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Ab 8 « This articale summarizes recent advances in the
chemistry of imines in gensral and cycloaddition reactions
of 1-aza-1,3-butadienes, 2-sza=1,3-butadienes, 1,4 -diaza-

1,3~butadisnes and 2,3—diaza-1,3-butadienas in particular.
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1. Intreduction

Imines, azomethines and Schiff bases are amongest the various names commonly
used for the compounds bearing carban-nitrogen double bond, Schiff bases
nomenclature appears in the older literature and is in the name of the worker
who prepared them for the first time in 1864. Later on, imine and azomethine
names are frequently used in chemical abstracts and other chemical literature,

Eversince the preparation of these compounds, the chemistry of this function

* Dedicated to Professor Tetsuji Kametani on the occasion of his 69th birthday

( 1st August, 1986 ).
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has besn the focal point of investigations, in comparison to carbonyl compounds

from which they were prepared, As the polarity of carbon-nitrogen double band
is comparatively much less than carbonyl function, thersfore the reactivity of
these compounds have alsc been investigated in comparision to carbon = carbon
double bonds, Most of the earlier efforts have been reviewed by Layar1 and
Pataiz. The develapments in the chemical aspects of this group of compounds
have besn so fast and rigorous that one review has bean written specially
keaping in vieuw the synthetic utility of these systoms i.e., using these com-
pounds easily available templates in the synthesis of novel heterocyclas
including the synthesis of complex natural productas. Tha aobject of the present
review is to place before the readers some furthser interasting developments in
this area and as far as possible attempt have been made to emmit the duplica-
tion of alreédy reviewed work and in this respect only references are made to
those monographs. To be more precise, the present review is aimed at covaring
tha chemistry of conjugated imines : f%-aza-1,3-butadienes { C=C-C=N },
2-aga=1,3=butadienes ( C=C-N=C }, 1,4-diaza-1,3-butadienes ( N=C«C=a N } and
2,3~diaza-1,3-butadienas { C= N=N=C ) exhauatively along with tha some novel
reactions of imines. The reactionsof azabutadisnes where they formed part of
heterocyclic rings and alsc when conjugated with C= 0, C=5 functions etc, are
not inclu;sd in this paper.

2, Methods of Preparation

The most common method for the preparation of imines is the reaction of
aldehydes and ketanes with amines1’2. 1-Aza-1,3-butadienes derived from
unsaturated aromatic aldshydes e8.g. cinnamaldehyde and crotonaldshyde are also
similarly prepared. Aliphatic aldehydes in gensral, gave polymeric materials
when reacted with amines and because of this difficulty the chemistry of this
type of compounds is less developed, These imines can be conveniently prepared
by adding an aldehyde to an aliphatic amine at 0°C or below followed by
addition of potassium hydroxide, separation of organic layar and distillation
at reduced pressurad. 2-Aza-1,3-butadienes are generally prepared by thermo-
lysis of azetines or azirines, for example, Z2-methoxy-i-z2zetine 1 gave 2-aza-

butadien5 2 and 3-substituted 2-dimethylamino-1-azirines 3,4 gave 1-dimethyl-

amino-2-azabutadisnes § and § respactivelys,
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1,4=0iazabutadienss 7 are preparad by base promoted condensaticn of ﬁg-anila

(CH3) 2

FaSlas

of aceto and or benzoyl scetic acid anilide with nitrnscarenas7.

\N§ R Al't——NH\C/R Arf_N%C/R
EH - gH + ArgNO ——> é
Hr}IOC/ 2 ArzHNI(I:/ AT NHi/ N nar
i [y 3
Arz - v 7

R = Alkyl or aryl ; Ar1. Arz. AtS = Differently substituted phenyl groups.

2,3-Diaza=-1,3-butadienes commonly known as azines are readily prepared by the
reaction of aldehydes or ketonss with hydrazine hydrate or sulphate in

alcoholic aolution.

3, Spectroscopic Propsrties

Chemical properties are normally predictable from the physical measuremants
and for that reason spectroscopic proparties of imines will bs discussed
briefly. Simple carbonyl compounds absorb weakly at about 280 Mgt and more
strongly at very small wavelength (below 190Mma). The C=.N= system is a weak
chromphare, wuhose absorption lies in the ultresviolet region. Conjugation of
both the systems with a phenyl group or a doubla bond shifts the absorption
towards visible and OL,B -~ unsaturatad gcarbonyl or phanyl ketones show an
intenae absorption above 224 mir., Anils of aromatic aldehydes and kstones,
however, are usually yellow coloured. Kanda8 measured the gas phase apactrum

of benzalaniline and Found two band systems at 294 -~ 2B3 M and at 248-235myiA,
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The infrared stretching vibrations of the C=C systems have been rsportad to
fall at 1610 = 1635 cm-1, and that of C=N at 1665=- 1690 cm". The €= N
stratching frequencies of the various substituted benzylidens-anilines have
been rechecked by the Japanass uorkarsg’10 and they have assigned strong peak

1 in chlorofarm solution and 1613- 1639 en”! in

in the ragion 1618- 1648 cm~
solld state (in KBr) to the C =N bond, These waorkers also reportsd that substie
tuents in benzene ring of benzylidane group affected the frequency aof C= N
atratching absorption psak and that in the benzene ring of aniline did not.,

The sffect of conjugation by a C=C bond on the stratching absorption peak of
C= N bond in 1-aza-1,3-butadiene system was studied by the author by selactive

reduction of C=N bond with sodium borahydride11’12

and comparing the infrared
spectra of szadienss and dihydro products. The three bands which disappeared
in the reduced compounds were 1575 em™ ' { medium intensity ), 1600 and

1625 cm~! (both the strong intensity) and in analagy with the previaus reports,
the absorption bands at 1600 and 1525 cm'1 wsra assigned to the C=N stretching
absarption frequanci&s. Thus the effact-of conjugation of CaC bond on C=N
bond in diminishing the frequency of the later could be taken as very small in

"

comparision with a similar decrease of 25~40 cm ' 4in the cass of conjugated

anonas,

The affect of substituents on NMR speactra of N- benzylidene-anilines have

13-16 17,18

baen reported by several groups . Our studies in this direction have

indicated that in 1H NMR spectra of substituted N-benzylidene-anilines B the
transmission of the elactronic effects from position 4 to o or 27 position

is very weak contrary to earlier claim1d.

3 2 2 3
' p o 1
4 CH=N 4
5 6 6 5
8

Systematicel studies of the 1H NMR spactra of 1-aza-1,3-5utadienas derived
from cinnamaldehyde and diffsrently substituted aminea12 have also bean
reported, The azomethine proton signal showsd almost, invariably at £ 8,20.
While the 60 MHz NMR in CDI:}.3 it showed either &s a triplet or as a quartet,
in C.0, it shousd up as & doublst at 5 7.9, The conformation 3 adopted by
cinpnamylidensaniline was concluded from the NMR spectra on the basis of INGOR

assisted analysis of the complex spectrum patterns, further nuclear overhauser
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experiments and solvent effect studiss helped in the complete analysis., This
appears to be the first reaport vie NMR indicating that Nearyl part is twestsd

out of the plane with respect to the rest of the molecule and some is true

::::; ;H
" a:©
9

for 8 also.

The mass spectra of Schiff bases have been reported te show strong " and

n+-1 paakszo-zz. The mass spectra of assveral i=-azadienes derived from cinpna-
maldehyde and substituted amines were recorded and the obsaruad23 general

fragmentation pattern is shown below.

* +.
TeHg < CHgCH=CH = CH= N = C H,
m/z 17 mfz 207 { m*)
- H"
. J-v,
CH==CH—CH=N—C_H¢ CgHgCH=CH—CZ=N—C H,
+ m/z 206
+.
C_H_CH=CH~—~CH=N L -cw
o2 hd .
m/z 130 ( CeHgCH=CH—CHg )
l— H m/z 180
. fav
-+

] g

mjz 178

mjz 129

4, Chemical Reactions

Iminas mainly undsrgo two types of chemical reactions, namely additien

reactions and cycloaddition reactions.

