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Regiodivergent copper catalyzed borocyanation of 1,3-dienes

Tao Jia,™"®! Qiong He,® Rebecca E. Ruscoe, Alexander P. Pulis,® and David

Abstract: Copper catalyzed multifunctionalization of unsaturated
carbon-carbon bonds is a powerful tool for the generation of complex
molecules. We report a regiodivergent process that allows a switch
between 1,4-borocupration and 4,1-borocupration of 1,3-dienes
upon a simple change in ligand. The subsequently generated allyl
coppers are trapped in an electrophilic cyanation to selectively
generate densely functionalized and synthetically versatile 1,2- or
4,3- borocyanation products.

Catalytic multi-functionalization reactions enable the expedient
synthesis of complex molecules from simple starting materials.
In particular, catalytic methods that selectively generate different
complex molecules from the same material input via a simple
change in reagents (e.g. ligand) facilitate efficient access to
chemical space.!"

Copper catalyzed® multi-functionalization of unsaturated
carbon-carbon bonds is a low cost strategy for chemical
synthesis that operates under mild conditions. For example, the
copper catalyzed borylative® functionalization of alkenes,™
alkynes,” allenes,” 1,3-enynes,"”? 1,3-diynes,”® and 1,3-dienes,”
0.1 generates an array of complex molecules that are
amenable to further elaboration. In the case of the later, 1,3-
dienes undergo borocupration to generate allyl organocop
intermediates. This in situ, catalytic generation and use of
metal species circumvents many problems associated wi
preparation of stoichiometric allyl metals. As such, allyl
generated from 1,3-dienes (and other unsaturate
frameworks)!'? react with electrophilic coupling pa
mild conditions, with excellent functional grou
leading to densely functionalized and versatile pr
example, copper catalyzed borylative process
exist where the allyl copper is protonated,®* q
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Scheme 1. Copper catalyzed, regiodivergent borocyanation of 2-substituted
1,3-dienes.

Table 1. Optimization.”

L[Cu]d(1((1)1mol°f/)) 1,2-borocy 43-borocy i
Ts igan mol% pinB—, CN
Phb + Ar/N\CN 4>szm2 1500 P}V Phjii\Bpin
1a 2a,R=Ph K3PO, (100 mol%) 2 a
(0.1 mmol)  2b, R = pOMeCgH, THF, 16 h
2¢, R = pCF3CqHy
(1.5eq.)
Entry Conditions Yield (%) 3a:4a
1 Cul, XantPhos, 2a 51 1:>20
2 Cul, XantPhos, 2b 66 1:>20
3 CuBr-SMe,, XantPhos, 2b 78 1:>20
4 CuBr-SMe,, XantPhos, 2b, B,pin, (2 eq.) 87 1:>20
5 CuBr-SMe,, XantPhos, 2c, B,pin, (2 eq.) 56 1:>20
6 Cul, PCys;, 2a 75 3.2:1
7 Cul, PCys3, 2¢ 59 5.5:1
8 CuBr-SMe,, PCys, 2¢, Bypin, (2 eq.) 80 7:1
9 CuBr-SMe,, PCys, 2c, Bypin; (2 eq.), 0 °C 90 10:1
10 CuBr-SMe;, PCys, 2b, B,pin, (2 eq.) 78 3.9:1

[a] Yield and regioselectivity determined by 'H-NMR analysis of crude
reaction mixtures.

This article is protected by copyright. All rights reserved.



