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ABSTRACT : 1In this review 1s brought together the chemistry
of six-membered mesciouic¢ heterocycles which can be deraved

formaliy from the m-quinecaimethane dianion.
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1. INTRODUCTION

In a recent proposal, the term "mesc-ionic" has been confined to five-membered
heterocycles "which canncot be represented satisfactorily by any one covalent or
polar structure and possess a sextet of electrons in association with the five atoms

1 a3 4,5

and others prefer a broader definition of thas term -

comprising the ring"

ba
i.e. one which covers six-membered heterocycles as well, and i1t seems appropriate

to include mesomeric betaine derivatives of heteropentalenes b and even squaralne57.
In this review, only those six-membered mesoicnic heterocycles will be dealt with

which can be derived formally from the m-guinodimethane dianion (Chap. 2.).

2. DEVELOPMENT OF POSSIBLE SYSTEMS ; NOMENCLATURE

If the atoms 4,5, 4,6 or 2,5, andg 7,8 1n the m-quinodimethane dianion {1,Scheme 1)

1

X,¥: =N,0,S
AL "
X1:3Y é

7 P 7 4 8

o*kl)\o 0Z Ny g
A B ¢

SCHEME 1
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are substituted by N-, O, or S, respectively, three types of monoccyclic meseoionic
six-membered heterovcycles will be obtained (A, B, C) which can be considered as 1,3-
(A,C} or 1,4-dipolar (B) systems. Further introduction of appropriate heteroatoms
(e.g. -N 1in position 4 of A, i1n position 2 and/or 5 of B) enlarges the number of
possible heterocycles considerably; the extension of these general types,including
Selen1um10, provides the possibility of even more systems (Chap. 4.1.4), The connec-
tion of atoms C2 andN1, N1andO7, 07 and C5, or C5 and 08, respectively, with homo-
and/or heterocyclic f4m-rings leads to bi- and polycycliec systems (Scheme 2). The
extension of this development is straightforward (_E_i_S_ in Scheme 2},but since examples

of these types of compounds are rare, this matter wi1ll not be further dealt with.

4 /L
NTY x 7y
O’J\l)\o o
B1 B2 B3

Examples : (Type B2 unknown)
/s N
& N A
Ny - - SN
N N N N hd N N
+ * t
0 0 0 =0 ”)\T)\O 0 0
\.—.=N
Type Bl Type B3 Type B3
SCHEME 2
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As in the case of five-membered mesoionic heterocycles, their six-membered analogues
can be described only by several formulas involving positive and negative charges
at various positions (Scheme 3, e.g. 2'2)5 there may be arguments favouring one of

these symbols, but it shculd be recognized that the electron daistribution differs

A o e L
~ 7 NN SN

N“B N
0? S % 0”& %

Io
jo

SCHEME

5]

fromone system to the other and that a "neutral" formulation (d,e) a1s to be preferred
at the moment. Formula d implies a partial double bond character of the C=0O-bonds;
however, X-ray data do not substantiate this view (Chap. 3). With regard to these
results,we advocate a description in which the carbonyl groups {or their equivalents}
are explicitly wratten and which does not anticipate an experimentally unexplored
charge distribution. In the opinion of one of these authors (W.F.), formula e serves
gquite well for this purpose, differing only marginally from a description (2) given
by Coburn11 and Glennoniz.

The systematic naming of mesolonic compounds 1s not standardized.In Chemical Abstracts

N
0 0
(1} : 5,6-Dihydro-4,6-dioxo-4H-1,3-diazinium hydroxide, inner salt.
(2) : Anhydro-4-hydroxy-6H-6-ox0-1,%-diazinium hydroxide.
(3) : 6H-6-0Ox0-1,53-diazin-1-ium-4-olate.
(4) : Mesoronic 4,6-Dioxo-1,3-diazine.

Naming of Mesoieonic Six-Membered Heterocycles

SCHEME &
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nomenclature (1}, (Scheme 4) is used. Still another systematic descriptioen 1s in
use, especially in the German literature ((3)}: the mescionic compound 1is treated
as an intramelecular salt of an alcohol (Molat") with a cationic system ("ium" as
suffix). However, these designations are somewhat cumbersome; therefore as a short-
hand notation it seems convenient to refer to themesoilonic systems 1in terms of the

parent heterocycle together with the adjective "mesoionic" {Chap. 4).

3. THEORETICAL AND STRUCTURAL INVESTIGATIONS

Even simple HMO calculations reveal that there 1s a remarkable stabilisation to be
found in going from the m-guinodimethane dianion (_1) to mesoionic heterocycles of

type A, B, and C (Scheme 5). HMO-, together with CNDO/lel--da'ta15 of the mesoionic

|

\N/LN/ ~_-N

A L
0 I'\o o lil 0

>
o
O

s,[;]
-2+
Py m— | Jp—
A — o e—
-14 2 — A 2

E“[m]a: 9.43%1 11.054 11.297 10.998

a: Nel m-ovonding energylj.

HMO eigenvalues; heteroatom parameters :

Suy = 1.58, SccG = 1.00; JBC_N = 0.8, 'mc-o = 1.00, JBN_N = 0.603.

SCHEME 5
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4,6-dioxo-1,3-diazines B,2,and 3,show - as expected - a reduced w-electron density
at €2 and an enhanced m-electron density at C5. Interestingly, in 2 the heterocyclic
ring acts as an electron acceptor, whereas in 3 1t acts as an electron donator. These
results are also obtained withain the Hiickel scheme. Both the Hiickel and the CNDOQO/2
method predict a 2-phenyl-substituted 1,3-diazine (2) slightly more stable than the
S-substrtuted derivative (3). An important conclusion concerning the structures of

compound B, as well as mesoionic 4,6-dioxo-1,3-oxazines, can be drawn from these

Pr T
\ﬁ/LN/ H"NAN’H H‘NAN’H
S N )
L3
0¥ i =0 o 7o o# 1 =0
H Ph
B 2 2
\“-\_ methoqd a - b
T HMO; B HMO; 2 CNDO/2Z; 2 CNDO/2; 3
qi,plj "‘.._\\
q1C 1.6766 1.7048 1.6204 1.5694
a, O 4741 0.59t8 0.7435 0.7544
Uy, 0,7659 0.7650 0.814% 0.8365
a5 1,.209% 1.2161 1.4300 1.35412
o 1.7158 1.7161 1.5292 1.497%
plzd 0.5751 0.4004 0.6007 0.6642
Poyg 0.%653 0.3%689 0.2920 0.2972
2
Pys 0.6255 0.623%3 0.5450 0.5059
Py 0.5811 0.5812 0.7396 0.7545
a: Heteroatom parameters employed as 1in Scheme 5.
b: Standard geometry16.
¢! ®=Electron densities.
d: w = Bond orders.

TABLE 1

calculations. As shown inTable 1,the bond order between N3 and ch is very small -

even lower than the corresponding value in the m-gquinodimethane dianion.
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Similar values are obtained for the bicyclic derivatives Bi, B2, and B3 with the
variahle-electronegativity PPP-SCF procedure (VESCF-MO)l?'a {(Scheme 6). Dne would
expect an unusual long bond length hetween these atoms; these results have been con-

firmed recently by X-ray structure determinations. Up to nowonly two structure de-

/S 0.54 0.49

NFN /0.48 0.38 \/k 0.55

<
N~

\N N/ /N¥N
0.%34 — | % — 0.35 <: t |— 0.38
# N =
0 /’ \\O / \ 0
0.56 0,54 0.65 0.49
Type Bl Type B2 Type B>

17

Bond Orders in Bicyclic Mesocionic 4,6-Dioxo-1,5-diazines '.

SCHEME 6

terminations of compounds of type B have been described., Both the mesoionic 1,2,3,5-
tetraphenyl-4,6-dioxo-1,5-diazine (4) and the 2-ferrocenyl-1,%~diphenyl-4,6-dioxo-

1,3-oxazine (5) show extraordinarily long C-N- and C-0O-distances (S5cheme 7). These

35 1.%11 £ 1.308
C
Ph Ph\\‘)\/
N 8]
1.488 — ¥ —1.46%
0 of >0
1.41 1.205 /fpr]\\ 1.201
1.406 1.392
i18 519
X-ray Data of 4 and 5 ; bond leagths given in A.

SCHEME 7
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findings have also been d15cussed18 in terms of Ddhne's concept of two coupled poly-

methineszo. It may be remarked that compounds _g and 5 show C=0-bond lengths, which
are an the range of the values for normal carbonyl groups; a partial double bond
character which 1s suggested by a mesomeric form d {Scheme 3) could not be sub-

stantaated.

4. SYNTHESES AND SPECTROSCOFIC PROPERTIES

4.1 1,4 - DIPOLAR SYSTEMS

4h,1.1 Mesoilonic 4,6-Dioxo~-1,3-diazines

Monocyclic Compounds. Syntheses

The parent compound of mesoionic 4,6-droxo-1,3-diazine 18 the 4,6-dihydroxypyrimidine

21,22

(é) .Katraitzky and coworkers have demonstrated by UV,IR, 1l-I—N'MR,and pKa measure-

H H H
H H ,J\ H
N)\{u \N+N/ NZ N7
HO “oH o? KH\O Ho)ﬁ) N0
H H H
6 7 _3-
ments that_g exists in water predominantly as mesoion 123, together with a substantial

24 ]
amount of f-hydroxypyrimidine-4(3H)-one (8}°°. 4-Hydroxy-6-mercaptopyraimidine (9)
25

may exist also in various tautomerzc forms. Brown and Tatei have advanced arguments

H H H H H
H H H H H
N)\N N)\N/ ‘NJ”*N N)\N’ "N’{\N’
HO SH HO s 0 g o? =g 0 Ng
H” ™H H” ™H
H H A
9 10 " 12 13
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for the oxo-thiono form {11) 1n water and ethanol, possibly with small amounts of
10 and 12; however, the mescionic tautomer 13 which has not been taken in account
by these authors has recently been considered as the most likely structur926

It is noteworthy that 6-hydroxy-4-pyrimidones may undergo inter- and intramolecular
[ﬂ4+12]-cycloadd1tion reactionsz?, possibly via the 1,4-dipelar form (_1_5_). In some

instances the primary adducts ,(1_6,21) have been detected. However, with bulky sub-

1 1 E
R R E
2 2
H ,l\ R CHy E H
N’l‘ - ? SN SN 29 Heppl- -t
N + DMAD N N~ |
Ho’L“T’L§o 0 =0 o H Y H,e” N0
1
R3 &3 H
Mo Bg-c L] 7
a R1=CH5, R2=33*H
b k' = R¥Z Pn, ® - PhCH,,
c: RY=cH R - m, R

3

CH,Ph CH,Ph H CH,Ph
18 18 20
gifs ’ifa
H H _CH
NZ SN ? N7, Nt N H
—— h —_— —_—
HO 0 o 0 0 ) H,C” N7 N0
1
H
1_&5 i5¢ 21 22
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stituents in position 2, 3, and 5 of the hydroxypyramidone (14b) no cycloaddition
2 g

with DMAD 9 could be observed and the addition products 1_8, 19, and 20 are obtainedas.

