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Formylation with dichloromethyl methyl ether and titanium( lv) chloride in dichloromethane, and bromination with 
bromine and titanium( lv) chloride in dichloromethane, of methyl 2.4-dihydroxybenzoate (1 6). methyl 2-hydroxy-4- 
methoxybenzoate (1 7). ethyl 2-hydroxy-4-rnethoxy-6-methylbenzoate (21 ), methyl 2-hydroxy-4-methylbenzoate 
(24), and 2-hydroxy-4-methoxyacetophenone (25) produce appreciable amounts of 3-substituted products. 
This selective substitution in the Dosition ortho to the hydroxy-group is discussed in terms of a six-membered ring 
titanium com plex. 

FORMYLATION of phenolic compounds with dichloro- 
methyl methyl ether and titanium(1v) chloride in di- 
chloroniethane l differs from both the Gattermann 
method and formylation with ethyl orthoformate and 
aluminium chloride in that significant formylation 
ortho to the hydroxy-group occurs even when the para- 
position is vacant. Thus 3,5-dihydroxytoluene (orcinol) 
(1) in both Gattermann2 and ethyl orthoforniatel 
formy lation gave exclusively 2,4-dihydroxy-6-methyl- 
benzaldehyde (4) whereas the dichloromethyl methyl 
ether method gave the former (29%), as well as 2,6-di- 
hydroxy4-methylbenzaldehyde (9) (19%) .l We have 
found that similar results are obtained with &ethyl- 
benzene-l,3-diol (2), and 5-propylbenzene-l,3-diol (di- 
varinol) (3). On formylation with ethyl orthoformate 
and aluminium chloride the phenols (2) and (3) gave 
as sole products 2,4-dihydroxy-4-ethylbenzaldehyde (5) 

(1) R = Me 

(3) R = P r  
(2) R = Et 

CHO 
4) R1 = Me, R2 = H 
'5) R' = Et, Ra = H 
'6) R' = Pr, RZ = H 
'7) R1 = Et, R2 = Me 
'8) R' = Et, R* = Me 

(9) R1 = Me, R2 = H 

(11) R1 = Pr, R* = Me 
(10) R' = Et,  R2 = Me 

and 2,4-dihydroxy-4-propylbenzaldehyde (6), respec- 
tively. The structures of these products were apparent 
from the n.m.r. spectra of the derived methyl ethers, 
(7) and (€9, respectively, in [2H,]benzene, which both 
showed AB patterns for the aromatic protons and two 
3H singlets due to the methoxy-groups. Formylation 
of the phenols (2) and (3) with dichloromethyl methyl 
ether and titanium(1v) chloride gave in each case both 
of the possible aldehydes, which were separated as their 
methyl ethers. The n.m.r. spectra of both 4-ethyl- 
2,6-dimethoxybenzaldeliyde (10) and 2,6-dimet hoxy- 
4-propylbenzaldehyde (1 1) in [2Hs] benzene exhibited 

t Preliminary communication, T. M. Cresp, M. V. Sargent, 

H. Gross, A. Riechc, and G. Matthcy, Chem. Bey., 1963, 

* L. Gattermann and M. Kiibncr, B e y . ,  1899, 32, 279; R. 

3 A.  St. Pfau, Helv. Chim. Acta, 1928, 11, 864. 

and J. A. Elix, Chem. Comm., 1972, 214. 

96, 308. 

Adams and I. Levine, J .  Amer.  Chem. SOC., 1923, 45, 2373. 

2H singlets for the aromatic protons and 6H singlets 
due to  the methoxy-protons. 

With 5-methoxy-3-methylplienol (12) the products 
of dichloromethyl methyl ether formylation were 

(33.4%) and 2-hydroxy-6-methoxy-4-methylbenzalde- 
hyde (14) (7%), the formyl group thus entering the 
positions ortho to  the hydroxy-group. In  contrast the 

2-hydroxy-4-methoxy-6-methylbenzaldehyde (13) 

Me Me Me Me 

Gattermann method 3*4 gave 4-hydroxy-2-methoxy- 
6-methylbenzaldehyde (15) as a major product, accom- 
panied by some 2-hydroxy-4-methoxy-6-methylbcnz- 
aldehyde (13). 

Shah and Laiwalla5 observed that methyl 2,4-di- 
hydroxybenzoate (16) would only undergo Gat termann 
formylation with aluminium chloride as catalyst and 
ether as solvent and that the product was exclusively 
methyl 3-formyl-2,4-dihydroxybenzoate (18). They 
attributed this unusual result to the stabilisation of the 
Kekuld form of the substrate in which the double bond 
is between the 2-hydroxy-group and the ester sub- 
stituent by intramolecular hydrogen bond formation, 
thus facilitating electron release to  the 3-position. 
Using aluminium chloride in ether Whalley found that 
Gattermann formylation of ethyl 2,4-dihydroxy- 
6-methylbenzoate (ethyl orsellinate) (20) gave ex- 
clusively ethyl 3-formyl-2,4-dihydroxy-6-methylbenzo- 
ate (ethyl haematommate) (22). In  contrast, Gatter- 
mann formylation ' e 8  of ethyl orsellinate (20) with zinc 
chloride in ether gave both of the possible monoalde- 
hydes. This latter evidence appears to  throw doubt 
on the validity of Shah and Laiwalla's explanation of the 
formation of 3-formylated products when aluminium 
chloride is used as catalyst. 

