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Treatment of complex V(N-2,8rCgsH3)Cl3 with 1,2-dimethoxyethane (dme) gives in quasi-quantitative yield

the adduct V(N-2,6Pr,C¢H3)Cls(dme) (). Interaction ofl with bidentate phosphines gives V(N-2f>CgHs)-

Cl3(P-P) (P-P= depe 2a; dppe,2b) compounds. An X-ray analysis (monoclinic, space grBggc, a = 14.7387-

(14) A, b = 10.6738(10) Ac = 16.999(3) A 8 = 90.954(23, Z = 4, R = 0.0544), carried out on complea,

shows amerarrangement of the chloride ligands and a nonsymmetrical coordination of the diphosphine ligand.
One of the phosphorus atoms occupies the trans position with respect to the organoimido ligand. MO calculations
on the models V(NR)G(H.PCHCH,PH,) (R = H, CgHs) of complex2a were performed. Thener isomer,

which is more stable than tHfac isomer, shows good agreement with the experimental data.

Introduction Results and Discussion

Low metal electronic configurations are characteristic of  Synthesis and Characterization. Crystal and Molecular
organoimido complexes? On the other hand, early transition  Structure of 2a. Addition of 1,2-dimethoxyethane (dme) to
metal species in the highest formal oxidation state containing petroleum ether solutions of the V(N-2BeCgH3)Cls com-
coordinated phosphine ligands are uncomm@unsequently,  pound—8 causes precipitation in an almost quantitative yield
the number of characterized @mido—phosphine derivatives  of V(N-2,6/PrCgH3)Cls(dme) (1) as a brown solid (eq 1). NMR
is quite scarce.

As a continuation of our work on molybdenum imido
complexes;®we decided to explore the chemical reactivity of
d° vanadium imido compounds versus tertiary phosphines. In dme II]
this paper, the preparation of vanadium imido complexes V(NR)Cl; ——— 0'7‘{—0 M
containing bidentate phosphine coligands V(N-B6CH3)- Ci /o\)

Cl3(P-P) (P-P = depe, 2a;, dppe, 2b) and the structural _

characterization o2a are reported. As far as we know, this is R =2,6-'PryCeHs, 1

the first group 5 imido complex containing a phosphine

functionality occupying the trans position with respect to the spectra ofl are in agreement with this structure and compare
organoimido ligand. Because of the novelty of this compound, well with the NMR data of Ta(NR)G{dme) (R= 2,61Pr,C¢Hs,°

a theoretical analysis of its molecular properties based on densityl-adamantyf) compounds. The structure proposed (eq 1) is

functional theory (DFT) calculations is also reported. Tiner similar to that recently reported for the analogous B Cls-
isomer of the models V(NR)@H,PCHCH,PH,) (R = H, (dme}t and Nb(NBu)Cly(dme}° derivatives. Addition of bi-
CgHs), which is more stable than tHfac isomer, shows good  dentate phosphines to THF solutions Ioproduces V(N-2,6-
agreement with the experimental data. 'Pr,CeH3)Cl3(P-P) complexea and 2b (eq 2).
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orange solid by precipitation. However, the yields of crystalline
2a are low. This fact is probably due to a simultaneous
reduction-hydrolysis process that occurs during the reaction
and the subsequent workup. The isolation of the V(u&pe)
complex during the crystallization @a confirms this assump-
tion. Similar reductior-hydrolysis processes have been noticed
by Cotton and co-workers in the reaction of \{Clith
phosphined?132aand2b are unstable in the presence of small
guantities of air, or prolonged reaction times also decrease the
yields.

Both compounds exhibit two broad resonances (caused by
unresolved coupling to the vanadium nucleuss: 7/, and
quadrupolar effects) in thé!P{*H} NMR spectra, which is
characteristic of an AX spin system (for exampbel4.4 and
48.3, data for2a). Their 'H and *3C{1H} NMR spectra are
nevertheless quite informative with respect to the structure they
exhibit in solution. For example, th€s symmetry of the
molecules oRais manifested by the observation of two different
signals for the methyl groups of the depe ligand in either
spectrum. The presence of two resonances for the methylen
carbon atoms of the phosphine chain in 8€{*H} NMR

e‘Figure 1. Molecular structure of V(N-2,6Pr,C¢H3)Cly(depe) Ra).

