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Acyclic diastereocontrol is a key problem in constructing many 
complex natural products.' Our interest in devising methods to 
substitute sulfones by carbon  nucleophile^^-^ focussed our studies 
on stereocontrolled alkylations of the anions derived from allyl 
sulfones.6 By using an electrophile that possesses a stereogenic 
or prostereogenic (in the case of carbonyl additions) center, di- 
astereomeric products may result. If one diastereomer such as 
1 (R* is a fragment possessing at least one stereogenic center) 
can be induced to dominate, the possibility to effect substitution 
of the sulfone either with retention or inversion of configuration 
or with direct substitution or allyl inversion, as shown in eq 1, 
would represent a versatile tool for acyclic construction. We wish 
to report that alkylation of sulfones with epoxides leads to 
unexpected control of stereochemistry under kinetic or thermo- 
dynamic conditions. 

Alkylation of the dianion7 of methallylphenyl sulfone (2) with 
styrene epoxide leads to a single (>99: 1) y-hydroxysulfone (3a).8 
NMR data including NOE difference experiments, detailed in 
the Supplementary Material, lead us to assign the diastereomer 
as depicted. Use of 1,5-hexadiene monoepoxide gave similar results 
(eq 2). The fact that base equilibration of 3b8 produces a 76:24 
diastereomeric mixture establishes the kinetic nature of the high 
diastereoselectivity. 
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The structural requirements for this kinetic selectivity are (1) 
utilization of a terminal epoxide and (2) branching on the vinyl 
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carbon proximal to sulfone. For example, the sulfone 5 shows 
excellent kinetic selectivity in the production of y-hydroxysulfone 
68 (97:3) which increases to >99:1 after isolation (eq 3). On the 
other hand, crotyl sulfone 7 shows a diminished kinetic selectivity 
in the formation of sulfone 88 (eq 4,7525 which increases to 85: 15 
after isolation). 

The reaction of the dianion derived from sulfone 2 with cy- 
clohexene epoxide shows a reduced diastereoselectivity under 
kinetic conditions (eq 5 ) .  Surprisingly, base equilibration (0.1 
equiv NaH in THF, room temperature) in this case enhanced that 
ratio substantially. This thermodynamic control of diastereose- 
lectivity proved to be general for reactions using cis- 1,2-disub- 
stituted epoxides with exceptionally high (>99: 1) diastereose- 
lectivity for the nonbranched allyl sulfones like crotyl (eq 6). The 
reaction with trans-2,3-butene epoxide showed good kinetic se- 
lectivity (eq 6b). 

For l la,c and 12a,c, the structural assignments are based upon 
NMR spectroscopic data (summarized in detail in the Supple- 
mentary Material) and molecular mechanics calculations. In 
addition to such data, in the case of 12b, X-ray crystallography 
establishes its stereochemistry and conformation as depicted in 
the figure. 

The kinetic stereoselectivity arises in the protonation of the 
dianion during quenching. With use of the X-ray structural datal0 
and theoretical models' for sulfone stabilized anions, the lithium 
salt of structure I, with the allylic carbon somewhat pyrami- . Li Li 
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dalizedlO" toward the sulfone oxygen atoms, would be a reasonable 
representation for the dianion generated in alkylations with mo- 
nosubstituted epoxides. The predicted topside protonation for I 
does produce the observed product. The role of the substituent 
at the center of the allyl unit to lock the conformation of the 
phenylsulfonyl portion and, consequently, the remainder of the 
chain is now apparent. The greater conformational flexibility that 
exists when R' = H diminishes the kinetic diastereoselectivity. 
With cis disubstituted epoxides, the A,,,-type interaction12 in the 
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lumbo, P. S. J. Am. Chem. SOC. 1986, 108, 2358. Vollhardt, J.; Gais, H.-J.; 
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from the trans 1,2-disubstituted epoxide 111 would be expected 
to favor IIIb. The predicted protonation from the bottom face 
of IIIb does generate the observed diastereomeric product, in this 
case with good diastereoselectivity. 

The remarkable ability to obtain y-hydroxy sulfones with high 
diastereoselectivity under either kinetic or thermodynamic control 
offers the flexibility to transfer the stereocontrol to carbon-carbon 
bond formation by substitution of the sulfone. To illustrate this 
point, the copper cyanide catalyzed couplings of Grignard reagents 
depicted in eq 7 and 8 were pe r f~ rmed . '~ , ' ~  In each case, 'H and 

dianion I l l  generated in their alkylations compares to the unfa- 
vorability of having both R groups in axial-like orientations in 
the conformational flip corresponding to 11. Thus, poor kinetic 
stereoselectivity is here too, this case, thermodynamic 
equilibration rectifies this deficiency and restores the diastereo- 
selectivity to >95:5. On the other hand, the dianion generated 

