stantially , i.e., it is approximately three times as great as in the control animals. At the
same time, the hemolytic activity of the serum and spleenocytes, characterizing the content of
antibodies in the blood and the intensity of the production, remains in almost all cases at the
level that is created by injection of the cytostatic. A comparison of the number of AFC in the
spleen with the hemolytic activity of the cells of this organ suggests that the compounds stud-
ied decrease the synthesis of antibodies against sheep erythrocytes by a factor of 15-3; conse-
quently, they may be of interest in cases when the need arises for stimulation of the cell-med-
iated immune reactions without any change in the humoral reactions.

Thus, the data obtained show the promise of the search for immunotropic agents among syn-
thetic macrocyclic compounds and the study of the mechanisms of their action,

LITERATURE CITED

1. A. A. Burkin and A. S. Losev, Khim-farm. Zh., No. 11, 41 (1976).

2. N. G. Luk'yanenko, A. V. Bogatskii, and Yu. A. Popkov, Khim. Geterotsikl. Soedin., No. 3,
306-309 (1980).

3. A. Cunningham and A. Scenberg, Immunology, 14, 599~600 (1968).

4, 0. Gallien-Lartique, Cell. Tissue Kinet., 9, 533<540 (1976).

5. W. C. Green, Ch, M.Parker, and Ch. W. Parker, Cell. Immunol., 25, 74-89 (1976).

6. T. Hovi, A. C. Allison, and S. C. Williams, Exp. Cell. Res., 97, 92-100 (1976).

7. P. H. Lagrange, G. B. Mackaness, and T. E. Miller, J. Exp. Med., 139, 528-542 (1974).

8. T. M. Cresp, C. L. Probert, and F. Sondheimer, Tetrahedr. Lett., No. 41, 3955-3958 (1978).

9. 0. B. Zaalberg, Nature, 202, 1231 (1964).

SYNTHESIS AND B-ADRENOBLOCKING ACTIVITY OF 1-DIBENZOFURANYLOXY-3-
AMINOPROPAN-2-0LS

0. M. Glozman, Sh. I. Ismailov, UDC 615.217.24.012.1
L. N. Borisova, L. A. Zhmurenko,
E. K. Orlova, and V. A. Zagorevskii

A whole series of B-adrenoblockers has been developed among the heterocyclic derivatives
of l-aryloxy-3-aminopropan-2-ols (AAP). Thus, in the series of benzofuran derivatives of AAP
f-adrenoblocking agents were discovered having bicyclic (befunalol) and tricyclic structures
(butocrolol, a furochromone derivative) [7, 8].

With the aim of searching for new f-adrenoblockers among AAP derivatives [2] 1-(1,2,3,4,
4a-9b-hexahydrodibenzofuran-8-yloxy)-3-aminopropan-2-ols (Ia-b), 1-(1,2,3,4~tetrahydrodibenzo~
furan-6-yloxy)-3-ylaminopropan-2~ols (IIa-d), and 1-(dibenzofuran-1l-yloxy)-3-aminopropan-2-ols
(IIla-c) have been synthesized. In addition to this derivative of 1-(1,2,3,4-tetrahydrodi~
benzofuran~8-yloxy)-3-cyclohexylaminopropan-2-0l (IVa~c) and analogs of propranolol (Va-c)
containing O-acetyl, O-pivaloyl, O-l-adamantanoyl, or O-benzoyl groups, have been synthesized
with the aim of searching for B-adrenoblockers with extended action. Thus, attention has been
paid to information on increasing the action time of certain B-adrenoblockers by converting the
hydroxyl group in the side chain of AAP into an ester grouping [4]. (See p. 688.)

The synthesis of (Ia, b), (IIa-d), and (IIla-c) was effected on the basis of 1,2,3,4,4a~
9b~hexahydrodibenzofuran~8-ol (VI), 1,2,3,4-tetrahydrodibenzofuran-6-ol (VII1), and dibenzofur-
an-l-ol (VIII) by two methods. A) Compounds (Ia, b) and (I1Ia-c) were obtained by reaction of
(VI) and (VIII) with one equivalent of epichlorhydrin in the presence of aqueous alkali and
subsequent amination of the resulting epoxides. B) Compounds (IIa-d) were obtained by reaction
of (VII) with a multifold excess of epichlorhydrin in the presence of a catalytic amount of
piperidine and subsequent interaction with amines.

