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A series of 42 derivatives of imidazo{l,2-a]pyridine has been prepared and examiued for analgesic, anti-

inflammatory, autipyretic, aud muscle-relaxant activity.
under same conditious with acetylsalicylic aeid, aminopyrine, phenylbutazone, and chlortenoxazine.

The results have been compared with those obtained
Several

members of the series display high activities in a variety of pharmacological tests, the most interesting beiug
2-(p-methylsulfonylphenyl)imidazo[1.2-a]lpyridine hydrochloride (11) and 2-(p-methylsulfonylphenyl)-3-(di-

methylaminomethyl)imidazo{1,2-g]pyridine dihydrochloride (22).

The experimental findings suggest that

further pharmacological and toxicological investigations of some of these compounds may be of interest for

evaluation as therapeuatic agents in man.

The antiinflanunatory activity of 2-(p-nitrophenyl)-
imidazo[1,2-a]pyridine (I, R”" = R’ = H; R = p-N0,)2
has led us to a more thorough and systematic study of
the synthesis of related compounds.
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The study was divided into two general areas. The
first involves the replacenient of the p-NO, group by
other groups, chiefly by p-S0O.CH;, to increase the solu-
bility without changing the electronegativity, molee-
ular volunme, or ability of the niolecule to participate
in p-quinoid-type systems. In addition, the replace-
ment by other groups such as H, 0-SO.CH;, p-8CH;, p-
SOCH;, p-SO.NH,, p-NHCOCH;, p-CH;, p-OCH;, and
2/,5’-0CH; was included in this area to study the in-
fluence of the substituents on the pharinacological ac-
tivity.

The second object was the study of the chemistry of
the imidazo[l,2-a]pyridine ring; only 3-nitrosation?
and 3-bromination® are known. We tried some of the
characteristic reactions of the indole ring and suc-
ceeded in preparing Mannich bases, bromo, nitroso and
amino, formyl, eyanomethyl, carboxymethyl, and car-
bamidomethyl derivatives in the 3-position of the ring.

Substituted 2-aryliinidazo[l,2-a]pyridines (Table I,
1-13) were readily prepared by coudensation of 2-
aminopyridine and 2-aminopicolines with w-bromoace-
tophenones.* M ethods of synthesis of imidazo[1,2-a]-
pyridines described recently®® by others have not been
used in this study.

The o-methylsulfonylacetophenone, internediate for
the synthesis of compound 8, was synthetized from 3-
bromothiochromanone by hydrolysis to 2-mercaptoace-
tophenone that was methylated and oxidized with hy-
drogen peroxide in acetic acid.

(1) To whom all inquiries concerning pharmacology should be sent.

(2) U. ML Teotino, L. Polo I'riz, A. Gandini, and D. Della Bella, Farmaco
(Pavia), Ed. sci., 17, 988 (1962).

3y V. K. Matveev, Bull. acad. sci. URSS, Classe sci. math. nai., S#r.
chim., 1005 (1936); Chem. Abstr., 31, 53647 (1937).

(4) A. E. Tschitschil)ahin, Ber., 88, 1704 (1925).

(5) J. Mandereau, P. Reynaud, and R. C. Moreau. Compt. rend., 287, 3431
(1963).

(6) A. M. Roe, J. Chem. Soc., 2193 (1963).

The bromination of p-methylsulfoxyacetophenone
with bromine in benzene led to p-mmethylmercapto-w-di-
bromoacetophenone. The sulfoxy group was reduced
by nascent HBr, another mole of bromine being formed.
The equilibria represented by the following equations

R'R"80 + HX > (R/R7SOH)+ X~
(R’R'SOH)* X~ + HX _—)s (R'R7SX)H*T X~ + H0
(RR7SX)* X~ > RRS + X

probably explain the unexpected reaction?; indeed, by
treating p-methylsulfoxyacetophenone with bromine in
chloroform and sodium bicarbonate, p-methylsulfoxy-
w-bromoacetophenone was obtained in good yields.
p-Sulfonamidoacetophenone was synthetized by oxida-
tion with potassium permanganate of (p-sulfonamido)-
ethylbenzene. Mannich bases (Table 1,22, 24,25, 29,30~
33, 35-38, and 40-42) were obtained in acetic acid, with
stoichiometric quantities of secondary amines, formal-
dehyde, and 2-arylimidazo[1,2-a |pyridines. Treatment
of the iodomethylate of the dimethylamino Mannich
base of 2-(p-methylsulfonylphenyl)imidazo[1,2-a]-
pyridine (Table I, 23) with potassiuin cyanide in boil-
ing water to obtain the cyanoniethyl derivative as in the
case of 3-dimethylaminomethylindole,® gave the car-
bamidomethyl derivative (Table I, 15); the corre-
sponding nitrile (17) was obtained fromn this compound
with phosphorus oxychloride. 2-(p-Methylsulforyl-
phenyl)imidazo[1,2-a]pyridylacetic acid was prepared
from the amide by saponifying it with sodiumn hy-
droxide in ethanol.