4.1 Addition Reactiong

Like carbonyl group, C= N bond of imines contribute toc the charge separated
structure and can be represaented as ;$+= %-. Thersfors, variety of nucleo-
philes like cyanide, hydride, trihaloacetate ions and alkyl group of organo-

metallic compounds attack tha carbon atom aof imines leading to the addition
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across C= N bond, Similarly active methylena compounda, add across C= N bond
followed by slimination, Thess rsactions have been reviewed in two earlier
revieus1’2. Addition reactions of conjugated imines along with some important

recant reactions of imines shall only be discussed hers.

Reduction of imines with sodium borohydride in methanol has been proved to be

a very useful reaction for the synthesis of otherwise unaccessible heterocyclic

and B, Y -unsaturated secondary amines' 1?12,

| ] NaBH,/MeOH_ || |
~x CH=N-R - X CHZ—NHR
X =0, 5 H R = Alkyl, aryl

Na BH4JMa0H
=CH— — —— N _ —
Cg 5CH CH-—CH==N—R € gHCH=CH—CH,— NHR

R = Alkyl, aryl

Recently Botta and coworksrs reported the synthesis of various sacandary
amines by reduction of ketimines with aluminium alkoxide in_prasencé of Raney

nickalza. Alkylation of Schiff bases has proved to bs a very sfficient method

for the synthesis of aptically active N-alkylamine acida25 10.
Tz 1) RX, solvent ?2
Ry—C — COOR ? R,— € ——cCooH
| 2} Hydrolysis l
N
"ew "3
10

In the ganeralised reaction presented by the authors R1 groups have been varied

from aliphatic to aromatic and in particular R2 has bean kept as hydrogen only,

4.2 Cyclpaddition Reactions

Imings are well known to underge various types of cycloaddition reactions
lsading to the formation of three, four, Pive and six membered rings via 2+1,

2+2, 243, 3+2, 2+4 and 4+2 cycloadditions.

4,2,1 Thres Membered Rings

Reaction with Carbenss
Reaction of imines with carbenes can be classified as 2+1-53 type cycloaddition
to afford azirjdines, Earlier work up to 1970 in this area has bsen includsed in

the pravious reuiaus1'2.
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Addition of dichlorocarbene generated from chloroform and agueous sodium
hydroxids in two phase systam (TPS) to aliphatic and aromatic imines has been

reported to be a convenient method for the synthesis of aziridines 11?6.

:Cl:l2
R1r-—-CH=N-—-R2 > Ri—EH\—/N—Rz
TPS /C\
Cl Cl
1
ﬂ,l, RZ = Alkyl, aryl or heterocycles

Carbenes produced by thermal decomposition of diaryl diazomethans in the
presence of bis{acetylacstonate)copper (II) reactsd with imines to give inser-

tion reaction instead of cycloaddition raacfinn327.

Tiwsri et al.28 reported the synthesis of 1,2-disubstituted aziridiness from
iminas in two phase syatem (TPS) using methylene dimethyl sulfurane generatead
from M935+I- as methylene transfer agent.
H935+I-
R-—CH=:N——R1 —_—>
TPS N
i
Ry
Bartnik et al.29 were successful in synthesizing 1,2,3=-trisubstituted aziri~

dines by treating aryl diazomethans with imines in presence of zinc iodide,

Ph Ph
Ph Zn 1 Ph AT $
~ . CH—CH -N : \
__Chy + ARCH=N—R . A}
H NEON N

2 /N i
R Zn 1, R

When thase workers used cuprous bromide in plecs of zinc iodide formation of
30

imidazolidines 12 and other side products were obsarved along with aziridines™ ",
R
2
Ph Ph ! h., ~Ph
A N —— Ph N P »
/C=N—R2 + /CN2 Ph R
R : H wePh 4y :T; *Ry
PR N
R2

12

- + by=products like atilbene

and benzalazine
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Compound_ El E&
a H CH3
b H C,H
= 2's
”‘CHS
c H CH
TScHy
///’CHS
d H C—CH
\\\CHS
3
e CH, CH,
£ CH3 Csz

Formation of thess products was explained by postulating an intermediate 1,3-
dipole {azomethine ylide) uith trang-configuration by the reactiaon of imine
with phenylcarbenoid (PhCH---CuBr) or phanylmethylene Pormed by catalytic
thermal decomposition of phenyldiazomethane. The conrotatory cyclization of

the ylide will give cis-aziridine and if the ylide has sufficient 1life time it
may undergo secondary 2+3 cycleaddition with € = N bond of imine to give imida-
zolldine derivative. The formation af by-product uas explained via dimerization

of carbenoid or free carbene and reaction with phenyldiazomethans,

PhCHN, — 20 C 0T, °c —207¢ or o - cHi] or [PhtHi—--Cust]

tuBr 20° [
Phe_
q /,C = N = R2
R 1
| 2
Phe _n Ph H Ph, <Ph
, CuBr b — / A
woph €U RN/ P — RN /Y,
Ph N+ ?
N h R
2 2
Ry

Reaction of carbenas with conjugated imines does not seem to have been investi-

gated.

Reaction with Peroxy Acid

Boyd ot 31.31 reported the formation of oxaziridines 13 by oxidation of imines
with mechloroperbenzoic acid and the reaction was observed to be considerably

influenced by steric and electronlc effects.
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Oxidation of 1-azabutadienes with m-ehloroperbenzoic acid yielded 3-alksnyl-

oxaziridines in good yiaslds with high atereoselactivitysz.
m CPBA R.l
— —
R/ N\ R > RY—NNRZ
/7
0
Compound R, Ra Compound R, Ry
a Ph t=Bu 3 Ph i=Pr
b Me t=Bu d Ph Me

4,2.2 Four Membered Rings Synthesis of &-—Lactamu

The formatiaon of B-dactams from imines and ketenes is the most systematically

studied example of 2+2-94 type cycloaddition reaction. Althaugh the first
member was synthesized as sarly as im 1907 by Séaudingarss, the ﬁ =lactams as
a class acquired importance only after the® diacavery of panicillinsg. Eyclo=-
additicn reactions of imines with ketenss, acid chlorides in the pressnce of
triethylaminre have been widaely used for the preparation of B-dactams and bulk

of the literature on this subject up to 1976 has baen rauieued1’2'35, also

some selected reacticns have bsen recently reuiaued3. Therefore, hare wa will

discuss only the important raqctiona of imines affording ﬁ;-lactams, which

have not been included in the earlier revieus,
5taudinger33 in 1907 reported the reactions of 1-aze-1,3-disnes with diphanyl

and dimethyl ketenes to give 4-styry1-‘B-lactamu 14, 15,

C H CH—-CH—' CH—N—R
CGHS\
y si ‘*
65 .

CEHS—- CH=CH--CH=N—R 14

gH5CH=CH—CH— N—AR
CH
3\ H ‘J—L
t=c=0 CH3 En

1

(2]
o

LT
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Later on in 1957 Pfleger and Jagetss studied the reactions of cinnamylidene-

aniline with diphanyl ketene, phenyl ketene and ketene and noted ths farmatian
of 3,4~dihydro«2~pyridones 16, 17 and 18 respactively,

Ph
thc.:C:.D Ph
Ph—LH=CH—CH=N—Ph _— l Ph
16
N"o
Ph Ph
PHCH=C=0 Ph
—_—
| 17
N""0
Ph
Ph
cH2=C=U .
’ 18
N0
Ph

Conjugated iminas 19 when reacted with azidoacetylehlaride in tha presence of
triethylamine gave cis-3-lactams 20 in good yislde®'

CeHs
H
N 1
| 3
N3CH,COCI
i N
N>_<OR, 3 e
R; OR,
19
2, R, = CH,, R, = H
by Ry = CHg, R, = COOC,H.

