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Organolithium-induced deprotonation of terminal epoxides in the presence of appropriate diamine ligands allows
trapping with a range of electrophiles, yielding functionalised di- and tri-substituted epoxides in good yields and with

control of stereochemistry at the epoxide.

Introduction

In view of the many roles that epoxides play in organic synthesis,
efficient (asymmetric) methods for the direct introduction of
this important functional group would be highly valued.! At the
outset of our studies the coupling of oxiranyl organometallics
with electrophiles was one method for incorporation of epoxides
that had yet to be fully developed, especially as an asymmet-
ric transformation.? The first systematic studies of stabilised
oxiranyl anions were reported in 1976 by Eisch and Galle.
Their pioneering research demonstrated the apparent necessity
of an anion-stabilising group attached to the epoxide ring to
enhance the facility of metalation of epoxides and to increase
the thermal stability of the oxiranyl anions produced. Metalation
of cis-disubstituted trialkylsilyl epoxides and reaction of the
resultant oxiranyl anions with simple electrophiles, such as
Me;SiCl, Me;SnCl, CO,, Mel, amides, and D,O, led to high
yields of the desired products, with complete configurational
stability being observed. This early work has subsequently
been extended in many directions, expanding the range of
electrophiles and anion-stabilising groups, and even generating
and trapping destabilised (alkyl-substituted) oxiranyl anions by
ligand exchange (desulfinylation) of sulfinyloxiranes.* Until the
last few years it was still generally believed that, as stated in a
1996 review on the synthesis and utility of oxiranyl anions, the
“metal-hydrogen exchange reaction is obviously not useful for
generation of nonstabilised (H substituent) oxiranyl anions”.*
Arising from our studies concerning the lithiation—
rearrangement of epoxides,® we envisioned that an appropriate
ligand might be able to serve the dual role of accelerating
deprotonation and reducing the rate of oxiranyl anion de-
composition, enabling the direct deprotonation—electrophile
trapping of unfunctionalised terminal epoxides. Compared to
lithiation—electrophile trapping using epoxides of medium-sized
cycloalkenes, terminal epoxides (e.g. 1a) represent a greater
challenge due to comparatively reduced epoxide C-H acidity,®
combined with a higher propensity of both the starting and
a-lithiated epoxides to undergo ring-opening reactions. In this
paper we report a full account of our studies in this area.”

Results and discussion

We started our investigations with a study of various condi-
tions for the deprotonation—deuteration of the simple terminal
epoxide 1,2-epoxydodecane 1a (Scheme 1). The reaction was
first carried out in Et,0 in the absence of a ligand. Whilst no
reaction occurred at —90 °C, we performed the addition of a
solution of 1a in Et,O to ‘PrLi (2.5 eq.) in Et,O at —78 °C over
a period of 10 min followed after 1.5 min by D,O quench. This
run led after chromatography to recovered 1a (35% yield, 0%
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Scheme 1 Deprotonation-deuteration studies of 1,2-epoxydodecane
la.

D incorporation), trans-alkene 3a (R = 'Pr, 34%) arising from
reductive alkylation,® and alcohol 4a (R = 'Pr, 22%). The same
reaction, but carried out in the presence of TMEDA (2.5 eq.) was
found to accelerate the deprotonation step. In this case, in Et,O
at —78 °C or —90 °C the alkene dominated the reaction mixture
(1a(0%D):3a=20:80and 50: 50, respectively) withno4a (R =
Pr) detected. On switching from Et,O to THF, no reaction of 1a
was observed at —90 °C with ‘PrLi in the presence of TMEDA.
Significantly, replacing TMEDA with commercially available
(—)-sparteine 5 (Fig. 1) as the ligand, we found that D
incorporation was possible. When 1a was added to a mixture
of 5(2.5eq.) and either "BuLi, ‘BuLi or ‘PrLi (2.5 eq.) in Et,0 at
—90 °C, followed after 15 min by D,O quench, 1a was recovered
with 0% D, 10% D and 22% D incorporation, respectively.
Increasing the reaction time to 1 h with ‘PrLi in Et,O before
D,0 quench led to 1a in 50% yield with 45% D incorporation,
along with 3a (R ='Pr, 18%) and 4a (R = 'Pr, 11%). The reaction
performed under the same conditions (‘PrLi-5at —90 °C for 1 h)
but with hexane as solvent allowed us to recover 1a in 60% yield
with the same level of D incorporation but with significantly less
3a (R = 'Pr, 6%) (Table 1, entry 1). Better results were obtained
using *BuLi in hexane, which after only 15 min at —90 °C gave
1ain 70% yield with 75% D incorporation (Table 1, entry 3) with
9% of 3a (R =*Bu) isolated. Longer reaction times resulted in in-
creased formation of by-products and diminished recovery of 1a
(Table 1, entries 2 and 4). Incorporation of deuterium occurred
exclusively trans to the alkyl substituent on the oxirane ring.

3 H H
)5 6

(+-)-7 (+/-)-8
Fig. 1 Diamine ligands used in this study.
The above encouraging results with 5 as ligand prompted

us to examine ligands such as 6-8° that all possess the 3,7-
diazabicyclo[3.3.1]nonane structural feature of 5 (Table 1, entries
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Table 1 Effect of experimental conditions on the lithiation—deuteration of 1,2-epoxydodecane 1a in hexane at —90 °C
Entry* RLi Ligand Time/min Amount of D* in 1a (%) Yield® of 1a (%)
1 PrLi 5 60 46 60
2 PrLi 5 180 50 50
3 ‘BuLi 5 15 75 70
44 ‘BuLi 5 60 90 40
5 ‘BuLi 6 15 45 82
6 ‘BuLi 7 15 50 85
7 ‘BuLi 7 60 52 80
8 ‘BuLi 8 15 63 91
9 ‘BuLi 8 60 70 75

“ Reactions were carried out by the addition over 10 min of a solution of 1a (1 eq.) in hexane to a mixture of RLi-ligand (2.5 eq. each) in hexane at
—90 °C, followed by the addition of CD;OD after the time indicated. * Determined by '"H NMR spectroscopy. ¢ Yield following chromatography. ¢ 4a

(R =*Bu) was only observed (5%) in this experiment.

5-8). For these ligands, it was found that the deprotonation step
was slower than with 5. However, in these experiments little
or no alkene was formed, which demonstrates the ability of
these ligands to stabilise the intermediate oxiranyl anion 2a. The
best results were obtained using *‘BuLi-8 in hexane at —90 °C
(Table 1, entries 8 and 9). D,O quenching after 1 h afforded 1a
in 75% yield with 70% D incorporation along with 3a (R =*Bu,
8%). Using ‘BuLi-8 in Et,O was less effective and provided after
1 h a mixture of 1a and 3a (96 : 4 respectively), with only 48%
D incorporation in 1a.

Attempts to trap the intermediate oxiranyl anion 2a with other
external electrophiles (Me;SiCl, CICO,Me, PhCHO, EtCHO)
were found to be initially unsuccessful under the above condi-
tions. However, reactions carried out with Me;SiCl present dur-
ing the generation of the oxiranyl anion led to a,B-epoxysilanes
9 in good yields (Scheme 2, Table 2). a,B-Epoxysilanes are
interesting synthons for organic chemistry since, for example,
they can be hydrolysed to give carbonyl compounds, undergo
regio- and stereospecific a-opening by a range of nucleophiles to
give diastereomerically pure B-hydroxysilanes and can serve as
vinyl cation equivalents for the preparation of olefins of known
stereochemistry.’®

R SBuLi/ 8 R?
R hexane R SiMe,
1 9

Scheme 2 Silylation of terminal epoxides 1.

As shown in Table 2, the process is compatible with a
variety of functionalised epoxides" leading to stereochemically
pure trans-o,B-epoxysilanes (entries 2-5).”> The reaction can
also be performed with 2,2-disubstituted epoxides affording
trisubstituted epoxides (entries 6 and 7)."* For the unsymmetrical
epoxide 1g (entry 7), silylation was found to proceed with a high
degree of selectivity (97 : 3) trans to the phenyl substituent.'*

Chiral non-racemic ligand 5 could in theory effect kinetic
resolution on a racemic epoxide, and this was found to be the
case to an extent (entry 8, ca. 30% ee for the enantiomer shown
based on the specific rotation of the product). When employing
0.6 eq. each of ‘BuLi, 5 and Me;SiCl, the product (15,25)-9a
was returned in 18% yield and ca. 46% ece (based on its specific
rotation), along with starting material la (63%) and alkene
3a (R = *Bu) from reductive alkylation (5%). Importantly, it
was demonstrated that *“BuLi-5 could be used to silylate either
enantiomer of epoxide 1a in high yield and with complete trans
selectivity (entries 9 and 10). This is useful given the commercial
availability of ligand 5.

A minor side-reaction of bis-silylation was observed in the
silylation chemistry with sparteine 5 as the ligand. This led to
the formation of an epoxydisilane 10, presumably via lithiation—
silylation of 9 (Scheme 3, ca. 10% bis-silylation observed for
R = C]OHZ]).S,IO,ISH,M
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Scheme 3 Epoxydisilanes 10 via bis-silylation of epoxides 1.

Methods to access epoxydisilanes 10 are of interest, as
epoxydisilanes can be readily converted into acylsilanes and 1-
halovinylsilanes.” Acylsilanes in particular are finding increas-
ing utility in synthesis.’® With this in mind it was decided to
investigate the direct synthesis of epoxydisilanes 10 from readily
available terminal epoxides 1.

Initially, the equivalents of Me;SiCl and ‘BuLi-sparteine
complex were increased from the original 1.3 eq. to 3 or 5 eq.
This led to a considerable increase in the formation of the
epoxydisilane 10a, however epoxysilane 9a and traces of the
starting terminal epoxide la were still observed by crude 'H
NMR analysis (1a : 9a : 10a returned in ratios of 0.15: 0.4 : 1
and 0.05: 0.3 : 1 respectively). On the timescale of the reaction,
and in the presence of excess reagents, competitive silylation of
the *BuLi could contribute to incomplete disilylation. It was
found that it is important to convert all of the epoxysilane
9 into the epoxydisilane 10, because of their similar mobility
characteristics on column chromatography. Bearing this in mind,
the reaction conditions were investigated in more detail.

To avoid observing epoxysilane 9 in the final product profile,
it appeared advantageous to obtain complete conversion of the
terminal epoxide 1 to the epoxysilane 9, before the addition of
further reagents. To hopefully achieve this, the original reaction
conditions (1.3 eq. of reagents at —90 °C, followed by warming
to =50 °C over 1 h) were modified by then re-cooling back to
—90 °C and adding a further 2 eq. of Me;SiCl and ‘BuLi and
leaving for 15 min at —90 °C, then warming to room temperature
over 18 h before work-up. Under this protocol, it was found
that, as with the monosilylation procedure, hexane proved a
better solvent than Et,O (1a : 9a : 10a returned in ratios of
0.3:1.3:1and 2:3:1 respectively). To further improve this,
instead of just *BuLi being added after warming to —50 °C
and back to —90 °C, *BuLi-sparteine complex was added. This
resulted in an encouraging improvement in the proportion of
epoxydisilane 10a compared to the epoxysilane 9a (1a : 9a : 10a
returned in ratio of 0 : 0.2 : 1 respectively). Indeed, warming to
temperatures above —50 °C as part of a warm-—cool cycle led
to no epoxysilane 9a at all in the crude product; however, more
noticeable alkenyl signals in the '"H NMR spectra of the crude
products suggested that *“BuLi-induced reductive alkylation of
epoxides 1a and 9a had become a significant side-reaction.'”” A
similar trend to the monosilylation chemistry was shown in the
effect of ligand with *BuLi-sparteine complex giving superior
results to *“BuLi-TMEDA complex (1a : 9a : 10a returned in
ratioof 0:0.2: 1 and 0.4: 0.5 : 1 respectively).

