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Acetazolamide-like Carbonic Anhydrase Inhibitors with Topical Ocular 
Hypotensive Activity 
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New carbonic anhydrase (EC 4.2.1.1) inhibitors were synthesized as potential drugs for the topical treatment of 
glaucoma “hey were obtained by substituting the acetyl group of acetezolamide and methamlamide with bicarboxylic 
acids of different chain length (C446). The terminal carboxyl was either kept free or esterified with alcohols of 
different size (C1412). A y-aminovaleric derivative was also prepared. All compounds proved active as carbonic 
anhydrase inhibitors in vitro, with an average ICm of about 0.5 pM. Some proved ale0 to be topically active in vivo 
in lowering the artificially elevated intraocular pressure in rabbits. The most active compound, carrying a succinic 
acid side chain, is the most soluble in aqueous buffers. Its duration of action is about 8 h and it is under evaluation 
as a topical antiglaucoma drug. It is hypothesized that the duration of action could be longer in compounds having 
both the same high water solubility and partition coefficient. 

Introduction 
High intraocular pressure (IOP) is most probably asso- 

ciated with the etiology of glaucoma, an optical disease 
evolving into the losa of peripheral vision, and eventually 
into blindness. Intraocular preasure is controlled primarily 
by the rate of aqueous humor formation and elimination, 
and any substance able to reduce the former or to increase 
the latter could be useful as an antiglaucoma drug. 

It is well-known that the systemic administration of 
inhibitors of carbonic anhydrase (CA),’2 an enzyme present 
in nonpigmented cells of ciliary structure, decreases the 
rate of aqueous humor formation and lowers the IOP. But 
all known carbonic anhydrase inhibitors (CAI), when orally 
administered at the large doses required to obtain a useful 
reduction of IOP, evoke side effects, which prevent or 
reduce their likelihood of use.316 These side effects are 
probably caused by the inhibition of CA in extraocular 
tissues and could be reduced by topical administration of 
inhibitors. 

When applied directly into the eye, the classical CAI, 
such as acetazolamide, methazolamide, and ethoxazol- 
amide,’ are poorly abeorbed and ineffective in reducing the 
IOP.8 Only recently have examples of topically effective 
inhibitors been reported?JO 

In this paper we describe a series of analogues of acet- 
azolamide (1) and methazolamide (2) in which lipophilicity 
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is varied systematically in order to change their water 
solubility and their partitioning coefficient and, possibly, 
to improve their ocular absorption. According to a rapid, 
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primary screening test, some of them are topically effective 
in lowering the I0P.l1 
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esters were synthe~hd as examples in a homologous series 
around 3. AH an example of a hydrophylic, basic terminal 
group, we synthesized a (4aminovaleryl)amino derivative 
(16). 

Derivatives with a free carboxylic group were prepared 
with succinic (121, glutaric (131, adipic (141, and azelaic (15) 
acids. The free malonic acid derivative was unstable and 
was prepared only as methyl ester 10. 

Methazolamide derivatives were prepared with succinic 
acid esterified with methyl (8) and pentyl (9) alcohols. 

The new compounds were synthesized according either 
to Scheme I or II. Scheme I is similar to that used for the 
synthesis of acetazolamide and related comp~unds.'~-'~ 
~Amino-2-(be~1thio)-1,3,4-thiadiazole, 19, was acylated 
in EkN/CDMAP with the desired monoester mono- 
chloride of a bicarboxylic acid prepared as described by 
Cason.'6J6 At this step methazolamide derivatives were 
prepared by methylation with CHJ/NaH. Subsequently 
Cl, oxidation and treatment with liquid ammonia gave the 
final compound. 

Compounds 3-9,11, and 16 were synthesized according 
to Scheme I. Compound 10, which is unstable under 
chlorine action, and compounds 12-15 and 17-18 were 
prepared by following Scheme 11. The same procedure 
was applied also for the synthesis of compounds 3 and 11. 
According to Scheme 11, 5-amino-2-sulfamyl-l,3,4-thia- 
diazole (201, obtained by hydrolysis of 1:' was directly 
acylated with the acid monochlorides of the methyl hem- 
iesters. The free acids were subsequently obtained by mild 
alkaline hydrolysis of the corresponding esters. 

Product 12 was also directly synthesized by reacting 20 
with succinic anhydride that had been already used, bound 
to dextran, as a macromolecular CAI.18 
Biological and Pharmacological Activity 
All synthesized compounds were tested in vitro as CA 

(Boehringer) inhibitors. Eleven of them, the most repre- 
sentative, were tested in vivo ae topical IOP lowering 
agents; they were dissolved (or suspended with methyl 
cellulose (200-400 cps)) in 66 mM phosphate buffer pH 
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3,%: R = CH300C(CH2)2 
4,4a: R = C2HSOOC(CH2)2 
5, Sa: R = secC4HoOOC(CH2)2 
6,6a: R = nC5H1,00C(CH2)2 
7,7a: R = Cl2H2~00C(CH2)2 

9, Sa, 9b: R = nCSHl100C(CH2)2 
E,&, 8b: R = CH300C(CH2)2 

11, l l a :  R=CH300C(CH2)3 
I&: R = CI(CH2)a 
16: R = NH2(CH2)4 

Strategy and Chemistry 
In order to systematically vary the lipophilicity in a 

series of analogues of acetazolamide, without loss of the 
enzymatic inhibiting activity, the acetyl group of acet- 
azolamide was substituted with other aliphatic acyl group 
having a carbon chain of increasing length and carrying 
a second carboxylic group. These derivatives seemed 
particularly suitable for our study, because their synthesis 
was accomplished by acylating 5-amino-2-(benzylthio)- 
1,3,4-thiadiazole, 19, with different monoester mono- 
chlorides of bicarboxylic acids and then applying a known 
procedure for conversion to the acetazolamide deriva- 
tive~.'~" Only for a few derivatives was a different route 
necessary. Moreover, the physical-chemical properties of 
these new derivatives could be systematically varied by 
increasing the number of methylenes between the two 
carboxyls; the terminal carboxyl could be either kept free 
or esterified, and the nature and the size of the ester group 
could also be systematically varied. The presence of a free 
carboxyl group in some casea allowed for the preparation 
of suitable salts which increased water solubility. 

Derivatives of succinic acid esterified with methyl (3), 
ethyl (4), sec-butyl (51, n-pentyl (6), and dodecyl (7) al- 
cohols were prepared. Malonylamino (lo), glutarylamino 
(111, adipoylamino (171, and azelaoylamino (18) methyl 
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Table I. Comparison of Partitioning Ability, Solubility in Phosphate Buffer (66 mM), pH 7.6, and ICm on CA for 1-18 
"Pd R R m  sol, mM ICw, MM 

1 CH3 -0.18 9.9 0.44 
3 CH2CHzCOOCHB -0.49 3.2 0.55 
4 CH2CHzCOOCHzCH3 -0.16 8.9 0.73 
5 CHzCHzCOO-sec-Bu -0.05 3.7 0.37 
6 CHZCH&OO(CHz)4CH3 0.18 1.3 0.39 
7 CH2CHzCOO(CHl)llCH3 0.90 0.52 
8 methazol-CH2CH2COOCH3 0.25 7.3 0.45 
9 ~ ~ ~ ~ ~ ~ O ~ - C H ~ C H ~ C O O ( C H ~ ) ~ C H ~  0.37 1.4 0.31 
10 CH2COOCH3 -0.63 16 0.94 

12 CH2CHzCOOH -0.80 60.7' 0.55 
13 (CHJBCOOH -0.45 31.0b 0.52 
14 (CHl)dCOOH -0.41 25.W 0.52 

11 (CHl)&OOCH3 -0.39 11.5 0.91 

15 (CH2)TCOOH -0.33 21.6 0.48 
16 (CH2)4m2 -0.14 8.8 0.44 

18 (CH&COOCHa 0.18 <1 0.91 
17 (CHz)&OOCH3 0.00 <1 0.23 

pH of solution 5.8. * pH of solution 6.6. pH of solution 6.8. 