4 D. Taub, C. H. Kuo, H. L. Slates, and N. L. Wendlcr, 
Tetrahedron, 1963, 19, 1. 

6 R. C. Shah and 31. C. Laiwalla, J. Chem. SOC., 1938, 1828. 
6 W. B. Whalley, J .  Chem. SOC., 1949, 3278. 

8 A. St. Pfau, Helv. Chim. Acta,  1933, 16, 282. 

F. H. Curd, A. Robertson, and R. J. Stephenson, J .  Chem. 
SOC., 1933, 130. 
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We have therefore investigated the formylation, by 
dichloromethyl methyl ether and titanium(1v) chloride 

OR OR OR OR 

(16) K = H (18) R = H (20) R = H (22) R = H 
(17) R = Mc 

in dichloromethane, of a series of o-hydroxy-carbonyl- 
substituted compounds in which the positions ortho 
and para to the hydroxy-group are both vacant. 
Formylation of methyl 2,4-dihydroxybenzoate (16), 
methyl 2-hydroxy-4-methoxybenzoate (1 7), ethyl 2,4-di- 
hydroxy-6-methylbenzoate (20), ethyl 2-hydroxy-4- 
met hoxy-6-methylbenzoate (ethyl everninate) (2 1 ) , 
methyl 2-hydroxy-4-methylbenzoate (24), and 2-hydr- 
oxy-4-methoxyacetophenone (paeonol) (25) gave pre- 
dominantly the 3-formyl-substituted products and only 
traces of the 5-formyl products (see Table). The 
structures of the products, except in the case of com- 
pound (21), were immediately apparent from their 

(19) R = Me (21) R = Me (23) R = Me 

Me OMe 

0 OH 
C02Me COMe 

(26) R = H 
(26) R = MC 

(24) 

Substrate Formylation TiCl, bromination 
38% 3-CHO 36% 3-Br 

30% 6-Br 
12% 3,6-Br, 0 

8% 6-CNO 41% 6-Br 

49% 3-CHOb 40% 3-Br 
6% 6-CHO 40% 6-Br 

32% 3-CHO 32% 3-Br 
6% 6-CHO 48% 6-Br 

32% 3-CHO 66% 3-Br 
2% 6-CHO 16% 6-Br 

(16) 

(17) 

(18) 
(21) 

(24) 

(25) 

48% 3-CHO 48% 3-Br 

23% 3-CHO 

4% 3,6-Br24 

a Unbrominated material was also isolated. b See ref. 9. 

n.m.r. spectra. The major product of formylation 
of compound (21) was ethyl 3-formyl-2-hydroxy-4-meth- 
oxy-6-methylbenzoate (23) .9 This ester was hydrogen- 
ated to ethyl rhizinonate (27), which on hydrolysis and 
methylation gave the corresponding methyl ester, 

OMe OMe OMt 

M e o : :  ol!()OH : : O O M e  
C O z R  COzEt  C02R 

(30) R = Et 
(31) R = Me 

(27) R = Et  (29) 
(28) R = M e  

methyl 2-hydroxy-4-met hoxy-3,6-dimet h ylbenzoate (28), 
identical with an authentic sample.1° Hydrogen- 

* T. M. Cresp, J. A. Elix, s. Kurokawa, and M. V. Sargent, 
Austral. J .  Chem., 1972, 25, 2167. 

lo Y. Asahina and H. Akagi, Ber., 1966, 68, 1130. 

ation of the minor product, ethyl 5-formyl-2-hydroxy- 
4-methoxy-6-methylbenzoate (29), followed by methyl- 
ation, gave the ethyl ester (30). 

The sole products of formylation of methyl 
2,4-dimet hoxybenzoate (32), ethyl 4-hydroxy-2- 
met hoxy-6-met hylbenzoate (ethyl isoeverninat e) (33)' 
methyl 2,4-dimethoxy-6-methylbenzoate (34), and 

OMc OH OMc 

COz M e  COzEt COzMe 

(32) (33) (34) 

2,4-methoxyacetophenone (26) werc the 5-formyl 
isomers. The structures of the formylation products 
of compounds (32) and (26) followed from their n.m.r. 
spectra. Formylation of compounds (33) and (34) gave 
the aldehydes (35) and (36), respectively, and these 
aldehydes could both be related, by suitable trans- 
formations, to  ethyl 5-formyl-2-hydroxy-4-methoxy- 
6-methylbenzoate (29). 

Formylation of methyl 4-hydroxy-2-methoxybenzoate 
(37) did not occur a t  a ring position, but gave methyl 
4-fonnyloxy-2-methoxybenzoate (38), which was iso- 

OH OMc OR OMc 

CO zEt COzMe 

(36) (37) R = H (39) (35) 
(38) R = CHO 

lated by crystallisation of the crude product. This 
structural assignment was supported by the presence 
of signals for three aromatic protons and a singlet a t  
't 1.68 (HC0,-) in the n.m.r. The i.r. spectrum showed 
a carbonyl stretching vibration at  1765 cm-l typical 
of the formate ester of a pheno1.l' Presumably com- 
pound (37), like alcohols,12 undergoes initial O-formyl- 
ation and the product (38) is insufficiently activated to 
undergo C-formylation. O-Formylation appears to be a 
common side reaction in the formylation of deactivated 
phenols; thus the n.m.r. spectrum of the crude product 
from formylation of ethyl isoeverninate (33) exhibited 
a singlet at 7 1.62, as well as signals due to the aldehyde 
(35). The formates are readily hydrolysed to the phenols 
on chromatography over silica gel and hence were not 
usually isolated. 

These results in which C-formylation occurs almost 
exclusively at the 3-position of the o-hydroxy-carbonyl 
compounds studied, and solely a t  the 5-position in the 
o-methoxy-carbonyl compounds, suggested to us that a 
six-membered ring titanium complex might be the species 
responsible for the direction of electrophilic substitution 
in the case of the o-hydroxy-carbonyl compounds. 
To test this hypothesis we investigated the bromination 

11 S. Sofuka. J. Muramatsu, and H. Hagitani, Bull. Chem. 

12 A. Rieche and H.  Gross, Chem. Ber., 1969, 92, 83. 
SOC. Japan, 1967, 40, 2942. 
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of compounds (16), (17), ( Z l ) ,  (24), and (25) in the 
presence of an excess of titanium(1v) chloride. In  
the absence of this reagent the products were exclusively 
the 5-bromo-compounds, but in the presence of an excess 
of this reagent appreciable proportions of the 3-bromo- 
compounds resulted (see Table). The structures of 
the products are assigned on the basis of their n.m.r. 
spectra, except for ethyl everninate (21). In  this case 
the structural assignments were made by analogy with 
methyl everninate, which is known l3 to give the 
5-bromo-compound (39) in the absencc of titanium(1v) 
chloride. 

