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Abstract: Employing the homochlral acetal template, 
l symmetrirrtlon of mero-subrtltuted cyclohexwonu IY 
explored. By the ‘use of optlcally-ectlve P.4-pentanedlol u 
a chlral protectlg group, highly dlastereordectlve wetal 
cleavage la achieved when treated with orgrnoalumlnum 
reagent. Dlalkylrlumlnum amldu are also effective 
reagents for this Ractlon. 

Enanrlotoplc-group wlectlve fwtctloru (uymmetrlzetlon procewes) promln to be an excltlng 

trofufofm~tlon In aaymmetrlc aynthesls. They cm offer a method to Introduce l number of chtml 

centers of remote porltlons at OM tlme. Enzymu hove l remarkable ablllty to recognlte the 

stereochemlcal propertlu of chlral or prahlral r&sttute. One of the moat rprxtacular rppllcatlon 

of these unique propertles Is demonstrated In monohydrolyrls of mesodluten using pig liver es- 

terase (PLE), and Its unique rppllcatlon for the synthesis of l ntlblotlu.i 

Due the succe~ of homochlral acetal methodology In arymmetrlc synthuls. developed by w2 

and others.3 we have occulon to study appllcatlon of the method In srymmetrlratlon pracu: 

arymmetruz enollratlon of meso cyclic ketones. 4 

ReaMon of hwoc91lml aazt~la rlth trtdkylalualmrm ru@r*. 
The homochlrrl acetal 3.. which was preprred from the ketone IO and l2R. 4R)-2,4- 

pentanedlol In the usual manner. was trerted wlth trllsobutylalumlnum In dlchloromethane at O’C. 

Quenching with aqueous sodium hydroxlde after 4 h gave the vlnyl ether almost In quantltwlve 

yield. nhe rerultlng olcahol wu converted to the correspondIn acetate 50 by exposure with rcetlc 

anhydrlde. Glc analysis of the product revealed the dlurereoratlo of 9 : I. 

AaymrnotMlal sum doav&Ja o( ~llotaln 

The Amlute confIguration wu determined as S by the method u shown In Scheme I. Thus. 

oronolyrlr of the vlnyl ether S followed by convoslon to the corrapondlng uetal rlth (2R. (RI- 
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a: 4, U.OH; I)m w; b: MaBM.; C: Ac,O; 6: @ft. 48) ?4qunmdor. II’; 0: lJAl& 

2.4~pntmedlol produced 13 and, after reduction by llthlum slumlnum hydride. 14. Acetylrtlon of 

hydroxyl group of I4 aftorbed I I. It wu compared with the authentic sample, which vu prepared 

from Wcltronellrl dlmsthylacetal by the lollowIng sequenrlal trsnrlormotlon: (1) oronolyxls. 121 

t4blol.ayalmurtxaengEotwc4n*l0,byMl~*um 
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reduction wlth sodium borohydrlde. (3) acetylatlon, 14) acetal exchange wlth (2R. 4R)-2.4-pentanedlol. 

The absolute conflguratlon for t-butyl derlvatlve SC was determlned by transformation to dlcar- 

boxyllc acid IS by oxldatlve double bond Eleavage and hydrolyslr, Illustrated as Scheme 2.’ 

For further Improvement of the stereomlectlvtty of trllsobltylalumlnum ruactlon, we attempted 

various reectlon condltlons. The results were summerized In Table 1. The ratlo of the product 

was not slgnlflcantly affected by the reactlon condltlons. We also realized that no slgnlflcant ef- 

fect were observed by the changes of the alkyl group at C-4 poslt~on. 

Attemped rwctlon uslng 0tJvar dials. 

We turned our attentlon to modify the structure of the dlols. A vsrlety of chlral C2 

-symmetrIcal dlol, were tested. Unfortunately, after addltlon of acetic enhydrlde for In situ trap- 

plng of the hydroxyl group, we could not Iwotate any vlnyl ether acetate from the dloxolane acetals 

16-19. The other bulky l.fdlols, e.g. t-butyl derlvatlve 2@, felled to proceed the desired reactlon. 

Modmc8tmof6olunnponMt 
R p.tu 

16 ax* 
17 I~c?t,oN 
16 R=c84#xt 
1P RxCONY., 

20 (racamk) 

RemIon of hmtod~lmI nxtala treatd by d~aJkyt&mlnum am&a. 

