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Abstract - The two steps route to furol3,2-hlquinolines & or to
fure[3,2-blpyridines 17 invelves an Syl reaction between 5-
chloro=7=-iodo=-8-isocpreopoxyquincline lg or 2-bromo~3-isopropoxy-
pyridine 15 and enclates derived from ketones, The substitu-
tion products 3 or 16, lead to the title compounds under acidic

treatment.

In contrast with natural furol2,3-blquinolines or with other furoquineclines in which the pyri-
dine ring is fused to the furanz, tsomeric furoquinclines containing the benzofuran moiety have
been less documented.3-7 This fact, together with a recent report on a four steps-synthesis

9,10

of furo[3,2-b]pyridine,8 a member of a large class of heterocycles prompted us to publish

our new and straightforward access to the title heterocycles.
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Our approach to the furoquinoline system IIIz (Y = CH; 2 = N} and furopyridine IITb (Y = K}
{Scheme 1) involves the heterocyclisation of B(ortho-alcoxyhetaryl)ketones II obtained by reac—
ting properly substituted substrates I, with varicus enolates RZCH-C(O-)R1 under SRNI

conditions.ll
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Synthesis of Furol3,2-hlquinclines

As a convenient model for I, we selected the 5-chloro-7-iodo-8-hydroxyquinoline 1 {Clicquinol}

recently shown in our laboratory to easily undergo substitution by sulfanions on position 7 via
an SRNI reaction.l The free phenolic function, being not compatible with the SRNI mechanism12

had to be protected and all reactions were thus performed on 8-isopropoxy or on 8-methoxy deri-

vatives which are stable under the basic conditions of the SRNI reaction,

al
N cH-co-R H’
)o\ .
2
Scheme 2

Enclates derived from various ketones 2z-e, treated in liquid ammonia with la under illumina-
tion afforded 3a-e in 36-80% yield (Table 1). That the mechanism of the aromatic nucleophilic
substitution was indeed SRNI was shown by classical criteria: A model reaction between la and
2a was significantly inhibited 1} in the dark, because of the lack of activation emergy to ini-
tiate the chain process, 1i) when l,4-dinitrobenzene (10%) was added to the photestimulated
regction medium, since this electron acceptor does not allow the chain propagation,

The primary SRNI reaction products 3a-d being themselves enclisable ketones miy behave as nu-
cleophiles toward la in a subsequent SRNI reaction to give low ylelds of 3a—d ; moreover 3a may
underge an aldol reaction under the basic conditions and gave & (10Z). Both reactions {Scheme 3)

have precedents in the literature on SRNI reactions.!B’ 14
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Scheme 3 Secondary prodeucts from la
*
The first of these side products 5a (9%) was purified for structural determination while the

others were isolated and characterized by their mass spectrum: 35b (5%), 540-538 (M+); Sc (5%),
550-548 (M7); 52 (9%) 590-588 ().
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Table 1
Substrate Ketone 5.1 SRNI peructb Corresponding
@ enclate conﬂtions o furoquinoline
w=
I cd
=y ol solvent o ! -con
la § 2 time 3 /L LI 4
=]
CH,-CO-CH, NH, R, = CH, =
RZ = H \Nl
kvi 1lh
la 2a Ja = 731 7 4a
CH, —
t 1
CHB—CO— C['E-[9 NH3 Rl - C‘!.]-l9 = |
Ry = H by
hv; 1h
la i) 3b = 707 ib
CHB—CO—C4H30 NH3 R1 64H30
R2 E
hv; 1h
12 2z 3c = 80 4e
CH3—C0-C6H4p.OCH3 NH3 il : EEHAP.OCH:‘
hv; 1k
la 2d 3d = 70% 4d
[-]
= OCH,
oo e Qg
aQ
° dark; 0.5h J\
la 2e 3e = 361
d ACH,
w QOO0
a
hv; Lh j\
la 2e lée = 357
o S NH
s Ay 3
A hv; 3h
b 2 lee = 44z
CH3CH200CHZCH3 NH3 RI = CHZCH3
R2 - CHB
hv; 1h
13 2 L4€ = 70%
; hv: drradiation with Hanovia 450 W medium pressure mercury lamp.

