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A Facile One-Pot Synthesis of 3,4-Dihydro-3-hydroxy-4-oxo-1,2,3-benzotriazine and

Derivatives
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A new one-pot synthesis of 3,4-dihydro-3-hydroxy-4-oxo-1,2,3-
benzotriazine (Dhbt-OH) and derivatives directly from anthranilic
acids is described. The reaction of anthranilic acids and thionyl
chloride affords unstable sulfinamide anhydrides which are treated
with O-(trimethylsilyl)hydroxylamine followed by diazotization to
give the corresponding Dhbt-OH derivatives in good overall yield.

3,4-Dihydro-3-hydroxy-4-ox0-1,2,3-benzotriazine
(Dhbt-OH, 2a) is an advantageous additive in the syn-
thesis of peptides using either the carbodiimide or the
active ester method. It suppresses racemization and the
resulting peptides are generated in high yields and with
high purity. This was first recognized by Konig and
Geiger in 1970'? who also published the first prepar-
ation of Dhbt esters of a-amino protected amino acids.
However, the formation of a 2-azidobenzoic acid Dhbt
ester as a byproduct during preparation of the activated
amino acid ester has limited the use of these compounds
in peptide synthesis. The azidobenzoate itself is an ef-
ficient acylating agent, and its presence in the acylating
mixture leads to the formation of deletion peptides. This
limitation was overcome in 1986 when the synthesis of
pure crystalline 9-fluorenylmethoxycarbonyl (Fmoc)
amino acid derivatives of Dhbt-OH was published.?

Most of the Fmoc amino acid derivatives of Dhbt-OH are
stable crystalline substances. Their reaction rates with
nitrogen nucleophiles in dimethylformamide are similar
to those of symmetrical anhydrides.** In addition to their
high reactivity they act as self indicating esters owing to
the ionization of Dhbt-OH released into solution by
unreacted resin bound amino groups.® This produces a
transient yellow color on the resin which fades upon
completion of the acylation reaction, thus acting as a
sensitive indicator of resin bound free amino groups. By
monitoring the transmission of light through the resin at
440 nm and feeding the data into a computer the indiv-
idual coupling times could be determined and automatic
termination of the acylation steps was effectuated.®®

We have constructed an automated peptide synthesizer,
including a solid-phase photometer, which utilizes such a
monitoring system, and wished to investigate the subst-
ituent effect of Dhbt-OH as an acid—base indicator and on
acylation rates.

Besides the parent compound, only the 6-iodo deriva-
tive of Dhbt-OH had previously been prepared and
tested in peptide synthesis.! This was done by introducing
a hydroxamic acid function via the methyl ester of
anthranilic acid or 5-iodoanthranilic acid, followed by
diazotization.”® The method is cumbersome since it is
necessary to isolate the methyl ester. We have explored
alternative synthetic routes to Dhbt-OH and its deriva-
tives using anthranilic acids as starting materials. Activ-
ation of the carboxylic acid function could be achieved by
either phosgene or thionyl chloride with simultaneous

protection of the amino group as in the reaction of
anthranilic acids and phosgene to isatoic anhydrides®
whose reactions with amines and various nucleophiles
have been examined.®*1%!! Isatoic anhydride affords only
one product with hydroxylamine, which was originally
believed to be 2-aminobenzhydroxamic acid,'® but later
shown to be O-(2-aminobenzoyl)hydroxylamine.’

