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could function as a photochemical hydrogen-transfer reagent.

Acknowledgment. D.C.S. thanks the Sun Co. for a graduate
fellowship. This research was supported by National Science
Foundation Grant CHE84-19828.

Supplementary Material Available: Tables of intensity collection data,
anisotropic thermal parameters for iridium, final anion parameters,
complete bond distances and angles, and assigned hydrogen parameters
(8 pages); a complete listing of observed and calculated structure factors
(18 pages). Ordering information is given on any current masthead page.

Contribution from the Department of Chemistry, University of Kentucky, Lexington, Kentucky 40506-0055,
and Institute for Inorganic Chemistry, Georg August University, Gottingen, Federal Republic of Germany

Pyrazole Derivatives of 9-Borabicyclo[3.3.1]nonane!

L. Komorowski,"§ A. Meller,} and K. Niedenzu*!
Received August 4, 1989

9-(Dimethylamino)-9-borabicyclo[3.3.1]nonane, (CgH,;)BN(CHj;),, reacts with 1 molar equiv of pyrazole (=Hpz) to form the
complex (CgH,4)B(pz)-(CH;),NH and with additional Hpz to yield (CgH,,)B(pz)-Hpz. The latter complex is also obtained by
the reaction of 9-borabicyclo[3.3.1]nonane dimer, [(CsH;4)BH]; (=9-BBN), with Hpz. The adduct can be deprotonated to form
[(CsH,4)B(pz),]", which reacts with PdCl, to yield Pd[(x-pz),B(CsH,4)],. This same Pd complex is obtained when (CgH,,)B-
(pz)<(CHj;),NH is reacted with NaH and then with [CIPd(x-CH,CHCH,)], in boiling benzene, whereas at room temperature
the latter reaction yields the complex [(pz)Pd(x-CH,CHCH,;)],. Reaction of [(CgH,4)B(pz),]” with [CIPd(x-CH,CHCH,)],
yields the complex (CgH,,)B(p-pz),Pd(x-CH,CHCH,). The pyrazabole (CgH,,)B(u-pz),B(CsH,,) is obtained by the reaction
of (C3H,4)B(pz)-Hpz with 9-BBN, the direct interaction of 9-BBN with Hpz, or the thermal decomposition of (CgH,,)B(pz)-
(CH;);NH in molten Hpz. A relative of this pyrazabole, i.e., (CgH,4)B(u-pz)(u-NHCH3)B(C3H,,), is obtained by the reaction

of (CgH,4)B(pz)-CH;NH, with 9-BBN.

Introduction

The first pyrazole derivatives of 9-borabicyclo[3.3.1]nonane,
[(CsH,4)BH], (=9-BBN), have recently been obtained from the
reaction of [(CgH,4)B],X (X = O, S, Se) with pyrazole (=Hpz).2
The resultant species of type 1 are relatives of the pyrazaboles,

N—N

1

R,B(u-pz),BR,, but in which one of the bridging pz groups has
been replaced by another moiety, i.e., XH. (Similar compounds
of the type R(pz)B(u-pz)(u-NHR")BR(pz) were previously pre-
pared by the reaction of borazines, (RBNR’);, with Hpz.?) The
reaction of 1 (X = Q) with [(CgH,,)BH], gave the pyrazabole
(CsH,4)B(u-pz),B(CsH,4),2 and the complex Co[(pz),B(CsH4)];
has recently been described and was found to contain two agostic
hydrogen bonds.* The present work is concerned with a general
study of pyrazole derivatives of 9-BBN.

Experimental Section

Elemental analyses were performed by Schwarzkopf Microanalytical
Laboratory, Woodside, NY. Melting points (uncorrected) were deter-
mined on a Mel-Temp block.

NMR spectra were recorded for solutions in CDCl; (unless otherwise
noted) on a Varian VXR-400 (high-resolution spectra), XL-200 (!'B),
or GEMINI-200 ('H, *C) instrument. Chemical shift data are given
in ppm, with positive values indicating downfield from the reference
(internal (CH;),Si for 'H and '*C NMR, external (C;H,),0-BF; for ''B
NMR); s = singlet, d = doublet, t = triplet, q = quartet, p = quintuplet,
h = septet, m = unresolved multiplet, and an asterisk denotes a broad
signal. Coupling constants J are given in hertz. Unless otherwise noted,
13C NMR spectra were recorded in the proton-decoupled mode. Electron
impact (EI) mass spectral data (70 eV unless otherwise noted) were
obtained on a VG ZAB-2F spectrometer under standard operating con-
ditions. Data are listed to m/z 30 for 5% or greater relative abundances
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(in parentheses) only. Field desorption (FD) mass spectra were recorded
on a Finnigan MAT 250 instrument.

All nonreferenced reagents were obtained from Aldrich Chemical Co.,
Milwaukee, W1, and used as received. Pyrazole (=Hpz) was distilled
over a small amount of metallic sodium and stored under anhydrous
conditions. All syntheses were performed under argon cover.