Collman l4 has observed that transition-metal coni- 
plexes of p-diketones undergo electrophilic substitution 

X 

(40) X == Ale, OMe, or OH 
Y = Me, OMe, or OEt 

in a manner analogous to aromatic compounds. We 
believe that the species undergoing electrophilic sub- 
stitution in our experiments is a titanium complex 
(40) of the o-hydroxy-carbonyl compound. Since 
substitition occurs at the 3-position it appears that  
there is a degree of bond fixation in the benzene ring of 
these complexes, and by analogy with Collman's work 
they may be regarded as having naphthalene-like 
character. The metal chelate system behaves as a 
fused aromatic nucleus such that the 3-position con- 
stitutes the most reactive a-position of this naphth- 
alenoid system. This view is supported by the fact 
that when less than a molar equivalent of titanium(1v) 
chloride is used in the bromination of methyl 2-hydroxy- 
4-methoxybenzoate (17) the amount of 5-brominated 
product increases at the expense of the 3-brominated 
product. The results of Shah and Laiwalla, and 
\Vhalley (see before) may be rationalised in the same 
way. 

EXPERIMENTAL 

General directions have been given previ0us1y.l~ 
(-4) Preparatioii of Substrates.-Methyl 4-hydroxy-2-nteth- 

oxybenzoate (37). Methyl 4-benzyloxy-2-methoxybenzo- 
ate l5 (2.71 g)  in ethyl acetate (120 ml) was shaken in 
liydrogen with 10% palladised charcoal (150 mg) and 
palladium chloride (10 nig) until absorption ceased. The 
crude product crystallised from dichloromethane-light 
petroleum to give the phenol as needles (1.50 g, 83y0), 
m.p. 152-153" (Found: C, 59.5; H,  5.85%; AT, 182. 
CBH,oO, requires C, 59.35; H ,  5.55% ; M ,  182). 

Ethyl 4-benzyloxy-2-hydroxy-6-methylbenzoate. Ethyl or- 
sellinate (20) (7.5 g), potassium carbonate (15 g), and 
benzyl chloride (5-3 g) were stirred and heated under 
reflux in acetone (100 ml) for 22 h. The mixture was 
poured into dilute hydrochloric acid and extracted with 

l3 J. R. Cannon, T. 31. Cresp, B. W. Metcalf, M. V. Sargent, 
G. Vinciguerra, and J .  A. Elix, J. Chem. SOC. (C), 1971, 3496. 

l4 J. P. Collman, Angpw. Chem., 1966, 77, 164. 

ethyl acetate. The extract was washed with water and 
with saturated brine, and dried (Na,SO,). The oily pro- 
duct left on removal of the solvent was passed througha 
column of silica gel (3.2 x 40 cm) with 2.5% ethyl acetate- 
light petroleum as eluant. The phenol (5.19 g, 47%) 
formed prisms from light petroleum, m.p. 53-54' (Found: 
C, 70.95; H, 6.45. CI,Hl,O, requires C, 71.3; H ,  6-35y0), 
7 -1.88 ( l H ,  s, OH) ,  2.67 (5H, s, Ph), 3.67 (2H, s, ArH), 
4.99 (2H, s, CH,), 5-64 (2H, q, CH,CH,), 7-53 (3H, s, Me), 
and 8.62 (3H, t, CH,*CI-I,). 

E thy1 
4-benzyloxy-2-hydroxy-6-methylbenzoate was methylated 
in the usual way with dimethyl sulpliate, potassium 
carbonate, and acetone. The crude product was hydro- 
genolysed as before and the product was crystallised from 
ether-light petroleum to afford needles of the isoeverninate 
(33) (79y0), m.p. 76-77" (Found: C, 63.15; H ,  6-65. 
CllH,,O, requires C, 62.85; H, 6.7%), 5 3.77 (2H, s, 
ArH), 5.49 (2H, q, CH2*CH,), 6-36 (3H, s, OMe), 7-78 
(3H, s, Me), and 8-62 (3H, t, CH,*CH,). 

(B) Formylation Reactions with Ethyl 0~thojormate.- 
5-EtlzyZbenzene-1,3-d~oZ (2). The diol (2) (0.95 g) and 
ethyl orthoformate (8.9 g) in benzene (30 ml) were stirred 
rapidly a t  O", aluminium chloride (2.2 g) was added, and the 
mixture was stirred for 10 min and then poured into ice-cold 
5% hydrochloric acid. The mixture was extracted with 
ether and the extract washed with water, and dried (MgSO,). 
The dark oily residue left on reinoval of the ether was 
chroinatographed over silica gel with 20% ether-light 
petroleum as eluant to give 6-e t t i yZ-2 ,4 -d ih~droxy~e~~~-  
aldehyde (5) (0.43 g, 380b), which formed needles from 
ether-light petroleum, m.p. 100" (Found: C, 65.2; H ,  
6-00/,; M, 166. C,H,,O, requires C, 65.05; H ,  6.05%; 

2-38br ( l H ,  s, OH), 3-64 (2H, s, ArH), 7-12 (2H, q, Cli,*- 
CH,), and 8.72 (3H, t, CH,*CH,). This on methylation 
with methyl iodide and potassium Carbonate in NN-di- 
methylformide at room temperature gave 6-ethyl-2,4-di- 
methoxybeitzaldehyde (7) , as an oil, b.p. 90" (bath) at 1 mmHg 
(Found: C, 67.9; H ,  7.2%; M, 194. C1,H1,O, requires 
c ,  68.0; H,  7.3%; M ,  194), 5 (C,D,) -0.82 ( l H ,  S ,  CHO), 
3.67 and 3.81 (2H, dd, J 3.0 Hz, ArH), 6.55 and 6.67 
(each 3H, s, OMe), 6-84 (2H, q ,  CH,*CH,), and 8.72 (3H, t, 
CH,.CH,), vmX (film) 1675 (CO) cm-'. 