Thionyl chloride reacts with anthranilic acid (1a) in an
analogous manner giving an unstable sulfinamide anhy-
dride.!? The sulfinamide anhydride is more reactive than
isatoic anhydride and treatment with O-(trimethyl-
silyDhydroxylamine led to formation of the trimethyl-
silylated hydroxamic acid which was hydrolyzed, di-
azotized and ring closed to give the corresponding
Dhbt-OH (2a) (Scheme). We have now developed this
reaction into a new facile one-pot synthesis giving the
Dhbt-OH and derivatives in good yield.
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In a typical procedure the anthranilic acid derivative 1 is
suspended in dry benzene or a mixture of dry benzene
and dry tetrahydrofuran, thionyl chloride is added, and
the mixture refluxed until a clear solution is obtained (15
min-3 h). The solvent and residual thionyl chloride are
evaporated, the sulfinamide anhydride is suspended in
benzene, and O-(trimethylsilyl)hydroxylamine is added.
After evaporation of the solvent the resultant hydro-
xamic acids are diazotized in dilute hydrochloric acid to
give the crude Dhbt-OH or its derivatives. After workup
Dhbt-OH or its derivatives are isolated in 36 % —68 %
yield calculated from the starting anthranilic acids.

Two of the new compounds, 2e and 2h, showed interest-
ing spectroscopic properties for the monitoring of acyl-
ation reactions during solid-phase peptide synthesis. Both
gave deep red solutions in dimethylformamide and 2e has
been tested as an additive in the synthesis of peptides.
Used as an additive during solid phase peptide synthesis
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using Fmoc-amino-acid-OPfp-esters compound 2e gave
a deep red color to the resin which faded to faint yellow
on completion of the coupling reactions. This allows
an enhanced visual detection of reaction end points
compared to that of Dhbt-OH itself. Compound 2h
shows a strong pH dependent fluorescence in ethanol
and its possible use as a fluorescence indicator during
solid-phase peptide synthesis will be examined.

All anthranilic acids were of commercial quality and, except for 3-
amino-2-naphthoic acid (1h), dried in a desiccator and used with-
out further purification. SOCI, was distilled before use and benzene
dried over molecular sieves. O-(Trimethylsilyl)hydroxylamine was
synthesized as described'® but can be purchased from Fluka.
Melting points were measured with a Biichi apparatus and are
uncorrected. Microanalyses were obtained using a Perkin—Elmer
240 or 2400 element analyzer. 'H-NMR/!3C-NMR spectra were
obtained using a Bruker AMX 500 MHz NMR spectrometer, IR
spectra using a Perkin-Elmer 580 spectrometer and UV spectra
using a Perkin-Elmer Lambda 7 UV/VIS spectrophotometer. A
solution of the title compounds in DMF was prepared (approxi-
mately 2x107*M in 2.5mL DMF) and the UV spectra were
recorded at approximately max. O.D. Then diisopropylethylamine
(DIEA, 10 pL) was added to each sample and the recordings were
repeated.

3,4-Dihydro-3-hydroxy-4-0x0-1,2,3-benzotriazine (2a):

Anthranilic acid (1a; 10 mmol, 1.37 g) is suspended in benzene
(20 mL) in a dried, N, filled round-bottomed flask fitted with a
magnetic stirrer and condenser. SOCI, (40 mmol, 4.76 g) in ben-
zene (10mL) is added under stirring and the resultant mixture
heated to reflux until a clear solution is obtained. Benzene and
residual SOCI, is evaporated at 1—2 Torr and the residual sulfin-
amide anhydride resuspended in benzene (20 mL). O-(Trimethyl-
silyl)hydroxylamine (25 mmol, 2.63 g) in dry benzene (10 mL) is
then added and the mixture stirred overnight (12 h) in an N, atmo-
sphere. The solvent is evaporated and the resulting hydroxamic
acid is suspended in a mixture of 12N HCI (3 mL) and ice water
(40mL). A cold solution of NaNO, (22mmol, 1.52g) in H,0
(22 mL) is slowly added keeping the temperature below 4°C. After
30 min the crude Dhbt-OH is filtered off and washed several times
with cold H,O and dried in a desiccator to constant weight; yield
of yellow powder: 1.29g (79%). 0.4g of the crude product is
extracted with 0.5N NaOH (5mL + 1 mL) and the basic extracts
washed with CH,Cl, (3 x2mL). 4N HCI (1 mL) is added and the
precipitated Dhbt-OH recrystallized from EtOH/H,O to give color-
less needles; yield: 0.27 g (68 %) (Lit.!* 28% calc. from methyl
anthranilate); mp 186-187°C (dec.) (Lit.'* mp 182.0~182.5°C).

