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space limiting the sizes of the product molecules.

Molecular shape-selective catalysis was first reported by
Weisz and Frilette in 1960.%8 With zeolite A, which has a pore
opening of ~5 A in diameter, straight-chain molecules such
as normal paraffins, normal olefins, straight-chain primary
alcohols, etc., were selectively converted in the presence of their
branched isomers. The latter, because their molecular di-
mensions exceeded those of the catalyst’s pore openings, could
not enter the zeolite and react. Similarly, only straight-chain
molecules small enough to diffuse out of the zeolite appeared
as products,

ZSM-5 has pore openings made of 10-membered oxygen
rings® with dimensions intermediate between the 8- and 12-
membered rings in zeolite A and faujasite, respectively. The
fact that ZSM-5 sorbs monocyclic hydrocarbons and excludes
molecules with critical dimensions larger than that of 1,3,5-
trimethylbenzene® suggests the possibility of shape-selective
reactions among aromatic molecules.

Although all three xylene isomers can enter the pore of
ZSM-5, diffusion measurements indicate that the diffusivity
of p-xylene is > 107 times faster than that of o- and m-xylenes.
With the regular ZSM-5 crystals, which are <0.5 umin size,
the isomer distribution of Cs aromatics produced catalytically
from the alkylation of toluene with methanol and the dispro-
portionation of toluene showed essentially an equilibrium
distribution of the xylene product composed of 54% meta, 23%
ortho, and 23% para at 500 °C.'0 When the crystal size of
ZSM-5 was increased to 3 um, the diffusional path length was
increased, and p-xylene was produced in excess of its equilib-
rium yield as shown by the data in Table 1.

The diffusional characteristics of ZSM-5 could be modified
even more significantly by treatment with a variety of chemical
reagents. With these chemically modified zcolites we have
achieved para selectivity as high as 97% for the toluene al-
kylation reaction. Similarly, high para selectivity has been
achieved in the toluene disproportionation reaction to produce
benzene and p-xylene as the principal products.

Selected results summarized in Table 11 show 88-97%
concentrations of the para isomer in the xylene product.
Modification with phosphorus was made by impregnating the
zeolite crystals with aqueous phosphoric acid. Elemental
analysis showed that 8.5% phosphorus was present. The
magnesium-modified catalyst was prepared by impregnating
with aqueous magnesium acetate and had a magnesium con-
tent of ~11% by weight. It is proposed that these chemical
treatments function in part by reducing the pore openings and
channel dimensions of the ZSM-5 crystals, favoring the for-
mation of the para isomer and permitting it and small mole-
cules to diffuse out of the catalyst at a rapid rate.

These results provide the basis for the development of a new
class of stereospecific catalytic processes for the production
of para-substituted aromatic hydrocarbons of importance to
the petrochemical industry. p-Xylene, for example, with an
annual production capacity exceeding 5 billion pounds in the
United States, is oxidized to terephthalic acid, a major com-
ponent of polyester fibers. Presently, p-xylene is produced by
isomerizing a Cg aromatic concentrate to an equilibrium
mixture of xylene isomers, separating a portion of the para
isomer from the mixture, and recycling the remaining ortho/
meta rich stream back through the isomerization step to reach
equilibrium again, etc. The process is complex and costly.
Direct production of the desired para isomer offers a potentially
simpler process.
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Intriguing Aspects of 1,2-Dialkyldimolybdenum
and -ditungsten (M=M) Chemistry
Sir:

Both historically! and commercially? g-alkyl complexes
have played a prominent role in the development of mononu-
clear organo transition metal chemistry. Our syntheses? of
anti-1,2-dichlorotetradimethylamido compounds, M;Cl5-
(NMez)s (M=M, M = Mo, W), affords the opportunity of
attempting to prepare 1,2-dialkyltetradimethylamido com-
pounds by use of the general metathetic reaction

toluene
M,Cl3(NMe,)s + 2LIR -/ M;3R5(NMey)s + 2LiCl
-78 °C
(1

Compounds of the form MaR2(NMes)4 allow an investigation
of the reactivity patterns of o-alkyl groups bonded to the
simplest of metal clusters, namely dimetal centers. We here
report our extended* syntheses of compounds of the general
formula M>R,(NMes)4 and, in particular, describe their re-
activity patterns toward carbon dioxide and tert-butyl alcohol
with special attention being given to the labeled compounds
M1(CH,CD3)>(NMez)s.

