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Rare examples of complexes featuring a chelating cyclopentadienyl/scorpionate hybrid ligand are
reported. The compounds are obtained by photolytic decarbonylation of K{®QFsH,-B(pz)(R)R)]
(I R=R =Me; 2 R=Me, R =pz;3 R=R = pz; pz= pyrazol-1-yl), which leads to the
constrained-geometry complexes K[(QRIN(CsH4-B(u-pz)(R)R)] (4—6) in quantitative yields. 1#—6,
the Mn-coordinating pyrazolyl ring is tethered to the cyclopentadienyl ligand via a borate bridge. According
to X-ray crystallography, the molecular frameworks4of6 are largely unstrained. The ligand scaffold
is thus well adapted to the coordination requirements of the Mn(l) ion. The crystal latti@$S,0énd
Li[(OC)3Mn(CsH4-BPhs)] (7) contain dimeric aggregates held together by+®&C ¢ adducts, K-pz o
adducts, and K-pz & interactions 2, 3) as well as LT-OC ¢ adducts and Li-phenylsz interactions 7).
In none of these cases does thelectron cloud of the cymantrenyl substituent take part in alkali metal

ion complexation.

Introduction

compounds range from dinuclear metallamacrocyetesnetal-
containing polymers and ferrocene-based multiple-decker sand-
wich complexeg!

Given this rich chemistry of oligo(cyclopentadienyl) and
oligo(scorpionate) systems, it is an interesting challenge to
combine both functionalities within the same ligand molecule

Cyclopentadienyl derivativédand poly(pyrazol-1-yl)borates
(“scorpionates’y* are among the most important ligands in
transition metal chemistry. In the field of metallocene com-
plexes, particularly interesting perspectives were opened by the
introduction of bridged cyclopentadienyl systems, which give

access either to oligonuclear complé&&and polymeric materi-
als (e.g., F(CsHai)Fe(GHg)-SiMe,—],)” or to mononuclear
ansacompounds (e.g., M8i(CsHy4)2ZrCly).8° Bridged scorpi-
onate ligands are known with a directB bond°-12 as well

as with metaphenylene para-phenylené315 and 1,1-ferro-
cenylené®21 linkers. Structural motifs accessible with these
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and thereby to create novel cyclopentadienyl/scorpionate hybrid
ligands. Two different coordination modes can be envisaged

for these kinds of donor molecules: They may either adopt a

bridging position between two different metal centers and
M2 (A, Figure 1) or, alternatively, bind to the same metal atom
M via the Cp ring and one or two of their pyrazolyl substituents
(B, Figure 1). TypeA compoundsAl, A2, andA3 (Figure 1)
are well established in the literatu¥&1822-24 |n contrast, only

few examplesB1, B2; Figure 1) of typeB metal complexes

have been described and structurally characterized up to now.

These are the multiple-decker sandwich compleBégM =

LiT—Cs")?! and the samarium complés2, which forms in a
unigue rearrangement reaction upon thermolysis of the precursor
compound Sm[HB(pZ°Me);],(Cp) at 165°C in the solid staté®
Recently, the free cyclopentadienyl/scorpionate hybrid ligands
[(CsMesH)B(pZ2™Me)3]~ and [(9-fluorenyl)Bpzg]~ have been
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ﬁ Scheme 1. Synthesis of the Cymantrenylmono-,
O Cymantrenylbis-, and Cymantrenyltris(pyrazol-1-yl)borate
AN R AN Salts 1-3*
[&>—B~y_n— ML =B ML
I1 \‘N\Nd\l.ﬂ‘/ " R \NC_DN/ " Me _|
ML, = s
RS U LB e
CymBMe + Kpz Mn \N N
. _ —
A B (i) OC// AN \C?/
oc CcO
© w0 '
N—N N
B/ \ML B/ CymBBr, + CymB(NMey), —= 2 CymB(NMe,)Br
| NS Me i \“Me 2 22 i) 2
& ¥ L
R \/ B
N _<|: CymB(NMe,)Br %» CymB(NMey)Me
ON—/ML,
A1:R=H Me _I K
A2 : R =BpzzML, B1 @—B/\ _
+ Hpz / Kpz | \N\d\l/
CymB(NMe;)Me —M— Mn N=N
O) W Togy Ny S
N=N m oc O
% ~ \ NO
BoN=N—Mbn HBL \ _—SmT N 2
I \<=>" A=A NN \
n N=N NN \x SN—BH K
ey Noo = < & o)
oc & NN
A3 B2 87
. o . o + KOtB | e,
Figure 1. Bridging (A) and chelating B) coordination mode of H[CymBpzs] —“, Mn N=N
cyclopentadienyl/poly(pyrazol-1-yl)borate hybrid ligands; repre- (iv) OC// N\ <
sentative example1—B2 for which these coordination modes oc CO
have been realize®2: CH; groups in the 3 and 5 positions of all 3

pyrazolyl rings are omitted for clarity. aCym= cymantrenyl, pz= pyrazol-1-yl; (i) toluene/THF-78 °C

o ) ) to rt; (ii) toluene, rt; (iii) toluene/THF~78 °C to rt; (iv) THF, 0°C.
prepared, but their ligand properties are still largely unex-
ploredz627 . . . . created the complexe$—6 with chelating cyclopentadienyl/
The purpose of this paper is to describe the synthesis a”dscorpionate hybrid ligands (Scheme 2). Complese$ also
molecular structure oB-type Mn(CO} complexes that are  form when the precursor compounds-3 are exposed to
readily available from cymantrenyIpoly(pyrazol-1.-yl)borates (cf. daylight in THF over a period of several days. Under these
A3, M = K) by replacement of one CO ligand with a pyrazolyl  conditions, the transformation is fastest foand slowest for
nitrogen atom. 3. Single crystals of4(18-c-6)-6(18-c-6) were grown from
toluene or toluene/THF solutions df-6 to which excess 18-
Results and Discussion crown-6 had been added.

An X-ray crystal structure analysis of the THF adduct3of
revealed that the Kions are bound to some of the pyrazolyl
substituents via their nitrogen lone pair and to others via their
electronz system (see below). The faces of the cyclopenta-
dienyl rings, however, do not contribute to"kcoordination.
This is in contrast to the behavior of the alkali metal salts of
analogous ferrocenyl scorpionate ligands, which tend to establish
multiple-decker sandwich structures in the solid st&fé.2%.30
We have synthesized the lithium cymantrenylborate order
to investigate whether a Mz (CsH4sR)Mn(CO) arrangement
can be brought about when (i)*Kis replaced by the more
strongly 7 coordinating Li ion?! and (i) no Lewis basic
nitrogen donor sites are present that could compete with the
cyclopentadienyl ring for Lfi binding. Compound is access-

Synthesis.The cymantrenylmono(pyrazol-1-yl)boratavas
obtained from Kpz and CymBM# via B—N adduct formation
(Scheme 1; pz= pyrazolide; Cym= cymantrenyl).

The corresponding bis(pyrazol-1-yl)borag (Scheme 1)
readily formed upon treatment of CymB(NK&le with an
equimolar mixture of Kpz and Hpz. One equivalent of HNMe
is liberated in the course of the reaction.

Finally, deprotonation of the free acid H{CymBjZ with
KOtBu gave the potassium tris(pyrazol-1-yl)boratm almost
guantitative yield (Scheme 1).

