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ABSTRACT
MeOOC> | Phl=0, MgO COOMe
—_—
MeOOC R M.S., [Rh,L*%] COOMe

0
Br O R=Ph  75%, 82% ee
e = Ne{up | R=CiHs 56%, 98% ee

avet
O

Olefins are cyclopropanated with dimethyl malonate (1a) iodosylbenzene (Phl =0) and a Rh(ll) carboxylate catalyst via an in situ generated
phenyliodonium ylide (1c). Enantioselectivities of up to 90% for 4-bromostyrene and 98% for pent-1-ene have been observed with ( S)-N-4-
bromo-1,8-naphthanoyl- tert-leucine (4c) as the chiral ligand. The same catalyst was effective for olefin cyclopropanation with Meldrum'’s acid,

giving cyclopropanes with 96% (with styrene) and 87% ee (with pent-1-ene), respectively.

The transition-metal-catalyzed asymmetric cyclopropanation Some years ago, we reported olefin cyclopropanations
of olefins with diazomalonate esters is notoriously diffidult. upon decomposition of the phenyliodonium ylitiederived
Cu catalysts are generally not sufficiently reactive to effect from dimethyl malonatel(@) in the presence of [R{OAC)4].*
decomposition of the diazo esters under mild conditions and, Selectivity studies revealed that the main pathway of these

in addition, produce only modest enantioselectivitidhe reactions involved metallocarbene intermediates, although
same applies to the majority of the Rh(Il) carboxamidate there was also evidence for competing secondary reactions
catalysts, except Doyle's [Rf(S)-bnaz}].! The Rh(ll) of unknown nature. Apparently, metallocarbene intermediates

carboxylates, in turn, are capable of decomposing diazo-are also formed upon decomposition of phenyliodonium
malonates but do not lead to satisfactory enantioselectivitiesylides with copper catalysts$

in olefin cyclopropanation$.Thus, the highest enantiose-  Phenyliodonium ylides may be generated and decomposed
lectivity reported so far for dimethyl diazomalonatiby is in situ. Thus, Dauban recently described the cyclopropanation
50% for the cyclopropanation of 4-trifluoromethylstyrene of styrene in 55% yield with dimethyl malonate and
with [Rhy{(S)-bnaz}]. The parent styrene, in turn, was jodosylbenzene (PHO) in the presence of [Cu(acalyia

cyclopropanated with only 40% ée. the intermediate yliddc.” By analogy, Cu-catalyzed asym-
(1) (a) Doyle, M. P.; Davies, S. B.; Hu, WDrg. Lett.2000,2, 1145— (4) Mdiller, P. Fenrandez, [Helv. Chim. Actal995,78, 947—958.
1147. (b) Doyle, M. P.; Hu, WARKIVOC2003,7, 15-22. (5) Miiller, P.; Bole, C.Helv. Chim. Acta2002,85, 483—494.
(2) (@) Miller, P.; Bola, C.Hely. Chim. Acta200Q 826—828. (b) Mdiller, (6) Mdiller, P.Acc. Chem. Re004,37, 243—251.
P.; Bolea C.Helv. Chim. Acta2001,84, 1093—1111. (7) Dauban, P.; Saniére, T.; Tarrade, A.; Dodd, RJHAm. Chem. Soc.

(3) Boléa, C. Ph.D. Thesis, University of Geneva, 2001, Thesis No. 3251. 2001,123, 7707—7708.
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Scheme 1. Rh(ll)-Catalyzed Cyclopropanation with Diethyl Table 1. Optimization of Reaction Conditions for

Malonate (1a) Cyclopropanation of Styren@#) with [RhOAC),]?
:\DAEIC:)O entry oxidant additive® MS¢ yield of 3a (%)
MeOOC M.S. COOMe 1 PhI(OAc) MgO + 9
X + J —_— 2 PhI(OAc); Al;04 + 6
MeOOC R [Rh,L"] R COOMe 3 PhI=0 none - 20
4 PhI=0 MgO - 67
1aX=H,  2aR=Ph 3aR=Ph 5 PhI=0 Al,O5 - 25
b X=N, 2b R = 4-Me-Ph 3b R = 4-Me-Ph 6 PhI=0 none + 33
1c X = IPh 2¢ R = 4-CI-Ph gg E = i—g“;'; 7 PhI=0 MgO + 80
2d R = 4-Br-Ph car 8 PhI=0 AlL,O + 45
2e R = 4-CF,-Ph 3d R = 4-CF,-Ph 203
2fR =C,H, 3fR=C,H, aIn CH.ClI; (10 mL) at 10°C for 10 min and then stirring at rt for 4 h,

