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w - P h o t o r e a c t i o n  of 3-fiuoropyridine with the indoie I-anion gave I- 

13-pyridyllindale exc lus ive ly ,  a lbe i t  in low yield. 4-Fluaropyridine and 

t h e  anion r eac t ed  in t h e  dark t o  a f ford  I-14-pyridyllindole in good yield, 

however uv light retarded its formation. 

The  photosubsti tut ion reac t ions  of indale have  been studied intensively.  These reac t ions  can be 

roughly classif ied into two  groups on t h e  basis  of the i r  reg iose iec t iv i ty :  a )  non-regioseiective 

subs t i tu t ion  with such en t i t i e s  as c h l o r o a c e t a t e l  or halopyridines (I ,  Br ~ 1 1 , '  and  bl regioseiec- 

tive reactions with 5-bromo-l,3-dimethyluracii3 or bromomaleimldes4 a t  C-2 of the  indoie ring. In 

a preceding paper,5 we reported that the photoreaction of 2-fiuoropyridine 12-FPyl with the mdole 

I-anion 111-1) gave I-(2-pyridyll indoie in s a t i s f ac to ry  yield. In o u r  contmuing  study an the 

scope of thls reaction, we now report on the photoreaction of 3- and 4-fiuoropyridmes (3-FPy and 

4-FPy, respec t ive ly)  with 11-I. Phota iys is  of 11-1 and 3-FPy af forded  I-(3-pyridyllindole (2a) 

regioselectively,  but in low yieid, whlie I[-]  and 4-FPy af forded  i-(4-pyridyll indoie l2bl in good 

yield in t h e  dark;  however t he  r eac t i on  was remarkably re ta rded  by u l t rav io le t  (uvl light. Thus, 

the behaviors of 3- and 4-FPy are quite different from that of 2-FPy. On the other hand, 3- and 4- 

FPys reacted photochemically with neutral indole a t  its I-  and 3-positions t o  give mixtures of I -  

and 3-(n-pyridyilindales (n = 3, 41, though In low yieids. This could b e  regarded  as belonging t o  

another c l a u  of photosubstitution of indole. 

Phatoiysis of a solution of 3-FPy and the sodium salt of indole (I[Nall in dimethylformamide (DMFI 

for 5 h a f fo rded  (Zal in 1.5% yieid as a single isomer, toge ther  with 81% recovery of indole I l l  

(Scheme I). Similar  phatalysis  of 4-FPy and  l[Nal gave  2 b  in 7.5 % yieid as t h e  sole product t a -  

gether with recovered 1 (70461, while, in the  dark a t  room temperature, the solution produced 2b in 

45 % yield with 48 % recovery of I. A 25.5 % yieid of 2b a t  7'C (recovered I, 70%) implied that 2b 

was not derived photochemically but thermally, and that uv-irradiation inhibited the thermal reac- 

tion. This finding sugges ts  tha t  thermal ly  induced coupling r eac t i on  of 4-FPy and  I [ - ]  provides a 

f a c i l e  method for the  synthesis  o f  I-(4-pyridyilindoie derivatives.  In f a c t ,  a t  901C for 30 mi" 

4-FPy a f fo rded  2b in high yieid I83 %I toge ther  with a small  amount  of recovered  1 15 461. The 



results, includmg those reported for ~ - F P ~ . ~  are summarized in Table 1. 

Thus,  e a c h  FPy  r e s u l t s  in t h e  r e g i o s e l e c t ~ v e  substitution wi th  t h e  indo l t  

or thermally, depending on the positions of the fluorine atom. 

X h e m e  I  

Table 1. Reactcon of 2-, 3- and 4-Fluoropyridine 

with the lndole I-Anlon 

n-FPy Condl- Reacrion Yield of Consumed 

( n l  tmns ['CI Time lhl 2 (%lazb I (%la 

uv 1221 5 
dark 122 1 5 

uv 122 1 5  
dark 122 1 5  

" " I 7 1  5 
dark [ 7 1 5 
dark 1901 0.5 

uv 1221 5 
dark 122 1 5 

an ion  p h o t o c h e m i c a l l y  

a)  Determined by glc. bl I I; based an I consumed 

A s lmple  c u n s i d e r a t i o n  based on t h e  e l e c t r o n  densities, e n e r g l e s  or c o e f f ~ c i e n t s ,  o b i a l n e d  by a 

molecular orbital calculatmn (MOPACIMNDO)~ seemed lnefflclent for the explanation of the changes 

m the react ivi t les  of the  FPys, because no slgniflcant difference was observed among the  values. 

