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Ammonium ylides derived from the Cu(II)-catalyzed decomposition of R-diazo carbonyls tethered
to tertiary amines underwent a benzylic Stevens [1,2]-rearrangement to give tetrahydroisoquinolines
or benzazepines containing fused five-membered rings, a feature found in the cephalotaxus alkaloids.
Model studies were also carried out toward the synthesis of lennoxamine, a member of the
isoindolobenzazepine family of alkaloids. The approach utilized is based on the Rh(II)-catalyzed
reaction of an R-diazo carbonyl compound containing an amido group in the γ-position. Treatment
of several N,N-dialkyl-substituted amido diazo-esters with Rh2(OAc)4 in benzene at 80 °C in the
presence of several dienophiles gave [4 + 2]-cycloadducts derived from the Diels-Alder reaction of
a transient R-amino isobenzofuran intermediate. In the absence of an external trapping agent, no
rearranged product derived from an ammonium ylide intermediate could be detected in the crude
reaction mixture. In contrast to this result, reaction of the related diazo dihydroisoquinoline amide
46 with Rh2(OAc)4 afforded the isoindolobenzazepine ring system in high yield. Formation of the
5,7-fused skeleton was rationalized in terms of a spirocyclic ammonium ylide that underwent a
preferential Stevens [1,2]-shift of the benzylic carbon atom. While we were ultimately thwarted in
using the ammonium ylide/rearrangement cascade for a lennoxamine synthesis by an uncooperative
diazo transfer reaction, the cascade sequence was shown to be useful for the preparation of various
isoindolobenzazepines.

Polycyclic nitrogen containing heterocycles form the
basic skeleton of numerous alkaloids and physiologically
active drugs.1,2 Members of the botanical family Berberi-
daceae are known to be a rich source of alkaloids.3 Recent
studies of the Chilean Berberidaceae plant have provided
the isoindolobenzazepine class of alkaloids isolated from
Chilean barberries.4 These plants were gathered in the
vicinity of Ciudad Osorno, the southernmost region of
Chile. The designation “aporhoeadane” has been applied
to the family, connoting the close chemical kinship of the
isoindolo[1,2-b][3]benzazepines (i.e., 1) with the naturally
occurring rhoeadine and papaverrubine alkaloids.5 This
ring system is biogenetically related to the highly oxi-
dized protoberberine (2) alkaloids.6 Typically, the iso-
indolobenzazepines bear oxygenated substituents on the
benzene ring at positions 2, 3, 9, and 10 (usually two
methoxy groups and a methylenedioxy group).7 Such
structures are interesting from both a synthetic and

pharmacological point of view, since they incorporate
the [3]benzazepine moiety, an important biological phar-
macophore.8

Lennoxamine (3) and chilenine (4), isolated from the
Chilean barberries species, represent the first examples
of this interesting class of alkaloids.6 Since their isolation
in 1984, a number of related isoindolobenzazepine natu-
ral products have also been discovered.4 Although mem-
bers of this alkaloid family do not appear to possess any
useful pharmacological activities, their unique structural
features render them attractive synthetic targets. The
ring system, which is accessible in vivo and in vitro by
oxidation of berbine alkaloids,6 has been the object of
several synthetic approaches based on biomimetic path-
ways,9 electrophilic alkylation,10 photochemistry of ena-
mides11 or vinyl azide chemistry.12
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They are also accessible through (a) the cyclization of
2-arylbenzazepine derivatives ortho-substituted with car-
boxylate groups,13 (b) the ring-expansion of isoindolo-
isoquinoline derivatives obtained by cyclization of acyl-
iminium precursors,14 (c) the regioselective 7-endo-trig
radical cyclization of methylenephthalimidines,15 (d)
the Pummerer rearrangement of 3-phenylsulfanyliso-
indolinones followed by intramolecular electrophilic
aromatic substitution and desulfurization,16 and (e) the
reduction/cyclization of 3-arylmethylene-lactams.17

Almost all of the synthetic approaches to lennoxamine
3 involve either the formation of the isoindolinone
template or azepine ring system in the final step.18 A
strategy that we have found to be of some importance in
the design of complex alkaloids is to make use of the
tandem metallo-carbenoid generation/ylide rearrange-
ment cascade.19,20 The high efficiency and facility of this
process suggested that this method might also serve as
the basis for a new approach toward lennoxamine. Our
strategy, which is depicted in retrosynthetic Scheme 1,
is based on the Rh(II)-catalyzed reaction of diazoamide
7. This compound could be obtained from the condensa-
tion of amine 5 with the benzoic acid derivative 6 followed
by diazo transfer.21-24 The notion of using 7 as the key
starting material for lennoxamine was particularly
attractive since the transition metal-catalyzed cyclization
reaction was expected to produce the spirocyclic am-
monium ylide 8. A Stevens [1,2]-rearrangement would
then provide the desired isoindolo[1,2-b][3]benzazepine
ring system. In this paper we detail our observations
dealing with the Rh(II)-catalyzed reaction of several
R-diazo carbonyls tethered to both amino and amido

groups as well as the application of the method toward
the synthesis of lennoxamine.

Results and Discussion

The tandem ammonium ylide generation/rearrange-
ment sequence has been previously used in the prepara-
tion of various nitrogen-containing heterocycles.25 A
typical example involves the ring expansion reaction of
spirocyclic ammonium ylides such as 11 which have been
nicely exploited for the synthesis of a number of alkaloids.
For example, the key step in West and Naidu’s enantio-
selective synthesis of (-)-epilupinine26 involved the
ammonium ylide-Stevens [1,2]-rearrangement of the
L-proline derivative 9 which furnished the advanced
intermediate 12 in 84% yield and with 76% ee. Starting
from a related L-proline derivative 10 (R ) vinyl), Clark
and Hodgson synthesized the partial CE ring system 13
in their approach to the Mazamine A ring skeleton27 via
an ammonium ylide-[2,3]-sigmatropic rearrangement
(Scheme 2).28
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in cephalotaxine (14).29 Cephalotaxine is the major
alkaloid constituent isolated from Cephalotaxus harring-
tonia,30 an evergreen tree native to Southern China. This
alkaloid is of considerable interest due to the biological
activity of its ester derivatives, harringtonine (HT) and
homoharringtonine (HHT)31 which have been used in the
treatment of certain types of carcinomas.32

Our plan was to use the ammonium ylide/rearrange-
ment sequence for the synthesis of the 5,7-fused ring
system found in both cephalotaxine and lennoxamine. We
first carried out some model studies in order to probe the
likelihood of creating the desired skeleton by this method.
Initial feasibility studies were conducted with amino keto
esters 20-23. We prepared diazo keto ester 15 using a
diazo transfer reaction of the corresponding R,â-unsatur-
ated keto ester.33 Addition of 15 to a solution of the
readily available amines 16-19 in CH2Cl2 at 25 °C
afforded the desired amino keto esters 20-23 in 78-96%
yield by conjugate addition. Early attempts at cycliza-
tions using rhodium-based catalyst systems were ob-
served to be sluggish, resulting in complex mixtures of
products due to extended reaction times. Copper catalysis
was found to be a superior alternative for effecting the
desired rearrangement.34 The Cu(acac)2-catalyzed de-
composition of the diazo compounds in toluene at reflux
for 1 h furnished the rearranged 5,7-fused systems 25-
28 in 68-77% yield as a 1:1-mixture of diastereomers.
The formation of these ring-expanded products can be
rationalized by the initial formation of ammonium ylide
24 followed by a preferential Stevens [1,2]-shift of the
benzylic carbon atom.35 Interestingly, in the case of 21,
it was possible to isolate ylide 24 (R ) H) as a white
crystalline solid. Further heating of the ylide in the
absence of the Cu-catalyst cleanly afforded 26 in high
yield. The reaction sequence worked well for both five
(16) and six-membered (17-19) ring amine precursors
leading to tetrahydroisoquinolines (25) or benzazepines
(26-28) (Scheme 3), respectively, which contain the
required fused 5,7-ring system present in many natural
product systems.36

Unlike the cephalotaxine approach that required the
presence of a γ-amino-substituted diazoester, the strategy

delineated in Scheme 1 for the synthesis of lennoxamine
relies on a tandem ammonium ylide/Stevens rearrange-
ment of an appropriately substituted amido diazoester
(i.e., 7). To pursue this approach, it was necessary to first
probe whether the initially formed metallo-carbenoid
would lead to an ammonium ylide or result in isobenzo-
furan formation via a carbonyl ylide intermediate. There
are several reports in the literature where the metal-
induced decomposition of o-(diazomethyl)benzamide de-
rivatives preferentially gave benzannulated quinolines
(Scheme 4).37 Presumably, this reaction sequence involves
the initial formation of an aminoisobenzofuran interme-
diate (i.e., 30) that was trapped intramolecularly with
subsequent elimination of water as shown in Scheme 4.

