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Table II1
anal.® %
caled/found
compd? mp, °C yield, % recryst solvt formula (MW) C H N
8a 195-7 88 ethanol C7H2N,O, (304.31) 67.10 3.97 18.41
67.30 4.10 18.20
8b 248-9 85 acetic acid CyoHy6N,40;5 (360.38) 66.66 4.48 15.55
66.90 4.30 15.30
8c 227-9 85 acetic acid C1sH3N,0,Cl (364.79) 62.56 3.59 15.36
62.30 3.60 15.20
10a 183-5 93 acetic acid CH,N,O; (322.33) 63.35 438 17.38
63.50 4.30 17.50
10b 220-2 95 acetic acid CaoHeN,O, (378.39) 63.49 4.79 18.81
63.30 4.90 14.60
10¢ 215-7 93 acetic acid C.H;sN,0;C1 (382.81) 59.62 3.95 14.64
59.40 4.20 14.40

98a, UV Apy (log ¢) = 216 (4.99), 315 (4.30) nm; IR 1690, 1650 (C—0) cm’; 'H NMR 4 3.78 (s, 3 H, NMe), 7.40-8.40 (m, 9 H, ArH). ®8c:

Cl, caled 9.72, found 10.00. 10¢: Cl, caled 9.26, found 9.50.

acid (0.01 mol) in water (20 mL) for 15 min, during which time
a crystalline precipitate began to separate. After cooling, the
product was collected, dried and purified by dissolving in aqueous
5% NaOH solution, filtered, and reprecipitated with concentrated
hydrochloric acid as yellow precipitates of 2a-d in almost
quantitative yield (Table I).
5-Amino-1,6-dioxo-5,6-dihydro-1 H-as-triazino[4,3-a ]-
quinazolines 3a~d. Each of compounds 2a-d (0.01 mol) was
heated under reflux in glacial acetic acid (20 mL) for 3-5 h. The
product obtained upon cooling was collected and crystallized from
acetic acid as yellow crystals of 3a—d (Table I).
5-(Arylideneamino)triazinoquinazolines 5a-g. General
Procedure. The following exemplifies the procedure. Compound
3b (0.01 mol) was heated under reflux in glacial acetic acid (15
mL) with benzaldehyde (0.01 mol) and fused sodium acetate (2
g) for 1-2 h, during which time a crystalline precipitate began
to separate. After cooling, the product was collected, dried, and
crystallized from acetic acid as yellow crystals of 5a (Table II).

Action of Nitrous Acid on 3a-d. To a suspension of each
of 3a-d (0.5 g) in 6 N HCI (10 mL) was added dropwise while
cooling and stirring sodium nitrite solution (0.5 g in 15 mL of
water). The reaction mixture was left at room temperature for
15 min. The solid obtained was collected, washed with water,
and crystallized from DMF as yellow crystals of 6a—d (Table II).

Thermal Deamination of Compounds 3b,d. A mixture of
each of 3b and 3d (0.01 mol) was heated at 180-200 °C in an oil
bath with benzaldehyde (0.011 mol) for 2 h, during which time
benzonitrile was noticeably evolved (and identified by IR and GC
after extraction with chloroform from the reaction vessels). After
cooling, the residue was triturated with ethanol. The obtained
products were then crystallized from DMF as yellow crystals and
were proved to be 6b and 6d, respectively.

Pyrolysis of Compound 5a. Compound 5a (0.5 g) was heated
at 250 °C (metal bath) for 30 min during which time benzonitrile
was noticeably evolved. The solid remained was crystallized from
DMF into compound 6b.

Action of Diazomethane on 6b. An ethereal solution of
diazomethane (prepared from 3 g of N-methyl-N-nitrosourea and
50 mL of ether) was added to 1 g of compound 6b. After standing
overnight in the refrigerator, the solution was evaporated at room
temperature. The remaining solid was crystallized from ethanol
into yellow crystals of 7, mp 199 °C, yield 88%. Anal. Calcd.
for C,;H;,N,0, (304.31): C, 67.10; H, 3.97; N, 19.41. Found: C,
66.90; H, 3.80; N, 18.20. UV Ay, = 218, 270 nm; IR (KBr) 1720,
1685 (C=0) cm™; 'H NMR & 3.68 (s, 3 H, NMe), 7.35-8.35 (m,
9 H, Ar H).

