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ABSTRACT

PO(OMe),  Rhy(S-biTISP
VTS R 2 )2

Aryl Aryl Aryl

80-96% vyield
=98% de
76-92% ee

Rh,(S-biTISP),-catalyzed reactions of dimethyl aryldiazomethylphosphonates generate donor/acceptor-substituted rhodium carbenoid intermediates
capable of cyclopropanation of styrenes in high yields (85-96%), diastereoselectivity (=98% de), and enantioselectivity (76-92% ee).

Cyclopropylphosphonates and cyclopropylphosphonic acidshalogenated cyclopropan&she cyclopropanation of vin-
have been extensively studied, and several members displaylphosphonate%glectrochemical method&the addition of
interesting biological activity. They have been used as phosphates to iminium saksfragmentation and rearrange-
mimics of 1-aminocyclopropane carboxylic acid (ACC) with ment of epoxyethylphosphonat8slkylation of benzylphos-
a high inhibitory activity for the ACC-deaminase and alanine phonate carbanions with 1,2-dibromoeth&hand the ad-
racemasé,as analogues of-()-allonorcoronamic aciélas  gition of fumarates to phosphonylated sulfonium ylides.
structural moieties of nucleotidésas potential herbicides

or plant growth regulators,as potential insecticidésas : — :
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T M. W.; Majzner, W. R.; Mikolajczk, M.Chem. Commuril998, 1109. (c)
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i (d) Yamazaki, S.; Takada, T.; Imanishi, T.; Moriguchi, Y.; Yamabe].S.
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(20) (a) Jubault, P.; Goumain, S.; Feasson, C.; Collignofdttahedron
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(7) Hanessian, S.; Cantin, L.-D.; Roy, S.; Andretti, D.; Gomtsyan, A. (14) Kondo, K.; Liu, Y.; Tunemoto, DJ. Chem. Soc., Perkin Trans. 1
Tetrahedron Lett1997,38, 1103. 1974, 1279.

10.1021/0l049525¢ CCC: $27.50  © 2004 American Chemical Society
Published on Web 05/28/2004



One very common method for the enantioselective syn- made to expand the range of donor and acceptor groups
thesis of cyclopropanes, the meal-catalyzed decompositionthat are compatible with this chemisti§.These studies
of diazo compounds in the presence of alkefidsas not demonstrate that the use of a dimethyl phosphonate group
been extensively applied to the synthesis of cyclopropyl- as the acceptor group instead of the usual methyl ester still
phosphonate¥. A few publications exist on the racemic enables highly stereoselective cyclopropanations to be
synthesis of cyclopropylphosphonates by means of copper-,achieved.
rhodium-, or ruthenium-catalyzed cyclopropanati#iis:i Even though most of the published cyclopropanation
Hanson and co-workers have explored enantioselectivestudies have been conducted with dialkyl diazomethylphos-
intramolecular cyclopropanatiod®;%~but, as far as we are  phonate (4), the seminal studies reported by Seyferth did
aware, only a single example of an enantioselective inter- also describe the reactions of dialkyl phenyldiazometh-
molecular cyclopropanation is known (reaction of diisopropyl ylphosphonate (5)2 The diastereoselectivity of the cyclo-
diazomethylphosphonate with styrene resulting in cyclopro- propanation withs was not measured; however, the reaction
panation in 33% e€Y¥l In this paper, we describe a general with 4 was found to be prone to undergo formation of
method for the enantioselective synthesis of cyclopropyl- carbene dimer, while the reaction wishwas not. From our
phosphonates containing a quaternary stereocenterDging  studies on donor/acceptor-substituted carberidids,is now

symmetric dirhodium complexes as catalysts (eq 1). clear that the lack of dimer formation is a characteristic sign
that the carbenoid derived frorb is likely to be highly
PO(OMe i
AT 4 = (OMe)2  Rh(l) JAN S S VR chemoselective.
Aryl (vinyl) Aryl Aryl (vinyl)
H Aryl
For some time, we have been exploring the chemistry of N2:<PO(OR)2 No PO(OR),

donor/acceptor-substituted rhodium-carbenoids (1) because
these intermediates are capable of undergoing some spec-
tacular transformation$:*” Unlike the more conventional To evaluate the role of the phosphonate group, the

carbenoids functionalized with only acceptor groups, these rhodium-catalyzed decomposition of dimethyl phenyldiazo-
carbenoids undergo highly diastereoselective CydOprOPana'methylphosphonate (5) was examined in the presence of
tionst® and chemoselective intermolecular C—H insertidns styrene. As RKS-DOSP)-catalyzed reactions of donor/
and are less prone to undergo formation of carbene dithers. acceptor-substituted carbenoids tend to give the highest
Furthermore, when the reactions are catalyzed by the rhOdiumenantioseIectivity when hydrocarbons are used as a sdvent,
prolinate catalyst RS DOSP) (2) or the second-generation  the reactions were conducted in 2,2-dimethylbutane. The
bridged catalyst RS biTISP), (3), the reactions are gener-  phosphonaté is far less reactive toward metal-catalyzed
nitrogen extrusion than the corresponding ester, which means

4 5

N2:<EDG the ideal reaction conditions required heating under reflux.

