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yield). Similarly, the rers-butyl-substituted nitrene complex 3
yields only amido complex 1.

This system provides convenient access to gram quantities of
electrophilic nitrene monomers of tungsten(I1V). Efforts to utilize
the reagents for nitrene transfer reactions are underway.
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Agostic bonds have proliferated' since the first insightful review
by Brookhart and Green in 1983.2 Numerous a-agostic carbenes,
alternatively described as protonated carbynes, of both groups V3
and VI* have been reported by Schrock and co-workers. The
paradigm for olefin insertion and polymerization reactions involves
B-agostic alkyls.® Four-electron-donor alkyne ligands, common
for group VI provide access to n>-vinyl ligands” which are pre-
cursors to 8-agostic carbene products as reported here.

Addition of a nucleophile (H™, Me™) to the terminal carbon of
the phenylacetylene ligand in [Tp’(CO),W(PhC=CH)][BF,] [Tp/
= hydridotris(3,5-dimethylpyrazolyl)borate] forms an 52-vinyl
ligand which can be protonated to form an alkylphenylcarbene
ligand. The agostic bond present in [Tp/(CO),W=C(Ph)-
CH,R][BF,] (R = H, Me), described in detail below, comple-
ments the range of saturated and unsaturated agostic ligands
represented in Chart I. In a sense, the 8-agostic carbene resembles
both agostic m-complexes with unsaturation in the organic ligand
and Schrock a-agostic carbenes with unsaturation in the met-
al-carbon bond.
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Chart [
Agostic L,M(CR,),(CR),,CR,H Complexes

1 Agostic Alkyls (m=0; na0, 1, 2, ...... )

e.9. m=0, n=2: L"y -__C\R2
N
1. Agostic n-Complexes (n=1; m=t1, 2, 3, ...... )
CRy
0.g. n=1, ma2: L,,/M\\a:g
/
H\CR;CR
ll.  p-Agostic Carbene
R
n=0, m=1: Lﬂh1=?/
H-—CR,

Oxidation of [NEt,][Tp’'W(CO);]® with iodine provides access
to d* metal chemistry via the Tp’"W(CO);l monomer (eq 1).

TEW(CO); + Ip —= TPW(CO)l + I° 1)

Tp(CO)3l + AgBF4 + PhC=CH

[TP(OC)W(PhC=CH)|[BF,] (2)

_CPh
TP(OC),W(PRC=CH)* + LiHBEt Tp'<00)2w<|c (3)
He
_CPh
TP(OC),W(PhC=CH)* + Meli Tp(0C)WZ | (4)
CHve
CPh Ph +
=
Tp(oC)WZ | + HBF, TROC)W=C" (5)
CHR i
H—CR

lodide removal with silver tetrafluoroborate in the presence of
phenylacetylene yields a dark forest green cationic alkyne complex,
[Tp'(CO),W(PhC=CH)][BF,] (eq 2). This dicarbonyl derivative
{(vco = 2057 and 1970 cm™) displays classic four-electrn-donor
alkyne properties® ('H NMR, é = 14.0 ppm, =CH; 1’C NMR,
197 ppm, d, 'Joy = 223 Hz, =CH, 225 ppm, =CPh).

Nucleophilic addition at the terminal acetylene carbon can be
achieved with either Li[Et;BH] (eq 3) or MeLi (eq 4) to form
neutral #?-vinyl complexes. The carbenoid character of C,, bearing
the phenyl group, is evident in the low-field '*C chemical shift
(n*-CPh=CH,, 234 ppm; #>-CPh=CHMe, 265 ppm). NMR
data for these complexes is similar to data reported by Green and
co-workers for n?-vinyl ligands in a series of (x-CsH)[P-
(OMe);],Mo(n*-CR=CR,)} complexes.’

Protonation of the original alkyne terminal carbon results from
addition of tetrafluorcboric acid to the neutral #*-vinyl monomers
(eq 5). The net result of sequential H-, H* addition to the terminal
alkyne carbon is conversion of PhC=CH to PhCCH,. While
electrophilic addition to the Cg site of 5'-vinyl ligands to form
nonagostic carbenes maintains the metal electron count,!? a similar

(8) (a) Trofimenko, S. J. Am. Chem. Soc. 1969, 91, 588. (b) McCleverty,
J. A, Seddon, D.; Bailey, N. A.; Walker, N. W. J. Chem. Soc., Dalton Trans.
1976, 898.

(9) (a) Allen S. R,; Beevor, R. G.; Green, M.; Norman, N. C.; Orpen, A.
G.; Williams, L. D. J. Chem. Soc., Dalton Trans. 1988, 435. (b) Green, M.;
Norman, N. C,; Orpen, A. G. J. Am. Chem. Soc. 1981, 103, 1267. (c) Allen,
S. R; Green, M.; Orpen, A. G.; Williams, [. D. J. Chem. Soc., Chem. Com-
mun. 1982, 104, 826.

