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Article history: A metal-free multicomponent coupling reaction of aliphatic amines, formaldehyde,
Received oganoboronic acids and propiolic acids has been reported for the synthesis of diverse
Received in revised form propargylamines. This transformation. involves. a MCR’ of PBM and decarboxylative three-
Accepted component coupling reactions.
Available online 2009 Elsevier Ltd. All rights reserved.
Keywords:
Multicomponent reaction
Metal-free
Propargylamines
Petasis-borono Mannich reaction
Decarboxylative coupling
Propargylamines are important intermediates and skeletons for Ugi reported the first MCR> of a modified Asinger four-
the preparation of diverse heterocyclic compounds, such as component reaction (4CR) and the Ugi 4CR." However, most of
pyrroles,'  pyrrolidines,” pyrrolophanes,” aminoindolizines," the reported MCR® cases are limited in isonitrile based
5 isoindoline,”  imidazolidinones,”  2-aminoimidazoles’  and multicomponent reactions.”” Recently, we developed a
oxazolidinones.® Among variety strategiés for the synthesis of 30 combination of Petasis borono-Mannich (PBM) '*'7 and A’
propargylamines, the three-component coupling reaction of an coupling reactions, where the secondary amines produced from
aldehyde, an amine and an alkyne (A’-coupling) has been PBM reaction participated in further A’-coupling affording the
recognized as the most efficient and powerful method.”’ final propargylamines.'® However, a catalytic amount of
10 However, transition metal catalysts are necessary in A’-coupling Cu(OAc), was needed. As our interest in the development of
to generate metal acetylide intermediate to fulfill the reaction. 35 novel MCR® and metal-free MCR," we reported herein a metal-
Lee and coworkers'' reported the synthesis of propargylamines free multicomponent reaction of amines, formaldehyde,

via a metal-free decarboxylative three-component reaction of organoboronic acids and propiolic acids for the direct synthesis
propiolic acids,'” paraformaldehyde and secondary amines. The of diverse propargylamines (Scheme 1).

15 replacement of alkynes with propiolic acids in their reported
reaction can-lead to easily generation of carbon nucleophile for

further attacking the iminium salt, avoiding the use of metal 4() RO=B(OH); o R
catalysts. However, only secondary amines were adoptable in this ~ 3 ’ JJ\ metal-free RY S (
reaction restricting its application. Therefore, it is of high demand R~ "NH, . H® "H ————» \/Nng
20 to develop a more applicable metal-free strategy for the synthesis 1 2 5
of propargylamines.
R?—==—COOH
The combination of multicomponent reactions (MCR?),"” 4

which combines different types of MCRs in one pot process ) )
inheriting the high selectivity, efficiency and atom economy of 45 Scheme 1 Metal-free synthesis of propargylamines.
25 MCR, has gained more and more attentions, since Domling and
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Table 1 Optimization of conditions for the synthesis of
propargylamine.*

Tetrahedron

Table 2 Reaction of various primary amines with formaldehyde,
phenylboronic acid and phenylpropiolic acid.”

