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Abatruct: The use of chlral orgaMslumlnum reagent as a 
catalyst to resolve simple ketoepoxides Is explored. The op- 
tlcally pure ketoepoxide 10 was recovered after 80% 
conversion. The recovered pure epoxlde is a useful chiral 
bulldlng block in the synthesis of chirel terpenes. The 
method applies for the short asymmetric synthesis of the 
juvenile hormone by the synthetic route which depends on 
the palladium~atalyred coupling process. 

The sterol biosynthetic pathway from 2,3-oxidosqualene is truly unique In the number of 

asymmetric center5 It produces In a single operation. It was shown that racemic 2,3_oxidosqualene 

I was converted to lanosterol and the recovered oxidosqualene both in optically pure form when 

treated with the cyclase (eq. I).’ Thls process is an lmpnssive example of a complete kinetic 

resolution. In connection wlth studies on the asymmetric induction in oxrane ring opening,2 we 

have occasion to study the possible approach which models such an enrymatlc traneformation. Thus 

we have been studying a variety of chiral Lewis acids which promote kinetic resolution of epoxides, 

and exploring the synthetic efficiency of such approaches. Here we report the first realization of 

this enterprise. 

Cyciiution of oxidosqualanr by cyciarr 

Tmncfotm~tion of cycfobexeoe oxides 

Initial study was focused on the ring opening of oxiranes into a-chlorohydritu.3 We have ex- 

amined a variety of chiral Lewis acid catalyst, I.e. R*3Al, R*2AlCl, R*BX2, and so on, without any 

significant success. However, we have observed substantial increase of Inductlon of these reaction 

when then catalysts were pretreated with base. For example, the reagent produced by addltlon of 

I-menthoxyalumlnum dichloride 24 and s-butylllrhtum in dichlolwaethane transforms cyclohexene oxide 

3 into chlorohydrfn 4 in 44% yield, and the resulttng chlorohydrin 4 was found to be 34% e.e.5 by 

hplc analysis of Its MTPA ester.6 Some of the nsults are shown below (Table I). 
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Tablr 1. FormaWn ti chlorohydrln 3 by men?hoxyrlumlnum roqanl 
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I-Menthoxyethylsluminum chloride 5, prepared in situ from dlethylrlumlnum chloride and I- 

menthol, was treated flrrt with lithium chloride, and then with epoxlder None of the desired 

chlorohydrin was produced even at room temperature for two days. On the other hand, treatment 

of I-menthoxyalumlnum dichloride 2 wlth l lkylUthIum gave an active reagent for the above trans- 

formatlon (Scheme 2). These experimental evidences clearly showed that the true catalyet should 

be an ‘ate’ complex, rather than trtvalent aluminum re8gent. 
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The chltal lnductlon observed in this reaction using the ‘ate’ complex as the catalyst 

prompted us to explore further modlflcatlon of the reagent, and we turned our attentlon to test 

blnaphthol as a chlral Ilgand. Table 2 summerlred the results. The reagent 6, prepared from (RI- 

blnaphthol, diethylalumlnum chloride, and llthlum butoxlde, was treated wlth the epoxlde 3 at -76’C. 

Tablo 2. Fonnatlon ti chlorohydrfn 3 by aluminum blnaphth8uto 
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gradually warmlng to ambient temperature, the reaction mixture was refluxed for 1.5 days. 

The chlorohydrin 4 was thus obtalned in 40% e.e. 

We employed the same catalyst to the reactlon with racemlc epoxldu. Treatment of i- 

phenylcyclohexene oxide 6 vlth 0.2 equlvalent of the l iumlnum reagent 6 gave the rearranged al- 

dehyde 9. The optical pudty of the recovered epoxide 6 was determined by proton NMR In the 

presence of the chlral shift rta6tnt, which was shown to be 52% e.e. 
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KlnUlc rwolutlon 

Modeiiing of the enrymatlc reactions remains an important contemporary probiem for the 

hlghiy riectlve reactlonr. Undoubtedly polyene cycllxatlon 1s beileved to be one of they goals 

worthy to challenge. Since the existence of x-epoxide lnterectlon is utabllrhed In thls oiefln 

cycllration process,2 we tested the ring opening of epoxide which has an l ppropriatt functlonal 

group at a sultable porltlon. We, thus, elected the ketoepoxide 10 as a ttst substrate. it has the 

carbonyl group at the +-positlon which may play the role of an l pproprlate atIon stablilxer. 