True monocyclic derivatives of 7 have been described for the first time by M.Prys-

a,31
te.s3 23 . The already reported33 treatment of Q,G-dimethoxypyrlmidlne (_2_3_) with

H wo 4°
A TS G I
NZ N CH J/7C}C N/ IT™NE SN T3 3 ¥
+ A
I . + H_<3_ H 3
H.CO OCH, ‘\o H,CO =0 N4 N QA
3 e o cH, o
H H 3 3
23 2 2 26
SPECTRAL DATA OF COMPOUND 2630 34,
uv  (py = 1- 10)°° W 214 (&,17), 253 (3.31), 270-295 nm (plateau, 3.09} ;
UV (neutral medium}” ' : 255 (3.34), 258 am (3.06) .
1y-NMR (N1'=-CH. ,N3'-CH,) (CH,) (N1-CH,_,N3-CH,} (C21-H) (Cc2-H)
_— 3 3 2 3 3
(DMS0-a,) " 4 = 2.70 2,93 3.35 5.75 9.28 ppm
(D2o)54 16 = 2.68 340 5.90 9.05 ppm

SCHEME 8

methyl iodide yields the known compound 24 accompanied by its metholodide {25) and

the high melting (mp 276-2780(2 (nitromethane)) dimeric mesoionic 4,6-dioxe~-1,3%-

diazine 26. By heating the reaction mixture ina sealed vessel at temperatures ex-

an almost quantitative yield of _g_g 15 obtained. Fission of 25 with

ceeding ?OOC ’
i

hydrogen bromide 1n acetic acid, which has been reported by Soviet authors
also leads to 26 (90% yield); a short heating of 25 (220°¢,

to give

the monomeric form Df2_6,
5 min.) preduces 26 in 77% yield.

The action of hydrogen bromide in acetic acid on 27 yields Eé {(which may exist in
solution as _31_9) and _2_‘_}_30. In the same paper, the reaction of 4,6-dimethoxy-5-phenyl~

pyrimidine (31) with methyl 1odide is described to give 32. Later on35, the thermal
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H
CH
N)\N’ 3 Her N

acetic acid
=y 0

H H
27 28
H H
H CH
‘N+N’ 3 kaN
o” H)\o HE o)ﬁ)\ow
H Ph
30 3
R R
HAC CH
N/*N 200°c_ 3 \N+N’ 3
—_— e +
H3COMOCH3 15 min Oyk('\o
NO2 NO2
33, R = H, Ph 34

rearrangements of &, 6-dimethoxy-5-nitropyr1m1d1nes

HETERQCYCLES, Vol 19, No &6, 1982

Ph

32

S(N-nCHj) =3.31 ppm,

&d{cz2-1) =9.16 ppm,
(in DMSO-dB).

5o = 1688 em™ 1.

R

N)\N’CH3

Haco)ﬁ) )

(33) are reported to yreld 34

and 35. Obviously,compounds 35 are intermediates; onheating to 20000 they give the

final products (34). The mechanism of these reactions is not yet clear; a double

1,3-dialkyl O—N migration via a radical mechanism 1s suggested.

The proposed structures 26 and 32 rest on spectral data (Scheme 8) and chemical

reactions.Compound 2_6 i1g very readily cleaved by alkali under the formation of malonic

acid N,N'-dimethylamide.Furthermore 26 and 32 are hydrogenated (Pd/C) to give 36a,b;

the hydrogenation of 2_6 proceeds sluggishly because of a very slow attainment of

— 1093 —




Pd-C
28 — ¢— 32
o 0
H R
asi R =H
6 -
= b: R =Ph

an equilibrium of g_@_ and 1ts mesolonic monomer. Only this monomer then undergoes
the hydrogenationjo.
The first general syntheses of mono- and bicyclic mesoronic 4,6-dioxo-1,3-diazines

36,37

were published almost simultanecusly by two research groups The reaction of

38

N,N'-disubstituted amidines (é_?_) with reactive malonic esters as malonic acid bis-

(2,4,6—trichloropheny1)ester539 at 160%¢ gives 39 1in good to excellent yields (tri-
chlorephenyl malonate procedure)B?. Bicyclic derivatives {(41b-g) are obtained in the
same way from N-substituted 2~aminopyridines. Refluxing anisole {bp.154°C) has proved
to be a suitable solvent for this reactionqo. Longer reaction times and enhanced

temperatures should be avoided since liberated trichlorophenol specifically catalyzes

a rearrangement of the mesoions _;_9_41 (See Chap. 5.5).Both compounds 41a and %41h were
2 R2
R o RL /l\ /R1
N 3 160°C N7 N
~N N + R -CH(C02C6H2C13)2 — +
1 e
H o o
RB
¥ 38 2
— ‘ R1
Rl 2 160°C N7 N7
” + R—=CH(CO,C.H,Cl,} —_—t *
N N 2°6 27372 S
| oZ N o
R2
40 38 41
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prepared from the

42 473

39 rl r2 RS
a Ph Ph Ph

b Ph Ph  PhCH,
< Ph Ph  (CH_},CH
d Ph CH Ph

e Ph CH,  PhCH,
by Ph H PhCH,,
g Ph Ph Et

h [(4-OCH;)CH, Ph Et

1| (4-NO,)CcH, Ph Et

d (Q-OCHB)C6H4 Ph  PhCH,
k (4-N02)c6H4 Ph PhCH2

HETEROCYCLES, Vol

kL r! R

a Ph H

b Ph Ph

< Ph PhCH’2
d Ph Et

e Ph (CH3 ) CH
£ Phl:‘,H2 PhCH2
£ 2-pyridyl Et

h CH H

- 3

19, No 6, 1982

corresponding N-substituted 2-aminopyridine with carbon sub-

at room temperature in the absence ("—kla)S? or presence (*!i‘lh)36 of a ca-

talytic amount of AlCls.

(For further details on ba= and polycyclic derivatives,

42 Rr! RZ ®

a Ph Ph Ph

b CHy Ph Ph

< Ph H Ph

d Ph CH. Ph

e PhCH,0 Ph Ph

£ Ph CH,S Ph

& Ph EtS Ph

b (Q—CHj)CGH4 CH,S (4—CH3)CGH4
i U;-CHB)CGH!i EtS (Q-CHB)CGH)&
J (2'CH;)C6H4 CHSS (E'CH:-',)C6H4
k (2—CH3)C6H4 EtS (2-CH5)C6H4
1 Cetlyq CH,0 CgHyy

m CeHy £t0 CH

n Ph EtO Ph

Et0

lo

(4-0}13)(:6HL1
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see

helow.) This reaction has also beenused for the preparation of menocyclic mesoions




Lhya 4b

, 42¢ (from an oxime ether)4

4'11'6‘)“

The reactaivity of the baelectrophilic malonic acid derivative can be enhanced by

bearing no substituent at C5 (42a-d , k2f-k (from

isot.hioureas)ll b, 421-0 (from isoureas)

the use of bis(pentachlorephenyl)esters. Thus 39a 1s prepared from N,N'-diphenyl-
benzenecarboximidamide and malonic acid bis(pentachlorophenyl)ester in acetone with

454

two equivalents of triethylamine at room temperature - However, the yields obtained

48p

by this procedure amount to about 50% of the thermal condensation reaction only .
The extension to bhicyelic ”malonyl—u—amlno.pyrldlnes" has bheen reportedqf’a.

In a further synthesas of monccyclic compounds of type 39 mesolonic 4, 6-dioxo-1,3%=~
thiazines (43) are used as starting materials ~, which in turn are available from
N-monosubstituted thiocamides and reactive malonic acid derivatives (malonic acid
dichlorides, substituted chlerccarboenylketenes;see Chap. %4.1.2). When the compounds
43 are heated together with aryl isocyanates, the mesoilonic 4,6-dioxo-1,3-diazines
45 are obtained in 35-83% yield; an aintermediate of type 4% 1s possibly involved

which on loss of COS gives the final products. This synthetic sequence may be pre-

45 r! r? R>
Ph a®| Ph P Ph
R! R?  .»| L. ,
-COS \N/‘_kN/ ) Ph PhCHz Ph
- ¢ |PhcH, Pa Ph
N " = 2
R2 & |PhCH, Ph (4-CLYCcH,
43 i 45 a:r = 3%a ; b = 509

ferred over the trichlorophenyl malonate procedure described above in those cases

where N-monosubstituted thicamides are readily available. ’
boo

In the same way, mesoionic 4,6-d10xo-1,3—oxa21ne53’ 7-50 (Chap. 4.1.2) (e.g. _1_1_6_)

. 1
may react with aryl i1socyanates to produce 4,6-dioxo-1,3-drazines (e.g. i}l)s .

OCH, OCH,
Ph-N-C-0 H.C Ph
HBC\N 0 = 3NN N~
* 13 h, 100°C :
0 0 45/q 0oZ N o
. CH,Ph CH,Ph
46 47
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An unusual route to mesoionic 4,6-dioxo-1,3~diazines was described by H.W.Moore and
2 .

cm-\rcn"l-cers5 . When 4-azado-2-pyrrolinones (fi_&_) were thermolyzed in refluxing benzene

or when one equivalent each of chlorocyanoketene (2_1_)53 and the formimidates 52 were

subjected to the same reaction conditjons, in addition to the major B -lactams (50)

Oe
2 1 0 R
¢t 1 benzene, Cl\/\g/R N/
— —_—
N-R ——e [ = y
reflux - 2 H
N 2 H OR i i 2
3 OR NC OR
i&_(l-g 49a-c 50ag-¢
2
H OR H
0 1 1 1
I_] N/R benzene, RLNXN1R1 R\NJ\N/R
" + 2 J\ ———————— —— +
e’ eN H” “or? reflux 0 "; 0 0
OR
NC Cl CN
51 SZa-c 33a-¢ Sia-c
48-50,52-54 R r®
a CH CH
b CH3 Et
< CeH Et
SCHEME 9

the 4,6-di1oxo-1,3-d2azines 54 were isolated {5-20%). Yields,however can be impraved
by carrying out the thermolysis in the presence of an excess of the formimidates

52, A mechanism which accomodates to the observed products is given in Scheme 5.

Mesoionic 4-oxo-6-thiono-1,3-diazane {13} as the parent compound for unsymmetrical
systems of this type. Only a few monocyclic - and polyecyclic (see below) - deriva-

tives have been described hitherto. On heating with phenyl isothiocyanate, the meso-
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OCH O('.IH3

3
Ph-N=C=S .
A3y "o 22h, 100°C ; Sy
* 15% ¥
0 =0 0” N s
CHZPh CHZPh
48 55
OCH3
Ph 0
4
+ 5 Ph—N=C=5
h —
H.CO Se xylene, 72h reflux; Ph‘N N’Ph
3 66 % :
0 g
Ph
_§_§ 57
ionic oxazine ii_B_ yields 25 with loss of CO In a comparable reaction, 5_6 reacts
54

with the same heterocumulene to yield 577 . Thls seems to be the first example of
the conversion of a five-membered mesoionic ring system into a six-membered mesoionic

ring system.