Ph 3li(OH)z y rph Ph—B(OH), .
3a
Ph/\NHQ . 2 JJ\ solvent \/vah R1/\NH2 2 H)I\ toluene \/ r
1a TTtime 1 ¥ 2 80 80°C. 2030 1
Ph—=—=—CO0H Saaa Ph—_ COOH
4a
Entry 1a/2/3a/4a (ratio) T/°C time/h solvent Yield"/%
1 1.0/2512/12 80 20 toluene 81
2 1.0/2512/12 80 20 xylene 61 N
3 1.0/2.512/12 80 20 DCE 64
4 1.0/2.5/12/12 80 20 THF 6 F’h
5 1.0/2512/12 80 20 dioxane <5 o
6 1.0/2.5/12/12 80 20 MeCN <5 2222 % 141](3117(;3%) an (37000
7 1.0/2.5/1.2/1.2 80 20 water <5 soan R = 4.0 (11%) sjaa (66%) aa( o)
8 1.0/2512/12 80 20 EtOH nd Sdaa. R - 4 (80%) o
9 1.0/2.512/12 80 20 DMF nd o CF. (630 S\
10 1.0/2.5/1.2/12 80 20 DMSO nd caa, 3 (65%) ~
1 1.0/2.5/1.1/12 80 20 toluene 68 Sfaa,R =4-Me (83%) Ph Ph
Sgaa, R = 4-OMe (80%) N \
12 1.0/2.5/1.4/12 80 20 toluene 84 gaa, NP N__-Ph
13 1.0/2.5/15/1.2 80 20 toluene 89 Shaa, R = 2-C1(69%)
Siaa, R = 3-F (76%) Slaa (41%)" Smaa (68%)
14 1.0/2.5/1.6/12 80 20 toluene 88 ,
15 1.0/2.5/1.5/1.1 80 20 toluene 85
16 1.0/2.5/1.5/1.3 80 20 toluene 94 (87)
17 1.0/2.5/1.5/1.4 80 20 toluene 87 Ph Y Ph (COOMe
18 1.0/2.5/1.5/1.3 80 20 toluene 78 \N o \ \
19 1.0/2.5/1.5/1.3 80 20 toluene 82 ~~
20 1.0/2.5/1.5/1.3 25 20 toluene 75 Snaa (30%)° Soaa (45%)b Spaa (43%)P
21 1.0/2.5/1.5/1.3 60 20 toluene 78 :
2 1.0/2.5/1.5/13 100 20 toluene 32 45 y]eldzgzrr:agi,}:;lflo;ad;;ﬁ;::re the same as entry 16 in Table 1. Isolated
23 1.0/2.5/1.5/1.3 80 20 toluene 84 AR, ALY
24 1.0/2.5/1.5/1.3 80 20 toluene  <5°+ 45°¢

The bold values are the most effective conditions for the model reaction.

* All reactions were performed on a 1.0 mmol-scale with 2.5 mL solvent
under a nitrogen atmosphere. Formaldehyde aqueous solution (40%) was
used. nd = not detected.

" Yields were determined by GC using an internal standard. Isolated yield
was given in parentheses.

¢ Under air atmosphere.

¢ Isolated yield of N-benzyl-N-methyl-3-phenylpropargylamine.

5

10

The optimization of reaction conditions ~were initially
performed on the model reaction of phenylmethanamine (1a),
15 formaldehyde (2), phenylboronic acid (3a) and phenylpropiolic
acid (4a) with a ratio of 1.0:2.5:1.2:1.2. Toluene was found to be
the most suitable solvent for the multicomponent reaction with a
desired product yield of 81% (Table 1, entry 1), while xylene and
1,2-dichloroethane (DCE) were less effective and afforded the
20 product in 61% and 64% yields, respectively (Table 1, entries 2-
3). Replacement of toluene with other solvents, such as
tetrahydrofuran (THF), dioxane, acetonitrile, water, ethanol, N,N-
dimethylformamide (DMF) and dimethyl sulfoxide (DMSO),
either delivered quite low yields (Table 1, entries 4-7) or gave no
25 products (Table 1, entries 8-10). Investigation on the ratio of
reactants indicated that a 1.0:2.5:1.5:1.3 ratio of 1a/2/3a/4a gave
the best result with an isolated yield of 87% (Table 1, entries 11-
19). Further screening of the reaction conditions revealed that
decreasing the temperature down to 60 or 25 °C (Table 1, entries
3020-21) or elevating up to 100 °C (Table 1, entriy 22) or
increasing the reaction time to 30 h (Table 1, entry 23) did not
promote the reaction yields. While the reaction was conducted
under air atmosphere, less than 5% yield of desired product was
detected, and 45% yield of N-benzyl-N-methyl-3-
35 phenylpropargylamine was obtained as the main byproduct
(Table 1, entry 24).%°

With the reaction conditions in entry 16 of Table 1, we began
to explore the scope of the multicomponent reaction. First,
various primary amines were subjected to the reaction with 2, 3a

40 and 4a (Table 2). In general, phenylmethanamine bearing para-,

Table 3 Reaction of various arylboronic acids with
phenylmethanamine, formaldehyde and phenylpropiolic acid.”