Treatment wlth a variety of chiral Lewis acids led only to give the cycilted acetai II In a 

racemlc form. However. due to the dgniflcant difference In the reactivity of the reagent, the 

mlid ‘ate’ reagent was found to be an Ideal catalyst in the acetal formation and have an ability to 

recognlre the chlrallty of the tpoxide. Addltlon of the menthorysiumlnum reagent I2 to one 

equivalent of ketoepox!de IO proceeded the cycilratlon rather slowly at -2O’C. When the convtr- 

slon was completed In 94%, the recovered ketoepoxlde IO was shown to be 71% e.e. The optical 

purity of the recovered material was determined using the chirai shift reagent I-I-Euihfc13 which 

showed two dlffercnt triplet peaks of oxlrane proton whereas the racemate showed two of equal In- 

tenslty at 65.20 (lot R-isomer) and 4.90 ifor S-Isomer) with 16 mole% of the shift reagent. The 

absolute configuratlon was determlned by the comparison with the authentic product prepared from 

geranyi acetate.7 Having estabilshed the utility of the ‘act’ complex In this kinetic resolution, we 

examined many of the reagent of this type to give higher seitctivlty. 

The ketoepoxlde IO In dichloromethane was treated wrth the l iumlnum reagent 6 at -76OC. 

After rtlrrlng at that temperature for 30 minutes, the resuitlng mixture was allowed to warm 

gradually LO -3OOC to proceed the slow cyclizatlon. On most of the material was consumed judging 

from tic analysis lea. 5 hl, the reaction was stopped by addition of trlethyiamlne. The recovered 

ketoepoxlde IO was perfectly resolved by the proton NMR analysis i*95% e.t.l. Use of thls 6 to 

cycllxe the poiyene termlnai epoxlde I did not proceed smoothly at low temperature, and at the 

higher temperature the effective kinetic resolution could not be achleved.6 Although we failed the 

attempt to realize the real model of cyclase and yet the nature of the reagent might be open un- 
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T&lo 4. Klnallc raaolullon oi Moapoxlda 10 by rlumlnum raa~snt 
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tll now, we believe that we have demonstrated the First successful artlflclal system realized by the 

chlral aluminum reagent. 

Appllcatlon for the juvenile bomtoue aynthealr 

This process Is convenient and amenable to scale-up, and can provide a powerful route to the 

useful bulldlng block of chlral terpenes. The method was now applied on the synthesis of juvenile 

hormone. 

Optlcally active Juvenile hormone 111 lC16-JH) 20 has been synthesized prevlously,g the ap- 

proaches which have been used are, however, of relatively lengthy. 

The starting polnt for the synthetic plan was the observatlon that the vlnyl phosphate or 

vlnyl trlflate 14, which were derived from the ketoepoxlde 10, can undergo smooth coupling wlth 

organometalllc reagents. For example, treatment of epoxyvlnyl phosphate wlth vlnyl Grlgnard reagent 

In the presence of the nickel catalyst gave the coupled dlene smoothly at amblent temperature.” 

Employing the method developed by Stllle, however, the reactlon proceeded under even milder 

condltlons. The coupling of 14 and E-17 proceeded smoothly and the ester group of E-17 was In- 

tact under the coupling condltlon.*1*12 

The synthesls was summerlred In Scheme 2. The optlcally pure ketoepoxlde R-IO was con- 

verted to the enol trlflate 14 wlth the trlfllc lmlde 15 and llthlum dllsopropylamlda In 

tetrahydrofuran and heramethylphosphorlc trlamlde (HMPA) at -780C.13 ten-Butyl 13 was used as 

the trlflatlng reagent due to dlfflcultles In chromatographlc separatlon of the product from amide 

residues of non-substltuted derlvatlves. 

The other component I7 required for the assembly of juvenile hormone was prepared In a 

stralght forward manner. Radical bromlnatlon of methyl 3-methyl-2-butenoate wlth N- 

bromosuccllmlde In carbon’ tetrachlorlde gave the bromoester 16i4. Since lsomerlzatlon of the 

double bond occurred under the coupling condltlons, thls cls-trans mixture of I6 (E/Z = ca. 1:Il was 

used without any further separatlon. Tlnater 17 was produced In 72% yield from dltln 15” and 

the bromoester 16 with palladlum catalyzed coupling.” After careful chromatographlc separation of 

the stereolsomer, the pure E-17 was used for the subsequent coupling reaction. The Juvenile hor- 

mone skeleton was now connected wlth the C8-unlt of the enol trlflate 14 and C7-unit of the 

tlnester E-17 as follows,12 A mixture of tetrakls(trlphenylphosphlne)palladlum (2 mol%), ceslum 
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fiuorldt (3.0 eq~iv.),‘~ 14, and E-17 in dry degured tttrahydrofuran was heated at rsfiux for 5 h, 

after column chtomuogrwy on rlllca gel, to yield the d&red trlene ester 18 In 5gsb. 

Partial and seiectlvt hydrogenation of the resuitlng ester Ig was accompilshed in the presence 

of trlcmbonyiil,2,3,4,4a,6a,-r))napbthalencchromlum catalyst 19 under 80 stm of hydrogen in dry 

tetrahydrofuran at 4S°C for 5 h to afford the Juvenlit hormone 20 In 62% ylieid wlthout contefnlna- 

tlon of any of the cormspoodlng Z-lsomer.17 The above mentloned synthesis of juvenlie hormone 

contains a number of noteworthy method& wblch may be used for the other synthesk. 