Table 11. Effects of the Communds on Intracellular Pressure (IOP)" 

"Pd 
3 
4 
5 
6 
8 
9 
10 
12 
13 
14 
15 
16 

IOP: base 
RE Amp LE 

IOP t=Omin  
RE Amp LE 

IOP t = 10 min 
RE Amp LE 

~~ 

IOP t = 20 min 
RE Amp LE 

IOP: t = 40 min 
RE Amp LE 

15.67 
15.33 
15.67 
15.83 
15.50 
15.67 
16.17 
15.67 
15.50 
16.83 
15.83 
15.83 

(0.16) 
(0.00) 

(-0.34) 
(-0.16) 
(-0.17) 
(0.16) 
(0.16) 

(-0.17) 
(0.00) 

(-0.50) 
(0.17) 

(-0.33) 

15.83 
15.33 
15.33 
15.67 
15.33 
15.83 
16.33 
15.50 
15.50 
16.33 
16.00 
15.50 

15.17 
13.33 
14.67 
15.00 
14.83 
15.50 
15.87 
14.33 
14.67 
16.33 
16.17 
15.00 

(1.00) 
(2.17) 
(0.83) 
(0.67) 
(1.17) 
(0.17) 
(0.30) 
(1.17) 
(0.66) 

(-0.16) 
(-0.17) 
(0.83) 

16.17 
15.50 
15.50 
15.67 
16.00 
15.33 
16.17 
15.50 
15.33 
16.17 
16.00 
15.83 

25.33 
20.33 
21.50 
22.67 
24.67 
24.00 
23.17 
19.33 
21.17 
22.00 
25.17 
24.00 

(0.17) 
(5.34) 
(4.17) 
(1.83) 
(1.16) 
(1.17) 
(4.00) 
(6.64) 
(4.33) 
(3.17) 
(1.33) 
(2.17) 

25.50 
25.67 
25.67 
24.50 
25.83 
25.17 
27.17 
26.00 
25.50 
25.17 
26.50 
26.17 

19.50 
17.33 
19.00 
20.00 
20.83 
20.67 
19.67 
17.17 
19.00 
20.00 
19.50 
20.83 

(0.67) 
(3.34) 
(1.17) 
(1.33) 
(0.67) 
(1.33) 
(2.83) 
(4.50) 
(3.00) 
(1.67) 
(1.17) 
(0.67) 

20.17 
20.67 
21.17 
21.33 
21.50 
22.00 
22.50 
21.67 
22.00 
21.67 
20.67 
21.50 

16.50 (017) -16.67 
15.67 (2.00) 17.67 
16.67 (0.50) 17.17 
17.83 (1.00) 18.83 
17.33 (0.50) 17.83 
17.83 (0.17 18.00 
17.00 (2.17) 19.17 
15.67 (3.33) 19.00 
16.50 (2.33) 17.83 
17.17 (0.83) 18.00 
17.00 (0.50) 17.50 
16.83 (0.50) 17.33 

timololb 18.53 (0.00) 18.53 15.77 (1.07) 16.84 18.57 (7.27) 25.84 19.38 (2.59) 21.97 18.77 (0.00) 18.77 
"IOP, mmHg, lowering was determined by a transition ocular hypertension model. Each sample (0.1 mL of a 2% solution) was unila- 

terally instilled into the right eye of male New Zealand rabbits 2 h before intravenous injection of 20 mL/kg of a 5% glucose solution in 
water. Six animale were treated with each compound. Tonometryes were measured at 0, 10, 20, and 40 min from infusion. RE, right eye; 
LE, left eye. 

Table 111. Topical Activity of Compound 12 as a Function of Time from Administration" 

Data from ref 22. 

IOP base IOP: t = 0 min IOP: t = 10 min IOP t = 20 min IOP t = 40 min 
time (h) RE A ~ o p  LE RE A10p LE RE AIOP LE RE A10p LE RE A10p LE 

4 15.50 (0.00) 15.50 13.33 (2.00) 15.33 18.50 (7.33) 25.83 18.33 (3.67) 22.00 16.33 (2.50) 18.83 
8 15.67 (0.00) 15.67 14.83 (0.84) 15.67 22.23 (3.84) 26.17 18.67 (2.83) 21.50 16.50 (2.17) 18.67 

a IOP, mmHg, measured as in Table 11. RE, right eye; LE, left eye. 
7.6; the resulting solution was made isotonic with NaCl and 
aseptic with benzalkonium chloride. 

The results are summanzed * in Tables I-111 together with 
the R, values and solubility of the derivatives measured 
according to Biagi.l9 
Discussion 

In Table I are reported ICw values, R, values as a 
measure of the partition coefficient, and solubility in a 
water buffers at pH 7.6 of the new compounds. 
All tested compounds exhibited a good intrinsic inhi- 

bitory activity against CA in the range of potency of ace- 
tazolamide (11, in agreement with previously reported 
data.'$ This is shown also by those derivatives with a long 
carbon chain in the ester moiety. The variation of lipo- 
philicity in these acetazolamide analogues has thus little 
influence on their CA inhibitory power. 

On the contrary, as clear from Table 11, the in vivo 
activity, after topical administration, is strongly dependent 

(19) Biagi, G.; Barbaro, A. M.; Gamba, M. F.; Guerra, M. C. Par- 
tition Data of Penicillins Determined by Means of Reversed- 
Phase Thin Layer Cromabgrafy. J. Cromutogr. 1969,41,371. 

on the physical-chemical characteristics of the tested 
compounds. 

Compounds 7, 17, and 18 were not tested because of 
their very low solubility. Only a few compounds, among 
those with a water solubility higher than 3.5 mM (4,6,10, 
12, 13), elicited a significant IOP reduction. 

Therefore, water solubility seems to be a necemry, but 
obviously not sufficient, condition for in vivo topical ac- 
tivity. 

This conclusion was already reached by the researchers 
of the Merck group, which selected and developed com- 
pounds MK-927 and MK-417,1° new potent, topically ac- 
tive CAI, with a thienothiopynen-2-sulfonamide structure. 

Of the five Compounds with a significant topical activity, 
three (4, 5, 10) are esters and two (12, 13) have a free 
carboxylic group. Theae latter ones are more effective than 
the former. 
SARm on compounds carrying a free carboxylic end 

(20) Menziani, M. C.; De Benedetti, P. G.; Gago, F.; Richards, W. 
G. The Binding of Benzeneaulfonamidea to Carbonic Anhy- 
drase Enzyme. A Molecular Mechanics Study and Quantita- 
tive StructureActivity Relationships. J. Med. C ~ M .  1989,32, 
951. 
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group and tested in vivo indicate that only those deriva- 
tives with a short methylenic side chain have significant 
topical activity. By increasing of the length of the side 
chain, the partition coefficient increases, while both water 
solubility and topical activity decrease in parallel. 

The available data are too few and neither a generali- 
zation nor a quantitative evaluation are possible; however, 
a direct dependence of activity on water solubility is clear. 

