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Vinyl Nosylates: An Ideal Partner for Palladium-Catalyzed Cross-Coupling
Reactions

Nicolas P. Cheval, Anna Dikova, Aurélien Blanc, Jean-Marc Weibel,* and Patrick Pale*®!

Palladium-catalyzed cross-coupling reactions are nowa-
days essential to organic chemistry, allowing to conveniently
build up complex molecules through C—C bond formation.!!!
These reactions usually involve two partners: a vinyl or aryl
halide or triflate and different organometallic reagents, such
as boronic acids or esters (Suzuki-Miyaura reaction),”! orga-
notins (Stille reaction)® and others,*! or alkenes (Mirozoki—
Heck reaction)® or alkynes (Sonogashira reaction).! Nu-
merous conditions are currently available with a large varie-
ty of palladium catalysts (Pd° or Pd"). However, limitations
still exist regarding the conditions, but also regarding the
nature of the starting material. Iodides and bromides are
more reactive, but for industrial and cost reasons chlorides
can now be used, although they require harsher conditions
and/or specific catalysts.”! Usually triflates are as reactive as
iodides, but their introduction through triflic anhydride re-
quires specific conditions, owing to the sensitivity of this re-
agent, and is costly as such, because half of the reagent is
lost. Thus, it is worth looking for convenient and cheaper al-
ternatives to triflates.

The related mesylates,”!” tosylates,"“'"l and even phos-
phates!'” have been explored, although with some draw-
backs, mostly due to their introduction mode, but also with
some success, especially with tosylates. We reasoned that the
leaving-group ability of arylsulfonates in the first step (oxi-
dative addition) of the catalytic cycle could easily be tuned
with electron-withdrawing substituents. Herein, we show
that the para-nitrophenylsulfonate (nosyl; Ns) group offers
the required properties and that nosylates can act as excel-
lent partners in various Pd-catalyzed cross-coupling reac-
tions (Scheme 1). To the best of our knowledge, the reactivi-
ty of various vinyl nosylates with palladium catalysts in
cross-coupling reactions has not been reported so far, the
case of aryl nosylates being discussed only once in a Stille
coupling reaction.'” Recently, the Skrydstrup group em-
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Scheme 1. Vinyl nosylates as partners in Pd-catalyzed cross-coupling
reactions.

ployed an aryl nosylate in a Heck reaction catalyzed by a
nickel complex;* however, only one example was reported
and the product was isolated in low yield (17 %).

Compared to triflic anhydride, nosylating reagents—the
chloride being the most common—are very cheap. Fur-
thermore, the crystallinity of vinyl and aryl nosylates should
facilitate their isolation and purification and favor stability.

Owing to its complex structure and applications,'®! 4-hy-
droxycoumarin together with dimedone and 4-hydroxy-2-
furanone were selected as model substrates for our study.
These partners, especially coumarin, can be viewed as
benchmarks for coupling methods."”! The corresponding no-
sylates 1, 2, and 3 (Scheme 2) were readily obtained upon
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Scheme 2. Vinyl nosylate partners 1, 2, and 3.

treatment with nosyl chloride and diisopropylethylamine in
high yields (see the Supporting Information). As expected,
these nosylates are solid crystalline materials and perfectly
stable at room temperature for at least a year.

Due to its predominance in synthesis and industry, the
Suzuki-Miyaura coupling reaction was first examined. Thus,
nosylate 1 was employed in a screening of reaction condi-
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Table 1. Screening of conditions for the Suzuki-Miyaura coupling of
4-nosyloxycoumarin (1).

ONs PhB(OH), Ph

o o [Pd] cat. oo

THF, RT

Entry [Pd]t Basel"! Time [h] Yield [%]
1 - K,CO, 24 <1
2 [Pd(PPhs),] K,CO, 24 274!
3 [Pd(OAC),] K,CO; 24 85
4 [PACL(RCN),] K,CO, 5 62-79
5 [PACIL,(PPhy),] K,CO; 14 79
6 [PACly(dppf)] K,CO; 1 95
7 [PACl,(dppf)] K;PO, 1 93

[a] 2 mol %. [b] 2 equivalents of a 2M aqueous solution. [c] Slow degrada-
tion to a black tar and hydrolysis occurred. [d] R=Me, Ph.

tions. A large number of palladium sources and bases were
evaluated for their ability to promote the coupling of 1 with
phenylboronic acid, and selected results are listed in
Table 1.

Without palladium, no transformation could be detected
(entry 1). In the presence of a zerovalent palladium catalyst,
degradation and hydrolysis occurred, except when potassium
carbonate was used as base (entry 2). In contrast, Pd" cata-
lysts proved very effective, even at room temperature,
giving the expected 4-phenylcoumarin (4a) in good to excel-
lent yields (entries 3-7). Catalysts based on bidentate phos-
phine gave better results than any other monodentate li-
gands (entries 6 and 7 vs. 4 and 5). 1,1’-Bis(diphenylphosphi-
no)ferrocene (dppf) with palladium dichloride proved to be
the best catalyst combination, especially in the presence of
potassium carbonate as base (entry 6 vs. 7), giving the cou-
pling product in almost quantitative yield within one hour
(entry 6).

