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Cu-catalyzed cross-dehydrogenative coupling (CDC) methodolo-
gies were developed based on the oxidative activation of sp3 C–H
bonds adjacent to a nitrogen atom. Various sp, sp2, and sp3 C–H
bonds of pronucleophiles were used in the Cu-catalyzed CDC
reactions. Based on these results, the mechanisms of the CDC
reactions also are discussed.

C–H activation � catalysis � Baylis–Hillman reaction � Mannich reaction �
Friedel–Crafts reaction

C–C bond formation reactions are among the most important
processes in organic chemistry. Transition metal-catalyzed

cross-coupling reactions of various reactive functional groups are
newer and more powerful methods for the formation of C–C bonds
[Scheme 1, Path A (1)]. However, these well developed cross-
coupling reactions must use prefunctionalized starting materials.
Therefore, in the formation of a single chemical bond, an extra
step(s) is required to prepare the functionalized starting material
from a raw material. Accordingly, transition metal-catalyzed C–H
bond activation and subsequent C–C bond formations have at-
tracted much interest in recent years [Scheme 1, Path B (2–6)].
Compounds containing heteroatoms, such as nitrogen, are widely
present in nature. The syntheses of these compounds have attracted
much attention in industrial and academic research because of their
biological and pharmaceutical properties. Recently, some excellent
examples based on the direct sp3 C–H bond activation adjacent to
a nitrogen atom for C–C bond formations were reported by
Murahashi et al. (7), Murai and coworkers (8–11), Ishii and
coworkers (12), Sames and coworkers (13–15), Davies et al. (16, 17),
Yoshimitsu et al. (18), Yoshida and coworkers (19–22), and Yi and
coworkers (23). Although these are elegant methodologies, most of
them required another functionalized substrate. Furthermore, ex-
pensive metal catalysts, such as Ru, Rh, and Ir, were generally used.
The direct utilization of only C–H bonds represents the next
generation of C–C bond formations and is highly desirable because
such a coupling will avoid the preparation of functional groups to
make synthetic schemes shorter and more efficient (24). On the
basis of these advances, we recently developed a Cu-catalyzed
cross-dehydrogenative coupling (CDC) methodology to construct
functional molecules by directly using two different C–H bonds
[Scheme 1, Path C (25–29)]. In this work, we will present a detailed
description of this method.

Results and Discussions
CDC Mannich-Type Reaction. Vicinal diamines are important struc-
tural motifs in biologically active natural products and are used as
core units of chiral auxiliaries and chiral ligands in asymmetric
catalysis (30). An efficient synthetic approach toward such com-
pounds is through the nitro-Mannich (aza-Henry) reaction. The
nucleophilic addition of nitroalkanes to imines generates �-
nitroamine derivatives (31), which are readily converted into 1,2-
diamines or �-amino carbonyl compounds by the reduction of the
nitro group (32, 33) or through the Nef reaction (34).

Our initial efforts on this coupling were focused on the reaction
of 1,2,3,4-tetrahydroisoquinoline 1a with nitromethane, with ni-

tromethane serving as both the reagent and solvent. Various copper
catalysts, such as CuCl, CuBr, CuI, Cu(OTf), CuCl2, CuBr2,
Cu(OTf)2, and Cu(OAc)2�H2O, were examined at room tempera-
ture (RT), and the desired product was obtained in all cases. CuBr
was found to be the most effective catalyst in this CDC reaction.
However, nitroalkanes, being used as both a reactant and solvent,
diminished the efficiency of this reaction (27). Therefore, further
optimizations were made. To our delight, when a stoichiometric
amount of nitromethane was used, the desired products were
obtained in good yields (Table 1, entries 1 and 7). The use of 2
equivalents (equiv) of nitroalkane increased amine conversion and
improved the product yields (Table 1). The use of nitroethane
instead of nitromethane also gave the desired compounds with
good yields (the ratios of the two diastereoisomers are 2:1; Table 1,
entries 3, 5, and 8). With N,N-dimethylaniline derivatives, an excess
amount of nitromethane was necessary to obtain the desired
product with reasonable yields (Table 1, entries 9 and 10). The
relatively low yield of product 3g was attributed to the formation of
a demethylated compound and other unidentified by-products.