C,HsN;0, cale. C51.54 H3.09 N 2576

(163.1) found 51.65  3.10  25.59

IR (KBr): v = 32002500 (OH), 1670, 1635 cm ™' (C=0, N=N).
UV (DMF): 4y, = 30210m (¢ = 5700).

UV (DMF 4 Et,NH): A, =358nm (c=7450), 430nm
(€ = 4100).

'H-NMR (DMSO-dg/TMS): 6 = 2.51 (s, OH), 7.93 (dt, H.), 8.06
(dt, Hg), 8.19 (dd, Hy), 8.26 (dd, Hyg), J, 4 = 7.5 Hz, J,,,,, — 1 Hz.
'3C-NMR (DMSO-dg/TMS): & = 121.27 (C,,), 124.77 (Cs), 128.11
(Cs), 132.49 (Cy), 135.09 (C,), 143.89 (Cy,), 151.06 (C,).

3,4-Dihydro-3-hydroxy-6-iodo-4-0x0-1,2,3-benzotriazine (2 b):

As described for Dhbt-OH (2a) from S-iodoanthanilic acid (1b;
Smmol, 1.32g) and SOCI, (20 mmol, 2.38g), O-(trimethyl-
silyDhydroxylamine (12.5 mmol, 1.32g); yield of yellow powder:
0.99 g (69 %). Recrystallization of the crude product (0.12 g) from
20% BtOH/H,0 gives light yellow needles; yield: 0.12 g (60%)
(Lit.! yield 28% calc. from methyl 5-iodoanthranilate); mp
170-171°C (dec) (Lit.* mp 178°C (dec.)).

C;H4IN;0, cale. C29.09 H1.39 14391 N 14.54

(289.0) found 28.97 1.25 4420 14.23
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UV (DMF): 4., = 318 nm (¢ = 9200).

UV (DMF + Et,NH): 1.,,,=370nm (¢=8750), 446nm
(e = 4000).

'"H-NMR (DMSO-ds/TMS): é = 2.50 (s, OH), 7.95 (d, Hy), 8.36
(d, H;), 8.56 (s, Hs), Joun, = 8.5 Hz.

13C.NMR (DMSO-dg/TMS): § = 100.04 (Cq), 122.66 (C,,), 129.61
(Cs), 133.07 (Cs), 143.01 (Cq,), 143.89 (C,), 149.72 (C,).

3,4-Dihydro-3-hydroxy-6-methyl-4-0x0-1,2,3-benzotriazine (2c):

As described for Dhbt-OH (2a) from 5-methylanthranilic acid (1¢;
10 mmol, 1.51g), SOCI, (40 mmol, 4.76g) and O-(trimethyl-
silyl)hydroxylamine (25 mmol, 2.63 g); yield of yellow powder:
1.20 g (68 %). The crude product (0.28 g) is extracted with 0.5N
NaOH (6 mL + 2 mL) and the basic extracts washed with CH,Cl,
(3x2mL). 4N HCl is added to pH ~ 0 and the precipitated 6-
methyl-Dhbt-OH (2¢) recrystallized from EtOH/H,O to give a
colorless powder; yield: 0.27 g (54 %); mp 202-203°C (dec).
CgH,N,0, cale. C 5424 H398 N23.72

(177.2) found 53.98 3.88 23.73

IR (KBr): v = 3200-2500 (OH), 1670, 1640 cm ' (C=0, N=N).
UV (DMF): 4,,., = 306 nm (¢ = 6250).

UV (DMF +Et,NH):  1,,,=362nm (¢ = 6450), 418nm
(e = 3500).

