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ABSTRACT: A cationic ruthenium(II) complex catalyzes double-bond transposition of 1,1-di(boryl)alk-3-enes to generate in situ
1,1-di(boryl)alk-2-enes, which then undergo chiral phosphoric acid-catalyzed allylation of aldehydes producing homoallylic alco-
hols with a (Z)-vinylboronate moiety. 1,2-4nti stereochemistry is installed in an enantioselective manner. The (Z)-geometry forged
in the products allows their isolation in a form of 1,2-oxaborinan-3-enes, upon which further synthetic transformations are operated.

B INTRODUCTION

The allylation reaction of aldehydes with y-substituted al-
lylboron reagents [1-(boryl)alk-2-enes] offers a convenient
and reliable method to stereoselectively construct homoallylic
alcohols with contiguous chiral centers. Many useful methods
for the preparation of y-substituted allylboron reagents have
been developed.'” For example, Roush has reported that enan-
tioenriched (S)-(E)-y-substituted a-stannyl allylic boranes are
generated from allenylstannane and diisopinocamphenyl-
borane.” The following allylation reaction with aldehydes
forms (E)-d-stannyl-substituted anti-homoallylic alcohols with
high enantioselectivity [Figure 1(a)].* On the other hand, we
have investigated an in-situ generation of allylboron species
from 1-(boryl)alkenes by way of double-bond transposition,
which is catalyzed by transition-metal catalysts.” The arising
allylboron species immediately add to the aldehydes, also in
the reaction mixture, through a six-membered chair-like

a) Roush (Ref. 3)
OH

SnnBug
R'CHO + N —_— RJ\/\/S“"B%
Me B(9pc), -78°C H
(S)'(E) Me (E)-anﬁ
b) Previous work (Ref. 5d): Upper
c¢) This work: Lower cat. cat. OH
[Pd()Io, PA* )
— R1J\_/\VBP'“
_ 20 °C :
; Bpin Me (5)-anti
R'CHO + —
/\/\Bpin cat. cat. OH
+ * B
[Ru(I]*, PA @
20°C RN
Me (2-anti

Figure 1. Diastereo- and enantioselective synthesis of o-
substituted homoallylic alcohols. a) (£)-geometry on the stannyl
group. b) (E)-geometry on the boryl group. ¢) (£)-geometry on the
boryl group. “Ipc = d-isopinocampheyl. Bpin = pinacolatoboronate.
PA* = chiral phosphoric acid.

transition state, where a high enantioselectivity can be induced
by a chiral phosphoric acid.” Transition-metal catalysts, which
are effective for double-bond transposition, are potentially
active in geometrical E/Z-isomerization of double bonds as
well.® When 1,1-di(boryl)alk-3-enes are reacted with alde-
hydes mediated by a catalytic palladium(I) species,™ the ini-
tially produced 8-boryl-substituted anti-homoallylic alcohols
contain a (Z)-vinylboronate moiety, which is more difficult to
shape than an (E)-vinylboronate moiety in general.” Unfortu-
nately, this stereochemistry is not preserved under the reaction
conditions, instead isomerization occurs to the (E)-geometry
[Figure 1(b)]. With this scenario in mind we have been search-
ing for a transition-metal catalyst which is more specifically
effective for double-bond transposition of 1,1-di(boryl)alk-3-
enes to allow the preservation of the product with (2)-
geometry. We now report a cationic ruthenium(II) complex
that specifically catalyzes double-bond transposition without
touching the (Z)-geometry of the allylated product [Figure

