LETTER

1943
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Abstract: Reactions of arylvinylidenecyclopropanes 1 with
equimolar amount of bromine or iodine at low temperature pro-
duced the corresponding addition products 2, 3and 5, 6 in moderate
to good yields at —40 °C and —100 °C, respectively. On the other
hand, the reactions of 1 with equimolar amount of iodine gave the
corresponding iodinated naphthalene derivatives 4 via the
corresponding addition products 3 under similar conditions at
25 °C. The further transformation of the addition product 6a has
been presented.

Key words: arylvinylidenecyclopropanes, bromine, iodine, addi-
tion reaction, iodinated naphthal ene derivatives

Thermal and photochemical skeletal conversions of
vinylidenecyclopropanes 1 have attracted much attention
from mechanistic, theoretical, spectroscopic, and synthet-
ic viewpoints in the past decades.>? Vinylidenecyclo-
propanes 1 also undergo a variety of unique addition
reactions with electrophiles to give novel products some-
times along with the formation of cyclopropane ring-
opened products.®

Previously we reported the reaction of gem-aryl disub-
stituted methylenecyclopropanes (M CPs) and vinylidene-
cyclopropanes with diaryl diselenide to give either 1,2-
bis(arylselanyl)-3,3-diarylcyclobut-1-ene, four-mem-
bered ring, or the corresponding addition products in the
presence of iodosobenzene diacetate [Phl(OAC),] in mod-
erate to good yields under mild conditions.*3*® In addition,
we aso reported that diarylvinylidenecyclopropanes un-
dergo a novel ring-opening reaction upon treatment with
excessiodine or bromineat 0-25 °Cin 1,2-dichloroethane
to give the corresponding diiodinated or dibrominated
naphthalene derivatives in good to high yields within
three hours.*

In this paper, we wish to report the addition reactions of
arylvinylidenecyclopropanes 1 with equimolar amount of
bromine and iodine to produce either the corresponding
addition products 2, 3 and 5, 6 at low temperature or the
corresponding iodinated naphthalene derivatives 4 at
room temperature in moderate to good yields under mild
conditions.
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Using diphenylvinylidenecyclopropane (1a, 0.3 mmol) as
substrate, we examined the addition reaction with halogen
such as bromine (Br,) or iodine (I,) (0.3 mmol) in avari-
ety of solvents at —40 °C.> The corresponding addition
product 2a (X = Br) or 3a (X =1) was formed as a sole
product with anti-configuration rather than the cyclopro-
pane ring-opened product. The results are summarized in
Table 1. As can be seen from Table 1, 1,2-dichloroethane
(DCE) is the solvent of choice (Table 1, entries 4—7). At
low temperature (—40 °C) in DCE, the corresponding ad-
dition products 2a and 3a were obtained in higher yields
(Table 1, entries 3 and 9). With the addition of water (5.0
equiv), the yield of 2a decreased to 61% under identical
conditions, indicating that a cationic process might be
involved in this addition reaction (Table 1, entry 4).

Under these optimised reaction conditions, we next exam-
ined avariety of vinylidenecyclopropanes 1 with bromine.
The results are summarized in Table 2. For symmetrical

Tablel Addition Reaction of 1a (88 mg, 0.3 mmol) with Bromine
and lodine (0.3 mmol) at —40 °C

Ph
Ph X

Ph solvent 7
+ Xy —— / ’,X
PH —40°C,6h Ph" ph
la
2a, X = Br
3a, X =1
Entry Solvent X5 Temp. (°C) Yield of 2a
and 3a (%)
1 DCE Br, 0 2a, 58
2 DCE Br, -10 2a, 62
3 DCE Br, —40 2a, 70
4 DCE Br, —40 2a, 61°
5 THF Br, —40 2a, 63
6 MeCN Br, —40 2a, 51
7 Toluene Br, -40 2a, 46
8 DCE I, 0 3a, 56
9 DCE I, —40 3a, 81
a|solated yields.

b With the addition of 5.0 equiv of H,0.
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vinylidenecyclopropanes 1b—e, the corresponding addi-
tion products 2b—e were obtained in moderate to good
yields (Table 2, entries 1-4). In order to confirm further
the anti-configuration of the addition product, the
structure of 2c was determined by X-ray diffraction
(Figure 1).6

Table2 Addition Reaction of 1b—e (88 mg, 0.3 mmol) with
Bromine (0.3 mmol) at 40 °C in DCE

RZ
2
R\ g DCE Br
>==<r +  Br, Tz
RL -40°C, 6 h RL Br
1b-e R?
2b—e
Entry 1 (RYR? Yield (%)
1 1b (p-FCgH,/CeHs) 2b, 85
2 1c (Ph/p-MeCgH,) 2c, 61
3 1d (p-CIC4H,/Ph) 2d, 81
4 le (Ph/p-MeOCg¢H,) 2e, 53
a|solated yields.

