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Novel Non-Nucleoside Inhibitors of HIV-1 Reverse Transcriptase. 2. Tricyclic
Pyridobenzoxazepinones and Dibenzoxazepinones
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Dibenz[b,f][1,4]oxazepin-11(10H)-ones (III), pyrido[2,3-b][1,4]benzoxazepin-6(5H)-ones (IV), and pyrido[2,3-b]-
[1,5]benzoxazepin-5(6 H)-ones (V) were found to inhibit human immunodeficiency virus type 1 reverse transcriptase
with IC,, values as low as 19 nM. A-ring substitution has a profound effect on activity, with appropriate substituents
at the positions ortho and para to the lactam nitrogen providing dramatically enhanced potency. Substitution in
the C-ring is generally neutral or detrimental to activity. Although a C-ring amino substituent at the position meta
to the lactam carbonyl is generally beneficial to activity, it has essentially no effect when the A-ring is optimally
substituted. Like the dipyridodiazepinone nevirapine, compounds III-V are specific for HIV-1 RT, exhibiting no

inhibitory activity against HIV-2 RT or other virial reverse transcriptase enzymes.

Since the discovery of the human immunodeficiency
virus type 1 (HIV-1)! and its causative role in the devel-
opment of acquired immunodeficiency syndrome (AIDS),
considerable research effort has been directed toward a full
elucidation of the viral life cycle and the identification of
potential targets for clinical intervention.? Among the
many approaches being pursued in the design of new AIDS
therapies, inhibition of the viral enzyme reverse tran-
scriptase (RT) represents a particularly attractive strategy.?
Unique to the RNA viruses, RT catalyzes the transcription
of single-stranded viral genomic RNA into double-stranded
DNA, a process essential for retroviral replication. The
vast majority of known RT inhibitors are nucleoside
analogues, which require phosphorylation by cellular en-
zymes in order to function as active inhibitors. These
compounds operate by a complex mechanism of action,
potentially serving both as competitive inhibitors and as
chain terminators.? The dideoxynucleoside zidovudine
(AZT)5 was the first drug approved for use in the treatment
of AIDS, and ddI® has recently received approval for pa-
tients who are intolerant to AZT. Several others (ddC,
d4T, FLT) are currently in clinical trials. Despite apparent
selectivity for RT, these substrate analogues also inhibit
mammalian DNA polymerases «, 8, v, and §, and often
exhibit significant toxic side effects. The emergence of
viral strains that are resistant to AZT’ is an additional
concern associated with its use.

Recently, novel non-nucleoside reverse transcriptase
inhibitors have been reported.®® The dipyridodiazepinone
nevirapine is a potent and exquisitely specific inhibitor of
HIV-1 RT, exhibiting no inhibitory activity against HIV-2
RT or against mammalian DNA polymerases. Its specif-
icity, extremely low cytotoxicity, and potent antiviral ac-
tivity against all viral strains tested, including those re-
sistant to AZT, make nevirapine an especially promising
clinical candidate for the treatment of HIV-1 infection.
Since it functions by a mechanism!° distinct from that of
the nucleoside substrate analogues, it is anticipated that
nevirapine will avoid the clinical toxicities associated with
many of them. The compound is currently undergoing
Phase II clinical evaluation.

The discovery of nevirapine was the result of intensive
lead optimization following a high capacity screening
program specifically designed to identify a non-nucleoside
inhibitor of HIV-1 RT. The synthesis and structure—ac-
tivity relationships (SAR) of pyridobenzo- (I) and di-
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pyridodiazepinone (II) RT inhibitors have been reported
previously.!! In parallel to those efforts, an investigation

(1) (a) Barré-Sinoussi, F.; Chermann, J. C.; Rey, F.; Nugeyre, M.
T.; Chamaret, S.; Gruest, J.; Dauguet, C.; Axler-Blin, C,;
Vézinet-Brun, F.; Rouzioux, C.; Rozenbaum, W.; Montagnier,
L. Isolation of a T-Lymphotropic Retrovirus from a Patient at
Risk for Acquired Immune Deficiency Syndrome (AIDS).
Science 1983, 220, 868-871. (b) Popovic, M.; Sarngadharan,
M. G.; Read, E.; Gallo, R. C. Detection, Isolation and Contin-
uous Production of Cytopathic Retroviruses (HTLV-III) from
Patients with AIDS and Pre-AIDS. Science 1984, 224,
497-500.
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of analogous series of dibenz- and pyridobenzoxazepinones
(I1I-V) was also undertaken, the results of which are re-

(2) (a) Vaishnav, Y. N.; Wong-Staal, F. The Biochemistry of AIDS.
Annu. Rev. Biochem. 1991, 60, 577-630. (b) Mitsuya, H.;
Yarchoan, R.; Broder, S. Molecular Targets for AIDS Therapy.
Science 1990, 249, 1533~1544. (c) DeClercq, E. Targets and
Strategies for the Antiviral Chemotherapy of AIDS. Trends
Pharmacol. Sci. 1990, 11, 198-205.

(a) Powell, K. L.; Darby, G. HIV Reverse Transcriptase as a

Target for Antiviral Drugs. In Design of Anti-AIDS Drugs;

DeClercq, E., Ed.; Elsevier: New York, 1990, pp 123-140. (b)

Goff, S. P. Retroviral Reverse Transcriptase: Synthesis,

Structure and Function. J. AIDS 1990, 3, 817-831.

(4) (a) Parker, W. B.; White, E. L.; Shaddix, S. C.; Ross, L. J.;
Buckheit, R. W., Jr.; Germany, J. M.; Secrist, J. A., III; Vince,
R.; Shannon, W. M. Mechanism of Inhibition of Human Im-
munodeficiency Virus Type 1 Reverse Transcriptase and Hu-
man DNA Polymerases a, 8, and v by the 5-Triphosphates of
Carbovir, 3'-Azido-3’-deoxythymidine, 2/,3’-Dideoxyguanosine
and 3’-Deoxythymidine. J. Biol. Chem. 1991, 266, 1754-1762.
(b) Kedar, P. S.; Abbotts, J.; Kovacs, T.; Lesiak, K.; Torrence,
P.; Wilson, S. H. Mechanism of HIV Reverse Transcriptase:
Enzyme-Primer Interaction as Revealed Through Studies of
a ANTP Analogue, 3’-Azido-dTTP. Biochemistry 1990, 29,
3603-3611. (c) Mitsuya, H.; Jarrett, R. F.; Matsukura, M.;
Veronese, F. D. M.; DeVico, A. L.; Sarngadharan, M. G.; Johns,
D. G.; Reitz, M. S.; Broder, S. Long-term Inhibition of Human
T-Lymphotropic Virus Type III/Lymphadenopathy-associated
Virus (Human Immunodeficiency Virus) DNA Synthesis and
RNA Expression in T Cells Protected by 2/,3-Dideoxy-
nucleosides In Vitro. Proc. Natl. Acad. Sci. U.S.A. 1987, 84,
2033~-2037.

(5) (a) Fischl, M. A,; Richman, D. D.; Hansen, N.; Collier, A. C.;
Carey, J. T.; Para, M. F.; Hardy, D.; Dolin, R.; Powderly, W
G.; Allan, J. D.; Wong, B.; Merigan, T. C.; McAuliffe, V. J;
Hyslop, N. E.; Rhame, F. S.; Baifour, H. H., Jr.; Spector, S. A;
Volberding, P.; Pettinelli, C.; Anderson, J.; AIDS Clinical
Trials Group. The Safety and Efficacy of Zidovudine (AZT)
in the Treatment of Subjects with Mildly Symptomatic Hu-
man Immunodeficiency Virus Type 1 (HIV) Infection. Ann.
Intern. Med. 1990, 112, 727-737. (b) Volberding, P. A,; La-
gakos, S. W.; Koch, M. A,; Pettinelli, C.; Myers, M. W.; Booth,
D. K.; Balfour, H. H., Jr.; Reichman, R. C.; Bartlett, J. A;
Hirsch, M. S.; Murphy, R. L.; Hardy, W. D.; Soeiro, R.; Fischl,
M. A,; Bartlett, . G.; Merigan, T. C.; Hyslop, N. E.; Richman,
D. D,; Valentine, F. T.; Corey, L.; AIDS Clinical Trials Group
of the NIAID. Zidovudine in Asymptomatic Human Immu-
nodeficiency Virus Infection. N. Engl. J. Med. 1990, 322,
941-949. (c) Fischl, M. A.; Richman, D. D.; Grieco, M. H,;
Gottlieb, M. S.; Volberding, P. A.; Laskin, O. L.; Leedom, J.
M.; Groopman, J. E.; Mildvan, D.; Schooley, R. T.; Jackson, G.
G.; Durack, D. T.; King, D.; AZT Collaborative Working
Group. The Efficacy of Azidothymidine (AZT) in the Treat-
ment of Patients with AIDS and AIDS-Related Complex. N.
Engl. J. Med. 1987, 317, 185-191.

(6) (a) Lambert, J. S.; Seidlin, M.; Reichman, R. C,; Plank, C. S;
Laverty, M.; Morse, G. D.; Knupp, C.; McLaren, C.; Pettinelli,
C.; Valentine, F. T.; Dolin, R. 2,3’-Dideoxyinosine (ddI) in
Patients with the Acquired Immunodeficiency Syndrome or
AIDS-Related Complex. N. Engl. J. Med. 1990, 322,
1333-1340. (b) Cooley, T. P.; Kunches, L. M.; Saunders, C. A.;
Ritter, J. K.; Perkins, C. J.; McLaren, C.; McCaffrey, R. P.;
Liebman, H. A. Once Daily Administration of 2/,3’-Dideoxy-
inosine in Patients with the Acquired Immunodeficiency Syn-
drome or AIDS-Related Complex. N. Engl. J. Med. 1990, 322,
1340-1345. (c) Yarchoan, R.; Mitsuya, H.; Thomas, R. V.;
Pluda, J. M.; Hartman, N. R.; Perno, C.-F.; Marczyk, K. S.;
Allain, J.-P.; Johns, D. G.; Broder, S. In Vivo Activity Against
HIV and Favorable Toxicity Profile of 2/,3’-Dideoxyinosine.
Science 1989, 245, 412-414.

(7) (a) Larder, B. A; Kemp, S. D. Multiple Mutations in HIV-1

Reverse Transcriptase Confer High-Level Resistance to Zido-

vudine (AZT). Science 1989, 249, 1155-1158. (b) Larder, B

A.; Darby, G.; Richman, D. D. HIV with Reduced Sensitivity

to Zidovudine (AZT) Isolated During Prolonged Therapy.