1(0)].
B RESULTS AND DISCUSSION

Grotjahn et al. reported that the cationic ruthenium(Il) com-
plex, [CpRu(P-N)(MeCN)JPFs (P-N: 2-PiPr,-4-rBu-1-Me-
imidazole) promotes double-bond transposition by way of a n-
allyl intermediate.'® We found that the ruthenium(II) complex
performed as specifically as we desired: A mixture of benzal-
dehyde (1a, 0.20 mmol) and 1,1-di(boryl)but-3-ene 2a (0.22
mmol)'! in 1,2-dichloroethane (DCE) was stirred at 20 °C in
the presence of [CpRu(P-N)(MeCN)]PFs (2.0 mol %), (R)-
TRIP (5.0 mol %; TRIP = 3,3'-Bis(2,4,6-triisopropylphenyl)-
1,1'-binaphthyl-2,2'-diyl hydrogen phosphate),”” and 4 A mo-
lecular sieves (4 A M.S.) (eq 1). After 3 hours, aldehyde 1a
was completely consumed and the reaction mixture was sub-
jected to aqueous workup. The following chromatographic
purification on silica gel afforded anti-1,2-oxaborinan-3-ene
3aa in 94% isolated yield in 98% ee.”’ No syn isomer was
detected by 'H NMR (400 MHz), proving the anti/syn selec-
tivity is >95:5. It is likely that an acyclic homoallylic alcohol
having (Z)-geometry is initially formed and then cyclizes into
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a six-membered ring structure during workup/purification.'*
The corresponding (E)-isomer 4aa remaining in the acyclic
form was observed in ca. 2% (NMR yield). Thus, 1a and 2a
were coupled by C—C bond formation with installation of two
chiral centers and a double bond in a stereoselective fashion."
A larger scale experiment using 849 mg (8.0 mmol) of 1a also
gave a comparable result [96% yield, 96% ee (1.44 g of 3aa)].

= PFe
|
MeCN~"}. ‘J\P”’rz
N7 N-me
tBuN
PhCHO  [Ru(iy]* (2.0 mol %) OH o
1a (R)-TRIP (5.0 mol %) O’B | ?H -
. PR
gpin  DCE 4 Awms. Ph K‘J T
. 20 °C, 3h Me (E)-4aa 29, (NMR)
~ 2 Bpin 3aa 94%
a
(1.1 equiv) 98% ee (1R,2R)

anti:syn >95:5

We presume the following stepwise scenario brings about
this transformation: Initially, (£)-1,1-di(boryl)but-2-ene 5a is
generated from 1,1-di(boryl)but-3-ene 2a through double-bond
transposition. As soon as (£)-5a is generated, it undergoes (R)-
TRIP-catalyzed enantioselective addition to aldehyde la via
TS B, as mentioned in Scheme 1 (vide infra), to form the (2)-
isomer of anti-homoallylic alcohol 4aa’, which cyclizes to 3aa
upon workup.

The six-membered chair-like transition-state structures TS
A and B depicted in Scheme 1 are assumed to account for the
selective formation of the (Z)-isomer of anti-homoallylic alco-
hol 4aa’, as with the palladium(I)-catalyzed case we have pre-
viously reported.>® One of the two boryl groups (represented as
B) takes an exocyclic position, either pseudo-equatorial one
leading to E isomer, or pseudo-axial one leading to Z isomer.
The boryl group located in a pseudo-equatorial position in TS
A suffers from gauche interactions with the pinacolato ligand
of the other boryl group, whereas the boryl group located in a
pseudo-axial position in TS B suffers from 1,3-allylic strain to
an adjacent hydrogen atom. The gauche interactions is more

Scheme 1. Proposed Pathway for the Formation of 3aa
from 1a and (E)-5a

7o ¥
o1
Fo
O H e oB
Disfavored : O M:/I 7 B
. o |—
B R
Mgh ,/\OBEO Me
\[/\F ‘} (E)-4aa’
cat. H H gauche
1a int.
(R)-TRIP . TSA _J
+ —
— . 4
(E)-5a g /O
\P‘o OB
y - Me H
0 H Me Ph/\‘/\
—> H O Me [—>
Favored /1\ é Me Me B
Vi (2-4a
H B workup
L *—7  Assstrain _| & SiO,
TS B 3aa

B = Bpin

significant than that by the 1,3-allylic strain, inducing the Z
selectivity.

