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R
Ar = 3,5-(CF3),-CgH3

A convenient and novel one-pot organocatalytic methodology

for the stereoselective synthesis of highly functionalized
nitrocyclopropanes is reported. The addition of dimethyl
chloromalonate to a variety of nitroolefins catalyzed by
tertiary amines leads to a Michael adduct which cyclizes to
form the cyclopropane in the presence of DBU under
carefully controlled reaction conditions with outstanding
diastereoselectivity.

The cyclopropane ring is a constituent of a diverse assortment

of natural productsand biologically active agents. In addition
to serving as drug and agrichemical targets, cyclopropyl
derivatives are also valuable as (inter alia) synthetic building
blockg? and as templates for the construction of conforma-
tionally restricted amino acids and peptidésit is therefore
unsurprising that the development of new, efficient methodolo-
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Note

gies for the stereocontrolled synthesis of these materials
continues to command considerable attenfiohggarwal/-
Gaunt? and MacMillart® have recently developed asymmetric
organocatalytic strategies for the cyclopropanationogf-
unsaturated aldehydé&etones,®°%amides’ esters,® nitriles 22
and sulfone® using either preformé@ or in situ generated®
ylides't12which complement asymmetric SimmerSmithf:13
and metat-carbenoid methodologies often better suited to
relatively electron-rich olefinic substraté$?15

Nitroolefins are readily accessible synthetic building blocks
of widespread use in preparative organic chemisty.It is
somewhat surprising therefore that no efficient catalytic meth-
odologies for their catalytic asymmetric cyclopropantion have
thus far been reportéd.In addition, existing methods for the
synthesis of racemic nitrocyclopropanes from nitroolefins (via
the addition of sulfoxonium/phosphonium ylides and diazo-
methanes) are often characterized by both variable yields and
(where applicable) diastereoselectivit® This dearth of
methodological flexibility, together with our interest in orga-
nocatalytic Michael addition reactiofisand the recent confir-
mation of the first biologically active natural product structure
to contain a chiral nitrocyclopropane moiétprompted us to
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SCHEME 1. Potential Strategies for the Organocatalytic
Cyclopropanation of Nitroolefins
E_E
_E
A Bk B X
base + x = A — 5 * base
G NO —
\:< 1 2 \_\
NO, NO>

E=CO,R G =alkyl oraryl X =halogen

undertake the development of a convenient, organocatalytic PhMe (0.5 M), rt

Michael-based route to functionalized nitrocyclopropanes of high
potential synthetic utility.
At the outset, it was decided that for such a methodology to

be of use it must (a) represent a convenient, mild process, (b)

furnish nitrocyclopropane products readily amenable to further
modification in good yield and diastereoselectivity (across a

range of readily available substrates), and (c) incorporate a

catalyzedstereocenter-forming step. With this in mind, two
Michael-initiated ring-closure (MIRC) strategi&€to malonate-
substituted cyclopropanes of general typevere considered

(Scheme 1): a base-mediated additon of a malonate pronucleo-

phile to a halonitroolefin (route A), or a base-catalyzed reaction
between aro-halomalonate and a nitroalkene (route B).

A preliminary investigation of route A was encouraging
(Scheme 2); bromination of nitrostyrene gave bromo nitrooolefin
3, which afforded cyclopropané on treatment with triethy-
lamine in moderate overall yield (40%) frogh In an attempt
to avoid the requirement for the preparatior8pthe generation
of the presumed cyclization reaction precusor via the bromi-
nation of the Michael adduct from the reaction of dimethyl
malonate with2 (i.e., 5, Scheme 2) was attempted in the

JOCNote

SCHEME 2. Route A (Preliminary Investigations)
Route A
Ph 1. Bry (1.0 equiv.) Ph Br
e CHzolz -
NO, 2. NaOAc (1.0 equiv.) NO,
MeOH
2 3 48%
CHy(CO,Me), E E E Br,
(1.0 equiv.) E NO, (1.0 equiv.)
. —X— 4
NEt; (1.0 equiv. "
3(1.0equiv) PR NO, | pH 5 NEt,, CHyCly
4 84% (0.2 M), rt
E = CO,Me