spectra of both complexes definitively supports structuier Table 1. Selected Bond Lengths (A) and Angles (deg) 2ar
compoundg. V(1)—N(1) 1.685(4) V(1)-CI(3) 2.301(2)
V(1)—CI(1) 2.3204(14) V(1)-CI(2) 2.3217(14)
V(1)—P(1) 2.520(2) V(1}P(2) 2.642(2)
N(1)—C(1) 1.388(6)
N(L)-V(1)-CI(3)  99.7(2) N(1)FV(1)-Cl(1)  98.59(13)
'1 el CI(3)-V(1)-Cl(1)  97.96(6) N(1}V(1)-Cl(2)  99.41(13)
[l Sa CI(3)-V(1)-CI(2) 93.66(6) CI(1}V(1)-CI(2) 156.57(7)
e N(1)-V(1)-P(1)  952(2) CI@yV(1)-P(1) 164.41(7)
ci | Cl(1)-V(1)-P(1)  84.13(5) CI(2}V(1)—P(1)  79.42(5)
i N(1)-V(1)-P(2) 173.6(2) CI(3}V(1)-P(2)  86.25(6)
R R Cl(1)-V(1)-P(2)  7831(55) CI(2XV(1)—P(2)  82.24(5)

P(1)-V(1)-P(2) 79.02(5) C(IyN(1)-V(1)  177.0(4)

This geometrical disposition is peculiar because a phosphorusnonsymm_etrically coordinated to the metal atom with a normal
atom occupies the trans position with respect to the arylimido V1—P1 distance of 2.520(2) A and an unusually large-P2
ligand. To our knowledge, only five examples of compounds bond length of 2.642(2) A. Structurally characterized vanagium
with a coordinated phosphine trans with respect to an orga- depe complexes display vanaditiphosphorus bond distances
noimido ligand have been structurally characterized for group in the range 2.562.57 A7~ meanwhile vanadiumphos-

6. Four of them are tungsten Comp|exesl name|y, W(NL2,6_ phOfUS bond |ength3 Usua”y cluster around the mean 2482(5)
Pr.CeH3)Cls(dppe)4 W(NPh)(G=CPh)(PhG=CPh)(PMg),!° A value? Accordingly, the VEP2 separation of 2.642(2) A
(Nielson and co-workers), and W(NPh)6RMezSiN),CsHa]- in 2a can be considered as remarkably large and can be
(PMe&s) (R = Cl, Me) (Boncella and co-worke¥d. The other interpreted in terms of the strong trans influence of the imido
one, recently reported by dss the somewhat related complex  ligand. Longer P bond distances (2.817(3) and 2.826(3) A)
Mo(N-2,4,6-MeCsH,)Cls(depe). Therefore, the crystalline depe have been reportétonly in the case of comple{[(PhP)-
derivative 2a was considered a suitable candidate for a solid CHJ3V}Li(THF)4(THF), and were attributed to crystal packing
state structural determination. effects. A similar \-P bond distance is encountered in V@CI

The X-ray analysis reveals a pseudooctahedral geometry with(PPh), (2.6217(11) A):2 and lower bond lengths were found
a meridional arrangement of the chloride ligands (Figure 1, in two other structurally characterized vanadium(V) imido
Table 1). phosphine complexes (2.4010(19) A in CpV(N-28,CgHz)-

The main distortion from the octahedral geometry comes from (CHPh)(PMg)” and 2.529(1) A in V(NPMgPh)Ck(PMe-
the typicaf deviations of the N+V1—P1 angle (95.2(2) and Ph)).22
the three N+V1—Cl angles (98.59(13) 99.41(13j, and 99.7-

(2)°) from the ideal 90 value. The metatimido moiety is (17) Henderson, R. A.; Hills, A.; Hughes, D. L.; Lowe, D.J.Chem.
practically linear (177.0(4) V1-N1-C1), and the VENL1 Soc., Dalton Trans1991, 1755.
separation of 1.685(4) A is in agreement with a vanadium  (18) Holt, D. G. L.; Larkworthy, L. F.; Povey, D. C.; Smith, G. W.; Leigh,

. . . . G. J.Inorg. Chim. Actal1993 207, 11.
nitrogen bond order of 3. The bidentate depe ligand is (19) Hitchcock, P. B.; Hughes, D. L.; Leigh, G. J.; Sanders, J. R.; de Souza,

J.; McGarry, C. J.; Larkworthy, L. FJ. Chem. Soc., Dalton Trans.