Irradiation of THF solutions ofLl—3 in borosilicate glass
vessels with a high-pressure mercury lampa¢ = 510 nm)
led to the replacement of CO by a pyrazolyl ring and thus
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Scheme 2. Synthesis of the Mn(CQ)Complexes 4-6 with
Chelating Cyclopentadienyl/Scorpionate Hybrid Ligands;
Synthesis of Lithium Cymantrenyltris(phenyl)borate 7 and

of the Pyrazole Complex 8
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a (i) THF, UV irradiation; (i) toluene/BuO, —78°C to rt; (jii) Et,O,

UV irradiation.

The pyrazole comple8 (Scheme 2) was structurally char-
acterized in order to be able to compare the-N\{pz) bond
lengths of the constrained-geometry comple¥@s8-c-6)—6(18-
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the presence of tetracoordinated boron atéhi3ln both series
1-3 and4(18-c-6)-6(18-c-6), a continuous downfield shift of
the 1B resonance is observed upon replacement of methyl
substituents for more electronegative pyrazolyl rings; there are
no significant differences between tA& resonances of an
open-chain species and its corresponding chelate complex [cf.
o1B) =-8.7 (1), —1.1 (2, 0.1 B); —8.1 (4(18-c-6)),—2.0
(5(18-c-6)),—0.1 (6(18-c-6))]. In line with these arguments, the
tetraorganylborate7 [6(11B) = —9.5] possesses the most
shielded!B nucleus of all complexe—7.

In the 'TH NMR spectrum ofl, the cymantrenyl substituent
gives rise to two resonances for thendp protons (4.45 ppm,
4.46 ppm). Moreover, three signals at 5.94, 7.24, and 7.46 ppm
can be assigned to the three chemically nonequivalent protons
of the pyrazolyl ring. The'H NMR spectra of2 and 3 are
characterized by similar signal patterns and chemical shift
values. However, the integral ratio between the cymantrenyl
and pyrazolyl resonances is no longer 4:3 ag,ibut 4:6 @)
and 4:9 8), in agreement with the presence of bis- and tris-
(pyrazol-1-yl)borate moieties. As to be expected, complex
shows two signals in the cyclopentadienyl range and one set of
three resonances for the three chemically equivalent phenyl rings
(integral ratio GH4:Ph= 4:15).

Upon going from1 to 4(18-c-6), one of the cymantrenyl
proton signals experiences an upfield shift of almost 1 ppm
(6(*H) = 3.53), whereas the second signal appears at signifi-
cantly lower field p(*H) = 4.93). Similarly increased shift
differences between the and 3 proton resonances are also
evident for5(18-c-6) ands(18-c-6). Most importantly, the two
o protons as well as the twg protons of5(18-c-6) are not
chemically equivalent but give rise to a total number of four
resonances (integral ratio 1:1:1:1). This feature can easily be
explained by the fact that the boron atomb¢f8-c-6) becomes
a chiral center once one of the two pyrazolyl substituents gets
attached to the Mn(l) ion. In accordance with this interpretation,
the 'TH NMR spectrum of5(18-c-6) gives clear evidence for
the presence of two chemically inequivalent pyrazolyl rings (six
resonances, each integrating 1H, in the chemical shift range
between 5.84 and 7.31 ppm). As to be expected, the proton
NMR spectrum of the more symmetrical tris(pyrazol-1-yl)borate
6(18-c-6) is characterized by only two cymantrenyl proton
resonances as well as by two sets of pyrazolyl signals with an
integral ratio Cym:pz:pz*= 4:6:3.

The3C NMR spectra ofl—7 fully support the interpretation
outlined above; signals for th@socarbon atoms of the
cyclopentadienyl rings are broadened beyond detection due to
quadrupolar relaxation andcg coupling.

In the IR spectrum, parent cymantrene has CO vibrations at
2035 cnt! (A7) and 1949 cm! (E) compared to valuegCO)
= 2004 cnr%/1910 cnTl, 2009 cn/1920 cm?, and 2006
cm Y1921 cnrlfor 1, 2, and3, respectively (KBr pellets). This
leads to the conclusion that a (pyrazol-1-yl)borate substituent

c-6) with the corresponding bond length in a closely related jncreases the charge density on the Mn(l) ion, thereby leading
unbridged species. Even though irradiation of a 1:1 mixture of {5 more extensive metal-to-carbonylback-bonding (cf. also
cymantrene and pyrazole in diethyl ether with a high-pressure 7. #(CO) = 2000 cnT/1911 cnr?). A related effect has been

mercury lamp Amax = 510 nm; 50 h) did not lead to complete
conversion, we were able to isolate a few single crystal8 of

that were suitable for X-ray crystallography.

Spectroscopic Characterization.Note In the cases of the
complexedd—6 we are reporting the NMR data of their crown
ether adducts4(18-c-6)-6(18-c-6) because here the signal
resolution is least affected by cation/anion associatitis-

sociation equilibria.

The B NMR signals of the complexek—6(18-c-6) appear
in the interval between 0.1 and8.7 ppm, which testifies to

observed in the case of numerous different ferrocenyl deriv-
atives [Fc-BR]Y-, which are easier to oxidize than ferro-
cene itself021.3336 |n the half-sandwich chelate complexes
4—6, the CO bands exhibit a further red shift and appear

(31) N&th, H.; Wrackmeyer, B. Nuclear Magnetic Resonance Spectros-
copy of Boron Compounds. INMR Basic Principles and Progresiehl,
P., Fluck, E., Kosfeld, R., Eds.; Springer: Berlin, 1978.

(32) Mason, JMultinuclear NMR Plenum Press: New York, 1987.

(33) Fontani, M.; Peters, F.; Scherer, W.; Wachter, W.; Wagner, M.;
Zanello, P.Eur. J. Inorg. Chem1998 1453-1465.
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Table 1. Selected Crystallographic Data for CymBBg, (2THF),, (3THF),, 4(18-c-6), 5(18-c-6), and 6(18-c-6)

CymBBr; (2THF), (3THF),
formula GH4BBroMnO3 CagH42B2K2Mn2NgOg Cu1H2:BKMnNgO4
fw 373.68 948.50 526.29
color, shape light yellow, block light yellow, plate yellow, block
temp (K) 173(2) 173(2) 173(2)
radiation Mo Ka, 0.71073 A Mo K, 0.71073 A Mo K, 0.71073 A
cryst syst orthorhombic monoclinic _triclinic
space group Pbca F2/c P1
a(h) 13.6364(13) 11.8591(11) 9.7794(11)

b (A) 12.0796(11) 8.2372(5) 11.5583(14)
c(R) 13.9393(11) 23.1905(19) 12.2180(16)
o (deg) 90 90 105.250(10)

f (deg) 90 100.310(7) 109.593(9)

y (deg) 90 90 101.044(9)

V (A3) 2296.1(4) 2228.8(3) 1194.3(3)

z 8 2 2

Dcalcd (g € 3) 2.162 1.413 1.463

F(000) 1408 976 540

u (mmY) 8.090 0.811 0.767

cryst size (mr) 0.17x 0.15x 0.09 0.31x 0.27x 0.13 0.51x 0.48x 0.35
no. of rflns collected 15920 11 899 9394

no. of indep rfins Rint) 2159 (0.0915) 4147 (0.0394) 4382 (0.0493)
no. of data/restraints/params 2159/0/136 4147/20/292 4382/0/327
GOOF onF? 1.084 1.024 1.049

R1, wR2 ( > 20(1))
R1, wR2 (all data)

