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albraga@quimica.ufsm.br of this method is the selective access to both enantiomers of a
given product by using one enantiomer of a chiral ligand, just
Receied December 7. 2007 by interchanging the reactive groups of reaction partners:

boronic acid and aldehyde (Scheme 1). As reported previously,
the same outcome can be realized by utilizing piperidine- and
pyrrolidine derived ligand4 and 2 (Figure 1), which exhibit
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The formation and 2-amino alcohol catalyzed addition of O Tit 3bRe i Ri-Et
arylzinc reagents from and with boronic acids, respectively, 3¢ R=Me, Ry=Ph
is drastically accelerated to a few minutes under microwave 1 2 3

irradiation Wlthou.t loss .Of enantioselectivity (up to 98% ee). FIGURE 1. Successful ligands for the enantioselective aryl addition
Of the amino acid derived catalysts tested, the conforma- g aidehydes. Trit= trityl (triphenylmethyl).

tionally restricted bulky substituted aziridine-2-methanols
derived from serine show the best overall performance in

. . For the systenp-tolualdehyde/phenylboronic acid, ligaid
the formation of diarylmethanols.

gives the R)-enantiomer in high selectivity. The reverse
enantioselectivity can be observed with the five-membered

The enantioselective arylzinc addition to aldehydes in the /192nd2 (Table 1, entries 1 vs 2).
presence of chiral ligands has received special attention since However, the procedure requires quite long reaction times, a
it gives access to chiral diarylmethanols, important precursors serious drawback for automated parallel synthesis. Recent
for pharmacologically and biologically important compoufds. —advances in microwave irradiationw) have greatly impacted
Recently, an intriguing protocol was introduced by Bolm which many aspects of chemical synthesis, mainly transition-metal-
takes advantage of boronic acids as source of the nucleophiliccatalyzed reactions such as asymmetric palladium-catalyzed
aryl species formed by a boreszinc exchange reaction with  allylic alkylations' and palladium-catalyzed cross-coupling
diethylzinc2 This method allows the exploitation of a broader reactions Very recently, it has been shown that organocatalytic
range of substituted aryl transfer reagents, since numerous
arylboronic acids are readily available. The most relevant feature (3 (a) Braga, A. L.; Ldtke, D. S.; Vargas, F.; Paixao, M. V@hem.
Commun2005 2512. (b) Braga, A. L.; Ldtke, D. S.; Schneider, P. H.;

t Universidade Federal de Santa Maria. Vargas Schneider, A.; Wessjohann, L. A.; Paixao, M. Twtrahedron Lett.
* Leibniz Institute of Plant Biochemistry. 2005 46, 7827.
8 Universidade Federal do Rio Grande do Sul. (4) (a) Larhed, M.; Hallberg, ADrug Disca. Today2001, 6, 406. (b)

(1) (&) Meguro, K.; Aizawa, M.; Sohda, T.; Kawamatsu, A.; Nagaoka, Larhed, M.; Moberg, C.; Hallberg, AAcc Chem Res 2002 35, 717. (c)
A. Chem. Pharm. Bull1985 33, 3787. (b) Toda, F.; Tanaka, K.; Koshiro, Braga, A. L.; Silveira, C. C.; de Bolster, M. W. G.; Schrekker, H. S;
K. Tetrahedron: Asymmetr$991 2, 873. (c) Stanev, S.; Rakovska, R.;  Wessjohann, L. A.; Schneider, P. Bl.Mol. Catal. A 2005 239, 235.
Berova, N.; Snatzke, Gletrahedron: Asymmetr§Q95 6, 183. (d) Botta, (5) (a) Tundel, R. E.; Anderson, K. W.; Buchwald, S.J1..Org. Chem
M.; Summa, V.; Corelli, F.; Di Pietro, G.; Lombardi, Hetrahedron: 2006 71, 430. (b) Oh, C. H.; Gupta, A. K.; Park, D. I.; Kin, NChem.
Asymmetryl996 7, 1263. (e) For leading references, see: Bolshan, K.; Commun2005 5670. (c) Miao, G.; Ye, P.; Yu, L.; Baldino, C. M. Org.
Chen, C.-Y.; Chilenski, J. R.; Gosselin, F.; Mathre, D. J; O’'Shea, P. D.; Chem 2005 70, 2332. (d) Walla, P.; Kappe, C. @hem. Commur2004
Roy, A.; Tillyer, R. D.Org. Lett.2004 6, 111 and references cited therein.  564. (e) Kuhnert, NAngew Chem, Int. Ed.2002 114, 1943. (f) Olofsson,
(f) Dimitrovi, V.; Kostova, K. Lett. Org. Chem2006 3, 176. (g) Schmidt, K.; Kin, S.-Y.; Larhed, M.; Curran, D. P.; Hallberg, 8. Org. Chem 1999