Interestingly, the double-bond geometry of the product re-
versed from Z to £ when 1,1-di(boryl)-3-methylbut-3-ene 2b
was used in place of a-olefin 2a. The (E)-isomer of anti-
homoallylic alcohol 4ab was obtained in 67% yield in a race-
mic form from 2b (eq 2). The corresponding 1,2-oxaborinan-
3-ene was not detected. The alkene 2b structurally differs from
2a in that it possesses an additional methyl group at the 3-
position. Six-membered transition states TS A’ and TS B’
which are analogous to TS A and TS B are postulated. In this
second example, the 1,3-allylic strain between the additional
methyl group and the boryl group both located in pseudo-axial
positions in TS B’ governs the outcome of this reaction. This
destabilizing interaction would be significant enough to re-
verse the energetic balance between TS A’ and TS B’. Thus,
the contrast in the double-bong geometry observed with 2a
and 2b endorses the afore-mentioned stereochemical explana-
tion (Scheme 1).

[Ru(Il)]* (10 mol %)

Me Bpin (R)-TRIP (10 mol %) OH o
PhCHO + )5(% PN (2)
. - Ph
1a /I\/kB_p"1 DCE, 4 AM.S. e Me
2b (1.5 equiv) 40°C,72h 4ab 67%, racemic
* * * * )
/o * (o *
O\PI‘O O\P*o
O TH Mg o H e
H ¢/§<Me H 9/&'\"9
M
Ph—s0-Bad\ prso-Bag M
Me — = B-Y Me\['/\‘LH
Me H  Jauche Me B
L TS A int. | L ~—7¥ Aigstrain _]
Favored TS B’

Disfavored B = Bpin

Following this, the process of double-bond transposition
from 1,1-di(boryl)but-3-ene 2a to 1,1-di(boryl)but-2-ene Sa
was monitored by 'H NMR in the absence of an aldehyde, and
the ruthenium(Il) and palladium(I) catalysts were compared
(Scheme 2). 1,1-Di(boryl)but-3-ene 2a was simply treated
with 2.0 mol % of the ruthenium(II) complex or 2.5 mol % of
the palladium(I) dimer at 20 °C. In the case of ruthenium(Il),
double-bond transposition proceeded expeditiously and 91%
of 2a isomerized to 5a after 30 min. The E/Z ratio of the aris-
ing 5a had been constantly over 95:5 from the early stage of

Scheme 2. A Control Experiment in the Absence of Alde-
hydes

[Ru(In1* H Ve B
(2.0 mol %) e
2a + /\)\ BN
DCE, 20 °C Me B K/kB
(E)-5a (2)-5a
time 2a:(E)-5a:(2)-5a E/Zof ba
B 3 min 66:34:0 >95:5
N\B 30 min 9:91:0 >95:5
2a
[Pd(u-Br)(PBug)l B Ve B
(2.5 mol %) e
2a + ™ + K
DCE/toluene, 20 °C MGMB K/kB
(E)-5a (2)-5a
time 2a:(E)-5a:(2)-5a E/Zof ba
30 min 85:13:2 87:13
B = Bpin
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transposition. In the case of palladium(I), only 15% of 2a
isomerized to 5a after 30 min and the E/Z ratio was 87:13.
Thus, the ruthenium(II) catalyst proved to be both more active
and stereoselective for the double-bond transposition of 2a.