Science 1989, 243, 1731-1734.
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Chemistry

The synthesis of 2-aminodibenz[b,f][1,4]oxazepin-11-
(10H)-ones XI was accomplished according to literature
procedures,!? as illustrated in Scheme I. Thus, conden-

(8) Merluzzi, V. J.; Hargrave, K. D.; Labadia, M.; Grozinger, K.;
Skoog, M.; Wu, J. C.; Shih, C.-K.; Eckner, K.; Hattox, S.; Ad-
ams, J.; Rosenthal, A. S.; Faanes, R.; Eckner, R. J.; Koup, R.
A.; Sullivan, J. L. Inhibition of HIV-1 Replication by a Non-
nucleoside Reverse Transcriptase Inhibitor. Science 1990, 250,
1411-1413.

(9) (a) Pauwels, R.; Andries, K.; Desmyter, J.; Schols, D.; Kukla,
M. J.; Breslin, H. J.; Raeymaeckers, A.; Van Gelder, J.;
Woestenborghs, R.; Heykants, J.; Schellekens, K.; Janssen, M.
A. C.; DeClercq, E.; Janssen, P. A. J. Potent and Selective
Inhibition of HIV-1 Replication In Vitro by a Novel Series of
TIBO Derivatives. Nature 1990, 343, 470-474. (b) Goldman,
M. E.; Nunberg, J. H.; O’'Brien, J. A.; Quintero, J. C.; Schleif,
W. A,; Freund, K. F.; Gaul, S. L.; Saari, W. S.; Wai, J. S;;
Hoffman, J. M.; Anderson, P. S.; Hupe, D. J.; Emini, E. A;
Stern, A. M. Pyridinone Derivatives: Specific Human Immu-
nodeficiency Virus Type 1 Reverse Transcriptase Inhibitors
with Antiviral Activity. Proc. Natl. Acad. Sci. U.S.A. 1991, 88,
6863-6867. (c) Romero, D. L.; Busso, M.; Tan, C.-K.; Reusser,
F.; Palmer, J. R.; Poppe, S. M,; Aristoff, P. A.; Downey, K. M.;
So, A. G.; Resnick, L.; Tarpley, W. G. Nonnucleoside Reverse
Transcriptase Inhibitors That Potently and Specifically Block
Human Immunodeficiency Virus Type 1 Replication. Proc.
Natl. Acad. Sci. U.S.A. 1991, 88, 8806-8810.

(10) Wu, J. C.; Warren, T. C.; Adams, J.; Proudfoot, J.; Skiles, J.;
Raghavan, P.; Perry, C.; Potocki, L.; Farina, P. R.; Grob, P. M.
A Novel Dipyridodiazepinone Inhibitor of HIV-1 Reverse
Transcriptase Acts Through a Nonsubstrate Binding Site.
Biochemistry 1991, 30, 2022~2026.

(11) Hargrave, K. D.; Proudfoot, J. R.; Grozinger, K. G.; Cullen, E
Kapadia, S. R.; Patel, U. R.; Fuchs, V. U.; Mauldin, 8. C;
Vitous, J.; Behnke, M. L.; Klunder, J. M.; Pal, K.; Skiles, J. W.;
McNeil, D. W.; Rose, J. M.; Chow, G. C.; Skoog, M. T.; Wy, J.
C.; Schmidt, G.; Engel, W. W.; Eberlein, W. G.; Saboe, T. D.;
Campbell, S. J.; Rosenthal, A. S.; Adams, J. Novel Non-Nu-
cleoside Inhibitors of HIV-1 Reverse Transcriptase. 1. Tri-
cyclic Pyridobenzo- and Dipyridodiazepinones. J. Med. Chem.
1991, 34, 2231-2241.
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sation of 2-aminophenols VI with 2-chloro-5-nitrobenzoyl
chloride (VI) afforded carboxamides VIII. Although THF
was employed as the solvent for many of these reactions,
we have since discovered that EtOAc generally provides
the best results. With the nitro substituent serving to
activate the C-ring, ring closure was conveniently effected
by treatment of VIII with hot aqueous sodium hydroxide.
Amide alkylation (NaH, R!X, DMF) and nitro reduction
(H;, Pd/C, EtOH; or SnCl;, HCI, HOAc) then afforded
2-aminodibenz[b,f][1,4]oxazepin-11(10H)-ones XI. O-Al-
kylation of the amide to give XII was a persistent side-
reaction, especially when the 9-position was substituted.

Compounds XI were the focus of considerable attention,
due to their potent inhibitory activity against HIV-1 RT
(vide infra). In addition, the amino substituent, via the
corresponding diazonium ion, served as a convenient
precursor for the introduction of other substituents into
the 2-position of III. Although yields were only moderate,
diazotization of the appropriate amines, followed by
treatment with Cu(NO;),-2.5H,0 and Cu,0,!® afforded
2-hydroxy compounds 39 and 44. Similarly, 2-cyano com-
pounds 17, 40, and 43 were prepared by Sandmeyer re-
actions of 19, 27, and 37, respectively. Nitrile reduction
(Raney nickel, H;, EtOH) of 17 provided the corresponding
aminomethyl compound 18. Reduction of the intermediate
diazonium ion was also possible; deamination of 37 and
27 with isoamyl nitrite in DMF produced compounds 42
and 25. Alternatively, these compounds were prepared by
a route analogous to that outlined in Scheme I, utilizing
2-chlorobenzoy! chloride in place of 2-chloro-5-nitrobenzoyl
chloride. In the absence of the activating nitro substituent,
more stringent conditions (KOMe, tetraglyme, 275 °C)1%

(12) (a) Nagarajan, K.; Venkateswarlu, A.; Kulkarni, C. L.; Shah,
R. K. Condensed Heterotricycles: Synthesis of Dibenz[b,f]-
[1,4)oxazepines, Dibenz[b,f]1[1,4]-thiazepines & Dibenz[b,e]-
[1,4]diazepines by Cyclization of 2-Halo-2'-hydroxy-(mercap-
to/amino)benzanilides. Indian J. Chem. 1974, 12, 227-235.
(b) Schmidt, G. Amino-substituted Dibenz[b,f][1,4]oxazepin-
11(10H)-ones. U.S. Patent 3,546,214, 1970. (c) Hargrave, K.
D.; Schmidt, G.; Engel, W.; Schromm, K. Dibenz[b.f][1,4]ox-
azepin(and thiazepin)-11(10H)-ones and -thiones and Their
Use in the Prevention or Treatment of AIDS. Eur. Patent
Appl. EP 419861, 1991. (d) Dr. Karl Thomae GmbH Pyrido-
benzoxazepine Derivatives. GB Patent 1,055,221, 1967.

(13) Cohen, T,; Dietz, A. G., Jr.; Miser, J. R. A Simple Preparation
of Phenols from Diazonium Ions via the Generation and Oxi-
dation of Aryl Radicals by Copper Salts. J. Org. Chem. 1977,
42, 2053-2058.

(14) Doyle, M. P.; Dellaria, J. F., Jr.; Siegfried, B.; Bishop, S. W.
Reductive Deamination of Arylamines by Alkyl Nitrites in
N,N-Dimethylformamide. A Direct Conversion of Arylamines
to Aromatic Hydrocarbons. J. Org. Chem. 1977, 42, 3494-3498.

(15) Schmidt, G. Verfahren zur Herstellung von Dibenz[b,f][1,4]-
oxazepin-11(10H)-onen. German Patent 1,620,532, 1966.
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were required to induce ring closure.

Pyrido[2,3-b][1,4]benzoxazepin-6(5H)-ones (IV)!¢ were
prepared by an adaptation of a published procedure!®
(Scheme II). Amide condensation was accomplished by
the addition of salicyloyl chloride (XIV; R = H) to a tol-
uene solution of 3-amino-2-halopyridine XIII, though it
often proved advantageous to use a protected salicyloyl
chloride (XIV; R = CH,Ph). Deprotection was then ef-
fected with HBr/HOACc to give XVb. Treatment of XVb
with sodium methoxide in tetraglyme afforded the desired
tricyclic oxazepinone (XVI), which was alkylated by con-
ventional methods. Pyridoxazoles XVII were often ob-
tained as byproducts from the ring closure reaction.

Pyrido[2,3-b]{1,5]benzoxazepin-5(6H)-ones (V)17 were
obtained by methods analogous to those already discussed,
as shown in Scheme III. Simple heating in pyridine
(90-100 °C) was sufficient to effect ring closure of XIX
when a nitro substituent was present in the position para
to the leaving group. Without nitro-activation of the
C-ring, ring closure was achieved with powdered sodium
hydroxide in DMF (120 °C).

The chemical reactivity of the intact tricyclic oxazepi-
none V has also been explored. Although conventional
nitration procedures were not successful, treatment of
XXIa with nitronium tetrafluoroborate!® afforded exclu-
sively the 7-nitro derivative in 85% yield, whereas the
8-nitro isomer was the major product when the N-ethyl
compound XXIc was nitrated under similar conditions
(Scheme IV). Chlorosulfonation of XXIa also occurred
predominantly at the 7-position, but in this case the 8-
isomer was also obtained (Scheme IV). As noted for the
nitration of XXI, the regioselectivity of chlorosulfonation
also shifted substantially toward the 8-position when the
amide was alkylated. Bromination of XXIa could be ef-
fected with Br,/AgNO;,'® but the reaction was not re-
gioselective and was accompanied by numerous side re-
actions, including nitration and dibromination.

The 7-nitro derivative of XXIa served as a key synthetic
intermediate for the exploration of SAR at the 7-position.
Amide alkylation and nitro reduction afforded the corre-
sponding amines 79 and 75. Sandmeyer reaction (NaNO,,
CuCN, NaCN) of 79 proceeded smoothly to afford the
nitrile 77 in 83% yield. Interestingly, Sandmeyer reaction
of 75 was much less efficient, providing the desired nitrile
76 in very poor yield (<10%). An attempt to circumvent
this problem by performing the Sandmeyer reaction prior
to amide alkylation was unsuccessful, resulting only in
formation of triazene XXVII by intramolecular trapping
of the diazonium ion (eq 1). Conversion of nitrile 77 to

o] N o]
NH, : N7 N
7 AN 1. NaNO,, Hy80, 1 N o
0" Ny = 2. CuCN, NeCN 0" N\y=
HeC HC
XXVI ‘ XXVII

(16) (a) Schmidt, G. Production of Pyrido[2,3-b][1,4]benz-
oxazepine-6-(5H)-ones. Canadian Patent, 790,597, 1968. (b)
Hargrave, K. D.; Schmidt, G. Pyrido[2,3-b][1,4]benzoxazepin
(and thiazepin)-6(5H)-ones and -thiones and Their Use in the
Prevention or Treatment of AIDS. Eur. Patent Appl. EP
417,534, 1991.

