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SYNTHESIS OF 2-, 6-, AND 7-AMINOMETHYL DERIVATIVES
IN THE 4,5-DIHYDROXYBENZOFURAN SERIES

A, N. Grinev,* V., M, Lyubchanskaya, L. S. Sarkisova, UDC 547.728.1.07:
L. M. Alekseeva, and Yu. N. Sheinker 543.,422.25

The 2~, 6—~, and 7-aminomethyl derivatives have been synthesized from derivatives
of 4-hydroxy-5-methoxy- and 4-methoxy-4-hydroxybenzofuran. 2-Methyl-3~-carbeth-
oxy=-5-methoxy~7-dimethylaminomethylbenzofuran has been converted into the 7-cyan-
omethyl derivative.

Aminomethyl derivatives of benzofuran are of definite interest in the area of the search
for drugs. One of them, viz., 2-phenyl-3-~carbethoxy-4-dimethylaminomethyl-5-hydroxybenzofur-
an hydrochloride (phenykoberan), has found application in the practice of medicine [1]. We
recently synthesized derivatives of 4-hydroxy-5-methoxy~ and 4-methoxy-~5-hydroxybenzofuran
[2]. In the present work, we have used them as a basis for obtaining various, primarily the
2-, 6-, and 7-aminomethyl, derivatives,

The bromination of 2-methyl-3-carbethoxy-4-acetoxy-5-methoxybenzofuran (II) by N~bromo-
succinimide in the presence of benzoyl peroxide gives 2-bromomethyl derivative III, and 2-
dimethylaminomethyl-2-piperidinomethyl-, and 2-isopropylaminomethyl-4-hydroxy-5-methoxybenzo-
furan (IVa-c) are obtained by reacting the corresponding amines with III. When III is re-
acted with an excess of the amines, elimination of the acetyl group is observed along with
the replacement of bromine by the residue of the amine.

0COCH,
CO(‘.IL'ZI'I5 CH,O0. e CQoC, Hy

EH
CHJQ\(7 N Ko,0 S N T2 g
- | ﬂ _Ae0 1\/ﬂ w eS|
~ 0" e, N0 e
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QCOCH . OH

CH,0, COOC_H, CcH COOC_H,
3 . 2 SHNRR1 '3 275
— | i [
o7 “cH,Br 0~ “CH,NRR'
piig IVa-s -

—_— IV a R=R!=CHj; P R+R!=(CH;:)s5,¢ R=H, R'=CH(CH,),
*Deceased.
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TABLE 1. Carbon-13 Chemical Shifts of Compounds Va, VIla, and

VIII
Compound §, ppm in CDCl4
Cia) | Ca) \ Ci30) I Ciy I Cis) | Cs) I Cin I Ci7ay
Va 162,6 108.8 1138 138.9 143.0 113.2 i 147,Z
Vliia 161,5 109.4 119,0 1397 147.5 120,4 1054 147.5
VI 162,6 109,1 113.,6 143,1 140,6 112,9 119,2 149.6

The aminomethylation of 2-methyl-3-carbethoxy-4-hydroxy-5-methoxybenzofuran (I) by bis-
(dimethylamino)methane and a mixture of formalin with piperidine gives 7-aminomethyl deriva-
tives Va and b, and the aminomethylation of isomeric 2-methyl-3-carbethoxy-4-methoxy-5-hy-
droxybenzofuran (VI) by bis(dimethylamino)methane and dimorpholinomethane gives 6~aminomethyl
derivaties VIIa and b.

OH OCHJ OH
cH c
a 00C,H, HO_ CoOC,H,, CH, COOC,H,
1 —= | ) p— « [ |
07 cH, R'RNCH, 07 “cH, Br 07 e,
b

CH,NRR'
! CH,N(CH,),

Va, b Vila, Vit

Va, Vila R=R!=CHj;; Vb R+R!=(CHj)s, VIIbR+R!=(CH;);0(CHy)»

In order to determine the positions of the substituents in compounds Va, Vb, VIIa and
VIIb, we compared the *3C spectra of compounds Va and VIIa and the spectra of VIII, which
was previously obtained in [3].