(CgH 4)BN(CH,),. A stirred solution of 9-borabicyclo[3.3.1]nonane
(=9-BBN, 100 mL of 0.5 M solution in hexanes) was saturated with
anhydrous dimethylamine. A milky mixture formed that was slowly
heated to reflux while a slow flow of dimethylamine was maintained.
Rapid gas evolution began at about 60 °C; after about 15 min, the
solution was clear and gas evolution ceased. The mixture was refluxed
for an additional 30 min, and the solvent was distilled off under atmos-
pheric pressure. The residue was distilled under reduced pressure to give
a 90% yield of the desired compound, bp 70 °C (1 Torr).

NMR data: 8('H) 2.78 (6 H, s), 1.9-1.3 (14 H, m); 6(''B) 47.2 (s,
ki, = 125 Hz); 6(13C) 38.4, 32.9, 23.2, 21*.

The compound has previously been prepared by the reaction of lithium
dimethylamide with 9-OMe-9-BBN: bp 88 °C (2 Torr); 8(*H) 2.74 (6
H, s), 2.0-1.3 (14 H, m).5

(CgH,,)B(pz)-(CH;),NH. A solution of 2.7 g (40 mmol) of Hpz in
30 mL of ether was added slowly with stirring to a solution of 6.4 g (39
mmol) of (C3H,4)BN(CH3,), in 25 mL of ether. A precipitate formed
immediately in a slightly exothermic reaction, and the mixture was stirred
at ambient temperature for 15 min. The precipitate was collected,
washed with ether, and dried under vacuum to give 8.5 g (93%) of
(slightly hygroscopic) product. The colorless microcrystalline material
decomposed with the release of dimethylamine on heating to 130~140 °C
(with some sublimation) and finally melted at 230-240 °C. Anal. Calcd
for C;3HyBN; (M, = 233.17): C, 66.97; H, 10.37; B, 4.64; N, 18.02.
Found: C, 66.86; H, 10.41; N, 17.65.

NMR data; 8('H) 7.68 (1 H,d, J = 1.2), 7.58 (1 H, d, J = 2.2), 6.26
(1 H, unsym t = two overlapping d), 3.9* (1, H, s), 2.36 (6 H,d, J =
6),2.0-1.2 (14 H, m); 8(''B) 1.1 (s, hy2 = 150 Hz); 5(1C) 139.7, 133.2,
103.5, 36.1 (CH3), 30.9, 30.6, 23.8, 23.2, 20.6*. For mass spectral data,
see text.

(CsH,,)B(pz)-Hpz. A mixture of 1.0 g (4.3 mmol) of (CgH,4)B-
(pz)-(CH;),NH (see above), 1.5 g (22 mmol) of Hpz, and 30 mL of
toluene was refluxed with stirring for 2 h, and toluene was removed under
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reduced pressure. Excess Hpz was carefully sublimed off the residue
under vacuum to leave 1.0 g of material, mp 254-256 °C dec (after
recrystallization from toluene or sublimation under vacuum). Anal.
Caled for C;Hy BN, (M, = 256.16): C, 65.64; H, 8.26; B, 4.12; N,
21.87. Found: C, 65.04; H, 8.18; N, 21.36. For NMR and mass spectral
data, see text.

Alternate Procedure. To a stirred slurry of 1.5 g (6.1 mmol) of
[(CsH,4)BH]; in 30 mL of toluene was added 2.0 g (29 mmol) of Hpz.
Immediate gas evolution occurred, and after about 10 min, a clear so-
lution was obtained. The mixture was heated to reflux for 1 h, and the
precipitate was collected, washed with toluene, and dried under vacuum
to give 3.2 g (89%) of the desired product, identical (NMR data) with
the above material.

Na[(CgH,4)B(pz),]. To a mixture of 2.5 g (9.8 mmol) of (CgH,,)B-
(pz)-Hpz (see above) and 30 mL of benzene was added with stirring 0.40
g (17 mmol) of sodium hydride. Immediate gas evolution occurred; once
that subsided, the mixture was heated to reflux for 1 h and filtered, and
the filtrate was evaporated to leave 2.8 g of pale orange material. The
latter was dissolved in toluene, and the product was precipitated with
hexane as a colorless product; on being heated to 140-150 °C, it turned
glassy and began to melt near 210 °C.

NMR data (solution in C¢Dg): 6(*H) 7.80 (1 H, d, J = 1.9), 7.40 (1
H, unresolved d), 6.18 (1 H, unsym t = two overlapping d, J = ca. 2.9),
2.3-1.2 (7 H, m, with distinct spike at 1.29); 8("!B) —0.7 (s, h,/, = 700
Hz); 6(1*C) 139.1, 133.0, 103.9, 31.9, 25.0, 24.3*.

