
[CONTRIBUTION FROM TIIE DEPARTMENTS OF CHEMISTRY OF INDIANA UNIVER~ITY AND TIIE UNIVERSITY OF ORE:~OX] 

Benzoylation of 2,6-Dirnethoxyphen01~~~ 

Receiced December 16, 1968 

Thc effects of varying the solvent and the catalyst on the nature of the products formed from reaction of benzoyl chloride 
with 2,6dimethoxyphenol were studied. It was found that, in general, as the reaction conditions are made increasingly 
strenuous one gets a transition from 0-benzoylation (esterification) first to C-benzoylation (ring substitution) and then to 
demethylation plus 0- or C-benzoylation. The structural assignment 2,3-dihydroxy4methoxybenzophenone waa made to  
a yellow product previously reported as 3,4dihydroxy-5-methoxybenzophenone by Mauthner. The undemethylated 
ketone 2,4-dimethoxy-3-hydroxybeneophenone wm isolated for the first time. 

Using unspecified reaction conditons Herzig 
and Klimosch4 isolated two white crystalline com- 
pounds, 2,6-dimethoxyphenyl benzoate (I) and 2,3- 
dibenzoyloxyanisole (11), from treatment of 2,G- 
dimethoxyphenol (DMP) with benzoyl chloride. 
Later MauthnerCl reported the formation of I 
and a yellow ketone (A), m.p. 168O, for which he 
suggested structure 111, by treating the same re- 
actants with aluminum chloride in nitrobenzene at  
2-25'. To us, however, the colors of Mauthner's 

ketone, coupled with the fact that the production 
of his compound must involve both demethylation 
and ring benzoylation,7 seemed inconsistent with 
structure I11 but readily correlatable with structure 
IV. It was the purpose of the present research to 
investigate further the benzoylation of DMP in 
order to clarify the structure of Mauthner's ketone 

(1) Abstracted (in part,) from the M.A. thesis of H. J. 
Wolbert, Indiana University, August 1950. 

(2) This investigation was supported (in part) by re- 
search grant No. CY-3097 from the National Cancer Insti- 
tute, Public Health Service. 

(3) Research assistant, 1957-1958. 
(4) J. Herzig and K. Klimosch, Monatsh. 30, 527 (1909). 
(5) F. Mauthner, J .  prakt. Chem., 133, 126 (1932). 
(6) A check of I. Heilbron [Dictionary of Organic Com- 

pounds, Oxford University Press, New York, 1953, pp. 
211-2121 indicates that of the twelve possible dihydroxy- 
benzophenones only the 2,3- and 2,5- isomers are definitely 

( 7 )  C. A. Thomas, Anhydrous Aluminum Chloride in Or- 
ganic Chemistry, Reinhold Publishing Corp., New York, 
1941, pp. 727-28. It seems likely that the process of demeth- 
ylation attendant to the acylation of an aromatic ring ortho- 
to a methoxy group is fostered by the formation of a chelate 
ring, thus 

yellow. 

R 

IV VI1 

and to develop, if possible, a method for benzoyla- 
tion of the ring without accompanying demethyla- 
tion. 

A search of the literature revealed that a bright 
yellow compound (B), m.p. 165O, assigned either 
the structure of IV  or that of 2,4-dihydroxy-3- 
methoxybenzophenone Ol8 had been reported 
both by Graebe and Eichengrung and by Moty- 
lewskilo as the product from limited" methylation 
of the known 2,3,4trihydroxybenzophenone. The 
alternative that B was actually 3,4-dihydroxy-2- 
methoxybenzophenone was rejected by Motylewski 
on the basis that he could monomethylate B to 
2-hydroxy-3,4-dimethoxybenzophenone (VI), of 
proved structure.'0J2 

We have now established that A and 13 are 
identical by repetition of the preceding syntheses 
and comparison of the resultant products by the 
criteria of melting points (same) and mixture melt- 
ing point (undepressed) . Prima facie this identity 
might be considered evidence in favor of structure 
IV for A (and B), inasmuch as formation of V 
via benzoylation would necessitate the migration 
of a methyl group during the process whereas for- 
mation of IV would not. More definite evidence for 
the correctness of structure IV was obtained by 
examination of the ultraviolet absorption spectrum 

(8)  Cf. Beilsteins Handbuch der Organischen Chemie, 

(9) C. Graebe and A. Eichengrun, Ann., 269, 295 (1892). 
(10) S. Motylewski, Ber., 42, 3148 (1909). 
(11) Therc appears to be a typographical error in the 

directions of Motylewski, since he reported the formation of 
(a) a monomethyl derivative from treatment of 2,3,4tri- 
hydroxybenzophenone with two molar quantities each of 
sodium hydroxide and dimethyl sulfate and (b) a dimethyl 
derivative from treatment of 2,3dihydroxy-4-methoxy- 
benzophenone with an equimolar quantity each of sodium 
hydroxide and dimethyl sulfate. On repetition of (a) we 
obtained 3,4dimethoxy-2-hydroxybenzophenone. 

