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Summary The presence of a chural auxiliary 1s shown to induce highly stereoselective peroxidation of a
tethered 1,4-diene

The dioxygenation of 1.4-cienes to conjugated diene hydroperoxides 1s an important biological process
For example, cyclooxygenase-catalyzed dioxygenation of arachidonic acid 1s responsible for the synthesis of
prostaglandins while lipoxygenase-catalyzed dioxygenations produce a variety of hydroperoxyeicosatetraenoic
acids (HPETEsS), precursors of the inflammatory leukotrienes and lipoxins 1,234 Our interests were aroused
by the contrast between the high enantioselectivity associated with enzymatic peroxidations of fatty acid dienes
and the complete lack of stereoselectivity observed in corresponding chemical peroxidations with singlet or
triplet oxygen 12 Despue the importance of HPETEs and other diene hydroperoxides, there have been very
few studies of stereoselective chemical peroxidation and only one study involving oxygenation of 1,4-
dienes 36 In this manuscnipt, we describe the use of a chiral auxihiary to direct the stereoselective chemical

peroxidation of a 1,4-diene

In order 1o perform stereoselective diene peroxidation under wrreversible conditions, the auxiliary must
control both the conformation of the diene and the approach of molecular oxygen to the diene For these
reasons, we selected the phenylcyclohexy! auxiliary (1) shown 1in Scheme 1 Preliminary molecular modelling
studies 1dentified two iow-energy conformaitons of the disubstituted olefin sidechain, "cham-extended” or
*chain-folded", the extended conformer was favored by 1 5 kcal/mole 7 Previous workers have demonstrated
the ability of the equatorial aromatic 1n 2-phenylcyclohexyl systems to effectively block the "back” face of a
neighboring trigonal center 8 Together, these observauons implied that oxygenation of the disubstituted olefin

should proceed with high selectivity towards hydroperoxide introduction on the nonshielded face of the "chain-

avitand T
extended" conformer
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Scheme 1
The synthesis of diene 1 1s presented 1n Scheme 2 Cyclohexenecarboxyaldehyde was obtained through
ozonolysis of cycloheptene followed by dehydrative aldol cyclization  Conjugate addition of phenylmagnesium
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bromude afforded 2-phenylcyclohexanecarboxaldehyde as a cis/trans mixture, base-catalyzed epimerization
furmshed the desred trans 1somer  Witnig olefination then accomplished formation of the destred 1,4-diene 1
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Scheme 2
as an mseparable 98 2 Z/E mixture ®  The substantial NOE (5%) between Hj and Hj 1n this conformationally
mobile system provides strong evidence for the presence of the "chain-extended” conformer while the strength
and selectivity of the aromatic shielding can be seen 1n the resonance of H3 at 5 1 ppm and the observation of the
bisallylic methylene hydrogens as individual ABX systems at 2 5 and 2 65 ppm 1n the H NMR spectrum

Chemical peroxidations were initially performed through photosensitized oxygenaton 10 (Scheme 3)
Although the reaction between 1 and 1O could 1n theory deliver several regioisomers, oxygenation actually
proceeded to afford, at 10-20% conversion, predominantly the epimers 2A and 2B 1n an 92 8 ratio
Products were quantified by HPLC of the corresponding alcohols 3A and 3B after reduction with PhsP 1)
Comparison of the products obtamed in CCly (tetraphenylporphyrin sensitizer) and in CH3CN (Rose Bengal
sensitizer) indicated only 4 minmmal conttibution from solvent polarity  In contrast to the high stereoselectivity
observed 1n the oxygenation of Z-1 oxidation of a 46 54 Z/E muxture of diene 1, obtained through the
Schlosser modification of the Wittig reaction, afforded 3A and 3B 1n o 76 24 ratto  Although the disubstituted
olefin of both the E and Z 1somers 1s effectively shielded by the neighboning aromanic, the reduced preference
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New compounds were characterized by lH, *C and IR Accurate analyses

were obtained for diene 1 and alcohol 3A
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of £-1 for the "extended" conformer over the 'folded” conformer (0 5 keal, based upon modelling) reduces
the stereoselectivity of dioxygenation 7 GC analysis of recovered 1,4-diene indicated that there was no
signficant difference in the consumption of the E and 7 isomers over the course of the reaction Our
stereochemical assignments were substantiated by reduction of ketone 4, obtained upon oxidation of either 3A
or 3B, to a 9 91 mixture of the alcohols 3A and 3B Hydride delivery would be expected to occur opposite
the shielding aromanc ning to predommantly afford the minor oxygenation product and in fact, the major
reduction product coelutes with the minor oxygenation product (3B)