5-PropyZbenzene-1,3-dioZ (3). The diol (3) (3-23 g) and 
ethyl orthoformate (64.5 g)  in benzene (150 mi) were treated 
with aluminium chloride (22 g) as in the preceding experi- 
ment. Chromatography as before gave 2,4-dihydroxy- 
6-~ro~ylbenzaZdeltyde (6) (0.8 g, 21%) as a pale yellow 
oil which slowly crystallised to form prisms, m.p. 48-50" 
(Found : M ,  180-0785. ClOH12O3 requires M ,  180-0786), 
T -2.45 (lH, s, OH), -0.06 ( l H ,  s, CHO), 3.20br ( l H ,  s, 
OH),  3.71 (2H, s, ArH), 7.19 (2H, t, CH,*CH,CH,), 8.33 
(2H, m, CH,*CH,*CH,), and 9-04 (3H, t, CH,CH,*CH,). 
On methylation as before i t  yielded 2,4-dimethoxy-6-propyZ- 
benzaldehyde (8) as an oil, b.p. 90" (bath) at 0.6 mmHg 
(Found: C, 68.8; H, 7.6%; M ,  208. Cl2H1,O, requires 

3.68 and 3.82 (2H, dd, J 3-0 Hz,  ArH), 6.60 and 6.71 (each 
3H, s, OMe), 6.87 (2H, t, CH,*CH,*CH,), 8.31 (2H, m, 
CH2*CH,*CH3), and 8.98 (3H, t, CH,*CH,*CH,), v,, (film) 
1675 (CO) cm-l. 

l6 I(. G. Dave, S. A. Telang, and K. Venkataraman, J. Sci. 
Ind. Res., India, 1960, 19B, 470 (Chem. Abs., 1961, 55, 16,531). 

l* I(. Mosbach, Acta Chem. Scund., 1964, 18, 1691. 

Ethy 1 4-hy droxy-2-nzetho=cy-6-11tethyZbenzoate (3 3). 

&I, 166), 7 -2.54 ( l H ,  S, OH), -0.15 ( l H ,  S ,  CHO), 

C, 69.2; H, 7.75% ; M, 208), T (C,DJ -0.85 (lH, S, CHO), 

A. Sonn and W. Scheffer, J. prukt. Chem., 1911, [a] 83, 38. 
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(C) Formylation Reactions with Dichloromethyl Methyl 

Ether.-General procedure. To the phenol (10 mmol) 
and dichloromethyl methyl ether (2.5 ml) in dichloro- 
methane at 0' was added with stimng a solution of titanium- 
(IV) chloride (4.4 ml) in dichloromethane (5 ml) during 0.5 h. 
The cooling bath was removed; the mixture was stirred 
for a further 1 h, poured into ice-water, and extracted 
with ether. The extract was washed in turn with sodium 
hydrogen carbonate solution, water, and saturated brine, 
and dried (Ka2S04). The residue left on removal of the 
solvent was, unless stated otherwise, preadsorbed onto 
silica gel and chromatographed over a column of silica gel 
with a mixture of ethyl acetate-light petroleum of suitable 
polarity as eluant. 

The mixture of aldehydes, 
which migrated as one spot on t.1.c. in a variety of solvent 
systems, was methylated with methyl iodide and potassium 
carbonate in NN-dimethylformamide at room temperature 
for 16 11. The methylated products were separated by 
chromatography over a silica gel plate (100 x 20 x 0.1 cni) 
developed with 40% ether-light petroleum. Two bands 
developed which were removed in turn and extracted with 
ether. The faster-running band yielded 6-ethyl-2,4-di- 
methoxybenzaldehyde (7) (20y0), identical with that 
already described. The other band yielded 4-etlryl-2,6-di- 
methoxybemwldehyde (10) ( 16.5y0), as an oil, b.p. 90" (bath) 
at 0.8 mmHg (Found: C, 68.2; H, 7.1:/0; M, 194. 
Cl,H& requires C, 68.0; &I, 194), T (C,D,) 
-0.91 (IH, s,  CHO), 3-79 (2H, s, ArH), 6-56 (6H, s, OMe), 
7.58 (2H, q, CH,CH,), and 8.90 (3H, t ,  CH,*CH,), vmr. 
(film) 1680 (CO) cm-l. 

Separation of the mixture 
of aldehydes was only achieved after methylation, as for 
compound (2). The faster-running band yielded 2,4-di- 
methoxy-6-propylbenzaldehyde (8) ( 15y0), identical with 
that already described. The other band yielded 2,6-di- 
1nethoxy-4-propylbenzalddzyde (1 1) (10-6%), as an oil, b.p. 
110" (bath) a t  0.6 mmHg (Found: C, 69.1; H, 7.2%; 
M, 208. C1,H1,03 requires C, 69-2; H, 7.75%; 114, 
208), T (C,D,) -0.91 ( lH,  s, CHO), 3.78 (2H, s, ArH), 
6-60 (6H, s, OMe), 7-61 (2H, t ,  CH,CH,*CH,), 8.47 (2H, m, 
CH,*CH,*CH3), and 9-12 (3H, t, CH,*CH,*CH,), vmXz. (film) 
1680 (CO) cm-l. 
5-llfethoxy-3-methyZphenol l3 ( 12). Chromatography of 

the crude product gave 2-hydroxy-6-methoxy-4-methyl- 
benzaldehyde (14) (7y0), which formed needles from 
methanol, m.p. 77-78" (1it.,l8 78"), 7 (CCl,) - 1.92 (lH, s, 
OH), -0.21 (lH, s, CHO), 3.73br (lH, s, ArH), 3.91br 
( lH,  s, ArH), 6-16 (3H, s, OMe), and 7.70 (3H, s, Me). 
This was followed by 2-hydroxy-4-methoxy-6-methyl- 
benzaldehyde ( 13) ( 33-4y0), which formed blades from 
methanol, m.p. 63-64" (lit.,3 63"), 7 (CCl,) -2.32 ( lH,  s, 
OH), -0.01 ( lH,  s, CHO), 3.88 (s, 2H, ArH), 6.22 (3H, s, 
OMe), and 7.52 (3H, s, Me). 

