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A catalytic intramolecular cyclopropanation for the preparation of benzobicyclic compoundswiiidi [
units has been developed. In the presence of 20 mol % of tetrahydrothiophene, the reactions of compounds
2a—2h afford versatile benzo[1.0]bicycloalkanes with excellent stereoselectivity in moderate to good

isolated yields.

Introduction

rich alkene substrates. In our recent study on ylide chemistry
in organic synthesig,we found that an intramolecular ylide

[n.1.0] Bicycloalkanes have received considerable interest \jichael addition reaction of estdm (using K.CO; as base to

because of their frequent occurrence in biologically active

natural and nonnatural produétdIn addition, fused bicyclic

compounds are important intermediates for the synthesis of som
complex molecules because of their latent reactivity and highly

stereoselective transformatiériTherefore, several strategies

have been reported for the construction of this important
structural motif*> Of the synthetic methods developed, most

are involved in inter- or intramolecular cyclopropanation of

electron-rich alkenégdwith metal carbenes. Recently, a tandem

Michael addition-substitution of stabilized sulféiand nitrogen

ylides to o,(-unsaturated compounds has been reported to

generate ylide) afforded2chromene3ain 85% yield, and the
desired cyclopropane was not observed. Noticeably, usigg Cs

€C0; instead of KCO,, 1a gave H-chromeneda as a major

product (Scheme 1). ThusH2chromenes andH-chromenes
could be synthesized controllably from the same starting material

just by the choice of a bagéuring the study on the mechanism

of this reaction, we found that when the oxygen atom of the
vinylogous esterla was replaced by OCHgroup, an ylide
cyclopropanatiol product5awas obtained in 76% yield under
similar reaction conditions (Scheme 1), providing easy access

produce such compounds, which complement metal-carbenoidtO.benzof!-1-Q] bicyclloalkanes. In this paper, we wish to report
methodologies and are often better suited to relatively electron-this reaction in details.
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SCHEME 1. Substrate-Dependent Ylide Cyclization
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SCHEME 2. A Plausible Mechanism for the Annulation
Reaction
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SCHEME 3. Cross-Experiment
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Results and Discussion

Initial Results. The mechanism for the formation oH2
chromene3a from compoundla was proposed as follows
(Scheme 2¥:tetrahydrothiophenkreacted with bromidéato
form sulfonium saltll, which was deprotonated by,RO; to
generate the corresponding sulfonium ylile in situ. An
intramolecular Michael addition of the ylide to acrylate, followed
by a -elimination}! produced intermediat®. An intramo-
lecular %42’ reaction of intermediat¥ afforded H-chromene

3a and regenerated tetrahydrothiophene to finish a catalytic

cycle. Alternatively, the intermediaté may also decompose
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TABLE 1. Effect of Solvent on the Cyclopropanatior?
y fFO:Me
@(\Br 20mol % THT H
O~ Cs,CO03 (2.0 equiv), solvent
2a CO.Me 0" ba
entry time (h) solvent yield (98)
1 32 THF 32
2 16 BUOH <5¢
3 14 CHCN 16
4 14 DMSO <b¢
5 22 DCE 56
6 32 CHPh 15
7 18 DME 19
8 29 CHCI® 49

aTHT (20 mol %),2ain solvent (0.25 M), rt, 15 min, then @80s (2.0
equiv), 80°C. " Isolated yield.° Determined by*H NMR. 9 At 45 °C.

TABLE 2. Effects of Base and Additivé

g COMe
@(\Br base (2.0 equiv), DCE H
—_—
0/\/\002Me THT (20 mol %) o
2a 5a
entry time (h) additive base yield (%)

1 24 / BUOK <hbe
2 58 / KoCOs 8
3 14 / DBU <5
4 22 / CsCOs 56
5 34 20 uL HO CsCOs 35
6 25 5uL HO CsCO3 44
7 34 K1 (0.4 equiv) CsCO; 29

aTHT (20 mol %),2ain DCE (0.25 M), rt, 15 min, then additive, base
(2.0 equiv), 80°C. P Isolated yield.° Determined by*H NMR.