Recent results from our laboratory have shown that
the Rh(II)-catalyzed reaction of R-diazoesters containing
an amido group in the γ-position can lead to either five-
membered ammonium or carbonyl ylides depending on
the reaction conditions used.20 The metallo-carbenoid
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intermediate generated in these reactions could either
interact with the lone pair of electrons on the amide
nitrogen (ammonium ylide formation) or the lone pair of
electrons on the carbonyl oxygen (carbonyl ylide forma-
tion) (Scheme 5). The experimental observations reflect
a catalyst-promoted system of equilibria with a thermo-
dynamic bias for the ammonium ylide. This chemo-
selectivity issue is important because the key step in
the planned lennoxamine synthesis requires selective
ammonium ylide formation.

To sort out the factors influencing the regiochemistry
of the cyclization, we opted to examine the Rh(II)-
catalyzed behavior of several simple acyclic o-diazo-
benzamides. These N,N-dialkyl-substituted amido diazo-
esters (37-39) were easily prepared from the readily
available carboxylic acid 3638 by the synthetic protocol
shown in Scheme 6. When these substrates were treated
with Rh2(OAc)4 at 80 °C in benzene with dimethyl
acetylenedicarboxylate (DMAD), cycloadducts 41-43 were
obtained in 85-97% yield. With N-phenylmaleimide as
the trapping agent, the ring-opened cycloadduct 44 was
isolated in 65% yield from the Rh(II)-catalyzed reaction
of 39. The formation of these products is easily rational-
ized in terms of a [4 + 2]-cycloaddition39 of an initially
formed amino isobenzofuran intermediate 40 with the
added dienophile. Most importantly, in the absence of an
external trapping agent, no rearranged product (i.e., 45)
derived from an ammonium ylide intermediate could be
detected in the crude reaction mixture. The reaction
mixture contained a significant amount of a dark tar
which resisted characterization.

The exclusive formation of isobenzofuran 40 from the
Rh(II)-catalyzed reaction of R-diazo ketoamides 37-39,
while not unprecedented,37 was disappointing for our
planned lennoxamine synthesis. We decided at this point
that the simplest adjustment to our model system would
be to incorporate a tetrahydroisoquinoline skeleton within
the amide moiety. This led us to study the Rh(II)-
catalyzed behavior of the cyclic diazo ketoamide 46, which
is a more accurate model system for lennoxamine. In
stark contrast to the acyclic o-(diazo)-benzamide series,
and for reasons that still remain obscure, the reaction
of 46 with Rh2(OAc)4 afforded the desired isoindolo-
benzazepine ring system in 83% yield. Formation of
the 5,7-fused skeleton can be attributed to the initial
formation of the spirocyclic ammonium ylide 47 followed
by a preferential Stevens [1,2]-shift of the benzylic carbon
atom to give 48 (Scheme 7).

With this encouraging result in hand, we proceeded
to apply this strategy to the synthesis of lennoxamine.
Amide 51 was readily prepared by conversion of the
known carboxylic acid 4940 into the corresponding acid
chloride followed by reaction with tetrahydro-1,2-dioxolo-
[4,5-g]isoquinoline.41 Unfortunately, all of our attempts
to carry out the critical diazo transfer reaction using a
wide variety of literature procedures did not give the
desired diazo amide 52. No tractable product was ever
isolated from these reactions. Attempts to find alternative
methods42 for the diazo transfer were not successful. The
failed diazo transfer of 51 to 52 may be attributed to the
presence of the methoxy group in the 5-position of the
aromatic ring that diminishes the acidity of the benzylic
protons. Diazo transfer reactions are known to be ex-
tremely sensitive to the nature of the substrate. Indeed,
conversion of the related amide 54 (R ) H), which is
devoid of the 5-methoxy group, to the corresponding
amido diazoester 55 proceeded in 88% yield without any
of the difficulties encountered with 51. With amido
diazoester 55 in hand, we carried out the Rh(II)-catalyzed
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a Reagents: (a) (COCl)2; (b) R1NHR2; (c) NaHMDS; (d) MsN3;
(e) DMAD; (f) N-phenylmaleimide.
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reaction and were pleased to note that the desired ring
expanded lactam 56 was formed in 75% yield. While we
were ultimately thwarted in using the ammonium ylide/
rearrangement cascade for a lennoxamine synthesis by
an uncooperative diazo transfer reaction, there is no
question that the method has shown its potential for the
synthesis of 5,7-fused nitrogen heterocycles. In one
operation, the isoindolo-benzazepine ring system was
prepared in high yield from readily available starting
materials. Application of this method to the synthesis of
a number of related alkaloids is currently being explored
and will be reported on at a later date.

Experimental Section

Melting points are uncorrected. Mass spectra were deter-
mined at an ionizing voltage of 70 eV. Unless otherwise noted,
all reactions were performed in flame-dried glassware under
an atmosphere of dry argon. Solutions were evaporated under
reduced pressure with a rotary evaporator, and the residue
was chromatographed on a silica gel column using an ethyl
acetate/hexane mixture as the eluent unless specified other-
wise. All solids were recrystallized from ethyl acetate/hexane
for analytical data.

2-Diazo-3-oxo-pent-4-enoic Acid Ethyl Ester (15). To a
solution of 3.2 g (22 mmol) of 3-oxo-pent-4-enoic acid ethyl
ester,33 2.7 g (22 mmol) of mesyl azide, and 100 mL of CH2Cl2

at 0 °C was added dropwise 6.3 mL (45 mmol) of Et3N. After
the addition was complete, the solution was allowed to warm
to room temperature and was stirred for 2 h. The solvent was
removed under reduced pressure, and the residue was sub-
jected to flash silica gel chromatography to give 2.3 g (61%) of
15 as a yellow oil: IR (neat) 2983, 2137, 1717, 1650, and 1606
cm-1; 1H NMR (CDCl3, 300 MHz) δ 1.34 (t, 3H, J ) 7.0 Hz),
4.30 (q, 2H, J ) 7.0 Hz), 5.73 (dd, 1H, J ) 10.4 and 1.7 Hz),
6.44 (dd, 1H, J ) 17.1 and 1.7 Hz), and 7.38-7.47 (m, 1H);
13C NMR (CDCl3, 75 MHz) δ 14.2, 61.4, 128.1, 128.2, 131.4,
160.9, and 181.6. Anal. Calcd for C7H8N2O3: C, 50.00; H, 4.80;
N, 16.66. Found: C, 49.79; H, 4.70; N, 16.36.

