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A general method for the one-step conversion of bromobenzaldehydes to the corresponding hydroxybenzaldehydes
has been developed. The method involves in situ protection of the aldehyde function of the bromobenzaldehyde
as its lithium morpholinoalkoxide, followed by lithium-bromine exchange, reaction with nitrobenzene at —75
°C, and a subsequent acidic workup. The method has been applied to the synthesis of 4,5-dimethoxy-3-hydroxy-
(1la), 3,5-dimethoxy-2-hydroxy- (2a), 3,5-bis(benzyloxy)-2-hydroxy- (2b), 3,4-dimethoxy-2-hydroxy- (14), 3-
hydroxy-4,5-(methylenedioxy)- (16), and 4,5-dimethoxy-2-hydroxybenzaldehydes (18) from the bromobenzaldehydes

4, 12a, 12b, 13, 15, and 17, respectively.

Hydroxybenzaldehydes are very rarely synthesized by
the direct introduction of a hydroxyl group into the cor-
responding benzaldehydes, the reason being that very few
of the existing methods!® of aromatic hydroxylation are
applicable!"24¢ to benzaldehydes, and the methods that
are applicable often suffer from the lack of generality, low
yield, multistep sequence, and overoxidation problems.
Another reason is that a variety of hydroxybenzaldehydes
are readily prepared by the formylation of the corre-
sponding phenols,” by the selective dealkylation of alk-
oxybenzaldehydes,!® by the selective alkylation of poly-
hydroxybenzaldehydes,® or by the transformation of other
hydroxybenzene derivatives to hydroxybenzaldehydes.?
Nonetheless, quite frequently occasions arise when a hy-
droxybenzaldehyde is best synthesized by the introduction
of a hydrozxyl group into a specific position of the benz-
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aldehyde. Three such examples are the hydroxybenz-
aldehydes 1a, 2a, and 2b.

We needed 1a (as its O-benzyl ether 1b) for the synthesis
of the phenylethylamine derivative 3, as an affinity labeling
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reagent® for the enzyme catechol O-methyltransferase.
Hydroxybenzaldehyde la, which is also a component of
a number of important alkaloids,'® is inaccessible by the
earlier methods!!2 which involved synthesis from 3,4,5-
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trihydroxybenzoic acid by selective O-methylation followed
by conversion of the carboxyl group to the aldehyde. More
recently’ 1la has been synthesized by a four-step hy-
droxylation of the corresponding bromobenzaldehyde 4.
The hydroxybenzaldehydes 2a (as its O-methyl ether 2¢)
and 2b (as its O-benzyl ether 2d) were required for the
synthesis of 4,5,7-trihydroxytryptamine, an analogue of the
pharmacologically important serotonin neurotoxin 5,7-
dihydroxytryptamine.!* Although use of the hydroxy-
benzaldehyde 2a has been indicated,!* no details of its
synthesis were given. Hydroxybenzaldehyde 2b and its
O-benzyl derivative 2d have not been described in the
literature. We now report a hydroxylation procedure that
allows one-step conversion of bromobenzaldehydes to the
corresponding hydroxybenzaldehydes.

Results and Discussion

Successful development of the present method was
based on the following observations. First, the aldehyde
function of a bromobenzaldehyde can be protected in situ
by reacting the aldehyde with lithium morpholide to give
the corresponding lithium morpholinoalkoxide, stable to
organolithium reagents.’® Recently, we have utilized this
in situ method of protection for the synthesis of a variety
of alkoxyphthalaldehydic acids and the corresponding
phthalides, demonstrating the applicability of this in situ
method of protection to complex substrates.’® The second
observation is that phenyllithium reacts with nitrobenzene
to give lithium phenozxide at low temperature.!” Only a
few reports!®!? have appeared where hydroxylation has
been carried out by using this method. A significant by-
product in the reaction of an aryllithium with nitrobenzene
is the corresponding arene which is formed by the ab-
straction of an ortho (or para) hydrogen of nitrobenzene
by the aryllithium.!® In spite of these limitations, nitro-
benzene appeared to be a better reagent than oxygen??!
which is the only alternate reagent available for the direct
oxygenation of aryllithiums, both in terms of yields of
products and the convenience of use.

