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ABSTRACT

The first catalytic asymmetric Friedel

10 mol % Zn(OT), ;_\
12 mol % Lland MeQ™ "O NO
> R

R = Ar, Alkyl
up to 96% ee
up to 86% yield

—Crafts reaction of 2-methoxyfuran with nitroalkenes was developed under the catalysis of diphenylamine-

tethered bis(oxazoline) —Zn(OTf), complexes. The reaction conditions and ligands were optimized, and the scope of the reaction was tested by

varying the nitroalkenes. For most of aromatic and heteroaromatic nitroalkenes, good yields and high enantioselectivities (86

—96% ee) were

obtained. The methoxyfuran group in the product can be transformed to carboxylic acid via oxidative fragmentation with full retention of the

configuration.

Asymmetric FriedetCrafts reaction is an efficient way to
construct chiral centers on theor 8 position of different
kinds of aromatic systenisDuring the past decade, indole

electron-deficient olefins, such as nitroalkefedkylidene
malonateg,and ethenetricarboxylatédvany efficient cata-
lytic asymmetric systems have been developed, including

and its derivatives have been demonstrated to be goodchiral ligand-metal complexes, imidazolidinones, thioureas,

substrates for the asymmetric Fried€rafts reaction with
unsaturated aldehydé&slunsaturated ketonés?unsaturated
2-acyl imidazoleg® unsaturated ketophosphonatesp-
oxides? ketoester$ glyoxylate?2Pimines®@-¢ enaminesf and
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bis-sulfonamides, and phosphoric acids. Recently, the sub-
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(3) Bandini, A.; Cozzi, P. G.; Melchiorre, P.; Umani-Ronchi, 2ogew.
d2004 43, 84.

(4) For some recent examples, see: (a) Li, H.; Wang, Y.-Q.; Deng, L.

@bl 2006 8, 4063. (b) Zhuang, W.; Poulsen, T. B.; Jorgensen, K. A.

2005 3, 3284. (c) Torok B.; Abid, M London, G;
Esquibel, J.; Torok, M.; Mhadgut, S. C.; Yan, P.; Prakash, G. i{Qfiew.
St 2005 44, 3086. (d) Lyle, M. P. A.; Draper, N. D.; Wilson,
P. D. Qigeliaif. 2005 7, 901. (e) Zhuang, W.; Gathergood, N.; Hazell, R.
G.; Jorgensen, K. Agminifasisiagin 2001 66, 1009.

(5) For some recent examples, see: (a) Wang, Y.-Q.; Song, J.; Hong,
R.; Li, H.; Deng, L. @006 128 8156. (b) Jia, Y.-X,;
Xie, J.-H.; Duan, H.-F.; Wang, L.-X.; Zhou, Q.- Qtgalalt. 2006 8, 1621.

(c) Kang, Q.; Zhao, Z.-A.; You, S.- jninnSismmmmiin 2007, 129 1484.
(d) Rowland, G. B.; Rowland, E. B.; Liang, Y.; Perman, J. A.; Antilla, J.
C. Quabatt. 2007, 9, 2609. (e) Terada, M.; Yokoyama, S.; Sorimachi, K
Uraguchi, D 12007, 349 1863. (f) Terada, M.; Sorimachi,

K. Ii—— 2007, 129, 202,


http://dontstartme.literatumonline.com/action/showImage?doi=10.1021/ol702003x&iName=master.img-000.jpg&w=228&h=75

benzene4**9and five-membered aromatic heterocyéres® || NG

In c_ontrast, the asymmetric I.:r.ieddlzraf.ts reaction of furan 1.1 1. Effect of Metal Sources and Solvefts
derivatives with electron-deficient olefins has not been fully —
developed. In 2004, Terada et al. reported the first asym /@ . _NO, 10 mol % M(OT), I\
i ; i ; MeO ter Y 12mol % 4a  MeO v
metric Friedet-Crafts reaction of 2-methoxyfuran with [Y¢¥ "o Alviie o NO
tosylimines!®d In 2005, Evans et al. reported the reaction of 1 2a ' 3 Ph
2-methoxyfuran with 2-acyl imidazolés.Since (1) the