(12) Proof of the structure of VI also established that 
of 2,3,4-trihydroxybeneophenone. 

Julius Springer, Berlin, 1925, Vol. VIII, pp. 417-18. 
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of the 2 ,4DNP of A. This spectrum showed a 
A:::': of 396-398 mp. On the basis of observations 
by Johnsonla one would expect a A, of 398 mp for 
IV.2,4-DNP but of only 392 mp for V.2,PDNP. 
It might be noted, in connection with Motylewski's 
thoughts, that the infrared absorption spectrum of 
A in dilute carbon tetrachloride solution exhibits 
bands a t  2 . 7 2 ~  (free hydroxyl) and 3.05-3.0712 
(presumably due to hydroxyl ortho to a carbonyl 
group). l4 

In  a series of experiments on reaction of DMP 
with benzoyl chloride under various conditions 
(cf. Table I)  it was found possible toprepare a fourth 
product, Z, m.p. 114O, alkali soluble, white, and 
with the elemental composition expected for a 
monohydroxydimethoxybenzophenone. Z is as- 
signed structure VI1 on the basis of the following 
considerations: (1) Z can be methylated with 
aqueous sodium hydroxide and dimethyl sulfate 
to a neutral compound of m.p. 5 4 O ,  consistent with 
that reported for 2,3,4-trimethoxyben~ophenone.~ 
This neutral compound, moreover, differs from 
authentic 3,4,5-trimethoxybenzophenone (m.p. 78') 
prepared by reaction of phenylmagnesium bromide 
on the known 3,4,5-trimethoxybenzonitrile. l5 (2) 
Z differs from 3,4-dimethoxy-2-hydroxybenzo- 
phenone (m.p. 131°, obtained by methylation of IV) 
in that the latter will not undergo methylation 
under the conditions employed successfully with 
Z itself.I6 (3 )  The alternative structure of 2 , s  

TABLE I 

 CHLORIDE^ 
IiEAC'PION OF 2,6-DIJIET€IOXYPHENOL WITH BENZOYL 

Yield of Productc - 
Run Cata- (in %) 
K 0 . b  lyst Solvent IV I1 VI1 I 

1 AlC1, +N02-Cl,CIICHC12 l g d  10 
2e AlCl, $NO? 6-12 Much 
3 SnCll $N02-CleCHCHC12 24 5 
4 SnCl, +NO2 28 18 
5' AlCly CS? 50 
0 SnCll C& 3 30 
7 SnCl, $11 92 

Generally the dimethoxyphenol, benzoyl chloride, and 
catalyst were used in approximately equimolar quantities. 
The temperature was 0-5'. * Listed in approximate ex- 
pected ordcr of decreasing strenuousncss of reaction condi- 
tions. Isolated as crystals. Crude crystals. e Experiment 
of Mauthner.6 'Also 12% of dimethosyphenol was re- 
covered. 

(13) G. 11. Johnson, J. Am. Chem. SOC., 75, 2720 (1953). 
For this calculatiori additivity of the incrrmental effects on 
A,,, of subst,ituents on the ssmc phenyl ring in the basic 
structure of benzophcnone.2,4-DNP is assumed. Such in- 
crements are 2 -OH, AX = 2 mp; 3 -OH = 3 -0CH8, 

(14) M. Tsuboi, Bull. Chew SOC. Japan, 25,  60 (1952). 
(15) C. D. Hurd and H. E. Winberg, J .  Am.  Chem. SOC., 

64,2085 (1942). 
(16) In  addition, the failure to effect methylation of 

3,4-dimethoxy-2-hydroxybensophenone by means of potas- 
sium hydroxide, methyl iodide, and methanol has been noted 
by Graebe and Eichcngriin (ref. 9). 

