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[Me3sSIN(PPhs)-ICN]: A New Labile Donor —Acceptor Complex
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The reaction behavior of trimethylsilyl phosphanimine,J8i&\PPh, toward the pseudohalogen species XCN (X

= ClI, Br, and I), especially the intermediate formation of B8iN(PPR)-XCN] adduct complexes, was investigated

in solution. Only the ICN adduct was shown to be metastable in solution, with respect to further reaction into
PhPNCN and MgSiX, and can be intercepted. Raman and X-ray data of the ICN adduct revealed a very labile
donor-acceptor complex with the iodine atom of the ICN moiety loosely bound to the nitrogen atom of
MesSiNPPh. There are two distinct rather long NI bonds with bond lengths of 2.634(1) and 2.739(14) A. The
structure and bonding are discussed on the basis of natural bond orbital analysis and valence bond considerations.

Introduction of the acid strength along the sequence AL > ICN toward

Silylated phosphanimines, MBINPR; (R = Me, Et, Ph), soft ba;es and ICt ICN > I_ztoward hard basés.
have been frequently used as starting material to introduce the " this study, we would like to present our results of the
NPR; group in reactions with metal and nonmetal halide reaction of MeSiNPPhwith the pseudohalides XCN (% Cl,
compounds.Another synthetic route represents the Staudinger Br, 1).
reaction in which an azide component is reacted with phosphines

(e.g., PR).2 Recently, we have been investigating the reactions Results and Discussion

of cyanuric azides with PRhresulting, according to the Analogous to eq 2, we tried to synthesize the adducts
stoichiometry, in mono-, di-, and trisubstituted triphenylphos- [Me3sSiN(PPh)-XCN] with X = CI, Br, and I. Only for the ICN
phanimino-1,3,5-triazines. reaction, we were able to isolate the adduct {Sidl(PPh)-

The first report on the synthesesihalogenphosphanimines,  |cN] (1) in the solid state. The CICN immediately decomposed
PhPNX with X = ClI, Br, I, was published in 1961.The  Me.SiNPPh to give MeSiCl and PBPNCN, while the reaction
reaction of triphenylphosphanimine with chlorine or bromine jth BrCN takes longer. Heating or addition of KF resulted in
yields PRPNX all cases in the immediate formation ofdPINCN. The reaction

of [Me3SiN(PPR)-ICN] with KF, especially, represents an eas
2PhPNH+ X, —~ PhyPNX + [PRPNHIX (1) rOlEte A PéPNg)N_ ] hecially, rep y

Compoundl has been characterized by Raman spectroscopy
and elemental analysis. Single crystals suitable for X-ray

Dehnicke et al. found that in these reactions, side products diffraction determination were grown from GEl.. A view of
such as [P¥PNH;]Xs, [PhePNX-X5], [PhsPNH-X], and _the molecular structure dfis shown in Figure 11 crystal_hzes
[PhPNPPR]X 5 are formed A new way to pure P#PNI was in the monoclinic space group2/c with 16 molecules in the
introduced in a two-step synthesis by the same group when Unit cell. There are two crystallographically different molecules
MesSiNPPh was reacted with ICI forming a [MSINPPh- with fairly different bond lengths and angles (Table 1). The

ICI] complex. When KF is added, this complex forms;PNI view along theb-axis of the unit cell is depicted in Figure 2
upon heating (egs 2 and 3) displaying two different ICN layers. An angle of 108 found

between the two layers. Two-dimensional layerlike molecules
Me;SINPPhH + ICI — [Me,SiN(PPh)-ICI] 2 are well-known, e.g., in metal halides, chalcogenides, and

(X =Cl, Br, )

[Me;SiN(PPh)-ICI] + KF — Me,SiF + KCI + Ph,PNI (1) (a) Anfang, S.; Grebe, J.; Mten M.; Neuniller, B.; Faza, N.; Massa,
3 W.; Magull, J.; Dehnicke, KZ. Anorg. Allg. Chem1999 625, 1395.
(b) Heshmatpour, F.; Nussh&.; Garbe, R.; Wocadlo, S.; Masa, W.;

