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In the course of screening imidazo{l,2-a]pyridines, new oxygenated derivatives were syhthesized: alde-

hydes, ketones, their derivatives, and the corresponding alcohols.

Some semicarbazones and thiosemicarbazones

mahifested marked hypotensive activity but pulmonary hemodynamic studies indicate the need for further
exhaustive hemodynamic studies of thiosemicarbazones and analogs in several animal species before proceeding

to clinical pharmacology tests.

In our previous papers'—% on the chemical behavior
of the imidazo[l,2-a]pyridine ring it was shown that
this ring is similar to that of indole. Numerous deriva-
tives of imidazo[1,2-a]pyridine and of analogous com-
pounds have been synthesized and a large number of
pharmacologic and phytopharmacologic data has been
collected in order to determine the biological activity
of this ring system. In this paper we report methods of
synthesizing aldehydes, ketones. their derivatives, and
the corresponding aleohols in which the radieal is
bound to position 3 of the imidazo({1.2-a[pyridine nu-
cleus.

Chemistry.—The aldehydes were prepared by the
procedure previously reported? for the synthesis of
3-formylimidazo[l,2-a ]pyridine which employed Vils-
meler's reagent, viz., POCl-DMF. Table I lists the
aldehydes svnthesized (1-7) and their derivatives:
oximes (8-14), semicarbazones (15-21), thiosemicarba-
zones (22-28), guanyihvdrazones (29-35), and the
phenylhydrazone 36. By treating 3-formylimidazo-
[1,2-a]pyridine with 3-amino-2-oxazolidone and 3-
morpholinomethyl-3-amino-2-oxazolidone, 37 and 38,
respectively, were obtained. The lketones were ob-
tained according to the method of Friedel and Crafts,
by treating, in C8,, derivatives of imidazo{l,2-a]-
pyridine, with AcyO and sublimed AICEL. All the ke-
toues listed in Table II (39-43) were obtained in this
way, in yields of 18-25¢7.

It was possible to prove that substitution occurred
at position 3 by the elassie synthesis of Tchitchibabin,

COCH,
Z N Z N
i + BrCHCOCH, —» l
~ NN
NH. (1ZOR YR
1
1 1l 0

f.e., by treating 2-aminopyridine (I) with 2-bromo-
acetoacetaldehyde (II; Ry = H) or with 3-bromo-
acetylacetone (II; Ry = CHjy).
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Attempts to carry out the I'riedel-Crafts reaction
solvents other than CS., namely PhNO, CHClL. and
CCl;, were unsueccessful.  Equally unsuecessful were
attempts to svnthesize the above ketones (as for the
analogs of indole) by Grighard reactions or by reaction
with POCL; and AceN Me,.”

2-(p-Chlorophenyl)imidazo|1,2-a [pyridine and 2-(p-
methylsulfonyiphenyhimidazo[1,2-¢ [pyridine  did not
react according to I'riedel and Crafts under the above
conditions. Primary aleohols (Table II1; 59-65) and
secondary alcohols (66-70) were obtained by reducing
the corresponding aldehvdes and ketones. deseribed
earlier, with NaBH, in aq MeOH.

Pharmacological Studies.—The products svnthesized
were subjected to pharmacologie screciing, according
to our test schedule.!—* This screcuing clicited no
activity comparable with that of 2-(p-methyvlsulfonyl-
phenvljimidazo[1,2-a ]pyridine- HCI, which ix the most
active of the substances derived from imidazo[1.2-a]-
pyridine that we have synthesized.!

In the screening of the arterial pressure changes in
rats, however, semicarbazones 15, 18 19, and 20,
thiosemicarbazones 22, 25, and 26. and uminoguanido
derivatives 29 and 30 proved to possess pronounced
hypotensive activity.  Thiosemicarbazone 22, which
from its T2Ds scemed to be the most promising com-
pound, was subjected to extensive pharmacologic
testing, the results of which are summarized here. The
effect on mean arterial pressure. mean  peripheral
pressure, myocardial tension, and eentral venous pres-
sure was studied in anesthetized dogs. The results
obtained with 22 at doses from 2.5 to 10 mg kg iv in
4 dogs showed a deerease in peripheral resistance and
an inevease i myocardial tension.  The central venous
pressure wias not appreetably affected.  Oral adwminis-
tration of deses ranging from 25 to 100 mg kg to 4
other, nonanesthetized. dogs eansed 2 deerease in
systolie pressure and an inerease in heart mte.

