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Dinuclear Isocyanide Derivatives of HW2(CO)y(NO).
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Reactions of HW3(C0)e(NO) and HW,(CO)7(THF),(NO) with excess RNC (R = Me, 'Buy,
PhCHs;, Pr) yields a yellow complex HW3(CO)7;(RNC),(NO,,) (ax = axial) and its isomeric
reddish complex HW2(CO)7(RNC)o(NO,,) (eq = equatorial). Both bent-staggered and bent-
eclipsed conformations are found to exist in these isomers. Treatment of complexes HW,-
(CO)o(NO), HW2(CO)s(PPhy) (NO), HW,(CO);(MeNC)2(NO,y), and HW2(CO)7(MeNC)2(NO,)
with PhsP=NR (R = iPr, oPr, Ph, Bu) yields HW3(CO)s(RNC)(NO4) (R = iPr, Ph, *Bu),
HW,(CO)7(RNC)2(NO,y) (R = iPr, Ph), HW3(CO)7(PPh3) (*PrNC)(NO,), HW2(CO)s(PPhy)-
(®PrNC)2(NO,;), and HW2(CO)(MeNC),(*PrNC)(NO,y). There is no rearrangement, which is
found in the reaction of HW,(CQO)g(NO) with RNC, of ligands during the conversion of coordinated
CO ligands to RNC by Ph;PNR in these reactions. Electronic and steric influences on the
sequential conversion of CO to RNC are supported by crystal structures determinations of
several new complexes. Crystal data for HW3(CO)s(PhNC)(NO.): CisHgNOsWy; P2,/c
(monoclinic); a = 10.802(2), b = 11.705(1), ¢ = 16.695(2) A; B = 108.67(1)°; Z = 4; R = 0.031,
Rw = 0.032. HWz(CO)e(PhNC)(nPl‘NC)z(NOu) 021H20N407W2; Pt (triclinic); a~= 8718(1), b
= 11.135(2); ¢ = 13.832(1) &; o = 92.24(1), 8 = 79.58(1), ¥ = 91.53(1)°; Z = 2; R = 0.031, R, =
0.032. HW3(CO)¢(MeNC);(*PrNC)(NO,y): C14H14N O7Wy; P1 (triclinic); @ = 10.140(2); b
10.147(2); ¢ = 11.346(2) A; a = 84.34(2), 8 = 112.86(2), v = 100.92(1)°; Z = 2; R = 0.033, Ry,

0.037.

Introduction

Ligand substitution reactions of metal carbonyl com-
plexes have been intensively studied over the past two
decades.! Both associative and dissociative mechanisms
have ample precedents in d® six-coordinate metal com-
plexes. Ligand rearrangement might occur in an asso-
ciative substitution due to the facile interconversion among
possible seven-coordinate intermediates of different ge-
ometries.2 For the dissociative mechanism, intramolecular
ligand rearrangement is also viable and a solid example
of vacant-site inversion in a cis-PsM(CO); intermediate
has been recently reported.? Qur previous investigation
on HW3(C0)9(NO) indicated that the “W(CO);” fragment
could be regarded as a template for modifying the
heretofore unknown “HW(COQ),(NO)”. Although the
isolated phosphine derivatives of HW3(CO)g(NO) retain
their NO ligands at an axial position which is trans to the
briding hydrogen ligand,* we observed intermediates
containing an equatorial NO ligand.? The isolation of
HW2(CO)7(THF)2(NOeq) and HW2(00)7(RNC)2(NOQQ) (R
= Me, ‘Bu, PHCH),), in which NO ligands reside at an
equatorial site, have been preliminarily reported.6 Inthis
paper, we describe these compounds in more detail.
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In order to elucidate the mechanistic study on ligand
substitution of HW2(CO)9(NO) by RNC, we also inves-
tigated reactions of HW3(CO)g(NO) with various phos-
phinimines. Being effective reagents for converting a CO
ligand to an isocyanide ligand,” phosphinimines readily
attack HWy(CO)9(NO) to afford different isocyanide
derivatives of HW3(CO)o(NO). The mechanisms for the
stepwise conversion of several CO ligands in HW,(CO)g-
(NO) and its derivatives to isocyanide ligands are eluci-
dated on the basis of structural characterization of some
representative products as well as spectroscopic studies.

Experimental Section

General Procedure. Infrared measurements were made on
a Perkin-Elmer 880 spectrophotometer. The NMR spectra were
recorded on a Bruker MSL 200 and AC200 as well as AMX 500
spectrometers. The 'H and %P spectra are referenced to TMS
and external 85% H3PO,, respectively. Elemental analyses were
performed on a Perkin-Elmer 2400 CHN analyzer.

All reactions were carried out under a nitrogen atmosphere
with use of standard Schlenk techniques or adrybox. Allsolvents
were purified by standard procedures or degassed prior to use.
All column chromatography was performed under N; with use
of silica gel (230-400 mesh ASTM, Merck) as the stationary phase
in a column 35 c¢m in length and 2.5 cm in diameter. Phosphin-
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imines,?! HW;(CO)p(NO),? and HW3(CO)s(PPhg)(NO)* were pre-
pared according to the published procedures.

Synthesis of HW,(CO)(THF)(NO,,) (2). HW;(CO)s(NO)
(1) (500 mg, 0.768 mmol) was dissolved in 40 mL of THF, and
the solution was stirred under N; with occasional release of
pressure for 2 days. The solvent was removed, and the residue
was washed with hexane to provide yellow-orange powdery 2
(482 mg, 85% yleld). Anal. Calcd for C15H17N010W2: C, 2438;
H, 2.32; H, 1.89. Found: C, 23.99; H, 2.07; N, 1.92.

The reactions of HW,(CO)o(NO) (1) with RNC (R = Me, ‘Bu,
PhCH,, Pr) provided yellow HW,(CO)7(RNC);(NO,,) and red
HW2(CO)7(RNC)s(NO,,). Essentially the same procedure was
followed, and only the synthesis of HW3(C0),(MeNC),(NO) is
described below.

Syntheses of HW2(CO);(MeNC);(NO,,) (3) and HW,-
(CO)7(MeNC)s(NO,) (4). To1 (500 mg, 0.768 mmol) in 30 mL
of CH,Cl; was added 0.5 mL of MeNC, and the solution was
stirred at room temperature with an occasional release of pressure.
After 24 h the solvent was removed and the resulting residue was
chromatographed. Complex 38 was isolated in 36% yield (187
mg) from the yellow first band using CH2Cly/hexane (1:4) as
eluent. Anal. Caled for C)H/N3OsWa: C, 19.52; H, 1.04; N,
6.21. Found: C,19.73; H, 1.08; N, 6.01. Complex 4 was isolated
from the red second band in less than 1% yield (5 mg). Anal.
Calcd for CuH7N305Wz: C, 19.52; H, 1.04; N, 6.21. Found: C,
19.43; H, 1.04; N, 6.18.