By comparing the compounds carrying an estefied side 
chain and tested in vivo (3, 4, 5,6, lo), those that have 
shown a significant level of activity (4, 5, 10) are more 
water soluble than the less active ones (3,6), but there is 
no apparent correlation between water solubility, partition 
coefficient, and activity. For example compound 10 has 
the highest solubility in water and the lowest partition 
coefficient, but it is lees active in vivo than 4 and 5, which 
have lower solubility and higher R,. 

Furthermore the comparison of the water solubility and 
in vivo activity of 4 and 12, the most active compounds 
of the two series, shows that 12, carrying a free carboxylic 
group, is much more water soluble than ita ethyl ester 4 
(60.7 vs 8.9 mM), while the in vivo activity of the former 
is only slightly higher than that of the latter. Therefore 
the solubility in water of these compounds is an essential 
requisite for their activity, but a certain degree of lipo- 
philicity is a concomitant requisite as well. 

In general the IOP lowering action of the active com- 
pounds is local because unilateral instillation of the ex- 
amined compounds into the right eye had no effect on the 
artificially elevated IOP of the left eye. 

On the basis of these results compound 12 was chosen 
for the study of ita topical activity as a function of time. 
IOP was measured at the 4th and 8th hour after admin- 
istering 12 to groups of rabbita (Table III). After the 4th 
hour the lowering of the IOP is coincident with that re- 
ported in Table 11 within the limits of experimental errors. 
After the 8th hour the lowering of the IOP is still meas- 
urable but of little intensity. It can be then concluded that 
the drug is effective for a time shorter than 8 h. 

Compound 12 has been submitted to further pharma- 
cological and toxicological evaluation. Its duration of ac- 
tion is similar to that of the recent Merck CAI mentioned 
above,l0 and its possible use as topical antiglaucoma agent 
requires multiple daily administrations. 

This unfavorable feature of the pharmacological be- 
havior of 12 can be explained by considering that it is very 
soluble in the aqueous humor, as it is in water buffers. 
Since the aqueous humor has a quick turnover, it is highly 
probable that 12 be rapidly cleared up, while substances 
that could bind to the intemal ocular structures would be 
retained for a longer time and exert a depot effect. 

The search for analogues of 12 having a higher a f f ~ t y  
for the ocular tissues can be a probable development of 
this research for the discovery of longer lasting, topically 
active CAI. 

Experimental Section 
Melting points were determined with a Reichert-Jung Ther- 

movar melting point apparatus and are uncorrected. 'H-NMR 
spectra were obtained with a Bruker VP 80 SY spectrometer for 
the benzyl compounds and with a Varian XL 300 spectrometer 
for sulfonamide compounds. 'Q-NMR spectra were obtained on 
a Varian XL 300 instrument operating at  75.4 MHz. Chemical 
shifts are given in ppm from TMS and were referenced against 
solvent residual signals. IR spectra were obtained with a Varian 
EM-360A IR spectrophotometer. A UV-vis DU Beckman 65 
spectrophotometer was used for the determination of the solubility 
of compounds. Maes spectra were obtained with a Kratoe MS 
80 instrument, using the FAB MS technique (Gly + TDGE 
matrix). For analyzed compounds (C, H, S, N), values obtained 
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were within 0.4% of theoretical values. Silica gel 60 (Merck, 
70-230 meah) was ueed for column chromatography and silica gel 
60 Fzar TLC sheets (Merck) were used to examine the purity of 
compounds and obtain R, and R, values. 

All commercial acid chloride compounds were obtained from 
Fluka and Aldrich and used without any further purification. 
Triethyhmine was dried on KOH before use. Methylene chloride 
was dried by distilling on P20k THF was dried by refluxing on 
sodium. Organic solutions were dried over anhydrous Na2S04, 
fltered, and concentrated to drynea on a Buchi rotary evaporator 
under water-aspirator pressure. 

Acid-base treatment consists of solubilization of a product in 
W O H ,  30%, filtration of insoluble residues, and acidification 
with HCl to pH 4. 

Preparation of Monoester Monochloridee. All monoester 
monochlorides have been obtained by following the Cason16 
method, opening the succinic anhydride with alcohols, and reacting 
them with S0C12 in order to obtain the respective monoester 
monochlorides. In the case of ethyl, sec-butyl, n-pentyl, and 
n-dodecyl alcohols, the reaction needs acid catalysis. 

5-( (Methoxysuccinyl)amino)-2-( benzylt hio)- 1,3,4-t hia- 
diazole (30). To a suspension of 5-amino-2-(benzylthio)-1,3,4- 
thiadiazo1elZ (19) (4 g, 18 m o l )  in 20 mL of dry CH2C12 were 
added EbN (3.7 mL, 27 mmol), succinyl chloride monomethyl 
ester (2.7 g, 18 mmol), and 4-DMAP (0.1 g, 0.8 "01). The 
solution was stirred at  room temperature under N2 for 4 h. The 
reaction was monitored by TLC (10% CHaOH-CHClJ. To the 
mixture was added 2 N HCl(10 mL), and after extraction with 
CH2C12, the organic layers were washed with water, dried on 
Na@04, and concentrated to dryness. The solid product, crys- 
tallized from EtOH, gave 4.2 g of 3a (70%): mp 166-161 "C dec; 
'H NMR (CDC13) 6 2.8 (dt, 4 H, CH2CH2), 3.6 (8,  3 H, OCH3), 

1700,1560,1300,1160 cm-'. 
5-( (Ethorysuccinyl)amino)-2-(bemzylthio)-l,3,4-t~le 

(4a). To a suspension of 19 (4.5 g, 20 "01) in 40 mL of CH2C12 
were added E@J (4.4 I&, 30 mmol), succinyl chloride monoethyl 
ester (3.3 g, 20 mmol), and 4-DMAP (0.1 g, 0.8 "01). The 
preparation is similar to that of compound 3a, and the reaction 
was completed in 3 h (TLC: 5% CH3OH-CHCg). Cryetallizetion 
from EtOH gave 4.9 g of 4a (75%): mp l e 1 4 3  OC; 'H NMR 
(CDC1,) 6 1.2 (t, 3 H, CH3), 2.9 (m, 4 H, CH2CH2), 4.1 (9, 2 H, 

1735,1700,1555,1310,1160 cm-'. 
5-((sec -Buto~succinyl)amino)-2-( benzylthio)-1,3,4-thia- 

diazole (Sa). To a suspension of 19 (3.2 g, 14 "01) in 20 mL 
of CH&& were added Et& (2.9 mL, 22 mmol), succinyl chloride 
sec-butyl eater (2.8 g, 14.6 mmol), and 4 D W  (0.09 g, 0.7 "01). 
The reaction was completed in 5 h (TLC 6% CH30H-CHC13), 
and cyatellizetion from EtOH gave 2.7 g of Sa (50%) mp 133-135 
OC; 'H NMR (CDCU 6 0.8 (d, 6 H, 2 CH31,l.g (m, 1 H, CH), 2.9 
(m,4 H,CH2CH2), 3.8 (d, 2 H, OCHz), 4.3 (8,  2 H,CH2 benzyl), 

cm-'. 
5-( (Pentoxysuccinyl)amino)-2-(benzylthio)- 1,3,4-thiadia- 

zole (68). To a suspension of 19 (5 g, 22 mmol) in 30 mL of 
CH2C12 were added EhN (4.6 mL, 34 mmol), succinyl chloride 
monopentyl ester (4.6 g, 22 mmol), and 4-DMAP (0.15 g, 1.2 
"01). After the mixture was stirred for 5 h (TLC 6% 
CH30H-CHCi& the reaction was worked up as described for 3a. 
Crystallization from EtOH gave 5.3 g of 6a (60%): mp 128-130 
"C; 'H NMR (CDC13) 6 0.8 (t, 3 H, CH31, 1.32 [m, 6 H, (CHZ)~], 
2.8 (m, 4 H, -CH&H2-), 4.0 (t, 2 H, OCHz), 4.35 (8, 2 H, CH2 
benzyl), 7.3 (8, 5 H, aryl); IR (CHClJ 3160,1730,1700,1550,1300, 
1160 cm-'. 

