902 Inorg. Chem.1997, 36, 902—912

WCI4(NR2)2(PR'3)2 Molecules. 5. Preparation and Characterization of WCI4(NEt2)2(L-L)
(L-L = dmpm, dmpe, dppe), WCl4(NBu)2(L-L) (L-L = dmpm, dmpe), and
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The triply-bonded ditungsten complexes®@V(NEt)(L-L) (L-L = dmpm, dmpe), WCI4(NBuy)2(L-L) (L-L =
dmpm, dmpe), and ¥Cl,(NHex)2(dmpm) are formed in the reactions betweeaGM(NR;)(NHRy). (R = Et,

Bu, Hex= n-CgH13) and bis(dimethylphosphino)methane (dmpm) or bis(dimethylphosphino)ethane (dmpe). In
each case, three isomeric forms have been detected in solutiéfP{dyH} NMR spectroscopy, and they are
formulated as thérans,trans, cis,trans, andcis,cisisomers. Complexes designated cis,trans have one P atom
of the bridging diphosphine cis to the N atom on one W atom and another P atom trans to the N atom on the
other W atom. The characterization ois,transW,Cli(NEt)(dmpm) (1), cis,cisW2Cla(NEt)(dmpm) @),
cis,transW,Cly(NBuy)(dmpm) @), cis,cisW,Cla(NBuy)(dmpm) @a, 4b), cis,cisW,Cly(NHex)(dmpm) 6),
cis,transW,Cl4(NEt)2(dmpe) 6), and cis,transW,Cly(NBuy)(dmpe) ) has been accomplished by X-ray
crystallography. Pertinent crystal data are as follows: Ifanonoclinic space groug2/c, a = 33.210(3) Ab

= 8.725(4) A,c = 17.052(4) A8 = 100.44(13, Z = 8; for 2, monoclinic space group2;/c, a = 8.760(3) A,

b = 21.028(8) A,c = 12.778(5) A8 = 91.77(3}, Z = 4; for 3, orthorhombic space groupbca a = 14.958(2)

A, b=15.823(2) A,c = 27.8014(9) AZ = 8; for 4a, C2/c, a= 18.011(4) Ab = 17.221(4) A,c = 21.264(6)

A, B =103.33(2}, Z = 8; for 4b (4a,bare polymorphic)Pbcag a= 14.772(2) Ab=17.188(1) Ac = 25.370(3)

A, Z=8; for5, C2/c, a= 18.368(4) Ab = 17.060(2) Ac = 30.414(4) A8 = 103.96(13, Z = 8; for 6, P2i/c,
a=9.596(2) A b= 15.975(2) A,c = 18.756(4) A8 = 96.73(1}, Z = 4; for 7, monoclinic space group2y/n,
a=9.465(1) A,b = 34.545(7) Ac=10.177(4) A8 = 97.220(1}, Z= 4. Among them is one unprecedented
type of geometrical isomer, namely, tloés,transisomers of WCI,P,N, complexes. In order to structurally
characterize f&rans,transisomer for WCl4(NRy)2(L-L) molecules, a bis(diphenylphosphino)ethane (dppe) analogue,
trans,transW,Cl4(NEt)(dppe) 8), has been prepared, and it crystallizes with a molecule of toluene, in the space
group P2,/n with a = 16.396(3) Ab = 10.104(2) A.c = 26.680(2) A, = 92.22(1}, andZ = 4. Each of the
compoundd —8 has an essentially staggered®4P,N, conformation with the W atoms bound by a triple bond.
The W—W distances fall within the narrow range 2.312.341 A. All of them show significant torsion angles

in the solid state.

Introduction four complexes of the unprecedented type Il have now been
The recent syntheses of M(NHCMe)s(L-L) (L-L = prepared and structurally characterized. The present work is

_ also an interesting extension of the earlier studies oMY
grtTpITexanlzi I?A%S,métfﬁ)g?r;?eﬁgé(IS\IFI:SZEEZR;)J? (ithereitt, for (NHCMes)z(L-L) and WoCL(NR;)2(PR3), type compounds.
the preparation of a new type of complex having the stoichi-
ometry WoCl4(NRy)2(L-L), where L-L is a bidentate phosphine.
We therefore undertook studies of the reaction of2IMNRy)2- General Procedures All manipulations were carried out under an
(NHRy), with some diphosphine ligands. atmosphere of dinitrogen or argon. Standard Schlenk and vacuum line

There are six distinct geometric isomers @t-d® complexes techniq_ues were used. Toluene, .hexane§, and THF were purified by
with a W>Cl4P.N, core in a staggered geometry (wherdia distillation under N from potassium/sodium benzophenone ketyl.

S - . - f . Dichloromethane was distilled under, ffom phosphorus pentoxide.
:)rldgl?g dlproiph'nte)' as ;Ilgs'irated II? Flgu|r|? 1. thEey are dmpm and dmpe were purchased from Strem Chemicals and used as
rans,trans (1), two types ofcis,trans (Il an ) an ree received. All dialkylamines and dppe were purchased from Aldrich,

types ofcis,cis (IV—VI) isomers. None of these geometrical |nc and used without further purification. WoONas prepared by

Experimental Section

isomers has ever been reported, though examplessafis refluxing WCk and W(CO} in chlorobenzenéand WiClg(THF), was

W,Cl4(NHCMe;)(L-L) (L-L = diphosphines) in a partly  prepared according to the literature method using-Ng as the

eclipsed geomethyandtrans,trans-andcis,cisW,Cl4(NHCMes)- reducing agent.

(PMe&), in a perfect eclipsed geometrnare known in the Syntheses. (i) WCI4(NEty)2(dmpm). An excess of dmpm (0.12

literature. One type | complex, three type IV complexes, and mL)was added by syringe to a stirred solution ofGM(NEL)(NHEL),

® Abstract published ilhdvance ACS Abstract$-ebruary 1, 1997. (3) (a) Bradley, D. C.; Hursthouse, M. B.; Powell, H. R.Chem. Soc.,
(1) Cotton, F. A.; Dikarev, E. V.; Wong, W. YInorg. Chem.1997, 36, Dalton Trans.1989 1537. (b) Cotton, F. A.; Yao, Z1. Cluster Sci.
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Figure 1. The six possible geometrical isomers forL@(NR2)2(L-
L) molecules.

prepared by reaction of YZlg(THF), (from 0.50 g of WCIJ) with
diethylamine in tetrahydrofuran (15 m&)The solution started to turn
dark-brown, andn situ monitoring by3P{*H} NMR spectroscopy of

a sample of the mixture at the very beginning of the experiment (within
10 min) showed the presence toéins,trans and cis,transisomers in

the approximate proportion 72:28, respectively, based on integrated
intensities of the*’P{*H} NMR spectral peaks at room temperature.
As time passed, three isomers correspondirtgaios,trans, cis,trans
andcis,cisstereochemistry appeared at the same time in the mixture.
After abou 1 h of stirring, the solvent and other volatile components
were removed under vacuum. The residual solid was redissolved in
hot toluene (10 mL) to give a deep red solution, and 15 mL of hexanes
was layered on it. Bright red microcrystallineis,cisW,Cls-
(NEt)2(dmpm) @) (0.35 g, 58% based on Wgland a tiny amount of
dark-red crystals otis,transW,Cls(NEt)(dmpm) @) (24 mg, 4%)
were observed in the Schlenk tube after 1 day at room temperature.
Attempts to isolate and crystallize theans,transisomer were unsuc-
cessful so far, and no attempts were made to optimize the yieldrof

this reaction. Single crystals @were obtained by slow diffusion of
hexanes into a solution & in dichloromethane at room temperature
for 2 days.

For thetrans,transisomer,3P{!H} NMR data (GDs + THF, 19
°C, d): —1.74(s,"Jw-p = 57 Hz,%Jp_p = 13.0 Hz).

For 1, 31P{*H} NMR data (GDs + THF, 19°C, 8): —0.45 (d,2Jp_p
= 101.8 Hz, trans-P), 2.68 (dJr—p = 101.8 Hz, cis-P).

For 2, IR data (cm): 1409 (w), 1366 (ms), 1354 (m), 1294 (w),
1284 (m), 1261 (s), 1185 (w), 1153 (w), 1144 (w), 1099 (s), 1080 (s),
1018 (s), 1007 (s), 950 (ms), 935 (s), 895 (vw), 879 (w), 873 (w), 845
(w), 803 (vs), 747 (w).

'H NMR data (CDC}, 24 °C, 6): 0.98 (t,J = 7.1 Hz, 6H, distal
CHy), 1.46 (t,J = 7.1 Hz, 6H, proximal Ch), 1.49 (t,J = 4.8 Hz, 6H,
PMe), 2.23 (t+ m, J = 4.8 Hz, 8H, PMe + distal NCH,CHj), 2.74
(m, 2H, distal NGH,CH), 3.70 (t,J = 10.6 Hz, 2H, PCHP), 4.37 (m,
2H, proximal NGH,CHjz), 6.28 (m, 2H, proximal NE&,CHs).

31P{1H} NMR data (GDs + THF, 19°C, d): 5.86 (s,}Jw-p = 150
HZ, 2Jp,p =76.7 HZ)

FAB/DIP (NBA, CH,Cl,, m/2: 790 (IM]*), 755 (M — CI]*), 718
(IM — 2CIJ* or [M — NEt]*), 681 ([M — 3CI]* or [M — Cl — NEt]*).