TABLE 3. Effects of Reaction Temperature and Substrate
Concentration?

@(\Br
O/\/\CO

H CO,Me
20 mol % THT H
Cs,CO;3 (2 equiv), DCE
.Me 0

2a 5a
entry time (h) c (M) T(°C) yield (%)
48 0.25 25 <10¢
29 0.25 45 49
3 22 0.25 80 56
4d 12 0.25 80 59
58 22 0.25 80 45
6 13 0.10 80 76
15 0.05 80 61

aTHT (20 mol %), 2a in DCE, rt, 15 min, then G€0s (2.0 equiv).
b|solated yield.c Determined by*H NMR. 4100 mol % of THT.® 10 mol
% of THT.

into ylide VI and ynoate in the presence ob®0s. Michael
addition of the ylideVI into ynoate furnished/, which gave
2H-chromene3aas shown in Scheme 2. As a cross-experiment
shown in Scheme 3 gaab and4b (3b/4b = 9/1) in 85% total
yields and B-chromene3a was not observed, we speculated
that the latter pathway is much less possible.

On the basis of this mechanism, the-O cleavage involving
pB-elimination is one of the key steps to forndZhromenes.
It is envisioned that the annulation described above would be
terminated when the oxygen atom is replaced by @@tdup.
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SCHEME 4. Synthesis of Substrates 2a, 2b, and 2b
(e} (o}
[ I “H BICH,CH=CHCO,Me C \/U\H 1. NaBH,, CH3OH, 0 °C ©\/\Br
T —— 2. PBrs, CHgPh, rt _
NaH, DMF 0™F"co,m
OH O/\/\COZMe 2a 2Me
0,
1. 3-Bromo-propene 56% 80%
K2CO3, acetone
2. NaBHy, MeOH, rt
89%(2 steps)
OH
1.03 OH
2. Me,S, MeOH, -78°C @C OH  Co,Et
- + 2
0" \F 3.PhP=CHCO,Et, 0o,k o/\/
THF, reflux 6 7
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l PBr3 CH3Ph, rt ' PBr3, CH3Ph, rt
O o,k o~
2b 85% 2b' 75%
SCHEME 5. Synthesis of Substrate 2c
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8 9 2c
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SCHEME 6. A Possible Mechanism for THT-Catalyzed TABLE 4. Synthesis of Substrates 2e2h?
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As expected, under a similar reaction condition usingGdCs
as a base, substre?a (X = OCH,) gave cyclopropane product
5ain good yield.

Effects of Reaction Conditions on the Cyclopropanation
Reaction. To optimize this intramolecular process, several
reaction conditions were investigated using compo2ads a

the second-generation

Br Grubbs catalyst Br
—_—
Z A Ewe
10 2d-2h
entry EWG t(h) yield(94)
1 COEt (2d) 12 98
2 COJ/BU (29 12 98
3 CHO ¢f) 12 74
4 COPh 2g) 32 89
5 COCH; (2h) 19 98

a8 Reactions were carried out with 1.5 equiv of alkene and 2.5 mol % of
the second-generation Grubbs cataljdsolated yield.

better in halogenated solvents than in nonhalogenated solvents.
Of the conditions screened, 1,2-dichloroethane (DCE) was the
optimal solvent. Under this condition, 56% yield & was
obtained (entry 5, Table 1).

