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Abstract: N-alkyl isoindolo[z 1-b][2, 4]benzodiazepines 15¢ were synthesized via an intramolecular N-
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amino acids 6c in acetic anhydride. A generalization of these methodologies is given in the synthesis of
the thiophenic analogues 15d and 8d. © 1998 Elsevier Science Ltd. All rights reserved.

Benzodiazepines are widely expanded in the literature since many of them have potent biological
activities. Nevertheless [2,4]benzodiazepines are little explored and only few reports exist about
[2,4]benzodiazepines connected at the [b] position to an isoindole ring as in structure 1.
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One"* synthesis involved the condensation of 2-formylbenzoic acid with o-di(aminomethyl)benzene.
Another’ consisted of an intramolecular aza-Wittig reaction of the 2-(phthalimidomethyl)azidomethylbenzene
and rczcently4 the condensation of an amidine with a difunctional electrophile gave isoindolo[2,1-
b][2,4}benzodiazepine I derivatives. In connection with our studies on the synthesis of heterocyclic structures™
with pharmacologlcal potentlal we wish to report herein two general approaches to the heterocychc system I via
monstrated”'? that an N-acyliminium ion could react with a tertiary
amine to give a quaternary aminoalkylamide salt or a biscarbamate when reacted with a carbamate. Based on
this work, we tried a reaction with acetamide and we obtained the expected bisamides 2a,b from the known
hydroxylactams lab’ in a quantitative yield. Unfortunately when they were treated with phosphorus
oxychloride” (Scheme 1) or formaldehyde and formic acid'? no cyclized product was observed, but complete
degradation occurred.
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Thus, we investigated another route (route A) for the ynthe51
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hand. since we repo ed'? an easv svnthesis of 3-amino-N-arvl(or arvimethvDphthalimides we wished to extend
1d, since we reported  an €asy synthesis of S-amino-/v-aryl{or ary yip
hie mathadalaoe tn Farm tha samrigita amina darivativac & d ac nrecnrenre nf [ AThanznfiar thienndiazenineg
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8c,d (Scheme 2)
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Scheme 1
The starting arvimethvinhthalimide 3¢ was nrenared via the alkvlation of nhthalimide with methvl
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o-bromomethylbenzoate in dimethylformamide using potassium carbonate as the base. The alkylated
phthalimide 3¢ was selectively reduced with sodium borohydride to give the hydroxyisoindolone 4¢ in excelient
yield (96%). We recently reported that a hydroxylactam led to the amino derivative when treated successively
with thionyl chloride and ammonia via a chlorolactam and the corresponding N-acyliminium ion'*. Although
ethyl glycinate did not react with the chlorolactam in these conditions, we tested arylamines (aniline,
p-toluidine, p-chloroaniline) which provided the expected amino derivatives 5¢ (Y = H, Me, Cl) in excellent
yields (more than 90%). These conditions are better than those (PTSA + amide) used above for 2a,b.
Saponification of these esters with potassium carbonate gave the corresponding carboxylic acid derivatives 6¢

in eood vields (74-5“0/.«\ Intramolecular condensation of the secondarv amine function with either the ester or
In gooda yielas (/4 y, nolecular condensation of the secondary amine function with either the ester or
tha anid Rinctinn indar ~laggiral randitinng Aid nat giva tha avunlicad hicamidac @a IV — LT Ma I Qinea thaon
UIC QiU JTULIGLIULL UIIUVL V1AaddIvAl VULIUILIVLLID Wil JIUL EIV\, WUV VYWIIZLU UV1DAlLLIUCD OV \ p e l-l.’ 1VLC9 \./l}- DIV LICHT
functions did not react we prepared a betier le Faras Vi wa

1 ClONS 4id not react we prcp DCLLCT IC lg grUUp DClng —U-LUIVI(: ll’l [ﬂe mlxea anﬂyarlae ln[ennealate

d

7¢. Thus, when acids 6¢ (Y = H, Me, Cl) were treated with potassium carbonate in refluxing acetic anhydride,
they directly gave the N-aryl[2,4]benzodiazepines 8¢ (Y = H, Me, Cl) in satisfactory yields of 68 to 72%. No
trace of the possible N-acetylated compound was detected in the reaction mixture. On the other hand the use of
a more basic amine such as alkylamine (methyl or butylamine) in place of arylamine did not give the amino
esters similar to Sc. Nevertheless, ammonia gave the expected amino ester but the corresponding amino acid
(similar to 6c¢) could not be isolated as a pure product in a sufficient yield to follow this way so that a better
route B (Scheme 3) was mve%tlgated

A generalization of pathway A started from the thiophene derivative 3d"’. Reduction of this latter species

Colliiarad laxs wmnntime czrth amilicaa Srvaialad ¢laa M.....A ester 5d (Y = H. 96%) Qamnnifinatine ~L &3 7000/
10110WEQ 0¥y 1€aclion wiitn anuiine ruimisnca uic ammiinod €8ier Sa {1 —I1, 7070). O UIL1ILICAllOll U1 oU (07 7/0)
followed by a treatment with acetic anhydride produced the isoindolo{2,1-bjthieno{2,3-e]{2,4]diazepine 8d

(76%).