(5) (a) Chisholm, M. H.; Eichhorn, B. W.; Folting, K.; Huffman, J. C.;
Ontiveros, C. D.; Streib, W. E.; Van Der Sluys, W. [@org. Chem.
1987 26, 3182. (b) Sharp, P. R.; Schrock, R. R.Am. Chem. Soc.
1980 102 1430.
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(if) W 2Cl4(NBug)>(dmpm). To the tetrahydrofuran solution (15 mL)
of W,Cl4(NBuy)2(NHBU), (from 0.50 g WCJ)? was added excess
dmpm (0.12 mL) via syringe, and the color of the solution became
dark-brown in a few minutes. As in (i), tHéP{H} NMR spectrum
of this solution mixture again indicated that three distinct isomers of
W,Cly(NBu,)2(dmpm) were present. The reaction mixture was stirred
for about 1 h, after which all the volatile components were removed
under vacuum. The dark red-brown residue was first extracted with
warm hexanes (10 mL), from which some tiny red crystals3adf
good X-ray quality (40 mg, 6%) were obtained by keeping the hexanes
extract in a freezer at ca:15 °C for several days. No attempts were
made to optimize the yield in this reaction. The remaining residue
was then redissolved in hot toluene (15 mL), and isomeric hexanes
was carefully layered on this deep red solution. This layered mixture
was left undisturbed for 1 week, producicig,cisW,Cls(NBu,),(dmpm)
(4a,b) in two polymorphic forms with the overall yield of about 52%,
based on WG

For thetrans,transisomer,®*P{*H} NMR data (GDs + toluene+
THF, 19°C, 6): —3.15 (s,3w-p = 56 Hz,2Jp_p = 12.2 Hz).

For 3, 3'P{H} NMR data (GDs + toluene+ THF, 19°C, 6): —1.06
(d, 2p—p = 101.4 Hz, trans-P), 1.56 (8Jp—p = 101.4 Hz, cis-P).

For 4, IR data (cm?): 1414 (w), 1296 (w), 1283 (w), 1261 (vs),
1171 (w), 1094 (vs, br), 1020 (vs, br), 957 (m), 940 (m), 901 (w), 872
(w), 853 (w), 801 (vs), 744 (w).

1H NMR data (GDs, 24 °C, 6): 0.88-0.96 (m, 10H, distal Ckl+
NCH2(CH)2CHg), 1.05-1.22 (m, 20H, proximal Ckl + PMe, +
NCHa(CHy)CHs), 1.67 (m, br, 4H, NCK{CH,),CHs), 1.90 (virtual t,
6H, PMe), 2.18 (m, 2H, distal NEI,(CH,),CHjz), 2.72 (m, 2H, distal
NCH(CH,)CHs), 2.91 (t,J = 10 Hz, 2H, PCHP), 4.13 (m, 2H,
proximal NCH(CHy),CHs), 6.75 (m, 2H, proximal NE(CH).CHs).

31P{1H} NMR data (GDs + toluene+ THF, 19°C, 6): 4.73 (s,
lJW_p =150 HZ,ZJp_p =749 HZ)

FAB/DIP (NBA, neatm/2: 902 ([M]*), 866 (M — CI]*), 774 (M
— NBu;]*), 738 (IM — 2CI]*), 646 (M — 2NBw]*).

(i) W 2Cl4(NHexz)(dmpm). The synthesis of WCI4(NHex),(dmpm)
followed a similar course to that for (i) and (ii). Upon addition of
dmpm to a solution of \WCl4(NHex)2(NHHex). (from 0.50 g of WCJ)
in tetrahydrofuran (15 mL3,the 3P{H} NMR spectrum initially
revealed a mixture ofrans,trans and cis,cisisomers in solution in
ratio of 76:24 after 10 min at room temperature. Afieh of stirring,
all the volatile components of the slurry were removed under reduced
pressure. Initial hexanes extraction (15 mL) of the resulting residue
led to immediate crystallization of irregular orange-red microcrystals
of 5 at room temperature as identified B?{*H} NMR spectroscopy.
The residue was extracted with a minimum volume of toluene (10 mL),
and hexanes were layered on this solution. However, no crystals were
obtained in this way. A second crop of red crystalsscaduitable for
X-ray diffraction studies was then obtained from the toluene/hexanes
solvent mixture at-15 °C after 1 week. The overall yield & was
about 55%, based on starting WCIHowever, no crystals were yet
available for the other two isomers.

For thetrans,transisomers 3'P{*H} NMR data (GDs + THF, 19
°C, d): —2.00 (s,%w-p = 57 Hz,2Jp_p = 13.0 Hz).

For thecis,transisomer,3P{*H} NMR data (GD¢ + THF, 19°C,

0): —0.32 (d,2Jp—p = 101.4 Hz, trans-P), 2.76 (dJp—p = 101.4 Hz,
cis-P).

For 5, IR data (cnl): 1418 (w), 1296 (w), 1282 (w), 1260 (s),
1150 (w), 1092 (s, br), 1019 (s, br), 957 (m), 938 (m), 873 (w), 799
(vs).

H NMR data (GDs, 24 °C, 6): 0.76 (virtual t, 6H, distal Ch),
0.91 (m, 14H, proximal Ckl+ NCHy(CH)4CHs), 1.10(virtual t,J =
3.9 Hz, 6H, PMg), 1.13-1.60 (m, br, 16H, NCB{CH2),CHs), 1.92
(virtual t,J = 4.7 Hz, 6H, PMg), 2.23 (m, 2H, distal NEz(CH,)sCHj),

2.50 (m, 8H, NCH(CH,)4CHj), 2.80 (m, 2H, distal NEl,(CH,)sCH),
2.94 (t,J=10.5 Hz, 2H, PCKP), 4.18 (m, 2H, proximal NB,(CH,),-
CHj), 6.75 (m, 2H, proximal NE(CH,)4sCHj).

S1P{H} NMR data (GDs + THF, 19°C, d): 5.74 (s,8w-p = 149
HZ, Zprp = 76.2 HZ).

FAB/DIP (NBA, neat,m/2: 1014 ([M]*), 978 (M — CI]*), 830
(IM — NHex]"), 794 (M — Cl — NHex]").

(iv) W 2Cl4(NEt2)2(dmpe). Similar procedures to those for (i) were
followed to prepare ACI4(NEt)2(dmpe) using dmpe (0.13 mlx1
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equiv) instead of dmpm. The reaction mixture immediately after mixing
of the reactants was shown BY{*H} NMR spectroscopy to contain
a mixture oftrans,trans, cis,trans, and cis,cisisomers in the ap-
proximate proportion 75:24:1. Stirring was continued for 1 h, after
which the solvent and other volatile components were remamed

vacua The residue was then extracted with warm hexanes (20 mL),

Cotton et al.

orange-red crystals of (71 mg, 10%) formed in 2 days at room
temperature. Attempts to isolate this,cisisomer are so far unsuc-
cessful.

For thetrans,transisomer, IR data (crmt): 1419 (s), 1363 (m), 1300
(ms), 1284 (ms), 1260 (w), 1225 (vw), 1156 (ms), 1115 (m), 1106
(m), 1074 (m), 1051 (vw), 1018 (m), 998 (ms), 952 (vs), 934 (vs), 916

and the bright red solution was concentrated and allowed to stand at(vs), 897 (s), 882 (w), 872 (vw), 844 (ms), 808 (w), 796 (m), 780 (w),

room temperature for-34 days to afford a first crop of red plate-
shaped crystals ofrans,transW,Cls(NEt),(dmpe) as identified by

742 (s), 711 (s), 643 (s).
H NMR data (GDs, 24 °C, d): 0.79 (d,J = 6.8 Hz, 6H, PMg),

31P{H} NMR spectroscopy and mass spectrometry. A second crop 0.82 (t,J = 7.2 Hz, 6H, distal Ck), 1.07 (t,J = 7.2 Hz, 6H, proximal

of red crystals was obtained by keeping the supernatant liquid@t O
for 2 days. The overall yield was about 51%. In fact, X-ray data

CHs;), 1.23 (m, NCH(CH2),CHs; and part of CH protons of
Me:P(CHy):PMe), 1.67 (d,J = 9.2 Hz, 6H, PMg), 1.50-1.88 (m, br,

collection has been carried out for these crystals four times and eachNCH,(CH,),CHs), 2.04 (d,J = 10.4 Hz, CH protons of MgP(CH),-

case led to an orthorhombic or tetragonal crystal system. However, PMe), 2.57 (m, 2H, distal NE8(CH,),CHs), 3.10 (m, 2H, distal
attempts to solve the structure have met with little success, probably NCHx(CH,)4sCHs), 4.77 (m, 2H, proximal NE&,(CH,)4CHs), 5.98 (m,
due to the occurrence of superlattices for the crystals. The remaining 2H, proximal NGH2(CH,)sCHs).

residue was dissolved in toluene (10 mL) to give an orange-red solution.

Orange-red crystalline solids éf(0.11 g, 18%) were obtained upon
cooling a concentrated toluene solution td@for 2—3 days. Single

crystals of 6 were grown by slow diffusion of hexanes into a
dichloromethane solution @& at room temperature for 2 days, but slight

decomposition also took place to leave some brown precipitates.

Following toluene extraction, the remaining residue was further
dissolved in CHCl,. The3'P{1H} spectrum of this CkCl, solution
shows a significant amount afis,cisW,Cls(NEt).(dmpe), but this

complex readily undergoes oxidation in chlorinated solvents at ambient

temperature.