Further insight into the reaction pathway occurring during
the above warm-—cool protocol was achieved by quenching with



Table 2 Direct synthesis of a,B-epoxysilanes 9 from epoxides 1

Entry* 1 Time/h Yield of 9 (%)*
1 0 la 2 o} 9a
CioHaf C10H21/<I’S'Me3
(73)
2 0 1b 2.5 o} 9b
N A4 Lsives
(71)
3 (0] 1c 4.5 O 9c
Ph/\/<‘ Ph/\/<l’ SiMe,
(61)
4 0 1d 2 O 9d
TBSOYy < TBSOY )<L siMes
(74)
5 O le 3 0} 9e
S S ™ <L siMe;
(65)
6 o 1f 4.5 o 9f
SiMe3
(67)
7 Et 1g 3 Et 9%
0] (0]
(71)
8¢ (0] la 0.25 (e} (15,25)-9a
010"'21/<I C10H21“‘\<]"S”VIe3
(66) 30% c.c.
9 o (S)-1a 0.25 o (15,25)-9a
o R\ i
CoHt < CroHay Lasivie;
(72)
100 o (R)-1a 0.25 o (IR2R)-9a
C10H21/<I C10H21/<I\|I‘SiMe3
(60)

“ Reactions were carried out at —90 °C (—83 °C for entry 3) for the time indicated, followed by warming to —80 °C over 5 min (to —50 °C over 30 min
for entries 1 and 7-10). ® Yield following chromatography. ¢ Ligand 5 used in place of ligand 8.

CD;OD at different stages, followed by GC-MS analysis to
determine product ratios (after appropriate calibration graphs
had been constructed) and D incorporations. The observation
of D incorporation in 1 and/or 9 was expected to indicate the
proportion of any oxiranyl anions 2 and 11 (Scheme 4) present
at the time the reaction was quenched.

(0]
1> R/d/u —>R/<T,snv|e3 _>R/<’/SiMe3 —> 10
2 9 1ML
Scheme 4 In-depth studies of the bis-silylation reaction.

After only 15 min following the addition of Me;SiCl and
‘BuLi-sparteine complex (all 1.3 eq.) to the epoxide 1a (R =
C,H,) at —90 °C a ratio of 1a : 9a of 0.5 : 1 with 13%
D incorporation in la was obtained. It was established that
complete reaction of the terminal epoxide la and 2a was
achieved if the reaction was warmed to —50 °C over 5 min
and then left at —50 °C for 1 h. As expected at that point the
major compound present was epoxysilane 9a (traces of alkene
signals were also observed by '"H NMR spectroscopy of the
crude product). GC-MS analysis indicated a small amount of

epoxydisilane 10a was present (9a : 10a ratio of 10 : 1), and a
significant proportion of epoxysilane 9a was lithiated (29% D
incorporation in 9a). The latter observations are likely to be due
to the slight initial excess of *‘BuLi-sparteine complex employed.
Following subsequent re-cooling to —90 °C and addition of
further Me;SiCl and ‘BuLi-sparteine complex (all 2 eq.) and
stirring for 15 min, there was a modest change to the product
profile (9a : 10a ratio of 5 : 1, 22% of 9a deuterated). Thus,
from epoxysilane 9a the second deprotonation and silylation
do not occur as readily as from the terminal epoxide 1a since,
although the oxiranyl anion 11a is stabilised by the a-silyl group,
the proton that has to be removed to generate 11a occupies
a relatively more hindered site.”> Compound 11a is also more
hindered than 2a to subsequent electrophilic trapping. As the
reaction warmed from —90 °C to 0 °C over 7 h, the proportion
of epoxysilane 9a gradually fell relative to epoxydisilane 10a
[after 2 h (—60 °C) 9a : 10a ratio of 2.5 : 1, with 46% of 9a
deuterated; after 4 h (—30 °C) 9a : 10a ratio of 2 : 1, with 62%
of 9a deuterated; after 7 h (0 °C) 9a : 10a ratio of 0.1 : 1, with
3% of 9a deuterated]. Therefore, the majority of the second
silylation occurred between —30 °C and 0 °C. The stability
observed for 11a at —30 °C under the current reaction conditions
is noteworthy, given the generally accepted thermal lability of
oxiranyl anions.? However, Pulido and co-workers have shown
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Table 3 Direct synthesis of epoxydisilanes 10 from epoxides 1

Entry 1 10 Yield* (%)
1 o) la O 10a 61
C10H21/<l C10H21/<1’ SiMes
SiMe3
2 o 1b . 100 58
N = SiMe,
SiM63
3 0o lc o 10¢ 53
o~ Ph SiMe,
SiM63
4 o] 1d o] 10d 71
TBSOH3/<| TBSOY Y <L siMe,
SiMe3
5 o] le o] 10e 50
CI/\M§<‘ C~,|/\(~,)§<1,S|Me3
SiMe3
6 & (S)-1a e (S)-10a 55
\ R ;
CroHai” Cighyi" <1’ SiMes
SiMes
7 ) (R)-1a o (R)-10a 47
CigHaf C10H21/<1’ SiMe,

“Yield following chromatography (mean value of two runs for entries 1-5).

SiMes

that ethylene oxide bearing a tert-butyldiphenylsilyl group could
be lithiated, with BuLi-TMEDA complex in THF followed by
efficient trapping (93%) with Mel at —50 °C."™® At 0 °C, a lower
yield of methylated epoxide (31%) together with alkene (48%)
from reductive alkylation was obtained.

Application of the optimised disilylation conditions (warm to
—50 °C over 5 min, maintain for 1 h then re-cool protocol) to
a range of terminal epoxides gave the corresponding epoxydisi-
lanes in good yields (Table 3). It was demonstrated that *BuLi-5
could be used to bis-silylate either enantiomer of epoxide la
(entries 6 and 7).

Interestingly, subjection of two 2,2-disubstituted-1-epoxides
(1f and 1g, Table 2) to the reaction conditions led only to
the corresponding monosilylated epoxysilanes 9 and it proved
impossible to push these reactions past the monosilylation
stage.

The introduction of two different electrophiles to a terminal
epoxide in a one-flask operation was also possible, albeit in
modest yield (37%) by initial silylation followed by addition of
benzaldehyde at —30 °C (Scheme 5).

°BuLi /5, hexane , - 90 °C , Me;SiCl
> C. H SiMe;
N X o 10M21
1a  then®BuLi/5,-30°C, PhCHO 12

H Ph

CioHaq

Scheme 5 One-flask introduction of two different electrophiles.

Having established methods for mono-silylation (Me;SiCl
present during generation of the oxiranyl anion) and deuter-
ation (CD;OD as external electrophile), attention returned
to the reaction of oxiranyl anions with other (external) elec-
trophiles, including C-C bond formation. In the original
screen of diamine ligands (Table 1) the use of 3,7-dibutyl-3,7-
diazabicyclo[3.3.1]Jnonane 6 (dibutylbispidine, DBB)—BuLi***
(2.5 eq. each) in the lithiation—deuteration of 1a in hexane at
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—90 °C for 15 min had afforded 82% recovered epoxide 1a with
only 45% D incorporation (entry 5).

Compared to ‘BuLi—(—)-sparteine, ‘BuLi-DBB 6 was found
to deprotonate 1 at a considerably slower rate, and as other
bispidine-type ligands were more efficient, 6 was not studied in
more detail at the time. However, further extensive investigations
with 6 have revealed that 6 is the preferred ligand for lithiation—
electrophile trapping of terminal epoxides.

Initially it was found that employing *“BuLi—6 over a prolonged
reaction time afforded surprising stabilisation of the otherwise
labile oxiranyllithium 2a.? Indeed, using *‘BuLi-6 (2.5 eq. each)
in hexane at —90 °C for 16 h afforded epoxide 1a in good isolated
yield (66%) with a high level of D incorporation (90%, as judged
by '"H NMR), alongside alkene 3a and alcohol 4a in relatively
small amounts (16% and 10%, respectively). This result was
reproducible; under the same conditions a repeat experiment
gave an almost identical result (65% yield of 1a with 90% D,
alongside 12% of alkene 3a and 10% alcohol 4a). Subsequent
studies showed that a good level of D incorporation could be
achieved using *BuLi-6 (2.5 eq. each) in hexane at —90 °C after
4 h, accompanied by fairly small levels of alkene 3a and alcohol
4a by-products. Although the use of Et,0 as solvent allowed an
enhanced rate of epoxide deprotonation, this was at the expense
of slightly increased levels of by-products 3a and 4a, while other
solvents (cumene, fert-butylmethyl ether and THF) and different
amounts (eq.) of “BuLi-6 gave inferior results.

Pleasingly, it was found that following lithiation of epoxide
1a using ‘BuLi-6 (2.5 eq. each) in hexane at —90 °C for 4 h,
addition of Bu;SnCl (2.5 eq., added neat) afforded trans-o,p-
epoxystannane 13a in good yield (73% after column chromatog-
raphy on Florisil®). Since o,B-epoxystannanes are useful for in-
direct oxiranyl anion generation via transmetalation,* and may
also allow subsequent introduction of other electrophiles using
cross-coupling techniques,® an assessment of the stannylation
scope was instigated using a range of epoxides.?! These studies
revealed that conducting the reactions at a reduced reactant
concentration (0.025 M for 1 rather than 0.050 M) together with



Table 4 Direct synthesis of stannylepoxides 13 from epoxides 1

Entry® 1 13 Yield® (%)

1 (e} la o] 13a 78
C10H21/<l C1d"21/<l’Sn Bus

2 (0] 1b (0] 13b 67
M /WSn Bus

3 O 1c o} 13¢ 72
ph/\/<l Ph/\/<l/8n Bus

4 o 1f o 13 64

SnB usz

5 1h O 13h 83

TBSOH/\(,) TBSOyy~<L-snBuy
8 8

6 o} 1i 0] 13i 78
CI/\f’)f<I C|/\(v)7/<l/SnBu3

7 o} 1j (e} 13j 70
C4H9/<l C4H9/<"S” Bu,

8 o} 1k O 13k 72
S~ Se~<LsnBuy
Q (;é)

9 O 11 0] 131 90
YQ YQ/S nBU3

10 e} 1m O 13m 87
% WSn Bus

11 (0] In (0] 13n 73
O/Q O/Q,Sn Bus

12 0 (S)-1a e} (15,25)-13a 65
C10H21"\\<l C1o'"21"‘\<l"sn Bus

13¢ o} S)-1 O 15,25)-13 54
< (S)y-1o o<Lasn Bus ( i

“ Solution of epoxide in hexane was added to *‘BuLi-6 (2.5 eq. each) in hexane at —90 °C, and then stirred at —90 °C for 1 h (1.5 h, entry 1; 4 h, entry
4) before addition of Bu;SnCl. ? Yield following chromatography on Florisil® (neutral alumina, entry 4). ¢ Epoxide added neat to *BuLi-6 (2.5 eq.

each) at —100 °C, then reaction continued at —90 °C.

using a shorter lithiation period (1-1.5 h) led to reduced by-
product formation and returned the epoxystannane products 13
in good yield (Scheme 6, Table 4).

