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Solid Support Synthesis of 2-Substituted Dibenz[b,floxazepin- 11(10H)-
ones via SNAr Methodoiogy on AMEBA Resin.
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Abstract: Efficient assembly of dibenz[b,floxazepin-11(10H)-ones utilizing the SNAr of fluorine in 2-
fluoro-5-nitrobenzoic acid with the OH of various 2-aminophenols on solid support is reported. The

flexibility of this synthesis, as well as the excellent purity (>90%) of the final products are the
distinctive characteristics of the resulting library. © 1999 Elsevier Science Ltd. All rights reserved.
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The application of combinatorial chemistry as both a lead generation, and a lead optimization
tool for drug research and development is well documented.! Numerous solid-phase, and solution-
phase techniques have been deveioped to generate a diverse array of compounds based upon a
w;de range of reaction types and scaffolds.2 In our continuing effort toward the |dent|f|cat|on of new
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reparted to selectively inhibit HIV type 1 reverse t.ransc.npt_a.se w:th IC values as low as 19 nM.5
Substitution of the A-ring in llla (R = H) was reported to affect the anti-HIV activity of the compound.
Substituents ortho-, and para- to the N-atom of the lactam enhanced potency.® Calcium antagonist
activity was reported for lllb.6 Analgetic, antipyretic, and sedative activities have also been reported
for this class of compounds.”
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Several synthetic strategies toward the dibenz[b,floxazepin-11(10H)-one framework have
been reported. The nucleophilic aromatic substitution (SNAr) of a halogen atom with the phenolic

oxygen in 2-X-5-nitrobenzamides of o-aminophenols is the most widely used protocol.8 Beckmann
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rearrangement of xanthone oximes was reported to yield the desired oxazepinone ring system,

albeit in lower yields.? Lactamization of the properly substituted biaryl phenols to afford the desired
seven-membered ring was reported to afford compounds Hll in high yield.10 Exceptionally mild
coupling conditions, the ready availability of starting materiais, as weil as the possibility to expand

the diversity of the substituents in the finai dibenzoxazepinones via postmodification reactions of nitro
nranin malia tha QaiAr etratany maora amanahla far enlid nhaca In niir annraanh wa Aanidadd 4A 1100
group mane ui€ oA Straiegy moire ammenacie 161 SOiG prniase. it Oul appiGaln, we GECiGea 10 usc
commercially available 2-fluoro-5-nitrobenzoic acid and various aminophenols as components for the
QaiAr nniinlina 11 In tha initial avnarimant wa nranarad racin 1 hyu tha radiictiva aminatinn nf A
ST \l\lurllll IB- Iy i i Gl\rJGl'lll‘llll, wuo H'UF“IUU 1GON L ~ UIT 1ITUULLIVTG Qlliriauvil v v
aminAanhanal An tha rananths, ranartand AAid aancitivva MEdMAvi: Dan»Aldalwseda (ARRED A) mahradiieama
QAITNIVHIICHIVE VI UIC TOUTTILU ITPUIICU AMUIU OTTIoIUVE I'll;lllul\y DCTHLMIUCTIYUCT \HIVII;DH) pUIy-)lyl e
resin (Scheme 1).12
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Resin 1 was further modified with the commercially available 2-fluoro-5-nitrobenzoic acid (Scheme 2)
using the HOAUDIC strategy3 to afford the immobilized substrate, which was ready for the assembly
of the desired dibenz[b,floxazepin-11(10H)-one derivatives. The key cyclization step (SNAr) was
performed using a 5% solution of DBU in DMF. Treatment of the resuiting resin with 15% TFA in
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L‘Hgblg afforded the intermediate 2-nitro-diben ZiD, T]OXEIZEpIn 2% IUI‘1) one in a quanmanve YIBIU

Scheme 2.

s : :i)2, HOAL, DIC, DMF, 12 h,, RT; ii) 5% DBU, DMF, 12 h_, RT; iii) SnCl, 2H,0,
DMF, 24 h,, RT; Ac,0, DMF, 12 h., RT 20% TFA/ CH2C|2

N-Methyimorpholine, and 1,1,3,3-tetramethylguanidine were also used for the SNAr step. However,
the yield and the purity of the intermediate 2-nitro-dibenz[b,floxazepin-11(10H)-one were somewhat
lower (36% and 45% respectively). Cyclization was not observed with K2CO3/18-crown-6 system in
DMF.14,15 The reduction of the nitro group in the resulting 2-nitro-dibenz[b,floxazepin-11(10H)-one

resin was SUCCGSSTUHY accompllshed with a 1.5M solution of bn(JIQ‘ZHQU in DMF to afford the

corresponding immobilized 2-amino derivative in quantitative yield.1® Further treatment of the resin
with acetic anhydnde followed by the TFA cleavage afforded the desired dibenz[b,floxazepin-