(10) (a) Cutler, A. R.; Hanna, P. K.; Vites, J. C. Chem. Rev. 1988, 88,
1363. (b) Davison, A.; Selegue, J. P. J. Am. Chem. Soc. 1980, 102, 2455.
(¢) Bodner, G. S.; Smith, D. E.; Hatton, W. G.; Heah, P. C.; Georgiou, S.;
Rheingold, A. L.; Geib, S. J.; Hutchinson, J. P.; Gladysz, J. A. J. Am. Chem.
Soc. 1987, 109, 7688. (d) Kremer, K. A. M.; Kuo, G. H.; O'Connor, E. J.;
Helquist, P.; Kerber, R. C. J. Am. Chem. Soc. 1982, 104, 6119. (e) Casey,
C. P.; Miles, W. H.; Tukada, H.; O’Conner, J. M. J. Am. Chem. Soc. 1982,
104, 3761.

0002-7863/90/1512-8192$02.50/0 © 1990 American Chemical Society



J. Am. Chem. Soc. 1990, 112, 8193-8195

Figure 1. [Tp’(CO),W=C(Ph)Me]* with the S-agostic carbene lying
between the two carbonyl ligands: W-C3, 1.94 (2) A; C3-C4, 1.50 (3)
A; C3-CS, 1.45 (3) A; W-C3-C4, 91 (1)°; W-C3-CS, 149 (2)°; Cl1-
w-C2, 96 (1)°.

result from protonation of an #?-viny! ligand would leave the metal
unsaturated.

The only unusual piece of spectral data we obtained for the
methylphenylcarbene complex was a high-field 13C chemical shift
for the methyl carbon (—22.8 ppm). The 'Jy value of 132 Hz
for this group could result either from a normal CH;, moiety or
from averaging one agostic C-H coupling constant with two
olefin-like C-H coupling constants.! Partial deuterium incor-
poration did not cause a substantive change in either the methyl
'H chemical shift or the methy! /¢y coupling constant down to
-70°C."" Facile rotation of agostic methyl groups is known to
obscure NMR evidence for agostic bonding in some complexes.'?

The ethylphenylcarbene displays an unusually high field shift
for the methylene carbon (-11.4 ppm), suggesting a close struc-
tural analogy to the methyl derivative. (In contrast, agostic
spectral properties present in a scandium ethyl derivative disappear
in the analogous propyl complex.'®) The methylene 'J¢y value
of 121 Hz and several broad room-temperature NMR signals for
[Tp(OC),W=C(Ph)CH,Me][BF,] encouraged us to undertake
low-temperature NMR studies. Distinct proton signals for the
methylene group of the ethyl substituent were evident at -60 °C
(1.76 and 3.48 ppm, Yyy = 17.5 Hz, 3Jyy = 5.2 Hz). The
absence of a mirror plane in the solution structure was also evident
in the low-temperature '*C spectrum as two carbonyl carbon
signals were detected (211 ppm, WJywc = 161 Hz; 215 ppm, 'Jyc
= 134 Hz).

The keystone that definitively characterizes the cationic
ethylcarbene complex as agostic was the doublet of doublets
revealed at —60 °C for the methylene carbon. The smaller 'Jcy
value of 96 Hz is the signature of an agostic bond,' and the larger
value of 145 Hz reflects rehybridization from sp® toward sp?* for
the methylene carbon. The 'Jyc value of 41 Hz to the carbene
carbon is also noteworthy. Coalescence of the methylene protons
at =5 °C indicates a barrier of 11.7 kcal/mol for enantiomer
interconversion.

The X-ray structure'* of [Tp’(OC),W=C(Ph)CH;][BF,] is
compatible with an agostic formulation (Figure 1). The Tp’ and
carbonyl! ligands are unremarkable; details of the carbene geometr
are the focus of attention here. The W=C distance of 1.942 K
lies near high oxidation state Schrock alkylidenes and below low
oxidation state Fischer carbenes's [Bu!CH=W (dmpe)(CBu')-
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(CH,BuY), 1.94 A;'6 Ph,C=W(CO)s, 2.14 A'"). The metal to
methyl carbon distance of 2.49 A is consistent with a three-center,
two-electron linkage tying the W—H—C unit together. The W=
C—C angles of 149° to the pheny! ipso carbon and 91° to the
methyl carbon are reminiscent of protonated carbynes,>* the
analogy here being a methylated phenylcarbyne ligand.

The classical limits accessible to [Tp’(OC),W=C(Ph)-
CH;R][BF,] are either an 18-electron #>-vinyl hydride complex
or a 16-electron carbene monomer. We believe that the steric
requirements of the Tp’ ligand'® inhibit the formation of [Tp’-
(OC);HW(#*-CPh=CHR)]*, and thus this cationic third row
metal complex adopts an agostic structure.
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Model studies recently reported from these laboratories' sug-
gested a strategy for the construction of the oligosaccharide
fragment of calicheamicin v, (1),2 which has been suggested as
the main DNA-binding domain of this molecule.> We now report
the first total synthesis of this unusual oligosaccharide as its methy!
glycoside (2). The stereocontrolled synthesis reported herein is
based on a novel 3,3-sigmatropic rearrangement that established
the essential elements of the central ring B as presented in Scheme
| and delivered the target molecule in enantiomerically pure form
and high overall yield.

Designated on structure 2 are the strategic bond disconnections
that allowed the tracing of the requisite intermediates to the readily
available starting materials, L-rhamnose (ring D), 3.4,5-tri-
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