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A Concise, Metal-Free Approach to the Synthesis of Oxime Ethers from
Cross-Dehydrogenative-Coupling of sp> C—H Bonds with Oximes
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A concise oxime ether synthesis by a metal-free dehydro-
genative cross-coupling reaction between allylic sp® C-H
bonds and oximes promoted by 2,3-dichloro-5,6-dicyano-

quinone (DDQ) is reported. The corresponding oxime ethers
are obtained in good yields.

Introduction

The formation of carbon—heteroatom bonds from a com-
mon intermediate is of great significance to the drug discov-
ery process.[!! In particular, the oxime ether motif is a highly
effective pharmacophore and is widely applied in pesticide
and drug molecular design.[?! For example, oxime ether A
(Figure 1), which can be used to screen for possible antibac-
terial and antifungal activities, was found to be a potential
anticonvulsant compound.?"! A series of novel benzoyl-
phenylureas containing oxime ether group B (Figure 1) ex-
hibits excellent larvicidal activities against oriental army-
worm and mosquito.?d Furthermore, oxime ethers have
also attracted a lot of attention in organic synthesis, as they
can be used as an efficient substrate in 1,2-addition reac-
tions with organometallic®® or radical species. The con-
ventional method for oxime ether synthesis is the condensa-
tion of O-alkylhydroxylamines with carbonyl com-
pounds.!>® The direct preparation of oxime ethers is com-
monly limited to base-catalyzed reactions of oximes with
alkyl or aryl halides.l”-1 Recently, several new methods have
been developed. Takemoto synthesized allylated oxime
ethers by using a transition-metal-catalyzed reaction.!'”]
Copper iodide mediated cross-coupling of aryl halides with
oximes was achieved by Wailes.''l Meyer recently found a
copper(Il)-mediated cross-coupling of oximes with phen-
ylboronic acid.l'?! Direct synthesis of oxime ethers from un-
activated alkenes catalyzed by cobalt was reported by Car-
reira.[!3 Although these methods are efficient, they have the
drawback of using a metal catalyst, which generates metal-
ion-containing waste.l'¥!
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Figure 1. Valuable structures containing an oxime ether motif.

Recently, groups have focused on constructing C-O
bonds by the direct utilization of C—H bonds, because the
substrates do not need to be prefunctionalized and the reac-
tion is atom economic.'3 Allylic sp* C-H bonds were em-
ployed for the construction of C-X (X = C/O) bonds.['°]
We have developed an oxidative coupling reaction between
diarylallylic sp® C-H and activated methylenic sp® C-H
bonds mediated by DDQ.['®"1 A concise metal-free oxidat-
ive cross-coupling reaction between 1,3-diarylallylic sp® C—
H bonds and alcohols/thiols to form C-O/C-S bonds has
also been uncovered by our group.!'® It is worthy to note
that generation of oxime ethers directly from allylic sp®> C—
H bonds and oxime without a metal catalyst has been
studied rarely.

Encouraged by the progress in the activation of diarylal-
lylic sp> C-H bonds, we hope to form oxime ethers by sim-
ilar methodology. Herein, we report a concise metal-free
oxidative coupling reaction promoted by 2,3-dichloro-5,6-
dicyanoquinone (DDQ) between allylic sp* C—H bonds and
oximes.

Results and Discussion

We chose 1,3-diphenylpropene (1a) and benzaldehyde ox-
ime (2a) as the standard substrates to search for the opti-
mized reaction conditions (Table 1). Initially, we examined
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the cross-coupling reaction in CH,Cl,. To our delight, de-
sired product 3a was obtained in 65% yield at room tem-
perature in the presence of DDQ as the oxidant (Table 1,
Entry 2). No product was observed in the presence of
PhI(OAc), and tert-butyl peroxide oxidants (Table 1, En-
tries 12 and 13). To improve the reaction yield, we examined
the ratios of 1,3-diphenylpropene to DDQ. It was found
that when 1,3-diphenylpropene/DDQ = 1:1.2, the result was
better (Table 1, Entry 1). Decreasing the amount of DDQ
resulted in reduced yields. If the amount of DDQ was in-
creased to more than 1.5 equivalents, the yield was not im-
proved (Table 1, Entries 10 and 11). No product was de-
tected in the absence of DDQ (Table 1, Entry 14). Various
solvents were tested to find the best one. When CH;NO,
was used as the solvent, the reaction was slower and the
yield was lower (Table 1, Entry 5). The reaction could pro-
ceed in 1,4-dioxane, CH;CN, THF, and CHCI;, but the re-
sults were not so good (Table 1, Entries 3, 4, 6, and 7). A
drastic decrease in yield occurred when the reaction was
warmed (Table 1, Entry 9). Setting the reaction temperature
to 0 °C, the oxime ether formed sluggishly and led to 63%
product yield after 5 h (Table 1, Entry 8). Therefore, the op-
timized reaction conditions are: 1,3-diphenylpropene
(0.5 mmol)/oxime (0.6 mmol)/DDQ (0.6 mmol)/CH,Cl,
(2mL) at room temperature.