Yields for pure products after isolation.
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The photostimulated reaction of la with the G-methoxy-l-tetralone derived enolate Ze, which is

known to be an efficient nuclecphile in some SRNI reactions.ls afforded as major product B-iso-
propoxyquinoline 7 resulting from the reductive elimination of both (7)-1 and (5)-Cl and a mo-
dest yield (35%) of 2-[7-(8—1sopropoxy)quinolyl]~6—methoxy-1-tetralone lée. The 7-chloro-quino-
1yl analog 3e was nevertheless obtained (36%) when the reaction was performed in Me ,50 as sol~

vent in the dark;16 under photostimulation, only S-chloro-8-isopropoxyquinoline 8 was obtained.

Cl
O O
N N
L0t 2 e

The competition between substitution and reduction was often observed in SRNl reactions involv-
ing enolates such as Ze where B hydrogen atoms are available,”’l8 but we are not aware of pre-
cedent concerning a solvent effect on the reduction pathway taking place on dihalo aromatic
compounds.19

Although the double S_ 1 reaction was known to occur on dihalobenzene treated with various ke-
tone enolates,13'20 we observed it neither om the 5-chloro-7-iodo-8-isepropexyquineline la nor
on the 5,7-dichloro~-8-isopropoxyquinoline 9. These substrates carrying either Cl or I on posi-
tion 7, when treated with 2b underwent monosubstitution only and gave identical yields 70% of
3b. In contrast, a model experiment carried out on 5,7=dibromo-8-methoxyquinoline 10 led to
the doubly substituted product 11 (60%) together with 12 (15%) whose formation 1s similar to
that of 5 (see above). Finally we have observed that the presence of an halogen on position 5
was not necessary for the SRNI reaction to occur as exemplified by the substitution products
lée,f 1ssued from reactions between 7-iodo-8-isopropoxyquinoline 13 and enolates derived from

2e,f (Table 1).

Kj@ ~CH,COC{eH,); (@
N I c{cH,),
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~CH,COC{CH,
00, === OOl 1 - Q1000
N r N CH; C(CH,)
0 o €O OcH,
CH, tn, é“a c(cu,]a
10 11 12

Scheme 4

The treatment of the B{ortho-isopropoxyhetaryl} ketones 3a—e with HBr 45%/AcOR at 100°C quanti-
tatively led to the furo[3,2-h]quinolines 4a-e. The treatment of the aforementioned ketones by

{odotrimethylsilane, which in our hands had promoted gquantitatively both the OH deprotection
and the heterocyclisation to benzofuransll was not here as much efficient, leading only te par-

tial cyclisation.
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Synthesis of Furol[3,2-blpyridines
Hydroxypyridines ortho substituted by a proper leaving group are the starting materials on

which the qul substitution reaction had to be performed for synthesizing furopyridines by the
above method (scheme 1). To illustrate the feasibility of this reaction, we selected compound
15 which can be easily prepared from the commercially available 2-bromo-3-hydroxypyridine. The
treatment of 15 by enolates derived from 2b,g under standard SRNI conditions (photostimmlation,
in liquid ammonia) gave high yilelds of the corresponding B-(ortho-iscpropoxypyridyl)ketones
16b,g. The substitution product !6d was obtained in near quantitative yleld (98X) just by

changing liquld ammonila at -33°C for Me, S0 at room temperature. The acetophenone derived eno-

2
late 2f, previously reperted not to react with 2--b1:('nnc)py1-1::1:11-1&21 happened to be an efficient
nucleophile toward 13 in Me,80 to give 16f (Table 2).

The acidlc treatment of Iéb,d,f,g led quantitatively to the corresponding furo[3,2-b]pyrid:[nes
17b,d,f,g- .