Angewandte Chemie International Edition
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3k, X = Cl, 95% (84%) 4k, X = Cl, 95% (70%)l]
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Scheme 2. Substrate scope. Yields and regioselectivity deter
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pinBYN/
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3
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Ar= pCF3CeHy4 Ar= pOMeC,
pinB N ‘
CN PN CN
XantPhoge XantPhos:
3c, 84% (50%) 4d, 88% (77%)
6:1rs 1:10rs
pinB
pinB CN
Cys: XantPhos:
3g, 95% (77%) ) 75% (68%) 4h, 68% (45%)(
>20:1rs 1:9rs
pinB pinB
PCy PCy XantPhos
3l X= OAc 65% 41, X = OAc, 59% 3n, 76% 4n, 78% (75%)
>20:1rs 1:10rs 10:1rs 1:>20rs
4m, X = CO,Me, 66%
1:4rs

3m, X =CO,Me, 6
14:1rs
pinB CN
= & | = Bpin Mejlﬁ/\ Bpin
= NG CN CN

4r
XantPhos: PCy3: XantPhos:
4q, 65% 20% 51%
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d by H NMR analysis of crude reaction mixtures. Isolated yield of major regioisomer in

cupration mode (Table 1, entries 6-10). PCy; was found to
the best performing ligand for 1,2-borocyanation, yet in
employing NCTS (2a) the regioselectivity at 3.2:1 was
unsatisfactory (entry 6). Moving to the para-trifluoromethyl
derivative of NCTS (2c), using CuBr-SMe, and operating at 0 °C,
led to 3a in 90% yield and 10:1 regioselectivity (entries 7-9).

Crucially, the choice of ligand dictates the regiochemical
course of the reaction. Under XantPhos conditions, the
cyanating agent had no discernable effect on the regiochemical
outcome (Table 1, entires 4 vs 5). In the case of the PCy;
protocol, the cyanating agent did allow for an increase in
regioselectivity (Table 1, entries 8 vs 10), but it is clear that the
choice of ligand is the dominant factor governing regiocontrol.

The scope of the regiodivergent borocyanation was
investigated with various 2-substituted 1,3-dienes under both
1,2-borocyanation (PCys;) and 4,3-borocyanation (XantPhos)
conditions (Scheme 2). The reaction tolerated a range of
substitutents and reactive functional groups in various positions
(ortho, meta, and para) on the aryl ring of 2-aryl buta-1,3-dienes,
such as alkyl, aryl, methoxy, trifluoromethoxy, ester, boro, chloro
and fluoro, and the expected products were generally obtained
in good yield and importantly, with high regioselectivity for both
borocyanation modes. Napthyl, indoyl and pyridyl, bearing a

This article is protected by copyright. All rights reserved.
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basic nitrogen atom, in the 2-position of the 1,3-diene, were also
compatible with the borocyanation protocols.

In the case of 2-alkyl 1,3-dienes, such as isoprene,
regiodivergency was not achieved, but the 4,3-cyanoboration
product 4r was formed in >20:1 regioselectively and moderate
yield under the XantPhos conditions.

Other diborane reagents were employed in the
borocyanation, however, the process was less efficient in terms
of regioselectivity and/or yield.!"®

Based on these observations and literature precedent, we
propose the following catalytic cycle and working models for
selectivity in the regiodivergent borocyanation of 1,3-dienes
(Scheme 3). The key copper boryl complex 5 is formed from
B.pinz, phosphine-copper complex and K;PO,. In the case of the
monodentate phosphine protocol, the tetrahedral'™® Cu(l) boryl
intermediate 6 is formed where the diene, in the s-cis
conformation,?*?" is able to coordinate in a n* fashion.?? The
nucleophilic boron is then delivered to the terminal styrenyl
carbon, akin to borocupration of styrenes,”® and therefore 1,4-
borocupration results generating allyl copper 7.

With only one vacant coordination site in copper boryl
complexes ligated to bidentate phosphines (cf. 8),!'" the diene
may coordinate in a le fashion. Evidently, the more electron rich
vinyl alkene of the diene coordinates, allowing 4,3-borocupration
to occur. Allyl copper 9 is likely to rapidly isomerize to the
stable 4,1-borocuprated intermediate 10.