With the optimized conditions in hand, various sub-
strates were subjected to the reaction, and the correspond-
ing results are listed in Table 2. Both aliphatic and aromatic
oximes were compatible in the current cross-coupling reac-
tion. In addition, the electronic effect of the substituent on
the aromatic oximes was also investigated. Substrates with

Table 1. Screening of reaction conditions.™!

NS
@N’OH conditions _N
+ —_— (0]

A
SR v ag®
3a

Entry Oxidant Solvent T[°C]  Yield® [%)]
1 DDQ CH,Cl, rt. 716
2 DDQ CH,Cl, Lt 65
3 DDQ 1,4-dioxane r.t. 45
4 DDQ CH,CN Lt 48
5 DDQ CH;NO, r.t. 40
6 DDQ THF r.t. 55
7 DDQ CHCly r.t. 63
8 DDQ CH,Cl, 0 63
9 DDQ CH,Cl, 35 57
10 DDQ CH,Cl, rt. 6511
11 DDQ CH,Cl, Lt 741¢)
12 PhI(OAc), CH,Cl, rt. 0
13 2-(tert-butylperoxy)-2-

methypropane CH,Cl, rt. 0
14 - CH,Cl, r.t. 0

[a] 1a (0.5 mmol), 2a (0.6 mmol), solvent (2 mL), DDQ (0.6 mmol),
r.t. (22-27°C), 1 h. [b]Isolated yield. [c]1la (0.6 mmol), DDQ
(0.6 mmol). [d] DDQ (0.45 mmol). [e] DDQ (0.75 mmol).

an electron-donating group on the aromatic ring (Table 2,
Entries 2, 3 and 8) reacted rapidly, whereas those with elec-
tron-withdrawing groups (Table2, Entries 4-7) reacted

Table 2. Formation of oxime ether with 1,3-diphenylpropene (1) and oxime 2.1

N R3
e
R R2 HO R*

R4 __R®
|

o
DDQ (1.2 equiv.) m
el O I G\

Entry R!, R? R3, R* Time [min] Product Yield®! [%]
1 H, H: 1a C¢Hs, H: 2a 60 3a 71
2 la 4-CH;C4Hy, H: 2b 50 3b 77
3 la 4-CH50C4Hy, H: 2¢ 40 3c 85
4 la 4-CIC4Hy, H: 2d 65 3d 67
5 la 3-NO,C¢H,, H: 2e 90 3e 52
6 la 3-CIC¢H,, H: 2f 80 3f 61
7 1a 2-BrC¢H,, H: 2g 65 3g 57
8 1la 2-CH;0C4H,, H: 2h 50 3h 82
9 la Ce¢Hs, CH;: 2i 65 3i 68
10 la Ce¢Hs, C¢Hs: 2j 70 35 63
11 1a 2-furanyl, H: 2k 70 3k 55
12 la I-naphthyl, H: 21 60 31 68
13 la styryl, H: 2m 70 3m 65
14 la CH,(CH,);CHa: 2n 75 3n 61
15 Cl, Cl: 1b 4-CH;C4Hy, H: 2b 55 30 65
16 CH;0, CH;0: 1¢ 4-CH;C4Hy, H: 2b 50 3p 83
17 H, CH;: 1d 4-CH;C¢Hy, H: 2b 70 3q 77l
18 H, CL: 1e 4-CH;C4Hy, H: 2b 80 3r 67l