( 1  3)  For copper cyanide in catalytic and stoichiometric allyl couplings, see: 
Levisalles, J.; Rudler-Chauvin, M.; Rudler. H. J .  Orgunomet. Chem. 1977, 
136, 103. Marina, J .  P.;  Floyd, D. M. Tetrahedron Lett. 1979,675. Marino, 
J .  P.; Hatakana, 3.  Terruhedron Letr. 1979, 4467. Trost, B. M.; Klun, T. 
p, J ,  erg, Chem, 1980,45,4256, ~ ~ ~ i ~ ~ ,  H,  L , ;  T ~ ~ ~ ~ ,  c, c, J ,  erg, Chem, 
1983, 48, 3986 Goering, H. L.; Kantner. S. S .  J .  Org. Chem. 1984, 49, 422. 
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I3C NMR spectroscopic analysis of the products 13 and 14 showed 
them to be single regio- and stereoisomers. The stereochemistry 
is assigned based upon analogy to cuprate substitutions of allylic 
~arboxy1ates.l~ The sequence of diastereocontrolled formation 
of the y-hydroxy~ulfones~~ followed by diastereocontrolled sub- 
stitution of sulfone illustrates the use of the phenylsulfonyl group 
as a diastereochemical control element in the alkylation step and 
as a diastereochemical relay element in the substitution step. In 
this process, 1,3- and 1,2,3-stereochemistry is first controlled and 
ultimately transferred into 1 3 -  or 1,2,5-stereochemistry. The use 
of epoxides, which are available in highly enantiomerically pure 
form from achiral allylic alcohols,I6 as the electrophilic partner 
that gives rise to high diastereocontrol translates this sequence 
into both an enantio- as well as diastereocontrolled construction 
of acyclic units. 
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We recently reported’ the synthesis and structure of 1 ,  a de- 
rivative of a new class of metallacycles, the metallacyclo- 
pentatrienes. Our EHMO calculations1s2 suggested that 
CpXMC4R4 metallacycles should exhibit the folded metalla- 
cyclopentatriene structure I for metals with a d2 electron con- 

1 a, I1 111 

figuration, whereas a planar metallacyclopentatriene structure 
I1 would be the ground-state structure for metals with a d4 or 
higher electron configuration and that CpX2M(C4R,) metalla- 
cycles would adopt a “normal” metallacyclopentadiene structure 
111 regardless of electron count. (Note, the electron counts are 
obtained by assigning a -2 charge to the C4R4 ligand.) 

Support for these conclusions is afforded by the recent char- 
acterizations by Singleton et aL3 of 2 and 3 which are examples 

( 1 )  Curtis, M. D.; Real, J. J .  Am. Chem. Sor. 1986, 108, 4668 
(2) Curtis, M.  D., to be submitted for publication. 

( B )  
Figure 1. (a) ORTEP plot (50% thermal ellipsoids) for CpMoCI(C,Ph,) 
(only ipso carbons of phenyl rings shown). (b) ORTEP plot (50% thermal 
ellipsoids) of (CpMoCl),(p,q4-C,Ar,) (Ar = p-tolyl). 

of structure types II and 111, respectively. Here, we report the 
synthesis of the first example of structure I and a novel M2C4 
cluster. 

Heating a toluene solution of 4 (Ar = phenyl or p-tolyl) to 
90-100 OC for 18 h produces a mixture of compounds 5,6, and 
7 (eq 1 ) .  Compound 5 may be isolated by fractional crystalli- 

Ar 
1 6 7 

(1) 

zation of the solids obtained by removal of the toluene solvent, 
while 6 and 7 are readily purified by chromatography over SiOz 
with CH,CI, e l ~ a n t . ~  Compound 5 is produced preferentially 

( 3 )  Albers, M. 0.; deWaal, P. J. A,; Liles, D. C.; Robinson, D. J.; Sin- 
gleton, E.; Wiege, M. B. J .  Chem. SOC., Chem. Commun. 1986, 1680. 

(4) Davidson, J .  L.; Green, M.; Stone, F. G. A.; Welch, A. J .  J .  Chem. 
Soc., Dalton Trans. 1976, 738. 

(5) CpMoCl(C,Ph,) ( 5 ) :  ‘H NMR (300 MHz, CDCI,) 6 7.3-7.0 (m, 20 
H), 5.71 (s, 5 H); m / z  = 554. Cp2Mo2CI2 (C,Ph,) (6): ‘H NMR (300 MHz, 
acetone-&) 6 7.5-6.6 (m, 20 H), 5.49 (s, 10 H); Cp(q4C,Ph,)MoC1, para- 
magnetic, g = 2.005, A,, = 36 G. All new compounds give satisfactory 
elemental analyses. 
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