Route A: Attempted enantioselective cyclopropanation

Base additive

CHy(COMe), none - no reaction
(1.05 equiv.) Na,CO; - no reaction
6 (5 mol%)

NaHCOj - no reaction

DMAP - no reaction

N-Ethylmorpholine - no reaction

NEt; - >98% conversion, >98% de, 0% ee

PhMe (0.5M). 1t

base (1.05 equiv.)

e

-H

I I
Ar = 3,5-(CF3),-CgH3 Ar 7

and the isolation of racemi¢ from the reaction mediated by
NEt; indicate that the relatively unhinderddis not involved
catalytically in this reaction.

these conditions (Scheme 2). The addition of dimethyl malonate this route held some promise, as both substrates were com-

to 3 promoted by chiral bifunctional organocatalgstknown
to possess excellent reactivity and selectivity in the promotion
of similar conjugate addition reactiottd2324-in the presence

mercially available and elecrophiliz-bromonitroalkane inter-
mediates could be avoided, initial experiments identified a new
challenge: ring-closure must now occur at an electron-deficient

of Brensted-base additives was then attempted (Scheme 2)duaternary carbon atom. The addition of dimethyl chloro-
These experiments exposed route A as unsatisfactory from anmalonate t@® in the presence of either stoichiometric or catalytic
asymmetric catalysis standpoint: of the additives tested only @mounts of an amine base (hindered or unhindered) gave

NEt; furnished4 in racemic form. The incompatibility of less
hindered yet both comparable and less basic arffitesNEt;

(20) For alternative preparations of nitrocyclopropanes from nonnitroole-
fin sources see: (a) Wurz, R. P.; Charette, AJBOrg. Chem2004 69,
1262. (a) O’'Bannon, P. E.; Dailey, W. B. Org. Chem199Q 55, 353—
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Kwiatkowski, S.; Dunitz, J. D.; Oth, J. F. M.; Seebach, D.; Kalinowski,
H.-O. Helv. Chim. Actal982 65, 137. (d) Kohler, E. P.; Darling, S. B.
Am. Chem. Sod93Q 52, 1174.

(21) (a) McCooey, S. H.; Connon, 3. Angew. Chem., Int. EQ005
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Commun2005 227. (c) Faltin, C.; Fleming, E. M.; Connon, S.11.0rg.
Chem.2004 69, 6496.
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I.; Nikolaev, S. V.; Zeeck, A.; de Meijere, AChem—Eur. J. 2004 10,
4708.

(23) For alternative systems for the same reaction see: (a) Li, H.; Wang,
Y.; Tang, L.; Deng, LJ. Am. Chem. So2004 126, 9906. (b) Okino, T.;
Hoashi, Y.; Furukawa, T.; Xu, X.; Takemoto, ¥. Am. Chem. So2005
127, 119. (c) Ye, J.; Dixon, D. J.; Hynes, P. S8hem. Commun2005
4481.
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Connon, S. JChem—Eur. J.2006 12, 5418. (b) Taylor, M. S.; Jacobsen,
E. N.Angew. Chem., Int. E@006 45, 1520. (c) Takemoto, YOrg. Biomol.
Chem.2005 3, 4299. (d) Pihko, P. MAngew. Chem., Int. EQR004 43,
2062.

excellent yields of adducB but no cyclized material. After
considerable experimentatiéhit was found that tertiary amine
bases in polar aprotic solvents (no reaction was observed in
protic solvents) gave trace amounts of cyclopropane products
from 8, with the combination of 1,8-diazabicyclo[5.4.0Jundec-
7-ene,(DBU) and hexamethylphosphoramitdMPA) solvent
providing efficient ring closurgScheme 3§’

(25) pKavalues (25°C, H;0, H"'NRg) are (a) triethylamine= 10.9: Kuna

S.; Pawlak, Z.; Tusk, MJ. Chem. Soc., Faraday Tran£982 78, 2685.
(b) DMAP = 9.7: Chrystuik, E.; Williams, AJ. Am. Chem. Sod.987,
109 3040. (c)N-ethylmorpholine= 7.7: Hall, H. K., Jr.J. Phys. Chem.
1956 60, 63. (d) quinuclidine= 11.3: Grob, C. AHelv. Chim. Actal985

68, 882.

