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Chamakh and Amri have reported the reaction of Baylis-
Hillman acetates and [-diketones in the presence of K2COs
in ethanol and they obtained akylidene cyclohexenone
derivatives (Scheme 1).! This novel reaction has been
extended by us for the synthesis of 2-hydroxyacetophenone
derivatives by exchanging the solvent from ethanol to DMF
(Scheme 1).2

We envisioned that we could synthesize another type of
cyclohexenone derivatives containing exo-methylene moiety®
by utilizing the Amri's protocol (Scheme 2). The reaction of
the Baylis-Hillman acetate 1a and 2,4-pentanedione (2a) in
the presence of DABCO in aqueous THF would give the
corresponding Sy2 type substitution product 3a via the
corresponding DABCO salt of the Baylis-Hillman acetate.*
The intermediate 3a would undergo the successive deacetyl-
ation and aldol type condensation in ethanal in the presence
of K2COs, and would give the methylene cyclohexenone
compound 5a as shown in Scheme 2.

However, during the synthesis of 3a we obtained dihydro-
pyran derivative 4a as the minor (18%, vide infra).
Dihydropyran systems are found in many natural products
such as FR 182877% and a number of iridoid alkaloids® and
can be used as the important synthetic intermediates.®
However, the synthesis required somewhat complex proce-
dures and is limited to rather simple dihydropyran
skeletons.®’ In these respects we intended to examine the

OAc O

o O K,CO3, EtOH

ref. 1

K,CO4, DMF
ref. 2

improved synthesis of 4a from 1a or from 3a, and to report
herein the results.

As a first trial we examined the reaction of the Baylis-
Hillman acetate la and 24-pentanedione (2a) in the
presence of DABCO (1.3 equiv.) in aqueous THF a room
temperature. The reaction gave the desired Sy2 product 3ain
44% isolated yield and another compound 4a in 18%
isolated yield. The structure of 4a was found to be as 3,5
diacetyl-6-methyl-4-phenyl substituted dihydropyran deriv-
aive. The yield of 4a could be improved by elevating the
reaction temperature (40-50 °C) to 42%. The Baylis-Hillman
acetates 1b and 1c gave the similar results (entries2 and 3in
Table 1). The reaction of 1a and 2a under the influence of
K2CO;s in ethanol showed the formation of 4-benzylidene-2-
cyclohexenone derivative as reported by Amri.

For the Baylis-Hillman acetates 1d-f, which was derived
from methyl acrylate, ethyl acrylate, and acrylonitrile we
could not obtain the dihydropyrans 4d-f directly by using
DABCO. Instead, the S\2 type products 3d-f were formed as
the magjor (80-89% isolated yields, see Table 1 and Scheme
3) from the Baylis-Hillman acetates 1d-f and 2a or ethyl
acetoacetate (2b). Then, we examined the following Michael
type cyclization of 3d-f under the influence of K,COjs in
alcohol solvent and obtained the desired dihydropyrans 4d-f.
As shown in Table 1, we used catalytic amounts of K,COs
for the synthesis of 4d and 4f in order to minimize the

o
RT 1. deacetylation R
Ac 2. aldol
]

Ac

O L
1. tautomerization
RTX aldol RTX 2. H-transfer R
Ac 0 OH
Scheme 1

™This paper is dedicated to Prof. Y ong Hae Kim for his outstanding achievements in organic chemistry.
*Corresponding Author. Phone: +82-62-530-3381, e-mail: kimjn@chonnam.ac.kr



1734 Bull. Korean Chem. Soc. 2004, Val. 25, No. 11 Notes
o} O O
OAc O )
DABCO Ph/\ﬁl\ 2,4-pentanedione (2a)
Ph ———
COMe
N Ph
1a @@K\//)\N
AcO 3a
1 K,CO4, EtOH
keto-enol ' 1. deacetylation
1 2. aldol
(0] 0 \
4 = 0]
/uji\)o Michael-type OH
Ph™ Y 6-endo-trig Ph
O&‘\ o Ph
4a 5a
Scheme 2
OAc DABCO (For 4a-c) 0O
EWG
R X" 0
O
1 R .
DABCO X K,CO;, EWG
0 -
O (For 4d-f) R EWG alcohol da-f
X
2 (X = CH; or OEY) 3d-f
Scheme 3

unwanted deacetylation process. The deacetylation process
is not a severe problem for the cyclization of 3e and we used
1.1 equivalents of K,CO;s for the synthesis of 4e.