Our second approach (route B) to synthesize [2,4]benzodiazepines is reported in Scheme 3. Amination of
4¢,d (SOCl,, NH;) was effected in good yields (77-82%), but unfortunately cyclization of the resulting amino
esters 9¢,d did not occur under various conditions. Then, the amidation reaction leading to compounds 2a,b was
investigated in an intramolecular process with the aromatic ring bearing the amide function as in 14¢,d. Since

16
reaction of ammonia or an amine (aniline, butylamine) with the ester 4¢ did not give the amides 14¢” we
attamntad a one nnt cvelization hy treatment of hvdraovvlacstam-acid 10e ohtaine hv cananification wnt
autmpica a onc poi <yciZauin oy uCadilCiliiy O AyGIOxyiatall-alllG 1vC O0ualiiicd Oy 54pOniiication will
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ion was less reactive towards water

.

water and ammonia or an amine. In our conditions the acyl chloride functio
than the chlorolactam and could give the intermediate 13c¢. in this manner four compounds were isolated. The
recovered starting acid 10c¢ (13%) was first separated from the mixture by a selective extraction (NaOH).
Afterwards the aminolactam-amide 12¢ (15%) was extracted using an acidic solution (HCIl). The resulting
mixture 15¢ and 14¢ was treated with p-toluenesulfonic acid (in a similar manner as described above for 2a,b)
to give the expected [2,4]benzodiazepine 15¢ (R = H) in a 60% yield calculated from 10c. As mentioned above,
in the acidic medium an N-acyliminium ion was generated which reacted with the amide function fixed on the

> the cyclized product 15¢ (R = H). Similar reactions conducted with amines as b

of 12 but unfortunately aniline or other aromatic amines (p-toluidine, p-chloroaniline) gave a poor quantity of
the expected N-aryl[2,4]benzodiazepines 8¢ (Y = H, Me, ClI) with other products, not separable and not
identifiable. This result could be due to the formation of the arylamine-amide similar to 12 as the major product

and we have to consider the facile reaction of the arylamine with the N-acyliminium ion generated in situ as in

route A.
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Scheme 3 (route B)

Nevertheless, this method has been successfully extended to the preparation of heterocyclic ring fused

[2,4]diazepines by employing the heterocyclic hydroxylactam-acid 10d in place of the benzene derivative 10c,
as demonstrated by the synthesis of 15d (R = H, Bu, Me) from the thiophene hydroxylactam-ester 4d.
access to N-aryl derivatives consisted of an intramolecular acyl
selective access to N-alkyl derivatives consisted of an intramolecular N-acyliminium ion-amide reaction. The
generalization of these methodologies have been demonstrated using thiophene as aromatic ring leading to the
new thieno[2’,3”:5,6][1,3]diazepino[2,1-a}isoindole system (diazepine analog of I).
Experimental
¥

Meiting points are uncorrected. The infrared spectra of solids (potassium bromide) were recorded on a
Perkin Elmer FTIR paragon 1000 spectrometer. The 'H and “C NMR spectra were recorded on a Bruker AC-
200 (200 MHz) instrument in deuterochloroform solution and chemical shifts (8) are expressed in ppm relative

to internal TMS. Ascending thin layer chromatography was performed on precoated plates of silica gel 60 F 254
(Merck) and the spots visualized using an ultraviolet lamp or iodine vapor. E. Merck silica gel 60 F (70-300

mesh) was used for column chromatography. The elemental analyses were carried out by the microanalysis
£ INS t al s " _ " 7T aals o T wa 16

laboratory of INSA at Rouen, F 76130 M. §". Aignan, Fr:

were synthesized according to our previous work.
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mmol) and toluene were heated to reflux for 2 days. The solution was cooled, washed with a sodium hydrogen
carbonate solution, dried and concentrated under reduced pressure. The residue was recrystallized from ethanol.
2,3-Dihydro-3-(N-acetamido)-2-(thien-2-ylmethyl)-1H-isoindol-1-one (2a).

This compound was prepared from la. Yield 100%; mp: 199°C; IR: 3288 (NH), 1678 (C=0) em’; '"H NMR
(CDCL,): 8 2.06 (s, 3H, CH,), 4.56 (d, J = 15 Hz, 1H, NCH,), 4.79 (d, J = 15 Hz, 1H, NCH,), 6.21 (d, J = 10

LA \

1H. NH). 6.54 (d. ] = 10 Hz. 1

7 CHY 680 (dd. T =5 and 4 Hz. 1 0f J=4 Hz 1
L3 V4% L1y, iNik)y VI (4 1iliy 11y “khjy VUT UMy v < @l T ALL, 141, Lithigpheness (VY s v VY LAdy ixd,
y YN 7104 T € TT 1IT IT N7 ‘3[_’1 £O /- NTIT IT N T Ls /1T -7 TT - 11T TT NASE M1
Hypiophene)s 7-10 (@, J =5 1Z, 1M, Nypiophene)s /- /.36 (M, 31, Oy, /.00 (4, J = 7 OZ, 10, Myap,). ADdL LaICa.

for C;sH,,N,0,S: C, 62.92; H, 4.93; N, 9.78. Found: C, 62.86; H, 4.85; N, 9.64.
2,3-Dihydro-3-(N-acetamido)-2-(thien-3-ylmethyl)-1H-isoindol-1-one (2b).

This compound was prepared from 1b. Yicld 100%; mp 189°C; IR: 3249 (NH), 1671 (C=0) cm™; 'H NMR
(CDCLy): & 2.05 (s, 3H, CHs), 4.31 (d, J = 15 Hz, 1H, NCH,), 4.61 (d, J = 15 Hz, 1H, NCH,), 6.33 (d, J = 10

Hz, 1H, NH), 6.48 (d, J = 10 Hz, 1H, CH), 7.00-7.70 (m, 7H, 4Hyom+3Hisiopnene)-
VYV Mathavunsavrhnanvihanrvlinhthalimida (20)
A= &=VICUIUAYLAT DU Y IUCIILY PRI GGl (IL )

A mixture of phthalimide (33 g, 224 mmol), methyl 2-bromomethylbenzoate (34.6 g, 151 mmol), anhydrous
potassium carbonate (15.5 g, 112 mmol) and dry dimethylformamide (100 ml) was heated at reflux with stirring
for 4 hours. After cooling, the mixture was poured into water, then the precipitate was washed with water and
dried. The solid was triturated with dichloromethane and the insoluble excess of phthalimide was removed by
filtration. The solution was evaporated and the ester 3¢ was recrystallized from ethanol. Yield 65%; mp: 150°C,
IR: 1715 (C=0) em™"; '"H NMR (CDCL,): § 3.94 (s, 3H, CH;), 5.32 (s, 2H, CH,), 7.15 (d, ] = 8 Hz, 1H, H,.)

