
Cycloaddition of Lewis Acid-Induced
N-Methyleneanilines as Azadienes to

1,2-Bistrimethylsilyloxycyclobutene and
Oxidative Ring Expansion to

1,2,4,5-Tetrahydro-1-benzazocine-3,6-diones1

Hyun-Joon Ha,*,† Chang-Ju Choi,† Young-Gil Ahn,†
Hoseop Yun,‡ Yongkwan Dong,‡ and Won Koo Lee*,§

Department of Chemistry, Hankuk University of Foreign
Studies, Yongin, 449-791, Korea, Department of Molecular
Science and Technology, Ajou University, Suwon, 442-749,
Korea, and Department of Chemistry, Sogang University,

Seoul, 121-742, Korea

hjha@hufs.ac.kr

Received July 21, 2000

One of the simplest imines, N-methyleneamine (mon-
omeric formaldehyde imine), has very limited use from
a synthetic viewpoint. It has been observed only in the
gas phase through flash vacuum thermolysis.2 However,
synthetically useful N-methyleneamine equivalents can
be generated from 1,3,5-trisubstituted hexahydro-1,3,5-
triazenes in the presence of a Lewis acid and used for
aminomethylation reactions with various nucleophiles at
the R-position of amines.3,4

N-Methyleneaniline equivalents, as shown by 2 and 3
(eq 1) result from the breaking of all three carbon-

nitrogen bonds of 1,3,5-triphenylhexahydro-1,3,5-triaz-
enes.5 They have characteristics of imine and iminium
ions similar to Mannich bases and can be used for various
aminomethylation reactions. However, there have been
no reports of using N-methyleneamine equivalents as
azadienes,6 which may react with olefins via [4π + 2π]
cycloaddition to afford 1,2,3,4-tetrahydroquinolines. The

possibility that N-methyleneamine equivalents could be
used as azadienes is based on early observations using
N-alkyl or N-aryliminium ions with electron-rich olefins
in the presence of acids to provide N-alkyl-1,2,3,4-
tetrahydroquinolines.7 However, most reactions that are
claimed to be [4π + 2π] cycloadditions can also be
explained by a stepwise mechanism with a cationic
intermediate generated from the addition of electron-rich
olefins to imine or iminium ions as Mannich bases
followed by electrophilic cyclization.4

In this report, we describe the use of N-methylene-
amine equivalents (2, 3) as azadienes in cycloaddition
reactions with 1,2-bistrimethylsilyloxycyclobutene (4) for
the synthesis of tricyclic 2a,8b-bistrimethylsilyloxy-1,2,-
2a,3,4,8b-hexahydrocyclobuta[c]quinolines (5). These cy-
cloadducts can be further transformed to the heterocycle
1,2,5,6-tetrahydro-1-benzazocine-3,6-diones (7).

Cycloaddition reactions with the electron-rich olefin
1,2-bistrimethylsilyloxycyclobutene (4) were studied us-
ing N-methyleneamine equivalents (2 or 3) generated
from 1,3,5-triphenylhexahydro-1,3,5-triazine (1a) in the
presence of various Lewis acids.8 Most of the Lewis acids
we tried gave the expected cycloadducts (5a) with a
certain amount of diol (6a) resulting from the loss of the
two TMS groups from the initial cycloadducts. TMSCl
gave the best results; i.e., the tricyclic cycloadduct
2a,8b-bistrimethylsilyloxy-1,2,2a,3,4,8b-hexahydrocyclo-
buta[c]quinoline (5a) was obtained in 65% isolated yield
with the least amount of hydrolyzed diol.

This reaction proceeded well with 1,3,5-triphenyl-
hexahydro-1,3,5-triazines with various substituents (Table
1) on the benzene ring, such as p-methoxy, p-fluoro, and
o-methyl (1b, 1c, and 1d), to afford the corresponding
cycloadducts (5b, 5c, and 5d) in respective yields of 55,
58, and 52% (entries 2, 3, 4). The X-ray crystal structure
of 5d shows a cis relationship between two trimethyl-
silyloxy groups at the ring junction. When we performed
the reaction with 1,3,5-tris(2-methyphenyl)hexahydro-
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1,3,5-triazine (1e), two regioisomers (5e and 5f) were
obtained in 43% yield in a ratio of 79:21. This discrimina-
tion may be due to steric hindrance in the approach of
the diene and dienophiles (entry 5). A concerted [4π +
2π] cycloaddition route is preferred to a Mannich-type
stepwise reaction. If a Mannich-type reaction occurred
between an N-methyleneamine equivalent and 1,2-bist-
rimethylsilyloxycyclobutene, a trimethylsilyloxy carbon-
ium ion intermediate would be formed. Such an inter-
mediate would not favor electrophilic aromatic cyclization
over desilylation. Therefore, aminomethylated products
would be formed exclusively.9 A similar reaction of
N-methyleneaniline equivalents with an allyl nucleophile
gave both aminomethylated and cyclized products to-
gether. Their ratios depended on the stability of the
cationic intermediate and the electronic characteristics
of the aromatic ring.4a In this case with 1,2-bistrimeth-

ylsilyloxycyclobutene, there was no detectable amount of
the aminomethylated product without a significant change
in the reaction regarding the electron-richness of the
aromatic ring. Even though the stability of the cationic
intermediate was increased with trimethylsilyloxy ketene
acetals bearing an additional alkoxy group on the olefin,
these reactions yielded only aminomethylated 3-anilino-
propanoates without the formation of any cyclized prod-
uct.10 All of these results favor a concerted [4π + 2π]
cycloaddition route of N-methyleneaniline equivalents as
azadienes with 1,2-bistrimethylsilyloxycyclobutene as a
dienophile.

