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ABSTRACT
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Stereospecific cyclopropanation of alkenylboronic esters of pinacol followed by in situ treatment with excess KHF; afforded the corresponding
potassium cyclopropyl trifluoroborates in high yields, which then underwent Suzuki-Miyaura cross-coupling reactions with aryl bromides to
give cyclopropyl-substituted arenes in good yields with retention of configuration. This promises to be a useful method for the synthesis of
enantiomerically pure cyclopropanes.

A growing number of cyclopropyl-containing natural prod- selective and tolerant of a broad range of functional groups.
ucts have been isolated and synthesiz€giclopropanes are  In the studies on SuzukiMiyaura coupling reactions, various
also increasingly incorporated into pharmaceuticals due to organoboranesboronic acid$,and boronic estetsvere most

their well-defined three-dimensional structdr&herefore, often employed. Although boronic acids and esters have often
the stereocontrolled synthesis of cyclopropane derivativesbeen widely utilized in cross-coupling reaction, much atten-
has attracted considerable interest in recent years. tion has been focused on the preparation of various orga-

Alkenylmetal compounds (B, Al, Si, Sn) are versatile noboron derivatives. Compared with commonly used orga-
intermediates because after cyclopropanation they can po-noboron compounds, organotrifluoroborates have distinguishing

tentially react with a variety of electrophiles. features: greater nucleophilicity, ready accessibility, and re-
Among the powerful palladium-catalyzed cross-coupling
of electrophiles with organometallic reagents, the Suzuki (2) (a) Patai, S., Rappoport, Z., Edhe Chemistry of the Cyclopropyl

; _ ; ; Group, Wiley: New York, 1987. (b) Wong, H. N. C.; Hon, M.-Y.; Tse,
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has especially attracted chemists’ attenfidine organoboron  198. (c) De Meijere, A., EdHouben-Weyl, Methods in Organic Chemistry

reagents are less toxic and more easily accessed by a variet§th ed.: Georg Thieme Verlag: Stutgart, 1997; Vol. E17c. (d) Reissig,
.. . L .-U. Top. Curr. Chem1988 144, 73—135.

of routes. The conditions are mild, and the reaction is highly (3) (a) Miyaura, N.; Suzuki, AChem. Re. 1995 95, 2457-2483. (b)

Suzuki, A.J. Organomet. Cheml999 576, 147—-168. (c) Suzuki, A. In
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markable stability in air. Palladium-catalyzed cross-coupling [ | N NN

reactions of potassium organotrifluoroborates have been
reported by Genet, Molander, and othérs.

It was well-known that boronic esters allow for the
introduction of chiral auxiliaries, thus enabling diastereo-
selective cyclopropanations of alkenylboronic estdrsir-
thermore, the alkenylboronic esters are conveniently cyclo-
propanated by the Pd-catalyzed decomposition of diazo-
methane to furnish cyclopropylboronic esters. But there were
few reports concerning the preparation of stereospecifically
chiral cis-cyclopropanes.

In our previous work, we have reported thaans
alkenylboronic acids could be condensed with chiral diols
under reflux for a long period of tim#&,but it was found
that these conditions caused the isomerization cisf
alkenylboronic acid. Pietruszka’s chiral diol could be con-
densed with alkenylboronic acids smoothly under mild

Scheme 1
OH 1) MgSO.
R B(OH), . _(1)MgSO,4
il OH Et,0,1h Q
1a~f
2) CH2N2, Pd(OAC)2 R

(3) KHF5, CH30H, H,0 EVBFaK

2a~f
yield:
84~92%

The results obtained are shown in Table 1. As evidenced

by 2D NOESY spectra, the cyclopropyl trifluoroborates
generated fromH)-alkenylboronic acids have trans configu-
rations, while the ones obtained frord){alkenylboronic

conditions? but cyclopropylboronic esters of chiral diols are || IGTcGNGNGEE

reluctant to take part in cross-coupling reactfgd%and are
difficult to hydrolyze!* so it was necessary to first reduce
using an excess of LiAllHand then hydrolyze to obtain