Zamboni and Just>® obtained E-B-lactama 22 by treating cinnamaldehyds

Schiff bases of disthylaminomethyl phosphonate 21 and its corresponding furyl

darivatives with dimethylacryloyl chloride in pressnce of triethylamins,

PO(OC,H5), - coct i PO(OC,Hg),
R—_I\N <:H3 — Nt
| 2 >
| Eta N : l_h]/cHa
Ph ' Ph
2 22

a, R = H
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Ohshiro et 31.32 during their studies on the reactions of 1-azabutadiens 23
with phenylacetyl chloride and triethylamine aobserved that the order of addi-
tion of reagent effected the steraochemistry of the [ -lactams formed. While
addition of triethylamine to imins solution befors adding phenylacetyl chloride
yilelded only g!._s_—B-lactama 24a addition of triethylamine after phenylacetyl
chlopide yielded ¢is, trans mixture of S ~lactams 24b. Doyle st 81,27 have also
reported the effect of the order of addition of reagents on the stareochamistry

of B-lactams formed.

1. Et,N/PhH Ph
2. PhCH,COCL E\——N-But
3. Reflux, 5h 24a
CSHS\\4¢¢\\4¢M—But N Ph(___L§O
1. PhCH,COCL/PhH
3 P
23 2. EggN . N-But
3. Reflux, 5h Ph \O 4b

Ohshiro et 51.32 als0 described the reaction of 1-szabutagienes 25 with diphe-

nyl ketene to yield B -lactams 28.

Sh .
£t Ph.. _Et
R-—CHZE*‘CH:—‘N—-But + Ph2C=C=D—-—) TN
NBuyt
25
Ph ——J\
a Re= H
= pn O
by R = Ph 26

We studied the reaction of miinchnona (3-methyla2,4-diphenyloxazolium=5=-oxida)

which is known to react vis its valence tautomer (N=benzoylmethylamino)-phenyl-

katanesg'm with cinnamylidens=N-cyclohaxylimine and obtained ﬁ-lactam 27 in
goad Yielda“.

- 0]
0/ o - :: |c|) +c5H5—-CH=CH—CH=N—c5HH—->
CeHe ﬁ)—CsHs CGHEC\N/C\CGH5 csﬂscnzcu—?ﬂ—nll—cﬁﬂﬁ
éH3 é:H:; Cs“s"?'—'c'—'u
N—Chj
£OC H
27
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42

Reacticn of conjugated imines with dichloroketene 43

and tert-butylcyanoketene
ara known to yield 2-pyridones, There have besn contraoversial claims regarding
tha formation of B-lactama or § -lactams in the reaction of conjugated imines
with ketanes‘M and a systematic study in this direction has been rasported by
Brady ot al.as, where tha reaction of diphenyl ketene with conjugated imines 28
yielded ﬁ-lactams 29. However reactlon of diphanyl ketene with t=azabutadiene
30 yielded ({=pyridone 31. Similarly reaction of dichloroketens with imines 32
yielded ol -pyridones 33 but with ﬁ -phenyleinnamaldehyda-imine 34 gave

B =-lactam 35.

-]
N y AL
C=C=0 +« R—N=C

Ph

o R, Ri—m——N—R
2
28 29
28 R R R
— - -1 2
a Ph H Ph—CH=CH
[ Ph H Ph— CH== C— CH,
c Ph CH, Ph—CH=CH .
d Ph # W
0
8 i-Pr H Ph—CH=CH
£ Ph CH, (CH3)2c=CH
a o -
h CgHayg H Ph—CH=CH
i fh H (Ph)2t2=CH
i t=Bu H Ph-~CH=CH N(CM3)F21
: P
Ph,C=C=0 + Ph— N=CH—CH=CH—N (CH. ) —> l Ph
3’2 2
30
Cl,C=C=0 + Ph— N=CH—C=CHPh
}
R
R = H, CH,
32
Cl
0
Cl,C=C=0 Ph— N=CH-—CH=CP & ! B
2F=E= + = =CPhy —> | NPh
" X
Ph™ “ph

— 788 —



HETEROCYCLES, Yol. 26, No. 3, 1987

These results wers interpreted on ths basis of steric hindrance by assuming

dipolar intermediates 36 and 37,

\_':0 IO
Yk - -t
-
+ + N
I =
36 3z

In the cycloaddition reactions of diphenyl kstene with o(_,/g =unsaturatad imines
the bulky phenyl groups provide significant hindrance in 37 and cycloadditions
ocecur from 3§ leading to ﬁ-lactam. However, in dichloroketens chlorine atom
does not present sterlc problem and generally 4+2 cycloadducts are obtainsd. In
case of azadiens 30 the strong electron releasing ability of the dimethylamino
group would be expected to cause the resonance structure 38 and thus yielding

& ~lactam, Similarly bulky phenyl groups cause the formation of B-lectam 35.

(c HS);.Q/ Z
38

Preparation of sterecspecific B-lactams from imines has been a very growing
field, Bose et 81.46 reported e safe and convenient method for the synthesis of
ot,-amido—ﬁ-lactams starting with glycine and azomethine. The amino group of’
glycine was protected with ﬁ-dicarbonyl compound and carboxylic group was
activated through the formation of mixed anhydrids or an active ester. The

condensation between glycine derivatives and imihe in presence of tristhylamine

gave stersospecific ﬁ-lactams 39 in 40-60% yield. H M
HoN = CHy E—f”z 1 CICOOELINEYy ¥ =R
=t Ry _
COOH COO K 2 "/ | NEtg O//——N R
N\R lH+
H M
- ik
R2C0NH 1 ‘H2N-—' : R,
o~ N—R
0 S—N—R
3 (8]
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33, Rq R 39 R R
s Ph Ph 1 [:u:l\ CH gt 3 (OCH3) =354

' o
b CghaM(CHg),(p) Ph h 0 CH,CqH3(0CH;)p-2,4
€ CgHaN{CHL), (n) CgHaSCHA(R) i CH=CH—Ph € gH,0CH, (p)
d I,o ] C6H40CH3(p) i Ph cuzcsﬂscucnz)z-a,a
e CgH40CH(p) CeHaCHo(p) k Ph CH,CHy (OCH,) =2, 4

H CH

3
f SCH =
= 3 CH400C CHy

.. 47,48 49 .

Use af Raformatskii raeaction ailyl ketans acetals ~, N-trimethylsilyl
iminasSU p-toluenesulfinylacetic acid derivativass1. p-nitrophenyl tosylacetate

allenasss, lithioxy-Z-pthylacatylenes4 and ketene bid@rimethylsilyl)acatalsss

for the preparation of B-lactams from imines have been reported in the'racant
years.

Our efforts in this arsa led to the novel synthasis aof 3~amido-}3-lactems

: 4256,57

from azlactones 40, imines 41 and the synthesis of trang-S-lactams 44
from aroylwN-arylnitrone 43 which could be converted to N-unsubstituted trang-

B-lactama 45 by oxidative Nedearylation with cerric ammonium nitrite (CﬂN)Sa,

0
R
)
/>‘R2 + @—m:m—n s
M N X X CH—N—Rj
40 4 ’ R
= = 1
Ry = CHa, CoHo X =0, Rg = CgHyy o
Ry = CgHg X =0, Rg R
X =0, R,
X = 5, 3
X =5,

43
H H
Ph-J '~ Ph
py N CAN
0’ H
\E:l~N:c 3
CHg
Ar = C6H4CH3(p), CGHQGCH3(p), CGH4C1(p), CeHgs CEHdN(CH3)2(p)
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Reaction with Isocyanates and Isothiocyanates

Acyl isocyanates react with imines in (2+2) and (4+42) manner to yield 1,3-
diazetidin-2-cnes 46 and 1,3,5-oxidiazin-2-onee 47 respectively, The iscmeric

proportion was found to be controlled by temperaturs, duration of reaction

and the elesctronic effact of the aubstituantssg.

