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A simple and efficient AIG-mediated C-C coupling reaction between readily availabiaydroxyketene-
SS-acetals and various arenes via direct substitution of the hydroxy group in alcohols has been developed.
On the basis of this €C coupling reaction, a series of bio- and pharmacologically important
3,4-disubstituted dihydrocoumarins, difficult to obtain by other methods, were prepared in high yields
by a sequential FriedelCrafts alkylation and intramolecular annulation reactionaefiydroxyketene
acyclicSS-acetals with phenols under mild conditions.

Introduction SCHEME 1

The carbonr-carbon bond-forming reaction is one of the most R-X + R-M w» R-R + M-X
fundamental reactions for the construction of the molecular reAOn  roduct  salt
framework in organic chemistiyFrom the standpoint of atom T-OH/X‘ T-H*/M+
efficiency? the direct substitution of a hydroxy group in an ideal
alcohol (ROH$ by a carbon nucleophile (R) via a formal R-OH + R-H -—> R-R + H-OH

dehydration process is an attractive salt-free method because
there is no requirement for the transformation of nucleophiles between allylic or benzylic alcohols and active methylérmes
and alcohols to the corresponding reactive organometallic arene$have proven successful. In this context, the selection of
compounds (RV)) and halides or a related species (RX) (Scheme a suitable alcohol component for the carbaarbon bond-
1).%2 Therefore, continuous efforts have been devoted to the forming reaction is of great significance in achieving the
direct C-C bond-forming reactions between ROH antHmn synthetic application¥:®
recent years. Among those reported, the@coupling reactions As a special type of allylic alcohol, the-hydroxyketene-
SSacetals have been applied in the synthesis of substituted
y (i) %)ggfla(lghs, dez;ancecd ?‘rgaqic CFheéndi;tMtq T<?d-: &Ni_le)g New pyridines® o, 3-unsaturated dithioestefsind conjugated polyene
orK, . colastico, C.; Nocotra, F., rrent Irends in Organic : H H
SynthesisPlenum: New York, 1999. (c) Li, C.-Lhem. Re. 2005 105 eSter.§ Dq”ng the COU!’S(? of our S;'ijsqles on the chemistry of
3095-3166. (d) Dilman, A. D.; loffe, S. LChem. Re. 2003 103, 733 functionalized ketene dithioacetdisi?132the a-hydroxyketene-
77%2)(?))FTa9noul,3 KM Is-autenéigl\g:lhggﬂ‘i ?2'7%0227170%)12%}36' e A S,S-acetal intermediates were involved in the MoriBaylis—
a) Trost, B. M.Scienc 3 — . elaon, R. A. H 1 H _

Pure Appl. Chem2000 72, 12331246, H|IImarl(MBH) type reactions witle-EWG keteneSSacetea]lés

(3) For reviews, see: (a) Muzart, Tetrahedror2005 61, 4179-4212. (EWG= Qlegtron withdrawing group) as the activated alkefies.
(b) Tamaru, Y.Eur. J. Org. Chem2005 2647-2656. Meanwhile, it was found that the resultinghydroxyketene-

10.1021/jo702414y CCC: $40.75 © 2008 American Chemical Society
2264 J. Org. Chem2008 73, 22642269 Published on Web 02/22/2008



Synthesis of Disubstituted Dihydrocoumarin Detives

SSacetals can further react withEWG keteneS S-acetals and
nitriles to give the corresponding double MBH addé&8and
aza-MBH adducts, respectivel§t Recently, the carboncarbon
bond-forming reaction ofa-hydroxyketenesS-acetals with

active methylene compounds was also performed successively

in the presence of boron trifluoride etherételhese studies
and our continued interest in the development of synthetic
applications ofa-hydroxyketenes S-acetald? prompted us to
explore the feasibility of the €C coupling reactions between
o-hydroxyketeneSS-acetals and arenésin this paper we
describe the results of the<C coupling reactions between
a-hydroxyketenes S-acetals with various arenes and their
applications in the synthesis of 3,4-disubstituted dihydrocou-
marins and highly functionalized chromenes.