(17) Hargrave, K. D.; Schmidt, G. Pyrido[2,3-b][1,5]benzoxazepin
(and thiazepin)-5(6H)-ones and -thiones and Their Use in the
Prevention or Treatment of HIV Infection. Eur. Patent Appl.
EP 415,303, 1991.

(18) Kuhn, S. J.; Olah, G. A. Aromatic Substitution. VII. Frie-
del-Crafts Type Nitration of Aromatics. J. Am. Chem. Soc.
1961, 83, 4564-4571.

(19) Fleifel, A. M. Bromination and Iodination of Some p-Alkyl-
benzoic Acids. J. Org. Chem. 1960, 25, 1024-1025.
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the corresponding amide 81, acid 83, ester 80, and imidate
82 was accomplished by standard procedures, and the
hydroxymethyl compound 84 was prepared by reduction
of the acid (EtCOCl, NaBH,).

Because chlorosulfonation of XXIa occurred predomi-
nantly at the 8-position, alternative routes were required
for the preparation of pyrido{2,3-b][1,5]benzoxzazepin-5-
(6H)-ones bearing sulfur substituents at the 7-position.
Diazotization of 79, followed by treatment with sodium
thiomethoxide, afforded the corresponding methyl sulfide,
which was oxidized (m-CPBA, CHCl;) to afford sulfone
85.

Results and Discussion

All compounds were assayed in vitro for inhibitory ac-
tivity against HIV-1 reverse transcriptase. Presented in
Table I is a comparison of the results obtained for repre-
sentative examples of several related ring systems. In
general, dibenzoxazepinones (III) are more potent inhib-
itors of HIV-1 RT than are monopyridooxazepinones (IV
and V), whereas dipyridooxazepinones® (e.g., 4) are only
weakly active. Interestingly, this trend is exactly the re-
verse of that observed in the diazepinone series.!! 10-n-
Propyldibenz{b f][1,4]-thiazepin-11(10H)-one (5)* proved
to have inhibitory activity nearly equivalent to that of the
corresponding dibenzoxazepinone 1. However, oxidation
at sulfur resulted in a dramatic reduction in potency. The
generally poor solubility of thiazepinones was an additional
concern, and these compounds were not pursued further.
Synthetic efforts therefore focused on the benzopyrido-
and dibenzoxazepinones III-V.

A preliminary investigation of SAR at the lactam ni-
trogen revealed in all three series a preference for lipophilic
substituents of intermediate size (e.g., n-Pr, i-Pr, allyl). By
comparison, a methyl-substituted amide proved to be op-
timal in the diazepinone series.!! Apparently the enzyme
is able to accommodate greater steric bulk around the
amide of the oxazepinones, perhaps a result of the fact that
the other heteroatom of the lactam ring is unsubstituted.
Hydroxamic acid 15 and methyl hydroxamate 16 are less
active than the corresponding N-alkyl dibenzoxazepinones
1 and 10-12.

Substitution in the A-ring of III and V, particularly at
the 7- and 9-positions, causes a shift in preference toward
smaller amide substituents. However, an unsubstituted
oxazepinone lactam (R! = H) invariably results in a dra-
matic loss in activity, regardless of A-ring substitution (e.g.,
31, 41, 54). This result stands in sharp contrast to the
previous finding that an unsubstituted diazepinone lactam
is strongly preferred when the 4-position of II is substi-
tuted.!! Removal of the amide carbonyl (14) or conversion
to a thioamide (13, 73) is detrimental to activity. By
contrast, diazepinethiones are generally more active than
the corresponding diazepinones.!

Dibenz[b,f][1,4]oxazepin-11(10H)-ones (III). A
comparison of 9 to compounds 17-26 (Table II) provides
an initial indication of the effects of A- and C-ring sub-

(20) Compound 4 was prepared by a route analogous to that de-
picted in Scheme III. See: Hargrave, K. D. Dipyrido[3,2-
b:2',3"-e][1,4]oxazepin (and thiazepin)-6(5H)-ones and -thiones
and Their Use in the Prevention or Treatment of AIDS. Eur.
Patent Appl. EP 415,304, 1991.

(21) Dibenz[b,f][1,4)thiazepin-11(10H)-one, the precursor to 5, was
prepared according to the procedure of Bélanger et al.
Bélanger, P. C.; des Ormeaux, D.; Rokach, J.; Laval, J. S.
10,11-Dihydro-dibenzo[b,f1[1,4)-thiazepin Derivatives. U.S.
Patent 4,728,735, 1988.

(22) Compound 15 was obtained in low yield by oxidation of 1
(NaH, MoOPH, THF). Methylation of 15 (K;COs, Mel, DMF)
afforded 16.
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Table II. Dibenz[b,f][1,4]oxazepin-11(10H)-ones
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% inhibn  ICy

no. R! R? R? mp, °C formula at 1 uM® (nM)e
8t H H H 211-213 C1:HgNO, 30 ND/
9 CH, H H 79-81 CyHNO, 20 ND
10¢ CHcha H H 52-52-5 Cl5H13N02 54 560
11 CH,CH=CH, H H 85 CisHsNO, 58 465
1 CHchcha H H oil CISH15N02 72 375
12 CH(CH,), H H 102-103 C1eHisNO, 73 340
13 CHchcha (thloamlde) H H oil CmHlsNOS 46 2200
14 CH,CHj; (reduced amide) H H 54-56 CsHysNO 12 ND
15 OH H H 101-102 CisHgNO, 15 ND
16 OCH3 H H oil CuHuNOs 36 ND
17 CH, H 2-CN 152.56~-153.5 Ci:H}oN,0; 12 ND
18 CH3 H 2'CH2NH2 oil CI5H14N202'0.25H20 0 ND
194 CH, H 2-NH, 133-136 CiH)oN:0, 73 180
20 CH,CH, H 2-NH, 165-168 CisH1N20;* 82 145
21 CH20H3 H 2'N02 142-143 ClsH12N204 23 ND
22 CH, H 2-NHCH, 130135 CisH1N:O; 40 ND
23¢ CH, H 3-NH, 195.5-198 C1H1:N,0, 19 ND
24¢ CH, 7-NH, H 194-196 CyH2N,0, 20 ND
25 CH, 7-CH,4 H 104-107 CisHpsNO, 66 600
26 CH3 9'CH3 H 111‘113 CmeNOz 36 ND
27 CH, 7-CH, 2-NH, 185-187 Cis:Hy N0, 96 30
28 CH,CH,CH, 7-CHy 2-NH, 146-148 Cy7HjeN:2O; 84 130
29° CH,CH, 8-CH, 2-NH, 110-111.5 CisHuN20, 76 240
30 CH,CH,CH, 8-CH, 2-NH, 129-132 Cy7HygN,0, 53 ND
31 H 9-CH, 2-NH, 235-237 CiaHjoN2O, 31 ND
32 CH20H3 9'CH3 2'NH2 153-154.5 CmHmNgOz 90 60
33 CH,CH,CH, 9-CH, 2-NH, 185-187 Cy7HjeN20; 70 260
34  CH,CH,CH, 7,8-(CHy),  2-NH, 209-212 C16HzoN;0, 87 165
35 CH,CH,CH, 8,9-(CHy), 2-NH, 133-135 CigHzN:0; 63 670
36 CHchcha 6,8'(CH3)2 2'NH2 135‘136 CISH2ON2O2 52 900
37  CH, 79-(CH),  2-NH, 225-229 C,eHisN;0; 95 20
38 CH,CH, 7,9-(CHy), 2-NH, 174-176 Cy7HjeN:O, 95 43
39 CH3 7'CH3 2'0H 198‘200 ClBH13N02 58 640
40 CH, 7-CH, 2-CN 232-234 CisHN20, 69 280
41 H 7,9-(CHy), H 238-240 CysHpaNO, 39 ND
42 CH, 7,9-(CHy), H 124-126 CisHsNO, 86 57
43 CH3 7,9'(CH3)2 2'CN 184-186 Cl7HuN202 77 50
44 CH, 7,9-(CH,), 2-OH 198-200 CisHsNO, 80 63

¢ Inhibition of HIV-1 RT. See Experimental Section. *Sample obtained from Aldrich Chemical Co. ¢Hey, D. H.; Leonard, J. A.; Rees, C.
W.; Todd, A. R. J. Chem. Soc. C 1967, 1513-1518. ¢See ref 12b. ¢C: caled, 70.85; found, 69.64. 'ND = not determined.

stituents on inhibitory activity. As previously noted for
the analogous position 4 in the dipyridodiazepinone (II)
series,! methyl substitution at position 9 of III increases
activity. However, a 7-methyl substituent has a more
pronounced beneficial effect, whereas substitution at the
corresponding position 2 of II was previously reported to
have a neutral effect on inhibitory activity. Especially
noteworthy in the dibenzoxazepinone (III) series is the
dramatic enhancement in potency provided by an amino
substituent at the 2-position. This effect is substantially
reduced upon alkylation of the amine, while amino sub-
stitution at other ring positions is detrimental to activity
(e.g., 23, 24). These findings prompted a more thorough
investigation of 2-aminodibenz[b,f][1,4]oxazepin-11-
(10H)-ones (XI), as exemplified by compounds 27-38.
Most of the 2-amino compounds were prepared first with
an n-propyl substituent at N-10, based on the SAR ex-
hibited by compounds 1 and 8-12. However, as mentioned
above, the SAR at N-10 is strongly dependent upon the
aromatic substitution pattern; where available, data is
provided both for the N-propyl compound and for the
compound bearing the optimal substituent at N-10. As
expected, 7-methyl and 9-methyl substitution produced

compounds (27 and 32) with increased potency relative to
19 and 20, respectively, whereas an 8-methyl substituent
was detrimental to activity (29). The effect of two methyl
substituents also followed predictable trends (34-38), with
7,9-dimethyl substitution providing the best activity. In
fact, 7,9,10-trimethyldibenz[b,f][1,4]oxazepin-11(10H)-one
(387) is one of the most potent oxazepinones tested.
Despite the promising antiviral activity of 2-aminodi-
benz[b,f][1,4]oxazepin-11(10H)-ones (XI), work on this
series was halted when it was found that one of the com-
pounds (27) provided a positive result in the Ames test for
mutagenicity. In light of the reported carcinogenicity of
aniline compounds,?® analogues of III that would retain
inhibitory activity against HIV-1 RT in the absence of a

(23) (a) Williams, G. M.; Weisburger, J. H. Chemical Carcinogen-
esis. In Casarett and Doull’'s Toxicology; Amdur, M. O., Doull,
J., Klaassen, C. D., Eds.; Pergamon Press: New York, 1991; pp
127-200. (b) Weisburger, E. K.; Russfield, A. B.; Homburger,
F.; Weisburger, J. H.; Boger, E.; Van dongen, C. G.; Chu, K.
C. Testing of Twenty-one Environmental Aromatic Amines or
Derivatives for Long-Term Toxicity or Carcinogenicity. J.
Environ. Pathol. Toxicol. 1978, 2, 325-356.
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Table III. Pyrido[2,3-b][1,4]benzoxazepin-6(5H)-ones
R1
\
‘ N
2/
Rz_ A \
=y
% inhibn ICs
no. R! R? R? mp, °C formula at 1 uM¢ (nM)®
45° CH, H H 137~-139 C13H,;oN:0, 2 ND¢
46 CH, 2-Cl H 170-171 C13HyCIN,O, 21 ND
47 CH,CH, 2-Cl H 128.5-129.5 C1H;;CIN,O, 35 ND
48 CHchcha 2'Cl H 97-99.5 ClsHmClNgOz 68 210
2 CH,CH(CHj,), H H 145-148 CieH6N;0, 29 ND
49 CH,CH,SCH;, 2-Cl H 125126 Ci5H,5CIN,0,S 79 72
50 CH, 2,4-(CHy), H 163-164.5 CisHpN,O, 25 ND

¢ Inhibition of HIV-1 RT. See Experimental Section. ®See ref 12d. °ND = not determined.

