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ABSTRACT: The first catalytic, regioselective cross-coupling oH NICIDME (20 mol %)
of 3,4-epoxyalcohol with aryl iodides is reported. The | |(;2m1<1 (25 mol %)
combination of NiCl,DME and a newly developed C,- R :

symmetric oxazoline ligand plays a key role in selective ring Py
opening of several 3,4-epoxy alcohols at the C4 position. This )|
general protocol furnishes a new type of enantioenriched 4,4- e

diaryl alkane which also incorporates an additional 1,3-diol that 8BS O\):N/>7<\N j oTBS
can be easily transformed to a variety of functional groups. The -
products are formed with excellent regioselectivity (>99:1),
diastereoselectivity (up to 99:1), and enantiopurity (up to
>99.9% ee).

OH
Mn (3 equiv), Nal (0 5 equiv)

Et;NHCI (1.1 equiv), Py (0.2 equiv)
i, 12 h

OH

New bisoxazoline ligand

regioselective, enantioselective, diastereoselective

In recent years our group has been involved in the Scheme 1. Regio- and Enantioselective Opening of Epoxides
asymmetric epoxidation of allylic and homoallylic alcohols’ (2) non-enantioselective ring opening of styrene oxide

followed by regio- and enantioselective ring opening by using Weix ot al

nitrogen nucleophiles to generate enantiomerically pure amino ° Ph OoH
alcohols.” The selective ring opening of 3,4-epoxy alcohols with ©/<‘ . ©/ B Nibpy ©/K/OH ©)\/ P
carbon nucleophiles is a challenging task which would provide a '

straightforward access to 4,4-diaryl alkanes. As diaryl alkane C2:C14:1,69% yield

moieties are present in various bioactive molecules, they play a b) Our Previous work: C-N bond formation

significant role in living organisms that is reflected in their wide NHe man NH”“OH
application in the pharmaceutical industry (Figure 1).” ‘/Q/V ©/ OH
Depending on their importance and synthetic utility, various
C4:C3>99:1, up to 98% yield

attempts have been made toward the enantioselective synthesis e to 94% oo
of diaryl alkanes, including asymmetric hydrogenation of diaryl

(c) This work: C-C bond formation: Initial studies

4 g S
alkenes,” 1,4-addition to a,f-unsaturated carbonyl compounds,’ o GOE
and asymmetric cross-coupling at benzylic centers.” Meanwhile o
ym pling ¥ . ’ NiCl,-DME (20 mol %)
transition metal catalyzed asymmetric cross-coupling methods . T o . oH
have enormous scope, but enantioselective synthesis of 1,1- /@/‘ J: ] O on
. . : 4% TBSO N N—,_-OTBS
diaryl alkanes has rarely been investigated.” Recently, the o -
2 .
Ligand (25 mol %) C4:C3>99:1, 61% yield
90:10 dr
F
Q (J ;
Ve e O synthe51s of enantloennched diaryl alkanes reported by Fu,™
'Pr)
m ’ [ Ve Doyle,*” and Reisman.* Moreover, Weix reported cooperative
S
NMe, Ni/Ti- catalyzed enantloselectwe cross-coupling of meso-
Tolterodine R;=Me, Ry= H (R)-orphenadrine anti-insomnia agent
(antimuscariic drug) RI=H R Mo (R nasbenoding ¢ epoxide with aryl bromides.”* Unfortunately, nickel catalyzed
al oMe e nonenantioselective cross-coupling of unsymmetrical aroglatlc
O cl Meo\©/0Me ome \©/ epoxide suffers from regioselectivity issues (Scheme 1a).”> We
envisioned that regioselective ring opening of epoxide by
O‘ <m Meo carbon nucleophiles can be controlled by using a hydroxy
O‘ Q/\ directing group in combination with nickel complexes (Scheme
NHMe Meo 1c).
Sertraline Podophyllotoxln (-)-cyclogalgravin ~ R= OH, anti lung cancer agent
(antidepressant drug) R= H, anti-viral (smallpox) agent

Figure 1. Biologically active chiral 1,1-diaryl alkane. Received: July 8, 2017
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Table 1. Optimizaton of Nickel Catalyzed Cross-Coupling of

