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gates 1 and 2 display different growth curves compared 
to Loracarbef seems to rule out the possibility that side-
rophore hydrolysis is occurring and releasing Loracarbef 
prior to cellular absorption. Use of two isogenic Escher­
ichia coli strains (RW193, fhuA positive; AN193, fhuA 
negative) differing only in the presence or absence of the 
hydroxamate ferrichrome receptor system suggests uptake 
by the iron-transport system.14 In any event, this greater 
killing effect, use of isogenic strains, and other evidence14 

suggest that it may be entirely possible to smuggle other 
toxic moieties into microbes via the ferrichrome iron 
transport system. The possibility of expanding this mode 
of drug delivery is currently being investigated. 
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Design and Synthesis of 4iJ-3,l-Benzoxazin-4-ones as Potent Alternate Substrate 
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4if-3,l-Benzoxazin-4-ones are alternate substrate inhibitors of the serine proteinase human leukocyte elastase (HL 
elastase) and form acyl enzyme intermediates during enzyme catalysis. We have synthesized a large variety of 
benzoxazinones using specific methods that have been adapted to achieve the pattern of ring substitution dictated 
by theoretical considerations. The results of the inhibition of HL elastase by 175 benzoxazinones are reported herein 
with reference to hydrophobicity constants D, alkaline hydrolysis rates koii-, inhibition constants Kx, and their 
component acylation and deacylation rate constants, k0B and kott, respectively. The ranges for the compounds are 
considerable; alkaline hydrolysis rates and k0B span 6, koB covers 5, and Kx spans 8 orders of magnitude. Multiple 
regression on this large data set has been used to isolate the contributions of electronic and steric effects, as well 
as other factors specific to compound stability and elastase inhibition. Essentially, a simple electronic parameter 
is sufficient to account for almost all the variance in the alkaline hydrolysis data, indicating that electronic factors 
are the major determinants of this type of benzoxazinone reactivity. Factors that significantly enhance the potency 
of benzoxazinones I are R5 alkyl groups and electron withdrawal by R2. Bulk in R7 and R8 and compound hy­
drophobicity are not significant, but substitution in R6 is highly unfavorable as are substituents linked via carbon 
to C2. The physicochemical factors that underlie these trends in K1- are further analyzed in terms of equations that 
describe kon and ko{!. A conclusion that emerges is that chemically stable, potent benzoxazinone inhibitors of HL 
elastase with inhibition constants in the nanomolar range can be designed with (1) R5 alkyl groups to inhibit 
enzyme-catalyzed deacylation, (2) small alkyl substituents linked via heteroatoms to C2 to enhance acylation and 
limit deacylation rates, and (3) strongly electron-donating groups at C7 to stabilize the oxazinone ring to nucleophilic 
attack. Thus, 2-(isopropylamino)-5-n-propyl-7-(dimethylamino)benzoxazinone 95 has k0H- = 0.01 M"1 s~\ which 
extrapolates to a half-life at pH 7.4 of over 8.5 years, and 2-ethoxy-5-ethylbenzoxazinone 38 has K1 = 42 pM. 

Serine proteinases are attractive targets for medicinal 
chemists2 engaged in the design of enzyme inhibitors since 
the catalytic mechanisms of this class of enzymes have 
been extensively investigated over the past few decades.3 

A rather compelling picture of enzyme catalyzed hydrolysis 
of amides and esters has emerged featuring formation and 
breakdown of tetrahedral and acyl enzyme intermediates.3 

This mechanistic framework, centered on carbonyl chem­
istry, has provided the basis for the design of a growing 
number of active site directed reagents conceived as af­
finity labels,4 transition-state analogues,5 and suicide in­
hibitors.6 In addition to the broad range of compounds 
that can serve as substrates for serine proteinases and form 
acyl enzyme ester intermediates, a great deal is known 
from physical organic chemistry about ester reactivity and 

Present address: Pfizer Central Research, Eastern Point Road, 
Groton, CT 06340. 

the means of controlling it,7 which makes the acyl enzyme 
a natural focal point for rational drug design. 

(1) Contribution no. 309 from the Institute of Bioorganic Chem­
istry. 

(2) (a) Powers, J. C. In Advances in Chemistry Series, (Modifi­
cation of Proteins); American Chemical Society: Washington, 
D.C., 1982; Vol. 198, Chapter 12. (b) Silverman, R. B. J. En­
zyme Inhib. 1988, 2, 73 and references therein, (c) Groutas, 
W. C. Med. Res. Rev. 1987, 7, 227. 

(3) (a) Fink, A. L. In Enzyme Mechanisms; Page, M. E., Williams, 
A., Eds.; Royal Society of Chemistry: London, 1987; p 159 and 
references therein, (b) Steitz, T. A.; Shulman, R. G. Annu. 
Rev. Biophys. Bioeng. 1982,11, 419. (c) Kraut, J. Annu. Rev. 
Biochem. 1977, 46, 331. 

(4) (a) Imperiali, B.; Abeles, R. H. Biochemistry 1986, 25, 3760. 
(b) Rauber, P.; Angliker, H.; Walker, B.; Shaw, E. Biochem. J. 
1986, 239, 633. (c) Angliker, H.; Wikstrom, P.; Rauber, P.; 
Shaw, E. Biochem. J. 1987, 241, 871. (d) Shaw, E.; Kettner, 
C. A.; Green, G. D. J. Pept. Synth., Struct. Fund., Proc. Am. 
Pept. Symp., 7th, 1981, 401. 
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Table I. 2-Carbabenzoxazinones° 

no. R5 R., R6 R7 R8 log D log k0H- pK{ logfe0 logfe off 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

H 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
nPr 
tBu 
tBu 
iBu 
PhCH2 

Ph 
3-NO2Ph 
PhCH=CH 
2-furyl 
CH2NHCOCH3 

Z-L-AIa 
Z-L-Pro 
CH2Br 
CH2Br 
CF3 
CF3 

CF3 

CF3 
CF3 

C2F5 
nC3F7 

nC3F7 

Me 
H 
Me 
H 
H 
Et 
OMe 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
Me 
H 
Me 
H 
H 
OMe 
H 
H 
Me 

H 
H 
H 
Me 
H 
H 
H 
OMe 
H 

- C H = 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
Me 
H 
H 
H 
H 
H 

H 
H 
H 
H 
H 
H 
H 
OMe 
H 

C H C H = C H -
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

H 
H 
H 
H 
Me 
H 
H 
H 
N 
H 
H 
H 
Me 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
Me 
H 
H 
H 
H 

1.3 

1.8 
2.1 

2.8 

4.0 

3.9 

1.9 
2.9 

2.9 

1.38 
1.69 
0.85 
1.36 
1.18 
0.73 
0.83 
0.53 
2.61 
2.19 

1.38 
0.82 

1.79 
1.82 
1.57 
1.94 
1.86 
1.76 
1.69 
2.06 
1.58 
3.52 
3.14 
3.23 
3.09 
3.54 

3.27 
2.75 

6.66 
5.32 
6.00 
4.46 
5.13 
6.92 
4.84 
3.08d 

5.10 
5.14 
5.54 
5.05 
4.26 
5.59 
5.44e 

5.02 
5.36 
5.09 
5.75 
5.12 
6.12 
5.95 
6.02 
6.82 
6.77 
7.54 
6.29 
6.27 
6.38 
6.96e 

7.04 
7.51d 

2.64 
3.94 
3.48 

3.506 

4.81 
3.70c 

3.30° 
4.20c 

3.62 
4.00° 
3.70° 
4.30c 

4.00c 

2.59 

2.24 
4.04 
2.95 

4.44 
5.00e 

5.11 

4.00c 

5.30c 

4.00c 

3.41 

-4.02 
-1.38 
-2.52 

-1.63 
-2.11 

-2.50 

-2.88 
-2.08 
-3.00 

-2.38 

-2.43 

-4.01 
0 Data presentation: alkaline hydrolysis as log k0H 

deacylation rate as log ko{{ (s"1). 6Determined at a single concentration. c Lower limit. d Standard error > 20%. eData from ref 10b. 
(M-1 s-1), elastase inhibition as pXj -log K1 (M), acylation rate as log kon (M l s 1J, 

In this article we report structure-activity relationships 
(SAR) between variously substituted 4#-3,l-benzoxazin-
4-ones (I) and human leukocyte elastase (EC 3.4.21.37, 
HLE),8 a serine proteinase that has attracted considerable 
interest as a putative agent of tissue destruction in the 
pathogenesis of several diseases.9 A number of benzoxa-

R5 O 

zinones of low chemical stability10 have been reported to 

(5) (a) Matteson, C. S.; Sadhu, K. M.; Leinhard, G. E. J. Am. 
Chem. Soc. 1981,103, 5241. (b) Kettner, C. A.; Shenvi, A. B. 
J. Biol. Chem. 1984, 259, 15106. (c) Bone, R.; Shenvi, A. B.; 
Kettner, C. A.; Agard, D. A. Biochemistry 1987, 26, 7609. (d) 
Kinder, D. H.; Katzenellenbogen, J. A. J. Med. Chem. 1985, 
28, 1917. (e) Liang, T.-C; Abeles, R. H. Biochemistry 1987, 
26, 7603. 

(6) (a) Trainor, D. A. Trends Pharmacol. ScL 1987, 8, 303 and 
references therein, (b) Silverman, R. B. In Mechanism-Based 
Inactivation: Chemistry and Enzymology; CRC Press: Boca 
Raton, FL, 1988; Vol. 1. (c) Copp, L. J.; Krantz, A.; Spencer, 
R. W. Biochemistry 1987, 26, 169. 

(7) (a) Bamford, C. H.; Tipper, C. F. H. In Comprehensive Chem­
ical Kinetics; Elsevier: Amsterdam, 1972; Vol. 10, p 168. (b) 
Patai, S., Ed. The Chemistry of Carboxylic Acids and Esters; 
Wiley-Interscience: New York, 1969. 

(8) (a) Sinha, S.; Watorek, W.; Karr, S.; Giles, J.; Bode, W.; Travis, 
J. Proc. Natl. Acad. ScL U.S.A. 1987,84, 2228. (b) Barrett, A. 
J. Methods Enzymol. 1981, 8OC, 581. 

(9) (a) Powers, J. C ; Yasutake, A.; Nishino, N.; Gupton, B. F.; 
Kam, C-M. Pept. Synth., Struct. Fund, Proc. Am. Pept. 
Symp., 7th 1981, 391. (b) Stein, R. L.; Trainor, D. A.; WiI-
donger, R. A. Annu. Rep. Med. Chem. 1985, 20, 237. 

Figure 1. (a) Steric hindrance to attack at the benzoxazinone 
carbonyl should not be severe with simple alkyl substituents R6; 
E-OH = enzyme, (b) Upon ring opening the scissile carbonyl 
twists out of the plane of the benzene ring and is shielded by the 
flanking ortho substituents from attack by external nucleophiles. 
(c) Deacylation by facile cyclization of 2-ureidobenzoyl elastases 
to give quinazolinedione and regenerate free enzyme is profoundly 
inhibited by simple branched alkyl groups, R = iPr or sBu. 

be alternate substrate inhibitors that proceed to products 
via acyl enzyme intermediates.10^ We envisaged that the 
chemical stability and potency of benzoxazinones could 
be controlled by judicious choice of substituents which are 
known to influence carbonyl reactivity through well-es­
tablished electronic and steric effects.11 

(10) (a) Alazard, R.; Bechet, J.-J.; Dupaix, A.; Yon, J. Biochim. 
Biophys. Acta 1973, 309, 379. (b) Teshima, T.; Griffin, J. C. 
Powers, J. C. J. Biol. Chem. 1982,257, 5085. (c) Hedstrom, L. 
Moorman, A. R.; Dobbs, J.; Abeles, R. H. Biochemistry 1984 
23, 1753. (d) Spencer, R. W.; Copp, L. J.; Bonaventura, B. 
Tam, T. F.; Liak, T. J.; Billedeau, R. J.; Krantz, A. Biochem 
Biophys. Res. Commun. 1986, 140, 928. (e) Stein, R. L. 
Strimpler, A. M.; Viscarello, B. R.; Wildonger, R. A.; Mauger, 
R. C ; Trainor, D. A. Biochemistry 1987, 26, 4126. 

(11) (a) Krantz, A.; Copp, L. J.; Spencer, R. W. In Peptides and 
Proteases: Recent Advances; Barth, A., Schowen, R. L., Eds.; 
Pergamon Press: Oxford, 1987. (b) Krantz, A.; Spencer, R. W.; 
Tam, T. F.; Thomas, E.; Copp, L. J. J. Med. Chem. 1987, 30, 
589. 
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Scheme I" Scheme II" 

COOH 

"OC 
.COOH 

NHCOOR' 

VII 

R-S-O C N X 5 

"(a) R'OCOCl, pyridine; (b) R'OCOCl; (c) EDCI, CH2Cl2, or 
SOCl2, ether; (d) CSCl2; (e) K2CO3, acetone, R'X. Method A: a. 
Method B: b, c. Method C: d, e. 

Two major premises underlie our strategy for the design 
of benzoxazinone inhibitors of serine proteinases. The first 
is that conventional electron-donating groups can be used 
to enhance the stability of benzoxazinones by modulating 
the reactivity of the oxazinone carbonyl to nucleophilic 
attack. The second, more subtle point is that small alkyl 
groups, if properly deployed on the benzene ring12 and side 
chain of benzoxazinones, can profoundly inhibit deacyla-
tion rates through steric effects on acyl enzyme interme­
diates (Figure 1). The net result of applying these prin­
ciples has led to the development of hydrolytically stable 
benzoxazinones with potency in the nanomolar range. 

In line with our emphasis on mechanistic considerations 
and to determine the extent to which the data reveal 
patterns consistent with known chemical principles, we 
have attempted to evaluate quantitatively the contribution 
of physicochemical factors germane to benzoxazinone in­
hibition of human leukocyte elastase. Specifically, multiple 
regression on a large data set has been used to isolate the 
contributions of (1) electron donating and withdrawal, (2) 
steric effects at position 5, and (3) other factors specific 
to compound stability or elastase inhibition. Where pos­
sible, these effects are separately evaluated for enzyme 
acylation and deacylation. In addition, we have examined 
several trends in subsets of compounds which regression 
does not address. 

Chemistry 
A variety of 4H-3,l-benzoxazin-4-one analogues has been 

synthesized and tested against HLE (Tables I—III). The 
general methods leading to the preparation of 2-alkyl de­
rivatives (1-32), 2-alkoxy derivatives II, 2-alkylthio de­
rivatives III, 2-alkylamino derivatives IV and 2-dialkyl-
amino derivatives V of 4if-3,l-benzoxazin-4-ones are de­
scribed below. The 2-alkyl-4H-3,l-benzoxazin-4-ones 
(1-32) were prepared by standard published methods.10bAl3 

The syntheses of 2-alkoxy-4H-3,l-benzoxazin-4-ones II 
(Scheme I) were generally accomplished by the reaction 
of 3.5 equiv of alkyl chloroformate with the appropriate, 
substituted 2-aminobenzoic acid VI in pyridine as a solvent 
(method A).14 Alternatively, reaction of 2-[(alkoxy-

(12) Newman, M. S., Ed. in Steric Effects in Organic Chemistry; 
John Wiley and Sons, Inc.: New York, 1956; p 224. 

(13) Errede, L. A.; Oien, H. T.; Yarian, D. R. J. Org. Chem. 1977, 
42, 12. 

