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Abstract: A method for the synthesis of allylboro-
nates via Zweifel-type deprotonative olefination was
demonstrated. Tetrasubstituted vinylboronates were
used as the substrates. NCS (N-chlorosuccinimide)
was used as a bifunctional additive, electrophile and
base. This method exhibited a different elimination
strategy in Zweifel type transformation to afford
allylboronates. The homo-alcohols and alkenes were
stereoselective synthesized from the obtained allyl-
boronates, demonstrating the synthetic value of this
methodology.

Keywords: Boron; Zweifel Olefination; Allylic

Compounds; Vinylboronates

As one of the boron-related name reactions, the
Zweifel olefination has been recognized as a powerful
method for the deborylative synthesis of stereospecific
alkenes.''! Generally in Zweifel olefination, tetra-
coordinated vinylboronates were initially formed,
followed by a halo-electrophile induced 1,2-metalate
rearrangement.' As a result, the B-halo alkylboron
compound Z-A was generated as the intermediate.
Then, a Lewis base promoted halo-boron [X—B]
elimination achieves the deborylative olefination to
give the product Z-B (Scheme 1, Pathway A). Overall,
the C—B bond is replaced by C—C bond. This process
has been a mindset under Zweifel olefination con-
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ditions over the past decades.!"” Theoretically, accord-
ing to the structure of Z-A, the halo-proton [X—H]
elimination might also be possible when it contains 3-
H at another side of the C—X moiety of Z-A. In this
case, the deprotonation allows the reservation of the
C—B bond in the product to synthesize allylboronates
Z-C (Scheme 1, Pathway B). The highly valuable
allylboronates in organic synthesis including name
reaction Antilla allylboraton have attracted tremendous
efforts on their synthesis.”’ The realization of this
hypothesis by deprotonation but not conventional
deborylation under Zweifel olefination conditions may
provide a new alternative choice. However, this
potential route has not been disclosed during the past
decades of Zweifel olefinations.!'"! Herein, we demon-
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Scheme 1. The Conventional Zweifel Olefination and a New
Deprotonative Hypothesis (this work)
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strate this unprecedented route to synthesize various
allylboronates (Scheme 1, Pathway B).

Generally, lodine is used as the halo-electrophile in
Zweifel olefination. NaOH or NaOMe is usually used
as the base. These Lewis bases are easy to coordinate
to the boron-center. As a result, halo-boron elimination
occurs to give the Zweifel olefination product
(Scheme 1, Pathway A). Therefore, to achieve the
Pathway B hypothesis in Scheme 1, coordinative
Lewis base needs to be avoided and non-coordinative
Bronsted base is preferred. Based on these consider-
ations, initial studies were carried out by using a tetra-
substituted alkenyl pinacol boronate 1aa as the model
substrate (Table 1). When the reaction was conducted
in the presence of PhLi under the traditional Zweifel
olefination condition (I,/NaOMe/MeOH, Table 1, en-
try 1), the deborylative olefination product 3aa was
obtained together with the iodination product 4aa-I.
The desired allylboronate 2aa was not observed.
When the reaction was carried out by using I, as the
halo-electrophile in the absence of NaOMe/MeOH
(entry 2), only the iodination product 4aa-I was
observed. Using NIS instead of I, resulted in increased
yield of 4aa-I. Importantly, the desired 2aa was
observed in trace amount in this case (entry 3).
Obviously, when NIS was used, succinimide anion will
be generated as the side product, which can behave as
a Bronsted base to promote deprotonation for the
generation of 2aa (Scheme 1, Pathway B). In the case
of iodo-electrophile, it is easy to form zwitterionic
iodonium intermediate,'” which might be the reason
for the generation of iodination product 4aa-I. We
envisioned that using the bromo- or chloro-electro-
philes might reduce the generation of halogenation
products, as they might not be easy to form oniums.