Scientific-Research Institute of Pharmacology, Academy of Medical Sciences of the USSR,
Moscow. Translated from Khimiko-farmatsevticheskii Zhurnal, Vol. 18, No. 10, pp. 1193-1198,
October, 1984. Original article submitted January 10, 1984,
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CHCH(OHICHNR; + HCL OCHCHOHCH,NR, + HCI
7
0 O

7a.b OGIZCH(OHICHyNR, + HCl
’ Za~d rac

1 —11I: a) NR, = 2,6=dimethylpiperidyl
. b} NR: =cyclohexyla¥rr?ir?o, y
Iic, Ike: NR, = {sopropylamino
IId: NR, = tert =butylamine

OCH-CHORICH 1 O
I ' '
C{ | - 25(coo),

o]
rra=c

IVa: R = pivaloyl
1Vb: R = benzoyl
& : R =adamantznoyl

OCHHOHNE
OR’
D7 o=
Ta-b

va: NR, = 2,6-dimethylpiperidyl R” =acetyl, HX ==HCl;

Vb: NR, =isopropylamino, R’ = Fadamantanoy} HX = 0,5 (COOH),;
Ve: NR, = isopropylamino,R’ = piyaloyl, HX =HCL,

Wd: NR, = 2,6-gdimethylpiperidyl R’ = H, HX = HCI:

Ve: NR, = 2,6-d1methyIBiperidy1,, R’ = H, HX = CHgSO,H.

A new route to the synthesis of dibenzofuran-l-ol (VIII), which is an intermediate com-
pound for obtaining derivatives of AAP of the (IIIa-c) type, has been developed by us. Dihy-
droresorcinol was cyclized with O-phenylhydroxylamine to l-hydroxy-1,2,3,4-tetrahydrodibenzo=
furan [3] with subsequent dehydrogenation .with sulfur. Compound (VII) was obtained by us for
the first time by demethylation of 6-methoxy-1,2,3,4-tetrahydrodibenzofuran (IX) [5] by means
of piperidine hydrochloride.

Acyl derivatives of (IVa-c) and (Va-c)‘ were synthesized by the Interaction of the corres-
ponding AAP with acid chlorides or anhydrides.

The structures and homogeneity of the synthesized compounds were confirmed by data of
TLC, IR, and PMR spectroscopy.

There were stretching vibrations for NH2+ groups at 2640-2710 cm * and an ester carbonyl

at 1730-1745 cm * in the IR spectra of compounds (IVc) and (Va-c) taken in Nujol.

The synthesized compounds were studied for B, and B. adrenoblocking activity.

EXPERIMENTAL CHEMISTRY

The IR spectra were taken on a Perkin-Elmer 457 spectrometer (England), PMR spectra were
drawn on a Varian T-60 spectrometer (USA), TLC was carried out on Silufol 254 and on Al:0s;
(Alkaline form, Brockman activity II and IV) plates with visualization by lodine vapor.

1,2,3,4-Tetrahydrodibenzofuran-6-ol (VII). A mixture of 6-methoxy-1,2,3,4-tetrahydrodi-
benzofuran (IX) (8.05 g: 0.038 mole) and pyridine hydrochloride (21.8 g: 0.19 mole) was heat-
ed for 1 h at 200°C with stirring in a stream of N.. After 16 h water (25 ml) was added to
the reaction mixture and (VII) (7.42 g: 99%) of mp 115-116°C (heptane) was obtained. Found,
%: C 76.41; H 6.36. C12H1202. Calculated, %: C 76.565 H 6.42. PMR spectrum (de¢ = DMSO), &,
ppm: 2.05 (4 H, 2 CH; at C, and Cu), 2.9 (4H, 2 CH, at Co and Cs), 6.9~7.2 (3 H, arom.).

Dibenzofuran-l-ol (VIII). A mixture of l-hydroxy-1,2,3,4-tetrahydrodibenzofuran [3]
(4.5 g: 0.024 mole) and sulfur (1.35 g: 0.042 mole) was heated for 1.5 h at 240°C, cooled to
room temperature, treated with 2 N KOH, filtered, the alkaline solution was acidified with
2 N HCl, and (VIII) (2.5 g: 56%) of mp 127-128°C was obtained. After distillation at 120~
130°C (1 mm Hg) the substance had mp 139-139.5°C (according to data of [9], mp 140°C).

