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Scheme 1. Electrophilic addition of 1-cyclopropylall
derivatives.
The difunctional additions of electrophiles and nucleophiles to 1-cyclopropylallenes were investigated.
Two different functional groups were introduced at the same time to give 2,6-difunctional-1,3-hexadi-
enes stereoselectively in good yields.

� 2009 Elsevier Ltd. All rights reserved.
Table 1
The reaction of 1a with NIS–MBr systema

C + NIS + MBr

I
solvent
1-Cyclopropylallenes 1, which contain both a cyclopropyl group
and an allene structural unit, are a kind of useful building blocks in
organic synthesis.1 The special molecule structure of 1-cyclo-
propylallenes makes them act like allenes2 and sometimes methyl-
enecyclopropanes3 in organic reactions. Recently, we have
investigated the electrophilic additions of 1-cyclopropylallenes.4

In these reactions, the electrophilic group was first added to the
center carbon of allene group of 1-cyclopropylallenes to give the
intermediate carbon cation 2. The following b-scission of 2 gave
the homoallylic carbon cation 3, which could be transformed to
the corresponding homoallylic derivatives (Scheme 1). It is notable
that, in these reactions, the stereoselectivities are generally good
and one even two multisubstituted C@C double bonds could be
generated stereoselectively in the final product. Hence, this would
give an efficient and stereospecific method for the synthesis of
multisubstituted olefins.

Being able to introduce two different functional groups at the
same time, difunctional reactions are important in organic synthe-
sis.5 On the basis of our previous investigations on electrophilic
additions of 1-cyclopropylallenes, here, we wish to report our re-
cent investigation results on difunctional reactions of 1-cyclo-
propylallenes. Specially, two changeable functional groups were
ll rights reserved.
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enes to generate homoallylic
introduced simultaneously by one molecule of electrophile and an-
other molecule of nucleophile, which would provide an efficient
and stereoselective tool for the synthesis of 2,6-difunctional-1,3-
hexadienes.

We initially examined the difunctional reaction of 1-cyclo-
propylallene 1a with NIS–MBr system. When 1a, NIS and KBr were
stirred in DCM at room temperature for 15 h, the desired difunc-
tional adduct 4a could be obtained in 43% yield (Table 1, entry
1). Further screening demonstrated that employing THF as solvent
would enhance the yield of 4a (Table 1, entry 4) and NaBr should
be a better bromo source (Table 1, entry 7).

With the optimized reaction conditions in hand, we next exam-
ined the application scope of this reaction. The experimental re-
sults were listed in Table 2. It is obvious that Cl, Br, or I group
could be conveniently introduced to the 2- or 6-position of the
product as wish (Table 2, entries 1–6). The yields of 4 were gener-
Ph Ph
Br

1a 4a

N2, temp

Entry MBr Solvent Timeb (h) Yield of 4ac (%)

1 KBr DCM 15 43
2 KBr DMF 6 27
3 KBr MeCN 8 48
4 KBr THF 15 52
5 Bu4NBr THF 10 31
6 LiBr THF 3 59
7 NaBr THF 0.5 77

a 0.3 mmol of 1a, NIS and MBr, and 2 mL of solvent were employed.
b The reaction was monitored by TLC (eluent: petroleum ether).
c Isolated yields.
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Table 2
Dihalogenation of 1-cyclopropylallenes (1)a

C
R

+ NXS + MY N2, r.t.
R

X

Y

1 4

THF

Entry R X MY Yield of 4b (%)

1 Ph (1a) I NaBr 77 (4a)
2 1a I NaCl 61 (4b)
3 1a I NaI 87 (4c)
4 1a Br NaCl 67 (4d)
5 1a Br NaBr 74 (4e)
6 1a Cl NaCl 69 (4f)
7 p-CH3C6H4 (1b) I NaBr 85 (4g)
8 p-ClC6H4 (1c) I NaBr 79 (4h)
9 Bn (1d) I NaBr 54 (4i) (Z/E = 81:19)c

a 0.3 mmol of 1, NIS and MY, and 2 mL of THF were employed.
b Isolated yields.
c The ratio of isomers was calculated from 1H NMR spectrum.
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Figure 2. Configurations of 1Z, 3Z-4k, 4m, 4o.
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ally good and only Z-isomers were obtained except in entry 9,
when R was Bn, which had a lower steric hindrance. The configu-
rations of 4c and 4h were determined by the NOESY spectrum
study (Fig. 1).

When distally substituted 1-cyclopropylallenes were employed,
two multisubstituted C@C double bonds could be generated in the
product to give the 1Z, 3Z isomer as the major product (Table 3).
The configurations of 4k, 4m, and 4o were established on the
NOESY spectrum studies (Fig. 2).

Furthermore, the application scope of this reaction was not lim-
ited only to the synthesis of 2,6-dihalo-1,3-hexadienes. The corre-
sponding difunctional adducts could be smoothly obtained when
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Figure 1. Configurations of Z-4c, 4h.

