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Abstract - Examplea of cycloaddition reactione of pyridines 
and related compounds, as well as pyridinium N-methylidea 

and pyridinium B-imino-ylides are reported. 

Among enormous number of cyoloaddition reactions - a powerful synthetic method 
in ohamlatry-those performed on aeaercmatlc oompounds are of special Interset, 

providing routs to new olasaea of heterocycles. Thia topic is included into 

reviews 1-9; the present paper is dseling with cyclosddition reactions of py- 

ridine and related compounds. 

Cyoloaddition reactions of pyridines are olaseified into 3 groupa: 

1. Cycloadditiona of pyi3idines 

2. Cycloadditione and intramolecular cyclizationa of pyridinium B-methylidea 

3. Cycloadditiona and intramolecular cycldzationa of pyridinium B-imino-ylides 

1. Cycloadditions of pyridinee 

Burgar st al. in the aeries of investigations of bie-trifluoromethyloxaza- 

phospholine 1 as the 1,3-dipole examined the direct imidazoanne- 

lation of heterocycles1'. %en the thermal decomposition of 1. was carried out 

in B-heterocycles such ss pyridinea or quinolinea, the 111 adducta were cb- 

tained. In the reaction of pyrazine with 1, aleo the 112 adductLwas ieolated. 



The reaction of 1.3.5-triazine with aromatic nitrile oxides was reported by 

Kurabayashi and ~mdmann'~. The reeulting 3-substituted 1,2,4-oxadiazolee 2 
are obtained in fair yields only when BP3 is added. 

Cycloaddition reactions of 2-substituted pyridines and quinolinee were studied 

by ~cheeon'~. 2-Pyridylacetone with tWA~'in MeOU-MeOH gives & 2-quinolylacetone 

however, under similar conditions yields the 112 molar cycloadduct i t  
13.14 

*DUD = dimethyl acetylenedioarboxglate ; E=COOMe 
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The reaction of methyl pyridyl-2-seetate with D U D  in MeCIi-MeOH affords & 
and 1, while in the case of ethyl quinoline-2-acetate the 112 molar adducts, 

cyclobutepyrrolea g and 4 were obtained2 



A 4 
10 upon treatment with W D  yielded pyridoazepirles: - 

1 1  with W A D  at room temperature gave the quinolizines 2 and U, while at - 
14 

higher temperature 2 and the indolizine 3 were formed. 

12 - 2 0.16% 
13.2% 

1 1  - 12 
raflux, 4d 6.6% 

3-Mnthylpgridine with acetylsnio ketone 3 produosd tha adduot of the novel t a p e  
16, which could be formed as followsr - 

16 - 
>' 1% 

in benzene, rsilux,7h 

'6% 
Quinoline in a similar reaotion afforded zl4. 
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Sakamoto s t  a1. l 6  examined the  r e a c t i o n  of 2-a tyry lpyr id ina  and 2-styrylquino- 

l i n e  wi th  diphenylkstene 18 y ie ld ing  182 molar c y c l o a d d u c t i ~  and 

On t h e  o the r  hand, 6-atyrylphensnthridine r eac t ed  wi th  18 t o  g ive  122 and 1x1 

adducts  and 2 1 2  

The cycloaddi t ion  of s u b s t i t u t e d  pyr id inns  22 with phanyl i socyanate  and d i -  
p 

phenyl ketsne was descr ibed  by BOdaker s t  a1.17~'?1n the  r e a c t i o n  of 2 with 

phony1 ieocyanata tho fo l lowing cycloadducts r a r e  formedr 

Treatment of 1-(3-methoxy-2-nitroben~yl) i soqu ino l ine  22 with  e thylene  oxide 
19 

in a c e t i c  a c i d  y ie lded  s t a b l e  lob-substituted oxazoloisoquinolina 2 : 

Ain AcOH - 
room tamp., 12h 



When quisoline was treated with ethylena oxide in AcOH, the novel labile oxe- 

eoloquinoline 2 was obtained. 

l,3-Dipolar cycloaddition reactions of 3-substituted and 3.4-diaubstituted 

quinoline B-oxides were studied by Hsmana. at El.*' in order to investigate 

the effect of subatituenta on the reactivity of their B-0 groups. It was shown 

that the reactivity was enhanced as oompared with that of quinoline N-oxide 

itself. 

