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Abstract 

The reaction of [(n-C,H,),N],[H,PW,,O~~] with [W(NC&CH~)CI& yields a mixture of [(n-C.+H,),N]- 
[W(NC,H,CH,)CI,] (1) and data: 1, monoclinic space 
group P&/c, a = 10.950(Z), b = 11.254(3), c = 12.920 Z=2, DFaic= 1.56 g cme3, 
solution and refinement based on 2190 reflections ionverged at a conventional discrepancy value of 0.069; 2, 
monoclinic space group P2,/c, a = 14.001(8), 6=26.68(l), c = 15.278(g) A, p = 104.28(4)“, V=5534(3) A3, Z = 4, 
D,,,= 1.47 g cme3, 4187 reflections, R=0.069. 

Introduction 

The chemistry of transition metal complexes con- 
taining 0x0, imido and nitrido ligands has attracted 
considerable contemporary interest because of the re- 
lationship of these species to diverse industrial processes 
and to biological activation of small molecules [l-5]. 
Metal-imido species, specifically, have been evoked as 
models for industrial ammoxidation, a process catalyzed 
by metal oxides and thought to proceed through a key 
metal-imido intermediate [6]. Although complexes con- 
taining both 0x0 and imido functionalities are of par- 
ticular interest in this regard, such mixed coordination 
species are relatively rare [7,8]. In an attempt to exploit 
the chemistry of lacunary Keggin anions in the systematic 
synthesis of complexes of this type, we reacted 
(TBA),[H,PW,,O,,] (TBA= (n-C,H,),N cation) with 
[W(NR)Cl&, expecting to isolate the Keggin species 
(TBA),[PWI,(NR)O,,]. However, the products of the 
reaction were found to be the mononuclear W(V1) 
species (TBA)[W(NR)Cl,] (1) and the binuclear W(V1) 
complex (TBA)(C,H,NH,)[W,OCl,(NR),] (2), whose 
structures are reported in this work. 

Experimental 

All reactions were carried out under an atmosphere 
of purified argon. The complexes (TBA),[H,PW,,O,,] 
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and [W(NR)Cl,], were prepared by the literature meth- 
ods [9, lo]. The following instruments were used in 
the study: IR, Perkin-Elmer 283B IR spectrophoto- 
meter; X-ray crystallography, Rigaku AFC-5s four-circle 
diffractometer; electrochemistry, BAS electroanalytical 
system. 

Synthesis of (TBA)[W(NR)CI,] and 

(TBA) G&NH,)[Wz O(NR.M%l 
(TBA),[H,PW,,O,,] (1.32 g, 0.362 mmol) was added 

to [W(NR)Cl,], (0.30 g, 0.33 mmol) in 30 ml of 1,2- 
dichloroethane. The solution turned dark green and 
was heated with stirring at 60 “C for 1 h followed by 
refluxing for an additional 2 h. The solution was cooled 
to room temperature and the light brown solid which 
formed was filtered and discarded. The dark brown 
filtrate was concentrated to 15 ml and layered with 20 
ml of heptane. After two weeks, brown plates of 
(TBA)(C,H,NH,)[W,,Cl,(NR),] (2) were collected in 
25% yield. The resulting brown-green filtrate was al- 
lowed to stand for an additional three weeks, whereupon 
dark green crystals of (TBA)[W(NR)Cl,] (1) were col- 
lected in 15% yield. Anal. Calc. for C&,H,,N,Cl,W (1): 
C, 39.0; H, 6.07; N, 3.95. Found: C, 38.7; H, 5.99; N, 
3.74%. Anal. Calc. for CJ&N,OCl,W, (2): C, 36.2; 
H, 4.89; N, 4.56. Found: C, 35.8; H, 4.55; N, 4.47%. 