The signals in the '®C spectrum of unsubstituted benzofuran for the C(s)s C(sa)s C(a)>
C(s)> C(s), and C(,) atoms and for the C(z) and C(,a) atoms are known to be observed in the
106-127 and 145-155 ppm ranges, respectively [4]. An evaluation of the chemical shifts of
the aromatic carbon atoms with theuse of the increments of the substituents for benzene [5]
reveals that in the spectrum of VIII the C(.)and C(s) signals should fall in.the weaker-field
group along with the signals of the C(z)and C(7a) atoms. To assign the signals having simi-
lar chemical shifts and the same multiplicity, we also took into account the dependence of
the values of the spin—spin coupling constants of the carbon atoms of benzofuran with the pro-
tons of the substituents on the number of bonds [6]. On the basis of all the considerations
just enumerated, the signals at 162.6 162.6 (q, %, 2-a, = 7.5 Hz, 109.1 (q, 3¢, . och, =

2.5 HZ), 112.9 (t’ 3JG(7¢)’ 7-CH, = 4-5 HZ) 119.2 (t, 2‘,\']7 7-CH: = 6 Hz), and 149-6 (t, 3JC(7J)'7_CH!
=4.5) were assigned to the C(z), C(s)s C(s), C(7)s and C(,5) atoms, respectively. It
should be noted that the spectrum ot compound VIII in CDCL; displays additional splitting of
the signals of C(4) (¥c, 408 = 4 Hz), as well as of C(sa) and C(s) (3¢, +0n=3c  son

= 2,5 Hz), by the proton of the OH group, which participates in a chelating hydrogen bond
with the oxygen atom of the carbethoxy group at C(s) [3]. This splitting is absent in the
spectrum of VIII in CD,OD, where at singlet at 112.9, the signlet at 142.5, and the quartet
at 139.4 ppm (3Jva5OCH’= 4 Hz) belong to the C(sa)> C(s)» and C(s) atoms.

The spectrum of compound Va is similar in many ways to the spectrum of VIII. Here we
also observe additional splitting of the signals of the C(az), C(s), and C(s) atoms due to
the proton of the hydroxyl group, which vanishes in the spectrum recorded in CD;0D. The
chemical shifts of the signals of most of the carbon atoms of the benzene fragment change
only slightly upon the transition from Va to VIII (Table 1). The multiplicity* of these
signals is consistent exclusively with placement of the aminomethyl group at C',). The
signal of C(sa) is a singlet, the signal of C(4) is a doublet (I, en = 8 Hz), the signal
of C(s) is a quartet (¢, .so0cu, = 4 2o, on = 4 Hz), the signal of C(s) is a doublet of
triplets (Jeg0m = 158, 3¢

o 7CH: = 5 Hz), the signal of C(») is a sextet (Vg . rcn =

#The splitting of the signals in CDsOD is given.
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4.5, g, en = 1.5 Hz;, and the signal of C(rg) is a sextet (Mg, ou = 1.5, ¥g,,. rcm,

4.5 Hz). The spectrum of compound VIIa differs significantly from the spectrum of

Va with respect to the values of the chemical shifts (Table 1) and especially with respect

to the character of the multiplicity of the signals of the carbon atom of the benzene frag-
ment, which can be unequivocally attributed only to the presence of an aminomethyl substiuent
in position 6 in compound VIIa. The splitting of the signals of C(s) , C(sa), and C(s),
which are observed, respectively, in the form of a doublet (%k”m,mm = 3 Hz) at 147.5, a

doublet (¢

a7

(7a

n= 5.5 Hz) at 119, and a quartet (¥¢ . ocn, = 4y ¥eyn = 8 Hz) at
147.5 ppm, are the most characteristic from this point of view.

We also carried out the chloromethylation of 2-methyl-3-carbethoxy-4,5~dimethoxybenzo-~
furan (IX) and obtained 7-chloromethylated derivative Ve and bis(benzofurnanyl)methane der-
ivative X. Demethylation of the methoxy group in position 4 by hydrogen chloride was ob-
served during the reactieon.

OcH,

< A
T H, ju C NN co0C,H,
cH,0_ _k Co0C,H cH.o_ - €o0C,H |I |
3N e 2vs . RN 255
- [T‘ i (HCHO), Sy e NN “
| I e I [ . 07 “CH,
N e el NS
o e, o T “o7 el CH,
" . |
i T R ,l 0. _CH,
on Pt Ve [’ ” l
s b
CH0. €00, I, o’ N cooc, 11
(- ocH
RNy l 1. CHyl N
T o CH Ya [ S ve x
3
CILR 2. NaCN
vd,e vd r=0C, 1 ;€ R=CN

According to the literature data, the chloromethylation of derivatives of 4-methoxy-
and S5-methoxybenzofuran produces derivatives of bis(benzofuranyl)methane exclusively [7].

Compound Vc reacts with nucleophilic reagents, viz., ethanol and sodium cyanide. These
reactions result in the formation of 2-methyl-3-carbethoxy-4-hydroxy-5-methoxy-7-ethoxymethyl~
benzofuran (Vd) and 2-methyl-3-carbethoxy-4~hydroxy-5-methoxy-7-cyanomethylbenzofuran (Ve)
with high yields. '

We also obtained 7-cyanomethylbenzofuran derivative Ve from 7-dimethylaminomethyl de-
rivative Va. Compound Va reacts with methyl iodide in dioxane to form a methiodide, which
is converted without isolation under the action of sodium cyanide into compound Ve.

