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Summary - A series of 5-alkoxy-1-arylsulfonyl-2-pylidinones were prepared by condensation of arylsulfonyl chlorides with 5- 
alkoxy-2-pyrrolidinones. Most compounds reversed electroconvulsive shock-induced amnesia in mice, showing the typical inverted 
U-shaped dose-response curve. The results for 58 compounds indicate that the potency is maximal when there is a 5-ethoxy group and 
progressively declines as the ether alkyl chain is either elongated or shortened. Substitution on the phenyl ring or its replacement with 
heterocyclic rings or its hydrogenation decreases the activity. The most promising compounds, with anti-amnesic properties superior 
in many respects (greater potency, greater efficacy and broader active dose-range) to those of piracetam and aniracetam were further 
evaluated for reversing scopolamine-induced amnesia and for their anti-hypoxic activity. 5-Ethoxy-1-phenylsulfonyl-2-pyrrolidinone 
(1) and 5-(1-methylethoxy)-l-/3-(trifluoromethyl) phenylsulfonyl/-2-pyrrolidinone (41) were selected for further evaluation because of 
their potent anti-amnesic and/or antihypoxic activity. 

Resume - Propri&& antiamnesiques d’une sCrie de S-alkoxy-1-arylsulfonyl-2-pyrrolidinones. Une serie de 5-alkoxy-I -aryl- 
sulfonyl-2-pyrrolidinones a ete’ p&par&e par condensation d’arylsulfochlorures avec des 5-alkoxy-2-pyrrolidinones. La plupart des 
composes antagonisaient l’amnbie induite par I’tlectrochoc chez la Souris, montrant la courbe dose-reponse typique en forme de 
clothe. Les resultats pour 58 composes montrent que la puissance est maximale quand il y a un groupement 5-e’thoxy et elle diminue 
progressivement quand la chaine alkyle est soit allongee, soit raccourcie. La substitution sur le noyau phe’nyle ou le remplacement du 
phe’nyle par un noyau heterocyclique ou son hydrogenation diminuent l’activite’. Les composes les plus prometteurs, dotes de proprik- 
t&s anti-amnbiques superieures sous differents aspects (plus grande puissance, plus grande reversibilite’ de l’amnesie et plus large 
eventail de doses efficaces) a celles du piracetam et de l’anirace’tam, ont e’te’ e’valuts ulte’rieurement pour la re’versibilite’ de l’amnesie 
induite par la scopolamine et pour les effets anti-hypoxides. La S-tthoxy-I -phenylsulfonyl-2-pyrrolidinone (1) et la I -I(3-trijuorome- 
thyl) phenylsulfonyll-5-isopropoxy-2-pyrrolidinone (41) ont e’te’ se’lectionne’es pour une evaluation plus approfondie en raison de leur 
puissante activite’ anti-amnesique etlou antihypoxique. 

5alkoxy-1-arylsulfonyl-2-pyrrolidinones / anti-amnesic activity / anti-hypoxic activity 

One of the goals of geriatric psychopharmacology is 
to find new drugs for the treatment of various forms of 
cognitive dysfunction and dementia in the elderly. 
There are two important reasons for this. The first is 
that, although a wide variety of drugs or drug combi- 
nations has been tested in patients with impairment of 
memory and cognition, no treatment has been effec- 
tive enough to satisfy physicians [l]. The second is 
that epidemiological surveys in developed countries 
show that 25% of people over 65 have mental health 
problems, and, with the present and projected demo- 
graphic shift, the number of the elderly will rise 
considerably in the future [2]. 

A number of pharmaceutical companies around the 
world are actively engaged in the search for new 

drugs to combat senile memory disorders and, during 
recent years, novel classes of active substances have 
been discovered [3-51. Among them, compounds 
containing the 2-pyrrolidinone moiety have been 
shown to facilitate learning and memory in various 
animal models of impaired cognition [6-71. Piracetam 
is the prototype of this relatively new class of psycho- 
active drugs, known as ‘nootropics’, that are reported 
to have little or no behavioral effect under normal 
conditions, but to increase cognitive functions in 
experimentally-induced brain dysfunction. In addition 
to pro-mnemonic properties, these substances can 
protect the brain against various offenses, especially 
hypoxia and drug intoxication. Their mechanism(s) of 
action is not fully understood [8]. 
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From a methodological point of view, a salient 
property of piracetam-like nootropic agents is their 
ability in mice and rats to protect against or to reverse 
experimentally-induced alterations of acquisition, 
retention or retrieval in passive avoidance procedures 
[4]. Compounds which are effective in these simple 
rodent experimental models were also found to be 
effective in other memory tests in both lower animal 
species and non-human primates. The validity of the 
findings obtained with the various animal behavioural 
models, including models of passive avoidance in 
rodents, seems to be confirmed by clinical studies [7]. 
Despite some disagreements in the literature, patients 
with dementia or alcoholic mental disorders, geriatric 
patients with mental and behavioral problems associ- 
ated with cerebrovascular insufficiency, patients with 
ECS-induced amnesia, dyslexic children and patients 
with post-traumatic disturbances of consciousness 
appear to benefit from therapy with piracetam 
or nootropics of the piracetam type. Therefore, pirace- 
tam and other chemically related analogues, eg ani- 
racetam, can be regarded as lead compounds for 
designing new pyrrolidinone derivatives with im- 
proved nootropic properties (scheme 1). 

As part of our Cognition Activators program, we 
have synthesized and tested about three hundred 
pyrrolidinones characterized by the presence of an 
alkoxy group in position five. In this paper we 
describe the first series carrying aryisulfonyl groups 
on the ring nitrogen. 

Piracetam: R = CH2CONH 2 
N-R - 

Aniracetam: R = CO '\ ,, 
XII?- 

OCH3 

Scheme 1. Reference drugs. 

Chemistry 

1 -Arylsulfonyl-5-alkoxy-2-pyrrolidinones l-20, 23- 
35 and 38-52 were prepared by condensation of aryl- 
sulfonyl chlorides with 5-alkoxy-2-pyrrolidinones 
promoted by butyl lithium in tetrahydrofuran 
(method A) or by sodium bis-(trimethylsilyl)-amide in 
diethyl ether (method B) (scheme 2A). In the search 
for optimization of reaction conditions in the prep- 
aration of 1, we found that either 55% NaH in DMF 
or t-BuOK in THF at - 20°C were less efficacious 
than BuLi in promoting the condensation (about 30% 
yield). Phase-transfer conditions, ie cetyltrimethyl- 
ammonium bromide / 50% NaOH / C6H, or tetrabutyl- 
ammonium bromide / KOH / THF at room tempera- 
ture were unsatisfactory (15% yield of 1). 
Intermediate 5-alkoxy-2-pyrrolidinones were prepared 
either according to the Speckamp’s procedure [9] by 
reduction of succinimide in lower alkyl alcohols or by 
acid-catalyzed exchange of 5-hydroxy-Zpyrrolidi- 
none [ 10) with the appropriate alcohol. 

