4738 J. Org. Chem. 1984, 49, 4738-4740

for 60 min to promote decarboxylation. However, since the bicyclic
hydroquinone derivative produced by decarboxylation is not easily
purified (ref 13), this gummy residue (260 mg after filtration and
solvent removal) was dissolved in ether (50 mL; filtered to clarify)
and oxidized with activated MnO, (400 mg, 4.6 mmol) by stirring
at room temperature for 90 min. The ethereal oxidation mixture
was then filtered through a Celite bed and dried over anhydrous
sodium sulfate, and the solvent was removed by rotary evaporation
to provide crude quinone 5, which was purified by sublimation
(50 °C at 0.05 mmHg). The purified yellow quinone 5 showed
mp 65-67 °C (lit.!* mp 66-67 °C).

Preparation of Diels-Alder Adduct 6. To 72 mg (0.4 mmol)
of yellow quinone l¢ in 15 mL of benzene at room temperature
was added with stirring 0.07 mL (0.85 mmol) of freshly distilled
cyclopentadiene. The initial deep yellow color of the solution
faded within 1 min to pale yellow. After stirring for 10 min, the
solvent volume was reduced to 1.0 mL by rotary evaporation. In
a short time the product (6) crystallized as pale-yellow plates (80
mg, 80% yield): mp 121~123 °C, 'H NMR (CDCl;/Me,Si) § OH
7.26 (s, 2 H); olefinic-CH 6.17 (dd, J = 5.9 Hz, J = 3.1 Hz) and

6.12 (dd, J = 5.9 Hz, J = 2.8 Hz); bridgeheads 1- and 4-CH 3.68
(m, 2 H); 4a- and 8a-CH 3.55 (dd, J = 8.0 Hz, J = 4.0 Hz); 9-CH,
1.67 (dt, J3 = 9.0 Hz, J, = 1.8 Hz) and 1.55 (dt, J4 = 9.0 Hz, J,
= 1.2 Hz); IR (KBr, cm™) 3400, 3070, 3020, 2995, 2978, 2951, 1708,
1692, 1593; mass spectrum m/e 234 (M*, 2), 216 (7), 66 (base).
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Direct Preparation of 5-Amino-1,3-pentadienes
through Use of Palladium-Promoted Reactions'2

Summary: 5-Amino-1,3-pentadienes are available by
condensation of aldehydes and ketones with 1-
phosphono-4-(dialkylamino)-2-butenes which in turn are
prepared by palladium-catalyzed difunctionalization of
1,3-butadiene.

Sir: The 5-amino-1,3-pentadiene moiety 1 and the cor-
responding amide system are structural features of several
naturally occurring compounds. Some representative

&i’\/\/\/
1

examples are the kirromycin (mocimycin) antibiotics,? the
streptogramin antibiotics,® the Asiasarum and Fagara
amides,* and the macbecin antitumor antibiotics.? Various

(1) (a) This work was presented in part at the 186th National Meeting
of the American Chemical Society, Washington, D.C., Aug 1983; Abstract
No. ORGN 120. (b) Current address of this author: Department of
Chemistry, University of Notre Dame, Notre Dame, IN 46556.

(2) (a) Parmeggiani, A.; Sander, G. In “Topics in Antibiotic
Chemistry”; Sammes, P. G., Ed.; Wiley: New York, 1980; Vol. 5, Part C,
pp 159-221. (b) Zimmerman, S. B.; Chalmers, J. H. U.S. Pat. 4071631,
1978; Chem. Abstr. 1978, 88, 150593b. (c) Maehr, J.; Leach, M.; Williams,
T. H.; Blount, J. F. Can. J. Chem. 1980, 58, 501-526. (d) Zeeck, A.;
Hoppe, H.-U.; Hummel, 1. Tetrahedron Lett. 1981, 22, 2357-2360. (e)
Gullo, V. P.; Zimmerman, S. B.; Dewey, R. S.; Hensens, O.; Cassidy, P.
J.; Oiwa, R.; Omura, S. J. Antibiot. 1982, 35, 1705-1707.

(3) (a) Vazquez, D. In “Antibiotics”; Corcoran, J. W., Hahn, F. E., Eds.;
Springer-Verlag: New York, 1975; Vol. 3, pp 521-534. (b) Barbacid, M.;
Contreras, A.; Vazquez, D. Biochim. Biophys. Acta 1975, 395, 347-354.
(¢) Birnbaum, G. L; Hall, S. R. J. Am. Chem. Soc. 19786, 98, 1926-1931.
(d) Bycroft, B. W.; King, T. J. J. Chem. Soc., Perkin Trans. 1 1976,
1996-2104. (e) Parfait, R.; Cocito, C. Proc. Natl. Acad. Sci. U.S.A. 1980,
77, 5492-5496. (f) Chinali, G.; Moureau, P.; Cocito, C. G. Eur. J. Bio-
chem. 1981, 118, 577-583. (g) Gale, E. F.; Cundliffe, E.; Reynolds, P. E.;
Richmond, M. H.; Waring, M. J. “The Molecular Basis of Antibiotic
Action”, 2nd ed.; Wiley: London, 1981; pp 480-485.