F.; Stemmler, R. T.; Rudolph, J.; Bolm, Chem. Soc. Re 2008 5, 454. 64, 4539. (g) Wang, J.-X.; Hu, Y.; Liu, Z.; Wie, B.; Bai, lJ. Chem Res
(h) Kin, J. G.; Walsh, P. JAngew. Chemlnt. Ed. 2006 45, 4175. 200Q 484. (h) Larhed, M.; Hallberg, Al. Org. Chem 1996 61, 9582. (i)

(2) (a) Bolm, C.; Rudolph, . Am. Chem. So2002 124, 14850. (b) Vallin, K. S. A.; Larhed, M.; Johansson, K.; Hallberg, A. Org. Chem
Schmidt, F.; Rudolph, J.; Bolm, Q\dv. Synth. Catal2007, 349, 703. 200Q 65, 4537.
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TABLE 1. Catalytic Arylation of p-Tolualdehyde with
Phenylboronic Acid®

TABLE 2. Microwave Irradition Assisted Arylations of
p-Tolualdehyde with Phenylboronic Acic?

entry ligand (mol %) T(°C) yieldP (%) eeéd (%) ligand yieldd eesf
1 1(20) 20 97 97R entry (mol%) time? time2 method (%) (%)
2 2(20) 0 95 94 9 1 3a(10) 12h 10 min A 94 969
3 3a(20) 20 96 96 9 2 3a(10) 12h 5 min A 92 969
4 3b (20) 20 97 989 3 3a(10) 12h 2.5min A 86 959
5 3c(20) 20 96 179 4 3a(10) 12h 2 min A 81 969
6 3a(10) 20 97 96 9 5 2(20) 12h 5 min A 84 879
7 3a(5) 20 95 919 6 3a(10) 20min  5min B 98 819
8 3a(10) 0 94 96 9 7 3a(10) 10 min 5 min B 97 989
9 3a(10) 60 96 809 8 3a(10) 5 min 5 min B 95 979
aReactions were performed on a 0.5 mmol scale with PhB¢Q@RI} 18 ia(‘z%?) iosrm:]n grr::g g gg g(?)’%
equiv), EbZn (7.2 equiv) in toluene (stirring at 6TC for 12 h (time 1), 11 2 (20) 10 min 5 min B 87 709
then addtion of catalyst and aldehyde, with stirring for 12 h (time 2)). 12 3b (10) 10 min 5 min B 93 729
b|solated yield.c Enantiomeric excess was determined by chiral HPLC on 3 3c(10) 10 min 5 min B 97 59

a Chiralcel OD columnd Absolute configuration assigned by correlation
to literature data. aAll reactions were run on a 0.25 mmol scale using chiral ligahd@ane