Cation exchange resins were effective catalysts and 
this exchange reaction worked satisfactorily for 

Scheme 2. 
x (3.011 ) 15 ( 3-OEC ) 
56 (4-W ) 2 ( 4-OEt ) 
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primary and secondary alcohols but not with t-BuOH. 
In contrast to a reported procedure [lo], concentrated 
HCl did not shown advantages as a catalyst. 5- 
Ethoxy- l -(4-hydroxyphenylsulfonyl)-2-pyrrolidinone 
(21) and l-(4-aminophenylsulfonyl)-5-ethoxy-2-pyr- 
rolidinone (22) were obtained by hydrogenation of the 
corresponding 4-benzyloxyphenylsulfonyl (20) and 4- 
nitrophenylsulfonyl(7) derivatives. 

5-Hydroxy-1-phenylsulfonyl-2-pyrrolidinone (36) 
was prepared (scheme 2B) by condensation of 
benzenesulfonamide with 4pentenoyl chloride [ 1 l] in 
phosphorus oxychloride, followed by cleavage of the 
double bond of the intermediate imide by NaI04 
0~0, in dioxane and spontaneous cyclization of the 
aldehyde group so formed [ 121. The iH-NMB spec- 
trum of 36 indicates the presence of only one cyclized 
product and excludes a ring-chain tautomerism. The 
hydroxyl group of 36 was readily acylated by acetic 
anhydride to give 37, while it was resistant to alkyl- 
ation under various experimental conditions and to an 
exchange reaction with EtOH and amberlyst 15. 
Treatment of 36 with a slight excess of triethyl- 
oxonium tetrafluoroborate in methylene chloride at 
room temperature for 72 h finally provided 1 in only 
15% yield; therefore 36 was discarded as a possible 
intermediate for the preparation of final compounds. 
The alkylation of 3- and 4-hydroxy-1 -phenylsulfonyl- 
2-pyrrolidinones (54 and 56) was similarly trouble- 
some and acceptable yields of 3- and 4-ethoxy deriva- 
tives (55 and 57) were obtained only by employing an 
ether solution of diazoethane and Lewis acid catalysts 
(AlCl, or BF,). Compounds 54 and 56 were prepared 
by the general condensation procedure of benzenesul- 
fonyl chloride with 3-trimethylsilyloxy-2-pyrrolidi- 
none [ 131 or 4-trimethylsilyloxy-2-pyrrolidinone [ 141 
and removal of the silyl protective group 
(scheme 2C). 

All substituted pyrrolidinones described here are 
racemic mixtures. 

Pharmacology 

Many behavioral models of artificially created or 
naturally occurring memory deficits have been pro- 
posed for use in the search for drugs to treat geriatric 
cognitive disfunctions. Comprehensive reviews of 
their application have been published [15-181. 

All our compounds were first evaluated in mice by 
standard behavioral tests and for acute toxicity up to 
1000 mg/kg, po. Only compounds without CNS 
effects were tested further for potential anti-amnesic 
properties. 

In our primary screening test (PA-l), we investi- 
gated the ability of the compounds to reverse ECS- 
induced amnesia in mice submitted to a one-trial step- 
through passive avoidance task. The principle of this 
behavioral task is that animals submitted to aversive 
stimulation, such as footshock in a particular place, 
will avoid going there on a second occasion. Mice 
were treated orally immediately following ECS and 
the retention test was performed 3 h later. The most 
promising compounds in the PA-l test were tested for 
their ability to reverse ECS-induced amnesia after oral 
treatment, 1.5 h before the retention test; the interval 
between training and retention was 24 h (PA-2 test). 
In addition, the ability of the compounds to reverse 
scopolamine-induced amnesia was investigated. The 
amnesic agent was administered intraperitoneally 
15 min prior to training, mice were treated orally 
immediately after training and the retention test was 
performed 24 h later (PA-3 test) [19]. The potential 
anti-hypoxic properties of the compounds were 
evaluated through two models of chemical hypoxia, 
namely anemic (NaNO,-induced) and histotoxic 
(KCN-induced) hypoxia in mice, using survival time 
as the evaluation parameter [20]. 

Results and structure-activity relationships 
In table I, the compounds with the ethoxy group in 
position five are grouped by the type of substituent on 
the phenyl ring and the type of aryl or heterocyclic 
ring. In table II, the phenyl ring is unsubstituted 
(except 41-44) and the alkoxy group is modified. In 
table III, the phenyl ring of 1 is replaced by a cyclo- 
hexyl group, the alkoxy group is placed in position 
three or four or removed. Piracetam and aniracetam 
are included as reference drugs. 

The typical inverted U-shaped dose-response curve 
can be observed repeatedly in tables I and II. In this 
context it should be noted that when evamating the 
efficacy of an anti-amnesic agent one must consider 
both the percentage of retention and the range of 
active doses. The broader the latter, the larger the 
‘therapeutic window’ expected to appear in clinical 
assays of a promising candidate. Compound 1 is the 
best compound of this series, with greater potency and 
efficacy than piracetam and aniracetam. It shows a 
minimal effective oral dose of 12.5 mg/kg and an 
optimal retention test performance at the dose of 
I00 mg/kg. From the data collected in tables I-III, 
some structure-activity generalizations can be de- 
rived: 

- any substituent on the phenyl ring has a detri- 
mental effect and disubstitution (24-28) is even 
worse. Each substituent (eg Cl, NO*, CF,) modulates 
the activity in a different way, depending on whether 
it is in the ortho, metu or paru position (compare 24; 
5-7; g-10); 
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Table I. Amnesia-reversal activity (PA-l test) of l-arylsulfonyl-5ethoxy-2-pyr~olidinones. 
0 