0.0618, 0.1048
0.0979, 0.1148

0.0373, 0.0951

0.0491, 0.0997

0.0493, 0.1330
0.0550, 0.1370

largest diff peak and hole (e &) 0.609,—0.706 0.631;-0.290 0.743;-1.192
4(18-c-6) 5(18-c-6) 6(18-c-6)

formula C24H37BKMI'1N208 C25H37BKMHN408 X C7H8 C23H37BKMnNeOs
fw 586.41 730.58 690.49

color, shape red, block orange, needle orange, plate
temp (K) 173(2) 173(2) 173(2)

radiation Mo Ko, 0.71073 A Mo K, 0.71073 A Mo Ka, 0.71073 A
cryst syst triclinic triclinic monoclinic
space group P1 P1 P2:/n
a(A) 10.8194(7) 10.3349(7) 13.0269(7)

b (R) 11.6661(7) 10.4943(7) 16.1183(9)
c(A) 13.3634(9) 18.0340(12) 15.9486(10)
o (deg) 115.469(5) 82.379(6) 90
B (deg) 91.690(5) 76.520(5) 96.974(5)
y (deg) 106.515(5) 76.384(5) 90
V (A3) 1437.38(16) 1842.3(2) 3324.0(3)
z 2 2 4
Deaica (g i 3) 1.355 1.317 1.380
F(000) 616 768 1440
u (mm™Y) 0.650 0.524 0.578

cryst size (mr)

no. of rflns collected

no. of indep rfins Rint)

no. of data/restraints/params
GOOF onF?

R1, wR2 ( > 20(1))

R1, wR2 (all data)

largest diff peak and hole (e &)

0.50x 0.40x 0.20
24723

5369 (0.0460)

5369/0/335

1.038

0.0267, 0.0674
0.0296, 0.0689

0.257,—0.292

0.54x 0.10x 0.09
27 445
7482 (0.0537)
7482/31/433
1.018
0.0470, 0.1202
0.0608, 0.1274
1.146-0.543

0.27x 0.24x 0.12
30917
6242 (0.0809)
6242/0/407
1.014
0.0407, 0.0956
0.0620, 0.1021
0.780,-0.362

at #(CO) = 1891 cn1%1817 cn1?!, 1890 cn%/1813 cnr?, pyrazole complex8 is characterized by(CO) values of 1913
and 1902 cm%1824 cnl, respectively (KBr pellets). These and 1837 cm?.
values are considerably lower than those measured for the In the electronic spectrum, cymantrene has a well-defined
neutral complex dicarbonyjf-(8-quinolyl)cyclopentadienyl]- ultraviolet transition maximizing near 330 nne & 1100
manganese(l)i{(CO) = 1928 cnT%/1864 cn1?; toluene solu- L-mol~t-cm™1).43 The corresponding absorption maximum of
tion)®” but agree well with the CO stretching frequencies the tris(pyrazol-1-yl)borat& is also observed atmax = 330
reported for several (#E;R)Mn(CO) complexes featuring nm (¢ = 1110 L'mol~t-cm™). The UV/vis spectrum of the
chelating (pyrazol-1-yl)methyl sidearms3R#2 The neutral complex6 is characterized by two bands in the UV regidpdx
= 280 nm € = 2990 L'mol~t-cm™), 312 nm € = 2770
(34) Scheibitz, M.; Winter, R. F.; Bolte, M.; Lerner, H.-W.; Wagner, L mol~t-cm™2)) and an additional extremely broad absorption
M. Angew. Chem., Int. EQ003 42, 924-927. with an onset at about 550 nrr(400 nm)= 390 L-mol~t-cm™?).

(35) Scheibitz, M.; Bolte, M.; Bats, J. W.; Lerner, H.-W.; Nowik, I.;
Herber, R. H.; Krapp, A.; Lein, M.; Holthausen, M. C.; Wagner,Ghem=— (39) Rader, J. C.; Meyer, F.; Winter, R. F.; Kaifer, H. Organomet.
Eur. J.2005 11, 584-603. Chem.2002 641, 113-120.

(36) Scheibitz, M.; Heilmann, J. B.; Winter, R. F.; Bolte, M.; Bats, J. (40) Rader, J. C.; Meyer, F.; Hyla-Kryspin, |.; Winter, R. F.; Kaifer, E.
W.; Wagner, M.Dalton Trans.2005 159-170. Chem=—Eur. J.2003 9, 2636-2648.

(37) Enders, M.; Kohl, G.; Pritzkow, H.. Organomet. Chen2001, 622 (41) Sheng, T.; Dechert, S.; Hyla-Kryspin, I.; Winter, R. F.; Meyer, F.
66—73. Inorg. Chem.2005 44, 3863-3874.

(38) Rader, J. C.; Meyer, F.; Kaifer, EAngew. Chem., Int. EQ002 (42) Sheng, T.; Dechert, S.;"8ki, A. C.; Meyer, FEur. J. Inorg. Chem.
41, 2304-2306. 2005 1293-1302.
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Table 2. Selected Crystallographic Data for (7OBwW), and 8

(70B)2 8
formula C34H37BLiMnO4 C10H9MNN2O2
fw 582.33 244.13
color, shape light yellow, plate orange, block
temp (K) 173(2) 173(2)
radiation Mo Ko, 0.71073 A Mo K, 0.71073 A
cryst syst triclinic monoclinic
space group P1 P2i/n
a(A) 10.8317(13) 7.8006(10)

b (A) 13.0141(16) 9.3963(8)
c(A) 13.2055(15) 14.4520(18)
a (deg) 109.377(9) 90

p (deg) 114.001(9) 90.860(10)
y (deg) 96.173(8) 90

V (A3) 1539.4(3) 1059.2(2)

Zz 2 4

Deatea (g cn3) 1.256 1.531
F(000) 612 496

wu (mm) 0.464 1.225

cryst size (mrf)

no. of rflns collected
no. of indep rfins Rint)

0.28x 0.14x 0.04
14 175
5734 (0.0861)

0.23x 0.22x 0.18
13 952
1979 (0.0930)

no. of data/restraints/ 5734/0/370 1979/0/136
params
GOOF onF2 0.955 1.142

R1, wR2 ( > 20(1))
R1, wR2 (all data)

0.0662, 0.1489
0.1179, 0.1700

0.0425, 0.0934
0.0499, 0.0964

largest diff peak and
hole (e A3)

0.856,—0.524 0.377;-0.491

It is known that the low-energy region of the electronic
absorption spectra of pyridine complexesKig)Mn(CO)py is
dominated by a Mn(l)—~ z*-pyridine CT absorptiort3 We
therefore tentatively assign the bandlatx ~ 400 nm in the
UV/vis spectrum ob to a Mn(l) — sr*-pyrazolyl CT transition.
Electrochemical Investigation.The formal electrode poten-

tials E1/» (vs FcH/FcH) for the Mn(1)/Mn(ll) redox transitions
of 4(18-c-6),5(18-c-6), and6(18-c-6) are—0.82,—0.72, and
—0.63 V, respectively (THF solutions, [NB{PFg] (0.1 motL %)
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Figure 2. Structure of CymBByrin the crystal. Thermal ellipsoids
are drawn at the 50% probability level. Selected bond lengths (A)
and angles (deg): B(3)Br(1) = 1.940(10), B(1)-Br(2) = 1.935-

(8), B(1-C(11)= 1.510(12), C(11yC(12)= 1.428(11), C(12
C(13) = 1.422(12), C(13yC(14) = 1.441(13), C(14yC(15) =
1.410(13), C(11-C(15)= 1.451(10); Br(1)-B(1)—Br(2) = 116.4-

(5), C(11»-B(1)—Br(1) = 122.1(5), C(11}B(1)—Br(2) = 121.5-

(6), o* = 11.4.

