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4 Regioselective syn-1,2-Hydroarylation of Internal Alkynes
6 Shubham Dutta,®" Manoj Sethi,?" Avijit Maity,?" Aradhana Sahoo,? Vincent Gandon,* and Akhila K.
Sahoo*?
7 Received 00th January 20xx,
8 Accepted 00th January 20xx The regioselective hydro-functionalization reaction is a powerful method to convert readily available alkynes into
9 structurally diverse olefins. Such an efficient syn-1,2-hydroarylation of yne-acetates is described herein using aryl diazonium
DOI: 10.1039/x0xx00000x
10 salts and silanes as aryl and hydride sources, respectively. The transformation shows excellent functional group tolerance
1 and applications to late-stage functionalization, providing a straightforward entry to trisubstituted allyl acetates. DFT
12 analysis sheds light on the mechanism, particularly on the role of DMSO solvent in assisting the Si—H bond cleavage.
13
14
15
16
17 Introduction acetates),'® regioselective hydroarylation of unsymmetrical
18 . ) . i alkynes could be achieved in the presence of a hydride source
Peripherally decorated olefins are commonly found in various . . . . R
19 ) . (Figure 1C). We surmise the site-selective coordination of
natural products/drugs and organic materials.> They are also L . . . .
20 o ) cationic aryl-Pd(ll), enabling regioselective carbo-palladation,
useful precursors for synthesizing substituted 3-membered . . . .
21 . . . . followed by trapping with a hydride source. DFT computations
2 carbo/heterocycles.2 In particular, tri-substituted olefins as well shed light on this hypothesis
23 as allyl alcohol derivatives stand out as various drug building A) trisubstituted allyl alcohol precursors in drugs & other bioactive molecules
24 blocks (Figure 1A).3 Though tri-substituted olefins appear
25 structurally simple at first glance, their regioselective synthesis O'Bu
2% has always been challenging.* Among various approaches, al
27 hydroarylation via the carbometallation of the alkynes pathway ZH |
28 appears to be the most efficient and the most modular.> Except
29 unsymmetrical alkynes which face regioselectivity issues in the Cl o
30 carbometallation step, various research groups have used o™o oj©/
symmetrical alkynes for the synthesis of tri-substituted olefins
31 ) nes tort < (/) «
32 via C—H functionalization or through the addition of
33 polar/radical species.5” For unsymmetrical alkynes, use of a B) hydroarylation of unsymmetrical alkynes: challenges & previous approaches
34 directing group (DG) has displayed promising regioselectivity in
35 the &-carbometallation step (Engle group, Figure 1B).2 bG ArB(OH) DG H
2
36 Additionally, Lautens work on B-arylation of propargyl alcohols % < R ~N_O
37 also exhibits high regioselectivity.>' Interestingly secondary =R Pdf—— — DG = N
. . . . . Y 3
38 propargyl amines (o-disubstituted) undergo B-arylation with Engle, 2016 HoA L
39 excellent regioselectivity (the ligated metal goes to the y-carbon .
40 to avoid steric hindrance).!! In this context, Cacchi’s work on R'ge ; )
' rr. = (B
M internal alkynes is particularly noteworthy; however, the d HO R
42 primary concern is its moderate regioselectivity.}>¢ Despite Ar H 1:1 to 20:1
43 these advancements in the field, there is still room for X B ATB(OH ' hortcomi
ﬁ — p  ArB(OH),  ~-ccccmomeeeeeeees short-comings --
44 uncovering a sustainable regioselective hydroarylation of R R _Y R r 1 )2 ;
. R'mn H
12 R
45 unsymr‘r_1etr|cal alky-nes (propargyl acetate.). The present \/\ X R only substituted
46 synthetic method aims to address the undisputed problems Rh/Mny—> — propargyl amines
47 linked to the non-removable nature of the pyridyl-DG,*3 the use X - OH/NHR ArH o
of external ligands,** the use of an expensive Rh-catalyst,’® and  --oceeemmmmm i
jg the requirement to employ harsh reaction conditions. C) this work: cationic Pd-catalyzed syn hydro-arylation of unsymmetrical alkynes
50 In light of our recent work on cationic Pd-catalysed Rge
dicarbofunctionalization of unsymmetrical alkynes (yne- AcO AcO Ar
o y Y y R =N —@— Ho — RUR" = H, Alkyl, Ar
52 R" v Ar' H
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Initial tests were focused on the use of triphenyl silane 3a as a
hydride source in the three-component reaction of 4-
phenylbut-3-yn-2-yl acetate (1a) with p-methoxyphenyl
diazonium tetrafluoroborate (2a) (Table 1). An extensive
screening of reaction parameters such as catalysts, solvents and
temperatures led us to the optimized conditions: [1a (1.0
equiv), 2a (3.0 equiv), 3a (1.2 equiv), and Pd,(dba)s; (3.0 mol%)
in 1,4-dioxane/DMSO (9:1), 0.15 m at 25 °C, for 30 min to 4 h];
the desired hydroarylation product 4 was isolated in 94% vyield
(entry 1). Other Pd(0) catalysts [Pd(dba), and Pd,(dba);-CHCIs]
led to reduced vyields of 4 (entries 2 and 3). The solvents 1,4-
dioxane, DMSO, DMF, and 1,2-DME were found less effective
than the 1,4-dioxane/DMSO mixture, furnishing 4 in 61-77%
yield (entries 4—7). On the other hand, the use of toluene only
led to traces of 4 (entry 8). Lowering the reaction temperature
to 0 °C or raising it to 40 °C diminished the product yield (entries
9 and 10). While triethyl silane 3b also proved to be an effective
hydride source, phenyl silane (PhSiH3) 3c failed (entries 11 and
12). Lastly, aryl iodide (2a’) and aryl trifluoromethane sulfonate
(2a") in place of 2a only provided 4 in trace amounts (entries 13
and 14). Then, a series of aryl diazonium salts (2a—2x) were
tested in the reaction of 1a and 3a under the optimized
conditions (Scheme 1).

