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ABSTRACT

R )
N I NiBry(dppe)
R® COZRQ Zn, CH3CN, 80 °C

In the presence of Ni(dppe)Br, and Zn powder in acetonitrile at 80 °C, oxa-bicyclic olefins undergo cyclization with o-iodobenzoate and with
p-iodo-(Z)-propenoates to give the benzocoumarin derivatives in moderate to good yields. This methodology offers a simple efficient way for
the synthesis of structurally complicate coumarins in one pot.

Coumarins are an important class of compounds that showliterature? Catellani reported a palladium-catalyzed intramo-
various biological activiti€sand are very useful as organic lecular cyclization of o-iodophenyl 3-butenoat€. Trost
electroluminescent materiadsDespite their utility, the revealed the condensation of phenols with propiolates
traditional methods for the synthesis of coumarins require catalyzed by palladium complexé&sFujiwara disclosed a
harsh reaction conditions and stoichiometric amounts of Pd-catalyzed intramolecular hydroarylation of aryl alkyno4tes.
reagents and often result in low yieRIBew transition-metal-  Larock reported a palladium-mediated carbonylative annu-
catalyzed reactions for coumarin synthesis are known in thelation of internal alkynes witlo-iodophenolg® Takahashi

(1) (@) Murray, R, D. H.. Mendez, J.. Brown. S. Athe Natural described a rhodium-catalyzed cyclic carbonylation of

Coumarins: Occurrence, Chemistry, and Biochemistjley: NewYork, 2-a|kyny|pheno|§? Recently, we have. ShOWF! that 7-oxa-
1982. (b) Naser-Hijazi, B.; Stolze, B.; Zanker, K. Second Proceedings  henzonorbornadienes react with propiolates in the presence

of the International Society of Coumarin Investigators; Springer: Berlin, . . :
1994. (c) Hepworth, J. D. IrComprehensive Heterocyclic Chemistry; of nickel complexes and zinc metal powder to give benzo-

Katritzky, A., Rees, C. W., Boulton, A. J., Mckillop, A., Eds.; Pergamon  coumaring. In all these reports, the coumarin products were
Press: Oxford, 1984; Vol. 3, Chapter 2.24, pp 799—810. (d) Staunton, J.
In Comprehensie Organic ChemistryBarton, D. H. R., Ollis, W. D., Eds.;
Pergamon Press: Oxford, 1979; Vol. 4, Chapter 18.2, pp-6538. (4) (a) Catellani, M.; Chiusoli, G. P.; Fagnola, M. C.; Solari, G.
(2) (a) Organic Electroluminescent Materials and Dees; Miyata, S., Tetrahedron Lett1994,35, 5919. (b) An, Z. W.; Catellani, M.; Chiusoli,
Nalwa, H. S., Eds.; Gordon and Breach Publishers: Amsterdam, 1997; G. P.J. Organomet. Chenm989,371, c51. (c) Trost, B. M.; Toste, F. D.
Chapters 5, 8, 12, and 14. (b) Tang, C. W.; Van slyke, S. A.; Chen, C. H. J. Am. Chem. Sod996,118, 6305. (d) Jia, C.; Piao, D.; Kitamura, T.;
J. Appl. Phys1989 65, 3610. (c) Wakimoto, T.; Yonemoto, Y. Japan Patent Fujiwara, Y.J. Org. Chem2000, 65 7516. (e) Kadnikov, D. V.; Larock,
06240243, 1994. (d) Chen, C. H.; Fox, J. L. US Patent 5227252, 1993. R. C. Org. Lett. 2000, 2, 3643. (f) Yoneda, E.; Sugioka, T.; Hirao, K.;
(3) (a) George, B.; Nalband, H.; Shantu, A.; Stephen, S, I©&rg. Chem. Zhang, S.-W.; Takahashi, $. Chem. Soc., Perkin Trans1998, 477. (g)
1988,53, 1007. (b) Kaufman, K. D.; Kelly, R. Cl. Heterocycl. Chem. Oyamada, J.; Jia, C.; Fujiwara, Y.; Kitamura,dhem. Lett2002 31, 380.
1965, 2, 91. (c) Johnson, J. FOrg. React.1942,1, 210. (d) Sethna, S; (h) Harayama, T.; Yasuda, HHeterocyclesl997,46, 61.
Phadke, R.Org. React.1953,7, 1. (e) Awasthi, A. K.; Tewari, R. S. (5) Rayabarapu, D. K.; Sambaiah, T.; Cheng, CAHgew. Chem., Int.
Synthesid986, 1061. (f) Fischer, E.; Nouri, @hem. Ber1971,50, 693. Ed. 2001,40, 1286.
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Scheme 1
R I ,
s t[ NiBr,(dppe)
R&SCO,R?  Zn, CHLCN, 80 °C
1a-g9 2a-c 3a-l
1a R'=R?=R®=R*=R°=R’=H 2aR"=R®= gj,R%CHs
1bR'=R*=R°=R®= H,R*=R*=0CH, bR =RP=H R®=Et
1_p2_p3_p4_pb_ 5_ :

