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Ritter reactions of 3,4-(R'),-benzylcyanides with 1,1-(R?),-2-[3,4-(R%),-phenyl]ethanols synthesized
1-[3,4-(R"),-benzyl]-3,3-(R?),-6,7-(R?),-3,4-dihydroisoquinolines (R' = H, MeO, EtO; R? = Alk; R® = MeO,
EtO). The obtained isoquinolines can be considered 3,3-dialkyl-substituted analogs of drotaverine. A series of
benzo[f]isoquinolines were similarly prepared. Hydrochlorides of all isoquinolines were tested for analgesic
activity. Ten of thirteen compounds were active in the hot-plate test. Four of them exhibited an analgesic effect
in the acetic-acid-induced writhing test. The most active isoquinoline had R' = MeO, R? = Et, and R® = EtO
and inhibited acetic-acid-induced cramps by 71.01%. An analysis of the structure—activity relationship study
showed that the analgesic effect was not related to variation of the R! radical but was typical of structures with
an ethoxy group on the isoquinoline ring. The effect increased upon substitution of ethyl for methyl groups (R?
radical) in the isoquinoline 3-position.

Keywords: Ritter reactions of 3,4-(R'),-benzylcyanides with 1,1-(R?),-2-[3,4-(R%),-phenyl]ethanols;
1-[3,4-(R"),-benzyl]-3,3-(R?),-6,7-(R?),-3,4-dihydroisoquinolines; 3,3-dialkyl-substituted ~ drotaverine

analogs; benzo[f]isoquinolines; hot-plate test; acetic-acid-induced writhing test; inhibition of cramps.

3-Alkyl- and 3,3-dialkyl-3,4-dihydroisoquinolines with a
variety of structures have been reported to exhibit analgesic
(antinociceptive) activity [1 — 9]. The studied compounds in-
clude only isolated examples of 1-benzylisoquinolines de-
spite benzylisoquinolines being lead compounds in series of
isoquinoline alkaloids. Natural isoquinolines with a 1-benzyl
fragment have various structures and are often biogenetic
precursors of other isoquinoline alkaloids [10]. Benzylisoqu-
inoline alkaloids and their synthetic analogs are included in
several drug compositions [11, 12]. It is also noteworthy that
little was known until now about ethoxy-substituted 1-ben-
zylisoquinolines, which can be considered drotaverine
(No-Spa) analogs.

The goal of the present work was to synthesize deriva-
tives of 1-benzyl-3,3-dialkyl-3,4-dihydroisoquinoline con-
taining ethoxy groups on the isoquinoline ring and benzyl
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moiety and to study the structure—activity (analgesic) rela-
tionship.

Compounds IIla-k were synthesized by the known
method [13] using Ritter reactions of nitriles Ia-¢ and
carbinols Ila-e in benzene-H,SO, with added HOAc at
60 — 70°C. Benzo[f]-analogs of isoquinolines IIla-k (com-
pounds Va and Vb) were prepared to study the struc-
ture—activity (analgesic) relationship [14]. These com-
pounds were similarly synthesized by cyclocondensation of
carbinols I'Va and -b with nitrile Ia in benzene-H,SO,. Bio-
logical tests used the hydrochlorides (IIIa-k)-HCl and
(Va,b)-HCI, which were prepared by passing dry HCI
through a solution of the corresponding base in Et,O or
EtOAc.