3—B(OH),
3a )
tol
Ph/\NH2 . 2 HJJ\ oluene \/ (
la 80 °C 20h
Ph COOH
4a

S5aba = 5caa, R = 4-Cl (45%)
S5aca = 5daa, R =4-F (72%)
5ada = 5faa, R = 4-Me (77%)
Saea = Sgaa, R = 4-OMe (85%)
Safa, R = 2-Me (78%)

5aga, R = 2,4-diF (51%)

Saha = Seea, R = 4-CF; (25%)

Ph
=
Ph\/{M@R

Ph

N=
1 \ 7
[ /N /N
Ph Ph Ph
Vi / /
Ph PR Ph
5aia (70%) 5aja (0%) 5aka (0%)

50

* The reaction conditions were the same as entry 16 in Table 1. Isolated
yields were given in parentheses.

ortho- and meta-substituents such as fluoro, chloro, bromo,
trifluoromethyl, methyl, methoxyl groups on the benzene ring
participated in the reaction to afford the desired products Saaa-
55 Siaa in moderate to good yields. Naphthalen-1-ylmethanamine
and 2-phenylethanamine also produced their corresponding
products Sjaa and Smaa in 66% and 68% yields, respectively.
Derivation from the phenyl substituent to aromatic heterocycles
such as pyridinyl and furanyl decreased the yield (Skaa and Slaa).
60 Other simple aliphatic amines such as propan-2-amine, butan-1-
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amine and methyl 2-aminoacetate, were also applicable with Subsequently, the scope of propiolic acids was then
lower yields (Snaa, Soaa and Spaa). 25 investigated (Table 4). A nitro group on the phenyl ring or an
aliphatic propiolic acid delivered the desired products (Saae and
5aaf) with lower yields. However, both arylpropiolic acids and
aliphatic propiolic acid were applicable in the multicomponent

Table 4 Reaction of various propiolic acids with
phenylmethanamine, formaldehyde and phenylboronic acid.?*

o 3:(OH)2 o reaction in satisfactory yields (Saab-5aaf). Finally, the

A~ 2 )]\ toluene \/ ( 30 munticomponent coupling reaction of amines, formaldehyde,

Ph n NH, + H , %0 o C.20h organoboronic acids and propiolic acids was applied for the
R2 coom synthesis of diverse propargylamines (Table 5).

4a A tentative mechanism for the metal-free, five-component

R reaction is proposed in Scheme 2. The reaction of primary amine

rph Ph 351, formaldehyde 2, and organoboronic acid 3 afforded a

X N. _Ph /\/ r secondary amine 6 via the PBM reaction,'® which could undergo

~ NP a second PBM reaction with formaldehyde 2 and organoboronic

Saab, R = 4-Me (88%) acid 3 to produce the byproduct 7 as detected by GC-MS."* The

Saac, R = 4-OMe (72%) Saaf (46%) reaction of the secondary amine 6 and formaldehyde 2 generated

5 :iigﬁ:jﬁgﬁzﬁ% 40 hemiaminal B. The proton from propiolic acid 4 accelerated the

formation of iminium salt C, which was further attacked by the
alkynyl carbon bonded to carboxylate to form intermediate D.

And the final desired propargylamine was generated through
11,21

* The reaction conditions were the same as entry 16 in Table 1. Isolated
yields were given in parentheses.