1: arylzinc formation. Time 2: catalyzed addition to aldehydedethod

A: first at 60°C for 12 h (time 1), then after addition of ligand and carbonyl
compound with 300 Wiw irradiation to 60°C (time 2)). Method B: with
300 W uw irradiation to 60°C (time 1), followed by addition of ligand

and carbonyl compound under the same conditions (tim&I&plated yield

reactions can be influenced also by microwave irradiation.
all these cases, it has been demonstrated that the uge of
irradiation can dramatically cut reaction times often accompa- ! > ; !
ied with increased product purities and vields of_the correspon_dlng productEnantiomeric excesses Were_determlneq by
nied wi P p y : chiral HPLC (Chiralcel OD-H, see the Supporting Information for details).
In this report, we present our recent results in the catalytic fAbsolute configuration assigned by comparison with literature Hata.
arylation of aromatic aldehydes with aromatic boronic acids

using conformationally restricted, aziridine-based amino alcohol temperatures, upon which TLC monitoring revealed complete
ligands derived from amino acids. In addition, the impact using consumption of the starting materials (Table 1). The reaction
uw irradiation vs conventional heating is discussed. To the best tjmes reported here are in agreement to the ones reported by
of our knowledge, this is first report where microwave irradia- gthers23.9

tion is used as a convenient energy source in the catalytic Aziridines3a (R=Hand R = Ph) and3b (R=H and R
enantioselective arylzinc addition to aldehydes. In continuation — Et) give comparable selectivities to those obtained with
of our studies concerning the utilization of easily obtainable ligands1 and2 (Table 1, entries 1, 2 vs 3, 4). Further structural
amino alcohols as chiral, nonracemic ligands, we synthesized gjversification of the aziridine ligands revealed t/gat(from

the aziridine-containing ligandia—c to evaluate their potential  threonine) gives almost no stereoselectivity (entry 5). The 2,3-
as catalysts for the asymmetric arylzinc addition to aldehydes. ¢js-disubstituted aziridine ring system obviously does not favor
The aziriridines were chosen because their rigidity and strong the formation of a productive transition state allowing stereo-
“curvature” in the substituent angles will provide less flexibility  yifferentiation.

in the catalytically active complex. Thus, if these angles fitand  Therefore, no further optimization was done on 2,3-disub-
the substituents are selected well, they should be better ligandsstityted aziridines. In terms of efficiency, the amount of the
than the more flexible counterpatsand?2, respectively. If the ligand 3a can be reduced to 10 mol % without any relevant
fit is unsatisfactory, however, the results should also be more change of the enantiomeric excess (Table 1, entry 6), while
drastic in the negative sense, and may guide to a clear insightyequction to 5 mol % results in a slight decrease (entry 7).
of th_e orientation of the ligands in the catalytically active Lowering the reaction temperature from rt t#0 was found
Species. to have only a small influence on the enantioselectivity (entry

The rigid compound8a—c were prepared in high yields and  8). However, the selectivity decreased to 80% ee using higher
multigram quantities starting from-serine and.-threonine reaction temperatures (6TC, entry 9), although the yield
following the procedure described by Zwanenburg €t al. remained almost quantitative.

With this set of ligands, our attention was turned toward the  After improved conditions for the conventional reaction were
evaluation of the reaction conditions. As illustrated in Table 1, defined, our efforts were focused on the influence of microwave
the reaction time to achieve the formation of the zinc reagent irradiation (Table 2).
starting from boronic acid and diethyl zinc is 12 h (time 1) at  There is experimental evidence that certain chemical trans-

60 °C. After addition of the carbonyl component, the reaction
mixture is stirred for an additional 12 h (time 2) at different

(6) (a) Rodriguez, B.; Bolm, Cl. Org. Chem 2006 71, 2888. (b) Mosse,
S.; Alexakis, A.Org. Lett.2006 8, 3577. (c) Westermann, B.; Neuhaus,
C. Angew. Chem.Int. Ed. 2005 44, 4077. (d) Rodguez, B.; Rantanen,
T.; Bolm, C.Angew. ChemiInt. Ed.2006 45, 6924. (e) Garbacia, S.; Desai,
B.; Lavastre, O.; Kappe, C. Q. Org. Chem 2003 68, 9136. (f) Herrero,
M. A.; Kremsner, J. M.; Kappe, C. Q.. Org. Chem 2008 73, 36.

