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Abstract: Cyanoallenes were successfully used in organophos-
phine-catalyzed [3+2]-type annulation to give cyano-substituted di-
hydropyrroles in good yield. Chiral phosphines were also screened,
leading to some initial results in the asymmetric version of cyano-
allene-based annulations.
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Cyanoallene [2,3-butadienenitrile, (1)] is the smallest cy-
ano-containing 2,3-diene. Its presence in interstellar gas
clouds was recently discovered using far infrared spec-
troscopy.1 Closer to home, the compound is easily synthe-
sized from propargyl bromide and potassium cyanide
(Scheme 1).2 Cyanoallene and its derivatives (CAUTION
strong lachrymators) have not found widespread use in
synthesis,3 probably because the related allenoates (e.g.
methyl-2,3-butadienoate) do not require cyanides for their
synthesis. The rare use of cyanoallenes in synthesis so far
and the expected increased reactivity compared to alle-
noates prompted us to revisit cyanoallenes as useful start-
ing materials for synthesis in general and cycloadditions
in particular.

Scheme 1

With allenoates many reactions have been developed,4 but
the recently disclosed [3+2]- and [4+2]-type annulations,
catalyzed by alkyl- or arylphosphines as nucleophilic trig-
ger, caught our attention.5 In this communication we
present a short survey on the reactivity of cyanoallenes in
the [3+2]-type of annulations. The research started by re-
acting cyanoallene with methyl vinyl ketone (2) as well as
with N-methyl maleimide (4) in the presence of a catalytic
amount of triphenylphosphine (10–20 mol%, Scheme 2).

As expected, both compounds 3a and 3b were formed, al-
beit in low yield. The outcome of an equimolar product ra-
tio came as a surprise to us, since a strong bias towards
formation of the a-addition product (a/g > 75:25) with
methyl 2,3-butadienoate was known.5a Together with the
products, oligomerization of 1 was observed. Reacting 1
with maleimide 4 gave a similar yield at elevated temper-
ature using 20 mol% of catalyst (Scheme 3).

Scheme 3

Although these reactions were not fully optimized, we al-
ready noticed the trend that cyanoallenes were more reac-
tive and prone to oligomerization than the corresponding
allenoates. Probably, since a more electron-withdrawing
ester functionality to form the more stable zwitterion is
lacking, the lesser stabilizing cyano functionality causes
an increased overall reactivity together with lower selec-
tivity for reaction at the a-position (Scheme 4).

Scheme 4

The facile formation of oligomers using cyanoallene does
not come as a surprise, since Horner already in 1955 re-
ported the triphenylphosphine-catalyzed oligomerization
of acrylonitrile.6 To see its reactive behavior towards
more electrophilic double bonds and to suppress oligo-
merization, we investigated Lu’s [3+2] cycloaddition us-
ing electron-poor imines (Table 1).5c Yields for this
annulation reaction were much better, giving 7a and 7b in
91% and 80% yield, respectively, using 20 mol% PPh3 in
benzene at room temperature overnight (entries 1 and 2).7

Relative electron-poor substrates gave good results as
well, with 63% yield for 7c and 95% yield for 7d (entries
3 and 4). These cyano-containing heterocycles are less
known in literature than the related esters.8 Next, the same
reaction was tested using 3-methyl cyanoallene [2,3-pen-
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tadienenitrile (8)], easily prepared using the literature pro-
cedures.2a,b For this sterically more demanding
annulation, the conditions developed by the group of
Kwon for g-substituted allenoates were used.5d Following
this protocol, cyanoallene 8 was reacted with different
N-sulfonyl imines 6 in the presence of 20 mol% PBu3 as
catalyst in benzene at room temperature (Table 2).

