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Summary The presence of a choral auxzlrary zs shown to mduce htghly stereoselectlve peromdatlon of a 

tethered 1,4-drene 

The dloxygenatlon of 1,4-dlenes to conlugdted dlene hydroperoxldes IS an important blologlcal process 
For example, cyclooxygenase-catalyzed dloxygenatlon of arachldomc dcld IS responsible for the synthesis of 

prostaglandms while hpoxygenase-catalyzed dloxygenatlons produce a vatlety of hydroperoxyelcosatetolc 
acids (HPETEs), precursors of the mflammatory leukotrlenes and hpoxms *,2A4 Our mterests were aroused 

by the contrast between the high enantioselectlvity assoudted alth enzymatic peroxldatlons of fatty acid &enes 

and the complete lack of stereoselectlvlty observed m correspondmg chemical peroxldatlons with singlet or 

tnplet oxygen 1,2 Despite the Importance of HPETEs and other dlene hydroperoxldes, there have been very 
few studies of stereoselectlve chemical peroxidation and only one study mvolvmg oxygenahon of 1,4- 

dlenes 5.6 In this mdnuscnpt, we descnbe the ure of a choral auxlhary to direct the stereoselectlve chexmcal 

peroxidation of a 1,4-diene 

In order to perform stereoselectlve dlene peroxldatlon under vreverslble condltlons, the auxlllary must 

control both the conformation of the diene and the approach of molecular oxygen to the dlene For these 

reasons, we selected the phenylcyclohexyl auxiliary (1) shown m Scheme 1 Prelnmnary molecular modellmg 

studies identified two low-energy conforrnatlons of the dlsubstltuted olefin sldecham, “cham-extended” or 

“Lham-folded”, the extended Lonformer was favored by 1 5 kcal/mole 7 Previous workers have demonstrated 

the ablhty of the equatonal aromatlc In 2-phenylLyclohexy1 systems to effectively block the “back” face of a 
nelghbormg tngonal center 8 Together, these observations implied that oxygenanon of the msubstltuted olefin 

should proceed with high selectlvlty towards hydroperoxlde mtroductlon on the nonshlelded face of the “chdm- 

extended” conformer 

H l-Extended H l-folded 
H 

Scheme1 

The synthesis of dlene 11s presented in Scheme 2 Cyclohexenecarboxyaldehyde was obtamed through 

ozonolysls of cycloheptene followed by dehydranve dldol cychzatlon Conjugate addition of phenylmagneslum 
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brormde afforded 2~phenyicyclohexanecarboxaldehyde as a cls/trdns mixture, base-catalyzed eplmenzatlon 
furnished the desued bans lromer Wlttig olefinatlon then dccomphshed formation of the desired 1,6dlene 1 

0 a, b 

I- 

a 0s then Me&i b c PhMgBr, cat CuBr, TMSCI THF/HMPA 

d KOtBu/THF e Ph3P+CH2CH2CH=CH2 LIN(TMS)~, THF/HMPA 

Scheme 2 

as an Inseparable 98 2 Z/E mixture 9 Ihe substantldl NOE. (5%) between HI and HJ m thlr confonnatlonally 

mobile system provides strong evidence for the presence of the “chain-extended” conformer whtle the strength 
and selecnvlty of the aromatlc shleldmg can he seen m the resonance of H3 at 5 1 ppm and the observanon of the 
blsallyhc methylene hydrogens as mdlvidudl ABX systems at 2 5 and 2 65 ppm m the IH NMR spectrum 

Chemical peroxldatlons were mltlslt~ performed through photosenbltlzed oxygenanon l@ (Scheme 3) 

Although the reaction between 1 and I02 could In theory delver several reglotsomers, oxygenation actually 

proceeded to afford, at 10.20% conversion, predominantly the eplmers 2A and 2B m an 92 8 ratio 
Products were quantified by HPLC of the Lorrespondmg alcohols 3A and 3B after reduction with Ph3P 11 

