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While numerous reports on molecular structures of lithium
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hibit infinitely extended M-P ladder-type connectivities. A

common feature of these polymeric systems isoordination

of each supermesityl ring to an adjacent alkali metal cation.
Because of our interest in structural details of aryl pnictides

of the heavier alkali metals, we were interested in investigating

whether the use of extremely bulky primary phosphanes will

moderate structure growth and limit nuclearity of the resulting
complexes. Therefore, we continued our studies by employing

the sterically demanding terphenyl ligand Dmp (Dmp2,6-

dimesitylphenyl§ as a substituent on phosphorus. Our efforts
produced crystal structure determinations of both the rubidium
and the cesium derivativef (2,6-dimesitylphenyl)phosphasie.
We here report the synthesis and X-ray crystal structure
determination of KP(H)Dmp, thereby demonstrating that, by
employing bulky terphenyl substituents on the phosphorus atom
of a primary phosphane, extended ladder structures can be

derivatives of both primary and secondary phosphanes havetruncated to a four-rung structure. Also, we are presenting

appearedstill only relatively little information is available on

another novel structural motif in the area of heavier congeners

solid-state structures of the corresponding derivatives of heavierof alkali metal derivatives of primary phosphanes.

alkali metald29 or molecular species containing-MP contacts
(M = Na—Cs)2k Our previous work*has shown that heavier
congeners of alkali metal salts (M K, Rb, Cs) of 2,4,6-tri-
tert-butylphenylphosphane=f “supermesitylphosphané’gx-

T Technische Universitavitinchen.
* University of Ottawa.
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KP(H)Dmp is obtained from the reaction of excess potassium
hydride (or, alternatively, potassium metal) with DmpPH

tetrahydrofuran at ambient temperature. Even in the presence

of excess potassium hydride or metal, bismetalation of DmpPH
is not observed. Crystallization of KP(H)Dmp from toluene at
—30 °C produces yellow crystals. The composition of these
crystals was determined crystallographically as [KP(H)Dmp]
(2).° Itis noteworthy that we were also able to obtain crystals
of 1 by crystallization of KP(H)Dmp from hexanes in the
presence of 18-crown-6.

The molecular structure of complek is found to differ
significantly from the solid-state structures of both the previously
determined rubidium and cesium derivative3his observation
is surprising, given the fact that the corresponding alkali metal
phosphides (M= K—Cs) with a [P(HBusMes] groupall exhibit
similar structural motifs, i.e. infinitely extended ™MP ladder-
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WR, = 0.1737 for 4589 observed dataX 20(l)), and GOF= 1.040.

The function minimized waBWF?) = 5 [W(Fo? — F)?)/ S [(WF2)3 Y2

R = YA/Z(Fo), A = |Fo — F¢|. All hydrogen atoms excluding those

on the phosphorus atoms, which were ignored, were treated as idealized
contributions. Minimal/maximal residual electron density0.535+
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Figure 1. Molecular structure of [KP(H)Dmp](1) showing the four-

Notes

[2.884(4), 3.164(4), and 3.197(4) A].w interaction between
alkali metal cations and aromatic systems has wide precedent
in the literature?a.e-3.4.7.10

The K—P distances ifl range from 3.043(2) to 3.438(2) A.
These interatomic separations can be compared with the
corresponding numbers in the stepped ladder framework of
infinitely extended [KP(HBusMes) [3.181(2), 3.271(2) (in the
rung position), and 3.357(2) Apnd can further be compared
with reports on other molecular KP speciedadegk As a
matter of fact, the K-P distance of the outer rung position in
complex 1 [K(2)—P(2) = 3.043(2) A] is by far the shortest
interatomic separation between these two elements observed so
far in molecular K-P species. It is more than 0.1 A shorter
than all other K-P interatomic separations in compléx This
observation can be rationalized in terms of a low coordination
number around the formally two-coordinate potassium atom
K(2) with a P(1}-K(2)—P(2) angle which is smaller than

step ladder-type arrangement in the solid state. Selected interatomicrectangular [87.35(4). The K(2)-P(2) distance is even shorter

