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A simple, convenient, and one-pot synthesis of angularly
fused [6-7-5], [6-7-6], [6-7-7], and [6,7] carbocyclic ring sys-
tems from Baylis-Hillman acetates through a strategy involv-

ing alkylation, formation of a vinyl chloride, and intramolecu-
lar cyclization (Friedel-Crafts or Michael reaction) is de-

Introduction

The angularly fused tricyclic carbocyclic framework con-
taining cycloheptane as the central ring has a special and
respectable place in the history of carbocyclic rings due to
the presence of this tricyclic framework in various natural
products and bioactive molecules.'*!'1 For example, an
angularly fused [6-7-5] carbocyclic skeleton is the core
structure present in several natural products and bioactive
molecules such as sphaeroane!'dl (-)-presphaerene,!?
frondosin C,'"® and phorbol esters.l') An angularly fused
[6-7-6] tricyclic system is present in biologically active com-
pounds such as allocolchicine!'%'*l and colchinol derivative
7D6126,1'¢l whereas an angularly fused [6-7-7] tricyclic ring
system is an integral part of the well-known alkaloid colchi-
cine.l"l Important bioactive compounds such as theaflav-
inl'&!h and TAK-77911:1l contain the [6,7] bicyclic carbocy-
clic ring framework. Because of the remarkable medicinal
importance of these fused-ring frameworks (Figure 1) and
also because of unfavorable entropic factors!?! in synthesiz-
ing seven-membered rings, the development of efficient pro-
tocols for the synthesis of such fused-carbocyclic frame-
works having cycloheptane as the key central ring has been
and continues to be one of the most attractive and challeng-
ing areas in carbocyclic chemistry.>3! In continuation of
our interest in the synthesis of heterocyclic/carbocyclic mo-
lecules,™ we herein report a simple one-pot multistep proto-
col for the synthesis of [6-7-5], [6-7-6], and [6-7-7] tricyclic,
as well as [6,7] bicyclic, carbocyclic frameworks from
Baylis—Hillman acetates by following a strategy involving
alkylation, formation of a vinyl chloride, and intramolecu-
lar Friedel-Crafts (or Michael) reaction.
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Figure 1. Representative biologically active molecules containing a
tricyclic carbocyclic framework with cycloheptane as the central
ring.

The Baylis—Hillman reaction has become a useful and
popular synthetic tool for obtaining diverse classes of
densely functionalized molecules (usually referred to as the
Baylis-Hillman adducts) through atom-economical car-
bon-carbon bond-forming reactions involving coupling of
the a-position of an activated alkene with an electrophile
under the influence of a catalyst/catalytic system.!>® Appli-
cations of Baylis—Hillman adducts in a variety of organic
transformations and also in the synthesis of natural prod-
ucts/bioactive compounds have been well documented over
the last several years.[>7]

Results and Discussion

On the basis of our experience and active involvement in
various aspects of this fascinating reaction,[ we envisioned
that Baylis—Hillman acetates would be excellent synthons
(or alkylators) for the one-pot, multistep synthesis of all
three ([6-7-5], [6-7-6], and [6-7-7]) tricyclic carbocyclic
frameworks. Accordingly, we planned a retrosynthetic strat-
egy involving alkylation of suitable cyclic 1,3-diones with
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Scheme 1. Retrosynthetic strategy for the synthesis of angularly fused [6-7-5], [6-7-6], and [6-7-7] ring system:s.

appropriate Baylis—Hillman acetates followed by intramo-
lecular cyclization (by Friedel-Crafts or Michael reaction)
after in situ generation of the carbocation according to the
reaction sequence described in Scheme 1.