Nitroso derivatives (Table I, 19, 26, 34, aud 39) were
obtained by treating 2-arylimidazo[l,2-a]pyridines
with sodium nitrite and 1nineral acids. Reduction of
nitroso derivatives with zince and acetic acid took place
readily, giving amino derivatives (Table I, 20, 27, and
33). Bromination of 2-(p-methylsulfonylphenyl)imi-
dazo[l,2-a ]pyridine was effected by bromine in acetic
acid to give the 3-bromo derivative (Table I, 14).

3-Dinethylamino derivatives (Table I, 21 and 28)
were obtained by Leuckart alkylation of the corre-
sponding 3-amino compounds. The very promising
pharimacological results of this series of compounds (see

(7) E. Fromm, Z. Angeiwe. Chem., 24, 1125 (1912).
(8) J. Thesing and F. Schiilde. Ber., 86, 324 (1952).
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No. R R R tive” solvent °C. Formula wi. Caled.  Youud  Caled.  Yound i?:llml_ /;-‘mmd Caled. l;‘()ll;l:l
1" H H H A 2-Propanol 126128 Cisldn BrNs 2751 56G.55 56,49 438 4.351 1015 Q.98
2 p-CH, i I B Water 219-221 CuHaCING-O5H0 2537 66.20 66.45 556 5.59 1104 10.82
3 p-NO2 H H C Butanol 254-255 CyHoN;Os 239.2 6520 65.01 570 388 1757 17560 1838 13015
EY p-NHCOCH; H H B Methanol 345345 CiHLCINGO O87.7 62,61 62,49 4.90  5.08 14.61 14.61
dec.
5 p-OCH, I H B Wuater 241-244 CLHGCINLO - 0.5- 2007 6257 6252 488 4.97 1045 10220 895 0.0
dec. H.0
6 2.5-OCTL, H I A 12thanol 245246 CisHBrN:O, 3552 5184 514 439 1.45 S50 S300 955 w39
7 p-50-NH. H I ¢ Acetic acid- A25-324 CisH,p N;O.S 2730 5713 HB.TH 4,06 415 1537 15.29
cthyl ether
N 0-80,CH, H H C 2-Propauol 177178 CuHaNGOS,y 2925 6175 G119 A4 444 10029 10015 T Th b G
(1 p-SCH, H H C It hiol 162--1653 Ll NS 2403 069,07 69.60  5.00 5001 11,66 11.62
1 p-SOCH,, H H (& Benzeue 175176 ChralhieNaOS 256,53 6560 6605  4.72 1.88 10,95 11.29 [ERRLATTRE I B
1 P-S0.CH; 1 H B Waler 276278 ClluCINGOS - HeO 32608 5145 5181 1.65 448 S.57 836
12 p-SOLCHL 5-Clly 1 B Etbanal 109, 280282 CLHLOINGO.S B228 5581 05700 168 458 N8 ONTS 001 WTh
aq. HCH dec.
1 p-30Clly 7-CHL, H ( fothanl 235- 236 CuallaNL 0N 286G 62,92 62,77 1.0 T 079 T IoIs 1131
14 p-S0.CH;, H Br C Fithanol 212215 CHOBrNaOs= Bo1.2 4787 4T.86 0 516 3.02 708 T80 a4 22
1 p-S0.CH: I CHJOONTL & Metluwol 271--272 Crol 1 N3OS B2004 5830 ANAS AN 463 1270 12071
16 n-50.CH;, H CH.COOH B 10V, aq. T 518=-519 CralLaCENGO R S366.5 52 30 5256 412 4,04 T 7.8
dec
17 p-=OLCH I CHaON ( Methanol 215217 CheHyaNaOS 20 I I T 1Y VR U 1 I D S | O S O TT S T U A KT UE LS | P
1N p-=t L.CH, H CHO C Alethanol 200 207 CollaNaO= S003 0 5905 60,42 1,03 408 a.35 D200 1A O8N 15
19 Pp-S0.CH; H NO C I Hoxane 257258 Cyal i NyOgs SOLY 53800 5586 568 0 3.7h 0 15095 1376
20 p-SOCHL i NH. B 104 aq. O 334350 CobhCINGOR B23.8 0 5103 ALOS 500 4300 1207 1207 4SS oy
dee.
21 #-30.CH; H N(CHa. I3 1000 aq. HHOCT 289200 Chal T 5CIN OGS S5H1L.S Ht.61 5112 5016 S 1 Las 1T
dee.
ot p-S0.CH, H CHN(C ). I Methanol 218219 ChlTaCLNGOLS - Haty 42000 48,57 4581 5,52 5065 .00 10,12
dee.
RN p-S0LCH H CHLN A (CHae | Lol 207208 ClrallaENLON 4715 45386 4370 471 44 SO0l S.86
24 p-S0LCHY il CH.N \0 3 9t hanal 204 200 Crel 1 CINGO= 4065 5605 S50 545 5AS (o2 ey
- dee.
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, , Deriva- Recrystn, M.p. Mol. —C., Yo— —K, %— —N.%— —0, % —
No. R R R’/ tive® solvent °C. TFormula wt. Caled. Found Caled. TFound Caled. Found Caled. Found
/\
25 p-SO,CH; H CHzI\I\__/NCHchon C  Ethanol 71-73 dec.  CyHyeNLO5S 414.5 60.85 60.67 6.32 6.24 13.52 13.79
26 0-S0,CHjy H NO C  Aceticacid 206-208 Gy H N3058 301.3 55.80 55.73 3.68 3.58 13.95 13.90 15.93 15.69
27 0-SO,CH, H NH. dec.
og c C  Ethanol 189-190 CuH3N;0.8 287.3 58.52 58.86 4.56 4.50 14.62 14.75
0-50,CH, H N(CHs), C  Ethanol 173174 CieHiN;0.8 315.4 60.93 60.21 5.43 5.53 13.33 13.51
/\
29 0-80,CH, H CH;N NCH,CH,OH C  Ethanol 191-192 CuHzN,0;8 314.5 60.85 60.62 6.32 6.36 13.52 13.70
VAR .
30 p-SOCH; H CH,.N O D Ethanol 193-194 C1sH5CLN; 0.8 428.4 53.26 52.85 5.41 5.40 9.8 9.75 7.47 7.41
— dec.
/N .
31 p-SOCH; H CH,N NCH,CH,OH L 95%ethanol  203-205 CarlClLNL05S 504.9 49.95 49.70 5.19 5.01 11.10 10.91 6.34 6.21
— dec.
/N
32 p-SCH, H CH,N O C  Ethanol 151-152 CHy N;08 339.4 67.23 66.97 6.24 6.13 12.38 12.30
— dee.
/\
33 p-SCH, H CH,N NCH,CH,OH C  Ethanol 84-86 dec.  CpHyN,0S 382.5 65.94 65.69 6.85 6.70 14.65 14.61
34 H H NO C  Ethanol 165167 Ci3H N30 223.2 69.95 70.15 4.06 4.12 18.83 18.71 7.17 7.29
35 H H NH, C  Ithanol 213--214 Ci:HuN; 209.2 74.62 74.99 5.30 5.50 20.08 19.84
36 H H CHzN’ \0 C  Bemzene—potr. 144-145 CisH 0N, 0 203.3 73.69 73.72 6.53 6.58 14.32 14.07 5.45 5.62
n_/ cther
a7 \ /\ o
3 p-CHs H CH,N O C  n-Hloexane 127-128 CiHauN;O 307.4 74.24 74.15 6.88 6.80 13.67 13.62
38 p-OCH, H CHLN \0 C  Cyclohexane  120-122 C1yHy N30, 323.4 70.56 71.08 6.55 6.71 13.00 12.82 9.8 9.70
2 _/ dec.
39 p-NO;, H NO C Dioxane 237239 CiH;sNLO; 268.2 58.21 58.51 3.00 3.29 20.89 20.62 17.89 17.64
40 p-NO, H CH,N(CHj), ¢ Ethanol 142-144 Ch6H1N4O2 206.3 64.85 64.77 5.44 558 18.01 18.82
/N
41 p-NO, 11 CH:.N O B Dithanol-109%, 204206 Ci51110CIN/O; 374.8 57.68 57.59 5.11 5.03 14.95 14.73
N aq. HCY dec.
42 p-NO, H CH,N ) C  Methanol 169-170 C1aHaoN/O, 336.4 67.84 67.73 5.99 6.03 16.66 16.51 9.51 9.39