In most cases, almost full conversion was observed in less
than six hours. Longer reaction times mostly led to more
polymerization of 8 and degradation of imine leading to
side products. In all cases the reaction provided high dias-
tereoselectivities (dr > 90:10). In all instances only the
major cis-diastereoisomer was isolated after column chro-
matography.9 The (substituted) benzaldimines gave the
annulation products 9a–c in good yields ranging from 54–
73% (entries 1–3). The sensitive 3-furanyl sulfonylimine
gave product 9d in 51% yield (entry 4) and the cinnamyl
sulfonylimine provided the desired product in good yield
(entry 5). Use of the b-trimethylsilylethanesulfonyl (SES)
protecting group actually gave the best yield (81%) in this
series (entry 6).

Sterically even more demanding annulations were tested
with 3,3-disubstituted cyanoallenes 10 and 12 (Schemes 5
and 6).10 Since such [3+2] annulations with the corre-
sponding 3,3-disubstituted allenoates have not been re-
ported in literature, we were very pleased to see the
formation of 11 in moderate isolated yield using 20 mol%
PBu3 in benzene at 50 °C (Scheme 5).

Scheme 5

The limit for this reaction was set by using 3-cyclohexy-
lideneacrylonitrile (12), which did not give the desired
product (Scheme 6). The only isolated product from this
reaction arose from imine hydrolysis and subsequent 1,4-
addition of tosylamide to cyanoallene 12.

Scheme 6

Figure 1 Chiral phosphines tested

Finally, a number of (commercially) available enan-
tiopure phosphines were screened in the [3+2] cyanoal-
lene annulation (Figure 1).11 For unsubstituted allenoates
several literature reports on successful enantioselective
[3+2] annulations have been reported.12 Especially asym-
metric annulations using 3-methyl cyanoallene were of in-
terest to us, since virtually no literature reports on

Table 2 [3+2] Annulation with 3-Methyl Cyanoallene (8)

Entry Ar PG Product Yield (%)a

1 Ph SO2Ph 9a 72

2 4-MeC6H4 Ts 9b 54

3 4-CF3C6H4 Ts 9c 73

4 3-furanyl Ts 9d 51

5 cinnamyl Ts 9e 72

6 4-tolyl SES 9f 81

a Isolated yield after column chromatography.

Table 1 Lu’s [3+2] Annulation with Cyanoallene (1)

Entry X R Product Yield (%)a

1 H Ph 7a 91

2 OMe Ph 7b 80

3 CF3 Tol 7c 63

4 Br Tol 7d 95

a Isolated yield after column chromatography.
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asymmetric [3+2] annulations with the corresponding 3-
substituted allenoates have been reported so far.12f Of the
array of catalysts screened (Figure 1), phosphine catalysts
like (R)-MeO-Biphep, (R,R)-Me-Duphos, (R)-Synphos
and Miller’s amino acid derived phosphine12f provided
very low yields and ee values. Other catalysts that provid-
ed significant ee values and reasonable to good yields are
listed in Table 3.

Interestingly, we found no account on the use of (S)-(+)-
neomenthyldiphenylphosphine [(S)-NMDPP] in phos-
phine-catalyzed annulations. For both cyanoallenes 1 and
8, this phosphine gave good to reasonable yields of the an-
nulation products 7a (99%) and 9a (50%), but with an ee
of only 5% for 7a and 28% for 9a (entries 1 and 5). Chira-
phos gave good yields for both products, but with low or
no ee (entries 2 and 6). In terms of yield, (–)-DIOP proved
to be the most reliable catalyst, though no ee values higher
than 12% were obtained (entries 3 and 7). For cyanoallene
(1), DUANPhos gave 7a in a yield of 54% with slight ex-
cess of the other enantiomer (entry 4). For both substrates
1 and 8, the sterically very hindered DUANPhos gave a
very slow conversion. After prolonged reaction times, 9a
was isolated in 18% yield. Being the highest so far, the ee
was determined to be 60%. Higher temperatures or a
change in solvent did not lead to improvements for this
specific case. catASium®D(R), bearing a tertiary nitrogen,
gave a good yield (79%) but the ee did not reach signifi-
cant values (entry 9). Most of the phosphines tested are
diphosphines with the phosphorus atoms in different ste-

reoconfigurations, therefore undesired complexity in the
asymmetric induction cannot be excluded.

