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Abstract —Vilsmeier's thienopyrroliziniminium salts were treated with primary
amines to give N-substitued thienopyrrolizinimines. Reduction of these imines

gave the corresponding aming derivatives.

In continuation of our work on the synthesis of thigphenic analogs of pyrroloindoies {in relation
with mitomycin antitumor activity 2, we wish to describe herein a convenient route for the synthe-
sis of new 4-imino-and 4—amin0—4H-thien0[2,B—b]pyrro1izines via an iminium salt.

We have recently published an original way of cyclisation of thienopyrrelizinone 1 using amides

in Vilsmeier-Haack reactions 1

and applied this method to the synthesis of pyrroloindoles 3.
Further studies concerning this reaction pampted us to isolate the intermediary iminium salts of
this reaction.

Thus when the pyrrolidinccarboxamide 3 was treated with boiling phosphoryl chloride, the reaction
afforded azfter evaporation of the excess reagent the stable iminium 4. The structure of its
cationic moiety was confirmed by IR and NMR spectroscopic data, but microelemental analyses
showed that the anionic moiety was always a mixture of phosphorodichloridate and chloride. This
compound is very soluble in aqueous medium and can be used in situ for further reactions.

However the crude salt 4 could be purified by treatment first by sodium bicarbonate, then by
perchloric acid to give the insoluble perchlaorate 5.

These iminium salts 4 and & exhibited a high reactivity towards nucleophilic reagents. Thus treat-
ment of an aqueous solution of 4 or 5 with sedium or potassium hydroxide gave the pyrrolizinone 1
as described before. The iminium 4 was treated with hydrazine hydrate at room temperature to give
the hydrazore 6 which could not be obtained from pyrrolizinone 1 by reaction with hydrazine which
instead lead to a desulfurisation of the thiophene ring. Similarly treatment of § with hydroxyla-

mine hydrochleride in presence of sodium acetate gave the oxime 7 as a mixture of an equivalent
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amount of E and Z forms. These Tatter cculd be obtained starting from 1.

Furthermore when an aqueous solution of the iminium salt 4 was treated at room temperature with an
excess of water-soluble primary aliphatic amines, the instantansous reaction afforded the imines
8———=14 in guantitative yield (Table I). These imines could not be obtained by condensation of
primary aliphatic amines with the pyrrolizinone 1. This reaction of the iminium salt 4 with prima-
ry aliphatic amine seems to be quite general with water soluble materials. Aromatic amines were
unreactive under these conditions.

Reduction of these imines 8§ —14 in methanol with sodium berohydride gave the corresponding
aminothienopyrrolizines 156—21 (Table 1I).

The amino compound 22 was obtained when ammonia was bubbled into a methanolic solution of the imi-
nium salt 4 and the unstable pyrrolizinimine was reduced in situ with sodium borohydride. Acety-
tation of the unstable oil of 22 with acetic anhydride gave the stable acetamidothienopyrrolizine

23.
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EXPERIMENTAL

General notes
Melting points are uncorrected. All new compounds gave satisfactory microanalyses {+0.3%.
Ir spectra were recorded on Perkin-Elmer 257 G spectrometer and only noteworthy absorptions

(cm'l) are listed. NMR spectra were recorded in DMSO-d. with TMS as international standard on

3
a Varian EM 390 spectrometer,

2-{1-Pyrrolyl}-3-pyrrolidinccarbonylthiophene 3__ Pyrrolidine (50 ml) was added dropwise to a

solution of 2-(1l-pyrrolyl)-3-thenoyl azide 2 1 (21.8g, 0,1 mole) in dichloromethane (500 ml) at
room temperature with stirring. The reaction mixture was stirred for 12 h at this temperature
and then washed with hydrochloric acid {I1N, 3x150 ml}. The organic layer was washed with water,
dried (Caclz) and the solvent removed under vacuum. The residue was worked-up in ether to give

a yellow oil {18g, 73%, bp°C 180/1rm).