The (E)-5a was prepared by the afore-mentioned Ru(Il)-
catalyzed reaction and isolated by florisil column chromatog-
raphy. The isolated (E)-5a was reacted with benzaldehyde (1a)
at 20 °C for 3 hours'® both in the absence and presence of (R)-
TRIP (5.0 mol %) (Scheme 3). In the absence of (R)-TRIP,
racemic 3aa was formed in 79% yield together with 10%
(NMR) of (E)-anti-homoallylic alcohol 4aa. In the presence of
(R)-TRIP, 3aa was formed in 92% yield, 96% ece, accompa-
nied by only an insignificant amount (1%) of 4aa. We pre-
sume that the energy difference between TS A and TS B is
reflected into a higher Z/E selectivity when accelerated by the
phosphoric acid."”

Scheme 3. The Allylation Reaction of Benzaldehyde (1a)
with (E)-5a in the Absence and Presence of (R)-TRIP

QH
Bpin O’B (?H Boi
1a + + pin
Me/\/\ Bpin A - | Ph/Y\/
5 DCE, 4 AM.S. Ph Me
1 (1E) a. 20°C,3h Me
(1.1 equiv) 3aa (E)-4aa
none 79% 10% (NMR)
(R)-TRIP (5.0 mol %) 92%, 96% ee 1% (NMR)

This allylation reaction could be carried out using a wide
scope of aldehydes (Table 1). Enantioselectivities over 90% ece

Table 1. Asymmetric Allylation Reactions of Various Al-
dehydes 1a—1i with 2a“

[Ru(I]* O o4
- +/\/B\pin (R)-TRIP @ . R1?\‘/\/Bpin
1 = Bpin DCE, 4 AM.S. g1~ Me
2a (1.1 equiv) 20°C,3h Ve 3 .
cat. Ru(ll) cat. Pd(ly
entry R'(1) 3 yieldof eeof ! yieldof ee of
3 (%) 3 (%) 4(%)  4(%)
1 Ph(1a) ent3aa® 91 o7 80 98
2 4-CICeH,(1b)  3ba 95 98 90 99
3 4-MeOCgH, (1c) 3ca 97 97 | 8 98
4 4-MeCgH,(1d) 3da 9% 97 82 98
5  2-MeCgHy(le) 3ea 93 96 78 97
6 2-furyl (1) 3fa 93 9 67 o
7 PhCH=CH (1g) 3ga 88 97 68 97
8 PhCH, (1h) 3ha 699" 93 72 92
9 cyi 3ia 7891 90 | 71 9

“On a 0.20 mmol scale. See eq 1 for reaction conditions. bIsolated
yield after chromatographic purification. “Anti/syn ratio of 3 and
product ratio (3/4) were determined to be >95:5 by '"H NMR in all
cases. “As determined by chiral HPLC of phenylated products.
¢(S)-TRIP was used. /(15,25). ¥10 mol % of (R)-TRIP was used.
*NMR yield. ‘10 °C, 5 h. /Data reported in Ref. 5d. Reaction con-
ditions: 1 (0.20-0.40 mmol), 2a (2.0 equiv), [Pd(u-Br)(P/Bu;)],
(2.5 mol %), (R)-TRIP (5.0 mol %), DCE/toluene, 4 A M.S.,
20 °C, 17 h.

Journal of the American Chemical Society

were observed in all cases. The anti-1,2-oxaborinan-3-enes
3aa—3ea were obtained in yields ranging from 91% to 97%
each derived from an electronically and sterically diverse array
of aromatic aldehydes la—le (entries 1-5). Heteroaromatic
aldehyde 1f and o,B-unsaturated aldehyde 1g could also be
applied to this reaction (entries 6 and 7). Not only aromatic
aldehydes but aliphatic ones such as 2-phenylacetaldehyde
(1h) and cyclohexanecarbaldehyde (1i) successfully partici-
pated in the reaction (entries 8 and 9). On the whole, the yields
of the allylated products in the Ru(II)-catalyzed reactions are
relatively higher than those by using Pd(I).

