Note

SCHEME 1
CHs

Efficient and Green Telescoped Process to
2-Methoxy-3-methyl-[1,4]benzoquinone

H,CO
Raquel Rodiguez Gonzkez, Cristian Gambarotti,

Lucia Liguori, and Hans-RenBjgrsvik* 1
Department of Chemistry, Umrsity of Bergen, Allgaten 41,
N-5007 Bergen, Norway
hans.bjorgik@kj.uib.no
Receied October 28, 2005

) CH, CH,

. nitration

OCH, 2. hydrolysis H,CO OCH; O OCHj;
8= :

0" "CHj O,N 2 OH 3 o

quinone with high selectivity and yield (88®2%). Other lengthy
protocols involving cerium diammonium hexanit&tas the
oxidant were also disclosed for the purpose of preparing [1,4]-
benzoquinone derivatives. There have also been some attempts
to develop green chemistry protocols for the synthesis of
benzoquinones. Notably, Orita and co-workérdisclosed a
method using hydrogen peroxide and formic acid as the

C @ CH3

CH.COOH xidative sys , but despite high conversion observed i S
H.CO ”3OCH X HiGO OCH, @ H.CO CH3O oxidative system, but despite high conversion observed in most
3 3 3 . . .. .
\©/ _ M0, fj/ Na,S;05 f;f of their examples, only low yields and selectivity were achieved.
75°C, catH* HO ® o
5 4 3 Methods and Results

0-20 °C, HNO
’ For a project in progress in our laboratory we needed access
A telescoped process for the preparation of 2-methoxy-3- to 2,4-dimethoxy-3-methyl-5-nitrophenglas an intermediate
methyl-[1,4]benzoquinone is disclosed. When this novel in the synthesis of carbazomycines G anéfBuring our initial
process is compared to the prevailing method that utilizes tests and adaptation of the reaction conditions for the nitration
Na.Cr,07 as the oxidant, the novel process represents a highof acetic acid 2,4-dimethoxy-3-methylphenyl esferit was
yielding (95%), green, and environmentally benign alterna- found that significant quantities of the title compouBdad
tive with H,O, and HNQ as the oxidants and GBOOH  formed as well (Scheme 1).
as the reaction medium. We associated this finding with an incomplete protection of
the hydroxyl group of compound that thus allowed a nitric
acid oxidation of the free hydroxyl group. This spurred us to
investigate the possibility of performing an oxidation of 2,4-
Methoxy- and methyl-substituted [1,4]benzoquinone and dimethoxy-3-methyl-phenat to 2-methoxy-3-methyl-[1,4]ben-
phenolic derivatives constitute important classes of building zoguinone3 by treatment with concentrated nitric acid. The
biologically active compounds. Thus, they are essential basicas for the nitratiot® The anticipated oxidation reaction
building blocks for natural product synthesis.

Introduction

e oL 2. - (2) (a) Nakahara, S.; Kubo, Adeterocycle2004 63, 1849-1854. (b)
An example of such a compound is 2-methoxy-3-methy| Saito, N.; Tanaka, C.; Koizumi, Y.; Suwanborirux, K.; Amnuoypol, S.;

[1,4]benzoquinone, which is found as a mOIIeC_mar moiety in Pummangura, S.; Kubo, Aletrahedron2004 60, 3873-3881. (c) Saito,
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thegsmall molecu_lar mimetic of insulin demethylasterrlqumone 64, 12491250, (n) Kesteleyn, B.: De Kimpe. N. Org. Chem200Q 65,
B1.° The synthetic processes tcl)ward. such comppunds requireg3s—g39. (i) Parker, K. A.: Casteel, D. A.. Org. Chem1988 53, 2847
normally several advanced and ingenious synthetic steps. How-2850.

ever, the synthetic chemist often ignores the challenge related58(3)2§g’3i(f' S. A; Heckrodt, T. ZZ. Naturforsch., B: Chem. S@003
to the synthesis of the basic starting compounds, which very ™= y7.500" G - Franzini, MAngew. Chem., Int. ER004 43, 4837-4841.

