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Abstract - Some derivatives of the title heterocycles have
baen prepared by a "one step" synthesis from 2-hydroxy-2-
acylmethylene-1, 3-indandiones, tosyl chloride and isoguinoline
or phthalazine. The synthesis of new indenol2,1-blindolizine

derivatives performed by using pyridine as base is also repor-

ted.

During the expleration of synthetic methodology that could provide novel hetero-

cycles and as a parkt of a program intended to produce DNA-interacting (probably

intercalating) compounds, we became intereslk in the synthesis of novel polyconden-

1-8
sed heterocyclic derivatives containing bridgehead nitrogen atoms.

In this context, we have recently described the "one-step" synthesis of 1l-ben-

zoyl-10i-indeno[2,1-b]indolizin-10-one 2a throughout a simple reaction of 2-

hydroxy-2-phenacyl-1,3-indanedione la with tosyl chleoride {TsCl} in anhydrous

pyridine (Scheme 1).
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A possible pathway of this new cycleocondensation reaction and single crystal X-ray

diffraction analysis for compound 2a were reported in that paper.6

In crder to explore the limitations and applicability of this reaction scheme in
the synthesis of derivatives of potential pharmacological interest, we reacted
first similar starting ketones 1lb=f with pyridine and then with isoquinoline and

phthalazine (Scheme 2)

I TsCl

e:X=4-NH,; f:R=CH,CH(CH,),

Scheme 2
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As expected the indeno[z,l—E]indolizine derivatives 2b=f were obtained in fairly
gocd yields. More interestingly also the indeno[2,l-E]benzo[g}indolizine deriva-
tives 3a-c,f as well as the indeno[l',2':5,4]pyrrolo[Z,1—E}phtha1azine da were
easily formed.

It is impertant te underline that, to the best of our knowledge, compounds 3 and 4
contain unrepcrted heterocyclic ring systems, The analytical and spectroscopic
data of compounds 3a-c,f are fully consistent with the proposed structures.
Furthermcre careful analysis of lH-nmr data allowed a complete proton assignments
as indicated for compcund 3c in Table 1.

The IH-nmr signal patterns are in good agreement with theose c¢bserved in the
simpler structure 2a.

Similarly, a complete proton assignment has been made for compound 4a which con-
tained simplified signal patterns due to the presence of a second nitrogen atom 1n
the heterccyclic ring system (Table 2).

A pharmacclogical screening was carried out on some selected heterocyclic deriva-
tives 2, 3 and 4; a limitation for biological activity could arise from their
solubility. However compound 2f displayed weak analgesic (MAD 100 mg/Kg/PO in the
acetic acid test) and antiacid (MAD 100 mg/Kg/IP) activities. For 3aa borderline
antiarythmic activity was observed at 100 mg/Kg/IP.

Also some selected 2-hydroxy-2-phenacyl-1,3-indandicnes 1 were tested in view of
the reported multiple pharmacological properties of 1,3—indandiones,9rl0 which
have drawn ocur interest and attention in the past.ll—]3

Compound lc¢ showed a rather unexpected antihypertensive activity (MAD=50mg/Kg/PO)

when tested in the Spontaneous Hipertensive Rat.



Table 1., 200 MEz JH-Nmr data of compound 3¢

J
{a) (b)
Protons Mt é, rpm H-11 =z
(c)
1 m 8.66 1,2 (e) 5.00
1,3 (e) 2.95
(a)
17,18 dt 8.32 17,16(19,20) 8.80
2.10
(d)
16,20 dt 8.12 16,17(20,19) 8.80
2.10
6 d 7.90 6,5 7.40
(c)
4 m 7.67 4,3 (£) 6.35
4,2 (£) 3.10
3 m 7.54 3,44¢3,2) (f) 6.35
2 m 7.52 2,3 i 6.35
2,4 £ 3.10
10 td 7.35 10,9 or 11 7.40
10,8 1.35
8 dt 7.32 B,9 7.40
8,10 or 11 1.35
11 dt 7.26 11,10 7.40
11,9 or 8 1.35
5 d 7.20 5,6 7.40
9 td 7.13 9,8 or 10 7.40
9,11 1.35

