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A novel and efficient method for the construction of y-lactams with
an all-carbon quaternary center is developed via a DABCO-
catalyzed reaction of EWG-activated cyclopropanecarboxamides
and electron-deficient alkenes. The process involves sequential
ring-opening of activated cyclopropanes, intermolecular Michael
addition and intramolecular aza-cyclization.

y-Lactams (pyrrolidin-2-ones) are ubiquitous structural subu-
nits in natural products and small molecules of pharmaceutical
relevance.’ Due to the biological importance and synthetic
utility, a lot of methods for the construction of y-lactams have
been developed.” Despite the advances, the development of
novel and efficient methods for the preparation of y-lactams
with various structural features and substitution patterns,
especially those containing all-carbon quaternary center(s),’
remains one of the hottest topics in synthetic chemistry.

Over the past few decades, Lewis acid catalyzed ring-opening of
donor-acceptor cyclopropanes (which function as the source of
1,3-dipoles) has attracted great interest of organic chemists and
has found a wide range of applications in the construction of
various carbocycles and heterocycles.* However, to our knowledge,
Lewis base-catalyzed ring-opening of activated cyclopropanes has
been less reported till now (Fig. 1).” In our previous study on EWG-
activated cyclopropanes, we developed an efficient cascade strategy
toward aza/oxa-heterocycle construction, mainly based on the ring-
opening and recyclization of activated cyclopropanes.® In the
continued work, we explore the feasibility of Lewis base-catalyzed
ring-opening of activated cyclopropanes, as well as the potential
application (Scheme 1). As a result of this research, y-lactams
with a quaternary carbon center were efficiently synthesized via a
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Fig. 1 Lewis acid versus Lewis base-catalyzed ring-opening model of
activated cyclopropanes.

DABCO-catalyzed reaction of EWG-activated cyclopropanecarbox-
amides 1 and appropriate electrophiles.

The initial investigation was performed with 1-acetyl-N-phenyl-
cyclopropanecarboxamide 1a (1 mmol) and acrylonitrile (1.1 equiv.)
as the model substrates under the Lewis base conditions (Table 1).
With DABCO as the Lewis base in DMSO at 60 °C, pleasingly,
y-lactam 2a was formed in 61% yield (Table 1, entry 1). Other
solvents such as DMF, THF, DCE, MeNO,, 1,4-dioxane and MeCN
were tested (Table 1, entries 2-7) and MeCN was demonstrated to
be the best one, which afford 2a in 93% yield (Table 1, entry 7).
Under otherwise identical conditions, lowering the reaction
temperature to 30 °C or cutting down the amount of DABCO to
0.1 equiv. led to decreased yields, even though the reaction time
was prolonged to 24 h (Table 1, entries 8 and 9). Other Lewis bases
were also examined. DMAP, Et;N and DBU proved to be less
effective and Ph;P inert (Table 1, entries 10-13).

Having established the optimal conditions for the y-lactam
synthesis (Table 1, entry 7), a series of DABCO-catalyzed reac-
tions of substrates 1 and acrylonitrile were carried out (Table 2).

Zwitterionic salt

Scheme 1 The working proposal.
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Table 1 Screening of the reaction conditions for the synthesis of 2a?

o o it P o
conditions
)JXLNHPh + Py ndtons ﬁ&}\rph
NC

1a 2a

Entry Catalyst (equiv.) Solvent T(°C) Time (h) Yield” (%)
1 DABCO (0.2) DMSO 60 12 61

2 DABCO (0.2) DMF 60 12 75

3 DABCO (0.2) THF 60 12 56

4 DABCO (0.2) DCE 60 12 13

5 DABCO (0.2) MeNO, 60 12 Trace
6 DABCO (0.2) 1,4-Dioxane 60 12 Trace
7 DABCO (0.2) MeCN 60 6 93

8 DABCO (0.2) MeCN 30 24 35

9 DABCO (0.1) MeCN 60 24 78

10 DMAP (0.2) MeCN 60 12 Trace
11 NEt; (0.2) MeCN 60 12 12

12 DBU (0.2) MeCN 60 12 Trace
13 PPh; (0.2) MeCN 60 12 NR

“ Reactions were carried out with 1a (1.0 mmol), acrylonitrile (1.1 equiv.)
and a Lewis base (0.1 or 0.2 equiv.) in solvent (2.0 mL). ? Isolated yield.