We also investigated the base effects on this reaction.
Although KOBU, K,CO;, and DBU gave the desired product,

substrate. Initially, we examined the effect of solvents using C€Sium carbonate was found to be the best one (entry 4, Table
20 mol % of tetrahydrothiophene (THT) as catalyst and 2.0 2) under our screened conditions. As water could accelerate

equiv of cesium carbonate as a base. As shown in Table 1, theSOMe Ylide reaction¥; a trace amount of water was added to
intramolecular cyclopropanation reaction usually proceeded further improve this reaction but resulted in a decrease of the

(10) For reviews on ylide cyclopropanation, please see: (a) Ye, S.; Tang,

Y.; Sun, X.-L.Synlett2005 2720. (b) Lebel, H.; Marcoux, J.-F.; Molinaro,
C.; Charette, A. BChem. Re. 2003 103 977. (c) Miller, P.; Fruit, C.
Chem. Re. 2003 103 2905. (d) Li, A.-H.; Dai, L.-X.; Aggarwal, V. K.
Chem. Re. 1997 97, 2341. For recent examples, see: (e) Aggarwal,
V. K.; Grange, EChem. Eur. J2006 12, 568. (f) Kunz, R. K.; Macmillan,

D. W. C.J. Am. Chem. So005 127, 3240. (g) Huang, K.; Huang, Z.-Z.
Synlett2005 1621. (h) Mikotajczyk, M.; Midura, W. H.; Michedkina, E.;
Filipczak, A. D.; Wieczorek, M. WHelv. Chim. Acta2005 88, 1769.

yield (entries 5 and 6, Table 2). The addition of 40 mol % of

Kl was also found to decrease the yield (entry 7, Table 2).
Reaction temperature and concentration of the substrate

proved to influence the yield of this reaction strongly. For

(11) Tamura, Y.; Taniguchi, H.; Miyamoto, T.; Tsunekawa, M.; Ikeda,
M. J. Org. Chem1974 39, 3518.

(12) Huang, Y.-Z.; Tang, Y.; Zhou, Z.-L.; Xia, W.; Shi, L.-B. Chem.
Soc., Perkin Trans. 1994 7, 893.

J. Org. ChemVol. 72, No. 4, 2007 1337



]OCAT’tiCle Ye et al.

TABLE 5. Intramolecular Cyclopropanation?

@(\Br 20 mol % THT
_—
Xt ~gwg Cs2C0s, DCE, 80 °C

EWG

3 i
I

2 5
entry substrate method? product yield (%)°
) g fFouMe
1 2a ' _ A 5a | H 76
0" co,Me
0/
. b SOaEt
2 2 P A 5b . 61
0" Co,Et
o
H ,COgEt
48

w
N
a
Q
@
\O
o
N
m
>
o
55
I
o
\%:
1
I

n o COaEt
5 2d ©\A/Br\/\ A 5d H 63
CO,Et
CO,Bu
6 Br H .
2e A 5e 77 (86)
7 CO,Bu H
w o fFHo
7 2f Br B g 64
= ~=H
CHO
N b SOPh
8 2g P B 5g - 649
COPh
A y fOMe
9  2h ' A 5h - 66 (80)
=
COMe

aReagents and conditions: 20 mol % of THT, 2.0 equiv 0§, 2 in DCE (0.1 M), room temperature, 15 min, then 8D, 12-72 h.b Method A:
O3 was bubled into the crude product for a few minutes before chromatography; method B: purification by column chromatbtgalphed yield.d At
45 °C. ©6% of 5¢ was isolatedf Conversion by'H NMR.

example, the conversion was very low at room temperature unsaturated carbonyl compounds with different structures.
(entry 1, Table 3). However, when the temperature was increasedSubstrate®a, 2b, and2b’ are readily accessible from salicyl-
from room temperature to 8TC, 56% yield was obtained. At  aldehyde, as shown in Schemé34%ubstrate2c was prepared
this temperature, even if 10% mol of THT was used, the desired from dialdehyde8 by a selective Wittig reaction, followed
product was given in 45% yield. Without THT, cyclopropanation bytreatment with NaBkland PBg as described in Scheme 5.
product was not detected. We also investigated the concentration
effect of the substrate and found that the yield was increased to  (15) In all cases except for substraesand2f, some byproducts were
76% vyield when 0.10 M oRa was used. observed. The byproducts could not be separated by flash chromatography

. . . from the desiredr.1.0] bicyclic compounds in most cases, so they were
Reacthn ScopeThe generality of the 'ntram()lec_u'ar cyclo- not well characterized except f&C isolated from the cyclopropanation
propanation was evaluated by employing a varietyogs- reaction mixture o2c (eq 1). Fortunately, they could be readily removed

by bubbling Q for a few minutes and, thus, the pure desired products could

be obtained easily.