a) Mt=Multiplicity: b) Values approximated te 0.05 Hz; ¢) The system was not
easily interpretable through a first-order approximation because of para coupling
and long range coupling, detected by COSY spectrum; d) The expected A,B, system
appears as & couple of deouble triplets; e) The coupling constants have been
determined from the spectrum recorded after irradiation of the H-4 multiplet at
7.67 ppm; f) the coupling constants have been determined from the spectrum recor-

ded after irradiation of the H-1 multiplet at 8.65 ppm.
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Table 2. 200 MHz IH-Nmr data of compound 4a

J
{a) ()
Protons Mt é, ppm E-H Hz
5 s 8.58
1 ad 8.56 1,2 8.25
1,3 1.50
16,20 ar B. 00 16,17(20,19) 7.50
16,18 or 19(20,18 or 17) 1.50
3 - 7.69 3,2 8.25
3,4 7.70
31 1.50
2 td 7.65 2,1 8.25
2,4 1.55
4 ad 7.65 4,3 7.70
42 1.55
18 it 7.59 18,19 or 17 7.50
18,16 or 20 1.45
n ad 7.60 11,10 7.50
11,9 1.05
17,19 ta te? 7.48 17,18{19,18) 7.50
17,20(19,16) 1.50
8 aa 7.35 8,9 7.50
8,10 1.25
10 td 7.34 10,11 or 9 7.50
10,8 1.25
9 td 7.12 9,8 or 10 7.50
9,11 1.05

a} Mt=multiplicity; b} The coupling constants were approximated to 0.05 Hz;

c) BSignal with additicnal splittings.
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EXPERTMENTAL

Melting points were determined by the capillary method on Electrothermal (Mark II)
apparatus and are uncorrected. Elemental analyses were made on a Carlo Erba 1106
C,H,N analyzer. Ir spectra were recorded using KBr disks on a Perkin-Elmer 283
spectrophotometer, only the most significant and diagnostic absorption bands being
reported. TH-Nmr specra were recorded on a Varian EM 3920 or XL-200 using TMS as
internal standard, chemical shifts were exXpressed in d {ppm) and the coupling
constants J in Hz. Exchange with deuterium oxide (D,0) was used to identify -OH
and -NH protons. A careful Te-nme spectral analysis of ll-benzoyl-10H-indenol[2,1-bj-
indolizin-l0-one 2a has been reported in full details in reference 6 and therefcre
the same analysis wasn't repeated here for compounds 2b-f wheose structures are
very close to that of 2a. Chromatographic separations were carried cut on silica

gel columns (230-400 mesh, Aldrich-Chemie) by using the "flash” technique.

General Methed for the Preparation of Ketones la-d,f

Compound la was prepared according to the procedure described previously.6

Compounds 1lb-4,f were prepared as follows:

A solution of appropriate ketone (30 mmol) and ninhydrin (5.34 g, 30 mmol} in
glacial acetic acid (70 ml) was kept under reflux for 4 h. The solvent was evapo-
rated in vacuc and the residue was crystallized or separated by chromatography on
a silica gel column to give:

2-Hydroxy-2-[3'nitrophenacyl 1 -1, 3-indanedicne 1b (70% yield) wp 162-164 °C from

ether, ir, Ymax: 3420 br, 1750, 1710, 1680, 1610, 15%0 cm_J; ]H~nmr {chloroform-
d) 6 : 4.14(s, 2H, —CH2). 5.81(s, 1H, -CH, exch. with D0}, 7.86(t, 1H, ©-5',
J=8.00), 8.05-8.08(m,4H , arom, indanedione moiety}, 8.40(dc, 1H, H-6',J=8.00 and
1.20}, 8.51(dt, 1H, H-4',J=8.00 and 1.20), B8.65-8.70(m, 1H, H-2%). Anal., Calcd

for Cj7HyyNGg: C, 62.77; H, 3.41; N, 4.31. Found: C, 62.46; H, 3.60; N, 4.28.