* A, hydrobromide; B, hydrochloride; C, base; 1, dihydrochioride: If, trihydrochloride.  * Free base has beeu reported previously by J. A. Kuye, C. L. Parris, aud W. J. Burlant, .J. Am. Chem.
Soc., 75, 748 (1953). < The preparation of these compounds has been reporied by T. Matsukawa and S. Ban, J. Pharm. Soc. Japan, 71, 756 (1951); Chem. Abstr., 46, 80%4a (1951). ¢ Phenyl-
ydrazone, m.p. 251°; N: ealed., 14.35; found, 14.28.
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stinmuhis was applied (o the mouse tail and the squeak of the aniual
wns taken as response. Paraneters of the stimulus were ax
follows: amplitude 60 v., frequency 2/sec., pulse duration 4
msec.  Each mouse was examined immniediately before and 601
wiin. afrer L.p. administration and the difference in renciion tiue,
expressed in per cent, served as criterion for analgesic effective-
ness. ‘The degree of analgesia wax caleulated asx the menn per
rent increase in reaction time of 20 treated mice over the nverage
variation in reaction time of 20 coutrols,

Analgesin was alo evaluated hy the tall-vlip technique of
Bianchi. ¢t al.™*  An arcery clip wax applied ta the roat of the
tail for 50 =ec. and the contintioux atcewpt of the animal to re-
move the elip by biting was caken as responze o the pain stimtiins.
The results were expressed as a percentage of previously senxitivy
uiice showing insensitivity to the =cdmulus 50 v, after ip.
drugging.  Twenty wice were 1zed far each group.