The acid strength of ICN in solution has been intensively gte;‘u“(;icrfgeér*(ﬁ;ﬁé’;gé A}ﬂ%iuc?:mgzitgfé’lé‘?és

investigated.” Laurence et al. concluded, on the basis of (3) (a) Kessenich, E.; Klajtke, T. M.; Polborn, K.; Schulz, AEur. J.
experimentally determined complex formation enthalpies of ICl, Inorg. Chem 1998 2013. (b) Kessenich, K.; Polborn, K.; Schulz, A.
I,, and ICN adducts, that the order of acid strength depends on @ '(’;‘)’rgbggffgz_ogih‘}g} 1é022- Anorg. Allg. Chem1g61, 320, 3. (b)
the softness (or hardness) of the base. They found an increase Appelt, R.. Hauss, AZ. Anorg. Allg. Chem1961, 311, 290,

(5) Grebe, J.; Weller, F.; Dehnicke, B. Naturforsch.1996 51b 1739.
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Figure 1. Molecular structure of.

Table 1. Selected Bond Lengths (A) and Angles (deg) of
[MesSiN(PPh)-ICN] (1)

N2—-C1 1.145(2) N4-C2 1.163(3)
c1-11 2.023(1) 12-C2 2.040(9)
11-N1 2.634(1) 12-N3 2.739(14)
N1-Sil 1.734(18)  N3Si2 1.714(1)
N1-P1 1.569(13)  N3P2 1.560(9)
N2—C1-I11 176.12(1) N4-C2-12 175.92(2)
C1-11-N1 179.11(1) C212—-N3 177.03(1)
11-N1-P1 110.74(1) 12N3—P2 114.44(2)
I1-N1-Si1  115.87(1) I2N3-SI2  109.14(1)
Sil-N1-P1  133.24(2) Si2N3-P2  136.38(1)

hydroxides. A superb comprehensive summary on layerlike
structures and doneracceptor interactions is given by Beént.

Structure. The molecular structure dfrevealsC; symmetry
in which the nitrogen atom of the PNSi unit is very weakly
bound to the ICN molecule. The most characteristic and
interesting feature of this type of adducts is their extremely long Figure 2. View along theb-axis of the unit cell ofl. showing the two
N--I distance, which is a consequence of the strong “closed- different arrangements of the ICN adduct.
shell interaction” between the ICN and MBNPPh fragments
and has received much interest in recent y&&F#is interaction
is especially pronounced with soft ligands and generally with ., —.__«» N
larger participating atoms as observed earlier with numerous . © g N
complexes! The N-I bond is rather long at 2.634(1) and A B
2.739(14) A but smaller than thedN van der Waals interaction
(3.70 A)12 For comparison, the NI bond length in the
PhsPN—I molecule is 2.056 A3 Solid ICN consists of ICN ol/
chains with strong attractions between the iodine atom of one - . /P_
ICN molecule and the nitrogen atom of another. An interatomic INSC /NG
N---I distance of 2.8 A was found in solid ICN, which is also coco F
far smaller than the sum of the van der Waals rédiihe I-CN
distance is slightly smaller (2.023 A) in the adduct than in pure
solid ICN (2.03 A¥® but substantially longer than the-CN c
distance in the isolated gas-phase ICN (1.995 A). Figure 3. Canonical Lewis structures df

The environment of the nitrogen atom can be regarded as a . o
slightly distorted trigonal-planar coordination with-N—P— Bonding. The intriguing structural features df can be
Si torsion angles of 177.71(81) and 175.3006Mhe N1-11— ratlonqllzed by.a qualitative valence bonq (VB) con3|derqt|on.
C1 unit is almost linear with an angle of 179.1F(ln contrast ~ Canonical Lewis structures of types A (Figure 3) are easily
to isolated ICN, the 1+C1—N2 fragment is slightly bent with anticipated. In each of the structures, neither the phosphorus

