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Allylic alcohols are among the most versatile intermediates in Scheme 1. Proposed Coupling Mechanism
organic synthesis and are pervasive in natural products. Thus, 2 Et, OR?

. i . o R2,8 Et.Z S
development of new multicomponent coupling reactions that allow Br—==_pR1 R2BH _ t2Zn RZ,B'\
assembly of allylic alcohols in a stereocontrolled manner is in high Br R' =\,

. . Br R
demand. Although substantial progress has been made in the
synthesis of )-di- and E)-trisubstituted allylic alcohol$;® the B2 . R2 'E'Z"Bf
direct synthesis of Z)-trisubstituted allylic alcohols remains a 3_2=\ ) R3CHO i _ EtpZn \ )—_\1
formidable challengeé. R on R Eth; R Eperz 1 'B\Et R
Among the most frequently employed methods to acc&ss (
trisubstituted olefins are the StillGennari modification of the Table 1. Multicomponent Synthesis of Allylic Alcohols
Horner—Wadsyvprth—Emmons (HWE) olefina_tion, and other vari- entry Rt R RSCHO yield %
_ants of thﬁ Wlt}_lg reaction. Tge SEHGerlmarl _metho((jj, howevc_sr,bI 1 " Bu = Cho =
is generally a linear two-cz_ar on homologation and not a viable > n-Bu Et Me,CHCH,CHO 61
method for the direct coupling of larger fragments. 3 CH,OTBDPS Et MeCHCH,CHO 71
The addition of Z)-vinylorganometallic reagents to aldehydes, 4 CHOTBDPS Et p-CIC¢HsCHO 84
such as the NozakiHiyama—Kishi (NHK) reactiong is also an 5 CH,0Bn Et p-CICeH,CHO 65
attractive route toZ)-allylic alcohols. The NHK reaction is rarel 6 CHOBn Et CHO or
Hve r Y - rely 7 CH,CH,OTBS Et p-MeCsH4CHO 82
used in this construction, however, because the synthesis of the g CH,CH,OTBS Et p-MeCsH4CHO 84
requisite stereochemically pur@)ftrisubstituted vinyliodides is 9 n-Bu Cy p-MeCegH4sCHO 60
difficult.® 10 n-Bu Cy 0-MeOGsH4CHO 63

As part of our continuing program in the application of vinylzinc
reagents in organic synthes8i¥11we report a one-pot, multicom-
ponent coupling method for the direct synthesisA)fttisubstituted

aTwo equivalents of paraformaldehyde was added without removal of
the volatile materials.

allylic alcohols. The underpinning strategy is based on the addition by addition of isovaleraldehyde, afforded th#&)-(risubstituted

of organometallic reagents to 1-bromo-1-alkenyboranes with con-

current migration of an alkyl group from boron to the alkene

allylic alcohol in 61% yield, (eq 1, Table 1, entry 2).

terminus. This crucial migration occurs with inversion at the vinylic i RZ,BH, 0°C . OH \
center (Scheme 1¥.Subsequent in situ transmetalation of the newly __ ., LEuzn-78C  RA R )
formed @)-vinylborane with the dialkylzinc reagent generates a Br—="R iii. R%CHO R?

stereodefined 4)-vinylzinc species that undergoes addition to
aldehydes to provide isomerically puré){allylic alcohols.
Hydroboration of 1-bromoalkynes is known to proceed with high
regioselectivity to generate 1-bromo-1-vinylboranes (Scheri& ).
We initially examined use of diethylborane (generated in situ from
Et;B and BH:SMe,) and dicyclohexylborane. We propose that
treatment of the resulting 1-bromo-1-vinylboranes with excess
diethylzinc (2.2 equiv) at-78 °C followed by warming to 0°C
generates 4)-trisubstituted vinylzinc reagents. On following the
reaction by!B NMR, the only boron-containing product was
observed at 86 ppm, indicating formation of;&t Trapping the
vinylzinc intermediates with 2 equiv of formaldehyde gave good
yields of the allylic alcohol. Use of other aldehydes, however,
resulted in 36-40% yields of the isolated allylic alcohols. A
byproduct of these reactions was formed by ethyl addition to the

We next employed a series of 1-bromo-l-alkynes bearing
protected alcohols to demonstrate the compatibility of these
protecting groups with the reaction conditions. The reaction of
TBDPS-protected 1-bromo-propargyl alcohol B, and EtZn
with either isovaleraldehyde prchlorobenzaldehyde provided)¢
allylic alcohols in 71% and 84% yield (entries 3 and 4). The reaction
was equally effective for benzyl protected 1-bromopropargyl
alcohol, which furnished 2)-trisubstituted allylic alcohols with
p-chlorobenzaldehyde and paraformaldehyde in 65% and 61% yield
(entry 5 and 6). 1-Bromo-1-butyn-4-ol, protected as TBS-ether, was
also effective as an alkyne source. Trisubstituted allylic alcohols
were isolated in good vyield withp-methylbenzaldehyde and
p-chlorobenzaldehyde (entries 7 and 8).

