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Abstraet--l-Oxa-4-azabutadienes proved to be prone to react with some heterocumulenes after 1,3-cycloaddition 
patterns yielding various 5,5-disubstituted derivatives of 1,3-diaryl-hydanotoins as it was shown by the chemical 
and spectroscopic analysis. Relatively high yields, mild reaction conditions and a very weak effect of solvent 
polarity on the reaction rate suggested a synchroneous mechanism involving 1,2-migration of a substituent. 

Highly substituted 1,3-heterodienes 2~ are conspicuous 
from the other compounds of this kind by their atypical 
reactivity towards polar heteroene bonds involving for- 
mation of 5-membered heterocycles via 1,3-cycload- 
dition. 5'6"8 Dipolar behaviour of these reagents appears in 
connection with the twisted "pseudo-gauche" confor- 
mation v resulting from an expanding effect of large sub- 
stituents conjoining the 1,3-heterodiene skeleton and 
forcing more or less perpendicular arrangement of the 
heteroene fragments. Introduction of large groups to the 
heterodiene system causes the higher twist of both 
heteroene fragments suppressing conjugation between 
double bonds and increasing dipolar character of the 
heterodiene moiety. The accepting and donating func- 
tions can be fulfilled by different centres of the 1,3- 
heterodiene core dependently on a charge distribution in 
the original reactants. Thus, 1,4-diazabutadienes are 
found to react with C=N double bonds of aryl isocy- 
anates employing their Nt nitrogen as a electron-releas- 
ing centre and C3 carbon which plays an accepting func- 
tion. The isocyanate N atom uses chiefly its n electrons 
to form a bond with Ca carbon atom and here a favour of 
the twisted structure of 1,3-heterodienes can be seen9: 

o ¢ 
1-Oxa-4-azabutadienes are generally less twisted than 
1,4-diazabutadienes, however they are not planar as 
weiP °, and exhibit entirely different charge distribution. 
This can be shown by the ~r-electron density calculated 
using the PPP method for the selected l-oxa-4-azabn- 
tadiene molecule, n In this case the CO carbon C2 should 
be an acceptor whereas N3 nitrogen seems to be nucleo- 
philic enough to release its electrons in the cycload- 
dition: 

//0 

~//~C N- 

In order to confront these suggestions with the experi- 
mental facts reaction of aryl isocyanates with various 
1-oxa-4-aza-butadienes has been investigated. The ori- 
ginal 1-oxa-4-aza-butadienes were synthesized by con- 
densation of beta-dicarbonyl compounds and nitrosoarenes 
proceeding under the catalytic influence of bases~2: 

CH3 " C i CH2~ C R 

0 0 

+ ON-Ar 

N-Ar 
(i 

Base_ _ CH3-- I -  C--- ~ R 
-H20 ~ C C" 

it II 
0 0 

1 

where: 

1 Ar R 

a phenyl methyl 
b phenyl aminophenyl 
c p h e n y l  2',5'-dichioraminophenyl 
d 4-dimethylaminophenyl aminophenyl 
e 4-dimethylaminophenyl 2',5'-dichloraminophenyl 
f phenyl ethoxyl 
g phenyl morpholyl 
h phenyl piperydyl 