Chromatography of 
the crude product gave methyl 3-formyl-2,4-dihydroxy- 
benzoate (18) (38%), which formed needles, from dichloro- 
methane-light petroleum, m.p. 137-1 38" (lit.,s 138- 

( lH,  s, CHO), 2.06 and 3.56 (2H, dd, J 9.0 Hz,  ArH), 
and 6.05 (3H, s, Ohle). 

Methyl 2-hydroxy-4-methoxybenzoate ( 17). Chromato- 
graphy of the crude product yielded the starting material 
(35%), followed by methyl 5-formyl-2-hydroxy-4-methoxy- 
benzoate (8%), which formed blades, from dichloroniethane- 

5-Ethylbenzewe- 1,3-diol (2). 

H, 7.37; ; 

5-Pro~ylbenzene-1,3-diol (3). 

Methyl 2,kdihydroxybenzoate ( 16). 

140"), 7 -2.59 ( lH,  S, OH), -2.03 (lH, S, OH), -0.49 

light petroleum, m.p. 165-155-5" (Found: C, 56.9; H, 
4.8. CloHloO, requires C, 57-15; H, 4-8%), 7 - 1-50 ( lH,  

3-H), and 6.03 (6H, s, OMe). A sample hydrogenated 
in glacial acetic acid over 10% palladised charcoal gave 
methyl 2-hydroxy-4-methoxy-5-methylbenzoate, which formed 
prisms from dichloromethane-light petroleum, m.p. 95- 
96" (Found: C, 61.2; H, 6.15. C10H,,04 requires C, 
61.2; H,  6.150,&), T -0-87 ( lH,  s, OH), 2.47br ( lH,  s, 
6-H), 3.60 ( lH,  s, 3-H), 6-10 and 6.17 (each 3H, s, OMe), 
and 7.89 (3H, s, Me). Later fractions gave methyl 3-formyl- 
2-hydroxy-4-niethosybenzoate (1 9) (48y0), which formed 
plates from dichloromethane-light petroleum, m.p. 120- 
121" (lit.,6 121-122"), T -2.66 ( lH ,  s, OH) -0.41 ( lH,  
s, CHO), 1-92 and 3.58 (2H, dd, J 9.0 Hz, 5- and 6-H), 
and 6-02 and 6-09 (each 3H, s, Me). 

EthyZ 3,4-dihydroxy-6-methylbenzonte (20). The crude 
product was steam-distilled and the distillate afforded 
ethyl 3-formyl-2,4-dihydroxy-6-methylbenzoate (22) (230/,), 
m.p. and mixed m.p. 110-112" (lit.,l9 111-112") Only 
traces of the isomeric aldehyde were detected in the non- 
volatile residue. 

Ethyl 2-I~yd~ox~~-4-nzethoxy-6-melltylbe~zzoate (2 1). This 
experiment has been previously described by us.@ A 
sample of the minor product, ethyl 5-formyl-2-hydroxy- 
4-methoxy-6-methylbenzoate (29), was hydrogenated in 
glacial acetic acid over 10% palladised charcoal, and the 
crude product was methylated with dimethyl sulphate 
and potassium carbonate in acetone to give ethyl 
2,4-dinzetlzo;vy-5,6-dimethylbenzoate (30) as plates, from 
pentane, m.p. 62-63" (Found: C, 65-75; H, 7.8%; Jl, 
238. C13H,,04 requires C, 65.55; H,  766%; M, 238), 
T (CCl,) 3.79 ( lH,  s, ArH), 5-73 (2H, q, CH,*CH,), 6-27 and 
6.28 (each 3H, s, OMe), 7.89 and 7-99 (each 3H, s, Me), 
and 8-69 (3H, t, CH,*CH,). On hydrolysis with aqueous 
ethanolic sodium hydroxide this gave the acid, which 
formed plates from methanol, m.p. 21A215" (Found: 
C, 63.1; H, 6.8%; M ,  210. C,1Hl4O4 requires C, 62.86; 
H, 6.7%; M, 210). Methylation of the acid with dimethyl 
sulphate and potassium carbonate in acetone gave the 
.methyl ester (31), which formed platelets from light petrol- 
eum, m.p. 77-78' (Found: M ,  224. CI2HlsO4 requires 
M, 224). 

Methyl 2-hydroxy-4-methylbenzoate (24). Early fractions 
from chromatography of the crude product gave the 
starting inaterial (24) ( 19yo), followed by 9nethyE 3-fornzyl- 
2-hydroxy-4-methylbenzoate (32%), which formed prisms 
from dichloromethane-light petroleum, m.p. 113-1 14" 
(Found: M, 194.0577. C,,,H,,O, requires M ,  194-0679), 
T -1.59 (lH, s, OH), -0.64 ( lH,  s, CHO), 2.16 and 3.31 
(2H, dd, J 9.0 Hz, 6- and 5-H), 6.02 (3H, s, OMe), and 
7.37 (3H, s, Me). Later fractions gave methyl 5-formyl- 
2-hydroxy-4-methylbenzoate ( 5 % ) ,  which formed needles 
from dichloromethane-light petroleum, m.p. 124-125' 
(Found : M, 194.0579. C,oH,oO4 requires M, 194.0579), 

6-H), 3-20 ( lH ,  s, 3-H), 6.03 (3H, s, OMe), and 7.37 (3H, 
s, Me). 

