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As a proven efficient means of constructing complex chemical Table 1. Cu-Catalyzed Asymmetric O—H Insertion of Phenol by
structures from simple, readily available precursors, the catalytic EthY! e-Diazopropionate® o
insertion ofa-diazocarbonyl compounds into>H (X =C, N, O, OH N2 5 mol% [Cu] o,

S, etc.) bonds has been widely used in organic synthesis. ©/ + )H(O\/ __ Gmol%l® ©/ %0/\
Remarkable advances have been made in the methodology for 0 6 mol’% NaBARF

catalytic asymmetric diazo insertion into-€1 bonds? but only 2a 3a 4a
limited success has been achieved for asymmetric insertions into yield e
heteroatom-hydrogen bond3The O-H insertion was an efficient entry ligand [Cul/additive? sovent (%) (%)
method for preparingt-alkoxy or a-aryloxy ketones and esters,

n ] 1 (S,9-Ph-Box cucl CHCl, 51 32
and oxygen-containing heterocyclic compoufdsowever, only 2 (S,3-Pr-Pybox cucl CkCl, 65 12
recently Fu et a.have made a breakthrough in asymmetrie D 3 (S,S,9-Ph-Binabox  CuCl CipCl, 67 0
insertion. With a Cu complex of chiral biazaferrocene as a catalyst, 4  (RaS,3-Ph-Binabox  CuCl CRCl; 31 11
they realized the first highly enantioselective insertionoedia- g g’;z%lli gﬂg: ggg:z gg 93
zocarbonyl compounds into-€H bonds of alcohols. Under the 5 (S.S.9-1a cucClia A MS CHzClz 79 99
optimal reaction conditions, various alcohols reacted with methyl 8 (%.S.9-1a CuCl/5 AMS CHCl, 87 99
o-diazoa-phenylacetate, producing the correspondinglkoxy 9 (%S.91a CuCl/5 AMS CHCl, 70 99
esters in high enantioselectivities. Unfortunately, when the Cu/ 10 (SS.91a CuCl/5 AMS CHCl, 79 99
. . 19 (S,5,9-1a CucCl/i5 AMS CHCl, 60 96
biazaferrocene catalyst was applied to phenol substrates, the ;5 &.S.91a Cucl/s A MS CHCk, 78 97
enantioselectivity markedly decreased (11% ee). Thus, the catalytic 13 (,S,3-1a cucl/s A MS DCE 65 94
asymmetric insertion reaction ofdiazocarbonyl compounds with 14 (&S,91a CuClis AMS toluene 70 96
phenols remains a challenge. In a previous paper, we accomplished1>  (%S.9-1a CucCl/s A 'V'E hexane 65 82
the highly e_nantioselective insertion aﬁdiqzoest_ers i.nto NH_ ig gggig gﬁg?__;ngMsMS gﬁg:z g; gg
bonds by using the copper complexes of chiral spiro bisoxazdlines. 18 (5,5.5-1b cucl/s AMS CHCl, 81 92
In this communication, we report the first efficient chiral catalyst 19 (S,S,9-1c Cucl/’s AMs CHCl, 86 99
for enantioselective insertion of carbenoids inte-I® bond of 20 (%S9 Cucl/s AMs CHCl, 79 88

phenols, yieldinga-aryloxycarboxylic esters in high yields with . " )
ti lectiviti f to 99.6% a8 Reaction conditions: [Cu] (0.02 mmol), ligand (0.024 mmol), NaBARF
enantioselectivities of up to 99.6% ee. (0.024 mmol), and solvent (4 mL) were stirred under argon &tQ%or 2
The insertion reaction of ethy-diazopropionate3a) and phenol h; then phenol (2.0 mmol) and ethytdiazopropionate (0.4 mmol) were
(2a) was first carried out in the presence of copper catalyst generatedintroduced, and the reaction mixture was stirred for another®%B0 mg

in si 0 o5 hi ; i of MS was added unless otherwise notetkolated yield.¢ Determined by
n Slf)u from 5 mol AJ. QUC_ZI, 6. mol % bisoxazoline ligands, and 6 chiral HPLC using a Chiralcel OD-H columf300 mg of 5 A MS was
mol % NaBARF additive in dichloromethane at 2&. As shown added. With 2 equiv of phenol? With 2 mol % catalyst.