Among the exmainad reactions m r e  following1 3-brornoquinollne N-oxide 26, on 

treatment with WAD. phsnyl ieccyansta or 1-morpholinocyclohexsn.. givae N-ylide 

27, oxazoloquinoline 8 and 2.3-disubetituted quinoline 9, respectively. 
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Abramovitch investigated reactions of quinolina N-oxides with activated ace- 

tylenes and compered the results with those for pyridine ~-oxides~'-~~. 

When 4-chloroquinolina N-oxide was hested with ethyl phenylpropiolete in boi- 
28 ling toluene, the following products ware formed : 

COOEt 
o/C6H5 den, 

~ : f ; y &  \ reflux > co*t&;y /, t ,A6, 7% 

I ' 6.2% 
$' 

0- 
H 

However, whenc+picoline N-oxide reacted with methyl phenylpropiolete. only 

was obtained, and no cgcloadduct could be detected in the reaction mixture29. 

> 
I 
0- 22 

Uchida reported the reaction of 2-piparidinecarboxylic acid and dibanzoylace- 

tylene in the pFEeenCE of Ac20, producing via the 1,3-dipolar intermdiate 

11 the N-bridged lectone 2,and 2. The thermal decomposition of 2 yielded 
2, which upon treatment with hydrazine hydrate gave tatrahydropyridazino- 
indolizine 3. In a similar way reacted other dipolarophilee auch as DMAD. p-ban- 

zoquinone, 1.4naphthoquinone etc. The above reactlon provides a ueeful routs t o  

30 indolizinee . 



33 - 
4% 1 PA 

Among reactions which do not proceed at the B atom, the following ones can 

be mentioned. 

1,3-Dipolar cycloaddition of 1.2-dihydropyridines with cyanogen anise affords 

QH > :';Jd - N0.Q:. R 

B on A A 
R - "BU,G& 

N-Methylisoquinolone react8 with dichlorocarbene to give 111 adduct 2, which 
refluxed in pyridine/HZO yielded exclusively ~-3 - formylneth ine-2 - .a thy l i~10 indol i -  

none 36.32-34  he E stereochemistry was established by its photochemical trans- 

formation into the 2-isomer. 
C1 OH 

? qrn c 1 2  f--J,$:*j::""q(n-- 0 

9 6% 
a% 

83% 
?he adduct 2 upon treatment with alcohols yielded 2-benzazepinone derivatives, 

Aoheaon at al. investigated cyolosdditione of d i h y d r ~ ~ y r i d i n e e ~ ~ .  The06 Qom- 

pound8 can behave as dienea or ae enemines; reacting with I B U D  they afford 

1,2-dihydroazocinea, cyclobutapyridinee and benzene derivatives 36.37. 

Some N-substituted tetrahydranicotinamidm 2 yield with DMAD 2 /Z-isomers/ 

via the carboxemids elimination. 2 undergoes subsequent cycloeddition to a U O  

forming the intermediate g, which oromatizes into 11. This undergoes Michaal- 

type addition with DMAD to give Y .  35 
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On the other hand, with methyl propiolate the electrophilic attack at C-3 

takea place, no carboxamide elimination occurs and the reaction reaulte in 

tstrahydroazocine 41, thua providing a new route to this class of hetero~ycles~~r 

Some 1.2-dihydropyridinea behave aa enaminea,in the reaction with DMAD mayyield 

primary cyclobuta[b]pyridinea, which ring ppen to give a ~ o c i n e e ~ ~ ' ~ ~ ,  while a 

number of 1.4-dihydropgridinea afford stable cyclobuta [blpyridinee, which do 

not ring open3&40. 

upon treatment with D U D  yields fi together with &. The reaotion may be 
explained by vinylogous enaminic character of 3.4 double bond of Mi the four- 

membered r h g  ie formed, and subsequent electrophilic attack by another acety- 

lene molecule at position 5, followed by amide elimination leada to fi4'. 
A successive Dials-Alder addition and retrogression given rise to the dimethyl 

41  phthalats derivative 46 . 



