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between the gas-phase and solution processes is associated with
solvent interactions on the TS and reactants. The solution TS
structure, in accordance with the Hammond postulate,?? now
resembles To~, and thus a share of the activation energy required
for OH- attack on the amide is associated with structural changes
accompanying rehybridization at N in much the same way as is
responsible for the barrier to rotation in formamide.>® Amides
in which the structure predisposes the amidic unit toward a py-
ramidal N with attendant lengthening of the C-N bond are ac-
cordingly activated toward nucleophilic attack and exhibit an
accelerated hydrolysis.?

This structural distortion amounts to destabilization of the
ground state with concomitant reduction in the TS barrier for OH-
attack. We!?'15 and others?* have previously attributed the ac-
tivation to a distortion that removes amidic resonance. However,
structural distortion cannot remove resonance interactions if they
are not present in the first place.%® Our structural studies with
4 and § are consistent with the theoretical predictions.® Fur-
thermore, the kinetic results suggest that there is no straight-
forward relationship between the degree of rotation about the
N-C(O) bond and the kinetic reactivity toward OH~. Rather,
there is a direct relationship between (a) the extent of N pyram-
idalization and (b) N=C(O) lengthening and kgy-.2°
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We describe new and efficient routes to zinc chalcogenides that
involve the solution-phase reactions of zinc metal with sulfur,
organic disulfides, and selenium.! Our findings further establish
the remarkable reactivity of N-alkylimidazole solutions of chal-
cogen compounds toward metals? and as well as metal sulfides.
Zinc sulfides (and selenides) are widely used as phosphors, sem-
iconductors, long-wavelength windows, and catalysts.> Zinc

(1) Reviews of polychalcogenide complexes: Draganjac, M.; Rauchfuss,
T. B. Angew. Chem., Int. Ed. Engl. 1985, 24, 742; Angew. Chem. 1988, 97,
745. Miiller, A.; Diemann, E. Adv. Inorg. Chem. 1987, 31, 89. Ansari, M.
A.; Ibers, J. A. Coord. Chem. Rev. 1990, 100, 223.

(2) Ramli, E.; Rauchfuss, T. B.; Stern, C. L. J. Am. Chem. Soc. 1990, 112,
4043.

0002-7863/90/1512-6385$02.50/0

1990, 112, 6385-6386

6385

Figure 1. The structures of ZnSy(N-Melm), (1) (top) and ZnSe (V-
Melm), (2) (bottom) with thermal ellipsoids drawn at the 35% proba-
bility level. Selected bond distances (A) and angles (deg) for 1: Zn-S7,
2.312 (3); S7-S8, 2.048 (4); S8-S9, 2.043 (4); S9-S10, 2.058 (4);
S10-S11, 2.047 (4); S11-S12, 2.044 (4); S12-Zn, 2.290 (3); N19-Zn,
2.014 (7); N13-2Zn, 2.045 (7); N19-Zn-N13, 103.0 (3); S7-Zn-S12,
121.1 (1). Selected bond distances (A) and angles (deg) for 2: Zn-Sel,
2.431 (2); Sel1-Se2, 2.330 (2); Se2—-Se3, 2.333 (2); Se3-Se4, 2.345 (2);
Sed—-Zn, 2.430 (2); Zn—-N1, 2.023 (10); Zn—-N7, 2.021 (7); Sel-Zn-Se4,
111.56 (7); N1-Zn-N7, 101.0 (4).

mercapto imidazole complexes occur widely in biological systems.*

Zinc dust (1.10 g, 16.83 mmol) was found to dissolve in a hot
(100 °C) N-methylimidazole (N-Melm, 20 mL) solution of el-
emental sulfur (3.25 g, 101.37 mmol). Over the course of 12 h,
the reaction proceeded to give a clear, greenish-brown solution.
The zinc dissolved completely in this reaction; we did not observe
the formation of ZnS. The cooled, filtered solution was layered
with toluene (40 mL), and after 24 h at 0 °C bright yellow crystals
of ZnS¢(N-Melm), (1) were collected (3.69 g).5 Yields ranged
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Scheme I
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[Zn(Se) ™

from 50 to 60%. Both 325-mesh zinc powder (Cerac) and con-
ventional zinc dust (Mallinckrodt) have been successfully employed
in this reaction.