] EWG Under these conditions, the R8-DOSP)-catalyzed cyclo-
EDG = Aryl, vinyl, alkynyl propanation was effective (69% yield) ar_1d_ highly diastereo-
EWG = CO,Me selective (95% de) but the enantioselectivity was poor (34%

ee). Consequently, the reaction was repeated witf(SRh

wo Rh biTISP), and this gave a much better result. The cyclopro-

N o-—Rn pane6 was formed with much higher stereoselectivity (98%
4 de, 88% ee) (Scheme 1).

1
SOZAF

A = p-CraHasCeHs ReS0,-2.4 6:41PICHy -

2: Rhy(S-DOSP), 3: Rhy(S-biTISP), Scheme 1
PO(OMe)o Rh(ll) catalyst

. . . R PO(OMe
PR X + N,=X (OMe),
ally highly enantloselgctlv@i Due to 'Fhe success of these Ph 5 2-dimethylbutane Ph Ph
donor/acceptor-substituted carbenoids, efforts have been 5 reflux 6
i o, o/\a o/\b

(15) Davies, H. M. L.; Antoulinakis, E. GDrg. React2001,57, 1. cat. yield(%) de(%) ee(%)

(16) (a) Seyferth, D.; Marmor, R. S.; Hilbert, B. Org. Chem1971, g
36, 1379. (b) Regitz, M.; Scherer, H.; Anschiitz, Wétrahedron Lett197Q Rho(S-DOSP), 69 95 34
10, 753. (c) Hanson, P. R.; Sprott, K. T.; Wrobleski, A. Tetrahedron Rhy(S-biTISP), 89 98 88
Lett.1999,40, 1455. (d) Hanson, P. R.; Moore, J. D.; Sprott, KJTOrg.
Chem.2002 67, 8123. (e) Hanson, P. R.; Moore, J. Detrahedron: aDetermined by the!H NMR of the crude mixture.PEe

Asymmetry2003,14, 873. (f) Hanson, P. R.; Moore, J. D.; Sprott, K. T;
Wrobleski, A. D.Org. Lett.2002,4, 2357. (g) Simonneaux, G.; Montigny,
F.D.; Roth, P. C.; Gulea, M.; Masson, Betrahedron Lett2002 43, 3685.
(h) Lewis, R. T.; Motherwell, W. BTetrahedron Lett1988,29, 5033. (i) ) )
Zaragoza, FTetrahedron1997,53, 3425. (j) Paul-Roth, C.; Montigny, F. The reaction o was applied to a range of alkenes as
2Dé'1R$g‘°re' G.; Simonneaux, G.; Gulea, M.; Masson, $1ol. Cat 2003 summarized in Table 1. Styrene derivatives and 1-phenyl-
(17) Davies, H. M. L.; Beckwith, R. E. £hem. Re»2003,103, 2861.
(18) Davies, H. M. L.; Hodges, L. M.; Matasi, J. J.; Hansen, T.; Stafford, (19) Davies, H. M. L.Eur. J. Org. Chem1999, 2459, 9.
D. G. Tetrahedron Lett1998,39, 4417. (20) Davies, H. M. L.; Townsend, R. J. Org. Chem2001,66, 6595.

determined by chiral HPLC. See Supporting Information for details.
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Table 1. Rhy(S-biTISP)-Catalyzed Enantioselective Table 2. Rhy(S-biTISP)-Catalyzed Enantioselective
Cyclopropanation by Cyclopropanation of Styrene with Various Aryl- and
PO(OMe), R Vinyldiazomethylphosphonat&s
Np=< , RA‘SS(OMe)Z poove), PP
Ph Rho(S-biTISP)s Mo 2 o A\FF;O(OMG)Z

2,2-dimethylbutane, reflux Rhy(S-biTISP),

product  yield, % de, %2 ee, %P° 2,2-dimethylbutane, reflux

product  yield, % de, %%  ee, %"

R
R
/@jl 13 84 >98 92
=
/©/ 14 80 98 89
Br
15 85 08 76

7 93 98 89

(4]
>\:\< By
A

MeQ

95 98 85

o
vy
-]
=
[
Q

93 98 87

g

NS
10 96 >98 83
@N g
. 16 76 >08 68

CHg(CHz)30 11 91 44 86 (maj)

2 (min)

. . b .

