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The base-mediated reactions of 1,3-dicarbonyl compounds with bromoallenes used as an allyl dication equivalent were explored. The
corresponding dimethyl methylenecyclopropane-1,1-dicarboxylates and 2,3,4-trisubstituted furans were efficiently synthesized.

Reactions of bromoallenes have attracted much interest intramolecular cyclization of nitrogen binucleophilic reagents
recent years because of the interesting chemical propertiesvith bromoallenes which act as allyl dication equivalents,
associated with their cumulated double bonds and bromineaffording a very useful process for the synthesis of medium-
atom!~> More recently, Tanaka reportethe tandem in- sized heterocycles. However, the intermolecular tandem
cyclizations of bromoallenes as allyl dication equivalents to

T Zhejiang University (Xixi Campus). form carbocycles or heterocycles have not been reported yet.
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tandem reaction (Scheme 1). The carbarfianight attack || A AN

Table 1. Addition—Cyclization of Dimethyl Malonate with
la Under Different Conditiors

Scheme 1. Proposed Reaction Process of Dimethyl Malonate Re
with Bromoallene in the Presence of a Base J\COZMe

R MeO,C
CO,Me NaH 2~ 3a
B M 2Vie_NaH
0=OMe  5__oOMe Br PMe R = ¥ <CoMe THE *
Base © 1a Br 2 R CH(COyMe)
o o= N T § R = p-BrCoH =
OMe ome g 0T Mg ~ e CH(CO,Me),
OMe 4a
2 1 A
1 bromoallene temp time yield® (%)
entry (equiv) (°C) (h) of 3a/4a
0 OMe
o OMe o R 1 1.0 rt 56 65/19
- 2 1.2 rt 53 69/14
Med L= © = 3 1.2 40 38 71/13
s O";e 4 1.2 55 26 73/11
5 1.5 55 24 76/7
6 1.8 55 24 76/6
7 1.5 reflux 20 73/5

the Cemral_carbon E_ltom of bromoa_lle]heo form the allyl 2 Reagents and conditions: 1mmol2and 1 mmol of NaH (50%) in
carbanion intermediate, and then intramolecular hydrogene mL of THF, N,. ® Isolated yield ¢ Unidentified compound was observed.
transfer would give a new carbani@containing an allylic
bromide moiety, which may undergo an intramolecular . o
nucleophilic substitution to produce the methylenecyclopro- it should be noted that the yield 8aand the selectivity of
pane-1,1-dicarboxylat8. If it could be realized smoothly, ~ the reaction were both improved when the reaction was
the tandem reaction would afford a novel and efficient conducted using 1.5 equiv of bromoalleteat 55°C (entry
method for the synthesis of methylenecyclopropanes (MCPs)®; Table 1). However, adding up to 1.8 equiviafailed to

with two carbonyl groups on the three-membered carbocycle.increase the yield o8a remarkably (entry 6, Table 1). It
These MCPs are very useful building blocks in organic @IS0 should be pointed out that the reaction at a temperature
synthesis, and some of their nucleoside derivatives show higher than S3C produced an unidentified compound (entry
important antiviral and anti-HIV-1 activities? Compared /- Table 1). Thus, we chose 1.5 equiv of bromoallene and a
with the methods for synthesis of these MCPs in the temperature of 53C as suitable reaction conditions.
literature?# our method presented here would require neither ~ With the optimized reaction conditions in hand, the scope
the expensive transition-metal catalysts nor long reaction @nd the limitation of this reaction were examined. Some
steps. typical results are summarized in Table 2. We were pleased

Initial efforts focused on the treatment of dimethyl
malonate (1.0 mmol) with 3ptbromophenyl)bromoallene _
1a%° (1.0 mmol) in the presence of NaH (50%, 1.0 mmol). Table 2. Intermolecular Tandem AdditierCyclization of2
Luckily, the desired dimethyl 2-(4-bromobenzylidene)cy- with Arylboromoallenesl Affording 3*