Table 1. Stereospecific Preparation of Potassium Cyclopropyl
Trifluoroborated

. - : entry alkenylboronic acids ~ products yield®
cyclopropylboronic acids before further transformation was o
. 1 2 (%)
possible.
With our ongoing interest in the synthesis of enantiomeri- o Ph
cally pure cyclopropanes, we attempted to find a new way —
to obtain enantiomerically pure cyclopropanes including the ! B(OH), “BF 3K =
cis isomers. Recently, we studied the stereodefined prepara- 1a 2a
tion of racemic potassium cyclopropy! trifluoroborates gener-
ated from cyclopropylboronic esters of pinacol and their o
cross-coupling reactions with aryl bromides as an array of Ph  B(OH),
model experiments, because pinacol can also be condensed 2 \=1/b 90
with boronic acids smoothly. Herein we report our prelimi- Bg;K
nary results.
Alkenylboronic acids 1 were easily condensed with pinacol Chph
at room temperature to give the corresponding esters in PhCH,  B(OH) z
. . . . . 2 2
quantitative yield. Cyclopropanation of the esters via pal- 3 =/ 85
ladium-catalyzed decomposition of @kb!2 followed by in Te BgsK
. . C
situ treatment with excess KHE13 afforded the stereo-
defined potassium cyclopropyl trifluoroborates in good to CH,OCH,Ph
excellent yield (Scheme 1). PhCH,OCH,  B(OH),
yield ( ) 4 =/ 84
1d BF3K
(7) (@) Molander, G. A,; Ito, T.Org. Lett 2001, 3, 393-396. (b) 2d
Molander, G. A.; Rivero, M. ROrg. Lett 2002 4, 107-109. (c) Molander,
G. A.; Biolatto, B.Org. Lett 2002 4, 18671870. (d) Molander, G. A.;
Katona, B. W.; Machrouhi, FJ. Org. Chem2002 67, 8416-8423. (e) GsH
Darses, S.; Genet, J. P.; Brayer, J.-L.; Demoute, Jefrahedron Lett CsHy1_ B(OH)2
1997, 38, 4393-4395. (f) Darses, S.; Michaud, G.; Genet, JTBtrahedron 5 = 88
Lett 1998 39, 5045-5048. (g) Darses, S.; Michaud, G.; Genet, JEB. le BF3K
J. Org. Chem1999 1875-1883. (h) Molander, G. A.; Biolatto, Bl. Org. 2e
Chem 2003 68, 4302-4314. (i) Molander, G. A.; Yun, C.-S.; Ribagorda,
M.; Biolatto, B. J. Org. Chem 2003 68, 5534-5539. (j) Batey, R. A.;
Quach, T. DTetrahedron Lett2001, 42, 9099-9103. (k) Kabalka, G. W.; CeH CsHqq
Venkataiah, B.; Dong, GOrg. Lett 2003 5, 3803-3805. ST <f
(8) (@) Imai, H. Mineta, S. Nishida]. Org. Chem 199Q 55, 4986~ 6 5(OH L 87
4988. (b) Pietruszka, J.: Widenmeyer, Sinlett1997 977—979. (c) Zhou, (OH), BFK

S.-M.; Deng, M.-Z.; Xia, L.-J.; Tang, M.-HAngew. Chem1998 110,
3061-3063;Angew. Chem., Int. EA.998 37, 2845-2847. (d) Luithle, J.
E. A.; Pietruszka, JJ. Org. Chem1999 64, 8287-8297.

(9) (a) Luithle, J. E. A.; Pietruszka, Uiebigs Ann./Recuell997, 2297
2302. (b) Luithle, J. E. A.; Pietruszka, J.; Witt, Ehem. Commuril998
2651-2652.

(10) Chen, H.; Deng, M.-Z]. Chem. Soc., Perkin Trans200Q 1609-
1613.

(11) (a) Matteson, D. S.; Man, H.-W. Org. Chem1996 61, 6047
6051. (b) Hiscox, W. C.; Matteson, D. $. Org. Chem1996 61, 8315—
8316.
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2(1) The mixture of alkenylboronic acid (10 mmol), pinacol (10.5 mmol),
20 mL of EtO, and 0.6 g of MgS@was stirred fo 1 h atroom temperature.
(2) To the mixture of alkenylboronic esters (10 mmol), Pd(QA&P2 mg)
in 50 mL of EpO, was adde a 2 Msolution of CHN_ in 100 mL of EtO
at 0°C for 1 h and then for additiohd h atroom temperature. (3) The
mixture of KHF,; (70 mmol), cyclopropylboronic esters, 35 mL of methanol,
and 7 mL of water was stirred f@ h atroom temperature® Isolated yields
based on alkenylboronic acids used.
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acids have cis configurations. The model experiments may furnished the producté3h) in satisfactory yields (Table 2,
open the door to prepare various chiral potassium cyclopropyl entries 5 and 6).

trifluoroborates involving chiratis-cyclopropyl trifluoro- The conditions (Table 2, entry 6) were subsequently
borates in particular from the corresponding alkenylboronic applied to study the cross-coupling reaction of various
ester of the chiral diols. stereodefined potassium cyclopropyl trifluoroborates with

With various potassium cyclopropyl trifluoroborat2sn aryl bromides, considering Pd(P§hand KsPOy-3H,0 are
hand, we then investigated Suzuhiliyaura cross-coupling  easily obtained and cheap. The results are summarized in
reactions o with aryl bromides. The conditions for carrying Table 3.
out the Suzuki-Miyaura coupling reaction were optimized As outlined in Table 3, botleis- and trans-cyclopropyl
by using potassiurtrans-2-pentylcyclopropyl-trifluoroborate  trifluoroborates readily reacted not only with the aryl
(2f) and 4-bromoacetophenone as the substrates. The resul
are indicated in Table 2.

