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Low regioselectivity of RMgBr (R

= aryl, alkenyl) in the CuCN-catalyzed reaction with 4-cyclopentene-1,3-diol monoacetate is improved by

addition of LiCl or MgCl , to a similar extent as previously obtained with RMgCI (>90:10). The limitation encountered in the preparation of

RMgCI no longer exists in the present method using RMgBr. The method is utilized in the synthesis of AH-13205, a selective EP

agonist.

»-receptor

As part of our ongoing project to find a reagent that provides not afford the corresponding Grignard reagents even under
high regio- and stereoselectivities in allylic displacement of forcing conditions of high temperatures and longer prepara-

4-cyclopentene-1,3-diol monoacetats,{? we reported a
CuCN-catalyzed &-type reaction with arylmagnesium
chlorides (ArMgCl) that afford® with high regioselectivity
and complete stereoselectivity (eq?Ijhe protocol was also
successful with simple (vinyl)MgCI. Since then, we learned
of the limited preparation of Grignard reagents from chlo-

rides, and thus the method seemed far from being widely

applicable. For example, functionalized aryl chlordéland
alkenyl chloridess and 7 shown in Figure 1 (X= CI) did
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tion times with Mg turnings preactivated in situ with Cl-
(CH,).Cl. Such difficulty associated with the Grignard
preparation is also mentioned in the literature for aryl

X fo) X R
CsH1q <O©/ /I\ X
oTBS 6,R=Me
4 5 (CH,);OTBDPS

,R=
7,R=
Figure 1. Examples of chlorides (X ClI), which are marginally

reactive to magnesium. In comparison, the corresponding bromides
(X = Br) are easily transformed into the Grignard reagents.




chlorides such as$, and the transition metal-catalyzed
preparation of ArMgCl was developed inste&tihe proce-
dure is rather complicated, and the influence of the added
catalyst on our copper-catalyzed reaction is unpredictable.
Consequently, we turned our attention to aryl bromides
(ArBr), which are, in general, easily convertible into ArMgBr
(8) by routine operation.

HOI:.@.‘\OAC

1

ArMgX HO...
CUCN cat. HO:.,QAr + Q ™)
THF 9 Ar 3
PhMgCl 93 : 7
PhMgBr 70 : 30

The problem associated with the magnesinmomide8,
however, is its low regioselectivity. For example, application
of the protocol shown in eq 1 to PhMgB8d) afforded a
70:30 mixture oRRaand3a We postulated that an inorganic
chloride would convert ArMgBr to ArMgCl by halide
exchange, and thus contribute to higher regioselectivity. As
presented herein, this idea was proved to be the case
Moreover, the new protocol was successfully utilized as the
key reaction in the synthesis of AH-13208),f which is an
analogue of PGA(10) with EP>-receptor agonist activit.

Table 1. Effect of LiCl and MgC} on the CuCN-Catalyzed
Reaction ofl with PhMgBr @a)?

entry additive 2a:3a yield of 2a, %b¢

1 - 70:30 63

2 LiCl (1 equiv) 86:14 80

3 LiCl (2 equiv) 90:10 75

4 LiCl (3 equiv) 92:8 84

5 LiCl (4 equiv) 93:7 94 (94)

6 MgCl; (1 equiv) 87:13 nd?

7 MgCl; (3 equiv) 93:7 90 (72)

8 MgCls (4 equiv) 937 83 (73)

a Reactions were carried out wifta (3 equiv) and CuCN (0.3 equiv) in
the presence of the additive (LiCl or Mgin THF at 0°C for 1 h.P Yields
were determined byH NMR analysis¢ Isolated yields are shown in
parentheses. Not determined.

was recorded with ratios of LiG3a (entries 4 and 5) and of
MgCl,/8a (entries 7 and 8) equal to or slightly greater than
one’! These selectivities as well as the yield2afin these
entries were almost equal to those obtained with PhMgCl
(93:7, 90% NMR yield}

High regioselectivity was also observed with other ArMg-
Br by using the protocol established above (Table 2). Thus,

Table 2. CuCN-Catalyzed Reaction with ArMgB3a—f2

Furthermore, we demonstrated that the protocol is applicable

to alkenyl-magnesium bromides, thus showing a wider
applicability of the present strategy using monoacetate
organic synthesis.