Preparation of a-Keto Acid Hydrazones 10a—c. Compound
92 (0.01 mol) was heated under reflux with the appropriate a-keto
acid (0.01 mol) in ethanol {20 mL) for 15 min, during which time
a crystalline precipitate began to separate. After cooling, the

(7) Dean, W. D.; Papadopoulos, E. P. J. Heterocycl. Chem. 1982, 19,
1117

(8) Bowie, R.; Cox, J. M.; Farrell, G. M.; Shephard, M. C. Imperial
Chemical Industries, Ltd. Ger. Offen. 2,539,396, Mar 1976; Chem. Abstr.
1976, 85, 5681 (1976).

product was collected, dried, and crystallized from acetic acid as
yellow crystals of 10a—c (Table I1I).

Preparation of Compound 11. (a) A solution of compound
10b (0.5 g) in DMF (10 mL) was heated under reflux for 2 h,
cooled, and then diluted with water. The precipitate was collected
and recrystallized from ethanol into yellow crystals of 11, mp 158
°C, vield 72%. Anal. Caled for C;¢H ,N,O (278.32): C, 69.05;
H, 5.07; N, 20.13. Found: C, 69.10; H, 4.80; N, 20.20.

(b) A solution of compound 9 (0.01 mol) and benzaldehyde (0.01
mol) in ethanol (15 mL) was heated under reflux for 10 min. The
solid obtained upon cooling was crystallized from ethanol and
proved to be 11 (mixed mp), yield 92%; 'H NMR § 3.56 (s, 3 H,
NMe), 7.06-8.26 (m, 9 H, Ar H), 8.56 (s, 1 H, benzal CH), 9.36
(s, 1 H, NH).

Registry No. 1, 19062-39-6; 2a, 123565-87-7; 2b, 123565-88-8;
2¢, 123593-02-2; 2d, 123565-89-9; 3a, 123565-90-2; 3b, 123565-91-3;
3c, 123565-92-4; 3d, 123565-93-5; 5a, 123565-94-6; 5b, 123565-95-T;
5¢, 123565-96-8; 5d, 123565-97-9; 5e, 123565-98-0; 5f, 123565-99-1;
5g, 123566-00-7; 6a, 123566-01-8; 6b, 123566-02-9; 6¢, 123566-03-0;
6d, 123566-04-1; 7, 123566-05-2; 8a, 123566-06-3; 8b, 123566-07-4;
8¢, 123566-08-5; 9, 61507-80-0; 10a, 123593-03-3; 10b, 123566-09-6;
10¢, 123566-10-9; 11, 123566-11-0; p-CIC;H,CH=CHCOCQ,H,
33185-97-6; PhCHO, 100-52-7; p-MeOCH,CHO, 123-11-5; P-
CICgH,CHO, 104-88-1; pyruvic acid, 127-17-3; phenylglyoxylic acid,
611-73-4; benzylidinepyruvic acid, 17451-19-3; p-methoxy-
benzylidenepyruvic acid, 17451-21-7; benzonitrile, 100-47-0.
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The conversion of ketones to esters or lactones, i.e., the
Baeyer—Villiger reaction,! is obviously one of the very im-
portant reactions in organic synthesis. However, the
corresponding asymmetric Baeyer-Villiger reaction seems,
up to now, to be unknown in the chemical literature. On
the other hand, various studies have shown that “biological
Baeyer—Villiger” reactions are involved in the oxidative
degradation of a wide variety of organic compounds,? e.g.,

(1) Baeyer, A.; Villiger, V. Chem. Ber. 1899, 32, 3625.
(2) Walsh, C. T.; Chen, Y.-C. J. Angew. Chem., Int. Ed. Engl. 1988,
27, 333.