11(10H)-one 1A in 84% yieid and 99% purity (HPLC).
Thr AlalhAavAaticam ~f thha vanadicam AamAidiama allaigas 118 44 st Aasios A lilavarm: Af 482 maAamablAava
irr capoidalult vl i reacvlivll CUTNUILIVHS alliuyvou Uo WL OYITIHEOILT A iviaty Ul 10 1 {iveio
IQReahama 2Y Aminnnhannle 1. A Qrhoamo 2 rantainina alantranodnnatina flinatinne wara ancilv
wlneime ). AMmNepnenGis (i=+, Stneme 5; COMmaiming & eluln-Gonaung unCulns weie casny
immobilized on the AMEBA resin, and converted into the desired compounds 1A-4D. The yields of

dibenz[b,floxazepin-11(10H)-ones varied from 34% (4A), to 95% (3D), depending upon the



substitution pattern in the starting c-aminophenols. The purity of the synthesized library was
estimated to be 95-99% by HPLC. The lowest yields (34-58%) were obtained with 4. The nature of
the acylating agent affected neither the yield nor the purity of the desired heterocycles.
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Attempts to prepare dibenz[b,floxazepin-11(10H)-ones containing electron-withdrawing groups in the
A ring using similar strategy were unsuccessful. For example, several o-aminophenols containing Cl,

Br, or NUQ substituents were immobiiized on AMEBA resin usmg the reductive amination protocol

described above. The subsequent acyiation of the resuitant resins (500 mg) with 4-nitrobenzoyi
chloride followed by their treatment with 30% solution of TFA in CH2Clo afforded the desired amides

in less than 10% yueuos \4 5-5.0 mg). This resuit was attributed to the low loading leveis of the

bUlIGprllUHly U‘dllllllUpH 11U IUblllb.
In summary, we developed an efficient route to the 2-substituted dibenz[b,floxazepin-11(10H)-
ones utilizing the SNAr of fluorine in 2-fluoro-5-nitrobenzoic acid with the OH of various 2-
S
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ynthesis as well as the excellent purity (>90%

Experimental Section

Materials and Methods. All reactions were carried out in peptide synthesis vessels, and agitated on
an orbit shaker at room temperature. Reagents were purchased from Aldrich, and used without
further purification. 4-Formyl-3-methoxyphenoxymethyl resin (AMEBA resin, 100-180 mesh) was
purchased from Colorado Biotech Inc. with a loading of 1.25 mmol/g, and was washed with DMF,
MeOH, and DCM before use. Concentration of the solutions after workup was pen’ormed by reduced

pressure rotary evaporation on Blichi 535 apparatus. Meiting points are uncorrected and measure in
open capillary tubes. TH NMR and 13C NMR spectra were obtained on a Bruker 400 instrument. MS

analveae (EQ and C} mndne) were nerformed on a Perkin Elmer AP! 165 instrument. HPLC analvsis
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was performed on a Beckman Gold Analytic 126 apparatus with a diode array detector model 168 at
the wavelengths of 220 nm, and 254 nm. The column employed was an Ultrasphere C18 cartridge
250mm x 4.6 mm. The solvent system was MeCN/H>O (start: 5:95 ratio; finish: 10:90; 8 min runs;
.1% TFA added), with a flow rate of 1 mL/min.

Generai Procedure for Heduciive Amination of Aminophenois on 4-Formyi-3-
methoxyphenoxymethyl (AMEBA) Resin. in a typical experimental procedure, 4-Formyi-3-
methoxy-phenoxymethyl resin (5 g; loading 1.25 mmol/g) was added to a 1 L flask. After the addition
of trimethy! orthoformate (50 mL) and anhydrous DMF (50 mL), 2-aminophenol (2 g, 18.75 mmol)
was addpd to the reaction mixture followed by 0.5 mL of glacial AcOH. The mixture was stirred
under nitrogen for 8 h. NaBH(OAc)3 (5.3 g, 25 mmol) was added and the slurry was slowly stirred

under nitrogen for another 12 h. 200 mL of MeOH was added to the mixture, and the resulting
mixture was stirred in open air for 5 min. The resin was filtered, washed twice with MeOH, DCM,
DMF, dioxane and Et20O, dried in vacuo, and stored at 0°C. The loading of the resin (as determined

by its acylation with 4-nitrobenzoyl chloride followed by cleavage of the product with 30% solution of
TFA in CH2Clo) was 0.75 mmol/g.

