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Abstract- Photoreaction of 2-, 3-, and 4-iodoquinolines with five membered 

heterocycles 1i.e. I-methyipyrraie, pyrroie, furan and thiophene) afforded the 

correspondmg n-(2-heteroaryilquinoiines (n=2, 3, 41 in appreciable yields. 

Although numerous reportsZ appeared for the syntheses of quinoline derivatives, general methodology for in- 

troducing an aryi or heteraaryl group to the  quinaiine ring is lacking except preparation of arylquinoiines 

by palladium-catalyzed cross-coupling between diaikyiquinoiylboranes and aryi b r ~ m i d e s . ~  This method, how- 

ever, is inapplicable without heteroaryi halides available, and limited t o  the synthesis of 2-, and 3-aryi- 

quinoiines. Previously we have reported that photoreaction of 2- and 4-iodopyridines wlth five-membered 

heterocycles yields the corresponding n-(2-heter~ar~ilpyridines (n = 2, 41 in appreciable y i e i d ~ . ~  In the 

present paper, we describe the application of this reaction t o  synthesis of heteroaryiquinoiines. 

Irradiation of 2-iodoquinoiine (n-iQ; n-2) in five-membered heterocycles (I-methyipyrrole, la;  pyrroie, lb; 

furan, lcl with a low-pressure mercury lamp (LP. Hg iampl(254 nml afforded the corresponding n-lm-heteio- 

aryilquinoiines (n-HarQ)(2a2, 2b2, 2c2; n.2, m=21 in good yield as each single isomer (Scheme I). 

Scheme I 

Similar photolysis of 3- and 4-iodoquinoiines WIQ , 4-IQ) with la< afforded 3.. and 4-HarQ (3a2-c2, 4a2- 

9; m=2) in satisfactory yields. Although, the reactions with thiaphene (Id1 were sluggish t o  produce n- 

(m-thienyi)quinoiines ( 2d2; n-2, m-2: 3d2 and 3d3; n.3, m=2 and 3 : 4d2; n-4, m=2) in low yields 113%. 

10% and 1.4%, 4%l, irradiation with a high-pressure mercury lamp (HP. Hg lamp) using a Pyrex filter (.300 

nm) appreciably improved the yields of the  products (35% for 2d2, 71% and 9% far  3d2 and 3d3, 48% for 4d2). 



These results are summarized in Table I. S tructures  of these products were determined on the  basis of their 

mass spec t ra  ims), proton-nuclear rnagnettc resonance I'H-nmr) spectra  and elemental  analysis and those of 

known compounds were confirmed by comparison of their physlcal properties. 

Table I. Phatolysis of 2-, 3-, and 4-lodoqulnolines In-IQ, n=2,3,4) In Heteroaryl Compounds (1) 

n - i Q 1  I Y l e l d  o f  Y i e l d  of  R e c o v e r y  o f  

n H a r Q ( % l  q u i n a l i n e ( 5 ) ( % )  IQ 1%) 

al Yields given in parentheses were obtained by irradiation with a HP. Hg lamp for  10 h. 
b) 3-Isomer (3d31 was produced in 1.4% yield. c)  Yield o f  3d3 was 9 %. 

From a synthet ic  view point, it  would be desirable to  carry out the  reacrion in an appropriate solvent. As 

an p re lminary  experimenr, photoreaction of n-IQ (n=2,3,4) with l a  was carr ied out  with a LP. Hg iamp in 

various solvents, i. e., henane, dichioiomethane (CH2CI2), t-butyl alcohol ItBuOHI, and acetomtri le  (MeCN). 

T a b l e  1 1 .  P h o t o r e a c t i o n  o f  2 - l o d o q u i n o l ~ n e  ( 2 - I Q I  

a n d  I - M e t h y l p y r r o l e  ( l a )  i n  V a r i o u s  S o l v e n t s a )  

Y l e l d  ( % ) a )  o f  R e c o v e r y  

S o l v e n t  Za2 2 a 3  5 o f  2 - I Q  1%) 

H e x a n e  2 6  ( 3 7 )  3 1 5 1  7 1261  4 4  1 0 )  
C H ~ C I ~ ~ )  12 ( 2 7 )  6 ( 1 8 )  9 1 9 )  0 1 3 )  
tBuOH 39 ( 3 7 )  6 ( 1 0 )  0 1 0 )  2 I 0 )  

MeCN 1 8 1 5 )  7 1 5 1  3 1 0 )  6 1 7 1  
~ ~ -- 

a )  I I ,  HP. Hg lamp ( 1 0  h ) .  b )  2 - C h l o r o -  

g u i n o l i n e  w a s  o b t a i n e d  a s  a m a j o r  p r o d u c r  165%) .  