clopropang—l,1—d|carboxyla@Was |s'olated in 65% vyield R! COMe R1§=g\
together with the producta in 19% vyield (entry 1, Table 2>='=\ *<lcome R come" 4
. . . . R Br 2Me MeO,C
1). The formation o#ta most likely occurs by the intermedi- 1 2
ate A (Scheme 1) undergoing subsequent intermolecular
hydrogen transfer with dimethyl malonate and intermolecular 1 time yield of
nucleophilic substitution to givéda. entry R! R? (h) 3/4 (%)
Considering the forming process 48, we reckon that 1 1a, p-BrCeH, H 24 3a/da (76/7)
increasing the amount of bromoallene may avoid the forma- 2 1b, p-C1CeH, H 22 3b/4b (73/8)
tion of 4a. So, we changed the amount of bromoallene and 3 1e, CeHs H 28  3c/dc (70/8)
studied the temperature effect. From the results in Table 1, 4 1d, p-FCeH, H 20 3d/4d (76/6)
5 le,0,0-ClaCeH; H 24  3e/de (68%/6)
(7) (a) Singleton, D. A.: Huval, C. Gl. Org. Chem1994 59, 2020. (b) 6 f, p-FsCCeHs  H 20 3t/4£(79/5)
Ma, S.; Zhang, JAngew. Chem., Int. EQ003 42, 183. (c) Ma, S.; Lu, L.; 7 1g,p-CH3CeHy H 38 3g/4g (—/6)
Zhang, JJ. Am. Chem. So004 126, 9645. (d) Ma, S.; Lu, LJ. Org. 8d 1h, C¢Hs CeHs 36 3h/4h (74/8)
g?t15em.2005 70, 7629. (e) Ma, S.; Lu, L.; Chen, @rg. Lett. 2006 8, 9d 1i, p-C1CgH, p-ClCeH, 36 3i/4i (76/7)
. ’ . <o
(8) Yan, Z. H.; Kern, E. R.; Gullen, E.; Cheng, Y. C.; Drach, J. C.; 10 1j, p-FCeHy p-FCeH, 32 8j/4j (78/5)
Zemlicka, J.J. Med. Chem2005 48, 91 and references cited therein. a2 Reagents and Conditions: 1.5 mmollpfl.0 mmol of2, and 1.0 mmol
(9) Cheng, C. M.; Shimo, T.; Somekawa, K.; Baba, Tétrahedror.998 of NaH (50%) in 6 mL of THF at 55C, Np. P Accompanied with 14%
54, 2031. uncertain byproduct Unidentified mixture 4 Reaction temp at 60C.
(10) For the preparation of bromoallenes, see: (a) Landor, S. R.; Patel,
A. N.; Whiter, P. F.; Greaves, P. M. Chem. Soc. (C1966 1223. (b)
Elsevier, C. J.; Vermeer, P.; Gedanken, A.; RungeJVrg. Chem1985 . . . .
50, 364. to find that both monosubstituted and disubstituted arylbro-
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moallenes could lead to the corresponding bis(methoxycar- | G
b_onyl)-2-ary!methylldenecycloprop.anﬁsFor_ the mono- or Table 3. Optimization of Reaction ofa with 2,4-Pentadion®
diaryl substituted bromoallenes, introducing an electron- yseq as a Binucleophilic Reagent

withdrawing group (or atom) to the aryl ring may favor the o

reaction because of the fact that electropositivity of the R 0 o0 K,CO, R}f

central carbon on bromoallenes may be increasshb( \='=\Br+)\)\ R=p-BrcH, ()

entries 1 and 23d—f, entries 4-6 and 8-10, Table 2). For 1a 5 6a

the diaryl substituted bromoallenes, a longer reaction time : :

was needed (entries-80, Table 2). la BusNBr time  yield

The configuration of the €C bond in the productda—f entry  (equiv)  (equiv)  solvent & %)

was assigned on the basis of NOESY and X-ray diffraction 1 1.5 0 THF 54 23

studies of3a (Figure 1)}* The NOESY spectra da show 2 1.2 0 THF 60 14
3 1.2 0.1 THF 60 18
4 1.2 0 DMF 60 22
5 1.2 0.1 DMF 60 28
6 1.2 0 acetone 56 48
7 1.2 0.1 acetone 46 64
8 1.5 0.1 acetone 46 64
9 1.2 0.2 acetone 42 73
10 1.5 0.2 acetone 42 73
11 1.2 0.3 acetone 42 73

aReagents and conditions: 1.0 mmol®fnd 1.0 mmol of base in 8
mL of solvent at 55°C. ? Isolated yield based oB. ¢ Using NaH as base.

Scheme 2. Possible Reaction Process of 1,3-Diketone with
Bromoallene under the Basic Conditions

Br R
0= pase © \x _»O (9
o o o) O=< H—"~pr
5 1 (o]

0 0 1 1
that there is a correlation between the methylene protons of j{.sg:nerizaﬁ ‘J{F—Oj_c
the three-membered ring and the protons on the phenyl group. o) o s B
From Figure 1, we can see that the bromophenyl group is 6 E D
cis oriented with the methylene of the three-membered ring.
These results demonstrate that the configuration of tive C
C bond in3ais E-form. substitution via the attack of the oxygen to offer the five-