According to the expectations the compounds 1 reacted 
with aryl isocyanates. Heating of reagents in boiling 
benzene produced colourless crystalline products with 
very good yields. Elemental analyses supported the 
course of the reaction as a simple 1:1 addition. In- 
spection of the spectral properties showed explicitly the 
imidazolidin-2,4-dione-type structure of these sub- 
stances. Thus, the IR spectra revealed sharp absorption 
in the CO stretching vibrations region at approximately 
1780 and 1730 cm -1 typical for a hydantoine systemfl '14 
Absorption about 1700 cm -t originated from substituents 
containing CO groups and linking the heterocyclic ring. 
The ~H NMR spectra showed a three proton singulet at 
1.80 ppm corresponding to the Me group. Amide proton 
signals were seen by broad singlets at approximately 
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8.85ppm. More information was provided by the '3C 
NMR measurements. The ~3C NMR spectra were 
determined for two representatively chosen products 
resulting from the reaction of la and lg with phenyl 
isocyanate. Both spectra contained similarly positioned 
signals attributed to carbons of the imidazolidin-2,4- 
dione ring. Namely, the signals observable at 72.5 and 
69.0ppm were produced by a quaternary C atom, res- 
pectively, CO C2 carbons gave signals at 151.8 and 
152.8 ppm, and CO C4 carbons were responsible for the 
signals at 166.7 and 169.7 ppm, respectively. The acetyl 
group present in the product of la caused appearance of 
signals at 23.1 (Me group) and 197.3 ppm (CO group). 
The Me group carbons attached directly to the hetero- 
cyclic ring produced signals at 15.7 and 22.9ppm, res- 
pectively. The morpholyl fragment of the product of lg 
exhibited its carbons by signals at 44.7 and 65.9 ppm. The 
former were from N(CH2)2 carbons and the latter from 
O(CH2)2 carbons. The amide CO carbon was responsible 
for the signal at 163.4 ppm. Aromatic carbons produced a 
number of signals in the range from 116 to 134 ppm. This 
assessement of the C atom signals was confirmed by the 
complementary measurements using the "off-resonance" 
technique. 

On the basis of these observations of 1,3-cycloaddition 
scheme could be ascribed to the reaction considered: 

C ,H 3 ~ Ar" H~C COR 0 o:c, N, 
C=N + C A i 

0 =jC " -Ar  il " Ar-N N-Ar ° 
0 \ / 

f C 

2 

dition of 1,4-diazabutadienes 9 it could be pointed out that 
the twisted structure of the 1,3-heterodiene moiety is 
more favourable for reactions of this very type. Then 
assuming the twisted "pseudo-gauche" conformation for 
the compounds presently investigated a synchronous 
concerted mechanism can be proposed. The steric 
arrangement of both reacting molecules in a ~r-complex- 
type transition state is shown below: 

z 
A 
i .,#~i 

t {"? 
N 

."i'. \ : T :  

o :::;:;.o 
O oxygen 

Fig. 1. The steric arrangement of the reacting molecules in the 
proposed ~r-complex-type transition state. 

where: 

2 Ar Ar R 

a phenyl phenyl methyl 
b p h e n y l  4-chlorphenyl methyl 
c phenyl phenyl aminophenyl 
d p h e n y l  4-chlorphenyl  aminophenyl 
e 4-dimethylaminophenyl phenyl aminophenyl 
f 4-dimethylaminophenyl phenyl 2',5'-dichloraminophenyl 
g phenyl phenyl 2',5'-dichloraminophenyl 
h phenyl phenyl ethoxyP 
i phenyl phenyl morpholyl 
j phenyl phenyl piperidyl 

fThe product of the proper cycloaddition added the next phenyl isocy- 
anate molecule to its Me group. 

Electron induced fragmentation of these products 2 is 
also evidence of their imidazolidin-2,4-dione structure. 
The main fragmentation patterns are fully consistent 
with those reported for the similar hydantoine deriva- 
tives. 15 

Formation of the 5-membered heterocyclic ring in the 
reaction investigated, necessitated the 1,2-migration of 
the Me group. Hence a question arises regarding the 
proper mechanism of this process. Taking into account 
previous theoretical considerations concerning cycload- 

The main contacts between reacting centres are des- 
cribed by interactions of isocyanate N (chiefly by 2p~ 
orbital) and CO carbon (its 2pz orbital) and a-azomethine 
N (chiefly by 2pz orbital) and isocyanate carbon (its 2pz 
orbital). Then the denating function displayed by isocy- 
anate N is connected with its n-orbital. Such a transition 
state clearly shows possible synchronous 1,2-migration 
of a substituent linking the CO group. 