Pd[(u-pz),B(CgH ,)];. To a solution of 1.0 g (8.2 mmol) of [(Cy-
H,4)BH], in toluene was added 0.85 g (8.0 mmol) of Kpz, and the
mixture was briefly heated to boiling. It was cooled to room temperature,
and 0.55 g (8.1 mmol) of Hpz was added. After the vigorous gas evo-
lution had subsided, the mixture was refluxed for 30 min. The precipitate
was collected, washed with toluene, and dried under vacuum to give 2.0
g (85%) of [(CsH,4)B(pz),]K. A mixture of 1.7 g (5.8 mmol) of this salt,
0.50 g (2.8 mmol) of PdCl,, and 30 mL of acetonitrile was stirred at
ambient temperature for 12 h. The precipitate was collected, washed
with water, and dried under vacuum to give 1.2 g (68%) of product. It
was recrystallized from benzene and thus obtained as a pale green ma-
terial, mp 350 °C dec. Anal. Caled for C,3H(BN,Pd (M, = 616.70):
C, 54.53; H, 6.54; B, 3.50; N, 18.17; Pd, 17.25. Found: C, 53.76; H,
6.19; B, 3.11; N, 17.44; Pd, 16.81.

NMR data: 5('H) 7.73 (2 H,d, J = 2.4),7.16 (2H,d, J = 2.1), 6.15
(2 H, unsym t = two overlapping d, J ca. 2.3), 4.35* (1 H, s), 2.4-1.95
+ 1.6-1.4 (13 H, m); 8("!B) 1.9 (s, hy;, = 350 Hz); 8(**C) 140.6 (d of
d, 'J =190, = 6.9), 134.6 (d of d, 'J = 187, 2J = 7.8), 105.1 (two
overlapping d of d, 'J = 183, 2/ = 9.2), 32.5 (t, J = 123), 30.6 (t, J =
125), 27.4* (d, J = ca. 124), 24,2 (t, J = 124), 20.6* (d, J = ca. 122).
The FD mass spectrum exhibited only an ion cluster at m/z 616.

Alternate Procedure. To a stirred mixture of 1.7 g (7.3 mmol) of
(C3H,4)B(pz)-(CH4),NH (see above) and 50 mL of benzene was added
0.25 g (10 mmol) of solid NaH. The mixture was stirred for 3 h at room
temperature, and a small amount of insoluble material was filtered off.
A quantity, 1.4 g (3.8 mmol), of [CIPd(r-CH,CHCH,)], was added, the
mixture was refluxed for 18 h and filtered, and the solvent was evapo-
rated to leave 0.85 g of a pasty material. It was washed with pentane
and then recrystallized from benzene to give 0.36 g of pale green crystals,
mp 350 °C dec, identical (NMR data) with the above material.

(CgH,4)B(u-pz),Pd(7-CH,CHCH,). To a stirred slurry of 1.0 g (3.9
mmol) of (CgH,4)B(pz)-Hpz (see above) in 20 mL of benzene was added
0.3 g (13 mmol) of solid NaH. Vigorous gas evolution occurred, and the
(CgH,4)B(pz)-Hpz dissolved. The mixture was refluxed for 30 min and
filtered, and 0.75 g (2.0 mmol) of [CIPd(x-CH,CHCHj,)], was added
to the clear filtrate. The mixture was refluxed overnight and filtered, and
solvent was evaporated to leave 1.3 g (82%) of a gray-green solid. The
latter was recrystallized from heptane to give 0.95 g of pale yellow
product, mp 190 °C dec. Anal. Caled for C,7H,sBN,Pd (M, = 402.62):
C, 50.17; H, 6.26; B, 2.68; N, 13.91; Pd, 26.43. Found: C, 50.55; H,
6.16; B, 2.51; N, 14.07; Pd, 26.52.

NMR data: 5('H) 7.68 (1 H, d, J = 2.4),7.67 (1 H,d, J = 2.2), 7.48
(1H,d,J=20),729 (1 H,d,J=1.9),6.15(1 H,t,J =22),6.12 (1
H,t, J = 2.1), 5.64 (A) + 5.60 (B) (1 H, two overlapping sets of t of
tA =122, =69;B,J=122,=17.0),397(1H,d,J=10),
387(1H,d,J=17.0),3.07(1 H,d,J=122),3.01 (1H,d, J = 12.2),
2.95* (1 H,s), 2.35* (1 H, 5), 2.2-1.0 (12 H, m) (as is based on selective
decoupling experiments (Varian VXR-400 instrument), the sets 7.68/
7.48/6.15 and 7.67/7.29/6.12 ppm, respectively, belong to different pz
groups of equal abundances; and the signals at 5.6 ppm are coupled with
the sets 3.97/3.87 and 3.07/3.01 ppm to account for two different allyl
groups of equal abundances); 8(''B) -0.3 (s, A/, = 165 Hz); §(**C) 141.3
(dofd,'J=1852=7),141.2(dof d, 'J = 185,27 =7), 133.7 (d of
d,'J =185 2/ =55),1335(dofd, 'J =185, =55), 1143 (d, J
=163), 133.6 (d, J = 162), 103.8 (dofd of d, 1J = 176, %] = 9), 103.7
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(dofd, ' =176,% =9),56.6 (t,J = 158), 32.4 (t, J = 122), 32.4 (t,
J=122),323 (t,J = 123), 30.41 (t, J = 123), 30.37 (t, J = 123), 27.5*
(t = two overlapping d?, J = ca. 100), 24.2 (t, J = 123),24.1 (t, J =
123), 20.9* (d, J = 110). The FD mass spectrum exhibited only an ion
cluster at m/z 402,

