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Abstract: The results of a highly diastereoselective epoxidation ”fterature pointed out that Marko et aland latter
allylic diols derived from Baylis—Hillman adducts are reported. Th(batakelyama et & have already reported on the highly

formation of an intramolecular hydrogen bond seems to be resp&y.tdiastereoselective epoxidation of Baylis-Hillman ad-
sible for the highanti diastereoselection obtained in this epoxidaducts using both Weitz—Scheffer and titanium-mediated

tion reaction. The results are complementary to those obtaineddridation procedures (Scheme 1). Such methodologies
the direct epoxidation of Baylis—Hillman adducts, in which an eldhave been subsequently applied to the synthesis of the ra-

vatedsyndiastereoselectivity was observed. cemic upper-chain of clerocidin and terpenticin and to the
Key words: Baylis—Hillman reaction, epoxidation, allylic alcohol, asymmetric synthesis of (-)-mycestericin E, respective-
silicon, diastereoselectivity ly.>®

OH O OH O

The use of the Baylis—Hillman reaction has significantt R)\[Hk H202, NaOH R)\SU\
advanced in the last years, as demonstrated by recent or Ti(OPr),, TBHP 0
ports in the literaturé? This reaction is seen as a valuable

strategy for the preparation of multifunctionalized interBaylis-Hillman adduct syn epoxides

mediates, which may then be used as substrates for thégi@eme 1 Direct epoxidation of Baylis-Hillman adducts
cemic and asymmetric syntheses of natural products and

3
drugs _ _ . However, the epoxidation of Baylis—Hillman adducts has
Recently, othef$9% as well as w&' have described a peen limited so far to onlgynproducts. On the other
highly diastereoselective hydrogenation (homogeneoland, the literature has several reports concerning the
and heterogeneous) reaction of Baylis—Hillman adductgreparation ofinti-epoxides. Miyashita et al’a stimulat-
Depending on the reaction conditions used it was possilglg by Nakata's work? reported highly stereoselective
to obtain bothsyn andanti hydrogenated products with anti-epoxidation of the 4-methyl-5-silyloxyallyl system
high degrees of diastereoselection. Particularly, in the C&§ith m-chloroperbenzoic acid (MCPBA). In this work,
es we studied, the hydrogenation of silylated Baylis—Hilthe silyl group served not only as protective group but also
man adducts gave the corresponding reduced produgtsan effective directing group for facial selectivity, since

with elevatedsyn diastereoselectivity. Based on the datﬂqe approach occurs preferentially on the side opposite to
obtained from this study it was possible to establish a rgre bulky silyloxy group.

lationship between the diastereoselectivity and the size of . . .
the silylated protecting group. Apparently, the stere _tlmula'ged by the observ_atlons reported lqy M|yash|ta_et
chemical results we have observed were e>2c|usively con- for silylated homoallylic alcohols, we d'SdOS? herein
trolled by steric factors. This strategy was used as the K results of a study focused on the stereochemical course
step for the diastereoselective total synthesis:psio-

of epoxidation reactions of allylic diol derived from Bay-
philate, the aggregation pheromone produced by the mHﬁE—Hlllman adducts. Our intgion was to observe the ste-
of the granary weevitophilus granariugL.).3¢

reochemical bias of this reaction and verify a possible
: relationship between the protecting group and diastereo-
In the course of our research directed towards the explgklectivity. To achieve these results we employed an array
tation of the synthetic potentiality of the Baylis—Hillmanof allylic diols, which have been prepared directly from
adducts} we decided to investigate the generality of theggaylis—Hillman adducts bearing different substitution
diastereoselective reactions on S|Iy|ated BayIIS—Hlllm atterns. The Bay”s_Hi”man adducts were prepared us-

adducts, working now with epoxides generated from allyjng a method recently described by8uEhe results are
ic diols easily prepared from them. A careful search of thgmmarized in Table 1.

In order to gain preliminary information, we decided to

SYNTHESIS 2005, No. 14, pp 2297-2306 usetert-butyldimethylsilyl (TBS) as the protecting group.
Advanced online publication: 20.07.2005 Our choice was based on two previous observations. First-
DOI: 10.1055/s-2005-872091; Art ID: M07504SS ly, TBS is very easy to manipulate, showing reasonable
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Table 1 Baylis—Hillman Reaction with Different Aliphatic and Table 2 Two-step Sequence for the Preparation of Bisallylic alco-

Aromatic Aldehydes hols from Baylis—Hillman Adducts
0 oo oH 9 Reaction  Baylis—Hillman Adduct Silylated Yield (%)
)J\ _— TPTE . R OCH Product
3
R™ H DABCO, MeOH R!=TBS
D)
R = alkyl or aryl Baylis—Hillman Silylatjon 1, R=GHs 9 60
adduct Reaction 2, R=4-OCHC¢H, 10 68
3, R=2-BrGH, 11 95
Entry RCHO Baylis—Hillman Yield (%)*® 4,R =4-BrGH, 12 58
R Adduct 5, R = 2-bromopiperonyl 13 93
6, R = CHs 14 83
1 CeHs 1 60 7, R =i-C;H, 15 88
2 4-OCH,C¢H, 2 88 8 R=GHys 16 93
) Silylated Product Allylic Yield (%)

8 2-BrGH, 8 95 Rl=TBS Alcohol
4 4-BrGH, 4 67 DIBAL-H 9, R=GHs 17 76
5 2-bromopiperonyl 5 72 Reduction 10, R = 4-OCHCGH, 18 75
11, R = 2-BrGH, 19 82
6 CHs 6 70 12, R = 4-BrGH, 20 63
13, R = 2-bromopiperonyl 21 60
7 i-C,Hq 7 60 14, R =CH;g 22 73
15, R =i-C,Hq 23 75
8 CeHis 8 75 16, R = GHy, 24 60

#The reactions were carried out using an ultrasound bath. The devekj| yields refer to isolated and purified products.
opment of the reactions was followed by GC.
b Yields of isolated and purified products.

dichloromethane at room temperature furnished a mixture
of diastereoisomeric epoxid@&ab in 75% vyield (3:1,

chemical stability. Secondly, during a hydrogenatio : ; :
study we observed that an increase in the size of the Sgggermmed by GC analysis of the crude reaction product).

stituents bonded to the silicon atom was not necessarilv

related to an increase in the diastereoselectivity. OTBS TBAF, THF ot
The Baylis—Hillman adduct&-8 were treated withert- R OH i 2h so% )ﬁ(\OH
butyldimethylchlorosilane in DMF, at room temperature
to provide the corresponding silylated prod@&t6. The 17 R=Fh 25, R=Ph
silylated Baylis—Hillman adducts were then reduced wit
DIBAL-H in anhydrous dichloromethane at —78 °C tc

. . . a) MCPBA MCPBA
give, after work_up., the allylic d|9|$7—24 (Scheme 2). CH:Cly, 1.t. 75% CHoCly, 1t., 75%
The results of this simple and straightforward two-step s o) T 2h
guence are summarized in Table 2. OH OH

. OH
(0]

OH O a) TBSCI, imidazole, OR!

DMF, r.t. R2
R OCH e EE—
®  b) DIBAL-H, GH.Cl, R (+)-26a (+)-26b

-78 °C
o Scheme 3 Epoxidation reaction of unprotected allylic diols
Baylis—Hillman
= ) = PAARK] .
17-24, R = alkyl or aryl Most probably, the presence of two hydroxyl groups in the
R!=TBS; R? = CH,0H neighborhood of the double bond contributes to enhance

the diastereoselectivity of this epoxidation. The same ex-
Perimental protocol was then repeated with the silylated
allylic alcohol17 (Scheme 3). We also observed the for-

) o ) _mation of a mixture of diastereoisomers, but now one of
Before starting the epoxidation with the protected allylighem was present in a considerable excess (13:1, mea-

alcohols, we evaluated the degree of diastereoselectivify,aq by GC of the crude mixture). Seeking to determine

with unprotected allylic diols. Thus, compoufid (see he relative stereochemistry of the diastereoisomers, we
Table 2 and Scheme 3) was treated v.wth.TBAF |n.THF &led to separate them by column chromatography, how-
room temperature for two hours to gi28in 80% yield oyer without success.

