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Abstract - An attempt has been made to summarize, evaluate 

and compare the available methods for the introduction of 

C-substituents into aromatic nitrogen heterocycles. However 

due t o  the large number of publications on this topic this 

review is necessarily limited to the most important pubil- 

cations. 
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1.0. PREFACE 

Many natural products, drugs, herbicides and pesticides are C-substituted 

N-heterocycles, which can be prepared by various methods. Since these methods have 

not as yet been reviewed, w e  attempt to survey in this article the different 

reactions whlch permit a C-substitution of nitrogen heterocycles. Due to the vast 

amount of literature on this topic, no attempt has been made to give a complete 

review. Instead, typical reactions of the different types of C-substitutions in 

the most common nitrogen heterocyclic systems, preferably from the most recent 

literature, have been selected. We hope that this permits a comparison of the 

available methods by providing access to the literature and complementing the 

standard textbooks and review literature e.g. A. Weissberger, The Chemistry of 

Heterocyclic Compounds, Elderfield, as well as Advances in Heterocyclic Chemistry. 

2.0. DIRECT INTRODUCTION OF C-SUBSTITUENTS 

2.1. Electrophllic Substitutions 

An electrophilic substitution of nitrogen heterocycles under mild conditions is 
only possible with weakly basic systems like pyrroles(~)which can either be tri- 

chloroacetylated to 2 , formylated to 3 or add chloral to 4 . Imidazoles(5) 
react on heating with phenylisocyanate to 5 and with aldehydes to 1 . Fur- 

thermore N-phenylpyrazole(g)~s readily chloromethylated to 2 ' . lsoxazoles and 

LSOthiaZOles react analogously. 

0\ 
CCl3C0Cl OnF - l.J-rJ, 

COCCI3 C H C I ~  P O C I ~  

d 
CHO 

d 7 8 ,  
13CCH0 

,I 89 % 
2 - ? \  2 

R = H: CH3 

(),I 
I 

c -CCI3 

R'CHO 

H A 
6 65 Z - 5 - 7  - 



Most of the other electrophil~c substitutions demand rather drastic conditions. 

The Ladenburg reaction of pyridine hydrochloride (g) affords a mixture of 2- 

and 4-benzylpyridines (g and g) ln 7 5  % yield 9,10 . However, the mechanlsm of 
this reaction has not as yet been determined. Pyrldlne (11) is alkylated by 

perfluoroalkyl iodides to afford the monoalkylated products (14, 12 and 16) in 
11 the ratios given . 

2.2. Ionic Nucleophiiic Additions 

2.2.1. Addition of Oimsylsodium 
- 

Methylsulf~nyl carbanlon sodium salt (dimsylsodium) adds t o  more reactive 

heterocycles like q u i n o l ~ n e  , isoquinoline (11) a c r i d ~ n e  , phenanthri- 

dine l2 , 4.6-phenanthroline l 3  , 1,5- and 1.6-naphthyridine l4 o r  benzoquino- 

line via intermediates like 3 which eliminate methanesulfinic acid to afford 
the corresponding methylated heterocycles like I-methylisoqulnoline (2) in hlgh 
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Quinaldine (20) apparently affords the anticipated intermedlate addltlon 

product 21 which, however, does not eliminate methanesulfinlc a c ~ d  to 2.4-dl- 
16 

methylquinollne (22) but ~ n s t e a d  cyclises 2 in 60 % yleld to 3 . 

2.2.2. Addition of Alkyl- o r  Aryilithium and Grtgnard Reagents 

N-Heterocycles like pyridine (131, qulnolines, and acridines 17'18'19 react 

wlth alkyllith~ums to adducts such as 2 5  which eliminate lithium hydride on hea- 
p 

tlng t o  form C-substltuted heterocycles such as 26 in high yields. 

R-Li 
+ LiH 

R 



Under more vigorous conditions, further alkyll~thlums can be added to pyridi- 

nes to furnish 2.6-dlalkylpyridlnes, for example 2 . 6 - d i - t e r t - b u t y l p y r l d i n e s ,  in 

h ~ g h  yields 20'21 . Under even more drastic c o n d ~ t l o n s ,  pyrldlne reacts with 
22 

excess tert-butyllithium to glve 2,4,6-trl-tert-butylpyridlne in 55 % yleld . 

Reaction intermediates like 5, whlch were investigated by NMR 23-24 , can be 

trapped by methanol at -7E°C to afford 1.2- and 2,5-dihydropyridlnes 25 .3-180- 

propylpyrldlne (3) reacts with phenylllthlum to glve, after subsequent oxida- 
2 6 tion, a 7 : 3 mixture of the 1.2- (28) and the 1.6-addition product (29)  . 

Of speclal Importance are the reactions of Intermediate adducts (25)  wlth 

electrophiles. Thus, 25 ( R  = CH3, n-butyl o r  C6H5) reacts asan N-metaliated en- 

amine wlth soft electrophlles such as alkyl halides to afford, after dehydrogena- 
2 7 

tion, the corresponding 2.5-dialkylated p y r ~ d ~ n e s  (30) In moderate ylelds . 

Addltlon of l ~ t h ~ u m a l u m ~ n l u m  hydrlde to pyridines glves intermediates (5) (R = 

H) whlch furnish readlly 3-alkylated or brominated p y r ~ d i n e s  (30) (R = H ;  R' = 

alkyl o r  Br) . However, reactlon of 25 (R = C6H5) with harder electrophlles 

such as ethyl benzoate gives also N-substituted products, e.g. a mixture of 31 
(18 % ) ,  - 32 (42 $ 1  and 33 (34 % )  29 . 
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Formylatlon of intermed~ate 25 ( R  = C6H5) with lronpentacarbonyl furnishes 34 
w h ~ c h  1s cleaved by acetlc a c ~ d  to 2 - p h e n y l - 5 - f o r m y l p y r i d i n e  (2). Oxidation of 

34 w ~ t h  lodlne g ~ v e s  2 - p h e n y l - 5 - p y r i d l n e c a r b o x y l l c  acld (36) .  whereas alkylatlon - 
3 0  with methyl lodide yields 2 - p h e n y l - 5 - a c e t y l p y r l d l n e  (37) . 

lntermediates 2 ( R  = n-butyl) react furthermore with aliphatic o r  arornatlc 

isocyanates to give complex mixtures 31 , whereas 25 ( R  = t-butyl) 1s dimerized 

by bromine to give 6,6'-di-tert-butyl-3,3'-bipyr1dyl 32,33 . When ~ntermediates 

2 5  are alkylated to 2 and again treated with lithium reagents to 2, the resul- - 

tlng tr~substituted tetrahydropyridlnes c a n  be dehydrogenated wlth selenium to 

the trisubstituted p y r i d i n e ~ ~ ~ ! ~ ~  . The dehydrogenation of dihydropyridines is 

3 5 also d ~ s c u s s e d  by Giam . 



R e a c t ~ o n s  of pyridine with 2-lithlo-1,3-dithlanes (5) in THF gives, after 

oxldation with air or p-quinone, the correspond~ng 4-substituted p y r ~ d i n e s  (42)  
In up to 69 % yield 36 . 

5 5 
Pyridine 

R Li 

3-(4,4-0imethyl-4,5-dlhydrooxazol-2-yl)pyridine (43) adds alkyllithiums to 44 
which I S  readlly oxldized to 5 37-40' . 

Additions of alkyl- and arylmagneslum halides as well as lithium reagents to 

pyrimidines 41-43 , pyridazlnes 42'44 , and pyrazines 42 have been described 

recently. Addition of phenyllithlum to quinoline followed by N-acylation with 

benzoyl chloride gives more than 7 5  % of 46 which is transformed by butyllithium 

in boillng ether via a Reissert-type anlon and rearrangements in 60 - 80 % yield 

to 48 45 . 
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Addition of Grignard reagents instead of alkyi l ~ t h i u m s  to p y r ~ d i n e  and other 

N-heterocycles is usually more complex. Thus, benzylmagnesiumchloride reacts with 

pyrldlne t o  give in 10 % yield a 8 : 2 mixture of 4-benzylpyridine and 2-benzyl- 

p y r ~ d i n e  46 . However, allylmagnesium halides add "normally" t o  quinoline, iso- 

4 7 qulnoline, q u ~ n o x a l i n e ,  and acridine in good y ~ e l d s  . 

Reaction of Grignard reagents generated in s ~ t u  from butyl c h l o r ~ d e  In the 

presence of excess magnesium metal wlth pyridlne (1J) furnishes 5 0  % of 4-butyl- 

p y r ~ d ~ n e  (49) - as well as 5 0  % of a mlxture of blpyridyls (50) (malniy of 4.4-bi- 
pyridyl 48), the formatlon of which indicates intermediate r a d ~ c a l  reactions 

caused by electron transfer from the magnesium metal. 

3 - D i m e t h y l a m i n o p r o p y l m a g n e s l u m  chloride (51) .  whlch 1s intramolecularly stabi- 

llzed by complexatlon wlth the dimethylamino group, adds readily to qulnoxalines 

to form the mono- o r  bis-adduct (52) whlch can be oxldized to the mono- o r  bls- 

substituted quinoxalines (53) 49 . Analogous reactlons have been described wlth 

5 3 phthalazines, phthalazones 50'51 , quinazollnes 52 . and quinoxallnes . 
Recently, Grignard reagents have been added to purines 54 , triazolo[4,5-dl- 

5 7 pyrimidines 55 , and 1,8-naphthyrldlnes 56 as well as to acridlne . 
U 

Quinoxaline drN2 /CH3 

3- ~ ~ ~ ) ' - N \ c H 3  

/ \  (CH ) d m 3  
\ 

CH3 CH3 
m , d C H 3  1 3- \CH3 

H 53 - 
* 3- \CH3 

51 - 5 2  (80 % )  - 

Due t o  itselectron-attracting nitrile group, 4-cyanoisoqulnoline (2) reacts 
readily with sodium enolates of ketones like acetophenone with concomitant oxida- 

tion to afford the corresponding I-substituted isoqulnolines such as 55 which can 
undergo further reactions. Thus, the cyclohexanone product (56) is hydrolyzed by 

5 8  
alkali in 71 % yield t o  the acid ( 5 7 )  . 



Finally, vicarious nucleophilic substitutions proceed also with heterocycles. 

Thus, 3-methyl-1,2,4-trlazine (58)  reacts readlly with nitromethane and base to 

form the oxlme (59) - in 91 % yield whlch 1s readlly converted in 5 7  % yield into 

5 9 the aldehyde (60) . 

2.2.3. Hydrogen-#eta1 Exchange and Subsequent Reactions 

The more acidi.c hydrogen atoms between two hetero atoms in 5-membered hetero- 

cycles are exchanged most readlly by metal atoms. Thus, N-methylimidazole (61) IS 
rapidly metallated by n-butyllithium to 62, whlch can easily be trimethylsilyla- 

ted to 63 and then reacted with electrophiles like ethyl Chloroformate or phtha- 

lic anhydride to 64 60 . Reaction of 62 with acetaldehyde affords ,5 in 35 % 

yield 61 . N-Benzenesulfonyllmidazole behaves analogously 62 . For further re- 

actions of imldazole derivatives, compare a recent review article 63 . Thiazole 
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derivatives are also ilthlated in the 2-positlon to react wlth various electPo- 

philes 64.65 . When the 2-posltlon in thlazoles or oxazoles is blocked by a 

methyl group, rnetallatlon and subsequent reaction with electrophiles occurs in 

the 5-posizion 66 . lsothiazoles give analogously 5-substituted derivatives 67.68 

FLnally, it should be mentioned that N-methylpyrrole can also be metallated by 

butyllithium into a mono- and dianion, which react with C02 69 . Recently, Meyers 
succeeded in metailating the 2-(4-pyrldyI)-4.4-d~methyloxazoline (66) wlth methyl- 
lithium to 67 which was treated wlth a variety of electrophiles e.g. wlth benz- 

aldehyde to - 68 70 . However, the oxazoline of nlcotlnic acid (2) reacts wlth 

methylllthium to give the 1.4-dlhydropyridine (70) (cf. 2 . 2 2 ) .  Ethyl nicotlnate 

(2) can be metallated by lithium d ~ l s o p r o p y i a m ~ d e  (LOA) to give the 4-lithium 

Salt, which reacts fl with ethyl nicotlnate t o  afford 4-n~cotinoyinlcotinic 

a c ~ d  (72) and derlvatlves 71 . 3-Cyanopyrldlne can be metallated and alkylated in 

the 4-position if 12-crown-6 1s added 72 . On a d d ~ t ~ o n  of N,N,N.,N'-tetramethyl- 

ethyiened~amine (TMEDA), 3-chloropyrld~ne 72 as well as 3-aikoxypyrldlne 73 are 

primarily metallated in the 2-position. 

When 2-ethoxyquinoline (73) is lithiated by L D A  and reacted subsequently with 
7 4  excess benzonltrlle the tricyclic system (74) - is obtained in 2 0  % yield . 

2',3'-O-lsopropyl1dene-5'-methoxymethyluridine can be converted by excess LDA 

into the ~ ~ , c ~ - d l l i t h i o  derivative, whlch reacts with varlous electrophiles like 

benz- o r  propionaldehyde, ketones, and ethyl formate to give 6-substituted uridi- 

nes in moderate yields 75'76 . 6-Substituted 9-(2',3'-0-isopropyildene-R-D-ribo- 

furanosyl)purlnes give analogousiy mono- o r  dilithium salts whlch react wlth 

electrophiles to furnish &substituted purinenucleosides 77'78 . 

