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Synthesis of bridged azabicycles from isoquinolines via a tandem
of allylboration and intramolecular metathesis*
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A method for the synthesis of bridged azabicyclic compounds from isoquinolines was
developed. The method is based on a combination of allylboration and ruthenium�catalyzed
intramolecular metathesis. Reductive 1,3�diallylation of bromoisoquinolines with triallylborane
gave trans�1,3�diallyl�1,2,3,4�tetrahydroisoquinolines. When heated with triallylborane, these
compounds yielded mixtures of cis� and trans�isomers in the ratio ~1 : 1. The structure of
cis�1,3�diallyl�5�bromo�1,2,3,4�tetrahydroisoquinoline was confirmed by X�ray diffraction
analysis. In a similar way, trans�3�allyl�1�vinyl�1,2,3,4�tetrahydroisoquinoline synthesized
by sequential vinylation (with vinyllithium) and allylboration of isoquinoline, yielded a mix�
ture of cis� and trans�isomers in the ratio 1.6 : 1. Intramolecular metathesis reactions of
N�Boc derivatives of cis�isomers in the presence of the Grubbs catalyst (2.0—2.5 mol.%)
afforded 7,8�benzo�10�azabicyclo[4.3.1]dec�2�enes or 7,8�benzo�9�azabicyclo[3.3.1]non�2�ene
in nearly quantitative yields.

Key words: triallylborane, allylboranes, allylboronation, nitrogen�containing heterocycles,
cyclization, isoquinolines, metathesis.

Bridged azabicyclic compounds are a unique class of
compounds that exhibit a broad spectrum of biological
activity1 in spite of their simple structures. It should be
noted that some of them (e.g., atropine, scopolamine,
and cocaine) have long been used in folk medicine and
at present they are employed in official medicine;1c

(+)�ferruginine and (+)�anatoxin�a, which are highly
neuroactive, are considered to be potential candidates for
treating the Alzheimer disease.1d That is why develop�
ment of efficient methods for construction of azabicyclic
structures is of current interest in modern synthetic or�
ganic chemistry.

Although intramolecular metathesis has long become
an efficient tool in the design of cyclic systems,2 its use for
the formation of a bicyclic structure in the synthesis of
bridged azabicycles has been reported only in few papers.3

This is due to inaccessibility of substrates suitable for the
metathesis reaction. Nevertheless, the results obtained
clearly show a high potential of the metathesis reaction in
the synthesis of bridged azabicyclic systems.

Recently,4 we have proposed a simple and efficient
strategy for design of 9�azabicyclo[4.2.1]nonenes and a
number of 10�azabicyclo[4.3.1]decadienes. The strategy
involves a tandem of diallylboration of aromatic hetero�

* Dedicated to Academician V. A. Tartakovsky on the occasion
of his 75th birthday.
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cycles (pyridines and pyrrole) and intramolecular met�
athesis. We have used N�Boc�protected α,α´�diallylated
heterocycles with cis�arrangement of the allyl groups as
the starting reagents (Scheme 1). The presence of acyl
protection is indispensable for the metathesis reaction:
first, acylation suppresses the basic properties of the amino
group5 and, second, ensures the optimal conformation of
the molecule with axially aligned substituents because of a
1,3�allylic strain.6,3a

Scheme 1

To extend the area of application of this method, we
obtained two novel bromine�containing 7,8�benzo�10�
azabicyclo[4.3.1]dec�2�enes from appro�
priate bromoisoquinolines and the 9�aza�
bicyclo[3.3.1]non�2�ene system from
isoquinoline. In the latter case, we used
for the first time a combination of vi�
nylation—allylboronation—metathesis
catalyzed by the first generation Grubbs catalyst (I, Cy is
cyclohexyl).

