
MARCH 1959 NOTES 413 

. .  

U l t r a v i o l e t  Absorption Spectra of Some 
Ortho-Anisyl Esters and Thiolcstcrs 

G. CILENM 

Received August 19, 1958 

I n  previous papers’ evidence was presented that 
in the photoexcited state of the 240 mp transition 
shown by p-anisyl thiolesters (I: RI = CHa, 
CsH., p-CHaO-csH4, p-NOz-CsHd; Rt = OCHa) 
sulfur utilizes a d orbital; that is, there is some mi- 

gration of negative charge outside the anisyl ring. 
Bordwell and Boutan2 have criticized this view 

on the ground that the hathochromic shift 
of the first primary banda on passing from 
p-hydroxyphenyl thiolacetate (I:R, = -CH,; n2 = 
-OH) to the corresponding anion is of the same 
magnitude as that occurring on passing from phenol 
itself to the phenolate anion and that therefore 
sulfur should not be concerned in this transition of 
para substituted phenyl thiolacetates. In  answer 
to this objection, i t  should be noted that the ex- 
pansion effect appears to be weak, the energy for 
“raising” an electron from the p level to the d 
level in sulfur being only slightly overbalanced 
by the increased delocalization of the s-electron 
system of the ring. I’arallel examples are found in 
such cases where one of the two groups is capable 
of only a weak resonance effect. Thus on passing 

( I )  (a) G. Cilcnto, Ezperienlza, 8, 421 (1!)5!); (h) J .  Am. 
Chem. Sa. ,  75, 3748 (1953); (c) G. Cilento and W. F. Wal- 
ter, J .  Ani. Chew!. Soc., 76, 4469 (1954). 

(2) F. G. Bardwell and P. J. Boutan, J .  Am. Chem. Soc., 
78, 854 (1956). 
(3) The nomenclature of the hands, used herc is that of 

Daub and Vandenbelt, ref. 4. 

from p-chlorobenzonitrilc (Am= = 237.5 mp ) 4  

to p-chloronitrohensene (Am= = 280 m ~ ) ~  the 
shift (42.5 mp) is almost identical to that (44.5 
mp) resulting on passing from benxonitrile (Am.= 
= 224 m ~ ) ~  to nitrobenzene (Am,= = 268.5 mp).‘t5 

Spectroscopic indication of the enlargement of 
the M-shell of a sulfur atom flanked by a carbonyl 
group has now also been presented by Knott.6a 
However, Knott,Gb in commenting on the ultra- 
violet absorption spectra of aryl thiolesters, points 
out that since such molecules are not planar, 
contributions involving a sulfur decet are hindered 
or excluded. This objection is answered in a simpli- 
fied way, schematically represented in Fig. 1 
where R is either an alkyl or aryl group. 

The expansion effect being weak, it should disap- 
pear when the groups are ortho to each other, as 

(4) L. Uouh and J. M. Vandenbelt, J .  Am. Chem. Sac., 
69, 2714 (1947). 

(5) The objections of Bordwcll and Boutan based on the 
comparative spectral study of thiocyanates can be rebutted 
on the ground that while in an excited state of the transition 
in phenyl thiocyanate the sulfur atom would be expected to 
act as a moderate donor incorporating the nonbonding 
3 p r  electrons in the aromatic 2 pr shell, in the excited 
state of p-hydroxyphenyl thiocyanate another energetically 
equivalent conjugation is feasible in which the donor prop  
erties of the HO-group and the acceptor propertiea of the 
sulfur atom are used. 

Several arguments can he advanced againinst their sug- 
gestion that the effect of the p-CHaO group in aryl thiol- 
esters is merely to resolve the absorption. The strongeat 
one is to note that on passing from p,-CH,O-C.H,- 
COS-CsH. to p-CHsO-CaH,-COS-CaH44CH,-p the 
8ame hand obtained on passing from phenyl thiolacotate 
to p-anisyl thiolacotate arises in B rcgion where formerly 
there WBB only a broad, rather shallow minimum‘” bcing 
thus meaningless to speak of resolution in such B m e .  

