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Abstract: The ester dienolate [2,3]-Wittig rearrangement proceeds with high yield and anti/fsyn
diastereoselection to afford 3-alkoxycarbonyl-3-hydroxy-substituted 1,5-hexadienes. No donor solvent or
metal salt additive was necessary to trigger the rearrangement. The rearrangement product was transformed
to diastereomcrically pure 2,3-dialkenyl-substituted y-lactones. A transition state picture was proposed based
on previously reported transition state models for enolate [2,3]-Wittig rearrangements. © 1999 Elsevier Science Ltd.

All rights reserved.

We have recently i
natural amino acids via the reductive amination of a-keto carboxylic acid derivatives
(2—1).[1] We have identified a sequence of two sigmatropic rearrangements in order to gain
access to a structurally diverse number of «-keto carboxylic acid derivatives in a
stereoselective way. We envision that a 3-oxy-Cope rearrangement of a 3-alkoxycarbonyl-3-
hydroxy-substituted 1,5-hexadiene should afford the desired o-keto ester (3—2).[2] The
starting material for the oxy-Cope rearrangement should be accessible via a dienolate [2,3]-

Wittig rearrangement of an o-allyloxy-substituted ester dienolate (4—3).
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2,3]-Wittig rearrangement has been extensively studied since 1980 by Nakai,
Katsuki and others. Powerful asymmetric versions were developed.[4],[5],[6] Nakai has
shown that the ester enolate [2,3]-Wittig rearrangement proceeds with high
diastereoselection if 8-phenylmenthol is utilized as a chiral auxiliary.[7] The major drawback
of the ester enolate chemistry is the necessity of the presence of a donor solvent or a metal
salt to trigger the rearrangement due to the low reactivity of a lithium ester enolate.[8] Nakai
has also shown that the [2,3]-Wittig rearrangement of an a-substituted unsymmetrical diallyl

ether afforded the corresponding tertiary alcohol as a mixture of stereoisomers. [9]

deprotonation in both a-positions.
We envisioned that combining the advantages of the ester enolate [2,3]-Wittig rearrangement
(regioselective deprotonation, stereocontrol via a chiral auxiliary) and the [2,3]-Wittig

rearrangement of diallyl ethers (reactmty, 3-hydroxy-1,5-hexadiene product frdmework)
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hexadienes with a variable substi‘[ution pattern in a stereocontrolied fashion.
strategy is outlined in Scheme 1. Enolization of the regioisomeric esters 5 and/or 6 should
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he general

give an o-allyloxy-substituted ester dienolate 7. A successful rearrangement (7—8) followed

by desilylation and lactonization would afford a 2,3-dialkenyl-substituted 2-hydroxy-y-
y desiylation and lactonization would altor .,...uw“ I-substituted Z-hydroxy-y
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establish the relative configuration of the newly created chirality centers.
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The synthesis of the starting material for the rearrangement was realized as depicted in

Scheme 2 and 3. Monosilylation of (Z)-2-butene-1,4-diol 10 afforded the silyl ether 11 which
y e acid 12. We utilized (-)-menthol as a 1
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with the DCC/DMAP method (12—13).[11]
Scheme 2
{-)-menthol :
7
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The (-)-menthyl ester 13 was deprotonated with LDA and the aldol addition with acetone or
Cvclenpntqnnnp affardad the dacired nradnet (1da hy in ioh vield and ag a 21
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diastereomeric mixture (Scheme 3, Table 1).[12] The configuration of the newly created

chirality center was not assigned. The elimination was successfully realized with thionyl
chloride in pyridine and dichloromethane.[13] The elimination afforded two regioisomers
(5a,b and 6a,b) which can be separated by flash chromatography (Scheme 3, Table 1). For

convenience, we isolated the regioisomers as a mixture since both compounds are
PRI JIUE RPUREPS RN SRUNCNNE It LS RPN
transformed to the desired dienolate
Scheme 3
1. LDA, THF
-78 °C, 10 min SOCl, 3
2. ketone o pyridine R® O R* 0
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Table 1. Aldol addition and elimination.
ketone  compound Rl= yield (%), d.r.(® compound R2 R3= yield (%)
18a-c ratio 5a-¢(®):6a-bh
14?1 ><3H 90 53, 63 1\22 i1 74
)J\ ¥ 2:1 R3= CH, 11
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NMR spectra, configuration not assigned. (c) The chloride substitution
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ratio= Z:1, determined Irom

~

product was isolated (43 %).
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The aldol addition with tetralone was less efficient and the aldol adduct 14¢ was isolated in
moderate yield as a mixture of diastereomers. The SOCl,-mediated elimination gave a

separable mixture of the desired olefin 5S¢ and the substitution product (Scheme 3, Table 1).

The ester dienolate [2,3]-Wittig rearrangement was performed with the mixture of the
regioisomeric olefins § and 6 (Scheme 4, Table 2). Treatment of the esters 5 and 6 with LDA
at -78 °C for 10 minutes led to a yellow colored enolate solution. The rearrangement
proceeded when the dry ice bath was exchanged for an ice bath to afford the rearrangement
product in high yield as a mixture of the two anti diastereomers 8a-c¢ (and the C-2, C-3
epimer, not depicted). It is worth mentioning that no additive is necessary and that the overall

reaction time is extremely short compared to the ester enolate [2,3]-Wittig rearrangement.[8]
diastereomers. This result indicated that the rearrangement proceeds with complete anti/syn
diastereoselection. As expected, the induced diastereoselection of the rearrangement is low
due to the weak diastereoface differentiating capability of menthol. As we had envisioned,

cnnaaagted cum coanfiognratinn nf tha n]].rnn‘ll_nnl‘\ofifnanfn rnal
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Scheme 4
LDA, THF R TRy TBAF, THF L Q
5.6 -78 °C to 25 °C X o 0°Cto25°C 7 o
5+ 6 - - " — -
R OH H OH
8a-c 9a-¢
+ C-2,C-3 epimer,
see table 2
Table 2. Diastereoselection of the ester dienolate [2,3]-Wittig rearrangement.
starting R= product  yield (%)@ anti:syn().(c) product vyield (%)(@)-(d) d.r.(6)
material 8a-c 8a-c 9a-c 9a-c
. single
5a+6a <\ 8a 92 >05(2:1):5  9a 78 diastereome
" single
S5b+6b () 8b 90 >95(2:1):5 9 59 diastereomer
~/
"‘n/ single
5c¢ ~_) 8 71 >95(12:1):5  9c 87 diastereomer
\ 7/

(a) Isolated yield after chromatographic purification. (b) Diastereomeric ratio determined from !H NMR
spectra. (c) In parentheses: Diastereomeric ratio of the two anti diastereomers with respect to R*,

configuration not assigned. (d) (-)-Menthol was isolated in 70-90 % yield.