It is worth noting that the known Suzuki coupling of relat-
ed 4-substituted coumarins required longer times and harsh-
er conditions (Scheme 3). The corresponding chloride or tri-

LG Ph

Cr, = GO
—_ 4a
o "o (O]

(LG=ONs 95% this work )
LG=Cl 8% ref.[18]
LG=OTf  85% ref.[18]
LG=OMs 83% ref.[19]

LG=0Ts 63-92% ref.[10a,17c,19]

Scheme 3. Comparison of nosylates versus other leaving groups in Suzuki
cross-coupling reactions.

flate required 4 mol% of [Pd(PPh;),] and aqueous sodium
carbonate (2 equiv) in refluxing benzene for 20 h, together
with stoichiometric amounts of Cul for the triflate. Both
substrates gave lower yields than when using the nosylate
(83 and 88% vs. 95%)."") The mesylate partner provided
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4-phenylcoumarin (4a) in 85% yield by using 2 mol% of
[Pd(OAC),] in tert-butanol at 50°C after 4 h along with CM-
Phos ligand (CM-Phos=2-[2-(dicyclohexylphosphino)phen-
yl]-1-methyl-1H-indole), while the tosylate gave 4a in 92 %
yield under the same conditions.®!7*!l Furthermore, con-
trol experiments revealed that under our above-defined con-
ditions, the analog 4-tosylate and 4-mesylate substrates were
far less reactive than nosylate 1 and mostly decomposed.
The scope of this novel version of the Suzuki-Miyaura re-
action was briefly explored by coupling nosylates 1, 2, and 3
with various organoboron derivatives (Scheme 4). The

ONs R-B(OH), R
N [PACh(dppf)] (2 mol%)
| K,CO3 aq. |
X0 THF, RT-30 °C X" "0

O -0 90
o) o) o]
4a: 1h, 95% 4b: 4h, 95% 4c: 1h, 87%
EOMEOF
o) o
O 4d: 1h, 92% 4e: 3h, 94%
p O CO,Me Q
4f: 1h, 87%
o 7@\/\%

5a: 1h, 99% 5b: 1h, 93%
/
Ph

5¢: 1h, 930/ COMe 6o 1h, 99%

Scheme 4. Suzuki-Miyaura coupling of nosylates 1, 2, and 3 derived from
4-hydroxycoumarin, dimedone, and 4-hydroxy-2-furanone with various
boronic acids. Conditions: Pd catalyst (2 mol%), nosylate (1 equiv), bo-
ronic acid (1.2 equiv), K,CO; (2Mm, 2 equiv), THF, RT.

above-defined conditions allowed for rapid and very effi-
cient reactions, irrespective of the starting material and the
substitution, providing the expected products 4a-f, 5a—c,
and 6a in excellent or even quantitative yields. Ortho-sub-
stituents as well as electron-withdrawing groups slightly
slowed down the reaction without altering the efficiency (4b
and 4e vs. 4a). Nosylate partners generally gave yields
higher than 90 % in such coupling reactions.

We then turned our attention to Stille and Heck coupling
reactions (Scheme 5). After extensive experimentation, the
Stille coupling was best achieved with S5mol% of [Pd-
(OAc),]/bis(triphenylphosphine) and 3 equivalents of lithi-
um bromide?”! at 60°C in THF. Under such conditions, the
vinyl group of the corresponding tributylstannane could be
transferred to either nosylate 1 or 2 within one hour, giving
the coupling products 4g and 5d in excellent yields. Nosy-
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Scheme 5. Stille coupling and Heck reaction starting from nosylate deriv-
atives 1-3. [a] Stille conditions: [Pd(OAc),] (5 mol %), PPh; (10 mol %),
nosylate (1 equiv), stannane (1.05equiv), LiBr (3 equiv), THF, 60°C;
[b] Heck conditions: [Pd(OAc),] (2.5mol%), 1,3-bis(diphenylphosphi-
no)propane (dppp, 2.75mol%), nosylate (1equiv), alkene (4 equiv),
NiPr,Et (3 equiv), dioxane, 50-85°C. [c] Calculated yield from '"H NMR
integration relative to an internal standard (hexamethylbenzene); 4g
proved very sensitive and easily polymerized.

late 3 was much more reactive, since completion of the reac-
tion was achieved in less than 10 min, but afforded com-
pound 6b in a modest yield owing to its low stability.

The Heck reaction could be performed by using [Pd-
(OAc),] under very similar conditions as well, except that a
bidentate phosphine was beneficial for the reaction and, of
course, a base was required, with diisopropylethylamine
being the best in this case. Overnight reactions proved nec-
essary for completion, leading to the isolation of the cou-
pling products 4h and 5e as single isomers in good to high
yields. The last was obtained in a yield similar to that report-
ed starting from the corresponding tosylate.!'’