(Scheme 3). The epoxidation @5 with MPCBA in

Scheme 2 Two-step sequence for the preparation of allylic diol
from B-H adducts
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To solve this problem the mixture of epoxide diols was diminima on the potential energy surfaces as a function of
rectly transformed into the corresponding acetals. The 61,3, torsion angle. If we consider exclusively parameters
riched diastereoisomeric mixture (generated from thaf a steric nature, the approximation of the oxidant can oc-
reaction with the silylated alcohol) was treated witleur from the both faces of the double bond of conformer
TBAF in THF at room temperature to provide the epoxid25a (Figure 1). However, a slight preference for tee
diols in 80% vyield, which was treated with 2,2-dimethface can occur. On other hand, in conformatksb
oxypropane in the presence of a catalytic amount of caff-igure 1) thesi face is more favored for attack than the
phorsulfonic acid (CSA) at room temperature for 24 hourg. Conformation25b is slightly more stable thaB5a

to give27in 60% yield (Scheme 4). (AAH 0.13 kcal/mol). This small energy difference prob-

At this stage only one of the two diastereoisomeric acet48Y explains the preferential attack on #idace and,
was detected. The results obtained from a NOE expefPnsequently, the preferential formation of drei dia-
ment with this diastereoisome27a are depicted in stereoisomer. Addltlonal!y, to minimize thg _allyhc strain
Scheme 4. To avoid any doubt concerning the results Bf  the bulky aromatic ring should be positioned prefer-
the NOE experiment, the same procedure was repea ially on one face of the double bond, being responsible
with a sample ofynepoxide, which was prepared accordfor the moderate degree of diastereoselectivity obsérved.
ing to the procedure described by Hatakeiy&mahe

NOE experiment indicates that the relative stereochemis-

try of the major diastereoisomeisti. These findings are ~ ©2:= -157.7 @33y = -88.9° 5
consistent with those reported in the literaffife. ‘2 3 & s
When we compare the spectroscopic ddka dnd3C |, reen bond s i &~ I"mmi"‘;'.: ',:"”" s {d‘
NMR and NOE) recorded for the mixture of products ot~ 2,134, @ @ o A
tained in the epoxidation of the unprotected alcohol wit ,“—’"; ’[[ 3 . | ‘99 ‘f‘;,,
those obtained in the epoxidation of the silylated alcohc A - g P T ’ﬂ- 9
we observe that the major diastereoisomer was identica u"'ﬁff 2 - ,d’ B o
both cases. Hence, the epoxidation of the unprotected A ° f il i
cohols furnishes preferentially thati epoxide. o -’} ¥

In order to explain our results we made some calculatior Ta 17b

In Figure 1, the completely optimized geometry obtaine iy - _j3 79 tealimol AH = -120.18 keal/mol

at the AM1 level for the allylic dioR5 is shown (see, o ) o
Scheme 3). The conformatioRSaand25brepresents the Figure 1 Minimal energy conformations for allylic di@

OH OH 2,2-DMP, o><o (o6}
CSA, 60%
R” Y. “OH — > Ty T
o + R o OH R™ Yoo R o
26a 26b 27a 27b
R = Ph A
H Pho
0
H OQ'/CHs
2.58% 2.70%
27a
Irradiated
at 5.30 ppm
1.47% OH Ref. 6b OH OH
R)ﬁ(COZCHS 4> R COgCH;; + R ; COgCHg
o R o /ﬁ(
Q R = OCHgCyHs
H L H o%/CHs 2 28 29
R \_ CHs DIBAL-H, -78°C
2.23% 2.47% CH,Cly, 2 h, 50%
Irradiated 2,2-DMP,
at 5.18 ppm o><o CSA, 40%  QH
R/'\g « R)\£OH
31 0
31 30

Scheme 4 Acetal preparation and NOE experiment
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With these data in hand, we carried out epoxidations wi™
the other silylated allylic diol$8-24 using the same ex-
perimental protocol as described abovelforThe results
are summarized in Table 3. The data obtained in this ree
tion are very intriguing. A good level ahti diastereose-
lection was observed for all allylic alcohols derived fromn
aromatic aldehydes, however, some exceptions were r
ticed. Curiously, the diastereoselectivity observed for tr

@93 = =316 f B33~ -15001°

allylic alcohols prepared from 2-bromobenzaldehyde ar R
2-bromopiperonal is lower than that observed for allylit j 7
alcohols without substituents on tbetho position (see ; o A= 2T 45 koaliial
Table 3, entries 3 and 5). Moreover, for all allylic alcohol: " ~¢!27 kealme! SN

prepared from aliphatic aldehydes a poor degree of di..
stereoselectivity was observed (Table 3, entries 6-8). Figure 2 Minimized conformations for the silylated allylic dib¥

Table 3 Diastereoselectivity in the Epoxidation of the Silylated Al- : : .
able 3 Diastereoselectivity in the Epoxidation of the Silylated Al o nossible relative low energy conformers IiKeb,

lylic Alcohols
Y the same phenomena have been observed.
Entry  Silylated Allylic Alcohol PrtOd' T;eLd g”ttif;y“ Seeking to evaluate the accuracy of the results that stem
uct (%) Rad from the calculations, monosilylated allylic dil was

1 17, R = GH; 32 76 12:1 treated withtert-butyldiphenylsilyl chloride and imida-

~ _ zole in DMF to provide compourdD, which was submit-
2 18, R = 4-OCHCH, 33 & 131 ted to epoxidation with MCPBA, furnishing a mixture of
3 19, R = 2-BrGH, 34 82 31 diastereoi_spmerdlam_lb (anti:syn = ;:1) (Scheme 5). _

Not surprisingly, no diastereoselectivity was observed in
4 20, R =4-BrGH, & 6 101 this epoxidation} NMR and GC analyses), which con-
5 21, R = 2-bromopiperonyl 36 60 31 firm the calculated results (Scheme 5).
6 22, R=GH, a7 65 21 OTBS TBDPSCI, DMAP, ~ OTBS
. EtsN, CH,Clo
7 23, R =|'C4Hg 38 75 1.4:1 R OH — > R OTBDPS
rt., 18 h, 80%

8 24, R = GHys 39 60 2:1

21, R = 2-Br-Piperonyl 40
2 All yields refer to isolated and purified products. L MCPBA

b Diastereoselectivity was measured'byNMR and capillary GC. CH:Cly, 1.t., 75%
The crude products were transformed into the corresponding 1,3-c
clic acetals, which were used in an NOE experiment. OTBS OTBS

R <, OTBDPS + R OTBDPS
It seems that different effects are responsible for the di © °
stereoselectivity attained. In order to explain our result (x)-41a 1:1 ()-41b
we calculated the minimal energy conformations (usinsq L ) _ _
AM1 semiempirical calculation) for the silylated diols. cheme 5 Epoxidation reaction of the diprotected allylic d&&l
For those allylic alcohols without substituents indhi#o
position (e.g17), two possible low energy conformationsNOW we turn our attention to the results obtained with the
17aand17b were found (Figure 2). Both conformationsallylic diols 19, 21, 22-24. The presence of a substituent
have a hydrogen bond between the primary hydroxifl theortho position of the aromatic ring (compount
group and the oxygen atom bonded to silicon atom, whiénd21) changes the conformation, because now the aryl
stabilizes these conformations and contributes to decregéeup is turned away from the double bond. As a conse-
the total energy. All other possible conformers, in whicguence both faces of the double bond could be attacked,
this hydrogen bond was not considered, exhibited a muglihough a little preference for tisé face is maintained
higher energy level. In Figure 2, we show the minimal effsee Figure 3A). On the other hand, the replacement of
ergy conformations for the silylated allylic did?. The an aryl group by an alkyl relers both faces of the allylic
energy difference between them is very small (DDH €iols almost similar. For these cases, the diastereoselec-
—0.11 kcal/mol). tivity is really very poor (see Figure B).

