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--The et%ct of the hydroxyl. mcthoxy. dimelhylamino groups as well as the charged O- atom 
at the end of the conjugated system (I) of thiobcnrnphcnonc on the positions of the corresponding 
K-hands and R-bands is discussed. 

(1) pX C,H,-C(Ph) - S X - HO, McO, NMq, and 6 

THE effect of substituting the previously mentioned groups in the para position of the 

unsubstitutcd phenyl group (i.c. in the side chain of the main conjugated system) on the 
R-bands and K-bands is also discussed and shown to bc similar. 

The direction of the electronic transition in the excited state in the side-chain 
phenyl group of the conjugated system is shown to be away from the thiocarbonyl 
group. 

INTRODUCTION 

Although the electronic spectra of a considerable number of organic compounds 
have been determined and reported in the literature, the data (mostly 
incomplete) for only a few thiokctoncs is available. 

It was considered, therefore, that a systematic examination of the ultra-violet 
spectra of these compounds would produce information about several aspects of the 
electronic spectra of organic compounds, such as the similar effect of side-chain 
substitucnts on the positions of K-bands and R-bands, and the effect of substitucqts 
on the position of R- and K-bands in general. 

1. The spectrum of rhiobenzophenone 

The spectrum of thiobcnzophenone in ethanol shows three regions of absorption: 
(i) A K-band of fairly high intensity (J.,, A 3165 E,, 15,600) which originates 

in a transition involving an electronic migration along the conjugated system as 

indicated in (a). 

(0) \~.-ctW=s 

W 

(ii) An R-band of low intensity (A_ A 5990 E,, 185) characteristic of the thio- 
carbonyl group. 

l Part VII: Trrruhcdro~ 10. 109 (1960). 
t Present address: Basic Raurch Department, Thomu Hedky. City Road, Newa& upon Ty=, 1. 
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(iii) An absorption band at much shorter wavelengths (L_, A 2350 E,., WOO), 
the origin of which is uncertain. 

The B-band’ corresponding to the 2600 A band system of benzene is not observed 
as it is masked by the K-band absorption of higher intensity. The K-band (as will be 
shown later) must be considcrcd as arising from the two equivalent electronic tran- 
sitions along the two conjugated systems present in the molecule. 

2. K-bands 

(i) The efict of terminal groups of rhe conjugated system. The K-band of thioben- 
zophenonc in ethanol is displaced to longer wavclcngths in the spectra ofpmcthoxy, 
p-bcnzyloxy,p-hydroxy,pdimethylamino,pphcnylthiobenzophenone, and the sodium 
salt of phydroxythiobenzophcnone. (Table 1). The substitucnts in thcpara position 
to the thio-carbonyl group are terminal groups of the absorbing conjugated system(b): 

Recent work* has shown that the effect of such groups on the position of the K-band 
are twofold. The K-band is displaced to longer wavelengths as the length of the 
absorbing system is increased, i.e. more precisely, as thcpolarizabiliry of the clcctrons 
of the terminal group increases. The higher this polarizability becomes, the greater is 
the displacement to longer wavelengths. Secondly, as the polariry of the absorbing 
system is increased, the greater is the displacement of the K-band concerned to longer 
wavclcngths. Influences that increase the polarity of the substituted system facilitate 
the electron migration and stabilize the excited state. 

The former factor is predominant in p-phenyl-thiobenzophcnonc whereas, in the 
phydroxy-, andpamino-substituted dcrivativcs the increased polarity of the absorbing 
system makes a large contribution. This would account for the much greater effect of 
thcpdimethylamino group and the negatively charged oxygen atom compared with the 
phydroxyl, and alkoxyl groups. 

(ii) Secondary K-ban&. Thiobenzophcnone contains two equivalent conjugated 
systems, both making a contribution to the obsctvcd K-band. If, however. one of 
the para positions only is substituted, the two absorbing conjugated systems become 
unequal, and hence two K-bands could be expected, resulting from the different 
electronic systems (c) and (d). They should be observable if the bands are sufficiently 
separated. 

The spectra of the investigated p-mono-substituted thiobenzophenonc derivatives 
show cithcr two separated K-bands or an inflexion superimposed on the more 
1 E. A. Braudc. AM. Rep. Chum. Sot. 42,105 (190. 
* A. Burawoy and E. Sptnner.J. Chem. Sot. 2357 (19JS): A. Burawoy. J. P. Cri~chky and A. R. Thompson. 

Trrrahrdron 4.403 (19%). 
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pronounced K-band at longer wavelengths. Their maxima arc given in Table 1 where 
they are denoted as K, and K, bands. This is analogous to earlier observations3 that 
the spectra of p:p’disubstituted triphenyl-methyl cations show two K-bands which 
can bc attributed to transitions involving an electronic migration along the axes of the 
two conjugated systems present (e) and (f). 