<

1

*Buli /6
R/¢ SnBu,

13

hexane, - 90 °C
then BuzSnCl

Scheme 6 Direct stannylation of terminal epoxides 1.

Isopropyl and fert-butyl oxiranes gave the best yields of epoxy-
stannanes (entries 9 and 10), but epoxides bearing side-chain
functionality were also tolerated (entries 2, 3, 5, 6 and 8).
Lithiation of a 2,2-disubstituted epoxide 1f (entry 4) was signi-
ficantly slower than the monosubstituted epoxides, requiring
a 4 h lithiation period. Commercially available (S)-propylene
oxide was successfully stannylated (54%, entry 13), as was (.5)-
1,2-epoxydodecane (65%, entry 12).

An investigation of lithiation—electrophile trapping to achieve
C-C bond formation was then undertaken. Lithiation of 1,2-
epoxydodecane 1a for 1.5 h, followed by addition of ben-

zaldehyde gave a separable mixture of diastereoisomeric epoxy
alcohols? (75% combined yield, dr 1 : 1, Table 5, entry 1). The
lack of diastereoselectivity is consistent with that observed for
other oxiranyl anion reactions.'? The methodology was extended
to other aromatic aldehydes as the electrophile (Table 5, entries
2—4). Non-enolisable aldehydes (cinnamaldehyde and pivalde-
hyde) were also trapped in good yields (73 and 70% respectively,
entries 5 and 6). Potentially enolisable carbonyl electrophiles
(isobutyraldehyde and 3-pentanone) were also incorporated,
albeit in slightly lower yields (56 and 63% respectively, entries 7
and 8). Acylation using N,N-dimethylbenzamide also proceeded
(50%, entry 9).

In conclusion, we have developed a methodology for the
deprotonation—electrophile trapping of unfunctionalised ter-
minal epoxides 1. This methodology provides a direct and
stereocontrolled route to deuterated epoxides, epoxysilanes 9
and epoxystannanes 13, in addition to epoxydisilanes 10. The
methodology has also been applied to C-C bond formation
using carbonyl-based electrophiles. The wide availability of ter-
minal epoxide starting materials, and the robustness of methods
for their resolution to highly enantiomerically enriched form,'*
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Table 5 Direct C-C bond formation from 1,2-epoxydodecane 1a

Entry* Electrophile Product’ Yield< (%)
1 PhCHO o OH 14a 75
2 3-CIC4H,CHO o OH 14b 72
Cl
3 4-MeOC,H,CHO o OH 14c¢ 57
CmHmAQ\@
OMe
4 Furfural o OH 14d 67
O
CioHai \
5 Cinnamaldehyde o oH 14e 73
¥
C1oH21/<‘j\/\©
6 ‘BuCHO o OH 14f 70
C10H21/<J/§\§
7 "PrCHO o OH 14g 56
C1°H21/<‘/S/
8 Et,CO o OH 14h 63
C10H21/<‘/B
9 PhCONMe, O 14i 50

CioHa1

g

“Solution of epoxydodecane 1a in hexane was added to ‘BuLi-6 (2.5 eq. each) in hexane at —90 °C, and then stirred at —90 °C for 1.5 h before
addition of the electrophile. ® Secondary alcohols obtained with dr 1 : 1. ¢ Yield following chromatography (combined yields given for diastereomeric
epoxy alcohols which, with the exception of entry 4, were largely chromatographically separable).

renders the methodology described herein as particularly useful.
Further research concerning direct epoxide functionalisation
and the synthetic utility of the substituted epoxide products
is currently underway in our laboratories.

Experimental
General

All reactions requiring anhydrous conditions were conducted
in flame- or oven-dried apparatus under an atmosphere of
argon. Ethers were distilled from sodium benzophenone ketyl
under argon; hexane from CaH, under argon. External reaction
temperatures are reported unless stated otherwise. Reactions
were monitored by TLC using commercially available (Merck)
aluminium-backed plates, pre-coated with a 0.25 mm layer of
silica containing a fluorescent indicator. Following aqueous
work-up, organic layers were dried over MgSO, unless stated
otherwise. Light petroleum refers to the fraction with bp 40—
60 °C. Specific rotation [a], values were recorded at 25 °C and are
given in 107" deg cm? g~'. IR spectra were recorded as thin films
unless stated otherwise. NMR spectra were recorded in CDCl;
unless stated otherwise with Bruker DPX 250, JEOL EX400 or
Bruker AMX500 spectrometers. '"H NMR chemical shifts are
reported relative to CHCI, (6 7.27), *C NMR chemical shifts
are reported relative to CDCI; (0 [central line of three] 77.0) and
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"Sn chemical shifts are reported relative to Bu,Sn as external
reference. Coupling constants (J) are given in Hz.

Silylation of terminal epoxides employing ligand 8

trans-1-(Trimethylsilyl)-1,2-epoxydodecane (9a). To a solu-
tion of *BuLi (1.3 M in cyclohexane, 0.45 mL, 0.59 mmol)
in hexane (4 mL) at —90 °C was added a solution of freshly
distilled 8 (116 mg, 0.60 mmol) in hexane (1 mL) and the reaction
mixture was allowed to warm to 0 °C. After a few seconds at
0 °C, the mixture was cooled to —90 °C and a solution of 1,2-
epoxydodecane (44.1 mg, 0.24 mmol) and chlorotrimethylsilane
(36 uL, 0.29 mmol) in hexane (1 mL) was added dropwise over
a period of 10 min and the mixture was stirred for 2 h at
—90 °C. The reaction mixture was then allowed to warm to
—50 °C over 30 min and was quenched with MeOH (1 mL)
at —50 °C and then with aqueous 1 N HCI (2 mL) at 0 °C. The
two phases were separated and the aqueous one was extracted
with Et,0 (2 x 5 mL). The combined organic extracts were
washed with brine (1 x 5 mL), dried and concentrated in
vacuo. The crude material was purified by flash chromatography
(Si0,, 0.5% Et,0 in pentane) to afford trans-1-(trimethylsilyl)-
1,2-epoxydodecane as a colourless oil (45.1 mg, 73%). vpa/cm™!
2957, 2926, 2855, 1467, 1418, 1249, 870, 841; o, (400 MHz,
CDCl;) 2.75 (1H, ddd, J 6.0, 5.0, 3.5), 1.96 (1H, d, J 3.5), 1.64—
1.25 (18H, m), 0.88 (3H, t, J 7.0), 0.05 (9H, s); - (100 MHz,
CDCl,) 56.3, 51.8, 34.2, 32.0, 29.7, 29.7, 29.6, 29.4, 26.5, 22.8,



14.2, —3.6; MS (CI*, NH;) 257 (IM + HJ*, 82%), 129 (100%),
90 (30%); HRMS (CI*, NH; for [M + HJ*) found 257.2300,
C,sH;;0Si requires 257.2301.

trans-1-(Trimethylsilyl)-1,2-epoxydec-9-ene (9b). The reac-
tion was performed on 1,2-epoxydec-9-ene (61.7 mg, 0.40 mmol)
according to the procedure described for 9a above but after
2.5 h at =90 °C, the mixture was allowed to warm to
—80 °C. Purification by flash chromatography (SiO,, 1% Et,O
in pentane) afforded trans-1-(trimethylsilyl)-1,2-epoxydec-9-ene
as a colourless oil (0.0648 g, 71%). v /cm™~" 3074, 2957, 2923,
2857,1636, 1466, 1440, 1415, 1291, 1247, 990,907, 874, 836, 749,
699; oy (400 MHz, CDCl;) 5.90-5.80 (1H, m), 5.05-4.90 (2H,
m), 2.80-2.70 (1H, m), 2.05 (2H, m), 1.97 (1H, d, J 3.5), 1.70-
1.25 (10H, m), 0.06 (9H, s); dc (100 MHz, CDCl;) 139.1, 114.2,
56.1,51.7,34.0,33.7,29.3, 29.0, 28.8, 26.3, —3.7; MS (CI*, NHj;)
244 (IM + NH,]*, 25%), 90 (100%); HRMS (CI*, NH; for [M +
NH,]*) found 244.2101, C;;H;,NOSIi requires 244.2097.

trans-4-Phenyl-1-(trimethylsilyl)-1,2-epoxybutane (9¢c). The
reaction was performed on 4-phenyl-1,2-epoxybutane (48.8 mg,
0.33 mmol) according to the procedure described for 9a above
but after 4 h at —90 °C, the mixture was allowed to warm
to —80 °C. Purification by flash chromatography (SiO,, 2%
Et,O in pentane) afforded trans-4-phenyl-1-(trimethylsilyl)-1,2-
epoxybutane as a colourless o0il (44.3 mg, 61%). V. /cm™"' 3017,
2975, 2954, 2943, 2858, 1604, 1496, 1454, 1416, 1292, 1249,
1031, 864, 840, 747, 699; oy (400 MHz, CDCl;) 7.35-7.10 (5H,
m), 2.95-2.75 (3H, m), 2.10-1.80 (3H, m), 0.04 (9H, s); d¢
(50 MHz, CDCl;) 141.9, 128.9, 128.8, 128.7, 126.4, 56.1, 52.5,
36.3, 33.1, —3.2; MS (CI*, NH;) 238 (IM + NH,]*, 50%), 90
(100%); HRMS (CI*, NH; for [M + NH,]*) found 238.1625,
C;H,,NOS:i requires 238.1627.

trans-5-(tert-Butyldimethylsiloxy)-1-(trimethylsilyl)-1,2-epoxy-
pentane (9d). The reaction was performed on 5-(tert-
butyldimethylsiloxy)-1,2-epoxypentane (87.1 g, 0.40 mmol)
according to the procedure described for 9a above but
after 2 h at —90 °C, the mixture was allowed to warm to
—80 °C. Purification by flash chromatography (SiO,, 2%
Et,O in pentane) afforded trans-5-(tert-butyldimethylsiloxy)-1-
(trimethylsilyl)-1,2-epoxypentane as a colourless oil (86.4 mg,
T4%). Ve /cm~t 2970, 2960, 2930, 2856, 1470, 1247, 1097, 838,
775; ou (400 MHz, CDCl;) 3.75-3.60 (2H, m), 2.85-2.75 (1H,
m), 1.98 (1H, d, J 3.5), 1.80-1.60 (4H, m), 0.89 (9H, s), 0.07
(15H, apparent s); dc (100 MHz, CDCl;) 68.3, 55.6, 51.2, 30.0,
29.9, 25.6, 18.3, —3.4, —=5.5; MS (CI*, NH;) 289 ((M + HJ",
50%), 273 (100%), 217 (10%), 164 (10%), 132 (20%), 90 (90%);
HRMS (CI*, NH; for [M + HJ*) found 289.2023, C,,H;;0,Si,
requires 289.2019.

trans-6-Chloro-1-(trimethylsilyl)-1,2-epoxyhexane (9¢). The
reaction was performed on 6-chloro-1,2-epoxyhexane (54.6 mg,
0.41 mmol) according to the procedure described for 9a above
but after 3 h at —90 °C, the mixture was allowed to warm
to —80 °C. Purification by flash chromatography (SiO,, 3%
Et,0 in pentane) afforded trans-6-chloro-1-(trimethylsilyl)-1,2-
epoxyhexane as a colourless oil (54.5 mg, 65%). vy, /cm~' 2969,
2858, 1456, 1418, 1289, 876, 839; J, (400 MHz, CDCl;) 3.56
(2H, t, J 6.3), 2.80-2.75 (1H, m), 1.98 (1H, d, J 3.6), 1.90-1.85
(2H, m), 1.80-1.50 (4H, m), 0.07 (9H, s); o (100 MHz, CDCl;)
55.8,51.5,44.8, 33.2,32.2, 23.7, —3.9; MS (CI*, NH;) 224 (M
+ NH,]*, 50%), 90 (100%); HRMS (CI*, NH; for [M + NH,]*)
found 224.1232, C,H,;NOSICl requires 224.1237.