AA = 0 ;  4 -OH, AA = 3; 4 -OCIls, AA = 9. 

dimethoxy4hydroxybenzophenone (though not 
excluded completely) would necessitate methyl 
migration during the benzoylation reaction. 

Observation of Table I shows that results of 
the benzoylation are apparently dependent on 
the strenuousness of the reaction conditions, as 
based on the solvent and catalyst used. Thus alumi- 
num chloride, a strong Lewis acid, fosters benzoyla- 
tion of the DMP ring and demethylation to a 
greater extent than occurs for stannic chloride, a 
milder Lewis acid. A polar solvent, nitrobenzene 
alone or with added tetrachloroethane, should favor 
the formation of ionic or polarized intermediates, 
probably of more importance in ring benzoylation 
than in esterification and of considerable importance 
in demethylation.' The nonpolar solvents, on the 
other hand, yield mainly esterification. In  the latter 
regard the facile esterification occurring through 
catalysis by stannic chloride in benzene is especially 
noteworthy. 

EXPERIMENTAL1' 

3, /t,6-Trimethoxybazophenune. To the cold Grignard 
reagent prepared from 2.7 ml. of bromobenzene, 0.6 g. of 
magnesium, and 15 ml. of anhydrous ether was added a solu- 
tion of 3.7 g. of 3,4,5-trimethoxyben~onitrile~~ in 40 ml. of 
anhydrous toluene. The stirred mixture (containing a yellow 
precipitate) was heated gradually to 3540°,  which tem- 
perature was maintained for 3 hr. After 13 more hours a t  
room temperature the mixture was poured into ice and con- 
centrated hydrochloric acid. From the organic layer was 
recovered 1.0 g. of nitrile. The acid layer was refluxed for 
2 hr. and extracted with chloroform. The washcd (5% 
aqueous sodium hydroxide and then water) chloroform 
solution was dried (magnesium sulfate) and evaporated to 
leave 2 g. (38%) of product, m.p. 60-70". Recrystallization 
from methanol gave needles, m.p. 77-78'; reported'* needles, 
m.p. 78-79". In carbon tetrachloride (3 X 10-4M) it 
showed a carbonyl band a t  6 . 1 2 ~  (broad). 

Anal. Calcd. for CI&O~: C, 70.57; I%, 5.92. Found: 
C, 70.40; H, 6.05. 

The 2,4-dinitr0phe~ylhydrazone'~ formed orange needles 
from ethanol-ethyl acetate, m.p. 237-239"; A:::'' predicted13 
396 mp (log E 4.5), found 395 mp (log E 4.48); reportedla 
orange needles from alcohol, m.p. 200-202O. 

Anal. Calcd. for CaH&,O,: C, 58.40; 11, 4.46; N, 12.39. 
Found: C, 58.35; H, 4.17; PI', 12.14. 
4,3,6(?)-Hydroxydimethoxyhenzophenone. A solution of 

0.8 g. of the preceding trimethoxybenzophenone (m.p. 
70-71") in 4 ml. of conccntrated sulfuric acid was main- 
tained at  40" for 17 hr. and then pourcd onto ice. Combined 
solids from filtration and extraction (chloroform) of the fil- 
trat,e were recrystallixtd from 60% ethanol, yield 0.65 g. 
(85%), m.p. ca. 118", soluble in 5% aqueous sodium hy- 
droxide. Recrystallization from the same solvent gave 
needles, m.p. 124.5-1 26"; rcportcdIs plates from cther- 
ligroin, m.p. 124-126'. I n  carbon tetrachloride (1  X lO-3M) 
it showed strong abaorption at  2 . 7 3 ~ .  

(17) Unless othcrwiw indicated microanalyses were per- 
formed by Micro-Tech Laboratories, Skokie, Ill. Ultraviolet 
absorption spectra were detcrmined by means of n Beckman 
DU instrument and infrared spectra by means of a Perkln- 
Elmer Infracord. Complete infrared spectra for three of the 
benzophenones taken in potassium bromide wafers are re- 
portrd in thr catnlog of Sndtler Standard Spectra. 

(18) C. F. Koclsdi and I t  N. Flesch, J .  Org. Chem., 20, 
1270 (1055). 

(19) G. I) .  Johnson, .I. Am.  Chem Soc., 73, 5888 (1951) 

__I-- 
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Anal.  Calcd. for ClsHlr04: C, 69.75; H, 5.46. Found: C, 
69.46; H, 5.58. 

