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Aromatic Sulphonation. Part 78.l Behaviour of Some a-Chloro- 
substituted %Methyl-, g-Ethyl-, 9-lsopropyl-anthracenes, and of 1,4,9- 
Trimethylanthracene in Dioxan-Sulphur Trioxide Complex in Dioxan as 
Sulphonating Medium 

By Freek van de Griendt and Hans Cerfontain," Laboratory for Organic Chemistry, University of Amsterdam, 
Nieuwe Achtergracht 129, 101 8 WS Amsterdam, The Netherlands 

The reaction of some a-chloro-substituted 9-methyl-, 9-ethyl-, 9-isopropyl-anthracenes and of 1,4,9-trimethyI- 
anthracene (3a-j), with dioxan-SO, in dioxan has been studied at 25 "C. All the methylanthracene derivatives 
(3a-d) yield a-sulphonic acids (4a-d). 1,5-Dichloro-9-methyl- and 1,4,9-trimethyI-anthracene yield, in 
addition, the dimer (5c) and the sultones (61 and m) respectively. 

1 -Chloro- and 1,5-dichlor0-9-ethylanthracene yield the dimers (5e) and (5f) respectively. 4-Chloro-9 - 
ethylanthracene yields the two sulphonic acids (49) and (79). 4,5-Dichloro-9-ethylanthracene does not react. 
1 -Chloro- and 1,5-dichlor0-9-isopropylanthracene yield besides the dimeric products (5) and the sulphonic acids 
(9), products corresponding with those obtained in the sulphonation of 9-isopropylanthracene [viz. sultones ( 8 ) ,  
9-allylanthracene derivatives (1 0), and the sulphonic acids (1 1 ) and (1 2)]. A mechanism for the formation of the 
products is presented. It is proposed that the dimeric products (5) and the sultone (6d) result from initial attack of 
SO, at C-9 and C-1 respectively, whereas all other products result from attack of SO3 at C-1 0. The behaviour of 
the substrates (3a-j) in the sulphonation is  compared with that in their protonation. 

~-ALKE'LIDENE-~,~~-DIHYDROANTHRACENE derivatives 
are generally unstable relative to their tautomeric 9- 
alkylant hracenes. However in crowded systems in 
which the anthracene tautonier is highly energetic as 
result of steric strain 9-alkylidene-9,10-clihydroan tlira- 
cene derivatives were isolated.2 

Harvey el a1.2n investigated the tautomeric equilibrium 
between 10-alky1-9-isopropylidene-9,lO-dih ydroant hra- 
cenes and 10-alkyl-9-isopropylantliracene. The position 
of this equilibrium was shown to depend on the size of 
the alkyl group and, for example, 10-isopropyl-9-iso- 
propylidene-9,lO-dihydroanthracene was ' shown to be 
stable with respect to 9,lO-di-isopropylanthracene '. 
This is the only reported example o f  a 9-alkylanthracene 
not substituted in the 1,4,5 and/or 8 position(s) in which 
the 9,lO-dihydroanthracene form is the more stable 
isomer. Dickerman et n1.2h reported that the catalytic 
hydrogenation of 9,10-dimethyl- 1,4,,5,8-tetraplieiiyl-9, 10- 
dihydroan thraceiie yields both lO-methyl-9-methyle1ie- 
1,4,5,8-tetraphenyl-Q, 10-dihydroant hracene and 9,lO- 
dimethyl-l,4,5,8-tetraphenylantliracene. Cameron et 
a1.2c reported the synthesis of a series of 9-methyl- 
anthracenes, and observed that (i) those systems which 
incorporated at  most one peri methyl-methyl interaction, 
yield exclusively the anthracene tautomers as products, 
and (ii) those systems which in the anthracene tautonier 
would incorporate a t  least two peri  nietliyl-methyl 
interactions and in which the crowtling in the ' hypo- 
thetical ' aiithracenc tautomer c.oultl be relieved by a 
methyl-substituted C-9 or C-10 becoming tetrahedral 
yield tlie methylenediliydroantliracenes as products. 
They further observed that 1,8,9-trimethyl- and 1,4,8,0- 
tet ranie t hyl-an t hracene were obtained as ant liracene 
tautomers (they cannot form stable methylenedihydro- 
antliracenes in view of tlie absence of a 10-methyl 
group!), but that on treatment of tliese anthracenes with 
toluenc-~-sulphonic acid tliev were converted into 
dimers (1) (R1 -= K2 = H and ICI RIP, R2 -=  H 
respect ivelj,) 