Table 1. Reaction parameters

Bpin 1) PhLi (1.0 equiv) Ph_Bpin
1 /4-dioxane, rt, 1 h

Y fY ﬁY &y
Ph )[X@]/base 20 min

1aa 4aa-X
Entry X®] / base (1.0 equiv) 2aa® 3aaP 4aa-Xp
1 1,/NaOMe/MeOH nd 48% 21% (X = 1)
2 Ip/-- nd trace 56% (X =1)
3 NIS/-- trace trace 90% (X =1)
4 NBS/- 54% trace nd (X = Br)
5 NCS/-- 63% trace trace (X =Cl)
6 NCS/-- (1.6 equiv) 73% trace trace (X =Cl)
@'L? CI®

Q)O.>—<:—>ZA

(X=Cl)

g)\.>—< —> 4aal
=B\
o1

R

Conditions: 1aa (0.2 mmol), PhLi (0.2 mmol), X" (0.2 mmol),
1,4-dioxane (1.0 mL), rt; * Determined by GC analysis using
naphthalene as the internal standard.
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Especially for chloro-electrophile, it might occur a
synergetic electrophilic chlorination and 1,2-migration
to generate Z-A (Table 1).”) Indeed, when NBS was
used instead of NIS, the bromination product 4 aa-Br
was not detected. Meanwhile, the yield of desired
allylboronate 2aa was increased to 54% with the
observation of 3aa in trace amount (entry 4). When
NCS was used, the yield of 2 aa increased to 63% with
the detection of 3aa and the chlorination product 4 aa-
Cl in trace amounts (entry 5), demonstrating that NCS
provided the best chemoselectivity for the synthesis of
allylboronate. Since a small amount of substrate 1aa
remained by using 1.0 equivalent of NCS, we tried to
increase the amount of NCS to 1.6 equivalents to give
the optimal result and 2 aa was obtained in 73% yield
(entry 6, see the screening of NCS equivalent in SI).
Only trace amount of 3aa and 4 aa-Cl were observed
in this case.

Next, the substrate scope of deprotonative olefina-
tion was explored (Scheme 2). By using phenyllithium
reagent as the nucleophile, the transformation pro-

Bpin Ph\ev Bpin
. 1) PhLi (1.0 equiv) Bpin 2) NCS (1.6 equiv) Ph
_— .)Y —_—
1,4-dioxane, rt, 1 h rt, 20 min

1 2

®=R' -R2=R3
Vinyl boronates without E/Z
Ph_Bpin Ph_Bpin Bpin_ Ph Ph_ Bpin

<Y

2ad, 70%

D e S5

2aa,? 74% 2ab, 83%

Ph_ Bpin Bpin_ Ph
W MeSSi)Y

2af, 27%

2ac, 72%

: Ph_ Bpin Ph_ Bpin

2ae, 75% 2ag, 83% 2ah, 83%

Ph_ Bpin Ph_ Bpin Ph_ Bpin Ph_ Bpin

S 2aj, 93 % 2ak, 89% 2al, 77%
2ai, 64% (dr.=1:15) (dr=1:1) (dr.=1:12)

Ph_ Bpin Ph_ Bpin
IS e Y
Ph" Bpin Ph Bpin O
2am, 92% 2an, 87% 2a0, 70% 2ap, 57%
(dr.=1:32) (dr.=1:1) (dr.=1:1)

Ph Bpm Ph Bpm /d;i;/ﬂ /@952;;

2aq, 59% 2ar, 60% 2as, 55% 2at, 40%
Scheme 2. Conditions: 1 (0.2 mmol), PhLi (1.0 equiv,

