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The construction of seven- and eight-membered rings
remains a significant synthetic challenge since they
constitute common structural cores of a large number of
biologically important natural and nonnatural products.1
Among the numerous methods available, ring expansion
of relatively strained bicyclic intermediates occupies an
important position.2 Since the pioneer work of De Mayo,3
one of the most successful approaches for two-carbon ring
expansions of cyclopentane derivatives to cycloheptanes
is based on ionic, radical, or photochemical fragmenta-
tions of cyclobutane-4 or cyclobutene-containing5 inter-

mediates. On the other hand, the related three-atom
carbocycle enlargement to eight-membered rings gener-
ally involves the sequential or in situ ring formation-
fragmentation of fused bicyclo[3.3.0]octane intermedi-
ates.6

We wish to report here a facile one-pot base-induced
anionic sequence involving three successive reactions
allowing for the efficient synthesis of various seven- and
eight-membered rings 4 and 11-15 starting from easily
accessible cyclopentanone 17 and 1,3- or 1,4-dihalides 2
and 5-9 (Scheme 1). The overall transformation, using
diazabicycloundecene (DBU) as base, starts with a selec-
tive C-C cycloalkylation of 1 leading to the corresponding
bridgehead methoxycarbonyl bicyclo[3.2.1]octan-8-ones 3
or bicyclo[4.2.1]nonan-9-ones 10, which are cleaved in
situ by a retro-Dieckmann reaction with MeOH.8

The method has been applied to several benzylic or
allylic dihalides, and the results are summarized in Table
1. All reactions are unoptimized but give reproducible
results under the standard conditions. Interestingly,
cyclopentanone 1 reacts with total chemoselectivity with
both 1,3- and 1,4-dichlorides 2a and 5 (entries 1, 4),
dibromides 2b,c and 6-8 (entries 2, 3, 5-7), or diodide
9 (entry 8) with relative rates in agreement with the scale
of electrophilicity of the halogen atom (compare, for
example, entries 4, 7, and 8).
Alkylidenecycloheptanes 4 can be obtained in satisfac-

tory yields by using simple 1,3-dihalides 2 (entries 1-3)
with a modest regioselectivity depending upon the bulki-
ness of the substituent R on the double bond (entries 2
and 3). Similarly, new fused monocyclic and polycyclic
structures incorporating an eight-membered ring are also
easily accessible in good yields (entries 4-8). For ex-
ample, the bicyclo[6.4.0]dodecane nucleus 12, present in
many important naturally occurring cyclooctanoids,1b
such as taxane, neolemnanes, and parvifoline, can be
obtained either directly from commercially available R,R′-
O-dibromoxylene 6 (entry 5) or by using the previously
reported8b reactivity of the synthetically valuable 1,3-
exocyclic diene 15 arising from the condensation of 1with
diodide 9 (entry 8).
Interestingly, in the case of indole 7 (entry 6) the

fragmentation proceeds with good regioselectivity to give
the corresponding fused heterocycles 13a and its regioi-
somer 13b in a 6:1 ratio determined by 1H NMR. It is
worth noting that this fused indole substructure is found
in caulerpin, a naturally occurring plant growth regulator
pigment,9 and also constitutes the basic skeleton of the
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nonnatural potent tricyclic antidepressant iprindole.10
Another example of the synthetic potential of the method
is the facile construction of eight-membered ring 14
present in the biologically important quinoxaline series.11

Our new one-pot two- and three-carbon cyclopentanone
enlargement proved to be quite general and allows for
the facile construction of relatively complex monocyclic
and fused polycyclic seven- and eight-membered rings
with promising synthetic and biologic values. Synthetic

exploitations of this new anionic domino ring expansion
reaction are now under active investigation.

Experimental Section

General Methods. 1,3- and 1,4-Dihalides 2a, 5, 6, and 8
are commercially available and used without further purifica-
tion. 1,3-Dibromide 2b was obtained by reaction of the corre-
sponding dichloride12 with NaBr in acetone under standard
conditions, and 2c was obtained by radical allylic halogenation
of 2-methyl-1-phenyl-1-propene (Fluka) under standard proto-
col.13 Finally, 1,4-dibromide 714 and diodide 915 were prepared
as previously described. Dry MeOH, distilled over magnesium,
was used in all condensations. IR spectra were recorded neat
or in CHCl3, and NMR spectra were obtained at 200 or 400 MHz
in CDCl3 using residual CHCl3 as internal reference.
General Procedure for the Preparation of Seven- and