2-amino substituent were therefore sought. These efforts
were largely successful, as exemplified by compounds
42-44. Whereas deamination of 27 produced a compound
(25) with a 20-fold decrease in activity, 42 is only slightly
less potent than 37. It is possible that the 2-amino sub-
stituent provides access to an additional or alternative
binding element that greatly enhances binding affinity for
otherwise weakly active compounds. Optimal substitution
at positions 7 and 9, however, appears to alter the en-
zyme—inhibitor binding conformation in such a way that
this interaction becomes less significant.

Compounds 42-44 were further tested for their ability
to block the proliferation of HIV-1 infection in vitro (Table
V). All three compounds inhibited syncytia formation in
cultures of CD4* human T-cells (c8166) infected with
HIV-1;g, with potencies comparable to those exhibited
in the enzymatic assay. Although compounds 42-44
possess good inhibitory activity against HIV-1 RT and are
effective antiviral agents in cell culture, all three proved
to be very poorly water soluble.

Pyrido{2,3-b][1,4]benzoxazepin-6(5H)-ones (IV)
and Pyrido[2,3-b][1,5]benzoxazepin-5(6 H)-ones (V).
In the pyrido[2,3-b][1,4]benzoxazepin-6(5H)-one series (IV)
(Table III), a 2-chloro substituent enhanced activity.
Compound 49 is a surprisingly potent inhibitor of HIV-1
RT, but all attempts at further structure optimization led
to a decrease in activity. Of note is the fact that 2,4-di-
methyl substitution, which corresponds to 7,9-disubstitu-
tion in ITI and V, does not translate into increased potency.

The isomeric pyrido[2,3-b][1,5]benzoxazepin-5(6H)-one
(V) series were examined in more detail (Table IV). The
7- and 9-positions were the primary focus of SAR ex-
ploration, in light of the results obtained for compounds
III. As evidenced by compounds 55-61, electron-donating
substituents are well-tolerated at the 9-position, with
methyl substitution at this position once again proving to
be optimal. However, strongly hydrophilic groups lead to
a decrease in activity, and electron-withdrawing substitu-
ents are also detrimental. Requirements at the 7-position
appear to be somewhat more flexible (compounds 62-64
and compounds 72-85); surprisingly, this is one position
in which nitro substitution produces an enhancement in
activity.

As in the dibenz[b,f][1,4]oxazepin-11(10H)-one series,
a C-ring amino substituent at the position meta to the
lactam carbonyl generally provides an increase in activity
(compounds 66-71). Of the 3-amino analogues, the 7,9-
dimethyl compounds 70 and 71 exhibit the best potency,
although 8,9-dimethyl compounds 68 and 69 are also quite
active. Once again, however, the amino substituent is not
required if the A-ring is optimally substituted. In fact, 71

and 72 are equipotent, and 76 is the most potent oxazep-
inone tested. Unfortunately, attempts to increase solu-
bility relative to the nitrile 76 by the introduction of other
hydrophilic substituents at position 7 led, for the most
part, to inactive compounds (81-85). The in vitro antiviral
activity of compounds V is exemplified by compounds 70
and 71 (Table V).

Conclusions

Like the diazepinone class of reverse transcriptase in-
hibitors, the oxazepinones described here are specific for
HIV-1, exhibiting no inhibitory activity against HIV-2 RT
or against mammalian DNA polymerases. Photoaffinity
labeling experiments have established that compounds I-V
all bind at the same allosteric site of HIV-1 RT,* a binding
site shared also by other reported non-nucleoside inhibitors
of HIV-1.%1 Despite several striking differences, SAR in
the oxazepinone series of RT inhibitors is in some respects
quite similar to that observed in the diazepinone series.
In particular, A-ring substitution has a profound effect on
activity, with appropriate substituents at the positions
ortho and para to the amide nitrogen providing dramat-
ically enhanced potency. Substitution in the C-ring, on
the other hand, is generally neutral or detrimental to ac-
tivity. Although a C-ring amino substituent at the position
para to the oxygen atom is generally beneficial to oxa-
zepinone activity, it has essentially no effect when the
A-ring is optimally substituted. Significant differences
between the oxazepinone SAR presented here and previ-
ously reported diazepinone SAR! include (1) a reversal
in ring system preference (i.e. III > V > IV, whereas IT >
I), and (2) an absolute requirement in the oxazepinone
series for a substituted lactam nitrogen. Molecular mod-
eling techniques are currently being utilized in an attempt
to better understand the similarities and differences be-
tween oxazepinones and diazepinones as related to inhi-
bitory activity against HIV-1 RT.

As a class, oxazepinones are inherently less potent in-
hibitors of HIV-1 RT than are diazepinones, a problem
that has been at least partially solved by substituent op-
timization. In addition, oxazepinones suffer the disad-
vantage of being less soluble than diazepinones. This
problem is exacerbated by the fact that dibenz-
oxazepinones are more potent than the mono- or dipyrido
compounds, whereas the reverse is true in the diazepinone
series. Attempts to optimize solubility have been thwarted
by the general requirement of the enzyme binding site for
lipophilic substituents. Thus, despite the identification
of potent (ICs, < 50 nM) oxazepinone inhibitors of HIV-1

(24) Wu, J. C. Unpublished results.
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Table IV. Pyrido[2,3-b][1,5]benzoxazepin-5(6H)-ones
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R 9
7 N ‘
L} 3
Rz!::i:}l\ / C —R3
9 [o] N==’1
10

% inhibn ICs
no. R! R? R? mp, °C formula at 1 uMe (nM)e
51 CH3 H H 114‘115 CmHmNzOz 23 NDC
52 CH20H3 H H 83-84 CMH12N202 25 ND
3 CHchcha H H oil CmHuNgOz 31 ND
53 CH20H=CH2 H H 59-63 ClsleNzoz 40 ND
54 H 9-CH3 H 241‘243 CmHmNzOz 5 ND
55 CH, 9-CH; H 165-168 C1H2N;0, 43 ND
56 CH, 9-F H 160-162 C1:HgFN,0, 3 ND
57 CH, 9-NO, H 132.5-136 Ci3HgN,0, 0 ND
58 CH, 9-NH, H 207-209 CisHN;0, 0 ND
59 CH, 9-N(CH,), H 128.5-129.5 CisH1sN;30; 34 ND
60 CH, 9-OH H 252-253.5 C13HoN203 14 ND
61 CH3 9'OCH3 H 157-158.5 CuHmNgOa 24 ND
62 CH3 7'CN H 207-210 CquNaOz 29 ND
63 CH,CH, 7-NO, H 128-131 CiHuN;O, 58 343
64 CH,CH, 7-NH, H 244-247 C1H N30, 33 ND
65 CH3 9'CH3 3'N02 197-198 CuHuN;|O4 0 ND
66 CH3 9-CH3 3'NH2 191-193 CquaNaoz 57 250
67 CH, 8,9-(CHy), 3-NH, 178-180 CisHysN30; 72 322
68 CH,CH, 8,9-(CH,), 3-NH, 193-195 CigH7N30; 83 71
69 CH(CH,), 8,9-(CH,), 3-NH, 235-237 CyH N30, 89 45
70 CH3 7,9'(CH3)2 3-NH2 234-236 ClsHlsNaOz 92 46
71 CH,CH, 7,9-(CHy), 3-NH, 236-238 CisH7N30, 93 27
72 CH,CH, 7,9-(CH,), H 105-107 CiHjN:0, 92 29
73 CH20H3 (thioamlde) 7,9'(CH3)2 H 142-144 CmHmNgOS 82 90
74 CH,CH, 7-NO,, 9-CH, H 120.5-122 CisH13N;30, 86 31
75 CH,CH, 7-NH,, 9-CH, H 233-285 CisHisN3O, 73 132
76 CH,CH, 7-CN, 9-CH, H 149.5-151.5 C1HsN;0,? 96 19
77 CH, 7-CN, 9-CH, H 159.5-160.5 CisH;N;O, 88 56
78 CH3 7'N02, 9-CH3 H 132-135 CuHuNaOg 85 23
79 CH, 7-NH,, 9-CH, H 230-231.5 CiH3N;0, 53 1000
80 CH, 7-CO,CHj, 9-CH,4 H 179-180 CieH ) N2Oy 95 22
81 CH, 7-CONH,, 9-CH, H 319-320 CisH N304 31 ND
82 CH3 7'C(OCH3)=NH, 9-CH3 H 177-178.5 ClsHlsNaoa 0 ND
83 CH, 7-CO;H, 9-CH, H 269-173 CisH2N,0, 0 ND
84 CH, 7-CH,0H, 9-CH, H 157-159 CisH1N2O3 39 ND
85 CH, 7-S0,CH,, 9-CH, H 213-215 CysHN,0,S 27 ND

¢ Inhibition of HIV-1 RT. See Experimental Section. ®C: caled, 68.81; found, 69.88. °ND = not determined.

Table V. Inhibitory Effect of Selected Compounds On HIV-1jp
Replication in ¢8166 Cells

no. IC; mM)®
42 38
43 31
44 88
70 115
71 54

¢ Inhibitory concentration of compound producing a 50% reduc-
tion in centers of syncytia. See ref 8.

