  3days
shifts between thelosoandnido species shall be attributed to [7-PEt-8-Me-7,8-GBoHag] - 100
the cluster influence and this shall also permit us to calculate [;'EEIE'B'?,‘\;IZ%%BE’??L i 326 gg gg
the contribution of thanido-carboranyl anion to thé&'P NMR. {7:ngﬁ))§:8:Pﬁ_'7 ’8-QQB H 13’], 5 50 75
It has been report@elthat eq 1 reproduces quite well the [7_ppb_8_Me_7’8’_QBg|Ei|1;]0— 36 36 36
contributions of fragments to tHéP NMR chemical shifts for [7-PPh-8-Ph-7,8-GBgH1q] - 22 40 53
phosphorus compounds. Recently, we repdttie contribution [7-PPh-7,8-GBgHaq 0 0 z
of the o-carboranyl fragment to be 57.2 ppm, while the a|n MeOH.

phenylo-carboranyl contribution i$-43.3 ppm and the methyl-

o-carboranyl is+38.7 ppm. We considered that it would be  one from the other. Thus, theJ)nig. contribution will be close

possible to calculate theido cluster contribution, applying the  to 25.7, as no major modulation by the substitution at C(8) is
same eq 1. found (24.72 vs 26.71).
IIl. Nucleophilicity and Basicity of the nido-Carboranyl-

0p=—62+ Z(GP)R Q) monophosphinesThe cluster influence on the phosphorus atom

is not only observed in th#P NMR chemical shift but also in

Table 7 contains thesf)nigo calculated values for the cluster  its chemical properties. While thgosocarboranylmonophos-

contribution. A quick look indicates a great dispersion of the Phines are stable in solution, theiido derivatives are readily
(0P)nido Values, and one could easily be induced to believe that OXidized, yielding the corresponding oxide, or are protonated,

it is unrealistic to give a specific value t@Tniso. However, ~ Producing their phosphonium salts as zwitterionic species.
we believe that this dispersion is motivated by the existence of ~Autoxidation of the nido-CarboranylmonophosphinesThe
the aryl groups on the phosphorus. If the [7:FRRMe-7,8- autoxidation process afido-carboranylmonophosphines was

CZBQHlo]_ (R = Et, iPr) set is Considered, thewmdo contribu- studied in acetone and . MeOH and. followed W NMR
tion should be (25.7%# 23.73)/2= 24.72 ppm, and when the ~ SPectroscopy (see Experimental Section). Clearly from Table 8
[7-PR-8-Ph-7,8-GBgH1¢] ~ (R = Et, iPr) set is considered, the  the rate of oxidation in these phosphines depends more on the

contribution should be (28.5% 24.86)/2= 26.71 ppm, not far R bonded to the C(8) in the cluster than on the R group at the
phosphorus atom.

(9) Streuli, C. A.Anal. Chem196Q 32, 985. No great differences were observed when the oxidation
8(1)3 émgr}, kT-éGl\f;IeléEE&ng- d Chent“lg’fséﬁioy 71% 1997 reactions were carried out in MeOH; thus the disparity of values
eldrick, G. M. -9/, University o gen, Germany, . e . .
(12) (a) Fox. M. A Gill, W. R.; Herbertson, P. L.: MacBride, J. A. H.: _shown above seem to suggest that the stability tqward oxidation
Wade, K.Polyhedron1996 16, 565. (b) Fox, M. A.; MacBride, J. A. is more of a kinetic nature than due to electronic effects.
H.;I V%/age, K.Polyhedron1997 16, 2499. (c) Fox, M. A.; Wade, K. pK, of the nido-Carboranylmonophosphines. The nido-
Polyhedron1997 16, 2517. ; i _
(13) Davidson. M. G.: Fox. M. A.: Hibbert, T. G.. Howard, J. A. K. _carb_oranylmonophosphmes baS|C|_ty has been Fested by measur
Mackinnon, A.; Neretin, I. S.; Wade, KChem. CommurL999 1649. ing its pKa values. The low solubility of theseido-carbora-
(14) Nah, H.; Wrackmeyer, B. Nuclear Magnetic Resonance Spectroscopy nylmonophosphines in # precluded directly calculating the
Sf EI‘OYO”BC?_’“P&UUSSIB "BaS'CdP,{I'”C'P\'(eskarll%;go@lreﬁpf'”gef' pK, of these species. However, this can be overcome by using
erlag: erlin, Felaelberg an ew YOork, . . e 0 f
(15) DeMoor, J. E.. Van der Keler, G. B. Organomet. Chenl966 235. the approach of Stredimodified by Allman and Goel? In this
(16) Phillips, W. D.; Miller, H. C.; Muetterties, E. L. Am. Chem. Soc. ~ method, a known solution of phosphine in E¥D; is titrated
a7 %9)5% 81|,(4¢9g- Land H Wil R E- Shapira. Bh with HCIO,4. Results are then compared to those of a phosphine
a, nak, 1. P.; Lanaesman, H.; liams, R. E.; apirg, Pnys. H H H
Chem.1959 63, 1533. (b) Harmon, K. M.; Cummings, F. . Am. of known K, by f”‘pp'.ymg an experimental equa.tlon' THé_ap
Chem. Soc1962 84, 1751. values for the variousido-carboranylmonophosphines are listed
(18) Brotherton, R. J.Encyclopedia of Inorganic Chemistrywiley- in Table 9. As a reference Kp values of known and similar
Interscience: New York, 1994, tertiary phosphines are also included in the table.