1eR' =R*=R"=R"=R°=H, R°=CH,; 2c R”=CHg, R®= H,R® = Et

1dR'=R*=R®*=R*=H, R®=CH,3, R®=CO,CH,
1eR'=R*=RS=R®=H, RZ=R®= gij

1fR'=R*=R?=R%= §:>,R5=R6=H

OO

1gR'=R*=R5=R°=H, R?=R’= §

limited to those with simple substituents. Our continued examined. No desired product was detected by using Ni-
interest in nickel chemistfy and coumarin synthesis led us (cod), Ni(acac), or Ni(PPh),Br, as the catalyst. Nickel

to investigate a new nickel-catalyzed cyclization of oxa- complexes Ni(LL)Bg, where LL is a bidentate ligand such
bicyclic olefins with S-iodo-(Z)-propenoates and with- as dppm, dppp, dppb, and dppf, are less effective than Ni-
iodobenzoate to give annulated coumarins (Scheme 1). The(dppe)Bg. The catalytic reaction also depends greatly on the
reaction offers a convenient, one-pot synthesis of a series ofsolvent employed. No product was observed in dichlo-
structurally complicated coumarins under mild reaction romethane and DMF, whereas THF and toluene afforded
conditions. Herein, we report the results of these studies. 26% and a trace oBa, respectively. The best solvent for

Ni(dppe)Bs effectively catalyzes the reaction of 7-oxa- the catalytic reaction is acetonitrile, affordirga in 80%
benzonorbornadiend 4) (2.00 mmol) with 2-iodobenzoate  Yield.
(2a) (1.00 mmol) in the presence of zinc metal powder (2.75  The cyclization reaction was successfully extended to other
equiv) in acetonitrile (3.0 mL) at 82C to give dibenzocou-  substituted oxabicyclic olefinsb—f. Thus,2areacted with
marin 3a in 80% yield. Control experiments revealed that 1b,e,f smoothly to afford dibenzocoumarin3b,e,fin 76,
no product3a was observed in the absence of either nickel 55, and 61% yield, respectively (Table 1, entries 2, 5, and
complex or zinc powder. The structure was established by 6). The reaction ofi.c possessing a bridging methyl group
its NMR and mass data and was further confirmed by with 2ais highly regioselective providingcin 63% yield.

comparing these values with those repof&tiNotably, the It is interesting to mention thdtd with an ester substituent
skeleton of3ais found in arnottin, gilvocarcin, and several on the double bond also undergoes cyclization wathn
other naturally occurring moleculés. regioselectively to gived in 68% vyield (entry 4).

To understand the nature of the present catalytic reaction, [-lodo-(Z)-propenoate2b,c are also successfully em-
the effects of catalyst and solvent on the reaction were ployed in this nickel-catalyzed cyclization process. The
reaction of 1a with ethyl (2)-3-iodo-2-propenoate2b)

(6) (@) Rayabarapu, D. K.; Cheng, C.-B.Am. Chem. So®002,124, resulted in benzocoumariBg in 56% yield (entry 7).

gggg-e(;))lgiéizan(gj g--C-t:) Majumga}ré KC-hK-; Cféengy C--g- Org. ggggﬁ- Similarly, bicyclic alkenelb reacted with2b furnishing
y .(C ayapbarapu, D. K.; eng, .&Ehem. Commu . . . .
942.(d) Jeevanandam, A.; Korivi, R. P.; Huang, I.-W.; Cheng, COH. benzocoumariBhin good yield. Treatment dfawith ethyl

Lett. 2002,4, 807. (e) Shanmugasundaram, M.; Wu, M.-S.; Cheng, C.-H. (Z)-3-iodo-2-butenoate (2c) produced 4-methylbenzocou-

Org. Lett. 2001, 3, 4233. (f) Hsiao, T.-Y.; Santhosh, K. C.; Liou, K.-F.; ; N 0/ \/i

Cheng, C.-H.J. Am. Chem. 504998, 120, 12232, marin (3|) in 81% yle!d. The prgsent me.thiodology can also
(7) (a) Rayabarapu, D. K.; Yang, C.-H.; Cheng, C.<H.Org. Chem. be applied to other bicyclic olefinkb,f,g giving benzocou-

2003,68, 6726. (b) Rayabarapu, D. K.; Cheng, C.-8hem. Eur. J2003, marins3j—| in gOOd yields (entries 10_12)_

9, 3164. (c) Rayabarapu, D. K.; Chiou, C.-F.; Cheng, CO. Lett.2002, Lo . ] )

4, 1679. (d) Huang, D.-J.; Rayabarapu, D. K; Li, L-P.; Sambaiah, T.;  Similar to oxa-bicyclic olefinsa—g, azabenzonorborna-

ﬁﬂgﬂg S?CL'E”(‘: _'ﬂ‘.r'Ffi,g%%rgb?ge-K(_e)cﬁ:{]"gbac'aghﬁgr-é LéhLe'EnP'; dienelh reacts with2a cleanly affording lactan in 80%