1.4 equiv of oxidant, 5 mol % of [RIOAC)4], 10 equiv of styreneZda),
1.5 mmol ofla(added last)P 2.3 equiv of additive® MS: molecular sieves
4 A, 250 mg.

metric nitrene transfer to olefins occurred upon treatment of
sulfonamides with PO in the presence of Cu catalysts
via intermediate iminoiodinanés. for cyclopropanations with (silanyloxyvinyl)diazoacetéte,

In parallel, Du Bois developed a system capable of nitrene Was only moderately successful and afforded the cyclopro-
transfer from sulfonamidates and carbamates via in situ Pane3awith 37% ee. However, to our surprise the situation
generated phenyliodinanes by means of iodobenzene didimproved markedly when substituents were introduced into
acetate (PhI(OAg) in the presence of Rh(Il) carboxylate —the 4-position of the naphthalene ring of the chiral ligand
catalyst< This suggested the possibility of Rh(ll)-catalyzed and the enantioselectivities reached 82% with the 4-bromo
carbene transfer using CH acidic compounds and Phi(©Ac) derivative;” [Rhy{(S)-4-Br-ntth ] (4c) at room temperature,
as precursors for phenyliodonium ylides. Charette reported While [Rhp{(S)-4-Cl-nttl}] (4b) and [RB{ (S)-4-NQ-nttl} 4]
the first Rh(ll)-catalyzed enantioselective carbene transfer (4d) were somewhat less efficient, although still superior to
starting froma-nitro esters or ketones and Phl(OA&) An the parentta (Figure 1). When the temperature was lowered,
analogous system, using Meldrum’s acid as ylide precursor,yie|d and ee decreased significantly. This unexpected trend
was independently developed by ourselt¥edle have now ~ May be due to solubility problems.
optimized Rh(ll)-catalyzed cyclopropanations of terminal

olefins with dimethyl malonatel@) via the intermediate || A

phenyliodor_nium y"d_e,1C (Scheme 1_)' ) ) Table 2. Enantioselective Cyclopropanation of Styree)(
The reaction conditions were optimized with [RBAC).] with Substituted [RE (S)-nttl}s] Catalysts
as catalyst. Initially, reactions were carried out with Phl-

(OAc), as oxidant for the generation of the ylide, as catalyst no. T(°C) yield (%) ee (%) config (3a)
previously reported for Meldrum’s acid;however, more [Rho{ (S)-nttl} 4 4a 1t 72 37 R
satisfactory results were obtained with iodosylbenzene<Phl [Rhz{(S)-4-Cl-nttl}s] — 4b  xt 77 66 R
OY’ in the presence of MgO and molecular sieves (Table 1), [Bhe{(9)-4-Brnttlla] de  xt 75 82 R
. . 7" [Rho{(S)-4-Br-nttl}s]  4c 0 56 66 R
The asymmetric cyclopropanation of styrene was examined (Rho{(S)-4-Brnttl}s] e  —70 40 4 R
with a series of Rh(ll) catalysts with 1,8-naphthoyl-protected [gp,{(S)-4-NOp-nttl}s] 4d  rt 60 66 R

tert-leucine as the ligand (Table 2). The ee of the product « Condit in CHCI, (5.0 L), 10 | ofla (1,14 mL), 1.4 equi

. . onaitions: In 2 (2.0mL), mmol orla (1. mL), 1.4 equiv
WaS. determlned by caplillary G@'13 and the absolute of PhI=0, 2.3 equiv of MgO, 250 mg of molecular sieves 4 A, 10 equiv
configuration from the optical rotatioft. The parent [Ri of styrene 2a), 5 mol % catalyst? Determined from optical rotation and
{(S)-nttl},] catalyst!5 which had been particularly suitable ~GC retention time.

(8) Dauban, P.; Dodd, R. HOrg. Lett.2000,2, 2327—2328.