Figurel The ORTEP drawing of 2c

On the other hand, in the addition reaction of la (0.3
mmol) with iodine (0.3 mmol) under similar conditions,
we found that the corresponding addition product 3a is
labile at room temperature (25 °C) and it can rearrange to
the corresponding iodinated naphthalene derivative 4ain
good yield under the reaction conditions at room temper-
ature (25 °C; Scheme 1).

Ph Ph
_ I
DCE NP -1
la + I, | N
-40°C,6h 25°C Me
Ph” ~Ph oh
4a

3a

Scheme 1 The addition reaction of diphenylvinylidenecyclopro-
pane (1a) with iodine at —40 °C and then at room temperature (25 °C)
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Under these reaction conditions, we found that the addi-
tion reactions of avariety of arylvinylidenecyclopropanes
1 with iodine produced the corresponding iodinated
naphthalene derivatives 4 in good yields. The results are
shown in Table 3.

Table 3 Addition Reaction of Arylvinylidenecyclopropane la—ewith
lodinein DCE at —40 °C and then at 25 °C

Rl
1 R? |
R\/ j DCE DCE OO
+ 1y [3] .
Rl —40°C, 6 h 25°C R Me
1 R2
4
Entry 1(RYR? Time Temp Yield
(h) (°0) (%)%
1 1a (Ph/Ph) 10 25 4a, 80
2 1b (4-FCgH,/Ph) 30 25 4p, 53
3 1c (Ph/4-MeCgH,) 10 25 4c, 72
4 1d (p-MeOC¢H,/Ph) 10 25 ad, 77
5 1e (Ph/4-MeOCgH,) 10 25 e, 82

a|solated yields.

The structures of products 2, 3a, and 4 were determined
by 'H NMR and *3C NMR spectroscopic data and HRMS
or microanalyses.’

In order to identify the reaction pathway, radical scaven-
gers 2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO) and
2,6-di-tert-butyl-4-methylphenol (BHT) were added into
the reaction solution, respectively. We found that the ad-
dition reaction also proceeded smoothly in the presence of
these radical scavengers TEMPO and BHT. In addition,
with the addition of five equivalents of water, the yield of
2adecreased to 61% (Table 1, entries 3 and 4). Moreover,
with the addition of an amino compound such asDBU (10
mol%), 2a was formed in trace. All these results suggest
that these above addition reactions proceed via the corre-
sponding cationic intermediates. A plausible reaction
mechanism is shown in Scheme 2 on the basis of previous
literature and above control experiments. The addition of
halogen (X,) to a double bond of arylvinylidenecyclo-
propane 1 gives the cationic cyclized intermediate A-1,
which is stabilized by a cyclopropane. The backside at-
tack of theformed X~ to theintermediate A-1 producesthe
anti-addition product 2 or 3. In the case of addition reac-
tion with iodine, the corresponding addition product is
labile, which can release one iodine anion to give the cor-
responding cationic intermediate B-1 at room tempera-
ture.®2 The intramolecular Friedel—Crafts reaction affords
the intermediate C-1, which produces the intermediate d-
1 after the proton transfer. This process also can proceed
via a concerted 1,3-hydrogen transfer. The reprotonation
and aromatization of the intermediate E-1 furnish the
iodinated naphthalene derivative 4a.
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Ph Ph Ph X
Kr — )X
wa I .
Ph X Ph <
la X X
A-1

2,X=Br,3,X=1

- Ph_ ! —HY

intramolecular
B-1 Friedel-Crafts
reaction

H '
O‘ O -

C-1

Scheme 2 A plausible reaction mechanism of arylvinylidenecyclo-
propanes 1la—e with halogen