Recent studies have indicated that hpoxygenase-mediated peroxidation of 1,4-dienes occurs via a mghly
constrained pentadienyl radical and we were also mterested 1n using 1 to probe stereoselective oxygen attack on
the delocalized pentadieny! radical 12 Drrect radical autoxidation of 1,4-dienes 1s thought 1o mvolve abstraction
of a bisallylic hydrogen to furnish an intermediate pentadienyl radical | However, direct autoxidation of diene 1
to the corresponding pentadienyl radical proved to be extremely sluggish even 1n the presence of radical
mtiatiors  Fortunately, diene hydroperoxides are known to undergo radical equilibration via an intermediate
pentadienyl radical 13 (Scheme 4) We have found 1n preliminary studies that treatment of either the major (2A)
or minor (2B) diene hydroperoxides with 0 2 equiv of phenylazotriphenylmethane under Oy atmosphere at
60°C for 2 h provides a muxture enriched 1n 2A 14 We are currently mvestgating the origin of this
thermodynarmc stereochemical control
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In summary, we have shown that a chiral auxihary 1s able to induce dastereoselective peroxidation of a
nonconjugated diene 1n a predictable manner based upon control of diene conformation and oxidant approach
Experiments probing the nature of the phenyl/dienyl interaction and the use of chiral auxiliaries for practcal
synthesis of optically active hydroperoxides are 1n progress
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9 Dienc1 To a0 °C solution of (3-butenyl)triphenylphosphomum bromide (2 6673 g, 6 7 mmol) and HMPA (2 4 ml, 13 8 mmol)
i dry THF (9 mL) was added dropwise LIN(TMS)2 (7 9 mL, 1 OM solution in THF) The resulting red solution was stired tor 30
mm and cooled 1o -78 °C whereupon a solution of aldehyde (O 8546 g 45 mmol) and HMPA (1 S mI, 86 mmol) in dry THF (4 §
mL) was added dropwise The solution was stirred for 10 mun at -78°C -20°C for 20 mnutes, and then quenched with HpO
Extraction (40% cthyl acetate/hexane) and drying over NapS04 was followed by flash chromatography (1% ethy! acetate/hexane) to
afford 0 6270 g (61%) of a colerless o1l, 1-(trans-2-phenylcyclohexyl)-1Z,4-pentadienc (), as 2 98 2 mixtare of 17 1E 1somers (GC
analysis) Aldehyde (0 1350 g, 15%) was also recovered  Ry=0 72 n 10% ethyl acetate/hexane, 1H NMR (500 MHz, CDCl13) § 7 24-
711 (m, 5H, phenyl), 5 51 (m, 1H, CH=CH?, collapses to dd, J=17 3, 9 2 H7 when & 2 55 wradated), 5 08 (m, 2H, CH-CH=CH-
CHgy, collapses 10 8§ 511, d,J=108 Hz and & 506, J=11 0 Hs when & 2 55 wrradiated) 4 84 (dd 2H, J=133, 16 Hz, CH=CHy),
262 (m, 1H, CH-HCH-CH, collapses to ABX I=150, 6 5 Hz when & 5 05 wradiated), 2 49 (m, 2H, RoH-CH=CH, and CH-HCH-
CH, simphfies when euther 8 5 05 or 2 65 wradiated), 227 (dt, 1H, J=112, 33 Hz, CH-Ph), 1 94-1 17 (m, §H) 13¢ NMR (125
MHz, CDCI3) § 146 25, 137 12, 13541 12800, 127 64, 12578, 12567, 11449, 5023 41 74, 34 90, 33 79, 3173, 26 64,
2596 IR (neat) 3026, 3023, 2925, 2852, 1493, 1446, 910, 754, 737, 698 cm™! UV Amax 280 nm (e=9,200, hexane) Anal Caled
for Cy7H22 C 9020, H, 980 Found C,9017,1{ 989