(9) (a) Espino, C. G.; Du Bois, Angew. Chem., Int. Ed. En2001, Unsatisfactory results were obtained whertleucine was
40, 598—600. (b) Guthikonda, K.; Du Bois, J. Am. Chem. So002, | d by ph lalani l d for the Rh(ll tal
124, 13672—13673. (c) Espino, C. G.; Wehn, P. M.; Du Bois]. JAm. replaced by phenylalanine as ligand for the ( _)ca afffsts.
Chem. Soc2001,123, 6935—6936. In addition, use of Mosher’s acid as ligdfighrovided the

10) (a) Wurz, R. P.; Charette, A. Brg. Lett. 2003,5, 2327—2329. : . ;
(b)(wl)Jr(z,)R. P.; Charette, Al. Org. Chem>004.60, 13621269, cyclopropanesa in 33% yield and with 22% ee.

(11) Miiller, P.; Ghanem, ASynlett2003, 1830—1833. The electronic substituent effect of the styrene was

(12) Dietrich, A.; Maas, B.; Messer, W.; Bruche, G.; Volker, K.; ; ; ARy
Kaunzinger, A.; Mosandl, A. High Resolut. Chromatogf.992 15, 596~ mveStlgated with [Rb{ (S) 4-Br nttl} 4] (4C) as CataIySt’ and

593.

(13) Ghanem, A.; Ginatta, C.; Jiang, Z.; Schurig,Ghromatographia (16) Mdiller, P.; Allenbach, Y.; Ferri, M.; Bernardinelli, G.; Flack, H.
2003,57 (Suppl.), S/275-S/281. W. Org. Lett. 2004,6, 1725—1728.

(14) (a) Mdller, P.; Fernandez, MHelyv. Chim. Actal995, 78, 947— (17) Hoshino, Y.; Yamamoto, H. J. Am. Chem. S2@00,122, 10452—
958. (b) Corey, E. J.; Grant, T. Gietrahedron Lett1994 35, 5373— 10453.
5379. (18) Mdiller, P.; Ghanem, A. Unpublished results.

(15) Mdiller, P.; Allenbach, Y.; Robert, Hetrahedron: Asymmet8003, (19) Wypchlo, C.; Duddeck, Hletrahedron: Asymmetr3994,5, 27—
14, 779—785. 30.
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4aX=H  [Rh{(S)nttl},]

0. N_O 4b X = 4-Cl  [Rh,{(S)-4-Cl-nttl},]
4c X =4-Br [Rh,{(S)-4-Br-nttl},}

OO 4d X = 4-NO, [Rh,{(S)-4-NO,-nttl},]

Figure 1. Ligands L*H and abbreviations for [R{(S)-nttl},]
catalysts.

the results are summarized in Table 3. Note that in

Scheme 2. Rh(Il)-Catalyzed Cyclopropanation with
Meldrum'’s Acid (5)

& e

AI o3
5 6aR=Ph 76%, 92% ee
6b R = C,H, 65%, 87% ee

><

The substituent effect observed in this series of catalysts

comparison to previous results reported in the literature for is surprising, and we are unable to propose a satisfactory

Table 3. Asymmetric Cyclopropanation of Olefins with
Dimethyl Malonate (1a) in the Presence of BR{S)-4-Br-ntt}]

(4cy

olefin R yield (%) ee (%) config?
2a Ph 75 82 R
2b 4-Cl-Ph 71 65 R
2¢ 4-MePh 62 87 R
2d 4-Br-Ph 65 90 R
2e 4-CF3-Ph 63 87 R
2f CsHs 56 98 S

aConditions: in CHCI; (5.0 mL), 10 mmol ofla (1.14 mL), 1.4 equiv
of Phl=0, 2.3 equiv of MgO, 250 mg of molecular sieves 4 A, 10 equiv
of olefin (2a—f), 5 mol % of4c. ® Determined from optical rotation and
GC retention time foRa, 2b, and2f; other assignments by analogy.

cyclopropanation with diazomalonate ester, the ee increase

from 40 to 84% for the parent styrene (2a) and from 50 to
87% for the 4-trifluoromethyl derivativ@e}! but the best
result (90% ee) was obtained with 4-bromostyre2d).(Pent-
l-ene (2f) reacted in somewhat lower yield but with
exceptional enantioselectivity of 98%. The absolute config-
uration of R)-3afollows from its optical rotation: ForK)-

