
J. Am. Chem. Soc. 1991, 113, 5057-5059 5057 

we were interested in comparing its parallel polarization EPR 
spectrum with that of the biological system. Examination of 
complex 1 in frozen CH3CN at low temperature reveals a signal 
at geff ~ 6 with a peak-to-peak width of 700 G, shown in Figure 
2, that bears a strong resemblance to the Srstate MnOEC parallel 
polarization EPR spectrum.4 This result lends support to the idea 
that the manganese aggregate in photosystem II has an electronic 
structure similar to the "dimer-of-dimers" compound 1. Fur
thermore, on the basis of this spectral similarity we favor the 
oxidation state assignment of Mn(III,IV,III,IV) for the MnOEC 
S1 state. This is in agreement with the conclusions of Klein, Sauer, 
and co-workers which were based on X-ray absorption edge and 
preedge studies.7b 
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There are few reports of monomeric complexes bearing a simple 
CH carbyne ligand,1 We now report the generation of hydri-
docarbyne complexes Tp'(CO)2M^CH (3a, M = Mo; 3b, M = 
W; Tp' = HB[3,5-Me2C3HN2]3, hydridotris(3,5-dimethyl-
pyrazolyl) borate) and their dimerization to give unique vinylid-
ene-bridged dinuclear products. 

In a previous communication28 we reported that the cationic 
phosphonium carbyne complex la, [Tp'(CO)2W=CPMe3] [PF6], 
was susceptible to nucleophilic attack at Cn to generate a neutral 
carbene complex, Tp'(CO)2W=C(H)(PMe3) (Scheme I). Ad
dition of MeI to the (dimethylphenyl)phosphonium carbene 2b2W 

has permitted isolation of milligram amounts of hydridocarbyne 
3b as a bright yellow solid with [Me3PhP]I formed as a byproduct. 
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Alternatively, we have developed a more efficient route to 3a,b 
involving fluoride-induced desilylation of the new silylcarbynes 
4a,b. 

Following Mayr's multistep Fischer carbyne synthesis,4 we have 
incorporated the bulky Tp' ligand in the coordination sphere which 
allows us to isolate analytically pure samples of silylcarbynes 4a,b 
in low yield following alumina chromatography (Scheme II). 
Salient 13C NMR low-field singlets identify the Tj'-silylcarbyne 
moiety bound to molybdenum or tungsten (4a, 8 = 360.4 ppm; 
4b, S = 339.0 ppm, >/w_c = 160 Hz; 183W 14.3% abundance, / 
= 1A).5 

Silylcarbynes 4a,b were smoothly desilylated in THF at -78 
0C with Bu4NF6'7 to quantitatively generate hydridocarbynes 
Tp'(CO)2M=CH (3a,b) as monitored by IR spectroscopy. For 
tungsten derivative 3b we have isolated the product as an ana
lytically pure bright yellow powder in 30% yield; the corresponding 
molybdenum complex 3a undergoes a secondary reaction upon 
warming to 20 0C to form a new dimeric complex 5a identified 
by a four-band carbonyl stretching pattern in its IR spectrum (vide 
infra). 

Tungsten hydridocarbyne 3b has been fully characterized by 
IR, 1H and 13C NMR spectroscopy, elemental analysis, and a 
vapor phase osmometry molecular weight determination.8 Its 
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Figure 1. An ORTEP representation of the vinylidene-bridged dimeric 
complex 5b. Selected bond distances (angstroms), bond angles (degrees), 
and torsion angles (degrees): W(l)-W(2) 3.96 (1), W(I)-C(S) 2.00 (2), 
W(2)-C(5) 1.98 (2), W(l)-C(6) 2.36 (2), W(2)-C(6) 2.34 (2), C(5)-
C(6) 1.51 (2);W(1)-C(5)-W(2) 166.6 (9), W(l)-C(6)-W(2) 114.5 (8), 
W(l)-C(5)-C(6) 83 (1), W(2)-C(5)-C(6) 83 (1), W(l)-C(6)-C(5) 
57.4 (9), W(2)-C(6)-C(5) 57.1 (9); C(6)-W(2)-C(5)-W(l) 0.4 (5). 