Ry OCH(CH), RN OCHICH,), Z R,
CH-CO-R, —F— HEr . l
# - o
n“8  * % ' Sawt NZ'CH-CO-R, X ™R,
1 Rl
15 2 18 1
o Scheme 5
Table 2.
Substrate Xetone SRNI SR.Nl product Corresponding
enolates conditions: furopyridine
solvent
L5 time® 16 17

R = (:((:143)3

CH,~CO-C(CH,) , N, R, = H
15 2 hu; 0.25h l6h  70%
N Ry = C H OCH,
CH,-COC H, p. OCH,, hu; 7h R, = H ]
15 2d 1sg 302
Me S0
15 2d hvi 3h 164 982 17d

Ry = Gl O
€H ~C0-C_ 8 Me.S0 R, = H a

15 P o o
15 2f v; ©6h 16f  70Z N 17¢
B = Cfs z chicn,
€ H ~CO-C,H, NH, R, = CI mcﬂ
15 2 hvs 1h 16g 862 17

a) hv: irradiation with Hanovia 450W medium pressure mercury lamp. b) Yields for
pure @-(o-iscpropoxypyridyl)ketones after isolation, c¢) OCH, partially hydrolized in
the reaction with HBr 45% at 100°C. d) Unchanged substrate Fecovered ~60Z,
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This study showing that furopyridines and furoquinolines are obtained from halopyridime and ha-

loquinolines carrying an hydroxy function ortho to the leaving group enlarges thue the scope of

the SRNI based methodology for heterocyclic synthes:lsi.22

EXPERIMENTAL

Melting points are uncorrected and were measured on a Reichert melting point apparatus. Low-
resolution mass spectra were obtained on an AET MS 50 spectrometer; 1H nmr spectra {in CDCla)
were recorded with Perkin-Elmer R 12 or Varian EM 360 instrument; chemical shifts from tetra-
methylsilane are given In 4. Purifications were achieved by column chromatography (C.C) or by
preparative thin-layer chromatography (P.T.L.C.),

Starting Materials
5-Chloro-7-iodo-B8-hydroxyquingline 1, 5,7-Dichloro-8-hydroxyquinoline, 5,7-Dibromo-8-hydroxy—
quinoline and 2-Bromo-3-hydroxypyridine are commercially available; 7-Iodo-8-hydroxyquincline

was prepared by iodation of 8-—Hydroxyquinoline.23

The corregponding ethers were obtained by
treating those materials (10 mmol) dissolved in DMF (20 ml) with C03K2 (2.5 g) and 2-bromopro-
pane (2 ml) or iodomethane (1.25 ml) and heating at 80°C for 2 h. Classical work up and puri-
fication (C.C.) on silica gel, elution with CHZCIZ, afforded _l_;a_,l 9, 10, 13, 15,
5,7-Dichlaro-8-isopropoxyquinoline 9

Mp 43-45°C, wmr § 1,40 (d, 6H, J = 6,6 Hz), 5,15 (sept, 1H, J = 6,6 Hz), 7.50 (dd, IH = H3,
J3,4 = 9 Hz, J2’3 = 4,6 Hz}, 7.65 (s, 1H = H6). 8.55 (dd, 1R : H4, J3,4 = 9 Hz, J2,4 =+1,9 Hz),
9.00 (dd, 1H = H2, J2,3 = 4,6 Hz, J3’4 =0 Hz,Jz’4 = 1,9 Hz), ms mfz 259=-257-255 (M) 217-
215-213. Anal.Caled for CIZHHCIZNO: C, 56.30; H, 4,29, Found: C, 56,36; H, 4,15,
5,7-Dibromo-8 methoxyquinoline 10

Mp 104-105°C, nmr & 4.15 (s, 3H), 7.50 (dd, 1B), 7.95 (s, 1H),8.45 (dd, 1H}, 8.95 (dd, 1H), ms
ofz 319-317-315 (H+), 288-286-284, 207-205, Anal,Caled for C, . H_Br ,NO: C, 37,90; H, 2.20.