Whllc trllrobutylalumlnum Is excellent reagent for the reactIon, further mtudlea On requlrcd 

for the better rtereoselectlvlty. Among varlour possible aluminum reagents, dlalkylalumlnum amldu’ 

proceeded the reactlon smoothly at OoC. Table 2 summerlzed the result& Although most of them 

gave less satisfactory results than trllmbutylalumlnum, It was found that the amide 22b’ performed 

the dolred transformation wlth the superior reactlvlty and selectlvlty to the trltsobutylelumlnum 

method. 

mandfm. 

The observed results may come from the rpeclflc conformatlon of Jo. Thus the conformatlon 

of 3a hoold be either A. or X5, and the conformer A should be the more rtobla Iromsr. The 

equatorial eth& group of A may k attacked by Lerls acid to generate the oxanlum Ion. The 

rterlc repulrlon edrtlng between the cyclohexane ring rnd the dtoxane wbrtltuent at axial posltlon 

would control the course of the rqcrlon. The remaining axlal C-O bond therefore rotates down to 

equatorial, and depotonatlon undergoes l c more stralned slta by one of tha llgudr of the reagent. 

No enhancement of alectlv~ty regardlar of the rubrtltumn of cyclohexaw k&e I) may be 

explained by the frvorable chair conformation of rlx-membaed rtn& 
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- WMl WV. mnd. Y+.ww -0 

x dC,?h 18 82 : 18 

t3#Jn@ 4 O*C, 6 h 90 04 : 10 

lV 4 O’C,lOh 70 81 :19 

22a 4 O*C, 4 h 99 80:11 

224 10 -78%. 1 h. O’C, 0 h 4a m:10 

24a 4 o’C,8h 

36 22r 10 -t#%. 1 h; O*C; 6 h 91 s2:8 

X -7r’C, 1 h; O’C. 6 h OS 88 :12 

4 a 10 -78.G 1 h; O*C, 6 h OS 01: 6 

teu 

Ganarol: Infrared (IR) rpcctra were recorded on a tiltachl 260-10 spectromety. Relattve tntenxltlu 
were expreued as s. strong; m, me&urn; w, weak; br., broad rlgnals. H NMR rpectra were 
measured on l JNM-PMX 60 xpectrometet or *a Vulrn Gemlnl 200 spectrometer. The chemkal 
shlftr were exprersed In purr par mllllon downf@lcl from Intcrnol rtudud tetramrchyhllone (TM& 8 
l 0). Spllttlng patterns were lndlcated as s, tingler; d. doublet, t, trlplet; q, quartet; m. multlplet; 
br, broad pcakr. GM Ilqutd-phue chromatographlc fglc) l nalyaea were performed on Guukuro Kogyo 
Model 370 or Shlmadxu CC-(IA lnrtrumentr equipped with PEG 2.S mter cohrmn detected by flame 
lonlratlon detector, urlng nitrogen qs the career gas. High performance llquld chromatography (hpk) 
analy)u, were made by Shlmadru LCdA equipped with Wako Wakopak ‘(Flner~l) detected by UV 
detector Shlmadzu SPD-BA. All experiments were carried 00~ under Inert atmosphere. For thln 
layer chromatographlc (clc) analyses were used Merck precoated tic plates (slllca gel 60 GF 
mm thickness1 otherwlse noted. Elemental analyses were made ut the Institute of Applte t?%gZ;l:Z 
Chemtrtry, Faculty of Englneerlng, Nagoya Unlverslty. In experlmentr requlrlng dry solvents, ether 
and tetrahydrofuran (THF) were dlrtllled from sodlum-benxophenone kccyl. Dkhloromerham was dls- 
tllled over phosphorous pentoxlde under argon. Chloroform ~83 freshly passed through a column of 
neutral alumtna before UK. tlexane and benzene were dried over so&urn metal. For flash column 
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chromatography was used slllca gel Merck Kkulgel 60 (Art. 9385). 

Prsparotlm of 4-etb~lcyoiobamaom lb: To a solutlon of I-ethylcyclohexarrol (clr-trans mlxture, 
commar~lly l vollrbk frmn AldrLch Co., 6.1 g. 50 mmoll In ether (20 ml.1 was added chromic ecld 
aoltttlon (prepud from sodium dkhramate (5.0 g, I7 mmol, and sulfvrlc sold t96%, 3.8 mL) In 
water (25 mL)l at O“C d-l=. The t*o-phme soluclon was stlrral at amblent tempfaturr for 2 
h. Org#nlc lryer was wprrued and the water lryer was extracted with ether. Ihe comblned or- 
ganlc layers were dried over sodlum sulrote. Concentratloo In vacua and puriflcndon by chromorog- 
raphy 00 slllco .gel Icluant: hexaneathyl acetao. &I) afforded a colorlua oil (4.5 g. y mmol. 
72%): KIC RI-O.42 (hexoncthyl acetote, 4:l); IR: 3000-2750 s, 1710 s, II85 m. 935 m; H NMR 
(CC1 ,: 6 2.40- 2.10 (br. m, IH,, 2.07-1.10 (br. m. 7H). 0.93 (d, J 

d 
- 7.3 Hz, 3H); Elemental analysis 

talc for C8H140: C. 76.18; H, 11.18%. Found: C, 76.37; H, 10.95%. 