RT, poor solubility continues to be a critical impediment
to the development of this series of compounds.

Experimental Section

General. Short-path chromatography was performed with
EM-Science silica gel 60 (finer than 230 mesh). Melting points
were determined on a Biichi 510 melting point apparatus and are
uncorrected. 'H NMR spectra were recorded on a Bruker WM-250
(250 MHz) spectrometer and !3C NMR spectra were recorded on
a Bruker AC-270 (69.2 MHz) spectrometer with Me,Si as the
internal standard. Mass spectra were recorded on a Finnegan
4023 GC/MS/DS spectrometer. Elemental analyses were de-
termined by Midwest Laboratories, Indianapolis, IN, and are
within 0.4% of theoretical values unless otherwise noted.

2-Aminophenols either were commercially available and used
as received or were prepared by nitration of the appropriately
substituted phenol and/or reduction of the nitrophenol.

N-(2-Hydroxy-4-methylphenyl)-2-chloro-5-nitrobenzene-
carboxamide (VIII; R? = 4-CH,). A slurry of 2-chloro-5-
nitrobenzoic acid (10.0 g, 0.05 mol) and SOC], (12 mL, 0.14 mol),
containing 2 drops of DMF, was heated at reflux to obtain a
yellow-brown solution. Excess SOC], was removed in vacuo, and
the residue was dissolved in THF (25 mL). The resultant acid
chloride solution was added dropwise over 30 min to a solution
of 6-amino-m-cresol (6.11 g, 0.05 mol) and (i-Pr),NEt (17.3 mL,
0.10 mol) in THF (25 mL) at 0 °C. The reaction mixture was
allowed to warm to 25 °C. After 48 h, the reaction mixture was
diluted with Et,0 (200 mL), washed with 1 N HC], saturated
aqueous NaHCOj, and saturated aqueous NaCl, dried (MgSO,),
and concentrated to a yellow oil. Trituration with Et,0 afforded
the title compound (18.48 g, 89%): mp 190-193 °C; 1H NMR
(de-DMSO) 6 9.89 (br s, 1 H), 9.65 (brs, 1 H), 8.43 (d, J = 3 Hz,
1H),831(dd,J =3,9Hz, 1 H), 7.84 (d,J = 9 Hz, 1 H), 7.64
(d,J =8Hz,1H),6.73 (s, 1 H), 6.65 (d, J = 8 Hz, 1 H), 2.23 (s,
3 H). Anal. (C,,H;,CIN,O,) C,H, N.

7-Methyl-2-nitrodibenz({b,f)[1,4]oxazepin-11(10H)-one (IX;
R? = 7-CH,). A solution of N-(2-hydroxy-4-methylphenyl)-2-
chloro-5-nitrobenzenecarboxamide (53.08 g, 0.17 mol) and 2 N
NaOH (95 mL, 0.19 mol) in water (1.5 L) was heated at reflux
for 10 h. The resultant slurry was allowed to stand overnight at
room temperature. The product was collected by suction filtration
and washed with copious amounts of water. Air-drying afforded
the title compound (39.9 g, 85%): mp 274-277 °C; 'H NMR
(dg-DMSO) 6 10.79 (s, 1 H), 8.52 (d, J = 3 Hz, 1 H), 8.45 (dd, J
= 3,88 Hz,1 H), 7.60 (d, J = 8.8 Hz, 1 H), 7.23 (s, 1 H), 7.04-7.11
(m, 2 H), 2.27 (B, 3 H). Anal. (CMH10N204) C, H, N.
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7,10-Dimethyl-2-nitrodibenz[b,f][1,4]Joxazepin-11-
(10H)-one (III; R! = CH,; R? = 7-CHj; R? = 2-NO,). To a
suspension of NaH (50% oil dispersion, 0.68 g, 0.014 mol) in DMF
(60 mL) was added in one portion 7-methyl-2-nitrodibenz[b,f]-
[1,4]oxazepin-11(10H)-one (3.5 g, 0.013 mol). The mixture was
warmed to 50 °C to produce a clear red solution. The reaction
mixture was cooled to room temperature and CH,I (1.6 mL, 0.026
mol) was added. Stirring was continued overnight. The reaction
mixture was diluted with ice—water, and the resultant precipitate
was collected by suction filtration, washed with water and pe-
troleum ether (30-60 °C), and air-dried to afford the title com-
pound (3.46 g, 94%) as a brown powder, suitable for use in the
next reaction. Its properties upon recrystallization from EtOAc
are as follows: mp 162.5-163.5 °C; 'H NMR (d;-DMSO) § 8.78
(d,J =3 Hz,1H),831(dd,J =3,9Hz,1H),7.33 (d,J =9 Hz,
1H), 7.15 (d, J = 8 Hz, 1 H), 7.05-7.09 (m, 2 H), 3.59 (s, 3 H),
2.34 (s, 3 H). Anal. (C\;H,,)N,0,) C, H, N.

2-Amino-7,10-dimethyldibenz[b,f][1,4]Joxazepin-11-
(10H)-one (27). A solution of 7,10-dimethyl-2-nitrodibenz[b,-
fl[1,4]oxazepin-11(10H)-one (3.4 g, 0.012 mol) in EtOH (150 mL)
was hydrogenated at 50 psi over 10% Pd/C (0.3 g). After 16 h,
the reaction mixture was filtered through Celite and concentrated.
The residue was dissolved in 1% MeOH-CH,C], and passed
through a short plug of silica gel. Concentration and recrystal-
lization of the residue from CH,Cl,~hexanes afforded 27 (2.68 g,
88%): mp 185-187 °C; 'H NMR (de-DMSO) § 7.29 (d, J = 8.2
Hz, 1H),7.09 (d, J = 1.5 Hz, 1 H), 7.04 (dd, J = 1.5, 8 Hz, 1 H),
6.96 (d,J =86 Hz, 1 H),6.89 (d,J =3Hz,1H),6.68(dd,J =
3,86 Hz, 1 H), 5.18 (s, 2 H, NH)), 3.42 (s, 3 H), 2.27 (s, 3 H). Anal.
(CysH 4 N2O,) C, H, N.

2-Cyano-6,7,9-trimethyldibenz[b,f ][1,4]Joxazepin-11-
(10H)-one (43). To 2-amino-6,7,9-trimethyldibenz[b,f][1,4]0x-
azepin-11(10H)-one (37) (1.0 g, 3.7 mmol) in a 250-mL three-
necked flask was added 2 N HC1 (6 mL). The hydrochloride salt
precipitated. The mixture was cooled to 0 °C, and a solution of
NaNO, (0.27 g, 3.9 mmol) in 3 mL of water was added slowly
dropwise to produce a clear yellow solution. As stirring continued
at 0 °C, the diazonium salt precipitated. A mixed cyanide solution
was prepared by adding a solution of KCN (1.1 g, 16.9 mmol) in
4 mL of water to a hot solution of CuSO5H,0 (0.92 g, 3.7 mmol)
in 3 mL of water. The resultant clear solution was cooled to room
temperature and added by pipet to the diazonium ion mixture.
The foamy reaction mixture was warmed to room temperature
and then heated at 50-60 °C for 1 h. The reaction mixture was
diluted with EtOAc and filtered through Celite. The organic layer
was washed with saturated aqueous NaCl, dried (MgSO,), and
concentrated to give an orange oil. Purification by short-path
chromatography (elution with 10-30% EtOAc-hexanes) and re-
crystallization from EtOAc-hexanes afforded 43 (0.36 g, 35%)
as yellow-orange needles: mp 184-186 °C; 'H NMR (ds-DMSO)
5812(d,J =2Hz,1H),802(dd,J=2,8Hz, 1H),7.52d,J
= 8 Hz, 1 H), 7.11 (brs, 1 H), 7.00 (br s, 1 H), 3.34 (s, 3 H), 2.27
(s, 3 H), 2.25 (s, 3 H); MS (CI) m/z 279 (MH*). Anal. (Cys-
H,,N,0,) C, H, N.

2-Hydroxy-6,7,9-trimethyldibenz[b,f][1,4]Joxazepin-11-
(10H)-one (44). The amine 37 (0.54 g, 2.0 mmol) was dissolved
with heating in 35% H,SO, (3 mL). Water (2 mL) was added
and the solution was cooled in an ice-bath. The sulfate salt
precipitated as a gammy solid, to which a solution of NaNO, (0.18
g, 2.6 mmol) in water (3 mL) was added dropwise, producing a
clear yellow solution. Stirring was continued at 0 °C for 30 min,
during which time the diazonium ion precipitated. To the reaction
mixture was added a solution of Cu(NOQ3)»2.56H;0 (7.2 g, 31 mmol)
in 70 mL of water. The ice-bath was removed and Cu,0O (0.29
g, 2.0 mmol) was added in one portion with vigorous stirring. After
15 min, the reaction mixture was diluted with Et,0 and the entire
mixture was filtered through Celite. The aqueous layer was
extracted with additional Et,0. The combined organic extract
was washed with water and saturated aqueous NaCl, filtered
through Florisil, and concentrated to give a yellow oil. Immediate
purification by short-path chromatography (10-50% EtOAc-
hexanes) afforded 44 (0.13 g, 24%): mp 198-200 °C; 'H NMR
(de-DMSO) 6 9.66 (s, 1 H, OH), 7.08 (d, J = 9 Hz, 1 H), 6.99 (d,
J =3Hz, 1H), 7.00 (s, 1 H), 6.92 (s, 1 H), 6.85 (dd, J = 3, 9 Hz,
1 H), 3.29 (s, 3 H), 2.24 (8, 6 H); MS (CI) m/z 270 (MH*). Anal.
(C1gHsNO3y) C, H, N.

Klunder et al.

2-Chloro-3-cyano-4,6-dimethylpyridine. A mixture of 3-
cyano-4,6-dimethyl-2-hydroxypyridine (7.5 g, 0.05 mol) and POC],
(15 mL, 0.16 mol) was heated at reflux for 3 h. The reaction
mixture was cooled to room temperature, transferred to a sep-
aratory funnel, and added dropwise to water. Ice was added as
necessary to maintain the temperature below 35 °C. The resultant
precipitate was collected by suction filtration and washed with
water. Air-drying afforded the title compound (8.05 g, 97%) as
a white powder, suitable for use in the next reaction. Its properties
upon recrystallization from hexanes are as follows: mp 99-100
°C; 'H NMR (CHCl,) 4 7.08 (s, 1 H), 2.57 (s, 3 H), 2.54 (s, 3 H).
Anal. (CgH,CIN,) C, H, N.