41 
The reaction o f  47 with OHAD proc..ds a s  f o l l o m :  

C 

d -Mend% BC aE E 

48 49 - - 
The react ion of 1,kdihydropyridinae with OMAD gives r i s e  t o  cyclobutapyridines, e.g. 3 8 1  

~2 CO-N/C6H5/Et CN 

R3 HA 

Matsumura reported the react ion of an e lect ron de f ic ien t  JO with blsct ron rich 

olefin%. The reaot ion yie lds  f i r s t  a l r l  molar adduct a, which i n  the subae- 

quent oycloaddition reaotion afforde 1 1 2  and 113 molar cycloadducts and a. 
reap. r 42 

1,3-Dipolar cycloadditiona rrfaix-membered heteroaromatic betainea are  a ueeful 

route  fo r  eynthesis of heterocyclic compounde. Katri taky deecribea the cycload- 

d i t i o n  reac t ions  of N-substituted 3-hybroxypyridinim beta ines  t o  various dipo- 
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larophiles, fnr i n ~ t a n c e ~ ~ i  

R - M*,COUM*2,CWSC&*F I % 1,2% 

1.3-Cycloaddition reactions of 1-heteroaryl-3-hydroxypyridinium betaines 

with alljl alcohol reeulted in tricyclic products 52. The starting betaines 
were generated in situ either from their salts 2 or from their dimers z44. 

a - b - 
R - 5-No2-2-pyridyl . 4.6-M@2-pyrirnidi~-2-~l 
Pyridinium betalne &.q yields with ally1 acetate the normal endo-cycloadduct=, 

while in the case o f  ally1 alcohol the intermediate cyclizes epontans- 

45 ously to give the tricyclic product r k 
H 

(from the dimer a) 

Reactions with other dipolarophlles, such ae 2- and 4-vinylpyridines, vinyl ace- 

tate, ethyl phenylpropiolate, are 



In the case of butadiene, the reaction proceeds across the 2.4 positions of 

betaines to give expected a d d ~ c t s ~ ~ ,  e.g. m 

Carius tube, 80°. 4d > 
.. 

The kinetic rates, as well as the regio- smd stereoselectivity of the reac- 

tions of 1-substitutkl 3-hydroxypyridinium betaines have been correlated by FMO 

theory by Xatriteky et a1.47 

Another example of 1,3-dipolar cycloaddition of heteroaromatic betainea is a 

simple synthesis of a new heterocyclic system 60, which wae reported by Hana- 

ok. et a1.48 8-Methoxyberberine phenol-betaine 61 reacts with DMAO to give 

the cycloadduct 62 together with the azocine M). 
E .E 

\:: z 91% z O i m  > <% 
- I I 

'On. 60 
OM0 17% 

Using unsymmetrical acetylenes, the reverse regioaelectivity of reaction, con- 

trary to the general regioapecifity of cyoloadditiona of heteroaromatic beta- 

knes49*50, was found, e.g. in the reaction with methyl p r o p i ~ l a t e . ~ ~  

Davies et al. studied the cycloadditiona across the pyrimidine nucleua. 4.6- 

Dfhydroxy-2-methylpyrimidine Q upon treatment with W D  gave the adduct 2 
along with the pyridone 2, formed from % by a retro Diels-Alder reactionr5' 
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Diela-Alder reactions 

Numerous axanples of Diels-Alder reactions of piridinee are known. 
8 

Among the large number of cycloadditione examined by Kamsteni et ai.5'-54 

the following reaction was p e r f ~ n m e d ~ ~ :  

Me 0 

OM0 
c&Br 

Me0 OMe 150-160°, 3h :o% e 

oisrtrans I 1: 15 OMe 

Kato deecribed the Diels-Alder reection providing a convenient route for ieo- 

minolinear 56 

The following cycloaddition reaction was reported by Schumann and ~ i d i o ~ ~ :  

Intramolecular cycloaddition of 2(2-elly1phenoxy)pgrimidines was reported by 

Jojima et ~ 1 . 5 ~ 0 ~ 9  
Ba 



2. Cycloadditions of pyridinium 8-methylidee 
Kato et al. repcfied the reaction of P-mathylide a with ketene giving riae 
to 112 molar oycloadduct 68 60 

cEpc.0 

cyJ\c, _.COOEt C O O E ~  P O O ~  in acetone temp. 7 

67 - 6 4% 

Similar reaction of B-msthylide a gives the oycloadduct aa an intermediate. 

readily oxidized to 60-62 

63 The reactions with diketene proceed in the following way I 

Irroquinolinivm N-methylides react w i t h  acid anhydrides to give pyrroloiaoqui- 

nclines64r 
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m y , c , R  

(R%&CO)~O 
> 

-\COOE~ % oom 
B . COOEt, mi 
R' I H, Me, Et, &Hs R' OCOC%R ' 

