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A new multicomponent bifunctional catalytic system based on a titanium complex was used for the
efficient enantioselective cyanation of aldehydes. The catalyst was readily prepared from tetraisopropyl
titanate (Ti(@-Pr)y), (§-6,6-dibromo-1,1-bi-2-naphthol L€), cinchonine 2a), and (R,29-(—)-N-
methylephedrine3b). It was revealed that the combination b 2a, 3b, and Ti(IV) was essential in

this cyanation. The reaction proceeded smoothly in the presence of a catalytic amount of the
multicomponent catalyst to afford the desired cyanohydrins ethyl carbonates in moderate to excellent
isolated yields (up to 95%) with high enantioselectivities (up to 94% ee). A catalytic cycle based on

experimental phenomena was proposed to explain the origin of the asymmetric induction.

Introduction

Optically active cyanohydrins serve as important precursors
for many useful organic intermediates and chiral starting
materials for synthesis of several natural proddctarious

compounds using trimethylsilyl cyanide (TMSCN) or hydrogen
cyanide (HCN) as the cyanide source to react with carbonyl
compounds over the last two decadéfRecently, asymmetric
cyanations employing cyanoformate ester (ROCOCN), acetyl

types of catalyst systems have been applied to prepare these (2) For recent reviews on cyanation reactions, see: (a) Thierry, R. J. A;
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(1) For reviews on the synthesis and applications of cyanohydrins, see:
(a) North, M. In Science of Synthesi#urahashi, S.-l., Ed.; Thieme:
Stuttgart, 2004; Vol. 19, pp 2358284. (b) Shibasaki, M.; Kanai, M.;
Funabashi, KJ. Chem. Soc., Chem. Commga02 1989-1999. (c) Smith,

M. B.; March, J.;March’s Advanced Organic Chemistrth ed.; John Wiley

& Sons: New York, 2001; pp 12391240. (d) QOjima, I.Catalytic
Asymmetric Synthesig/iley: New York, 2000; pp, 235284. (e) Gregory,

R. J. H.Chem. Re. 1999 99, 3649-3682. (f) Mori, A.; Inoue, S. Cyanation

of Carbonyl and Amino Groups. I8omprehensie Asymmetric Synthesis
Jacobsen, E. N., Pfaltz, A., Yamamoto, H., Eds.; Springer-Verlag: Heidel-
berg, 1999; pp 983992. (g) Effenberger, FAngew. Chem1994 106,
1609-1619; Angew. Chem., Int. Ed. Engl994 33, 1555-1564.
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Lisa, A. C.; Michael, N.Synlett2005 125 1828-1847. (b) Kanai, M.;
Kato, N.; Ichikawa, E.; Shibasaki, Msynlett2005 125 1491-1508. (c)
Chen, F.-X.; Feng, X.-MSynlett2005 125 892-899. (d) Brunel, J. M,;
Holmes, I. P.Angew. Chem., Int. ER004 43, 2752-2778. (e) Michael,
N. Tetrahedron: AsymmetB003 14, 147-176. (f) Gregory, R. J. HChem.
Rev. 1999 99, 3649-3682.

(3) (a) Xiong, Y.; Huang, X.; Gou, S.-H.; Huang, J.-L.; Wen, Y.-H.;
Feng, X.-M.Adv. Synth. Catal2006 348 538-544. (b) Liu, X.-H.; Qin,
B.; Zhou, X.; He, B.; Feng, X.-MJ. Am. Chem. So@005 127, 12224~
12225. (c) Ryu, H.-D.; Corey, E. J. Am. Chem. So2005 127, 5384~
5387. (d) Fuerst, D. E.; Jacobsen, EJNAM Chem Soc 2005 127, 8964~
8965. (e) Wen, Y.-H.; Huang, X.; Hang, J.-L.; Xiong, Y.; Qin, B.; Feng,
X.-M. Synlett2005 125 2445-2447. (f) Qin, Y. C.; Liu, L.; Pu, LOrg.
Lett 2005 7, 2381-2383. (g) Li, Y.; He, B.; Qin, B.; Feng, X.-M.; Zhang,
G- L.J. Org. Chem 2004 69, 7910-7913. (h) Tian, S.-K.; Hong, R.; Deng,
L. J. Am Chem Soc 2003 125 9901-9901.
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cyanide, diethyl cyanophosphonate, or benzoyl cyanide as theTABLE 1. Asymmetric Cyanation of Benzaldehyde Catalyzed by