Results and Discussion

Synthesis of a-Hydroxyketene-S,S-acetals 2. Initially, a
variety of o-hydroxyketenes S-acetal2a—g were prepared in
excellent yields (96-95%) by the reduction reaction of the cor-
respondingx-oxoketeneS S-acetalsla—g'® with sodium boro-
hydride (NaBH) in ethanol at room temperatdigTable, 1).

Carbon—Carbon Bond-Forming Reactions ofa-Hydroxy-
ketene CyclicS,S-acetals 2a and 2b with Arenes 3With the
readily availablen-hydroxyketenes S-acetal? in hand, we next
turned to the study of the ©C coupling reaction oR with
various arenes. A model reaction betweknwith toluene3a

(4) (a) Yasuda, M.; Somyo, T.; Baba, Angew. Chemlnt. Ed. 2006
45, 793-796. (b) Ozawa, F.; Okamoto, H.; Kawagishi, S.; Yamamoto, S.;
Minami, T.; Yoshifuji, M. J. Am. Chem. SoQ002 124, 10968-10969.
(c) Motokura, K.; Fujita, N.; Mori, K.; Mizugaki, T.; Ebitani, K.; Kaneda,
K. Angew. ChemInt. Ed.2006 45, 2605-2609. (d) Sanz, R.; Miguel, D.;
Martinez, A.; Avarez-Gutierez, J. M.; Rodiguez, F.Org. Lett. 2007, 9,
2027-2030. (e) Noji, M.; Konno, Y.; Ishii, KJ. Org. Chem2007, 72,
5161-5167. (f) Kinoshita, H.; Shinokubo, H.; Oshima, ®rg. Lett.2004
6, 4085-4088. (g) Manabe, K.; Kobayashi, Srg. Lett.2003 5, 3241-
3244. (h) Bisaro, F.; Prestat, G.; Vitale, M.; Poli, Synlett2002 1823—
1826.

(5) (a) Kimura, M.; Futamata, M.; Mukai, R.; Tamaru, ¥.Am. Chem.
So0c.2005 127, 4592-4593. (b) Trost, B. M.; Quancard, J. Am. Chem.
Soc.2006 128 6314-6315. (c) lovel, I.; Mertins, K.; Kischel, J.; Zapf,
A.; Beller, M. Angew. Chemlnt. Ed.2005 44, 3913-3917. (d) Whitney,
S.; Grigg, R.; Derrick, A.; Keep, AOrg. Lett. 2007, 9, 3299-3302.
(e) Noji, M.; Ohno, T.; Fuji, K.; Futaba, N.; Tajima, H.; Ishii, K. Org.
Chem. 2003 68, 9340—9347 (f) Sanz, R.; Mamez, A Miguel, D.;
Alvarez-Gutierez, J. M.; Rodiguez, FAdw. Synth Catal2006 348 1841~
1845.

(6) Thomas, A. D.; Asokan, C. VTetrahedron Lett2002 43, 2273~
2275.

(7) Nair, S. K.; Jose, A. M.; Asokan, C. \Synthesi®2005 1261-
1264.

(8) Asokan, C. V.; lla, H.; Junjappa, HBynthesisl985 163—-165.