31pf1H} NMR data (GDs, 19 °C, 0): 6.16 (s,%Jw-p = 112 Hz,
3Jp-p=23.0 HZ)

FAB/DIP (NBA, CsHs, m/2: 916 ([M]*), 881 ([M — CI]*), 788
(IM = NBu]*"), 751 (IM — Cl — NBu]*), 716 ([M — 2Cl — NBu]*),
661 (M — 2NBw]™").

For7, IR data (cmY): 1422 (vw), 1412 (vw), 1383 (m), 1303 (w),
1285 (w), 1261 (ms), 1160 (w), 1095 (s), 1020 (s), 947 (m), 934 (m),
918 (w), 900 (w), 875 (vw), 801 (s), 744 (w), 715 (w), 667 (vw), 643
(vw).

H NMR data (CDC}, 24°C, ¢): 0.83 (m), 0.93-1.27 (m), 1.36-
1.61 (m), 1.82 (dJ = 8.8 Hz, 3H, PMg), 1.97 (d,J = 8.8 Hz, 3H,

The same reaction has also been carried out using a pure crystallind®Me), 2.08-2.99 (m, distal NE1(CHz)4CHs), 4.59 (m, 1H, proximal

sample ofis,cisW,Cl4(NEL)(NHEL),, and the results were essentially
the same.

For thetrans,transisomer, IR data (crmt): 1417 (w), 1356 (vw),
1300 (w), 1282 (w), 1261 (vs), 1185 (vw), 1148 (sh), 1095 (vs), 1019
(vs), 946 (m), 935 (w), 880 (m), 869 (sh), 799 (vs), 740 (vw), 668
(vw), 644 (vw).

H NMR data (GDs, 24 °C, 9): 0.78 (d,J = 8.9 Hz, 6H, PMg),
1.01 (m, 8H, distal CEl+ CH, protons of MeP(CH,).PMe,), 1.48 (t,
J=17.1Hz, 6H, proximal Ch), 1.67 (d,J = 9.2 Hz, 6H, PMe), 2.03
(d, J = 9.2 Hz, 2H, CH protons of MeP(CH,).PMe&,), 2.59 (m, 2H,
distal NCH,CHs), 2.92 (m, 2H, distal N&,CHs), 4.66 (m, 2H, proximal
NCH,CHj3), 5.87 (m, 2H, proximal N&,CHj).

31p{1H} NMR data (GDs, 19 °C, 8): 6.14 (s,Yw-p = 112 Hz,
3prp =23.0 HZ)

FAB/DIP (NBA, CsHs, m/2: 804 ([M]*), 769 (M — CI]*), 733
(IM — 2CI)* or [M — NEt;] %), 695 (IM — 3CI]* or [M — Cl — NEt]*),
660 ([M — 2Cl — NEt]™).

For 6, IR data (cm?): 1494 (w), 1418 (m), 1354 (m), 1300 (m),
1284 (m), 1261 (w), 1183 (w), 1158 (vw), 1144 (w), 1097 (m), 1066
(w), 1038 (w), 1023 (vw), 1000 (ms), 947 (vs), 931 (s), 894 (w), 883
(m), 841 (w), 797 (s), 744 (m), 733 (ms), 714 (ms), 696 (W), 644 (m).

H NMR data (CDCJ, 24 °C, 0): 1.05-1.23 (m), 1.3+1.54 (m),
1.82 (d,J = 9.4 Hz, 3H, PMeg), 1.97 (d,J = 9.4 Hz, 3H, PMg), 2.30—
3.08 (m, br, distal NEI,CHs), 4.77 (m, 1H, proximal N&,CHj3), 5.03
(m, 1H, proximal NG1,CHs), 5.26 (m, 1H, proximal N&,CHs), 5.92
(m, 1H, proximal NG,CHj).

31p{1H} NMR data (GDs, 19 °C, 0): 5.58 (d,Jw-p = 141 Hz,
3Jp—p = 32.5 Hz, trans-P), 8.92 (dJw-p = 292 Hz,3Jp_p = 32.5 Hz).

FAB/DIP (NBA, neat,m/2: 804 ([M]*), 769 ([M-CI]*), 733 (M
— 2CIJ*" or [M — NEt]"), 695 ([M — 3CI]* or [M — Cl — NEt]").

For thecis,cisisomer,3P{*H} NMR data (GDs + toluene, 19°C,

0): 10.42 (s,\dw-p = 303 Hz,3Jp—p = 47.5 Hz).

(v) W2Cl4(NBuy)z(dmpe). Compound WCI4(NBu,)z(dmpe) was
prepared in a similar manner as@l(NEt),(dmpe) using WCl4-
(NBu,)2(NHBU,), as the starting material instead. Upon the addition
of dmpe (0.13 mL) and with similar workup procedures using

NCHz(CH2)4CH3), 4.90 (m, 1H, proximal NEZ(CH2)4CH3), 5.20 (m,
1H, proximal NGHx(CH,)4CHs), 5.89 (m, 1H, proximal NE(CH,),CHs).

31P{1H} NMR data (GDs, 19 °C, 0): 6.03 (d,Ww-p = 140 Hz,
3Jp-p = 32.7 Hz, trans-P), 9.34 (dJw-r = 293 Hz,3Jp—p = 32.7 Hz,
cis-P).

FAB/DIP (NBA, neatm/2: 916 (IM]*), 881 (IM — CI]*), 788 (IM
— NBug]*), 751 ([M — Cl — NBug]*), 660 ([M — 2NBu,]*).

For thecis,cisisomer,?'P{*H} NMR data (GDs + toluene, 19°C,

0): 10.74 (s,%Jw-p = 303 Hz,3Jp_p = 45.9 Hz).

(vi) trans,transW,Cl4(NEt,)2(dppe) (8). dppe (0.30 g1 equiv)
was dissolved in toluene (5 mL) and added via cannula to a solution
of W,Cly(NEt)(NHEL), preparedin situ from 0.50 g of WC} in
tetrahydrofuran (15 mL). Th&P{*H} NMR spectrum of the reaction
mixture indicated that compour8iwas the sole product (as identified
by X-ray diffraction) and no other isomers were observed even after 1
day stirring or heating. After 1 h, the solvent was removed under
vacuum and the residue extracted with hot toluene to afford a deep red
solution. An abundant crop of red needles8adf good X-ray quality
(0.41 g, 51% based on WfJwas obtained by slow diffusion of hexanes
into the toluene solution at room temperature for 15 h. However,
compound8 was readily oxidized (or disproportionated) in solutions
at room temperature to form a pink solution. We were able to identify
one of the decomposition products to be [WOCI(dpepn the basis
of 3'P{*H} NMR and UV-vis spectral daté.

IR data (cn?): 3061 (w), 3043 (W), 1495 (m), 1484 (m), 1433 (s),
1407 (w), 1356 (m), 1299 (vw), 1287 (vw), 1261 (m), 1186 (m), 1160
(w), 1149 (w), 1100 (s), 1090 (m), 1075 (w), 1064 (w), 1038 (w), 1027
(w), 1002 (m), 920 (vw), 879 (w), 862 (m), 835 (w), 800 (s), 750 (s),
744 (s), 740 (s), 735 (s), 705 (s), 693 (s), 677 (m), 668 (w).

H NMR data (GDs, 24 °C, 0): 0.87 (t,J = 7.0 Hz, 6H, distal
CHj3), 1.50 (t,J = 7.0 Hz, 6H, proximal CH), 2.33 (virtual t,J = 9.8
Hz, 2H, P(CH),P), 2.37 (m, 2H, distal NB,CHjs), 2.74 (m, 2H, distal
NCH.CHj), 3.17 (virtual t,J = 9.8 Hz, 2H, P(CH),P), 4.78 (m, 2H,
proximal NCH,CHjz), 6.01 (m, 2H, proximal N&,CHs), 6.75-7.36
(m, 20H, Ph).

31P{ lH} NMR data (QDG + CH2C|2, 19 QC, (3) 9.47 (S,l.]wfp =
80 Hz,3Jp_p = 12.8 Hz).

FAB/DIP (NBA, neat,m/2: 1051 ([M]*), 1016 ([M — CIJ*), 980

extraction into hexanes (20 mL), an abundant crop of red crystals of (M — 2CI]* or [M — NEt] "), 945 (]M — 3Cl]* or [M — Cl — NEt;]*).

trans,transW,Cl4(NBu,)(dmpe) (0.40 g, 57%) was obtained by cooling
a concentrated hexanes solution to c&for 1 week. As for the
analogougrans,transW,Cls(NEt),(dmpe) complex, no structure solu-

tion has yet been available for these crystals. When hexanes were

Physical Measurements.The IR spectra were recorded on a Perkin-
Elmer 16PC FT-IR spectrophotometer as Nujol mulls between KBr
plates. *H NMR spectral measurements were performed on a Varian

layered on the toluene extract of the remaining residue, plate-shaped (6) Chiu, K. W.; Lyons, D.; Wilkinson, GPolyhedron1983 2, 803.
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XL-200 spectrometer operating at 200 MH# NMR chemical shifts

are referenced to the residual proton impurity in the deuterated solvent.
The3P{H} NMR data (81 MHz) were obtained at room temperature
on a Varian XL-200 broad band spectrometer with the chemical shift
values referenced externally and are reported relative to 85R0MH

D,O. The FAB/DIP (DIP= direct insertion probe) mass spectra were
acquired using a VG Analytical 70S high-resolution, double-focusing,
sectored (EB) mass spectrometer. The instrument is equipped with a
VG 11/250J data system that allowed computer control of the
instrument, data recording, and data processing. Samples for analysis
were prepared either by dissolving neat solid compoundmin
nitrobenzyl alcohol (NBA) matrix or mixing a solution of the compound

in CH,Cl, or CsHg with an NBA matrix on the direct insertion probe

tip. The probe was then inserted into the instrument through a vacuum
interlock and the sample bombarded with 8 keV xenon primary particles
from an lon Tech FAB gun operating at an emission current of 2 mA.
Positive secondary ions were extracted and accelerated to 6 keV and
then mass analyzed.