Table 1 Reaction optimization

Ph N2BF4 PhySiH 3a Ph. H
Pd,(dba); (3.0 mol%) |
T © 1,4-dioxane:DMSO (9:1),
ACO”Me OMe 0.15M,25°C, 4 h OAc oM
1a 2a 4

deviations from the S.C.2 yield of 4 (%)°

1 none 94
2 6.0 mol% Pd(dba), 73
3 Pd,(dba)s:CHCl3 82
4 1,4-dioxane 77
5 DMSO 61
6 DMF 65
7 1,2-DME 62
8 toluene trace
9 0°C 71
10 40 °C 75
11 Et3SiH (3b) as hydride source 82
12 PhSiH3 (3c) as hydride source trace
13 4-iodoanisole (2a’) as aryl source trace
14 4-MeOCgH,OTf (2a") as aryl source trace

aStandard Conditions (S.C.): 1a (0.2 mmol), 2a (0.6 mmol), silane 3a (0.24
mmol), Pd-catalyst (3.0 mol%) in solvent (0.15 m), at 25 °C for 4 h; Plsolated
yield.

The results demonstrate that the electron-rich p-(OMe, Me, and
"Bu)-substituted arene diazonium salts 2a—2c delivered better
results when compared to the respective electron-poor p-(CN
and NO,)-arene diazonium salts 2d—-2e; the desired allyl
acetates 4—8 were isolated in 29—94% yield. The large variation
of the yield could be a consequence of the facile oxidative
addition of electron-poor diazonium salts to the Pd(0)-catalyst

2| J. Name., 2012, 00, 1-3

leading to faster decomposition. Likewise, compound 9 was
made from the reaction of electron-neutral phenyl diazonium
salt 2f with 1a and 3a (77% yield). Notably, the labile halo (-F, -
Cl, and -Br) groups were tolerated under the oxidative
conditions, with compounds 10—-12 being synthesized in good
yields. Similarly, compounds 13—21 were constructed from the
reaction of meta/para/ortho-mono/di-substituted arene
diazonium salts 2j—2r independently with 1a and 3a. Moreover,
heterocycles such as 2,3-dihydrobenzo[b][1,4]-dioxine,
benzo[d][1,3]dioxole, 4-carbazole, 4-morpholine phenyl, and 6-
indole-containing diazonium salts 2s—2w also actively
participated in the coupling reaction, delivering 22-26 in
38-76% yield. The single crystal X-ray crystallographic analysis
of 25 unambiguously confirmed the product regioselectivity.
Notably, 4-hydroxyl phenyl diazonium salt 2x, despite having an
acidic -OH group, reacted smoothly with 1e to give the desired
hydroarylation product 27 in 84% yield.

Next, we probed the effect of various aryl groups at the alkyne
terminus. A wide range of para-electron-rich (Me and OMe),
electron-poor (COMe, CO,Me, and CFs3), and halogen (F and Br)
phenyl-containing alkynes (1b—1h) were allowed to react with
2a under the standard conditions to afford the desired
hydroarylation products 28—34 in moderate to excellent yields
as single regioisomer (40—89%). In addition, compounds with m-
(NO, and CN) groups, as well as crowded m,p-methylenedioxy-
substituted propargyl acetates (1i—1k), yielded products 35-37
in good yields. Moreover, single regioisomers were observed in
sterically demanding o-F and heterocyclic 2-thienyl-containing
products 38 and 39. Intrigued by these excellent results, we
next explored the substitution at the propargyl position
(1n—1s). While the unsubstituted propargyl acetate delivered
40 in 79% vyield; n-propyl, phenyl, m-F phenyl, m-OCF; phenyl,
and m,p-diCl phenyl substituted propargyl acetates led to lower
yields of the respective hydroarylation products 41-45, yet with
absolute regioselectivity. Next, late-stage hydroarylation of
unsymmetrical alkynes 1t—1z containing biologically relevant
motifs (BRMs) were performed with 2a and 3a under the
standard conditions. The trisubstituted allyl acetate-bearing
steroid [cholesterol (46)], terpenoid [borneol (47) and menthol
(48)], or fatty alcohol [tocopherol (49)] were constructed in 46—
78% vyields. Interestingly, the reaction of the marketed drugs
valproic acid (anti-epileptic drug) and gemfibrozil (abnormal
blood lipid level preventer) coupled with propargyl acetates (1x
and ly) delivered the respective allyl acetates 50 (64%) and 51
(83%). Similarly, the isovaleric acid containing allyl acetate 52
was isolated in 73% vyield.

The practicability of the methodology was tested by scale-up
synthesis of 4 in 1.32 g scale (89% vyield, Scheme 1, within
parentheses®) under the standard conditions.

