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Abstract

C30H6B,F1sMnNy,, triclinic, P1 (no. 2), a = 10.5322(3) A,
b = 10.6475(4) A, ¢ = 10.9890(4) A, a = 111.755(3)°,
B = 99.1002)°, y = 112.740(3)°, V = 988.07(7) A>, Z = 1,
Rg((F) = 0.0338, WR,of(F?) = 0.0907, T = 178 K.
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Table 1: Data collection and handling.

Crystal: Colourless prism

Size: 0.15 x 0.07 x 0.07 mm
Wavelength: Mo Ka radiation (0.71073 A)
u: 0.46 mm™

Diffractometer, scan mode:
Bmax, completeness:
N(hk[)measured: N(hk[)uniqum Rint:
Criterion for lops, N(hkl)g:
N(param)reﬁned:

Programs:

Rigaku XtaLAB P200, w
29.8° >99%

33,278, 5266, 0.055

Iobs >2 G(Iobs): 4626

289

CrysAlis™ [1], SIR2014 [2],
SHELX [3], WinGX/ORTEP [4]

The molecular structure is shown in the figure. Table 1
contains crystallographic data and Table 2 contains the list
of the atoms including atomic coordinates and displace-
ment parameters.

Source of material

A solution of Na{HB(3-CF5-5-Mepz);} (250 mg, 0.519 mmol) [5]
in dichloromethane (10 mL) was added slowly to a solution of
MnCl,-4H,0 (103 mg, 0.520 mmol) in methanol (10 mL) over a
period of 10 min. After the mixture was stirred for 90 min,
degassed dichloromethane (20 mL) was added to the reaction
mixture and stirring continued for another 90 min. Then, the
solvent was evaporated under vacuum and the resulting
solid was extracted with dichloromethane (40 mL). The
filtrate was evaporated under vacuum and a white powder
obtained. Colourless crystals of [Mn{HB(3-CF5-5-Mepz)s},]
were obtained by crystallisation from its dichloromethane
solution (20 mL) held at 243 K. Yield: 28% (139 mg,
0.143 mmol). Anal. Calcd. for C5oH,B,FisMnNs». C, 37.03; H,
2.69; N, 17.27%. Found: C; 37.00, H; 2.84, N; 17.09%. IR
(JASCO FT/IR-550 spectrophotometer, KBr; cm™): 2941 (s)
v(C-H), 2584 (s) v(B-H), 1494 (s) v(C=N), 1465 (s) v(C=N).

Experimental details

The C- and B-bound H atoms were geometrically placed
(C-H = 0.95-1.00 A & B-H = 1.12 A) and refined as riding
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Table 2: Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (A?).