Sdwmr 2. lotai synthni8 of juvsoil0 hornInn iii 20 
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Experlneotai satlon 

General: Infrared (IR) spectra were recorded on a Hitachi 260-10 rprrctromttpr. Relative Intensltlt6 
were expressal as I, strong, m, medium; w, weak br. broad signals. H NMR spectra were 
mwrured on l JNM-PMX 60 spectrometer or a GMX-500 spectrometer. The cbemlcrl shiftr rre 
expressed in parts par mllilon downfleld from internal tetrametbyisllene (TW, 6 - 0). Splitttng pat- 
ttrns are indicated as I, rlngitt; d, doublet; t, trlplet; q, quartet; dt, dnubletting triplet; m, 
muitlpiet; br, broad peak. Gas Ilquld-phase chromatographic lgic) anriyses were performed on 
Hitrchl Model 163, 164, or Gasukuro Kogyo Model 370, or Shlmadru GCdA Instruments equipped 
with PEG 25 meter coiumo detected by a flame ionizuion detector, using nltrogar as the crrrltr 

Hlgh performance liquid chromltogrqhy (hplc) analyses wtre made by Shlmadzu LC-6A 
spped with W&o Wakopak (Flnesii) detected by UV detector Shlmodru SPD-GA. All crperlmtnts 
were carried out under Inert atmosphere. For thln layer chromatographlc ttlc) anaiysls .throughout 
this work, Merck precoated tic plates (sliica gel 60 GP2 

8’ 
0.25 mm thIcknessi were used. Eiemen- 

tal analysis wtrt made at the imultute of Applied rganlc Chtmlstry, Faculty of Engineerlng, 
Nagoya University. in experiments requiring dry soivents, ether and tetrahydrofuran ITHFi were dls- 
tliied from sodium-benxophenone ketyl. Dlchioromethane was dirtliied over phosphorous pentoxide 
under ardon. 
Stiileil. 

Chloroform was freshly passed through a column of neutrai alumha described by 
Hexane and benzene were dried over sodium metal. The chemicals other than described 

In the iltermures were purchased nod used as such. For flash column chromatography used was 
slilca gel Merck Kieselgei 60 (Art. 93651. 

(IRS. 2SR)-2-chlorocyc&dKwlo 1: A two-phase mixture of cyciohexene oxide 17.0 mL, 69 mmoii In 
dlchioromethme (60 mL) and cont. hydrochloric acid (co. 12 N, 6 mL, 72 mmol) was stlrred at 
amblent temperature for 20 min. The organic layer was separated, rnd the wtttr layer was ex- 
tracted wlth ether. The combined organic layers were dried over magneslum suifate. Concentra- 
tion in vacua and dlstiiiatlon under reduced pressure afforded a colorless oil (6.34 g, 46 mmol, 
69%): b.p. 3%39’C (6 Torr); tic RI = 0.30 F-ether = 1:I); IR (neat fllm) 3600-3000 br. I, 
3000-2190 6. 1445 s, 1075 s, 960 s, 746 m; 
2.07 lm, 2H), 1.78-1.23 (m, 6Hi 

H NMR fCDCi3i 6 3.75 im, IHI, 2.56 fm, IHi. 2.26- 

This chlorohydrln was exposed to optlcal resolution according the procedure by Zeeien et ais. Its 
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purity was determined by hpic anaiyais of Its MTPA ester’. Two peaks were IdentlFitd; the 
peak (tr - 10.6 min.) was corresponded to its (IS, 2R)-isomer and the latter (tr - 12.3 

min.) to (IR, 2Waomer (eiuant: hexanecther = 30~1 detected by UV absorption (254 nm)). 

optical 
Former 

Reactfon of m 
“f 
choxydumlrum dlchiorfde 2: To a soiutlon of I-menthoxyaiuminum dlchiorlde (202 

mg, 0.60 mmoi) in dichioromethane (4 mL) was introduced cyciohexene oxide 3 (79 mg, 0.60 mmoi) 
in dichioromahane (1.5 mL) dropwise at -78OC. The resulting solution was stlrred at that tempera- 
ture For 90 min., at -4OOC For 2 h, and at -2O’C for 2 h. it was poured into I N hydrochloric 
acid and extracted with ether. The combined ether extracts were washed with brine, and dried 
over sodium sulfate. Concentration In vacua and purification by column chromatography on slilca 
gel (eluant: hexane-ethyi acetate - 6:l) gave a colorless oil 4 (40 mg, 0.30 mmol, 37%). 