F 
N-SO -Ar 

-f”C ,I2 
2 5 

92 rerenrion VI corurol~ 01 lh /Orlowing III& oral doru 

FomvJp wf-3 RICnrrnb Yield W 

- SdveN b‘-h4J 6.25 123 25 SO 100 zm 400 

68,~) 57(B) +*, 

aC, H, N analyses were within f 0.4% of the calculated values. bA, 95% EtOH; B, i-PrOH; C, 
cyclohexane. CYields were not optimized except for 1. d*Significantly different from controls. 
P < 0.05 Dunnett t-test. Trepared as described in the experimental section. 
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Table II. Amnesia-reversal activity (PA-l test) of 5-alkoxy-1-arylsulfonyl-2-pyrrolidinones. 4 c N - SO2 - or 

II OR 

36 

37 

38 

39 

40 

42 

43 

44 

45 

46 

47 

40 

49 

50 

51 

52 

H cn 
65 

COCH 
3 '6'5 

CH E" 
3 65 

ICH ) cn CH 
22 3 65 

CHIC” CH 
3)2 65 

cN~cN3,2 3-Cf c H 
364 

cNw13)2 4-c H c II 
6564 

" '("3)2 
4-NO c H 

264 

CHIC” , 
32 

4.CN30CbH4 

CH2CH=CH 
CH 

2 65 

(cN2)3cN3 CH 
65 

CH2CHWH 32 1 CbN5 

(CH2)4CH3 CbH5 

KH2)5CN3 CH 
65 

cyc,openty, CbH5 

cyclohelyl CbH5 

CH c H c H 
265 65 

121-122 

153-155 

121-123 

63-65 

158-160 

101-102 

135-137 

153-154 

97-98 

54-56 

46-48 

70-71 

oit‘ 

oil‘ 

96-97 

108-109 

al-a2 

B 

A 

B 

C 

A 

8 

A 

A 

B 

C 

B+i-Pr20 

B 

Lie 

72e 

28(A) 

61(A) 

61(A) 

49(A) 

43(A) 

43(A) 

-19 

-16 

+ 7 

l 4 

-17 

53(A) 

+26 

-14 

9 

l 50* 

+54* 

+* 

*31 

l 34 

+13 

13(B) 

32(A) 

67(A) 

76(A) 

32th.) 

55(A) 

28(A) 

-10 

-14 

-13 

+30 

+ 4 

+ 7 

-  7 

+ 34 

+ 27 

-  15 

+ ,a 

27(B) -  3 

+ 11 + 42 + 46. 

+. 9 + 2 + 30 

+ 23 + 69. +105* 

t 96’ + 72. + 82. 

t 95.9 + 72' l 65’ 

t 55' + 89' +110* 

+ 38 + 73* + 50' 

+ a2* + 95' l 19a* 

+ 17 + 10 + 43' 

+ 661 + bl* -  12 

+ ia ilIZ' + 68. 

+ 17 + 71* *101* 

+ 48 + 56. tl23' 

+ 14 + 76* + 49* 

1 -  32 + 25 

t 39 + 489 + 96’ 

- 6 -  5 + 22 

l 63 

l 42* 

l 43+ 

+5a* 

-24 

*67’ 

+46 

a,b,c,d,eSee footnotes in table I. Wuified by chromatography on silica gel and eluting with n-hexane - EtOAc (2: 1). 

replacement of the phenyl with a naphthyl group 
(29T30) or with a heterocyclic ring (31-35) did not 
give favourable results and was not further pursued; 

- the potency is maximal with the ethoxy group 
on position 5. Replacement of ethoxy with n-propoxy 
(39) and isopropoxy (40) narrows the active dose 
range. This effect is more pronounced with elongation 
of the alkyl chain up to n-hexyloxy (49) or shortening 
of it (38), while branching of the alkyl chain (39 vs 
40; 46 vs 47) or ring formation (51) seems to have 
marginal effects, except for cyclopentyloxy (SO). An 
aralkyl chain (52) removes all activity; 

- compounds 36 and 37 have little or no activity 
probably reflecting their tendency to lose the 5- 
substituent and to form N-acyliminium ions, and so 
become hydrolytically labile; 

- hydrogenation of the phenyl ring dramatically 
reduces the activity of the molecule (compare 53 vs 
1); 

- the most surprising finding was that moving the 
ethoxy group to the 3 or 4 position (55, 57) or its 
removal (58) abolished the activity. However, we and 
others [21] have observed that suitable derivatization 
of 58 could restore activity, albeit weak. 

Some compounds with promising anti-amnesic 
profiles (1, 7, 16, 40, 41, 43) were submitted for 
secondary evaluation. They proved to be more effec- 
tive than piracetam and aniracetam in reversing ECS- 
induced amnesia in the PA-2 test (table IV) and 
scopolamine-induced amnesia (PA-3 test) (table V). 
Again 1 was the most potent compound, far superior 
to the reference drugs. Some interesting observations 



408 

Table III. Anti-amnesic activity in PA-l test of miscella- 
neous compounds. 

Table IV. Anti-amnesic activity in PA-2 test of selected 
compounds. 

53 N-SO 
2 -31 -39 .3X +5x* - 

a*Significantly different from controls. P < 0.05 Dunnett t- 
test. b[21]. 

can be made when the pharmacological results ob- 
tained in the three experimental models for the 
compounds 7, 16,40,41,43 are compared with those 
of the leader compound 1 (table VI). First, in the PA-l 
test when the compounds were given immediately 
after training, 1 and 40 were the most effective agents. 
Compounds substituted on the phenyl ring, ie 4-nitro 
(7) and 4-phenyl(16) derivatives of 1 and 4-nitro (43) 
and 3-trifluoromethyl (41) derivatives of 40, were 
l/2-1/4 as effective as the corresponding parent 
compound. Second, in ECS-treated animals the facili- 
tatory effect of these nootropics on memory retrieval 
(PA-2 test) was substantially different from that on 
memory consolidation (PA-l test). In fact, when the 
compounds were given 90 min before the retention 
test instead of immediately following training, 
compounds 7, 16 and 40 showed relatively poor ac- 
tivity, l/8-1/16 that of 1. It is worth noting that ani- 
racetam and also piracetam were poorly effective. 
Good pro-mnemonic activity was, on the contrary, 
observed with 41 and 43 and the former showed the 
best activity profile. When the interval between treat- 
ment and retention test was 45 min instead of 90 min, 
no substantial difference in activity was observed 
(data not shown). This suggests that the poor activity 
of 7, 16 and 40 cannot be ascribed to the low bio- 

Compound 

1 +20 +70- *104* *137- +1a7- t115- 

7 0 + 40 1 49’ f 70* - 

16 + 5 + 43 +105- t 768 

40 + 20 l 26 l 99’ + 66. -  

41 + 24 + 87’ l 145- +93- - 

43 + 10 + 56’ + 83’ +101- 

PIRACETAHb 0 + 16 + 20 +11 

ANI RACETIM -  + 11 + 3 f 92* +15 

a*Significantly different from controls. P < 0.05 Dunnett t- 
test. b+ 56% at 800 mg/kg po. 