X-ray Crystallographic Procedures. Single crystals of compounds
1-8 were obtained as described in the Experimental Section. Geo-
metric and intensity data were collected on the following diffractome-
ters: Rigaku AFC7R), Rigaku AFC5R 2 and8-C7Hg), Enraf-Nonius
CAD-4S (-C7Hg and 6-CH,Cl,), and Enraf-Nonius FAST3( 4a,b,

7). Detailed procedures have previously been descriBefor the
crystals on the CAD-4S and Rigaku diffractometers, unit cells were
determined by using search, center, index, and least-squares routines.
The Laue classes and lattice dimensions were verified by axial
oscillation photography. The intensity data were corrected for Lorentz
and polarization effects and for decay where necessary. Empirical
absorption corrections based on a seried’afcans were also appliéd.
For the crystals on the FAST diffractometer, a preliminary data
collection was first carried out to afford all parameters and an orientation
matrix. Fifty reflections were used in cell indexing and 250 reflections
in cell refinement. Axial images were used to confirm the Laue group
and cell dimensions. All calculations were performed on a DEC 3000-
800 AXP workstation. The coordinates of W atoms for all structures
were determined by direct methods as programmed in SHELXS-86
or SHELXTL.® The positions of the remaining non-hydrogen atoms
were located using subsequent sets of least-squares refinement cycles
followed by difference Fourier syntheses using the SHELXL-93
structure refinement prograth. These positions were initially refined
with isotropic displacement parameters and then with anisotropic
displacement parameters to convergence. Except for compauardb
6-CH.Cl;, hydrogen atoms were included in the structure factor
calculations at idealized positions in each model and were allowed to
ride on the neighboring carbon atoms. Crystallographic data and
refinement results fot—8 are summarized in Table 1. Tables 2 and
4 list the selected bond distances and angles foeith#ans andcis,cis
isomers, respectively. Tables 3 and 5 tabulate the important torsional
angles about the WW axis for 1-7. The important molecular
parameters foB are presented in Table 6. Tables of positional and
isotropic parameters, and anisotropic displacement parameters as well
as complete tables of bond distances and angles and coordinates of
hydrogen atoms are available as Supporting Information.
cis,transW,Cl4(NEt;)(dmpm) (1). A dark-red crystal with the
approximate dimensions of 0.500.10 x 0.10 mm was mounted and
sealed inside a Lindemann capillary. The unit cell constants were
determined from 25 reflections in the range ¥226 < 17°. Data
collection was carried out with an—26 scan motion in the range 4
260 < 48°. There was no observable decay during the data collection.
Systematic absences narrowed the choice of space gro@&dand
Cc. The centrosymmetric space groff/c, was selected for initial

(7) (a) North, A. C. T.; Phillips, D. C.; Mathews, F. &cta Crystallogr.,
Sect. A1968 A24 351. (b) TEXSAN: Crystal Structure Analysis
Package, Molecular Structure Corp., Houston, TX, 1985 and 1992.

(8) Sheldrick, G. M. InCrystallographic Computing;3heldrick, G. M.,
Kruger, C., Goddard, R., Eds.; Oxford University Press: Oxford, U.K.,
1985; p 175.

(9) SHELXTL V. 5, Siemens Industrial Automation Inc., 1994.

(10) Sheldrick, G. M. InCrystallographic Computing ;6Flack, H. D.,
Parkanyi, L., Simon, K., Eds.; Oxford University Press: Oxford, U.K.,
1993, p 111.

Table 1. Crystallographic Data focis,transW,Cl4(NEt)(dmpm) @), cis,cisW2Cli(NEt)(dmpm) @), cis,transW,Cly(NBuy)(dmpm) @), cis,cisW.Cls(NBuz)(dmpm) @a,b),

cis,CisW,Cly(NHex)(dmpm) 6), cis,transW,Cl4(NEt)(dmpe) 6), cis,transW,Cls(NBuy)(dmpe) ), andtrans,transW,Cly(NEL)2(dppe) 8)

Inorganic Chemistry, Vol. 36,

8 C7H8
W2C|4P2C41H 52N2

6'CH2C|2
W2C|6P2C15H38N2

4b 5C;Hg
W;,ClaP2CaeH74N;

W2C|4P2C21H 50N2

4a
W,Cl4P,Co1HsoN2

W,Cl4P,CozHsN,

WZC I4F’2C21H SON 2

W,ClyP>Ci3HaaNo

789.86

WACI4P-CiH3aN»

789.86

formula

fw

1144.29
P2:/n (No. 14)

902.07 1106.41 888.81 916.10
C2/c (No. 15) P2;/c (No. 14) P2:/n (No. 14)

Pbca(No. 61)

902.07
C2/c (No. 15)

902.07
Pbca(No. 61)

16.396(3)
10.104(2)
26.680(2)

92.22(2)

4417(1)

9.465(1)
34.545(7)
10.177(4)

97.220(1)

3301(2)

9.596(2)
15.975(2)
18.756(4)

96.73(1)

2855.4(9)

18.368(4)
17.060(2)
30.414(4)

103.96(1)

9249(3)

14.772(2)
17.188(1)
25.370(3)

90
6442(1)

18.011(4)
17.221(4)
21.264(6)
103.33(2)
6418(3)

14.958(2)
15.823(2)
27.8014(9)
90
6580(1)

8

91.77(3)
2353(1)

P2,/c (No. 14)
4

8.760(3)
21.028(8)
12.778(5)

C2/c (No. 15)
33.210(3)
8.725(4)
17.052(4)
100.44(1)
4859(3)

8

space group
a A

b, A

c, A

B, deg

v, A3

Z

1.721

1.843
7.398

2.068
Mo Ka (0.710 73) Cu K (1.541 84) Mo K (0.710 73) Mo K (0.710 73) Mo Kt (0.710 73) Mo Kx (0.71073) Mo Kx (0.71073) Mo Kt (0.71073) Cu kx (1.541 84)

1.589
8.731

5.296

1.860
7.581

1.867
7.609

2.159 2.230 1.821

Pcale g/ cn?

12.624

10.033 23.269 7.422

—1

,m
radiation ¢, A)
temp,°C

20

-60

-100

-100

-60

-60

-60

20

20

0.047, 0.106
0.075, 0.130

0.026, 0.065
0.032, 0.071

0.047, 0.107
0.107, 0.132

0.098,0.114

0.040, 0.086

0.061, 0.125
0.133, 0.149

0.045, 0.108
0.094, 0.139

0.063, 0.170
[ZIW(F? = F S IW(FAT 2

0.059, 0.166

0.023, 0.046
0.055, 0.058

RLAWR2® [I > 20(1)]

R1,2wR2® (all data)

55, 199B05
—

aR1 = JIIF,| -| Fel/Y |Fol. PWR2
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refinement, and this choice proved satisfactory. Hydrogen atoms werevary but were constrained so that the sum equaled to 1. The resulting
located from difference Fourier maps and were refined. The largest model yielded reasonable bond distances and angles. All the nondis-
remaining peak in the final difference Fourier map was 0.7£.e/A ordered non-hydrogen atoms were then refined anisotropically. The
cis,cisW,Cla(NEt2)(dmpm) (2). A red crystal with dimensions final difference electron density map had no significant features other
of 0.35x 0.15 x 0.10 mm was mounted on the top of a glass fiber than several small peaks close to W atoms.
with epoxy cement. Centering, indexing, and a least-squares calculation  cis,transW,Cl4(NEt,),(dmpe) (6). A red block-shaped crystal
on the 25 reflections with 58 26 < 78 ° (Cu Ko radiation) gave a having dimensions of 0.5& 0.35 x 0.28 mm was mounted on the
monoclinic crystal system. The intensity data were gathered by the top of a quartz fiber with grease. A monoclinic cell was obtained based
w—26 scan method in the range 8 26 < 120°. No crystal decay on the 25 reflections with @ values 36-40°. The intensities of all
was observed. The space groBpy/c was assigned from systematic  reflections with 2 values in the range-454° were measured by the
absences. The largest peak in the difference Fourier map was 2.76w—6 scan technique. The space grd®@y/c was identified uniquely
e/A3, lying 1.28 A from W atom. from the systematic absences in the data. After all the non-hydrogen
cis,transW,Cl4(NBuy)(dmpm) (3). A tiny red block of dimensions atoms of the whole dinuclear complex had been located, the difference
0.18 x 0.13 x 0.13 mm was mounted with silicone grease on the tip Fourier map still had three significant peaks which appeared to be a
of a quartz fiber and immediately placed in a stream of cold nitrogen CH,Cl, solvent molecule. The non-hydrogen atoms in both molecules
at—60°C. The intensity data were collected with an area detector for were refined anisotropically. Hydrogen atoms were then included and
4 < 26 < 50°. The data were corrected for Lorentz and polarization refined. This model was refined to convergence and the final difference
effects by the MADNES progrart. Systematic absences in the data electron density map revealed only one peak above 1, &g 1.10
uniquely determined the space group to Peca The data were A from W(1).
corrected for absorption anisotropy effects using a local adaptation of cis,transW,Cl4(NBuy),(dmpe) (7). An orange-red crystal of di-
the program SORTAV? All the non-hydrogen atoms were refined  mensions 0.36 0.15x 0.10 mm was carefully selected and mounted
anisotropically. The final difference Fourier map showed no significant on the top of a quartz fiber. The intensity data were measured in the
peaks other than those located in the vicinity of the W atoms. range 4< 20 < 43°. The space group2,/n was determined based on
cis,CisW2Cla(NBuy)2(dmpm) (4a,b). Crystals of4a,bobtained by the systematic absences. Absorption corrections based on the SORTAV
slow diffusion of hexanes into the GBl, solution were separated under  program were applied. The largest remaining peak in the final
a microscope on the basis of the different shapes of the crystals (red-difference map was 0.83 elAlocated 1.25 A from W atom.
brown blocks for4a and red needles fotb). For 4a, a red-brown trans,transW2Cl4(NEt,)2(dppe) (8). A red needle-shaped crystal
block-shaped crystal of dimensions 0.330.08 x 0.05 mm was  wijth dimensions of 0.8 0.10 x 0.10 mm was glued on the tip of a
selected and mounted on the end of a quartz fiber with grease. Dataglass fiber with epoxy cement. Compour® crystallized in the

