. eprints@whiterose.ac.uk
Whlte Rose https://eprints.whiterose.ac.uk

N
(@) Rresearch onii
N’ esearc niine Universities of Leeds, Sheffield and York

Deposited via The University of Sheffield.

White Rose Research Online URL for this paper:
https://eprints.whiterose.ac.uk/id/eprint/241409/

Version: Published Version

Article:

Gopakumar, K., Gallagher, S., Benoit, G. et al. (2026) Development of a Cu-catalyzed
regioselective hydrazidation of 1,2-diborylalkenes. Advanced Synthesis & Catalysis, 368
(10). €70529. ISSN: 1615-4150

https://doi.org/10.1002/adsc.70529

Reuse

This article is distributed under the terms of the Creative Commons Attribution (CC BY) licence. This licence
allows you to distribute, remix, tweak, and build upon the work, even commercially, as long as you credit the
authors for the original work. More information and the full terms of the licence here:
https://creativecommons.org/licenses/

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

ﬁ 32, | University of Qe unIveRsITY

UNIVERSITY OF LEEDS & Sheffleld



mailto:eprints@whiterose.ac.uk
https://doi.org/10.1002/adsc.70529
https://eprints.whiterose.ac.uk/id/eprint/241409/
https://eprints.whiterose.ac.uk/

Advanced Synthesis & Catalysis

| RESEARCH ARTICLE CEIEED

‘W) Check for updates

ADVANCED
SYNTHESIS &
CATALYSIS

advsynthcatal.com

Development of a Cu-Catalyzed Regioselective
Hydrazidation of 1,2-Diborylalkenes

Kavya Gopakumar' | Sam Gallagher' | Guillaume Benoit® | Werngard Czechtizky” | Joseph P. A. Harrity'

Division of Chemistry, School of Mathematical and Physical Sciences, University of Sheffield, Sheffield, UK | 2BioPharma Chemistry, Discovery Sciences,

BioPharmaceuticals R&D, AstraZeneca, Mdlndal, Sweden

Correspondence: Joseph P. A. Harrity (j.harrity@sheffield.ac.uk)

Received: 18 December 2025 | Revised: 30 April 2026 | Accepted: 4 May 2026

Keywords: boronic ester | catalysis | hydrazidation

ABSTRACT

We report a Cu-catalyzed hydrazidation of 1,2-diborylalkenes that generates densely functionalized intermediates with control of

regiochemistry (29%-71%; >98:2). The products undergo a surprisingly facile second hydrazidation step, an observation that we

attribute to a substrate directed transmetallation of the remaining boronate ester to Cu(II).

1 | Introduction

The transition metal catalyzed addition of diboron compounds to
alkynes offers a direct and efficient means for the synthesis of
1,2-diborylalkenes [1]. Given the established versatility of orga-
noboronates in organic synthesis, 1,2-diborylalkenes represent
valuable functionalized intermediates for further elaboration
to new molecular entities. However, in order to implement this
in an efficient way, it is essential that the boronate moieties can
be derivatized selectively and independently. In this context,
selective Suzuki coupling reactions have been reported [2, 3],
although careful optimization can be required to avoid over-
coupling and/or protodeborylation leading to challenging prod-
uct separation issues [4-7]. This problem has been elegantly
circumvented by the design of intramolecular cross-coupling
reactions leading to dibenzoxapines [8]. In addition, selective
borono-Mannich reactions [9] and azide coupling [2] have been
demonstrated, while our group has devised a 6x-electrocycliza-
tion-elimination sequence for the synthesis of N-heteroaromatic
systems [10-12]. We were attracted to the potential of 1,2-dibor-
ylalkenes to produce borylated enamine derivatives via their
addition to azo dicarboxylate esters. Although the addition of
aromatic boronic acids to azo dicarboxylates has been established
[13, 14], there is only a single report of this transformation using
boronic esters, to the best of our knowledge [15]. We report

herein the first example of the addition of alkene 1,2-diboronate
esters to azodicarboxylates, together with challenges associated
with selective monocoupling reactions and their possible origins
(Figure 1).