(14) Krantz, A.; Spencer, R. W.; Tarn, T. F.; Liak, T. J. U.S. Patent 
4,665,070, 1987. 

aCOOMe 

NH5 ~ aCOOMe S*^ COOMe 

NHCOCI ' ^ ^ N=C=O 
"caibimoyl chloride" _ 

^ C O O M e 

<i^-^ NHCON R'R" 

ROCi0 

q, f or g, d 

-C& NHR' 

"(a) R" = H, R ' - N = C = 0 ; (b) CCl3OCOCl, R'R"NH, THF, or 
DMF; (c) R'R"NH; (d) concentrated H2SO4; (e) NaOH; (f) EDCI, 
CH2Cl2, or THF or DMF; (g) R'R"NH, NaOH. Method D: a, d or 
c, d. Method E: b, c, d. Method F: c, e, f or g, f. 

.5 
aCOCl 

N - C O 

O 

"5V^o 
• N ^ > 

IV X = NHR' 
V X = N R 1 R " 

"(a) CNBr, NaOH; (b) benzotriazolylcarboxylic acid chloride, 
benzene; (c) NH2R', pyr, CH2Cl2; (d) R'R"NH, THF. Method G: 
a. Method H: b, c. Method I: d. 

Scheme I V 

NHCONHR' aTI(CF3COO)2 

'NHCONHR' 

XIV XV 

R-K-O C N X NHR' 

R OCX 
IV XVI H 

"(a) Tl(CF3COO)3, CF3COOH, THF; (b) cat. PdCl2, LiCl, MgO, 
THF, 1 atm CO. Method J: a, b. 

carbonyl)amino]benzoic acid VII with a dehydrating agent 
such as thionyl chloride or EDCI in methylene chloride 
or tetrahydrofuran (method B)15 produced II. Compound 
VII was in turn prepared from alkyl chloroformate and 
benzoic acid VI. Although method A has the obvious 
advantage over method B because it is a one-pot reaction 
process, method B is useful in cases where the corre­
sponding alkyl chloroformate is either expensive or difficult 
to prepare. The syntheses of certain analogues of com­
pound II, such as compounds 36,39-41, and 44-45, have 

(15) Ecsery, Z.; Hermann, J.; Albisi, A. German Offenlegungschrift 
No. 2241012,1973; British Patent Specification No. 1,389,128. 
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Table II. 2-Oxy- and 2-Thiobenzoxazinones° 

no. 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 

R2 

MeO 
EtO 
EtO 
EtO 
EtO 
EtO 
EtO 
EtO 
EtO 
EtO 
EtO 

EtO 
EtO 
EtO 
EtO 
iBuO 
iBuO 
BnO 
BnO 
MeS 
MeS 
EtS 
EtS 
EtS 
EtS 
EtS 
EtS 
EtS 
EtS 
EtS 
EtS 
iPrS 
BnS 
BnS 
BnS 
BnS 
SCH2COOEt 
SCH2CH=CHPh 
3-mdolyl-CHjS 
4-JnId-CH2S 

R6 

Me 
H 
Me 
Me 
Me 
Et 
Et 
CH2Br 
CHBr2 
Pr 
i-Pr 

CH=CHMe 
H 
H 
H 
H 
Me 
H 
H 
H 
Me 
H 
Me 
Et 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

R6 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

H 
H 
H 
H 
H 
H 
H 
OMe 
H 
H 
H 
H 
H 
Me 
HNAc 
OMe 
NMe2 
H 
H 

-CH=CH-
H 
H 
H 
OMe 

R7 

H 
H 
H 
MeO 
H 
H 
NH2 
H 
H 
H 
H 

H 
NH2 
NMe2 
NHCOOEt 
H 
H 
H 
OMe 
H 
H 
H 
H 
H 
H 
H 
OMe 
H 
Et 
H 

- C H = C H -
H 
H 
H 
OMe 

- C H = C H - C H = C H -
H 
OMe 
OMe 
OMe 

H 
OMe 
OMe 
OMe 

R8 

H 
H 
H 
H 
Me 
H 
H 
H 
H 
H 
H 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
Me 
H 
H 
H 
Me 
H 
H 
H 
H 
H 
H 

method 
B 
A 
A 
C 
A 
A 
e 
e 
e 
e 
A 

e 
e 
B 
A 
A 
A 
A 
B 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

molecular 
formula 

C10H9NO3 

C10H9NO3 
C11H11NO3 

C12H13NO3 
C12H13NO3 

C13H16NO3-
V2H2O 

C10H10N2O3 

C12H14N2O3 

C13H14N2O6 
Ci2H13NO3 

C13H16NO3 

C16H11NO3 

C17H16NO6 

C9H7NO2S 
C10H9NO2S 
C10H9NO2S 
C11H11NO2S 
C12H13NO2S 
C11H11NO2S 
C 12"12^* 2®lP 
C12H13NO4S 
C12H14N2O2S 
C12H13NO2S 
C11H11NO2S 
C14H11NO2S 
C11H11NO2S 
C16H11NO2S 
C16H13NO2S 
C17H16NO4S 
C19H13NO2S 
C12H11NO4S 
C19H17NO4S 
C19H16N2O4S 
C14H13N3O4S 

mp, 0C 

130-131 
88-89 

104-105 

100-102 
89-91 

55-56 

185-187 
196-198 
191-193 
57-58 
41-43 

112-113 
152-154 
108-109 
127-128 

57-58 
65-66 
60-61 
90-91 

194-195 
121-122 
106-108 
39-40 
79-80 

121-122 
62-63 
99-100 

102-103 
135-136 
176-177 
83-84 

129-130 
195 dec 
138-142 

% 
yield 

98 
89 
83 

50 
69 

63 

45 
75 
73 
70 
65 
12 
54 
80 
60 
57 
93 
54 
84 
80 
85 
61 
72 
83 
80 
33 
52 
73 
82 
81 
68 
79 
42 
72 

log log 
D *OH-

1.91 
1.31 

1.17 
2.7 -0.54 

1.93 
2.50 
1.17 
0.96^ 

1.41 
0.20 

-O.10 
1.46 
1.83 

1.99 
0.97 
2.16 
1.90 

3.0 2.19 
3.6 1.58 

1.37 
1.95 
2.24 
1.10 
1.76 
1.66 
2.01 
2.54 

3.6 2.33 

0.96 

2.93 

1.31 

PK1 

8.00» 
8.19 
9.94 
9.40 

10.02^ 
10.37 
8.00» 

10.17 
9.33 
9.64 

10.15 

9.72 
8.24 
8.31 
7.75 
7.94 
8.80 
7.25 
6.03 
7.68 
8.85 
8.09 
9.03 

6.77 
5.84 
5.92 
6.47 
7.68 
7.55 
7.14 
8.11 
7.40 
6.96 
5.67 
6.59 
7.14 
5.16 
4.89 
5.96 

HLE 

log 
fe„ 

4.54 
5.20 
5.01 
4.66 
4.81 
5.53 
3.81 
6.05 
7.00^ 
5.49 
5.89 

5.54 
3.88 
3.46 
4.78 
4.69 
3.85 
4.30 
2.82 
5.54 
5.40 
6.30» 

eas* 
5.41 
6.00» 
4.00» 
5.00» 
5.70» 
6.30» 
6.30» 
6.30» 
6.46 
4.72 
3.61 
3.76 
4.14 
4.75Z 
4.70» 
3.29 
3.84 

log 
feoff 

-2.99 
-4.93 
-4.74 
-5.21 
-4.84 

-4.12 
-2.33 
-4.15 
-4.26 

-4.18 
-4.36 
-4.85 
-2.97 
-3.25 
-4.95 
-2.95 
-3.21 
-2.14 
-3.45 

-2.85 

-1.65 
-2.68 
-3.35 
-1.91 
-2.45 
-2.39 

-1.60 
-2.12 

"Data presentation: alkaline hydrolysis as log feoir (M"1 s"1), elastase inhibition as pKs = -log Kj(M), acylation rate as log k„ 
feoff (s"1). 'Lower limit. "Reference 16. * Standard error >20%. 'Reference 14. 'Determined at a single concentration. 

(M"1 s"1), deacylation rate as log 

been described in recent publications14,16 and therefore 
their preparation will not be detailed here. 2-(Alkyl-
thio)-4H-3,l-benzoxazin-4-ones III (52-72) were generally 
prepared by the S-alkylation of l,2-dihydro-2-thioxo-4ff-
benzoxazin-4-one VIII with potassium carbonate and alkyl 
halide in acetone at room temperature (method C).17 

Several synthetic routes (methods D-J) for the prepa­
ration of 2-amino-4H-3,l-benzoxazin-4-ones derivatives IV 
and V have been employed and are outlined in Schemes 
II-IV. In methods D and E18'19 benzoxazinones IV and 
V were formed by cyclizing the ureidobenzoate X in con­
centrated sulphuric acid. Compound X was in turn pre­
pared from the condensation of the methyl 2-amino-
benzoate Via and an alkyl isocyanate or from isocyanate 
IX and R'NH2. Where the isocyanate was unavailable 
commercially, the amino component Via was converted 
with diphosgene to the corresponding carbamoyl chloride 
(Scheme II), which without isolation was reacted with the 
appropriate amine to yield urea X. Compounds 112-118 
were synthesized by this route. The dialkylamino ana­
logues V could also be prepared by hydrolyzing ester X 
to the free acid followed by cyclodehydration using method 
F.19 Method F is particularly useful in the preparation of 

(16) Tam, T. F.; Coles, P. J. Synthesis 1988, 383. 
(17) Marshall, J. R. J. Chem. Soc. 1965, pt. 1, 938. 
(18) Papodopoulos, E. P.; Torres, C. D. J. Heterocycl. Chem. 1982, 

19, 269. 
(19) Krantz, A.; Spencer, R. W.; Tam, T. F. U.S. Patent 4,657,893, 

1987. 

certain peptido analogues of compound V (169-174). 
2-Aminobenzoxazinones XII (73-75) were available from 

the reaction of the corresponding 2-aminobenzoic acids 
with cyanogen bromide in sodium hydroxide (method G).20 

The products were insoluble in aqueous media and could 
easily be purified by filtration, column chromatography, 
and recrystallization. We have also prepared specific 
benzoxazinones by other literature methods as outlined 
in Scheme III. 2-Benzotriazolyl-4H-3,l-benzoxazin-4-ones 
XI were reacted with simple primary or secondary amines 
to give compounds IV and V via an addition-elimination 
reaction sequence (method H).19,21 An alternate method 
for the preparation of (dialkylamino)benzoxazinone V 
employed the procedure of Sayigh and co-workers.22 This 
involved the reaction of a secondary amine with com­
mercially available 2-isocyanatobenzoyl chloride XIII to 
give benzoxazinones V in a one-pot reaction process (me­
thod I). 

Certain 2-(alkylamino)- and 2-peptidylbenzoxazinones 
(86-87, 96, 103, 105, 157-158) were prepared by the 
thallation-carbonylation of the corresponding phenylurea 
(Scheme IV, method J).19,23 This method is particularly 

(20) Lempert, K.; Doleschall, G. Monatsh. Chem. 1964, 95, 950. 
(21) Butula, I.; Vela, V.; Zorc, B. Croat. Chem. Acta 1981,54,105. 
(22) (a) Sayigh, A. A. R.; Haven, N.; Ulrich, H. U.S. Patent 

3,450,700,1969. (b) Ulrich, H.; Tucker, B.; Sayigh, A. A. R. J. 
Org. Chem. 1967, 32, 4052. 

(23) (a) Larock, R. C; Fellows, C. A. J. Am. Chem. Soc. 1982,104, 
1900. (b) Larock, R. C; Fellows, C. A. J. Am. Chem. Soc. 1980, 
45, 363. 



Table IH. 2-Aminobenzoxazinones" 

molecular % !Ej? 
no. R2 R5 R7 R8 method formula mp, 0C yield log D log k0H- pKt log km log &„« 
73 NH2 H H H 6 C8H6N2O2 197-199 053 I i o 2MC -1.29 
74 NH2 Me H H G C9H8N2O2 218-220 90 -0.05 -0.33 
75 NH2 Et H H G C10H10N2O2 224-226 54 -0.08 5.29 1.18 -4.11 
76 MeNH H H H d C9H8N2O2 203-204 1.7 1.38 5.16 3.75« -1.41 
77 MeNH Me H H De C10H10N2O2 192-193 91 2.3 0.54 4.51 3.69c -0.82 
78 MeNH H H Me D C10H10N2O2 179-180 76 4.01 
79 EtNH H H H d C10H10N2O2 169-171 7.28 5.81 -1.47 
80 EtNH Me H H D C11H12N2O2 170-172 71 7.47 4.72 -2.75 
81 nPrNH H H H De C11H12N2O2 170-172 68 2.4 7.04 5.65 -1.39 
82 nPrNH Me H H D C12H14N2O2 163-164 51 8.22 4.75 -3.47 
83 iPrNH H H H De C11H12N2O2 145-146 70 2.4 1.21 7.28 4.77 -2.51 
84 iPrNH Me H H De C12H14N2O2 197-199 49 3.0 0.41 8.82 4.07 -4.75 
85 iPrNH Et H H De C13H16N2O2 138-139 39 0.31 9.03 4.85 -4.18 
86 iPrNH Me Me H J* C13H16N2O2 215-217 40 -0.23 8.23 3.41 -4.82 
87 iPrNH Me H Me Je C13H16N2O2 206-208 45 0.20 8.18 3.12 -5.06 
88 iPrNH Me OMe H / C13H16N2O3 186-188 -0.42 7.42 4.32 -3.10 
89 iPrNH Et OnPr H f C16H22N2O3 7.67 4.63 -3.04 
90 iPrNH Me NH2 H e C12H16N3O2 >300 -1.09 7.11 2.36 -4.75 
91 iPrNH Me N(Me)2 H g C14H19N3O2 -1.61 5.90 2.01 -3.89 
92 iPrNH Et OMe H f C14H18N2O3 166-167 -0.60 7.96 5.35 -2.61 
93 iPrNH Et NH2 H e C13H17N3O2 >250 1.6 -1.26 7.77 3.22 -4.55 
94 iPrNH Et N(Me)2 H g C16H21N3O2 207-208 -1.88 6.96 3.17 -3.79 
95 iPrNH nPr N(Me)2 H g C16H23N3O2 174-176 -2.00 6.55" 2.81 -3.74 
96 iPrNH H Et H De C13H16N2O2 149-150 60 3.2 0.69 6.74 4.23 -2.51 
97 iPrNH H NH2 H e C11H13N3O2 144-145 -0.46 6.11 2.85" -3.26 
98 iPrNH H NHEt H I C13H17N3O2 175-176 2.4 6.16 2.65 -3.51 
99 iPrNH H NHAc H e C13H16N3O3 151-153 1.2 0.92 6.83 4.35 -2.48 

