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The chemoselectivity of visible-light-induced coupling reactions of
bromoalkynes with alcohols can be controlled by simple changes
to the reaction atmosphere (N, or 0,). A N, favours propargyl
alcohols via a direct C—C coupling process, whereas an O,
atmosphere results in the generation of a-ketoesters through the
oxidation of the C=C/C—O coupling pathway.

Efficiently controlling chemoselectivity during the organic
transformation is an important challenge in organic synthesis. In
general, switching the formation of different chemical bonds from
the same starting point is a shortcut for chemoselectivity. Most
importantly, when studying the aspects of fundamental chemical
bond formation, especially controlled divergent chemical bond
formation, reactions that form C-C and C-0 bonds can be regarded
as an importan research focus. Alternative mainstream approaches
rely on cross-coupling reactions using transition-metal catalysts.!3
In the past few decades, visible-light-initiated synthetic chemistry
has shown significant improvements for the construction of
complicated compounds via the promotion of different functional
transformations, and these synthetic transformations have
outstanding advantages (such as sustainability, utilization of a green
energy, and simple operation),* which offer significant convenience
and environmental benefits compared to more traditionally
employed transition-metal catalysis. However, most photochemical
bond formation happens in the presence of photocatalysts.> Some
photoreactions occur without the addition of photocatalyst, but
require the addition of oxidant, additives and biohazardous light.®
Accordingly, developing a simple and feasible methods for chemical
bond formation under visible-light irradiation without the addition
of metals, catalysts or other additives is a meaningful goal of
organic synthesis. Recently, bromoacetylenes attracted our
attention due to their photo-reactivity under Vvisible-light
irradiation.” Finding alternative suitable substrates for coupling
radical intermediated derived from bromoacetylenes might trigger
a new reaction. Accordingly, we explored the possibility of a
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Synthesis of propargyl alcohols and a-ketoesters

Ke Ni, Ling-Guo Meng,*® Hongjie Ruan, and Lei Wang*®?

Previous work:

OH
(@) Ph—==Li(MgBr) + Me—CHO ———— > Ph——
ref. 11a-b Me
Cul _
(b) Ph—== + (CH,0), f“g Ph—=
ref. 9a oH
CICOCOOM ?
e
—Li OMe
() Ph=Li(MgBN) + \1c00cCOOMe)  ref. Ticd Ph)gf
O
O
@  Ph==—sie, + MeoH 20utBUOOH o K ove
ref. 12d
(0]
o o 0z i
M + EtOH CuBr, pyridine Ph)SfOEt
(e) Ph Ph ref. 12e 0
o 0y, K, o
2,2,6,6-tetramethylpiperidine )SfOEt
f
® Ph)k + EOH electrosynthesis Ph
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, refd2g %
This work:
. o
C-0 formation OEt
blue LED (420-470 nm)  Ph
Ph—=——-8r \I, o
© b D
H
C—C formation h—— 0
blue LED (420-425 nm) Ve

‘O Without metal O Without catalyst O Without additivef
. O Easy regulaition O Simple operation K

Scheme 1 Synthetic routes to propargyl alcohols and a-ketoesters.

coupling reaction between bromoalkynes and alcohols. To our
delight, propargyl alcohols and o-ketoesters were smoothly
generated when the reaction was carried out under visible-light
irradiation in the presence of N, and O; (Scheme 1g); the
chemoselectivity of the photoreaction was easily regulated by
changing the reaction atmosphere. In further comparisons with
similar photo-driven cross-coupling reactions,® we found that our
synthetic strategy was more practical due to utilization of easily
available starting materials lack of requirment of extra reagents
(such as catalysts, oxidants and additives).
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Scheme 2 Visible-light-promoted oxidative esterification®?
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aReaction conditions: 1 (0.20 mmol), 2 (2.0 mL), blue LED (420-470
nm), in O, for 12 h; [CH3CN was used as solvent when bromoalkynes
reacted with other alcohols (containing C atoms > 3, 2.0 mmol)].
blsolated yield. cReaction for 24 h ¥‘MeOH was used as solvent.

Until now, different synthetic platforms were used for the
generation of propargyl alcohols and a-ketoesters.%1° For example,
both of these compounds can be routinely obtained by reacting
expensive transition-metal catalysts or unstable organometallics
(e.g., Grignard and organolithium reagents) with their
corresponding synthetic precursors (Scheme 1a—c).1! Other
methods are available for the synthesis of a-ketoesters, but require
unavailable or expensive starting materials, transitional-metal
catalysts, toxic oxidants and assisted conditions (Scheme 1d-f).12
Herein, we report a visible-light propelled coupling reaction of
bromoalkynes and alcohols in the presence of N, and O, for the
preparation of propargyl alcohols and a-ketoesters without
additional catalysts and photosensitizers.