From reaction 1 we have obtained M;R,(NMe;)s com-
pounds for both M = Mo and M = W where R = CHj,
CH-CH;, CH,CD3, CHCH,CH;CH;, CH(CHs)s,
CH>CMe;, CH,SiMes, and CMejs.® Purification of these
compounds followed the following general procedure: (1) the
reaction mixture was warmed slowly to room temperature
whereupon the solvent was stripped; (2) hexane was added and
the solution was filtered using a medium frit with standard
Schlenk techniques; (3) the hexane solvent was again stripped
and the residue was purified by sublimation (80-100 °C, 10~°
em Hg) to give yellow-orange (M = Mo) or orange-red solids
(M = W). When R = »-butyl, the compounds were liquids at
room temperature and were purified by vacuum distillation.

In all cases the 'H NMR spectra of the MaRa(NMe,)4
compounds obtained in toluene-d solution at —60 °C (100 or
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Figure 1. 'H NMR spectra recorded at 270 MHz, —61 °C in toluene-dg
of (a) *, anti and gauche, Mo2(CH2CD3)2(NMes)q, and (b) *, anti and
gauche, Mo (CHyCH3)2(NMesz)s. ** represents residual protonated
toluene.

270 MHz) showed a mixture of anti and gauche 1,2-dialkyl
rotamers. The gauche rotamer was always the predominent
rotamer and, rather interestingly, as the bulk of the alkyl group
increases CH; — CH3;CMes so the predominance of the
gauche rotamer increases.® At —60 °C rotations about M=N
bonds are restricted leading to proximal and distal N-methyl
resonances.” A mixture of anti- and gauche-M>R5(NMe,),
should have a total of three proximal and three distal N-methyl
resonances.’

The thermal stability of these compounds is quite remark-
able and the stability of the isopropyl and tert-butyl com-
pounds? with respect to isomerization to n-propyl and isobutyl
ligands, respectively, implies that 8-hydrogen elimination is
either kinetically or thermodynamically not favorable. This
is also implied by our observation that, when LiCH,CD;!0is
used in reaction 1, the resultant 1,2-diethyl compounds retain
their ?H atoms exclusively in the B position: M-
(CH,CD3)»(NMe,)4. Figures 1a and 1b compare the 'H
NMR spectra of the labeled, CH,CDj3-containing compound
and the protio compound, respectively.

In hydrocarbon solutions all of the above compounds react
with COx to give selective insertion into the metal-nitrogen
bond.!! The S-elimination stabilized alkyls of both molybde-
num and tungsten react according to

M3R5>(NMe,y)y + CO, (excess) — M>R5(0>CNMes)y
(2)
In this reaction the M~M triple bond is retained.!2 However,
rather interestingly, the non-f3-hydrogen elimination stabilized
alkyls of dimolybdenum and ditungsten react quite differently.
The molybdenum compounds react according to

MOz(R)z(NM62)4 + C02 (excess)
(M=M)
— Mo0,(0,CNMe,)s + R—H + l-alkene (3)
(M=M)

Reaction of the labeled compound Mo,(CH,CD3)>(NMe,),
with CO3 in benzene in a sealed NMR tube led to the specific
formation of CD;=CH> and CH,DCD3 as determined by 2H
NMR. See Figure 2a. The 2H spectrum of the ethylene,
CD»=CH3, showed the predicted splitting based on the
"H-'H couplings reported for ethylene and the known mag-
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Figure 2. 2H NMR spectra recorded at 16 °C and 33.77 MHz of the gases
formed in the reactions of (a) CO, with Mo2(CH,CD3)2(NMey)sand (b)
D,O with LiCHCDs. Both spectra were recorded in benzene. The scale
expansions shown in a and b are not the same.

nitudes of the gyromagnetic ratios of '"H and 2H."4 As a further
check, we purchased!> CD,=CH,, trans-CHD=CHD, and
cis-CHD=CHD and recorded their 2H spectrum in benzene:
the observed splittings agreed well with those predicted'* and
thus confirmed unequivocally the formation of exclusively'®
CD,=CH3 in reaction 3 for R = CH,CD;. To check the 2H
spectrum of CH,DCDj in benzene, we prepared a sample by
the addition of D»0 to a solid sample of LICH,CDs using a
vacuum manifold followed by condensation into an NMR tube.
The 2H spectrum of the gaseous products showed the same
pattern for CH,DCD; and, moreover, revealed that some
ethylene, specifically CD;=CH,;, is formed when D,O is
added to anhydrous LiCH>CD3 in a vacuum manifold.!?