Table 1 lists the characteristics of the synthesized com-
pounds. The obtained hydrochlorides were crystalline yellow
substances. Hydrochlorides (IIld,j,h)-HCl and Va,b)-HCI
were poorly soluble in H,O. The other compounds were wa-
ter-soluble.
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TABLE 1. Properties of Synthesized Compounds
Compound R! 2R? R’ Empirical formula mp, °C Yield, %
IIIa-HCI OEt 2Me OEt C,6H3sNO,-HCI 159 — 160 71
111b-HCl OMe 2Me OEt C,4H3NO,HCI 148 — 149 67
IIe-HCI H 2Me OEt CyH»7NO,-HCI 213 -215 64
I11d-HCl OEt 2Et OEt CysH390NO,-HCI 153 - 155 77
IlIe-HCI OMe 2Et OEt Cy6H3sNO,-HCI 212-213 68
HIf-HCI H 2Et OEt C4H3NO,-HCI 183 — 185 65
IIIg-HCI OMe (CHy)4 OEt CyH33NO4HCI 229 - 230 72
I1Th-HCl H (CHy)4 OEt C,4H29NO,-HCI 212-213 70
IIi-HCI OEt 2Me OMe C,4H3NO,HCI 222 -224 63
IIj-HCl1 OEt (CHy)4 OMe C,6H33NO4-HCI 162 — 164 61
IIk-HCI OEt (CHy)s OMe Cy7H;35sNO,-HCI 181 183 57
Va-HCl OEt 2Me - CysH29NO,-HCl 193 — 195 62

VbHC] OEt (CH2)4 - ngHg]NOzHCl 20] - 202 60
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The structures of the obtained compounds were proven
by PMR spectra (Table?2). Spectra of hydrochlorides
(ITa-k)-HCI contained a singlet for the benzyl CH, protons
at 4.59 — 4.77 ppm. This resonance in spectra of the benzo-
[flisoquinolines appeared at 4.83 and 4.82 ppm. The aro-
matic region of spectra of (IIla-k)-HCI exhibited singlets in
the range 6.65—6.83 ppm that could correspond to the
isoquinoline ring 5-H or the benzyl ring 2-H. The NH" group
gave a singlet at 14.57 — 14.99 ppm. The spectra also con-
tained resonances for the Rl, Rz, and R? protons.

IR spectra of the synthesized bases contained C=N ab-
sorption bands in the range 1630 — 1640 cm ™.

TABLE 2. PMR Spectra of Synthesized Compounds, 6, ppm, J, Hz
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IR spectra were taken on a Specord M-80 spectrometer.
PMR spectra were recorded in DMSO-d, solution with
HMDS internal standard (0.05 ppm vs. TMS) on a Bruker
Avance IIT HD 400 instrument (400 MHz).

Compounds were recrystallized from i-PrOH. Elemental
analyses (C, H, N, and Cl) agreed with those calculated. The
purity of products was monitored using TLC and
CHCI1,-Me,CO (9:1) with detection by 1, vapor.

1-[3,4-(R"),-Benzyl]-3,3-(R%),-6,7-(R?),-3,4-dihydroiso-
quinolinium chlorides (IIIa-k)-HCI. A mixture of the ap-