The initial adduct 5a was hydrolyzed with K2CO3 in
MeOH to produce diol (6a) in quantitative yield. By
further treatment with PDC in CH2Cl2 at room temper-
ature, the 1,2-diol at the junction of the cyclobutane and
piperidine rings was oxidatively expanded to give an
eight-membered ring product, 1,2,4,5-tetrahydro-1-ben-
zazocine-3,6-dione (7a), in 63% yield.11,12 Oxidative ring
expansion13 was driven by the ring strain14 present in
the cyclobutane. Hydrolysis and oxidative ring expansion
were also successful with other cycloadducts such as 5b,
5c, and 5d to give the corresponding 1,2,4,5-tetrahydro-
1-benzazocine-3,6-diones (7b, 7c, and 7d) in yields of 72,
88, and 69%, respectively. This may serve as an efficient
way to construct 1-benzazocine skeletons,11 some of which
are biologically active.15

Once we had 7a in hand, we wished to obtain free
benzazocine, which has not been obtained in a pure
form.12 The sequence of reactions included reduction to
diol 9 and subsequent dehydration, at which point
oxidative conjugation4b may occur to obtain free benza-
zocine.

Lithium aluminum hydride reduced only one carbonyl
at C-3 of 7a to give hydroxy ketone 8, which was not
further reduced to diol 9 regardless of the amount LiAlH4

used.16 Superhydride reduction was also tried in vain and
gave an unidentified complex mixture of the products.
Thus, synthesis of free benzazocine remains elusive.

In summary, we have succeeded in using N-methyl-
eneaniline equivalents generated from 1,3,5-triphenyl-
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hexahydro-1,3,5-triazine as azadienes with electron-rich
1,2-bistrimethylsilyloxycyclobutene to give [4π + 2π]
cycloadducts 2a,8b-bis-trimethylsilyloxy-1,2,2a,3,4,8b-
hexahydrocyclobuta[c]quinoline. Two trimethylsilyl groups
of the initial adduct were hydrolyzed to a diol that was
subsequently treated with PDC to give oxidative ring-
expanded 1,2,4,5-tetrahydro-1-benzazocine-3,6-diones.

Experimental Section

2a,8b-Bistrimethylsilyloxy-1,2,2a,3,4,8b-hexahydrocy-
clobuta[c]quinoline (5a). To a stirred solution of 1,3,5-
triphenylhexahydro-1,3,5-triazine3a,b (1.20 g, 3.8 mmol) in CH2-
Cl2 (25 mL) was slowly added TMSCl (0.41 g, 3.8 mmol) at 0 °C.
After stirring for 10 min, 1,2-bistrimethylsilyloxycyclobutene
(2.63 g, 11.4 mmol) was added. The resulting solution was stirred
at -78 °C until all of the starting materials had disappeared on
TLC, and the reaction mixture was then poured into ice-water.
The resulting solution was neutralized with cold sat. NaHCO3
solution. The reaction product was extracted twice with CH2-
Cl2. The organic layer was washed successively with water and
brine, dried over anhydrous Na2SO4, filtered, and concentrated
under reduced pressure. The crude product was further purified
by flash chromatography to yield 2.48 g of 2a,8b-bistrimethyl-
silyloxy-1,2,2a,3,4,8b-hexahydrocyclobuta[c]quinoline in 65% yield
as a white solid: mp 66-68 °C; IR (KBr) 3338, 2955, 1252, 842;
1H NMR δ 0.10 (s, 9H), 0.21 (s, 9H), 1.91-2.04 (m, 3H), 2.40-
2.53 (m, 1H), 3.04 (d, 1H, J ) 11 Hz), 3.19 (d, 1H, J ) 11 Hz),
3.78 (bs, 1H), 6.54 (d, 1H, J ) 8 Hz), 6.76 (t, 1H, J ) 8 Hz), 7.01
(t, 1H, J ) 8 Hz), 7.35 (d, 1H, J ) 8 Hz); 13C NMR δ 2.2, 2.4,
26.2, 36.1, 49.5, 75.9, 80.1, 114.6, 118.6, 127.4, 128.1, 130.0,
143.8; HRMS (EI) calcd for C17H29NO2Si2 m/e 335.1737, found,
335.1731. Anal. Calcd for C17H29NO2Si2: C, 60.8; H, 8.71; N,
4.17. Found: C, 60.7; H, 8.82. N, 4.09.