CH3 

I "  
0-Y R = O E t  89 Z 

I 
CH3 64 OR R=g COOH 

- 



R = C2H5 ( 5 % )  

UooczH5 LDA , & coo. R = H 2 ~ ( C H ' c H 3 ] 2  'CH3 ( 3 5  % I  

Et20 / -30DC 

7 1 - 72 - 

LDA C6H5CN 
' € 0 ~ 5  

2 . 2 . 4 .  M i s c e l l a n e o u s  R e a c t i o n s  

R e c e n t l y ,  T s u g e  79 u t l l i z e d  t h e  1,4-bis(trimethylsily1)-1.4-dihydropyridine 

(75) .  which is readily a v a i l a b l e  f r o m  t h e  r e d u c t i o n  o f  p y r ~ d l n e  w l t h  lithium and 

t r i m e t h y l s i l y l  c h l o r i d e ,  f o r  t h e  f l u o r i d e  c a t a l y z e d  r e a c t i o n  w l t h  a l d e h y d e s  e.g. 

b e n z a l d e h y d e  t o  o b t a i n  3 - b e n z y l p y r i d i n e  (76) in 72 % yield. 
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6(cH3)3 C6H5CH0 

Bu,,NF > 
I THF 
Si(CH3)3 

- aH2-c6H5 
76 - 

75 - 

2 . 3 .  Reissert-Type Reactions 

Electrophilic agents like acid chlorides, acid anhydrides, sulfonyl chlorides, 

thionyl chloride,and sulfuryl chloride as well as halogens llke bromine and Lewis 

acids combine wlth pyridines, quinolines,and all the other basic N-heterocyclic 

compounds to 6 - c o m p l e x e s . T y p i c a l l y , a c ~ d  chlorides furnlsh complexes like 77 and 

These 6-complexes,which are formed in an equilibrium depending mainly on the 

electrophilic agent (or Lewis acid) and the b a s ~ c i t y  and polarizability Of the 

heterocyclic base , behave like typical ambident electrophiles which can react 

1) with "hard" nucleophiles, such as alcohols, phenols or amines, at the 

electrophilic carbon attached to the heterocyclic nltrogen to furnish 

elther esters or amides (Einhorn-acylation) 

2 )  with alkali at the a-carbon of the heterocycle to yield the so-called 

"pseudo bases" which often undergo ring-opening (Zincke-Kdnig reac- 

tlon 80.81 ) 



3) w ~ t h  cyanides especially in the.pyridine, quinoline, and isoquinoline 

serles to form the Reissert compounds (cf. 2.4.) 

4) with "soft" nucieophiies, e.g. N,N-dimethylaniline, G r ~ g n a r d  reagent 

indoies o r  ketone enolates, in the a-  or 7-positon (for detalls see 

below) 

5) with p y r i d ~ n e  in the presence of zinc-dust in a c e t ~ c  anhydride to 

generate radicals w h ~ c h  subsequently dimerize (Dirnroth-reduction, 

details are discussed below ) 

The orientation of the attack of nucieophiiic agents is determined by steric 

factors as well as by the relative "softness" or "hardness" of individuai posi- 

tions of the ring or the acyi carbon atom. 

in the pyridine series, electrophiles like thlonyl chloride o r  bromine 8 3 

form very reactive 6-complexes. These complexes, which are only stable at low 

temperatures, are attacked by chiorine or bromine or free pyridine in the i-Po- 

sition to afford eventually 4-pyridylpyridlnium chloride hydrochloride o r  4-pyri- 

dylpyrldinium bromide hydrobromide in hlgh yields which are interesting startlng 

m a t e r ~ a l s  for the C-substitution of p y r ~ d i n e s  in the 4-positloo (cf. 4.0.). 

The 6-complex between pyridine (79) and benzoyl chloride affords on heating 

wlth N,N-d~methylaniline a 6 7  % yield of 4 - ( 4 - d ~ m e t h y i a m l n o p h e n y l )  pyridine (80) 
(compare also ref. 84). Reactlon of 79 with acetophenone for 4 months at 24'C 

leads to formation of 81, which can be oxidized by oxygen directly t o  4-phenacyi- 

p y r ~ d i n e  ( 8 2 ) .  The latter is also available via 83 8 5 .  Comparable treatment of 

the cyclohexanone d e r ~ v a t i v e  (84) wlth Iodine gives 85 85. Additlon of indoie to 
79 furnishes the adduct (86) - 86'87 which can be efflc~ently dehydrogenated t o  - 87" 

The analogous reaction o f  ~ n d o l e  with 4-cyanopyridine affords in 73 % yield the 

89 2-(3-indoiyl-4-cyanopyridlne . 
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. 
5 h / l O O ° C  

copper powder 



Further reactions of indole with 6-complexes of pyridine with acetyl chlo- 

ride ethyl chioroformate or cyanogen bromide afford similar yields of 

compounds analogous to 86. The ?-complexes between benzoyl chloride 92-102 

acetic anhydride 103,104s106, or sulfony 1 chlorides1013105,107 and pyridlne 93,103,107 

qulnoline 93'97'99'107 , isoquinoline 93'96,104-106 , 1.6-naphthyiidlne 106 

1.8-naphthyridine 92 , phenanthridlne g3,98 as well as qulnoxaline 94 react 

analogously with N,N-dimethylaniline 97'98'100 , lndollzine 95 , acenaphtheno- 

n e Io3 , acetophenone 93'99 , cyclopentanone 93 , sterold-3-ketones 96,108 

ethy 1 benzoylacetate 99 as well as indoles 92'105'107 or other nucleophi- 

les 99-102'105'109. Acridine derlvatlves rearomatize durlng their reactions 93,100 

Remarkable are the recently described 1.2- and especially 1.4-additions to 

Reissert complexes of pyridines. Whereas the regloselectlvity in the case of 

unsubstltuted pyridlnlum salts O i l l  as e l  as of quaternary salts of nicatl- 

nates depends on the structures of the Grignard reagents and the 1-acyl group 

(compare 2.2.2.), the alkylcopper 1i1'113 or alkylcopper-boron trifluor~de com- 

plexes 114-116, tltanlum-enolates 'I7 , or organoalumin~um compounds show 

very hlgh or exclusive 4-selectivity. Thus, 89 can be prepared from 88 in a 

nearly reglospeclfic manner with only 0.5 % of 1,2-adduct as byproduct using the 

n-BuCu.BF3-complex 'I4. Compound - 8 9  is readily o x ~ d i z e d  to 90. 

THF O 2  
__j 

heat 
68 % 

88 - 89 - 90 - 

Butyimagneslum chlorlde adds select~vely to the 4-position of 91 in the pre- 

sence of catalytic amounts of CUI to give a nearly quantitative yleld of 92. 

Transesterification with potassium tert-butoxide to 93 followed bya-metailation 

permits the subsequent reactlon with methyl i o d ~ d e  to give 9 4  'I3. Dehydrogena- 

tion leads finally to the 2.4-substituted pyridine (95). 

Quaternization of pyrldine wlth bulky tert-butyldimethyisilyl trifiate followed 

by addition of Grignard reagents glves nearly exclusively 4-alkylated products 1i3,119) 

(compare also ref. 1201. 
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chlorani l 
f-- 

CH3 65  Z 

For further methods to Introduce alkyl groups selectively into the 4-position 

of quinollne, see ref. 122 and into the I-position of isoquinol~ne . 

Analogous reactions of Relssert compounds of qulnoline and lsoqu~noline 

with en01 silyl ethers 124'125 or boron enolates glve hlgh yields of the 

corresponding 2- and 4-substituted 1,4-d~hydroqulnollnes and I-substituted 1.2- 

dlhyd~01soqulnolines. En01 sllyl ethers react also w l t h  pyrimldioiurn salts a s  has 

been shown recently 12' . The ~ n t e r m e d ~ a t e  1.4-adducts such as 92 can be acylated 

by aCyl chlorideslSnC14 in the 3-positlon The Reissert-type complexes between 

pyridlne-benzaldehyde and benzoyl chlorlde are rearranged by strong bases to 

2-acylpyridines 129 

In formic, acetic or propionlc acid, ~ s o q u i n o l ~ n e ,  phthalazine, and 1,6-naphthy- 

ridine add diketene or acetic anhydride to adducts whlch can be used for subse- 

quent reactions 130-132 . In tr~fluoroacet~c acld or dilute sulfuric acid, pyri- 

midine 133 , quinazollne 109'133 add readlly resorcinol, aniline, N-methylanili- 

ne,and N,N-dimethylaniline in high yields to give compounds such as?,which can 

be oxidized by potassium ferricyanide to 98. Analogous additions of phenol, 

anisol, indole, and 2-methylfuran to - 96 afford the corresponding 3,4-dihydro 

adducts in nearly 100 % yield 109 



The 6-complex between pyridine (2)and acetic anhydride dimerizes with Zinc- 

dust vla the corresponding radical (99) '34 to the dimer (9 135 which can be 

136 or reduced to 4-ethylpyrldine(Z) 
137,138 

pyrolized to 101 

Zn d u s t  

Ac20 

Replacement of acetic anhydride by ethyl chioroformate opens an entry to 

ethyl isonicotinate 13' . Higher 4-aikyl homologues can be prepared, albeit in 

lower yields 138 . Coupling of p y r ~ d i n e  with indole by the help of zinc-dust has 
already been discussed ( c f .  reaction 79-86). 140 
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Since ail these reactions of 6-complexes with nucieophiies lead initially to 

1.2-, 3,4- or i,4-dihydro derivatives, the overall yields of C-substituted 

aromatic heterocycles depend very much on the efflciency of the dehydroqenatlon 

step (compare the examples given above). 

2.4. Reissert Reactions 

The Reissert reaction has been the subject of a number of excellent reviews 

covering the chemical literature up to September 1982 i4i-144 . We shall there- 

fore discuss primarily some typical reactions of the two classical "Reissert- 

compounds", i-benzoyl-l,2-dihydroquinaidon~trile (&)and 2-benzoyi-l,2-dihydro- 

~soquinaidonitriie (1041 

They can be prepared under phase-transfer cataiysls i45 by a d d ~ n q  KCN in 

heterogenous phase i46 , anhydrous HCN 14' , o r  ICH3)3SiCN 147'148 10 homogenous 

phase to the 6-complexes between an acyi chloride and quinoiine and isoquinoilne, 

resp. (cf. chapter 2.3.). Orlqinally. Relssert compounds such as 103 were hydro- 
lyzed with aqueous mineral acld to glve benzaidehyde (105) i49 .and qulnoilne 

derivatives of structure 106. Whereas treatment of 103 with PC15 furnishes 2- 

cyanoquinollne (107) I5O, the addition of methyl Griqnard reagent to 2 followed 
by subsequent rearrangement affords the tertiary alcohol (108) 14' . Heating of 

the Relssert-anion (109) (prepared from 103 with a base such as phenyllithium or 
sodium hydride) In refluxing xylene affords the ketone (110) 14' , whereas alkyla- 

tion with methyl iodide qlves 112 via - i l l .  Subsequent treatment of 111 with base 
furnishes 4-methyiquinoline (llJ) 14' . Repeated base treatment of 112 Snd aikyia- 
tion wlth methyl iodide followed by treatment with alkali gives finaliy 2,4-di- 

methylqu~noiine (114) 141 



H ( c a t .  7 

boiling 
x y l e n e  - 

I 

ONH, 
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Synthetically even more important are Reissert-compounds derived from isOqUi- 

nolines. Using phenyllithium 141,L43 , s o d ~ u m  hydride or alkali and phase-transfer 

reagents 1433151-154 , 104 can be easily deprotonated to 115, which can be readily 
alkylated to 116 153-162 , reacted with aldehydes 152.155,156.162 or reactive 

ketones 144'163 to give 117. Addition of Michael acceptors such as ethyl acryla- 

t e 164 , 2-vinylpyridine 164, or acrylonitrile 1643165 affordscyclic products of 

structure 118. Intramolecular alkylation or acylation reactions of Reissert-com- 

pounds of lsoquinoiine with halides and aldehydes have also been described 166,167 

Besides quinolines and isoquinolines, phthalazines 168'L69 , 1,6- 168 

1.7- 143*168, and 1,8-naphthyridines 168'170 as well as 4,6- 168,171 and ~ , 7 -  

phenanthroiine 16' do form Reissert-compounds. Depending upon the reaction con- 

ditions, 4.7-phenanthroline 16' from "mono-Reisser tS ' -compounds,  whereas quinazo- 

line 170 and 4,7-phenanthroline L68 yield "bls-Reissert"-compounds using benzoyl 

chioride/trimethylsilyl cyanide. Reissert-compounds of benzoxazoles and benzothia- 

zoles have also been described 17' . Acridlne gives only rise to 9-cyanoacridi- 

ne 173 

In a very interesting recent development,Popp et al. as well as Cooney et al. 

have succeeded in preparing the Reissert-compound ( E ) f r o m  pyridine (IJ) In 9 2  % 

yield, whose anlon can be converted to the corresponding 2-substituted pyridines - 
e.g. 2 - in good yields 174 . Compare also reactions under chapters 4.2. and 

4.3. 



KCN 
L 3 

9 2 =  119 

2.5. R e a c t i o n s  of H y d r o x y - N - H e t e r o c y c l e s  

H y d r o x y - N - h e t e r o c y c l e s  like 3 - h y d r o x y p y r l d l n e  (121) b e h a v e  in many w a y s  llke 

phenols. H o w e v e r ,  d u e  t o  p r o t o n a t i o n  in neutral and a c l d i c  medlurn, 3 - h y d r o x y p y r i -  

d i n e  (121) 1 7 5  is m o s t  r e a d i l y  a m i n o m e t h y l a t e d  u n d e r  basic c o n d l t l o n s  t o  f o r m  

2 - s u b s t i t u t e d  M a n n l c h  b a s e s  llke 122 176 

121  - 1 CH20 , a:2oH + NaOH HOH2 noH CH20H 
123  - I 124 - 
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The reaction of with formaldehyde and alkall affords the bls-adduct (124) 
and the deslred mono-adduct (E), whlch can be oxidized by Mn02 In boiling 

ethanol to give the aldehyde (1251 177 . The bis-adduct (124) has been converted 

In several steps t o  pirbuterol (E) ,  a potent bronchodllator 
178,179 

Analogous reactions with 6 - m e t h y l - 3 - h y d r o x y p y r l d l n e  and formaldehyde have been 

described 180 

Apparently, 125 cannot be obtained by Reimer-Tiemann reactlon of 3-hy- 

droxypyrldine (121). whereas hydroxyqulnolines afford the corresponding aldehy- 

des e.g. 7-hydroxyqulnoline the 7 - h y d r o x y - 8 - f o r m y l q u l n o l i n e  
183 

4-Hydroxyquinolines undergo the Mannich reaction and condense wlth formalde- 

hyde 5-Hydroxyuracil (127) affords the Mannlch-product (128) and 4,5-hydroxy 
2-phenyl-pyrimidine-4-one the corresponding Mannich-product (129) 185,186 

Hydroxy-N-heterocycles such as 2.. 3- and 4-hydroxypyridines react like phe- 

nols and are transformed by the Kolbe-Schmldt reaction to the corresponding 

h y d ~ o ~ y p y ~ ~ d l n e c a r b o x y l ~ c  aclds. T h u s .  2-pyridone (z) affords under M a t a s s e  

conditions the corresponding 2 - h y d r o x y - 5 - p y r ~ d ~ n e c a r b o x y l ~ c  a c ~ d  (131) and under 

Kolbe conditions also 2 - h y d r o x y - 3 - p y r i d i n e c a r b o x y l i c  acid (132) i88, whereas 
3-hydroxypyridine (111) gives, depending on the reactlon conditions, elther 

3 - h y d r o x y - 2 - p y r i d i n e c a r b o x y l i c  acld (133) or 3 - h y d r o x y - 6 - p y r i d i n e c a r b o x y l i c  a c ~ d  

(134) . Finally, 4-pyridone (135) glves rise t o  3-carboxy-4-pyridone (136) 
and some 3 . 5 - d i c a r b o x y - 4 - p y r i d o n e  (111) 190 



or 
HOOC 

Methyl- and amino-substituted hydroxypyrldines lead t o  the expected Kolbe- 

products 191-195 , e g  2 - m e t h y l - 5 - h y d r o x y p y r i d i n e  (2) affords a nearly quanti- 

tative yield of 3 - h y d r o x y - 6 - m e t h y l - 2 - p y r l d l n e c a r b o x y l i c  a c ~ d  (138). whereas 2-  

amino-3-hydroxypyr~dine (141) furnishes 2 - a m i n o - 3 - h ~ d r o x y - 6 - p y r i d i n e c a r b o x y l l c  

acid (142) l g 4  . 