2-Cyclododecyl-1-(trimethylsilyl)ethylene oxide (9f). The re-
action was performed on cyclododecyl ethylene oxide (100 mg,
0.51 mmol) according to the procedure described for 9a above
but after 4.5 h at —90 °C, the mixture was allowed to warm to
—80 °C. Purification by flash chromatography (SiO,, pentane)
afforded 2-cyclododecyl-1-(trimethylsilyl)ethylene oxide as a
colourless oil (91.6 mg, 67%). Data consistent with literature.’

trans/ cis-2-Phenyl-1-(trimethylsilyl)-1,2-epoxybutane (9g).
The reaction was performed on 2-phenyl-1,2-epoxybutane
(54.9 mg, 0.37 mmol) according to the procedure described for
9a above but after 3 h at —90 °C, the mixture was allowed to
warm to —50 °C. Purification by flash chromatography (Al,Os,
pentane) afforded trans- and cis-2-phenyl-1-(trimethylsilyl)-1,2-
epoxybutane as a colourless oil (97 : 3 inseparable mixture
of trans and cis isomers respectively, 57.4 mg, 71%). Data for
the major trans product consistent with literature,'®® minor
component assigned tentatively as the cis isomer.

Silylation of terminal epoxides employing ligand 5

(18,25)-1-(Trimethylsilyl)-1,2-epoxydodecane [(15,25)-9a].
To a solution of *“BuLi (1.3 M in cyclohexane, 1.0 mL, 1.3 mmol)
in hexane (10 mL) at —90 °C was added (—)-sparteine 5 (0.30 mL,
1.3 mmol). The reaction mixture was allowed to warm to 0 °C
over 5 min and then re-cooled to —90 °C. A solution of 1,2-
epoxydodecane (184 mg, 1.0 mmol) and chlorotrimethylsilane
(0.16 mL, 1.3 mmol) in hexane (2 mL) was added dropwise over
a period of 15 min and the mixture was stirred for 15 min at
—90 °C. The reaction mixture was then allowed to warm to
—50 °C over 30 min and was quenched with MeOH (1 mL) at
—50°C and then with aqueous 1 N HCI (5 mL) at 0 °C. Work-up
and purification as detailed for the synthesis of 9a above afforded
(18,29)-1-(trimethylsilyl)-1,2-epoxydodecane [(1S,25)-9a] as a
colourless oil (169 mg, 66%). [a]5 —3.8 (¢ = 1.1, CHCL,); other
data as for racemate 9a. Specific rotation value indicated 30%
ee in favour of the (15,2S5)-isomer based on comparison with
results using enantiopure (>99% ee) (S)-1,2-epoxydodecane (see
below).

(18,25)-1-(Trimethylsilyl)-1,2-epoxydodecane  [(15,2.5)-9a].
The reaction was performed on (S)-1,2-epoxydodecane (130 mg,
0.71 mmol) according to the procedure described for (15,2.5)-9a
above to afford (1S,2S)-1-(trimethylsilyl)-1,2-epoxydodecane
as a colourless oil (130 mg, 72%). [a]5 —12.5 (¢ = 1.1, CHCL,);
other data as for racemate 9a.

(1R,2R)-1-(Trimethylsilyl)-1,2-epoxydodecane [(1R,2R)-9a].
The reaction was performed on (R)-1,2-epoxydodecane (184 mg,
1.0 mmol) according to the procedure described for (15,25)-9a
above to afford (1R,2R)-1-(trimethylsilyl)-1,2-epoxydodecane as
acolourless 0il (156 mg, 60%). [a]% + 11.2 (¢ = 1.0, CHCL,); other
data as for racemate 9a.

bis-Silylation of terminal epoxides

1,1-bis-(Trimethylsilyl)-1,2-epoxydodecane (10a). To a solu-
tion of *‘BuLi (1.2 M in cyclohexane, 1.1 mL, 1.3 mmol) in
hexane (10 mL) at —90 °C was added (—)-sparteine 5 (0.30 mL,
1.3 mmol). The reaction mixture was allowed to warm to 0 °C
over 5 min and then re-cooled to —90 °C. A solution of 1,2-
epoxydodecane (0.184 g, 1.0 mmol) and chlorotrimethylsilane
(0.16 mL, 1.3 mmol) in hexane (2 mL) was added dropwise
maintaining the internal temperature at —90 °C. After 15 min
the mixture was warmed to —50 °C over a period of 5 min.
The mixture was stirred at —50 °C for 1 h and then re-cooled
to —90 °C and chlorotrimethylsilane (0.25 mL, 2.0 mmol) was
added. ‘BuLi—(—)-sparteine 5 complex (2 mmol) [prepared by
adding (—)-sparteine 5 (0.46 mL, 2.0 mmol) dropwise to a
solution of *BuLi (1.2 M in cyclohexane, 1.7 mL, 2.0 mmol)
in hexane (8 mL) at —90 °C and allowing the mixture to warm
to 0 °C] was added dropwise to the reaction maintaining the
internal temperature at —90 °C. After 15 min the mixture
was warmed to room temperature over 18 h. Aqueous 1 N
HCI (5 mL) was added dropwise at 0 °C and the layers were
separated. The aqueous phase was extracted with Et,O (3 x
5 mL) and the combined organic phases were washed with brine
(5 mL), dried and concentrated in vacuo. Purification by flash
chromatography (SiO,, 0.5% Et,0O in light petroleum) afforded
1,1-bis-(trimethylsilyl)-1,2-epoxydodecane (10a) as a pale yellow
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0il (203 mg, 62%). A second run returned 10a in 60% yield. [a]?
—1.2 (¢ = 1.1, CHCL); vy /cm™" 2957, 2926, 2855, 1466, 1408,
1261, 1250, 1051, 891, 859, 842; o, (400 MHz, CDCl;) 2.94 (1H,
dd, J 7.0, 4.5), 1.69-1.23 (18H, m), 0.88 (3H, t, J 7.0), 0.12 (9H,
s), 0.04 (9H, s); dc (100 MHz, CDCl;) 62.0, 51.5, 32.0, 31.6,
29.7,29.7,29.7,29.6, 29.4, 27.6, 22.8, 14.2, 0.3, —2.1; MS (CI*,
NH;) 329 (IM + HJ*, 68%), 313 (24%), 257 (88%), 90 (100%),
73 (38%); HRMS (CI*, NH; for [M + HJ*) found 329.2704,
CsH,, 081, requires 329.2696. Specific rotation value indicated
12% ee in favour of the (S)-isomer based on comparison with
results using enantiopure (>99% ee) (S)-1,2-epoxydodecane (see
below).

1,1-bis-(Trimethylsilyl)-1,2-epoxydec-9-ene (10b). The reac-
tion was performed on 1,2-epoxydec-9-ene (154 mg, 1.0 mmol)
according to the procedure described for 10a above to afford
1,1-bis-(trimethylsilyl)-1,2-epoxydec-9-ene as a pale yellow oil
(182 mg, 61%). A second run returned 10b in 55% yield. [a]3
—1.1 (¢ = 1.1, CHCL); vy, /cm™" 2959, 2927, 2856, 1414, 1249,
1052, 907, 841; oy (400 MHz, CDCl;) 5.92-5.68 (1H, m), 5.07—
4.87 (2H, m), 3.01-2.87 (1H, m), 2.16-1.97 (2H, m), 1.29-1.50
(10H, m), 0.12 (9H, s), 0.04 (9H, s); 6 (100 MHz, CDCl;) 139.0,
114.2,61.8, 51.3, 33.7, 31.5, 29.0, 20.0, 28.9 27.0, 0.7, —1.9; MS
(CI*, NH;) 299 (IM + HJ*, 60%), 255 (20%), 164 (25%), 147
(20%), 90 (100%), 73 (25%); HRMS (CI*, NH; for [M + H]")
found 299.2227, C\¢H;;0Si, requires 299.2226.

4-Phenyl-1,1-bis-(trimethylsilyl)-1,2-epoxybutane (10c). The
reaction was performed on 4-phenyl-1,2-epoxybutane (148 mg,
1.0 mmol) according to the procedure described for 10a above
to afford 1,1-bis-(trimethylsilyl)-1,2-epoxy-4-phenylbutane as a
pale yellow oil (161 mg, 55%). A second run returned 10c in
51% yield. [a]5 —3.4 (¢ = 1.1, CHCL); vy, /cm™" 3027, 2955,
1495, 1454, 1250, 1052, 895, 841; 6y (400 MHz, CDCl;) 7.38-
7.15 (5H, m), 3.10-3.04 (1H, m), 2.95-2.75 (2H, m), 2.07-1.85
(2H, m), 0.14 (9H, s), 0.05 (9H, s); 6 (100 MHz, CDCl;) 141.2,
61.2, 128.5, 128.4, 125.9, 52.1, 33.6, 33.5, 0.6, —1.9; MS (CI*,
NH;) 293 (M + HJ*, 70%), 277 (55%), 201 (70%), 147 (60%),
90 (100%), 73 (40%); HRMS (CI*, NH; for [M + H]*) found
293.1745, CsHyOSi, requires 293.1757.

5-(tert-Butyldimethylsiloxy)-1,1-bis-(trimethylsilyl)-1,2-epoxy-
pentane (10d). The reaction was performed on 5-(fert-
butyldimethylsiloxy)-1,2-epoxypentane (216 mg, 1.0 mmol)
according to the procedure described for 10a above to
afford 5-(tert-butyldimethylsiloxy)-1,1-bis-(trimethylsilyl)-1,2-
epoxypentane as a pale yellow oil (263 mg, 73%). A second run
returned 10d in 69% yield. [a]F —3.4 (¢ = 1.1, CHCL); v, /cm™
2955, 2858, 1472, 1251, 1101, 838; Jy (400 MHz, CDCI;)
3.73-3.57 (2H, m), 2.99-2.93 (1H, m), 1.49-1.80 (4H, m), 0.91
(9H, s), 0.14 (9H, s), 0.06 (6H, s), 0.04 (9 H, s); o (100 MHz,
CDCl) 62.7, 61.6, 32.5, 30.4, 30.3, 25.8, 0.2, —1.4, —5.3; MS
(CT*, NH;) 361 (M + HJ*, 95%), 271 (60%), 229 (40%), 164
(35%), 147 (15%), 90 (100%), 73 (20%); HRMS (CT*, NH; for
[M + HJ*) found 361.2400, C;;H,,0,Si; requires 361.2414.