in Table 1, bisoxazoline ligandsSg)-Ph-Box, §,3-Pr-Pybox,

(S,S,9-Ph-Binabox, andR.,S,9-Ph-Binabox (Scheme 1) afforded ~ Scheme 1

O—H insertion products in moderate yields with very low enanti- 0 0

oselectivities (Table 1, entries—4). In sharp contrast, the ligand ’O \}"’R OO \}"'Ph

Spirobox &, S,3-14a, containing a chiral spirobiindane backbone, ’ /‘NrR OO /b»Ph

has an excellent enantioselectivity (99% ee) (entry 5). The fact that Q o °©

the ligand R,S,3-1a gave a racemic product (entry 6) showed ( Sﬂy;g)fgb;xR:Ph Eg:gg:’;::g‘;:‘;gi (.5)-Ph-Box (S,5)-Pr-Pybox

that the matched combination of the chiralities of backbone and (r.ssy1a:R=Ph

oxazoline rings in the ligand4a played a crucial role in the g;ii;::g:i:

enantiocontrol. The NaBARF additive is also essential for the (S=SS-1d:R="8u

reaction. Without NaBARF, no ©H insertion took place under

the same reaction conditions. To improve the yield of the reaction,

molecula.r _sieves (MS) were added, with the addition (_)f 600 mg of o-diazopropionate into the ©H bond of phenol; however, the

5 A MS giving the highest yield (entry 8). Uses of 5 _eqU'V_Of ph_enol enantioselectivities were slightly lower, especially for the reaction

and 5_mo| % catalyst are necessary for obta_unlng high yields. i\ hexane (entries 1215). In addition to CuCl, Cu(OT§jand Cu-

Reducing both the amount of phenol to 2 equiv and the catalyst (pry were also good catalyst precursors, affording excellent enan-

loading to 2 mol % resulted in lower yields (entries 10 and 11). In jsselectivities in the reaction (entries 16 and 17). We examined
* Nankai University. the effect of the subst.itl'Jents of the pxaquine rings of spirq ligands
* East China University of Science and Technology. 1 on the enantioselectivity of the-€H insertion reaction. The ligand

&% gc%

Ph pr Tpr

addition to dichloromethane, chloroform, 1,2-dichloroethane, tolu-
ene, and hexane can serve as solvents in the insertion of ethyl

12616 = J. AM. CHEM. SOC. 2007, 129, 12616—12617 10.1021/ja074729k CCC: $37.00 © 2007 American Chemical Society
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Scheme 2

T

4aR=H, 99% ee

Table 2. Asymmetric Catalytic Carbenoid Insertion into O—H
Bonds of Phenols?

5 mol% CuCl
6 mol% (S,,S,S)-1a
6 mol% NaBARF

R'OH + RZJHI/O‘R3
o 5AMS, CH,Cly, rt

aq. KOH

- -

EtOH, 0°C

(o]
0.
: o
R

5a, 100%, [0]p?° = +38.9 (c 1.3, EtOH)

