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We have identified small-molecule dibenzazepine inhibitors of S-secretase (BACE1). These BACEI
inhibitors possess two key salient features. The first is a seven-membered heterocyclic ring fused to two
aromatic rings representing the P3—P2 residues. The second is an amide and/or amide bioisostere
representing the P1’ residue. Rational optimization led to the identification of potent analogues, such as

10 (K; = 211 nM).

Introduction

Alzheimer’s disease (AD?) is a progressive, neurodegen-
erative disorder with no current cure and is the leading cause
of dementia and death in elderly people.' > A key hallmark of
AD is deposition of aggregated f-amyloid peptides (AS3-40,
-42) as plaques in the brain.* Two proteases, - and
y-secretase, have been identified to be involved in the sequen-
tial proteolysis of membrane-anchored amyloid precursor
protein (APP).’

[-Secretase (BACEI) has been shown to be a membrane-
bound aspartyl protease and is considered to be involved in the
rate-limiting step in the processing of APP to AfS peptide
responsible for the production of the membrane-bound
pB-C-terminal fragment, which is then further cleaved to A
by y-secretase (Figure 1). BACE1 knockout homozygote mice
show a complete absence of the plaques resulting from the
production of Af in the brain, and the lack of BACEI has been
reported to have no side effects.” Thus, BACEI, which is highly
expressed in the CNS, is deemed to be an attractive target for
drug discovery through inhibition of Af production.®

Different classes of nonpeptidic potent BACEI inhibitors,
including acylguanidines, isophthalic acid derivatives, amino
aromatic heterocyclic motifs, and arylpiperazines, have been
reported.® In particular, the isophthalic acid derivatives were
shown to demonstrate potent inhibitory activity in the sub-
nanomolar range.®*

Results and Discussion

In the present study, it was anticipated that the isophtha-
lic acid motifs reported by many groups could be envisioned
to be superimposed on the more rigid dibenzazepine
motifs (Figure 2).® Specifically, we hypothesized that the
incorporation of a seven-membered diazepine ring system
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(representing P3 residue) fused to a phthalic acid derivative
(representing P2 residue) might retain the pharmacodynamic
properties and improve the pharmacokinetic characteristics
found in isophthalic acid derivatives against BACEI
(Figure 2).® Furthermore, P1’-residue could be manipulated
to include amides and/or amide bioisosters that might fit the
S1" pocket of the enzyme active site.

To verify this hypothesis, we have designed low molecular
weight nonpeptidic BACEI inhibitors that incorporate a
dibenzazepine core. Although the hydroxyethylamine
(HEA) derivatives of isophthalic acid published earlier are
highly potent inhibitors of BACEI, these compounds suffered
from poor pharmacokinetic stability.® Hence, we replaced
both of the amides in isophthalic acid derivatives, represented
in compound 1, with dibenzazepine and imidazole isosters
to fit in the S3 and S1’ subpockets (I, IT), respectively. The
synthetic route used to prepare these motifs to connect in
tandem the probable blocks corresponding to P3—P1’ resi-
dues is outlined in Scheme 1.

Synthesis. Compound 4 was prepared in 85% yield
(Scheme 2) through the nucleophilic aromatic substitution
carried out between 2 and 3. The nitro group in the diphe-
nylamine 4 was subjected to Pd/C reduction using HCONH,4
as a source of Hj to deliver the amine 5 in 75% yields after
column chromatography. Amide formation using ethylfor-
myl chloride followed by electrophilic aromatic substitution
catalyzed by POCI; furnished the dibenzazepine framework
7. Saponification of 7 produced acid 8. At this stage, we took
advantage of the flexibility present in the carboxylic acid
appendage and the possibility of functionalizing this group
with various residues.

Therefore, three different classes in relation to P1’ residue
were synthesized. These included simple amides, substituted
imidazole and benzimidazole derivatives as outlined in
Schemes 3 and 4. The acid 8 was converted to the amides 9
and 10 through standard coupling protocol using TBTU/
DIPEA (Scheme 3) in 85% and 87% yields, respectively.
For the synthesis of the second class, conventional synthetic
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procedures were followed to achieve our scaffolds. There-
fore, the imidazole isosters 11 and 12 were synthesized
through coupling between acid 8 with the desired o-bromo

APP

Non-amyloidogenic | Amyloidogenic

a-Secretase l p-Secretase

o-APPs €83 B-APPs €99
y.Secremsel y-Serl'etasel
P3 AICD Ap AlICT)