The method we developed is illustrated in Scheme I with
the synthesis of the hydroxybenzaldehyde la from the
corresponding bromobenzaldehyde 4. The aldehyde
function of 4 was protected in situ!® by reacting 4 at —50
°C with lithium morpholide (5) to give 6. The lithiated
morpholinoalkoxide 7 was generated by reacting 6 with
n-BuLi at -75 °C. Reaction of 7 with nitrobenzene!” for
4 h at -75 °C followed by an acidic workup furnished the
desired hydroxybenzaldehyde 1a in 55% yield as the only
phenolic product. The only nonphenolic byproduct de-
rived from 4 was 9, isolated in 20% yield based on 4 used.
Similar nonphenolic byproducts, derived from the starting

(12) Battersby, A. R.; Dobson, T. A.; Foulkes, D. M.; Herbert, R. B.
J. Chem. Soc., Perkin Trans. I 1972, 1730-1736.

(13) Borchardt, R. T.; Sinhababu, A. K., manuscript in preparation.
For a review on serotonin neurotoxinsg see: “Serotonin Neurotoxins”;
Jacoby, J. H.; Lytle, L. D., Eds. Ann. N. Y. Acad. Sci. 1978, 305, 1-702.

(14) Royer, R.; René, L.; Cavier, R.; Lemoine, J. Eur. J. Med.
Chem.—Chim. Ther, 1977, 12, 455-458.

(15) Comins, D. L.; Brown, J. D. Tetrahedron Lett. 1981, 22,
4213-4218.

(16) Sinhababu, A. K.; Borchardt, R. T. submitted for publication in
J. Org. Chem.

(17) (a) Buck, P.; Kébrich, G. Tetrahedron Lett. 1967, 1563-1565. (b)
Kébrich, G.; Buck, P. Chem. Ber. 1970, 103, 1412-1419.

(18) Wiriyachitra, P.; Cava, M. P. J. Org. Chem. 1977, 42, 2274-22177.

(19) (a) Reich, H. J.; Cram, D. J. J. Am. Chem. Soc. 1969, 91
3527-3533. (b) Sheehan, M.; Cram, D. J. Ibid. 1969, 91, 3544-3552.

(20) Gilman, H.; Esmay, D. L. J. Am. Chem. Soc. 1954, 76, 5787-5788.

(21) The use of alkyl peroxybenzoates permits the direct introduction
of alkoxy groups: Hornfeldt, A. B.; Gronowitz, S. Ark. Kemi 1963, 21,
239-257; Chem. Abstr. 1963, 59, 13917b. However, yields are often low.!8

Sinhababu and Borchardt

Scheme I
MeO CHO o}
+ THF
N- -50 to =78 °C, 15 min
MeO ot
Br
4 5
i /‘ou+
MeQ C{i Bl
7\ 7 -BuLi
N O _75ec, 35 min
MeO n_/
Br
6
“OLi
MeO C\H PhNOj
N 0O -75°%C,4n
Me O n__/
Li
1
-
-oLi’
MeO H . MeO CHO
™\ H30
N 0 B 12t
MeO / MeO
-oLi*
a
8 9
Scheme 1I¢
HO COOH 1. {Me0)803, K2CO3, acetone or, PhCHaCl, K2CO3,
DMF
2. LiAlHg, THF
OH
10
RO
OH f. NBS, CCi4
2.pyridinium chiorochromate, CHaClz
OR
11a,b
Br
RO. CHO
——— 2a (65%)
b (59%)
OR
12a,b

%a, R=Me;b, R=CH,Ph,

bromobenzaldehydes, were formed in all of the examples
studied.

For the synthesis of 2a and 2b we required the bromo-
benzaldehydes 12a and 12b, respectively (Scheme II).
These were synthesized'® in four steps in excellent overall
yields from the readily available dihydroxybenzoic acid 10.
Hydroxylation of 12a and 12b was carried out as described
in Scheme I for 4 to give the hydroxybenzaldehydes 2a and
2b in 65% and 59% yields, respectively. In each case only
one phenolic product was detected. In the NMR, both 2a
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and 2b displayed characteristic meta coupling with J, ¢ =
2.9 Hz, and their carbonyl absorptions in the IR occurred
at 1660 and 1650 cm™, respectively, characteristic of o-
hydroxybenzaldehydes. Formation of only 2a and 2b from
12a and 12b, respectively, indicates that even though both
of these bromobenzaldehydes contain an excellent alter-
nate metalation site (position 4 of 12a,b), metalation did
not take place to any detectable extent at this site.