2-Hydroxy-4-methoxyacetophenone (25). Early fractions 
from chromatography of the crude product gave the start- 
ing material (25) (54y0), followed by 5-formyl-2-hydroxy- 
4-methoxyacetophenone (2y0), which formed pale yellow 
needles from ether-light petroleum, m.p. 129-130.5" 

S, OH), -0.39 ( lH,  S, CHO), 1-60 (lH, S, 6-H), 3.62 (lH, S, 

T -1.49 (lH, S, OH), -0.37 (lH, S, CHO), 1.76 ( lH,  S, 

l8 Y. Asahina and I. Yosioka, Ber., 1936, 69, 1367. 
l o  A. St. Pfau. H e h .  Chim. Ada, 1926, 9, 650. 
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(Found: C, 62.0; H, 6-25. C,0H1004 requires C, 61-85; 
H, 5.2%)' 7 -3.21 ( lH,  S ,  OH), -0.34 ( lH,  S ,  CHO), 
1.68 (lH, S ,  6-H), 3.51 ( lH,  S ,  3-H), 6.01 (3H, S, 

OMe), and 7-30 (3H, s, COhle). Later fractions gave 
3- formyl-2-hydroxy-4-methoxyaceto~henone (32 yo ) , which 
formed pale yellow needles from ether-light petroleum, 
m.p. 124-125' (Found: C, 62.2; H,  4-85. C,,H,,O, 
requires C, 61.85; H, 5.2%), 7 -3-32 ( lH,  s, OH), -0.43 
( lH,  s, CHO), 1.87 and 3.49 (2H, dd, J 9.0 Hz, 6- and 
5-H), 6.01 (3H, s,OMe), and 7.36 (3H, s, COMe). 

Methyl 2,4-dimethoxybenzoate (32). Crystallisation of 
the crude product gave methyl 5-forniyl-2,4-dimethosy- 
benzoate (67 %), wliicli formed needles from dichloro- 
methane-light petroleum, m.p. 172-173" (lit.,20 167"), 

6-00 (6H, s, Ohle), and 6-13 (3H, s, OMe). 
Ethyl 4-lzydroxy-2-nzetl~oxy-6-~aethyZbenzoate (33). Clirom- 

atography of the crude product gave ethyl 5-fovmyZ-4-hydv- 
o,vy-2-inetlzoxy-6-~1zethyZbenzoate (35) (63%), which formed 
blades from dichloromethane-light petroleum, m.p. 139- 
140" (Found: C, 60.55; H, 6.1. Cl2H1,O5 requires C, 

CHO), 3-68 ( lH,  s, ArH), 5-59 (2H, q, CH,CH,), 6.11 (3H, s, 
OMe), 7.49 (3H, s, Ale), and 8.60 (3H, t, CH,*CH,). On 
hydrogenation in glacial acetic acid over palladised charcoal 
this gave et hy 1 4-hydroxy- 2-metltoxy-5,6-dimethylbenzoate, 
which formed plates from dichloromethane-light petroleum, 
1ii.p. 111-1123 (Found: C, 64.3; H, 6.9. Cl2H1,O4 
requires C, 64.25; H,  7.2y0), 7 3.77 (lH, s, ArH), 3-98br 
( lH,  s, OH), 5.60 (2H, q ,  CH,CH,), 6-36 (3H, s, OMe), 
7.82 and 7.93 (each 3H, s, Me), and 8.62 (3H, t, CH,.CN,). 
On methylation with dimethyl sulphate and potassium 
carbonate in acetone this gave the ester f30), identical 
with that prepared before. Later fractions gave the start- 
ing material (38%). 

Methyl 2,4-dintethoxy-6-methylbezzzonle (34). On chrom- 
atography of the crude product the early fractions gave 
the starting material (53%); this was followed by inethyl 
5-forrnyl-2,4-dimetl~oxy-6-~nethylbenzoate (36) (16-5y0), which 
fornied blades from dichloromethane-light petroleum, m.p. 
125-126" (Found: C, 60.45; H, 5.9%; &I, 238. Cl,Hl,O, 
requires C, 60.5; El, 5-90&; M ,  238), 7 -0-47 ( lH ,  s, CHO), 
3-62 ( lH ,  s, ArH), 6.08 (3H, s, Ohlc), 6-10 (6H, s, Ohle), 
and 7.51 (3H, s, Me). On hydrogenation in glacial acetic 
acid over 100,; palladised charcoal i t  gave the ester (31), 
identical with that prepared before. 

2,4-Dinzethoxyacetoplzenone (26). Crystallisation of the 
crude product froni dichloromethane-light petroleum gave 
5-formyl-2,4-dimethoxyacetophenone (52%) as prisms, m.p. 
169-170" (lit. ,20 167"), -r -0.43 ( lH,  s, CHO), 1.59 ( lH ,  s, 
G-H), 3.47 ( lH ,  s, 3-H), 5-93 (6H, s, OhIe), ancl 7-40 (3H, s, 
COMe) . 

Methyl 4-hydro~vy-2-ziretlioxybenzoate (37). Crystallisat ion 
of the crude product ironi dichloromethane-light petroleum 
gave methyl 4-forznyloxy-2-methoxybenzoate (38) (67%), 
which formed plates, m.p. 75-77' (Found: C, 57.3; H, 
4.550,;: M ,  210. CloHloO, requires C, 57.15; H,  4.8y0; 

3.25 (2H, m, 5- and G-H), and 6-12 (6H, s, OMe), vmau. 
(Nujol) 1765 (CO) and 1730 (CO) cni-l. 