: 3
Table 5 Synthesis of diverse propargylamines.” decarboxylation of D. Thus, a MCR" of PBM and
R3—B(OH), 45 decarboxylative three-component coupling reactions was
3a [o] involved in this new five-component reaction.
PN 2 JI\ toluene r
Ri NH, + H o}
1a 2 80 °C 20h P§ OH  R3B(OH),
oo —~ H2H 3 lg R:9OH
R2 H R'" “NH; — ., = NI, + B
o H Ho' OH
! R'A

F
. @ \@
OMe NN
R"ONRY H 2 1N TNR
L T O Ly =" ot
OoH 2 R°B(CH), 3 7R3

Saed (83%) Sdea (86%) (<5% GC yield)

o R [
" /r\lll\ R \/N\/R1
\Q/ COOH H,0O H H 5
\/©/ I« /K Nad )‘

C
O N
Seca (80%) Seda (82%) R? rR-=—{ o Rz_@;zt s 0,
N

D “R!

Scheme 2 Proposed mechanism.
\/©/ V@ In conclusion, we have successfully developed a novel
50

approach for the synthesis of propargylamines through a metal-

5fea (87%) 5fad (55%) free five-component coupling reaction of aliphatic amines,
formaldehyde, oganoboronic acids and propiolic acids. The
starting material is easily available. Both aromatic and aliphatic
alkynyl carboxylic acids are applicable in this approach. Notably,
ﬁ 55 this protocol avoids the use of any metal catalysts making this
method more environmentally benign. Further studies on the
Sged (83%) synthetic applications are ongoing in our laboratory.
10 * The reaction conditions were the same as entry 16 in Table 1. Isolated
yields were given in parentheses. Acknowledgments
Next, the reaction of phenylmethanamine (1a), formaldehyde The financial support for this work from the National Key

(2), phenylpropiolic acid (4a) and various organoboronic ac.ids 60 Technology R&D Program (Grant No. 2011BAE06B05-4) and
was examined (Table 3). Generally, electron-donating Shanghai Key Laboratory of Catalysis Technology for

15 substituents (-OMe and —Me) on the phenyl ring of arylboronic Polyolefins (LCTP-201301) are gratefully acknowledged.
acids resulted in higher yields than electron-withdrawing groups

(-Cl and -F) (see 5aba-5aga). While a highly electron
withdrawing group on the phenyl ring led to a dramatic decrease

in product. yielq (see. Saha). Funhermore, the use of (E)- Expenmental procedures, characterization data of products,
20 styrylboronic acid delivered corresponding 1,6-enyne product 65 and copies of 'H and °C NMR can be found, in the online

(5aia) with 70% yield. Unfortunately, aromatic heterocycle and version, at http://...

aliphatic boronic acids shut down the reaction (see Saja and

Saka).

Supplementary Material



10

15

20

25

30

35

40

45

100

4

Tetrahedron

References and notes

10.

11.
12.

13.

Yamamoto, Y.; Hayashi, H.; Saigoku, T.; Nishiyama, H. J. Am.
Chem. Soc. 2005, 127, 10804-10805.

Harvey, D. F.; Sigano, D. M. J. Org. Chem. 1996, 61, 2268-2272. 55
Fiirstner, A.; Szillat, H.; Stelzer, F. J. Am. Chem. Soc. 2000, 122,
6785-6786.

Yan, B.; Liu, Y. Org. Lett. 2007, 9, 4323-4326.

Bonfield, E. R.; Li, C.-J. Adv. Synth. Catal. 2008, 350, 370-374.
Pereshivko, O. P.; Peshkov, V. A.; Jacobs, J.; Meervelt, L. V_; 60
Van der Eycken, E. V. Adv. Synth. Catal. 2013, 355, 781-789.

D. S. Ermolat’ev, J. B. Bariwal, H. P. L. Steenackers, S. C. J. De
Keersmaecker, E. V. Van der Eycken, Angew. Chem. Int. Ed.
2010, 49, 9465-9468.

Yoo, W. J.; Li, C.-J. Adv. Synth. Catal. 2008, 350, 1503-1506.