After the successful gram scale synthesis, the synthetic
versatility of the newly constructed trisubstituted allyl-acetates
was probed. Bronsted acid-mediated Friedel-Crafts cyclization
of tri-substituted allyl acetate 4 afforded the highly substituted
indene 53 (85%; Scheme 2). The Ru-catalyzed oxidative
cleavage of the substituted olefin 4 provided acetyl ketone 54
(90%).

This journal is © The Royal Society of Chemistry 20xx
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R N 2~ N2BF4 oSt Pd,(dba)s (3.0 mol%)
—— \ 5 >
AcO /4 1,4-dioxane:DMSO (9:1)
1a-z 2a-x 3a 0.15M,25°C, 0.5t04 h
Ph. _H Ph. _H Ph. _H Ph H Ph._H Ph. _H Ph _H "
Me | Me | Me | R Me | Me | R Me ' Me ,
OA OAc OAc
OAc R OAc ¢ R F OAc OMe Ohc Me
_ OMe -
R=OMe, 4, 13,51% ' R=OMe, 14, 86% 16, 64% R =Cl, 17, 60% 19,72% F R = OMe, 20, 66%
94% (89%)° Me, 15, 90% Br, 18, 53% Me, 21, 61%
Me, 5, 87%
n N Ph._H
Bu, 6, 85% | Ph. _H Ph. _H Ph. H MeO,C
CN,7,29%  Me |
NO,, 8, 32% Me Me .
ao OAc
H,9,77% (6] N-Et OAc N/\ OAc
F, 10, 69% o)), / OAc
L 11,56% "2 2271% Lo HN oH
P 1 V0 1,23, 45% 24,76% 25,57% 26, 38% 27, 84%
Br, 12, 55%
R R OF Q
F A Ph._H
H — H H
H H |
| 4 R=NO,, 35, 83% | ] | | Me oMp
Me H
CN, 36, 63% M Me
PMP o | o Me o PMP PMP PMP OAc
OAc PMP OAc
OAc OAc OAc
OAc 37,67% 38, 68% 39, 42% 40, 790 4, 71%
R= Me, 28, 77% 1 79%
OMe, 29, 40% Ph H PTTTTTTTTTTTTTTToTTommom oo |
COMe, 30, 74% Ph | H ‘ cl Ph | H ! Ph.__H PR _H
0, 1
CO,Me, 31, 89% oup R PMP N oup : on | | !
CF3, 32, 76% OA | PMP PMP
OAc c OAc H Ph
F, 33, 75% | OAc OAc |
Br, 34, 70% 42, 55% R=F, 43, 60% 45,53% | unsuccesful !
T ' OCF3, 44, 51% X (complex reaction mixture) !
I o o o e o o e e e e e e 2 1
OMe 0 MeO
H
0 ®
O - O H z O from (+)-0-Tocopherol
Me | o}
H OAc M% AcO™ Me Me Me
z Me O fo) Bu
OAc o)
Me romb | OMe Me
O rom borneo 49’ 69% Me
47,78%
o flrom | I\T/Ie Me
cholestero Me
46, 46% Q Y
" Me Me
o o
0 Me Me Me” "Me
H, Me () from menthol Ve o OMe
. Me 0 OMe Me rom isovaleric acid
\Me 48, 65% rom I:CZ)V?;:/LC acl
Me from valproic acid from gemfibrozil
50, 64% OMe 51, 839
Me % OMe

Scheme 1 Reaction Scope. ?Reaction conditions: 1a—1z (0.2 mmol), 2a—2x (0.6 mmol), and silane 3a (0.24 mmol) in 1,4-dioxane:DMSO (9:1; 0.15 M), at 25 °C
for 0.5 to 4 h; Isolated yield; <Yield in parentheses represents the scale-up reaction of 5.0 mmol of 1a with 2a and 3a in S.C.
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Me  Rucly (1.0 mol%),

© OAc NalOy (4.0 equiv), H3PO, (5.0 equiv),
_ H,0:MeCN:CCl, 1,2-DCE,
(1.5:1:1), 70°C,12h
rt, 12 h
OMe 54, 90%

KOH (10 equiv),
toluene:ethanol (4:1),

(DMP = Dess-Martin periodinane)

120°C, 12 h
Me Me
HO Ph o Ph
"W DMP (3.0 equiv) H
—_—
55, 70% CHoCly, 1t, 12 h
MeO MeO 56, 87%

Scheme 2 Synthetic application

Moreover, KOH-mediated acetate deprotection followed by
Dess-Martin periodinane (DMP)-assisted oxidation of 4
furnished vinyl ketone 56 (61% over the two steps).

To shed light on the reaction mechanism, a few control
experiments were performed. First, the title reaction in the
absence of silane failed to produce 4 in detectable amount
(Scheme 3A). To discard the possibility of protodemetalation in
the reaction pathway, methanol was added as an additive in
place of the silane; however, no desired product 4 was
observed. To establish the pivotal role of the acetate group,
propargyl alcohol 1a’ was subjected to the optimized conditions
(Scheme 3B, equation a). The rection was unsuccessful in the
presence of a free alcohol group and 1a’ was recovered in 89%
yield. Although the reaction was successful in the case of
unsymmetrical aryl-alkyl bearing internal alkynes 1aa’ (72% of
57), 1aa” (69% of 58), and 1aa" (67% of 59), the regioselectivity
was uncontrolled (Scheme 3B, equations b—c). In contrast, the
reaction of aliphatic propargyl acetate (1b’) and dialkyl alkyne
(1b") did not provide the desired hydroarylation product
(Scheme 3C—a and 3C—b). This may be attributed to the absence
of an aromatic ring, which likely hinders the initial insertion
step. While a terminal alkyne (1b™) and phthalimide-protected
propargyl amine (1c’) successfully produced 60 (82%) and 61
(52%), respectively, although with uncontrolled regioselectivity
(Scheme 3C—c and 3C-d). However, it is worth noting that the
possible ligand substitution by the hydride group of silane
occurs in the absence of any O/F-salts susceptible to accepting
the resulting silylium ion.