The TBS group in conformédi7ais far away from the ep- As the major diastereoisomer provided by epoxidation is
oxidation site (double bond), and thus, under these cthat with ananti relative stereochemistry, this method
cumstances th& face is completely free to be attacked b}ZOU|d be considered as a valuable alternative for the prep-
the oxidizing reagent. However, theface is blocked by aration ofanti epoxides from Baylis—Hillman adducts. To

the presence of the phenyl group. It is worth noting thateémonstrate this, the primary hydroxyl group of allylic
epoxide35 was oxidized with the oxalyl chloride/l&/
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A B phosphomolybdic acid and heaginAll Baylis—Hillman reactions
@ were sonicated in an UNIQUE model GA 1000 ultrasonic bath
i Y (1000 W, 25 kHz). Ice was added occasionally to avoid the increase
% ‘3_ J 0 of the water temperature of the ultrasonic bath, which was main-
9 .&‘*' & 9 tained between 30 and 40 °C. Aromatic and aliphatic aldehydes
#g » a J '*’_‘ 2 _ 3 were purchased from Aldrich, Acros or Lancaster, and were used
& = ‘, 2 & J".al without prior purification.
] f < o Baylis—Hillman Adducts; General Procedure
E

9 ‘? 9 A mixture of the aliphatic or aromatic aldehyde (1 mmol), methyl
acrylate (112 mg, 1.3 mmol) and DABCO (73 mg, 0.65 mmol) in
3 o MeOH was sonicated for 2—3 d. Ultrasound bath temperature was
" == constantly monitored and kept at 30—40 °C during the reaction by
Figure 3 Minimized conformations for the silylated allylic diat® ~ @dding ice or by using a refrigerated circulator. After completion of
and22 the reaction, the mixture was diluted with £H, (50 mL). The or-
ganic solution was washed with 10% aq HCk(0 mL) and brine
(20 mL), and then dried (N80O,). After filtration and solvent re-
DMSO (Swern reagent) in dichloromethane and the reoval, the residue was filtered through a pad of silica gel to furnish
sulting aldehyde directly transformed to the Carboxylithe corresponding Baylis—Hillman adduct as a viscous oil or a solid

acid by oxidation with NaCIQ in an overall yield of 50% (Table 1).

0
(Scheme 65 (£)-Methyl 2-[Hydroxy(phenyl)methyllacrylate (1)
Yield: 60%; colorless oil.
e 1 (00C0e, Flal, DMSO oTBS IR (film): 3467, 1720 crrt.
2Vl2,
R “g OH R .,,ICOZH IH NMR (CDCl, 300 MHz):5 = 7.53-7.46 (m, 5 H), 6.23 (s, 1 H),
2. NaClOy, NaH,PO4 ° 5.74 (s, 1 H), 5.45 (s, 1 H), 3.60 (s, 3 H), 2.81 (s, 1 H, exchangeable
43 with D,0).
35, R =4-BrCeHs 13C NMR (CDC}k, 75.4 MHz):8 = 166.4, 141.7, 141.0, 128.2,

Scheme 6 anti-Epoxides from Baylis—Hillman adducts. 127.6,126.4,1258,73.0, 51.9.

(£)-Methyl 2-[Hydroxy(4-methoxyphenyl)methyl]acrylate (2)
The epoxidation reaction of allylic diols prepared from th&ield: 88%; yellow-tinged oil.
Baylis—Hillman adduct occurs with a high degree of diasr (fiim): 3347, 1715 cnt.

tereoselectivity. Surprisingly, no influence of the protecty, \wr (CDCl,, 300 MHz):3 = 7.29 (d, 2 HJ = 9 Hz), 6.85 (d, 2

ing group in this diastereoselection was observed. Basgd - 9 Hz), 6.32 (s, 1 H), 5.87 (s, 1 H), 5.51 (s, 1 H), 3.79 (s, 3 H),
on the results obtained from theoretical quantum chem&o7 (s, 1 H, exchangeable with®).

try calculations, the diastereoselectivity seems to be cag- nyr (CDCl, 75.4 MHz):5 = 166.4, 158.9, 141.9, 133.2,
trolled by the formation of an intermolecular hydrogen27.7, 125.3, 113.6, 72.5, 55.1, 51.8.

bond which contributes to minimize the energy of the re-

active conformers. (£)-Methyl 2-[2-Bromophenyl(hydroxy)methyl]lacrylate (3)

. . . Yield: 95%; yellow-tinged oil.
This sequence allows the stereoselective preparation ot oY g

highly functionalized epoxides, which could be used 48 (film): 3437, 1718 cnt.
starting materials for the synthesis of several classes'dfNMR (CDCl, 300 MHz):5 = 7.55 (ddJ = 1.4, 8.0 Hz, 1 H),
products. As the epoxidation furnished preferentially the3S (m, 1 H), 7.17 (m, 1 H), 6.35 (#=0.74 Hz, 1 H), 5.94 (s, 1
epoxide with aranti relative stereochemistry, this metho t))i S'S'Zh(t’Jo: 1.1 Hz, 1H),3.78 (s, 3 H), 2.95 (s, 1 H, exchange-
could be used as an alternative to those already descrifed "' DO).
for the preparation afynepoxides from Baylis—Hillman -¢ NMR (CDCL, 75.4 MHz):5 = 166.7, 140.4, 139.6, 132.6,
adducts and are complementary to them, as demonstratéd 1282, 1275, 126.9, 122.9, 71.4, 52.1.

(£)-Methyl 2-[4-Bromophenyl(hydroxy)methyllacrylate (4)
The !H and3C spectra were recorded with a Varian Gemini BBYield: 67%; colorless viscous oil.
spectrometer at 300 MHz and 75.4 MHz, respectively, or on an IR (film): 3425, 1717 crrt.

ova Instrument at 500 MHz and 125 MHz, respectively. The ma o _
spectra were recorded using a HP model 5988A GC/MS withﬁé NMR (CDCl, 300 MHz):3 = 7.46 (dJ =8 Hz, 2 H), 7.24 (d,

High-Resolution Autospec/EBE spectrometer. IR spectra were %—“;:Z' 2H), 6.33 (brs, 1H),5.82 (brs, 1 H), 550 (s, 1 H), 3.72
tained with a Nicolet model Impact 410 spectrometer. Yields and’ )-

diastereoselectivities were determined from GC analysis on'¥ NMR (CDCL, 75.4 MHz):§ = 166.3, 141.4, 140.1, 131.3,
HP6890 with flame ionization detector, using a HP-5 capillar§28.1, 126.2, 121.6, 72.7, 52.0.

(cross linked 5% phenyl methyl siloxane, 28 m) column. Experi-

mental manipulations and reactions were not performed under a ¢ty-Methyl 2-[(6-Bromo-1,3-benzodioxol-5-yl)(hydroxy)meth-
atmosphere or employing anhyd solvents, unless otherwise spedjacrylate (5)

fied. Purifications and separations by column chromatography weréeld: 72%; yellow-tinged viscous oil, which crystallized on stand-
performed on silica gel, using normal or flash chromatographing; mp 101-102 °C.