General Procedure for the Synthesis of 2-Nitro-dibenz[b,floxazepin-11(10H)-ones on Solid
Support. This procedure was run using the following reaction conditions: 200 mL of a mixture of 3-
fluoro-4-nitrobenzoic acid (3.7 g, 20 mM), HOAt (2.72 g, 20 mM), and DIC (2.77 g, 22 mM) (clear
solution in 100 mL of DMF) was added to a correspondingo-aminophenol resin (5 g, 1.25 mmol/g
ioading). The resultant siurry was stirred for 8 h., filtered, washed with DMF, MeOH, CH2Cli2, and
treated with 100 miL of a 5% soiution of DBU in DMF at room iemperature for 24 n., fiitered, washed
with a 10% AcOH in DMF, DMF, MeCH, ungCiQ, and dried in vacuo. The |uauil|g of the resultant

resin (as determined by cleavage of the product with 30% solution of TFA in CHxCls) was 0.7

General Procedure for the Svnthgsls of 2-Substituted-diben [b f]g,__ m-11l1nl-n-nnn= l1 A-
1 0

aenz onas
4D) on Solid Support. The 2-Nitro-dibenz[b,floxazepin-11(10H)-one resin (1-4, 5g, O 7 mmol/g
loading) was treated with a 1.5M solution of SnClo*2H20 (100 mL) in DMF for 24 h., and filtered. The
resin was then washed with MeOH, CH>Cly, DMF, dioxane, Et2O, and dried in vacuo. The resultant
immobilized 2-amino-dibenz[b,f]-oxazepin-11(10H)-one (100 mg) was treated with a 0.6 M solution of
N,N-diisopropylethylamine in CH32Cl> (20 mL), followed by a 0.4 M solution of acetic anhydride (A),
or benzoyl chlorides (B-D) (25 ml.) in the same solvent. The reaction mixture was shaken for 12 h.,
the resin was filtered, washed with DMF, MeOH, CH»>Clz and dried in vacuo. The resultant resin
was treated with 100 mL of a 40% TFA solution in CH2Cl for 30 min., and filtered. This procedure
was repeated twice to assure the complete cleavage of the desired 2-substituted-
dibenz[b,floxazepin-11(10H)-ones (1A-4D) off the solid support (additional 10-15% of the material
were cieaved). The fiitrates were combined, and concentrated to afford an oily residue. The residue

............... R Y 7 U By} Eapiy —airs

wdas CO-evdpuraieu lWIbB Wllll IVIEUI'I 1O anora ine ueaneu pfOUULIS as yenow SOIIGS
Analytical Data:

2-nitro-10H-dibenzo[b,f]1,4-oxazepin-11-one. m.p. 259-260 °C (lit.82 258-260 °C).
7-methyl-2-nitro-10H-dibenzol[b,f]1,4-oxazepin-11-one. m.p. 277-278 °C (lit.5a 274-277 °C).
8-methyl-2-nitro-10H-dibenzo[b,f]1,4-oxazepin-11-one. m.p. >300 °C (lit.8a2 274-277 °C).

IR (KBr) v: 3095m, 1682s, 1619s, 1350s cm™!; TH NMR (DMSO-dg) & 10.81 (s, 1H), 8.52 (d, J = 2.6

Hz, 1H), 8.44 (dd, J1 = 8.9 Hz, Jo = 2.7 Hz, 1H), 7.59 (d, J = 8.9 Hz, 1H), 7.28 (d, 8.2 Hz, 1H), 6.98
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N-('H-OXO 1un—nenzolbj~nenz [3,4-f]1,4-oxazepin-2-yi)ethanamide (1A). Yield: 15.8 mg (84%);
m.p. 222-223°C; HPLC: tg=5.18; iR (KBr) v: 3200m, 1671s, 1491s, 1431s, 1369s cm'; 1H NMR
(DMSO-dg) 6 10.48 (s, 1H), 10.09 (s, 1H), 7.99 (d, J = 2.0 Hz, 1H), 7.77 (dd, J1 = 8.7 Hz, J» = 2.0

5, 2H), 7.14-7.12 (m, 1H), 2.03 (s, 3H); 13C NMR (DMSO- dg)
1.z, 125.9, 125.7, 1253 124.7, 121.7, 121.2, 121.0, 120.9,
6 (M