coordinated in a trigonal-planar fashion. (ii) Each BBroup

is bent out of the plane of its cyclopentadienyl ring toward the
Mn(l) center by a dip angle* of 11.4° in CymBBr, and 12.3

in CymMeBBr; (a* = 180° — «; o is the angle between the
geometric center of the carbon atoms constituting the substituted
cyclopentadienyl ring, thépso carbon atom, and the boron
atom). (iii) There is a characteristic€C bond length alternation
within the cyclopentadienyl rings, giving the B—CsHy
moieties some borafulvene character. This effect manifests itself
in higher reliability in the case of CyM$BBr,, for which the

as supporting electrolyte; for electrochemical data of related bond lengths have been determined with lower error margins.

complexes see refs 3812). These redox transitions are chemi-

Similar structural peculiarities as in the cymantrenyl(dibromo)-

cally reversible, as evidenced by the following criteria: the boranes are evident in the cation [(RR-CsHs)Mn(CO)]™,

current ratiosipdipa are constantly equal to 1, the current

which bears anexo methylene group instead of the BBr

functionsipd/v*2 remain constant, and the peak-to-peak separa- substituent and has been described ag*-diphenylfulvene

tions AE are very close to the value found for the internal
ferrocene standard\g = 109 mV for 4(18-c-6), 104 mV for
5(18-c-6), 99 mV for6(18-c-6); v = 0.1 V s1). We note a

complex (dip angle: 6%9.%° In spite of these remarkable
similarities of the molecular frameworks, there appear to be
important differences in the electronic structures of Eh

pronounced influence of the substituents at boron on the redoxCsH4)Mn(CO)]* and the cymantrenylboranes. For example, the
potentials of our compounds. Replacement of one methyl group tetrakis[3,5-bis(trifluoromethyl)phenyl]borate salt of [¢RR-
by an electronegative pyrazolyl ring leads to an anodic shift of CsHs)Mn(CO)]" is a deep blue compound, whereas CymBBr

about 0.1 V.

X-ray Crystal Structure Determination. Crystal data and
structure refinement details for CymBBand THF),—8 are
compiled in Tables 1 and 2.

and Cyn¥eBBr, are yellow colored.

The potassium bis(pyrazol-1-yl)boréerystallizes together
with 1 equivalent of THF in the form of,-symmetric dimers
with bridging scorpionate ligandsA(HF),; Figure 3). Each of

Even though cymantrenyl(dihalo)boranes were first prepared these two ligands binds to one potassium cation via two

more than 30 years adg8,their crystal structures remained

pyrazolyl rings and to the other via one pyrazolyl ring: The

unknown until very recently. This is mainly due to the fact that N(31)-pyrazolyl substituent acts ascadonor toward K(1)

they are normally isolated as oily products. In 2006, Braun-

(K(1)—N(32) = 2.826(2) A). The N(41)-pyrazolyl ring binds

schweig et al. determined the solid-state structure of (methyl- to K(1) in anz® manner (K(1)--COG(pz)= 3.121 A) and to

cymantrenyl)(dibromo)borane (CY##BBr,).4* Our group now

K (1% via the nitrogen lone pair (K{)—N(42) = 2.805(2) A).

succeeded in growing single crystals of the parent compound The coordination sphere of each”Hon is completed by one

CymBBr, from hexane (Figure 2; Cyn+ cymantrenyl). As to
be expected, the molecules of CY#BBr, and CymBBg

THF molecule and two carbonyl oxygen atomstr@adimer
contact: K(1)-0O(3%) = 3.133(3) A;interdimer contact: K(1¥

possess very similar structures in the solid state. The mostO(2*) = 2.925(2) A).

important features are the following: (i) Each boron atom is

(43) Giordano, P. J.; Wrighton, M. $1org. Chem1977, 16, 160-166.

(44) Braunschweig, H.; Kraft, M.; Schwarz, S.; Seeler, F.; Stellwag, S.

Inorg. Chem.2006 45, 5275-5277.

Single crystals of the potassium tris(pyrazol-1-yl)borate

were grown from THF/pentane (1:1). Similar to the potassium

(45) Volland, M. A. O.; Kudis, S.; Helmchen, G.; Hyla-Kryspin, 1.;
Rominger, F.; Gleiter, ROrganometallic2001, 20, 227-230.
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Figure 3. Structure of RTHF); in the crystal. Hydrogen atoms
are omitted for clarity; thermal ellipsoids are drawn at the 50%
probability level. Selected bond lengths (A), ateratom distances
(R), angles (deg), and torsion angles (deg): B(T(4)= 1.618-
(3), B(1)-C(11)=1.625(4), B(1)N(31)= 1.580(3), B(1}-N(41)

= 1.577(3), K(1}-N(32) = 2.826(2), K(1)-N(42) = 3.166(2),
K(1%)—N(42) = 2.805(2), K(1)-O(3) = 3.133(3), K(1)-0O(2*)

= 2.925(2), K(1)-*COG(pz)= 3.121, K(1)--K(1¥) = 4.460(1);
N(31)-B(1)—N(41) = 104.9(2); B(1)N(31)-N(32)-K(1) =
—8.8(3), B(1)-N(41)—N(42)—-K(1%) = 21.6(4). COG(pz): center
of gravity of the N(41)-pyrazolyl ring. Symmetry transformations
used to generate equivalent atomsx+1,y, —z+3/2 (#),x—1,y,

z (.

bis(pyrazol-1-yl)borate?, the crystal lattice of3 consists of
dimeric units (8THF),; Figure 4). However, in contrast to
(2THF),, the two halves of each dimer d8THF), are related
by an inversion center rather than by a 2-fold rotation axis.
Irrespective of that, the main structural motifs of both com-
pounds are largely the sam&THF),: K(1)—N(32) = 2.924-
(2) A, K(1)*COG(pz)= 3.069 A, K(¥)—N(42) = 2.738(2)
A; intradimer contact K(1}0O(3%) = 3.009(2) A;interdimer
contact K(1)-O(1*) = 2.969(2) A). The additional N(21)-
pyrazolyl ring of 3 coordinates K(%) at a bond length
K(1%—N(22) of 2.912(2) A with a torsion angle B@EN(21)—
N(22)—-K(1%) of 70.8(2). This indicates the Kion to interact
not only with the lone pair of N(22) but also with its p orbital.
Interestingly, the structure of8THF), closely resembles the
structure of the dimeric ferrocenyl scorpion&f&(THF)][FcB-
(Me)pz]}..2° Here, a methyl group replaces the cymantrenyl
substituent, while the 8, ring of the ferrocenyl fragment takes
the place of the N(21)-pyrazolyl ring and acts as aonor
toward K(¥). z-Coordination of ferrocene to main-group metal
ions is not an uncommon phenomerféA-20:4652 \We thus find
it interesting to see that i2THF), and @THF), the cyclopen-
tadienyl rings do not engage in this kind of behavior, which
may be attributed to the facts that the Mn(G@gagment is
electron-withdrawing and provides three Lewis basic carbonyl
oxygen atoms as alternative donor sites.

Single crystals of complef(18-c-6) were grown from toluene
after the addition of excess 18-crown-6 (Figure 5). The three
relevant internal bond angles C(245(1)—N(11) = 103.2(1},

(46) Scholz, S.; Green, J. C.; Lerner, H.-W.; Bolte, M.; Wagner, M.
Chem. Commurk002 36—37.

(47) Honeyman, G. W.; Kennedy, A. R.; Mulvey, R. E.; Sherrington,
D. C. Organometallic2004 23, 1197-1199.

(48) Jones, J. N.; Moore, J. A.; Cowley, A. H.; Macdonald, C. L. B.
Dalton Trans.2005 3846-3851.

