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AND 
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Abstract-A new synthesis of the linear furoquinolinc ring system is described and its applicability to 
obtain some of the linear furoquinoline alkaloids illustrated. A synthesis of edulitine has also been 
achieved. 

FOUR different routes are available for the synthesis of the alkaloids of the linear 
furoquinoline group. ‘a A common feature is that the carbon chain at the 3-position 
of the quinoline molecule, required for the formation of the furan ring, is incor- 
porated as the quinoline ring is built. This is necessary because such a carbon chain 
cannot be introduced later exclusively on the quinoline ring at 3-position by electro- 
philic substitution reactions as the molecule is more reactive in the benxene than in 
the pyridine ring. 

A new and entirely different approach to the synthesis of the linear furoquinoline 
alkaloids is now described. In this, on a preformed quinoline ring the necessary side 
chain at the 3-position was introduced, and subsequently modified into a furan ring. 
We first describe the synthesis of the parent linear furoquinoline, and later apply 
the synthesis to furoquinoline alkaloids. 

Synthesis of 2,3-dihydrojiuo [2,3-b] quinoline and its 2-methyl derivative. 2-Ethoxy- 
quinoline lithiates at the 3-position. s These organometallic compounds are highly 
nucleophilic in character and the one derived from 2cthoxyquinoline was treated 
with ethylene oxide. The 3-hydroxyethyl derivative obtained, on treatment with 
HBr furnished 2.3dihydrofuro [2.3-b] quinoline (IV) C,,H,ON, m.p. 122-123”. 
In another experiment the organometallic intermediate was treated with alkyl 
bromide. The crude alkyl derivative without purification, was refluxed with HBr to 
yield the 2-Me derivative VI, C,,H,,ON, m.p. 87”. 

Synthesis o~~inemjiiroquinoline olkuloids; dictumnine XII (R, = R, = H), pteleine 
XII (R, = -OMe, R2 = H) and dihydro y-j&pine IX (R, = H, R2 = ---OMe). 
The above synthesis of the linear furoquinoline ring system was next extended to 
obtain the following alkaloids i.e. dictamnine, pteleine and dihydro y-fagarine.6 
The starting compounds were 24dimethoxy. 2,4,6_trimethoxy and 2,4-8-trimethoxy 
quinolines respectively. Of these the dimethoxyquinoline is known.’ The trimethoxy- 

l Part III : N. S. Narasimhan and M. V. Paradkar, Ind. J. Chum. 7, 1004 (1969). 
t For preliminary communications, see Gem. Ind. 831 (1967); 515 (1968) 
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quinolines were obtained by treatment of the corresponding 2+dichloro 6 (or 8) 
methoxyquinoline with NaOMe. The 2&dichloro-8-methoxyquinoline reported9 
has a m.p. 92”, while our specimen, which has been adequately characterised melts 
at 137”. 

In the next stage, the methoxyquinolines were lithiated with n-BuLi and the 
methalation mixture treated with ethylene oxide to give the 3Aydroxyethyl derivatives 
(VIII). The furan ring was then constructed by hydrolysis of VIII with HCl. It was ob- 
served that, under mild conditions, the 2-OMe group was hydrolysed selectively, to the 
hydroxy compound which then cyclised to the dihydro derivative of the linear 
isomer IX. In one instance, i.e. the mild hydrolysis of VIII (R, = -0Me. Rz = H), 
the uncyclised compound X (R, = -0Me. R1 = I-I) was also isolated. Under 
more vigorous condition& both the methoxyls at 2- and Cpositions were hydrolysed. 
and cyclisation then occurred with the 4-OH group to give.the dihydro derivative of 
the angular isomer XI.’ 

The dihydro derivatives of dictamnine3 and pteleine9 have been dehydrogenated 
to the parent alkaloids. 