an angle of 176.12(1) atom nor the iodine atom has expanded its valence shell to use
3d- or 5d-type atomic orbitals (AOs) to form electron-pair bonds.
(9) Bent, H.Chem. Re. 1968 68, 587. Natural atomic populations of the d-AOs are so shHidhhat
(10) Gramstad, TPhosphorus, Sulfur Silicon Relat. Elet®97, 3, 241. expanded valence-shell VB structures would be expected to
(11) Grebe, J.; Geiseler, G._, Harms, K.; Néilien) B.; Dehnicke, K Angew. make very minor contributions to the ground-state resonance
Chem 1999 111, 183; Angew. Chem. Int. EAL999 38, 222. a7 . .
(12) Klapake, T. M.; Tornieporth-Oetting, I. Q\lichtmetallchemigVCH schemé. Th.e Calf:u'ated iodine, phosphorus, and nitrogen
Verlagsgesellschaft: Weinheim, New York, 1994. natural atomic orbital (NAO) net charges dpe= +0.37%, Qp
(13) fgrggzl\].;l;/:\slgller, F.; Dehnicke, B. Naturforsch, B: Chem. Sci. = +2.11e, andQy = —1.74e, respectively (Table 2). These
14) (a) Ketelaar, J. A. A.: Zwartsenberg, J. Wecl. Tra. Chim. Pays- partial charges and the calculated covalent bond orders [BO(N
Bas1939 58, 448. (b) Heiart, R.; Carpenter, G. Bcta Crystallogr.
1956 9, 889. (16) NBO natural population (P: [core]3s(0.83)3p(1.98)3d(0.07); I: [core]-
(15) Abrahams, S. C.; Collin, R. L.; Lipscomb, W. N.; Reed, T.Rgv. 5s(1.93)5p(4.69)5d(0.01).

Sci. Instrum.195Q 21, 396. (17) Harcourt, R. D.; Schulz, Al. Phys. Chem. 200Q 104, 6510.
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Table 2. NBO Analysis ofl and “Naked” ICN (Partial Charges in
e, Energies in kcal mof)

ICN2 ICN adduct
partial charges
N(PNSi) —1.744
| 0.3588 0.3730
C(ICN) —0.0290 —0.0300
N(ICN) —0.3300 —0.4075
charge transfer
0.064
donor-acceptor interaction
S E®@ [NCI — Me;SiNPPh] 9.8
> E@ [Me3SiNPPR — ICN] 28.8
total E@ 38.6
E®@ [sp’1%LP(N) — o*(IC)] © 13.05
E® [spl43LLP(N) — ¢*(IC)] ¢ 9.74
E®@ [py-LP(l) — 7,*(CN)]¢ 19.7 18.0
E®@ [py-LP(l) — 7,*(CN)] ¢ 19.7 19.0

2 Gas-phase equilibrium structure has been used, see reiafay
structure has been used.P = lone pair, both lone pairs on N are
mostly composed from p-type atomic orbitl$CN lies on thez-axis.

P) = 0.71, BO(N-1) = 0.05]® support the conclusion that
resonance structure A is the primary structure Towith one
P—N single bond, one SiN single bond, and two lone pairs
located on the nitrogen atom of the PNSi unit.

Landis and co-workers have developed a valence bond model

that works very well in the prediction of molecular shapes for
main group molecule¥. Their prediction is in agreement with
our findings. Strong ioniecovalent resonance rationalizes
“hypervalent
at the linear arrangement, which is nicely in agreement with
the experimental finding that the N11—C1 unit is almost
linear with an angle of 179.11(1)

Investigation of the doneracceptor interaction between both
closed-shell fragments (M8INPPh and ICN) revealed two
interactions of the two lone pairs of the nitrogen atom with the
empty antibonding™* orbital of the I-C bond, corresponding
to resonance between structures-AB and A< C, respec-
tively. Hence, thes bond system ofl can be referred to as a
four-electron, three-center bond (Figure 3). The energy associ-
ated with this interaction was estimated by a second-order
perturbation approach (10 and 13 kcal mglTable 2), which
has been successfully introduced and applied to weak donor

Kempe et al.
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Figure 4. Canonical Lewis structures of ICN describing thdonds
(delocalization of the two iodine p-type lone pairs).

3§ |

describing the overall interaction (all doregicceptor interac-
tions larger than 0.05 kcal mol) between these two fragments
is 38.6 kcal mot.

A small charge transfer of 0.064s accompanied with this
donor-acceptor interaction. Investigations of the charge dis-
tribution of the ICN fragment in comparison with the “isolated”
ICN molecule display an interesting feature. Upon adduct
formation, a charge redistribution occurs within the ICN
fragment with the CN group receiving 0.0¢8nd the iodine
atom becoming even more positiv®, baquct= +0.37F vs Q
= +0.35%® in “isolated” ICN).

The s bonding of the ICN fragment is very similar to that in
isolated ICN. There are two interactions of the two p-type lone
pairs of the | atom with ther*(CN) orbitals corresponding to
resonance between B> E < F (Figure 4). The estimated
energies associated with this type of interaction are 39.4 kcal
mol~* (E@[p,LP(1) — m*(CN)] + E@[py-LP(I) — 7*(CN)],
Table 2) in the free ICN and 37.0 kcal mélin the ICN unit
of the adduct.

