HETERQCYCLES, Vol 14, No.

CYCLOADDITION REACTIONS OF PYRIDINES

Wanda 5liwa
Instikute of Organic and Physeicel Chemistry, Wrociaw Technical
University, 50~370 Wrociaw, Poland

Absiract - Examples of ¢ycloaddition reasctions of pyridines

and related compounde, as well as pyridinium N-methylides
and pyridinium N-imino~ylides are reported.

Among enormous number of cycloaddition reasctions - a powerful synthetlc method
in chemistry - those performed on azaaromatic ocompounds are of speclal interest,
providing route to new classes of heterocycles. This topiec is included into
reviews 1'9; the present paper is dealing with cycloaddition reacticns of py-
ridine and related compounda.

Cycloaddition reactions of pyridinee are cleselfisd Iinto 3 groups:

1. Cycleadditions of pyridines

2, Cyeloadditions and intramolecular cyclizations of pyridinium N-methylides

3, Cycloadditions and intramolecular cycliézations of pyridinium N-imino-ylides
1. Cycloadditlons of pyridines

Burger et al. in the series of investigations of bis=-trifluoromethyloxaza-
phospholine 1 @ the 1,3-dipole precursorm, examined the direct imidazoanne-

lation of heterocyc leg’ 1

. When the thermal decompogition of 1 waa carried out
in N-heterccycles such as pyridines or quinclines, the 1:1 adducte wers ob-

tained. In the reactlon of pyrazine with 1, alac the 1:2 adduct 2was isolated.
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The reaction of 1,3,5-triazine with aromatic nitrile oxides was reported by

Kurabayashi and Grundmann 2. ‘The resulting 3-substituted 1,2,4-oxediazocles 3
are obteined in fair ylelds only when BF3 ig added.
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Cycloaddition reactions of 2-substituted pyridines and quinolines were studied

by Acheson13. 2-Pyridylacetone with DMAD*in MeON-MeOH gives 4; 2~quinolylacetone

13,14
however, under similar conditions yields the 1:12 molar cycleoadduct 2:3

*DMAD = dimethyl acetylenedicarboxylate ; E=COOMe
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1] MeCN-MeOH COMe
~ N =y
N/ " \Me room temp., 15d/
0 ZANE 4
DMAD
Ry MeCHN-~MeOH N
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The reaction of methyl pyridyl-2-acetate with DMAD in Me(N-MeOH afforda &
and 7, while in the case of ¢thyl quinoline-2-~acetate the 112 molar adducts,

¢yclobutapyrroles g and J were obtained;
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10 upon treatment with DMAD ylelded pyrldecazepines: Ak

DMAD SN
= in dry ether, 0° ]
\N I — 3 R
1 CH, (R . 5

R = Mey COMe, COCEHS

11 with DMAD at room temperature gave the quinolizines 12 and 13, while at

higher temperature iz and the indolizine 14 were formed. 14
Ee COEt
room temp. = N = CHZE
S|
CH,COEt N
l i 2
P e 13 0.16%
13.2% OBt
11 in toluene

=
refiux, 4d 6-.21 v \/E\/ E

11
1.2%
3-Methylpyridine with acetylenio ketone 13 produced the adduct of the novel type
16, which could be formed as followa:

Me e -
0
& 16
(HeCzO-G-ite 12 -
0 _ N 17%
in benzene, reflux,7h
Cg'ls
Quinoline in a similar reactlon afforded _'L
H
N
T =
CoHe A
65 3,5%
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Sakamoto et 51.16 examined the reaction of 2-styrylpyridine and 2-styrylquino-
line with diphenylketene 18 yielding 112 molar cycloadducts19a and 19b:

CeH
CeH &5
o \C Ced CgHg
CgHg . ~ 7 =% 18 H
AT~=CHalH-C H, in xylene 3 675
6% Tefiux, 10h CgHs, o
C_H H 13a  19b

65
L E 4% 51%
Ar = 2-pyridyl , 2-quinolyl

On the other hand, 6-styrylphenenthridine rescted with 18 to give 1:2 and 111
adducts 20 and 21:

= 0
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+ H

XX~ ‘CH=CH-CH I\ X oo,

H
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The cycloaddition of subatituted pyridines 22 with phenyl isccyanate and di-
phenyl ketena waz deacribed by Bldeker et al.17'18.In the reaction of 22 with

phenyl isocyanate the following cycloadducte were formed:

R =
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Treatmant of 1-(B-mathoxy—.?-nitrohsnzyl) igoquinoline 23 with ethylene oxide

19
in acetic acid ylelded etable 10b-substituted oxezololsoquinoline 24 :
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When gquimoline was treated with ethylene oxide in AcOH, the novel labile oxa-
zoloquinoline 25 was obtained.
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1,3=Dipolar cycloaddition reactions of 3-eubstituted and 3,4-disudbstituted

quincline N-oxidea were studied by Hemana et 31.20 in order to inveatigate

the effect of substituents on the reactivity of their N-0 groups. It was shown
that the reactivity wee enhanced as compared with that of quinoline N-oxide
iteelf.

Among the examined reactions were following: 3-bromoquinoline N-ocxide 26, on
treatment with DMAD, phenyl isccyanate or 1-morpholinocyclohexene, gives Neylide

27, oxazoloquinoline 28 and 2,3-disubstituted quinolins 29, respectively,
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Abramoviteh investigated reactions of quinoline N-oxides with activated ace-
tylenes and compared the results with those for pyridine N-oxidesz1"27.

When 4=chlorequinoline N-oxide was heated with ethyl phenylpropiolate in boi-

ling toluens, the followlng preducts were formedzaz Gl
AN
/COOEt
C.H N CH
o /65 o1 J\
B1 esozc—cO00ET O00E% 0P e i,
AN YN N
+ -+
reflux - 0 7%
S ~ N N/’
1 6.2% i
0- 3

Howaver, when o ~plcoline N-oxide reacted with methyl phenylpropiclate, only

30 wae obtained, and no cyclosdduct could be detected in the reaction mixturezg.

CeMs P
S ¢~COO0Me
= ¢
\N+ Mo I Olle
o- e 20

Uchida reported the reaction of 2-piperidinecarboxylic acid and dibenzoylace-
tylene in the presence of A¢2O, producing viae the 1,3-dipolar intermediste

31 the N-bridged lactome 32.,and 23. The thermal decomposition of 32 ylelded

33, which upon treatment with hydrauzine hydrate gave tetrshydropyridazine-
indolizine 34. In & similar way reacted other dipolarophilas such as DMAD, p-ben-
zoguinone, 1,4-naphthoquinone etc. The above reaction provides a ueeful route to

indolizines 30.

CoceH,
COOH o 0 |GHrL=C= C=CmC ey &
— x 0 0 o —>
o700, 5 e ¥
~ COCHg
Me .
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Among reactions which do not prooeed at the N atom, the following ones can
be mentioned.

1, 3=Dipolar cycloaddition of 1,2-dihydropyridines with cyanogen azide affords
diazabicyclohept-4-anes31x

H
H
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N-Methylisoquinolone reacts with dichlorocarbene to give 1:1 adduct 22, which
refluxed in pyridine/HZD yielded exclusively E-3-formylmethine-2-methylisoindoli-

32-34
heone 36. The E sterecchemistry was established by its photochemical trans-

formation into the Z-isomer.

0H7>
_3012 pyridinc/ﬂeo (H--H.
rofluz,18h
N=Me R=M

o %
g;g 96%
The adduct 33 upon treatment with alcohols ylelded 2-benzazepinone derivatives,
0.8.8 otBu H ¢1
Ppuck \\
352 reflux +
u*xu. 33%

Achsson et al. investigated cycloedditions of dihydropyridineaBs. These com-
pounds can behave as dienes or as enemines; reacting with DMAD they afford
1,2=dihydroazocines, cyclobutapyridines and benzens derivativea36'37.