Interestingly, in the reaction of diphenylvinylidenecyclo-
propane (1f), having four methyl groups at the cyclo-
propane moiety, with halogen Br, or |, under similar
conditions, the corresponding halogenated products 5a
(X =Br) and 6a (X =1) were obtained in 68% and 46%
yields, respectively. When the reaction was carried out at
lower temperature (—100 °C) and within short reaction
time, 5a and 6a were obtained in 88% and 80%, respec-
tively. The results are summarized in Table 4. As can be
seen from Table 4, under these reaction conditions the
addition reactions of a variety of diarylvinylidenecyclo-
propanes 1g— with bromine and iodine produced the cor-
responding halogenated alkenes 5 and 6 in good yields in
dichloromethane (CH,Cl,, Table4, entries 2-5). For

unsymmetric arylvinylidenecyclopropane 1j, the corre-
sponding adduct 5e was obtained as mixtures of E- and Z-
isomers (Table 4, entry 5).

The mechanism of this addition reaction is shown in
Scheme 3 using 1f as substrate. The addition of halogen
(X,) to a double bond of 1f produces the corresponding
cationic intermediates A-2 and B-2, which give the corre-
sponding ring-opened cationic intermediates C-2 and D-
2. Then, elimination of proton takes place to give the cor-
responding products 5a and 6a via cationic intermediate
D-2 (Scheme 3).

;hh>I< T100°C. CHcly \/%( >7%(
ﬁ% ﬁi eaa

5a, X = Br, 88%
6a, X = |, 80%

Scheme3 Addition reaction of arylvinylidenecyclopropane 1f with
halogen

Moreover, in order to further explore the transformation
of 5 and 6, we employed compound 6a (0.1 mmol) to the
Suzuki type cross-coupling reaction with phenyl boronic
acid in the presence of Pd(0) catalyst.® After careful
examination of the reaction conditions, we found that us-
ing Pd,(dba), (5 mol%) as catalyst and Cy ;P (10 mol%) as
aligand in DMF (1.0 mL) and water (0.3 mL), the corre-
sponding product 7 was obtained in 68% yield in the
presence of Cs,CO, (Scheme 4).10

Table4 Addition Reaction of Arylvinylidenecyclopropanes 1f—j with iodinein CH,Cl, at =100 °C

1
R? Br, or I, (1 equiv) R X
R? CH,Cl,, =100 °C R2>:2/_<

16

5a—e: X = Br

6a—d: X = |
Entry 1 (RYR? Time (min) Yield (%)?

5 (X = Br) 6(X=1)

1 1f (Ph/Ph) 5 5a, 88 6a, 80
2 19 (4-MeCgH /4-MeCgH,) 5 5b, 78 6b, 80
3 1h (4-MeOCH,/4-MeOCeH,) 10 5¢, 87 6c, 89
4 1i (4-FCgH/4-FCeH,) 5 5d, 95 6d, 79
5 1j (4-CIC4H,/Ph) 5 5e, 73
a|solated yields.

b Mixtures of E- and Z-isomers (E:Z = 1:1).
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Pd,(dba); (5 mol%)
Cs,CO3 (2 equiv)

I PCyj (10 mol%)

= + PhB(OH), =

O / DMF, H,0, 70 °C

6a 7,68%

Scheme 4  Suzuki type coupling reaction of 6a

In conclusion, we disclosed an interesting addition reac-
tion of arylvinylidenecyclopropanes with halogen to pro-
duce the corresponding addition products 2, 3 and 5, 6 or
the corresponding iodinated naphthal ene derivatives 4 in
moderate to good yields under mild conditions.!* The
plausible mechanism has been discussed on the basis of
control experiments. In addition, the further possible
transformation of 6a has been also disclosed. The reason
for the bromination and iodination selectively occurred at
the cyclopropane-substituted alkene leading to vinyl
cyclopropanes is probably due to the stabilization of the
corresponding cyclized cationic halogenated intermediate
by the cyclopropane. Efforts are underway to elucidate the
mechanistic details of this reaction and to disclose the
scope and limitations of this transformation. Work along
thislineis currently in progress.
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General Reaction Procedure.

A solution of iodine (88 mg, 0.3 mmol) in DCE (5.0 mL) was
added dropwise into a solution of diphenylvinylidene-
cyclopropane (1a, 76 mg, 0.3 mmol) in DCE (2.0 mL). The
reaction mixture was stirred for 6 h at —40 °C (monitored by
TLC). After the starting materials 1a were consumed. The
solvent infiltration wasremoved under reduced pressureand
the residue was subj ected to aflash column chromatography
to give the desired product 3a (133 mg, 81%) as ayellow
solid.
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