In analogy to phenol oxidations, 139 can be dimerlzed by lead dioxlde t o  

140 . - 

1 
4 - ~ y r i d o n e  (143) (R',R2 = H )  and its 3-methyi ( R  = H ;  R' = C H  3  ) and 2.6-dl- 

1 2 
methyl derivatives (R = C H 3 ;  R = H )  react readily with varlous 5-substituted 

b a r b ~ t u r i c  acids to glve, for example, 144, whlch can be converted to 4-n-pentyl- 
pyridine (3) 197 
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2.6. Emmert Reaction 

The Emmert reaction lg8 of pyridine, quinoline 199-202 , isoquinoline l g 9  or 

acridine '03 with carbonyl compounds in the presence of activated magnesium or 

aluminium metal affords up to 7 0  % o f  mainly the a-substituted and some r-substi- 

tuted heterocyclic carbinols or ketones. 

Thus pyridine 1_? reacts with acetophenone 204,207 , acetone 198,202 , cyc10- 

pentanone 200s205 , cyclohexanone , ethyl benzoate 204 , benzaldehyde , 

and N,N-dimethylbenzamide 206'207 to the corresponding 2 -  and some 4-substi- 

tuted pyridines 146 or 147 and 148 as shown in the following scheme. 

147 - 148 - 

As side products, pinacols, benzoin, and benzil can be ~ s o l a t e d  as neutral 

products of these reactions 201,204 . The mechanism of the Emmert reaction was 

investigated by Bachman 208 '07 and Abramovitch . 

Russell et al. have described the use of lithium metal in the Emmert 

r e a c t i o n w l t h b e n z o p h e n o n e .  Thus, 4 - m e t h y l p y r ~ d ~ n e  (149) affords the corresponding 



2-substituted product (150), - whereas quinoline (e) gives rise to the expected 

2-substituted carbinol (E) as well as the cyclized 4-substituted product 

(E). Compound is obtained exclusively in the case of 2-methylqulnoline 

(= = g ) ,  where the 2-position is blocked. 

2.7. Radical Reactions 

Although quite a number o f  reactions like the Emmert reaction (c.f. 2.6.) o r  

some of the SRNl reactions discussed under 3.1.1. - 3.1.3. are also radical 

reactions, in these Chapters 2.7.1. and 2.7.2.. only such reactions will be dealt 

wlth, in which the N-heterocycles will be attacked by chemically and photochemi- 

cally generated "classical" free radicals. 

2.7.1. Reactions With Chemically Generated Alkyl Radicals 

MiniSCi as wel! as Tieco have recently reviewed their pioneering and inte- 

resting work in this field 210-216 and have described numerous applications to 

many different heterocyclic systems. Thus, it should only be emphasized here that 

protonation of N-heterocycles bases increases their reactivity towards nucleo- 

philic radicals, which attack the heterocyclic rings nearly exclusively at the a- 

o r  y-positionto the protonated heterocyclic nitrogen atom. Furthermore electron 

withdrawing substitutents, such as cyano or ester groups, in the heterocyclic 
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system vastly increase the reactivity towards these nUCleophllic radicals 

2.7.1.1. Reactions with Alkyl Radicals 

4-Cyanopyridine (153) reacts wlth a threefold excess of isobutyrlc a c ~ d ,  

AgN03, and (NH4)2S208 ~ n d i l u t e  H2504 to afford a 7 : 3 mlxture of 154 and 55 i n  

88 % yield 211.215 , whereas altylation w ~ t h  dioxane furnishes a 9 : I ltlxture of 

156 and 157 . - 

4-Methylquinoline (113) wlth trioxane (3) gives the derivative (159) In 32 4: 

yield, which can easily be hydrolyzed to the corresponding aldehyde. 2-Methyl- 
210 quinoline, benzothlazole, qulnoxaline as well as pyrazlne react analogously . 

Pyridine (13) and dioxolane afford a mixture of the protected 2- and 4-pyrldi- 
ne aldehydes (160 and 161) in 51 % yield 210'217 . - - 



Reacting quinoline (x) with the methanol-hydrogen peroxide-adduct of cyclo- 

hexanone gives a ca. 1 : 1 mixture of 162 and 63 in 50 % yield - 210 

Methyl nicotinate (164). on reaction with succinic or glutaric acld, affords 
the corresponding 4-substituted acids (165) 218 

Reaction of nicotine (166) - with hydrogen peroxide and ~ e + +  in methanol gives 

In 13 % yreld the product (167). whereas quinine affords in 18 % yield the 2 -  

hydroxymethylqulnlne . Lepidlne 1113) re a c t w w i t h  methanol or ethanol to 

furnish the corresponding derivatives (169 or 170 and 171) 2i0 . In the presence 
of peroxydisulfate and silver ions, the initially formed alkoxy radical derived 

from an olefinic alcohol (E) reacts with the double bond to yield two interme- 
diate C-radicals which attack 4-cyanopyridine 220 o r  lepidine (113) to form the 
two products (l7J and 174) in a 9 : 1 ratio in 3 8  % yield - . The analogous 

216 reactlon of 113 with cyclohexene (168) - affords the products (175) in 90 % yield . 
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C H 3 0 H  o*; s2oaze . HOC 

I66 H 2 S 0 4  
I67 13 Z - 

Alkylation of quinoline and isoquinoline with the benzyl-type radical derived 

from p-methoxytoluene gives the corresponding products in the o -  and 7-position 

of the heterocyclic nitrogen in a c o m b ~ n e d  yield of 3 3  % and 15 % 
222 

In connection with theorles on chemical carcinogenesis, radical reactlons with 

purines and purine-nucleos~des are important. Thus, guanoslne 176 furnishes wlth 
aqueous tert-butyl hydroperox~de 8-methylguanosine (E) in 6 8  % yield, whereas 

In methanol wlth hydrogen peroxyde, only 177b is obtained 223 . Adenosine gives a 
complicated mlxture of 2- and 2.8-methylated products 224 .Thus, 8-methyladeno- 

slne is prepared vla 8-methylation of 2-methylmercapto~nosine 225 . For further 

s t u d ~ e s  with purines, compare the references 226-229. 

Finally, some recent radical alkylations of pyrimidines 230,23L and pyridazi- 

nes 232-234 should be mentioned. 



In a d d ~ t i o n  to the "MinisciU-type alkylations, the classical Gomberg-Bachmann 

arylation 235 can be applied to pyridines and qulnolines. Thus, pyridine can be 

a ~ y l a t e d  by 3.4-dlmethaxybenzenediazonium chlorlde to give 3.4-dimethaxyphenyl- 

pyridines in a ratlo of 2 : 3 : 4 substitution = 3 : 1 : 1 
236 

2.7.1.2. Reactions with Chemically Generated Acyl Radicals 

Protonated heterocyclic bases are readily acyiated by nucleophilic acyl radl- 

cals generated from aldehydes or u-keto acids to afford mono- or poly-acyl deri- 

vatlves. Thus, quinoline (150a) affords 80 % of the 2.4-diacetyl derivative (178) 
and 2 0  % of the 2- or 4-acetylquinollnes (179 and 180) . 2-Methyl-4-phe- 

nylpyr~mldine (181) affords with acetaldehyde the corresponding 4-acetyl deriva- 

tive 182 in 75 % yleld - 237'238 . 4.4'-Bipyrldyl is acetylated by acetaldehyde to 

give 6 5  % of a 1 : 9 mixture of 2,6,2',6'-tetraacetyl bipyridyi and of 2,6,2',5'- 

tetraacetyl blpyrldyl 239. Pyrazine (183) 1s dlacetylated by veratraldehyde (184) 
to 185 240,241 - 
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2.7.1.3. R e a c t ~ o n s  with Chemically Generated Amide Radlcals 

Using hydroxy or alkoxy r a d ~ c a l s ,  hydrogen is abstracted from formamides to 

glve amlde radicals R2N-CO- , which react r e a d ~ l y  with protonated heterocycles 

e.g. 4-cyanopyrldine(153)or lepidine (s) to give the corresponding a m ~ d e s  (186 and 
187)in high y ~ e l d s  - ''I). On reaction of amides with peroxydlsulfate, the lnitl- 

ally formed amide radicals are transformed by electron transfer into amidomethyl 

radicals. T h u s , l e p i d i n e ( ~ ) g ~ v e s  with N,N-dimethylformamide completely different 

ratios of - 188 and 189 depending on whether (CH3)3COOH or ~ ~ 0 ~ ' ~  are employed. 



These amidations o r  a-N-amidoalkylations have been applied t o  many protonated 

N-heterocycles. Thus.3-propionyl p y r i d i n e ( m ) a f f o r d s  in 31 % yield m, which 
can be readily converted into fusaric acid 242 whereas 3 gives % in 91 % 

yield 243 . 

2.7.2. Reactions with Photochemically Generated Radicals 

This part of the review covers only the typical photochemical reactions, not 

those which can be initiated by photochemical ~ n d u c t i o n  like the SRN2-reactions 

(compare 3.1.) of heterocyclic halogens. Since photoaddition I reactions have 

been covered by a review until 1976 244 ,references are primarily given of recent 

work. 

Substitutents can be introduced directly by irradiating N-heterocycles with 

reactive halogen compounds, acids, alcohols o r  amines. Thus, pyridine(jl1 is readi- 

ly trifluoromethylated on irradiation with trifluoromethyl iodlde to afford the 

products (192, 193 and - 194) 245 . Pyrrole gives analogously 33 % o f  a-trifluo- 

romethylpyrrole. 

Irradiation of pyridine (13) with diethylamine produces a I : 

and 196 246 . 
CF31 - 
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lrradlation of methyl picolinate (197) in acidic methanol gives in neutral 

solution only the 5-substituted product (198). whereas in acidic solution, the 

nucleophillc CH20H radicals attack the protonated pyridine ring only in the a-  199 
or i-position (200) to the heterocyclic nltrogens 247 (cf. 2.7.1.1.). 

197 
A I O H  > Qm % I  + 

v 0 4  
CH3 00CH3 

a(s COOCH3 % )  

199 A 200 - 

Analogous additions of methanol or ethanol to pyrlm~dines 249 248 , pyrldazines , 

quinolines 2503251 , ~soqulnolines 250 , and phenanthridine 252 have been de- 

scribed. 

Cyano groups can be introduced d ~ r e c t l y  by Irradiation with NaCN/02 in aqueous 

CH3CN-solution. Thus, 6-methoxyquinoline (201) affords 202 in 48 % yield, whereas 

7-methoxyquinoline or 6.7-dimethoxyquinoline gives the corresponding 8-cyano deri- 

vatives in 3 0  - 4 0  % yield 253 . The cyan0 groups can furthermore be introduced 

photochemically by replacing nitro groups. Thus I-methyl-5-nltrolmldazole (203) 
furnishes the corresponding 5-cyano-1-methylimldazole (3) in 6 5  % yield 254. 

KCN - 
h v 

\ 
CH 3 CH3 



Recentiy,the photochemical replacement of the o -  o r  Y-cyano groups in N-hete- 

rocycies b y  alcohols, ketones, ketais, and olefins was described. Thus, l-cyano- 

isoquinoiine gives, on irrad~ation in ethanol, i - ( i - h y d r o x y e t h y l ) ~ s o q u ~ n o l ~ n e  in 

60 % yield 255 and 2-cyanopyrid~ne (205) affords wlth benzophenone dlphenyi(2-pyri- 
dy1)carbinoi (206) in 64 % yield 256 , whereas 205 reacts with cyclopentene (207) 

257) 
to furnlsh 2-(2-cyc1opentenyi)pyrldine (208) ln 2 0  % as well as 2 in 5 % yleid 

4-Cyanopyridine (153) furnishes w?th cyclopentene (207) the product (210) in 
6 3  % yleld 257, and with 1.3-dioxoiane the product (161) in 16 % yield 

258 
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Irradiation of 4-cyanopyridine (153) with trlethylamine gives 211 in 3 0  % 

yield 259 . 
lrradiatlon of chloro-, bromo-, or iodopyrldlnes in benzene, anisole 

260 

furan, thlophene, pyrroie, or N - m e t h y l ~ m ~ d a z o i e  261 affords the corresponding 

aryl-substituted pyrldines in up to 4 2  % yield. In the case of 2-lodopyridine and 

N - m e t h y i ~ m ~ d a z o l e ,  a ca. 1 : 1 : 2 mixture of the 2 - ,  4- and 5-(2-pyrldy1)-N-me- 

t h y l ~ m ~ d a z o l e  was obtained. 