Synthesis of (TBA),[W,O, (NR),Cl,J (3) 
The reaction of one equivalent of 1 with one equivalent 

of H,O yields 3 in quantitative yield. In a similar fashion 
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TABLE 1. Summary of crystal data and experimental conditions for the X-ray study of (TBA)[W(NC,Hs)CI,] (1) and 

(TBA)(~H,NH,)[W,O(N~H,),Cl,I (4 

1 2 

Cytal data 
Empirical formula 
Color, habit 
Crystal size (mm) 
Crystal system 
Space group 
Unit cell dimensions 

a (A) 
b (A) 
c (A) 
a (“) 
P (“) 
Y (“I 

Volume (A-‘) 

Formula weight 
Density (talc.) (g cmA3) 
Absorption coefficient (cm-‘) 

F(OOO) 

Data collection 
Diffractometer 
Radiation 
Temperature (K) 
Monochromator 
20 Range (“) 
Scan speed (‘/min) 
Background measurement 
Standard reflections 
Index ranges 

h 
k 
I 

Reflections collected 
Reflections observed 
Absorption correction 
Transmission factor range 

Solution and refinement 
System used 
Solution 
Refinement method 
Quantity minimized 
Hydrogen atoms 
Weighting scheme 
Final R indices (obs. data) 

R 

RVI 
Goodness of fit 
Max. shift/error in final cycle 
Data to parameter ratio 
Largest hole (e-/A’) 
Largest peak (e-/A’) 

C;&~NZC~SW c37w.@cL3w 

dark brown plate dark green plate 
0.25 x 0.23 x 0.09 0.27 x 0.35 x 0.11 
monoclinic monoclinic 

G P.&k 

10.950(2) 14.001(8) 
11.253(3) 26.68(l) 
12.920(2) 15.278(9) 
90.80 90.00 
108.96( 1) 104.28(2) 
90.00 90.00 
1506.0(6) 5534(3) 
2 4 
708.2 1227.4 
1.56 1.47 
4.42 4.71 
1416 3296 

Rigaku AFC5S 
MO Ka (h = 0.71073 A) 
295 
highly oriented graphite 
2-45 2-55 
6 6 
stationary counts, peak/background counting time = 2:1 
3 collected every 400 data 

- 11 to 12 -13 to 14 
0 to 12 0 to 29 
0 to 13 0 to 11 
2962 7769 
2190 4187 
based on q scans for 5 reflections with x near 90” or 270” 
0.730.91 0.69-0.82 

TEXSAN 
Patterson method 
full matrix least-squares 

=(lF‘J - lF<l)’ 

w=4(F0’)/a’(F0)*= 

0.069 0.069 
0.072 0.069 
1.93 1.63 
0.009 0.007 
11.8 13.6 
0.15 0.23 
0.33 0.15 

“a2(F02) = [S2(C + R*B) +pF02)J/Lp’ where S = scan time, C = total integrated peak count, R = ratio of scan time to background counting 
time, B = total background count, Lp = Lorentz-polarization factor, p =p factor (0.03). 

the reaction of 2 (0.12 g, 0.10 mmol) with H,O in X-ray structure determinations 
CH,Cl, gives brown crystals of 3 in low yield (c. 5%). Full details of the crystallographic methodologies may 
Anal. Calc. for C,H~,O,Cl,,W, (3): C, 35.2; H, 4.39; be found in ref. 11. The crystal data and experimental 
N, 4.10. Found: C, 35.1; H, 4.25; N, 4.01%. conditions are summarized in Table 1. 
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Fig. 2. ORTEP view of the structure of [W,O(NC,H,),Cl,]‘-. 

anions [W(NR)Cl,]‘- with the W atom in a distorted 
octahedral environment as a consequence of the pres- 
ence of the multiply bonded imido ligand. The short 
W-N distance of 1.73(3) 8, and the 0.43 8, displacement 
of the W from the Cll-C12-C13-Cl4 plane are consistent 
with the presence of significant multiple bonding. The 
anion structure is essentially identical to that previously 
reported for tP(C,H,),(~H7)I[W(~H,N)Cl,I P31. 

The structure of the anion of 2, shown in Fig. 2, 
exhibits a binuclear oxo-bridged core. As illustrated by 
the data tabulated in Table 5, the W-Cl distances 
exhibit considerable variation, presumably as a con- 
sequence of the relative trans influences of the 0x0 and 
imido groups. Thus, while the average W-Cl distance 
for Cl ligands truns to other Cl donors is 2.362(9) A, 
the average distance for those tram to the 0x0 group 
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is 2.390(S) A. The significant trm.s influence of the 
imido group is demonstrated by the W-Cl3 and W-Cl7 
distances of 2.525(9) and 2.557(6) A, respectively. The 
metrical parameters for 2 are similar to those previously 
reported for [W,O,(NR),ClJ- (3), while the facile 
synthesis of 3 from 2 in the presence of trace amounts 
of water confirms that 2 serves as a chemical building 
block in the preparation of 3. 
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