A ARy SER AN 3 S35 MAR3 s Fe2L (35 £T5 S A&y 233 2laromse
TID.TAA (+n DT 1T Y T AT ’7 "l() fov OLT LI 7 e0_7 () frn LT 1Y 707 /(A4 T =-Q1I, 1L I
7.£4-7.50 (MM, 211, fiyem), 7.9~ 7\, <411, 11m0m}, 7.0U-/.74 (I, i, 1xamm}, [ Lt o 11Z, 111, llamm}.

Anal, Calcd. for C;;H;5NO,: C, 69.15; H, 4.44; N, 4.74. Found: C, 68.81; H, 4.49; N, 4.78.
2,3-Dihydro-3-hydroxy-2-(2-methoxycarbonylbenzyl)-1 H-isoindol-1-one (4c).

To a mixture of 3¢ (4 mmol) in dry methanol (40 ml) at 10-20°C was added sodium borohydride (0.9 g, 24
mmol) by portions. To this mixture were added 5 drops of ethanolic hydrochloric acid solution (prepared from 9

drops of concentrated hydrochloric acid in 15 ml of ethanol) at regular intervals (10 min). The reaction was

e

P - vl dutda virna Aannasroa A Ly AAdAE A ~
SUULULLL DLIVILYUIIUC Wad UCLURIIPLXLQ Uy aludliivil v

=

hydrogen carbonate was added and the solvent was evaporated. The residue was triturated with water and the
hydroxylactam 4¢ was separated by filtration, washed with water, dried and recrystallized from ethanol. Yield
96%; mp: 171°C; IR: 3327 (OH), 1716 (C=0), 1674 (C=0) cm™; 'H NMR (CDCl,): & 3.96 (s, 3H, CH}), 4.87

(d, J=15 Hz, 1H, CH,), 5.16 (d, J = 15 Hz, 1H, CH,), 5.18 (d, ] = 6 Hz, 1H, OH), 5.75 (d, J = 6 Hz, 1H, CH),

7.30 (t,J =8 Hz, 1H, H, ), 740-7.57 (m, 4H, H_ ), 7.60 (d, J=8 Hz, 1H, H_ ), 7.78 (d, J = 6 Hz, IH
1S4 =5 25 H ms 3 \ ~&rom,ss s 3 3
76 (d T=Q1I- 111 1T Y Anal Caled far O LT NOY O AR AR LT S NAQ-N 471 Eannd- O 42 219.
grom/s 7-0U \U, v O 1idy 11l lgram ). Mdldl, Laitl. (UL Ui 5iNuyg. U, U0.U0, 11, J.UZ, 1Y, 7.7 1. 'Oulil. L+, U0.J2,
H, 5.16; N, 4.64.

2,3-Dihydro-3-hydroxy-2-[(2-(methoxycarbonyl)thien-3-yl)methyl]-1H-isoindol-1-one (4d).
This compound was prepared with the same procedure, starting from phthalimide 3d. Yield 94%; mp: 178°C;
IR: 3388 (OH), 1680 (C=0) cm; "H NMR (CDCly): & 3.94 (s, 3H, CH,), 4.94 (d, ] = 14 Hz, 1H, CH,), 4.95 (d,
J=6Hz, 1H, OH), 5.18 (d, J = 14 Hz, 1H, CH,), 5.74 (d, J = 6 Hz, 1H, CH), 7.23 (d, J = 5 Hz, 1H, Hyjophenc)>
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744 (4 T =5 Hz. 1H H.. ). 7.43-7.58 (m. 3H Y. 7.78 (d. T = 7 Hz. 1H. H.._ ). Anal. Calcd. for
7 \My v ™ Ailiy iAay AL[nlOpncne}, POTST NS0 \RRay Saldy gy T 7Y (B v ~adiy 2235 ~arom/

MOIT AN Q.M S0 AN I A 2N A M R0 Q0. LT A 1Q0. N A £2

U st 3INUDI U, OY.4V; O, 4.04; 0N, 4.62. Found: L, J0.70, I1, 4.10, IN, 4.00.

Preparation of aminolactams Sc,d (Y = H, Me, Cl): general procedure.

Hydroxylactams 4¢,d (10 mmol) and thionyl chloride (1 ml, 15 mmol) were stirred in dry dichloromethane for
30 min. Triethylamine (2 ml) was added and the solution was stirred for 5 min. Aromatic amine (10 mmol) was
added and stirring was continued for 1 hour. The solution was washed with water, dried, then concentrated

under reduced pressure. The solid was recrystallized from ethanol.
1

Y1 Nihvdra_anitlinn ) ()-mothavvcarhanvihonsvD. 1 H iecnindanl . 1_nane (80 V = H\
‘,J AFRARY UAR UT TG IANREAL U™ \‘ lu‘l‘ll“l‘: wiL i u‘.’nJ ‘u‘lu‘dJ l, AXXATAJDVIIAMULIT A Viiw \h"l a l"-
L 1 o PR S L Xiald 000/ . —an 1AN0 o0 NAIITY 177
inis COmpOuﬂﬂ was prepdreu rom 4¢€ and 'dl'llllﬂc 11CIA Y070, INP 14U oY (INI1), 1/

