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PYRROLO[1,2-a]JTHIENQ[3,2-f][1,4]DIAZEPINES:
NEW 4H AND 4H-5,6-DIHYDRO DERIVATIVES

Isabelle Rault, Sylvain Rault, and Max Robba*

Centre d'Etudes et de Recherche sur le Médicament de Normandie
1, rue Vaubénard 14032 CAEN, France

Abstract-Synthesis of 44 and 4H-5,6-dihydro pyrrolo[1,2-a]thieno-
(3.2-fi[1.4]diazepines from 3-[2-(1-pyrrolyljthienyl]benzylamine is
described.

In the course of our work on the synthesis of pyrrolothienodiazepines (PTD), ! we have recently published a
three step synthesis of 4-phenyl-6-hydroxy-6H-PTD derivatives (2) 2 from 2-aminothieny!-3-carbonitrile via 2-
(1-pyrrolyl) thien-3-ylphenylmethylenimine (1).
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We describe herein the synthesis of some 4H -PTD and 4H-5,6-dihydro PTD (5, 7-8), from 3-[2-(1-
pyrrolyl)thienyl]benzylamine (3). The latter was obtained in quantitative yield by hydrogenation of the imine (1)
with sodium borohydride in refluxing methanol. Then, the treatment of 3 with acetic anhydride in acetic acid or
with chloroacetyl chloride or ethyl oxalyl chloride in THF gave the corresponding amides (4a-c). Cyclization of
the diazepine ring was then achieved by refluxing phosphoryl chloride to lead 44-PTD (5a-c). The unsubstituted
4H-PTD (5d) on the 6 position was obtained by treatment of a solution of ethyl diazepinecarboxylate (5¢) with
aqueous 2N sodium hydroxide. The reaction did not allow the isolation of the carboxylic acid which was
decarboxylated in the conditions of this reaction.

On the other hand, treatment of the benzylamine {3) with benzaldehyde substituted or not gave the Schiff bases
(6a-e). The ring closure of these latter into 4H-5,6-dihydro PTD HCI (7a-¢) was realized in mild conditions.
The best results were obtained when an isopropanolic solution of 6a-e was treated with 10 equivalents of 12N
hydrochloric acid at room temperature to permit the precipitation of the diazepinium chlorides (7a-¢) in about
60% yield. Further, when an ethanolic solution of 3 was treated with 20 equivalents of acetone in presence of
aqueous hydrochloric acid (20 equivalents) at reflux, it gave the dimethyl-4H-5,6-dihydro PTD (8).
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Table | Spectroscoptc and rcroanalytical data of compounds { 3-8)

Compd Yield mp or bp(°C)
(%)  (Solvtofcryst )

3 90 200/5 mmHg
4a 95 138

(ether)
1b 77 50

(ethen

4c 74 130
{ether)

Sa 53 200/1 mmHg

5b 40 200/1 mmHg

I(KB1)
vmax(cm'l)

3350/3280
(NH»)

3220 (NH)
1640 (CO)

3210 (NH)
1640 (CO)

3260 (NH)
1730 (CO)
1670 (CO)

1620 (C=N)

1600 {C=N)

Molecular
Formula

IH Nmr (DMSO-dg)
& ppm/TMS
J (Hz)

7 28 (m, H"-Phenyl)
706 {d. /=3 86. H-5)
7 00 {d. /=3 86, H-1)
6 79 (s, H-2'5")

629 {s. H-3'4)

5.09 (s. CHy

180 (s. NH;)

CpsHpgNS

§ 81 (d. /=8 30, NH)
741(d. J=5 86, H-5)
727 (m. H-3"4"5")

709 (d..5=7 33, H2"6")
700 (d. /=5 86, H-4)

6 93 (s. H-2'5")

6 25 (s. H-3'4)

603 (d../=8 30. CH)
190 (s. CH3)

C7HN208

9 19 (d. J=% 30. NIT)
744 (d. /=5 86. H-5)
7.32 (m, H-3"4"5")

7.12 (d. J=7 33. H-2"6")
700 (d. J=5 86. H-4)
692 (s. H-2'5)

626 (s. H-3'4)

599 (d, /=8 30. CH)
413 (s. CHy)