0022-3263/90/1955-0347$02.50/0 © 1990 American Chemical Society



348 J. Org. Chem., Vol. 55, No. 1, 1990

Notes

Table I. Microbiological Oxidation of Ketone 1 by A. calcoaceticus NCIB 9871 in the Presence of TEPP (0.8 mM)

recovered ketone 1 lactone 2
yield, optical yield,? optical purity?
time,® h % [a]®) (Et,0) purity,® % % []%p (THF) (ee),® %
1 65 -29.2° (¢ = 0.8) 36 25 -29.8° (¢ = 0.7) 74 (73)
3 40 -57.9° (¢ = 1.0) 71 40 -25.2° (¢ = 0.9) 63 (60)
4.5 30 -77.0° (¢ = 1.5) 95 40 -13.0° (¢ = 0.9) 32 (33)

3 After addition of ketone 1.

termined by following the method of Saucy et al.%

Scheme I. Bioconversion of 2-Undecyleyclopentanone (1)
by Acinetobacter strains

o
CiiHzm o
———
CyiHzg

1 2

acyclic® and cyclic ketones*® or diketones’ like camphor,®
fenchone,? and steroids.!® However, only a few examples
have been described showing that such enzymatic reactions
may lead to optically active lactones.*™112 In the course
of our work on the biological oxidation of various sub-
strates,'® we decided to explore the possibilities of asym-
metric synthesis offered by this type of enzyme. The
pioneering work of Trudgill et al.’ and Walsh et al.2® has
shown that Acinetobacter strains are able to perform
“biological Baeyer—Villiger” reactions using a protein
monooxygenase (cyclohexanone oxygenase EC 1.14.13.-)
which has been isolated and characterized. Very recently,
Taschner et al. also described some very interesting results
on prochiral substrates using this purified enzyme and a
NADPH recycling system. However, no indication about
the scale of the reaction is given in this paper.!? We here
describe the use of these enzymes in order to perform a
preparative enantioselective synthesis from racemic ma-
terial which allows direct access to both (S)- and (R)-5-
hexadecanolide, a pheromone isolated from the oriental
hornet Vespa orientalis.!'®

(3) (a) Britton, L. N.; Brand, J. M.; Markovetz, A. J. Biochim. Biophys.
Acta 1974, 369, 45. (b) Cripps, R. E. Biochem. J. 1975, 152, 233. (c)
Britton, N. L.; Markovetz, A. J. J. Biol. Chem. 1977, 252, 8561. (d)
Forney, F. W.; Markovetz, A. J. J. Bacteriol. 1968, 96, 1055. (e) Forney,
F. W.; Markovetz, A. J. Biochem. Biophys. Res. Commun. 1969, 37, 31.

(4) (a) Shaw, R. Nature 1966, 1369. (b) Griffin, M.; Trudgill, P. W.
Eur. J. Biochem. 1976, 63, 199. (c) Hasegawa, Y.; Hamano, K.; Obata,
H.; Tokuyama, T. Agric. Biol. Chem. 1982, 46, 1139. (d) Trudgill, P. W.;
Norris, D. B. Biochem. J. 1971, 121, 363. (e) Stirling, L. A.; Watkinson,
R. J.; Higgins, L. J. J. Gen. Microbiol. 1977, 99, 119. (f) Anderson, M. S.;
Hall, R. A.; Griffin, M. J. Gen. Microbiol. 1980, 120, 89. (g) Magor, A
M.; Warburton, J.; Tower, M. K.; Griffin, M. Appl. Environ. Microbiol.
1986, 52, 665.

(5) (a) Donoghue, A. N.; Norris, D. B,; Trudgill, P. W. Eur. J. Biochem.
1976, 63, 175. (b) Donoghue, A. N.; Trudgill, P. W. Eur. J. Biochem. 1975,
60, 1

(6) Ryerson, C. C.; Ballou, D. P.; Walsh, C. Biochemistry 1982, 21,
264

(7) Ouazzani-Chahdi, J.; Buisson, D.; Azerad, R. Tetrahedron Lett.
1987, 28, 1109.

(8) Trudgill, P. W.,; Taylor, D. G. 1986, 165, 489 and references cited.

(9) Chapman, P. J.; Meerman, G.; Gunsalus, L. C. Biochem. Biophys.
Res. Commun. 1965, 20, 104.