The aetion on isoluted rabbit heart shows that proba-
bly the slight cardiae stimulation noted in vive s not
due to a direet nefion on the myoeardial fiber. The
cardiac levels of norepinephrine in guinen pigs were un-
changed following dosage with 22, Simultaneous
pulnionary hemodynamie studies were conducted on
22 after pulmonary edem: had been observed i dogs,
cats, and guinea pigs following administration of the

13) W. O, Anthony, J. Org. Chop., 268, 2D49 (1ueh;,
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TaBLE 1
ALDEHYDES AND DERIVATIVES

N CHR,
~ N: :Rl
Obtained Recrystn

No. R R2 Rs Method as: solvent Mp, °C Formula®

1 H 0 H A B H,0 127-129 CsHgN,0

2 CH, 0 H A B C¢H¢-hexane 122-123 CyHsNO

3 H (6] 7-CH3 A B Hexane 83-85 CgHsNQO

4 H (6] 6-Cl A B CsHe-hexane 162-163 CsH;CIN:O

5 H 0 6-Br A B CsHg—hexane 172-174 CsH:BrN:QO

6 C:H-Cl(p) 0 H A B DMF 213-215 C14HCIN:O

7 CeH,S0.CH;3(p) O H A B MeOH 206-207 C:HizN2O,8

8 H NOH H B B 309 EtOH  206-207 CsH: N30

9 CH; NOH H B B EtOH 252-254 CyHN;O
10 H NOH 7-CH;,4 B B 509, EtOH  196-198 CyHN;0
11 H NOH 6-Cl B B EtOH 269-271 CsHsCIN;O

12 H NOH 6-Br B B EtOH 267-269 CsHsBrN;O
13 C:HCl(p) NOH H B B DMF 282-284 CsHy,CIN;O
14 C:H.SO.CHs(p) NOH H B B DMF 306-308 CisHisN3058
15 H NNHCONH:; H C HCI 10¢7, HCI 242-244 C¢H,CIN;O
16 CH, NNHCONH, H C HCI 37¢, HC1 249-250 CoH1.CIN;O
17 H NNHCONH, 7-CH, C HCI 379 HCI 256-257 CoH1:CIN;O
18 H NNHCONH; 6-Cl C HCI 37% HCI1 290-292 CyHCl:N;0
19 H NNHCONH, 6-Br C HCI 37% HCI 286-287 CyHBrCIN;O
20 C:H.Cl(p) NNHCONH, H Cb HCI DMF 321-323 Ci:HisCLN;:0
21 CsH,S0.CHs(p) NNHCONH, H C HCI 379, HCI1 346-347 C1eH1sCIN:O,8
22 H NNHCSNH, H D HCI 109, HCI 249-250 CyH,CIN:S
23 CH;, NNHCSNH, H D HCI 109 HCI1 280-281 CipHi:CINS
24 H NNHCSNH, 7-CH;, D HCI1 10¢; HCl 272-274 CipH12CINS
25 H NNHCSNH, 6-Cl D HCl 106, HCI 286-288 CoHCLN;S
26 H NNHCSNH. 6-Br D HCI 109, HCI 289-291 CyHBrCIN:S
27 C:H.Cl(p) NNHCSNH, H D HCI 109, HCI 312-314 CisH12CLN:S
28 CsHiSO.CH;(p) NNHCSNH, H D B DMF 379-3%0 C1sHi5N 0.8,
29 H NNHC(NH)NH, H E 2HC1 75% EtOH  323-324 CyHCl.N,
30 CH; NNHC(NH)NH. H E 2HC1 109, HCI 278-279 CoH1Cl:N,
31 H NNHC(NH)NH. 7-CH; E 2HC1 EtOH 310-312 C1uH14Cl:Ng
32 H NNHC(NH)NH, 6-Cl E 2HCI 109, HCI 342-344 CyHiCl3N,
33 H NNHC(NH)NH, 6-Br E 2HCI 109, HCI1 326-328 CyH 1 BrClNs
34 C:H.Cl(p) NNHC(NH)NH. H E 2HC1 109, HCI 311-312 CisH1:C13 N,
35 CeHSO0.CHs(p) NNHC(NH)NH, H E 2HC1 109, HCI 320-322 C1sHi5CLN4O:S
36 H NNHC:H; H F HCI 1067 HCI 289-290 C;Hi;CIN,
37 H NS H F HCl 106, HCI1 252-253 CuHuCIN,O,