(4) (a) Yasuda, I; Takeya, K.; Itokawa, H. Chem. Pharm. Bull. 1981,
29, 564-566. (b) Kubo, I.; Matsumoto, T.; Klocke, J. A.; Kamikawa, T.
Experentia 1984, 40, 340-341.
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Scheme I
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Table I. Condensations of Potassium Derivative of 2

entry substrate vield, %  isomer ratio®
1 PhCHO 84 2.5:1
2 72 2.5:1
3 S S 79¢ 2.5:1
4 = CHO 74 2.5:1
5 PhC(O)CH;, 66 2.1:1.2:1:14
6 82 3:1

of
7 L/E/KO 42 e

%Yield of chromatographically purified product obtained using
2a. "Ratio of 2E,4E:2F,4Z unless otherwise noted. ¢Obtained us-
ing 2b. 92.1:1.2 2E4E:2E4Z plus two additional components
which appear to be 2Z isomers but which were not fully charac-
terized. ¢See ref 16.

synthetic efforts have been directed toward these diene
derivatives previously,®’ and herein we report our own

(5) Muroi, M.; Haibara, K.; Asai, M.; Kamiya, K.; Kishi, T. Tetrahe-
dron 1981, 37, 1123-1130.

(6) For some methods for the synthesis of dienamides corresponding
to 1, see: (a) Sharma, S. D.; Aggarwal, R. C.; Soni, B. R.; Sharma, M. L.
Ind. J. Chem. 1979, 18B, 81-82. (b) Nakai, T.; Setoi, H.; Kageyama, Y.
Tetrahedron Lett. 1981, 22, 4097-4100. (c) Baneriji, A.; Pal, S. C. Phy-
tochem. 1983, 22, 1028-1030. (d) Tsuboi, S.; Nooda, Y.; Takeda, A. J.
Org. Chem. 1984, 49, 1204-1208,
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preliminary results in developing a very direct route to
these compounds.

We initially explored a multistep procedure employing
the condensation of y-phosphorylcrotonates with alde-
hydes,?%82 but the use of 1-amino-4-phosphono-2-butenes
2 as reagents for the one-step conversion of carbonyl
compounds into the desired amines appeared to be a much
more attractive possibility.’® Palladium-catalyzed di-
functionalization of 1,3-dienes!! is conveniently applicable
to the preparation of 2 through use of the chloroacet-
oxylation reaction,!'d an Arbuzov reaction,'? and palladi-
um-catalyzed amination (Scheme I).1314

For condensation!® with carbonyl compounds (eq 1), we

RNTNANAN R
(2E,40)
[$8] lcN(H:r)2
ZN/W(OE!)Z - _78 C. 10 mn > + ' 13
2 (2) R'CHO ~

o
-78°C, 10 min; >

5%, 2 h RN (2z,42)

have observed that the potassium derivative of 2 obtained
by using potassium diisopropylamide's is generally superior

(7) For a method for the synthesis of the pentadienylamine portions
of the streptogramin antibiotics, see: (a) Meyers, A. 1.; Lawson, J. P.;
Carver, D. R. J. Org. Chem. 1981, 46, 3119-3123. (b) Meyers, A. I;
Lawson, J.; Amos, R. A.; Walker, D. G.; Spohn, R. F. Pure App!l. Chem.
1982, 54, 2537-2544.

(8) (a) van den Tempel, P. J.; Huisman, H. O. Tetrahedron 1966, 22,
293-299. (b) Sato, K.; Mizuno, S.; Hirayama, M. J. Org. Chem. 1967, 32,
177-180.

(9) Nicolaou, K. C.; Papahatjis, D. P.; Claremon, D. A.; Dolle, R. E.
J. Am. Chem. Soc. 1981, 103, 6967-6969.

(10) For a review of the use of phosphonates in olefination reactions
in general, see: Wadsworth, W. S. Org. React. (N.Y.) 1977, 25, 73-253.