Some N-substituted tetrahydronicotinamides 38 yield with DMAD 39 /Zeisomers/
vie the carboxamide elimination, 39 undergoes subsequent cycloaddition to DHMAD

forming the intermediate 40, which arometizes into 41, This undergosa Micheela-

type eddition with DMAD to give 53.35
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On the other hand, with methyl propiolate the electrophilic attack at C~3
takes place, no carboxamide elimination ocours and the regction resulte in

tetrshydroazocine 43, thus providing a new route to thile class of haterocyclasBsz

co
co! CORH CONHp NH,

q lm2nc§c:--coo:.u (Ej—j\E . (\ | — }E

’ v I 4

R
Some 1,2~dihydropyridines behave as enamines,in the reaction with DMAD they yield

primary cyclobuta[i]pyridines, which ring ppen to give azocineaJG'BT, while @
number of 1,4-dihydropyridines afford stable cyclobuta [b]pyridinea, which do
not ring open38-4o.

44 upon treatment with DMAD yields 45 together with 46. The reection may be
explained by vinylogous enaminic character of 3,4 double bond of 44; the four=-
membered ring is formed, and subsequent elsctrophilic attack by another acety-
lens molecule at poaition 5, followed by amide elimination leads to 5241.

A successive Diels-Alder addition and retregression gives rise to the dimethyl

phthalate derivative 1941.

E
CONH, E. E
Z DMAD E
___.__,.,.,_,_} +
E 6
a4 42 Hz"ﬁ 2
Me Me

— 1801 —



Al
The reaction of 47 with DMAD proceeds as follows:

E
S
PN B ) "
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! ko
o 41 48 49

The reaction of 1

38
,A=dihydropyridines with DMAD gives rise to cyclobutapyridines, 6.9. H

Hg R

DMAD

in MeCN, room temp., 7d

o
1o

A b
: 32% 52%
- CgHe
Ry cnz CgHe, CH,Cg
RZ  CO-N/C Hg/Et CN
r3 HA Ha

Hatsumurs reported the reaction of an electron deficilent 5C with alactron rich
olefins. The reaction yields firset e 117 molar sdduct 51, which in the subse-

quent cycloaddition reaction affords 1:2 and 113 molar cyocloadducta 52 and 53,
reap.:42

0
oan KQ N \" CqucER
(H,_-CHR
0’ in DMF
29 21

Py = 2-pyridyl; R = p-MeO-06H4
1,3=-Dipolar cycloadditions af aix-membered hetercaromatic betaines are a useful

route for synthesis of heterocyclic compounds, Katritzky describes the cycload=-

dition reactions of N-subetituted 3-hydroxypyridinium betaines to various dipo-
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. 43 R
laraphileg, far instance™:

3 k
CH,, =CHCH o=
X Bt & —_— o +
[ in TﬂF,roflux.Ehi X 1 L] Hm o
{l: c1” 24_ B ol
8 A%

R = Ms,CONMey,CH2SCHs 1422
1,3~Cycloaddition reactions of 1-hetercaryl-3-hydroxypyridinium betaines 56

with allyl alcohol resulted in tricycllc products 2J7. The starting betaines
ware generated in sltw either from their salts 54 or from thelr dimers 2244.

R
%
OH
o
0
\\T+ X~ or \\
R [¢]
24 22
& b

R = 5~N0,-2-pyridyl , 4,6-M@p-pyrimidin-2-yl

Pyridinium betaine 56g yields with allyl acetate the normal endo-cyclosdductS8a

while in the case of allyl aslcchol the intermediate 593 cyclizes spontane-

cugly to give the tricyclic product 21245: $
)}
endo
o
CHZ-CH—OHE-O-ﬁ-Ho
8a
N - 58a
0" - R . ?
<y ]
P+ o
R 0H2-CH—CHQOH 0
ba
252 > —>
H, OH
(from the dimer 55a) 298 | 0 57e

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

tate, ethyl phenylpropilolate, are daaoribed44.
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In the case of butadiene, the reamction proceeds aoross the 2,4 positions of

betaines to give expected adducts46, a.g.