Based on the suggested relative configuration, the diastereoselection can be qualitatively
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explained in terms of the previously reported transition state models for the enolate [2,3]-

Wittig rearrangement.[15] As depicted in Scheme 5, based on a chelated (Z)-configurated
enolate, the five-membered transition state for the concerted [2,3]-Wittig rearrangement
leads to a pseudo bicyclo[3.3.0]octane framework for the transition state. In the like
transition state (Z)-lk-15, the triisopropylsiloxymethyl substituent is directed loward the
convex face of the bicyclic transition state framework. This leads t
product anti-16. In the unlike transition state (Z)-ui-15, the triisopropyisiloxymetny]
substituent is directed toward the more crowded concave face of the transition state.
Consequently, it is reasonable to assume that the like transition state (£)-lk-15 is preferred

for steric reasons. A rearrangement via the transition state (Z)-1k-15 affords the anti

configurated product anti-16 what was experimentally verified by our study
Scheme §
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Furthermore, the like transition state couid be favored due to the stabilization of a partially
negative charge which develops on the central atom (C-2’) of the allyl ether moiety as
depicted in Scheme 5. A recent computational analysis has identified this interaction as
stabilizing for the transition state of the carboxylic acid dianion [2,3]-Wittig
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ul-15 because C-2’ is directed toward the convex face of the bicyclo[3.3.0]Joctane
framework.

The “Z to anti” relationship between the configuration of the allylic ether double bond and
the relative configuration of the newly formed chirality centers is in accordance with the

previously reported rules for enolate [2,3]-Wittig rearrangements.
In summary, we have reported first examples for the ester dienolate [2,3]-Wittig

rearrangement which proceeds with high yield and under complete control of the anti:syn
(>95:5) diastereoselection. No donor solvents or metal salt additives are necessary to trigger



the rearrangement. The rearrangement allows the stereoselective access to 3-hydroxy-3-
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stereoselective transformations. The 3-oxy-Cope rearrangements to ot-keto-esters is currently
under investigation in our laboratory. Further work in order to study the relationship between
substrate structure, reactivity and stereoselection as well as the aza-version of the dienolate
[2,3]-Wittig rearrangement is currently under way and will be reported in due course.

Experimental Section

General. All reaction were performed in oven dried and septum sealed glassware under an
atmosphere of argon. Reagents were transferred with a syringe or cannula. THF was distilled
from potassium. CH,Cl, was distilled from CaH,. The titration of the commercial n-BuLi
solution in hexanes was realized following the procedure of Kofron.[17] NaH was used
without further purificaton. Silica gel (230-400 mesh) was used for column chromatography.
'H and '3C spectra were recorded on a Bruker AC 300 or DRX 500 in CDCl;. For

diastereomeric mixtures, the term n+nH refers to nH for each diastereomer. IR spectra were
recorded on a Nicolet 205 FT-IR spectrometer. Elemental analyses were obtained with Carlo
Erba CHN-S-Analyzer. Melting points are uncorrected.

(Z)-4-(Triisoproylsiloxy)-2-butene-1-ol (11).[18] To a stirred solution of (Z)-2-butene-1,4-
diol (14.8 mL, 180 mmol) and imidazole (1.36 g, 20 mmol) in THF (50 mL) at 0 °C was
added triisopropylsilyl chloride over a period of 30 min. The reaction mixture was allowed to
warm to room temperature and stirred for additional 8 h. The reaction mixture was quenched
with water (50 mL), the phases were separated and the aqueous layer was extracted with
CH,Cl; (2x50 mL). The combined organic phases were dried with MgSO, and concentrated.
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Chromatographic purification (heptane/ethyl acetate 6/1) afforded the monosilylated diol
a ~oln 12
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4.31 (m, 2H), 4.31-4.34 (m, 2H), 5.68-5.72 (m, 2H); '3C NMR (75 MHz, CDCly) § 11.9,
17.9, 58.9, 59.8, 129.9, 131.4; IR 3326, 1464 cm’!; Anal. Calcd. for C;3H,40,Si: C, 63.87;

H, 11.55. Found: C, 63.39; H, 11.97.

(Z)-4-(Triisoproylsiloxy)-2-butenyloxy acetic acid (12). To a stirred suspension of NaH
(164 mg, powder, moistened with oil 60 %, 4.1 mmol) in THF (10 mL) was added a solution
of the alcohol 11 (1 g, 4.1 mmol) in THF (3 mL) at 25 °C. The reaction mixture was stirred
at 25 °C for 90 min. The orange solution was cooled to 0 °C and NaH (164 mg, powder,
moistened with oil 60 %, 4.1 mmol) was added followed by a solution of bromo-acetic acid
(568 mg, 4.1 mmol) in THF (5 mL). The reaction mixture was stirred 2 h at 25 °C and
refluxed for 1 h. The reaction was quenched with an 1 N aqueous KOH solution (50 mL).
The phases were separated and the organic layer was extracted with an 1 N aqueous KOH
solution (3><50 mL) The combined aqueous phases were acidified with a 3 N HC1 solution

were drie 1 oncentrated, 1 Tude prod 1T dis 1 10
agive the decired acid 12 (32 mo 67 %) ac a colorlece n1| 1” NMR 'lﬂﬂ MHz CDCL) &
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nz, inoj, 5.80 (ttd, /= 11.3, 5.7, 1.3 Hz, I1H); "C NMR (75 MHz, LD\.[3) 012.0, 18.0, 55.8,
66.8, 67.3, 125.1, 134.4,173.9.

(Z)-4-(Triisoproylsiloxy)-2-butenyloxy acetic acid (-)-menthyl ester (13). To a stirred
solution of the acid 12 (2.5 g, 8.27 mmol) in CH,Cl, (70 mL) at 0 °C was subsequently
added DMAP (101 mg, 0.827 mmol), DCC (1.88 g, 9.09 mmol) and (-)-menthol (1.29 g,
8.27 mmol). The reaction mixture was stirred at O °C until TLC indicated that the acid was
consumed. The precipitate was removed by filtration and washed with ethyl acetate. The
filtrate was concentrated, diluted with ethyl acetate and filtrated again. The solvent was
removed and the crude product was purified by flash chromatography to yield the ester 13
(3.41 g, 93 %) as a colorless oil: 'H NMR (300 MHz, CDCl3) 6 1.02-1.10 (m, 21H), 0.97-
1.15 (m, 21H), 1.19-2.05 (series of m, 9H), 4.04 (s, 2H), 4.17 (d, /= 5.8 Hz, 2H), 4.32 (d, J =
5.8 Hz, 2H), 4.83 (td, J = 10.9, 4.6 Hz, 1H), 5.55-5.66 (m, 1H), 5.71-5.82 (m, 1H); 1*C NMR

(75MHZ CDCly) 6 12.0, 16.4, 18.0, 20.7, 21.9, 235 26.4,31.4,34.2,40.9,47.1, 59.8, 67.2,

k]
I 1N0Q Bannd ™ £Q 27. 1 10 QO
rn, 1U.Ye. rouna: C, 06.57; n, 1U.6%.
r A= el B £ 4L . T A% ___ . _at___ /17 <1 A N\ [g o I8 P B R I al B 1 M
Utiltrdl proceaure 10r ine 41aoi reacuon (1o—i4d4-Cj. 10 a soiuton or ansopropylamme

in THF at 0 °C was added n-BuLi. After being stirred for 30 min at O °C, the reaction
mixture was cooled to —78 °C and a cooled solution (-78 °C) of the ester 13 in THF was
added with a syringe. After being stirred for 10 min at —78 °C, the ketone was added
undiluted in one portion. The reaction mixture was stirred for 30 min and quenched with
saturated aqueous NH4CI solution at —78 °C. The reaction mixture was warmed to room
temperature and diluted with water (20 mL) and CH,Cl, (30 mL). The phases were separated
and the aqueous layer was extracted with CH,Cl, (2x50 mL). The combined organic layers
were dried and concentrated. Chromatographic purification (heptane/ethyl acetate) afforded
the desired alcohol.
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solution (50 mL). The phases were separated and the aqueous layer was extracted with
CH,Cl, (3%x50 mL). The combined organic phases were dried, concentrated and the pyridine
was removed at room temperature under reduced pressure (0.05 mbar). Chromatographic
purification (heptane/ethyl acetate) afforded the desired ester.