(12) Cotton, F. A.; Lu, JInorg. Chem.1995 34, 2639. 1994 3683.

(13) Cotton, F. A; Lu, J.; Ren, Tnorg. Chim. Actal994 215, 47. (20) Cambridge Crystallographic Database search: Allen, F. H.; Davies,

(14) Clark, G. R.; Glenny, M. W.; Nielson, A. J.; Rickard, C. EJFChem. J. E.; Galloy, J. J.; Johnson, O.; Kennard, O.; Macrae, C. F.; Watson,
Soc., Dalton Trans1995 1147. D. G.J. Chem. Inf. Comput. Sc1991 31, 204.

(15) Clark, G. R.; Nielson, A. J.; Rickard, C. E. ¥.Chem. Soc., Chem. (21) Edema, J. J. H.; Meetsma, A.; van Bolhuis, F.; Gambarottaogg.
Commun1989 1157. Chem.1991 30, 2056.

(16) Boncella, J. M.; Wang, S.-Y. S.; VanderLende, D. D.; Huff, R. L.; (22) Hills, A.; Hughes, D. L.; Leigh, G. J.; Prieto-Alcon, R.Chem. Soc.,
Abboud, K. A.; Vaughn, W. MJ. Organomet. Cheni1997 530, 59. Dalton Trans.1993 3609.
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Table 2. Selected Bond Distances (A) and Bond Angles (deg)
Obtained forfac and mer V(NR)Cl;(H.PCH.CH,PH,) Models

R R

N
Cl 1V, | I l ‘\\\\\P1§C1 l

CI(\II\Pz____Cz (:':;7\[/'_,3\1

“\\\\Clz

Cl C
C|2 1 Z\Cg 1
fac- mer-
R=H R = CeHs
basis | basis Il basis |

fac mer fac mer fac mer exptl

V—N 1.654 1.643 1.653 1.642 1.675 1.664 1.685
V—CI1 2.257 2344 2251 2.338 2.265 2.352 2.320
V—CI2 2,559 2.335 2545 2.332 2.538 2337 2.322
V—CI3 2251 2.248 2246 2.242 2.258 2252 2.301
V—-P1 2494 2529 2482 2511 2497 2534 2520
V—-P2 2492 2710 2484 2.689 2495 2699 2.642
P1-C1 1.879 1.875 1.869 1.866 1.879 1.876 1.835
pP2-C2 1.873 1.883 1864 1.874 1.873 1.884 1.832
Cl1-C2 1554 1.556 1.537 1.538 1.555 1.556 1.541
N-vV-CI1 1014 988 1014 988 989 980 986

N-v-CI2 1614 984 1617 98.1 164.7 98.6 99.4

N-V-CI3 1009 105.3 101.0 105.8 984 103.0 99.7

N-V—-P1 913 926 909 91.8 921 933 95.2

N-V—-P2 938 168.3 93.3 168.0 96.0 169.5 173.6

Figure 2. Final optimized geometries dac and mer isomers of  phond distances agree noticeably with the exception of thENd

X(ZIE)CIS(HEPCI-&CHZPI:ZL_(RI= Hd’ CeHs) models. For R= Cets, one, which is always underestimated by ca. 0.05 A. Because of
ydrogen afoms are not dispiayed. this shorter distance, repulsion between the CI3 atom and imido
group increases, leading to larger—N—CI3 bond angles.
Notice how, disregarding the basis set used in the computations,

these angles are found to be about Ll@khen R= H and, in

fact, account for the largest deviations observed in the bond
angles. Moreover, it is also worth noting that, for=RCgHs,

this bond angle lowers according to the drop of the repulsion
induced by the lengthening of the AN bond distance.

