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Abstract. A novel thiazinoindole tricyclic ring system was designed as potential inhibitors of serine proteases.
The compounds were synthesized by ring closure at 80-90°C in poliphosphoric acid of the appropriate N’-alkyl
or aryl substituted indolylthiourea derivatives. Members of this class of compounds inhibited human leukocyte
elastase (Kj= 30-40 uM) and a-chymotrypsin.

Human leukocyte elastase (HLE) is a glycosylated, strongly basic serine protease found in the azurophilic
granules of human polymorphonuclear leukocytes (PMN). HLE is released from PMN upon inflammatory
stimuli and has been implicated in the pathogenesis of a number of disease states such as pulmonary
emphysema, rheumatoid arthritis, adult respiratory distress syndrome, glomerulonephritis and cystic fibrosis1-6,
Increased proteolysis, especially elastinolysis, may occur in the lung parenchyma as a result of an imbalance
between HLE and its major endogenous inhibitor, a.-proteinase inhibitor, because of either an acquired or an
inherited deficiency of the inhibitor1-6.

A rather compelling picture of protease catalyzed hydrolysis of amides and esters has emerged, featuring
formation and breakdown of tetrahedral and acyl-enzyme intermediates 7-8. This mechanistic framework,
centered on carbonyl chemistry, makes the acyl-enzyme a natural focal point for rational drug design’-9.
Therefore, based upon the criteria of bicisostere replacements and molecular hybridization we initiated a
research program to develop acylating agents for serine proteases, in which different heterocycles provide
"support" for reactive moieties, such as oxazinones, thiazinones or oxadiazinones10-13. The latter cyclic
systems were chosen because of their analogy to the oxazinones and isatoic anhydride which were reported to
be HLE inhibitors%,14. In addition, reports from other laboratories suggested the potential of indole
“supported” oxazinone derivatives as serine proteases inhibitors!> and the activity of 2-amino substituted
benzoxazinones as inhibitors and alternate substrates of elastase.9 Therefore, the compounds developed in this
work could be used as inhibitors of other pathogenic serine proteases!-7,14-19, Given the nonpolar character of
these compounds they might also inhibit serine proteases with specificity for hydrophobic residues proximal to
the scissile bond, such as a-chymotrypsin. While this protease is not a therapeutic target, it is a prototype for
this protease family, which includes human Cathepsin-G18,19. The physiological role of the latter is unknown,
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but it is found in the same type of granule as HLE and therefore, may be involved in some of the same disease
states as HLE7. The promising results obtained with pyrazolothiazine-4-one and thione derivatives!0-13
together with the reported binding of the indole nucleus in the hydrophobic specificity pocket of a-
chymotrypsin8 induced us to synthesize the title compounds (A in Scheme 1). Considering the different
character of the indole nucleus when compared with the pyrazole nucleus10-13, these compounds can be used
to probe the role(s) of the “heterocycle support moiety”. They also allow us to ascertain the structural features
of the inhibitors that result in optimum inhibitory activity versus the target (HLE) and related enzymes’ .

Methods. All chemicals were purchased from Aldrich, Sigma and Fluka Chemical Companies and were used
without further purification. Peptide p-nitroanilide substrates were purchased from Chemical Dynamics Corp.
and Bachem Chem. Co. HLE (Elastin Products Co.), human a-chymotrypsin (Worthington) and Cathepsin-G
(Athens Research and Technology) were assayed according to Knight et al. 20, 21 Synthetic reactions were
monitored by TLC on silica gel plates (60 F254 Merck) with ethyl acetate:cyclohexane (1:1) as the eluant using
UV irradiation (254-365 nm) for detection. The purity of the products was assessed similarly. Melting points
were determined in open capillaries on a Gallenkamp apparatus and are uncorrected. Elemental combustion
analyses were performed on a Carlo Erba Mod. EA 1108 Analyzer instrument by Dr. S. Di Marco of the
Microanalysis Laboratory of Istituto di Chimica Farmaceutica e Tossicologica, University of Catania and were
within + 0.4 of the theoretical values for C,H and N. Infrared spectra were obtained with a Perkin-Elmer 281
infrared spectrometer as KBr discs. [H NMR spectra were recorded on a Bruker WP 80 spectrometer (DMSO-
d6) operating at a frequency of 80 MHz. All 1H chemical shifts are reported as ppm downfield from Me4Si as
the internal standard in DMSO-dg. The structure of compounds 5-16 was confirmed further by examining the
products resulting from treatment of the thiourea system present in 2-13 to alkaline conditions22. For example,
treatment of N'-(p)tolyl-N-3-[(2-ethoxycarbonylindolyl)] thiourea (6) with base yielded 3-(p)-tolyl-substituted-
3,5-dihydro-2-mercapto-4H-pyrimido[5,4-blindol-4-one (14).

