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Summary: The olefination of an enzymatically derived
y-peroxy-a,S-unsaturated aldehyde (1) allows the synthesis
of optically active diene hydroperoxides in high enan-
tiomeric excess. The application of this method to the
synthesis of 13(S)-hydroperoxy-9(Z),11(E)-octadecadienoic
acid methyl ester is presented.

Diene hydroperoxides resulting from the peroxidation
of polyunsaturated fatty acids are an important class of
biomolecules. For example, the enzymatic peroxidation
of arachidonic acid to hydroperoxyeicosatetraenoic acids
(HPETES) is an integral step in the biosynthesis of leu-
kotrienes and lipoxins, known mediators of anaphalyxis
and inflammation.'3 However, in spite of the biomedical
importance of diene hydroperoxides, only a limited number
of methods are available for their racemic synthesis and
few general methods exist for the synthesis of single en-
antiomers. Consequently, few diene hydroperoxides are
available in optically active form.

Synthetic approaches to optically active diene hydro-
peroxides have been hampered by the perceived require-
ment for penultimate introduction of the labile hydro-
peroxide group. For example, common preparative
methods for final-step dioxygenation, such as autoxidation
or singlet oxygenation of 1,4-dienes, produce a racemic
mixture of hydroperoxide regicisomers.* Lipoxygenase
enzymes catalyze the aerobic oxidation of (Z,Z)-1,4-dienes
to (S)-hydroperoxy (E,Z)-2,4-dienes in high enantiomeric
excess but are restricted to a limited class of substrate.’
The displacement of optically active sulfonates or phos-
phates with hydroperoxide nucleophiles proceeds with poor
stereospecificity.” Although the resolution of racemic
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diene hydroperoxides has recently been reported, synthetic
approaches to the racemates themselves are often arduous.®

(56) Nagata, R.; Kawakami, M.; Matsuura, T.; Saito, I. Tetrahedron
Lett. 1989, 30, 2817-20 and references within.
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Scheme III. Olefination of Aldehyde 1!

REAGENT 1 PERKETAL R =C(Me);OMe _HOACHO _ LvDROPERGXIDE PheP . ALCOHOL
(o]
P E NANAN NN
E10,C_POEY), B%,. EOL A A AN  B% 0L A7 - — 2123
\N(a 2a OOR 2b OOH [olp=-52 D=
>95% e.e.
[alo=-57
81% 3¢
E10,C. PPy BLATLAN EDzoM/W 9%, Etozc\/\/\:/\/\/ —  |o]p=+23
3a OOR b OoH lop=-52
[‘1]0 = 55 >95°/o e.e.
95% dc
EtO,C.__PPh; — = EDzCW/ =3 EDZCW —  [(o]p=+49
\r 4a OOR ab OOH [“12='2-7
ol = 63 >95% e.e.
PhyP=CH, or  _11% oo 91% sc
vl H,CP NN NN - HLCPNE N NN —  [op=+8
PhaP=CHLi 2 5a 5OR sb OOH >95%e.e.
OH [oJp=-33
. 49% 66% 6c
TMSCH,Li — H —— NN NN — -
CeCly 2 Me,Si AN (HF) ch/ —d Y [a]p=+7
6a OOR 6b OOH »>95%ee.
(CH,)COMe COOMe COOMe
[ 55% 75%
\PPha NN . (CH2)4CH3 NN ) (CH2)4CH3

H 78 S0R 6ZE=8515

We recently reported a new strategy for the stereoselective
synthesis of unsaturated hydroperoxides based upon ole-
fination of aldehydes containing a ketalized hydroper-
oxide.” We reasoned that application of this methodology
to an optically active y-peroxy-a,8-unsaturated aldehyde
would provide an attractive route to a variety of optically
active diene hydroperoxides (Scheme I). We report herein
the stereospecific synthesis of optically active diene hy-
droperoxides via Wittig, Horner-Emmons, or Peterson
olefination of aldehyde 1.

Lipoxygenase-catalyzed dioxygenation of commerically
available linoleic acid (soybean lipoxygenase, pH 9 buffer,
0,) provides, after treatment with diazomethane, a 65%
isolated yield of methyl 13(S)-hydroperoxy-9(Z),11(E)-
octadecadienoate.® Acid-catalyzed ketalization with 2-
methoxypropene affords a nearly quantitative yield of the
diene perketal as a refrigerator-stable compound.” Se-
lective ozonolysis of this diene to the Sudan III endpoint
results in a 50-60% yield of 1 after chromatography®1°
(Scheme II). The corresponding saturated peroxy-
aldehyde is available through prolonged ozonolysis, but all
work described herein concerns use of the unsaturated
aldehyde.

Olefination of peroxyaldehyde 1 with various nucleo-
philic reagents is shown in Scheme III.}! Reaction with
stabilized Wittig ylides such as (carbethoxymethylene)-
triphenylphosphorane or (carbethoxyethylidene)tri-

(6) Dussault, P. H,; Porter, N. A, J. Am. Chem. Soc. 1988, 110,
6276~77. The diastereomeric perketals were quantified either by inte-
gration of the methyl singlets in the tH NMR lgoctmm or more accu-
rately by RP-HPLC (C-18, 4.6 X 250 mm, CH,CN).