The so-called closed-shell interactions have received a great
deal of interest in recent yeats?? They comprise of all

" bonding; such resonances are usually the |argestintermolecular interactions, such as hydrogen bonds, donor

acceptor (Lewis acidbase) or charge-transfer complexes,
metallophilic interactions, and any other attractive interactions
between atoms and molecules. They are often encountered,
especially, with large atoms, so iodine is ideal in this respect.
Let it suffice to mention one example which is very similar to
1. the LsP--:I, donor-acceptor complexes (e.g., P +I5) in
which one of the iodines is attached to P with a charge-transfer
bond and with a close to linear+#—I bond angle? In this
molecule, the+1 bond length (3.16(2) A) is considerably longer
than that of free iodine and this can be explained by the fact
that electron density shifts from the lone electron pair of
phosphorus to &* orbital of the iodine molecule.

Raman SpectroscopyThe Raman spectrum was consistent

acceptor complexes (such as H-bonded neutral complexes oMVith the presence of purk Three distinguished normal modes

ion—molecule complexes) by Weinhold et ?4l.These two

could be assigned to the ICN fragment of adductin

interactions represent the strongest interactions. However, ther0mparison with other experimental data of gaseous and solid

is a series of significantly smaller additional interactions with
energies between 0.05 and 2 kcal molSeparation of the total
interaction between these two fragments §{818IPPh and ICN)
shows that mostly the M8INPPh fragment orbitals represent
the donor orbitals and the ICN orbitals the acceptor orbitals
(S E® [MesSiNPPh — ICN] = 28.8 vs 9.8 kcal mott for the
ICN — MesSINPPh interaction, Table 2). The total energy
(SE@ [MesSiNPPh — ICN] + YE®@ [ICN — Me;SiNPPh])

(18) Natural Localized Molecular Orbital bond orders of the NBO
analysis: Reed, A. E.; Schleyer, P. v. R.Am. Chem. Sod99Q
112 1434. Reed, A. E.; Schleyer, P. v. Rorg. Chem.1988 27,
3969.

(19) (a) Landis, C. R.; Firman, T. K.; Root, D. M.; Cleveland,JI.Am.
Chem. Socl998 120 1842. (b) Landis, C. R.; Cleveland, T.; Firman,
T. K. J. Am. Chem. S0d.998 120, 2641.

(20) (a) Reed, A. E.; Curtiss, L. A.; Weinhold, Ehem. Re. 1988 88,
899. (b) NBO analysis: The second-order perturbation energy was
computed according to,,«E®@ = —2(((g|hFe* DP(e,» — €4)) With
hF being the Fock operator.

ICN, ICN in nonpolar and polar solvents, and other ICN adducts
(Table 3). Interestingly, the ICN stretching mode is slightly split
(v2 = 421/415 cm?), which is in accord with the two
independent ICN molecules in the unit cell. Compared to ICN
gas f, = 485 cnt?, |-C stretch) and ICN in CGl(v, = 487
cm1), the wavenumbers of the-IC stretchesi() of all adducts
and solid ICN appear at lower values. Fiorthis can be best
explained by the fact that electron density shifts from the lone
pairs of the nitrogen atom (PNSi unit) to tk&(1—X) orbital

of the ICN molecule. Similar interactions can be discussed for
all other adducts. In solid ICN, the interaction of the nitrogen
lone pair with theo*(I —C) bond of a second unit (ICN:—~

o*(1 —CN)) causes this decrease in the wavenumberfcofhe

(21) Schulz, A.; Aubauer, Ch.; Klapke, T. M. THEOCHEM in press.

(22) Desiraju, GJ. Chem. Soc., Dalton Tran200Q 3745.

(23) Gondfrey, S. M.; Kelly, D. G.; McAuliffe, C. A.; Mackie, A. G.;
Pritchard, R. G.; Watson, S. M. Chem. Soc., Chem. Comm@@91,
1163.
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Table 3. Vibrational Data of Gaseous ICN, and
Donor—Acceptor Complexes of ICN (wavenumbers in¢n

V1 V2 V3

C—N stretch |—C stretch ICN bend
ICNgad 2188 485 304
ICNsoiig 2169 456 329
(CCly)+(ICN)> 2168 487 319
(pyridine) (ICN)P 2157 429 333
I(CN),~ ¢ 2126 422/425 351/337
1 2147 415/421 325

aSee ref 32° See ref 7° Symmetrical and antisymmetrical mode,
see ref 33.

