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1 2 1
E 7_< E + RX X'/base R R
R 2 Acetone, reflux |
1 X" 3,64-99% yields
X=1 Br

1a:R' = H, E' = E? = CO,Me; 1b: R" = C/H,
E' = E?=CO,Me; 1c: R" = C4Hy, E' = CO,EH,
E2 = SO,Ph;
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Alkenyl halides are important building blocks because of their Scheme 1

diverse synthetic importanéé. Thus, the efficient formation of R2_ 3 R? _ R2.3 R®

alkenyl halides in a stereoselective fashion is an important continu- )& LR . R E " (1,2-addition)

ing goal in organic synthesfs. R 2 2E R 2 '
Cyclopropenes, highly strained but readily accessible carbocyclic RA 3 R® 1%

molecules, have been shown to possess unique reactivity in organic RVZgz > E ?

synthesid. In past years, many sequential addition reactions of
organometallic reagents such as organic lithiu@rignard® cu-
prate’ and ziné® reagents (RMX) with cyclopropenes and
electrophiles (E), leading efficiently to polysubstituted cyclopro-

Table 1. Coupling Reaction of 1a with 2a under Different
Reaction Conditions

panes, have been developed, in which the R group is unijuely MeozCKCOZMe _ MeOzC., COMe
directed toward the sterically more hindered 1-position, with the E * _\—I m
group being subsequently introduced to the 2-position (Scheme 1). 1a 2a(2.0 equiv.) I~ 3aa
However, to the best of our knowledge, the sequential addition of
halides such asland Br to cyclopropenes and the coupling with ~ enty ~ Mi additive” solvent  temp (°C)  time (h)  yield of 3aa (%)
electrophiles has not been reported. Herein we report a novel | 1 Lil  Li.COs acetone  reflux 25 60
or Br--catalyzed ring-opening coupling reaction of cyclopropenes 2 Nal no acetone  reflux 25 60
with organic halides to give polyfunctionalized)alk-1-enyl 8 Nal NaCO;® acetone  reflux 2 57
halides with excellent regioselectivity and stereoselecivity. 4 Nal NaCOs acetone  reflux 25 67
o . ) ’ 5 Nal NaCO0s acetone  reflux 25 69
Initially, we tested the coupling reaction of 3,3-bis(methoxy- 6 Nal NaCO; acetone reflux 1 7
carbonyl)cycloprop-1-ene16)° with allyl iodide (2a) in the 7 Nal NaSO;f acetone reflux 2.5 64
presence of different alkali metal iodide and additives (Table 1). 8 Nal  NaCOs  THF reflux 2.5 31
After some trial and error, we were pleased to find that the reaction 10 N‘;'I Nzg% Bm): 77% %55 %
of lawith 2a (2.0 equiv) in acetone under reflux for 2.5 hinthe 17  Nal NaCO; CHCN 70 25 27
presence of a catalytic amount of Nal (10 mol %) and 50 mol % 12 Kl K,CO; acetone  reflux 3 60
of NaCO; (conditions A) occurred smoothly to give aring-opening 13 Csl CsCO;  acetone  reflux 4 63

coupling producBaain 69% yield with excellent stereoselectivity
(entry 5, Table 1). A higher yield (77%) @aawas observed when
4 equiv of2awas applied (entry 6, Table 1). The yield was lower
when the amount of the base was reduced (entries, Jable 1).
The coupling reaction also afford@aain somewhat lower yields,
either under the catalysis of other sdliase combination such as E! E?

1 2
Lil/Li ,COs, KI/K ,COs, and Csl/CsCO; (entries 1, 12, and 13, Table BB RX(2) CaHo ~p
1b: E' = E% = CO,Me; |

210 mol % was used. Unless otherwise specified, 50 mol % was used.
©10 mol % was used! 25 mol % was usedt 4 equiv of2awas usedf 20
mol % was used.