Table V. Anti-amnesic activity in PA-3 test of selected 
compounds. 

1 

7 

16 +14 

40 +30 

41 

43 l 12 

PIRACEZIM -  

AHIRACETAH . 

+38 

+33 

l 62’ 

*a 

‘41 

+61* 

l 86’ +103* +143- + 80’ -  

l 6,’ f  88’ +I,,’ +100- -  

+ a** +10,- +145- +71* - 

l *a* +129* l 116* .TB’ - 

+ 93’ +125- +,‘a’ + 49’ -  

l no’ rt12* +13z= +*4- -  

+ 29 + 76* 8 2 13 

-  2 + 58’ + 94. l 30 

a*Significantly different from controls. P < 0.05 Dunnett t- 
test. 

availability at the moment of the test session. Third, 
when the six compounds were administered immedi- 
ately after training to scopolamine-treated animals, 
they showed very potent anti-amnesic activity and 
comparable activity profiles. These data indicate that 
structural modifications of 5-alkoxy- 1 -arylsulfonyl-2- 
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Table VI. Anti-amnesic profile of selected compounds and 
reference drugs. a. Approximate equipotent effective doses. 
b. Range of doses that significantly increase retention 
performance. c. Anti-amnesic index, ie sum of % retention 
of each dose causing statistically significant results. 

Table VII. Anti-hypoxic activity of selected compounds. 

Test 

Effective dose (mglkg ip) 
for the following compounds 

1 7 16 40 41 43 Pira- Anira- 
cetam cetam 

NaN02- 100 b 200 200 80 200 1000 100 
induced hypoxiaa 

KCN- 200 200 200 200 75 150 500 400 
induced hypoxiac 

aActivity expressed as 50% increase of survival time vs 
controls; bInactive at the highest dose tested: 400 mg/kg ip; 
CActivity expressed as 30% increase of survival time vs 
controls. 

pyrrolidinones induce changes in activity according to 
the experimental procedure. These changes can be due 
to a number of possible factors, including the different 
mechanisms by which ECS and scopolamine cause 
memory impairment and the different memory 
processes involved according to the schedule of treat- 
ment. As the most promising compounds are those 
with the lowest variation in activity, 1, 41 and 43 
possess the optimal structural requirements for mini- 
mizing task-dependent changes in the spectrum of 
anti-amnesic activity. 

Beside their interesting anti-amnesic profile, 
compounds 1,7,16,40,41,43 also showed good anti- 
hypoxic properties. When administered intraperito- 
neally they protected the brain against chemically 
induced hypoxia better than piracetam and, on the 
whole, with a potency comparable to aniracetam 
(table VII). Compound 41 was the most effective anti- 
hypoxic agent. Biochemical and electrophysiological 
data confirmed that 41 protected the brain against 
experimental hypoxias of different origin [22]. 

In conclusion, two of the most promising 
compounds of this series have nootropic properties 
superior in many respects to those of piracetam and 
aniracetam: 1, coded RU 35929 and 41, coded RU 
47067. They have been chosen for further pharmaco- 
logical and toxicological evaluation. 

Experimental protocols 

Chemistry 

Melting points were determined on a Buchi 510 melting point 
apparatus and are uncorrected. IR spectra were recorded in 
nujol mull with a Perkin-Elmer model 881 spectrophotometer. 
NMR spectra were determined on Varian T-60 or Varian VXR- 
200 s spectrometers; chemical shifts are reported in 6 units 
downfield from Me,Si; the coupling constants are expressed in 
Hz; standard abbreviations are used. Thin layer chromatogra- 
phy was carried out on silica gel 60 F 254 precoated glass 

plates (Merck, 0.25 mm). Column chromatography was per- 
formed on silica gel 60 (Merck, 230-400 mesh). Microanalyses 
were performed by the Analytical Laboratory Service of the 
Department of Industrial Chemistry of the University of Milan, 
and agreed with theoretical values to within + 0.4% except 
where indicated. Piracetam was kindly donated by Istituto 
Chemioterapico Italian0 Fine Chemicals, Lodi, Italy and 
aniracetam was synthesized according to a patented procedure 
I231. 
General procedure for the preparation of 5-alkoxy-2-pyrrolidi- 
nones 

Method A: by reduction of succinimide 
5-Isopropoxy-2-pyrrolidinone. Sodium borohydride (24 g, 
634 mmol) was added in one portion at - 5°C to a stirred sol- 
ution of succinimide (43 g, 434 mmol) in isopropanol 
(1300 ml). The reaction mixture was stirred at -55O)“C for 4 h 
while adding 10 drops of 2 N HCl in isopropanol at regular 
intervals of 15 min. The pH of the mixture was finally brought 
to 2 by the addition of a further 2 N HCl in isopropanol and 
stirring was continued at O’C for 2 h. After neutralization with 
a saturated solution of KOH in isopropanol at -5fl°C, the 
solvent was evaporated under reduced pressure and the residue 
repeatedly extracted with chloroform. The solution was filtered 
through celite, washed with water, dried over Na2S04 and 
evaporated to yield 48 g (77%) of a white powder, used in the 
next step. mp = 68-71°C. A sample recrystallized from 
benzene-hexane melted at 7@-72’C; IR 3183 and 3 112 (NH), 
1705 (CO) cm-l; tH NMR (CDCl,) 6 1.13 (d, 6H, J = 6 Hz, 
CH,), 1.60-2.72 (m, 4H, CH2-CH2), 3.67 (m, lH, J = 6 Hz, 
CHCH,), 4.98 (dd, lH, J = 6 Hz, 2 Hz, 5-CH), 7.92 (br, lH, 
NH). Anal C7H13N02 (C, H, N). 