cyanide source to afford corresponding functionalized cyano-
hydrins have been reported by Deh&hibasakP, Sansano,
Naera and Sa& Belokon and NortH,and Moberg Among
these precedents, a number of bifunctional chiral catalysts that

are based on BINOL and natural glucose have been successfully

applied in many asymmetric reactiof€.5° Triggered by the
bifunctional catalysts’ methods, we wish to explore whether the
combination of BINOL derivative4 with chiral amine2 and3
would improve enantioselectivity and reactivity. We assume that
the metallic reagent (titanium) would work as a Lewis acid to
activate the substrates (carbonyl group), meanwhile the nitrogen
atom of the amine would work as a Lewis base to activate the
nucleophile (EtOCOCNj)>9 We report herein an efficient
multicomponent bifunctional catalyst (the combinationlef

2a, 3b, and Ti(lV)) for the cyanation of aldehydes with ethyl
cyanoformate, and each component of the catalyst is com-
mercially available or easily prepared.

Results and Discussion

Initially, we wish to promote the reaction of benzaldehyde

with ethyl cyanoformate (EtOCOCN) in dichloromethane-20

°C in the presence of 10 mol % mono-ligand with Ti(IV)
complexes (Table 1). The data indicated that the BINOL
derivativeslf,g, chiral amine2 and 3 complexes with Ti(IV)
were able to catalyze the reaction in excellent yields (Table 1,
entries 6-14) except for BINOL derivativeda—e (Table 1,
entries -5, no reactions were observed); however, the highest
enantioselectivity was only 27% (Table 1, entry 7). Herein, we

the Combination of Mono-Ligand and Ti(lV)

O
o O)J\OEt
CHO
+ N C)l\ OEt 10 mol% Ti(1V) catalyst ©)*\CN
4a 5 8a
entny? ligand time (h) yield (%) ee (%yd
1 la 96 0
2 1b 96 0
3 1c 96 0
4 1d 96 0
5 le 96 0
6 1f 48 85 14R)
7 19 40 87 27R)
8 2a 24 99 11R)
9 2b 24 99 10R)
10 2c 24 99 98
11 2d 24 99 109
12 3a 24 99 4R
13 3b 24 99 8R)
14 3c 24 99 3R

a Conditions: liganfTi(IV) = 1/1, concentration of benzaldehyde: 0.25
M, EtOCOCN: 1.2 equiv;-20°C. P Isolated yield ¢ Determined by HPLC
on a Chiralcel OD columrf The absolute configuration of the major product
was determined by comparison with the reported value of optical rotation
(ref 5a).

TABLE 2. Asymmetric Cyanation of Benzaldehyde Catalyzed by
the Combination of Double-Ligand and Ti(IV)

assumed that the nitrogen atoms of these ligands (chiral amine

2 and3, BINOL derivativeslf,g) might act as a Lewis base to
activate the EtOCOCN in the reaction (Table 1, entries
6—14)4.689

On the basis of bifunctional concepti®&f?we expected that
bifunctional catalysts could be realized by the complexes of
BINOL derivative 1 with a metallic reagent as Lewis acid

(4) Tian, S.-K.; Deng, LJ. Am Chem Soc 2001, 123 6195-6196.

(5) (@) Yamagiwa, N.; Tian, J.; Matsunaga, S.; Shibasaki, JMAM
Chem Soc 2005 127, 3413-3422. (b) Tian, J.; Yamagiwa, N.; Matsunaga,
S.; Shibasaki, MOrg. Lett 2003 5, 3021-3024. (c) Tian, J.; Yamagiwa,
N.; Matsunaga, S.; Shibasaki, Mngew Chem, Int. Ed. 2002 41, 3636~
3638.

(6) (a) Baeza, A.; Casas, J.; jge, C.; Sansano, J.; Sah M. Eur. J.
Org. Chem 2006 1949-1958. (b) Baeza, A.; Nara, C.; Sansano, J. M,;
Saa J. M. Tetrahedron Asymmetry2005 16, 2385-2389. (c) Casas, J.;
Baeza, A.; Sansano, J. M./ Naa, C.; SaaJ. M. Tetrahedron Asymmetry
2003 14, 197—-200. (d) Baeza, A.; Casas, J.;jd&, C.; Sansano, J.; Saa
J. M. Angew. Chem., Int. ER003 42, 3143-3146.

