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Abdmt-&.%Dipolar cycbdtion of organic ixocyanate~ to some 1.4diszabutadie~ bas been iavertigatcd by 
thconticd pad expcrimenW mctbods. Analysis of HOMO, LUMO interactions hdicatd tk reaction mcchdsm 
pad the product structure. Cycbddition proved to be combii with 1,4 sigmxtropic-type hydrogen shift and 
ehnination of the initial 1,cdiozabutadienc fmnt. 

futb0ugb caljugatcd SchilTs bases comaining the 1,4- . dta&uWiene system- are atypical Wdipoks, theii 
chemical behaviou?’ suggests that these compounds 
could react with some polarophiks. Therefore a 
theoretical model of 1Jdipokr cyckaddition employing 
the a,/3diimine of a,@iketobutyric acid amide and 
isocyanic acid has been considered. According to general 
ruk.# regarding l*yckaddition formulated in terms of 
chatge resonance and reverse charge resonance coup 
ling’* contact of the reactants involves formation of a P 
complex-type transition state in which the 8(2p, -2p.) 
overlap of the terminal atom orbitak plays the chief riYe. 
However, if the initial mokcuks contain atoms bearing 
unshared electrons and/or possess nonpknar confor- 
mation these HOMO, LUMO interactions sometimes 
give results inconsistent with experiments. Orbitak 
occupied by unshared electrons although they do not 
take part directly in cyckaddition, contribute to a high 
degree to HOMO, LUMO transitions. Hence, the ncces- 
sity to calculate interactions of all occupied and un- 
occupied MO’s of both 1.3dipole and pokrophik. Non- 
planar conformation enhances a variety of orbital inter- 
actions so the generally accepted u(2p. -2p.) overlap 
describes inadequately acceptor, donor coupling. In such 
cases overlap in the whole vaknce basis, i.e. 2m, 2pvr 
2p, and 1s of hydrogen must be taken into account. 

Interaction of an occupkdlyl orbital of l&dipole with an 
unoccupkd x+ orbital of dipolarophik (the crossed out 
index of the orbital shows that it belongs to dipokrophik) 
can be expressed by the equation of the ground state 
function of the charge transfer complex. lItis equation is 
formulated in the perturbation method9*10 as below: 

xl” = XP + bL,x+O. (1) 

Index “0” designates the unperturbed function, “9 is 
the perturbing orbital index. The energy gain of this 

tFrcaent *as: Polish Academy of Schccs, Institute of 
wlfmrololy. 31!Ml cracow. Poland. 

interaction is estimated by the following expression: 

(2) 

where Hu = (#lxr), H is the perturbation hamiltonian, 
Ei and I& are energies of the i and + orbitak, respcc- 
tively, !%.+ is tlk overlap integral, and &j the core 
integral. The latter is de6ned by the formula: 

pXo and By0 designate empiric parameters characteristic 
for the given atoms, used in the CNDO and INDO 
methods.“~” They are equal to -21 eV, -9eV, -31 eV 
and - 25 eV for carbon, hydrogen, oxygen, and nitrogen, 
respectively. The overlap integral S,. is evaluated for 
the Slater’s orbitals (indexes c and Y designate atomic 
orbiis in the valence basis). The overlap integral S, 
considering linear combination of the i and + MO’s, is 
descrii by the eqn (4) in which Cd and C,+ are the 
LCAO coe5cknts: 

The resonance energy gain estimated by the formula (2) 
is connected with chatge transfer expressed by the 
Sakurai’r equation:16 

Qi.+=bi.+=w. 
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Total charge resonance energy equals to summ of the 
resonance energy pains of the particular orbital inteti 
actions: 

Values of AEi.+ and AE+., are from the formula (2). 
Similarly, total charge accepted or released by an atom X 
of l&dipole is the summ of the particular charges: 

qx=qpL*g!cq 

+2~-7Q+~(&). 

Values of QiA and QcJ are calculated using the expres- 
sion (5). Negative sign of e( designates an increase of 
the negative charge on the atom X and reversely, posi- 
tive sign of qx designates a decrease of the negative 
charge on the chosen atom. 