often thus results in synthetic paths involving environmentally
atrocious and noxious reagents. For exampl¥, €ilts (dichro-

mate) have for years been known to be carcinogenic; neverthe-

less, they are still utilized for oxidation purposes in organic

(5) Rimando, A. M.; Dayan, F. E.; Czarnota, M. A.; Weston, L. A.; Duke,
S. 0.J. Nat. Prod.1998 61, 927-930.
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R. Chem—Eur. J. 2001, 7, 5359-5371.
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the preparation of [1,4]benzoquinone derivatives. The popularity D-: Bourne, H. OAngew. Chem., Int. E®003 44, 1221-1222.
- . . (8) (a) Pirrung, M. C; Li, Z.; Park, K.; Zhu, J. Org. Chem2002 67,
of the dichromate protocol for the preparation of benzoquinones 7919 7926. (b) Pirrung. M. C.: Liu, Y.; Deng. L.; Halstead, D. K.. Li, Z.:

is probably a result of the high selectivity and yield that in May, J. F.; Wedel, M.; Austin, D. A.; Webster, N. J. &.Am. Chem. Soc.
general is achieved. A protocol disclosed by Viatore than 2005 127, 4609-4624.

. : _ (9) Vliet, E. B. Organic SynthesedViley & Sons: New York, 1932;
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SCHEME 2 TABLE 1. Oxidation of 5 to 4 and 3 with Various Acid Catalysts
CHs CHs Present
H,CO OCH;, CH@SSOH H,CO 0 time conv. selec. vyield selec. yield
— 5 entry cat. H [min] 5[%] 4[%] 4[%] 3[%] 3[%]
"o oTes0see O oo 1 4CH-CHsSOH 60 8  >99 85 <1 <1
2 Nafion 117 solution 30 10 60 6 40 4
) ) o ) 12 33 4 67 8
proceeded instantaneously with a quantitative conversion of the 180 12 100 12
phenol4 to the title compound® (see Scheme 2). The nitric 3 Amberlite IR 120 30 d52 91 51 9 5
acid oxidation of phenols into the corresponding [1,4]benzo- €0 di
. 4 Amberlyst 15 30 52 65 34 35 18
quinones has been known for a century. Nakao and co-wéfkers 60 d.ib
used such a protocol in the synthesis of antileukemic agentson 5 crcoow 60 64 93 60 7 4
the basis of 2,5-disubstituted [1,4]benzoquinones, and such a 120 70 93 65 7 5
protocol was used by Cohen and co-workgirs a total synthesis 6 CRSOH %8 gzib 89 64 11 8
of vitamin E (tocopherol), but the nitric acid oxidation protocol 7 RSO (95-97%) 15 71 61 43 39 28
has to the best of our knowledge never been reported for the 30 d.ib
preparation of the title compour 8  HNO; (65%) 15 76 86 65 14 11
Encouraged by this result, we wanted to expand the process o 8, 8 2 2
to include the oxidation of the commercially available 1,3- g i (37%) 30 69 84 58 14 11
dimethoxy-2-methyl benzerfe Recently, we disclosed a process 60 85 87 74 14 12
. . . . ib.
that permits the direct oxidation of compoufith 416 by means . 120 dive
of in situ generated peracid. 1,3-Dimethoxy-2-methyl benzene 10 HPQy (85%) 315 j’g 1188 433?
5 is treated with hydrogen peroxide in glacial acetic acid with 75 66 100 66
the presence op-toluene sulfonic acid (pTSA) as the acid 120 76 ~100 ~76 traces
240 81 ~100 ~81 traces

catalyst at a slightly elevated temperature. During the investiga-
tions of stepb — 4, traces of compound were observed as a
byproduct, an observation that spurred us to perform a thoroug which was heated at 75C for a period of 15180 min.bdi. —

investigation of the importance of the different experimental gecomposition initiated. The reaction was thus conclud@FRCOOH in

benzoquinone varies significantly with the different acids.