The structures of the compounds synthesized were confirmed by the data from ‘H NMR
spectra (Table 3).

EXPERIMENTAL

The *H and '°C NMR spectra were obtained on Varian XL-200 and XL-100 spectrometers,
respectively, in CDCl; with TMS as an internal reference. The course of the reaction was
monitored chromatographically on Silufol-254 plates in a 9:1 benzene-methanol system with
development in UV light.

The characteristics and yields of the compounds obtained are presented in Tables 1-3.

2-Methyl-3-carbethoxy-4~acetoxy-5-methoxybenzofuran (II). A mixture of 2.5 g (10 mmole)
of methoxybenzofuran I, 10 ml of acetic anhydride, and 0.01 ml of concentrated H,;S0, was
heated at 60°C with stirring for 2.5 h. The reaction mixture was diluted by 100 ml of water,
and the precipitate was filtered out, washed with water, and dried. This gave 2.15 g (73.6%)
of II.

2-Bromome thyl-3-carbethoxy~4-acetoxy-5-methoxybenzofuran (IIL). A mixture of 5.45 g
(19 mmole) of acetoxybenzofuran II, 3.4 g (19 mmmole) of N-bromosuccinimide, 11 ml of car-
bon tetrachloride, and 1 mg of benzoyl peroxide was boiled for 10 h. The hot reaction mix-
ture was filtered, the mother solution was evaporated to dryness, and the residue was re-
crystallized from ethanol. This gave 6.1 g (88%) of compound III.

2-Dimethylaminomethyl-3~carbethoxy-4-hydroxy-5-methoxybenzofuran (IVa). A solution of
©1.85 g (5 mmole) of derivative IIL in 15 ml of dry benzene was given an addition of a solu-
tion of 0.68 g (15 mmole) of dimethylamine in 10 ml of benzene with stirring. The reaction
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TABLE 2. Characteristics of Compounds 1I, III, IVa-c, Va-e,
VIIa, VIIb, and X

com- | mp,* o0 round, * Bpirical | COUIAted % iy g

pound ¢ | 1 laen| n| formla c | w Icusn N
I} 12913t |619] 55| — | — | CisHOs 61,6/ 55| — [ — | 736
| 96—97 1484 41|(21,5)| — | CisHisBrOs |485| 41 [(21.5)| — | 880
Va| 170173+ 54.4| 62| 108 | 42 [ CisHxCINO; |546] 6.1 108 | 4.2 | 510
IVb| 181—182+1587] 66| 93 | 39| CiHuCINO; |585| 65| 956 | 3.8 60,0
1ve | 180—182+(560| 63| 99 | 40| CiH;CINO, |559] 6.4 [ 103 | 40 | 45,0
Va| 2052074558 6,7 [ 103 | 3,7 | CiHuCINO; |559] 614 | 1033 | 40| 695
Vb | 220221 [597| 69| 914 | 38| CisHxCINOs |595| 68| 92 | 37| 495
Ve | 126—128 56,9f 501} 113 | — C14H5sCIO; 56,3 511 11,8 | — | 1638
vd: 85—86 62,81 6,3 — | — C16H200s 62,3] 6,5 —_ — | 87,5
Ve | 174—176 |623| 53| — [48| CiHisNOs |623(52] — |as8| 770
VIla| 175—1761}55,7| 6,41 100 | 39 CiHoeCINOs [ 55,91 6,4 | 10,3 | 40 48,0
VIIb| 136—138 61,5] 6,6 — 3,9 C15H23NOg 61,91 66 — 4,0 25,0
X 257—259 64,2 57| — — CasH32010 64,4 60| — — 1 18,5

*#Compounds II, III, Va, Vb, and VIIb were recrystallized from
ethanol; IVa-c, Ve, and VIIa were recrystallized from acetone;
Ve and Vd were recrystallized from hexane; X was recrystallized
from ethyl acetate. Compounds IV,_., Va, Vb, and VIIa were
characterized in the form of the hydrochlorides, and VIIb was
characterized in the form of the base.

+Decomposition.

TABLE 3. Proton Chemical Shifts of Compounds III, Ve, Vd, and

Ve
§ , ppm, in CDCl4
Com-
-CH;, 7-H, 7-CH,Cl, 7-CHCN,
pound 2_%&:};}, s | 3cooc.H; 5-OCHs, ¢ 6H - 7-CH;0C.H:
1 4,82 4,40 4 3,87 733 4, 7,104 (J . .=8 Hz)
1,42 t Cortss
Ve 2,73 4,42 % 3,92 6,94 s 4,79 s
1,45
vd 2,70 4,42 g 3,92 695 S 466 s 3554, 125t
1,44
Ve 2,72 442 q 3,92 6,92 S 387 s
145 t

mixture was left to stand for 24 h at 20°C and then washed with water (two 50-ml portions,

and the benzene) layer was separated, dried over magnesium sulfate, and evaporated to dryness.
The residue was dissolved in 20 ml of acetone and given an addition of concentrated hydro-
chloric acid to pH 3. The precipitate isolated was filtered, washed with acetone, and dried.
This gave 0.84 g (51%) of the hydrochloride of IVa,

Compounds IV and IVc were obtained in a similar manner.