Other cyclic amines such as 1-phenylpyrrolidine also generated
the desired product in good yields (Scheme 2). Although a large
excess of nitromethane was used (as solvent), the bis-CDC product
6 was formed in only 4% yield along with the mono-CDC product.
The ratio of trans-6 and cis-6 is 1:1 as determined by 1H NMR (35).

Dialkyl malonates are important synthons and are widely used in
organic syntheses. The ester groups in malonates can be readily
transformed into other functional groups or used in further reac-
tions. Therefore, it is attractive to develop new methods to intro-
duce a malonate unit into a molecule efficiently. We evaluated the
use of dialkyl malonates as pronucleophiles in the CDC reaction.
The desired products, �-diester amine derivatives, were obtained by
the reaction of tetrahydroisoquinolines and various dialkyl mal-
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Scheme 1. Various cross-coupling methods for the formation of C–C bonds.
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onates with 5 mol % CuBr at RT (Table 2). Moreover, the desired
product 8a was obtained in 72% isolated yield even when only 0.5
mol % CuBr was used (Table 2, entry 2).

Next, we investigated the synthesis of �-dicyano tetrahydroiso-
quinolines by using malononitrile as the pronucleophile under the
standard reaction conditions. The desired product, �-dicyano tet-
rahydroisoquinoline 10, was obtained in 29% isolated yield (Table
3, entry 1). Surprisingly, �-cyano product 11 (7) was also obtained
as one of the unexpected by-products. The yield of 10 was increased
to 46% along with 6% of 11 when 6 equiv of malononitrile were
used. Interestingly, when excess tert-butyl hydroperoxide (TBHP) (2
equiv) was used, 11 was obtained as the main product, and 10 was
not observed by 1H NMR (Table 3, entry 3). To form 11, �CN anion
must be generated during the reaction. It is likely that the reaction
of some malononitrile and TBHP catalyzed by CuBr generated
2-oxo-malononitrile (36) and �CN (37).

When free (NH) 1,2,3,4-tetrahydroisoquinoline 12 was used
instead of N-phenyl tetrahydroisoquinolines, the desired reaction
did not occur. However, the desired Mannich product was obtained
when 12 was reacted with the Meldrum’s acid (13) (Scheme 3).
Nonpolar solvent such as hexane was found to be helpful in mixing
the reactants and improving the product yield. The highly enoliz-
able ability of 13 appeared responsible for its higher reactivity under
these conditions. Single crystal x-ray diffraction (Fig. 1a, which is
published as supporting information on the PNAS web site) and its
packing (Fig. 1b) display the betaine structure and its �-stacking.

CDC Morita–Baylis–Hillman (MBH) Reaction. Highly functionalized
products formed in one step are important for organic synthesis and
material science. MBH reaction is an organocatalytic coupling of
sp2 C–H bond of electron-efficient alkenes with sp2 hybridized
carbon electrophiles, including aldehydes, aldimines, and various
ketones (38). Allylic carbonates (39), 2-bromomethyl acrylate (40),
and allylic alcohols (41) have also been used in MBH reactions as
alternative electrophiles. More recently, intramolecular �-alkyla-
tion of enones using sp3 hybridized electrophiles, alkyl halides, was
established by using stoichiometric trialkyl phosphines and a base
(42). Directly using sp3 C–H bonds in electrophiles would be a more
desirable MBH reaction. To challenge this question, our attention
was focused on integrating our CDC method with the MBH

Table 1. CDC reaction of tertiary amines with nitroalkanes

Entry Product Yields (%)* Entry Product Yields (%)*

Amine (0.2 mmol), nitroalkane (0.4 mmol), and TBHP (0.24 mmol, 5.5 M in
decane); otherwise are mentioned.
*NMR yields are based on amines and determined by 1H NMR using an internal
standard; isolated yields are given in parentheses.

†1 equiv (0.2 mmol) of nitromethane was used.
‡The ratio of two isomers is 2.1.
§1 ml of nitromethane was used.

Scheme 2. Reaction of 1-phenylpyrrolidine with nitromethane.

Table 2. CDC reaction of tertiary amines with malonates

Entry Product Yields (%)* Entry Product Yields (%)†

Tetrahydroisoquinoline (0.1 mmol), malonate (0.1 mmol), and TBHP (0.02
ml, 5–6 M in decane). [Reproduced with permission from ref. 25 (Copyright
2005, Wiley).]
*Isolated yields.
†CuBr (0.005 mmol, 0.5 mol%), tetrahydroisoquinoline (1.0 mmol), malonate
(1.0 mmol), and TBHP (0.2 ml, 5–6 M in decane); the reaction time is 43 h.