2-methoxy-3-methyl-[1,4]benzoquinorgis achieved with a 5 conv. 84% (72%) 3 (12%)
Except for Nafion 117, all of the investigated Brgnsted acids

aConditions: To a solution 06 (3 mmol, 0.456 g) in CHCOOH (3
pmL) were added cat. H(0.3 mmol) and HO, (30%, 6 mmol, 0.65 mL),

variables for the OXIdIZIng system Table 1 reveals results from the amount of 1.3 mmol (0.1 mL) was usetiMean values of two experi-
trials using various Brgnsted acids as catalysts (c&). As ments.® Slow decomposition rate. At 180 mir,2% of 2 was decomposed.
Table 1 shows, the selectivity toward the phefahd the [1,4]-
SCHEME 3

Entries 2-4 show the results when various solid acids are CH, CHLCOOH. Hi0
utilized. Even though a low yield (12%) is achieved when Haco\©/°‘3”3 cal. HNO(65%) :©/OCH3 300]3;/(
Nafion 117 (entry 2, Table 1) is utilized as the catalyst, 75°C. 30 min.
selectivity of ~100%. In contrast, the previously disclosed CHCOOH 1y 0 o
procedure utilizing pTSA as the acid catalyst (entry 1) gives __HNO(0%) ]Z>¢
high yield (85%) with excellent selectivity>99%) toward4. 0-5°C, 30 sec. o

conv. 100 % 3 (84%)
(Table 1) provide medium to high conversion ®fduring a
relatively short reaction time (£5180 min). Prolonged reaction
times lead to the degradation of produdtand4. In addition

to Nafion 117, the application of concentrated sulfuric acid as

a catalyst provides the title compouBdh an elevated quantity
(28%), although with a selectivity of only 39%. A useful result

from the acid catalyst screening is that nitric acid (entry 8)
provides a comparable conversion and yield, as when pTSA is
used (entry 1) as the acid catalyst. Although an inferior

selectivity is achieved with HN§(65%), the final result will

SCHEME 4
CH, HNO3(90%, 3.3 mmol)

05 °C (2 min)
H3C°\©/°CH3 20 °C (15 min)
—e—
CH,COOH (3 mL)

5 (3 mmol) H,0, (30%, 6 mmol)

fjo H3CO:©/OCH3

3 (51%) 6 (47%)

no conversion

75°C (15 min

Conv. 100%

approach similar values because the byproduct achieved withyNO; as the catalyst is the target prod@cfThese results can

(12) (a) Sakano, K.; Ishimaru, K.; Nakamura,J Antibiot. 198Q 33,
683-689. (b) Sakano, K.; Nakamura, $. Antibiot. 198Q 33, 961-966.
(c) Kaneda, M.; Sakano, K.; Nakamura, S.; Kushi, Y.; litaka,Hétero-
cycles1981 15, 993-998. (d) Kondo, S.; Katayama, M.; Marumo, &.
Antibiot. 1986 39, 727—730. (e) Naid, T.; Kitahara, T.; Kaneda, M.; Naka-
mura, SJ. Antibiot.1987, 40, 157-164. (f) Kaneda, M.; Naid, T.; Kitahara,
T.; Nakamura, S.; Hirata, T.; Suga, J. Antibiot. 1988 41, 602-608.

(13) Kndker, H.-J.; Fidnner, W.; Reddy, K. REur. J. Org. Chem2003
740-746.

(14) Nakao, H.; Arakawa, MChem. Pharm. Bulll972 20, 1962-1967.

(15) Cohen, N.; Lopresti, R. J.; Neukom, @.Org. Chem1981, 46,
2445-2450.

(16) Bjarsvik, H.-R.; Occhipinti, G.; Gambarotti, C.; Cerasino, L.; Jensen,

V. R.J. Org. Chem2005 70, 7290-7296.
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with advantage be utilized to simplify the protocol with respect
to the number of required reagents.

The two oxidation steps5 — 4 and 4 — 3, were then
combined in an attempt to establish a telescoped oxidation
proces¥ (Scheme 3). This experiment provided target product
3 in high yield (=85%) and excellent selectivity~(100%).