Hart et a1.2r1 reported that 1,4,5,8,9-pentametliyl- 
anthracene (i) upon treatment with acid (unspecified 
conditions) gave a mixture of tlie anthracene tautomcr 
and its 9-methylene-9,lO-dihydroant hraccne derivative 
(ii) upon reaction with toluene-p-sulphonic acid does not 
dimerize to (1; R1 = R2 = Me), and (iii) on treatment 
with sulphuryl chloride and silica gel in hexane and 
hydrolytic work-up yields the dimer (2). 

Me Me Me Me H 

( 1 )  ( 2 1  

In our preceding papers on the sulphonation of 9- 
alkylanthra~enes,~ we suggested the intermediacy of 9- 
alkylidene-9,10-diliydroanthracene-l0-sulphonic acid in 
the reaction of 9-alkylanthracenes leading to the cor- 
responding 9-(alk- l-eny1)anthracenes. In view of the 
reports on stable 9-alkylidene-9,lO-dihydroanthracenes 
we have now studied the 9-alkylanthracenes which are 
substituted at  one or niore a-position(s) by chlorine or 
mcttiyl with the aim to obtain stable (and detectable) 
9-alkylidene-9,I O-dihydroant hraccne-10-sulphonic acids. 
We were further interested to learn which type of dimer 
if any would result on reaction o f  our substrates with 
dioxan-SO,. 

RESULTS A N D  DISCUSSION 

Product Formation-The substituted 9-alkylanthra- 
cenes have been treated with /2H,]dioxan--S0, complex 
in C2€H,]dioxan at  25 "C. Assignment of structure to the 
products obtained and determination of the composition 
of tlie reaction mixture was carried out by IH n.m.r. 
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analysis. Assignment of structure to the reaction 
products was in some cases supported by the evidence of 
13C n.m.r., i.r., and mass spectral data. 

Substituted 9-Methylanthracenes.-The four investi- 
gated substrates [l-chloro- (3a) , 4,5-dichloro- (3b), 1,5- 
dichloro- (3c), and lJ4-dimethyl-9-methylanthracene 
(3d)l yield the corresponding 9-anthrylmethanesulphonic 
acids (4a-d). The l H  n.m.r. data of these sulphonic 
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acids are given in Table 1 .  The first two substrates yield 
these products exclusively, the rate of substrate conver- 
sion for (3b) being lower than that for (3a) : (3a) is com- 
pletely converted within 15 min, whereas the reaction 
mixture of (3b) after 45 min still contained 14 & 2% of 
unconverted scbstrate. The side-chain hydrogens of 
(4a) exhibit at  ca. 30 "C a broad multiplet (6 7.1-6.0) but, 
a t  60 "C, a singlet (8 6.55), indicating restricted rotation 
around the C(9)-C(rx) bond. The presence of the 
sulphonic acid group in (4a) has been established * from 
the i.r. absorptions (KBr) a t  1 185(s), 1045(ni), and 
725(1n) cn- l  of the isolated sodium salt. 

1,5-Dichlor0-9-methylanthracene (3c) after 45 inin of 
reaction gave 60 10% of (4c), 25 & 10% of the 
dimcric product (Eic), besides 15 & 10% of unconverted 
substrate. The assignment of (3b) is based on: (i) its 
lH n.m.r. absorptions (see Table 2), (ii) its i.r. absorptions 
(KBr) a t  1 445 (s) and 785 (s) cm-l [the same absorptions 