(10) (a) Mahato, S. B.; Banerjee, S.; Podder, S. Tetrahedron Lett.
1987, 28, 5315. (b) Prairie, R. L.; Talalay, P. Biochemistry 1963, 2, 203.
Rahim, M. A,; Sih, J. C. J. Biol. Chem. 1966, 241, 3615. Lee, S. S.; Sih,
C. J. Biochemistry 1967, 6, 1395.

(11) (a) Schwab, J. M.; Li, W.-B.; Thomas, L. P. J. Am. Chem. Soc.
1983, 105, 4800. (b) Schwab, J. M. J. Am. Chem. Soc. 1981, 103, 1876.

(12) Taschner, M. J.; Black, D. J. J. Am. Chem. Soc. 1988, 110, 6892.

(13) See, for instance: Archelas, A.; Fourneron, J. D.; Furstoss, R.;
Cesario, M.; Pascard, C. J. Org. Chem. 1988, 53, 1797.

bYields estimated by GC analysis and based on racemic starting material. ¢ (S)-(+)-2-Undecylcyclo-
pentanone: [a]#p +81.0° (¢ 1.04, ether).!* 9(S)-(-)-5-Hexadecanolide:

[a]#85 -40.2° (c 1.66, THF).!¥f ¢Enantiomeric excess values de-
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Figure 1. Effect of TEPP adjunction on the yield of lactone 2
formed: O, without inhibitor (TEPP); 4, 0.08 mM TEPP; e, 0.8
mM TEPP; a, 1.6 mM TEPP.

Results

Because of the difficulties inherent in the large-scale
purlﬁcatlon of enzymes, we decided to conduct our studies
using whole-cell processes.

The strain Acinetobacter calcoaceticus NCIB 9871 has
been grown on cyclohexanol as the only carbon source.?
After 15 h of growth, racemic 2-undecylcyclopentanone
(1)!8 was added to the fermentation medium (1 g/L) and
its disappearance was followed by gas chromatography.
Ketone 1 was metabolized in about 20 h, and the corre-
sponding 5-hexadecanolide (2) was formed as expected
(Scheme I). The yield reached a maximum of about 10%
after 5 h, but lactone 2 disappeared completely after about
10 h. Presumably, either lactone 2 is rapidly hydrolyzed
by a lactone hydrolase, as previously proposed,® or ketone
1 is consumed by some other metabolic pathway (e.g., an
enzymatic hydroxylation'?).

The presence of such a lactone hydrolase, although not
proven, is consistent with the stability of this lactone under
the reaction conditions (pH 7.1) in the absence of the
microorganism. Also, attempts to recover lactone by acidic

(14) Several multistep syntheses of this pheromone have been previ-
ously reported. See, for instance: (a) Takeda, A.; Watabu, A.; Utaka, M.
J. Org. Chem. 1986, 51, 5423. (b) Gerth, D. B.; Giese, B. J. Org. Chem.
1986, 51, 3726. (c) Kosugi, H.; Konta, H.; Uda, H. J. Chem. Soc., Chem.
Commun. 1985, 211. (d) Utaka, M.; Watabu, H.; Takeda, A. Chem. Lett.
1985, 1475. (e) Mori, A.; Yamamoto, H. J. Org. Chem. 1985, 50, 5444. (f)
Mori, K.; Otsuka, T. Tetrahedron 1985, 41, 547 and references cited.

(15) Tkan, R.; Gottlieb, R.; Bergmann, E. D.; Ishay, J. J. Insect Physiol.
1969, 15, 1709.

(16) 2-Undecylcyclopentanone (1) has been prepared from cyclo-
pentanone via C-alkylation of its cyclohexyl imine magnesium salt. See:
Stork, G.; Dowd, S. R. JJ. Am. Chem. Soc. 1963, 85, 2178.