Monocyclic Compounds. Spectral Data

Monocyclac mesolonic 4,6-dioxo-1,3~diazines are colorless (Table 2, compounds _al—il)‘
or slightly yellow to yellow-orange (compound E,é_g_f_‘—_q) well-crystallized high melting
solids. In their IR spectra, they exhibit a very strong carbonyl band at 1650 to
1670 cm'—‘l normally associated with a shoulder or a second absorption at slightly
higher wave number‘s. The UV spectra show a long wavelength absorptlon at approxi-

mately 350 nm (g :10 ) with a second maximum near 260 nm55. The H—N'MR spectra show
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TABLE 2 : Spectral Data of Monocyclic Mesoionac 4,6-Dioxo-1,3-d1azirnes
(Selected examples and data)
R2
1 3
R+ : R
\N/I\N/
ha
R[‘
1
.| o2 - IR (KBz:i; UV; X (1ge) H-NMR ; wor
(in cm ) (in nm) (& 1in ppm) et
a| Ph Ph Ph H 1700, 1665 215 (4.62), 4.99 (CS—H)b bl
255 (4.25)%,
255 {5.96)%,
2?.70—';‘50(platea\u)c
b CH, Ph Ph H 1695, 1670 217 (4.27), 5.03 (N1-CH_), 4l
255 (%.39), 4.87 (€5-H)"
275-350 (plateau}®
c| Ph H Ph H 1680, 1670 243 (4.36), 4,75 (C5-H}, 44
280 (3.65)%, 9.32 (C2-H)"
515-%60 (plateau)?
d{ Ph CHy Ph H 1699, 1655 208 (4.66), 1.90 (CE—CH%J, Ly
252 (3.82), k.79 (C5-H)
545570 {plateau)®
el Ph Ph Ph  Ph 1680%,1660- 224 (4.558), 57,
1630;1695, 557 (3.982)° 40
1652
| ph Ph Ph PhCH, 1680%,1655- 220 (&.565), %.88 (CH2)f 37,
1645051651, 260 (4.238), 40
1697 345 (5.774)°
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TABLE 2 ( Continued }
1 5 3 4 IR (KBr); Uv; A (1lge) 1H—N’MR;
R R R R {in cm-l) {in nm} ( & 1n ppm) Ref'.
g | Ph CH,, Ph  Ph 1670%, 1655~ 1.92 (CZ—CHB)b 37
1630
h| Pn CH, Ph PhCH, 1680, 1655- 1.88 (c2-cH_), 37
1650 5.65 (CH,)
il Pn 1 Ph PhCH, 16852, 1675~ 3.68 (cH,), 57
1650 9. 40 (c:a—l—l)b
J | Ph Ph Ph Et 1652, 1690 222 (4.599), 1.20 {(t,J=7.2 4o
260 (4.,435)%, Hz, CH, )
345 (4,148)° 2.62 (q, CH2)f
k| Pho (4-0CH;)Cgll, Ph  Et 1648, 1694 210 (4.651)%, 1.20 (CH,), 4o
224 (4.649), 2.60 (cH,),
260 (4.495)%, 3.60 (OCHS)f
345 (h.141)°®
1|Ph (4-NO,)C(H, Ph Et 165¢, 1687 2135 (4.664), 1.20 (CHB), 40
260 (4.540)°%, 2.60 (CHz)f
290 (4.492)2,
545.550(4.042) ¢
m (:H3 H CHB CN 16973 % .24 (CHB), 52
9.68 (c2-H)
a : Shoulder ; b : DMSO—ds; c i CIIBDH; d o C112C12; [<IH CHjCN; t CDClB .
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the C2-proton at very low field (comp. 2_6_,2&) in the pyraimidine reg10n56. The N_CH3

group appears in the amide area with a small downfield shift (32: 8 (CH3)=3' 16 ppm)’g.o.
H5 suffers from a remarkable downfield shift compared with CHz—groups flanked by
two carbonyl moieties; whether these values are the result of two opposite eiiects
-a ring current effect and a highfield shift induced by a partial negative charge
at C5- is open to question. In traifluorcacetic acad there occurs protomation on the
exocyclic oxygen atom; this 1s accompanied by a considerable downfield shift of C5-H

!
and C2-CH, (& = 1.5 and 0.5 ppm, respectively, for compounds a-d of Table 2) “{.

3 .
Only a few 1‘AJ’C—NMR data have been reported. Two representative examples are shown
13C-NMR (DMSO—d6); 13C—NMR (DMSO-d6);
8 in ppm; ref.52. H CH3 & 10 ppm; ref.s57.
347 H3C\N/|\N/CH3 Ph‘NJ\N/Ph
73.9 s s 88.0 (c5),
116.5 , o \O O&KH\O 156.0 (c2),
154.5 , eN CH, 157.0 (£=0).
156.0 .

13C—NMR Data of Mesoionic 4,6-Dioxo-1,3-diazines.

SCHEME 10

in Scheme 10. Attempts have been made to relate charge densities (calculated by a

MINDO method) and 13C-‘\IMR chemical Shlfts5?. It 15 1nterestaing to note that there

seems to be no significant delocalisation, neither of a positive or of a. negatave
charge, into phenyl-substituted derivatlvesB?.

The charge distributieon in monocyclic and bicyclic mesoionic 4,6-dioxo~-1,3-d1azines
(and a bicyclic 4,6-dioxo~1,3,5-triazine; see Chap. %.1.6) hasbeeninvestigated by
ESCA EpectroscopysS. In the former two types of compounds the positive charge 1s
distributed among both nitrogen atoms; the N-1s bond energies are found to bein the

region of 401.1 - 401.5 eV59.

Bi- and Polycyclic Compounds. Syntheses

2-Aminopyridine (58) reacts with diethyl malonate to give a compound named "malonyl-
c"amlﬂﬂp)’l"ld:L;ne“()O 61 which has been formulated by Tschitschibabain in the dioxo-form
(ﬂ). As Snyder and Robinson have pointed out, the physical properties (e.g. high

mp 301-—3020062, Low solubility 1n non-polar solvents) were in contrast to this for-
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NTRN N N
NH B
A P> PN No
H” ™H
H
58 59 60

mula; these authors favored hydroxy-oxo-structures. Katratzky and Waring62 have in-

dicated that only the mesoionic formulation {60) is in accordance with the physical

22
properties of "malonyl-&-aminopyridine'"  ~,

Alkylation of "malonyl-s-aminopyridine" with alkyl halogenides yields - in contrast

63 4,65

with previous investigations “- O0- and N-alkylated product56 C-Alkylation seems

- L
R-Hal SN ~R

50 ———— N + N7 TN
0 OR O’JYL\O
H H
61a7b,c3d 62a,b,c5d*
61,62 R
a: Ootained by direct alkylation.

a CHy b: By reduction of 62h (Pd/CaCOB).
b CH= C~ CH,
c CH,— CH,—~ CH,,
d PhCH,,

SCHEME 11

te have been observed in only one case, i.e. where the reaction of 60 with benzyl

bromide (DMF/K2C03) yields - besades 61d/62d (40% and 20%, resp.) = 5% of amixture
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= s l
H R
- R-Hal Y -
N . N c N N + N . N
0?0 0” N SoRr 0Z "o
CHzPh CHZPh CHzPh
X S4ab fab
64,65 R
a CH3
b PhCH, (s4lf)
SCHEME 12

which consists of 64b and 65b (Scheme 12). These compounds result from a primary
C—alkylat10n65. The methylation with methyl icdide which has been repor‘ted62 to give
62a yields 6la also®?. A mixture of 61a (20%) and 62a (50%) is also obtained from
60 and diazomethane (in dloxane/methanol)ss. The alkylation of 63 yields O~ and N-
products also (ﬂ,é_‘j_)eﬁ.

IR, UV, and 1H-N'MR spectra of mesoionic pyrldo[ 1,2-a]lpyrimidine-2,4-diones have been
36,45,62,65,68b

investigated extensively Some representative examples are collected
an Tabhle 3. The IR spectra show at least two bands in the C=U-regicon. The UV spectra
exhibit an absorption at longer wavelengths with an extinction coefficient of approx.
4. 103, depending somewhat on the substitution at N1 and C¢3. (For details with figures.

1H-—N'MR spectra are similar with those

of IR and UV spectra, see loc.cit,68b) The
of the monocyclic compounds (see Table 2) in respect of the C3-proton and the N-

alkyl groups.

The alkylation reactions have been extended to various substituted mesoionic pyrido-
[1 , 2—a] pyrimidine-2 ,4-diones68 and to 67, which is obtained by condensing aminopyra-
zine (66) with ethyl phenyl malonate69. Physical properties of 67 indicate that 1t
exists predominantly as mesoion.It differs chemically from "malonyl-a-aminopyridine"
in such a way as to fail to produce a chloride when treated with POClB; base-catalyzed

alkylation resulted only in O-alkylated products.
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TABLE 2: Spectral Data of Mesoionic Pyrido[1,Z—a]py’rimidlne-z,Q-diones

(Selected examples and data)

N N
*
0)\1)\0
RZ
1 2 -1 1
R R IR (cm ) UV; A (1lg ¢) (nm) H-NMR; & in ppm Ref.
a | H H 1651, 1690,2700%;  230(4,48),252(4.10), 4.98 (c3-m)Y 62,680
1640,1660,1710,  312(5.63)° :
2700"
b | H n-CyHg 1650, 1670, 2400~ 330, 345° 45
2900
c CH3 H 1665,1720 230(4.51),257{(4.08), 3.53 (CH3)' 36,62
322(3.67)%8 4.88 (c3-m9
a | pn H 1640-1685, 1700, 5.95 (c3-m)9 65
1710
e | Ph PhCH,, 1600-16%0, 1690, 3.86 (CHg)d 65
1700
f Ph Ph 1620-1645, 1680 65

a: Najo1®2, b: ker®P. . c.ov Hos0,%% s DMSO-dg; e Details

2774

(pH and sclvent dependence) see loc.cit.45; f: In phosphate buffer

(pH:6.99), identical values in methanol; g: Fig.of the UV spectrum

(Et0OH) =ee loc.cit. 68b.

N
(\j\
N N’H
*

N

N PhCH(COOE},
L -
N" “NH,

0 0

Ph
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1

Spectral evidence has been given for the mesoionic structures _6_870, f)_g?i, and 22 H

65 | R' R? Ref
N OH a H H a
I 1 b H CH a
/H /R N 3
N . N N + N c H Et a
o =0 0% "o ol B T
e H Ph a
H RZ £ | cH H a,b
— 3 3
g CH3 Ph a,b
88 89
a: From Z-aminopyrroline and malonic ester.
b: By alkylation with (C}13)2504.
Pd- charcoal H
N7 N7 . N7 SN
+
47% -
0*’" 0 e”’O
H H
H
70 T

this latter compound was obtained by dehydrogenation of perhydropyrido[ 1,2-a]pyri-—
midine-2,4-dione (70).

As already mentioned in the subsection "Monocyclic Compounds", mesoionic systems of
type __6_2 (and Ei) can be conveniently prepared from the corresponding N-substituted

aminopyridine with a bielectrophilic malonic acid derivative (C30 substituted

r
malonyl dichlorides,substituted chlorocarbanylketenes,alkyl malonatis, bisf{2,4,6-
trichlorophenyl) malonic esters). This procedure has been extended to various bi-
and polycyclic systems which contain an amidine moiety. Mesoionic pyrimado[1,2-b]-
pyridazine-2,4-diones (72) were prepared by the condensation of 3-(N-substituted
amino)pyridazines with bis(2,4,6-trichlorophenyl) methylmalonate at 160°C under a
slow stream of nitrogen until a clear melt was obtained (7-10 min.); purification
72

was conveniently achieved by recrystallization fromacetonitrile’”™. The chlora group

could be displaced to give 72 with substituents such as methoxy, anilino, morphoiino,
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|\
| 6w
Nao _R A
N:N NtN
o‘J\l/L'“'o 0 0
R2
72
BS
rl-Alkyl, Aryl; R2=CH3; RP=c1 722

RI-R®=Alkyl, Aryl; RO=Cl, OAlkyl’Z2P

H €

3
] 0 0

H

CH,
CH3 N
N &
l Y €307 N*N,CH3 N
* *
0
R

|
el
0
!
=

Iz
vl
i
O
T
=l
=

N-methylpiperazyl,and hydrogen, Some of these compounds exhibited evidence of anti-

microbial activity72a. The mesoionic 2,%4-dioxopyramido [1,2-a]pyrimidine {(74) was

prepared from 4,6-dimethyl-2-methylaminopyrimidine (73) and carbon suboxide?j.

