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Abstract

The lati iphenylmethane (Ph,CH) with potassium metal in toluene and PMDTA (N,N,N'N”,N"-pentamethyidiethylen-
etriamine) at lll“C affords red crystals of [Ph,CK - PMDTA], (1). X-ray analysis reveals that the single crystal structure of 1 is difierent
to the one shown previously. Here a polymeric zigzag chain instead of a discrete molecule was observed. Crystal data (Mo Ka radiation)
at — 100°C for 1: a = 9.872(2), b = 18.917(4), c = 29.047(6) A, B = 97.63(3)°, monoclinic space group Ce, R = 0.0449 (F?> 20(F?)),

wR, = 0.1420.
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1. Introduction

The organometallic chemistry of the heavier Group 1
elements (K, Rb, Cs) has attracted increased interest in
recent years [1-4]. Much of the X-ray structure investi-
gations on this class of compounds has been based on
the triphenylmethyl anion [1-4]. Interactions between
metal cations and delocalized carbanions depend on the
size of the cations and on any additional donor ligands
which may be present [!,3,4] Whether the organic
triphenylmethyl moiety should be regarded as a ‘carban-
ion’ or not is yet to be resolved. Large polarizable
cations like K* are significantly less charge-localizing
than Li* and therefore they often show multihapto
interactions [5). Semi-empirical MNDO calculations on
the potential energy surface of Ph,CK - ligand systems
show a rather flat potential energy surface [3]. This may
result in different modifications for a given anion—
ligand—cation system [6].

In this paper we report the X-ray crystal stmcture of
a new modification of [Ph,CK - PMDTAI, (1).
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2. Experimental details

All experiments were performed under anaerobic and
anhydrous conditions using standard Schlenk and nee-
dle/septum techniques. The toluene was dried over
sodium—potassium alloy and distilled under argon prior
to use. Triphenylmethane, potassinm and PMDTA (Al
drich) were used without purification. Potassium was
always used in excess to dry the solvent, the ligand and
the acidic hydrocarbon.

2.1. Synthesis of [Ph,CK - PMDTAI, (1)

About 1g potassium (25mmol), 244¢ triphenyl-
methane (10mmol), 2.1 mi PMDTA (1.73g, 10mmol)
and 50mi toluene were mixed in a 100mi Schlenk
flask. The mixture was refluxed at 111°C for four days
under rapid stirring, giving a red solution and precipi-
tate. Toluene was added until all the product was dis-
solved and separated from the excess potassium by
filtering the cold solution. Subsequent cooling of the
solution to 5°C gave dark-red well-defined prisms suit-
able for single crystal X-ray diffraction measuremenis
after three days. A second crop of crystals was obtained
after adding hexane to the solution. Overall yield: 3.1g
(68%). Apal. Found: C, 73.56; H, 8.62; N, 9.34.
CsHsNgK, Calc.: C, 73.80; H, 8.41; N, 9.22%.
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Table 1
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Crystal data, data collection and refinement of the structure of 1

Crystal data

a(A)

b(A)

c(A)

B

z

Volume (A%)

Crystal system
Density, P, (gcm ™)

Data collection
2 9max

Radiation
Wavelength (A)
Temperature (°C)
Unique reflections
Observed reflections
Observation criterion
Absorption correction
wlem™")

Solution and refinement
Solution method

Program

Method of refinement
Number of parameters
R

R,
s
Max., av. shift/error
Residuals, min. /max. (e A
F(0,0.0)

H atoms

Non-hydrogen atoms

Disorder

[Ph,CK-PMDTA,
9.872(2)

18.917(4)
29.047(6)

97.68(3)

4

5376(3)
monoclinic, Cc (9)
1.126

50

MoKa

0.71069

-~ 10

4612

2787

1>200(1)

None

2.2, azimuthal scans indicated no
need for absorption comection

direct methods (SHELXS-86)
teXsan

full-matrix (sHELx1-93)
588

0.0449

0.1420

1.02

—0.09, 0.00

-0.37/0.27

1392

constrained (see text)

all anisotropic

minor disorder: C12, C13,Cl4;
no disorder medel applied

2.2. X-ray structure determination of 1

The data collection for the structure determination
was performed on a Rigaku AFC7R diffr: at

Fig. 1. View of [Ph,CK - PMDTA], (1) showing atom labelling.
probability level and hydrogen atoms are omitted for clasity (FLaToN [7]).