(7) Dussault, P. H.; Sahli, A. S. Tetrahedron Lett. 1990, 33, 5117-20.

(8) (a) Hamberg, M. Anal. Biochem. 1971, 43, 515-26, Table 1-A. (b)
Iacazio, G.; Langrand, G.; Baratti, J.; Buono, G.; Triantaphylides, C. J.
Org. Chem. 1990, 55, 1690-1.

(9) Veysoglu, T.; Mitscher, L. A.; Swayze, J. K. Synthesis 1980, 807-10.

(10) Ozonolyses were conducted as reported in ref 7. The crude peroxy
aldehyde was iurified by column chromatography or HPLC.

(11) All perketals and hydroperoxides have been characterized by *H,
13C, and IR. Peroxides 2a, 2b, 3a, 8b, 4b, and 7b have been characterized
by HRMS, as have the corresponding alcohols 2¢, 3¢, 4¢, S¢, and 6¢. Full
experimental details are J»reaented in supplementary material. Hydro-

roxides are isolated and stored in the presence of approximately 0.1%
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phenylphosphorane proceeds in high yield to provide the
dienoate perketals 3a and 4a.!12 Reaction with the so-
dium salt of triethyl phosphonoacetate also proceeds, de-
spite the increased basicity of the reagent, to furnish
dienoate perketal 3a in high yield.

Reaction of the perketal aldehyde with either methy-
lenetriphenylphosphorane, the corresponding ylide anion,
or the Peterson reagent (Me;SiCH,Li) furnishes simple
diene 5a in low yield.!¥* Fortunately, Johnson’s variant
of the Peterson olefination (Me;SiCH,Li/CeCly) furnishes
the desired B-hydroxy silane 6a in 49% yield.1* Attempted
elimination of Me;SiOH under basic conditions results only
in decomposition, but treatment with HF/CHZCN induces
simultaneous elimination and perketal deprotection to
produce the desired diene hydroperoxide (6b) in >30%
overall yield for the two-step transformation. The last
entry in Scheme III illustrates the potential of this
methodology toward natural product synthesis. Reaction
of aldehyde 1 with the ylide derived from methyl 9-
bromononanoate furnishes a 55% yield of perketal 7a as
an 85:15 9Z:9E mixture. Perketal removal and HPLC
purification afforded 13(S)-hydroperoxy-9(Z),11(E)-octa-
decadienoic acid methyl ester (7b), identical in every re-
spect with enzymatically derived material 31

(12) Sample Wittig olefination (stabilized ylides): To a solution of 216
mg (1.06 mmol) of perketal aldehyde 1 in toluene was added, over a
15-min period, (carbethoxymethylene)triphenylphosphorane (442 mg,
1.27 mmol). The reaction was stirred overnight, concentrated in vacuo,
and directly subjected to chromatography on silica gel with 20% ethyl
acetate/hexane to afford a 81% yield of the peroxy dienoate. Other
olefinations (nonstabilized ylides, ylide anions, phosphonates): A 0.5 M
solution of the perketal aldehyde in dry toluene was slowly added via
canula to a ~78 °C solution of the ylide, ylide anion, or phosphonate;
isolation and purification were performed as before. The use of a
standard aqueous workup facilitated product recovery during the Hor-
ner-Emmons olefination. The Peterson olefination was conducted as in
ref 14. The ylide derived from methyl 9-bromononancate was formed
with LIN(TMS), in THF at 0 °C and immediately cooled to 78 °C before
addition of the aldehyde.

55 5(_1;!) Corey, E. J.; Kang, J.; Kyler, K. Tetrahedron Lett. 1985, 26,

(14) Johnson, C. R.; Tait, B. D. J. Org. Chem. 1987, 52, 281-3,
(15) The 9Z/9E isomers of hydroperoxide 7b were separated by HPLC
(5% ethyl acetate/hexane).
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Perketals 2a, 3a, 4a, 5a, and 7a are deprotected to the
corresponding hydroperoxides (2b~7b) in high yield upon
acidic solvolysis.” Enantiomeric excesses were determined
after quantitative ketalization of the hydroperoxides with
the 2-propenyl ether of (-)-trans-2-phenyleyclohexanol.é
The ratio of diastereomeric perketals is easily quantified
by 'H NMR or RP-HPLC.? In all cases, the produce hy-
droperoxides are found to be >95% ee.

Our preliminary studies clearly show that the stereose-
lective synthesis of optically active dienyl hydroperoxides
is possible through construction of C==C double bonds in
the presence of a masked peroxide. Investigations into the
application of this new transformation towards the syn-
thesis of HPETE:s and other diene hydroperoxide natural
products are in progress.

Caution. Although we have not encountered any spe-
cific dangers in the course of this work, standard precau-

tions for handling peroxides (avoidance of heat, light, or
metal salts, work behind shields, use of a stablhzer“)
should be followed whenever possible.
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Summary: For the development of receptor molecules that
can recognize sugar molecules, we newly synthesized
2,2 -dimethoxydiphenylmethane-5,5'-diboronic acid (2). It
was shown that in the presence of 2, D-glucose, D-maltose,
D-cellobiose, and D-lactose result in a CD band at 275 nm.
The results indicate that the CD spectroscopic method
using 2 as a receptor molecule serves as a new sensory
system for sugar molecules.