To the 
substrate (5  mmol) in clichloromethane (10 ml) was added 
titanium(1v) chloride (12.5 nimol) followed by bromine 

*O K. P. Mathai and S. Sethna, J .  I d a n  Chellt. SOC., 1963, 40, 
347. 

T -0.31 (lH, S, CHO), 1.57 (lH, S ,  6-H), 3-40 ( lH,  S ,  3-H), 

60.5; H, 5.9%), 'i -2.80 ( lH ,  S ,  OH), -0.22 ( lH ,  S ,  

Af, 210), 7 1.68 ( lH,  S ,  OCHO), 2.15 ( lH ,  d, J 9.0 Hz, 3-H), 

(C) Bromination Reactions.4eneraZ pvocedure. 

(5 mmol) with stirring. After 5 min the mixture was 
poured into water and ice and stirred rapidly. The mixture 
was then extracted with ether and the extract washed in 
turn with water, saturated sodium hydrogen carbonate 
solution, and saturated brine, and dried (Na2S04). The 
crude products left on removal of the solvent were treated 
as described later. When the experiments were repeated 
in the absence of titanium(1v) chloride the sole products 
were the 5-bromo-compounds, which were isolated in 
almost quantitative yield. 

An efficient separa- 
tion of the products could not be achieved and the total 
material was therefore methylated with dimethyl sulphate 
and potassium carbonate in acetone. This crude product 
was preadsorbed from dichloromethane onto silica gel 
and chromatographed over a column of silica gel with 
5-1Oy0 ethyl acetate-light petroleum as eluant. Early 
fractions afforded methyl 3,6-dib~omo-2,4-dimethoxybenzoate 
(120/,), which crystallised from pentane as needles, m.p. 
53-54' (Found: C, 34.15; H, 2.85. C,,,H,,Br,O, requires 
C, 33.9; H, 2.85%), 7 (CCl,) 2.06 ( lH,  s, ArH), ancl 6.09 
and 6.11 (9H, each s, OMe). Further elution gave methyl 
3-b~omo-2,4-dintethoxybenzoate (36%), which crystallised 
from light petroleum as plates, m.p. 60-61" (Found: 
C, 43.95; H, 4-1. Cl,H,,BrO, requires C, 43.65; H,  
4*05%), 7 2.17 and 3-30 (2H, dd, J 9.0 Hz, 6- and 5-H), 
and 6.06 and 6.09 (9H, each s, Ohle). On hydrolysis with 
aqueous methanolic potassium hydroxide this gave the 
corresponding acid, which formed plates froni dichloro- 
methane, m.p. 174-175" (Found: C, 41.1; H, 3.3. CQHg- 
BrO, requires C, 41-4; EI, 3.45%). Later fractions gave 
methyl 2,4-diniethoxybenzoate (2 1 yo) as an oil, identical 
with an authentic sample.21 This was followed by methyl 
5-bromo-2,4-dimethoxybenzoate (30y0), which formed 
needles from dichloromethane-light petroleum, m.p. 117- 
118" (lit.,22 117'), T (CCl,) 1.98 (lH, s, 6-H), 3.56 ( lH,  s, 
3-H), and 6.06, 6-08, and 6.14 (each 3H, s, OMe). 

(a) The crude 
product was preadsorbed from dichloromethane onto 
silica gel and chroniatographed over a column of silica 
gcl with 5% ethyl acetate-light petroleum as eluant. 
Early fractions gave methyl 5-bromo-2-hydroxy-4-methoxy- 
benzoate (41 yo), which crystallised from dichloromethane- 
light petroleum as needles, m.p. 143-144" (lit.,22 143") 
(Found: c ,  41.0; H, 3.65. Calc. for CQHgBrO,: c, 41.4; 

( lH ,  s, 3-H), and 6-07 (6H, s, OMe). Later fractions 
gave nzethyl 3-bromo-2-hydro,~y-4-methoxybenzoate (48 %) , 
which crystallised as prisms, m.p. 118-1 19", from dichloro- 
methane-light petroleum (Found : C, 41-65; H, 3-35. 
C,HQBr04 requires C, 41-4; H, 3-45y0), 7 -1.41 ( lH ,  s, 
OH), and 2-23 and 3-45 (2H, dd, J 9.0 Hz, 6- and 5-H). 

(b)  When this experiment was repeated with 1 mol. 
equiv. of titaniuni(rv) chloride and the crude product 
analysed by n.m.r. spectroscopy it  was found to contain 
the 3-bromo-compound (46%) and the 5-bromo-compound 
(54%). When 0.5 mol. equiv. of titanium(1v) chloride 
was used the proportions were : 3-bromo-compound 35% ; 
5-bromo-compound 65%. 

Ethyl 2-hyd~oxy-4-methoxy-6-methylbenzoate (2 1). The 
crude product was preadsorbed from dichloromethane onto 
silica gel and chromatographed over a colunin of silica 
gel. Elution with 5% ethyl acetate-light petroleum gave 

e l  W. H. Perkin, jun., and E. Schiess, J .  Chem. SOC., 1904, 169. 
*2 G. P. Rice, J .  Amev. Chem. SOC., 1926, 48, 3126. 

Jfetltyl 2,4-dihydroxybenzoate (16). 

Methyl 2-hydroxy-4-meth0,~yben:oate ( 17). 