2 | Results and Discussion

The addition of 1,2-diborylalkenes to azo dicarboxylate esters can
lead to a number of products, including regioisomeric hydrazides
and double addition products. Accordingly, we began our inves-
tigations by exploring the reactivity of diboryl olefin 1a [16] with
di-tert-butyl azodicarboxylate (DBAD) and our results are shown
in Table 1. The use of catalytic Cu(OAc), at 50°C provided hydra-
zide 2 in low yield but as a single regioisomer as judged by LC-MS
analysis (a discussion of regiochemical assignment is provided
later). We also detected dihydrazide 3 at this stage (not isolated)
and set about trying to avoid formation of this by-product. There
was an evident change of color from green to yellow, which we
surmised to indicate the reduction of Cu(II) to Cu(I), and so we
repeated the reaction at 0°C. Indeed, a high conversion of 1a was
observed along with an improvement in the yield of 2. However,
dihydrazide 3 was also isolated in significant yield under these
conditions. We next screened available ligands in an effort to
minimize over-hydrazidation and found that the presence of a

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.
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Bpin TMSN3, MeOH, rt Bpin ROZC\ N “COR I}l CO,R
ThlS work CO,R
FIGURE 1 | Selective monofunctionalization of 1,2-diborylalkenes.
TABLE 1 | Optimization of the Cu-catalyzed addition of 1a to DBAD.
5 ) N Boc
"Bu_ _Bpin  Cu(OAc)H,0  "Buy_Bpin Bu N foe
—_—— +
| Liganﬂ, Meé)H T[N’H\B \|[N’NHB
i s, - Boc oc oc
Bpin Boc” "N Boc Boc
1a 2 3
“ R? Ay an AT
SN R'/R?=H; L2 |
L1 R'=Me, R?=H; L3 )\/\
Z>N R'=H, R>=MeO; L4  Ar=2,4,6-Me;CgH,; L5
| R’
NS
Entry” L Catalyst loading T,C Yield 2 Yield 3
1 — 10%, Cu(OAc), 50 30% ND
2 — 10%, Cu(OAc), 0 51% 44%
3 L1 10%, Cu(OAc), 0 22% 11%
4 L2 10%, Cu(OAc), 0 33% ND
5 L3 10%, Cu(OAc), 0 19% 18%
6 L4 10%, Cu(OAc), 0 40% 21%
7 L2 10%, Cu(OAc), 21 59% 12%
8 L3 10%, Cu(OAc), 21 53% 15%
9 L4 10%, Cu(OAc), 21 41% 28%
10 L5 10%, Cu(OAc), 21 49% 29%
11 L2 10% Cu(OTf), 21 63% 34%

“Reaction conditions: 1,2-diborylolefin (1 equiv), di-tert-butyl azodicarboxylate, Cu catalyst (10 mol%) and ligand (10 mol%) stirred under a nitrogen atmosphere in

MeOH (0.25 M). ND, Not determined.
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ligand generally resulted in a slower reaction overall. Therefore,
we rescreened these ligands in the reaction at room temperature
and found L2 to offer the best overall conversion and selectivity
for hydrazide 2. Finally, we also found Cu(OTf), to function well
in combination with L2.

Assigning product regio-chemistry and -selectivity was challeng-
ing in these products due to the presence of rotamers [13, 17, 18].
However, a combination of DEPTQ '*C{'H} NMR spectroscopy
and the inability to detect carbon signals directly attached to Bpin
(due to the quadrupolar relaxation of the boron nuclei) offered a
convenient way to assign product regiochemistry. Specifically,
the *C NMR spectrum of 2 showed the presence of three
CH-signals in the region 134-138 ppm and six signals in the
region 152-155 ppm corresponding to Boc carbonyl signals, sug-
gesting the regioisomer shown in Table 1. The corresponding
quaternary '*C signal could not be detected (Figure 2).

We next undertook a brief study of the scope of the azodicarboxylate
ester addition reaction, and our results are summarized in Figure 3.
Applying our optimized conditions to diborylalkenes bearing cyclo-
propyl 4, 1-chlorobutyl 5, benzyl group 6, and a THP ether 7 pro-
ceeded as expected, albeit with diminished product yields. The
method could be extended to a series of aryl- and alkenyl-substi-
tuted 1,2-diborylolefins, and again the products were delivered in
modest yields, with the para-methyl ester 11 and ortho-chloroarene
12 proving to be surprisingly more efficient. In addition, we were
able to employ the CBz-based diazo substrate, allowing hydrazido-
boronates 14-20 to be generated in similar overall yields.