In a separate experiment, a mixture of Mo>-
(CH,CH3)2(NMes)4 and Mo>(CH,CD3),(NMes)s in ben-
zene was reacted with CQO; in a sealed NMR tube. The 2H
NMR spectrum was identical with that shown in Figure 2a.
Thus, within the limits of NMR detection, CH,DCD; was the
only deuterated ethane present.!¢

When CO, is added to a hydrocarbon solution of
W>(CyHs)2(NMe,)y, a green-blue tungsten containing pre-
cipitate is formed and only ethane is evolved. Using the labeled
W>(CH,CD3)>(NMey)y, the ethane appears by 2H NMR
spectroscopy to be predominantly CH3CD;. The fate of the
ethylene and the nature of tungsten compounds are presently
unknown.
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Reactions of these M>R;(NMes)4 compounds with alcohols
are dependent on the nature of (i) the alkyl group R, (ii) the
alcohol, and (iii) the metal, Mo or W. For example,
M>(CH3)2(NMes); compounds (M = Mo, W) both react with
tert-butyl alcohol to give M3(CH3),(0OBu’)s compounds.
However, addition of PriOH to Mo(CH3)2(NMea)y yields
Mo2(OPr#)s (M=M) and CHy (2 equiv). The analogous re-
action involving W,(CH3)3(NMe,)4 has not yet been carried
out, but it is known that attempts to prepare W1(OPr/)¢ have
led to W4(u-H)»(OPri),4.'® The reaction of Mos-
(C2Hs)2(NMe,)s with Bu/OH yielded Mo>Et(OBu’)s and
ethane.*® Using the labeled compound Mos(CH,CD3)s-
(NMe,),, we find that addition of Bu’OH causes the exclu-
sive!® elimination of CH,DCD3. The resulting ethyl ligand in
Mo,(C>H3D,)(0OBu’)s contains a statistical distribution of
deuteriums on the o and 3 carbons, namely integration indi-
cates that ;@ = 2:3.

The purpose of this communication is to draw attention to
the intriguing chemistry associated with alkyl groups coordi-
nated to the dimolybdenum or ditungsten (M=M) centers.
(1) In M3R5(NMe;,)4 compounds, 8-hydrogen elimination is
either kinetically or thermodynamically not favorable. (2)
Addition of CO, to Mo>(CH>CH3)>(NMes)s (M=M) leads
to formation of M0,(O>CNMe,)s (M=M) by an intramo-
lecular mechanism. It seems likely that this involves an initial
irreversible 8-hydrogen elimination which is then followed by
C-H reductive elimination. However, it is not known at what
step during CO, insertion that this process occurs, nor is it
known whether C-H reductive elimination occurs across the
M—M triple bond, H—M=M—Et - M=M + Et—H, or
via an oxidative addition-reductive elimination process at one
metal center, M'=MI!Y(H)(Et) - M'=M! + Et—H. (3)
That W1(C1Hs)>(NMe;,)4 should react so differently with CO,
is also fascinating, and once again points to the elusive nature
of W»(0,CX), (M=M) compounds.'? (4) Addition of
Bu/OH to Moy(CH;CD3)>(NMeaz)s which leads to
Mo2(C>H3D5)(OBu’)s and CH,DCDj3 implies that alcohol-
ysis, as with COj insertion (2 above), once again facilitates an
irreversible B3-hydrogen process which is then followed by C-D
reductive elimination. This further implies that formation of
the o-ethyl ligand arises from CH,=CD> and Bu’O—H. The
statistical distribution of H/D atoms over the e and 3 carbons
in the o-ethyl ligand thus formed is consistent with a then re-
versible 8-hydrogen elimination process favoring the coordi-
nated ethyl ligand:

M—H + C,Hy = M—C,H;

While all these observations raise intriguing mechanistic
questions which cannot be answered at this time, we do note
that our observations have at least one parallel with mononu-
clear transition metal alkyl chemistry: reductive elimination
involving C—H bond formation is more facile than reductive
elimination involving C—C bond formation.20
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Stereospecific Total Synthesis of d/-Austamide
Sir:

Austamide (1) is a toxic metabolite of Aspergillus ustus
whose isolation and structure elucidation was described by
Steyn in 1971.! Herein we report the first stereospecific total
synthesis of d/-austamide.

Austamide contains elements of great synthetic difficulty,
possessing two labile enamide functionalities as well as the
delicate Y-indoxyl chromophore. In addition, it is necessary
to control the relative stereochemistry of two asymmetric
centers, one of which is located at a spiro ring junction. Our
synthetic strategy is outlined in Scheme I. The cornerstone of
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