TLC visualization was achieved by spraying with 5% ethanolic

Synthesis 2005, No. 14, 2297-2306 © Thieme Stuttgart - New York
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IR (film): 3473, 1716 cnt. IH NMR (CDCl,, 300 MHz):8 = 7.28 (d,J = 9 Hz, 2 H), 6.85 (d,

1H NMR (CDCl, 300 MHz):5 = 7.02 (s, 1 H), 6.99 (s, 1 H), 6.359 = 9 Hz, 2 H), 6.23 (s, 1 H), 6.07 (5, 1 H), 5.56 (s, 1 H), 3.79 (s, 3
(s, 1H),5.99 (s, 2 H), 5.86 (s, 1 H), 5.63 (s, 1 H), 3.79 (s, 3 H), 2.84 367 (5, 3H), 0.88 (5, 9 H), 0.06 (5, 3 H), -0.01 (5, 3 H).
(s, 1 H, exchangeable with,0). 13C NMR (CDC, 75.4 MHz):5 = 166.2, 158.6, 143.8, 134.6,

13C NMR (CDCl, 75.4 MHz):5 = 166.8, 147.8, 147.5, 140.5, 128.1, 123.2, 113.2, 72.2, 55.1, 51.6, 25.8, 17.5, —4.9.

133.0, 126.8, 113.5, 112.5, 108.2, 101.8, 71.4, 52.2.
33.0,126.8, 1135, 51082, 1018, 5 (£)-Methyl 2-[(2-Bromophenyl)(tert-butyldimethylsilyl-

oxy)methyl]acrylate (11)

+)- -(1-
()-Methyl 2-(1-Hydroxypropyl)acrylate (6) Yield: 95%; colorless viscous oil.

Yield: 70%; yellow-tinged fluid oil.
IR (film): 3409, 1715 cni- IR (film): 2930, 1729, 1471 cth

IH NMR (CDCl, 300 MHz):5 = 6.22 (br s, 1 H), 5.78 (br s, 1 H), .H NMR (CDCL, 300 MHz):5 = 7.46 (ddJ = 8.1, 13.0 Hz, 1 H),

N 7 32-7.26 (M, 2 H), 7.09 @,= 7.7 Hz, 1 H), 6.27 (s, 1 H), 5.99 (s,
431 (tJ=7Hz,1H),3.75(s,3H),2.80 (s, 1 H, exchangeable WIIFI -

D,0), 1.73-1.55 (M, 2 H). 0.90 G~ & Hz, 3 H). i')H),Osflzt((st,JS_ﬁ).a Hz, 1 H), 3.70 (s, 3 H), 0.84 (s, 9 H), 0.10 (s, 3
13C NMR (CDC}, 75.4 MHz):6 = 167.2, 142.3, 125.4,73.3,52.2, . " o

295, 10.5. 13C NMR (CDC}, 75.4 MHz):5 = 170.9, 146.3, 141.9, 139.0,

133.7, 128.0, 127.6, 125.2, 123.3, 118.6, 72.2, 51.4, 26.0, 18.4,
(£)-Methyl 2-(1-Hydroxy-4-methylbutyl)acrylate (7) —4.3,-4.5.
Yield: 60%; colorless fluid oil.

161d- BLYH; coloriess fiLid ol (&)-Methyl 2-[(4-Bromophenyl)(tert-butyldimethylsilyl-
IR (film): 3470, 1715 cm. oxy)methyllacrylate (12)
IH NMR (CDCl, 300 MHz):8 = 6.18 (s, 1 H), 5.78 (s, 1 H), 4.45 Yield: 58%; slightly yellow viscous oil.
(9,J=3Hz, 1 H),3.75 (s, 3 H), 2.51 (s, 1 H), 1.78 (s&pt7 Hz, |R (film): 2933, 1701, 1495 crth

1H), 1.58-1. 2 H), 0.93-0. H).
X ) 1.58-1.35 (m, 2 H), 0.93-0.90 (m, 6 H) IH NMR (CDCl, 300 MHz):5 = 7.41 (d,J= 8 Hz, 2 H), 7.24 (d,
°C NMR (CDCL 75.4 MHz):5 = 166.8, 142.8, 124.4, 69.7, 51.8, = 9 Hz, 2 H), 6.26 (s, 1 H), 6.09 (s, 1 H), 5.55 (s, 1 H), 3.68 (s, 3

45.4,24.8, 23.3, 21.8, 20.3. H), 0.88 (s, 9 H), 0.06 (s, 3 H), —0.08 (s, 3 H).

13C NMR (CDCL, 75.4 MHz):§ = 166.4, 143.8, 142.1, 131.5
(+)-Methyl 2-(1-Hydroxyheptyl)acrylate (8) ' ) ) ) ,
Yield: 75%: colorless fluid oil. 129.1, 124.4,121.6, 72.6, 52.2, 26.3, 18.7, -4.2, —4.3.
IR (film): 3469, 1719 cnt. (£)-Methyl 2-[(6-Bromo-1,3-benzodioxol-5-yl){ert-butyl-

'H NMR (CDCl, 300 MHz):3 = 6.21 (br s, 1 H), 5.78 (br s, 1 H), dimethylsilyloxy)methyllacrylate (13)
4.38 (t,J = 6 Hz, 1 H), 3.77 (s, 3 H), 2.29 (s, 1 H), 1.65-1.61 (m, Xield: 93%; colorless viscous oil.

H), 1.35-1.28 (m, 8 H), 0.87 = 7 Hz, 3 H). IR (film): 2929, 1728, 1501 crh

13C NMR (CDCl, 75.4 MHz):5 = 167.0, 142.4, 124.9, 71.8, 51.8,14 NMR (CDCL, 300 MHz):8 = 6.95 (s, 1 H), 6.89 (s, 1 H), 6.27

36.1,31.7, 29.0, 25.7, 22.5, 14.0. (t, J=2.6 Hz, 1 H), 5.97 (dd]= 1.5, 9.2 Hz, 2 H), 5.92 (s, 1 H),
5.84 (t,J=2.9Hz, 1 H), 3.72 (s, 3H), 0.87 (s, 9 H), 0.12 (s, 3 H),

Silylation (TBS Ether) of Baylis—Hillman Adducts; General —0.05 (s, 3 H).

Procedure

; ; ; 13C NMR (CDCl, 75.4 MHz):§ = 166.1, 147.5, 147.2, 143.0
A mixture of the adduc—8 (1 mmol),tert-butyldimethylsilyl chlo- ' ' ' ' '
ride (96 mg, 1.3 mmol) and imidazole (170 mg, 2.5 mmol) in anhyln34'6' 124.9,113.3, 112.1, 108.8, 101.6, 71.4, 51.7, 25.8, 18.1,
DMF (0.5 mL) was stirred at r.t. undes, for 18 h. After that, the —4.5,-48.
mixture was quenched with hexane (30 mL). The hexane phase was . .
washed with brine (2 10 mL) and distilled kD (20 mL), and dried V@‘Me‘h{' 2-(1-tert-Butyldimethylsilyloxypropyl)acrylate (14)
(Na,SQ,). After evaporation of the solvent, the residue was purifie&'eld' 65%; colorless fluid oil.
by silica gel column chromatography (eluent: hexane—EtOAtR (film): 2955, 1730, 1519 crh

90:10). IH NMR (CDCl, 300 MHz):3 = 6.23 (s, 1 H), 5.90 (s, 1 H), 4.56

. . t,J=5Hz, 1 H), 3.74 (s, 3 H), 1.48-1.43 (m, 2 H), 0.90 (s, 9 H),
gic)r-yl\flaet?)(/sla)z[(tert-ButyldlmethyIS|Ionxy)(phenyI)methyI] 5).85 tJ=5 Hz,)3 H), 0(.09 (s,)3 H), —0.01 ((S, 3 H).) ( )
Yield: 60%: coloréss viscous oil. 13C NMR (CDClL, 75.4 MHz):6 = 166.7, 124.5, 71.0, 51.5, 30.3,

25.7,18.1, 9.0, -5.1.
IR (film): 2955, 1722, 1504 cmh ' T

'H NMR (CDCl, 300 MHz):6 = 7.36-7.27 (m, 5 H), 6.21 (s, 1 H), (+)-Methyl 2-(1-tert-Butyldimethylsilyloxybutyl-3-methyl)acry-
6.09 (s, 1 H), 5.62 (s, 1 H), 3.68 (s, 3 H), 0.90 (s, 9 H), 0.04 (s, 3 Hgte (15)