For the sake of proving of the proposed synchronous 
concerted mechanism, measurements of the solvent 
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polarity effect on the reaction rate were carried out. 
According to the predictions the reaction followed the 
second order kinetics and was practically independent of 
solvent polarity. The rate constant found for the reaction 
of ld with phenyi isocyanate occurring in xylene (F~ = 
32.3) ~6 was only twice lower as that determined in ben- 
zonitrile (F~ = 50.8) '~ under analogous conditions. These 

3 7 8 = K  _ _  constants were equal t o  kxy~ene - 929.2 -+ 17.6 × 10 -6 and 
3 7 8 ° K  + kphc~---- 2135.4_ 10.5 X 10-6/dm ~ mol -I s-~/. Indepen- 

dence of the reaction rate on solvent polarity supports a 
synchronous mechanism proceeding via apolar transition 
state. Activation parameters of this cycloaddition shed 
more light on the nature of the transition state. Enthalpy 
and entropy of activation were evaluated with the help of 
the Eyring's equation I~ for the following compounds: 

reactions proceeding via a cyclic transition state. '9 Great 
values of AS¢ suggest that the structure of the transition 
state should be similar to that of the product. Compar- 
able values of AH$ can be also used in support of this 
concept. Differences in the reaction rates result probably 
from the size of the migrating substituents. The larger 
phenyl group causes greater steric interactions than the 
relatively smaller Me group that hinders to a higher 
degree formation of the transition state. This is exhibited 
also by the activation parameters. 

Kinetic evidence is in good agreement with the pro- 
posed mechanism. Then the synchronous concerted 
mechanism including both ~r and n electrons seems to be 
entirely reasonable. 

CH~CO--C--CONHPh and PhCO--C--CONHPh 
tl II 
N--C~H4N(CH~h N--C~H4N(CH~h 

Temp. -+ 0.2 ° 106 k/dm ~ tool -~ s- ' /  

353 K 268.9 -+ 2.4 91.9 -+ 1.3 
368 K 577.2 -+ 9.2 233.5 -+ 4.7 
383 K 1162.4-+8.5 551.1 -+6.6 
AH~/kJ tool-'/51.92-+ 0.42 64.06 + 0.84 
ASSH mol-~ rad-~[~ - 3.07 -+ 0.02 - 2.62 -+ 0.04 

Values of both activation parameters are in good 
agreement with those reported for the second order 

EXPERIMENTAL 
1-Oxa-4-azabutadienes 1. Condensation of various ~-dicar- 

bonyl compounds with nitrosoarenes n '=~ was employed for the 
preparation of l-oxa-4-azabutadienes. Thus 0.02 M of a/~-dicar- 
bonyl compound n was dissolved in 20 to 30 ml of BuOH and a 
few drops of 33% t-BuOK were added. An exothermic, some- 
times very violent reaction took place soon and the mixture 
turned from deep green to red-orange. The crude product pre- 
cipitated after cooling. It was purified by repeated crystallization 
from t-BuOH. Liquid 1-oxa-4-azabutadienes were purified by 
distillation under reduced pressure. Yields varied from 60 to 
80%. The chemical and spectral data are listed in Table 1. 

5-Methyl-5-substituted imidazolidin-2,4-diones 2. 0.01 M of a 
corresponding l-oxa-4-azabutadiene I was dissolved in 5 to 10 ml 
dry benzene and an equimolar amount of aryl isocyanate was 

Table 1.1. Yields and physical data of 1-oxa-4-azabutadienes 1 

I ~ Yield M.p./b.p./°0 Pormula Analysis 

a 75 /9o-9/1""g 

b 80 114-5 

o 78 108 

d 63 122 

• 60 145-6 
f 65 /128-30/2m~Hg 

g 51 
e 

h 56 - 

011H11N02 0alc. ~0 69.8 H 5.8 N 7.4 

m.w. 189.07 Pound 69.6 6.0 7.3 

%~14.2o2 oalo ~o 722 H 5.3. lO5 

m.w. 266.10 Pound 72.1 5,2 10.8 

o1~1F12.2% R,~. 21 
o1~1~2% R,~. 25 
o1~15oz2~,2o 2 Ret. 26 
o1~1~.o3 oa lo .  ~ 65.7 a 5.9 ~ 6.4 
=.w. 219.09 Pound 65.3 6.1 6°6 