Results and Discussion

Reactions of triallylborane with bromoisoquinolines
in the presence of alcohols gave trans�1,3�diallylbromo�
1,2,3,4�tetrahydroisoquinolines7 (1a,b) (Scheme 2). The
mechanism of reductive diallylation of aromatic nitrogen
heterocycles with allylboranes has been thoroughly exam�
ined earlier with pyridines as examples.8

Heating of trans�isomers 1a,b with triallylborane (1 : 1)
at 130—135 °C yielded a mixture of cis� (2a,b) and
trans�isomers (1a,b) in the ratio ~1 : 1. This ratio remained
unchanged with time and is probably an equilibrium one.4

Isomerization involves protolytic cleavage of one B—C
bond in triallylborane with liberation of propene followed
by deallylboration—allylboration.8 The corresponding
cis�isomers 2a,b were isolated by chromatography and the

structure of compound 2a was confirmed by X�ray dif�
fraction analysis (Fig. 1). According to X�ray diffraction
data, compound 2a crystallizes as a racemate. The nitro�
gen�containing six�membered ring exists in the half�chair
conformation; the N(2) and C(3) atoms deviate by 0.52
and 0.24 Å, respectively, from the plane formed by the
C(1), C(8A), C(4A), and C(4) atoms. The N atom in
compound 2a has a pyramidal configuration (the sum of
the bond angles is 328°). The allyl substituents are cis to
each other and are in the equatorial and pseudoequatorial
positions. The amino group is shielded by the allyl substitu�
ents, which probably prevents intermolecular N—H...Br
interactions in the crystal.

Treatment of amines 2a,b with Boc anhydride quanti�
tatively gave Boc amides 3 (Scheme 3). In the presence of
catalyst I in CH2Cl2, they underwent cyclization into
bicyclic compounds 4a,b in nearly quantitative yields.

Scheme 2

R = H (a), Br (b)

i. 130—135 °C, 2 h.

Fig. 1. General view of compound 2a.
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Scheme 3

R = H (a), Br (b)

Reagents and conditions: i. I, CH2Cl2; ii. HCl, dioxane, 70 °C.

It should be noted that the NMR spectra of Boc de�
rivatives 3 and 4 are poorly informative because of signal
doubling and broadening due to hindered rotation about
the amide bond. Elimination of the protective group from
compounds 4a,b by heating with HCl in dioxane gave
hydrochlorides 5a,b in quantitative yields. Compound 5b
is poorly soluble even in hot DMSO.

This method also affords bicyclic compounds with a
contracted ring. For this purpose, we used our method
for the synthesis of trans�1�alkyl� and trans�1�aryl�3�
allyl�1,2,3,4�tetrahydroisoquinolines.9 Treatment of iso�
quinoline with vinyllithium (prepared from vinyl bromide
and tert�butyllithium)10 led to lithium 1�vinylamide

(Scheme 4), which was successively treated in situ with
triallylborane and methanol to give trans�3�allyl�1�vinyl�
1,2,3,4�tetrahydroisoquinoline (1c) in 43% yield.

Heating of trans�amine 1c with triallylborane (1 : 1) at
170 °C for 9 h resulted in an equilibrium mixture of cis�2c
and trans�1c in the ratio 1.6 : 1; the total yield was 90%
with respect to the consumed trans�1c (see Scheme 4).
Treatment of amine 2c with Boc anhydride quantitatively
gave amide 3c; its cyclization in the presence of Grubbs
catalyst I was much faster than the cyclization of diallyl
derivatives4 and was completed in 30 min (Scheme 5).
Bicyclic amide 4c was isolated by chromatography in 98%
yield; its treatment with HCl gave hydrochloride 5c in
99% yield.

Scheme 5

Reagents and conditions: i. I, CH2Cl2; ii. HCl, dioxane, 80 °C.

In conclusion, we developed a method for the syn�
thesis of 7,8�benzo�9�azabicyclo[3.3.1]non�2�ene and
bromo�7,8�benzo�10�azabicyclo[4.3.1]dec�2�enes via
combination of allylboration and intramolecular meta�
thesis in the presence of the Grubbs ruthenium catalyst.
To obtain the 9�azabicyclo[3.3.1]non�2�ene system, we
employed for the first time the vinylation—allylbora�
tion—metathesis combination.