L ’ Concerning the VP bond lengths, the equatoriak\P1 ones

get a deeper insight into the structure of compolaa series 5o aways found in quite good agreement with the experiment;

of model theoretical calculations were performed. Because of however, the axial P2 distances appear to be systematically

the high number of a_toms, and with the_aim to spe_ed the overestimated by 0.040.07 A. The best result is obtained with
calculations, the analysis was undertaken using a model in whichy - o Il, although the improvement is moderate. A similar trend

the (N-2,6'Pr.CeHs) ligand was replaced by an NR group, with 15" ohcerved in the PC bond distances, on which the use of a

R = H, GHs Also, the depe bidentate phosphine was pqyer pasis set gives rise to a moderately improved agreement.
SUbSt'tUt?d by (FPCHCHPH,). ) ) Finally, the G-C distances agree within 0.015 A. In summary,
Two different arrangements were considered for this model ) of these considerations suggest that the structure of this
compound and correspond to tfee andmerisomers, respec-  compound arises from a complex compromise between elec-
tively, of parent compounda. The final optimized geometries  yqnjc and steric effects whose modeling slightly depends on
of these isomers are depicted in Figure 2, while selected {he pasis set and the nature of the imido group, although the
structural parameters are reported in Table 2. For the sake of  5¢ of NGHs instead of NH appears preferable.
comparison, the experimental data are also included in the table. One of the most outstanding structural aspects of compound

n g_e_neral, and _taklng into account that the mod_els are sais the large trans influence induced by the imido group. Thus,
significantly less hindered, one can opserve quite asatlsfactorythe V—P2 distance is found to be significantly stressed with
agreement between thmer and experimental values of geo- respect to a normal ¥P bond. In particular, the WP

metrical parameters. Bond distances agree within 0.06 A, while interatomic distances are 2.520(2) and 2.642(2) A for cis and

2}? Iatrgei,t d(la\gattlonf(_)rf E?ng gngles appears to bfelab‘bLln 6 trans dispositions, respectively. Such a trans influence is nicely
€ structural data of Table = deserve a more carefu ana ySIS'reproduced by the theoretical calculations, which give rise to

Starting with Fhe V._N .bond Iength' it turn§ out that, whatever V—P distances of 2.534 and 2.699 A. A similar trans influence
the basis set is, this distance is underestimated by 0.04 A WheniS observed in thefac series, where the ¥Cl(trans) bond
R = H. This result suggests that such a simple model could not distance is found to be 0.215.28 A larger that the VCI(cis)

be suitable enough. Actually, when the NH imido ligand is V—CI1 = 2.265 A V—CI2 = 2538 A and \V-CI3 =
replaced by NGHs, a relaxation of the VN bond is observed, one ( ’ ' ’ » an

leading to a better agreement with the experimental valteCNV

Examples of vanadium complexes containing other triple
bonded ligands with a trans phosphine ligand are known for
the carbyne functionality (for example, V(CR)(CO)(dm38)
However, no example has been reported for an oxo derivative.
Efforts are in progress to get new candidates for this geometrical
disposition.

Theoretical Calculations on Model Compounds of 2aTo

(24) Lyne, P. D.; Mingos, D. M. PJ. Chem. Soc., Dalton Tran4995
1635.
(23) Protasiewicz, J. D.; Lippard, S.J.Am. Chem. Sod991, 113 6564. (25) Lyne, P D.; Mingos, D. M. PJ. Organomet. Chen1994 478 141.
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Figure 3. Contour plots for the HOMO (top) and HOMO-1 (bottom)
of the model of V(NH)C}(H.PCHCH,PH,), showing the two com-
ponents of ther imido—V bond.

2.258 A). The origin of the trans influence has been examined
: ) Lo X

in OS mggldé _anq Mo imid¢ complexgs and very recently in . out of phase combinations of the 3p Cl orbital and the\\Nrr molecular
Tiimido*® derivatives and has been mainly ascribed to electronic i/

effects. It has been proposed that increasing the bond angles

between the imido group and equatorial ligands diminishes the 44 ati0n). Considering the interaction betweep Clorbital
metal-Cl(cis) antibonding interaction, _whlle it favors the. and d V ones, say 3@nd 4 levels, it turns out that the latter
overlap betweeln t.he metal gnd imido Ilgar!d. Qur calculations ;g largely involved in the bond with the imido group, and in
fully SUPPO” this |ntefpretat|on as sho_vvn n F|gur(_e 3, where fact, the interaction takes place with the-W s orbital. This
the two highest occupied molecular orbitals are depicted. These qngjsts of a 2-orbital/4-electron interaction which relatively