(7) For recent reviews, see: (a) Leadbeater, Cliem. Commur2005
2881. (b) Roberts, B. A.; Strauss, C.A&cc. Chem. Re2005 38, 653. (d)
Kappe, C. OAngew Chem, Int. Ed. 2004 43, 6250.

(8) Willems, J. G. H.; Hersmis, M. C.; de Gelder, R.; Smits, J. M. M,;
Hammink, J. B.; Dommerholt, F. J.; Thijs, L.; Zwanenburg,JB.Chem.
Soc., Perkin Trans. 1997 22, 3351.
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formations lead to different results in terms of speed and
enantioselectivity by using either microwave or conventional
heating in a flask at the same measured reaction tempet8ture.

(9) (a) Prieto, O.; Rarmg D. J.; Yus, M.Tetrahedron: Asymmet003
14, 1955. (b) Ji, J.-X.; Wu, J.; Au-Yeung, T. T.-L.; Yip, C. W.; Haynes, K.
R.; Chan, A. S. CJ. Org. Chem2005 70, 1093. (c) Rudolph, J.; Schmidt,
F.; Bolm, C. Synthesis2005 840. (d) Ito, K.; Tomita, Y.; katsuki, T.
Tetrahedron Lett2005 46, 6083. (e) Wu, P=Y.; Wu, H. —L.; Uang, B.
—J.J. Org. Chem?2006 71, 833. (f) Lu, G.; Kwons, F. Y.; Ruan, J. W.;
Li, Y. M.; Chan, A. S. C.Chem. Eur. J2006 4115. (g) Pai%a, M. W.; de
Godoi, M.; Rhoden. C. R. B.; Westermann, B.; Wessjohann, L. Adtke,
D. S.; Braga, A. L.J. Mol. Catal. A 2007, 261, 120. (h) Braga, A. L.;
Milani, P.; Vargas, F.; Pab@ M. W.; Shenem, J. ATetrahedron:
Asymmetry2007, 17, 2793.



TABLE 3. Microwave-Assisted Aryl Transfer to Aldehydes Using
Ligand 3a?
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While utilizing ligandsl and2, the resulting diarylmethanols
were obtained in lower yields and ee’s compared to ligaad

toluene, pw OH (entries 10, 11 vs entry 7). Aziridine ligar8h also led to high

ArB(OH), + Etyzn 1930 (10mol%) 1 N2 levels of enantiocontrol. In comparison, cataly8ts and 3c
Ar’CHO (entries 12, 13) promote the reaction less efficiently and with

lower enantioselectivity than ligand$ and 2. Under the
entry At Ar? yield® (%) e (%) optimized microwave conditions no ethyl transfer was detected;
1 Ph p-MePh 97 989 since phenyl transfer is some orders of magnitude faster, as

2 Ph o-MePh 98 939 observed previously by othéfs3 for the addition of PkzZn/

3 Ph p-ClPh 93 939 Et,Zn in a conventional experiment.

‘51 ET:IPh %E'Ph %% %%% With reaction time, yield, ee, and catalyst optimized, the scope
6 p-MePh Ph 96 70R) of the reaction system with various aromatic boronic acids and

aReactions were performed on a 0.25 mmol scale with PhB§QH3
equiv) and EfZn (7.2 equiv) in toluene with 300 Ww irradiation of to 60

°C for 10 min, subsequent addition of ligand and carbonyl compound under

the same conditions for 5 mifilsolated yield.c Enantiomeric excesses were
determined by chiral HPLC (Chiralcel OD-HJ Absolute configuration
assigned by comparison with literature data.

aldehydes of diverse electronic and steric properties was
examined.