[a] 1 (0.5 mmol), 2 (0.6 mmol), CH,Cl, (2 mL), DDQ (0.6 mmol, unless noted), at r.t. [b] Isolated yield. [c] For these two substrates both
o- and y-ethers were formed. For 3q and 3r the ratio of the - and y-oxime ethers was 2:1 and 3:5, respectively.
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slowly and usually resulted in a lower yield. Interestingly,
the keto oxime also gave the desired products in good yield
(Table 2, Entries 9 and 10). To expand the scope of sub-
strates, we further examined substituted 1,3-diphenylprope-
nes. The corresponding products were obtained in good
yield (Table 2, Entries 15-18). 1,3-Diphenylpropene bearing
a methyl group on the aromatic ring could react better than
the one with an electron-withdrawing group. However, as
for the asymmetrically substituted substrates 1d and 1le,
both a- and y-oxime ethers were formed. According to our
previous research,!'®! the ratio of a- and y-oxime ethers was
2:1 and 3:5, respectively (Table 2, Entries 17 and 18).
Encouraged by the above results, we further investigated
the reactions between 3-methyl-1-phenylbut-1-ene and ox-
ime. To our delight, the corresponding oxime ether could
be successfully formed in moderate to good yield. As indi-
cated in Table 3, the reaction was highly selective, as the E-
oxime ether was dominant. Oximes containing an electron-
rich group on the aromatic ring (Table 3, Entries 1, 4, and
6) reacted rapidly with better stereoselectivity. As for cyclo-
hexanone oxime, no Z-oxime ether was produced.

Table 3. Formation of oxime ether with 3-methyl-1-phenylbut-1-ene
(1f) and oxime 2.[41

R RS RY RS
L Ty

o~ O/N
# R3 DDQ (1.2 equiv.)

N=
/ = 4 CHyCl
r.t.

HO R
2 4 %
Entry R3 R* Time [min]  Product (E/Z)  Yield® [%]
1 4-CH,C H,, H: 2b 60 da/4a’ (10:1) 75
2 3-NO,C.H,, H: 2e 140 Ao/ (4:1) 55
3 2-BrC4H,, H: 2g 130 4c/dc’ (4:1) 59
4 2-CH,0CH,, H: 2h 50 44/4d’ (50:3) 80
5 CeHs, CHy: 2 120 delde’ (3:1) 65
6 CH,(CH,),CH,: 2n 70 404f (>99:1) 67

[a] 1 (0.5 mmol), 2 (0.6 mmol), CH,Cl, (2mL), DDQ (0.6 mmol,
unless noted). [b] Isolated yield.

On the basis of the experimental observations and the
literature,l!”l a tentative mechanism was thus proposed
(Scheme 1). The formation of oxime ethers may follow two
pathways: hydride transferred directly from the allylic posi-
tion to DDQ and/or proton abstraction after an electron
was abstracted from the allylic double bond by DDQ. In
our experiments, when 2-bromobenzaldehyde oxime was
treated with 1,3-diphenylpropene, the self-coupling product
of 1,3-diphenylpropene was observed, which implied the
coupling reaction may proceed through a single-electron-
transfer process. A rearranged product from 1d or le was
also obtained in the experiments. Therefore, an allylic cat-
ion may also be involved in the reaction. The incoming nu-
cleophile can attack at the original allylic or y-position to
form the isomerized products.
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Scheme 1.
Conclusions

In summary, a novel direct cross-dehydrogenative-cou-
pling (CDC) between allylic compounds and oximes was
developed by using DDQ as a promoter. This method pro-
vides a highly efficient, fast, and convenient approach to
synthesize oxime ethers.

Experimental Section

General Procedure: To a 25-mL round-bottom flask charged with
1,3-diarylpropene (0.5 mmol) and benzaldehyde oxime (0.6 mmol)
in CH,Cl, (2 mL) was added DDQ (0.6 mmol). The mixture was
stirred at room temperature and monitored by TLC. After the
starting material was completely consumed, the reaction mixture
was directly passed through Celite and rinsed with ethyl ether
(3 X 10 mL). Then, the combined extracts were washed with brine,
dried with MgSO,, and concentrated. Purification was done by col-
umn chromatography on silica gel (200-300 mesh; petroleum ether/
ethyl acetate, 20:1) to give the pure product.

Supporting Information (see footnote on the first page of this arti-
cle): Full characterization details and copies of the 'H and '3C
NMR spectra of the prepared compounds.
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