Comparison of the products obtamed 1~ CC14 (tetraphenylporphynn sensmzer) and in CH$N (Rose Bengal 
sensitizer) mdlcated only d rmnunal conttlbutlon from solvent polanty In contrast to the high stereoselectlvity 
observed m the oxygenation of Z-1 oxidation of a 46 54 Z/E mixture of diene 1, obtained through the 

Schlosser modlficatlon of the Wlthg reactloT:, dfforded 3A and 3B m d 76 24 rano Although the dlsubstltuted 
olefin of both the E and 2 isomers 1s effectively shlelded by the nelghbonng aromatic, the reduced preference 

OXYGENATION CONDITIONS 3A 38 
98 2 Z/E (CCl4) * 2 

98 2 Z/E (CH3CN) -I- ____________~_____~__~~~~___~____~~~~ go,0 

4654UE (0.214~ __I___~__I _________-______-___._______* 76 24 

3A 38 

Scheme 3 

iew compounds were characterized by lH, 'C and IR Accurate analyses 

ere obtalned for dlene 1 and alcohol 3A 
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of E-l for the “extended” conformer over the ’ folded” conformer (0 5 k~al, bdsed upon modelhng) reduces 

the stereoselectivity of dloxygendtlon 7 GC dnalysls of recovered 1,4-dlene mdlcated that there was no 
slgnflcant difference m the consumption of the E and 2 isomers over the course of the reactlon Our 
stereochemical assignments were substantiated by reduction of ketone 4, ohtamed upon oxldatlon of etther 3A 

or 3B, to d 9 91 mixture of the alcohols 34 and 38 Hydride dellvery would be expected to occur opposite 
the shleldmg dromatlc nng to predommantly afford the minor oxygenation product and m fact, the major 
reduction product coelutes with the mmor oxygenation product (3B) 

Recent studies have mmcated that hpoxygenase-medlated peroxldanon of 1,4-&enes occurs via a highly 

constramed pentadenyl radical and we were also Interested m usmg 1 to probe stereoselecnve oxygen attack on 
the delocalized pentadlenyl radical I2 Direct radical autoxldatlon of 1,4-dlenes 1s thought to mvolve abstracnon 
of a blsallyhL hydrogen to furnish an mtermedlate pentadlenyl ra&cal 1 However, direct autoxldatlon of &ene 1 
to the correspondmg pentachenyl radical proved to be extremely sluggish even m the presence of radical 

mmatlors Fortunately, dlene hydroperoxldes are known to undergo radical equlhbratlon via an mtermdate 

pentadenyl radical 13 (Scheme 4) We have found m prehmmary studies that treatment of either the major (ZA) 
or mmor (ZB) dlene hydroperoxldes with 0 2 equlv of phenylazotnphenylmethane under R atmosphere at 
60°C for 2 h provides a mixture ennched m 2A I4 We are currently lnvestlgatmg the ongm of thlr 
thermcdynannc stereochemlcal control 

k 10 1 2Ai2B 3 1 2AJ2B 
_ PAT, C& 1 

6O”C, 2h 
Scheme 4 

60°C 2h 

In summary, we have shown that a choral auxlhary IS able to induce dlastereoselectlve peroxldatlon of a 

nonconjugated chene m a predictable manner based upon control of chene conformatlon and oxidant dpproach 

Expenments probmg the nature of the phenyl/dlenyl mteractlon and the use of choral auxlhanes for practical 

synthesis of optlcally active hydroperoxldec are m progress 
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9 Drene 1 To d O “C sotutton of (3-butenyl)trrphenylphosphonmm bromtde (2 6673 g, 6 7 mmol) and HMPA (2 4 ml, 13 8 mmot) 

m dry THF (9 mL) was added dropwe LtN(TMS)2 (7 5 ml, 1 OM solution m THF) 
mm and cooled to -78 OC whereupon a wlunon of aldehjde (0 8546 g 