General Procedure for Conjugate Addition Reaction.
To a 0.1 M solution of the appropriate amine in CH2Cl2 was
added dropwise 0.9 equiv of 2-diazo-3-oxo-pent-4-enoic acid
ethyl ester (15) as a solution in CH2Cl2. After the reaction was
complete, the solvent was removed under reduced pressure,
and the crude product was purified by flash silica gel chro-
matography.

2-Diazo-5-(1,3-dihydroisoindol-2-yl)-3-oxopentanoic
Acid Ethyl Ester (20). Following the general procedure, the
reaction of 0.23 g (2.0 mmol) of 1,3-dihydroisoindole (16) and
diazoester 15 for 1 h gave 0.4 g (78%) of 20 as a pale yellow
oil: IR (neat) 3029, 2933, 2769, 2136, 1717, and 1655 cm-1;
1H NMR (CDCl3, 400 MHz) δ 1.33 (t, 3H, J ) 7.2 Hz), 3.08-
3.19 (m, 4H), 3.97 (s, 4H), 4.31 (q, 2H, J ) 7.2 Hz), and 7.17
(s, 4H); 13C NMR (CDCl3, 100 MHz) δ 14.3, 39.1, 50.6, 58.9,
61.4, 76.3, 122.2, 126.6, 139.9, 161.2, and 191.4. Anal. Calcd
for C15H17N3O3: C, 62.69; H, 5.97; N, 14.63. Found: C, 62.58;
H, 5.86; N, 14.41.

2-Diazo-5-(3,4-dihydro-1H-isoquinolin-2-yl)-3-oxopen-
tanoic Acid Ethyl Ester (21). Following the general proce-
dure, the reaction of 0.5 g (3.9 mmol) of tetrahydroisoquinoline
(17) and diazoester 15 for 1 h gave 1.0 g (96%) of 21 as a pale
yellow oil: IR (neat) 3065, 2919, 2136, 1717, and 1653 cm-1;
1H NMR (CDCl3, 400 MHz) δ 1.32 (t, 3H, J ) 7.2 Hz), 2.77 (t,
2H, J ) 6.1 Hz), 2.89-2.93 (m, 4H), 3.16 (t, 2H, J ) 7.2 Hz),
3.67 (s, 2H), 4.28 (q, 2H, J ) 7.2 Hz), and 6.99-7.10 (m, 4H);
13C NMR (CDCl3, 100 MHz) δ 14.2, 28.9, 37.5, 50.6, 52.7, 55.7,
61.2, 76.1, 125.4, 125.9, 126.4, 128.4, 134.0, 134.5, 161.1, and
191.5. Anal. Calcd for C16H19N3O3: C, 63.77; H, 6.36; N, 13.94.
Found: C, 63.89; H, 6.38; N, 13.93.

2-Diazo-5-(1-methyl-3,4-dihydro-1H-isoquinolin-2-yl)-
3-oxopentanoic Acid Ethyl Ester (22). Following the
general procedure, the reaction of 0.35 g (2.3 mmol) of
1-methyltetrahydroisoquinoline (18) and diazoester 15 for 5
h gave 0.5 g (78%) of 22 as a pale yellow oil: IR (neat) 3049,
2971, 2821, 2135, 1712, and 1644 cm-1; 1H NMR (CDCl3, 300
MHz) δ 1.28-1.35 (m, 6H), 2.69-3.20 (m, 8H), 3.90 (q, 1H, J
) 6.6 Hz), 4.30 (q, 2H, J ) 7.1 Hz), and 7.05-7.13 (m, 4H);
13C NMR (CDCl3, 75 MHz) δ 14.4, 19.6, 27.2, 29.2, 37.8, 38.4,
44.5, 49.2, 50.8, 53.0, 56.0, 56.6, 61.4, 76.3, 125.6, 125.7, 125.8,
126.1, 126.6, 127.3, 128.6, 128.8, 134.2, 134.3, 140.3, 161.3,
and 192.0. Anal. Calcd for C17H21N3O3: C, 64.74; H, 6.71; N,
13.32. Found: C, 64.47; H, 6.66; N, 13.26.

2-Diazo-3-oxo-5-(1-propenyl-3,4-dihydro-1H-isoquino-
lin-2-yl)-pentanoic Acid Ethyl Ester (23). Following the
general procedure, the reaction of 1.9 g (11 mmol) of 1-pro-
penyltetrahydroisoquinoline (19) and diazoester 15 for 12 h
gave 3.0 g (82%) of 23 as a pale yellow oil: IR (neat) 3018,
2911, 2805, 2129, 1716, and 1652 cm-1; 1H NMR (CDCl3, 300
MHz) δ 1.33 (t, 3H, J ) 7.1 Hz), 1.75 (d, 1H, J ) 6.2 Hz), 1.87
(d, 2H, J ) 6.7 Hz), 2.55-3.25 (m, 8H), 4.05 (d, 0.67H, J ) 8.6
Hz), 4.29 (q, 2H, J ) 7.1 Hz), 4.45 (d, 0.33H, J ) 9.8 Hz), 5.37-
5.45 (m, 1H), 5.66-5.83 (m, 1H), and 7.01-7.12 (m, 4H); 13C
NMR (CDCl3, 75 MHz) δ 13.6, 14.5, 17.9, 29.2, 29.7, 37.7, 37.8,
46.8, 47.7, 49.5, 49.7, 59.6, 61.4, 65.6, 76.2, 125.5, 125.7, 126.1,
126.8, 127.7, 128.4, 128.7, 129.1, 132.2, 132.3, 134.6, 134.7,
137.3, 137.5, 161.4, and 192.1. Anal. Calcd for C19H23N3O3: C,
66.84; H, 6.79; N, 12.31. Found: C, 66.84; H, 6.84; N, 12.24.

1-Oxo-2,3,5,10-tetrahydro-1H-pyrrolo[1,2-b]isoquinoline-
10a-carboxylic Acid Ethyl Ester (25). A 0.1 g (0.35 mmol)
sample of 2-diazo-5-(1,3-dihydroisoindol-2-yl)-3-oxopentanoic
acid ethyl ester (20) and 0.05 g of Cu(acac)2 in 10 mL of xylene
was heated at reflux for 15 min to give 0.06 g (68%) of 25 as
a pale yellow solid after silica gel chromatography: mp 85-
87 °C; IR (neat) 2980, 2927, 2851, 1761, and 1729 cm-1; 1H
NMR (CDCl3, 400 MHz) δ 1.16 (t, 3H, J ) 7.2 Hz), 2.50-2.70
(m, 2H), 2.87 (d, 1H, J ) 15.9 Hz), 3.25 (dt, 1H, J ) 10.6 and
4.1 Hz), 3.38-3.48 (m, 2H), 4.01 (d, 1H, J ) 15.3 Hz), 4.11 (q,
2H, J ) 7.2 Hz), 4.17 (d, 1H, J ) 15.3 Hz), and 7.06-7.16 (m,
4H); 13C NMR (CDCl3, 100 MHz) δ 14.1, 32.1, 35.8, 46.9, 50.2,
61.4, 70.1, 126.1, 126.4, 126.5, 129.2, 132.3, 133.4, 168.8, and
209.8. Anal. Calcd for C15H17NO3: C, 69.48; H, 6.61; N, 5.40.
Found: C, 69.41; H, 6.58; N, 5.33.