6-Chloro-1,1-bis-(trimethylsilyl)-1,2-epoxyhexane (10e). The
reaction was performed on 6-chloro-1,2-epoxyhexane (135 mg,
1.0 mmol) according to the procedure described for 10a above
to afford 6-chloro-1,1-bis-(trimethylsilyl)-1,2-epoxyhexane as a
pale yellow oil (142 mg, 51%). A second run returned 10e in 49%
yield. [a]5 —2.3 (¢ = 1.1, CHCL); v, /cm™ 2956, 2855, 1451,
1411, 1250, 1052, 840; Jy (400 MHz, CDCl;) 3.57 (2H, t, J 7.0),
3.00-2.93 (1H, m), 1.63-1.86 (6H, m), 0.14 (9H, s), 0.06 (9H, s);
Jc (100 MHz, CDCl,) 61.6, 52.4,44.7,32.3,30.7,24.9,1.2, —1.9;
MS (CI*, NH;) 279 (M + HJ*, 50%), 263 (30%), 164 (35%), 147
(40%), 90 (100%), 73 (35%); HRMS (CI*, NH; for [M + H]")
found 279.1364, C},H,Cl0Si, requires 279.1367.

(S)-1,1-bis-(Trimethylsilyl)-1,2-epoxydodecane [(S)-10a].
The reaction was performed on (S)-1,2-epoxydodecane (184 mg,
1.0 mmol) according to the procedure described for 10a above
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to afford (S)-1,1-bis-(trimethylsilyl)-1,2-epoxydodecane as a
pale yellow oil (180 mg, 55%). [a]5 —10.3 (¢ = 1.0, CHCL);
other data as for racemate 10a.

(R)-1,1-bis-(Trimethylsilyl)-1,2-epoxydodecane [(R)-10a].
The reaction was performed on (R)-1,2-epoxydodecane (184 mg,
1.0 mmol) according to the procedure described for 10a above
to afford (R)-1,1-bis-(trimethylsilyl)-1,2-epoxydodecane as a
pale yellow oil (155 mg, 47%). [a]5 + 10.6 (¢ = 1.0, CHCL);
other data as for racemate 10a.

1-Hydroxy-1-phenyl-2-trimethylsilyl-2,3-epoxytridecene (12-1
and 12-2; two diastereoisomers, separable). To a solution of
‘BuLi (1.2 M in cyclohexane, 1.1 mL, 1.3 mmol) in hexane
(10 mL) at —90 °C was added (—)-sparteine 5 (0.30 mL,
1.3 mmol). The reaction mixture was allowed to warm to 0 °C
over 5 min and then re-cooled to —90 °C. A solution of 1,2-
epoxydodecane (0.184 g, 1.0 mmol) and chlorotrimethylsilane
(0.16 mL, 1.3 mmol) in hexane (2 mL) was added dropwise
maintaining the internal temperature at —90 °C. After 15 min
the mixture was warmed to —50 °C over a period of 5 min. The
mixture was stirred at —50 °C for 1 h and then re-cooled to
—90 °C and *BuLi—(—)-sparteine 5 complex (2 mmol) [prepared
by adding (—)-sparteine 5 (0.46 mL, 2.0 mmol) dropwise to a
solution of *BuLi (1.2 M in cyclohexane, 1.7 mL, 2.0 mmol) in
hexane (8 mL) at —90 °C and allowing the mixture to warm
to 0 °C] was added dropwise to the reaction maintaining the
internal temperature at —90 °C. After 15 min the mixture was
warmed up slowly to —30 °C (ca. 4 h). Benzaldehyde (0.2 mL,
2 mmol) was added and the mixture was allowed to warm to
room temperature over 18 h. Aqueous 1 N HCI (5§ mL) was
added dropwise at 0 °C and the layers were separated. The
aqueous phase was extracted with Et,O (3 x 5 mL) and the
combined organic phases were washed with brine (5 mL), dried
and concentrated in vacuo. Purification by flash chromatography
(Si0,, 5% Et,0 in light petroleum) afforded alcohols 12-1
(76 mg, 21%) and 12-2 (56 mg, 16%) as pale yellow oils
(combined yield 132 mg, 37%). Data for 12—1: v,,,./cm™"' 3469,
2925, 2854, 1248, 1046, 841, 700; Jy (400 MHz) 7.49-7.28 (5H,
m), 4.84 (1H, s), 2.94 (1H, m), 2.17 (1H, s), 1.73-1.28 (18H, m),
0.90 (3H, t, J 7.0), —0.15 (9H, s); d (100 MHz) 141.6, 128.1,
127.5, 126.4, 68.1, 61.1, 59.0, 34.1, 31.9, 30.3, 29.6, 29.5, 28.9,
28.4,27.4,22.9,14.1, —2.6; HRMS (FI* for M*) found 362.2642,
C,,H;0,Si requires 362.2641. Data for 12-2: v,,,./cm™~" 3470,
2925, 2855, 1248, 1047, 841, 701; 5, (400 MHz) 7.43-7.27 (5H,
m), 4.77 (1H, s), 3.06 (1H, m), 2.58 (1H, s), 1.69-1.28 (18H, m),
0.89 (3H, t, J 7.0), —0.17 (9H, s); d (100 MHz) 139.9, 128.2,
127.3, 125.8, 74.8, 62.4, 61.9, 31.9, 29.7, 29.7, 29.5, 29.4, 29.3,
28.9,27.6,22.7,14.1, —=2.0; HRMS (FT* for M*) found 362.2629,
C»,H;3,0,Si requires 362.2641.

Stannylation of terminal epoxides: general procedure

To a solution of DBB 6 (162 mg, 0.68 mmol) in hexane (8.5 mL)
at —90 °C was added dropwise *‘BuLi (1.40 M in cyclohexane,
0.48 mL, 0.67 mmol) and the mixture was allowed to warm
to 0 °C over 5 min. On re-cooling to —90 °C, a solution of the
appropriate epoxide 1 (0.27 mmol) in hexane (I mL + 1 mL wash)
was added dropwise over a period of 15 min and the mixture was
stirred at —90 °C for 1 h. Tributyltin chloride (0.68 mmol) was
then added neat in one portion and the mixture was manually
agitated at —90 °C for 10 min before warming to 0 °C over
14 h. After quenching with aqueous 0.5 M H;PO, (2.5 mL),
the aqueous layer was extracted with Et,0 (3 x 10 mL) and
the combined organic phases were washed with H,O (5 mL),
brine (5§ mL), dried and concentrated in vacuo. Purification of
the residue by flash chromatography (Florisil® unless otherwise
stated, eluent, petrol-Et,0) gave the a,B-epoxystannane 13.

trans-1-(Tributylstannyl)-1,2-epoxydodecane (13a). The re-
action was performed on 1,2-epoxydodecane (50 mg, 0.27 mmol)
according to the general procedure described above but



with a 1.5 h lithiation period. Flash chromatography (0.5%
Et,0 in light petroleum) afforded trans-1-(tributylstannyl)-1,2-
epoxydodecane as a colourless oil (100 mg, 78%). vpa/cm™
2961,2925, 2865, 2854, 1464, 1416, 1377, 1340, 1263, 1073, 866;
Jn (400 MHz, CDCl;) 2.83-2.79 (1H, m), 2.46 (1H, d, J 3.6,
T 99), 1.70-1.20 (30H, m), 0.94-0.86 (18H, m); d (100 MHz,
CDCl,;) 56.2, 52.8, 34.8, 31.9, 29.6, 29.6, 29.5, 29.3, 29.0, 27.0,
26.3, 22.6, 14.1, 13.6, 8.6 (J4, ¢ 330); 0", (186 MHz, CDCl;)
—33.2; MS (EI*) 474(M*, <1%), 417 (5%, 291 (10%), 235 (42%),
179 (68%), 121 (20%), 69 (20%), 57 (61%), 41 (100%); HRMS
(EI* for M*) found 474.2884, C,,H5,0Sn requires 474.2884.

trans-1-(Tributylstannyl)-1,2-epoxy-9-decene (13b). The re-
action was performed on 1,2-epoxy-9-decene (50 uL, 0.27 mmol)
according to the general procedure described above. Flash chro-
matography (0.5% Et,O in light petroleum) afforded trans-1-
(tributylstannyl)-1,2-epoxy-9-decene as a colourless oil (80 mg,
67%). vy /e~ 3077, 2956, 2927, 2871, 2854, 1641, 1464, 1416,
1376, 1340, 1292, 1266, 1182, 1145, 1073, 909, 873, 864, 745; oy
(400 MHz, CDCl;) 5.87-5.75 (1H, m), 5.03-4.90 (2H, m), 2.85—
2.77 (1H, m), 2.46 (1H, d, J 3.8, Jg,» 98), 2.09-2.00 (2H, m),
1.69-1.26 (22H, m), 1.00-0.85 (15H, m); d (100 MHz, CDCl,)
139.1, 114.1, 56.1, 52.8, 34.8, 33.7, 29.4, 29.0, 28.8, 27.3, 26.3,
13.6, 8.7 (Js,.c 328); 0", (186 MHz, CDCl;) —33.1; MS (CI",
NH;) 462 (M + NH,]*, 2%), 386 (2%), 308 (100%), 291 (7%),
268 (4%), 252 (3%), 172 (10%), 154 (7%); HRMS (CI*, NH; for
[M + NH,]*) found 462.2751, C,,H,xNOSn requires 462.2752.

trans-1-(Tributylstannyl)-1,2-epoxy-4-phenyl-butane  (13c).
The reaction was performed on 1,2-epoxy-4-phenyl-butane
(40 mg, 0.27 mmol) according to the general procedure
described above. Flash chromatography (1% Et,0O in light petro-
leum) afforded trans-1-(tributylstannyl)-1,2-epoxy-4-phenyl-
butane as a colourless oil (86 mg, 72%). V. /cm~"' 3063, 3027,
2957, 2926, 2865, 2845, 1604, 1586, 1496, 1455, 1416, 1376,
1340, 1268, 1181, 1073, 1030, 870, 748, 698; dy (400 MHz)
7.32-7.27 (2H, m), 7.24-7.18 (3H, m), 2.91-2.71 (3H, m), 2.48
(1H, d, J 3.7, Jg,.ir 96), 2.02-1.81 (2H, m), 1.62-1.40 (6H, m),
1.32 (6H, m), 1.01-0.81 (15H, m); d. (100 MHz) 141.6, 128.4,
128.3, 125.9, 55.6, 53.1, 36.6, 32.6, 29.0, 27.3, 13.7, 8.7 (Js.c
332); 0", (186 MHz, CDCl;) —33.4; MS (ES*, NHj;) 289 (M
+ NH,]*, 12%), 308 (42%), 166 (100%); HRMS (ES* for [M +
NH,]*) found 456.2285, C,,H,,NOSn requires 456.2283.