Prepu8tbm of cW&Sdlmeth~ 2: A cls-trans mlxture of 3,5dlmethylcyclohexanone (3.8 
g. 30 mmol) was reduced wlth sodium borohydrlde (I.2 g, 30 mmol, In ethanol (30 mL, at O°C. 
After srlrrlng for 2 h, the. resultlag solutlon was poured Into brine and extracted wlth ether. The 
combined ether extracts were dried over sodium sultate. Three spots were observed on tic analysis. 
and the hlghrr Rf product (Rfd.24, hexane-erhyl acetate, ):I, wu characterlrcd as cls-cls-cls 

H NMR lnvutlgatlon ,430 mg, 3.3 mmol, I I%,: mp. 38.0-36.3OC uncorr. (IIK.: 38- 
H NMR; 8 4.00 (m. IH,, 2.10-1.40 (m, 9H,, 0.85 ,d, J - 6 Hz, 6H,. Oxldrtlon wlth 

chromic acid solution as mentloned above 
tic RI . 0.40 (hexane-ethyl acetate, 4:I,; 

qave cls-2 as a colorlw oll (320 mg. 2.5 mmol, 79%): 

1.07 ,d. J - 6.4 Hz, 6H). 
H NMR (CCl4,: 6 2.40-2.10 (m, 4H,, 2.10-I.50 ,m, 4H,, 

Its glc analysls In comparison wlth cls-trons mlxture revealed that sole 
pure cls-Isomer was obtalned; cls-Isomer: tr = 16.8 mln; trans-Isomer: tr n 19.7 min. 

Pnpuotkm of oasds, w pocshvt (3~. R = Et): A solution of lb, (2R. 4R,-2,4-pentanedlol 
(540 mg. 5.2 mmol), and pyrldlnlum p-toluenesulfonate (35 mg) In benzene 110 mL, was refluxed 
azeotropWally for 7 h. The ruultlng mlxture was poured Into saturated aqueous solution of sodium 
hydrogencarbonate and extracted with ether. The combined ether extracts were dried over sodium 
sulfate and concentrated In vacua. Purlllcetlon bv column chromatoRraPhv on slllca xel lhexane- 
ethyl acetate. 4:ll gave a colorless oil 3b (906 kg, 4.3 mmol, 84!$: . tic Rf-0.62 (iexane-ethyl 
acetate. 4:l); IR (neat film): 3000-2800 s, 1435 m, 1340 m. II40 s; H NMR (CCI,I: 6 3.87 (m, 

.20-1.30 (m, 13H,. 1.13 Id, J = 6 Hz, 3H,, 1.08 Id, J - 6 Hz, 3H,, 0.90 (d, J = 5.4 Hr. 3H); 
m -22.240 ,c n I .7, CHC13,; Elemental analysis calcd for C13H2402: C, 73.54; H. 11.39. 
C. 73.49, H, 11.44%. 

Preparotlon of aaztal k (R - Me): Refluxlng a solutton of the ketone la (I.13 g. 9.9 mmol) and 
(2R. 4R,-2,4-pentanedlol (I.13 g, II mmol, In the presence of pyrldlnlum p-toluenesulfonare (35 mg) 
In benzene afforded the l cetal 30 11.74 g, 8.8 mmol, 89%)): tic 

P’ 
- 0.59 (hexane-ethyl l ceta!e. 

a, 1450 s. 1380 s. II65 s, 995 s; H NMR (CC14,: V 3.86 (m, 2H,. 
. 6 Hz, 3Hl, 1.10 (d, J - 6 Hr. 3H). 0.93 Id, J l 5.4 Hz, 3HI; 

= 1.02, CHCl3); Elemental anslysls calcd for C12H2202: C. 72.68; H. 11.18. 