The mechanism for the formation of 4 from 3 can be
regarded as cyclization of the enol-form of 3 via the 6-endo-
trig mode as depicted in Scheme 2. The structure of 4 was
confirmed from their spectroscopic data, *H, **C, DEPT
(4c), 'H-*H COSY (4c), *H-1C COSY (4c), and NOE (4b)
experiments. NOE experimental results of 4b are summariz-
ed in Figure 1. The relative stereochemistry of the sub-
stituents of 4 at the 3- and 4-position was thought to be as
anti relationship.® The proton at the 4-position appeared as a
broad singlet in al cases. Thus, we cannot say exactly about
the relative stereochemistry between the substituents of 3-
and 4-position, however, we tentatively propose the relative
stereochemistry as anti relationships®

In summary, we have synthesized some synthetically
useful 3,4,5,6-tetrasubstituted 3,4-dihydro-2H-pyrans from
Baylis-Hillman acetates in moderate yields. Further studies
on the conformational characteristics of the dihydropyrans
and the selective synthesis of the exo-methylene cyclohexe-
none derivatives are currently undergoing and will be
reported in due course.

Experimental Section

Typical procedurefor the synthesis of 4a: A solution of
1a (436 mg, 2 mmol) and DABCO (291 mg, 2.6 mmoal) in

aqueous THF (THF/H2O = 3: 1, 10 mL) was stirred for 10
min. a room temperature. Complete salt formation was
observed. To the reaction mixture 2,4-pentanedione (200
mg, 2 mmol) was added and heated to 40-50 °C for 2 days.
After usua agueous workup and column chromatographic
purification process (hexane/ether = 5: 1) analytically pure
dawasisolated in 42% yield, 217 mg.

Typical procedure for the synthesis of 4d: A solution of
1d (468 mg, 2 mmol) and DABCO (448 mg, 4 mmol) in
agueous THF (THF/H2O = 3: 1, 10 mL) was stirred for 10
min. a room temperature. Complete salt formation was
observed. To the reaction mixture 2,4-pentanedione (200
mg, 2 mmol) was added and heated to 40-50 °C for 24 h.
After usual agueous workup and column chromatographic
purification process (hexane/ether = 5: 1) we could obtain
the corresponding Sn2 type product 3d in 83% yield, 455
mg. To a dirred solution of 3d (274 mg, 1 mmal) in
methanol (5 mL) was added K>CO3 (14 mg, 0.1 mmol) and
heated to 40-50 °C for 3 h. After usual agueous workup and
column chromatographic purification process (hexane/ether
=5:1) anaytically pure 4d was isolated in 30% yield, 83
mg. The spectroscopic data of prepared compounds (4a-c,
3d-f, and 4d-f) are as follows.

4a (42%): IR (KBr) 1712, 1674, 1577 cm™; 'H NMR
(CDCl3) 6 2.03 (s, 3H), 2.23 (d, J = 1.2 Hz, 3H), 2.24 (s,
3H), 2.74 (app g, J = 3.0 Hz, 1H), 3.97 (dd, J=11.4 and 3.0
Hz, 1H), 4.38 (ddd, J=11.4, 3.0, and 1.6 Hz, 1H), 4.45 (br s,
1H), 7.16-7.35 (m, 5H); *C NMR (CDCl3) & 20.46, 28.03,



Bull. Korean Chem. Soc. 2004, Vol. 25, No. 11

Table 1. Synthesis of Dihydropyran Derivatives 4a-f from B-H Acetates

1735

Substrate

Conditions

Products (% yield)

OAc
COCH;,

2

1a

OAc
COCH;4

3

1b

OAc
COCH,CH;4

2

1c

OAc
COOCH;

2

1d

OAc
COOCH,CH;

2

1e

OAc

B

1f

. DABCO (1.3 equiv.)
H,O / THF, rt, 10 min.
. 2a (1.0 equiv.)

40-50°C, 48 h

. DABCO (2.0 equiv.)
H,O / THF, rt, 10 min.
. 2a (1.0 equiv.)

i, 72 h

. DABCO (1.1 equiv.)
H,O / THF, rt, 10 min.
. 2a (1.0 equiv.)