5- ( (Dodecoxysucciny1)amino) -2- (benz y lt hio) - 1,3,4-thia- 
diamle ( la) .  To a Suspension of 19 (3.7 g, 16 "01) in 25 mL 
of CHZC1, were added E m  (3.4 mL, 25 mmol), succinyl chloride 
monododecyl eater (5 g, 16 mmol), and 4DMAP (0.09 g, 0.7 "01). 
The reaction was completed in 6 h. Crystalliition from EtOH 
gave 4.4 g of la (55%): mp 130-133 OC; 'H NMR (CDClJ 6 0.85 
(t, 3 H, CH3), 1.3 [a, 20 H, (CH2)lol, 2.9 (m, 4 H, CHBCHZ), 4.1 
(t, 2 H, OCH2), 4.35 (8, 2 H, CH2 benzyl), 7.25 (e, 5 H, aryl); IR 
(CHCl& 3165,2920,1732,1700, 1300, 1160 cm-', 

5-(( Me&horyglutaryl)amino)-2- (benzylthio)- 1,3,4-thiadia- 
zole (lla). To a suspension of 19 (2 g, 9 mmol) in 15 mL of 

4.4 (8,2 H, CH2 benzyl), 7.6 (8, 5 H, aryl); IR (CHCld 3170, 1740, 

OCH2), 4.5 ( ~ , 2  H, CH2 benzyl), 7.3 (8,5 H, aryl); IR (CHCU 3165, 

7.3 (8,5 H, aryl); IR (CHCl3) 3160,1730,1700,1555,1305,1160 
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CHzClz were added EhN (0.9 mL, 13 mmol), glutaryl chloride 
monomethyl eater (1.4 g, 8.3 mmol), and CDMAP (0.09 g, 0.7 
"01). The reaction was completed in 4 h (TLC 6% CH30H- 
CHCl,). Crystallization from EtOH gave 3 g of lla (96%): mp 
121-123 OC; 'H NMR (CDC13) 6 1.9 (m, 2 H, CH2), 2.5 [m, 4 H, 

aryl); IR (CHC13) 3160, 1735,1700, 1555, 1300 cm-'. 
5-( (Methoxreuccinyl)~o)-2-mercapto-l~,4-thiadiazole 

(3b). To a stirred suspension of 5amino-3-mercapto-l,3,4thia- 
diszole (5 g, 37 "01) in 30 mL of CH2C12 at room temperature 
under a nitrogen atmosphere were added &N (6 mL, 43 mmol), 
succinyl chloride monomethyl ester (5.6 mL, 37 mmol), and 4- 
DMAP (0.1 g, 0.8 "01). The reaction was completed in 3 h 
(TLC: 10% CH30H-CHC13). To the mixture were added 100 
mL of NH40H (30%) and 20 mL of CH2C12, and after extraction 
the aqueous layer was acidified with HCl to pH 4. The obtained 
product was fitered, and crystallization from EtOH gave 7 g of 
3b (76%): mp 183-186 OC; 'H NMR (Py) 6 2.8 (m, 4 H, CH2CHJ, 
3.62 (s,3 H, OCH3); IR (KBr) 3225, 1695, 1580, 1310,1160 cm-'. 
Methylation of 5 4  (Methoxysuccinyl)amino)-2-(benzyl- 

thio)-l,3,4thiadiazo10 (kb). An oil suspension of NaH (50%) 
(0.6 g, 13 mmol) was added to 3a (3 g, 9 "01) dissolved in 90 
mL of dried THF'. Under N2, CH31 (8 mL, 0.09 mmol) was slowly 
added to the stirring mixture, at room temperature, and after 3 
h (TLC 5% CH30H-CHCl3) the reaction was neutralized with 
2 N HCl and extracted with diethyl ether; the organic extracta 
were washed with water, dried, fitered, and concentrated to 
dryness. The residue, chromatographed on silica gel (40% Et- 
OAepetroleum ether), gave 1.86 g (60%) of 5-((methoxy- 
succinyl)amino)-4-methyl-2-(benzylthio)-l,3,4-thiadiazole (sa), 
mp 76-78 OC, and 0.8 g (26%) of 5-((methoxysucciny1)-N- 
methylamino)-2-()-1,3,4-thiadiazole (8b). 8a: 'H NMR 
(CDC13) 6 2.8 (dt, 4 H, CH2CH2), 3.6 (8, 3 H, OCH,), 3.8 (8,  3 H, 

1740, 1620,1500,1300, 1160 cm-'. 8b: 'H NMR (CDC13) 6 2.8 
(dt, 4 H, -CH2CH2-), 3.6 (8,  3 H, OCH3), 3.7 (8, 3 H, CH3), 4.4 
(8, 2 H, CH2 benzyl), 7.3 (8, 5 H, aryl); IR (CHC13) 2970, 1735, 
1675, 1410 cm-'. 

5-( (Methoxysuccinyl)amino)-4-methyl-2-sulfamyl-l,3,4- 
thiadiazole (8). A suspension of 8a (1 g, 2.8 "01) in 15 mL 
of CH3COOH (33%) was cooled at 0 OC, and chlorine gas was 
introduced in a f i e  stream for 2 h. The sulfonyl chloride was 
extracted with 50 mL of CH2C12, and the organic extra& were 
washed with saturated NaHC03 and water, dried, and evaporated. 
Since this product is very unstable it ie better to maintain the 
temperature below 10 OC during the workup. The sulfonyl 
chloride obtained in this way (0.9 g, 2.7 m o l ) ,  dissolved in dried 
THF, WBB slowly added under N2 atmosphere to 25 mL of freahly 
condensed liquid NH3 at -78 OC. After remotion of NH3 the solid 
residue purified by acid-base treatment gave 0.32 g of 8 (38%): 
mp 135-137 OC; A- 289, 'H NMR (DMsO-ds) 6 2.62 (t, 2 H, CHJ, 
2.81 (t, 2 H, CHJ, 3.6 (8, 3 H, OCH3), 3.97 (e, 3 H, CHS), 8.23 (s', 

180.9 ppm (CONH); IR (KBr) 3320,3220,3120,1715,1642,1500, 
1330,1180 cm-'. Anal. (C8HlzN40sSz) H, S, N C calcd 31.16; 
found 31.70. 
Methylation of 5- ((Pent ox ye uccin y l)amino)-2- (ben z y 1- 

thio)-1&44hiadiazo1e (9a,b). An oil Suspension of NaH (50%) 
(0.5 g, 10.5 "01) was added to 6a (3 g, 7.8 "01) in 100 mL of 
dried THF. Under N2, 10 mL of CH31 (101 m/m) were added 
to the stirred " r e .  After 3 h (TLC 2% CH3COOH4HC13) 
the reaction was neutralized with 2 N HC1 and extracted with 
diethyl ether; the organic extracts were washed with water, dried, 
and evaporated. The reaidue purified by silica gel column gave 
1.94 g (62%) of 5-((pentoxyeuccinyl)amiao)-4-methyl-2-(ben- 
zylthio)-l,3,4-thiadiazole (Sa), mp 95-97 OC, and 0.87 g (27%) 
of 5-((pentoxysuccinyl)-N-methylamino)-2-(benzylthio)-1,3,4- 
thiadiszole (9b). 9a: 'H NMR (CDCl,) 6 0.85 (t, 3 H, CH3), 1.4 
[m, 6 H, (CH,),], 2.8 (m, 4 H, CH2CH2), 3.9 (a, 3 H, CH&, 4.1 (t, 

1730,1620,1380,1160,975 cm-'. 9b 'H NMR (CDC13) 6 0.9 (t, 
3 H, CH3), 1.4 [m, 6 H, (CH2)31, 2.8 (m, 4 H, -CH2CH2-), 3.8 (8, 
3 H, CH3h 4.2 (t, 2 H, OCH2), 4.5 (8, 2 H, CH2 benzyl), 7.4 (a, 5 
H, aryl); IR (CHC13) 1730,1670,1310,1115 cm-'. 