1-(Tributylstannyl)-2-cyclododecyl oxirane (13f). The reac-
tion was performed on cyclododecyl ethylene oxide (53 mg,
0.27 mmol) according to the general procedure described
above but with a 4 h lithiation period. Flash chromatography
(neutral alumina, 0.5% Et,O in light petroleum) afforded
1-(tributylstannyl)-2-cyclododecyl oxirane as a colourless oil
(84 mg, 64%). v, /cm™' 2951, 2929, 2865, 2851, 1470, 1446,
1376, 1346, 1287, 1073, 1023, 960, 847; 6y (400 MHz) 2.57 (1H, s,
Jsurr 94),1.84-1.25(34H, m), 1.05-0.84 (15 H, m); 5 (100 MHz)
62.6,61.2,32.6,32.1,29.0,27.3,26.2,26.1,25.7,22.7,22.4,22 3,
21.1,21.0, 13.7,9.6; 0", (186 MHz) —40.7; MS (EI*) 486 (M*,
2%), 429 (4%), 291 (12%), 235 (37%), 179 (65%), 149 (9%),
135 (25%), 121 (50%), 57 (100%); HRMS (ET* for M*) found
486.2868, C,sH5,OSn requires 486.2878.

trans-1|Tributylstannyl)-1,2-epoxy-10-(zert-butyldimethylsilyl-
oxy)decane (13h). The reaction was performed on 10-(tert-
butyldimethylsiloxy)-1,2-epoxydecane (80 mg, 0.27 mmol)
according to the general procedure described above. Flash
chromatography (1% Et,O in light petroleum) afforded trans-
1-(tributylstannyl)-1,2-epoxy-10-(zert-butyldimethylsilyloxy)-
decane as a colourless oil (131 mg, 83%). vy /cm™" 2956, 2928,
2856, 1464, 1412, 1377, 1360, 1255, 1102, 1006, 836, 775; Jy
(400 MHz) 3.60 (2H, t, J 6.6), 2.83-2.79 (1H, m), 2.46 (1H, d,
J 3.8), 1.70-1.24 (26H, m), 1.01-0.82 (24H, m), 0.05 (6H, s);
Jc (100 MHz) 63.3, 56.2, 52.8, 34.8, 32.9, 29.6, 29.5, 29.3, 29.0,
27.3, 26.3, 26.0, 25.8, 18.4, 13.7, 8.7 (Jg.¢ 328), —5.3; "%,
(186 MHz) —33.2; MS (ES*) 594 (IM + NH,]*, 2%), 308 (40%),

287 (100%), 271 (20%), 252 (6%), 229 (15%), 137 (5%), 132
(20%), 91 (30%); HRMS (ES* for [M + NH,]*) found 594.3727,
CsHNO,SiSn requires 594.3723.

trans-1-(Tributylstannyl)-1,2-epoxy-10-chlorodecane  (13i).
The reaction was performed on 1,2-epoxy-10-chlorodecane
(52 mg, 0.27 mmol) according to the general procedure described
above. Flash chromatography (1% Et,O in light petroleum)
afforded  trans-1-(tributylstannyl)-1,2-epoxy-10-chlorodecane
as a colourless 0il (102 mg, 78%). . /cm™"' 2955, 2928, 2855,
2845, 1464, 1416, 1376, 1340, 1291, 1266, 1073, 1021, 960, 866,
726; 5y (400 MHz) 3.54 (2H, t, J 6.8), 2.83-2.79 (1H, m), 2.46
(1H, d, J 3.7, Jg, 4 98), 1.82-1.71 (2H, m), 1.68-1.22 (24H, m)
1.02-0.82 (15H, m); dc (100 MHz) 56.2, 52.8, 45.1, 34.8, 32.6,
29.5,29.4,29.0, 28.8, 27.3, 26.8, 26.3, 13.7, 8.7 (J 5, ¢ 330); ',
(186 MHz) —33.2; MS (ES*) 498 (IM + NH,]*, 2%), 308 (100%),
291 (27%), 271 (20%), 252 (10%), 208 (58%), 190 (12%), 155
(5%), 138 (7%), 95 (8%); HRMS (ES* for [M + NH,]") found
498.2519, C,,H,CINOSnh requires 498.2519.

trans-1-(Tributylstannyl)-1,2-epoxyhexane (13j). The reac-
tion was performed on 1,2-epoxyhexane (33 pL, 0.27 mmol)
according to the general procedure described above. Flash
chromatography (0.5% Et,0O in light petroleum) afforded trans-
1-(tributylstannyl)-1,2-epoxyhexane as a colourless oil (74 mg,
70%). vma /cm~' 2957, 2928, 2872, 2855, 1465, 1416, 1377, 1340,
1292, 1266, 1152,1072, 1045, 1021, 863, 750; 5 (400 MHz) 2.86—
2.77 (1H, m), 2.46 (1H, d, J 3.8, Jg, » 97), 1.71-1.24 (18H, m),
1.01-0.83 (18H, m); . (100 MHz) 56.1, 52.8, 34.5, 29.0, 28.5,
27.3, 22.6, 14.0, 13.6, 8.7 (Js, ¢ 329); 6", (186 MHz) —33.2;
MS (ES*) 408 (IM + NH,]*, 2%), 332 (2%), 308 (100%), 291
(11%), 268 (5%), 252 (5%), 196 (3%), 155 (3%), 118 (3%); HRMS
(ES* for [M + NH,]*) found 408.2280, C3H,,NOSn requires
408.2283.

trans-1-(Tributylstannyl)-1,2-epoxy-5-(5,5-dimethyl[1,3]dioxa-
nyl)hexane (13k). The reaction was performed on 1,2-epoxy-
5-(5,5-dimethyl[1,3]dioxanyl)hexane (54 mg, 0.27 mmol)
according to the general procedure described above. Flash
chromatography (5% Et,0O in light petroleum) afforded trans-1-
(tributylstannyl)-1,2-epoxy-5-(5,5-dimethyl[1,3]dioxanyl)hexane
as a colourless oil (96 mg, 72%). v /cm™' 2955, 2922, 2870,
1464, 1416, 1395, 1374, 1273, 1251, 1212, 1153, 1103, 1043,
1022, 872; oy (400 MHz) 3.59-3.41 (4H, m), 2.91-2.82 (1H, m),
2.49 (1H, d, J 3.5, Js, . 98), 1.97-1.64 (4H, m), 1.62-1.40 (6H,
m), 1.37 (3H, s), 1.30 (6H, m), 1.01 (3H, s), 0.99-0.81 (18H, m);
Jc (100 MHz) 98.6, 70.3, 56.1, 52.8, 34.3, 29.9, 29.0, 28.9, 27.3,
22.7, 22.5, 20.4, 13.7, 8.7 (Js.c 330); 0'%, (186 MHz) —33.2;
MS (ES*) 491 (M + HJ*, 4%), 337 (8%), 308 (56%), 291 (16%),
252 (6%), 201 (100%), 183 (90%), 129 (37%); HRMS (CT*, NH;
for [M + HJ*) found 491.2543, C,;H,,O;Sn requires 491.2542.

trans-1-(Tributylstannyl)-1,2-epoxy-3-methylbutane a3n.
The reaction was performed on 1,2-epoxy-3-methyl-butane
(28 uL, 0.27 mmol) according to the general procedure described
above. Flash chromatography (0.5% Et,O in light petroleum)
afforded trans-1-(tributylstannyl)-1,2-epoxy-3-methylbutane*
as a colourless oil (92 mg, 90%). v /cm™' 2957, 2928, 2872,
2854, 1464, 1416, 1377, 1288, 1219, 1072, 937, 879; 6y (400 MHz)
2.62-2.55 (1H, m), 2.53 (1H, d, J 3.8, J, » 98), 1.66-1.22 (13H,
m), 1.07 (3H, d, J 6.6), 1.01-0.83 (18H, m); . (100 MHz)
61.8, 51.8, 33.2, 29.0, 27.3, 19.6, 18.3, 13.7, 8.7 (Js.c 328);
0", (186 MHz) —32.6; MS (ES*) 394 (IM + NH,]*, 5%), 308
(100%), 291 (10%), 268 (8%), 252 (5%); HRMS (ES* for [M +
NH,]*) found 394.2127, C;H, NOSn requires 394.2126.

trans-1-(Tributylstannyl)-1,2-epoxy-3,3-dimethylbutane (13m).
The reaction was performed on 1,2-epoxy-3,3-dimethylbutane
(33 1L, 0.27 mmol) according to the general procedure described
above. Flash chromatography (0.5% Et,O in light petroleum) af-
forded trans-1-(tributylstannyl)-1,2-epoxy-3,3-dimethylbutane
as a colourless oil (92 mg, 87%). v /cm™" 2956, 2929, 2872,
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2855, 1464, 1418, 1377, 1362, 1293, 1072, 937, 881;Jy (400 MHz)
2.64 (2H, d, J 0.8, Js, » 99), 1.65-1.42 (6H, m), 1.38-1.26 (6H,
m), 1.02-0.83 (24H, m); . (100 MHz) 64.2, 48.7, 31.5,29.0,27.3,
25.6,13.7,8.6 (Jg, ¢ 328); 0", (186 MHz) —31.4; MS (ES*) 408
(IM + NH,]*, 5%), 332 (2%), 308 (100%), 291 (8%), 252 (2%);
HRMS (ES* for [M + NH,]*) found 408.2284, C;H,,NOSn
requires 408.2283.

trans-1-(Tributylstannyl)-2-cyclohexyl oxirane (13n). The re-
action was performed on cyclohexyl oxirane (34 mg, 0.27 mmol)
according to the general procedure described above. Flash chro-
matography (0.5% Et,0O in light petroleum) afforded trans-1-
(tributylstannyl)-2-cyclohexyl oxirane as a colourless oil (82 mg,
73%). vmax /e~ 2951, 2925, 2852, 1465, 1450, 1418, 1377, 1340,
1259, 1073, 1024, 960, 869; Jy (400 MHz) 2.60 (1H, dd, J 6.6
and 3.8), 2.53 (1H, d, J 3.8, Jg,. » 99), 1.99-1.90 (1H, m), 1.80—
1.63 (4H, m), 1.62-1.45 (6H, m), 1.38-1.06 (12H, m), 0.94-0.87
(15H, m); d. (100 MHz) 60.7, 51.6, 42.8, 30.3, 29.0, 27.3, 26.4,
25.8,25.6,13.7,8.7 (Js, ¢ 328);5"%, (186 MHz) —32.7; MS (ET*)
416 (M*, 3%), 359 (19%), 291 (35%), 235 (64%), 179 (100%)), 121
(14%); HRMS (EI* for M*) found 416.2097, C,,H,,OSn requires
416.2096.

(18,25)-1-(Tributylstannyl)-1,2-epoxydodecane (1.5,25)-13a.
The reaction was performed on (S)-1,2-epoxydodecane (50 mg,
0.27 mmol) according to the general procedure described
above (1 h lithiation period employed in this reaction, unlike
the 1.5 h lithiation used in the synthesis of racemic 13a).
Flash chromatography (0.5% Et,O in light petroleum) afforded
trans-1-(tributylstannyl)-1,2-epoxydodecane as a colourless oil
(83 mg, 65%). [a]¥ —27.8 (¢ = 1.0, CHCL,); other data as for
racemate 13a.