(7) (a) Belokon’, Y. N.; Blacker, A. J.; Clutterbuck, L. A.; Michael, N.
Tetrahedron2004 60, 10433-10447. (b) Belokon’, Y. N.; Blacker, A. J.;
Clutterbuck, L. A.; Michael, NOrg. Lett 2003 5, 4505-4508.

(8) Lundgren, S.; Wingstrand, E.; Penhoat, M.; Moberg].@&m. Chem.
Soc.2005 127, 11592-11593.

(9) (@) Ichikawa, E.; Suzuki, M.; Yabu, K.; Albert, M.; Kanai, M.;
Shibasaki, MJ. Am. Chem. So2004 126, 11808-11809. (b) Masumoto,
S.; Usuda, H.; Suzuki, M.; Kanai, M.; Shibasaki, M. Am. Chem. Soc.
2003 125 5634-5635. (c) Takamura, M; Fuunabashi, K.; Kanai, M.;
Shibasaki, M.J. Am. Chem. So2001, 123 6801-6808. (d) Hamashima,
Y.; Kanai, M.; Shibasaki, MJ. Am. Chem. So200Q 122, 7412-7413.
(e) Takamura, M. Y.; Hamashima, Y.; Usuda, H.; Kanai, M.; Shibasaki,
M. Angew. Chem., Int. ER00Q 39, 1650-1652. (f) Hamashima, Y.;
Sawada, D.; Kanai, M.; Shibasaki, Nl. Am. Chem. S04999 121, 2641~
2642. (g) Hamashima, Y.; Sawada, D.; Nogami, M.; Kanai, M.; Shibasaki,
M. Tetrahedror2001, 57, 805-814. (h) Qin, Y. C.; Pu, LAngew. Chem.,
Int. Ed. 2006 118 279-283. (i) Kato, N.; Tomita, D.; Maki, K.; Kanai,
M.; Shibasaki, MJ. Org. Chem 2004 69, 6128-6130. (j) Casas, J.; Baeza,
A.; Sansano, J. M.; Nara, C.; SaaJ. M. Org. Lett 2002 4, 2589-2592.
(k) Groger, H.Chem—Eur. J. 2001, 7, 5246-5251.

entry? combined ligands yield (%) ee (%y4
1 la 2a 99 2R
2 1b 2a 99 13R)
3 1c 2a 95 12R)
4 1d 2a 99 46R)
5 1le 2a 99 69R)
6 le 2a 60 59R)®
7 1le 2a 48 52R)f
8 1f 2a 99 13R)
9 1g 2a 99 26R)
10 1h 2a 99 319
11 1le 2b 93 68R)
12 le 2c 94 409
13 1le 2d 95 20R)
14 1le 3a 90 20R)
15 1le 3b 80 37R)
16 le 3c 20 12R)

a Conditions: 10 mol % of catalysi(Ti(IV)/ 2 or 3 = 1/1/1), concentra-
tion of benzaldehyde: 0.25 M in GBI, —20 °C, 48 h, EtOCOCN: 1.2
equiv. P Isolated yield.° Determined by HPLC on a Chiralcel OD column.
dThe absolute configuration of the major product was determined by
comparison with the reported value of optical rotation (ref 5&dd 2ato
the complex ofLe with Ti(IV), 168 h.fAt —45 °C, for 96 h.

moieties to activate the carbonyl group, while chiral anine

or 3 acts as Lewis base moieties to activate EtOCOCN
simultaneously through a combination approach. Then, some
combinations of BINOL derivative$ with chiral amine2 or 3
were investigated (Table 2, entries 16).

The data indicated that the combination 1 (6,6-Bro—
BINOL), 2a, and Ti(IV) was the best one (Table 2, entry 5).
Other combinations could catalyze the reaction in excellent
yields with 12-68% ee (Table 2, entries-, 8—16). Moreover,
the absolute configuration of BINOL, its derivatives, and chiral
tertiary amines could affect the face selectivity of the reactions.
When fixing tertiary amine€a, BINOL derivativesle (S) and
1h (R) led to Siface andReface attack, respectively (Table 2,
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R2 R! Br TABLE 3. Asymmetric Cyanation of Benzaldehyde Catalyzed by
OO Oe the Combination of Three-Ligand and Ti(lV)
OH OH entry? third ligand time (h) yield (%) ee (%}
OH OH
1 48 99 69
OO OO 2 2a 40 99 68
R2 R' Br 3 2b 40 99 65
4 3a 10 99 58
1a-g ih 5 3b 10 99 74
6 3b 30 99 65
1a. R'=R2=H 1e.R'=H, R2=Br 7 3c 10 99 47
1b.R'=Br,R?2=H 1f. R' = CH,;NHCH,Ph, R? =H aConditions: 10 mol % of catalysig2alindicated ligand/Ti(IV)= 1/1/
1e.R'= 1, R2=H Ph 1/1, concentration of benzaldehyde: 0.25 M in £, —20 °C, EtO-