0.2 mmol), NCS (1.6 equiv, 0.32 mmol, 0.32 M in 1,4-dioxane),
1,4-dioxane (1.0 mL), rt for 20 min in N, atmosphere. Yields
are based on isolated products. The d.r. value was determined
by '"H NMR analysis. “ A 5.0 mmol scale reaction afforded 1.20
grams of 2 aa (See details in SI).
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ceeded efficiently with various tetra-substituted vinyl
boronates, which were prepared by Boron-Wittig
reaction,*! approaching the allyl boronates in high
selectivity. With different R' group, the relevant allyl
boronates were obtained in good yields from 70% to
83% (2ab—-2ae, Scheme?2). In the case of gem-
silylboryl alkene, the allyl silylboronate was produced
in 27% yield (2 af), in which a low selectivity between
deprotonative process and deborylative process was
observed. No desired product was observed and only
Zweifel olefination product was obtained in 62% yield
in the case of 1,1-diborylalkene (1da in SI). In regard
to the cycloalkyl substituted vinylboronates under the
standard condition, the corresponding allyl boronates
were obtained in good yields (2ag—2 ai). Notably, the
vinylboronates bearing B-substituent proceeded well to
give the desired products, while low diastereoselectiv-
ity was observed (2ak—2ao0). To our delight, the
vinylboronates bearing a C=C double bond was
compatible to afford allylboronate under the reaction
condition (2 aj).

Having done the investigation of the alkyl sub-
stituted vinylboronates, we turned our attention to the
type of phenyl a-substituted vinyl boronates with the
strategy of constructing the tetra-substituted vinyl-
boronates developed by our group.” To our delight,
under the standard condition, the desired gem-diaryl
allylboronates were well obtained in moderate yields
(Scheme 2, 2ap-2at). A significant amount of their
corresponding tetra-substituted alkenes were observed
for this type of compounds (See details in SI).
Obviously, the tetrasubstituted vinylboronates were
typically used in Scheme2. Those tri- and di-
substituted vinylboronates were also tested under the
standard condition, the deborylation products domi-
nated in the reaction mixture.

When R* was an alkyl group and R was an aryl
group, the reaction also proceeded well to give the
desired products (Scheme 3, 2ba-2bc). In the case of
2be, the R? was a propyl group, the allyl boronate 2 bc
was obtained in 84% yield with the observation of E/Z
isomers (d.r.=8.5:1). In the case of two different alkyl
groups bearing hydrogens for R* and R’, there might
be two possible deprotonations. For example, when
R*=Me and R*=n-Pr (1bd), two isomeric allylboro-
nates were indeed observed with the internal olefin as
the major product (2bd*:2bd”=5:1). Meanwhile, the
internal alkene was obtained in an excellent stereo-
selectivity of d.r. >20:1.

Next, the expansion of organolithium reagents was
further studied to demonstrate the wide-range scope of
application (Scheme 4). The 1aa was used as standard
substrate to explore the applicability of different
lithium reagent. When n-BuLi and i-BuLi were used to
replace PhLi, the reactions proceeded well to afford
50% and 40% of the desired products, respectively
(2ca, 2cb). The reason for the relatively low yield was
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1,4-dioxane, rt, 1 h rt, 20 min
1 2

€]
Bpin Phegiin Bpin
‘)ﬁ/ 1) PhLi (1.0 equiv) pi 2)NCS (1.6 equiv) Ph

® =R' =R? =R3
Ph B Ph._ B F
Ph_ Bpin meh P
Ph Ph
L00 WIS ¢ '
2ba, 70% 2bb, 41% 2bc, 84%
(dr.=85:1)
Bpin g
Ph_ Bpin Ph_ Bpin
Ph N H
i Ph Z Ph
1bd 2bd* : 2bd?  =5:1
(dr.>20:1)

(E/Z=10:1)

2be, 76%

Scheme 3. Stereoselective synthesis of allyl boronates, reaction
conditions: 1 (0.2 mmol), PhLi (1.0 equiv, 0.2 mmol), NCS
(1.6 equiv, 0.32 mmol, 0.32M in 1,4-dioxane), 1,4-dioxane
(1.0 mL), rt for 20 min in N, atmosphere, yields are based on
isolated products. The d.r. value was determined by GC
analysis.