(9) (a) Bi, X.; Dong, D.; Liu, Q.; Pan, W.; Zhao, L.; Li, B. Am. Chem.
Soc.2005 127, 4578-4579. (b) Zhang, Q.; Sun, S.; Hu, J.; Liu, Q.; Tan,
J.J. Org. Chem2007, 72, 139-143. (c) Zhao, L.; Liang, F.; Bi, X.; Sun,
S.; Liu, Q.J. Org. Chem2006 71, 1094-1098. (d) Dong, D.; Bi, X.; Liu,
Q.; Cong, F.Chem. Commun2005 3580-3582. (e) Liang, F.; Li, D;
Zhang, L.; Gao, J.; Liu, QOrg. Lett.2007, 9, 4845-4848. (f) Zhao, Y.-
L.; Zhang, W.; Wang, S.; Liu, Q. Org. Chem2007, 72, 4985-4988. (g)
Kang, J.; Liang, F.; Sun, S.-G.; Liu, Q.; Bi, X.-i@rg. Lett.2006 8, 2547
2550. (h) Li, Y.; Liang, F.; Bi, X.; Liu, QJ. Org. Chem200§ 71, 8006~
8010. (i) Zhao, Y.-L.; Liu, Q.; Zhang, J.-P.; Liu, Z.-Q. Org. Chem2005
70, 6913-6917. (j) Liang, F.; Zhang, J.; Tan, J.; Liu, @dv. Synth. Catal.
2006 348 1986-1990. (k) Bi, X.; Zhang, J.-P.; Liu, Q.; Tan, J.; Li, B.
Adv. Synth. Catal2007, 349, 2301-2306. (I) Chen, L.; Zhao, Y.-L.; Liu,
Q.; Cheng, C.; Piao, C.-Rl.. Org. Chem2007, 72, 9259-9263.

(20) (a) Yin, Y.; Wang, M.; Liu, Q.; Hu, J.; Sun, S.; Kang,;T®trahedron
Lett. 2005 46, 4399-4402. (b) Zhang, Q.; Liu, Y.; Wang, M.; Liu, Q.;
Hu, J.; Yin, Y. Synthesi2006 3009-3014. (c) Sun, S.; Zhang, Q.; Liu,
Q.; Kang, J.; Yin, Y.; Li, D.; Dong, DTetrahedron Lett2005 46, 6271~
6274.

(11) Liu, J.; Liang, F.; Liu, Q.; Li, B.Synlett2007, 156—160.
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TABLE 1. Synthesis ofa-Hydroxyketene-S,S-acetals 2

H
JHA/RZ NaBH4 R | R2
C,HsOH, rt Rs” SR
1ag 2ag
time yield?
entry substrate R,R R R? (min) product (%)
1 la (CH)z H CN 30 2a 90
2 1b  (CH), H COMe 30 2b 91
3 1c Et Me CQOMe 30 2c 94
4 1d Me H COEt 20 2d 90
5 le Et H CN 30 2e 95
6 1f Et Me CN 30 2f 90
7 1g Et Me CONHPh 60 29 95

2 The reactions were carried out in ethanol (8.0 mL) wlit(l.0 mmol)
and NaBH (1.2 mmol) at room temperaturelsolated yields.

Table 2. Acid-Catalyzed C-C Coupling Reaction of 2a with Toluene
3a under Various Reaction Conditions

|CN+©/ICN

NC
E(\OH . /@ catalyst
s \_}S solvent, rt
2a 3a 4a1 4a1
ratio time yield®
entry  catalyst (equiv) solvent (3a/28) (h) (%)
1 AlICl3(1.0) CHCI, 11 5 35
2 AlICI3(1.0) CHCl, 4:1 5 75
3 AICI3(1.0) CHCI, 5:1 5 74
4 AICI3(0.5) CHCI, 4:1 12 25
5 AlICl3(1.0) CHCICHCI 4:1 5 73
6 AICI3(1.0) GHsOH 4:1 12
7 AICI3 (1.0) CHCN 4:1 12
8 BFR:OE® (1.0) CHCl, 4:1 5 62
9 FeCk (1.0) CHCI> 4:1 5 50
10 HSO; (1.0) CHCl, 4:1 12

a|solated yields.

was first examined to optimize the reaction conditions (Table
2). It was found that, with AIGI(1.0 equiv) as a promoter, the
C—C coupling reaction oRa (1.0 equiv) with toluenea (1.0
equiv) can easily proceed to give a mixture of the 4-/2-alkylated
products4al and4'al (the isomer (4-/2-position ratio of 85/
15) in 35% yield in CHCI, at room temperature f& h (Table