(CH2)2], 3.5 (8,3 H OCH3), 4.3 ( ~ , 2  H, CH2 benzyl), 7.3 (8,5 H, 

CH3), 4.3 (8,2 H, CH2 ben~yl), 7.2 ( ~ , 5  H, ~ 1 ) ;  IR (CHC13) 3090, 

2 H, SOzNH2); 'W NMR (DMSO-de) 28.7 (C-9), 33.7 (C-S), 38.1 
(NCHJ, 51.2 (C-ll), 157.6 (C-5), 164.2 (CSOZNHZ), 172.7 (CO), 

2 H, OCH& 4.3 (8.2 H, CH2 bewl) ,  7.3 ( ~ , 5  H, ~ 1 ) ;  IR (CHClS) 
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5 4  (Pentoxyeuccinyl)amino)-4-methyl-2-sulfamy1-1,3,4- 
thiadiazole (9). A suspension of 9a (1.94 g, 4.7 "01) in 30 mL 
of CHSCOOH (33%) was cooled at 0 OC, and chlorine gas was 
introduced in a f i e  stream for 2 h. The sulfonyl chloride was 
extracted with 100 mL of CH2C12, and the organic layer was 
washed with saturated NaHC03 and water to neutral pH, dried, 
and evaporated at low temperature. The crude sulfonyl chloride 
(1.7 g), diesolved in 6 mL of dry THF, was added in small portions, 
under Nz, to 40 mL of freshly condensed NH3. The residue 
obtained after removing of exma NH3, chromatographed on silica 
gel column (5% CH30H-CHC13), gave 1.12 g of 9 (64%): mp 

(m, 4 H, -CH&Hz-), 1.55 (m, 2 H, CH2), 2.65 (t, 2 H, CH2CO), 
95-97 OC; & 290; 'H NMR (DMSO-de) 6 0.85 (t, 3 H, CHS), 1.27 

2.82 (t, 2 H, COCHz), 3.92 ( ~ $ 3  H, CH3), 4.0 (t, 2 H, OCHZ), 8.26 
( ~ $ 2  H, SOzNHJ; 'W NMR (DMSO-de) 13.7 (CH3), 21.6 (C-14), 
27.4 (C-12), 27.7 (C-13), 29.1 (C-9), 33.7 (C-8), 38.1 (C-4), 63.7 
(Gll), 157.6 (C-5),164.2 (CS02NHJ, 172.2 (CO), 181 ppm (CON); 
IR (CHC13) 3425,3345,1730,1625,1490,1375,1160 cm-'. Anal. 
(CizHd4OsSz) C, H, S, N. 

5-( (Methoxysuccinyl)amino)-2-sulfamyl-l~,4-thiadiazole 
(3). A suspension of 3a (4 g, 11.7 mmol) in 50 mL of CH3COOH 
(33%) was cooled at 0 OC, with stirring, and chlorine gas was 
introduced in a h e  stream for 2 h. During this time the character 
of precipitate changed. The solid was fitered off, washed with 
cold water, and dried in vacuo. Under an atmosphere of dry N2, 
sulfonyl chloride was slowly added to 60 mL of f r d y  condensed 
liquid NH3 at -78 OC. The exma of NH8 was removed by putting 
the flask in a water bath, and the colorless solid residue was 
redissolved in 2 N NH40H (5 mL) and precipitated by HCl at 
pH 4. The solid was fitered, washed with water, and dried and 
gave 1.6 g of 3 (50%): mp 173-175 OC; A, 298; 'H NMR 
(DMSO-d6) 6 2.76 (m,4 H, CH2CH2), 3.59 (8,  3 H, OCH3),8.29 

51.5 (CHS), 161 (C-5), 164.2 (CSOJWJ, 171.7 (CONH), 172.8 ppm 
(CO); IR (KBr) 3320,3220,1718,1700,1360,1335,1160,925 cm-'. 
Anal. (C,Hid'J4OSz) C, H, S, N. 
5-((Ethoxysuccinyl)amino)-2-sulfamyl-1,3,4-thiadiazole 

(4). A suspension of 4a (4 g, 10 mmol) in 70 mL of CH3COOH 
(33%) was cooled at 0 "C and stirred under chlorine gas for 3 h. 
The sulfonyl chloride was treated with liquid NH3, and after 
evaporation of NH3 the product obtained directly by crystallizaton 
from EtOH 95% gave 1.5 g of 4 (50%): mp 197-199 OC; & 297; 

(8, 2 H, SO2NH2); "C NMR (DMSO-ds) 27.8 (C-9), 29.7 (C-8), 

'H NMR (DMSO-de) 6 1.15 (t, 3 H, CH3), 2.68 (t, 2 H, CHJ, 2.79 
(t, 2 H, CHJ, 4.05 (q,2 H, OCHJ, 8.35 (8,2 H, SO2NHJ; '9C NMR 
(DMSO-de) 14 (CHS), 28.1 (C-9),29.7 (C-8), 60 (C-ll), 161 (C-5), 
164.2 (CSOJWJ, 171.2 (CONH), 171.8 ppm (CO); IR (KBr) 3330, 
1720,1700,1555,1340,1170 cm-'. Anal. (C8H12N40~S2) C, H, 
S, N. 

5-( (sec -Butoxyeuccinyl)amino)-2-sulfamyl- 1,3,4-thiadia- 
zole (5). A suspension of Sa (2 g, 5.2 mmol) in 20 mL of CH3- 
COOH (33%) was cooled at 0 OC and stirred under chlorine gas 
for 3 h. The sulfonyl chloride was added to 35 mL of liquid NH3, 
and after evaporation of NH3 the product submitted to an 
acid-base treatment gave 1.5 g of 6 (85%): mp 201-203 OC; A- 
275; 'H NMR (DMSO-d6) 6 0.85 (d, 6 H, 2 CH3), 1.85 (m, 1 H, 
CH), 2.7 (t, 2 H, CHZ), 2.82 (t, 2 H, CHZ), 3.81 (d, 2 H, OCHZ); 
13C (DMSO-de) 18.7 (2 CH3), 27.1 (C-12), 28.1 (C-9), 29.8 (C-8), 
69.8 (C-ll), 161 (C-5), 164.2 (CSOZNHZ), 171.2 (CONH), 171.7 

Anal. 
ppm (CO); IR (KBr) 3315,3225,1720,1700,1555,1370,1175 cm-'. 

5 4  (Pentoxysuccinyl)amino)-2-sulfamyl-1,3,4-thiadiazole 
(6). A suspension of 6a (2 g, 5 mmol) in 20 mL of CH3COOH 
(33%) was cooled at 0 OC and stirred under chlorine gas for 4 h. 
The sulfonyl chloride was treated with liquid NH3 and, after 
evaporation, the product, submitted to an acid-base treatment, 
gave 0.8 g of 6 (48%): mp 189-191 OC; A, 292; 'H NMR 
(DMSO-d,) 6 0.80 (t, 3 H, CHS), 1.2 [e, 4 H, (CH,), pent], 1.55 

(c1~16&05s2) C, H, S, N. 