0C~y~CH:
NN——CH, . 5

38 H ob., Aucny P H F  Dimnleate 83% EtOH  181-183  CysH1sN;05+ CsHiOs
@ All compounds were analyzed for C, H, N. 959 AcOH was used as solvent. ¢ Free base.

substance. In 3 anesthetized dogs an increase in right
ventricular pressure, a decrease in left auricular, and
an increase in right auricular pressure were observed
after iv administration of 22. These findings agree
with the hypothesis that the pulmonary edema seen
after administration of 22, was due, at least in part, to
changes in pulmonary hemodynamies. These varia-
tions result in an increase of pulmonary resistance and
hence of pulmonary pressure. Injection of the sub-
stance into the portal vein induced a less marked effect
but in the same direction. The action on the lungs has
also been elicited in rats. Five animals administered
an ip injeection of 100 mg/kg of 22 developed pleural
effusion and probable edema in 16 hr.

Rhesus monkeys administered orally 100 or 200 mg/
kg daily for 10 days or so showed no detectable traces
of pulmonary edema at necropsy. The fact remains,
however, that the arterial pressure of monkeys with

indwelling catheter was unchanged following the oral
administration of 25 or 50 mg/kg of 22.

The above results, which applied also to other prod-
ucts of the same series, discourage the use of 22 or of
other analogs in man. Clinical trials with thiosemi-
carbazones and analogs (numerous products of this
type are being studied in the antiviral field) should
probably be preceded by close study of pulmonary
hemodynamics in animals of several species.

Experimental Section®

3-Formyl-6-chloroimidazo(1,2-a]pyridine (Table I; 4)
Method A—A soln of 45.75 g of 6-chloroimidazo[l1,2-alpyri-

(6) All melting points were taken in a capillary apparatus and were
corrected. Where analyses are indicated only by symbols of the elements,
analytical results obtained for those elements were within +£0.4% of the
theoretical values.
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# N
R,
=

No. R R R Methold
30 11 0 1T (y, 11
40 Cl1, (9] 11 (e, 11
41 11 9] 7-ClI; (3
42 1 0 6-Cl1 G

3 11 O 6-Br (¢
44 H NNHCONH. I 1
45 CHa NNHCONH, 11 I
40 H NNHCONH, 7-CII; I
47 1 NXHCONH. (6-C’1 1
48 1T NNHCONH, 6-13y 1
44 11 NNHCSNH:. 1 1.
S50 CIT, NNHCSNH, 1T l.
Ol 11 NNHCSNH, 7-CII; L.
52 11 NNHCSNH: 6-C1 l.
53 H NNHCSNH, 6-BBr 1.
o4 1T NNHC(NH)NH. 1T AY|
55 CITs NNHC(NH)NH, 11 M
50 I NNHC(NH)NH, 7-CTl, A
537 1 NNHC(NH)NH. 6-C’1 A}l
a8 H NNHC(NHINH. 6-Br M

« All eomnpounds were ahalvzed for €, 1T, N.

Tannk 11
KrrToNts aND DERIVATIVES

* Free base.

—

CH.

CR.

R,

PRIMARY AND SECONDARY ALCOHOLS

=~ N
OCK
AN N R,

AranraNer, of al.

