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5-(N,N-Dialkylamino)-2-furfurylidene-N,N-dialkylimminium salts I (the vinamidinium salts
of furan) react with arenediazonium salts to give products of /pso substitution in position 2 of
the furan ring, i.e. 5-(N,N-dialkylamino)-2-azoarenefuran salts II. The structure of these products
was evidenced by !'H NMR and UV spectral data.

So far, the copulation of furan derivatives with arenediazonium salts has been only
little studied! ~* probably due to a low stability of the azoarenefuran derivatives.
The 2,5-disubstituted derivatives of furan react with arenediazonium salts usually to
afford the appropriate 3-azoarene derivatives.

Our preceding papers®~” referred to 5-(N,N-dialkylamino)-2-furfurylidene-N,N-
dialkylimminium salts I as a pentamethinium system with an embodied furan ring.
The enhanced electron density at even carbon atoms of the vinamidinium system®~*?
was utilized for the synthesis of B-substituted furan derivatives via the electrophilic
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a, E = [(CH),N=CR]", NOJ, Hal [CH,CO]" [ArcH—OH]" (ArCH—0COCH,]®
6, E = [Ar—N,]"
SCHEME 1
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replacement reactions®~7. This paper deals with reactions of salts I with arene-
diazonium compounds.

Electrophilic replacement reactions of vinamidinium salts I with reagents of
Vilsmeier-Haack type, halogenation, nitration®”, acetylation, and reactions with
aromatic aldehydes in acidic medium® lead to substitution products in position 4
of the furan ring (Scheme 1, path a). Aiming to investigate reactions of I with further
electrophilic reagents the behaviour with arenediazonium salts was examined. In
contrast to the above-mentioned reactions, products of ipso substitution in position 2
of the furan ring were obtained (Scheme 1, path b).The resulting 5-(N,N-dialkyl-
amino)-2-azoarenefurans were obtained under these raction conditions in form of
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lla, R'=H; R’ (CH,),N, Ar=C.H,; X=BF,

o, R'=H; R%=(CH),N; Ar=4-C,HOCO—CH,; X=BF,

fle, R'=H, R%=(CH),N; Ar=4-NO;—C.H,; X= BF,

fld, R'=H, R’=(CH),N; Ar=3-NO;~C.H,; X=Br

lle, R=H, R%(CH),N, Ar=2-NO;—CH,, X = Br

If,R'=H,; R’ (CH),N, Ar=3-Br—CgH,; X = CIO,

llg, R'= H; R%=(CH),N, Ar=4-CH,CONH—CgH,; X = Br

I, R'=H, R= (CH),N, Ar= 4-CH;—CiH,; X = BF,

Ii,R'=H; R% (CH),N; Ar=4-CH;3-NO;—CH,; X = ClO,

Ilj, R'=Br, R’=(CH),N; Ar=4-NO—CcH,, X = BF,

Ik, R'= CH((E))CHQCGHSi RZ (CH,),N; Ar=4-NO7—CH,; X= CIO,
i, R's CH(N))CoHg; RE (CH),N; Ar=4-NO7—CH,; X = C10,
lIm, R'=H, R%=0__N; Ar=4-NOy7~C.H,; X = Br

Iin, R'=H, R= O_N, Ar=3-NO7—CH,; X = ClQ,

llo, R'=H; R=0_N; Ar=2-NO;~C.H,. X = CIO,

flp, R'= H, R= O_N,; Ar=3-Br—C.H,; X = CIO,

SCHEME 2
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TABLE I
5-(N,N-Dialkylamino)-2-azoarenefuran compounds I7