At the outset of this investigation, we blended phenylethynyl
bromide (1a) into ethanol (2a), and the mixture was stirred under
various conditions (see Sl for details). The desired product, ethyl 2-
oxo-2-phenylacetate (3aa), was generated as the major product in
57% isolated yield when the reaction was performed in the
presence of air under blue LED (420-470 nm) irradiation for 12 h.
Pleasingly, the yield of 3aa was increased to 73% by changing the
reaction environment to O,. The efficiency declined when the
reaction was exposed to a blue LED light source (420-425 or 450—
455 nm). As the light source was removed from the reaction, only a
trace amount of 3aa was detected. Oxidative esterification could be
not be effectively triggered by red, yellow, blue, or green LED light

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

source. The chemoselectivity was switched toward the formatiepief
4-phenylbut-3-yn-2-ol (4aa) when the reactoh WadtirradWHder
nitrogen atmosphere, albeit with a lower yield. The yield of 4aa
could be increased to 45% by varying the reaction time and the
wavelength of blue LED light source. Under otherwise identical
conditions, we further examined the effect of changing the
concentration of 2a in ethanol, and found that 2a in 0.033 mol/L
gave 63% yield of the product.

With the optimized reaction conditions, oxidative esterification of
1a and 2a proceeded to give the desired a-ketoesters irrespective
of the substitution groups in bromoalkynes, and the results are
summarized in Scheme 2. A variety of electron-rich and electron-
poor groups at the para-position of the benzene rings were well
tolerated, producing the anticipated o-ketoesters with good
efficiency in most cases. For example, aromatic bromoalkynes with
electron-donating groups (Me, Et, "Pr or 'Bu), reacted with 2a to
afford the corresponding products (3ba—3ea) in 70-76% yields,
whereas the presence of a strong electron-donating group (CH30) in
bromoalkyne 1 suppressed the reactivity of the substrate; only a
trace amount of the desired product was detected, and most of the
starting materials were recovered. Substrate 1 containing electron-
withdrawing groups, such as F, Cl, Br and NO,, also resulted in good
yields (52-78%) of the corresponding products (3fa—3ia). When a
substituent (Me, F, or Cl) was moved to the meta-position of the
benzene rings, the desired products 3ja—3la were obtained with
satisfactory yields (68—72%). Further investigation indicated that 2-
substituted phenyl bromoalkynes, including 1-(bromoethynyl)-2-
methylbenzene (1m) and 1-(bromoethynyl)-2-chlorobenzene (1n),
were also suitable for the reactions, but had slight ortho-position
effect (3ma vs 3ba; 3na vs 3ga). The efficiency of the reaction was
decreased when the Br-atom present in 1a was changed to a Cl-
atom or I-atom, probably owing to the inappropriate reactivities of
phenylethynyl chloride and phenylethynyl iodide during the
reaction. No obvious desired product was detected when
benzylacetylene bromide was added to the reaction. To further
extend the substrate scope of this oxidative coupling reaction, a
variety of alcohols were examined. Straight chain alcohols with
different lengths, such as methanol, propanol, butanol, amyl
alcohol, hexanol, and octanol, could be smoothly reacted with 1a to
generate the corresponding a-ketoesters (3ab—3ag) at moderate to
good yields, implying that the efficiency of the reaction was not
affected by increasing the length of the carbon chain. For an alcohol
with a branched chain, such as isopropanol, a moderate yield of 3ah
was afforded, indicating an obvious steric hindrance effect. In
addition, the steric hindrance effect was weakened as the branched
chain group was moved away from the reaction centre (3ai-3ak vs
3ah). When phenylmethanol and 4-bromophenylmethanol were
subjected to the reaction, the corresponding products (3al and
3am) were produced at 60% and 59% yields, respectively. The
generality of this method was also appropriate for ethylene glycol,
and a 62% yield of 3an was obtained. Interestingly, 3an could be
used as substrate and converted into the bi-a-ketoester 3ao;
however, the yield was low. Only a trace amount of 3ao was
detected during the formation of 3an. It should be noted that
alcohols (2c—2n, and 3an) containing more than three carbon atoms
with high boiling points were difficult to remove from the reaction
system; therefore, after quickly screening the solvents (see Sl for
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Scheme 3 Visible-light-promoted alkynylation of alcohols®®
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aReaction conditions: 1 (0.20 mmol), 2 (2.0 mL), blue LED (420-425
nm), in N,, for 48 h. bIsolated yield. ‘Reaction for 72 h.

details), we determined that these high boiling alcohols optimally
reacted with 1a in CH3CN under blue LED irradiation. Further, no
reaction was found when phenol replaced ethanol as substrate.