(26) Bases tested: KOs, CCOs, EtstNOH™, KOAc, KO'Bu, NaH,
NEt;, DMAP, DBU. Solvents evaluated: CBl,, MeCN, THF, acetone,
DMSO, MeOH, 2-propanol, HMPA. Additives used: Kl,»@, Lil, 18-
crown-6 (with potassium ion-based bases), TBAI. Why the combination of
DBU in HMPA is optimal is unclear; while it is tempting to point to the
relatively high basicity of DBU relative to the other tertiary amines tested
and the known ability of HMPA to acceleratgBStype reactions relative
to more common polar aprotic solvents (such as MeCN and THF),
alternative mechanisms involving DBU-mediated halogen transfer cannot
be ruled out at this time. It is interesting to note that DBU is also an excellent
base for the Bingel reaction, see: (a) Bingel,Ghem. Ber.1993 126,
1957. (b) Nierengarten, J.-F.; Gramlich, V.; Cardullo, F.; Diederich, F.
Angew. Chem., Int. Ed. Engl996 35, 2101.
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SCHEME 3. Route B
Route B: Initial experiments

CHCI(CO,Me),,
(1.05 equiv.) Cl_E
CH,Cl, (0.5M) E

2

it, NRy Ph NO; DBU (1.05 equiv.),

TABLE 2. Asymmetric Organocatalytic Cyclopropanation
1. CHCI(CO,Me), (1.05 equiv.),
cat. (2 mol%),

CH,Cl, (0.5 M) E. E
NEt; (100 mol%) - 94% o 272
Quinuclidine - (100 mol%) - 93% _ N0z 2 fitter K/NOZ
Quinuclidine - (5 mol%) - 91% R 3. HMPA (0.1 M)

Base additive

R

8 E =CO,Me m24h

Route B: Optimum cyclisation conditions 21R=4-OMe-CeH; 22 R =4-OMe-CgH,

8

HMPA (0.1 M), rt %

15h Ph

4 E=CO,Me (81%, 100% de)

TABLE 1. One-pot Organocatalytic Nitrocyclopropane Synthesis

1. CHCI(CO,Me), (1.0 equiv.)
DBU (5 mol%)
NO> THF (0.5 M), rt, 24 h

DBU (1.05equiv.) E EN02 time T yield de ee

entry catalyst (h)2 (°C)2  product (%) (%) (%)

DHQD 24 —30 4 66 >98 7
6 92 —20 4 73 >98 37
22 -30 4 69 >98 38
25 —30 15 67 >98 47
25 —30 16 65 >98 14
24 —-30 17 64 >98 18
30 -30 18 66 >98 25
—30 19 65 >98 31
24 —-30 20 66 >98 17

©CoO~NOA~WNE

/=/

R 2. HMPA (total 0.1 M)

DBU (1.05 eq

10
11

40 -30 22 65 >98 26
24 —30 4 64 >98 —30

~NO OO O OO
N
N

uiv.), rt, 24 h
aRefers to the Michael reactioflsolated yield.c Determined by'H

entry nitroolefin

product yield de NMR spectroscopy? Determined by CSPHPLC (see Supporting Informa-
(%) (%)° tion). ¢5 mol %6, 0.05 M CHCl;, 0.3 M HMPA.