In order to find the most favourable steric arrangement 
of both reacting molecules in the e complex-type tran- 
sition state two probable conformations of the initial 
diimine molecule were taken into consideration. In the 
“planar conformation” axomethine groups were situated 
coplanar in trans position in relation to the carbon, 
carbon linkage (analogously as in dianil diacetyl”). The 
amide group was in the perpendicular plane as in the 
other vicinal polycarbonyl compound~3.‘~ The “twisted 
conformation” was characterized by arrangement of 
axomethine and amide groups in three perpendicular 
planes (such a conformation called “pseudo-gauche” is 
adopted by a,j?dianiB of a,@diketobutyric acid anilides 
due to an expanding effect of bulky substituents’J). Dis- 
tance of the reacting centres was considered in two 
variants: 1.75 A and 2.5 A. The former was adjusted to 
the 0(2p, -2p.) overlap connected with the maximal 
MO interactions. This correctly reproduced stabihWi00 
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energy in the reduced valence basis. The latter was 
comparable with that occurring in molecular complexes 
coupled by charge resonance forces and reproduced well 
stabilization energy in the enhanced valence basis. 
Charge resonance coupling accompanying the contact 
process of a,&diimine in question and isocyanic acid 
was limited to interactions of occupied MO’s of diimine 
with unoccupied MO’s of isocyanic acid and reversely, 
occupied MO’s of isocyanic acid with unoccupied MO’s 
of diimine because these interactions defined mechanism 
and value of charge transfer. Interactioos of occupied 
MO’s of both reactants were neglected for they were not 
co~ectcd with charge transfer and did not estimate its 
value. Analysis of HOMO, LUMO interactions appear- 
ing in the ?r complex-type transition state containing 
either the planar or the twisted diimine molecule was 
performed by the INDO method us% the Pople, 
Beveridge and Dobosh paramebixation.’ The planar 
conformation of dii proved to be less profitable than 
the twisted one. According to the Sustma~‘s 
classification” the P complex transition state possessing 
the planar diimine molecule corresponded to the LUMO 
controlled reactions whereas the o complex transition 
state consisting of the twisted diimine molecule des- 
cni the more favourable HOMO, LUMO controlled 
process. 

Then the twisted conformation of a,j%dhmine of a@- 
diietohutyric acid amide was accepted for further con- 
sideratioo. Steric arrangement of both reacting molecules 
in the transition state is shown in F& 1: 

Inspection of the data regardii distriition of the 
charge resonance energies (Table 1) and charges tram+ 
ferred due to the orbital interactions (Table 2) charac- 
terized the contact a complex. Thus it was found to be 
rather weak (the total charge resonance energy and the 
global charge transfer were equal to - 1.2106eV and 
+0.2998 charge unit, respectively for 1.75 A and 
-0.1289eV and +0.1263 charge unit, respectively for 
2.5 A>. Donating function was fuMUed by nitrogen NI 
and N7 atoms @‘ii. 1) and by the oxygen OS atom. The 
carbon skeleton of dii (Ci, Cz and C, carbons) and 
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the isocyanic acid carbonyl atom CO played accepting 
function. Hye atoms of the amide group (ill1 aad 
H12) behaved in a similar fashjon, i.e. revealed accept&g 
charuzter. lids suggested formation of the inter- 
mokcakr N++C2, NT-G and O,+H. twwzentre in- 
teractions. 
Tbestrollgestchargefesommcecouplillgcom?sponded 

to the diimine LUMO, the hocyanic acid NHOMO and 
to the diimine NHOMO, the isocyanic acid LUMO in- 
teractions. Considering LCAO uxlhients (Tabk 3) of 
tbesefundamentaltrahtionsitcouldbededucedthatin 
the former case the orbital performing donating function 
showed mainly n orbital character of N1 nitrogen: 

@II = -0.616@(2&) + 0.326WpJ + O.WUQs) 

2p. orbital of the diimine C2 carbon atom was the ac- 
ceptor. Theo this transition charaderized Na+C2 two- 
centreintemction.ItcouklbefoundthatN~ni~~ 
ratber its 2p= orbital overhppiug the n orbital of N1 
nitrogen caused a weakenhg effect on the contact in 
question. 