Accordingly, we have first selected methyl 3-acetoxy-2-
methylene-3-phenylpropanoate (1a; acetate of Baylis—Hill-
man (BH) alcohol, obtained from the reaction of benzalde-

COZMe EtN,rt.
“12h

hyde with methyl acrylate) and 5,5-dimethyl-1,3-cyclohex-
anedione (dimedone; 2a) as reaction partners. Our attempts
to obtain desired [6-7-6] tricyclic carbocyclic molecule 3 un-
der various conditions (Scheme 2 and Table 1) were not suc-
cessful, as (FE)-4-benzylidene-9,9-dimethyl-2-oxabicyclo-
[4.4.0]dec-1(6)-ene-3,7-dione (4a)®! was obtained as the
major product. On the basis of our earlier studies*&°X it

Scheme 2. Attempted synthesis of [6-7-6] ring systems by reaction of BH acetate 1a with dimedone (2a). Conditions A: 2 M TiCl, in DCE,
reflux, 12 h, 38%. Conditions B: (i) (COCl),, r.t., 5 h; (ii) 2 M TiCly, reflux, 16 h, 32%.

Table 1. Reaction optimization: Synthesis of angularly fused [6-7-6] ring systems by the reaction of 1b with 2a.[]

TFAA

OAc

o MeO
MeO CO,Me Et3N, rt.
+ —_—
12h
o Me

DCE, reflux,
12 h, 24%

o)

MeO. O ‘ CO,Me

(i) (COCI
_rt,5h h

lCOzMe
Cr°
o] (i) 2m Ticl,, MeO
DCE, r.t.

5
4h 72%

Entry Conditions

Product Yield [%)]

(i) EtsN, r.t., 12 h; (ii) TFAA, r.t., 6 h*!

(1) EtsN, r.t., 12 h; (ii)) TFAA, reflux, 12 h

(i) EGN, rt., 12 h; (i) MeSO3H, r.t., 6 hi®!

(i) Et3N, r.t., 12 h; (ii) MeSOsH, reflux, 12 hll
(i) Et3N, r.t., 12 h; (ii) triflic acid, r.t., 6 h®]

(i) Et3N, r.t., 12 h; (ii) triflic acid, reflux, 12 hl
(i) EGN, r.t., 12 h; (i) POCls, r.t., 6 hi®)

(i) Et3N, r.t., 12 h; (ii) POCl;, reflux, 10 h

(1) EsN, r.t., 12 h; (i) 2 m TiCly, reflux,12 h

O 001NN B Wik —

4b 24

5 15

10 (i) Et;N, r.t., 12 h; (i) (COCl),, r.t., 5 h; (iii) 2 M TiCly, r.t., 4 h 5 72

[a] All reactions were carried out on 1-mmol scale of Baylis—Hillman acetate 1b with 1 mmol of dimedone (2a). [b] At room temperature,
almost all the alkylated product was intact as evidenced by TLC examination. [c] Reaction was not clean.
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occurred to us that the presence of an electron-donating
group on the aromatic ring of the BH acetate would help
to facilitate the intramolecular cyclization (Friedel-Crafts
or Michael reaction).

Accordingly, we selected methyl 3-acetoxy-3-(3,5-dimeth-
oxyphenyl)-2-methylenepropanoate (1b) as the reaction
partner with dimedone (2a). We performed this reaction un-
der different conditions (Table 1) and realized that BH ace-
tate 1b provided the expected [6-7-6] tricyclic carbocyclic
framework (Table 1, Entry 10). Thus, treatment of 1b
(1 mmol) with 2a (1 mmol) in the presence of Et;N pro-
vided the alkylated product, which (after removal of excess
triethylamine) upon reaction with oxalyl chloride (5 mmol)
in situ afforded the corresponding vinyl chloride. Subse-
quent intramolecular cyclization (Friedel-Crafts or Michael
reaction) was performed by using TiCly (2 mmol, 2 M in
DCE) in 1,2-dichloroethane (DCE) as the Lewis acid at
room temperature for 4 h (after removal of DCM and ox-
alyl chloride under reduced pressure) to provide the desired
[6-7-6] tricyclic carbocyclic molecule, i.e., {13,15-
dimethoxy-4,4-dimethyl-9-methoxycarbonyltricyclo-
[9.4.0.0>]pentadeca-1(15),2(7),9,11,13-pentaen-6-one  (5)}
in 72% isolated yield after usual workup followed by col-
umn chromatography (Table 2, Entry 1). The structure of
this molecule was further confirmed by single-crystal X-ray
data (Figure 2).]