For 2-IQ, the  reactions in solutlon afforded 2-(I-methylpyrrol-m-yl)quinoline (2e2,m=2) and the  3-isomer 2a3 

lm=3) in suppressed yields. Among the  solvents examined, hexane seemed most preferable (Table Ill. 

By contrast ,  reactions of 3- and 4-iQ proceeded smoothly in tBuOH t o  afford 3a2, and 4a2, respectively, wlth 

high regioselectivity, whereas the react ion in henane e f f e c t e d  hydrogen abstraction to  furnish quinoline (51 

significantly (Tables Ill and IVI. irradiation with a HP. Hg lamp seemed less e f fec t ive  on the  yields o f  rhe 

coupling products, excepr for the  reaction of 2-IQ in henane or dlchloromethane. 



T a b l e  I l l .  P h o t o r e a c t i o n  o f  3 - l o d o q u i n o l ~ n e  

( 3 - I Q )  a n d  I - M e t h y l p y r r o l e  ( l a )  i n  V a r i o u s  

S o l v e n t s  

Y i e l d  (%la)  o f  R e c o v e r y  

S o l v e n t  3 a ~  5 o f  3 - IQ(?4)  
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T a b l e  IV. P h o t o r e a c t i o n  o f  4 - l o d o -  

q u i n o l i n e ( 4 - l Q l  a n d  I - M e t h y l p y r r o i e  

( l a )  l n  V a r i o u s  S o l v e n t s  

Y i e l d  1 % )  o f  R e c o v e r y  

S o l v e n t  4 a 2  5 o f  4 - I Q ( % )  

Hexane 3 4  ( 3 0 1  5 0  ( 3 9 )  7 ( 7 )  

CH2C12 5 3 ( 4 4 1  1 1 1 3 7 )  1 1 ( 1 0 1  

t BuOH 8 1  ( 6 6 )  6 6 )  7 ( 1 5 )  

MeCN 72  ( 3 7 )  1 4  ( 1 3 )  0 ( 1 9 )  

a) 1, HP. Hg lamp. 

W e  then examined the  photoreactions of n-1Q (n.2, 3, 4) and l b d  wlth a LP. Hg lamp in hexane ( f o r  2-IQ) and 

tBuOH ( fo r  3- and 4-IQ). The results were shown in Table V. The reacrion o f  2-IQ in hexane afforded the 

T a b l e  V. P h o t o r e a c t i o n  o f  2 - ,  3 - ,  a n d  4 - l o d o q u i n o l i n e s  (2. .  

3 - ,  a n d  4 - 1 Q )  w i t h  H e t e r o a r y i  C o m p o u n d s  ( 1 1  i n  t - B u t y l  A l c o h o l  

n - l Q l  I S o l v e n t  Y i e l d  o f  Y i e l d  o f  R e c o v e r y  o f  

n H a r Q  1%) 5 ( 4 b )  l Q  1%) 

a )  2 b 3  w a s  o b t a i n e d  I n  2 % y i e l d .  b )  3 d 3 ,  4 %. c )  [ I ,  y i e i d s  
b a s e d  o n  IQ c o n s u m e d .  

correspondmg HarQ In moderate  yields. On the other  hand, 3- and 4-IQ reacted smoothly with la-c  and la-b 

in  tBuOH to  give 3a-c and 4a-b in sat isfactory yields. However, hydrogen abstract ion took place preferen- 

tially with I d  t o  furnish 5 as a major product and the formatmn of 3d and 4d was significantly reduced. 

Similar results were obtained with a HP. Hg lamp. The f a c t  tha t  hexane was an ef fec t ive  solvent for the 

photoreactmn of  2-lQ can be understood by taking into account the important participation o f  a cationic 

inteimedlate, correspondmg to  the  2-pyridyi cat ion generated through the  photoiysis of 2-iodopyridine, on 

which we have reported recently. '  The finding tha t  2-chioroquinolrne was produced preferentially in the 

phatoiysis of 2-IQ and l a  in dichloromethane (Table 11) may also support the  involvement o f  the  2-quinolyl 

cat ion in the  reacrion pathway.'. 

Because of a simple procedure and moderate  ylelds, the  present method may provide a facile synthesis of 
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quinolyl H). 

2-(2-Furvllquinollne 12c21 

Column chromatography (benzene-hexane = 5:Il. Colorless needles (from hexanel, mp 90-91'C. Anal. Calcd far 

CI3HgN2O: C, 79.98; H, 4.65; N, 7.71. Found: C, 79.90; H, 4.67; N, 7.47. Ms mlrl%): 195(Mi, 100). Nmr: 

6.59 IlH, dd, J.3.5, 1.8, 4'-HI, 7.23 IIH, dd, J.3.5, 0.9, 5'-HI, 7.7311H, dd, J.1.8, 0.9, 5'-HI, 7.3-8.3 

(6H, m, quinolyl HI. 