—-0.09 (s, 3 H). Yield: 88%; colorless viscous oil.
13C NMR (CDCL, 75.4 MHz):5 = 166.6, 144.2, 142.8, 128.3, IR (film): 2929, 1710, 1492 cth
127.6,127.3,124.1, 73.1, 52.0, 26.2, 18.6, —4.4. IH NMR (CDCl, 300 MHz):5 = 6.21 (s, 1 H), 5.91 (s, 1 H), 4.61

. . (0,J=3 Hz, 1 H), 3.75 (s, 3 H), 1.77 (septs 7 Hz, 1 H), 1.43—
(£)-Methyl 2-[(tert-Butyldimethylsilyloxy)(4-methoxyphe- 1.36 (m, 2 H), 0.93-0.82 (M, 6 H), 0.90 (s, 9 H), 0.06 (s, 3 H), —0.03
nyl)methyl]acrylate (10) (s 3 H).’ ' ' ' ' ' ' ’

Yield: 68%; coloréss viscous oil.
13C NMR (CDCL, 75 MHz): 8 = 166.5, 144.7, 124.0, 68.8, 51.6,

IR (film): 2954, 1722, 1511 crh 48.1, 25.9, 24.5 24.0, 21.8, 18.2, —4.3, —4.8.
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(£)-Methyl 2-(1-tert-Butyldimethylsilyloxyheptyl)acrylate (16) H NMR (CDCl, 300 MHz):8 = 7.45 (d,J=8 Hz, 2 H), 7.24 (d,
Yield: 95%; coloréss viscous oil. J=8Hz, 2 H), 5.28 (s, 1 H), 5.20 (s, 1 H), 5.15 (s, 1 H), 4.09 (d,
IR (film): 2949, 1721, 1509 crh i'): %)40';2(5 13H|_)|’) 3.91 (dJ=14 Hz, 1 H), 0.90 (s, 9 H), 0.08 (s, 3
IH NMR (CDCl,, 300 MHz):6 = 6.21 (s, 1 H), 5.90 (s, 1 H), 457 .. " o

(@,d=3Hz, 1 H), 3.75 (s, 3 H), 1.63-1.58 (m, 2 H), 1.38-1.20 ( 13C NMR (CDCL, 75.4 MHz):§ = 149.8, 141.5, 131.1, 128.2,

8H), 0.90 (s, 9 H), 0.88 (.= 7 Hz, 3H), 0.06 (s, 3 H), 0.01 (s, 3 H). 1276, 112.1,62.9, 29.7, 25.8, 18.3, -4.8, -4.9.

*C NMR (CDCl, 75 MHz):§ = 166.6, 144.0, 124.2, 70.2, 51.6, (+)-2-[(6-Bromo-1,3-benzodioxol-5-yljert-butyldimethylsilyl-

Reducti ¢ Silviated Bavlis_Hil Add G P Yield: 91%; colorless oil.

t t = ts; -
duereuc ion of Silylated Baylis—Hillman ucts; General Proce- (film): 3350, 2049, 2931, 2863 cin
To a solution of silylated Baylis—Hillman add&t16 (6.2 mmol) *H NMR (CDCl, 300 MHz):5 = 7.00 (s, 1 H), 6.93 (s, 1 H), 5.99
in anhyd CHCI, (20 mL) was added slowly at —78 °C under argons, 1 H), 5.96 (s, 1 H), 5.59 (s, 1 H), 5.17J¢,5 Hz, 2 H), 4.10 (d,
a solution of DIBAL-H (15 mmol of a 1 mol/L solution in toluene).J = 13 Hz, 1 H), 4.03J= 13 Hz, 1 H), 1.92 (s, 1 H), 0.98 (s, 9 H),
The resulting solution was stirred for 2 h. After checking for th8.03 (s, 3 H), —0.02 (s, 3 H).
complete consumption of starting material by TLC, an aq sat. soImC NMR (CDC}, 75.4 MHz):5 = 148.8, 147.5, 135.0, 112.4, 111.9
tion of NaOAc was added (50 mL). The resulting solution Wagng 3 101 6. 74.9 63.4. 258 18.2 —4.7 4.9 o -
transferred to a beaker containing a mixture of aq sat. solution of ' U T T e
NH,CI (10 mL) and EtOAc (50 mL). The mixture was stirred for 1.y 5_(1 tert-Butvidimethvisilvl )-2- -2-en-1-ol
h until the formation of a gel. It was then filtered over a pad ](5) (tert-Butyldimethylsilyloxypropyl)-2-prop-2-en-1-o
Celite. The filtrate was dried (MN&0O,) and concentrated under re- vield: 73%: colorless oil
duced pressure. The crude product was purified by silica gel column™ ' '
chromatography (hexanes—EtOAc, 10%) to provide the corresporB- (film): 3378, 2954, 2895, 2828 cin

ing allylic alcohols. H NMR (CDCl, 300 MHZz):8 = 5.06 (s, 1 H), 4.99 (s, 1 H), 4.30

(d,J = 12 Hz, 1 H), 4.15 () = 5 Hz, 1 H), 4.10 (d] = 12 Hz, 1 H),
()-2-[(tert-Butyldimethylsilyloxy)(phenyl)methyl]-2-prop-2- 2.04 (s, 1 H), 1.64-1.56 (m, 2 H), 0.89 (s, 9 H), 0.09 (s, 3 H), 0.08
en-1-ol (17) (t, J=5 Hz, 3 H), 0.05 (s, 3 H).

At el . .
Yield: 86%; yellow tinged oil. 13C NMR (CDCl, 75.4 MHZ):5 = 149.4, 111.7, 77.8, 63.5, 29.4,
IR (film): 3377, 2954, 2929, 2856 cfn 25.62, 18.0, 9.9, -3.6.
H NMR (CDCl, 300 MHz):8 = 7.37—7.24 (m, 5 H), 5.23 (s, 1 H), , _
5.12 (s, 1 H), 5.08 (s, 1 H), 4.06 (= 12 Hz, 1 H), 3.85 (d) = 12 (#)-2-(1ert-Butyldimethylsilyloxybutyl-3-methylbutyl)prop-2-
Hz, 1 H), 1.91 (s, 1 H), 0.97 (s, 9 H), 0.15 (s, 3 H), —0.01 (s, 3 H)en-1-ol (23) _
Yield: 78%; colorless oil.

13C NMR (CDCL, 75.4 MHz):§ = 150.2, 142.4, 128.1, 127.2,
125.9, 111.9, 76.7, 63.0, 25.7, 18.2, —4.9. IR (film): 3360, 2958, 2895, 2854 cin

_ _ IH NMR (CDCl, 300 MHz):5 = 5.05 (s, 1 H), 4.99 (s, 1 H), 4.33
(1)-2-[(tert-Butylimethylsilyloxy)(4-methoxyphenyl)methyl]-2- (d,J=13 Hz, 1 H), 4.12 () =12 Hz, 1 H), 4.10 (d)=13 Hz, 1

prop-2-en-1-ol (18) _ H), 1.68 (sept) =8 Hz, 1 H), 2.01 (s, 1 H), 1.51-1.40 (m, 2 H),
Yield: 86%; coloress viscous oil. 0.98-0.89 (m, 6 H), 0.90 (s, 9 H), 0.09 (s, 3 H), 0.06 (s, 3 H).
IR (film): 3370, 2955, 2910, 2849 cin 13C NMR (CDC}, 75.4 MHz):8 = 149.8, 11.8, 75.0, 63.3, 45.9,

IH NMR (CDCk, 300 MHz):8 = 7.45 (dJ = 9 Hz, 2 H), 7.10 (d, 25-8,25.7,24.3,22.6, 18.0, 4.6, -5.0.
J=9 Hz, 2 H), 5.50 (s, 1 H), 5.38 (s, 1 H), 5.30 (s, 1 H), 4.30 (d, _ _
J=12 Hz, 1 H), 4.12 (dJ = 12 Hz, 1 H), 4.01 (s, 3 H), 1.12 (s, 9 (¥)-2-(14tert-Butyldimethylsilyloxyheptyl)-2-prop-2-en-1-ol (24)

H), 0.28 (s, 3 H), 0.12 (s, 3 H). Yield: 68%; colorless oil.