COCN: 1.2 equiv® Isolated yield.c Determined by HPLC on a Chiralcel
OD column.d The absolute configuration of the major produB) (vas
determined by comparison with the reported value of optical rotation (ref
5a).© Add 3b to the complex ofle 2a and Ti(IV).

1d.R'=H, R2=1 19.R' = H,CN " R2=H

TABLE 4. Lewis Acid and Solvent Effect

entnp metals solvent time (h)  vyield (%) ee (%}
1 Ti(Oi-Pry  CHxCl, 10 99 74
2 Al(Qi-Pr);  CH.Cl, 10 99 11
2a-b 2c-d 3 Zn(OTfp  CH.Cl, 72 0

4 Zr(Oi-Pr)y,  CH:Cl, 10 99 19
2a. R=H 2c. R=H 5 Ti(Oi-Pryy  EtO 24 95 2
2b. R=OMe 2d. R=OMe 6 Ti(Ci-Pr),  toluene 10 99 69

7 Ti(Oi-Pryy  THF 15 99 19

8

O Q Ti(Oi-Pryy  CI(CH)Cl 10 99 20
Q_/ aConditions: 10 mol % of catalystlé/2a/3bri(IlV) = 1/1/1/1),

concentration of benzaldehyde: 0.25 M20 °C, EtOCOCN: 1.2 equiv.

HO .iN—R2 HO N— bsolated yield.c Determined by HPLC on a Chiralcel OD colunthiThe
R / absolute configuration of the major produd®)(was determined by
3 comparison with the reported value of optical rotation (ref 5a).
3a-b c
3a.R'=H, R?=CH;, TABLE 5. Benzaldehyde Concentration and Temperature Effect
3b. R' = CH;, R2 = CH, benzaldehyde
entn®  concn (mol/L) T(°C) time(h) vyield (%) ee (%}¢
FIGURE 1. The screened ligands. 1 0.125 —20 60 20 57
. 2 0.15 —20 20 99 65
entry 5 vs 10), and vice versa (Table 2, entry 12 vs 5). Notably, 3 0.25 —20 10 99 74
when the procedure of preparing the catalyst was charzged, 4 0.5 -20 10 99 79
was added to the complex @& with Ti(IV), and the reactivity 5 1.0 —20 9 99 71
and enantioselectivity were dramatically decreased (Table 2, 8 05 0 > 99 56
7 0.5 —45 48 95 90
entry 6). o . 8 05 45 96 57 5¢
Then, we selected the combinationls 2a, and Ti(IV) to 9 05 -78 96 83 83
investigate other parameters. However, the enantioselectivity 10 0.5 —78 100 trace )

was not further improved. When the reaction temperature Was  agqocoCN: 1.3 equiv® Isolated yield.c Determined by HPLC on a
decreased te-45 °C, the reactivity and enantioselectivity were Chiralcel OD columnd The absolute configuration of the major product
decreased to 48% yield and 52% ee, respectively (Table 2, entry(R) was determined by comparison with the reported value of optical rotation
7). (ref 5a).¢No 3b.