To determine the generality of the present hydroxylation
procedure, we extended this study to the synthesis of the
hydroxybenzaldehydes 14, 16, and 18, all of which are

R1
Re CHO
Ry Rs
Re
Rl R2 RS R4 RS
13 Br OMe OMe H H
14 OH OMe OMe H H
15 H OCH,O Br H
16 H OCH,O OH H
17 H OMe OMe H Br
18 H OMe OMe H OH

components of numerous natural products??2 and are
valuable intermediates for the synthesis of many phar-
macologically interesting agents.?6-2°

The hydroxybenzaldehyde 14 was produced® in 62%
yield from the readily available!® bromobenzaldehyde 13.
All the three previous methods of synthesis of 14 involved
selective demethylation of 2,3,4-trimethoxybenzaldehyde
with BCl,,% AICl,,%2 or sodium p-thiocresolate® in modest
yields. Conversion of 15 to 16 proceeded in 56% yield.
The bromobenzaldehyde 15 was prepared from the cor-
responding catechol by using a modified procedure (see
Experimental Section). The only reported® synthesis of
16, in 39% yield, also started with 15 and used a four-step
hydroxylation procedure. Conversion of the bromobenz-
aldehyde 17, which is commercially available, to the hy-
droxybenzaldehyde 18 proceeded in 58% yield. Previously,
18 had been synthesized by selective demethylation of the
corresponding trimethoxybenzaldehyde® in poor yields
and also by the formylation®® of 3,4-dimethoxy-1-
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hydroxybenzene which is not readily available.

Smooth hydroxylation of 12a,b and 13, all with both the
ortho positions to Br substituted, suggests that steric
hindrance due to these ortho substituents did not, play any
significant role since the yields of the corresponding hy-
droxylated products were comparable to those cases (4, 15,
and 17) where such steric hindrance was absent. Modest
yields in this reaction, as mentioned earlier, are due to the
limitations of nitrobenzene as a direct oxygenation reagent.
Consequently, a significant innovation in this area of
aromatic hydroxylation via aryllithiums will be the
availability of a nitro compound or other oxygen-donating
agent superior to nitrobenzene. Unfortunately, it has been
reported!® that none among a number of seemingly suitable
nitro compounds, including 2,4,6-tri-tert-butylnitrobenzene
was superior to nitrobenzene.

In summary, a mild one-step method for the conversion
of bromobenzaldehydes to the corresponding hydroxy-
benzaldehydes has been developed which appears to be of
general applicability.3

Experimental Section

General Methods. Infrared spectra were recorded on a
Beckman IR-33 spectrophotometer and are reported in reciprocal
centimeters. 'H NMR spectra were recorded in the indicated
solvent on a Varian T-60 spectrometer, and chemical shifts are
reported in § units downfield from internal Me,Si. Melting points
were obtained on a Thomas-Hoover capillary melting point ap-
paratus and are uncorrected. THF (Fischer, anhydrous) was dried
over 3-A molecular sieves and stored under N,. Morpholine
(Fischer) was stored over NaOH pellets under nitrogen in a
septum-capped bottle. Nitrobenzene was freshly distilled under
reduced pressure from P,0jy after being stored over P,0; for 1
day.