Ractlon of 2 treated with butriiithium: To a soiutlon of 2 (380 mn. 1.5 mmoi) In dlchloromethane 
(6 mL) was introduced but~ilithium (1.59 M In hexane, I mL, I.6 ‘mmol) at -78OC. The resulting 
mlxture was stlrred at 0 C For 30 min. After cooling to -76OC, to thls was introduced 
cycichexene oxide 3 (116 mg, 1.2 mmoi) in dichioromethane (1.2 mL) dropwln. The reaction soiu- 
tlon was stirred at that temperature For 50 min., at -4OOC for 90 min., and at O°C for I h. It 
was poured into I N hydrochloric acid and extracted wlth ether. The combined ether extracts 
were washed with brlne, and dried over sodium sulfate. Concentration in vacua and purlflcation by 
column chromatography on silica gel (eiuant: hexane-ethyl acetate = 6:l) gave a colorless 011 4 (74 
mg, 0.55mmoi. 46%). 

Reaction of 2 treated rlth r-butrlllthlum: To a solution of 2 (378 mn. I.1 mmol) In dich- 
ioromethane (5 mL) was Introduced &rtyillthium (I.1 1 M in cyclohexane, L94 mL, 1.2 mmoi) at 
-76OC. The rerultlnp mlxture was stirred at O°C For 40 min. After being chllied to -7g°C, 
cyclohexene oxide 3 @g mg, 1.0 mmoi) in dlchioromethane (1.5 mL) was Introduced dropwlre. The 
reaction soiutlon was stirred at that temperature For 1 h, at -4OOC For 2 h, at -20°C For 2 h, and 
at O°C for I h. it was poured into I N hydrochloric acid and extracted wlth ether. The com- 
bined ether extracts were washed with brine and dried over sodium sulfate. Concentration In vacua 
and puriFlcatlon by column chromatography on silica gel (eiuant: hexane-ethyi acetate = 6:i) gave a 
colorless oil 4 (59 mg, 0.44 mmoi, 44%). 

ReactI of 2 treated wfth UthIunt i-menthoxide: To a solution OF i-menthol (172 mg, I.1 mmoi) in 
hexan (I.3 mL) was added butyilithlum (1.52 M in hexan, 0.72 mL, 1.1 mmol) at O°C. The 
resuitlng gel was cooled to -78’6, and introduced was 2 (278 mg, 1.1 mmoi) in dlchioromethane (3 
mL). The resulting mixture was stirred at O°C for I h. After being cooled to -78OC, cyclohexene 
oxide 3 (98 mg, 1.0 mmoi) In dlchloromethane (1.5 mL) dropwise. Stirring was continued at that 
temperature For 30 min., at -4OOC For 30 mtn., at -20°C For 1 h, and at O°C for 2 h. The 
resuitlng white suspension was poured into I N hydrochiorlc acid and extracted wlth ether. The 
combined ether extracts were washed wlth brine, dried over sodium sulfate. Concentration in vacua 
and purification by column chromatography on siiica ,gei (eluant: hexaneethyi acetate - 6:iI gave a 
colorless oil 4 (79 mg, 0.59 mmoi, 59%). 

ReactIon OF 2 treated with t-butyimagnedum chloride: To a solution of 2 (278 mg, 1.1 mmol) in 
dichloromethane (5 mL) was Introduced t-butyimagneslum chiorlde (TCI reagent, 9.62 M in ether, 
1.46 mL, 1.2 mmol) at -78OC. The mlxure was strlrred at O°C for I h. After being cooled to 
-7d°C, cyclohexene oxide 3 (96 mg, 1.0 mmol) in dichloromethane (I.5 mL) was added dropwise. 
Stirrlng was continued at that temperature for I h, at -40°C For 45 min., at -20°C for 70 min., 
and at O°C for 2 h. The reactlon mlxun was poured into 1 N hydrochloric acid and extracted 
with ether. The combtned ether extracts were washed with brine, and dried over sodium sulfate. 
Concsntratlon In vruo md plrlfkatlon by column chromatogarphy on silica gel gave a colorless 011 
4 (86 mg, 0.63 mmoi, 63%). 

Raction of etbyimenthoxyainmlrrrap cbknide trated with itthium cbiorkkr To a soiutlon OF l- 
menthol (172 mg, I.1 mmol) in dlchioromethane (5 mL) was introduced diethyiaiumlnum chloride (1 
M in hcxane. 1 mL. I.0 mmolb at amblent temoeratun. After 1.5 h. drv lithium chloride was 
added, and -the r&ting susp&don was reflu%&f for 2.5 h. After being cooled to -;fE, 
cyclohexena oxlde 3 (96 mg, 1.0 mmoi) in dichloromethane (1.5 mL) was Introduced dropwlse. - 
ring was continued at that temperature For 20 min., at -4OOC For 70 min., and gradually warmed 
to room temperature. No chiorchydrin, however, was produced after 2 days. 