Subsritucnl X- K,-Band &-Band 

H- 

CH ,O- 
C,H,CH,O- 
HO.- 
.MC,F; 

CL 
GH, 

max A IIUX max A : IlLlX 

--. .- .-- . . __. -- 

3165 15.600 - __ 

3595 12.100 3220 9000 
3610 17.000 

’ 
3210 12.400 

3685 16.000 3175 lO.nOO 
4390 23.600 3320 10.400 
4500 32.600 3060 6600 
3545 17.E.00 3370 inflcxion 

(iii) The eflecr qfside-ehoin suhsriruents of conjugafed.ystems. Substitucnts (in the 
para position) such as phcnyl, hydroxyl, methoxyl, dimethylamino, and the anion 

0 as terminal groups of the absorbing conjugated system displace the K-band of 
thiobenzophcnone to considerably longer wavelengths. If, however. a scvond sub- 
stitucnt is introduced into the unsubstituted phcnyl group (representing a branch of the 
conjugated system) only a small effect is observed. Thus the K-band ofp:p’diphcnyl- 
thiobcnzophenonc appears at only slightly longer wavelengths than the K,-band of 
the p-phcnyl-thiobenzophenonc (Table 2). Similarly, the K-bands of p:p’-dimcthoxy, 
p:p’-dihydroxy-. and p:p’-tetramethyldiaminothiobenzophcnones as well as the 
sodium salt of p:p’-dihydroxy-thiobnzophenonc absorb at slightly shorter wave- 
lengths than the corresponding mono-substituted dcrivativcs (Table 2). Similar 
observations have been made by Burawoy3 in the di- and tri-substituted triphcnyl- 
methyl cations. Moreover, since the two absorbing conjugated systems in the 
p:p’disubstituted thiohcnzophenones are once more equivalent, only o?le K-band 
of increased intensity is now observed. 

It is also of interest that the K,-bands of all the investigated mono-substituted 
thiobenzophcnones appear at similar wavelengths to the K-band of thiobcnzophenone 

’ A. Hurawoy. &r. Dnrh. C’hcm. Gcs. 64. 226 (1933); G. N. Lcwr and J. Bigclciscn. J. Amer. C‘hrm. 
Sur. 65.2102 (1943). 
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Subsliluenls 

p.x p’.Y 
.- .- 

McO H 
Met) Me0 
HO H 

110 HO 

Mc,N II 

Mc,N Mc,N 

g ; : 

C.H, H 

C.H, C.H, 

K,-Band 

max A man 

3595 12.100 

3525 20.000 

3685 I7,ooo 
3595 24.000 

4390 23,600 

4330 37,000 

4500 32.6txI 

4440 36.000 

3545 17,uoO 

3sfin 2s.OcO 

I) &Band 

A maxA mnx 
-. .._ - 

3220 9ooo 
75 -. 

3170 12.400 
90 - 

3320 10.400 

60 

3060 6600 

60 

3370 inflexion 
, 23 -. 

D dtsplaccmcnt of K,-band due IO subslllucnt In the stdc-cham. 

itself (Table 2). The substituted phenyl group, in this case, is the side-chain of the 
absorbing system and, thus, the substitucnt has only a small effect. 

The cffcct of side-chain substituents on the position of the K-bands should involve 

the same two factors that arc responsible for the cficct of terminal groups. They will 
cause changes in the polarity of the substituted system in the ground state, resulting in 
changes of its polarirability, and they will participate in the electronic migration of the 
transition. These factors will now be of greater complexity. Thus, in the substances 

investigated, an electron repelling group such as OMe, NMe,, or 6 [as substituent X in 
(g)] will cause electron displaccmcnts in the ground state towards both the aryl and 
thio-carbonyl groups. This will inhibit the electron migration of the transition as 
indicated in (g) in the former, and facilitate it in the latter part of the principal 

absorbing system. 

X 

Transition inhibited by X Transition facilitated by X 

It is probable that the hypsochromic displacement by these side-chain groups arises 
from a somewhat greater effect in the Ar-C bond than in the C= S linkage. The 
participation of the clcctrons of the sidc-chain in the electronic migration of the 
transition will also make some contribution, but the resultant effect should be rather 
complex and would need more extensive investigation. 

However, the observations of two K-bands in the mono-substituted compounds 
indicates that in the excited state the direction of the electronic migration in the sidc- 
chain phcnyl group is away from the thiocarbonyl group.’ 
* A. Rurawoy. &r. Dtsch. C’hrm. CU. 63, 3164 (1930); Tevahrdron 2, 122 (19S8). 
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In a system such as A-C(X)- .B. in which the cffectivc electronic migration is 
directed from A towards B, a migration in the branch C-X towards the carbon atom 
would allow for only one electronic transition (h). In the alternative case, two similar 
electronic transitions (i and j) could be expected. They would be responsible for two 
K-bands, which in favourable conditions could be observed. 