C

N
N
Br
Fa
O,
:
N
o £
N

.

alsolated yield.? Determined

g
vl

2
1
1
1

4

O,
0,

NO,

0

NO,

1

NO,

O,

3
0,

4

1

dimethyl chloromalonate to nitroolefins, followed by DBU-
mediated cyclization in the presence of HMPA (Table 1).
E.E Gratifyingly, this protocol allowed the convenient synthesis of

NO2 nitrocyclopropaned and15—20as a single diastereomé&mom
15 73 >98 a range of readily accessible aliphatic and aromatic nitroolefins
r

No We were thus encouraged to develop a one-pot cyclopropa-
4 75 >98 nation involving the controlled DBU-catalyzed addition of

of variable steric and electronic charact@r gnd 9—14) in
uniformly good yields (Table 1). The anti relative stereochem-
istry was confirmed usingH NMR spectroscopic (NOEjand
E E X-ray crystallographic studies of cyclopropah&
NO2 With an efficient organocatalytic protocol in hand, attention
16 74 >98 now turned to the question of asymmetric induction. In a
modification of the diastereoselective methodology outlined
above, the initial Michael addition of dimethyl chloromalonate
to a selection of nitroolefins was promoted by modified cinchona
E E alkaloids in CHCI,,2° with subsequent DBU-mediated ring-
NO; closure. The results of these experiments are outlined in Table
O2N, ) 7 508 2. While use of dihydroquinidinedHQD) afforded essentially
racemic produc¥ the bifunctional quinine-based catalysfand
its pseudenantiomer7) afforded the nitrocyclopropanes with
£ poor to moderate enantioselectivity up to a maximum of 47%

E
:Noz ee. While the enantioselectivity exhibited in these reactions is
i 7 ~98 lower than those we observed previously in the addition of

(27) Kohler found that an-bromoadduct similar t8 could be cyclized
in poor yield 30%) on reflux in excess methanolic KOAc (see ref 20d).
A later report suggested thatpeMe analogue oft could be prepared via

E electroreduction of the chloromalonate in the presence of the Michael
NO, acceptor (no yield given): Le Menn, J.-C.; Tallec, A.; SarrazifGan. J.
7 ~98 Chem.1991, 69, 761. For a useful oxidative cyclization using KF/alumina
19 of the Michael adducts between malonate esters and electron deficient olefins
S (including nitroolefins): Villemin, D.; Thibault-Starzyk, F.; Hachemi, M.
Synth. Commuril994 24, 1425.
E E (28) See Supporting Information for details.
NO, (29) The Michael addition reaction promoted 6yand 7 proceeded to
S completion in all cases.
f 20 70 >98 (30) Itis interesting to note that the quinidine derii@HQD furnished
5 the same major product enantiomer as the quinine-defivétis is contrary
by*H NMR spectroscopy. to the trend previously observed in the corresponding catalyzed addition of

dimethyl malonate t@ (see ref 21a).
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dimethyl malonate to nitrostyrenés,to the best of our Catalytic Asymmetric Cyclopropanation: Procedure B.
knowledge these represent the first examples of catalytic A reaction vial containing a stirring bar was charged with
asymmetric cyclopropanations of nitroolefin derivatives. B-nitrostyrene (0.200 mmol), argl(2.4 mg, 0.04 mmol). The

In summary an operationally simple and completely diaste- vial was fitted with a septum and placed under an Ar atmosphere
reoselective one-pot synthesis of densely functionalized nitro- (balloon). CHCI, (0.400 mL) was added via syringe, and the
cyclopropanes from readily available starting materials has beenresulting solution was cooled te-30 °C. The solution was
developed which represents a most convenient and efficientallowed to equilibrate at this temperature (ca. 30 min), and
method for the synthesis of these compounds of excellent dimethyl chloromalonate (28L, 0.224 mmol) was added via
potential synthetic utility. Catalysis of the initial conjugate syringe. The resulting solution stirred for the time indicated in
addition by a chiral bifunctional cinchona alkaloid-based Table 2 resulting in precipitation of the Michael adduct as a
organocatalyst (at low loadings) in place of DBU has resulted white solid. The reaction mixture was filtered, and the resulting

in the first examples of a catalytic asymmetric Michael
addition—cyclopropanation reaction sequence involving ni-
troolefin substrates.