The second strong coupling NHOMO, LUMO in- 
cluded two-centre intcra&ns N+G and O+zIL 
Simikrly,tbedonatingurbitalhadtbenorbitalchracter 
of N, hogen: 

@II = - 0.46MQpJ + 0.266uqpJ + 0.1%@@3) 

mni2p,orbitaloftheCacarbonatompkyedaccepthg 
fulcthLllIeamtact&+H4showedH-boadfmmatilm 
mKlwasspccitkforthemodeIlKqted. 
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9 /w -12.444 4.575 
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e/w 4.421 -12.911 
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Tabk 2. Vtiof the aeestive chartt~ px (~1. cbvec units) induced on particular atoms by charge nsonancc coupling 

2*5 f 

-0.0066 

-0.0096 

-0.0147 

+0.0233 

+0.0671 

+o.Ol% 

*0.044( 

+0.0006 

+0.0025 

*0.0056 

-0.0026 

4.0028 

-0.0006 

-0.0002 

-0.ooo7 
-___-I--__*__ 

+0.0525 

9.1581 

+0.0190 

4.06% 

The main transition of the diiminc LUMO, the isocy- 
anic acid HOMO proved to be very weak even in com- 

tributed to the highest degree. The r&e of the Ns 

parison with the diimine NLUMO, the isocyanic acid 
nitrogen atom is interesting. Generally this atom revealed 

NHOMO coupIing which was more than twice as strong 
donating function (Table 2) connected chiefiy with its 2p, 

(Table 1). Tlk3 anomaly was from the structure of the 
and Zp, orbitals possessing a distinct connations in HO 

diimine LUMO in which z_P. orbii of Ns nitrogen not 
and NH0 MO’s (Table 4). Hence N6 nitrogen could act 

participating directly in two-centre interactions, con- 
as an electron releasing centre in HOMO, LUMO and 
NHOMO, LUMO interactions. 

Tabk 3. MO MAO churctaistics for fundamental tmsitioas the d&nine LUMO, the isocyanic acid NHOMO and 
tbe~~NHOMo,tbeis~~LUMo.Q~~~o,~~o~o= -O.OIUC~.C~U~~~QNHO~O.LUMO= +O.O713cl. 

4 

*7 

rARc0 zcu) 

0.064 9.155 0.319 0.319 

o.ime -0.002 0.326 0.092 

-0.075 0.205 “4 -0.616 0.001 

-0.514 -0.042 0.000 o.Ow 

-0.024 

O*Mt 

-0.005 

-0.001 

4.149 

-0.054 

0.650 

0.000 

0.027 

-0.045 

-0.024 

0.528 

0.033 

0.098 

4.432 

0.000 

-0.074 0.1% 4 
9.002 0.226 

0.235 -0.176 

-0.064 -0.463 

4.494 
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Table 4. LCAO coefficients of LU. NLU. HO. and NH0 MO’s of diimine N6 ai@otFa 
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On the other hand 2p, orbital contributed in NLU and 
LUMo’s. This implied strong accepting activity in 
LUMO, HOMO, LUMO, NHOMO and NLUMO, 
NHOMO transitions. Since 2p, orbital composed rr bond 
(Fig. 1) its accepting character involved an increase of 
the rr electron density on Ns nitrogen in the cycioad- 
dition process. It suggested the possibility of an in- 
tramolecular coupling between Ng nitrogen and one of 
the amide hydrogens. (Ns+HII or N6+H& 

To compare theoretical results with the experimental 
reaction of a&fianils of a&diketobutyric acid anilides 
with aryl isocyanates has been investigated. According to 
expectations the reaction proved to be thermally induced 
and practically independent of solvent polarity. It was 
found out that the product formation was accompanied 
by aryl isocyanate elimination from the anilide group. 
For the sake of assignment the spectra of the product 
was measured and analysed. The NMR spectra suggested 
the presence of the MeCH group in the molecule (dou- 
blet and quartet at approximately 1.08 and 5.05 ppm. 
respectively). The origin of the methine proton was 
claritied carrying out the reaction using a,bdianil deu- 
terium labelled in the anilide fragment, The product 
contained the MeCD group. The aromatic proton 

multiplet exhibited three aryl rings in the molecule. The 
IR spectra showed two sharp absorptions in the CO 
stretching vibration region at 1670 and 1740 cm-‘. There 
was no NH absorption. Similarly the NMR spectra did 
not reveal any NH signals. Since analytical data showed 
that only one 0 was present in the molecule the band at 
1670 cm-’ could be either from C=N or C=C double bond 
stretching vibrations. Differentiation did not atford any 
difficulties because the axomethine bond should be 
strongly affected by acids. In fact the products 
hydrolyzed easily losing the arylamine molecule invested 
in cr-axomethine group of the initial dianil. The new CO 
group absorption appeared at 1780 cm-’ in the IR spectra 
of the hydrolysis products. The spectral properties of 
these products corresponded well with the predicted 
heterocyclic structure of imidaxolidine-2,4dionc deriva- 
tives.” Arguments proving this structure were provided 
by synthesis.‘9 Thus a-bromopropionic acid and an 
arylamine yielded a-arylaminopropionic acid which fur- 
ther reacted with a corresponding aryl isocyanate to give 
the imidaxolidine-2,4dione derivative required. 