A very interesting system (75) has been described which can formally be considered
as a dibenzo analogue of a 12n-system (B5, Scheme 2)37. These compounds can be pre-
pared 1n the usual manner from indophenazine using the trichlorophenyl malonate
procedure; they form deep green (73a) or deep red (75b) high melting solids which
seem to show a pronounced solvatochromic behavior. Further compounds of this type
have not been described as yet.

The connection of mescionic 4,6—d10xo-1,3-diazines with a five~-membered heterocyclic
ring leads to aclass of compounds which have been called "mesoionic purincne ana-
logues” (E: mescioni¢ xanthines; BZ2: mesoionic purin-2-ones; B3: mesoionic hypo-
xﬂnthines)i?. Tn this review, these biecyelie systems (the extension to polycyclic
analogues is straightforward) will be treated as members of mesoionic six-membered

heterocycles of type B (Scheme 1}, Only a few examples have been described up until

NOW.
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IY-.)Z\ at b c d e f g h i J k 1
X\
N . N/ X CH CH CH CH CH CH S N- 0O N N N
N Y CH CH CH N N N CH CH CH CH CH CH
0 )
Z S N- © 3 N- © CH CH €CH S N- ©
_B_‘I +! Selected examples
/I\ /L - . - . - -
=N f N~ ~N . N~ X ] cH ¢CH N €H N N N
Y\z - _\ / - ~ Y CH N CH N CH N N
0 A © z | N CH ¢cH N N CH cH
y=X
B2 B3 +: Selected examples

17

Mesoionic Purinone Analogues

SCHEME 13

Mesoionic thiazolo[3,2-a]lpyrimidine-5,7-diones (76) have been prepared from N-sub-
2
stituted 2-amino-1,3~thiazoles via the trichlorophenyl malonate route1111 or with

(chlorocarbonyl)phenylketeneﬂ‘. They form colorless to slightly yellow high melting

& Pl R2 Refaa
s a Et H 11°
4 1 b Et CH 11
N/\\N/R - 3
. < Et PhCH,, 11
Of%o d PhCH,, H 11
22 e PhCH,, CH, 11
£ PhCH,, PhCH, 11
2 CHy Ph 74
76a-g

a: Selected examples.

Also cbtained with CZOE-
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solids which can be purafied by recrystallization from toluene, benzene, ethanol,
DMF etc. The UV spectrum of 76a shows bands at 242 (4.46), 248 (4.4%4),and 280 nm
(3.58) (in H20)75- The IR spectra show €wo C=0-bands which are generally in the region
of 1630-1655 and 1680-1690 cm_1; the average integrated intensities are in the same
range as those determined for sydnones and isosydnones and are much higher than those
observed for covalent carbonyl groups, indicating a highly polar nature of these
pseudocarbonyl-groups.On the other hand,the carbonyl stretching fregquencies suggest
bond orders similar to covalent models.These findings support the charge distraibution
and bond order calculationsi?. The 1H-Ni\flR spectra show the proton at C5 (R2=H) at
& = 4.5 to 5.5 ppm; in CF3C00H this signal 1s shifted downfield (ca. 1.5-1.8 ppm)
with an appreciable broadening {(comp. 44a).In CDT){)D/CF3

1mmediately. The CHZ-group in 76a appears at a remarkably low field pesition (5 =

COOH this proton is exchanged

4.2 ppm 1in CDClS).
Saturated analogues of _?_"Q (ﬁﬂ_} also have been prepared by the trichlorophenyl malo-
76

nate procedure’ . These compounds could not be prepared by alkylation of 77; only

s <~s Q s
q/&N N)\ N/CQHS N)\N’CHa
+ +
o&k‘o o? ) 0 0

R Ph

R = H, Et

O-~alkylation occurred?G. A benze analogue of 76 (79) 1s obtaaned in bright yellow

prisms from the corresponding 2-(N-methylamino)-1,3-benzothiazole and (chlorocar-
bonyl)phenylketene in dry THF 2. The N—CH3 group appeared at § = 3.68 ppm (CDClB)
in the 'H-NMR spectrum (76g:8 = 3.66 ppm). ,

A number of mesoionic thiazolo[3,2-alpyrimidine-5,7-diones (76) were found to exhibit
antibacterial activity against beth Gram-negative and Gram-positive organism577.
These compounds also have been evaluated as 1nhibitors of cyclic AMPphosphodiesterase;
some substances show theophylline-liake aCtJ.VJ.tylz.

Mesoionic imidazo[1,2-a]lpyrimadines (80} and 1,2,4-traazolo[1,5-a]lpyrimidines (81)
were prepared from the corresponding N-substituted aminoheterocycles via the tra-
chlerophenyl malonate procedure78 (colorless or slightly colored products). In the
carbonyl region, their IR spectra resemble quite closely those of the corresponding

mesoionic 4,6-dioxo-1,3~diazines.
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CH3 CH3
’ ’
N,
s E
R R
R:H,CH} R:H,CHS,Et,n-CBH?
80q,b 81a-d

Mesolon:c 1,3,4-thiad1azolo[3,2-a]pyr1m1d1ne-5,7—diones (%) were obtained from

2-sec-amino-1,3,4-thiadiazoles (8_3_) via the trichlorophenyl malonate lf'oute77 ! ?9.’I‘he

1. CS 1, -NH
2 . 2 gz 2.l
R“=NH, ~————rs R®-N=C=5 —_— R -NH-C—NH-NHZ
2 2. clco,Rt
1
R C(OEt)S,
nt
828 | r! R® R \
R 1
a H Et H R
b H CH, CH )‘S )_5
b 5 M Ne X UR? b / 2
¢ H o Bt cHg N7 N — N‘N)\N’R
4 | cHg CHy CHy OJ\')\O b
e CH FPh CH
- 3 3 R3
a: Selected examples.
b RB-CH(COZC6H2C13)2 82 83
SCHEME 14

required thiadiazoles were prepared from the corresponding alkylamines by conversion
to alkyl isothiocyanates {Kaluza reac‘cnmn)80 which were then treated with hydrazine
to give N-alkylthiosemicarbazides; treatment of these compounds with triethyl ortho-
formate under acid catalysis gave the desired thiadiazoles 83 inhigh Yield581.

Whereas compeounds of type B2 (mesoionic purin-2-one analogues, Scheme 13) are un-
known, derivatives of type B3 (mesoionic hypoxanthines) have been described. The

parent system can exist in various tautomeric forms (e.g. 84,85); 6-oxopurine (hypo-
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H H
)\N/ NJ\N’H H\N/LN’H

*
N Y \_.-N

RN ==

H
B4 85 86
xanthine) exists predominantly in the oxo form (§E,§2)82 with no indication of 86.

Pullman and Pullman83 used quantum chemical methods for the study of this annular
tautomerism; CNDO/2 calculations revealed an almost equal energy for ﬁﬁ and §2. In
the crystal state, the N9-H tautomer is present84; UV comparisens (in H20) on the
contrary indicate the N7-H form for hypoxanthine 5.

3=Methytguanine (88), which is available by ring closure of 2,%,5-triamino-3-methyl-
6-pyrimidone 87 (as suifate) with boiling formamide or by hydrolysis of 2-amino=-6-
chloro~3-methyl-purine (89) with 1N hydrochloric a31d86’8?, seemed to be a lakely

NH, NH, NH, NH,

H3C\N/L\N HCONH,, SC\N/I\N w Her TE ‘N/l§ l-I3C‘N/LN’H

s e +
Y
N NN ’Lﬁ)\o }\2\[ NM\O
NH \=N
2 “H

86

candidate te exist in a mesoionic form {(88a) . Pullman88 concluded via molecular
orbital calculations that 3-methylguanine probably exists as N7-H tautomer; these
calculations predicted the mesoionic form to be about 50 kcal/mol less stable than
any of the usual tautomers. The results of a recent crystal structure determination
have clearly shown that 3-methylguanine exists as the N7-H tauvtomer {2-amino-3,7-

dihydro~3-methyl-6H-purine~6-one, 88) proposed by Pullmanag.

True mesoclionic hypoxanthines have been obtained by CoburnandCarapellottlgo. Treat-
ment of the previously reported 1,3-dibenzylhypoxanthinium bromide (9Oa)91 and 1,53-

dimethyl-8-phenylhypoxanthinium iodide (90b)92,r85pectively,as a suspension of the
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salt 1n dry acetonitrile with an excess of a strong base ion-exchange resin at room
temperature, yields 91a,b. 1,3-Diethyl-8-phenylhypoxanthinium 1odide (90c} - pre-
pared from 8-phenylhypoxanthine and ethyl rodide - results on treatment with an
aqueocus solution of 5% sodium bicarbonate (to Py 7), in the precipitation of S1c.
The mesoionic compounds 9la-c are obtained as white crystals stable to heat and light

in air. Some spectroscopilic properties are summarized in Table 4.

H
1 1 § 1
R\N/\N/R R\NJ\N/R 90,91 R1 R2
® —_— ¥
N)\H\O N//IY\O a PhCH2 H
b CH Fh
Ne==N o ===N = 3
R2 X R2 < Et Eh
80g-¢ HNa-¢
TABLE 4 Spectroscopic Properties of Mescionic

1,3=-Dialkylhypoxanthines (9la-c}.

51 IR (KBr) em™ 1 uUv (EtOH) ;A (1lg &) ? Sl(calcd.)b Lh-wMR (DMSO-dﬁ);é in ppm
a 1700 303 (3.73) 503° (3.58) 7.-70 (H8), 9.88 (H2)
b 1690 319 (4.14) 317 (4.14) 9.36 (HZ2)
c 1690 318 (4.08) 317 (Ao 1h) 9.33 (H2)
a: Solvent shifts in acetonitrile: +6,+6,and +7 nm,resp.; b: Variable elec-
tronegativity PPP—SCF-CIl?b( 10 sangly e@xcited configurations); c: Adjusted.