Complex HW3(CO)7(*BuNC)o(NO,y) (5) was obtained in 33%
yield Anal. Caled for Cl7H139N305W2: C, 2683, H, 252, N,
5.52. Found: C, 27.34; H, 2.58; N, 6.44. Complex HW,(CO)+-
(*BuNC)2(NOQ,,) (6) was obtained in 4% yield. Anal. Calcd for
CnHmNsOaWz: C, 26.83; H, 2.52; N, 5.52. Found: C, 26.77; H,
2.44; N, 5.52. Complex HW;(CO)7(PhCH;NC)3(NO,,) (7) was
obtained in 6% yield. Anal. Caled for CosH;sN3sOsWq: C, 33.32;
H, 1.82; N, 5.07. Found: C, 32.95; H, 1.92; N, 5.15. Complex
HW(CO)7(PhCH;NC)3(NO,,) (8) was obtained in <1% yield.
Anal. Caled for CysH sN3sOsWs: C, 33.32; H, 1.82; N, 5.07.
Found: C, 33.59; H,1.82; N, 5.08. Complex HW,(CO);(iPrNC),-
(NO4) (9) was obtained in 25% yield. Anal. Caled for
CuH],stOstt C, 24.58; H, 2.06; N, 5.73. Found: C, 25.13; H,
2.15; N, 5.22. Complex HW,(CO)7(PrNC)o(NO,) (10) was
obtained in <1% yield. Anal. Calcd for C15H;sN3OsWq: C,24.58;
H, 2.06; N, 5.73. Found: C, 24.28; H, 1.77; N, 5.49.

Reactions of HW3(CO)7(THF)3(NO,,) (2) with RNC (R = Me,
tBu, PhCHj, Pr) follow the same procedure, and only the reaction
of 2 with MeNC is described.

Reaction of 2 with MeNC. A 0.5-mL amount of MeNC was
added to a flask containing 500 mg of 2 (0.676 mmol), and the
slurry was stirred for 15 min. A 30-mL portion of CH;Cl; was
then added, and the solution was stirred for another 3 h. The
solvent was removed, and the residue was washed with 15 mL
of Et;0/ hexane (1:14). Recrystallization of the compounds from
Et;0/hexane afforded HW3(CO)7(MeNC)2(NO,,) (4) in 88 % yield
(403 mg).

Yields for 6, 8, and 10 are 82, 67, and 49%, respectively.

Reaction of HW;(CO)y(NO) (1) with PhyP=NiPr. Com-
plex 1 (500 mg, 0.768 mmol) and PhyP=NIPr (757 mg, 1.54 mmol)
in 60 mL of CH,Cl; was stirred at room temperature for 6 h. The
solvent was removed, and the residue was chromatographed using
CH.Cly/hexane (1:4) as eluent. The yellow complex HW3(CO)s-
(PrNC)(NO,,) (11) was isolated from the yellow first band in
16% yield (85.0 mg). Anal. Calcd for C1;HsN:QsWo: C, 20.97;
H, 1.05; N, 3.83. Found: C, 20.82; H, 1.16; N, 4.04. Yellow
powdery HW3(CO);((PrNC);(NO,,) (9) was obtained from the
second band (264 mg, 47%).

Reaction of 1 with PhyP=—NPh. A procedure similar to that
for 9 was used. Three yellow products were separated by column

(8) (a) Wiegribe, W.; Bock, H. Chem. Ber. 1968, 101, 1414. (b) Kaesz,
H. D.; Bau, R.; Hindrickson, D.; Smith, J. M. J. Am. Chem. Soc. 1967,
89, 2844. (c) Zimmer, H.; Singh, G. J. Org. Chem. 1968, 28, 483. (d)
Staudinger, H.; Meyer, J. Helv. Chim. Acta 1919, 2, 635.

(9) Olsen, J. P.; Koetzle, T. F.; Kirtley, S. W.; Andrews, M.; Tipton,
D. L.; Bau, R. J. Am. Chem. Soc. 1974, 96, 6621.
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chromatography. HW;(CO)g(PhNC)(NO,,) (12) was eluted first
and HW(CO);(PhINC)2(NO,,) (13) second, using CH,Cly/hexane
(1:4) as the eluent. HW3(CO);(PhNC)(O==PPhg)(NO,,) (14) was
eluted with CH,Cly/hexane (1:2). 12: yield 45%. Anal. Calcd
for CisHegN:0sW2: C, 24.24; H, 0.59; N, 3.81. Found: C, 24.82;
H, 0.80; N, 3.86. 13: yield 5.0%. Anal. Caled for CoHy;-
NsOsWg: C, 25.13; H, 2.15; N, 5.22. Found: C, 24.77; H, 2.21;
N, 5.40. 14: yleld 5.0%. Anal. Caled for C32H21N209W2Z C,
39.23; H, 2.32; N, 2.77. Found: C, 39.37; H, 2.15; N, 2.87.

Reaction of HW2(CO);(PhNC)(NO) (12) with PhyP=Nn=-
Pr. A procedure similar to that for 9 was used, and the reaction
time was 24 h. HW,(CO),(*PrNC)(PhNC)(NO,,) (15) (15% ) was
obtained from the yellow first band eluted by CH,Cly/hexane
(1:4). HW,(CO)e(*PrNC)o(PhNC)(NO,,) (16) (25%) was ob-
tained from the orange second band eluted by CH;Cly/hexane
(1:1). 15: Anal. Caled for CmHmNaOstZ C, 2804, H, 1.61; N,
5.19. Found: C, 28.16; H, 1.62; N, 5.43. 16: Anal. Calcd for
Ca1HzoN,0,W2: C, 30.96; H, 2.02; N, 6.85. Found: C, 31.21; H,
2.05; N, 6.93.

Reaction of HW,(CO)s(PPhy) (NO,,) (17) with PhyP=N=-
Pr. The same procedure as for 15 was used. HW3(CO)7(PPhg)-
(®PrNC)(NO,y) (18) was eluted by CH;Cly/hexane (1:2) as a yellow
fraction, but it was not isolated. Further elution with CH,Cly/
hexane (1:1) afforded an orange fraction, from which crystalline
HW3(CO)s(PPhg) (*PrNC)o(NO,,) (19) was obtained in 35% yield.
19: Anal. Calcd for CosHpsN:O-PW,: C, 39.13; H, 2.17; N, 4.22.
Found: C, 38.82; H, 2.52; N, 4.45.

Synthesis of HW2(CO)s(MeNC):("PrNC)(NO,,) (20). HW.-
(C0O)7(MeNC)2(NO,,) (3; 500 mg, 0.739 mmol) and PhsP=N=Pr
(236 mg, 0.739 mmol) in 60 mL of CH,Cl; was stirred at room
temperature for 30 h. The residue was chromatographed after
removal of the solvent. Orange crystalline 20 was obtained from
the band eluted by CH;Cly/hexane (1:1) in 76 % yield (403 mg).
MS (EI, Wi8): m/e 716 (M*). Anal. Caled for C;(H;N,O;Wo:
C, 23.38; H, 1.58; N, 7.67. Found: C, 23.42; H, 1.58; N, 7.80.

Synthesis of HW2(CO)s(MeNC)s("PrNC)(NO,) (21). HW,-
(C0)7(MeNC)3(NO,,) (4; 500 mg, 0.739 mmol) and PhgP=Nr=Pr
(174 mg, 0.739 mmol) in 60 mL of CH;Cl; was stirred at room
temperature for 6 days. The solvent was then removed under
vacuum, and the residue was chromatographed. A 15% yield
(75 mg) of 4 was recovered from the first fraction eluted by CH,-
Cly/hexane (1:2). Complex 21 was obtained as red crystals in
15% yield from the fraction eluted by CH,Cl; (1:1). Anal. Caled
for C; HN,O;W3: C, 23.42; H, 1.97; N, 7.80. Found: C, 23.70;
H, 1.93; N, 7.66.