downfield singlet in the 1H NMR spectrum (6 = 8.22 ppm, 27W-H 
= 83 Hz) and proton-coupled 13C NMR downfield doublet (S = 
280.6 ppm, 1JQ-H = 142 Hz, '7w_c = 192 Hz) unambiguously 
identify the TJ'-CH ligand. The magnitudes of these coupling 
constants are noteworthy. The terminal CH has a one-bond 1JQ-H 
roughly 100 Hz smaller than is typical for terminal alkynes;9 the 
implication is that the metal-carbon triple bond requires sub
stantial s character at carbon, depleting s character available for 
the a electron pair of the C-H bond. Note that this coupling 
constant value of 142 Hz suggests vinyl-type acid/base behavior 
rather than acetylene-like behavior. The value of the two-bond 
2 /W-H is also surprising and is large relative to one-bond values 
of 30-60 Hz for close relatives of CpW(CO)3H

10 and 5-10 Hz 
for complexes related to TpW(CO)3H." The magnitudes of both 
coupling constants, however, are in agreement with those reported 
for other tungsten methylidynes.ld 

Hydridocarbynes 3a,b are "Fischer-like" carbynes, containing 
strong ir-acid ancillary carbonyl ligands in their coordination 
sphere. Of course, Schrock's methylidynes (trans-X-
(PME3J4WsCH) are also low-oxidation-state carbynesld in 
contrast to Chisholm's (RO)3W=CH system.le 

Complex 3b undergoes slow dimerization in solution to give 5b 
quantitatively (eq 1). Both 5a and 5b display temperature-de-
2 TpTCO)2M=CH Tp1CCO)2M-C-M(CO)2Tp' (1) 

''CH2 

5a: M = Mo 
5b: M = W 

pendent behavior in their 1H and 13C NMR spectra.12 At 20 0C 
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(Tp'CCH3), 107.4, 107.1 (Tp' CH), 15.7, 12.9, 12.8 (Tp' CCH3), -3.3 (W-
(M-CH2)W). Anal. CaICdTOrC36H46B2N12O4W2: C, 39.30; H, 4.21; N, 
15.28. Found: C, 39.26; H, 4.16; N, 15.04. 
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the bridging methylene protons appear as a broad singlet, which 
integrates for two protons (5 = 2.34 ppm in 5a and 5 = 2.20 ppm 
in 5b). The bridging carbide carbon appears as a low-field singlet 
(8 = 346.7 ppm in 5a; 5 = 304.4 ppm, 1Zw-C = 45 Hz in 5b). 
These chemical shift values, in conjunction with the low magnitude 
of the spin coupling to 183W (in 5b), are compatible with a vi-
nylidene-like carbide center (A),13 as opposed to a metalla-
methylidyne carbon (B) (Scheme III).5,14 The bridging methylene 
carbon resonates as an upfield triplet (5 = 7.2 ppm, 1JQ-H = 162 
Hz in 5a; 5 = -3.3 ppm, 1Zc-H = 162 Hz in 5b) in the gated-
decoupled 13C NMR spectra, in agreement with previous char
acterizations of ^-methylene complexes lacking metal-metal 
bonding.15 The proton signal near 2 ppm correlates with the 
carbon of the bridging methylene moiety in 2-D HETCOR ex
periments. 

The molecular structure of 5b has been determined by X-ray 
crystallographic analysis (Figure I).16 The most interesting 
geometrical feature of the structure is the W2C2 core. A short 
C5-C6 interatomic distance of 1.51 (2) A indicates a C5-C6 single 
bond. The W1-C5-W2 frame is slightly bent, with a bond angle 
of 166.6 (9)°. Both W1-C5 (2.00 (2) A) and W2-C5 (1.98 (2) 
A) bond distances are consistent with W=C double bonds." The 
W1-C6-W2 bond angle of 114.5 (8)° indicates a distorted tet-
rahedral geometry at the bridging methylene C6.'8 The W1-C6 
and W2-C6 bond lengths (2.36 (2) A, 2.34 (2) A, respectively) 
are probably best described as elongated W-C single bonds." 
This vinylidene-like connectivity of the CCH2 bridge contrasts 
with the common (ji-HCCH) bridging mode found in Cp2W2-
(CO)4(M-C2H2)