Recent investigations in the 8-azapurine series have showng3 that the 3-alkyl derai-

vatives exist 1n the neutral form (e.g. :3_2_) ;the IR spectrum suggests a strong dipolar

H H H
®

H3C\N,L§N H3C..\N‘/,I\N H3C\N,£\N,H

e I =

=]

NS NS AN

“N-'N\ N—N, N=N

H H
92g s2b 9
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contribution (92b) to the resonance hybrad. As in the case of 3-methylguanine a meso-

1onic tautomer (93) does not seem to be present,

4,1.2 Mesoionic 4,6-Dioxo-1,3%-oxazines

Deravatives of the parent system of this class of compounds (_2&, 4H-1,3~oxazine-
4 ,6(5H)-dione) have hardly been described upuntal nowgll; even quantum chemaical cal-
culations are st1ll lacking. It would be of anteresi to investigate whether 9_4 (whaich
exists probably as the hydroxy tautomer _92) or simple 2,0-disubstituted derivatives
maght prefer the mesoionic structure; theoretical work ocught to be promisang in this

respect {compare the 3-methylguanine prDblem)Bg.

o)%o HO =0 0 0
H

in strict analogy with the synthesis of 4,6-dioxo-1,3-diazines,mesoionic 4,6~d1oxo-

I
3,47,49 by the reaction of N-monosubstituted

95)

1,3-oxazines (98) have been prepared
amides (97) withmalonyl dichlorides (chlorocarbonylketenes jthe trichlorophenyl
malonate procedure had been unsuccessful in these cases. The stabality of these com-
pounds depends on the substituents, especially at C2 and C5, e.g. 9_8&\ suffers from

hydrolysis in moist air. Recrystallization should be carried out with proton free

r2
2 1
R R3c|—1(cocu2 R‘N)\o
R.,N)‘-\-}O . t
t 0 0
H 18
97 98
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- IR {KBr); Uy (CH_CN); TH-NMR (CDC1.);
9a{ r? r° R -1 = ¢ 3!
— {em ™) X (1ge ) (nm) (& in ppm)
a | CHy CH PhCH, 1660, 1758 209(h, 14) ,254(3,84), 2.47(CH7),3,40(CH3),
308(53.13) 3.63(CH,)
b CH3 cu3 Ph 1640, 1712, 255(5.92),323(3.53) 2.57(CH3),3.48(CH3)
17%2
< CH3 (A-UCHB)C6H4 CH3 1655,1745, 217(3,95),260(4.19}), 1.93(CH3),3.?2(CH3),
17602 282(4,04),353(3.12) 3.97 (0CH,)
4 |cHg Ph Ph  1645,1729 252(4.25),365(3.64) 3.57(CHy)
e {cH, (4~NO,)CeH, Ph  1660,1769 255(4.63),295(4.05)%
390(3.74)
£ | Ph CH Ph  1655,1749 255(3.98),265(3.92)%  2.21(cH._)
2
323(3.51)°
Ph Ph Ph 1660, 1750 255(4.27),374(5.47)
h | Ph (A-OCH )CgH, Ph  1675,1770 224 (4, 24),262(4,27)% 3.82(ocu3)
303(4.15),375(3.78)

a! Shoulder

Spectroscopic Data of Mesoionic 4 ,6-Dioxo-1,%-0oxazines

(Selected examples and data)>
SCHEME 15

solvents.The spectra support the formulation as mesoionic compounds.In the IR spectra
there are two carbonyl absorptions at approx. 1660 cm—l ("amide") and 1725-1770 em™ !
("lactonic" carbonyl); the UV spectra showa longwavelength absorption between 300
and 400 nm which depends considerably on the substituents. In the 1H—NMR spectra,o
the signals of C2-—CH3, N—CHB, and OCH3 {for R2=(4-OCH3)C6H4) are shifted to lower
fields compared with 4 ,6-dioxo=-1,3-drazines {Chap. Z4.1.1).

Pi- and tricyeclic 4,6-dioxo-1,3-oxazines (mesoionic 2,4-dioxo-pyrido[2,1-b]=-1,3-
oxazines (2)3‘47’49 and mesoionic 1,3-dioxo-pyrano[3,2-a]quin011nes (_1@) ) have
been prepared in the same way; these compounds are considerably more stable against
hydrolysis than the monoecyclic heterocycles 9_8.

The IR spectra of 99 daiffer somewhat from the monocyclic compounds;both the "lactone™
carbonyl and the "amide" absorption occcur at lower frequencies (1730-1740, 1630-

1635 cm-1)3. The UV spectra show maxima in the region of 360 nm> .
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= 00| R! r?
N . 0 N s 0 a H PhCH,,
b | PhCcH,0  Ph
0 0 0% N0 B
! 22 < H,0 PhCH,
R=Et,Ph,PhCH,,
99 100a-¢

4.1.3 Mesoionic #4,6-Dioxo-1,3-thiazines

Itiswell known that N-unsubstituted thioamides may react with malonic acid deri-
vatives (or malonic acid together with dehydrating agents like POCL. +PCl_,and acetic
acid anhydride)to give 1,3-thiazinedicnes (4H-1,3-thiazine~4,6(5H)-diones, 101)77-101

N)\S N)\S N)\S

0& >0 o)\/l\OH H o)\j/]\o

RZ
R2 RZ
10 102 103
oL 1o2 .
Little has been known about tautomeric equilibria y but recent investigations (IR,

103, 104

1H--NMR, 13C--NMR, PPP-MO) show the oxo-hydroxy forms {102 and/or 103) to be

present. As in the case of amadines (Chap. %4.1.1) and amides (Chap. %4.1.2), N-mono-

105,106 and trisubstituted urea5106 with carbon suboxide,

05

substituted thioamides
malonyl dichlorides (chlorocarb0nylketene395) and - incertain cases1 - bis(tri-

chlorophenyl) malenates ,‘yleld the expected mescionic 4,6-dioxo-1,3-thiazines (106).

2 R
R R!
&l ) 3 ‘N’ks
Wy 4 R*CH(coC, —— ¥
) N
r3
104 105 108
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These compounds are less stable than the corresponding mesoionic 4,6-dioxo-1,3-di-

azines (Chap. 4.1.1) in the presence of water or alcohol. In some cases they are sol-

1

Uv {CHC1l,) ; H-NMR {(CDC1_};

1 2 3 -1 3 3
106 | R R R IR {cm ) A (1g &) (nm) (6 in ppm) Ref.
a | phn Ph H 1630, 1675 105
b | Ph Ph Ph  1660,1690, 105
17202

< CH3 (4—C1)C6H4 Ph 1610, 1660 252(4.32), 460(3.32) 3.64(CH3) 106
4 | Ph (A—OCHS)C6H4 Ph 1605, 1680 4.05(0CH3) 106
e (:H3 N(CH3)2 Ph 1590 243(3.78), 281(3.96}) 3.06(CH3), 5.14 106

(CH3),3.46(CH3)

a: KBr

Spectroscopic Data of Mesoionic 4,5-Droxo-1,Z-thiarines (106)

(Selected examples ana data)

SCHEME 1_6_

volytically cleaved to give the starting materials. The substituent in pesaition 2
plavs an important role both in stabilizing the nucleus and 1n increasing 1ts basi-
c:ltyl06. Normally the TR spectra show two carbonyl bands. Ii is of interest tThat

compounds &6 which are deraived from traisubstituted thioureas (E)_é, R2=NR2) exhibit
only a single carbonyl absorption at 1590-1600C cm-l; the UV gpectra are considerably
different also {Scheme 16}.

Applying the previous mentioned synthesis to cycliec thicamides yields the mesoionic

heterocycles (107-109, 111, 114, 116-121). Compound 111 has also been cobtained by

O CL Cl
N“ s NT s N’l\ s
+ + +
°¢k|)\0 0 0 0”0
R R R
107105 108 107 109105

R=H,Ph,PhCH,
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CH N
3 <
C—N' PhCc{COCLl}CO N/\\S
..__S bt~ +
) 0 =0
H Ph
110 HT
) pa CH
c
[N' 3 Phe(coct)co Q/K
+*
g ———— *
2
Ph
113 14 74, 207
Ph Ph
CHs CHg
S S\
N
~
N7S NTS
O)H)\O O’I\H\O
Ph Ph
g7 17 74

Ph Ph
1o 74 120 74
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N=-alkylation of 112 with diazomethane. It 1s interesting te note that in this case
only the N-isemer (111} was obtained, whereas 115 reacted with diazomethane to give

114 and an O-methylated isomer. 119 could not be obtained by N-alkylatlonTl}

ho1.4 Mesoionic 4,6-Dioxo-1l,3-selenazines

Selenium containing mesocionic heterocycles have been described only recently. The
a~seleno acid 122 with acetic anhydride/triethylamine has given the mesoionic 1,3-
selenazole-4-one (123) as magenta needles in 80% yleldi’lo. Reaction of a wvariety
of monoprotonic selencamide derivatives (124) with 1,2-bielectrophiles as a-bromo-
phenylacetic acid chloride also yields this system (&)54. As a logical extension,

replacement of the 1,2-bielectrophile i1n the reaction with selencamide derivatives

Ph P/
\ COOH Ac,0 — EtaN_‘ ITX\
JJ\\ = Ph=Ng” ~Ph

122 123

{ R 0o
R y
~ 1. PhCH(Br) COCI N
N o 2{1
RZJ\ RZ“N A ~Ph

Se 2. EtSN

124 125

with a 1,3=-bielectrophile such as (chlorocarbonyl}phenylketene should provide a
synthesis for mesoionic 4,6-d1ox0-1,%-selenazines. Indeed,when selenothiocarbamate

126 is mixed with the ketene 1in anhydrous ether at room temperature, 127 1s ob-

SCHy
SCH3 PhC(COGL)CO Ph s
Ph + 3t
NG o -
| 0 =g
Ph
126 127
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tained as orange prisms 1in 53% yield. The IR spectrum shows bands at 1615 and 1675
cm-l. The compound displays a strong UV absorption at 325 nm {lge = 4.02)54.

The corresponding S-ethyl product was similarly formed. Both products decomposed on
attempted recrystallization. They were considerably less stable than their appro-
priate sulfur analogues. The chemistry of ihese compounds has apparently noi been

investigated.

4.1,5 Mesoionic 4,6-Dioxo-1,2,%-triazines

Triazenes carrying a free hydrogen condense as the corresponding alkali salts waith
108

alkyl i1odide and acyl chlorides to give N-alkyl and N-acyl deraivatives . N,N'"-D1-
substituted triazenes (128) with malonyl dichlorides (chlorocarbonylketenes)95 in

110 as yellow to orange (129a-d)

ether vield mesoionic 4|6-dioxo-1,2,§—tr1a21nes (}_32_2)
or red (129¢)''! crystals.

Whereas generalazations concerning the stabilaity cannot be made at the moment, meso-
ionic 4,6-droxo-1,2,3~triazines seem to be less sztable than mesoionic 4,6-dioxo-

1,3-diazines (Chap. %.1.1);12%9a,¢c couldnot be recrystallized and 129b suffers from

3. R. _N_ _R?
Rl N R2 R CH(CC.‘ICI)2 N7 SN
'\Né \N/ - +
) s
H o] V]
R3
128 129
129 r! R® RS
a Ph Ph Ph
b Ph PhCH,, Ph
I Ph Ph PhCH,,
d Ph FhCH, PhCH,,
e (l}-O(:HB)céHll (4—OCH3)C6H4 Ph

solvolysis when heated for prolonged times in methanol. (For details on the reac-

tivities, see Chap. 5.)
The IR spectra show a broad, intensive CCO-absorption in the region of 1630-1680 em™ !

with a shoulder at slightly higher wave numbers; UV spectra of these compounds have

not as yet heen published.
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4.1.6 Mesoionic 4,6-Dioxo-1,3,5-triazines

S-Azauracil (130) ais the parent system of the mesoilonic heterocycles to be discussed
in thais subsection. IR spectra in dioxane and ethanol indicate the dioxe form; the

UV spectrum 1n water 1s similar to both the N-alkyl and O-alkyl models and on this

account difficult to 1nterpret112’113. There 18 no indiacation of a mesoizonic form

(131) 11&.