Obtained Recrysin
s solvent Mp., ¢ Formala®
13 llexane 109--110 CLITONLO
1113 05 1011 315-316 Cyl1,BrNLO
13 1Tex:une 110--111 Ciyl (N0
13 ITexahe 148140 C[oN.0
13 CyHy 133134 Cuf:CINLO
13 Celly 145-147 Cyl1:BrNLO
B DALF 275277 Cill N0
13 DME 278250 C TN
3 IBAYRG 281282 C HuN:O
3 DAMF 347-348 CulTuCINGO
13 DME 390 CyHuBrN: 0
B DA 289-200 CiplTuN:S
B IDAYRL 267208 ChyHpNS
HCl 374 [ 206--267 CyTHGCING
13 IDAYRC 281285 CoTlaNaS
13 DA 344--340 C e CIN S
13 DMT 379-581 Cral T BrN=S
13 ARG RE 241-242 Cioll Ny
2H(CI 206, T1C1 331333 CiollCLNG
13 15t OI1 240241 CalyNg
2HCI 204 11C1 205-297 CuHCLN,
13 15tOH 252254 C HuNe
2HCI 2067 T1C 3243 Cyy TT6CLNy,
13 1O 27H-2 CHuCING
211 204 T1CL 333-335 CpHuCLN
13 15tOTT 200--271 (‘U,HuBl"_\vr.
211C1 2007 11CL ERBENE Y Cul1uBreLN,
Tapre 111
R,
CHOH
Obtaines! Recrysinp
as: solvent AMp, 7C Yovunla’
13 Callo 152134 CAOLNLO
11l 9507 1KtO11 16%-170 CHLCINLO
13 11,0) 169--171 CLlTeNLO
11C:1 054 EtOTT 171-173 CylTCINLO
13 PhClT, 134136 CyT N0
1 950 1011 212214 CTLCINLO
B 095G, EHOLT 232-254 CyH;:BrN.O
13 05 1O 214210 CyH CINLO
13 DAMF 231-233 CulluN O
13 PhCTi; 148-150 Cull,eN:0
11C1 95¢ FeOH 162-164 CoH CINAO
B Colls 134-134 CiHeN20
13 PhCH; 149--151 CioH1aNL0
B PhCH; 178-179 CyITyCIN,O
B PhCT1, 183-185 CoHBrN.O

No. R R: R Methioil
54 11 11 11 N
(4161 CI1, 1T 11 N
61 H H 7-CTl, N
62 11 B 6-C1 N
03 H Tl 6-Br N
64 CaH(Cl(p) 1 n N
65 CeHSO,CH.(p) 11 1L N
66 11 ClH, 1 N
67 CH; CHy I N
6R H CITy 7-CH, N
(9 1T CH, 6-Cl N
70 H CH;, 6-Br N

“ All compounds were analyzed for C, H, N. * Free base,

dinet (0.30 mole) in 80 ml of DMF was added dropwise to a
goln of 120 g of POC]; (0.78 mole) in 200 ml of DMF. The mix-
ture was heated slowly to 105°, an exothermic reaction developed,
and dissoln was complete. The temp rose to 120° and the soln
was left at 120-123° for 15 min, then cooled to 80°, and left. for
3 hr with stirring. The reaction product pptd as the hydrochlo-

ride; it was dissolved in H,O (300 ml) with 359; HCI (20 ml),
decolorized with charcoal, and made alkaline with 209, NaOH.
The resulting crude product was purified by crystn from Cslls
and hexane (13 g, yield 249).
2-Methyl-3-formylimidazo[1,2-a]pyridine Oxime (Table 1;
9). Method B.—To a sol of 15 g of 2-methyl-3-formylimidazo-