Eight-Membered Rings. To a solution of cyclopentanone
dicarboxylate 1 (1 mmol) and DBU (2,5 mmol) in dry MeOH (20
mL) was added, via a syringe, a solution of the corresponding
dihalide (1 mmol) in dry MeOH (5 mL). The resulting reaction
mixture was stirred at reflux under nitrogen for the indicated
time (Table 1). After completion and evaporation of the MeOH
under reduced pressure, water (50 mL) was added to the oily
residue. Extraction with Et2O (3 × 40 mL) followed by succes-
sive washing with distilled water (2 × 20 mL) and brine (20 mL)
gave, after drying (MgSO4) and evaporation of the solvent, the
crude compounds, which were purified by flash chromatography
on silical gel.16
1,1,5-Cycloheptanetricarboxylic acid, 3-methylene tri-

methyl ester (4a): Rf ) 0.5 (diethyl ether-pentane 7/3); IR
(CHCl3) ν/cm-1 2953, 1775, 1435, 1196, 909; 1H NMR δ 1.68-
1.96 (m, 3H), 2.27-2.65 (m, 4H), 2.79 (s, 2H), 3.65 (s, 6H), 3.70
(s, 3H), 4.85 (s broad, 1H), 4.91 (s broad, 1H); 13C NMR δ 26.3,
32.3, 39.2, 39.5, 44.5, 51.8, 52.5, 52.6, 57.3, 117.0, 142.1, 171.8,
172.2, 175.7. Anal. Calcd for C14H20O6: C, 59.14; H, 7.09.
Found: C, 59.18; H, 7.07.
1,1,5-Cycloheptanetricarboxylic acid, 3-hexylidene tri-

methyl ester (4b): 1:1 mixture of trans and cis isomers; Rf )
0.71 (diethyl ether-pentane 7/3); IR (neat) ν/cm-1 2956, 1773,
1456, 1271, 922; 1H NMR δ 0.85 (t, broad, J ) 7.0, 3H), 1.18-
1.40 (m, 6H), 1.78-2.18 (m, 4H), 2.20-2.30 (m, 2H), 2.40-2.66
(m, 2H), 2.74 (s, broad, 1H), 2.88 (m, 1H), 3.70 (4s, 9H), 5.30
(m, 1H); 13C NMR δ 14.0, 22.5, 25.7, 26.7, 27.7, 27.9, 29.1, 29.3,
31.3, 31.4, 31.6, 32.1, 33.1, 41.1, 41.5, 43.4, 45.7, 51.6, 51.7, 52.2,
52.4, 52.51, 52.59, 52.63, 57.8, 131.1, 131.3, 132.0, 171.8, 172.4,
175.7, 176.0. Anal. Calcd for C19H29O6: C, 64.57; H, 8.27.
Found: C, 64.66; H, 8.33.
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methyl ester (4c): 1.8:1 mixture of trans and cis isomers; Rf
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Scheme 1. Domino Reaction Leading to Cycloheptenes 4 and Cyclooctenes 11-15

Table 1. Seven- and Eight-Membered Rings (Z )
COOMe)a

a All reactions were performed in refluxing MeOH. b Determined
by 1H NMR of the crude. c Isolated.
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) 0.60 (diethyl ether-pentane 7/3); IR (neat) ν/cm-1 2953, 1734,
1639, 1436, 1168, 701; 1H NMR δ 1.80-2.08 (m, 4H), 2.40-2.70
(m, 3H), 2.80-3.25 (m, 1H), 3.58-3.73 (superposition of 6 s, 9H),
6.40 (s, broad, 1H), 6.49 (s, broad, 1H), 7.25 (m, 5H); 13C NMR
δ 26.5, 26.6, 31.3, 32.3, 34.3, 34.5, 41.2, 41.6, 43.9, 45.3, 51.7,
51.8, 52.5, 52.6, 56.2, 57.7, 125.3, 126.4, 126.6, 127.2, 128.1,
128.2, 128.5, 128.6, 128.9, 130.8, 131.3, 134.8, 135.7, 137.3, 137.5,
171.7, 172.1, 172.2, 175.4, 175.6. Anal. Calcd for C20H24O6: C,
66.65; H, 6.71. Found: C, 66.72; H, 6.56.
6-Cyclooctene-1,1,4-tricarboxylic acid, trimethyl ester

(11): Rf ) 0.48 (diethyl ether-pentane 7/3); IR (neat) ν/cm-1

2954, 1723, 1436, 1242, 1196, 1111, 902; 1H NMR δ 1.55-1.67
(m, 1H), 1.79-1.83 (m, 2H), 1.91-2.05 (m, 1H), 2.11-2.26 (m,
1H), 2.29-2.49 (m, 2H), 2.58-2.80 (m, 2H), 3.64 (s, 3H), 3.70
(s, 6H), 5.56-5.87 (m, 2H); 13C NMR δ 25.4, 28.3, 29.1, 30.1,
45.0, 51.7, 52.5, 52.6, 58.9, 127.8, 131.0, 171.8, 171.9, 175.4. Anal.
Calcd for C14H20O6: C, 59.14; H, 7.09. Found: C, 59.13; H, 7.11.
6,6,9(5H)-Benzocyclooctenetricarboxylic acid, 7,8,9,10-

tetrahydrotrimethyl ester (12): white crystals, mp 42-44 °C;
Rf ) 0.21 (diethyl ether-pentane 1/1); IR (CHCl3) ν/cm-1 3466,
2952, 1731, 1493, 1209, 1066, 943; 1H NMR δ; 1.58-1.99 (m,
3H), 2.10 (m, 1H), 2.54 (m, 1H), 2.95 (dd, J ) 14.0, 3.8, 1H),
3.07 (dd, J ) 14.0, 10.3, 1H), 3.29 (d, J ) 14.2, 1H), 3.45 (d, J )
14.2, 1H), 3.69 (s, 3H), 3.73 (s, 3H), 3.74 (s, 3H), 6.91 (d broad,
J ) 6.3, 1H), 7.06-7.17 (m, 3H); 13C NMR δ 24.8, 28.2, 35.4,
35.6, 47.4, 51.8, 52.5, 57.8, 59.8, 126.9, 127.6, 129.9, 130.3, 135.4,
139.1, 171.3, 171.8, 175.3. Anal. Calcd for C18H22O6: C, 64.66;
H, 6.63. Found: C, 64.66; H, 6.69.
Cyclooct[b]indoletricarboxylic acid, trimethyl esters