13 NMR (CDCl, 75.4 MHz):3 = 158.7, 150.5, 134.6, 128.0, IR (film): 3369, 2950, 2915, 2854 cfn

127.1,113.5, 111.7, 70.3, 63.2, 55.2, 25.7, 18.2, -3.5. IH NMR (CDCl, 300 MHz):8 = 5.05 (s, 1 H), 4.98 (s, 1 H), 4.26
_ _ (d,J=13 Hz, 1 H), 4.23 (§ = 3 Hz, 1 H), 4.10 (d) = 13 Hz, 1 H),

(¥)-2-[(2-Bromophenyl)tert-butyldimethylsilyloxy)methyl]-2- 2.8 (br s, exchangeable with®, 1 H), 1.59—1.55 (m, 2 H), 1.38—

prop-2-en-1-ol (19) 1.22 (m, 8 H), 0.89 (s, 9 H), 0.87 Jt= 7 Hz, 3 H), 0.09 (s, 3 H),

Yield: 95%; colorless fluid oil. 0.06 (s, 3 H).

IR (film): 3353, 2955, 2929, 2857 cfn 13C NMR (CDCL, 75.4 MHz):8 = 149.7, 111.4, 76.4, 63.5, 36.8,

H NMR (CDCl, 300 MHz):8 = 7.52 (dJ= 7.7 Hz, 1 H), 7.44 (d, 31.9,29.2,25.9,256,22.7,18.2,14.1, 4.5, -4.7.
J=79Hz,1H),7.27 {)=75Hz,1H),7.07 {]=7.7 Hz, 1 H), o ) )

5.63 (s, 1 H), 5.13 (d} = 4.4 Hz, 2 H), 4.04 (q, 2 H), 0.84 (s, 9 H), Epoxidation of Baylis—Hillman Adducts 17-25; General proce-
0.05 (s, 3 H), —0.14 (s, 3 H). dure

13C NMR (CDCL, 75.4 MHz):§ = 150.2, 142.2, 132.3, 128.0,
127.6,127.3,127.0, 119.2, 110.7, 74.7, 62.2, 25.8, 18.2, —4.6, —

To a solution of allylic alcohol$7-25 (1 mmol) in CHCI, (25 mL)
gho °C was addeah-chloroperbenzoic acid (204 mg, 1.18 mmol).

"He resulting solution was stirred for 24 h until complete consump-
tion of starting material (verified by TLC). The mixture was washed
with an ag 10% solution of KOH (5 mL) and then extracted with
yl]prqp-z;ep-l-ol (20) CH,CI, (30 mL). The organic layer was dried (S&,) and the sol-
Yield: 78%; colorless oil. vent was removed under reduced pressure. The crude product was
IR (film): 3351, 2948, 2920, 2863 cin purified by silica gel column chromatography (hexanes—EtOAc,

(1)-2-[(4-Bromophenyl)ert-butyldimethylsilyloxy)meth-
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10%) to yield the corresponding epoxides, as a mixture of diastdz, 1 H), 2.89 (dJ =5 Hz, 1 H), 2.87 (d)J=5 Hz, 1 H), 0.08 (s, 9
reoisomers. H), 0.03 (s, 3 H), —0.01 (s, 3 H).

13C NMR (CDCL, 75.4 MHz):5 = 134.0, 131.7, 128.7, 122.2, 74.7
anti-(+)-2-[Hydroxy(phenyl)methyl]-2-oxyranylmethanol (26a) g, 1 61.0( 49_;’ 26.3 18.27) 40 43 ' ' ' '

Yield: 85%; yellow-tinged ol HRMS (70 eV):m/ Icd fi H,sBrO,Si: 372.0756; found:
IR (film): 3449, 2927 crri. 0 €V):miz caled for GiHBrO,SE: 372.0756; found:
H NMR (CDCl, 300 MHz):8 = 7.37-7.24 (m, 5 H), 5.13 (s, 1 H),

3.92 (dJ=12Hz,1H),3.73(d] = 12 Hz, 1 H), 3.49 (s, 1 H), 3.31 anti-(+)-2-[(6-Bromo-1,3-benzodioxol-5-yl){ert-butyldimethyl-
(d,J=5Hz,1H), 3.04 (d) =5Hz, 1 H). silyloxy)methyl]-2-oxyranylmethanol (36)

13C NMR (CDCH, 75.4 MHz): = 141.1, 128.7, 127.6, 125.3, 77.7, Y €ld: 60%; colorless fluid oil.
72.2,63.3, 41.1. IR (film): 3448, 2929 cn.

HRMS (70 eV): m/iz calcd for GoH;,O;: 180.07864; found: *H NMR (CDCl, 300 MHz):5 = 7.05 (s, 1 H), 6.92 (s, 1 H), 6.0 (d,

180.07850. J=1.1 Hz, 2 H), 5.35 (s, 1 H), 4.14 (@7 11 Hz, 1 H), 4.09 (d,
J=11Hz,1H),2.81(d]=5Hz,1H),2.62(d)=5Hz, 1H), 0.86

anti-(x)-2-[(tert-butyldimethylsilyloxy)(phenyl)methyl]-2-oxy- (s, 9 H), 0.09 (s, 3 H),-0.11 (s, 3 H).

ranylmethanol (32) . 15C NMR (CDC, 75 MHz):6 = 147.9, 147.3, 132.3, 112.8, 111.6,
Yield: 76%; yellow-tinged oil. 109.3, 101.7, 71.9, 61.5, 60.8, 47.0, 25.7, —4.7, -5.0.
IR (film): 3452, 2959 crt. HRMS (70 eV):miz caled for G,H,sBrOSi: 416.0654; found:

!H NMR (CDC}, 300 MHz):6 = 7.28-7.16 (m, 5 H), 4.63 (s, 1 H), 416.01454.
3.55(dJ =12 Hz, 1 H), 3.44 (d] = 12 Hz, 1 H), 2.82 (d] = 5 Hz,
1 H), 2.80 (dJ =5 Hz, 1 H), 1.95 (s, 1 H), 0.80 (s, 9 H), —0.01 (santi-(+)-2-(1tert-Butyldimethylsilyloxybutyl)-2-oxyranylmeth-

3 H), -0.16 (s, 3 H). anol (37)

13C NMR (CDCl, 75.4 MHz):5 = 128.1, 128.0, 127.8, 126.6, 74.7, Y 1€ld: 65%; colorless oil.

61.6, 60.7, 48.6, 29.7, 25.8, 18.2, 4.8, —4.9. IR (film): 3370, 2969 cri.

HRMS (70 eV): m/iz calcd for GgH,s0.Si: 294.1651; found: *H NMR (CDCL, 300 MHz):§ = 4.15 (t,J =5 Hz, 1 H), 2.94 (d,

294.1662. J=12Hz, 1 H), 2.93 (d = 12 Hz, 1 H), 2.78 (dJ = 5 Hz, 1 H),
2.64 (d,J = 5Hz, 1 H), 1.73-1.54 (m, 2 H), 0.88 (s, 9 H), 0.12 (s, 3

anti-(+)-2-[(tert-Butyldimethylsilyloxy)(4-methoxyphen- H), 0.09 (t,J = 5 Hz, 3 H), 0.05 (s, 3 H).

y'_)“I“e,‘hy'g'?'o’iyr?“y'm_elthano' (33) 13C NMR (CDCL, 75.4 MHz)5 = 73.9, 61.4, 60.4, 59.6, 49.3, 48.5,

Yield: 75%; colorless oil. 27.9, 25.8, 21.0, 18.2, 14.2, 10.6, 9.9, —4.3, —4.4.