(t, 2 H, OCH2CHJl 2.75 (dt, 4 H, 4H&H2-), 4.0 (t, 2 H, OCHZ), 
8.4 (8,2 H, S O M J ;  '9c NMR (DMSO-4 13.7 (CHS), 21.7 (C-14), 
27.5 (C-12), 28 (C-9), 28.1 (C-13), 29.8 (C-8), 64 (C-ll), 161 (C-5), 
164.2 (CSO2NH2), 171.2 (CONH), 171.8 ppm (CO); IR (KBr) 3340, 
3240,1720,1710,1550,1365,1165 cm-'. Anal. (CIIHI~N~OSSZ) 
C, H, S, N. 

5-( (Dodecorysuccinyl)ao)-2-e~famyl-l~,4thiadiazole 
(7). A suspension of 7a (4 g, 8 mmol) in 40 mL of CH3COOH 
(33%) was cooled at 5 OC and stirred under chlorine gas for 2 h. 
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The sulfonyl chloride WBB added to 60 mL of liquid w, and after 
evaporation of NH8 the residue crystallized from 95% EtOH gave 
2.5 g of 7 (70%): mp 184-186 OC; X, 'H NMR (DMSO-ds) 
6 0.85 (t, 3 H, CHB), 1.26 [m, 20 H, (CH&l, 2.65 (t, 2 H, CH,CO), 

'9C NMR (DMSW 13.3 (CHB), 28.1 (G9), 29.8 (CS), 64 (Gll), 
161 (C-5),164.2 (CS02NHI), 171.2 (CONH), 171.8 ppm ((20); IR 
(KBr) 3340, 3240, 1740, 1720, 1550, 1340, 1175 cm-'. Anal. 

found 12.02. 

(11). A suspension of l l a  (3 g, 8.4 "01) in 50 mL of CHsCOOH 
(33%) was cooled at 0 OC and stirred under chlorine gas for 2 h. 
The sulfonyl chloride was added to 50 mL of liquid N H 3  and after 
evaporation of NH3 the product submitted to an acid-base 
treatment gave 1.85 g of 11 (70%): mp 181-184 OC; X, 272; 'H 
NMR (DMSO-d6) 6 1.85 (m, 2 H, CHI),2.4 (t, 2 H, CHI), 2.55 

(G5), 164.2 (CSO$J'HI), 171.6 (CONH), 1728 ppm (CO); IR (KBr) 
3400,3145,1735,1680,1560,1380,1300,1170 cm-'. Anal. (C8- 
Hi2NiO8I) C, H, S, N. 

(Ma). To a suspension of 19 (2 g, 8.9 "01) in 5 mL of dry CH&& 
at room temperature were added EhN (1.5 mL, 13 mmol), 5- 
chlorovaleryl chloride (1.4 g, 9 mmol), and CDMAP (0.09 g, 0.7 
"01). The reaction was stirred under N2 for 3 h (TLC: 10% 
CH30H-CHCl& The d i d  obtained waa filtered off, washed with 
water, and crystallized from EtOH and gave 2.7 g of 16a (90%): 
mp 146-148 OC. 'H NMR (CDC13) 6 1.9 (m, 4 H, 4H2CH2-1, 

7.35 (8, 5 H, aryl); IR (CDClJ 3160, 1700, 1555, 1305 cm-'. 
5-( (S-Aminovaleryl)amino)-2-sulfamyl-1,3,4-thiadiazole 

(33%) was cooled at 0 "C and stirred under chlorine gas for 3 h. 
The sulfonyl chloride was added to 40 mL of liquid NH3 and after 
evaporation of NHa cryetaUization from EtOH (95%) gave 0.75 
g of 16 (45%): mp 209-212 OC; A- 269; 'H NMR (DMSO-d6) 
6 1.7 (m, 4 H, CH&HI), 2.5 (t, 2 H, CHZCO), 3.6 (t, 2 H, CH,NHI), 

(2 CH&H&ON), 33.9 (CH&ON), 34.6 (CHWI),  161 (GS), 164.3 
(CS02NHI), 172 ppm (CONH); IR (KBr) 3360,3200,1690,1565, 
1380,1175 cm-'. Anal. (C7Hl3N6o3S2) C, H, N 5: calcd 22.96, 
found 21.90. 

5-( (Methoxymalonyl)amino)-2-eulfamyl- 1,3,dthiadiazole 
(10). To a suspension of 5 a m i n ~ 2 - s u l f a m y l - l , 3 , 4 - ~ l e  (20) 
(0.68 g, 3.8 "01) in 2.5 mL of CH2C12 were added EhN (0.44 
g, 4.3 mmol) malonyl chloride monomethyl ester (0.64 g, 4.6 mmol), 
and C D W  (0.04 g, 0.3 "01). The reaction was complete in 
3 h (TLC: 10% CH30H4HC13). To the mixture was added 3 
mL of NH,OH (30951, and aftar extraction with CH2C12, the 
aqueous layer was acidified with HCl to pH 4. The obtained solid 
filtered and dried gave 0.39 g of 10 (37%): mp 189-191 OC; A- 

161 (C-5),164.7 (C-S02NHI) 165.4 (CONH), 167 ppm KO); IR 
(Nujol) 3260,1740,1680,1560,1260,1175; FAB-MS m/z  281 (100) 
[M + HI+, 202 (271,108 (53). Anal. (C&iHy40&J C, H, 5, N. 

5-( Methoxyadipoyl)amino)-2-sulfamyl-1,3,4-thiadiazole 
(17). To a suspension of 20 (0.5 g, 2.8 "01) in 3 mL of CH2C12 
were added EX& (0.29 g, 2.9 mmol), adipoyl chloride monomethyl 
ester (0.6 g, 3.3 mmol), and 4-DMAP (26 mg, 0.2 "01). The 
reaction was stirred for 3 h (TLC 10% CHSOH-CHCIB). To the 
mixture was added 4 mL of NH40H (26%), and after extraction 
with CH2C12, the aqueous layer was acidified with HCl to pH 4. 
The obtained solid was fdtered and dried and gave 0.32 g of 17 
(35%): mp 172-174 OC; X, 287; 'H NMR (DMSO-da) 6 1.55 (m, 

(s,3 H, CH30), 8.27 (a, 2 H, SO&HI); 'sc NMR (DMSO-ds) 23.8 

(cSO2NHI), 172 (CONH), 173.2 ppm (CO); JR (Nujol) 3200,1710, 
1680,1525,1300,1170 cm-'; FAB-MS m/z  323 (100) [M + HI+, 

5-( (Metho~a~el.oyl)amino)-2-sulfamyl- 1,3,dthiadiazole 
(18). To a suspension of 20 (1 g, 5.5 "01) in 3 mL of CH2C12 
were added EX& (0.8 g, 7.9 mmol), amlaoyl chloride monomethyl 

2.8 (t, 2 H, COCH3,4.0 (t, 2 H, OCHI), 8.32 (s', 2 H, S02NH2); 

(C&&&s2) C, S; H cald 7.19; found 7.60; N Calcd 12.49; 

b( (Meth0xy~~truyl)~0)-2-~~amyl- I$,kthiodirreole 

(t, 2 H, CHI), 3.6 (8,3 H, OCHB), 8.3 (s,2 H, S02NHI); '9C NMR 
(DMSO-ds) 19.6 (C-9), 32.3 (C-lo), 33.7 (C-8), 51.2 (C-12),161 

