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Summary: The olefination of an enzymatically derived 
yperoxy-a#-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),11Q-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 infla”ation.l4 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 regioisomers.’ Lipoxygenase 
enzymes catalyze the aerobic oxidation of (2,2)-1,4-dienes 
to (8-hydroperoxy (E,2)-2,4-dienes in high enantiomeric 
excess but are restricted to a limited class of substrate? 
The displacement of optically active sulfonates or phos- 
phatea 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 ardu0us.B 
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Scheme 111. Olefination of Aldehyde 1'' 
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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,P-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),ll(E)- 
octadecadienoate.8 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 I11 endpoint 
results in a 50430% yield of 1 after chromatograph$1° 
(Scheme 11). 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 111." Reaction with 
stabilized Wittig ylides such as (carbethoxymethy1ene)- 
triphenylphosphorane or (carbethoxyethy1idene)tri- 
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phenylphosphorane proceeds in high yield to provide the 
dienoate perketals 3a and 4a.11J2 Reaction with the so- 
dium salt of triethyl phosphonoacetate also proceeds, de- 
spite the increased basicity of the reagent, to furnish 
dienoate perketal3a in high yield. 

Reaction of the perketal aldehyde with either methy- 
lenetriphenylphoephorane, the corresponding ylide anion, 
or the Peterson reagent (Me3SiCH2Li) furnishes simple 
diene 5a in low yield.lqu Fortunately, Johnson's variant 
of the Peterson olefination (Me3SiCHzLi/CeC1J furnishes 
the desired @hydroxy silane 6a in 49% yield." Attempted 
elimination of MQiOH under basic conditions mulb only 
in decomposition, but treatment with HF/CH&N 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 I11 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 8515 929E mixture. Perketal removal and HPLC 
purification afforded 13(s)-hydroperoxy-9(z),ll(E)-&- 
decadienoic acid methyl ester (7b), identical in every re- 
spect with enzymatically derived material.*J6 

(12) Sample Wittig olefination (stab- ylidea): To a eolution of 216 
mg (1.08 mmol) of perketal aldehyde 1 UI toluene wan added, over a 
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with LiN("MQ2 in THF at 0 OC and immediately cooled to -78 OC before 
addition of the aldehyde. 
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Perketals 2a, 3a, 4a, Sa, and 7a are deprotected to the 
corresponding hydroperoxides (2b-7b) in high yield upon 
acidic solvolysis.7 Enantiomeric exceases were determined 
after quantitative ketalization of the hydroperoxides with 
the 2-propenyl ether of (-)-trans-2-phenylcyclohexanol~ 
The ratio of diastereomeric perketals is easily quantified 
by 'H NMR or RP-HPLCa6 In all cases, the produce hy- 
droperoxides are found to be >95% ee. 

Our preliminary studies clearly show that the stereose- 
ledive 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 HPETEs 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 stabilizer") 
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, Dglucose, Dmaltose, 
Dcellobiose, and Dlactose 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 In the design 
of such artificial receptor molecules, hydrogen-bonding 
interactions play a central role.- For example, Rebek 
et al.9 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 
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that recognition through the hydrogen-bonding interac- 
tions is also effective for sugars and cyclodextrins?JO 
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 g r 0 ~ p s . I ~  Wulff et du 
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. $+ 
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Compounds 1 and 2 were synthesized by the treatment 
of p-bromoanisole and bis(2-methoxy-5-bromophenyl)- 
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