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Use of allylic boranes in organic syntheses.
Synthesis of an analog of the alkaloid f lustrabromine
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The analog of the alkaloid flustrabromine containing no Br atom in position 6 was obtained
in three steps. The key step involves reductive prenylation of 3�R�indole with triprenylborane.
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β,γ�Unsaturated (allylic) derivatives of boron can eas�
ily add to compounds containing multiple carbon—car�
bon or carbon—heteroatom bonds and to some aromatic
nitrogen heterocycles. Reductive allylation of nitrogen
heterocycles with allylboranes1 proceeds highly stereo�
selectively to give α�allylated and trans�α,α´�diallylated
products in high yields2 (Scheme 1).

Scheme 1

Apart from the reductive trans�2,5�diallylation of pyri�
dine with triallyl�3 and trimethallylboranes,4 the allyl�
boration of pyrrole,5,6 indole,6,7 quinolines,8 isoquino�
line,9 and phenanthridine8 was studied. It was found10

that 3�substituted indoles in the presence of allylic bo�
ranes undergo reductive allylation, while the use of
triprenylborane 2 in this reaction affords not easily acces�
sible 2�(1,1�dimethylallyl)�3�R�2,3�dihydroindoles.

In the present work, the reductive prenylboration of
3�R�indole was a key step in the synthesis of debromo�

✾

Scheme 2

R = Pri, (CH2)2OH, (CH2)4OH, (CH2)2NH2 R = H, (CH2)2NH2

flustrabromine (3a), an analog of the alkaloid flustra�
bromine (3b) isolated from the Baltic bryozoan Flustra
foliacea.11

The synthesis was
carried out in three steps.
The reductive prenylbo�
ration of N(10)�methyl�
tryptamine (4) prepared
according to a known
procedure12 gave trans�2�
(1,1�dimethylallyl)�2,3�
dihydroindole 5 in 93%
yield. The reaction at 120—130 °C was completed in 4.5 h.

Compound 5 was converted into debromoflustra�
bromine by formylation with ethyl formate followed by

X = H (a), Br (b)
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the oxidation (aromatization) of the resulting formamide 6
with tetrachloro�p�benzoquinone (chloranil).13 The low
yield at the final step is probably due to steric hindrances
presented by the 1,1�dimethylallyl group.

Scheme 4

i. HCO2Et, 100 °C, 1 h. ii. Chloranil, xylene, ∆, 9 h.

Thus, the reductive prenylboration of 3�R�indoles was
successfully used in the synthesis of the analog of a natu�
ral compound containing a "reversed" prenyl group in
position 2 of the indole ring.

Like flustrabromine 3b, debromoflustrabromine 3a is
characterized by a double set of signals in the NMR spec�
tra, which indicates the presence of two isomers of this
compound. The spectra of the formamide 6 obtained also
show a double set of signals. Apparently, the observed

isomerism is due to the hindered rotation of the CO group
about the C(O)—N bond.11

The recently14 developed method of introducing a
prenyl and "reversed" prenyl group involves generation of
3�chloroindolenines and prenylboration of the C=N
double bond.

Experimental

All reactions with organoboron compounds were carried out
in an atmosphere of dry argon. Solvents were purified before use
according to standard procedures. 1H and 13C NMR spectra
were recorded on a Bruker AC�200P spectrometer; the chemi�
cal shifts are given on the δ scale with reference to SiMe4.
N(10)�Methyltryptamine 4 was prepared according to a known
procedure.12

Tris(3�methylbut�2�enyl)borane (triprenylborane 2). Solu�
tions of boron trifluoride etherate (20.06 g, 141 mmol) in 69 mL
of ether and of 1�bromo�3�methylbut�2�ene (66.37 g, 445 mmol)
in 36 mL of ether were added simultaneously for 2 h to stirred
magnesium (12.43 g, 511 mmol) in 300 mL of ether. The mix�
ture was refluxed for 1 h and left at room temperature for 1 day.
The precipitate of the unreacted magnesium and the salts was
separated and the product was extracted with hexane. The sol�
vents were removed and the product was distilled in vacuo, b.p.
92—96 °C (1 Torr). Redistillation gave tris(3�methylbut�2�
enyl)borane (15.72 g, 51%), b.p. 69—70 °C (1 Torr) (cf. Ref. 15:
b.p. 68—70 °C (1 Torr)).

2�(1,1�Dimethylallyl)�3�(2�methylaminoethyl)indoline (5).
A mixture of [2�(1H�indol�3�yl)ethyl](methyl)amine 4 12 (0.58 g,
3.3 mmol) and triprenylborane (0.90 mL, 0.73 g, 3.3 mmol) was
stirred at 120—130 °C for 4.5 h. The reaction mixture was cooled
to ambient temperature and treated with 20% NaOH (2.2 mL).
The organic layer was separated and the organic material was
extracted from the aqueous layer with ether. The combined
organic layer was washed with water, brine, and 1 M HCl. The
acidic layer was washed with ether and alkalified with an alkali
solution to pH 14. The organic layer was separated and the
product was extracted from the aqueous layer with ether. The
combined organic layer was dried over K2CO3. The solvent was
removed to give indoline 5 (0.77 g, 94%), b.p. 149.5—152 °C
(0.5 Torr). nD