R NR R 0
1 2 ~
RCONCO + R,—CH=N—R, — HCONI é + hlir T
— ~R
S

0 47

Ry

R = Ph, CCly 46

Chlorosuifonyl 1socyanatasD reacted with imines to give 231 adduct 48,

Ph

C10,5NCO + Me,N—CH,—CH=N—Ph— |

NMe
[¢] N 2

ClOSN S0.Cl
0 48

Reaction with Benzyne

Nakayama et a}..51 isolated N-I@(-(U-anilinnphsnyl)benzy{] aniline 52- from
thermal decomposition of benzene diazonium carboxylate in the presance of
N-banzylideneaniline., These findings were interpreted in terms of {(2+2) addition
of banzyne with imine to give diphenyl - benzazetidine 43, which underwent
spontansous ring opaning to ap azaxylylene 50 and reacted with more N-benzy-
lideneaniline to give the tetrahydroquinazolin derivativa 51 whiech hydrolysed

2 indicated that tetrahydroe

to giva diamine 52 (Path a). Fishuwick et al.6
guinszoline derivative 51 could also be formecd by stepwisse 2+2+2 addition of
imine to benzyne‘(Path b). Howsver these worksrs were able to isolate 5,10~
dipheanyldihydroacridine 53 along with 51 during the reaction of benzyne with
imine. The formation of 53 could be explained by electrocyclization inveolving
the N-phenyl group of azaxylylene 50 followed by hydrogen tautomerization and

phanylation with benzyna (Path g).
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¥

©| Path a Ph
+ : :;"“‘Ph

Ph—CH=N—Ph 4
£ Path b CHPh
50
-, ~NPh
| o og Ph
+CHPh NPh NHPh
‘NPh__— g Apn "
h
N~ Ph Ph NHP
Ph i 52

e QLI ‘ff.

4,2,3 Five Membsred Rings

1,3-0ipolar cycloaddition reactions of imines with dipoles like diazoalkanes,
nitrilimines, azomsthine ylides, azomethine imines, nitrile ylides, nitrile
oxides and carbonyl ylides give stable five membered heterocycles and forms the
examples of 2+3-35 type of cycloadditions. Imines derived from o -aminoacids
act as azomsthine ylides and their reactions with differsnt dipolarophiles,
reactions of 1,4-diaza-1,3-butadisnes and 2,3-diaza-1,3-butadienes, where three
atoms involved in the five membared ring formation are derived from imine can be
catagorised as 34236 typs cycloadditions. €arlier literature on 1,3-dipolar

4152s3

cycloaddition reactions of imines has been well reviewe . The recent liter=-

ature on imines and conjugated imines which has not been reviauadss'sa’ss is
discussed hera,.

Reaction with Diazealkanes

Cinnamylidene—~anilinas reacted with diazomethane in dioxane to give 142,3-tria=-

12

zolines 54 in moderate yiselds and in all the cases investigated carban-carbon

doubla bond remained intact sven when excess of diazomethans was used.

CGHS—CH‘-'—'CH—CH:N—Dst-—X(p) + CHyN, ——> C H-CH=CH- E:H-—T -C H-X(p)
CH

72

N

X = H,NO,, Cl, Br, OCHy, CHy 54
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Reaction with Nitrilimines

Diphenylnitrile imine generasted in situ from corresponding hydrazinoyl chleride
: 67 :
reacted with cinnamylidana-anilina65 and furylacrolein anils to give corres-

ponding Ag?-1,2,4-triazulinea 55 and 56,raspactively.

CgHg-CHE=CH— CHi= N— CHg + CoMem T=n- N—CgHg > C e CH"CH—/CH—N\ CeHg
~N L
TN 7/ tes
55

| .
o CH=CH—CH=N—R + CSHS—C—-N—N H _— > U‘CH-:DH“CH“N\“R

c
Cols” \N/ ey

R = C.H, CHS(p), csuaucuz(p), CeH
HgBr(p), C4HuND,(m).

Similarly C-acetyl- and C-ethoxycarbonylnitrilimines generated in situ from the

5!
56

corrasponding hydrazinoyl bromides reacted with severel conjugated imines at
C=aN to give £ﬁ3—1,2,4-triazolinesﬁa 57 and there was no evidance for thes forma-
tion of any other cycloadduct resulting from the reaction at carbon-carbon
doutle bond 58,

R1—CU—-E=N—PT—C5H4L‘.H3(§} + R,—CH=CH—CH=N—R, —>

2 3
Ry—CH=CH—p  n-FRs | Ry CH—CH—CH=N—R,
C—COR C—COR
NS Y, 1
(pYCHLEHT N (p)(:H3c5H4 \/
14 58
Cycloaddition reactions of C-acetyl- and C-sthoxycarbonylnitrilimines with

69-71

various aldazines yieldadzﬁ?-1,2,4-triaznlinas 59 without any svidence for

the formation of 'criss-cross' addition products 60 or 1,4-dipolar cycloadducts

1.
4 -
R,—CH=N—N=CH—R, + Ry CU—C:N—N@\ CHy —>
R~ CH=N
L R,R
\N—CH—R, ACO 2
| NZ" N7 “N-CgH CH.(P)
RyOC-Cy, ,N N N
2 CHCHy(P) N NY/N
59 {PIR;CH,Ce
a b g 4 & s R 6,;:092
R, = c C.H,CH —
! @ @ @ &3 674 3(9} R N=N R1
Ry = CHy OC,Hg CHy CHy CHy ‘I Y
R,c0” ~N— N~ —CghCHP)
61
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Dannhardt and Sommer72 recently reported the syntheais of pyrrole-triazoles 63

and othar fused triazoles by reacting pyrrolines 62 with diphenyl nitrilimine.

Ry r S6"'s

Ry C H—C=N—N—C H, — Ry N~

Ry -yt 765 675 F'?I i[

Ry "N 2 N CgHg

X

62 2 €3
Ohshiro s} a1.32 reported an interesting reaction of cinnamylidene-N-tertbutyl-
amine with diphenylnitfilimina where addition occurred both across carban-
carbon doubls bond and carbon=nitrogen double bond.
Ph _~_2N-But + Ph-N-N=C—Ph
Across C=N I Actpss C=C

Ph Ph

%EN—-But + v h N -But
Ph-—N\N)_ph )_Ph Ph—N >_I;Ph

Reaction with Nitrile Ylides

Bunge et 51.73 have studied the reaction of benzonitrile-4=-nitrobenzylide with
benzylidenemethylamine and reported the formation of imidazole derivative §4
€ HC=N—CH—C . NO,,(p) + CHCH=N—CH.—
glg-=" N tgMy 2""65=""3CH CH, NOSP)
6 L NOJ CeHNcga,,N%p)
CHy CH 27
7 65 cHy  Cds
Benzonitrile=-p=nitrobanzylide reacted with cinnamylidene-=N-tert=butylamine to
give formyl pyrrole which was formed by oxidative aromatization and hydrolysis

of tha cycloadduct formed by addition across carbon-carbon double bondsz.