Prwatlon of acetal Jc (R - t&l: Refluxlng a solurlon of the ketone 3c (797 mg, 5.2 mmol, and 
(ZR, 4R,-2,4-pentanedlol (560 mg, 5.3 mmol) In the presence of pyrldlnlum p-toluenesulfonate I23 
mgl In benzene (IO mL, afforded the acetal 3c (I.26 g. 5.2 mmol, 99%): rlc Rf - 0.59 (hexanz- 
ethyl acetate, 4:l,; IR (neat film,: 3000-2800 br. s. 1370 s. II50 s. II00 s. 990 m: ,H NMR 
(CDC131: 6 4.03 ,m, IH,, 3.92 (m, IH,, 2.13-2.02 (m, iH,, 1.67il.54 
(d, I - 6.5 Hr. 3H,, 1.08 (d, J - 6.3 Hz, 3H,, 0.85 (I, 9H,; la] 
Elemental analysts calcd for C ,5H2802: C. 74.95; H, 11.74%. Fou tz 

Prcpuat)a, of acecal 4 (3,Wimethyl): Refluxlng a solutlon fo the ketone cls-2 (I34 mg, I.1 mmol, 
and IZR. 4R,-2,4-pentanedlol (178 mg, I.1 mmol) In the presence of pyrldlnlum p-toluenesulfonate (IO 
mg, In benzene (IO mL, afforded the wtal 4 (I83 mg, 0.86 mmol, 78%): tic Rf - 0.56 (hexane- 
ethyl acetate, 4:I); IR (neat fllm): 3OW2800 br. s. I445 s, I255 s. 795 r; ,H NMR 
Im, 2H), 2.20-1.30 (m, !W, 1.13 id, J - 6.6 Hz, BH,, 0.87 (d, J - 6.0 Hz, 6H); la1 

n!i? 

ISc!4!246$f 

n 0.53, CHCl3); Elemental analysis calcd for C,3H24O2: C, 73.54; H. 11.39%. Fou C, 73.49; H. 
I I .44%. 

ReactIon of acud 3a tith trllsdutyldumlnum. Cenwal pradure: To a solution of acetal k (IO0 
mg, 0.5 mmol, In the solvent (IO mL, was added crllsobutylalumlnum I2 M In hexane,. On dlsap- 
pearance of most of the acetal k by tic analysis the reactlon solurlon was poured Into Ice-cooled 
2 N aqueous solullon of sodlum hydroxide, and extmcted with ether. The combined ether extracts 
were dried over magnesium rulrrte. Concentration In vacua gave a crude 011. which was acetylaced 
In acetIc anhydrlde II mL, and trlethylamlne II mL, In the presence of 4-~dlmethylamlno,pyrldln 
(IO mg, to afford a colorless oil of 5~ Its dlascereomerlc ratlo was determlned by glc; tr - 43.3 
and 44.1 mln. (lOO°C). Phyrlcal date were described In the following. 

ReactIon of wxtaIs with trtisdutyldumlnum. Gansral procedure (R - Et): To a mlutlon of the 
rcetal 3b (57 mg, 0.28 mmol, In dlchloromethane (5 mL, was added trlltiutylaluralnum (2 M In 
hexane, 0.5 mL, I mmoll at -78OC. 
at O°C for 4 h. 

Stlrrlng was continued at that temperature for 30 min., and 
The reactlon solutloo was poured Into Ice-cooled 2 N aqueous solution of sodium 

hydroxide and extracfed wlth ether. The combined ether extracts were dried over sodium sulfate 
and concentrated In vacua. The rerldual oil was acecylated In accclc anhydrlde (I mL) and 
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trlethylamlne (3 mL) In the presence of 4-fdlmethyl~mlno)pyrldlne (5 mg). On dlsappeersnce of 
most of the vinyl ether alcohol by tic anslysls fca. 6 h later), the reectlon solution was poured 
Into 8aturatal aqueous rolutlon of rodlum hydrogencarbonate and extrwted with ether. The ‘cum- 
blned ether extrrts were dried over &Mum sulfate. Concentration In VLCW and prr’flcnkn by 
column chromatonanhv on rlllca nel feluant: hexane-ethvl acetate. 4~1) save l cdoti oil 5b @9 
mg, 0.28 mmol,“9&i: rlc Rf - “0.4s (hexsne-cthyl u&e, 4:l)i IR (&at fllm): 3MW2Mx) br. 0, 
1730 r, 1665 s, 1440 a. 1365 s, 1230 s, II IO m, 810 m, 790 m; ‘H NMR KC14): b 4.90 (c. ‘HI, 
4.60-4.30 tbr. m. IH), 4.05 cm, IH), I.90 (1, 3H1. IAS-I# (m, IIH), ‘.I8 (d, J - 6.6 HZ, 3’41, I.15 

(d, 1 - 6.6 Hz, 3H), 0.83 (d, J - 5.4 Hz, 3H); Ia) - -77.490 (c 
anrlyrls calcd for C15H2603: C, 73.54; H, 11.39%. 