(17) (a) Murray, J. R.; Scheikowski, T. A.; MacRae, I. C. Antonie van
Leeuwenhoek 1974, 40, 17. (b) Lijmbach, G. W. M.; Brinkhuis, E. An-
tonie van Leeuwenhoek 1973, 39, 415.
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Table II. Microbiological Oxidation of Ketone 1 by Acinetobacter TD 63

recovered ketone 1 lactone 2
yield,? optical yield,? optical purity?
time,® h % [2)®p (Et;0) purity,” % %% [2)®p (THF) (ee),? %
1.5 65 -20.5° (¢ = 0.6) 25 25 -18.5° (¢ = 1.1) 46 (44)
2.5 50 -38.0° (¢ = 1.0) 47 45 ~-18.4° (¢ = 0.8) 45 (44)
4 35 -61.0° (¢ = 1.3) 75 55 -15.3° (¢ = 0.8) 38 (36)
5.5 25 ~74.4° (¢ = 0.8) 92 65 -15.5° (¢ = 0.7) 38 (31)

e After addition of ketone 1. ®Yields estimated by GC analysis and based on racemic starting material. ¢ (S)-(+)-2-Undecylcyclo-
pentanone: [a]*p +81.0° (¢ 1.04, ether).}¢ 4(S)-(-)-5-Hexadecanolid: [a]*®, —40.2° (¢ 1.66, THF).!# ¢Enantiomeric excess values deter-

mined by following the method of Saucy et al.*

treatment of the medium were unsuccessful.

Therefore, in an attempt to prevent lactone hydrolysis,
we performed experiments in the presence of possible
hydrolase inhibitors, i.e., phenylmethanesulfonyl fluoride
(PMSF),!8 p-tosyl-L-phenylalanine chloromethyl ketone
(TPCK), benzamidine, a-lipoic acid,? isatoic anhydride,
EDTA, p-(chloromercurio)benzoate (PCMB),% and tet-
raethyl pyrophosphate (TEPP).%22 These experiments,
conducted by using 8-valerolactone and crude cell extracts,
showed that PMSF, isatoic anhydride, and TEPP are all
efficient inhibitors of the lactone hydrolase. However,
when these inhibitors were added to the whole-cell culture
before addition of 1, only TEPP allowed accumulation of
the desired lactone 2. Thus, when the:incubation was
conducted in the presence of 0.8 mM TEPP, the yield of
lactone reached a maximum of 40% after about 5 h. In-
terestingly, this yield appears to be relatively independent
of the initial inhibitor concentration, although at high
concentration of TEPP the yield dropped to 15% after 24
h (Figure 1).

The yields and optical purities of the lactone and re-
covered ketone are shown in Table I. Thus lactone 2 of
the 28 configuration is produced with an optical purity
of 74% and is isolated in 25% yield. The recovered ketone
of the 2R configuration can also be obtained, with a 95%
optical purity (30% yield), thus allowing direct access to
the (R)-(+)-5-hexadecanolide by a chemical Baeyer-Villiger
reaction, which has been shown recently to be the sole
bioactive enantiomer.%

Another way to avoid lactone degradation would be to
use a strain lacking the hydrolase activity. An Acineto-
bacter species (Acinetobacter TD 63), unable to grow on
cyclohexanol but able to metabolize 1,2-cyclohexanediol,
has been isolated by Trudgill et al.® Since these authors
have postulated that this strain was devoid of lactone
hydrolase, we decided to use this microorganism. The
results (Table IT) show that lactone 2 was formed rapidly
from 1, but that the optical purity obtained was at best
46%. However, the recovered ketone 1 was obtained with
92% optical purity.

Examination of our various results also indicates that,
whereas the overall yield of products obtained by using A.
calcoaceticus decreases over time (some substrate and/or
product is metabolized further), this is not the case with
Acinetobacter TD 63. With the two Acinetobacter strains,

(18) (a) Fahrney, D. E.; Grold, A. M. J. Am. Chem. Soc. 1963, 85, 997.
(b) Sekar, V.; Hageman, J. H. Biochem. Biophys. Res. Commun. 1979,
89, 474.

(19) Shoellmann, G.; Shaw, E. Biochemistry 1963, 2, 253.

(20) Robinson, J. B., Jr.; Mahan, E. E.; Koeppe, R. E. Biochem. Bio-
phys. Res. Commun. 1976, 71, 959.

