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ASYMMETRIZATION OF MESO-CYCLIC KETONES USING HOMOCHIRAL ACETAL TEMPLATES
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Chikusa, Nagoya, 464-01, )aspan
(Received in Japan 3 June 1988)

Abstract: Employlng the homochiral acetal template,
ssymmetrization of meso-substituted cyclohexanones is
expiored. By the ‘use of opticslly-sctive 2,4-pentsnediol as
a chiral protecting group, highly diastereossiective sacetal
cleavage |Is achieved when trested with organoaluminum
reagent. Dislkylsluminum amides are aiso effective
reagents {or this reaction.

Enantiotopic-group selective reactions (ssymmetrization processes) promise to be en exciting
transformation In asymmetric synthesis. They can offer a method to introduce s number of chiral
centers of remote positions at one time. Enzymes have s remarkable ability to recognize the
stereochemical properties of chiral or prochirs! substrete. Omne of the most spectecuiar spplicstion
of these unique properties is demonstrated in monohydrolysis of meso-diesters using pig liver es-
terase (PLE), and Its unique spplication for the syntheslis of sntiblotics.!

Due the success of homochiral scetal methodology in asymmetric synthesis, developed by ua2
and olhers,3 we have occasion to study application of the method in asymmetrization process:

asymmetric enollzation of meso cyclic ketones.4

Reaction of homochiral scetsls with trislkylsluminum reagent.

The homochiral ecetal 3Ja, which was prepared from the ketone la and (2R, 4R)-2,4-
pentanedio! In the ususl manner, was treated with (riisobutylaluminum in dichloromethane at 0°cC.
Quenching with squeous sodlum hydroxide after 4 h geve the vinyl ether almost in quantitative
yleld. The resuiting aicohol was converted to the corresponding acetate 58 by exposure with acetic
anhydride. Gic analysis of the product revealed the diastereoratio of 9 : 1.

Agymmetrization acetal cieavge of meso-ketones
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The absolute configurstion was determined ss S by the method as shown In Scheme 1. Thus,
ozonolysis of the vinyl ether Se followed by conversion to the corresponding acetal with (2R, 4R)-
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Scheme 1. Determinstion of sbsolute configuration of 3s

H ; be
/k/\/\/wou')' —- OHC/\/\/C“(O“.)’ o RO AN CHOM), g man
61% o, 7% 10 R s Ac

7 8
d | quent.

. o
AOO\/\/'\/k "
(o]

v [ T 43% :
° o e : CHO *. /\/\/k
/O/ ™ RTINS P 0

sa 12 13Y= R0,C
14 Y = HOCH,
a: Oy, MoOH; then Me,8; b: NaBK,; ¢: Ac,0; d: (2R, 4R)-2.4-pentanediol, H'; e: LIAIH,
2,4-pentanediol produced 13 and, after reduction by lHthium aluminum hydride, 14. Acetyletion of
hydroxyl group of 14 afforded 11. It was compared with the authentic sample, which was prepered
from (S}-citronellal dimethylacets! by the following sequential transformaction: (1) ozonolysts, (2!
Table 1. Asymmetrizating acetal cleavage by triiscbutytaluminum

subst. 1BuyAl (0q.) solvent cond. yloki(%) ratio
3 15 CH,CY, 0°C,5h 49 78:22
4 CH,Cty 0°C.4n 1 87:13
10 CH,Cly 0°C, 12n 76 88:12
20 CH,CLy 0°C.onh 0 83:12
20 CH,CY,y 40°C,4.5h 72 88:12
2 N, 0 78°C, 3 4 T2
4 CH,C1, -78°C,0.5h;0°C.4h 99 90 :10
] CICH,CH,C1 o°c,6n 90 r7:73
4 toluens o°c.eh 53 76:24
4 hexane 0°C.8n »” 84:16
10 CcHOY, 0°C, sh S8 84:16
» 4 MY, -78°C,08h;0°C.4N 9 06 : 14
3¢ 4 CH,Cl, -78°C,0.5h;0°C. 40 09 0 : 11
4 4 CM,CY; -78°C,0.30;0°C, 4N ) 9:9
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Scheme 2. Dsterminstion of sbeohste configration ol Sc
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reduction with sodium borohydride, (3) acetylation, (4) ecetal exchange with (2R, 4R)-2,4-pentanediol.
The sbsolute configuration for t-butyl derivative Sc was determined by transformation to dicar-
boxylic acid 15 by oxidative double bond cleavage and hydrolysis, |llustrated as Scheme 2.5

For further improvement of the stereoselectivity of triisobitylaluminum reaction, we attempted
verious reaction conditions, The resuits were summerized in Table 1. The ratio of the product
was not significently affected by the reaction conditions. We also reslized that no significant ef-
fect were observed by the changes of the alky! group at C-4 position.

Attempted reaction using other diols.

We turned our attention to modify the structure of the diols. A veariety of chiral C2
-symmetrical diols were tested. Unfortunately, after addition of acetic anhydride for {n situ trap-
ping of the hydroxyl group, we could not Isolate any vinyl ether acetate {rom the dioxolane acetals
16-19. The other bulky 1,3-dlols, e.g. t-butyl derivative 205. failed to proceed the desired reaction,

Moditication of diol component
R t-Bu

PN

16 Rz Me 20 (rscemic)
17 R = CH,0H

18 R = CH,0F!

19 Rz CONMe,

Resction of homochiral acetals treated by dialkylatuminum amides.