In most cases, modest yields arose due to: (1) consumption of the
azo dicarboxylates by reduction to hydrazide by-products and
(2) the conversion of 1,2-diborylalkene to the corresponding
1,2-dihydrazide (c.f. 3 in Table 1). Despite extensive efforts to obvi-
ate the second hydrazidation reaction, including varying substrate
stoichiometries and slow addition of azodicarboxylate ester, we
were unable to significantly retard this side-reaction. We were

H
DEPTQ 3C{'H}NMR =

yC,CH, }CH,CH;

l ;
~mm,,y¢.wwwmwww w et o
|

i
——

N

c:0
/

surprised to find that the second hydrazidation proceeded so read-
ily and undertook further investigation of this process. In this
regard, subjecting commercially available 21 to the reaction con-
ditions resulted in complete consumption of DBAD after 5 h, with
~60% conversion of starting material, from which the correspond-
ing hydrazide 22 could only be isolated in low yield [19]. By com-
parison, DBAD was consumed much more quickly in the case of 8,
resulting in a higher conversion to the amidated product 23 within
2 h (as judged by 400 MHz "H NMR spectroscopy of the crude reac-
tion mixture). These results led us to speculate that transmetalla-
tion of the more hindered boronate is directed by the hydrazide,
thereby explaining why preventing the formation of unwanted
dihydrazide has proven to be so challenging [20]. Figure 4 provides
a proposed mechanism for the formation of hydrazide products.
Monohydrazidation follows an established paradigm [13], but
we believe that I can either undergo reversible protonation to
deliver hydrazidoboronates or undergo intramolecular transmetal-
lation to generate II, which then delivers the observed dihydrazide
by-products. Alternative mechanisms that promote the second
hydrazidation step such as Lewis base activation of the boronate
by adjacent carbamate carbonyl, are also feasible and cannot be
ruled out at this stage.

Finally, we also undertook preliminary studies on the synthetic
potential of the borylated hydrazides, and our results are shown
in Scheme 1. Alkyl hydrazide 24 could be isolated in modest yield
after Pt-catalyzed hydrogenation. In addition, oxidation of 2 pro-
ceeded smoothly to generate the corresponding ketone 25 [21].
Furthermore, Pd-catalyzed hydrogenation of the olefin 2, fol-
lowed by removal of the Boc-groups, allowed the intermediate
hydrazide to condense with acetylacetone to generate borylated
pyrazole 26. Although this compound was generated with only
minor impurities, it could not be obtained in analytically pure
form due to its instability on column chromatography [22].
However, we were able to purify and isolate the corresponding
alcohol 27 after perborate oxidation.

600

Boc t
"Bu.g Bpin "Bu N\N,Boc s
L LA
N™ “Boc Bpin Fas0
Boc Lo

2 2'

350

@ 3C signals predicted to
be absent due to "B
quadrupole effect

300

250

200

60 155 150 145 140 135

FIGURE 2 | Characterization of hydrazide regiochemistry.
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FIGURE 3 | Scope of the Cu-catalyzed addition to azodicarboxylate esters. THP: tetrahydropyranyl.

3 | Conclusion

1,2-Diborylalkenes undergo Cu-catalyzed hydrazidation to gener-
ate densely functionalized intermediates that can be further
exploited in the synthesis of small molecule building blocks.
This method is highly regioselective for C—N bond coupling at
the less hindered boronate ester moiety. Surprisingly, selective
monofunctionalization of the 1,2-diborylalkenes is challenging
as these compounds undergo a facile second hydrazidation, which
we propose takes place through a substrate directed transmetalla-
tion step.

4 | Experimental Section/Methods

41 | General Procedure for the Cu-Catalyzed
Hydrazidation Reaction With Di-Tert-Butyl
Azodicarboxylate

To a flame-dried round-bottom flask was added 1,2-diborylolefin
(1 equiv), DBAD, Cu(OAc),-H,0 (10 mol%) and ligand (10 mol%),

along with methanol (0.25 M). After stirring for the stated time and
temperature, the reaction mixture was quenched with water, and
the product was extracted with EtOAc and dried over MgSO,. The
resulting crude extract was then concentrated under vacuum and
purified by column chromatography using a 9:1 hexane/ethyl
acetate eluent system, obtaining the desired product. In all cases,
the products were isolated as a mixture of rotamers and/or E/Z
isomers.

