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The Baylis-Hillman reaction is an efficient carbon-carbon
bond-forming reaction between aldehyde and o,p-unsatu-
rated carbonyl compound catalyzed by a tertiary amine such
as DABCO.' However, the reaction has suffered from low
reaction rates and yields in many aldehydes.>® Especially
the Baylis-Hillman reaction of cinnamaldehyde and its
derivatives is notorious.” As an example, the highest yield of
Baylis-Hillman adduct of cinnamaldehyde is at best 66%
even though a variety of ways have been examined.”' The
situation is more severe for the Baylis-Hillman adducts of
a-substituted cinnamaldehyde, crotonaldehyde, and [B-sub-
stituted crotonaldehyde. The yields in these entries remained
extremely low (13-31%) until now.?>t¢

During our recent studies, various Baylis-Hillman adducts
were required of o,B-unsaturated aldehydes.* However, the
reaction of a-methylcinnamladehyde under normal condi-
tions (cat. DABCO, rt) with methyl acrylate did not produce
any trace amounts of the desired Baylis-Hillman adduct
even after 7 days. Similarly, the reactions of p-methoxy-
cinnamaldehyde and [B-phenylcinnamaldehyde were very
sluggish. Thus we decided to develop an efficient protocol
for the Baylis-Hillman reaction of cinnamaldehyde and its
derivatives.

The rate-determining step of the Baylis-Hillman reaction
is the reaction between the ammonium enolate I and the
aldehyde, %" as shown in Scheme 1. Thus, increasing the
amount of the enolate, activation of the aldehyde, or stabili-
zation of the zwitterion II would increase the reaction rate.
In this context, various proton donors®® and Lewis acids>™*
have been known to increase the reaction rate by stabilizing
the zwitterion IL

Thus, we carried out the reaction of o-methylcinnam-

aldehyde (1a) with methyl acrylate in the presence of
DABCO (50 mol %) and various proton donors, as shown in
Table 1. The reaction did not produce any trace amount of
product 2a in the presence of phloroglucinol, dimethyl-
glyoxime, three trifluoroacetamides, PEG-3400, and pico-
linic acid (entries 12, 21-24, 26, 29). Trace amounts of 2a
(<5%) was observed on TLC in the presence of three
nitrophenols, 8-hydroxyquinoline, phthalimide, MeOH, N-
hydroxyphthalimide, and NH4Cl (entries 8-10, 11, 25, 27,
28, 31). The use of naphthols (entries 6 and 7), acetaldoxime
(entries 13-15), benzophenone oxime (entry 16), 4-methoxy-
benzaldehyde oxime (entry 20), and pivalic acid (entry 30)
showed the formation of low yield of 2a. Fortunately, the use
of phenol (entries 1-4) and 4-chlorobenzaldehyde oxime
(entries 17 and 18) showed moderate yields of 2a, and the
yield was dependent on the ratio of DABCO/additive. When
we increased the amounts of additive (1.0 equiv) and
DABCO (2.0 equiv), the yield of 2a increased to 56-70%
(entries 5 and 19). It is interesting to note that 4-chloro-
benzaldehyde oxime increased the yield of 2a to 56% (entry
19); however, phenol (entry 5) was found to be the best
choice of proton donor.

Encouraged by the above results we carried out the syn-
thesis of Baylis-Hillman adducts of various o,B-unsaturated
aldehydes, as shown in Table 2. Three cinnamaldehydes
1b-d showed high yields (80-93%) of the corresponding
Baylis-Hillman adducts 2b-d (entries 2-4) under the influence
of excess DABCO (2.0 equiv) and phenol additive (1.0
equiv). The Baylis-Hillman adduct of crotonaldehyde 2e
was also synthesized in high yield (78%, entry 5). In addi-
tion, B-phenylcinnamaldehyde (1f) and 3-(9-anthryl)acrolein
(1g) also produced the corresponding Baylis-Hillman
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Table 1. Synthesis of 2a in the presence of various additives

methyl acrylate (3.0 equiv) OH O
CcHO DABCO (0.5 equiv)