The cycloaddition in question yielded 1,3 - diarylo - 4 - 
arylimino - 5 - methylimidaxolidine - 2 - ones which 
hydrolysed to I.3 - diarylo - 5 - methylimidazolidine - 2,4 - 
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diones (hydnutoiue derivatives). This reaction cau he 
useful as a convenient syuthcsis of new hydnutoiuc-type 
compouuds. JLxpcrimental ohsorvations are consistent 
with thcoreticnl predictions regarding the two-centre in- 
teractions NI+ Cx and N+ G. However, hydrogen 
migration occurring in the course of cycloaddition was 
rather obscure. In order to And more evidence of the 
mechanism, UV and NMR kinetic measurements were 
performed. The UV spectra of the dianils exhibited 
intense absorption at approx. 43,2&l cm-’ (e,,,.. - 25,000) 
and 34,ooO cm-’ (e- - 12$00)= whereas imida7.olidine - 
2 - ones absorbed at approximately 39,600 cm-’ (c- = 
25,ooO) and 35,200 cm- (e- = 7000). The data found 
were not clear showing great complexity. Nevertheless, 
two diRerent reactions coukl be suspected to follow one 
another. The tirst one occurred at a high rate even at 
relatively low temperature (- 1Oq and was evidenced by 
almost immediate disappearance of the absorption at 
34,OOOcm-’ and formation of a new absorption at 
34,800cm-’ (a - = 14500). The second reaction was 
slow enough to be measured. It was demonstrated by 
decrease of the absorption intensity at 34&lOcm-’ and 
appearance of the absorption at 35mcm-‘. Intensity 
changes showed the I-st order dependence (rate constant 
k = 0.572 ~0.03 min-’ at 20 i O.Y, correlation coeff. r = 
0.998). The UV data suggested that the rapid process as a 
kinetically controlled reaction yielded a compound which 
isomer&d into the more stable end-product. The NhfR 
measurements shed more light on nature of the cycload- 
dition. Inspection of the spectra determined at #p im- 
mediately after preparation of the equimolar mixture of 
the appropriate dianil and phenyl isocyanate revealed 
reduction. ’ There were only sing& at 1.88 and 
5.08 ppm, and the distinctly reduced multiplet of aroma- 
tic proton signals. Singlets faded slowly with passage of 
time and the doublet at 1.03 and quartet at 5.03ppm 
appeared simuhaneously. Siiets disappeared after ap- 
proximately 120min and the spectrum assumed a shape 
identical to that determined for the isolated reaction 
product. Considering resonance frequencies of these 
signals it was found that the sir&t positioning at l&l 
was from the Me group attached to the C=C double 
boruLao This at 5.08ppm corresponded to the enamine 
NH proton.’ The cycloaddition therefore, yielded 6rst 
1,3-diarylo-4.arylamino-5.methyl-A’-imidaxoline 
- 2 - ones which further isomcrixcd to the more stable 
(about 17 kcal/mole”) 13 - diary10 - 4 - arylimino - 5 - 
methylimidaxolidine - 2 - ones. Such a cycloaddition 
route agreed well with the theoretical predictions sug- 
gesting intramolecular coupling between a-axomethine 
nitrogen Ns and anilide hydrogen HI,. In other words the 
cycloaddition process was accompanied by 1,4 sig- 
matropic shift of anilide hydrogen combined with eli- 
mination of tire anhide group as aryl isocyanatc. Its 
mechanism is shown on Scheme 3. 

Substituent effects were also consistent with theoreti- 
cal considerations. Thus substituents joining N, nitrogen 
exhibited donating activity (Table 2) whereas those at N6 
nitrogen behaved reversely. In fact electron releasing 
groups located in B&lo ring facilitatd the reaction and 
electron withdrawing substituents made it ditIicuh to 
occur. Similarly, introduction of strong electron releasing 
groups to a-ado riq impeded the cycloaddition. 