are observed with the dimeric products (5e) and (5f) 
obtained from l-chloro- and 1,5-dichlor0-8-ethyl- 
anthracene respectively] , and (iii) its field ionization 
mass-spectral signals a t  m/e 518, 520, 522, and 524 in a 
ratio of ca. 8 : 11 : 5 : 1 ; the signal a t  518 is in agreement 
with 12C3,,1H,,35C14 [-(5c)], and the ratio of the observed 
signals is in agreement with that expected for the 
presence of four chlorine atoms. 
1,4,9-Trimethylanthracene (3d), after 15 inin of 

reaction yielded 67 If: 3% of (4d) and 33 & 3% of the 

two sultones (61 and m) in a ca. 1 : 1 ratio. These 
sultones precipitated froin the reaction mixture in 24 h. 
They were characterized by lH and 13C n.ii1.r. syectro- 
scopy. lH n.m.r. (CDCl,) : 8.0-7.3 (in, 5 H, ArH), 7.20 

(br d, JZ,:< = 8 Hz, 1 H, 2-H),  6.92 (br d ,  J 2 , 3  = 8 Hz, 
1 H, 3-H), 5.38 (in, 1 H,  4-H), 4.40 (m, 1 H,  13-H), 3.30 
(m, 1 H, 13-H), 3.00 and 2.98 (two singlets, 3 H, 11-H), 
2.61 and 2.54 (two singlcts, 3 H, 12-H). 13C N.ni.r. 
(CDCl,) for the aliphatic region: 56.4(C-1), 41.2 and 
41.0(C-4), 29.1 and 28.1(C-13), 24.1 and 24.7(C-11), and 
19.4 and 19.2(C-12); off resonance: a singlet for C-1, 
doublets for C-4, triplets for C-13, and quartets for the 
signals of C-11 and C-12. The high-field absorption of 
one of the C-13 hydrogens in the lH and of C-4 in the 13C 
1i.in.r. spectrum is most likely the result of shielding by 
the ' cyclohexadiene structure. 

Field ionization mass spectrometry gave a signal at  

TABLE 1 
'H N.m.r. data of the a-sulplionic acids in [2H,]dioxan a 

Chemical shifts 6 and multiplicities (Hz) 

8.21 (m) 8.21 (m) 8.75 (d, J = 8) 8.79 ( s )  6.55 (bs) 

8.26 (m) 8.70 (d, J = 9) 8.89 (s )  6.09 (bs) 

Compound 1-H 4-H 5-H 8-H 10-H CH2S CHS CH,  

8.32 (d, J = 7) 8.72 (d, J = 9) 9.21 (s) GU. 6.6 (bs) 
( 4 ~ )  8.61 (d, J = 9) 8.61 (d, J = 9) 9.55 (s) 5.75 (s) 

(413) 8.66 (m) 

( 4 4  
(4b) 

(44 
ca. 8.2 (m) 9.04 (m) 9.21 (s) 6.35 (q, J = 8) 2.46 (d, J = 8) 

a The absorptions for the protons H(2,3,6,7) (if present) exhibit multiplets in the range 8.0-7.3 p.p.m. 
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m / e  210 which is in agreement with the molecular weight 
of (6d) minus 80 (loss of SO,). 

Substituted 9-EthyZanthracenes.-l-Chloro-(3e), 1,5-di- 
chloro-(3f), 4-chloro-(3g), and 4,5-dichloro-9-ethyl- 
anthracene (3h) have been investigated. The first two 
substrates yield the dimeric products (5e) and (5f), 
which partially precipitated from the reaction mixtures. 
The reaction mixture of (3e) after 20 min contained no 
unconverted substrate but that of (3f) did, even after 
45 min. The lH n.1n.r. spectrum of (5e) in CDC1, is 
given in the Figure. The six doublet absorptions at  ca. 