Figure 1. Schematic of the APP and its metabolites (not drawn
to scale). APP can be processed along two major pathways, the
a-secretase pathway and the amyloid forming S-secretase pathway.
In the nonamyloidogenic pathway, o-secretase cleaves in the middle
of the Ap region to release a large soluble APP fragment, a-APPs.
The C-terminal C83 peptide is metabolized to p3 and AICD (APP
intracellular domain) by y-secretase. In the amyloid forming
[-secretase pathway, [-secretase releases a large soluble fragment,
B-APPs. The C-terminal C99 peptide is then metabolized to A and
AICD by y-secretase. 5-Secretase inhibitors block the formation of
S-APPs and C99.

Figure 2. Two dimensional overlay of compound 14 (blue) and 1
(red) indicating the possible interaction modes with the BACEI
pockets.
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ketone followed by refluxing the produced esters in
AcONH4/AcOH (Scheme 3). The third types of motifs were
benzimidazole analogues 13 and 14 (Scheme 4) and were
made from acid 8 utilizing standard coupling with the desired
diamine using TBTU/DIPEA followed by refluxing the
amide products in AcOH.

Biology. BACEI inhibitory activity of the synthesized
motifs was determined using a fluorescence resonance energy
transfer assay (FRET).” Analogues of 9 were then synthe-
sized and allowed for optimization of the P1’ substituent.
The activity of these novel derivatives is summarized in
Table 1. In general, the fluorophenylamide motif 10 led to
a compound that is a relatively more potent BACEI inhi-
bitor (K; = 211 nM) than the corresponding pyridylamide
analogue 9 (K7 = 295 nM). On the other hand, the aryl-fused
imidazole derivatives (e.g., 14, K; = 244 nM) are more
potent than the substituted imidazole systems (e.g., 12,

= 293 nM). The fluorophenyl analog (10) was consis-
tently the most potent in the BACE inhibition assay. Succes-
sively rigidifying P1” substituents (11 and 13) eroded activity
of the pyridyl motifs in a systematic fashion. The lack of a
potency difference between amide 10 and its imidazole
isoster 14 (Table 1) was striking, especially considering the
small conformational difference observed in both analogues.
In conclusion, these SAR findings suggested that the fluor-
ophenylanalogues in the three derivatives (10, 12, and 14) are
more active than their pyridyl analogues (9, 11, and 13),
perhaps because of the similarity in the nature of interaction
forces between these motifs and BACEI active site. The
absolute inhibition constants and the ligand efficiency in-
dexes of our new diabenzazepine analogues are summarized
in Table 1 and were found to be consistent with Kj values.
Furthermore, in comparison with the known BACE] inhi-
bitors 1 and the peptide-based inhibitor OM99-2 (H-Glu-
Val-Asn-y-Leu-Ala-Glu-Phe-OH; v denotes replacement of
CONH by (S)-CH(OH)CH,) (Figure 3), our designed scaf-
folds indicated their potential inhibition properties toward
BACEI]. At this junction it is worthwhile mentioning that 1
and the known peptide inhibitor OM99-2 showed obviously
a 100-fold better activity than our developed compounds.
But both are not applicable for clinical use because of their
poor pharmacokinetic.> On the other hand, benzazepine
derivatives are known to have appreciable pharmacokinetic
profile and able to cross the blood—brain barrier.'® Second,
by calculation of the ligand efficiency (Ag = free binding
energy/number of non-hydrogen atoms), it could also be

Scheme 1. Rational Design of Dibenzazepine BACE! Inhibitors Based on Isophthalic Acid Derivatives
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Scheme 2. Synthesis of the Benzodiazepam Starting Material”
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“(a) K,CO,, Cul, DMF, 60 °C, 12 h (85%); (b) 10 mol % of 10% Pd/C, methanol, HCONHy,, 50 °C, 5 h (75%); (c) ethyl carbonochloridate, pyridine,
0°C, 6 h (93%); (d) POCl;, P,0s, reflux, 6 h (62%); () NaOH, methanol, H,0, 25 °C, 12 h (95%).