Reduction of succinimide in the appropriate alcohol follow- 
ing this procedure afforded: 5-n-propoxy-2-pyrrolidinone, 
mp = 51-52°C after recrystallization from n-hexane; 66% 
yield. Anal C,H,,NO, (C, H, N). 5-Methoxy-2-pyrrolidinone 
[24] bp = 11 l-l 18°C 0.1 mbar in the kugelrohr, 42% yield. 5- 
Ethoxy-2-pyrrolidinone [9] mp = 48-51°C; 75% yield. 5-n- 
Butoxy-2-pyrrolidinone [24] mp = 36-38’C; 33% yield. All 5- 
alkoxy-2-pyrrolidinones were used in the next step without 
purification. Succinimide was the only impurity detected in the 
NMR spectrum. 
Method B: from 5-hydroxy-2-pyrrolidinone 
A solution of 5-hydroxy-2-pyrrolidinone [lo] (7.07 g, 
70 mmol) in the appropriate absolute alcohol (175 ml) was 
stirred at 6&65”C for 3 h in the presence of amberlite IR - 120 
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(H+ form, 3.5 g). The resin was filtered off and the solvent was 
cautiously evaporated under vacuum (0.3 mbar). The residue 
was purified by chromatography on silica gel eluting with ethyl 
acetate. Solid compounds were recrystallized from the solvent 
indicated to obtain analytical samples. Oily compounds de- 
composed on attempted distillation and were analyzed after 
thorough elimination of ethyl acetate. The following com- 
pounds were prepared by method B: 5-isobutyloxy-2-pyrrolidi- 
none, mp = 31-32°C (Et,O-pentane) 74% yield. Anal Cs. 
H,5N02 (C, H, N). 5-n-pentyloxy-2-pyrrolidinone, mp = 42- 
43°C (Et,O-pentane) 63% yield. Anal C9H1rN02 (C, H, N). 5 
cyclopentyloxy-2-pyrrolidinone, mp = 90-91°C (i-Pr*O) 62% 
yield. Anal C9HiSN02 (C, H, N). 5-n-hexyloxy-2-pyrrolidi- 
none, mp = 35-37’C (hexane) 68% yield. Anal C1&Ii9N02 (C, 
H, N). 5-cyclohexyloxy-2-pylidinone, mp = 95-96°C (i- 
PrrO) 41% yield. Anal C,,,Hi7N02 (C, H, N). 5-benzyloxy-2- 
pyrrolidinone, mp = 80-82°C (benzene-hexane) 72% yield. 
Anal C,,H,,NOr (C, H, N). 5-allyloxy-2-pyrrolidinone, pale 
yellow oil which should be used immediately. Unstable at 
room temperature. 26% yield. Anal C7H,,N02. C: calcd, 59.56; 
found, 57.81; N: calcd, 9.92; found 9.10. 

The use of amberlyst 15 ion exchange resin allows this 
exchange reaction to be run at about 21°C for 3 h without a 
substantial variation of the reported yields. 
Arylsulfonyl chlorides. Intermediate chlorides were pur- 
chased (Aldrich Chemical Co) or synthetized as described. 
4-Phenylmethoxybenzenesulfonyl chloride, to our knowledge, 
has never been previously described. 2-Chlorobenzenesulfonyl 
chloride [25]; 3-chlorobenzenesulfonyl chloride [25]; 2-t& 
fluoromethylbenzenesulfonyl chloride [26]; 3-trifluoromethyl- 
benzenesulfonyl chloride [27]; 4-trifluoromethylbenzene- 
sulfonyl chloride [28]; 3-fluorobenzenesulfonyl chloride [29]; 
3-methoxybenzenesulfonyl chloride [30]; 3-phenylbenzenesul- 
fonyl chloride [31]; 4-phenylbenzenesulfonyl chloride [32]; 3- 
acetylbenzenesulfonyl chloride [33]; methyl ester of 3-chloro- 
sulfonylbenzoic acid[34];3-chlorosulfonylphenylmethylsulfone 
[35]; 2,6-dimethylbenzenesulfonyl chloride [29]; 3,5-dimethyl- 
benzenesulfonyl chloride [29]; 3,4-dichlorobenzenesulfonyl 
chloride [36]; 4-chloro-3-trifluoromethylbenzenesulfonyl chlo- 
ride [37]; 3,5-ditrifluoromethylbenzenesulfonyl chloride [38]; 
2-pyridinesulfonyl chloride [39]; 3-pyridinesulfonyl chloride 
[40]; 2-thiophenesulfonyl chloride [41]; 3-thiophenesulfonyl 
chloride [42]; 2-furansulfonyl chloride [43]. 

4-phenylmethoxybenzenesulfonyl chloride 
A solution of benzyl bromide (27.95 g, 163 mmol) in 95% 
ethanol was added to a stirred solution of sodium salt of 4- 
hydroxybenzenesulfonic acid dihydrate (30 g, 129 mmol) in 
15% aqueous sodium hydroxide (48 ml). The reaction mixture 
was heated at reflux for 5 h, left overnight at room temperature 
and the solid collected by filtration was dried under vacuum 
over phosphorus pentoxide. The sodium salt of 4-phenyl- 
methoxybenzenesulfonic acid so obtained (34.3 g) was made to 
react with phosphorus pentachloride (25 g, 120 mmol) in 
methylene chloride (430 ml) for 7 h at reflux. The solvent was 
evaporated and the residue was taken up in toluene (250 ml), 
filtered through celite and the resulting solution evaporated 
under reduced pressure. The solid was recrystallized from 
diisopropyl ether to give 23.95 g (65%) of the expected chlo- 
ride, mp = lOl-103°C 1H NMR (CDCl& 6 5.08 (s, 2H, CH2), 
6.97 (d, 2H, J = 8 Hz, aromatic meta to sulfonyl group), 7.27 
(s, -5H, phenyl), 7.82 (d, 2H, J = 8 Hz, aromatic ortho to sul- 
fonyl group). Anal Ci,H,,ClOJ (Cl). 