The resultmg red solution was stu-red for 30 
4 5 mmol) dnd HMPA (1 5 ml , 8 5 mnol) In rlry n[F (4 5 

mL) was added dropwrse The sotutmn was stured for 10 mm dt -78°C -20°C for 20 mmutea, and then quenched wtth H2C 

Extractton (40% ethyl acemte/hexdne) dnd drymg over Na2SO4 was followed by flash Lhromdtography (1% ethyl acewte/‘hexanc) to 
afford 0 6270 g (61%) of a colorless 011, I-(trans.2-phenylcyclohexyl)-lZ,4-pentadlcnc (L), as a 98 2 mixture of IZ JF t~omcra (CC 

analysrs) Aldehyde (0 1350 g, 15%) w&j also reLovercd Rf=O 72 m 10% ethyl acetat&exane, 1~ NMR (5~ MH~, C~c13) ,s 7 24_ 

7 11 (m, SH, phenyl), S 51 (m, lH, CH=CNZ, collapses to dd, J=17 7, 9 2 HI when 6 2 55 u-radrated), 5 08 (m, 2H, CH.CH[=CH_ 
CXZ, cottapseb Lo 6 S 1 I, d, J=lO 8 Hz and fi 5 O6, J=ll 0 HI when 6 2 55 uradtated) 4 84 (dd 2H, J=13 3, l 6 HZ, CH=CH2), 
2 62 (m. lH, CH-HCH-CH, collapses to ARX J=l5 0,6 5 HL when S 5 OS u-radiated), 2 49 (m, 2H, R2H-CH=CH, and CH_HCH_ 

CH, srmphfies when erther 6 S 05 or 2 65 trrddtatcd), 2 27 (dt, IH, J=ll 2, 3 3 HZ, CH-Ph), 1 94-1 17 (m, 8H) l3C NMR (125 

MHZ, CDCt3) 6 146 25, 137 12, 135 41 128 00, 127 64, 12.5 78, 125 67, 114 49, 50 23 41 74, 14 90, 33 79, 3173, 2664, 
25 96 JR (nedt) 3026, 3023,2925,2X52, 1493, 1446,910,754,737,698 cm-1 UV h max 280 nm (a=9,2OO, hexane) Anal Calcd 
for Cl7H22 C 90 20, H, 980 Found C, 90 17, Ii 9 89 
10 Golhuck K Kuhn, H J m Sm&f Oxygen H Wdsserman and R W Murray, edttors , Acddemtc NCW York l9 19, pp 
287-427 

11 Photrmxygenatton The dtene (51 mg, 0 23 mmol) was dt~aolvcd m CC14 (0 46 mL) contammg 2 S mM TPP ,n a wzater_ 

coOled Pyrex cell Into wbrch oxygen wm bubbled Tbc reactton was photolyred wtth a 150 W tllumrnator (Edmund Screnttfic) at a 
distance of IO cm for 15 mm The sohmon was stab&& wtth d small amount of butylated hydroxytoluene @H-l-) and concentrated 

Flash chromatogrdphy followed by NP-HPLC (510% Ethyl acetatejhexane) allowed separanon of the hydroperoxldes 2.4 and 218 
MAJOR HYDROPEROXIDE (Za) Rf=O 32 tn 10% ethyl acetate/hexme, ]H NMR (300 MHz CDCl3) S 7 56 (5, III, CHl30H). 

7 36-7 18 (m, 5H, phenyl), 6 31 (dt, lH, J=16 8 10 4 Hz, CH-CH=CH2), 6 07 (dd, lH, J=14 5, 10 5 Hz, CH=CH-CH=CH2), S 72 
(dd, lH, J=lS 3, 7 5 HI, CHOOH-CH=CH), 5 17 (d 1H .I=16 9 Hz, CH=CH2), 5 09 (d lH, .I=10 3 H/, CH=CH2), 4 08 (dd, JH, 

J=7 4, 2 1 Hz CHOOH), 2 69 (dt, IH, J= 3 9, 11 5 HI, CH-Phenyl), 1 88-124 (m 9H) 13C NMR (SO MHL, CDC13) 6 145 70, 