Atom X y z Uiso*/Ueq
Mn 0.5 0.5 0.5 0.01844(8)
F1 0.60801 (11)  0.71851 (11) 0.85888(9)  0.0374 (2)
F2 0.67936 (11)  0.95268 (11) 0.90127 (10)  0.0433 (2)
F3 0.51403 (12)  0.84652(12) 0.97520(9) 0.0425(2)
F4 0.78545 (10)  0.59124(12) 0.37393(11)  0.0403 (2)
F5 0.84302 (11)  0.72809(13) 0.26869(13)  0.0509 (3)
Fé6 0.69270 (12)  0.48517 (13) 0.15174(11)  0.0489 (3)
F7 0.30670 (10)  0.10565 (10) 0.38839(11)  0.0394 (2)
F8 0.10751 (12)  0.06504(12) 0.43182(12) 0.0465(3)
F9 0.09797 (11) -0.06723 (10) 0.22527 (11)  0.0457 (3)
N11  0.42836 (11) 0.67497 (12) 0.60777 (11)  0.0206 (2)
N12  0.31723(11) 0.66981 (13) 0.51944(11)  0.0214(2)
N21  0.51569(11) 0.59428 (12) 0.34249(11)  0.0208 (2)
N22  0.41056 (12) 0.63583 (13) 0.31681(11)  0.0216 (2)
N31  0.25589(11) 0.33975(12) 0.36216 (11)  0.0218(2)
N32  0.19692 (11)  0.40706 (13) 0.30356 (11)  0.0223 (2)
1 0.56021 (16)  0.81846 (16) 0.86567 (14)  0.0286 (3)
2 0.44229 (15)  0.76831(15) 0.73625(14) 0.0247 (3)
c3 0.34203 (18) 0.8224(2) 0.73256(16)  0.0373 (4)
H3 0.329747 0.889214 0.809885 0.045*
C4 0.26415(17)  0.75839(19) 0.59259(16)  0.0346 (3)
c5 0.1424 (3) 0.7777 (3) 0.5260(2)  0.0685 (7)
H5A 0.124316 0.848799 0.598896 0.103*
H5B 0.052787 0.677053 0.472567 0.103*
H5C 0.170334 0.819961 0.463073 0.103*
cé6 0.73202 (16)  0.61327 (18) 0.26985(16)  0.0304 (3)
c7 0.60701 (15)  0.64516 (16) 0.27949 (14)  0.0250 (3)
(] 0.56450 (19) 0.7197 (2) 0.21522(19)  0.0389 (4)
H8 0.611906 0.766133 0.164661 0.047*
(o] 0.43846 (18) 0.7118 (2) 0.24071(18) 0.0351 (3)
c10 0.3439 (3) 0.7737 (3) 0.1975(3)  0.0628 (7)
H10A 0.385423 0.826195 0.145310 0.094*
H10B 0.339972 0.847296 0.280923 0.094*
H10C 0.244290 0.688148 0.137939 0.094*
C11  0.16908 (16)  0.07481(16) 0.33558(17) 0.0313 (3)
C12  0.15652(14) 0.18939(15) 0.29447 (15)  0.0263 (3)
C13  0.03585(16) 0.15804 (17) 0.19204(16)  0.0347 (3)
H13 -0.048269 0.060414 0.129803 0.042*
C14  0.06480(16) 0.29914(17) 0.20045(15)  0.0316 (3)
C15 -0.0263 (2) 0.3365 (2) 0.1154(2)  0.0529 (5)
H15A -0.115493 0.241067 0.045501 0.079*
H15B 0.030551 0.385493 0.067998 0.079*
H15C -0.053518 0.407377 0.176997 0.079*
B1 0.27407 (15)  0.58382(17) 0.35890(15)  0.0208 (3)
H1 0.195363 0.613257 0.310404 0.025*

with Ujso(H) = 1.2-1.5U¢4(C) and 1.2U.4(B). Owing to poor
agreement, four reflections, i.e. (10 0), (-2 -6 4), (-4 7 0)
and (-2 -3 1), were omitted from the final cycles of
refinement.
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Comment

Hydridotris(alkyl substituted-1-pyrazolyl)borates are well-
known in inorganic and coordination chemistry [6, 7].
Among the alkyl groups in these species, the trifluoromethyl
group has unique electronegativity, hydrophobicity, meta-
bolic stability and bioavailability. With these attributes, the —
CF; substituent is widely found in organic molecules for use
in medicine, agrochemicals and organic materials [8]; the
development of synthetic methods for the inclusion of —CF;
in molecules is therefore, an active area of research in modern
organic chemistry [9-11]. In this connection, investigations
have been undertaken on hydridotris(3-trifluoromethyl-
5-methylpyrazol-1-yl)borate, hereafter {HB(3-CF5-5-Mepz)s}
as a ligand towards various metal centres. For example,
the synthesis and characterisation of copper(I) carbonyl and
triphenylphosphane complexes such as [Cu(CO){HB(3-CFs-
5-Mepz);}] and [(PhsP)Cu{HB(3-CF;-5-Mepz);}] have been
described [5]. The —-CF; group is not particularly steri
cally bulky so that it can form the coordinatively satura
ted, six-coordinate copper(I) complex, formulated as [Cu{HB
(3-CF5-5-Mepz)s},] [12]. In the present contribution, [Mn{HB
(3-CF5-5-Mepz)s},] was synthesised and characterised by
X-ray crystallography.