H H

H H\NJ\N/H

NF N7 .
o/kr;l)\o O’J\NJ\O
H
130 131

Nevertheless monocyclic mesolonic 11,6—diox0-1,3,5-triazines (133) are easily pre-
pared by the reaction of N,N'-disubstituted amidanes (132) with phenoxycarbonyl 1so-
cyanate115 as white crystals with a pronounced susceptibility for hydrolysis.The syn-

thesis obviously proceeds through an intermediate product. As has been reported by

0 RZ
2
R i 1 1
R) ‘J\ 1 PhOCNCO . R\NJ\N/R
N SR —c i)
}!' toluene, reflux O/ N \0
132g-¢ 133a-¢

132,133 ql R2
a Ph CH
b PhCH,, CH3
c Ph CH3
d Ph Ph
e (I*'OCHE,)CGH& CHS
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116
Kappe and coworkers , the amidine 134 reacts waith ethoxycarbonyl isocyanate at

room temperature to produce the allephanic ester 135, which on heating in cyclohexane

Eh Ph
Ph 0
n Ph\Nfl\N/CHB Ph )\ C H3
Ph, s /C H3 EtOCNCO /l\ cyclohexane, “N A N
N N —_— ———( +
I H""N S reflux ;k )\
H ’,,l\ O N 0
o) OEt

134 135 136

yields 136. The monocyclic mesocionic #4,6-dioxo-1,3,5-triazines show two C=0 bands
in their IR spectra (1680-1690 and 1725-1730 cm_l);the UV spectrum of 133a exhabits
a short wavelength absorption at 230 nm {(lge = 3.993 an THF). In a strictly com-
parable reaction of N,N'-diphenylacetamidine (iB) with phenoxycarbonylasothiocya-
nate and phenoxythiocarbonyl 1sothiocyanate {generated in situ from phenoxythiocar-

bonyl chloride and lead thaocyanate) 1in refluxing toluene, the monothiono (137} and

CHy o . CHq
CH
Ph, Ph 1 3 it Ph Ph
“NTSN PhOCNCS Ph A pn  [PROCNCS] \N+N/
A\t) e \N N/ t—— )\“&
0¥ SNTNs 4 s¥ NN
137 138 139
115
dithiono compound (139} are res.pectlvely yielded .

In general compounds of type 133, (_12_@) appear to be somewhat less stable than thear
5-deaza analogues {Chap. 4.1.1};quantitative experiments,hoewever,are sti1ll lacking.
Bicyclic derivatives of the mesoionic 11,6-d10xo—1,3,5-—tr1a21ne system are knewn also.
2-Amino=-substituted 1,3-thiazoles (&) react with phenoxycarbonyl isccyanate to
produce 1_11__13; with ethoxycarbonyl 1socyanate, only acylation of the aminothiazoles
18 observedil?.Ethoxycarbonylisothlocyanate and phencoxycarbonylisothiocyanate ex-
hibit a remarkable difference in their reactivity towards 1_40_&,&: whereas the for-
mer118 yields %,E, the latter (generated in situ from phenylchloro formate and

11?. In a similar

117

potassium thiccyanate in anhydrous ethyl acetate) leads to %,E
fashion, 144 and 146 are obtained from 2-ethylamino=-1,3,4-thiadiazole (145}
As 1n the case of amidines (see above), N-substituted 2-aminopyridines {147) react
wlth ethoxycarbonyl isocyanate in the first step to give allophanic esters (_iitﬁ);

the mesolonac 2,1}-d10x0—pyr1d0[1,2-a]—s—tria21nes (149) are obtained by refluxing

—1120—



9
PhOENCO

S
[N)\’]J’R -
!

HETEROCYCLES, Yol 19, No 6, 1982

W
PN

1402 Xl
Q Q e
EtOCNCS PROCNCS)

5 /< =S
c)\N’ N/kN’ R
A ;

5 NJ =0 o)\N/L’*s
a: R:I—’hCH2 i b: R=Et;
142qb c: Generated in 1ty . 143g,b
/s o o s
N )\ Et i S ] ap N, /\ Et
N" SN PhOCNCO I [PROCNCS]™ N N7
ki& -<— N‘N/*N’Et ki |
i ! 0% N7 s
144 145 148

a: Generated 1n situ ;

=
<
Yy
H
17a-¢
R1=Cl,DCH

3’

b: No reaction with ethoxycarbenylisothiocyanate.

L

@?2&1

Morpholino,N-Methylpiperazyl

RZ-ATkyl,Aryl
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R EtOENCO xylene, N
- ——— H ———reeee b4
20°C N O reflux OkaAO
o"J\OEt
148a-¢ 149a-¢
i
R
\"/?\ ) 147-14 R
N R
SNT N7 a Ph
') b (4-CH_)C H
)\ =, - 3776,
0¥ "NT 70 < PhCH,



IR(I«;Br)cm'1

1H—N‘MR;5 in ppm

Comp. UvV;» (lge) nm Ref.
141a 1669, 1720 215(4.326),272(3.749)° 5.5%(CH, ),7.68(d,1H),B.30(d,1H)b 117
142a 1730 229(4.054),275(3.964), 5. 96(CH ),7.70(d, 1H) ,7.26° 117
320(4.099)% (a,1m)P
145a 1669 217(4.567),256(5.929), 5.53(CH2),7.66(d,1H),8.36(d,1H)b 117
302(3.628)2
144 1667,1734 221(3.958),267(4.461}a 1.61(t,CH3),4.45(q,CH2),9.80(1H)b 117
146 1706 217(4.016) ,277 (4.449)% 1.60(t,CH3),4.43(q,CH2),9.?0(1H)d 117
149c | 1610-1670, 220(3.92)°, 235(3.97), 5.4(CH2)f 116
1730 285(3.39)°%, 315(3.65)%
a: H20; b: CFBCOOH; : Should probably be 8.26 (W.F.);
d: CDClb; e: Shoulder; T: DMSO-dG; (g CHBOH.
Spectral Data of CZ-N3-Annellated Mesoionic 4,6-~Dioxo=-1,3,5-triazines
(Selected examples and data)
SCHEME 17
these 1intermediates 1in xylene116. Compounds of type 150 have been prepared from
appropriate N-substituted aminopyridazines and phencxycarbenyl i1socyanate in dry
acetonltrile?za. Their in vitro antimicrobial activity has been tested.

0
EtOCNCO (\)\

Cl.

O\ xylene,
EtDAc, reflux \T reLlux )\ /I\O
COzEt
151ab
0 $52ab 1530,
EtOCNCS
EtQOAc,reflux
QN/ CFSCOOH O\N/
a: R = CH3
~H EtOAc, )\ )\ b: R = Et
T 5 min,30°C 0
C02Et
154a,b 155a,b

— — -

—112z2—



HETEROCYCLES, Vol 19, No 6, 1982

Ina recent publacation,the preparation of 153a,b and 155a,b as depicted above has
been described119. Whereas the ring closure of 152a to 153a proceeds as usual, the
transformation _}_5_&—-@ is effected by acatalytic amount of triflucroacetic acaid.
In contrast to the alkylation of "malonyl-a-aminopyridine” and related compounds
(Chap. %4.1.1), 156 with benzyl chloride affords only a N3-substituted derivative
(157) 116'

® ®
N~ =N PhCH2C| NN
L BN
H CHzPh
156 157

The mesoionic bicyclic dioxo-1,3,5-triazines show two carbonyl bands in their IR
spectra. The assignment is made possible by comparison with the oxo-thiono compounds
142, 143, and 146. As can be seen from the data of 141a, 142a, and 143a ain Scheme 17,
both the position and the intensity of the long-wave UV band depends greatly on the
substitution of an oxo- by a thiono group; this seems not to be the case for }i{l_

and 146.

b.1.7 Mesoionic 4,6-Dioxo-1,3,5-thiadiazines

As early as 19?24, the reaction of cyclic thioureas (__1_5{3_) with chlorocarbonyl iso-
cyanate has been described. In the first step of this reaction, salt-like adducts
(ﬁ) are obtained which on deprotonation yield the mesoionic compounds _1_62; %
could also be obtained directly from 158a with phenoxycarbonyl isocyanate in re-
fluxing toluene. The introduction of one carbon unit in __1_£>_1 in the presence of
an amine alsc yields this new mesoionic system.

The photoelectron spectra of 160 show two signals inan antensity ratio of 2:1. Other

spectral data have not been given.
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R 0
-~ ]
(\N CICNCO
i
H
1580-4
?
PHOCNCO?
tolueae,reflux -Hel
Cr
H,0°
s £
1 L
OJ\N)\O COClz— tert. amine
160a-d
a: For R:CH3
158=160 R
a (’:II3
b 1_C3H7
c n'chg
da cyclohexyl
4.2 1,3 -~ DIPOLAR SYSTEMS
4.2.1 Mesoionic 3,5-Dioxo-1,2,%4-triazines

The introduction of heteroatoms (N-,0,5) 1n the positions 4 and 5, as well as 7 and

8, of the m-guinodimethane dianion {1) leads to anew mescionic 1,3-dipolar system

R‘l
X
——
0
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(4_0\_, Chap. 2) of which examples seem to be unknown. Further introduction of a nitrogen

atom in position 2 creates a class of compounds (e,g. 162} which have recently come

to light. The basis system,b-azauracil {(163)},ex1sts in the dioxo form (163a)

120,121

|
H /N‘“'N/H /N
OIN/I\O I )\0
A
1632 1830
122,125

with no 1ndication of the mesoionic¢ tautomer (163b) Alkylations of 6-aza-
uracil with alkyl iodides, dialkyl sulfates or benzyl chloraide in aqueocus alkala
afford the 2- and 4-monoalkyl or 2,4-d1alkyl derivatives, depending on the reaction
conditions. The course of the reaction between _1_§_3_ and dimethyl sulfate 1s different

when alkali is absent; in this case, the mesoionic six-membered heterocycle 164 18

CH3 CH3
HIN\N/H (CH,),SO, I H,~P10, i HzNsy-tHa
——c- H

0% N)\o J\o J\o 0 /l

|

H b

183g 164 165 166
127

obtained an about 40% yield . The structure was confairmed by 1H-N'MR (& (CHS) =
3.92, § (H6) = 8.03 ppm (166: 8 (CHB) = 3.45, § (H6) = 7.36 ppm)(an DMSO-dG)) and TR,
The compound 164 1s hydrogenated over Adams catalyst to afford 165 in 83% yaeld.
Quite recently a compound has been described which may be a benzanalogue of _g__@_g. The
pyrylium tetrafluorcborate 167 reacts smoothly with semicarbazide to form the ureido-
derivative iﬂ» which on treatment with potassium carbonate 1n dimethoxyethane cyclized
te 169 (mp- >325°c (EtOH) ; ¥ ax (CHBrS): 1710, 1630, 1610 cm'1).Whether this pro-
duct s[rglould be formulated as 169 or as a benzanalogue of 162 (170) is open to ques-
tion12 .