3,4-Epoxy Alcohol with Aryl Iodide”

©/<?/VOH
1

(£)3,4-epoxy alcohol

CO,Et

NiCk-DME (20 mol %)
L6 (25 mol %)

Mn (3 equiv), Nal (0.5 equiv)

(1.0 equiv) Et;NHCI (1.1 equiv), Py (0.2 equiv)
+ | DMPU, 1t, 12 h
EtO,C C4:.C3>99:1
(1.5 :quiv)
entry reaction condition yield (%)” dre
1 standard conditions 61 90:10
2 L1 instead of L6 14 92:8
3 L2 instead of L6 56 79:21
4 L3 instead of L6 40 79:21
S L4 instead of L6 37 73:27
6 LS instead of L6 12 70:30
7 L7 instead of L6 38 86:14
8 No NiCl,-DME 0 —
9 No ligand 0 -
10 No Mn 0 -
11 Ar—Br instead of Ar—I 33 89:11
12 Zn instead of Mn 10 20:80
13 m-CO,Et-Phl instead of p-CO,Et-Phl 53 80:20
14 No Et;NHCI, No Nal 21 92:8

“All the reactions were performed in 0.4 mmol scale, NiCl,-DME
(0.08 mmol, 0.2 equiv), Ligand (0.1 mmol, 0.25 equiv), Mn (1.2

mmol, 3.0 equiv), Nal (0.2 mmol, 0.5 equiv), Et;NHCI (0.44 mmol,
1 1 equiv), Pyridine (0.8 mmol, 0.2 equiv), DMPU (3 mL), rt, 12 h.
“Isolated yield. “Determined by 'H NMR spectroscopy.
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Scheme 2. Preparation of Chiral 3,4-Epoxy Alcohol
R.R-BHA (2 mol %) Y\CA“

A OH  VO(PrO); (1 mol %) O/
CHP (1.5 equiv),
tol 32h
o| uene CAr3
76-98% yield

58-96% ee Ar = 4.(2,4 6-triethylphenyl)phenyl
(RR)-BHA

Very recently, our group reported Ni/BINAM complex-
catalyzed regio- and enantioselective aminolysis of 3,4-epoxy
alcohol with aryl amine directed by a hydroxyl group (Scheme
lb).2 Based on these observation, we tested the regio-,
diastereo-, and enantioselective cross-coupling of 3,4-epox-
yalcohol with aryl iodides catalyzed by a new Ni/bisoxazoline
complex (Table 1).

Initially, we commenced our investigation using trans-2-(3-
phenyloxiran-2-yl)ethanol which is readily accessible from the
corresponding olefin by mCPBA epoxidation and ethyl 4-
iodobenzoate as substrate. To challenge this scheme, we first
tested commercial L1; however, cross-coupling was observed
with good diastereoselectivity but in very low yield (entry 2).
Gratifyingly, L2 provided the cross-coupling product in 56%

Scheme 3. Scope of Aryl Iodides”

NiCl2DME (20 mol %) @
L6 (25 mol %)
OH
Mn (3 equiv), Nal (0.5 equiv)
Et;NHCI (1.1 equiv), Py (0.2 equiv)

95% ee OH
DMPU, 1t, 12 h

2a-kbe

‘ CoMe COMe
OH OH
O O O OH

2a, 62% yield 2b, 69% yield 2c, 65% yield 2d, 52% yield
>20:1dr 99:1 dr >20:1dr >20:1 dr

T

CN Cl

CO,Et
® o o @
OH
OH O OH OH
O OH OH O OH O OH

2e, 48% yield
>20:1 dr

2f, 60% yield
>24:1dr

2g, 58% yield
>20:1dr

F cl

® o8
OH OH
O OH O OH

) 2j, 52% yield
CCDC 1564148 b ot

OH =
O OH
2i, 50% yield
>20:1 dr

2K, 49% yield

>20:1dr
“Reaction conditions: epoxide 1 (0.4 mmol, 1.0 equiv), 3 (0.6 mmol,
1.5 equiv), NiCL,-DME (0.08 mmol, 0.2 equiv), Ligand (0.1 mmol,
025 equiv), Mn (1.2 mmol, 3.0 equiv), Nal (0.2 mmol, 0.5 equiv),
Et,;NHCI (0.44 mmol, 1.1 equlv) Pyridine (0.8 mmol, 0.2 equiv),
DMPU (3 mL), rt, 12 h. "Isolated yield. “Diastereomeric ratio was
determined by NMR of crude reaction mixture.