Biochemicaiiy significant are the photochemlcai additions of 5-bromouridines to 

tryptophane, tryptophan peptldes 262 , pyrene, or phenanthrene 263 

2- or 6-lodo- or c h l o r o p u r i n e - n u c l e o s ~ d e s  react readily on ~rradiatlon wlth 

benzene, furan or pyrroles 264'265), whereas nebularine adds methanol photocheml- 

cally to give a high yleld of a mixture of 6 - h y d r o x y m e t h y l - 1 . 6 - d i h y d r o n e b u l a r l -  

nes 266 

On irradlatlon in methanolic HCi, allopurlnol (212) Is converted In 6 7  % yleld 

~ n t o  the 6-methyl derivative (213) 267 

3.0. REACTIONS OR MODIFICATIONS OF REACTIVE SUBSTITUENTS AT THE HETEROCYCLE 

3.1. Reactions of Halogens 

3.1.1. Reactions of Heteroaryllithium and Magnesium Compounds 

Direct metailation of unsubstituted N-heterocycles is generally not f e a s ~ b l e .  

Thus, pyridine is not metallated, since the organollthium 1s added to pyridine to 

give 2-substituted i ~ t h l u m  salts 268 as discussed under 2.2.2. 



However, haiopyridines can be metallated at the hydrogen atoms a d ~ a c e n t  to a 

halogen in 2 - ,  3 - ,  or 4-position. Thus, 4-chloropyridine (2) gives with LDA in 

THF at -78'C compound 215, which can be quenched by a reactive electrophile llke 

trimethylchloro~ilane to give 216 in 9 2  % yleld 269 

CI 

Lo. pi] cl- sl(cH 3). (;- Si(CH313 ___, __j 
92 1 

214 - 215 - - 216 

Furthermore, the halogen-metal exchange occurs readily with lithium or Grig- 

nard reagents, and 2 - ,  3-.and 4-pyridyl derivatives can be prepared from the 

corresponding halopyridines. Thus, 2-bromo-3,4-dimethylpyridine (217) gives. after 
iithiation and treatment with anisaldehyde, the c a r b i n o l ( 2 )  in 93 % yield. 270,271 

The Lithium derivative (=)of 2 - b r o m o - 5 - d i m e t h y l a m i n o p y r i d i n e  (219) adds 3- 
272 cyanopyridine to yield,after acid hydrolysis,the ketone(=) . 

2-Bromopyridine (22) reacts analogously with magnesium or Grignard- 

reagents 273-275 . Thus 9 - 222 affords with benzaldehyde the product 223 in 49 % 

yield 273 , which is also readily available by the Hammick reaction between 

picoiinic acid and benzaldehyde (cf. 3.6.). 
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3 - P y r i d y i l i t h i u m ( ~ ) d e r i v e d  from 3-bromopyridine was used for the synthesis 

of dl-anabasine(G) 276 and the preparation of the 17-a-(3-pyridyl) androstane 

deri~ative(226)~~' . 

In contrast to the reaction of 4-chloropyridine(214)with LDA to 215, 4-bromo- - 
pyridine undergoes halogen-metal exchange with butyllithium to give 4-pyridyl- 

lithium 278 . Kauffmann et al. 279 reported the preparation of 5,5'-bipyrimidine 

(%)from 5-bromopyrimidine (227) by a BuLi/CuC12 coupling reaction in 5 7  % yield 



However, in ail these metallations complications can arise from the intermedi- 

ate formation of hetarines 280-282 . For the coupling of a 5-lithiopyrimidine 

with 2-methoxypyrimidine compare ref. 283 . The reaction of a 5-lithiated pro- 

tected 2'-desoxyuridine has been described 284 

6 - i o d o - 9 - ( t e t r a h y d r o p y r a n - 2 - y 1 ) p u r i n e  (9) undergoes time and temperature 

dependent transmetallation reactions with n-butyllithium 285 . A short reaction 

time and low temperatures favor the formation of the 6-lithio derivative (2301, 
while longer reaction tlmes and higher operating temperatures lead to the 8-ii- 

thlo l s o m e r ( ~ ) a s w a s  shown byquenchingwith various electrophiles to give 31 o r  
233. - 

n - B u L i  

THFIEt20/PE 

5 min. THP 

5 - E t h y l - 2 , 8 - d i b r o m o c a r b a z o l e ( ~ ) c a n  be converted into the dilithium interme- 

diate which reacts with C02 to give the dicarboxyllc a c i d ( E ) i n  84 % y ~ e l d  
286 

Br benzene HOOy&-JyOOH 
2) C02/Et20 

I 
C2"5 

2 3 4  235 84 I - - 
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3-Bromoquinol~ne (236) gives analogously qulnoline-3-carboxylic a c ~ d  (237) In 
286 5 2  % yield . 

3.1.2. Reactions with Enolates and Activated CH-Actlve Compounds 

In 1970, Bunnett et al. 287'288 introduced the designation "SRNlU for radical 

nucleophilic s u b s t ~ t u t ~ o n ,  which was recently reviewed . sRNl nucclophilic 
substitutions, which occur wlth a great number of halogen-contalnlng, non acti- 

290 vated, electron-deflclent N-heterocycles by the general scheme d e p ~ c t e d  below , 

were especially ~ n v e s t ~ g a t e d  by Wolfe and hls coworkers 290-292 

Het-X + NO-.-+ [H~~-x].@ + N. 

[~et-x]? - ~ e t .  + xO 

Het- + N@ --+ [ H ~ ~ - N ]  .' 

0 0 [Het-Nl + Het-X -j Het-N + [ ~ ~ t - x ] .  

Het means heterocycle; Het-X is an appropriate heteroaromatic substrate; N- 

represents a generalized nucleophile capable of initiating the chain process by 

electron transfer. 

Komln and Wolfe studled the photostimulated reactlons of 2-bromopyrldlne (121) 
In l i q u ~ d  ammonla with the potassium enolates of several ketones . They clear- 
ly established the radical course of the reactions and found reactivity for d ~ f f e -  

rent enolates of acetone towards 2 to give 238 to be K ~ >  ~ a ~ >  LI+>(M+ means 

alkall cation) as well as the order of reactivity with potassioacetone to be 

2-bromopyridine > 3-bromopyridine> 4-bromopyridine and 2-bromopyridine > 2-chlo- 
r o p y r i d l n e > Z - f l u o r o p y r i d i n e .  For analogous reactions with the potassium enolate 

of pinacolone compare the references 291-292 and of acetone or cyclohexanone the 

reference 293. 



D-Dicarbonyl compounds l ~ k e  240 react readily e.g. with 2-bromo-3-cyanopyri- 

dine 239 to give nucleophilic displacement products like 3 in high yields 295 

Nucieophllic substitution of the 2 - ,  3 - ,  and 4-halogen in pyridines with stabi- 

lized carbanions derived from 5-butylbarbiturlc acid 296 , benzyl cyanide 297 

dibenzyl malonate , dlethyl methylmalonate 299 , diethyl ethylmalonate 300 

diethyl acetamidomaionate 301 , ethylaceto acetate 302'303 , acetylacetonate 302,303 

as well as methyl s u l f ~ n y l  methyl sulfide 304 have been described without investi- 

gation of the mechanism of the reaction. Activated halopyridines like 2-chloro-5- 

nitropyridine 299'301'305 , 2-chloro-3-nltropyrldlne , 4-chloro-3-nitropyri- 

dine 2989302,303 or diethyl 4-chloro-2.6-pyridinedlcarboxylate 300 glve the hlghest 

y ~ e l d s .  

Wolfe and coworkers 306 have analyzed the influence of solvents, light of 

different wavelength, the presence of r a d ~ c a l  scavengers, and time on the reactlon 

of 2-chloroquinoline (242) with potassioacetone to give 2 - a c e t o n y l q u i n o l i n e ( ~ )  

and found clearly e v ~ d e n c e  for an SRNI character. With mixtures of primary and 

tertlary potassium enolates, 242 shows appreciably preference for comblnatlon with 
tertlary enolates 307 . For further reactions of 242 with enolates compare refe- 

rences 308-310. 
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4.7-D~chloroquinoline (244) reacts wlth enolizable ketones exclusiveiy in the 

4-position 310 . The authors assume a SNAr type mechanism. Other authors find for 
2 3 the reaction of - 244 with potassiopinacolone to give 245 (R1 = t-Bu; R , R = H )  

292 clear evidence for an SRNl Character . 

The reactlon of I-chloroisoqu~noline (246) with several enollzable ketones 

(e.g. acetone) is believed to occur by addition-elimination mechanism via 247 due - 

to the high activation of the 1-pos~tion to give 248 311 ; compare also referen- 
ces 312-314. 

wolfens investigated the reactions of 2-chloropyrimidine (249) .  4- 
chloro-2.6-dimethoxypyrimidine (250).  3 - c h l o r o - 6 - m e t h o x y p y r i d a z i n e  (251). and 2- 

chloropyrazine (252) with representative enolates and found their order of SRNl 

reactivity to be - -  252>251>250>249. 



The 4-position of 2,4-d~chloropyrimid~ne (E) is more reactlve than the 

2-position as shown below 292 

For reactions of 5 - h a l o g e n p y r ~ m ~ d i n e s  with enolates compare reference 316, for 

reactlon of a 4-chioropyrimidlne wlth active methyiene compounds compare refe- 

rence 317. 

3-Chloropyrldazines undergo reactions with enoiates 292s315 as well as with 

the anions of phenylacetonltriles 318 

While reaction of 253 with p o t a s s ~ o p h e n y l a c e t o n i t r l l e  to yleid 254 seems to 

occur by a dual mechanistic pathway Involving both radical-chaln and AE reac- 

tion 292 , the reactions of 2-chloropyrazine (252; with the potassium salts of 

different enolizable ketones and nitriles give in typical thermal SRN1 reaction 

products like 255. However, the reactions of 2,6-dichloropyrazine and of 2,3-di- 

chloropyrazine with potassiopinakolone to monosubst~tution products are classi- 

fled as mainly addition-elimination (SnAr) processes 
292 
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Several alkylatlons of chlorotriazlnes have been described 319-321 . Typical 

1s the reaction of cyanuric chlorlde (256) wlth the sodium salt of diethyl malo- 
nate (Koib 1894) 319 t o  give the presumable product (257).  

4-Chloroqu~nazoline reacts smoothly with active rnethylene compounds 314 and 

with enolates 290'322'323 probably via an SNAr mechanism. 2-Chioroquinazollne 

shows somewhat lower reactivity towards actlve methylene compounds than the . 
4-lsomer 314 . As expected, 4-chloropyrido[2,3-dl pyrimidine (258) reacts like 

4-chluroquinazollne when treated with the sodlurn enolates of acetophenone and 

acetone to afford 259 ( R  = C6H5. 4 5  % ;  R = CH3, 21 % )  324 

n 

2 - c h l o r o q u ~ n o x a l ~ n e  (260) reacts with potassiopinacolone in a dual mechanistic 

way to give (thermal S R N 1  product) and 262 as t h e  product af campetlng addi- 

tion-substltut~on processes 290 

2 6 0  - 1 - 15 min. 
2 6 1  7 0 %  - 262 15 % - 

dark 

Furthermore, reactions of 2-chloro-3-methyiquinoxaline and 4-chloroacr~di- 
315 nes with active methylene compounds have been described 314 



6-Chloropurines undergo reaction with active methylene compounds 326-330 

2,6-Dichloro-9-methyipurine (263) reacts with diethyl sodiomalonate e x ~ l ~ S i v e l y  

331 in 6-position to give 264 . 
" 

The N-protected 4-chioropyrazolo[3,4-dlpyrimidine (265) reacts comparab- 

LY 332-334 to afford 266 as does 7-chloro-3-phenyl-3H-1,2,3-tr1azoloi4,5-dl pyri- 

midine (267) 335,336 
H 

265 - 266 - 267 - 
Furthermore, the reactions of active methylene compounds with 4-chlorocinno- 

line, I-chiorophthalazine, 2-chlorobenzothiazole, 2-bromothlazole, and P-chloro- 

benzolepidine have been Investigated 314. 

3.1.3. Reactions With Grignard Reagents in the Presence of Nickel-Complexes 

Based on the pioneering work of Kumada 337-339 and Corriu 340 , who dis- 

covered that olefinic and aromatic halogen compounds react readily with Grignard 

reagents in the Presence of Nickel catalysts, aromatic heterocyclic halogen 

molecules have been converted in high yields to the corresponding C-substituted 

heterocycles by reaction with Grignard reagents. 

Thus, starting from 2- ,3- or 4-b romopyr id1ne(268) , the  introduction of a chiral 

alkyl Grignard reagent into each desired position of the pyridine ring to 69 is, 

achieved in 6 7  % ,  7 2  % and 5 3  % yield respectively 3 4 1  [Ni(dppe)cl2 = Ni(Ph2- 

P-CH2-CH2-PPh2)Ci21. 
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Starting from 2-chloropyridine (270). Plccolo and Martinengo 342 synthesized a 
serles of (2-pyrldy1)alkyl alcohols (271). 

1 )  NiX2L2 

+ R-O-(CH2),-Mg-X 

2) Deprotection 
270 - 27 I - 

Analogously, 2-chloroquinoline (242) reacts w ~ t h  different Grignard reagents 

such as phenylethylmaqneslum bromide and d ~ c h l o r o b ~ s ( t r i p h e n y l p h o s p h l n e ) n i c k e l  (72) 
to give the deslred product (273) in 7 8  % yleld, whereas 3-bromoquinoline (236) 

343 
affords w ~ t h  methylmaqnes~um bromide 3-methylquinoline ( = ) ~ n  65 % yield . 

4 - ~ h l o r o f u r o [ 3 , 2 - c ] ~ ~ r i d i n e  (275) - gives wlth allylmagnesium chloride or benzyl- 

magnesium chlorlde 344 in the presence of d ~ c h l o r o b i s ( t r i p h e n y l p h o s p h i n e ) n l c k e l  (272) 
the corresponding derivative (2) in 80 % yleld. 



2,4,6-Trichloropyrimidine (277) reacts with an excess of phenylmagnesium bro- 
mide in the presence of Ni(dppp)C12 to give the trisubstituted pyrimidine (278) 
as the sole product in 5 6  % yield, whereas methyl or ethyl Grignard reagents 

furnished the corresponding methyl- o r  ethyipyrimidines 345s346, compare also re- 

ference 347. 