I I I1  1 II I 
I ,  7 6 ”  4 2 

100 MHz ‘H n.m.r. spectrum of compound (5e)  

2.2 (J  = 7 Hz) have been ascribed to the methyl 
protons, the absorption at  3.9 to the methine protons, 
and the signals in the range 7.6-6.0 p.p.m. to the 
vinylic and aromatic protons. The assignment of the 
methyl and the vinylic protons have been supported by 
double-resonance experiments : on irradiation between 
6.7 and 6.2 p.p.in. at different positions with intervals of 
0.1 p.p.m. each doublet between 2.3 and 2.0 p.p.m. in 
turn becomes a singlet. The presence of a t  least six 
doublets a t  ca. 2.2 p.p.m. in the spectrum of (5e) can be 
explained on the basis of (i) the three possible stereoiso- 
mers of this dimer (viz. with the ‘ anthryl ’ groups axial- 
axial, axial-equatorial, and equatorial-equatorial) , and 
(ii) the possible E- and Z-configuration of both alkylidene 

axial - axial axial- equatorial 

- 
equatorial - equatorial 

double bonds. From the observation of two main 
doublets at  2.18 and 2.16 and the sharp singlet a t  3.94 
p.p.m. it appears that one stereoisomer is dominant. 

Based on its spectral similarity with trans, trans-10,lO’- 
di- t-  bu t yl-9,9’, 10, 1 0’-t et rahydro-9,9’- bian t hracen yl , * 
this isomer exists in a twisted conformation in which one 
ring is in a plane approximately vertical with respect to 
the other (for a complete discussion on this subject and 
for the spectrum of this dimer, see ref. 5). 

The assignment of (5e) was further supported by (i) 
field desorption mass spectrometry which showed signals 
at  m/e 478 and 239 and electron impact mass spectro- 
metry which showed a signal a t  m/e 239; the signal at  
478 is in agreement with the molecular weight of (5e) 
and the signal at  239 results on breaking the C-C bond 
between both ‘ anthryl ’ groups, (ii) the i.r. absorptions 
(CHCI,) a t  1440 cm-l, assigned to a threefold sub- 
stituted C=C,6 and (iii) an elemental analysis showed 
compound (5e) to be free of sulphur. 

The product (5f) obtained from 1,5-dichloro-9-ethyl- 
anthracene after its precipitation from the reaction 
mixture could not be resolved. Its assignment is based 
on (i) its IH n.m.r. absorptions present in the spectrum 
of the rcaction mixture before it started to precipitate 
(see Table 2), (ii) the i.r. (KRr) absorption at  1 445 cm-l, 
and (jii) the electron impact mass spectral signals at  
m/e 546 and 273 which are in agreement with the mole- 
cular weight and half of it. 

4-Chloro-9-ethylanthracene (3g) yields, as does 9- 
ctliylanthracenc,3u two sulphonic acids : after 95 min the 
reaction mixture of (3g) consisted of 50 & 3% 1-(4- 
chloro-9-anthry1)ethane-l-sulphonic acid (4g), 12 f. 3% 
(E)-(4-chloro-9-antl~ryl)ethenesulphonic acid (7g), and 

SO, H 
I 

CI 
I79 1 

38 3yo unconverted substrate. Compound (7g) is 
only assigned on the basis of the lH n.m.r. absorption at  
7.26 p.p.m. which is ascribed to H-C(p) (see Table 4 in 
which the corresponding sulphonic acid obtained from 
9-ethylant hracene is included for comparison). 4,5- 
Dichloro-9-ethylanthracene (3h) gave no reaction with 
the applied sulphonating reagent even at  50 “C. 

Substituted 9-Iso~ro$j~Zanthracene.s.-l-Chloro- (3i) and 
1,5-dichloro-9-isopropylanthracene(3j) have been in- 
vestigated. The reaction mixture of (3i) after 25 min 
contained 6 5 3% of the dimeric product (59, 23 f 3% 
of the seven-membered ring sultone (8i), 27 & 3% of the 
sulphonic acid (9i), 12 & 3% (loi), 18 rfi 30/, of the 
(pyro)sulphonic acid t ( l le) ,  and 14 & 3% (12i). The 

* This dimer, the structure of which was assigned tentatively, is 
obtained from 9-t-butyl-9,lO-dihydroanthracene upon treatment 
with n-butyl-lithium-N, N ,N’,N’-tetramethylethylenediamine 
complex, followed by treatment with cadmium(I1) chloride.& 

t For a discussion on the problem whether a sulphonic or a 
pyrosulphonic acid is formed, see ref. 3c .  
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reaction mixture of (3j) after 60 min contained besides 
15 & 3% unconverted substrate, 8 3% (5j), 25 & 3% 
(Sj), 22 & 3% (gj), 13 & 3% (loj), 13 & 3% (I l j ) ,  and 

Me Me 

02 

4 & 3% (12j). The dimeric products (5i) and (5j) have 
been assigned on the basis of their lH n.m.r. absorptions 
(Table 2) in relation to the observed absorptions for the 
diiners (5c), (5e), and (5f). 