‡Malonate (0.2 mmol).

Table 3. CDC reaction of tetrahydroisoquinoline
with malononitrile

Entry 9, eq TBHP, eq
Yield of 10,

%*
Yield of 11,

%*

1 1 1 eq 29 7
2 6 1 eq 46 6
3 1 2 eq 0 36

Tetrahydroisoquinoline (0.1 mmol) was used.
*Isolated yields were based on tetrahydroisoquinoline.
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reaction by combining organo- and transition metal-catalyzed
CDC–MBH-type reactions.

Triphenylphosphine and 1,4-diazabicyclo[2.2.2]octane
(DABCO) were chosen as the organocatalysts. Triphenylphosphine
was found to be ineffective in the CDC–MBH reaction (Table 4,
entries 1 and 2). After the reactions, 31P NMR of the reaction
mixture showed that the triphenylphosphine was oxidized during
the reaction and lost its catalytic ability. DABCO was found to be
an effective catalyst in this reaction. A reasonable yield was
obtained with 5 mol % CuBr and 10 mol % DABCO at 50°C (Table
4, entry 6).

Subsequently, various MBH products were obtained by means of
the CDC–MBH reaction (Table 5). When acrylonitrile was used,
the desired products were obtained in good yields (Table 5, entries
2 and 4).

CDC Friedel–Crafts Reaction. Friedel–Crafts reaction is an important
and powerful method to introduce aromatic moieties into the
structures of organic compounds and thus has attracted much
attention in organic synthesis (43–45). Brönsted acid or Lewis
acid-catalyzed imine or iminium Friedel–Crafts reactions (aza-
Friedel–Crafts reactions) are important methods to construct a
variety of nitrogen-containing compounds (46–50). We have been
interested in the synthesis of indolyl tetrahydroisoquinolines for
biological studies. There are two types of methods to synthesize
such compounds: (i) the reactions of indoles with cotarnine (51),
and (ii) the reactions of N-imidolylcycloimmonium salts with in-
doles followed by catalytic hydrogenation (52). However, there are
limitations to these methods: for the first example, the natural
tautomeric pseudobase, cotarnine, was used [the practical synthesis
of itself also needs several steps (53)]; for the second example, a
relatively long synthetic scheme is required. To address these
challenges as well as to extend the scope of the CDC methodology,
our attention was focused on the synthesis of such alkaloids by
directly using free (NH)-indoles and tetrahydroisoquinolines. The
desired product 18 was successfully obtained when tetrahydroiso-

quinoline was reacted with indole under our CuBr�TBHP system
(Scheme 4). The yield was improved when the temperature was
raised from RT to 50°C.

Various indoles were reacted with tetrahydroisoquinolines under
the optimized reaction conditions to give the desired products in
good to excellent yields (Table 6). The reactions occurred selec-
tively at the C3 position of indoles, if both C2 and C3 positions of
indoles are unoccupied. When the C3 position of indoles is substi-
tuted, the C2 substituted products were obtained (Table 6, entries
9 and 13). Indoles with electron-withdrawing or electron-donating
groups also worked well under the optimized reaction conditions.
This methodology provides the simplest way to construct indolyl
tetrahydroisoquinolines as well as opens a different way to construct
and study more complex alkaloids.

2-Naphthol is another electron-rich aromatic compound.
We envisioned that a new type of Betti base (54, 55) would be
formed through the CDC reaction of tetrahydroisoquinoline
with 2-naphthol. Recently, chiral tertiary amino-naphthol
ligands were shown to be highly enantioselective catalysts in
phenyl transfer reactions (56). Indeed, the desired product 20
was obtained when tetrahydroisoquinoline was reacted with
2-naphthol under our CuBr�TBHP system (Table 7, entry 3)
in 58% NMR yield. CuI and CuCl gave similar results (Table
7, entries 1 and 2). Interestingly, the yield of 20 was slightly
higher when CuBr2 was used as the catalyst (Table 7, entry 4).
The highest yield was obtained when 2 equiv of tetrahydroiso-
quinoline was used (Table 7, entry 6). Other Cu(II)-catalysts
gave low yields of 20, and 2,2�-binaphthol (BINOL) was
formed as the by-product (57). Representative results are
shown in Table 8, which is published as supporting information
on the PNAS web site, when CuBr2 was used as the catalyst.