20 and related bridging acetylene complexes.21 

Given that C6 is five-coordinate, a nonclassical bonding description 
is appropriate for the planar W2C2 core. Presumably three-center 
bonding descriptions involving both metals apply to the C6 a-
system and to the C5 ir-system. Investigations into the nature 
of the W2C2 bonding interactions as well as the reactivity of 
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hydridocarbyne 3b and the "dimers" 5a and 5b are underway. Scheme 1° 
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Despite the successful synthesis of several monocyclic thiepine 
derivatives stabilized by bulky groups at both the 2- and 7-pos-
itions,1 the parent thiepine (1) has eluded synthesis.2 This is 
mainly due to the pronounced thermal instability of 1. Ready 
loss of sulfur from 1 presumably occurs by valence isomerization 
of 1 to the corresponding thianorcaradiene followed by irreversible 
cheletropic loss of sulfur.3 On the other hand, the ability of 
transition metals to stabilize labile species by complexation4 has 
allowed isolation of kinetically unstable conjugated molecules such 
as cyclobutadiene,5 pentalene,6 and norcaradiene.7 Actually, in 
the field of thiepines, a transition-metal complexation strategy 

dedicated to Professor Ronald Breslow on the occasion of his 60th 
birthday. 
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"Synthesis of 2. Reagents and conditions: (i) 1.5 equiv of Fe2(C-
O)9, THF, 50 0C, 12 h, 99%; (ii) 1.5 equiv of P-CH3C6H4N2

+ BF4", 95 
0 C, 5 min under sonication, 21%; (iii) 4.0 equiv of LAH, 1:2:1 DME-
THF-ether, -100 8C, 1 h, 24%; (iv) 4.0 equiv of Fe2(CO)9, benzene, 
75 0C, 48 h, 67%; (v) 2.0 equiv of P-CH3C6H4N2

+ BF4", 95 0C, 10 min 
under sonication, 10%; (vi) 15.0 equiv of SmI2, THF, 0 0 C, 38%. 

has recently been utilized to synthesize and isolate thermally 
unstable 1-benzothiepine 1-oxide by us.8 Herein we disclose the 
first synthesis and characterization of (thiepine)iron tricarbonyl 
(2), which demonstrates the possibility of detection of thiepine 
1. 

O 
Fe(CO)3 

W IJ 

Our synthetic route to (thiepine)iron tricarbonyl (2) involves 
unique methodology for the reduction of sulfone to sulfide. The 
reaction of stable thiepine 1,1-dioxide (3)9 with 1.5 equiv of 
Fe2(CO)9 in THF at 50 0C for 12 h furnished the iron tricarbonyl 
complex 4,10 yellow needles, mp 169-170 0C dec, in 99% yield. 
The 7j4-complexation in 4 was confirmed on the basis of its 1H 
and 13C NMR spectra which exhibited substantially high field 
chemical shifts for 2- (6H = 3.73, 5C = 67.4) and 5-positions (5H 
= 3.13, ac = 50.8). 

Recently, the conversion of sulfones into sulfoxides has been 
reported by a two-stage procedure involving initial reaction of a 
sulfone with an arenediazonium tetrafluoroborate to form an 
aryloxysulfoxonium salt" and subsequent reaction of this either 
with NaBH4-Al2O3

12 or with phenylmethanethiol.13 Reaction 
of finely pulverized 4 with p-toluenediazonium tetrafluoroborate 
without solvent at 95 0C for 5 min under sonication afforded a 
1:1 mixture of stereoisomers of the p-tolyloxysulfoxonium salts 
5a10 and 5b10 which could, though tedious, be separated14 by 

(8) Nishino, K.; Ishigami, S.; Tamura, Y.; Imagawa, K.; Ikutani, Y.; 
Murata, I. Angew. Chem., Int. Ed. Engl. 1988, 27, 1717-1718. 

(9) Mock, W. L. / . Am. Chem. Soc. 1967, 89, 1281-1283. 
(10) All new compounds gave appropriate 1H NMR, 13C NMR, and mass 

spectra and satisfactory elemental analyses. See the supplementary material. 
(11) Chalbley, G. R.; Snodin, D. J.; Stevens, G.; Whiting, M. C. J. Chem. 

Soc, Perkin Trans. I 1978, 1580-1587. 
(12) Still, I. W. J.; Ablenas, F. J. J. Org. Chem. 1983, 48, 1617-1620. 
(13) Shimagaki, M.; Tsuchiya, H.; Ban, Y.; Oishi, T. Tetrahedron Lett. 

1978, 37, 3435-3438. 
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