[(pz)Pd(x-CH,CHCH,)],. A mixture of 1.0 g (2.7 mmol) of [CIPd-
(m-CH,CHCH,)],, 0.6 g (5.6 mmol) of Kpz, and 30 mL of methylene
chloride was stirred for 2 h at room temperature. The milky precipitate
was filtered off (KCl, 96% recovery), and the clear solution was evapo-
rated to give 1.0 g (85%) of crude product. This latter was recrystallized
from benzene to give 0.8 g of off-white material that does not melt at
temperatures up to 420 °C. Anal. Calcd for [(pz)Pd(#x-CH,CHCH,)],
(M, = 429.08): C, 33.59; H, 3.76; N, 13.06, Pd, 49.59. Found: C, 33.73;
H, 3.80; N, 13.32; Pd, 49.48.

NMR data: 8('H) 7.53 (d, J = 2.0) + 7.49 (d, J = 2.0) (2 H), 6.24
(1 H, two overlapping t, J = 2.0), 5.65 (tof t, .J = 12.3, 2 = 7.0) +
554 (toft,'J=122,2=70)(1 H),374(d, J=69) +3.72(d, J
=6.9) (2H),3.02 (d,J = 12.3) + 3.00 (d, J = 12.4) (2 H); 6(*C) 142.1,
141.7, 116.1, 115.9, 104.3, 104.2, 58.3, 58.1. The FD mass spectrum of
the material showed a molecular ion cluster at m/z 429.

A material of mp ca. 190 °C dec (NMR data: 8('H) 7.56 (2 H, two
overlapping d), 6.28 (1 H, t, J = 2.0), 6.0-5.2 (1 H, m), 3.75 (2 H, d,
J =17.0),3.02 (2H,d, J = 12.2)) has previously been described.®

Alternate Procedure. A mixture of 0.8 g (3 mmol) of [(CsH4)B-
(pz)N(CH,),]K (prepared by dissolving (CgH4,)BN(CHj), in benzene
and adding an equimolar amount of Kpz, stirring overnight, evaporating
the solvent, and drying the product under vacuum), 0.55 g (1.5 mmol)
of [CIPd(r-CH,CHCH,)],, and 30 mL of benzene was stirred for 3 days
at ambient temperature. The mixture was filtered, and the clear filtrate
was evaporated to leave 0.65 g of solid. This was dissolved in benzene
and precipitated with hexane to give a material identical (NMR spectra)
with the above compound.

(pz),B(u-pz),Pd(x-CH,CHCH,). A slurry of 0.95 g (3.0 mmol) of
K([B(pz),]’ and 0.55 g (1.5 mmol) of [CIPd(x-CH,CHCH,], in 30 mL
of methylene chloride was stirred at room temperature for 12 h, and most
of the reagents dissolved. The mixture was filtered, and solvent was
evaporated from the clear filtrate to yield 1.1 g (87%) of a pale yellow
product, mp 360 °C dec (after recrystallization from toluene). Anal.
Caled for C,sH,;BNgPd (M, = 426.56): C, 42.24; H, 4.02; B, 2.53; N,
26.27; Pd, 24.94. Found: C, 42.43; H, 3.82; B, 1.87; N, 24.49; Pd, 25.97.

NMR data: 8('H) 7.66 (4 H,d, J = 1.2),7.04 (4 H,d, J = 1.9), 6.27
(2 H, unsym t = two overlapping d, J = ca. 1.9), 5.39 (1 H, t of t, 'J =
122,27 =17.0),3.83(2H,d, J = 6.8), 2.86 (2 H, d, J = 12.4); 5('B)
0.6 (s, h1j; = 23 Hz); 8(*C) 143.1 (d, J = 183), 135.1 (d, J = 187),
116.0 (d, J = 162), 105.2 (d, J = 177), 58.7 (t, J = 177). EI mass
spectrum (14 eV): m/z 430 (7), 429 (42), 428 (26), 427 (89), 426 (38),
425 (99), 424 (100), 423 (52), 422 (9), 362 (19), 361 (12), 360 (47), 359
(23), 358 (53), 357 (55), 356 (32), 355 (7).

A material of mp 246-248 °C but exhibiting essentially the same 'H
NMR spectrum as reported here has been described previously.?