2-Methyl-3~carbethoxy-4-hydroxy~t-methoxy-7-dimethylaminomethylbenzofuran (Va). A so-
lution of 15.0 g (60 mmole) of methoxybenzofuran I in 250 ml of dioxane was given an addition
of 24.5 g (240 mmole) of bis(dimethylamino)methane and boiled for 20 h. The reaction mixture
was diluted with 1 liter of water, and the precipitate formed was filtered out, washed with
water, dried, and recrystallized from acetone. The base obtained was dissolved in 100 ml
of acetone, and the pH was adjusted to 3 with concentrated hydrochloric acid. The precipi-
tate formed was filtered out, washed with acetone, and dried. This gave 14.3 g (69.5%) of
the hydrochloride of compound Va.

Compounds VIIa and VIIb were obtained in a similar manner from 2-methyl-3-carbethoxy-é4-
hydroxy-5-methoxy~7-piperidinomethylbenzofuran (VI).

2-Methyl-3-carbethoxy-4-hydroxy-5-methoxy-7-piperidinomethylbenzofuran (Vb)., A solution
of 2.75 g (11 mmole) of compound I in 50 ml of dioxane was given an addition of 1.72 g (21
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mmole of piperidine and 0.7 ml of formalin and boiled for 25 h. The reaction mixture was
diluted with 200 ml of water, and the precipitate lsolated was filtered out, washed with
water, and dried. The precipitate was dissolved in 20 ml of acetone, the pH was adjusted to

3 with concentrated hydrochloric acid, and the precipitated substance was filtered out, washed
with acetone, and dried. This gave 2,1 g (49.5%) of the hydrochloride of compound Vb.

2-Methyl-3-carbethoxy-4-~hydroxy-5-methoxy-7-chloromethylbenzofuran (Vc) and Bis(2-methyl-~
3-carbethoxy-4,5~dimethoxybenzofuran—-7-yl)methane (X). A solution of 2.64 g (10 mmole) of
dimethoxybenzofuran IX in 10 ml of dry benzene was saturated with dry hydrogen chloride and
given an addition of 0.4 g (13 mmole) of paraformaldehyde at 5°C with stirring. The passage
of hydrogen chloride through the reaction mixture was continued for 1 h at 5-10°C. The pre-
cipitate formed was filtered out, washed with 30 ml of benzene, and dried. This gave 1.0 g
(18.5%) of compound X. The mother solution was washed with water (five 100 ml portions), and
the benzene layer was separated, dried, and evaporated to dryness. The residue was recrystal-
lized from hexane. This gave 0.5 g (16.8%) of Vc.

2-Methyl-3-carbethoxy-4-hydroxy-5-methoxy~7~ethoxymethylbenzofuran (Vd). A solution of
1.0 g (3 mmole) of chloromethyl derivative Vc in 30 ml of ethanol was boiled for 2 h. The
alcohol was evaporated to dryness, and the residue was recrystallized from hexane. This gave
0.9 g (87.5%) of vd.

2-Methyl-3-carbethoxy-4-hydroxy=-5-methoxy-7~cyanomethylbenzofuran (Ve). A. A solution
of 1.48 g (5 mmole of Vc in 30 ml of dioxane was given an addition of a solution of 0.245 g
(4 mmole) of sodium cyanide in 3 ml of water, and the mixture was boiled for 14 h. The re-
action solution was diluted with 200 ml of water, and the precipitate formed was filtered
out, washed with water, dried, and recrystallized from acetone. This gave 0.9 g (63%) of
compound Ve.

B. A solution of 6.6 g (21 mmole) of Va in 40 ml of dioxane was given an addition of
6.1 g (42 mmole) of methyl iodide with stirring. The precipitated methiodide was filtered
out, washed with dioxane, dissolved in 75 ml of dioxane, and given an addition of a solution
of 1.03 g (21 mmole) of sodium cyanide in 7.5 ml of water. The mixture was boiled for 3.5
h. Then the reaction mixture was diluted with water (300 ml), and the precipitate formed
was filtered out, washed with water, dried, and recrystallized from acetone. This gave 4.8
g (77%) of Ve. A mixed sample with-the product obtained according to method A does not dis-
play any melting-point depression.
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