It was observed that all the reactions of 1a-j bearing varied electron-
donating and electron-withdrawing aryl groups or hetero-aryl
groups could proceed smoothly to afford the corresponding highly
functionalized y-lactams 2 in moderate to excellent yields (Table 2,
entries 1-10). For N-alkyl counterpart 1k (R' = Bn), an unidentified
mixture was formed (Table 2, entry 11).” Neither 1-acetylcyclo-
propanecarboxamide (11, R' = H) nor 1-benzoyl-N-phenyl-
cyclopropanecarboxamide (1m, R*> = Ph) gave satisfactory results
(Table 2, entries 11 and 12). Substrate 1n containing a methyl group
on the cyclopropyl ring afforded merely trace amounts of desired
product 2n (Table 2, entry 13). The structure of 2¢ was confirmed by
X-ray single crystal diffraction (Fig. 2).

Reactions of N-phenylcyclopropanecarboxamides bearing
different EWGs at the C1-position were conducted (Scheme 2).%

Table 2 Synthesis of y-lactams 2 with a quaternary carbon center?

o O DABCO 0 0
R2 NHR' + ZCN M %‘ -R!
MeCN, 60 °C
1 R3 NC ) R3

Entry 1 R R® R® Time(h) 2  Yield” (%)
1 la Ph Me H 7 2a 93
2 1b  4-MeCgH, Me H 12 2b 90
3 1c  4-MeOCgH, Me H 10 2¢ 89
4 1d  2,4-Me,CeH, Me H 10 2d 82
5 le 4-CIC¢Hy Me H 12 2e 81
6 1f  2-CIC¢H, Me H 12 of 65
7 1g 2-Cl-5-OMeC¢H; Me H 9 2g 61
8 1h  2-NO,C¢H, Me H 12 2h 79
9 1i  1-Naphthyl Me H 7 2i 87
10 1j 2Py Me H 7 2j 95
11 1k Bn Me H 12 2k —°
12 11 H Me H 12 21 NR
13 im Ph Ph H 12 2m Complex
14 in Ph Me Me 12 2n  Trace

¢ Reactions were carried out with 1a (1.0 mmol), acrylonitrile (1.1 equiv.)
and DABCO (0.2 equiv.) in MeCN (2.0 mL) at 60 °C. ” Isolated yield.
¢ Unidentified mixture.
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Scheme 2 Reactions of N-phenylcyclopropanecarboxamides bearing
different EWGs at the C1-position.

1-Cyano-N-phenylcyclopropanecarboxamide (10) afforded the
desired product 3 in 93% yield in MeCN at 80 °C for 10 h, while
1-(1-(hydroxyimino)ethyl)-N-phenylcyclopropanecarboxamide (1p)
was inefficient, with the substrate recoverable in quantitative
yield.’

We next explored the reaction by expanding the scope of the
external electrophiles. Electron-deficient olefins like acrylates
and vinylsulfone proved to be suitable for this transformation,
affording the corresponding products 4a-c and 5 in excellent
yields (Table 3, entries 1-4). N,N-dimethylacrylamide was less
efficient, giving product 6 in only 35% yield (Table 3, entry 5).
However, substituted olefins such as cinnamonitrile and ethyl
cinnamate appeared to be unreactive under the standard reac-
tion conditions,"® presumably due to the effect of steric hin-
drance. All the above results indicated the efficiency, scope and
limitations of the Lewis base activation protocol.

In order to elucidate the possible mechanism, some control
experiments were conducted (Scheme 3). In the reaction of
substrate 1a and DABCO (0.2 equiv.) in MeCN at 60 °C (no
external electrophile added), zwitterion 7 was observed
(eqn (1)). When a stoichiometric amount of DABCO was used,
compound 7 was isolated in quantitative yield by simple filtration

Table 3 The scope of external electrophiles?