173K using graphite-monochromated Mo Ko radiation
(A =0.71073 A). The crystals were coated with paraffin
oil and mounted with a glass fibre on the goniometer.
25 high angle reflections were used to determine the
unit cell and an orientation matrix for data collection.
Table | shows the details of data collection and struc-
ture refinement. Table 2 shows the atomic coordinates
and Table 3 selected bond lengths and angles. Fig. 1
shows a view and atom labelling for [Ph,CK - PMDTAI,
(1). The intensities of three representative reflections
were measured every 150 reflections. The data were
corrected for Lorentz and polarization effects. The
structure was solved by direct methods (sHELxs [8]
within the teXsan [9] package) and refined by full-ma-
trix least-squares on F? with sHeELXL [10]. All non-hy-
drogen atoms were refined anisotropically (sHELXL). All
hydrogen atom positions were constrained with C~H
1.0A and free torsional rotation of methyl groups, and
their isotropic thermal p were lated with
the respective carbon atom multiplied by 1.2 (for aro-
matic carbons), 1.3 (for methylene carbons) and 1.5 (for
methyl carbons). A minor disorder in three carbon
atoms of ligand PMDTA 1 is evident (C12, C13, Cl4).
Refinement with two positions for each atom gave no
significant improvement.

3. Results and discussion

There are several different ways to prepare potassium
alky! compounds. Many years ago triphenylmethylchlo-
ride was treated with alkaline amalgam {11] and depro-
tonation of the CH acidic triphenylmethane was effec-
tive with molten alkaline metals [12]. Recently ‘model
super base’ mixtures, ‘super bases’, ‘complex bases’ or
LICKOR-reagents have been used to generate potas-
sium organic compounds ([3] and literature cited
therein). Here we have used a method already described

Isewhere [1], viz. the reaction of potassium metal with

C133

13 it

dicnl

{or thermal ellipsoids for K) are at 30%
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Table 2 " Table 2 (continued)

Atomic i (% 10*) and equiv i ic dispk >

parameters (A? X 10) for 1 Atom ol y z Yy

a - TR 232 29%66(7) 29654)  4672) 41D
tom  x b4 ki ) C(233)  3744(8) -3147a)  43163)  S0(2)

k() 37100 1855(1) 825 42(1) C(234) 380U -2645(4)  3967(3)  4ND)

K(2) 3148(1) (D) 3047(1) 41 CQ35) 3135(6) -2011(4) 3966(2) 38(2)

N -970(7) 3388(3) 564(2) 55(2)

N(Q) ~2547(8) 2145(4) 69(3) 70(2) ® U, is defined as one third of the trace of the orthogonalized Uj;

NG  -2904(6) 11373) 8792)  4KD) tensor.

N@) 5665(6) —758(3) 3141(2) 46(2)

N(5) 5068(6) 277(3) 3892(2) 46(2)

N(6) 3742(6) 1549(3) 330%(2) 442)

c(1n) 300(12) 3646(6) 4334) 98(3)
c(12) —1338(15) 3868(6) 917(4) 114(5)
c(13) —1957(18) 3400(6) 149(5) 179(10)