o14H1~203 oa lo .  ~0 64.6 s 6.2 ~ 10.8 
m.w. 260.12 Pound 64.6 6.2 10.8 

01~18N202 0a1¢. ~&O 69.8 H 7.0 N 10.8 
m.w. 274.13 Pound 69.8 6.6 10.8 

~he prod;ors .1J$ and .1~ are heavy o i l s  d e o o a p o ~  even £n high vaouu ,  

pu_~lfied by ~epe&ted ool--m ohromatog~aphy using s i l i c a  gel  Mli 60 as 

& filler and a mlx~u~e of bensene~ oyolohexane, --d ohlo~ofozm /7:2:1/ 

as an el-ent. Both origlnal amides of azetoaoetlo ac£d, i.e., morphelide 

and pIperi~Lde were syn~heslsed by oondensa~Lon of e1~l aoetoaoetate 

eeqtten~ly wi~h mox-pholine and ]piperidine : 

08H1~03, s.b.  140-2°0 2=~g, Oalo. ~0 56.1 H 7.6 ~ 8.2 

m.w. 171.09 Pound 56.4 7.6 7.8 

09H15N02, m°b. 120-2°0 2mmHg Calo. ~0 63°9 H 8°9 N 8°3 

m.w. 169.11 Found 64.0 8.9 7 . 9 .  
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Table 1.2. Spectral properties of l-oxa-4-azabutadienes 1 

1" i.r.,~ maxem "1 1H n.m.r., o c ppm m.s., m/Z, /Int/ 

a 171000,16150=N, 2.57 s,6B,b-St3; 6.75-7.52 m,5Har 189 /15.6/,146 /86.2/ 
104 /100/, 77 /71.1/. 

b 330~,170500 , 2.32 B, Nd,CHs;6.65-7.26 m, lOHar 266 /20.9/,223 /9.3/, 

165000a, 16380.N 8.11 s, IH,NH 147 /73.8/,104 /100/, 
119 /28.6/,77 /59.6/. 

f 175000e,170800, 0.96 t,~,CH3;2.47 s,~I,L-~I3; 219 /24.3/,191 /14 .1 /  
16180..N 4.07 q,2H,CH2;6.68-7.30 m, SHar 176 /8.4/,147 /80.6/, 

104 /100/,77 /39.9/. 

g 170800,168100a, 2.15 B,~,CH3;3.70-3.76 m, SHmo r 260 /18.1/,217 /7.3/, 
146 /83.1/,104 /I00/, 

16500. N 7.48-7.69 m, SHar 77 /62.1/,70 /45.5/. 

h 170300,168000 a, 0.75 t,2H,4-C~2;I.58 m,4H,3-CH 2 274 /15.8/,231 /6.9/ 
16180= N 2.21 s,~,CH3;3.49 m,4H, Z-CH2; 146 /79.8/,104 /100/ 

86 /22.1/,77 /58.9/. 
7.32-7.74 m, 5Har 

~Oompounds l c ,  1(1, and le  were  r e p o r t e d  p r e v i o u s l y  2 1 ' 2 5 ' 2 6  

e ~ I n d e x  a d e s i g n a t e s  a n i l i d e ,  • e s t e r ,  a r  a r o m a t i c ,  mot m o r p h o l i d e ,  

s - ! ~ £ ~ l e t ,  t t r i p l e t ,  q q u a r t e t ,  m m u l t i p l e t .  

added. The mixture was then shortly refluxed (from 15 to 
45 rain). After cooling 1 or 2 ml petrol ether was added to 
facilitate crystallization. The crude product was filtered off, 
washed by cold petrol ether, and recrystallized from benzene or 
EtOH, yields from 70 to 80%, m.ps, elemental analyses, and 
some spectral properties are collected in Table 2: 