136 15, 133 65, 131 68, 128 55, 127 63, 126 23, I1 787 86 16, 47 78, 46 57, 35 68, 26 54, 25 54 
ALCOHOLS Altemattyely, a portron of the photooxygenatton concentrate was dtsiolved m 1 mL of ethyl acetate and 
tnphenylphosphme was ddded (0 1 mL of a 0 IM solutton tn ethyl acetate) The resultmg solution was stu-red until the 

hydroperoxldcs were no longer detectable by TLC tvplcally S mm Followmg removal of Ph3PO by flash chromatography, the ratto 

of alcohols 3A and 3B was determmed by comparison of the peak at 7 1 and 10 3 mm m the NP-HPLC (10% Efiexane, 1 

mL/mm, 4 hmm x 25 cm Ramrn MIcrosorb Turn SI, RI deter-tlon) 
detectton (254 nm) or by lH NMR andlybrs of the crude alcohols 

The ac.curacy of the RI detection method wds confirmed by UV 

3A Rf=O 31 m 10% ethyl acetatc/hcxanr ‘H NMR (500 MHr, CDC13) 6 7 31-7 18 (m, 5H, phenyl) 6 29 (dt, lH, .I=17 0 10 2 
Hz, CA-CH=CH2), 6 07 (dd, IH, J=15 3 10 S H7, CH=CH-CH=CH2), 5 67 (dd, IH, J=lS 3.5 2 HL, CHOH-CH=CH), S 13 td, lH, 

J=16 9 Hz, CH=CH2), 5 02 (d, IH, J=lO 1 HI, CH=CH2), 3 89 (s, lH, CHOH-CH), 2 64 (dt, IH J=l l 6.3 0 H7, CH-Ph), I 87_ 
176 (m. 4H), 166 (m, lH, R2H-CHOH) 1 37-l 21 (m, 5H), 13C NMR (125 MHz, CDC13) 6 145 81, 13647 136 26, 110 17, 

128 56, 127 70, 126 19 116 54 7188.48 39,46 54, 35 71, 26 71, 26 30, 24 89 W (neat) 3417, 2927, 2852, 1448 1088, 1070, 
1005, 901, 756, 700 cm-l* UV h max 228 nm (E=34,000, Hexane), AndI Calcd for C]7H22O C, 84 25, H, 9 IS Found C 
84 12, H 920 

?B Rf=O 25 m 10% ethyl acetate/hcxane, ‘H NMR (360 MHr, CDcl3) 6 7 32-7 16 (m, 5H, phenjl) 6 32 (dt, lH, kl7 0,lO 3 
HL, CFXH=CH2), 5 97 (dd, lH, J=15 4, 10 4 HI, CHOH-CH=CH-CH), 5 h7 (dd, lH, J=l5 4, 7 2 Hr, CHOH-CH=CH), 5 IS (d, 

IH J=l7 0 Hz CH=CH2), 5 07 id, lH, J=lO 1 Hz, CH=CH2), 3 89 (dd, lH, J=7 0, 3 3 Hz, CHOH), 2 24 (dt, lH, J=l 6, I 3 Hz, 
CH-Ph), 2 06-I 11 (m, JOH), J3C NMR (75 MHz CDC13) 6 145 58, 136 43, 132 64, 132 39, 128 54, 127 50, 126 16, I 17 20, 
73 16 48 34 47 21 36 47 26 72, 25 94 25 65 

12 Nelson, M J , Sem, S P , Cowling, R A Rzochem 1990,29 6897-6903 
17 Ghan, H W S , Levett, G , Matthew, J A Chm Phys Llplds 1979 24 245-56 

14 A thvd Isomer, the primary hydroperoxlde anvng from termmal oxygenation of the pentadlenyl I&L.& wa\ prcscnt as ?,O 50% 
of all equlhbrations Eqmhbratlons were quenched by dddmon of d shght excess of tnphcnylphosphlne and were dndlyzed aq the 

correspondmg alcohols as m footnote 11 
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