Scheme 3. Synthesis of BACEI Inhibitors®
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“Reagents and conditions. (a) 9: 4-aminopyridine, TBTU, DIPEA,
DMF, 0°C, 6 h (85%). 10: p-fluoroaniline, TBTU, DIPEA, DMF, 0 °C,
6 h (87%). (b) 11: a-bromomethyl pyridyl ketone, DMF, DIPEA, 0 °C
to room temp, 6 h (95%); then AcOH, AcONHy,, reflux, 8 h (55%). 12
o-bromomethyl (4- fluorophenyl) ketone, DMF, DIPEA, 0 °C, 6 h
(95%); then AcOH/AcONHy,, reflux, 8 h (60%).

shown that our low molecular weight derivatives bind more
efficiently to the target compared to the peptidic inhibitor
OM99-2 (Ag ~ 1.4 kJ/mol for our described dibenzazepine
inhibitors vs Ag = 0.79 kJ/mol for OM99-2; see Table 1).
These findings support our assumption that the described
concept of dibenzazepine ligands as BACE1 inhibitors might
be the starting point of a new generation of anti-AD drugs.

In summary, the combination of dibenzazepine motif with
optimized replacements for the P2/P3 residues and P1’ ap-
pendage resulted in compounds, 10 and 14, that represent
promising new series of BACE-1 inhibitors. These new com-
pounds displayed good enzymatic inhibitory potency and a
molecular weight below 350. Further improvement of these
parameters and the incorporation of other druglike properties
into these inhibitors are the subjects of ongoing efforts.

Experimental Section

Chemistry. Materials and General Methods. Reagents and
solvents were purchased from commercial sources and were used
as received. Reaction progress was monitored by thin-layer chro-
matography on Merck silica gel 60 F-254 with detection by UV.

Scheme 4. Synthesis of BACEI Inhibitors”
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“(a)13: 3,4-diaminopyridine, TBTU, DIPEA, DMF, 0 °C, 6h(82%);
then AcOH, reflux, 6 h (64%). 14: 1,2-diamino-4-fluorobenezene,
TBTU, DIPEA, DMF, 0 °C, 6 h (86%); then AcOH, reflux, 6 h (58%).

Silica gel 60 (Merck 40—63 um) was used for flash column chro-
matography. '"H NMR and >C NMR spectra were recorded with
Bruker 500 and Bruker AMX-400 spectrometers using CDCl;. Data
are presented as follows: chemical shift (parts per million, ppm),
multiplicity ((s) singlet, (d) doublet, (t) triplet, (q) quartet, (m)
multiplet, (br) broad), coupling constant J (in hertz), and integra-
tion. Carbon magnetic resonance ('*C NMR) spectra were recorded
at 75 or 125 MHz. Data for *C NMR are reported in terms of
chemical shifts (ppm). The EI and FD mass spectra were recorded
on a Finnigan MAT 312 mass spectrometer connected to a PDO
11/34 (DEC) computer system. Elemental analysis was performed
on a Perkin-Elmer elemental analyzer, model 240.

All compounds were determined to be >95% pure by high-
performance liquid chromatography (HPLC). Purity of com-
pounds were determined on a Phenomenex Luna C18-(2), 3 mm
column, 4.6 mmi.d. x 30 mm length, with 30—75% acetonitrile/
water/0.1% trifluoroacetic acid, 1.0 mL/min elution at room
temperature using 210, 254, or 280 nm wavelength.

BACE1 Enzyme Assay. BACE]1 assay was carried out accord-
ing to the manufacturer prescribed protocol available from
Invitrogen (http://tools.invitrogen.com/content/sfs/manuals/
L0724.pdf). Briefly, the in vitro assay was carried out by
fluorescence resonance energy transfer (FRET). An APP-based
peptide  substrate  (rhodamine-EVNLDAEFK-DABCYL,
Ky = 20 uM) carrying the Swedish mutation and containing
arhodamine as a fluorescence donor and a quencher acceptor at
each end was used. The intact substrate is weakly fluorescent
and becomes highly fluorescent upon enzymatic cleavage. The
assay was conducted in 50 mM sodium acetate buffer, pH 4.5, in
a final enzyme reaction mixture of enzyme (1 U/mL), inhibitor
(10, 3, 1, and 0.3 uM) and substrate (750 nM). Inhibitor
compounds were diluted from stock solutions to result in
3.3% DMSO final concentration. The reaction was incubated
for 60 min at 25 °C under dark conditions and then stopped with
2.5 M sodium acetate. Fluorescence was monitored with a
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Table 1. SAR of BACEI Inhibitors
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spectrofluorometer at 545 nm excitation and 585 nm emission.
The assay kit was validated by manufacturer. The obtained
values are the mean values of three different experiments. ICs,
values were calculated by plotting the obtained relative fluores-
cence unit per hour (RFU/h) against the logarithm of inhibitor
concentration. The measured inhibition data were analyzed in
GraphPad Prism 4 for Windows (GraphPad Software Inc., La
Jolla, CA) by nonlinear regression (curve fitting). Based on
obtained ICsq values, Kj values were calculated (detailed de-
scription is in the Supporting Information).