General procedure for the dienolate [2,3]-Wittig rearrangement (5a-c,6a-b—8a-c). To a
stirred solution of diisopropylamine in THF was added n-BuLi at 0 °C. After being stirred for
30 min at O °C, the solution was cooled to ~78 °C. To this mixture was added a cool (-78 °C)
solution of the esters Sa-¢ and 6a-b in THF with a syringe. The slightly yellow reaction
mixture was stirred at =78 °C for 10 min, then warmed to 0 °C and stirred for 1 h and finally
warmed to room temperature and stirred for 15 min. The reaction was quenched with
saturated aqueous NH,ClI solution (200 mL), diluted with water (5 mL) and CH,Cl, (50 ml).
The layers were separated and the aqueous layer was extracted with CH,Cl, (2x50 mL). The
combined organic phases were dried and concentrated to give a slightly yellow crude product

()
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which was purified by chromatography (heptane/ethyl acetate) to afford the desired alcohol
8a-c as a colorless oil.

(2R)- and (25)-3-Hydroxy-3-methyl-2-[(Z)-(4-triisopropylsiloxy)-but-2-enyloxy]-butyric
acid (-)-menthyl ester (14a). Following the general procedure for the aldol reaction,
diisopropylamine (507 mg, 5.01 mmol) in THF (8 mL) was treated with n-BuLi (1.93 mL of
a 2.4 M solution in hexanes, 4.63 mmol), the ester 13 (1.7 g, 3.86 mmol) in THF (10 mL)
and acetone (0.57 mL, 7.72 mmol). Chromatographic purification (heptane/ethyl acetate 5/1)
afforded the desired aicohol ida (1.72 g, 90 %) as a coloriess oil and as a 2:1 mixture of
diastereomers. Spectral data reportea for the mixture of diastereomers: 'H NMR (300 MHz,

CDCl3) 60.76 (d, J = 6.8 Hz, 3H™"0T) 0.77 (d, J = 6.8 Hz, 3H™4°T), 0.88-0.94 (series of 4 d,
6H), 0.98-1.15 (m, 24+24H), 1.24 (s, 3+3H), 1.27 (s, 3+3H), 1.36-1.62 (m, 2+2H), 1.65-1.77
(m, 2+2H), 1.84-1.97 (m, 2+2H), 1.97-2.09 (m, 242H), 2.86 (s, 1+2H), 3.67 (s, 1H™") 3,69
(s, IH™a°1) 3.97-4.08 (m, 2+2H), 4.17-4.26 (m, 2+2H), 4.31 (d, J = 5.8 Hz, 2+2H), 4.79 (dt,
J=11.3, 4.3 Hz, IH™™"), 4.82 (td, J = 10.9 Hz, 4.4 Hz, 1H™¥°"), 5.53-5.65 (m, 1+1H), 5.70-
5.81 (m, 1+1H); '*C NMR (75 MHz, CDCly) § 11.9, 15.6, 16.0, 18.0, 20.7, 20.8, 21.9, 22.8,
23.2, 25.4, 25.55, 25.6, 25.9, 31.4, 34.1, 34.9, 40.7, 40.8, 46.7, 46.9, 59.8, 66.8, 66.9, 71.6,

71.7,75.3,75.7, 85.0, 85.1, 125.4, 125.5, 133.7, 133.9, 170.7, 171.0 ; IR 3488, 1741, 1463
cm!; Anal. Caled. for C53Hs,05Si: C, 67.42; H, 10.91. Found: C, 67.38; H, 11.10.

(2R)- and (25)-3-Methyl-2-[(Z)-(4- tliisoprﬁpylsﬁoxy)-biit-2-enymxy} but-3-enoic acid
{f ) seaneéliel b ome (&~ 2 mn‘lﬂ.vl s IR VA AW Y, IR 191 VUi P Ly N [p— Y JIP R .
(-)-iicniuiyr €8ter daj, o-meunyi-a-|\Lj- w-uuauplUpylauylux‘y)-uut-é t:uyluxyj but-2-

. Following the general procedure for the elimination,
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he crude product oil was subjected to flash chromatography
he ester 6a was isolated as a 2:1 mixture with the ester Sa in
34 % yield. The ester Sa was isolated as a mixture with the ester 6a and as pure compound n
P 1
and
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as a 2:1 mixture of umstcrcume'b The isolated compounds were
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0 MHz, CDCl) 6 0.7 (d, J = 6.8 Hz, 3H™"T),
0.77 (d, J = 6.8 Hz, 3H™Aor), ().86-0.93 (series of 4 d, 6+6H), 1.01-1-17 (m, 24+24H), 1.35-
2.08 (series of m, 6+6H), 1.75 (d, / = 1 Hz, 3+3H), 4.08 (d, J = 6.2 Hz, 2+42H), 4.30 (s,
LH™aory 431 (s, IH™OM) 473 (td, J = 10.8, 4.1 Hz, 1H™"r) 477 (td, J = 10.9, 4.2 Hz,
1H™3°1y 506 (q, J = 1 Hz, 1+1H), 5.13 (s, 1+1H), 5.55-5.66 (m, 1+1H), 5.69-5.78 (m,
1+1H); *C NMR (75 MHz, CDCl;) § 11.9, 15.9, 16.2, 17.8, 18.1, 20.7, 22.0, 23.1, 23.4,
25.9, 26.2, 31.3, 31.4, 34.2, 404, 40.8, 46.8, 46.9, 59.8, 64.8, 64.9, 74.9, 75.1, 82.0, 82.1,
115.8, 116.2, 125.8, 133.48, 133.52, 140.2, 140.4, 169.96, 169.99. Ester 6a: diagnostic
pic data reported from the mixture: '"H NMR (300 MHz, CDCl;) & 1.85 (s, 3H),