2, entry 1). It was pleasing to see that the mixtdiad and4'al
could be obtained in 75% yield by raising the ratio3af’2ato

4:1 (Table 2, entry 2). However, the yield of the isoméed
and4'al could not be increased by further raising the ratio of
3a/2a(Table 2, entry 3) and a catalytic amount of A/G0.5
equiv) led to lower yields (Table 2, entry 4). Among the solvents
tested, dichloromethane seemed to be the best choice although
comparable results were obtained with 1,2-dichloroethane as
the solvent (Table 2, entry 5). No desired product was observed
(monitored by TLC) when the reaction was carried out in ethanol
or acetonitrile (Table 2, entries 6 and 7). Meanwhile, it was
found that other promoters tested, such as EeBiF;-OEb,

(12) Liu, J.; Wang, M.; Li, B.; Liu, Q.; Zhao, YJ. Org. Chem2007,
72, 4401-4405.

(13) (a) Ouyang, Y.; Dong, D.; Yu, H.; Liang, Y.; Liu, Q\dv. Synth.
Catal. 2006 348 206—-210. (b) Anabha, E. R.; Asokan, C. \Bynthesis
2006 151—155.
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TABLE 3. AICIs-Catalyzed C-C Coupling Reaction of a-Hydroxyketene Cyclic Dithioacetals 2 with Arenes 3

OH R® R
R? 4 2
R1)I . R A|C|3 | S I R
g , CHClrt =
> R R4 S S
2 3 4and 4
substrate substrate time . regioselectivity?
entry 5 R R ;A N yield® (%) g o) ty

1 2a H CN @— 5 4al and 4al (75) 85/15

2 2a H CN Ocsz 5 4a2and 422 (70) 91/9

3 2a H N @— 2 4a3(72)
¢ CN ,

4 2a H Meo@ 0.5  4adand 44 (87) 80/20

5 2a H CN Ho© 0.5  4a5and 4'a5 (61) 70/30
6° 2a H CN Ho—@ 0.5  4'a6 (90)
7 2a H CN @ 5 4a7 (50)

8¢ 2b H " coMe MeO@ 05 4b1and 4'b1 (85) 90/10

aReaction conditions2 (1.0 equiv),3 (4.0 equiv), AICk (1.0 equiv) in CHCI (5.0 mL) at room temperaturé.solated yields¢ 2.0 equiv of3 was used.
dThe isomer (4-/2-position) ratio was determined by YHeNMR spectra of the mixturd and4'.

and HSOy, appeared to be effective but with relatively lower essentially the identical conditions as above, whemydroxy-
yields (Table 2, entries 8 and 9) or ineffective (Table 2, entry ketene acyclicSS-acetals2¢c (R2 = CO,Me) and2d (R2 =
10). CO.Et) were treated with3-naphthol and 4-methylphenol,
As is widely known, functionalized arenes are important respectively, the desired products, 3,4-disubstituted dihydro-
building blocks and lead structures in medicinal and agricultural coumarinsscl, 5¢2 and5d1 were afforded in high yields (Table
chemistry. Obviously, the above results provide an efficient route 4, entries +3). It should be noted that coumarin derivatives
to functionalized arenes with the nature of further elaboration are found in a variety of biologically important natural pro-
of the ketenes S-acetal and related functionality. Therefore, the ducts and widely used as intermediates in organic synthkesis.
scope of the €C coupling reaction was extended to some other Classical routes to coumarins include Pechm&ahPerkinisc
substrates2a or 2b and various arene8 under optimal Knoevenagels® Reformatsky-®¢ and Wittigt®" reactions and
conditions (Table 2, entry 2) and the results are described in their variantsié In recent years versatile coumarin syntheses
Table 3. As expected, a variety of electron-rich arenes, such asgould be achieved through transition-metal-catalyzed reactions.
toluene, ethylbenzengg-xylene, anisole, and phenol, could  However, most of these approaches are focused on monosub-
efficiently react with2a to give the corresponding mixture of  tityted coumarins. Though the preparation of 3,4-disubstituted
the 4-/2-alkylated productsand4’ in good to high yields (Table  ¢oumarins may be accomplished in different wisnly limited
3, entries +5). In the case of the reaction dfa with synthesis of 3,4-disubstituted dihydrocoumarins was repéfted.