'H-NMR (DMSO-ds/TMS): § = 2.54 (s, OH, CH3), 7.87 (dd, H,),
8.05 (d, Hs), 8.08 (d, Hy), Jono = 8.5 Hz, J,.n = 2 Hz
3C-NMR (DMSO-dg/TMS): § =21.31 (CH;), 121.17 (C,,),
123.89 (Cs), 128.00 (Cg), 136.36 (C), 142.26 (Cs), 143.40 (Cg,),
151.01 (C,).

7-Chioro-3,4-dihydro-3-hydroxy-4-oxo-1,2,3-benzotriazine (2d):

As described for Dhbt-OH (2 a) from 4-chloroanthranilic acid (1d;
100 mmol, 17.15 g), SOCI, (400 mmol, 47.59 g) and O-(trimethyl-
sily)hydroxylamine (250 mmol, 26.30 g); yield of yellow powder:
9.02 g (91 %). The crude product (2.0 g) is continuously extracted
with MeOH for 2 h. The solvent is evaporated, and the resultant
yellow powder is recrystallized from H,O; yield of slightly yellow
needles: 1.14 g (57%); mp 176-178°C (dec).

C,H,CIN;0, cale. C42.55 H204 Cl117.94 N 21.27
(202.3) found 42.80 1.77 18.29 21.18

UV (DMF): 4,,, = 308 nm (¢ = 5950).

UV  (DMF + Et,NH): A, =366nm (¢ = 10050), 446 nm
(e = 4700).

'H-NMR (DMSO-d¢/TMS): § = 2.53 (s, OH), 7.95 (dd, Hy), 8.27
(d, Hy), 8.33 (d, Hg), Jorno = 8-5 Hz, Jypera = 2 Hz.

13C-NMR (DMSO-dg/TMS): § = 121 (C,,), 127 (Cs), 129.39 (Cy),
132.70 (Ce), 138 (C,), 143 (Cg,), 151 (Cy).

3,4-Dihydro-3-hydroxy-7-nitro-4-0xo0-1,2,3-benzotriazine (2¢):

As described for Dhbt-OH (2a) from 4-nitroanthanilic acid (1e;
50mmol, 9.11g), SOCI, (200 mmol, 23.79g), O-(trimethyl-
silyDhydroxylamine (125 mmol, 13.15 g); yield of yellow powder:
8.8 g (85%). The crude product (2.7 g) is continuously extracted
with MeOH for 2h, H,0 (100 mL) is added and the solvent is
concentrated in vacuo to the beginning of precipitation. After
cooling to — 16°C the yellow crystals are collected on a filter and
washed with H,0. 2e is recrystallized from H,0; yield of yellow
needles: 2.13 g (79 %); mp 163-164°C (dec).

Alternatively the crude product (0.2 g) is extracted several times with
Et,0, the solvent is evaporated, and the yellow powder recrystallized
from H,0; yield of yellow needles: 0.11 g (55%); mp 165-166°C
(dec).

C,H,N,0,-0.5H,0 calc. C3872 H232 N 2580

(219.3) found 38.56 2.30 25.83

UV (DMF): 4, = 306 nm (¢ = 7100).

UV (DMF +Et;NH): i, =434nm (¢ =9550), 540nm
(e = 2350).

'H-NMR (CD,CN/TMS): § = 3.62 (s, OH), 8.49 (d, Hy), 8.55 (dd,
Hg), 8.95 (d, Hg), Jorno = 9 Hz, J,,,, = 2 Hz.

Downloaded by: University of North Carolina - Chapel Hill. Copyrighted material.