For selected reviews, see: a) Wei, C.; Zhang, L.; Li, C.-J. Synlett
2004, 1472-1483; b) Yoo, W. J.; Zhao, L.; Li, C.-J. Aldrichimica
Acta 2011, 44, 43-51; c) Peshkov, V. A.; Pereshivko, O. P.; Van

der Eycken, E. V. Chem. Soc. Rev. 2012, 41, 3790-3807.

For selected examples, see: a) Li, C.-J.; Wei, C. Chem. Commun. 70
2002, 268-269; b) Wei, C.; Li, C.-J. J. Am. Chem. Soc. 2002, 124,
5638-5639; ¢) Wei, C.; Li, Z.; Li, C.-J. Org. Lett. 2003, 5, 4473—
4475; d) Wei, C; Li, C. J. J. Am. Chem. Soc. 2003, 125, 9584—
9585; e) Wei, C.; Mague, J. T.; Li, C.-J. Proc. Natl. Acad. Sci.
U.S.A. 2004, 101, 5749-5754; 1) Li, P.; Zhang, Y.; Wang, L.
Chem. Eur. J. 2009, 15, 2045-2049; g) Zhang, Y.; Li, P.; Wang,
M.; Wang, L. J. Org. Chem. 2009, 74, 4364-4367; h) Zeng, T.;
Chen, W. W.; Cirtius, C. M.; Moores, A.; Song, G. H.; Li, C.-J.
Green Chem. 2010, 12, 570-573; i) Uhlig, N.; Li, C.-J. Org. Lett.
2012, 74, 3000-3003; j) Sharma, N.; Shama, U. K.; Mishram, N.
M.; Van der Eycken, E. V. Adv. Syn. Catal. 2014, 356, 1029-
1037.

Park, K.; Heo, Y.; Lee, S. Org. Lett. 2013, 15, 3322-3325.

For selected metal catalyzed propiolic acid involved coupling
reactions, see: a) Jia, W.; Jiao, N. Org. Lett. 2010, 12, 2000-2003; 85
b) Park, K.; Bae, G.; Moon, J.; Choe, J.; Song, K. H.; Lee, S. J.
Org. Chem. 2010, 75, 6244-6251; c) Feng, C.; Loh, T. P. Chem.
Commun. 2010, 46, 4779-4781; d) Zhang, W. W.; Zhang, X. G J.

H. Li, J. Org. Chem. 2010, 75, 5259-5264; e) Kim, Y.; Park, A.;
Park, K.; Lee, S. Tetrahedron Lett. 2011, 52, 1766—-1769; f) Park, 90
J.; Park, E.; Kim, A.; Park, S.; Lee, Y.; Chi, K. W; Jung, Y. H.;
Kim, I. S. J. Org. Chem. 2011, 76, 2214-2219; g) Feng, H.;
Eromolat’ev, D. S.; Song, G.; Van der Eycken, E. V. Adv. Synth.
Catal. 2012, 354, 505-509; h) Feng, H.; Eromolat’ev, D. S.; Song,

G.; Van der Eycken, E. V. J. Org. Chem. 2012, 77, 5149-5154; 1) 95
Shi, L.; Jia, W.; Li, X.; Jiao, N. Tetrahedron Lett. 2013, 54, 1951—
1955; j) Lim, J.; Park, K.; Byeun, A Lee, S. Tetrahedron Lett.
2014, 55, 4875-4878.

For selected reviews, see: a) Biggs-Houck, J. E.; Younai, A
Shaw, J. T. Curr. Opin. Chem. Biol. 2010, 14, 371-382; b)

75

80

Ruijter, E.; Scheffelaar, R.; Orru, R. V. A. Angew. Chem. Int. Ed.
2011, 50, 6234-6246; c) Domling, A.; Wang, W.; Wang, K.
Chem. Rev. 2012, 112, 3083-3135; d) Brauch, S.; Van Berkel, S.
S.; Westermann, B. Chem. Soc. Rev. 2013, 42, 4948-4962.