(15,25)-1-(Tributylstannyl)-1,2-epoxypropane  (130). The
reaction was performed on (S)-propylene oxide (19 pL,
0.27 mmol) according to the general procedure described
above but with addition of the neat epoxide to frozen *‘BuLi-6
complex at —100 °C, followed by allowing the mixture to
warm to —90 °C, before continuing with the general procedure.
Flash chromatography (2% Et,O in light petroleum) afforded
(1S,2S)-1-(tributylstannyl)-1,2-epoxypropane as a colourless
oil (51 mg, 54%). [a]5 —43.0 (¢ = 1.0, CHCL); vy, /cm™" 2957,
2926, 2872, 1464, 1403, 1376, 1267, 1231, 1072, 1039, 842; Jy
(400 MHz) 2.91 (1H, m), 2.43 (1H, d, J 3.8, J, » 98), 1.62-1.45
(6H, m), 1.39 (3H, d, J 5.1), 1.37-1.21 (6H, m), 0.98-0.85 (15H,
m); dc (100 MHz) 54.0, 52.0, 29.0, 27.3, 20.3, 13.7, 8.7 (Js.¢
329); 0", (186 MHz) —33.6; MS (ES*) 366 (IM + NH,]*, 10%),
349 (IM + HJ*, 4%), 308 (100%), 291 (16%), 268 (27%), 250
(8%), 196 (4%); HRMS (ES* for [M + NH,]*) found 366.1818,
C,sH3;NOSn requires 366.1813.

Lithiation—electrophile trapping with carbonyl-based
electrophiles:general procedure

To a solution of DBB 6 (162 mg, 0.68 mmol) in hexane (8.5 mL)
at —90 °C was added dropwise *BuLi (1.40 M in cyclohexane,
0.48 mL, 0.67 mmol) and the mixture was allowed to warm
to 0 °C over 5 min. On re-cooling to —90 °C, a solution of
1,2-epoxydodecane 1a (50 mg, 0.27 mmol) in hexane (1 mL +
1 mL wash) was added dropwise over a period of 15 min and
the mixture was stirred at —90 °C for 1.5 h. The electrophile
(0.68 mmol) was then added neat in one portion [or dropwise in
Et,0 (1 mL) for solids] and the mixture was manually agitated
at —90 °C for 10 min before warming slowly to 0 °C (over
14 h). After quenching with aqueous 0.5 M H;PO, (2.5 mL),
the aqueous layer was extracted with Et,O (3 x 10 mL) and
the combined organic phases were washed with H,O (5 mL),
brine (5 mL), dried and concentrated in vacuo. Purification of
the residue by column chromatography (SiO, unless otherwise
stated) gave the substituted epoxide 14.
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(1RS,2RS,3RS)-1-Phenyl-2,3-epoxytridecan-1-ol (14a-1) and
(LSR,2RS,3RS)-1-phenyl-2,3-epoxytridecan-1-ol (14a-2). The
general procedure was followed using benzaldehyde as the elec-
trophile. Flash chromatography (10% EtOAc in light petroleum)
gave the epoxy alcohols 14a-1 and 14a-2 (59 mg, 75% combined
yield, dr 1 : 1). Data for 14a-1: v,,./cm~' 3436 (br, OH), 2955,
2926, 2855, 1494, 1466, 1455, 1198, 1065, 1027, 904, 756 700; Jy
(400 MHz) 7.41-7.31 (5H, m), 4.89 (1H, d, J 3.0) 3.19 (1H, td, J
6.0,2.5),2.99 (1H, t, J 3.0), 2.36 (1H, broad s), 1.65-1.15 (18H,
m), 0.89 (3H, t, J 7.0); 5 (100 MHz) 140.1, 129.0, 128.6, 126.8,
71.4,61.8,55.6,32.3, 31.8, 30.0, 29.9, 29.7, 26.3, 23.1, 14.5; MS
(ES*) 308 (M + NH,]*, 100%), 290 (M*, 7%), 273 (13%), 257
(7%, 202 (2%, 170 (2%), 138 (13%)), 120 (5%, 105 (5%); HRMS
(ES* for [M + NH,*]*) found 308.2587, C,yH3NO, requires
308.2590. Data for 14a-2: v,,,/cm™" 3432 (br, OH), 2948, 2926,
2854, 1720, 1466, 1453, 1273, 1113, 1026, 908, 841, 735, 700; Jy
(400 MHz) 7.44-7.30 (5H, m), 4.51 (1H, t, J 5.0) 3.05 (1H, td,
J 5.5, 2.5),298 (1H, dd, J 5.0, 2.5), 2.49 (1H, d, J 5.0), 1.65-
1.16 (18H, m), 0.89 (3H, t, J 7.0); . (100 MHz) 140.8, 129.0,
128.5, 126.6, 74.5, 62.7, 57.8, 32.3, 31.8, 30.0, 29.9, 29.7, 26.3,
23.1, 14.5; MS (ES*) 308 ([M + NH,]*, 96%), 290 (M*, 13%),
273 (14%), 257 (100%), 202 (8%), 170 (7%), 138 (33%), 124
(8%, 105 (12%); HRMS (ES* for [M + NH,]*) found 308.2593,
C,yH3,NO, requires 308.2590.

(1RS,2RS,3RS)-1-(3-Chlorophenyl)-2,3-epoxytridecan-1-ol
(14b-1) and (1SR,2RS,3RS)-1-(3-chlorophenyl)-2,3-epoxytri-
decan-1-ol (14b-2). The general procedure was followed using
3-chlorobenzaldehyde as the electrophile. Flash chromatography
(10% EtOAc in light petroleum) gave the epoxy alcohols 14b-1
and 14b-2 as colourless oils (32 mg of each, 72% combined
yield, dr 1 : 1). Data for 14b-1: v,,,/cm~"' 3429 (br, OH), 2925,
2855, 1599, 1576, 1467, 1432, 1197, 1100,1077, 884, 786; Jy
(400 MHz) 7.40 (1H, s), 7.32-7.24 (3H, m), 4.85 (1H, d, J 2.5),
3.14 (1H, td, J 6.0, 2.5), 2.96 (1H, t, J 3.0), 2.45 (1H, br s),
1.65-1.14 (18H, m), 0.89 (3H, t, J 7.0); ¢ (100 MHz) 141.7,
134.5, 129.8, 128.3, 126.4, 124.4, 70.3, 61.1, 55.2, 31.9, 31.3,
29.5, 29.3, 29.2, 25.9, 22.7, 14.1; MS (EI*) 326 ((IM(*ClJ*,
6%), 324 (IM(BCD]*, 14%), 306 (26%), 289 (7%), 208 (18%),
185 (33%), 183 (100%), 169 (35%), 167 (74%); HRMS (EI*
for [M(*CI)]*) found 324.1850, CyH,,ClO, requires 324.1851.
Data for 14b-2: v,,,./cm™"' 3415 (br, OH), 2925, 2855, 1599,
1575, 1467, 1431, 1195, 1100,1078, 901, 785; oy (400 MHz) 7.43
(1H, s), 7.32-7.27 (3H, m), 4.49 (1H, t, J 5.0), 3.05 (1H, td, J
5.5, 2.5), 2.95 (1H, dd, J 5.5, 2.5), 2.60 (1H, br s), 1.67-1.17
(18H, m), 0.89 (3H, t, J 7.0); - (100 MHz) 142.3, 134.6, 129.9,
128.2, 126.4, 124.2, 73.3, 62.0, 57.4, 31.9, 31.4, 29.5, 29.3,
25.8, 22.7, 14.1; MS (ES*) 344 (IM(*’Cl) + NH,]*, 35%), 342
(IM(*Cl) + NH,]*, 100%), 326 (9%), 308 (10%), 291 (28%),
200 (5%), 139 (5%); HRMS (ES* for [M(*CI) + NH,]*) found
342.2196, C,yH3;CINO, requires 342.2194.

(1RS,2RS,3RS)-1-(4-Methoxyphenyl)-2,3-epoxytridecan-1-ol
(14c-1) and (1SR,2RS,3RS)-1-(4-methoxyphenyl)-2,3-epoxytri-
decan-1-0l (14c-2). The general procedure was followed
using 4-methoxybenzaldehyde as the electrophile. Flash
chromatography (20% EtOAc in light petroleum) gave the
epoxy alcohols 14c-1 and 14¢-2 as colourless oils (25 mg of
each, 57% combined yield, dr 1 : 1). Data for 14¢-1: v, /cm™
3435 (br, OH), 2925, 2854, 1613, 1586, 1514, 1465, 1249, 1174,
1037, 907, 832; dy (400 MHz) 7.31 (2H, d, J 9.0), 6.91 (2H, d,
J 9.0), 4.84 (1H, br s), 3.82 (3H, s), 3.18 (1H, td, J 5.5, 2.5),
295(1H,t,J 2.5),2.26 (1H, d, J 1.5), 1.64-1.16 (18H, m), 0.89
(3H, t, J 7.0); dc (100 MHz) 159.5, 131.7, 127.8, 114.0, 70.6,
61.3,55.3,55.2,31.9, 31.5, 29.6, 29.5, 29.3, 25.9, 22.7, 14.1; MS
(ES*) 338 (IM + NH,]*, 14%), 320 (M*, 7%), 303 (35%), 287
(20%), 168 (100%), 154 (50%), 137 (23%), 121 (12%); HRMS
(ES* for [M + NH,]*) found 338.2687, C,H;NO; requires
338.2690. Data for 14¢-2: v,,,,/cm™"' 3381 (br, OH), 2955, 2918,
2849, 1613, 1587, 1515, 1469, 1378, 1251, 1177, 1034, 906, 892;
Jn (400 MHz) 7.34 (2H, d, J 8.5), 6.91 (2H, d, J 8.5), 4.45 (1H,



t, J 5.0), 3.82 (3H, s), 3.02 (1H, td, J 5.5, 2.5), 2.96 (1H, dd, J
5.5,2.5),2.44-2.39 (1H, m), 1.65-1.16 (18H, m), 0.89 (3H, t, J
7.0); 6 (100 MHz) 159.4, 132.6, 127.5, 114.0, 73.7, 62.3, 57.3,
55.3,31.9, 31.4,29.6, 29.5, 29.3, 25.9, 22.7, 14.1; MS (ES*) 338
(IM + NH,]*, 8%), 320 (M*, 7%), 303 (53%), 287 (25%), 168
(60%), 154 (100%), 137 (47%); HRMS (ES* for [M + NH,]")
found 338.2686, C, H;NO; requires 338.2690.

