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The gold-catalyzed 1,3-O-transposition reaction of ynesulf-
onamides provides a practical synthetic protocol for the syn-
thesis of ynamides under mild conditions. This is the first 1,3-
O-transposition example of ynesulfonamides in which a het-
eroatom is attached to the alkynyl terminal. A plausible

mechanism is been proposed on the basis of 180-labeling and
control experiments as well as DFT calculation. By simple
treatment, the obtained ynamides can easily be transformed
into useful products.

Intramolecular transposition reactions are atom econom-
ical processes which have been widely reported in recent
years.'l Among them, 1,3-shift of allylic alcohols is well-
studied and employed to synthesize biologically active com-
pounds and natural products such as (-)-Galanthamine,
(-)-Amphidinolide B1 and Laulimalide.’! Moreover, transi-
tion-metal-catalyzed transposition reactions are recently at-
tracting much more research interests especially as for these
involved with a carbenoid intermediate.[’! 1,3-Transposition
reactions are common reaction modes, proceeding through
an unsaturated and delocalized system (such as allylic or
propargylic system) under metal catalysis [Scheme 1, Equa-
tion (1)].1 Propargylic metal carbenes can also undergo a
1,3-transposition known as a metallotropic shift [Scheme 1,
Equation (2)].°! In 2014, gold-catalyzed 1,3-transposition
of ynones and diynones have been disclosed by Gevorgyan
and co-workers [Scheme 1, Equation (3)].1¢! To the best of
our knowledge, gold(I)-catalyzed 1,3-transposition reac-
tions of propyne having a heteroatom at the alkynyl ter-
minal have been rarely reported.l”) Herein, we report a novel
gold-catalyzed 1,3-transposition of readily available yne-
sulfonamides to ynamides [Scheme 1, Equation (4)].”) This
new reaction has the advantages of mild conditions and a
wide range of substrate scope. Besides, the products can
further undergo an easy detosylation process to deliver use-
ful compounds.

During our exploration of novel reaction pathways of
electron-deficient alkynes under gold catalysis, we found an
entire transformation of ynesulfonamides to ynamides un-
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Scheme 1. Transition-metal-catalyzed 1,3-transposition.

der gold catalysis. This reaction proceeded efficiently in the
presence of gold catalyst, affording the desired ynamide in
good yield within 10 min (Scheme 2). Due to the similar
polarity of both substrate and product, the transformation
was difficult to be monitored by TLC (silica gel: SiO,)
checking and the reaction proceeding should be traced on
the basis of the crude reaction mixture’s 'H-NMR spectro-
scopic analysis. After mixing the starting materials 1a with
gold(I) catalyst which is generated in situ from IPrAuCl
(5 mol-%) with AgNTf, (5 mol-%), the crude reaction mix-
ture was tracked by 'H-NMR spectra. Initially, a new signal
at 0 = +1.67 ppm (Me of ynamide 2a) appeared within 30 s.
After 3.0 min, the intensity of this signal increased and the
intensity of the signal at 6 = +2.33 ppm (Me of ynesulfon-
amide 1a) decreased. Within 10 min, the signal at J =
+2.33 ppm almost disappeared and the intensity of signal
at 0 = +1.67 ppm reached to its maximal value (Scheme 2).

Eur. J. Org. Chem. 2015, 4108-4113



Gold(I)-Catalyzed 1,3-O-Transposition Reactions

Eur

The structure of 2a has been unambiguously assigned by
X-ray diffraction. The ORTEP drawing of 2a is shown in
Supporting Information and its CIF data are also presented
in Supporting Information.
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Scheme 2. Gold-catalyzed 1,3-O-transposition reaction.

Upon reaction condition screening, we first utilized
IPrAuCl (5 mol-%) as the gold catalyst to seek out the best
gold catalytic system (Table 1). After our examination of
different silver salts, NTf,™ was identified as the best coordi-
nation anion, affording 2a in 75% NMR vyield within
10 min (Table 1, entries 1-4). Then, gold catalysts with dif-
ferent phosphine ligands were employed (Table 1, entries 5—
8). Using tBuXPhosAuSbFg as the catalyst produced 2a in
82% yield within 10 min (Table 1, entry 6). Ligands nBusP
and Ph;P gave 2a in lower yields presumably due to the
steric factor. Considering that Ag species (AgCl) generated
in situ may affect the reaction outcome,® IPrAuNTf, was
used directly to rule out the silver salt’s effects, and it was

Table 1. Condition screening for the synthesis of 2a.