General Procedure for Hydroxylation. Morpholine (1.05
g, 12 mmol) and THF (20 mL) were placed in a dry, three-necked,
round-bottomed flask equipped with a stirring bar, septum cap,
dropping funnel, thermometer, and N, inlet. The flask was cooled
in a dry ice—acetone bath to -50 °C, and a solution of n-BuLi in
hexane (1.6 M, 7.5 mL, 12 mmol) was added all at once. After
5 min a solution of the bromobenzaldehyde (10 mmol) in 15 mL
of THF was injected over a period of 2 min, and the mixture was
allowed to cool to =75 °C over 15 min. n-Bul.i in hexane (1.6 M,
10 mL, 16 mmol) was then added dropwise, keeping the tem-
perature at ~=75 °C. After 35 min at -75 °C, a solution of PhNO,
(3.45 g, 28 mmol) in 5§ mL of THF was added from the dropping
funnel, keeping the temperature at -75 °C. The dark mixture
was stirred at —75 °C for 4 h and then allowed to warm to room
temperature. The mixture was acidified to pH ~1 with 6 N HC]
and stirred for 15 min. After dilution with brine, the organic layer
was collected, and the aqueous layer was extracted with Et,0 (2
X 30 mL). The combined organic layers (except for the synthesis
of 2b) were extracted with 2 N NaOH (3 X 10 mL). [The dark
organic layer after extraction with NaOH contained PhNO,-de-
rived byproducts and the nonphenolic byproduct derived from
the bromobenzaldehyde used, e.g., 9 from 4. Compound 9 and
the corresponding nonphenolic byproducts derived from the
bromobenzaldehydes 12, 13, 15, and 17, respectively, were iden-
tified by comparison with authentic samples by TLC (silica gel
GHLF, Analtech) in CH,Cl,.] The combined NaOH extracts were
washed with Et,0 (2 X 10 mL) and then acidified to pH ~1 with
concentrated HCl. The resulting mixture was extracted with
CH,Cl, (3 X 156 mL), and the combined organic extracts were
washed with brine, dried (Na,SO,), and then passed directly
through a short column of silica gel (5 g) in CH,Cl, to remove
colored impurities. Further elution with CH,Cl, and evaporation
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of solvent gave essentially pure, solid product. Solvents for re-
crystallization and physical properties of the individual hydrox-
ybenzaldehydes are described below.
3,4-Dimethoxy-5-hydroxybenzaldehyde (1a) from 4° was
recrystallized from toluene-hexane: 1g (556%); mp 6465 °C (lit.
mp 64-65 °C,% 60-61 °C,!1 70-72 °C'?); IR (Neat) 3480, 1690, 1590
em™l; NMR (CDCly) 4 3.83 (s, 3, OMe), 3.89 (s, 3, OMe), 6.98 (d,
Jz's =15 HZ, 1, H'G), 7.06 (d, Jz's =15 HZ, 1, H-2), 7.24 (br 8,
1, OH), 9.78 (s, 1, CHO).
3,5-Dimethoxy-2-hydroxybenzaldehyde (2a) from 12a!¢ was
recrystallized from CH3OH to give pale yellow, silky needles: 1.18
g (65%); mp 129.5-130.5 °C (lit.!* mp 129 °C); IR (Nujol) 3210,
1660, 1605 cm™; NMR (CDCly) 5 3.79 (s, 3, OMe), 3.88 (s, 3, OMe),
6.56 (d, J,¢ = 2.9 Hz, 1, H-4), 6.75 (d, J, 5 = 2.9 Hz, 1, H-6), 9.90
(s, 1, CHO), 10.62 (s, 1, OH).
3,5-Bis(benzyloxy)-2-hydroxybenzaldehyde (2b) from
12b.* To the combined organic layers (see the general procedure
above) was added 40 mL of 2 N NaOH, and the resulting mixture
was stirred vigorously for 30 min. The precipitated solid (the
sodium salt of the phenol 2b) was collected by filtration and was
washed with Et;0. The solid was then placed in a mixture of 50
mL of CH,Cl; and 40 mL of 4 N HCI, and the resulting mixture
was stirred until all the solid dissolved. The organic layer was
collected, washed with brine, dried (Nay;SO,), and then passed
directly through a column of silica gel (10 g) in CH,Cl,. Further
elution with CH,Cl, and evaporation of eluents gave a solid residue
which was recrystallized from CH30H, affording 2b as yellow
needles: 1.98 g (59%); mp 97-99 °C; IR (Nujol) 1650, 1595 cm™;
NMR (CDCly) 6 4.92 (s, 2, OCHy), 5.05 (s, 2, OCH,), 6.62 (d, J4¢
= 2.9 Hz, 1, H-4), 6.81 (d, J, 4 = 2.9 Hz, 1, H-6), 7.81 (s, 10, Ph),
9.76 (s, 1, CHO), 10.52 (s, 1, OH). Anal. Caled for CyH,30,: C,
75.43; H, 5.43. Found: C, 75.60; H, 5.58.
3,4-Dimethoxy-2-hydroxybenzaldehyde (14) from 13 was
recrystallized from benzene—hexane to give white plates: 1.13 g
(62%); mp 70-72 °C (1it.22 mp 70-72 °C); IR (Nujol) 1640, 1590
cm™; NMR (CDCl;) 5 3.86 (s, 3, OMe), 3.93 (s, 3, OMe), 6.58 (d,
Jss =9 Hz, 1, H-5), 7.27 (d, J55 = 9 Hz, 1, H-6), 9.71 (s, 1, CHO),
11.17 (s, 1, OH).
3-Hydroxy-4,5-(methylenedioxy)benzaldehyde (16) from
15 was recrystallized from toluene to give amorphous solid: 930
mg (56%); mp 133-134 °C (lit.® mp 134-134.5 °C); IR (Nujol) 3260,
1650, 1605 cm™'; NMR (acetone-dy) § 6.10 (s, 2, OCH,0), 6.92 (d,

Jye = 1.5 He, 1, H-2), 7.12 (d, J54 = 1.5 Hz, 1, H-6), 8.80 (br s,
1, OH), 9.74 (s, 1, CHO).