No further compounds of type A (Chap. 2) have apparently been described.
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Ph BF,°
I Sy =y
2y NH,CONHNH @ KoCO, ® 0
| & — 2o by WNcoE — e P NE
Ph 0 COLEt N NH N N
A BF,® i H Y : Y ~H
74 5 de
167 168 169

4.2,.2 Mesoionac 3,5-Dioxo-1,4-diazines

Aziridines may undergo thermally or photochemically induced ring Oopening reactions
to azomethine ylideslzg, controlled stereospecifically as predicted by the Woodward-
Hoffmann rules. In an extension of this worlk, photolyses of 1?1a130 and l?1b131 in

2
the presence of DMAD29 yield adducts (1?3a,p_) 13 which probably result from a 1,3%-

n 1
R
1 |— 1 T
) ) N
H N H hy H N H DMAD Ew S..»H L0
| | r—r tI — Neoo?
R
0F N0 0% N0 e
RZ RZ
17a,b 172a,b 173a,b

P — " — ——

1 . 2
R1=PhCH2, R® = (Q-OSHB}CGH[I
R =(h-oc113)c6}14; R™ = CcH

[I=2 |~

3
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R R
H lil H H lll H
p-Chloranil
H H ——————— t
0 N \O benzene, o N 0
| reflux I
Ph Ph
Vaab 1783, 1769
a: R=Ph; b: R:C]-I3 Stereochemistry unknown

dipolar reaction of DMAD with 172a,b. The dehydrogenation of 1,4-disubstituted pi-

perazinediones (1?46\,2) with an excess of p-chloranil yields products ( 1?6a,_l_)) which

133

have been suggested to result from mesoionic 3,5-dioxo-1,4~diazines (1?5a,2) as

intermediates. Both 172 and 175 can be considered as azomethine y11d95130’131 01"133

- in this context - as a mesoionic six-membered heterocycle of type C (Chap. 2).

!
Whereas 172 and 175 have neither been preoeved nor isolated, M.Sorm and cm»‘.vc’rkerslz'l

have succeeded 1n preparing stable compounds of this type. In a pecul:zar reaction,
174a on treatment with either benzenesulfonyl chloride/pyridine or benzenesulfenyl
chloride, affords the mesoionic compeound 177 as yvellow needles whach yields of 28%
135

and 9%, respectavely Actaivated Al reverts 177 back to 174a. The IR spectrum of

Ph o Ph
HIH a) PhSOZCl—pyrldme I
N b) PhSCL PhS N SFh
SO ="YX
o ,}, 0 Al-Hg;H,0 o r;‘ =0
Ph Bh
174a 177

177 exhibits two bands in the carbonyl region (1640, 1690 cm—l);the UV spectrum shows
an absorption at 438 nm of medium intensity {lge = 3.17). With maleac anhydride
{(benzene, reflux) and formaldehyde (THF, room temperature),cycloadducts (178,179)
are obtained; these reactions confirm the structure of 177. Nevertheless an X-ray

structure determination 1z urgently desired.
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R = 3Ph
178 179

Stereochemistry unknown

5. REACTIONS

In this chapter, only reactions of mesoionic six-membered heterocycles of type B

{Chap. 2) will be dealt with.

5.1 REACTIONS WITH NUCLEOPHILES

Both mono- and polycyclic mesoionic six-membered heterocycles are more or less sus-
ceptible to solvolysis whereby the latter compounds are generally more stable than
the former. These reactions are strongly accelerated by acids49. A Tfew examples of
this reaction type will be given in this subsection.

Mesolonic 4,6-dioxo-1,3-diazines may add water to give a hydrate (%,51&4‘5\; further
cxamplc52) which may exist in the carbinolamine form (R=Ph) or in the open chain
e

form (R=H). Further hydrolysis leads to a malendiamide {182 . In this case,replace-

ment of the 2-phenyl substituent in 42 with a hydrogen atom greatly increases the

R Q
HO R |
Ph\N+N/Ph 2% NaOH Ph\ XN/Ph R=H Ph\NH RLN/H Ph‘NH HN’Fh
" 1 min, RT
0 N X0 o” H‘o 0% “eHy N0 o’J\CH{L“o
H
42a¢ 180ac 181¢ 182

a: R=Ph; c: R=H

susceptibaility of the ring system to hydrolysas.
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Analogous reaction products have been observed with 4,6-dioxo-1,3-oxazines (98);

reaction with water or sodium hydroxide leads to 183 and 185, possibly with 184 as

CH,
R OH
H\N o H,0 H3C\N><O H,0 H3C\N/H
e —_—

A _coon A coon
o) CIH 0 0 o) CIH

& e H” “cH,Ph LI

1830 184a 1855

a: R=CH3; b: R:(&-OCHB)CBH,i

an intermediat 33 .

4,6-Dioxo~-1,3-thiazines (Chap. %4.1.3) are less stable than %,6-dioxo~1,3-diazines

(Chap. %.1.1}; on hydrolysis usually thicamides and malonic acids are obtalnedies.

Compound 119 differs somewhat an this respect; hydrolysas in DMSO yields 18674. This ~

k3
0)\‘/&0 Oékc HZF’h

19

—
[+
<h

|

&
mode of ring opening is similar to that reported for 160a (teo 161: Chap. 4.1.7) -
As already mentioned, %4,6-dioxo-1,2,3~triazines (129) may

when heated with methanollio; 129d on treatment with 2N HC1 (reflux) yields benzyl-

suffer from solvolysis

malonic acid.

In alcoholic solution 4,6-dioxo-1,3,5-triazines are slowly cleaved (e.g.136) to give

Ph
Hac-\N.J\N,Ph EtOH H3C A Ph

. - NSNS
0)\;)\0 < 0)\ COOEt

cyclohexane, N~
reflux i
H
138 135
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allophanic esters (135);

this reaction is accelerated by hydrogen chloride. The clea=-
vage proceeds further to give amidine and iminodicarbonic estersll6

Cleavage of 76a11 and 141all? with amines affords 187 and 188, respectaively, with

regeneration of the 1,3~thiazole moiety. It has been reported that a 1,3,4-thiadia-

s
W \

PhCHZNHzﬁ o Wt
o o THF, reflux H‘NJ‘CH;'%O
H H,Ph

76a 187

5 s
(N‘ yCH2Ph N CH,Ph

A EINH, c|) NT 2
fL_ in EtOH H /L’°0
0 N’]\‘o o NN
Et H
14la 188

zole analogue of 76a (82a) reacts 10% times faster with amines’’. Compound 141a is

decomposed readily when heated in aguecus or alcoholic solutlonii? {compare the

separate reactions of 144 with ethylamine and water)ll?.

5.2 ALKYLATIONS AT THE EXOCYCLIC HETEROATOMS

There seems to be only one report concerning the alkylation of mesocionic six-mem-

4
bered heterocycles of type B (Chap. 2} at the hetercatoms 7 or 85 » Compound 57 on

R R
Ph\N/LN’Ph CHyJ Ph /'\ Ph )
*

o 5 benzenzé ;eflux O)Yl\sc'_‘s
Ph Ph
57 R= (4‘0CH3)C6H4 18¢

) —1130—
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treatment with methyl 1odide was found to yield 189. This type of reaction has been
investigated extensively in the series of five-membered mesolonic heterocycles; 1t
offers an advantage for introducing carbanionic stabilizing groups other than oxygen

or sul.t‘ur1 1136 .

5.3 REACTIONS WITH ELECTROPHILES

Mesolonic six-membered heterocycles of type B (Chap. 2) are amenable to electrophilic
substitution reactions provided that they carry amethine group between the carbonyl
groups. So far only reactions of bicyclic mesoionic L ,6-dioxo~1,3-diazines have been

reportedeaa. "Malonyl-e-aminopyridine” (60) reacts with DMF/COC12 to produce 23%

b G4, .
=N POCL, _codty nH

N N
D —— ¥
0 cl DMF S’I\I)\o DMF ; 23 % o s
CHO CHO
190 60 191

C-formylated product (191, besides 8.3% 190}, whereas with DMF/POCls, only 190 1s

obtained. Compound 76a serves as starting material for C-substituted derivatives

[s [S
Et Et
N/t\ N~ HgCl, N):N/

s —a

0¥ 0 aq.NaQAc ; 90.6 % 0 0
H HgCl
I6a 192

base,

HNO3, 2min., Br2
OOC ; 97 % 1on-exchaage- NHLIBJ:‘ ; 56.3 %
resian; 43 %
G s
Et Et
N7 N7 N+N’
0 0 0 =0
N02 Br
193 194
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(122,193,194)11 which would be dafficult to obtain on other routes. The versatility

of these transformations 18 promising with respect to the preparation of other meso-
ionic six-membered heterocycles.

In an attempt to cycloadd (Chap. 5.4) TCNE and ethyl azodicarboxylate to __Q_g_a; "ene-
type" reaction products, (_115_,_]'.9_6) have been 1solated36. Isocyanic acid adds ﬁ
yielding 167 (however, compare the reaction of the 5-substituted 39b with the same
reagent, Chap. 5.4;1)37b. In a similar manner, 108a reactswith pMap2? under forced
conditions to give 199, probably via 198 followed by a 1,4-dipolar cycloaddition
(Chap. 5.%4) with subsegquent loss of CO5 ., A similar reaction type has been encoun-

tered an heating a 4,6-dioxo~1,3,5~-triazene with DMAD115.

. (\1 @\
= H CH
Q N - N/ 3 N 4 N/ 3
NC

c
N N/CH3 + +
)\T)\ 0 0 o s
0 0 CN N_ _CO.,Et
X, Et0,c7 N7 2
’ N

H i
c H
52a 195 198
Ph
Ph Ph Ph
A e
Ph HNCO *
Ht/l\ L~ Q %O
P Q H
© 0% N7
H h
42a ET
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5.4 CYCLGADDITION REACTIONS
S.h.1 With 2% - Components

Mesoionic six-membered heterocycles of type B (Chap. 2) - whether they are mono- or
poelycyclic - may be envisaged as 1,4-dipolar systems (Scheme 3). As expected for

these compounds, the symmetry of the highest occupied molecular orbital (HOMO) and

HOMO LUMO

I |
\,l/’\,/ \(Ij,.\?/
.fO\O/C’%. e =~.

Symmetry of HOMO and LUMO of Mesoiconic Six-Membered Heterocycles
of Type E {Chap. 2).

Mesocionic 4,6-dioxo-1,3-diazine as representative example

(HMO data, parameters: Chap. 3).

SCHEME 18

lowest unoccupied molecular orbital (LUMO) (Scheme 18) predicts them to be suatable
candidates for cycloaddition reactions with Zr-components. This presumption has been

verified in a great number of cases. Representative examples will be given in this

chapter.
Mesolonic 4,6-dioxo=-1,3~-drazines have been shownlB?a to react with DMAD producing
2-pyridones (201); the primary [2+4]cycloadduct (200) has been isolated as inter-

mediateqqa. Whereas diethylamino—‘l-propine37b, N,N-d:i_methylamino—phenylacetylZne,
ha

ethyl propiolate as well as methyl malonate failed to give well defined products f

CHy £
Ph__N)\N/Ph DMAD E H
. i —_— [
0 0 a b HyC” N 0
A Ph
424 200 201

a: benzene, 24 hreflux; 94 %
b: 20 min. above mp. {188-18¢°¢)
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137a,b 450

maleic anhydride and maleic imides add to mesoionic 1,3-diazines yieldaing
202. The reaction with TCNE gives the cycloadducts 20345;3.

203 R1 R2
a H H
b CH CH
- 3 3
c Ph C2H 5
d Ph PhCH g

X = 0, N-Ar

202 203

Mesoioniec #&,6-dioxo-1,3~diazines such as 39b,e,g (and others) react with benzyne
(204), prepared frombenzenedirazonium-2-carboxylate, yielding below 40°C the primary
cycloadducts 205, which can be isolated. At higher temperature the iscquinoline-3-

137c

ones (206) are formed under the loss of phenyl isocyanate .Compound 39%b gives

with an excess of 204 the adduct 207,which 1s converted upon heating into the anthra-~

cene deravative 208.