Ts
O Au cat. (5 mol-%) N =
4< Ag salt (5 mol-%) ©/
oN :

solvent, r.t., 10 min

2a
Entry®  Au cat. Ag salts Solvent  Yields [Yo]®!
1 IPrAuCl AgOTf DCM 75
2 IPrAuCl AgNTf, DCM 35
3 IPrAuCl AgSbFq DCM 60
4 IPrAuCl NaBArF DCM 70
5 JohnPhosAuCl AgNTf, DCM 57
6 tBuXPhosAuSbFy, — DCM 82
7 nBu;PAUSF, - DCM 66
8 PPh;AuSbF, - DCM 73
9 IPrAuNTf, - DCM 91 (90)1
10 IPrAuNTf, - DCE 85
11 IPrAuNTf, - toluene 84
12 IPrAuNTf, - MeCN 19
13 IPrAuNTf, - DCM (88)1d!

[a] Reactions were run as 0.1 M in solvents. [b] HPLC yields with
4-bromoanisole as an internal standard. [c] Isolated yields. [d] 2.0
gram scale, isolated yield.
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found that the yield of 2a increased to 91% NMR yield
along with 90% isolated yield (Table 1, entry 9). After iden-
tification of the better gold catalyst, the screening of sol-
vents affirmed that DCM (dichloromethane) was the better
solvent because carrying out the reaction in DCE (1,2-
dichloroethane), toluene and MeCN all afforded 2a in
lower yields (Table 1, entries 10-12). The reaction can be
also performed in a 2.0 gram scale under the optimal condi-
tions, giving 2a in 88% isolated yield (Table 1, entry 13).
Thus, we identified that IPrAuNTTf; (5 mol-%) as gold cata-
lyst and the reaction should be carried out in DCM. This
gold-catalytic system is quite efficient for the 1,3-O-trans-
position of ynesulfonamides to ynamides.

Having the optimal reaction conditions in hand, we next
investigated the scope of the reaction with respect to dif-
ferent ynesulfonamides. As shown in Table 2, the 1,3-O-
transpositions proceeded smoothly to afford the desired
products in moderate to excellent yields (75-93%). In gene-
ral, this transformation proceeded more efficiently for elec-
tron-donating group substituted ynesulfonamides (R! = Ts,
Mes), leading to the corresponding products in high yields,
and as for electron-withdrawing group substituted yne-
sulfonamide (R! = Bs, 2b), the yield of the desired product
was slightly lower. Moreover, we also attempted to synthe-
size Ns-substituted ynesulfonamide (Ns = 4-nitrophenyl-
sulfonamide), however, the substrate decomposed very
rapidly probably due to that the electron deficiency caused
instability during gold catalysis. Different alkyl-substituted
benzene derivatives had no influences on this transforma-

Table 2. Reaction scope of ynesulfonamides 1 to ynamide products
2 with substituent at alkynyl N site.

ZL \ IPrAuNTf2 (5 mol-%)
!

4 /2 DCM r.t., 10 min

3
I,33 l\,lIeS '!'s
”w%/(j”r%/(j”rﬁ/

(0] o nBu (0]

1
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Rzg s

@ri/@r
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v
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2c,91%

Ts
T%/ NT%/
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2h, 84%
2e 86%

Ts Ts Ts P
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oY gr 1
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sugsealiic el

21, 89% 2m, 92%
[a] Isolated yields. [b] Reaction time is 0.5 h.
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tion, all giving the desired products in good yields (2d, 2g
and 2h). Sterically bulky 2,6-dimethyl-substituted yne-
sulfonamide afforded the corresponding product in the
highest yield (2f, 93%). When different halogen atoms such
as F, Cl or Br were presented at the benzene ring, no obvi-
ous erosion of yields was observed (2e, 2i and 2j). Even if
the starting material having two halogen-atom substituents
on the benzene ring, the reaction also proceeded very well,
giving the desired products in good yields (for 2k and 2m).
The substrate having phenyl substituent on the benzene ring
was also tolerated, affording the desired product 21 in 89%
yield. Naphthylamine containing substrate gave the ex-
pected product 2n in 75% yield.