2-12-Thienyllquinoline (2d21 

Column chromatography lbenzene-hexane = 2:ll. Colorless needles (from hexanel, mp 132-133°C (lit. 1 3 0 ~ ~ l . ~  

Ms m/d?b): 211(M+, 1001. Nmr: 7.06 IIH, dd, J.5.4, 4.0, 4'-HI, 7.39 IIH, dd, J=4.0, 1.5, ?-HI, 7.69 (IH, 

dd, J=5.4, 1.5, 5'-HI, 7.5-8.2 16H, m, quinalyl HI. 

3-11-Methylpyrroi-2-yllquinoline 13a21 

Columnchromatography lCH2Cl21. Colorless 011. Picrate: prisms lfrom ethanol), mp 214-216rClsealed tube). 

Anal. Calcd for C20H15N507: C, 54.92; H, 3.46; N, 16.01. Found: C, 54.82; H, 3.48; N, 15.89. Ms m/r(%i: 

208IM1, 1001, 207 (411. Nmr: 3.75 l3H, s, N-CH31, 6.28 (IH, dd, J.3.7, 2.6, 4'-HI, 6.42 IIH, J.3.7, 1.8, 3'- 

HI, 6.82 IIH, dd, J.2.6, 1.8, 5'-HI, 7.57 (IH, ddd, J=8.1, 7.0, 1.1, 6-HI, 7.71 IIH, ddd, Jz8.4, 7.0, 1.5, 

7-HI, 7.83 IIH, dd, J=8.1, 1.5, 5-HI, 8.11 IIH, d, J.2.2, 4-HI, 8.12 IIH, d, J 4 . 4 ,  &HI, 9.02 IIH, d, 

J.2.2, 2-HI. 

3-12-Pyrrolyllquinoline 13b21 

Column chromatography ICH2C12-acetone = 20:ll. Colorless needles lfrom benzene-henanel, mp 174-175 "C. 

Anal. Calcd for CI3HION2: C, 80.38; H, 5.19; N, 14.42. Found: C, 80.35; H, 5.17; N, 14.26. Ms m/z(%): 194 

IM+, 1001, 1931201, 1671161, 1661101. Nmr(10% D 2 0  in acetone-d61: 6.28 IIH, dd, J=3.3, 2.7, 4'-H), 6.82 (IH, 

dd, J.3.3, 1.7, 3'-HI, 7.02 IIH, dd, J.2.7, 1.7, 5'-H), 7.55 IIH, ddd, 5-8.2, 6.7, 1.1, 6-HI, 7.65 (IH, ddd, 

J =8.2, 6.7, 1.1, 7-HI, 7.86 IIH, dd, J.8.2, 1.1, 5-HI, 8.00 IIH, d, J.8.2, 8-HI, 8.39 IIH, d, J=2.2, 4-Hi, 

9.27 IIH, d, J.2.2, 2-HI. 

3-12-Furyllquinoline (3%) 

Column chromatography lCH2CI2l. Colorless prisms (from hexanel, mp 75-76°C. Anal. Calcd for Cl3HgN2O: C, 

79.98; H, 4.65; N, 7.71. Found: C, 79.84; H, 4.54; N, 7.09. Ms m/d%I: 1951Mf, 1001, 1671311, 1661361. Nmr: 

6.55 (IH, dd, J.3.3, 1.8, 4'-HI, 6.86 (IH, dd, 5-3.3, 0.7, 3'-HI, 7.54 IIH, ddd, J=8.1, 7.0, 1.1, &HI, 

7.57 IIH, s like, 5'-HI, 7.67 (IH, ddd, J.8.4, 7.0, 1.5, 7-HI, 7.83 IIH, dd, J.8.1, 1.5, 5-HI, 8.08 (IH, 

d, J-8.4, 8-HI, 8.34 IIH, d, J-2.2, 4-HI, 9.21 IIH, d, J.2.2, 2-HI. 

3-(2-Thienyllquinoline ( ~ ~ 1 ~ ~  and 3-13-Thienyllquinaline (3d3) 

Plc (hexane-acetone = 5:Il. 3d2: Colorless plates (from hexanel, mp 68-69°C. Exact Ms m/z Calcd for CI3HgNS 

( ~ ' 1 :  211.0455. Found: 211.0426. Ms m/d%): 211lM+, 1001, 210 (201. Nmr: 7.16 IlH, dd, J.5.1, 3.7, 4'-Hi, 

7.39 IIH, dd, J.5.1, 1.1, 5'-HI, 7.49 IIH, dd, J.3.7, 1.1, 3'-HI, 7.55 IIH, ddd, J-8.1, 7.0, 1.1, 6-HI, 7.68 

(IH, ddd, J=8.1, 7.0, 1.5, 7-HI, 7.83 IlH, dd, J.8.1, 1.5, 5-HI, 8.10 IIH, d, J=8.1, &HI, 8.26 IIH, d, 