1077772
Found: €, 38.15; H, 2,18,

7-Iodo-8-isopropoxyquinoline 13

Mp 105-106°C, nmr & 1.60 {d, 6H), 4.B0 (sept, 1H), 6,90 (d, 1lH)}, 7,50 {(d¢d, 1H), 8.0 (d, 1H),
8,30 (44, 1H), 8.90 (dd, 1K), ms m/z 313 (M+) 298, 271, 255. Anal.Caled for CIZHIZINO: C,
46,043 H, 3.83. Found: C, 46.22; H, 3.75.

2-Bromo-3-isoproproxypyridine 15

Liquid. Nmr & 1.40 {(d, 6H, J = 6,6 Hz), 4.60 (sept, 1H, J = 6,6 Hz), 7.25 {(m, 2H w H
8.0 (dd, 1H = H6), ms mfz = 217-215 (M+), 175~173.

4 + HS)'

Spyl General Procedure
To liquid ammonia {50 m1) under argon in a 100 ml three-necked Pyrex flask fitted with a dry
4H901( {4 mmol), and the sub-

gtrate (1 mmol), The flask was 1lluminated with 450 W pressure mercury lamps (Hanovia), The

ice condenser were added the ketone (4 mmol)}, freshly sublimed t-C

course of the reaction was monitored by analyzing aliquota (TLC) and after consumption of the

substrate the reaction was quenched by adding NH4CI. After evaporation of the sclvent, water

*
J Values measured for derived products are not significantly different and are not worth
further mentionirg.
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2,3-(1,2-(3,4-Dihydro~6-methoxy}-naphthyl)-5-chlorofurof3,2-hlquinoline 4e

Mp 190-194°C, nmr & 3.0 (m, &4H), 3.80 (s, 3H), 6.80 (s, d, 2H), 7.50 (dd, 1H), 7.70 (s, 1H),
7.85 (d, 1H), 8.6 (ad, 1lH), 9.05 (dd, 1H), ms m/z 337-335 (M+), 322-320. Anal.Calcd for
Coli) C1NO,: €, 71.56; B, 4.17; N, 4.17. Found: G, 71.29; H, 3.94; N, 4.12,

1,1-Dil 7-(5-chloro~8—isopropoxy)-quinolyl]-2-propanone S5a

Mp 166~167°C, nmr & 1,30-1.40 {d,d, 12 H), 2.40 (s, 3H), 5.70 (sept, 2H), 6.50 (s, 1M),7.45

(s, 24), 7.50 (dd, 2H), 8.55 (dd, 2H), 9.0 (dd, 2H), ms m/z 500-498-496 (M+), 455-453,

430-437, 413-411,

1-[7-(5-Chloro—8-isopropoxy)—quinolyll-4=hydroxy~4-methyl-2-pentancne 6

Mp §3°C, nmr € 1.25-1.40 {5, m, 12H), 2.65 (s, 2H)_. 3.90 (s, 2H), 5.35 (sept, 1H), 7.40 (s,
1H}, 7.50 (dd, 1H}, &.55 (dd, 1H), 9.0 (dd, 1H}, ms m/z 33I7-335 (M+), 322-320,295-293,
8~Isopropoxyquinoline 7

Viscous. Nmr & 1.55 (d, 6H}, 4.85 {sept, 1H}, 7.01 {(dd, 1H}, 7.40 (m, 3H), 8.15 (dd, IH),
9.0 (dd, 1H), ms m/z 187 ('), 172, 145.

5-Chloro-8-1iscpropoxyquinoline 8 (11it. 1)

5,7=Dipivaloylmethyl—8-methoxyquinoline 11

Mp 133°C, nmr § 1,25 (m, 18H), 4.0 (broad s, 5H), 4.10 (s, 2H), 7.0 (s, 1H), 7.30 {(dd, 1H),
7.95 (dd, IH), 8.80 (dd, 1H), ms m/z 355 (M+), 340, 298, 270, 256, Anal.Calcd for 822H29N03:
C, 74.38; H, 8.16; N, 3.94; 0, 13,51, Found: C, 74,15; H, 8.30; N, 4.02; 0, 13.70.
1,1-Di[7-(5-pivaloylmethyl-8-methoxy)~quinolyl]l-3, ~dimethyl-2-butanone 12