HT), found: 269. 0922
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mg (70%); m.p. 285-286°C; HPLC: ir=6.78; IR (KB ry v: 3221s, 1674s, 1605m, 14935 13545
cmt; TH NMR (DMSO-dg) 8 10.52 (s, 1H), 10.42 (s, 1H), 8.19 (d, J = 2.5 Hz, 1H), 8.06-8.03 (m, 2H),
7.98 (dd, J1 = 8.5 Hz, Jp = 2.5 Hz, iH), 7.36 (9, J = 8.5 Hz, 3H), 7.32 (d, J = 8.6 Hz, 1H), 7.19-7.7.18
(m, 2H), 7.15-7.13 (m, 1H); 13C NMR (DMSO-dg) 165.6, 165.4, 164.4, 163.0, 154.7, 150.6, 136.3,
131.1, 130.5, 130.4, 126.0, 125.9, 125.7, 125.3, 122.7, 121.7, 121.2, 120.9, 115.5, 115.3; HRMS
(FAB) calicd for CogH13FN2O3: m/z = 349.0988 (MHT), found: 349.0978.

(4-methylphenyl)-N-(11-oxo-10H-benzo[b]-benzo[3,4-f]1,4-oxazepin-2-yl)formamide (1C). Yield:
21.5 mg (89%); m.p. 278-279°C; HPLC: tg=7.00; IR (KBr) v: 3210m, 1763w, 1671s, 1546s, 1492s,
1364m cm1;1H NMR (DMSO-dg) 8 10.54 (s, 1H), 10.34 (s, 1H), 8.20 (d, J = 2.4 Hz, 1H), 8.01 (dd, J4
=8.7 Hz, Jo = 2.4 Hz, 1H), 7.88 (bd, J = 7.9 Hz, 2H), 7.35-7.33 (m, 4H), 7.18-7.17 (m, 2H), 7.15-7.14
(m, 1H), 2.34 (s, 3H); 13C NMR (DMSO-dg) 165.7, 165.3, 154.6, 150.6, 141.8, 136.6, 136.5, 131.6,
131.2, 131.1, 129.0, 127.8, 126.0, 125.9, 125.6, 125.3, 122.7, 121.7, 121.2, 120.8, 21.0; HRMS

(FAB) caled for Co1H1gN2O3: m/z = 345.1239 (MH), found: 345.1226.
(4-methoxyphenyl)-N-(11-oxo-10H-benzo[b]-benzo[3,4-f]1,4-oxazepin-2-yl)formamide (1D).

Yield: 23.0 mg (91%); m.p. 255-256°C; HPLC: tr=6.65; IR (KBr) v: 3210m, 1671s, 1608m, 1492 s,
1255s, 1178m cm-1;'H NMR (DMSO-dg) 8 10.54 (s, 1H), 10.34 (s, 1H), 8.20 (d, J = 2.5 Hz, 1H) 8.02
(dd, Jq = 8.8 Hz, Jp = 2.5 Hz, 1H), 7.97 (bd, J = 8.7 Hz, 2H), 7.34 (d, J = 3.9 Hz, 1H), 732(d =3.2
Hz, 1H), 7.19-7.17 (m, 2H), 7.16-7.7.13 (m, 1H), 7.08 (bs, 1H), 7.06 (bs,1H), 3.84 (s 3H) 3C NMR
(DMSO-dg) 145.2, 142.6, 139.4, 137.4, 135.4, 1298.5, 129.3, 129.0, 128.1, 127.8, 127.3, ‘1206
124.0, 121.4, 121.2, 120.1, 109.8, 43.5; HRMS (FAB) calcd for Co1H1gN>0,4: m/z = 361.1188 (MHt),
found: 361.1199.

N-(7-methyl-11-oxo-10H-benzo[b]-benzo[3,4-f]1,4-oxazepin-2-yl)ethanamide (2A) Yield: 17.2 mg
(87%); m.p. 208-209°C; HPLC: ir=5.63; iR (KBr) v: 3191m, 1676s, 1490s, 1438s, 1369s cm1; 1H
NMR (DMSO- da) 5 10.42 (s, 1H), 10.11 (s, 1H), 7.98 (bs, 1H), 7.77 (bd, J = 8.4 Hz, 1H), 7.25 (d, J =
8.6 Hz, 1H), 7.12 (bs, 1H), 7.04-6.97 (m, 2H), 2.26 (s, 3H), 2.03 (s, 3H); 13C NMR (DMSO-dg)
168.4, 165.6, 154.1, 150.5, 136.5, 135.0, 128.4, 126.3, 125.8, 124.5, 121.4, 121.3, 121.1, 120.9,
23.9, 20.2; HRMS (FAB) calcd for C1gH14N2O3: m/z = 283.1083 (MH*), found: 283.1081.
(4-fluorophenyl)-N-(7-methyl-11-oxo-10H-benzo[b]-benzo[3,4-f]1,4-oxazepin-2-yl)formamide