1 1

irJmax (KBr) 1610 cm © (C=0): ~H nmr (DMSO—dﬁ),Sppm 7.03 {d, 1H, H-4} ; 7.31 (d, 1K, H-5),

6.90 (m, 2H, H-2', H-5'), 6.20 (m, 2H, H-3', H-4'), 3.30 (m, 2H, CH,}, 2.80 {m, 2H, CH,), 1.66
(m, 4H, CH,).

fnal. Calcd for CyHy N05: C,63.39; H, 5.73; N, 11.37; S, 13.01. Found: C, €3,25; K, 5.84;
N, 11.35; S, 12.97.

N—Cyciobutanothieno[z,3—b] pyrrolizin-4-iminium (mixture of chloride and phosphorodichloridate) 4

A solution of 2-(1-pyrrolyl)-3-pyrrolidinccarbonylthicphene 3 {20g) in phesphoryl chloride

(200 m1) was refluxed for 1 h and then the excess of reagent was removed under vacuum. The red
semi-solid residue {25g) was thoroughly washed with petroleum ether and dried. Recrystallization
from 2-propanol gave red crystals (mp°C 260 dec.).

irvmax (KBr) 1650 cm_l {C=;); 1H nmr (DMSO-d6/DZO)Jappm 7.13 (s, 2K, H-2, H-3), 6.96 {dd, IH,

H-5), 6.25 (dd, 1H, H-6); 7.41 (dd, 1H, H-7), 4.10 {m, 2K, CH,}, 3.80 (m, 2H, CH,), 2.21 {m, 4H,

2)
CH,).

N-Cyclobutanothienol 2,3-bIpyrrolizin-4-iminium {perchlorate) 5 — Sodium hydrogenecarbonate {10g)

was added portionwise with stirring at rcom temperature to a solution of iminium salt 4 (5g) in
water (50 m1) ; the resulting alkaline solution (pH=13) was acidified by slow addition of concen-
trated perchloric acid. After 30 min, the red precipitate was filtered, washed with water and

dried (&g, 93% from 3). Recrystallization from 2-propanol gave crystals (mp°C »250 expl.).
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Table 1 \ / —_ mp or bp, yields, IR and 'K NMR spectral data of compound 6 —wl4
Y
1
mp°C {solvent for IR (KBr) H NMR
Compound Y recrystallization) Yield -1
p N % 3 max (em ) H? H3 H5 HE H7 Other signals
or bp°C
6 K-Rtl, 238(Et,0) 70 1630(C=K)
3800-3280 (M,)| 7.00| 7.00| 6.73| 6.21| 7.23| 7.05(it,)
7 a = NOH(E): E=250(EtOH) 90 1635(C=N) 7.03] 7.03| 6.60) b5.16 7.27} 11.76(0H)
b = NOH(Z) Z=190(EtOH) 3150-3000(0H) 7.0 7.21| 6.37) 6.12 7.26 11.G63(0H)
8 N-CH3 86 (EtZO) 65 1610(C=N} 7.06| 7.03| 6.58| 6.200 7.32 3.45(CH3)
g E\I-CEH5 IOU(EtZO) 60 1625{C=N) 7.08] 6.98| 6.53| 6.13] 7.30 3.65(CH2);1.33(CH3)
10 N-nC3H? 130/ 5mm 68 1610{C=N) 7.061 7.051 6.50| 6,18] 7.30 3.56(CHZ);1.81(CH2);l.OO(CHs}
11 M-nC H 124/5mm 65 1620({C=N) 7.031 7.03] 6.50| 6.18| 7.30 3.61(CH,}31.72{CH,);1.40(CH, };
4'g 2 2 2
D.93(CH3)
12 N{CH,},N(C H-),| 125/5mm 70 1615{C=N) 7.06) 6.96| 6.16 7.25| 7.25 3.58{CH,)3;2.45(CH,):1.83(CH,);
27322 2 2 2
0.91(CH3)
13 N-CH,-C.H 54 (petroleum B i
27658 ether: Ety0 1:1) 60 1625(C=N) 7.03] 7.03] 6.70| 6.1 7.30 4.76(CH2),?.30(C6H5)
14 N-C,H,OH 152(Et,0:me,C0 1:1) 75 1620(C=H) 7.03| 7.03 6.40] 6.18| 7.30| 3.75(CH,):4.71{0H)
24 2 3150 (0H} 2

% Separated by fractionail

crystallization from ethanol.
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IrYmax (KBr) 1650 an !