2-Chloro-4,6-dimethylnicotinamide. A solution of 2-
chloro-3-cyano-4,6-dimethylpyridine (7.0 g, 0.042 mol) in con-
centrated H,SO, (10 mL) was heated at 120 °C for 2 h. The
reaction mixture was cooled to room temperature and poured into
ice-water. The solution was neutralized with solid NaHCO,, and
the resultant precipitate was collected by suction filtration and
washed with water. Air-drying afforded the title compound (7.76
g 100%), which was used without further purification: mp
173-175 °C; *H NMR (ds-DMSO) 6 7.98 (br s, 1 H), 7.75 (br s,
1 H), 7.18 (s, 1 H), 2.41 (s, 3 H), 2.26 (s, 3 H).

3-Amino-2-chloro-4,6-dimethylpyridine (XIII; R? = 4,6-
(CHj;),); Hal = Cl). Bromine (2.4 mL, 0.05 mol) was added to
a solution of sodium hydroxide (6.1 g, 0.15 mol) in 60 mL of water
at -5 °C. 2-Chloro-4,6-dimethylnicotinamide (7.4 g, 0.04 mol) was
added in one portion. The reaction mixture was stirred at 0 °C
for 1 h and then at 70 °C for 45 min. The reaction mixture was
then cooled to room temperature and extracted with EtOAc. The
organic layer was washed with saturated NaCl, dried (MgSO,),
and concentrated. Recrystallization of the residue (Et,O-pe-
troleum ether (30-60 °C)) afforded the title compound (4.68 g,
75%) as tan needles: mp 5860 °C; 'H NMR (dg-DMSO) 6 6.87
(s, 1 H), 5.01 (s, 2 H), 2.23 (s, 3 H), 2.12 (s, 3 H).

N-(2-Chloro-4,5-dimethyl-3-pyridyl)salicylamide (XVb;
R? = 4,6-(CHy),; Hal = Cl). A solution of salicyloyl chloride2
(0.203 g, 1.29 mmol) in toluene (2 mL) was added, under N,,
dropwise to a stirred suspension of 3-amino-2-chloro-4,6-di-
methylpyridine (0.203 g, 1.30 mmol) and Et;N (0.129 g, 1.28 mmol)
in toluene (5 mL). After the addition was complete, the mixture
was heated at reflux for 3 h. The reaction mixture was then cooled
to ambient temperature and shaken well with 1 N NaOH (2 x
10 mL). The aqueous layer was collected, adjusted to pH 5 with
1 N HC], and extracted with EtOAc (3 X 20 mL). The combined
organic extract was washed with water and saturated aqueous
NaCl, and dried (MgSO,). The solvent was removed in vacuo,
and the residue was crystallized from EtOH-water to afford the
title compound (0.127 g, 35%): mp 91-93 °C; 'H NMR (d-
DMSO) § 11.50-12.40 (v br s, 1 H, OH), 10.37 (br s, 1 H, NH),
8.00 (dd, J = 2, 7 Hz, 1 H), 7.45-7.51 (m, 1 H), 7.28 (s, 1 H),
6.95-7.01 (m, 2 H), 2.44 (s, 3 H), 2.23 (s, 3 H). Anal. (CyH,s
CIN,0,) C, H, C], N,

2,4-Dimethylpyrido[2,3-b][1,4]benzoxazepin-6(5H )-one
(XVI; R? = 4,6-(CH,),). Sodium methoxide (0.123 g, 2.28 mmol)
was added to a solution of N-(2-chloro-4,5-dimethyl-3-pyridyl)-
salicylamide (0.420 g, 1.52 mmol) in tetraethyleneglycol dimethyl
ether (4 mL), and the stirred mixture was heated at 220 °C for
3 h. The reaction mixture was then cooled to room temperature,
diluted with water (25 mL), and neutralized with 1 N HC1. The
resultant solid was collected and crystallized from EtOH-water
to afford the title compound (0.118 g, 32%): mp 242-244.5 °C.
Extraction of the aqueous solution with Et,0O yielded an additional
75 mg (21%) of the desired product: *H NMR (CHCI,) é 8.02
(3,1 H),7.91(dd,J = 1.7, 7.8 Hz, 1 H), 7.56 (ddd, J = 1.7, 7.3,
8.1Hz,1H), 7.43 (dd, J = 1, 8.1 Hz, 1 H), 7.28 (apparent dt, J
=1,17.5 Hz, 1 H), 6.90 (s, 1 H), 2.45 (s, 3 H), 2.37 (s, 3 H).

2,4,5-Trimethylpyrido[2,3-b][1,4]benzoxazepin-6(5H )-one
(50). Sodium hydride (0.022 g, 0.93 mmol) was added to a solution
of 2,4-dimethylpyrido[2,3-b][1,4]benzoxazepin-6(5H)-one (0.160
g, 0.67 mmol) in dry DMF (5 mL), and the reaction mixture was
stirred at room temperature under N, for 1.6 h. Methyl iodide

(25) Von Schénenberger, H.; Holzheu-Eckardt, J.; Bamann, E.
Vergleichende Untersuchungen iiber die Herstellung von
isomeren Oxybenzamiden. Arzneim.-Forsch. 1964, 14, 324.
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(0.285 g, 2.0 mmol) was then added, and stirring was continued
overnight. The reaction mixture was diluted with water (50 mL)
and filtered. The filtrate was extracted with Et,0 (3 X 25 mL),
the organic extract was dried (MgSO,), and the solvent was re-
moved under reduced pressure. The solid residue was purified
by gravity chromatography on silica gel (elution with 20% Et-
OAc-hexanes). First to elute was the O-alkylated compound,
2,4-dimethyl-6-methoxy([2,3-5][1,4]benzoxazepine (0.017 g, 7%):
'H NMR (de-DMSO) 6 8.15 (dd, J = 2, 8 Hz, 1 H), 7.47-7.54 (m,
1 H), 7.06-7.13 (m, 2 H), 7.01 (s, 1 H), 4.01 (s, 3 H), 2.66 (s, 3 H),
2.62 (8, 3 H). The desired compound 50 was obtained as the major
product (0.117 g, 65%): mp 163-164.5 °C; 'H NMR (CHCl,) §
7.84 (dd, J = 1.8, 7.7 Hz, 1 H), 7.45 (ddd, J = 1.8, 7, 8.1 Hz, 1
H), 7.35 (dd, J = 1.3, 8.1 Hz, 1 H), 7.24 (apparent dt, J = 1.3,
7 Hz, 1 H), 6.91 (s, 1 H), 3.41 (s, 3 H), 2.45 (s, 3 H), 2.33 (s, 3 H).
Anal. (CyH,N,O,;) H, N; C: caled, 70.85; found, 70.40.

2-Chloro-5-nitronicotinic Acid. Fuming nitric acid (10.0 mL,
0.24 mol) was added to a mixture of 2-hydroxynicotinic acid (14.0
g, 0.1 mol) and concentrated H;SO, (40 mL). The reaction mixture
was slowly heated to 50 °C and maintained at that temperature
for 5 h. Care should be taken that the temperature does not
exceed 60 °C, or a reduction in yield may result. The reaction
mixture was then poured into ice~water, and the resultant pre-
cipitate was collected by suction filtration, washed with cold water,
and air-dried to give 14.9 g of a light orange solid. Recrystallization
from water afforded 2-hydroxy-5-nitronicotinic acid (13.3 g, 72%),
as a pale yellow crystalline powder: mp 240 °C (lit.? mp 247-248
°C); 'H NMR (dg-DMSO) 6 13.0 (br s, 1 H, COOH), 9.02 (d, J
=3 Hz, 1 H),872(d, J = 3 Hz, 1 H).

A mixture of 2-hydroxy-5-nitronicotinic acid (18.4 g, 0.1 mol)
and POC]; (50 mL) was heated at reflux for 3 h. The reaction
mixture was cooled to ambient temperature and added cautiously
from a separatory funnel to 300 mL of water, maintaining the
temperature below 40 °C. Ice was added as necessary to cool the
solution. The mixture was stirred for 30 min, and then was
extracted with THF-Et,0 (1:2). The organic layer was washed
with saturated aqueous NaCl, dried (Na,SO,), and concentrated.
Recrystallization (Et,O-petroleum ether (30-60 °C)) afforded
2-chloro-5-nitronicotinic acid (15.86 g, 78%): mp 142-143 °C;
'H NMR (dg-DMSO) 6 14.40 (brs, 1 H, COOH), 9.34 (d, J = 2.7
Hz, 1 H), 8.87 (d, J = 2.7 Hz, 1 H). Anal. (C¢H,CIN,O,) C, H,
N, ClL

N-(2-Hydroxy-4-methylphenyl)-2-chloro-5-nitro-3-
pyridinecarboxamide (XIX; R? = 4-CHy; R® = 5-NO,). A
suspension of 2-chloro-5-nitronicotinic acid (6.1 g, 0.03 mol) in
SOCI, (15 mL) was heated at reflux until a clear solution was
obtained (3 h). Excess SOCl, was removed by rotary evaporation,
and the residue was dissolved in THF (150 mL). The resultant
solution was added slowly dropwise to a solution of 6-amino-m-
cresol (4.0 g, 0.03 mol) and (i-Pr),NEt (7.0 mL, 0.04 mol) in THF
(150 mL) at 0 °C under argon. The reaction mixture was allowed
to warm to room temperature. After 2 h, the reaction mixture
was diluted with water, concentrated to half-volume, and extracted
with Et,0. The organic layer was washed with saturated aqueous
NaCl, dried (MgSO,), and concentrated to give a gummy orange
solid. Stirring with CH,Cl, (50 mL) produced a precipitate, which
was collected by suction filtration, washing with additional CH,Cl,.
Air-drying afforded the title compound (6.3 g, 68%) as a bright
orange powder, suitable for use in the next reaction: mp 195-196.5
°C dec; 'H NMR (d¢-DMSO) 6 10.03 (s, 1 H), 9.74 (s, 1 H), 9.30
(d,J=2.7Hz,1H),884(d,J =27Hz,1H),7.77(d,J = 8 Hz,
1 H), 6.73 (s, 1 H), 6.66 (d, J = 8 Hz, 1 H), 2.23 (s, 3 H).