X-ray Structural Determination of 12, 16, and 21. All
crystals were grown by cooling a concentrated solution of the
complex in CH,Cly/hexane ((1:2)-(1:5) by volume) at -5 °C for
severaldays. Crystals were mounted in thin-walled glass capillary
tubes. Diffraction measurements were made on an Enraf-Nonius
CAD-4 diffractometer by using graphite-monochromated MoKea
(radiation (A = 0.7107 A) with the §-20 scan mode. Unit cells
were determined by centering 25 reflections in the suitable 26
range. Other relevant experimental details are listed in Table
I. Absorption corrections according toy scans of three reflections
wereapplied. Allthe data processing was carried out ona MICRO
VAX 3600 computer by using the NRCC SDP program.’® The
coordinates of tungsten atoms were obtained from Patterson
syntheses. The coordinates of all the remaining atoms except
hydrogen atoms were obtained from a series of structure factor
calculations and Fourier syntheses. The structures were refined
by minimizing Yw({FHF )2, where w 1/o(F,)? was calculated from
the counting statistics. The atomic scattering factors fo and
anomalous dispersion terms f’ and f ” were taken from ref 11.
The position of the bridging hydrogen atom for 12 was located
from the difference Fourier maps and then refined. Other
hydrogen atoms were included in the structure factor calculation

(10) (a) Gabe, E. J.; Lee, F. L. Acta Crystallogr. 1981, 37, S339. (b)
Gabe, E. J.; LePage, Y.; White, P. S; Lee, F. L. Acta Crystallogr. 1987,
43, C294.

(11) International Tables for X-ray Crystallography; Kynoch: Bir-
mingham, England, 1974; Vol. IV.
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Table I. Crystal Data for Compounds 12, 16, and 21

12 16 21
formula C15H5N209W2 C21H20N407W2 C14H14N407W2
fw 725.92 808.11 717.99
a,A 10.802(2) 8.718(1) 10.140(2)

b A 11.705(1) 11.135(2) 10.147(2)
oA 16.695(2) 13.832(1) 11.346(2)
a, deg 92.24(1) 84.34(2)
8, deg 108.67(1) 79.58(1) 112.86(2)
v, deg 91.53(1) 100.92(1)
cryst syst monoclinic triclinic triclinic
space group P2y/c Pt Pt
zZ 4 2 2
v, A3 1999.8(5) 1319.4(3) 1055.8
dealc, g/cm? 2.411 2.034 2.259
cryst size, mm 0.31 X0.18 X 0.25 0.38 X 0.30 X 0.18 0.39 X 0.25 X 0.48
radiation Mo Ka (A = 0.7107 A)
u, cm-! 117.9 89.4 111.6
transmissn factors 1.00; 0.33 1.00; 0.58 1.00; 0.58
(max; min})
20 range, deg 045 0-50 0-50
octants xh (-11 to +11), +k +(0-12), +h (-10 to +10), +k (0-13), xh (-12 to +11), +k (0-12),
+1(0-17) =/ (16 to +16) x/(-13to +13)
no. of unique rflns 2598 4633 3694
no. of rflns with I > no 1791 (n=2) 3059 (n=2) 2839 (n=2)
no. of variables 257 307 248
R, Ry 0.031; 0.032 0.031; 0.032 0.033; 0.037
GOF 1.37 1.36 1.85
max A/e 0.037 0.008 0.202

in idealized positions with dog = 0.98 A. The final positional
parameters for the atoms in 12, 16, and 21 are given in Table II.

Results and Discussion

HW3(CO)o(NO) (1) appears to be rather reactive among
metal nitrosyl complexes.’? The reactions of 1 with
isocyanides are particularly interesting, since products of
various structures are isolated (vide infra). The 'H NMR
monitoring of the reaction (Figure 1) between 1 and i-
PrNC indicated that both HW3(CO)g((PrNC)(NO,,) and
HW3(CO)s((PrNC)(NO,,) (11) formed initially and were
gradually converted to HW3(CO)7((PrNC)o(NO,q) (10) and
HW4(CO)7((PrNC)2(NOyy) (9). The formulation of HW,-
(C0O)s(PrNC)(NO,,) was based on our previous spectro-
scopic data on analogous complexes.> Complex 11 could
be synthesized via alternative synthetic pathway (vide
infra), and its reaction with IPrNC yields both 9 and 10
(Figure 2). There was no interconversion between
HW3(C0)s(IPrNC)(NO,q) and HW2(CO)s((PrNC)(NO,y)
(11) or between 10 and 9 under the reaction conditions.
However, we found that HW3(CO)7(RNC)2(NO,q) could
be converted completely to HW2(CO)7(RNC)3(NOg,) in
CH:CN at 60 °C or higher temperature (R = Me, 60 °C,
5h; R =tBu,82°C,10h; R =iPr,82°C 8 h; R = PhCH,,
82 °C, 8 h). No intermediate was detected during the
conversion, and no new compounds were detected if a
different isocyanide ligand was added during thermolysis.
Therefore, the transformation of HW3(CO)7(RNC)2(NO,,)
to HW2(CO)7(RNC)2(NOyy) is likely via an intramolecular
process such as trigonal twist. Although HW4(CO)--
(RNC)2(NO,q) was isolated only in very low yields from
reactions of 1 with RNC, they could be conveniently
synthesized in good yields from reactions of HWo(CO)7-
(THF)3(NO,) (2) with RNC. Scheme Idepicts the overall
reactions described above as well as the production of
HW3(CO)7(RNC)3(NOg) from 1 with PhsPNR (vide infra).
Mechanistically, the reaction of 1 with RNC is different

(12) Richter-Addo, G. B.; Legzdins, P. Chem. Rev. 1988, 88, 1010 and
references therein.

from that with phosphines, although rearrangement of
the NO ligand from the axial to the equatorial position
occurs in both cases. In the latter, HW3(CO)7(PPhy),-
(NOyy) is derived from HW3(CO)s(PPhg)(NO,) instead
of HW3(CO)g(PPh3)(NO,,).8

Four distinct structures are found among the complexes
HW;3(CO)7(RNC)2(NO): (a) eclipsed with an equatorial
NO, HW3(C0)7(MeNC)2(NO,y) (4); (b) staggered with an
equatorial NO, HW3(CO)7(RNC)2(NO,) (6, R = ‘Bu; 8,
R = PhCHy); (c) eclipsed with an axial NO, HW(CO)7-
(PhCHNC)o(NO,y) (7); (d) staggered with an axial NO,
HW3(CO)7(RNC)2(NOyy) (3, R = Me; 5, R = tBu). The
structures of 3 and 4 have been reported,? and the relevant
data for 5-8 are provided as supplementary material. The
corresponding W-W distances are listed: 3, 3.389(1) A; 4,
3.4798(9) A; 5, 3.444(1) A; 6, 3.3995(8) A; 7, 3.5727(8) A;
8, 3.370(1) A. The steric contacts between equatorial
ligands undoubtedly play a decisive role in the structural
variation of these complexes on the basis of the following
reasons: (i) complexes with an eclipsed conformation, 4
and 7, appear to have the longest W-W distances among
all species; (ii) for sterically more congested tBuNC, HW,-
(CO)7(RNC)3(NO) complexes adopt a staggered confor-
mation no matter whether NO is equatorial or axial; (iii)
for the structurally analogous isomers HW3(CO),-
(RNC)3(NO) (R = tBu, Pr), placement of the sterically
less hindered NO ligand in the equatorial site reduces the
W-W distances (6 vs 5). Since an unsupported M-H-M
linkage is very flexible in nature,18 it is not clear whether
the structural variationin 3/4 and 7/8 is due to the delicate
balance between steric and electronic factors or solely due
to crystal-packing forces.

Similar to the case for many metal nitrosyl complexes,'4
carbonyl ligands of 1 should be susceptible to nucleophilic

(13) Jezowska-Trzebiatowska, B.; Nissen-Sobocinska, B. J. Organomet.
Chem. 1987, 322, 331.