6-Aryl and alkyl substltuted purlne nucleosides (280) are readlly available 

from 6-chloropurine nucleoside (279) In 40 - 5 0  % overall yield, after deprotec- 

348 
tion by this cross- coupllng reaction . 

279 - 
R = t-butyldimethylsilyl 

2-Halogenbenzothiazoies undergo also efflclent C-C cross-coupling wlth 

Grignard reagents in the presence of nickel(l1)phosphine complexes 
349 
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Heteroaromatlc thlols and methyl sulfldes react analogous to halogens. Examples 

are descrlbed for 2-benzothiazole-, 2-pyridine-, and 2-pyrimidine systems 350 

Instead of Grlgnard reagents, benzyllc zlnc reagents have recently been added 
351 to 3-bromopyridlne in the presence of nickel catalysts . 

3.1.4. Reactions with Olefins and Acetylenes in the Presence of Palladium Com- 

plexes - 
Tsujl 352 and Heck have discovered C-C formation of vinylic- 353 and arylic 

isocycllc chloromercury 354-355 or halogen 356p357 compounds with unsaturated 

systems in presence of stoichiometric amounts of palladium complexes and revlewed 

the results of Pd-catalyzed vinylations of organic halldes until 1979 358. For 

other general reviews compare references 339,359,360, describing palladium-cata- 

lyzed synthesis of c o n ~ u g a t e d  systems. Mizoroki et al. discovered that catalytl- 

cal amounts of palladium compoundsare sufficient 361,362 

This methodology has been applied to a variety of nitrogen-heterocycles to 

afford high ylelds of substituted heterocyclic compounds. Thus, Yamanaka 363 

descrlbed a facile synthesis of ethinyl-substituted six-membered N-heteroaromatlc 

compounds (281) llke pyridines, quinolines, isoquinollnes, pyrazines, pyrldazi- 

nes, and pyrimidlnes to thelr corresponding acetylene derivatives (2831 using the 
silylated acetylene molety (282) .  

Particularly, the pyridine system has been investigated thoroughly. Using the 

Pd-complex catalyzed cross-coupling, 2-bromopyrldine (22) is converted Into 

2-phenylpyridine (3) 364, 2-phenylethlnylpyridlne (E)  365, and 2-(=-trimethyl- 

s11yl)vinylpyridine (286) 366. Coupling with propargyl alcohol in the presence of 
367 p ~ p e r i d i n e  affords the amino indolizine (287) . 



3 - ~ r o m o p y r i d i n e  (288) gives with ethylene t h e  3-vinylpyridlne (289) 368, with - 
allylic alcohols, f o r  example o r - m e t h a l ~ y ~  alcohol compound ( 2 9 0 )  '69. and with - 
N-3-butenylphthallmide, t h e  corresponding nornicotine precursor ( 2 9 1 )  370. 3-lodo- - 

371 pyridlne has reacted with N-allylphthalimide . 
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Starting f r o m  4 - b r o m o p y r i d i n e  h y d r o c h l o r i d e  (292) a n d  s t y r e n e  t h e  4 - s t y r y l p y r i  
d ~ n e  (293) is o b t a i n e d  370. A n a l o g o u s l y ,  4 - b r o m o - 2 . 6 - l u t i d i n e  (294) r e a c t s  w l t h  a 

3 7 2  
s e r i e s  o f  a l i y l ~ c  a l c o h o l s  t o  g l v e  4 - s u b s t i t u t e d  l u t i d i n e s  (295) . 



For the preparation of 2.6-d~ethinylpyridine from 2,6-dibromopyridine in 75 % 

yield and of 2,5-disubstituted pyridines startlng from 2,5-dibromopyridlne com- 

pare references 373 and 374. The Heck reaction wlth acetylenes and olefines has 

been applied to each position of the pyridlne moiety in quinoline 375, ~soquino- 

375-377 , and acridine 375 usually in high yields. 

The cross-coupling reaction of halopyrimidines with vinylic esters and acety- 

lenes affords the corresponding 2-, 4-, or 5-substituted pyrimidines 378-383 

Reaction of phenylacetylene with the 4 - c h l o r o p y r i m i d i n e / ~ 1  gives an elegant 

entry to the pyridoL4.3-dlpyrimidine derivative(=), whereas the 5-bromopyrimi- 
381 dine (298) leads to the p y r i d o [ 3 , 4 - d ] p y r i m i d i n e ( z )  . 

4-Iodopyrimidines give often as side reaction homocoupling of the startlng 

material 383-385 

Silylated 6-lodouracil (300) affords, after desilylation, the 6-ethinyluracil 
(301) in 65 % y ~ e l d  386. 
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However,silylation may not always be necessary as demonstrated with 0- as well 

as N-methylated 5-iodouracil 387 and 5-iodo pyrimidine nucleosides 388-390 

5-Mercury-substituted uridines react readily with olefines 391-394 , styrenes 

and iodobenzenes 395-397 in the presence of palladium salts. 

Analogously,alkinylation of 6- and 8-halopurine nucleosides gives the corres- 

ponding 6- or 8-substituted nucleosides in high yields 398,399 . F O ~  an appllca- 

tion to 5-mercuri tubercidin compare reference 400. 

A facile synthesis of the natural products Z- and E-2,5-dimethyl-3-styryl- 

p y r a z i n e ( z  and =)can be achieved starting from 302 40i vla 303. 

305 - 
95 % 

The same authors have introduced cyan0 groups with KCN in DMF into chloropyra- 

zines using the above described catalyst 402 

Alkinylation of a 5-chloropyrazine as well as a 6-chloropyridazine 403 and 

3- and 3.6-halopyrazines 404-405 cf. 306-307 h a v e  been described. 

Alkenylation of the i n d o l e - G r i g n a r d - d e r i v a t i v e ( E ) g i v e s  readily 309 366 



Alkinylation of 5-ring heterocycles, like iodopyrazoles. occurs in high 

yields 406*407 . 3,5-Disubstituted 4-iodoisoxazoles react both with olefins and 

acetylenes in the presence of palladium catalysts in good yields, as does 3-phe- 

nyl-5-bromoisoxazole with acetylenes 406 

However, even in the presence of olefins, homocoupling of the heterocycl~c 

aryihalides can become the predominant reaction as seen in the case of 3-methyl- 

bromoisothiazole 406 . Homocoupling seems to be general at positions where the 
# 
Il-electron density is reduced by the ring nitrogen (compare also references 3 3 3 ,  

3841. 

3.1.5. Reactions wlth Copper Metal (Uilmann-Type) 

Several authors have developed convenient methods for the introduction of tri- 

fluoromethyl groups lnto heteroaromatic halldes. Tnus,Kobayashl and coworkers 408 

modified their original method of trifluormethylation using a filtered CF3-CU 

solution in HMPT. T h u s . 5 - i o d o u r i d i n e ( G ) g i v e s  the corresponding trifluormethyl 1 

derivative(=) (n = 0) in 62 % yield. Acetylated 6- or 8-halopurine nucleosides 

furnish the corresponding trifiuormethyl analogues. 

(CF2),,-CF3 

F3C-(CF2ln-Cu 

TrOM 45°C/12 h 
6 2  Z 

HMPT 

HO OTr H O  OTr 

310 - 311 - 

Perfluorated aikyl iodides (n = 2,4) furnish analogously the higher substituted 
409 homologues . 

On heating of 2-bromopyridine(E) with sod~urn trifluoroacetate and copper(1) io- 

dide in N-rnethylpyrrolidone (NMPl.2-trifluoromethylpyridine(312)is obtained in 4 1 %  

yield 410 
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Analogously, 2-chloro-5-lodopyridine (13) affords 2 - c h l o r o - 5 - t r i f l u o r o m e t h y l  

p y r ~ d i n e  314 411. 

Cul-catalyzed ethlnylation of w- or D-lodopyridlne results in m- o r  D-ethiny- 

412 latlon. 6.D-Dilodopyrldine (315) afforded compound 316 in 5 0  % overall yield . 

CH 0CH3 
1 3 1  

I) H-CsC-C-0-C-H 
I I 
CH3 0CH3 H 

CuI/K2C03/Pyridine 

2) H30 8 

315 3) KOH - 316 - 

However, more reactive halides llke 3-bromo-4-nitropyrldine N-oxlde (317) 
4 1 3  

undergo an Ullmann reaction to the corresponding dimer (318) in high yield . 



Coupling of 4 - i o d o - i , 2 , 3 - t r i m e t h o x y b e n z e n e ( ~ ) a s  the active aryl halide with 

the pyridine (320) furnishes 321 in 55 % yield 414 

319 320 - - - 321 

The copper-catalyzed displacement of an iodo group by acetyienic groups has 

also been described f o r  N-methylimidazoles 415) 

3.1.6. Reactions with Wittig Reagents 

Taylor and Martin 4i6-418 described a new procedure and gave s e v e r a l  examples 

for the direct displacement of sultable leaving groups (Cl, Br, S02CH3 etc.) b y  

an alkylidenephosphorane (Wittig reagent). The resuitlng intermediate is conver- 

ted either by reaction wlth a carbonyi compound into an alkenyl derivative of the 

heterocycle o r  by hydrolysis into an alkyl derivative of the heterocycle. The 

silylated purine nucieoside(322)gives thus the olefin (=)or the ethyl compound 

(=j419 . The method works for halo-pyrldines, -pyrazines, -quinoiines, o r  isoqul 
418 nollnes, etc. . 

76H5 

C 1 H-, C &-n 

THF 

322 2 ) C H  C' 
5- 'H 75 % 

2) H20/H @ 

75 % 
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Treatment of the N-protected 6-chloropurlne (325) wlth two equivalents of 

m e t h y l e n e t r i p h e n y l p h o s p h o r a n e  at -30°C affords the correspond~ng purinyl ylid 

(326) which reacts with cis-dimethyl epoxysucclnate (327) to give via the oxaphos- 
pholane derivative (328) and, after ring opening, 329. Treatment of 329 with base 
furnishes the tricyclus (330) 420  

DMSO 

80°C 

I I 

Ana!og3asly. the chlorotriazine (331) reacts with m e t h y l t r i p h e n y l p h o s p h o n ~ u m  

bromide and n-BuL1 in THF t o  give the methylated triazlne derivative (332) 4 2 1 .  

B r  ' 



The transilylation reaction of methyl(triphenylphosphorany1idine)acetate with 

a 2-chlorocyclohepta[b]pyrrole derivative is described 
4 2 2  

3.1.7. Reactions with Sulfur Ylides 

A general procedure for the synthesis of epoxy substituted heterocycles (35) 
was introduced by Taylor and coworkers 4 2 3 .  Treatment of a heterocycle (281) 
possessing an approplate leaving group with two equivalents of a sulfonium ylide 

(333) generates a new ylid ( 3 3 4 )  which, when treated in s ~ t u  with a carbonyl com- -- 
pound R1COR2, affords an epoxide (335) In yleids ranging from 17 to 7 0  %. Rear- 

rangement wlth lithium d ~ e t h y l a m i d e  furnishes the acylated heterocycles (=). 

, C=O 
0 H 
II I 

Het-C, ,R, LiNEt 

Oxosulfonium ylides are often considerably more stable than the corresponding 

sulfonium ylides, Thus, dimethyloxosuifonlum pyrimidine-2-yi methyllde (221) 1s a 
4 2 4  crystalline, at room temperature air-stable compound . 
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Yet oxosulfonium ylides retain still a high degree of nucleophliic character. 

Thus,the 2- respectively 4-chloro compounds (338 and 342) react with two equiva- 

lents of the ylld In boiilng THF to give 339 resp. 343, which afford, on acyla- 

tion at room temperature,the products 340 and 3. Desulfurization of these 

products is accompl~shed with deactivated Raney nickel to furnish the desired 

compounds 341 and 345 in high yields 425,426 

THF 

A 

Ra-Ni 

____f 

H3C 

CH3 - 
THF 
A 

Ra-Ni A" 

AcZO 

__3 

Dioxane 

RT 



The 5-chloro-1,2,4-triazine(346)can be methylated to 347 in overall yield of 

32 % 427 . 

3.1.8. Reactions with Cyanldes 

Treatment of the 5-bromouridine derivative (2) wlth sodium cyanide in di- 

methylformamide at room temperature for 24 h leads via 349 to the 6-cyanouridine 

(350)ln 96 % yleld. Heatlng 350 in the same solvent at 80°C for 6 h w ~ t h  one 

equivalent o f  NaCN results i n  the formation o f  5-cyanouridlne (352) I "  70 % - 

yield. Thls apparent migration of the cyan0 group can be rationalized by the 

addition-elimination mechanism through the 5.6-dicyano-5.6-dihydro intermediate 

(351) 428'429 (compare also reference 430). 
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This substitution of the 5-bromouracil moiety to give the 6-cyan0 derivative 

proceeds under such mild conditions to be carried out with nucleotides without 

effecting the 3.5-phosphoester linkage 431. The 2 - c h l o r o - 6 - m e t h o x y b e n z o t h i a z o i e  

(353) gives readily 354, which is converted by cysteine Into luciferine (E) 432 

1) KCNIDWSO 
3 h/lOO°C Cysteine a b l  18-crown--( 

H3C0 2) (12H~)~Sil HO H 

353 - 3) CH30H/H20 354 - 355 89 !4 - 
433 

2-Chloropyridinesiike 356 reacts with CuCN in hot HMPT t o  afford 121 . 

CuCN f6H5 C$H:H 
HHPT H \ ~  - 

C 1 7 h ~ H a i 6 ~ 5  

356 210 - 22O0C - 357 - 

After treating 4-bromoisothiazole (358) with CuCN in refluxing dimethylforma- 

mide, 53 % of 4-cyanoisothiazole (359) can be isolated 434. For further examples 

in the isothiazole series compare reference 435. 

8r 

ref lux 
3 5 8  - 359 5 3  s - 

I-Benzyl-4-cyanopyrazole can be prepared from I-benzyl-4-bromopyrazole (60 - 

76 % )  436). 

