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Base-assisted diazonium activation has been employed to promote
gold (1)/(Il) redox catalysis toward allylic oxime cyclization/aryl
coupling. Functional isoxazolines were prepared with good to
excellent yields, while the alternative photoactivation method
provided trace amounts of the isoxazoline products. This study
further broadens the scope of gold redox chemistry.

Homogenous gold catalysis has been successfully applied in the
areas of alkyne, allene, and alkene activation for effective C-C
and C-heteroatom bond formation.! However, due to the
challenge associated with a high oxidation potential of gold,
gold redox catalysis has not been well explored until recently.?
Typically, strong oxidants such as PIDA or selectfluor have been
used in oxidizing Au(l) to Au(lll).3> The discovery of diazonium
salts as oxidizing agents for gold redox catalysis has recently
stimulated the interest of many researchers.* As initially
reported by Glorius in 2013, followed by Toste, Shin, Alcaide,
Hashimi, and others,photoactivation of diazonium salts lead to
the oxidation of Au(l) to Ar-Au(lll) intermediates, which
promote sequential C-C multiple bonds activation followed by
reductive elimination (Scheme 1A).> It is generally believed
that the resulting aryl radical from photoactivated diazonium
salts initiates gold oxidation.® These seminal works significantly
advanced gold catalysis research since they offered effective
reactive species (aryl diazonium) as oxidants in promoting the
gold-redox cycle.

Our group recently reported a Lewis base-promoted gold
oxidation process using diazonium salts.” In those reports,
inorganic bases were found to be adequate to facilitate
diazonium salt activation under thermal conditions (40-60 °C).
Herein, we report the successful cyclization of allylic oximes for
the preparation of isoxazoline derivatives under mild reaction
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conditions. On the other hand, allylic oximes were found to
undergo significant decomposition under photoconditions,

giving trace amounts of the desired product.

(A) Gold redox catalysis using diazonium salt as oxidant

Photoactivation:
hv, with [Ruj/[Ir]
> Ar—Au(lll) Ar—Au(lll) Ar
Au(l) ref.5 ' RE
+ — NS — ,«" R 7, ’/' R
Thermal activation: \/)\ R ) \
[ArNo][BF,] with Lewis Base ~ \_ *~-Nu ~- Nu
ref.7 - NuH
(B) Challenge in oxime cyclization: radical-labile substrates
_OH N-O Conditions
N Ar-[Au]" ] Bl
)|\/\ ,,,,,,,,,,, ue LED, [Ru] or hv
Ph A ? Ph Ar 100% 1a conversion;
1a 2 <5% product formation

Scheme 1 Cyclization of Oximes

Due to the strong interest in developing a new strategy for
heterocycle synthesis under mild conditions, we were curious
about the possibility of using the gold-redox strategy for
constructing the isoxazoline motif through an allylic oxime
cyclization method (Scheme 1B). Notably, isoxazolines and
their derivatives are a versatile class of compounds that can be
found in numerous natural products and biologically active
compounds.® However, due to the poor substrate stability
toward transition metal catalysts, there are only limited
successful examples reported regarding oxime cyclization.® In
2010, Loh’s group reported the first example of Pd-catalyzed
allylic oxime cyclization for the dioxygenation of an alkene (O,
Later,
Chen’s group reported Pd catalyzed allylic oxime cyclization

as both oxidant and the second hydroxyl source).1®

with aryl halides.** More recently, Zhu and coworkers reported
the Pd-catalyzed homoallylic oxime cyclization for the synthesis
Unlike Pd catalysis, gold
chemistry with aryldiazonium salts does not undergo oxidative

of 5-methylisoxazoles.!? redox
addition through an aryl halide pathway. Therefore, gold redox
catalysis will offer greater orthogonal group
tolerance compared to traditional Pd catalysis. One general
concern is whether oxime could survive under gold redox

functional
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conditions with radical labile N-O and C=N bonds. In fact, when
treating allyl oxime 1a with diazonium 3a under photocatalytic
conditions, no desired product 2a was observed although 1a
was completely consumed within two hours. With an interest
in exploring this useful transformation with gold-redox
catalysis, we further evaluated the reactivity of 1a in the
presence of diazonium salt 3a. The results are summarized in
Figure 1.

N
a) )‘\/\
Phott A
[Ar-NEN r activ(;t(i)on Ar - R Fast substrate decomposition
l OH Will chemical activation slow down
oxime decomposition?
(Ar—N=N}-0 Ar-N=N
| 2 .
b) OH -
N~ [ArN,]IBF,] Conditions itored by 'H NMR
Ph)‘\/\ * Ar=p-F-Ph CH4CN, rt monforeeby
1a 3a
Entry Conditions Time  Convn 1a Recov. 1a
1 1a, Blue LED 24 h 0% >95%
2 1a and 3a, Blue LED 2h 100% 0%
3 1a and 3a, daylight 4h 100% 0%
4 1a and 3a, dark 5h 100% 0%
5 1a, 3a, and Li,COj3, daylight 6h 10% 90%
6 1a, 3a, and Li,CO;, dark 24 h 5% >95%

Figure 1 Allylic oxime reactivity with diazonium salt

Although with reactive N-O and C=C bonds, oxime 1a showed
good stability while exposed to light; giving less than 5%
decomposition under blue LED initiation. However, upon
treatment with diazonium salt 3a (1:1 mixture of 1a and 3a),
rapid decomposition occurred at room temperature and 100%
of 1a was consumed with no clear identifiable products
observed when exposed to either blue LED or daylight. Slower
decomposition was observed (100% decomposition, 5 h) when
treating the mixture under darkness. Notably, 1°F NMR studies
showed that most of the diazonium salt was consumed (entries
1-4). Unfortunately, these results ruled out the possibility of
applying diazonium salt in gold redox catalysis under photo-
activation conditions.