Methylation of 2,9,4-trihydro~ybenzophenone.~l A solution 
of 5 g. (0.022 mole) of 2,3,4-trihydroxybenzophenone*O in 
25 ml. of 4% aqueous sodium hydroxide was refluxed with 
3 g. (0.024 mole) of dimethyl sulfate for 2 hr. The acidified 
solution was extracted with chloroform. The residue from 
evaporation of the chloroform was distilled (20 mm. pres- 
sure) and crystallized from methanol as bright yellow prisms 
of 2,S-clihydroxy-~-methoxybenwphenoneJ yield 0.8 g. (15%), 
m.p. 166-167', undepressed on admixture with the corre- 
sponding product from benzoylation of 2,6-dimethoxy- 
phenol. 

Repetition of the preceding methylation but with 8% 
aqueous sodium hydroxide and 6 g. of dimethyl sulfate gave 
pale yellow needles (from ethanol) of 3,4-dimdhoxy-2-hy- 
droxybenzophenone, m.p. 130-131' [reported21 prisms, m.p. 
130-131'], undepressed on admixture with a sample from 
similar methylation of IV, obtained from benzoylation. 

Renwylatwn of 2,G-dimethoxyphenol. (a) Using aluminum 
chloride in nitrobenzene-tetrachloroethane. To the stirred cold 
(3-4') solution of 100 g. (0.65 mole) of 2,6-dimethoxyphenolz2 
in 475 ml. of purifiedza tetrachloroethane maintained in an 
atmosphere of nitrogen was first added, over a period of 1.5 
hr., a solution of 78.5 g. of anhydrous aluminum chloride in 
130 ml. of nitrobenzene and 200 ml. of tetrachloroethane and 
then, over a period of 2.5 hr., a solution of 78.5 g. (total 1.2 
moles) of aluminum chloride and 92 g. (0.65 mole) of benzoyl 
chloride in 100 ml. of nitrobenzene and 240 ml. of tetra- 
chloroethane. The reaction mixture was kept cold for 4 days, 
treated with 700 ml. of 1.7M hydrochloric acid, and steam 
distilled. The combined solid residues from the distillation 
flask and from evaporation of a chloroform extract of the 
distillate were pulverized and treated with methanol in a 
Soxhlet extractor. Crystallization of the insoluble portion 
from ethanol gave 35 g. (160J0, based on dimethoxyphenol 
used) of %,3-dibenzoyloxyanisole (11), obtained as platelets, 
m.p. 154-156'; reported4 m.p. 156-158'. 

A n d z 4  Calcd. for C2,H1006: C, 72.40; H, 4.63. Found: 
C, 72.70; H, 4.83. 

I1 was further identified by saponification to benzoic acid 
(more than a one-molar quantity isolated, m.p. 119-120', 
undepressed on admixture with an authentic specimen) and 
other alkali-soluble crystals, m.p. 38-40', presumably 2,3- 
dihydroxyanisole; reported% m.p. 38-41 o.26 

From the cold methanolic extract were deposited 30 g. of 
yellow crystals, m.p. ca. 165-169'. For further purification 
a 5 g .  sample of the crystals, dissolved in chloroform, was 
added to a chromatographic column of silicic acid-Celite 
(3: 1 by volume) and eluted with 30-60' petroleum ether- 
chloroform (4: 1 by-volume). The first fra'ction of effluent 
contained additional 11. Recrystallization from methanol of 
the main fraction obtained by elution of the yellow zone, 
gave 3 g. of bright yellow needles of Z,S-dihydroxy-4-meth- 
ox ybenzophenone (IV), m.p. 167.5-168.5'. 

Anal.  Calcd. for Cl4HlzO4: C, 68.84; H, 4.95. Found: C, 
68.87; H, 4.88. 

('LO) German patent 54661, Ber., 24c, 378 (1891). 
(21) P. Bartolotti, Gazz. chim. ital., 26 11, 433 (1896). 
(22) We are indebted to Cliffs Dow Chemical Co., 

Marquette, Mich. for a generous sample of this compound. 
(23) L. F. Fieser, Experiments i n  Organic Chemistry, 2nd 

c d .  D. C. Hcath and Co., New York, 1941, p. 366. 
(24) Analysis by Mrs. G. White. 
(25) J. Herzig and J. Pollak, Monatsh., 25, 808 (1904). 
(26) Hrrzig and Pollak (ref. 25) rcport a m . p  of 8Fj-87' 

for 1,3-dihydroxy-2-methouybcn&enc. 