0 0
AN COH AN COH
<j\4\/\/v
OH
OH PGA, (10)

AH-13205 (9)

To find effective inorganic chloride(s), LiCl, NaCl, KClI,
MgCl,, CaCl, and AICE were each added in the CuCN-
catalyzed reaction df with PhMgBr @a) (3 equiv) in THF
at 0°C. Among them, LiCl and MgGldid improve the native
regioselectivity oBa(Table 1, entry 1). The best selectivity

2,3,8 yield
entry suffix Ar additive 2:3  of 2, %P
1 b 2-MeCgHy — 70:30 77
2 b 2-MeCgHy LiCl 91:9 82 (80)
3 b 2-MeCgHy MgCly  93:7 87
4 c 4-MeCgHy - 75:25 80
5 c 4-MeCgHy LiCl 91:9 94 (83)
6 c 4-MeCgHy4 MgCl, 94:6 86
7 d 2-MeOCgHy LiCl 91:9 68
8 d 2-MeOCgH4 MgCly 94:6 77 (71)
9 e 4-MeOCgHy4 LiCl 90:10 78
10 e 4-MeOCgH4 MgCl; 91:9 91
11 f 3,4-OCH20—CgHj3 - 75:25 75
12 f 3,4-OCHs0—-CgHs  LiCl 93:7 99 (92)
13 f 3,4-OCH,0—-CgH; MgCl,  93:7 98 (85)

a8 Reactions were carried out with ArMgBr (3 equiv) and CuCN (0.3
equiv) in the presence of LiCl or Mg&(4 equiv) in THF at ¢°C for 1 h.
bYields were determined bfH NMR analysis.° Isolated yields are shown
in parentheses.
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being in equilibrium with each other, the former complex of higher
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this hypothesis: reaction with PhMgCIl was completed-a8 °C for 1 h,
while reaction with PhMgBr at-18 °C for 1 h was incomplete, affording
a mixture of the starting monoacetdteand the producta and 3a.

184

the native selectivities of 2- and 4-Tol-MgB8l{f and 8c,
respectively) (entries 1 and 4) were improved by addition
of LiCl or MgCl; (entries 2, 3 and 5, 6) to the levels 0%
selectivity) previously observed with 2- and 4-Tol-MgCl.
Similarly, 2- and 4-(MeO)gH, groups were attached tb
regioselectively in good vyields (entries=10). Grignard
reagent8f, prepared easily fromd (X = Br) and Mg, also
furnished high regioselectivity (entries 12 and 13). Note that
the corresponding magnesium chloride is hardly prepared
from 3,4-OCHOGCsHsCI by the routine procedure as re-
ported?
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Next, we studied reaction of with alkenyl Grignard
reagents. Reaction with1® (3 equiv), CUCN catalyst, and

MgCl; (4 equiv) proceeded with 92:8 regioselectivity favor-

ing 2g over regioisomeBg (eq 2). A similar ratio was also
recorded with1l and LiCl. Since the protocol requires 3

equiv of the Grignard reagents, effort was made to reduce

the quantity of the reagents in reaction witB® Thus, the
hydroxyl group ofl was quenched with 1 equiv 6BuMgCl
at 0 °C and the alkoxide thus formed was subjected t
reaction with 2 equiv ofl2 to afford 2h with 96%
regioselectivity in 92% isolated yield (eq 3). The produc
derived fromt-BuMgCl was not detected byH NMR

spectroscopy or TLC analysis.
HO/..@A @)

CuCN (0.3 equiv)
MgCl, (4 equiv)

1+ )\MgBr

THF,0°C,2h
1 2
(3 equiv) 9
77% yield 29g:3g=92:8
1) +-BuMgClI (1 equiv) HO:..
1 )

2)  MgBr

A ~_OTBDPS

] on OTBDPS
12 (2 equiv)

CuCN (0.3 equiv) 92% yield

LiCl (4 equiv) 2h:3h=96:4

THF, rt, 1 h

Previously, alkenyl compounds of typ2 have been

synthesized from cyclopentadiene monoepoxide with (alk-

enyl)SnR/Pd cat® and (alkenyl)Cu(CN)L¥ in rather low

regioselectivities of<2:1. Later, we developed two reagent

systems to affor@ regioselectively from monoacetatei.e.,

(alkenyl)borates having the 2,3-butanediol ligand (derived

from the alkenyl boronate esters and BulLi) in combinatio
with a nickel catalyst and (alkenyl)MgCl with a CuCN

catalyst However, the highly volatile nature of the boronate

ester precursors having a small alkenyl group such as=CH
CH— and CH=C(Me)— prevented their isolation, while
preparation of (alkenyl)MgCl is limited to simple alkenyl

chlorides. Consequently, the present reagent system is the

only one that allows highly efficient installation of a wide
range of alkenyl groups.