Drng abolition of the typical =yudrome produced in mire hy
iniraperitoneal phenylquinone® wis alzo u=ed 1o evahiace anal-
gesic effertiveness. Omly bviice that exhibited the syudrome
repeatedly within 10 min. following injection of 0.25 vil. of a
0.02°, waler-alcoliol sohttion of phenylquinone were tzed.  The
results were expressed as the percentage of mice not showing the
svudrome between the 30th aud 35ch wmin. after oral adminis(ra-
don.  Twenty-five female mice were u=ed for ench group.

Antiinflammatory Activity.—The local antiinflavioiatory effect
waus studied by means of the rat-foot edema tesi,’8)7 employing
rarrageeniant (A-fraction)’® and brewer's veast ax phlogistics,  The
test compounds were given orally inubediately before injection
into the plantar surface of the hind foot of 0.05 ml. of carrageenan
solnion (2¢0) or 0.1 ml of yeast su=pension (10¢7), and the
vohue of the fool was determined innpvediately and again L,
2, 5, 4, and 5 hr. later. The difference between the first reading
and (he wean value of the 5 following determinations was re-
corded as “‘voluine of edema.”  Foot vohune wus mensured by
Lenée's method.’®  The degree of autiinflamviatory poteney was
calenlated as the mean per cent inhibition of edema formation in
10 drug-treated rats against edema formation in 10 coutrols,

Antipyretic and Hypothermal Activity.--To evaluate the effect
of the componnds on body temperature, their ability to lower
rectal temperatire in yeast-fevered (0.5 1l of 1507 yeast in 10,
aqireous acacia nuicilage/100 g. of body weight, lujected nto the
mmscle of both thighs, 17 hr. before drugging) and in noufevered
rats, was tested. The mean vahie of two temperatnre readings
60 min. and immiediately before drugging was tuken ss base.
The compounds were administered by siomaeh uibe and tem-
peratures were taken at GO-win. intervals for 6 . The total of
the differenices between each of the 6 readings (hux obtained and
the mweun initial temperature constituted the temperniure index.

Anticonvulsant Activity.—The anticonvuisant properties of the
compounds were determined by methods putterned after those
uf Berger.® Tests were run | hr. after intraperitoneal adminix-
tration of the dimgs nuder test to groups of 30 mice {15 & and
15 @

Toie extensor =eizires were produced by electroshock applicd
through eorneal electrodes.  Supramaximal effect was obtained
at 100 v, using a pulse rate of 150/xec. with a pulse width of 0.5
wsee, for 0.3 zec.  Abolition of the tonic extenzor phase of the
seizires was nzed as criterion for protection. The anticonvul-
sant poteney of a compound was expressed as (he percentage of
wice protected from =eizures.  Pentaethylenetetrazol antago-
nist was defermined in animals challenged with 4 certainly lethal
dose af the convil=aunt (110130 mg./kg. <. 1 Stryehuine
ancagonisul, n=ed ax criterion for the umscle-relaxanc activity,*
wit determined in mice challenged with a dose of strychnine
silfate (1.9-2.1 mg./kg. s.c¢.) which 1 cantrols taken from the
=apie barell as the animalx (0 be treated proved 1o be lethal (a
15-97+,, of mice within 10 min. of administration.  Figurex for
protection afforded by a compound againsc either convilzanc

(14) (. Bianchi and J. Vranceschini, Beieo J. Phacmacol ., 9, 280 11051,

(14 12, sSieemond, R, Cadmus, and G. Lu, Proe. Sev. Erpil. Bl Med..
95, 729 (1937).

(16} R. Domenjoz, Ann. Univ, Seeamensis, 1, 317

(17) C. A, Winter, F. A, Risley, and (". W. Nu
N,V 111, 544 (1962).

{18) The auathors are indebited ta Mr. M. 11 Malin from Marine Collgids,
Die., Springfield, N. I., for ample supplies of carrageenan A-fraction.

(19> V. lende, Lreh. Inutern. NMharmacodyn., 186, 237 (1062),

120) . M. Berger, J. Fkarinacol. Fapill. Therap., 113, 413 (141541,

21y B, W, Norrom and 1.1, Lynes, J. Mud, Chem., 6, 328 (10613,

10H3).
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are based upon 1he percemage of mice protected from convilsians
aid upon mortality assessed 24 hr. after challenge.

Results

Pharnuacological resubts are reported in Table I1,
which also records the offeets of the standard drugs in-
cluded for comparison. A large nunber of the com-
pounds prepared i this study exhibited significant phar-
macological properties i different biological fest sys-
The general pattern of pharmacological activity
encountered in these componids was seen mainly in
their effects on pain pereeption, local inflanmmation, and
body temperature.  Tlowever, there was a small, well-
defined sedative, muscle-relaxant, and tranqguilizing ae-
tivity range associated with many of these compounds.
Considerable vaciations of these effects were xeen with
cach structural change, varying from agents that had
no activity to those with a high potency. and signiticant
changes i poleney resulted even from minor changes in
chemical strtetre as showi in Table 1.