5-( ( s C ~ O ~ ~ ~ l ) ~ O ) - ~ ( ~ ~ l ~ O ) - l $ ~ t M l e  

2.8 (t, 2 H, CH&O), 3.7 (t, 2 H, CH2C1), 4.5 (s,2 H, CHI ben~yl), 

(16). A su~penaion Of 16a (2 g, 6.1 "01) in 40 mL Of CHaCOOH 

8.3 (8, 2 H, SO2NH2); "C NMR (DMSO& 22.4 (3 CH2), 27.9 

296; 'H NMR (DMSO-ds) 6 3.6 ( ~ , 3  H, CHB), 3.7 (s,2 H, CHI), 
8.3 (s', 2 H, SO$J'HI); '9C NMR ( D M S O 4  42 (CHI), 52.3 (Ch3), 

4 H, 2 CH2), 2.28 (t, 2 H, CH&O), 2.48 (t, 2 H, OCOCH2), 3.57 

(2 CH2), 32.9 (C-ll), 34.5 (C-8), 51.3 (OCHs), 161.1 (C-5), 164.3 

244 (231, 181 (231, 160 (76). Anal. ( C ~ H H , ~ N ~ O ~ S , )  C, H, S, N. 

Antonaroli et al. 

eater (2.1 g, 9.5 "011, and CDMAP (0.05 g, 0.4 "01). The 
reaction was stirred for 3 h (TLC 20% CH3OH-CHClB). To the 
mixture was added 4 mL of %OH (30%), and after extraction 
with CH2C12, the aqueous layer was acidified with HCl to pH 4. 
The product obtained, filtered, and c r y ~ t a k e d  from EtOH-H20 
(k1) gave 0.95 g of 18 (47%): mp 176-178 OC; X, 267; 'H NMR 
(DMSO-ds) 6 1.25 (8, 6 H, 3 CH2), 1.6 (m, 4 H, 2 CH2CH2CO), 
2.3 (t, 2 H, CH&ONH), 2.5 (t, 2 H, C&COO), 3.6 (8,3 H, OCHB), 
8.3 (8,2 H, SOgNHI); "C NMR (DMSO-ds) 34.7 (CH,CO), 33.2 
(CHaCON), 51 (OCHS), 28 (2 CH&H&O), 24 (3 CH2), 161 (C3, 
164 (CS02NH2), 172 (CONH), 173 ppm (CO); IR (Nujol) 3280, 
1740,1680,1540,1320,1170 cm-'; FAB-MS m / z  365 (100) [M + 

5-( (Hydro.youccinyl)ao)-~s~~yl-l,3,dthiadiazole 
(12). Canpound 3 (5 g, 17 "01) was dissolved in 20 mL of NaOH 
(5%), and the reaction was heated with stirring at 60 OC for 30 
min. After cooling, the solution was acidified with HCl to pH 
4. The d i d  obtained, filtered, and washed with water gave 3.3 
g of 12 (70%): mp 196-198 "C; A- 269; 'H NMR (DMSO-d6) 

(CSOJWI), 171 (CONH), 172.9 ppm ((20); IR (KBr) 3520,3220, 
1732, 1723, 1370, 1170 cm-'. Anal. (C&,N406SI) C, H, S, N. 

(13). Compound 11 (0.95 g, 3 mmol) was diesolved in 20 mL of 
NaOH (5%), and the reaction was heated at 60 "C under stirring 
for 30 min. After cooling the solution was acidified with HCl to 
pH 4. The solid obtained, filtered, and washed with water gave 
0.5 g of 13 (66%): mp 242-244 OC; A- 268; 'H NMR (DMSO-@ 

HI+, 286 (30), 181 (51). Anal. (c12H&o&) C, H, S, N. 

6 2.68 (dt, 4 H, CHZCHI), 8.3 (8,2 H, S02NHI), 12.7 (s', 1 H, OH); 
"C NMR (DMSO-de) 27.8 (C-91, 29.5 (C-8), 160.6 (C-5), 163.7 

&( (Hydro.yd~~l)amino)-2-~~famyl- 1$,4-thiadia~0le 

b 1.9 (q, 2 H, CH2), 2.3 (t, 2 H, CH2), 2.6 (t, 2 H, CHI), 8.4 (8, 2 
H, SOzNHI), 12.6 (s', 1 H, COOH); "C NMR (DMSO-dd 19.7 
(C-9), 32.7 (C-lo), 33.9 (C-8), 161 (C-5), 164.3 (CSOZNHZ), 171.8 
(CONH), 173.9 ppm (CO); IR (Nujol) 3250,3170,1710,1670,1510, 
1336,1220,1180 cm-'; FAB-MS m/z  295 (a), 181 (100) [M + HI+, 

5- ( (Hydroxyadipoyl)amfno)-2-~~f~yl- 1 ,3,4-thiadiamle 
(14). Compound 17 (0.4 g, 1.2 mmol) was dissolved in 10 mL of 
NaOH (5461, and the reaction was warmed at 60 "C under stirring 
for 30 min. After cooling the solution was acidified with HCl to 
pH 4. The solid obtained, filtered, and washed with water gave 
0.26 g of 14 (68%): mp 215-217 OC. A- 267; 'H NMR 
(DMSO-de) 6 1.54 (m, 4 H, 2 CH2), 2.2 (t, 2 H, CH2CONH), 2.5 

164.3 (CSO&HI), 172 (CONH), 174.3 ppm (CO); IR (Nujol) 3200, 
1740,1680,1540,1310,1170 cm-'; FARMS m/z 309 (571,207 9241, 

k( (Hydroxyazel.oyl)~o)-2-sulfamyl- 12,kthiadiazole 
(15). Compound 18 (0.95 g, 2.6 mmol) was dissolved in 20 mL 
of NaOH (5961, and the reaction was heated at 60 OC with stirring 
for 46 min. After cooling the solution was acidified with HC1 to 
pH 4. The solid obtained, filtered, and washed with water gave 
0.7 g of 15 (77%): mp 199-200 OC; A- 269, 'H NMR (DMSO-@ 
6 1.25 (e, 6 H, 3 CHI), 1.54 (m, 4 H, 2 CH2CH2CO), 2.2 (t, 2 H, 

114 (81), 99 (88). Anal. (C,H&O&) C, H, S, N. 

(t, 2 H, CH2COO), 8.4 (1,2 H, SOsNHI), 12 (a', 1 H, COOH); '9C 
NMR (DMSO-de) 24 (2 CHJ, 33 (Cell), 34.5 (C-8), 161.1 (C-5), 

145 (311,114 (100) [M + HI+. Anal. (C&N4O,SI) C, H, S, N. 

CHsCONH), 2.5 (t, 2 H, CH&OO), 8.4 ( ~ $ 2  H, SOpNH2), 12 (s', 
1 H, CWH); W NMR (DMSO-& 24 (3 CHI), 28 (2 CH&H&O), 
33.6 (CH&ON), 34.8 (CH,CO), 161 (C-5),164 (CSOzNH2), 172 
(CONH), 174 ppm (CO); IR (Nujol) 3250,1725,1680,1545,1170 
cm-l; FAB-MS m / z  351 (100) [M + HI+, 272 (401,181 (72). Anal. 
(CiiHiBN~OsSI) C, H, S, N- 

Solubility. The solubility of each compound was determined 
by measuring the UV absorbance, at each & (we the Experi- 
mental Section), of saturated solutions prepared by stirring for 
3 h at 25 OC an excess of the compound in 66 mM phosphate 
buffer (pH 7.6). The insoluble matter was filtered off and the 
solution diluted to give measurable absorbance values. The 
solubility was determined by linear extrapolation. 