To examine the generality of this strategy, we subjected
acetates, 1b—d, of Baylis—Hillman alcohols (derived from the
reaction of 3,5-dimethoxy and 3-alkoxybenzaldehydes with
methyl acrylate) to the reaction with 5,5-dimethyl-1,3-cyclo-
hexanedione (2a), 1,3-cyclohexanedione (2b), 1,3-cyclo-
heptanedione (2¢), and 1,3-cyclopentanedione (2d) as nu-
cleophiles, which gave the desired [6-7-6], [6-7-7], and [6-7-
5] tricyclic carbocyclic derivatives 5-15 in 50-75% isolated
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yields (Table 2, Entries 2-11). We further confirmed the
structures of molecules 10 and 13 (Figures 2 and 3) by sin-
gle-crystal X-ray analysis.”]

Table 2. Synthesis of angularly fused [6-7-6], [6-7-7], and [6-7-5]
frameworks by the reaction of 1b-d with 2a-d.[

OAc R CO,Me
R coMe OC
N (i), (ii) & (iii)
o R R? . ©
R? nR R )n
R
1b—d

R =Me, n=1 (2a);
R=H, n=1(2b),
R=H, n=2(2c);
R=H, n=0(@2d)

(i) EtsN, r.t, 12 h-14 h or EtsN / DMF,
80°C, 8 h

(i) (COCl),/DCM, rt., 5h

(iii) TiCl, / DCE, r.t. or reflux, 4—14 h

Entry  Acetate R! R? Dione  Product®™ Yield [%]
1 1b OMe OMe 2a Sidl 72
2 1c OMe H 2a 6 67
3 1b OMe OMe 2b 7 75
4 1c OMe H 2b 8 64
5 1d OEt H 2b 9 61
6 1b OMe OMe 2c 10K 63
7 1c OMe H 2c 11 59
8 1d OEt H 2c 12 57
9 1b OMe OMe 24l 13 52
10 1c OMe H 2dl 14 53
11 1d OEt H 2dl 15 50

[a] All reactions were carried out on 1-mmol scale of Baylis—Hill-
man acetates (1b—d) with 1 mmol of cyclic dione (2a-d) in the pres-
ence of Et;N (1 mL) at room temperature for 12-14 h followed by
treatment with (COCIl), at room temperature for 5h in DCM and
then reaction of the resulting vinyl chloride with 2 M TiCl, in DCE
at r.t. (or reflux) for 4-14 h. [b] All compounds were fully charac-
terized (see Supporting Information). [c] Reaction was carried out
at 80 °C in Et;3N/DMF for 8 h. [d] Structures of these molecules
were further confirmed by single-crystal X-ray data (see Supporting
Information).P!

Figure 2. ORTEP diagrams of compounds 5 and 10 (hydrogen atoms were omitted for clarity).
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Figure 3. ORTEP diagrams of compounds 13 and 16 (hydrogen atoms were omitted for clarity).

With a view to extend this strategy to acyclic diones we
employed 2,4-pentanedione (2e) as a nucleophile. Thus, re-
action of 2,4-pentanedione with Baylis—Hillman acetate 1b
followed by treatment of the resulting trisubstituted alkene—
esters with oxalyl chloride and then with TiCl, provided
desired [6,7] bicyclic framework 16 in 50% isolated yield
(Scheme 3). The structure of molecule 16 was also con-
firmed by single-crystal X-ray analysis (Figure 3).°1 Simi-
larly, Baylis—Hillman acetate methyl 3-acetoxy-3-(3-meth-
oxyphenyl)-2-methylenepropanoate (1¢) upon reaction with
2,4-pentanedione (2e) provided [6,7] bicyclic derivative 17
in 46% isolated yield.

A plausible mechanism taking dimedone as a model case
(nucleophile) for the formation of angularly fused tricyclic
carbocyclic frameworks is presented in Scheme 4. Intramo-

. OAc
R CO,Me ] CO,Me
+ 90 (i), (i) & (iii) R OO
_—
R2 > I
1b & 1¢c R o

R'=R2=0OMe, r.t,1h 16 (50%)

R'=R?=0OMe (1b)
R'= OMe, R?=H, reflux, 8 h 17 (46%)

R'= OMe, RZ=H (1c)

Scheme 3. One-pot synthesis of the [6,7] bicyclic carbocyclic frame-
work by the reaction of 1b and 1¢ with 2e. Reagents and conditions:
(i) EtsN, reflux, 10 h; (ii) (COCI),/DCM, r.t., 8 h; (iii) TiCl/DCE,
r.t. or reflux, 1-8 h.

lecular cyclization of the in situ generated vinyl chloride
might involve either a Friedel-Crafts or a Michael reaction.