The 2,4dinitrophenylhydraz0ne~~ was obtained as red 
needles from ethyl acetate, m.p. 265-266.5' (dec.); 
predicted13 398 mp (log E 4.5), found 396-398 mp (log L 

4.47). 
Anal.  Calcd. for CLOH10N407: C, 56.60, H, 3.80; N, 13.20. 

Found: C, 56.73; H, 3.98; X, 13.51. 
(b) Using stannic chloride in nitrobenzene. To a cold 

(-10 to 0'), stirred solution of 20 g. (0.13 mole) of 2,Bdi- 
methoxyphenol in 100 ml. of nitrobenzene was added slowly 
20 ml. (0.17 mole) of anhydrous stannic chloride and then 
20 g. (0.14 mole) of benzoyl chloride. After 3 more hours the 
mixture was allowed to  warm to room temperature and was 
then treated with ice and concentrated hydrochloric acid 
(10 ml.). The residue from steam distillation of the mixture 
was extracted with ether. The ethereal extract was washed 
first with excess 570 aqueous sodium bicarbonate (dis- 
carded) and then with excess 5% aqueous sodium hydroxide. 
Evaporation of the ethereal solution yielded 6 g. (18%) of 
2,B-dimethoxyphenyl benzoate, (I) obtained as needles, m.p. 
114-117'. Recrystallization from ethanol raised the m.p. 
to 116-117', undepressed on admixture with an authentic 
specimen of the same compound, m.p. 117-118', prepared 
by reaction of benzoyl chloride with 2,Bdimethoxyphenol in 
the presence of 

A n d z 4  Calcd. for ClsH1404: C, 69.75; H, 5.46. Found: 
C, 69.93; H,  5.65. 

The preceding sodium hydroxide wash was acidified 
with hydrochloric acid and extracted with chloroform. The 
residue from evaporation of the chloroform was recrystallized 
from methanol to yield 9.5 g. (2870) of tan 2,4-dimethoxy-S- 
hydroxybenzophenone (VII), m.p. 107-109'. Further re- 
crystallization from methanol gave white prisms, m.p. 
113-114' [m.m.p. with 4,3,5(?)-hydroxydimethoxybenzo- 
phenone 103-112.5'1; strong absorption at  2 . 7 1 ~  (free 
hydroxyl), weak at  2 . 8 3 ~  (methoxy-bonded hydroxyl),14 
and strong at  5 . 8 0 ~  (carbonyl) in  1 X 10-3M solution in 
cai bon tetrachloride. 

Anal .  Calcd. for CljHl4Ol: C, 69.75; TI, 5.46. Found: C, 
69.23; H, 5.27. 

For further identification, a sample of the preceding kctone 
was methylated (using aqueous sodium hydroxide and di- 
methyl sulfate) to the neutral compound 2,3,4-trimethoxy- 
benzophenone, obtained as fluffy crystals from methanol, 
m.p. 53-54'; reported4 prisms from dilute cthanol, m.p. 
55". 

(c) Using stannic chloride in benzene. To a cold (1-5') 
solution of 15.4 g. (0.1 mole) of 2,6-dimethoxyphenol in  100 
ml. of anhydrous benzene was added dropwise, with shaking, 
first a solution of 11.7 ml. (0.1 mole) of anhydrous stannic 
chloride in 25 ml. of benzene and then a solution of 11.5 ml. 
(0.1 mole) of benzoyl chloride in 25 ml. of benzene. The 
almost colorless complex which had precipitated on addition 
of the stannic chloride turned red and partially dissolved 
upon addition of the acid chloride. Hydrogen chloride was 
evolved. The mixture was kcpt cold for 2 days and then 
poured into ice and dilute hydrochloric acid. The combined 
organic layer and benzene extracts of the aqueous layer were 
washed with 5% aqueous sodium hydroxide and then with 
water, dried (magnesium sulfate), and evaporated to yield 
23.7 g. (920/,) of croam colored 2,B-rlimethozllpiienyl benzoate 
(I), m.p. 114.5-118", idcntifictl by rcrrystallization and mix- 
ture m.p. as in p u t  (b). 

EUGENE, ORE. 

(27) R. L. Shiner, 11. C. ~ ' ( U S O I I ,  :md I) .  Y. Curtin, The 
Systematic Identification of Organic Contpormds, 4th ed., 
J. Wiley and Sons, New Yolk, 1856, p. 212. 


