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Recently we have reported the synthesis of various kinds
of heterocyclic compounds starting from the Baylis-Hillman
adducts.! As a continuing effort we intended to examine the
synthesis of 9-0x0-9,13b-dihydro-7H-benzo|3,4]azepino-
[2,1-alisoindole-6-carboxylic acid derivatives 4** and 2-(7-
0x0-7,11b-dihydro-5H-isoindolo[ 1,2-a]isoindol-5-yl)propi-
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onic acid derivatives 6° as shown in Scheme 1.

Suitably substituted isoindolobenzazepines and related
compounds have been prepared and studied deeply due to
their interesting biological activities’ and due to the
abundance of the skeleton in natural products.’ Most of the
reported synthetic methods used N-acyliminium ion
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4a; 9-Ox0-9,13b-dihydro-7H-benzo[3,4]azepino[2,1-a]isoindole-6-carboxylic acid methyl ester
5a: 2-Benzylidene-1,2-dihydro-4aH-4-oxa-9a-azafluorene-3,9-dione

6a: 2-(7-Oxo-7,11b-dihydro-5H-isoindolo[1,2-alisoindol-5-yl)propionic acid methyl ester

7a: 2-Methyl-1-phenyl-1,2-dihydro-4aH-4-oxa-9a-azafluorene-3,9-dione

Scheme 1
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chemistry.*® As mentioned above we expected that we could
prepare both isoindolobenzazepines 4 and isoindolo-
isoindole 6 easily starting from the acetates of the Baylis-
Hillman adducts 1 (Scheme 1) by using the cyclization of N-
acyliminium ion intermediates as the key step.

The introduction of the requisite phthalimide moiety at the
primary position of the Baylis-Hillman adduct can be carried
out easily from 1a by following the published procedure by
us.” Reduction of the phthalimide moiety with NaBH, (1.5
equiv, MeOH) was carried out to give the corresponding
hydroxylactam 2a in good yield (overall 71%). With 2a in
our hands, we examined the cyclization of 2a under acidic
conditions including H>SO4, TsOH, CF;COOH, TfOH,
CH;SO3H. Among the conditions the use of CH3SO3;H (3
equiv) in 1,2-dichloroethane at refluxing temperature gave
the best result (78%) for the formation of 4a (entry 1 in
Table 1).

Synthesis of 2b and 2¢ was carried out similarly in 60 and
68%, respectively. The synthesis of 4b was conducted under
the same conditions in 83% yield. During the synthesis of 4b
we found that the reaction of 2b in the presence of
CF;COOH (relatively weaker acid than CH3SOsH) afforded
2-benzylidene-1,2-dihydro-4aH-4-oxa-9a-azafluorene-3,9-
dione derivative 5b as the major product (52%, vide infra,
entry 3 in Table 1) presumably by direct intramolecular
esterification. However, for the reaction of less reactive (due
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to p-Cl substituent) 2¢, the use of CH3SO3H under refluxing
conditions gave low yield of 4¢ and many intractable side
products. Fortunately, when we increased the acidity of the
reaction medium by addition of 1 equiv of TfOH (entry 4 in
Table 1) we could obtain 4¢ at room temperature in
reasonable yield.

The plausible reaction mechanism for the formation of 4b
and Sb was depicted in Scheme 2 as the representative
example. Corresponding N-acyliminium ion (I) was formed
from 2b under strongly acidic conditions and the following
cyclization with the arene moiety gave the benzo[3,4]-
azepino|2,1-alisoindole derivative 4b. Direct intramolecular
esterification reaction of 2b afforded the corresponding 4-
oxa-9a-azafluorene derivative Sb under relatively weak
acidic conditions. But, for the formation of Sb, we could not
exclude completely the possibility for the formation of 5b by
the attack of ester moiety to the N-acyliminium ion (I) at this
stage.®

The introduction of phthalimide at the secondary position
of 1a was carried out by using the DABCO salt concept
(Scheme 1) as reported.” The following reduction with
NaBH4 (3.0 equiv, MeOH) afforded the compounds 3a and
3a' in 22% and 39%, respectively. We could isolate only 3a
and 3a' in pure states although there were many spots on
TLC of the reaction mixture. It is interesting to note that
besides the reduction of the amide carbonyl group, the