Kinetic measurements. Solns of the original reagents were 
prepared in concentrations fro 0.I to 0.001 M using solvents of 
special purity. Samples were kept in a thermostat 
EIN/VEB MLW/maintaining temp within 0.5 °. Portions of 0.2 ml 
were taken off from the sample at a given reaction time and 
mixed immediately with the 500-fold excess of cold EtOH to stop 

Table 2.1. Yields and analyses of 1,3,5-trisubstituted 

2 % Yield M.p. °C Formula  

a 68 124-5 C 18U 16N203 _ _ _ _  Calc.  
m.w. 308.12 Found 

b 70 131-2 01~1501 N203 Calc. 

m.w. 342.08 Found 

o 72 194-6 02~ 19N303 _ Calc. 

m.w. 385.15 ?ound 

d 68 167-8 02~H 1801N303 __ Oalc. 

m.w. 419.12 Found 

• 68 202-4 02 %If- 24N403 0 alc. 
m.w. 428.20 ?ound 

f 63 175-6 02~22012N403_ Oalc. 

m.w. 496.10 Pound 

g 50 123-6 02~ 17012N303 Oalc. 

m.w. 453.06 ?ound 

h 54 196-8 026H2~305 Oalo. 

m.w. 457.17 Found 

i 71 146-8 C21H21N304 Oalc. 
m.w. 379.16 Pound 

,j 69 125-6 022H23N303 Oalc. 
m.w. 577.18 Found 

5-methyl-imidazolidin-2,4-diones 2 

Analysis 

%C 70.1 H 5.2 N 9.1 

70.1 5.4 9.0 

%C 63.1 H 4.4 N 8.2 01 10.2 

63.1 4.4 8.1 10.1 

%C 71.7 H 4.9 N 10.9 

71.6 5.1 10.9 

%C 65.9 H 4.3 N 10.0 01 8.3 

65.8 4.4 10.1 8.3 

%0 70.1 H 5.6 N 13.1 

69.7 5.6 13.0 

%0 60.4 H 4.4 N 11.3 C1 14.3 

60.0 4.5 11.1 14.4 

%0 60.8 H 3.7 N 9.2 01 15.6 

60.6 3.8 9.2 15.4 

%C 68.3 H 5.0 N 9.2 

68.1 5.2 9.1 

%0 66.5 H 5.5 N 11.1 

66.7 5.5 11.2 

%C 70.0 H 6.1 N 11.1 

69.8 6.0 11.0 



Conjugated Schiff's bases--14 

Table 2.2. Spectral properties of 1,3,5-trisubstituted 5-methyl-imidazolidin-2,4-diones 2 

1791 

_2 i.r. '~" mazOm'1 

a 1783200, 1750400, 
171500 

b 1786200,1740400, 
171700 

o 3~0~IH,177520 O, 

17~0400 ,1710008  

d 3515HH,17842C O, 
1720400 ,1695808  

g 

h 

IH homo,., $ ppn 

1.70 8 , ~ , 0 H 5 ; 2 . 5 5  m, 244 / 1 6 7 5 0 /  

~ii,C~3;7.48-7.22 m, IOHax . 

1.74 S,~,~5;2.52 S, 245 /30020/ 

~H,(~[3;7.47-7.19 m, gHar 

= . .  ~ = . J ~ /  

1.83 s,3H,C~3;7.55-7.08255 / 3 7 6 0 0 1  

m, 15~a.v;8.44 s, IH,NH 

1.85 s, 3~,C~5;7.52-7.05257 /55800/ 
m, 14Har;8.65 s, IR,NH 

m.s., m/z, /zat /  

308 /21.11,26516.2~ 
119 126.41,118/loo/ 

542 118.61,344 16.4t 
299 /8.4/,301 /5.0/ 
155 17.6/,155 125.1/ 
154 /18.0/,152/46.1/ 
119 /25.8/,118 /100/ 
385 /2.1/,266 /100/ 
118 / 7 4 . 2 / , 1 1 9 1 1 9 . ? j  