c d Formula M.p., °C Calculated/found
ompoun M ield. ©
(M) (vield, %) o C % H o N % Hal
la C,,H,,BF,N,0 235238 4755 465  13:86 -
(303-1) (64) 47-11 4-62 13-34 —
1Ib C,sH,yBF,N,0, 232236 48-02 483 1120 -
(375-1) (42) 48-66 4-78 11-16 —
1l C,,H,3BF,N,0, 229—231 41-40 376 1609 —
(348-1) (84) 40-93 377 1605 —
11d C,2H,;BrN,0O; 243—247 4224 384 1642 23-44
(341-2) (93) 42-71 3-87 16-02 23-31
1le C,,H,;BrN,0, 110113 4224 384 1642 2344
(341-2) (70) 42-86 3-89 16-01 23-25
1y Cy,H, ;BrN,CIO; 240—243 36:52 332 1065 29-24
(394-6) (88) 36-41 3-47 11-09 29-06
1lg C,4H,,BrN,O, 239—243 47-59 485 1586  22:64
(353-3) (45) 48-02 4-91 1543 22-24
IIh C,3H, ¢BF,N,0 195—202 49-24 509 13:25 -
(317:1) (44) 50-10 512 1294 —
i Cy3H,5CIN,O, 223—226 41-67 403 1495 9-46
(3747) (76) 4238 446 1548 910
11y C,,H,,BBrF,N,0;  205—208 33-45 283 1312 1871
(426-9) (72) 33-69 2-89 13:25 19-02
Ik C,oH,,CIN,Oq4 190—195 4995 440 1165 7-37
(480-9) 94 49-78 4-51 11-77 7-40
m C,4H,,CI, N0y, 133—137 45-87 369  11-14  11-28
(628-4) (69) 46-02 3-60 10-92 11-57
IIm C,4H,sBrN,O, 205—209 43-87 394 1482 2086
(383:3) (46) 43-85 3-96 14-52 20-73
1In C,4H,5CIN, O, 170—173 4175 375 1391 8:80
(402-7) ((2)) 41-16 4-87 14-25 871
1lo C,4H,5CINgO, 65—67 4175 375 1391 880
(402-7) (39) 42-76 3-99 13-32 9-06
IIp C 4H,;sBrCIN;Oq4 165—169 38-51 3-46 9-62 26-40
(436:6) (60) 39-50 4-06 10-12 26-07
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hydrogen salts II (Table I), which, when reacted with triethylamine furnished the
corresponding 5-(N,N-dialkylamino)-2-azoarenefurans I1I. Compounds III are very
unstable and therefore, they were identified directly in the reaction mixture by
"H NMR spectroscopy (Table IT). The attempt to isolate them resulted in failure.
Treatment with acids makes it possible to transform them into the original salts I1
(Scheme 2). |

Salts II can be considered as aza analogues of vinamidium salts I with possible
structures I1A4 or IIB. Structure II1A4 is preferred on the basis of 'H NMR spectra.
The high coupling constants of protons J(3, 4) = 54 Hz in compounds Ila—IIi,
IIm—IIp are comparable with those (J(3,4) = 5-2 Hz) of vinamidinium salts'? I
in contrast to coupling constants J(3, 4) = 4 Hz in like furan compounds®'®. Another
argument for the structure I14 provide two resonance signals of methyl groups of
the dimethylamino grouping of compounds Ila —1Ij measured even at 80°C.

The different orientation of replacement reaction of I with arenediazonium cation
with respect to other electrophilic reagents can be rationalized by the reaction
course associated with an electron transfer. Vinamidinium salts are electron-rich
n-systems with a low oxidation potential® " !*. In general, these systems can transfer
electron to some ionic electrophiles as e.g. arenediazonium cations'3~ 15, This way
is followed when reacting 4-(N,N-dimethylamino)benzaldehyde'®:'’, 4-(N,N-di-
methylamino)-1-alkenyl substituted benzene derivatives'*-'#, and analogous indole
derivatives!* with diazonium salts. The reaction proceeds through the so-called
Wehland intermediate!*'® IV, which is interpreted as an interaction of cation-
-radical and aryldiimino radical formed by an electron transfer (Scheme 3). The

TaBLE I1
UV spectra of compounds II and 11

Compound Amax (log € Compound Amax (108 &)
1Ia 455 (3:33) Illa 478 (3:56)

1Ib 464 (3-43) IIIb S08 (3-54)

1lc 460 (3-40) HIc 543 (3-54)

11d 432 (3-05) 11d 500 (3:70)

IIg 483 (3:44) g 487 (3-52)

IIh 462 (3-36) IIIh 464 (3-38)

11y 340 (3-15) 1y 380 (3-16)

425 (3-17) 420 (3-26)

IIm 352 (3-15) HIm 475 (3-38)
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SCHEME 3

following elimination of the methylenimminium group in water furnished products
of ipso substitution. 5-(N,N-Dialkylamino)-2-azoarenefuran hydrogen salts II enable
preparation and investigation of little stable furan derivatives.

EXPERIMENTAL

The melting points were measured on a Kofler micro hot-stage, the UV spectra of 3. 1673 to
5.107% mol1™?! (¢in m? mol~ 1) acetone solutions were recorded with a UV-VIS spectrophoto-
meter (Zeiss, Jena), the 'H NMR spectra of deuteriodimethyl sulfoxide solutions containing
tetramethylenesilane as an internal reference were run with a BS 487C (Tesla, Czechoslovakia)
spectrometer operating at 80 MHz.