Beer and C l a r k  r e p o r t e d  on the  calculation of t h e  l o c a l ~ r a t ~ u n  e n e r g i e s  f o r  t h e  nuc leophi i l c  sub- 

s t i t u t i o n  of f iuoropyr id ines  by m e t h o n l d e  ion, i n  which t h e  e n e r g y  d i f f e r e n c e  b e t w e e n  a r e a c t a n t  

and the Wheland intermediate is 96.3 kl m d l  greater  for 3-FPy Khan tha t  for 4-FPy, whlle that  of 

2-FPy is only 6.3 kJ m d i  greater.8 These are in good agreement wlth the f a c t  that 4-FPy and 2- 

FPy,  though t h e  l a t t e r  being less e f f i c i e n t l y  ( T a b l e  11, a r e  s u s c e p t i b l e  to  t h e  t h e r m a l  nuc leo-  

phi l lc  s u b s t i t u t i o n  wl th  11-1, while  3-FPy needs  g r e a t  a c t i v a r l o n  e n e r g y  through p h o t o e x c i t a t i o n  

t o  reach  a t  t h e  i n t e r m e d i a t e .  A m i x t u r e  o f  11-I and 3-FPy dcd no t  show a new c h a r g e  t r a n s f e r  

absorp t ion  s p e c t r u m ,  but t ak lng  l n t o  a c c o u n t  t h e  s a m e  r e g i o s e l e c t l v l t y  with z - F P ~ , ~  i t  would be  

supposed that  the reactcan of 3-FPy may proceed by an analogous mechanism to that  of 2-FPy; that  

is an electron t ransfer  mechanmm However it  remains uneluadated why the photoreaction o f  I[-] 
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with 4-FPy retarded; i t  seems unlike that  dimethyiamme, genera ted  through the photudecompasltiun 

of DMF, consumed 4-FPy e f fec t ive ly  during the reaction, stnce no 4-N,N-dimethylaminopyrldine was 

derected on gic. 

In contrasr t o  the reaction described above, t h e  photolysis of 3-FPy wirh neutral  indole in ether5 

(LO hi p r o c e e d e d  s lowly bu t  a f f o r d e d  t h e  m l x t u r e s  of I a n d  3 - (3 -pyr idy i ) lndo les  (2a,3a! ~n t h e  

r a t i o  of 4 : 3 as only d e t e c t a b l e  p r o d u c t s  ( S c h e m e  2, T a b l e  2). Similarly, 4-FPy fu rn i shed  I -  and 

3 - (4 -pyr ldy l ) lndo les  (2b,  3b)  in t h e  r a t i o  of 1 : 3.  Thus,  t h e  r a t l o  of 3 - i somer  vs. I - isomer 

cnc reased  in t h e  o rder  Z - F P ~ ~  < 3-FPy  - 4-FPy .  T h e  p r e s e n t  r e a c t i o n  lnvo iv lng  a reg iose lec r lve  

s u b s t l t u t l o n  of  indole  a t  t h e  I -  and 3-positions can b e  r e g a r d e d  as a novel  p h o t o s u b s t ~ t u t i o n  of 

indole. 

h V  . 
e t h e r  

H 
H 

Table 2. Reacfmn of 2-, 3-, and 4-Fluoropyridine wlth lndole 

n-FPy Yield of Consumed 

( n! 2 3 I (%la 

a! Determined by glc. bl Based on I consumed, 

EXPERIMENTAL 

Proton nuclear magnetic resonance (IH-nmr)  spectra  were measured with a JNM-GX 270 I270 MHz! 

spectrometer  in acetone-dg, and chemlcai shlfts were given on the 6 (ppm) sca les  wlth tetramethyl- 

s i l a n e  as an i n t e r n a l  s t a n d a r d .  A b b r e v i a r i o n s  are used as fol lows:  s, s l n g l e t ;  d, doubler ;  t ,  

tripiet; m, multipler. Mass spec t ra  (ms)  were derermlned un a JEOL QH-100 mass spectrometer. Uv 

spec t ra  were taken on a Shimadzu UV-240 a t  roam remperature. Gas-liquid chromatography (glcl was 

performed on a Shimadzu GC-7A gas chromatograph equipped wlth a hydrogen flame-lonizatlon detector 

using n l t r o g e n  as a c a r r i e r  g a s  (30 m i l m l n ) .  G l a s s  co lumns  11.5 m, 3 m m  g! of 3% O W 1 7  on 