Table 1. Synthesis of benzo[3,4]azepino[2,1-a]isoindole derivatives 4a-c

Entry Substrates? Conditions Products (%)
COOCH;
~~COOCH; .
©/\E 0 CH3SO3H (3 equiv)
1 N CICH,CH,CI 4a (78)
80°C,2h o
HO
2a (71)
COOCH;
-COOCH; O
/@A[ O CH3SO3H (3 equiv) HaC N
2 HaC N CICH,CH,CI H 0 4b (83)
°C,2h
o 80 °C, O
2b (60) o
A o)
CF4COOH (10 equiv) H
3 2b CICH,CH,CI HsC N 5b (52)
60°C, 12 h o

HO
2c (68)

CH3SO3H (3 equiv)
CF3SO3H (1 equiv)
CICH,CH,CI

rt,2 h

“Yields in parenthesis for the substrates 2a-c. °Corresponding 5¢ was formed in low yield when we used CH3SOsH alone.
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5b (52%)

Scheme 2

methylene double bond was also reduced simultaneously
under the reaction conditions.'” Based on the 'H NMR
spectra,'’ both of the two isomers 3a and 3a' have anti
relationships between the methyl group (at C-2 position) and
the phthalimide substituent (at C-3 position) as depicted in
Scheme 1 and in Table 2. The coupling constants between
the protons at C-2 and C-3 was 12.3 Hz (for 3a) and 11.7 Hz
(for 3a"), which is the characteristic value of anti isomers in
a similar systems.'™" Thus, we could conclude tentatively
that the two isomers as the diastereoisomers having different
configurations at the carbon bearing the OH group (vide

Table 2. Synthesis of 4-oxa-9a-azafluorene derivatives 7a-c

Notes

infra).

In order to prepare the isoindoloisoindole compound 6a
from 3 via the N-acyliminium ion intermediate, we tried the
reaction of both isomers 3a and 3a' under the influence of
CH3SOsH and CF;SOsH in 1,2-dichloroethane. Unfor-
tunately, we could not obtain any major compounds from the
reaction of major components 3a’. Intractable mixtures were
formed in the reaction. Fortunately, from the reaction of the
minor isomer 3a, we obtained 4aH-4-oxa-9a-azafluorene-
3,9-dione derivative 7a in 60% yield. This compound might
be formed via direct intramolecular esterification reaction of
3a as in the case of 5b (vide supra). Synthesis of 3b-¢ and
3b'-¢' was carried out similarly and we obtained similar
results as shown in Table 2. The reaction of 3b and 3c
toward 7b and 7¢ was carried out in the same manner to
afford the desired products in 68 and 52%, respectively.

The structure of 7a was confirmed by various spectro-
scopic methods. Especially, in the "H NMR spectrum of 7a,
we confirmed again the anti relationships of the two vicinal
protons (J=11.1 Hz) at C; and C,. Moreover from the NOE
difference spectra of 7b (shown in entry 2 of Table 2) we
found that the proton at the 4a-position is positioning in the
same direction with the proton at the C, position. Based on

Entry Substrates’ Conditions Products (%)
CH3SO3H (3 equiv)
o OH CF3SO3H (1 equiv) 0 H
1 N CICH,CH,CI N~ O 7a (60)
COOMe rt, 30 min
: 7 0
3a-OH down (22)
3a'-OH up (39)
1.7%
g CH3SO3H (3 equ_iv) o H
e) OH CF3SO3H (1 equiv)
5 N CICH,CH,CI Ho N O 3.2% |4.9%
/@/VVCOOMe rt, 60 min
3b-OH down (29)
3b'-OH up (49) 2.1% 7b (68)
CH3SO3H (3 equiv)
o OH CF3SO3H (1 equiv) 0 H
3 N CH,Cl, N 7c(52)
COOMe rt, 20 min o

2

MeO

3¢c-OH down (30)
3c'-OH up (42)

MeO

“Yields in parenthesis for the substrates 3a-c and 3a'-c'. We used 3a-c for the synthesis of 7a-c.
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the structure of 7, we could assign the stereochemistry of the
OH group of 3a-c (minor isomers) as downwards (vide
supra).