Table 3
Dihalogenation of 1,3-disubstituted-1-cyclopropylallenesa

C
R1 R2

+ NXS + NaY

1

N2, r.t.

R2

R1
Y

X

A (1Z, 3Z)

R2
R1

Y

X

B (1E, 3Z)

R2

Y
X

R1

C (1Z, 3E)

R2

Y
X

R1

D (1E, 3E)

isomers of 4

THF

X = I, Br, Cl

Y = I, Br, Cl

Entry R1, R2 X Y Yield of 4 (%) (A/B/C/D)b

1 C6H5, p-BrC6H4 (1e) I Br 76 (86/14/0/0) (4j)
2 o-CH3C6H4, p-BrC6H4 (1f) I Br 68 (89/11/0/0) (4k)
3 m-CH3C6H4, p-BrC6H4 (1g) I Br 71 (85/15/0/0) (4l)
4 p-ClC6H4, p-BrC6H4 (1h) I Br 81(89/11/0/0) (4m)
5 C6H5, C2H5 (1i) I Br 58 (60/40/0/0) (4n)c

6 C6H5, p-BrC6H4 (1e) I Cl 69(91/9/0/0) (4o)
7 C6H5, C6H5 (1j) Br Cl 61(66/34/0/0) (4p)

a 0.3 mmol of 1, NXS and NaY, and 2 mL of THF were employed.
b Isolated yields.
c The ratio of isomers was calculated from 1H NMR spectrum.
other nucleophiles were employed. These include alcohol, carbox-
ylic acid, amide, and NaNCS (Table 4, entries 1–5). Similarly, PhSe+,
generated by N-phenylselenophthalimide (NPSP), could also be
employed as electrophile to produce the corresponding 2,6-difunc-
tional adducts (Table 4, entries 6 and 7). It is notable that all these
reactions underwent with excellent stereoselectivity. The configu-
rations of 5b and 5g were established on the NOESY spectrum
studies (Fig. 3).

A possible mechanism of this reaction was shown in Scheme 2.
Electrophilic addition of electrophiles to 1 would give the interme-
diate allylic carbon cation 5, which could be 5(A) and 5(B) in reso-
nance.4 In 5(A), R2 was inclined to be at the same side with E due to
the steric hindrance factor while in 5(B), R1 was inclined to be at
the same side with the hydrogen atom. These determined the con-
figuration of the 1-position and 3-position C@C double bonds in
product 4.6 Further reaction of 5(B) with nucleophiles would give
the final product 4 in 1Z, 3Z configuration as the overwhelming
major product (Table 3). When R1 = alkyl group, the carbon cation
in 5(B) could not be well stabilized. Thus, the yield of 4 declined
(Table 2, entry 9). Meanwhile, when R1 or R2 were lower steric hin-
drance groups, the selectivity on the 3-position or 1-position C@C
double bonds declined, respectively (Table 2, entry 9 and Table 3,
entry 5).
Table 4
Difunctional additions of 1a with other electrophiles and nucleophiles

C
Ph

+ E+ + Nu- N2, r.t.
Ph

E

Nu

1a 5

solvent

Entry Electrophile Nucleophile Yield of 5e (%)

1a NIS EtOH 82 (5a)
2a NIS (CH3)2CHOH 76 (5b)
3b NIS NaOAc 87 (5c)
4b NIS NaNCS 69 (5d)
5c NBS PhCONH2 21 (5e)
6d NPSP EtOH 76 (5f)
7d NPSP NaBr 65 (5g)

a 0.3 mmol of 1a, NIS, and 2 mL of nucleophile were employed.
b 0.3 mmol of 1a, NIS, nucleophile, and 2 mL of THF were employed.
c 0.3 mmol of 1a, NBS, PhCONH2, and 2 ml of EtOAc were employed.
d 0.3 mmol of 1a, NPSP, nucleophile, and 2 mL of THF were employed.
e Isolated yields.
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Containing both a conjugated diene structural unit and a homo-
allylic structural unit, 4 might be of potential value in organic syn-
thesis.7,8 Moreover, the functional groups on 2- or 6-position of 4
allowed it to be easily transformed to some other useful skeletons
(Scheme 3). For example, the Sonogashira coupling9 of 4a with al-
kyne would give the alkynyl-substituted conjugated diene 6 in
good yield. Compound 7 was generated through nucleophilic sub-
stitution of 4a in the presence of NaBH4 and (PhSe)2, and could fur-
ther occur Suzuki coupling to give 8 in 74% yield. All of these
analogs are important organic compounds in part due to their
applications in Diels–Alder reactions and exploration of materials
for electronic and photonic applications,10 and in part due to their
existence in many chromophores as a substructure.11

In conclusion, we reported the difunctional additions of 1-
cyclopropylallenes. The selectivity of this reaction was good and
two different functional groups could be introduced at the same
time. This would provide an efficient and stereospecific method
for the synthesis of 2,6-difunctional-1,3-hexadienes.12 Further
investigations on 1-cyclopropylallenes are being undertaken in
our laboratory.
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