Experimental

Reactions were carried out under dry argon. All solvents
were purified according to standard procedures. NMR spectra
were recorded on Bruker Avance�300, Bruker Avance�400, and
Bruker Avance�600 spectrometers. Column chromatography was
carried out on silica gel (60—230 mesh, Merck). Bis(tri�
cyclohexylphosphine)benzylideneruthenium(IV) dichloride (I)
(Aldrich) was used as a catalyst. Compounds 1a,b were prepared
as described earlier7a (except that benzene as a solvent was re�
placed by CH2Cl2). 5�Bromoisoquinoline was prepared from a
5�amino derivative as described earlier.7b

trans�1,3�Diallyl�5�bromo�1,2,3,4�tetrahydroisoquinoline
(1a). Triallylborane (5.2 mL, 4 g, 30 mmol) was added at –30 °C

Scheme 4
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to a stirred solution of 5�bromoisoquinoline (5 g, 24 mmol) in
CH2Cl2 (10 mL). The mixture was gradually warmed to 0 °C.
Then methanol (3.8 g, 4.9 mL, 0.12 mol) was added in two
portions, which resulted in self�heating to boiling. The mixture
was refluxed for 1.5 h and then concentrated under reduced
pressure. A 20% solution of NaOH (10 mL) was added to the
residue and the mixture was refluxed for 1 h. On cooling, the
product was extracted with ether (3×15 mL). The organic layer
was separated, dried over K2CO3, and concentrated. The yield
of compound 1a was 7 g (99%), Rf 0.51 (hexane—EtOAc , 4 : 1).
The product was sufficiently pure for use at the next step
(1H NMR data; cf. Ref. 7a).

cis�1,3�Diallyl�5�bromo�1,2,3,4�tetrahydroisoquinoline (2a).
Triallylborane (3.75 g, 4.85 mL, 28 mmol) was added to stirred
and degassed trans�1a (6.7 g, 22.9 mmol). The reaction mixture
spontaneously heated and propene evolved. After active evolu�
tion of the gas ceased, the mixture was heated on an oil bath at
130 °C for 2 h. On cooling to 20 °C, methanol (5 mL) was
added. The resulting solution was refluxed for 1 h and then
treated with 20% NaOH (10 mL). The product was extracted
with toluene (3×15 mL). The organic extract was dried over
K2CO3 and concentrated in a rotary evaporator. The residue
was chromatographed on silica gel with n�hexane—EtOAc (6 : 1)
as an eluent. The yield of cis�2a was 3.31 g (49%), Rf 0.47,
transparent orange crystals, m.p. 64.5—65.5 °C (n�hexane). The
starting compound trans�1a (3.12 g) was recovered, Rf 0.30.
Found (%): C, 61.67; H, 6.23; N, 4.78; Br, 27.40. C15H18BrN.
Calculated (%): C, 61.65; H, 6.21; N, 4.79; Br, 27.34. 1H NMR
(300 MHz, DMSO�d6), δ: 7.45 (d, 1 H, C(6)H, J = 7.9 Hz);
7.33 (d, 1 H, C(8)H, J = 7.9 Hz); 7.12 (t, 1 H, C(7)H, J =
7.9 Hz); 5.98—5.75 (m, 2 H, 2 CH=); 5.20—5.04 (m, 4 H, 2
CH2=); 4.06 (dm, 1 H, C(1)H, J = 4.4 Hz); 2.89—2.73 (m, 3 H,
C(3)H, C(4)H2); 2.46—2.36 (m, 1 H, C(9)HaHb); 2.36—2.24
(m, 4 H, C(9)HaHb, C(12)H2 + 1 NH). 13C NMR (100 MHz,
CDCl3), δ: 141.13 (C); 135.40 (C); 134.83 (2 CH=all coale�
scence of two peaks); 130.23 (C(6)Harom); 126.96 (C(7)Harom);
125.75 (CBr); 124.07 (C(8)Harom); 118.62, 118.04 (2 CH2=all);
55.98 (C(1)NH); 52.45 (C(3)NH); 40.96 (CH2); 40.16 (CH2);
37.51 (CH2).

