Published on 08 January 2014. Downloaded by Lomonosov Moscow State University on 05/02/2014 22:28:47.

ChemComm

COMMUNICATION

ROYAL SOCIETY

OF CHEMISTRY

View Article Online

View Journal | View Issue

Alkyne aminohalogenation enabled by
DBU-activated N-haloimides: direct synthesis

Cite this: Chem. Commun., 2014,
50, 2360

Received 18th December 2013,
Accepted 7th January 2014

DOI: 10.1039/c3cc49572h

www.rsc.org/chemcomm

Activated by DBU, N-haloimides can be used as both halogen and
nitrogen sources to achieve the difunctionalization of terminal alkynes,
giving rise to useful halogenated enamines with high efficiency and
high regio- and stereoselectivities. The cascade reaction features simple
manipulation, mild conditions, a broad substrate scope, readily available
reagents, and atom-economy.

Halogenated enamines are versatile building blocks in organic
synthesis and medicinal chemistry, as well as valuable intermediates
in the construction of biologically active natural products. A few
synthetic methods have been developed to date.™” For example,
Headley and Li and co-workers communicated palladium-catalyzed
aminochlorination by the reaction of arylalkynes with N,N-dichloro-
benzenesulfonamide.'® In 2012, Urabe and co-workers described
nucleophilic addition of sulfonamides to bromoacetyls to give
(2)-2-(sulfonylamino)-1-bromoalkenes.””¥ Most recently, Jiang
et al. developed palladium-catalyzed dehydrogenative amino-
halogenation of alkenes.'” Although considerable progress has
been made, the difunctionalization of carbon-carbon multiple
bonds with halogen and amine groups remains an intriguing
challenge in modern organic chemistry. Therefore, new and
efficient synthetic protocols are still required.
N-Bromosuccinimide (NBS)? can be generally employed as a
convenient source of either cationic bromine or bromine radicals
(Fig. 1, modes I and II).*” In these cases, succinimide would be
liberated as a by-product. Obviously, atom economic utilization of
both bromine cations and succinimide anions of NBS is highly
desirable, but this type of reactivity mode (mode III) is quite less-
documented.® In our research on halogen-mediated organic
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transformation,” we found that NBS or NBP (N-bromophthal-
imide) activated by DBU via halogen bond interaction® brings
about significantly enhanced electrophilic reactivity for bromine
and nucleophilicity for an imido-nitrogen atom. Using the
NBS(P)-DBU combination strategy, direct installation of nitrogen
functionality has been achieved in the o-amination of alkyl aryl
ketones,”® B-amination of o,B-unsaturated enones,”” and allylic
amination of specific alkenes.” In the continued study, we envisioned
that the type of dual activation may provide unique opportunity for
assembling both Br and N moieties (double duty of NBS(P))® into the
target molecules, which implies the possibility of NBS(P) to be an
electrophile and a nucleophile in the one-pot cascade reaction.
Along this line, we conducted DBU-mediated reaction of alkynes
and N-haloimide, with the aim to achieve aminohalogenation
(Scheme 1). Herein, we wish to communicate a novel, atom-
economic and efficient approach towards halogenated enamines.

Initially, the reaction of phenylacetylene (1a) with NBP was
chosen as the model reaction (Table 1). As expected, in the presence
of 1.1 equivalent of DBU in MeCN at 80 °C, the aminobromonated