Methyl 11-Oxo-N-(pyridin-4-yl)-10,11-dihydro-5H-dibenzo-
[b,e][1,4]diazepine-3-carboxamide (9) and N-(4-Fluorophenyl)-
11-0x0-10,11-dihydro-5H-dibenzo[b,e][1,4]diazepine-3-carbox-
amide (10). To a solution of methyl 11-0x0-10,11-dihydro-5H-
dibenzo[b.e][1,4]diazepine-3-carboxylic acid (8) (254 mg, 1.0
mmol, 1 equiv) in DMF (8 mL) at 0 °C was added DIPEA
(0.21 mL, 1.2 mmol, 1.2 equiv). After 10 min TBTU (551 mg, 1.2
mmol, 1.2 equiv) was added and the resulting mixture stirred at
the same temperature for 30 min. Then 4-aminopyridine or
4-flouroaniline (1.1 mmol, 1.1 equiv) was added. The resulting
mixture was stirred at 0 °C for 6 h and then quenched with
ice—water. The precipitated solid was filtered, washed with
water, and dissolved in EtOAc. The organic phase was washed
with a 1 N HCI aqueous solution, then with a saturated
NaHCOj3 aqueous solution, and finally with H,O, dried over
MgSOy, and concentrated in vacuo. The crude product was
purified by flash chromatography on silica gel (DCM/AcOEt,
9/1 to 7/3) to give methyl 11-oxo-N-(pyridin-4-yl)-10,11-di-
hydro-5H-dibenzo[b,e][1,4]diazepine-3-carboxamide (9) (85%)
or N-(4-fluorophenyl)-11-0x0-10,11-dihydro-5H-dibenzo[b,e]-
[1,4]diazepine-3-carboxamide (10) (87%).

11-Oxo-N-(pyridin-4-yl)-10,11-dihydro-5 H-dibenzo[b,e][1,4]-
diazepine-3-carboxamide (9). '"H NMR (CDCl;, 300 MHz): 6 =
4.34 (1H, bs), 7.24—7.02 (3H, m), 7.54 (1H, bs), 7.80 (2H, m),
7.92 (1H, bs), 8.00 (1H,d,J = 2.3Hz),8.63 (1H,dd,J = 2.1,8.2
Hz), 9.13 (1H, bs), 9.51 (1H, bs). >*C NMR: 6 = 114.2, 114.8,
115.0, 115.9, 119.9, 122.3, 123.9, 125.8, 127.9, 129.2, 132.0,
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Figure 3. Structures of compounds 1 and OM99-2, their inhibition
constants, and ligand efficiency indexes.

137.5, 145.3, 146.7, 147.9, 148.1, 148.4, 163.2, 165.1. FD-MS
(M + 1) = 331. Anal. Caled for C19H14N40,: C, 69.08; H, 4.27;
N, 16.96. Found: C, 69.05; H, 4.21; N, 16.89.

N-(4-Fluorophenyl)-11-0x0-10,11-dihydro-5 H-dibenzo[b,e]-
[1,4]diazepine-3-carboxamide (10). 'H NMR (CDCl;, 400
MHz): 6 = 4.52 (1H, bs), 7.26—7.01 (5H, m), 7.90—7.58 (3H,
m), 8.00 (3H, m), 8.34 (1H, s), 9.01 (1H, bs). *C NMR:
o = 1149, 115.1, 117.8, 119.5, 120.6, 121.9, 123.7, 123.8,
124.3, 127.3, 129.4, 133.6, 135.9, 137.0, 142.7, 151.3, 158.2,
1634, 165.1. FD-MS (M + 1) = 348. Anal. Calcd for
Cy0H14FN505: C, 69.16; H, 4.06; F, 5.47; N, 12.10. Found: C,
69.09; H, 4.13; F, 5.51; N, 12.09.