CuBreSMe,
Ligand

B,pin, + Base

Ts, Base-Bpin

N—Bpin
A pinB—[Cul]
5
Bopiny

Ts, . pinB— CN
N—[Cul] N
AY RN
3
1,2-borocyanation

pinB

R1

4,3-borocupration

Rﬂl%/\Bpin

CN
4
4,3-borocyanation

Scheme 3. Proposed m

either allyl coppers 7 or 10, highly

regioselective tion with N-cyano sulfonamides
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2 occurs, which arises from an addition elimination type process
proceeding via a 6 membered transition state structure.'”®

the case of the 1,3-
Me, formation of

The lower regioselectivity obs
diene bearing the electron rich aryl gr
3f) under PCy; conditions might be e

cupration of electron rich
the vinyl moiety (4,3-
borocupration) to co
regioselectivity obse,
poor aryl groups
conditions may b
electrophilic styren

s bearing electron
nd 4k) under XantPhos
borylation of the more

d 1,3-dienes, where the
es is absent (cf. 4r), the
yanation products under both XantPhos
ue to faster borocupration of the less
ich vinyl portion of the diene.?®

Further investigatio 0 the complex and subtle interplay
between ligands, substrate, electrophilic partners, and counter
igns and theigi#ipact on regiodivergency is ongoing.

To demohstrate the versatility of products generated in the
ivergent borocyanation of 1,3-dienes, we selectively
d (11, 12), homologated®® (13, 14) and formed
rate salts®”! (15, 16) from the boronic ester moiety of
4,3-borocyanation products (Scheme 4A). In
addition, itrile group was converted into the corresponding
amide (17, 18).

o A~
Ph OH
Ph &

CN

11, 88% 12, 84% ,
\—>@ LICH,CI LICH,C! ph Bpin
o ~F =] | NeBo; NaBO, | [ - i
13, 96% 14, 86%

pinB CN
P}Q/ Ph Bpin

3a 4a CN

KFsB—, CN KH,F ZnBr, ZnBr, KH,F J%ﬁ
3 % 4_2, l H,0 H,0 \_Z,Ph BF3K
Ph CN

15, 80% o 16, 84%
pianHz Ph Bpin
¥
Ph 07 "NH,
17,15% 18, 80%
B) Bpin | Bpin CO,H
i) LICH,CI i) CrO3, AcOH 2
Ph ——> Ph —— > |Ph
- - CN
\CN ii) LICH,CI \CN i) HySO,, AcOH \

3a 19, 82% 20

(from 3a)
(o} (o}
— > Ph NH LM:, Ph% glutethimide
\ I Et I -hypnotic sedative
21,43% 84%

(from 19)

Scheme 4. Manipulations of borocyanation products.
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We then demonstrated further utility by sequentially [5]
elaborating each functional group in 3a, the product of the PCys;
method, enroute to the hypnotic sedative glutethimide®®®
(Scheme 4B). Thus, boronic ester 3a was homologated twice,*®
oxidized to the carboxylic acid, cyclized, and finally
hydrogenated to give the target glutethimide.

61

In conclusion, we have discovered a simple strategy for the
regiodivergent multi-functionalization of 1,3-dienes and applied it
to a borocyanation process that delivers high value products. In 7
utilizing the bidentate ligand XantPhos, 2-substiuted 1,3-dienes
underwent copper catalyzed 4,1-borocupration. Upon switching
to the monodentate phosphine, PCys;, unprecedented 1,4-
borocupration occurred. The catalytically generated allyl copper
intermediates in both processes were successfully trapped with 8]
excellent regioselectivity using the readily available cyanating
agents, N-cyano sulfonamides, to produce densely
functionalized and versatile 4,3- or 1,2-borocyanated products.
We envisage that this ligand controlled regiodivergent strategy
may be applied in other copper catalyzed processes involving
dienes.

191
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Copper catalyzed multifunctionalization of unsatururated carbon-carbon bonds is a
powerful tool for the generation of complex molecules. We report a regiodivergent
process that allows a switch between 1,4-borocupration and 4,1-borocup
1,3-dienes upon a simple change in ligand. The subsequently generated
coppers are trapped in an electrophilic cyanation to selectively generate densely
functionalized and synthetically versatile 1,2- or 4,3- borocyanation produ?
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