-AL 

ut/3-wc of o@ikembutyTk acid anilides were obtained 
by condensation of correspondiq A-anik of acetoacetk acid 
anil& with nitrosobenxene~ in t-BoOH as a solvent in the 
presence of small amounts of KOH a~ a catalyst.’ The followin 
compounds were prepamd Glide rin9, o-anile, jSanik rk8s, 
mpr, and yield am 8iven): Pbeayl, phenyl, p-N,Ndimmhyl- 
aminopbenyl, 2W, 79%; pbenyl, p-N,N - dkthykminopbenyl, 
phcnyl, 161-Y, f99b. (Foumb C, 75.8; H, 6.5: N, 13.6. C&,N,O, 
q .w. 412, Cak.: C, 75.7; H, 6.8; N, 13.6%). Pbenyl, p-metboxy- 
phenyl, phsayl, M-6’, 75%; p-m~thoxyphenyl, p-awthoxy- 
phayl, pbenyl, 144-Y. 77%. (F’oundz C, 71.4, H, 5.8, N, 10.9; 
&H&Or, m-w. 401, Cak.: C, 71.8, H, 5.7, N, 105%). 2,5 - 
Dichkrophenyl, phenyl, phenyl, 16W, 82%; 2,5 - dkbkro- 
pbenyl, phenyl, pchkmpbenyl, 146#, 71%. (Pound: C. 59.6, H, 
3.7, N, 9.2, Cl, 23.9; Cx$WWCb, m.w. 444.5, Cak.: C, 59.4, H, 
3.6, N, 9.4, Cl 24.6%); 2,5 - Mchlorophenyl P~~XYPbdl 
pbenyl. 147-Y, 79%; 25 - dkbkrqbenyl, p - bmmophyl, 
Phenfi 163-T. 72%: 2J - dichbropknyl, P-OcetYbPbenyi, 
phenyl, 19&T, 75%. (Found: C, 64.1; H, 4.4, N, 9.0; Cl, 15.4. 
CZJIWNDZCI~, m.w. 452, Cak.: C. 63.7: H, 4.2, N, 9.3: Cl, 
15.7%) Analyses of the other compounda were reported 
befon?P 

@nils of acetoaceric acid anikks were prepamd using rbe 
axeotropic nrqbod deacrii prevkusly.~ The folkwin A- 
ardk were obtaked (anil& ring, A-anilo h m.p., and yklds 
are 6iven): Pbenyl, pbenyl, oil, 73%; pbenyl, p-methoxyphenyl, 
lW, 77%; pbenyl, p-N,Ndktbykminopbenyl, 122”. 81%. 
(Polmd: C, 74.1; H, 7.6; N, 13.3; C&&O; m.w. 323, Cak.: C, 
74.3, H. 7.7. N. 13.0%). Pbenvl, p-nitroplk.nyl, 163”. 4696: D- 
II&&o~&&~~X&IC& iti, 61%. @C&I& c. 6i.4; H;i2; 
N. 128: C~TH~TN& m.w. 327. Cak.: C. 62.4: H. 52: N. 12.9%): 
p.id&~yPb&~jA~~~tb~~hoxydhenyl, li;oO, 7646. @0&l c. 69.i: 
H, 6.4; N, 8.8: C&&&, m.w. 312, Calc.: C, 693; H, 6.4; N, 
9.0%) u - Dkhkroptlenyl, p-metboxyphenyl, 1310, 84%; 25 - 
dkhlorophenyl. pbenyl, 1320,82%: 25 - dkhkropbeny& p-bromo- 
Phenyl. lOF, 69%; 2J - dichloropbenyl p- acetykpbenyl, 1w, 
75%. (Pour& C, 59.3: N, 7.8: Cl, 19.7; H, 4.3%). C,&N&Clz, 
m.w. 363, Cak.: C, 59.5; H, 4.4; N, 7.7; Cl, 195%. Analyses of the 
other compounds were reported before” 

I$-~rllo-4-orgUmino-5-mcihriimidcuolldinr-2-~ 
A~pondipgu,B-dianilofcrS-dil;eto~cacidanilide 

was dissolved in dry aprotic solvent (n-&ark, benxerk, diox- 
ark. eta.) to obtain a concenuated sok. An equimokr amount of 
arylkoc.yanatewasthenaddedandtbemixtmewaswarmed. 
llremixturedecokr&dandtbkk,whitecrysudsbqantopre- 
cipiite. In some cases addition of small amounts of petrd e&r 
was desirable to facilitate the crysMixatkn process. The 
pmductwaslUkredoff,wa&edwirbpetrolerberandpuri6edby 

scheme 3. 
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