- 0.234, CHC13); 
&nd: C, 73.26; H, 11.65%. 

Elemental 
Its glc snrlrls 

showed the the dlrstereoratlo of 86:14 (tr - 106.4 and 107.6 mln. (lO@C)) 

ReactIon of l cetal k (R - Me): Treatment of the acetel 3a (110 mg. 0.50 mmol) In dlch- 
loromethane (IO mL) with trllsobutylalumlnum (2 M In hexene, 1.0 mL, 2.0 mmol) followed by 
l cetylatton gave a colorless oil k (I20 mg, 0.50 mmol, 99%): tic Rf - 0.37 (hexenecthyl aceto e. 
4:l); IR (neat fllm): 3000-2MK) br. 3, 1730 II, ‘660 8, 1435 m, 1360 s, II80 s, IlOOm. 790 m; \H 
NMR (CC14): b 4.68 (m, IH). 4.5OA.30 (br. m, IH), 4.03 (m. IHI, 1.89 is. 3H), IA&-l.20 (m. 9HI, 
I.18 (d, J - 6.6 Hz, 3H), I.14 (d. J - 6.6 Hz, 3H), 0.93 (d, J l 5.4 Hz, 3H); lalD - dl.690 (c 
= 0.225, CHCI I; Elemental analysla calcd for C’ H240 : C, 72.68; H, 11.18%. Found: C, 72.53; H, 
11.33%. Its d 
(75oc)‘. 

l~tereorstlo was determIned by gc rnr t b sls to be 91:9 kr - 122.0 and 123.6 ml& 

ReactIon of acstal 3c (R - t-B& Treatment of the ecetal 3c (55 mg, 0.23 mmol) In dlch- 
loromethane (5 mL) wlth tr’kobutylalumlnum (2 M In hexane. 0.50 mL, 1.0 mmol) followed by 
ecetylrtlon gave a colorless oil So 163 mg, 0.23 mmol. 99%): tic Rf - 0.73 (hexa 

I” 
*ther. l:l); ‘R 

(nest fllm): 3000-1800 br. s. 1740 s, 1675 m, I370 m. 1235 m, 1030 m. 790 m; H NMR KCI4) 6 
4.88 fm. IH), 4.50-4.30 (br. m, IHI, 4.03 fm. IH), 1.90 2b, 3H), 1.65-1.40 (m, 9H’, I.18 (d. J = 6.6 
Hz, 3H). I.15 Id, J - 6.6 Hz, 3H), 0.87 (s, 9H); loI - -76.12O (c n 0.244, CHCI 1; Elemental 
anslyrlr crlcd for C 7H3003: C, 72.54; H, 11.39%. Found: C, 73.49; H, 11.44%. Its kstereorrt’o 
wea determlned by g c anelysls to be 89:ll (tr n 87.2 and 92.0 mln. (130°C)). ‘I 

Reactlon of l cetal 4 (3,S-dlmethyl): Treatment of the acetal 4 (57 mg, 0.27 mmol) In dlch- 
loromethane (5 mL) wlth trl’sobutylelumlnum (2 M In hexane, 0.50 mL, 1.0 mmoll followed by 
l cetylotlon gave a colorleu oil (64 mg, 0.27 mmol. 99%): tic Rf - 0.44 fhepene-ethyl acetate, 
lO:l); IR (neat film): 3000-2800 br. s, 1740 s, 1370 m, 1235 m, 1030 m, 790 m; H NMR (CC14): 6 
4.88 (m. IH), 4.50-4.30 (br. m. IH), 4.03 (m, IH’. 1.92 (3, 3H), l,&l.35 (m, 6H’, I.16 (d, J - 6.6 
Hz. 3H), I.15 fd, J n 6.6 Hz. 3H), 0.90 fd, J = 5.4 Hz, 6H); loI m -46.740 (c - 0.196. CHCI 1; 
Elemental anelyslr calcd for C15H2603: C. 72.54; H, 11.39%. P ound: C, 73.49; H. 11.44%. I ts 
dlostereoratlo was determlned by glc snolyslr to be 91:9 Itr - 122.0 end 123.6 mln. (7S°CD. 