10 Gollmck, K Kehn, HI n Singlet Oxygen H Wasserman and R W Murray, editors , Academic  New York 1919, pp
287-427

11 Photooxygenation  The diene (51 mg, 023 mmol) was dissolved in CCl4 (0 46 mL) contaiming 2 5 mM TPP m a water-
cooled Pyrex cell into which oxygen was bubbled The reaction was photolyzed with a 150 W sllummator (Edmund Scientific) at a
distance of 10 cm for 15 min The solution was stabilized with a smatl amount of butylated hydroxytoluene (BHT) and concentrated
Flash chromatography followed by NP-HPLC (5-10% Ethyl acetate/hexane) allowed separation of the hydroperoxides 2A and 2B
MAJOR HYDROPEROXIDE (2a) Ryg=032 m 10% ethyl acetate/hexane, [H NMR (300 MHz CDCl13) & 7 56 (s, 1H, CHOOH),
736-7 18 (m, SH, phenyD), 6 31 (d, 1H, J=16 8 104 Hz, CH-CH=CH3), 6 07 (dd, 1H, J=14 5, 10 5 Hz, CH=CH-CH=CH3), 5 72
(dd, 1K, J=153, 7 5 Hz, CHOOH-CH=CH), 517 (d 1H J=169 Hz, CH=CH?), 5 0% (d 1H, J=10 3 H/, CH=CH>), 4 08 (dd, 1H,
J=74,21Hz CHOOH), 269 (dt, 1H,J=39, 11 5 H,, CH-Phenyl), 1 88-124 (m 9H) 13¢ NMR (50 MH¢, CDCl3) 8 14570,
136 15, 133 65, 131 68, 128 55, 127 63, 126 23, 117 87 86 16, 47 78, 46 57, 35 68, 26 54, 25 54

ALCOHOLS Alternanvely, a portion of the photooxygenation concentrate was dissolved in 1 mL of ethyl acetate and
tniphenylphosphine was added (01 mL of a 0 1M solution 1n ethyl acetate) The resulting solution was stirred until the
hydroperoxides were no longer detectable by TLC typically S min  Following removal of Ph3PO by flash chromatography, the ratio
of alcohols 3A and 3B was determuned by companson of the peaks at 7 1 and 10 3 min 1n the NP-HPLC (10% EA/hexane, 1
mL/mun, 4 6mm x 25 cm Rammn Microsorb Sum 81, RI detection)  The accuracy of the RT detection method was confirmed by UV
detection (254 nm) or by 1H NMR analysis of the crude alcohols

3A  Re=031m 10% cthyl acctatc/bexane 1 NMR (500 MHe, CDCI3) 8 731-7 18 (m, S5H, phenyl) 629 (dt, 1H, J=170102
Hz, CH-CH=CH3), 6 07 (dd, 1H, J=153 10 5 Hz, CH=CH-CH=CHp), 5 67 (dd, 1H, J=15 3, 52 Hz, CHOH-CH=CH), 5 13 1d, 1H,
J=16 9 Hz, CH=CH3), 502 (4, 1H, J=10 1 Hs, CH=CHp}, 3 89 (s, 1H, CHOH-CH), 2 64 (dt, 1H J=116, 30 Hz, CH-Ph), 1 87-
176 (m, 4H), 1 66 (m, 1H, RoH-CHOH) 137-121 (m, 5H), 13C NMR (125 MHz, CDCl13) § 14581, 13647 13626, 13017,
128 56, 12770, 126 19 11654 7188, 4839, 46 54, 3571, 26 71, 26 30, 24 89 IR (neat) 3417, 2927, 2852, 1448 1088, 1070,
1005, 901, 756, 700 cm1, UV Amax 228 nm (e=34,000, Hexane), Anal Caled for C17H220 (, 8425 H,915 Found C
8412, H 920

3B Rp=025 1n 10% cthyl acetare/hexane, 1H NMR (360 MH., CDCI3) 8 7 32-7 16 (m, 5H, phenyl) 632 (dt, 1H, J=170,103
Hz, CH-CH=CH2), 597 (dd, 1H, J=15 4, 104 Hs, CHOH-CH=CH-CH), 5 67 (dd, 1H, J=15 4, 72 Hz, CHOH-CH=CH), 5 15 (d,
1H J=17 0 Hz CH=CH3), 507 \d, 1H, J=10 1 Hz, CH=CH3), 3 89 (dd, 1H, J=70, 3 3 Hz, CHOH), 2 24 (d1, 1H, J=16, } 3 Hz,
CH-Ph), 206-1 11 (m, 10H), 13C NMR (75 MHz CDCI3) & 145 58, 136 43, 132 64, 132 39, 128 54, 127 50, 126 16, 11720,
7316 4834 4721 3647 2672,2594 2565

12 Nelson, M J, Seunz, SP, Cowling, R A Biochem 1990, 29 6897-6903

13 Chan, HW S, Levett, G, Matthew, T A Chem Phys Lipids 1979 24 245-56

14 Athird 1somer, the primary hydroperoxide anising from termmal oxygenation of the pentadienyl radical, was present as 30 50%
of all equilibrattons  Equilibrations were quenched by addition of a shight excess of triphenylphosphine and were analyzed as the
corresponding alcohols as in footnote 11
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