40-50°C, 48 h

. DABCO (2.0 equiv.)

2a (1.0 equiv.)
H,O / THF, 40-50 °C
24 h, 3d (83%)

. KoCO5 (0.1 equiv.)

MeOH, 40-50 °C, 3 h

. DABCO (2.0 equiv.)

2b (1.0 equiv.)
H,O / THF, 40-50 °C
24 h, 3e (89%)°

. KoCO3 (1.1 equiv.)

EtOH, reflux, 30 min.

. DABCO (2.0 equiv.)

2b (1.1 equiv.)
H,O / THF, 40-50 °C
24 h, 3f (80%)°

. KoCO3 (0.1 equiv.)

EtOH, 40-50 °C, 48 h

- 4a (42)%
COCH;,

4b (44)

ol COCH,

- 4c (30)?
COCH,CH,

- 4d (30)°
COOCH;,

- 4e (62)
COOCH,CH;

HyCH,CO

The corresponding addition-elimination product 3 was formed as the minor product. ®PDeacetylated compound of 3d was formed as the side product.
°Diastereomeric mixture.® 4The other stereoisomer was mixed in about 20% in *H NMR.

29.37, 38.88, 53.64, 62.57, 111.51, 127.05, 128.01, 128.96,
143.97, 163.89, 199.59, 205.91; HRMS calcd for CieH150s3
258.1256, found 258.1263.

4b (44%): mp 84-85 °C; IR (KBr) 1712, 1674, 1577 cm™%;
'H NMR (DMSO-ds)  2.00 (s, 3H), 2.15 (d, J = 0.9 Hz,
3H), 2.23 (s, 3H), 2.91 (app dd, J= 2.7 and 2.4 Hz, 1H), 3.75
(dd, J=11.7 and 3.0 Hz, 1H), 4.36 (br s, 1H), 4.46 (dt, J =
11.7 and 2.1 Hz, 1H), 7.24 (d, =84 Hz, 2H), 7.39(d, J =
8.4 Hz, 2H); *C NMR (DM SO-ds) & 20.43, 27.59, 29.46,
37.00, 51.96, 62.20, 111.27, 128.53, 129.93, 131.29, 143.60,
163.50, 198.00, 206.06; HRMS calcd for CieH17ClOs
292.0866, found 292.0867.

4c (30%): IR (KBr) 1712, 1674, 1577 cm™’; 'H NMR
(CDCl3) 01.05 (t, J = 6.6 Hz, 3H), 2.01 (s, 3H), 2.23(d, J =
1.2 Hz, 3H), 2.36-2.47 (m, 1H), 250-2.63 (m, 1H), 2.76
(app g, J = 3.6 Hz, 1H), 3.97 (dd, J = 11.4 and 3.3 Hz, 1H),
4.33 (ddd, J = 11.4, 3.9, and 1.2 Hz, 1H), 4.43 (br s, 1H),
7.15-7.35 (m, 5H); DEPT results were inserted in *C NMR
data. *C NMR (CDCl3) & 7.58 (CHs), 20.35 (CH3), 29.40
(CHa), 33.98 (CHy), 39.32 (CH), 53.07 (CH), 62.90 (CH>),
111.84(C), 127.00 (CH), 127.93 (CH), 128.91 (CH), 143.91
(C), 163.55(C), 199.60 (CO), 208.73 (CO); HRMScalcd for
C17H2003 272.1412, found 272.1417.

4d (30%): IR (KBr) 1739, 1674, 1577 cm™; 'H NMR
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4b He
irradiation NOE increment (%)
Ha (5=4.46) Hb(23.4), Hc (3.3), He (3.3)
Hb (5 =3.75) Ha(23.8), Hc (4.1), Hf (2.8)
Hec (§=2.91) Ha(2.1), Hb (2.6), Hd (2.4), He (2.1), Hf (2.4)
Hd (5 =4.36) Hc(2.4), He (1.1), Hf (4.2), Hg (3.8)

Figure 1

(CDCls) 52.03 (s, 3H), 2.28 (d, J = 1.2 Hz, 3H), 2.80 (app q,
J=2.7Hz, 1H), 3.76 (s, 3H), 3.89 (dd, J = 11.1 and 3.0 Hz,
1H), 4.40 (ddd, J = 11.1, 2.7, and 1.5 Hz, 1H), 4.48 (br s,
1H), 7.20-7.36 (m, 5H); *C NMR (CDCl3) & 20.63, 29.22,
39.55, 45.79, 52.41, 62.41, 110.66, 127.11, 128.04, 128.91,
143.71, 164.31, 171.55, 199.33; HRMS calcd for CigH1504
274.1205, found 274.1207.