ReactIon of aIumlnum binaphthate t-ted tith iithiun~ etboxlde: To a soiutlon of (R)-l.i’-bi-2- 
naphthoi (172 mg, 0.80 mmoi) In dlchioromethahe (2 mL.) was introduced diethylalumlnum chiorlde Ii 
M in hexane, 0.80 mL, 0.60 mmol) at -78OC. The resulting white suspension was transferred to 
lithium ethoxide, prepared from ethanol (38 uL, 0.65 mmol) and butylllthium (I.52 M in hexane, 0.43 
mL, 0.65 mmol), in hexane (0.5 mL). After stirring at O°C for 45 min., cyclohexene oxide 3 (39 
mg, 0.40 mmoi) in dichioromethane (1.5 mL) was added. The reactlon solution was refiuxed for I 
day, and poured Into 1 N hydrochloric acid, and extracted with ether. The combined ether extracts 
were washed wlth brine, and drted over sodium sulfate. Concentration in vacua and purification by 
column chromatography on slilca gel (eiuant: hexane-ethyl acetate - 6:l) gave a colorless oil 4 (I2 
mg, 0.089 mmoi, 22%). 

Reactloo of aluminum binapbtiute traced wfth iithlum iaopropoxide: To a soiutlon OF (RI-l,i’-bl-2- 
naphthol (172 mg, 0.60 mmol) In dlchioromethane (5 mL) was Introduced dlethyialuminum chloride (1 
M in hexane, 0.60 mL, 0.66 mmoi) at -78OC. After stirring at O°C For 20 mtn., the resulting 
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hydroxide aod brine. Dryness over magnesium sulfate, concentration in vacua, and purlficatlon by 
column chromatography on slllca gel (eluant: hcxane-ether 
(I1 mg, 

l 25:l) afforded the mcovered epoxide 8 

(benzene); 
A/%) and the rearranged aidehyde (46 rag, 44%): physlcal data of 8: tic Rf = 0.41 

H NMR tCC14): 8 7.836.92 fm, SH), 3.87 (t, J - 2.1 HZ, 1H). 2.34-0.75 tm, OH); Its op 
tical yield was determined by H NMR In the presence of (+I-Eu(hfcJ3 (6 l 5.42 and 4.87) to be. 
36% e.e.; 9: tic Rf - 0.47 (benzene); IR [neat film): 3000-2856 s, 1715 s, 1440 s; ‘H NMR (CCl4): 
6 9.37 (s, lH), 7.26 (br. I, SHJ, 2.75-1.43 (m, 8H). 

Klnatlc raaoUloo of 6 by alumiuum blnaphthate 6. Catalytic system: To a suspension of thus 
prepared 6 in dichloromethane (1.8 mL, 0.12 mmol) was added the spoxide 8 (LO5 mg, 0.60 mmol) 
In dlchloroemethane (4 mLJ at -2OOC. Stirring was continued at that temperature for 2 h, at O°C 
for 20 h. ,and at room temperature for 10 h. 
solution was diluted with ether. 

After additlon of triethylamine (I mL), the resulting 

brine. 
It was washed wlth I N aqueous soiutlon fo sodium hydroxide and 

Dryness over magnesium sulfate, concentration in vacua, 
chromatography on sllca gel (eluant: hexane-ether 

and purlflcatlon by column 

21%) and the aldehyde 9 (53 mg, 50%). 
- 25:l) gave the recovered epoxlde 8 (22 mg. 

The optical purity of recovered 8 was found to be 52% 
e.e. 

Ketoepoxlde 10: To a suspension of the ketone fl8,Q g, I50 mmol) and sodium hydrogencarbonate 
(18.1 g, 220 mmol) In dichloromethane (250 mL) wtut added m*hloroperbenzolc acid (70% assay, 37.1 
g, 150 mmol) at O°C In small portlonc 
for 1 h, and flltrated. 

The resulting suspension was stirred at that temperature 
The filtrate was washed wlth saturated aqueous solution of aodlum sulfite 

and saturated aqueous solution of sodium hydrogencarbonate. The organic layer was separated, aad 
dried over magnesium sulfate and concentratad in vacua. The r&dual 011 was dlstilled under 
reduced pressure gave a colorless oil (17.2 g, 120 mmol, 81%): b.p. 48-56OC (1 Torr); tic R = 0.26 
fhexanezthyl acetate, 2:l); IR (neat fllm) 3050-2800 br. s, 1720 s, 1380 m, 1165 m; f H NMR 
(Ccl,) 6 2.52 (t, J = 7 Hz, 2H), 2.50 (d, J 
6HJ. 

- 7.6 Hz, IH), 2.10 (s, 3H), 2.00-1.35 fm. 2HI, I,23 fs. 