Shimaii te  W (80-100 mesh) were used. Thin layer chromatography ( t lc)  was carr ied out on Kieseigel 

60 F254 (Merck) rlc plates. Uv-lrradiatkon was carrlzd out  with a 60 W low-pressure mercury lamp 

(E iko-sha l .  E x r e r n a i  i r r a d i a t i o n  w a s  conducred for  analytical s c a l e  p h a t o r e a c t l o n  in a q u a r t z  t u b e  

under argon atmosphere uslng a merry-go-round apparatus  a t  room temperature .  



Mater ia l s  ---- 3-Fiuoropyridine (3-FPyl (Aldrich Chemica l  Company 1nc.l and indole (Wako P u r e  

Chemical industries Ltd., Japan1 are commercially available. 4-FPy was prepared according t o  the 

reported p r o ~ e d u r e . ~  

Phatalysis or a and the  Sodium Salt of lndole (IINall; General Procedure--A solution of a 

FPy (0.17 mmail and IINa] (0.1 mmoi), prepared from 1 and the  equimoiar amount of sodium hydride, 

in si tu,  in DMF (10  mll was i r rad ia ted  ex terna l ly  f o r  5 h. The  r eac t i on  mixture  was submi t t ed  to -- 
gic with naphtha lene  as an in te rna l  s tandard .  The  products  ( 2 a , l Q  2b,1° 3b i1 )  we re  ident i f ied  by 

comparison of their spectroscopic (ms, ' ~ - n m r )  and chromatographic behaviors with the authentic 

samples prepared by the reported procedures. 

Photolvsis or a sand lndole (1); General Procedur-A solution of a FPy (0.11 mmoi) and I 

(0.1 mmoi) in e t h e r  (10 mi) was i r rad ia ted  ex terna l ly  under argon for  10 h. The  r eac t i on  mixture  

was neutralized with 30 % aqueous K2C03, and dried aver anhydrous Na2S04 followed by gic analysis 

with an internal standaid of naphthalene. 

Prepara t ive-Sca le  Pho to r eac t i on  of 3-FPy with +A solution o f  3-FPy 13.3 mmoi) and  1 (3.0 

mmoll ln ether (300 mll was irradiated internally in a Pyrex vessel for 14 h. The reaction mixture 

was worked-up in the  same manner as described above and the residual oil was submitted t o  column 

chromatography on s i l ica  gel  (Kieseigei  60, Merckl e l u t ed  with benzene,  then  with CH2Ci2 ,  and  

finally with CH2Ci2-ether I1:l). The benzene eluate afforded 1 (1.85 mmol) I "  62% yield and the 

CH2C12 and the CH2CI2-ether eluates were further submitted to tic developed with benzene-ethyl 

a c e t a t e  (5 : I l  and benzene-ace tone  (5:2),  respectively, t o  give I-(3-pyiidy1)indale (2al10.016 

mmal, 0.5 %I and 3-13-pyridyilindoie 134 (0.019 mmol, 0.6%). 3a: mp 154-155°C (color less  prisms 

from benzene). Anal. Caicd far CI3HION2: C, 80.38; H, 5.19; N, 14.42. Found: C,  80.60; H, 5.14; N, 

14.26. I H - N ~ ~ :  7.10-7.25 (ZH, m, 5-H, &HI, 7.42 ( I H ,  ddd, J = 8.1,  4.8, 0.7, 5'-HI, 7.52 ( IH ,  dd, 

J = 7.3, 1.5, 7-HI, 7.74 ( IH ,  d like, s o n  D 2 0  added,  2-HI, 7.91 ( IH ,  dd, J = 7.0, 1.5, 4-HI, 8.07 

i l H , d t ,  1 = 8 . 1 ,  1.8, 4 ' - H ) , 8 . 4 5 i l H , d d ,  J - 4 . 8 ,  1.5, &HI, 8 . 9 4 ( 1 H ,  d, J = 1.8, %HI. Ms 

m/z (relative intensity): 194(Mt, loo), 1931341, 1671161, 166l221, 1391161. 
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