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ABSTRACT

Iu’le;..q
Y

NO» Me-DuPHOS(O) (5 mol %) _NO,

Y Me /|( z
> a CuOTf (1.25 mol %) Ayl

Il .
oS AlkyloZn (2 equiv)
Et,0, -70°C, 16 h )
Me R= aryl, alkyl Z up to 99% yield
hemilabile ligand upto99:1er

Me-DuPHOS monoxide is shown to be a very effective ligand in the enantioselective copper-catalyzed addition of dialkylzinc reagents to
p-nitroalkenes providing access to chiral nitroalkanes. The major advantages of this process are high yields, broad and complementary
substrate scope, and high enantioselectivities. The effect of achiral dummy ligands as an additive has also been documented.

The use of bis(phosphine) monoxides as hemilabile ligands Mer.. Run Mer.

has found widespread applications in the field of catalysis. Q @ @
Yet, their potential in asymmetric synthesis has long been Me C( oR C( o Me
overlooked because so few cogent exampl;; have been o Me o R F;P Me
reported. In addition to the previous work of Faltewe have

recently reported that the Me-DUPHOS monoxiga) could Med R'O Me'o
be used to promote the catalytic addition of diorganozinc ! e :
reagents to imines. 2¢,R=Pr

To determine the general scope of reactivity for this family
of ligands, we sought to further explore their synthetic utility. and, more particularly, on the @acomplex, which, based
To do so, we focused our efforts on the enantioselective on our previous studies, has proven to be an excellent catalyst
catalytic addition of diorganozinc reagentgtaitroalkene$®
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for this type of reaction. Considerable interest from the or 2b. Although Me- and Et-DuPHOS-derived ligands
scientific community has been drawn to the use of chiral produced comparable selectivities, the higher reactivity of
nitroalkanes as intermediates in synthetic reactions due tothe copper complex derived fro2a at —70 °C convinced
the very versatile functionality of the nitro grofdn this us to focus our attention on this particular ligand. We
communication, we report a valuable route to prepare chiral observed that the use dd),*CuOTf, an air-stable compleX,
p-nitroalkanes in high isolated yields by using bis(phosphine) has in no way affected the effectiveness of the addition and
monoxide ligands. is preferable because no precomplexation step is required.
We began our study by examining the behavior of ligand  The nature of the solvent was also an important factor. In
2a using the same reaction conditions described in our this case, toluene and#x were found to be the solvents of
previous work on the addition of diorganozinc compounds choice, whereas THF and GEl, afforded lower yields and

to imines (eq 1§° selectivities. Because 2 has proven to give more repro-
ducible results than toluene under optimal temperature
NO, . 2a (10 mol %) _NO, conqlitions_, i.e_.,—70 °C, it was used for the remainder of
J’ u(OTf), (10 mol %) z ) our investigation.
Ph Eéztzg (ft e?;:) Ph” > Et As the data in Table 2 indicate, enantioselective catalytic
2% 1L

>95%, er: 57.5 :42.5

Despite disappointing preliminary results, a variety of Table 2. Scope in the Optimized Conditions for the Conjugate
conditions were screened and the copfligrand ratio was Addition

identified as a critical factor for controlling the level of NO, (2a),>CuOTf (1.25 mol %) NO,
enantioinduction (Table 1, entries-B). Similarly, when the Jf 2a (2.50 mol %) 7
R Et,Zn (2 equiv) R/\Et
424 Et,0,-70°C, 16 h sai
Table 1. Optimization of the Bis(phosphine) Monoxide Ligand entry R yield (%) er?
and the CopperLigand Ratio 1 Ph 92 (5a) 97595
NO, Haana {10 mol %) _NO, 2 p-Cl-Ph 93 (5b) 99:1
JI/ E‘(; (202 ‘_’) : 3 p-F-Ph 99 (5¢) 98:2
n (2 equiv P .
Ph Toluene, 40 °C. 16 h Ph” Et 4 p-CF3-Ph 92 (5d) 97:3
4a 5a 5 m-MeO-Ph 98 (5e) 97.5:2.5
. . 6 p-MeO-Ph 95 (5f) 94.5:5.5
a b
entry ligand CuOTf (mol %) yield (%) er 7 p-Me-Ph 89 (5g) 97 5:9.5
1 2a 10 51 58.5:41.5 8 2-furyl 90 (5h) 91.5:8.5
2 2a 5 83 77:23 9 c-hexyl 70 (51) 99:1
3 2a 2.5 90 93.5:6.5 10 n-heptyl 91 (5) 97.5:2.5
4 1 2.5 19 51:49 , _ N . .
5¢ 1 25 28 54.5:45.5 alsolated yield "Enantiomeric ratios were determined by GC on chiral
: O stationary phasesSlow addition of thes-nitroalkene over 12 h.
6d 1 2.5 62 53.5:46.5
7 3 2.5 71 51:49
8 2b 2.5 90 93.5:6.5 . o , . ) .
9 2¢ 2.5 86 91:9 adqmon using Ilgancﬂg is gffchve fpr a Wlde_varlety of
10 2a 0 16 51.5:48.5 pB-nitrostyrenes. The high isolated yields obtained strongly
11 2a 5 79 75:25 suggest that use of this ligand could significantly reduce the