While triisobutylaluminum is excellent reagent for the reactlon, further studies are required
for the better stereoselectivity. Among various possible aluminum reagems, diaslkylaluminum amides’
proceeded the reaction smoothly at 0°9C. Table 2 summerized the results. Although most of them
gave less satisfactory results than trilsobutylaiuminum, it was found that the amide 2208 performed
the desired transformation with the superior reactivity and selectivity to the triisobutylsluminum

method.

Discussion,

The observed results may come from the specific conformation of 3. Thus the conformation
of 3a should be either A, or B, and the conformer A should be the more steble isomer. The
equatorial ether group of A may be asttacked by Lewis acid to generate the oxontum ion. The
steric repulsion existing between the cyclohexane ring and the dioxene substituent at axisl position
would control the course of the repction. The remsining axial C-O bond therefore rotstes down to
equatorial, and deprotonation undergoes st more strained site by one of the ligands of the reagent.
No enhancement of selectivity regardless of the substituems of cyclohexanones (‘I"Q;le [} may be
explained by the favorable chair conformstion of six-membesed ring.
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Table 2. Asymmetrizating acetal cleavige by disfiytstuminum amides

sudst. RAINR;  oquiv. cond, yleld(%) ratio
3s uo,Anw 4 0°c,2n 18 82:18
Et, AITMP 4 0°C.éh 90 84:18
IBUAITMP 4 0°C,10h 70 81:19
228 4 0°C, 4 h 9%  89:1
228 10 -78°C.1n,0°C,6n 48 90:10
24 4 0°C,8h - .
3 23 10 -78°C,1h0°C; 60 - 91 92: 0
3¢ - 10 -78°C, 1 h;0°C.8h 9 89:12
4 22 10 -78°C,1h;0°C,6h 69 94:8
tBu
o Y
NR NR
By tBu
22 Rs H 28aR= ¥
bRz 1BuAl bR s 1Bu,Al

Figure 1. Mechanism for ssymmetrizating acetal cleavage
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Experimental section

General: Infrared (IR) spectra were recorded on s Hitachi 260-10 spectrometer. Relative intensities
were expressed as s, strong; m, medium; w, weak; br.,, broad signgls. H NMR spectra were
measured on a JNM-PMX 80 spectrometer or a Varian Geminl 200 spectrometer. The chemicasl
shifts were expressed in parts par million downfleld from internal standerd tetramethylsilsne (TMS, 8
= 0). Splitting patterns were indicated as s, singlet; d, doublet, t, tripiet; q, quartet; m, multiplet;
br, brosd pesks., Gas liquid-phase chromatographic (gic) anslyses were performed on Gasukuro Kogyo
Mode! 370 or Shimedzu GC-8A. instruments equipped with PEG 25 meter column detected by flame
fonizetion detector, using nitrogen as the career gas. High performance liquid chroratography (hplc)
analyses were made by Shimadiu LC-6A equipped with Wako Wakopek (Finesil) detected by UV
detector Shimadzu SPD-6A.  All experiments were carried out under inert atmosphere. For thin
tayer chromatographic (tic) snalyses were used Merck precosted tic plates (silica gel 60 GF,q,, 0.25
mm thickness) otherwise noted. Elemental analyses were made at the Institute of Applle(? drganlc
Chemistry, Faculty of Engineering, Nagoys University. In experiments requiring dry solvents, ether
and tetrahydrofuran (THF) were distilled from sodium-benzophenone ketyl. Dichloromethane was dis-
tilled over phosphorous pentoxide under argon. Chloroform was freshly passed through a column of
neutral alumina before use. Hexane and benzene were dried over sodium metal. For flash column
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chromatography was used silica gel Merck Kieseigel 60 (Art. 9385),

Preparstien of 4-ethyicyciohezsnone 1b: To a solution of 4-ethyicyclohexanol (cis-trans mixture,
commescially availsble from Aldrich Co., 6.1 g, 50 mmol) in ether (20 mL) was sdded chromic scid
solution (prepared from sodium dichromate (5.0 g, 17 mmol) and sulfuric ecid (96%, 3.8 mL) In
water (25 mL)) at 0°C dropwise. The two-phase solution was stirred at ambient temperature for 2
h. Organic layer was seperated and the water layer was extracted with ether. The combined or-
ganic leyers were dried over sodium suifete. Concentration in vecuo and purification by chromatog-
raphy on silica gel (etuant: hexane-ethyl scetste, 4:1) afforded a colorless oil (4.5 g, mmol,
72%): tic Rf«0.42 (hexene-ethy! acetate, 4:1); IR: 3000-2750 s, 1710 s, 1185 m, 935 m; 'H NMR
(CCl,): & 2.40- 2.10 (br. m, 4H), 2.07-1.10 (br. m, TH), 0.93 (d, ) = 7.3 Hz, 3IH); Elemental analysis
calcd for CBHHO: C, 76.18; H, 11.18%. Found: C, 76.37; H, 10.95%.