Reaolutlon of katoepoxlds 10 by I-menthoxyalumlnum reagent 12: A solution of aluminum I- 
menthoxydichlorlde (prepared from l-menthol (79.6 mg, 0.50 mmo# and ethylalumlnum dlchlorlde (0.56 
mL of 1.0 M solution in hexane, 0.50 mmol) in hexane (I mL)) was introduced s-butylllthium (1.03 
M In hexanu, 0.50 mL, 0.50 mmol) at -78OC and the resulting mixture was stlrred at that tem- 
perature for 30 mln. To this white suspension was Introduced was the ketoepoxide 10 (714 mg, 5.0 
mmol) In dlchloromethane (3 mL) dropwlse. 
at -4OOC for 30 min., 

Stlrrlng was continued for 30 mln. at that temperature, 
and at -2OOC for IO min. Trlethylamlne (1 mL) was added into the reaction 

mlxture to stop the reactlon, and the resulting mixture was poured into I N aqueous solution of 
sodlum hydroxlde, and extracted with ether. The combined ether extracts were dried over sodium 
sulfate. Concentration in vacua and puriflcatlon by column chromatography on silica gel (eluant: 
pentane-ether - 
6.5% recovery). 

2:l - 1:2) afforded the cyclized afetal and recovered ketoepoxlde 10 (46.7 mg, 
Its optlcal purlty determined by H NMR In the presence of the chiral shift 

reagent Eu(hfd3 was shown to be 71% e.e. of the (S)-Isomer. 

Kinatlc rcaolution of kctoepoxlde 10 by dumlnum binaphthate reagent 6: To a solution of (RI-l,l’- 
bl-2-naphthol (I74 mg, 0.60 mmol) In dichloromethane (7 mLJ was Introduced dlmethylalumlnum 
chloride (1 M in hexane, 0.60 mL, 0.60 mmol) at -78OC. After being stirred at 0 OC for IO min., 
the resulting white suspension was cooled to -78OC, and transferred to a suspenston of lithium 
butoxlde, prepared from butylllthlum (1.59 M in hexane, 0.41 mL, 0.65 mmol) and I-butanol (80 uL, 
0.65 mmol), In hexane (0.5 mL). 
chllled to -78OC. 

The faint whlte suspension was stlrred at O°C for 10 min., and 

mLJ. 
To thls was added ketoepoxlde 10 (106 mg, 0.80 mmol) In dichloromethane (2 

The reaction mlxture was stlrred at -4OOC for 3 h. After lntroductlon of trlethylamlne (0.5 
mL), It was poured into 2 N aqueous aolutlon of sodium hydroxlde. and extracted with ether. The 
combined ether extracts were washed wlth 2 N aqueous solution of sodium hydroxide and brlne. 
Dryness over magnerlum sulfate, concentration in vacua, and purlflcatlon by column chromatography 
on slilca gel (eluant: pentaneether = 3:l - 1:l) afforded the recovered material (I7 mg, 10%). Its 
optlcal purity, determlned by lH NMR in the presence of Eu(hfcj3, was found to be ~95% e.e. of 
(RI-isomer. 

Kinetic resolution of kctoepoxlda 10 by alumlnulp dlphenylbirrphthnte reagent: To a solution of 3,3’- 
dlphenyl-(RI-l,l’-bi-2-naphthol (90% pure, 351 mg, 0.80 mmol) In dichloromethane (IO mL) was intro- 
duced dlmethylalumlnum chloride (I M in hexane, 0.80 mL, 0.80 mmol) at -78OC. After belng 
stlrred at amblent temperature for 30 min., the resuitlng solution was cooled to -78’C, the result- 
ing solution was transferred to a suspension of lithium butoxide, prepared from butylllthlum (I.61 M 
in hexane, 0.55 mL, 0.88 mmol) and l-butanol (81 uL. 0.88 mmol), in hexane (0.7 mL). The yellow 
suspension was stirred at O°C for 30 min. fca. 0.67 M of aluminum reagent solution). 

A portion of thus prepared elumlnum reagent (9.0 mL, 0.60 mmol) was transferred, and to this 
was Introduced ketoepoxide 10 (85 mg, 0.60 mmoi) in dlchloromethane (1.5 mL1 at -78OC. The 
reaction mixture was stlrred at -4OOC for 30 min. After introduction of trlethylamine (0.5 mLJ, It 
was poured into 2 N aqueous solution of sodium hydroxide, and extracted with ether. The com- 
blned ether extracts. were dried washed wlth 2 N aqueous soiutlon of sodium hydroxide and brine, 
and dried over sodium sulfate. Concentration In vacua and purlficatlon by column chromatography 
on silica gel (eluant: pentane-ether - 2:1 
ca. 10%). 

- 2:Q) gave the recovered material (38 mg, ca. 50% pure, 
Its optical purity, determined by H NMR in the presence of Eufhfc13, was found to be 

43% e.e. of (RI-isomer. 