(]
(C=0) em™; "H NMR (CDCLy): & 3.51 (s, 1H, NH), 3.78 (s, 3H, CH;), 4.92 (
= 16 Hz, 1H, NCH,), 5.86 (s, 1H, CH), 6.32 (d, J = 8 Hz, 2H, Hpy), 6.69 (t, ] = 7 Hz, lH, th), 6.99 (t, J=8Hz,
2H, Hpy), 7.25-7.34 (m, 1H, H,,,), 7.35-7.44 (m, 2H, H,,), 7.47-7.59 (m, 3H, H,,), 7.86 (d, T = 7 Hz, 1H,
H,..), 7.87-7.97 (m, 1H, H,.,.). Anal. Calcd. for C,3H,0N,O;: C, 74.18; H, 5.41; N, 7.52. Found: C, 74.02; H,
5.47; N, 7.59.
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This compound was prepared from 4c¢ and p-toluidine. Yield 96%; mp 210°C; IR: 3290 (NH), 1724 (C=0),
1683 (C=0) cm™'; '"H NMR (CDCl,): & 2.16 (s, 3H, CH,), 3.80 (s, 3H, CHj;), 3.80 (m, IH, NH), 490 (d,J =16
Hz, 1H, NCH,), 5.23 (d, J = 16 Hz, 1H, NCH,), 5.81 (s, 1H, CH), 6.26 (d, J = 8 Hz, 2H, Hy,)), 6.79 (d, ] =
Hz, 2H, Hyy), 7.24-7.33 (m, 1H, Hyop), 7.35-7.44 (m, 2H, Hypop), 7.49-7.57 (m, 3H, Hyrgp), 7.82-7.94 (m, 2H,
H,..m)- Anal. Caled. for C,4H,,N,04: C, 74.59; H, 7.25; N, 8.09. Found: C, 74.22; H, 7.20; N, 8.02.

3-(4-Chloro)anilino)-2,3-dihydro-2-(2-methos

Jaatbis > =27

Z 0
This compound was prepared from 4¢ and p-chloroani iline. Yield 9 (
1685 (C=0) cm™; '"H NMR (CDCL,): & 3.81 (s, 3H, CH,), 4.88 (d, J = 16 Hz, 1H, NCHz) 5.
1H, NCH,), 5.80 (s, 1H, CH), 6.21 (d, J = 8 Hz, 2H, Heporophenyl)s 6:91 (d, J = 8 Hz, 2H, Hepjorophenyt)> 7-25-7.33
(m, 1H, H,,,,,), 7.33-7.43 (m, 2H, H,,,,,), 7.43-7.58 (m, 3H, H,,)), 7.81-7.92 (m, 2H, H,,,,). Anal. Calcd. for

C23H19C1N201' C, 67.90; H, 4.71; N, 6.89. Found: C, 67.74; H, 4.65; N, 6.82.

Thic comnound was nrenared from 4dd and aniline Yield Q6% mn 177°C: IR- 3303 (NH) 1709 (C=0\ 1878
i CUINPUULG WAS patpaitl LU % QUG Qlliat, 100 JUV/0, P 177 Ny 2aN, 20V2 UNdL), 1 /V7\Tvy, 1070
e aenl T AIMAD /AT N S 2 T 40 ATT AITN A7 71 T—QIT 11T NI ANC 73 T 14 TT- 11T NI/IT A
{C=0) cm; 'HNMR (CDCl;): 6 3.77 (s, 3H, CH3), 4.73 (d, ] = 9 Hz, 1H, NH), 4.95 (d, J = 16 Hz, 1H, NCH,),
5.06 (d, J = 16 Hz, 1H, NCH,), 5.81 (d, J = 9 Hz, 1H, CH), 6.36 (d, J = 7 Hz, 2H, Hy,), 6.69 (t, ] = 7 Hz, 1H,

Hpy), 6.90-7.10 (m, 3H, 2Hp,+Hupiophene)> 7-35 (d, I = 5 Hz, 1H, Hyioptene)> 7-40-7.55 (m, 3H, Hyom), 7.80-7.90
(m, 1H, Hyry)-

Formation of acids 6¢,d (Y = H, Me, Cl): general procedure.
) m

,1-\ 0o

Q_
—]

were added and the organic layer was discarded. The aqueous layer was washed with dichloromethane and
acidified with hydrochloric acid (10%) to pH = 2. Compound 6 was extracted with dichloromethane several

times. After removal of the solvent, the residue was recrystallized from acetone to give pure 6.
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(s, 1H, OH), 4.78 (d, J =18 Hz, 1H, NCHZ) 5 d, J=18 Hz, 1H, NCH,), 6.15 (d, J =9 Hz, 1H, CH), 6.43 (d,
J =8 Hz, 2H, Hpy), 6.46-6.61 (m, 2H, NH+Hyy), 6.93 (t, J = 8 Hz, 2H, Hy,), 7.18 (d, J = 8 Hz, 1H, H,m), 7.34
(t, J = 8 Hz, 1H, H,,,), 7.40-7.72 (m, 4H, H,,n), 7.80 (d, J = 7 Hz, 1H, Hyom), 7.89 (d, J = 8 Hz, 1H, Hyop)-
Anal. Calcd. for C,,H,(N,O5: C, 73.73; H, 5.06; N, 7.82. Found: C, 73.59; H, 5.00; N, 7.87.

2,3-Dihydro-3-(4-methylanilino)-2-(2-carboxybenzyl)-1H-isoindol-1-one (6¢ Y = Me).

Yield 81%; mp 236°C; IR: 3456 (OH), 3294 (NH), 1697 (C=0), 1682 (C=0) cm™; 'H NMR (DMSO-d;): 3 2.08

10 NI A 77 /3 — 1Q 1T 1LY NI/ITN £ N0 /4 T -1 I I T o [4)

\b .)n, \,n3), 3.30 \), 101, Urij, 4.7/ (G, J = 10 nZ, i, INCUilp), J.uo (4, J = 1 i, IN o b
9

L
J=1 .

Hz, 1H, CH), 6.33 (d, ] = 8 Hz, 2H, H,y), 6.3 =8 Hz, 2H, Hyyy), 7.17 (d J=

7 Hz, 1H, H, ), 6.79 (t, ] = 7 Hz, 1H, H,,,,), 7.41-7.71 (m, 4H, Hmm) 7.79(d,J=7Hz, 1H, H,,,), 7.89 (d, J

=8 Hz, 1H, H,,,n). Anal. Calcd. for C,3H,(N,05: C, 74.18; H, 5.41; N, 7.52. Found: C, 74.02; H, 5.45; N, 7.42.