Experimental Section

One-Pot Synthesis of Racemit¢rans-Nitrocylopropanes:
Procedure A. A reaction vial containing a stirring bar was
charged with the appropriafenitrostyrene (0.200 mmol) and
THF (0.40 mL). Dimethyl chloromalonate (28., 0.224 mmol)
was added via syringe. After 5 min, DBU (L&, 0.010 mmol)
was added to the reaction. The solution was left to stir for 24
h with precipitation of the Michael adduct as a white solid. The
reaction was then diluted with HMPA to give a total volume of
2 mL (0.1 M). To this a solution of DBU (3L, 0.210 mmol)
in THF (100uL) was added dropwise over 20 min with vigorous
stirring. When conversion was adjudged to be complete (TLC),
the HMPA solution was diluted with 30 mL EtOAc, and the
organic layer was washed with water ¥4200 mL) to remove
the HMPA. The organic extracts were combined, dried (Mg-

solid was dissolved in 2.0 mL HMPA (0.1 M). To this a solution
of DBU (31 uL, 0.210 mmol) in THF (100uL) was added
dropwise over 20 min with vigorous stirring. When conversion
was adjudged to be complete (TLC), the HMPA solution was
diluted with 30 mL EtOAc, and the organic layer was washed
with water (4 x 200 mL) to remove the HMPA. The organic
extracts were combined, dried (Mg@Qand concentrated in
vacuo. The crude residue was purified by column chromatog-
raphy.
(+)-trans-2-(4-Bromo-phenyl)-3-nitrocyclopropane-1,1-di-
carboxylic Acid Dimethylester (15). Prepared according to
procedure B usin® (46 mg, 0.20 mmol). After workup, flash
chromatography (1:15 EtOAchexane) gavé+)-15 (48 mg,
67%) as a colorless oitH NMR (CDCl): 6 3.61 (s, 3H), 3.87
(s, 3H), 4.15 (d, 1HJ = 6.0 Hz), 5.39 (d, 1HJ = 6.0 Hz),
7.17 (d, 2H,J = 8.3 Hz), 7.50 (d, 2H) = 8.3 Hz).13C NMR
(CDCl): ¢ 36.6, 45.5, 53.2, 53.6, 65.6, 122.4, 128.6, 129.5,
131.6, 162.9, 163.1. IR (film): 1741, 1557, 1437, 1368, 1293,
1121 cn1l. Anal. Calcd for GaH12.BrNOg: C, 43.60; H, 3.38;
N, 3.91. Found: C, 43.93; H, 3.67; N, 3.56]% = +23.3 (c

SQOy), and concentrated in vacuo. The crude residue was purified0.09, CHC}, 47% ee). Enatiomeric excess was determined using

by column chromatography.
trans-2-Phenyl-3-nitrocyclopropane-1,1-dicarboxylic Acid
Dimethylester (4).Prepared according to procedure A usthg
(30 mg, 0.20 mmol). After workup, flash chromatography (1:
15 EtOAc-hexane) gavé (42 mg, 75%) as a colorless otH
NMR (CDCl): ¢ 3.57 (s, 3H), 3.88 (s, 3H), 4.23 (d, 18~
6.0 Hz), 5.43 (d, 1HJ) = 6.0 Hz), 7.277.30 (m, 2H), 7.33
7.37 (m, 3H)C NMR (CDCh): ¢ 37.3, 45.6, 53.0, 53.5, 65.8,
127.8,128.2,128.4,129.6, 163.1, 163.4. IR (film): 1742, 1557,
1437, 1367, 1292, 1121 crh Anal. Calcd for GsH13NOg: C,
55.91; H, 4.69; N, 5.02. Found: C, 56.16; H, 4.90; N, 5.12.

a CSP-HPLC with a Chiralcel AD-H column (4.6 mnx 25
cm), hexane/IPA, 90/10, 1.0 mL mik RT, UV detection at
220 nm, retention times: 11.3 min (minor enantiomer) and 15.0
min (major enantiomer).
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Supporting Information Available: General experimental
procedurestH and3C NMR spectra, characterization data for all
unknown compounds; crystal structure 8. This material is

(31) Racemization of the product by DBU has been discounted as the available free of charge via the Internet at http://pubs.acs.org.

ee of enantioenrichedlremained unchanged after stirring in THF (1.0 M)
in the presence of DBU (1.0 equiv) for 24 h at room temperature.
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