R! Bh y R2
vl o
F’h,N*NzF’h i NL"IR o -PhNCO AN
: ¥ @l 1 N\ N
0 0 R Y, 1 Ph
R

39beg 204 205be,g 206beg

39, 1 R2
205,206 R
b Ph PhCH,,
e CH,.), PhCH2
£ Ph Et
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L 207 208

The addition of isocyanic acid, prepared by the thermolysis of isocyanuric acaid or

azodicarboxamide, to 39b yirelds, possibly via the bridged adduct 209 and subsegquent

loss of phenyl i1socyanate, the 6-hydroxy-4-pyr1midone 14b37b.

Ph th Ph Ph
0
Ph, /l\ Ph N o _Ph He, /l\ _Ph A
N7NN Ph : N7SN NF N
+ . N=Ph + —
-PhN
OMO 0¥ chpny nCo O”K(L"O Ho)\l/Ko
CH,Ph CH,Ph CH,Ph
3 209 155 14b
blyg

Bicyclic mescionic compounds {e.g.b2a y 76a11) add DMAD to produce fused pyridines

(210, 211) which might otherwise be difficult to obtain.

(L b
CH E
N, N3 DMAD Ny
0)\2\0 xylene, 24 hreflux E
H 60 %

62a 210

(=]
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[i Et ' DMAD [S

E
N7 N7 N7
= ol
0 0 CHCL, 20 hreflux 0 £
H H
762 Al

As has been mentioned above (Chap. 4.1.1) both mono- and bicyeclic &4,6-dioxo-1,3-0x-
azines may react with heterocumulenes (aryl isocyanates, aryl 1sothiocyanates) to
yield the corresponding 4,6-d1oxo~1,3-dirazines {or the oxo-thiono analogues)3’47_49.
Compound 99%c as well as _1Cl_8£ add DMAD to give the fused a-pyridone 212, albeit in

low yaield ’49.

) B (L
N7 G DMAD N Ve DMAD N
+
0

S
+ ———— we—————
N, xylene, 60 h xylene, 48 h R,
0 =0 reflux; t2% O B reflux: 119% 0
CHZPh CHZPh CH2Ph

99 212 08¢

Mesoionic &,6-dioxo-1,3-thiazines react with aryl isccyanates with the elimination
of COS to produce the corresponding mesoionic 4,6-dioxo-1,3-diazines (Chap. 4.1. 1)46;
this transformation has been proven to be a convenient way of synthesizing these
compounds, especilally in cases where thiocamides and aryl isocyanates are readily
available. No cycloadducts have been obtained with a variety of acetylenic and ole-
finic dipolarophiles; conversion into 4-quinolones has been the prefe-rrecl pathway

{Chap. 5.5)106. The mesoionic 4 ,6-dioxo-1,3-thiazine 106a, however seems to be an
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R o]
E E
pmN,l\S OMAD Ph
* . / +
xylene, 5 Ph
0 c 3 hreflux r}‘ R
Ph Ph
28% 40%
R= (4-0CH_,)C H
1060 PO 2
exception106. The main product (21%) results from a rearrangement of 106a (Chap.

5.5), whereas thiophene 213 is probably formed via an [2+4]) -intermediate.

An interesting case oFf regioselectivity 1s encountered in the reaction of 121a and
4

ethyl propiolate? . Only one isomer [215) has been isolated from the reaction mix-

ture.

5 S
N)\S H-CaC~CO Et N H
* —C
O’K,/L*o 83 % 0 CO,Et
- Ph H
121a 215

Both 4,6-dioxo-~1,2,3-triazines and 4,6-dioxo-1,3,5-triazanes {Chap. 4.1.5, 4.1.6)

do not seem to undergo cycloaddition reactlonsllo‘lls.

5.4.2 With o = Quinonoid Compounds

1
Certain classes of five-membered mesoionic heterocycles of type A” react remarkably
138
smoothly with c-quinonoid compounds (o-quinones, o-benzoquinone-diimines 3 ) yiel-

ding mainly 1:1 adducts of type 216 (formally derived from a valence tautomeric

T39-141

ketene form of the mescion}) and 217 . In an obvious extension of this program,
the reactions of both mesoionic &,6-dioxo-1,3-diazines (Chap. 4.1.1) and %4,6-dioxo-

1,3-oxazines (Chap. %4.1.2) with o-quainecnes have been 1investigated.

—1137—




2 A0 Z
=N
_@[ I JI\ QO !
z Y Z
26 217
X: 0,8 3 Y: -N,0,5 ; Z; Q,N-Aroyl

Mesoionic %4,6-dioxo-1,3-d1azines {e.g. 39k) react with tetrachloro-o-benzoquinone

(218} to give a compound (2.19)142 which can be considered as an adduct of 218 with

R
Ph Ph
'\NJ-'.\ N/

R
0 O O Ph ,g Ph
. o ‘@i RT o {I Ph N N/o
" —_— , N R &
OMO 0 \l/ Oél\/

0
i |
CH.,Ph PRHL &0 N CH,Ph
2 \ 2
Ph
39k 218 219 220

R = (11-o<:[-[3)c6H£t

an open chain ketene tautomer of 39k (_2&)40. These tautomers are not involved in
this ecycloaddition, however, but may be important aintermediates in rearrangement
reactions (Chap. 5.3).Mesoionic 4,6-dioxo-1,3-oxazines (e.g.98b) react quite diffe-
rently. CO2 1s evolved with both with o-quinones and with 9, 10-phenanthrenequinone;
this occurs even at room temperature. The products obtained (e.g.ggg)50’51’142 can

be rationalized by a praimary [‘Il'll+!t4] cycloaddition (to 221) with subsequent ring

CH CH3
3 CHs3
: 07(
H3c\_N,f\0 AL SR 07(
. —_— B R— 0" N—CH,
i =0
0 ¢} 0
Ph Ph Ph O
282 221 222
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opening, loss of C()z, and rearrangement. This sequence can also be formulated as a
concerted reaction, The extension of these investigations to o=-benzogquinone-diimines

143

1s under way

5.5 REARRANGEMENTS

Heating of the bicyclic mesoionic 1,3-diazine 62d to about 250°C leads to the neutral
benzyl ether 61d in poor yield. {This reaction is in contrast to the conversion of
methyl ethers to mesoions; compare _3_];—-230, or _52—03_435, Chap. 4.1) On the other

hand, heating of the monocyclic mesoionic 4,6-dioxo-1,3~d1azine 223 gives a N—C

s =
N7, N’R - N~ N
o 0 0% ¥ “NoR
H H
624 8ig
R = PhCH2
Ph Ph
Ph"NJ:N’R Ph‘N’Lw
0PN N0 o’gg\o
! R” ™R
2 224

migration of the benzyl group yielding the 5,5-dibenzyl-4,6-dioxo-tetrahydropyri-

midine 22"-}6?. A radical mechanism 1is suggested for both cases, because dabenzyl and
R . 144

"tribenzyl" are igclated as side products .

Malonyl heterocycles,such as 5-aryli-4-hydroxy-Z2-pyrones and benzocoumarins 225 re-

act at higher temperatures via ketenes (220) to thermodynamically more stable carbe-
145

cyclic compounds 227

It 18 therefore not surprising that mesoionic N-aryl-2,4-dioxo-1,3-diazines rearrange

146

to 2-gquinolones . Thus the bicyclic mesoions ﬂ react at 260-30000 via the ketene
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225 226 227

- O
Z|+ Z
\
a o)
/ s
4

N 0
=
— i
N_/ R
O¢

41b,cd 228 229

\

antermediate ZLB to give the guainolones 229 an good yields. The menocyclic mesoions
39 reactinan analogous way (with ketenes, however, the primary products (230) are
stabilized by two consecutive reactions leading via 231 to the formation of _g_}f__2_).

The mescions 234 (obtained from 2-arylaminoquinelines and bis(2,4,6-trichlorophenyl}
malonates or 100 and aryl asoccyanates) react in 2,4,6-trichlorophenol to yreld com-
pound 233; on the other hand, if heated in a high boiling solvent, such as diphenyl

ether, the 4-hydroxy-quinolones 235 are formed148

R

j\" N’ "N/\Ph
Ph Ph

* —C —

P

R Ph Pf

Ph
39a,b 230 231 232
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OH
R
Sy
s =y
S
Ny R G N7 N’Ph S N 0
- N
Ph R
233 234 235

Another type of rearrangement for N-aryl-k,6-droxe-1,3-diazines (22,2)41 and 1,3-
thiazines igélo , leading in both cases to the same 4-guinolones, was published in-
dependently by twe research groups in 1975. Thus the pyrimidines 39 react an 2,4,6-
trichlorophenol at 200°C under loss of phenyl isocyanate to yield the 4-quinolones
&Zé, whereas the 1,3-thiazines _@ are loosing carbon oxysulfide in boiling benzene
without catalysts. The mechanism of both reactions can be rationalized by bond for-

mation between C2 and C5 (237), (simultaneous?) loss of X=C=0 (238), with subsequent

1

R 0
1] 2
Ph R
“NJ\X -X=C=0
* > |
0 =0 N ]
R? H
39a,b  X=NPh 236
06bd X=9S
R Ph R )
ph_R N oo R?
0 3 \
0 o R2 N" R
7 238 29

ring openang to the ketene 239 and ring closure to 236. The role of the solvent (tri-
chlorephenol) in the reaction of the 1,3-diazine 39 is not yet clearly understood

{compare the rearrangement of 39 to 232 without solvent above 260°¢) .

—1141—




The thermolysis of the mesocionic 2,4-diexo-1,3-oxazine 240 1in trachlorophenol at

200° C yields the Z2-quinolone 24249 149 cbviously by a similar pathway as described

for the conversion of 39b to 231. The expected 4-quinolone (236) 1s formed iha low
yvield (1.6%) only, and at the present time there 1s no explanation for this different

behavior of the oxazine 240 from the reaction of the thiazines 106.

)
Ph O)l\Ph
Ph
o 200 c CH ,Ph ' CHaPh
* >
o” 0 N0
CH.Ph
2 0"’ Ph
240 241 242

An unexpected reaction occurs if the mesoionic 2,6-dioxo-1,2,3-triazine 129a 1s
110

heated in boiling xylene, yielding the bisazetidine 243, azobenzene and nitrogen .
Most probakly the reaction is initiated by a daimerisation steplSo.
Lo
Ph\N’N\N/Ph Ph
* ———c  Ph=N N—Ph + Ph—N=N-Ph + N,
S g i
Ph 0
1292 243
6. CONCLUSIONS

Meta-quinodimethane dianion (1) may be consadered as abasis system for three types
of mesoionic six-membered heterocycles (é,g,_{;, Scheme 1) . Following the ingenious
interpretation of Katritzky and Waring 2 concerning the structure of "malonyl-«-
aminopyridine™, a great number of compounds of type B have come to laght. Besides
being interesting an their own right, they may serve as source of new heterocyclic
systems, bothmesolonic and covalent. Mesoions also remain a challenge for crystallo-
graphers and theoreticians in exploring the sometimes peculiar bond and electronic

properties of these compounds,.
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