Alkynylation. Propargylic amines are of great pharmaceutical in-
terest and are synthetically useful intermediates for various nitrogen
compounds as well as carbohydrate derivatives (58). Two main
methods have been used to construct propargylic amines (Scheme
5): Path A represents stoichiometric nucleophilic reactions (59, 60),
and Path B represents transition metal-catalyzed reactions of
alkynes with imines generated from aldehydes and amines. There

Scheme 3. CDC reaction of tetrahydroisoquinoline with Meldrum’s acid.

Scheme 4. CDC reaction of tetrahydroisoquinoline with indole.

Table 5. Aza–Baylis–Hillman type CDC reaction

Entry Ar R Product Yield, %*

1 Ph Acyl 16a 53 (30)
2 Ph CN 16b 61 (58)
3 4-MeOC6H4 Acyl 16c 31 (29)
4 4-MeOC6H4 CN 16d 74 (69)

Tetrahydroisoquinoline (0.2 mmol), alkene (0.4 mmol), TBHP (0.2 mmol, 5.5 M
in decane), CuBr (5 mol%), DABCO (10 mol%), and 4-Å molecular sieve (60 mg).
*NMR yields are based on tetrahydroisoquinoline and determined by 1H NMR
using an internal standard; isolated yields are given in parentheses.

Table 4. CDC reaction of tetrahydroisoquinoline with MVK

Entry Organocatalyst
Temperature,

°C
Yield,
%*

1 PPh3, 30 mol% RT 10
2 PPh3, 30 mol% 50 20
3 DABCO, 5 mol% 50 30
4 DABCO, 30 mol% 50 28
5 DABCO, 10 mol% RT 24
6† DABCO, 10 mol% 50 53

Tetrahydroisoquinoline (0.1 mmol). Methylvinylketone (MVK) (0.2 mmol).
TBHP (0.1 mmol, 5.5 M in decane), and CuBr (5 mol%).
*Reported yields were based on tetrahydroisoquinoline and determined by 1H
NMR using an internal standard.

†4-Å molecular sieve (30 mg) was added.
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are many excellent examples of these two methods. For examples,
we (61) and others (62–65) have described the direct addition of a
terminal alkyne to aldehyde and imines to afford propargyl alcohols
and propargyl amines. With Cu(I)–pybox as a chiral catalyst, a
highly enantioselective alkyne-imine addition in either water or
toluene also was reported by us (66, 67). We also developed the
coupling of alkynes with N-acylimines and N-acyliminium ions by
using a CuBr catalyst, and the gold- or silver-catalyzed coupling
reactions of alkyne, aldehyde, and amine in water (68–75). Al-
though these are effective methods, these methods need a leaving
group or an imine formed from aldehyde and amine. With the
desire to develop more efficient methods, we investigated the direct
construction of propargylic amines by the catalytic coupling of sp3

C–H bond adjacent to nitrogen with a terminal alkyne (Path C).
As a model study, we used N,N-dimethylaniline and phenylac-

etylene as standard starting materials to identify the optimal
reaction conditions. The desired product was obtained in good yield
with the combination of a copper catalyst and TBHP. CuBr, CuBr2,
CuCl, and CuCl2 were found to be the most effective catalysts
among the copper catalysts examined. No reaction was observed in
the absence of either a copper catalyst or TBHP. The best yield was
obtained when the N,N-dimethylaniline:alkynes:TBHP ratio was
2:1:1.

With the optimized reaction conditions in hand, various alkynes
were reacted with amines. The reaction of N,N-dimethylaniline (2
equiv) with phenylacetylene in the presence of a CuBr catalyst (5
mol %) and TBHP (1.0 equiv) at 100°C for 3 h gave N-methyl-N-
(3-phenylprop-2-ynyl)aniline in 74% isolated yield (entry 1 of Table
9, which is published as supporting information on the PNAS web
site). For aromatic alkynes, the reaction often provided good yields
of the desired products. For aliphatic alkynes, the corresponding
products were formed in lower yields (Table 9, entries 6 and 7).

When benzyldimethylamine was reacted with phenylacetylene
under the standard conditions, alkynylation of the methyl group was
the major product (Scheme 6). The minor product could not be
isolated.