(21) Coppola, G. M. Synthesis 1980, 505.

(22) Boyer, P. D. J. Am. Chem. Soc. 1954, 76, 4331.

(23) Toy, A. D. F. J. Am. Chem. Soc. 1948, 70, 3882,

(24) Saucy, G.; Borer, R.; Trullinger, D. P.; Jones, J. B.; Lok, K. P. J.
Org. Chem. 1977, 42, 3206.

(25) See: Mori, K. Tetrahedron 1989, 45, 3233.

(26) Davey, J. F.; Trudgill, P. W. Eur. J. Biochem. 1977, 74, 115.

a second metabolite is formed (about 10% yield) if the
incubation is carried out for more than 24 h (Scheme I).
Its structure is tentatively assigned as 2-undecylvalero-
lactone on the basis of GC/MS analysis. This indicates
that either the reaction is not totally regiospecific or a
second enzymatic system is involved.

In conclusion, this work describes the preparative
asymmetric synthesis of 5-hexadecanolide (2) using a bi-
ological Baeyer—Villiger reaction achieved by two strains
of Acinetobacter. This allows the three-step synthesis of
(S)-(-)-5-hexadecanolide as well as direct access to (R)-
(+)-2-undecylcyclopentanone, a precursor for chemical
synthesis of (R)-(+)-5-hexadecanolide. These products
were obtained with optical purities of 74 and 95%, re-
spectively. We consider the possibility of asymmetric
microbiological Baeyer—Villiger reaction to be very useful
in organic synthesis, since such chiral lactones are valuable
synthons for further transformations to biologically active
natural products.?’” We are currently studying the scope
and limitations of this process.

Experimental Section

General Procedures and Materials., 'H and *C NMR
spectra were recorded (at 80 and 200 MHz) in CDCL;. GC/MS
measurements were performed by using a HP 1 column. FID gas
chromatography analyses were performed by using a capillary
column (OV-1701 25 m).

All chemicals were purchased from Fluka, Prolabo, or Janssen.
Racemic 5-hexadecanolide (2) was prepared by chemical Baey-
er—Villiger transformation of 1 using m-chloroperbenzoic acid
(MCPBA).2 Tetraethyl pyrophosphate was obtained from di-
ethyl phosphorochloridate.??

Bacterial Strains. A. calcoaceticus NCIB 9871 and Acine-
tobacter TD 63 were gifts from Profs. C. T. Walsh and P. W.
Trudgill, respectively. Stock cultures were grown on nutrient agar
at 30 °C, stored at 4 °C, and subcultured at monthly intervals.

Typical Bioconversion of 2-Undecylcyclopentanone (1).
The cultures are achieved by using the medium described by
Walsh et al.® A. calcoaceticus NCIB 9871 grows on cyclohexanol
(1 g/L) and Acinetobacter TD 63 on 1,2-cyclohexanediol (1.5 g/L).
Fifty milliliters of culture medium in a 500-mL Erlenmeyer flask
is inoculated from nutrient agar slope. After 24 h of growth at
30 °C (shaking at 150 rpm), 10-mL portions of this preculture
are used to inoculate 500 mL of medium placed in a 3-L baffled
flask. After 15 h of growth, under the same experimental con-
ditions, 0.5 g of ketone 1 in 2.5 mL of ethanol is added to the
500-mL culture (i.e., 1 g/L) in the case of A. calcoaceticus NCIB
9871, and 0.25 g of ketone 1 (i.e., 0.5 g/L) in the case of Acine-
tobacter TD 63. The reaction is followed by periodic removal
of 1-mL aliquots, which are extracted with 1 mL of ethyl acetate
and analyzed by capillary GC using dibutyl phthalate as an in-
ternal standard. After completion of the reaction, the whole

(27) (a) Mall, R. S.; Pohmakotr, M.; Weidmann, B.; Seebach, D. Lie-
bigs Ann. Chem. 1981, 2272. (b) Ronald, R. C.; Gususiddaiah, S. Tet-
rahedron Lett. 1980, 21, 681. (c) Huneck, S.; Schreiber, K.; Steglich, W.
Tetrahedron 1973, 29, 3687. (d) Nozoe, S.; Himai, K.; Tsuda, K.; Ishi-
bashi, K.; Shirasaka, M.; Grove, J. F. Tetrahedron Lett. 1975, 4675. (e)
Boeckman, R. K.; Fayos, J.; Clardy, J. J. Am. Chem. Soc. 1974, 96, 5955.