aNMR vyields using an internal standarBEnantiomeric ratios were extent of p0|ymerizati0n of nitroalkenes, a common prObIem
determined by GC on chiral stationary phasésmol % of the ligand was found in these reactiorfsAn analysis of substituents on
Eggg-d 2.5 mol % of the ligand was usefhe @a),:CuOTf complexwas  pitroalkenes indicates that their electronic properties also
) influence enantioselectivities. It appears that the presence
of electron-donating groups, which are positioned to enrich

reaction was carried out with Me-DuPHOS$) (or its bis- the double bond, lowers selectivities. Most notably, our

oxidized form @), very low enantioselectivities were obtained Method tends to be complementary to the use of the
(entries 4-6 and 7), indicating that the hemilabile nature of Phosphoramidite ligand optimized by Ojifiand to the
the ligand is also a key element. We assumed that the activePePtide phosphine ligand developed by Hove$fd#or
catalyst was a chiral organocopper complex because poo€Xample, thep-CFs-Ph derivative (Table 2, entry 4), which

enantioselectivity was observed in the absence of copper salt 7) OB, A Charetts, A. B.J. Org. Chem2005 70, 1086410867
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in the_medlum. Slmpl_e variations of th<=T I_|gand were also  (g) (a) Lu, S-F.; Du, D.-M.; Xu, J.; Zhang, S.-W. Am. Chem. Soc.
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with the bulky ligand2c compared to those with ligariza R.; Bosica, G.; Fiorini, D.; Palmieri, A.; Petrini, MChem. Re. 2005 105
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is known to be a problematic substrate, can be obtained in|jj| | |  EINIENEI I

92% yield and in 97:3 er usinga as the chiral ligand. Table 3. Effect of Additives in the Conjugate Addition

This method also allows for the addition to aliphatic o (22),~CuOTF (1.25 mol %) o
nitroalkenes. This is synthetically valuable because the r 2 Additive (20 mol %) et
resulting chiral nitroalkanes could not be synthesized easily PhJ Et,Zn (2 equiv) Ph Et
using reductioh or arylatiod® methods (Table 2, entries 9 4a Etz0,-70°C, 16 h 5a
and 10). However, in the case of thdexyl derivative, the " eld (%) 5
substrate had to be added slowly to circumvent the formation entry R additive yield (%) -
of a substantial quantity of the polymerization prodtict. 1 Ph none 79 90:10

Because of the lower reactivity of M@n,? its stoichi- 2 PBug 28 92.5:7.5
ometry, the temperature of the reaction, and the reaction time i E;Egine ;2 3{;’,‘10
had to be increased (eq 2). The use of,CH as solvent 5 DABCO 31 93.5:6.5

6 CH;CONH, 98 95.5:4.5
NO, (2a)2:CuOTf (1.25 mol %) NO, 7 CF3;CONH, 94 92.5:7.5
= (th(’sﬂr'u"i/\j; 77 8 PhCONH, 96 97.5:2.5
95%, er: 96 : 4 11 t-BuCONH, 97 (90  96.5:3.5
12 p-Cl-Ph  +-BuCONH, 96 (91¢  98:2
also contributed to increased selectivity. High yields and 13  n-heptyl  #-BuCONH, 76(69r 973
enantioselectivities were obtained using the conditions shown aNMR yield using an internal standar8Enantiomeric ratios were
ineq 2. determined by GC on chiral stationary phasksmlated yield in parentheses.

It was felt that the need for excess ligand (1:4 copper
ligand ratio) in this reaction was necessary to favor a
monomeric or a slightly aggregated ethylcopper spe€i€s.  level of enantiocontrol in the presence of pivalamide (Table
In light of this, the excess chiral ligand was substituted with 3, entries 1+13).
several achiral ligands that could potentially play the same In conclusion, a new application of bis(phosphine) mon-
role (Table 3)° Although the addition of stronglg-donor oxides was disclosed demonstrating the tremendous potential
ligands, such as phosphines or amines (entries)2led to of this class of ligands in asymmetric catalysis. TRa)£
a high degree of polymerization, the use of amides was CuOTf-catalyzed addition of diorganozincfenitroalkenes
effective. Indeed, the addition of #n to both aliphatic and  offers a complementary variation to previously reported
aromatic unsaturatggtnitroalkenes was effective with a high  methods.
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