Preparation of cis-3,5-dimethyicyclohexanone 2: A cis-trans mixture of 3,5-dimethylcyclohexanone (3.8
8. 30 mmol) was reduced with sodium borohydride (1.2 g, 30 mmol) In ethanol (30 mL) at 0°C.
After stirring for 2 h, the resultiag solution was poured into brine and extracted with ether. The
combined ether extracts were dried over sodium sulfate. Three spots were observed on tic analysis,
and the highest Rf product (Rf«0,24, hexane-ethyl acetate, 4:1) was charecterized as cls-cls—cis
tsomer frqm 'H NMR investigation (430 mg, 3.3 mmol, 11%). mp. 36.0-36.3°C uncorr. (lit.: 38-
39°C);12 H NMR; 8§ 4.00 (m, 1H), 2.10-1.40 (m, 9H), 0.85 (d, ] = 6 Hz, 6H). Oxidetion with
chromic acld solution as mentioned sbove qave cis-2 as a colorless oll (320 mg, 2.5 mmol, 79%):
tlc Rf = 0.40 (hexsne-ethyl acetate, 4:1); 'H NMR (CCI4): 8 2.40-2,10 (m, 4H), 2.10-1.50 (m, 4H),
1.07 (d, ) = 6.4 Hz, 6H). Its gic analysls In comparison with cis-trans mixture revealed that sole
pure cls-isomer was obtsined; cis-isomer: tr = 16.8 min; trans-isomer: tr = 19.7 min,

Preparation of acetals, general procedure (b, R = Et). A solution of 1Ib, (2R, 4R)-2,4-pentanediol
(540 mg, 5.2 mmol), snd pyridinium p-toluenesuifonate (35 mg) In benzene (10 mL) was refluxed
azeotropically for 7 h. The resulting mixture was poured into ssturated squeocus soiution of sodium
hydrogencarbonate and extracted with ether, The combined ether extracts were dried over sodlum
sulfate and concentrated in vacuo. Purification by column chromstography on silica gel {(hexane-
ethyl ecetate, 4:1) gave a colorless oll 3b (306 mg, 4.3 mmol, 84%): tic Rf«0.62 (hexane-ethyl
acetate, 4:1); IR (neat film): 3000-2800 s, 1435 m, 1340 m, 1140 s; 'H NMR (CCI4): 5 3.87 (m,
2H), 3.20-!.30 (m, 13H), 1.13 (d, J = 6 Hz, 3H), 1.08 (d, | = 6 Hz, 3H), 0.90 (d, ] = 5.4 Hz, 3H);
l0102 a -22,24° (¢ = 1 .7, CHCI3); Elemental analysis calcd for Cy3He409: C, T73.54; H, 1139,
Found: C, 73.49, H, 11.44%,

Preparstion of acetal da (R = Me): Refluxing a solution of the ketone 1a (1.13 g, 9.9 mmol) and
(2R, 4R)-2,4-pentanediol (1.13 g, 11 mmol) in the presence of pyridinlum p-toiuenesulfonate {35 mg)
in benzene afforded the acetal 3a (1.74 g, 8.8 mmol, 89%)): tic rll’ = 0.59 (hexane-ethy! scetate,
4:1); IR (neat film): 3000-2800 s, 1450 s, 1380 s, 1165 3, 995 s; 'H NMR (CCl,): ¥ 3.86 (m, 2#),
2.2056.20 (m, IIH)., 1.13 (d, J = 6 Hz, 3H), 1.10 (d, J « 6 Hz, 3H), 093 (d, J = 5.4 Hz, 3H);
lalp » -25.58° (¢ = 1.02, CHCI3); Elemental analysis ceicd for CjoH290,: C, 72.68; H, 11.18.
Found: C, 72.68;, H, 11.33%.

Preparation of acetal 3c (R = t-Bu): Refluxing a solution of the ketone 3c (797 mg, 5.2 mmol) and
(2R, 4R)-2,4-pentanediol (560 mg, 5.3 mmol) In the presence of pyridinium p-toluenesulfonste {23
mg) in benzene (10 mL) afforded the acetal 3c (1.26 g, 5.2 mmol, 99%): tic Rf = 0.59 (hexane-
ethyl acetate, 4:1); IR (neat film): 3000-2800 br. s, 1370 s, 1150 s, 1100 s, 990 m; 1H NMR
(CDCls): & 4.03 (m, 1H), 3.92 (m, 1H), 2.13-2.02 (m, 2H), 1.67-1.54 55\, 2H), 1.37-1.24 (m, SH), 1.20
(d, J = 6.5 Hz, 3H), 1.08 (d, ] = 6.3 Hz, 3H), 0.85 (s, 9H); [a] = -16.26° (¢ = 1.09, CHCl4);
Elemental analysis calcd for C|5H2802: C, 74.95; H, 11.74%, Found: C, 74.77; H, 11.84%,

Preparation of scetal 4 (3,5-dimethyl): Refluxing a solution fo the ketone cls-2 (134 mg, 1.1 mmol)

and (2R, 4R)-2,4-pentanediol (178 mg, 1.1 mmol) in the presence of pyridinium p-toluenesulfonate (10

mg) In benzene (10 mL) afforded the acetal 4 (183 mg, 0.86 mmol, 78%): tlc R{ « 0.56 (hexane-

ethyl acetate, 4:1); IR (neat fiim): 3000-2800 br. s, 1445 s, 1255 s, 795 s; TH NMR 48:04): 8 3.87

(m, 2H), 2.20-1.30 (m, 8H), 1.13 (d, J = 6.6 Ha, 6H), 0.87 (d, J = 6.0 Hz, 6H); [a] » 24,44 (c

;lo.s;, CHCI3); Elements! analysis calcd for Cl3H2402: C, 73.54; H, 11.39%. Foun?: C, 73.49; H,
.44%,

Reaction of acets! 3a with trilsobutylaluminum. General procedure: To a solution of acetal 3a (100
mg, 0.5 mmol) in the solvent (10 mL) was added triisobutylaluminum (2 M In hexane). On disap-
pearance of most of the acetal 3a by tic anelysis the reaction solutlon was poured Into ice-cooled
2 N aqueous solution of sodium hydroxide, and extracted with ether. The combined ether extracts
were dried over magnesium sulfate. Concentrstion In vacuo gave a crude oll, which was acetylated
In acetic anhydride (I mL) and triethylamine (I mL) in the presence of 4-(dimethylamino)pyridine
(10 mg) to efford a colorless oll of Sa. Its dlastereomeric ratlo was determined by gic; tr = 43.3
and 44.1 min. (100°C). Physical dath were described In the following.