Phenylboronate underwent smooth aryl additiorotcand
p-tolaldehyde in almost quantitative yields and with very high
ee (Table 3, entries 1 and 2).

Changing to electron-withdrawing substituents in the carbonyl

The postive thermal effects of microwave heating can be compound did not result in a different behavior; the enantiose-
explained by the different heating kinetics similar to a microre- lectivities remained high (Table 3, entries 3 and 4). In order to
actor thermal exchange and possibly a different reaction vesselexamine some substituent effects of the aryl groups to be
wall involvement rather than by a doubtful special microwave transferred, substituted aryl boronic acids were studied. Also
effect® with these, high yields and good enantiomeric excesses were
Reactions were performed with a single-mode cavity in obtained (entries 5, 6). For example, aryl transfer reaction from
sealed, heavy-walled Pyrex tubes. In preliminary experiments, p-chlorophenyl boronic acid to benzaldehyde occurred with 89%
the reaction time required for the arylzinc additon to the ee (Table 3, entry 5); however, the tolyl derivative reacted less

aldehyde (time 2) was varied using 10 mol % of the catalyst

3a, microwave irradiation at 300 W, and temperatures up to 60

°C (method A). A reaction time of 10 min furnished the desired
product in high yield and high enantioselectivity (Table 2, entry
1). Reduction of the reaction time from 10 to 5 min did not
alter the degree of enantioselectivity of the reaction (entry 2).
Further shortening the reaction time (time 2) to 2.5 or 2 min

resulted in incomplete conversion, while the enantiomeric excess

selectively (entry 6)

In summary, we have demonstrated an efficient and very fast
catalytic enantioselective arylation of aromatic aldehydes under
microwave “flash-heating” using rigid chiral ligands readily
available from common amino acids. The major advantage of
microwave irradiation is the considerable reduction in reaction
time without loss of enantioselectivity.

of the product remained unaffected (entries 3 and 4). By using Experimental Section

ligand 2, the chiral diarylmethanol was obtained in lower yield
and enantioselectivity (entry 5).
More interestingly, though, is the fact that the reactive arylzinc

General Procedure for the Asymmetric Arylation of Alde-
hydes. (1) Typical Experimental Procedure for Reactions
Performed without Microwave Irradiation (Table 1, Entry 6).

species also can be effectively generated under microwavepiethyizinc (3.6 mL, 3.6 mmol, toluene solution) was added
irradiation. Consequently, the desired diarylmethanols can be dropwise to a solution of phenylboronic acid (146.2 mg, 1.2 mmol)
obtainded in high yields and ee’s (method B). Thus, the best in toluene (2 mL) under an argon atmosphere. After being stirred
reaction conditions established for this particular reaction consistfor 12 h (time 1) at 60°C, the mixture was cooled to room

of 10 min (Table 2, time 1) for the generation of the arylzinc
species, followed by the addition of the catalyst and the
appropriate aldehyde and an additional irradiation time of only
5 min (Table 2, time 2). This afforded the chiral diarylmethanol
in 98% ee (entry 7). This is a significant improvement over
previously reported protocols. Increasing the arylzinc formation
time (time 1) to 20 min or decreasing it to 5 or 2.5 min led to
a slight reduction of both ee and yield (Table 2, entries 6, 8,
and 9). We hypothesized that ZnPban be formed under
microwave irradiation by using 20 min as a reaction time (time

temperature and a solution of the chiral amino alcodml(23.4

mg, 0.05 mmol, 10 mol %) in 1 mL of toluene was added. The
reaction was stirred for 15 min, and a solutionpsefolualdehyde

(60 mg, 0.5 mmol) in toluene was subsequently added. After being
stirred overnight (time 2) the reaction was quenched with water
and the aqueous layer was extracted with dichloromethane. The
organic phase was dried over Mgsénd filtered, and the solvents
were evaporated under reduced pressure. Purification by flash
chromatography on silica, eluting with a mixture of hexane/ethyl
acetate (90:10), gave 96.1 mg (0.49 mmol, 97% yield, 96% ee) of
(9-(4-methyphenyl)phenylmethanol as a white solid. NMR