Further contraction of the oxidation process was attempted
by adding the whole quantity of nitric acid along with hydrogen
peroxide from the start of the reaction, Scheme 4. Similar to
the nitration procedure, the nitric acid was added at a temper-
ature of 0°C.18 After a period of 15 min at room temperature,
no conversion of the toluertewas observed. When the reaction
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temperature was raised to 7€ for 15 min, a complete con- CH, HNO. CHs
A A R 5 (90%, 3.3 mmol} H.CO OCH.
version of the starting tolueriewas achieved. However, the selec- ”sCO\i‘j/OC”H H,0, (30%, 6 mmol)  13C If*\j,- 3
tivity was poor, yielding compound¥and6 in the ratio 51:47. = CH;COOH (3 ml) HO~
The title compound3 was obtained in an excellent yield o) Be 4

(87%) by means of a similar protocol but at a slightly elevated CH, CHs
temperature (20C) for the nitric acid addition. The nitric acid HaCOﬁO Hacojf:rocm
oxidation itself was then conducted at a temperature ofG35 " o N o

for a period of 4 h. The only byproduct that was determined 3 6

was the nitro compoun@in a quantity of 10%. This experiment 100
was monitored over the course of the reaction, and the quantity i
profiles of compounds3—6 are exhibited in Figure la, as
determined by GC using an internal standard method. The
various concentration profiles show clearly that the side product
6 begins to form at the point of time where the formation of
the phenoM ceases, that is, &t~ 120 min. At the same time,
the formation of target produ@tstops. The consumption profile 100F—
of the starting materiab and the profile for the formation of :

%

compound6 mirror each other, which suggests that, from the 80
same point of time, only the nitration &ftakes place. © 602
Attempts to utilize a less-concentrated nitric acid (65%) with a0}
otherwise similar conditions in the second step, that is, the nitric 20 : )
acid oxidation step, failed to provide the title compouid o N
Figure 1b shows a similar experiment as in Figure 1a, but a fur- e o0 a0
ther quantity of hydrogen peroxide was added at the discovered Reaction time [min ]

critical point of time (Figure 1a) where the concentration profile £ curRe 1. Course of the telescoped oxidation prockss 4 — 3.
of the phenol4 starts descending. Moreover, an additional (a) Att= 120 min, formation o is initiated (dot-dashed line). At

portion of HNG; was added toward the end of the oxidation =~ 360 min, a yield of 86% of8 was achieved. (b) At ~ 90 min,
profile. Those two actions influenced the course of the reaction to H20, (30%, 3 mmol) was added, andtat= 240 min, HNQ (90%, 1
provide an even higher yield, namely, an increase from 86 to 93%. MMol) was added. Yield o8 was 93% at ~ 300 min.

The knowledge gained in the preceding experiments was

" CHs
further used for an expe_rimental setup \_Nhere the_two oxidizing HsCO i OCH,4 ngoosz (fmlfgm"gg" H3CO. Jﬁ/OCH:E
steps were performed in sequence, Figure 2. First, the trans- T GH,COOH G ml) _I/
formation of the dimethoxytoluen& (3 mmol) into the 5 75°C, 15 min. "
corresponding phenoft was performed by the addition of (3 mmol)
hydrogen peroxide (30%, 6 mmol) as the oxidant. The reaction H,0, (30%, 3 mmol) , . Cooling at 0°C CHs
mixture was then left stirring at 7580 °C for a short period of (@ 75°¢, 25 min. _ (¢) period of 10 min. - H3G°f)70
time (15 min), after which an extra portion of,&, (30%, 3 (b) Na;S,04(3 mmm,' (d) HNOs(BO%JImmuF o
mmol) was added. After an additional period of time of heating 0-20°C, 15 min. 3
and stirring (total reaction time of 40 min), the remainingChi 75 — T
was quenched by adding p&Os (3 mmol). The reaction O sl N ]
mixture was then cooled at® over a period of 10 min upon T‘j 250 T T NS
which HNO3 (90%’ 3 mmo|) was added to perform the second [0 ) S SO N S i N ]
partial step of the telescoped process,4ke 3 transformation. 100 5
This strategy was very successful, as the reaction approached 80F %
the final stage after only 65 min and provided a yield of 95% 60k
of the target benzoquinon8. No nitration products were = :
detected and, except f&; only starting materiab remained 0
after the reaction was stopped. 2075

Synthesis of Other Benzoquinonedn an attempt to utilize o Y
the nitric acid oxidation for the preparation of other useful 0 10 20 30 40 50 60 70
benzoquinone derivatives, trials were conducted to prepare 2,5- Reaction time [min ]
dimethoxy-[1,4]benzoquinonel0. Efforts to convert 1,4- FIGURE 2. Course of the telescoped oxidation procéss 4 — 3.