1-Oxo-2,3,6,11-tetrahydro-1H,5H-benzo[d]pyrrolo[1,2-
a]azepine-11a-carboxylic Acid Ethyl Ester (26). A 0.3 g
(1.0 mmol) sample of 2-diazo-5-(3,4-dihydro-1H-isoquinolin-2-
yl)-3-oxopentanoic acid ethyl ester (21) and 0.07 g of Cu(acac)2

in 10 mL of xylene was heated at reflux for 15 min to give 0.2
g (73%) of 26 as a pale yellow oil: IR (neat) 3023, 2933, 2856,
1764, and 1726 cm-1; 1H NMR (CDCl3, 400 MHz) δ 1.08 (t,
3H, J ) 7.2 Hz), 2.43-2.58 (m, 2H), 2.75-2.81 (m, 1H), 3.00
(d, 1H, J ) 14.3 Hz), 3.04-3.11 (m, 2H), 3.22-3.43 (m, 3H),

Scheme 8a

a Reagents: (a) (COCl)2; (b) DBU, TsN3; (c) Rh2(OAc)4.
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3.46 (d, 1H, J ) 14.3 Hz), 3.94 (q, 2H, J ) 7.2 Hz), and 7.07-
7.18 (m, 4H); 13C NMR (CDCl3, 100 MHz) δ 14.1, 34.9, 36.0,
40.6, 47.4, 48.5, 60.9, 73.3, 126.2, 126.9, 129.0, 130.9, 136.0,
141.3, 167.4, and 208.3. Anal. Calcd for C16H19NO3: C, 70.31;
H, 7.01; N, 5.12. Found: C, 70.37; H, 7.01; N, 5.10.

11-Methyl-1-oxo-2,3,6,11-tetrahydro-1H,5H-benzo[d]-
pyrrolo[1,2-a]azepine-11a-carboxylic Acid Ethyl Ester
(27). A 0.5 g (1.6 mmol) sample of 2-diazo-5-(1-methyl-3,4-
dihydro-1H-isoquinolin-2-yl)-3-oxopentanoic acid ethyl ester
(22) and 0.08 g of Cu(acac)2 in 10 mL of xylene was heated at
reflux for 1 h to give 27 as a 1:1-mixture of diastereomers.
The two diastereomers were separated by silica gel chroma-
tography. The first fraction contained 0.17 g (37%) of a white
solid, mp 63-65 °C; IR (neat) 3060, 2977, 2934, 2856, 1762,
and 1719 cm-1; 1H NMR (CDCl3, 300 MHz) δ 1.0 (t, 3H, J )
7.2 Hz), 1.17 (d, 3H, J ) 7.2 Hz), 2.45-2.50 (m, 2H), 2.61-
2.67 (m, 1H), 3.04-3.11 (m, 1H), 3.28-3.49 (m, 4H), 3.76 (q,
1H, J ) 7.2 Hz), 3.80-3.94 (m, 2H), and 7.00-7.21 (m, 4H);
13C NMR (CDCl3, 75 MHz) δ 14.0, 14.8, 36.3, 36.8, 46.0, 48.7,
49.0, 60.9, 78.1, 126.4, 126.6, 130.9, 131.5, 139.9, 141.7, 167.8,
and 210.3. Anal. Calcd for C17H21NO3: C, 71.06; H, 7.37; N,
4.87. Found: C, 71.22; H, 7.26; N, 4.75.

The other diastereomer was also isolated as a white solid,
mp 65-67 °C; IR (neat) 3061, 2979, 2932, 2854, 1761, and 1721
cm-1; 1H NMR (CDCl3, 300 MHz) δ 1.10 (t, 3H, J ) 7.1 Hz),
1.55 (d, 3H, J ) 7.4 Hz), 2.50 (t, 2H, J ) 6.7 Hz), 2.66 (dd, 1H,
J ) 13.7 and 5.4 Hz), 3.08-3.21 (m, 2H), 3.33-3.48 (m, 3H),
3.71 (q, 1H, J ) 7.4 Hz), 3.86-4.03 (m, 2H), and 7.05-7.23
(m, 4H); 13C NMR (CDCl3, 75 MHz) δ 14.1, 16.5, 33.4, 35.2,
39.5, 46.3, 48.7, 61.0, 75.2, 126.4, 126.8, 127.9, 128.8, 140.8,
141.1, 167.6, and 207.2. Anal. Calcd for C17H21NO3: C, 71.06;
H, 7.37; N, 4.87. Found: C, 71.10; H, 7.35; N, 4.95.

1-Oxo-11-propenyl-2,3,6,11-tetrahydro-1H,5H-benzo[d]-
pyrrolo[1,2-a]azepine-11a-carboxylic Acid Ethyl Ester
(28). A 3.0 g (8.8 mmol) sample of 2-diazo-3-oxo-5-(1-propenyl-
3,4-dihydro-1H-isoquinolin-2-yl)-pentanoic acid ethyl ester (23)
and 0.1 g of Cu(acac)2 in 10 mL of toluene was heated at reflux
for 1 h to give 2.1 g (77%) of 28 as a yellow solid after silica
gel chromatography: mp 69-71 °C; IR (neat) 3059, 2979, 2933,
2854, 1763, and 1720 cm-1; 1H NMR (CDCl3, 300 MHz) δ 0.98-
1.27 (m, 3H), 1.58 (d, 1H, J ) 6.5 Hz), 1.70 (dd, 1H, J ) 6.8
and 1.6 Hz), 2.41-2.74 (m, 4H), 2.97-3.14 (m, 1H), 3.27-3.48
(m, 4H), 3.83-4.16 (m, 2H), 4.28 (d, 0.5H, J ) 6.6 Hz), 4.59
(d, 0.5H, J ) 9.5 Hz), 5.25-5.35 (m, 0.5H), 5.45-5.55 (m,
0.5H), 5.64-5.71 (m, 0.5H), 6.00-6.08 (m, 0.5H), and 7.00-
7.23 (m, 4H); 13C NMR (CDCl3, 75 MHz) δ 13.3, 13.9, 18.0,
35.8, 36.0, 36.6, 36.8, 48.6, 48.7, 48.9, 49.0, 54.5, 60.8, 77.5,
77.9, 126.0, 126.1, 126.2, 126.4, 126.5, 126.7, 127.7, 127.9,
130.6, 130.7, 131.6, 131.9, 139.3, 139.7, 139.9, 140.1, 167.3,
167.5, 208.9, and 209.3. Anal. Calcd for C19H23NO3: C, 72.82;
H, 7.40; N, 4.47. Found: C, 72.71; H, 7.36; N, 4.40.

(2-Diethylcarbamoylphenyl)acetic Acid Methyl Ester.
To a stirred solution of 5.0 g (26 mmol) of carboxylic acid 3620

in 125 mL of CH2Cl2 were added 4.5 mL (52 mmol) of oxalyl
chloride and two drops of DMF. The mixture was stirred at
room temperature for 2 h, and the solvent and excess oxalyl
chloride were removed under reduced pressure. The crude acid
chloride was dissolved in 10 mL of CH2Cl2, and this was added
to a solution of 6.7 mL (65 mmol) of diethylamine in 125 mL
of CH2Cl2 at 0 °C. The reaction was allowed to warm to room
temperature and was stirred for an additional 24 h. The
mixture was quenched with 100 mL of water and the organic
layer was separated and washed with 100 mL of a 10% HCl
solution, 100 mL of a saturated NaHCO3 solution, and 100
mL of a saturated NaCl solution. The solution was dried over
anhydrous MgSO4, filtered, and the solvent was removed
under reduced pressure. The crude residue was chromato-
graphed on silica gel to give 3.8 g (60%) of the title compound
as a pale yellow oil; IR (neat) 3061, 2967, 1737, 1630, and 1603
cm-1; 1H NMR (CDCl3, 400 MHz) δ 1.08 (t, 3H, J ) 7.2 Hz),
1.23 (t, 3H, J ) 7.2 Hz), 3.13-3.18 (m, 2H), 3.67 (s, 3H), 3.72-
3.88 (m, 4H), and 7.20-7.36 (m, 4H); 13C NMR (CDCl3, 100
MHz) δ 12.5, 13.8, 37.9, 38.6, 42.8, 51.9, 125.6, 126.9, 128.8,
130.8, 137.2, 170.1, and 171.6; HRMS Calcd for C14H19NO3:
249.3124. Found: 249.3124.