2a,8b-Dihydroxy-1,2,2a,3,4,8b-hexahydrocyclobuta[c]-
quinoline (6a). To a stirred solution of K2CO3 (0.964 g, 0.697
mmol) in MeOH (10 mL) was slowly added 2a,8b-bistrimethyl-
silyloxy-1,2,2a,3,4,8b-hexahydrocyclobuta[c]quinoline (468 mg,
1.40 mmol) at room temperature. After stirring for 12 h, the
resulting solution was filtered through Celite. The filtrate was
concentrated under reduced pressure, and the residue was
dissolved in EtOAc. This organic solution was washed succes-
sively with water and brine, dried over anhydrous Na2SO4,
filtered, and concentrated again under reduced pressure. This
crude product was purified by flash chromatography to yield 263
mg of diol as a white solid: mp 104-105 °C; IR (KBr) 3330, 3272,
1492, 1309, 752; 1H NMR δ 2.75 (t, 2H, J ) 5.6 Hz), 3.00 (t, 2H,
J ) 5.6 Hz), 3.62 (d, 2H, J ) 5.4 Hz), 4.53 (t, 1H, J ) 5.4 Hz),
6.78 (d, 1H, J ) 8.0), 6.86 (td, 1H, J ) 7.4, 1.2 Hz), 7.24 (td, 1H,
J ) 8.0, 1.8 Hz), 7.45 (dd, 1H, J ) 7.6, 1.6 Hz); 13C NMR δ 27.0,
33.3, 49.2, 72.8, 75.4, 115.2, 119.5, 127.5, 127.6, 128.3, 144.4;
LC-MS 214 (MNa+, 63%), 171 (M+ - OH, 100%). Anal. Calcd

for C11H13NO2: C, 69.1; H, 6.85; N, 7.32. Found: C, 69.0; H,
6.67; N, 7.18.

1,2,4,5-Tetrahydro-1-benzazocine-3,6-dione (7a). To a
stirred solution of PDC (2.43 g, 6.30 mmol) in CH2Cl2 (10 mL)
was added 2a,8b-dihydroxy-1,2,2a,3,4,8b-hexahydrocyclobuta-
[c]quinoline (13a, 100 mg, 0.52 mmol) dissolved in CH2Cl2 (5
mL) at room temperature. After stirring for 2 h, all of the
starting materials had disappeared on TLC. The reaction
mixture was filtered through Celite with additional CH2Cl2 for
washing. The solution was washed successively with water and
brine, dried over anhydrous Na2SO4, filtered, and concentrated
under reduced pressure. The crude product was purified by flash
chromatography to give the product (79 mg) in 80% yield as a
white solid: mp 116-118 °C; IR (KBr) 3353, 1713, 1664, 1601,
1485, 755; 1H NMR δ 2.75 (t, 2H, J ) 6.6 Hz), 2.98 (t, 2H, J )
6.6 Hz), 3.62 (d, 2H, J ) 5.4 Hz), 4.52 (bs, 1H), 6.80 (d, 1H, J )
8.0 Hz), 6.89 (td, 1H, J ) 7.2, 1.0 Hz), 7.25 (td, 1H, J ) 7.6, 1.0
Hz), 7.45 (dd, 1H, J ) 7.6, 1.4 Hz); 13C NMR δ 37.8, 37.9, 59.2,
118.9, 120.1, 128.0, 129.6, 132.4, 149.2, 204.8, 207.1. Anal. Calcd
for C11H11NO2: C, 69.8; H, 5.86; N, 7.40. Found: C, 69.7; H,
5.74; N, 7.27.

3-Hydroxy-2,3,4,5-tetrahydro-1H-1-benzazocin-6-one (8).
LiAlH4 (9.0 mg, 0.24 mmol) was added to 7a (60 mg, 0.32 mmol)
in THF (10 mL) at 0 °C. In 20 min, all of the starting materials
had disappeared on TLC. The general workup procedure gave
the crude product, which was further purified by flash chroma-
tography to give the product (52 mg) in 86% yield as a white
solid: mp 124-125 °C; IR (KBr) 3410 (br), 1668, 1472; 1H NMR
δ 1.88-2.04 (m, 2H), 2.49-2.62 (m, 1H), 2.78-2.99 (m, 1H),
2.92-3.07 (m, 1H), 3.26-3.91 (m, 1H), 3.85 (q, 1H, J ) 5.4 Hz),
4.24 (bs, 1H), 6.64 (d, 1H, J ) 8.6 Hz), 6.72 (t, 1H, J ) 7.4 Hz),
7.16 (d, 1H, J ) 7.0 Hz), 7.24 (td, 1H, J ) 7.6, 1.4 Hz); 13C NMR
δ 30.7, 38.1, 51.3, 69.7, 117.7, 118.4, 125.7, 130.2, 131.9, 148.6,
207.3. HRMS (EI) calcd for C11H13NO2 - H2O m/e 173.0841,
found, 173.0848. Anal. Calcd for C11H13NO2: C, 69.1; H, 6.85;
N, 7.32. Found: C, 68.9; H, 6.92; N, 7.19.
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