Activity Mearurementr. The ability of compounds 3-18 to 
inhibit CA (CAII, 2000 unita/mg; Boehringer) in vitro was 
measured in comparison to acetazolamide by potentiometric 
analysis using a CO, electrode, aamding to the method of Mare11.2~ 

(21) Maren, T. H. A SimpWied Micromethod for the Detar"tion 
of Carbonic Anhydrase and its Inhibitors. J.  Phonnacol. Exp. 
Ther. 1960,130, 26. 
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The samples were diesolved in phosphate buffer 20 mM (pH 7.0) 
at concentrations 0.1, 0.3, 0.6, and 1.0 pM. 

The inhibition effect was monitored for 60 min, and the ICs0 
was derived from the inhibition curves. 

The ability of the selected compounds to lower the IOP in vivo 
was m e a s d  in New Zealand rabbits by the method of Bonomia 
after artificial elevation of the IOP by intravenous injection of 
a 5% glucose solution in water. 

Registry NO. 1,5946-5; 3,129504-06-9; 3a, 129504-20-7; 3b, 
59133-61-8; 4,129504-07-0; 4a, 129504-21-8; 5,140696-97-5; 58, 
140696-98-6; 6,129504-08-1; 6a, 129504-23-0; 7,129504-10-5; 78, 
129504-285; 8,129504-15-0; 8a, 129504-38-7; 8b, 129504-398; 9, 
129504-17-2; 98, 129524-72-7; Sb, 129504-42-3; 10,140696-99-7; 

(22) Bonomi, L.; Perfetti, S.; Noya, L.; Bellucci, R.; Maem, F. 
Beta-adrenergic Blocking Agents and Intraocular Pressure: 
Comparative Evaluation of Twelve Drugs. Royal Society of 
Medicine; International Congress and Symposium Series 21: 
Glaucoma; Academic Press: London; Grune & Stratton: New 
York, 1979; pp W107. 

11,129504-11-6; lla, 129504-30-9; 12,78851-85-1; 13,140697-0&3; 
14,1380W12-3; 15,140897-014,16,129504-13-8; 1% 14083897-2; 
17,140697-02-5; 18,140697-03-6; 19,25660-71-3; 20,14949-00-9; 
CHgOCO(CH2)SCOCl, 1490-25-1; C2H5OCO(CHa)&OCl, 14794- 

(CH2)2COCl, 35444-35-0; C~~HBOCO(CH~)&OC~, 41086-58-2; 
CHSOCO(CH2)&OCl, 1501-26-4; Cl(CH2)4COCl, 1575-61-7; 
CH~OCOCH&OCl, 37517-81-0; CH@CO(CH&~COCl, 35444-461; 

31-1; sec-C4HBOCO(CH2)2COC1, 140697-04-7; n-C6H110CO- 

CHsOCO(CH2)7COCl, 56555-02-3; 5-amino-2-mercapto-l,3,4 
thiadiazole, 2349-67-9; 5-[(methoxysuccinyl)amino]-4methyl- 
1,3,4thiadiezole-2-sulfonyl chloride, 129504-40-1; 5-[ (pentoxy- 
succinyl)amino]-4-methyl-1,3,4-thiadiazole-2-sulfonyl chloride, 
129520-47-4; 5-[(methoxysuccinyl)amino]-l,3,4-thiadiazole-2- 
sulfonyl chloride, 129504-19-4; 5-[(ethoxysuccinyl)aino]-1,3,4 
thiadiazole-2-sulfonyl chloride, 129504-22-9; 54 (sec-butoxy- 
succinyl)amino]-1,3,4~~le-2-sulfo chloride, 140897-06-8, 
5-[ (pentoxysu~inyl)amino]-l,3,4~ble-2-~ulfonyl chloride, 
129504-24-1; 5-[(dodecoxysuccinyl)amino]-1,3,4-thiadi2- 
sulfonyl chloride, 129604-29-6; 5-[(methoxyglutaryl)amino]- 
1,3,4-thiadiazole-2-sulfonyl chloride, 129504-31-0; 54 (5-amino- 
valeryl)amino]-1,3,4thiable-2-sulfonyl chloride, 140697-06-9; 
carbonic anhydrase, 9001-03-0. 

Synthesis of the Acridone Alkaloids Glyfoline and Congeners. Structure-Activity 
Relationship Studies of Cytotoxic Acridones 

Tsann-Long SU,**+ Bernd K6hler: Ting-Chao Chou,' Moon Woo Chun,* and Kyoichi A. Watanabet 
Laboratories of Organic Chemistry and Biochemical Pharmacology, Memorial Sloan-Kettering Cancer Center, New York, 
New York 10021, and College of Pharmacy, Seoul National University, Seoul, Korea. Received December 9, 1991 

Glyfoline (4, 1,6-dihydroxy-l0-methyl-2,3,4,5-tetramethoxyacridin-9-one) and ita congeners were synthesized for 
evaluation of their cytotoxicity. A detailed structureactivity relationshipa (SAR) of theae acridone derivatives were 
also studied. To study the SAR of glyfoline analogum, substituent(8) at C-1 and C-6 and at the heterocyclic nitrogen 
of glyfoline nucleus were modified. Nitre and amino-substituted glyfoline analogues were also synthesized to study 
the effects of substituent(s) (electron-withdrawing VB electron-donating) on their cytotoxicity. These compounds 
were synthesized via the Ullmann condensation of anthranilic acids with iodobenzenes or 2-chl0r0benz0ic acids with 
aniline derivativea The SAR studies showed that l-hydmxy-S-donm were more active than their 1-OMe derivatiw 
against cell growth of human leukemic HL-60 cells in culture. Replacement of NMe of glyfoline with NH or 
N(CHJ2NE& reaulted in either total loss or dramatic reduction of cytotoxicity. Glyfoline congeners with nitro function 
at the A-ring were inactive, while compounds with amino substituent were shown to be cytotoxic in vitro. 

Several 9-acridones have been found to exhibit anti- 
cancer activity. %Acridone derivatives with or without an 
alkyl side chain attached to the N-position were syn- 
thesized and studied for their antitumor activity.' Among 
these, N-[2-(dialkylamino)ethyl]-l-nitro-9-acridones (1, 
Figure 1) were shown to have antitumor activity in the 
5-180 system in vivo, and these have undergone extensive 
preclinical testing? It was also reported that the bis- 
cationic side-chain-substituted 9-acridone (2, Figure 1) can 
act as an acceptable chromophore for DNA intercalation? 

Recently, the structureactivity relationships of 50 
natural acridone alkaloids have been studied for their 
effects on the inhibition of cell growth and macromolecule 
biosynthesis of human promyelocytic leukemic HL-60 
cells.' It was found that 23 out of the 50 alkaloids were 
more active than amnycine (3, Figure 11, an antineoplastic 
alkaloid used in clinical trials.5 For inhibition of cell 
growth of human leukemic HL-60 cells in vitro, the most 
potent compound in this series was found to be glyfoline 
(4,1,6-d&ydmxy-l0-methyl-2,3,4,6-btramethoxyacridin- 

'Laboratory of Organic Chemistry, Memorial Sloan-Kettering 

* Laboratory of Biochemical Pharmacology, Memorial Sloan- 

5 Seoul National University. 

Cancer Center. 

Kettering Cancer Center. 
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9-one), with an ICbo of 1.1 pM, while acronycine had an 

Glyfoliie was originally isolated from Glycosmis citri- 
folia (Willd.) (Rutaceae)? The structure of this alkaloid, 

IC60 of 26.2 pM. 

~ 
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