(49) Sanger, |.; Heilmann, J. B.; Bolte, M.; Lerner, H.-W.; Wagner, M.
Chem. Commurk006 2027-2029.

(50) Sarazin, Y.; Hughes, D. L.; Kaltsoyannis, N.; Wright, J. A,;
Bochmann, M.J. Am. Chem. So2007, 129, 881—894.

Kunz et al.

Figure 4. Structure of 8THF); in the crystal. Hydrogen atoms
are omitted for clarity; thermal ellipsoids are drawn at the 50%
probability level. Selected bond lengths (A), ateratom distances
(A), angles (deg), and torsion angles (deg): B(C{11)= 1.623-
(3), B(1)-N(21)= 1.554(3), B(1}N(31) = 1.553(3), B(1)-N(41)

= 1.567(3), K(1}N(22%) = 2.912(2), K(1)-N(32) = 2.924(2),
K(1)—N(42) = 3.186(2), K(1)-N(42%) = 2.738(2), K(1)-O(3%

= 3.009(2), K(1}y-0O(1*) = 2.969(2), K(1)--COG(pz)= 3.069,
K(1)---K(1%) = 4.749; N(21)-B(1)—N(31) = 106.6(2), N(21)
B(1)—N(41) = 113.1(2), N(31)B(1)—N(41) = 105.7(2); B(1)y
N(21)-N(22)-K(1%) = 70.8(2), B(1)-N(31)-N(32)-K(1) =
12.6(3), B(1)-N(41)-N(42)—K(1) = —105.9(2), B(1)N(41)—
N(42)—K(1%) = —7.1(4). COG(pz): center of gravity of the N(41)-
pyrazolyl ring. Symmetry transformations used to generate equiva-
lent atoms: —x+1, —y+1, —z+2 (#),x, y—1, z (*).

B(1)—N(11)—N(12) = 120.9(1}, and N(11}»N(12)—Mn(1) =
120.0(1y of the mono(pyrazol-1-yl)borate side arm are close
to the ideal values of 109%or an sp-hybridized B atom and
120 for an sp-hybridized N atom (torsion angle C(24B(1)—
N(11)-N(12) = 1.8(2F). Moreover, the B-CsH4 bond pos-
sesses the same length as in the open-chain spé€issd-6):
1.626(2) A, BTHF): 1.623(3) A), and the Mapz bond length

of 2.026(1) A in4(18-c-6) is identical to the corresponding value
in the pyrazole complex CpMn(CgyzH 8: Mn(1)—N(11)=
2.024(2) A; cf. also dicarbonyjf-(8-quinolyl)cyclopentadienyl]-
manganese(l): MaN = 2.014(1) A%7 the Mn—N bonds of
several related complexes fzR)Mn(CO) with chelating
(pyrazol-1-yl)methyl side arms R lie in the range of MN =
2.006(2)-2.066(3) R8-4043, The B—pz bond is elongated by
0.048 A in4(18-c-6) (1.606(2) A) with respect t8THF), (mean
value: 1.558(3) A). It is revealing to compare the average
Mn—C and C-O bond lengths of the Mn(l) carbonyl fragments
in CymBBr,, (3THF),, and4(18-c-6) (Mn—C: 1.820(8), 1.796-
(3), and 1.769(2) A; €0: 1.142(9), 1.159(4), and 1.175(2)
A). Along this series, we find a continuous decrease of the
Mn—C bond lengths accompanied by an increase of th€©C
bond lengths. This trend is in accord with an increasing degree
of Mn—CO & back-bonding upon going from a derivative
bearing a BBy -acceptor substituent at the cyclopentadienyl

(51) Sarazin, Y.; Kaltsoyannis, N.; Wright, J. A.; Bochmann, M.
Organometallic2007, 26, 1811-1815.

(52) Morris, J. J.; Noll, B. C.; Honeyman, G. W.; O'Hara, C. T
Kennedy, A. R.; Mulvey, R. E.; Henderson, K. \Ehem—Eur. J. 2007,
13, 4418-4432.
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Figure 5. Structure of4(18-c-6) in the crystal. Hydrogen atoms
and [K(18-crown-6)f ion are omitted for clarity; thermal ellip-
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Figure 7. Structure of6(18-c-6) in the crystal. Hydrogen atoms

soids are drawn at the 50% probability level. Selected bond lengths 5nq [k (18-crown-6)} ion are omitted for clarity. Thermal ellipsoids

(A), angles (deg), torsion angles (deg), and dihedral angles (deg):

B(1)-C(3) = 1.636(2), B(1}-C(4) = 1.630(2), B(1)-C(21) =
1.626(2), B(1)N(11) = 1.606(2), Mn(1)-N(12) = 2.026(1),
K(1)—0O(1) = 2.684(1); C(21)B(1)—N(11) = 103.2(1), B(1)-
N(11)-N(12)= 120.9(1), N(11)}-N(12)-Mn(1) = 120.0(1), COG-
(Cp)—C(21)-B(1) = 170.1; C(21)B(1)—N(11)-N(12) = 1.8(2);
CsHs//C3H3N, = 83.1. COG(Cp): center of gravity of the cyclo-
pentadienyl ring.

Figure 6. Structure of5(18-c-6) in the crystal. Hydrogen atoms
and [K(18-crown-6)f ion are omitted for clarity; thermal ellipsoids
are drawn at the 50% probability level. Selected bond lengths (A),
angles (deg), torsion angles, and dihedral angles (deg):—&13)
=1.602(4), B(1)-C(21)= 1.616(4), B(1}N(11)= 1.583(3), Mn-
(1)—N(12) = 2.030(2), K(1)-0O(1) = 2.960(2), K(¥)—N(32) =
2.919(2); C(21yB(1)—N(11) = 103.1(2), B(1} N(11)-N(12) =
119.6(2), N(11}N(12)-Mn(1) = 118.8(2), COG(CpyC(21)
B(1) = 168.4; C(21yB(1)—N(11)-N(12) = —21.7(3); GHs//
C3H3N, = 74.0. COG(Cp): center of gravity of the cyclopentadienyl
ring. Symmetry transformation used to generate equivalent atoms:
x+1,y—1, z (#).

ring to a species in which one of three electron-withdrawing
CO ligands has been replaced by a strondonor.

The structural parameters of the core framework$(GB-
c-6) and6(18-c-6) (Figures 6, 7) do not deviate significantly
from those o#4(18-c-6), except for the fact that the BAN(11)
bonds are somewhat short&(18-c-6): 1.583(3) A(18-c-6):

are drawn at the 50% probability level. Selected bond lengths (A),
angles (deg), torsion angles, and dihedral angles (deg)—B(D1)

= 1.614(3), B(1}N(11) = 1.569(3), B(1)}N(31) = 1.564(3),
B(1)—N(41) = 1.532(3), Mn(1}-N(12) = 2.017(2), K(1)-N(32)

= 2.872(2); C(21)}B(1)—N(11) = 106.0(2), B(1}N(11)—-N(12)
=118.2(2), N(113N(12)—Mn(1) = 120.1(1), COG(CpyC(21)~

B(1) = 167.7; C(21}B(1)-N(11)-N(12) = 15.1(3); GHs//
C3H3N, = 83.3. COG(Cp): center of gravity of the cyclopentadienyl
ring.

1.569(3) A) and that the torsion angles C2B(1)—N(11)—
N(12) are slightly larger§(18-c-6): —21.7(3Y, 6(18-c-6): 15.1-
(3)°) in the bis- and tris(pyrazol-1-yl)borate derivatives. A
concluding glimpse at the crystal lattices reveals a bond between
the [K(18-crown-6)f cation and the carbonyl oxygen atom O(1)
in the case ofl(18-c-6) (2.684(1) A), polymer chains with short
K(1)—O(1) = 2.960(2) A and K()—N(32) = 2.919(2) A
contacts in5(18-c-6), and a K—pyrazolyl bond in6(18-c-6)
(K(1)—N(32) = 2.872(2) A).