(14) (a) Fischer, E. O. Pure. Appl. Chem. 1974, 24, 407. (b) Fischer,
E. O.; Stadler, P. Z. Naturforsch., B.: Anorg. Chem., Org. Chem. 1981,
36B, 781. (c) Weber, L.; Reizig, K.; Boese, R.; Polk, M. Organometallics
1986, 5, 1098.
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Table II. Positional Parameters and B, Values for the Atoms in Compounds 12, 16, and 21

atom x y z Biso, A2 atom x y z Biso, A2

Compound 12
w1 0.14179(6) 0.37106(5) 0.25251(3) 4.06(3) C3 0.0364(17) 0.4770(14) 0.1572(10) 6.0(9)
W2 0.25385(6) 0.21065(5) 0.12165(3) 3.97(3) C4 0.2568(17) 0.2673(13) 0.3437(9) 5.0(8)
N1 0.3410(12) 0.1270(10) 0.0649(7) 5.2(7) Cs 0.1111(15) 0.4707(12) 0.3380(10) 5.1(9)
N2 0.2914(11) 0.4627(10) 0.0448(7) 4.4(6) Cé 0.2267(18) 0.0650(16) 0.1831(10) 6.6(10)
O1 -0.1106(11) 0.2327(10) 0.2576(7) 6.7(7) C7 0.4234(19) 0.2445(13) 0.2176(11) 5.4(10)
02 0.3911(13) 0.5229(10) 0.2687(7) 7.8(8) C8 0.0795(16) 0.1891(13) 0.0238(9) 4.9(9)
03 —0.0196(15) 0.5338(12) 0.1054(9) 10.4(9) C10 0.2770(15) 0.3730(13) 0.0704(8) 4.7(8)
04 0.3179(13) 0.2082(10) 0.3951(6) 7.8(8) C11 0.3091(14) 0.5686(12) 0.0127(8) 4.5(7)
05 0.0929(13) 0.5330(10) 0.3885(8) 8.1(8) C12 0.3447(17) 0.5763(13) —0.0586(10) 5.9(10)
06 0.2146(15) -0.0119(11) 0.2183(8) 9.7(9) C13 0.3612(19) 0.6866(19) -0.0883(11) 7.5(11)
07 0.5205(13) 0.2655(11) 0.2702(7) 7.7(8) Ci4 0.3410(19) 0.7791(15) ~0.0463(14) 7.2(11)
08 —0.0153(12) 0.1780(11) -0.0299(7) 7.3(8) C15 0.3092(19) 0.7690(14) 0.0231(12) 6.8(11)
09 0.3914(12) 0.0672(9) 0.0253(7) 7.3(7) C16 0.2912(17) 0.6667(13) 0.0544(9) 5.6(9)
C1 -0.0219(17) 0.2797(13) 0.2535(9) 5.1(9) H 0.120(21) 0.262(16) 0.168(12) 18.2(74)
Cc2 0.3027(17) 0.4657(12) 0.2619(8) 4.9(9)

Compound 16
w1 0.95953(5) 0.87822(4) 0.17715(3) 3.96(2) Cs 1.1468(14) 0.9763(10) 0.1285(9) 6.0(6)
w2 0.67748(4) 0.66545(3) 0.26543(3) 3.57(2) Cé6 0.8348(14) 0.5573(10) 0.1768(8) 5.1(6)
N1 0.5542(9) 0.5423(7) 0.3116(6) 4.3(4) c7 0.5668(11) 0.6977(9) 0.1437(7) 4.2(5)
N2 0.5131(10) 0.7196(8) 0.0780(7) 5.3(5) Cc8 0.5204(11) 0.7959(9) 0.3449(7) 4.2(5)
N3 0.4330(10) 0.8636(8) 0.3780(7) 5.4(5) C10 0.8102(11) 0.6626(8) 0.3789(7) 4.1(5)
N4 0.8826(9) 0.6605(7) 0.4401(7) 4.6(4) Cl11 0.4443(14) 0.7455(13) -0.0047(10) 7.3(7)
01 1.1806(9) 0.6795(8) 0.2279(7) 7.6(5) C12 0.4754(18) 0.6498(13) -0.0854(10) 7.6(8)
02 0.9670(12) 0.7523(8) -0.0332(7) 8.4(6) C13 0.6371(18) 0.6226(14) -0.1207(11) 8.8(9)
03 0.7409(12) 1.0821(10) 0.1288(7) 10.3(6) C21 0.3137(15) 0.9488(14) 0.4103(12) 9.0(9)
04 0.9354(12) 0.9928(11) 0.3909(7) 9.8(7) C22 0.3478(25) 1.0621(16) 0.3878(23) 18.4(21)
05 1.2548(11) 1.0323(8) 0.0996(7) 8.8(6) C23 0.4526(22) 1.1271(14) 0.3480(17) 13.7(14)
06 0.9174(10) 0.4957(7) 0.1271(6) 7.4(5) C31 0.9780(12) 0.6598(8) 0.5103(8) 4.4(5)
09 0.4738(8) 0.4575(7) 0.3427(6) 6.4(4) C32 1.1371(13) 0.6492(10) 0.4802(8) 5.1(5)
C1 1.0978(13) 0.7485(11) 0.2101(8) 5.5(6) C33 1.2315(12) 0.6514(10) 0.5491(10) 5.8(6)
C2 0.9640(13) 0.7961(10) 0.0430(9) 5.4(6) C34 1.1707(14) 0.6648(10) 0.6463(9) 5.8(6)
C3 0.8209(15) 1.0095(11) 0.1449(9) 6.1(6) C35 1.0104(15) 0.6727(11) 0.6756(8) 6.3(6)
C4 0.9454(14) 0.9523(13) 0.3147(10) 6.5(7) C36 0.9139(12) 0.6728(10) 0.6083(8) 5.1(6)

Compound 21
Wi 0.28371(4) 0.85570(4) 0.07342(4) 3.42(2) C2 0.1069(13) 0.7322(12) -0.0320(11) 5.0(6)
w2 0.31866(4) 0.69095(4) 0.35666(4) 3.47(2) C3 0.1539(11) 0.9403(10) 0.1329(10) 4.2(5)
N1 0.3177(9) 0.8584(9) 0.4065(8) 4.3(5) C4 0.4637(11) 0.9769(10) 0.1904(10) 4.0(5)
N2 —-0.0345(9) 0.6172(10) 0.2169(10) 5.3(5) Cs 0.2568(12) 0.9923(13) -0.0680(11) 5.1(6)
N3 0.3364(9) 0.3929(9) 0.2720(8) 4.6(5) Cé 0.3206(11) 0.6105(11) 0.5183(10) 4.5(6)
N4 0.6683(10) 0.7565(9) 0.4325(9) 5.0(5) C8 0.0898(13) 0.6416(10) 0.2690(10) 4.5(6)
o1 0.4748(11) 0.7094(10) -0.0207(10) 8.5(7) C9 -0.1869(13) 0.5836(15) 0.1488(14) 7.4(8)
02 0.0003(10) 0.6640(11) -0.0905(10) 8.7(6) C10 0.3288(10) 0.4951(10) 0.3006(9) 3.6(5)
03 0.0801(8) 0.9881(9) 0.1616(8) 6.2(5) Cl11 0.3501(15) 0.2671(11) 0.2385(12) 6.2(8)
04 0.5609(8) 1.0467(8) 0.2549(8) 5.5(4) Cl12 0.5482(12) 0.7316(10) 0.4080(10) 4.2(5)
05 0.2402(9) 1.0725(9) -0.1478(8) 6.8(5) C13 0.8193(14) 0.7933(19) 0.4599(16) 10.3(11)
06 0.3154(10) 0.5638(9) 0.6146(8) 6.8(5) C14 0.9153(16) 0.7561(22) 0.5728(18) 11.7(13)
07 0.3180(9) 0.9655(8) 0.4395(8) 6.0(5) Cl15 1.0725(14) 0.7876(19) 0.5993(17) 10.4(12)
Cl1 0.4081(12) 0.7625(12) 0.0133(11) 5.2(6)