The seven-membered ring sultones (8i) and (Sj) have 
been assigned on the basis of their lH n.m.r. absorptions 
(Table 3) and on a comparison of these absorptions with 
those of the seven-membered ring sultone (8k), obtained 
on sulphonation of 9-isopropylanthracene (3k). The 
two signals of (8j) at 1.53 and 1.59 p.p.m. are two singlets 
as appeared from a comparison of the 100 MHz with a 
60 MHz lH n.m.r. spectrum. A fieri-chloro-effect should 
be observed on 9-H and 10-H, if a peri-chlorine atom is 
present, since in this sultone both 9-H and 10-H are 
roughly in the plane defined by the four a-positions of 
the ' anthryl ' group (for a discussion on this subject, see 
ref. 7). In  fact, 9-H of (8i) and (8j) does absorb ca. 67 Hz 
at  lower field than that of (8k) (which contains no 
chlorine atoms). Similarly for 10-H a chemical-shift 
difference of ca. 46 Hz is observed between (81) on the 
one hand and (8i) and (8k) on the other. 

The assignment of (9i) and (9j) is based on similar 
evidence to that described for the sultones (8i) and (Sj), 
viz. the presence of two singlet absorptions for the methyl 
hydrogens at 2.18 and 2.07 p.p.m. and the observation 
of a peri-chloro-effect for 10-H in (9j). A peri-chloro- 
effect is to be expected, if 10-H is roughly in the plane 
defined by the four a-positions of the ' anthryl ' group 
considering that the structures of (9i) and (9j) are similar 
to the structure established for lO-isopropy!-9-isopropyl- 
idene-9, 10-dihydroanthracene.2a 

The structures of compounds (10)-(12) have been 

assigned tentatively by comparing their lH n.m.r. 
absorptions with those of the products obtained on 
reaction of 9-isopropylanthracene with dioxan-SO, 
[Table 4, the positions of 10-H in ( l O j ) ,  (llj), and (12j) 
are shifted ca. 45 Hz to lower field as result of a peri- 
chloro-eff ect] .8 

Mechanism of Product Formation.-The formation of 
the a-sulphonic acids from the substituted 9-alkyl- 
anthracenes (1)-(4) and (8) may be explained in terms 
of the mechanism already proposed for the unsub- 
stituted 9-alkylanthracene~.~a This mechanism implies 
(i) initial electrophilic attack of SO, at C-10, leading to 
an enhanced acidity of the side-chain a-hydrogens which 
renders them more susceptible towards sulphonation, 
(ii) electrophilic sulphodeprotonation at the side-chain 
cr-carbon, and (iii) loss of SO, from C-10 with formation 
of the products. 

The unsaturated (pyro)sulphonic acids (7g), ( l l i ) ,  (12i), 
( l l j ) ,  and (12j) (obtained from 4-chloro-9-ethyl-, l-chloro- 
9-isopropyl-, and 1,5-dichloro-9-isopropyl-anthracene re- 
spectively) result from direct attack of SO, on the side- 
chain double-bond of 4-chloro-9-vinyl-, 9-allyl-1-chloro- 
(lOi), and 9-allyl-1,5-dichloro-anthracene ( l O j )  respect- 
ively. These unsaturated hydrocarbons are formed in a 
redox reaction between the 9-alkylanthracenes and SO, 
(for a more complete mechanistic discussion on this 
subject, see ref. 3c) .  

The seven-membered ring sultones (8i) and (8j) are 
[just like (8k) 3b] formed by ring closure of the dipolar 
intermediate resulting from the a-complex (formed by 
addition of SO, to the 10-position of 1-chloro- and 1,5- 
dichloro-9-isopropyl-anthracene respectively) by a 1,2- 
hydride shift from the side-chair! C-a to C-9. 