14. Domling, A.; Ugi, 1. Angew. Chem. Int. Ed. 1993, 32, 563-564.

15. a) Ugi, L; Demharter, A.; Horl, W.; Schmid, T. Tetrahedron 1996,
52, 11657-11664; b) Paravidino, M.; Scheffelaar, R.; Schmitz, R.
F.; De Kanter, F. J. J.; Groen, M. B.; Ruijter, E.; Orru, R. V. A. J.
Org. Chem. 2007, 72, 10239-10242; c) Elders, N.; Van der Born,
D.; Hendrickx, L. J. D.; Timmer, B. J. J.; Krauce, A.; Janssen, E.;
De Kanter, F. J. J.; Ruijter, E.; Orru, R. V. A. Angew. Chem. Int.
Ed. 2009, 48, 5856-5859; d) Brauch, S.; Gabriel, L.; Westermann,
B. Chem. Commun. 2010, 46, 3387-3389; e) Al-Tel, T. H.; Al-
Qawasmeh, R. A.; Voelter, W. Eur. J. Org. Chem. 2010, 5586—
5593.

16. Candeias, N. R.; Montalbano, F.; Cal, P. M.'S. D.; Gois, P. M. P.
Chem. Rev. 2010, 110, 6169-6193, and references therein.

17. For selected examples, see: a) Petasis, N.  A.; Akritopoulou, L
Tetrahedron Lett. 1993, 34, 583-586; b) Petasis, N. A.; Zavialov,
I A. J. Am. Chem. Soc. 1997, 119, 445-446; c) Yu, A.; Wu, Y.;
Cheng, B.; Wei, K.; Li, J. Adv. Synth. Catal. 2009, 351, 767-771;
d) Mundal, D. A.; Lutz, K. E.; Thomson, R. J. J. Am. Chem. Soc.
2012, 134, 5782-5785; e) Ghosal, P.; Shaw, A. K. J. Org. Chem.
2012, 77, 7627-7632; ) Han, W. Y.; Wu, Z. J.; Zhang, X.; Yuan,
W. C. Org. Lett. 2012, 14, 976-979; g) Li, Y.; Xu, M. H. Org.
Lett. 2012, 14, 2062-2065; (h) Ascic, E.; Le Quement, S. T.;
Ishoey, M.; Daugaard, M.; Nielsen, T. E. ACS Comb. Sci. 2012,
14, 253-257.

18. Wang, J;; Shen, Q.; Li, P.; Peng, Y.; Song, G. Org. Biomol. Chem.
2014, 12, 5597-5600.

19. a) Wang, J.; Li, P.; Shen, Q.; Song, G. Tetrahedron Lett. 2014, 55,
3888-3891; b) Wang, J.; Xu, B.; Si, S.; Li, H.; Song, G. Mol.
Divers. 2014, 18, 887-893.

20. It was speculated that reaction under air atmosphere led to partial
oxidation of formaldehyde to formic acid. Reduction of imine
generated from benzylamine and formaldehyde by formic acid
produced N-methyl-1-phenylmethanamine [Eq. (1)].*' Further
decarboxylative three-component coupling of N-methyl-1-
phenylmethanamine, formaldehyde and phenylpropiolic acid
delivered the undesired product N-benzyl-N-methyl-3-phenyl
propargylamine [Eq. (2)]."

N

P NH, + HCHO + HCOOH—— Ph/\H/ )

AN

Ph
. — —_ N {
HCHO *Ph COOH N\_N_Ph @)

21. a) Eschweiler, W. Ber. 1905, 38, 880-887; b) Clarke, H. T.;
Gillespie, H. B.; Weisshaus, S. Z. J. Am. Chem. Soc. 1933, 55,
4571-4587; c) Gibson, H. W. Chem. Rev. 1969, 69, 673-692.

Ph” °N
H