In the above syntheses which the yield of the 3-hydroxyethyl derivative (III) from 
2-ethoxyquinoline was poor (4%) the yield of the corresponding compound from 

l Prof. Y. Kuwayama in a private communication informed us that he has dchydrogcnatcd dihydro- 
teleitte to ptekine. 
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the di- and tri-methoxyquinoline was considerably better, being 66, 28. 150/, (78, 
68.300/, after taking into account recovery of the starting material). This was presum- 
ably due to the greater acidity of the 3H in the quinolines having alkoxyl groups 
both at 2- and Cpositions than the one having only one alkoxyl group at the 2-position. 
This results in greater metalation at the 3-position in the relevant di- and tri-methoxy- 
quinolines and improved yields of the 3-hydroxyethyl derivatives In all the above 
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syntheses no compound corresponding to metalation at any other positions could 
be isolated and, thereforz the metalation is fairly selective. 

Synthesis Q edulitine. Edulitine XIII. C,,H,,OsN, m.p. 23S-236”. the alkaloid 
from Cusimiroa edulis Lalve et Lex. has the structure XIII.‘o This was synthesised 
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by the mild hydrolysis (5% HCl) of 2.4,8-trimethoxyquinoline which had been 
obtained as an intermediate in the synthesis of dihydro-y-fagarine. 

EXPERIMENTAL 

AU m.ps arc uncorrected. IR spcctta were measured as nujol mulls and chemical shifts arc exprcsscd 
in ppm downfield from TMS as an internal standard. 

23-Dlkydro-furo[L3-b]~nollne (IV). A soln of 2cthoxyquinoline (8.65 g) in ether (50 ml) was cooled 
to 0” and trcatai with o-BuLi (from 1.1 g Li and 8.6 g n-BuBr) in ether. The resulting reddish violet coin 
was stirred for 1 hr. A cooled soln of ethylene oxide (4 ml) in etha (15 ml) was added and the mixture 
stirred for 4 hr. I& overnight and hydrolyscd with water (50 ml). Working up tbc organic laya gave a 

dark red colourcd liquid (10 9) which was dissolved in HBr (47% 40 ml) and the clear soln rdluxcd for 
5 hr. On cooling 2-hydroxyquinoline (5 g) separated out. The acid layer was rcndcrcd alkaline with KHCO, 
and extracted with CHCI,. Removal of solvent gave a semi solid (1.8 g) which on chromatography over 
basic alumina in bcnz.cnc followed by crystallisation from hexane furnished IV (@3 g), m.p. 122-123” 
(lit. m.p. ” 122-123”); Y,, 1639,1587 cm- ’ ; NMR (CDCI,), 3.27 d (2H t, J = 8 C;S, -C~,-CH,-O-); 
4.62d(ZH t.J = EC/S -CH,--C&~); 7-86(5H maromatic H). (Found: C. 7691; H. 5.38. C, ,H,ON 
requires: C 77.17; H. 530%). 

2-Mczhyl-23-dlhydro-furoC2.3-blqufnollne (VI). Alkylbromide (4.86 g) in ether (20 ml) was added 
to the metalation mixture of Zcthoxyquinolinc (obtained from 7 g I. @88 g Li and 6.85 g n-BuBr) unda 
vigorous stirring The resulting soln was stirred for 4 hr at room temp. left overnight and poured on crushed 
ia (100 g). Evaporation of the organic laya gan an amber colourcd liquid (8.5 g) which was dissolved 
in HBr (47%. 21 ml) and refluxcd for 6 hr. Usual workup gave 2-hydroxyquinoline (2.5 g) and another 
product (16 g) from acidic filtrate after basification. Chromatography of the latta over basic alumina 
in bcnxene gave a white solid from bcnzcnc eluata. Crystallisatioo from cthcr followed by sublimation 
&I wcuo (bath tcmp 120-125”/2 mm) gave VI (@31 g), m.p. 87”; v,, 1626, 1582 cm-‘; NMR (CDCI,). 
1.49 6 (3H d J = 7 c/s, -CH,); 25-36 d (2H m. <Hz--); 4.88 6 (1H m, --CH); 7-8 6 (5H m. aromatic 
H). (Found: C. 78.20; H. 6.27; N, 7.24. C,IH,,ON requires: C. 77.81; H, 599; N, 756%). 