1), and this species likely promotes the addition faster than the (CDCl;, 400 MHz): 6 = 7.31-7.08 (m, 9H), 5.68 (s, 1H), 2.55
amino alcohol based catalyst promotes the asymmetric addition.(S, 1H), 2,29 (s, 3H). NMR®C (CDCk, 100 MHz): 6 = 143.9,

A similar proposal was advanced by Bdhin reactions that
began with ZnPh

(10) (a) Hosseini, M.; Stiasni, N.; Barbieri, V.; Kappe, C. D.0rg.
Chem 2007, 72, 1417. (b) Perreux, L.; Loupy, ATetrahedron2001, 57,
9199. (c) De la Hoz, A.; Baz-Ortiz, A.; Moreno, AChem. Soc. Re 2005
34, 164.

(11) (a) Bolm, C.; Hermanns, N.; Hildebrand, J. P.; MyK. Angew.
Chem, Int. Ed.200Q 39, 3465. (b) Bolm, C.; Kesselgruber, M.; Hermanns,
N.; Hildebrand, J. PAngew. Chem.nt. Ed. 2001, 40, 1488.

140.9, 137.1, 129.0, 128.3, 127.3, 126.4, 126.4, 75.9, 21.0. HRMS
calcd for GH14O0 (M)™: 198.1045, found 198.1046. HPLC
separation conditions: Chiralcel OD, hexane/i-PrOH 90:10, 0,5 mL/
min, 1 = 254 nm,tr(R): 19.1 min,tr(S): 21.1 min.

(12) Fontes, M.; Verdaguer, X.; Sola.; Perica, M. A.; Riera, A.J.
Org. Chem.2004 69, 2532.

(13) (a) Rudolph, J.; Bolm, C.; Norrby, P.-Q. Am. Chem. So2005
127, 1548. (b) Rudolph, J.; Rasmussen, T.; Bolm, C.; Norrby, PAi@ew.
Chem, Int. Ed. 2003 40, 3002.
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(2) For Reactions Performed under Microwave Irradiation. (S)-(2-Chlorophenyl)phenylmethanol (Table 3, Entry 4).
Typical Experimental Procedure: Method A (Table 2, Entry Reagents: Diethylzinc (1.8 mL, 1.8 mmol, toluene solution),
2). Diethylzinc (1.8 mL, 1.8 mmol, toluene solution) was dropwise phenylboronic acid (73.1 mg, 0.6 mmol), chiral amino alcaBal
added to a solution of phenylboronic acid (73.1 mg, 0.6 mmol) in (11.7 mg, 0.025 mmol, 10 mol %), and 2-chlorobenzaldehyde (35.2
toluene (1 mL) under argon atmosphere in a sealed vessel. Aftermg, 0.25 mmol). The crude product was then purified on silica gel
being stirred for 12 h (time 1) at 61, the mixture was cooled to  ejuting with a mixture of hexane/ethyl acetate (90:10) to give 48
room temperature and a toluene solution of the chiral amino alcohol g (0.22 mmol, 88% yield, 98% ee) of the pu)-(2-chlorophe-
3a(11.7 mg, 0.025 mmol, 10 mol %) in 1 mL of toluene was added. py|\phenylmethanol as a white solid. NMEH (CDCls, 400
The reaction was stirred for an additional 15 min, and the ;7). 5'=7.58-7.18 (m, 9H), 6.18 (s, 1H), 2.48 (s, 1H). NMR
p-tolualdehyde (30 mg, 0.25 mmol) solution was added subse- 13- (CDCh, 100 MHz): 6 = 142.2, 140,9, 129.50, 128.70, 128.57
quently. The reaction vessel was irradiated at 300 W in aspecialized128.4’ 128,.1, 128.0,127.8, 127_7’, 127’_(’), 126.8,’72.6. HRMS calcd

microwave reactor oven and heated to®6Dfor 5 min (Time 2). 5 "¢ '\ 6| (My*: 218.0498, found 218.0497 Chiralcel OD