4,5-Dimethoxy-2-hydroxybenzaldehyde (18) from 17
(Aldrich) was recrystallized from benzene—hexane to give off-
white solid: 1.06 g (58%); mp 104-106 °C (lit.32 mp 105 °C); IR
(Nujol) 1630, 1592 cm™'; NMR (CDCly) 6 3.84 (s, 3, OMe), 3.90
(s, 3, 0Me), 6.44 (s, 1, H-3), 6.89 (s, 1, H-6), 9.68 (s, 1, CHO), 11.38
(s, 1, OH).

3-Bromo-4,5-(methylenedioxy)benzaldehyde (15). To a
stirred solution 3-bromo-4,5-dihydroxybenzaldehyde® (5.48 g, 25
mmol) in 75 mL of dry DMF under an N, atmosphere was added
anhydrous KF (PCR Inc., anhydrous material freshly dried at
0.01 mm over P,O; for 24 h, 7.25 g, 125 mmol). After 15 min,
CH,Br, (4.79 g, 27.5 mol) was added, and the mixture was heated
at 105 °C with stirring for 2 h. The mixture was then evaporated
in vacuo to dryness, and the residue was extracted exhaustively
with Et,0. The combined Et,0 solutions were washed with water
and brine, dried (Na,SO,), and then evaporated in vacuo to
dryness to give an off-white solid which was recrystallized from
benzene-hexane to afford 15: 4.80 g (85%); mp 125-127 °C (lit.%
mp 124-126 °C); IR (Nujol) 1685, 1595 ecm™'; NMR (CDCl,) 6 6.09
(s, 2, OCH,0), 7.21 (d, Jo = 1.6 Hz, 1, H-2), 7.48 (d, J,5 = 1.6
Hz, 1, H-6), 9.72 (s, 1, CHO).
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Electrooxidative Cleavage of Carbon-Carbon Bonds. 2. Double Cleavage of
a,0-Epoxyalkanones and Enantiospecific Syntheses of Chiral Methyl trans-
and cis-Chrysanthemates from (+)- and (-)-Carvones
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Department of Industrial Chemistry, School of Engineering, Okayama University, Okayama 700, Japan
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The stereospecific synthesis of chiral methyl trans- and cis-chrysanthemates (1 and 26) from (+)- and (-)-carvones
(7a,b) is described. Methyl (3R)- and (38)-3-(1-chloro-1-methylethyl)-5-oxohexanoates (3) and methyl (35)- and
(3R)-3-(1-chloro-1-methylethyl)-5,5-dimethoxypentanoates (4) are key intermediates in the preparation of 1 and
26 via é-lactone 2. Electrochemical cleavage of 5-(1-chloro-1-methylethyl)-2,3-epoxy-2,3-dimethylcyclohezan-1-one
(5) at the C-1 and C-2 positions in the MeOH—-AcOEt (7:1)-0.047 M LiClO,-(Pt) system gave 3 in 86-90% yields.
Each enantiomer of 5 was prepared from 7 through four steps in approximately 63% overall yields. Enantiomers
4 were obtained by the electrolysis of 3-hydroxy-2-methoxy- or 2-hydroxy-3-methoxy-5-(1-chloro-1-methyl-
ethyl)-2-methylcyclohexan-1-ones (14 or 15) in 87% yield. The precursors 14 and 15 were smoothly provided
by acid-catalyzed methanolysis of epoxides 6 prepared from 7. Methylation of 8 with methylmagnesium iodide
and geminal dimethylation of 4 with methyllithium followed by oxidation with chromic acid gave the same product
2. Cyclization of 2 with lithium diisopropylamide gave dihydrochrysanthemolactone (23; 80% yield from 3 and
50% yield from 4, respectively). The conversion of 23 to the desired 1 was achieved by treatment with sodium
hydroxide at 230-235 °C in 58-59% yields. The cis isomers 26 were also prepared from 23 by hydrolysis followed
by dehydration and subsequent isomerization of the double bond in 80% yield.

The use of chiral synthons derived from biomass for the
synthesis of chiral, bioactive compounds has been of cur-

rent interest.! The preparation of chiral trans- and cis-
chrysanthemic acids (1 and 26; R = H) is of key importance
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