nitroalkenes are important Michael-acceptors in different Pty metalsalt  solvent  yield (%) ee(%F
asymmetric reactions, (2) the nitro group has diverse 1 AgOTf toluene 0 n.d.
transformation42 and (3) the furan is an important bioactive 2 Se(0TD)s toluene 0 n.d.
heterocycle, we speculate that it will be important to 3 La(OTf);  toluene 20 0
investigate the asymmetric FriedeCrafts reaction of furan ; sz((?;f? s :213222 28 151 4
derivative with nitroalkenes. Herein, we would like to 6 CuOTf3 toluene 19 9
document our recent results about the diphenylamine-tethered 7 Cu(OTHs toluene 5 24
bis(oxazoline}metal complexés catalyzed asymmetric 8 Zn(0OTh) toluene 64 85
Friedel-Crafts reaction of 2-methoxyfuran with nitroalkenes. 9 Zn(OTo) xylene 65 87
Our research began with the optimization of the model ~ 10 Zn(OTf), THF 0 n.d.
reaction between 2-methoxyfurdnand -nitrostyrene2a. 11 Zn(OTf);  CHsCN 14 1
The results are summarized in Tables 1 and 2. g ;28222 ggg[ 33 22
After the screening of metal salts, it was found that ;4 Zn(omz hexane 08 21

Zn(OTf), is the suitable choice. Rare earth triflates and . ] ] )
Cu(l) tiflates led to both low yields and low enanfio- o ;hdat3 were obtaned using 025 mmo) substrates under he catlysis
selectivities, while no formation of desired prodda was b|solated yields ¢ Determined by HPLC using a Chiracel OD-H column
observed when other metal triflates were used (Table 1,With hexane/isopropanol, 90:10, as eluent.
entries 1-8). Under the catalysis afa—Zn(ll) complex, a
significant solvent effect was observed. Xylene gave better 1),132 variable enantioselectivities were obtained in the
results than toluene and dipolar solvents, while coordinative a5ction in catalyzing the asymmetric Fried@rafts alkyl-
solvents inhibited the reactivity of the catalyst (Table 1, ztion reaction of 2- methoxyfuran wiinitrostyrene. BOX
entries 9-14). ligands4a—4c and BTH ligandsSa—5c gave comparable
In order to improve the enantioselectivity of the asym- enantioselectivities (Table 2, entries-3 vs entries 9-11),
metric alkyaltion, we further optimized the ligands. Utilizing \yhereas BOXd is more active than the corresponding BTH
diphenylamine-tethered bis(oxazoline) (BOX) liganda- 5d. The new ligand4f with trans-diphenyl substitution on
4d) originally prepared by Guiry*and bis(thiazoline) (BTH)  the oxazoline ring gave better results than its anodeer
ligands a—5d) originally developed by our group (Figure  formerly developed by our grouis,as well as other bis-
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Figure 1. Diphenylamine-tethered bis(oxazoline) and bis(thiazo-
line) ligands.

(oxazoline) and bis(thiazoline) ligands. Obtained under the
catalysis of 10 mol Y%&4f—2Zn(OTf), within 24 h at room

temperature were 85% yield and 94% ee (Table 2, entry 6).

No product was formed when commercially available Pybox

ligand was used. The yield decreased when the temperatur

varied, while no significant effect on the enantioselectivity
was observed (Table 2, entries 7 and 8).

After the optimization of the reaction conditions, the scope
of this asymmetric reaction was investigated. First, a variety
of other electron-rich furans such as 2-methylfuran and
2-phenylfuran were tested witfi-nitrostyrene, but these
substrates cannot react wjtknitrostyrene. The low reactivity
of furan derivatives can also be found from earlier reports;

Table 3. Catalytic Asymmetric FriedetCrafts Reaction of
2-Methoxyfuran with Nitroalkenés

