L d
%W.I E m pubs.acs.org/OrglLett

Synthesis of Vinyl Boronates from Aldehydes by a Practical Boron—
Wittig Reaction

John R. Coombs, Liang Zhang,T and James P. Morken*

Department of Chemistry, Merkert Chemistry Center, Boston College, Chestnut Hill, Massachusetts 02467, United States

© Supporting Information

ABSTRACT: A highly stereoselective boron-Wittig reaction o] B(pin) biasé air X B(pin) B(pin)
between stable and readily accessible 1,1-bis(pinacolboronates) gi*~Ny * R:’J\B(pfn} > R2
and aldehydes furnishes a variety of synthetically useful di- and B(pin)
trisubstituted vinyl boronate esters. JUTMP RT%RQ
. . Ro-X
(pin)B _B(pin)

~commercially available

‘ J inyl boronic esters are broadly useful functional motifs in was developed, and employing alkylation reactions developed

organic synthesis." While they possess high chemical by Matteson, construction of substituted derivatives is
stability, they also participate in a variety of transformations straightforward.'® Considering the above-mentioned impor-
including Suzuki—Miyaura couplings,2 Chan—Lam couplings,3 tance of vinyl boronates in organic synthesis, it was considered
Petasis reactions,” and Hayashi—Miyaura conjugate additions,’ that a boron—Wittig reaction employing geminal bis-
among other transformations. While there is an abundance of (pinacolboronates) might be strategically useful. In this
reports regarding the synthesis of substituted vinyl boronates connection, the boron—Wittig reaction was pioneered by
from alkynes and alkenes, access to these species from alternate, Pelter and Matteson in the 1970s emglozfing alkylboranes and
easily accessible, and readily available starting materials is geminal bis(boronates), respectively.l =12 Most related to the
lacking.® As evidenced in the Kishi synthesis of palytoxin, present research, Matteson and co-workers examined the
selective and high-yielding preparation of vinyl boronates reaction between ethylene glycol-derived bis(boryl)methane 1
directly from aldehydes can solve particularly challenging and a variety of carbonyl electrophiles (Scheme 1, eq 1). While
synthesis problems.” Lastly, highly regio- and stereoselective the one-pot boron—Wittig reaction/oxidation procedure to
syntheses of trisubstituted and 1,1-disubstituted vinyl boronates provide aldehyde homologation products was extensively
remains a significant challenge.®”® studied, the reaction lacked practicality for two reasons:
Recent efforts in our laboratory have addressed the preparation of 1 is not straightforward, and the intermediate
preparation and utility of geminal bis(boronates) in organic ethylene glycol-derived vinyl boronates were hydrolytically
synthesis.” In this context, a scalable preparation of bis(boryl)- sensitive. Moreover, other than a singular example of a reacti?lrz
methane 2 (see Scheme 1 for structure) from dibromomethane between substituted 1,1-bis(boronate) esters and aldehydes,

use of the boron—Wittig reaction to provide trisubstituted vinyl

Scheme 1. Previous Example and Current Goals for the
Boron—Wittig Reaction

Matteson:

boronates has not been investigated.> Herein, we report a
highly stereoselective boron—Wittig reaction between stable
and readily accessible 1,1-bis(pinacolboronates) and aldehydes

Li* to furnish a variety of synthetically useful di- and trisubstituted

/jo o/_\0 JOJ\ o vinyl boronate esters (Scheme 1, eq 2). Importantly, the overall

sBk LiTmP .Bk' R R, R 9’; 01 R\KU\ ) transformation represents a transition-metal-free alternative to
B0 CLHgl © B0y |(8-0 elim) RJ\/ B0 L H alkyne hydroboration reactions.

2850 J Initial studies focused on the synthesis of trans-vinyl
«challenging synthesis boronate esters and utilized nonsubstituted bis(pinacolato)-
*hydrolytically sensitive boryl methane 2 and lithium tetramethyl piperidide (LiTMP)

as the base (Scheme 2). After deprotonation of 2 at 0 °C for §
] min, the mixture was cooled to —78 °C, the aldehyde added,
This Work: M* o and the reaction mixture allowed to stir 4 h before being
B(pin) base B(pin) R-J\H B(pin) allowed to warm to room temperature. The reaction was then
BEin) Re/kB(pin) (3-07“-») RJ\/R‘ @ concentrat.ed under reduc.ed pressure and the- derix_fed vinyl
2 (R=H) boronate isolated. As depicted in Scheme 2, high yields and
-2:hcommercially afvai/agle -stalb/zl
:Ot er_s: one step from “isolable Received: February 14, 2015
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Scheme 2. Synthesis of trans-Vinylboronates via the Boron—

Wittig Reaction”
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“See text for details. Reaction employed 1.2 equiv of 2, 1.2 equiv of
LiTMP, and 1 equiv of aldehyde. Results are an average of two
experiments. Yield represents isolated yield after purification by silica
gel chromatography. YReaction performed at 0 °C to room
temperature for 1.5 h.

excellent levels of stereoselectivity were obtained with linear
aldehydes (3 and 4) as well as those containing a-branches (5—
7). Importantly, high levels of stereoselectivity could still be
obtained even if the deprotonation and carbonyl addition were
conducted at 0 °C and warmed to room temperature, thereby
allowing shorter reaction times (4 and 12). Synthetically
challenging dienyl and enynyl boronate esters (8—14) could
also be obtained in high yield and stereoselectivity by
employing corresponding unsaturated aldehydes.