attack in view of the high CO stretching frequencies.!®
Indeed, phosphinimine PhyP=NR reacts with 1 in CH;-
Cl; at room temperature to give HW5(CO)s(RNC)(NO),
HW,(CO)7(RNC)2(NO), and HW4(CO)g(RNC)3(NO). The
number of CO ligands converted depends upon the identity
and the quantity of phosphinimines used. Although 'H
NMR monitoring of the reaction of HW3(CQO)s(NO) (1)
with RNC indicated that replacement of two CO ligands
proceeded in a stepwise manner in forming HW2(CO);-
(RNC)3(NO), our early attempt in isolating HW2(CO)s-
(RNC)(NO) from the reaction of HW2(CO)o(NO) (1) was
hampered due to the difficulty in handling notoriously
toxic RNC in a stoichiometric quantity. However, use of
phosphinimines allows us to successfullyisolate the desired
product. Moreover, in sharp contrast to the reaction of
1 with isocyanides, in no case did we observe the rear-
rangement of the ligands (vide infra). This also provides
us with an opportunity to trace the conversion of several
reactive CO ligands of 1 to isocyanides.

(15) (a) Darensbourg, D. J.; Darensbourg, M. Y. Inorg. Chem. 1970, 9,
1691. (b) Angelici, R. J. Acc. Chem. Res. 1972, 5, 335.

The slower reaction of HW3(CO)g(NO) (1) with
PhsP=NBu and the inability of PhsP=N'Bu to react
with HW2(CO)s(*BuNC)(NO,,) apparently are steric in
origin. Analysis of the coordination sites of HW3(CO)e-
(NO,y) (1)? indicates a decreasing order of steric
crowdedness: exo (8), exo (9), endo (6), or endo (7). The
PhNC ligand of HW3(CO)g(PhNC)(NO,,) (12) was found
to reside at site exo (8) (vide infra). Reaction of 12 with
PhgP=NrPr would introduce *PrNC ligand at site exo (9)
on the grounds of steric constraint. Results of Fenske~
Hall calculations!® on HW2(CO)g(PhINC)(NO) (12) suggest
that attack of a nucleophile at the endo (7) CO is
electronically favored over the endo (6) CO or endo (7)
CO. The structural characterization of HWy(CO),(i-
PrNC)2(NO,;) (9), which was synthesized from 1 with
Ph;P=NiPr, further substantiates the argument that sites
exo (8) and exo (9) are preferentially occupied by RNC
ligands in the reaction of 1 with PhyP=NR.

(16) Hall, M. B.; Fenske, R. F. Inorg. Chem.1972,11,768. The Mulliken
atomic charges for carbon atoms at sites exo (9), endo (7), and endo (6)
are 0.055, 0.045, and 0.020, respectively.
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Figure 1. 'H NMR monitoring of the reaction of
HW(CO)o(NO) with iPrNC in the hydride region (solvent
CDyCly): (a) 5 min; (b) 15 min; (c) 1 h; (d) 3 h; (e) 6 h; (f) 23
h. The chemical shifts of HW2(CO)s(PrNC)(NOgq), HW,-
(CO)1((PrNC)2(NO,q), HW,(CO)s(NO), HW2(CO)s('PrNC)-
(NO.y),and HW5(CO)7(PrNC)2(NO,y) appear at §—-9.42,-9.72,
-11.62, -12.15, and -12.67 ppm, respectively.

From the reaction of HW3(CO)o(NO) with PhsP=NPh,
we isolated the complexes HW2(CO)s(PhNC)(NO,,) (12)
and HW2(CO)7(PhNC)3(NO4) (13), and the interesting
product HW2(CO)7(PhNC)(0O=PPhj3)(NO,;) (14) as well.
The 'H NMR monitoring of the reaction clearly indicated
that 14 was formed from 12 instead of 13. Complex 14 has
its PhNC, O=PPh;, and NO ligands occupying sites exo
(9), exo (8), and endo (7), respectively.l” Although com-
plexes containing coordinated O=—PRj3 have frequently
been proposed,’® to our knowledge, there has only been
one other structurally characterized tungsten(0) complex
that contained O==PR;.!° The most unusual feature of 14
is that NO resides in an equatorial site trans to O==PPhs.
It seems to be energetically favored to have the NO ligand
reside in an equatorial position trans to a good s-donor
ligands such as THF (HWy(CO)72(THF)2(NOgq) (2), py-
ridine (HW2(CO)7(py)2(NOeq)%), or O=PPh; (14). HW,-
(C0)7(0==PPh3)2(NO,y) (22) could also be easily synthe-
sized from HW3(CO)9(NO) and O=PPh;.2° The O=PPh;
ligand in 14 and 22 is labile and could be readily displaced
with other ligands.

(17) Crystal data for 14: C3.HyiN2OgWs, M, = 976.2, monoclinic, space
group P2i/a,a = 17.600(8) A, b = 10.919(2) 4, ¢ = 18.584(4) A, 8 = 91.45-
(1)°, V = 3426(2) A%, Z = 4, Dc =1892¢g cm‘8 F(000) = 1848. #(Mo Ka)
=69.5 mm-1, R = 0.089 for 3450 unique, observed reflections > 2.00(D)),
o0<2W< 50".

(18) (a) Darensbourg, D. J.; Walker, N.; Darensbourg, M. Y. J. Am.
Chem. Soc. 1980, 102, 1213. (b) Darensbourg, D. J.; Darensbourg, M. Y,;
Walker, N. Inorg. Chem. 1981, 20, 1918. (c) Webh, S. L.; Giandomenico,
C. M.; Halpern, J. J. Am. Chem. Soc. 1986, 108, 345.

(19) Goldberg, S. Z.; Raymond, K. N. Inorg. Chem. 1978, 12, 2923.
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Figure 2. 'HNMR monitoring of the reaction of HWz(CO)s-

(PrNC)(NOg;) with 'PrNC in the hydride region (solvent
CD:Cly): (a) 5 min; (b) 50 min; (¢) 2 h; (d) 3 h; (e) 4 h; (f) 21
h.

Under vigorous conditions, up to four CO ligands in
W(CO)4(NO)I could be displaced by *BuNC,?! whereas
direct ligand substitution of HW3(CO)g(NO) (1) with
various ligands does not proceed beyond HWj;-
(CO)7(L)2(NO).+6 Use of phosphinimines results in the
formation of several trisubstituted derivatives of 1 which
have a substituent at an endo site. These include
HW3(CO)6(PPh3) (*PrNC)2(NO,,) (19), HW3(CO)e-
(PhNC)(PrNC)2(NOgy) (16), HW2(CO)¢(MeNC)2(°PrNC)-
(NO,,) (20), and HW,(CO)¢(MeNC)2(*PrNC)(NO) (21).
Electronic factors play a decisive role in synthesizing these
trisubstituted derivatives of HWo(CO)(NO). Scheme II
depicts the stepwise synthesis of complexes 16 and 19.
Complexes 12, 16, 17,* and 1922 in Scheme II have been
structurally characterized. In complex 15, the CO ligand
at site endo (6) should be more susceptible to nucleophilic
attack than the CO ligand at endo (7), since the former
is trans to a better x-acceptor, i.e., PANC.% In contrast,
the better #-accepting ability of "PrNC compared to PPh;

(20) Complex 22 was obtained in 47% yield. Anal. Calcd for
CiHaNO1oP2Wa: C, 44.86; H, 2.71; N, 1.22. Found: C, 44.50; H, 2.71;
N, 1.35. »(CO) (in CH:Cly): 2061 w, 1995 m, 1968 w, 1919 vs, 1891 sh
em-l, »(NO): 1623 m cm-!. 'H NMR: § 7.72-7.27 (m, 30 H), -5.06 (dd
with satellites, J(H-P) = 2.0, 1.0 Hz; J(H-W) = 54, 51 Hz, 1H).

