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In the title compound, [(CH3)2(C7H7)NH][(C6F5)3B(OH)] or

C9H14N+�C18HBF15Oÿ, the distorted tetrahedral borate anions

are strongly hydrogen bonded to the substituted ammonium

cations. The N� � �O separation in the NÐH� � �O hydrogen

bond is 2.728 (3) AÊ .

Comment

A review of the history of penta¯uorophenylboranes, which

have been known for over 35 years, shows that these

compounds were given little attention until approximately ten

years ago (Piers & Chivers, 1997). Since their discovery as

highly effective activators for polymerization catalysts, a great

deal of both academic and industrial research has been

devoted to the understanding and improvement of these

compounds (Turner & Hlatky, 1988; Hlatky et al., 1989; Turner,

1997). The ®rst reports of Lewis-acid activation of poly-

merization catalysts with tris(per¯uorophenyl)borate also

accelerated the research on these compounds (Ewen & Elder,

1995; Yang et al., 1991). Recently, the nature of the ion pair

found in these compounds has also become an active research

topic. Such ion pairs are being examined by both experimental

and theoretical techniques (Lanza et al., 2000). The exact

nature of the ion-pair separation has taken on added impor-

tance. Until now, many of these interactions have not been

suitably characterized and they need to be in order to compare

results obtained experimentally with those obtained theore-

tically. Ammonium hydroxyborates have also been investi-

gated as activators (Siedle et al., 1993). Speci®cally, the

reaction of [Et3NH][(C6F5)3BOH] with Cp2ZrMe2 (Cp is

cyclopentadienyl) did produce an active polymerization

catalyst for 1-hexene. Ultimately, the catalyst decomposed to

generate the (C6F5)3BOÿ anion coordinated to a metal center

through the O and one of the F atoms.

No unusual bond distances or angles are observed in the

per¯uorophenyl moieties of the title compound, (I) (Fig. 1).

The FÐC bonds vary from 1.339 (3) to 1.360 (3) AÊ , the CÐC

bonds vary from 1.366 (4) to 1.393 (3) AÊ , and the BÐC bonds

vary from 1.651 (3) to 1.663 (3) AÊ . Similar bond lengths can be

found in compounds containing the (C6F5)3B moiety (Dano-

poulos et al., 1998; Janiak et al., 1998).

The two compounds that are most comparable to the title

compound are [Et3NH][(C6H5)3BOH] and [Et3NH][(C6F5)3-

BOH]. Unfortunately, both reports are inadequate. A BÐO

bond length of 1.487 (3) AÊ is reported for [Et3NH]-

[(C6H5)3BOH] (Siedle et al., 1993). Others have taken this

report to refer to the ¯uorinated compound [Et3NH]-

[(C6F5)3BOH] (Hill et al., 1997). Regardless, to the authors

knowledge, a full crystal structure report has never been

published or deposited. A structure for [Et3NH][(C6F5)3BOH]

has been reported recently (Duchateau et al., 2000). Unfor-

tunately, this structure was re®ned with an incorrect formula.

While giving the correct formula in the text, the OÐH H atom

was ignored by the authors in the re®nement. No discussion of

this discrepancy is offered either in the text or in the Crys-

tallographic Information File. While this error will have little

contribution to the overall re®nement, it does affect the

structural area of interest. The exact nature of the hydrogen
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Figure 1
The molecular structure of (I) showing 30% probability displacement
ellipsoids.



bonding between the ion pairs is not revealed. The OÐN

distance in the reported compound is 2.734 (6) AÊ , comparable

to the distance of 2.728 (3) AÊ in (I). The BÐOÐN angle of

134.6 (3)� in the above compound is also comparable to the

value of 123.48 (3)� in (I). The OÐN bond distances are the

same within one s.u., while the BÐOÐN angle is compressed

for (I). This compression most likely arises from cofacial

accommodation of the C2 phenyl ring of the borate anion with

the C4 phenyl ring of the ammonium cation.