separations (A) and angles (deg): KEB(1)= 3.438(2), K(1)»-P(1A)
= 3.162(2), K(1)-P(2) = 3.189(2), K(2)-P(1) = 3.365(2), K(2)-
P(2) = 3.043(2), K(1)--K(2) = 4.486(2), K(1):*K(1A) = 4.598(3),
P(1»-C(6) = 1.812(5), P(2)C(30) = 1.800(5), K(1)--C(7A) =
3.916(2), K(1)--C(10) = 3.484(2), K(1)--C(11) = 3.352(2), K(1)--
C(12)= 3.989(2), K(1)--C(31)= 3.622(2), K(1):-C(32) = 3.487(2),
K(1)---C(33) = 3.795(2), K(2)--C(8A) = 3.780(2), K(2)-*C(9A) =
3.928(2), K(2)--C(16) = 3.103(2), K(2)--C(17) = 3.318(2), K(2)--
C(21)= 3.722(2), K(2):-C(22)= 3.181(2), K(2):-C(40) = 3.529(2),
K(2)---C(41) = 3.326(2), K(2)--C(42) = 3.208(2), K(2):-C(43) =
3.254(2), K(2)--C(44) = 3.464(2), K(2):-C(45) = 3.597(2), K(2)--
C(47) = 3.927(2); P(1yK(1)—P(1A) = 91.78(5), P(1}yK(1)—P(2)
= 83.83(5), P(1yK(2)—P(2) = 87.35(4), P(1AXK(1)—P(2) =
156.06(7), C(6)yP(1)y-K(1) 117.0(2), C(6yP(1}-K(1A)
123.8(2), C(6yP(1)-K(2) 104.3(2), C(30yP(2)-K(1)
123.4(2), C(30y P(2)-K(2) = 128.7(2).

Pi2A}

P2

Figure 2. Ball-and-stick drawing of the KP framework of complex
1

The molecular structure df (Figure 1) features a centrosym-
metric distorted transoid ladder-type arrangement of the '/ABB
type which is composed of four KP rungs in length (Figure
2). One of the mesityl rings of the Dmp ligand attached to
phosphorus atom P(2) “solvates” potassium cation K(2) in an
approximate;® fashion with K(2)--C distances ranging from
3.208(2) A [C(42)] to 3.597(2) A [C(45)]. The bulky substit-

uents on phosphorus prevent further extension or association

of the K—P ladder. Additionally, both mesityl rings of the Dmp
ligand attached to phosphorus atom P(1) weakly “solvate” atom
K(2) with different amounts ofr interaction. Atom K(1) is
complexed as well by one mesityl ring of each Dmp ligand
with varying degrees ofr interaction. The limiting effect of
bulky substituents on phosphorus on the extension efPM
ladders was previously observed in the molecular structure of
the lithium phosphide LiP(SiMg».Xf More specific details on
thesr bonding in complexX can be derived from the caption of
Figure 1. The K--C distances il can be compared, e.g., with
the corresponding distances iff-bonded [KP(HBusMes)k

than the shortest KP interatomic separation in solid-state
compound KP [3.08(1) A} On the other hand, the KP
distance of the inner rung position [K@P(1) = 3.438(2) A]

is the longest K-P distance in complek. This result can most
likely be interpreted as a consequence of steric factors, i.e. van
der Waals repulsion between the Dmp ligands attached to
phosphorus atom P(1).

Atom P(2) deviates 1.27(1) A from the plane defined by
atoms P(1), K(1), P(1A), and K(1A) with a dihedral angle of
23.6(2f between the P(H)K(1)—P(2) triangle and the P(%)
K(1)—P(1A)-K(1A) square. Atom K(2) deviates 2.55(1) A
from the P(1}K(1)—P(1A)—K(1A) plane, and the dihedral
angle between the K(HP(1)-K(2) triangle and the P(%)
K(1)—P(1A)—K(1A) square is 49.8(2)

The coordination geometry around phosphorus atom P(1) can
best be described as distorted tetrahedral wittPKL-K and
K—P(1)-C(6) angles ranging from 82.51(4) to 129.47(6)
under neglect of thePH proton atom. On the other hand, the
coordination environment around phosphorus atom P(2) is
distinctly trigonal-pyramidal with a sum of angles around
phosphorus of 34422 again under neglect of the-fH proton
atom. The proton atoms on the phosphorus atoms could not
be located from a difference map and were therefore not
included in the calculations. It is to be noted that the location
of such atoms is ambiguous and their positions cannot be
uniquely located by local stereochemistry.