(21) King, R. B.; Saran, M. S.; Anand, S. P. Inorg. Chem. 1974, 13,
3038.

(22) Crystal data for 19: C3oHgoNsO,PW,, M, = 967.3, triclinic, space
group P1,a = 9.464(2) A, b = 11 726(3) A, ¢ = 17.556(4) A a = 97.05(2)°,
8=91. 45(1)°,‘y =109. 43(2)" =1753.2(6) A3, Z=2,D,. =1.832 g cm™S,
F(000) =812, u(Mo Ka) =67.9 mm-1, R = 0.039 for 6161 unique, observed
reflections (I > 2.00(])), 0 < 26 < 50".
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should render the endo (7) CO to be more electrophilic
than the endo (6) CO for complex 18. Indeed, complex 19
was found to have site (7) occupied by "PrNC. Thereaction
between HW3(CO)7(RNC)2(NO,,) and PhsP=NR’ was
very slow, and even after 6 days substantial amounts of
HW3(CO)7(RNC)a(NO,g) still remained unreacted. The
lower reactivity of HW3(CO)7(MeNC)a(NO,y) (4), com-
pared to that of HW2(CO)7;(MeNC)2(NO,.,) (3), toward
PhsP=NR is attributable to electronic effects, as the
former has CO stretching frequencies relatively lower than
the latter. The "PrNC ligand was found to be in the endo
(7) site for 21. The occupancy of endo (7) in 21 by the NO
ligand provides a solid evidence for the argument that no
rearrangement of ligands occurs during the reaction of
HW3(CO)o(NO) and analogues with phosphinimines.
Molecular structure of HW,(CO)s(PhNC)(NO,,)
(12), HW;(CO)s(PhNC)("PrNC);(NQ,;) (16), and
HW3(CO)4(MeNC)2("PrNC)(NOg,) (21). The ORTEP
drawings of 12, 16 and 21 are shown in Figures 3-5,
respectively. Selective interatomic distances and angles
arelisted in Table III. In all of the complexesthe tungsten
atoms reside in roughly octahedral environments. These
complexes have a bent, staggered configuration, similar

(23) Malatesta, L.; Bonati, F. Isonitrile Complexes of Metals; Wiley:
New York, 1969.

to dinuclear metal complexes reported by us+624 and
others.2s Complexes 12 and 16 have their NO ligand in
the axial site, whereas 21 has its NO ligands in the
equatorial site.26

The nitrosyl (12, 176(1)°; 16, 178.5(7)°; 21, 179.3(8)°)
and carbonyl ligands (12, 178(1)°; 16, 178 (1)°; 21, 178-
(1)°) are linearly coordinated to W. The W-N distances
(12, 1.82(1) A; 16, 1.785 (8) A; 21, 2.01(5) A) are shorter
than the average W-C distances (12, 2.04(4) &; 16, 2.02(3)
A; 21, 2.01(5) A) by about 0.1-0.2 A. These distances are
similar to those found for mer-W(nl-FSbFj)-
(CO)3(NO)(PMeyPh) (W-N = 1.836(2) A; W-C = 2.09(2),
2.09(2), 2.05(2) A),2” HW(CO)2(NO)(PR3); (R = Me, Ph,
MeO) (W-N = 1.83(1), 1.842(5), 1.846(2) A; W~C = 2.01-
(2)/2.05(1), 2.033(8)/2.038(6), 2.021(8) A,28 trans,trans-
W[(#-OPO(OH):1(C0)2(NO)(PPhy), (W-N = 1.79(1) A;
W-C = 2.08(2), 2.06(2) A),2 and trans-W(»2-0,CCHa)-

(24) Lin, J. T.; Chang, K. Y.; Wang, S. Y.; Wen, Y. S,; Tseng, L. H.;
Chang, C. C.; Peng, S. M.; Wang, Y.; Lee, G. H. Organometallics 1991,
10, 28717.

(25) Hart, D. W.; Bau, R.; Koetzle, T. F. Organometallics 1985, 4,
1590.

(26) The location of the NO ligand was distinguished from the CO
ligands by conspicuous discrepancies in the thermal parameters for the
N and C atoms when incorrectly assigned.
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Table III.  Selected Bond Distances (A) and Angles (deg) for
Complexes 12, 16, and 21

12 16 21
Distances
W1-W2 3.3848(8) 3.4610(7) 3.3952(9)
wi-Cl 2.07(2) 2.02(1) 2.05(1)
W1-C2 2.02(2) 2.03(1) 2.00(1)
W1-C3 2.05(2) 2.03(1) 2.04(1)
WI1-C4 2.03(2) 2.03(1) 2.05(1)
WI1-C5 1.95(2) 1.97(1) 1.98(1)
W2-Cé6 2.06(2) 2.05(1) 1.93(1)
W2-C7 2.05(2) 2.13(1)
W2-C8 2.08(2) 2.15(1) 2.12(1)
w2-C9
W2-C10 2.13(2) 2.11(1) 2.18(1)
W2-N1 1.82(1) 1.785(8) 1.846(9)
WI-H 1.9(2) 1.9
W2-H 2.02) 1.9
C1-01 1.13(2) 1.13(2) 1.13(1)
C2-02 1.14(2) 1.14(2) 1.16(2)
C3-03 1.10(2) 1.14(2) 1.12(1)
C4-04 1.14(2) 1.12(2) 1.13(1)
C5-05 1.18(2) 1.13(1) 1.14(1)
C6-06 1.10(2) 1.13(2) 1.16(1) 13
C7-07 1.16(2) Cly
C8-08 1.13(2
NS @ L18() Figure 3. ORTEP drawing of HW,(CO)s(PhNC)(NO4).
N1-0% 1.21(2) 1.21(1) Thermal ellipsoids are drawn with 50% probability bound-
C7-N2 1.13(1) aries.
C8-N2 1.15Q2)
C8-N3 1.11Q1)
C9-N2 1.42(2)
CI10-N2 1.16(2)
CI10-N3 1.14(1)
C10-N4 1.14(4)
C11-N3 1.41(1)
C12-N4 1.12(1)
C13-N3 1.12(1)
C13-N4 1.42(2)
Angles
WwW1-Ci-01 177(1) 176.9(9) 179(1)
w1-C2-02 177(1) 178(1) 176(1)
W1-C3-03 179(2) 178(1) 177.7(9)
WI1-C4-04 178(1) 179(1) 178.9(8)
W1-C5-05 178(1) 179(1) 178(1)
W2-C6-06 178(2) 178(1) 176.7(9)
W2-C7-07 178(1)
W2-C8-08 180(1)
W2-N1-06 175(2)
W2-N1-07 179.4(8)
W2-N1-09 178.5(7)
W2-C7-N2 176.6(9)
W2-C8-N2 177.3(9)
W2-C8-N3 173.2(9)
W2-C10-N2 178(1)
W2-CI10-N3 179.0(8)
W2-C10-N4 179.5(9)
W2-C12-N4 - 177.8(9)
Cl-W1-C2 174.9(5) 89.1(5) 89.6(4)
Cl-W1-C3 93.2(6) 179.6(5) 177.4(4)
Cl1-W1-C4 90.3(6) 90.1(5) 91.5(4)
C1-W1-C5 87.6(6) 89.4(5) 92.4(5)
C2-W1-C3 88.8(6) 91.3(5) 88.2(4)
C2-W1-C4 88.0(6) 176.4(5) 176.8(4)
e oo b5 0ot Figure 4. ORTEP drawing of HW;(CO)s(PhNC)(=PrNC)y-
CI-W1-C5 91.4(6) 90.5(5) 89.1(4) (NO,). Thermd ellipsoids are drawn with 50% probability
C4-W1-C5 90.6(6) 91.4(5) 91.1(4) boundaries.
C6-W2-C7 90.3(6) 90.0(4)
C6-W2-C8 93.1(6) 172.8(4) 92.4(4) N = (O =
C6-W2-C10 172.8(6) 90.7(4) 88.6(4) (CO)(NO)(PPg)2 (W-N =1.836(7) A; W-C =1.914(8) A).2®
C6-W2-C12 96.9(4) In general, the W-C bonds of carbonyl groups trans to the
g?&%ﬁ?o é'7752-?6(;5) ?2;)7((;:‘)‘) bridging hydride (1.93-1.98 A) are shorter than the others
C8-W2-C10 £9.2(6) 92.5(4) 87.3(4) (1.94 ?.08 A): Isocyanide ligands in these complez‘:es a.lso
C8-W2-C12 168.4(4) coordinate linearly to the tungsten atom, indicating
C10-W2-C12 86.0(4)
N1-W2-C6 89.6(6) 93.6(4) 91.5(4) (27) Hersh, W. H. J. Am. Chem. Soc. 1985, 107, 4599
N1-w2-C7 9L.7(6) 96.6(4) (28) van der Zeijden, A. A. H.; Sontag, C.; Bosch, H. W.; Shklover, B.
N1-w2-C8 90.9(6) 92.6(4) 94.9(4) V.; Berke, H.; Nanz, D.; von Phillipsborn, W. Helv. Chim. Acta 1991, 74,
N1-W2-Ci0 97.1(5) 93.7(3) 177.8(4) 1104,
N1-W2-C12 91.9(4) (29) Holl, M. M,; Hillhouse, G. L.; Folting, K.; Hoffmann, J. C.