Scheme 1 Synthetic exploration of difunctionalization of alkynes via dual
activation of NBS(P) by DBU.
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Table 1 Optimization of the reaction conditions? Table 2 Scope of alkynes®?
base PhthN Br Br
Ph—== + NBP T» — R—— NBP DBU —
solvent, temp PH H MeCN, 80 °C H
1a 2a b
Entry  Base (equiv.)  Solvent T (°C) Time (h)  Yield® (%) PhhN  Br PhthN.  Br PhthN  Br
1 DBU (1.1) MeCN 80 12 91 = R Y
2 DBU (1.1) DMF 80 12 62 H
3 DBU (1.1) Toluene 80 12 39
4 DBU (1.1) DCM Reflux 12 35 ) MeO - N
5 DBU (1.1) THF Reflux 12 16 2, - e,
6 DBU (1.1) DCE 80 12 NR 12h,91% 14 h, 82% 12, 90%
7 DBU (1.1) DMSO 80 12 NR PhthN ~ Br PhthN_  Br
8 DBN (1.1) MeCN 80 12 62 PhthN,  Br =\ —
9 DABCO (1.1)  MeCN 80 12 0 N H
10 DBU (0.2) MeCN 80 18 32
@ Reactions were carried out with 1a (1.0 mmol), NBP (1.1 equiv.) and rBu cl
base (1.1 equiv.) in 4.0 mL solvent. ” Isolated yield. NBP = N-bromo- 2d, . 2e, . 2, .
phthalimide; DBU = 2,3,4,6,7,8,9,10-octahydropyrimido[1,2-aJazepine; 12h, 85% 24h,61% 24 h, 72%
DBN = 3.,4,6,7,8,9—hexahydro—2H—pyrido[1,2—a]pyrimidine; DABCO = PhthN  Br PhthN  Br PHAN  Br
1,4-diazabicyclo[2.2.2]octane. — — __
H ={ H 0 H
cl NG Ph—/
& 2g, 2h, 2i,
\EL 241, 71% 12h, 81% 18 h, 67%
' PRthN Br PRthN  Br PhthN  Br
PH
2j, 2k, 21,
18 h, 72% 18 h, 69% 18 h, 73%
©)\f8r PhttN B
t r
B _ PhthN  Br PhON B
o —
a H H —
Fig. 2 The single-crystal structure of 2a. H
Vi 7
2m, 2n, 20,
product, (Z)-2-(2-bromo-1-phenylvinyl)isoindoline-1,3-dione (2a) 24 h, 46% 18 h, 62% 18 h, 64%
was obtained in 91% yield (entry 1). The structure of 2a and its PhthN  Br PhthN  Br
regio- and stereochemistry were confirmed by single-crystal X-ray _)=< Ph>—<_ -
. . . HO H
diffraction (Fig. 2).t Then, other solvents were screened. DMF, 5 ) &
. - P, d,
toluene, DCM and THF gave decreased yields (entries 2-5) and no 12 h, 79% 12h, 0%

reaction was observed in DCE and DMSO (entries 6 and 7) under
otherwise identical conditions. Besides DBU, DBN could afford
the product as well, albeit in lower yield (62%, entry 8). However,
DABCO proved to be completely inefficient (entry 9). A catalytic
amount of DBU, e.g. 0.2 equiv., was also tried, but it was not
enough to drive the reaction to completion (entry 10).

Under the optimized conditions (Table 1, entry 1), a range
of reactions were carried out with various alkynes 1 and NBP
(1.1 equiv.) in the presence of DBU (1.1 equiv.) in MeCN at 80 °C
(Table 2). The reactions of terminal alkynes proceeded smoothly to
afford the corresponding bromoenamines 2a-p in good to excellent
yields (46-91%). The substituents on the alkyne substrates may
be aryls including either electron-donating substituents (2a-e)
or electron-withdrawing groups (2f and 2g), heteroaryls such as
2-thienyl (2h), alkyl groups (2i-k) and cyclopropyl (21). Diynes
afforded monobromoenamine products with one terminal acetylene
functional group intact (2m and 2n). In the conjugated enyne
substrate, the ethylenic bond is more reactive than the C-C
double bond, giving product 20 in 64% yield. The hydroxyl

This journal is © The Royal Society of Chemistry 2014

% Reactions were carried out with 1a (1.0 mmol), NBP (1.1 equiv.) and
DBU (1.1 equiv.) in MeCN (4.0 mL) at 80 °C. ? Isolated yield.