The allylation reaction of o-branched chiral aldehyde
(2R,35)-1j"'"* with 2a was carried out in the absence and
presence of TRIP (5.0 mol %) (eq 3). In the absence of TRIP,
syn,anti-3ja (highlighted in gray) was formed in 42% total
yield with 88:12 diastereoselectivity (3ja/3ja’) together with
24% (NMR) of (E)-syn,anti-homoallylic alcohol 4ja. In the
presence of (R)-TRIP, syn,anti-3ja was formed in 69% total
yield, and higher diastereoselectivity (3ja/3ja’ >95:5) and Z/E
selectivity (3ja/4ja) were observed. On the other hand, a lower
diastereoselectivity (3ja/3ja’> = 55:45) and Z/E selectivity
(3ja/4ja) were observed in the presence of (S)-TRIP. These

OH
_B
OMe OMe O |
Me Me Me
(2R,35)-1] [Ru(I)]* (2.0 mol %) syn,anti-3ja
+ - + ®)
Boi DCE, 4 AM.S. OH
pin B
N 20°C,3h OMe O°
~ Bpin /\/—\)\J
2a Ph H H
(1.1 equiv) Me Me
anti,anti-3ja’
none 3ja 42% total yield (3ja/3ja’ = 88:12), (E)-4ja 24% (NMR)

(R)-TRIP  3ja 69% total yield (3ja/3ja’ >95:5), (E)-4ja 2% (NMR)
(S)-TRIP  3ja 48% total yield (3ja/3ja’ = 55:45), (E)-4ja 13% NMR

O Me H O
R@ : GD*R
H H§ /Mye H
Favored (Felkin-Anh) : Disfavored
- H + H \;,B ¥
H
MEP/JSO'—BH —> 3ia Ml\elle\/[ F\‘kd — 3ja’
e~
B
L B H
TSC ; TSD
L R H ¥ E
=05 |— (Br4ia |
Me—= B|™ '
e |
L H ;
TSE 3
[ = Bk o * BE:
(o (R : /(0 (R)
O‘PI ' O‘F;
n 0. E ., O-y Me
G H M il 9 T e
L ‘(ID/§<M6 — Jja ‘ jg Vo |~ %
H Me : -0
=0 B~ : Ansl
Me._=9 /"0 : Mﬁle\\[zﬁo
Me B
B | ' H
TSC P SD’
Matched with (R)-TRIP i Mismatched with (R)-TRIP

B = Bpin
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results suggest that, in the absence of phosphoric acid, the
reaction proceeds via TS C and TS E which accord with the
Felkin-Anh model. (R)-TRIP has the matched stereochemical
orientation to assist in TS C’ by the chelation through the pi-
nacolato oxygen and aldehyde proton.

A variety of 1,1-di(boryl)alk-3-enes 2¢—2g having Me, Et,
iPr, CF;, and Ph groups as the R’ substituent'' were subjected
to the allylation reaction with benzaldehyde (1a) (Table 2).
More forcing conditions were applied in those cases ([Ru]”
(5.0 mol %), (R)-TRIP (10 mol %), 40 °C, 72 hours) because
double-bond transposition was slower. Yet, the yields of 3ac—
3af were good and the enantioselectivities were over >90% ece
(entries 1-4)). The phenyl-substituted derivative 2g failed to
undergo the double-bond transposition even at 80 °C (entry 5).

Table 2. Asymmetric Allylation Reactions of Benzaldehyde
(1a) with Various 1,1-Di(boryl)alk-3-enes 2b—2e¢"

OH
[Ru(In]* (5.0 mol %) B
Bpin  (R)-TRIP (10 mol %) o | s
PhCHO + R2 __ e +
1a N\Bpm DCE,4AM.S. Ph
2 (1.5 equiv) 40 °C,72h 5
3 R
cat. Ru(ll) cat. Pd(l)9
entry R2 (2) 3 yield of ee of yield of ee of
3 (%) 3 (%) 4(%) 4(%)
1 Me (2c)® 3ac 90 95 | 85 96
2 Et (2d) 3ad 93 93 : 67 97
3 iPr (2e) 3ae 82 9 | 85 95
4 CF (2) 3af 76 o1 | 77 9
5 Ph (29) 3ag of - 82 o2