cis�1,3�Diallyl�5,7,8�tribromo�1,2,3,4�tetrahydroisoquino�
line (2b) was obtained analogously from trans�1a (4.26 g,
9.5 mmol) (see Ref. 7a) and triallylborane (1.52 g, 11.3 mmol).
According to the 1H NMR spectrum, the trans�2b/cis�2b ratio is
1.16 : 1. The products were isolated by chromatography on silica
gel with n�hexane—EtOAc (11 : 1) as an eluent. The fractions
with Rf 0.33 (1b, crystals) and 0.28 (2b, an oil) were collected.
The yield of cis�2b was 1.91 g (45%). Found (%): C, 40.05;
H, 3.61; N, 3.11; Br, 53.41. C15H16Br3N. Calculated (%):
C, 40.04; H, 3.58; N, 3.11; Br, 53.27. 1H NMR (400 MHz,
CDCl3), δ: 7.70 (s, 1 H, CHarom); 5.87—5.77 (m, 1 H, CH=all);
5.68—5.58 (m, 1 H, CH=all); 5.16—5.04 (m, 4 H, 2 CH2=all);
4.46 (d, 1 H, CHNAr, J = 5.4 Hz); 2.86 (d, 1 H, CHaHbAr, J =
16.5 Hz); 2.70—2.62 (m, 2 H, CH2(all)); 2.46—2.38 (m, 1 H,
CHN); 2.34—2.24 (m, 2 H, CH2(all)); 2.20 (dd, 1 H, CHaHbAr,
J = 11.2 Hz, J = 16.0 Hz); 1.48 (br.s, 1 H, NH). 13C NMR
(75 MHz, CDCl3), δ: 143.01; 137.90; 134.58; 134.53; 133.85;
124.37; 123.84; 121.75; 118.40; 117.96; 57.91; 51.68; 40.95;
40.76; 37.27.

N�tert�Butoxycarbonyl�7,8�(5´�bromobenzo)�10�azabi�
cyclo[4.3.1]dec�3�ene (4a). A solution of compound 2a (0.58 g,
2.0 mmol) and Boc anhydride (0.46 g, 2.1 mmol) in THF (5 mL)

was refluxed until the starting amine was completely con�
sumed (~1 h). The course of the reaction was monitored by TLC
(n�hexane—EtOAc, 6 : 1). The solvent was removed under re�
duced pressure and the residue was dried in vacuo and used
without additional purification. The yield of compound 3a was
0.77 g (98%), an oil. 1H NMR (400 MHz, DMSO�d6), δ: 7.47
(dd, 1 Harom, J = 1.0 Hz, J = 7.9 Hz); 7.21 (br.d, 1 Harom, J =
7.4 Hz); 7.09 (t, 1 Harom, J = 7.8 Hz); 5.86—5.76 (m, 2 H,
2 CH=all); 5.18—4.99 (br.m, 5 H, 2 CH2=all, CHNAr);
4.26—3.90 (br.m, 1 H, CHaHbAr); 3.18—2.91 (br.s, 1 H,
CHaHbAr); 2.80 (dd, 1 H, CHaHb(all), J = 7.7 Hz, J = 16.5 Hz);
2.54—2.42 (br.m, 3 H, CH2(all), CHN); 2.30—2.21 (m, 1 H,
CHaHb(all)); 1.37 (s, 9 H, But).

The solution of compound 3a (0.40 g, 1.0 mmol) in CH2Cl2
(7 mL) was degassed and catalyst I (21 mg, 2.5 mol.%,
0.026 mmol) was added. The course of the reaction was
monitored by TLC (n�hexane—EtOAc (9 : 1), Rf(3a) 0.65;
Rf(4a) 0.54). The reaction mixture was heated at 40 °C for 1.5 h
until the starting compound 3a was completely consumed. The
solvent was removed, hexane (15 mL) and EtOAc (1 mL) were
added, and the solution was filtered and concentrated. The resi�
due was chromatographed on silica gel with n�hexane—EtOAc
(11 : 1) as an eluent. The yield of product 4a was 0.36 g (98%),
crystals, m.p. 131—132 °C (n�hexane). Found (%): C, 59.38;
H, 6.12; N, 3.78. C18H22BrNO2. Calculated (%): C, 59.35;
H, 6.09; N, 3.85. 1H NMR (400 MHz, DMSO�d6), δ*: 7.36 (d,
1 Harom, J = 5.8 Hz); 7.13 (two doublets, in total 1 Harom); 7.02
(two triplets, in total 1 Harom); 5.65—5.60 (m, 1 H, CH=);
5.33—5.23 (m, 2 H, CH=, CHNAr); 4.70—4.61 (m, 1 H, CHN);
2.89—2.81 (m, 1 H, CHaHbAr); 2.63—2.57 (m, 2 H, CH2CH=);
2.53—2.49 (m, 1 H, CHaHbAr); 2.39 (br.d, J = 11.6 Hz, 1 H,
CHaHbCH=); 2.30—2.18 (m, 1 H, CHaHbCH=); 1.42, 1.41
(both s, in total 9 H, But).