A X
Ph/\( additive, rt PhWkOMe

1a (1.0 equiv) 2a
. . Time Yield .. . Time Yield
Entry  Additive (equiv) d) %) Entry  Additive (equiv) ) %)
1 PhOH (0.3) 4 27 17 4-chlorobenzaldehyde oxime (0.3) 4 27
2 PhOH (0.3) 5.5 36 18 4-chlorobenzaldehyde oxime (0.3) 5.5 36
3 PhOH (0.5) 4 25 19 4-chlorobenzaldehyde oxime (1.0) 5.5 56
4  PhOH (1.0) 4 21 20 4-methoxybenzaldehyde oxime (0.3) 2 15
5 PhOH (1.0) 5.5 70 21 dimethylglyoxime (0.3) 2 NR
6 1-naphthol (0.3) 2 10 22 2,2,2-trifluoro-N-pnenylacetamide (0.3) 2 NR
7  2-naphthol (0.3) 2 11 23 N-(4-chlorophenyl)-2,2,2-trifluoroacetamide (0.3) 2 NR
8  2-nitrophenol (0.3) 2 trace 24 2,2 2-trifluoroacetamide (0.3) 2 NR
9  3-nitrophenol (0.3) 2 trace 25 phthalimide (0.3) 2 trace
10 4-nitrophenol (0.3) 2 trace 26 PEG-3400° 2 NR
11 8-hydroxyquinoline (0.3) 2 trace 27 MeOH¢ 2 trace
12 phloroglucinol (0.3) 2 NR 28 N-hydroxyphthalimide (0.3) 2 trace
13 acetaldoxime (0.3) 4 21 29 picolinic acid (0.3) 2 NR
14 acetaldoxime (0.6) 2 12 30 pivalic acid (0.3) 4 21
15  acetaldoxime (3.0) 2 trace 31 NH4CI1(0.3) 2 trace
16  benzophenone oxime (0.3) 4 25
“Isolated yield and NR is no reaction. PDABCO was used in 2.0 equiv. ‘Arbitrary amount was used.
Table 2. Synthesis of Baylis-Hillman adducts of o.,3-unsaturated aldehydes
Entry Aldehyde Product Conditions® Yield (%)
OH MA (3.0 equiv), DABCO (0.5 equiv), PhOH (0.3 equiv), rt, 4 days 27"
1 CHO COOMe ~ . . . .
Ph/\r Ph/ﬁ)\ﬂ/ MA (3.0 equiv), DABCO (2.0 equiv), PhOH (1.0 equiv), it, 5.5 days 70
1a 2a
OH
2 ph-CHO /\)WCOOMe MA (3.0 equiv), DABCO (2.0 equiv), PhOH (1.0 equiv), rt, 12 h 90
1b 2b
OH MA (2.0 equiv), DABCO (1.0 equiv), rt, 2 days 56
34 A X -CHO ArA\)\WCOOMe MA (5.0 equiv), DABCO (0.5 equiv), PhOH (0.3 equiv), rt, 12 h 78
1c 2c MA (3.0 equiv), DABCO (2.0 equiv), PhOH (1.0 equiv), rt, 12 h 93
OH MA (5.0 equiv), DABCO (0.5 equiv), rt, 24 h 0
4¢ A X -CHO ArWCOOMe MA (5.0 equiv), DABCO (0.5 equiv), PhOH (0.3 equiv), rt, 4 days 67
1d 2d MA (3.0 equiv), DABCO (2.0 equiv), PhOH (1.0 equiv), 1t, 2 days 80
OH
5 M -CHO COOMe MA (2.0 equiv), DABCO (0.5 equiv), PhOH (0.3 equiv), rt, 4 days 62
1e 2 MA (3.0 equiv), DABCO (2.0 equiv), PhOH (1.0 equiv), t, 3 days 78
Ph Ph OH MA (2.0 equiv), DABCO (0.3 equiv), rt, 5 days 7
6 Ph)\/CHO Ph &/HTCOOMe MA (5.0 equiv), DABCO (0.5 equiv), PhOH (0.3 equiv), rt, 4 days 63
1 2f MA (3.0 equiv), DABCO (2.0 equiv), PhOH (1.0 equiv), rt, 2 days 81
OH MA (4.0 equiv), DABCO (0.3 equiv), rt, 2 days 0
7 A X -CHO ArWCOOMe MA (10.0 equiv), DABCO (1.0 equiv), DMF, rt, 12 days 75
1g 2g MA (3.0 equiv), DABCO (2.0 equiv), PhOH (1.0 equiv), DMF, rt, 5 days 77
“MA is methyl acrylate. Entry 1 in Table 1. Entry 5 in Table 1. “Ar is 4-fluorophenyl. ‘Ar is 4-methoxyphenyl. “Ar is 9-anthryl.
adducts 2f and 2g in good yields (77-81%), under the completely no reaction in some entries.
optimized conditions (entries 6 and 7). For the reaction of In summary, various Baylis-Hillman adducts of a,p-