OCH;,

4(2)-CH,,

1(4)-

Compound CH;CH,0, R' and R? 2R? Aromatic protons NH', s
c S CH,
IIa-HC1 1.42 (4t, 12H, 4CH;CH,0), J 7.3; - 1.64 (s, 6H, 2CHs) 2.90 4.59  6.67—-7.88 (m, 5H) 14.91
4.07 (4q, 4H, 4CH5;CH;0),J 7.3
IIIb-HCI 1.23 (2t, 6H, 2CH;CH,0), ] 7.2; 3.63  1.68 (s, 6H, 2CH3) 2.94 4.62  6.69 (s, 1H-5H); 14.92
4.02 (2q, 4H, 2CH5CH,0),J 7.2 3.98 7.21 —-7.33 (m, 4H)
IIIc-HCI 1.29 (t, 3H, CH;CH0), J 7.3; - 1.81 (s, 6H, 2CH3) 2.92 4.72  6.68 (s, 1H-5H); 14.94
1.47 (t, 3H, CH5CH0), J 7.3; 7.29 —7.49 (m, 6H)
4.01 (q, 2H, CH;CH,0), J 7.3;
4.17 (q, 2H, CH;CH,0),J 7.3
111d-HCI 1.22 (2t, 6H, 2CH;CH,0), ] 7.3; - 1.01 (t, 6H, 2CH;CH,), 2.88 4.66  6.70 (s, 1H-5H); 14.55
1.43 (2t, 6H, 2CH;CH,0), J 7.3; J7.2;1.98 (q, 4H, 6.91 —7.33 (m, 4H)
4.0 (2q, 4H, 2CH;CH,0), J 7.3; 2CH;CH,), J 7.2
4.18 (2q, 4H, 2CH;CH,0),J 7.3
IIIe-HCI 1.23 (2t, 6H, 2CH;CH,0), J 7.2; 3.81 1.14 (t, 6H, 2CH;CH,), 3.05 4.69  6.68 (s, 1H-5H); 14.63
4.05 (q, 2H, CH3CH,0), J 7.2; 3.87 J17.2;2.0(q,4H, 6.77 —7.29 (m, 4H)
4.17 (g, 2H, CH;CH,0), J 7.2 2CH;CH,),J 7.2
IIf-HCl1 1.17 (2t, 6H, 2CH;CH,0), ] 7.2; - 1.03 (t, 6H, 2CH;CH,), 291 4.71  6.65 (s, 1H-5H); 14.71
3.95 (q, 2H, CH;CH,0), ] 7.2; J7.2;2.0(q,4H, 7.22 —7.56 (m, 6H)
4.14 (q, 2H, CH;CH,0),J 7.2 2CH;CH,),J 7.2
IIg-HCl 1.35 (t, 3H, CH;CH0), J 7.3; 3.84 1.51-2.50 (m, 8H, 3.03 4.66  6.69 (s, 1H-5H); 14.92
1.42 (t, 3H, CH3CH,0), J 7.3; 3.87 4CHy) 6.84 —7.22 (m, 4H)
4.05 (q, 2H, CH;CH,0),J 7.3;
4.18 (q, 2H, CH3;CH,0), ] 7.3
I1Th-HCI 1.29 (t, 3H, CH5CH0), J 7.3; - 1.64 —2.53 (m, 8H, 2.96 4.77  6.71 (s, 1H-5H); 14.99
1.50 (t, 3H, CH;CH0), ] 7.3; 4CH,) 7.29 —7.54 (m, 6H)
4.07 (q, 2H, CH;CH,0),J 7.3;
4.18 (q, 2H, CH;CH,0), J 7.3
IIi-HCI 1.38 (2t, 6H, 2CH;CH,0), ] 7.4; 3.83  1.68 (s, 6H, 2CH3) 2.94 4.64 6.72 (s, 1H-5H); 14.74
4.01 (q, 2H, CH;CH,0), J 7.4; 3.86 6.80 —7.22 (m, 4H)
4.15 (q, 2H, CH;CH,0),J 7.4
IIj-HCl1 1.43 (2t, 6H, 2CH5;CH,0), J 7.3; 3.86 1.77—-2.47 (m, 8H, 2.99 4.69 6.82—7.31 (m, SH) 14.53
4.08 (2q, 4H, 2CH5CH,0),J 7.3 3.88 4CH,)
I1k-HCI 1.43 (2t, 6H, 2CH;CH,0), J 7.3; 3.82  1.58—-2.33 (m, 4H, 3.14 4.73  6.83 -7.32 (m, 5H) 14.55
4.02 (2q, 4H, 2CH5CH,0),J 7.3 3.89 3-C-2CH,); 1.64 - 1.80
(m, 6H, 3CH,-C)
Va-HCl 1.44 (t, 6H, 2CH5CH,0),J 7.4, - 1.83 (s, 6H, 2CH3) 3.48 4.83  6.80—-28.11 (m, 9H) 14.54
4.0 (g, 2H, CH;CH,0), ] 7.4;
4.02 (q, 2H, CH;CH,0),J 7.4
Vb-HCI 1.37 (t, 6H, 2CH5;CH;0), J 7.2; - 1.86 —2.60 (m, 8H, 3.50 4.82  6.85-8.29 (m, 9H) 14.57

4.05 (q, 2H, CH;CH,0),J 7.2;
4.15 (q, 2H, CH;CH,0), J 7.2

4CH,)
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TABLE 3. Analgesic Activity of Synthesized Compounds in the Hot-plate Test