The lithium cymantrenyltris(phenyl)borafecrystallizes as
a dibutyl ether adduct and forms centrosymmetric dimers in
the solid state {OBu,),; Figure 8). In contrast ta2THF), and
(3THF),, the dimers of TOBW,), are held together not by
bridging (pyrazol-1-yl)borate ligands but by bridging cyman-
trenyl fragments. Thus, two of the three carbonyl ligands of
each cymantrenyl substituent take part int ldoordination
(Li(1)—0O(1) = 1.976(9) A, Li(¥)—0(2) = 2.045(8) A). In
addition to two carbonyl oxygen atoms, each ion binds one
dibutyl ether ligand and coordinates to théace of one phenyl
substituent (the other two phenyl rings of each borate moiety
remain uncomplexed). The tion is significantly shifted away
from a position above the center of gravity of the six-mem-
bered ring toward the carbon atom C(43) (Li{1J(43)= 2.482-
(10) A).

The molecular structure @ (Figure 9) was determined in
order to be able to compare the MN bond lengths in the
complexes4(18-c-6)-6(18-c-6) with the corresponding value
in a related unstrained system. Our results show that the
Mn(1)—N(11) distance of 2.024(2) A i8 is the same as in the
other three molecules even though the dihedral angle between
the planes of the cyclopentadienyl ring and the pyrazolyl ligand
is 30.2 in 8, but 83.F in 4(18-c-6), 74.0 in 5(18-c-6), and
83.3 in 6(18-c-6).
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Figure 8. Structure of {OBW,); in the crystal. Hydrogen atoms
are omittied for clarity; thermal ellipsoids are drawn at the 30%
probability level. Selected bond lengths (A), ateratom distances
(&), and angles (deg): B(HC(11) = 1.659(6), B(1}-C(21) =
1.658(6), B(1)-C(31) = 1.648(6), B(1)-C(41) = 1.650(7), Li-
(1)—C(42) = 2.578(11), Li(1}y-C(43) = 2.482(10), Li(1)-C(44)

= 2.732(9), Li(1}>COG(Ph)= 2.450, Li(1)-O(1) = 1.976(9), Li-
(1)—0O(2¥) = 2.045(8), Li(1)--Li(1% = 7.029; C(21}B(1)—C(31)

= 109.9(4), C(21)B(1)—C(41) = 107.0(3), C(31)B(1)—C(41)

= 110.9(3). COG(Ph): center of gravity of the C(41)-phenyl ring.
Symmetry transformation used to generate equivalent atoms:
—x+1, —y+1, —z+1 (#).

Figure 9. Structure oBin the crystal. Thermal ellipsoids are drawn
at the 50% probability level. Selected bond lengths (&), angles
(deg), and dihedral angles (deg): Mn{IJ(11) = 2.024(2), Mn-
(1)—C(1) = 1.763(3), Mn(1)}-C(2) = 1.781(3), C(1y0(1) =
1.169(4), C(2y0(2) = 1.174(4); C(13XMn(1)—C(2) = 88.2(1),
C(1)-Mn(1)—N(11) = 93.8(1), C(2>Mn(1)—N(11) = 96.7(1);
C5H5//C3H4N2 = 30.2.

Conclusion

The constrained-geometry complexes K[(QNI)(CsHs-B(u-
pz)(R)R)] (4—6) are readily accessible by photolytic decarbo-
nylation of cymantrenyl-substituted mono-, bis-, and tris(pyrazol-
1-yl)borates K[(OGMn(CsH4-B(pz)(R)R)] (1: R=R' = Me;

2. R=Me, R = pz; 3 R =R = pz; pz= pyrazol-1-yl).
X-ray crystal structure analyses d{18-c-6), 5(18-c-6), and

Kunz et al.

6(18-c-6) clearly reveal the respective anionic moieties to be
largely unstrained and, consequently, that the cyclopentadienyl/
mono(pyrazol-1-yl)borate chelate ligand is well designed to meet
the coordination requirements of a [Mn(GJ) complex frag-
ment. This interpretation is further supported by tHeand'3C
NMR spectra o#4—6 (dg-THF), which do not give an indication
either for dissociation of the chelating pyrazolyl tether or for
the formation of a solvent-stabilized open form. In contrast to
comparable constrained-geometry species like half-sandwich
amido, imido, or alkoxy complexes, the pyrazolyl sidearm is
merely a ¢ donor with less ability to provide additional
s-electron density to the metal ion.

The cyclopentadienyl/scorpionate hybrid system opens up
interesting perspectives for further development: (i) The steric
and/or electronic properties of the ligand scaffold can be
modified at will using well-established poly(pyrazol-1-yl)borate
synthesis protocols. (ii) (Hetero)bimetallic complexes can be
prepared by using the remaining two pyrazolyl substituents of
K[(OC)Mn(CsH4-B(u-pz)p2)] (6) for the chelation of a second
metal ion.

Moreover, we are currently trying to broaden the scope of
our hybrid ligand system by preparing complexes of metal ions
other than Mn(l).

Experimental Section

General Remarks. All reactions were carried out under a
nitrogen atmosphere using Schlenk tube techniques. Solvents were
freshly distilled under argon from Na/benzophenone (toluegis,C
THF, ds-THF) and Na/Pb alloy (pentane, hexane) prior to use.
NMR: Bruker AM 250, Avance 250, Avance 300, and Avance
400. Chemical shifts are referenced to residual solvent sighdls (
13C{1H}) or external BR-E,O (M'B{H}). Abbreviations: s=
singlet, d= doublet, vtr= virtual triplet, mult= multiplet, n.r.=
multiplet expected in théH NMR spectrum but not resolved, n.o.
= signal not observed, b+ broad. Bridging pyrazolyl substituents
are denoted with an asterisk (pz*). The compounds CymBBr
CymBMe,, CymB(NMe),,28 and H{CymBpz]?® were synthesized
according to published procedures.

Synthesis of CymB(NMe)Br. To a solution of CymB(NMg),
(0.98 g, 3.25 mmol) in toluene (15 mL) was added dropwise with
stirring at rt a solution of CymBBr(1.21 g, 3.25 mmol) in toluene
(15 mL). The reaction mixture was stirred overnight at rt, and the
solvent was removeth vacua CymB(NMe)Br was obtained in
the form of yellow crystals. Yield: 2.05 g (93%). IR (toluene,
cm™1): #(CO) 2022 (s), 1935 (s)*B{'H} NMR (96.3 MHz,
CsDg): 0 33.5 (hy, = 160 Hz).*H NMR (300.0 MHz, GDg): 0
2.31, 2.59 (2x s, 2x 3H, NMey), 4.11, 4.69 (2x vtr, 2 x 2H,
8Jun = “Jpn = 1.9 Hz, GHy). B8C{*H} NMR (75.4 MHz, GDg):

0 40.3, 43.3 (NMg), 84.7, 93.0 (GHy4), 224.9 (CO), n.o. (CB).