At doses approaching toxicity most of the componnds
produced a depression of spotitancous motor getivity as
obgerved 1 intact mive and rats during toxicity lests.
sSome of the compounds displayed stimulating offects
but even here the effeets weee only slight to moderate
and, nmany cases, woere converted to depression when
the doses were raised.  Compaunds 25 and 36 provoked
typical tonic extonsor seizures.

[t ix an hmportant feature of these compounds tha
none showed significant activity on the mean blood
prossure of urethan-anesthetized rats and that all the
mebers of this series were found to be devoid of any
significant inhibitory effeet on monoamine oxidase.

Analgesic Activity.-— \lauy of the compounds in this
series exhibited activity i some or all of the experi-
imental models used.  Of particular interest are the re-
sults obtained in the Randall and Selitto procedure
which utilizes selective inhibition of inflammatory pain
as a criterion for antiinflammatory drugs.®  When the
strueture of the more active compounds is compared
to that of the simple unsubstituted 2-phenylimidazo-
[1.2-alpyeidine (1), it wonld appear that replacement
in I with a methyt (37). methylthio (32), or methyl-
sulfonyl group (8, 11, 12, 18, 20, 22, and 24) cuhanced
analgesic aetivity.  With the exeeption of componnds 32
and 37 (R” = morpholinomethyl), 20 (R”" = amino).
and 22 (R’ = dimethylaminomethyl). introduetion
of further substituents either in R or R7 in an aheady
aetive molecule usially reduced ey, 11 vs. 12 and 13)
oreliminatedactivity ey, 1105 16 and 19).

Although there was only a little correlation with the
activity found i the other tests, it seems worth noting
that sonic of the most active compounds i the Randall
and Selitto assay were also active i the hot-plate
(8, 11. and 12), clectrie stimulation (11 and 37). tail-
clip (22 and 37). or phenylyuinone test (8, 11, 12,
18, 20. and 24). or in all.  The most interesting com-
pornds were the methylsulfonyl analogs 11, 20, and 22.
which exhibited spectra of activity similar or superor
to those shown by the reforenve drugs.

Antiinflammatory Activity.— A mnnber of the agents
caused marked rednetion of the earrageenan- and yeast-
induced edema of the rat foot.  Tlowever. with oxcop-

Fens,
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tion of compound 5 (R = OCH,), in these tests also
only analogs with a methylsulfonyl group in R (8, 11,
12, 18, and 22) showed activity equal or superior to
that exhibited by the simple unsubstituted 2-phenyl-
imidazo[1,2-a]pyridine (1). It is worth noting that
the position of the substituents in R had no significant
effect on activity (8 vs. 11). Compounds 11 and 22
in addition to being the most potent agents of this
series against rat-foot inflammation, were also found to
be among the most active analgesics when assayed in
the Randall and Selitto test.

Antipyretic and Hypothermal Activity.—A number of
compounds in this series lowered body temperature
in the yeast-fevered and, to some extent also, in the
normal rat. The unsubstituted compound 1 displayed
only moderate activity in these tests and, with excep-
tion of compound 35 (R’’ = amino), monosubstitution
in R with a methylthio (9), methylsulfoxy (10), or a
methylsulfonyl group (11) seems to be necessary for
high activity. Further substitutions either in R’ or
R’" in an already active compound, except in one case
(11 ws. 12), seems to have a negative influence on the
antipyretic and hypothermal activity (e.g., 11 vs. 13-15;
10 vs. 30 and 31; and 9 vs. 32 and 33). There appears
to be a greater structure specificity for a high order of
activity here than in any other test. The most eritical
substituents seems to be the methylsulfonyl and the
methylthio group in R. However, alterations in the
position of the methylsulfonyl group in R produced pro-
found changes in activity as shown by a comparison of
11, substituted para, and 8, substituted ortho.

Anticonvulsant Activity.—Tonic extensor seizures
produced by supramaximal electroshock were abolished
by compounds 5, 12, 13, and 30. Convulsions elicited
by pentamethylenetetrazole were antagonized by
5,10, 12,13, and 30, and protection against lethal effects
of this convulsant seemed to be more or less correlated
with protection from its convulsions. Four compounds,
1, 11, 13, and 22, were found to give protection against
toxicity of strychnine. When the anticonvulsant
action of these 2-phenylimidazo[1,2-¢]pyridine deriva-
tives is analyzed, it is apparent that structural require-
ments for anticonvulsant activity against the three test
systenis are not related. The unsubstituted 2-phenyl-
imidazo[1,2-a]pyridine (1) was found to be active
against strychnine, but inactive in the other two tests,
while introduction of a methylsulfonyl group in R not
only produced more consistent activity against strych-
nine but also resulted in moderate antagonism against
electroshock and pentamethylenetetrazol (11). Intro-
duction of a 5- or 7-methyl group in the pyridine moiety
of the active compound 11 produced profound activity
against electroshock and pentamethylenetetrazole, but
greatly reduced strychnine antagonisin (e.g., 11 zs. 12
and 13). Substitutions in 11 at R”/, in the other hand,
gave either completely inactive (e.g., 11 vs. 15-18) or
only shightly active compounds (e.g., 11 zs. 14, 19, and
20).

