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ABSTRACT
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Functionalized diazo acetoacetates are prepared by an efficient Mukaiyama

Np Ny

—Michael reaction between methyl 3-(trialkylsilanoxy)-2-diazo-3-

butenoate and o.,B-unsaturated enones. Vinyl ether and ketone derivatives are both accessible in good to excellent yield through this methodology.
The mild Lewis acid zinc(ll) triflate is the optimal catalyst, and its loading can be as low as 0.1 mol %. In addition, zinc triflate was also found
to be a superior catalyst for the related Mukaiyama  —aldol reaction.

Metal-catalyzed diazo decompositions of diazoacetoacetaterelatively harsh reaction conditions. Although diazo com-
derivatives are among the most well-known reactions for the pounds are known to lose their diazo functionality in the
construction of cyclopropane, cycloalkanone, @hldctam presence of Lewis acidsCalter described Lewis acid pro-
moietiest? The advantages of diazoacetoacetate compoundsmoted electrophilic additions of carbonyl compounds to metal
compared to diazoacetates include their higher thermal andenolates of diazoacetoacetat®sand Wang reported that
acid stability and greater reaction control during diazo these enolates also undergo Michael additidpespite these
decompositio. Traditionally, these diazo compounds were advances, efficient syntheses of structurally complex diazo
prepared by multistep synthesis involving diazo transfer as compounds under mild conditions remains a challenging

the final step* Alternative methods were developed which

problem.

involve the base-mediated condensation of diazo compounds We recently published an efficient Mukaiyamaldol

with various electrophile3® However these reactions gener-

reaction between methyl 3-(trialkylsilanoxy)-2-diazo-3-

ally require stoichiometric amounts of the reagents under butenoatel® and both aromatic and aliphatic aldehydes
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reactions proceeded to forr3 in high yield without
decomposition of the diazo group. Their success is due, at
least in part, to the stability of the vinyldiazonium ion
intermediate (4) that is formed by electrophilic addition to
1. However, the low Lewis acidity of scandium(lll) triflate
required relatively long reaction times and limited application
to aldehydes with strong electron-withdrawing groups.

The Mukaiyama-Michael reaction, the condensation
between enolsilanes and,3-unsaturated carbonyl com-
poundst! is a suitable extension of the Mukaiyama—aldol
reaction. Reactions mediated by stoichiometric amounts of
strong Lewis acid catalysts have been repotteahd the

use of various lanthanides and other Lewis acids as catalysts [(Tf0),zn-0

has been extensively studi€d* In the only report of a
Mukaiyama-Michael reaction to form diazoacetoacetdies,
TiCly is used in stoichiometric amounts to form the conden-
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a Mukaiyama-Michael reaction betweehando,S-unsatur-
ated carbonyl compounds using catalytic amounts of Lewis
acid under milder conditions would be desirable. Herein, we
report that highly functionalized diazo compoundsand

8) can be prepared by an efficient Lewis acid catalyzed
Mukaiyama—Michael reaction betweeh and enonesb
(Scheme 2) under mild conditions with low catalyst loading
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of inexpensive zinc triflate. As in previous examples of
Mukaiyama-Michael reactions with enolsilanes, silyl group
transfer across seven atoms was considered to be a major
challenge.

In catalyst screening with cyclohexenone, we found that
scandium(lll) triflate, the previously preferred catalyst for
Mukaiyama-aldol reactions of,%° was relatively ineffective
for the Michael reaction with the same nucleophile. Thus,
reaction ofl with 1.1 equiv of cyclohexenone in the presence
of 3.0 mol % Sc(OTf) gave the Mukaiyama—Michael
reaction product (6a) in only 43% isolated yield after
subsequent hydrolysis (entry 1, Table 1). The low yield was
determined to be caused by slow reaction as unreacted
cyclohexenone and hydrolyzed silyl enol ether frbmwere
also isolated. Lanthanum(lll) triflate increased the yield
slightly to 50%; however, the reaction was not significantly
faster (entry 2). The use of boron trifluoridetheratg under
the same conditions resulted in decompositioa{entry
3).