Compound Defensive reflex time, s P compared to control P compared to standard Note
IIa-HC1 18.03 £1.92 <0.05 >0.05 Signs of intoxication
I1Ib-HCl 15.76 £ 0.58 <0.05 >0.05
IIc-HCI 15.33+£1.39 >0.05 >0.05
IIId-HCl 23.86 +3.79 <0.05 <0.05 Signs of intoxication
IIe-HCl 24.30 +0.89 <0.05 <0.05 Irritating action
I HCI 15.35+£0.59 <0.05 >0.05
IIg-HCl 18.57 £ 2.66 <0.05 >0.05
ITh-HCl1 21.96 £ 1.47 <0.05 <0.05
I1Ii-HCI 16.26 £2.58 <0.05 >0.05
TITj-HCI 15.08 £2.53 >0.05 >0.05 Trritating action
IIk-HCI 15.84 +£1.38 <0.05 >0.05
Va-HCl 2225+2.13 <0.05 <0.05
Vb-HCI 12.17£0.75 >0.05 <0.05
Metamizole sodium 16.60 + 1.00 <0.05 -

Control 11.38+0.93 - -

propriate nitrile (Ia-e, 0.03 mol) and carbinol IIa (0.03 mol)
in benzene (150 mL) at <5°C was treated successively with
glacial HOAc (6 mL) and dropwise with conc. H,SO,
(10 mL). The mixture was stirred vigorously at 60 — 70°C for
30 min, cooled, and poured into ice water (150 mL). The
benzene layer was separated. The aqueous phase was neu-
tralized with ice-cold NH,OH solution. The resulting oil was
extracted with Et,O, dried by NaOH, and distilled
(30 — 50 mL) to remove traces of NH,. Passage of dry HCl
through the solution precipitated the hydrochloride, which
was filtered off, dried, and recrystallized.
4-(3,4-Dieth0xybenzyl)-2,2-(R2)2-1,2-dihydr0benz0[f]-

isoquinolinium chlorides (Va, b)-HCI. A mixture of nitrile
Ia (0.03 mol) and the appropriate carbinol (IVa, b, 0.03 mol)
in benzene (100 mL) at <10°C was treated dropwise with
conc. H,SO, (12 mL). The mixture was stirred vigorously at

60 —70°C for 30 min, cooled, and poured into ice water
(150 ml). The benzene layer was separated. The aqueous
phase was neutralized with aqueous NH,OH (25%) and
cooled to 20°C to precipitate the base, which was filtered off,
dried, and dissolved in EtOAc (100 mL). Passage of dry HCI
produced the corresponding hydrochloride, which was fil-
tered off, dried, and recrystallized.

EXPERIMENTAL PHARMACOLOGICAL PART

Tests used inbred white mice of both sexes (18 —24 g)
that were obtained from the Andreevka nursery, Moscow Re-
gion. Animals were kept in a typical vivarium with natural
12-hour light cycles at air temperatures of 20 + 2°C and were
fed according to feed standards for experimental animals.
The animals had free access to water using special feeders

TABLE 4. Analgesic Activity of Synthesized Compounds in the Acetic-Acid-Induced Writhing Test

Decrease of cramps

P compared to

Compound Number of cramps compared to control, % P compared to control metamizole sodium Note
IIId-HCl 24.50+3.73 19.93 >0.05 <0.05 Irritating action
IIIe-HC1 887+ 1.70 71.01 <0.05 <0.05 Irritating action, inhibition of locomo-
tor activity
IITh-HCl 19.16 + 1.77 37.38 <0.05 <0.05 Irritating action
Va-HCl 10.69+2.17 65.06 <0.05 <0.05 Irritating action
Metamizole sodium 43.66 + 4.49 —-0.43 <0.05 -

Control 30.6£2.2
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for rodents. The water was analyzed beforehand for chemical
and bacteriological impurities. The animals were kept ac-
cording to good laboratory practice (GLP) rules and MH RF
Order No. 199n of Apr. 1, 2016 “Good laboratory practice
rules.”

