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The most viable alternative to invoking RX - - to account for 
our data is to suppose that the presence of NaX in the "cage" 
[Na+ :TPE~- R- N a + X - ] somehow affects the subsequent 
chemistry. Perhaps the most likely possibility is that ionic 
aggregation of NaX with sodium tetraphenylethylene species 
affects their reactivities. We have sought such effects by sat
urating :TPE:2 - solutions with NaI prior to reactions with 
5-hexenyl chloride and 5-hexenyl iodide." In each case the 
reduction product yield (RCl, 29%; RI, 63%) was within ex
perimental error of the value obtained without added NaI. 
Thus, this alternative to RX - - is weakened. 

When RX - - escapes its geminate radical partner or is gen
erated without a geminate radical partner (as in :Naph -- re
actions), its inevitable fate will be decomposition to R-.12 Thus, 
halogen effects will vanish in such cases. 

We have been able to find in the literature very little evi
dence for or against alkyl halide anion-radicals as species of 
finite lifetimes in solution. i 3 J4 Our results are strongly sug
gestive, but not definitive, since a less attractive alternative 
hypothesis has not been definitely ruled out. However, our data 
suggest that future probes for RX - - with alkali metal coun-
terions in ethers should be designed to detect species with 
lifetimes near 1O-10 s. 
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A Triply Bridged Binuclear Molybdenum(V) Compound 
Containing Two Kinds of Bridging Thiophenolate Groups 

Sir: 

The suggestion that one or more S atoms may be coordi
nated to molybdenum in molybdoenzymes has resulted in 
considerable interest in the coordination chemistry of molyb
denum compounds of sulfur-containing ligands.1 As part of 
our general studies of the synthesis, structure, and reactivity 
of molybdenum compounds, we have been investigating the 
reactions of complexes containing the [Mo2O4P+ core (1) with 
thiols.2^6 Previous chemical and spectroscopic studies of some 
of the products of these reactions2'4 led to the prediction that 
those compounds of stoichiometry Mo2C>3(SR')2(S2CNR2)2 
(2) contained a bridging oxo group and two bridging SR' 
groups. Support for this concept came from the study of the 
reaction of an oxinato complex of 1 with 2-mercaptoethanol, 
which provided the first structurally defined example of a triply 
bridged binuclear Mo(V) complex.7 Herein, we confirm stoi
chiometry 2 for R' = Ph and R = Et by an x-ray structure 
determination and show that this red-orange diamagnetic 
product of the reaction2-4 of Mo2O4(S2CNEtZ)2 (3)3-8 with 
excess thiophenol is a triply bridged complex which contains 
two strikingly different bridging thiophenolate groups. 
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A sample of Mo2O3(SPh)2(S2CNEt2)I (4) was prepared 
as previously described,4 and single crystals were obtained from 
acetone. Preliminary precession photographs (Mo Ka) es
tablished that the crystals were triclinic with a = 9.352 (3), 
b= 19.245 (9), c = 21.426 (7) A, a = 112.78(2),/?= 119.10 
(2), and 7 = 80.00 (3)°. Space group P\ was assumed and 
confirmed by successful refinement of the structure. The cal
culated and observed densities (1.68 and 1.66 g cm - 3 , re
spectively) were consistent with four molecules of 4 and one 
molecule of acetone per unit cell. This formulation required 

Figure 1. Perspective view of one of the molecules of 4. The other molecule 
of 4 in the asymmetric unit has the same coordination environment about 
the Mo atoms, but slightly different conformations of the ethyl groups of 
the dithiocarbamate ligands. 
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Table I. Selected Interatomic Distances (A) and Angles (deg)" 

Molecule 1 

Atoms Distance Atoms Angle Atoms 

Molecule 2* 

Distance Atoms Angle 

Mo(I)-
Mo(I)-
Mo(2)-
Mo(I)-
Mo(2)-
Mo(I)-
Mo(2)-
Mo(I)-
Mo(2)-
Mo(I)-
Mo(I)-
Mo(2) 
Mo(2) 

Mo(2) 
0(1) 
0(2) 
0(3) 
•0(3) 
S(I) 
S(I) 
•S(2) 
•S(2) 
S(3) 
•S(4) 
•S(5) 
S(6) 