J.2.2, 4-HI, 9.20 IIH, d, J.2.2, 2-HI. 3d3 was identical with the authentic sample prepared by the reported 

method by comparison of  their chromatographic behavior (glc, tlc) and m ~ . ~  

4-(l-Methvlpvrroi-2-vllquinoline (4a2) 

Column Chromatography (hexane-ether = I : 11. Picrate: prisms lfrom acetone), mp 199-201°C. Anal. Calcd for 



C20H15N507: C, 54.92; H, 3.46; N, 16.01. Found: C, 55.08; H, 3.42; N, 15.92. Ms m l r  (%): 208(M+, 100). 207 

(611, 206(241. Nmr: 3.45 13H, s, N-CH31, 6.34 (2H, dd, 5.2.6, 1.8, 3'-H, 4'-HI, 6.85 ( l H ,  dd, J=2.6, 1.8, 

5'-HI, 7.30 ( IH,  d, J=4.4, %HI, 7.49 (IH, ddd, J.8.0, 7.1, 1.8, &HI, 7.70 (IH,  ddd, J.8.4, 7.1, 1.8, 7-HI, 

7.88 (IH,  d, J.8.0, 5-HI, 8.15 (IH,  d, J-8.4, 8-HI, 8.92 (IH,  d, J=4.4, 2-HI. 

4-(2-pyrralyllquinoline i4b21 

Column chromatography ICH2C12-ethyl a c e t a t e  = 5:11. Colorless plates (from benzene), mp 159.5-161°C. Anal. 

Calcd for CI3HION2: C, 80.38; H, 5.19; N, 14.42. Found: C, 80.48; H, 5.14; N, 14.31. Ms mid%): 194(M+, 

1001, 1931631, 167120), 166(201. Nmr: 6.44 (IH,  dd, J.3.6, 2.7, 4'-HI, 6.71 (IH,  dd, 3.6, 1.6, 3'-HI, 7.06 

(IH,  dd, J=2.7, 1.6, 5'-HI, 7.32 ( IH,  d, J.4.4, 3-H), 7.52 i IH,  ddd, Jz7.9, 7.0, 1.8, 6-HI, 7.69 (IH,  ddd, 

J.7.9, 7.0, 1.8, 7-HI, 8.09 (IH,  dd, 1.7.9, 1.8, %HI, 8.38 IlH, dd, 5.7.9, 1.8, 5-H), 8.43 (IH,  d, J.4.4, 

2-HI. 

4-(2-furyI)quinol~ne ( 4 ~ ~ 1  

Column chromatography (hexane-ether-triethylamine = 20:Z:l). Picrate: yellow needles ( f rom ethanol). m p  214- 

215 'C. Ms mlr(%l: 195(Mt, 911, 166(1001. Nmr: 6.62 IIH, dd, J=3.7, 1.8, 4'-HI, 6.97 (IH,  dd, J-3.7, 0.7, 

3'-H), 7.58 i iH ,  ddd, J.8.4, 7.0, 1.5, 6-HI, 7.67 (IH,  dd, J=1.8, 0.7, 5'-H), 7.72 (IH,  ddd, J=8.4, 7.0, 

1.1, 7-HI, 7.61 (IH,  d, J-4.4, 3-HI, 8.15 (IH,  dd, J.8.4, 1.1, 8-HI, 8.49 (IH,  dd, 5.8.4, 1.1,  5-HI, 8.91 

(IH,  d, Je4.4, 2-HI. 

4-(2-thienyllquinoline (4d21 

PIC (pre-treated with ace t i c  acid) (hexane-ether = 1:I). Picrate:  yellow needles (from ethanol), mp 212- 

213°C (lit. 2 0 4 - 2 0 6 " ~ ) . ' ~  Ms m/z(%): 21 I (M+, 1001, 210i751, 166(28). Nmr: 7.23 (IH,  dd, J=5.1, 3.7, 4'- 

HI, 7.39 ( IH,  dd, J=3.7, 1.3, 3'-HI, 7.45 ( IH ,  d, J=4.4, 3-HI, 7.53 ( IH,  dd, 1 ~ 5 . 1 ,  1.3, 5'-H), 7.57 (IH,  

ddd, J=8.4, 7.0, 1.1, 6-HI, 7.75 (IH,  ddd, J.8.4, 7.0, 1.5, 7-HI, 8.17(1H, dd, 5.8.4, 1.1, 8-HI, 8.30 (IH,  

dd, J=8.4, 1.1, 5-HI, 8.90 (IH,  d, J.4.4, 2-HI. 
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