(28) Meinwald, J.; Tufariello, J. J.; Hurst, J. J. J. Org. Chem. 1964, 29,
2914,
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culture is extracted similarly by using ethyl acetate or, alterna-
tively, by performing continuous extraction with methylene
chloride for 24 h. The obtained products are purified by flash
chromatography (silica gel, Merck 60H, hexane/ether, 4/3) and
bulb-to-bulb distillation. When used, the inhibitors are added
to the culture 45 min before substrate 1 addition. The concen-
tration of TEPP for preparative-scale experiments is 0.8 mM (200
uL/L of culture).

6-Undecyltetrahydro-2H-pyran-2-one (5-hexadecanolide)
(2) was identified by IR, 'H NMR, and *C NMR spectroscopy
and by comparison with an authentic sample. Mass spectrometry:
[M*] 254; m/z 99 (100), 114 (186).

3-Undecyltetrahydro-2 H-pyran-2-one was characterized by
GC/MS of a mixture consisting of 95% of this compound and
5% 2. Retention times: 3, 4.4 min; 2, 4.5 min (OV-1701 column,
230 °C, He flow, 1 bar). GC/MS: [M*] 254; m/z 113 (60), 100
(100), 95 (7), 55 (15), 43 (9), 41 (15).

Selection of Lactone Hydrolase Inhibitors. A. calcoaceticus
cells were grown, harvested by centrifugation, and disrupted as
previously described.® A 200-uL (6 mg of P) aliquot was added
in 1 mL of phosphate buffer (pH 7.1) at 30 °C containing 1 or
5 mM of the selected potential inhibitor. After 10 min of stirring,
10 uL. (11 mg) of s-valerolactone was added. The medium was
extracted 1 h later with 3-mL of ethyl acetate, and the remaining
lactone amount was checked by GC analysis using dodecane as
internal standard.
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Introduction

Deoxygenation of phenols appears to be an important
tool in the field of organic synthesis;! palladium-catalyzed
reduction of perfluoroalkane sulfonates has arisen in the
last few years as an important method with mild reaction
conditions and concomitant high chemoselectivity.?
However, the synthesis of perfluoroalkane suifonates from
the corresponding phenols can sometimes be a major
problem? in terms of selectivity, stability, and cost. In spite
of these drawbacks, to the best of our knowledge, no effort
has been carried out to extend the scope of this and related
reactions to the more accessible and stable mesylates, to-

(1) For other methods of deoxygenation of phenols, see: Hussey, B.
J.; Johnstone, R. A. W.; Entwistle, I. D. Tetrahedron 1982, 38, 3775.

(2) (a) Cacchi, S.; Ciattini, P. G.; Morera, E.; Ortar, G. Tetrahedron
Lett. 1986, 27, 5541, (b) Chen, Q. Y.; He, Y. B,; Yang, Z. Y. J. Chem. Soc.,
Chem. Commun. 1986, 1452. (c) Peterson, G. A.; Kunng, F. A.; McCal-
lum, J. S.; Wulff, W, D. Tetrahedron Lett. 1987, 28, 1381. (d) Chen, Q.
Y.; He, Y. B. Synthesis 1988, 896.

(3) Subramanian, L. R.; Bentz, H.; Hanack, M. Synthesis 1973, 293.
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Scheme I
ArOSOzR —_— ArH
1a-f, 2b, 3b, 4a-f 58
Ar
1,6 1-Np
2,6 4-CNPh
3,7 4-AcPh
4,8 1-(9,10-anthraquinoyl)
R=a,CF3 b,p-F-Ph; ¢, Ph; d, p-tolyl; e, p-MeO-Ph; {, Me

sylates, etc.* In this paper we report our results on the
palladium-catalyzed reduction of sulfonates 1a—f, 2b, 3b,
and 4a—f to the corresponding arenes 5-8 (Scheme I).5 We
have focused our attention on the study of effects of sol-
vent, reaction conditions, and, mostly, the nature of pal-
ladium ligands on the course of reaction.