collection was carried out in the range<426 < 50°. The space group  monoclinic crystal system based on the 25 reflections withahging
C2/c was chosen and confirmed by successful solution and refinement from 28 to 35 (Cu Ka radiation). Anw—26 scan method was used

of the structure. Direct methods led to the location of the positions of to collect the intensity data for 260 < 115°. A significant decay in

W(1) and W(2) of two crystallographically independent molecules. The jntensity was observed during the entire period of data collection, and
rest of the structure was deVelOped in a series of alternating diﬁerencean appropriate decay correction was app“ed Systematic absences
Fourier maps and least-squares refinements. No absorption correctionqmiquew determined the space grougP2g/n. The difference Fourier
were applied. Anisotropic displacement parameters were used for all map showed several peaks that could be assigned to be solvent
the non-hydrogen atoms. The final difference map contained several molecules. These peaks were modeled as toluene molecules. In each
small “ghost” peaks in close proximity to the heavy atoms, but no effort  c;Hg molecule, all carbon atoms were found to be disordered over two

was made to correct for this problem. sites. All the non-hydrogen atoms, except the carbon atoms for the
For 4b, a red needle with dimensions of 0.500.08 x 0.05 mm toluene solvent molecule, were refined with anisotropic displacement
was mounted on the tip of a quartz fiber with grease and keptat parameters. A final difference Fourier map revealed that the highest

°C throughout the experiment. The intensity data were collected for 4 remaining peak of electron density (0.72 &vas located near W(1).
< 26 < 50°. Systematic absences in the data led to the space group

Pbca Direct methods revealed the location of two W atoms of a Results and Discussion
dinuclear unit. The use of alternating difference Fourier maps and least- _ - - _
squares refinements gave the positions of all the remaining non-  Synthesis, Solubility and Stability. The preparation of
hydrogen atoms. The program SORTAV was used to correct for triply-bonded complexes YCI4(NRy)(L-L) (R = Et, L-L =
absorption. All non-hydrogen atoms were refined anisotropically. The dmpm, dmpe, dppe; R Bu, L-L = dmpm, dmpe; R= Hex,
final difference map was essentially featureless, the largest peaks being .| = dmpm) proceeds straightforwardly via reaction of
associated with the W atoms.  WiCIi(NR2)(NHR2), (R = Et, Bu, Hex) with 1 equiv of the

_ Cis,CiIsWCl4(NHexo)(dmpm) (5). A red block-shaped crystal with 5505 riate bidentate phosphines at room temperature. Reac-
dimensions of 0.35« 0.23 x 0.18 mm was selected and fixed on the tions involving dmpm or dmpe readily afford products in three

tip of a quartz fiber with grease at100 °C in the diffractometer. . . . e
Indexing based on 24 reflections resulted in a monoclinic cell and the 'SOMENC formstrans,trans, cis,trans, andcis,cisW,Cly(NRp)(L-

cell parameters were further refined in the range<2Z6 < 31°. The L) (R = Et, Bu, Hex; L-L = dmpm, dmpe) with proportions
intensity data were gathered by tie-6 scan technique for & 20 < depending on the reaction time as well as the diphosphines and
46°. No significant decay was found during the data collection. After dialkylamido groups used (Scheme 1). WhenGM(NRy).-
isotropic refinement of all atoms of the dinuclear complex, the (NHR), (R = Et, Bu, Hex) and dmpm are allowed to react in
difference Fourier map showed several peaks that could be ascribed tatetrahydrofuran or toluene, the major productstaa@s,trans
solvent molecules. These peaks were modeled as toluene moleculesyy,Cl,(NRy),(dmpm) (R= Et, Bu, Hex) initially. However,

and there were eight#€; molecules per unit cell. After the heavy  atempts to isolate this type of isomer are not yet successful.
atoms had been refined anisotropically, it became apparent that all fourAccording t03P{2H} NMR spectroscopic studies of the reaction

hexyl chains of both independent molecules were disordered. This mixture, the concentration of thens,transisomer in each case
disorder was modeled by constraining the displacement parameters to L !
adually decreased with time while the amount of the other

be equal and restraining the chemically equivalent bonds to be gradt 5 .
approximately equal. Also, the site occupany factors were allowed to IWO isomers continuously built up. In each case, all the
trans,transisomer eventually disappeared, and thus, the failure,
(11) Pflugrath, J.; Messerschmitt, A. MADNES, Munich Area Detector SO far, to isolate the purteans,transisomer can be understood.
(New EEC) System, version EEC 11/9/89,dwith enhanfcements by When the mixture was allowed to stand at room temperature,
Enraf-Nonius Corp., Delft, The Netherlands. A description of MADNES ie ciai i ifi 1pf 1 -
appears in: Messerschmitt, A.; Pflugrath).JAppl. Crystallogr1987, only the CIS’CIS.ISomer’ as identified b)?_ P{H} NMR spec
20, 306, troscopy, remained at the end. We believe thatthes,trans

(12) Blessing, R. H.Acta Crystallogr., Sect. A995 A51, 33. isomer of the type WWCI4(NRy)2(dmpm) (R= Et, Bu, Hex) is
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the kinetic product. Thé&rans,transisomer slowly isomerizes

in solution to form first thecis,transisomer and finally the
thermodynamically favoredis,cisisomer. Moreover, a sample ¢
of cis,cisisomer was left in ChHICl; for 1 week and showed no

indication of isomerization back to eithers,trans or trans,

transisomer. In the case of dmpe, tlrans,transisomers again

seem to be the kinetically favored products in each case. .+ T

However, they are much more thermodynamically stable than 10 8 6 a ppm

their dmpm counterparts and can be easily isolated by extrz_acting,:igure 2. 31P[IH} NMR spectra of (aJrans, transW,Cl(NEt)»(dppe)

the products into hexanes. On the other hand, the reaction ofi,"c.p/CH,Cl,, (b) cis,transW,Cls(NEt,)(dmpe) in GDs and (c)

W2Cl4(NEt2)2(NHET)2 with another diphosphine ligand having  cis,cisW.Cly(NHex,)2(dmpm) in GDs, at room temperature.

two carbon atoms linking the phosphorus atoms, namely, dppe,

forms purely thetrans,transisomer8 in 51% yield. When a  appropriate bidentate phosphines took place. At room temper-

pure sample 08 in solution was monitored b§*P{'H} NMR ature, compoundg, 6, and8 display well-separated proximal

spectroscopy at room temperature, no evidence of isomerizationand distal NEt resonances akin to those reported feCl\W

to any other isomers was observed which, at first sight, means(NR,),(PR3), moleculeg: It is noteworthy that, foi6 with a

that the isomerization barrier might be too high for intercon- cis,transstereochemistry, each set of proximal and distal NEt

version at ambient temperature (i.e. kinetically stabilized). signals is further split into another set due to the different

Attempts were then made to heat the sample solution up to 80chemical environment caused by the phosphorus atisrasid

°C, but the spectrum remained more or less the same. Hencetransto the NE} groups. This makes the interpretation of the

compounds is both the kinetically and thermodynamically  corresponding spectrum more difficult. For those compounds

favored isomer in this case. with NBu, and NHe groups, proximal and distal resonances
Thetrans,transisomers of WCI4(NR2)2(dmpe) (R= Et, Bu) were also observed for the GEH; groups. The spectra were,

are very soluble in hexanes. The rest of the compounds exhibithowever, complicated by the signals arising from diphosphine

fair solubility in toluene and benzene and higher solubility in ligands and other methylene protons. Because of the low

CHCl,. All the compounds appear to be air stable for short stability of 1 and 3 in all common organic solvents, it was

periods of time in the solid state. In solution, they slowly impossible to obtain decent NMR spectra of these two com-

decompose upon exposure to air. This was evidenced by thepounds.

observation of a significant amount of [WOCI(dpgé)in the The identities of the three isomeric types of dinuclear complex

$1P{*H} NMR spectrum of8. observed in this study are readily established by their distinctive
Spectroscopic Properties. All complexes of WCI4(NR2)(L- 31P{1H} NMR spectra. Figure 2ac provides representative