group on the alkyne substrate can be tolerable, product 2p was
obtained in 79% yield. In the subsequent work, we moved to
explore the reaction with internal alkynes as substrates. The
reaction of 1-phenylpentyne and diphenylacetylene with NBP
(1.1 equiv.) and DBU (1.1 equiv.) did not occur in MeCN at 80 °C
for 12 h. When internal alkynes containing electron-poor groups
like ethyl 3-phenylpropiolate were used, the reactions with NBP
(1.1 equiv.) and DBU (2.2 equiv.) afforded the amination product,
i.e., ethyl 3-(1,3-dioxoisoindolin-2-yl)-3-phenylacrylate (3) in high
yield (Scheme 2)."° From the above results one can see that, on
one hand, the protocol provides an efficient and highly regio-
and stereoselective synthesis of (Z)-bromonated enamines from
various terminal alkynes.'” On the other hand, the NBS(P)-DBU
combination indeed may be used as a potential haloamination
or amination agent.”*™
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DBU (2.2 equiv) PhthN CO,Et
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MeCN, 80 °C Ph H
(1.1 equiv) 3, 88%

Scheme 2 Reaction of electron-withdrawing alkyne with NBP-DBU
combination.
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Scheme 3 Reactions of arylacetylenes with N-haloimides.

To explore the scope of the halogen and nitrogen components,
the reactions of alkynes with other N-haloimides were conducted
(Scheme 3). In addition to NBP, N-bromogenic reagents including
NBS, 1,3-dibromo-5,5-dimethylhydantoin and N-bromosaccharin
were suitable for the reaction, and various imido-moieties were
successfully incorporated, affording products 4-6 in 61-73% yields.
When NCP was used, chloroenamine 7 was achieved in 45% yield."*
Halogenated enamine products 2-7 can be utilized as useful
synthetic building blocks for further transformation."

To elucidate the reaction mechanism, several control experi-
ments were performed (Scheme 4). In the absence of DBU, the
reaction did not take place at all, indicating that DBU plays a
vital role in the reaction (eqn (1)). In the reactions of selected
alkynes 1 with NBP and DBU performed at room temperature,
alkynyl bromides 8a-c were successfully isolated in good to
excellent yields (eqn (2))."* The alkynyl bromides may further
react with phthalimide in the presence of DBU at 80 °C, giving
bromoenamines exclusively (eqn (3)). On the basis of all the
results described above, a possible mechanism for the halo-
enamidation of alkynes is proposed in Scheme 5. The process
involves the initial formation of alkynyl halides, subsequent
nucleophilic addition,"*™® and final protonation."”

In conclusion, a simple, novel and efficient one-pot amino-
halogenation of terminal alkynes has been developed by using

NBP
Ph— —_— n.r. (1)
o
1a MeCN, 80 °C
NBP, DBU
R—= =——Br 2
MeCN, rt

8a: R = 4-CH3CgH,, 95%
8b: R = 4-CICgH,, 94%
8c: R = CH,CH,Ph, 81%

NHPhth, DBU PhthN.  Br
Tol—=——~8 >=/ 3)
MeCN, 80°C  Tol

2¢, 90%

Scheme 4 Control experiments.
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Scheme 5 Mechanistic proposal.

N-haloimides as both halogen and nitrogen sources, via the
DBU dual activation strategy. This aminohalogenation process
provided a new idea for the regio- and stereoselective synthesis
of cis-halogenated enamines. The mechanism for the formation
of alkynyl halides, subsequent nucleophilic addition and final
protonation was proposed. Starting from electron-poor internal
alkynes, enamines may be efficiently achieved. The reaction
features mild conditions, a relatively broad substrate scope,
readily available reagents, high efficiency and atom-economy.
Further work on the exploration of the DBU-N-haloimide system
in organic synthesis is ongoing.
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