Hydrochlorides of 1—(1,2,3,4,4a,9b—Hexahydrodibenzofuran-—S—yloxy)—3—-a.minopropan-2—ols
(Ia, b). 1,2,3,4,4a,9b-Hexahydrodibenzofuran-8-ol (VI) [1] (2.35 g: 0.0125 mole) was added
with stirring to a solution of NaOH (0.5 g: 0.0125 mole) in water (3 ml). After 30 min epi-
chlorhydrin (1.15 g: 0.0125 mole) was added dropwise and the mixture was heated for 3 h at
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35-40°C. After 18 h the reaction mixture was extracted with chloroform, the extract evaporat-
ed, the residue dissolved in alcohol (5 ml), cyclohexylamine (3 g: 0.03 mole) was added, the
mixture boiled for 6 h, evaporated in vacuum, the residue dissolved in absolute ether, treated
with an ether solution of HCl, and (Ib) hydrochloride (1.5 g) was obtained., The hydrochloride
of (Ia) was obtained in a similar manner.

Hydrochlorides of 1-(1,2,3,4-Tetrahydrodibenzofuran—6-yloxy)-3-aminopropan-2-ols (IIa-d).
Anhydrous piperidine (3 drops) was added to a solution of (VII) (0.94 g: 0.005 mole) in epi~-
chlorhydrin (4.25 g: 0.05 mole), the mixture heated for 5.5 h at ~100°C, the excess of epi-
chlorhydrin was distilled off in vacuum, anhydrous toluene (10 ml) was added and evaporated
in vacuum twice, the residue was dissolved in ether, filtered, the filtrate evaporated, the
residue dissolved in absolute alcohol (in the case of IIa and IId the reaction was carried
out in the absence of solvent), and the solution heated for several hours at 40-45°C with an
excess of the corresponding amine. The reaction mixture was evaporated in vacuum, treated with
2 N HCl, with benzene, the aqueous solution made alkaline, extracted with benzene, the extract
evaporated, and bases (IIa-d) obtained. Bases were converted into the hydrochlorides by the
usual route.

Hydrochlorides of 1-(Dibenzofuran-l-yloxy)~3-aminopropan~2-ols (IITa-c). Compound (VIII)
(2.2-g: 0.012 mole) was added with stirring to a solution of NaOH (0.46 g: 0.012 mole) in wa-
ter (5 ml) and epichlorhydrin (1 g: 0.012 mole) was added dropwise after 30 min. The reaction
mixture was heated for 10 h at 50-60°C, after ~18 h the mixture was extracted with ether, the
ether extract washed with water and with 2 N NaOH, evaporated, the residue dissolved in ben-
zene, andthe solution filtered through a layer of Al,0s (Brockman grade IV). The residue af-
ter evaporation of the filtrate was dissolved in absolute alcohol (20 ml), 2.6-dimethylpiperi-
dine (0.98 g: 0.0086 mole) in alcohol (10 ml) was added, the mixture boiled for 6 h, poured
into water, the precipitated solid was dissolved in absolute alcohol, the solution was treated
with an ether solution of HCl, and (IIIa) hydrochloride (1.6 g) was obtained. The hydrochlor-
ides of (IIIb-c) were obtained in a similar manner.

Hydrochloride of O-Acetyl-l-(l-naphthyloxy)-3-(2,6-dimethylpiperidyl)propan-2-ol (Va).
A mixture of 1-(l-naphthyloxy)-3-(2,6-dimethylpiperidino)propan~2~ol (Va base) (0.8 g: 0.0026
mole) and Ac.0 (5 ml: 0.5 mole) was boiled for 3 h, the mixture was poured into water (15 ml)
and 2 N HC1 (2 ml), made alkaline with potassium carbonate, and extracted with ether. An ether
gsolution of HCl was added to the extract and (Va) hydrochloride (0.6 g) was obtained.

Oxalates of O-Acyl Derivatives of 1-(1,2,3,4-Tetrahydrodibenzofuran~8-yloxy)~ and 1-(1-
Naphthyloxy)-3-aminopropan-2-ols (IVa-c) and (Vb). A mixture of 1-(1l~naphthyloxy)~3~isopropyl-
aminopropan-2-ol hydrochloride (X) (2.37 g: 0.008 mole) and adamantane l-carboxylic acid chlor-
ide (3.33 g: 0.0168 mole) in anhydrous chloroform (20 ml) was boiled for 9 h, the reaction mix-
ture was evaporated, the residue was treated with 107 NaOH, and with ether, the ether solution
was washed with water, and evaporated. The residue was dissolved in absolute ether, a solution
of anhydrous oxalic acid (0.6 g) in absolute alcohol (6 ml) was added, and (Vb) oxalate (2.76
g) was obtained. The oxalates of (IVa-c) were obtained in a similar manner.