f4epuatlon of the outhawk uapk. (S)-clrronellal &methyl eoetd 7: A solution of (S)~ltronellrl 
(3.1 g, 20 mmol) and trimethyl orthoformate (5.0 mL, 46 mmol’ In methanol(l0 mL’ wlth ammonium 
nitrate (53 mg) and pyrldlnlum 4-methylknzenuulfonate (29 mgl was stlrred at amblent temperature 
for 2 days. The resulting mixture ~83 poured Into saturated aqueous solution of sodium hydrogen 
carbonate and the combined ether extracts were dried over magnesium sulfate. Concentration In 
vecuo gave a crude product 7 which was used for the next reactlon wlthout any further 
purlflcrtlon: tic Rf - 0.46 (hexane-ethyl acetate, 4:I’; ‘H NMR (CDCI I: 6 5.10 (m IHI, 4.23 (t 

J - 5.4 Hz), 3.30 (s, 6H), 2.20-1.60 (m, 2H), 1.70 (d, J - 4.8 Hz), l.63-1.10 (m, 5H\, 0.92 fd, J : 
5.4 Hz, 3H). 

Cleavage of Qubk bond rlth oxomlyda A solution of (Skltronellal dlmethyl rcetal 7 In methanol 
(15 mL) wtu oronlzed at -78OC until It was turnd to dark blue (co. 2 h’. The resulting solution 
was released to amblent temperature, and to this wm added dlmethyl sulfide (10 mL) dropwlse. 
After removal of aolventr In vacua the realdue was poured Into saturated aqueous solution of 
sodium hydrogen sulfite and extracted with ether. The comblned ether extracts were dried over 
scdlum r;lfrtG. Concentrrtlon In vacua and purlflcatlon by column chromatography on ,Illca gel 
feluant: hexsne-ethyl acetate. 4:l) afforded l colorless oil 6 (2.1 g, I2 mmol. 61%): tic Rf - 0.20 
fhexaneithvl acetate. 4:I): IR (neat film): 3000-2800 s. 1710 s. -1440 s. 1370 3. II90 s. 1110 s. 
1050 s. %d m; ‘H tiMR C&l ‘:.6 
2.32 fm. ZH), 1.90-1.10 fm. 5H). 

9.02 (t . 
0.92 td. 

J 1.2 Hz .IH) 4 3i (t 
J - 5.4 tiz. iHI;* iah” 

-. 5.4 Hz; IH), 3.lj (s, 6H); 
n -4.39 (c . 1.06. CHCI,‘; 

Elemental analyslc celcd for CgHi803: C, 62.04; H. 10.41%. Found:“C, 62.03; H, 10.42%. 
U 

Acetal l lcohd 9: To a solutloo of acetsl aldeh de 6 (1.6 g. 9.0 mmol’ In ethanol (IO mL’ wns 
added sodium borohydrlde (400 mg, IO mmol’ at d 0 C. Stirrlng was comlnued for 2 h. 7he result- 
Ing solution was poured Into Ice-cooled water. and l xtr=ted wlth ethyl l cetrte. The combined ex- 
trects were drled over magnerlum sulfate, and concentrated In vacua. Purlflcrrion by column 
chromatography on rllka gel feluant:hexanezthyl acetate, I:I’ afforded a colorleu oil 9 (660 mg, 
3.9 mmol, 43%): tic Rf - 0.31 (hexenetthyl acetate, 1:I); IR (neat fllm): 3600-3100 br. s. 3000- 
2800 s. 1455 m. 1370 m, II90 m, II30 s, 1155 s, 9M m; ‘H NMR (CC14’: b 4.36 (I, J 
IH’, 3.53 (t, J 

- 4A2#‘; 

-2.57’ k 
= 6.0 Hz, 2H), 3.20 (s. 6 H), 1.90-1.06 (m, 8H), 0.90 (d, J = 5.4 Hz, 3H); halo 

= 1.026. methanol); Elemental anelys’s celcd for CgH2OO3: C, 61.33; H, 11.44%. Found: C, 
61.44; H, 11.33%. 

Acecal eater IO: The ruultlng scetal alcohol 9 was acetylared In ecetlc anhydrldc (I mL’ and 
trlethylamlne (3 mL) In the presence of 4~dlmethylemlno’pyrldlm (0 mgl. The reacclon mixture was 
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73% e.e. of Wlsomer Ult. (aID - 17.2O (c - I, acetone) for (S)-Isomer).’ 