N�tert�Butoxycarbonyl�7,8�(5´,7´,8´�tribromobenzo)�10�
azabicyclo[4.3.1]dec�3�ene (4b) was obtained analogously.
Boc derivative 3b was prepared from compound 2b (0.7 g,
1.6 mmol) and Boc anhydride (0.36 g, 1.64 mmol). The yield of
compound 3b was 0.87 g (99%), an oil. 1H NMR (300 MHz,
CDCl3), δ: 7.83 (s, 1 Harom); 6.03—5.86 (br.m, 3 H, 2 CH=all,
CHNAr); 5.27—5.15 (m, 4 H, 2 CH2=all); 4.03—3.91 (br.m,
1 H, CHN); 3.51 (dd, 1 H, CHaHbAr, J = 7.3 Hz, J = 16.6 Hz);
2.97—2.89 (br.m, 1 H, CHaHb(all)); 2.65 (dd, 1 H, CHaHbAr,
J = 11.3 Hz, J = 16.6 Hz); 2.47—2.32 (m, 3 H, CHaHb(all),
CH2(all)); 1.52 (s, 9 H, But).

Cyclization of compound 3b (0.83 g, 1.5 mmol) was carried
out in the presence of catalyst I (2.5 mol.%, 31 mg, 0.04 mmol)
in CH2Cl2 (8 mL). The yield of product 4b was 0.76 g (98%),
large crystals, m.p. 125—126 °C (n�hexane). Found (%):
C, 41.39; H, 3.85; N, 2.70. C18H20Br3NO2. Calculated (%):
C, 41.41; H, 3.86; N, 2.68. 1H NMR (300 MHz, CDCl3), δ*:
7.86 (s, 1 Harom); 5.84, 5.73 (br.s, in total 2 H, 2 CH=); 5.49
(br.s, 1 H, CHNAr); 4.90, 4.76 (br.m, in total 1 H, CHN); 2.98
(dd, 2 H, CHaHbAr, CHaHbCH=, J = 8.9 Hz, J = 18.0 Hz);
2.70 (d, 1 H, CHaHbAr, J = 18.1 Hz); 2.77—2.56 (m, 2 H,
CH2CH=); 2.38, 2.33 (dd, in total 1 H, CHaHbCH=, J = 5.5 Hz,
J = 8.1 Hz), 1.58, 1.56 (br.s, in total 9 H, But).

7,8�(5´�Bromobenzo)�10�azabicyclo[4.3.1]dec�3�ene hydro�
chloride (5a). A 5.3 M solution of HCl (0.38 mL, 2.0 mmol) in

* The signals in the NMR spectrum are broadened and doubled
because of hindered rotation in the amide fragment.
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dioxane was added to a solution of compound 4a (0.18 g,
0.49 mmol) in dioxane (0.7 mL). The resulting solution was
heated at 70 °C for 40 min until the starting compound 4a was
completely consumed (monitoring by TLC). Then Et2O (5 mL)
was added and the precipitate was filtered off and dried in vacuo.
The yield of product 5a was 0.14 g (99%), white crystals,
m.p. 251—252 °C. Found (%): C, 51.98; H, 5.09; N, 4.60.
C13H15BrClN. Calculated (%): C, 51.94; H, 5.03; N, 4.66.
1H NMR (300 MHz, DMSO�d6), δ: 10.57, 10.26 (both br.s,
1 H each, NH2

+); 7.58 (d, 1 Harom, J = 7.9 Hz); 7.34 (d,
1 Harom, J = 7.5 Hz); 7.21 (dd, 1 Harom, J = 7.9 Hz, J = 7.6 Hz);
5.76 (m, 1 H, CH=); 5.34 (m, 1 H, CH=); 4.88 (m, 1 H,
CHNAr); 4.08 (m, 1 H, CHN); 3.15—3.06 (m, 2 H, CHaHbAr,
CHaHbCH=); 2.93 (d, 1 H, CHaHbCH=, J = 16.4 Hz);
2.76—2.67 (m, 2 H, CHaHbAr, CHa´Hb´CH=); 2.61 (dd, 1 H,
CHa´Hb´CH=, J = 4.8 Hz, J = 8.6 Hz). 13C NMR (75 MHz,
DMSO�d6), δ: 135.26 (s); 132.32 (s); 131.74; 129.77; 129.47;
128.37; 126.22; 124.24 (s); 49.39 (CH); 45.51 (CH); 33.19;
31.99; 31.31.