The development of receptor molecules that can pre-
cisely recognize and specifically bind guest molecules has
been the focus of much recent attention.!? In the design
of such artificial receptor molecules, hydrogen-bonding
interactions play a central role.*3 For example, Rebek
et al.? synthesized model receptors that have carboxylate
functions in a molecular cleft. Hamilton et al.* synthesized
macrocyclic receptors that feature a 2,6-diaminopyridine
unit as a recognition site. It was recently demonstrated

(1) Fersht, A. R. Trends Biochem. Sci. 1987, 12, 301.

(2) Turner, D. H.; Sugimoto, N.; Kierzek, R.; Dreiker, S. D. J. Am.
Chem,. Soc. 1987, 109, 3783 and references cited therein.

(3) (a) Rebek, J., Jr.; Marshall, L.; Wolak, R.; Parris, K,; Killoran, M.;
Askew, B.; Nemeth, D.; Islam, N. J. Am, Chem. Soc. 1988, 107, 7476. (b)
Rebek, J., Jr.; Nemeth, D. Ibid. 1986, 108, 5637. (c) Rebek, J., Jr.; Askew,
B.; Killoran, M.; Nemeth, D.; Lin, F.-T. Ibid. 1987, 109, 2426. (d) For a
2r§ce;14t5ducuu' ion, see: Rebek, J., Jr. Angew. Chem., Int. Ed. Engl. 1990,

(4) (a) Hamilton, A. D.; Van Engen, D. J. Am. Chem. Soc. 1987, 109,
5035. (b) Chang, S.-K.; Hamilton, A. D, Ibid. 1988, 110, 1318. (c) Ham-
ilton, A. D.; Pant, N. J. Chem. Soc., Chem. Commun. 1988, 765. (d)
Goswami, S.; Hamilton, A. D. J. Am. Chem. Soc. 1989, 111, 3425.

(6) (a) Kelly, T. R.; Maguire, M. P. J. Am. Chem. Soc. 1987, 109, 6549.
(b) Kelly, T. R.; Zhao, C.; Bridger, G. J. Ibid. 1989, 111, 3744.

(6) (a) Etur,M Cs Panunto,'l‘ W. J. Am. Chem, Soc. 1988, 110, 5896.
(b) Etter, M. C.; Adsmond D. A. J. Chem. Soc., Chem. Commun. 1990,

(7) Hedge, V.; Madhukar, P.; Madura, J. D.; Thummel, R. P. J. Am.
Chem. Soc. 1990 112, 4549,
(8) Bell, T. W.; Llu, J. J. Am. Chem. Soc. 1988, 110, 3673.

that recognition through the hydrogen-bonding interac-
tions is also effective for sugars and cyclodextrins.10
However, more precise molecular recognition may be
achieved through the formation of covalent bonds rather
than through noncovalent interactions. It is known that
boronic acids form cyclic esters with saccharides, partic-
ularly with those including cis-diol groups.!! Wulff et al.1?
demonstrated that certain saccharide molecules are pre-
cisely recognized by two benzeneboronic acids immobilized
in polymer matrices. In this paper, we report the specific
complexation of benzeneboronic acid derivatives 1 and 2
with mono- and disaccharides. One can expect that these
compounds will become CD (circular dichroism) active only
when they form “specific” complexes with saccharide
molecules.

OCH OCH, OCH,
B8 B B

Ho” “OH HO” “OH HO” “OH
1 2

Compounds 1 and 2 were synthesized by the treatment
of p-bromoanisole and bis(2-methoxy-5-bromophenyl)-

(9) (a) Aoyama, Y.; Tanaka, Y.; Toi, H.; Ogoahi, H. J. Am. Chem. Soc.
1988, 110, 634. (b) Aoyama, Y.; Tanaka, Y.; Sugahars, S. Ibid. 1989, 111,
5397. (c¢) Tanaka, Y.; Ubukata, Y.; Aoyama, Y. Chem. Lett. 1989, 1905,

(10) Kano, K.; Yoshiyasu, K.; Hashimoto, S. J. Chem. Soc., Chem.
Commun. 1988, 801.

(11) Fieser, L F.; Fieser, M. In Reagents for Organic Synthesis; John
Wiley & Sons: New York, 1967; p 833.

(12) (a) Wulff, G.; Snrhan. A.; Zabrocki, K. Tetrahedron Lett. 1978,
4329. (b) Wulff, G.; Hende, B; Helfmeler, G. J. Am. Chem. Soc. 1988,
108, 1089. (c) Wulff, G.; Poll, H.-G. Makromol, Chem. 1987, 188, 741. (d)
For comprehensive reviews, see: Wulff, G. Pure Appl. Chem. 1982, 54,
2098; in Polymeric Reagents and Catalysts; American Chemical Society:
Washington, DC, 1986; p 186.
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