3-(4-Chloroanilino)-2,3-dihydre-2-(2-carboxybenzyl)-1 H-isoindol-1-one (6¢ Y = CI).

Yield 74%; mp 224°C; IR: 3456 (OH), 3296 (NH), 1696 (C=0), 1681 (C=0) cm ‘, 'H NMR (DMSO-d,): 6 3.35
1H, OH), 4.79 (d, J = 18 Hz, 1H, NCH,), 5.09 (d, ] = 18 Hz, 1H, NCH,), 6.18 (d, ] = 9 Hz, 1H, CH), 6.45 (d,

( ALL /11 TTe f 4 P LLQ LA AL A NNA A o\ S F llLA LLL 1 ¥N%r14” V.iW o
\9» il » 27 AS g 2/ t]

= 8 Hz, 2H, Hepiorophenyt)s 6-75 (d, I =9 Hz, 1H, NH), 6.96 (d, J = 8 Hz, 2H, Hporophenyr)> 7-33 (t, J = 8 Hz, 1H,

Hyom)> 7.47 (t, J = 8 Hz, 1H, Hyp), 7.52-7.72 (m, 3H, Hyom), 7.81 (d, J = 6 Hz, 1H, H,,,,,)), 7.88 (d, ] = 8 Hz
1H, H,om)- Anal. Caled. for C;,H,,CIN,05: C, 67.26; H, 4.36; N, 7.13. Found: C, 67.03; H, 4.29; N, 7.16.
2,3-Dihydro-3-anilino-2-[(2-(carboxy)thien-3-yl)methyl]-1H-isoindol-1-one (6d Y = H).

Yield 89%; mp: 213°C; IR: 3476 (OH), 3303 (NH), 1663 (C=0), 1694 (C=0) cm’; '"H NMR (DMSO-dy): 6

482 (d, J = 17 Hz, 1H, NCH,), 4.98 (d, J = 17 Hz, 1H, NCH,), 6.17 (s, 1H, OH), 6.40-6.65 (m, 4H,
H +H V. 6.85-705 (m. 3H. H ANCHY 7458770 (m AH 1 770 (4 =& U 10
T iarom' “!hlophcne}s NMOUT AT (Ll Jikg Rigeagm ' JNNLLJ, FOFIT S0 11D, TT1, lem “thlophencl .77 \u U 114, 111,

., d
H,om)- Anal. Caled. for C,0H (N,0;S: C, 65.92; H, 4.43; N, 7.69. Found: C, 65.82; H, 4.43; N, 7.72.
Preparation of amino-esters 9c,d : general procedure.
A solution of ammonia in dichloromethane was prepared by extraction of 400 ml of concentrated aqueous
ammonia solution with 400 ml of dichloromethane. The aqueous layer was kept in the separatory funnel for

later use and the solution of ammonia in dichloromethane was dried over magnesium sulfate and filtered.

Hvdroxvlactams 4e¢.d (10 mmol) and fhmnvl chloride (1.5 ml. 21 mmol) were stirred in drv dichloromethane
Hydroxyliactams 4¢,d (10 mmol) and thio chloride mi, 21 mmol) were stirred 1n dry dichloromethane
atil all solid had disappeared. then the reaction was continued for 30 min. This sok A R
11l all dSUILIU 11auu Uld }Jpccucu, u1Cll UuIc i< tion ad> LULILLIIUCU 1U1 OV 111, 1D D lu‘-lul! wad pULuCU lLlLU LUic

previous solution of ammonia in dichloromethane and the mixture was stirred for 10 min. The solution was
transferred into the separatory funnel containing the previous aqueous ammonia, then the mixture was made
more basic with addition of sodium hydroxide solution. The organic layer was decanted then extracted twice

with 5% HCI solution. The aqueous solutions were combined, washed with dichloromethane, made basic with

sodium hydroxide solution then extracted twice with dichloromethane. The combination of organic layers was
f"’"‘QA G"\A 0(7‘2“1’\"0"‘3/'1 T"'Iﬂ C‘l\];A L/aQ fﬂﬂnlﬂfﬂ]]",ﬂf‘ YN l\fhunnl
VLIVG QLI W YARPUITAWWAL, 1w JOULIN VY AD LW DHRIIIANAL 1LV WISV,

3-Amino-2,3-dihydro-2-[2-(methoxycarbonyl)benzyl]-1H-isoindol- l-one (9c¢).
Yield 77%; mp 142°C; IR: 3387 (NH), 1715 (C=0), 1682 (C=0) em™; '"HNMR (CDCly): 6 2.98 (s, 2H, NH,),
3.93 (s, 3H, CHy), 5.07 (d, J = 15 Hz, NCH,), 5.18 (s, 1H, CH), 5.21 (d, J =15 Hz, 2H, NCH,), 7.24-7.63 (m,

6H, H,or), 7.79 (d, J = 8 Hz, 1H, H,,,)), 7.89 (d, J = 8 Hz, 1H, H,,,,).
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b o L v v y 1= I

Vield 829%: mn 125°C: IR 3399 (NH). 1608 (C=0). 1682 (C=O) cm™: '"H NMR (CDCL): § 3.84 (s. 3H. CH,)
11wt UL/U’ jev g ) Sy \/, 1iN\. J I 7 \l‘lll, 1v7su \\/ \I}, P QAVAS P \\./ U’ Wwillk » A4 LNLIVEAN \\/U\/Lj,a WV JUT \J, -JLL, Ulljl,
o Nnes 11T Fa) 8 Y £ no 7. a2 8 | VAL E B M 1£ 73 — & TY_ 1T 1Y AY T AIN T LN S AXTY T AY
5.05 (s, 1H, CH), 5.08 (s, 2H, NUHy), 7.15 (0, J = 5 Hz, 11, Hyjophene)s 7-3U-7.0U (M, 411, 3H,0n Tnmlophm),
7.72 (d, J = 7 Hz, 1H, Hyn). Anal. Caled. for CsH4,N,038: C, 59.59; H, 4.67; N, 9.27. Found: C, 60.05; H,
4.60; N, 9.21