Rsmton of mX?tala rltb rlaltum aml6a Prepuulat of tba ImIne 21’: To a mlxtore of t- 
butylamlne (I4 mL. 110 mmol) and cyclotmxanecarboxaldehyde (8.3 g. II0 mmol) was added pul- 
varlred pot&urn hydroxlda (I.0 g, I6 mmol). After 26 h with ntlrrlng et amblent temperature, 
the reaultlng mlxture was poti Into 2 N aqueous solution of sodium hydroxide and extracted with 
ether. The combined ether extracta were dried over magnesium sulfate. Concentratlrm In vacua 
anb dlrtlllatlon under reduced pressure grve tha lm\ne 21 (9.9 g, 57 mmol. 50%); b.p. 100-105°C $23 
Torr); tic Rf l 0.62 (hexaneithyl acetate, I:l); IR (neat film): 3OOO-2800 s, 1680 s, 1460 m; H 
NMR KCI,): g 7.36 (d. J - 4.2 Hx, IHI, 2300.80 (m, IIH), I.10 (s, WI. 

frutmeau of lmlne II rltb t+utylUc&m: To a solutlon of the lmlne 21 le.1 g, 48 mmol) In ether 
(30 mL) was Introduced t-butylllthlum (2.35 M In heptane. 21 mL. 49 mmol) at -78’C. After 2 h. 
the reactlon soiutlon wu diluted with hexane and poured Into Ice-cooled 2 N l queow aolutlon Of 
sodium hydroxide. The combined ether extracts were dried over magnulum sulfate. Concentration 
In vacua and dlrtlllatlon under reduced pressure afforded the amln 22a (8.7 g, 34 mmol, 72%); b.p. 
86-93OC (7 Torr); c\” Rf - 0.65 (hexane-ethyl acetate, I:l); IR (neat film): 3000-2800 s, 1470 m, 
1445 m, 1365 m; H NMR KCI,): 6 2.20-1.13 (m, l3H), I.04 ts, 9H). 0.02 (s, 9H); Elemental 
analysis colcd for C)5H31N: C. 79.93; H, 13.06; N, 6.21%. Found: C, 79.68; H, 13.85; N, 6.47%. 

Prsparatlon of latne 23: To a mlxture of 3,3+iimethyl-2-butylamlne (3,O g. 30 mmol) and 
cyclchexanecarboxoldehyde (3.6 mL. 30 mmol) was added pulverllred potassium hydroxlde (I,0 g, 16 
mmol). After 10 h &Irk rtlrrlng at amblent temparoture, the rerultlng mlxture was poured Into 2 
N l queow solution of aodlum hydroxlda and extracted with ether. The comblned ether extracts 
were dried over magnulum sulfate. Concentration In vacua and dlstlllatlon under reduced pressure 
gave a colorleas 011 23 (4.5 g, 24 mmol, 81%); b.p. l16-l18°C 128 Torr); tic Rf = 0.63 thaxane- 
ethyl acetate, l:l); IR (neat film): 3ooO-2800 s. 1680 s, 1465 m; H NMR KCI ): 6 7.26 (d, J . 
4.2 Hz, IH), 2.60 (q, J - 6.0 Hz, IH), 2.20-1.10 (m, IIH). 0.93 (d. J - 6.6 Hz, 3k), 0.80 ts, OH). 

Tmtmant of Imlfm 23 with t+utylllthlum: To a solution of the lmlne 23 (4.0 gb 20 mmol) In ether 
(20 mL) was added t-butylllthlum (2.35 M In heptane, 10 mL, 24 mmol) at -70 C. After 2 h, the 
resulting solution was diluted wlth hexane and poured Into ace-cooled 2 N aqueous solution Of 

sodium hydroxlde. The combined ether extracts were dried over magneslum sulfate and con- 
centrated In vacua. Dlstlllatlon under reduced pressure afforded the amine 240 (4.3 g. 19 mmol. 

85%); b.p. 8l-IoO°C (8 Torr); tic RI = 0.65 (hexane-ethyl acetate, I:I); IR (neat film): 3000-2800 s. 
1650 w. 1445 m, 1360 m, II25 m; H NMR KCI,): 6 2.60 (q, J = 6.0 Hz. IH). 2.20-1.10 fm. IIH). 
1.000.90 (m. 2IH); Elemental analysls calcd: C, 80.56; H, 13.92; N. 5.53%; Found: C, 80.61: H, 
13.02; N, 5.56%. 