2-Hydroxy-2-[4'-nitrophenacyl ]-1, 3-indanedione lc (40% yield) mp 145-147 °C, from
1

chloroform-hexane, ir, Pmax: 3400 br, 21750, 1715, 1695, 1605 cm —;: 1H—nmr (chlo-
roform-4) 0 : 3.45({s, 1H, -OH, exch. with D20), 3.85(s, 2H, —CHZ)’ 7.80-8.40(m, BH
arom, indanedicne and phenacyl moieties}. Anal. Caled for Cy17H;NOg: C, 62.77; H,

3.41; N, 4.31. Found: C, 62.40; H, 3.85; N, 4.20,
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2-Hydroxy-2- [(4'-benzyloxycarbonylaminc)phenacyl 1-1,3~indanedione 1d (47% yield)

mp 165-167°C, after column chromatography (ethyl acetate/hexane 1:1 as eluant) and
crystallization from the same solvents mixture, ir, % max: 3380 br, 1750, 1710,

1665, 1585 cm ; °

H-nmr (acetone-dg) O : 4.00(s, 2H, -CH,}, 5.20 (s, 2H, -OCH,),
5.65-5.85(br, 1H, -0OH, exch. with DZO)’ 7.36-7.50(m, 5H, arom, -CgHg]l, 7.70(dt, 2H,
arom, J=8.90 and 1.9C¢), 7.92(dt, 2H, arom, J=8.90 and 1.90), 7.98-8.15(m, 4H arom,
indanedicne moiety), 9.1%{s, 1H, -NH, exch. with D,0}). Anal. Calcd for C5H1gNOg:
C, 69.82; H, 4.46; N, 3.26. Found: C, 70.16; H, 4.20, N, 3.14.
2-Hydroxy-2-[2'~oxo0-4'-methylpentan-1'-yl]-1,3-indanedione 1f (49% yield} mp 89-30

°C, from ether~hexane, ir, ¥ max: 3400 br, 1750, 1710, 1605 cm_l; J'H--nmr {chloro-

form-d) d: 0.86(d, 6H, 2-CH3, J=6.00), 1.75-2.40(m, 1B, -CH,-CH}, 2.26(d, 2H,
—CH,-CH, J=6.00, overlapped to the -CH-CH; signal), 3.30-4.00(br, 1H, -OH, exch.

with DZO)’ 3.23(s, 2H, =CH,-C=0, overlapped to the -OH signal), 7.70-8.15(m,4H,

2
arom, indanedione moiety). Anal. Calcd for CygHy504: C, 69.22; H, 6.20. Found: C,

69.08; H, 6.22.

Preparation of 4-Benzyloxycarbonylaminoacetophenone

Benzyl chloroformate (8.5 ml, 55 mmol) was added dropwise to the ice-cooled solu-
tion of 4-amincacetophenone (% g, 37 mmol) in anhydrous pyridine {20 ml) with
vigorous stirring. The reaction mixture was then allowed to warm to room tempera-
ture, refluxed for 2 h and after ccoling poured into a cold aquecus sclution of 3N
HClL (110 ml}. The mixture wags extracted with chloreform and the residue obtaiped
after drying the organic phase cver Na, 50, and elimination of the solvent in vacuo
was crystallized from ethyl acetate-hexane (7.4 g, 50% yield), mp 118-119°C, ir,
Vmax: 3295, 1725, 1670, 1590 cm™'; 'Henmr (chloroform=d) 0: 2.54(s, 3H, -Ch.),
5.20(s, 2H, -CH,), 7.20(s, 1H, -NH, exch. with D;0}, 7.30~7.54(m, SH , -Cg Hg ),

7.49(dt, 2H, arom, J=8.70 and 2.00), 7.90(dt, 2H, arom, J=8.70C and 2.00).