3-(5-(Pyridin-4-yl)-1 H-imidazol-2-yl)-SH  dibenzo[b,e]|[1,4]-
diazepin-11(10H)-one (11) and 3-(5-(4-Fluorophenyl)-1H-imida-
zol-2-yl)-5H dibenzo[b,e][1,4]diazepin-11(10H)-one (12). To a
solution of methyl 11-ox0-10,11-dihydro-5H-dibenzo[b,e][1,4]-
diazepine-3-carboxylic acid (8) (254 mg, 1.0 mmol, 1 equiv) in
DMF (10 mL) at 0 °C was added DIPEA (0.21 mL, 1.2 mmol,
1.2 equiv). The resulting mixture was stirred at 0 °C for 30 min
followed by dropwise addition of the appropriate addition of the
a-bromoketone (1.1 mmol, 1.1 equiv) in DMF. The resulting
mixture was stirred at 0 °C for 6 h, then quenched with ice—
water. The precipitated solid was filtered, washed with water,
and dissolved in EtOAc. The organic phase was washed with a 1
N HClaqueous solution and then a saturated NaHCOj3; aqueous
solution, then H,O, dried over MgSO,, and concentrated in
vacuo, which was used in the next stage without further pur-
ification. To the appropriate a-keto ester were added AcOH
(25 mL) and AcONHy4 (924 mg, 12 mmol, 12 equiv), and the
resulting suspension was refluxed for 8 h, cooled to room
temperature, concentrated in vacuo, and diluted with crushed
ice. The brown solid was filtered, washed thoroughly with water.
The crude cake was dissolved in EtOAc washed with a saturated
NaHCOj; aqueous solution and with H,O, dried over MgSQy,
and concentrated in vacuo. The crude product was purified by
flash chromatography on silica gel (DCM/AcOEt, 8/2 to 7/3) to
give  3-(5-(pyridin-4-yl)-1 H-imidazol-2-yl)-5H  dibenzo[b,e]-
[1,4]diazepin-11(10H)-one (11) (55%) or 3-(5-(4-fluorophenyl)-
1 H-imidazol-2-yl)-5H  dibenzo[b,e][1,4]diazepin-11(10H)-one
(12) (60%).

3-(5-(Pyridin-4-yl)-1 H-imidazol-2-yl)-5 H-dibenzo[b,¢][1,4]di-
azepin-11(10H)-one (11). 'H NMR (CDCl;, 400 MHz): 6 = 5.34
(1H, s), 7.20—7.03 (2H, m), 7.28 (1 h, dd, J = 2.4, 8.3 Hz), 7.37
(1H,s), 7.53 (1H, m), 7.73—7.70 (2H, m), 9.92 (1 h, s), 7.99 (1 h,
d, J = 1.82 Hz), 8.42 (2H, m), 8.49 (1H, dd, J = 2.3, 8.2 Hz),
9.21 (1H, s), 9.84 (1H, bs). '*C NMR: ¢ = 117.8, 117.9, 118.4,
120.9, 121.5, 122.7, 124.0, 125.6, 127.6, 129.1, 129.3, 131.0,
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133.1, 135.3, 136.5, 141.8, 142.8, 149.7, 151.0, 163.4. FD-MS
(M + 1) = 354. Anal. Calcd for C,H5sNsO: C, 71.38; H, 4.28;
N, 19.82. Found: C, 71.44; H, 4.32; N, 19.78.

3-(5-(4-Fluorophenyl)-1H-imidazol-2-yl)-5 H-dibenzo[b,e][1,4]-
diazepin-11(10H)-one (12). '"H NMR (CDCls, 400 MHz): 6 =
5.31(1H, bs), 7.20—7.01 (5H, m), 7.29 (1H, dd, J = 2.2,8.3 Hz),
7.55(1H, m), 8.09—7.91 (4H, m), 8.61 (1H,dd, J = 2.2, 8.2 Hz),
9.24 (1H, bs), 10.1 (1H, s). *C NMR: ¢ = 115.9, 116.9, 117.5,
117.8, 122.3, 124.5, 124.5, 125.7, 125.4, 126.7, 127.5, 128.9,
129.8, 130.7, 130.9, 131.3, 131.6, 138.1, 153.4, 151.1, 161.8,
164.0. FD-MS (M + 1) = 371. Anal. Calcd for C5,HsFN4O:
C,71.34;H,4.08; F, 5.13; N, 15.13. Found: C, 71.36; H, 4.11; F,
5.17; N, 15.20.