(0]
R 3
R1,O\)]\O,R
RZ
4

2 3 41 R=Cl, 99% ee 51, 100%, [e]p2° = +35.3 (c 1.6, MeOH)
entry Rl R? RS product yield (%) ee (%) example, the hydrolysis afi-aryloxypropionategta and 4| with
1 Ph Me Et 1a = %R aqueous KOH_ at OC afforded the acidsR)-5a and R)-5! in
2 o-MePh Me Et 4b 71 98 quantitative yields (Scheme 2). Thus, the cop&iH J-la-
3 0-MeOPh Me Et 4c 68 95 catalyzed asymmetric insertion of the-® bond of phenols by
4 o—PhPhh Me Et 4d 83 99.2 o-diazoesters provided a new efficient access to the synthesis of
5 m-MeP Me Et 4e 79 99.3 H _ i P ; ;
& mMeOPh Me Et 45 7 99 ?ptlcatlly purea-aryloxypropionic acids from simple substrates in
7 mBrPh Me Et  4g 78 99 WO Steps. _ _ _ o
8 m-PhPh Me Et 4h 82 99 In summary, the first highly enantioselective insertion of
9 p-MePh Me Et 4i 88 99 carbenoids into ©H bonds of phenols has been realized. By using
ﬂ P'q"gegﬁh l\'\:e Et ilk ;g gg copper complexes of chiral spiro bisoxazolines as catalysts, the
12 B:Cll;’h M: Ett 41 83 99.1R) optically activea-aryloxypropionates and the related acids were
13 pBrPh Me Et 4m 85 996 synthesized conveniently. The successful use of spiro bisoxazolines
14  p-MeO,CPh Me Et 4n 62 99 in the asymmetric insertion of ©H bonds of phenols indicates
15 2,4-diMePh Me Et 40 80 99 the potential of these novel nitrogen ligands in asymmetric insertion
16 3,5-diPhPh Me Et 4p 84 99 reactions of heteroatorrhydrogen bond (XH) of a wide range
17 1-naphthyl Me Et 4q 77 99.1 R f sub
18 2-naphthyl Me Et  4r 83  98QR of substrates.
19  Ph(CH)s Me Et 4s 63 59 , '
20  PhCH=CHCH, Me Et at 85 61 Q) Ackno_wledgmer!t. We thanl_< the Natlonal Natural Science
21 Ph Ph  Me 4u 71 10 R Foundation of China, the Major Basic Research Development
22 Ph Me Me 4v 70 98 R Program (Grant No. 2006CB806106), the “111” project (B06005)
23 Ph Me 'Bu 4w 80 99

of the Ministry of Education of China, and Merck Research

aReaction conditions were the same as those in Table 1, entry 8. All
reactions were completed within 3 h. For the characterization and analysis
of ee values of insertion products, see Supporting Information.

(S,S,9-1c, having an'Pr unit, gave the insertion product in 99%
ee (entry 19), identical to that obtained with ligai® $,3-1a The

Laboratories for financial support.

Supporting Information Available: Experimental procedures, the

characterizations of products, and the analysis of ee values of products.
This material is available free of charge via the Internet at http://
pubs.acs.org.

ligands §,S,9-1b and &, S,9-1d, containing benzyl antért-butyl
groups, respectively, showed lower enantioselectivities (entries 18
and 20).

Under the optimized reaction conditions, a variety of substituted
phenols were examined in the copper/Spirobox-catalyzed asym-
metric O—H insertion of ethylo-diazopropionates (Table 2). All
substituted phenols including naphthols completed the insertion
reaction nh 3 h toproduce the correspondingaryloxypropionates
in good yields and extremely high enantioselectivitie9%% ee)
regardless of the nature and the position of the substituents (entries
1-18). In addition to phenols, aliphatic alcohols such as 3-phe-
nylpropanol and cinnamic alcohol also underwentiinsertion
reaction under the same reaction conditions, although the enanti-
oselectivities were not as high as those in the reactions with phenols
(entries 19 and 20). The methyl of thé group in theo-diazoester
is vital for the reaction. When the methyl was changed to phenyl,
the O—H insertion product was obtained in a negligible ee value
(entry 21). In the reaction of benzyl-diazobutyrate (R= Et),
only thef-elimination product of carbenoid, benzyl 2-butenoic ester
(81%) was isolated. The reactions with methyl atedt-butyl
o-diazopropionates gave-€H insertion products in good yields
and with excellent enantiomeric excess (entries 22 and 23), showing
that the size of Rgroup in theo-diazoester has almost no influence
on the enantioselectivity and reactivity in the—@& insertion
reaction.

The a-aryloxypropionic acids are biologically important com-
pounds and have been widely utilized as crop protection reagents
and as key intermediates in the preparation of chiral dfuigsey
can be easily prepared from our—® insertion products. For
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