c(14) —2699(17) 2908(6) —35(5) 142(6) Table 3
c(1s)  -2107011) 17976)  —338(4)  9003) Selected bond lengths (A) and angles (°) for 1
C(16) —3869(10) 1825(5) 169(4) 78(3) KOO-NG) 2.863(6)
ca1n —3668(9) 1112(5) 4123) 66(2) K()-N@) 2'9‘ 16)
c(18)  —3608(10) 15505)  12023)  76(3) KU-NOD 30340
c(19)  -2768(9) 4104 10613) 612 - -
K(1)-C(101) 3.146(6)
2D 6313(8) —-404(5)  277803) 632 KO-C(130) 3364(6)
o22) s526(11)  —1509(5)  30163)  75Q3) KO-C(139) 13706
C(23) 6515(9) -6735)  35953)  7i(3) K(-CO# 32067
c(24) 6438(8) 45(5)  3805G3)  6703) K-C(111) 3.408(8)
25 4588(9) —135(5)  42683)  63(2) KO-C223# 3.457(8)
C(26) 5055(9) 10320)  40213)  63(2) K(-C(110) 348D
c@n 5016(9) 1552(5)  3629(3)  68(2) KQ-NG) 292066
c(28) 2592(10) 1855(5)  3518(4)  78(3) K2-N@) 2921(6)
29 3890(11) 19915)  28973)  750) KN 2936(6)
cio1) 1281(6) 1908(3)  1828Q2)  33(2) K@-C213) 31596)
c(110) 19 20744 20252) 372) KGLCC1) 317D
cin)  -88%7) 2627(4)  1847(3)  48(2) KO-C(123) 32077)
c(112)  -2096(8) 2782(4)  20343)  59%(2) K2-C212) 3370
C(113) —2492(8) 2394(5) 2399(3) 69(3) K@-c(122) 3’ 317(7)
c114)  -16228) 1852(4)  2583)  57(2) KQ-C215) 3425(6)
c11s)  -418() 1698(4)  2410(2)  43(2) K@) 34408
(120 1886(7) 12043)  1854(2) 32(1) gy
cazny 10977 S66(3)  18882)  38(2) C10D-C(120) L4579
o C(10D-C(110) 1.489%(9)
122 1676(8) -97(4)  19192)  43(2)
C12) B 1980  192%D 4 C(1on-C(130) 148%9)
; CQOI-C210) 1.452(8)
C(1249) 388%(7) 401(4) 1887%(2) 432) CC01)-C(220) 1.457(8)
C(125) 3308(7) 1080(4) 1859(2) 36(2) CG01)-0(230) I ) 475(9)
(130 2054(6) 2495(3) 1642(2) 34(2) ;
ca3)  2146(7) 3184(4)  18482)  44(2) NG)-K(1)-N(2) 64.5(2)
Cc(132) 2935(8) 3723(4) 1688(3) 52(2) NG)-K(D-N(1) 108.9(2)
c(133)  3667(8) 3615(4)  1315G3)  S0(2) NQ)-K(1)-N(1) 62.12)
o(134)  3558(7) 29574)  1095Q)  432) N(5)-K(2)-N(4) 62.542)
ca3s)  2787(6) 22174) 12532 36(2) N(5)-K(2)-N(6) 64.6(2)
o(20i) 1546)  —-11353) 430102 322) N(4)-K(2)-N(6) 1105(2)
c(210) 1046(6) -7984)  3860(2) 34(2) C(120)-C(101)-C(110) 122.46)
c11) 7366)  —1179@4)  3435)  39(2) C(120)-C(101)-C(130) 118.X6)
oQ12) 22%(7) -866(4) 3017 43D C(110)-C(101)-C(130) 119.0(6)
C(213) —46(6) —134(4) 2987(2) 442) C{111)-Cc(110)-C(115) 115.0(6)
c214) 2577) 258(1)  3395) 432 C(125)-C(120)-C(121) 113.6(6)
c@15) 795(6) —-473)  38100)  36(2) C(135)-C(130)-C(131) 114.3(6)
C(220) 1282(6) -8033)  4735)  34(2) C(210)-C(201)-C(220) 120.(6)
c@2)  216A7) -906(3)  5163%2) 3N C(210)-C(201)-C(230) 119.8(5)
c(22) 1898(8) -600(3) 5579(2) 422) 0(220)-C{2013-C{230) 120.0(5)
c(223) 769(8) ~175@)  s610)  48(2) C(211)-C(210)-C(215) 113.3(6)
C(224) -10%7) ~56(4) 520%3) 542) C(221)-C(220)-C(225) 113.%(6)
C(229) 131(7) -~35K1) 47810 45(2) C(231)-C(230)-C(235) 112.1(6)
C(230)  22746)  -1811(3) 43092  332) -
c(231) 2265(7) -233%3) 4664(2) 38(2) Symmetry transformations used to genmerale equivalent atoms:

#x—yz+i
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Fig. 2. LATON drawing [7] of the zigzag chain of [Ph,CK - PMDTA], (1); hydrogen atoms are omitted for clarity.
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triphenylmethane and PMDTA in boiling toluene which
on cooling to 5°C and with the addition of hexane has
yielded the potassium complex [Ph,CK - PMDTA], (1)
in a new modification (Eq. (1)). The earlier reaction was
in benzene with crystallization at 7°C [1] from the same
solvent.