4-methy|pheno|, the 2-alkylated produta6 was obtained in Undoubtedly, the above one-pot annulation reaction provides a
90% vyield (Table 3, entry 6). More importantly, even nonac-

tivated arene, benzene, could also afford the alkylated product 04 @) OK Py . T ——
; 0% vsi it ; a) O’Kennedy, R.; Thornes, R. Boumarins Biology, Applications

28}2 In|k5|0/0 élleldd(Ti:Lelg’ (?Z'tl;{ 7). In Iaddltlog, thg .de;wﬁd and Mode of ActionWiley & Sons: Chichester, UK, 1997. (b) Murray, R.
-12-alkylated produc an were also produced In hig D. H.; Mendez, J.; Brown, S. AThe Natural CoumarinsOccurrence

yield (85%) by reacting2b with anisole under the identical  Chemistry and BiochemistryViley & Sons: New York, 1982. (c) Naser-

conditions as above (Table 3, entry 8). Hijazi, B.; Stolze, B.; Zanker, K. SSecond Proceedings of the International
g . Society of the Coumarin lestigators Springer: Berlin, Germany, 1994.
Carbon_c?rbon Bond-Formlng.Reactlons Of‘l‘HydrO?(Y' (d) Yu, D.; Suzuki, M.; Xie, L.; Morris-Natschke, S. L.; Lee, K.-Med.
ketene AcyclicS,S-acetals 2e-g with Phenols and Applica- Res. Re. 2003 23, 322-345. '
tions in the Synthesis of 3,4-Disubstituted Dihydrocoumarins (15) (a) von Pechmann, H.; Duisberg, Chem. Ber1883 16, 2119~

. ) . 2128. (b) von Pechmann, K&hem. Ber1884 17, 929-936. (c) Johnson,
5 and 7 and Functionalized Chromenes 60n the basis of J. R.Org. React1942 1, 210-266. (d) Jones, GOrg. React 1967, 15,

the above results and especially the highly regioselective reaction204-599. (e) Shriner, R. LOrg. React1942 1, 1-37. (f) Narasimhan,
of 2awith 4-methylphenol (Table 3, entry 6), together with the N. S.; Mali, F. S.; Barve, M. VSynthesisl979 906-909.

: : : (16) (a) Rao, H. S. P.; Sivakumar, &.0rg. Chem2006 71, 8715~
consideration of the structural feature of alkylthio as a good 8723.(b) Gu, Y.. Zhang, J.. Duan, Z.: Deng, Ady. Synth. Catal2005

leaving group in nucleophilic vinyl substitution reactictis 347, 512-516. (c) Li, K.; Foresee, L. N.; Tunge, J. A.Org. Chem2005

we reasoned that the hydroxyl group of an alkylated phenol 70, 2881—2383 (d) Sharma, G. V. M.; Reddy,(J-)J-; Lakshmi, P.S.;dKri;hna,
_ ; - P. R.Tetrahedron Lett2005 46, 6119-6121. (e) Bose, D. S.; Rudradas,

from an a-hydroxyketene a(.:yC“G.S'a.Cetal. and a SU|_tab|e A. P.; Babu, M. H.Tetrahedron Lett2002 43, 9195-9197. (f) Aoki, S.;

phenol may lead to a coumarin derivative via an alkylation and amamoto, C.; Oyamada, J.; Kitamura, Tetrahedron2005 61, 9291—

intramolecular additiorelimination sequence. Indeed, under 9297.