So, we tried to introduce a third component which might
coordinate with the titanium to improve the ability of chiral enantioselectivities were very unsatisfactory (Table 4, entries
induction (Table 3, entries-27). Fortunately, wher8b was 2 and 4). Among the solvent examination, ether solvents (THF
additionally combined in the reaction system, with the time or EtO) worked well but provided low enantioselectivities
shortened, yield remained and higher enantioselectivity was (Table 4, entries 5 and 7), which might be attributed to the
obtained than that only usirig, 2a, and Ti(IV) (Table 3, entry coordination with the titanium of the complex. Toluene gave
5 vs 1). Under the same conditions, the combinatiohep®a, the moderate enantioselectivity (Table 4, entry 6). The inferior
3b, and Ti(IV) afforded better results than other combinations data employing CICKCH,CI might be a result of its greater
(Table 3, entries 24, 7). It was noteworthy that, whe3b was polarity than that of CHCI, (Table 4, entry 8). The best result
added to the complex dfe, 2a, and Ti(IV), the reactivity and ~ was obtained in CkCl, (Table 4, entry 1).
enantioselectivity were slightly decreased (Table 3, entry 6 vs  Lowering the concentration of benzaldehyde led to a dramatic
5). drop in reactivity (Table 5, entries 1 and 2). When the

Then, other reaction factors were examined. It was found that concentration of benzaldehyde was increased to 0.5 M from
benzaldehyde could not be converted into the corresponding0.25 M, better enantioselectivity could be obtained (Table 5,
product when Ti(@Pr), was replaced by Zn(OTf)(Table 4, entry 4 vs 3). Further increase of the concentration of benz-
entry 3). Although the combination dfe, 2a, 3b, and Al(G- aldehyde led to less satisfying enantioselectivity (Table 5, entry
Pry or 1e 2a, 3b, and Zr(O-Pr), had excellent reactivity, the 5). It suggested that there might involve dimeric or polymeric
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TABLE 6. Substrate Scope SCHEME 1. Proposed Catalytic Cycle
Combined Catalyst j\ cat 0
(1e, 2a, 3b and Ti(Oi-Pr); O O~ “OEt 7 R)J\H
o 10 mol% P 4
R)J\H + NCJ\OEt CH,Cl,, -45 °C Q" Ot R _CN
212, =
R)\CN 8
d4a-p 5 6a-p
4
entry? aldehydes time (h) yield (%) ee (%} [cat-COOE{]"CN- cat

1 benzaldehydel) 48 95  90R) JO\ JO\

2 2-methylbenzaldehyddlf) 50 78 83 H R H” R

3 3-methylbenzaldehyddd) 72 82 90 9

4 4-methylbenzaldehyddd) 55 81 93R) 8

5 2-methoxybenzaldehyddé) 72 75 74R)

6 3-methoxybenzaldehydéfj 72 81 82R)

7  4-methoxybenzaldehydéd) 90 88 93R)

8  3-phenoxybenzaldehydéh) 72 85 87 0

9 1-naphthaldehydet{) 50 83 84R) NG~ “OEt

10 2-naphthaldehydelf) 55 82 94 5

11 4-fluorobenzaldehyddk) 100 78 82

12 4-chlorobenzaldehyddlf 96 81 58R) 6, entry 14). Cyclohexanecarbaldehyde gave the corresponding

ii ?S'Jgitr:ﬁg'rrr‘]gzzh dei) gg g; ESR) product with moderate enantioselectivity and yield (Table 6,

15  hexanal4o) Y 72 88 45R)d entry 16). However, the hexanal gave a poor result (Table 6,

16  cyclohexanecarbaldehydepj 72 75 70R)¢ entry 15), in contrast to Shibasaki and co-workers’ re%uilt.

aConditions: concentration of aldehydes 0.5 M, EtOCOCN: 1.3 These. results showed that. the mUIt.icomponen.t catalyst was
equiv.b Isolated yield < Determined by HPLC on Chiralcel OD or oD-H  effective for the asymmetric cyanation of a wide range of
column; the absolute configuration of the major product was compared with aldehydes.
the reported value of optical rotation (refs 5a and *&)etermined by GC Mechanism: On the basis of Shibasaki and other work
g(r)l n?h;rraezllvaﬁ hCeBr; ;hgrgt:jssgllhee C(;)fn(l;lgttilcrgfl?gt ;)tl: gﬂe(gg(gap;?liuggf‘/as groups’ reports on the cyanation of carbonyl compounds with

P P P * abifunctional catalyst6-949iwe considered that the complex
of (§-6,6-Br,—BINOL (1e€) with Ti(IV) might act as the Lewis
acid to activate electrophiles (carbonyl grogp¥.° while the
tertiary amine of ligand®a and 3b might play Lewis base to
activate the nucleophiles (EtOCOCN)82Herein, a possible
catalytic cycle consisting of three steps was proposed (Scheme
1). Step I: The aldehyde coordinated with the titanium complex
7 to form a catalytically active specie&>68 Step Il: The
$EtOCOCN was activated by the Lewis base to generate complex
9.468Step Ill: The cyanide would react with the aldehydes to
provide the producé and accomplish one catalytic cycle.