Cy7H3N,0C15

9 82 (d. J=8 30 NH)
7 44 (d. J=5.86. H-3)
7 30 (m. H-3"4"5")

7 17 (. H-2"6")

717 {m. H-1)

6 91 (s. H-2'5")

6 25 (s. H-3'4)

6 07 (d. /=8 30. CH)
424 (q..J=6 84. CHy)
127 (.J=6 84 CH3)

CroH|18N2035

758(d J=781. H-2'6) C7H)4N3$
7 46 {s. H-9)

737 (m. H-3'4'3")

713 (d. J=5 37. H-2)

6 89 (d. J=3 91 H-7)

6 46 (t. J=3 91. H-8)

6 13 (d. J=337 H-3)

523 (s, CH)

233 (s CHy)

760 (d..J=6 83. H-2'6')
741 (m. H-3'4'5)

739 (s. H-9)

720 (d../=5 37 H-2)
695 (d../<3 91 H-T)

813

Elemental analysis
Caled (n o)

(Found)

C H N

7083 555 1101
(7068 563 1093

6889 511 945
(6877 541 945

6172 457 %47
(6151 464 839

6439 512 790
(6428 509 788)

7335 5¢
(7320 5

7 1003
5010 10)

—

6528 416 B9
(6320 405 890
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6a

6b

6c

od

40

50

74

57

72

75

205/1 mmHg

202/1 mmHg

138
(1sopropanol)

140
(isopropanol}

180
(1sopropanol}

94
(1sopropanol}
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1720 {C=0)
1600 (C=N)

1600 (C=N)

1665 (C=N)

1630 (C=N)

1620 (C=N)

1710 (C=N)

6 51 (t, /=3 91, H-8)
615 (d. J=537. H-3)
535 (s, CH)

4 84 (d, J=12 21, CHyp)
451 (d, J=12 21, CHy)

757 (d, J= 6 83, H-2'6")
7.43 (m. H-34'5")

741 (s, B-9)

734 (d, J=5 37, H-2)
695 (d, J=3 91. H-T)

6 52 {t, J=3 91, H-8)

6 19 (d, J=5 37, H-3)
5.49 (s, CH)

4 84 (g, J=6 84, CHy)
128 (1, /=6.84. CH3)

7 43 (m, H-Phenyl-H-2, H-6) CjgH|3N,$

7 18 (m, H-9)

6.87 (d. J=5 86, H-3)
6 35 (d, J=3.91, H-8)
6 17 (1, /=3 91, H-T)
4 58 (s. H-4)

8 31 (s, CH}

779 (d, J= 5 37. H-2"6")
7 43 (m, H-3"3"5")

742 (d. J=5 86, H-5)
7.29 (s, H"-Phenyl)

710 (d, J=5 86, H-4)

6 93 (s, H-2'5")

6 27 (s, H-3'4)

549 (s. CH)

832 (s, CH)

782 (d, /= 5 37, H-3"5™)
7.52 (d. J= 5 37. H-2"6")
743 (d, J=5 86, H-3)
727 (s, H"-Phenyl)

710 (d, J=5.86, H-4)
694 (s, H-2'5")

6 28 (s. H-3'4")

550 (s, CH)

847 (s, CH)

CgH)sN20,8

CapHigN2S

CoyH|7N5CIS

Cy2H 7N3Op8

830 (d,J=35 37, H-2"6™ )

8.05 (d, J= 5 37, H-3"5"™)
745 {(d, J=5 86. H-5)
729 {s. H"-Phenyl)

7 11 {d. J=5 86, H-4)
6.95 (s. H-2'5")

6.28 (s. H-3'4)

5.58 (s, CH)

8 37 (5. CH)

807 (d. J=8 79, H-5"
7 68 (s, H-3'")

750, J=8 79 H-6")
7.42 (d, /=5.86. H-5}

7 30 (s, H"-Phenyl)

7 04 (d, J=5 86_H-4)

Cy9H N2 CIS

6785 476 8.33
(6775 470 825)

7272 454 1060
(7275 4.50 10.55)

7716 530 818
(7701 527 821

70.11 455 8.17
(7037 4.25 8.20)

682 442 1085
(6787 435 1062)