7,8�(5´,7´,8´�Tribromobenzo)�10�azabicyclo[4.3.1]dec�3�
ene hydrochloride (5b) was obtained analogously from com�
pound 4b (0.54 g, 1.0 mmol). The yield was 0.47 g (99%), small
cream�colored crystals, m.p. 326—327 °C. Found (%): C, 34.01;
H, 2.87; N, 3.05. C13H13Br3ClN. Calculated (%): C, 34.06;
H, 2.86; N, 3.06. 1H NMR (600 MHz, DMSO�d6), δ: 10.24
(br.s, 2 H, NH2

+); 8.11 (s, 1 Harom); 5.79 (m, 1 H, CH=); 5.39
(m, 1 H, CH=); 4.93 (dd, 1 H, CHNAr, J = 2.9 Hz, J = 4.6 Hz);
4.07 (m, 1 H, CHN); 3.02 (dd, 1 H, CHaHbAr, J = 8.9 Hz, J =
18.7 Hz); 2.99—2.94 (m, 2 H, CHaHbCH=, CHa´Hb´CH=);
2.85 (d, 1 H, CHaHbCH=, J = 17.2 Hz); 2.67 (d, 1 H, CHaHbAr,
J = 18.7 Hz); 2.58 (ddd, 1 H, CHa´Hb´CH=, J = 5.3 Hz, J =
8.2 Hz, J = 16.3 Hz). 13C NMR (150 MHz, DMSO�d6), δ:
135.81; 135.75; 134.92; 130.23; 129.56; 124.41; 124.21; 123.31;
51.04; 45.30; 32.02; 31.52; 28.85.

trans�3�Allyl�1�vinyl�1,2,3,4�tetrahydroisoquinoline (1c).
A solution of isoquinoline (2.0 g, 15.5 mmol) in Et2O (4 mL)
was added at –10 °C to a solution of vinyllithium (prepared
from vinyl bromide (18 mmol) and ButLi (36 mmol))10 in Et2O
(15 mL). The reaction mixture was stirred at –5 to 0 °C for 2 h
and then cooled to –15 °C. Triallylborane (2.4 g, 3.1 mL,
18 mmol) was added with stirring. After 15 min, MeOH (10 mL)
was added and stirring was continued at 20 °C for an additional
20 min. The reaction mixture was decomposed with 6 N HCl
(3 mL, 18 mmol) and then (after 30 min) with 20% NaOH
(10 mL, 60 mmol). The organic layer was separated, washed
with brine, dried over K2CO3, and concentrated under reduced
pressure. The residue was chromatographed on silica gel with
n�hexane—EtOAc (5 : 1) as an eluent, Rf 0.28. The yield of
compound 1c was 1.34 g (43%), a yellow oil. Found (%):
C, 84.28; H, 8.75; N, 7.08. C14H17N. Calculated (%): C, 84.37;
H, 8.60; N, 7.03. 1H NMR (400 MHz, CDCl3), δ: 7.14—7.09
(m, 4 Harom); 6.11 (ddd, 1 H, CH=vinyl, J = 6.8 Hz, J = 10.0 Hz,
J = 17.0 Hz); 5.92—5.82 (m, 1 H, CH=all); 5.22—5.13 (m, 3 H,
CH2=all, CHaHb=vinyl); 5.08 (d, 1 H, CHaHb=vinyl, J = 17.0 Hz);
4.60 (d, 1 H, CNHAr, J = 6.8 Hz); 3.22—3.16 (m, 1 H, CHN);
2.80 (dd, 1 H, CHaHbAr, J = 3.8 Hz, J = 16.3 Hz); 2.59 (dd,
1 H, CHaHbAr, J = 10.0 Hz, J = 16.3 Hz); 2.38—2.31 (m, 1 H,
CHaHb(all)); 2.27—2.20 (m, 1 H, CHaHb(all)); 1.88 (br.s, 1 H,
NH). 13C NMR (100 MHz, CDCl3), δ: 141.19; 136.06; 135.15;
134.80; 129.19; 128.02; 126.40; 125.60; 117.71; 115.40; 58.62;
47.13; 40.82; 35.58.