“On a 0.20 mmol scale. “Isolated yield after chromatographic
purification. “Anti/syn ratio of 3 and product ratio (3/4) were de-
termined to be >95:5 by 'H NMR in all cases. 9As determined by
chiral HPLC of phenylated products. °E/Z = 79:21./80 °C. Data
reported in Ref. 5d except for entry 2 (R2 = Et). Reaction condi-
tions: 1 (0.20 mmol), 2a (2.0 equiv), [Pd(u-Br)(P/Buj)], (2.5
mol %), (R)-TRIP (5.0 mol %), DCE/toluene, 4 A M.S., 20-30 °C,
17-41 h.

4-Boryl-substituted 1,1-di(boryl)but-3-ene 2h was newly
prepared by an Sy2 reaction of bis(pinacolatoboryl)methane
with (E)-1-boryl-3-bromoprop-1-ene under basic conditions. It
was subjected to the allylation reaction with benzaldehyde
(1a). The allylboronate intermediate F having two reactive
sites (a) and (b) was expected to be generated in situ from 2h.
The anti-1,2-oxaborinan-3-ene 3ah was selectively obtained in
83% yield and 86% ee (eq 4). Thus, the intermediate F is more
reactive at (a) than at (b).

OH
[Ru(Il]* (5.0 mol %) !

) .B
Bpin  (R)-TRIP (10 mol %) 0] |

PhCHO + pj
meNBpin

1a
2h (1.5 equiv)

e (4)
DCE, 4 AM.S. Ph"

40°C,72h
Bpin
3ah
site 83%, 86% ee
(a)

¥ Bpin
plnB\/\i\ Bpin
F site

(b)
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Under these conditions, a carbon—carbon double bond could
also transpose itself from a more remote position to an allylic
position relative to boron (Scheme 4),!019 1,1-Di(boryl)pent-
4-ene 6 and 1,1-di(boryl)hex-5-ene 7 both successfully acted
as the allylboron precursor. In these examples, anti-1,2-
oxaborinan-3-enes 3ac and 3ad were formed in 76% and 88%
yields respectively both with high enantioselectivities. In the
extreme case of 1,1-di(boryl)dodec-11-ene 8, the double-bond
transposition took place nine times to give the corresponding
product 3ai in 72% yield and 54% ee along with a small
amount of (E)-isomer 4ai (7% NMR yield).

Scheme 4. The Utilization of 1,1-Di(boryl)alk-n-enes 5-7 (n
=4, 5, 11) as the Allylboron Precursors

[Ru(I]* (5.0 mol %) OH
Bpin  (R)-TRIP (10 mol %) o’B
1la + A . |
\/\/\Bpm DCE, 4 AM.S. Ph
6 (1.5 equiv) 40 °C, 24 h Et
3ac
76%, 95% ee
[Ru(I]* (5.0 mol %) OH
Bpin  (R)-TRIP (10 mol %) c)/B
la + /\/\/\ ) N |
Z Bpin  DCE,4AM.S. pp
7 (1.5 equiv) 40 °C, 24 h nPr
3ad
88%, 93% ee
1a [Ru(I)]* (15 mol %) OH
+ Bpin  (R)-TRIP (5.0 mol %) o’B |
/\/\/\/\/\)\an DCE, 4 A M.S. Ph‘\‘.K‘J
8 (1.5 equiv) 40°C, 72 h CoHyo
3ai

72%, 54% ee

The synthetic utility of the boryl-substituted product 3aa
was exemplified by further transformations. The Suzuki-
Miyaura cross-coupling reaction with iodides (iodobenzene
and ethyl (Z)-3-iodoacrylate) was executed using PdCl,(PPhs),
as the catalyst. Importantly, the coupled alkenes 9 and 10 were
formed with retention of the double-bond geometry (Z/E
>95:5) (eq 5).