Hydrochloride of 0-Pivaloyl-1-(1l-naphthyloxy)-3-isopropylaminopropan-2-ol (Vc). A mixture
of (X) (1.2 g: 0.004 mole) and pivaloyl chloride (1.03 g: 0.0082 mole) in anhydrous chloroform
(55 ml) was boiled for 15 h, the solvent was evaporated off, the residue treated with ether,
and (Ve) hydrochloride (0.91 g) obtained.

Hydrochloride of 1-(1-Naphthyloxy)-3-(2, 6~dimethylpiperidyl)propan-2-ol (vd). a-Naphthol
(6 g: 0.042 mole) was added to a solution of NaOH (1.83 g: 0.046 mole) in water (6 ml), after
30 min epichlorhydrin (4 gi 0.043 mole) was added, and the mixture was kept for 5 h at 40°C.
The reaction mixture was extracted with ether, the extract washed with water, dried over anhy-
drous K;COs, and evaporated in vacuum. The residue was dissolved in alcohol (30 ml), boiled
for 4 h with 2,6-dimethylpiperidine (14 ml: 0.1 mole), evaporated in vacuum, the residue treat—
ed with benzene and 2 N HCl, the aqueous layer was made alkaline with 2 N NaOH, extracted with
ether, the extract evaporated, (Vd) base was obtained, and was converted into the hydrochloride

by the usual method.

The methanesulfonate (Ve) was obtained by the interaction of equimolar quantities of meth-
anesulfonic acid and (Vd) base in absolute ether.

Data on compounds (Ia, b), (Ila-d), (I11a-c), (IVa-c), and (Va-e) are shown in Table 1.
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TABLE 2. B.- and B,-Adrenoblocking Activity of l-(Dibenzofur~
anyloxy)~3-aminopropan-2-o0ls and Analogs of Propranolol

8y-Adreno~ Comparative By=Adreno- Comparative
Com q |plocking ac-activity rela~ |blocking acti~ | activity rela-
poun § .
t1v1t ( Dso. tive to fro- vity. (EDg,, tive to i)ro- Bs/Bs
~{ pranolo mg/kgy” pranolo
la 2,51 0,0045 3,12 0,004 1,24
Ib 0,88 0,0120 0,97 0,012 1,07
Ila 0,39 0,029 0,52 0,024 1,33
b 0,97 0,01 4,17 0,003 4,29
Ilc . 0,013 0,83 0,015 0,84 1,15
11d 0,016 0,71 0,016 0,78 1,0
11la 5,24 0,0021 7,20 0,001 1,37
111b 1,29 0,0028 2,03 0,0062 1,57
I1Ic 0,015 0,78 0,016 0,78 1,0
e >10 . >10 .. ..
a 5,34 0,0021 8,21 0,0014 1,53
Vb >10 . >10 .- .
Ve - 0,012 0,95 0,014 0,90 1,16
w =>10 <<0,001 >10 <0,001 v
Ve >10 0,001 >10 0,001

EXPERIMENTAL PHARMACOLOGY

B,-Adrenoblocking activity was studied in rats anesthetized with pentobarbital sodium
(120 mg/kg intraperitoneally) and BR,-adrenoblocking activity was determined in another series
of experiments on rats anesthetized with urethane (1.78 g/kg intraperitoneally) from the ex-
tent of inhibition of tachycardia and hypotension caused by the B-adrenostimulator isopropyl-
arterenol (the dose of the latter for stimulation of B, receptors was 0.1 ng/kg and for stim-
ulation of B, receptors 0.215 ug/kg intravenously) [6]. The arterial pressure (AP) in the com-
mon carotid artery was measured with an electromanometer, a measure of the momentary tachycar-
dia wasderived from the arterial pressure curve. The B-adrenoblocking activity of substances
was compared with the corresponding activity of propranclol.

Study of the duration of the B-adrenoblocking action was carried out in unanesthetized
dogs four days after catheters had been inserted into the common carotid artery and the exter-
nal jugularvein and pin electrodes placed in the paws under general narcosis. Substances were
administered at a dose of 0.5 mg/kg intravenously and through a fistula into the stomach.
Testing of the state of B receptors was carried out with isopropylarterenol at a dose of 1 mg/
kg intravenously before and after injection of the investigated compounds.

Data on the B~adrenmoblocking activity are given in Table 2.