As discussed above, our group had initiated a chemical
activation approach as an alternative for diazonium salt
promoted gold redox catalysis. We argued that a base will assist
the in-situ N, extrusion process to promote the oxidation of
Au(l) to Au(lll)-Ar, thereby, slowing down the radical generation
which decomposes the oxime.”13 With this in mind, we found
that addition of 2 eq. Li,CO3, did slow down 1a decomposition:
10% conversion of 1ain 6 h under daylight (entry 5). Meanwhile,
19F NMR studies showed that only a little amount of diazonium
salt was consumed in the presence of Li,COs;. This further
suggests that Li,CO; could potentially prevent the diazonium
salt from decomposition to the aryl radical. Encouraged by this
result, we evaluated the proposed cyclization-arylation under
various conditions, including the choices of catalysts, solvents,
bases, and reaction temperatures. Eventually, 7.5% PPhs;AucCl,

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

5 eq. Li,CO3 in CH3CN as solvent was identified as the optimal
conditions, giving the desired product 2ain 78% NMR yield (74%
isolated vyield). Comparison of various reaction conditions is
summarized in Table 1.

Table 1 Selected initial optimization reactions

PPhgAuCI (7.5 mol%) 0

NOH [ANIBF,] (2 equiv) N N-G,
©/k/\ Li,CO5 (5 equiv.) @/\)’\\ R w
AN - Ar
CHCN, 60 °C, 3 h
1a Ar = 4-F-CgH, 2a 2ar
iel bysi | b
Entry Reaction conditions varies from standard? convn yield y|ec,1
1a 2a 2a
1 None 100% 78% 0%
2 No [Au] 0% - -
3 No [ArN,][BF,] 18% - -
4 No Base 100% trace -
5 NaHCO; 2 eq. 95% 58% 0%
6 Li,COs 2 eq. 100% 74% 0%
7 5 % PPh;AuCI 90% 51% 0%
8 5 eq. [ArN,][BF,] 100% 65% -
No [Al VA or Blue LED
9 o [Au], UVA or Blue , degassed 100% 0% 0%
MeOH
ERmemrasiTavAwaLy sary e Py A
10% PPh3;AuCl, degassed MeOH or
10¢ MeCN, 100% <5% 0%
12W blue LEDs, RT
| - e et RN 2 Voo
10% PPh;AUClI, 2.5% [Ru(bpy)s](PFé).
degassed MeOH or MeCN, 12 Wblue 100% <5% 0%

LEDs, RT

3 General reaction conditions: 1a (0.33 mmol), [Au] (0.025 mmol) diazonium salt
(0.66 mmol) and base (1.65 mmol) in CH3CN (0.4 M), 60 °C; ® Yield was based on
IHNMR with 1,3,5-trimethoxybenzene as internal standard. ¢ Solvents were
degassed using the Freeze-Pump-Thaw method.

As shown above, the gold catalyst was found to be crucial for
the allylic oxime cyclization since no conversion of the substrate
was observed without gold (entry 2). Conducting the reaction
in the absence of a base gave complete conversion with no
appreciable amount of the desired product. Li,CO3 (5 eq) was
identified as the optimal choice for this transformation (entries
5-6). Notably, although crude 'H NMR of the reaction mixture
indicated a very ‘clean’ reaction, the overall yield was around
75%. Meanwhile, the addition of excess diazonium salt was
found to lead to lower yield (entry 9). Also, acetonitrile was the
only solvent suitable for this transformation; switching to other
solvents like 1,2-dichloroethane or toluene gave no desired
product. This is due to the poor solubility of the diazonium salt
in these solvents, even at elevated temperature. To emphasize
the wuniqueness of our chemical activation method,
photochemical conditions were used for the cyclization in the
presence of diazonium salt. The substrate readily decomposed
in the presence of diazonium salts under this method. The
standard photoactivation conditions using gold and
[Ru(bpy)s](PFg), in degassed methanol did not provide a
significant amount of desired isoxazoline as confirmed by H
NMR analysis of the crude reaction mixture. This result suggests
that the photoactivation condition is unsuitable for the oxime
substrates in the presence of diazonium salt. With the optimal

This journal is © The Royal Society of Chemistry 20xx
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reaction condition in hand, we applied it to a series of allylic
oximes (Scheme 2).