100 iPrNH H N(Me)2 H g C13HnN3O2 204-206 -0.74 6.32 3.00 -3.32 
101 iPrNH H N(Et)2 H g C15H21N3O2 182-184 -0.99 5.26 2.48 -2.78 
102 iPrNH H NHCONHnPr H e C15H20N4O3 238-240 0.39 5.87 4.10 -1.77 
103 iPrNH H Me Me Je C13H16N2O2 203-206 3.8 0.46 6.15 3.85 -2.30 
104 iPrNH H H Me D C12H14N2O2 185-187 45 0.69 6.23* 
105 iPrNH H H Et J C13H16N2O2 148-149 35 6.00 4.38'' -1.62 
106 nBuNH HH Hd C12H14N2O2 129-131 78 3.1 1.09 7.08 4.82 -2.26 
107 nBuNH Me H H De C13H16N2O2 130-132 72 0.41 7.64 3.88 -3.76 
108 nBuNH Et H H De C14H18N2O2 136-137 45 3.8 0.38 8.38 5.11 -3.27 
109 nBuNH H NH2 H e C12H16N3O2 1.7 -0.44 6.19 3.45 -2.74 
110 nBuNH H H Me D* C13H16N2O2 107-109 68 0.86 6.39 3.85* -2.54 
111 nPentNH Me H H E C14H18N2O2 98-99 44 5.47 2.62 -2.85 
112 (1-MeBu)NH Me H H E C14H18N2O2 109-110 86 6.13 3.70 -2.43 
113 (2-MeBu)NH Me H H E C14H18N2O2 109-110 30 6.18 2.05 -4.13 
114 (3-MeBu)NH Me H H E C14H18N2O2 159-160 31 5.81 2.52 -3.29 
115 (U-diMePr)NH H H H E C13H16N2O2 90-91 50 6.81 3.19 -3.62 
116 cPentNH Me H H E C14H16N2O2 174-176 48 6.70 2.61 -4.09 
117 (2,2-diMe-Pr)NH Me H H E C14H18N2O2 159-160 21 6.62 l.$& -4.74 
118 (1-EtPr)NH Me H H E C14H18N2O2 135-137 62 6.14 3.89 -2.25 
119 sBuNH H H H D* C12H14N2O2 122-123 48 0.92 7.36 5.38 -1.98 
120 nHxNH H H H De C14H18N2O2 133-135 86 3.8 0.96 5.44* 3.18 -2.26 
121 cHxNH H H H d C14H16N2O2 208-210 3.5 0.89 6.95- 3.44* -3.51 
122 OctNH H H H D€ C16H22N2O2 117-120 75 0.03 4.50* 3.13* -1.37 
123 PhNH H H H d C14H10N2O2 190-192 3.5 1.18 4.96s 

124 PhNH Me H H D" C16H12N2O2 222-223 50 6.96' 3.03 -3.93 
125 PhNH OMe H H D C15H12N2O3 218-220 97 3.1 0.41 3.80''* 
126 PhCH2NH H H H D C15H12N2O2 178-179 70 2.8 1.12 6.02* 3.18 -2.84 
127 (3-NH2Ph)CH2NH H H H e C16H13N3O2 205-206 74 1.18 5.80 3.27 -2.53 
128 (4-NH2Ph)CH2NH H H H e C15H13N3O2 220-221 68 2.0 1.36 5.91 3.17 -2.74 
129 PhCH2NH H H Me De C16H14N2O2 164-165 40 0.92 5.70 2.49 -3.21 
130 (2-MePh)CH2NH H H H D C16H14N2O2 208-209 65 1.01 5.55 
131 (4-NMe2Ph)CH2NH H H H D C17H17N3O2 172-174 1.81 5.70* 3.44 -2.26 
132 PhEtNH H H H D C16H14N2O2 163-164 58 3.2 1.15 5.77 3.05 -2.72 
133 N(Et)2 H H H I C12H14N2O2 46-47 57 6.43 3.51 -2.92 
134 N(Et)2 Me H Me E C14H18N2O2 62-63 40 6.98 2.12 -4.86 
135 N(iPr)2 H H H I C14H18N2O2 84-86 81 3.7 0.79 5.59 3.01 -2.58 
136 N(iPr)2 Me H H E C15H20N2O2 143-144 40 6.40* 1.99 -4.41 
137 N(iPr)2 Et H H E C16H22N2O2 87-88 33 7.15 3.05 -4.10 
138 N(nBu)2 H H H I C16H22N2O2 oil 76 -0.57 5.34' 2.43* -2.91 
139 N(nBu)2 Me H H E C17H24N2O2 oil 85 6.44 1.82 -4.62 
140 N(nBu)2 Et H H E C18H26N2O2 oil 70 6.75 3.02 -3.73 
141 N(iBu)2 H H H I C16H22N2O2 48-49 68 0.68 5.19' 2.18* -3.01 
142 1-pyrrolidinyl H H H I C12H12N2O2 116-118 12 0.97 5.72w 3.28* -2.44 
143 1-piperidinyl H H H I C13H14N2O2 101-102 32 3.0 6.19*' 3.41 -2.78 
144 1-morpholinyl H H H I C12H12N2O3 151-152 33 1.50 6.15* 2.65 -3.50 
145 N(Me)(Ac) H H H e C11H10N2O3 113-115 65 2.57 8.24* 6.04 -2.20 
146 N(nBu)(Ac) H H H e C14H16N2O3 47-48 52 2.48 8.00 
147 N(Me)(COOiBu) H H H g C14H16N2O4 44-45 10 2.21 8.57 5.48 -3.09 
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Table III (Continued) 

no. 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
162 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 

R2 

GIyOEt 
L-AIaOEt 
AIaVaIOMe 
DL-LeuOMe 
L-LeuOMe 
D-LeuOMe 
L-LeuOMe 
L-LeuOMe 
LeuOMe 
L-Leu-L-LeuOMe 
D-Leu-L-LeuOMe 
L-IIeOMe 
DL-PhGIyOMe 
D-PhGIyOMe 
DL-PheOEt 
PheNH2 
L-TyrOMe 
AsnNHiPr 
GInNHiPr 
DL-ProNH2 
L-Pr0NH2 
Pr0AIaNH2 
Pr0VaINH2 
Pr0LeuNH2 
ProLeuNH2 
ProLeuGlyNH2 
ProPheNH2 
GABA-OEt 

R6 

H 
H 
H 
H 
H 
H 
Me 
Et 
Me 
Me 
Me 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
Et 
H 
H 
H 

R7 

H 
H 
H 
H 
H 
H 
H 
H 
Me 
Me 
Me 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
NH2 
H 
H 
H 

R8 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

method 

Dde 

De 

D 
D" 
D* 
D' 
H* 
Hc 

De 

J 
J 
De 

D 
D 
D 
jy 
D 
D 
D 
F 
D 
F 
F 
F* 
F 
Fe 

T' 
D 

molecular 
formula 

C12H12N2O4 

C13H14N2O4 
C17H21N3O6 
C16H18N2O4 
C16H18N2O4 
C16H18N2O4 
C16H20N2O4 
C17H22N2O4 
C17H22N2O4 
C23H33N3O6 
C28H33N3O6 
C16H18N2O4 
C17H14N2O4 
C17H14N2O4 
C19H18N2O4 
C17H16N3O3 
C18H16N2O6 
C16H18N4O4 
C16H20N4O4 
C13H13N3O3 
C13H13N3O3 
C16H18N4O4 
C18H22N4O4 
C19H24N4O4 
C21H29N6O4 
C21H27N6O5 
C22H22N4O4 
C14H16N2O4 

mp, 0C 

147-148 
132-134 
84-86 
80-91 
82-83 
90-92 

127-128 
74-75 

170-172 
56-60 
55-65 
86-87 

108-110 
100-101 
oil 

215-216 
210-211 
221-222 
219-220 
174-176 
193-194 
245-246 
234-235 
205-208 
148-150 
199-210 
226-227 
124-126 

% 
yield 

56 
39 

58 
26 
34 
38 
27 
44 
20 
42 
75 
75 
50 
60 
45 
38 
40 
46 
49 
50 
25 
25 
71 

29 

log D 

3.2 
3.2 
3.7 

4.0 

2.6 
2.6 
2.6 

0.3 
0.2 

-0.3 
0.4 
0.4 

1.0 
1.6 
0.8 
1.2 
2.3 

log k0H-

1.40 
1.31 

1.32 
1.13 
1.32 
0.59 
0.48 

-0.18 

1.32 
1.39 
1.39 

1.26 
1.28 
1.45 
1.30 
1.21 
1.21 

1.27 
-1.08 

1.26 
1.23 
1.21 

PK1 

4.19' 
6.06' 
6.74 
7.18 
6.77 
7.43 
6.6(V' 
7.92^ 
5.90 
7.40' 
6.99* 
6.67^ 
7.33 
7.56 
5.92' 
6.50 
6.35 
5.67 
6.26 
6.75 
6.62 
6.63 
6.33 
7.67 
6.94 
7.68' 
7.43 
4.73' 

HLE 

log fe„n 

3.41 
3.45 
4.32 
3.36 
4.58 
2.57 
3.67 
1.20 
3.10 
2.56 
2.88 
3.79 
4.18 
2.81 
3.08 
3.28 
2.72 
3.04 
3.66 
3.61 
3.54 
3.17 
4.18 
4.98 
4.04 
4.16 

log feoff 

-2.65 
-3.29 
-2.86 
-3.41 
-2.85 
-4.00 
-4.25 
-4.70 

-4.43 
-3.79 
-3.54 
-3.38 
-3.11 
-3.42 
-3.07 
-2.95 
-3.22 
-3.09 
-3.01 
-3.09 
-3.16 
-3.49 
-1.96 
-3.64 
-3.27 

"Data presentation: alkaline hydrolysis as log fe0H- (M"1 s"1), elastase inhibition as pKj = -log K1 (M), acylation rate as log feon (M"1 s"1), 
deacylation rate as log fe0ff (s"1). 'Reference 20. ckoB determined directly, and feon calculated as kag/Ky dReference 18. eReference 19. 
'Reference 16. ^Procedure described in the Experimental Section. ^Standard error > 20%. 'Determined with chromogenic substrate, see 
the Experimental Section. •* Determined at a single concentration. * Upper limit. 'Lower limit. 

Scheme V 
R 

rV COOMe 

O2N ̂ ^ NH2 O2N 

X ^ . COOMe 

JU NHCONHR' 

rV .COOMe 

H2N^s**^NHCONHR' Me2N 

A^COOMe X-COOMe 

I ' ^ ^ N H C O N H R ' P t W ^ ^ 
XX XXI 

NHCONHR' 

M U R O H U 

AT^O IfV^0 !"V^ 
HjN^^N^NHR' MejN'^^N^NHR' B N ^ ^ N * 

X NHR' 

"(a) CCl3OCOCl, THF, R'NH2; (b) H2, 5% Pd/C, EtOH; (c) H2, 
Raney Ni, HCHO, EtOH; (d) H2, Raney Ni, CH3CHO, NaOAc, 
EtOH; (e) H2SO4. 

useful for the preparation of benzoxazinone IV in cases 
where the anthranilate precursor is not commercially 
available. A phenylurea XIV was first ortho-thallated with 
thallium(III) trifluoroacetate in 10% trifluoroacetic acid 
in tetrahydrofuran for 8 h. After solvent removal, the 
crude thallated derivative XV was immediately carbony-
lated with carbon monoxide in the presence of catalytic 
palladium(II) chloride, lithium chloride, and magnesium 
oxide to yield the benzoxazinone IV. In all the cases that 
we investigated, the potentially competing product, com­
pound XVI, was not observed and benzoxazinone IV was 
formed as the only isolable product. The phenylureas 
studied tend to undergo thallation at the least hindered 
position, ortho to the urea. With 3-isopropyl(3-ethyl-
phenyl)urea the 7-ethyl isomer 96 was formed exclusively. 

Scheme V I 

o!v E-OH 
ki 

k.i O 
O 

N ^ , R2 

>-0 
- ^ ( R 2 = NHR) v 

U 

X̂ 
H 

, C O O -

N^-R 2 

2-(Alkylamino)-7-amino derivatives of benzoxazinones 
IVa, IVb, and IVc (90,91,93-95,97,98,100,101,109) were 
accessible via the route shown in Scheme V. The pre­
cursor 2-aminobenzoate XVII19,24 was treated with di-
phosgene for 3 h. Quenching of the reaction mixture with 
amine R'NH2 gave urea XVIII, which was reduced with 
H2 /Pd/C to give 4-amino derivative XIX.19 Reductive 
alkylation of XVIII with H2/Raney Ni and the appropriate 
aldehyde afforded the [4-(dialkylamino)]urea XX.25 

Reductive alkylation of XVIII under controlled conditions 
H2/Raney Ni/CHgCHO/NaOAc26 gave a moderate yield 
of the secondary amine XXI. Compounds XIX, XX, and 
XXI were converted to the corresponding benzoxazinones 
IVa, IVb, and IVc by cyclization with concentrated sul­
phuric acid. 

Various general methods of synthesis of 2-alkoxy-, 2-
alkylamino-, and 2-dialkylamino derivatives of benzoxa­
zinones (III, IV, and V) have been discussed in our recent 
publications,14'16,19 which contain information relating to 

(24) Takeski, M.; Junzo, T. Jpn. Kokai Tokyo Koho, 7,905,942, Jan 
17, 1979; Chem. Abstr. 1979, 91, 56666£. 

(25) Cowlagi, B. S.; Dave, M. A.; Kulkarni, A. B. Indian J. Chem. 
1976, UB, 904. 

(26) (a) Emerson, W. S.; Walters, P. M. J. Am. Chem. Soc. 1938, 
60, 2023. (b) Emerson, W. S.; Mohrman, H. W. J. Am. Chem. 
Soc. 1940, 62, 69. 
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the synthesis of individual benzoxazinones not described 
in this paper. 

Results and Discussion 
Tables I—III present the alkaline hydrolysis rates of 

benzoxazinones and inhibition data pertaining to HL 
elastase. The enzyme inhibition data include the acylation 
rate constants koa (=kh Scheme VI) and ko{f (=k^ + k2 + 
k3), as well as the inhibition constants K1. Because these 
are alternate substrate inhibitors which form acyl enzyme 
intermediates, identifying the factors which affect km and 
koS! is essential to interpreting the overall SAR for K{. 

The ranges of the compounds' activities are considerable: 
alkaline hydrolysis rates and kon span 6 orders of magni­
tude, koS{ covers 5 orders of magnitude, and K^ spans 8 
orders of magnitude. This breadth is dramatically illus­
trated by comparing the least and most potent inhibitors. 
Compounds 38 and 8 have K1 values of 4.3 X 1(T11 and 8.3 

CH3O 

CH3O 

X 10~4 M, respectively, a range of 2 x 107, despite their 
common benzoxazinone structure, size, and probable hy-
drophobicity and opportunities for hydrogen bonding. It 
is the goal of this paper to identify the factors which lead 
to such variation within the common mechanistic frame­
work of Scheme VI and to emphasize the role that intrinsic 
chemical factors—as opposed to noncovalent 
interactions—play in determining inhibition constants. 

Alkaline Hydrolysis 
Selection of Parameters. Appropriate selection of 

molecular descriptors is the first step in data analysis. 
Alkaline hydrolysis data are useful here for two reasons. 
First, the factors affecting hydrolysis should be small in 
number and the regression should be good, because the 
chemistry does not involve any specific enzyme interac­
tions. Secondly, since alkaline hydrolysis mimics the 
acylation sequence of enzyme inhibition (Scheme VI), the 
descriptors relevant to hydrolysis should be a minimal 
starting set for analyzing the factors responsible for enzyme 
inhibition. The mechanistic parallel between alkaline 
hydrolysis and target enzyme acylation has been previously 
established for ,8-lactams.27 

Since alkaline hydrolysis of benzoxazinones proceeds by 
hydroxide attack at C4,

28"30 a single electronic parameter 
should be sufficient to account for the variance in the data. 
A decision regarding which of the commonly tabulated 
parameters to choose (<7„. cm. o r <**) to represent ring 
substituents can be based on analysis of hydrolysis data 
versus F and R. This is especially important for position 
2, because of uncertainties in the transmission of electronic 
effects through the oxazinone ring. The parameters F and 
R have the desirable property of being nearly orthogonal, 
but they are not widely tabulated. Preliminary regressions 
1 and 2 were therefore carried out on published values31 

in order to estimate F and R for the EtS, MeNH, and 
nBuNH substituents, so as to expand the range of com-

(27) Narisada, M.; Yoshida, T.; Ohtani, M.; Ezumi, K.; Takasuka, 
M. J. Med. Chem. 1983, 26, 1577. 

(28) Williams, A.; Salvadori, G. J. Chem. Soc. B 1971, 1105. 
(29) Cremin, D. J.; Hegarty, A. F. J. Chem. Soc. Perkin Trans. 2 

1978, 208. 
(30) Robinson, V. J.; Spencer, R. W. Can. J. Chem. 1988, 66, 416. 
(31) Swain, C. G.; Unger, S. H.; Rosenquist, N. R.; Swain, M. S. J. 