General Comments.—2-(p-Nitrophenyl)imidazo[1,2-
alpyridine (3) has been reported to possess antiii-
flammatory activity.? The purpose of the present
study was to examine whether nolecular modification
might result in detection of new potential antirheu-
imatie drugs. Forty-two 2-phenylimidazo[l,2-a]pyri-
dine derivatives were prepared and assayed in a variety
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of pharmacological tests for analgesic, antiinflamma-
tory, antipyretic, and muscle-relaxant (anticonvulsant)
activity. The data reported in Tables I and II show
that effects of variations in chemical structure on ac-
tivity were rather unpredictable. Seldomnr did a par-
ticular structural modification lead to uniform altera-
tions in activity in all tests. However, some points of
interest did emerge and a few generalizations can be
made. Thus, it may be stated that, although the
simple unsubstituted 2-phenylimidazo[l,2-a]pyridine
(1) has proved to have a spectrum of activity superior
to that shown by the p-nitrophenyl derivative (3), in-
troduction of other substituents led to a number of com-
pounds with interesting activities in some or all of the
tests. The substituent which appeared to be most im-
portant for high order of activity in the greatest number
of tests was the methylsulfonyl group. Introduction
of this group into the aryl moiety of the unsubstituted
compound 1 produced compounds with potent anal-
gesic, antiinflammatory, antipyretic and, in a few cases,
muscle-relaxant properties. Turther substitutions in
R’ or R in an already active compound sometimes
enhanced potency in single tests, but regarding spec-
trum of activity, these disubstitutions did not bring
about any significant iinprovement.

Comparison of the spectrum of activity of the 2-
phenylimidazo[1,2-a]pyridines with the corresponding
data of reference standard drugs (which are included in
Table II) indicated that some of the new derivatives
reported here showed favorable properties as potential
therapeutic agents. The most interesting substance for
the purpose of therapeutic application appeared to be
the 2-(p-methylsulfonylpheny!)imidazo[1,2-a Jpyridine
hydrochloride (11). In its pharmacological properties
this compound seems to be related to aminopyrine with
which it shared high analgesic activity in the classical
Randall and Selitto assay and potent antiinflammatory
activity in the carrageenan-induced edema of the rat
paw, but by its high antipyretic activity and especially
its protection of mice from strychnine toxicity, it also
appeared to be related to chlortenoxazine. Obviously,
the comparative evaluation of the active compounds
will require further studies. The complete pharma-
cology of these compounds will be reported elsewhere.

Experimental

p-Methylmercaptoacetophenone.2—To a cooled solution of
124.2 g. of methylthiophenol (1 mole) in 750 ml. of sym-tetra-
chlorethane were added 146 g. of anhydrous aluminum chloride
(1.1 moles) and, dropwise, in 5 hr., 102 g. of acetic anhydride (1
niole), at —5°. The mixture was stirred 2 hr. at 25° and 5 hr.
at 70° and poured into iced water acidified with 200 ml. of 379
HCl. The organic layer was separated and extracted with water,
10¢; NaHCO;, and water. The solvent was removed in vacuo
and the residue was distilled, giving 158 g. of product (959%),
b.p. 133° (1 munu.), n.p. 83-84°.
p-Methylsuifoxy-w-bromoacetophenone.—To a solution of
182 g. of p-methiylsulfoxvacetophenone (1 mole) in 900 ml. of
cliloroforim was added 85 g. of NaHCQ; (1 miole), and the niixture
was heated at 60°. In 2 hr., with stirring, a solution of 160 g. of
bromine (1 mole) in 100 ml. of chloroform, was added. After
refluxing for 2 hr., the mixture was cooled, the solid was filtered,
and the solvent was removed in vacuo. The residue was tritu-

(23) All melting points were taken in a Biichi melting point apparatus
and are corrected.

(24) R. A. Cutler, R. J. Stenger, and C. M. Suter, J. Am. Chem. Soc..
T4, 5475 (1952), reported m.p. 80-82° (uncor.).
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rated with hexane and filterod. Crystallization from 400 wi. of
benzene yielded 215 g. (8297) of product, ni.p. 99-101°.

Anal.  Caled. for CgHgBrOsS: €, 41.40; H, 3.46: Br, 30.62.
Found: C, 41.05; H, 5.14; Br, 30.31.

p-Methylmercapto-w-dibromoacetophenone.—A solution of
18.2 g. of p-methylsulfoxyacetophenone (0.1 mole) i 50 mil. of
benzene was heated at 70°. In 2 hr., with stirring, 16 g. of
brontine (0.1 mole) was wdded, After cooling, the solvent was
removed /i racuo.  The residue waz crvsiallized from cyclo-
hexane, and 29 g, of a product, un.p. 107-108°, was obtained.
This prodinct was identified by analy=ix and mixture welting
point with the product obtained by bromination of p-mediyvlimer-
captoncetophenone with 2 voles of hrowmine.