N-OH PPh;AUCI (7.5 mol%) N-O
[AN,]*BF4- Li,CO3 (5 equiv.) |
R Ar=4F-CeHy  CH, CN,60°C,3h n Ar
1 2
N-Q Me N-Q N-OQ
| | |
Ar Ar Ar
Ph
2a, 74% 2b, 58% 2c, 78%
N-Q N-Q

N-Q
| | |
Me
Ar Ar Ar
Br Cl

2d, 61% 2e,72%

N-O N-©Q N-Q
| | |
: esal
F MeO
29,63% 2h, 56% 2i, 76%
.0
N-Q N-Q N Ar
| | |
Ar Ar
Me 2, 67% 2k, 30% 21,69%
N-O
|
Ar
2m, 61%

Scheme 2 Substrate scope for allylic oxime. General reaction conditions: 1a (0.33 mmol),
[Au] (0.025 mmol), diazonium salt (0.66 mmol), and base (1.65 mmol) in CH3CN (0.4 M),
60 °C; b Isolated yield.

As shown in Scheme 2, both aromatic and aliphatic substrates
were evaluated for the reaction. Good yields and high reaction
efficiency could be observed when aryl groups were used (2a-
2j). The presence of electron withdrawing groups appeared to
be more favorable with respect to the isolated yield (2e-2g).
Also, the napthyl group afforded a good yield (2i). In the case of
electron donating substituent 2h, a modest yield was achieved.
Compared to 2j, the more sterically hindered 2b provided a
lower vyield, suggesting that sterics played a role. However,
aliphatic substrate gave a much lower yield for this reaction
(2k). Also, the homoallylic oxime was found to be viable for this
reaction giving a good yield of 5,6-dihydro-4H-1,2-oxazine
derivative (2l). This is a significant step towards broadening the
scope of this reaction; owing to the fact that oxazines are also
known to be a highly desirable class of heterocycles. The 7 or 8
membered-ring analogs could not be observed under the
reported reaction conditions.

Furthermore, a series of diazonium salts were investigated
(Scheme 3); electron poor aryl diazonium salts could also be
enlisted, giving the desired products in high yields (4a-4h). The
iodo-substituted diazonium salt 4e was also successfully applied
with modest yield. This result highlights the orthogonal
reactivity under gold catalysis, compared with previously
reported Pd catalysis conditions. However, electron rich
diazonium salts failed to give the desired product due to the
instability of the diazonium species.

This journal is © The Royal Society of Chemistry 20xx
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N-OH PPhzAuCl (7.5 mol%)
)|\/\ [AN,]*BF4- L|2003 (5 equiv.)
Ph N " Ar=aFCeH o
1 = 614 CH3CN, 60 °C, 3 h

4c, 72%
0
R, .
\
| Ph CF.
EtO
4e, 53%

o o

/ s F

Ph CFj3 Ph F
49,70%

o,

4b, 72%

0
0L
\
Ph Cl

4a, 79%

[aas}

COOMe
4d, 69%

Scheme 3 Substrate scope for diazonium salt. General reaction conditions: 1a (0.33
mmol), [Au] (0.025 mmol), diazonium salt (0.66 mmol), and base (1.65 mmol) in CH3CN
(0.4 M), 60 °C; b Isolated yield.

Although the substituted isoxazolines are in themselves useful
compounds, we carried out their reduction to the
corresponding hydroxyl ketones (Scheme 4A). Isoxazoline 2a
was subjected to reductive N-O bond cleavage followed by
subsequent hydrolysis of the resulting imine. This reductive ring
opening was achieved up to 82% yield. To further demonstrate
the synthetic utility, we synthesized the p-iodo substituted
aromatic substrate 6, which was further subjected to our
reaction conditions. The desired isoxazoline 7 was obtained
with 72% yield (Scheme 4B). Notably, when treating 6 under
previously reported Pd-catalyzed conditions, no desired
product was observed with 100% conversion. The fast oxidative
addition of the C-I bond led to the side reaction pathway. This
result clearly indicated the orthogonal catalytic reactivity
between Pd and Au. The following Sonogashira reaction of 7
afforded alkyne substituted aromatic isoxazoline 8, allowing an
extended synthetic handle.

a) Reduction of Isoxazonline

N,O Fe, NH,CI O OH F
}j/\@\ H,O/EtOH Ph
PH F 80°C,3h
2a 5,82%
b) orthogonal reactivity
O PPhsAUCI N"O
| N [ANI[BF,] \, T ="Tvs
Ar = 4-F-CgH, '
I 6 ! 7, 72%
1% Pdy(dba),
2% Xantphos [Pd]
ArBr NaO#Bu 0
Toluene "f
105 °C, 3h
ref. 11 Ar
100% conv. =Z

no desired product ™S 8,91%

Scheme 4 Isoxazoline Reactivity

In conclusion, gold-redox chemistry has been applied for the
cyclization/functionalization of allylic oximes in the presence of
aryl diazonium salts. This transformation gives access to aryl
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functionalized 2-isoxazolines in good to excellent vyields.
Moreover, we believe the apparent compatibility of Au redox
chemistry with oximes will provide an alternate route towards
the synthesis of isoxazoline derivatives.
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