5-(N,N-Dialkylamino)-2-azoarenefuran Hydrogen Tetrafluoroborates,
Perchlorates, and Bromides 17

The respactive diazonium salt (6 mmol) was added to a stirred solution of I (6 mmol) in water
{15 ml) at 0—5°C and then stirred at room temperature for another 2—5 h. The precipitated
substance was filtered off and washed with water. If II failed to precipitate (Ila), the solution
was left to stand in a refrigerator overnight. The product was crystallized from acetic acid-water
(95 : 5). The diazonium salts can be utilized in form of tetrafluoroborates, sulfates, chlorides,
or bromides preparated by diazotization of the corresponding anilines in situ in water. Com-
pounds II can be obtained as perchlorates by addition of NaClO, (5 mmol) in water (15 ml)
(compounds IIf—1Ii, IIn—11p).

'H NMR spectra of 5-(N,N-dialkylamino)-2-azoarenefuran compounds II. Ila: 3-53s, 3 H,
(CHj;); 3-61s, 3H (CH3;); 7405, 5 H, (H-arom.); 7-55d, 1 H, (H-4, J(3,4) == 5:3); 785d, 1 H
(H-3); 11-30s, 1 H (NH).

1b: 1-32t, 3H(CH;, J = 7); 3-525, 3 H (CH3); 3-58s, 3 H(CHj); 428 q, 2 H(CH,); 740 d,
2 H (H-arom., J = 8); 762 d, 1 H (H-4, J(3,4) = 54),;805d,1 H (H-3); 7796 d, 2 H (H-arom.);
11:28's, 1 H (NH).

Ilc: 3-41s, 3H (CH3); 3-52s, 3H (CHj); 7:38d, 1 H (H-4,J(3,4)=56); 765d, 2H
{(H-arom., J = 9-5); 801 d, 1 H (H-3); 818 d, 2 H (H-arom.).

Ild: 3-50s, 3H (CH,); 3-60s, 3H (CHj;); 7765d, 1 H (H-4,J(3,4) = 53); 788 m, 4 H
(H-arom).; 8:05d, 1 H (H-3).
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Ile: 3-32's, 3 H (CH3); 3-37s, 3 H (CH,); 6:85d, 1 H (H-4, J(3,4) = 51); 7-93 d, 1 H (H-3);
800 m, 4 H (H-arom).

11f: 3-48 d, 3 H(CH,;); 3-60s, 3 H (CH,); 7-26 m, 3 H (H-arom); 7-47 s, 1 H (H-arom.); 7-53
d, 1 H (H-4, J(3, 4) = 5-4); 798 d, 1 H (H-3).

Ilg: 1-97s, 3 H (CHj3); 3:45s, 3 H (CHj3); 3-52s, 3 H, (CHy); 728 4, 2 H (H-arom., J = 9);
7-48d, 1 H (H-4, J(3,4) = 52); 7-57d, 2 H, (H-arom.); 7°95d, 1 H (H-3); 9-98s, 1 H (NH);
11-52s, 1 H(NH).

IIl: 2:27s, 3 H (CH,); 3-42s, 3 H (CH,); 3-52s, 3 H (CH,); 7-35s, 4 H (H-arom.); 7-43 d,
1 H (H-4, J(3,4) = 52); 776 d, 1 H (H-3).

IIi: 2-32's, 3 H (CH,); 3-52's, 3 H (CH,); 3-56's, 3 H (CH;); 777 d, 1 H (H-4, J(3, 4) == 56);
7-86 d, 1 H (H-3); 7-90 m, 3 H (H-arom.); 11-17 s, 1 H (NH).

Iij: 2-73s, 3 H (CHj); 2:76s, 3 H (CHj); 6-55s, 1 H (H-3); 6:70d, 2 H (H-arom., J = 9);
8:00d, 2 H (H-arom.); 11-30s, 1 H (NH).

I1k: 2-48 s, 3 H (CH3); 2-63s, 3 H (CH3); 3-21s, 3 H (OCH3); 5255, 1 H(CH); 6:65d, 2 H
(H-arom., J-- 9); 7-24s, 5§ H (H-arom.); 7-62s, 1 H (H-3); 791 d, 2 H (H-arom.); 11-26s5, 1 H
(NH).