Synthesis of CymB(NMg)Me. To a solution of CymB(NMg-

Br (8.78 g, 26.00 mmol) in toluene (70 mL) was added dropwise
with stirring at—78 °C a solution of MeMgCl in THF (8.67 mL,
26.00 mmol, 3 mol/L). The reaction mixture was slowly warmed
to rt and stirred overnight. After a colorless precipitate had been
removed by filtration, the clear filtrate was evaporatedacua
The resulting yellow oil was stirred overnight with hexane (50 mL).
Subsequently, insoluble material was removed by filtration. All
volatiles were removed from the filtrata vacuoto give CymB-
(NMez)Me as a yellow oil. Yield: 4.72 g (67%). IR (toluene, cHr
7(CO) 2017 (s), 1921 (s}B{*H} NMR (96.3 MHz, GDg): 0
39.8 12 = 131 Hz).*H NMR (300.0 MHz, GDg): 6 0.44 (s, 3H,
CHg), 2.38, 2.44 (2< s, 2 x 3H, NMey), 4.17, 4.43 (2x vir, 2 x
2H, 3\]HH = 4\JHH = 2.0 Hz, QH4) 13C{1H} NMR (629 MHz,
CsDg): 0 4.4 (br, CH), 40.4, 40.7 (NMg), 84.2, 90.8 (GH,), 225.9
(CO), n.o. (CB).



Mn(CO), Complexes of Hybrid Ligands

Synthesis of 1.A suspension of Kpz (0.25 g, 2.36 mmol) in
THF (15 mL) was added dropwise with stirring &78 °C to a
solution of CymBMe (0.58 g, 2.38 mmol) in toluene (40 mL).
The reaction mixture was slowly warmed to rt and stirred overnight.
After a small amount of colorless precipitate had been removed by
filtration, the clear filtrate was evaporated to dryngssacua The
resulting brown oil was stirred with pentane (15 mL) overnight,
whereupon it solidified. After filtration, the insoluble residue was
driedin vacuoto give a solid foam. Yield ofl.: 0.80 g (97%). IR
(KBr, cm™1): #(CO) 2004 (s), 1910 (s}'B{*H} NMR (96.3 MHz,
dg-THF): 6 —8.7 (2 = 100 Hz). *H NMR (300.0 MHz,
dg-THF): 6 0.00 (s, 6H, CH), 4.45, 4.46 (2< n.r., 2x 2H, GHy),
5.94 (n.r., 1H, pzH-4), 7.24, 7.46 (R n.r.,, 2 x 1H, pzH-3,5).
13C{1H} NMR (75.4 MHz, dg-THF): 6 14.0 (CHy), 81.7, 89.4
(CsHy), 102.6 (pzC-4), 132.5, 137.0 (pzC-3,5), 229.2 (CO), n.o.
(CB). Anal. Calcd for GsH1aBKMnN,O3 (350.10): C, 44.60; H,
3.74; N, 8.00. Found: C, 43.79; H, 4.11; N, 7.29.

Synthesis of 2.A mixture of Hpz (1.18 g, 17.33 mmol) and
Kpz (1.84 g, 17.33 mmol) in THF (25 mL) was added dropwise
with stirring at—78 °C to a solution of CymB(NMgMe (4.72 g,
17.29 mmol) in toluene (50 mL). The reaction mixture was slowly
warmed to rt and stirred overnight. After a small amount of colorless
precipitate had been removed by filtration, the clear filtrate was
evaporated to dryneds vacua The resulting orange oil was stirred
with pentane (25 mL) overnight, whereupon it solidified. The
colorless microcrystalline solid was collected on a frit and died
vacua Yield of 2THF: 6.96 g (85%). The solid material contained
light yellow single crystals of ZTHF),, which were suitable for
X-ray crystallography. IR (KBr, cmb): #(CQO) 2009 (s), 1920 (s).
1B{1H} NMR (128.4 MHz,dg-THF): 6 —1.1 (hy2 = 92 Hz).*H
NMR (400.1 MHz,dg-THF): ¢ 0.55 (s, 3H, CH), 4.55, 4.77 (2<
vtr, 2 x 2H, SJHH = 4JHH = 1.8 Hz, Q,H4), 6.00 (Vtr, 2H,3JHH =
1.8 Hz, pzH-4), 7.30, 7.54 (n.r., d, 2 2H, 334y = 2.0 Hz,
pzH-3,5). 13C{*H} NMR (100.6 MHz, dg-THF): ¢ 81.6, 92.3
(CsH4), 103.2 (pzC-4), 133.1, 138.8 (pzC-3,5), n.oX{ZLB, CO).
Anal. Calcd for GsH13BKMnN4O5 (402.14)x OC4Hg (72.11): C,
48.12; H, 4.46; N, 11.81. Found: C, 48.00; H, 4.57; N, 11.89.

Synthesis of 3A suspension of K@Bu (0.26 g, 2.32 mmol) in
THF (20 mL) was added dropwise with stirring at®© to a solution
of H{CymBpz]23 (0.95 g, 2.28 mmol) in THF (10 mL). The reaction
mixture was slowly warmed to rt and stirred overnight and the
resulting yellow solution evaporated to drynessvacua The
remaining yellow oil was stirred with pentane (15 mL) overnight,
whereupon it solidified. The colorless microcrystalline solid was
collected on a frit and drieéh vacua Yield of 3-THF: 0.93 g
(78%). Yellow single crystals of3THF), formed upon storing a
solution of 3 in THF/pentane (1:1) at-35 °C. IR (KBr, cnrl):
7(CO) 2006 (s), 1921 (s). UV/ivis (THFE = 7 x 104 mol-L™%,
NM): Amax= 330 € = 1110 L'mol~t-cm™1). 11B{H} NMR (128.4
MHz, dg-THF): 6 0.1 (w, = 80 Hz). 'H NMR (400.1 MHz,
dg-THF): 0 4.67, 4.82 (2X vtr, 2 x 2H, SJHH = 4JHH = 1.7 Hz,
CsHa), 6.08 (vtr, 3H 233y = 1.8 Hz, pzH-4), 7.32, 7.39 (8Jun =
2.0 Hz, n.r., 2x 3H, pzH-3,5). °C{*H} NMR (100.6 MHz,
dg-THF): 6 82.9, 91.6 (GH,4), 104.0 (pzC-4), 135.1, 139.7 (pzC-
3,5), 227.2 (CO), n.o. (CB). Anal. Calcd for;#:3BKMnNgO3
(454.17)x OC4Hg (72.11): C, 47.93; H, 4.02; N, 15.97. Found:
C, 48.09; H, 4.05; N, 16.25.

Synthesis of 4 A solution of1 (0.06 g, 0.17 mmol) in THF (15
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1H NMR (250.1 MHz,dg-THF): 6 —0.17 (s, 6H, CHj), 3.53 (vtr,
2H, 33 = “Jun = 1.7 Hz, GH.), 3.61 (s, 24H, 18-c-6), 4.93 (vtr,
2H, 33y = “Jpn = 1.7 Hz, GHy), 5.72 (vtr, 1H,3Jyy = 2.0 Hz,
pz*H-4), 6.78, 6.94 (n.r., By = 2.0 Hz, 2x 1H, pz*H-3,5).
13C{1H} NMR (100.6 MHz, dg-THF): & 71.2 (18-c-6), 78.1,
84.1 (GH,), 104.1 (pz*C-4), 131.4, 142.6 (pz*C-3,5), n.o. (CB,
CO) Anal. Calcd for @zngBKMnNzog (32209) X C12H24OG
(264.32): C, 49.16; H, 6.36; N, 4.78. Found: C, 48.99; H, 6.40;
N, 4.70.