Am. Chem. Soc. 1983, 105, 492. 

pounds included in regression 3. 

F = 0.021 - (0.43 ± 0.07VP + (0.31 ± 0.02)<r* (1) 

(n = 38, F = 98.3, r2 = 0.849, s = 0.13) 

R = -0.028 + (3.83 ± 0.17)trp - (0.46 ± 0.05V* (2) 

(n = 38, F = 295, r2 = 0.944, s = 0.30) 

Analysis 3 was then carried out for alkaline hydrolysis 
as a function of F and R for compounds 2,12,16, 23, 25, 
34, 52, 54, 106, and 145, with the result that hydrolysis 
shows 25 ± 5% resonance contribution from the 2-sub-
stituent. Since ap, trm, and a*32 show 38 ± 3, 20 ± 2, and 

log k0H- = 1.80 + (1.58 ± 0.2O)F + (0.52 ± 0.08)R (3) 

(n = 10, F = 51.1, r2 = 0.936, s = 0.19) 

13 ± 2% resonance,33 respectively, this result suggests that 
<7m is the most appropriate single parameter to describe 
electron donation and withdrawal by R2. Correlation of 
the 13C chemical shift of C4 with F and R for R2 leads to 
the same conclusion.30 

Parameterization of the benzene ring substituents is not 
as dependent on transmission through the oxazinone ring, 
and R5-R8 were assigned a£ff term, with crp for R5 and 
R7, and <rm for R6 and R8, to reflect their positions relative 
to the carbonyl. 

Molar refractivity (MR) was used as a measure of mo­
lecular volume,34 with all values scaled such that MR for 
hydrogen = 0 and MR for methyl = 1. 

Results of Regression 
Equation 4 is the result of regression on 123 benzoxa­

zinones with the maximum number of statistically sig­
nificant parameters retained after stepwise removal. 

log /e0H- = 1-89 + (2.65 ± 0.1I)(TR2 + (2.70 ± 0.10)crring -
(0.031 ± 0.008)MR2 - (0.20 ± 0.03)MR5 - (0.20 ± 

0.08)MR8 - (0.22 ± 0.05)MRe (4) 

(n = 123, F = 355, r2 = 0.948, s = 0.24) 

The only data from Tables I—III not included were com­
pounds of uncertain parameterization (i.e. 9, 10, 63) and 
compounds which were outliers due to possible tautomeric 
variation (73-75) or poor solubility or steric interactions 
(29, 122, 138, 156). 

Equation 4 shows that R2 (using am for 0-R2) and R5-R8 
have identical p values and that steric influences from R2 
and R7 are negligible. The fit also has a small but sig­
nificant coefficient for MR6, which cannot plausibly rep­
resent steric hindrance but suggests that am may slightly 
overestimate the electronic contribution from R6. Simi­
larly, the coefficients of MR5 and MR8 may reflect either 
slight biases in parameterization or small steric interactions 
in the transition state for hydroxide attack on C4.

35 Re­
moval of the MR2 and MR6 terms from equation 4 and 

(32) The resonance inherent in a* was determined by regression of 
tabulated a* vs. F and R.33 

(33) Perrin, D. D.; Dempsey, B.; Serjeant, E. P. In pKa Prediction 
for Organic Acids and Bases; Chapman and Hall: London, 
1981. 

(34) (a) Hansen, C.; Klein, T. E. Ace. Chem. Res. 1986,19, 392. (b) 
Hansen, C; Leo, A. In Substituent Constants for Correlation 
Analysis in Chemistry and Biology; John Wiley and Sons: 
New York, 1979; Chapter 5. 

(35) The MR6 term may reflect a small hindrance felt at C4, and the 
MR8 term may reflect a disruption of a hydrogen bond from 
water to N1 that assists attack at C4.

86 

(36) Vicens, J.; Etter, M. C; Errede, L. A. Tetrahedron Lett. 1983, 
24, 723. 
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Scheme VII 
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Michaelis complex tetrahedral intermediate acyl enzyme 

merging of the electronic terms give eq 5, with the MR8 
term no longer significant. 

log k0H- = 1.64 + (2.64 ± 0.07Vt0181 - (0.15 ± 0.03)MR5 

(5) 

(n = 123, F = 811, r2 = 0.931, s = 0.27) 

This impressively simple equation shows that electron 
donation and withdrawal are the major determinants of 
benzoxazinone reactivity over 6 orders of magnitude. The 
indication that R5 may only slightly hinder attack at C4 
is consistent with perpendicular attack (Figure 1). The 
small size of the MR5 coefficient and the lack of correlation 
between the MR5 and MR2 terms show that substitution 
at R5 does not induce a change of mechanism, i.e. a shift 
to hydroxide attack at C2 rather than C4. 

Overall Trends in the Inhibition of HL Elastase 
The complexity of serine proteinase inhibition by ben-

zoxazinones limits what can be expected of traditional 
QSAR analysis. Even though Scheme VI is considerably 
more complex than a simple noncovalent binding scheme, 
it is a simplification. The acylation step (kx) is expanded 
in Scheme VII to show the minimum of two intermediates 
and three transition states which it includes. First, there 
is the likely noncovalent "binding" to form a Michaelis 
complex, with the binding constant Kd. Second, serine 195 
attacks at C4 to form a tetrahedral intermediate (fe/), and 
third, there must be collapse of the tetrahedral interme­
diate to the acyl enzyme. Of these three steps which make 
up ki, only the first noncovalent step is analogous to most 
simple drug-receptor interactions and might be expected 
to depend principally on log P and MR. Since the rate-
determining step within kx is probably kx (because of the 
strong dependence of fex on electron withdrawal; vide infra) 
and since experimentally kx never saturates, the first ad-
sorptive step is, in any case, not explicitly revealed by our 
data. 

Similarly, deacylation is complex, with three demon­
strated pathways for breakdown of the acyl enzyme 
(Scheme VI). 

Results of Regression on ^K1. With the under­
standing that K1 is not a simple binding constant—because 
there are at least six transition states and five distinct 
intermediates in the full mechanism of inhibition—and 
despite the potential for multiple binding modes of com­
paratively small heterocycles at the active site of HLE, the 
QSAR is remarkably successful in accounting for the 2 X 
107-fold variation in K{. The best overall regression is eq 
6. Here UR2, MR5, and MR6 are defined as before. ICi is 

pKi = 7.21 + (3.46 ± 0.3O)(TR2 - (1.66 ± 0.15)/C2- (0.72 
± 0.Ib)I2* + (0.67 ± 0.07)MR5 - (0.77 ± 0.12)MR6 (6) 

(n = 162, F = 75.6, r2 = 0.708, s = 0.71) 

an indicator variable which equals 1 when the atom atta­
ched at C2 is carbon, and 0 otherwise, and I24 equals 1 when 
R2 contains an aryl group and 0 otherwise. These indicator 
variables were included after the examination of residuals 
from preliminary fits. The data set includes all the com­
pounds of Tables I—III, with the exception of those with 

5-methoxy substitution and several consistent outliers 
(73-78, 122, 148, 156, 175). 

Electron withdrawal by R2 is highly favorable in eq 6, 
while electron withdrawal or donation by R5-R8 is not 
significant. Since K1 = fcOff/feOn>10d'lla'37 these electronic 
effects are consistent witn Scheme VI as well as with 
previous results from a more limited data set.10d Because 
R2 is part of the ring system in the benzoxazinone (Scheme 
VI), electron withdrawal by R2 accelerates attack at C4 and 
therefore increases kx (=k0D). However, in the acyl enzyme, 
R2 is distal and cross-conjugated with respect to the serine 
ester carbonyl that is undergoing attack in the step cor­
responding to k3, and therefore electronic effects of R2, at 
least for hydrolysis, should be minimal. Conversely, 
electron withdrawal by R5-R8 should affect acylation and 
deacylation equally (to a first approximation), and so o ^ 
should have little effect on K1. 

The size of R2, as measured by MR, is not significant 
in regression 6. Only in specific subsets of the data does 
the importance of R2 size and/or hydrophobicity become 
apparent (vide infra). The indicator variable Jc2 in eq 6 
shows the strong general trend that heteroatom attach­
ment at C2 is highly favorable. This effect cannot be due 
to a simple electronic or steric factor, since IQ1 is not 
correlated with either MR2 or <TR2. The parameter I24, 
shows that aryl functionality in R2 is disfavored by a factor 
of 5.3 on K1. 

Steric and/or hydrophobic interactions of ring substit-
uents R5-R8 are clearly summarized by eq 6. The MR 
terms for R7 and R8 are not significant; this is especially 
noteworthy for R7, where the substituents range in size 
from H up to NHCONHPr. Substitution in R6 is highly 
unfavorable; addition of one methylene unit to R6 increases 
K1 5.9-fold. Conversely, alkyl substitution in R5 is very 
favorablu, probably reflecting selective hindrance of dea­
cylation (vide infra). 10d'n 

It is noteworthy that compound hydrophobicity (as 
measured by log D, an HPLC approximation to log P,38 

Tables I—III) is not a significant determinant of potency. 
This emphasizes that these compounds owe their potency 
and diversity to the kinetics of acylation and deacylation 
and not to the noncovalent interactions of traditional 
drugs. 

Results of Regression on log A0n. Even though kon 
is chemically simpler than K1, the QSAR is less successful, 
perhaps because many of the most rapid acylating ben-
zoxazinones have ^0n values which are lower limits and 
were not included in regression. The best fit to log kon 
which uses the same parameters as 6 is eq 7. 
log km = 4.36 + (2.98 ± 0.42VR2 + (1.30 ± 0.34)<rring -

(0.82 ± 0.25)/Cz - (0.85 ± 0.22)I2l> + (0.26 ± 0.1O)MR5 

(7) 

(n = 135, F = 16.6, r2 = 0.391, s = 0.84) 
Even though eq 7 accounts for only 39% of the variance 

in log Zs0n, it identifies those substituent effects which affect 

(37) Segel, I. H. In Enzyme Kinetics; Wiley-Interscience: New 
York, 1975. 

(38) Unger, S. H.; Chiang, G. H. J. Med. Chem. 1981, 24, 262. 
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Scheme VIII 
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K{ by modifying acylation rates. The OR2 and I24 terms are 
not significantly different between fits 6 and 7, showing 
that the electron withdrawal and 2-aryl effects on K1 are 
manifest in acylation; for the OR2 term this is as expected 
from Scheme VI. The large coefficients for <rR2 and oring 
are evidence that serine 195 attack at C4 is the rate-de­
termining step within acylation (Scheme VII). 

Comparison of the IQ2 terms in 6 and 7 show that 2-carba 
substitution is unfavorable because it both slows acylation 
and speeds deacylation. This result for acylation is rea­
sonable. Acylation may be slower for 2-carbabenzoxazi-
nones than for the corresponding heteroatom-linked sys­
tems for either of two reasons related to hydrogen-bonding 
interactions. First, direct hydrogen bonding or other 
electrostatic interactions between heteroatom and enzyme 
may facilitate binding and acylation. Secondly, electron 
density at N1 is increased by heteroatom substitution for 
carbon at C2, which may promote intrinsic binding and 
catalysis through more efficient hydrogen bonding of N1 
to the enzyme. 

The MR6 term is positive, a surprising result that is due 
to the rapid acylation by 5-ethyl benzoxazinones. The 
dependence of acylation and deacylation on the 5-sub-
stituent is examined in detail with a 2-ethoxy-5-R subset 
of compounds (vide infra). 

Factors Affecting Deacylation. Since ko{[ = k0BKb 
factors which affect deacylation can be inferred from eq 
6 and 7. Qualitatively, this suggests that electron with­
drawal by R5-R8 and substitution at R6 accelerate deacy­
lation, while bulk at R5 and heteroatom substitution at R2 
slow deacylation. The reason why 2-carbabenzoxazinones 
generally deacylate faster than their 2-hetero counterparts 
may be connected with the observation that O-nucleo-
philicity is generally greater for amides than for more 
encumbered groups such as carbamates,39,40 thus providing 
the 2-amidobenzoyl elastases with a relatively facile re­
version route to substrate and free enzyme. 

Beyond these general kinetic effects, the substituent R2 
profoundly affects the products of enzyme deacylation. 
For example, the major deacylation pathway differs for 
each analogue in the series 2-(ethylamino)-, 2-ethoxy-, and 
2-n-propylbenzoxazinone, 79, 34, and 11, respectively 
(Scheme VIII). N-Cyclization yielding a IH,3H-
quinazolin-2,4-dione has been established as the dominant 
mode of deacylation stemming from the reaction of HLE 
with 2-(ethylamino)benzoxazinone 79,u (i.e. k2 in Scheme 
VIII), whereas hydrolysis is essentially exclusively observed 
for the 2-ethoxy system (34) (fe3 in Scheme VIII).41 Al­
though Stein could find no evidence for a covalent inter­
action between 2-n-propylbenzoxazinone 11 and HLE,10e 

by monitoring the difference spectrum of the interaction 
of benzoxazinone with human sputum elastase, we have 
detected an acyl enzyme intermediate with AXma][ = 309 
nm. The product of deacylation is exclusively benz-

(39) Scott, F. L.; Glick, R. E; Winstein, S. Experientia 1957, 13, 
183. 

(40) Determann, H.; Heuer, J.; Pfaender, P.; Reinartz, M.-L. Justus 
Liebigs Ann. Chem. 1966, 694, 190. 

(41) Abeles and colleagues observe the same with chvmotrypsin.10c 

logk 

logk 

Figure 2. Plot of the molar refractivity of substituent R5 versus 
P-Ki(M), log ^0n(M"1 s"1), and log k^g (s"1) for compounds R2 = EtO, 
R6, R7, R8 = H, where • , •, are for R5 = H, Me, Et, nPr, iPr, and 
CH=CHCH3; O, a are for R6 = CH2Br and CHBr2. 

oxazinone 11 (i.e. k.x » ks in Scheme VI), as shown by 
single-turnover experiments (see the Experimental Sec­
tion). 

Additionally, acyl enzymes derived from 2-(alkylami-
no)benzoxazinones partition differently for different alkyl 
groups RNH. Benzoxazinones with linear R groups de­
acylate predominantly via N-cyclization, while those with 
branched R groups prefer hydrolysis or reversion to ben­
zoxazinone.11 It may be worth noting that O-cyclization 
of 2-ureidobenzoyl elastases can, in principle, proceed by 
two distinct transition states, one involving activation of 
the N1-H and the other involving activation of the N3-H. 
Considering the complex nature of deacylation, it is not 
surprising that the variance in the data is difficult to ac­
count for in simple terms. 

Separate Trends in the Inhibition of HL Elastase 
The overall trends in HL elastase inhibition are clear 

from the regression results. The data set is so large, 
however, and the ranges of inhibition constants so broad 
that other structure-activity relationships become ap­
parent only within particular subsets of compounds. In 
many cases molecules were specifically synthesized to 
pursue some of these SAR's. 

Optimum Size of R5. Regression on pKt for the full 
data set (eq 6) consistently shows that 5-alkyl substitution 
is highly advantageous, and regression on log kon (eq 7) 
shows that at least part of this benefit is due to a general 
acceleration of acylation. Details of the effects of R5 are 
best examined within the most complete subset of 5-sub-
stituted benzoxazinones, with R2 = ethoxy (34, 35, 38, 
40-44). For these compounds the effects of the size of R5 
on Kit acylation, and deacylation are shown in Figure 2. 

The filled symbols in Figure 2 indicate 2-ethoxyben-
zoxazinones with R5 = H, Me, Et, nPr, iPr, and CH=C-
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HCH3. The open symbols indicate R5 = CH2Br and 
CHBr2, which are included for completeness but differ 
significantly in electronic character from the alkyl sub-
stituents. Specific substituent effects are first discussed 
for k0D and kott separately, and then the corresponding 
effects on K1 simply represent the combination of these 
effects. 