(1RS,2RS,3RS)-1-(2-Furyl)-2,3-epoxytridecan-1-ol and (1SR,
2RS,3RS)-1-(2-furyl)-2,3-epoxytridecan-1-ol 14d (diastereoiso-
mers not separated). The general procedure was followed using
2-furaldehyde as the electrophile. Flash chromatography (15%
EtOAc in light petroleum) gave a mixture of diastereoisomeric
epoxy alcohols 14d as a pale brown oil (21 mg, 67% combined
yield, dr 1 : 1). v,,,/cm™' 3414 (br, OH), 2925, 2855, 1598, 1504,
1467, 1378, 1226, 1149, 1010, 910, 735; 5 (400 MHz) 7.44-7.41
(1H, m), 6.38-6.36 (2H, m), 4.90 (0.5H, d, J 3.5), 4.63 (0.5H,
d, J 4.5),3.19 (0.5H, td, J 5.5, 2.5), 3.13 (0.5H, dd, J 4.5, 2.5),
3.09-3.03 (1H, m), 2.39 (1H, broad s), 1.69-1.19 (18H, m), 0.89
(3H, t, J 7.0); 5 (100 MHz) 153.5, 152.4, 142.8, 142.5, 110.3,
108.0, 107.0, 67.1, 65.1, 59.8, 58.8, 56.3, 55.5, 31.9, 31.4, 29.6,
29.5, 29.3, 25.9, 22.7, 14.1; MS (ES*) 298 (M + NH,]*, 85%),
280 (M*, 30%), 263 (53%), 249 (91%), 247 (100%), 214 (18%)),
202 (20%), 128 (34%), 114 (95%), 111 (42%); HRMS (ES* for
[M + NH,]*) found 298.2376, C;;H;,NO; requires 298.2377.

(1RS,2RS,3RS)-1-(3-Decyl-oxiranyl)-3-phenyl-prop-2-en-1-ol
(14e-1) and (1SR,2RS,3RS)-1-(3-decyl-oxiranyl)-3-phenyl-prop-
2-en-1-0l (14e-2). The general procedure was followed
using trans-cinnamaldehyde as the electrophile. Flash
chromatography (10% EtOAc in light petroleum) gave the
epoxy alcohols 14e-1 and 14e-2 as pale yellow oils (30 and
33 mg respectively, 73% combined yield, dr 1 : 1). Data for
14e-1: v, /cm™ 3412 (br, OH), 2956, 2925, 2854, 1601, 1579,
1495, 1467, 1452, 968, 749; oy (400 MHz) 7.45-7.23 (5H, m),
6.72 (1H, d, J 16.0), 6.19 (1H, dd, J 16.0, 6.5), 4.53-4.47 (1H,
m), 3.07 (1H, td, J 6.0, 2.5), 2.94 (1H, t, J 2.5), 2.11 (1H, d,
J 2.5), 1.67-1.17 (18H, m), 0.89 (3H, t, J 7.0); 6. (100 MHz)
136.3, 132.7, 128.6, 128.0, 126.7, 126.6, 70.0, 60.2, 55.2, 31.9,
31.5,29.6,29.5,29.4,29.3, 26.0, 22.7, 14.1; MS (ES*) 334 (IM +
NH,]*, 35%), 316 (M*, 15%), 299 (M — OH*, 100%), 283 (18%),
208 (13%), 164 (69%), 150 (73%), 133 (22%), 104 (12%); HRMS
(ES* for [M + NH,]*) found 334.2737, C, H;x\NO, requires
334.2741. Data for 14e-2: v,.,/cm™' 3410 (br, OH), 2956,
2925, 2854, 1601, 1495, 1465, 1453, 968, 749; oy (400 MHz)
7.44-7.24 (5H, m), 6.72 (1H, d, J 16.0), 6.28 (1H, dd, J 16.0,
6.0), 4.23-4.17 (1H, m), 3.02 (1H, td, J 5.5, 2.5), 2.92 (1H, dd,
J 5.5,2.5),2.15-2.09 (1H, m), 1.64-1.17 (18H, m), 0.89 (3H, t,
J 7.0); 6c (100 MHz) 136.3, 131.9, 128.6, 128.0, 127.4, 126.6,
72.2, 61.1, 56.8, 31.9, 31.5, 29.6, 29.5, 29.4, 29.3, 25.9, 22.7,
14.1; MS (ES*) 334 (IM + NH,]*, 23%), 316 (M*, 13%), 299
(M-OH*, 100%), 283 (14%), 208 (11%), 164 (43%), 150 (100%),
133 (32%), 104 (13%); HRMS (ES* for [M + NH,]*) found
334.2742, C, H;NO, requires 334.2741.

(1RS,2RS,3RS)-1-tert-Butyl-2,3-epoxytridecan-1-ol  (14f-1)
and (LSR,2RS,3RS)-1-tert-butyl-2,3-epoxytridecan-1-ol (14f-2).
The general procedure was followed using pivaldehyde as
the electrophile. Flash chromatography (7.5% EtOAc in light
petroleum) gave the epoxy alcohols 14f-2 and 14f-2 as colourless
oils (27 mg and 25 mg respectively, 70% combined yield, dr 1 :
1). Data for 14f-2: v,,,/cm™" 3469 (br, OH), 2951, 2926, 2855,
1480, 1467, 1364, 1287, 1246, 1216, 1184, 1117, 1052, 1016, 904;
Jn (400 MHz) 3.50 (1H, t, J 2.5), 3.03 (1H, td, J 5.5, 2.5), 2.87
(1H, t, J 3.0), 1.86 (1H, d, J 2.0), 1.64-1.21 (18H, m), 0.99
(9H, s), 0.89 (3H, t, J 7.0); 6. (100 MHz) 75.5, 58.3, 55.0, 34.2,
31.9,31.7,29.6, 29.5, 29.3, 26.0, 22.7, 14.1; MS (ES*) 288 (IM +
NH,]*, 100%), 271 ((M + HJ*, 5%), 253 (22%)), 183 (11%), 129
(4%); HRMS (ES* for [M + NH,]") found 288.2909, C;H;sNO,
requires 288.2897. Data for 14f-2: v,,,./cm~"' 3397 (br, OH), 2959,
2918, 2852, 1470, 1362, 1318, 1256, 1192, 1100, 1021, 1007, 906,

895; oy (400 MHz) 3.08 (1H, dd, J 6.0, 5.0), 2.91-2.84 (2H, m),
2.02-1.98 (1H, m), 1.65-1.19 (18H, m), 0.99 (9H, s), 0.89 (3H. t,
J 7.0); ¢ (100 MHz) 78.1, 58.5, 57.2, 34.7, 31.9, 31.6, 29.6, 29.5,
29.3,25.9,25.8,22.7, 14.1; MS (ES*) 288 (IM + NH,]*, 100%),
270 (M*, 5%), 253 (15%), 183 (10%), 117 (3%); HRMS (ES* for
[M + NH,]*) found 288.2892, C,;H3;xNO, requires 288.2897.

(1SR,2RS,3RS)-1-iso-Propyl-2,3-epoxytridecan-1-ol (14g-1)
and (1RS,2RS,3RS)-1-iso-propyl-2,3-epoxytridecan-1-ol (14g-2).
The general procedure was followed using iso-butyraldehyde as
the electrophile. Flash chromatography (10% EtOAc in light
petroleum) gave the epoxy alcohols 14g-1 and 14g-2 as colourless
oils (18 mg and 16 mg respectively, 56% combined yield, dr 1 : 1).
Data for 14g-1: v,,.,/cm™' 3446 (br, OH), 2958, 2926, 2855, 1467,
1379, 1367, 1256, 1177, 1153, 1078, 1025, 906; Jy (400 MHz)
3.62-3.57 (1H, m), 3.02 (1H, td, J 5.5, 2.5), 2.82 (1H, t, J 3.0),
1.89-1.78 (2H, m), 1.61-1.20 (18H, m), 1.02 (3H, d, J 4.0), 1.00
(3H, d, J 4.0), 0.89 (3H, t, J 7.0); 6 (100 MHz) 72.9, 59.6, 54.9,
31.9,31.7,31.6,29.6,29.5,29.4,29.3,26.0,22.7, 18.5, 17.8, 14.1;
MS (ES*) 274 (IM + NH,]*, 100%), 256 (M*, 35%), 240 (70%),
223 (20%), 202 (30%), 158 (12%), 104 (18%); HRMS (ES* for [M
+ NH,]*) found 274.2743, C,sH3NO, requires 274.2741. Data
for 14g-2: v,,,../cm~" 3437 (br, OH), 2958, 2926, 2855, 1467, 1380,
1364, 1246, 1148, 1080, 1025, 902; oy (400 MHz) 3.17 (1H, q, J
6.0),2.90 (1H, td, J 6.0, 2.5),2.78 (1H, dd, J 5.0, 2.5), 1.97-1.93
(1H, m), 1.83 (1H, sextet, J 7.0), 1.61-1.21 (18H, m), 1.02 (3H, d,
J17.0),0.98 (3H, d, J 7.0),0.89 (3H, t, J 7.0);0. (100 MHz) 76.0,
60.3,57.1, 32.5,31.9, 31.6, 29.6, 29.5,29.4,29.3,25.9, 22.7, 18.4,
18.1, 14.0; MS (ES*) 274 (IM + NH.,]*, 94%), 256 (M*, 27%),
240 (35%), 202 (22%), 158 (34%), 104 (37%); HRMS (ES* for
[M + NH,]*) found 274.2739, C,(H3;xNO, requires 274.2741.

(2RS,3RS)-1,1-Diethyl-2,3-epoxytridecan-1-ol  (14h). The
general procedure was followed using 3-pentanone as the electro-
phile. Flash chromatography (7.5% EtOAc in light petroleum)
gave recovered 1,2-epoxydodecane 1a (13 mg, 26%) and epoxy
alcohol 14h as a colourless oil (46 mg, 63%). V. /cm™' 3481
(br, OH), 2963, 2925, 2855, 1464, 1378, 1304, 1262, 898; oy
(400 MHz) 2.99 (1H, td, J 6.0, 2.5), 2.69 (1H, t, J 2.5), 1.73 (1H,
s), 1.64-1.20 (22H, m), 0.98-0.84 (9H, m); . (100 MHz) 71.0,
62.9,54.8,31.9, 31.7, 29.6, 29.5, 29.3, 28.8, 26.1, 22.7, 14.1, 7.6;
MS (ES*) 288 (IM + NH,]*, 100%), 270 (M*, 8%), 254 (31%),
237 (53%), 170 (11%), 104 (7%); HRMS (ES* for [M + NH,]")
found 288.2898, C,;H3NO, requires 288.2897.

(2RS,3SR)-1-Phenyl-2,3-epoxytridecan-1-one (14i). The
general procedure was followed with N,N-dimethylbenzamide
as the electrophile, added as a solution in Et,0. Flash
chromatography (7.5% EtOAc in light petroleum) gave
recovered 1,2-epoxydodecane 1la (15 mg, 30%) and epoxy
ketone 14h as a white amorphous solid (39 mg, 50%). Mp
100-102 °C; vpe/cm™ 2954, 2918, 2850, 1690 (C=0), 1598,
1580, 1469, 1450, 1232, 1077, 877; oy (400 MHz) 8.02 (2H, d, J
7.5),7.63 (1H,d, J 7.5), 7.51 (2H, d, J 7.5), 4.03 (1H, d, J 2.0),
3.15 (1H, td, J 5.5, 2.0), 1.84-1.66 (2H, m), 1.59-1.20 (16H,
m), 0.89 (3H, t, J 7.0); dc (100 MHz) 194.7, 135.6, 133.8, 128.8,
128.3, 60.1, 57.4, 32.0, 31.9, 29.5, 29.4, 29.3, 25.8, 22.7, 14.1;
MS (CI*, NH;) 289 (IM + HJ*, 50%), 273 (100%), 159 (8%, 133
(5%), 120 (12%), 105 (58%); HRMS (CT*, NH; for [M + H]")
found 289.2168, C,H,,0, requires 289.2168.
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