ANTIHYPERTFENSIVE ARALKYLAMINOGUANIDINES

[1,2-a]pyridine (0.094 mole) in 75 ml of EtOH was added a soln
of 19.6 g of NH,OH-HCI (0.28 mole) and 12 g of 959, NaOH
(0.28 mole) in 120 ml of H,O. After refluxing for 1.5 hr flaky
crystals were obtained (14.4 g, yield 889).
3-Formylimidazo[1,2-a]pyridine Semicarbazone - HCI (Table I;
15). Method C.—To 7.30 g of 3-formylimidazo[l,2-a]pyri-
dine (0.05 mole) dissolved in 31.2 ml of 109, HCIl was added a
soln of 5.90 g of HoNNHCONH,;-HCI (0.053 mole) in 31.2 ml
of 109 HCl and 10 ml of H,O. A bulky ppt formed at once; it
was filtered aud dried (11 g, yield 9297).
3-Formyl-6-bromoimidazo(1,2-a]pyridine Thiosemicarbazone -
HCI (Table I; 22). Method D.—To a soln of 1.12 g of 3-formyl-
6-bromoimidazo[1,2-a]pyridine* (0.005 mole) in 10 ml of 109,
HCl was added a soln of 0.478 g of HoNNHCSNH, (0.053 mole)
in 3 ml of 109, HCl. After cooling overnight, the condensation
product pptd as a bulky mass; it was filtered and dried (1.5 g,
vield 909%).
2-(p-Chlorophenyl)-3-formylimidazo[1,2-a]pyridine Guanylhy-
drazone-2 HCI (Table I; 34). Method E.—A soln of 12.8 g of
2-(p~chlorophenyl)-3-formylimidazo(1,2-a] pyridine (0.05 mole)
in 1280 ml of boiling 109, HCI was filtered hot and added to a
soln of 8.25 g of HoNNHC(=NH)NH.-H.CO; (0.06 mole) in
30 ml of cold 109, HCl. Shiny white crystals pptd which were
filtered after cooling (17.5 g) and which after recrystn from 3300
ml of 19; HCl gave 14.2 g (74%,).
3-[(Imidazo[1,2-a]pyridin-3-ylmethylene )amino] -5-morpho-
linomethyl-2-o0xazolidone Dimaleate (Table I; 38). Method F.—
To asoln of 2.01 g of 3-amino-5-morpholinomethyl-2-oxazolidone
(0.01 mole) in 20 ml of EtOH, 10 ml of H.O, and 5 ml of 109, HCl
was added a soln of 1.46 g of 3-formylimidazo[l,2-a]pyridine
(0.01 mole) in 10 ml of EtOH and 5 ml of 109, HCl. The mix-
ture was heated to 70° for 4 hr. The sepd oil was extracted with
CHCI;, the solvent evapd, and the residue dissolved in 10 ml of
EtOH and treated with 1.32 g of maleic acid in EtOH. On
heatilig on a water bath 38- dimaleate formed (1.6 g, yield 28%,).
2-Methyl-3-acetylimidazo[1,2-a]pyridine (Table II; 40).
Method G.—To a soln of 39.6 g of 2-methylimidazo[1,2-alpyri-
dine (0.3 mole) in 120 ml of CS; was added, very slowly, 90 g of
anhvd AICl;, with external cooling. After stirring for 30 min
at room temp the mixture was refluxed gently and 22.5 ml of
Ac0 was added drop by drop, in 30 min. After refluxing for
1 hr, the CS; was evapd and the residue mixed with crushed ice,
made alkaline with NaOH, and extracted with CH,Cl,, The
soln was dried (K.CO;) and evapd to dryness. The resulting oil
was distd under vacuum. Starting product, (14.5 g), bp 92-100°
(0.8 mm), and 15 g of the desired product, bp 126-130° (0.8
mm), were obtained. The oil was then crystd from ligroin
giving 12 g of the pure product, yield 379 (based on recovered
starting material).
3-Acetylimidazo[1,2-a]pyridine (Table II; 39). Method H.—
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To a soln of 17.5 g of 2-aminopyridine (0.185 mole) in 20 ml
of EtOH was added 15.2 g of 2-bromoacetoacetaldehyde (0.927
mole).” The exothermic reaction was moderated by cooling.
The mixture was refluxed for 10 hr, the solvent evapd to dryness,
and the residue mixed with H.O and 209, NaOH and extracted
with Et:0. The soln was dried (K.CQ;) and evapd. The resi-
due was distd, recovering first 9.6 g of 2-aminopyridine, and then
the product, bp 128-130° (1.5 mm). The yield was 4 g (30%),