IR (film): 3455, 2950 crrt. HRMS (70 eV): miz calcd for G,H,0,Si: 246.1651; found:

'H NMR (CDCL, 300 MHz):8 = 7.35 (dJ =9 Hz, 2 H), 6.90 (d, 246.1578.
J=9Hz, 2H),4.75(s, 1 H), 3.85 (s, 3H), 3.694¢, 12 Hz, 1 H),
3.61(dJ=12Hz, 1 H),2.92 (dJ=5Hz, 1 H),2.89 (dJ=5Hz, anti-(+)-2-(1tert-Butyldimethylsilyloxy-3-methylbutyl)-2-oxy-

1 H), 0.95 (s, 9 H), 0.09 (s, 3 H), -0.05 (s, 3 H). ranylmethanol (38)
13C NMR (CDCH, 75.4 MHz):5 = 159.0, 132.3, 127.7, 113.4, 74.3, Y €ld: 75%, colorless viscous oil.
60.8, 55.2, 48.6, 25.7, 18.2, —4.7, —4.8. IR (film): 3439, 2930 cni-
HRMS (70 eV): miz caled for GyH,O,Si: 324.1756; found: *H NMR (CDCl, 300 MHz):8 = 4.12 (tJ = 12 Hz, 1 H), 3.87 (d,
324.1736. J=12 Hz, 1 H), 3.75 (d) = 12 Hz, 1 H), 3.58 (dd) = 4, 5 Hz, 2

H), 2.73 (dJ = 5 Hz, 1 H), 2.58 () = 5 Hz, 1 H), 1.75 (sepd,= 7
anti-(x)-2-[(2-Bromophenyl) tert-butyldimethylsilyloxy)meth- Hz, 1 H), 0.94 (s, 3 H), 0.90 (s, 9 H), 0.87 (s, 3 H), 0.06 (s, 3 H),
yl]-2-oxyranylmethanol (34) 0.05 (s, 3 H).
Yield: 82%; yellow-tinged oil. 13C NMR (CDCL, 75.4 MHZ): = 75.2, 72.1, 60.5, 50.1, 48.5, 25.9,
IR (film): 3447, 2929 cn. 24.1, 21.8, —4.2, —4.7. HRMS (70 eViz calcd for G,Ha,O5Si:

IH NMR (CDCl, 300 MHZ):5 = 7.72-7.32 (m, 4 H), 5.64 (s, 1 H), 274-1964; found: 274.1965.
4.21 (d,J= 12 Hz, 1 H), 4.08 (d] = 12 Hz, 1 H), 3.04 (] = 5 Hz,

1 H), 2.81 (dJ =5 Hz, 1 H), 1.06 (s, 9 H), 0.31 (s, 3 H), 0.09 (s §nti-(J_r)-2-(1{ert-ButyldimethylsiIonxyheptyI)-Z-oxyranyI-
H). ' ' ' ' ' ' ' " ‘methanol (39)

Yield: 60%; colorless oil.
13C NMR (CDCL, 75 MHz):$ = 138.9, 132.3, 130.1, 129.3, 127.2,

122.5,72.0, 61.4, 60.9, 47.2, 25.8, —4.7, —5.0. IR (film): 3442, 2930 cnt.

. ) . . H NMR (CDCk, 300 MHz):5 = 3.58 (t,=4 Hz, 1 H), 3.87 (d
HRMS (70 eV):miz calcd for GH,.BrO.Si: 372.0756; found: , ’ , 1 H), ’
372-066(4. eV):m'z caled for GeH,dBro;Si » OUNG - 15 Hz, 1 H), 3.76 ()= 12 Hz, 1 H), 2.88 (dJ = 5 Hz, 1 H),

2.75 (d,J=5 Hz, 1 H), 2,08 (s, 1 H), 1.62—-1.10 (m, 13 H), 0.88 (s,

anti-(x)-2-[(4-Bromophenyl)tert-butyldimethylsilyloxy)meth- 9H),0.12 (s, 3H), 0.05 (s, 3 H).

yl]-2-oxyranylmethanol (35) 13C NMR (CDCL, 75 MHz):8 = 73.3, 60.5, 60.4, 49.6, 35.0, 34.2,
Yield: 63%; colorless oil. 31.8,29.4,29.3, 25.8, 25.4, 22.6, 18.2, 14.1, -4.3, -4.7.
IR (film): 3447, 2929 crt. HRMS (70 eV): m/z calcd for GgH3,05Si: 302.2277; found:

'H NMR (CDCl, 300 MHz):5 = 7.66 (d,J=8 Hz, 2 H), 7.47 (d, 3922119.
J=8Hz, 2 H),4.90 (s, 1 H), 3.60 (= 12 Hz, 1 H), 3.58 (dI = 12
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(+)-4-(4-Methoxyphenyl)-6,6-dimethyl-1,5,7-trioxaspiro[2,5]oc- 'H NMR (CDCL, 300 MHz):6 = 7.64 (m, 4 H), 7.37 (m, 6 H), 6.90
tane (27a) (s, 1H),6.88(s,1H),596 @=1Hz,1H),593(d)=1Hz, 1

To a stirred solution &5 (0.05 g, 0.24 mmol) in 2,2-dimethoxypro- H), 5.50 (s, 1 H), 5.33 (s, 1 H), 5.19 (s, 1 H), 4.13 (m, 2 H), 1.05 (s,
pane (1.2 mL) was added a catalytic amount of camphorsulfor8dd), 0.90 (s, 9 H), 0.03 (s, 3 H), —0.09 (s, 3 H).

acid (0.5 mg). The resulting solution was stirred for 24 h at rool: NMR (CDCL, 75.4 MHz):5 = 149.2, 147.3, 147.2, 135.5

temperature. The solvent was evaporated under reduced pressWies 1335 1294 127.4. 112.4 111.7. 110.0. 108.5. 101.5. 73.6
and the residue was dissolved in EtOAc (20 mL). The organic phasec 26 g 258 193 18.2 -4.7 —4.3. - - D

was washed with a§% solution of NaHCQ(5 mL), brine (5 mL)
and dried (NsS0O,). The solvent was evaporated and the reSid"\:epoxides 41a and 41b
was purified by silica gel column chromatography to progitieas
a colorless fluid oil; yield: 60%.

IH NMR (CDCl, 500 MHz):5 = 7.38 (d,J=9 Hz, 2 H), 6.9 (d,
J=9Hz, 2 H),5.35 (s, 1 H), 4.49 @=5 Hz, 1 H), 3.80 (s, 3 H), 4la
3.62 (d,J=5Hz, 1 H), 2.5 (W) =7 Hz, 1 H), 2.24 (dJ=7 Hz, 1 IR (film): 2957, 2929, 1487 cth

Prepared according to the general procedure for the epoxidation of
Baylis—Hillman adducts; yield: 98%.