IIl: 3713, 3H (CHy); 3-79s, 3H (CHy); 6-16s, 1 H (CH); 7-32s, 1 H (H-3); 745 m, 5 H
(H-pyridine); 7-49d, 2 H (H-arom., J--9); 7-50s, 5H (H-arom.); 897d, 2 H (H-arom.);
11-:02s, 1 H(NH).

IIm: 404m, 8H (4 X CH,);, 668d, 1H (H-4, J(3, 4) = 54); 740 d, 2 H (H-arom,,
J.9);7¢€6d, 1 H(H-3); 783s, 2 H (H-arom.); 11-27 s, 1 H (NH).

IIn: 3-42m, 8 H (4 X CH,); 7-15m, 3 H (H-arom.); 7-25d, 1 H (H-4, J(3,4) = 5); 7-50 4,
1 H (H-3); 825s, 1 H(H-arom.); 11:90s, 1 H (NH).

Ho: 3-51m, 8 H (4 X CH;); 697d, 1 H (H-4,J(3,4) — 51); 7-82d, 1 H (H-3); 850m,
4 H (H-arom.); 10-47s, 1 H (NH).

Ip: 372m, 8 H (4 X CH,); 6:82d, | H (H-4, J(3,4) = 5); 7-65s, 1 H (H-arom.); 712 m,
3 H (H-arom.); 7-86 d, 1 H (H-3); 11-45s, 1 H (NH).

5-(N,N-Diaikylamino)-2-azoarenefurans 11/

Triethylamine (1-5 mmol) was added to a suspzarsion of II (1 mmol) in ethanol (10 ml) or hexa-
deuteriodimethyl sulfoxide for an NMR experiment. The mixture got an intense colouration.
This solution was used for NMR and UV measurements of compounds III. Addition of per-
chloric acid (1-5 mmol) resulted in separation of compound II.

TH NMR spectra of 5-(N,N-dialkvlamino)-2-azofurans III: Hla: 3-15s, 6 H (CH3); 596 d-
I H(H-4,J(3,4):= 42); 7-32d, 1 H (H-3); 7746 m, 5 H (H-arom.).

IIb: 1:32t, 3 H (CHs, J — 7); 3-12s, 6 H (CH,); 427 q, 2 H (CH,); 7-40 d, 2 H (H-arom.,
J 9);742d, 1 H (H-4, J(3,4) = 42); 805 d, 1 H (H-3); 796 d, 2 H (H-arom.).

Hlc: 3-44s, 6 H(CHj3); 7-40d, 1 H (H-4, J(3,4) . 4-2); 7-52d, 2 H (H-arom., J == 9); 7-97 d,
2 H (H-arom.); 816 d, 1 H (H-3).

Hid: 2:92s, 6 H (CHy); 590d, 1 H (H-4,J(3,4): 4); 7-32d, 1 H (H-3); 780 m, 3 H (H-
-arom.); 8:35s, 1 H (H-arom.).
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IIIf: 3-50s, 6 H (CH3); 7-10m, 4 H (H-arom.); 7-51d, 1 H (H-4, J(3,4) = 4-2); 797 d, 1 H
(H-3).

Illg: 2-:00s, 3 H (CH3); 3-01's, 6 H (CHy); 587d, 1 H (H-4,J(3,4) = 4); 721 d, 1 H (H-3);
7-42d, 2 H (H-arom., J = 9); 762 d, 2 H (H-arom.); 10-11s, 1 H (NH).

IITh: 2:26s, 3 H (CHj3); 3-23s, 6 H (CH,); 5-92d, 1 H (H-4, J(3,4) = 4); 7-:30 d, 2 H (H-3);
7-32s, 4 H (H-arom.).

I11i:2-70's, 6 H (CH,); 6:55s, 1 H (H-3); 670 d, 2 H (H-arom., J -= 9); 8:00 d, 2 H (H-arom.),

IIlk: 2:50s, 6 H (CH3); 3-18s, 3 H (CHjy); 5:23s, 1 H (CH); 7:00d, 2 H (H-arom., J = 9);
7-35s, 5 H (H-arom.); 7-62s, 1 H (H-3); 7-90 d, 2 H (H-arom.).

HIm: 347 m, 8 H (4 X CH,); 668 d, 1H (H-4, J(3, 4) = 4-2); 7-42 d, 2 H (H-arom., J = 9
7-50 d, 1 H (H-3); 810 d, 2 H (H-arom.).

HIp: 3-58m, 8 H (4 X CH,); 6:28d, 1 H (H-4, J(3,4) = 4); 712 m, 3 H (H-arom.); 7-87 d,
1 H (H-3); 8125, 1 H (H-arom).
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