bending vibrationiz = 325 cnY) is relatively unchanged upon
complexation. The; is also little affected by complexation and
drops only slightly. Upon complexation, no effect could be
observed on the Raman spectrum of the;®MINPPh fragment.
Model Adduct Complex [H3SiN(PH3)-XCN] (X = ClI, Br,
). Itis known that for adducts in the solid state and gas phase,
structural data can be quite different. Leopold et al. have
indicated that the dative or coordinate bond is much shorter in

Inorganic Chemistry, Vol. 40, No. 20, 2005185

stabilization energy lies in the range of 205 kcal mof1.25
The stability of [HSIN(PHs)-XCN] increases from the CICN
toward the ICN complex, which is in accord with the experi-
mental observations for the [M8IN(PPhR)-XCN] system (see
Supporting Information).

The increasing stability along the series is also reflected by
their bond distancesl(N1—X)), calculated charge transfer, bond
orders, and doneracceptor energies (Tables 4 and 5). The
d(N1—X) distance is the largest for BSiN(PHs)-CICN] with
2.853 A and the smallest for BSiN(PHs):ICN] with 2.781 A.

The charge transfeng) and the N1--X bond orders also show

a gradual change from BSiN(PHs)-CICN] toward [HsSiN-
(PHo)-ICN]; gc(Cl) and BO(N1CI) are the smallest in §8iN-
(PHs)-CICN] (0.009°% and 0.0064) and the largest in{&iN-
(PHz)-ICN] (0.040%® and 0.0290). Since the electron transfer
is associated with the interaction of the nitrogen lone pair (PNSi
unit) with the o*(X —C) bond (XCN unit), the X-C distance
increases in the XCN complexes. This interaction is the largest
in the ICN adduct (& [LP(N) — ¢*(X —C)], 4.0 CICN, 8.2
BrCN, and 14.0 ICN, Table 5), and hence, the largest elongation
of the X—C bond is found for the ICN adductA(d(X—C,

the solid state than in the gas phase, and this change has beeadduct)— d(X—C, free XCN)): 0.005 A CICN, 0.015 A BrCN,

associated with the substantial dipole moment of the adduct.

and 0.034 A ICN).

It seems that experimental solid-state structural determination The estimated total doneacceptor energy (see Bonding) is

is not feasible for the complete range of [AB&N(PPh)-XCN]

complexes, and the only technique for their comprehensive
structural study is computations. Moreover, these weakly bound
complexes are extraordinarily sensitive to the presence of

the largest for the ICN, 19.9 kcal mdl and decreases toward
the CICN adduct, for which it is only 6.94 kcal mal(see Table

5, total E2).20 Analogous to the [MgSiN(PPR)-ICN] species,
separation of the total interaction between the two fragments

neighboring molecules. Hence, to obtain a consistent set of data,(HsSINPH; and XCN) of [HSiN(PHs)-XCN] shows that mostly
calculations were carried out on the isolated species. To be ablethe orbitals of the PNSi fragment represent the donor orbitals
to discuss structural and electronic trends for all three adductand the XCN orbitals the acceptor orbitals (Table 5).
complexes, we have replaced the methyl and phenyl groups with  As expected, the amount of bonding within the XCN

hydrogen atoms [ESiN(PHs)-XCN].

Replacing the methyl and phenyl groups with hydrogen atoms
has two major effects on the adduct complex: (i) Less electron
density is transferred from the PNSi to the XCN unit resulting
in a weaker donoracceptor bond (cf. Tables 2 and 5). (ii) The
hybridization on the N atom (PNSi unit) changes; one lone pair
represents a p-type atomic orbital whereas the second represen
a spP“2 hybrid (ICN adduct). Only the latter one is able to
interact with the XCN fragment (Table 5). In [M&N(PPh)-
ICN], both nitrogen lone pairs possess a small amount of s
character (sp'° and sp*39 and both interact with the XCN
fragment leading to stronger doreaicceptor complexes. Apart

fragment decreases from the CICN toward the ICN adduct (32.4
and 32.6 kcal mott vs 16.7 and 17.0 kcal mol).