Preparation 9{ Indencindelizine Derivatives 2b-4,f

Tosyl chloride {0.40 g, 2.1 mmol) was added portionwise to a solution of 1lb,d,f (2
mmol} in anhydrous pyridine (5 ml); [for lc a mixture of anhydrous pyridine dioxane
in 1:1 ratio (10 ml) was used]. The reaction mixXture was kept under stirring at

50°C overnight and then poured on a cold 2N HCl agquecus solution {10 ml}.
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The agqueous solution from lc gave a dark brown precipitate, whereas the agueous
solutions from 1lb,d,f were extracted with chloroform. The crude residue 2¢ and
2b,d, obtained after drying the organic phase over Na,80, and elimination cf the
solvent in vacuc, were purified on a silica gel column to give:

1-[4'-Nitrobenzoyl]-10H-indenc [2,1-b]indolizin-10-cone 2c {(20% yield) chloroform as

eluant, mp 260°C dec., ir, ¥max: 1715, 1630, 1590 em~1; JH-nmr (dimethyl sulfoxide-
dG) 6 : 7.10-7.25(m, 3H, U-3, H-7 and E-2), 7.320-7.50(m, 2H, H-6 and H-8), 7.70(4,

1H, H-9, Jg 8t7.20), 7.94(4, 2H, H~-2' and H-6', J =8.60), 8.21(4, 1H,
’

2r’3r=J5|15|
_H-4, J4 3= B.00), 8.27(d, 2H, H-3' and H-5', J3|J2-=J5|’6.=8.60 partially overlap-

ped to the signals of H-4), 8&.73(d4, 1H, H-1, =8.00). Anal. Calcd for

Iy,
C22H12N204: c,71.73; H, 3.28; N, 7.61. Found: Cc, 71.42; B, 3.18; N, 7.50.

1l-[3'-Nitrobenzoyl]}- 10H-indeno{2,1-bJlindolizin-10-one %9 (20% vyield) chleoro-

form/methanol 99:1 as eluant, mp 313-315°C dec., ir, Vmax: 1710, 1610, 1600 cm-1;

H-nmr (chloroform-a) O : 7.04(td, 1H, H-3, Jy ,=03 4=7.00, J5 ,=1.30), 7.30-

7.25%(m, 3B, H-7, H-2 and H-9), 7.30-7.40(m, 2H, H-8 and H-6), 7.66(t, 1H, H-5',
JS‘,6'=7'95)' 8.09(dt, 1H, H-4, J4r3=7.00, J4'2=J4r1=].20), 8.15(dt, 1lH, H-6',

Jﬁur5r17.95, JG',4'=]'30)' 8.40(de, 1H, H-1, Iy 217.80, g1 3 J1 4=1.20—1.30),
8.44¢at, 1-H, H-4', J4r 5+=7.95, Jgr, 2'=Jq1,4+=1.30), B.65(t, 1H, H-2', JTyr 4=
Jz,’6,21.30}. Anal. Calcd for (52}5215(% : C, 71.73; H, 3.28; N, 7.61. Found: C,

71.37: B, 3.26; N, 7.47.

11-{4'-Benzyloxycarbonylaminobenzoyl ]-10H-indeno[2,1-bjindclizin-10-one 24 (60%

yield) chleoroform/methanol 98:2 as eluant, mp 192-193°C, ir, P max: 3320 br, 1705,
1605 em™';  JH-nmr (chloroform-d) & : 5.18(s, 21, -CH,), 6.88-6.98(nm, 2H, H-3 and
H-7), 7.00-7.20{(m, 3H, H-2, H-9 and H-8}, 7.28-7.40(m, 6H, H-& and -CgHgl, 7.48(d,
20, H-3' and H-5', J3» 50=J5r :=8.60), 7.86(d, 20, H-2' and H-6', J,, 3,505 /=
8.60), 7.99(d, 1H, H-4, J4'3:6.90), 8.20(d, 1H, H-1, J1'2:8.95). Anal. Calecd for
C3gHgN;04: C, 76.26; M, 4.27, N, 5.93. Found: C, 75.90; H, 4.37; N, 6.25.