1010 Papers

3,4-Dihydro-3-hydroxy-6,7-dimethyl-4-0x0-1,2,3-benzotriazine (2f);
As described for Dhbt-OH (2a) from 4,5-dimethylanthranilic acid
(1£; 10 mmol, 1.65 g), SOCI, (40 mmol, 4.76 g) O-(trimethylsilyl)-
hydroxylamine (25 mmol, 2.63 g). Reflux of the anthranilic acid
and SOCI, is carried out in a mixture of benzene (30 mL) and
THF (20 mL). Yield of brown powder: 1.32 g (69 %). The crude
product (0.21g) is extracted with 0.5N NaOH (6 mL +2mL)
and the basic extracts washed with CH,Cl, (3x2mL). 4N HCl
is added to pH ~ 0 and 2f precipitated as a colorless powder; yield:
0.14 g (67%); mp 195-197°C (dec).

CoHgN;,0, cale. C 56.54 H4.74 N 2198

(191.2) found 56.43 4.79 21.46

UV (DMF): A, = 308 nm (& = 7050).

UV (DMF +Et,NH): A, =356nm (¢ ==6600), 416 nm
(e = 3950).

'H-NMR (DMSO-ds/TMS): § = 2.46, 2.48 (2 s, 2 x CH.), 2.51 (s,
OH), 7.97 (s, Hy), 8.01 (s, Hy).

3C.NMR (DMSO-dg/TMS): 6 = 19.81 (CH,), 19.90(CHs,), 119.16

(Caa), 124.17 (Cs), 127.76 (Cy), 142.74 (Cy), 143 (Cg,), 145.62 (C,),
151 (C,).

3,4-Dihydro-3-hydroxy-6,7-dimethoxy-4-oxo-1,2,3-benzotriazine
g

As described for Dhbt-OH (2a) from 4,5-dimethoxyanthranilic
acid (1g; 20 mmol, 3.94 g), SOCI, (80 mmol, 9.52 g) O-(trimethyl-
silyl)hydroxylamine (50 mmol, 5.26 g); yield of brown powder:
2.89 g (65%). To the crude product (0.5 g) is added 2N NaOH
(5 mL) and the sodium salt of 2¢ is isolated by centrifugation. The
salt is washed with 0.5 N NaOH (1 mL) and with H,0 (1 mL). 4N
HCl 2mL) is added and 2g is recrystallized from EtOH/H,0;
yield of colorless needles: 0.32 g (64 %); mp 248251 °C (dec).
CyHgN,0O, calc. C48.43 H4.06 N 18.83

(223.2) found 48.61 412 18.92

IR (KBr): v = 3200-2500 (OH), 1655, 1605 cm~! (C=0, N=N).
UV (DMF): A, = 320 nm (¢ = 5850).

UV (DMF + Bt;NH): ., =350nm (e = 3650), 404 nm
(¢ = 3050).

IH-NMR (DMSO-d/TMS): § = 3.34 (s, OH), 398 (s, CH,0),
3.99 (s, CH,0), 7.54 (s, Hy), 7.63 (s, Hy).

B3C.NMR (DMSO-ds/TMS): § = 56.48 (CH,0), 56.55 (CH,0),
103.13 (Cs), 108.00 (Cg), 115.83 (C,,), 140.58 (Cg,), 150.67 (C,),
153.00 (C,), 154.77 (C,).

3,4-Dihydro-3-hydroxy-4-oxonaphtho[2,3-d J-1,2,3-triazine (2h):

The starting 3-amino-2-naphthoic acid (Aldrich, 80 %) is purified
before use. 3-Amino-2-naphthoic acid (1h; 5 g) is boiled with 4N
HCI (150 mL) and the hot solution filtered. The filter cake is boiled
with 2N HCI (100 mL) and filtered as before. On cooling the hydro-
chloride precipitates from the combined filtrates, which is collect-
ed on a filter, and washed with cold H,O. The filter cake is suspend-
ed in H,0 (40 mL), conc. NaOH is added adjusting pH to ~ 12
and the suspension heated to 85°C. The solution is filtered
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and 12N HCI added to pH ~ 3 and adjusted to 4.5 with 10%
NaOQAc. The yellow precipitate is collected on a filter and dried to
constant weight; yield 3.75g (75%); mp 213-214°C (dec) (mp
Lit.** 216-217°C). 3,4-Dihydro-3-hydroxy-4-oxonaphtho[2,3-d]-
1,2,3-triazine (2h) is synthesized as described for Dhbt-OH (2a)
from the purified 3-amino-2-naphthoic acid (1h, 10 mmol, 1.87 g),
SOCl, (40 mmol, 4.76g) and O-(trimethylsilyl)hydroxylamine
(25 mmol, 2.63 g); yield of brown powder: 1.50 g (70 %). The crude
product (0.3 g) is recrystallized from 75% EtOH/H,0, and then
three times from 50 % EtOH/H,O each time adding a little active
carbon to the warm solution before filtering; yield of yellow
powder: 72 mg (36 %); mp 195-196°C (dec).