3-(3H-Imidazo[4,5-c]pyridin-2-yl)-5 H-dibenzo[b,¢][1,4]diaze-
pin-11(10H)-one (13) and 3-(6-Fluoro-1H-benzo[d|imidazol-2-yl)-
5H-dibenzo[b,e][1,4]diazepin-11(10H)-one (14). To a solution of
methyl 11-0x0-10,11-dihydro-5H-dibenzo[b,e][1,4]diazepine-3-
carboxylic acid (8) (254 mg, 1.0 mmol, 1 equiv) in DMF (8 mL)
at 0 °C was added DIPEA (0.21 mL, 1.2 mmol, 1.2 equiv). After
10 min, TBTU (551 mg, 1.2 mmol, 1.2 equiv) was added and the
resulting mixture stirred at the same temperature for 30 min.
Then diaminopyridine or diaminobenzene (1.1 mmol, 1.1 equiv)
was added. The resulting mixture was stirred at 0 °C for 6 h and
then quenched with ice—water. The precipitated solid was
filtered, washed with water, and dissolved in EtOAc. The
organic phase was washed with a 1 N HCI aqueous solution,
then with a saturated NaHCOj3 aqueous solution, and finally
with H,O, dried over MgSQOy, concentrated in vacuo, and then
used in the next stage without further purification. To the
appropriate amide was added AcOH (30 mL), and the resulting
suspension was refluxed for 6 h, cooled to room temperature,
concentrated in vacuo, and diluted with crushed ice. The brown
solid was filtered and washed thoroughly with water. The
crude was dissolved in EtOAc, washed with a saturated NaH-
COj aqueous solution and with H,O, dried over MgSQ,, and
concentrated in vacuo. The crude product was purified by
flash chromatography on silica gel (DCM/AcOEt, §/2 to 7/3)
to give 3-(3H-imidazo[4,5-c]pyridin-2-yl)-5H-dibenzo[b,¢][1,4]-
diazepin-11(10H)-one (13) (64%) or 3-(6-fluoro-1H-benzo-
[dlimidazol-2-yl)-5 H-dibenzo[b,e][1,4]diazepin-11(10H)-one
(14) (58%).

3-(3H-Imidazo[4,5-c]pyridin-2-yl)-5 H-dibenzo[b,e][1,4]diaze-
pin-11(10H)-one (13). "H NMR (CDCls, 400 MHz): 6 = 4.84
(1H, bs), 7.1=7.01 (2H, m), 7.29 (1H, bd, J = 2.5 Hz), 7.55 (2H,
m), 7.90 (1H, bs), 8.00 (1H,dd, J = 2.2,8.3Hz),8.30 (1H,d, J =
1.9 Hz), 8.60 ng, dd,J = 2.4,8.3Hz),8.90(1H,s),9.42 (1H,s),
9.81 (1H, s). >C NMR: 6 = 105.5, 108.6, 117.8, 119.5, 120.9,
124.1, 125.3, 129.0, 130.1, 131.8, 133.4, 138.8, 139.1, 140.2,
140.7, 141.0, 145.7, 153.5, 164.0. FD-MS (M + 1) = 328. Anal.
Calcd for CoH3N50: C, 69.71; H, 4.00; N, 21.39. Found: C,
69.68; H, 4.07; N, 21.43.

3-(6-Fluoro-1H-benzo[d]imidazol-2-yl)-5 H-dibenzo[b,e][1,4]-
diazepin-11(10H)-one (14). "H NMR (CDCl;, 400 MHz): 6 =
4.85(1H,s), 7.20—7.05 (3H, m), 7.29 (1H, dd, J = 2.4, 8.3 Hz),
7.48—7.39 (2H, m), 7.84 (1H, s), 7.95 (1H, s), 8.12 (1H, dd, J =
2.2,8.1Hz),8.50 (1H,d, J = 8.4 Hz),9.30 (1H, bs), 9.88 (1H, s).
C NMR: 6 = 105.1, 106.1, 116.4, 117.8, 118.6, 120.9, 121.7,
122.3, 125.7, 129.1, 130.2, 131.3, 136.5, 137.0, 137.2, 140.7,
148.1,152.2,1157.2,167.5. FD-MS (M + 1) = 345. Anal. Calcd
for C,oH3FN4O: C, 69.76; H, 3.81; F, 5.52; N, 16.27. Found: C,
69.71; H, 3.78; F, 5.59; N, 16.200.
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