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A double diastereotopic differentiation strategy on a phosphonoacetate

ratios
trans-F 3.6 trans-rk 1.0

template is described. The approach utilizes Rhy(OAc),-catalyzed

intramolecular cyclopropanation (ICP) employing the (R)-pantolactone auxiliary in the ester functionality of the phosphonoacetate. The olefinic

diastereofacial selectivity is governed by inherent electronic and steric

interactions in the reacting carbene intermediate, while the group

selectivity is dictated by the chiral auxiliary. This approach is being developed as an effective method to access bicyclic P-chiral phosphonates.

The synthesis of new phosphorus-containing compounds hageport a double diastereotopic differentiation/intramolecular

continued to gain interest due to their impressive chemical
and biological profiles.In particular, the utility of a number

of P-chiral compounds has prompted new methods for their
synthesi€. Our interest in the utilization of molecular
symmetry en route t&-chiral compoundsnow leads us to
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cyclopropanation (ICP) on a diazophosphonoacetate template.
This strategy utilizes theR)-pantolactone ester auxiliary to
derive nonracemicP-chiral [3.1.0]-bicyclic phosphonates.

Intramolecular cyclopropanation (ICP) mediated by
Rhy(OAc), continues to provide a powerful tool for the
construction of constrained systems from their diazo precur-
sors, with high levels of diastereoselectivity and enantio-
selectivity having been achieved in numerous instafices.
Although a-diazophosphonoacetates have been heavily uti-
lized in organic synthesi§;® relatively few examples exist
for the ICP ofa-diazophosphonoacetate©ur interest in
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the development of new strategies Rechiral compounds

led us to explore a double diastereotopic differentiation
strategy on the unique-diazodiallylphosphonoacetate sys-
tem (Scheme 1). This system contains a prochiral phosphorus
atom bearing two enantiotopic olefins, with each olefin
possessing two diastereotopic faces, and thus is an ideal®
substrate for the study we now report.

We previously reported that the ICP ofdiazodiallyl-
phosphonoacetatka proceeds to produce a pair of racemic
diastereomer2g-cis-Pr/2a-cis-Ps and2a-trans-Ry/2a-trans-
Ps).Gb In this previous StUdy, the level of diastereofacial Figure 1. Conformations of reacting carbene.
selectivity was found to be dependent on the size of the ester.
group R (Figure 1). We recently applied a Curtius rear-

C=Rh, P=0 s-cis

(o]
i

C=Rh, P=0 s-frans B-Type

rangement sequence (Scheme 1) that has allowed us to The diastereoselectivity can be rationalized by analyzing

transform themajor-bicyclophosphonoacetafa into the

crystalline carbamat8. X-ray crystallographic analysis of

this carbamate unequivocally confirmed this-relationship
between the phosphonyl oxygen and Mi8oc group shown
in (+)-3-cis (Scheme 1).
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the plausible conformations shown in Figure 1 (for simplicity,
we depict only those conformations involving interaction of
the re-fac€ of the rhodium carbene). These conformations
employ the widely accepted Doyle/Davies mddelvhich
invokes carbene transfer occurring on a rhodium template
in a nonsynchronous manner. A number of steric and
electronic factors may be operative in governing the dia-
stereofacial selectivity obtained from these four conforma-
tions. These include (i) the facial orientation between the
reacting olefin and rhodium carbene (A-type or B-typa),
which a B-type orientation is favored for electronic stabiliza-
tion reasons, (ii) the orientation of the R and P=O
m-systems (s-tran®r s-cis), in which “opposing” dipole
interactions between the P=0 and the Rh-carbene moieties
would favor thes-transorientation, (i) a possible anomeric
effect in the proposed-cisconformations whereby there is
an axial preference for the-FOR group? and (iv) a possible
eclipsing interaction between the olefin terminus and the ester
group thereby favoring the “B-Type” transition states. In this
complex analysis, undoubtedly a combination of effects is
at play.

In considering an additional group selective transforma-
tion'® layered into this analysis, control of the reacting face
of the carbeneré vs si) ultimately determines enantio-
selectivity (P-chirality) within a diastereomeric pair. We
considered two possible modes of governing a group
selective transformation: (i) auxiliary-based substrate control

Org. Lett., Vol. 4, No. 14, 2002



resulting in double diastereotopic differentiattérand (ii)
asymmetric reagent contrlwhich we are currently inves-
tigating.

In our substrate-controlled approach, the auxiliary is
incorporated into the ester functionality @&. Our initial

efforts focused on the use of the menthol- and 8-phenyl-
menthol-based auxiliaries due to previous successes by Rein
and co-workers in the desymmetrization of meso-dialdehydes

using chiral phosphonates containing menthol auxiliddes.
We investigated the R[OAc),-catalyzed ICP of botlb
and 1c using various solvents (Table 1). Although modest

Table 1. Selectivities of Menthol-Based Cyclopropanations

o}

Il o o)
/\/o\p/ ~ X 1o
Rh(ll) R*O,C P\o\/\
N, CO,R* L
1b, R* = menthol 2b, R* = menthol
1¢, R* = 8-phenylmenthol 2c, R* = 8-phenylmenthol
entry substrate conditions selectivity
1 1b CHCly, reflux 3.2:3.2:1.5:1.0
2 1c CHCly, rt 4.1:3.3:2.5:3.0
3 1c Et,0, reflux 1.5:1.3:1.1:1.0
4 1c CHCly, reflux 4.9:4.1:1.1:1.0
5 1c PhH, reflux 2.2:2.0:1.2:1.0

a All selectivities were found usintH-decoupled!P spectroscopy. The
unambiguous assignment of each diastereomer was not made.

