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Abstract : Using UVPES and electronic spectral data the presence of an 

intaraction between the ?,.%thiocarbonyl groups in 3. has been IdentiCiad. EHT 

calculations also predict such an interaction. Preaanca of veek interaction 

between 1,3-cerbonyl and thiocarbonyl groups in 5 has been inferred from 

electronic absorption and emiaaion spectra. 

Through-bond interaction between the non-bonding orbital8 of the carbonyl 

groups in tatramethylcyclobutanc?,3-diona(2) gives rise to a large c-orbital 

splitting of 0.7 l V as shown by photoelectron apectroecopy’; interaction batueen 

the J-F l orbitala also results in splitting, thue giving rise to tour singlet 

nlT* treneitiona2~3. On the other hand, the reported electronic ebaorption 

spectrum tar the corresponding tetramethyl-~,Jlcyclobutanedithioma(~) ahoua 

no splitting of nTT* absorption band’. In order to inveatigete the non-bonded 

intersction between the chromophoric groups, we have studied the electronic and 

uv photoelectron spectra of 1 and tetramethyl-3-thio-1,3_cyclobutanadione(~) 

and have carried out calculationa baaed on extended Huckel theory (EHT). 

The Ha-I photoelectron spectrum ot 1 ahoua tuo sharp bands of the thio- 

carbonyl group at 8.32 and 8.74 eV indicating an c orbital splitting of 0.42 eV 

and a band at 30.2 eV due to-IT orbital. EHT calculations rightly predict an 

0 orbital splitting of 0.37 eV. The splitting is likely to be due to through- 

-bond interaction batueen the C-S groups, The electronic absorption spectrum 

of 2 (Fig.l), clearly consists ot three band systems due to the C-S group 

around SOO(nlT*), 315(ll lT*) and 254 nm(nC*), with the ni* band ahouing 

considerable structure. The ni* band exhibits two distinct bands around 427 

and 492 nn in methanol solution (eee inset ot Fig.?) showing e separation of 

0.4 aV probably corresponding to the B-orbital splitting tound in UVPES. The 

* Communication No.47 Cram the Solid State and Structural Cherietry Unit. 
*+ To whom all correspondence may be addressed. 

4787 



4788 I-,. n- -. . _ 

Tfm* bend 8hou8 a oplitting of O.2eV even in cyclohexans solution pO88ibly due 

to the circum-annuler Interaction betueen theTl* orbitalsj. If this be 80, one 

should be able to see four nII * tr8nSftionS in 1 (a8 in the case of A) separated 

from l 8ch other by O.2ev. The peeks in the crystal spectrum of 1 at 440, 472, 

510 and 547 nm could indeed correspond to four such nTI* transitions, the 

spacing of 0.2eV being too high to be assigned to any vibrational mode. 

UVPES of ;! chows lone pair bands at 8.48 (C-S) and 9.18 eV(C-0) and the 

corresponding band8 at 10.50 and 11.80 l V. EMT calculations predict the two 

lone peir orbital8 to be reparatod by 1.0 eV. The electronic absorption 

spectrum of 9 (Fig.2) shows bands at 52S(nn *:C=S), 524(WT*;C=S), 272(nTI*;C=O) 

and 244nn( na*; C-S). It is interesting to note thet the mI+ (C-S) bend is red 

shifted with respect to cyclobutanethione (496 nm) whils the nti (C-O) bend is 

blue shiPted with respect to cyclobutanone (280 nm) indiceting a possible uesk 

interaction between the C-O and C-S group8 in 2. Conssistent uith this 

Ffg.1. Electronic Absorption Spectrum 
of Tetramethyl-1,3-cyclobutene . _ __ _. _ . 

Fig2. Electronic Absorption Spectrum - 

di thlone. Full line: cyclohex ane 
solution; Broken line: CryStel; 
inset; methanol solution. 

of Tetramethyl-S-thlo-1,3- 
-cyclobutanedione. Full line: 
cyclohexane solution; Broken 
line: crystal; in8et: methanol 
8OlUtiOn. 

observation, 2 shows phosphorescence (59!L6SS na; 3RP glass, ‘77 K) only from 

the loweet triplet stete of the C-S group independent of the excitation band 

(Cd or C-S chronophore). 
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