Results and Discussion

Palladium-catalyzed reductions were performed with a
catalyst, generated “in situ”, from Pd(AcO), and the ap-
propriate ligand. Among the several hydride sources re-
ported in the literature,® triethylammonium formate was
chosen because of its compatibility with all of our sub-
strates.

Reduction of 1-naphthyl triflate la was reported by
Wulff and co-workers to proceed in high yield at 60 °C by
using Pd(PPhy), (2 mol %) as catalyst and DMF as sol-
vent. Under the same experimental conditions, we found
that 1-naphthyl sulfonates 1b—f failed to react; even at 90
°C only a very small amount of naphthalene 5 was formed
after 48 h. Concomitant decomposition of the catalyst was
observed, suggesting that oxidative addition was too slow.
The substitution of PPhg, with the more electron donating
PCH,Ph, and P(CH,),Ph ligands,” which in principle
should give rise to faster oxidative addition, led only to
trace amounts of naphthaiene due to complete decompo-
sition of formate.2 In searching for a more efficient sys-
tem, we used a 1,3-bis(diphenylphosphino)propane (DP-
PP) containing catalyst that is very active in alkoxy-
carbonylation reactions.? This complex proved to be a
better catalyst for triflate reduction than the one based
on PPh, (Table I, entries 1-3); its use actually allowed us
to carry out reduction of sulfonates 1b—f in high yields
provided that the temperature was 90 °C (entries 4-8).
The nature of substituents on the aryl sulfonate moiety
affects the reduction, the order of reactivity being p-F >
H >» p-Me > p-OMe; mesylate 1f turned out to be as
reactive as p-methoxybenzenesulfonate le. Substrates 2b
and 3b, bearing potentially reducible groups such as nitrile
and acetyl on the phenyl ring, were completely converted
to benzonitrile 6 and acetophenone 7, respectively (entries

(4) For attempts to hydrogenate aryl tosylates and mesylates, see:
Subramanian, L. R.; Martinez, A. G.; Fernandez, A. M.; Alvarez Synthesis
1984, 481 and references therein.

(5) Sulfonate derivatives 4a—f of 1-hydroxy-9,10-anthraquinone (9) are
useful models for determining potential applications of palladium cata-
lysis in the field of anthracyclines, an important class of drugs in anti-
cancer therapy. Arcamone, F. Doxorubicin Anticancer Antibiotics; Ac-
ademic Press: New York, 1981. Arcamone, F. In Topics in Antibiotic
Chemistry; Sammes, P. G., Ed.; Wiley: New York, 1978; Vol. 2, pp
89-229. Remers, W. A. The Chemistry of Antitumor Antibiotics; Wiley
Interscience: New York, 1979; Vol. 2, pp 89-229.

(6) (a) Citron, J. D.; Lyons, J. E.; Sommer, L. H. J. Org. Chem. 1969,
34, 638. (b) Imai, H.; Nishiguchi, T.; Tanaka, M.; Fukuzumi, K. J. Org.
Chem. 1977, 42, 2309. (c) Cortese, N. A.; Heck, R. F. J. Org. Chem. 1977,
42, 3491. (d) Cacchi, S.; Morera, E.; Ortar, G. Tetrahedron Lett. 1984,
25, 4821. (e) Scott, W. J.; Stille, J. K. J. Am. Chem. Soc. 1986, 108, 3033
and references therein.

(7) Tolman, C. A. Chem. Rev. 1977, 77, 313.

(8) (a) Bieg, T.; Szeja, W. Synthesis 1985, 76. (b) Elamin, B.; Park,
J. W.; Means, G. E. Tetrahedron Lett. 1988, 29, 5599.

(9) Dolle, R. E.; Schmidt, S. J.; Kruse, L. I. J. Chem. Soc., Chem.
Commun, 1987, 904.
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