L) reported here exhibit parent molecular ion peaksiNitheir 31IP{1H} NMR spectra for each of the isomers studied. As

mass spectra, and manyMbntaining fragment ions were  expected for ABX (PF3V) systems incis- and trans
observed. Losses of chlorine ligands and amido groups areW,Cl4(NHCMes)x(PRs), molecules?® both cis,cis and trans,
competitive processes during fragmentation. For all the com- transisomers consist of strong central singlets flanked by weak
pounds excep6 and 7, the most abundant fragment ion is satellites due t8'P—183W coupling. In each case, approximate
[W2Cl4(NR2)(L-L)] * in each case. In contrast, the fragment P-P coupling constants may be deduced from the satellite
ions [W-Cl3(NRy)2(dmpe)]” (R = Et, Bu) appear as the most doublets. The spectra ois,transW,Cl4(NRy)2(L-L) molecules
intense peaks in the mass spectr&a@nd7. It is interesting are of particular interest as they provide a unique opportunity
to note that fission of the metametal bond is not facile for ~ to examine the characteristics of diphosphines on dinuclear
this kind of complex under the experimental conditions. complexes in such an unprecedented bonding mode. The full
TheH NMR spectra of all the available compounds clearly
show that substitution of both dialkylamino groups by the (13) Chen, H.; Cotton, F. A.; Yao, 2norg. Chem.1994 33, 4255,




908 Inorganic Chemistry, Vol. 36, No. 5, 1997 Cotton et al.

10 min

A A A /\J-"'J”ULAM__..
30 min
145 min

]

Figure 4. Perspective drawing dfis,transW,Cl4(NEt)2(dmpm) ().
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Figure 3. 3'P{1H} NMR spectra of WCIs(NHex,)(dmpm) at various
time intervals in @D¢/THF, showing the interconversion among the
three distinct isomers at room temperature.

protqn-decouplealP NMR spectrum o6, shown in Figure 2b, Figure 5. Perspective drawing afis,transW,Cls(NBu,)(dmpm) @).
consists of a set of two intense doublets centered at 5.58 andatoms are represented by thermal ellipsoids at the 40% probability
8.92 ppm. The upfield and downfield resonances are tentatively level. Carbon atoms are shown as spheres of arbitrary radii.
assigned to the phosphorus atom cis and trans to,Bwps,

respectively. The assignments were made on the basiB-ef constants determined should only be regarded as approximate.
183y coupling observed in the spectrum. A notable feature in Also, a noteworthy feature is that tig—p andJe—p values for

this spectrum is the prominence of the set!&V satellites each particular type of isomer are relatively insensitive to the
and its complexity, relative to those of theis,cis and variation of the amido ligands for a given diphosphine used.
trans,transisomers. The magnitude of tAdy_p(cis) coupling As mentioned in the foregoing section, preliminary results
(292 Hz) is significantly larger than that for the trans phosphorus indicate that the relative con_centrations of the three isomer_s of
atom (141 Hz), as one might expét.it can be seen clearly ~ W2Cla(NRz)2(dmpm) in solution are dependent on the reaction
that the four intense signals in Figure 2b do not have equal ime- The results of a run for YZly(NHexp)z(dmpm) in which

intensities, the so-called “roof effect”. To obtain such a coupling thg'irans_,tré’]Ds;:ﬁ_EEoutnd wa? conver'ied tortzs,tr_angcl_s,ms
scheme, it is necessary to consider an AB system Wi mixture in atroom temperature at various times are

coupling is ignored. As defined in Figure 2b, the chemical shifts shown in Figure 3. It can be seen that the conversion was
pingisig Co 9 ' completed in 4 days, leaving only thas,cisisomer in the
for each P atom are given bys = v, +Av/2 andvyans= v, —

mixture. Although the exact mechanism for this isomerization
Av[2, whereAv = (|(f, — f))(f2 — f3)[) Hz andfs, f;, f3, and is obscure, the reaction is completely reproducible.
f, are the resonance frequencies of the four lines of the AB Structure and Bonding. The W,CL(NRy)»(L-L) compounds
spectrumt* Such an AB system thus gives rise to the observed 1-8 reported here have been characterized by X-ray crystal-
doublet of doublets with/¢s at 8.92 ppm,viyans at 5.58 ppm

3 - :
and .‘]P—P - 32.5 .HZ' However, due to the poor quality of the (14) Friebolin, H.Basic One- and Two-Dimensional NMR Spectroscopy
low-intensity portion of the spectrum, the values of the coupling 2nd ed.; VCH: New York, 1993.
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Table 2. Selected Bond Distances (A) and Angles (deg)dis:
transW,Cl4(NEt)(dmpm) @), cis,transW,Cl4(NBuz)(dmpm) @),
cis,transW,Cl4(NEt)(dmpe) 6), andcis,transW,Cls(NBuy),-

(dmpe) 1)
1 3 6 7
W(1)-W(2) 2.3259(5) 2.3261(6) 2.3136(4) 2.3182(8)
W(1)—P(2) 2.510(2) 2.522(3) 2.518(1) 2.525(3)
W(2)-P(2) 2.654(2) 2.611(3) 2.588(1) 2.596(4)
W(1)-N(1) 1.905(6) 1.90(1)  1.916(4) 1.910(9)
W(2)—N(2) 1.915(7) 1.929(9) 1.936(4) 1.95(1)
wW(1)-CI(1) 2.397(2) 2.399(3) 2.387(1) 2.391(3)
W(2)—CI(4) 2.360(2) 2.365(3) 2.370(1) 2.362(3)
W(1)-CI(2) 2.437(2) 2.427(3) 2.433(1) 2.440(3)
W(2)—CI(3) 2.375(2) 2.368(3) 2.369(1) 2.374(3)
P(L-W(1)-N(1) 88.3(2) 89.9(3) 88.4(1) 89.0(3)
P(1-W(1)-ClI(1) 159.11(8) 158.4(1) 155.57(4) 155.0(1)
P(L-W(L)-CI(2) 77.83(8) 77.7(1) 77.73(4) 77.3(1)
N(1)-W(1)—-CI(1) 97.0(2) 96.6(3) 97.5(1) 96.7(3)
N(1)-W(1)-CI(2) 143.1(2) 143.7(3) 143.4(1) 144.6(3)
Cl(1)-w(1)—-Cl(2) 86.02(8) 85.1(1) 83.62(4) 84.2(1)
W(2)-W(L)-P(1) 92.67(5) 92.11(7) 97.49(3) 97.83(8)
W(2)-W(1)—N(1) 106.6(2) 104.7(3) 103.8(1) 103.2(3)
W(2)-W(1)-CI(1) 105.00(6) 106.0(8) 103.99(3) 104.48(9)
W(2)-W(1)—CI(2) 108.05(6) 109.62(7) 111.41(3) 110.77(8)
) _ ) _ PRr-W(2)-N(2) 161.9(2) 161.8(3) 156.8(1) 157.1(3)
Figure 6. Perspective drawing dfis,transWCl4(NEt)(dmpe) 6). P(2-W(2)-CI(3) 80.26(8) 79.5(1) 79.59(4) 78.6(1)
Atoms are represented by thermal ellipsoids at the 40% probability P(2-W(2)-Cl(4) 81.71(8) 81.5(1) 79.24(4)  79.3(1)
level. Carbon atoms are shown as spheres of arbitrary radii. N(2)-W(2)-CI(3) 94.1(2) 95.5(3) 95.7(1) 95.8(3)
N(2)-W(2)-CI(4) 93.4(2) 92.4(3) 92.5(1) 93.1(3)
Cis) ca col CI(3)-W(2)—ClI(4) 143.76(8) 141.8(1) 144.01(5) 142.8(1)
W(L)-W(2)-P(2) 91.74(5) 92.12(6) 97.63(3) 97.97(8)
W(1)-W(2)-N(2) 106.3(2) 105.9(3) 105.3(1) 104.8(3)
W(1)-W(2)-CI(3) 110.66(6) 110.84(8) 109.97(3) 109.79(8)
W(1)-W(2)—CI(4) 101.04(6) 102.67(7) 101.45(4) 102.62(9)

Table 3. Selected Torsion Angles (deg) fors,transW,Cl4-
(NEL)(dmpm) @), cis,transW,Cls(NBup)(dmpm) @), cis,trans
W,Cly(NEt)(dmpe) 6), andcis,transW,Cly(NBuy)2(dmpe) )

1 3 6 7
P-W(1)-W(Q2)-P(2) -37.67(7) -38.3(1) -43.71(4) -43.2(1)
P(1-W(1)-W(2)—-CI(3) 42.57(8) 41.3(1) 37.94(4) 37.4(1)
N(1)-W(1)-W(2)-N(2) 54.4(3) 53.3(4) 49.8(2) 48.5(4)
N(1)-W(1)-W(2)-CI(3) -46.5(2) -49.1(3) -52.3(1) -53.4(3)
Cl(1)-W(1)-W(2)-N(2) -47.8(2) -48.2(3) -51.7(1) -52.1(3)
C(1)-W(1)-W(2)-Cl(4) 49.18(8) 48.1(1) 44.04(5) 44.6(1)
Cl(2)-W(1)-W(2)-P(2) 40.40(8) 39.4(1) 36.00(4) 36.1(1)
CI(2)-W(1)-W(2)-Cl(4) -41.50(8) -42.4(1) -44.50(4) -44.6(1)

molecules indicated that the bridging ligands do not cause any
special shortness on the observed meta¢tal bond lengths in
thesed®—d® dinuclear compounds. The mean value of-W
distances (1.92 A) in all molecules is within the range anticipated
Figure 7. Perspective drawing dfis,transW,Cl4(NBuy)>(dmpe) {). for such bonds. The specific characteristics of each complex
Atoms are represented by thermal ellipsoids at the 40% probability and the relationships between them will be explored in the
level. Carbon atoms are shown as spheres of arbitrary radii. following paragraphs.