C;yH,N;0; calc. C61.97 H3.31 N 19.71

(213.2) found  61.573.3019.03

IR (KBr): v = 3200-2500 (OH), 1675, 1650 cm~! (C=0, N=N).
UV (DMF): 4,,, = 356 nm (¢ = 6200).

UV  (DMF +E;,NH) 4, =364nm (¢ = 4900), 380nm
(¢ = 5850), 398 nm (¢ = 5100), 504 nm (¢ = 1400).

'H-NMR (DMSO-dg/TMS): § = 7.84 (m, H,, H,), 8.40 (dt, 2 H,
H,, Hy), 8.92 and 9.02 (2 s, H, H,,), 12.62 (s, OH).

I3C.NMR (DMSO-dg/TMS): & = 118.69 (C,,), 126.14 (Cyo),
128.33 (C,), 129.07, 129.17, 129.23, 129.33 (C5-Cg), 133.55, 135.37
(Caar Cion), 140.04 (C,,), 151.34 (C,).

Received: 11 June 1990

(1) Konig, W.; Geiger, R. Chem. Ber. 1970, 103, 2024.
(2) Konig, W.; Geiger, R. Chem. Ber. 1970, 103, 2034.
(3) Atherton, E.; Cameron, L.; Meldal, M.; Sheppard, R.C.
J. Chem. Soc., Chem. Commun. 1986, 1763.

(4) Atherton, E.; Holder, J.L.; Meldal, M.; Sheppard, R.C,;
Valerio, R.M. J. Chem. Soc., Perkin Trans. 1 1988, 2887.

(5) Cameron, E.; Meldal, M.; Sheppard, R.C. J. Chem. Soc.,
Chem. Commun. 1987, 270.

(6) Cameron, L.R.; Holder, J.L.; Meldal, M.; Sheppard, R.C. J.
Chem. Soc., Perkin Trans. 1 1988, 2895.

(7) Scott, A.W.; Wood, B.L., Jr. J. Org. Chem. 1943, 7, 508.

(8) Clark, R.H.; Wagner, E.C. J. Org. Chem. 1944, 9, 55.

(9) Staiger, R.P.; Wagner, E.C. J. Org. Chem. 1953, 8, 1427.
(10) Staiger, R.P.; Miller, E.B. J. Org. Chem. 1959, 24, 1214.
(11) Harrison, D.; Smith, A.C.B. J. Chem. Soc. 1960, 2157.

(12) Kametani, T.; Higa, T.; Loc, C.C.; Ihara, M.; Koizumi, M.;
Fukumoto, K. J. Am. Chem. Soc. 1976, 98, 6186.

(13) Ahern, T.P,; Navratil, T.; Vaughan, K. Can. J. Chem. 1971, 535,
630.

(14) Allen, C.F.H.; Bell, A. Org. Synth. Coll. Vol. IIT 1955, 78.

(15) Harger, M.J.P. J. Chem. Soc., Perkin Trans. 1 1983, 2699.

(16) Meyer, E.V; Bellman, T. J. Prakt. Chem. 1886, 33, 20.

Downloaded by: University of North Carolina - Chapel Hill. Copyrighted material.