Diazo-(2-diethylcarbamoylphenyl)acetic Acid Methyl
Ester (37). To a stirred solution of 0.5 g (2.0 mmol) of the
above amido ester in 5 mL of THF at -78 °C was added 2.4
mL (2.4 mmol) of a 1.0 M THF solution of lithium bis-
(trimethylsilyl) amide dropwise over a 20 min period. The
mixture was stirred at -78 °C for 1 h, and 0.5 g (2.2 mmol) of
MsN3 in 7 mL of THF was added in one portion. The solution
was stirred at -78 °C for 1 h, warmed to room temperature,
and stirred at room temperature for an additional 3 h. The
mixture was quenched with 30 mL of a phosphate buffer
solution (pH ) 7.0) and extracted with CH2Cl2. The combined
organic extracts were washed with 50 mL of a saturated NaCl
solution, dried over Na2SO4, and filtered, and the solvent was
removed under reduced pressure. The crude residue was
purified by flash chromatography on silica gel to afford 0.18 g
(40%) of 37 as a pale yellow oil which was used in the next
step without further purification; IR (neat) 2096, 1744, 1704,
1631, and 1153 cm-1; 1H NMR (CDCl3, 400 MHz) δ 1.05 (t,
3H, J ) 6.8 Hz), 1.25 (t, 3H, J ) 6.8 Hz), 3.16-3.18 (m, 2H),
3.20-3.30 (m, 2H), 3.81 (s, 3H), 7.29 (dd, 1H, J ) 7.6 and 1.2
Hz), 7.34 (td, 1H, J ) 7.6 and 1.2 Hz), 7.42 (td, 1H, J ) 7.6
and 1.6 Hz), and 7.51-7.53 (m, 1H); 13C NMR (CDCl3, 100
MHz) δ 12.6, 13.7, 38.8, 42.8, 52.1, 52.9, 126.9, 128.2, 129.2,
130.6, 131.3, 136.6, 169.4 and 171.2.

8-Diethyl-11-oxa-tricyclo[6.2.1.02,7]undeca-2(7),3,5,9-
tetraene-1,9,10-tricarboxylic Acid Trimethyl Ester (41).
To a stirred solution of 0.05 g (0.18 mmol) of diazoester 37 in
10 mL of benzene were added 0.03 mL (0.27 mmol) of dimethyl
acetylenedicarboxylate and 2 mg of rhodium(II) acetate, and
the mixture was heated at reflux for 2 h. The mixture was
cooled to room temperature, and the solvent was removed
under reduced pressure. Purification of the crude residue by
flash chromatography on silica gel gave 0.03 g (44%) of 41 as
a yellow oil; IR (neat) 1740, 1734, 1703, 1235, 1155, and 1057
cm-1; 1H NMR (CDCl3, 400 MHz) δ 1.14-1.25 (m, 6H), 3.15-
3.21 (m, 2H), 3.63 (s, 3H), 3.75 (s, 6H), 3.87 (d, 1H, J ) 6.4
Hz), 3.93 (d, 1H, J ) 6.4 Hz), and 7.43-8.23 (m, 4H); 13C NMR
(CDCl3, 100 MHz) δ 13.1, 16.5, 29.6, 44.8, 45.8, 50.6, 52.8, 53.3,
82.8, 126.1, 126.2, 126.5, 127.2, 127.3, 130.1, 134.2, 153.7,
166.1, 166.8, and 168.3. Anal. Calcd for C20H23NO7: C, 61.67;
H, 5.96; N, 3.60. Found: C, 61.58; H, 5.79; N, 3.62.

[2-(Benzylmethylcarbamoyl)phenyl]acetic Acid Meth-
yl Ester. To a stirred solution of 5.0 g (26 mmol) of carboxylic
acid 36 in 125 mL of CH2Cl2 were added 6.8 mL (78 mmol) of
oxalyl chloride and two drops of DMF. The mixture was stirred
at room temperature for 2 h, and the solvent and excess oxalyl
chloride were removed under reduced pressure. The crude acid
chloride was dissolved in 15 mL of CH2Cl2, and this was added
to a solution of 5.2 mL (65 mmol) of N-benzylmethylamine in
125 mL of CH2Cl2 at 0 °C. The reaction mixture was allowed
to warm to room temperature and was stirred for an additional
2 h. The mixture was quenched with 150 mL of water, the
organic layer was separated, washed with a saturated NaCl
solution, dried over anhydrous MgSO4, and filtered, and the
solvent was removed under reduced pressure. Purification of
the crude residue by flash chromatography on silica gel
gave 4.1 g (53%) of the title compound as a pale yellow oil;
IR (neat) 1737, 1635, 1600, 1265, 1170, and 1068 cm-1; 1H
NMR (CDCl3, 400 MHz) δ 2.77 (s, 3H), 3.58 (s, 3H), 3.80 (s,
2H), 4.76 (s, 2H), and 7.17-7.37 (m, 9H); 13C NMR (CDCl3,
100 MHz) δ 36.4, 38.1, 50.3, 51.9, 126.4, 126.8, 127.1, 127.5,
128.3, 128.6, 128.8, 129.1, 129.3, 131.1, 136.6, 136.9, 170.8,
and 171.6; HRMS Calcd for C18H19NO3: 297.1364. Found:
297.1365.

[2-(Benzylmethylcarbamoyl)phenyl]diazoacetic Acid
Methyl Ester (38). To a stirred solution of 0.5 g (1.6 mmol)
of the above amido ester in 15 mL of THF at -78 °C was added
1.9 mL (1.9 mmol) of a 1.0 M THF solution of sodium
bis(trimethylsilyl)amide dropwise over a 20 min period. The
mixture was stirred at -78 °C for 1 h, and 0.2 mL (1.9 mmol)
of mesyl azide in 1 mL of THF was added in one portion. The
solution was stirred at -78 °C for 2 h, warmed to room
temperature, and stirred for an additional 2 h. The mixture
was quenched with 30 mL of a phosphate buffer solution (pH
) 7.0) and extracted with CH2Cl2. The combined organic
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extracts were washed with a saturated NaCl solution, dried
over Na2SO4, and filtered, and the solvent was removed under
reduced pressure. The crude residue was purified by flash
chromatography on silica gel to give 0.3 g (63%) of 38 as a
pale yellow oil which was used in the next step without further
purification; IR (neat) 2103, 1744, 1631, 1697, 1598, and 1199
cm-1; 1H NMR (CDCl3, 400 MHz) δ 2.78 (s, 3H), 3.71 (s, 3H),
4.72 (d, 1H, J ) 14.8 Hz), 4.85 (d, 1H, J ) 14.8 Hz), and 7.18-
7.49 (m, 9H); 13C NMR (CDCl3, 100 MHz) δ 36.5, 50.4, 52.9,
61.7, 126.8, 127.6, 127.7, 127.9, 128.3, 128.4, 128.7, 128.8,
128.9, 129.7, 136.3, 136.6, 169.4, and 169.8.