OAcO
MeO Voo 0AcO) MeO ~_CO,Me
) OMe Me > OMe —Aco@ 0
R —— 0 - .
+0 R
l:l ? R o o

MeO
TiCly

MeO ~CO,Me
OvTiCly
&
R lm
.

c
c
MeO MeO
e e MY
oM
il ® O>iCl, Y é o

CO:Me MeO «CO.Me
(COCl), O 0

RHo

OzMe OzMe

—TiCl,

R =H or alkoxy

Scheme 4. Plausible mechanism [taking dimedone as a model case (nucleophile)].
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Conclusions

In conclusion, we have developed a simple, facile, and
convenient synthesis of angularly fused [6-7-5], [6-7-6], and
[6-7-7] tricyclic and [6,7] bicyclic carbocyclic frameworks,
thus demonstrating the application of Baylis—Hillman ad-
ducts as a valuable source of a one-pot, multistep protocol
for the synthesis of important and useful structural frame-
works.

Experimental Section

General Experimental Procedure: A mixture of methyl 3-acetoxy-3-
(3,5-dimethoxyphenyl)-2-methylenepropanoate (1b; 1 mmol, 0.294 g)
and 5,5-dimethyl-1,3-cyclohexanedione (2a; 1 mmol, 0.140 g) in tri-
ethylamine (1 mL) was stirred at room temperature for 12 h. Then,
the excess amount of triethylamine was removed under reduced
pressure, and the reaction mixture was diluted with dichlorometh-
ane (3 mL). Oxalyl chloride (5 mmol, 0.635 g, 0.42 mL) was then
added dropwise, and the mixture was stirred at room temperature
for 5 h. The excess amount of oxalyl chloride and dichloromethane
were evaporated, and the reaction mixture was diluted with DCE
(3 mL). A solution of TiCly (2 mmol, 1 mL, 2 M in DCE) was then
added dropwise at 0 °C and stirring was continued at room tem-
perature for 4h. The reaction mixture was diluted with water
(10 mL) and extracted with diethyl ether (3 X 15 mL). The com-
bined organic layer was dried with anhydrous Na,SO,. The solvent
was evaporated, and the residue thus obtained was purified by silica
gel column chromatography (20% EtOAc in hexanes) to provide
compound 5 as a colorless solid in 72% (0.256 g) isolated yield.

Supporting Information (see footnote on the first page of this arti-
cle): All the experimental details, spectroscopic data, and the 'H
and '*C NMR spectra for all the compounds.
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methyl-2-oxabicyclo[4.4.0]dec-1(6)-ene-3,7-dione according to
the equation given below. Its melting point and its 'H and '3C
NMR spectroscopic data are reported. Our data is in agree-
ment with that of the literature data (S. C. Kim, H. S. Lee, J. N.
Kim, Bull. Korean Chem. Soc. 2007, 28, 147-150).

OAc (0]

mCOZMe
+
O ﬁ \

(i) KoCO3, DMF, r.t.,, 1 h
(ii) extractive work-up

(iii) p-xylene, reflux, 14 h
50%
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b) Su and co-workers reported the synthesis of 4-benzyl-9,9-
dimethyl-2-oxabicyclo[4.4.0]deca-1(6),4-diene-3,7-dione by fol-
lowing the procedure given below (W. Zhong, Y. Zhao, W. Su,
Tetrahedron 2008, 64, 5491-5496).

OAc

0
mcozm ()
+

(o)

EtsN
solvent free, 90 °C
2h,79%

CCDC-750184 (for 5), -750185 (for 10), -750186 (for 13), and

-750187 (for 16) contain the supplementary crystallographic

data for this paper. These data can be obtained free of charge

from The Cambridge Crystallographic Data Centre via
www.ccde.cam.ac.uk/data_request/cif.
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