-

SPECLrosco I
2.04 (s, 3H), 4.16-4.28 (m, 2H), 4.79 (td, J = 10.8, 4.3 Hz), 5.64-5.78 (m, 2H); >°C NMR (75
MHz, CDCly) 6 12.0, 16.1, 18.0, 19.8, 20.1, 20.8, 23.3, 26.1, 31.5, 34.2, 41.0, 47.1, 59.7,
67.7,74.9, 125.7, 133.2, 135.7, 164 .2
(2R,3R)- and (2§,35)-2-Hydroxy-2-isopropenyl-3-triisopropylsiloxymethyl-pent-4-enoic
~ ot Y e ndbh ] b /O 011 SRS T SUERR, PGSR [ [ : POV & I < T
daliua (=)= lll.llyl LD (0d). TULIOW] lg LLIC gbll Idl PIULLUUIC, ULIS0O llUl)yldllllllC (1ol 1y,
1.5 mmol) in THF (3.3 mL) was treated with n#-Bul.i (0.63 ml. of a 2.4 M solution in
hexanes, 1.5 mn 10]) and the esters 5a and 6a (514 mg, 1.07 mmol) in THF (5 mL).
n‘-t\n-ﬁn‘\“l mtnmalathel anatata YN/ affardad tha Aacivrad alanlhal Qa
wnromat )Elakl puuuuauuu \HCPLLI CICLII)’I dLCLALC U711 ) allvuiutu LIC Uldiicu divviivi oa



(473 mg, 92 %) as a colorless oil. The NMR data indicated a 2:1 diastereomeric mixture.
Spectroscopic data reported from the mixture, assignment is based on COSY and HSQC
experiments: 'H NMR (300 MHz, CDCl3) § 0.69 (d, J = 6.8 Hz, 3+3H, menthyl-CH,), 0.84-
0.92 (series of 4 d and 1 m, 7+7H, menthyl-CH; and menthyl-H-4), 0.99-1.12 (m, 23+23H,
TIPS-H, menthyl-H-3, -H-6), 1.37-1.51 (m, 2+2H, menthyl-H-2, -H-5), 1.62-1.72 (m, 2+2H,
menthyl-H-3, -H-4), 1.74-1.99 (m, 2+2H, menthyl-isopropyl-H, -H-6), 1.87 (s, 3+3H,
isopropenyl-(CH;)C=CH,), 2.88-2.98 (m, 1+1H, H-3), 3.77-3.88 (m, 2+2H, -CH,OTIPS),

4.09 (s, IH™°" OH), 4.19 (s, IH™"", OH), 4.70 (td, J = 11.1, 3.9 Hz, IH™"*", menthyl-H-

1, 474 (ud, J = lLO, 4.4 Hz, IH™° menthyl-H-1), 5.08 (s, 1+1H, isopropenyl-
(CH;)C=CH,), 5.13-5.24 (m, 2+2H, H-5), 5.36 (s, IH™°", isopropenyl-(CH;)C=CH,), 5.40
(s, 1H™mr g propenyl-(CHg,)C:\,Hz), 5.86-6.07 (m, 1+1H, H-4); '3C NMR (125 MHz,

~
)
o s N ig o
o)

CDCly) 6 11. (TIPS), i5.7, 15.8 (menthyi-CHs), hsu (TIPS), 19.4, 19.5 (isopropenyi-

(CH;)C=CHpy), 20.7, 20.8 (menthyl-CH3), 21.96, 21.98 (menthyl-CHj), 22.9, 23.0 (menthyl-

CH,), 25.5, 25.6 (menthyl-isopropyl-C), 31.4, 31.8 (menthyl-C-5), 34.10, 34.12 (menthyl-

CH,), 40.4, 40.5 (menthyl-CH,), 46.8, 47.0 (menthyl-C-2), 49.4, 50.2 (C-3), 63.7, 64.2

(CH,OTIPS), 76.0, 76.2 (menthyl-C-1), 81.5, 82.1 (C-2), 114.4 (isopropenyl-(CH;)C=CH,),
R

118.6, 119.0 (C-5), 135.3, 135.4 (C- A\ 1439 1440 (mnnrnnpnvl PH YC=CH->). 1728 (C-
1l 1 (C-5), 135.3, +(C 139, (sopropenyl-(CH3)C=CH,), 1728 (C

IR 3500. 1717. 1461 cm': Anal. Caled. for CreHerO.Si: C. 69.94: H. 10.90. Found: C
1); IR 3500, 1 /1/, 1461 cm™; Anal. Calcd. for C,qH5,0,4Si: C, 69.94; H, 10.90. Found: C,

69.41; H, 11.01.

(2SR,3SR)-3-Hydroxy-3-isopropenyl-4-vinyl-dihydro-furan-2-one (9a). To a solution of
the ester 8a (410 mg, 0.85 mmol) in THF (5 mL) was added TBAF (0.93 mL of an 1 M
solution in THF, 0.93 mmol) at 0 °C. The reaction mixture was allowed to warm to room
temperature and stirred for 10 h at 25 °C. The reaction was quenched with water (20 mL) and
diluted with CH,Cl, (20 mL). The phases were separated and the aqueous layer was
extracted with CH,Cl, (2x30 mL). The combined organic phases were dried and
concentrated. The crude product was purified by chromatography (heptane/ethyl acetate 5/1)
to yield menthol (121 mg, 91 %) and the desired lactone (112 mg, 78 %) as a white solid and
as a single diastereomer. Assignment is based on COSY, HSQC and NOESY experiments:
'H NMR (300 MHz, CDCl5) & 1.81 (s, 3H, isopropenyl-CHs), 3.28 (mc, 1H, 4H), 3.44-3.49
(m, 1H, OH), 4.01 (dd, J = 10.4, 9.0 Hz, 1H, 5-H), 4.42 (dd, J = 8.3, 9.0 Hz, 1H, 5-H), 4.94
(s, 1H, isopropenyl-H), 5.13 (s, 1H, isopropenyl-H), 5.24 (d, J = 10.1 Hz, 1H, vinyl-H), 5.27
(d, J = 17.2 Hz, 1H, vinyl-H), 5.64 (ddd, J = 17.2, 8.4, 10.1 Hz, 1H, vinyl-H); 1*C NMR (125
MHz, CDCl;) 6 19.2 (isopropenyl-CHjy), 51.5 (C-4), 68.1 (C-5), 113.9 (ispropenyl-CH,),

IVITAZ, B 113 L 11

120.0 (vinyl-CH,), 131.1 (vinyl-CH), 141.1 (isopropenyl-C), 178.1 (carbonyl-C); IR 3423,

S B I R . . S i
1757 cm™'; mp 76 °C; Anal. Caled. for CoH,,05: C, 64.27; H, 7.19. Found: C, 64.29; H, 7.65.