cis�3�Allyl�1�vinyl�1,2,3,4�tetrahydroisoquinoline (2c). Com�
pound 1c (1.28 g, 6.4 mmol) was mixed with triallylborane
(0.95 g, 1.22 mL, 7.0 mmol). The mixture was heated at
170—175 °C for 9 h. On cooling, the mixture was decomposed
with MeOH (2 mL) and, after gas evolution ceased, with
20% NaOH (3 mL). The mixture was refluxed for 30 min. The
product was extracted with ether—hexane (3×5 mL). The com�
bined extracts were dried over K2CO3 and concentrated under
reduced pressure. The cis/trans ratio was 1.62 : 1 (1H NMR
data). The yield of a mixture of compounds 1c and 2c was 1.15 g
(90%), an oil. The residue was purified by chromatography on
silica gel with n�hexane—EtOAc (5 : 1) as an eluent, Rf(2c) 0.47.
The yield of compound 2c was 0.7 g. Found (%): C, 84.28;
H, 8.75; N, 7.08. C14H17N. Calculated (%): C, 84.24; H, 8.72;
N, 6.97. 1H NMR (600 MHz, CDCl3), δ: 7.17 (br.s, 3 Harom);
7.12—7.10 (m, 1 Harom); 5.94—5.85 (m, 2 H, 2 CH=); 5.40 (d,
1 H, CHaHb=vinyl, J = 17.0 Hz); 5.33 (dd, 1 H, CHaHb=all, J =
1.4 Hz, J = 9.6 Hz); 5.24 (d, 1 H, CHaHb=vinyl, J = 16.9 Hz);
5.19 (d, 1 H, CHaHb=all, J = 10.1 Hz); 4.52 (d, 1 H, CHNAr,
J = 8.7 Hz); 3.07—3.03 (m, 1 H, CHN); 2.78 (dd, 1 H,
CHaHbAr, J = 3.6 Hz, J = 16.0 Hz); 2.71 (dd, 1 H, CHaHbAr,
J = 11.0 Hz, J = 16.0 Hz); 2.44—2.40 (m, 1 H, CHaHb(all));
2.31—2.26 (m, 1 H, CHaHb(all)); 2.10 (br.s, 1 H, NH). 13C NMR
(150 Hz, CDCl3), δ: 140.48; 136.82 C; 134.98; 134.82 C;
129.04; 126.71; 126.47; 125.76; 118.01; 117.90; 62.39; 52.59;
41.25; 36.21.

cis�3�Allyl�2�tert�butoxycarbonyl�1�vinyl�1,2,3,4�tetra�
hydroisoquinoline (3c). Amine 2c (0.47 g, 2.36 mmol) and
Boc anhydride (0.55 g, 2.52 mmol) in THF (5 mL) was re�
fluxed for 1 h. The course of the reaction was monitored
by TLC (n�hexane—EtOAc, 5 : 1). The solvent was removed
in vacuo and the residue was dissolved in n�hexane—EtOAc
(9 : 1). The solution was passed through a short column of
silica gel to remove trace amounts of the amine. The yield
of compound 3c was 0.68 g (97%), an oil. Found (%): C, 76.28;
H, 8.35; N, 4.59. C19H25NO2. Calculated (%): C, 76.22;
H, 8.42; N, 4.68. 1H NMR (300 MHz, CDCl3), δ: 7.25—7.21
(m, 3 Harom); 7.19—7.14 (m, 1 Harom); 6.00—5.79 (m, 2 H,
2 CH=); 5.58 (br.s, 1 H, CHNAr); 5.28—5.23 (m, 2 H,
CH2=); 5.12—5.04 (m, 2 H, CH2=); 4.58 (br.s, 1 H, CHN);
3.02 (dd, 1 H, CHaHbAr, J = 6.1 Hz, J = 15.6 Hz); 2.84
(dd, 1 H, CHaHbAr, J = 4.2 Hz, J = 15.6 Hz); 2.46
(br.s, 1 H, CHaHb(all)); 2.27—2.17 (m, 1 H, CHaHb(all)); 1.55
(s, 9 H, But).