Two structures have been reported with transition metal

interactions with the [(C6F5)3BOH]ÿ anion. A [Ta(Cp*)2(OH)-

(CH3)][(C6F5)3BOH] complex (where Cp* is pentamethyl-

cyclopentadienyl) has a BÐO distance of 1.490 (10) AÊ

(Schaefer et al., 1993). Neither the H atom of the anion nor the

H atom of the OH group of the cation could be located in

difference Fourier maps, but a likely hydrogen-bonding

scheme is proposed. A platinum complex is reported in which

the anion forms a PtÐO bond. In this complex, the BÐO

distance is 1.526 (3) AÊ (Hill et al., 1997). The H atom of the

anion was located in a difference Fourier map, with some

imprecision, and is found to be hydrogen bonded to two F

atoms on two of the phenyl rings.

Experimental

Compound (I) was obtained as a decomposition product of a

metallocene reacted with tris(penta¯uorophenyl)borate in tetra-

hydrofuran followed by vapor diffusion of pentane at 276 K.

Crystal data

C9H14N+�C18HBF15Oÿ

Mr = 665.21
Monoclinic, P21/c
a = 10.552 (5) AÊ

b = 15.287 (2) AÊ

c = 16.072 (9) AÊ

� = 96.60 (5)�

V = 2575.4 (19) AÊ 3

Z = 4

Dx = 1.716 Mg mÿ3

Cu K� radiation
Cell parameters from 25

re¯ections
� = 28.2±42.4�

� = 1.62 mmÿ1

T = 153 (2) K
Spike, yellow±brown
0.20 � 0.07 � 0.05 mm

Data collection

Nonius CAD-4 diffractometer
! scans
5131 measured re¯ections
4762 independent re¯ections
3592 re¯ections with I > 2�(I)
Rint = 0.022
�max = 69.9�

h = ÿ12! 11
k = 0! 18
l = 0! 19
3 standard re¯ections

every 300 re¯ections
intensity decay: 2%

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.044
wR(F 2) = 0.118
S = 1.05
4762 re¯ections
466 parameters
All H-atom parameters re®ned

w = 1/[�2(Fo
2) + (0.06P)2

+ 1.10P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.33 e AÊ ÿ3

��min = ÿ0.33 e AÊ ÿ3

The re®ned CÐH distances are in the range 0.96 (3)±1.10 (3) AÊ

and the NÐH distance is 0.95 (3) AÊ .

Data collection: CAD-4 Software (Enraf±Nonius, 1989); cell

re®nement: CAD-4 Software; data reduction: local programs;

program(s) used to solve structure: SHELXS97 (Sheldrick, 1990);

program(s) used to re®ne structure: SHELXL97-2 (Sheldrick, 1997);

molecular graphics: ORTEPIII (Burnett & Johnson, 1996) and

ORTEP32 (Farrugia, 1997); software used to prepare material for

publication: SHELXL97-2.

The authors thank Thomas J. Emge, Rutgers University, for

collecting the low-temperature crystallographic data.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: DA1161). Services for accessing these data are
described at the back of the journal.
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Table 1
Selected geometric parameters (AÊ , �).

B1ÐO1 1.483 (3)
B1ÐC21 1.651 (3)
B1ÐC11 1.661 (3)
B1ÐC31 1.663 (3)

N1ÐC41 1.490 (3)
N1ÐC49 1.497 (3)
N1ÐC48 1.509 (3)

O1ÐB1ÐC21 102.67 (18)
O1ÐB1ÐC11 114.25 (18)
C21ÐB1ÐC11 112.80 (18)
O1ÐB1ÐC31 111.96 (18)
C21ÐB1ÐC31 112.75 (18)

C11ÐB1ÐC31 102.80 (18)
C41ÐN1ÐC49 114.4 (2)
C41ÐN1ÐC48 111.2 (2)
C49ÐN1ÐC48 109.2 (2)