Phl (1.0 equiv) (;)H

OH  P4CI,(PPhy), PR
B s Me Ph
o (5.0 mol %) 0 86%.
U | —— CO,Et ° (6)
Ph™ CsF (2.0 eqiv) | \—/ OH
Me CH.Cl, (1.0 equiv)

3aa 40°C, 8h Ph A
Me X CO.Et

10 81%

Treatment with CuBr, resulted in the formation of the bro-
mide 11 again without a loss of geometrical purity (Z/E >95:5)
(eq 6).° An intramolecular Chan-Lam coupling reaction of
3aa afforded the 2,3-dihydrofuran 12 (eq 7).

OH
CuBr; (5.0 equiv) T
3aa Ph/Y\ (6)
EtOH/H,0, 80 °C, 21 h Me Br
11 89%
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[Cu]

Cu(OAc); (3.0 equiv) o Ph... O
3aa Ph“"\) — > /; 7)
EtgN, CHoCly, 1t, 22 h M
Me
1267%

Hydrogenation of the double bond moiety contained within
3aa was carried out (H,, Pd/C), yielding 1,2-oxaborinan-2-ol
13 (eq 8). A boron-tethered intramolecular Diels-Alder reac-
tion using (E)-3,5-hexadiene-1-01”> proceeded well to give
tricycle 14 with high diastereoselectivity (>95:5) (eq 9).

OH
Hs (1.0 atm), Pd/C (10 mol %) oB
3aa 8)
MeOH, rt, 30 min Pht
Me
1379%
) HO
(2.0 equiv)
3aa
THF, 4 AM.S. toluene Ph
rt, 13 h 190 °C
18.5h

1471%

The product 3ah containing two boryl groups was subjected
to the palladium-catalyzed cross-coupling reaction with iodo-
benzene. Coupling occurred selectively at the boryl group on
the sp’ carbon with retention of the double-bond geometry
with the B-C(sp’) bond intact. The crude coupling product
was next treated with sodium peroxoborate to oxidize the re-
maining B-C(sp’) bond. 1,3-Diol 15 was isolated in 54% yield
(eq 10). Thus, it was easy to differentiate the two B—C bonds
in further synthetic transformations.

i) Phl (1.3 equiv)

OH
B PdCly(dppf)- CHaCl,
o o,
| (5.0 mol %) o
Ph’ KsPO, (1.3 eqiv) \—\/ /. Ph
BN
3ah ’ R = OCMe,CMe,OH or OH
o OH OH
ii) NaBO3 - 4Hy :
el
2 X Ph
i, 1h X
15 54%

(+)-trans-Whisky lactone 16 was stereoselectively synthe-
sized through three steps of the allylation reaction of pentanal
(1k) with 2a, B—C bond oxidation to a hemiacetal with sodium
peroxoborate, and oxidation to the lactone with pyridinium

BUCH
MBUCHO o g OH OH
(S)-TRIP ,OQBJ i) NaBOg+4H0 |
Boin DCE | gy THF/H,0 5
4 AM.S. Me rt,3h nBu Me
Z Bpin
2a
(1.1 equiv) o
iii) PCC, NaOAc

0 (11)
CHoCly 1, 17 h [

nBu Me

16 63%, 95% ee
trans:cis >95:5
(+)-trans-whisky lactone
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chlorochromate (eq 1 1).23

B CONCLUSION

In summary, we have developed a new relay system consisting
of the cationic ruthenium(Il) and phosphoric acid catalysts for
the diastereo- and enantioselective synthesis of anti-1,2-
oxaborinan-3-enes  starting from aldehydes and 1,1-
di(boryl)alk-3-enes. This new system complements the previ-
ously reported system using palladium(I)** to make both stere-
ochemical options available for the double-bond geometry of
the allylated products.
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