Figure 2b shows how 5-methyl substitution slightly de­
creases feon over the parent 5-unsubstituted compound, 
whereas 5-ethyl and -propyl substitutions result in an 
average 2.7-fold increase. Other than the possibility of 
relief of strain from peri interactions between R5 and the 
carbonyl, there is no obvious basis in electronic theory for 
this acceleration.42 It may well be that the Michaelis 
binding and/or serine attack at C4 is assisted by specific 
R5-enzyme interactions only in instances when R5 favor­
ably competes with R2 for binding to the enzyme at subsite 
S1. Note that HL elastase prefers amino acids with small 
alkyl side chains like valine in the P1 position of its pep-
tidyl substrates and inhibitors.43 Recent reports44 have 
shown that with porcine pancreatic elastase and 2-tBOC-
Val-5-Cl- or 2-tBOC-Val-5-methylbenzoxazinone the 5-
substituent extends toward the S1 site in the acyl enzyme. 

The effect of 5-substitution on deacylation can largely 
be understood on physicochemical grounds. Figure 2c 
shows that 5-methyl vs 5-H substitution results in an 87-
fold decrease in ko{{. If the principal mode of deacylation 
is hydrolysis {ks, Scheme VI), then a large effect is expected 
due to hindrance of water attack at the ester carbonyl 
(Figure I).11,45 If the principle mode of deacylation is 
O-cyclization (k.u Scheme VI), then the crowding and 
conformational restriction imposed on the acyl enzyme by 
diortho substitution might also be expected to slow dea­
cylation. The slight recovery of deacylation rates for R5 
= propyl might be due to specific enzyme interactions; as 
suggested above, recognition of R5 at the S1 site might 
improve the geometries for both acylation and deacylation. 

Combining the 5-effects on acylation and deacylation 
gives the effect on K1. As shown in Figure 2a, this is an 
optimum for 2-ethoxy-5-ethylbenzoxazinone with its K1 = 
42 pM. The electron withdrawal by the bromoalkyl sub-
stituents (open symbols), which accelerates both acylation 
and deacylation, neatly compensates to give a deceptively 
simple parabolic relation embracing all of the 2-ethoxy-5-R 
compounds. 

Effects of Size and a-Branching in 2-Alkylamino 
Substituents. 2-Aminobenzoxazinones are generally more 
stable than 2-carba-, oxy-, or thiobenzoxazinones, because 
of their greater R2 electron donation. For this reason they 
are more attractive candidates for medicinal development, 
and so their SAR's have been pursued more completely. 

(42) On the contrary, a diminution in the rate of alkaline hydroly­
sis, the model reaction, was observed with R5 substitution 

(43) (a) Marossy, K.; Szabo, G. Cs.; Pozsgay, M.; Elodi, P. Biochem. 
Biophys. Res. Commun. 1980, 96, 762. (b) McRae, B.; Naka 
jima, K.; Travis, J.; Powers, J. C. Biochemistry 1980,19, 3973. 
(c) Nakajima, K.; Powers, J. C; Ashe, B. M.; Zimmerman, M, 
J. Biol. Chem. 1979,254, 4027. (d) Harper, J. W.; Cook, R. R.; 
Roberts, C. J.; McLaughlin, B. J.; Powers, J. C. Biochemistry 
1984, 23, 2995. 

(44) (a) Meyer, E. J., Jr.; Bode, W. In QSAR in Drug Design and 
Toxicology; Proc. 6th European Symposium on Quantitative 
Structure-Activity Relationships; Hadzi D., Jerman-Blazic, B., 
Eds.; Elsevier: Amsterdam, 1987. (b) Presta, L. G.; Meyer, E. 
F., Jr. Biopolymers 1987, 26,1207. (c) Bode, W.; Meyer, E. F., 
Jr.; Powers, J. C. Biochemistry 1989, 28, 1951. (d) Radhak-
rishnan, R.; Presta, L. G.; Meyer, E. F., Jr.; Wildonger, R. J. 
MoI. Biol. 1987, 198, 417. 

(45) Goering, H. L.; Rubin, T.; Newman, M. S. J. Am. Chem. Soc. 
1954, 76, 787. 
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Figure 3. Plot of the molar refractivity of substituent R2 versus 
(a) pKj(M), (b) log ^0n(M"1 s"1), and (c) log feoff (s""

1), for the simple 
2-(alkylamino) compounds 73,74, 76,77,79-84,106,107, 111 and 
112 where D is for R5 = H; • is for R5 = Me. 

Simple 2-aminoalkyl compounds have been examined in 
the greatest detail. 

As noted above, the substituent effects on K1 are best 
understood as the sum of effects on acylation and deacy­
lation. The effects of the size of R2 on k0D are presented 
in Figure 3b, and show that for compounds with either R5 
= H (open squares) or R5 = CH3 (filled squares) acylation 
rates are maximal for R2 = NHEt and NHnPr and decline 
for larger and smaller groups. Beyond this generalization 
the SAR's are less clear, as demonstrated by the points 
clustered at MR2 = 5.75. These are the isomers of R2 = 
aminopentyl, R5 = CH3 (111-118), which span a 100-fold 
range in feon. The only apparent trend for the aminopentyl 
compounds is that those with branching /3 to the amine 
(113,117) are substantially slower acylators than the linear 
or a-branched isomers, which must reflect a specific en­
zyme interaction. 

The effects of R2 on deacylation are more interesting. 
We have previously established that the preferred deacy­
lation pathway when R2 is a linear aminoalkyl group is 
N-cyclization to form a liif,3if-quinazoline-2,4-dione (k2, 
Scheme VI) and hydrolysis (k3) or O-cyclization (^1) when 
R2 is an a-branched aminoalkyl.11 Thus, one might expect 
subtle changes in the structure of NHR to have a marked 
effect on deacylation rate by virtue of their influence on 
the reaction pathway. 

Synergistic Effects of R2 and R5 Substitution. 
Figure 3c shows that the deacylation rates are not parallel 
for R5 = H and R5 = CH3. For R5 = H (open squares), koS 
is constant for R2 = NH2, NHMe, NHEt, and NHPr, and 
then decreases slightly for larger R2 groups. Within this 
trend the negative outliers are for a-branched groups, 
namely R2 = NHiPr and NH-cyclohexyl (83, 121), con­
sistent with a sterically induced change in mechanism.llb 

For R5 = methyl (filled squares), kofS falls dramatically for 
R2 larger than NHMe, suggesting a synergy between R2 
and R5: their combined substitution can restrict the acyl 
enzyme enough to lower ko[t to rates of ca. 10"4 s-1. The 
sensitivity of this system to even very small alkyl groups 
at R2 and R5 is noteworthy and deserves further comment. 
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If the effect of substitution at R5 were totally inde­
pendent from that of R2, as R2 is varied the N-cyclization 
rate should follow the trend observed for R5 = H and 
neither deviate from ko{! « k2 nor drop until R2 > NHnPr 
or branched alkyl. In fact, a simple chemical model of 
N-cyclization suggests that an alkyl substituent of modest 
bulk at R5 should not dramatically reduce this rate, since 
a favorable conformation for N-cyclization (Figure Ic) is 
still attainable. Indeed, the data (kofi) for R2 = NH2, 
NHMe when R5 = Me are consistent with this hypothesis, 
as are the results of varying R5 in a model ureidobenzoic 
acid ester.llb But as indicated by the decline in ko{i when 
R2 = NHEt, R5 = Me, even small alkyl groups can combine 
to bring specific effects into play that prevent the acyl 
enzyme from achieving an optimal transition state for 
N-cyclization. Note that the considerable variation among 
the R2 = NH-pentyl isomers is also a reminder that specific 
interactions can override generalizations based on simple 
chemical models. 

The combination of the effects of R2 on km and koi{ is 
manifest in K1, shown in Figure 3a. Here the independence 
of koft on MR2 for R5 = H means that the broad optimum 
in km is reflected in K1 (open squares), and the pattern of 
decline in ko(f for R5 = methyl results in a much narrower 
optimum for K1 (filled squares), peaking for R2 = NHnPr 
and NHiPr, R5 = CH3. 

Trends in Amino Acyl Substitution. The benzoxa-
zinones are excellent HL elastase inhibitors and yet have 
no obvious homology to the natural, peptidyl substrates 
and inhibitors of this enzyme. It is reasonable to expect 
that the acylation and deacylation rates of benzoxazinones 
(or any other xenobiotic lead structure) could be improved 
beyond what simple principles of chemical reactivity would 
suggest by taking advantage of specific interactions that 
mimic those during normal catalysis. To probe for such 
interactions a number of acyl 2-amino- and 2-peptidyl-
benzoxazinones were made (Table III, 148 ff). Except for 
compounds with 5- and/or 7-substitution, they have com­
parable alkaline hydrolysis rates, demonstrating the similar 
electron donation of the R2 amino acids and peptides. This 
leaves specific hydrophobic, steric, and H-bond interactions 
to account for their 3000-fold ranges in K1 (compound 173 
vs 148). 

The most obvious trend seen in the acyl 2-aminoben-
zoxazinones is that none of them is significantly more 
potent than the simple 2-(alkylamino) compounds, and 
several (148, 149, 156, 162, 165, 175) are orders of mag­
nitude less potent. For the most part this is due to large 
decreases in feon. Thus one or more of the steps in acylation 
can be severely compromised by unfavorable interactions 
with R2, which may be related to the decrease in kon seen 
with larger 2-(alkylamino) substitution (Figure 3a, open 
squares, MR2 > 5). The 2-amino acyl compounds do have 
lower deacylation rates than those with 2-(alkylamino) 
substitution, but this is overridden by the even lower 
acylation rates. 

One of the hallmarks of specific enzyme interaction is 
a strong dependence on chirality. In the three cases rep­
resented in Table III, the D-amino acyl isomers are better 
inhibitors than the L isomers. In the one case for which 
the separate enantiomers and the racemic mixture were 
all available (151-153), the K1 and Ze0n values calculated for 
the racemate agree well with those observed,46 so that in 
the other cases (160, 161 and 167, 168) the values for the 
missing isomer can be inferred with confidence. The effect 

(46) It can be shown that for Kh KDL = 2K11K1)/ (Kh + KD) and for 
kon. *DL = kJ2 + kD/2. 
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Figure 4. Effect of R2 peptidyl substitution of compounds 142, 
167, 168, 171, and 173 on p i^M) , log ka 

(S-1). 
(M"1 s x), and log ko(! 

of chirality varies; expressed as the ratio Xi|L/iCi>D the D 
isomers are better inhibitors by factors of ~5.3 (2-
phenylglycyl methyl ester), 4.6 (2-leucyl methyl ester), and 
only ~1.7 (2-prolinamido). In all cases the principal 
difference is due to slower acylation by the L isomers. 

Trends in Peptidyl Substitution. Like the acyl 2-
aminobenzoxazinones, the 2-di- and -tripeptidyl com­
pounds (150, 157, 158, 169-174) are generally no better 
than 2-(alkylamino)benzoxazinones; i.e., peptidyl substi­
tution generally spoils inhibition (by lowering k0B) rather 
than enhancing it. However, there is one subset of com­
pounds which demonstrates that beneficial interactions 
are available. 

Figure 4 shows the effects of R2 extension from 1-
pyrrolidinyl (142) to prolylleucylglycinamide (173). The 
100-fold improvement in K1 is due to comparable increases 
in kon and decreases in ko({ as the peptide is extended to 
prolylleucinamide; the C-terminal glycinamide in 173 gives 
no further improvement. 

Geometric Speculations. The structure of HL elastase 
has recently been published.47 Other than the substitution 
of phenylalanine for glutamine at residue 192, the active 
site is quite similar to that of pancreatic elastase.48 In 
addition, the structure of the acyl enzyme of porcine 
pancreatic elastase and 5-substituted benzoxazinones have 
recently been reported.44 These findings and our data 
prompt some speculation on specific interactions which 
might pertain in HLE inhibition. 

Given the 1:1 stoichiometry,10c acyl enzyme crystal 
structure,44 and pH dependence of acylation and de-
acylation,10d'lla we conclude that inhibition begins with the 
histidine 57 catalyzed attack of serine 195 Oy at the ben-
zoxazinone C4 while the carbonyl oxygen occupies the 
"oxyanion hole" formed by glycine 194 and serine 195. 
This in turn implies that there are two general geometries 
available for the Michaelis complex (Scheme IX); these 
involve O7 attack at either the re or si face of C4. 

(47) (a) Bode, W.; Wei, A.-Z.; Huber, R.; Meyer, E.; Travis, J.; 
Neumann, S. EMBO J. 1986, 5, 2453. (b) An-Zhi, W.; Mayr, 
I.; Bode, W. FEBS Lett. 1988, 234, 367. 

(48) Sawyer, L.; Shotton, D. M.; Campbell, J. W.; Wendell, P. L.; 
Muirhead, H.; Watson, H. C; Diamond, R.; Ladner, R. C. J. 
MoI. Biol. 1978, 118, 137. 
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Scheme IX" 

" (a) Hypothetical Michaelis complex of an acyl 2-D-aminobenz-
oxazinone. Serine 195 is behind the plane of the benzoxazinone 
and is about to attack at the re face of the carbonyl. Note the 
possible amino acyl side chain recognition in the P1 site and the 
room for extended R2 substituents toward the P2, P3 sites, (b) 
Hypothetical complex of a 2-L-peptidylbenzoxazinone. Here at­
tack will be at the si face and the R2 substituent extends down the 
P1', P2' channel. Now the R6 substituent may interact favorably at 
the P1 site. 

If O7 attacks the re face (Scheme IXa), then the R2 
substituent extends into solvent and/or the P1, P2 
domains—those sites which are occupied by the acyl en­
zyme residues in normal catalysis. In particular, R2 oc­
cupancy of the hydrophobic but sterically limited P1 site 
might be the cause of the distinct optimum in km shown 
by aminoalkyl R2 (Figure 3b). The preference for D- over 
L-amino acyl R2 (vide supra) would also be consistent with 
re face attack: Scheme IXa shows that any R2 peptide 
must be inverted (in the N- to C-terminal sense) from the 
normal substrates, which might lead to the D stereochem­
ical preference. Powers et al.49 suggest re face attack for 
their sterically similar 3-alkoxy-7-amino-7-chloroiso-
coumarins, on the basis of the enzyme specificity for 
various 3-OR groups, and X-ray crystal structure data 
supports this.50 

Equally valid arguments suggest si attack (Scheme IXb). 
First, the porcine pancreatic acyl enzyme structure44 shows 
the R2 substituent extending down the P1 ', P2 ' channel, 
which makes si attack seem more reasonable than the re 
attack, followed by extensive rotation and rearrangement 
to the observed acyl enzyme. Secondly, the 2-peptidyl 
results of Figure 4 imply favorable interactions with a 
longer LL moiety, which might be expected from substrate 
mimicry at the P^1P2 ' sites. Thirdly, the observed R5 = 
Et, Pr optimum in acylation may suggest a favorable R5ZP1 
interaction. 

It is appropriate to conclude these speculations by noting 
that both re and si attack may pertain, depending on 
substitution. Naruto et al.51 have recently shown, in a 
molecular mechanics study of chymotrypsin acylation by 
chiral haloenol lactones, that the energy differences be­
tween very different Michaelis geometries may be very 
small, as confirmed experimentally. 

Conclusions 
We present here the results of inhibition of HL elastase 

by 175 benzoxazinones. Given the complexity of the 
acylation-deacylation mechanism (Schemes VI and VII) 
and the 7 log order range of Kit a five-parameter QSAR 
is remarkably good at accounting for the data. This QSAR 
(eq 6) shows that physicochemical terms ((TR2, MR5) and 

(49) Powers, J. C; Harper, J. W.; Hemmi, K.; Yasutake, A.; Hori, 
H. In 3rd SCI-RSC. Medicinal Chemistry Symposium; Special 
Publication, Royal Society of Chemistry: London, 1985; Vol. 
55, 241. 