plots correspond to the orbital contours in the planesv\ destabilizes the complex. These considerations are illustrated
P-P (HOMO, top) and NV—P—Cl, (HOMO-1, bottom) and in Figure 4, where the HOMO-3 (bottom) and HOMO-1 (top)
show two components of the formally doubieN—V bond. It orbitals are depicted. As observed, the mix of the 3p Cl orbital
clearly appears that bending away the equatorial ligands allows ;. § the \-N 7 orbital leads tan phase(mainly V—N = orbital)

for some Vv dp hybridization, incregsing the overlap With, N andout of phasdmainly CI 3p orbital) combinations according
orbitals. Concomitantly, the Cl p orbitals lower the antibonding 1 the classical 2-MO/4-electron description.

interaction wih V d orbitals. However, such a bending increases

the CHP(trans) antibonding interaction, as clearly observed in gyperimental Section

the contour plot of the HOMO, where a large contribution of _ _ _

P(trans) is found. This repulsive interaction is again lowered All preparations and other operations were carried out under a dry
by a lengthening of the ¥P(trans) bond distance. Notice on oxygen-free nitrogen atmosphere following conventional Schlenk
the other hand that such an “umbrella” effect is not exclusive techniques. Solvents were dried and degassed before use. Microanalyses
of imido ligands, but it has been observed associated with otherVere carried out by the Microanalytical Service of the University of

¢ iti tal d taini itinle bonded liadnd Sevilla. Infrared spectra were recorded on a Perkin-Elmer model 883
ransition metal compounds containing muilipie bonded liganas, spectrophotometetH, 3C, and®'P NMR spectra were run on Bruker

like carbené’ and analogous derivatives. AMX-300 and Bruker AMX-500 spectrometers$!P shifts were
Concerning the energetics of the system,itieisomers are  measured with respect to external 85%P8. 13C NMR spectra were
always found to be more stable than fhemodels. The energy  referenced using théC resonance of the solvent as an internal standard
differences are computed to be 3.8 (basis I) and 3.7 kcal/mol but are reported with respect to SiM&he petroleum ether used had
(basis 1) when R= H, while for R= CgHs, the stabilization of bp 40-60 °C.
themerisomer increases up to 5.4 kcal/mol. This result supports _ V(N-2,6-Pr2CsH3)Cls(dme) (1). A solution of the V(N-2,6-
the weak dependence on the basis set and is also in agreemerft2CeHs)Cls complex (prepared according to the literature procedéire
with the fact that only thenerisomer is isolated. The origin of oM VOCk (2.19 g, 12.6 mmol) and 2,:CeHsNCO (2.57 g, 12.6
the larger stability ofnerisomers can be rationalized analyzing MmO In petroleum ether (80 mL) was treated with 1,2-dimethoxy-

. . . - N ethane (10 mL). The resulting suspension was stirred for a few minutes
the different way in which formally tmetal imido derivatives . and filtered. The collected brown solid was washed with petroleum

can bind a phosphine or chloride ligand. For phoshine, the main gther and dried under vacuum (90% yield4 NMR (300 MHz,
contribution to the bond is the donation toward the metal;  c,Dg): 6 6.87 (d,3J = 7.6 Hz, 2, Gi meta), 6.63 (t3un = 7.6 Hz,
however, for chloride, aside from thisdonation, there is an 1, CH para), 5.27 (sepfJun = 6.6 Hz, 2, Gi(CHs),), 3.32 (br s, 6,
interaction between the filled Cl p orbitals and the metal (  CH30), 3.21 (br s, 4, 083), 1.41 (d,3Juy = 6.6 Hz, 12, CH(El3),).
13C{*H} NMR (75 MHz, GDg): 6 154.9 (s, C ortho), 131.3 (s, C para),

(26) Kaltsoyannis, N.; Mountford, P. Chem. Soc., Dalton Trant999 123.3 (s, C meta), 72.1 (br s, GBl), 63.0 (br s, OCH), 28.1 (s,CH-

781. (CH3)2), 25.4 (S, CHCH3)2) Anal. Calcd for GsH27NC|302V: C, 45.4;
(27) Marquez, A.; Sanz, J. B. Am. Chem. S0d.992 114, 2903. H, 6.4; N, 3.3. Found: C, 44.9; H, 6.2; N, 3.1.