Bﬂn 1) RLi (1.0 equiv) R"Bpin 2)NCS (1.6 equiv) R Jpim
—_— N —_—
1,4-dioxane or THF rt, 20 min
1 t,1h 2
® =R =R?=R®

Different lithium reagent:
"Bu_ Bpin ‘Bu_ Bpin

1
Bpin
Phw Ph/\)Y P

2ca, 50% 2cb, 40% 2cc?, 60%

O OMe By,
9

Bpin Bpin Bpin
Ph Ph Ph
2cd?, 33% 2ce?, 56 % 2cf?, 46 %
&S
Q _ "Bu_ Bpin
Bpin, Bpin_ /'Bu
Ph
Ph/\)ﬁ(
2cg?, 34% 2ch, 46% 2ci, 51%

"Bu_ Bpin

ST

2cl, 43%

"Bu_ Bpin "Bu_ Bpin

2ck, 78%

3

2cj, 57%

Scheme 4. Conditions: 1 (0.2 mmol), Organolithium reagent
(1.0 equiv, 0.2 mmol), 1,4-dioxane (1.0 mL), rt for 1 hour then
adding NCS (1.6 equiv, 0.32 mmol, 0.32 M in 1,4-dioxane), rt
for 20 min. “ArLi (0.25 mmol) was made in-situ (see details in
SI), THF (1.0 mL), NCS (1.6 equiv, 0.32 mmol, 0.32 M in 1,4-
dioxane). Yields are based on isolated products.

the generation of by-product tetrasubstituted olefins
via Zweifel olefination pathway. When MeLi was
employed as the nucleophile, the product was only
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detected in trace amount which might be owing to the
poor migratory aptitude and sensitivity towards steric
hindrance of methyl group.!” Then, several in-situ
prepared ArLi were subjected to react with vinyl-
boronates under the standard conditions. Moderate
yields of the desired allylboronates were obtained
(2cc—2cf). When the heterocyclic aromatic furyl-
lithium reagent was used, the allyl boronate was
obtained in 34% yield (2¢g). With n-BuLi as the
nucleophile, several vinylboronates were tested, the
corresponding products were afforded in moderate to
good yields (2ch-2cl), demonstrating that the butyl
group is also a general migrating group in this
transformation.

As a highly valuable synthetic building block,
allylboronates have been widely used in organic syn-
thesis. Then, several typical transformations of allyl-
boronates were demonstrated by using 2aa as the
standard substrate (Scheme 5). The oxidation of boryl
group was first conducted to access allyl tertiary
alcohol 3aa in nearly quantitative yield (Scheme 5a).
Next, the allylborations of benzaldehyde and propio-
naldehyde were examined with 2aa, which provided
the corresponding homoallyl alcohols 3ab and 3ac in
82% and 84% yield respectively with excellent stereo-
selectivity (Z/E > 20:1) (Scheme 5b)." The protode-
borylation of 2 aa in the presence of NaOMe in MeOH
solvent afforded the corresponding tetrasubstituted
alkene 3 ad in 88% yield (Scheme 5c¢).

In summary, a synthetic method for the synthesis of
allyl boronates under Zweifel-type olefination condi-
tions was achieved. Different to the Zweifel olefina-
tion, the intermediate, after the electrophile-induced

1,2-metalate rearrangement, underwent selective
a) The oxidation of allylboronate 2aa
Ph, Bpin 3M NaOH, H,0, Ph _OH
Ph/\)ﬁ]/ an Ph/\)kn/
2aa 3aa, 99%

b) The allylboration of aldehydes with 2aa

PhCHO, THF
2aa e Ph/\)ﬁ/\/Ph
rt, 16 h
OH
Ph
CH3CH,CHO, THF
2aa > Phi NS
rt, 16 h
OH

c) The protodeborylation of 2aa to tetrasubsitituted olefin

NaOMe, MeOH
2aa - Ph\/\%\
,2h

Ph

3ad, 88%

Scheme 5. Synthetic applications of allyl boronates
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[X—H] elimination to keep the boryl group in the
product, as a result to afford valuable allyl boronates.
NCS was used as the electrophilic halogenation
reagent. The transformation of allyl boronates was
performed to demonstrate the synthetic utility of this
method.