Hence, to understand reaction mechanism, DFT calculations
were performed (Figure 2).18In our previous work,1®'” we have
shown that oxidative addition of Pd(DMSO), into the C—N bond
of phenyl diazonium cation A, coordination of the alkyne m-
system to A followed by the syn-insertion of the alkyne into the
Pd—Ph bond leading to D was achieved through the overall
release of 19.1 kcal/. Focusing now on the reactivity of PhsSiH,
we first envisaged the substitution of DMSO by the silane. It
provided the complex E (—11.1 kcal/mol) in which the Si—H bond
serves as ligand (1.62 A in E vs 1.50 A in Ph;SiH). The formation
of E is endergonic by 8.0 kcal/mol. The breaking of the Si—H
bond was modelled through TSg, located at 9.0 kcal/mol (rate-
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determining step). The DMSO ligand captures the resulting
silylium ion Ph3Si* by its oxygen atom. The resulting hydride
complex F (—2.9 kcal/mol) is coordinated to DMSO both by the
S and the O atoms. Several efforts failed to obtain the reductive
A. hydride substitution vs protodemetalation

Ao Me  NBFs MeO one
Pd,(dba); (3.0 mol%) M
e
Il 1,4-dioxane:DMSO (9:1) |
0.15M, 25°C, 4 h
Ph vt H” > Ph
4 (<5%, no additive)
1a 2a

4 (<5%, with methanol)

B. role of acetate group

a
N,BF,
HO_Me 274 MeO oy | HO Me
S.C. 1
f - ool
l Me |
]
Ph OMe H O Ph | 12 PP
1a’ 2a (not detected)  (89% recovered)
b)
Me N,BF4 Me
|‘| © S.C.
—
Ph
Me
1aa’ 2b 57 (72% 89:11)
c)
R N,BF4 MeO
|‘| © S.C.
Ph
OMe

1aa"/1aa™ 2a R = "Pr, 58 (69%, 65:35)

= Cy, 59 (67%, 62:38)

C. other limiting alkynes

a) OAc N,BF, MeO OAG i OAc
s.C. = Il
Il — | i
' ny
By H™ "Bu H , "Bu
OMe 1o
1b' 22 (not detected)  (88% recovered)
b)
Ph . Ph
NoBF, MeO Ph E
I @ — o
i
"Bu oM T ey
e (not detected)  (92% recovered)
1b" 2a
c)
H N2BF, MeO MeO
|‘| S.C. H Ph
Ph | |
OMe H Ph H H
1b™ 2a 60 (82%, 54:46)
d)

NPhth  N2BF, MeO

MeO
NPhth g g
I
F NPhth
61 (52%, 78:22)

OMe
2a
F 1¢" (Phth = Phthalimide)

Scheme 3 Control experiment
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No* _0 O+
Pd(DMSO), Me:S™ ~SMe; 1a
e R
see ref. 16 g N\\\ Ny @
A B N o
0.0
TSer 9.0
f—
J—
+ TSU‘\ AN
§ 6.8 \ E
7, \ \\
AG (kcal/mol) o N
S 2.9 o 129
! [ \ ~
e -6.4/ N \\ G TSgn TSk -12.9
Ph.SiH /,’ /,—_’ —\\\\ S — | —,
- E A6 o AN
b - ~_ 137 N\
—_ 111 DN
\ \
191  DMSO [Me,SOSiPht K \ \
7.4 \ L
\ —
p \ 253
Ph H \
AG -32.8 — \
H+A — > 0O ph + [Me,SOSiPh;]* + B \
2a \
o)
\
AY
AY
Ph. H “ H
AG -58.3 )= M
L+ A —— [e) ph + B
e -50.8
o)

Figure 2 Computed free energy profiles (M06L/def2-TZVPP; selected distance in A)

elimination of the latter. The [Me,SOSiPhs]* moiety can be used
differently to coordinate the metal centre and engage in
stabilizing interactions. In complex G (—13.7 kcal/mol), Pd is
bound to one Ph group, allowing the S atom to establish a
strong hydrogen bond with the hydride ligand (pmax = 0.028
eA3). With the assistance of this noncovalent interaction, the
straightforward, the
corresponding transition state TSgu lying only 0.8 kcal/mol
above G (—12.9 kcal/mol). This last step is strongly exergonic,
leading to H at —-50.8 kcal/mol. In this complex, the
[Me,SOSiPhs]* moiety acts as a chelating ligand by the S atom
and one Ph group. Finally, the recycling of the catalytically active
species B from H is exergonic by 32.8 kcal/mol. Unfortunately
we are unable to provide any experimental support for the
existence of [Me,SOSiPhz]+ complex.