4e (62%): IR (KBr) 1736, 1705, 1624 cm™; 'H NMR
(CDCl3) 50.95 (t, J = 7.2 Hz, 3H), 1.25 (t, J = 7.2 Hz, 3H),
2.34(d, J = 1.2 Hz, 3H), 2.75 (app g, J = 3.3 Hz, 1H), 3.88-
4.02 (m, 3H), 4.19 (g, J = 7.2 Hz, 2H), 4.35 (ddd, J = 11.1,
3.6, and 1.5 Hz, 1H), 4.45 (br s, 1H), 7.15-7.31 (m, 5H); *C
NMR (CDCl3) 6 13.89, 14.12, 19.93, 38.94, 45.97, 59.61,
61.12, 63.09, 102.74, 126.50, 127.70, 128.42, 144.64,
164.97, 167.62, 171.24; HRMS cadcd for CigH»Os
318.1467, found 318.1441.

4f (63%): IR (KBr) 2245, 1704, 1624 cm™*; The syn
diastereomer appeared in the *H NMR spectrain about 20%
and we could not separate them in pure state. *H NMR
(CDCl3) §1.00 (t, J = 7.2 Hz, 3H), 2.43 (d, J = 1.2 Hz, 3H),
2.98 (app g, J = 2.7 Hz, 1H), 3.88-4.05 (m, 3H), 4.20 (ddd, J
=11.4, 3.3, and 1.8 Hz, 1H), 4.35 (br s, 1H), 7.17-7.36 (m,
5H); *C NMR (CDCl3) §13.85, 19.95, 31.90, 40.54, 59.98,
61.61, 101.34, 118.74, 127.48, 127.67, 128.78, 142.04,
165.32, 166.72; HRMS calcd for C16H17N03 271.1208,
found 271.1210.

3d (83%): 'H NMR (CDCl3) 4 1.88 (s, 3H), 2.20 (s, 3H),
3.69 (s, 3H), 4.56 (d, J = 12.3 Hz, 1H), 4.79 (d, J = 12.3 Hz,
1H), 5.73 (s, 1H), 6.29 (s, 1H), 7.17-7.30 (m, 5H).

3e (89%): 1: 1 diastereomeric mixture; *H NMR (CDCl3)
50.96 (t, J = 7.2 Hz, 1.5H), 1.18-1.26 (m, 4.5H), 1.97 (s,
1.5H), 2.28 (s, 1.5H), 3.91 (g, J = 7.2 Hz, 1H), 4.07-4.20 (m,
3H), 4.35(d, J = 12.3 Hz, 0.5H), 4.38 (d, J = 12.3 Hz, 0.5H),

Notes

4.70 (d, J=12.3Hz,0.5H), 4.72 (d, J = 12.3 Hz, 0.5H), 5.67
(s, 0.5H), 5.75 (s, 0.5H), 6.27 (s, 0.5H), 6.30 (s, 0.5H), 7.18-
7.27 (m, 5H).

3f (80%): 3: 2 diastereomeric mixture; *H NMR (CDCl3)
0096 (t, J = 7.2 Hz, 3H, major), 1.30 (t, J = 7.2 Hz, 3H,
minor), 2.06 (s, 3H, minor), 2.38 (s, 3H, mgjor), 3.93 (qd, J
=7.2 and 3.0 Hz, 2H, mgjor), 4.23 (qd, J = 7.2 and 0.9 Hz,
2H, minor), 4.31-4.45 (m, 2H, major + minor), 5.89 (s, 1H,
major), 5.90 (s, 1H, minor), 5.94 (s, 1H, mgjor), 5.95 (s, 1H,
minor), 7.25-7.37 (m, 5H, major + minor).
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