Anal.  Caled. for CyHBrOS: ¢, 33560 H, 2.49; Br, 40.53;
0,493 8, 0800 Fonud: ¢, 33480 H, 2.50; Br, 40.58; 0,
487 8,007,

o-Methylmercaptoacetophenone.--A solution of 245 g. of 3-
broniothiocliromanone (1 1wole) in 1300 ml of bailing ethanol
wis added ta 1700 ml of 2.V NaOH (3.4 moles).  After refluxing
for 0.5 br., the ethanal was revoved 71 racug.  Ta the filteredd,
cooled, and stirred aqueans sohition was added 158 g. of meihyl
aulfate (11 molex).  After 2 hr. a crv=alline product was filtered
and dissolved in ethyl echer; the solveut was washed with water,
dried, and removed /n vaeno. Distillation of the residne afforded
77 g (4790) of u colorless liquid, b.p. 123° (L5 o). Triturated
with hexane, the produci solidified, n.p. 47 -49°.

Anal.  Caled, for CyH),0O%: C, 65.01; H, 6.05; O, 9.63; 8,
19.20.  Found: C,64.97; H, 6.05; O, 0.7%: 3, 19.07.

o-Methylsulfonylacetophenone.—"Tn a solution of 166 g. of
o-methyhmercaptoacetophenone (1 molej v 150 il of glacial
acetic acids at 63°, was added a solution o 186wl of 41¢¢ HaOs
(2.2 moles) in 60 mil. of glacial acetic acid.  After stirring for 3
hr., the solrtion was poured into 1700 wml of water. After
cooling, a crystalline solid separated. Recrystallization from
ethanol, yielded 165 g. (83%), nip. 103-105°.

Anal. Caled. for CHpOs8: €, 54.53; 1, 5.00; O, 2421
$,16.17. Found: C,54.75; H,5.00; O, 24.02; 8, 15.97.

2-(p-Methylsulfonyiphenyi)imidazo}1,2-«|pyridine Hydrochlo-
ride (Table I, 11).—To 1 solution of 188.2 g. of freshly distilled
2-aminopyridine (2 moles) in 1000 wl of ethunol, was added
277.1 g. of p-methvlsulfonylphenyl-w-bromoncetophenone (1
mole). ‘The mixtire was heated at $50° and stirred for 3 hr.
The crystalline solid was filtered and washed with warn) ethanol.
Crystallization from HCl yielded 242 g. of produet (7500), nup.
276-278°. The free base had w.p. 242-244°. By the sae
wethod, starting from 2-aminopyridine aud 2-aminopicolines
and  adding  subsfituted  w-browoacetoplienones,  compounds
1--10 (Table I) were prepared.

2-(p-Methyisulfonyipheny!)-3-dimethylaminomethylimidazo-
11.2-¢]pyridine Dihydrochloride (Table I, 22}.- - A solution of 272
w. of 2-(p-methylsulfonylphenvhimidazo|1,2-¢ [pyridine (1 mole)
1 2000 ml of ghreial meetic acid was mixed witl a solutios of 50
e af dimethylamine (1.1 moles) and 825 wl of 4007 formalin
(11 moles) in 450 wil. of glacial ncetic acid.  After warining a¢
60° for 3 br., the mixture was cooled aud poured into ice-water,
made alkaline with 206 NoOH, and extraeted with methylene
vliloride;  the solvent was dried and revwved 7n reevo. The
residie was taken up in warm ethapol and (reared with dry HCL
The precipitated dihydrociiloride was recrystallized from ethanol
to give 340 g, (8177,

By the same method the Mannich bases 24, 25, 29-33, 36-38.

niick 40-42 (Tuble 1) were prepured.

2-(p-Methylsuifonylpheny!)-3-carbamidomethylimidazo]|1,2-
«lpyridine (Table I, 15).---To a soluiion of 19.4 g. of NaCN (1.4
mole) in %0 wil. of water was added 47.1 g. of 2-(p-niethylsulfonyi-
pheuyl-3-dimethylaminoniethylimidazo! 1,2 -«}pyridine  iodo-
wethylite (Table I, 23) (0.1 mwole). After refluxing for 3 hr.
the solution was enoled and filtered.  Crystallization from meth-
anl vielded 27.5 g, (869) of prodnct.