The “ring-laddering” principle has precedent in both alkali
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metal phosphid@934and amid&-17 chemistry. However, causes a dramatic change of the overall molecular structure,

unsolvated stepped ladder frameworks are still rare and only employing the same phosphide ligand.

very few examples containing MP ladders without classical ) )

Lewis bases attached to the metal centers have been structurallfexPerimental Section

characterized until today. As an example, the molecular  The compounds described below were handled under nitrogen using

structure of LiP(SiMg), features a ladder-type arrangement with  Schlenk double-manifold, high-vacuum, and glovebox (M. Braun,

six Li—P rungs in lengtBf Another example is previously = Labmaster 130) techniques. Solvents were dried and physical measure-

reported polymeric [KP(HBusMes), exhibiting infinitely ex- ments were obtained by following typical laboratory procedures.

tended stepped ladders in the solid sfatdmong the Lewis DmpPH was prepared according to the literatéir&otassium hydride

base adducts of MP ladders, the four-step £P ladders of ~ Was ?]lgg)rtaj&deg)T ﬁ)'gr_'d‘t- SO'U?O” NMR spectra were recorded
i ~ ~ — ) on a - instrument.

gReie[glu(iggWr;]Oeselt(ljo?oh%eg ernRe%]Zt(i/(l)?r’]Z(lf,Z)zzingFe)ﬁ (aRS thse”\i/lr%,nitely i KP(H)Dmp (1). In the glovebox, addition of a solution of (2,6-

; . mesitylphenyl)phosphane (1.50 g, 4.3 mmol) in 20 mL of tetrahy-
extended K-P ladders of AABB' type composed of different drofuran to a colorless suspension of KH (0.70 g, 17.5 mmol) in 10

base adducts of KFRu)PIt*and the twisted ladder of polymeric | of tetrahydrofuran caused a slow color change to orange. The
[(THF)LiP(H)Cylx (Cy = Cyclohexyl)*° reaction mixture was stirred for 14 h and centrifuged. The solvent
It is noteworthy that only one resonance is observed in the was removed, and the residues were extracted with toluene and
3P NMR spectrum ofl in both benzene and tetrahydrofuran, centrifuged. The resulting orange-red solution was cooled30°C,
indicating that the solution structure biight be different from which resulted in almost complete crystallization Iof Removal of
its structure in the solid state. the mother liquor followed by drying under vacuum gdvas yellow-
Our work demonstrates that the structural motifs found in %’“E% m'crocrfta”'”e mj‘t.e”a! (IO'BS. ?d 50%). Alte.mat've'y'l
molecular species of heavier congeners of alkali metal phos- (H)Bmp can be prepared in similar yield using potassium meta

. . . . instead of potassium hydride. Analytically pure compleis com-
phides vary widely, depending both on the steric bulk of the pletely insoluble in hexanes but soluble in aromatic solvents and in

phosphide ligantt' employed and on the size of the alkali metal (erahydrofuran. Anal. Calcd for GHxKP: C, 74.96; H, 6.81.
cation! We can show that, in the case of the sterically Found: C,75.21; H, 7.08:H NMR (CeDs, 400 MHz, 25°C): & 1.63
congested potassium phosphide derivatiyeligomerization (d, Wp—py = 182 Hz, 1H), 2.21 (s, 12H), 2.24 (s, 6H), 6.80 3d;-n =
can be controlled by (a) use of a bulky R group on phosphorus 7 Hz, 2H), 6.83 (s, 4H), 6.94 #Ju—n = 7 Hz, 1H). *H NMR (C4DsO,
and (b) saturating the remaining coordination sphere of the 400 MHz, 25°C): 6 1.61 (d,"Jp-n = 178 Hz, 1H), 2.13 (s, 12H),
potassium cation by “solvating” through interaction. As a  2.25(s, 6H), 6.27 (%u-n = 7 Hz, 2H), 6.35 (t3Ju-n = 6 Hz, 1H),
consequence, the metdigand contacts are limited to four steps, 6:78 (5, 4H)- *'P{*H} NMR (CeDs, 161.9 MHz, 25°C): 6 ~130.5(d,
thereby forming a structural motif that is a section of an extended J»-+ = 182 Hz). *P{*H} NMR (C.D:O, 161.9 MHz, 25°C): o

- . —123.8 (d,Wp_p = 178 Hz). IR (Nujol): 2310 m, 2244 m, 1732 w,
K—P ladder, as opposed to a more extended connectivity in 1722 w, 1605 m, 1574 m, 1249 m, 1176 w, 1109 w, 1090 m, 1040 s,

the case of polymeric _[KP(ILBI_JgMgs]X. Finally, the molecul_ar 880 w, 847 s, 785 s, 721 s, 590 m, 575 m, 548 wkm

structure of the potassium derivatitelemonstrates how a slight
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