lography. The molecules possess a commefi'Wnit having Compounds 1, 3, 6CH,Cl,, and 7. Crystals of compounds
eight ligated atoms and geometries based on@I¥:N, core. 1 and 3 conform to the monoclinic space groug2/c and
Each W atom in the molecule is approximately square planar orthorhombic space groufbcg respectively, with eight
with two CI, one P, and one N atoms coordinated to it. The molecules per unit cell for each complex. Compou6@snd7

two pseudoplanar W@PN units united by a WW triple bond crystallize in the monoclinic space group&;/c and P2,/n,

are staggered with respect to each other and the centralrespectively, with four molecules per unit cell. The structure
(W=W)&" unit is spanned by a bridging diphosphine. An of 6 contains a molecule of Gi€l,. Perspective views of the
interesting difference between various isomeric compounds lies structures ofl, 3, 6 and 7 are depicted in Figures4/. The

in the way the two phosphorus atoms of the diphosphine are core structures of all the compounds are very similar, and each
bonded to the W atoms with respect to the amido groups. In molecule is chiral. The ligand arrangement found in these
no case was any disorder problem of the WNits in the crystals ~ complexes belongs to the type Il isomer (Figure 1) and has not
encountered. The WW bond distances span the narrow range previously been reported for other triply-bonded dinuclear
of 2.314-2.341 A and fall within the range of the bond distances complexes. It provides the first examples of aGP,N, type

established for the ¥WW bond with a o%7* ground-state
electronic configuratio®® Comparison between YZI4(NRy),-
(PR23)2? and WiCI4(NRy)2(L-L) (L-L = bidentate phosphines)

molecule in which one WGPN unit has a cis arrangement while
the other WCJPN unit has a trans arrangement. Hence, the
two phosphorus atoms are non-equivalent in the molecule. In
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Ci3)

Figure 8. Views of the central part of (a, left)s,transW,Cls(NEL)(dmpm) @), (b, centerkis,cisW.Cly(NEt,)(dmpm) @), and (c, rightfrans,trans
W_Cly(NEL)(dppe) B) directly down W-W axis. Ethyl groups, methyl groups, and phenyl rings are omitted for clarity.

Table 4. Selected Bond Distances (A) and Angles (deg)disicis c3)
W Cly(NEL)2(dmpm) @), cis,cisW,Cli(NBuz)(dmpm) éa,b) and A
cis,cisW>Cls(NHex)(dmpm) §)

2 4a 4b 5
W(1)-W(2) 2.332(1) 2.341(1) 2.3396(6) 2.340(1)
W(1)-P(1) 2.506(3) 2.515(5) 2.512(2) 2.519(3)
W(2)-P(2) 2.526(3) 2.529(3)

W(1)—N(1) 1.918(9) 1.93(2) 1.918(8) 1.91(1)
W(2)-N(2) 1.92(1) 1.904(9)

W(1)—-CI(1) 2.375(4)  2.406(4) 2.406(3)  2.399(3)
W(2)—Cl(4) 2.391(3) 2.407(3)

W(1)—-Cl(2) 2.432(3) 2.411(5) 2.421(3) 2.414(3)
W(2)—-CI(3) 2.417(3) 2.412(3)

P(1-W(1)-N(1) 87.3(3) 90.3(4) 88.4(2) 88.3(3)
P(L-W(1)-Cl(1) 158.9(1) 159.7(2) 159.3(1) 161.4(1)
PF-W()-CI2) 77.7(1)  79.2(2) 79.34(9) 79.6(1)
N(1)-W(1)-CI(1) 97.5(3)  92.8(4) 94.5(2)  95.0(3)
N(1)-W(1)-CI(2) 142.9(3) 143.9(4) 143.4(3) 142.5(3)
CI(1)-W(1)-CI(2) 86.4(1) 86.7(2) 86.4(1)  87.0(1)
W(2)-W(1)-P(1) 93.15(8) 92.5(1) 92.23(7) 92.25(8)
W(2)-W(1)-N(1) 104.7(3) 104.4(4) 103.7(2) 103.7(3) , ) ,
W(2)-W(1)-CI(1) 105.4(1) 106.3(1) 106.91(7) 104.67(8) difference between W(H)P(1) and W(2)-P(2) distances in
W(2)-W(1)—CI(2) 109.75(9) 110.5(1) 111.04(7) 112.05(9) these four molecules ranges from 0.07 to 0.14 A (Table 2). This

Figure 9. Perspective drawing ofis,cisW,Cls(NEt)(dmpm) @).
Atoms are represented by thermal ellipsoids at the 40% probability
level. Carbon atoms are shown as spheres of arbitrary radii.

P(2-W(2)-N(2)  89.8(3) 89.0(2) lengthening of the W-P bond distances is primarily attributed
E(g)_w(g):g:(i) ?g';gl)l 12'183(2) to the stronger trans influence of NRyroups compared to
N((Z)y—w((z))—CI((3)) 142'4533 143'28 phosphine and chlorine ligands. Another striking structural
N(2)-W(2)—Cl(4) 93.é(3) 94.2(2) feature of the§e molecul_es is the twisted configuration.. Figure
CI(3)-W(2)—Cl(4) 86.0(1) 87.0(1) 8a shows a view of the inner part of a moleculeldboking
W(1)-W(2)-P(2)  91.41(8) 92.29(7) down the W-W bond. This molecule displays a twisted
wgg:wgg:c’\‘:%) ﬁg-%%) ﬂ‘é-g(l?’&) configuration for the central portion with the torsional angle
W(L)-W(2)—ClI(4) 104:8(1) 104:21(7) P(1)-W(1)—W(2)—P(2) being 37.7 (Table 3). The corre-

sponding torsional angles f&, 6, and7 are 38.3, 43.7, and
? Distances and angles are the averages for the two independent43 2 respectively.

molecules of the asymmetric unit. Compounds 2, 4a, 4b, and 8;Hg. Compound? crystal-

each case, it is clear that the WAGI(1) distance is shorter lizes in the space group2;/c with four molecules per unit cell.

than the W(1}-CI(2) distance (averagA(W—Cl) = 0.04 Ay ~ Compoundsta and5 both conform to the space grog/c
(Table 2). This is, no doubt, a manifestation of the trans with two independent molecules in the asymmetric unit each.

influence which has been observed in many other sysfems W(1) and W(1A) atoms form one dinuclear unit, and W(2) and

including WoCla(NHCMey)»(L-L) (L-L = diphosphines)and w%A) atoms dfo”“ the therlmo'?‘:‘t*r']e- '”.ttOtal'l' there are eight
W.CL{(NR;)2(PR3)2> On the other hand, the W(pI(3) and  J¥2 a tZ)Iz( ”%pm) molecules In the unit cell In each case.
W(2)—CI(4) distances are comparable to each other. One th € C?'S a}lsg con algbelg Ioueneh s%ven rr:ongcu esin
notable feature is an increase in the W{P)2) distance relative the unlhceh. t?_mpoun »apo ymor%h oF i}fl%sf '6\6;52'"
to that observed in theis,ciscounterparts:fjde infra), and the 1€ orthorhombic space groupbca with eig (1)-W(2)
dinuclear units per unit cell. The molecular structure2pf
(15) Cotton, F. A.; Walton, R. AMultiple Bonds between Metal Atoms 4@ and5 are shown in Figures-911, respectively.
2nd ed.; Oxford University Press: New York, 1993; see also references  The core structure of each molecule has ddjysymmetry,
therein. ; i A
(16) (a) Cotton, F. A.; Felthouse, T. Rorg. Chem.1981, 20, 3880. (b) and eac.h molecule I$ chiral. In each case, the. centBlifEN, .
Cotton, F. A.: Extine, M. W.: Felthouse, T. R.: Kolthammer, B, w.  COr€ unit has essentially the same structure with the two chlorine
S.; Lay, D. G J. Am. Chem. S0d.981, 103 4040. atoms in a cis position in each WWBIN unit and it is similar to
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Table 5. Selected Torsion Angles (deg) fois,cisW,Cls(NEt)(dmpm) @), cis,cisW.Cl4(NBuz)(dmpm) @a,b), and
cis,cisW,Cly(NHex)(dmpm) 6)

2 ab 43 5
P(1)-W(1)-W(2)-P(2) -36.9(1) -37.33(9) P(HW(1)-W(1A)—P(1A) -36.3(2) -37.3(2)
P(1)-W(1)-W(2)—CI(3) 43.2(1) 42.7(1) P(BW(1)—W(1A)—CI(2A) 43.1(2) 42.4(1)
N(1)-W(1)-W(2)—CI(3) -44.8(3) -46.2(2) N(BW(1)~W(1A)—CI(2A) -47.8(5) -46.3(3)
N(1)—W(1)-W(2)—CI(4) 47.03) 46.02) N(EW(1)-W(1A)—CI(1A) 44.7(5) 46.3(3)
CI(L)~-W(1)-W(2)-N(2) 42.6(3) 45.2(3) CIBW(1)-W(1A)—N(1A) 44.7(5) 46.3(3)
CI(1)~W(1)-W(2)—Cl(4) -55.2(1) -53.1(1) CI(EW(1)~W(1A)—CI(1A) -52.6(2) -52.7(2)
Cl(2)-W(1)-W(2)—P(2) 41.1(1) 42.1(1) CI(W(1)~W(1A)—P(1A) 43.1(2) 42.4(1)
CI(2)-W(1)-W(2)-N(2) -49.0(3) -47.4(3) CI(W(1)~W(1A)—N(1A) -47.8(5) -46.3(3)

aTorsion angles are the averages for the two independent molecules of the asymmetric unit.