9-Methyl-3-nitropyrido[2,3-b ][1,5]benzoxazepin-5(6 H)-one
(V; R? = 9-CH;; R® = 3-NO,). A solution of N-(2-hydroxy-4-
methylphenyl)-2-chloro-5-nitro-3-pyridinecarboxamide (6.3 g, 0.02
mol) in pyridine (100 mL) was heated at 90 °C under argon for
2.5 h. The reaction mixture was allowed to cool to room tem-
perature. Dilution with water produced a yellow-orange precip-
itate, which was collected by suction filtration and washed with
water. The collected solid was stirred in hot water (100 mL) for
45 min, cooled to room temperature, filtered, and washed with

(26) Fanta, P. E.; Stein, R. A. The Condensation of Sodium Ni-
tromalonaldehyde with Cyanoactamide. J. Am. Chem. Soc.
1955, 77, 1045-1046.
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EtOH and Eit,0 to give a tan-brown solid. Recrystallization from
DMF-H,0 afforded the title compound (3.76 g, 69%) as a fluffy,
tan solid. Concentration of the filtrate and purification of the
residue by short-path chromatography (elution with EtOAc—
CH,C),) afforded an additional 0.32 g (6%) of the desired product:
mp 285-288 °C; 'H NMR (de-DMSO) 6 10.97 (br s, 1 H, NH),
9.30 (d,J = 3 Hz, 1 H), 883 (d,J/ = 3Hz,1 H), 7.23 (s, 1 H), 7.11
(AB, 2 H), 2.28 (B, 3 H). Anal. (013H9N304) C, H, N.
6,9-Dimethyl-3-nitropyrido[2,3-b][1,5]benzoxazepin-5-
(6H)-one (65). 9-Methyl-3-nitropyrido[2,3-5](1,5]benz-
oxazepin-5(6H)-one (3.75 g, 0.014 mol) was added in one portion
to a suspension of sodium hydride (50% oil dispersion, 0.73 g,
0.015 mol) in DMF (75 mL) at room temperature under argon.
After bubbling had subsided, CH,I (1.3 mL, 0.021 mol) was added
to the clear orange-red solution. Stirring was continued at room
temperature overnight. The reaction mixture was then diluted
with ice-water, and the resultant precipitate was collected by
suction filtration and washed with water and petroleum ether
(30-60 °C). Recrystallization (EtQAc) afforded 65 (3.14 g, 79%)
as a fluffy, pale yellow solid: mp 197-198 °C; 'H NMR (d-DMSO)
§9.27(d,J=3Hz, 1H),881(d,J =3Hz 1H),744(d,J =
8 Hz, 1 H), 7.26 (apparent singlet, 1 H), 7.20 (dd, J = 1, 8 Hz,
1 H), 3.51 (s, 3 H), 2.30 (s, 3 H); MS (CI) m/z 286 (MH*). Anal.
(CyHuN30) C, H, N.
3-Amino-6,9-dimethylpyrido[2,3-b][1,5]benzoxazepin-5-
(6H)-one (66). To a suspension of 65 (1.6 g, 5.6 mmol) in HOAc
(30 mL) was added a solution of stannous chloride dihydrate (10
g, 44 mmol) in concentrated HC] (13 mL). The reaction mixture
turned warm and all starting material dissolved. After several
hours, a precipitate formed. The reaction mixture was filtered,
washing the collected solid with Et,0. The resultant yellow
powder was dissolved in water, the solution was made basic with
2 N NaOH, and the milky mixture was extracted with several
portions of Et,0 and EtOAc. The combined extract was dried
over MgSO, and concentrated. Recrystallization of the residue
(EtOH-hexanes) afforded 66 (0.82 g, 57%) as tan needles: mp
191-193 °C; 'H NMR (de-DMSO0) 6 7.70 (d, J = 3 Hz, 1 H), 7.36
(d,J =3Hz 1H),7.33(d,J =8Hz 1 H), 7.06-7.12 (m, 2 H),
5.48 (s, 2 H, NH,), 3.44 (s, 3 H), 2.27 (s, 3 H); MS (EI) m/z 256
(M*). Anal. (C{H;sN;0,) C, H, N.
N-(2-Hydroxy-4-methylphenyl)-2-chloro-3-pyridine-
carboxamide (XIX; R? = 4-CHj,; R® = H). To a solution of
6-amino-m-cresol (15.5 g, 0.13 mol) and (i-Pr);NEt (35 mL, 0.2
mol) in EtOAc (250 mL) at 0 °C, under argon, was added a solution
of 2-chloronicotinoyl chloride (22.2 g, 0.126 mol) in EtOAc (250
mL). Stirring was continued for 2 h after addition was complete.
Water (300 mL) was added, and the reaction mixture was stirred
for 45 min. The mixture was filtered, washing the collected solid
with water. Air-drying afforded the desired product (21.75 g, 64%)
as an off-white powder. The filtrate was extracted with EtOAc,
and the organic layer was dried (MgSO,) and concentrated. The
residue was suspended in a mixture of EtOH (125 mL) and 0.1
N NaOH (25 mL) and stirred for 2 h. The EtOH was removed,
the residue was diluted with water, and the solution was neu-
tralized with 2 N HCl. The resultant precipitate was collected
by suction filtration, washed with water, and air-dried to give an
additional 9.16 g (27%) of the title compound: mp 218 °C; 'H
NMR (dg-DMSO) 6 9.83 (br s, 1 H), 9.65 (s, 1 H), 8.50 (dd, J =
19,48 Hz, 1H),8.03(dd,J =1.9,76 Hz,1 H), 767 (d,J = 8.1
Hz, 1 H), 7.53 (dd, J = 4.8, 7.6 Hz, 1 H), 6.72 (s, 1 H), 6.64 (d,
J=81 HZ, 1 H), 2.23 (B, 3 H). Anal. (CmHuNgClOg) C, H, N.
9-Methylpyrido[2,3-b][1,5]benzoxazepin-5(6 H)-one (V; R!
= H; R? = 9-CH;; R? = H). To a solution of N-(2-hydroxy-4-
methylphenyl)-2-chloro-3-pyridinecarboxamide (30.9 g, 0.12 mol)
in DMF (130 mL) was added powdered sodium hydroxide (4.9
g, 0.12 mol), and the resultant solution was heated at 120 °C under
argon. After 5 h, the heat was removed and the reaction mixture
was allowed to stand at room temperature overnight, during which
time a precipitate formed. Water was added, and the precipitate
was collected by suction filtration, washing with additional water.
Air-drying afforded 21.68 g (80%) of the title compound. An
analytically pure sample was obtained by recrystallization from
acetone~-DMF (6:1): mp 239.5-240 °C; *H NMR (dg-DMSO) &
10.68 (br s, 1 H, NH), 8.51 (dd, J = 2, 4.8 Hz, 1 H), 8.27 (dd, J
=2,7.6 Hz, 1 H), 7.46 (dd, J = 4.8, 7.6 Hz, 1 H), 7.18 (s, 1 H),
7.09 (d, J = 8.1 Hz, 1 H), 7.14 (dd, J = 1.6, 8.1 Hz, 1 H), 2.28 (s,
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3 H). Anal. (C,3H,,N,0,) C, H, N.
9-Methyl-7-nitropyrido[2,3-b][1,5]benzoxazepin-5(6 H)-one
(V; R! = H; R? = 7-NO,, 9-CH,; R? = H). Nitronium tetra-
fluoroborate (85%, 2.9 g, 0.019 mol) was added in one portion
to a solution of 9-methylpyrido(2,3-b][1,5]benzoxazepin-5(6H)-one
(3.4 g,0.015 mol) in CH,CN (50 mL) at 0 °C under argon. After
15 min, the clear red solution was poured into ice-water. The
resultant precipitate was collected by suction filtration, washing
with water, EtOAc, and Et,0. Air-drying afforded 3.5 g (85%)
of the crude product, which was spectroscopically pure and
suitable for use in the next reaction. Analytically pure 9-
methyl-7-nitropyrido[2,3-b][1,5]benzoxazepin-5(6H)-one was
obtained as brown needles by recrystallization from EtOH: mp
197-201 °C; 'H NMR (d-DMSO) 6 9.88 (br s, 1 H, NH), 8.53 (dd,
J=2,48Hz 1H),836(dd,J=2,76 Hz,1 H),7.88 d, J =
1.5 Hz,1H),7.61(d,J = 1.5 Hz, 1 H), 7.37 (dd, J = 4.8, 7.6 Hz,
1 H), 2.42 (s, 3 H); MS (CI) m/z 272 (MH*). Anal. (C;;H;N;0,)
C,H,N.
7-Amino-9-methylpyrido[2,3-b ][1,5]benzoxazepin-5-
(6H)-one (V; R! = H; R? = 7-NH,, 9-CH;; R? = H). A solution
of 9-methyl-7-nitropyrido[2,3-b][1,5] benzoxazepin-5(6H)-one (0.27
g, 1.0 mmol) and iron powder (0.25 g) in HOAc (20 mL) was heated
at 50 °C for 5 h. The reaction mixture was then cooled to room
temperature, diluted with water, and extracted with CH,Cl,. The
organic layer was washed with saturated aqueous NaCl, dried
(MgS0,), and concentrated. The resultant solid was stirred in
hot CH,Cl,, the suspension was cooled to room temperature, and
a yellow powder was collected by suction filtration. Air-drying
gave 0.16 g (66%) of the title compound, suitable for use in the
next reaction: mp 259-262 °C; 'H NMR (dg-DMSO) 6 9.80 (s,
1 H, NH), 8.46 (dd, J = 2, 4.8 Hz, 1 H), 8.20 (dd, J = 2, 7.6 Hz,
1 H), 7.43 (dd, J = 4.8, 7.6 Hz, 1 H), 6.39 (s, 2 H), 5.30 (s, 2 H,
NH,), 2.13 (s, 3 H); MS (CI) m/z 242 (MH™).
7-Amino-6,9-dimethylpyrido[2,3-b][1,5]benzoxazepin-5-
(6 H)-one (79). Sodium hydride (50% oil dispersion, 0.3 g, 6.3
mmol) was added to a solution of 7-amino-9-methylpyrido[2,3-
b][1,5]benzoxazepin-5(6H)-one (2.3 g, 5.5 mmol) in DMF (20 mL)
at room temperature under argon. After 1 h, CH,I (0.34 mL, 5.5
munol) was added, and stirring was continued for 4 h. The reaction
mixture was diluted with ice-water and extracted with EtOAc.
The organic layer was washed with saturated aqueous NaCl, dried
(MgSO0,), and concentrated. Trituration with Et,0 produced a
beige crystalline solid. Recrystallization from EtOAc—hexanes
afforded 79 (0.89 g, 63%) as cream-colored crystals: mp 230-231.5
°C; 'H NMR (de-DMSO) § 8.42 (dd, J = 2, 4.8 Hz, 1 H), 8.15 (dd,
J=2,76Hz 1H),7.44 (dd,J = 48,76 Hz,1 H),645 (d, J =
1.7 Hz,1 H), 6.41 (d, J = 1.7 Hz, 1 H), 5.40 (s, 2 H, NH,), 3.32
(B, 3 H), 2.16 (B, 3 H). Anﬂl. (C|4H|3N302) C, H, N.
7-Cyano-6,9-dimethylpyrido[2,3-b][1,5]benzoxazepin-5-
(6H)-one (77). Compound 79 (0.51 g, 2.0 mmol) was dissolved
in 35% H,SO, (2 mL). Water (2 mL) was added, and the mixture
was cooled to 0 °C. A solution of NaNO, (0.15 g, 2.2 mmol) in
water (4 mL) was added slowly dropwise. After addition was
complete, the clear yellow solution was stirred at 0 °C for 30 min.
The cold solution was then neutralized to pH 7 with aqueous
Na,CO;. The resultant mixture was added by pipet to a solution
of CuCN (0.19 g, 2.1 mmol) and NaCN (0.21 g, 4.3 mmol) in water
(2 mL). The foamy solution was stirred at room temperature for
30 min, and then at 50 “C for 30 min. The reaction mixture was
cooled to room temperature and extracted with CH,Cl,. The
organic layer was washed with saturated aqueous NaCl, dried
(MgS0,), and concentrated. Purification of the residue by
short-path chromatography (elution with CH,Cl,-hexanes) af-
forded 77 (0.44 g, 83%) as a yellow-orange solid. Further puri-
fication by recrystallization from EtOAc-hexanes produced
yellow-orange needles: mp 159.5-160.5 °C; 'H NMR (de-DMSO)
68.49(dd,J =1.9,4.8 Hz,1 H), 8.29 (dd, J = 1.9, 7.5 Hz, 1 H),
7.69 (s, 1 H), 7.66 (s, 1 H), 7.50 (dd, J = 4.8, 7.5 Hz, 1 H), 3.59
(s, 3 H), 2.35 (8, 3 H); MS (CI) m/z 266 (MH"). Anal. (Cs-
H;,;,N,0,) C, H, N.
7-Carbamoyl-6,9-dimethylpyrido[2,3-b ][1,6]benz-
oxazepin-5(6H)-one (81). Compound 77 (0.27 g, 1.0 mmol) was
dissolved in concentrated HySO, (10 mL) and heated at 120 °C
for 1.5 h. The reaction mixture was cooled to room temperature,
poured into ice~water, and neutralized with saturated aqueous
Na;C0O;3. The mixture was filtered, washing the collected solid
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with EtOAc. The filtrate was extracted with additional EtOAc,
and the organic layer was washed with saturated aqueous NaCl,
dried (MgSQ,), and concentrated. The combined solids were
suspended in water, stirred at 60 °C for 30 min, cooled to room
temperature, and filtered. Air-drying gave spectroscopically pure
81 (0.21 g, 74%). Further purification by recrystallization from
EtOH afforded a white crystalline powder: mp 319-320 °C; 'H
NMR (dg-DMSO) 6 8.45 (dd, J = 2,4.8 Hz, 1 H), 8.23 (dd, J =
2, 7.5 Hz, 1 H), 8.07 (br s, 1 H, NH), 7.70 (br s, 1 H, NH), 7.47
(dd,J=4.8,756Hz,1H),732(d,J=2Hz,1H),7.19(d,J =
2 Hz, 1 H), 3.31 (s, 3 H), 2.31 (s, 3 H); MS (CI) m/z 284 (MH™).
Anal. (CH,3N,05) C, H, N.