Kinetic resolution of epoxides 4755 

Juvmdk kxmoiwz HI -a Mmtk rwmlutlon of ket~ to br aitlmilnlln b$sEmwme 
itage& s- In Large &ale: To a solution of (RI-l,l’-bi-2-n&thoi (8.61- g, 30 mmol) in dich- 
ioromethane (410 mLI was introduced dimethyIaiumlnum chiorlde (2.8 mL. 30 mmol) at -7e°C. The 
whtte asp&ion & sttrred at- that tentper&ture for 15 min. and st 0% for 15 min, In amxher 
fiask wes pIwed Mwtemi (3.1 ‘ml., 33 knmol) hi hexene (29 mL); and to tbls was introduced butyl- 
Hthium WW M in hexames, 21 mL, 33 mmol) at -78OC. The aluminum reagent thus prepared was 
transfer& to the Ucobolpte suspension et that temperature. The resulting mixture was stirred for 
36 min.. and et O°C for 30 minutes. The resulting mixture, turned, to faintly c&ir; wa8 cooed to 
-78%. To tbk was introduced the ketoepoxide 10 (4.98 g. 35 mmol) dropwise. Stirring was con- 
tinued for 30 min. at that temperature and at -4OOC for 2.5 h (graduatly warmed to -27OC). The 
reaction was stopped by introduction of triethylamine (30 mL). The resulting mixture was poured 
into 2 N aqueous solution of sodium hydroxide and extracted with ether. The combined ether ex- 
tracts were washed wlth 2 N aqueous soiution of sodium hydroxide and brine, dried over magnesium 
sulfate, and concentrated In VBCUO end purification by coiumn chromatography on si)Lce gel (eiuant: 
pentane-ether * 2:l - I:21 gave 8 clear 011. After removal of solvents, the residual oii was diluted 

and to thfs was added anhydrous c&slum chloride (1.5 g) to remove remalnlng l- 
The white suspension was filtrated and the filtrate was concentrated in vacua to. afford 

the pure ketoepoxide 10 (420 mg, 8.4% recovery). Its optical purity determined by the ‘H NMR 
analysis in th presence of the chiral shift reagent Eu(hfcj3 was shown to be *95% e.e. Its optical 
WC$+@~‘$’ = 28.29 (c = 0.94, chloroform) revealed this to be (RI-isomer (lit. for Wisomer 

- -2 .07 (c -1.07, chloroform) 

N+-tAutylphenyi]-trIfhmromet&uwii f-Me IS To a solution of 4-tert-butylanlllne (7.2 mL, 45 
mmol) and t~ethylamIne (12.6 -mL, 90 mmoi) in dl~tor~etha~ (60 mL) was introduced trifle en- 
hydrfde (15 mL, 90 mmoi) at -78OC dropwise. Stirring was continued for 4 h’ at that temperature. 
The resulting white suspension was poured into saturated aqueous solution of sodium hydrogencar- 
bonate and extracted with ether. The combined ether extracts were dried over magnesium sulfate. 
Concentration in vacua and purification by column chrometography ,on silica gel (eluent: benzene) 
gave a white soild 13 (15.8 g, 38.2 mmol, ‘85%). 
i.p. 109-llO°C; tic Rf 

This product can be recrystailzed from hexsne. 
- 0.76 (benzene-ethyl acetete - 3&l); IR- (nufol mull)’ 1210. s, 1110 5, 900 s; 

H NMR (CC141 6 7.60-7.20 (m. 4H), 1.36 k, 9H). 

En01 trlflate i413: To a solution of lithium dii~propylamide (IO mmoi, prepared by addition of 
butyilithium (1.59 M in hexane, 6.3 mL. 10 mmoi) and dtisopropyiamlne (1.55 ml+ 1 i mmol)) in 
tetrahydrofuran (9 mL) was introduced the optically pure ketokp&ide at -78OC. Alter 30 minutes 
lmide 13 (4.43 g, I1 mmol. This hydroscopic reagent should be ‘&led over benzeneltetrahydrofuran 
azeotropically before use.) In tetrahydrofuran (6 mL) and HMPA (2.9 mL, 18 mmoll dropwise. Stir- 
ring was continued for 1 h at that temperature and at -2OOC for 2 h. The resulting sol&ion was 
poured into saturated aqueous solution of sodium hydrogencarbonate, and extracted wlth ether. The 
combined ether extracts were dried over magnesium sulfate. Concentration in vacua end purifica- 
tion by column c~ornato~~~y on silica gel (eluant: .benzene) afforded a clear oil 14 11.98 & 7.2 
mmoi, 80%). This oil can be distilled under reduced pressure. 
Torr); tic Rf = 0.27 (benzene: ethyl a$tate 

b.p. (bulb-to-bulb) 100-120 C (2 
- 30/l); 1R (neat film) 3100-2800 s, 1680 s, 1420 s, 

1255 s, 1220 s, 1150 s, 955 s, 905 s; H NMR(CDC1 i 8 5.20 (d, J = 3 Hz, IH), 3.05 (d, J I 3 
Hz, lH), 2.80 (t, J - 7.0 Hz, IH), 2.60 (dd, J = 7. d 
1.23 (s, 6H). 