In related studies of the Cu(ll)-catalyzed Mukaiyama
aldol reactions, silylation of the metal aldolate (silyl transfer)
had been proposed to be the rate-limiting sfég-urther-
more, Ellis and Bosnich concluded that a Lewis acid having

(15) (a) Evans, D. A.; Murry, J. A.; Kozlowski, M. C1. Am. Chem.
Soc 1996 118 5814-5815. (b) Ellis, W. W.; Bosnhich, BChem. Commun.
1998, 193—-194.
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Table 1. Optimization of the MukaiyamaMichael Reactiof Table 2. Zinc Triflate-Catalyzed Mukaiyama—Michael

0 Reactions ofl with Representative Enorfes
Q OTBS 3.0 mol% Lewis acids
COMe _ CHzCls, 0-25 °C, 16 h fo) 0] OTBS 0.5-3 mol % Zon(OTf)z
+ then 4 N HCITHF, COoMe gl + /S(COzMe CHiCp 025°C R Q
N2 0°C.1h | then 4 N HCITHF, R2 COMe
’ Nz R?R3 N2 0%, 1h R®
1 6a 5 1 6 Np
is aci ; b b
entry Lewis acid yield of 6a® (%) entry enons 5 prduct 6 yl(;;d g
1 Sc(0OTDs 43

La(OTf)s 50
BF;-OEt; (100 mol %) 0 1 a
Cu(OTf)z 29
AgOTf 44
Sn(OTf)z 48
Zn(OTo); 79
8¢ Zn(OTo); 96 2 b

[¢)
o]
coMe 96
Q

O Ok W

aVinyl diazoacetatd (0.5 mmol) was added to a solution of endsee
(0.55 mmol) and metal triflate (0.015 mol) in GEl, (2 mL). The solution
was stirred at 0C and then allowed to warm to room temperature. After
16 h, the crude reaction mixture was concentrated and hydrolyzed with 1:5 3
4 N HCI/THF at 0°C. See the Supporting Information for detafis(ield

o
COMe 84
o]
(o]
94
OOMe
of isolated6a following column chromatography.1.5 equiv ofl was used
under the same conditions.

&

&

6

o Ve,

44 d é — CoMe 99
a strong alkoxide Lewis acid bond will inhibit silyl transfete®
O

&

[¢]

2

(o]
gt

1, entries 4-7) revealed that the inexpensive zinc(ll) triflate 51 e
gave a significantly improved yield (79%) of Mukaiyama
Michael producbain the reaction betweehand 1.1 equiv

of cyclohexenone (entry 7). The yield 6& could be further
improved to 96% with the use of 1.5 equiv(entry 8)16:7
Other Lewis acids were found to be much less effective than
Zn(OTf),; with Cu(ll) and Ag(l) triflate diazo decomposition
occurs, resulting in a complex reaction mixture and low yield -
(entries 4 and 5).Having established optimum conditions

with Zn(OTf),, efforts were undertaken to reduce the required
amount of catalyst: a 96% yield @a was obtained with

Thus, we focused our attention on the use of less oxophilic
Lewis acids. A screening of selected mild Lewis acids (Table o
coMe 68
Me
o
O
74

6° f

o
P 71
3 )H(cone
o

0.5 mol % catalyst, and with only 0.1 mol % of Zn(O7Tf) )OL o
the yield of6a was 94%. 8 h | -CaHy COMe 88
Using 3 mol % of Zn(OTf) and the optimal conditions n+Cabhry N
for production of 6, reactions ofl with various a,f3- o
unsaturated ketones were examined (Table 2). Cyclic enones o P o
5a—d and several acyclic enoné&h—j all gave excellent 9 i )HL 1 M come 92
yields of the desired produtt,5-Disubstituted enones such Ph Fn Lr
as be and 5g are sterically hindered and were previously ’
reported to react sluggisifyor give low yields of Mu- 0 ﬁ
kaiyama—Michael product® However, although we found 10 j Ph)KL P j ? COMe 99
that its reaction withl was notably slower than witha, the | Ph P QHN( ’
2

Michael adduct6e was still isolated in good yield with 3

aVinyl diazoacetate (0.75 mmol) was added to a solution of endne

(16) The use of other common solvents such as chloroform, toluene, (0.5 mmol) and zinc triflate (0.015 mmol) in GBI (2 mL). The solution
THF, and ether gave diminished yields @H. was stirred at 0C and then allowed to warm to room temperature. After

(17) In contrast to our report of Mukaiyama reaction (ref 10), the 16 h, the crude reaction mixture was concentrated and then hydrolyzed
OTMS silyl enol ether analogue df gave a lower yield o6 than did1. with 1:5 4 N HCI/THF at 0°C. See the Supporting Information for details.
The additional advantage of the OTBS silyl enol ether is its greater ° Yield of isolateds following column chromatography.The product was
stability. isolated as two diastereomers in 3:1 rafi®Reaction time was 36 I£.Two