yield albeit moderate diastereoselectivity (entry 3). Further, L3
and L4 also show similar results with slightly lower yields of the
product (entries 4, S). Interestingly, L5 also gave a very low
yield of the product with poor dr (entry 6). We then
hypothesized that steric hindrance at the a-position of nitrogen
could be a deciding factor which ultimately effects the
formation of a reactive nickel ligand complex to determine
the selectivity and yield. Subsequent investigation showed that
the presence of a methylene group at the a-position of the bis-
oxazoline moiety is preferable to a tertiary carbon to improve
yield and selectivity. Gratifyingly, promising diastereoselectivity
(90:10) and excellent regioselectivity (>99:1) were observed
with a 61% vyield in the case of L6, which was derived from -
serine (entry 1), whereas L7 also gave a similar dr albeit in a
lower yield of the product (entry 7). Further, using ArBr
instead of Arl did not improve the yield (entry 11). Again
replacing p-CO,Et-Phl with m-CO,Et-Phl showed slight
improvement in dr but a lower yield (entry 13). Furthermore,
Zn instead of Mn provided a very low yield of the product
(entry 12). The addition of Et;NHCI and Nal were found to be
necessary to improve the yield probably due to activation and
ring opening of epoxide (entry 14).”*" The complete
conversion of epoxyalcohol 1 was observed under the reaction
conditions in the given time. Notably, no cross-coupling
product was observed in the absence of NiCl,-DME (entry 8),
Ligand (entry 9), and Mn (entry 10). From further
investigation, DMPU was found to be the best solvent.'’
Encouraged by these initial results we focused our attention
toward the enantio- and diastereoselective cross-coupling of
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Table 2. Scope of Chiral Epoxides”

CO,Et

NiClyDME (20 mol %)
‘A?/VOH ©/| L6 (25 mol %)
@ .
Mn (3 equiv), Nal (0.5 equiv)
EtO,C Et;NHCI (1.1 equiv), Py (0.2 equiv) OH
1akb 3 DMPU, rt, 12 h on

(Ar)

4a-k
entry  epoxide product yield? ee® drf
(ee) (%) (%)
o oH Ar
1 """\‘\/(\L/\V ‘<::: /‘\(OH 63 96 9614
7 a, (95 2 ga O
o) Ar
AL~ OH N _oH
2 L//\ ) E on 66 98 9614
[ b2y ( ~
b
(o) Ar
NN ~_CH /J\(OH
3 [ | ] 61 98.4 964
= AL _oH
o
T e (90) ¢
o
o A] o
4 7 J/\J T 61 986 9614
NN d, (90)°
o
. l\/\\ £y ~_OH 55 988 955
F =
1e, (95)°
o
6 S AL~ OH 41 99 946
FsC” 11, (92)°

54 999 964

Br™ ™7 1h, (95.5)

0
l‘/\j/(\'/ ~OH A _oH 57 989 955

AN
7 e -~
1i, (93)° cl 4
(o) Ar
J/\ 1~ OH A on 52 915  90:10
10 )
N AN ,:j . CH
1j, (58)° S
cl & 4
o Ar
A LA OH ~ N _oH
| ] b 66 99.9 964
11 P \// L\/OH
1k, (67)° )\
OMe OMe 4k

“Reaction conditions: epoxide 1 (0.4 mmol, 1.0 equiv), 3 (0.6 mmol,
1.5 equiv), NiCL,;-DME (0.08 mmol, 0.2 equiv), Ligand (0.1 mmol,
0.25 equiv), Mn (1.2 mmol, 3.0 equiv), Nal (0.2 mmol, 0.5 equiv),
Et;NHCI (0.44 mmol, 1.1 equiv), Pyridine (0.8 mmol, 0.2 equiv),
DMPU (3 mL), rt, 12 h. “Enantioenriched epoxide was synthesized
using our previous report. ‘ec of epoxide. “Isolated vyield.
“Enantiomeric excess was determined by Chiral HPLC. /Diastereo-
meric ratio was determined by Chiral HPLC.