While it might be considered that construction of 1,1-
disubstituted vinyl boronates could arise from the boron—
Wittig reaction of substituted geminal bis(boronates) with
formaldehyde, in practice this transformation was only
moderately effective. Thus, reaction of lithiated bis(boronates)
with formaldehyde (generated by treatment of paraformalde-
hyde with catalytic toluenesulfonic acid) for 4 h at —78 °C
provided moderate yields of the derived vinyl boronate (see the
Supporting Information). As an alternative, it was found that
reaction of lithiated geminal bis(boronates) with diiodo-
methane for 2 h at 60 °C provided efficient access to 1,1-
disubstituted vinyl boronates. In this transformation, it is
assumed that the lithiated bis(boronate) first undergoes
alkylation with CH,I, ,and subsequent to nucleophilic
substitution, B—I elimination results in formation of the
product alkene. In this manner, vinyl boronate 15 was afforded
in high yield from dilodomethane and the corresponding
substituted geminal bis(boronate) (Scheme 3). Additionally, a-
branched vinyl boronate 16 was also furnished in good yield. Of
note, this strategy provides an attractive complement to allene
protoborylation and alkyne hydrometalation/borylation se-

i8d,f
quences.”" "8
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Scheme 3. Synthesis of 1,1-Disubstituted Vinylboronates®

B(pin) LITMP, THF CHalp (2.0 equiv) B(pin)
R™ “B(pin) 0°C, 5 min 0°Cto60°C 2h R
B(pin) B(pin) B(pin)
Me
Me Me
17
15 16 ’
87% yield 84% vyield 30"’;;‘!’;:?'0”
B(pin) O/\( B(pin]}
Me B(pin) TBSO
18 19 20
78% vyield 73% yield 84% yield

“Results are an average of two experiments. Isolated yields are
provided.

Despite the importance of trisubstituted vinyl boronates,
production of these motifs by methods such as internal alkyne
hydroboration can suffer from low regioselectivity.*'*
Furthermore, methods for the trans-selective construction of
trisubstituted vinyl boronates are limited."® To address these
challenges, we considered the boron—Wittig reaction between
geminal bis(boronates) and aldehydes. In a preliminary
experiment, pinacol-derived geminal bis(boronate) 21 was
deprotonated at 0 °C with LiTMP in THF and then treated
with n-hexanal. After 4 h of reaction at —78 °C, the derived Z
trisubstituted vinyl boronate 24 was produced in high yield and
in a synthetically useful diastereomer ratio (Scheme 4). While

Scheme 4. Development of Boron—Wittig Conditions with
1,1-Bis(boronates) and Aldehydes
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addition of Lewis acids or use of alternate solvents did not alter
selectivity in a useful manner (see the Supporting Information
for this data), the use of alternate boronic esters was observed
to alter stereoselection dramatically. With the neopentylglyco-
lato (npg) derivative, the trisubstituted vinyl boronate was
produced in a 77:23 Z/E ratio, while the dimethylpentanedio-
lato (dmpd) derivative furnished the E isomer selectively
(2773 Z/E).

To survey the utility of the boron—Wittig reaction for the
construction of trisubstituted vinyl boronates, a number of
linear and a-branched aldehydes were reacted with geminal
bis(boronates) 21 or 23. As observed in Scheme §,
trisubstituted vinyl boronates are furnished in moderate to
high diastereoselectivity and good yield. Of note, both the cis-
and the trans-isomers of trisubstituted vinyl boronate 27/28
can be afforded in moderate stereoselectivity simply by varying
the ligand on the boron. Cyclohexyl- and tert-butyl-substituted

DOI: 10.1021/acs.orglett.5b00480
Org. Lett. 2015, 17, 1708—-1711



Organic Letters

Scheme 5. Scope of Boron—Wittig Reaction for
Trisubstituted Vinyl Boronates”
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“Results are an average of two experiments. Yield represents isolated
of purified material.

pinacol-derived geminal bis(boronates) produce sterically
hindered vinyl boronates with high stereoselectivity (33 and
34). Notably, these products would be difficult to access via
alternative methods. Also of note, a synthetically challenging Z-
trisubstituted dienylboronate was accessed in excellent yield
and good selectivity through the reaction of an a,f-unsaturated
aldehyde (35). Further, enantiomerically enriched tris-
(boronates)'® can be converted to bis(boronates) with
complete conservation of enantiomeric purity and in excellent
diastereoselectivity (31). Lastly, a trend emerges and should be
noted: the E isomer is favored when either large boronate
substituents (R') or large aldehyde substituents (R?) are
employed (29, 31, 33, 34, 36, and 37), and this selectivity can
be enhanced with the dmpd ligand (30). In contrast, when both
a small aldehyde (i.e., linear alkyl R*) and a small boronate are
employed, the Z product stereochemistry is favored (24, 35).
Although stereoselectivity is only moderate for construction of
some trisubstituted vinyl boronates, the lack of regioselectivity
that can plague other methods is avoided through the boron—
Wittig reaction. For example, through appropriate reagent
choice, the boron—Wittig reaction provides access to both
regioisomers 36 and 37 in high yield and with excellent
diastereoselectivity.

Considering that the boron—Wittig reaction employs
commercially available and easily accessible reagents and does
not require the use of expensive transition metals, large-scale
operations are likely to be of interest. To study this feature, 1,2-
disubstituted (38), trisubstituted (36), and 1,1-disubstituted
(1) vinyl boronates were targeted (Scheme 6), and it was
found that they can be accessed efficiently in high yields, even
on a gram scale.
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Scheme 6. Gram-Scale Synthesis of Vinyl Boronates
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In conclusion, a boron—Wittig reaction that employs readily
available geminal bis(boronates) has been described. The
overall transformation represents a simple and efficient method
for the synthesis of synthetically challenging vinyl boronates
that are often less accessible by other routes. Furthermore, the
described method is transition-metal free, utilizes readily
available or easily accessible starting materials, and is therefore
appealing for large-scale operations.
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Experimental procedures, full spectroscopic data for new
compounds, and chiral separations. This material is available
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