In summary, we prepared some benzo|3,4]azepino|2,1-
alisoindole derivatives 4a-¢ and 4-oxa-9a-azafluorene
derivatives 7a-c starting from the acetates of the Baylis-
Hillman adducts.

Experimental Section

Typical procedure for the synthesis of 2a: To a stirred
solution of phthalimide-attached Baylis-Hillman adduct
(160 mg, 0.5 mmol) in methanol (5 mL) was added NaBH4
(55 mg, 1.5 mmol) at 0 °C and stirred for 30 min at room
temperature. After the normal aqueous workup and column
chromatographic purification process (hexanes/EtOAc, 7 :
3) we obtained the hydroxylactam derivative 2a, 115 mg
(71%). Synthesis of 2b and 2¢ was performed similarly. For
the synthesis of 3a-¢ and 3a'-c' we used 3 equiv of NaBH4
under the same reaction conditions.

Typical procedure for the synthesis of 4a: To a stirred
solution of hydroxylactam derivative 2a (70 mg, 0.22 mmol)
in 1,2-dichloroethane (3 mL) was added CH3SO;H (62 mg,
0.65 mmol) and heated to reflux for 2 h under nitrogen
atmosphere. After the normal aqueous workup and column
chromatographic purification process (hexanes/EtOAc, 7 :
3) we obtained the desired product 4a, 52 mg (78%).
Synthesis of other compounds was carried out similarly.

Spectroscopic data of prepared compounds 2a-c, 3a-c,
3a'-c', 4a-c, 5b, and 7a-c are as follows.

Compound 2a: 71%; '"H NMR (CDCl;) & 3.88 (s, 3H),
439 (d,J=15.0Hz, 1H), 4.58 (d, /J=6.9 Hz, 1H), 4.97 (d, J
=15. 0 Hz, 1H), 5.85 (d, /= 6.9 Hz, 1H), 7.37-7.80 (m, 9H),
7.98 (s, 1H); “C NMR (CDCl) & 36.61, 52.99, 81.68,
123.55, 123.66, 126.60, 129.00, 129.91, 129.92, 130.31,
131.91, 132.40, 134.17, 143.64, 145.41, 167.34, 170.19.

Compound 2b: 60%; "H NMR (CDCl;) & 2.36 (s, 3H),
3.87 (s, 3H), 4.36 (d, /= 14.7 Hz, 1H), 4.84 (d, /= 6.9 Hz,
1H), 4.97 (d, J = 14.7 Hz, 1H), 5.83 (d, J = 6.9 Hz, 1H),
7.22-7.78 (m, 8H), 7.94 (s, 1H); *C NMR (CDCl;) §21.62,
36.55, 52.93, 81.54, 123.54, 123.61, 125.34, 129.75, 129.82,
130.52, 131.25, 131.90, 132.34, 140.44, 143.62, 145.58,
167.36, 170.42.

Compound 2¢: 68%; 'H NMR (CDCl;) & 3.88 (s, 3H),
435(d,J=14.7Hz, 1H), 4.61 (d,J=7.2 Hz, 1H), 4.90 (d, J
=14.7 Hz, 1H), 5.85 (d, J= 7.2 Hz, 1H), 7.39-7.79 (m, 8H),
7.90 (s, 1H); “C NMR (CDCl) & 36.55, 53.06, 81.76,
123.58, 123.67, 127.10, 129.28, 129.97, 131.69, 131.75,
132.51,132.54, 136.07, 143.61, 143.92, 167.46, 169.95.

Compound 3a:"' 22%; '"HNMR (CDCl;) §1.12 (d, J=6.9
Hz, 3H), 3.67 (s, 3H), 3.82 (d, J = 11.7 Hz, 1H, D,O
exchangeable), 3.82-3.93 (m, 1H), 5.52 (d, J=11.7 Hz, 1H,
changed into singlet with D,O), 5.58 (d, J = 12.3 Hz, 1H),
7.31-7.75 (m, 9H); '*C NMR (CDCl;) 5 14.62, 43.25, 52.47,
58.48, 81.44, 123.10, 123.47, 128.43, 128.85, 129.07,
129.60, 130.66, 132.35, 136.27, 144.35, 166.35, 176.27.

