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Experimental support for the above conclusions was obtained 
by measurements of the magnetic susceptibility of 3 in the tem
perature interval 65-300 K. The effective magnetic moment of 
3 increased with temperature, consistent with strong antiferro-
magnetic coupling.18 At room temperature, ;ueff reached a value 
of only 2.1 ^3, which may be compared to the /ueff of 3.5 /xB for 
1 at the same temperature.3e The close approach of the two metal 
atoms in 3 apparently leads to a significant splitting of the d 
orbitals and enforces spin pairing. We conclude that 3 exhibits 
an exceptional case of metal-metal bonding between two octa
hedral Cr(III) ions. 
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In contrast to the wealth of chemistry reported for many 
small-ring heterocyclic compounds, there is a surprising dearth 
of information on the 1,2-dihydrophosphete ring system (structure 
1). Though a transition-metal complex of a 1,2-dihydrophosphete 
was recently reported,2 in no case has a simple 1,2-dihydro
phosphete been isolated; existing reports are of the corresponding 
1-oxides (structure 2).3"5 
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As part of a continuing study of the synthesis of carbocyclic 
and heterocyclic compounds through the intermediacy of me
tallacyclobutenes, we have discovered an apparently general 
synthetic route to these 1,2-dihydrophosphete heterocycles. A 
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Figure 1. Stereoscopic view of 1,2-dihydrophosphete 4a. Bond lengths12 

(A): P(l)-C(2), 1.821 (3); P(l)-C(4), 1.886 (4); C(2)-C(3), 1.366 (5); 
C(3)-C(4), 1.517 (5); P(I) -C(I l ) , 1.842 (3); C(2)-C(21), 1.477 (4); 
C(3)-C(31), 1.480(4). Bond angles (deg): C(4)-P( l ) -C(l l ) , 104.7 (1); 
C(2)-P(l)-C(4), 74.0 (2); C(2)-P(l)-C(l 1), 104.3 (1); P(l)-C(2)-C-
(3), 95.5 (2); P(l)-C(2)-C(21), 128.6 (2); C(3)-C(2)-C(21), 135.8 (3); 
C(2)-C(3)-C(4), 101.3 (3); C(2)-C(3)-C(31), 134.3 (3); C(4)-C(3)-
C(31), 124.3 (3); P(l)-C(4)-C(3), 88.0 (2). 

variety of substituents may be introduced, and the heterocycles 
may be readily isolated in good yield as the unoxidized di-
hydrophosphetes (structure 1). 

When the diphenyltitanacyclobutene 36 is treated with 1 equiv 
of phenyldichlorophosphine in benzene solution at room tem
perature, titanocene dichloride immediately precipitates in nearly 
quantitative yield as a red microcrystalline solid.7 Filtration under 
nitrogen of the reaction mixture through a short column of silica, 
eluting with deoxygenated diethyl ether, followed by evaporation 
of solvents in vacuo, affords the dihydrophosphete 4a as a white 
solid in 66% yield.8 

H., 
Cp2Ti ' ,X ) -C 6 H 5 + RPCl2 Cp2TiCl2 + 

p.C 

CRH, 
^ 6 H 5 ^ 6 H 5 

, 48,R = C6H5 
J b, R = CH3CH2 

c, R = (CH3)3C 
d, R = CH3CH2O 

The dihydrophosphete 4a (and its congeners; vide infra) is most 
readily characterized by its 1H NMR spectrum. The two protons 
of the methylene group are stereochemically inequivalent and, at 
moderate field (360 MHz), are sufficiently well resolved to give 
rise to a simple first-order pattern of two doublets of doublets (/H-H 
= 14.4 Hz, Jp_H = 9.6, 4.2 Hz). 

Single crystals of 4a were obtained from a cooled toluene/ 
pentane solution. X-ray crystallographic analysis of 4a proceeded 
routinely.9 A stereoscopic view of the structure of 4a is provided 
in Figure 1. The phosphacyclobutene ring is roughly planar, with 
an average deviation from planarity of 0.05 A. The C-P-C bond 
angle of 74.0° is identical with that reported by Mathey2 for the 
tungsten pentacarbonyl complex of a related 1,2-dihydrophosphete, 
as is the sp3 C-sp2 C bond length of 1.517 A. The C=C double 
bond is somewhat longer than in the Mathey compound, at 1.366 
A (compared to 1.331 A), while the sp3 C-P bond is somewhat 
shorter, at 1.886 A (compared to 1.902 A). Other relevant bond 
lengths and angles are presented in the caption to Figure 1. In 
short, 4a displays a ground-state structure quite consistent with 
simple formulation as the 1,2-dihydrophosphete. Though partial 
contribution of the ring-opened phosphabutadiene structure has 
been invoked to account for the structure of the tungsten penta
carbonyl complex of a 1,2-dihydrophosphete,2 it does not appear 
necessary to invoke participation of the phosphabutadiene structure 
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in determining the ground-state metrical parameters of the un-
complexed heterocycle, 4a. 