2.683 (2) 
1.683(9) 
1.683(9) 
2.006 (8) 
2.015(8) 
2.702(3) 
2.673 (3) 
2.487(3) 
2.505(3) 
2.501 (4) 
2.452 (4) 
2.465 (4) 
2.441 (4) 

Mo(I)-S(I)-
Mo(l)-S(2)-
Mo(l)-0(3)-
S(I)-Mo(I)-
S(l)-Mo(2)-
S(I)-Mo(I)-
S(l)-Mo(2)-
S(2)-Mo(l)-
S(2)-Mo(2)-
0(I)-Mo(I)-
0(2)-Mo(2) 
S(3)-Mo(l)-
S(5)-Mo(2)-

Mo(2) 
Mo(2) 
-Mo(2) 
S(2) 
S(2) 
0(3) 
0(3) 
0(3) 
0(3) 
S(I) 
-S(I) 
S(4) 
S(6) 

59.89 (7) 
65.01 (9) 
83.7(3) 
70.8(1) 
71.0(1) 
73.2(2) 
73.8 (2) 
106.1 (2) 
105.2(2) 
163.3(4) 
158.7(4) 
70.5(1) 
71.3(1) 

Mo(3)-Mo(4) 2.672(2) Mo(3)-S(7)-Mo(4) 59.66(7) 
Mo(3)-0(4) 1.684(8) Mo(3)-S(8)-Mo(4) 64.86(8) 
Mo(4)-0(5) 1.677(7) Mo(3)-0(6)-Mo(4) 80.2(3) 
Mo(3)-0(6) 2.065(7) S(7)-Mo(3)-S(8) 70.8(1) 
Mo(4)-0(6) 2.085(8) S(7)-Mo(4)-S(8) 70.5(1) 
Mo(3)-S(7) 2.681(3) S(7)-Mo(3)-0(6) 74.2(2) 
Mo(4)-S(7) 2.691(3) S(7)-Mo(4)-0(6) 73.6(2) 
Mo(3)-S(8) 2.490(3) S(8)-Mo(3)-0(6) 107.9(2) 
Mo(4)-S(8) 2.493(3) S(8)-Mo(4)-0(6) 107.1(2) 
Mo(3)-S(9) 2.472(3) 0(4)-Mo(3)-S(7) 160.3(3) 
Mo(3)-S(10) 2.452(3) 0(5)-Mo(4)-S(7) 159.4(3) 
Mo(4)-S(ll) 2.474(3) S(9)-Mo(3)-S(10) 71.4(1) 
Mo(4)-S(12) 2.440(3) S(I l)-Mo(4)-S(12) 71.4(1) 

" The standard deviation of the least significant figure is given in parentheses. * Numbering of atoms in molecule 2 is continued in the same 
order as in molecule 1. 

that there be two crystallographically independent molecules 
of 4 and that the acetone molecule be disordered about a 
symmetry center. A total of 8820 reflections having 26 < 50° 
and F0

2 < 3CT(F0
2) was collected on a Picker FACS-I dif-

fractometer using graphite monochromated Mo Ka radiation 
and the 6-20 scan technique. The data were corrected for ab
sorption and the positions of the Mo atoms were located by 
direct methods. The remaining nonhydrogen atoms were lo
cated by subsequent least-squares refinement and difference 
electron density maps. In the final refinements the Mo, S, and 
O atoms of 4 were refined anisotropically and the phenyl rings 
were treated as rigid groups to give R\ = 0.057 and R2 = 
0.079.9 

A perspective view of one of the molecules of 4 is shown in 
Figure 1. The two Mo atoms are triply bridged by an oxo group 
and two SPh ligands as originally suggested.2,4 However, the 
two bridging SPh ligands are strikingly different. One of the 
bridging SPh ligands is cis to the terminal oxo group of each 
Mo atom, whereas the other bridging SPh ligand is trans to the 
terminal oxo group of each Mo atom. The bond distances for 
the inner coordination sphere (Table I) show that the two types 
of bridging Mo-S distances differ by ~0.2 A. Another inter
esting feature of the bridging system is the near planarity of 
the Mo(I), S(2), 0(3), Mo(2) moiety. The dihedral angle 
between planes S(2)-Mo(l)-0(3) and S(2)-Mo(2)-0(3) is 
181°. The Mo-Mo distance is 2.678 (9) A. 