(50) Meyer, E. F., Jr.; Presta, L. G.; Radhakrishnan, R. J. Am. 
Chem. Soc. 1985, 107, 4091. 

(51) Naruto, S.; Motoc, I.; Marshall, G. R.; Daniels, S. B.; Sofia, M. 
J.; Katzenellenbogen, J. A. J. Am. Chem. Soc. 1985,107, 5262. 
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enzyme-specific interactions (ICl, I24,, MR6) are all im­
portant in determining inhibition. Some of the determi­
nants of the remaining variance in K{ can be understood 
by examining specific subsets of compounds. 

Potency and stability are obviously desirable for any 
potential therapeutic agent. In addition, several of these 
mechanism-based inhibitors form acyl enzymes with life­
times over 10 h. This very long period in which the enzyme 
remains inactive may give these compounds especially 
favorable pharmacokinetic properties. We address opti­
mization of each of these properties—stability, potency, 
and acyl enzyme lifetime—below. 

Stability, as measured by alkaline hydrolysis rates, is 
achieved simply by electron donation. For example, 2-
(isopropylamino)-5-propyl-7-(dimethylamino)benz-
oxazinone 95 has k0ii- = 0.01 M"1 s"\ which extrapolates 
to a half-life at pH 7.4 of over 8.5 years. 

Potency is achieved by rapid acylation combined with 
slow deacylation. To this end, the best 2-substituents are 
small alkyl groups linked via NH, O, or S. Electron 
withdrawal by R2 is very favorable, as is alkyl R5 substi­
tution. For example, 2-ethoxy-5-ethylbenzoxazinone 38 
has K1 = 42 pM, remarkably potent for a nonpeptidyl 
inhibitor of molecular weight 219. 

Acyl enzyme stability is obtained by a combination of 
steric and electronic effects, principally electron donation 
by R5-R8 and small alkyl substitution at R5. Additional 
synergistic stabilization occurs with dual R5, branched-R2 
substitution. For example, 2-(isopropylamino)-5-
methylbenzoxazinone 84 forms an acyl enzyme which de-
acylates with a half-life of 10.8 h. 

Experimental Section 
General Procedures. Analytical thin-layer chromatography 

(TLC) was performed with Merck silica gel 60 F-254 aluminum-
backed plates. Compounds were visualized by ultraviolet light 
or phosphomolybdic acid spray reagent. Preparative TLC was 
carried out with 1-mm Whatman 4861-480 plates. Flash column 
chromatography was carried out with Whatman WPS-II silica 
gel. 

1H NMR spectra were recorded on a Bruker WP-80 SY 
spectrometer (80 MHz). Chemical shifts (ppm) are given 
downfield from tetramethylsilane, and coupling constants are given 
in hertz. Infrared spectra were obtained with a Perkin-Elmer 
Model 298 spectrometer. Mass spectra were recorded with a 
Finnigan MAT-112S instrument in electron-impact mode and 
high-resolution spectra were measured with a Finnigan MAT-
31IA. Ultraviolet absorption spectra and kinetics were monitored 
with a Perkin-Elmer 559A spectrophotometer at 25 ± 1 0C. 
Melting points were determined with a Buchi 510 melting point 
apparatus and are uncorrected. 

Syntheses. Procedures for the preparation of 4/7-3,1-benz-
oxazin-4-ones, described below as methods A-J, are general for 
categories of benzoxazinones as indicated in the text. 

Method A. 2-Ethoxy-4£f-3,l-benzoxazin-4-one (34). To a 
solution of anthranilic acid (13.71 g, 0.1 mol) in dry pyridine (100 
mL) at room temperature under anhydrous conditions was added 
ethyl chloroformate (38.3 mL, 0.4 mol) in a dropwise manner over 
15 min. After stirring for 2 h, the solvent was removed under 
reduced pressure and the residue was stirred vigorously in 250 
mL of ice-cold water. The insoluble solid was filtered, washed 
with water, and air-dried. The crude product was dissolved in 
ethyl acetate, treated with charcoal, and recrystallized from ethyl 
acetate-petroleum ether to give the title compound as a white 
solid (17 g, 89%): mp 88-90 0C; IR 1760, 1630 cm"1; 1H NMR 
(CDCl3) 1.46 (t, 3 H, CiJ3CH2), 4.53 (q, 2 H, OCH2), 7.30-8.20 
(m, 4H1ArH). Anal. (C10H9NO3)CH1N. 

Method B. 7-(Dimethylamino)-2-ethoxy-4£f-3,l-benz-
oxazin-4-one (46). 4-(Dimethylamino)anthranilic acid52 (300 mg, 

(52) Klaubert, D. H.; Sellstedt, J. H.; Guinosso, C. J.; Capetola, R. 
J.; Bell, S. C. J. Med. Chem. 1981, 24, 742. 
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1.66 mmol), ethyl chloroformate (0.313 mL, 0.32 mmol), and 
anhydrous potassium carbonate (0.9 g, 6.52 mmol) were stirred 
in dry THF (20 mL) at room temperature overnight. The reaction 
mixture was diluted with ethyl acetate (40 mL) and the insoluble 
material was filtered. The filtrate was washed with 0.5 N HCl 
(3 X 20 mL) and brine (20 mL) and dried over MgSO4. Solvent 
evaporation gave a solid residue, which was recrystallized from 
ether to give 2-(carbc«thoxyammo)-4-(dimethylamino)benzoic acid 
(285 mg, 72%) as a white solid: mp 188-190 0C; IR 3600-2700, 
3400,1730 cm"1; 1H NMR (CDCl3) 1.37 (t, 3 H, CH3CH2, J = 7.1), 
3.10 (s, 6 H, N(CH3)2), 4.25 (q, 2 H, CH2CH3), 6.25-8.10 (m, 3 H, 
ArH), 10.5 (br s, 1 H, NH). A mixture of this benzoic acid (280 
mg, 1.17 mmol) and EDCI (247 mg, 1.29 mmol) was stirred at room 
temperature for 1 h. The reaction mixture was diluted with 
methylene chloride and washed with water. The organic layer 
was dried over MgSO4 and evaporated under reduced pressure 
to give a yellow solid. This solid was recrystallized from 20% 
methylene chloride/ether to give 46 (0.29 g, 75%): mp 196-198 
0C; IR 1740 cm"1; 1H NMR (CDCl3) 1.43 (t, 3 H, CH3CH2), 3.10 
(s, 6 H, N(CHg)2), 4.45 (q, 2 H, CH2CH3), 6.45-7.96 (m, 3 H, ArH). 
Anal. (C12H14N2O3) C, H, N. 

Method C. 2-(Ethylthio)-5-methyl-4H-3,l-benzoxazin-4 
one (55). To a solution of 2-amino-6-methylbenzoic acid (25 g, 
0.165 mol) and triethylamine (47.26 mL) in dry CH2Cl2 (250 mL) 
was added chlorotrimethylsilane (43 mL, 0.34 mol) in small 
portions, followed by thiophosgene (13.23 mL, 0.174 mol) added 
in a dropwise manner over a period of 0.5 h. After stirring for 
an additional 0.5 h, methanol was added and the mixture was 
evaporated to dryness. The residue was stirred in ice/water (500 
mL) and the resulting yellow powder was collected by filtration. 
The solid was dissolved in methanol, treated with charcoal, and 
then with petroleum ether to give l,2-dehydro-5-methyl-2-thi-
oxo-4H-3,l-benzoxazin-4-oneM as a white powder: mp 218-219 
0C; IR 3600-3400 cm"1:1H NMR (DMSO-d6) 2.71 (s, 3 H, CH3), 
7.05-7.77 (m, 3 H, ArH), 13.2 (b, 1 H, NH). A solution of 1,2-
dehydro-5-methyl-2-thioxo-4H-3,l-benzoxazin-4-one (19.3 g, 0.1 
mol), iodoethane (16 mL, 0.2 mol), and potassium carbonate (27.46 
g, 0.2 mol) in 200 mL of acetone was then refluxed for 2 h. The 
solid was precipitated by the addition of 400 mL of ice-cold water 
and was filtered. The insoluble solid was recrystallized from 
ether/pentane and gave 55 as a colorless solid (19.7 g, 93%): mp 
65-66 0C; IR 1765 cm"1; 1H NMR (CDCl3) 1.44 (t, 3 H, SCH2CH3), 
2.75 (s, 3 H, CH3), 3.15 (q, 2 H, SCH2), 7.10-7.70 (m, 3 H, ArH). 
Anal. (C11H11NO2S) C, H, N, S. 

Method D. 2-sec-Butylamino-4.ff-3,l-benzoxazin-4-one 
(119). 2-Carbomethoxyphenyl isocyanate (250 mg, 1.41 mmol) 
was added to a solution of sec-butylamine (0.15 mL, 1.48 mmol) 
in 10 mL of dry THF. The resulting mixture was stirred for 8 
h at room temperature and then evaporated to dryness. The 
resulting solid, after recrystallization from ether/petroleum ether 
yielded methyl 2-(3-sec-butylureido)benzoate (240 mg, 64%), mp 
124-125 0C. This material was dissolved in concentrated sulphuric 
acid (2 mL) and stirred for 3 h. The reaction mixture was added 
slowly to an ice-cold stirred mixture of saturated sodium bi­
carbonate solution and ethyl acetate. After neutralization, the 
ethyl acetate layer was extracted, separated, and washed further 
with brine solution. The organic layer was dried over MgSO4 and 
evaporated to give the title compound as a solid which was re­
crystallized from ether/petroleum ether (147 mg, 48%): mp 
122-123 0C; IR 3290,1740,1635, 1600 cm"1; 1H NMR (CDCl3) 
1.0 (t, 3 H, CH3CH2), 1.3 (d, 3 H, CH3CH); 1.6 (m, 2 H, CH2), 4.0 
(m, 1 H, CHN), 7.2, 7.68 (3 m, 4 H, ArH). Anal. (C12H14N2O2) 
C, H, N. 

Method E. 5-Methyl-2-[(3-methylbutyl)amino]-4JET-3,l-
benzoxazin-4-one (114). A solution of methyl 2-amino-6-
methylbenzoate (1.04 g, 6.25 mmol) in THF was added slowly to 
a solution of trichloromethyl chloroformate (1.01 g, 5.14 mmol) 
in THF. The solution was stirred under argon at room tem­
perature for 24 h and then concentrated under reduced pressure 
in a well-ventilated fume-hood. A solution of 3-methylbutylamine 
(2 mL, 17.2 mmol) in THF (10 mL) was added and the mixture 
was stirred for 24 h, concentrated under reduced pressure, ex­
tracted with ethyl acetate and 5% HCl solution, and then washed 

(53) Kricheldorf, H. R. Chem. Ber. 1971, 104, 3156. 

with water. The ethyl acetate layer was dried over MgSO4 and 
evaporated, leaving a white solid, which upon purification by 
column chromatography (25% ethyl acetate/petroleum ether) gave 
methyl 2-[3-(3-methylbutyl)ureido]-6-methylbenzoate (0.75 g): 
mp 118-119 0C; IR 1712, 1658, 1650, 1610 cm"1; 1H NMR 
(DMSO-d6) 0.90 (d, 6 H, 2CH3), 1.40 (m, 3 H, CH2CH), 2.20 (s, 
3 H, ArCH3), 3.13 (q, 2 H, CH2N), 6.55 (t, 1 H, NH), 7.30 (m, 3 
H, ArH), 8.05 (s, 1 H, NH); R, = 0.45 (40% EtOAc/petroleum 
ether 30/60). 3-(3-methylbutyl)-5-methyl-lH,3H-quinazolin-
2,4-dione (0.24 g) was also formed as a byproduct: mp 191-193 
0C; 1H NMR (DMSO-d6) 0.92 (d, 6 H, 2 CH3), 1.45 (m, 3 H, 
CH2CH), 2.35 (s, 3 H, CH3), 3.90 (t, 2 H, CH2N), 7.50 (m, 3 H, 
ArH); R, = 0.55 (40% EtOAc/petroleum ether 30/60). Concen­
trated H2SO4 was added to the benzoate and the resulting mixture 
was stirred for 2.5 h. The solution was added dropwise to a rapidly 
stirred mixture of ethyl acetate and supersaturated sodium bi­
carbonate solution. After neutralization, the mixture was extracted 
with ethyl acetate and washed further with water and brine 
solution. Solvent evaporation gave a solid which, when recrys­
tallized from 3% ethyl acetate/petroleum ether, provided 0.4 g 
(31%) of 114: mp 99-100 0C; IR 3300,1730,1632,1603 cm"1; 1H 
NMR (CDCl3) 0.87 (d, 6 H, CH3CHCH3), 1.30-1.70 (m, 3 H, 
CH2CH), 2.30 (s, 3 H, CH3), 3.30 (m, 2 H, CH2N), 7.00 (t, 1 H, 
ArH), 7.65 (m, 2 H, ArH), 7.93 (m, 1H, NH). Anal. (C14H18N2O2) 
C, H, N. 

Method F. JV-(4-oxo-4fl-3,l-benzoxaziii-2-yl)-L-prolyl-
phenylalaninamide (174). L-prolyl-L-phenylalaninamide (148 
mg, 0.50 mmol) was treated with 2-carbomethoxyphenyl isocyanate 
(88.5 mg, 0.50 mmol), in a manner similar to that described under 
method D, to give Ar-[(2-carbomethoxyphenyl)carbamoyl]-L-
prolylphenylalaninimide (170 mg, 78%), mp 75-77 0C. A solution 
of the urea (170 mg, 0.39 mmol) in methanol (2 mL) and 1 N 
NaOH (10 mL) was stirred for 2 days at room temperature. 
Methanol was evaporated and the resulting solution was parti­
tioned between ethyl acetate and water. The aqueous layer was 
acidified with 6 M HCl to pH 2 and N-[(2-carboxyphenyl)car-
bamoyl]-L-prolyl-L-phenylalaninimide (140 mg, 85%), mp 191-192 
0C, was isolated upon filtration. A solution of iV-[(2-carboxy-
phenyl)carbamoyl]-L-prolyl-L-phenylalaninimide (140 mg, 0.33 
mmol) in THF (50 mL) was mixed with l-[3-(dimethylamino)-
propyl]-3-ethylcarbodiimide (98 mg, 0.50 mmol) and stirred for 
48 h at room temperature. After evaporation of the solvent under 
reduced pressure, the residue was partitioned between ethyl 
acetate and water. The ethyl acetate layer was then dried over 
MgSO4 and evaporated under reduced pressure to give a white 
solid, which upon recrystallization from ethyl acetate yielded 98 
mg of iV-[4-oxo-4H-3,l-benzoxazin-2-yl)-L-prolylphenylalanin-
amide (72%): mp 226-227 0C; IR 3200-3400, 3200, 3280,1770, 
1650, 1600 cm"1; 1H NMR (DMSO-d6) 1.80 (m, 4 H, CH2CH2), 
3.0 (m, 2 H, PhCH2), 3.6 (m, 2 H, CH2), 4.4 (m, 2 H, 2 NCHCO), 
7.20 (m, 9 H, Ph, 2 H(ArH), CONH2), 7.70, 7.90 (2 m, 2 H, ArH), 
8.20 (d, 1 H, NH). Anal. (C22H22N4O4) C, H, N. 