LdDimefhoxy-3~2-hydroxyethyl)qulnolinc VIII (R, = R, = HI A soln d 2,edimethoxyquinoline 
(8 g) in ether (100 ml) was cooled to 0” and trcatcd with n-BuLi in etbcr (from @93 g Li and 7.3 g n-BuBr). 
The resulting soln was stirred for 1 hr and treated with ethylene oxide (7 ml) in ctha (25 ml). The mixture 
was stirred for 4 hr. left overnight and hydrolyscd with water (50 ml). The residue, obtained from organic 
layer. on ctystallisation from hexanc yielded VIII (65 g), m.p. 74”; v, 3175, 1626, 1605 cm-‘; NMR 
(CDCl,), 2.09 b (1H .S. 4H). 3.01 d (2H 1. J = 7 c/s. bcnzilic <J&), 3.85 d (2H f partly hiddat under 
methoxyl signaL J = 7 c/s, -CH,-O--). 3.59 d (3H S, -OCH,), 4M 6 (3H $ -OCH,). 716-8 d (4H m. 
aromatic IQ (Found: C. 66.88; H. 6.35. C,,H,,O,N rcquircs: C, 66.93; H. 6.48%). 

From the mother liquor 2.4dimcthoxyquinolinc was rccovercd (1.2 9) afta chromatography over 
basic alumina in bcnzcne. 

Dihydrcdictumnine IX (R, = R, = H). The alcohol from the above experiment (@5 9) was dissolved 
in HCI (20%. 10 ml) and the clear soln rcfluxccl for 4 hr. The solid that scparatcd on cooling was washed 
with water and crystallisal from McOH to give XI (R, = R, = H. @23 gh m.p. 280-282” (lit. m.p.’ 280- 
28z”); (Found: C. 7074; H. 516; N, 7.86. C,,H,OIN requires: C. 70.58; H. 4.85; 748%). 

The Rltratc on neutralisation gave a solid which on crystallisation from hexane furnished IX (0042 g). 
m.p. 103-104” (lit. m.p.’ 103-104” mixed m.p. undcprcssed). identical in every respect (UV. IR NMR) 
with an authentic sample. (Found: C. 71.22; H. 5.65. CLIH,,OIN requires: C. 71.62; H. 5.52%). 

Dfcrumnine XII (R, = R, = H). Dihydrodictamnine (30 mg) was dehydrogenated to dictamnine 
(15 mg) according to the procedure of Cooke and Hayncs.’ 

2,4-6-Trimethoxyquinoline VII (R, = -OMc, R, = H). 2.4-Dichloro-6-mcthoxyquinolinc (3 g) was 
added to NaOMc (from 2 g Na and 30 ml MeOH). refluxal for 20 hr. cooled and pourcd in cold water 
(100 ml). The ppt on crystallisation from hcxanc followal by sublimation in wcuo (bath temp 75-85”fl4 
mm) afTordcd VII (1.8 g), m.p. 79”; Y,. 1600. 1583. 1245. 1222. 1200 cm-‘. (Found: C. 65.54; H. 5.71; 
N. 648. C,3H,,0,N rquircs: C, 65.74; H. 5.98: N. 639%). 
Y2-Hydroxyelhy~2,4,6-nimcthoxyqufnollne VIII (R, = --OMc. Rz = H). A soln of 2,4&trimcthoxy- 
quinolinc (49 g) in ether (100 ml) was cooled to 0” and trcatcd with n-Buti in ether (from 05 g Li and 
3.9 g n-BuBr). The ra! colourcd solo was stirred for 3 hr and left overnight at room temp. The resuhing 
brown soln was cooled to -5”. a soln of ethylene oxide (5 ml) in ether (15 ml) addal. the mixture stirred 
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for 3 br and treated with water (30 ml) The residue (49 g). obtained after removal of solvent on chroma- 
tography over alumina gave the starting compound i.e. 24.~~etboxyqu~ol~e (26 a) &an benxene 
eluaces. Benzene-alcohol (99:l) elution eve a solid which on crystalliition from benxene:bexane pro- 
vided 3(2-bydroxycthyl~2,4.&rimetboxyquinolioc (1.46 g). m.p. 107”; v,, 31M cm-‘. (Found: C, 64.18: 
H. 668; N, 59. C,,H,,OdN requires: C. 63.86; H. 651; N. 5.32%). 