(CgH,4)B(u-pz),B(CgH,,). A mixture of 2.5 g (9.8 mmol) of
(CsH,4)B(pz)-Hpz (see above), 1.5 g (6.1 mmol) of [(CgH,,)BH],, and
50 mL of toluene was heated to reflux for 2 h. The volume of the solution
was reduced to about 20 mL, and, after it was cooled to room tempera-
ture, 1.9 g (82%) of the desired compound was obtained as a precipitate.
The latter was recrystallized from toluene to give 1.0 g of pure product,
mp 255-256 °C. Anal. Caled for C5,H,B,N4 (M, = 376.16): C, 70.25;
H, 9.11; B, 5.75; N, 14.89. Found: C, 69.99; H, 9.01; N, 15.07.

NMR data: 6('H) 8.08 (2 H,d, J =2.5),6.20 (1 H, t, J = 2.5),
1.93-1.46 (14 H, m); 8(''B) 3.2 (s, hy;, = 150 Hz); 5(1*C) 136.9, 103.8,
32.6, 24.5*, 21.6. The EI mass spectrum exhibited a small parent ion
cluster at m/z 376; the base peak was observed at m/z 187. The FD
mass spectrum exhibited a strong ion cluster at m/z 376 (base peak) and
a weak one near m/z 188 (18% relative abundance), both exhibiting the
correct isotopic distribution calculated for the dimer (=pyrazabole) and
the monomer, (CgH,4)B(pz), respectively.

The same compound has recently been obtained by the reaction of
(CsH,4)B(u-pz) (u-OH)B(CgH,,) with [(CsH ,)BH], 2

Alternate Procedure. A mixture of 2.3 g (10 mmol) of (CgH,4)B-
(pz)-(CH,),NH (see above) and 4-5 g of Hpz was heated with stirring
to 180 °C for 2 h. After the mixture was cooled to room temperature,
excess Hpz was washed off with ether (from which it can be recovered)
to leave an essentially quantitative yield (1.7 g) of the desired product
as colorless crystals of mp 251-252 °C (mp 254-255 °C after recrys-
tallization from toluene). The product was identical (NMR and mass
spectral data) with the above material.

(6) Trofimenko, S. Inorg. Chem. 1971, 10, 1372-1376.
(7) Trofimenko, S. Inorg. Synth. 1970, 12, 103-105.
(8) Trofimenko, S. J. Am. Chem. Soc. 1969, 91, 588-595.



540 Inorganic Chemistry, Vol. 29, No. 3, 1990

Alternate Procedure. A solution of 1.0 g (15 mmol) of Hpz in 50 mL
of toluene was dropped into a boiling solution of 1.9 g (7.8 mmol) of
{(CgH,4)BH], in 30 mL of toluene over a period of 2 h. The solution
was refluxed for an additional 30 min and then concentrated to a volume
of about 20 mL. The crystalline precipitate (1.0 g, 53%) was identical
(NMR and mass spectral data) with the pyrazabole derivative described
above. A second crop of slightly less pure material was obtained on
further concentration of the toluene solution to provide for an overall
yield of approximately 90%.

(CsH,,)B(u-pz)(u-NHCH;)B(CgH,,). Anhydrous methylamine was
slowly bubbled through a stirred slurry of 2.0 g (8.2 mmol) of [(Cs-
H,,)BH], in 100 mL of toluene for 1 h. The solution was then briefly
refluxed to remove excess methylamine and to form (CgH,,)BNHCH,
in situ. Solid Hpz, 1.1 g (16 mmol), was added, and a colorless precip-
itate developed quickly. The mixture was stirred for 3 h at room tem-
perature, and 3.3 g (87%) of crude (CgH,4)B(pz)-CH;NH,, mp 195-197
°C dec, was collected. A stirred mixture of 2.0 g (9.1 mmol) of the crude
(CsH,4)B(pz)-CH3NH,, 1.1 g (4.5 mmol) of [(CgH,,)BH];, and 60 mL
of toluene was slowly warmed to reflux. (CgH,,)B(pz)-CH;NH, quickly
dissolved with hydrogen evolution. The mixture was refluxed for 30 min
and then cooled to room temperature. Toluene was evaporated, and the
residual oily material crystallized on standing overnight. The product
was washed with hexane, and 2.2 g (71%) of crude pale yellow material,
mp 145-150 °C, was obtained. It was recrystallized from heptane to give
a colorless product, mp 158-150 °C. Anal. Caled for CyH;B,N; (M,
= 339.14): C, 70.83; H, 10.40; B, 6.38; N, 12.39. Found: C, 70.42; H,
10.80; B, 6.39; N, 12.41.