levels of diastereoselectivity were seen, these auxiliaries

proved to be ineffective in differentiating the two faces of
the rhodium carben¥. It is worth noting that temperature

had a substantial effect on the diastereoselectivity (Table 1,

entries 2 and 4).
We next explored the (R)-pantolactone auxiliary, which

Davies and co-workers had previously demonstrated to be

an effective auxiliary in carbenoid-mediated cyclopropan-
ations®® The carbonyl moiety in this auxiliary is thought to

chelate to the metallo-carbenoid center effectively “locking”
the molecule in a rigid conformation and therefore blocking
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Figure 2. Steric interactions with rhodium wall.

5, utilization of the R)-pantolactone auxiliary effectively
blocks thesi-face of the carbenoid carbon &fthus allowing
preferential access to thee-face from one of the four
conformations depicted in Figure 1. However, the “A-type”
transition states have little contribution toward the final
products due to their dependence of a positive charge build-
up on a primary carbon. Therefore, we believe titags- R
and cis-Ps diastereomers would arise from stereochemical
leakage viasi-face attack of the carbenoid carbon and the
reactions proceeding through analogous “B-type” transition
states.

Synthesis of4 began with commercially availablert-
butylchloroacetate (7) (Scheme 2). Conversion to the iodide
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access to one face of the carbene. Davies has shown that an 2 Reagents and conditions: (a) KI, GEN, >99%; (b) PQO-

unfavorable steric interaction between the gem-dimethyl
moiety and the rhodium wall in thé&j}-pantolactone auxiliary
ultimately favorssi-face coordination and therefore-face
attack (Figure 2). When applied to the rhodium carbenoid
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allyl);, neat, 88%; (c) HCgH, neat,>99%; (d) HBTU, TEA, R)-
pantolactone, CECN, 83%; (e) NaH, Tsh THF, 90%.

under Finkelstein conditions (Nal, GBN) followed by
Arbuzov reaction with triallyl phosphitéyielded diallyltert-
butylphosphonoaceta&in 88% over two steps. Subsequent
deprotection with formic acid, esterification withR)¢
pantolactone utilizing HBTU coupling protocol, and final
diazo transfer with NaH and TsNgenerated the desired
cyclopropanation precursdrin high yield.

Intramolecular cyclopropanation dfemploying the R)-
pantolactone ester auxiliary produced the major diastereomer

(16) Triallyl phosphite was prepared from the reaction of £@d allyl
alcohol in the presence of £ and distilled under vacuum.
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6-cis-Fk with good levels of olefin (10.4:1) and diastereo-
facial selectivity (6.9:1) (Table 2Y.The diastereomeric ratios
were conveniently determined usitg-decoupledP NMR
analysis.

Table 2. Selectivities of Pantolactone System

0 i
WP _CO,R? R20,C._ Py
Hoo V4 2H b 2 \OOR
.
oll o o
P Rha(OAC)s g gis.p, 6-Cis-P;
0 =
72%
Nz)ﬁ( o) on on
40 o=P.__CO:R® RZO,C RS0
O/§H H%O
6-trans-Ps 6-trans-F
selectivity?
conditions 6-cis-Pr  6-trans-Pr  6-cis-Ps  6-trans-Ps
CH.Cly, rt 29.1 1.0 2.8 3.6
Et,0, reflux 145 1.0 2.2 25
CHCly, reflux 12.0 1.0 1.8 2.6
PhH, reflux 7.4 1.0 14 3.0

a All selectivities were determined usiigl-decoupled'P spectroscopy.

To associate each signal in thid-decoupled®P NMR
spectra to its corresponding diastereomer and to verify th

6-cis-Py

Figure 3. X-ray of major and minocis-diastereomers.

stereomer is consistent with amtrans orientation of the
Rh=C and P=© x-systems (opposing-dipole) incor-
porating a B-type orientation of the reacting olefin and
occurring from thee-face of the rhodium carbenoid (Figure
1). Although thes-cis conformations demonstrate the pos-
sibility of a favorable anomeric effect, it appears that the
opposing dipole effect, inherent to te¢ransconformations,

is more dominant.

In conclusion, we have demonstrated an effective double
diastereotopic differentiation strategy on a phosphonoacetate
template utilizing RB(OAc),-catalyzed ICP employing the
(R)-pantolactone auxiliary. This study represents part of our
continuing program aimed at the synthesis of diverse
P-heterocycles. Additional efforts probing olefinic substituent
effects and utilization of chiral catalysts are underway and

eWwill be reported in due course.

group and facial selectivity, a correlation experiment was

initially undertaken. Formic acid-mediated hydrolysis of the
racemicmix of cyclopropanated diastereome@es(~6:1, cis:
trans) followed by DCC coupling with theR)-pantolactone
moiety produced the diastereomérpreserving the 6:tis:
transratio. SubsequeritH-decoupled’P NMR analysis of
this racemic sample allowed for the assignments of eac
diastereomeric pair shown in Table'®2Furthermore, both
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