based on 2-aminopyridine consumed.
2-Methyl-3-acetylimidazo[1,2-a] pyridine (Table II; 40).
Method H.—A soln of 28.5 g of 2-aminopyridine (0.313 mole)
in 20 ml of Et,O was treated as indicated in the previous example
with 28 g of crude 3-bromoacetylacetone® (0.156 mole). After
evapg the solvent, the residue was distd to yield 14 g of 2-amino-
pyridine and 15 g of product, bp 125-135° (0.6 mm), mp 108-
109°,
3-Acetylimidazo(1,2-a]pyridine Semicarbazone (Table II; 44).
Method I.—To a soln of 20 g of 3-acetylimidazo[1,2-a] pyridine
(0.125 mole) in 20 ml of H,O was added a soln of 55.7 g of HoN-
NHCONH,-HCI (0.5 mole) in 100 ml of 109, NaOH (0.25 mole).
The mixture was refluxed for 2 hr, made alkaline with Na,COs,
filtered, and washed with H,O uutil neutral (21 g, yield 77%).
The hydrochloride of this product hydrolyzes very easily.
3-Acetyl-6-chloroimidazo[1,2-a]pyridine Thiosemicarbazone
(Table IT; 52). Method J.—A soln of 2 g of 3-acetyl-6-chloro-
imidazo(1,2-a] pyridine (0.0103 mole), 1.87 g of HuNCSNHNH,
(0.0206 mole), and 2.6 g of H,NCSNHNH;: HCI (0.0206 mole)
in 20 ml of H;O and 20 ml of EtOH was refluxed for 2 hr, while
still hot, the mixture was made alkaline with a satd soln of Nag-
CO;y, and the ppt (2.8 g; yield 979) was filtered and washed with
H,O until neutral.
3-Acetylimidazo[1,2-a]pyridine Guanylhydrazone (Table II;
54). Method K.—A soln of 2 g of 3-acetylimidazo(1,2-a] pyridine
(0.0125 mole) and 6.8 g of H-NNHC(=NH)NH.- H,CO; (0.05
mole) in 75 ml of 1 N HCI was refluxed for 2 hr; the resulting
soln was made strongly alkaline with 2097, NaOH and coolcd.
The thick oil, which was obtained, solidified and was recrystd
from CsHs and ligroin (1.5 g, yield 599,).
2-Methyl-3-hydroxymethylimidazo(1,2-a]pyridine (Table III;
61). Method L.—A soln of 3.7 g of 2-methyl-3-formylimidazo-
[1,2-a]pyridine (0.023 mole) in 37 ml of MeOH was cooled to
10° and added to a soln of 0.437 g of NaBH, (0.0115 mole) in
5 ml of H.O in 5 min, keeping the temp at 10-15°. The soln
was evapd to dryness and the residue recrystd from 30 ml of
H,0 (2.9 g, yield 77%).
(1) N. K. Kochetkov, E. E. Nifant'ev., and N. V. Molodtsov, Zkh.
Obsheh. Kim., 29, 2330 (1959): Chem, Abstr., 54, 14230% (1960).
(8 D. F. Tavares, W, I, O'Sullivan, and C, R, Hauser, J. Org. Chem., 27,
1251 (1962).
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A series of substituted aralkylaminoguanidines (I) was synthesized and evaluated for pharmacological ac-
tivity. The compounds were prepared by catalytic reduction of the guanylhydrazones or by reaction of the

aralkylhydrazines with either S-methylisothiouronium salts or cyanamide.

A method of separating mixtures of

I and II obtained by the reaction with S-methylisothiouronium salts is described. Some of the aralkylamino-
guanidines (I) possess adrenergic neurone blocking activity and produce a marked lowering of blood pressure in

the hypertensive rat.
During an investigation of compounds containing the

hydrazino group, a series of new aralkylaminoguani-
dines was prepared. Some of these were found to possess

* To whom correspondence should be addressed.

Some structure-activity relationships are discussed.

marked adrenergic neurone blocking activity similar in
character to that of guanethidine. Amongst them,
8-(2,6-dichlorophenyl)ethylaminoguanidine hydrochlo-
ride (10) and y-phenylpropylaminoguanidine hydro-
chloride (26) proved of special interest as potentially