PR N-But + CGHSC__N TH—CgH, N, (p) —

Ph N-But | Ph CHO
(P)N02C6H4 N/ C6H5 2 @icﬁb‘%
H

Reaction with Nitrile Oxides

Singh et 31.74 studied the reaction of benzonitrile oxide with 1-aza«1,3-buta-

dienes and resported the formation of Af-1,2,4-axadiazolines 65, formed by the
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addition seross carbon-nitrogen double bond. Use of drastic conditions and
axcess of nitrile oxides also did not yield any cycleoadduct arising from the

reaction at carbon-carbon double bond,
[ -
CGHSCH-—-DH—CH:N-—CSHQX(p) + CHgC=N—0 —

CgHgCH=CH— ll:H—-rlﬂ—Cng‘( p)
Q\Nﬁp-cﬁH5
65
Subsequent studies by Rajanarendar et a1.75 on the addition of benzonitrile
oxide to a system containing C=C and C= N also confirmed the addition preferen-

tially tsking place at C= N bond, even when there was no steric henderance to

the dipols.

Reaction with Carbonyl Ylides

Carbonyl ylidss have not been isolated but their existance has besn proved by
spectroscepic method and in situ reactions of oxiranes, Linn and Eigansk7
found that tetracyanosthylene oxides reacts with N-bepzylidene-anilins to give
species A and B which are capable of reacting with dipolarcphiles, 1In the
absence of any dipelarophile the 4-oxazoline 66 is formed (by ring closura of A
and elimination of one molecule of hydrogsn cyanide) together with imidazolidipe

62 ( formed by 1,3-dipolar cycloaddition of banzylidene=-aniline with azomsthine

ylide B ).
N +
NC C NC\C/O\C,CN NC\C¢0\C/CN Ph.N=CHPh
: ; CN - =
+ +
Ph—N ——CH~—Ph Ph—N— H
——CH-Ph
gl > ~CO(CN | -,CN
Nc-.é\ Tl NC~ GoCN ZCOCNI2 on—c . C:“CN
Nc/ 0~ CN NC ~o” \CN \'?/
A Ph 8
Ph Ph
N Ph, Ph
| )<CN | i
N CN
C 0 CN Ph’N CN
66 Ph
67
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Similarly carbonyl ylides derived from gem dicyanc epoxidas77 reacted with
7e

imines to yield oxazolidines 68,
_-CN
{p} x—cGHﬁ-—CHdc\ + (P Y—CgH,—CH=N—C H —Z {p) —
Ng” TCN
H
{p}) L—CgHN—CT"
X = H, Cl, Mel, NO,, 1 CeHaY(p)
Y = H, Ma0, NO,, Cl . LN
4 + T {p) X-CgH, /c\ /c\cn
Z = H, Med, NO,. H o
68

Reaction with Aziridines

The thermal decyclization of aziridines gives corresponding azomethine ylides

which add to different dipolarophiles to give five membered hatarncyclasTg.

Sain and Sandhu®Y

raported the reactions of 3=henzoyl=-l-gcyclohexyl=2«phenylazi=
ridine and 3=benzoyl=1=-isopropyl=2-phenylaziridine with conjugated imines to
yisld corresponding imidazolidipes 69 without sny evidence for the farmation

of any addition preduct arising from the reaction with C=C bond,

CeHg-CH—CH—C —CeHe 4 CgHg- CH=CH—CH=N—R, ———
. ,
I
Ry a, R, = CGH,C1(p)
a, R1 = CgHeq b, R2 = CGHS
CH
b, Ry = Hcl_ 3
: “CHy € H.—CH—=CH—CH—N—R
65 ] | 2
C . H.—C—CH CH—C.H
"5 6'ls
I
\N/
I
Ry

A —Amino Acid Ester Imines as dipoles

Iminas derived from O(-amino aclid esters have been extensively usad as dipoles
for sterecspecific cycloadditions to different dipolarophiles. Joucle et 31.81
reported the reactions of imines derived from glycine methylester and benzal-
dehyde 70 with numbar of dipolarophiles to yield sterscisomeric pyrrolidines
71 =175,
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-+ p— ——
F’h—-CH=N—CH2—-CUDHB &= Ph—CH=NH—CH—CO0Me F)Ph—EH—NH—CH—CDDMe

+ eh—en=c( ' Al
a, HT = R = CDDOMe MGOOC‘ H “Ph
b, R = COMa, Ry = CN n
¢y R = CN, Rqy = CO0OMa COOMQ,COOMKZ COOMG,COOMQ
Z_g + EHCOOMG — - 7_2- + _'; >"--Ph 73
Mz20OCHC Me0OC” Ph = Me00C N
CQOMe

70 + §HCOOMe ’Z_j‘COOMe COOMe  home
—
74+ 75
CHCOOM 74 j ; 75
4 Me0OC H Ph MeOOC " Ph
M

Imines obtained from phanylglycine methyl estsr and benzaldehyde underevent
cycloaddition reactions with dimethyl Fumarate and dimethyl maleate to yield
stereoisomeric pyrrolidinassz. Other studies in this direction include the use
of pyridoxal Ol-amino acid ester aldimines83 and disthyl aminomalonate iminasa4

as dipoles.

Reaction with 2-Phanyl-pxazolium Perchlorate

. ; . Bs f e i o S s fe o N ‘i L .
Boyd st al. ~ reported thes reaction of imines with Z-phenyioxazoiium perchiorate
to give imidazolidin-4-one 76. Formation of imidazolidine was assumed through

the mesaionic specie 77.

+
HN _ h
k l clo, + R—@-NZCH-Ph—vP col‘ |
Ph o7 © Ph™ N 0
oL
76
Pn’l\o ol £

Reaction of 1,4-Diaza~1,3-butadienas

MoskalBE raparted an interesting reaction of 1,4-diazabutadienes with aroyl
isothiocyanataes to yisld imidazolidine-2-thiones 78. The cycloadditions uere
found to be accompanied by 1,4~shift of hydrogen from a methyl group attached

to C2 of the 1,4-diazabutadienss,
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AFSNH
I COAr,
—NHAT
AN ’ A e
l 0 + A, CONCS — ™2 \c—s
c O
V4 % 4 N
3 2 Ar, 78
B 2 i Ay
a CgH,0CHA(p) CeHs CeH4CL,(2,4) CeHg
b 56H4CH3(9) CsHg c5H3c12(2.4) CgHg
[ CgHa0C,H:{p) CeHs Celg CeHg
d CeHaN(CHS) 5 (0) CeHg Cehs CeHg
8 CEHADCHS(p) CGHdBr(p) CeHg CeHg
£ € H4OCH(p) CgHyg CeHs CgHaCl{p)
a CHgM(CHL), (p) CgHs CeHg CgHaClip)

Mechanism for the formation of 2~imidazolidinethionss 78 was concluded on the
basis of their earlier findings on the reaction of isocyanates with 1,4=diaza-

butadinas®’ 27

and that the reaction of aroyl isothiocyanatse with 1,4-diazabuta=-
diens containing phenyl group in place of methyl group at C =2, did not procaed,
Thus N=1 and C=3 of the azadiens werse taken as'nuclaophilic and electrophilic

centres and the mechanism as shown was suggested.
Arz

Ar,
Reaction of 2,3~Diaza-1,3=-butadienes

2,3-Diaza~1,3-butadiens (azine) is a typical azadiane system and can undergo
3+ 2 cycloadditions wherse 'criss - cross' addition products are ubtainedsa.

Suschitzky et al.90 reported the reactions of chlorosulphonyl isocyanate with

0
}’kNX
R—CH=N—N=CH—R + Cl0,SN=C=0 —> CIOZSN |

| >
H R
0
R = CoHgy CEHQGBHS(p), C6H48H3(p), CGHaMDZ(m), c5H401(p)
CstNﬂz(p), CEH4F{0), 2efyuryl, 2=thienyl, 2=allyloxy,

aldazines to give 'criss - cross' addition products 73,

H R

NS0,CI

79

1=C4 oMo CGHaNMaz(n). csHaNMaZ(p), EGHachHB(o), C6H4NCBH12(0)
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Howsver, reactions of chlorosulfonyl isocyanate with aromatic ketone azines
ware not successful.