(11) (a) Brown, R. G.; Davidson, J. M. J. Chem. Soc. A 1971,
1321-1327. (b) Akermark, B Béckvall, J.-E.; Léwenborg, A.; Zetterberg,
K. J. Organomet. Chem. 1979 166, C33-C36. (c) Akermark B,;
Ljungqvist, A.; Panunzio, M. Tetrahedron Lett. 1981, 22, 1055~1058. (d)
Backvall, J.-E.; Nordberg, R. E.; Nystrém, J.-E. Ibid. 1982, 23, 1617-1620.
(e) Backvall, J.-E. Pure Appl. Chem. 1983, 55, 1669-1676. (f) Béckvall,
J.-E. Acc. Chem. Res. 1983, 16, 335-342.

(12) Sodium iodide (0.1 equiv) was required to effect an in situ Fink-
elstein reaction. The chloride itself was unreactive toward triethyl
phosphite at 120 °C.

(13) (a) Trost, B. M. Tetrahedron 1977, 33, 2615-2649. (b) Tsuji, J.
Top. Curr. Chem. 1980, 91, 29-74. (c) Trost, B. M.; Genet, J. P. J. Am.
Chem. Soc. 1976, 98, 8516-8517. (d) Trost, B. M,; Keinan, E. J. Org.
Chem. 1979, 44, 3451-3457. (e) Akermark, B.; Akermark, G.; Hegedus,
L. S.; Zetterberg, K. J. Am. Chem. Soc. 1981, 103, 3037-3040. (f) Yam-
amoto, T.; Saito, O.; Yamamoto, A. Ibid. 1981, 103, 5600-5602. (g) Go-
dleski, S. A.; Meinhart, J. D.; Miller, D. J.; Van Wallendael, S. Tetra-
hedron Lett. 1981, 22, 2247-2250.

(14) In addition to the secondary amines used in the final step of
Scheme I, we have also succeeded in employing benzylamine.
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to the lithium derivative. Our results (Table I) indicate
that the reaction is apparently general for both aldehydes
and ketones, either with or without enolizable protons. A
significant yield of desired product is also obtained in the
case of the sterically hindered 2,6-dimethylcyclohexanone
(Table I, entry 7).18 With respect to stereochemical be-
havior, mixtures of 2E,4F and 2E,4Z products are usually
obtained in 2.5-3:1 ratios.!”!®

For a further application (Scheme II), optically active
levoglucosan (3)*° is converted into the dideoxy derivative
4% followed by methanolysis?! and oxidation? to produce
aldehyde 5.2 Reaction with 2 gives 6a and 6b (1:4) as a
3:1 E,E:E,Z mixture (combined yield 68%).22 Product 6
is a protected form of 7 with the same absolute configu-
ration as a key portion of griseoviridin 8 and other strep-
togramin antibiotics.3’

Improvements in this methodology and applications in
natural products synthesis are being pursued in our lab-
oratories.
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(15) Gawley, R. E.; Temine, E. J.; Aube, J. Tetrahedron Lett. 1980,
21, 3115-3118. Under these conditions, the use of hexamethylphosphoric
triamide promotes a much greater rate of reaction, but the overall yields
remain approximately the same as reported in Table I. If the solution
of metalated 2 is distinctly red or orange rather than light yellow, inferior
yields of condensation products are generally obtained.

(16) The assignment of structures to all of the isomeric products of this
reaction is difficult due not only to the usual question of diene configu-
ration but also due to the presence of cis- and trans-dimethyl substitution
patterns about the six-membered ring. Because of overlap of signals in
the vinyl region of the NMR spectra, we are not able to assign the ratio
of diene isomers accurately, but our data are consistent with a 1:1 mixture
of the cis- and trans-dimethyl isomers. See: (a) Johnson, F.; Starkovsky,
N. A,; Gurowitz, W. D. J. Am. Chem. Soc. 1965, 87, 3492-3500. (b)
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Acid-Catalyzed Oxidation of Benzaldehydes to
Phenols by Hydrogen Peroxide

Summary: A wide variety of benzaldehydes were oxidized
to phenols by hydrogen peroxide in acidic methanol.

Sir: The oxidation of benzaldehydes to phenols is one of
the important synthons in organic synthesis and can be
attained by means of Dakin reaction or Baeyer—Villiger
reaction by peracids.l® Dakin reaction is, in general,
limited to use for the oxidation of hydroxylated benz-
aldehydes such as salicylaldehydes and p-hydroxybenz-
aldehydes.?2 On the other hand, Baeyer-Villiger reaction
of benzaldehydes by peracids is widely applicable for the
synthesis of aryl formates and/or benzoic acids. This
oxidation is, however, unfavorable for substrates possessing
functional groups labile to peracids.