We next synthesized substrates with different substituents
at the carbonyl carbon terminal to examine the reaction
outcome. The results are summarized in Table 3. The de-
sired products were obtained in good yields in most cases.
Alkyl-substituted products (20, 2p and 2q) were obtained in
good to excellent yields. No obvious alternation on yield
was observed when cyclohexyl group was introduced at the
carbonyl carbon terminal (2r). In the cases of aryl-substi-
tuted substrates, yields of the corresponding ynamides had
a little decrease probably due to the electronic property (2s
and 2t). Alkenyl group substituted substrates such as 1- or
2-propenyl substituent did not affect the reaction outcome,
affording the desired products 2u and 2v in good to excel-
lent yields. Using 1w as substrate, the corresponding pro-

Preparation of 80 labeling substrate

©/ NHTs

(80 10%)

o™y
;(O

4
HCOZHJ H,'%0

pentane| reflux

180 18
a0/ AGNOs NBS //o
\  acetone \
5 6
Double cross-over experiment
Ts 18/0 (80 10%)
N dq
\
180-1a standard
conditions
(0] one pot
Ts
N =4
O L O
Control experiment
(0]
-II:ISE)—:/,/ standard
©/ \ __conditions
H2180
1a

Scheme 3. Control experiments for investigation on mechanism.
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Table 3. Reaction scope of ynesulfonamides 1 to ynamides 2 with
substituent at carbonyl C site.

Ts _R?

, .
N
IPrAUNTf, (5 mol-%) ©/ Yﬂé

DCM, rt., 10 min o

Ts

o}
O

1

2
Ts
Ts Ts i —
©/ ©/ o °

(0]

20, 92%( 2p, 77% 2q,91%
2r, 92% 2s,87% 2t, 79%
Ts Ts N Ts
N = N /v /N \ﬂ/
oY O
2u, 87% 2v, 92% 2w, 42%
3)( 52%[b] 2y 95%

[a] Isolated yields. [b] After detosylation, two steps’ yield.

(80 10%)
18,
Cuso, Ts 2
1,10-phenoline ©/N <E}“\
K,COj3, toluene
60 °C °0-1a
(180 10%)

TS K
180-2a, 94% no cross-over

products
Ts 0
©/N d(%
2s, 88% \Q
18o 0%)
Ts
©/ % no obvious changes
2a, 92%
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duct 2w was only obtained in 42% yield since the reaction
mixture became complex quickly within 10 min. Product 2x
was unstable during purification with silica gel column
chromatography, but it could be readily transformed to
product 3x through a one-pot detosylation process, which is
a useful compound for photochemical study (see Scheme 6).
Product 2y is also a useful precursor of drug candidate and
the detailed transformation can be seen in Scheme 6.
Two '30 labeling experiments were conducted to clarify
the O-atom-transfer process of the carbonyl group
(Scheme 3). 80 containing compound 6 could be readily
prepared through bromination of compound 5 with NBS,
which is derived from the hydrolysis of ketal 4 with H,'80O
in the presence of HCO,H. The target compound '80-1a
was then obtained via cooper catalyzed coupling reaction.
The content of '®0 was only 10% presumably due to that
the water in situ generated from decomposition of formic
acid upon heating is unavoidable. However, 10% of 80
content of 1a is good enough as compared to 0.2% of 80
content in nature. The cross-over experiment was conducted
with '80-1a and 1s as the substrates. After the one-pot gold
catalysis, no cross-over products were observed on the basis
of Mass spectroscopic analysis of the reaction mixture, sug-
gesting an intramolecular atom transferring manner
(Scheme 3). Moreover, adding H,'%0 into the reaction sys-
tem of 1a did not give '%0 containing product under the
standard conditions and the desired product 2a was given
in 92% yield, indicating that the ambient water did not af-
fect the reaction proceeding. These results firmly demon-
strated that the O atom transferring process takes place
through an intramolecular manner.
Based on the previous literaturel®®®! and our control ex-
periments, a plausible mechanism for this gold-catalyzed