8-(Benzylmethylamino)-11-oxa-tricyclo[6.2.1.02,7]un-
deca-2(7),3,5,9-tetraene-1,9,10-tricarboxylic Acid Tri-
methyl Ester (42). To a stirred solution of 0.05 g (0.15 mmol)
of diazo amido-ester 38 in 10 mL of benzene were added 0.03
mL (0.2 mmol) of dimethyl acetylenedicarboxylate and 2 mg
of rhodium(II) perfluorobutyrate, and the reaction mixture was
heated at reflux for 24 h. The mixture was cooled to room
temperature, and the solvent was removed under reduced
pressure. The crude residue was purified by flash chromatog-
raphy on silica gel to provide 0.06 g (97%) of 42 as a clear oil;
IR (neat) 1754, 1735, 1634, 1602, 1221, 1177, and 1063 cm-1;
1H NMR (CDCl3, 400 MHz) δ 2.66 (s, 3H), 3.81 (s, 3H), 3.96
(s, 3H), 3.97 (s, 3H), 4.51 (d, 1H, J ) 14.4 Hz), 4.76 (d, 1H, J
) 14.4 Hz), and 7.01-7.57 (m, 9H); 13C NMR (CDCl3, 100 MHz)
δ 32.9, 36.6, 50.4, 52.7, 53.5, 62.9, 126.1, 126.5, 126.9, 127.5,
128.2, 128.6, 129.3, 129.8, 130.0, 130.4, 135.9, 136.5, 139.6,
158.6, 160.2, 167.4, 169.5, and 170.2. Anal. Calcd for C24H23NO7:
C, 65.88; H, 5.30; N, 3.20. Found: C, 65.72; H, 5.29; N, 3.02.

[2-(Methylphenylcarbamoyl)phenyl]acetic Acid Meth-
yl Ester. To a stirred solution of 5.0 g (26 mmol) of carboxylic
acid 36 in 125 mL of CH2Cl2 were added 4.5 mL (52 mmol) of
oxalyl chloride and two drops of DMF. The mixture was stirred
at room temperature for 2 h, and the solvent and excess oxalyl
chloride were removed under reduced pressure. The crude acid
chloride was dissolved in 15 mL of CH2Cl2, and this was added
to a solution of 7.0 mL (65 mmol) of N-methylaniline in 125
mL of CH2Cl2 at 0 °C. The reaction was allowed to warm to
room temperature and was stirred at room temperature for
an additional 18 h. The mixture was quenched with 100 mL
of water, the organic layer was separated and washed with
150 mL of a 10% HCl solution, 150 mL of a saturated NaHCO3

solution, and 150 mL of a saturated NaCl solution, dried over
anhydrous MgSO4, and filtered, and the solvent was removed
under reduced pressure. The crude residue was purified by
flash chromatography on silica gel to give 3.8 g (51%) of the
titled compound as a yellow oil; IR (neat) 1735, 1646, 1595,
1215, 1164, and 1031 cm-1; 1H NMR (CDCl3, 400 MHz) δ 3.48
(brs, 3H), 3.73 (s, 3H), 3.88 (s, 2H), 6.96 (brs, 2H), and 7.06-
7.21 (m, 7H); 13C NMR (CDCl3, 100 MHz) δ 37.6, 38.4, 51.9,
126.1, 126.3, 128.6, 128.8, 128.9, 130.8, 132.3, 135.5, 144.0,
169.9, and 171.7; HRMS Calcd for C17H17NO3: 283.1208.
Found: 283.1208.

Diazo-[2-(methylphenylcarbamoyl)phenyl]acetic Acid
Methyl Ester (39). To a stirred solution of 2.0 g (7.1 mmol)
of the above amido ester in 45 mL of THF at -78 °C was added
7.8 mL (7.8 mmol) of a 1.0 M THF solution of sodium
bis(trimethyl-silyl)amide dropwise over a 30 min period. The
mixture was stirred at -78 °C for 1 h, and 1.0 mL (7.8 mmol)
of mesyl azide in 2 mL of THF was added in one portion. The
solution was stirred at -78 °C for 2 h, warmed to room
temperature, and stirred at room temperature for an ad-
ditional 2 h. The mixture was quenched with 50 mL of a
phosphate buffer solution (pH ) 7.0) and extracted with
CH2Cl2. The combined organic extracts were washed with a
saturated NaCl solution, dried over Na2SO4, and filtered,
and the solvent was removed under reduced pressure. The
crude residue was purified by flash chromatography on silica
gel to afford 1.0 g (47%) of 39 as a yellow oil which was used
in the next step without further purification; IR (neat) 2108,
1743, 1635, 1594, 1203, 1115, and 1007 cm-1; 1H NMR (CDCl3,
400 MHz) δ 3.53 (brs, 3H), 3.82 (s, 3H), and 6.96-7.35 (m,
9H); 13C NMR (CDCl3, 100 MHz) δ 37.6, 52.8, 61.6, 126.5,
126.7, 127.7, 127.9, 128.1, 129.0, 129.4, 132.7, 135.7, 143.8,
168.9, and 169.6.

8-(Methylphenylamino)-11-oxa-tricyclo[6.2.1.02,7]un-
deca-2(7),3,5,9-tetraene-1,9,10-tricarboxylic Acid Tri-
methyl Ester (43). To a stirred solution of 0.05 g (0.16 mmol)
of diazo amido-ester 39 in 10 mL of benzene were added 0.03
mL (0.24 mmol) of dimethyl acetylenedicarboxylate and 2 mg
of rhodium(II) acetate, and the reaction was heated at reflux
for 24 h. The mixture was cooled to room temperature, and
the solvent was removed under reduced pressure. Purification
of the crude residue by flash chromatography on silica gel gave
0.06 g (94%) of 43 as a pale yellow solid; mp 185-186 °C; IR
(neat) 1747, 1734, 1633, 1593, 1216, and 1176 cm-1; 1H NMR
(CDCl3, 400 MHz) δ 3.46 (brs, 3H), 3.84 (s, 3H), 3.97 (s, 3H),
4.03 (brs, 3H), 6.96-7.19 (m, 8H), and 7.43-7.49 (m, 1H); 13C
NMR (CDCl3, 100 MHz) δ 37.8, 52.6, 53.4, 53.5, 62.6, 126.3,
126.7, 128.3, 129.1, 129.5, 130.2, 130.5, 131.0, 135.4, 139.3,
143.7, 158.9, 160.4, 167.5, and 168.8. Anal. Calcd for C23H21NO7:
C, 65.24; H, 5.00; N, 3.31. Found: C, 65.16; H, 4.86; N, 3.35.

4-Hydroxy-9-(methylphenylamino)-1,3-dioxo-2-phenyl-
2,3,3a,4-tetrahydro-1H-benzo[f]isoindole-4-carboxylic
Acid Methyl Ester (44). To a stirred solution of 0.05 g
(0.16 mmol) of diazo amido-ester 39 in 10 mL of benzene were
added 0.04 g (0.24 mmol) of N-phenylmaleimide and 2 mg of
rhodium(II) perfluorobutyrate, and the reaction was heated
at reflux for 48 h. The mixture was cooled to room tempera-
ture, and the solvent was removed under reduced pressure.
Purification of the crude residue by flash chromatography on
silica gel gave 0.05 g (65%) of the ring opened cycloadduct 44
as a pale yellow oil: IR (neat) 1709, 1649, 1595, and 1201 cm-1;
1H NMR (CDCl3, 400 MHz) δ 3.55 (s, 3H), 3.85 (s, 3H), 5.31
(s, 1H), 5.74 (brs, 1H), and 6.84-7.52 (m, 14H); 13C NMR
(CDCl3, 100 MHz) δ 29.7, 38.2, 53.2, 57.8, 61.9, 87.9, 125.8,
126.2, 126.8, 127.2, 127.8, 128.7, 128.9, 129.2, 130.1, 131.2,
131.8, 133.6, 134.3, 139.0, 146.9, 166.2, 167.7, and 169.8. Anal.
Calcd for C27H22N2O5: C, 71.34; H, 4.88; N, 6.17. Found: C,
71.25; H, 4.87; N, 6.09.