419 11.5/,~oo 11001 
502/5%41,~53~2.5/ 
155 /4.1/,119 /22.4 
118 /69.8/ 
42811.11,30911001 
294 /86.2/,159~2.1/ 
144118.11,119~4.51 
118 126.31 

e 3390~1H,178520 O, 1.80 =,~I,C~3;2.93 =, 259 /55 5501 
1715200,169500 & ~I,N/C~3/2;6-80-6- 60 

m,Z~ax;7.55-7.05 m, lZ~az. 
8.56 =,IH,NH 

f 55ooNi1,179220 O, 1.97 s , ~ , G f f 3 ; 5 . O 1  s ,  261 14 5501 496 1 1 . 1 1 , 3 0 9  /1oo1  

1750400,170000 a ~,N/QHs/2;7.67-6.78 m, 216 /6700/ 294 /86.61,189~8.91 

11Hat;8.51 d, lHar;9.02 144 /17.5/,119~5.2/ 
S, IH,NH 118 /19.1/ 

5502~iN,177020 O, 1.94 S,~,CH3;7.51-6.98 258 /21 400/ 455 /1.6/,455 /1.0/ 

1725400,170000 a m'1~ar;8"40 d'IHa~;8"85 187 /26,5/,119/22.4/ 
s, IH,NH 118 /70.1/ 

5500NH,t758200, 1.10 t,~,OES;4.07 %, 281 /25 6001 457 112.11,338/26.4/ 
1710008,1700400, 2H,CH2;5.26 s,~,C~[2; , 252 /38 700/ 310 119 
164000 a, 12100C, 7.57-6.98 m, 15Har;7.77 429 /11.4/,385/94.7/ 

s, IH,NH 
i 1760200,17054C O, 1.80 s,~,CH3;3.50-3.75225 /17000/ 379 /24.6/,265181.0/ 

119 /20.4/,118 /100/ 
1695C0 m, SEmor;7.10-7.53 m, IOH 212 /16 5 2 0 1 7 7  /46.0/,70 /34.7/! 

J 1750200,1700400, 0.70-0.78 m,2Hp;1.58- 256 /8.000/ 377 /28.5/,265/96.4/ 
1690008 1.62 m,4Hp;1.81 s,~, 225 /15900/ 119112 /8.6/,86/21"1/'118/40.3//100/ 

C~I3;3.41-3.59 m,4Hp~ 
7.19-7.46 m, 10H~ 

187 128.2/,159/14.11 

266 /100/,189 /17.9t 

114.81,266 11001 
116.9/,118~9.511 

Indexes a, ar, e, mor, s, t, q and m have the same meanings as those mentioned in Table 1.2. Index p designates 
plperidine and d doublet. 

the course of the cycloaddition due to the rapid conversion of 
aryl isocyanate into an inactive urethane occurring under 
influence of alcohol. Reaction progress was controlled by detec- 
tion of the concentration decrease of the l-oxa-4-azabutadiene 
used. This was calculated with the help of the Lambert-Beer 
equation 23 employing as an analytical wavelength the charac- 
teristic very intense absorption (em~, 15,000-21,000) appearing in 
the visible region at 426 to 430 nm. Rate constants and activation 
parameters were deduced using statistics. ~ The former were 
found by the graphic method from the slope of the linear regres- 
sion of the concentration changes vs reaction time (r = 0.995) and 
the latter from the Eyring's equation 17 (r = 0.999). 

Apparatus. The UV spectra were determined on a VSU-2P 
Zeiss Jena spectrophotometer using 1- and 0.5- cm silica 
transmission cells. The IR spectra were recorded on an IR-75 
Zeiss Jena spectrophotometer in hexachlorobutadiene and Nujol 
mulls. The 'H NMR spectra were determined on a Jeol 100 

spectrometer in CDCI3 as solvent and TMS as internal standard. 
The 130 NMR spectra were determined on a Beckmann spec- 
trometer in CDCI3 using [(CH3)3Si]20 as standard. The MS 
spectra were recorded on an LKB 9000S spectrometer under the 
following conditions: voltage 70 eV, accelerating voltage 3.5 kV, 
ion source temp 250 °, direct inlet temp 60 to 90 °, trap current 
60 A. 
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