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is a negligible part of the total decay of X and Y. Below about 
1 mM DPA, the light yield increases with DPA concentration, 
as previously observed.4 

At lower concentrations of triethylamine, the light appears in 
distinct pulses, so that the appearance of the second intermediate 
Y is not coincident with the disappearance of X. There must be 
a storage point along the reaction pathway between them. The 
storage point between the two intermediates X and Y we denote 
Z. It is not possible to simulate the observed two-pulse intensi­
ty/time profile on the basis of the system portrayed in Scheme 
I unless a discrete species Z is included. The system as shown 
generates the curves in Figure 3 with the parameters indicated 
in the figure caption. 

The mechanism of Scheme I constitutes a major revision of 
previous ideas about this reaction.3,4 Current work is directed 
toward a more precise kinetic definition of the reaction and toward 
the testing of structural hypotheses5 for X, Y, and Z. The ap­
plicability of Scheme I is not limited to the TCPO/TEA system 
in ethyl acetate. The new mechanism also accounts for obser­
vations similar to those described here, which we have made with 
other oxalate esters, other base catalysts, and other solvent systems. 

(5) Our current structural hypotheses are 
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Z should be a poor electron acceptor compared to X and Y and its structure 
is therefore consistent with its failure to generate light. The structures of X 
and Y are also consistent with the observation that one equivalent of the phenol 
is released early in the reaction and the second equivalent more slowly. 
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Induced internal electron transfer reactions involving tetra-
thiometalate anions of Mo and W have recently been estab­
lished.1-3 The M(VI)S4

2"" (M = Mo, W) anions react with 
oxidants to yield products with the metals in lower oxidation states. 
For example, reaction of Mo(VI)S4

2- with thiuram disulfides yields 
Mo(V)(S2)(RjNCSj)3.2 Reducing equivalents for the reduction 
of Mo(VI) to Mo(V) come from oxidation of bound sulfide to 
disulfide. Diagonal relationships in the periodic table4 suggest 
that VS4

3" and MoS4
2- might undergo similar reactions. Indeed 

internal redox reactions might afford a new route to lower valent 
vanadium sulfur complexes. Such complexes are currently rare, 
although interest in their synthesis is increasing.5""'1 
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Figure 1. ORTEP drawing of V2(M-S2)2[(C4H9)2NCS2]4 (2). Bond lengths 
(A): Va-Vb 2.851 (1), S1-S2 1.998 (2), V8-S1 2.402 (2), Va-S2 2.403 
(1), Va-Sal 2.492 (1), Va-Sa2 2.501 (2). 

Figure 2. Part of the (VS4)„ chain in patronite, showing two V-V pairs.22 

In comparison with (NH4)2MoS4, the salt (NH4)3VS4
12'13 has 

found relatively little use as a starting material in inorganic 
syntheses.7'13,14 It dissolves in aqueous base to give deep violet 
solutions, which decompose quickly to brown oxygen-containing 
materials. Dissolution of (NH4)3VS4 in dry, deoxygenated DMF 
yields only brown polymeric vanadium sulfides. Attempts to 
exchange the ammonium ion for tetraalkylammonium ions (e.g., 
tetrabutylammonium) were heretofore unsuccesful. However, 
when a dry solution of tricaprylylmethylammonium chloride in 
toluene containing 2% DMF is stirred with (NH4)3VS4 in an inert 
atmosphere, the desired metathetical reaction slowly occurs, 
yielding a deep violet solution of tris(tricaprylylmethylammonium) 
tetrathiovanadate and a precipitate of ammonium chloride, which 
is separated via filtration.15 This solution is indefinitely stable 
under inert atmosphere. 

Treatment of a VS4
3- solution prepared as above with solid 

tetraisobutylthiuram disulfide causes an immediate color change 
from violet to brown. Silica gel chromatography of the reaction 
solution permitted isolation of the major product, a yellow-brown 
material which readily crystallized from toluene/hexane.16 
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was removed via filtration, leaving an air- and moisture-sensitive violet solution 
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3". UV-vis \mas 326, 364, 538 nm (reported13 for 
(NH4)3VS4 in 1 M aqueous NaOH: 265, 349, 394, 544 nm). 
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Spectroscopic and analytical data17 suggested that this product 
was a novel vanadium(IV) dimer 2 formed via the induced internal 
redox reaction indicated in eq 1. The detailed nature of 2 was 