H, 3.45%), 'i -0.94 ( lH ,  S, OH), 2.00 ( lH,  S, 6-H), 3.52 
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ethyl 5-bro?no-2-hydroxy-4-methoxy-6-~nethylbenzoate (40 % ) , 
which crystallised as needles, m.p. 112-1 13", from dichloro- 
methan-light petroleuin (Found: C, 45.4; H, 4.6. Cll- 
H,,BrO, requires C, 45.7; H, 4.55%), 7 - 1.58 ( lH,  s, OH), 
3-61 ( lH,  s, ArH), 5-57 (2H, q, CH,*CH3), 6-09 (3H, s, OMe), 
7.30 (3H, s, Me), and 8-56 (3H, t, CH,*CH,). Further 
elution gave ethyl 3-b~onzo-2-hydroxy-4-ntethoxy-6-1nethyl- 
benzoate (40%) , which formed needles, m.p. 161-161.5°, 
from dichloromethane-light petroleum (Found : C, 45-25 ; 
H, 4-5. C,,H,,BrO, requires C, 45.7; H, 4.557&), "; 
-2.51 (lH, s, OH), 3-56 (lH, s, ArH), 5-56 (2H, q, CH,*- 
CH,), 6-06 (3H, s, OMe), 7.45 (3H, s, Me), and 8.57 (3H, t, 
CH,CH,). 

In  tlie absence 
of titanium(xv) chloride this gave methyl 5-bromo-2-hydr- 
oxy-4-methylbenzoateJ which crystallised from light petrol- 
eum as plates, m.p. 46-47' (lit.,,, aso), 't -0.58 ( lH,  s, 
OH), 2.03br (lH, s, 6-H). 3.llbr (lH, s, 3-H), 6.06 (3H, s, 
OMe), and 7.61 (3H, s, Me). On methylation with dimethyl 
sulphate and potassium carbonate in acetone this gave 
methyl 5-bromo-2-methoxy-4-mcthylbenzoate, which 
crystallised from light petroleum as prisms, m.p. 58-59' 
(lit.,,, 45-46'), 7 (CCl,) 2.13br ( lH ,  s, 6-H), 3.23br (lH, s, 
3-H), 6.18 (6H, s ,  OMe), and 7.60 (3H, s, Me). The crude 
product obtained from the experiment conducted in the 
presence of titanium (xv) chloride was only poorly resolved 
on t.1.c. in a number of solvent systems; i t  was therefore 
methylated with dimethyl sulphate and potassium carbon- 
ate in acetone. The crude methylated product was 
chromatographed over a column of silica gel with 2.5- 
10% ethyl acetate-light petroleuin as eluant. Early 
fractions afforded nzetliyl 3,5-dibroiizo-2-iizettio,vy-4-ntetltyl- 
benzoate (a?!,), which formed needles from pentane, m.p. 
55-56' (Found: C, 35.85; H, 3-05. C1,H,,Br20, requires 
C, 35-55; H, 3-00/;), 7 (CCl,) 2.09 ( lH,  s, ArH), 6-12 (GH, s, 

Methyl 2-hyd~oxy-4-nzetliylbenzoate (24). 

*3 R. von Walther and If'. Zipper, J .  prakl. Chenz., 1915, [ 2 ]  

24 N. Meldrum and C. N. Bamji, J .  Indian Cltem. SOC., 1936, 
91, 364. 

13, 641. 

Ohle), and 7.38 (3H, s, Me). Later fractions gave methyl 
3-bromo-2-iiiethox~--4-methylbcnzoate (32y0), as an  oil, 
T (CC1,) 2-41 and 3.01 (2H, ABq, J 9.0 Hz, 6- and 5-H), 
6.12 (6H, s, OMe), and 7.54 (3H, s, Me). On hydrolysis 
with aqueous methanolic sodium hydroxide i t  gave the 
corresponding acid, which formed needles from methanol, 
n1.p. 141-142' (lit.,24 137-138'). Further elution gave a 
mixture of methyl 5-bromo-2-niethoxy-4-methylbenzoatc 
(79.5 mol.O,/, , 48% yield) , and methyl 2-methyl-kmethyl- 
benzoate (20-5 mol.yo, 9% yield), which was analysed by 
g.1.c. [Perkin-Elmer model 880; 57; XE-60 on Chroniosorb 
\V column (0.067 in x 10 ft);  injection temp. 180"; column 
temp. 140"; nitrogen flow rate 28-6 ml min-IJ. Under 
these conditions the bromo-compound had a retention time 
of 6.4 mill and methyl 2-methoxy-4-methylbenzoateJ pre- 
pared by methylation of compound (24), b.p. 155-156' 
a t  30 mmHg (lit.,25 137--139" a t  14 iiimHg), had a retention 
time of 2.0 min. 

2-liydro.vy-4-~~etIaox~~ncetopJie~ioize (25). The crude pro- 
duct was preadsorbed from dichloroinethane onto silica 
gel and chromatographed over a column of silica gel, 
which was eluted with &loo,/, ethyl acetate-light petroleum. 
Early fractions afforded 5-bromo-2-hydroxy-4-methoxy- 
acetophenone ( 15yo), which crystallised from dichloro- 
inethane-light petroleum as needles, m.p. 172-172-5" 
(lit.,?e 169-170"; lit.,27 172-174"), 7 -2.68 ( lH,  s, OH), 

and 7-47 (3H, s, COhIe). Further elution gave 3-bY01120- 
2-1z~dvo;~.y-4-i~zethox.y-aceto~he~zone (657;) , which formed 
needles from dichloromethane-light petroleum, m.p. 130- 
131" (Found: C, 44.45; H, 3.85. C,H,BrO, requires C, 
44.1 ; H, 3.7%), 7 -3.29 ( lH,  s, OH), 2-32 and 3.52 (2H, dd, 
J 9.0 Hz, G- and 5-H), 6.04 (3H, s,  OJIe), and 7.41 (3H, s, 
COMe). 
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26 R. hnschutz, H. Aschenbcrg, H. Kuckert, F. Krone, I<. 

26 N. P. Kirjalov, Zltur. obsltchei h'him., 1946, 16, 1627. 
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2.17 ( lH ,  S, 6-H), 3.58 ( lH,  S ,  3-H), 6-00 (3H, S, OMc), 

Riepenkroger, and C. Zerbe, Annalen, 1926, 442, 18. 
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