3.2. Replacement o f  O-AlKyi, 0-Aryl, 0-Acetyl and 0-Sulfonate G r o u ~ s  

Mixing ether solutions of 4-alkoxy- o r  4-phenoxypyridine with ethyl- o r  phe- 

nyimagneslum bromide at room temperature gives an insoluble amorphous precipitate 

of the formula (4-RO-Py)2MgBr2, for which a tetrahedral structure is proposed 

based on its IR and 'H-NMR data 437. Heatlng of i-phenoxypyridlne (360) with 
ethyimagnesium iodide at 155-160°C for 3 h furnishes 4-ethylpyridine (102) in 



55 % yield 438 

Various r-alkyl and r-cycioaikyl substituted pyridines can be obtained under 

analogous condit~ons. The alkylmagnesium iodides are prefered, since the bromides 
438 and especially the chlorides give considerable amounts of N-containing resins . ,  

The nucleophilic displacement of the 4-methoxyl group of the quinazoline (61) by 
C-H acid compounds a s  maiononltrile, for example to 362, proceeds in the presence 

439 of  sodium methoxide as a base . 

3.3. Replacement of Quaternary Ammonium Groups 

4-Pyridylpyridinium chloride (363). which is r e a d ~ l y  accessable from p y r ~ d i n e  

and SOC12 440, reacts like 4-pyridone (135 bzw. 143) (cf. chapter 2.5.) with 

5-butylbarbituric acid or isopropylidene-butyl malonate in acetic anhydride-N,N- 

dimethylformam~de to give the corresponding 5-butyl-5-(4-pyridy1)barbituric acid 

(144) - or the 4 - ( i s o p r o p y i i d e n e - b u t y l - m a l o n y 1 ) p y r i d i n e  (z) in 40 - 84 % y ~ e l d  44i. 

Both 144 and 364 can be readily saponified ln 40 - 8 5  % yield to the correspon- - - 
ding pure 4-n-pentylpyridine (145) or to the corresponding carboxylic acids (365). 
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Since this reaction proceeds probably via an addition-elimination reaction at 

the 4-positlon of 363, 4-chioro- or 4-bromopyridine react analogously 441 to give 

after saponification and decarboxyiation, the correspondlng 4-alkylpyrldlne (Cf. 

also chapter 3.1.2.). 

Slnce chloropyr~midines do not react wlth KCN in ethanol or CuCN in qulnollne, 

2-ch1oro-4,6-d1methyIpyrimidine (366) can be converted by trimethylamlne in 

benzene to 4 , 6 - d i m e t h y l p y r 1 m i d i n e - 2 - y I - t r 1 m e t h y l a m m o n i u m  chloride (367). which 
442 reacts smoothly with KCN in acetarnlde to 2-cyano-4.6-dimethylpyridine (368) . 

2 , 4 - D ~ c h l o r o - 5 - m e t h y i p y r l m i d i n e  (369) reacts analogously via the bis quaternary 

salt to 2,4-d1cyano-5-methylpyrimldlne (369) 443. Quaternary ammonium salts of 

quinazolines and quinoxalines can be converted into the correspondrng cyan0 
444 

compounds using tetraethylammonium cyanide in methylene chloride . 

KCN 

C C\\ %H3 -cH313NAs,,3 - 130°C Nc& "3 

366 ~ 1 ~ 3 6 7  - - 368 



3.4. Replacement of Sulfones 

Heterocyclic methylmercapto groups are readily oxidized to the corresponding 

methylsulfonyl groups which can be displaced by nucleophiles. 

Thus, the 2-, 6- as well as 8-methylsulfonyl groups in 9-substituted purines 

o r  protected purine-nucleosides can be reacted with sodium cyanide in DMF t o  

afford the corresponding cyan0 compounds in 55 - 100 % yleld 445,446,447, The 

protected 6-methylsulfonylnebularine (3701 affords with varlous nucleophiles like 
sodium cyanide ethyl sodioacetoacetate, ethyl sodiomalonate and sodiomalon~trile 

in THF the corresponding derivatives (371, 372 and 212) In good yields. The 

acetlc ester side chaln in 372 can be alkylated and subsequently decarboxylated 

to give the corresponding 6-alkylnebularines 445'446. For additional reactions of 

6-methylsulfonylpurines compare references 416-418. 

CN 

NaCN 

5 5  % 

371 R i b o ~ e ( C 0 C ~ H ~ ) ~  

3 7 0  - 
75 - 80 1 

THF 

Protected pyrrolo- or pyrazolopyrimidine nucleosides wlth a methylsulfonyl 

448 group perrnlt analogously the introduction of cyanide groups . 

Furthermore, 2-methylsulfonylquinoxaline (374) - reacts wlth potassium cyanide 

in OMSO to give, besides the 2-cyan0 derivative (375). also the 2.3-dicyano 
449 compound (376) . 
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KCN - m N 9  4- 

0 BuLi BuLi 
_?, 8 - 

4 - t - B u t y l s u l f o n y l p y r i d ~ n e  (377) is converted by equlmolar amounts of butylllthl 

um to 4-butylpyridine (49). Excess butyll~thium however furnishes In ca. 60 % 

yield the bls-adduct (378) 450 (cf. chapter 2.2.2.). 
Similar replacements by cyanide or actlve methylene groups of methylsulfonyl 

or tosyl groups in pyrazlnes 451 and 1,2,4-triazines 452 have been reported. It 

should be ment~oned here that 2-chloropyr~dines can be converted lnto 2-Cyano- 

pyrldlnes in 35 - 6 0  % yields via the corresponding s o d ~ u m  2-pyridinesulfonates, 
453 

obtained by heatlng with Na2S03 in H20 In an autoclave to 150-210'C . 

3.5. Sulflde Contractions of S-Alkylated Groups 

Since heterocycles containing thiocarbonyl groups or mercapto groups in a- or 

I-posltlon to the heterocyclic nltrogen atoms are often easily accessable, the 

replacement of such sulflr-functions by C-subst~tuents I S  an interesting prepara- 

tive pathway.This can be achleved by sulflde contractions of mercapto-N-hetero- 
454 

cycles, a reaction whose general appllcabillty was recognized by Eschenmoser . 
Especially interesting is an early experlment by Roth 455. Recrystallization 

from methylglycol of the 5-phenacyl d e r i v a t ~ v e  (380). which is readily accessable 
from 4-th~ouracil (379) - and phenacyl bromide, leads vla an episulfide interme- 

diate and sulfur-extrusion to the 4 - p h e n a c y i p y r i m i d l n - 2 - o n e  (381) in 64 % yield. 



The sulfide contraction turned out to be especially useful for the conversion 

of protected S-phenacyi-2-thio-6-azauridine (382) into the corresponding 2-phen- 
acyl derivative (383). Saponification with methanolic ammonia affords the free 

nucleoside (384) in 90 % yield. However, heating of 383 with sodium methylate or 

DBU in methanol causes retro-aldol cleavage to give the interesting Z-methyl 
456 derivative (%), a compound difficult to prepare by other routes . 

Protected 4-thiouridine affords analogously the S-phenacyl derivative which 

extrudes sulfur to give the corresponding 4-phenacyl nucleoside, which can be 

converted to the 4-methyl derivatives by retro-aldol cleavage. 

6-Thiopur~nes or 6-thiopurine nucleosides (385) can be readily S-alkylated by 
w-haloketones, &-halo esters as well as p-nitrobenzyl chloride to the corres- 

ponding S-alkylated derivatives (E), which undergo the sulfide contraction in 

the presence of base and triphenylphosphine (as sulfur acceptor) t o  furnish the 

corresponding 6-phenacyl-, 6-acetonyi-, 6-ester-, and 6-p-nitrobenzyl derivatives 

In high yields. Heating of the 6-phenacyl derivative like 387a with sodium meth- 

oxide or DBU in abs. methanol causes again retro-aldol cleavage to the correspon- 

ding 6-methyipur~nes o r  purine nucleosides (E) (R2 = H) 
456,457 
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I-Mercaptoisoquinoline as well as 4-mercaptoquinazoline are e a s ~ l y  alkylated 

by 2-chlorocyclohexanone to and m, whlch eliminate sulfur on heating in 

OMF to the corresponding cyclohexanone derivatives (E and E) 458 . Other 

S-alkylated derivatives of 4-mercaptoquinazoline react analogously on heating 

especially in the presence of base 459'460 . The sulfide contraction of compounds 
like can also be effected by treatment wlth sulfuric acid 461,462 

Reaction of 3 - a m i n o q u i n o x a l i n e - 2 - t h i o n e  with phenacyl halides results in 
463 

suifidecontraction to give 3 - a m i n o - 2 - p h e n a c y l q u i o o x a l i o e s  . 



3.6. Replacement of Carboxyl Groups (Hammick-Reaction) 

On heating heterocyclic bases containing carboxyl groups cx to the heterocycllc 

nitrogen as picolinic acid (E), qulnaldlnlc acid (391). or i s o q u ~ n a l d l n ~ c  a c ~ d  

(392) with aldehydes 464-470, ketones 465.467-469.472, esters 472 or acid anhydri 

des 473 to temperatures between 140-180°C, the carboxyl ic acids are decarboxyla- 

ted via their zwitter ions 466z474 to the postulated intermediates (393, 94 and 
395), which can elther rearrange to the parent heterocycles pyridine (E), quino- - 
l ~ n e  (*), or isoquinoline (17) or add to the carbonyl groups of the ailphatlc 

or aromatic aldehydes, ketones, or acid anhydrides to furnish adducts like (396 - 
400) in ca. 30 - 60 % yleld based on the heterocyclic carboxyllc acid. - 

HOOC 
399 43 % - 
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The a d d i t ~ o n  of nonpolar solvents like p-cymene 469 has been claimed to in- 

crease the yields in the reaction between p ~ c o l i n i c  acid (=) and aromatlc aide- 

hydes or ketones up to 58 $. The influence of methyl and methoxyl substituents in 

picolinic acid on the yield of the reaction w ~ t h  benzaldehyde 470, anisaldehy- 

de 471, or methyl 7-formylheptanoate 475 was studled in detall. p-Nltrobenzalde- 

hyde, p - d i m e t h y l a m ~ n o b e n z a l d e h y d e  as well as cinnamaldehyde did not give any 

addition product with plcollnic acid (390) 469. Qulnaldinic acid (391) reacts In 
low yleld wlth 2.4-dinitrochlorobenzene t o  afford 401 and with methyl benzoate 

472 
and methyl phenylacetate t o  give traces of 110 and 402 . 



Whereas carboxyiic acids like pyrimidine-4-carboxylic acid or thiazoie-2- 

carbocylic acids did not give any adduct 469, nor harmanecarboxyllc acid reacted, 

on heating with 0-toluaidehyde to afford the corresponding adduct in 26 % yield 
476 

%,u-Dicarboxyciic aclds like dipicolinic acid (pyridine-2,6-dicarboxylic acid) 

react like picolinlc acid with aldehydes to ketones to form the monoadduct accom- 
477 panied by only traces of bisadduct . 

Y-Carboxylic acids like lsonicot~nic acld 478 or cinchoninic acld 479 afford 

on heating wlth benzophenone the corresponding carbinols in only 7 - 10 % yleld. 

Heating of picolinic acid (390) with equimolecular amounts of 3-phenoxybenz- 

aldehyde (403) without solvent to 170'C furnishes the corresponding carbinoi 

(404) - in 39 % yield 480, which can be used for the synthesis of pyrethroids. 

COOH 

390 - 

3.7. Modification of Alkyl Groups 

N-Heterocycles containing methyl or alkyl groups are easily available by total 

synthesis as well as modification (compare chapters 2.2.2.. 3.6.) o f  the UnSub- 

stituted heterocycle. Compared to alkyi groups in carbocycllc aromatic systems, 

alkyl groups in N-heteroaromatlc systems are usuaiiy more acidic and therefore 

more reactive. Thus, alkyl and especially methyl groups have been alkylated or 

condensed with a large variety of electrophiles. 

3.7.1. Nucleophilic Reactions 

Due to the electron-attracting rlng nitrogen atoms, the 2- and 4-methyl groups 

in pyridines and quinoiines are more reactive than the 3-methyl groups 481 

Substitution of the methyl or alkyl group in the 2-postion is often kinetically 

favored over the 4-position due to metal complexation of strong bases with the 

neighbouring nltrogen atom 482-487. Thus 8-collidine (05) is metallated with 
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phenyl- or butyllithium in diethyl ether in a kinetically controlled reaction 

selectively at one of 2-methyl groups to glve the anlon (406) which can be trapped 
by benzonitrlle to afford the benzoylated 8-collldine (907) in 73 % yleld. In 

contrast, metallation by lithlum amide or sodium amide in liquid ammonla gives 

predominantly or exclusively the thermodynamicaliy controlled anlon (408). which 
affords with benzonitrile the benzoylated product (409) 488. 

,4-Luttdlne (410) with sodium amide in liquid ammonia and subse- 

quent a d d l t ~ o n  of n-propyl nitrate glves selectively the 4-substituted product 

(411) in 69 % yield 489. Analogous nltrosatlons have been described and the 

reactivities of 2.. 3- or 4-methyl groups in pyrldines, pyrimidines, qulnolines, 

and qu~nazolines estimated using CNDOI2 as well as PPP-calculations 490.49 i 

2,3-Lutidine can be aminoaikylated (sodlum amide, llquld ammonla) selectively 

at the 2-methyl group 492,493 

In 2,4-dimethylquinoline ( g ) ,  the 2-methyl group is metaliated lnltlally by 

butyllithium in ether-THF to give 412 which is gradually converted to the 4-methy- 
lated intermediate (413). In analogy to the isomerization of ketone-enolates, 

the isomer~zation of 412 to 413 is catalyzed by excess 2.4-dimethylquinoline 

(22)  494. 



The piCOlYl (or 2,6-lutidyl) anion has been trapped by benzyl halides 484s496, 

alkyl halides 497-502, diethyl carbonate 503, aldehydes 504'505, ketones 506,507 

esters 508, nitriles 509'510, epoxides llke hexene-oxide 5 1 1 ,  N,N-dimethylcar- 

boxamides 512, and styrene 513 to give the corresponding products in up to 9 0  % 

y ~ e l d s .  

Alkylations of 2-picolyl anion with aromatlc h a l ~ d e s  like chlorobenzene or 

2-bromostyrene occur by SRN1-mechanism 514 (compare chapter 3.1.2.). 