6,9-Dimethyl-7-(iminomethoxymethyl)pyrido[2,3-b][1,5]-
benzoxazepin-5(6 H)-one (82). A solution of 77 (0.21 g, 0.8
mmol) and p-toluenesulfonic acid monohydrate (0.15 g, 0.8 mmol)
in MeOH (20 mL) was heated at 60 °C in a stoppered flask. After
5 h, heat was removed and the reaction mixture was allowed to
stand at room temperature overnight. The reaction mixture was
diluted with water and extracted with EtOAc. The organic layer
was washed with saturated aqueous NaCl, dried (MgSO,), and
concentrated. Purification of the residue by short-path chro-
matography (elution with EtOA c-hexanes), followed by recrys-
tallization (Et,O—petroleum ether (30—60 °C)) afforded 82 (0.20
g, 84%), which exists in solution as a mixture of rotational isomers:
mp 177-178.5 °C; 'H NMR (dg-DMSO) (16:1 ratio of rotational
isomers; data provided for major isomer only) § 10.55 (br s, NH),
8.04 (dd,J = 2,5 Hz, 1 H), 7.68 (dd, J = 2, 7.3 Hz, 1 H), 7.00 (d,
J=1Hz 1H),6.89(dd,J =5,7.3 Hz, 1 H),6.81 (d,J = 1 Hz,
1 H), 3.70 (s, 3 H), 3.21 (s, 3 H), 2.15 (s, 3 H); MS (CI) m/z 298
(MH*). Anal. (C,gH;;NsOy) C, H, N.

7-Carboxy-6,9-dimethylpyrido[2,3-b][1,5]benzoxazepin-
5(6H)-one (83). A solution of 77 (0.20 g, 0.75 mmol) in con-
centrated H,SO, (2 mL) was heated at 120 °C for 1 h to effect
conversion to the amide. The reaction mixture was then cooled
to 0 °C, and a solution of NaNO, (55 mg, 0.8 mmol) in water (4
mL) was added very slowly by capillary pipet. The ice bath was
removed, and the reaction mixture was allowed to warm to room
temperature. Effervescence was observed. When TLC showed
no additional conversion, the reaction mixture was poured into
ice-water. The resultant precipitate was collected by suction
filtration, air-dried, redissolved in 1 N NaOH, and washed ex-
tensively with EtOAc. Concentration of the organic layer afforded
ca. 40 mg of the intermediate amide. The aqueous layer was
acidified with 2 N HC] and extracted with EtOAc. The organic
layer was dried over MgSO, and concentrated. Recrystallization
of the residue from EtOH-hexanes afforded 83 (50 mg, 23%): mp
269-273 °C; 'H NMR (ds-DMSO) 6 13.64 (br s, 1 H, OH), 8.46
(dd, J = 2,48 Hz,1 H), 8.26 (dd, J = 2, 7.6 Hz, 1 H), 7.44-7.45
(m, 3 H), 3.28 (s, 3 H), 2.33 (s, 3 H); MS (CI) m/z 285 (MH").
Anal. (C;zH,3,N,0,) C, H, N.

HIV-1 Reverse Transcriptase Enzyme Assay. Recombinant
HIV-1 reverse transcriptase was obtained from T. Steitz (Yale
University). This enzyme was homogeneous (>95%) p66/pb51
heterodimer. Reverse transcriptase was assayed by a modification
of the previously described procedure.! The reaction mixture
consisted of 50 mM Tris (pH 7.8), 50 mM glutamic acid, 1 mM
DTT, 2 mM MgCl,, 0.02% CHAPS, 0.8 ug/mL poly(rC):oligo(dG)
(Pharmacia), and 500 nM [*H]dGTP (NEN Du Pont), adjusted
to a final volume of 60 yL. Inhibitors were assayed at a con-
centration of 1 uM in the presence of RT (0.5 nM). The inhibitors,
which were dissolved in DMSO and diluted many-fold with buffer,
were added as solutions, and reaction was initiated by the addition
of enzyme. After 1 h at room temperature 50 uL each of ice-cold
10% aqueous trichloroacetic acid and 2% aqueous sodium py-
rophosphate were added, and the mixture was cooled at 4 °C for
15 min. Acid-insoluble products were harvested onto no. 30 glass
fiber filters (Schleicher and Schuell) by means of a Skatron cell
harvester. Dried filters were counted in an LKB 1205 Betaplate
liquid scintillation counter. Inhibition was determined by com-
parison of the amount of product in reactions run with and without
test compound. Plots of percent inhibition versus log [compound]
yielded the concentration at which half-maximal inhibition was
observed (ICg).
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Substrate Specificity of Isopenicillin N Synthase

George W. Huffman,* Paul D. Gesellchen, Jan R. Turner, Robert B. Rothenberger, Harold E. Osborne,
F. Dean Miller, Jerry L. Chapman, and Stephen W. Queener
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Highly purified isopenicillin N synthase (IPNS) from two sources (naturally occurring in Penicillium chrysogenum
and that expressed in Escherichia coli via a cloned gene derived from Cephalosporium acremonium) have been
isolated and utilized in vitro to test synthetic modifications of the natural substrate, (L-a-amino-$-adipyl)-L-cys-
teinyl-D-valine (ACV). A very sensitive procedure utilizing the ability of S-lactams to induce the synthesis of S-lactamase
was employed to determine whether an ACV analogue could serve as a substrate for IPNS. A wide variety of amino
and carboxyl terminal tripeptide substitutions were examined and found to elicit positive 8-lactamase induction
profiles. However, none of these modifications were found to function as efficiently as a substrate as ACV. One
of the 8-lactam products which was formed from the reaction of IPNS and the tripeptide analogue was independently
synthesized and evaluated for antibacterial activity. Modification of the L-cysteine residue in the second position
of ACV resulted in tripeptides that were unable to serve as substrates. Conversion of the D-valine residue in the
third position of ACV to an aromatic amino acid or to a highly electronegative residue such as trifluorovaline resulted

in elimination of substrate activity and creation of an inhibitor of the enzyme.

Isopenicillin N synthase (IPNS) is the enzyme respon-
sible for the oxidative conversion of the tripeptide (L-a-
amino-é-adipyl)-L-cysteinyl-D-valine (ACV) (8) to the bi-
cyclic S-lactam antibiotic, isopenicillin N (Scheme I). The
recent cloning and expression of the enzymes responsible
for the biosynthesis of the penicillin and cephalosporin
antibiotics!”” has opened the way for a systematic inves-
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tigation of substrate specificity of these novel enzymes.
Use of synthetic analogues of the naturally occurring
peptide substrate (L-a-amino-s-adipyl)-L-cysteinyl-D-valine
[Aad(-Cys-D-Val) or ACV (8)] would allow us to evaluate
the ability of IPNS to interact with and convert these
analogues into §8-lactam products. This information could
be instrumental in understanding the mechanism of action
of this unique biosynthetic enzyme. Furthermore, if IPNS
proved to be flexible in its ability to accept modified
substrates, we would be able to readily generate new §-
lactam antibiotics which might exhibit novel antibacterial
profiles.

Chemistry

Tripeptide analogues of ACV can be prepared by a
number of methods, several of which have been previously
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