Experimental Section

General Procedure for Transformation of Vinylboronates to
Allylboronates: To a 25 mL flame-dried resealable reaction
tube of solvent flask equipped with a magnetic stirring bar was
added vinylboronates (0.20 mmol), 1.4-dioxane (1.0 mL) under
nitrogen atmosphere. Subsequently, PhLi (0.20 mmol, 1.0 M in
Et,0) was added dropwise to the mixture at room temperature,
the tube was sealed with Teflon screw cap and the reaction
mixture was stirred for 1 hour. Then, under the protection of
nitrogen atmosphere, NCS (0.32 mmol, 0.32 M in 1,4-dioxane)
was added dropwise to the reaction mixture through a syringe at
room temperature and the resulting solution was stirred for
another 20 minutes. Upon completion, the reaction was
quenched by ethyl acetate and the solvent was removed under
reduced pressure. The resulting residue was purified by flash
column chromatography on silica gel and eluted with petroleum
ether : ethyl acetate (50:1 to 20:1) to afford the desired
allylboronates.

Acknowledgements

We thank the National Natural Science Foundation of China
(22022113, 21673261, 91745110), Natural Science Foundation
of Jiangsu Province (BK20190002, BK20181194), the Youth
Innovation Promotion Association CAS (2018458) for financial
support.

References

[1] a) G. Zweifel, H. Arzoumanian, C. C. Whitney, J. Am.
Chem. Soc. 1967, 89, 3652-3653; b) G. Zweifel, R. P.
Fisher, J. T. Snow, C.C. Whitney, J. Am. Chem. Soc.
1971, 93, 6309-6311; ¢) R. J. Armstrong, V. K. Aggarwal,
Synthesis 2017, 49, 3323-3336; d) G. Zweifel, R.P.
Fisher, J. T. Snow, C.C. Whitney, J. Am. Chem. Soc.
1972, 94, 6560-6561; e) R. J. Armstrong, C. Garcia-Ruiz,
E. L. Myers, V. K. Aggarwal, Angew. Chem. Int. Ed. 2017,
56, 786—790; Angew. Chem. 2017, 129, 804-808.

[2] a) C. Diner, K. J. Szabd, J. Am. Chem. Soc. 2017, 139, 2—
14; b) P. Jain, J. C. Antilla, J. Am. Chem. Soc. 2010, 132,
11884-11886; ¢) S. Gao, M. Duan, K. N. Houk, M. Chen,
Angew. Chem. Int. Ed. 2020, 59, 10540-10548; d) L.
Mao, R. Bertermann, S.G. Rachor, K.J. Szabo, T.B.
Marder, Org. Lett. 2017, 19, 6590-6593; e) L. Mao, R.
Bertermann, K. Emmert, K. J. Szabo, T. B. Marder, Org.
Lett. 2017, 19, 6586—6589; f) F. W. van der Mei, C. Qin,
R. J. Morrison, A. H. Hoveyda, J. Am. Chem. Soc. 2017,
139, 9053-9065; g) Z.-W. Lin, Y. Zhou, Z.-N. Zhao, Y.
Zhao, J. Liu, Y.-Y. Huang, Org. Chem. Front. 2019, 6,
751-755; h) Y. Zhou, Z.-N. Zhao, Y.-L. Zhang, J. Liu, Q.