General procedure for the synthesis of 5-alkoxy-I -arylsulfonyl- 
2-pyrrolidinones 

5-Ethoxy-I -(phenylsulfonyl)-2-pyrrolidinone(1) 
Method A. A 1.6 M solution of n-butyllithium in hexane 
(43.7 ml, 70 mmol) was added slowly at - 70°C to a stirred 
solution of 5-ethoxy-2-pyrrolidinone [9] (9 g, 70 mmol) in 
freshly distilled, dry tetrahydrofuran (280 ml) under nitrogen. 
After 45 min of stirring, a solution of freshly distilled benzene- 
sulfonyl chloride (12.4 g, 70 mmol) in the same solvent (20 ml) 
was added dropwise and stirring was continued at - 70°C for 
2 h. The cooling bath was removed and the reaction mixture 
was stirred until room temperature was attained. The solvent 
was evaporated under reduced pressure, the residue was tritu- 
rated with water and collected by filtration. Recrystallization 
from ethanol gave 12.8 g (68%) of 1. IR 1740 (CO) cm-t; *H 
NMR (CDC13) 6 1.23 (t, 3H, J = 7 Hz, CH& 2.2-2.76 (m, 4H, 
CH,-CH,), 3.54-3.84 (m, 2H, CH,O), 5.65 (d, lH, J = 4.9 Hz, 
5-CH), 7.48-7.68 (m, 3H, meta and para aromatic), 8.06-8.11 
(m, 2H, ortho aromatic). 
Method B. A solution of 5-ethoxy-2-pyrrolidinone [9] (2 g, 
15.5 mmol) in dry diethyl ether (20 ml) was added under argon 
at 0°C to a solution of 95% sodium bis (trimethvlsilvl) amide 
(3.3 a, 17 mmol) in the same solvent (3od ml). After 36 mitt of 
&go&s stirring, a solution of freshly .distilled benzenesulfonyl 
chloride (3 a. 17 mmol) in drv diethvl ether (6 ml) was added 
dropwise at 0°C. The reaction’mixt&e was then stirred for 2 h 
at room temperature. The solvent was evaporated, the residue 
was partitioned between chloroform and water, the organic 
layer was filtered through celite, dried (Na,SO,) and evap- 
orated. The residue was recrystallized from ethanol to give 
2.4 g (57.5%) of 1. 

Compounds listed in tables I and II were prepared from the 
corresponding 5-alkoxy-2-pyrrolidinones and arylsulfonyl 
chlorides following either method A or B as shown. 

5-Ethoxy-l-(4-hydroxyphenylsulfonyl)-2-pyrrolidinone (21) 
A solution of 20 (6.3 g, 16.7 mmol) in 95% ethanol (150 ml) 
was hydrogenated in the presence of 10% palladium on carbon 
(1.2 g) at room temperature and atmospheric pressure. The 
reaction mixture was filtered through celite, the solvent was 
evaporated and the residue recrystallized from ethanol to give 
2.5 g (52%) of 21. IR 3450 (OH), 1720 (CO) cm-i; tH NMR 
(CDC& + 20% DMSO-4) 6 1.17 (t, 3H, J = 7 Hz, CH& 
1.67-2.80 (m, 4H, CH2-CHJ, 3.37-3.83 (m, 2H, CHrO). 5.52 
(d, lH, J = 3 Hz, 5-CH), 6.77 (d, 2H, J = 9 Hz, meta aromatic), 
7.72 (d, 2H, J = 9 Hz, ortho aromatic), 9.87 (s, lH, OH). 

1-(4-Aminophenylsulfonyl)-5-ethoxy-2-pyrrolidinone (22) 
A solution of 7 (4.5 g, 14.3 mmol) in 95% ethanol (200 ml) 
was hydrogenated in the presence of 10% palladium on carbon 
(0.5 g) at room temperature and atmospheric pressure. 
Chloroform was added to dissolve the precipitate and the re- 
action mixture was filtered through celite. Evaporation of 
solvents left a residue which was recrystallized from ethanol to 
give 2.32 g (57%) of 22. IR 3500 and 3400 (NH,), 1720 (CO) 
cm-t; 1H NMR (CDCI,-DMSO-$ 1:l) 6 1.15 (t, 3H, J = 7 Hz, 
CH3), 1.83-2.63 (m, 4H, CH2-CH,), 3.32-3.75 (m, 2H, CH,O), 
5.50 (d, lH, J = 3 Hz, 5-CH), 5.72 (br, 2H, NH,), 6.50 (d, 2H, 
J = 8 Hz, meta aromatic), 7.47 (d, 2H, J = 8 Hz, ortho aroma- 
tic). 

5-Hydroxy-I -phenylsulfonyl-2-pyrrolidinone (36) 
4-Pentenoyl chloride [ll] (3.36 g, 28 mmol) was added to a 
dispersion of benzenesulfonamide (3.47 g, 22 mmol) in phos- 
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phorus oxychloride (5 ml) and stirring was continued at room 
temperature for 20 h. The solution obtained was cautiously 
evaporated under reduced pressure and the oily residue (5 g) 
dissolved in 1.4-dioxane (150 ml) and water (50 ml). Osmium 
tetroxide (5 1 mg, 0.2 mm&) and after 20 min sodium periodate 
(5.1 g, 23.8 mmol) were added and the reaction mixture was 
stirred for 1 h. A second amount of sodium periodate (5.1 g) 
was added and stirring was continued for a further 2 h. The 
inorganic salts were filtered off, the resulting solution decolor- 
ized with charcoal, filtered and evaporated under reduced 
pressure. The oily residue was triturated with diethyl ether to 
afford 2.07 g (39% based on sulfonamide) of a white powder, 
homogeneous on TLC (silica gel, EtOAc-n-hexane 1:l) with 
mp = 114-116°C. The analytical sample was recrystallized 
from 2-propanol. mp = 121-122°C. IR 3308 (OH), 1710 (CO) 
cm-t; tH NMR (CDCl,) 6 1.87-2.88 (m, 4H, CH2-CHJ, 4.10 
(br, lH, OH), 5.90 (dd, lH, J = 6 Hz and 2 Hz, 5-CH), 
7.23-7.53 (m, 3H, metu and paru aromatic), 7.80-8.00 (m, 2H 
o&o aromatic). 

5-Acetoxy-I-phenylsulfonyl-2-pyrrolidinone (37) 
A solution of 36 (2.9 P. 12 mmol) in acetic anhvdride (58 ml) 
was heated at reflux f& 90 min, men cooled to ;oom tempera: 
ture and concentrated under reduced pressure. Acetic anhydride 
was completely removed by azeotropic distillation with 
toluene. The solid residue was recrystallized from 95% EtOH 
to give 2.45 g (72%) of 37: mp = 153-155°C. IR 1760 (OCO), 
1740 (CO) cm-t; tH NMR (DMSO-4,) 6 2.02 (s, 3H, CH3), 
2.07-2.70 (m, 4H, CH1-CHJ, 6.60 (d, lH, J = 4 Hz, 5-CH), 
7.35-7.97 (m, 5H, aromatic). 