Method G. 2-Amino-5-ethyl-4H-3,l-benzoxazin-4-one (75). 
A solution of 6-ethylanthranilic acid (120 mg, 0.73 mmol) and 
sodium hydroxide (70 mg, 1.75 mmol) in 10 mL of water was 
stirred at room temperature. A solution of CNBr (150 mg, 1.37 
mmol, 97% pure) in 10 mL of water was then added. After 16 
h, the insoluble solid was filtered and washed vigorously with 
water. The resulting brown solid was dried under vacuum and 
further purified by column chromatography (ethyl acetate) to give 
a yellow solid. This material was mixed with ether and the 
insoluble white solid that resulted upon filtration yielded 74 mg 
of 75 (54%): mp 224-226 0C; IR 3400-3600, 1750, 1700, 1590, 
1570 cm"1; 1H NMR (DMSO-d6) 1.30 (t, 3 H, CH3), 3.05 (q, 2 H, 
CH2), 7.20 (d, 1 H, ArH), 7.50 (m, 2 H, ArH). Anal. (C10H10N2O2) 
C, H, N. 

Method H. JV-(5-Methyl-4-oxo-4H-3,l-benzoxazin-2-yl)-
L-leucine Methyl Ester (154). A solution of 6-methylanthranilic 
acid (900 mg, 6.35 mmol) in toluene (30 mL) and triethylamine 
(1.77 mL, 12.6 mmol) was added to a solution of 1-benzo-
triazolecarboxylic acid chloride (2.1 g, 12.7 mmol) in toluene (30 
mL) over a period of 30 min. The precipitate was filtered and 
the filtrate was reduced to one-half of its original volume, resulting 
in a solid, which was isolated by suction filtration. The combined 
residues were washed with water, dried under high vacuum, and 
recrystallized from chloroform to give 2-(l-benzotriazolyl)-5-
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methyl-4H-3,l-benzoxazin-4-one (400 mg, 23%), mp 214-215 0C 
dec.19 This material could be used without further purification. 
To a solution of L-leucine methyl ester hydrochloride (130 mg, 
0.72 mmol) in methylene chloride (30 mL) was added triethyl-
amine (0.1 mL, 0.72 mmol). The mixture was stirred for 30 min, 
whereupon a solution of 2-(l-benzotriazolyl)-5-methyl-4H-3,l-
benzoxazin-4-one (200 mg, 0.72 mmol) in methylene chloride (150 
mL) was added. The reaction mixture was stirred at room tem­
perature for 16 h, concentrated, and partitioned between ethyl 
acetate and water. The ethyl acetate layer was dried over MgSO4 
and evaporated to give a solid, which was further purified by 
thick-layer plate chromatography (20% ethyl acetate/petroleum 
ether 30/60, R1 = 0.8). Recrystallization from pentane gave 75 
mg (34%) of 154: mp 127-128 0C; IR 3300,2960,1750,1730,1640, 
1595 cm"1; 1H NMR (CDCl3) 1.0 (d, 6 H, 2 CH3), 1.7 (m, 3 H, 
CH2CH), 2.7 (s, 3 H, Ar-CH3), 3.8 (s, 3 H, OMe), 4.7 (m, 1 H, 
CHCOOMe), 5.1 (m, 1 H, NH), 6.9-7.6 (m, 3 H, ArH). Anal. 
(C16H20N2O4) C, H, N. 

Method I. 2-(Diisopropylamino)-4H-3,l-benzoxazin-4-one 
(135). Isatoic anhydride (2 g, 12.26 mmol) was added to a solution 
of diisopropylamine (30.65 mL, 4 M aqueous solution) and the 
mixture was stirred for 2 days and then diluted with water (50 
mL). The solution was acidified with 6 M H2SO4, whereupon a 
yellowish precipitate formed, which was filtered. This material 
was dissolved in ethyl acetate and dried over MgSO4. Following 
evaporation of solvent, a solid was obtained that was cyclized in 
concentrated H2SO4 (in the same manner as that described under 
method D) over a period of 5 h at room temperature to give 540 
mg (18%) of the title compound after workup: mp 84-86 0C; IR 
1750, 1585, 1560 cm"1; 1H NMR (CDCl3) 1.36 (d, 12 H, 
2CH3CHCH3), 4.29 (h, 2 H, 2 CH), 7.10 (m, 2 H, ArH), 7.59 (m, 
1 H, ArH), 8.0 (m, 1 H, ArH). Anal. (C14H18N2O2) C, H, N. 

Method J. 5,7-Dimethyl-2-(isopropylamino)-4H-3,l-
benzoxazin-4-one (86). To a solution of thallium trifluoroacetate 
(2.28 g) in trifluoroacetic acid (2 mL) and THF (10 mL) was added 
a solution of 3,5-dimethyl-l-(3-isopropylureido)benzene (0.99 g). 
The solution was stirred in the dark for 16 h and evaporated to 
dryness. The residual oil was azeotroped with 1,2-dichloroethane 
and evaporated to dryness. The residue was pumped under high 
vacuum for 1 h. A solution of this residue in THF (25 mL) was 
added to a suspension of lithium chloride (0.365 g), palladium 
chloride (124 mg, 60% pure from Alfa Chemicals), and magnesium 
oxide (0.338 g) in dry THF (20 mL). The flask and its contents 
were flushed with carbon monoxide. The solution was stirred in 
the dark under 1 atm of carbon monoxide for 16 h, filtered through 
Celite, and evaporated to dryness. The residue was chromato-
graphed on silica gel twice (20% ethyl acetate/petroleum ether 
30/60, Rf = 0.7). The product was recrystallized from ethyl acetate 
and petroleum ether: mp 215-218 0C; IR (KBr) 3280,1730,1640, 
1605 cm"1; 1H NMR (DMSO-d6) 1.19 (d, 6 H, CH3CHCH3), 2.30 
(s, 3 H, CH3Ar), 2.60 (s, 3 H, CH3Ar), 3.90 (m, 1 H, CHNH), 6.80 
(d, 2 H, H-6, H-8, J = 4), 7.75 (d, 1 H, NH). Anal. (C13H16N2O2) 
C, H, N. 

2-Ethoxy-5-propyl-4H-3,l-benzoxazin-4-one (42). A solution 
of 44 (270 mg, 1.17 mmol) in 5 mL of THF and 5 mL of 2% NaOH 
was stirred at room temperature for 6 h. THF was removed under 
reduced pressure. The aqueous solution was acidified to pH 2 
with 6 M HCl and extracted with ethyl acetate. The organic layer 
was dried over MgSO4 and evaporated to an oil. A solution of 
this oil in ethanol was hydrogenated at 35 psi H2 to yield 194 mg 
of 2-[(ethoxycarbonyl)amino]-6-propylbenzoic acid. A solution 
of the above acid in CH2Cl2 was mixed with EDCI (184 mg, 0.96 
mmol) and stirred at room temperature for 24 h. The reaction 
mixture was extracted with water and the organic layer was then 
separated, dried over Na2SO4, and evaporated to an oil. Puri­
fication of the oil by column chromatography yielded 150 mg 
(87%) of 42 as an oil: IR 1765,1640,1600,1570 cm"1; 1H NMR 
(CDCl3) 0.89 (t, 3 H, CH3), 1.43 (t, 3 H, CH3), 1.60 (m, 2 H, CH2), 
3.11 (t, 2 H, CH2), 4.94 (q, 2 H, CH2CH2O), 7.16 (m, 2 H, ArH), 
7.55 (m, 1 H, ArH); MS 233 (M+), 205, 187, 172, 159. 

6-(Acetylamino)-2-(ethylthio)-4£f-3,l-benzoxazin-4-one 
(58). 5-Amino-2-nitrobenzoic acid (1.27 g, 5.23 mmol, 75% pure 
from Fluka) was stirred in acetic anhydride (10 mL) in the 
presence of triethylamine (2 mL) at room temperature for 1 h. 
The precipitate was filtered and then washed with ether and 
methylene chloride to give 5-(acetylamino)-2-nitrobenzoic acid 
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triethylamine salt (0.91 g, 56%), mp 109-112 0C. This material 
(500 mg, 1.61 mmol) was dissolved in ethanol. Cyclohexene (1.25 
mL) and 10% Pd/C (250 mg) were added, and the resulting 
mixture was refluxed for 1 h. The catalyst was removed by 
filtration through Celite. The combined filtrated upon evaporation 
provided 5-(acetylamino)anthranilic acid as a syrup (380 mg). This 
crude anthranilic acid was converted to 6-(acetylamino)-2-
(ethylthio)-4H-3,l-benzoxazin-4-one (58) according to the pro­
cedure described in method C: mp 194-195 0C; IR (KBr) 3360, 
1740,1690 cm'1; 1H NMR (CDCl3) 1.45 (t, 3 H, CH3CH2), 2.20 
(s, 3 H, COCH3), 3.18 (q, 2 H, CH2CH3), 7.37-8.28 (m, 3 H, ArH). 
Anal. (C12H12N2O3S) C, H, N, S. 

7-(Ethylamino)-2-(isopropylamino)-4H-3,l-benzoxazin-4-
one (98). Sodium acetate (2 g, 24.4 mmol) and acetaldehyde (15 
mL, 0.27 mmol) were added to a solution of ethyl 2-(3-iso-
propylureido)-4-nitrobenzoate19 (220 mg, 0.75 mmol) in methanol. 
Raney Ni was added to this solution and the mixture was hy­
drogenated at 50 psi H2 for 16 h. The catalyst was removed by 
suction filtration through Celite and destroyed with water. The 
filtrate was evaporated to give an oil, which was further extracted 
with ethyl acetate and 10% HCl (2 X 50 mL). The aqueous extract 
was basified with NaHCO3 and reextracted with ethyl acetate. 
The ethyl acetate layer was dried over MgSO4 and was then 
evaporated, leaving an oil, which upon purification by column 
chromatography (30% ethyl acetate/petroleum ether) gave ethyl 
2-(3-isopropylureido)-4-(ethylamino)benzoate as an oil (152 mg, 
Rf = 0.5): IR 3300,1660,1620,1585,1530 cm"1; 1H NMR (CDCl3) 
1.10-1.40 (m, 12 H, CH3CHCH3, CH3CH2, CH3CH2O), 3.20 (q, 
2 H, CH2N), 3.75-4.20 (m, 3 H, NHCH, NH), 4.25 (q, 2 H, 
OCH2CH3), 4.80 (br d, 1 H, NH), 6.10 (dd, 1 H, ArH, J = 2.4,8.9), 
7.78 (d, 1 H, ArH, J = 8.9), 7.81 (d, 1 H, ArH, J = 2.4). This oil 
was mixed with concentrated H2SO4 (2 mL) and stirred at room 
temperature for 2 h. The mixture was worked up in the same 
manner as that described under method D to give the title com­
pound (110 mg, 59%) as a white solid: mp 175-176 0C; IR 3420, 
3280,1710,1630 cm"1; 1H NMR (CDCl3) 1.26 (d, 6 H, CH3CHCH3), 
1.28 (t, 3 H, CH3CH2), 3.22 (m, 2 H, CH2N), 4.20 (m, 2 H, CHNH), 
4.50 (m, 1H, NH), 6.35 (m, 2 H, ArH), 7.77 (apparent d, 1 H, ArH). 
Anal. (C13H17N3O2) C, H, N. 

7-(Diethylamino)-2-(isopropylamino)-4H-3,l-benzoxazin-
4-one (101). A solution of methyl 2-(3-isopropylureido)-4-
nitrobenzoate19 (300 mg, 1.07 mmol) in acetaldehyde (15 mL, 0.268 
mol) and methanol was hydrogenated over Raney Ni for 16 h at 
50 psi. The Raney Ni catalyst was removed by filtration through 
Celite and immediately destroyed with water. The filtrate was 
evaporated to an oil and extracted with ethyl acetate and 8% HCl 
(2 X 50 mL). The acid extract was neutralized with NaHCO3 and 
extracted with ethyl acetate. The organic layer was dried over 
MgSO4 and then evaporated to give an oil, which upon purification 
by column chromatography (35% ethyl acetate/petroleum ether) 
gave 180 mg (55%) of methyl 4-(diethylamino)-2-(3-isopropyl-
ureido)benzoate: mp 126-127 0C. Anal. (C16H26N3O3) C, H, N. 
This solid (90 mg, 0.29 mmol) was mixed with 2 mL of concen­
trated H2SO4 and stirred at room temperature for 2 h. The 
mixture was worked up in the same manner as that described 
under method D to give 60 mg (74%) of 101: mp 182-184 0C; 
1H NMR (CDCl3) 1.22,1.26 (d and t, 12 H, CH3CHCH3, 2 CH3), 
3.43 (q, 4 H, 2 CH2N), 4.69 (m, 1 H, CH), 4.50 (m, 1 H, NH), 6.22 
(d, 1 H, ArH, J = 2.5), 6.50 (dd, 1 H, ArH), 7.81 (d, 1 H, ArH, 
J = 8.9). Anal. (C16H21N3O2) C, H, N. In a similar manner, 
compounds 91, 94, 95, and 100 were prepared from their corre­
sponding precursors.19 

2-[(Isobutoxycarbonyl)methylamino]-4H-3,l-benz-
oxazin-4-one (147). Isobutyl chloroformate (0.64 mL, 4.68 mmol) 
was added to a stirred mixture of NaHCO3 (0.2 g, 2.38 mmol), 
4-(dimethylamino)pyridine (0.28 g, 2.29 mmol), and 2-(methyl-
amino)-4H-3,l-benzoxazin-4-one (76; 0.40 g, 2.27 mmol) in 15 mL 
of THF and 20 mL of CH2Cl2. The mixture, after refluxing for 
4 h, was cooled and the insoluble material was filtered. The filtrate 
was mixed with petroleum ether and once again filtered. Evap­
oration of the filtrate gave a solid, which was recrystallized from 
petroleum ether and yielded 0.23 mg (18%) of 147: mp 44-45 
0C; IR 1775, 1722, 1600,1570 cm"1; 1H NMR (CDCl3) 1.00 (d, 6 
H, CH3CHCH3), 2.02 (m, 1 H, CH3CHCH3), 3.45 (s, 3 H, NCH3), 
4.06 (d, 2 H, CH2O), 7.20-7.80 (m, 3 H, ArH), 8.15 (m, 1 H, ArH). 
Anal. (C14H16N2O4) C, H, N. 