Reaction of acetals with trilsobutylaluminum. Genersl procedure (R = Et): To 8 solution of the
scetal 3d (57 mg, 0.28 mmol) in dichloromethane (5 mL) was added triiscbutylaluminum (2 M in
hexane, 0.5 mL, | mmol) st -789C. Stirring was continued st that temperature for 30 min,, end
at 0°C for 4 h. The reactlon solution was poured into ice-cooled 2 N aqueous solution of sodium
hydroxide and extracted with ether. The combined ether extracts were dried over sodium sulfate
snd concentrated in vacuo. The residual oil was aecetylated in acetic anhydride (1 mL) and
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triethylamine (3 mlL) In the presence of 4-(dimethylaminolpyridine (S mg). On disappesrance of
most of the vinyl ether slcohol by tic anslysis (ca. 6 h later), the reaction solution was poured
into satursted aqueous solution of sodium hydrogencarbonate and extracted with ether. The. ‘com-.
bined ether extracts were dried over sodlum sulfate. Concentration In vacuo and purification by
column chromatography on silica gel (eluant: hexane-ethyl acetste, 4:1) gave 8 colortess oil Sb {68
mg, 0.28 mmol, 99%): tic Rf « 0.49 (hexane-ethyl ascetate, 4:1); IR (neat film): 3000-2800 br. s,
1730 », 1665 s, 1440 s, 1365 s, 1230 s, 1110 m, 810 m, 790 m; 'H NMR (CCl,): § 4.90 (m, H),
4,60-4.30 (br. m, lH), 4.05 (m, 1H), 1,90 (s, 3IH), 1.85- lao {m, llH). ns (d, | = 6.6 Hz, 3H), 1.13
(d, ) = 6.6 Hz, 3H), 0.83 (d, J = 5.4 Hz, 3H); [al = -77.49° (c = 0.234, CHCI 3); Elements!
anslysis calcd for C gHpg05: C, 73.54; H, 11.39%. F%und C, 73.28; H, 15.65%. lts gic analysis
showed the the dlastereontlo of 86:14 (tr = 106.4 and 107.6 min, (100°C))

Reaction of acetal 3a (R = Me): Treastment of the sacetsl 3a (110 mg, 0.50 mmol) in dich-
loromethane (10 mL) with triisobutylaluminum (2 M In hexane, 1.0 mL, 2.0 mmol) followed by
acetylation gave a colorless oll Se (120 mg, 0.50 mmol, 99%): tic Rf = 0.37 (hexane-ethyl oceuie.
4:1); IR (nest flim): 3000-2800 br. s, 1730 s, 1660 s, 1435 m, 1360 s, 1180 s, l|00m. 790 m;
NMR (CCly): 8 4.88 (m, 1H), 4.50-4.30 (br. m, 1H]), 4.03 (m, IH), 1.89 (s, 3H), 826!20 (m, 9H),
1.18 (4, ) 4 6.6 Hz, 3H), 1.14 (d, J = 6.6 He, 3H), 093 {d, ) = 5.4 Hz, 3H) [alp*” » -81.69° (c
= 0.225, CHCl,); Elemental anaiysis caled for C, 1 C, 72.68; H, 11.18%, Found C, 72.53; H,
11, 33% Its 3lutereorauo was determined by gc nna sis to be 91:9 (tr = 122,0 and 123.6 min
(75°CH.

Reaction of acetal 3c (R = t-Bu): Treatment of the acetal 3c (55 mg, 0.23 mmol) in dich-
loromethane (5 mL) with triisobutylsiuminum (2 M in hexane, 0.50 mL, 1.0 mmol) followed by
acetylation gave a coloriess oil Sa {63 mg, 0.23 mmol, 99%): tic Rf = 0,73 lhexape-ether, 1:1); IR
{neat fiim): 3000-1800 br. s, 1740 s, 1675 m, 1370 m, 1235 m, 1030 m, 790 m; NMR (CCI ) 8
4.88 (m, 1H), 4.50-4.30 (br, m, 1K), 4.03 (m, 1H), 1.90 8. 3H), 1.85-1.40 (m, 9H), l 184, J = 66
Hz, 3H), 1.15 (d, ) = 6.6 Hz, 3H), 0.87 (s, 9H); [u] U . 76,120 {c = 0.244, CHCIl,); Elemental
analysis calcd for C,7H, 0 C, 72.54; H, 11.39%, Found C, 73.49; H, 11.44%, Its diastereoratio
was determined by Hc analym to be 89:11 (tr = 87.2 and 92.0 min. (130°C)).