(13): 6:1 mixture of two regioisomers; white powder; mp 137-
139 °C; Rf ) 0.44 (diethyl ether-pentane 9/1); IR (neat) ν/cm-1

2952, 1736, 1604, 1452, 1370, 1176, 750, 732. Major isomer:
5H-cyclooct[b]indole-7,10,10(11H)-tricarboxylic acid, 5-(ben-
zenesulfonyl)-6,7,8,9-tetrahydrotrimethyl ester (13a): 1H
NMR δ 1.61-2.43 (m, 4H), 2.92-4.00 (m, 5H), 3.57 (s, 3H), 3.71
(s, 3H), 3.73 (s, 3H), 7.16-7.80 (m, 8H), 8.08-8.18 (m, 1H); 13C
NMR δ 24.9, 27.0, 27.9, 28.9, 44.5, 52.0, 52.5, 52.9, 59.0, 114.5,
118.8, 133.8, 117.4, 123.3, 124.5, 126.1, 129.4, 133.1, 135.8, 136.2,
139.1, 171.1, 171.8, 175.0. Anal. Calcd for C26H27NO8S: C,
60.81; H, 5.30; N, 2.73. Found: C, 60.82; H, 5.35; N, 2.78.
Minor isomer: 5H-cyclooct[b]indole-7,7,10(6H)-tricarbox-

ylic acid, 5-(benzenesulfonyl)-8,9,10,11-tetrahydrotrim-
ethyl ester (13b): 13C NMR δ 26.5, 27.2, 28.1, 28.5, 44.8, 51.9,
59.7, 115.7, 118.3, 133.6, 123.4, 123.9, 125.0, 126.2, 128.9, 130.0,
137.0, 137.7, 171.7.
Cycloocta[b]quinoxaline-7,7,10(6H)-tricarboxylic acid,

8,9,10,11-tetrahydrotrimethyl ester (14): white crystals; mp
121-123 °C; Rf ) 0.30 (CH2Cl2-MeOH 98/2); IR (CHCl3) ν/cm-1

2951, 1731, 1462, 1284, 1171, 1091, 908; 1H NMR δ 1.22-1.39
(m, 1H), 1.59-1.78 (m, 1H), 1.81-2.36 (m, 2H), 2.73-2.81 (m,
1H), 3.41-3.49 (m, 2H), 3.66 (d, J ) 13.6, 1H), 3.72 (s, 3H), 3.78
(s, 3H), 3.79 (s, 3H), 3.88 (d, J ) 13.6, 1H), 7.60-7.76 (m, 2H),
7.86-8.13 (m, 2H); 13C NMR δ 25.5, 28.5, 37.4, 39.0, 47.0, 52.1,
52.8, 53.1, 58.9, 127.7, 128.9, 129.6, 129.8, 141.4, 141.6, 152.2,
154.8, 170.6, 171.9, 174.8. Anal. Calcd for C20H22N2O6: C,
62.15; H, 5.74; N, 7.25. Found: C, 62.17; H, 5.72; N, 7.30.
1,1,4-Cyclooctanetricarboxylic acid, 6,7-bis(methylen-

e)trimethyl ester (15): white needles, mp 84-86 °C; Rf ) 0.80
(CHCl3-MeOH 4/1); IR (CHCl3) ν/cm-1 3475, 2845, 1751, 1731,
1435, 1262, 914; 1H NMR (400 MHz) δ 1.57-1.67 (m, 1H), 1.88-
1.96 (m, 1H), 2.15-2.19 (m, 2H), 2.34-2.40 (m, 1H), 2.52 (tt, J
) 10.9, 3.6, 1H), 2.60 (dd, J ) 13.5, 3.4, 1H), 2.80 (d, J ) 14.5,
1H), 3.02 (dd, J ) 145, 1.0, 1H), 3.65 (s, 3H), 3.67 (s, 3H), 3.69
(s, 3H), 4.72 (m, 1H), 4.87 (m, 1H), 5.21 (d, J ) 2.1, 1H), 5.27
(m, 1H); 13C NMR (50 MHz) δ 24.6, 27.7, 35.1, 35.6, 48.9, 51.8,
52.4, 52.7, 58.7, 114.1, 115.4, 145.0, 148.0, 171.2, 171.9, 175.5.
Anal. Calcd for C16H22O6: C, 61.91; H, 7.15. Found: C, 61.90;
H, 7.17.
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