478 Journal of Medicinal Chemistry, 1990, Vol. 33, No. 2 Krantz et al. 

JV-(7-Amino-5-ethyl-4-oxo-4H-3,l-benzoxazin-2-yl)-L-pro-
lyl-L-leucinamide (172). A solution of ethyl 2-amino-6-ethyl-
4-nitrobenzoate (400 mg, 1.79 mmol) in 5 mL of ethyl acetate was 
added dropwise to a solution of trichloromethyl chloroformate 
(0.35 g, 1.78 mmol) in 10 mL of ethyl acetate. The soluiton was 
stirred at room temperature for 2 h, refluxed for 3 h, and then 
cooled. This solution was added slowly to a solution of L-pro-
lyl-L-leucinamide (0.36 g, 1.78 mmol) and triethylamine (0.75 mL, 
5.38 mmol) in 10 mL of THF. After 3 h, the solvent was evap­
orated under reduced pressure and the residue was extracted with 
ethyl acetate. The organic layer, which was washed in turn with 
water and 6 M HCl solution, was then dried over MgSO4 and 
evaporated to give an oil. Purification of this oil by column 
chromatography (50% ethyl acetate/petroleum ether to ethyl 
acetate) gave 350 mg (40%) of iV-[[2-(carbethoxy)-3-ethyl-5-
nitrophenyl]carbamoyl]-L-prolyl-L-leucinamide. A solution of this 
urea was mixed with 10 mL of ethanol and 10 mL of 2.5% NaOH 
and stirred at room temperature for 6 h. The solution was 
acidified with 6 M HCl and extracted with ethyl acetate. The 
organic layer was dried over MgSO4 and evaporated to give crude 
AT-[(2-carboxy-3-ethyl-5-nitrophenyl)carbamoyl]-L-prolyl-L-
leucinamide as an oily solid. Without further purification, a 
solution of this acid and EDCI (210 mg, 1.01 mmol) in 10 mL of 
dry THF was stirred at room temperature for 16 h. The solution 
was evaporated to dryness and the residue was partitioned be­
tween ethyl acetate and water. The organic layer, after drying 
over MgSO4, was evaporated to a solid, which upon recrystalli-
zation gave 195 mg (61%) of N-(5-ethyl-7-nitro-4-oxo-4H-3,l-
benzoxazin-2-yl)-L-prolyl-L-leucinamide as a yellow solid: mp 
240-244 0C; IR 3410, 3300, 3200, 2960,1765,1665 cm"1; 1H NMR 
(DMSO-CJ6) 0.81, 0.91 (2 d, 6 H, CH3CHCiW3), 1.20 (t, 3 H, 
CZf3CH2), 1.50 (m, 3 H, CH2CH), 1.95 (m, 4 H, CH2CH2), 3.15 
(q, 2 H, ArCAT2CH3), 3.61 (m, 2 H, CH2N), 4.10-4.60 (m, 2 H, NCH, 
NCHCO), 6.9-7.3 (m, 2 H, CONH2), 7.53 (br s, 1 H, ArH), 7.72 
(d, 1 H, ArH, J = 1.95), 8.20 (d, 1 H, CONH, J = 8.3); MS (70 
eV) 445 (M+), 428, 415, 316, 288. A solution of iV-(5-ethyl-7-
nitro-4-oxo-4H-3,l-benzoxazin-2-yl)-L-prolyl-L-leucinamide (100 
mg, 0.22 mmol) in 10 mL of THF and 100 mL of cyclohexene was 
stirred at room temperature under argon. After 150 mg of 10% 
Pd/C was added portionwise, the solution was refluxed for 2.5 
h and then cooled. The catalyst was filtered and the filtrate was 
evaporated to give 66 mg (71%) of 172 as a white solid: mp 
148-150 0C; IR 3480, 3420, 3360, 3230,1740,1690,1600 cm"1; 1H 
NMR (CDCl3) 0.86 (2 d, 6 H, CH3CHCH3), 1.18 (t, 3 H, CH3CH2), 
1.50-1.80 (m, 3 H, CH2CH), 2.00-2.40 (m, 4 H, CH2CH2), 3.00 
(q, 2 H, ArCH2CH3), 3.60-3.85 (m, 2 H, CH2N), 4.30-4.70 (m, 4 
H, NCH, NCHCO, ArNH2), 5.90 (br s, 1 H, NH), 6.20 (d, 1 H, 
ArH, J = 2.2), 6.28 (d, 1 H, ArH, J = 2.2), 6.90 (br s, 1 H, NH), 
7.20 (d, 1 H, NHCO); MS (70 eV) 415 (M+), 372, 287, 259,189. 

Alkaline Hydrolysis. Alkaline hydrolysis rate constants of 
4H-3,l-benzoxazin-4-ones were determined at several pH values 
at 25 0C by following the disappearance of the long-wavelength 
UV chromophore (\maI typically 300-345 nm) in the manner 
described previously.64 

Enzymatic Studies. Human sputum elastase (HSE) was 
purchased from Elastin Products Co., Inc. (Pacific, MO). 7-
[(Methoxysuccinyl)alanylalanylprolylvalinamido]-4-methylcou-
marin was obtained from Peninsula Laboratories, Inc. (Belmont, 
CA). 7-[(Methoxysuccinyl)alanylalanylprolylvalinamido]-4-
(trifluoromethyl)coumarin was purchased from Enzyme Systems 
Products (Livermore, CA). (Methoxysuccinyl)alanylalanyl-
prolylvaline p-nitroanilide was obtained from Calbiochem (La 
Jolla, CA). Gel filtration media and PD-10 columns were acquired 
from Pharmacia (Dorval, Quebec). Soybean trypsin inhibitor 
(SBTI) was purchased from Sigma (St. Louis, MO). AU methods 
of analysis were as indicated previously.61 

HL elastase was prepared from human leukocytes as published 
previously.6c,8b'56 Enzyme inhibition was assayed by the progress 
curve method (pH 7.8, 25 0C) as described previously.6c'10d'llb A 
few compounds, as noted in Table III, were assayed with the 

(54) Spencer, R. W.; Tam, T. F.; Thomas, E.; Robinson, V. J.; 
Krantz, A. J. Am. Chem. Soc. 1986, 108, 5589. 

(55) Engelbrecht, S.; Pieper, E.; Macartney, H. W.; Rautenberg, W.; 
Wenzel, H. R.; Tschesche, H. Z. Phys. Chem. 1982, 363, 305. 

chromogenic substrate (methoxysuccinyl)alanylalanylprolylvaline 
p-nitroanilide by monitoring AA at 410 nm. Data were fit to 
[product] = Ae~kt + B + Ct. Linear regression of the observed 
k vs [I] gave kon. Regression of the steady-state rates vs [I] with 
the program VKKI (a special case of the program COMP66 for [S] 
« Km) gave Ki. The deacylation rate, k^, was calculated as Ii0Ji1. 
In a few cases, koa was measured directly by isolating the acyl 
enzyme using a PD-10 column at low pH.67 Deacylation was 
monitored by the reappearance of enzyme activity upon dilution 
(1 in 40) of acyl enzyme into assay buffer containing fluorogenic 
substrate. 

Deacylation products for 2-(ethylamino)benzoxazinone 79 with 
HLE were determined as previously described11 by analysis of 
the fluorescence spectrum after exhaustive incubation of enzyme 
with inhibitor. Deacylation products for 2-n-propylbenzoxazinone 
11 and 2-ethoxybenzoxazinone 34 with elastase were identified 
by their UV absorption spectra as determined from UV difference 
spectra and by HPLC analyses. Stoichiometric amounts of HSE 
and inhibitor, 11 or 34 (each at a final concentration of 12.5 ^M, 
pH 7.8 and 25 0C), were placed in separate compartments of split 
cuvettes and then a base line difference spectrum was obtained. 
The sample cuvette was then mixed, and a difference spectrum 
and an HPLC analysis of the mixture were immediately obtained. 
The difference spectrum for 11 showed a AX11181 = 309 nm, similar 
to the model base-hydrolysis difference spectrum where AX1118x 
= 313 nm. The corresponding difference spectra for 34 showed 
AX11181 = 319 nm for both the putative acyl enzyme and the 
base-hydrolysis product. Immediately following these determi­
nations and before significant deacylation had occurred, 4 equiv 
of SBTI were added to trap the enzyme to approximate single-
turnover conditions. Difference spectra and HPLC analyses were 
obtained 10-16 min later. Products were identified by comparison 
to spectral data and retention times of the authentic benzoxa-
zinones 11 and 34 and their base-hydrolysis products, i.e. the 
amido- and carbamoylbenzoate, respectively. The product of 
deacylation of 34 was identified as the carbamoylbenzoate. 2-
n-Propylbenzoxazinone itself appeared to be the exclusive product 
of deacylation for compound 11, on the basis of the regeneration 
of the starting base line difference spectrum concomitant with 
the appearance of approximately 1 equivalent of benzoxazinone 
as determined by HPLC. To provide additional support for this 
result, HSE (25 /tM) was mixed with 4 equiv of 11 to fully inhibit 
the enzyme. This mixture was chromatographed on a PD-10 
column equilibrated and eluted with pH 4.0 buffer (50 mM 
NaOAc, 1M NaCl, 0.1 % Brij) to separate the protein (presumably 
the acyl enzyme) from excess inhibitor. At pH 4.0 acyl enzyme 
is stable67 and excess benzoxazinone is rapidly hydrolyzed (ty2 

= 3.6 min for 11 in elution buffer). An aliquot of the protein 
fraction brought to pH 7.8 with an equal volume of K2HPO4 
solution (conditions which allow deacylation) and then analyzed 
by UV and HPLC showed that approximately 1 equiv of benz­
oxazinone 11 was thus formed clearly as a consequence of dea­
cylation. 
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121,81904-99-6; 122,100076-65-1; 123,1026-16-0; 124,123102-00-1; 
125, 123102-01-2; 126, 100076-66-2; 127, 123102-02-3; 128, 
123102-03-4; 129,100076-71-9; 130,123102-04-5; 131,123102-05-6; 
132, 123102-06-7; 133, 14128-51-9; 134, 123102-07-8; 135, 
123102-08-9; 136,123102-09-0; 137,123102-10-3; 138,14128-52-0; 
139, 123102-11-4; 140, 123102-12-5; 141, 123102-13-6; 142, 
123102-14-7; 143,123102-15-8; 144, 23494-28-2; 145,123102-16-9; 
146, 123124-03-8; 147, 123102-17-0; 148, 78754-96-8; 149, 
100075-95-4; 150,123102-18-1; 151,100075-97-6; 152,100076-02-6; 
153, 100076-00-4; 154, 100076-01-5; 155, 100076-03-7; 156, 
100076-10-6; 157,123102-19-2; 158,123102-20-5; 159,100075-93-2; 
160, 100163-86-8; 161, 100075-99-8; 162, 123102-21-6; 163, 
111556-32-2; 164,123102-22-7; 165,123102-23-8; 166,123124-04-9; 
167, 100163-85-7; 168, 100075-86-3; 169, 123102-24-9; 170, 
123102-25-0; 171,100075-88-5; 172,123102-26-1; 173,100075-85-2; 
174,100075-87-4; 175,100075-96-5; HSE, 9004-06-2; i-BuOCOCl, 
543-27-1; BuOCOCl, 592-34-7; CSCl2, 463-71-8; BrCH2CO2Et, 
105-36-2; BrCH=CHPh, 103-64-0; CNBr, 506-68-3; o-
MeO2CC6H4NCO, 1793-07-3; 0-MeC6H4CH2NH2, 89-93-0; p-
Me2NC6H4CH2NH2, 6406-74-2; Ph(CH2)2NH2,64-04-0; GIyOEt, 
459-73-4; L-AIaOEt, 3082-75-5; AIaVaIOMe, 84255-92-5; DL-
LeuOMe, 18869-43-7; L-LeuOMe, 2666-93-5; D-LeuOMe, 23032-
21-5; L-IIeOMe, 2577-46-0; (±)-PhGlyOMe, 6591-61-3; (R)-
PhGIyOMe, 24461-61-8; DL-PheOEt, 1795-96-6; PheNH2, 5241-
58-7; L-TyrOMe, 1080-06-4; AsnNHiPr, 86409-04-3; GInNHiPr, 
86409-12-3; DL-ProNH2, 38806-33-6; L-ProNH2, 7531-52-4; 
Pr0AIaNH2,123102-47-6; Pr0VaINH2, 46423-50-1; ProLeuNH2, 
60016-92-4; ProLeuGlyNH2, 2002-44-0; ProPheNH2,1510-07-2; 
P-MeO 2 CC 6 H 4 NHCOPr 0 LeUNH 2 , 100076-35-5; o-
HO2CC6H4NHCOPr0LeUNH2, 100076-40-2; H2N(CH2)3C02H, 
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56-12-2; L,L-3,5-(Me)2C6H3NHCONHLeuLeuOMe, 123124-05-0; 
D,L-3,5-(Me)2C6H3NHCONHLeuLeuOMe, 123102-46-5; 6-
methylanthranilic acid, 4389-50-8; anthranilic acid, 118-92-3; 
3,6-dimethylanthranilic acid, 15540-91-7; 6-ethylanthranilic acid, 
66232-56-2; 6-propylanthranilic acid, 66232-53-9; 6-isopropyl-
anthranilic acid, 66232-54-0; 4-(dimethylamino)anthranilic acid, 
123102-27-2; 2-(<^bethoxyammo)-4-(dimethylamino)benzoic acid, 
123102-28-3; 5-(carbethoxyamino)anthranilic acid, 94031-58-0; 
4,5-dimethGxyanthranilic acid, 5653-40-7; l,2-dehydro-5-
methyl-2-thioxo-4ff-3,l-benzoxazin-4-one, 123102-29-4; 5-
methylanthranilic acid, 2941-78-8; 5-amin0-2-nitrobenz0ic acid, 
13280-60-9; 4-ethylanthranilic acid, 59189-99-0; 3-methyl-
anthranilic acid, 4389-45-1; 3-ammc-2-naphthalenecarboxylic acid, 
5959-52-4; 3-(bromomethyl)-ltf-indole, 50624-64-1; 4-(bromo-
methyl)-l#-imidazole, 80733-10-4; 2-[(ethoxycarbonyl)amino]-
6-propylbenzoic acid, 123102-30-7; 5-(acetylamino)anthranilic acid 
triethylamine, 123102-31-8; 5-(acetylamino)anthranilic acid, 
4368-83-6; 2-amin0benz0ic acid methyl ester, 134-20-3; 2-
amino-6-methylbenzoic acid methyl ester, 18595-13-6; 2-amino-
3-methylbenzoic acid methyl ester, 22223-49-0; 2-amino-6-
ethylbenzGic acid methyl ester, 123102-32-9; 3,5-dimethyl-l-(3-
isopropylureid0)benzene, 100076-49-1; 2,5-dimethyl-l-(3-iso-
propylureid0)benzene, 100076-53-7; 4-ethyl-2-is0cyanatobenzoic 
acid methyl ester, 123102-33-0; ethyl 2-(3-isopropylureid0)-4-
nitrobenzGate, 123102-34-1; ethyl 2-(3-isopropylureido)-4-(eth-
ylamino)benzoate, 123102-35-2;methyl 2-(3-isopropylureido)-4-
nitrobenzGate, 100076-58-2; 4-(diethylamino)-2-(3-isopropyl-
ureido)benz0ate, 123102-36-3; methyl 2-(3-isopropylureido)-6-
methyl-4-nitrobenzoate, 121285-19-6; methyl 6-ethyl-2-(3-iso-
pr0pylureido)-4-nitr0benz0ate, 123102-37-4; methyl 2-(3-iso-
propylureido)-4-nitro-6-pr0pylbenz0ate, 123102-38-5; methyl 
2-(3-isopropylureido)-3,4-dimethylbenzGate, 123102-39-6; methyl 
2-isocyanato-3-methylbenzoate, 100076-24-2; methyl 3-ethyl-2-
(3-is0pr0pylureid0)benzoate, 123102-40-9; methyl 2-isocyanato-
6-methylbenzoate, 123102-41-0; methyl 6-ethyl-2-isocyanato-
benzoate, 123102-42-1; methyl 2-[3-(3-methylbutyl)ureido]-6-
methylbenzGate, 123102-43-2; 3-(3-methylbutyl)-5-methyl-
ltf,3tf-quinaz0line-2,4-dione, 123102-44-3; methyl 2-(3-sec-but-
ylureido)benzoate, 100076-25-3; methyl 2-isocyanato-6-meth-
oxybenzoate, 123102-45-4; isotGic anhydride, 118-48-9; methyl 
2-amino-3,6-dimethylbenzGate, 27023-00-3; 1-benzotriazole-
carboxylic acid chloride, 65095-13-8; 2-(l-benzotriazolyl)-5-
methyl-4H-3,l-benz0xazin-4-one, 100076-26-4; methyl 2-amino-
4,6-dimethylbenzoate, 35490-78-9; ethyl 2-amino-6-ethyl-4-
nitrobenzGate, 107747-10-4; AT-[[2-(carbethoxy)-3-ethyl-5-nitro-
phenyl]carbamoyl]-L-prolyl-L-leucinamide, 123124-06-1; iV-[(2-
carboxy-3-ethyl-5-nitrGphenyl)carbamoyl]-L-prolyl-L-leucinamide, 
123102-48-7; iV-(5-ethyl-7-nitro-4-ox0-4/jr-3,l-benzoxazin-2-yl)-
L-prolyl-L-leucinamide, 123102-49-8. 