0o o DABCO 79

0.2 equiv -Ph
%NHF’“ . e 02eH) N
MeCN, 60 °C
EWG
1a 46
Entry EWG Time (h) Product Yield® (%)

1 CO,Et 6 4a 95
2 CO,n-Bu 5 4b 97
3 CO,t-Bu 5 4c 94
4 SO,Ph 6 5 98
5 CONMe, 12 6 35

¢ Reactions were carried out with 1a (1.0 mmol), electron-deficient
olefin (1.1 equiv.) and DABCO (0.2 equiv.) in MeCN (2.0 mL) at 60 °C.
b Isolated yield.
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Scheme 3 Control experiments.
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Scheme 4 Further work.

(eqn (2)). No intramolecular aza-cyclization product of type 8 was
observed.™ It was thus concluded that intermolecular electrophilic
addition takes place prior to the intramolecular aza-cyclization. The
conclusion is also supported by the following reaction, ie., the
separated zwitterion 7 may react with acrylonitrile (in the absence
of a base) to give the target molecule 2a in 95% yield (eqn (3)).

In further work, we found that, in the absence of external
electron-deficient olefins and elevated temperature, unexpected
v-lactams 9a-c were obtained in 82-91% yields via a formal
bimolecular reaction of 1 (Scheme 4).

Based on all the results described above, a possible mecha-
nism for the efficient one-pot transformation into functiona-
lized y-lactams 2 is proposed in Scheme 5. Initially, zwitterion 7
is generated in situ via DABCO-catalyzed ring-opening of

0 H,
0 Ol/ N,Ar
EWG (DABCO = NR3)
2 1
S) %
EWG N Ar eo/ N,Ar
NS
o o
o
T
®
NR
I s
S EWG

Scheme 5 Proposed mechanism for the formation of 2.
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activated cyclopropanes. We think that the hydrogen-bonding

in substrate 1 is helpful for the ring-opening to occur.'>"?

Secondly, Michael addition between enolate 7 and electron-
deficient alkenes takes place, giving intermediate I with a
quaternary carbon center. Thirdly, an amide anion is generated
via proton transfer. Finally, intramolecular aza-cyclization via
nucleophilic substitution delivers product 2 with the elimina-
tion of DABCO to complete the catalytic cycle.** Product 9 could
be generated in a similar way."

In summary, a new and efficient organocatalyzed strategy for
the synthesis of y-lactams with an all-carbon quaternary center
is developed. The process involves DABCO-catalyzed in situ
zwitterionic salt formation, intermolecular Michael addition
and intramolecular aza-cyclization. The organocatalyzed ring-
opening of activated cyclopropanes appears to be intriguing.®
Further work on exploring the scope of 1,3-dipole species
catalyzed by a Lewis base and the cycloaddition reaction in
the construction of various carbo/heterocycles is in progress in
our laboratory.

Financial support from the National Natural Science Foun-
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acknowledged.

Notes and references

1 For selected examples, see: (a) L. L. Beer and B. S. Moore, Org. Lett.,
2007, 9, 845; (b) W. M. Kazmierski, W. Andrews, E. Furfine,
A. Spaltenstein and L. W. Wright, Bioorg. Med. Chem. Lett., 2004,
14, 5689; (¢) R. H. Feling, G. O. Buchanan, T. J. Mincer,
C. A. Kauffman, P. R. Jensen and W. Fenical, Angew. Chem., Int.
Ed., 2003, 42, 355; (d) J. J-W. Duan, L. Chen, Z. R. Wasserman, Z. Lu,
R.-Q. Liu, M. B. Covington, M. Qian, K. D. Hardman, R. L. Magolda,
R. C. Newton, D. D. Christ, R. R. Wexler and C. P. Decicco, J. Med.
Chem., 2002, 45, 4954; (¢) D. K. Pyun, B. J. Kim, H. . Jung, J. H. Kim,
J. S. Lee, W. K. Lee and C. H. Lee, Chem. Pharm. Bull., 2002, 50, 415;
(f) C. E. Masse, A. J. Morgan, J. Adams and J. S. Panek, Eur. J. Org.
Chem., 2000, 2513; (g) P. A. Reddy, B. C. H. Hsiang, T. N. Latifi,
M. W. Hill, K. E. Woodward, S. M. Rothman, J. A. Ferrendelli and
D. F. Covey, J. Med. Chem., 1996, 39, 1898.

2 For representative methods to y-lactams, see: transition metal-

catalyzed cyclization: (a) P. A. Donets and N. Cramer, J. Am. Chem.