c3)
%y

Ci11A)
(o

C{10A}

Figure 10. Perspective drawing dafis,cisW,Cls(NBuy)>(dmpm) @a).
Atoms are represented by thermal ellipsoids at the 40% probability
level. Carbon atoms are shown as spheres of arbitrary radii. Figure 12. Perspective drawing dfans,transW,Cl4(NEt)2(dppe) 8).
Atoms are represented by thermal ellipsoids at the 40% probability
c3) oot level. Carbon atoms are shown as spheres of arbitrary radii. Phenyl
- rings are not labeled for clarity.

cas) Table 6. Selected Bond Distances (A) and Angles (deg) and
Torsion Angles (deg) fotrans,transW,Cl4(NEt,).(dppe) 8)
W(L)-W(2) 2.3178(6) W(1)>-P(1) 2.659(3)
W(2)—P(2) 2.676(2) W(1¥N(1) 1.910(7)
W(2)—-N(2) 1.906(7) W(1)-CI(1) 2.378(2)
W(2)—CI(4) 2.372(2) W(1)-Cl(2) 2.360(2)
W(2)—CI(3) 2.357(3)
P(1-W(1)—N(1) 150.8(2) P(1)>XW(1)—CI(1) 75.33(8)
P(1-W(1)—CI(2) 82.19(8)  N(13W(1)—CI(2) 91.1(2)
N(1)-W(1)—CI(2) 97.4(2) CI(1-W(1)-CI(2)  147.17(9)
W(2)-W(1)-P(1) 103.71(5) W(AW(1)-N(1)  104.7(2)

Figure 11. Perspective drawing afis,cis W,Cla(NHex,),(dmpm) 6). \QI((ZZ%_V\\?(/%):NC(IZ()l ) igg?{és) g\é(zz});/\\;\(lg):ccl(lg) 133?3((3

Only the major orientation of the hexyl chains is shown. Atoms are

repr%asented be thermal ellipsoids at _th}t/a 40% probability level. Carbon E,%__VV\/,((ZZ))__%&AX) g?:‘l‘?g ) Ql(é;‘()’v((zz))__%ffj) 1%'_%??9)

atoms are shown as spheres of arbitrary radii. W(1)-W(2)—P(2) 96.08(5) W(LXW(2)-N(2)  104.3(2)
W(1)-W(2)—-CI(3) 106.89(8) W(1}W(2)—Cl(4)  108.21(7)

that observed in WCI4(NR2)2(PR3)>, molecules with mono- . _ i _ _

phosphines. A comparison 8fwith 1 reveals several changes Zﬁi;m((ﬁ))_m((é))_i,(g) _218.'543{)7’ ,\T((ll?_v\,\f,((ll))_v\,\f,((zz))_%lfé)) 22:3?2()8 )

in geometry and subtle changes in the molecular parameters.ci(1)-W(1)-W(2)-P(2) 39.66(8) CI(1}W(1)—W(2)—CI(3) -47.14(9)

The geometric changes are obvious in the drawings shown inCI(2)-W(1)-W(2)—-N(2) 50.1(3) CI(2)-W(1)—-W(2)—Cl(4) -45.88(9)

Figures 8a,b. This variation in geometry does not result in a

significant change in the WW bond length (0.006 A) but does  group ofd®—d® ditungsten compounds inas,cisstereochem-

cause significant changes in¥¥ and W-Cl distances (Tables  istry. The most obvious difference between them is the

2 and 4). The changes in WP and W-CI distances reflect  significant change in the torsional angles-\W—W'—P' by

the nature of the atoms that are trans to the P or Cl atom. Theswitching from monophosphines to diphosphines. The com-

W(2)—P(2) bond distances differ by ca. 0.13 A fbrand 2. plexes studied here with bridging diphosphines show torsional

Both W(2)-CI(3) and W(2)-ClI(4) distances are also ap- angles PPW—W'—P in the small range 36:337.3 (Table 5),

proximately 0.04 A longer ir2 than in1 due to the influence ~ while the corresponding values for 34(NR2)2(PR3)2 mol-

of the atoms trans to the atoms in question. The structural ecules lie in the range 126-138.0.

characterization ofa,band5 revealed little that is exceptional Compound 8. Crystals of8 conform to the monoclinic space

compared t@. The internal parameters for the,@lI,P,N, cores group P2:/n with four molecules per unit cell. There are also

of these four complexes (Table 4) are, not surprisingly, very four toluene solvent molecules in the unit cell. Figure 12

similar and, together with the previously reportedG\P,N» displays a perspective drawing of the molecule in its entirety,

cores of WCI4(NR)2(PR3)2 molecules, form an interesting and Figure 8c shows a view of the central portion dowr W

cinsar CU3A)L cippa)
O o O

O O
Cl14A}  C12A)
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S S N S cis,transcompounds are of particular interest because these are
RN the first examples of metaimetal-bonded complexes with such
R S a stereochemistry.
ar lowooan Lo In all the systems studied here, when the diphosphine ligands
transtrans substitute NHR of W,CIl4(NR2)2(NHRy),, it is believed that the
kinetic products are th&ans,transisomers, as evidenced by
e e Lo N oo N S 31P{1H} NMR spectra. However, we are still unsure of the exact
) ~ ‘ | l mechanism for the formation of other isomers in this kind of
I UL S | NN l “ reactions and a detailed explanation for this observation cannot
a LN a LN ar Lo an L e be given at this time. Apparently, there should be some driving

force, either kinetic or thermodynamic, that controls the fractions
of each isomer in the product mixture. Detailed studies of the

A R T isomerization processes have to be pursued so as to determine
o N N what factors such as time, solvent, types of diphosphine used,
O—=|T—N  NTETTa AN or reaction conditions influence the processes and whether they
o’ | oo 4 e N ) “or are reversible.
On the other hand, out of the six possible geometrial isomers
p p p shown in Figure 1, only three of them (I, II, and 1V) have been
R I DA N observed in all cases, irrespective of the bridging diphosphines
O—f—N  N———a | N———a and dialkylamido groups used. Presumably, a plausible expla-
a’ | P N nation for this is the unfavorable interactiom@a consequence
a a a of steric repulsions between the PMd NR groups in types
cis,cis lll, V, and VI. It can be seen clearly that, for complexes of
Figure 13. Schematic diagrams showing the 12 isomeric possibilities types I, Il, and 1V, there is no close contact between the N and
of W5Cl4(NR2)2(PR3), molecules with a staggered conformation. P atoms in each case. This phenomenon can be further

substantiated by the observation of only one type of isomer in

axis. Although orientational disorder of the ;Munit has  the monophosphine systémAs illustrated in Figure 13, there
frequently been observed imansW,Cly(NHCMes)o(PMes), are twelve isomeric possibilities in M2l4(NRy)2(PR3), mol-
molecules’ no indication of such a disorder can be observed in ecules with a staggered rotational geometry. Previous studies
this structure. Compared with the previous structdresd 2 by us showed that!P{*H} NMR spectroscopy indicated the
in Figure 8a,b, the obvious difference is that both phosphorus ghsence of anyran,trans or cis,transisomer in the reaction
atoms are now arranged in trans positions to the twoNEt mixture2 It is evident from Figure 13 that all of the conforma-
groups. The W-W bond distance of 2.3178(6) A (Table 6) is  tions except the knowmis,cisisomer (the one in brackets)
characteristic of a WW triple bond. The average WCland exhibit highly unfavorable steric interactions between adjacent
W—P bond distances are 2.367(3) and 2.668(3) A, respectively. p atoms or between adjacent N and P atoms. The unique isomer
The W-P distance is comparable to the corresponding distancesthys formed is the one in which steric interactions between the
observed in the trans WERN unit of all cis,transisomers bulky phosphine ligands or between 'BBnd NR groups are
mentioned above. Presumably, the trans influence ordes NEt minimized. It is also noteworthy that close contact between
> PPhR accounts for the significant lengthening of the-W two NR, moieties does not contribute much in determining the
distance in this case. The projection along the W axis, as observed configurations of the molecules in question.
shown in Figure 8c, shows the torsional angle P{)1)—
W(2)—P(2) as 38.5(Table 6). Acknowledgment. We are grateful to the National Science
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of Chemistry, The University of Hong Kong, for providing the

The preparation of WCIA(NRy)(L-L) (L-L = bidentate diffractometer facilities for the X-ray data collection of com-
phosphines) molecules by reaction of theGM(NR2)2(NHRy) poundl during the leave of absence of W.-Y.W. in Hong Kong.
type intermediate complex with a stoichiometric amount of L-L _ _ ) _ _
is reported here. For L-= dmpm and dmpe3'P{*H} NMR _ Su_pportmg Information Avallable: Nln_e X-ray _crys_tallpgraphlc
spectroscopic evidence suggests that three distinct isomericf'les’ in CIF format, are available. Access information is given on any
species exist in solution, and they are ttans, trans, cis,trans, current masthead page.
and cis,cisisomers. The structural characterization of the 1C961151Z

Concluding Remarks