Z
(\/( B CH,C1-CH,C1 .
Cariua tube, 80°, 44
R+ (R as above) R 0

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

tiona of 1-gubstitutéd 3-hydroxypyridinium betaines have been correlated by FMO
theory by Katritzky et al.47

Another example of 1,3-dipolar cycloaddition of heterocaromatic betaines ie a
simple synthesis of a new heterocyclic system 60, which wae reported by Hana-

oka et al.48 8-Methoxyberberine phenol-bataine 61 reacts with DMAD to give

the cycloadduct 62 together with the azocine 60,

E E
0
<
DMAD in THF 07X Okte
reflux, 10 min OMe
GMe 0 -
OMie 62
Olle 57%

1. IMAD in THPF

2. Ain EtOH -
-
91%
60
22 %

Using unsymmetrical acetylenes, the reverse regicselectivity of reaction, con-
trary to the genseral reglospacifity of cyocloadditiocns of hetercaromatic beta-

knes49'50. was found, e.g. in the reaction with methyl propiolate.*?

Davies at al. studied the cycloadditions across the pyrimidine nucleus. 4,6~
Dihydroxy-2-methylpyrimidine £3 upon treatment with IMAD gave the sdduct 64
along with the pyridone 63, formed from _& by a retro Dieles-ilder reaction:51

E

0
W in DMP =

o
nvm-x 60", Me g0 §_2‘
Me 53 SJ_ 1" 3%
12%
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Diels-Alder reactions

Numerous examples of Diels-Alder reactions of piridines are known,
dmong the large number of cycloadditions exsmined by Kametani et a1.52"54

the following reaction was performedssz
MeO

HeO KC_ Ol Me0
150-160°, 3H bi [
0 ¥ OMe !

olsstrane = 1515

s P13

Ole

Kate degcribed the Diels-alder reaction providing a convenient reute for iso-

quinolinas:56
N N
@ . )
Ry
—
+ o
- 0 Me 1907, 96h ye é N\Ha
'l‘ 0

795%

The following cycloaddition reactien was reported by Schumann and Vidic57:
COOHe
i in dioxane, 25° R 48h

Intramolecular cycloaddition of 2(Z-allylphenoxy)pyrimidinas waa reported by

Jojina et a1.>8”d
Na
T>_- in xylana
c1 CO0Me
reflux, 27h
N c /l COOMe
> S|
—> ClL 0 OOMe +
\ é \N ) ~
24%

COOMe
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2. Cycloadditions of pyridinium N-methylides
Kato et al. reporhed the reaction of N-methylide 67 with ketene giving rise

to 112 molar cycloadduct égso

N
COCEt
S CH,aCwQ J
in acetone

k\"ﬁE\\g::cooEt room temp. B g

67 644
- 0

Similar reasction of FN-metbylide 63 gives the oycloadduct JO as an intermediate,

readily oxidized to 715062

/W 0112=c=o ] = EL =
L§;//\\’/ﬂ in benzené ™ -, N
0 1 s}
66%

~“CO0Et

5] 1o

The reactions with diketena proceed in the following way63:

GH'Z_ l 0 v /ﬁ
= COOEt
. N

rd \ / cocEt
= ye ° 3%%
o
CHZ oy ?
L o i CN
(5] ' A
0 68%

CH, 0~COCEY

Isoquinolinium N-methylides react with acid anhydrides to give pyrrololsoqui-

64

nolines i
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X (R'%eH,C0),0 o =
PP L N._ COOEt
+  Z\COOEt \
R = COOEtg CN L]
RY = H, Me, Et, CQHF r! OCOGH2R

The 1,3-cyoloaddition of pyridinium dicyano-N-methylides 72 with triphenylcyclo-
propenez_?mu degcribed by Matsumoio et 81.65 The corresponding 1,2, 3~triphe—
nylindolizines J4 and 5 are produced; however, depending om the structures

of 72, the formation of 76 may predominate:

R
R’ Cells Hs
H
22 ! x o ]
Gy in DMP
—_—m
1 “\C’CN reflux
R + 2 h
“oN 4—~8 (.5 ¢ ew
2
= ~HCK
rR',R%,R° = H,Me,benzyl -H c"CH 3
e~y R M CHg
2 Vi CeMg
R1R’ CE.HS
¥
1,5H shift
R’ CHy
52
Hg
! H
CHs
CN 16

Similar resctiona were carried out on isoquinolinesss.