(13) (a) Aurrecoechea, J. M.; pez, B.; Ferhadez, A.; Arrieta, A,;

Cosso, F. P.J. Org. Chem1997 62,1125. (b) Mori, K.: Tanaka, T. I.; Br 20 mol % THT, coMe COsMe

Honda, H.; Yamamoto, [Tetrahedron1983 39, 2303. N CO,Me 2200 (20 equiv) m ~—/
(14) (a) Chatterjee, A. K.; Choi, T.-L.; Sanders, D. P.; Grubbs, R. H. DCE(0.1 M), 80°C

J. Am. Chem. So@003 125, 11360. (b) Chatterjee, A. K.; Morgan, J. P.; 2 (ea. 1)

Scholl, M.; Grubbs, R. HJ. Am. Chem. So200Q 122 3783. 49% yield 19% yield
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SCHEME 7. A Rationale for the High Diastereoselectivity

H CO:Me H, +(I)\02Me H coMe
H = NS
H _, —
s* H
S e B¢
v a

TS-1
Weom (j 7
" s P 2ve H ;S+I-t H  coMe
SCH . U Sco,Me |-
T H
5¢'
T5-2 v -

Substrates2d—2h were synthesized by a cross-metathesis The cheap and readily available catalyst, the simple procedure,
reaction between the benzyl bromid® and an electron- and the mild reaction condition make this method potentially

deficient alkene using 2.5 mol % of the second-generation useful in organic synthesis. Further investigation of the mech-
Grubbs catalyst in good to excellent yields (Tablé#4). anism of the reaction and development of its asymmetric version

As shown in Table 5q,8-unsaturated esters, ketones, and are in progress in our laboratory.
aldehydes were good substrates for the intramolecular cyclo-
propanation to afford versatile benrd[.O]bicycloalkanes with
excellent stereoselectivity in moderate to good isolated yiélds.
Both Z- andE-a, f-unsaturated este2h and2b’ afforded the Representative Procedure of Method A: Preparation of 1,-

same produckb, andE-o.5-unsaturated estelb gave higher 15 5 71 Tetrahydrocyclopropafjchromene-1-carboxylic Acid,
yield than that ofZ-of-unsaturated este2b’ (entries 2-3, Methyl Ester (5a). Tetrahydrothiophene (88L, 0.1 mmol) was
Table 5). Noticeably, the diastereoselectivity of this reaction is added to a stirred solution of substr&a (0.5 mmol) in DCE (5
excellent and only one diastereomer was observed in all casesnL), and the resulting mixture was stirred at room temperature for
as described in Table 5. 15 min. CsCO; (1.0 mmol, 326 mg) was added and the reaction

The products obtained here are synthetically useful. For Mixture was stirred at 80C for 13 h. After the reaction was
example, producsf is a key intermediate for the synthesis of complete, the resulting mixture was filtered rapidly through a funnel
a potenti’al antidepressalitThe structures of compoun&s— with a thin layer of silica gel and was eluted with ethyl acetate.
5h were determined biH 1:°’C NMR. and HRMS or elemental The filtrate was concentrated and the residue was dissolved in CH

lysis. C & furth fi d b X Cl,. To this solution was bubbled Gt —78 °C for 10 min. The
analysis. ~-ompoun®g was iurther contirmed by an A-ray resulting mixture was concentrated and the residue was purified

crystallographic analysis. by chromatography on silica gel to afford the prodBa{oil, 76%