(18) Other common Michael acceptors suchogs-unsaturated esters,  equivalents ofl was used, 62% yield with 1.5 equiv &f 71% yield with
unsaturated nitriles, and unsaturated nitro compounds were found to be0.5 mol % of catalyst! Reaction was performed in 1 mL of GEl, and

unreactive under the standard reaction condition. the concentration of enorteg was 0.5 M; 78% yield with 0.5 mol % of
(19) DuBay, W. J.; Grieco, P. A.; Todd, L. J. Org. Chem1994,59, catalyst.
6898—6899.
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mol % catalyst after 36 h. Decreased reaction rate was also Recognizing the effectiveness of zinc triflate for the

observed withbg, but a good yield o6g was obtained by
increasing the concentration of reactants in the reaction
solution. The reaction of methyl vinyl ketors was facile;
however, oligomerization was found to be the major side-

Mukaiyama—Michael reaction, we returned to the Mu-
kaiyama-aldol reaction to examine its effectiveness for that
transformation (Table 4). The isolated yields of b8&and

reaction. The yield obf could be improved to 74% by using _

2 equiv of1. Several of these reactions were performed in
the presence of only 0.5 mol % zinc triflate catalyst and
afforded comparable product yield (entries 1, 6, 7). In all

cases, only 1,4-addition products were observed and isolated

from the reaction mixture.

In performing these reactions, we anticipated that silyl enol
ether8 would be the major product prior to hydrolysis, and
indeed it was. However, the product mixture after 16 h in a

Table 4. Zinc(ll) Triflate Catalyzed Mukaiyama—Aldol
Reactions ofl with Representative Aldehydes

reaction apparatus that was open to the atmosphere containeg

variable amounts d® and8 that were marginally reproduc-
ible. However, when the reaction apparatus was closed to
the atmosphere, only8 was obtained. Zinc triflate is
sufficiently hygroscopic to draw water into the reaction
solution and cause the hydrolysis&fReducing the amount

of catalyst and performing the reaction in a closed apparatus
resulted in good yields 08, representative examples for

TBSO (o] TBSO O
CoMe R)]\H 3 mol % Zn{OTf), WCOZMG
CH,Cl, 0-25 °C R
N [\
1 2 3
% yield of 3 % yield of 3
entry aldehyde R (ref 10)® (this work)®
14 2a CeHs- 93 97
2 2b trans-f3-styryl 89 91
2c 4-NO2-CgHy- 0 80
4 2d 2-NO2-CgHy- 0 61

aSame procedure as in Table®2yield of isolated3 from Sc(OTfy
catalyzed aldol reaction; see ref 10 for detd#ilgield of isolated3 following
column chromatography.Use of 0.2 mol % of Zn(OTfgave a 97% vyield
of 3a; use of 0.1 mol % Zn(OT4)gave 92% yield of3a.

which are given in Table 3.

Table 3. Catalytic Mukaiyama—Michael Reactions bfwith

0.5 mol % of Catalyst Loading and Leading to Prod8¢t
0TBS

o OTBS
o + CO,Me 05 mol % Zn(OT), R'YY o
| I CH,Cl,, 0-25°C, 24 h RE7 CO;Me
R¥ "R R
5 1 g
entry enone 5 product 8 % yield ?
[0])23]
0
O

1 a @ CoMe 78

N
orBS
(o]
2 AR 81
! | COMe
Ph
Ny
o]
3 j Ph P 0 83
J | 0O,Me
Ph

N

aVinyl diazoacetatel (0.5 mmol) was added to a solution of endhe
(0.6 mmol) and metal triflate (0.0025 mol) in GEl, (2 mL). The solution
was stirred at @C and then allowed to warm to room temperature and
react for 24 h? Yield of isolated5 following column chromatograpt§The
product was isolated as two diastereomers in 3:1 ratio favoring-teemer.
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3b were slightly higher with zinc triflate than with scandium
triflate, and Zn(OTf) loading could be as low as 0.1 mol
%. Cinnamaldehyd@b undergoes exclusive 1,2-addition
with 1 in the presence of zinc(ll) triflate; no 1,4-addition
product was observed (entry 2). Furthermore, zinc(ll) triflate
was found to catalyze the reactions of 4-nitrobenzaldehyde
2c and 2-nitrobenzaldehydad, which had previously been
found to be unreactive using scandium triflate (entries 3, 4).

In conclusion, an efficient MukaiyamaMichael method-
ology involving reactions between a diazo-containing silyl
enol ether and various,S-unsaturated ketones has been
developed using inexpensive, commercially available, zinc
triflate. Reaction conditions are mild, product yields are high
under low catalyst loading, and the catalyst is also effective
in the corresponding Mukiayamaldol reactions. This
methodology can be used for the efficient construction of
highly substituted diazo-containing compounds and allow
late-stage installation and manipulation of the diazo func-
tionality.
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