Angs (kcal/mol)

Ts 0
: N%/<
1a
+
-

Au .
— (0]
Ts 0

R N%/<
() w
. Int1
| —73.8
-78.9
Int 2
(0]

Ts

Scheme 5. Reaction energy profile.
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1,3-O-transposition process is outlined in Scheme 4. As for
substrate 1a, the coordination of gold(I) catalyst with alk-
yne gives intermediate A, which can initiate an intramolecu-
lar O attack to the alkyne moiety to deliver a gold stabilized
carbocationic intermediate C via transition state B. Subse-
quent C-O bond cleavage in the intermediate C and dissoci-
ation of the gold catalyst generate product 2a.

1a
2a IPrAUNTY,
Ts '/—\ o
TS + N r///
\
A AuL+

©/C AulL
0\5;\“

AuL

o

Scheme 4. A proposed mechanism.

In order to understand the detailed mechanism for the
formation of product 2, we have also theoretically investi-
gated the reaction pathway (for details, see Supporting In-
formation). All calculations have been performed at the
B3LYP/6-311+G(d,p)/SDD//B3LYP/6-31+G(d)/SDD level
of theory with Gaussian 09 program. The relative energies
of all intermediates and transitional states along the reac-

Ts
N/
Iy

2a
+
.
Au
Ts O —4.5
AR —
N—— /
©/ Au
TS 2 !
—52.7 !
—65.4 —
Int3 —-74.0
Int 4
Ts Ts
oE @r“/ ;
Au
Au o
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tion pathways are shown in Scheme 5. Initially, the coordi-
nation of ynesulfonamide 1a with Au' catalyst generates
gold complex Int 1. The gold complex Int 1 is transferred
to the more stable carbocationic intermediate Int 2 without
an energy barrier. Passing through transition state TS 1
with an energy barrier of 26.7 kcal/mol, the O attacks the
electrophilic carbon to give another stable carbocationic in-
termediate Int 3. Then the intermediate Int 3 undergoes C—
O bond cleavage via transition state TS 2 with an energy
barrier of 26.2 kcal/mol, generating the product complex
Int 4. The product complex Int 4 is finally cleaved to yield
separate product 2a with Au' catalyst. Moreover, the DFT
calculations show that the product 2a is more stable than
the reactant 1a by 4.5 kcal/mol, indicating that the forma-
tion of product 2 is an exothermic process.

Due to product 2x’s instability in silica gel column
chromatography, it was transformed into stable and separa-
ble product 3x via a one-pot detosylation process in the
presence of a magnesium scraps with methanol (Scheme 6).
The product 2y could be easily transformed into detosyl-
ated derivative 3y in good yield (Scheme 6). The compound
3x is a useful material since it has excellent UV block activi-
ties,”! and compound 3y could be used as a model com-
pound for treating tumors, cancer and hyper proliferative
diseases.'%!

one pot
1. standard
eo

2 Mg scraps

MeOH, reflux 3x, 52% two steps

excellent UV block activities

Mg scraps
MeOH reflux

S
N

Scheme 6. Further transformation of products 2x and 2y.

activities for treating
tumors, cancer, etc.

In summary, we have explored a novel and efficient
gold(I)-catalyzed intramolecular 1,3-O-transposition reac-
tion under mild conditions. Through further transforma-
tions, two useful compounds can be easily obtained after
simple treatment. This new strategy demonstrates a practi-
cal protocol for synthesis of ynamides starting from yne
sulfonamides, which have a nitrogen atom tethered at alk-
ynyl terminal. The control experiments and DFT calcula-
tion results give experimental and theoretical explanations
for the proposed intramolecular 1,3-O atom transfer
mechanism, and also show that the formation of product 2
is an exothermic process.
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