However thrir objection to our statement‘b that in aryl 
thiolesters sulfur acts equally well a8 donor and acceptor is 
sound. The adjective “well” in that statement is misleading 
being in contrast with what w m  clearly stated in a preced- 
ing paragraph. 

(6) (a) E. B. Knott, J .  Chem. Sw., 937 (1955); (b) J .  
Chem. Sw., 949 (1955). 
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$4 0 
Fig. 1. Schematic representation of the possibility of 

conjugation between the 2 p r  shell of a twisted anisyl group 
(zz plane) and the sulfur d ,  + orbital. (Only the p ,  orbital on 
the nearest aromatic carbon atom is shown.) 

conjugative effects are usually smaller for ortho 
than for para substituents.7~8 This has indeed been 
confirmed by studying the absorption spectra of 
o-anisyl esters and thiolesters (11: R1 = CHI-, 
C6Hj--; X = 0,s). 

R,-f-XQ 
0 

OCHa I1 

The spectra of o-anisyl acetate and of o-anisyl 
thiolacetate are represented in Fig. 2, where for 
comparative purpose the spectra of the correspond- 
ing nonsubstituted compounds'C have also been 
included. I n  the spectrum of the anisyl ester the 
peak at 217 mp is certainly the primary aromatic 
absorption; the system of bands a t  longer wave- 
lengths is the secondary absorption. In  the cor-. 
responding thiolester the absorption a t  shorter 
wave lengths is presumably due to the overlapping 
of the thiolester band and of the primary band of 
the ring. The absorption toward the red is the 
secondary aromatic band. 

The spectra of o-anisyl benzoate, of o-anisyl 
thiolbenzoate, and for comparative purpose of the 
unsubstituted parent compounds,lb are shown in 
Fig. 3. The peaks a t  224 mp and 232 mp in the 
spectrum of o-anisyl benzoate are to be ascribed to 
the primary anisyl band and to the primary ben- 
zoyl absorption, respectively. The absorption above 
260 rnp is the overlap of both secondary bands. 

(7) L. Doub and J. M. Vandenbelt, J .  Am. Chem. Soc., 
71. 2414 (1949). 
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Fig. 2.  Absorption spectra in C2HjOH of: HdC-C-0- 
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Fig. 3. Absorption spcctra in CIHsOH of: G,Hj-C-O- 
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In  the spectrum of the anisyl thiolester the maxi- 
mum at 238 mp is certainly the primary benzoyl 
absorption, whereas the primary anisyl absorption 
in the region 260-286 mp is presumably the overlap 
of the thiolester band and of both secondary ring 
absorptions. 

In conclusion, it is seen that there is no evidence 
of an absorption band due to conjugation of the 
anisyl ring with sulfur in the ortho derivatives. 

EXPERIMENTAL 

Guaiacol acetate was prepared from acetic anhydride and 
guaiacol.@ 

(8) Cf. C. K: Ingold, Strzictirre and Mechanism in  Organic 
Chemistiy, G. Bell and Sons Ltd., Iandon 1953, p. 267. (9) H. 0. Mottern, J .  Am. Chem. Soc., 56, 2107 (1934). 
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Guaiacol thiolacetate. Thioguaiacol was prepared from the 
diazonium salt of o-anisidine and potassium ethyl xantho- 
genate according to Mauthner.10 The mercaptan (7.3 9.) 
was allowed to react with acetyl chloride (3.8 ml.). A large 
excess of pyridine (15 ml.) was added and the mixture added 
to water and ice. Carbonate was added, the oil was col- 
lected, washed several times with water, dissolved in ethyl 
ether, the ethereal solution was dried, and the ether distilled 
off. The oily residue was twice distilled, b.p. (0.1 mm.) 
101'. The compound is a liquid, colorless when pure; it 
gives a positive reaction of Raschig-Feigl. 

Anal. Calcd. for CsH1002S: C, 58.21; H, 5.53; S, 17.58. 
Found: C, 58.40; H, 5.77; S, 17.77. 