7\ NO, 10 mol % Zn(OTf), I\,
MeO/Q + NN T movar - Me0 N NO,
1 2a-1 xylene, rt, 24 h 3ad
entry R product  yield (%)® ee (%)
1 Ph 3a 85 94
2 4-MeCgHy 3b 75 94
3 4-MeOCgH4 3c 84 94
4 4-FCgHy 3d 69 95
5 4-ClCgHy e 73 95
6 4-NO2CgHy 3f 55 964
7 2-naphthyl 3g 70 88
8 3,4-(Me0)2CeHs 3h 86 96
9 2-furyl 3i 56 86
10 2-thienyl 3j 72 89
11 0-MeOCgH4 3k 56 81
12 PhCH>CH, 31 49 62

a All data were obtained using 0.25 mol substrates under the catalysis
of 10 mol %4f—Zn(OTf), complex in 3 mL of xylene at room temperature
for 24 h. Isolated yields¢ Determined by HPLC using Chiracel OD-H or
AS column. For details, see Supporting Informatié@ompound3f does

there also only 2-methoxyfuran was used as the sole
substrated:1%Then a wide range of nitroalken2a—| were
tested in the asymmetric FriedeCrafts reaction with
2-methoxyfuran. The results are summarized in Table 3.
Nitrostyrenes with both electron-donating and -withdrawing
groups at the para position of the aromatic group gave
excellent enantioselectivities in the range of 9% ee, with
moderate-to-good yields that varied from 55% to 86%. No
electronic effect was observed. Substituted groups on the
meta position did not affect the yield and enantioselectivity
significantly. Other aromatic or heteroaromatic groups, such
as naphthalene, furan, and thiophene, could be successfully
employed as the 2-substituent of the nitroethene to afford
the corresponding products with good enantioselectivities
(Table 3, entries 7, 9 and 10). However, the enantioselec-
tivities decreased in the cases2éfand?2l, for the unfavored
interaction between the ortho substituted group and the
ligand, and the high flexibility of the alkyl chain, respectively.
Such a phenomenon was similar to one we have observed
in the reaction of indole with nitroalkenés.

The absolute configuration of the product was determined
through chemical correlation (Figure 2). After several

Ph
| ﬂ\/\uo RuCl;NalO;,  CH,N, \l/\Noz
MRS = 2 "CCl,/CH,CN/H,0 CO,Me
Ph 6 (9
8a  (§) 77% yield
90% ee 90% ee
[0]p?® = -150.6°)
Ph
NO,  RuCl;-NalO, CH,N, FPh NO,
N CCI/CH,CNIH,0 COMe
N
H 6 (S
7 (R 39% yield
- V) 82% ee
ee
[o]p?° = -134.9°

Figure 2. Oxidative fragmentation of the product and determination
of the absolute configuration.

experiments, the produ@®a was transformed to methyl
2-nitro-1-phenylpropnoaté via oxidative fragmentation of
the methoxyfuran group by Rug&tNalO, which was
recently used in the transformation of the furan group to
carboxylic acid'® 6 can also be obtained from the known
compound?7 which was formerly prepared through the
asymmetric FriedetCrafts reaction of indole with nitro-
styrene under the catalysis 48—2Zn(OTf),.%¢ The sameS
configuration of6 derived from3aand7 was elucidated by
comparison of the optical rotation and retention time of the
major enantiomer on HPLC (for details, see Supporting
Information); thus, produc8a should have thé& configu-
ration. The absolute configuration of other produgits-3I
were assigned to b8 by analogy.

On the basis of absolute configuration, the proposed

not have an adequate baseline resolution, the ee value in the chiral HPLCtranSItlon state was illustrated in Figure 3. Similar to our

is an estimate.
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Figure 3. Proposed transition state for the asymmetric Friedel
Crafts alkylation.

former report, we believe that the catalyst works in a
bifunctional form. Zinc(ll) works as a Lewis acid to activate
the nitrostyrene, while the NH group works as a H-bond
donor via an NH--z7 interation to direct the attack of
2-methoxyfuran from thei face®

In conclusion, the first catalytic asymmetric Fried€@rafts
alkylation of 2-methoxyfuran and nitroalkenes was devel-
oped. High enantioselectivities and good yields have been
obtained for most of the aromatic and heteroaromatic

4728

nitroalkenes. The transition state was proposed on the basis
of the absolute configuration of the products. The product
can be tansfomed to chiral methyl 2-nitropropanoate ef-
ficiently with full retention of the configuration via oxidative
fragmentation. Further investigation on the application of the
products are currently underway in our laboratory.
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