Reactlon of l cetal rlth dlalkylalumloum 2,2,6,6-tetramethyIplperldlde: LTMP (Ilthlum 2.2,6.6- 
tetramethylplperldlde) was prepared from 2,2,6,6-tetramethylplperldlne (250 m 8, 2.0 mmol) and butyl- 
llthlum (I.76 M In hexana, I,? mL, 2.0 mmol) In toluene (5 mL) at 0 C. After addltlon of 
dlalkylalumlnum chloride (I M In hexane, 2.0 mL, 2.0 mmol), the solutlomn was rtlrred at O°C for 
30 min., and then cooled to -78OC. To thls solution was added acetal 3a (99 mg. 0.50 mmol) In 
toluene 12 mL). Stlrrlng was oontlnued at that temperature for I h, and at O°C untlll almost all 
the acetol had consumed. The resulting solution was poured Into Ice-cooled 2 N aqueous solution 
of sodium hydroxlde and extracted wlth ether. The combined ether extracts were dried over mag- 
nealurn sulfate. Concantratlon In vacw and purlflcatlon by column chromatography on rlllca gel 
(eluant: hexanecthyl acetate, 4:l) gave a colorless 011, which was acetylated In acetlc anhydrIde (1 
mL) and trlethvlamlne (3 mL) In the oreaence of I-(dlmethylamlno)pyrldlm (5 mu) to afford the 
vlnyl ether acetate Sa; Yield: dlmethyialunlmum amlde (I8 -mg. 0.6&l mmol, 1696, ratlo 82:18); 
dlethylalumlnum amide 1110 mg, 0.47 mmol. 90% ratlo 84:16); dllscbutylalumlnum amide (84 mg, 
0.37 -mmol, 70 96, ratlo 81:191.~ 

General pmcadum for tratment rlth 22b (Sb, R - Et): To a solutlon of amlne 228 (638 mg, 2.5 
mmol) In toluene (5 mL) was added butylllthlum (I.56 M In hexane, 1.6 mL, 2.5 mmol) at O’C. 
The rasultlng mlxtura was atlrrad at that temperature for I h, and at amblant temperature 
overnlght. After cooling to O°C, dllaobutylalumlnum chloride (1 M In hexane, 2.5 mL, 2.5 mmol) 
was added. After I h, the ruultlng mlxture was cooled to -7g°C, and to thls was Introduced acetal 
3b (56 mg) In toluene (2 mL). Stlrrlng was continued at that temperature for I h, and at O°C for 
6 h. The reactlon solution was poured Into 2 N aqueous solutlon of sodium hydroxlde and ex- 
tracted wrth ether. Concentration In vacua and purlflcatlon by column chromatography on slllca gel 
(eluant: h-one-ethyl acetate, 4:I) gave a colorless OIL which was acetylated In acetlc anhydrldc (I 
mL) and trlethylamlne (3 mL) In the presence of 4-(dlmethylamlno)pyrldlne (5 mg) to afford the 
vlnyl ether acetate Sb I58 mg. 0.24 mmol. 91%). Its dlasteroratlo determlned by glc analysls was 
found to be 92:8. 

Rtwtlon with &xsd 3a (R I Me&’ The acetal 3a (55 mg, 0.28 mmol) reacted wlth the amide 22b 
followed by acetylatlon produced the vlnyl ether acetate Sa (30 mg. 0.13 mmol, 48%). Its dlas- 
tereoratlo determlned by glc analyrls was found to be 9O:lO. 

ReactIon rlth acetal k (R - t-Bu): The acetal 3c (60 mg, 0.23 mmol) reacted wlth the amide 22b 
followed by acetylatlon produced the vlnyl ether acetate SC (62 mg, 0.23 mmol. 95%). Its dlar- 
tereoratlo determlned by glc analyrlr was found to be g&12. 
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Ratlat wftb & 4 (3 .%%mabyl): The acetal 4 (56 mg, 0.27 mmol) reacted with the amlde pb 
followal by acetylotlmt produced the vunyl ether acetate 6 (44 mg, 0.18 mmol. 69%). Its dlas- 
tereoratlo determlmd by glc l nalyalo wu found to be 94:6. 

f- of -8l Sa wlctr ~ylelmluam ambda 2&t: To a solutloit of l mine 24a (266 mg, 
I.0 mmol) In toluene (2.5 mLJ wm added butylllthlum 11.56 M In hexane, 0.56 mL, 1.0 mmol) at 
O°C. The reaultlng dutlon w*u mfluxed for 2 h. 
mL, 1.0 mm011 wn lntmduced at 0%. 

Dllaobutylrlumlrum chloride (1 M In hexane, 1.0 
After I h, at amblsnt temperature. the aolutlon was cooled 

to O’C. and to thls was added acetal 8a (57 mg. 0.25 mmol). Stlrrlng wu continued for 4 h. 
The reactlon solution was poured Into queoua solution of aodlum hydrorlde and extracted wlth 
ether. The combined ether extracts wem dried over megneslum sulfate. Concentration In vacua 
and purlflcatton by column chromatography on slllca gel \eluant: hexane-athyl acetate, 4:l) gave 
trace of the product wlth recovery of acetal. 
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