NMR data: §('"H) 7.77 2 H,d, J = 2.3),6.34 (1 H, t, J = 2.3), 2.85*
(1 H,s),2.24 (3H,d, J = 6.2), 2.2~1.4 (24 H, m), 0.90* (4 H, s); 8(''B)
3.5 (s, hyjp = 175 Hz); 8(*C) 132.9, 106.4, 32.8, 32.6, 31.5, 30.7, 28.9,
24.1%,23.9, 23.2, 21.2%. The EI mass spectrum exhibited a parent ion
cluster at m/z 339; the base peak was observed at m/z 187.

Results and Discussion

9-Borabicyclo[3.3.1]nonane dimer, [(CsH,4)BH], (=9-BBN),
as well as the 9-dimethylamino derivative (CH,),NB(CgH,,)
(which was prepared from 9-BBN and anhydrous dimethylamine)
reacted readily with pyrazole (=Hpz). The former reacted even
at room temperature with excess Hpz to give (CsH,,)B(pz)-Hpz
in essentially quantitative yield. Under similar conditions, (Cs-
H,;)BN(CHj;), reacted with 1 molar equiv of Hpz to form the
adduct (CgH,4)B(pz)-(CH3),NH via complexation and subsequent
proton migration (as shown by 'H NMR data). The latter adduct
interacted with additional Hpz in refluxing toluene to also give
the species (CsH,4)B(pz)-Hpz.

The EI mass spectra of the adducts (CzH,4)B(pz)-Hpz and
(CsH,4)B(pz)-(CH4),NH were essentially identical and exhibited
an ion cluster at m/z 188 for [(CsH,4)B(pz)]* as well as its
fragmentation and besides peaks for pyrazole or dimethylamine,
respectively. Both species were thermally unstable and decom-
posed (at least partially) below or at their melting points to yield
the pyrazabole (CgH,4)B(u-pz),B(CsH,4).

The splitting of the CHj, signal in the 'H NMR spectrum of
the complex (CgH,4)B(pz)-(CH,),NH clearly established the
location of the N-bonded proton at the dimethylamine nitrogen.
Only one ''B NMR signal was observed for the complex and was
located in the region normally associated with four-coordinate
boron;® and the 3C NMR spectrum exhibited one (broad) signal
for C, and two each for C; and C, of the CgH;, moiety.

The NMR spectra of (C3H,,;)B(pz)-Hpz were dependent on
solvent, temperature, and concentration. For example, the 'H
NMR spectrum of a clear solution in CDCl, exhibited two signals
sets for the pz group, the ratio of which was strongly temperature
dependent. A saturated solution (over solid material) exhibited
an additional pz signal set. Spectral changes in the pz region were
always accompanied by significant changes in the aliphatic region.
A solution of (CgH,4)B(pz)-Hpz in CD;0D exhibited only one
set of 'H NMR signals in the pz region at § 7.66 (2 H)/6.38 (1
H). In (CD3),CO solution, however, two sets in about 2:3 ratio
were observed at 6 7.96 (2 H)/6.54 (1 H) and 7.62 (2 H)/6.29
(1 H), respectively. Solutions in CD;CN, C4HsCD,;, or (CD;3),SO
exhibited similar spectra. The room-temperature ''B NMR

(9) Noth, H.; Wrackmeyer, B. Nuclear Magnetic Resonance Spectroscopy
of Boron Compounds; Springer-Verlag: Berlin, Heidelberg, New York,
1978.
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spectrum in CDCl, exhibited three signals at 33.0, 8.7, and 1.0
ppm, the intensity ratio of which was concentration dependent
although the peak at 8.7 ppm was consistently the most intense
signal (ca. 80% of the total intensity). At-38 °C, only two signals
at 6 33.1 and 1.2* (very broad) were observed; a shoulder at 8.2
ppm emerged off the high-field signal at 10 °C, and it became
the most intense signal at room temperature. These observations
may be explained by concentration-dependent equilibria processes,
e.g., (CsHy4)B(pz) + Hpz (a) = (C3Hy4)B(pz)-Hpz (b) = H-
[(CsH,4)B(pz),] (c), which would account for the observation of
three ''B NMR signals ((2) 33.0, (b) 8.7, (¢) 1.0 ppm). The
elemental analysis data support the composition (CgH,,)B-
(pz)Hpz. Even more important, reaction of the adduct with NaH
gave the salt [(CsH ,)B(pz),]Na, the NMR spectra of which were
uncomplicated (including only one !!B signal!) and readily in-
terpreted to further support the given formulation of the adduct.
Finally, the reaction of 9-BBN with (CgH,,)B(pz)-Hpz (see below)
is also clearly in consonance with the assigned structure of the
latter.

The ion [(C3H,4)B(pz),]~ was reacted with PdCl, to give the
complex Pd[(u-pz),B(CsH,4)],. The latter also exhibited a simple
'H NMR spectrum. Only one set of signals was observed for the
pz groups at ¢ 7.73 (2 H)/6.15 (1 H). However, the two (BC)H
protons of the CgH;, moiety were not equivalent, with one signal
being observed at 4,35 ppm and the other one falling within the
range of the aliphatic signals in the 2.4-1.5 ppm region. This may
suggest that the cited (BC)H is interacting with Pd.