The mechanism of formation of the dimeric structure 
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is formulated for 4-chloro-9-ethylanthracene in Scheme 
1. The initial step is addition of SO, at C-9 [step (l)]. 
The resulting electrophile then reacts with another 
molecule of substrate, yielding the dimeric intermediate 
(I) [step (2)]. It is likely that the eventual redox 
reaction (4) is preceded by an inter- or intra-molecular 
proton shift [step (3)], as the concomitant electron 
transfer will be more difficult with (I) (where the electron 
is transferred towards the negative charge of the sul- 
phonate group) than with (11). The formation of the 
sulphonic acids (1 Id) and (12d) obtained from l-chloro- 
and 1,5-dichloro-9-isopropylanthracene proceeds (Scheme 
2) by addition fo SO, to C-10 [step (5)] followed by a 
proton transfer from C-o! to a sulphonate oxygen [step 
(S)]. This proton shift is probably intramolecular in 
view of the favourable geometric orientation of the X -  

alkyl hydrogen with respect to the sulpfiate group pro- 
vided that the structure of the intermediate (111) tends 
to the cis ' boat ' structure established for 10-isopropyl- 
9-isopropylidene-9,1 O-dihydroanthracene.2a 

The mechanism for the formation of the sultone (61) 
from lJ4,9-trirnethylanthracene is shown in Scheme 3. 
The initial step is the addition of SO, to C-1 leading to 
the intermediate (IV). The 1,Z-hydride shift from the 
methyl-carbon at C-11 towards C-1 [step (S)] then yields 

Me, ,Me 

@I& R 

Me Me Me \c@Me 

MevMe 

i ; R  = H  
j ; R  = C l  

H SO,H 

SCHEME 2 

(V) which dipolar intermediate on ring closure leads to 
the sultone (61). The steps (8) and (9) resemble those 
proposed for the formation of the seven-membered 
sultones (8) (see above). The mechanism for the form- 

* The geometry of the central ring in (5e) and (5f) is thought 
t o  resemble the cis ' boat ' structure established for 10-isopropyl- 
9-isopropylidene-9,lO-dihydroanthracene. 2a 

ation of (6m) is analogous but with the initial addition of 
SO, at C-4. 

Reactive Sites and Relation to Protonation Studies .- 
The greatest variety in products is observed on reaction 
of the substituted 9-et hylanthracenes with dioxan-SO,. 
1-Chloro- (3e) and 1,5-dichlor0-9-ethylanthracene (3f) 

( 6 1  1 
SCHEME 3 

yield the dimers (5e) and (5f) respectively, whereas 4- 
chloro-9-ethylanthracene (3g) yields, just like 9-ethyl- 
anthracene, the two sulphonic acids (4g) and (7g); 
finally 4,5-dichloro-9-ethylanthracene (3h) gives no 
reaction at  all. 

These differences in product formation can be ex- 
plained in terms of the assumption that (3e) and (3f) only 
yield products resulting from the secondary 9-anthra- 
cenium-9-sulphonate (C-9 sulphonated a-complex) , 
whereas (3f) gives only products resulting from the more 
stable tertiary 10-anthracenium-10-sulphonate (C-10 
sulphonated a-complex). The origin for this difference 
in behaviour may be that (i) the side-chain sulphonated 
products [as obtained from (3g)l would give rise to a 
(too) large degree of steric strain between the 9-sub- 
stituent and the 1-chlorine atom, (ii) there is a very 
substantial relief of steric strain between the ethyl 
group at C-9 and the 1-chlorine atom on addition of SO, 
at C-9 which is a t  least maintained (or may be even 
larger) in the products (5e) and (5f).* Such reasons for 
the formation of products resulting from the less stable 
9-anthracenium-9-sulphonate are absent with (3g) as 
substrate and, in fact, only products resulting from the 
9-ant hracenium- 10-sulphonate are observed. 