The 1H NMR spectrum of 4 in CDCb at room temperature 
shows two kinds of phenyl groups and two ethyl resonances of 
equal intensity, indicating that structure 4 persists in solution 
at room temperature. The spectrum also confirms the presence 
of one acetone of crystallization per four molecules of 4. The 
1H NMR spectrum of 2 with R' = Me and R = Et shows two 
widely separated (5 1.57 and 2.87) methyl signals, suggesting 
a structure similar to 4. The IR spectrum of 4 shows a 
(/(Mo=O) doublet10 at 948 and 930 cm"1, shifted from 973 
and 956 cm -1 in 3. Other members of 2 show doublets at 936 
and 918 cm -1 (R'= Me, R = Et) and 933 and 920 cm-' (R' 
= R = Et). The last two complexes also have a band at 695 
cm-1, which we tentatively assign to ^(MoOMo) by compar
ison with the spectra of related variously bridged Mo(V) di-

of 4 which results in rearrangement of the bridging thiophe-
nolate groups remain unknown. 

mers 10 

Trace amounts of water readily cause 4 and its alkyl an
alogues to revert to 3, a reaction promoted by the presence of 
pyridine. Prolonged exposure of 4 to CHCI3 results in a com
plicated reaction. One of the products is a green crystalline 
material shown to be 5 by an x-ray structure determination.6 

The cation of 5 is triply bridged by a Cl atom and two equiv
alent SPh ligands.1' The details of this unusual CHCl3 reaction 

Et2NC CNEt; 

The facile formation of 4 from the reaction of 3 with thio-
phenol supports the suggestion7 that triply bridged dimeric 
complexes may be a common feature of the chemistry of oxo-
molybdenum(V). The reactivity of 4 toward water and CHCI3 
further suggests that triply bridged binuclear species may also 
be important intermediates in reactions of Mo(V) com
plexes. 
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Platinum(II(-Catalyzed Alcohol Acetylations 
by /V-Acetylimidazole 

Sir: 

In our search for template reactions where two reactants are 
coordinated simultaneously to a metal ion, prior to reaction,1 5 

we have investigated the catalysis by platinum(II) complexes 
of the acetylation of pyridinic alcohols (1) by /V-acetylimida-
zole (AcIm) expecting an activation of the coordinated AcIm 
and an induced proximity between the reactants involved in 
a ligand exchange on the transition metal. 

a 
b 
C 

d 
e 
f 

n 
1 
1 
2 
2 
3 
6 

R 

CH, 
H 
CH, 
CH3 

CH, 
CH, 

R' 

H 
H 
H 
CH. 
H 
H 

1 (R"-H) 
2 (R" = COCH3) 

R' ^ '(CH2)„CR'2OR" 
frans-[PtCl2(C2H4)l] I 
frans-[PtCl2(C2H4)2] II 

rrans-[PtCl2(C2H4) (AcIm)] III 
frans-[PtCl2(nBu,P) (AcIm)] V 

We have found that while no acetylation reaction takes place 
between alcohols 1 and pure AcIm in chloroform at room 

Scheme I 

JrO^-[PtCl2(C2H4)I] + AcIm *=* SnWiS-[PtCl2(C2H4)AcIm] + 1 

I III 

I 
rrans-[PtCl2(C2H4)2] + ImH *=* rrarcs-[PtCl2(C2H4)ImHJ + 2 

II IV 

temperature, this reaction occurs when either one of the two 
reactants is initially bound in an olefinic complex of plati-
num(II), according to Scheme I. For instance 1H NMR 
monitoring of the reaction starting from Ic + AcIm or III + 
Ic (CDCI3) shows that a fast ligand exchange first occurs, 
within mixing time, between AcIm and the pyridinic group of 
alcohol Ic, leading to an equilibrium largely in favor of bound 
AcIm (ca. 80:20 at 32 0C); then the acetylation reaction gives 
a new equilibrium in which complex IV and the free acetate 
2c largely predominate (>95%). 