Interestingly, the complex Pd[(u-pz),B(CsH,4)], was also ob-
tained when (CgH,4)B(pz)-(CH;),NH was reacted with NaH and
then with [CIPd(x-CH,CHCH,)], in boiling benzene. On the
other hand, when this same reaction was performed at room
temperature, the complex [(pz)Pd(x-CH,CHCH,)], was formed
as the only Pd-containing product. This latter species has pre-
viously been described as the product of the reaction of {CIPd-
(m-CH,CHCH,)], with Hpz in the presence of diisopropyl-
ethylamine as hydrogen chloride acceptor. In the present work,
it was also obtained from the reaction of [CIPd(x-CH,CHCH,)],
with Kpz. The NMR spectra of the species indicated the presence
of rotamers, whereas only one signal set for the allyl group was
observed in the spectra of (pz),B(u-pz),Pd(x-CH,CHCH,). This
latter complex was obtained from the reaction of K[B(pz),] with
[CIPd(7-CH,CHCH,)],.

Reaction of [(CgH,4)B(pz),]Na with {CIPd(x-CH,CHCH,)],
gave the expected complex (CgH,4)B(u-pz),Pd(r-CH,CHCH,).
The NMR spectra of the species revealed the presence of two
isomers (rotamers) in equal abundances, i.e., two nonequivalent
pz and allyl groups, but also the nonequivalence of all C atoms
of the 9-BBN moiety. As is based on '"H/*C HETCOR NMR
experiments, the lowest field *C NMR signal at 141 ppm cor-
related with the two pz group 'H NMR signals at 7.48 and 7.29
ppm, and the pairs 3('H)/8('3C) 7.7/134 and 6.1/104 completed
the assignment of the pz groups. Also, 6(1°C) 114.3 correlated
with 6(*H) 5.60, 6('3C) 113.3 correlated with 3('"H) 5.64, and
8(13C) 56.6 correlated with the sets 5('H) 3.9 and 3.0 to char-
acterize the Pd-bonded alilyl group. No collapse of 'TH NMR
signals was observed at temperatures as high as 90 °C. 1Itis
possible that one of the (BC)H hydrogens of the 9-BBN moiety
interacts with the Pd.*

The pyrazabole (CgH,4)B(u-pz),B(CsH,4) was most readily
obtained from the reaction according to eq 1. The same pyra-

(CsH,B(p2)-Hpz + HI(CyH,)BH], —»
(CsHy4)B(u-pz),B(CsHy4) (1)

zabole was also obtained by the direct interaction of 9-BBN with
Hpz and the thermal decomposition of the adduct (CgH,,)B-
(pz)-(CH;),NH. Furthermore, it has recently been prepared by
the reaction of 9-BBN with (CgH,)B(k-pz)(u-OH)B(C3H,,).?
It is known that H¥[B(pz),]~ thermally decomposes with the
formation of the pyrazabole (pz),B(u-pz),B(pz),."® However,

(10) Trofimenko, S. J. Am. Chem. Soc. 1967, 89, 4948~4952,
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the thermal decomposition of (CgH,4)B(pz)-Hpz (=H*-
[(CsH 4)B(pz),]) is possible but is not very suitable for the
preparation of the pyrazabole (CsH,4)B(u-pz),B(CgH,4), since
the adduct sublimes even under atmospheric pressure.

The FD mass spectrum of (CgH,,) B(u-pz),B(CgH 4) exhibited
not only the molecular ion cluster at m/z 376 but also one at m/z
188. This observation suggests that the B,N, ring of the pyra-
zabole readily undergoes symmetrical cleavage to yield the mo-
nomer. This same feature was previously been observed for some
B-amino-substituted pyrazaboles,!! and trigonal -pyrazolylboranes
have been found to exist under normal conditions only when the
boron is also bonded to two additional nitrogen atoms and is
incorporated into a cyclic structure. This latter feature is likely
to be a consequence of electronic saturation of the boron atom,
although the boron atom of trigonal 1-pyrazolylboranes shows
Lewis acidity.'>** On the other hand, the suggested ease of the

(11) Niedenzu, K.; Seelig, S. S.; Weber, W. Z. Anorg. Allg. Chem. 1981,
438, 51-62.

(12) Weber, W.; Niedenzu, K. J. Organomet. Chem. 1981, 205, 147-156.

(13) Alam, F.; Niedenzu, K. J. Organomet. Chem. 1982, 240, 107-119.

symmetrical cleavage of the pyrazabole (CgH,4) B(i-pz),B(CsHy4)
and the unusual NMR observations on (CgH,4)B(pz)-Hpz (see
above) may well be due to steric rather than electronic factors.