The absence of product formation with 4,5-dichloro-9- 
ethylanthracene may be explained in terms of a too-low 
reactivity of this substrate towards dioxan-SO, as result 
of the two deactivating chloro-substituents in the sub- 
strate. In  contrast 1,5- and 4,5-dichloro-9-rnethyl- 
anthracene do yield side-chain sulphonated products on 
reaction with dioxan-SO,, indicating a higher reactivity 
of these two substrates.? Protonation of (3e) and (3f) 

t A higher reactivity of the methyl as compared with the 
ethyl group is also evident in the reaction of 9-ethyl-10-methyl- 
anthracene with dioxan-S03, the only product being 9-ethyl-10- 
anthrylmethanesulphonic acid.@ Suzuki observed the same 
difference in reactivity of the two alkyl groups in the nitration 
of 9-ethyl- 10-methylanthracene. lo 
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with FSO,H leads to the formation of both the C-9 and 
the C-10 protonated carbenium ions, whereas protonation 
of (3g) and (3h) yields only the latter ions.' These 
results are in agreement with those obtained for the 
sulphonation of these compounds. 

The investigated 9-methylanthracenes (1)-(4) all 
yield side-chain a-sulphonic acids, resulting from initial 
attack of SO, at  C-10 (see above) and all these sub- 
strates on reaction with FSO,H yield exclusively the 
C-10 protonated ions. However, 1,5-dichlor0-9-methyl- 
anthracene (3c) on reaction with dioxan-SO, yields 
also the dimer (5c) which eventually results from initial 
attack of SO, a t  C-9. The additional formation of (5c) 
must be due to a delicate balance of a variety of factors. 
The same applies to the formation of the sultones (61 and 
m) from 1,4,9-trimethylanthracene as these sultones 
result from initial attack of SO, at C-1 and C-4. 

Protonation of l-chloro-(3i) and 1,5-dichloro-9-iso- 
propylanthracene (3j) yields both the C-9 and C-10 
protonated carbenium ions. Accordingly these com- 
pounds on reaction with dioxan-SO, are expected to 
form products resulting from initial attack of SO, at  
C-9 as well as products resulting from attack of SO, a t  
C-10 and, in fact they do, viz. (5) and (5j) respectively 
on the one hand and all other obtained products on the 
other. 

In contrast to the absence of products eventually 
resulting from initial attack of SO, at  C-10 with l-chloro- 
and 1,5-dic hloro-9-e t h ylan t hracene as subst rate, these 
kinds of products do result with the 9-isopropyl homo- 
logues (3i) and (3j). This can be explained in terms of 
(i) the lower degree of relief of steric strain on C-9 
sulphonation of (3) and (3j) as compared with for 

TABLE 2 
lH N.m.r. data of the dimeric products in [2H8]dioxan '1 

Chcmical shifts 8 (p.p m.) and multiplicities (112) 
Methine 

Conipound H Vinylic H Methyl H 
(5c) 5 . 4  (m) 7.5-7.0 
(5e) 4 .2  (m) 6.9-6.2 2.55-2.16 (doublets J == 7) 
(5f) 4.95 (m) 6.9-6.3 2.55-2.15 (doublets J == 7) 
(5i) 4.2 (m) 2.5-2.3 (singlets) 
(5j) 5.1 (m) 2.5-2.3 (singlets) 
(I The aromatic protons exhibit multiplets in the range 7.!)- 

6 3 p.p.m. 

TABLE 3 
'H N.m.r. data of the seven-inenibered ring sultones 

(8i-k) and of the sulphonic acids (9i-j) in L2H8]dioxan a 

Chemical shifts 
Compound 9-H 10-H CH, 

4.76 5.81 1.53 1.60 
4.78 6.23 1.53 1.59 

(8i) 
(8j) 
(8k) 4.10 5.74 1.53 I .53 

(9i) 5.85 2.07 2.18 
(91) 6.36 2.07 2.18 

a The positions of the aromatic protons are unknown in vie\\, 
of the complexity of the absorption pattern. All singlet 
absorptions. 9-H and 10-H represents the protons attached 
to  the central ring, a t  the side of the alkyl group and the SO, 
moiety or SO& group respectively. F. van de Griendt and 
H. Cerfontain, J .C.S .  Perkin 11, 1980, 19. 