Reaction of acetal 4 (3,5-dimethyl): Treatment of the aceta!l 4 (57 mg, 0.27 mmol) In dich-
loromethane (5 ml) with trlisobutylaluminum (2 M In hexane, 0.50 mL, 1.0 mmol) followed by
scetylstion gave a coloriess oll (64 mg, 0.27 mmol, 99%): tic Rf = 0.44 (he:iane-ethyl acetate,
10:1); IR (neat film): 3000-2800 br. s, 1740 s, 1370 m, 1235 m, 1030 m, 790 m; 'H NMR (CCil,): 8
4.88 (m, 1H), 4.50-4.30 (br. m, 1H), 4.03 (m, 1H}, 1.92 (s, 3H)}, x,;&-\.as {m, 8H), 1.18 {d, } = 6.6
Hz, 3H), 1.15 (d, } = 6.6 Hz, 3H}, 0.90 (d, J = S.4 Hz, 6H); la) = -46.74° (c = 0.196, CHCl,)
Elemental analysis calcd for Cl Ha 03 C, 72.54; H, 11.,39%, ound: C, 73.49; H, 11.44%. ?ts
disstereoratio was determined by glc analysis to be 9! 9 (tr « 122.0 and 1236 mtn. (75°C))

Preparation of the suthemtic sampie. (S)citronellal dimethyl acetal 7: A solution of (S)-citronella!
(3.1 g, 20 mmol) and trimethyl orthoformate (5.0 mL, 46 mmol) in methanol{l0 mlL)} with ammonium
nitrate {S3 mg) and pyridinlum 4-methylbenzenesulfonate (29 mg) was stirred at ambient temperature
for 2 days. The resulting mixture was poured Into saturated aqueous solution of sodlum hydrogen
carbonate and the combined ether extracts were driled over magnesium suifate. Concentration In
vecuo gave a crude product 7 which was wused for the next reaction without any further
purificetion: tic Rf « 0.46 (hexane-ethyl acetate, 4:1); TH NMR (CDCl $ 5.10 (m, lH), 4.23 (t,
J = 5.4 Hz), 3.30 (s, 6H), 2.20-1.80 (m, 2H), 1.70 (d, | = 4.8 Hz), 3110 (m, 5H), 0.92 (d, J =
5.4 Hz, 3H).

Cleavage of double bond with ozonolysis: A solution of (Sl-citronellal dimethyl acetal 7 in methanol
(15 ml) was ozonized at -78°C until it was turnd to dark blue {ca. 2 h). The resulting solution
wss released to amblent tempersture, and to this was sdded dimethyl suilfide (10 ml) dropwise.
After removal of solvents in vacuo the residue was poured into saturated aqueous solution of
sodium hydrogen sulfite and extracted with ether. The combined ether extracts were dried over
sodlum sulfste.  Concentration in vacuo and purlficstion by column chromatography on silica gel
(eluant: hexane-ethyl scetste, 4:1) afforded s colorless oil 8 (2.1 g, 12 mmol, 81%): tic Rf = 0.20
(hexane-ethyl acetete, 4:1); IR (neat film): 3000-2800 s, 1710 s, 1440 s, 1370 s, 1190 s, 1110 s,
1050 s, 960 m; 'H NMR (CCl,): & 9.02 (¢, §J = 1.2 Hz, 1H), 4.32 (x 7] = 5.4 Hz, 1H), 3.13 (s, 6H),
2.32 (m, 2H), 1.90-1.10 (m, gH) 0.92 (d, ) = 5.4 Hz, 3H) [al'l = -4.39 (c - 1.08, CHCl3)
Elementa! analysis calcd for C9H|803: C, 62.04; H. 10.41%. Found: C 62.03; H, 10.42%.

Acetal slcohol 9: To a solutlon of scetal aldeh gdc 8 (1.6 g, 9.0 mmol) in echanol (10 ml} was
added sodium borohydride {400 mg, 10 mmol) at OYC. Stirring was continuved for 2 h. The resuit-
Ing solution was poured into ice-cooled water, and curucted with ethy! acetate, The combined ex-
tracts were drled over magnesium sulfate, and concentrated In vacuo. Purification by column
chromatogrephy on silica gel (elusant:hexanc-ethyl acetate, 1:1) afforded a colorless oil 9 (680 mg,
3.9 mmol, 43%): tlc Rf = 0.31 (hexsne-ethyl acetste, 1:1); IR (neat film): 3600-3100 br. s, 3000-
2800 s, 1455 m, 1370 m, 1190 m, 1130 s, 1155 s, 960 m; 'H NMR (CCI4) 5 4.36 (t, ) = 48611.
1H), 3.53 (k, J « 6.0 Hz, 2H), 3.20 (s, 6 H), 1.90-1.06 (m, 8H), 0.90 (d, J = 5.4 Hz, 3H); lalp 2
-2.57° (¢ = 1.026, methanol); Elemental anslysis calcd for CgHggO3: C, 61.33; H, 11.44%. Found C,
61.44, H, 11.33%.

Acetal ester 10: The resulting acetal sicohol 9 was acetylated in acetic asnhydride (1 mL) and
triethylamine (3 mL) In the presence of 4-{dimethylaminolpyridine (8 mg). The reaction mixture was
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stirred at amblent temperature overnight, poured into aqueous solution of sodium hydrogen
carbonate, and extrscted with ether, The combined ether extracts were dried over magnesium
sulfate.  Concentration in vacuo and purification by column chrometography on silica gel (elusnt:
hexsne-ethyl ecetate, 4:1) gave s coloriess oll 10 (55 mg, 2.5 mmol, 87%): tic Rf =« 0.21 (hexane-
?thyl scetate, 0.21); IR (neat (iim): 3000-2800 s, 1740 s, 1450 m, 1370 m, 1240 s, 1130 3, 1050 m;
H NMR (CCl,): & 4.33 (t, ) = 5.4 Hz, 1H), 3.96 (¢, d = 6.0 Hz, 2H), 3.18 (s, 6H), 1.97 (s, 3H),
1.90-1.06 (m, ‘7H). 092 (d, J = S.4 Hz, 3H); iaI02 o -3.88 (c = 1.042, methano!); Elemental
analysis calcd for Cy1Hp04: C, 60.52; H, 10.16%. Found: C, 60.38; H, 10.28%.