We then studied the formation of a pentavalent addition
complex between D and DMSO. Formation of the
corresponding species | (—6.4 kcal/mol) is endergonic by 12.7
kcal/mol. However, the oxidative addition transition state TS,

reductive  elimination becomes

(6.8 kcal/mol) lies 2.2 kcal/mol lower in energy than the
tetravalent transition state TSg (9.0 kcal/mol; see Figure 2).
Again here, the DMSO ligand assists the formation of the Pd—H
bond by catching the PhsSi* ion. In the resulting Pd hydride J,
the tetravalent neutral part is clearly separated from the
[Me,SOSiPhs]* moiety. Its removal to give K (-17.4 kcal/mol) is
exergonic by 5.8 kcal/mol. Reductive elimination takes place
through TSk, (—12.9 kcal/mol), with a low barrier of 4.5
kcal/mol. It yields the neutral species L (—25.3 kcal/mol), from
which dissociation and regeneration of B is a highly favourable
process (—58.3 kcal/mol). Thus, there is a kinetic preference for
the pathway involving two DMSO molecules (blue pathway),
however, both energy profiles with one or two DMSO are viable
and exchanges between species by association/dissociation
(e.g. E/1) are perfectly conceivable.

Please do not adjust margins




oNOYTULT D WN =

Organic:Chemistry-Frontiers

Conclusions

In summary, a palladium-catalysed three-component syn-1,2-
hydroarylation of internal-alkynes is described. The reaction
uses readily accessible coupling partners yne-acetates, aryl
diazonium salts, and silanes. The method offers a
straightforward entry to unusual trisubstituted allyl acetates.
The scope is broad, showing excellent functional-group
tolerance. The transformation is fully regioselective as well as
stereoselective. Moreover, the biologically relevant motifs
(BRM) bearing yne-acetates are also used for the late-stage syn-
1,2-hydroarylation process. The reaction is even successful on a
gram scale. The trisubstituted allyl acetates are further used for
the construction of functionalized indene and vinyl ketone
derivatives. The DFT studies rationalize the role of the acetate
group in the regioselective aryl-palladation of unsymmetrical
yne-acetates and reveal the role of DMSO solvent in assisting
the Si—H bond cleavage. The current finding paves the way for
the discovery of other difunctionalization strategies of
unsymmetrical alkynes.

Conflicts of interest

There are no conflicts to declare.

Data availability

Details on experimental procedures, mechanistic experiments,
characterization data of all the trisubstituted allyl acetates and
X-ray data of 25. The details are available in the ESI of the
manuscript.

Author contributions

S. D. and A. K. S. conceived and designed the project. M. S., A.
M. and, A. S. performed and analysed the experimental data. S.
D. wrote the manuscript with input from all authors under the
supervision of A. K. S. The DFT calculations were performed by
V.G.

Acknowledgements

This research was supported by the SERB-India (SCP-2022-727).
We thank the University of Hyderabad (UoH-IOE; UPE-CAS and
PURSE-FIST) for the overall facility. SD, MS, AM and AS thank
CSIR/UGC for the fellowship. VG thanks CNRS and UPSaclay for
financial support. This work was granted access to the HPC
resources under the allocation 2020-A0070810977 made by
GENCI. We thank Mr. Mahesh Shrichand Rathod for the help in
solving the X-ray crystal data. We thank Dr. Manash Protim
Gogoi for helpful discussion.

Notes and references

1 (a) M. R. Elliott, A.-L. Dhimane and M. Malacria,
Diastereoselective Total Synthesis of epi-llludol via a
Transannular Radical Cyclizations Strategy, J. Am. Chem. Soc.,
1997, 119, 3427; (b) P. Prasit, Z. Wang, C. Brideau, C. C. Chan,

6 | J. Name., 2012, 00, 1-3

S. Charleson, W. Cromlish, D. Ethier, J. F. Evans, A. W. Ford-
Hutchinson, J. Y. Gauthier, R. Gordon, J. Guay, M. Gresser, S.
Kargman, B. Kennedy, Y. Leblanc, S. Léger, J. Mancini, G. P.
O’Neill, M. Ouellet, M. D. Percival, H. Perrier, D. Riendeau, I.
Rodger, P. Tagari, M. Thérien, P. Vickers, E. Wong, L. J. Xu, R.
N. Young, R. Zamboni, S. Boyce, N. Rupniak, M. Forrest, D.
Visco and D. Patrick, The discovery of rofecoxib, [MK 966,
Vioxx, 4-(4'-methylsulfonylphenyl)-3-phenyl-2(5H)-furanone],
an orally active cyclooxygenase-2-inhibitor, Bioorg. Med.
Chem. Lett., 1999, 9, 1773; (c) A. S. Levenson and V. C. Jordan,
Selective oestrogen receptor modulation: molecular
pharmacology for the millennium, Eur. J. Cancer, 1999, 35,
1628; (d) R. B. Williams, A. Norris, C. Slebodnick, J. Merola, J.
S. Miller, R. Andriantsiferana, V. E. Rasamison and D. G. I.
Kingston, Cytotoxic sesquiterpene lactones from Vernonia
pachyclada from the Madagascar rainforest, J. Nat. Prod.,
2005, 68, 1371; (e) N. A. McGrath, M. Brichacek and J. T.
Njardarson, A Graphical Journey of Innovative Organic
Architectures That Have Improved Our Lives, J. Chem. Educ.,
2010, 87, 1348.