Cyclic amines such as tetrahydroisoquinoline can be selectively
converted into the corresponding �-alkynylation compounds 25a
and 25b in 73% and 74% isolated yields, respectively (Scheme 7).
Interestingly, 1-phenyl-piperidine reacted with phenylacetylene in
the presence of a catalytic amount of CuBr and 1 equiv of TBHP
to give the desired direct alkynylation product in 12% yield together
with a tert-butyloxide alkynylation compound 28 (12%) (Scheme 8).
The structure of 28 was determined by x-ray crystallography
measurement (Fig. 2, which is published as supporting information
on the PNAS web site).

Mechanism of CDC Reactions. Based on the above results and
discussion, two main mechanistic aspects are informative: (i) an
iminium-type intermediate is most likely involved in the reaction,
and (ii) the reaction of the iminium intermediate with a pronu-
cleophile is the rate-limiting step. In the CDC reaction of a sp3 C–H
bond (adjacent to a nitrogen atom) with the sp3 C–H bond (in a
pronucleophile), such as the Mannich-type reaction, the reaction
occurs smoothly at RT. However, in the CDC reaction of the C–H
bonds in same amines with the sp2 C–H bond in a pronucleophile,
such as the MBH and Friedel–Crafts reactions, the CDC reactions

Table 6. CDC reaction of indoles with tetrahydroisoquinolines

Entry Product Yield, %* Entry Product Yield, %*

Tetrahydroisoquinolines (0.1 mmol), indoles (0.12 mmol), CuBr (0.005
mmol, 5 mol%), and TBHP (0.13 mmol, 5–6 M in decane).
*NMR yields are based on tetrahydroisoquinolines and determined by 1H NMR
using an internal standard; isolated yields are given in parentheses.

Table 7. CDC reaction of tetrahydroisoquinoline with 2-naphthol

Entry [Cu]
Yield of

20*
Yield of
BINOL*

1 Cul 57 13
2 CuCl 51 10
3 CuBr 58 23
4 CuBr2 63 10
5† CuBr 63 10
6† CuBr2 72 11
7 CuSO4 53 11
8 Cu(OTf)2 55 15

Tetrahydroisoquinoline (0.1 mmol), 2-naphthol (0.1 mmol), TBHP (0.1
mmol, 5.5 M in decane), and [Cu] (5 mol%): otherwise are mentioned.
*Reported yields were NMR yields using an internal standard.
†Tetrahydroisoquinoline (0.2 mmol).

Scheme 5. Various methods for forming propargylamines.
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must be carried out at 50°C. Furthermore, in the CDC reaction of
the C–H bonds in the amines with the sp C–H bond in a pronu-
cleophile, such as alkynylation, the CDC reactions occurred only at
100°C [when a ligand was used the reaction could be performed at
50°C, albeit the reaction time was 2 days (28)]. These findings
correlate well with their abilities to generate the reactive nucleo-
phile in those pronucleophiles. Therefore, the rate of the formation
of the iminium-type intermediate appeared to be the faster step
compared with the reaction of the iminium intermediate with a
pronucleophile.

Based on the literature reports of oxidation of an amine to an
iminium, there are two possible CDC mechanisms: either a radical
mechanism (Scheme 9) or an ionic mechanism [Scheme 10 (76)].
In a radical mechanism, the iminium type intermediate 32 could be
formed through a single-electron transfer (SET) from a �-carbon-
centered radical 31, which was generated from the H-abstraction by
tert-butoxyl radical (formed by copper-catalyzed decomposition of
TBHP). Alternatively, an initial SET gave an aminyl cation radical
30, which then lost a H radical to generate 32 (77, 78). Subsequently,
coupling of 32 with the pronucleophile resulted in the desired CDC
product 33 and regenerated the copper catalyst (79).

In an ionic mechanism (Scheme 10), copper catalyst is oxidized
to oxy-copper 34 (80) by TBHP (81). The high Lewis-acidic copper
species 34 coordinates to the nitrogen atom and forms a interme-
diate 35. Then, the iminium-type intermediate 32 is formed from 35
by elimination of water through a five-membered transition state.
Finally, the CDC product 33 is formed by the nucleophilic attack
of 32.

Although a radical mechanism is often invoked for metal-
catalyzed oxidations by TBHP, such as the Kharasch-type oxidation
(82), an attempt to gain more insight into the mechanism of CDC
reactions was carried out (Scheme 11). A radical scavenger, 2,6-
di-tert-butyl-4-methyl phenol (BHT), was used in the reaction
between tetrahydroisoquinoline 1a and nitromethane 2a. The
desired product 3a was still obtained in 70% yield (measured by 1H
NMR). This result suggests that a free radical process is not a
requirement for the present CDC reaction. Alternatively, tert-
butylperoxide compounds (83, 84) are involved as intermediates.
Further mechanistic studies for the CDC reaction are needed.