Acetsl exchange with (2R, 4R)-2,4-pemsnediol: A solution of acetsl ester 10 (45 mg, 0.21 mmol)
and (2R, 4R)-2,4-pentanediol (53 mg, 0.50 mmol} in the presence of pyridinium p-toluenesulfonate (8
mg) in benzene (10 mlL) was refluxed for 4 h., After addtlon of a few drops of triethylamine,
concentration in vacuo and purification by column chromatography on silica gel (eluant: hexane-ethy!
acetate, 4:1) gave a colorless oil 11 (53 mg, 0.21 mmot, 99%): tic R( = 0.24 (hexane-ethyl acetate,
4:1); IR (neat film): 3000-2800 s, 1765 s, 1385 m, 1245 s, 1150 m; 'H NMR (CDCI:,): 5 4.89 (dd,
6.2, 4.4 Hz, 1H), 4.27 (m, 1H), 4.00 (¢, ] = 6.7 Hz, 2H), 3.91 (m, 1H), 2.0t (s, 3IH), 1.%—1.20 (m,
SH), 1.33 (d, ] = 7.0 Hz, 3H), 1.18 (d, §J = 6.2 Hz, 3IH), 0.88 (d, J = 6.6 Hz, 3H); lal = 19.36
{c = 1,388, ether). Elemental enalysis calcd for C“H2604: C, 71.76; H, 11.18%, Found: C, 71.85;
H, 11.09%.

Determination of sbeolute configurstion of vinyl ether scotate 5a (R = Me). Preparstion of ester
sldehyde 12: Ozone was introduced to a solution of Sa (250 mg, 1.1 mmol, diastereoratio of 81:19)
in methanol (20 mL) st -78°C. The solution was turned to dark blue. On consuming of most of
the substrate (ca. | h later), introduction of ozone was stopped, snd the reaction solution was al-
lowed to warm to room tempersture. To this was added dimethylsulfide (0.8 mL, 11 mmol), end
stirring was continued for 2 h. Removal of solvents in vacuo gave a crude oll, which was purified
by column chromatography on silica gel (elusnt hexane-ethyl acetate, 3:1) to afford a colorless otl
12 (240 mg, 0.85 mmol, 77%); tic (hexone-cth{l acetate, 4:1) Rf = 0.15; IR (neet film): 3000-2800
s, 1730 s, 1240 s, 1175 m, 1140 m, 960 m; 'H NMR (CCl,): § 9.67 (t, J = 1.8 Hz, IH), 4.88 (m,
2H), 2,50-2.00 (br. m, 2H), 1.93 (s, 3H), 1.90-1.40 (m, SH), 1.18 (4, } = 6.0 Hz, 6H), 0.95 (d, } «
6.0 Hz, 3H). Elemental analysis calcd for CygH30g: C, 63.31; H. 10.02%. Found: C, 63.31; H,
9.78%,

Acetal ester 13: A solution of ester aldehyde 12 (180 mg, 0.63 mmol) and (2R, 4R)-2,4-pentanediol
(110 mg, 1.} mmol} In the presence of pyridinlum p-toluenesulfonate (9 mg) In bezene (10 mL) was
refluxed azeotropicailly for S h. The solutlon weas poured into seturated squeous solution ol sodlum
hydrogen carbonate, and extracted with ether, The combined ether extracts were dried over sodium
sulfate. Concentration In vacuo and purification by column chromatography on silica gel (eluant:
hexane-ethyl acetate, 3:1) gave a colorless oil 13 (130 mg, 0.48 mmol, 76%): tic Rf = 0.47 (hexane-
ethy! acetate, 4:1); IR (neat flim): 3000-2800 s, 1750 s, 1385 s, 1250 s, 1155 35; 'H NMR (CDCla):
8 4.99-4.86 (m, 3H), 4.29-4.22 {m, 1H), 3.98-3.87 (m, 1H), 2.29-2.20 (m, 2H), 1.98 (s, 3H), 1.87-].
(m, ), 132 {d, J = 7.0 Hz, 3H), L.20-1.15 (complex of doublets, 9H), 0.88 (d, ) » 6.6 Hz, 3H);
{alp®’ = -21.54% (c = 1.344, ether),

Acetal alcohol 14: To a solution of lithium sluminum hydride (46 mg, 1.2 mmol} In ether (5 mlL)
was added a solution of acetal ester 13 (120 mg, 0.42 mmol) In ether (I mL), and the mixture was
stirred at room temperature for 4 h. The excess of lithium aluminum hydride was consumed with
ethyl acetste, followed by addition of sodium fluoride (100 mg) and water (0.1 mL). The resulting
mixture was poured into | N hydrochloric acidand extracted with ether. The combined ether ex-
tracts were dried over sodium sulfate. Concentration In vacuo and purification by column
chromatography on silica gel (eluant: hexsne-ethy! acetate, 1:1) sfforded 1 colorless volatile syrup
14 (49 mg, 0.21 mmol, 51%); tlc Rf = 0.29 (hexane-ethyl scetete, 1:1}; 'H NMR (CDCl,): & 4.90
(dd, ) = 6.4, 4.4 Hz, IH), 4.27 (m, IH), 3.94 (m, 1H), 3.61 (dd, 12.0, 6.5 Hz, 2H), 1.88-1.23 (m,
10H), 1.33 (d, J = 6.9 Hz, 3H), 1.17 (d, J = 6.1 Hz, 3H), 0.86 (d, J = 6.5 Hz, 3H).