W1-H-W2 125(11) 126 Organometallics 1987, 6, 1522,
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Table IV. IR and 'H and *P{*H} NMR Spectra

compd wW(CN), »(CO), »(NO)* (cm™!) 'H & (ppm)*< (J (Hz))

2 2064 w, 2002 m, 1969 w, 1928 vs. 1904 m, 4.61—4.23 (m, 4 H), 4.05-3.92 (m, 4 H), 2.20-2.10 (m, 4H), 2.08-1.96 (m, 4 H), -5.21
1662 m (s, 1 H, Ju-w = 60, 50, u-H)

3 2220 w, 2201 w, 2067 w, 2033 5, 1980 s, 3.88 (s, 6 H, Me), ~12.6 (s, 1 H, Jy_w = 43, 32, u-H)
1926 vs. 1651 m

4 2230w, 2210 w, 2064 w, 2022 s, 1947 s, 3.88 (s, 3 H, Me), 3.78 (s, 3 H, Me), -9.49 (s, | H, Jy_w = 53, 44, u-H)
1921 vs. 1892 sh, 1688 m

5 2190w, 2170 w, 2065 w, 2028 s, 1977 s, 1.86 (s, 18 H, Me), -12.6 (s, | H, Jy-w = 43, 32, u-H)
1925 vs. 1648 m

6 2202w, 2179 w, 2063 w, 2019 5, 1949 s, 1.78 (s, 9 H, Me), 1.69 (s, 9 H, Me), -9.56 (s, 1 H, Jy.w = 50, 42, u-H)
1925 vs. 1896 sh, 1682 m

7 2204 w, 2183 w, 2066 w, 2032 5, 1982 s, 7.63-7.54 (m, 10 H, Ph), 5.55 (s, 4 H, CH3), -12.3 (s, | H, Jy-w = 43, 34, u-H)
1925 vs. 1655 m

8 2217 w, 2188 w, 2064 w, 2021 s, 1951 s, 7.44-17.24 (m, 10 H, Ph), 5.11 (s, 2 H, CH;), 4.86 (s, 2 H, CH3), -9.46 (s,  H, Ju w =
1924 vs. 1900 sh, 1685 m 54,41, u-H)

9 2198 w, 2179 w, 2066 w, 2030 s, 1978 s, 4.54 (hept, 2 H, 3Ju_u = 6.5, CH), 1.56 (d, 12 H, Me), -12.7 (s, | H, Ju_w = 43, 32, u-H)
1924 vs. 1647 m

10 2209 w, 2186 w, 2064 w, 2020 5, 1948 s, 4.52 (hept, 1 H, 3Jy.u = 6.5, CH), 4.33 (hept, 1 H, 3Ju.u = 6.5, CH), 1.55 (d, 6 H, Me),
1922 vs, 1900 sh, 1680 m 1.45 (d, 6 H, Me), -9.72 (s, 1 H, Jy-w = 50, 42, u-H)

11 2199w, 2095 m, 2064 m, 2018 vs. 1980 sh,  4.60 (hept, 1 H, 3Ju.u = 6.5, CH), 1.54 (d, 6 H, Me), -12.2 (s, 1 H, Ju_w = 42, 36, u-H)
1934 vs. 1700 m

12 2208 w, 2095 m, 2065 m, 2020 vs. 1983 sh, 4.16 (t, 2 H, 3Jy_u = 6.4, CH,), 1.93 (m, 2 H, CH>), 1.17 (t, 3 H, 3Ju_g = 7.4, Me),
1933vs. 1701 m -12.2 (s, 1 H, Jy-w = 41, 34, u-H)

13 2205w, 2185 w, 2066 m, 2031 s, 1976 s, 4.15(t,4 H, 3J.u = 6.4, CH), 1.92 (m, 4 H, CH,), 1.17 (t, 6 H, /1.5 = 7.3, Me),
1924 vs. 1650 m -12.6 (s, 1 H, Jy-w = 43, 35, u-H)

14 2172w, 2093 m, 2064 m, 2018 vs. 1980 sh, 7.76-7.60 (m, 5 H, Ph), -12.0 (s, 1 H, Jy_-w = 41, 35, u-H)
1931 vs. 1700 m

18 2201 w, 2154 w, 2065 m, 2032 5, 1982 s, 7.71-7.61 (m, 5 H, Ph), 4.14 (t, 2 H, 3Jg-4 = 6.5, CH3), 1.90 (m, 2 H CH,), 1.12(t,3 H,
1927 vs. 1653 m 3u-p =1.3,CHy), -12.4 (s, | H, Ju_w = 43, 33, u-H)

16 2193w, 2165 w, 2100 w-m, 2067 m, 1972s, 7.59-7.47 (m, 5 H, Ph), 4.08 (t, 4 H, *Jy_u = 6.5, CH,), 1.87 (m, 4 H, CH3), 1.121 (t,3 H,
1918 vs 3Jy-g = 7.3, Me), 1.119 (t, 3 H, 3Ju-u = 7.3, Me), ~12.8 (s, | H, Ju.w = 45, 29, u-H)