Dfhydroprclcine IX (R, = --Oh&. R, = H). The alcohol VIII (@3 g) we dissolved in HCl(200/’ 9 ml) 
and the clear soln refluxai for f hr. Usual workup &ave the angular compound XI (R, = --OMc R, = H. 
0.19 gh m.p. 276278”: v,. 1656. 1600. 1580 cm- ’ ; (Found: C 6658; H 5.34. CIPHllO,N requires: 
C. 66.36; H. 5.10%) and aootber compound (0970 9) fram the filtrate after basiftcation. Chromatography 
of the latter over alumina in benzene pve a white solid from benzeoe cluates. wbicb on ~s~lli~tion 
afforded dihydroptelei~ (0630 g). m.p. 1 S&157” (lit. m.p. I2 156-157”~ mixed m.p. with an authentic 
sample undepressed; v,, 1613,1575,1227cm-‘; NMR(CDCl,L3-556(2Ht J = 8c/~benxy1ic--CH,--). 
4.57 d (2H t. J = 8 c/s -C&--O--~ 3.88 and 4.16 6 (3H each s -QMe). 768 6 (CsH q, J = 8-5 and 
1.5 c/s). 7.2 d (C,H q, J = 8.5 and 3 c/sh 7.3 b (C,H m coupling pattern masked). (Found: C. 67.24; H. 
5.9: N, 6.15. Ct3HL303N requires: C. 67.52: H. 5.67; N. 6%x). 

4,6-Dimerlroxy-Y2_I?vdraxye~hy~2~j~~~e X (R, = --O&T, R, = H& A soln of VIII (02 g) and 
HCl (So/, 6 ml) was rcfluxod for I hr. cooled, rendered alkaline with KHCOs and extracted with CHCl,. 
Evaporation of the solvent yielded a solid (@I80 g2 Chromatograpbic separation over alumina gave 
dibydroptelcine (0070 gl from benzene. Benxene:alcohol (95 :5) elution, followed by crystallisation from 
alcohol gave XI (OWO g) m.p. 183”; v,, 3145. 1661, 1612. 1608. 1053 cm-‘. (Found: C. 62.91; H. 6.17; 
N, 5.65. C,,H,,O,N requires: C. 6264; H. 607: N. 562%). 

2.4-Dichloro-8-methoxyquino&te. A mixture of 2&dihydroxy-8-mctboxyquinoline (IO a) and POCI, 
(100 ml) was refluxed for 16 hr. cooled. poured under vigorous stirring over crush& ice (2 kg) and left 
overnight. The ppt obtained after basification with SN NaOH was filtered off. washed with water and 
sublimed (bath temp 15U-160”@4 mm) to give 2.~ichl~~8-mcthoxyqu~o~ (Q-5 g). m.p. 137” (lit. 
m.p.s 92”). Y_. 1605.1282 1264.752 cm-‘. (Found: C. 52.77; H. 3.37; N, 5.89; CL 31.14. f&HrONClr 
requires: C, 5264; H. 3.07; N, 614; CL 31.15%). 