1li- [3'~Methylbutanoyl]-10H~indeno[ 2, 1 - b}indolizin-10-one 2f was obtained after

concentration of dried organic phase (30% yield), mp 130-131°C, ir, Y max: 3450 br,
1715, 1705, 1645, 1605 cm_l; L henme {chlaroform-a) O : 1.02(4, &4, -CH-(CH4) 5,
J=6.60), 2.08-2.30{m, 1H, -CH-(CHj)y), 3.07(4, 2H, CH,-CH, J= 7.10}, 6.88(td, 1H,

H-3, J3 4=6.90, J3 ]:].30), 6.95-7.20(m, 3H, H-7, H-2 and H-9}, 7.28(td, 1H, H-8,
L i
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J8’7tJ8’9=8.60, J8'6=].30), 7.42{(4t, 1H, H-6, J6,7=7'70' J6,8=]‘30)' 7.89{dt, 1H,
H-1, J4,376.90, J4, 1=1.20), 8.46(dv, 1H, E-1, J) 5=9.20, J) 3=J; 4=1.20). Anal.
Caled for C20H17NC5: c, 79.18; H, 5.65; N, 4.62. Found: C, 78.85; H, 5.56; N,
4.48.

Preparation of 11-(4"'~Aminckenzoyl]-10H-indenc[2,1-bjindolizin-10-one 2e

Compound 24 (0.47 g, J mmol) was treated with HBr (20 wt. % solution in acetic

acid, 10 ml). The reaction mixture was kept under stirring at room temperature
overnight and after the addition of ether, the precipitate was collected, suspen-
ded in a saturated agueous NaHCO; solution and extracted with c¢hloroform. The

organic layer was dried on anhydrous Wa,; 80y and the solvent was removed under
reduced pressure. Crystallization from chloroform~hexane gave a pure dark red
solid (0.24g,70% yield),mp 266-268°C,ir, Ymax: 3360 br, 1710, 1605, 1595 cm™; lu-
nmr{dimethyl sulfoxide-dg) 6 : 5.40-6.40(br, 2H, -NHp, exch. with D30), 6.54(d, 2H,
H-3' and H-5', J3: 5r=J50 ¢ =8.20}), 6.90-7.20(m, 30, H-3, H-7 and H-2)}, 7.25-
7.45(m, 3H, H-9, H-8 and H-6), 7.60(d, 2H, H-2' and H-6', Jp. 3:=Jg: 5:=8.20),
7.80(d, 1H, H-4, J4,3 =§.40), 8.48(4, 1iH, H-1, J]’2:6.75). Anal. Calecd for
CypHygNyOp: C, 78.0%; H, 4.17; N, 8.28. Found: C, 77.93; H, 4.40; N, 7.94.

Preparation gﬁ Indeno[2,]-blbenzolglindolizine Derivatives Ja-c,f

A mixture of tosyl chlorlide (0.40 g, 2.1 mmol), iscgquinoline (2,58 g, 20 mmol) and
appropriate ketone 1 (2 mmol) was kept under stirring at 50°C for 18 h. The work-
up was made according to method Aj or Aj.

METHOD Aj. At the end of reaction the precipitate formed spontanecusly or after
dilution with chloroform was collected and washed with chlereform, by this proce-
dure the following compounds were obtained:

13-[3'-Hitrobenzoyllindeno(2,1-b]benzo[glindolizin-12-one 3b (84% yield} mp 332-

333eC, ir, Y max: 1720, 16140 em~1; lH-nmr spectrum was not easily interpretable
because of the very low solubility of the compound; saturated solutions in diffe-
rent deuterated solvents give rise tec signals almost as low as the nolise signal.
Anal. calcd for CpgH14gN204: C, 74.64; H, 3.37; N, 6.70. Found: C, 74.45; H, 3.32;
N, 6.77.

13 —[4‘—Nitrobenzoyl]indeno[E,lfb]benzoEg]indolizjn—]Z—one 3c (60% yield) mp 302°C

dec, 1ir, Y max: 1700, 1630, 1595 Cm'l; lH-nmr data are reported in Table 1. Anal.
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Calcd for C26H]4N204: c, 74.64; H, 3.37; N, 6.70. Found: C, 74.40; H, 3.25; N,
6.56.,

METHCD Aj. The reaction mixture was poured in a cold 2N HCl agueous solution (20
ml). By this treatment compound 3a was formed as a dark red precipitate, whareas
3f was first extracted from the agueous solution with chlorofeorm and purified by
chromategraphy on a silica gel column using chlorcform/methanol 95:5 as eluant; by
this method the following compounds were cbtained:

13-Benzoylindenco[2,1-blbenzeclglindolizin-12-one 3a (51i% yield) mp 222-225°C after
1 1

washing with warm anhydrous ethanol, ir, WY max: 1720, 1620 cm - ; " H-nmr{chloro-
_ay 15 . - = - = =
form-d) 1% @ : 7.04(d8, IH, H-5, Jg g=8.10), 7.06(td, IH, H-9, Jg 4=Jg ;.= 7.20,
Jg,11=1.20), 7.13(ad, ¥, HBH-11, J]],]O=7'20' J1 9=].20), 7.26{td, 1H, H-10,
J10’“=J]0'9=7.20r J]0'8:1.20), 7.29(dt, 1H, H-8§, J8,9=7'20’ J8,]0:]'20}' 7.37(m,
1H, H-3, J3,;=d3,4=6.20), 7.39(ad, IH, H-2, J2'3=6.20, J2r4:3.15), 7.46(4t, 2H,
H-17 and H-19, JJ7,182J19,18=?'65)’ 7.54(dd, 1H, H-4, J4r3=6.20, J4’2=3.]5),
7.62(tt, iH, H-18, J]8,]9:J18,17=7'65’ J]8,162q18,20=1'70)' 7.75(4, 1H, H-6,
=8.. ’ . . r - d H-20, J =d =7, =J = =
J6r5 8.10) 8.02(dt 2H, H-16 an 0 16,17 d20,]9 7.65, J]G,]B 16,19 JZOJB

330,17-1-40), 8.35(m, 1H, H-1, J] 5=5.0C, Jy 3=2.90). Anal. Calcd for CpgH,gNO,:
C, 83.63; H, 4.05; N, 3.75. Found: C, 83.70; H, 4.06; N, 3.73.

13-[3'~-Methylbutanoyl]indeno{2,1-bjbenzo[g jindolizin-12-cne 3f {50% yield), mp

162-163°C, ir, VY max: 1700, 1600 em™}; VH-nmr (chloroform-d) d: 1.02{d4, 6H, 2-CH ,
J=8.00}, 2.12-2.40{m, 14, CH —CE), 3.22{(d, 2H, -CH -CH, J=8,00), 6.91(d, 1H, #-5,
Js,=7.00), 7.05(dd, 1H, H-11, Jyy 14=7.00, Jy) =1.20), 7.06(td, 1H, H-9, J4 g=

Jg,109=7-00, Jy 1;=1.20), 7.25(¢td, 1H, H-10, Jyy ;=014 ¢=7.00, J;y ¢=1.20), 7.30-

10,8
7.56(m, 4H, H-2, H-3, H-4 and H-8), 7.65{(d, iH, H-6, JG 5=7.00), 8.86(dd, 1H, H-1,
J]r2=6.00, J1’3=2.00). Anal. <Calecd for CyaHjgNOy:  C, 81.56; H, 5.42; N, 3.96.

Found: €, 81.59; H, 5.34; N, 3.88,

Preparaticn cof 13-Benzoylindeno[l',2':5,4]pyrrolo[2,]1-alphthalazin-12-one 4a

Tosyl chloride (0.2% g, 1.25 mmol)} was added porticonwise to a scluticon of la (0.88
g, 1 mmcl} and phthalazine (0.65 g, 5 mmol) in anhydrous dioxane (15 ml}.
The reaction mixXture was Kept under stirring at 50 C for 5 h. The krewn precipi-

tate obtained after partial elimination of the sclvent in vacuo was collected and
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washed with water. After drying the crude product was purified by chromatography
on a silica gel column (chloroform/hexane 9:1 as eluant} to give pure indenopyrro-
lophthalazine 4a (0,15 g, 29% yield), mp 240°C dec, ir, ¥ max: 1710, 1635, 1615,
1600 eml; JH-nmr data are reported in Table 2. &EE}. Calcd for C25H]4N202: c,

80.20; H, 3.76; N, 7.48. Found: C, 79.84; H, 4.14; N, 7.40.
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