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Chiral phosphines play pivota roles in asymmetric cataysis® Many
privileged chird phosphines have been developed. Continuous structura
improvement and diverdfication are gill necessary, however, to achieve
high asymmetric induction in difficult-to-control C—C bond formations,
such as congruction of tetrasubgtituted carbons? Synthesis of chiral
phosphinesis generdly labor-intensive, which has hampered ther intensive
dructurdl optimization. A modular approach would fecilitete chiral
phosphine development, as it would dlow for rapid and systematic
synthesis of molecules with structurally diverse arays We report herein
the discovery of new modular chiral phosphines that produce excdlent
enantiosdectivity in Cu(l)-catayzed asymmetric dlylation and propargy-
letion of ketones.

We previously reported an asymmetric allylboration of ketones
using a catalytic combination of a CuX —'Pr-DuPHOS complex (X
= F, OR) and hard-metal (La, Li, K) akoxides*® The active
nucleophile was an alylcopper species generated through trans-
metalation of an allylboronate.® Although the products were
obtained in high yield, the enantioselectivity was not necessarily
satisfactory, even after intensive screening of commercialy available
chiral phosphines. For example, product 3a from acetophenone (1a)
was produced in 94% yield with 82% ee. To improve the
enantioselectivity, we started a program to develop chiral phosphine
ligands with a completely new scaffold. Our basic ligand design
concept was to construct chiral phosphines through the facile
assembly of independent modules.

Wefirst synthesized diphosphine 4 via bisaminal formation using
an air-stable triarylphosphine module and an inexpensive chirality-
introducing aminodiol. Its function was assessed by Cu-catalyzed
asymmetric allylation of 1a (Scheme 1). Despite the simple and
flexible structure of 4, a CUOAc—4 complex” produced (R)-3a in
quantitative yield with a promising 41% ee. To improve the
enantiosel ectivity, we designed 5 containing a conformationally
constrained 13-membered macrocycle. Ligand 5 comprised four
modules (linker, wing, chira head, and phosphine) and was
synthesized on a gram scale in three steps from commercialy
available starting materials (overall yield 70%).8 As expected, the
use of 5 improved the enantioselectivity to 76% ee.

The effects of the structural modification of each module of 5
were then systematically investigated.® Four significant trends were
observed (Scheme 1): (1) As a substituent of the chiral head (R),
aromatic groups were essential (5 vs 6). (2) The chirality of C2
had almost no effect on the enantioselectivity (5vs 7). (3) A specific
rigid conformation of the core macrocycle defined by the linker
and wing modules was critical.® (4) Introduction of electron-
withdrawing substituents at the para position of the phosphine part
(Ar) improved the enantioselectivity (5 vs 8). Addition of 1 equiv
of 'PrOH effectively enhanced the reactivity,>! alowing the reaction
temperature to be decreased to —75 °C; product 3a was obtained
with 89% ee using 2 mol % catalyst.
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Scheme 1. Systematic Optimization of the Modular Ligand
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1a 3 2a; (1.5 equiv) OHEGL 4070 BN (R)-3a

phosphine 5 (R = (S)-Ph, Ar = Ph):
PP MeO PAr 76% ee, >95%1
linker 01 R 6 (R = (S)-c-Hex, Ar = Ph):
_7’3) O 25% ee, 5%?
chlral

head T (R=(R)-Ph, Ar=Ph)

MeO@PAr;

wing

74% ee, >95%2°

8 (R = (5)-Ph, Ar = p-F-CgHy):
81% ee, >95%*
89% ee, >95% (75 °C)?*

4: 41% ee, >95%*

2 Enantiomeric excess and yield of 3a. P (S)-3a was obtained. © Using 2
mol % catalyst at —75 °C in the presence of 1 equiv of 'PrOH.

Table 1. Catalytic Asymmetric Allylation of Ketones?®

CuOAc (2 moal %)

I3 o _tEmR,
R B- 1/%\
+ NP (o] R
RTSRE T H/\/ ProH 1equw) CH,Cl, :
1 2b: R = (E)-Me; 2¢: R = (Z)-Me —75°C 3

HO »~”

98% ee: X = CH,, n = 1 (3h)®
85%, 95% ee: 3h (0.1 mol % cat)>®
83%, 85% ee: X = CHa, n = 2 (3i)
86%, 94% ee: X=0,n=1 (3j)

HO, CH3
o CH3
RB
I
99%, 89% ee: R3—H(3a)e 3e 99%,

98%, 92% ee: R® = p-CHs (3b) 90%, 90% ee
90%, 92% ee: R® = p-OCHj (3c)
99%, 87% ee: R® = m-CHj (3d)

HO CH3 HO CH3 HO,,II CHs HO, ,CH3
\ S 3f ’ 3g 3k 3l

93%, 92% ee 94% 93% ee 91%, 90% ee 88%, 83% ee®

HO, /CHs  3m: pcH, 3n: a-CH,
Ph/%/\ using 2b: 80% (3m : 3n = 93 : 7), 90% ee (3m), 90% ee (3n)7
CH3 using 2c: 76% (3m : 3n = 9 : 91), 90% ee (3m), 90% ee (3n)¢

@ Standard conditions are shown in the scheme. Isolated yields and
enantiomeric excesses determined by chird HPLC or GC are
summarized. ® Using 0.1 mol % CuOAc and 0.12 mol % 8. At —60
°C. 9Using 5 mol % CuOAc and 6 mol % 8 with 1 equiv of LiOPr at
—60 °C. © The absolute configuration was determined as shown.