The reaction of an alkyloromoallene, such as 3-hexylbro- membered intermediate, which finally isomerizes to the
moallene, with dimethyl malonate was run at the same more stable polysubstituted fur&n
conditions; however, we did not obtain the corresponding Because 1,3-diketones are more acidic than malonate
addition—cyclization product but instead obtained dimethyl esters, a base weaker than NaH might also be suitable for
2-(non-1-yn-3-yl)malonate in 53% yield via aB reaction the reaction and ¥CO; was used instead. Considering the
process? reaction proceeded between liquid and solid phases, it might

Under similar conditions, the reaction of bromoallelze be impro\/ed by addmg a suitable amount of phase-transfer
with 2,4-pentadione5 as a nucleophile was performed. catalyst, thus tetrabutylammonium bromide was used. So,
However, we did not isolate the desired methylenecyclo- yarious reaction conditions including the solvent and the
propy! ketone but obtained an unexpected 2,3,4-trisubstitutedamount of bromoallene and tetrabutylammonium bromide
furan 6ain 23% yield (entry 1, Table 3). were tested. Some typical results are summarized in Table

As shown in Scheme 2, the diketone carbaridoexisting 3. According to Table 3, the optimized conditions are as
in its enol form undergoes intramolecular nucleophilic fojiows: 1.0 equiv of KCOs, 1.2 equiv ofla, and 0.2 equiv

— of tetrabutylammonium bromide in acetone.

(11) X-ray data for compoun8a: Ci4H13BrOs, MW = 372.14, triclinic, . .
space groupl, final Rindices | > 20(1)], R1 = 0.0569, wR2= 0.1335, Then, the reaction of monoarylbromoallenks—f with
a=7.9280 (13) Ab = 7.9969 (13) Ac = 1.261 (2) A,a = 83.526 (3}, 2,4-pentadion& and 5,5-dimethylcyclohexane-1,3-dioe
B =78.836 (3}, y = 62.414 (3), V = 675.72 (19) & T = 293(2) K, Z d and i>ed in Table 4. In Table 4. all th
= 2,Dc = 1.598 g/cm?, u = 3.048 mnTY, 4 = 0.71073A, reflections ~ Was tested and summarized in Table 4. In Table 4, all the
Colcl)eggeld/unique, 3979/286Rf; = 0.1195), parameters 187. GOF BA reactions proceeded smoothly to give desired furans in good

(12) Intra- or intermolecular N2’ reaction about bromoallenes. See ylelds. A similar effect of the substituted grQUpS on the. aryl
examples in refs 2 and 5. ring was also observed. Both the rate and yield were slightly

Figure 1. X-ray crystal structure o8a.
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improved when there was an electron-withdrawing group (or
atom) on the aryl ring (compare entrlesél.and 7_?-2 W't_h Table 4. Intermolecular Tandem AdditionCyclization of
entries 5 and 6, Table 4). However, this reaction did not 1 3-Diketone with Arylbromoallenesa—f Affording
occur when an electron-donating group was introduced to Polysubstituted Furafs

the aryl ring (entry 13, Table 4). The reactions of diaryl- . o) < o) ..
bromoallenelh—j with 2,4-pentadione5 under similar = . S — R1\(§\t ;
conditions also failed to give the desired furans. When we : Br 4 R ! e
tried to extend this protocol to alkylbromoallenes, unluckily, 1ag 5 R=R=CH;
no reaction occurred. 7 RER=CHC(CH),CH, - 8
Polysubstituted furans play an important role in organic time yield
chemistry not only due to their presence as key structural entry  arylbromoallene  1,3-diketone  (h) (%)°
units in many natural products and important pharmaceuticals 1 1a 5 42 6a (73)
but also because they can be employed in synthetic chemistry 2 7 54 8a (68)
as versatile building blocks:14 Thus, our method afforded 3 b 5 46 6b(71)
a simple and efficient method for the synthesis of 2,3,4- g Z ig 2‘:((,?;)
trisubstituted furan$ 6 1c 7 56 8c(65)
In conclusion, we present the first intermolecular tandem 7 1d 5 40 6d(76)
addition—cyclization of arylbromoallenes as allyl dication 8 7 50 8d (69)
. . . . 9 5 28  6e(80)
equivalents. The described method provides a simple and le 7 46 8e (73)
efficient method for the synthesis oE)-dimethyl 2-aryl- 11 " 5 26 6f(84)
methylidenecyclopropane-1,1-dicarboxylates and 2,3,4- 12 7 45 8f (75)
trisubstituted furans by using dimethyl malonate and 1,3- 13 1g 5 60 NR
diketones as binucleophilic reagents, respectively. aReagents and conditions: 1.2 mmol of bromoallene, 1.0 mmd of

(or 7), 1.0 mmol of KCO;5, 0.2 equiv of PTC in 8 mL of aceton&lsolated
yield based orb (or 7).
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