© 2020 Wiley-VCH GmbH


https://doi.org/10.1021/ja00990a061
https://doi.org/10.1021/ja00990a061
https://doi.org/10.1021/ja00752a075
https://doi.org/10.1021/ja00752a075
https://doi.org/10.1021/ja00773a059
https://doi.org/10.1021/ja00773a059
https://doi.org/10.1002/anie.201610387
https://doi.org/10.1002/anie.201610387
https://doi.org/10.1002/ange.201610387
https://doi.org/10.1021/jacs.6b10017
https://doi.org/10.1021/jacs.6b10017
https://doi.org/10.1021/ja104956s
https://doi.org/10.1021/ja104956s
https://doi.org/10.1002/anie.202000039
https://doi.org/10.1021/acs.orglett.7b03296
https://doi.org/10.1021/acs.orglett.7b03294
https://doi.org/10.1021/acs.orglett.7b03294
https://doi.org/10.1021/jacs.7b05011
https://doi.org/10.1021/jacs.7b05011
https://doi.org/10.1039/C8QO01428K
https://doi.org/10.1039/C8QO01428K
http://asc.wiley-vch.de

Adva
Synthesis &
COMMUNICATIONS ascwiley-vch.de Catalysis

Yuan, U. Schneider, Y.-Y. Huang, Chem. Eur. J. 2020, 26, D. Leonori, V. K. Aggarwal, J. Am. Chem. Soc. 2016, 138,
10259-10264; i) C. Garcia-Ruiz, J. L. Y. Chen, C. Sand- 9521-9532.

ford, K. Feeney, P. Lorenzo, G. Berionni, H. Mayr, V. K.  [4] K. Endo, M. Hirokami, T. Shibata, J. Org. Chem. 2010,
Aggarwal, J. Am. Chem. Soc. 2017, 139, 15324-15327, 75, 3469-3472.

j) Y.-L. Pan, H.-L. Zheng, J. Wang, C. Yang, X. Li, J.-P.  [5] Y. Hu, W. Sun, T. Zhang, N. Xu, J. Xu, Y. Lan, C. Liu,
Cheng, ACS Catal. 2020, 10, 8069-8076; k) M. Shin, M. Angew. Chem. Int. Ed. 2019, 58, 15813-15818.

Kim, C. Hwang, H. Lee, H. Kwon, J. Park, E. Lee, S. H.  [6] V. K. Aggarwal, G. Y. Fang, X. Ginesta, D. M. Howells,
Cho, Org. Lett. 2020, 22, 2476-2480. M. Zaja, Pure Appl. Chem. 2006, 78, 215.

[3] a) A. Bonet, M. Odachowski, D. Leonori, S. Essafi, V. K.  [7] M. J. Hesse, S. Essafi, C. G. Watson, J. N. Harvey, D.
Aggarwal, Nat. Chem. 2014, 6, 584-589; b) M. Odachow- Hirst, C. L. Willis, V. K. Aggarwal, Angew. Chem. Int. Ed.
ski, A. Bonet, S. Essafi, P. Conti-Ramsden, J. N. Harvey, 2014, 53, 6145-6149; Angew. Chem. 2014, 126, 6259—

6263.

Adv. Synth. Catal. 2021, 363, 24032407 Wiley Online Library 2407 © 2020 Wiley-VCH GmbH


https://doi.org/10.1002/chem.202001594
https://doi.org/10.1002/chem.202001594
https://doi.org/10.1021/jacs.7b10240
https://doi.org/10.1021/acscatal.0c02585
https://doi.org/10.1021/acs.orglett.0c00721
https://doi.org/10.1038/nchem.1971
https://doi.org/10.1021/jacs.6b03963
https://doi.org/10.1021/jacs.6b03963
https://doi.org/10.1021/jo1003407
https://doi.org/10.1021/jo1003407
https://doi.org/10.1002/anie.201909235
https://doi.org/10.1002/anie.201402995
https://doi.org/10.1002/anie.201402995
https://doi.org/10.1002/ange.201402995
https://doi.org/10.1002/ange.201402995
http://asc.wiley-vch.de