Acetal scetate 11: The ecetal sicohol was acetylated in acetic anhydride (I mL) and pyridine (3
ml) in the presence of 4-(dimethylaminolpyridine (7 mg). Th resction mixture was stirred overnight
and concentrated in vacuo. The residusl ofl was subjected to column chromatography on silica gel
(eluant: hexane-ethyl acetate, 4:1) to give acetal scetate (47 mg, 0.18 mmol, 87%). Glc analysis
showed the diastereoratio of 14:86. The mejor peak was Identical with the suthentic sample
prepared from (S)-citronellal.

Determination of the absolute configurstion of 5c (R = t-Bu). Oxidstive cleavage of double bond:
The vinyl ether ecetate 5¢c (250 mg, 1.0 mmol), potessium permanganate (210 mg, 1.3 mmol),
sodlum periodate (1.7 g, 8.0 mmol), and potassium carbonste (430 mg, 3.0 mmol) were suspended In
t-butanol (8 mL) and water (10 mL) at 0°C. After 12 h with stirring at ambinet temperature, the
reaction mixture was acidified with conc. hydrochloric acid, and extracted with ether. The com-
bined ether extracts were dried over magnesium sulfate and concentrated In vecuo. The crude
product of monoester was diluted In 2 N aqueous solutlon of sodium hydroxide (3 mL) eand
tetrahydrofuran (3 mL). After 12 h, the resction mixture was poured into water, and the alkaline
solution was washed with ether, the acidified with conc. hydrochloric acid. The acidic water tayer
was extracted with ether repeatedly. The combined organic layers were dried over magnesium
sulfate.  Concentration In vacuo and purification by column chromatography on sllica gel (eluant:
ethyl acetate-methanol, 30:1) afforded the diacid 15 (120 m’o 0.57 mmol, 36%); tic Rf « 0.22 (ethyl
acetate-methanol, 30:1). The value of optical rotation (laID = 12.54° (c = 1.012, scetone)) showed
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73% e.e. of (S)-isomer (lit. ol = 17.2° (c = 1, acetone} for (S)-1somer).®

Resction of ascetals with aluminum amides. Preparstion of the i(mine 218 To a mixtore of t-
butylamine (14 mL, 110 mmol) and cyclohexanecarboxaldehyde (8.3 g, 110 mmol) was added pul-
verized potasstum hydroxide (1.0 g, 16 mmol). After 26 h with stirring et smbient tempersture,
the resulting mixture was pored into 2 N aqueous solution of sodium hydroxide and extracted with
ether. The combined ether extracts were dried over magnesium sulfste. Concentration in vacuo
and distillation under reduced pressure gave the Imine 21 (9.5 g, 57 mmol, 50%); b.p. 100-105°C (?3
Torr); tic Rf = 0.62 (hexane-ethyl ecetate, 1:1); IR (neat flim): 3000-2800 s, 1680 s, 1460 m; 'H
NMR (CClg): 8 7.30 {d, ] « 4.2 Hz, IH), 2.30-0.80 (m, 11H), 1.10 (s, BH).

Treatment of imine 21 with t-butyllithium: To a solution of the imine 21 (8.1 g, 48 mmol) in ether
(30 mL) was Iintroduced t-butyllithium (2.35 M In heptane, 21 mlL, 49 mmol) at -78°C. After 2 h,
the resction solution was diluted with hexane and poured into ice-cooled 2 N aqueous solution of
sodium hydroxide. The combined ether extracts were dried over magnesium sulfate. Concentration
in vacuo and distillation under reduced pressure afforded the amine 22a (8.7 g, 34 mmol, 72%); b.p.
86-93°C (7 Torr); tlc Rf = 0.65 (hexane-ethy! acetate, 1:1); IR (neat film): 3000-2800 s, 1470 m,
1445 m, 1365 m; 'H NMR (CCl): 8 2.20-1.13 (m, 13H), 1.04 (s, 9H), 0.82 (s, 9H); Elemental
analysis calcd for C15H3lN: C, 79.93; H, 13.86; N, 6.21%. Found: C, 79.68; H, 13.85; N, 6.47%.

Preparetion of imine 23: To s mixture of 3,3-dimethyi-2-butylamine (3,0 g, 30 mmoll and
cyclohexanecarboxaidehyde (3.6 mL, 30 mmol) was added pulverlized potassium hydroxide (1,0 g, 16
mmol). After 10 h with stirring at ambient tempersture, the resulting mixture was poured into 2
N aqueous solution of sodium hydroxide and extracted with ether. The combined ether extracts
were dried over magnesium sulfste. Concentration In vacuo and distillation under reduced pressure
gave a colorless oil 23 (4.5 g, 24 mmol, 81%); b.p. 116-118°C (28 Torr); tic Rf = 0.63 (hexane-
ethyl acetate, 1:1); IR (neat film): 3000-2800 s, 1680 s, 1465 m; 'H NMR (CCl,): & 7.26 (d, ] «
4.2 Hz, 1H), 2.60 (q, J = 6.0 Hz, 1H), 2.20-1.10 (m, 11H), 0.93 (d, ) = 6.6 Hz, 3H), 0.80 (s, 9H).