We report here that these defects are overcome by
acid-catalyzed oxidation of benzalhydes with hydrogen
peroxide in methanol. The characteristic features of the
present oxidation are as follows: (i) the reaction is achieved
by the use of 30~-35% aqueous hydrogen peroxide which
is easy to handle, (ii) the oxidation products are phenols
and/or methyl benzoates, while aryl formates and/or
benzoic acids are the products in the Baeyer—Villiger ox-
idation by peracids, (iii) olefinic substituents in benz-
aldehydes are stable under the present reaction conditions,
(iv) the reaction appears to proceed through peroxy hem-
iacetals.

When a solution of 2-methoxybenzaldehyde (1a) (5.0 g,
36.7 mmol) and 31% aqueous H,0, (5.3 g, 48 mmol) in
methanol (50 mL) was stirred with sulfuric acid (0.5 mL)
at room temperature for 24 h, 2-methoxyphenol (2a) was
produced in a 94% yield. Similarly, a wide variety of other

peracid

/——> ArOCHO + ArCO2H
ArCHO

+
/H
1 \%» ArOH ® ArCOMe

2 3

benzaldehydes 1 were oxidized to the corresponding phe-
nols 2 and /or methyl benzoates 3 as cited in Table I. The
results showed that, in most cases, the present system gave
phenols 2 more selectively than the peracid oxidation,
though the migratory aptitude of aryl groups compared
with the hydrogen of the aldehyde function were similar
to the conventional Baeyer—Villiger oxidation.>®

(1) For a review, see: Hassall, C. H. “Organic Reactions”; Wiley: New
York, 1967; Vol. 9, pp 73-106.

(2) For a review, see: Fieser, L. F.; Fieser, M. “Reagents for Organic
Synthesis™; Wiley: New York, 1967; Vol. 1, p 467. See also ref 1.
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Table I. Acid-Catalyzed Oxidation of Benzaldehydes by
Hydrogen Peroxide®

reactn yield,"d %
run benzaldehyde 1 time,h phenol2 ester 3
a 2-methoxy 24 94 (60)*
b 3-methoxy 68 (31)4 68
c 4-methoxy 24 90 (92)¢
d 2,3-dimethoxy 63 30 14
e 2,4-dimethoxy 14 90
f 3,4-dimethoxy 5 60 (83)*
g 2,3,4-trimethoxy 1 97 (83)*
h 2,4,5-trimethoxy 4 89 (79)*
i 2,4,6-trimethoxy 2 89 (83)5
j 3,4-methylenedioxy 24 67 (58)8 8
k 4-methyl 24b 28 51
1 4-chloro 24b 87
m  4-nitro 12¢ 80

¢Unless otherwise stated, benzaldehyde 1 (5 mmol) and 31%
H,0,; (6.4 mmol) were stirred in the presence of H,SO, (0.1 mL) in
methanol (10 mL) under an argon atmosphere at room tempera-
ture. ®The reaction mixture was heated at refluxing temperature.
¢All the products were isolated by chromatography (SiO,).
4Figures in parentheses are the yields of phenols by peracid oxi-
dation of the corresponding benzaldehydes followed by hydrolysis.

The superiority of the present system was strikingly
shown in the oxidation of 4-methoxy-2-(3-methyl-2-bu-
ten-1-yloxy)benzaldehyde (4a). Treatment of 4a (0.75 g)
with H,0, (31%, 470 mg) in acidic methanol [KHSO, (70
mg), 7 mL] at room temperature for 4 h gave the corre-
sonding phenol 5a in a 80% yield. By contrast the oxi-

CHO
0 R
\/Y _He02-KHSO4 \/Y
e T weon : :
OCH3 OCHz
4 5a,R, R'* CHz
bR = CHz: R'= H
¢.R,R'=H
OCHO
@ \/\( m-CPBA OVY N
THaCiz
OCHz OCH3
4q 6
OCHO CHO
0 0.
OCH3 OCH3
7 8

dation of 4a with m-chloroperbenzoic acid gave a mixture
of a formate 6 (18% yield) and epoxides 7 (30% yield) and
8 (40% yield). The other (allyloxy)benzaldehydes 4b and
4c were also selectively converted into phenols 5b (97%
yield) and 5¢ (83% yield), respectively, by the H,0,/
MeOH/H?* oxidation.

The present oxidation is a type of Baeyer-Villiger oxi-
dation. To account for the formation of phenols 2 and/or

(3) For a review, see: Trahanovsky, W. 8. “Oxidation in Organic
Chemistry”; Academic Press: New York, 1978; Part C, p 254.

(4) Goodfley, I. M.; Sargent, M. V. J. Chem. Soc., Perkin Trans. 1
1974, 1353.

(5) Hiie, R.; Jubier, A.; Andrieux, J.; Resplandy, A. Bull. Soc. Chim.
Fr. 1970, 3617.

(6) Beroza, M. J. Agric. Food. Chem. 1956, 4, 50.
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