1g, a small amount of DMF was added for the solubility. As unsaturated aldehydes have been synthesized in high yields
can be seen in entries 3-7, the reactions with lesser amounts using excess amounts of DABCO (2.0 equiv) and phenol
of DABCO and phenol showed sluggish reactivity and additive (1.0 equiv).
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Experimental Section

Typical Procedure for the Synthesis of 2a. A mixture of
o-methylcinnamaldehyde (1a, 146 mg, 1.0 mmol), methyl
acrylate (258 mg, 3.0 mmol), DABCO (224 mg, 2.0 mmol),
and phenol (94 mg, 1.0 mmol) was stirred at room temper-
ature for 5.5 days under nitrogen atmosphere. After the usual
extractive workup and column chromatographic purification
process (hexanes/EtOAc, 15:1) compound 2a was obtained
as colorless oil, 162 mg (70%). Other compounds were
synthesized analogously and the spectroscopic data of un-
known compounds, 2a and 2¢-g, are as follows.

Compound 2a: 70%; colorless oil; IR (KBr) 3464, 2951,
1718, 1442, 1276 cm™'; '"H NMR (CDCl;, 300 MHz) § 1.83
(d, /= 1.2 Hz, 3H), 2.85 (d, J = 5.4 Hz, 1H), 3.77 (s, 3H),
5.08 (d, /= 5.4 Hz, 1H), 5.92 (t, J= 1.2 Hz, 1H), 6.34 (dd, J
=0.9 and 0.6 Hz, 1H), 6.65 (s, 1H), 7.18-7.35 (m, SH); *C
NMR (CDCl;, 75 MHz) & 14.27, 51.95, 75.90, 126.13,
126.56, 127.31, 128.07, 128.95, 136.90, 137.38, 140.51,
166.93; ESIMS m/z 233 [M+H]". Anal. Calcd for C14H;40;:
C, 72.39; H, 6.94. Found: C, 72.57; H, 7.12.

Compound 2c¢: 93%; colorless oil; IR (KBr) 3493, 2953,
1716, 1510, 1230 cm™'; '"H NMR (CDCl;, 300 MHz) § 3.06
(d, J= 6.0 Hz, 1H), 3.79 (s, 3H), 5.12 (t, /= 6.0 Hz, 1H),
5.92 (t, /= 0.9 Hz, 1H), 6.21 (dd, /= 15.9 and 6.0 Hz, 1H),
6.29 (s, 1H), 6.63 (dd, J=15.9 and 0.9 Hz, 1H), 6.95-7.03
(m, 2H), 7.31-7.36 (m, 2H); 3*C NMR (CDCl;, 75 MHz) &
51.98,71.91, 115.41 (d, J=21.1 Hz), 125.84, 128.08 (d, J=
7.9 Hz), 128.94 (d, J = 1.7 Hz), 130.20, 132.58 (d, J=2.9
Hz), 141.15, 162.39 (d, J = 245.0 Hz), 166.69; ESIMS m/z
237 [M+H]". Anal. Calcd for C;3H;3FO;: C, 66.09; H, 5.55.
Found: C, 66.34; H, 5.67.