N�tert�Butoxycarbonyl�7,8�benzo�9�azabicyclo[3.3.1]non�2�
ene (4c). A solution of compound 3c (0.36 g, 1 mmol) in CH2Cl2
(8 mL) was degassed. Catalyst I (2.0 mol.%, 16 mg, 0.02 mmol)
was added and the mixture was stirred at 30 °C for 30 min.
The course of the reaction was monitored by TLC (n�hex�
ane—EtOAc, 10 : 1). The solvent was removed under reduced
pressure and the residue was diluted with hexane and chromato�
graphed on silica gel with n�hexane—EtOAc (10 : 1) as an elu�
ent. The yield of compound 4c was 0.32 g (98%), m.p. 73—74 °C.
Found (%): C, 75.28; H, 7.85; N, 5.09. C17H21NO2. Calcu�
lated (%): C, 75.25; H, 7.80; N, 5.16. 1H NMR (300 MHz,
CDCl3), δ: 7.17 (br.s, 4 Harom); 5.96, 5.80 (both br.m,
in total 2 H, 2 CH=); 5.49, 5.30 (both d, in total 1 H, CHNAr,
J = 4.4 Hz, J = 5.3 Hz); 4.95, 4.84 (both m, in total 1 H,
CHN); 3.54—3.45 (m, 1 H, CHaHbCH=); 2.78—2.63 (m, 2 H,
CH2Ar); 2.06—2.01 (m, 1 H, CHaHbCH=); 1.50, 1.44 (both s,
in total 9 H, But).
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7,8�Benzo�9�azabicyclo[3.3.1]non�2�ene hydrochloride (5c).
A 5.3 M solution of HCl (0.47 mL, 2.5 mmol) in dioxane was
added to a solution of bicyclic compound 4c (0.21 g, 0.8 mmol)
in dioxane (1 mL). The mixture was heated at 80 °C for 30 min
until the starting amide was completely consumed. The result�
ing suspension was diluted with Et2O (5 mL) and the precipitate
was filtered off and dried in vacuo. The yield of product 5c was
0.15 g (99%), white crystals, m.p. 279—281 °C. Found (%):
C, 69.39; H, 6.69; N, 6.69. C12H14NCl. Calculated (%): C, 69.39;
H, 6.79; N, 6.74. 1H NMR (300 MHz, DMSO�d6), δ: 10.25,
9.83 (both br.s, 1 H each, NH2

+); 7.34—7.22 (m, 4 Harom);
5.96—5.95 (m, 1 H, CH=); 5.85—5.82 (m, 1 H, CH=); 4.98 (d,
1 H, CHNAr, J = 4.8 Hz); 4.19—4.14 (m, 1 H, CHN); 3.56 (dd,
1 H, CHaHbCH=, J = 8.9 Hz, J = 18.5 Hz); 2.90—2.81 (m, 1 H,
CHaHbAr); 2.86 (d, 1 H, CHaHbAr, J = 18.2 Hz); 2.23 (dd, 1 H,
CHaHbCH=, J = 3.8 Hz, J = 18.5 Hz). 13C NMR (75 MHz,
DMSO�d6), δ*: 134.27; 131.74; (130.45, 129.65, 129.49, 128.64);
(128.92, 128.14, 127.99, 127.16); 126.97; (127.39, 126.59, 126.48,
126.39, 125.56) 2C; 124.26; (49.09, 48.66, 48.50, 48.08); (44.07,
43.76, 43.50, 43.20); (32.65, 32.58, 32.49); 30.81.

X�ray diffraction analysis of compound 2a (C15H17BrN) was
carried out at 100 K on a Smart APEX2 CCD automatic three�
circle diffractometer (Mo�Kα radiation, graphite monochro�
mator, ω scan mode, 2θmax ≤ 58°). At 100 K, crystals are mono�
clinic: a = 11.175(2) Å, b = 13.603(4) Å, c = 9.601(3) Å,
β = 112.666(7)°, V = 1346.8(7) Å3, dcalc = 1.436 g cm–3,
M = 291.21, F(000) = 596, µ = 30.30 cm–1, Z = 4 (Z´ = 1), space
group P21/c. The total number of measured reflections was 10 020
(Rint = 0.0349). In further calculations and refinement, 3565 in�
dependent reflections were used. The structure was solved by the
direct method and refined by the least�squares method in the
anisotropic full�matrix approximation on F 2

hkl. The hydrogen
atoms were located from electron�density difference maps
and refined isotropically. Final residuals are R = 0.0299
for 2694 reflections with I > 2σ(I ), wR2 = 0.0772, and
GOOF = 0.940 for all reflections. All calculations were per�
formed with the SHELXTL PLUS program package.11
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