Viscous. Nmr 8 1.30 (s, s, s, 27H), 4.2-4.4 (s, s, s, LOHY, 7.05 (s, 1H}, 7.3-7.6 (m, 4H),
8,2 {ad, 1H), 8.6 (dd, 1H), 2.0 (dd, 2H), ms m/z 610 (M+). 525, 427.
2-[7-(8-1sopropoxy)—quinolylT-6-methoxy-l-tetralone lée

Mp 120°C, nmr & 1,45 (d, 6H), 2.45 (m, 2H), 3.0 {(m, 2H), 3.8 (=, 3H), 4.30 {(m, lH), 4.75 (sept,
M, 6.7-7.4 (m, 5H), 8.0 {m, 2H), 8.9 {(dd, 1H), ms m/z 361 (M+). 346, 319. Anal.Caled for
CZBHZSNOS: ¢, 76.47; H, 6.37; N, 3.87; 0, 13,29, Found: €, 76.15; H, 6.68; N, 3.587; O,
13,59

2-[7-(8-Isopropoxy}-quinolylJ-3-pentanone laf

Viscous, Nmr § 1.0 (t, 3H), 1.45 (broad d, 9H), 2.30 (q, 2H), 4.25 (g, 1H), 4.80 {sept, 1H),
7.0 ¢(d, 1H), 7.25 (d, 1H)}, 7.40 (dd, IH), 8.30 (dd, 1H), 8.90 (dd, 1H), ms m/z 271 (M+}, 256,
214,

3-Isopropoxy~2-pivaloylmethylpyridine 16b

Viscous. Nmr & 1.3 {m, 15H), 4.05 (s, 2H), 4.55 {(sept, 1H), 7.10 (m, 2H), 8,15 (dd, IH), ms
w/z 235 (4'), 220, 178, 150.

2-Isobutylfurel3,2-blpyridine 17b

Liquid. Nmr & 1.40 (s, SH), 6.55 (s, IH}, 7.10 (dd, 1H, J =5 Hz and J = 8 Hz), 7.60 (dd, 1H,
J = 8 Hz), B.40 (dd, 1H, J = 5 Hz), ms m/z 175 (I‘[+). 160, Anal.Calecd for C11H13N0: C, 75.45;
H, 7.42; N, 7.9%; 0O, 9.l4. Found: C, 75.0; H, 7.46; N, 8.18; 0, 9.40.
3-Isopropoxy-2-p-methexyphenacylpyridine 164

Viscous. Nmr & (enol form) 1.25 (d, 6H), 3.80 (s, 3H), 4.40 {sept, s, 2H), 6.8-7.1 {m, 4H),
8.0 (d, 2H), 8.1 (t, lH}, ms m/z 285 (M+). 226, 135, 107,

2-p-Methoxyphenylfurol3,2-blpyridine 17d

Mp 100-103°C, nmr ¢ 3,90 (s, 3H), 7.15 (m, 4H), 7.85 (m, 3H), B8.55 (dd, 1H), ms m/z 225 (M+),
210. Anal.Caled for C ,H, NO,: C, 74.68; H, 4.88; N, 6.22;y O, 14,21. Found: C, 74.36;

16711702
H, 5.18; N, 6.09; 0, 14.15.
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3-Isopropoxy-2-phenacylpyridine 16f

Viscous. Nmr & (enel form) 1.20 {m, 6H}, 4.40 (s, sept, 2H), 6.9 (m, 2H), 7.25 (m, 3H), 7.80
(m, 34), ms wm/z 255 (M), 212, 196, 105, 77.

2-Phenylfurn(3,2-blpyridine 17f

Mp 87-90°C, wmr & 7.35 (m, 2H}, 7.60 {(m, 3}, 8.0 (m, 3H), 6.70 (dd, M), ms m/z 195 (M+), 1567,
Anal.Caled for C13H9N0: c, 80,01; H, 4.61; N, 7.17; o, 8.19. Found: C, 79.95; H, 4.91;
N, 6.93; 0, 8.21.