K + Ph,CH + PMDTA

5 iH, + [Ph,CK - PMDTA],, (1) m
Compound 1 crystallizes in the monoclinic space
group Cc with two formula units of [Ph,CK - PMDTA]
in the asymmetric unit. There are two significantly
different cation—ligand—anion moieties in the lattice
which form an infinite one-dimensional zigzag chain
(Fig. 2). The first potassium atom, K1, is bound by
PMDTA 1 (N1-3), almost like in the discrete moiecules
in Ref. [1], albeit with slightly longer K-N distances
(see Table 3). It is also bound by carbon atoms of the
triphenylmethyl anion, viz. C101 at 3.145A, which is
the shortest K-C di as d on residual charge
iderations, and nei hb -m' C130 3. 363A) C135
@. 370A) and C110 (3 481 A) Clll (3408A) atoms.
There are additional K-C interactions with the periph-
eral carbon atoms of one phenyl ring of the second
triphenylmethyl anion (C222 3.405A, C223 3457A).
Overall the environment for tie potassium atom K1 is
similar to that for the sodium atom in {Ph,CNa-
TMEDA], (TMEDA = N,N,N’'N’-tetramethyl-
ethylenediamine) [13].

The environment for the second potassium atom K2
looks like that for the rubidium atom in [Ph,CRb-
PMDTA], [3]. There are no interactions with the central
carbon atoms of either of the two triphenylmethyl an-
ions. Besides the connected three nitrogen atoms of
ligand PMDTA 2 (N4-6), the only other interactions are
with penpheml carbon atoms of one of each mphenyl-
methyl anion_ (C122 3418A . C123 3.297A, anion 1;
C212 3377A C213 3. I‘9A C214 3. I72A C215
3.425A, anion 2). It is notewortt, that the distance to
one of the terminal carbon atoms of the PMDTA ligand
1 is only 3.440A (in the first modification of [Ph,CK -
PMDTA] there are three short distances to terminal
carhon atoms of the PMDTA ligand at 3.128, 3.226 and
3.276 A [1)). Perhaps there are also other interactions to
this carbon atom [14].

Anion 2 shows no interaction of the central carbon
C201 and the neighbouring ipso carbon atoms C210,
C220, C230 with a potassium cation, this leads to a
bond shortening compared with anion 1 (anion 1:
C101-C110 1 489A C101-C120 1 457A C101-C130
1 489A anion 2: C201-C210 1 452A, C201-C220
1456 A, C201-C230 | 476A see also Refs. [1,3]). The
phenyl rings show a considerable angle contraction at
the ipso position (anion 1: C111-C110-C115 114.9°,

C121-C120-C125 113.7°, C131-C130-C135 114.5%
anion 2: C211-C210-C215 113.3°, C221-C220-C225
113.3°, C231~-C230-C235 112.2°), notably the contrac-
tion in the second anion is a little bit stronger than in
the first anion, which is probably due to higher negative
charge in this moiety [3]. The two central carbon atoms
CI01 and C201 show sp>hybridization and therefore
angles of about 120° (amion 1: C110-C101-C120
122.4°, C110-C10i-C130 119.00°, C120-C101-C130
£18.3% anion 2: C210-C201-C220 120.21° C210-
C201-C230 119.8°, C220-C201-C230 120.0°). Unlike
anion 1, anion 2 is less disturbed by a cation interaction
at the central carbon atom that results in almost perfect
120° angles at this atom. Exact assignment of coordina-
tion numbers and hapticities is not useful in the com-
pounds discussed here, because the distances from the
metal to the ligands and anions are rather long.

The calculated density in this medification
(1.126gcm ™) is less than in the modification of the
discrete molecule (1.187 gcm™3). That means that pack-
ing effects would favour the discrete molecule.
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