When the present work was in progress this thiolester was 
described by Charonnat and Lazelarill who report b.p. (15 
mm.) 145'. However their sample was reported as being 
yellowish and, therefore, probably was not very pure. 

Guaiacol benzoate was prepared by condensation of ben- 
zoyl chloride and guaiacol in the presence of pyridine. The 
mixture was treated with water, the product collected, and 
washed with alkali, acid, and water. The ester was twice 
recrystallized from methanol, m.p. 5&59". Reported m.p. 

Guaiacol thiolbenzoate was prepared in a way similar to  
that used for guaiacol benzoate. This new compound is a 
colorless solid, which melts a t  105.5-106.5°. 

Anal. Calcd. for C1*H1202S: C, 68.82; H, 4.95; S, 13.12. 
Found: C, 68.71; H, 4.99; S, 12.70. 

Absorption measurements were carried out as in an 
earlier paper.'" 
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On Darling's Cyclopropene Derivative 
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Few authentic cyclopropene derivatives are 
known, and the erroneous attribution of cyclo- 
propene structures to some substances, such as 
Feist's acid,3 seems to have led to a general dis- 
trust of all cyclopropene assignments in the earlier 
literature. We wish to report that the 1 ,Zdiphenyl- 
cyclopropene-3,:3-dicarhoxylic acid stJructure (I) 

(1) Part of this work was first presented at the 132nd 
hteeting of the American Chemical Society, New York, 
September 1957. 

(2) See, for instance, A. S. Kende, Chem. & Ind. (London), 
544 (1956). 

assigned by Darling3 to  a compound obtained by 
him from vigorous alkaline treatment of a nitro- 
cyclopropane compound is indeed correct, and that 
the substance is a member of a group of rather stable 
derivatives of the strained cyclopropene molecule. 

We have prepared Darling's compound by an 
alternate route, utilizing the reaction of diphenyl- 
acetylene with diazomalonic ester. After hydrolysis, 
an acid was obtained which melted a t  205" (dec.) 
[Darling reports3 ['about 190" (dec.)"]. As con- 
firmation of the identity of the two substances we 
have prepared the dimethyl ester, m.p. 143- 
143.5' (reported3 140-142"), and its dibromide, 
m.p. 197-198" (reported3 194-195"). In addition, 
we find that the lactone from thermal decompo- 
sition of the acid has m.p. 149-151" (reported3 
149-151 '). 

(111) (IV) 0 
One of the key bits of evidence offered by 

Darling for the cyclopropene structure 'was the 
formation of dibenzoylmethane on oxidation, 
which we have confirmed. Although this would seem 
to leave no room for doubt, more or less reasonable 
arguments, which will not be detailed here, can be 
made for the possibility of structure 11. This, ap- 
parently the only alternative to Darling's structure, 
is however in poor agreement with some of the ex- 
perimental facts and is completely ruled out by our 
finding that the corresponding AI-1,2-diphenyl- 
cyclopropene monocarboxylic acid, m.p. 209.5- 
211.5' (dec.), prepared from reaction of diazoacetic 
ester and diphenylacetylene, followed by alkaline 
hydrolysis, has an ultraviolet spectrum which is 
virtually identical with that of the dicarboxylic 
acid; the two compounds thus have similar struc- 
tures. On the alternative basis its structure would 
have to be that of I11 or a tautomer, which is of 
course a neutral lactone. 

We have prepared4 I11 and find that it is in 
fact identical with the neutral lactone, m.p. 
149-1~1", which results from pyrolysis of the cy- 
clopropene diacid. Darling had rejected this struc- 
ture in favor of IV on the basis that the hydrolysis 
product was not an olefin, but i t  is known5 that in 
base I11 is hydrolyzed to desylacetic acid. 

The diphenylcrotonolactone I11 is : ~ l m  formed 
on pyrolysis of the cyclopropene monocarboxylic 
acid; these rearrangements are readily formulated 

(3) S. F. Darling and E. W. Spanagel, J .  Am. Chew SOC., 

(4) J. Thiele and F. Straus, Bnn., 316, 155 (1901). 
(5) J. Thiele, Ann., 306, 193 (1899). 

53,1117(1931). 