1 -Cyclohexylsulfonyl-5-ethoxy-2-pyrrolidinone (53) 
Condensation of cyclohexylsulfonyl chloride [44] (7.63 g, 
41.8 mmol) with 5-ethoxy-2-pyrrolidinone (5.4 g, 41.8 mmol) 
according to the procedure described for compound 1 
(method A) afforded 3.4 g (29.5%) of 35 as a pale yellow oil, 
after chromatography on a silica gel column eluting with n- 
hexane: ethyl acetate 8:2. The analytical sample was obtained 
after elimination of residual solvents at 45”C, 0.13 mbar for 
4 h. IR 1740 (CO) cm-*; tH NMR (CDCl& 6 1.08-3.04 (m, 
17H, CH, and cyclohexyl CH& 3.46-3.88 (m, 3H, CH,O and 
cyclohexyl-CH), 5.42 (d, lH, J = 5 Hz, 5-CH). 

3-Hydroq-I -phenylsul$onyl-2-pyrrolidinone (54) 
The solid residue obtained by condensation of benzenesulfonvl 
chloride (10.19 g, 57.7 mmol) with 3-trimethylsilyloxy-2- 
pyrrolidinone [13] (10 g, 57.7 mmol) according to the pro- 
cedure described for compound 1 (method A) was dissolved in 
1 N HCl (10 ml) and THF (30 ml) and stirred for 15 min to 
remove the trimethylsilyl group. The solution was poured into 
ice water (400 ml) and extracted with ethyl acetate (100 ml x 
3). The combined extracts were dried (NaSO,). the solvent 
&as removed under reduced pressure and the ‘residue was 
purified by column chromatography on silica gel with 
n-hexane: ethyl acetate 1:1 as eluent to give 5.7 g (41%) of 
54 after recrystallization from ethanol. mp = 111-112°C. IR 
3380 (OH), 1743 and 1717 (CO); ‘H NMR (CDCl,) 6 
1.88-2.08 and 2.42-2.56 (2 m. 2H. 4-CH,). 2.85 (s. 1H. OH). 
3.72 (dt, J = 10 and 6.3 Hz, 5iCH): 3.9c:Ol (m: lH, 5-CH); 
4.32 (dd, lH, J = 10 and 8.2 Hz, 3-CH), 7.51-7.73 (m, 3H, 
metu .aromatic), 8.02-8.08 (m, 2H, oriho aromatic). Anal 
W-b,NO,S C, H, N). 

3-Ethoxy-I-phenylsulfonyl-2-pyrrolidinone (55) 
Ethereal diazoethane was prepared from N-ethyl N-nitrosourea 
as reported by Marshall and Partridge [45] and immediately 

used. Titration was carried out with ethereal benzoic acid and 
back titration with 0.1 N NaOH to the phenolphtbalein end 
point. A 0.37 M solution of diazoethane in dietbyl ether (10 ml, 
3.7 mmol) was added at - 10°C to a stirred solution of 54 
(0.95 e, 3.9 mmol) in methvlene chloride (35 ml) containinz a 
small amount (= 2b mg) of ahtminium chloride as catalyst. The 
rate of addition was controlled in order to avoid an excess of 
diazoetbane (yellow color). A second small amount of alumi- 
nium chloride was added followed by dropping of the ethereal 
solution of diazoethane (5 ml), while keeping the temperature 
at - 10°C. The mixture was allowed to come to room tempera- 
ture, washed with 5% NaHC03 and the organic layer was dried 
(Na,SO,) and evaporated. The residue was purified by column 
chromatography on silica gel with n-hexane: ethyl acetate 1: 1 
as eluent to give 0.42 g (39%) of 55 as a pale yellow oil. 
IR 1744 (CO) cm-t; 1H NMR (CDC&) 6 1.14 (t, 3H, J = 7 Hz, 
CH& 1.90-2.14 and 2.28-2.44 (2 m, 2H, 4-CH2), 3&l- 
4.08 (m, 5H, OCH,, 3-CH and 5-CHJ, 7.45-7.76 (m, 3H, 
metu aromatic), 8.02-8.07 (m, 2H, ortho aromatic). Anal 
W-WO~S (‘2, H, N). 

4-Hydroxy-I -phenylsulfonyl-2-pyrrolidinone (56) 
The solid residue obtained by condensation of benzenesulfonyl 
chloride. (7 g, 40 mmol) with 4-trimethylsilyloxy-2-pytrolidi- 
none [ 141 (7 g, 40 mmol) according to the procedure described 
for compound 1 (method A) was triturated for 15 min, with 8% 
HCl (50 ml) to remove the trimethylsilyl group. The solid was 
collected by filtration, dried under vacuum and recrystallized 
from benzene: ethyl acetate 1O:l to give 4.5 g (47%) of 56 as 
yellow powder. mp = 119-120°C. IR 3480 (OH), 1708 (CO) 
cm-t; 1H NMR (CDClJ 6 2.41 (dd, lH, J = 17.6 and 2.4, 3- 
CH), 2.67 (dd, lH, J = 17.6 and 5.9, 3-CH), 3.89 (dd, lH, 
J = 10.7 and 2.3, 5-CH), 3.99 (dd, lH, J = 10.7 and 4.6, 5-CH), 
4.42 (br, lH, 4-CH), 5.09 (d, lH, J = 3.7, OH), 7.51-7.70 (m, 
3H, metu aromatic), 8.00-8.06 (m, 2H ortho aromatic). Anal 
GJ-LN0~S CC, H, N). 

4-Ethoxy-I-phenylsuljonyl-2-pyrrolidinone (57) 
A 0.3 M solution of diazoethane in diethyl ether (15 ml, 
4.5 mmol; see preparation of 55) was added at - 10°C to a 
stirred solution of 56 (2.8 g, 11.6 mmol) in methylene chloride 
(150 ml) containing six drops of boron trifluoride etherate as 
catalyst. The addition of ethereal diazoethane and boron tri- 
fluoride etherate was repeated 5 times for 5 h while keeping 
the temperature between - 12°C and - 7°C. The solution was 
allowed to come to room temperature, washed with 5% 
NaI-IC03 and the organic layer was dried (Na,SO,) and evap- 
orated. The residue was purified by column chromatography on 
silica gel with n-hexane: ethyl acetate 1:l as eluent to give 
0.7 g (22%) of 57 after recrystallization from ethanol. 
mp = llO-112°C. IR 1743 (CO) cm-t; tH NMR (CDCl,) 6 
1.15 (t. 3H, J = 7 Hz, CH,), 2.42-2.75 (m, 2H, 3-CH,) 3.45 
(dq, 2H, J = 7 and 2.2 Hz, CH,O), 3.854.17 (m, 3H, 4-CH and 
5-CH& 7.W7.72 (m, 3H, metu aromatic), 8.02-8.07 (m, 2H, 
ortho aromatic). Anal C12H15N04S (C, H, N). 