The 1.3-cyoloaddition of pyridinium dicyano-N-methylidea with triphenylcyclo- 

propenepva described by Matawnoto et a1.65 The corresponding 1.2,3-triphc- 

nylindolizines 2 and 22 are produced; however, depending om the structures 
of '& the formation of ma: predominate I 

65 Similar reactions were carried out on iaoquinolinea . 
Indolizines and quinolisines are obtained in the oycloaddition reaction 

of ayolopropenes to 1,3-dipoles and the aubsequent opening of the three- 

membered ring of the primary adducts. So far, little is knom on the isola- 

tion of the primary adductaj Matsumoto and studied the reaction of 

4-cyanopiridinium dicyano-N-msthylide with triphenylcyclopropene 73, giving 

rise to 1:s adduct 77 and indolirine 78: 



3-Cyenopyridinium dicyano-N-aethylide reecte with 73 under the same conditions 

to give the isomeric adducta a and 80; no indolizine was formed even upon 

Reaction of iaoquinolinium bie(methoxycarbony1)methylide with afforded 

1 I 1 adduct g and indolizine 82 66 

E E 
21% % 

Oheana et a1.67 in the inveetigatione of primary ~icyclic adducte of thia 

type examined the 1.3-dipolar cycloaddition of pyridasinium N-ylidee withtetra- 

halocycloalkenes, for instance: 

Q + ::Ib:: in TKP 
room temp.. 3 

\ - 
2 

bl 
N P \  CN NC CN 

67% 

W e n  cyclopropenonee react with ppidinium N-glides, the primary tricyclic ad- 

ducts are unstable and bicyclic products are formad. 65r68~69 

The phthalazine Reiesert compounds upon treatment with potasaim butoxids in 

DMSO afford carbanion Q, which adds ecrylonitrile to give a70z 
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3- Cycloadditiorsof pyridinium N-imino-ylides 

In the reaction with cyclopropenonee, pyridinium N-imines act often sa nucle- 

ophiles, 71-73 however 1.3-dipolar cycloadditions o f  these compounds wqrr 

also observed6" 74-76. Kascheres et a1.77 described the reactions of pyridi- 

nium N-imines with methylphenylcyclopropanone end dipropylcyclopropenone. 

In the reaction of pyridinium N-imine iodide with 85, the 1:l adduct 86 and 
its dehydrogenetion product 87 are 

Etp, in C%C12 
O room temp., l7hi 

+ -  k"5 
=% 2 861 T 

6% in benzene a 
reflux, 10% 27:h 

Reactions of substituted pyridinium N-imine salts proceed in a similar nay. 

Possible pathways of the above reactions are: 

Path a involves initial 1.3-dipolar cycleaddition of pyridinium B-imine 88 to 
85 reeulting in 89, followed by opening of the cyclopropanone ring, with tran- 

sfer of the amino hydrogen to give 2. 
An alternative path b involves nucleophilic addition of 88 to 2 with hydrogen 

transfer, followed by intramolecular 1,5-dipolar cyclization of 91T7. - 



Although the ieolstod dihydrointermadiate 86 la trane, initial formation of 
a cis-dihydrointermediat. cannot be ruled out, ae under the basic aonditions 

utilized, the isoaerization night be expected. For this reason the arsrso- 

chemistry in 90 ie not specified. 
Yamashita and Maaumura reported the reaction of piridinium N-imine iodide 

with 2.5-dimethyl-3.4-diphen~loyclopentadienone g, yielding the ylide 2 
together with the 112 adduct 9479: 

A aimilar reaction oarried out on quinolinium B-imine iodide gave a dehydro- 

genation product 96 of an unisolable 111 edduct z, along with the 112 edduct 
97, providing from the Diela-Alder reaction of 95 with 921 - 
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However, in the reaction with tetracyclone, the 181 edduct 98 could be iso- 
lated, 

Ylidee 93 and 96 are interesting examples of stable pyridinium and quinoli- 
nium N-imino-ylides, their stability being probably due to the construction 

in e bive-membered ring, as well as to the presence of bulky substituente. 