CH3CH2O, 
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Although our first preparation of 4a, in which workup was 
carried out in air rather than under nitrogen, gave 4a contaminated 
with significant amounts of what appears to be the dihydro-
phosphete oxide,10 5, we find that pure 4a is remarkably inert 
toward oxidation. Solutions of 4a in perdeuteriobenzene show 
only traces of the putative 5 after storage for several weeks under 
an atmosphere of pure oxygen. Attempted independent prepa
ration of oxide 5 through the reaction of the titanacyclobutene 
3 with phenyldichlorophosphine oxide gave inconclusive results. 

4a 
(O] 

C0H 

1 - P - C 6 H 5 < ? 
O 
I l 

3 +C6H5PCI2 

The reaction of titanacyclobutene 3 with dichlorophosphines 
appears quite general.8 Ethyldichlorophosphine gives dihydro-
phosphete 4b, though 4b appears unstable and has not yet been 
isolated or fully characterized. fevr-Butyldichlorophosphine also 
reacts, though this reaction is considerably slower. Workup after 
24 h affords the product, 4c, in 30-50% yield. Ethyl phospho-
rodichloridite also reacts readily to produce the corresponding 
dihydrophosphete 4d, as a stable white solid in 73% yield. In only 
one case have we failed to observe formation of the dihydro
phosphete product. (Diisopropylamino)dichlorophosphine does 
not react with titanacycle 3 at room temperature; elevation of the 
temperature to ca. 50 0C results in decomposition. 

We are currently extending this chemistry to titanacyclobutenes 
bearing substituents other than the phenyl groups present in 3 
and are also exploring the use of other main-group electrophiles 
to remove the organic fragment from these titanacyclobutenes and 
other metallacyclic complexes prepared in our laboratories. The 
electrocyclic ring-opening of the 1,2-dihydrophosphetes is also 
being explored." 
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Mechanistic studies of the antitumor agents neocarzinostatin,1 

calichemicin,2 and esperamicin3 suggest, at a minimum, three 
common features essential to the operation of these antibiotics: 
(1) nondestructive high-affinity binding to DNA and (2) a 
chemical triggering mechanism leading to a high-energy inter
mediate capable of (3) rapid biradical formation at physiological 
temperatures. .We describe herein the design, synthesis, and 
reactivity of a molecule that exhibits the latter two features and 
can be readily adapted to incorporate the first.4 

Thiol 1 was envisioned to undergo a base-induced internal S^l' 
displacement reaction to form the allenic sulfide 3 (Scheme I). 
This intermediate contains the (Z)-l,2,4-heptatrien-6-yne subunit, 
a functional group that has been shown to rearrange to the cor
responding alkylbenzenediyl in the case of the parent substrate 
(Z)-l,2,4-heptatrien-6-yne (-»a,3-dehydrotoluene, tl/2 ~ 24 h 
at 37 0C, eq I).5 In the latter study, it was demonstrated that 

^ T ( D 

substitution of methyl for hydrogen on the allenic terminus leads 
to a 6-fold enhancement in the rate of biradical formation.5 To 
the extent that the sulfur atom of 4 provides additional stabilization 
of a radical intermediate, the hypothetical cyclization 3 —*• 4 was 
anticipated to be even more rapid. The synthesis of 1 and 2 and 
the dynamics of their transformation to 3 and 4 are described 
below. 

(Z)-Ethyl 2,3-dibromopropenoate underwent selective re
placement of the /3-bromide upon treatment with (trimethyl-
silyl)acetylene (1.7 equiv), AyV-diisopropylethylamine (1.7 equiv), 
cuprous iodide (0.20 equiv), and tetrakis(triphenylphosphine)-
palladium (0.05 equiv) in 7V,./V-dimethylformamide at 0 0C for 
10 h, to produce the (Z)-bromo ester 5 in 90% yield.6 Reduction 
of the ester group of 5 with diisobutylaluminum hydride (2.3 equiv) 
in toluene at -78 0C for 30 min and at 0 0C for 30 min formed 
the corresponding alcohol (94%), which was protected as its 
rert-butyldiphenylsilyl ether derivative [rert-butyldiphenylsilyl 
chloride (1.2 equiv), 4-(dimethylamino)pyridine (DMAP, 0.27 
equiv), and triethylamine (5 equiv) in methylene chloride at 23 
0C for 3.5 h, 95%]. Slow addition of bromide 6 to a solution of 
fev/-butyllithium (2.5 equiv, 0.14 M) in tetrahydrofuran-ether-

(10) 1H NMR shows a new pair of dd at S 3.38 and 3.43; MS displays the 
parent ion at mjz = 316. 
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