Pharmacology 

Antiamnesic activity in mice (A) ECS-induced amnesia (PA-I 
test). Male CD1 mice, weighing 25-30 g, from Charles River 
were housed in air-conditioned rooms with a light-dark cycle 
of 12 h (light on at 7:00 am), acclimatized to laboratory condi- 
tions for 7-12 days before being randomly assigned to treat- 
ment groups. Standard chow and tap water were available ‘ad 
libitum’ except during the experiment. Test compounds were 
suspended or dissolved (piracetam) in 0.25% methocel and 
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administered orally in a volume of 20 ml/kg. Controls were 
given vehicle only. Inhibitory avoidance training and testing 
were carried out in a step-through apparatus consisting of a 
small lighted ‘safe’ chamber (start box 10 x 10 x 12 cm) and a 
dark shock chamber (22 x 16 x 12 cm) separated by a guillotine 
door (5 x 5 cm). During the training trial each mouse was 
placed in the lit chamber and after a 5-s orientation period the 
door was raised to allow passage to the dark chamber. Once 
inside the dark compartment the door was lowered and an 
unavoidable footshock (1 mA x 1 s) was automatically delive- 
red by a shock generator through the grid floor of steel rods 
(0.3 cm diameter) set 0.3 cm apart. Immediately after the foot- 
shock, the animal was gently but quickly removed from the 
punishment chamber md subjected to a single transcomeal 
electroconvulsive shock (ECS) of 22 mA for 0.2 s (train). This 
treatment produced full clonic-tonic convulsion in all animals. 
The time between footshock and ECS never exceeded 15 s 
(normally 8-l 1 s). Mice were treated orally with various doses 
of the test compound or with vehicle about 20 s after ECS. The 
maximal dose to be tested was established from observation of 
gross behaviour of mice. The range of doses was selected after 
a nilot dose-finding studv to establish the minimal effective 
ddse and the shace of -the dose-response curve for each 
compound. To avoid order-of-testing, half of each group were 
trained in a counterbalanced order between 9:00 and 11:OO am. 
The retention test was given 3 h after treatment. Each animal 
was again placed in the starting chamber, in the same order as 
in the acquisition session, and its step-through latency was 
recorded as a measure of retention. Animals not crossing into 
the dark box within 180 s were removed and given a score of 
180 s. Results are expressed as % increase of latency vs the 
corresponding controls, ie mean latencies to step through of 
treated animals - mean latencies of corresponding 
controls/mean latencies of controls x 100. The significance of 
differences between drug-treated and vehicle-treated animals 
was analysed by the Dunnett t-test. All experiments were 
performed at least twice, with 10 animals in each group at each 
replication. Under these experimental conditions, the mean 
latency to entering the dark box during training was about 10 s. 
In the retention test, re-entry latency for mice punished by foot- 
shock reached the maximum latency of the test session (180 s), 
indicating that they had learned to avoid the shock chamber, 
whereas the latency of animals that had been punished and 
subjected to ECS was markedly shorter (35-45 s), indicating 
that amnesia was induced to some extent. 
(B) ECS-induced amnesia (PA-2 test). Mice, test apparatus, 
inhibitory avoidance training and testing, and evaluation of the 
results were as described in the PA 1 test. However, the inten- 
sity of ECS was 17 mA; the interval between training and test 
was 24 h and the treatment was given 1.5 h prior to retention 
testing. Under these experimental conditions, the mean laten- 
ties of controls at the test session were comparable to those 
obtained in the PA-l test, ie about 40 s. 
(C) Scopolamine induced amnesia (PA-3 test). Mice, test 
apparatus, inhibitory avoidance training and testing, prep- 
aration of compounds and evaluation of the results were as 
described in the PA 1 test. To produce amnesia for the inhi- 
bitory avoidance task the mice were treated with scopolamine 
hydrobromide. The antimuscarinic drug was administered 
intraperitoneally, dissolved in saline, at the dose of 0.7 mg/kg, 
15 min prior to training. The dose of scopolamine and the time- 
interval before training were chosen on the basis of the results 
of earlier studies [19], in order to obtain considerable impair- 
ment of retention; ie mean latencies of about 50 s, in compari- 
son with 180 s (cut-off time) for the mice not treated with 
scopolamine. For this test, compounds were administered 

immediately (= 10 s) after training and the retention test was 
given 24 h later. 
Antihypoxic activity in mice. A. NaNO,-induced hypoxia. 
Male CD 1 mice from Charles River, weighing 25-30 g, 
randomly distributed among treatment groups, were used. Test 
compounds or vehicle were administered ip 30 min before 
administration of 160 mg/kg, SC of NaN02 (dissolved in saline, 
10 ml/kg). After NaN02 treatment each animal was observed 
individually, and the interval until death occurred was re- 
corded. To avoid possible day-to-day variations, a control 
group was included in each experiment. All experiments were 
normally performed at least twice, with 6-8 animals in each 
group at each replication. The survival time, that is, the time 
between administration of NaNO* and cessation of respiratory 
movements, was used as the parameter for evaluation. The 
observation period was 2 h. The mean survival time for control 
animals given 160 mg/kg of NaN02 ip, ranged from 30 and 
40 min. 
B. KCN-induced hypoxia. For this purpose male CD 1 mice 
(see protocol A) were given vehicle or compounds ip 30 min 
before being treated with 20 mg/kg SC of KCN. The observa- 
tion neriod was 10 min. Survival time was used as the parame- 
ter for evaluation. Control animals survived hystotoxic hypoxia 
induced by 20 mg/kg of KCN SC, for 160-l 90 s. 
Acute toxicity in mice. Male CD 1 mice fasted 16 h. were 
randomly di&ibuted with respect to treatment and cage assign- 
ement. The animals were treated po with the test compounds or 
vehicle. A total of 5-10 animals were used for each dose. 
Individual body weights were recorded after treatment every 
day, except Saturday and Sunday, and deaths were recorded 
daily. The observation period lasted 7 d. The approximate 
median lethal dose (LD,,) was determined. All compounds 
listed in tables I and II had LD,,, > 1000 ma/kg ao, except 33 
(5OOmg/kg) and34 (4OOmg/kgj: - -- - 
Statistical analvsis. The results are exoressed as means f SD. 
The Dunnett t-fest was used to calculate the significance of the 
differences between treated groups and corresponding control 
groups, as shown in the tables. 
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