Scheme 2

1) or in other solvents such as THF, g&N, DMA, and DMF C4Hg b, ¢ - Ve, X
(entries 8-11, Table 1). 1e: B = COZEL E* =S0Ph.
This transformation is general, and some typical results are listed T b 2a A 2h  3ba 90%
in Table 2 and Scheme 2. The following details are noteworthy: 2 1 26 A 4h  3bb 9%
(1) Besides allylic iodide&a,f—h, benzyl iodidg(2b), o-iodoaceto- 3 1b 2 B 13h  3bj, 85%
phenoneZc), a-iodoacetateZd), and propargylic iodide2e)could 4 1c  2a® A 13h 3ca 64%

be used as the organic halides to give a variety of polyfuctionalized
(E)-alk-1-enyl iodides3 under conditions A in good to excellent
yields (entries 18, Table 2). (2) Organic bromides such as benzyl
bromide @i) andtrans-cinnamyl bromide Zj) could also be used

as reactants to give the corresponding alk-1-enyl bron8dexler
conditions B (16-20 mol % of LiBr and 50 mol % of LiCO) in
good yields (entries 8 and 9, Table 2). (3) The regioselectivisy
opposite to that reported in refs-B; i.e.,the X attacks the less

220 mol % of Nal and 4 equiv d2a were used.

hindered 2-position(Scheme 2). (4) The stereochemistry was
established by the X-ray diffractional study &dh,'? the coupling
constant of two olefinic protons i8, and the NOESY analysis of
3bb (Figure 1).

The synthetic utilities of the ring-opening coupling produ8ts
were demonstrated by transformations of the representative product
3aa(Scheme 3). Treatment 8aawith phenylboronic acid gave a
Suzuki-Miyaura? coupling product4agd) in 72% yield. Phenyl-
acetylene underwent the SonogasHimupling reaction wittBaa
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Table 2. Ring-Opening Coupling Reaction of Cyclopropenes 1
with Organic Halides 2 under Conditions A or B

MeOZCKCOfMe Conditions A or B MeO-j.><gone
RX — > |
1a 2 (2.0 equiv.) X3
Entry :x Cond.? Tl(nr:;e Isola;:g (;ol;eld
1 Bnl (2b) A 81(3ab)
2 PhCOCH,l (2¢) A 80 (3ac)
3 EtO,CCHyl (2d) A 1.5 65 (3ad)
4 CgHyy—=—CHyl(2e) A 2 82 (3ae)
5 CHy=C(CH3)CHjl (2f) A 25 71 (3af)
6 MeO,C X290 A 25 79 (3ag)
7 PN h) A 125  92(3ah)
8 BnBr (2i) B 15 67 (3ai)
9 Ph"~"pr(2j) B 1 64 (3aj)

a Conditions A: Nal (10 mol %), NACOz (50 mol %), acetone, reflux.
Conditions B: LiBr (10 mol %), LiCOs (50 mol %), acetone, reflu¥.20

mol % of LiBr was used.
Me02 COzMe
MeOQC COzMe
e L

[ RO
3ah Ph 3pb NOE
Figure 1. Stereochemistry oBah and3bb.
Scheme 3 2@
MeO,C_ CO,Me  MeO,C_ CO,Me MeO,C. COZ'V'e
PhB(OH) Ph——
| \4—13 |
Ph oS
4aa (72%) 3aa 5aa (91%
Meozc COMe % wzm MeO,C_ CO,Me
C4Hg MeO,C™ X ~
6aa (79%) Taa (79%)

aReagents and conditions: (a) Pd(BRIf5 mol %), NaCOs, toluene/
H20, reflux, 5 h; (b) PAG(PPH), (5 mol %), Cul (10 mol %), KCOs (2
equiv), CHCN, room temperature, 6 h; (c) Pd(RRh(5 mol %), THF,
room temperature, 1 h; (d) Pd(P#H(5 mol %), K:CO; (2.0 equiv), CHCN,
70°C, 24 h.

Scheme 4
gl E?
S
R 1\‘\\)(_ 1 gl g2
)
{ ! X N

to afford a stereodefined conjugated enyBad in an excellent
yield. The NegisHP coupling reaction of3aa with butylzinc
bromide gavesaain 79% yield. Moreover3aacould also undergo
Heck!6 reaction with methyl acrylate to provide 2,4,8-trienoata

in 79% yield.

The plausible mechanism for this transformation is depicted in

Scheme 4. The soft nucleophile”XI~ and Br) attacked regio-
selectively the 2-position of cycloproperikt give a stereodefined

carbanion8, which would react with RX2 to give E)-alk-1-enyl
halides3 and regenerate X

In conclusion, we have developed a novet XX = I, Br)-
triggered ring-opening coupling reaction of cyclopropenes with
organic halides, providing an efficient, highly regio- and stereo-
selective route to a series of polyfuctionaliz&)-alk-1-enyl halides.
This reaction may open up the Xcatalyzed reaction of cyclopro-
penes with other kinds of electrophiles. Further studies to determine
the reaction scope and synthetic applications of this reaction are
now being carried out in this laboratory.
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