Indolizines and quinolizines are obteined in the cyclosddition resction

of eyclopropenes to 1,3~-dipoles and the subsequent opening of the three-
membered ring of the primary mdducts. So far, little is known on the lsola-
tion of the primary adductn; Matsumoto and Uch:i.da66 gtudied the reaction of
4~cyanopiridinium dicyano-N-methylide with triphenylcyclopropens 73, giving
rise to 1:1 adduct 77 and indolizine 78:
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"6“5 NG
=N
l in DMP cu
:ﬁl 5
S +\c ceHs ‘5“5‘ reflux, / 6
M
8 CsHs
L a 36% B 25%

3-Cyanopyridinium dicyanc-N-methylide reacts with 73 under the same conditions
to give the igomeric adducts J9 end 80; no indolizine waa formed even upon

prolonged heating:

CN oN 4 Fs °°"5
= ‘ in DMPF N =
+
R E\C ~CH ol reflux, 5h a N GHy + CHs
~oN NC” T CN N

229 13 35%
Reaction of isoquinolinium bis(methoxycarbenyl)methylide with 13 afforded
t:1 adduct 81 and indolizine 3266

C\SHS CeHy
~d e
Z AN s T KB ¢
i /cooue 4
T 5

™ gooMe 62% B2
21% 81

Ohgawa et 31.67 in the investligatione of primary Iricyclic adduects of this

type examined the 1,3~dipolar cycloaddition of pyridazinium N-ylides withtetra-

halocycloalkenseg, for instance:

Cl
< ; ]y“ in THF .
ol Cl room temp., ad
/c\

N CN

67%

When cyclopropenones react with pyridinium N-ylides, the primary tricyclic ad-
ductes are unstable and bicyclic products are formed, 65,68 ,69

The phthalazine Reissert compounde upon treatment with potessium butoxide in
DMSO afford carbanion 83, which adds acrylonitrile to give §_4_70
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N YBuOK/DMSO X
| > i —>
Bupog TOOR temp., 45 min. < NG0-R
NG N
R = Aryl -
8
~= TN
CH,, =CH~CHN lli - 1& )
NC R \ /
N 84 CONH,
=~ - 54-65%

3. Cycloadditionsof pyridinium N-imino=-ylides

In the reacticn with cycleopropenones, pyridinium N-imines act often &8 nucle-

71=73

ophiles, howsver 1,3-dipolar cycloadditions of these compounds were

68, T4~T6

also observed . Kascheres et a1.77 described the reactions of pyridi-

nium N-imines with methylphenylcyclopropencne and dipropyleyclopropanone.

In the resction of pyridinium ¥-imine iodide with 85, the 1:? adduct B and

its dehydrogenation product 87 are obtained (s 78 H QH
5

Et N in CH,CLl = =
'nH22%
room temp., 17h e

69% in benzene ;%
reflux, 100% 27%

Resctions of substituted pyridinium N-imine =alts preceed in a similar way.

Poggible pathways of the above reactiona are:

Path & inveolves initial 1,3~dipolar cyclesddition of pyridinium N-imine 88 to
85 resulting in B3, followsd by opening of the cyclopropancne ring, with tran-
sfer of the amino hydrogen to give 29.