2.4.8-Trim&oxyg&ofine VII (R, = H, Rt = -0Me). This was preparal from 2&dichloro-S-methoxy- 
quinolint (5 g) and NaOMc (from 3.5 g Na and 100 ml MeOH). Tbe products on chromatography over 
alumina in benzene followed by subli~tion (bath temp 125-135”/&3 mm) furnished VII (36 gh m.p. 
152“. v_. 1613. 1595. 1265. 1209. I167 cm-‘. (Found: C. 65.92; H. 6.20; N. 6.62. CltH,,O,N requires: 
C. 65.74; H. 598; N, 639%). 

3(2-HydroxyerhyI)_2.4.8-nlmethoxyquinoll VIII (R, = H. R, = -Oh&). A soln of n-BuLi in ether 
(from 060 g Li in 50 ml ether and 4.8 g n-BuBr in 20 ml ether) was added to a cooled soln of 2.4.8-tri- 
methoxyquiaoline (44 g) in THF (100 ml) at 0”. The colour changed through yellow-red-purple and finally 
dark violet. Tbe mixture was stirred for 3 br and left overnight at room temp. The resulting mixture was 
cooled to - 5” and treated with a soln of ethylene oxide (5 ml) in ether (15 ml). Tbe colour changed from 
~olet-reddish white and finally a white ppt appeared at the end of 2.5 hr. ARer hydrolysis with water a 
residue was obtained (5 g) from the organic layer. Separation on aIumi~ column gave 24.8.trimethoxy- 
quinoline (22 g) from the benzene fraction. Further clution with CHCl,-benzene (50:50) gave another 
solid wbicb on crystallisation from benxene:hexane gave VIII (@8 g). m-p. 1X1”. (Found: C, 6390; H. 6.51; 
N. 5.50. C,.H, -,O,N requires: C. 63.86; H, 6*5i ; N, 5.32%). 

Djhydr~y-~~~u~~ IX (R, = H. R, = --OMe). A soln of VIII (R, = H. R, = --OMc @2 g) in HCl 
(5% 6 ml) was refluxed for 1 hr. yielding after following the usual workup a solid (@190 gh Separation 
by chromatography on alumina yielded from beumne:CHCl, (95:5) a solid which on sublimation (bath 
rcmp 175-180”/09 mm) furnished dihydroy-fagrioe (0075 g). m.p. 168” (lit. m.p.* 168-170”), having 
identical UV. IR and NMR values as reported (Found: C. 67.14; H. 61)l: N. 6.35. C,,H,,O,N requires: 
C. 67.52; I% 5.67; N. 606%). Further elution with CHCl, &a~ another solid (0085 a) which on crystallisa- 
tion from EtOH afforded XJ (R, = H. R, = --Me) m.p. 216” (lit. m.p.l 219-220”). (Found: C. 6668; 
H. 5.28; N, 664. CIIH,,03N requires: C, 66.35; H, 5.10; N. 6.45%). 

Edulftine XIII. A solo of 2.4.8~trimctboxyquinolinc (@20 g) in HU (5y@ 6 ml) was refluxed for 1 hr. 
cooled. basified and extracted with CHCl,. Evaporatiat of Ihe solvent gave a solid (a190 g) which was 
chromatograpbed over alumina Tote benxene fraction yielded the starting material (O#O a) wbik benxene : 
CHCI, (9O:fO) gave another solid (W90 & ‘I’& latter on crystaflisation from EtOAc furnished XIII. 
m.p. 234” (lit. m.p.” 235-236”); v_, 1645. 1620. 1590 cm-‘; NMR (CDCI, + CD,SOCDs):‘398 6 
(6H S. -OCH& 598 5 (C,H sX 75 6 (C,H q. J = 7.5 and 3 c/sb 7.16 6 (CsH apparent triplet. J = 75 
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c/s). 708 d (C,H q. .I = 7.5 and 3 c/s). (Found: C 6406; H. 5.41; N, 644. CI,H,,O,N requires: C. 64.38; 
H. 540; N. 6.83%). 
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