Selected articles for various transformation using olefins: (a)
H. C. Kolb, M. S. VanNieuwenhze and K. B. Sharpless, Catalytic
Asymmetric Dihydroxylation, Chem. Rev., 1994, 94, 2483; (b)
C. Dobler, G. M. Mehltretter, U. Sundermeier and M. Beller,
Osmium-Catalyzed Dihydroxylation of Olefins Using Dioxygen
or Air as the Terminal Oxidant, J. Am. Chem. Soc., 2000, 122,
10289; (c) D. G. Blackmond, A. Lightfoot, A. Pfaltz, T. Rosner,
P. Schnider and N. Zimmermann, Enantioselective
hydrogenation of olefins with phosphinooxazoline-iridium
catalysts, Chirality, 2000, 12, 442; (d) W. Tang, S. Wu and X.
Zhang, Enantioselective Hydrogenation of Tetrasubstituted
Olefins of Cyclic B-(Acylamino)acrylates, J. Am. Chem. Soc.,
2003, 125, 9570; (e) Q. H. Xia, H. Q. Ge, C. P. Ye, Z. M. Liu and
K. X. Su, Advances in Homogeneous and Heterogeneous
Catalytic Asymmetric Epoxidation, Chem. Rev., 2005, 105,
1603.

(a) J. A. Pfefferkorn, Novel 3-hydroxy-3-methylglutaryl-
coenzyme A reductase inhibitors: a patent review, Expert.
Opin. Ther. Pat., 2011, 21, 187; (b) E. F. Oliveira, D. S. Martins,
A. M. Ribeiro, N. F. Bras, N. S. Cerqueira, S. F. Sousa, M. J.
Ramos and P. A. Fernandes, HMG-CoA Reductase inhibitors:
an updated review of patents of novel compounds and
formulations (2011-2015), Expert. Opin. Ther. Pat., 2016, 26,
1257; (c) D. S. Gesto, C. M. S. Pereira, N. M. F. S. Cerqueira and
S. F. Sousa, An Atomic-Level Perspective of HMG CoA-
Reductase: The Target Enzyme to Treat
Hypercholesterolemia, Molecules, 2020, 25, 3891; (d) N.
Astrain-Redin, C. Sanmartin, A. K. Sharma and D. Plano, From
Natural Sources to Synthetic Derivatives: The Allyl Motif as a
Powerful Tool for Fragment-Based Design in Cancer
Treatment, J. Med. Chem., 2023, 66, 3703.

(a) S. KC, R. K. Dhungana, B. Shrestha, S. Thapa, N. Khanal, P.
Basnet, R. W. Lebrun and R. Giri, Ni-Catalyzed Regioselective
Alkylarylation of Vinylarenes via C(sp3)-C(sp3)/C(sp3)-C(sp?)
Bond Formation and Mechanistic Studies, J. Am. Chem.
Soc., 2018, 140, 9801; (b) R. K. Dhungana, S. KC, P. Basnet and
R. Giri, Transition Metal-Catalyzed Dicarbofunctionalization
of Unactivated Olefins, Chem. Rec., 2018, 18, 1314; (c) S. E.
Bottcher, L. E. Hutchinson and D. J. Wilger, Nickel-Catalyzed
anti-Selective Alkyne Functionalization Reactions, Synthesis,
2020, 52, 2807; (d) A. H. Hoveyda, C. Qin, X. Z. Sui, Q. Liu, X. Li
and A. Nikbakht, Taking Olefin Metathesis to the Limit:

This journal is © The Royal Society of Chemistry 20xx

Page 6 of 9


https://pubmed.ncbi.nlm.nih.gov/?term=Pfefferkorn+JA&cauthor_id=21214503

Page 7 of 9

oNOYTULT D WN =

10

Organic-:Chemistry-Frontiers

Stereocontrolled Synthesis of Trisubstituted Alkenes, Acc.
Chem. Res., 2023, 56, 2426; (e) S. Dutta and A. K. Sahoo, Three
Component syn-1,2-Arylmethylation of Internal Alkynes,
Angew. Chem. Int. Ed., 2023, 62, €2023006; (f) S. Dutta, R. K.
Mallick and A. K. Sahoo, Regioselective Difunctionalization
and Annulation of Ynamide, Angew. Chem. Int. Ed., 2023, 62,
€202300816.

(a) M. J. Ardolino, M. S. Eno and J. P. Morken, Stereocontrol
in Palladium-Catalyzed Propargylic Substitutions: Kinetic
Resolution to give Enantioenriched 1,5-Enynes and
Propargylic Acetates, Adv. Synth. Catal., 2013, 355, 3413; (b)
Y. Yamamoto, In Catalytic Hydroarylation of Carbon-Carbon
Multiple Bonds; L. Ackermann, T. B. Gunnoe and L. Habgood,
Eds.; Wiley-VCH: Weinheim, 2018; pp 305-359; (c) J. Zhang, R.
Shrestha, J. Hartwig and P. Zhao, A decarboxylative approach
for regioselective hydroarylation of alkynes, Nature Chem.,
2016, 8, 1144; (d) E. R. Barber, H. M. Hynds, C. P. Stephens, H.
E. Lemons, E. T. Fredrickson and D. J. Wilger, Nickel-Catalyzed
Hydroarylation of Alkynes under Reductive Conditions with
Aryl Bromides and Water, J. Org. Chem., 2019, 84, 11612; (e)
J. Corpas, M. T. Quirds, P. Mauledén, R. G. Arrayas and J. C.
Carretero, Metal- and Photocatalysis To Gain Regiocontrol
and Stereodivergence in Hydroarylations of unsymmetrical
Dialkyl Alkynes, ACS Catal., 2019, 9, 10567; (f) Y. Zhao, L. D.
Bruce, J. Jin, B. Xia and P. W. H. Chan, Copper catalyzed N-
formylation of a-silyl substituted tertiary N-alkylamines by air,
Green Chem., 2020, 22, 5296; (g) J. Corpas, P. Mauledn, R. G.
Arrayas and J. C. Carretero, anti-Hydroarylation of Activated
Internal Alkynes: Merging Pd and Energy Transfer Catalysis,
Org. Lett., 2020, 22, 6473; (h) A. Maity and A. K. Sahoo,
Copper-Catalyzed Regio- and Stereoselective Hydroarylation
of Ynamide, J. Org. Chem., 2024, 89, 852.