H), 1.65 (s, 3 H), 1.60 (s, 3 H). 1H NMR (CDCL, 300 MHz):5 = 7.69 (m, 4 H), 7.38 (m, 6 H), 7.00
13C NMR (CDCL, 125 MHz):5 = 159.4, 129,6, 126.3, 113.1, 99.9,(s, 1 H), 6.96 (s, 1 H), 5.98 (=1 Hz, 1 H), 5.92 (dJ=1 Hz, 1
73.1, 65.0, 55.2, 46.6, 29.7, 28.4, 19.9. H), 5.36 (s, 1 H), 3.89 (d,= 13 Hz, 1 H), 3.77 (d] = 13 Hz, 1 H),

2.93 (d,J=5Hz, 1 H), 2.68 (dJ=5 Hz, 1 H), 1.08 (s, 9 H), 0.85
Methyl 2-[Hydroxy(4-methoxyphenyl)methyl]-2-oxyranecar- (s, 9 H), 0.09 (s, 3 H),-0.12 (s, 3 H).

boxylate (28) 13 NMR (CDCl, 75.4 MHz):8 = 147.1, 144.2, 136.5, 133.0,

To a stirred suspension of powdered, activated molecular sie\ﬁ9 8 127.7 115.6. 108.0. 101.1 78.8. 66.7. 56.9 53.3. 22.6. 21.4
(4A, 0.7 g) in CHCI, (10 mL) at —25 °C was added Ti(Or{0.22 201 19.7. -43. - o T mmmn e e

mL, 0.74 mmol) and.-(+)-diisopropy! tartarate (0.18 mL, 0.09

mmol). After 30 min, the racemic addu(0.35 g, 1.57 mmol) in

CH,CI, (3 mL) was added and the mixture was stirred at the sa Sy

temperature for 1 h. Then, a TBHP solution in decane (0.29 mL, (film): 2957, 2929, 1487 cth

0.85 mmol, 1.06 mol/L) was added dropwise. The mixture was théd NMR (CDCk, 300 MHz):3 = 7.67 (m, 4 H), 7.36 (m, 6 H), 6.97
stirred for 20 h at —25 °C. Then it was quenched by addition of a& 1 H), 6.94 (s, 1 H), 5.97 (=1 Hz, 1 H), 5.90 (d)=1Hz, 1
etone (10 mL) and O (3.6 mL) and warmed to r.t. The resultingH), 5.33 (s, 1 H), 3.88 (d,= 13 Hz, 1 H), 3.76 (d) = 13 Hz, 1 H),
emulsion was filtered through a pad of Celite and the filtrate w&s90 (d,J =5 Hz, 1 H), 2.65 (dJ=5 Hz, 1 H), 0.96 (s, 9 H), 0.54
dried (MgSQ) and concentrated. The residue was purified by silicé: 9 H), 0.01 (s, 3 H), =0.15 (s, 3 H).

gel column chromatography to give epoxigg yield: 0.15 g 13C NMR (CDChk, 75.4 MHz):5 = 147.0, 144.1, 136.2, 132.9,
(40%). 129.7,127.4,115.3, 107.8, 100.9, 78.5, 66.5, 56.8, 53.1, 22.4, 21.3,

IR (film): 3443, 2926, 1730 crh 19.9,19.5, -4.6.
"H NMR (CDCL, 500 MH2):5 = 7.31 (dJ = 10 Hz, 2 H), 6.85 (d, ppoxide 43

J=10Hz, 2 H), 5.16 (s, 1 H), 3.79 (s, 3 H), 3.72 (s, 3 H), 3.12 ( tep 1 To a mixture of anhyd I, (10 mL) and anhyd DMSO
J=5Hz,1H) 2.83 (d)=5Hz,1H), 261 (s, 1H). (O.lp7 mL, 1.25 mmol) Was);ld(%g i))(<alyl ch)loride (O.:E/O7 mL, 1.25
13C NMR (CDCl, 125 MHz):8 = 177.7, 159.5, 130.2, 128.2, 113.6,mmol) at —78 °C under argon. After stirring for 20 min, a solution
71.2,58.9,55.1, 52.6, 49.5. of the mono-protected diBb (0.162 g, 0.5 mmol) in C}I, (5 mL)
was added. The mixture was stirred for 50 min at the same temper-

2-Hydroxymethyl-2-oxiranyl-4-methoxyphenylmethanol (30) ature. After this time, BN (0.71 mL, 2.5 mmol) was added and then
Prepared according to the general procedure for the epoxidatiorttoé mixture was warmed to r.t. After stirring for 50 min, ag ammo-
Baylis—Hillman adducts; yield: 59%. nia (10 mL) was added and the resulting mixture was extracted with

Sy CHCI; (3% 5 mL). The combined organic layers were washed with
IR (film): 3439, 2023 crr. brine (2x 10 mL), dried (N&SQ,), filtered and concentrated under
*H NMR (300 MHz, CDCJ): § = 7.30 (dJ=9 Hz, 2 H), 6.90 (d, reduced pressure. The crude product was purified by silica gel col-
J=9Hz,2H),4,95 (s, 1H),3.81(s,3H),3,57)&,12 Hz, 1 H), umn chromatography to give 0.144 g (90%) of the corresponding al-
3,52 (d,J=12Hz, 1H),3.16 (d)=5Hz, 1 H), 2.89 (d)=5Hz, dehyde, which was used in the next step.
1H),2.21(s,1H), 1.62 (s, 1 H).

13C NMR (75.4 MHz, CDG)): 6 = 159.6, 128.5, 127.6, 114.0, 75.3,Intermediate Aldehyde

66.4, 61.5, 55.2, 47.4. IR (film): 2957, 1714, 1569 crh

_ _ _ H NMR (CDCl, 300 MHZz):5 = 9.09 (s, 1 H), 7.41 (d,= 9 Hz, 2
5-Bromo-6-[(1-tert-butyldimethylsilyloxy)-2-(tert-butyldiphe- H), 7.21 (d,J=9 Hz, 2 H), 5.27 (s, 1 H), 2.86 (@=5 Hz, 1 H),
nylsilyloxymethyl)allyl]-1,3-benzodioxole (40) 2.69 (d,J=5Hz, 1 H), 0.81 (s, 9 H), 0.05 (s, 3 H), —0.12 (s, 3 H).

A mixture of the allylic diol21 (0.2 g, 0.5 mmol), DMAP (1.5 mg,
0.0125 mmol) and BX (0.14 mL, 1 mmol) in CCl, (5 mL) was 13C NMR (CDCL, 75.4 MHz):§ = 208.6, 130.1, 129.3, 128.7,
stirred for 5 min at 0 °Ctert-Butyldiphenylsilyl chloride (0.2 g, 120.9,77.09, 65.5, 51.8, 21.7, 20.0, -4.4.

0.75 mmol) was then added at the same temperature. After the tep 2 To a solution of the aldehyde (0.09 g) prepared as described
dition, the ice bath was removed and the mixture was stirred at above int-BuOH (15 mL), was added 2-methylbut-2-ene (1.5 mL,
under N for 18 h. The mixture was quenched with hexane (10 mLL4.4 mmol) and the reaction temperature was lowered to 0 °C. After
The hexane phase was washed with brine §2nL) and distilled that, a solution of NaCIl£0.25 g, 2.76 mmol) and NaFIQ, (0.119

H,O (5 mL), and dried (N&Q,). After evaporation of the solvent, g, 2.07 mmol) in distilled kD (1 mL) was added dropwise. The re-
the residue was purified by silica gel column chromatographgulting mixture was stirred for 16 h. The mixture was then concen-
Yield: 93%. trated under reduced pressure. The residue was dilutedOn H
IR (film): 2955, 2930, 1503, 1233 cf acidified with aq 10% solution of HCI (pH 3) and extracted with
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Et,O (2% 20 mL). The organic phase was dried (MgHénd the
solvent removed under reduced pressure. No additional purification
was necessary.

IR (film): 2963, 1728, 1580 crh

IH NMR (CDCl, 300 MHz):5 = 9.93 (s, 1 H), 7.36 (d,= 10 Hz,
2 H), 7.29 (dJ = 10 Hz, 2 H), 4.95 (s, 1 H), 3.29 @@z 5 Hz, 1 H),
3.08 (d,J=5 Hz, 1 H), 0.79 (s, 9 H), 0.02 (s, 3 H), —0.09 (s, 3 H).

13C NMR (CDCL, 75.4 MHz):8 = 185.1, 130.5, 130.2, 128.8,

120.3,

78.4,59.8,51.1, 21.6, -4.3.
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