Figure 4. 3D isosurfaces corresponding to the in phase (bottom) and
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Synthesis of V(N-2,6Pr,C¢H3)Cl3(P-P) (P-P = depe, 2a; dppe,
2b). To a solution of V(N-2,6Pr,CsH3)Cls(dme) (1) (0.4 g, 0.95 mmol)
in THF (30 mL) was added depe (0.95 mmol, 0.35 M solution in THF).
The mixture was stirred at room temperature for 2 h. The volatiles
were removed, and the residue was extracted with dme. Cooling to
—20°C gave orange reddish crystals2a (16% yield).*H NMR (300
MHz, CsDe): 0 6.95 (d,3Jun = 7.6 Hz, 2, G meta), 6.73 (t3Jun =
7.6 Hz, 1, (H para), 5.15 (septluy = 6.7 Hz, 2, G(CHa)2), 1.45 (d,
3Jun = 6.6 Hz, 12, CH(C®13)z), 1.09, 0.76 (dtJup = 14.7 HZ,3Juy =
7.5 Hz, 6, PCHCHj3), 2.09 (m, 2, Gi,P), 1.79 (m, 6, E,P), 1.40-

1.26 (m, 4, Gi,P, obscured by Me resonances}P{*H} NMR
(CeéDe): AX spin system,d 48.3 (br), 14.4 (br)3C{*H} NMR (75
MHz, CsDg): 6 159.0 (s, C ipso), 154.8 (s, C ortho), 129.4 (s, C para),
122.9 (s, C meta), 28.5 (§H(CHs),), 25.2 (s, CHCHa),), 21.7 (dd,
Jep = 23.4 Hz,Jcp = 16.1 Hz, R:HzCHzP), 19.1 (dd,]cpz 10.3 Hz,
Jep = 9.2 Hz, PCHCH,P), 18.3 (dJcp = 19.4 Hz, EH,CH3), 14.1

(d, Jep = 8.9 HZ, mHchg), 7.8, 7.6 (d,Jcp =41 HZ, PCHCH;;)
Anal. Calcd for G:Ha1CIsNP.V: C, 49.0; H, 7.6; N, 2.6. Found: C,
48.8; H, 7.3; N, 2.7.

During the crystallization oRa a blue solid precipitated from the
mother liquors. Recrystallization from dme gave blue crystals of VOCI
(depe). IR (Nujol): 958 cmt, »(V=0). Anal. Calcd for GoH24Clx-
OPRV-dme: C, 45.2; H, 9.1. Found: C, 45.1; H, 9.1.

To a solution ofl (0.39 g, 0.92 mmol) in THF (15 mL) was added
a solution of dppe (0.37 g, 0.92 mmol) in THF (15 mL). The mixture
was stirred at room temperature for 2 min, and the volatiles were
removed. The residue was washed several times wi® &hd dried
under vacuum. Crud2b was obtained in 70% yieldH NMR (300
MHz, C¢Dg): 6 8.05, 7.49, 6.95 (s, Ph, dppe), 6.77%0%n = 7 Hz, 1,

CH para), 5.02 (septJun = 6.3 Hz, 2, G(CHa),), 2.62 (br s, 4, EI,P),
1.30 (d,3Jun = 6.3 Hz, 12, CH(Gl3),). **P{*H} NMR (CgDg): AX
spin systemg 31.9 (br),—1.5 (br).*3C{*H} NMR (75 MHz, GDe):

0 161.05 (s, Cipso, N-2,82,CsHs), 156.2 (s, C ortho, N-2,82,CeHa),
142.1-124.1 (several s, Ph, dppe), 129.4 (s, C para, NRu&xH3),
122.85 (s, C meta, N-2,®,CgHs), 28.75 (sCH(CHz),), 24.8 (s, CH-
(CH3)2), 20.2 (br, |EH2CH2P) Anal. Calcd for 68H43NC|3P2V: C,
62.2; H, 5.9; N, 1.9. Found: C, 60.7; H, 5.6; N, 1.6. No satisfactory
analytical data (C percentage) were obtained for this compound.