In conclusion, the use of cyanoallenes in phosphine-cata-
lyzed [3+2] annulations successfully provided the cyano-
substituted dihydropyrroles. The use of a 3,3-dimethyl-
substituted allene was demonstrated for the first time.
Some initial results in the asymmetric phosphine-cata-
lyzed [3+2] annulations with cyanoallenes were also es-
tablished.

Supporting Information for this article is available online at
http://www.thieme-connect.com/ejournals/toc/synlett.

Acknowledgment

This research has been financially supported by the Netherlands
Organisation for Scientific Research (NWO).

References and Notes

(1) Lovas, F. J.; Remijan, A. J.; Hollis, J. M.; Jewell, P. R.; 
Snyder, L. E. Astrophys. J. 2006, 637, L37.

(2) (a) Brandsma, L. Best Synthetic Methods: Synthesis of 
Acetylenes, Allenes and Cumulenes: Methods and 
Techniques; Elsevier Academic Press: Boston / Amsterdam, 
2004. (b) Brandsma, L.; Verkruijsse, H. D. Synthesis of 
Acetylenes, Allenes and Cumulenes, a Laboratory Manual in 
Studies in Organic Chemistry, Vol. 8; Elsevier: Amsterdam, 
1981. (c) Kurtz, P.; Gold, H.; Disselnkötter, H. Justus 
Liebigs Ann. Chem. 1959, 624, 1. (d) For a review on allene 
syntheses, see: Brummond, K. M.; DeForrest, J. E. Synthesis 
2007, 795.

(3) For a few selected examples on the use of 1, see: 
(a) Danheiser, R. L.; Casebier, D. S.; Huboux, A. H. J. Org. 
Chem. 1994, 59, 4844. (b) Loebach, J. L.; Bennet, D. M.; 
Danheiser, R. L. J. Org. Chem. 1998, 63, 8380. (c) Pasto, 
D. J.; L’Hermine, G. J. Org. Chem. 1990, 55, 685.

(4) For examples, see: (a) Ma, S. Chem. Rev. 2005, 105, 2829. 
(b) Ma, S. Acc. Chem. Res. 2003, 36, 701.

(5) (a) Zhang, C.; Lu, X. J. Org. Chem. 1995, 60, 2906. 
(b) Zhu, G.; Chen, Z.; Jiang, Q.; Xiao, D.; Cao, P.; Zhang, X. 
J. Am. Chem. Soc. 1997, 119, 3836. (c) Xu, Z.; Lu, X. 
J. Org. Chem. 1998, 63, 5031. (d) Zhu, X.-F.; Henry, C. E.; 
Kwon, O. Tetrahedron 2005, 61, 6276. (e) Zhu, X.-F.; Lan, 
J.; Kwon, O. J. Am. Chem. Soc. 2003, 125, 4716. 
(f) Castellano, S.; Fiji, H. D. G.; Kinderman, S. S.; 
Watanabe, M.; de Leon, P.; Tamanoi, F.; Kwon, O. J. Am. 
Chem. Soc. 2007, 129, 5843. (g) Watanabe, M.; Fiji, H. D. 
G.; Guo, L.; Chan, L.; Kinderman, S. S.; Slamon, D. J.; 
Kwon, O.; Tamanoi, F. J. Biol. Chem. 2008, 283, 9571. For 
more examples, see the following reviews: (h) Ye, L.-W.; 
Zhou, J.; Tang, Y. Chem. Soc. Rev. 2008, 37, 1140. 
(i) Cowen, B. J.; Miller, S. J. Chem. Soc. Rev. 2009, 38, 
3102.

(6) Horner, L.; Jurgeleit, W.; Klüpfel, K. Justus Liebigs Ann. 
Chem. 1955, 591, 108.