Table 3. Cross-Coupling Reaction of Potassium Cyclopropyl
Trifluoroborates with Aryl Bromides

R BFK R Ar
Table 2. Effects of Ligands and Solvents on the Coupling HV/ . A —dFPhy), tolueneH 0 'v/
Reaction of Potassiutans-2-Pentylcyclopropy! 2ot KgPO4.3H0, reflux
Trifluoroborates with 4-Bromoacetophenéne az3h b
entry 2 RBr products yield
CsH1q Br [Pd] CsH1q 3 (%)
A, ' \©\ﬂ/ base A ©/Ph
BF3K o / 1 2a  p-PhCeH,Br PhW”\\ 83
3a
o]
o}
entry coupling conditions yield® (%) 2 2b  p-AcCeH,Br Ph 88
1 PdCly(dppf), t-BuNH,, H,0, i-PrOH NR 3b
2 PdClI,(dppf), EtsN, n-PrOH NR
3 PdCly(dppf), Cs2COs, THF, H,0 91 on
4 PdCl,(dppf), KsPO4-3H,0, toluene, H,O 86 3 2b  0-MeOC¢H,Br 76
5 Pd(OAC),, ligand,® K3PO4-3H,0, toluene, H,0O 89 OMe
6  Pd(PPhs)s, KsPO4-3H-0, toluene, H,0 87 3c
Ph
aThe mixture of potassiurtrans-2-pentylcyclopropyl trifluoro borates
(1.2 mmol), 4-bromoacetophenone (1 mmoi), 2 mol % of catalyst, 3 mmol 4 2b  p-PhCeH,Br Ph 80
of base in various organic solvents (3 mL), and water (1 mL) was refluxed
for 20 h under N atmosphere? Isolated yields based on 4-bromoacetophe- 3d
none.¢ Ligand is 4 mol % of 2-biphenyldicyclohexylphosphine.
o}
PhCH,
. -AcCqH,B 1
Molander reported that withPrOH-H,O as cosolvents 5 2¢ pAcCHBr ?
andt-BuNH, or NEt; as base, the palladium-catalyzed cross-
coupling reactions of potassium alkenyltrifluoro-borates with e
aryl bromides can proceed smootfhHowever, the condi- o
tions mentioned above were not effective in our case (Table 6 2e  0-MeOCGH,Br s 79
2, entries 1 and 2). Using another metfodeveloped by 3 OMe
Molander, which was slightly modified by us (decreasing
the amount of palladium catalyst), we obtained the desired o
cross-coupling product in high yield (Table 2, entry 3). To CeH
i ; ; ; ; 7 2e  p-AcCgH,Br st 87
avoid employing expensive &30;, we reinvestigated the
coupling conditions and found that using cheapgP®-
3H,0 as base instead of £0; and toluene in place of THF, 3g
we also obtained the desired coupling products in satisfactory
yield (Table 2, entry 4). Further studies illustrated that the o o
combination of Pd(OAg)and 2-biphenyldicyclohexylphos- 8 2f  p-AcCeH,Br S “W-“‘ 86
phine or Pd(PP{), rather than PdG(dppf) as catalyst also
3h
(12) (a) Fontain, P.; Carboni, B.; Vaultier, M.; Carri_, Retrahedron - ) )
Lett 1989 30, 4815-4818. (b) Fontain, P.; Carboni, B.; Vaultier, M.; Maas, a1.2 mmol of potassium cyclopropyl! trifluoroborate, 1.0 mmol of aryl
G. Synthesi<1991, 605-609. bromides, 2 mol % of Pd(PBh, 3.0 equiv of KPOs-3H,0, 4.0 mL of

(13) (a) Vedejs, E.; Chapman, R. W.; Fields, S. C.; Lin, S.; Schrimpf, toluene-water (3:1, v: v), reflux for 20 h® Isolated yields based on aryl
M. R. J. Org. Chem1995 60, 3020-3027. (b) Matteson, D. S.; Kim, G. bromides used.
Y. Org. Lett 2002 4, 2153-2155.
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bromides containing an electron-withdrawing group (Table and handled. Thus, this work provides a new and facile
3, entries 2, 5, 7, and 8) but also with the ones bearing approach to synthesize various stereodefined cyclopropyl-
electron-donating groups (Table 3, entries 1,3, 4, and 6). Thearenes, and it promises to be a potentially facile method for
2D NOESY spectra 08 showed that the products had the the synthesis of enantiomerically pure cyclopropanes. Further
same configurations as the potassium cyclopropyl trifluo- studies on the application of this method in the synthesis of
roborates? used. enantiomerically pure cyclopropanes are currently underway

In summary, stereodefined potassium cyclopropyl trifluo- in our laboratory.
roborates were prepared for the first time by the cyclopro-
panation of the alkenylboronic esters of pinacol generated
from the corresponding alkenylboronic acids and pinacol in
the presence of anhydrous Mg&dollowed by in situ
treatment with KHE in high yields. The first Suzuki
Miyaura cross-coupling reaction of potassium cyclopropyl
trifluoroborates with aryl bromides under appropriate condi-
tions has also been achieved in satisfactory yields. In the Supporting Information Available: Experimental details
Coup"ng reaction, the Configurations of the Cyc|0pr0panes and spectra. This material is available free of Charge via the
were retained. Internet at http://pubs.acs.org.

In addition, potassium cyclopropyl trifluoroborates are
monomeric and stable in air and are easily purified, stored, OL036184E
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