Compound 2d: 80%; pale yellow solid; mp 47-48 °C; IR
(KBr) 3493, 2952, 1717, 1512, 1251 ecm™"; '"H NMR (CDCl;,
300 MHz) & 2.93 (d, J = 6.3 Hz, 1H), 3.79 (s, 3H), 3.80 (s,
3H), 5.10 (t, J= 6.3 Hz, 1H), 5.91 (t, /= 1.2 Hz, 1H), 6.15
(dd, J=15.9 and 6.3 Hz, 1H), 6.28 (s, 1H), 6.60 (d, /= 15.9
Hz, 1H), 6.82-6.87 (m, 2H), 7.29-7.34 (m, 2H); *C NMR
(CDCls, 75 MHz) & 51.96, 55.24, 72.21, 113.93, 125.65,
126.94, 127.78, 129.18, 131.08, 141.40, 159.38, 166.78;
ESIMS m/z 249 [M+H]". Anal. Calcd for Ci4sH;s04: C,
67.73; H, 6.50. Found: C, 67.95; H, 6.46.

Compound 2e:*® 78%; colorless oil; IR (KBr) 3423,
2954, 1723, 1440, 1154 cm™'; 'H NMR (CDCls, 300 MHz) &
1.70-1.73 (m, 3H), 3.03 (d, J = 5.7 Hz, 1H), 3.78 (s, 3H),
490 (app t, J = 5.7 Hz, 1H), 5.54-5.62 (m, 1H), 5.70-5.82
(m, 1H), 5.85 (t, J = 1.2 Hz, 1H), 6.22-6.23 (m, 1H); "*C
NMR (CDCls;, 75 MHz) 6 17.59, 51.77, 71.71, 125.04,
128.10, 130.97, 141.66, 166.76; ESIMS m/z 157 [M+H]".

Compound 2f: 81%; colorless oil; IR (KBr) 3474, 3024,
1719, 1275 cm™'; 'TH NMR (CDCls, 300 MHz) 6 3.09 (d, J =
6.0 Hz, 1H), 3.77 (s, 3H), 4.95 (dd, /= 9.3 and 6.0 Hz, 1H),
5.75 (s, 1H), 6.23 (s, 1H), 6.24 (d, /= 9.3 Hz, 1H), 7.19-7.23
(m, 2H), 7.25-7.27 (m, 5H), 7.30-7.40 (m, 3H); *C NMR
(CDCl3, 75 MHz) 6 51.96, 69.77, 126.14, 127.49, 127.58,
127.62, 127.76, 128.14, 128.23, 129.59, 138.92, 141.38,
141.50, 144.79, 166.94; ESIMS m/z 295 [M+H]*. Anal.
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Calcd for Ci9H;305: C, 77.53; H, 6.16. Found: C, 77.62; H,
6.33.

Compound 2g: 77%; pale yellow solid; mp 98-100 °C; IR
(KBr) 3441, 3049, 1719, 1440, 1153 cm™'; '"H NMR (CDCl;,
300 MHz) & 3.23 (d, /= 6.6 Hz, 1H), 3.84 (s, 3H), 5.39 (dd,
J=6.6 and 5.7 Hz, 1H), 6.03 (t,J= 0.9 Hz, 1H), 6.13 (dd, J
= 16.2 and 5.7 Hz, 1H), 6.37 (s, 1H), 7.41-7.46 (m, 5H),
7.93-7.98 (m, 2H), 8.19-8.25 (m, 2H), 8.34 (s, 1H); C
NMR (CDCl;, 75 MHz) & 52.08, 72.52, 125.07, 125.40,
125.76, 126.12, 126.40, 127.55, 128.56, 129.40, 131.31,
131.90, 137.86, 141.18, 166.85; ESIMS m/z 319 [M+H]".
Anal. Calcd for C51H50s3: C, 79.22; H, 5.70. Found: C,
79.59; H, 5.97.
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