dimethoxybenzene into 2,5-dimethoxyphe@dly means of our ~ Yield of 3 was 95% at ~ 65 min.

direct hydroxylation protocol faile# The phenold was thus prepared by subjecting 1-(2,5-dimethoxyphenyl)-etharfotee

a Baeyer-Villiger oxidatior?® to achieve 2,5-dimethoxyphenyl
ester8in a yield of 97%. Subsequent hydrolysis of the ester

(17) A telescoped process implies that two or more steps are conducted
without isolation or workup of the intermediate synthesized compounds.
Such methodology is of great importance for industrial processes as a result
of the (1) impact on the throughput, (2) implication of less handling of (19) The direct hydroxylation using#, with pTSA as the acid catalyst
solvents and, thus, a more environmentally friendly process, and (3) lack in CH;COOH was used for the oxidation of 1,4-dimethoxybenzene. After
of material loss as a result of intermediate product workup, and so on.  a period of 40 min, only a small quantitg8%) of 2,5-dimethoxy-[1, 4]-

(18) (a) Wender, P. A.; Cooper, C. Betrahedron Lett1987, 28, 6125~ benzoquinond0was detected with a conversion of 55%. After another 80
6128. (b) Sankararaman, S.; Haney, W. A.; Kochi, JJKAm. Chem. Soc. min, a conversion of 80% was observed, but still only a small quantity of
1987 109, 5235-5249. 10 was present.
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SCHEME 5
9
HO-$ CHy (o]
HsC O © (0.4 mmol) OJ\CH3
CHsCOOH (7 mL)  y.co
H3CO\(\5\ H,0,(30%, 10 mmol) >
—_—
0,
ocH, 80°C.1h OCH;,
7 (2 mmol) 8 (97%)

HNO,
(90%, 1.2 equiv.)

o
H3CO
}f OCHj
10 O

HCI (37%, 1 mL) H,CO
CH,OH (4 mL

70 °C, 30 min. 0-20 °C, 15 min.

OH
i “OCH,

9 (94%)

TABLE 2. Oxidation of 11 with Various Acid Catalysts Present

CHj a) CHj, CH,
H;CO CH, CHaCCC))OH HsCO CHj HyCO CHj
_ M0, N
75°C, 1-2h HO OH
11 cat H* 12 13
time conv. selec. yield selec. yield
entry cat. H [min] 11[%] 12[%] 12[%] 13[%] 13[%]
1 4-CH—CgHsSOH 30 68 >99 68
60 73 >99 73
2 HNOP (65%) 15 42 73 31 27 11
30 63 75 47 25 16
120 77 92 71 8 6
3 HSOs (95-97%) 30 44  >99 44
60 57 >99 57

a Conditions: Compound1 (3 mmol, 0.42 mL) was added to acetic acid
(3 mL) and nitric acid (65%, 0.3 mmol). 4, (30%, 6 mmol, 0.65 mL)
was then added, and the mixture was heated at805°C. ® More H,0O;
(30%, 3 mmol, 0.33 mL) was added after 15 min.

provided the corresponding phen@l (94%), which was
subjected to the nitric acid oxidation. A quantitative conversion
of the phenob was achieved, but only traces of target molecule
2,5-dimethoxy-[1,4]benzoquinori® were detected (Scheme 5).

The complete telescoped oxidation protocol was also applied
to the oxidation of 1-methoxy-2,3-dimethylbenzehkin the
hope of generating 2,3-dimethyl-[1,4]benzoquinone as the final
product.

Such a process required 4-methoxy-2,3-dimethylphés3ol
as the first partial oxidation step intermediate product. The
results from the oxidation experiments using various Brgnsted
acid catalysts in an attempt to produce the required phE®ol
are provided in Table 2. Nitric acid as the acid catalyst affords
the needed intermediate produ&?! although only in a very
low guantity. The major product was the phet@)?224 which,
however, is another important phenolic compound that can be
used in the synthesis of various biologically active compounds,
such as the antibiotics carbazomycine B adeldbd 4,5-diacyl-
oxybenzofurans, which are valuable leukotriene inhibiérs.
Conclusion