Soc., 2013, 135, 11772; (b) C.-Y. Zhou and C.-M. Che, J. Am. Chem.

Soc., 2007, 129, 5828; (c) D. Madec, G. Prestat, E. Martini, P. Fristrup,

G. Poli and P. O. Norrby, Org. Lett., 2005, 7, 995; (d) D. Craig,

C. J. T. Hyland and S. E. Ward, Chem. Commun., 2005, 3439.

Carbenoid C-H insertion: (e) T. K. Hyster, K. E. Ruhl and T. Rovis,

J. Am. Chem. Soc., 2013, 135, 5364; (f) A. G. H. Wee and

S. C. Duncan, Tetrahedron Lett., 2002, 43, 6173; (g) C. H. Yoon,

M. ]J. Zaworotko, B. Moulton and K. W. Jung, Org. Lett., 2001, 3, 3539.

Ring expansion: () B. Alcaide, P. Almendros, G. Cabrero and

M. P. Ruiz, Org. Lett., 2005, 7, 3981; (i) W. V. Brabandt and

N. D. Kimpe, J. Org. Chem., 2005, 70, 3369; () W. V. Brabandt and

N. D. Kimpe, J. Org. Chem., 2005, 70, 8717; (k) Y.-H. Yang and M. Shi,

J. Org. Chem., 2005, 70, 8645. Tandem Michael initiated cyclization:

({) S. Sternativo, B. Battistelli, L. Bagnoli, C. Santi, L. Testaferri and

F. Marini, Tetrahedron Lett., 2013, 54, 6755; (m) S. Comesse,

M. Sanselme and A. Daich, J. Org. Chem., 2008, 73, 5566;

(n) M. Scansetti, X. Hu, B. P. McDermott and H. W. Lam, Org. Lett.,

2007, 9, 2159.

For selected examples, see: (@) D.-Z. Xu, M.-Z. Zhan and Y. Huang,

Tetrahedron, 2014, 70, 176; (b) L.-G. Meng, C.-T. Li, J.-F. Zhang,

G.-Y. Xiao and L. Wang, RSC Adv., 2014, 4, 7109; (¢) Z. Zhuang and

W.-W. Liao, Synlett, 2014, 905; (d) L. Liang, E. Li, P. Xie and Y. Huang,

Chem. - Asian J., 2014, 9, 1270; () J. Zhang and A. Zhang, Chem. - Eur. J.,

2009, 15, 11119; (f) B. C. Ranu, S. Banerjee and R. Jana, Tetrahedron,

2007, 63, 776; (g) B. C. Ranu and S. Banerjee, Org. Lett., 2005,

7, 3049,

w

Chem. Commun., 2014, 50, 10491-10494 | 10493


https://doi.org/10.1039/c4cc03392b

Published on 22 July 2014. Downloaded by Liaoning University Library on 10/17/2019 1:58:35 AM.

Communication

4

o

o

10

For reviews on cyclopropane chemistry: (a) T. F. Schneider, J. Kaschel
and D. B. Werz, Angew. Chem., Int. Ed., 2014, 53, 5504; (b) M. A. Cavitt,
L. H. Phun and S. France, Chem. Soc. Rev., 2014, 43, 804; (c) M. Shi,
J-M. Lu, Y. Wei and L.-X. Shao, Acc. Chem. Res., 2012, 45, 641;
(d) C. A. Carson and M. A. Kerr, Chem. Soc. Rev., 2009, 38, 3051;
(e) F. D. Simone and J. Waser, Synthesis, 2009, 3353; (f) M. Rubin,
M. Rubina and V. Gevorgyan, Chem. Rev., 2007, 107, 3117; (g) M. Yu
and B. L. Pagenkopf, Tetrahedron, 2005, 61, 321; (k) H. U. Reissig and
R. Zimmer, Chem. Rev., 2003, 103, 1151.