2-[2-{3-Isopropoxypyridyl) J-3-pentancne l6g

Liquid. Nmr ¢ 1.0 (t, 3H), 1.30 (d, 6H), 1.40 (d, 3H), 2.40 (q, 2H), 4.20 (q, 1H), 4.55 (sept,
14), 7.05 (a, 2H}, 8.0 (¢, lH}, ws wf/z 221 (H+). 165, 123, 106.
2-Ethyl-3-methylfure[3,2-bJ-pyridine 17g

Liquid., Nmr § 1.35 (t, 3H), 2.40 (s, 3H), 2.90 (q, 2H), 7.40 (dd, 1H}, 7.90 (dd, 1H), 8.65
(dd, 1H), ms m/z 161 (M+), 146. Anal.Caled for € _H NO: C, 74,55; H, 6.83; N, B.69; 0O,

10711
9.93. Found: C, 74.34; H, 7.15; N, 8.63; 0O, 9.88.

REFERENCES
I. Studies in SRN
42, 1381 (1986).

2. The occurence, reactions and syntheses of many furol2,3-blquinoline alcohols and syntheses

1 Series Fart 16. Part 15¢ R, Beugelmans and M. Bois-Choussy, Tetrahedron,

of unnatural furo[3,2-clquinolines were recently reviewed by W. Fridrichsen in “Comprehen=
sive Heterocyclie Chemistry™, A,R. Katritzky Ed,, Vol. 4, pp. 988-992, Pergamon Press,
1984.

3. C. Pene, P. Demerseman, A. Cheutin and R. Royer, Bull.Soc.Chim.Fr., 586 [(1966).

4, R. Royer, P. Demerseman, C. Pene aznd G, Colin, Bull.Soc.Chim.Fr., 915 (1967}.

5. P.A, Cruickshank, F.T, Lee and A, Lupichuk, J.Med.Chem., 13, 1110 (1970).

6. E. Ghera and Y. Ben-David, J.0rg,Chem., 1983, 48, 774,

7. S. Oguchi, A. Iwama, T. Shiragami and T. Hasegawa, C.A., 53729z, (1983}, 98.

B. 5. Shiotani and H. Morita, J.Heterocyclic Chem., 23, 665 (1986).

9. S.A, Mladenovic and C.E. Castro, J.Heterocyclic Chem., 3, 227 (1968).

10. W.E., Hymans and P.A. Cruickshank, J.Heteroecyclic Chem., 11, 231 (1974).

11, R. Beugelmans and H. Ginsburg, J.C.S. Chem,Commun., 508 (1980).

12. J.F. Buynnett, Acc,Chem.Res., l_l', 413 (1978).

13, J.F. Bupnett and P, Singh, J.Org.Chem,, 46, 5022 (1981).
14, E.A. Qogteven and H.C. Van Der Plas, Recueil Trav. Chim, Pays-Bas, 90, 441 (1979},

15, R. Beugelmans, J., Chastanet, H., Ginsburg, L. Quintero—Cortes and G, Roussi, J.0rg,Chem.,
50, 4933 (1985).

16. R.G. Scamehorn, J.M. Hardacre, J.M, Lukanich and L.R. Sharp, J.Org.Chem., 49, 4881 (1984).

17, H.F. Semmelhack and T.,M, Bargar, J.Org.Chem., 42, 1481 (1977},

18. J.F, Wolfe, M.P. Moon, M.C. Sleavi, J.F. Bunnett and R.B. Bard, J.0rg.Chem., 43, 1019
(1978).

19. "Aromatic Substitution by the Sent Mechanism”. R.A. Rossi and R.M. Rossi, A.C.S. Monograph
178, 1983.

20. R.A. Alonso and R.A. Rossi, J.Org.Chem., 45, 4760 (1980).

21. A.P. Komin and J.F. Wolfe, J.Org.Chem., 42, 2481 (1977}.

22. R. Beugelmans, Bull.Soc.Chim.Belg., 93, 547 (1984).

23. H. Gershon, M.W, McNejl and A,T, Grefic, J.Org.Chem., 34, 3268 (1969}.

Received, 3rd March, 1987

—1871—