6424 392 68l
(6436 394 6.78)
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Ta

h

Te

7d

84

54

51

62

95
(isopropanol}

228
(isopropanol)

229
{methanol)

244
{methanol)

195
{ethanol)

1680 (C=N)

2500/2480

(NHy™)

2900/2500

(NHyH

3000/2400

(NHy )

3040/2580

(NH; Y
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6.93 (s, H-2'5"
6 27 (s, H-3'4"}
560 (s, CH)

8 56 (s, CH)

817 (s, H-3™)

805 (d, /=8 79, H-5")
788 (d, J=8.79, H-6"}
743 (d, J=5 86, H-5)

7 28 (s, H"-Phenyl)
704 (d, J=5 86. H-4)
6.99 (s, H-2'5")

6.28 (s, H-3'4"

5.56 (s, CH)

10 78 (m. NHy)
10 51 (m, NH,)

CyyHygN,CIS

7 46 (m. H-Phenyl". H-Phenyl')

7.38 (s. H-9)
729 (d, J= 5.86, H-2)
641 (d, J=5.86. H-3)
634 (t.J=3 42. H-§)
591 (s. H-7)

5.54 (m. H-4)

5.37 (m, H-6)

10.83 (m. NHy)
10 63 (m, NHy)

CyoHgN5Cl158

769 (m, H-3"5"and H-2'6"}
752 (m. H-2"6"and H-3'4'5")

7.36 (s. H-9)
7.34 (d, J= 5.86, H-2)
6 42 (d, /=5.86. H-1)
6 35 (s, H-8)

596 (s, H-7)

541 (m, H-9)

566 (m. H-6)

11 04 (m, NHs)

8 31 (d, J= 8.3, H-3"5")
798 (d. /=8 3, H-2"6")
770 (d. J=8 79, H-2'6")
744 (m. H-3'4'3")

7 44 (s, H-9)

733(d, J=5 86, H-2)

6 42 (d. J=5 86. H-3)
6.35 (5. H-8)

591 (s, H-7)

542 (m, H-4)

581 (m. H6)

10 95 (m. NH)
8 13 (d. J= 8 30. H-5")

CyaH)gN40O,CIS

Cy2H17N3Cl148

772 {m. H-3"6"and H-2'6")
748 (m. H-3'4'5'_H-2. H-9)

6.53 (d. /=5 86. H-3)
6 30 (s, H-8)

366 (s, H-7, H-6)
5356 (s. H4)

&5

6263 379 996
(6255 370 1010)

6974 505 739
(6955 514 742)

6120 463 679
6151 143 669

6233 428 991
62.11 416 910

5901 383 626
(5880 386 593)
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Te 74 166 3000/2500 1048 (m, NHy) CyaH7N30:C158 5765 374 917
(ethanol) NHyH 821 (m, H-3") (5783 345 917
8.02 (d, J= 8 30, H-5")
795 (d. J= 8 10, H-6")
7 32 {m, H-Phenyl', H-2. H-9)
6 31 (d. /=3 86, H-3)

624 (5. H-8)
6 12 (s. H-7, H-6)
5 54 (s, Hed)
8 46 22 3000/2600 10 88 (m. NHp) CgHjgN;CIS 6534 579 847
Gsopropanol)  (NHy™) 9.80 (m, NH,} (6501 581 829)

751 (d..J=8 79. H-2'6)
741 (m, H-3'9'5"

7.31 (s, H9)

727 (d. J= 5 86, H-2)
6.47 (d. J=5 86, H-3)
6.38 {s. H-7)

632 (s. H-8)

582 (m, H-4)

1 81 (s. CHs)

167 (s. CH3)

EXPERIMENTAL

All melting points were measured using a Kofler bank apparatus and were uncorrected Infrared spectra were
recorded on a Philips PU 9716 spectrophotometer 'H Nmr spectra were taken on a JEOL JNM-FX 200 in
DMSO0-dg solution using TMS as an internal standard

3-[2-(1-pyrroivi)thienyl Jbenzylamine (3)
To a solution of phenyl-3-[2-(1-pyrrolyl)thienyl]methylenimine (1) (2 g, 7 93 mmol) m methanol (100 ml), was

added NaBHy (1 2 g, 31 mmol, 4 equivalents) by small portions The mixture was heated under reflux for 3 h
and the methanol was evaporated in vacuo The residue was cooled, triturated with water and extracted with
ether The organic fayer was dried (MgSQOy4) and the ether was evaporated in vacuo to give 3 (1 81 g, 90%)