Formation of acids 10c,d : general procedure

In a similar manner as described for the synthesis of 6¢,d, esters 4¢,d afforded acids 10¢,d.
._2,3-D!hydm-.}hyt_lmxy-z-(z—carboxybenzy!)—lH—-sgin(_lo!—1—om_: (10_)=

Viald QN0 mn 1759 TR 2240 (O 2210 (O 14928 ("= rm L Yy MR MMCN A Y R 220 (2 10T
LICIU JU/0, Hip 170 Ly 1N, S350 (ML), JL10 (Ull), 1000 (LU Uil 1INV (VIO U-Ug ). O 3.30 5, 111,
OH), 4.93 (d, = 17 Hz, 1H, NCH,), 5.07 (d, J = 17 Hz, 1H, NCH 79 (s, 1H, CH) Hz, 1H

( 7 Hz, iH, NCH,), 5.79 (s, iH, CH), 7.16 (d, J = 8 Hz, 11—1,
Harom), 7.35 (t, J =7 Hz, 1H, Hyrom), 7.45 (d, J = 8 Hz, 1H, Hyom), 7.49-7.77 (m, 4H, H,,), 7.90 (d, J =
1H, Hyom)- Anal. Caled. for CigH,N,0O5: C, 68.57; H, 4.32; N, 9.99. Found: C, 68.36; H, 4.38; N, 9.96.
2,3-Dihydro-3-hydroxy-2-[(2-(carboxy)thien-3-yl)methyl]-1H-isoindol-1-one (10d).

Yield 92%; mp 175°C; IR: 3422 (OH), 3210 (OH), 1671 (C=O) em’; 'H NMR (DMSO-d 6): 0490 (d, J =17
Hz, 1H, NCH;), 5.00 (d, J = 17 Hz, 1H, NCH,), 5.80 (s, 1H, CH), 6.70 (s, 1H, OH), 6.91 (d, ] = 5 Hz, 1H,

40T
+

CI 00 J
22

AL 77 QN {1 KL . 3

7.45-7.0U (i1, O Tthiophene)-

Hiniophene)s 7
Preparation of diazepines 8¢,d (Y = H, Me, Ci) from acids 6c,d (Y = H, Me, Ci): general procedure.

Acid 6 (3 mmol) and potassium carbonate (0.62 g, 4.5 mmol), were stirred in acetic anhydride (20 ml) for 30
min at room temperature, then for 2 days at reflux. The solvent was evaporated under high vacuum. The solid

was chromatographed on silica gel, eluting with dichloromethane. Diazepines 8 were recrystallized from

ethanol.

5.11. -Dihvdro-12-nhenvlisoindolol2.1-bhl[2 dlhenzadiazenine-7.13-dione (8¢ V = H)

‘-’,‘.AD ”.“J“ A rl“fl-J -Auvlll‘-vlvl-,‘- Ull-’ "vvll"\’“l“‘d"‘llnv ,A‘I NEEVALY \vv » l.l,

Viald £Q0/. cnn. D220 TD. 14072 70 1417 £ nve b ITATMD 7o\ S A 20 73 T 14 TT. 15T 1T N
1ICIQ VO /0, 1IIP. £33 L, IR. 1002 \L7V), 101/ (LUl , 1 INVMIR (LDJUI3)0 0 4.07 (Q, J = 14 1127, 11, Ig),
521 (d, J = 14 Hz, 1H, Hs), 6.16 (s, IH, Hyy,), 6.92-7.06 (m, 3H, Hyom), 7.06-7.35 (m, 5H, H,,,,), 7.35-7.47

(m, TH, Hyom), 7.47-7.59 (m, 2H, Hyom), 7.70 (d, J = 7 Hz, 1H, H,,,,), 7.89-8.01 (m, 1H, H,.); °C NMR: &
44.2 (CH,), 71.5 (CH), 123.2 (CH), 124.6 (CH), 127.6 (CH), 128.0 (2CH), 128.6 (2CH), 128.9 (CH), 129.0
(CH), 129.3 (CH), 130.0 (CH), 131.2 (CH), 131.8 (C), 132.1 (CH), 133.1 (C), 135.5 (C), 137.6 (C), 137.9 (C),

165.2 (CO), 170.2 (CO). Anal. Calcd. for C,,H (N,O,: C, 77.63; H, 4.74; N, 8.23. Found: C, 77.51; H, 4.70; N,
2 N2

o

G

o
14 <
j 9 §%

5,11,-Dihydro-i2-{4-methyiphenyl)-isoin ‘(‘)i(‘)iZ,l-b]i 2,4jbenzodiazepine-7,13-dione (8¢ Y = Me).
Yield 72%; mp: 228°C; IR: 1683 (C=0), 1616 (C=0) cm™; '"H NMR (CDCl,): § 2.19 (s, 3H, CH,), 4.71 (d, ] =

14 Hz, 1H, Hy), 5.23 (d, ] = 14 Hz, 1H, H5), 6.16 (s, 1H, Hyyy), 6.87 (d, ] = 9 Hz, 2H, H,y,), 6.96 (d, J = 9 Hz,
2H, Hyy), 7.06 (d, J = 7 Hz, 1H, Hyor,), 7.19-7.47 (m, 3H, Hyrony), 7:49-7.59 (m, 2H, Hyor), 7.72 (d, J = 7 Hg,
1H, Hyor)s 7.91-8.01 (m, 1H, Hyyp); “C NMR: 6 20.9 (CH,), 44.1 (CH,), 71.7 (CH), 123.4 (CH), 124.7 (CH),
127.8 (2CH), 129.0 (CH), 129.2 (CH), 129.4 (2CH+CH), 130.1 (CH), 131.4 (CH), 131.9 (C), 132.3 (CH), 133.1