91,92

Reaction of azines with maleic anhydride N-nhenylmalaimideg3 and phenyl

isocyanatasa are also known to afford ‘criss = cross' products,

4,2,4 Six Membarsed Rings

Cyclnadﬂition raactions of imines with dienes such as benzoyl sulfens, diketene,
dimethyl acetylenedicarbaoxylate yisld six memberad ring heterocycles and can be
classifisd as 2+ 46 type cycloadditions. Reactions of imines with enamines,
vinyl ether and Diels=Aldsr type reacticns of conjugated imines including
intramolecular cycloadditions and reactions with mescionic oxazolones which lead
to the formation of six membered ring ecan be classified as 4+2—36 type cyclo-
additions, Earlier literature including soma recsant reports which have besn

12,3 and the litsrature on photochemical cycloaddition

94-96,3

included in the revisws
reaction of imines which has been thoroughly revisued are not discussed

here.

Reaction with Dienes

The use of imines as disncphilic component in (4+2) cycloaddition rsactions uas

37 in 1967, and was updated by Weinreb and LauingB in 1979,

thoroughly rsviewed
All the imino compounds are not effective dienophiles and simple Schiff bases
thus have proved to be unreactive in 4+2 cycloadditions unless except;onally
reactive dienes such as o=-quinodimethane area Bmployedgg_ Electron deficient
dienes howevar provided more reliable resction partners. In particular Na=sul=-
phanylimine and N=acylimines add to 1,3=dienes affording tetrahydropyridines

in good yields, Such cycloadditions can be effected either thermally or under

lewis acid catalysis.

Z
s 2z
11;1 &+ = Heat or N~
c ~ Lewis Acid [ X
7N\ ¥
X Y

Z = S0pAr, COR
X, Y = H, COOR, Ar, CClg

Addition of an imine to an assymetrical diene can in principle give twoc regic-
isomeric adducte. In fact imino=- Diels~Alder reactions show an excellent

regloselectivity comparable to all carben systems.
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s R, R, Lz
Il + or N"y
R
~ R
X 7 v 3 3 ! Y
4

Although the mechanistic data concerning these cycloadditions are spordic.at

prasent but however, Weinreb et al."m have outlined a scheme of the sterso-

chemical consequences of addition of an acyclic imine to a substituted diense,

101,102

Weinreb and coworkers further used the imino~ Diels-Alder reaction in the

synthesis of C/D ring system of the antitumor antibiotic streptonigrin 80 as

shown below. CH ]
0. fFehlum 0 N):s“z.c'(p) 7 CH,
N Xylene & Ph 0O
HN N\\J/>hb + —
0 —CH3OH X"Vo
CH3O
CH3 0 CHy
et () )
/}} c ?——N—CG%Cl(p '
0 Ha.. N
3 H O Several Siep'-;
.C}*a + qc‘*a
Ph‘v’O
OCHj3 CH,0

Mckay and Proctor 0% reported the reaction of imines 81 uith several disnes in
presence of BFsEtZD catalyst,

' COPh
—Y =
o ::jc' BF3 Et,0 N NT:::[CI
h_ _ —
Ph -C-CH=N cl cl
& O —

T OPh
Qe
cl
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Lewvis acid catalysed condensation of siloxy dienes with imines to yield six

membered heterocycles are alao raported104’105.

Reaction with Benzaylsulfens

Benzoylsulfene gensrated from banzoylmethanssulphonyl chloride and tristhyl-
emine reacted with benzylidine~-N-propylamine to give (4+2) cycluedduct1as. This
reaction appears to have Purther considaerable potential,
02
EELN S
Ph-+COCH,~S0,C1 + Ph—CH=N—Pr ——=3 /E “N—Pr
Ph O’l\FDh

Reaction with Diketenes

Reaction of imines with acid ehlorides in the presence of tertiary base

107 reported an interesting

generally yields B -lactams. Maujean and Chuche
raaction of acetyl chloride with imines in presence of tristhylamine to obtain
dihydrooxazinonss 82. Same products could also be obtained by reacting ketena

dimer with imines.

Ry : 9] 8
~ -

R 2”’ l R]

o CiiS 0 =]

= H, Ry = Ph, CH,Ph 82

by Ry = R, = Ma, Ry = Ph

. Reaction with Dimethyl Acetylenedicarboxylate

Imines reacted with dihéthyl acetylenedicarboxylate to yield dihydropyri=-
108-110

dines a3« Cinnamaldahyda anils also rsacted in 2 similar manner leaving
C=C tond intact; . COOCH3
R—CHSN—R, + H,CO0CC=CCOOCH; —> Ry y—COOCH,
Rf“ ~—CO0CH,
COOCH3
83

Reaction with Benzeofurazan N-Oxjde

Our investigations goupled with the literaturs reports on the reactions of
1-aza-1,3-butadienes revealsd that dipoles as well as nucieophiles, generally

react at carbon=nitrogen doubls bond leaving carbeon-carboen double bond intact,
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In 1984 an interesting reaction of cinnamylidene-aniline with benzofurazan

N-oxide was reported, where the reaction oecurred at C=C bond of azadiane

111

to yield a novel class of gquinoxalins N,N'-dioxide imine 84. The clear

mechanism of this rsactions is still wobscure.

P'.I\ dry benzene
0 + CgHgCH—CH—CH==N—C.H_ >
*
\ 0"
o~ n}+ CH=N—C¢H
QL
v
T+ CeHg
0— L3

Reaction with Enamines

Enamines having of -hydrogen, reacted with a variety of benzylidene-anilines

to give 1,2,3,4-tltrahydruquinolinas112 B5.

RyRoN—CH=CRSCHy + (p) X—CoH N=SCH—CH,~Y(p) ——>

OCOCH
a, RyR N = Morpholino, Rq = CH3 X C|43
B, Ry= R, = Ry= CHy CH3
€, f4RA,N = TMorpholino, Han 85 g CGHI.Y(p)
The mechanistic route for this reaction has been proposed as :
R
N/ 1
~~ R
\C R2 ’\N/F“2
H~" CH
cZq 3 X H+J3<H/CH3 _ut
@ ? — iR T
- 3
ﬁ 2C H-CH, v(P) *’?’-/cr |
N“H com, vip)
R‘ RZ )
~n OCOCH,
CH3 X CH3
CH
N 3
H HV(P) H CGH‘y(p)
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Reaction with Vinvyl Ethers

fReagtion of imine with winyl ether in tha presence of dicobaltoctacarbonyl is

known to yield 2-phenylquinoline 86 and 2-phenyl~d-ethoxy-1,2,3,4-tetranydro-

quinoline113 a7.
Cuz(CD)8
—CH=N— = —_—
CH—CH=N—C_H, + CZHBDCH CH,
OCoHg
9@l GQ
-
N
C6H5 N CGHS
86 87
Reaction gof Azadisnes with Mesoionic Oxazolones
As sarly as in 1971 ue114 reported the reaction of cinnamylidene-aniline with
4-mathyl-Z-phenyl-2~-oxazolin-5-one to yield dihydro- OC ~pyridone B8,
€ Hg CH=CH—CH=N—CHg ~+ CH3 H CH4
H NﬁéyC5H5 NH“%*CGHs
~ =]
‘_sll 5
88

l

To generalize thia reaction and study the effect of differeant substituents in
azadienea we reacted a series of cinnamylidene=anilineswith 4=methyl=2-phenyl-2-

'oxazolin-5-0n9115

. Although dihydro= ¢X -pyridones wers the only product isolated
from these resactions, the reactions with N-aliphatic azadienes were found to be

fast and exothermic in comparison with N-aromatie counterparts.