Computational Details. The electronic structure and geometries of
these models were computed within the density functional theory using
gradient corrected functionals. In particular, we employed the Becke
exchang® with the PerdewWang correlation function&P The
effective core potential (ECP) approximation of Stevens et al. was
used®3! For V atom, the electrons described by the ECP were those
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(29) Perdew, J. P.; Wang, Yhys. Re. B 1992 45, 13244.
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6026.
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B. G.; Robb, M. A.; Cheeseman, J. R.; Keith, T.; Petersson, G. A,;
Montgomery, J. A.; Raghavachari, K.; Al-Laham, M. A.; Zakrzewski,
V. G,; Ortiz, J. V.; Foresman, J. B.; Cioslowski, J.; Stefanov, B. B.;
Nanayakkara, A.; Challacombe, M.; Peng, C. Y.; Ayala, P. Y.; Chen,
W.; Wong, M. W.; Andres, J. L.; Replogle, E. S.; Gomperts, R.;
Martin, R. L.; Fox, D. J.; Binkley, J. S.; Defrees, D. J.; Baker, J.;
Stewart, J. P.; Head-Gordon, M.; Gétea C.; Pople, J. AGaussian
94, Revision D.2; Gaussian, Inc.: Pittsburgh, PA, 1995.
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Table 3. Crystallographic Data foRa

formula C22H410I3NP2V

fw 716.14

cryst syst monoclinic

space group P2:/c

a(h) 14.7387(14)

b (R) 10.6738(10)

c(A) 16.999(3)

S (deg) 90.954(2)

V (A3 2673.8(6)

z 4

Dearc (g cni ) 1.338

w (mm2) 0.801

T, K 153(2)

A A 0.71073

O range (deg) 2.6522.99

Ra 0.0544

R’ 0.1046

AR = JIIFol = IFll/ZIFol. ® Ry = [ZW(IFol — IFel)?/ > WFo|7"2

of 1s, 2s, and 2p shells, while for 3s, 3p, and valence electrons a basis
set of sp type was used with the contraction (8s8p6d)/[4s4p3d]. For P,
Cl, N, and C two different approaches were used. In the first, inner
electrons were also described through an ECP, and valence electrons
were accounted for using a (4s4p)/[2s2p] basis set enlarged with d
polarization functions (basis I). In a second series of calculations
intended to test the stability of the results against the basis set, these
atoms were treated using the all-electron 6-311G(d) basis set (basis
II). For H atoms, the standard (4s)/[2s] DZ basis set was used. All of
the calculations were performed using the Gaussian-94 paékage.
X-ray Diffraction Study of Complex 2a. A summary of the
fundamental crystal data is given in Table 3. A red crystal showing
well-defined faces was mounted on a Brucker-Siemens Smart CCD
diffractometer equipped with a low-temperature device and normal
focus, 2.4 kW sealed tube X-ray source (Mo Kadiation) operating
at 50 kV and 20 mA. Data were collected over a quadrant of the
reciprocal space by a combination of two exposure sets. Each exposure
of 10 s covered 03in w. The unit cell dimensions were determined
by a least squares refinement using 121 reflections Wwith20c and
6° < 20 < 46°. The crystal to detector distance was 6.05 cm. Coverage
of the unique set was over 92% complete to at leaSti28. The first
50 frames were recollected at the end of the data collection to monitor
crystal decay. The intensities were corrected for Lorentz and polarization
effects. Scattering factors for neutral atoms and anomalous dispersion
corrections for V, Cl, and P were taken from timéernational Tables
for X-Ray Crystallography® The structure was solved by Multan and
Fourier methods. Full matrix least-squares refinement was carried out
by minimizingw(F? — F¢?)2 H atoms were included in their calculated
positions. Refinement was d# for all reflections. Weighted factors
(Ry) and all goodness of fi§ are based orfr?, and conventionaR
factors R) are based ofr. Most of the calculations were carried out
with SMART? software for data collection and for data reduction, and
SHELXTL3* for structure solution and refinements.
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