This is indeed the case in the p-substituted thiobenzophcnones and in the p:p’ sub- 
stituted-triphenyl-methyl ions. When two para substituents arc present branches A 

(h) A (i) A (j) A 
I I ‘\ 

C=; B CZB CZB 

f J f 
X X X 

and X become equivalent and only one K-band of high intensity is observed. Thisdoes 

not exclude the possible existence of a K-band corresponding to excited state (h) at 
considerably shorter wavelengths. 

3. R-Bands 

As previously shown by Burawop, the observations related to R-bands can be 
reduced to two simple generalisations: 

(a) Substituents of the chromophoric double bonds have the same qualitative 
effects on R-bands as substituents (in a side-chain) of an absorbing system on K-bands. 

(b) R-Bands are displaced to shorter wavelengths by influences (solvent effect, 
proton addition, substitucnts, hydrogen-bond formation) which increase the polarity 
of the chromophoric double bond. 

The considerable separation of the R- and K-bands in the spectra of thiobenzophc- 
none and its derivatives allows, amongst other effects, a comparison of the effect of 
substituents on both R- and K-bands in the same molecule. This is in contrast to the 
ketones and azo compounds where the separation of the bands is usually incomplete, 

the R-band being partly or completely masked by the more intcnsc K-band. 
Data for the effect of substitucnts on the position of the R-band of thiobenzo- 

none are summarized in Table 3 and compared with the effects of these substitucnts on 

the K-bands. 
It can be seen from Table 3 that the displacement of the R-band to shorter wave- 

lengths increases with the increasing clcctron donating character of the substituent, i.e. 
in the order H r OMc(OH) < NMe,. 

The effect of phcnyl groups introduced into the para-positions of thiobenzophe- 
none is quite characteristic. Whilst the K-band in p-phcnyl-thiobenzophcnone is 
displaced appreciably to longer wavelengths (by 380 A) by the first phenyl group, the 
R-band is only slightly displaced to longer wavclcngths (1. I5 A). But, because the 

secondp-phenyl substitucnt inp:p’-di-phenylthiobenzophenone is in the side-chain of 
the absorbing conjugated system it is again responsible for a slight shift of the R-band 
to longer wavelengths (+ 20 A) and a slight displacement of the K-band to longer 
wavclcngths (+23 A). This shift is negligible compared with the displacement of the 
K-band to longer wavelengths caused by the first phenyl group. 

When a p-hydroxy group is substituted into thiobenzophcnone the K-band is 
displaced to longer wavelengths (+520 A) and the R-band to shorter wavelengths 
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TABLE 3. Emcr OF SUBSTITUEWS ON R- ASI) K-BANDS of TMOBENZOPHENON~ 
(IN FlHASOL) 

I 
Subslitucnts R-Band D K,-Band D 

P-x 

11 
II 

HO 
CH,O 
C,H,-CH,O 
CH,O 
(CH ,)*N 

(CH,),N 
CJI, 

C,H, 

P-X’ 
-.- ---.. 
H 
tie 
tlo 
H 
H 
CH,O 

! 

H 
KHAN 
it 
CJI, 

max A 
- .- 

NY0 
5800 
5662 
5800 
5875 
5770 
5475 inflcxion i 

6005 
6025 

max ’ A IMXA 
- -_ .--_ .- 

185 - 3165 
254 190 3685 
370 - 128 3s9s 
175 190 35YS 
275 .llS 3610 
28H 120 3580 
452 51s 4390 

- 4330 
246 - IS 3545 
SIH : 35 3568 

I 

max A 
.- __-. -. 

15,600 
16.ooo i 520 
25,ooo ’ 430 
12.100 .; 430 
I7.am -445 
20,ooo - 415 
23.600 . 1225 
37.ooo . II65 
17,800 j - 3x0 
2s.Guo .i 403 

1) Dlrplarvmcnr due IO subslttucnc 

( 190 A). When a second hydroxyl group is substituted in the vacant pora-position 

(i.c. in the side-chain of the absorbing system) the displacements observed (compared 

with thiobcnlophcnone) arc ,128 A for the R-band, and . 430 A for the K-band. 
Compared with p-hydroxythiobcnzophenone, therefore, both bands arc displaced 

towards their original positions in thiobcnzophcnone when the second hydroxyl group 
is substituted in the side-chain, the R-band by (190-128 A) 62 A, and the K-band by 
(520430 A) 90 A. Similar results obtain for thcp-methoxy substituted compounds but 
unfortunately the data for thcpdimethylamino substituted compounds is incomplete 
due to the inflexion observed in the R-band ofp:p’-dimethylamino-thiobcnzophenone. 