0 CeHg
0 H
CgHe CH=CH—CH=N—R + CHq4 )_ H CHj3
u N/' CgHg —> | NH—%—C5H5
H * 0 0
R

R = C.H,0CH:(p), CH,Br(p),
CH,C1(p), C5H4C12(2,4),
CeHaCHalp)y CHgy CoHyy
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To further genaralize this reaction and atudy the effect of substituents on

azadiene, reactions of 4-methyl-2-phenyle=2w~oxazoline5-ona with furanacroleine
anils were studied. Again we obtained correépnnding dihydro= o -pyridonss and
thelr was no evidence for ths furan ring taking part in the :eactions116. The

structures wers fully confirmed by x-ray analyses.

0
| | CH=CH—CH=N—R &+ CH3KO C.H
on‘ 2 CeMs —
H N
R = CEH40CH3(p), C6H4CH3(p),
CgHaBT(p)s  CgHgOCHL(R),
Cgfs

Reaction of 1-aza=3-bromo=1,3-butadienes with 4emethyl-2-phenyl-2-oxazolin-S-onae

also fialded CXL-pyridona§17.

Having bsen studied ths reacticns of 1-aza=1,3=butadisnss with diffsrent
substituents, we directed our studies on this reaction, towards chenging the
substituents in mesoionic oxazeolones. Thus we studied the reactions of 2-oxazo-
lin=5-ones having different substituents in position 2 with cinnamylidene-
anilines. Although dihydro- C{-pyridones waere the only reaction products without
any svidance of the formation of ﬁ? -lagtam or 1,3=dipolar cycloadduct, it was
observed that when an aryl group in position 2 of the oxazolone contains an
slectron withdrawing group in para position the reaction is slower and in case

of electron donating group, it is faster than the unsubstituted aryl group being

prBsent11B,
o} CgHs
H CH
CHy 3
512)-R + CgHg-CH=CH—CH=N-—R, NH—q—R
H™ N HOSN-S0
i
R
R = C5H4Cl(p), Ry = CgHg, CﬁHaCl(p),
C5H400H3(p), CgHahO,(p),y C5H4CH3(DL
CH,C Hg CEHaﬂtHs(p)
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Reaction of 2,3=djaza=1,3=butadienes with 2 - oxazolin =5 = onas yielded pyrida-
zinunas11g'1zu 89 without any evideance for the formation of 'criss-cross'

product 30 or amido- B~lactam 31.

R

J "

N 4+ n,z'o N ‘

N >—c Ho— s NH—C—C.H g
R

0
R H 29
H
R~-CH=N-~-N—R 9
! o)
R 0
R= CH C Ha5, Ry = CHqy CH
g5t “4'3 1 3 e g N/ NH -C-C .H
CyHz0,  CgH, OCHL(p) ! 1 &5
He- C- R
EgHaCL{p), CgH,tme,(p) Cets NN N PO
0 R 90

Reaction of 2,4=0iphenyl=2-0xaznlin=5=-gne with 1-Azabuta-=1,3-disnss

Our studies on the reaction of 2,4=diphenyl=Z=oxazolin~5-ons 32 with {-azabute-
1,3-dianes 93 yielded interesting results and we obtained tuo sets aof products ;
oK -pyridones 34 when azadienss with N-alkyl groups were used and acetylated

adducts 35 when their N-aryl analogues were used121.

2 )
0 H N0
csH CgH
H N H NH-C—CgHg ™
C H5 C6H5
_ _ C oH N 8 57
CgHgCH=CH—CH=NR 6 6N TN fH
93 0—,_ HC
28 R =CHy by R=CgHigs gy R=Celg g ° ScH
4y R = CgH,OCH(p) 3 8, R = C H,CHa(p) ; CHy~ C—;J—R
i
£, RacCH,Cl(p) § g, R =CgHBr(p) ‘o 95

122

The azlactons 92, mp 90-92°C {lit. s mp 103.5-185.508), was prepared following

the metheod reported by Huiagen122. Rapeated crystalliyation from light pstroleum
sthar did not raise the melting peint. The 1H NMR spectra of this compound shoued
the presence of acstic anhydride presumbly in tha crystal lattice., This

azlactone 92 containing acetic amhydride, when reacted with azadienes 23a,b
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yielded o{-pyridanes 94a and 94b in 60% yielde, Houwevar its rasctions with
azadienss 93c - g yielded acetylated adducts 95¢ - q in 46=-52% yislds., Also we
were 2ble to prepare the azlactons 32 frae aof acetic anhydride by passing the
benzens solution of azlactone 32 through a short column of active basic alumipa
where 2all the acstic anhydride was trapped. The azlactone 32 thus obtained
showed mp 103.5-105.5°C (the same as that reportad by Huisgen) and the 1H NMR
spectra indicated the absence of any acetic anhydride. Acetic anhydride free
azlactone 92 reacted with N-arylimines 93¢c=-e affording the o(-pyridones 94c -
in 14, 20 apd 15% yields respectively, Howevar, its reaction with N-alkylimines

93a and 93b yieldsd the OX-pyridones 94a and 94b in gomparabls yields,

Mechanism for tha Dihydro- ¢X =pyridons Formation

The isolation of acetylated adducts of the type 95c - g clearly indicated that
the reaction is initiated by attack of oxazolone at C=C bond of azadiene
followed by N-acetylation, In the case aof compounds 93a and 93b thse cyclized
products { OC-pyridones) ware obtained ; the most logical sxplanation probably
could be that the addition of oxazolone in its carbanion form to the C=C bond
and attack of nucleophilic nitrogen is a completely concerted process (Scheme-=1),
leaving no time available for the attack of acetyl group, the asgurce of which
appears to be the acetic anhydride in the crystal lattice of 92, at nitrogen.

In case of compounds 95c =g the anion formed at the nitrogen atom is more stable
and has a longer lifetime because of its delocalisation into the aromatic ring,
and tha compating acetylation reaction is much faster than the intramolacular
attack on the azlactone carbonyl carbon, giving the acetylated adducts as the

sole isolable products,

B— 7 C6H5\ . C6H5 o]
&6 £ =,
N 0 - -+ fo] :t-
VMRS N N
1
CeMs o, CgHs y Cets
= 4+ _CeMs CgMs
+ HN— ¢ ——CH
93 ——> . o8N HC 5 946
“ HeC 07 Qo 2
5Ce
4 N CH Scheme-1
R

The other two plausible mechanistic pathways For the Formation of ©C=-pyridone

from conjugated imines and azlactenes could be {1) the azlactones are knoun to
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undargo (4+ 2) cycloadditions involving the valence tautomsric ketane intar=—

madiats123

and O{-pyridonas may be formed analogously by a ketens imine reaction
(Schems=2)}, (2} The reaction may be initiated by attack of the imine at the
carbonyl group of the azlactomne and subsequant cyclization may vield o¢ -pyridone

as shown in Scheme -3, This has analogy to the mechanism propossd by Xnoules

at al.85 for the reaction between oxazolium perchlorate and 5chiff bases.
CeMs_ 0 CgHs
CH-C N
1 \ —— /C—C—O
NG O «—— HN~ + 93 — 94
¢ =0
1 H.C
CSHS 5-6
Scheme 2
/Eghs 2
CeH EA
CeHs 7 H-ﬁ _ /8% CH-CgHg thl——c\ a ,(I:HCGH5
- - /
— - + LCH-CH
A g N O e T8 L g N (4
LN S N H5C6 0 \
¢ g o |
CeHs .
94 Scheme 3
The isolation of the acetylated adducts 95c-g indicated that ths probabile

mechanism for this type of reaction is that shown in Scheme = 1. This trace

amount of acetic anhydride playing a typical role is particularly important in

context with Pott's method of in situ ganaratiunTza. A critical report to this

method has recently been published125.