The synthesis of 2-amino substituted [1,3]thiazino[5,4-b]indol-4-ones was accomplished by ring closure of the
appropriate N’-alkyl or aryl-N-3 [(2-ethoxycarbonylindolyl)]thioureas23 (2-13) in polyphosphoric acid (PPA) at
80-90 °C (see Scheme 1). The thioureas were prepared using a published procedure by refluxing 3-amino-1H-
indol-2-carboxylic acid ethyl ester24 1 with alkyl, or aryl isothiocyanates in ethanol.

Synthesis of N -substituted-N-3[(2-ethoxycarbonylindolyl) Jthioureas (2-13, Table 1). The appropriate alkyl,
or aryl isothiocyanate (0.01 mol) was added to a solution of 3-amino-1H-indol-2-carboxylic acid ethyl ester 124
(1.48g, 0.01 mol) in 20-30 ml of ethanol and the resulting mixture was heated at reflux until the starting
material was consumed (typically 30-40 min). The crude product separated from the reaction mixture and was
collected by filtration, washed with a small amount of ethanol and recrystallized from solvent.

Synthesis of 3-(p)tolyl-substituted-3,5-dihydro-2-mercapto-4H-pyrimido(5 ,4-bJindol-4-one 14. Compound 14
was prepared by cyclization of the thiourea derivative 6.24 A solution of 6 (1.5 g, 0.0016 mol) in 15 ml of
aqueous NaOH (5%) was heated at 80 °C in a steam bath for 1h. After cooling the solution was adjusted to pH
4 with dilute HCI and the resulting solid was collected by filtration and washed (3x) with cold water.
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Recrystallization from aqueous 1% acetic acid gave 0.35 g (yield 81%) of compound 14 (C17H;3N30S; Anal.
Found: C,66.29;H,4.33; N, 13.62, calc. C,66.45;H, 4.26;N, 13.67 %; mp >300°C; IR 3200,3120 (NH),1660

(C=0)).
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Scheme 1. Synthetic Route to [1,3]Thiazino[5,4-blindol4-ores

Table 1. Physical properties of N’ -substituted N-3/| (2-ethoxycarbonylindolyl) Jthioureas

Cpd R mp°C recryst %yield IR(cm'l KBr) formula Analysis (ratio
solvent NH C=0 obs/calc C:H:N)
2 CH3 >300 DMF/Hp0 64 34003315 1665 Cy3HijsN302S  0.9956:0.993:0.9881
3  CoHs 1912  EtOH 71 34253315 1670 Cj4H|7N302S  1.001:0.949:1.013
4 n-C3Hy >300  EtOH/H,0 67 33953295 1665 Ci5HigN302S  0.9986:0.971:0.9898
5 CgHs? 184-5  AcOH 83 3320,3270 1655 C1gH17N302S8  0.9997:1.04:0.9895
6 CgH4CH3(p) 1889 EOH 85 3325 1660 CjgH1gN302S  1.002:0.983:1.013
7 CgHsCl(p)  179-80 EtOH 85 33203290 1655 C1gHigCIN302S 0.9984:0.986:1.003
8 CgHgBr(p) 1812 EtOH/H,O 91 3330,3290 1655 CigH 6BrN30,S 1.001:1.00:0.989
9 CgH4F(p) 177-8  EtOH 88  3360,3320 1655 CjgH(gFN302S  1.006:1.03:1.002
10 CgH4F(0) 184-5  EtOH 88 33703320 1650 CjgH6FN302S  1.007:0.989:1.007
11 CgHgF(m)  166-7 EtOH/H,0 77 33303280 1650 CjgHjgFN30,S 1.002:1.007:1.006
12 CgH4CF3(m) 170-1 EtOH/Hp0 89 3390,3280 1690 CygH[gF3N3028 1.000:0.957:0.9855
13 CgH4NOo(p) 184-5  Toluene 89 3320 1660 CjigH1gN404S  1.001:0.962:1.008

a. The elemental analysis is expressed as the ratio of the observed divided by the calculated. b. This compound
was previously reported23.
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Table 2. Physical properties of 2-amino substituted [1,3]Thiazino[5,4-bjindol-4-ones

Cpd R mp°C  recryst yield IR (cm-l, KBr) formula Analysis (ratio
solvent % NH Cc=0 obs/calc C:H:N)
15 CHj3 247-8 EtOH/H,O 31 3240 1650 C11HoN30S 1.004:0.982:0.9895
16 C,Hs 1823 EtOH/H,O 48 33853280 1650 CjH N3OS  0.9989:1.04:0.982
17 n-C3Hy 157-8 EtOH/H,0 47 34003290 1655 Cy3Hi3N30S  1.001:1.020.9870
18 CgHs 2012 EtOH/H,O 58 34403300 1665 CigHjiN303S  1.003:0.968:1.015
19 CgH4CHz(p) 2278 Toluene 46 3280 1645 Cy7H3N30S  1.006:1.021:0.9890