In conclusion, we have developed a novel multicomponent
bifunctional titanium complex to catalyze the enantioselective
cyanation of aldehydes. Under the optimized conditions, excel-
lent reactivity and enantioselectivity could be generated (up to
95% vyield and up to 94% ee). The strategy described in the
present work demonstrated the ability of a multicomponent
catalyst to promote an enantioselective cyanation of aldehydes,
which might provide a new direction to the design of chiral
catalysts for asymmetric catalysis. Investigations of the scope
of these applications are currently underway.

Ti(V) species which was attributed to the effect of concentration
of catalyst. To our delight, the enantioselectivity was increased
to 90% ee when the three-ligand system was used4&t °C
(Table 5, entry 7). However, lowering the reaction temperature
to —78 °C led to a decrease in reactivity and slightly affected
enantioselectivity (Table 5, entry 9). In contrast, when the
double-ligand system was used under the same conditions, th
enantioselectivity was only 51 and 34% ee, respectively (Table
5, entries 8 and 10). Additionally, when the reaction temperature
was increased to OC from —20 °C, the enantioselectivity
decreased from 79 to 56% ee (Table 5, entry 6).

Moreover, the percent molar ratio of the component, catalyst
loading, and the amount of EtOCOCN were investigated, but
the enantioselectivity could not be improved (see Supporting
Information for details). Hence, the optimal conditions were 10
mol % multicomponent catalystLé/2d3b/Ti(IV) = 1/1/1/1),

0.5 M, CHCl,, —45°C.

Substrate Generality: Encouraged by the results obtained
from benzaldehyde under the optimized conditions, a series of
aldehydes were evaluated (Table 6). Most of the aromafft,
unsaturated, aliphatic aldehydes could be converted into the
corresponding cyanohydrin carbonates in moderate to high yields
with up to 94% eepara-Substituted benzaldehydes led to higher  2-Ethoxycarbonyl-(R)-2-hydroxy-2-phenyl acetonitrile (6a):
enantioselectivities than benzaldehyde (Table 6, entries 4 andTi(Oi-Pr), (1.0 M in toluene, 2%L, 0.025 mmol) was added to a
7 vs entry 1),ortho- and/or metasubstituted benzaldehydes solution ofle(11.1 mg, 0.025 mmolRa (7.35 mg, 0.025 mmol),
generally gave low enantioselectivity values than didphes- and3b (4.48 mg, 0.025 mmol) in C}Clz, and the mixture was
isomers (Table 6, entries 2, 3, 5, 6, 8, and 13). 2-Naphtha|dehydesu”ed at 35°C for 1 h under N. This was followed by the addition
provided the highest enantioselectivity (up to 94% ee) with good ©f Penzaldehyde (0.25 mmol) and EOCOCN (0.325 mmot) 45
yield (Table 6, entry 10), but the 1-naphthaldehyde afforded C. The contents were stirred for 48 h, and then the solution was

; . concentrated and the residue was purified by silica gel column
unsatisfactory results (Table 6, entry 9). Halogen-substituted chromatography (petroleum ether/diethyl ether, 10:1) to afford the

benzaldehydes gave lower enantioselectivity values and requiredyoquct. Colorless oil; yield 95%(p2*4 +16.0 € 2.0, CHC)
longer reaction time (Table 6, entries 11 and 12). WHeR ( (90% ee). HPLC (DAICEL CHIRALCEL OD, 2-propanol/hexane
cinnamaldehyde was subjected to the reaction, only the 1,2-1/99, flow 1.0 mL/min, detection at 254 nriy 13.4 and 17.5 min,
addition product was afforded in 83% yield with 82% ee (Table lit.52¢[a]p?-7 +16.2 € 2.8, CHC) for the R enantiomer in 94%

Experimental Section
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ee.’H NMR (CDCL): ¢ 1.34 (t,J = 7.2 Hz, 3H), 4.26-4.32 (m, Supporting Information Available: Investigation of the percent
2H), 6.27 (s, 1H), 7.457.49 (m, 3H), 7.537.56 (m, 2H). molar ratio of the component, catalyst loading, and the amount of
EtOCOCN, characterization of products, includifig and 13C
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