[2-(3,4-Dihydro-1H-isoquinoline-2-carbonyl)phenyl]-
acetic Acid Methyl Ester. To a stirred solution of 10 g (52
mmol) of carboxylic acid 36 in 150 mL of THF was added 8.4
g (52 mmol) of carbonyl diimidazole. The reaction mixture was
stirred at room temperature for 1 h, and 6.5 mL (52 mmol) of
1,2,3,4-tetrahydroisoquinoline was added. The mixture was
stirred at room temperature for an additional 18 h. The solvent
was removed under reduced pressure, and the residue was
dissolved in 200 mL of ether and consecutively washed with
100 mL of a 10% HCl solution, 100 mL of a saturated NaHCO3,
100 mL of water, and a saturated NaCl solution. The combined
organic extracts were dried over MgSO4 and filtered, and the
solvent was removed under reduced pressure. The crude
residue was purified by flash chromatography on silica gel to
give 13 g (82%) of the titled compound as a yellow oil which
consisted of a 1:1 mixture of rotomers; IR (neat) 1735, 1633,
1602, 1259, 1158, and 1005 cm-1; 1H NMR (CDCl3, 400 MHz)
δ 2.77 (brs, 2H), 2.90 (brs, 2H), 3.21 (s, 3H), 3.46-3.52 (m,
4H), 3.57 (s, 3H), 3.62-3.95 (m, 4H), 4.40 (s, 2H), 4.62-5.01
(m, 2H), 6.82 (d, 1H, J ) 7.6 Hz), and 7.06-7.34 (m, 15H); 13C
NMR (CDCl3, 100 MHz) δ 28.3, 29.2, 37.9, 38.0, 39.7, 44.2,
44.7, 49.0, 51.5, 51.8, 125.8, 125.9, 126.1, 126.2, 126.4, 126.5,
127.0, 128.4, 128.7, 129.1, 129.2, 131.0, 131.1, 131.4, 131.5,
132.6, 132.7, 133.8, 134.3, 136.2, 136.3, 169.4, 169.4, 171.2,
and 171.6; HRMS Calcd for C19H19NO3: 309.1365. Found:
309.1365.

Diazo-[2-(3,4-dihydro-1H-isoquinoline-2-carbonyl)phen-
yl]acetic Acid Methyl Ester (46). To a stirred solution of
0.5 g (1.6 mmol) of the above amido-ester 50 in 15 mL of
acetonitrile was added 0.8 mL (5.3 mmol) of 1,8-diazabicyclo-
[5.4.0]undec-7-ene followed by 0.9 mL (6.0 mmol) of p-toluene-
sulfonyl azide. After stirring for 48 h in the dark at room
temperature, another 0.25 mL (1.6 mmol) of p-toluenesulfonyl
azide was added. The reaction was stirred for an additional
24 h and concentrated under reduced pressure. The crude
residue was purified by flash chromatography on silica gel to
give 0.44 g (85%) of 46 as a yellow oil that consisted of a 1:1
mixture of rotomers and which was used in the next step
without further purification; IR (neat) 2106, 1740, 1633, 1606,
1260, 1206, and 1013 cm-1; 1H NMR (CDCl3, 400 MHz) δ 2.77-
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2.99 (m, 4H), 3.44-3.74 (m, 10H), 4.27-4.30 (m, 1H), 4.40 (s,
1H), 4.61-4.68 (m, 1H), 4.95-5.05 (m, 1H), 6.81-6.83 (m, 1H),
and 7.09-7.53 (m, 15H); 13C NMR (CDCl3, 100 MHz) δ 28.1,
29.0, 39.6, 44.2, 44.5, 48.8, 51.7, 51.8, 122.5, 122.8, 125.7, 125.9,
126.2, 126.3, 126.4, 126.5, 127.0, 127.4, 127.6, 127.9, 128.3,
128.7, 129.3, 129.4, 129.5, 129.8, 132.3, 132.3, 133.6, 134.1,
134.8, 165.2, 165.4, 168.2, and 169.2.

5-Oxo-8,13-dihydro-5H,7H-benzo[4,5]azepino[2,1-a]-
isoindole-13a-carboxylic Acid Methyl Ester (48). To a
refluxing solution of 0.01 g of rhodium(II) acetate in 200 mL
of toluene was added 0.8 g (2.5 mmol) of diazoester 46 in 50
mL of toluene dropwise over a 30 min period. The mixture was
heated at reflux for 1 h and cooled to room temperature. The
solvent was removed under reduced pressure, and the crude
residue was subjected to flash chromatography on silica gel
to give 0.27 g (35%) of 48 as a yellow oil; IR (neat) 3024, 2951,
1740, and 1694 cm-1; 1H NMR (CDCl3, 400 MHz) δ 2.84-3.03
(m, 2H), 3.07-3.10 (m, 1H), 3.25-3.32 (m, 1H), 3.55 (s, 3H),
3.75-3.79 (m, 1H), 4.81-4.87 (m, 1H), 7.15-7.30 (m, 4H), and
7.59-7.95 (m, 4H); 13C NMR (CDCl3, 100 MHz) δ 35.7, 39.5,
44.9, 52.6, 70.4, 122.3, 123.8, 126.7, 127.7, 129.3, 129.4, 130.9,
131.2, 132.0, 134.4, 141.3, 143.5, 167.2, and 169.2. Anal. Calcd
for C19H17NO3: C, 74.24; H, 5.58; N, 4.56. Found: C, 74.13;
H, 5.66; N, 4.31.

[2-(7,8-Dihydro-5H-[1,3]dioxolo[4,5-g]isoquinoline-
6-carbonyl)-3,4-dimethoxyphenyl]acetic Acid Methyl
Ester (51). To a stirred solution of 0.5 g (1.9 mmol) of
carboxylic acid 4940 in 5 mL of CH2Cl2 were added 0.3 mL (3.9
mmol) of oxalyl chloride and two drops of DMF. The mixture
was stirred at room temperature for 2 h, and the solvent and
excess oxalyl chloride were removed under reduced pressure.
The crude acid chloride was dissolved in 10 mL of CH2Cl2, and
0.5 g (3.9 mmol) of DMAP was added. The mixture was stirred
at room temperature for 15 min, 0.4 g (1.9 mmol) of amine
5041 was added, and the solution was heated at reflux for 18
h. The reaction mixture was cooled to room temperature,
quenched with 35 mL of a saturated NaHCO3 solution, and
extracted with CH2Cl2. The combined organic extracts were
washed with a saturated NaCl solution, dried over Na2SO4,
and filtered, and the solvent was removed under reduced
pressure. The crude residue was purified by flash chromatog-
raphy on silica gel to give 0.45 g (60%) of 51 as a pale yellow
solid which consisted of a 1:1 mixture of rotomers; mp 139-
141 °C; IR (neat) 1745, 1650, 1556, 1272, 1252, 1029, and 1002
cm-1; 1H NMR (CDCl3, 400 MHz) δ 2.58-2.66 (m, 1H), 2.80-
2.87 (m, 3H), 3.32 (s, 2H), 3.35-3.52 (m, 2H), 3.62 (s, 2H),
3.64-3.72 (m, 2H), 3.77-3.81 (m, 6H), 3.88-3.90 (m, 6H),
3.97-4.06 (m, 6H), 4.12-4.35 (m, 2H), 4.69-4.71 (d, 1H, J )
17.4 Hz), 4.92-4.97 (d, 1H, J ) 17.4 Hz), 5.87 (dd, 2H, J )
3.2 and 1.6 Hz), 5.92 (s, 2H), 6.37 (s, 1H), 6.56 (s, 1H), 6.61 (s,
1H), 6.65 (s, 1H), 6.89 (d, 1H, J ) 2.4 Hz), 6.92 (d, 1H, J ) 2.4
Hz), and 7.03 (t, 2H, J ) 7.4 Hz); 13C NMR (CDCl3, 100 MHz)
δ 27.9, 28.9, 37.3, 40.1, 44.2, 44.3, 48.3, 52.4, 52.6, 55.7, 56.3,
61.6, 100.9, 105.9, 106.4, 108.4, 108.5, 114.8, 119.7, 121.7,
124.8, 126.7, 127.2, 146.5, 151.0, 151.2, 153.7, 155.8, 161.1,
161.2, 164.1, and 164.3. Anal. Calcd for C22H23NO7: C, 63.92;
H, 5.61; N, 3.39. Found: C, 63.79; H, 5.68; N, 3.36.