(2R)- and (2S)-(1-Hydroxy-cyclopentyi)-[(Z)-4-triisopropylisiioxy-but-2-enyioxyj-acetic
acid (-)-menthyl ester (14b). Following the general procedure for the aldol reaction,
diisopropylamine (439 mg, 4.34 mmol) in THF (7 mL) was treated with n-BuLi (1.89 mL of
a 2.3 M solution in hexanes, 4.34 mmol), the ester 13 (1.47 g, 3.34 mmol) in THF (10 mL)
and cyclopentanone (0.59 mL, 6.68 mmol). Chromatographic purification (heptane/ethyl
acetate 10/1) afforded the desired alcohol 14b (1.61 g, 92 %) as a colorless oil and as a 2:1
mixture of diastereomers. Spectral data reported for the mixture of diastereomers: 'H NMR
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f H), 2.14 (s, broad, i+1H),
, 3.96-4.07 (m 1+1u) 4.16-4.26 (m, 1+1H), 4.29 (mc, 24+2H), 4

(td, J=10.9, 4.3 Hz, lH‘“‘“"r), 4.81 (td, J = 10.9, 4.4 Hz, IH™¥°), 5.52-5.64 (m, 1+1H), 5.69—
5.79 (m, 1+1H); 13C NMR (75 MHz, CDCl3) § 12.0, 15.7, 16.1, 18.0, 20.7, 20.9, 23.0, 23.4,
23.9, 23.93, 24.2, 26.0, 26.3, 31.5, 34.21, 34,24, 36.4, 36.5, 37.3, 37.7, 40.87, 40.91, 46.9,
47.0, 59.8, 66.7, 66.9, 75.3, 75.6, 82.7, 82.9, 83.6, 125.6, 125.7, 133.7, 133.9, 170.8, 171.2;
IR 3508, 1741, 1463 cm’!; Anal. Calcd. for C3,H;5,05Si: C, 68.65; H, 10.75. Found: C,
68.51; H, 11.21.

(2R)- and (25)-Cyclopent-1-enyl-[(Z)-4-triisopropylsiloxy-but-2-enyloxy]-acetic acid (-)-
menthyl ester (5b), cyclopentylidene-[(Z)-4-triisopropylsiloxy-but-2-enyloxy]-acetic acid
(-)-menthyl ester (6b). Following the general procedure for the elimination, SOCl, (0.60
mL, 8.2 mmol) in CH,Cl, (22 mL) was treated with the alcohol 14a (1.44 g, 2.73 mmol) in

1) i1

pyridine (6 mL). The crude product oil w bjected to flash chromatography (
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liastereomers: ‘H NMR (300 MHz CDCly) o 0.70 (d, J = 7.1 Hz, 3H™"") 0.75 (d, J =

6 8 Hz, 3H™¥"), 0.83-0.92 (series of d, 6+6H), 0.96-1.13 (m, 24+24H), 1.32-2.07 (series of
m, 8+8H), 2.18-2.42 (m, 4+4H), 4.07 (mc, 2+2H), 4.29 (mc, 2+2H), 4.49 (s, 1H™°") 4.52
(s, TH™"ory 4 71 (td, J = 11.0, 4.2 Hz, IH™"°") 4,77 (dt, J = 10.8, 4.1 Hz, |H™°"), 5.53-5.64
(m, 1+1H), 5.67-5.76 (m, 1+1H), 5.78 (s, broad, 1+1H); 1*C NMR (75 MHz, CDCly) § 12.0,
16.0, 16.3, 18.0, 20.7, 20.73, 22.0, 23.1, 23.2, 23.3, 23.4, 26.0, 26.3, 31.4, 31.6, 32.0, 32.4,
34.3, 40.6, 40.9, 59.9, 65.1, 65’3 75.0, 75.1, 77.5, 77.9, 126.0, 130.2, 131.0, 133.5, 139.3,

139.4, 170.2: IR 1745, 14

ey 2IN 2
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L aersenmas OR D077, £040—=4030 LUS0
_H—ﬁ r‘v{‘]nnpnfp V]_;P Fn-h"-p”-pz\ ool e Q (caripe nf m AaAH n‘rn]nnnntmn\r‘;
Asy L2 Uy VWAV RAWILY L N AANCA RN BRBRINAABINATT [y i e/ A OWHILD UL L, TTTTTLA, LyLIUDVIIWLLY Y
=IO O XX -y D707 Q1 (e Ta1H LT 2\ 274 2 Q7 fen DALY ALY ATIDQY A £0
TCANCERPNAAIDPURRIN — )y &/ 7747k \1ll, 1TI1LX, K17D), J./0U-D2.0/7 \1ll, £T<Lr1, -\.,HZULLI’D}, 4.0¥
(td, J = 10.7, 4 Hz, IH™"" menthyl-H-1), 4.73 (td, J = 10.9, 4.4 Hz, 1H™°", menthyl-H-1),

5.10-5.22 (m, 2+2H, H-5), 5.84-6.07 (m, 2+2H, H-4, cyciopentenyi-=CHCH,CH,CH,C=);

13C NMR (75 MHz, CDCl3) § 11.81, 11.84 (TIPS), 15.7, 15.8 (menthyl-CHy), 18.0 (TIPS),

20.8, 209 (menthyl-CH;), 22.0 (menthyl-CH;), 22.7, 229 (cyclopentenyl-

=CHCH,CH,CH,C=), 23.7, 24.1, (menthyl-CH,), 25.6 (menthyl-isopropyl-H), 31.5

(menthyl-CH), 32.2, 32.4, 32.47, 32.52 (cyclopentenyl-=CHCH,CH,CH,C=), 34.10, 34.14
nthy

), Je.2 3 ), J4.1
(mpnthv] 4. (“T—L 40.6, 40.7 (me 7.0 4773 (menﬂnrl,(‘l—h 50.2

\iiiwRitisy i VN33 TV sy T \AAL\/A:I. 1y

63.8, 64.3 (-CH20TIPS) 76.0, 76.1 (menth

170 N 10 N I"l Yoy

128.9, 129.0 (cyclopentenyi-=CHCH,CH,CH,C=), 135.
(cyclopentenyl-=CHCH,CH,CH,C=), 172.4, 173.0 (C-1); IR 3505, 1720, 1465 cm™'; Anal.
Calcd. for C53Hs,0,4S1: C, 71.09; H, 10.74. Found: C, 71.10; H, 10.82.

(25R,35R)-3-Cyclopent-1-enyl-3-hydroxy-4-vinyl-dihydro-furan-2-one  (9b). To a
solution of the ester 8b (733 mg, 1.45 mmol) in THF (14.5 mL) was added TBAF (1.59 mL
of an 1 M solution in THF, 1.59 mmol) at 0 °C. The reaction mixture was allowed to warm to
room temperature and stirred for 10 h at 25 °C. The reaction was quenched with water (20
mL) and diluted with CH,Cl, (30 mL). The phases were separated and the aqueous layer was

-1"<

304[:-
;
g
S
=
o
=

extracted with CH,Cl, (2x30 mL). The combined organic phases were dried and

to yield ment..o! (200 mg, 88 %) and the desired lacton 9b (166 mg, 59 %) as a white waxy
solid and as a single diastereomer. Assignment is based on COSY, HSQC and NOESY
experiments: 'H NMR (300 MHz, CDCly) & 1.79-201 (m, 2H, cyclopentenyl-
=CHCH,CH,CH,C=), 2.25-2.50 (m, 4H, cyclopentenyl-=CHCH,CH,CH,C=), 3.08 (m, 1H,
OH), 3.23-3.45 (m, iH, 4-H), 4.02 (dd, J = 10.7, 9.1 Hz, iH, 5-H), 4.41 (dd, J = 9.1, 8.1 Hz,
1H, 5-H), 5.19-5.23 (m, 1H, vinyi-H), 5.23-5.29 (m, 1H, mel H), 5.67-5.68 (m, iH, vinyl-