(19) Hirsch, J. ATop Stereochenl967 1, 199. R . . .
(20) Malone, J. F.; Marrs, D. J.; Mckervey, M. A.; O'Hagan, P.; Thompson, _ K€€ping in m'nd that errors may arise due to the approxima-
N.; Walker, A.; Arnaud-Neu, F.; Mauprivez, O.; Schwing-Weill, M. tion of convertingE values into K, values, the K, results

J.; Dozol, J. F.; Rouquette, H.; Simon, N. Chem. Soc., Chem.  optained seem very reasonable and allow interesting conclusions.
Commun1995 2151.

(21) Wanda, M.: Higashizaki, S.; Tsuboi, &. Chem. Res1985 38. _The more basinidQcarboranylmon_ophosphines are those that

(22) Teixidor, F.; Vitas, C.; Benakki, R.; Kivela R.; Sillanpa, R. Inorg. incorporate donating groups, Et af®t fragments, bonded to
Chem.1997, 26, 11723. the phosphorus. Also, the substituents on the C(8) position

gig g)eggfgeéVA'?g:&“nhsﬁielgﬁzgiﬁ?%hem S04970 92, 6174 modify the K, value. In this case the results are also logical as
and references therein. (b) Leites, L. @8hem. Re. 1992 92, 312, the more donating group (Me) produce the phosphines with the

(25) Fluck, E.; Lorenz, JZ. Naturforsch.1967, 22B, 1095. highest (K, while the more electron-withdrawing group (Ph)
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Table 9. pK, Values fornido-Carboranylmonophosphines and
Tertiary Phosphinés

A(pKy)
compound Ka R = Me, R =Ph
PEg 8.69
[7-PEb-8-Me-7,8-GBgH1q] ~ 9.49
[7-PE-8-Ph-7,8-GBgH1g] ~ 8.88 0.61
F;(_r;Fc)gr)z_g_Meq 8-GBoH1g~ ggg closo -benzocarborane nido- benzocarborane
[7-pqpr)z-g-ph-7,é-QBQHlo]f 8.76 0.63 Figure 3. closoBenzocarborane anado-benzocarborane.
PPh 2.73
[7-PPh-8-Me-7,8-GBgH1q] - 5.91 compounds are represented in Figure 3. Wade and co-wdfkers
[7-PPh-8-Ph-7,8-GBoH1q] - 5.86 0.05 clearly established by X-ray structural analysis that benzocar-

borane was nonaromatic as the-C bond lengths in the £
the lowest .. The K, difference between 8-Me- and 8-Phiis  ring shows alternating values consistent with the localized single
0.6. Interestingly, thelf, values of thesaido-carboranylmono-  and double bonds. They also observed that benzocarborane did
phosphines are comparable to th&palues of neutral organic ot undergo a DielsAlder reaction with malic anhydride,
tertiary phosphines. The situation changes considerably whengespite its diene character, while with the analogoido-
the arylcarboranylphosphines [7-PR8iMe-7,8-GBgH1q ~ and benzocarborane the Dielé\lder reaction proceeded. Their
[7-PPh-8-Ph-7,8-GBgH.q| ~ are considered. These carboranyl- interpretation was that the difference in reactivity was attribut-
monophosphines are distinctly more basic thansPhich can  aple to a combination of steric and electronic factsrs.
be considered its organic analogue. In addition, the existence QOur view of the system is that the cluster influence, either
of a donating or electron-withdrawing group (Me or Ph) onthe closo or nido, is very strong on the cluster's carbom
cluster C(8) position does not alter thEgsignificantly. substituenta We invoked a p—p; interaction between the

As mentioned, in thé'P{*H} NMR chemical shifts there was  carbon and the cluster carbon. The relevant point, however, is
also a gap between aryl- and alkylcarboranylphosphines. All that the cluster influence is of distinct sign, whether itlisso
produce a shift to higher field, although the shift was definitively or nido. The closoandnido clusters exhibit, respectively, -al
smaller for the arylphosphines. Considering th&'s values  and-+| effect ( = inductive effect). Thus, the diene in th®so-
found, allnido-carboranylmonophosphines are more basic than penzocarborane is a poor base while the diene innitle-
their organic analogues, but thio-arylcarboranylphosphines  phenzocarborane is a strong base, ready to search for the LUMO
are more basic with regard to their equivalent organic analoguesgf the dienophile. The higher basicity of thélo-benzocarbo-
than the alkyl ones. rane is enlarged, considering that the cluster's negative charge
Thus, while the influence of thelosomoiety, 1,2-GB1gHa2, is distributed mostly on the open face and not so much on the

on theexo<luster lone pair containing substituent is related to rest of the cluster. This also explains why-B's on the open
its electron-acceptor character, producing low coordinating face coordinate to metal quite readily, while otherBs behave
ligands, the high reactivity of the correspondimido derivatives more as spectatof8and certainly explains whyido-carbora-
is due to the electron-donor capacity of thido-[7,8-C;BgH10] - nylthioethers ancdhido-carboranylphosphines are such good

anion. o . coordinating ligands.
Thenido cluster dissipates electron density on the phosphorus

atom, increasing theka and thus facilitating the capture ofa ~_ Acknowledgment. This work was supported, in part, by
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