2VS4
3" (1) + 2(i-Bu2NCS2)2 — 

VIV
2(S2)20'-Bu2NCS2)4 (2) + S,2" (1) 

established by single-crystal X-ray "diffraction.18'" Crystals of 
2 obtained via evaporation of THF/hexane solutions consist of 
discrete molecular vanadium(IV) dimers (Figure 1). The va­
nadium atoms lie on a crystallographic C2 axis. The V-V distance 
of 2.851 (I)A and the observed room temperature diamagnetism 
of the complex are consistent with the presence of a vanadium-
vanadium bond. The vanadium atoms are bridged by two sym­
metry-related M-I2-S2 ligands, forming a M2(JU-772-S2)2 core similar 
to that previously found in Mo2(S2)6

2" and Mo2(S2)2Cl6.
20,21 The 

coordination sphere of each vanadium is completed by two bi-
dentate dithiocarbamate ligands. The arrangement of the ligands 
is simply described as a distorted octahedron, with each S2

2" ligand 
occupying a single vertex. Although other molecular vanadium 
dimers with S2 bridges are known,5,6 the only other V2(^-T;2-S2)2 

core that has been structurally characterized occurs in the mineral 
patronite (VS4). Patronite consists of linear chains of vanadi-
um(IV) ions bridged by S2

2- ligands,22,23 illustrated in Figure 2. 
The vanadium ions in patronite associate in pairs with V-V 
distances alternating between 2.83 and 3.22 A. There is a re­
markable correspondence between the structural parameters of 
the core in 2 and the core about the tight V-V pairs in patronite. 
The V-V distances are nearly identical (2.851 (1) A for 2 vs. 2.83 
A for patronite), as are the S-S distances within the S2

2" ligands 
(1.998 (2) A in 2 vs. an average of 2.03 A in patronite) and the 
average V-S distances (2.405 A in 2 vs. 2.40 A in patronite). 

The virtual congruence of the V2(S2)2 units in 2 and in patronite 
presents a vivid confirmation of the persistence of structural units 
through molecular and solid-state systems. Moreover, the synthesis 
of 2 by an induced internal redox process reemphasizes the utility 
of this novel synthetic strategy. 
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It is well-known that NAD(P)+-dependent dehydrogenases 
discriminate between the re and si faces of the coenzyme. Two 
important and interesting hypotheses were proposed recently to 
explain the existence of these two opposite stereospecificities. One 
of the hypotheses proposes that the hydride transfer takes place 
on the less reactive re face of coenzyme when the natural substrate 
has a thermodynamically unstable carbonyl group and vice versa. 
The proposal is based on the assumption that during billions of 
years of chemical evolution, the enzyme has reached the optimal 
state to catalyze both directions of a reversible reaction most 
efficiently.1 Although the proposal was immediately subjected 
to argument,2 the basic idea involved in the proposal seems worthy 
of consideration.3 

The other hypothesis proposed by Buck and his co-workers is 
mainly based on quantum-mechanical calculations.4 The carbonyl 
oxygen in the carbamoyl group at the 3-positon of the enzyme-
bound (dihydro)nicotinamide ring is set on the re or si face of 
the coenzyme due to prohibited rotation, and a hydride transfers 
on the face occupied by the carbonyl oxygen. That is, at the 
transition state of the redox reaction, the migrating hydrogen and 
the carbonyl oxygen are set in syn configuration. X-ray analysis 
and other physical measurements as well as chemical reactions 
with well-designed nicotinamide derivatives supported this pro­
posal.5"7 

In our previous paper, we described how 3-[./V-methyl-./V-
(J?)-(a-methylbenzyl)carbamoyl] -1,2,4-trimethyl-1,4-dihydro-
quinoline [(11.R)-Me3MQPh] and its corresponding quinolinium 
salt [(HJ?)-Me3MQP+] stereospecifically interconvert, in 
agreement with Buck's proposal. The former compound has a 

CH3 

(OfY 3 + Q -
CH 3 

(11/? J-Me3MQPH 

(11^ ) -Me 3 MQP + 

Q = quinone 

central chirality at the 4-position of the dihydroquinoline ring but 
its side-chain carbonyl group can rotate freely, whereas in the latter 
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