20 CgH4Cl(p)  243-4 Toluene 80 3400,3330 1675 CigHjoCIN3OS 1.001:1.05:0.9906

21 CgH4Br(p)  244-5 EtOH/H,O 88 33603290 1675 CgHgBrN3OS 1.002:0.989:1.007

22 CgH4F(p)  226-7 Benzene 94 34203280 1645 C gH)oFN3OS  0.9966:0.963:1.007
x(CsHe)1

23 CgH4F(0)  214-5 EtOH/H0 50 34503275 1660 CigH(gFN30S  0.9985:0.969:1.008

24 CgH4F(m)  230-1 EtOH/HpO 86 34303270 1645 CjgH1oFN3OS  1.002:0.997:1.016

25 CgH4CF3(m) 179-80 EtOH/H,O 52 3300 1640 Cy7H)gF3N30S 0.9998:1.13:1.018
x(H20)

26 CgH4NO2(p) >300 DMEF/Hy0 68 33503290 1660 CjgH1gN40O3S  1.003:1.02:0.9994

Table 3. Inhibition of Human Leukocyte Elastase , Cathepsin G and a-Chymotripsin from 2-amino
substituted Thiazinoindole-4- ones 15-26.

Compd R Inhibitor Kj, uMa@ % inhibition®
conc., uM HLE CatG o-Chymotripsin
15 CHj3 - NI¢
16 CoHs - NI¢
17 n-C3Hy - NI
18 CeHs 64 4313 11.1+6.3 13.3+£0.7
19 CgH4CH3(p) 16 >78+5
20 CeHyCl(p) 23 2914
21 CgH4Br(p) 13 >3046
22 CgH4F(p) 51 >104+13
23 CgH4F(0) 32 28815
24 CgH4F(m) 16 >7242
25 CgH4CF3(m) 13 >3043 5.3+3.4 342412
26 CgH4NO5(p) 15 24546

a. The K; was estimated assuming competitive inhibition21. NI represents not inhibitory at the limit of
solubility. When the concentration of inhibitor (limited by the solubility) was less than the calculated
dissociation constant, then the inhibition observed was less than 50 %. Under these conditions the calculated
value is greater than or equal to the K .

b. Cat-G and a-chymotrypsin were assayed with 20 pg/ml inhibitor (approximately 60 pM).
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Synthesis of 2-amino substituted [1,3]Thiazine[5,4-b]indol-4-one (15-26, Table 2)

A slurry of the appropriate N’-substituted-N-3[(2-ethoxycarbonylindoly!)]thioureas23 2-13 (6 mmol) in 45-50 g
of poliphosphoric acid (PPA) was heated at 80-90 °C for 3 h. After cooling the reaction mixture was poured
into ice water, then yellow suspension was neutralized by treating with aqueous sodium bicarbonate (10% w/v)
and extracted (3-4x) with 60 ml portions of diethyl ether. The pooled organics were dried over sodium sulphate
and rotary evaporated in vacuo to an amorphous solid. Recrystallization from the appropriate solvent yielded
the title compounds. All the spectral data are in agreement with the assigned structures or consistent with the
literature data?3. For example the IH-NMR spectra of 21 displayed resonances at 11.97(br s, 1H, NH),
10.30(br s, 1H, NH) and 7.98-7.26(m, 8H, aromatic protons) while that of 22 yielded resonances at 11.93(br s,
1H, NH), 10.23(br s, 1H, NH) and 7.96-7.36(m, 8H, aromatic protons)

CONCLUSIONS

The 2-amino substituted thiazinoindoles yielded apparent reversible inhibition of HLE. The inhibition did not
appear to be time dependent. Therefore, if these compounds form acyl-enzymes it is either a reversible process
or the intermediate is rapidly hydrolyzed. The compounds would be considered alternate substrates in the latter
case. The observations that the alkyl substituted analogs were less active than the aryl substituted compounds
suggests that the activity may favor a hydrophobic interaction with some site of the enzyme, different from the
$125 binding pocket. Of course, another interpretation of the lack activity with the alkyl derivatives, is that the
inherent carbonyl reactivity is greater with the aryl analogs. Unfortunately, due to the limitations of solubility it
is difficult to draw any firm conclusions from the SAR of substitutions on the phenyl ring. While none of the test
compounds displayed significant inhibition (>20%) versus Cathepsin-G, 25 displayed significant activity versus
a-chymotrypsin (Table 3). These data demonstrate that this compound can distinguish between two enymes of
very similar substrate specificity26,27. While the compounds reported in this work are of limited potency, they
represent a new structural class of serine protease inhibitors from which more potent and specific inhibitors may
be derived. Futhermore, members of this class could be developed as inhibitors of other serine proteases with
different specifities 10. Future studies will be aimed at defining the mechanism of action and designing similar
compounds that produce stable acyl-enzymes.
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