4.2 | General Procedure for the Cu-Catalyzed
Hydrazidation Reaction With Dibenzyl
Azodicarboxylate

To a flame-dried round-bottom flask was added 1,2-diborylolefin
(1 equiv), dibenzyl azodicarboxylate (0.5 equiv), Cu(OTf),
(10 mol%), and ligand (10 mol%), along with methanol (0.5 M).
Dibenzyl azodicarboxylate was added in 0.5 equiv portions at
30 min. intervals until the 1,2-diborylolefin was completely con-
sumed (as judged by TLC analysis). The reaction mixture was
quenched with water, and the product was extracted with

4 of 6

Advanced Synthesis & Catalysis, 2026

d ‘01 ‘90T ‘691¥S191

pe//:sdny woiy

QSULIIT SUOWWO)) aANEAI) d[qedridde ayy £q pauraA0S aIe saponIe YO fasn Jo SI[NI J0f AIRIQIT SUIUQ AJ[TAY UO (SUOTIIPUOI-PUB-SULIA) WO KA[IM" KIRIqI[RUT[U0//:5d11Y) SUONIPUO)) PUE SWLIT, Y1 39S *[9707/90/60] U0 A1e1qr auruQ Loim ‘A THIAITHS 4O ALISYAAINN Aq 6ZSOLSPE/Z001 0 1/10p/wiod Ko[im K.



y.wiley.com/doi/10.1002/adsc.70529 by UNIVERSITY OF SHEFFIELD, Wiley Online Library on [09/06/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

ded from https://ad

16154169, 2026, 10, D:

9Jog 9707 ‘Sisdjpin) ¥ S1soyIuds paouvapy
'suorjoeal uonezieuonound | 1 FINIHDS
yXA 9¢
ng (sdeis v) %9€ ng
u u
/NI OZH/AHL /N
-~
=N HO £OgEN =N gud
/:\/:\ \
O O
00 0§ 'HO®N '€
V4l ¢
O/Pd/H "1
T4 %16 )
20 n 20 n
mfvz,z gy O%H/4HL a(H z,z LT
20 -~ 20
g 9 fogeN [ 9 gqud
ve %8¢ 8
o
° m:._vz,z ud HO3 oom_:._vz,z o d
20 ‘ . ‘ 20
g MC_Q NOHn_ 1ed NI g MC_Q
"UONePIZBIPAY-Ip pue -ouOW Jo wsrueydaw pasodoid | + TANOIA
3 A(HIN
ERL
Ns, .3 N _ 3" |
37, N7 uidg =N
A¥0IND ~_ I(H)N
(40)no
_ HOY
d u/. I HOY
e (ono_ .3 °
|
uidg-0y N 3 3
uonepizeipAyouow q _ uonepizeipAyip \z\z
uidg ng
\
uidg N-N
m \
| 3
d
uidg .
¢(4o)no HOY N
‘ Ne .3
i 3-N Nay-
m__ uildg-oy 9 3 N
ERL
N
—l_
uidg
€2 s0g 8 sog
N ¥ ‘HO®I N
20g(HIN E/ 10w g 2°9(HIN u_/
AUOD %09 -Y ¢ OOMAIVZ/Z ud ONI.NAO/.\OvDO 9%low QL C_Qm ud
oog 20gN=N20g
o) ¢ ¥ ‘HO®IN
ol -z E/ 21 %low 0} be E/
. oo ¢
AU0O %2y U G S0F(HIN. A\ “OZHZovO)ND %Iow 0L udg” ud

o0g

oogN=Noog



EtOAc and dried over MgSO,. The resulting crude extract was
then concentrated under vacuum and purified by column chro-
matography using a 9:1 hexane/ethyl acetate eluent system,
obtaining the desired product. In all cases, the products were iso-
lated as a mixture of rotamers and/or E/Z isomers.
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