Experimental Section

General Remarks.Solvents were freshly distilled, dried, and stored
under nitrogen. All reactions were carried out under an atmosphere of
gon (5.0) in dried glassware. Raman spectra were obtained using a
erkin-Elmer Spectrum 2000R NIR FT. CHN analyses were performed
with Analysator Elementar Vario EL. RANSiMe;, BrCN, and ICN
were prepared according to the procedure given in the literéidfe.
Compound 1. A solution of 0.7 g (4.6 mmol) of ICN in CkCl,
(10 mL) was added to a solution of 1.6 g (4.6 mmol) otPKSiMe;
in CH.Cl, (20 mL) at 20°C in Y/, h. The solution was stirred for 2 h.

from these two effects, the observed trends correspond to theAfter slow distillation of the solvent, yellow crystals were obtained.

following expectation: at the considered level of theory (MP2),
the adduct formation of [ESIN(PHs)-XCN] (X = CI, Br, 1)
represents an exothermic reaction in the gas phakoy(Hs-
SiN(PHs)-XCN) = —2.04 CICN,—4.97 BrCN, and-8.38 ICN
kcal mol?) although these adducts are not thermodynamically
stable in the gas phas&@G,eg(H3SIN(PHs)-XCN) = 5.70 CICN,
3.86 BrCN, and 2.72 ICN kcal mol). In the solid state,
intermolecular interactions play an important role to stabilize

CaH24IN2PSI,M = 502.39. Yield: ca. 2.1 g (4.18 mmol, 90%) of pale
yellow crystals. Anal. Calcd for £H24N2PSi: H, 4.81; C, 52.6; N,
5.58. Found: H, 4.76; C, 51.8; N, 5.65. Raman (200 mW, Rl
3076 cmt (4), 3144 (5), 3069 (43), 3061 (61), 3010 (5), 2955 (13),
2893 (20), 2147 (34), 1590 (60), 1574 (12), 1437 (3), 1409 (3), 1185
(10), 1167 (13), 1160 (14), 1113 (6), 1098 (15), 1029 (34), 1000 (100),
930 (2), 858 (4), 752 (3), 713 (5), 685 (5), 666 (6), 619 (16), 604 (18),
598 (16), 538 (10), 421 (66), 415 (55), 384 (80), 325 (1), 275 (8), 254
(22), 225 (14), 206 (15).

these adducts and therefore need to be considered. Chemically Crystal Structure Analysis of 1. C22H24IN2PSi,M = 502.39; crystal

similar compounds are stabilized in the solid state, and this

(24) (a) Fiacco, D. L.; Mo, Y.; Hunt, S. W.; Ott, M. E.; Roberts, A.;
Leopold, K. R.J. Phys. Chem. R001 105, 484. (b) Fiacco, D. L;
Torro, A.; Leopold, K. RInorg. Chem200Q 39, 37. (c) Fiacco, D.
L.; Hunt, S. W. Leopold, K. RJ. Phys. Chem. 200Q 104, 8323.
(d) Burns, W. A.; Phillips, J. A.; Canagaratna, M.; Goodfriend, H.;
Leopold, K. R.J. Phys. Chem. A999 103 7445. (e) Canagaratna,
M.; Phillips, J. A.; Goodfriend, H.; Leopold, K. R. Am. Chem. Soc.
1996 118 5290. (f) Leopold, K. R.; Canagaratna, M.; Phillips, J. A.
In Advances in Molecular Structure Researé¢targittai, M., Hargittai,

I., Eds.; JAI Press: Greenwich, CT, 1996; Vol. 2, p 103.

size 0.4x 0.4 x 0.3 mm, light yellow prism, monoclinic, space group
C2lc, a = 26.991(5) A,b = 8.338(2) A, c = 42.892(9) A, =
92.05(3), V = 9646.7(36) &, Z = 16, dcaca = 1.384 Mg/ni, F(000)
= 4032. STOE-IPDS, Mo K, 2 = 0.710 73 AT = 293(2) K, @
range= 1.51t0 18.43in —24<h=<23,-7<k=<7,-0=<1=<37.

(25) Rossini, F. D.; Wagman, D. D.; Evans, W. H.; Levine, S.; Jaffe, I.
Selected Values of Chemical Thermodynamic Propettieged States
Government Printing Office: Washington, DC, 1952.

(26) Birkhofer, L.; Ritter, A.; Richter, PChem. Ber1963 96, 2750.