The substrate scope was then studied under the optimized
conditions (Table 1). In general, the enantiosel ectivity and catalytic
activity were significantly higher than in our previous reaction using
iPr-DUPHOS.*® The crotylation reaction also proceeded with
improved diastereo- and enantioselectivity (3m and 3n). In
comparison with the organocatalyzed reaction recently reported by
Schaus,” the enantio- and diastereosel ectivity were slightly inferior.
The high catalytic activity and applicability to saturated aliphatic
ketones (e.g., 1I), however, are advantages of our reaction. In an
ideal case, the catalyst loading was reduced to 0.1 mol % (3h).

To expand the utility of ligand 8, we applied the CuUOAc—8
catalyst to an enantioselective propargylation of ketones'® using
allenylboronate 9 (Table 2). Homopropargyl tertiary alcohols 10
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Table 2. Catalytic Asymmetric Propargylation of Ketones®

o o)§< CuOAC (2 mol %), 8 (2.4 mal %)
A L. B LIO'Pr (0.5 equiv) HO, R?
x""0 -

R SR2 + v - K7
PrOH (1 equiv), CHyCl,, -75°C R

HO, CHV

1 9 10
Ho, R? HO_ o HO, ,CH
“, = = o “, 3z
long SO el
10f \_s
R? 109

88% 10h
93%, 95% ee: R? = Me, R’ = H (10a) 03% ee®  84%,98%ee’  83%, 95% ee
85%, 90% ee: R? = Me, R® = Br (10b) Ho, CH
94%, 93% ee: R? = Me, R® = Me (10¢c) HO, ,CHy g Y

= W
94%, 42% ee: R? = Et, R% = H (10e) 10k g— 10i

82%, 93% ee: R? = Me, R3 = OMe (10d)?  Ph >
87%, 94% ee

90%, 86% ee
HO, ,CHj HO, ,CHj HO, ,CH
HscW W Ph/\M

10j 101 10m 10n
67%, 86% ee 85%, 88% ee® 65%, 81% ee? 72%, 72% ee®

HO, CHs_

@ Standard conditions are shown in the scheme. Isolated yields and
enantiomeric excesses determined by chiral HPLC are summarized.
PUsing 5 mol % catalyst. © The absolute configuration was determined
as shown.

(b) Ho _H
253A o ¢
& 254 A
AP D7
H H PArg
MeO HD"LNJ"E:;'
o

Figure 1. (&) X-ray crystal structure of the CuOAc-H,O—8 complex. (b)
Its chemical description.

were produced with high enantiosel ectivity from arange of ketones.
The reaction proceeded with perfect regioselectivity (y-addition),
and the corresponding alenyl alcohol isomers (o-adducts) were
not detected in any case. Because of the synthetic versatility of
terminal akynes, various product conversions, such as Sonogashira
coupling and one-pot Huisgen cycloaddition with azides (using the
same Cu catalyst),"* were possible® Therefore, this reaction
produces a synthetically independent family of chiral building
blocks for allylation. To our knowledge, this is the first catalytic
enantioselective propargylation of ketones.

To gain preliminary insight into the origin of the high catalytic
activity and enantioselectivity of the CuOAc—8 complex, we
elucidated the X-ray crystal structure of the complex (Figure 1).2
The central 13-membered macrocycle forms a conformationally
rigid folded structure in which the linker aromatic group overhangs
the chiral bisaminal bicyclo[3.3.0] system. The observed bite angle
is extraordinarily wide (£LP—Cu—P = 137.8°), resulting in the
stabilization of the catalytically active monomeric Cu complex.®
In addition, the oxygen atom of the acetate ligand forms noncon-
ventional C—H -+ O hydrogen bonds with the bisaminal protons,**
leading to adistortion of the tetrahedral geometry around the copper
atom. The relevance of this distorted geometry and hydrogen-
bonding ability to the enantioselectivity and high catalytic activity
is currently under investigation.

In conclusion, we have identified new modular chiral phosphines
that are effective for Cu(l)-catalyzed asymmetric alylation and
propargylation of ketones. Studies directed toward obtaining a more
detailed understanding of the enantiodifferentiation mechanism and
extending the utility of the new phosphines to other catalytic
asymmetric reactions are in progress.
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