4n slternative path b involves nucleophilic additien of 88 to 85 with hydrogen
tranafer, followed by intramoleculsr 1,5-dipolar cyclization of 2172
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R H
0
2 R a R N\q Me \ R H &M
N =LY & 2 F * ’
P B GHs X gy
I+ x- t?- <) R 0 / ¢
NH,, NH l 20
R = Me, CH 88 e . He
X = I, OMes

Although the iso¢lated dihydrointermediate 86 is trans, initial formation of
a cis-dihydrointermediate cannot be ruled out, as under the basic conditions
utilized, the isomerizetion might be expected, For this reason the atereo-
chemistry in 90 is not specified.

Yamashita and Masumura reported the resction of pyridinium N-imine iodide
with 2,5-dimathyl=-3,4-diphenyloyclopentadienene 92, ylelding the ylide 93
togather with the 1:2 adduct 2&79: B

Hg
Ce”ﬁ' Cs"s
‘ N, MeCH, ch:03 [ Me
= Me reflu.x, 38 + X 0 +
I+ T \
HH, B Me

Wy 23
32%
4 aimiler reaction carried out on quinolinium N-imine iodide gave a dehydro-

genation product gé of an unisolable 1:1 adduct 95, along with the 1:2 adduct
97, providing from the Dielas-Alder reaction of 95 with 92:
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HETEROCYCLES, Vol 14, No. 11, 1980

2
MeCN, K,C0,
Tt e 3
& I° reflux, 15h

2%

However, in the reaction with tetrscyclone, the 1:1 adduct 2& could be iso-

lated:
s CgHy
m + 2} MeCH, K‘ZGDB
e (He Q#s reflux, Qu5 h Qﬁg
llﬁ+12 X I B oM s 98
4%

Yiidea 93 and gg are interestling exsmples of stable pyridinium and quinoli-
nium N-imino-ylides, their stabillty being probably due to the construction
in & f£ive-membered ring, as well as to the presence of bulky substituents.
Ylide 96 treated with DMAD yields 1¢1 adduet 99, which in the retro 1,3-dipo-
lar cycloaddition gives 100 and 92, affording with excess of DMAD the o-ter-
phenyl derivative 121793

S
N \ E
Xy 4 120
DMAD e o 64% E Me
——=> ¥ —>
% oTuene \ * GH E
reflux o DMAD
e 92 ——>
s du M5 E
(3 522 Me 101

&
|
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The syn-anti iscmerism of azomethine imines and szomsthine oxides reactions
with e¢is-3,4-disubstituted cyclobutsnes was examined. In reaction of dimers
of 102 end cyclobutenes 103 in boiling benzene, the exo-syn and exo-anti py-

razolines 104 and 105 were obtainadao

E in benzene
reflux

+
N-—-R
(as dlmers) l
R/N
R:Cng,.p-N02-06H4, 2,4(N02)206H3 1
z = Gl, OH, Oac, o-g-o , GOOMe 104 102

The exo-syn adducts 104 were characterized by tlc , their Ry being gmaller

than that of corresponding exc-antl adducte 105, syn-compounds posessing a

81. No endo adducts were detected.

larger dipole moment
GandoIfi et 31.82 studied 1,3-dipolar cycloreversions of isoxazolidires and

pyrazolidines, these reactiens being much less investigated than 1,3=cyclo-

additions. Cycloreversion reactions of isoxazolidines were reported by Bianchi83

and Joucla84

8

y and only one exsmple of cycloreversion of pyrazolidines - by
Burger
The adducts 106 to be cycloreversed were obtesined in the reaction of 3,4~di=-

hydroisoquinolinium ylides with cyclopent-2-enone and cyclohept-2-enon382:

/’+\\z
o)

in benzene, room temp.’r

= {cw,)

Z=N-CH, , 106 0N~ H2)n
—— N =t or3

In an anelogous manner, using ketale of the abovec(J%-unaaturatad ketones,

the adducts 107 were obtained.

£ ———t

2
I
£

E
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Cycloreversion reactions were carried out using norbornens as a 1,3-dipeole
acavenger. Cycloadducts 1Q§_and 107 heated with norbornene in benzene gave
adducte of the type 108.