TABLE 4 
lH h'.m.r. data of the obtained unsaturated (pyro)- 

sulphonic acids and the 9-allylanthracenes (10i-k) in 
[2H8]dioxan a 

Chemical shifts (6 )  and multiplicities 
Com- 

pound 10-H H-C ( U) H-C(P) H-C(u)' 
7.26 

((1, J = 16, 1 H) 

(d, J = 16, 1 13) 

(7g) 

b 8.61 7.26 
(d, J = 16, 1 H) 

(101) 8.73 ( 5 )  5.26 (s, 1 H) 2.50 (s, 3 H )  

(101) 9.04 (s) 5.26 (s, 1 H) 2.56 (s, 3 H) 

(10k) 8.50 (s) 6.27 (s, 1 H )  2.37 (s, 3 H) 

5.85 ( s ,  1 H) 

5.85 (s, 1 H) 

5.89 (s, 1 H) 

( l l i )  8.66 ( s )  2.72 (s, 3 H) 

( l l j )  9.11 (s) 2.70 ( 3 ,  3 H)  

( l l k )  6.88 ( 5 ,  1 H) 2.81 (s, 3 H) 

(12i) 8.66 (s) 4.67 (s, 2 H) 

(12j) 9.03 (Y) 4.75 (s, d Xi) 
(12k) 8.60 (s) 5.78 (3, 1 H) 4.59 (s, 2 H) 

6.50 (s, 1 H) 
a The protons H(1,4,5,8) and H(2,3,6,7) exhibit absorptions 

in the range 9.0-8.0 and 7.8-7.3 p.p.m. respectively. Data 
from (E)-l-(9-anthryl)ethenesulphonic acid.3u See footnotc 
d of Table 3. 

exaiiil)le 1-cliloro-0-etliylaiitliraceiic iii  view of tlic 
presence of the larger alkyl group at  C-9 (isopropyl 7~s. 
ethyl) and (ii) the high stability of (9i) arid (9j) (for a 
discussion on st able 9-a1 kylidenc-9,1 O-dill ydroan t 1 iracene 
derivatives see the introduction) which compounds are 
the intermediates in the formation of (1Oi)-( 1%) and 
(l0j)-(l2j) respectively. 

EXPERIMENTAL 

Matevia2s.-All conipounds were prepared froin reaction 
of the appropriate Grignard reagents and anthrones as 
described before., 1,4-Dimethylanthrone was obtained 
froin comniercially available 1,4-dimethylanthraquinone 
according to a literature procedure." The 'H n.m.r. data 
of the substrates were reported before.' 

Reaction Pvocedure.-The reactions of the substrates with 
dioxan-SO, complex were carried out as described pre- 
viously a t  a temperature of 25 "C. 

Spectronzelers.-Tlie 100 MHz IH n.m.r. spectra were 
recorded with a Varian HA- 100 spectrometer equipped with 
a variable-temperature probe, and the 60 MHz 'H 1i.m.r. 
spectra with a Variaii AGO spectrometer. The chemical 
shifts of the products are relative to external neat tetra- 
nietliylsilane (capillary), those of the substrates relative to 
internal tetrainethylsilane. 

The I3C n.m.r. spectra were obtained using a Varian 
XL-100 spectrometer, in 12-nim tubes a t  25.2 MHz, with 
and without proton-noise decoupling. Chemical shifts are 
relative to internal CDCl, and converted to the SiMe, scale. 

The  70 eV EI mass spectra were recorded on a AEI MS 902 
with a direct insertion probe. The FI and FD mass 
spectra were recorded on a Varian MAT 7 1 1 double focusing 
mass spectrometer equipped with a combined EI/FI/FD 
source. For the FD experiments emission-controlled FD 
was used at a threshold of 4 nA and the samples were loaded 
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with the dipping technique (CDC1,-solution). The F1 
nieasureinents were obtained with a direct insertion probe. 
The i.r. spectra (CHC1, and KBr) were recorded on a 
Perkin-Elmer 177 spectrometer. 

[9/740 Received, 14th May, 19791 
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