CHg(CHo)g 12 6 o8 98 @ Determined by théH NMR of the crude mixture® Ee determined by

chiral HPLC. See Supporting Information for details.

aDetermined by théH NMR of the crude mixture? Ee determined by

ehirel FPHC. See Supporing Information for derals "

Scheme 2
butadiene were exceptional substrates resulting in the forma-  _~_ Ny OOR2 Rho(SDITISP), ..PO(OR),
tion of the cyclopropaneg—10with very high yields (93— Ph 2,2-dimethylbutane Ph Ph
96%), diastereoselectivity(98% de), and enantioselectivity reflux
(83—89% ee). In contrast, the reaction with butyl vinyl ether R product  yield(%) de(%)? ee(%)°
was not highly diastereoselective and only the major dia-
o . - Me 6 89 98 88
stereomer was produced in high enantioselectivity (86% ee).
. ; : Et 17 85 >98 75
Electron-rich alkenes are required for effective cyclo-
i-Pr 18 61 >08 61

propanation, as the reaction with 1-hexene was very low-
yielding. aDetermined by the!H NMR of the crude mixture.PEe
The cyclopropanation can be extended to a range of ary|_determined by chiral HPLC. See Supporting Information for details.
and vinyldiazophosphonates as illustrated in Table 2. Once
again, all the reactions proceeded in high yield{86%)
and diastereoselectivity-@8% de), while the enantioselec-  aryl substituent on the adjacent dialkyl phosphonyl group.
tivity varied from 68 to 92% ee. The high preference for the formation of thE){cyclo-
One of the most distinctive features of the cyclopropana- Propanes isa di_stinctive cha_racteristic of the donpr/acc_eptor-
tion chemistry of the vinyldiazoacetates is the effect of the substituted rhodlum.carbenmasThe absolute configuration
size of the ester group on the stereoselectivity. The diaste-0f 14 was determined by X-ray crystallography to be
reoselectivity is not greatly influenced by ester size, but in (15:2SF° and the absolute stereochemistry of these cyclo-
the Rh(S-DOSP)-catalyzed cyclopropanations, the enantio- Propanations is the same as the(&biTISP)-catalyzed
selectivity decreases as the size of the ester incréhses. CYclopropanations of aryldlaz_oacetaﬁés. _ _
Consequently, it was of interest to explore the effect of The cyclopropanation chemistry of vinyldiazoacetates with
phosphonate size on the stereoselectivity o{BbiTISP)- dienes is a very effective method for the construction of
catalyzed reactions. As can be seen in Scheme 2, the steri§€ven-membered carbocyctéd he styryldiazomethylphos-
influence in the phosphonate series runs parallel to the esteiPhonatel9is capable of a similar [4- 3] cycloaddition as
series. The diastereoselectivity is independent of the size ofillustrated in the reaction with 1-phenylbutadiene (Scheme
the phosphonate, while the enantioselectivity steadily de- 3)- The Ra(S-biTISP)-catalyzed generates the cyclohepta-

creases on increasing phosphonate size.
The relative confi ti fth | - dil (22) See Supporting Information for the synthesis of the diazometh-
guration ot the cyclopropanes Is readily ylphosphonates.
assigned on the basis of the distinctive shielding hyisa (23) X-ray crystallographic data have been submitted to the Cambridge
Structural Database [Gerlits, O. O.; Coppens, P. Private communication].
(24) Davies, H. M. L.; Panaro, S. Aetrahedron Lett1999,40, 5287.
(21) Davies, H. M. L.; Bruzinski, P.; Hutcheson, D. K.; Kong, N.; Fall, (25) Davies, H. M. L. InAdvances in CycloadditigrtHaramata, M. E.,
M. J.J. Am. Chem. S0d.996,118, 6897. Eds.; JAI Press: Greenwich, CT, 1999; Vol. 5, pp +194.
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Scheme 3
PO(OMe), PO(OMe
Z N Rho(S-biTISP), (OMe)e
Nt -
2,2-dimethylbutane N
Ph Ph reflux PR Ph
19 20
H
H A 75% yleld
H—/—=\" ~Ph >98% de
(Me0),0P Ph 63% ee
21

diene20 as a single diastereomer in 63% ee. The formation
of a single diastereomer is readily rationalized by the
involvement of21, the intermediate of a tandem cyclopro-

panation/Cope rearrangemént.

2120

In summary, the asymmetric cyclopropanation chemistry
of arylphosphonyldiazoalkanes catalyzed by(StiTISP),
occurs in a highly stereoselective manner. Additionally, the
first example of a tandem asymmetric cyclopropanation/Cope
rearrangement using a vinylphosphonyldiazoalkane has been
achieved. These studies broaden the range of available donor/
acceptor-substituted rhodium carbenoid systems.
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