N-benzyl-3-[2-(1-pyrroly]thienyl]acetamide (4a)

The benzylamine (3) (2 g, 7 87 mmol) in a mixture of acetic acid (5 ml, 0 087 mol) and acetic anhydride (5 ml,
0 053 mol) was stirred at room temperature for 6 h The reaction mixture was then poured on ice and the
precipitate was filtered, washed with petroleum ether, dried and recrystallized from ether to give 4a (221 g,
95%)

General procedure for the synthesis of amides (4b-¢)
The benzylamine (3) (2 g, 787 mmol) in THF (30 ml) solution was treated with an excess of triethylamine

{14 17 mmol, 1 43 g, 1 8 equivalents) and the corresponding acid chlorides {11 08 mmol, 1 5 equivalents) The
reaction mixture was stirred at room temperature for 3 h Then, it was poured on water, stirred for 2 h and
extracted with ether The organic layer was washed with saturated NaHCO3, dried (MgSOy4) and the ether was
evaporated in vacuo to give 4b (2 g, 77%), 4¢ (2 06 g, 74%)
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General procedure for the synthesis of 4H-PTD (Sa-c)

To the amides (4a) (1 g, 3 37 mmol} or (4b) (1 g, 3 02 mmol) or (4¢) (1 g, 2.82 mmol) was added phosphoryl
chloride (20 m{, 0 2 mol) and the mixture was heated at reflux for 30 min (4a), 10 min (4b) or 60 min (4c) Then
the excess of POCl; was evaporated in vacuo After cooling, the residue was triturated with 6N NaOH and

extracted with ethyl acetate The organic layer was washed with water, and with saturated NaHCOs3,
dried(MgSQ04) and the ethyl acetate was evaporated in vacuo to give 5a (05 g, 53%), 5b (0 32 g, 40%), 5S¢
(0 38 g, 40%})

4-Phenyl-4H-pyrrolo[1.2-a]thieno[3,2-f][ 1.4]diazepine(5d)
5¢ (1 g, 2.97 mmol) in 10 ml of 6N sodium hydroxide (60 mmol) was heated at reflux for 1 h Then, water was

added and the mixture was extracted with ether The organic layer was dried {(MgS8QO4) and the ether was
evaporated in vacuo to give 5d (0 39 g, 50%).

General procedure for the synthesis of Schiff bases (6a-e)

To benzylamine (3) (1 g, 3 93 mmol) in ethanol (25 ml) was added the corresponding aromatic aldehyde (3 93
mmol, 1 equivalent} The mixture was heated at reflux for 30 min After cooling, the precipitate was filtered,
washed with ether and recrystallized to give 6a (1 g, 74%), 6b (0 84 g, 57%), 6¢ {1 09 g, 72%), 6d (1 21 g,
75%), Ge (1 40 g, 84%).

General procedure for the synthesis of 4/-5,6-dihydro-PTD (7a-e)
To N-arylidene-3-[2-(1-pyrrolyl)thienyl[benzylamine (2 25 mmol) in 2-propanol (15 ml), was added dropwise
aqueous 12N hydrochloric acid {1 ml, 0 012 mol) The mixture was stired at room temperature for 2 h The

precipitate was filtered, washed with anhydrous ether and recrystallized to give 7a (0 46 g, 54%), 7b (0 49 g,
51%), 7¢ (0 59 g, 62%), 7d (0 72 g, 72%), Te (0 76 g, 74%)

6-Dimethvl-4-phenyl-5 6-dihydro-4H-pyrrolo[1,2-a]thieno[3,2-

To benzylamine (3) (1 g, 3 93 mmol) in ethanol (25 ml) was added acetone {59 ml, 0078 mol) and 12N
hydrochloric acid (2 5 ml, 0 078 mol) The mixture was heated at reflux for 10 min and the mixture was
concentrated to half volume Afier cooling, the precipitate was filtered, washed with anhydrous ether and

recrystallized to give 8 (0 6 g, 46%)
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