Treatment of imine 23 with t-butyllithium: To a solution of the imine 23 (4.0 g, 20 mmol) in ether
(20 mL) was sdded t-butyllithlum (2.35 M In heptane, 10 mL, 24 mmol} at -7st. After 2 h, the
resulting solutlon was diluted with hexane and poured into ace-cooled 2 N aqueous solution of
sodium hydroxide. The combined ether extracts were dried over magnesium sulfate and con-
centrated In vacuo. Distiliation under reduced pressure afforded the amine 24s (4.3 g, 19 mmol,
85%); b.p. 81-100°C (8 Torr); tic Rf = 0.65 (hexane-ethy! ecetate, 1:1); IR (neat flim): 3000-2800 s,
1650 w, 1445 m, 1360 m, 1125 m; 'H NMR (CCl.): & 2.60 (q, ) » 6.0 Hz, 1H), 2.20-1.10 {(m, 11H],
1.00-0.90 {m, 21H); Elementa! analysis calcd: C, 80.56;, H, 13.92; N, 5.53%; Found: C, 80.61: H,
13.82; N, 5.56%,

Reaction of acetal with dislkylaluminum 2,2,6,6-tetramethylpiperidide: LTMP (lithium 2,2,6,6-
tetramethyipiperidide) was prepered from 2,2,6,6-tetramethyipiperidine (250 mg. 2.0 mmot} snd bdutyl-
lthium (1,76 M In hexsne, 1,2 ml, 2.0 mmol) In toluene (5 ml) at 0°C. After addition of
dislkylaluminum chloride (I M in hexane, 2.0 mL, 2.0 mmol), the solutiomn was stirred at 0°C for
30 min.,, end then cooled to -78°C. To this solution was added acetal 3a (99 mg, 0.50 mmol) In
toluene (2 mL). Stirring was continued at thet temperature for | h, and at 0°C untill simost il
the acetsl hed consumed. The resulting solution was poured Into Ice-cooled 2 N aqueous solution
of sodlum hydroxide and extracted with ether. The combined ether extracts were dried over mag-
nesium sulfate. Concentration in vacuo and purification by column chrometography on silica gel
(eluant: hexane-ethyl acetate, 4:1) gave a colorless ofl, which was acetylated in acetic anhydride (1
mbL) and triethylamine (3 mL) in the presence of 4-(dimethylaminolpyridine (5 mg) to afford the
vinyl ether acetate 5a; Yield: dimethylalunimum amide (18 mg, 0.080 mmol, 16%, ratio 82:18);
diethylsluminum amide (110 mg, 0.47 mmol, 90%, ratio 84:16); dlisobutylaluminum amide (84 mg,
0.37 mmol, 70 %, ratlo 81:19).

Genera! procedure foc trestment with 22b (3b, R = Et): To a solution of amine 22a (638 mg, 2.5
mmol) in toluene (5 mL) was added butyllithium (1.56 M in hexane, 1.6 mL, 2.5 mmol) at 0°cC.
The resulting mixture was stirred at that temperature for | h, and st ambient temperature
overnight. After cooling to 0°C, diisobutylaluminum chloride (1 M tn hexane, 2.5 mL, 2.5 mmol)
was added. After | h, the resulting mixture was cooled to -78°C, and to this was introduced acetal
3 (56 mg) in toluene (2 mlL). Stirring was continued at that temperature for | h, and at 0°C for
6 h. The reaction solution was poured into 2 N aqueous solution of sodium hydroxide and ex-
tracted with ether. Concentration In vacuo and purification by column chrometography on silica gel
{eluant: hexane-ethyl acetste, 4:1) gave a colorless oll, which was scetylated in acetic anhydride (1
mL) and trlethylamine (3 mL) In the presence of 4-(dimethylaminolpyridine (5 mg) to afford the
viny! ether acetate 5b (58 mg, 0.24 mmol, 91%). Its diasteroratio determined by gic analysls was
found to be 92:8.

Resction with scetal 38 (R = Me)' The acetal 3a (55 mg, 0.28 mmol) reacted with the amide 220
followed by acetylation produced the vinyl ether acetate Sa (30 mg, 0.13 mmol, 48%). Its dias-
tereoratio determined by glc analysis was found to be 90:10.

Reaction with acetal 3¢ (R = t-Bu): The acetal 3c (60 mg, 0.23 mmol) reacted with the amide 22
followed by acetylation produced the vinyl ether acetste Sc (62 mg, 0.23 mmol, 95%). Its dias-
tereoratio determined by gic anslysis was found to be 88:12.
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Resction with acetal 4 (3,5-dimethyl): The scetal 4 (56 mg, 0.27 mmol) reacted with the amide 22
followed by scetylation produced the vunyl ether ecetate 6 (44 mg, 0.18 mmol, 89%). Its dias-
tereoratio determined by gic analysis wes found to be 94:6.

Trestment of ascotal 3a with diiscbutyleluminum amide 24b: To e solution of emine 24a (260 mg,
1.0 mmoil) in toluene (2.5 mL) weas sdded butyllithium (1.56 M In hexane, 0.56 mL, 1.0 mmol) et
0°C. The resulting solution was refluxed for 2 h., Diisobutylsluminum chioride {} M in hexane, 1.0
mL, 1.0 mmol) was introduced at 0°C. After | h, at amblent tempersture, the solution was cooled
to 0°C, and to this was added scetal 3a (57 mg., 0.25 mmol). Stirring was continued for 4 h.
The resction solution was poured into squeous solution of sodlum hydroxide and extracted with
ether. The combined ether extracts were dried over magnesium suifate, Concentretion in vecuo
and purificetion by column chromstography on silica ge! {eluant: hexane-ethyl acetate, 4:1) gave
trace of the product with recovery of acetal.
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