415 - 

Interestingly, 2 - e t h y l - 6 - m e t h y l p y r i d l n e  (414) can be selectively acylated at 

the methylene group to give 415 in 35 % y ~ e l d  515, whereas 2-ethylpyridine affords 

the analogous product in 3 8  % y ~ e l d  516. Like the 2-picolyl anlon, the 4-picolyl 

anlor1 reacts readily with alkyl halides 495.499,500,517.518,519, ethylene oxl- 

522 de 520 , aldehydes 523, carbon dioxide 519, diethyl carbonate 521, and esters . 
The less reactive 3-plcolyl anion (416). which can be generated by LDA in THF 482,525 

sodium amide 0g5 or potassium amide in liquid ammonia 524, can be reacted wlth 
525 

ethyl 5 - m e t h o x y i n d o l e - 2 - c a r b o x y l a t e  (417) to afford 418 in hlgh yield . 

Methylpyridazlnes are converted by potassium tert-butoxlde or LDA Into the 

corresponding anions which react with esters 526'527 and ketones 528. The 4- 

methyl group in 2.4-dimethylpyrimldine reacts preferentially, after base treat- 

ment, with electrophiles like esters ''' and alkyl n ~ t r i l e s  530-532 



HETEROCYCLES, Vol 27, No 1 1 ,  1988 

~ y d r o x y p y r l m l d ~ n e s  e.g. 419 can be metallated to the dianion (420) which 
reacts in high yields with alky! halides. ketones, or esters t o  afford the corres- 

533 
pending substitution ~ r o d u c t s  like 421 . 

2 B u L i  C6H5COC6H5 

A 

H 

89 % 
419 - 4 2 0  - 

42 1 - 
Methylpyrazines can be mono- o r  diacylated 534'535. 3-Methyl-2-pyrazinone can 

be acetylated vla the correspond~ng dianion 536. 2-Methylquinoline (20) reacts, 

on heating, with chloral in pyridine to afford 422 537'538, The 2-methyl group of 
2.3-dimethylpyrldine reacts analogously under s ~ m ~ l a r  conditions 539. The 2- and 

4-methyl groups in qulnolines can form Mannlch bases 537s540'541 as well as the 

anions, whlch react w ~ t h  esters 542'543. The I-methyl group in isoquinoline is 

more reactlve than the 3-methyl group to form the corresponding anion whlch 

reacts readily with a large variety of electrophlles to products like 423 in hlgh 
yields 544-546. Methy lated qulnoxalines 542'547'548, pteridines 549, and purl- 

nes 550,551 can be condensed wlth esters and aldehydes. Methyl groups on 5-mem- 
554 bered rlng heterocycles as in lmidazoles 552, benzim~dazoles 553, isoxazoles . 

oxadiazoles 554, and thiadiazoles 554 can be condensed wlth electrophiles. 

a HTCH-CC13 

I 
="3 

OH 

422 - CH3 

4 2 3  - 
Generally, methyl groups in nitrogen heterocycles can react wlth amide acetais 

or amjnals to afford the corresponding enamines 555-557 which are valuable inter- 

mediates e.g. for the conversion of 4-plcoline (3) vla the corresponding enami- 

557 ne (424) into the correspond~ng nitrile (4251 . - 



As was expected, methylene groups containing anion-stabilizing groups like the 

cyano 558,55g, trimethyl81 I ~ I  560-563 or diethoxyphosphonate 564 groups combine 

readlly with electrophiles in the presence of base. Furthermore, alkyl groups in 

heterocyclic N-oxides are even more reactive (cf. chapter 4.1.1.). 

3.7.2. Electrophilic Reactions 

Acid or Lewis acid catalyzed reactions of heterocyclic methyl groups have been 

known for a long time. Thus, 2-picoline (1201 condenses with benzaldehyde in the 

presence of ZnCI2 to afford 6-styrylpyridine (26) 565'566, whereas the 4-methyl 
group in 3 - e t h y l - 4 - m e t h y l p y r i d ~ n e  (427) reacts with chloral and ZnCI2 to afford 

the adduct (428) in 22 % yield 567'568, which can be dehydrated and saponified in 

50 'X yield to the acid (291. 

570 Analogous condensat1onse.g. of methylpyrazines 56g, methylpyridarines , 

I-methylisoquinolines 571, methylquinoxalines 572, 2-methylbenzothlazoles 573 

2-methylbenzoxazole 573, and methylisothiazoles 574 have been described. 

Heterocyclic methyl groups e.g. of pyrim~dines 575 and purines 576 react also 

with Vilsmeier reagents to afford the corresponding diformyl derivatives e.g. 430 
575 which reacts with hydroxylamine to afford the substituted isoxazole (431) . 

4.5-Dimethylpyrimidine reacts with formamide-P0Cl3 to give the substituted pyri- 

mldine 1%) in 12 % yield 577. 
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3.7.3. Oxidation and Halogenation of Alkyl Groups 

Methyl or alkyl groups in N-heterocycles can be oxidized by KMnO, 578,579 
7 

SeOp 580-582, or oleum in the presence of selenium metal 583 'and dlchromate-sulfu- 

584 ric acld . 
Thus, 4 . 4 - d l m e t h y l - 2 . 2 - b i p y r i d i n e  (433) affords with KMn04 the dicarboxyclic 

acid (2) in 54 % yield 579, and 3.5-dimethylpyr~dine (435) with oleum/selen~um 
metal p y r i d l n e - 3 , 5 - d i c a r b o x y l i c  acid (436) in 76 % yield 583. 

COOH COOH 

acetonelH20 

433 - KOH 434 5 4  % - 

Methyl groups can be monohalogenated e.g. by NBS 585s586 or perhalogenated by 

Br2 587*588 or S O ~ C I ~  in C F ~ C O O H  589. 

3.8. Modification of Cyano Groups 

Cyano groups can be introd~Aced in N-heterocycles by displacement of leaving 

groups with cyanide ion (cf. chapters 3.1.8. and 3.3.) or by reaction of hete- 

rocyclic N-oxides with (CH3)3SiCN (cf. chapter 4.1.2.) and classically by conver- 



sion of carboxyl or amide groups. 

Cyano moieties in N-heterocycles like 4-cyanopyridine react with Grignard 

reagents to form ketones 590,591 but can also be replaced by sodlum malonates or 

sodium cyanoacetates as in l-phthalazine carbonitrile 592 or photochemically by 

alcohols in 2-cyanopyridine 593 (cf. chapter 2.7.2.). 

These typical reactions may suffice as examples. 

3.9. Reactions of M~scellaneous Organometallic Substituents 

Heating of 2 - t r i m e t h y l s i l y l p y r i d i n e ( ~ 1  with chloral gave, after trans- 

silylation with methanolic hydrogen  chloride(^) in 40 % yield 594 . 2-Trimethyl- 
s t a n n y l p y r i d i n e ( 2 ) r e a c t e d  with benzoylchloride at r.t. to give 2-benzoylpyri- 

dine ( E ) i n  77 % yield. The 2-trimethylstannylquinoline or l-trimethylstannyl- 

isoquinoline behave analogously, whereas 3- or 4 - t r i m e t h y l s t a n n y l p y r i d i n e  or 

-quinoline react only in the presence of palladium catalysts 595 

Analogously, diethyl(3-pyridy1)borane (440) can be arylated by aryl halides 
596 like 2-chloropyridine to form arylated p y r i d ~ n e s  like 441 in high yields . 
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4.0. REACTIONS OF N-QUATERNARY-TYPE BASES 

4.1. Reactions of Aromatic N-Oxides and N-Amino Compounds 

Since this chemistry has been repeatedly revlewed durlng the last years 597-600 

only a few pertinent examples are given to illustrate the basic p r i n c ~ p i e s  of 

C-substitution vla aromatic N-oxldes as well as some recent advances. 

Amine oxides like pyridine, quinoline, lsoquinoline or pyrimidine N-oxides 

react readily with soft nucleophiles at the "soft" a- or Y-positions if the hard 

oxygen is converted by acylation, mesylation, tosylation, alkylation or silyla- 

tion into a better leaving group. The success of these reactions depends on the 

proper balance between the "softness" of the nucleophile and the "hardness" of 

the ieavlng groups at the N-oxide oxygen. 

4.1.1. Activation via 0-Acylation or 0-Sulfonylation and Rearrangements 

Thus, pyridine N-oxide (442) is converted by benzoyl chloride and the enamine 

(443) vla the intermediate (444) - and subsequent hydrolysis in 8 3  % yield Into 

2 - ( 2 - p y r ~ d y l ) c y c l o h e x a n o n e  (445) 598. Lepidine N-oxide (446) reacts analogously 

wlth 443 in the presence of tosyl chlorlde to afford the 2-(2-lep~dyl)cyclohexa- 
none (447) 598 .  For additional reactions of N-oxides with enamlnes compare refe- 

rences 601-609. Llkewlse quinoline N-oxlde (448). acetylacetone and acetic an- 

hydride furnish the 2-acetonylquinollne (%) In 68 % y ~ e l d s  623 

r 1 



Other soft nucleophiles like malonic ester 598, cyanacetic ester 610,611 

cyanacetamide 612, cyanacetlc acid 613, malonitrile 614, acrylamide 615, propio- 

lic esters 616'617, D-dlcarbonyl compounds 618-623, enaminones 619,624,625 

0-acyiated cyanhydrlns 626-628, 2-buten-4-olide 629, rhodanines 630, 2-phenyl- 

2-thiazolin-4-one 631, 2-oxazolin-5-ones 632, barbituric acid 633, lndole 6 3 4  

indole-copper reagents 635, oxindole 636, and 2-alkoxyindoies 637 react analo- 

gously with heterocyclic N-oxides. 

Thus, ethylnicotinateN-oxide (2) comblnes readilywith indole in the presence Of 
634 

benzoyl chloride to afford ethyl 6-(3-indoy1)nicotinate (451) in 43 % yield . 

Sulfonium yildes 638-640 as well as dlketene 641-642 react with N-oxldes ta 

furnish new 5- and 6-membered ring systems 

Acyiation of q u ~ n o l i n e  N-oxide (448) with benzoyl chloride followed by treat- 

ment with aqueous KCN leads via the probable intermediate (%) with ellmination 

of benzoic a c ~ d  to 2-cyanoquinollne (107) In ca. 9 2  % yleld 643. Although this 

type of procedure is successful wlth many heterocyclic systems 644, in the pyri- 

dlne-series, only 4-chloropyridine N-oxide has been reported to give the corres- 

644 p o n d ~ n g  2 - c y a n o - 4 - c h l o r o p y r i d i n e  in 6 3  % yield (cf. chapter 4.1.2.) . 

0-Acylatlon of pyrldlne and quinoline N-oxides, however, with dimethylcarba- 

moyl chloride using trimethylsilyl cyanide at the c y a n ~ d e  source furnishes the 
645 corresponding 2-cyanopyridines and -quinolines in good yields . 
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In related reactions of CEC bond systems with the 1.3-dipol-system of N-oxides. 

pyridine N-oxide (442) reacts wlth benzyne (453) to give mixtures of products 

(3 and 55) via symmetry allowed rearrangements 599'600'646. 

Similar rearrangements are postulated for the reactlon of 2-picoline N-oxide 

(56) with phenylpropionltrile to furnish the 5-alkyiated 2-plcoline (457). 
Heating of pyridine N - o x ~ d e  (442) with 6-methyi-4(3H)-pyrimidinone (458) in 

the presence of palladium-charcoal leads probably to a radical reaction with the 

soft 2-pyrimidyl radical to afford the adduct (459) as well as the 2.2'-dimer of 

458 647. - 
In this connection, it should be noted that the N-oxidation of N-heterocycles 

648 leads to a considerable increase In the reactivity of nuclear hydrogen atoms , 

nuclear methyl groups 649  as well as nuclear halogen groups which can be 

used for substitution reactions. 



4.1.2. Activation via 0-Alkylation and 0-Silylation 

Slnce 0-aikylated heteroaromatic N-oxides, which can be readily prepared by 

0-alkylation, are much more stable towards hydrolysis than the corresponding 

0-benzoate8 or 0-tosylates, they give, on reactlon with alkali cyanides, gene- 

rally higher y ~ e i d s  of the corresponding cyano compounds 651-653. ~ h u s  @-plcoline 

N-oxide (457) - affords on methylatlon with dimethyl sulfate, in nearly quantlta- 

tive yield the 0-methyl derivative (460) which reacts with aqueous KCN soiutlon 

in ca. 45 % yield to 6-methylpicolinonitrile (461) 653,654 

Pyridine N-oxide (442) gives, on alkylation and subsequent treatment wlth 

cyanide, 2-cyanopyridine (205) and small amounts of 4-cyanopyridine (153) 651-653 
The amount of 4-cyanopyridine formed is dependent on the sterical bulk of the 

alkoxyl group as well as on the substituents in the pyridine ring 6532655. Thus, 

the 0-nonyl derivative (462) obtalned from p y r i d ~ n e  N-oxide (442) gives, with 
cyanide, a 4 2  % y ~ e l d  of 4-cyanopyrldlne (153) 653. The N-oxlde of ethyl pyrldine- 
3-acetate (63) furnishes, on methylation 460 and cyanide treatment, a mlxture of 

656 mainly - 465 and 466 . 

For some recent applications of 0-aikylation and subsequent cyanatlon to 

pyrldine N-oxides 657-661, quinoline N-oxides 662,%-carboline N-oxldes 663, and 

y-carboilne N-oxide 664 compare the references. 

NaCN 

H3C CN 

d 0 - 4 6 1  

457 - h H 3  460 - 
CN 
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Since 0-alkyl and 0-silyl groups behave very similarly as leaving groups 
665 

and since furthermore 0-silyl groups are readily formed due to the high affinity 

of s ~ l i c o n  to oxygen, both steps, the addltion of cyanide ion to the N-oxide 

system and the activation of the N-oxide oxygen atom, by siiylation, can be 

combined by using trimethylsilyl cyanide (467) as a reagent. 
Heating heterocyclic N-oxides llke pyrldine N-oxide (442) wlth trlmethylsllyl 

cyanide (467) in an organic solvent llke acetonitrile leads t o  an intermediate 

like 468, which aromatizes wlth formation of trlmethylsllanol (469) to afford - 

2-cyanopyrldine (205) - in 80 % yield and traces of 4-cyanopyridine (153). Trl- 
methylsilanol (469) is subsequently silylated by a second equivalent of trlmethyl- 

sliyl c y a n ~ d e  (67) to hexamethyld~slloxane (470). The HCN, which is liberated. 

has to be neutralized by a tertiary base lrke trlethylamine to triethylammonium 
666 cyanlde (471) to drive the reactlon to completion . 