Hz, 2H), 2,06 (br. d, lH), 2.00-1.60 (m, 2HI, 

Coupling of brumoeeter Ml4 and &tin 15**: 

~~inrn~i~ 

To a suspension of bis(~tonItriie)paii~~~um~~chloride 
.20 mmoi), triphenylphosphI~ (26 mg, 0.10 mmoi) in chloroform (10 mL) was introduced 
(5.90 g, 9.7 mmol), followed by bromoester 16 (1.80 R. 9.5 mmotl. The resulting yellow 

solution was degassed, and heated at 80°C for 8 h. Concentr&on in vacua left the reeldial 011 
which was purified by column chromatography on silica gel (eluant: hexane then followed by ether) 
to give a clear oil of 17 (3.10 g, 7.3 mmoi, 76% yield). tic Rf 
(for E-isomer) (eluant: benzene-ethyl acetate 

= 0.77 (for Z-Isomer) and 0.70 
= 30-l); Two lsomers were separated by column 

chromatography on silica gel (eiuant: hexane-benzefe = 1~1) to give pure E-isomer. IR (neat film) 
3050-2800 br. s, 1720 s, 1650 s, 1215 s, 1135 s; H NMR (CDCi3) 6 5.90 (m, 2X), 5.62 (m, 1H1, 
3.63 (s, 3H), 2.94 (m, 2HI. 3.13 im, 3HI, 2.906.70 (m, 27HI. 

Coupling of enoi trlflate 14 and tlnester 1712: 
To a phosphine)palladium (11.2 mg, 0.010 mmol) and ceslum 

nsion of tetrakis(triphenyi- 
fluoride s’iFe (370 mg 2.4 mmoi) in 

tetrahydrofuran (2 mLI was Introduced enol trifiate 14 (220 mg, 0.80 mmol) in ‘tetrahydrofuren (1 
mLI, followed by tinester 17 (340 mg, 0.80 mmoi) in tetr~ydrofuran 11 mLI. The resulting mixture 
was degassed, and refluxed for 6 h. 
with ether. 

The reaction mixture was poured into brine, and extrected 
The combined ether extracts were washed with ammoniac water, water, and brine. 

Dryness over magnesium sulfate, concentratton in vacua, and purification by column cbromatograpby 
on silica gel (eluant: benzene-ethyl acetate 
58% yfeid). tic Rf 

= 40~11 gave a colorless oil of 18 (120 mg, 0.46 mmol, 
= 0.30 (benzene-ethyl acetate = 3O:l); IR (neat film) 3200-2800 s, 1735 s, 1660 

s, 1445 m, 1230 w; IH NMR (CDC13) 6 6.14 (d, J 
and 8.5 Hz, lH1, 5.00 (d, J 

= 14 Hz, IH), 5.70 (s, IHI, 5.66 (dd, J = 14 

Hz, 2H1, 2.76 it, J 
- 2 Hz, IH), 4.98 (d, J = 2 Hz, IH), 3.70 (s, 3H). 2.93 (d, J = 8.5 

.26 
= 6 Hz, iHf, 2.42 (m, lHI, 2.31 (m, IHI, 2.16 (s, 3HI, 1.73 (m, 2H), 1.31 (s, 

(s, 3H); Elemental analysis calcd for Cl6H2403: C, 72.7; ii, 9.2. Found C, 72.4; H, 9.1. 
= 7.6O (c = 0.94, diethyiether). 

Hydrogen&on of I8 wltb chpmkm catalyst17: 
mmolf, chromium cataiyst 19 

The degassed solution of ester 18 (83 mg, 0.31 
(73 mg, 0.27 mmoi) in tetrahydrofuran (8 mL) was heated at 4S°C 
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under hydro@tn atmosphere (80 arm.) for 37 h. The orange solution was expored to the air to be 
a green ampension, whloh was concentrated In vacua and purlfkd by column chromatography on 
rllica gel (eluant: benzenetthyl acetate - 40:1 - 3O:l) to afford a rllgbt yellow oil of juvenile 
hormone 20 (55.0 mg, 0.21 mmol, 66%). tic Rf = 0.24 f~ene-ethyl aoetate - 3O:lj; IR (neat fllm) 
3000-2800 I, 1735 8, 1960 s, 1445 m, 1235 w, II60 s; H NMR (CDC13) 6 5.68 (br. s, IHj, 5.15 
(br. s, IHJ, 3.69 (s, 3Hj, 2.71 (t, J - 6.8 HZ, IH), 2.19. (s, 3Hj, 2.18 fs, 3H1, 2.11 (m, 2Hj, 1.70- 
1.50 (m, 6H), 1.31 (a, 3H), 
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