The other well-known Pd-catalyzed reaction we examined
was the Sonogashira reaction. With so many applications,
it was clearly worth developing a new version with an effi-
cient, cheap and stable leaving group. After extensive exper-
imentation, the best conditions were found to be [PdCl,-
(PPhs),] as catalyst and copper iodide as co-catalyst in the
presence of 1.25equivalents of diisopropylethylamine in
acetonitrile at room temperature (Scheme 6). Under such
conditions, various alkynyl coumarines 4i-1, dimedones 5 f-
g, and furanone 6c¢ could be obtained in high yields, usually
within one or two hours. It is worth mentioning that 4i has
already been prepared from the corresponding tosylate, with
the triflate being instable, but in lower yield upon a pro-
longed reaction time (68% in 48 h vs. 98% in 1 h here) de-
spite a higher catalyst loading.!!

To highlight this new type of partners for cross-coupling
reactions and to further extend its application, the synthesis
of the natural alkaloid dubamine (8), isolated from Haplo-
phylum dubuim, was attempted and efficiently achieved
(Scheme 7). Starting from quinolyl nosylate (7), dubamine
was readily obtained through a Suzuki coupling with 3.4-
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, Ralbecaliblrc e
X Cul (5 mol%), NiPr,Et X
X" "0 CHiCN, RT
= OH
S|Me3 —
4i: 1h, 98% 4j: 1h, 92% 5f: 2h, 98%
nBu
=
——nBu O /) =
4k: 2h, 91% 41: 4h, 89% 5g: 1h, 88%
0
N nBu
6c: 4h, 83%

Scheme 6. Sonogashira coupling of nosylates 1, 2, and 3 with various
alkynes. Conditions: Pd catalyst (5mol%), Cul (5mol%), nosylate
(1 equiv), alkyne (1.2 equiv), NiPr,Et (1.25 equiv), CH;CN, RT.

(e}
/©[> X, dubamine
wa o (0T
(0]

N oNs  [PA(OAc),] (2 mol%)
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X
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Scheme 7. Synthesis of dubamine by Suzuki cross-coupling reaction.

(methylenedioxy)phenylboronic acid. Under the conditions
we developed (Scheme 4), the yield relative to conversion
was very high, but the last was modest (50 % ). Replacing
[PACL(dppf)] by [Pd(OAc),] and XPhos phosphine
(XPhos =2-dicyclohexylphosphino-2’,4',6'-triisopropylbiphe-
nyl) allowed full conversion upon moderate heating over-
night, and dubamine (8) was isolated in 79% yield. This
result demonstrates the polyvalence of the nosylate leaving
group, which is not limited to our model compounds.

In conclusion, we have developed an inexpensive and
stable p-nitrophenylsulfonate (nosylate) leaving group for
most types of cross-coupling reactions. Substantial effort has
been devoted to the development of conditions capable of
activating them under mild conditions and allowing for
rapid and very efficient coupling reactions. Such nosylates
would be of profound interest for C—C bond formation,
leading to numerous applications in organic chemistry.

Further extensions are now in progress in our group, as
well as mechanistic investigations to better understand these
novel cross-coupling reaction conditions.

Experimental Section

Suzuki coupling of vinyl nosylates: An argon-degassed aqueous solution
of K,CO; (600 pL, 2 equiv, 2M) was added to a solution of the boron de-
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rivative (1.2 equiv, 0.6 mmol) in degassed THF (3 mL, 6 mLmmol™")
under argon. After 5min of stirring, the palladium catalyst (2 mol%)
and the alkenyl nosylate (1 equiv, 0.5 mmol) were successively added to
the reaction mixture. The mixture was kept at room temperature or
warmed to 30°C and stirred until consumption of the starting material
(TLC). The reaction mixture was partitioned between Et,O (9 mL) and
water (9 mL) and the layers separated. The aqueous layer was extracted
with EtOAc (3x9 mL), and the combined organic layers were dried over
Na,SO, and evaporated in vacuo. The crude residue was purified by flash
chromatography (cyclohexane/EtOAc gradient).
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Vinyl Nosylates in Palladium-Catalyzed Cross-Coupling Reactions
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In a hurry to leave! Nosylates act as
an excellent leaving group in various
palladium-catalyzed cross-couplings,
such as Suzuki, Stille, Heck, and Sono-
gashira reactions (see scheme). Crys-
talline, stable, and cheap vinyl and aryl
nosylates proved better than classical

Suzuki
Heck
RB(OH),
R~
R—=
R~
\/\SnBu3 Sonogashira
Stille

halides and triflates, consistently giving
higher yields of coupling products.
Their usefulness in C—C bond forma-
tion was also demonstrated by the
rapid synthesis of the alkaloid
dubamine.
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