The reaction of (CgH,4)B(pz)-CH;NH, with 9-BBN proceeded
according to eq 2. The resulting (CsH,4)B(p-pz)(u-NHCH,)-

(CgHy)B(p2)-CH;NH, + %[(C4H ) BH], —>
(CoH,19)B(u-pz)(u-NHCH,)B(CgHy,) (2)

B(CgH,;) (1, X = NCH,) is a relative of the pyrazabole
(CgH,4)B(u-pz),B(CgH ), where one of the two bridging pz
groups is replaced by a bridging NHCH, moiety. Analogous
pyrazabole relatives have previously been obtained from the re-
action of borazines, (RBNR'),, with Hpz,? and similar species
(1, X = O, S, Se) were recently prepared from the reaction of
(CsHM)BXB(CsHM) with HpZ.2
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The orientation of the !*Cd chemical shielding tensors in single crystals of the dimer of diaquobis(2-hydroxybenzoato)cadmium(II),
i.e. Cd-salicylate, and tetrakis(4-picoline)(nitrato-0,0")(nitrato-O)cadmium(II), i.e. Cd~picoline, has been determined. The
isotropic chemical shift was determined to be =31 ppm for Cd-salicylate and +11 ppm for Cd-picoline. The space group symmetry
of the Cd-salicylate crystal generates two magnetically distinct cadmium lattice sites. The assignment of each experimentally
determined tensor to its respective lattice site was not possible due to the special geometry of the ligands in the lattice, which is
discussed in the text. However, the two possible orientations differ only slightly and it is therefore possible to interpret the orientation
with respect to the ligand identity and geometry. In either case, the most deshielded element is oriented nearly perpendicular
to a plane containing two water oxygen atoms. The most shielded element is oriented nearly perpendicular to a pentagonal best
least-squares (BLS) plane defined by two pairs of bidentate benzoate oxygen atoms and one monodentate benzoate oxygen atom.
The crystal of Cd—picoline generates two crystallographically distinct cadmium sites in the lattice. Two methods were used
independently to assign the two experimentally determined tensors to each lattice site. The first method utilizes the empirical
observations of shielding contributions of nitrogen versus oxygen ligand donors. The second method exploits the angular dependence
of the line width as a function of rotation angle due to dipolar coupling between the spin I = !/, 1*3Cd nucleus and the spin / =
1 "N nuclei. The two methods consistently assign each tensor to a respective lattice site. At each lattice site, the most deshielded
tensor element is oriented nearly orthogonal to a BLS plane of nitrogen atoms defined by four monodentate picoline ligands. Also,
at each lattice site, the most shielded element is nearly perpendicular to a plane defined by the Cd?* ion and the two bidentate

nitrate oxygen atoms.

Introduction

Since 1983, single-crystal NMR experiments of cadmium co-
ordination complexes have been carried out to establish the factors
that determine both the magnitude and orientation of the chemical
shielding tensor elements of the 1'3Cd nucleus.! In parts 1!® and
2'® of this series, Honkonen et al. and Honkonen and Ellis ex-
amined all oxygen coordination complexes in order to interpret
113Cd shielding tensor data contemporarily being gathered on all
oxygen—metal-coordinated Ca?*- and Zn?*-containing proteins
in the solid phase, e.g. Conconavalin A,? parvalbumin,? troponin

(1) (a) Honkonen, R. S.; Doty, F. D.; Ellis, P. D. J. Am. Chem. Soc. 1983,
105, 4163. (b) Honkonen, R. S.; Ellis, P. D. J. Am. Chem. Soc. 1984,
106, 5488,

(2) Palmer, A, R,; Bailey, D. B,; Cardin, A. D.; Yang, P. P.; Behnke, W.
D.; Ellis, P. D. J. Am. Chem. Soc. 1978, 100, 5236.
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C.,4 calmodulin,’® and insulin.® In these proteins, the Cd?* ion
was substituted for the native ion because of its favorable NMR
properties, e.g. spin / = !/, and favorably high relative receptivity,
155 and 11 compared to “*Ca (I = 7/,) and Zn (I = 3/,),
respectively. The use of model compounds for proteins is necessary
for several reasons, e.g. inability to grow adequate protein crystals,
mainly because of size or stability constraints and because of the

(3) (a) Darkenberg, T.; Lindman, B.; Cavé, A.; Parello, J. J. FEBS Lett.
1978, 92, 346. (b) Cavé, A.; Parello, J.; Drakenberg, T.; Thulin, E;
Lindman, B. FEBS Lett. 1979, 100, 148.

(4) Forsen, S.; Thulin, E.; Lilja, H. FEBS Lett. 1979, 104, 123.

(5) Forsen, S.; Thulin, E.; Darkenberg, T.; Krebs, J.; Seamon, K. FEBS
Lett. 1980, 117, 189.

(6) Sudmeier, J. L.; Bell, S. J.; Strom, M. S.; Dunn, M. F. FEBS Lett. 1981,
212, 560.
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