2-Methoxy-3-methyl-[1,4]benzoquinorgss produced in high
yield (95%) and selectivity by a single-pot telescoped oxidation
process that is composed of three partial steps: (1) oxidation

glacial acetic acid (3 mL) followed b% (3 mmol, 0.456 g) and
HNO; (65%, 0.3 mmol) as the catalyst. The oxidant(30%, 6
mmol, 0.65 mL) was then added. The reaction mixture was stirred
and heated at 7580 °C for 15 min, whereas further 40, (30%,

3 mmol, 0.33 mL) was added. At a reaction time of 40 min, sodium
metabisulfite (NaS,0s, 3 mmol, 0.570 g) was added to quench
the remaining HO,. The reaction mixture was then cooled on an
ice bath for 10 min. HN@(90%, 3 mmol) was then added dropwise
over a period of +2 min, the ice bath was removed, and the
reaction mixture was left under stirring for another 15 min at 20
°C. The oxidation was quenched by adding water (50 mL). The
diluted reaction mixture was extracted with EtOAc %350 mL).
The combined organic layers were washed with watex (200
mL), dried (NaSQy), and filtered. The solvent was removed under
reduced pressure to achieve the target pro8uas a dark red oil
(0.450 g, 94.3% vyield, and 96% purity by GC).

1H NMR (400 MHz, CDC}, ppm):0 6.72-6.67 (d, 1H), 6.62
6.57 (d, 1H), 4.03 (s, 3H), 1.95 (s, 3H¥C NMR (200 MHz,
CDCl;, ppm): 6 188.7, 183.6, 136.6, 135.0, 129.4, 61.2, 9.0. MS
m/z (%): 152 (100), 137 (5), 122 (35), 109 (23), 94 (6), 82 (25),
66 (29), 53 (32).
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(20) (a) Baeyer, A.; Villiger, VBer. 1899 32, 3625-3633. (b) Krow,

G. R. InComprehensie Organic Synthesigrost, B. M., Fleming, I., Eds.;
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York, 1993; Vol. 43, pp 25%296.

(21) NMR for 13. Aasen, A. J.; Kimland, B.; Enzell, C. Rcta Chem.
Scand.1971, 25, 3537-3539.

(22) A sample from an oxidation experiment f was analyzed byH
NMR and3C NMR. The'H NMR signals were:6 6.83-6.79 (d, 1H),
6.73-6.69 (d, 1H), 5.05 (s, 1H), 3.76 (s, 3H), 2.19 (s, 6H). Previously
publishedH NMR signals for the 4-methoxy-2,3-dimethylpherid@ (ref
21) were: 6 6.49 (s, 2H), 5.40 (s, 1H), 3.72 (s, 3H), 2.13 (s, 6H). Dhe
6.49 ppm singlet is due to the two hydrogen atoms at the phenyl ring of
13. The two doublets ab 6.83-6.79 andd 6.73-6.69 ppm correspond to
the two phenyl protons of compourd@. The recordedH NMR spectrum
from the oxidation ofL1 confirmed the structure assigned to be the phenol
12. Moreover, a sample from the oxidation bt was treated with acetyl
chloride to produce the corresponding acetic acid phenyl #4téH NMR,
13C NMR, and MS data obtained for this product were coincident with the
literature data for acetic acid 2-methoxy-3,4-dimethylphenyl esgref
20), which thus represent a supplemental confirmation for the oxidation
product of11 to be the phenol2 (2-methoxy-3,4-dimethylphenol).

CHs CH, o CHs
HaCO CH, CHsCOOH 1y co cH o AN H,CO CHy
H,0, Cl CHj3 o)
75°C, 1h R! R? 60 °C, 1h H C)J\o
cat pTSA CHCI
13 R'=H, R*=OH P

(23) NMR for the phenoll2. Costa, A.; Saal. M. Tetrahedron Lett.

using hydrogen peroxide and in the presence of a Brgnsted acid, gg7 28 55515554

(e.g., HNQ) as a catalyst, (2) elimination of excess oxidant
using sodium metabisulfite, and then (3) oxidation using
concentrated nitric acid. When this method is compared to

(24) NMR for acetic acid phenyl estéd. Knolker, H.-J.; Bauermeister,
M. Helv. Chim. Actal993 76, 2500-2514.
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