N-Melm solvent is crucial to the reactivity of the zinc powder,
and no reaction was observed for tert-butylpyridine/Zn/Sg or
toluene/Zn/Sz at 100 °C for 12 h. A solution of sulfur in 1,2-
dimethylimidazole (1,2-Me,lm), zinc dust, and sulfur afforded
green-yellow crystals analyzing as ZnSq(1,2-Me,Im),.6

A crystallographic study? of 1 shows that zinc is situated in
tetrahedral N,S, environment?® (Figure 1). The Zn-S distances
are 2.290 (3) and 2.312 (3) A. The ZnS, ring conformation
resembles that for ¢-S;.7 In this respect, the ZnS ring in 1 is
similar to that in (PPh,),[Zn(S¢),].'%!! In fact, the latter binary
zine sulfide anion can be prepared by treatment of DMF solutions
of 1 with (PPh,),S followed by Et,O precipitation.'?

Solutions of 1 in N-Melm are blue-green with A,,, = 618 nm.
We propose that this color arises from polysulfide anion radicals,
e.g., Sy~, which are known to exist in equilibrium with free S¢-.1*
N-Melm solutions of (PPh,),S¢ (1.72 X 10 M) and 1 (2.9 X
1072 M) display comparably intense absorptions at 618 nm. Thus
at 2.9 X 102 M in 1, approximately 1% of the polysulfide anion
is uncoordinated. As indicated in Scheme I, N-Melm is proposed
to displace the polysulfide, giving [Zn(N-Melm),]}?*. These
findings are relevant to the action of zinc catalysts for the addition
of polysulfur radicals to polyolefins in the vulcanization process.'*
Reaction of an acetone solution of 1 with (MeCp),TiCl, gave
(MeCp),TiS; in 90% yield;!s thus it appears that, as with other
zinc chalcogenides,'® 1 may be a useful source of S,%".

Compound 1 decomposes at 190 °C in a vacuum, leaving an
off-white residue of ZnS. Further studies on the relationship
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between 1 and ZnS have revealed an unexpected aspect of N-
Melm/S; reactivity. We found that an N-Melm suspension of
freshly precipitated ZnS"" dissolved (minutes, 100 °C) upon
addition of elemental sulfur (5 mol of S/mol of ZnS). This novel
reactivity was found to depend on the morphology of the solid.
Crystalline ZnS (hexagonal or cubic) appears unreactive toward
Sg/N-Melm, in contrast to samples characterized by broad dif-
fraction peaks (fwhm 28,55 ~ 2.8°). The most reactive forms
of zinc sulfide are the “organosols”. Such colloidal species!?
dissolve in seconds (25 °C) upon the addition of N-Melm/S;g to
give 1. N-Melm solutions of sulfur also dissolve freshly precip-
itated sulfides of Mn, Fe, Ni, and Cu. This finding suggests that
metal sulfides may be intermediates in N-Melm/M/S; reactions.

N-Melm solutions of organodichalcogenides are also reactive
toward metal powders. For example, zinc dust (0.82 g) dissolved
completely in N-Melm (15 mL) upon addition of 1 equiv of Ph,S,
(100 °C, 12 h). Ether precipitation gave colorless crystals of
Zn(SPh),(N-Melm), in 68% yield'? (eq 1). Ph,Se, and (i-PrS),

Zn + 2 N-Melm + Ph,S, — Zn(SPh),(N-MeIm), (1)

in N-Melm have also been found to dissolve zinc; N-Melm/Ph,S,
dissolves iron, nickel, and copper.?® This approach has consid-
erable synthetic potential.?!

The N-Melm/Zn/Se reaction (100 °C, 18 h) gave a reddish-
brown solution, which upon layering with THF afforded a 30%
yield of ZnSe,(N-Melm), (2).22 The molecular structure?? of
2 consists of a tetrahedrally coordinated Zn ion and a nonplanar
ZnSe, ring?* (Figure 1). The occurrence of a smaller ZnE, ring
for E = Se vs E = S is an established trend attributable to the
increased size of the heavier chalcogen. The N-Melm/Zn/Se
reaction is noteworthy because it employs the less reactive (gray)
allotrope of selenium.

In summary, N-Melm suspensions of zinc exhibit particularly
well behaved reactivity toward sulfur. This reactivity has been
extended to include organic disulfides and elemental selenium.
The finding that metal sulfides themselves are reactive toward
N-Melm/S; defines a number of opportunities that interrelate
materials science and coordination chemistry of metal chalco-
genides.
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