After cooling, the reaction mixture was quenched with water and hexandPrOH 90'10. 0.5 mL/m,in41 = 254 nm,tx(R): 15.9 min '

the aqueous layer was extracted with dichloromethane. Thet (9: 19.8 min R PRS2 !
R . . .

combined organic layers were dried over MgS(dd filtered and
the solvents evaporated under reduced pressure. Purification by flash (R)-(4-Chlorophenyl)phenylmethanol (Table 3, Entry 5).
chromatography on silica eluting with a mixture of hexane/ethyl Reagents: Diethylzinc (1.8 mL, 1.8 mmol, toluene solution),
acetate (90:10) gave 45.6 mg (0.23 mmol, 92% yield, 96% ee) of 4-chlorophenylboronic acid (93.9 mg, 0.6 mmol), chiral amino
the pure §-(4-methyphenyl)phenylmethanol as a white solid. NMR ~ alcohol3a (11.7 mg, 0.025 mmol, 10 mol %), and benzaldehyde
1H (CDCls, 400 MHz): 6 = 7.31-7.08 (m, 9H), 5.68 (s, 1H), 2.55  (26.5 mg, 0.25 mmol). The crude product was then purified on
(s, 1H), 2,29 (s, 3H). NMRS3C (CDCk, 100 MHz): 6 = 143.9, silica gel eluting with a mixture of hexane/ethyl acetate (90:10)
140.9, 137.1, 129.0, 128.3, 127.3, 126.4, 126.4, 75.9, 21.0. HRMS gave 49 mg (0.22 mmol, 90% yield, 89% ee) of the puRE(@-
caled for G4H140 (M)™: 198.1045, found 198.1046. HPLC  chlorophenyl)phenylmethanol as a white solid. NNHR (CDCls,
separation conditions: Chiralcel OD-H, hexane/i-PrOH 90:10, 0,5 400 MHz): ¢ = 7.32-7.22 (m, 9H), 5.74 (s, 1H), 2.39 (s, 1H).
mL/min, 2 = 254 nm,ts(R): 17.6 min,tz(S): 19.9 min. NRM 13C (CDCk, 100 MHz): 6 = 143.4, 142.2, 133.2, 128.5,

Typical Experimental Procedure: Method B. Diethylzinc (1.8 128.5, 127.8, 127.8, 126.5, 75.56. HRMS calcd fagHG,OCI
mL, 1.8 mmol, toluene solution) was added dropwise to a solution (M)+: 218.0498, found 218.0499 Chiralpak AD-H, hexasf/OH

of boronic acid (0.6 mmol) in toluene (1 mL) under an argon 90:10, 1 mL/min,A = 254 nm,tz(R): 13.7 min,tx(S: 15.2 min.
atmosphere in a sealed vessel. The mixture was irradiated for 10

min (time 1) at 60°C, with an irradiation power of 300 W in a
specialized microwave reactor oven. A toluene solution of the chiral Acknowledgment. We are grateful to CAPES and DAAD

amino alcohoBa (11.7 mg, 0.025 mmol, 10 mol %) in 1 mL of (German Academiq Exchange Service) for travel grants as part
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After cooling, the reaction mixture was quenched with water and
the aqueous layer was extracted with dichloromethane. The
combined organic layers were dried over MgS(dd filtered and

the solvents evaporated under reduced pressure. Purification by flas
chromatography on silica eluting with a mixture of hexanes/ethyl
acetate (90:10) afforded the pure diarylmethanols. JO702413N

Supporting Information Available: General experimental
methods and characterization data. This material is available free
ot charge via the Internet at http://pubs.acs.org.
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