18 2191 w, 2067 m, 2021 s, 1964 s, 1922 vs, 7.62-7.48 (m, 15 H, Ph), 3.81 (t, 2 H, 3Jy_g = 6.6, CHy), 1.63 (m, 2 H, CH,), 0.86 (t, 3 H,
1885 sh, 1660 m g = 7.3, Me),-11.0(d, 1 H, 2/iy_p = 16, Ju.w = 48; 38, u-H)

19  21445s,2064 w, 1956 s, 1924 5, 1896 sh, 7.60-7.48 (m, 15 H, Ph), 3.80 (t, 4 H, 3Jy_y = 6.6, CHy), 1.60 (m, 4 H, CH>), 0.87 (t, 6 H,
1630 m 3um = 7.3, Me), -11.2(d, 1 H, 2Jy_p = 15, Ju-w = 51, 33, u-H)

20 2208w, 2157 s,2061 w, 19625, 1916 vs. 4.03 (t, 2 H, *Jyu = 6.5, CH,), 3.802 (s, 3 H, Me), 3.798 (s, 3 H, Me), 1.85 (m, 2 H, CH3),
1843 sh, 1608 m 1.09 (t, 3 H, 3Jy_u = 7.3, Me),~13.1 (s, 1 H, Ju-w = 46, 28, u-H)

21 2223w, 2156's, 2059 w, 1960 sh, 1921 vs. 4.02 (t, 2 H, 3y = 6.6, CHy), 3.79 (s, 3 H, Me), 3.60 (s, 3 H, Me), 1.84 (m, 2H, CH,),

1908 sh, 1642 m

1.09 (t, 3 H, 3Juy = 7.4, Me), -9.88 (s, 1 H, Jy-w = 45, 45, u-H)

4 Measured in CH,Cl; solution except for 2. ® Measured in acetone-ds except for 2 and 16, which were measured in CD,Cl;. All are relative to
3(Me4Si) 0 ppm. ¢ The 3'P{!H} values are as follows and are relative to §(85% H3PO4) 0 ppm: 22, 15.9 (s, Jp-w = 236); 23, 11.7 (s, Jp_w = 226); 28,

-10.4 (s, Jp-w = 222); 26, ~7.2 (s, Jp-w =

211); 27, 17.2 (s, Jp_w = 235). Abbreviations: s = singlet, d = doublet, t = triplet, hept = heptet, m =

multiplet. These abbreviations do not include the satellites.

the interligand repulsive interaction will increase, and
longer W-W distances are expected. For instance, HW,-
(CO)s(PhNC)(NO) (14) has a shorter W-W distance
(3.3848(8) A) than HW;(CO)7(PhNC)(PrNC)(NO) (20)
(3.443(1) A), and thisis also the case for HW4(CO)s((PrNC)-
(NO) (11) (3.420(1) A) compared to HW2(CO)7((PrNC).-
(NO,y) (9) (38.475 A). As expected, the W-W distance in
HW;(CO)s(MeNC)2(*PrNC)(NO,,) (20) (3.441 A) is longer
than that in HW3(CO)7(MeNC)2(NO.y) (3) (3.389(1) A).
In contrast, contraction of the W-W distance occurs in
going from HW5(CO)7(MeNC)2(NO,,) (4) (3.4800(9) A)
to HW2(C0)e(MeNC),("PrNC)(NO,) (21) (3.3958(9) A),
possibly due to the eclipsed conformation of the former.

The spectroscopic properties (Table IV) of the afore-
mentioned new complexes are consistent with their
formulation. One »(CN) stretching is observed for
HW;3(CO)s(RNC)(NO,,) (11, R = iPr; 12, R = Ph) and
HW;(CO)7(PPhg) *PrNC)(NO.y) (18). Two »(CN) stretch-

Figure 5. ORTEP drawing of HW3(CO)s(MeNC):(*"PrNC)-
(NOeq). Thermal ellipsoids are drawn with 50% probability
boundaries.

equivalent retrodative = bonding to both = orbitals. The
W-C-N and C-N-C’ angles for the isocyanide ligands
range from 173 to 180° and from 173 to 179°, respectively.
The W—-C and C-N distances range from 2.07 to 2.18 A
and from 1.11 to 1.20 A, respectively.

As more CO ligands in HW3(CO)9(NO) are displaced,

ings of similar intensity are found in HW4(CO)7(RNC).-
(NOux) 3,R =Me; 5,R ='Bu; 7, R = PhCHy; 9, R = iPr;
13, R = Ph), HW3(CO)7(RNC)2(NO,y) (4, R = Me; 6,R =
tBu; 8, R = PhCHy; 10, R = iPr), and HW2(CO);(RNC)-
(R’'NC)Y(NOy) (15, R = Ph, R’ = »Pr), which have two
isocyanides cis to each other. HW3(CO)g(PhINC)("PrNC),-
(NO,;) (16) has three meridional isocyanides and exhibits
three v(CN) stretchings, whereas only two »(CN) stretch-
ings are resolved for the meridional isocyanide derivatives
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HW3(CO)s(MeNC)s(®*PrNC)(NO) (20, 21). Asthe degree
of substitution increases, the enhanced d= — pr back-
bonding causes a decrease in ¥(NOgay). The »(NO,,) values
for the mono-, di-, and trisubstituted (the substituents
including phosphines) derivatives of HW3(CO)g(NO) are
at ca. 1700, 1650, and 1610 cm™!, respectively. Being trans
to a strong o-donor, hydride, the axial NO ligand is
expected to have a lower stretching frequency than the
equatorial NO ligand which is trans to a = acceptor, RNC
or CO. For comparison, HW3(CO)7(RNC)3(NO,,) and
HW,(CO)g(RNC)2(R'NC)(NO,) have »(NO) at about 1685
and 1645 cm-1, respectively.

The tH NMR spectra of the hydrides in the complexzes
are consistent with the presence of a W-H-W linkage:30
4-9 to -12 ppm (except for 14), and two sets of tungsten
satellites (1Jw_g = ca. 30-50 Hz). The hydrides for the
complexes with an equatorial NO always appear at lower
field by ca. 3 ppm than the corresponding complexes with
an axial NO. The coupling constant between the hydride
and phosphorus atom of O=PPh; in HW;(CO);(PhNC)-
(O=PPh3)(NO) (14) is 1.29 Hz. Selective decoupling of
the phosphorus nucleus in O=PPh; simplifies the spec-
trum of the hydride to a singlet. S'P{IH} spectra also
indicate that the phosphorus atom of O=PPh; is not

(30) (a) Legzdins, P.; Martin, J. T.; Einstein, F. W. B.; Willis, A. C. J.
Am. Chem. Soc. 1986, 108, 7971. (b) Darensbourg, M. Y.; El Mehdawi,
R.; Delord, T. J.; Fronczek, F. R.; Watkins, S. F. J. Am. Chem. Soc. 1984,
106, 2583.

Lin et al.

directly bonded to the tungsten atom, since no tungsten
satellites are observed. The very low field shift of the
hydride (6 —7.27 ppm) for 14 is similar to those reported
for HW5(CO)7(py)2(NOeq) (5 -7.10 ppm)® and HWo(CO)s-
(THF)5(NO,,) (6 -5.21 ppm),® which contain both a hard
o-donor ligand and NO ligands in the equatorial plane.

Conclusion

The ligand rearrangement of HW4(CO)g(INO) is found
initsreaction with RNC. On the other hand, substitution
of RNC for THF of HW3(CO)7(THF)3(NO,,) does not
perturb the positions of other ligands. Conversion of
coordinated CO, in HW5(CO)g(NO,,) and its derivatives,
to RNC also proceeds without any ligand rearrangement.
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