Conclusion
As an effort to develop highly efficient and selective reactions for
chemical synthesis, a concept of cross-coupling reaction, CDC
reaction, was developed. Various nitrogen-containing compounds
were obtained efficiently through CDC reactions under mild reac-
tion conditions. CDC reactions represent the most direct and
efficient methods for C–C bond formations and provide the pillar

for the next-generation chemical synthesis with an eye on green
chemistry.

Experimental Procedures
General Information. 1H NMR spectra were recorded on 300-, 400-,
and 500-MHz spectrometers (Varian), and the chemical shifts were
reported in parts per million (ppm) (�) relative to internal standard
tetramethylsilane (TMS) (0 ppm) for CDCl3 or the center peak of
residual DMSO (2.49 ppm). The peak patterns are indicated as
follows: s, singlet; d, doublet; t, triplet; dt, doublet of triplet; dq,
doublet of quartet; ddd, doublet of doublet of doublet; dddd,
doublet of doublet of doublet of doublet; m, multiplet; q, quartet.
The coupling constants, J, are reported in Hz. 13C NMR spectra
were obtained at 75, 100, and 125 MHz and referenced to the
internal solvent signals (central peak is 77.0 ppm in CDCl3 or 40.4
ppm in DMSO-d6). NMR spectra were obtained in CDCl3 unless
stated otherwise. X-ray diffraction data were measured on a D8
diffractometer (Bruker, Billerica, MA). MS data were obtained by
a MS25RFA mass spectrometer (Kratos Analytical Instruments).
High-resolution mass spectra (HRMS) analysis was performed at
by McGill University. IR spectra were recorded by an MB100
instrument (ABB Bomem, Quebec). Melting points were recorded
by a melting point apparatus (Gallenkamp, Loughborough, U.K.).
Thin-layer chromatography (TLC) was performed by using Silica
Gel 60 F254 TLC plates (Sorbent Technologies, Atlanta) and
visualized with UV light. Flash-column chromatography was per-
formed over Sorbent silica gel 30–60 �m. All reagents were
weighed and handled in air at RT. All reagents were purchased
from Aldrich, Strem Chemicals (Newburyport, MA), and Acros
(Geel, Belgium) and used without further purification.

General Procedure for Preparing 2-Aryl-1,2,3,4-Tetrahydroisoquino-
lines. Copper(I) iodide (200 mg, 1.0 mmol) and potassium
phosphate (4.25 g, 20.0 mmol) were put into a schlenk-tube. The
tube was evacuated and back filled with nitrogen. 2-Propanol
(10.0 ml), ethylene glycol (1.11 ml, 20.0 mmol), 1,2,3,4-
tetrahydroisoquinoline (2.0 ml, 15 mmol), and iodobenzene
(1.12 ml, 10.0 mmol) were added successively by microsyringe at
RT. The reaction mixture was heated to 85–90°C and kept for
24 h and then allowed to cool to RT. Diethyl ether (20 ml) and
water (20 ml) then were added to the reaction mixture. The
organic layer was extracted by diethyl ether (2 � 20 ml). The
combined organic phases were washed with brine and dried over
magnesium sulfate. The solvent was removed by rotary evapo-

Scheme 6. Reaction of N,N-dimethylbenzylamine with alkynes.

Scheme 8. Reaction of simple cyclic amine.

Scheme 9. Radical mechanism for the CDC reaction of amine with nucleo-
phile.Scheme 7. Reaction of cyclic benzylamine with alkynes.
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ration, and the crude product was purified by column chroma-
tography on silica gel (hexane�ethyl acetate � 20:1), and the
fraction with Rf � 0.7 was collected to give the desired prod-
uct 1a.

Supporting Information. For general reaction procedures, diffrac-
tion details, and characterization of products, see Supporting

Text, which is published as supporting information on the PNAS
web site.
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Scheme 10. Ionic mechanism for the CDC reaction of amine with nucleo-
phile.

Scheme 11. CDC reaction of amine with nitromethane in the presence of
2,6-di-tert-butyl-4-methyl phenol (BHT).
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