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ca. 0.2 A longer than the C=N distance in Me,NC=N,!! (ii)
a smaller N-C-N angle, 127° (vs. 135°), and a larger Mo-C-
NMe, angle, 167° (vs, 150°), and (iii) a planar central Mo,N-
CNC; unit. The Mo-Mo distance, 2.45 A, is comparable to those
seen in compounds containing Mo—Mo double bonds, e.g., Mo-Mo
= 2.49 A in Mo,(O-i-Pr)¢(py),(u-CO).12

Though crystallography is rarely a reliable method for the
elucidation of reaction pathways,!3 we do believe the molecular
structure of Mo,(OCH,-#-Bu)s(u-NCNMe,) provides some insight
into the metathesis reactions involving W=W and C=N bonds.
In Mo,(OCH,-t-Bu)4(u-NCNMe,), the Mo—Mo and Me,NC-N
bonds appear poised for metathesis, and it is difficult to imagine
that this is prevented because of a kinetic barrier. We suggest
that the reaction M=M + —C=N — M=N + M=C— pro-
ceeds for tungsten because of thermodynamic factors and that
these are not favorable for molybdenum. This metathesis reaction
can be viewed as an oxidative cleavage reaction wherein the
(W=W)% unit is oxidized to two W% units. As such, the reaction
provides another example of the greater susceptibility of W-W
multiple bonds toward oxidations relative to Mo—Mo multiple
bonds.*

Further studies of these interesting reactions and compounds
are in progress.!’

Registry No. [(t-BuO),W=N],, 86832-67-9; (+-BuO);W=CNMe,,
86767-54-6; Mo,(OCH-1-Bu)¢(M-NCNMe,), 86784-87-4; W,(O-t-
Bu)g, 57125-20-9; Mo,(OCH,-t-Bu)g, 62521-24-8.
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Our examination of the reaction chemistry of polyhydride
complexes, MH(PR3), (x Z 3), has relied principally on pho-
tochemical® and oxidative? methods in order to enhance the re-
activity of these coordinatively saturated species. We have more
recently been attempting to produce polyhydride species of the
first row transition metals since these metals (a) often violate the
18-electron rule as synthesized and (b) exhibit more rapid reaction
rates than their heavier analogues. This report suggests that such
a goal is indeed realizable, incorporating vanadium in a bimetallic
polyhydride aggregate.

Reaction of a THF slurry of [V,(k-Cl);(THF)¢],Zn,Clg® with
PMePh, (2 equiv/mol of V), followed by addition of LiBH, (2
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Figure 1. ORTEP view of the inner coordination spheres of V,Zn,H,-
(BH,),(PMePh,),. Unlabeled atoms (primed) are related to those given
by a crystallographic center of symmetry lying between the two vanadium
atoms. Selected structural data: V-P3 = 2.548 (1), V-P4 = 2,529 (1),
V-HI1 = 1.80 (5), V-H2 = 1.85 (5), Zn-H1 = 1.70 (5), Zn-H2" = 1.59
(5), Zn-H3 = 1.78 (5), Zn-H4 = 1.82 (5) A; /P3-V-P4 = 106.4 (0)°,
(H1-V-H2 = 159 (2)°.

mol/mol of metal) at 25 °C yields a green solution. Vacuum
removal of solvent leaves a red residue, which can be recrystallized
from benzene/pentane to give a 50% yield (based on Zn) of dark
red air-sensitive crystals. This material is homogeneous by two
spectral criteria: It shows a broad 'B{'H} resonance at -30.6 ppm
(in C¢Dg at 25 °C) and a broad *'P{'H} resonance at +22.7 ppm
(in toluene-dg at =80 °C). The infrared spectrum of the red
product shows bands characteristic® of n2-BH, units. An X-ray
diffraction study’ shows this material to contain centrosymmetric
molecules of formula V,Zn,H,(BH,),(PMePh,), (Figure 1). The
structure may be described as a diamond-shaped V,Zn, aggregate
(a squashed butterfly) with four edge-bridging hydrogens. The
n*-borohydride hydrogens and the hydrogens bridging V to Zn
furnish tetrahedral ligation about zinc. The formal oxidation states
Zn(IT) and V(I) follow naturally.

An alternative description of this molecule, and one which
permits reliance on existing theory,® considers it to be composed
of the unit V,H,(PMePh,),>~ with eclipsed hydride ligands bridged
end-to-end by two electrophilic Zn(BH,)* counterions. Support
for this dissection of the molecule (which deemphasizes Zn-V
bonding) comes from comparison of the Zn-V distances (2.633
(2) and 2.656 (1) A) to the sum of the covalent radii of these
metals (2.50 A). This model, which is predated by the lithium
bridging seen in Li,Cr,Me,4THF® and Li,Cr,(C,H;),4THF,!0
reduces the bonding problem to that of a d*-d* M,X,% dimer. The
observed V-V distance of 2.400 (2) A is longer than the ~2.3
A found among Cr,(O,CR),L, complexes? and cannot be con-
sidered a quadruple bond. Since the distance essentially duplicates
that of the V=V double bond in Cp,V,(CO)s (2.46 A),!! we
suggest the bonding described by I, where the pair of d-electrons

(Ph;MeP),H,V=VH,(PMePh,),>
I

withheld from metal-metal bonding is drawn explicitly. An al-
ternative rationale for this depiction is that the large £V/'-V-P
(126.1° and 127.0°) in the planar V,P, unit destabilizes one V-V
« orbital (it becomes V-P ¢-antibonding) to an energy above both
the & and &* orbitals. The resulting electron configuration is
(0)4(7;)4(8)%(8*)2(,)%; the lone pairs of I thus correspond to the
filled 6 and 6* orbitals.