Dicyclohexylborane was employed to examine the transfer of

aldehydes. This side reaction may be promoted by a zinc bromide secondary alkyl groups. As highlighted in entries 9 and 10,
species formed during the migration step (Scheme 1). Fortunately, hydroboration of 1-bromo-1-hexyne with dicyclohexylborane was
the yield of the coupling was greatly improved when the volatile followed by treatment with BEZn under the standard conditions.
contents of the reaction mixture, including excessZEf were (2)-Trisubstituted allylic alcohols derived frommethoxybenzal-
evacuated prior to introduction of the aldehyde. Thus, use of dehyde ang-tolualdehyde were produced in good yields (entries
1-bromo-1-hexyne to generate th&-inylzinc reagent, followed 9 and 10). It should be noted that up to 20% ethyl migration was
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Table 2. Multicomponent Synthesis of Allylic Alcohols

entry Rt R3CHO yield %
1 n-Bu CHO 3
2 CH,CH,OTBDPS CHO R
3 n-Bu MeCHCH,CHO 92
4 n-Bu p-MeCsH4CHO 71
5 n-Bu p-CICeH4CHO 70

aTwo equivalents of paraformaldehyde was added without removal of
the volatile materials.
observed when addition of &ZAn was performed at higher tem-
perature (O°C). At —78°C, however, ethyl migration is negligible.
The most common class af)-allylic alcohols found in natural
products is thei-methyl substituted4)-allylic alcohols. The ability

Scheme 3. Potential Building Block for Migrastatin and
Discodermolide

1. PPhy, CBr, i BpBH,70°C "
O 2. LiHMDS Brii. Meyzn, -78°C ©
FZ |
PO H 1% PO ii. CH,0 PO
Me 2 steps Me 73% yield Me
1 2 3
P=TBDPS

common to both-)-migrastatin and-t)-discodermolide (Scheme
3). Aldehydel was converted to the corresponding bromoacetylene
2 in two steps (91% vyield) using a modified Corelfuchd’
protocol. Subjectin@ to the conditions outlined above ga8¥in
73% vyield as a single enantiomer (as determined'yNMR
spectroscopy of the Mosher ester). Compo8mehs an intermediate
in the total synthesis of<)-hennoxazole A8

In summary, a new one-pot, multicomponent coupling reaction
that allows facile access int@)-trisubstituted allylic alcohols in a
stereocontrolled manner is reported. The advantage of this meth-
odology over the StiltGennarl modification of the HWE olefi-
nation is that it allows coupling of larger fragments. We are
currently examining the application of these novel vinylzinc reagents

to synthesize such groups would greatly broaden the synthetic utility t0 Other reactions.

of our method. Therefore, we examined the use of dimethylborane
as described in Scheme 1; however, low yields of the coupling
products were obtained. This reaction is experimentally difficult,
because the preparation of pBH is tedious. Our recourse was to
substitute BfBH for Me,BH in the hydroboration (Scheme 2).

Reaction of the resulting 1-bromo-1-vinyldibromoborane with
excess MgZn was envisioned to begin with borehalogen
exchange. Further reaction of the resultant vinyldimethylborane with
Me,Zn induces migration, which is followed by transmetalation
and addition to the aldehyde.

i. BrBH, 70°C

OH
, ii. MepZn, -78°C Rs_g_/m )
Br—=—R .
iii. R3CHO md

Hydroboration of 1-bromohexyne with BBH was accomplished
at either ambient temperature for 12 h or upon heating t&C7h
toluene fo 1 h (eq 2). The resulting vinyldibromoborane was treated
with 4.0 equiv of M@Zn at —78 °C. After removal of volatile
materials under vacuum, aldehyde was added. As highlighted in
Table 2, g)-trisubstituted allylic alcohols derived from paraform-
aldehyde, isovaleraldehydestolualdehyde, ang-chlorobenzal-
dehyde were afforded in good to excellent yields{82%). The
NMR spectrum of the allylic alcohol in entry 1 is identical to the
previously published dat&.

To illustrate the synthetic potential of our methodology, we
synthesized 4)-trisubstituted allylic alcohoB, a segment that is
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