(7) Representative Experiment: To a stirred solution of imine 
6 (4.08 mmol) in anhyd benzene (20 mL) at r.t. were added 
triphenylphosphine (0.8 mmol, 20 mol%) and cyanoallene 
(70% w/w solution in toluene, 4.9 mmol, 1.2 equiv). The 
solution was stirred until the imine was consumed (ca. 16 h) 
as judged by TLC (hexanes–EtOAc, 1:1). The solution was 
concentrated and the crude oil was purified by column 

Table 3 Asymmetric [3+2] Annulation with Cyanoallenes 1 and 8

Entry Cyanoallene Catalyst Time 
(h)

Product  ee 
(%)a

Yield 
(%)b

1 1 (S)-NMDPP 96 7a +5 99

2 1 (S),(S)-Chiraphos 16 7a –10 77

3 1 (–)-DIOP 72 7a +10 81

4 1 DUANPhos 168 7a –10 54

5 8 (S)-NMDPP 24 9a +28 50

6 8 (S),(S)-Chiraphos 16 9a 0 78

7 8 (–)-DIOP 16 9a +12 85

8 8 DUANPhos 168 9a –60 18

9 8 catASium®D(R) 16 9a +13 79

a Determined by chiral HPLC, OD column, n-heptane–i-PrOH 
(90:10), the sign is given relative to each other.
b Isolated yield after column chromatography.

• CN

chiral 
phosphine

1 R = H
8 R = Me

benzene, r.t.

N

Ph H

SO2Ph

+ N

NC

Ph

SO2Ph

R
R

7a R = H
9a R = Me

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.

 



1696 S. S. Kinderman et al. LETTER

Synlett 2011, No. 12, 1693–1696 © Thieme Stuttgart · New York

chromatography (hexanes–EtOAc, 4:1–1:1). For further 
details, see the supplementary material.

(8) For an example, see: (a) Trost, B. M.; Marrs, C. M. J. Am. 
Chem. Soc. 1993, 115, 6636. (b) Trost, B. M.; Silverman, 
S. M. J. Am. Chem. Soc. 2010, 132, 8238.

(9) The cis configuration was concluded after comparison of the 
1H NMR spectra with the reported literature data for similar 
allenoates; see ref. 5d.

(10) For the synthesis of 10 and 12, see refs. 2a and 2b.
(11) We noticed the successful ferrocenophanes (Marinetti), 

phosphepines (Fu), and phosphinothioureas (Jacobsen) in 
[3+2] annulations, but did not test these in our survey, see 
ref. 12.

(12) (a) Marinetti, A.; Voituriez, A. Synlett 2010, 174. (b) Jean, 
L.; Marinetti, A. Tetrahedron Lett. 2006, 47, 2141. 
(c) Fleury-Brégeot, N.; Jean, L.; Retailleau, P.; Marinetti, A. 
Tetrahedron 2007, 63, 11920. (d) Wilson, J. E.; Fu, G. C. 
Angew. Chem. Int. Ed. 2006, 45, 1426. (e) Wurz, R. P.; Fu, 
G. C. J. Am. Chem. Soc. 2005, 127, 12234. (f) Cowen, B. J.; 
Miller, S. J. J. Am. Chem. Soc. 2007, 129, 10988. 
(g) Wallace, D. J.; Sidda, R. L.; Reamer, R. A. J. Org. Chem. 
2007, 72, 1051. (h) Fang, Y.-Q.; Jacobsen, E. N. J. Am. 
Chem. Soc. 2008, 130, 5660. (i) Voituriez, A.; Panossian, 
A.; Fleury-Brégeot, N.; Retailleau, P.; Marinetti, A. J. Am. 
Chem. Soc. 2008, 130, 14030.

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.

 



Copyright of Synlett is the property of Georg Thieme Verlag Stuttgart and its content may not be copied or

emailed to multiple sites or posted to a listserv without the copyright holder's express written permission.

However, users may print, download, or email articles for individual use.