2266 J. Org. Chem.Vol. 73, No. 6, 2008
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TABLE 4. Synthesis of 3,4-Disubstituted Dihydrocoumarins 5 and Chromenes?6

.\GEIR AICL, CH,CL, R! O\ AICL, CH,CLy @\)ICN
-—3 272
2 -
o = COOEt(Me) o SR \ oy RE=CN o sk
5 2c-f 6
entry  substrate 2 R R! R? substrate 3 time (h)  Yield® (%)
e OH
1 2¢ t Me CO; Me 0.5 5c1 (78)
2 2 Bt Me  CO,Me —OOH 0.5 5c2 (75)
OH
3 24 Me — y  COft 0.5 5d1 (80)
4 2e Et H CN OOH 0.5 6el (80)
5 2e Et H CN CIOOH 1 6e2 (80)
OH
6 2e Et H N 0.5 6€3 (90)
OH |
7 2f Et Me  oN = 6f1 (70)

aThe reactions were carried out in @&, (5.0 mL) with 2 (1.0 mmol),3 (2.0 mmol), and AICG (1.0 mmol) at room temperaturglsolated yields.

SCHEME 2. Preparation of Alkylated Products 4g and 3,4-Disubstituted Dihydrocoumarins 7g
H O R R

oH O O Et

| NHPh AICl3 P HCI .

< CH,Ch, O SEt CHLOH, rt O SEt
EtS” “SE

t t OHCONHPh o~ Yo
4g1 R = H yield = 95% 7gl R =H yield = 85%
2g 3 4g2 R = Bryield = 94% 7g2 R = Bryield = 84%

facile and efficient access to 3,4-disubstituted dihydrocoumarins pot annulation reaction d?f with g-naphthol (Table 4, entry

from readily available starting materials under mild conditions.
In further experiments, we found that the substituert®R
a-hydroxyketene acycli§S-acetal® had a significant influence

7)21 However, in the case of the reactions 2§ (R? =
CONHPh) withg-naphthol and 6-Bp3-naphthol, the annulation
reaction could not occur and only the corresponding alkylated

on the above one-pot annulation reaction. As a result, when products4gl and 492 were afforded in 95% and 94% vyields,

the reactions oRe (R? = CN) with 4-methylphenol, 4-chlo-
rophenol, and3-naphthol were carried out under essentially

respectively (Scheme 2). Interestingly, when the alkylated
products4gl and4g2 were treated with excessive amounts of

identical conditions as above, the corresponding functionalized HCI (10.0 equiv) in CHOH at room temperature for 5 h, a

chromenes$el, 6e2and6e3were produced in high yields (Table
4, entries 4-6), respectively, which are important organic

novel intramolecular annulation reaction proceeded smoothly
to give the corresponding 3,4-disubstituted dihydrocoumarins

molecules present in numerous natural products along with wide 7gland7g2in 85% and 84% vyields, respectively (Scheme 2).

bio- and pharmacological activiti@? Similarly, the chromene
6f1 was also successfully prepared in 70% vyield by the one-

(17) (a) Jia, C.; Piao, D.; Oyamada, J.; Lu, W.; Kitamura, T.; Fujiwara,
Y. Science200Q 287, 1992-1995. (b) Trost, B. M.; Toste, F. D.; Greenman,
K. J. Am. Chem. SoQ003 125 4518-4526. (c) Rayabarapu, D. K.;
Sambaiah, T.; Cheng, C.-Angew. ChemInt. Ed.2001, 40, 1286-1288.
(d) Jia, C.; Lu, W.; Oyamada, J.; Kitamura, T.; Matsuda, K.; Irie, M.;
Fujiwara, Y.J. Am. Chem. So200Q 122, 7252-7263. (e) Barluenga, J.;
Andina, F.; Aznar, FOrg. Lett 2006 8, 2703-2706. (f) Li, K.; Zeng, Y.;
Neuenswander, B.; Tunge, J. A.Org. Chem?2005 70, 6515-6518. (g)
Fillion, E.; Dumas, A. M.; Kuropatwa, B. A.; Malhotra, N. R.; Sitler, T. C.
J. Org. Chem2006 71, 409-412.