Lewis base-catalyzed ring-opening of cyclopropanes: (a) D. Du and
Z. Wang, Tetrahedron Lett., 2008, 49, 956; (b) E. M. Budynina,
O. A. Ivanova, E. B. Averina, T. S. Kuznetsova and N. S. Zefirov,
Tetrahedron Lett., 2006, 47, 647; (¢) S. Danishefsky and R. K. Singh,
J. Am. Chem. Soc., 1975, 97, 3239; (d) K. Ohkata, T. Sakai, Y. Kubo
and T. Hanafusa, J. Chem. Soc., Chem. Commun., 1974, 581.

Work on activated cyclopropanes from our group: under basic
conditions: (¢) M. Li, S. Lin, Z. Dong, X. Zhang, F. Liang and
J. Zhang, Org. Lett., 2013, 15, 3978; (b) S. Lin, Y. Wei, F. Liang,
B. Zhao, Y. Liu and P. Liu, Org. Biomol. Chem., 2012, 10, 4571;
(¢) F. Liang, S. Lin and Y. Wei, J. Am. Chem. Soc., 2011, 133, 1781;
(d) F. Liang, X. Cheng, J. Liu and Q. Liu, Chem. Commun., 2009, 3636.
In the reaction of a stoichiometric amount of DABCO with
N-benzylcyclopropanecarboxamide 11 in MeCN at 100 °C, ring-
opening of cyclopropane did not occur. The reason is currently
unclear.

The cyclopropane substrates were prepared according to literature
methods, see: D. Zhang, R. Zhang, D. Xiang, N. Zhang, Y. Liang and
D. Dong, Synthesis, 2012, 705.

We found that the electron-withdrawing ability of EWG(s) on the
cyclopropane, the presence of hydrogen bond or not, and tempera-
ture influence the reaction significantly.

Only ring-opening of the cyclopropane substrate 1a to afford the
corresponding zwitterion 7 takes place. Upon heating to 100 °C,

10494 | Chem. Commun., 2014, 50, 10491-10494

11

12

13

14

15

16

View Article Online

ChemComm

compound 9a was obtained. In all cases, the electrophile remains
intact in the reaction system.

The reason for this may be due to (i) hydrogen bond binding, and
(if) more importantly, weak nucleophilic ability of N-arylamides.
Ring-opening reaction of 1-acetyl-N-methyl-N-phenylcyclopropane-
carboxamide did not take place in MeCN at 100 °C for 10 h.

For a similar hydrogen bonding mode in this system, see: (a) X. Liu,
N. Zhang, J. Yang, Y. Liang, R. Zhang and D. Dong, J. Org. Chem.,
2013, 78, 3323; (b) Z. Wang, X. Bi, P. Liao, R. Zhang, Y. Liang and
D. Dong, Chem. Commun., 2012, 48, 7076; (c) M. D. M. S. Duque,
O. Baslé, N. Isambert, A. Gaudel-Siri, Y. Génisson, J.-C. Plaquevent,
J. Rodriguez and T. Constantieux, Org. Lett., 2011, 13, 3296;
(d) Z. Zhang, Q. Zhang, S. Sun and Q. Liu, Angew. Chem., Int. Ed.,
2007, 46, 1726. For nice reactions via hydrogen bond activation, see:
(e) X. Zhao, D. Liu, H. Guo, Y. Liu and W. Zhang, J. Am. Chem. Soc.,
2011, 133, 19354; (f) X. Huo, M. Quan, G. Yang, X. Zhao, D. Liu,
Y. Liu and W. Zhang, Org. Lett., 2014, 16, 1570.

Actually the process involves organocatalyzed anion relay chemistry.
Please refer to 6a—c.

The possible mechanism for the formation of 9 was given as follows

60 N-AT

NHAF proton transfer

NR3
®NR3 NHAr NHAr
Organocataly51s has attracted considerable attention and has been
significantly developed. For reviews, see: (@) C. M. R. Volla, I. Atodiresei
and M. Rueping, Chem. Rev., 2014, 114, 2390; (b) P. Renzi and M. Bella,
Chem. Commun., 2012, 48, 6881; (c) J. G. Hernandez and E. Juaristi, Chem.
Commun., 2012, 48, 5396; (d) S. Bertelsen and K. A. Jorgensen, Chem. Soc.
Rev., 2009, 38, 2178; (¢) D. W. C. MacMillan, Nature, 2008, 455, 304.

This journal is © The Royal Society of Chemistry 2014


https://doi.org/10.1039/c4cc03392b