20 1.5555. Found (%): C, 78.16; H, 9.85; N, 11.35.
C16H24N2. Calculated (%): C, 78.64; H, 9.90; N, 11.46.
1H NMR (CDCl3), δ: 0.85 (s, 3 H, Me); 0.95 (s, 3 H, Me);
1.65—1.80 (m, 3 H, CH2 + MeNH); 2.35 (s, 3 H, MeN);
2.50—2.70 (m, 2 H, CH2NHMe); 3.10—3.20 (m, 1 H, H(3));
3.25 (d, 1 H, H(2), J = 5 Hz); 4.10 (br.s, 1 H, NH); 4.90—5.10
(m, 2 H, =CH2); 5.65—5.85 (dd, H, =CH—, J = 18.2 Hz, J =
11.9 Hz); 6.45 (d, 1 H, Ar, J = 7.5 Hz); 6.60 (t, 1 H, Ar, J =
5.6 Hz); 7.95 (m, 2 H in Ar). 13C NMR (CDCl3), δ: 20.96 (Me);
22.20 (Me); 35.99 (CH2); 36.74 (CH2NH); 40.96 (C(3)); 41.32
(Cquat); 48.63 (CH3NH); 71.2 (C(2)); 107.32 (CH, Ar); 112.36
(CH, Ar); 116.98 (=CH2); 123.57 (CH, Ar); 127.02 (CH, Ar);
131.44 (C(3a)); 144.81 (=CH—); 150.25 (C(7a)).

2�(1,1�Dimethylallyl)�3�(2�methylformamidoethyl)indoline
(6). A solution of indoline 5 (0.92 g, 3.76 mmol) in ethyl formate
(5.0 mL, 61.9 mmol) in a sealed tube was heated in a boiling
water bath for 1 h. The ethyl formate was removed and the
residue was dissolved in ether and washed with 0.5 M HCl

Scheme 3

Conditions: 120—130 °C, 4.5 h.
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(5×6 mL). The acidic layer was washed with ether and alkalified
with an alkali solution to pH 14. The organic layer was separated
and the organic material was extracted from the aqueous layer
with ether (2×5 mL). The organic layer was washed with water
(10 mL) and a solution of NaCl (2×10 mL) and concentrated to
give compound 6 (0.75 g, 73%), b.p. 150—190 °C (0.008 Torr).
Found (%): C, 74.22; H, 8.71; N, 10.21. C17H24N2O. Calcu�
lated (%): C, 74.96; H, 8.88; N, 10.28. 1H NMR (CDCl3), δ:
1.05 (s, 6 H, 2 Me); 1.70—2.00 (m, 2 H, CH2); 2.85 (s, 3 H,
MeN); 3.10—3.50 (m, 4 H, CH2NH2 + H(3) + H(2)); 4.53 (s,
0.36 H, NH of the minor stereomer); 4.62 (s, 0.64 H, NH of the
major diastereomer); 5.00—5.20 (m, 2 H, =CH2); 5.75—5.95
(m, H, =CH—); 6.5—6.85 (m, 2 H in Ar); 7.0—7.2 (m, 2 H
in Ar); 8.00 (s, 0.35 H, CHO of the minor diastereomer); 8.05
(s, 0.65 H, CHO of the major diastereomer). 13C NMR (CDCl3),
δ: 21.19 (Me); 21.30 (Me); 28.38 (MeNH); 32.61 (CH2); 33.20
(CH2); 34.35 (MeNH); 39.96 (Cquat); 40.25 (Cquat); 40.61
(CH2NH); 40.77 (C(3)); 45.67 (CH2NH); 70.34 (C(2)), 106.80,
106.90 (CH in Ar); 111.78, 111.99 (CH in Ar); 116.28 (=CH2,
i�Pren); 122.66, 122.92 (CH, Ar); 126.63, 126.85 (CH, Ar);
129.56, 130.15 (C(3a)); 143.91, 144.11 (=CH—); 149.97, 150.05
(C(7a)); 161.37, 161.56 (CHO).

N�2�[2�(1,1�Dimethylallyl)�1H�indol�3�yl]ethyl�N�methyl�
formamide (debromoflustrabromine) (3a). Indoline 6 (0.20 g,
0.73 mmol) and 2,3,5,6�tetrachlorobenzoquinone (chloranil)
(0.18 g, 0.73 mmol) in 11 mL of p�xylene were refluxed for 8 h.
The reaction mixture was cooled, washed with 20% NaOH
(4×10 mL), water, brine, 2 M HCl (3×10 mL), and NaCl
(3×5 mL), and concentrated to give pure (NMR data) debromo�
flustrabromine 3a (0.10 g, 50%). For elemental analysis, com�
pound 3a was purified by chromatography on Flash silica gel
(32—63 µm) with ether as an eluent; Rf 15—36%. Found (%):
C, 75.31; H, 8.11; N, 10.41. C17H22N2O. Calculated (%):
C, 75.52; H, 8.20; N, 10.36. 1H NMR (CDCl3), δ: 1.40—1.70
(m, 6 H, 2 Me); 2.80—3.10 (m, 5 H, CH3N + CH2); 3.35—3.65
(m, 2 H, CH2); 5.05—5.2 (m, 2 H, =CH2); 6.0—6.2 (m, H,
=CH—); 7.0—7.7 (m, 4 H, Ar); 7.90—8.10 (m, NH); 8.45 (s,
0.4 H, CHO of the minor isomer); 8.65 (s, 0.6 H, CHO of
the major isomer). 13C NMR (CDCl3), δ: 22.42, 24.74 (CH2);
27.51 (2 Me); 29.84, 34.79 (MeNH); 38.64, 38.69 (Cquat); 49.21,
50.00 (CH2N); 106.28, 107.20 (C(3)); 110.42, 110.74 (CH, Ar);
111.44, 111.53 (=CH2); 117.22, 117.84 (CH, Ar); 119.06, 119.12
(CH, Ar); 121.07, 121.21 (CH, Ar); 128.82, 129.20 (C(3a));
134.19, 134.29 (C(2)); 139.90, 140.17 (C(7a)); 145.79 (=CH—);
162.26, 162.41 (CHO).
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