(2B). Yield: 20.3 mg (80%); m.p. 305-307°C; HPLC: tr=7.22; IR (KBr) v: 3217m, 1672s, 1551m,
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4-methoxyphenyl)-N-(7-methyl-11-ox0-10H-benzo[b]-benzo[3,4-f]1,4-oxazepin-2-yl)formamide

H), 7.24 (d, J
8.1 Hz, 1H), 6.97 (bs, 1H), 6.93 (bd, J = 8.2 Hz, 1H), 2.24 (s, 3H); 13C NMR (DMSO- dg) 165.7,

(4-methylphenyl)-N-(7-methyl-11-oxo-10H-benzo[b]-benzo[3,4-f]1,4-oxazepin-2-yl)formamide
(4-fluorophenyl)-N-(8-methyi-11-oxo-10H-benzo[b]-benzo{3,4-f]1,4-oxazepin-2-yl)formamide

165.6, 164.4, 162.9, 154.7, 150.5, 136.3, 135.0, 130.9, 130.5, 130.4, 128.4, 126.3, 125.9, 1

8.00 (dd, J1 = 8.8 Hz, Js = 2.6 Hz, 1H), 7.97 (d, J
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359.1396 (MH+), found: 359.1404.
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(4-methoxyphenyl)-N-(8-methyl-11-oxo0-10H-benzo[b]-benzo[3,4-f]1,4-oxazepin-2-yl)formamide

(3D). Yieid: 24.9 mg (95%); m.p. 282-2840°C; HPLC: tg=7.08; IR (KBr) v: 3216m, 1671s, 1509m,
1359s, 1253s cm-1; TH NMR (DMSO-dg) & 10.48 (s, 1H), 10.26 (s, 1H), 8.18 (d, J = 2.0 Hz, 1H), 8.01
-7.96 ( m, 3H), 7.30 (d, J = 8.8 Hz, 1H), 7.19 (d, J = 8.1 Hz, 1H), 7.06 (d, J = 8.5 Hz, 2H), 6.96 (s,
1H), 6.93 (d, J = 8.3 Hz, 1H), 3.84 (s, 3H), 2.24 (s, 3H). 13C NMR (DMSO- dg) 165.8, 164.8, 162.0,
154.6, 148.5, 136.5, 135.2, 130.7, 129.7, 126.5, 125.9, 125.7, 125.6, 122.6, 122.5, 121.8, 121.7,
120.9, 120.7, 113.7, 55.5, 20.4; HRMS (FAB) calcd for CooH1gNoO4: m/z = 375.1345 (MH™), found:
375.1335.

N-(9-methyi-11-oxo-10H-benzo[b]-benzo[3,4-f]1,4-oxazepin-2-yl)ethanamide (4A). Yield: 6.7 mg
(34%); m.p. 175-176°C; HPLC: ir=5.52; iR (KBr) v: 3235m, 1676s, 1490m, 1438s, 1364m cm-1; 1H
NMR (DMSO-dg) 6 10.10 (s, 1H), 9.91 (s, 1H), 7.97 (d, J = 2.4 Hz, 1H), 7.71 (dd, J1 = 8.7 Hz, J2 =

2.5 Hz, 1H), 7.26 (d, J = 8.8 Hz, 1H), 7.15 (t, J = 5.0 Hz, 1H), 7.05 (d, J = 4.9 Hz, 2H), 2.32 (s, 3H),
2.03 (s, 3H); 13C NMR (DMSO-dg) 168.4, 165.9, 154.7, 152.7, 136.6, 131.5, 129.5, 127.4, 126.1,
4AanNnc A 4 A 4N O 44N 4 440 =7 N2 NO 477 Q. LINDAD /(CADN o lo.d L. M | | N Y iy NON 4NN
1£90.4, 1£4.9, 1£V.0, 119.1, 110.7, £3.9, /.0, MNVIO (FAD) Caitu 101 \J16F114NQU3. ML = £09. 1U0Y
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