3,4-epoxyalcohol. We chose enantioenriched trans-2-(3-phenyl-
oxiran-2-yl)ethanol (1a, 95% ee) which is easily prepared using
our previous method and 3 for the ring opening reaction
(Scheme 2)."* To our delight, cross-coupling of enantioen-
riched epoxide la with 3 in the presence of Ni/L6 complex
provided the product (4a) with excellent regio- (>99:1) and

Scheme 4. Effect of Hydroxy Group in Cross-Coupling

CO,Et
$ me | NiCl,DME (20 mol %) O
+ L6 (25 mol %) B
Mn (3 equiv), Nal (0.5 equiv)

+ OH
5 CO.Et  EtzNHCI (1.1 equiv), Py (0.2 equiv) O Me
DMPU, 1t, 12 h

5a,47% yield, dr4:1

l CO,Et
(0]
@/Q/\/OH | same as above ‘.« _OH
+ - -
O OH

1 CO,Et )
6a, 53% vyield, dr 12:1

diastereoselectivity (96:4) as well as enantioselectivity (96%) in
63% yield.

With this inspiring result in hand, we started to evaluate the
substrate scope of this reaction. First, we tested commercially
available aryl iodide to reveal the generality of this method
(Scheme 3). For iodides, substitution at various positions of the
aromatic ring is well tolerated to provide the 4,4-diaryl alkane
product with moderate to good yields (48—69%) and with
excellent diastereoselectivity. In order to check the accuracy of
dr, chiral HPLC analysis was used for substrates 2b and 2f, and
as anticipated, excellent dr was observed (99:1 and >96:4
respectively). Furthermore, a variety of functional groups
including ester (2b, 2f), aldehyde (2¢) and ketone (2d), nitrile
(2e), trifluoromethyl (2g), and halides such as fluoride (2i, 2j)
and chloride (2h, 2k) were tolerated under these mild reaction
conditions.

Encouraged by this broad iodide scope, we then began to
evaluate the substrate scope of epoxides for this cross-coupling
reaction (Table 2). A variety of enantioenriched 3,4-
epoxyalcohols having different substituents were successfully
synthesized by using our previous epoxidation method."
Generally, all the reactions proceeded smoothly at ambient
temperature affording products with excellent regioselectivity
(>99:1) in good yields. Substrates 1b and 1k having
substitution at the m-position of the aromatic ring provided a
66% yield, whereas p-substituted substrates such as 1le, 1f, 1g,
1h, 1i and m-substituted ones such as 1g provided a slightly
diminished yield (42—57%). Interestingly, a significant
improvement of ee of cross-coupling product was observed
over the corresponding epoxy alcohol which might indicate that
an unprecedented kinetic resolution occurs under the reaction
conditions. As anticipated various functional groups such as
halides, —CF;, and —OMe were well tolerated under these
reaction conditions. Gratifyingly, all the diaryl alkane products
were achieved with excellent enantiopurity (up to 99.9%) and
diastereoselectivity (up to 97:3). All the ee and dr were
determined by chiral HPLC analysis (see Supporting
Information).

In order to test the directing effect of the hydroxyl group of
the substrate, we subjected 2-methyl-3-phenyloxirane (5) to the
same reaction conditions furnishing a 4:1 diastereomeric
mixture of cross-coupling product. However, trans-2-(3-phenyl-
oxiran-2-yl)ethanol (1) furnished a 12:1 dr which clearly
supports the hydroxy group playing a significant role to
determine the diastereoselectivity (Scheme 4).

In conclusion, we have developed the first hydroxy directed,
nickel catalyzed cross-coupling of a 3,4-epoxy alcohol with aryl
iodides. The C4-selective opening approach shows excellent
enantio- and diastereoselectivity for diverse epoxides with
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various aryl iodides. Moreover, an enantioenriched 4,4-diaryl
alkane with additional 1,3-diol functionality will provide a broad
scope for further functionalization and can furnish new
pathways for the synthesis of building blocks and synthetically
useful intermediates. A new C,-symmetric bisoxazoline ligand
was identified to achieve excellent selectivity. Further study
related to mechanism and application is in progress.
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