The molecular structure of [Mn{HB(3-CF5-5-Mepz)s},| is
shown in the figure (35% displacement ellipsoids). The
manganese(Il) centre is located on a centre of inversion and is
coordinated by the six nitrogen atoms derived from two
{HB(3-CF5-5-Mepz);}~ anions. Globally, the methyl groups are
orientated to the either end of the molecule (in the vicinity of
the boron termini) and the —CF; groups define a perimeter
about the manganese centre. When viewed down the HB-:--
Mn:--BH axis, the sequence of dihedral angles between the
planes of the N11-, N21- and N31-pyrazol-1-yl rings are
60.90(10), 60.61(10) and 65.86(9)°, respectively. The Mn—N11,
N21 and N31 bond lengths lie in a narrow range, i.e. from Mn—
N11 = 2.2751(11) A to Mn-N21 = 2.2981(11) A. This contrasts
the experimental observations for [Cu{HB(3-CF5-5-Mepz)s},|
which deviates significantly from three-fold symmetry, as
manifested in the range of Cu—N bond lengths, i.e. 2.055(8)—
2.437(8) A. The formation of these bis-chelate complexes with
{HB(3-CF5-5-Mepz);}~ indicate less steric hindrance exerted
by —CF5 compared with the isopropyl group, as bis-chelates
with hydridotris(3,5-diisopropylpyrazol-1-yl)borate are not
observed [13, 14]. Further to this point, the title complex was
also observed even when the reaction ratio was one metal:one
ligand.

Magnetic properties were not conducted in the present
study; typical would be high-spin (S = 5/2) or low-spin
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(S = 1/2) states. However, based on a comparison of Mn—-N
bond lengths a safe conclusion may be made. Thus,
the independent Mn-N bond lengths of 2.310(3),
2.329(3) and 2.310(3) A in [Mn{HB(3-Phpz);}], where
{HB(3-Phpz)s}~ = hydridotris(3-phenylpyrazol-1-yl)
borate [15], and 2.256(3), 2.268(3) and 2.254(3) A in [Mn
{HB(3-Mepz);}], where {HB(3-Mepz)s}~ = hydridotris(3-
methylpyrazol-1-yl)borate [16] are close to those of [Mn
{HB(3-CF5-5-Mepz)s},]. Therefore, it can be concluded
that the latter complex is in the high-spin state, at least
in the crystalline form.

Notable in the molecular packing, are C-H---F in-
teractions, which extend in three-dimensions, with the
shortest and most directional of these being a methyl-C—
H---F contact [C10-H10a---F3: H10a---F3' = 250 A,
C10---F3'=3.390(3) A with angle at H10a = 151° for symmetry
operation (i): x, y, -1+z]. Within this assembly,
F---m(pyrazol-1-yl) interactions with the shortest of these
involving the N31-ring [C1-F1---Cg(N31-ring)" = 3.1798(14) A
with angle at F1 = 119.26(10)° for (ii): 1-x, 1-y, 1-z]. The
predominance of the F --- H interactions was verified in an
analysis of the calculated Hirshfeld surfaces and of the full
and delineated two-dimensional fingerprint plots conduct-
ed following established protocols [17] employing Crystal
Explorer 17 [18]. This analysis revealed 60.0% of all
surface contacts on the Hirshfeld surface were of the type
F---H/H---F. Next most prominent were H---H contacts, at
23.3%, followed by C---H/H---C [7.6%)] and F---F [7.3%]
contacts. Minor contributions to the Hirshfeld surface are
due to F---C/C---F [1.5%] and N---H/H---N [0.3%] contacts.
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