Ylids 96 treeted with DMdD yields it1 adduct 99, which in the retro 1,3-dipo- 
ler cycloaddition gives 1 s  and 9 2 ,  affording with excess of DMAD the o-ter- 

phenyl derivative 1 2 7 9 j  rn 
D m  

s- 
toluene 
reflux 



The syn-anti isomerism of azomethine imines and azomethine oxides reactions 

with cis-3.4-dieubstituted cyclobutanes was examined. In reection of dimera 

of 102 and cyclobutenes %in boiling benzene, the exo-syn and 8x0-anti py- 

razolines 1 2  and 105 were obtaIneds0r 
A 

+ in benzene, 
reflux 

- 
l& (as dimere) A22 

R:C6H5,p-B02-C6Hq' 2,4(N02)2C6H2 R 
< 

z - ~ 1 ,  OH, OAC, 03-0 . COOue lei 
" 

The exo-eyn adducts E w e r e  characterized by tic , their Rp being smaller 

than that of corresponding 0x0-anti adducts 105, eyn-compounds posessing a 
larger dipole momente1. No endo adducts were detected. 

GandoIfi et el.'' studied 1,3-dipolar cycloreversions of isoxazolidines and 

pyrazolidinea, these seeotione being much less investigated than 1.3-cyclo- 

additions. Cycloreveraion reactione of isoxazolidines were reported by ~ianchi'~ 

and ~oucla'~, and only one example of cyclorevereion of pyrazolidines . by 

85 Burger . 
The adducte 1 s t 0  be cycloraversed were obtained in the reaction of 3,4-di- 

hydroisoquinoliniu. Ylides With cyclopent-2-enone and cyclohept-2-enonee2r 

Z-N-C6H5. 0 

In an analogous manner, using ketals of the 

the adducts were obtained. 

EL 

% 
o'-(CH2 ) 

106 ,.lor3 
above a(,p-unsaturated kstonse, 
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Cycloreversion reactions were carried out using norbornene ae a 1.3-dipole 

mavenger. Cycloadducts =and la heated with norbornene in benzene gave 

sdducta of the type 1s. 

The easier fragmentation of the adducts withd4-unsaturated ketones as com- 

pared with that of the corresponding ketele can be explained on the basis of 

conjugation gain in the cycloreversion transition state of the former compounds. 

Kekehi at a1.86 described the reaction of substituted pyridinium N-imines with 

diethyl malonate and ethyl cyenoacetate yielding pyridinium N-imino-ylides 2. 
These quaternize readily to give pyridinium salta, which with potassium carbo- 

nate undergo cyclization resulting in 21 

R2 

R1 B+ 1- ---$ I -. x- 

" v R 3  
0 xi 0 

59-876 EtOH. %C03 

room temp. 
R',R'-H ,me 

R ~ _ C O O E ~ .  CN 

R ~ X -  MsI, CH2.CH-CH2Br, C6H5CH2Br 

110 - 
R R4 8-5156 

2-Picolinium N-imino-ylides (ecting as 1,3-dipoles 1 2  or as  1.5-dipoles 1 1  1 ' ) - 
were methylated with Me1 to give the corresponding 2-picolinium saltas7 used 

in cycloaddition reactions. 



Me I- 

111 

111 ' MeX 
/ 

= 0 
The reaction of =with activated ethoxymethylene compounds, such aa in 

the preaence of alkali gave the expected 2-allylidene-l,2-dihydropgridine de- 

rivative 2, whihh heated in xylene afforded 1 2 ,  along with ethyl N-methyl- 

carbamate: 

~ .~ 
On the other hand, fi with the aeme reagents did not yield allglidene deri- 

87 vatives, but waa converted into pyrszolopyridinea 1 2  I 
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Ohsala e t  al. examined the reaction of pyridazinium N-imino-glides with tetra- 

halacycloslkenes affording primary tricyclic adducts 
67.91,92, 

B I H,C&,OEt i 2 I A C , C O ~ , C O O E t  

X.YIC1 X=YnBX' X - B r  Y = F  

Westerman and Bradsher examined reglochemlatry of polar cycloadditions study- 

ing the reactions of acridirinium ion with unsyanetricel elksnes. 94'95 Polar 

cycloadditions show a remarkable stereospecifity. 96-99 Far alkenes with alec- 

tron-withdrawing groups, the regiochemistry of addition cannot be predicted by 

consideration of ground state polarization only. 

The alkenes used ware styrene, indene, ecrylonitrile atc. In the addition 

with styrene, its p carbon atom b s c w e s  bonded to the electrophilic center of 

the e ~ r i d i z i n i ~ m  ion, ae it .an be predicted from the rules of electrophilic 

addition, and the product A is formed. However, the reaction with acrylonitrile 

afford. product 0 ,  of e regiochemietry opposite to that predicted. 