7(\ ~ m\ A1

M1 e
(CO), 170.7 (CO). Anal. Calcd. for Cy3H sN,O,: C,

) [
~
@)
}-/
9%

t oo
~~
@)
\.h/
—
(=)

1 Cn
cn

1
77.95; H,5.12; N, ’ ‘ound: C, 77.65; H, 5.02; N, 7.65.
12-(4-Chlorophenyl)-5,11h-dlhydrmsomdolo[2,1-b] [2,4]benzodiazepine-7,13-dione (8¢ Y = CI).
Yield 71%; mp: >270°C; IR: 1687 (C=0), 1661 (C=0) em™; '"H NMR (CDCl,): 6 4.65 (d, J = 15 Hz, 1H, Hy),

5.20 (d, J =15 Hz, 1H, Hs), 6.14 (s, 1H, H; ), 6.92 (d, J = 9 Hz, 2H, Hegioropheny)> 7-00 (d, J =7 Hz, 1H, Hyrom)s
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711(d,J=9Hz 2H H,. . 7.20-7.45 (m, 3H, H,.), 7.49-7.59 (m, 2H, H,,), 7.71 (d, J =7 Hz, 1H
rALEAM Y SR RSy LSy ‘*cmoropncnyu: 3 3 aroim- s \ 4 aroini/s At >

N 7Q7.70Q (o 11T 1T \. 13F NMBR. £ 442 (CHHY 7V A (CHEY 1227 (CHY 124 6 (CHY 1200 (2CH)

Mgroml)s /:0/-7.70 \1ll, 111, Llgom)s COINVING O 9.0 (VI ), 710 (LI, 14J.7 (Vvil)y 127U \Vil), 147.U (&vll),

129.2 (CH), 129.3 (CH), 129.4 (2CH), 129.8 (CH), 130.2 (CH), 131.7 (CH), 132.0 (C), 132.5 (CH), 133.4 (C),
133.5 (C), 135.5 (C), 136.3 (C), 137.8 (C), 165.3 (CO), 170.4 (CO). Anal. Calcd. for C»,HsCIN,0,: C, 70.50;
H, 4.03; N, 7.47. Found: C, 70.15; H, 3.91; N, 7.32.
4,10b-Dihydro-11-phenylthieno|2°,3°:5,6][1,3]diazepino[2,1-a]isoindole-6,12-dione (8d)

Yield 76%; mp: >270°C; IR: 1689 (C=0), 1652 (C=0) cm™"; "H NMR (CDCl,): 5 4.75 (d, J = 15 Hz, 1H, H,)
528 (d, ] = 15 Hz, 1H, H,), 6.49 (s, 1H, H,4), 6.90-7.40 (m, 9H, H, . +1,), 7.61 (d, I = 5 Hz, 111, H,), 7.71 (d
kT My Y Ao RiLy a1iky 23{)y 7\ $) i0b ) arom 3/ \ Y 2 L)y M
T _ 71T, 1IT 1T, 134 ATAAD. S A1 A /OIT N 71 0 /OITY 197 1 N 197 £ /Oy 190 1 /AMIN
J =7 Hz, th, by); "C NMR: 0 41.2 (LUH,), /1.9 (L), 125. \\,n), 124.8 (CH), 127.6 (CH), 128.1 (ZLlnj,
128.4 (2CH+CH), 129.3 (CH), 131.3 (CH), 131.6 (CH), 132.8 (C), 135.7 (C), 137.4 (C), 137.7 (C), 138.3 (C),

164.5 (CO), 166.2 (CO). Anal. Calcd. for C;yH,;4N,0,S: C, 69.35; H, 4.07; N, 8.09. Found: C, 68.95; H, 3.65;
N, 8.19.

Preparation of diazepines 15¢,d from acids 10¢,d.

The hydroxylactam-acid 10 (2.83 g, 10 mmol) and thionyl chloride (2 ml) were refluxed in dry dichloromethane

dI!f‘lhﬂ‘ one hoor o enlution wag conled then water (annraov § m) wag added A fter ctrono etirrino for 10
uring one hour. The solution was cooled, then water (approx. 5 ml) was added. After strong stirring for 10
min, concentrated ammonia (approx. 20 mi for 15¢,d R = H) or 30% aqueous methylamine (approx. 20 ml for

15¢,d R = Me) or pure butylamine (1 ml for 15¢,d R = Bu) was added. The mixture was stirred for 30 min then
was poured in 10% aqueous sodium hydroxide. The organic layer was washed successively with 10%
hydrochloric acid, saturated sodium hydrogen carbonate, water then was dried and concentrated. The residue

was heated to reflux in toluene (Dean-Stark apparatus) with a catalytic amount of para-toluenesulfonic acid for

two days. After cooling, the solution was washed with saturated sodium hydrogen carbonate then with water
wae dred and concentratad Racruvctallizatinn fchlarafarm far 180 d D = M athanal far tha aAthar
auu YWAd Uil allu vulivviiuuateud.  iIZwaug ] oLALIILAlIULL \\.ﬂlllUlUlUllll 11Ul aJ%yUu 1IN i, Luiallvul 1ul uicv vUudlvl

diazepines) furnished the corresponding diazepines.
4,10,-Dihydrothieno[2°,3°:5,6][1,3]diazepino[2,1-a]isoindole-6,12-dione (15d R = H).