(a) A. B. Flynn and W. W. Ogilvie, Stereocontrolled Synthesis
of Tetrasubstituted Olefins, Chem. Rev., 2007, 107, 4698; (b)
V. Saini, M. O’Dair and M. S. Sigman, Synthesis of Highly
Functionalized Tri- and Tetrasubstituted Alkenesvia Pd-
Catalyzed 1,2-Hydrovinylation of Terminal 1,3-Dienes, J. Am.
Chem. Soc., 2015, 137, 608.

(a) U. Wille, Radical Cascades Initiated by Intermolecular
Radical Addition to Alkynes and Related Triple Bond Systems,
Chem. Rev., 2013, 113, 813; (b) F. Dénes, M. Pichowicz, G.
Povie and P. Renaud, Thiyl Radicals in Organic Synthesis,
Chem. Rev., 2014, 114, 2587; (c) Y. Okada and K. Chiba, Redox-
Tag Processes: Intramolecular Electron Transfer and Its Broad
Relationship to Redox Reactions in General, Chem. Rev., 2018,
118, 4592; (d) C. Hu, J. Mena and I. V. Alabugin, Design
principles of the use of alkynes in radical cascades, Nat. Rev.
Chem., 2023, 7, 405.

(a) Z. Liu, J. Derosa and K. M. Engle, Palladium(ll)-Catalyzed
Regioselective syn-Hydroarylation of Disubstituted Alkynes
Using a Removable Directing Group, J. Am. Chem. Soc., 2016,
138, 13076; (b) M. R. Uehling, A. M. Suess, and G. Lalic,
Copper-catalyzed hydroalkylation of terminal alkynes, J. Am.
Chem. Soc. 2015, 137, 4, 1424-1427; (c) L. J. Oxtoby, J. A.
Gurak, S. R. Wisniewski, M. D. Eastgate and K. M. Engle,
Palladium-Catalyzed Reductive Heck Coupling of Alkenes,
Trends Chem., 2019, 1, 572.

J. Panteleev, R. Y. Huang, E. K. J. Lui and M. Lautens, Addition
of Arylboronic Acids to Arylpropargyl Alcohols en Route to
Indenes and Quinolines, Org. Lett., 2011, 13, 5314.

Z. Yan, X-A. Yuan, Y. Zhao, C. Zhu and J. Xie, Selective
Hydroarylation of 1,3-Diynes Using a Dimeric Manganese

This journal is © The Royal Society of Chemistry 20xx

11

12

13

Catalyst: Modular Synthesis of Z-Enynes, Angew. Chem., 2018,
57, 12906.

A. Arcadi, M. Aschi, M. Chiarini, G. Ferrara and F. Marinellia,
Rhodium- and Palladium-Catalyzed Hydroarylation of
Propargylic Amines with Arylboronic Acids, Adv. Synth. Catal.,
2010, 352, 493.