FN 
NEt3 0 + 2 (CH313SiCN 

J. - 467 
0 205 80 % 153 - 
442 + (Ctl ) SiOSi(CH3)3 - 

468 
470 - + Et3N . HCN 

NEt3 - 471 

(CH313SiOH + (CH3I3SiCN + (CH313SiOSi(CH3)3 + Et3N - HCN 

469 467 CH3CN - - 470 - 471 

The reaction can be simplified by generating trimethylsllyl cyanide n s i t "  

from NaCN and trimethylsllyl chloride in OMF and simultaneously silylatlng reac- 

tive groups like hydroxy or carboxy groups by excess trimethylsilyl chloride- 

tr~ethylamine. 

Thus, 3-hydroxy~yridine H-oxide (472) is converted smoothly into 2-cyano-3-hy- 

droxypyridine (473) in 90 % yield. 3-Carboxypyridlne N-oxlde (474) gives 2-cyano- 
5-carboxypyridine (475) - in 76 % y ~ e l d ,  whereas 3-cyanopyridlne N-oxide (476) 
affords a mixture of the 2.3- (411) and 2.5-dlcyanopyridine (478) 666. 



0 - 477 (53  1) - 478 (27 1) 
476 - 

AS demonstrated for the reaction of 3-cyanopyrldine N-oxide (3). the reac- 

tion with trimethylsilyl cyanide can be catalysed by tetrabutylammonium fluoride 

( T B A F )  in THF to proceed already at +5'C t o  glve a 48 : 18 mlxture of 477 and , 666. 

The more reactive quinoline and ~ s o q u ~ n o l ~ n e  N-oxides are cyanated under much 

milder conditions 666 as are the p y r i m i d ~ n e  N-oxldes 667. The different procedu- 

res of reacting heterocyclic N-oxides with trimethylsilyl c y a n ~ d e  have recently 

been reviewed 
669 668 and furthermore experimentally compared . 

It should be mentioned here that'quinolines and isoquinolines can be cyanated 

directly in good yields using tosyi chloride and KCN in CH2CI2/H20 vla a Reissert 

Intermediate (cf. chapter 2.3.) from whlch the sulflnic acid 18 e l ~ m l n a t e d  uslng 
DBU 670,671 

As already discussed in the introduction of chapter 4.1.. the aforementioned 

smooth reactions of heterocyclic N-oxldes wlth trimethylsilyl cyanide can be 

rationalized as the favored reactlon of the "soft" cyanide ion with the "soft" 

a-position of the N-oxide system and the "hard" potential trimethylsilyl cation 

with the "hard" N-oxide oxygen atom. 
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Analogously, the "soft" allylic of "benzylic" anions which are readily gene- 

rated from allyl- or benzyltrimethylsilane and fluoride ion add to the "soft" 

cf-position of pyridine or quinoline N-oxides to give, after elimination of tri- 

672 methylsilanol, the d-propenyl or&-benzyl heterocycle . 
Thus, pyridine N-oxide (442) reacts with 2 equivalents of allyltrimethylsilane 

to give, vla the probable intermediate (-), the 2-propenylpyridine (480) as the 
sole product in ca. 60 - 70 % yield. Quinollne N-oxide (9) affords with benzyl- 

672 trimethylsilane analogously 2-benzylquinoline (481) . 

2 C6H5CH2Si 

70 2 

TBAFITHF -CgH5 

It can be anticipated that further useful reactions of heterocyclic N-oxides 

with silicon reagents will be discovered. 

4.2. Reactions of N-Amino Heterocycles 

Reaction of N-aminopyridinium salts (482) 673 with 4- or 2-pyrones like 483 
and - 484 gives rise to 1-pyridinio-4-pyridones (485 or 486).  Compound 485 is 

transformed by aqueous KCN to afford 2-cyanopyridine (05) and probably 4-pyri- 
674 done (135). which is not isolated . 
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0 AOOH 5 
HOOC - z0 ckN+ 0 

483 2 hI2O0 205 87 a H - 
t 

- 135 - 
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Due to the steric shielding of thew-position of 486 by the two methyl groups, 
nucleophiles attack exclusively the y-position. Thus, 486 reacts with cyanide ion 
to glve, after pyrolysis of the intermediate, 4-cyanopyridine (153) in ca. 80 % 

675 y ~ e l d  as well as 487 . - 

Lithium enolates of ketones like cyclohexanone add to 486 to afford interme- 

diates llke - 488, which are decomposed by a free radlcal mechanism in high y ~ e l d s  

to 4-(w-acyla1kyl)pyridines such as 489 676, whlch can be usually prepared by 

acylation of 4-alkylpyridines (cf. chapter 3.7.) or alternatively by sulfide 

contraction (cf. chapter 3.5.). 

Excess aliphatic or aromatlc Grignard reagents llke propylmagnesium halide 

react with the lntermed~ate (486) to the 1.4-addition product (490). which give - 

on heating 4-n-propylpyridine (491) In 90 % yield 677. Whereas anions derived 

from nltroalkanes add readlly to 486 to afford the 4-(nitroa1kyl)pyridines in 

high y ~ e l d s  678, the anions derived from esters, n i t r ~ l e s ,  malonitriles, or ethyl 

cyanoacetates give only poor yields of the d e s ~ r e d  4-alkylated pyridine due to 

679 competing ring-opening reactions . 
These reactions work also very well with 2- or 3-substituted N-amlnopyridines, 

which can then be transformed into a series of 4-substituted analogues. 

Similar results are obtained on employing N-acyl-N-alkyl der~vatives like 493, 
which are obtained from N-amino-2-methylpyridinium salts like 92 by acylation 

and subsequent alkylation 680. Thus, compound 493 reacts with aqueous KCN to give 
681 2 - m e t h y l - 4 - c y a n o p y r i d l n e  (494) in 88 % yield . 



4.3. Reactions of Other N-Substituted Heterocycles 
-- ~ 

Pyridine is transformed by nitronium tetrafluorborate in anhydrous acetonitri- 

le into 495, which reacts wlth the sodium salt of nitromethane to glve, in 80 % 

yield, the crystalline 496. However, no attempts have been reported to effect the 

cleavage of 496 to 497 682'683. 
P y r ~ d i n e  is aikyiated by benzophenone phenylhydrazone (498) in the presence of 

bromine to afford in 97 % yield the p h e n y i a z o d i p h e n y l r n e t h y i p y r i d i n i u m  bromide 
684 

(499). - which reacts with aqueous KCN to give 4-cyanopyridine (153) in 75 % yield . 
Alkylation of pyridine or 2- o r  3-methylpyrid~ne with triphenylmethyl fluorborate 

affords the 'corresponding N - t r i p h e n y l m e t h y l p y r i d i n i u m  tetrafluorborates, which 

are transformed by the lithium salts of esters and nitrile into the corresponding 

1.4-adduct. Radical decomposition with azaisobutyronitrile ( A I B N )  furnishes the 

substituted pyr~dlnes. Thus, N - t r i p h e n y l m e t h y l - 3 - r n e t h y l p y r l d i n i u m  tetrafiuoro- 

borate (500) reacts with the lithium salt ethyl phenylacetate to give vla the 

adduct (501) - the final product (502) in 60 % y ~ e i d ,  as well as triphenylmethane 

(503) 685 (compare also the Reissert type reactions under chapter 2.3. ) .  

Pyridine 

C6H5-NH-N=C A H 5  , 
__f 

' ~ 6 ~ 5  
498  

Br2 
A 153 - 

'6'5 

4 9 9  
A 

Q 
L i@ 'pH5 H5C6\CH/C00C2H5 

C#5-CH-COOCf15 Hp:,"0c2H5 A:IN &,,. 
----I I A + ( C 6 H 5 ) p  

THF CC14 

5 0 2  5 0 3  
(C6H5'3 

- 
C(C6H5)3 - 
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For analogous additions of trichloro- or trlbromomethyl groups to N-benzyl- 

pyridinium or qulnollnium salts compare reference 686. 

5.0. C-SUBSTITUTION BY REARRANGEMENTS 

5.1. Claisen Rearrangements 

Since the Claisen rearrangement of aromatic and heteroaromatic compounds was 

recently reviewed +j8'; only a few examples are presented. 5-Allyloxy-1.3-dimethyl- 

u r a c ~ l  (%) rearranges at 1 2 0 ~ ~  quantitatively to 505 'ja8. The analogous rearran- 
gement of 6-allyloxy-1.3-dlmethyluracll glves 6 - h y d r o x y - 5 - a l l y l - 1 . 3 - d i m e t h y l u r a -  

cii in 64 % yield 689. The uncatalysed 690 as well as the Lewls acid catalysed 
69 1 

ortho-Claisen rearrangements of 2-allyloxypyrid~ne have been described as have 

been Claisen rearrangements of aliyl, methallyl and crotyl esters of 4-hydroxy- 
5 quinoline +jg2. For interest~ng Clalsen rearrangements of purlne-0 -allylic ether 

and 4-8-carboline ethers compare references 693,694. 

L20°C 

10 min. 

A 
504 - 505 96 ' - 

5.2. Sommelet-~auser[2,3]Sigmatropic Rearrangements 

Typically, compounds like 506 rearranges to 507 in the presence of sodamide in 

22 % yleld 695. Pyrrol derivatives are found to rearrange anaiogousiy 695. The 

quaternary salt (508) is converted by potassium t-butoxide or sodlum hydrlde in 

THFIDMSO at -lO°C to 509. which can be hydrolysed in situ in ca. 5 0  % to yleld -- 
the aldehyde (510), - or alkylated with base and alkyl halides to 2-methyl-3-acyl- 

696 pyrldines such as 511 . 



Na/NH3 Liq .  - 

or NaH 
DHSOlTHF CH3 I )  Br-CH2-CH2-CN 

509 - 

5.3. Benzidine-Type Rearrangements 

Heterocycles with an activated chlorine atom like 3 - n i t r o - 2 - c h l o r o p y r i d i n e  

(211) or 3 - n i t r o - 4 - c t , l o r o p y r i d 1 n e  (513) react with benzyl N-hydroxy-N-phenylcar- 

bamate (514) - under alkaline c o n d ~ t i o n s  t o  give, via an oxygen-benzidine-type 

rearrangement, the corresponding pyridones (515 and 516) In good yields 697,698 

Analogously, 2,4-dichloropyr~midine (253) affords, via displacement of the 

more reactive 4-chlorine atom, rearrangement, and hydrolysis of the 2-chloro 

group, the 5-substituted uracil (517) 698. Since 2-chloropyrimid~nes or 2-chioro- 

pyrazines can be transformed analogously 697, this type of rearrangement seems to 

be of general interest. 
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S U P P L E M E N T  

Due to several unfortunate circumstances, the writing of the final version of 

this manuscript took longer than anticipated. Thus, a few important publications, 

which have appeared,since finishing the main draft of this review, are added as a 

supplement. 

2.3. Reissert-Tv~e Reactions . . 

Benzyltin reagents 698 as well as silyl enol ethers 699 '700  have been added to 

the 4-positlon of pyridinium and pyrimidlnium '0° compounds, whereas alkinyl and 
70 1 

alkenyl Grignard reagents attack primarily the 2-position of pyrldinium salts . 
u-Addltions in pyridlnium salts occur also exclusively, when the 4 - p o s l t ~ o n  is 

704 substituted by a halogen 702,  methoxyl 7 0 3 ,  or trlmethylstannyl group . 



2.7. Radical Reactions 

The recent advances in preparative radical chemistry have just been reviewed 

in a conclse mdnography by Giese 705. The Minisci-homolytic alkoxycarbonylation 

of pyridines and pyrazines can also be achieved in a two phase system 706. On 

UV-irridatlon, 5-iodouraclls and uridine undergo substitution by alkylsilanes in 

707 high yields . 

3.1. Reactions of Halogens 

Reaction of the lithium enolates of ketals of glycoxylic esters with P-chloro- 

S-triazines, -qulnoxalines, -benzoxazoles, and benzothiazoles and subsequent 

708 a c i d ~ c  hydrolysis furnish the a-ketoesters . 
Chloro- and bromopyridines and -quinolines can be efficiently homo-coupled in 

the presence of nickel-complexes to afford e . g .  3.3-dipyridyl in 7 8  % yield '09. 

Siiylated 5-bromouraci~ couples with 2 - t h i e n y ~ z ~ n c  chloride 7i0 and 6-methyl- 

mercaptopurine nucleoside with Grlgnard reagents 7 1 1  in the presence of nickel- 

complexes. 

Halopyridines 7123713, -pyrirnldines 714, -pyrimidine nucleosides 7i5, -pyra- 

zines 716 and -purines 717 have been cross-coupled with acetylene derivat~ves in. 

the presence of palladium-complexes. 

8-Hethyisulfonylpur~ne nucleosides react readily with the sodium salt of ethyl 

718 acetoacetate to give the ethyl ester of the correspond~ng 8-acetic acid . 

3.2. Replacement of 0-Sulfonate Groups 

Reaction of the easily accessable triflates of 2- or 8-hydroxyquinolines with 

t r i m e t h y l s t a n n y l b e n z e n e s  in the presence of tetrakrs(tripheny1phosphin)palla- 

dlum(0) affords the corresponding phenylated quinolines in high yields 719. This 

type of C-C c o u p i ~ n g  should be applicable to a wide variety of corresponding 

tr~flates of hydroxy N-heterocycles 

3.7. Modification of Alkyl Groups 

The lithium salt of a substituted 4-methylpyridine adds to 2-cyciopenten-I-one 

In high yield 720. The competition between nucleophilic addition and metailation 

in 4- and 2-methylpyridine by different lithium reagents has been studied 720) 
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4.1. Reactions of Aromatlc N-Oxldes and N-Amino Compounds 

A further comprehensive review on the reaction of aromatic N-oxldes was pub- 
722 lished by Hamana . 

Several 3- and 4-substituted pyridine N-oxides has recently been reacted with 

t r ~ m e t h y l s l l ~ l  cyanide to glve the correspond~ng 2-cyanopyrldines in 7 0  - 88 % 

yield 723,724 

Finally, C-alkylations of 7-chloro heterocycles or heterocyclic N-oxides by 

phase transfer catalysis has been recently reviewed 725 
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