The easier fragmentation of the adducts with d,@—unsaturated katones as com=
pared with that of the correaponding keisls can be explained on the basis of
conjugation gain in the cycloreversion transition stete of the former compounds.
Kakehi et al.86 described the reaction of substituted pyridinium N-imines with
diethyl malonate and ethyl cysnoacetate yielding pyridinium R-imino-ylides 109.
These quaternize readily to give pyridinium salts, which with potassium carbo-

nate underge cyclization resulting in 110:

2
R>CH,C00Et R

R B?

= = R,X

| EtOH, K2003> l 4 /@
S S -
R1 \\N I~ room temp. ] - —_— R1 \\N X

i+ R f |*
NS 4. 3
\\ﬂ//N\‘RB R R
0 0
109
59=-8T7% EtOH, K2003
room temp.
&Y, RZaH ,Me 3
R3=CO0EL, CN 2 ;
. R
4 N
R7X=e Mel, CHallCH—CHzBr, CSHSCHZBr & 4]
NN 11
R R 8-~51%

2-Ticolinium N-imino-ylides {acting ss 1,3-dipoles 111 or ss 1,5=dipoles 111')
were methylated with Mel to give the corresponding 2-picolinium aalta87 used

in cyclosddition reactions,

— 1813 —




+ -
by +] Me g
\
Y X ME/N b4
m R dol r2
i room temp.
1004 .
/Ii;:]l\ ,/ffﬂi]L\ ’ff;:]l\
1 1 .
g1 7L Me R! = H, Me B :f He Rd A Me 1
_]L B2 = H,Me,CyHy,0Ek g I an N
X N v C—R
- X » =N-COOE%, C—X—Me P
u R .

“NCOOE+

The reaction of 112 Wiéh actlvated ethoxymethylene compounds, such as 113, in
the presence of alkalli gave the expected 2-allylidene-1,2-~dihydropyridine de-
rivative 114, whiéh heated in xylene afforded 115, along with ethyl N-methyl-

carbamata:
1
R
Z | C/R1@|l@1r)m 1 K2
E+4OCH= R
\1 e 1 ~g? ? e % o xylene & N\~
rd o sy B reriux |y M
L Me XN 3-6h ~§
2 G—N/ Me 29
Me” ™~ COOEt Mo —X -MeNHCOOEt
8 ~
‘iz. Ri f$1a]0) 4 %c GOGEt a 1_‘& b a‘.”_s' b
RS CX Ac 8T% % 9es TR
On the other hand, 1%6 with the asme reagents did not yield allylidene deri~
vativesa, but wes converted into pyrazolopyridines 111873
~ 8’
| "
we” FU _ 113a,b, (alkali) NG 117
I - N & ]
H XK 4% 56%
MexC Me
11 \COOEt
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Ohsawa et al. examined the reaction of pyridazinium ¥-imino-ylides with tetra-
67,91,923

halocycloalkenes affording primaery tricyclic adducts

X b4
R@ . ]]><Y —
N
N—2

R = H.C6H5,0Et 3} 4= A.O,COCGHS'COOEt
I=sY = (Cl XaY = Br X a Br YalPF

Westerman and Bradsher examinesd reglochemiatry of polar cycloadditions study-
ing the reactions of acridizinium ion with unsymmetrical alkenes. 94,95 Polar
cycloadditions show a remarkable stereospecifity. 96-99 £or alkenes with elece
tron-withdrawing groups, the reglochemistry of addition cannot be predicted by

consideration of ground state polarization only.