A possible mechanism for the cyclopropanation is proposed yield). *H NMR (300 MHz, CDC4, TMS): 6 7.24 (dd,J = 1.8,
as shown in Scheme 6 (substr@tewas used as an example). 7.8 Hz, 1H), 7.10 (dtJ = 1.8, 7.8 Hz, 1H), 6.93 (dtj = 0.9, 6.9
The reaction of tetrahydrothiophene with bromiieproduced Hz, 1H), 6.80 (ddJ = 0.9, 7.8 Hz, 1H), 4.37 (ABd) = 10.8 Hz,
sulfonium saltll . Deprotonation of salll, followed by an 1H), 3.92 (ABd,J = 10.8 Hz, 1H), 3.72 (s, 3H), 2.572.61 (m,
intramolecular conjugate addition of ylid#l and a 1,3-  1H), 2.31-2.34 (m, 2H);*3C NMR (75 MHz, CDC}): 6 172.6,
elimination, furnished bicycloalkanbc and regenerated tet- 152.6, 128.7, %27'3' 123.9, 1218, 117.3, 61.5, 51.9, 26.9, 24.1,
rahydrothiophene to complete a catalytic cycle. Bypro@aéf D @/Cm_ ) 2952 (w), L1722 (s), 1582 (m), 1491 (m), 1439
was probably formed from the intermedidié, as shown in (m), 757 (m); MS (Elm/z, rel. intensity) 204 (86.07, ¥, 115

Scheme 6. A clear mechanism waits for further investigation. (710025)3'. ﬁnael.oialcd for 105t €, 70.57; H, 5.92. Found: C,

The diastereo.selectivi.ty of the present reacti.on is excellent Representative Procedure of Method B (for 1,1a,6,6a-Tet-
and .only one dlastgre0|somer was observed in all cases Werahydro-cyclopropa[a]indene-l-carboxylic Acid, Ethyl Ester,
studied. As sh.own in Schgme 7, the origin _of the sele.cywty, 5¢)17 Tetrahydrothiophene (8.8L, 0.1 mmol) was added to a
we proposed, is that transition-state TS-1 might be anticipated stirred solution of substratec (0.5 mmol) in DCE (5 mL), and the
to be more stable than transition-state TS-2 because of the sterigesulting mixture was stirred at room temperature for 15 min- Cs
effects between tetrahydrothiophene group and ester group inCOs; (1.0 mmol, 326 mg) was added and the reaction mixture was
TS-2. Thus, the formation of intermedialé is favored over stirred at 80°C for 62 h. After the reaction was complete, the
that of intermediatdV’, leading to compounéc as the major resulting mixture was filtered rapidly through a funnel with a thin
product. layer of silica gel and was eluted with ethyl acetate. The filtrate

was concentrated and the residue was purified by chromatography
. on silica gel to afford the produdic (oil, 49% yield); '"H NMR
Conclusions (300 MHz, CDC4, TMS): 6 7.33-7.35 (m, 1H), 7.127.15 (m,

, , 3H), 3.70 (s, 3H), 3.243.32 (m, 1H), 2.953.07 (m, 2H), 2.42
In summary, we have developed a tandem ylide Michael
addition—elimination— substitution reaction for the controllable _ ‘
synthesis of B-chromenes andHrchromenes, and we also ~ (16) Cordi, A. A; Berque-Bestel, |, Persigand, T.; Lacoste, J. M.;
o . . Newman-Tancredi, A.; Audinot, V.; Millan, M. 1. Med. Chem2001,
reported a catalytic intramolecular cyclopropanation reaction for 44 7g7.

the preparation of benzobicyclic compounds wittl[O] units. (17) Loffler, F.; Hagen, M.; Lming, U. Synlett1999 1826.

Experimental Section
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2.48 (m, 1H), 1.22-1.25 (m, 1H);33C NMR (75 MHz, CDC}): ¢ and the Science and Technology Commission of Shanghai
173.2, 143.5, 141.7, 126.4, 126.3, 125.2, 123.9, 51.8, 35.3, 34.4,Municipality.

30.5, 26.5. Supporting Information Available: General synthetic proce-

dures and characterizat_ion and_ sp_ectral_ data for key compoqnds,
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