H), 5.69-5.75 (m, 1H, cyclopentenyi-=CHCH,CH,CH,C=); 3C NMR (125 MHz, CDCl;)
o 232 (cyclopentenyl-=CHCH,CH,CH,C=), 32.3, 324 (cyclopentenyl-
=CHCH,CH,CH,C=), 52.3 (C-4), 68.2 (C-5), 78.1 (C-3), 119.8 (vinyl-CHp), 129.3
(cyclopentenyl-=CHCH,CH,CH,C=), 131.2  (vinyl-CH), 1399 (cyclopentenyl-
=CHCH,CH,CH,C=), 178.1 (carbonyl-C); IR 3428, 1768 cm; Anal. Calcd. for

.Y £Q N 1T £77 £0. LY AA
\_,111‘114\.!3)1 ., UDO.UL, I, / Ll FUUllU L /.00, I1, I R i

s~ LA 27 A

(ZR) and (25)-(i-Hydroxy-1i,2,3,4-tetrahydro-naphthaien-1-yi)-{(Z)-4-triisopropyisiioxy-
but-2-enyloxy]-acetic acid (-)-menthyl ester (14¢). Following the general procedure for the
aldol reaction, diisopropylamine (463 mg, 4.57 mmol) in THF (7 mL) was treated with n-
BuLi (1.76 mL of a 2.4 M solution in hexanes, 4.22 mmoi), the ester 13 (1.55 g, 3.52 mmol)
YT NA mYTT) PP

in THF \7 mL) and [8[]’3[0116 (U Y4 mL /U‘l- mmox) ll'l r (4 IIIL) L,[ll'OIIllegrdeHC
purification (hexaneq/ethyl acetate 5/1) afforded the de51red alcohol 14¢ (1.39 g, 61 %) as a

R s O R |

PR Omers

coloriess oil and as a 35:18:5:3 mixture of diastereomers. Spectral data reported for th
I'I"' TR AT YN I"Y AT Y Y M Y™ 7 11 T Yo BVAY
mixture of the iwo major diastereomers: *"H NMR (300 z, CDCly) 6 0.37 (dd, J = 23.0,

1 Hz, 3H™""), 0.67 (d, J

MH
12.0 Hz, 1H™°"), 0.47 (d, J = 6.8 Hz, 3H™""), 0.62 (d, J = 7. =6.
6.8 Hz, 3H™¥°"), 0.85 (d, J = 6.5 Hz,

Hz, 3H™°7), 0.79 (d, J = 6.5 Hz, 3H™"), 0.81 (d, J =
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.70 58 (m, i+iH), 7.02-7.08 (m, 1+1r1), 7.13-7.20 (m, 2+2H), 7.53-7.59 (m,
I1+1H); BCN (/b MHz, CDCls) & 6 12.0, 15.3, 16.1, 18.0, 19.2, 20.7, 21.0, 21.8, 21.9,
22.6, 23.3, 24.8, 26.2, 30.0, 30.1, 31.2, 31.4, 33.0, 33.2, 34.1, 40.0, 40.7, 46.5, 46.6, 59.8,
67.0, 67.1,73.0, 73.3, 74.9, 75.4, 84.9, 85.1, 125.5, 125.7, 125.8, 127.6, 127.7, 128.2, 128.3,
128.7, 128.86, 128.89, 133.9, 134.0, 136.5, 137.1, 138.0, 138.2, 169.7, 170.0; IR 3507, 1736,
1459 em!; Anal. Caled. for C;5sHs305Si: C, 71.62; H, 9.96. Found: C, 71.22; H, 10.18.

(2R)- and (25)-(3,4-Dihydro-naphthalen-1-yl)-[(Z)-4-triisopropylsilanyloxy-but-2-
enyloxy]-acetic acid (-)-menthyl ester (5c¢). Following the general procedure for the
elimination, SOCl, (0.36 mL, 5.02 mmol) in CH,Cl, (12 mL) was treated with the alcohol
14¢ (0.98 g, 1.67 mmol) in pyridine (6 mL). The crude product oil was subjected to flash
chromatography (heptane/ethyl acetate 20/1). The ester Se¢ (242 mg, 26 %) was isolated as a
colorless oil and as a 2:1 mixture of diastereomers. The isolated compound was not feasible
for combustion analysis due to sulfur impurities. 'H NMR (300 MHz, CDCls) 6 0.30 (d, J =

6.8 Hz, 3H™"*") 0.60 (d, J = 6.8 Hz, 3H™M"*") 0.67 (d, J = 6.8 HZ, 3 H™or), 0.72-0.95 (series
1 rieg nfm 64-67—“ 2.27-2.38 (m

) -2. 4. |
Hz, 1H™°"), 456 (td, J = 10.0, 4.6 Hz, lH"““Or 5 54- 5 65 (m,
7.

of m, 8+8H), 0.95-1.13 (series of m, 22+22H), 1.16-1.83 (series of 61 38 (m,
242H), 2.68-2.79 (m, 2+2H), 4.13-4.20 (m, 2+2H), ..24-4.30 (m, 2+2H), 455-4.75 (m,
1+1H), 4.72 (s, LTH™"oy 4 80 (s, 1H™4°), 5.89-5.80 (m, 2+2H), 6.19 (t, J = 4.7 Hz, 1H™"),
6.23 (t, J = 4.7 Hz, 1H™°") 7.09-7.18 (m, 3+3H), 7.44-7.49 (m, 1H™°"), 7.52-7.57 (m,
jHminony: 13C NMR (75 MHz, CDCl;3) § 11.9, 15.2, 16.1, 18.0, 20.7, 21.9, 22.0, 23.05, 23.1,
23.3, 25.3, 26.1, 27.8, 27.9, 31.3, 31.4, 34.1, 40.2, 40.8, 46.8, 59.8, 64.7, 65.0, 75.0, 75.1,
79.6, 79.9, 123.6, 124.1, 125.8, 126.4, 126.5, 127.1, 127.2, 127.36, 127.42, 130.2, 131.6,

(ZK,JR )- ana (13,35) 2 -(3, 4-umyar0 napmnalen-l-yi) 2-hydroxy-3-triisopropyisiloxy

methyl -pent-4-enoic acid (-)-menthyi ester (8c). Following the general proceaure
diisopropylamine (75 mg, 0.74 mmotl) in THF (5 mL) was treated with n-BuLi (0.32 mL of a
2.3 M solution in hexanes, 0.73 mmol) and the ester S¢ (300 mg, 0.56 mmol) in THF (7 mL)

A s WA TN ~ A 1 1

Chromatographic purification (heptane/ethyl acetate 13/1) afforded the desired alc