Aspects of the unusual synthesis of this Zn,V, aggregate, as
well as its utility in hydrogen transfer, are under investigation.

(6) 2450, 2390, and 2020 cm™!. See: Marks, T. J.; Kolb, J. R. Chem. Rev.
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The Ramberg-Bicklund reaction is a synthetically useful
process in which a-haloalkyl sulfones afford olefins upon treatment
with base (eq 1).2 We report a novel variant of the Ramberg-

RCH,S0,CH,X —» RCHSO,CH,X ——»
1

Bicklund reaction in which «,8-unsaturated o’-bromoalkyl sulfones
1 afford 1,3-dienes on base treatment (eq 2). This communication

base

RCH,CH=CHSO,CH,Br ——
1

e E —— -Br~

1
RCHCHCHSO,CH,;Br — RCH=CHCHSO,CH, —
RCH=CHCH=CH, + S0, (2)

describes a general synthesis of previously unknown compounds
of type 1, using the useful reagent BrCH,SO,Br (2, bromo-
methanesulfonyl bromide), as well as unusual stereochemical
features of the reaction of 1 with base. The accompanying com-
munication'® illustrates the broad utility of this reaction.
Compounds 1 are formed in excellent yield in a two-step process
involving light-catalyzed addition of 2 to olefins at —20 °C followed
by treatment of the adduct with triethylamine (eq 3). Reagent
hv, CHCl,

RCH,CH=CH, + BrCHiSOZBr Ty
E
RCH,CHBrCH,S0O,CH,Br =5 RCH,CH=CHSOQ,CH,Br
3 1

3

2 may be conveniently prepared in 46% yield by bromination of
an aqueous slurry of 1,3,5-trithiane.>* Olefin-2 adducts are
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186th ACS National Meeting, Washington, D.C., September 1, 1983. (¢)
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following communication in this issue.
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formed in nearly quantitative yields by a process that most likely
involves a free radical chain reaction analogous to free radical
additions of other sulfonyl halides.>5” We find the light-catalyzed
process to be cleaner and more easily controlled than thermal
addition of 2. A wide range of olefins react with 2. With mono-,
1,1-di-, and 1,1,2-trisubstituted olefins the addition is regiospecific,
consistent with formation of the more stabilized radical inter-
mediate (see products 3, R = n-CsH,,, 4, and 5, from 1-octene,

: : / Br ‘/
Br S0,CH,Br Br SO,CH,Br n-CgHy

$0,CH,Br

4 5 6

methylenecyclohexane, and 2-methyl-2-butene, respectively®).
Even unsymmetrical 1,2-disubstituted olefins show a high degree
of regioselectivity in the addition, e.g., as demonstrated by the
formation of 6 as the major (79%) adduct from addition of 2 to
2-octene. The facile S-Br bond homolysis of 2 makes it superior
to sulfonyl chlorides such as BrCH,SO,Cl, which showed only
10% addition to 1-octene after irradiation for 1 h.”!0

Addition of 2 to olefins and subsequent reaction of the adducts
with base is nicely illustrated with 1-octene. Thus, 1-octene,
diluted with an equal volume of CH,Cl, and irradiated in a Pyrex
tube for 30 min at 20 °C after addition of an equivalent amount
of 2, afforded a single 1:1 olefin-2 adduct in 94% yield. Direct
treatment of this crude adduct with Et;N in CH,Cl, at 0 °C for
15 min gave in 97% yield a 10:1 mixture of (E)- and (Z)-
bromomethyl 1-octenyl sulfones, 1E and 1Z (R = n-CsH,,),
respectively.*® Crystallization readily afforded a pure sample
of 1E while isomer 1Z could be isolated from the mother liquor
by preparative HPLC. Treatment of 1E with 2.5 equiv of +-BuOK
in 7:3 tert-butyl alcohol/THF at -20 °C for 1 h gave in 59%
distilled yield a 83:17 mixture of (Z)- and (£)-1,3-nonadiene. In
a similar manner 1Z gave in 61% distilled yield a 6:94 mixture
of (Z)- and (E)-1,3-nonadiene.

The remarkable stereoselectivity of the reaction of 1E with base,
which may be termed a “vinylogous Ramberg—Bicklund reaction”,
is attributed to a “syn effect”!! involving interaction between the
developing negative charge at the a-position and the CH, group
at the §-position favoring transition state 1E’ over 1E” for de-
protonation (eq 4 and 5). Our observation that (E)-1-octenyl
phenyl sulfone undergoes base-catalyzed isomerization to (Z)-
2-octenyl phenyl sulfone®!? provides support for this model, if it
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(4) Bromine (9.5 equiv) is added dropwise to a vigorously stirred aqueous
slurry of 1,3,5-trithiane at or below 35 °C. The product is extracted into
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