Compound 3a':"' 39%; 'H NMR (CDCl;) § 1.37 (d, J =
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6.9 Hz, 3H), 2.56 (d, J = 11.1 Hz, 1H, D,O exchangeable),
3.50 (s, 3H), 3.86-3.93 (m, 1H), 5.54 (d, J = 11.1 Hz, 1H,
changed into singlet with D-O), 5.61 (d, J = 11.7 Hz, 1H),
7.23-7.80 (m, 9H); *C NMR (CDCl5) §16.03, 42.35, 51.68,
58.11, 81.89, 12294, 123.70, 128.14, 128.45, 128.75,
130.03, 131.23, 132.49, 138.09, 143.48, 167.29, 175.08.

Compound 3b: 29%; '"H NMR (CDCl;) §1.11 (d, J=6.9
Hz, 3H), 2.34 (s, 3H), 3.66 (s, 3H), 3.78-3.89 (m, 1H), 3.86
(d, J=12.3 Hz, 1H), 5.48 (d, J=11.7 Hz, 1H), 5.58 (d, J=
12.3 Hz, 1H), 7.18-7.74 (m, 8H); *C NMR (CDCl;) §14.85,
21.33, 43.53, 52.67, 58.38, 81.60, 123.29, 123.65, 128.95,
129.78, 129.93, 130.93, 132.52, 133.47, 138.44, 144.60,
166.55, 176.57.

Compound 3b': 49%; '"H NMR (CDCls) §1.35 (d, J=6.9
Hz, 3H), 2.30 (s, 3H), 2.66 (d, J=10.8 Hz, 1H), 3.51 (s, 3H),
3.80-3.89 (m, 1H), 5.53 (d, /= 10.8 Hz, 1H), 5.59 (d, J =
11.7 Hz, 1H), 7.11-7.79 (m, 8H); *C NMR (CDCl;) §16.26,
21.32, 42.65, 51.91, 57.95, 81.99, 123.15, 123.88, 128.53,
129.64, 130.19, 131.51, 132.65, 135.28, 138.06, 143.76,
167.53, 175.39.

Compound 3¢: 30%; '"H NMR (CDCLs) §1.11 (d, J=6.9
Hz, 3H), 3.66 (s, 3H), 3.81 (s, 3H), 3.75-3.86 (m, 2H), 5.47
(d, J=11.7 Hz, 1H), 5.58 (d, /= 12.3 Hz, 1H), 6.90-7.75 (m,
8H); *C NMR (CDCls) &14.84, 43.79, 52.68, 55.51, 58.11,
81.60, 114.57, 123.31, 123.67, 128.60, 129.81, 130.24,
130.96, 132.54, 144.58, 159.73, 166.51, 176.57.

Compound 3¢': 42%; '"H NMR (CDCl;) §1.35 (d, J=6.9
Hz, 3H), 2.84 (d, J=11.4 Hz, 1H), 3.51 (s, 3H), 3.76 (s, 3H),
3.72-3.87 (m, 1H), 5.54 (d, J= 11.7 Hz, 2H), 6.81-7.78 (m,
8H); *C NMR (CDCl;) §16.26, 42.90, 51.92, 55.42, 57.79,
82.08, 114.25, 123.15, 123.89, 129.90, 130.25, 130.44,
131.56, 132.68, 143.71, 159.45, 167.46, 175.36.

Compound 4a: 78%; IR (neat) 3298, 1712 cm™'; '"H NMR
(CDCl3) 63.69 (ddd, J=15.0, 2.1, and 1.2 Hz, 1H), 3.89 (s,
3H), 5.15 (d, J = 15.0 Hz, 1H), 5.58 (s, 1H), 7.17-7.96 (m,
8H), 8.12 (s, 1H); *C NMR (CDCl;) 6 38.96, 52.80, 61.58,
124.40, 124.56, 126.70, 128.68, 129.00, 130.05, 130.21,
130.36, 131.40, 134.14, 135.78, 13591, 141.97, 143.42,
166.61, 166.90; ESIMS m/z 306 (M™+H).