To demonstrate the advantage of the present reaction, we O

synthesized AH-1320%0).5° Since the target is a diastere-
omeric mixture at the benzylic chiral carbon, bromitléX

= Br) was prepared as a racemic mixture from aldehi@gle
in 75% vyield by addition of gH;;MgBr followed by
silylation and converted easily into the Grignard readieht
with Mg turnings in THF (Scheme F)Reaction of (R)-1

with the Grignard reager4 under the conditions established

Scheme 1. Preparation of the Grignard Reagert

X
Br 1) C5H;1MgBr
CsHy4
2) TBSCI
cHo 2 i OTBS
13 75% 4, X =Br
Mo [ 4a'x- MgBr

(6]

+ above proceeded with an almost perfect regioselectivity of
>99:1 favoring {2 productl5 over anti §2' product23
(Scheme 2}? Product 15 isolated in 98% vyield was

Scheme 2. Synthesis of AH-132059)

14, CUCN cat. LiCl RO"‘
O CsHyy

o T,
> .
Ac,0 15, R=H
(1R CsHsN |: 16,R = Ac OTBS
91% (2 steps)
CuCN cat. c NaHCO4
Et,0 © CH,Cl,
>99:1 CsHiy
47 OTBS
o (CH,)gCH,OPMB HO
B 2o LiB(H)Ety (CH2)6CH,OR
THF
H
CsHyy Cabrs
18 OTBS DDQ OTBS
CHZClp/HR0 E 19, R = PMB, 37% from 16
n 80% 20,R=H
(CHy)gCOoH
1) PCC, CH,Cl, NH4-HF
2) NaClO,, 2-methyl-2-butene DMF/NMP
#+BuOH, buffer (pH 3.6) CsHi1  57%
70% (2 steps) OTBS
21
epimeric mixture
(. H
€O LiOH
THF/MeOH/H,0
49%
from 21

OH

22

transformed into acetati, which was subjected to reaction

(8) Corresponding chloride did not undergo Grignard formation even at with Bng_(CHZ)GCHZOPMB.under the conditions _for the anti
refluxing temperatures of THF for several hours with Mg turnings activated Sy2' reactiot® (CUCN cat. in E£O) to afford 17 with more

in situ by CI(CH).CI.
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(12) CuCN-catalyzed reaction of -1 with 14 without LiCl afforded
an 80:20 mixture ofl5 and23. The mixture was separated by chromatog-
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was introduced ot 7 by epoxidation withm-CPBA followed
by regioselective epoxide-ring opening with LiB(H)Eb
afford 19 in 37% yield from acetatd6. After deprotection
of the PMB group, the resulting di@0 was converted into
keto acid21in 70% yield by two-step oxidation. Deprotec-
tion of the TBS group with NgF-HF in DMF—NMP# for
72 h afforded a diastereomeric mixtu2@ at C(8)1° and,
finally, exposure of22 to LiOH effected epimerization to
afford AH-13205 @) in 49% yield from21. The'H NMR

To construct a carbonyl group at C(9), a hydroxyl group countered in preparation of the corresponding magnesium

and®C NMR spectra support the structure ®f

high regioselectivity in the allylic displacement of mono-
acetatel with Ar- and (alkenyl)MgBr. The limitation en-

186

w(CHR)eCOH
CsHy4
OTBS
24

chlorides no longer exists in the synthesis of cyclopentenes
of type 2.
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In summary, we have established a new method to attainspectrum of22 appeared ab 3.59 (q,J = 7 Hz) and 2.95 (dt) = 6, 12

Hz) ppm, respectively. The hydrogens at the same positidtiiand its
trans isomeR4, synthesized by epimerization with LiOH, showed similar
chemical shifts.
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