Synthesis of 5.A solution of 22THF (0.26 g, 0.55 mmol) in
THF (15 mL) was placed in a borosilicate glass vessel and irradiated
with a high-pressure mercury lampufx = 510 nm). After 6 h,
the transformation a2 to 5 was quantitative (NMR spectroscopical
control). All volatiles were removeth vacuqg and the remaining
orange residue was washed with pentane (20 mL), isolated by
filtration, and driedin vacua Orange X-ray quality crystals of
5(18-c-6) formed at rt from a solution @& in toluene to which
excess 18-crown-6 had been added. IR (KBr, m#(CO) 1890
(s), 1813 (s)MB{*H} NMR (128.4 MHz,ds-THF): 6 —2.0 (.2
= 100 Hz).*H NMR (400.1 MHz,ds-THF): 6 0.32 (s, 3H, CH),
3.65 (s, 24H, 18-c-6), 3.45, 3.65, 4.71, 4.97X4n.r., 4 x 1H,
CsHy), 5.84, 5.89 (2x n.r., 2 x 1H, pz*H-4, pzH-4), 6.95, 6.98,
7.23,7.31 (4x n.r., 4 x 1H, pz*H-3,5, pzH-3,5)13C{H} NMR
(100.6 MHz, dg-THF): 6 70.9 (18-c-6), 77.4, 79.0, 83.9, 86.1
(CsH4), 101.9, 105.1 (pz*C-4, pzC-4), 131.5, 133.6, 137.9, 144.2
(pz*C-3,5, pzC-3,5), n.o. (2x CB, CO). Anal. Calcd for
C14H138KMnN402 (37413) X C12H2406 (26432) X C7H8
(92.14): C,54.25; H, 6.21; N, 7.67. Found: C, 54.71; H, 6.24; N,
7.57.

Synthesis of 6.A solution of 3-THF (0.11 g, 0.21 mmol) in
THF (15 mL) was placed in a borosilicate glass vessel and irradiated
with a high-pressure mercury lampnfx = 510 nm). After 6 h,
the transformation a8 to 6 was quantitative (NMR spectroscopical
control). All volatiles were removeth vacug and the remaining
orange residue was washed with pentane (20 mL), isolated by
filtration, and driedin vacua Orange X-ray quality crystals of
6(18-c-6) formed at rt from a solution éfin toluene/THF to which
excess 18-crown-6 had been added. IR (KBr; §m#(CQO) 1902
(s), 1824 (s). UV/vis (THFc = 7 x 1074 mol-L =1, nm): Amax =
280 € = 2990 L'molt-cm™Y), 312 ¢ = 2770 L'mol~*-cm™3),
~400 (v br, onset at-550, (400 nm)= 390 L-mol~t-cm™1). 11B-
{*H} NMR (96.3 MHz,ds-THF): 6 —0.1 (hy, = 70 Hz).1H NMR
(300.0 MHz,dg-THF): 6 3.57 (s, 24H, 18-c-6), 3.57, 5.04, 4
n.r., 1 x vtr, 2 x 2H, 3~]HH = 4JHH = 1.9 Hz, Q‘,H4), 5.88 (mult,
1H, pz*H-4), 5.96 (mult, 2H, pzH-4), 7.01 (n.r., 1H, pz*H-3 or 5),
7.17, 7.36 (2x mult, 2 x 2H, pzH-3,5), 7.64 (d, 1HJuy = 2.1
Hz, pz*H-5 or 3).13C{1H} NMR (75.4 MHz,dg-THF): 6 71.4
(18-c-6), 79.0, 86.9 (£H,4), 103.0 (pzC-4), 106.0 (pz*C-4), 133.6
(pzC-3 or 5), 136.8 (pz*C-3 or 5), 139.7 (pzC-5 or 3), 145.9
(pz*C-5 or 3), n.o. (CB, CO). Anal. Calcd for;6H13BKMnNgO,
(426.16) x CiH2406 (264.32): C, 48.71; H, 5.40; N, 12.17.
Found: C, 48.70; H, 5.47; N, 12.20.

Synthesis of 7.To a solution of CymBB;y (2.60 g, 6.96 mmol)
in toluene (25 mL) was added dropwise with stirring-af8 °C
PhLi in Bp,O (10.50 mL, 21.00 mmol, 2 mol/L). The reaction
mixture was slowly warmed to rt and stirred overnight. The reaction
mixture was filtered, and the filtrate was evaporated to dryiress

mL) was placed in a borosilicate glass vessel and irradiated with a zacua The resulting brown oil was contaminated with substantial

high-pressure mercury lamplax = 510 nm). After 6 h, the
transformation ofl to 4 was quantitative (NMR spectroscopical
control). All volatiles were removeth vacug and the remaining
red-brown residue was washed with pentane (20 mL), isolated by
filtration, and driedin vacua Red X-ray quality crystals o4(18-

c-6) formed at rt from a solution of in toluene to which excess
18-crown-6 had been added. IR (KBr, ch #(CO) 1891 (s), 1817

(s). 1'B{'H} NMR (128.4 MHz,dg-THF): 0 —8.1 (> = 75 Hz).

amounts of Li[BPh], which could not be removed completely. A
few single crystals of {OBW,), formed upon storing a solution of
Li[CymBPhg] in toluene/hexane (1:1) at35°C. IR (KBr, cnil):
7(CO) 2000 (s), 1911 (s}'B{*H} NMR (128.4 MHz, GDg): 0
—9.5 (hyz = 14 Hz).*H NMR (400.1 MHz, GDg¢): 6 4.44, 4.60
(2 x n.r., 2x 2H, GHy), 7.02 (vtr, 3H23Jyn = 6.7 Hz,p-Ph), 7.22
(vtr, 6H, 334y = 6.6 Hz,m-Ph), 7.61 (d, 6H3J4 = 5.4 Hz,0-Ph).
BC{H} NMR (62.9 MHz, GDg): o 85.3, 90.3 (GH4), 123.9,
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127.1, 136.0 (Ph), 230.5 (CO), n.o. CB). A decent elemental
analysis of7 was not obtained due to contamination of the sample
with Li[BPhy].

Synthesis of 8.To a solution of CymH (3.45 g, 16.9 mmol) in
diethyl ether (200 mL) was added Hpz (1.15 g, 16.9 mmol). The
reaction mixture was irradiated using a UV lamp (TQ 16Q=
510 nm) for 50 h, whereupon the yellow solution turned orange.
The solvent was removeith vacuo and the resulting orange oil
stored at—35 °C. After 3 weeks, a few orange single crystals8of
had formed, which were suitable for X-ray crystallography. IR (KBr,
cm™1): #(CO) 1913 (s), 1837 (s)H NMR (250.1 MHz, E4O/
CeDg): 0 4.22 (s, 5H, GHs), 5.94 (br, 1H, pzH-4), 7.29 (br, 2H,
pzH-3,5), 11.46 (br, 1H, NH).

X-ray Crystal Structure Analysis of CymBBr,, (2THF),,
(3THF),, 4(18-c-6), 5(18-c-6), 6(18-c-6), (7OB)4, and 8. All
single crystals were analyzed with a STOE IPDS Il two-circle
diffractometer with graphite-monochromated Moo Kradia-
tion. Empirical absorption corrections were performed using the
MULABS?S3 option in PLATON®* The structures were solved by
direct methods using the program SHELX@&nd refined against
F2 with full-matrix least-squares technigques using the program
SHELXL-9756 The coordinated THF molecules d8THF), and

Kunz et al.

(2THF), are disordered over two positions (occupancy factors
0.56(2) and 0.44(2) in both case®(18-c-6): The asymmetric
unit contains one toluene molecule, which is not disordered.
CCDC reference numbers: 644558 (CymBB644559 (RTHF),),
644560 (BTHF),), 644561 4(18-c-6)), 644562%(18-c-6)), 644563
(6(18-c-6)), 644564 ({OBW,),), and 6445658§).
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