Compound 4b: 83%; IR (neat) 3275, 1712 cm™'; '"H NMR
(CDCl3) 62.31 (s, 3H), 3.70 (ddd, /= 15.0, 1.8, and 1.2 Hz,
1H), 3.87 (s, 3H), 5.12 (d, J = 15.0 Hz, 1H), 5.55 (s, 1H),
6.99 (s, 1H), 7.21-7.95 (m, 6H), 8.08 (s, 1H); *C NMR
(CDCl3) ¢ 21.71, 38.94, 52.65, 61.60, 124.28, 124.51,
127.30, 128.89, 129.30, 129.35, 130.43, 131.35, 133.03,
134.05, 135.72, 140.48, 142.03, 143.51, 166.66, 166.81;
ESIMS m/z 320 (M'+H).

Compound 4¢: 80%; IR (neat) 2951, 1712 cm™'; 'TH NMR
(CDCl3) 63.71 (ddd, J=14.7, 1.8, and 1.2 Hz, 1H), 3.88 (s,
3H), 5.14 (d, J = 14.7 Hz, 1H), 5.53 (s, 1H), 7.16 (s, 1H),
7.37-7.96 (m, 6H), 8.05 (s, 1H); *C NMR (CDCl;) §39.16,
52.87, 61.12, 12443, 124.56, 126.97, 12891, 129.32,
130.67, 131.68, 131.77, 133.98, 134.29, 136.02, 137.62,
141.26, 142.08, 166.37, 166.87; ESIMS m/z 340 (M*+H).

Compound 5b: 52%; 'H NMR (CDCls) & 2.43 (s, 3H),
4.57(dd,J=17.4and 2.4 Hz, 1H), 5.31 (dd, J=17.4 and 2.4
Hz, 1H), 6.38 (s, 1H), 7.30 (d, J= 8.1 Hz, 2H), 7.38 (d, J =
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8.1 Hz, 2H), 7.60-7.90 (m, 4H), 7.98 (s, 1H); “C NMR
(CDCl) o6 21.75, 39.78, 83.60, 119.13, 124.25, 124.36,
130.00, 131.04, 131.07, 131.15, 131.74, 133.06, 139.78,
141.38, 144.22, 164.98, 166.50.

Compound 7a: 60%; mp 213-215 °C; IR (neat) 3433, 1701
em™; "THNMR (CDCls) 61.26 (d, J= 6.6 Hz, 3H), 3.09-3.19
(m, 1H), 4.82 (d, /= 11.1 Hz, 1H), 6.77 (s, 1H), 7.31-7.83
(m, 9H); *C NMR (CDCls) & 12.77, 41.10, 58.13, 84.03,
124.22, 124.33, 127.15, 128.78, 129.05, 129.23, 131.25,
133.01, 139.44, 139.63, 167.29, 171.38; ESIMS m/z 294
(M*+H).

Compound 7b: 68%; mp 239-241 °C; IR (neat) 1763,
1701 ecm™; '"H NMR (CDCl3) 6 1.26 (d, J = 6.6 Hz, 3H),
2.35 (s, 3H), 3.07-3.16 (m, 1H), 4.79 (d, J = 11.1 Hz, 1H),
6.75 (s, 1H), 7.18-7.82 (m, 8H); *C NMR (CDCl;) & 12.84,
21.35, 41.15, 57.88, 84.00, 124.22, 124.33, 127.06, 129.92,
131.25, 132.17, 132.96, 136.46, 138.64, 139.63, 167.22,
171.50; ESIMS m/z 308 (M*+H).

Compound 7¢: 52%; mp 225-228 °C; IR (neat) 2920,
1763, 1701 cm™; '"H NMR (CDCl;) & 1.26 (d, J = 6.6 Hz,
3H), 3.07-3.17 (m, 1H), 3.81 (s, 3H), 4.79 (d, J = 10.8 Hz,
1H), 6.73 (s, 1H), 6.91-7.82 (m, 8H); *C NMR (CDCl;) &
12.62, 40.96, 55.33, 57.39, 83.70, 114.41, 124.00, 124.11,
128.14, 131.04, 131.20, 131.96, 132.75, 139.39, 159.68,
167.06, 171.29; ESIMS m/z 324 (M*+H).
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