n 4 )

g Ry 2 (

8 N3 ::]
7 g * 4

The alkenes used were styrene, indene, acrylonitrile ete. In the addition

with styrene, its > carbon atom bacomes bonded to the slectrophilic center of
the scridizinium ion, as it san be predicted from the rules of electrophilic
addition, and the product A is formed, However, the reaction with acrylonitrile

affords product B, of a reglochemistry opposite to that predictead,

\ NC
A A0
\/ +\/ A v F

According to the theory of Houk,100 in such cases of anomalous regiochemistry,

the frontier orbitsl theory ought to be ueed to rationalize the orientation,
In the sbove reaction the [> carbon atom with the largest HOMO coefficient of
the acrylonitrile should becomes bonded to the 6 position of the acridizinium

ien, where the LUMO coefficient is the largest.
In polar cycloadditions two stages are involved, the firat being an interac~

tion of HOMO of the donor with LUMO of the acceptor, the initial interaction
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being in the nature of a charge-transfer complex formation., The great regio-
selectivity, which distinguishes cationic polar cycloadditions from other ty-
pes of cycloaddition with inverse electron demand is due to the fact that ca-

tions have a strong tendency towards the formation of charge-transfer com-

plexes, 101
2

Other examples of cyclcadditions of ascridizinium ion are given by Fields' %2,
Vinyluracil 124 is a reactive heterocyclic diene in the Diels-Alder re-
actions, giving rise to gquinezoline-5- and-6é-carboxylic soida. Sends et
8.1.103 reported the reaction of 124 with DMAD, dimethyl maleate or dimethyl
fumarate, resulting in quinazolinedione _125. Similer reaction of 124 with
N-phenylmaleimide gave the 1:1 adduct 126.

DMAD
0 ///1n MeCN, room temp., 19% ﬁ E
Me i Me . E
\\f,f\\\ ol
04?‘\ﬁ/JL\¢59\\HM82 ﬁ-GOOMe 07 N
! Me
Me ~ CO0Me
2 N\ > 125

in benzene, reflux, T1%

0

\
S 0o T
\
a

Me
J s
124 > [
T2 /\\/\
E
in benzene, reflux © | Tikep
e 426
100 %

In the photoeycloaddition of uraeil with olefine, the substitution of 5H for
F remarkebly enhances the regioselactivity104. Greenlee et 131.105'106"108

reported the following reaction:

i ) [
H C h H
il ¥ ”32 acetone !
T e
o Mo ue oF ? Me
L
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The 1,3-dipolar cycloaddition reactions of fervenuiin-4-oxide, ae well as
of ite 3-alkyl derivatives were investigated by Senga at a1. 109, The reac-
tion of 127 with DMAD in toluene at 95° afforded pyrrole(3.2d)pyrimidine 128,

while in refluxing toluene the unexpected pyrrolo[}.2d]pyr1m1dine 129 was for-

med,
M
95°
- ___% /
DMAD 128
in toluene e GOOMG 62%

0 0
He 1 L+
xS

127 C~COOMe
0P / '
; 129
Me COONMe 65%
Similar reactions were carried cut with meihyl propiolate and ethyl phenyl-
propiolate109.

Thotoceyclization being a useful method in organic eynthesis, some examples
of this reaction should %e ineluded here. Thus, Vearamani et 31.110 repor-—

ted reactions of 3=-vinyl-4-phenylquinolines, for inatance:

)
in benzene
R
R = Me,Cl

Lenz showed, that in the irradiation of the compound 130,

containlng & per—
deuteriobenzoyl group an o~deuteron wes transferred in s [1,5]—sh1ft with
the formation of 1 _1_6 oy

Meof\"/\l MeQ m
ie0 \/‘N)\I//O MeQ A 0"
Mey
D D hl) Me D
- > Me D
D~ D T D
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Numerous examples of this type of photooyelization involving [1.5]-group
migrationa were described by Ninomiyas et al.112
Kametani et al. studied conversion of 132 via the oxyprotobsrberine 133

t0 naturally occuring dl-xylopinine 134113, ag wall ae invegtigated reactions

of di-o-substituted bromo- and methoxydienamidesﬂd'.

Ko MeQ
MeO m
Meo Mo 0

0 N\/ 0
5 /\(((\ cR
)

OMe
224

s where pyridine ring

The following conversion, described by Ogata et al.115

can be replaced by other heterccyclic systems can serve as useful synthetie

route to a variety ofuheterocycles. Me
e L\\
—_— >
Y0 vu/ o %
i %
& i 1
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