Subsequently, we investigated the scope of visible light-
promoted alkylation of alcohols, and the results are shown in
Scheme 3. Bromoalkynes with different groups on their phenyl
rings, reacted with ethanol to produce the corresponding
propargyl alcohols 4. There were no obvious electron effects
on the yields whether the substrates contained electron-rich
or -poor substituents (4aa—4ea, 4ja with electron-rich groups,
50-63% yields; 4ga—4ia, 4ka—4ma with electron-poor groups,
57-64% vyields). However, a low yield of 4fa was afforded
when 1-(bromoethynyl)-4-methoxybenzene was employed as
the substrate. When the substituents (Cl and Br) were located
at the ortho-position of the benzene rings, the desired
products 4na and 4oa resulted with comparable yields and no
observed steric hindrance. Next, different alcohols were used
to investigate the scope of the alkynylation reaction. When
methanol or propanol was reacted with 1a, the desired
products 4ab and 4ac was isolated at 40% and 51% yield,
respectively. Other alcohols including butanol, pentanol, iso-
propanol and iso-butanol with a larger steric hindrance
afforded the corresponding products at 31-36% yields.

To gain insight into the reaction mechanism, several control
experiments were conducted, as shown in Scheme 4. Oxidative
esterification was completely inhibited when O, was removed from
the reaction system (Scheme 4a), indicating that the O-atom in the
o-keto esters products was from O,. Both esterification and
alkynylation reactions were almost suppressed when the radical
scavenger 2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO) was added
to the reaction, which implied that the reaction was accomplished
via a free radical process. Meanwhile ethoxy radicald (EtO®) or
carbon radicals (MeCH*OH) may have been captured by HRMS
analysis (Scheme 4b and 4c), but we could not be sure which one
was formed to couple with TEMPO (one or both of them have). The
reaction was complicated, and the same possible byproducts as
described in our previous reports were observed by HRMS analysis
when only 1a was irradiated under O; (Scheme 4d).” Further the
self-coupling product (4,4-dibromobut-3-en-1-yne-1,3-

This journal is © The Royal Society of Chemistry 20xx
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Scheme 4 Control experiments.

diyl)dibenzene could be isolated through an enrichment operation
when the reaction was under N, (Scheme 4e).13 No reaction of
alcohol 2a occurred whether the reaction took place in N; or O,
(Scheme 4f). In this in-depth study, we found that both self-
coupling and cross-coupling products could be detected by GC-MS
when a mixture of 1a and 1g was analysed under N, atmosphere
(Scheme 4g). The above results (Scheme 4d-4g) imply that the
initiation of the reaction might be started from the homolysis of
bromoalkynes.

Based on our assays as well as previous reports, a plausible
mechanism is proposed in Scheme 5. The results of the control
experiment (Scheme 4) support homolytic cleavage of the C(sp)-Br
bond in 1a to deliver a radical intermediate A and bromide radical
(Br*).1* When the reaction was in O,, an alkynyl radical A coupled
with O, to transform into intermediate B (electron spin resonance
(ESR) experiments proved the nonexistence of 10, during the
reaction; see S| for detail). With the assistance of Br*, substrate 2a
was converted into the alkoxyl radical C, which reacted with
intermediate B to form intermediate D. Finally, the desired product
3aa was generated via a rearrangement process from intermediate
D. Conversely, when the reaction was in N,, intermediate E
variations of intermediate C. Subsequently, intermediate E coupled
with A to give the product 4aa. We speculate that intermediate C
might be more easily formed than E after comparing the reaction

i Br. Br B
| Br
A J :
1G§; — = = :
Ph Ph ,
; N T A i
Me g'OH —— L
j detected | 4aa  Me
by HRMS |
0-0 N
_ ~ b OEt
Ph D OEt O 3aa

transformed to oxidative byproducts,
as shown in Scheme 4d i
. . ' via rearrangement

Scheme 5 Proposed mechanism.
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time for the the formation of oa-ketoesters and propargyl
alcohols. Furthermore, the obvious isotopic effect (ku/kp value
of 6.14 determined by H NMR, see Sl for detail) was observed
in the alkynylation of alcohols, implying that H-atom transfer is
the rate-determining step during the formation of propargyl
alcohols. On the other hand, although we cannot know
whether the formation of product F is derived from the
coupling of A and C, F failed to convert to 3aa under optimized
reaction conditions. Furthermore, we still do not understand
the relationship between the wavelength of the blue LED light
source and the homolysis of bromoalkynes.

Conclusions

In conclusion, we developed a catalyst and additive-free coupling
reactions of bromoalkynes and alcohols for the synthesis of a-
ketoesters and propargyl alcohols. This visible-light-promoted
chemoselective transformation was controlled by changing the
reaction atmosphere. N, favoured propargyl alcohols formations via
a direct C—C coupling process, whereas an O, atmosphere resulted
in the generation of a-ketoesters through oxidation of the C=C/C-C
coupling pathway. The advantages of this chemoselective
photopromoted-synthetic platform include the use of a simple
procedure without the addition of catalysts or additives or the need
for harsh conditions. Further studies on visible-light promoted
reactions using bromoalkynes as precursors are underway in our
laboratory.
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The chemoselectivity of visible-light-induced coupling reactions of bromoalkynes
with alcohols can be controlled by simple changes to the reaction atmosphere.
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