(27) Brauer, GHandbuch der prparativen anorganischen Chemi8rd
ed.; Ferdinand Enke Verlag: Stuttgart, 1978; pp -6833.
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Table 4. Calculated Structural Data (MP2) of XCN and the Model Adduct ComplexgSif#{PHs)-XCN] (Bond lengths (A) and Angles
(deg)y

CICN CICN adduct BICN BrCN adduct ICN ICN adduct SBINPH;
d(N1—X) 2.853 2.789 2.781
d(C—X) 1.654 1.659 1.798 1.813 2.017 2.051
d(C—N2) 1.186 1.186 1.187 1.187 1.188 1.188
d(N1—P) 1.560 1.564 1.572 1.546
d(N1-Si) 1.720 1.726 1.735 1.705
0(X—C—N2) 179.8 179.7 179.7
0(Si—-N1—P) 134.3 1325 129.3 142.0
0(C—X—N1) 177.4 177.2 177.3
0(X—N1—-P=Si) 180.0 179.9 180.0

aN1, N atom of the HSINPH; fragment; N2, N atom of the XCN fragment.

Table 5. NBO Analysis of the Model Adduct Complexes {6iN(PH;)-XCN] and the Isolated XCN Molecules (Partial Charges,Energies
in kcal mol?)2

CICN CICN adduct BrCN BrCN adduct ICN ICN adduct  ;$INPH;

partial charges
X 0.1281 0.1478 0.2338 0.2509 0.3601 0.3744
C(XCN) 0.2190 0.2179 0.1009 0.0972 —0.0285 —0.0367
N(XCN) —0.3471 —0.3755 —0.3347 —0.37031 —0.3316 —0.3785
N(PNSi) —1.6627 —1.6675 —1.6722 —1.6544
P 1.3353 1.3303 1.3222 1.3534
Si 1.3399 1.3356 1.3290

charge transfer

0.0097 0.0222 0.0409
donor-acceptor interaction

YE® [NCX — MesSiNPPh] 2.27 2.98 3.4
Y E@ [MesSINPPR — XCN] 4.67 9.23 16.5
total E@ 6.94 12.2 19.9
E@[LP(N) — 0*(XC)]® 4.0 8.2 14.0
N1—X NLMO bond order 0.0064 0.0144 0.0290
E®@ [py-LP(X) — m,*(CN)] ¢ 32.0 324 26.3 255 18.6 16.7
E® [p,-LP(X) — m,*(CN)]° 32.0 32.6 26.3 25.7 18.8 17.0

a MP2-optimized geometrieg.LP = lone pair, one lone pair in [}8iN(PH)-XCN] is a pure p-AO whereas the other is almost afh tggbrid.
Only the latter one is able to interact with th&(X —C) orbital. In contrast to [EBiN(PH;s)-XCN], the situation in [MgSiN(PPh)-XCN] is slightly
different since both lone pairs are almost pure p-type AOs with only a small amount of s character. Both lone pairs interactof(¥-tg
orbital (see Table 2 ICN lies on thez-axis.

Reflections collected, 6237; independent reflections, 34R5 € For the halogens, a (5s5p1d)/(3s3pld) valence basis set
0.0313); observed reflections, 273R ¥ 20(l)). Structure solution (311,311,1) was used. Both the pseudopotentials and the
program was the SHELXS-86 (Sheldrick G. M. University ofte corresponding basis sets were those of the Stuttgart gfoup.
gen: Germany, 1986), direct methods, fiRahdices | > 20(1)]: R1 Model Compounds [HsSiN(PHs)-XCN] (X = CI, Br, and

= 0.0396, wR2= 0.0982, R1= 0.0528, wR2= 0.1047 (all data), I L ied h >
GOF onF? = 1.036, 437 refined parameters, program used was - Full geometry optimizations were carried out at the MP

SHELXL-93 (Sheldrick G. M. University of Gitingen: Germany, level and all stationary points were characterized by a frequency
1993). analysis. Natural bond orbital (NBO) analy&¥were carried

out to investigate the bonding in all molecules at the HF level
utilizing the optimized MP2 geometry. The computed geo-
metrical parameters for all molecules are collected in Table 4
and selected results of the NBO analyses in Table 5. The
computed frequencies, relative energies, and absolute energies
are given as Supporting Information.
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Computations have been carried out using the G98 program
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[MesSiN(PPh)-ICN]: Labile Donor-Acceptor Complex

NBO population analysis for [M&SIN(PPhR)-ICN] was car-
ried out with the structure fixed at that determined from X-ray
analysis ofl to investigate the bonding and hybridization in
this experimentally observed species [single point at HF level].
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