72 % B AT ATY 1 3

(£15 mg, 71 “/0) as a coloriess oil. The NMR data indicated a 1.2:1 diastereomeric mixtur
~

b P |

Spectroscopic data reported from the mixture, assignment is based on COSY and HSQ
experiments: 'H NMR (300 MHz, CDCl;) 6 0.33 (d, J = 6.8 Hz, 3H, menthyl-CHj), 0.51 (d,
J =7.1 Hz, 3H, menthyl-CH3), 0.62 (d, J = 0.62 Hz, 3H, menthyl-CHs,), 0.75 (d, / = 6.8 Hz,
3H, menthyl-CH3), 0.83 (d, J = 6.5 Hz, 3H, menthyl-CH;), 0.88 (d, J = 6.5 Hz, 3H, menthyl-
CH,), 0.73-0.97 (m, 3+3H, menthyl-3-CH,, -4-CH,, -6-CH,), 0.97-1.08 (m, 21+21H, TIPS-
H), 1.30-1.47 (m, 3+2H, menthyl-iso-propyl-H, -H-2, -H-5), 1.51-1.67 (m, 2+2H, menthyl-3-
CH,, -4-CH,), 1.70-1.79 (m, 1H, menthyl-isopropenyl-H), 1.82-1.90 (m, 1H, 6-CH,), 1.93-
2.02 (m, 1H, 6-CH,), 2.12-2.37 (m, 2+2H, -ArC=CHCH,CH,Ar), 2.56-2.73 (m, 2+2H, -

e,
(@]
—
OD
o]

ArC=CHCH,CH,Ar), 3.15 (mc, 1H, 3-H), 3.27 (mc, 1H, 3-H), 3.85 (dd, J = 10, 6.5 Hz, -
CH,OTIPS), 3.90 (d, J = 4.6 Hz, 2H, -CH,OTIPS), 4.07 (dd, J = 10, 3.7 Hz, -CH,OTIPS),
432 (s, 1H, -OH), 4.57-4.68 (m, 1+1H, menthyl-H-1), 4.69 (s, IH, -OH), 5.10-5.22 (m,
2+2H, 5-H), 5.88-6.03 (m, 1H, 4-H), 6.07-6.21 (m, 1H, 4-H), 6.46 (t, J = 4.9 Hz, 1H, -
ArC=CHCH,CH,AI), 6.58 (t, J = 4.9 Hz, 1H, -ArC=CHCH,CH,Ar), 7.05-7.16 (m, 3+3H,
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Ar-H), 7.61-7.67 (m, 1H, Ar-H), 7.67-7.72 (m, 1H, Ar-H); 'C NMR (125 MHz, CDCl,)
= [~y g * ~ [, .
6 11.7, 11.8 (TIPS), 15.3, 15.5 (menthyl-CHy), 17.89, 17.94 (TIPS), 20.71, 20.75 (menthy

1 I-
CH;), 219, 220 (menthyl-CH3), 22.7, 22.8 (menthyl-CH,), 233, 235 (-
ArC=CHCH,CH,Ar), 25.2, 25.4 (menthyl-iso-propyl-C), 28.5, 28.7 (-ArC=CHCH,CH,Ar),
31.3, 31.4 (menthyl-CH), 34.08, 34.1 (menthyl-CH,), 40.2, 40.8 (menthyl-6-CH,), 46.7, 47.0
(menthyl-CH), 49.8, 51.7 (C-3), 64.7, 65.9 (-CH,OTIPS), 76.0, 76.3 (menthyl-C-1), 118.0,
118.8 (C-5), 125.1, 125.4, 126.08, 126.12, 126.49, 126.52 (Aryl-C), 1293, 129.6 (-
ArC=CHCH,CH,Ar), 132.9, 133.0 (C-4), 135.4, 135.5, (Aryl-C), 135.9, 136.7, 137.3, 137.5
(Aryl-C, -ArC=CHCH,CH,Ar); Anal. Calcd. for C35Hs50,451: C, 73.89; H, 9.92, Found: C,

21324 Lalidl Al

(2SR,35R)-3-(3,4-Dihydro-naphthalen-1-yl)-3-hydroxy-4-vinyl-dihydro-furan-2-one
(00 Ta a enlntinn of the ecter e (156 mo 1274 mmol) in THFE (10 mI ) wag added TRAF
\I\,l- I W A OUZIULIVEL UL LW WwOIlwl Uw \LJU lll&, Vedw I T llllll\ll} ARR A A AKX \L\I lej_l/ TY M NSNS A 2FL AR
(0.28 mL of an 1 M solution in THF, 0.28 mmol) at 0 °C. The reaction mixture was allowed
to warm to room temperature and stirred for 10 h at 25 °C. The reaction was quenched with
water (20 mL) and diluted with CH,Cl, (30 mL). The phases were separated and the aqueous
layer was extracted with CH,Cl, (2x30 mL). The combined nic ph ere dried an

organic phases were dried and
concentrated. The crude product was purified by chromatography (heptane/ethyl acetate 5/1)
to yield (-)-menthol (31 mg, 72 %) and the desired lacton 9¢ (61 mg, 87 %) as a white solid
and as a smgle diastereomer. Assignment is based on COSY, HSQC and NOESY
experiments: 'H NMR (300 MHz, CDCl3) 6 2.25-2.36 (m, 2H, -ArC=CHCH,CH,Ar), 2.60-
2.84 (m, 2H, -ArC=CHCH,CH,Ar), 3.46 (dd, J = 16.9, 9 Hz, 4-H), 3.95 (pseudo-t, / = 9.4
Hz, 5-H), 4.41 (dd, J = 9.1, 7.8 Hz, 5-H), 5.01 (dd, J = 10, 1.6 Hz, vinyl-CH=CH,), 5.21 (dd,
J =17, 1.6 Hz, 1H, vinyl-CH=CH,), 5.35-5.49 (m, 1H, vinyl-CH=CH,), 6.02 (t, J = 6.0 Hz,

1H, -ArC=CHCH,CH,Ar), 7.12-7.17 (m, 3H, Aryl-H), 7.76-7.82 (m, 1H, Aryl-H); !3C NMR

Axxy TN \—’LAVAALMJ.LL 1 83 Riidy ~2dy S22 AT 1) LOL (223, 223, £RE

(125 MHz, CDCl5) § 23.0 (-ArC=CHCH,CH,Ar), 28.0 (-ArC=CHCH,CH,Ar), 52.6 (C-4),

68.4 (C-5), 119.5 (vinyl-CH=CH,), 125.8, 127.3, 127.56, 127.6 (Aryl-C), 129.2 (

(
ArC=CHCH,CH-Ar), 131.5, 132.5 (vinyl-CH=CH,), 132.9, 137.1, 178.4 (C-2); mp 95 °C;
Anal. Calcd. for C;4H,405: C, 74.98; H, 6.29. Found: C, 75.16; H, 6.49.

Acknowledgements
This work was financially supported from the DFG (Graduiertenkolleg Struktur-
Eigenschafts-Bezichungen bei Heterocyclen at the Technische Universitit Dresden). A

habilitation fellowship from the state of Saxonia (SMWK) is gratefully acknowledged. I
thank Prof. H.-U. Reissig for his constant support of this project since its initiation and Dr

M. Gruner for NMR measurements.



2638 M.

Hiersemann / Tetrahedron 55 (1999) 2625-2638

m Muwx imoto, K.; Harada, K. J. ()ro Chem. 1966, 31, 1956,
[2] For an example of the oxy- Lope rearrangement 01' a 3-hydroxy-3-(N,N-diethylaminocarbonyl)-substituted 1,5 hexadiene, see
Koft E. R., Williams, M. D. Tetrahedron Lett. 1986, 27, 2227.