These observations confirm that the effect of substituents of the chromophoric 
double bond on the position of the R-bands is similar to that of these substitucnts (in a 
side-chain) of the absorbing system on K-bands. 

F,XPERIMENTAI. 

All the spectra included in this publication were determined using a Hilgcr Uvispck Photoelectric 
Spcctrophotomctcr. All the compounds were obtained in a high state of purity. p-Ifydroxy. 
p:p’dihydroxy, pmcthoxy, andpbcnryloxy thiobcnrDphcnones have not been previously described. 

pHydroxy-rhiobcnzophcnoru. pHydroxybcnr~)phcnonc (5.0 g) dissolved in ethanol (SO ml) was 
treated with dry hydrogen chloride and hydrogen sulphidc for 3 days. The thiokctonc precipitated 
as red plates on pourmg the reaction mixture into water. The compound was cryrtalliz~d from a 
I: 1 mixture of chloroform and pet ether (b.p. 60-80.). m.p. 139’. Yield: 4.3 g; 787;. (Found: 
C. 73.0; H, 4.6; C,,H,,OS requires: C. 73.1; 11.4.670,:). 

p:p’-Dihydroxyrhioknrophenone. p:p’-Dlhydroxythiobcnz~pheno~ (5.0 g) was dissolved in 
ethanol (SO ml) and treated with dry hydrogen chloride and hydrogen sulphidc for 3 days. The 
thiokctonc precipitated as red plates when the reaction mixture was poured into water. The compound 
was crystallizd from water giving red plates and nccdks of the monohydrate (m. p. 114” dcc). 
After drying over phosphorus pcntoxidc in tmcuo, rhe thiokctonc had a m.p. 190’. Yield: 4.5 g; 
837:. (Found: C. 68.1; H.4.3; C,,H,.O,S requires: C, 67.8; H,4.4%). 

p-l~~rhoxy-rhiobcnzoplunonc. pMcthoxybcnzophcnonc (54 9, was dissolved in ethanol ()o ml) 
and treated with dry hydrogen sulphidc and hydrogen chloride for 3 days, and the reaction mlxturc 
then poured into water. A blue oil separated which was ex~ractcd with ether. After drying over 
anhydrous sodium sulpbatc and removal of the ether. a viscow blue oil remained which resisted all 
attempts to purify it. The sampk was finally used for spectral determination without further 
purification. (Found: C. 72.5; H. S.4; C,,H,,OS requires: C, 73.7; H. 5.3%). 
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To ovcrcomc this difficulty. pbcnzyloxythiobcnrophcnonc was prepared. its spectra determined. 
and the f@-cs used throughout the discussion. No appraSablc dlffcrcncc was obscrvcd between the 
spectra of pmcthoxy, and p-bcnryloxythiobcnwphenonc. 

p-~nz~/ox~rhiobn:-ophcnonr. p_Benryloxybenzophcnonc (5.0 g) was dlssolvcd in ethanol (SO ml) 
and dry hydrogen sulphidc and hydrogen chloride passed in. After IO hr the thiokctone crystallized 
out as blue plats which on rr-rysralliration from ethanol had m. p. 110. I I I“. Yield: 4.3 g: 90?& 
(Found: C. 7Y.2; H. 5.3. CJI,,OS rcquircs: C. 78.9; H. 5.3”<). 

p: p’-Diphen~l-rhiohenzophenone. p:p’-L)lphenylbcn~)phenone (2.0 g) was rcfluxcd for 10 hr with 
phosphorus pcntachloridc (5.0 g) in ~olucnc (IO ml). The reaction mixture was distilled under reduced 
pressure IO rcmovc rhc tolucnc and phosphorus oxychloride. The residual keto-dichloride was 
dissolved in dry light petrokum (b. p. 60 80’. 50 ml) and refluxcd with thioacctic acid (14 g) for 
30 min. p:p’-Diphcnylthiobcnz~phcnonc crystalltmd OUI and was filtcrcd off On rccryslalliznlion 
from pet cthcr (b. p. 100 120’) blue plates m. p. 189. were obtained (Schdnbcrg et al.’ give m.p. 228 ‘). 
Yield: I.2 g 569;. (Found: C. 86.0; H. 5.0. Calc. for C,,H,.S. C, 85.7. H. 5.1 PA). 

’ A. Schdnbcrg. 0. !%huU and S. Nickel, Rrr. Dfrch. Chcm. Grs. 61, 2175 (1928). 