The yields, reaction times, and rate constants of the acety
lation reactions of several alcohols in the presence of a stoi
chiometric amount of Pt(II) are compared in Table I. 

Pt(II) behaves as a superacid catalyst toward nucleophilic 
attack of AcIm by the alcohols,7 but, when AcIm is bound to 
Pt(II) in complex III, there is no acetylation of a primary al
cohol in the absence of base (ligand) (expt 8). In the presence 
of 5-collidine the acetylation takes place and is faster the higher 
the proportion of s-collidine (expt 9, 10). (There is no acety
lation reaction with 3 + AcIm + P246 1:1:1.) The acetylation 
reaction is faster with the pyridinic alcohols 1 and depends on 
the n value (expt 1 -2 , 4, 6, 7). The best result is obtained for 
n = 2 (expt 4): k4:k\ = 4.05; k4:kb = 3.2; A:4:k7 = 44. It is 
noteworthy that Pt(II) allows a slow but quantitative acety
lation of the tertiary alcohol Id (expt 5). The influence of the 
chain length of the pyridinic alcohols 1 could be related to the 
expected template effect resulting from the observed ligand 
exchange between alcohols 1 and AcIm or to intramolecular 
general base catalysis of the reaction by the pyridinic group. 
The following results support the second proposition. In 
chloroform a slow reaction can be initiated between alcohols 
1 and AcIm by addition of acetic acid;8 the reactions of various 
alcohols 1 with AcIm and AcOH, 0.16 M each, give the fol-

Table I. Stoichiometric Acetylation of Alcohols la-lf and Phenyl-3-propanol (3) by AcIm in the Presence of Pt(II)6 

Reaction 

Concn of 
reactants in 
CDCl3, Ma 

0.16 
0.16 
0.16 
0.16 
0.25 
0.16 
0.16 
0.25 
0.25 
0.26 
0.25 

0.23 

0.16 

Acetate 
yield, %* 

62 
66 
52.4 
87.5 

100 
85 
51 

£ * 

32 
80 
50 
70 
50 
70 
74 

Reaction 
time, h 

(23 0 C) ' ' 

0.78 
0.80 
7.5 
0.43 

312rf 

1.4 
5.5 

\44d 

2\d 

2\d 

0.33'' 
2.8 
0.61' 
1.08 
3.9 

Wk, 
M - ' s - 1 / 

23 0 C 

3.±0.4 
3.8 ± 0 . 4 

0.24 ± 0.02 
15 ± 1.5 

4.7 ± 0 . 5 
0.34 ±0 .03 

0.93 ±0 .1 

(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 

(10) 
( M ) 

(12) 

(13) 

Ia + AcIm 
III + la 
III + lb 
Ic + AcIm 
Id + AcIm 
Ie + AcIm 
I f + A c I m 
III + 3(1:1 
111 + 3 + P 

it 
(* 

.2) 
246' 

(n 
1 = 

1 -

(n 
(n 
(n 
(n 

Ui 

= 1) 
1) 
1) 
= 2) 
= 2) 
= 3) 
= 6) 

:1:0.1) 
111 + 3 + P^46* (1:1:1) 
111 + 3 + Et3N (1:1:1) 

V + 3 + Et3N (1:1:1) 

V + Ic (w = 2) 

" When the reactions are not stoichiometric for each reactant, Pt complex concentration is given. * Results from at least two runs, determined 
by integration of the 1H NMR signals of the -CH2- ot to OAc and the ImH 2-H proton in the case of primary acetates, and of the OAc methyl 
signal in the case of 2d. '' The fast reactions are monitored by 1H NMR, at 23 0C, on a Bruker WH 90 working in FT mode, using tape FID's 
recording when necessary; the other reactions are run at either rf23 0C and the NMR spectra recorded on a Varian A60 (insert temp 32 0C), 
or * 33 0C in the insert of a varian EM 390. f Second-order rate constants determined by linear regression (r > 0.992 with at least six points 
and up to 50% conversion). s Acetate detected by NMR, but <5% yield. * P246 = 2,4,6-trimethylpyridine (5-collidine). 
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