As is evident from Table 2, introduction of 2,6-dimethylpiperidinc and cyclohexylamino
residues as substituents of AAP led to a reduction in potency and in the duration of B-adreno-
blocking activity both in the dibenzofuran series of derivatives (Ia, b), (IIa, b), and (IIIa,
b) and among the closer analogs of propranolol (Vd, e).

The greatest activity (close to the activity of propranolol) was possessed by compounds
(IIc, d) and (IIIc) in which the side 2-hydroxy-3-aminopropoxy grouping was added onto a ben-
zene ringof the dibenzofurans at the ortho position relative to the furan ring and the sub-
stituents in the amino portion of the molecule were isopropyl or tert—butyl groups.

The blocking activity of the studied compounds was not selective in relation to B—adreno-
receptors of different localities (the B8./B: index was equal to 1). The exception was substance
(IIc) in which the R./B:; index equaled four.

The presence of such O-acyl residues as acetyl, benzoyl, adamantanoyl, and pivaloyl in the
dibenzofuran and naphthalene series of AAP led to a sharp reduction in blocking activity. At
the same time no appreciable prolongation of their action was recorded for compounds (IVa, b)
and (Va-c), which indicated the limitation of the possibility of prolonging the action of com-
pounds with B-blocking activity by acylation of the side chain hydroxyi. :
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SYNTHESIS AND PHARMACOLOGICAL INVESTIGATION OF A SERIES OF 1-SUBSTITUTED
2-PYRROLIDONES STRUCTURALLY CLOSE TO THE PREPARATION PYRACETAM

T. V. Stezhko, V. G. Granik, UDC 615.214:547.745].012.1.07
A. V. Kadushkin, R. G. Glushkov,

L. F. Roshchina, A. I. Polezhaeva,

and M. D. Mashkovskii

It was established previously in {6] that l-carbamidomethylpyrrolid-2-one (pyracetam) (I)
reacted readily with the diethylacetal of dimethylformamide (II) with the formatiom of the
N-dimethylaminomethylene derivative (III). Some properties of the acylamidine (III) and of a
series of synthesized compounds based on it, which are structurally similar to pyracetam (I),
have been investigated in the present work. The biological activity of the obtained compounds
has been studied.

In the first stage of the work attempts were made to synthesize acylamidines of type (IV)
by the transamination of (III) with primary amines. However, on interacting compound (III)
with benzyl-, B-phenylethyl-, homoveratryl-, and B-diethylaminoethylamines, pyracetam was iso-
lated in place of the expected amidines (IV), i.e., fission of the amidine fragment had taken
place. 1In the example of the interaction of amidine (III) with homoveratrylamine it was shown
(by chromato-mass spectrometry) that the second reaction product was N,N-dimethyl-N'-homovera-
trylformamidine (V), i.e., on interacting acylamidine (III) with amines, stabilization of the
intermediate acylaminal (VI) was effected by splitting off the appropriate formamidine and not
dimethylamine as took place for amidines containing no N-acyl residue in [3].

It is known from [9] that acylamidines are hydrolyzed in AcOH to N-formyl derivatives and
are able to react in this solvent with arylhydrazines with the formation of .triazole deriva-
tives. Treatment of amidine (III) with 70% AcOH like this led to N-formylpiracetam (VII) and
on interaction of (III) with phenylhydrazine in AcOH at 20°C 1-(l1-phenyl-1,2,4-triazolyl-5-
methyl)pyrrolid-2-one (VIII) was formed.

In the reaction under consideration the formation of the other isomeric triazole (IX) is
possible in principle. Attempts to isolate the intermediate compound (X) or (XI), the struc-
ture of which should give unambiguous proof of the structure of the final triazole, were not
crowned with success. The triazole cyclization in the present case evidently proceeded more
rapidly than transamination. In order to record the formation of the intermediate product,
acylhydrazines of reduced basicity compared to phenylhydrazine, viz., p-nitrophenyl- and 2,4-
dinitrophenylhydrazines, were put into a similar reaction. In thése cases the intermediate
acylamidrazones (IIa, b) were successfully isolated and their structures followed from data
of elemental analysis and spectra (Table 1). By heating compound (XIIa) in AcOH the triazole
derivative (XIII) was obtained. However, the basicity of the NH group in the dinitro deriva-
tive (XIIb) was reduced so much that intramolecular cyclization did not even take place, on
heating (XIIb) in AcOH a fission of the side chain was observed and the N-acyl derivative
(XIV) was successfully isolated. Compound (XIV) was also obtained by an alternative synthesis
from 2,4-dinitrophenylhydrazine (XV) by the procedure of [7]. The 1,5 (and not the 1,3) di-
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