(c=§) 1100 cm - (cm;)-, I e (DMso~d6/020)3ppm 7.21 {5, 24, H-2, K=3);
7.08 (dd, 1H, H-5); 6.25 (dd, 1H, H-6)3 7.73 (dd, 1K, H-7): 4.16 (m, 2H, CH,); 3.91 (m, 2H, CHy);
2.13 (m, 4, CH,).

fnal. Caled for € H .C10,NS: C, 47.49; H, 3.99; N, 8.52; S, 9.755 C1, 10.78. Found: C, 47.55;
H, 4.08; N, 8.47; S, 9.70; C1, 11.04.

General procedure for the preparation of hydrazone 6, oxime 7 and imines §——14 . —T0 a well

stirred solution of iminium salt 4 {2g) in water (20 m1}, the appropriate reagent was added at
room temperature. After 5 min, the resulting precipitate was recovered either by filtration for
the solid compound or by extraction with ether for the oily compounds. The solid compounds were
washed with water, dried (Na2504), recrystallized from appropriate solvents., The organic extracts
were washed with water and dried (MgSO4). The solvent was removed and the residue distilled unter
reduced pressure {see Table I).

General procedure for preparation of amines 15 —e21 — 70 a soiution of one of the 4-atkyli-

mino-4H-thienopyrrolizines 8 ———=14 (1lg) in methanol (50 m1), sodium borohydride {1g) was added.
The mixture wes refiuxed for 30 min and the solvent removed. The residue was triturated with
water (60 ml) and extracted with ether {3x50 m1}. The organic layer was washed with water, dried
(NaZSOA) and the solvent removed. The oily product was distilled under reduced pressure except
for compound 21 which was recrystallized {see Table II).

4-Acetamido—4H—thieno[2,3-b]pyrr011zine 23— Ammonia was bubbled for 5 min into a solution of

iminium salt 4 (1,5g} in methanol (60 ml). When the red starting solution became yellow, sedium
borohydride {1lg) was added in small portions. The mixture was stirred for 30 min at room tempe-
rature and the methanol was removed. The residue was triturated with water (60 ml) and then
extracted with ether {3x50 mi),

The organic layer was washed with water and dried (Nazsod). After evaporation of the solvent,
the 0ily residue was distilled under reduced pressure to give the 4-aminothienopyrrolizine 22

as a colourless oil (0.5g, 45% from 3, bp 110°C/5mm.

Irymax (KBr) 3450-3360 co® (WHy); !

H nmr {DMSD—ds)Sppm 7.00 (s, 2H, H-2, H-3), 6.10 (m, 2H,
H-5, H-6), 7.00 {dd, 1H, H-7), 4.76 {s, 14, K-4), 2.5. (s, 2H, NH,).

The aminothienopyrrolizine 22 (0,259} was dissolved in ether {10 m1) and then acetic anhydride
(1 ml) was added. The reaction mixture was heated for 30 min at 40°C and then allowed to stand
at room temperature for 12 h, The white crystalline precipitate was filtered and recrystallized

from petroleum ether (0,25g, 73%, mp 210°C)
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irmax (KBr} 3260 cr (NH): 1640 cn L (C=0); W nmr (DMSO-dg)Sppm 7.03 (d, I, H-2), 6.85
(d, 1H, H-3), 6.10 {m, 2H, H-5, H-6), 7.10 (dd, 1H, H-7), 5.73 {s, IH, H-4), 1.83 (S, 3H. CH3);
8.41 (s, 1K, NH).

fnal. Calcad for CllHIUN 0S: C, 60.54; H, 4.62; N, 12.84; S, 14.66. Found:C, B60.59; H, 4.62;

2
N,12.84; S, 14.58.
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