Vol 8

2-( p-Methylsulfonylphenyl)-3-cyanomethylimidazo}1,2-a|pyr-
idine (Table 1, 17).-—A suspeusion of 32.9 g. of 2-(p-mmethyl-
sutfonylphenyli-3-carbamidomethylimidazo [ 1,2-alpyridine (0.4
wole) was heacod at 120° with 125 ml. of phosphoris axyehiloride.
The exces~ plwsphorn= oxychloride wus removed in vacwo,
and ithe resxidine was taken up in 500 1wk of iced water, made
alkaline with NuoCO;. and filtered.  Crystallizanion from di-
werhylformamide-water afforded 24.4 g of product {78774
uLp, 205-217°,

2 p-Methyisuifonyiphenyl)-3-carboxymethylimidazo|1,2-« |-
pyridine (Table I, 16).-~A solution of 32.9 g. of 2-(p-methyl-
<ulfouylphenyl)-3-carbamidomethylimidazo] 1,2-alpyridine (0.1
mole) and 80 g of KOH (1.43 moles) in 80 ml. of water and
3200l of ethanol wax refluxed 18 hr.  After cooling, the sohition
was ueidified wich 3790 HCI and the precipitate was filtered.
By ervsiallizarion fram 37¢. HCL 25.6 g. of product (7067) wis
obtained, uip, 318-319° dee.

2-(p-Methyisulfonyiphenyl)-3-nitrosoimidaze{1,2-u]pyridine
{Table I, 19).- In 450 ml. of warm water, 32.6 g. of 2-( p-iechyi-
=ulfonylphenvhunidazo| 1,2-a]pyridine hyidrochloride (0.1 viole;
was thssolved.  Ac453® 10 L of 37¢, HCLand, in 1 hr., o salne
tion of 828 ¢, of sodiaw nitrite (0.1 mole) i 100 1l of water
were added.  After cooling, 600 ml of water wax added.  The
sohittion was made alkaline witlh Na.CQ; and fitered. The
vield of produet was 280 g, (9677), unp. 257-258°. By the suine
weithod were prepared compounds 26, 34, and 39 (‘Table 1).

2.( p-Methylsulfonylphenyl)-3-aminoimidazo[1,2-c|pyridine
Hydrochioride (Table I, 20).- - To n stispension of 30.1 g. of 2-(p-
wethykulfonyiphenyli-5-nit rosonmidazo {1, 2-alpyridine (0.1 mole}
i1 200 wl of water and 140wl of veptie weld 27 g of powdered
zine was added aver a period of 2 hir. After stirring for 2
hir., the sohidon was beated at 80° for 1 hr., filtered, and made
alkaline with diluted NaOH. The free base was dissolved 1
wari 370 HCT aud, after chilling, the precipitated hydrachloride
wax filtered,  The vield wius 263 g (SO.570), uLp. 354-336°.
With the same wethod were prepared compounds 27 and 35
sTable 1.

2-( p-Methylsulfonylpheny! )-3-bromoimidazo}1,2-a|pyridine
{Table I, 14).--To a solution of 27.2 g. of 2-(p-methylsulfonyl-
phenybimiduazo]1,2-¢]pyridine in 100 wl of glacial acetic acid
at 65°, 16 g. of bromine was added. A white crystalline solid
precipitated,  bewas filtered nnd washed with vold water, aud the
sispension wix wmnde atkaline with Na.COy vielding 31.5 g.
(9053 of produet, nLp. 212-213°,

2-( p-Methylsulfonylphenyl)-3-dimethylaminoimidazojl,2-« |-
pyridine Hydrochloride (Table I, 21).---A solution of 28.7 g. ui
2-{ pethyaudfonyiphenyl)-3-aminoimidazo [ 1,2-¢ | pyridine (1.1
mole ) i 10wl of formice acid was heated at 100° for 2 hr.  Afier
cooling, witer wix added and the solid obtained was filterced nnd
recrystallized oy absoluite  ethapal. 2 p-Methylsulfonyl-
pheuvi-s-foruykuinoinidazo 12-¢ pyridine (1S g 57001 wis
ubtained, w.p. 272 2757

Anal. Caled, for CptaNgans: o570 H 4060 N, G,
Famnd: ¢ 50.07: H, 4500 N, 1551

A sulndan of 1575 g of this compound in 12wl o1 forune
aeid snd 9 ml ol 407 fornling wax heated at 120° for 24 hr.
After cacling, e <aluting was acidified with 5 b of 57¢¢ HCI
ad ovaporated (u caceo. The residne was crystallized from
dilute HCE with chie aid nf Narit.  The yvield wns 7.8 ¢ (447553,
HLp. 280201 °,

2-{o-Methylsuifonyiphenyi )-3-dimethylaminoimidazo(1,2-u -
pyridine (Table I, 28).~ A solition of 28.7 g. of 2-(e-nethylsul-
tonyiphenyh)-s-wptinoimidazo [ 1,2-g!pyridine (0.1 mole) in 36 ml.
of forutic acid aud 16 mi. of 4077 formulin was heated at 1207
for 12 hr.  After cooling, the solntion wax acidified with 30 ml.
af 377 HCand evaporated in vacno.  The residize wis triturated
with waler and wis made alkaline with NaOH.  The solid ob-
tained wix vryxtallized from absoluce ethanol giving 14 g of
product, unp. 174-175°.
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