[2-(7,8-Dihydro-5H-[1,3]dioxolo[4,5-g]isoquinoline-6-
carbonyl)-3-methoxyphenyl]acetic Acid Methyl Ester
(54). To a stirred solution of 1.5 g (6.7 mmol) of carboxylic acid
5343 in 15 mL of CH2Cl2 were added 1.2 mL (13 mmol) of oxalyl
chloride and two drops of DMF. The mixture was stirred at
room temperature for 2 h, and the solvent and excess oxalyl
chloride were removed under reduced pressure. The crude acid
chloride was dissolved in 15 mL of CH2Cl2, and 1.6 g (13 mmol)
of DMAP was added. The mixture was stirred at room
temperature for 15 min, 1.2 g (6.7 mmol) of amine 50 was
added, and the solution was heated at reflux for 18 h. The
reaction mixture was cooled to room temperature, quenched
with 40 mL of a saturated NaHCO3 solution, and extracted
with CH2Cl2. The combined organic extracts were washed with
a saturated NaCl solution, dried over Na2SO4, and filtered,

and the solvent was removed under reduced pressure. The
crude residue was purified by flash chromatography on silica
gel to give 1.2 g (50%) of 54 as a pale yellow oil which consisted
of a 1:1 mixture of rotomers; IR (neat) 1729, 1649, 1596, 1268,
and 1034 cm-1; 1H NMR (CDCl3, 400 MHz) δ 2.61-2.77 (m,
2H), 2.83 (t, 2H, J ) 6.0 Hz), 3.36-3.80 (m, 20H), 4.21-4.32
(m, 2H), 4.68 (d, 1H, J ) 17.2 Hz), 4.94 (d, 1H, J ) 17.2 Hz),
5.88 (s, 2H), 5.92 (s, 2H), 6.37 (s, 1H), 6.57 (s, 1H), 6.62 (s,
1H), 6.65 (s, 1H), 6.82 (dd, 2H, J ) 8.0 and 2.0 Hz), 6.93 (t,
2H, J ) 8.0 Hz), and 7.31 (dt, 2H, J ) 8.0 and 2.0 Hz); 13C
NMR (CDCl3, 100 MHz) δ 28.3, 29.0, 37.7, 37.8, 39.4, 43.8,
47.6, 51.5, 51.7, 55.3, 100.5, 100.6, 105.6, 106.2, 107.9, 108.2,
109.2, 109.3, 122.7, 122.8, 125.3, 125.8, 126.9, 127.0, 127.4,
129.6, 129.7, 132.2, 132.4, 145.8, 145.9, 146.0, 146.1, 155.2,
155.3, 166.6, 167.1, 171.0, and 171.3. Anal. Calcd for C21H21NO6:
C, 65.77; H, 5.52; N, 3.65. Found: C, 65.64; H, 5.50; N, 3.47.

Diazo-[2-(7,8-dihydro-5H-[1,3]dioxolo[4,5-g]isoquino-
line-6-carbonyl)-3-methoxyphenyl]acetic Acid Methyl
Ester (55). To a stirred solution of 0.5 g (1.2 mmol) of ester
54 in 15 mL of acetonitrile was added 0.6 mL (4.0 mmol) of
1,8-diazabicyclo[5.4.0]undec-7-ene followed by 0.7 mL (4.6
mmol) of p-toluenesulfonyl azide. After stirring for 48 h in the
dark at room temperature, another 0.2 mL (1.2 mmol) of
p-toluenesulfonyl azide was added. The reaction mixture was
stirred for an additional 24 h and concentrated under reduced
pressure. The crude residue was purified by flash chromatog-
raphy on silica gel to give 0.4 g (88%) of 55 as a yellow oil that
consisted of a 1:1 mixture of rotomers and which was used in
the next step without further purification; IR (neat) 2087,
1705, 1638, 1591, 1255, and 1034 cm-1; 1H NMR (CDCl3, 400
MHz) δ 2.58-2.65 (m, 1H), 2.71-2.93 (m, 3H), 3.32-3.38 (m,
1H), 3.44-3.50 (m, 1H), 3.59 (s, 3H), 3.65-3.73 (m, 2H), 3.75
(s, 3H), 3.76 (s, 3H), 3.81 (s, 3H), 4.19-4.31 (m, 2H), 4.62 (d,
1H, J ) 17.2 Hz), 4.95 (d, 1H, J ) 17.2 Hz), 5.88 (s, 2H), 5.92
(s, 2H), 6.34 (s, 1H), 6.56 (s, 1H), 6.63 (s, 1H), 6.65 (s, 1H),
6.89 (dd, 2H, J ) 8.0 and 1.2 Hz), 7.13 (dd, 1H, J ) 8.0 and
0.8 Hz), 7.18 (dd, 1H, J ) 8.0 and 0.8 Hz), and 7.38 (dt, 2H, J
) 8.0 and 1.2 Hz); 13C NMR (CDCl3, 100 MHz) δ 28.3, 29.2,
39.7, 43.9, 44.1, 47.9, 51.8, 51.9, 55.6, 55.7, 100.6, 100.7, 105.6,
106.4, 108.0, 108.5, 110.2, 110.5, 122.6, 122.9, 123.6, 123.9,
125.4, 125.7, 126.8, 127.1, 127.6, 129.5, 129.6, 130.0, 130.1,
145.9, 146.2, 155.7, 155.8, 165.5, 165.6, 165.7 and 166.1.

Methyl 11-Aza-8-methoxy-17,19-dioxa-10-oxopentacyclo-
[12.7.0.03,11.04,9.016,20]henicosa-1(21),4(9),5,7,14(15),16(20)-
hexaene-3-carboxylate (56). To a refluxing solution of 2 mg
of rhodium(II) acetate in 30 mL of toluene was added 0.2 g
(0.5 mmol) of diazoester 55 in 5 mL of toluene dropwise over
a 1 h period. The mixture was heated at reflux for 15 min and
cooled to room temperature. The solvent was removed under
reduced pressure, and the crude residue was subjected to flash
chromatography on silica gel to give 0.1 g (75%) of 56 as a
clear oil; IR (neat) 1738, 1691, 1604, 1276, and 1034 cm-1; 1H
NMR (CDCl3, 400 MHz) δ 2.72-2.89 (m, 2H), 2.97 (d, 1H, J )
14.4 Hz), 3.11-3.17 (m, 1H), 3.59 (s, 3H), 3.97 (s, 3H), 4.72-
4.77 (m, 2H), 5.91 (d, 1H, J ) 10.0 Hz), 5.94 (d, 1H, J ) 10.0
Hz), 6.64 (s, 1H), 6.74 (brs, 1H), 6.95 (d, 1H, J ) 8.0 Hz), 7.31
(d, 1H, J ) 7.6 Hz), and 7.35 (t, 1H, J ) 8.0 Hz); 13C NMR
(CDCl3, 100 MHz) δ 35.6, 39.2, 44.8, 52.7, 55.9, 69.7, 100.9,
109.9, 111.6, 111.7, 114.2, 118.2, 127.7, 133.5, 135.0, 145.9,
146.0, 146.6, 157.3, 165.9, and 169.5. Anal. Calcd for C21H19NO6:
C, 66.12; H, 5.02; N, 3.67. Found: C, 66.08; H, 4.97; N, 3.53.
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