3a, [a]*p = +57 (c 0.3, PhH for 82% ee) (Iit! [0]% =
—124 (c= 2.23, PhH for §)-3a)). For R)-3b, [0]*% =
+46.1 (c0.7, PhH for 65% ee) (IR° [a]p = +117 for (R)-
3b). The R)-configuration of the other cylcopropanes derived
from styrenes3Jc—e) was assigned by analogy and on the
grounds of their positive optical rotation, which is consistent
with that of 3a and 3b. Compound3f in turn had §)-
configuration (p]?4 = +82.5 € 0.4, PhH for 98% ee) (Iit>
[0]?% = +27.4 € 1.10, CHC} for 58% ee)) for §)-3f. Thus,
the cyclopropane8 are homochiral with respect to those
obtained upon olefin cyclopropanation with Meldrum’s acid
in the presence of [RA(S)-nttl}4] as catalyst? Note that
the configurational change in going to th&){phenyl-
substituted cyclopropan@a—eto the propyl-substitutedf

is simply a consquence of the CIP priority rules.

(20) (a) Nymann, K.; Svendsen, J.A&:ta Chem. Scand 998 52, 338—
349. (b) Davies, H. L. M.; Panaro, Setrahedron2000,56, 4871—4880.
(c) Sato, M.; Hisamichi, H.; Kaneko, C.; Suzaki, N.; Furuya, T.; Inukai, N.
Tetrahedron Lett1989,30, 5281—5284.
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rationalization. A polar effect of the substituents on the active
site of the catalyst seems unlikely owing to the large distance
between the Rh atoms and the substituents in the complex.
Although Hashimoto has indeed reported significant changes
in enantioselectivities in Rh(ll)-catalyzed nitrene-transfer
reactions upon introduction of halogen substituents into the
pttl ligand, the systems are not directly comparable. The
enantioselectivity for nitrene insertion of indan increased
from 27% with [RB{ (S)-pttl}s] (N-phthaloyl-tert-leucine as
ligand) to 70% with the tetrachloro derivative [RKS)-
tepttl}s] at —23 °C.21 In the case of [RH (S)-tcpttll], the
effect is due to the presence of four halogen substituents,
but only one substituent is present in the §RI$)-nttl},].
Modeling studies reveal that the nttl ligands are conforma-
tionally mobile owing to rotation around the-aN bonds.
Conceivably, dipolar interactions of the substituents might
lead to changes in the orientation of the aromatic moieties
f the ligands and thereby change the chiral environment of
he coordinated carbene. Unfortunately, it was so impossible
to obtain crystal structures of any of these catalysts to verify
this hypothesis.

In view of these positive results, the previously reported
Rh(ll)-catalyzed olefin cyclopropanation with Meldrum’s
acid (5) was reinvestigated with catalystand styrene (2a)
and pent-1-ene2f) as substrates using the in situ procedure
(Scheme 2). The cyclopropangsand6b were isolated with
92 and 87% ee, respectively. In comparison, the enantiose-
lectivity for cyclopropanation of these olefins with [RS)-
nttl} 4] (4a) was 43 and 59%, respectivély.

Enantiopure cyclopropane-1,1-dicarboxylates are of syn-
thetic interest. Thus3a has been used as an intermediate in
the enantioselective synthesis of sertralitftén addition, the
selective hydrolysis of therans-ester functiof? opens access
to a variety of 1,1-difunctionalized cyclopropanes, such
1-aminocyclopropane carboxylic acitisThe present pro-
cedure is complementary to the enantioselective cyclopro-
panation with silanyloxyvinyl diacoacetates, which allows

(21) Yamawaki, M.; Tsutsui, H.; Kitagaki, S.; Anada, M.; Hashimoto,
S. Tetrahedron Lett2002,43, 9561—9564.

(22) Burgess, K.; Ke, Ch.-YSynthesis996, 1463—1467.

(23) (a) Davies, H. L. M.; Bruzinski, P.; Hutcheson, D. K.; Kong, N.;
Fall, M. J.J. Am. Chem. So996 118 6897-6907. (b) Rusconi di Lugano,
F.; Monteiro, J.; Fliche, C.; Braun, J.; Le Goffe, ynth. Commuri992,
22, 1155-1158.
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