[3] (a) Kallmerten, J. in Houben-Weyl, Methods of Organic Chemistry; Eds.: Helmchen, G.; Hoffmann, R. W.; Mulzer, J.;
Schaumann, E.; Thieme Verlag Stuttgart 1995, Vol. E 21d, 3757. (b) Nakai, T.; Mikami, K. Org. React. 1994, 46, 105. (c)
Briickner,R. in Comprehensive Organic Synthesis; Eds: Trost, B. M.; Flemming, I.; Winterfeldt, E.; Pergamon Press Oxford
1991, Vol. 6, 873. (d) Marshall, J. A. in Comprehensive Organic Synthesis; Eds: Trost, B. M.; Flemming, 1.; Pergamon Press
Oxford 1991, Vol. 3, 975. (e) Briickner, R. Nachr. Chem. Tech. Lab. 1990, 38, 1506. (f) Mikami, K.; Nukai, T. Synthesis 1991,

594. (h) Nakai, T.; Mikami, K. Chem. Rev. 1986, 86, 885. (g) Schollkopf, U. Angew. Chem. Int. Engl Ed. 1970, 9, 763.

[4] For asymmetric amide enolate [2,3]-Witlig rearrangements, see (a) Mikami, K.; Takahashi, O.; Kasuga, T.; Nakai, T Chem.
I ot 1085 1790 (h) Tlehikawa M- Hanamoto. T.: Katsuki. T.: Yamacuchi. M. Tetrahedron Lett 19086 77 A<77 {c) Krace

LELL. 8705, 1/+£47.\0) UCilinaWa, ivi., 04alaliions, 1., Basund, 1., failagulil, Vi, 187Gnlarln ila. 1709, (87 ICSS,
M. H.; Yang, C.; Yasuda, N.; Grabowski, E. I. J. Tetrahedron Lett. 1997, 38, 2633.

{5] For asymmetric oxazoline azaenolate [2 3]-Wittig rearrangements, see (a) Mikami, K.; Fujimoto K.; Kasuga, T.; Nakai, T.
Tetrahedron Lett. 1984, 25, 601 1. (b) Mikami, K.; Kasuga, T.; Fujimoto, K.; Nakai, T. Tetrahedron Len. 1986, 27, 4185.

[6]For an asymmetric hydrazone azaenolate [2,3]-Wittig rearrangement, see Enders, D.; Backhaus, D.; Runsink, J. Angew. Chem.
Int. Engl. Ed. 1994, 33, 2098.

{71 Takhashi, O.; Mikami, K.; Nakai, T. Chem. Letnt. 1987, 69.

[8] (a) Takahashi, O.; Maeda, T.; Mikami, K_; Nakai, T. Chem. Lert. 1986, 1355, (b) Takahashi, O.; Saka, T.; Mikami, K.; Nakai,
T. Chem. Lett. 1986, 1599. (¢) Uchikawa, M.; Katsuki, T.; Yamaguchi, M. Tetrahedron Letr. 1986, 27, 4581. (d) Kuroda, S;
Katsuki, T. Yamaguchi, M. Tetrahedron Lerr. 1987, 28, 803. (¢) Kuroda, S.; Sakaguchi, S.; Ikegami, S.; Hanamoto, T;
Katsuki, T.; Yamaguchi, M. Tetrahedron Lett. 1988, 29, 4763. (f) Briickner, R. Chem. Ber. 1989, 122, 703. (g) Mikami, K.;
Takahashi, O.; Fujimoto, K.; Nakai, T. Synlert 1991, 629, (h) Oh, T.; Wrobel, Z.; Rubenstein, S. M. Tetrahedron Lett. 1991,
32, 4647. Marshall, J. A.; Wang, X. J. Org. Chem. 1991, 56, 4913. (i) Okamura, H.; Kuroda, S.; Ikegami, S.; Tomita, K.;
Sugimoto, Y.; Sakaguchi, S.; Ito, Y.; Katsuki, T.; Yamaguchi, M. Tetrahedron 1993, 49, 10531. (j) Fujimoto, K.; Nakai, T.
Tetrahedron Lett. 1994, 35, 5019, (k) Reetz, M, T.: Griebenow, N.; Goddard, R. J. Chem. Soc. Chem. Commun. 1995, 1605. (1)

Konno, T.; Umetani, H.; Kitazume, T. J. Org. Chem. 1997, 62, 137
[9] Nakai, T.: Mikami, K.; Taya, S. J. Am. Chem. Soc. 1981, 105, 6492.
p
{

101 We are rora Af tha lonl Af disctaranfara diffarantiating ahility of mnn{h

1 We are aware of the i1ack Of diasiereoiace aiierentiating aosuily of men well documented. Nevertheless, (-)-

umented. ertheless, (-)
menthol provides a cheap commerciaily available mimic for the more expensive 8-phenylmenthol which can serve as a
powerful chiral auxiliary and will be utilized in further studies. For a review concerning cyclohexyl-based chiral auxiliaries,
see Whitesell, . K. Chem. Rev. 1992, 92, §53.
[11] (a) Hofle, G.; Steglich, W_; Vorbriiggen, H. Angew. Chem. Int. Engl. Ed. 1978, 17, 569. (b) Neises, B.. Steglich, W. Angew.
Chem. Int. Engl. Ed. 1978, 17, 552,
[12] An example for the chemaselective aldol addition of a 2-allyloxy-substituted ester enolate without obtaining the possibie
see Nakahara, Y.; Shimizu, M.; Yoshioka, H. Tetrahedron Lern. 1988,

{2 3} w“ug rpnnrangcmcpf prnrlnrt has been rpnnrlgd

29,232s.
[13] Touzin, A. M. Tetrauhedron Lett. 1975, 18, 1477.
[14] NOESY experiments with the lactones 9a-c¢ indicating a syn configuration of the 3-OH and the 4-H. Selected NOEs are
depicted in the following scheme:

H{ / \‘HH ;/ );,\'

3 ’

o=%"°-, H

%‘Zﬁ / \ ,,o\l§H
o~ 'H

~_/ ,4*
9a A/

—T

.
ojt

\

9c
{15} (a} W, Y.-D.; Houk, K. N Marshall T A J nru Chem. !99‘_) 33, 1421. (h\ Mlkﬂml K.: K‘_ mura, Y Kishi, N; Nakai, T J.
Org. Chem. 1983, 48, 281. (c) Tsai, D. J.-§; Mldland M. M. J. Org. Chem. 1984, 49, 184 (d) Rautenstrauch V. J. Chem.

Soc., Chem. Commun. 1970, 4.

[16] Okajima, T.; Fukuzawa, Y. Chem. Leir. 1997, 81. The same effect was found to stabilize the calculated transition state of the
[2,3]-Wittig rearrangement of a crotyloxy acetaldchyde enolate, see Mikami, K.; Uchida, T.; Hirano, T.; Wu, Y.; Houk, K. N.
Tetrahedron 1994, 50, 5917.

[17] Kofron, W. G., Baclawski, L. M. J. Org. Chem. 1""6 41, 1879.

[18] For the preparation of (Z)-4-(tert-butyldimethylsiloxy)-2-butene-1-0l, see Sodeoka, M.; Yamada, H.; Shibasaki, M. J. Am.

=7 bt

Chem. Soc. 1990, 112, 4906.