Analgesic activity was studied using the hot-plate test
[15, 16]. The reference drug was metamizole sodium tablet
powder (Medisorb, Russia) that met pharmacopoeial require-
ments. The dose of the tested compounds was set at
50 mg/kg so that the results could be compared correctly
with previous data [1 —9]. However, the tests showed that
the compounds at this dose possessed pronounced irritating
effects with signs of intoxication. This was probably related
to their good solubility in water and; correspondingly, rapid
uptake in the blood. Therefore, the dose was halved
(25 mg/kg). The tested compounds were injected intraperito-
neally (i.p.) 30 min before testing as suspensions in starch
solution (1%). The reference standard was metamizole so-
dium at a dose of 50 mg/kg, which was used in previous
studies [1 —9]. Control and test groups included eight mice
each.

Animals were placed on a metal surface heated to 54°C
and surrounded by a cylinder. The time from the moment of
placement on the hot surface until the manifestation of a be-
havioral response to the pain (licking hind paws, jumping,
lifting hind paws) was recorded. The criterion for an analge-
sic effect was considered a statistically significant increase of
the latent period for the response after injection of the com-
pound. Test results were statistically processed using the Stu-
dent coefficient. Differences were considered statistically
significant for p <0.05 [17].

Test results for analgesic (antinociceptive) activity (Ta-
ble 3) showed that all compounds at a dose of 25 mg/kg ex-
cept for Illc-HCIL, IIIj-HCI, and Vb-HCI caused statistically
significant increases of the time for a defensive reflex as
compared to the control. The increases of the latent period of
the pain reaction for IIId-HCI, IIle-HCI, ITh-HCI, and
Va-HCI were statistically significantly greater than that of
metamizole sodium at a dose of 50 mg/kg. The activities of
the other compounds were comparable to that of the refer-
ence drug. It is noteworthy that administration of the com-
pounds to several experimental groups caused suppression of
respiratory activity and signs of irritation that manifested as
contractions of abdominal muscles after i.p. administration
of the compounds.

Compounds IIId-HCI, IIle-HCI, IITh-HCI, and Va-HCI
were tested in the acetic-acid-induced writhing model [16].
Acetic acid was injected (i.p., 0.2 mL) as a 0.75% solution.
The cramps occurring in 15 min were counted. The tested
compounds were injected i.p. at a dose of 25 mg/kg 30 min
before injecting the HOAc. An effect was assessed from the
decrease in the number of cramps as compared to control an-
imals. The reference standard was metamizole sodium at a
dose of 25 mg/kg. Control and test groups included 10 mice
each.
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The studies showed that all four compounds at a dose of
25 mg/kg except for IIId-HCI possessed analgesic activity
for the acetic-acid-induced writhing model (Table 4). The
reference drug metamizole sodium at a dose of 25 mg/kg in
this model was inactive [18]. All four compounds had higher
analgesic activity than metamizole sodium. The most active
compound was ITle-HCI, which contained methoxyls on the
benzyl moiety, ethyl groups in the 3-position, and ethoxyls
on the isoquinoline ring. The number of cramps after injec-
tion of this compound was 8.87 £ 1.70 while the number was
30.6 £ 2.2 for the control. Thus, the percent of cramps de-
creased by 71.01% as compared to the control. Also,
benzo[f]isoquinoline Va-HCI exhibited high activity and de-
creased the number of cramps by 65.06%.

All four compounds showed irritating effects that mani-
fested as chest muscle contractions for 15 — 20 min after i.p.
administration. Furthermore, suppression of respiratory ac-
tivity was observed after injection of Ille-HCI, which could
be a manifestation of toxic activity.

An analysis of the structure—activity relationship
showed that the analgesic effect was not related to variation
of the R' radical but was characteristic of structures with
ethoxy groups on the isoquinoline ring (IIId-HCI, ITle-HCI,
IIIb-HCI). The effect increased if methyls in the isoquinoline
3-position (R? radical) were replaced by ethyls.

A comparison of the analgesic activities of the tested
compounds with previous results [1—9] showed that
benzo[f]-annelation enhanced the antinociceptive activity.
The pharmacological target of the analgesic (antinociceptive)
activity could be assumed to be nerve endings because the
observed effect had a pronounced peripheral character.

It could be concluded based on the results that an analge-
sic effect in the series of 3,3-dialkyl-substituted drotaverine
analogs was most probable for compounds containing
ethoxyls in the 6- and 7-positions of the isoquinoline ring.
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