According to the theory of ~ o u k . ~ ~ ~  in such cases of anomalous regiochemistry, 

ths frontier orbital theory ought to be used to rationalize the orientation. 

In the ebovs reaction the p oarbon atom with the largest HMlO coefficient of 

the acrylonitrile should become bonded to the 6 position of the acridizinium 

ion. where the LUMO coefficient is the largest. 

In polar cyclosdditions two atages ere involvad, the first being an interac- 

tion of H M O  of the donor with L W O  of the acceptor, the initial interaction 



being in the nature of a charge-transfer complex formation. The great regio- 

selectivity, which distinguishes cetionic poler cyoloadditione from other ty- 

pee of oycloeddition with inverse electron demand is dun to the fect that ca- 

tions have a strong tendency towards the formation of charge-tranefer con- 

p1rrxes. 101 

102 
Other examples of cycloadditions of acridizinium lan are given by Fields . 
Vinyluracil 1s is a reactive heterocyclic dime in the Diels-Alder re- 

actions, giving riae to quinezoline-5- and-6-carboxylic acids. Senda et 

a1.1°3 reported the reaction of 2 with DUD, dimathyl maleate or dimethyl 
fumarate, resulting in quinazolinedione x. Similar reaction of l s w i t h  
N-phenylmaleimide gave the 1:l adduct %. 

0 in MeCN, room temp., 19% 
Me 
\ A'. LXKhE 
oJ&&m2 I , COOMe O ? 

Me \ I!. cooue 
Me 

124 - 
in benzene, reflux, 71% > IXL 

0 
I1 

Q74& 

b 
9- 0 

in benzene, reflux 
0 

Me 126 - 
In the phctocycloaddition of uracil with olefins, the substitution of 5H for 

F remarkably enhances the regio~electivity~~~. Oreenlee et a1.1051106-108 

reported the following reaction8 
0 

+ 
"one 

0 
0' MB' b e  0' 

Me 

B 
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The 1.3-dipolar  c y c l o a d d i t i o n  r e a c t i o n s  of fervenulin-4-oxide,  a s  w e l l  a s  

of i t s  3-a lky l  d e r i v a t i v e s  were i n v e s t i g a t e d  by Senga e t  a l . l o 9 .  The reac- 

t i o n  of - 127 wi th  OMAD i n  t o l u e n e  a t  95' a f f o r d e d  p y r r o l o ~ 3 , 2 d ] p y r i m i d i n e  1 3 ,  

w h i l e  i n  r e f l u x i n g  t o l u e n e  t h e  unexpectad pyrroloL3,ZdJpyrimidine 129 wee f o r -  

S i m i l a r  r e a c t i o n s  were c a r r i e d  o u t  w i t h  methyl  p r o p i o l a t e  and e t h y l  phsnyl- 

p r o p i o l a t e  ''3. 

~ o t o o y o l i z a t i o n  b e i n g  a  u s e f u l  method i n  o r g a n i c  q m t h e e i a ,  some examples 

of t h i s  r e a c t i o n  s h o u l d  be i n c l u d e d  h e r e .  Thus, Yeeramani e t  s l . ' 1 °  r e p o r -  

t e d  r e a c t i o n s  of 3-vinyl-4-phenylquinolines, f o r  instance: 

. . 
Imnz showed, t h a t  i n  t h e  i r r a d i a t i o n  of  t h e  compound 130, c o n t a i n i n g  a  ps r -  

deu te r iobenzoyl  group an  o-deuteron was t r a n s f e r r e d  i n  a  [1,5]-shlf t  w i t h  

t h e  fo rmat ion  of E6*111 8 



Aumerous examples of this type of photooyclieation involving [1,5]-group 

migrations were described by Binomiya et al.'12 

Kametani et al. studied cnnvereion of 1 2  via the oxyprotoberberine 133 
to naturally oocuring dl-xylopinine 134'13, as w e l l  as investigated reactions 

of dl-o-eubstituted bromo- end msthoxgdiensmides114. 

-> 
o m  

OMe 
L z  1y. 

OMe 
OM0 

2.2 
The following conversion, described by Ogata et where pyridine ring 

can be replaced by other heterocyclic eyatema can serve as useful synthetic 

route to a variety of hsterocyclee. Me 

ole k hJ > H 
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