Yield 57%; mp >270°C; IR: 3182 (NH), 1717 (C=0), 1651 (C=0) cm’’; '"H NMR (CDCl3): & 4.99 (s, 2H, H,),
6.00 (d, J = 5 Hz, 1H, Hyo), 6.52 (d, J = 5 Hz, 1H, NH), 7.05 (d, ] = 5 Hz, 1H, H;), 7.51-7.71 (m, 4H, H, g 9 0),
7.89 (d, J = 8 Hz, 1H, H,); ’C NMR: § 43.2 (CH,), 66.4 (CH), 122.5 (CH), 124.6 (CH), 129.3 (CH), 129.7

(CH), 131.7 (CH), 131.9 (C), 132.1 (CH), 134.8 (C), 138.4 (C), 140.8 (C), 164.4 (CO), 166.8 (CO). Anal.
MNalad Fa I N LD 272N 1IN Taanemad M £ 2407 2 7T7TA-N 1N 21
v aiva, 1Ul \4141110112\.}20 o, VULLd,y, 11, J.7J4 1INy, 1V.OU. TUUILII. U, UVL.0U, I1, 0.7, IN, 1U.D01

4,10,-Dihydro-11-methylthieno[2’,3’:5,6][1,3]diazepino[2,1-a]isoindole-6,12-dione (1 5d R =Me).

Yield 62%; mp 237°C; IR: 1694 (C=0), 1652 (C=0) cm™'; '"H NMR (CDCl,): & 2.82 (s, 3H, CH;), 4.50 (d, J =
15 Hz, 1H, H,), 5.13 (d, ] = 15 Hz, 1H, H,), 6.21 (s, 1H, H,y,), 7.00 (d, ] = 5 Hz, 1H, H;), 7.42-7.68 (m, 4H,
H,3010), 7-88 (d, J = 6 Hz, 1H, H;); ’C NMR: § 31.2 (CH3), 41.2 (CH,), 71.3 (CH), 124.1 (CH), 124.4 (CH),
128.4 (CH), 130.2 (CH), 131.1 (CH), 131.9 (CH), 133.5 (C), 135.9 (CH), 137.3 (C), 138.1 (C), 166.1 (CO),

1662 (CON Anal Caled for O N,O.S:C. 6336 H A’)§ N. 9.85. Found: C. 63.69: a0n- 07’(
lUUL\\/U} A1Ak. walvwid. LUl lslllzl‘z\lzu Ny Uadad\Ty 11y 1Ny 7.0, 1 UWMIIU, vy VI 7, ll,"l U}X FEY SN

11-Butyl-4,10,-dihydrothieno[2’,3":5,6}[1,3]diazepino{2,1-a]isoindole-6,12-dione (15d R = Bu).

Yield 76%; mp 225°C; IR: 1689 (C=0), 1637 (C=0) em™; 'H NMR (CDClLy): 6 0.63 (t, J = 7 Hz, 3H, CHy),
0.89-1.33 (m, 4H, CH,-CH,), 2.86-3.06 (m, 1H, NCH,), 3.90-4.11 (m, 1H, NCH,), 4.45 (d, J = 15 Hz, 1H, Hy),
5.00 (d, J = 15 Hz, 1H, H,), 6.21 (s, 1H, H,y,), 6.99 (d, J =5 Hz, 1H, H;), 7.44-7.68 (m, 4H, H, 3¢ 0), 7.88 (d, J
=6 Hz, 1H, H,); >C NMR: § 13.3 (CH,), 19.7 (CH,), 31.5 (CH,), 40.8 (CH,), 43.4 (CH,), 71.4 (CH), 123.9
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(CH), 124.6 (CH), 128.2 (CH), 130.1 (CH), 131.0 (CH), 131.7 (CH), 133.7 (C), 136.3 (C), 137.1 (C), 137.8 (C),
165.5 (CO), 165.8 (CO). Anal. Calcd. for C N,0,S: C, 66.23; H, 5.56; N, 8.58. Found: C, 66.63; H, 5.64;
N, 8.85.

By-products iZ¢,d.

These compounds were extracted during the washing of the mixture of 12¢-14¢-15¢ R = H (or 12d-14d-15d R
= H) with 10% hydrochloric acid solution. This solution was basified with 10% aqueous sodium hydroxide and
12¢,d were isolated by extraction with dichloromethane. Compounds 12¢,d were recrystallized from ethanol.
3-Amino-2,3-dihydro-2-[2-(carboxamido)benzyl|-1H-isoindol-1-one (12¢).

This compound was isolated as a so!id, mp 192°C; IR: 3365 (NH), 3207 (NH), 1686 (C=0), 1655 (C=0) cm;

\

'H NMR (CDCl5): 8 4.80 (d, J = 15 Hz, 1H, NCH,), 5.08 (d, J = 15 Hz, 1H, NCH,), 5.22 (s, 1H, CH), 5.84 (s,
2H, NH,), 6.56 (s, 2H, Nri;,_), 7.22-7.62 (m, TH, Hyom), 7.80 (d, J = 7 Hz, 1H, Hyy)- Anal. Calcd. for
C,6H;sN30,: C, 68.31: H, 5.37; N, 14.94. Found: C, 68.09; H, 5.41; N, 14.86.
3-Amino-2,3-dihydro-2-[(2-(carboxamido)thien-3-yl)methyl]-1H-isoindol-1-one (12d).

This compound was isolated as a solid, mp 164°C; IR: 3356 (NH), 3212 (NH), 1682 (C=0), 1661 (C=0) cm';
'"H NMR (CDCl,): & 1.84 (s, 4H, 2NH,), 4.96 (d, J = 15 Hz, 1H, NCH,), 5.15 (d, J = 15 Hz, 1H, NCH,), 5.21 (s,
1H, CH), 7.18 (d, J = 5 Hz, 1H, Hyjophene)s 7-32 (d, J = 5 Hz, TH, Hypiophene)» 7-39-7.61 (m, 3H, Hyrom), 7.78 (d, J

-7 1T IYI T
/ 4, 11, namm)
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