1999 64, 3663. (f) Sambaiah, T.; Huang, D.-J.; Cheng, CNéw J. Chem. yield (Scheme 2). This product is fully characterized by its

1998,22, 1147. H and *C NMR and mass data. A key evidence for the

(8) (a) Ishii, H.; Ishikawa, T.; Murota, M.; Aoki, Y.; Harayama, J, P
Chem. Soc., Perkin Trans1D93 1019. (b) Ishii, H.; Ishikawa, T.; Takeda, presence of lactam group #is the resonance at 165 ppm

S.; Suzuki, M.; Harayama, TThem. Pharm. Bull1992,40, 2002. in the 13C NMR. Unlike coumarin product8a—I, 4 is not
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Table 1. Results of Nickel-Catalyzed Cyclization of Scheme 2
Oxa-bicyclic Alkenesl with -lodo-(z)-propenoateg? 0
Entry Alkene lodo Product Yield® H3COZC\N I HN
Ester %) . @[ Ni cat. O
? @[J CO,CH, O‘
1 1a 2a ¢ O 3a® 80
CO o o
o]
2 1b 2a 0 ? O 3p* 76
~o OO reaction and was no longer attached to the lactam group in
o product. The reason for the lack of dehydrogenation in lactam
0 O 4 is not yet clear.
3 le 2a OO 3e 63 The cyclization of substituted 7-oxanorbornéneith 2a
CHs also occurs readily, leading to the formation of tetrahydro-
o] coumarinG in a completely stereoselective fashion (Scheme

3). Similar to lactan¥, no dehydrogenation was observed

Q
W

4 1d 2a 3d 68
o |
CHs
o} Scheme 3
o
5 1e 2a O 3e 55 9]
See | o5
o} o)
™~ Nicat. O
LD X O e 10
6 1f 2a OO 3f 61 CO,CH; -
O 5 2a 6 (52%)
O
o)
7 1 2b [ 3g* 56 . . .
2 OO ¢ in the product. The spectroscopic data and HRMS of this
o product are consistent with the proposed structure in which
o all of the four substituents on the cyclohexene ring of product
8 1b 2b e} ! 3h 69 6 are at cis positions. Tetrahydrocoumarins are known to be
~0 OO useful intermediates for the synthesis of natural products.
o While the exact pathway is not very clear, important steps
9 1a 2¢ ' 3 81 are proposed as shown in Scheme 4 on the basis of the
o e
o}
O
| i Scheme 4
10 1b 2¢ _0 OO CH, 3j 72 |
~0
1% ZnX; @E
[ CO,CHs
11 1f 2¢

OO
Q
I
5

Ni (0)
3K’ 67 / \(
Zn

Ni—I
QL I
12 1g 2 ﬁoe CHs 31 79 CO,CHs

4

3a+H, 7
aReaction conditions: iodo ester (1.00 mmol), alkene (2.00 mmol), 1a

Ni(dppe)Bg (0.050 mmol, 5.0 mol %), Zn (2.75 mmol), GBN (3.0 mL)
at 80°C for 12 h.? Isolated yields¢ A mixture of THF and CHCN was
used. ZnX,

H;COOC

ONi

dehydrogenated as indicated by the two characteristic me- O‘
thine proton resonances at 3.8 and 4.8 ppm and the methine

two carbon resonances at 38.8 and 52.3 ppm. However, the 9
carbamate group dfh was hydrolyzed during the course of
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preceding results and the established nickel chemidify. In conclusion, we have demonstrated a new efficient
The reduction of Ni(ll) by zinc to Ni(0) likely initiates the  nickel-catalyzed cyclization reaction of oxa-bicyclic alkenes
catalytic cycle. Oxidative addition df to nickel(0) yields 1 with o-iodobenzoat@a or 5-iodo-(Z)-propenoates to give
nickel(ll) intermediate7. Coordination of 7-oxabenzonor- various benzocoumarins in moderate to good yields. The
bornadine 1a) and subsequent insertion leads to the forma- applications of this methodology to the synthesis of useful
tion of 8. Then 3-oxyelimination of8 occurs to give nickel compounds for light-emitting devicEs(LED) and natural
alkoxide 9, which undergoes transmetalation with ZnX  products are underway.

followed by lactonization and dehydrogenation to give the

final coumarin producBa and Ni(ll) species. The latter is Acknowledgment. We thank the National Science Coun-
reduced by Zn to regenerate the Ni(0) catalyst for the cil of Republic of China (NSC 91-2113-M-007-053) for the
catalytic cycle. support of this research.
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(10) (a) For mechanistic studies, see: Lautens, M.; Hiebert, S.; Renaud, At ;
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(11) For other reactions involving oxabicyclic alkenes, see: (a) Lautens, -

M.; Dockendorff, C.; Fagnou, K.; Malicki, AOrg. Lett.2002,4, 1311 and hitp://pubs.acs.org.

references therein. (b) Lautens, M.; Fagnou, JKAm. Chem. So2001, OL036027F
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