(@) N. Kim, K. S. Kim, A. K. Gupta and C. H. Oh, On the
regioselectivity of Pd-catalyzed additions of organoboronic
acids to unsymmetrical alkynes, Chem. Commun., 2004, 618;
(b) T. Satoh, H. Tsurugi and M. Miura, Catalytic synthesis of
oligoene and enyne derivatives through carbometalation of
internal alkynes, Chem. Rec., 2008, 8, 326; (c) S. Cacchi, G.
Fabrizi, A. Goggiamani and D. Persiani, Palladium-Catalyzed
Hydroarylation of Alkynes with Arenediazonium Salts, Org.
Lett. 2008, 10, 1597; (d) S. Cacchi, G. Fabrizi, A. Goggiamani,
A. Perboni, A. Sferrazza and P. Stabile, 2,3-Disubstituted
Indoles  via  Palladium-Catalyzed  Reaction of 2-
Alkynyltrifluoroacetanilides with Arenediazonium
Tetrafluoroborates, Org. Lett., 2010, 12, 3279; (e) S. Cacchi, G.
Fabrizi and A. Goggiamani, The palladium-catalyzed
hydroarylation of propargylic alcohols in room temperature
ionic liquids, J. Mol. Catal. A: Chem., 2004, 214, 57; (f) A.
Arcadi, S. Cacchi and F. Marinelli, The palladium-catalysed
reductive addition of aryl iodides to propargyl alcohols: a
route to /yy,/yy-diaryl allylic alcohols, Tetrahedron, 1985, 41,
5121; (g) A. Arcadi, S. Cacchi, G. Fabrizi, F. Marinelli and P.
Pace, The palladium-catalysed vinylic substitution of vinyl
triflates  with  B-substituted-a,B-unsaturated carbonyl
compounds. An application to the synthesis of cardenolides,
Tetrahedron, 1996, 52, 6983; (i) S. Dutta, S. Yang, R. Vanjari,
R. K. Mallick, V. Gandon and A. K. Sahoo, Keteniminium-
Driven Umpolung Difunctionalization of Ynamides, Angew.
Chem. Int. Ed., 2020, 59, 10785; (j) R. Vanjari, S. Dutta, S. Yang,
V. Gandon and A. K. Sahoo, Palladium-Catalyzed
Regioselective Arylalkenylation of Ynamides, Org. Lett., 2022,
24, 1524; (k) C. Huang, Y. Pang, X-A. Yuan, Y-Y. Jiang, X. Wang,
P. Liu, S. Bi and J. Xie, Noncovalent Interaction- and Steric
Effect-Controlled Regiodivergent Selectivity in Dimeric
Manganese-Catalyzed Hydroarylation of Internal Alkynes: A
Computational Study, J. Org. Chem., 2022, 87, 4215; (/) A.
Sahoo, S. Dutta and A. K. Sahoo, Two-component symmetrical
diarylation of ynamides, Org. Biomol. Chem., 2023, 21, 5737.
(a) M. Hojo, Y. Murakami, H. Aihara, R. Sakuragi, Y. Baba and
A. Hosomi, Iron-Catalyzed Regio- and Stereoselective
Carbolithiation of Alkynes, Angew. Chem., Int. Ed., 2001, 40,
621; (b) K. Itami, T. Kamei and J. Yoshida, Diversity-oriented
synthesis of tamoxifentype tetrasubstituted olefins, J. Am.
Chem. Soc., 2003, 125, 14670; (c) J. Ryan and G. C. Micalizio,
An alkoxide-directed carbometalation of internal alkynes, J.
Am. Chem. Soc., 2006, 128, 2764; (d) Z. F. Yan, X. A. Yuan, Y.
Zhao, C. J. Zhu and J. Xie, Selective hydroarylation of 1,3-
diynes using a dimeric manganese catalyst: modular synthesis
of Z-enynes, Angew. Chem., Int. Ed., 2018, 57, 12906—12910;
(e) W. Wang, H. Qian and S. Ma, Rh-catalyzed reaction of
propargylic alcohols with aryl boronic acids switch from B-OH
elimination to protodemetalation, Chin. J. Chem., 2020, 38,
331-345; (f) Y. Pang, S. Chen, J. Han, C. Zhu, C. G. Zhao and J.
Xie, Dimeric manganese catalyzed hydroalkenylation of
alkynes with a versatile silicon based directing group, Angew.
Chem. Int. Ed., 2023, 62, €202306922; (g) F. Wang, G. Dong, S.
Yang, C. L. Ji, K. Liu, J. Han and J. Xie, Selective
functionalization of alkenes and alkynes by dinuclear

J. Name., 2013, 00, 1-3 | 7


https://onlinelibrary.wiley.com/doi/abs/10.1002/adsc.201300720

Organic:Chemistry-Frontiers -

1 ARTICLE Journal Name

2

3 manganese catalysts, Acc. Chem. Res., 2024, 57, 20, 2985—

4 3006; (h) Y. Zhang, Z. Cai, S. Warratz, C. Ma and L. Ackermann,

5 Recent advances in electrooxidative radical transformations
of alkynes, Sci. China Chem., 2023, 66, 703—724.

6 14 E. E. Lin, J-Q. Wu, F. Schéfers, X-X. Su, K-F. Wang, J-L. Li, Y.

7 Chen, X. Zhao, H. Ti, T-M. Ou, F. Glorius and H. Wang, Regio-

8 and stereoselective synthesis of tetra- and triarylethenes

9 by N-methylimidodiacetyl boron-directed palladium-

10 catalysed three-component coupling, Commun. Chem.,

11 2019, 2, 34.

12 15 (a) B. Gourdet, D. L. Smith and H. W. Lam, Rhodium-catalyzed

13 carbometalation of ynamides with organoboron reagents

14 Tetrahedron, 2010, 66, 6026; (b) N. Liu, Y. Zhi, J. Yao, J. Xing,

15 T. Lu and X. Doua, Rhodium(l)-Catalyzed

16 Arylation/Dehydroxylation of tert-Propargylic Alcohols
Leading to Tetrasubstituted Allenes, Adv. Synth. Catal., 2018,

17 360, 642.

18 16 S. Dutta, S. Shandilya, S. Yang, M. P. Gogoi, V. Gandon and A.

19 K. Sahoo, Cationic-palladium catalyzed regio- and

20 stereoselective syn-1,2-dicarbofunctionalization of

21 unsymmetrical internal alkyne, Nat. Commun., 2022, 13,

22 1360.

23 17 M. Sethi, S. Dutta and A. K. Sahoo, Regioselective Twofold

24 Annulation of Propargyl Acetates, Org. Lett., 2024, 26, 15,

25 3224.

26 18 See the Supporting Information (SI) for details.

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

8 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins




Page 9 of 9 Organic Chemistry Frontiers

Data Availability Statement

oNOYTULT D WN =

Details on experimental procedures, mechanistic experiments, characterization data of all the trisubstituted allyl
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