fsaction of 1=-Azabutadienes with Enolatss of Substituted Acatstes

Komatsu st al,126 roported the reaction of l1-azabutadienes with enolates of

substituted acetatss to yield 3,4-dihydro-Z-pyridonss 96,

Rz =) Rl.\l_'__i+ R3
R1NW 3 4 RS/C—COOEl _— RZ R,
| Rs
T S SN To°
a CHy H CeHg - {CHy)g = RIQG
b Chy H CeHg CH, CH4 -
c H({E:z K CH, CHy cH,
d c(CH3)3 H CgHg CHy CHy
8 CHy CHy CeHe CHy CHy
£ C(CHq) CoHy H CHy CHy
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Intermolecular and Intramolecular DielsAlder Cycloaddition Reactions of

Conjugated Imines

Ghosez st al, 127 reported that o B-unsaturated hydrazones 37 react regio-
solectively with & wide range of dienophiles to give the corrasponding (4 +2)
cycloadducts, Reductive cleavags of tha N~ N bond of these adducts gavs

tetrahydropyridines.

o
CH3 CH3
QUL T >
— - ‘

N
C ! H0 N
tho CN  CHg
K =T
ol yoo
- N(cHy), c N{CH3},
00CH3
97 __[ CHy COOCH;
COOCH3 " U
0 ' N“"CO0CH3
CH, 0 N(CH3),
—UL o= 7l 1CHyoH ©3 COOCH;
N | ey |
0 , o CHaN; N~ YCOOCH3
N(CH3), NICHZ2

A large number of nitrogen bearing unsaturated heterocycles are known to
participate in (4+42) cycloadditions but these examplas are not discussed hera.
0-Quinone methide imines generated in situ are also known toc react with a

12B-130 31

. Ito et al.1 obsarvad the formation of apiro-

varisty of dienophiles
tetrahydroquinoline derivative 100 by treating [é{}trimethylsilyl)mathylaminé]-
benzyl:ltrimethylammunium iodide 98B with cesium fluoride or tstrabutylammonium

fluoride in acetonitrile at room temperature.

CHy N (CH3), | O
F- 4 —
@ N-Si {CH3) C[\ ']I 0
- 3
| Y HsC
CHy CH3
98 99 100
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The spirotetrahydroquinoline derivative 100 may be derived from (4+2) cyclo-
eddition of the o-quinonemethide imine 33, Attempts to trap the imine 353 with
dienophiles like acrylate, fumurate, acetylenedicarboxylate and N- phenyl-
maleimide failed and resulted in the formation of 100 only. Howsver, intramole-
cular Diels-Alder reaction of o-guinonemethide N-alkenylimine intermediate 101
provided a useful synthetic method for conastruction of nitrogen containing

polycycles,

MaNICH) BY

—| X
. - || —
?Sl(CH3)3 \N R N

\
(CHz}n—CH=CH2 {CH )R

101 n=3.4

Finally this procedurs was extendad for the stereovselective synthssis of

9-azaastra=1,3,5{10}~-trien=17-gne 102,

@EC“z N{CH3), | n-pul CH,N{CH3) ,
NH2 + @ 1h-Buyli

~\ NH LH:—JZ(CHB);;SEC'I
0 Q Br L . a2cu _Br
~ BN

+
Cfizf“(C|*3) Br ~

NSi (CH,) 1CsF _
33 2 1t
O 0
< 102
132,133

Fowler st al, reported the preparation of Neagyl-1-azadienes by thermal
alimination of agetic acid from O~acetyl hydroxylamine derivatives. These

reactive imines underwent intramolecular Diels-Alder reactions to give indoli-
zidine derivatives 103, The reaction has been reported to follow predomipantly

an exo stereochemical pathway.

P \
| — —
R f\;} C?
0 0 0 0
: R= 2N 103
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Thus by employing different substituents R a number of indolizidines were

aynthesizead.
R Product Yield
S N 75%
Y HgCoyy O
o
6 9
NN N 78%

0
=
NN @ 90%
0

fao et al.134 reported gas phase pyrolysis of N-phenyl-o-{hydroxymethyl}aniline
104 at 750°C to give acridine 107, As a rationalization for the formation of
acridines 107 it was assumed that 104 undergoss water elimination to give imine
105, which then undergoes cyclization to 106 followed by slimimation of hydrogen

to give 107,

Further thess uurkers134 carried aut gas phasse pyrolysis of spiro-oxazines 108
which presumbly involves firast ring opening with the loss of water to give
correspanding o~xylylene derivatives 109, which on c¢yclization and thermal

alimination of hydrogen yields quinoline derivatives 110.

0
N R -3 o N l —_— =X
H 10°m N“TNR SR

108 109 : no
g8 R Ri log R Ry
ay - (CHy)4 - c, CHy H
E! - (CH2)4 = g_' H CH3
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Thera are a number of reports on {4+2) cycloaddition reactions of 2-azabutadienes,.
However these .diemes are genarally substituted with slectron dopating groups
which make them capable of extending their reactivity towards elsctron deficient
dienophiles. Ghosez et 51.135 reported the reacticns of 1,3=bis(t=butyldimathyl=-

silyloxy)=2-azabutadienes 111 with a range of typical dienophiles.

(00CH; 0 COOCH
fooon — WL rroon
it R=H O R
i T
OOCHg— HN. .~ COOCH3
L — JASnakl

' 0
COOCH, %’\)\
HN
tBu(CH;;)zsioT/ coocu:;
R=H O
N:Q?JJR — ﬂ:::p —_—
OSi(CH3), But

"’
DAc
P—-Benzoquinone ‘ACO z
Ac,0-HOAc 5 :(1 \f
R DA¢
P - Naphihoguinone o] N
HN_ .~
R 0O

Gompper and Hainaman136 reported the preparation of reactive 1,3-bis(dimethyl-
amina)-2=-azabutadianas 112, 113 which resedily reacted with a series of alectron

daficient dienophiles.

{c Ha)zNY (CH3)2N\K
N o

CH3) N(CH3)2

-
et
1atd

113
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In fact Ghosez at :al.'5 were the first to report that 2-azadienes 6, 7 bearing

elactron donating group ere capabls of reacting with diencphiles,

DMAD CHy , COOCH;
N COOCH,

HCSC-COOCH, C“sﬂ
CHy P COOCH3 N COOCH3
Nﬁ ] [[COOCHg CH3 _~_C00CH;
N(CH4), T MNFcoocn;,

: o]
6 C+43
- 1,4-Naphthoqui- 8
none o Nx
0
; + HC=C-C00(H; —
. Nkj =~ I
Nx COOCH3

7 N(C}43)2

Other interesting example of cycloaddiﬁian reactions of 2-azabutadienes uwith

alectron deficient disnophiles ars by Gumppern'?, Nnrmura138 139
140 and Steaglich et 31.141.

s Jung et al,

Daniels et al.

There are very few examples of 1,4-~diazabutadienes participating in (4+ 2)
cycloaddition reactions, Pfleger and Jager36 reported that dimethyl and diphenyl
katene react with o(-diimines 114 to give (4+ 2) cycloaddition product. Houever

142

reinvestigation af this reaction by Sakamoto et al. revealed the product to

ba B-lactam formed by (2 + 2} cycloaddition. C6H5

i
YL
0 R
R f/’N H - R N Rl
+ C | |

RN g CeHs

)
H /N

Cg"'s R’ R, CeMse 5
N R
1

ua <R
! Ry
N !

CeHg~
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143

The dimerizatian 4 of substituted o-benzoquinonediimines 115 and reaction

14
of o=-benzoquinonediimines 116 with diaryl ketenes 4 can be taken 8ss the

exampla of (4+ 2} cycloaddition of 1,4-diszabutadianes,

CeHs

CHy H3C c:o NCOCgHs
NCOCgHs N~ NCOCgHs
——
NCOCgH5 N CH3
ns COC6H5
R1
Nf?] ﬂ N 0
R + C —>» R tIz R
fi NS R
NR /C\ \ 2
Rz RZ R]
N6

Disls-Alder reactions of 2,3~dimazabytadiene systam with dienophiles doas not

appeay to have been reported in thes literature,.
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