(18) (a) Catellani, M.; Chiusoli, G. P.; Fagnola, M. C.; Solari, G.
Tetrahedron Lett1994 35, 5923-5926. (b) Kadnikov, D. V.; Larock, R.
C. Org. Lett 200Q 2, 3643-3646. (c) Kadnikov, D. V.; Larock, R. Cl.
Org. Chem 2003 68, 9423-9432. (d) Sells, P.; Mueller, U.Org. Lett.
2004 6, 277—-279. (e) Dittmer, D. C.; Li, Q.; Avilov, D. VJ. Org. Chem
2005 70, 4682-4686. (f) Zhang, L.; Meng, T.; Fan, R.; Wu, J. Org.
Chem 2007, 72, 7279-7286. (g) Girotti, R.; Marrocchi, A.; Minuti, L.;
Piermatti, O.; Pizzo, F.; Vaccaro, . Org. Chem2006 71, 70—-74. (h)
Song, A.; Wang, X.; Lam, K. STetrahedron Lett2003 44, 1755-1758.

Indeed, selective synthesis has been a challenge in organic

(19) (a) Barluenga, J.; Andina, F.; Aznar, ®rg. Lett.2006 8, 2703~
2706. (b) Nair, V.Synth. Commuril987, 17, 723-727.

(20) (a) Trost, B. M.; Shen, H. C.; Dong, L.; Surivet, J.-P.; Sylvain, C.
J. Am. Chem. Soc2004 126 11966-11983. (b) Nicolaou, K. C.;
Pfefferkorn, J. A.; Cao, G.-QAngew. ChemInt. Ed.200Q 39, 734-739.
(c) Jang, K. H.; Lee, B. H.; Choi, B. W.; Lee, H.-S.; ShinJJNat. Prod.
2005 68, 716-723. (d) Ye, L.-W.; Sun, X.-L.; Zhu, C.-Y.; Tang, YOrg.
Lett. 2006 8, 3853-3856. (e) Kharrat, S. E.; Laurent, P.; Blancou, H.
Org. Chem2006 71, 8637-8640. (f) Kemnitzer, W.; Drewe, J.; Jiang, S.;
Zhang, H.; Zhao, J.; Crogan-Grundy, C.; Xu, L.; Lamothe, S.; Gourdeau,
H.; Denis, R.; Tseng, B.; Kasibhatla, S.; Cai, S.X.Med. Chem2007,
50, 2858-2864.

(21) In the further experiments, the transformation feasibility of chromenes
6 to dihydrocoumarin$ was also examined. We found that, when the
chromenebe3was treated with Brgnsted acid HCI (3:8.0 equiv) or Lewis
acid AIClz (1.0-5.0 equiv) either at room temperature or under reflux
conditions in the different solvents, such as O, CH:OH/HO (V/v,
10:1), CHCN, CH;CN/H2O (v/v, 10:1), DMF, and DMF/HO (v/v, 10:1),
no desired product was produced afd3 was recovered in nearly
quantitative yield.

J. Org. ChemVol. 73, No. 6, 2008 2267
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SCHEME 3. Proposed Mechanisms for the Formation of 47
R1
) R2 A R? R2 /O\ - R?
1 17 s 2 S
DU e =N & u
CH,CI Ry - NP
RS” "SR V22 Ij«:S SR f‘is TSR Raﬁfs sllg
~2— A A 4and 4
['/\\\. R! [:/\\\: R!
| 2 i 2
R2= CO,Et(Me) R® HO_ R
HSR | -HSR
0~ TSR 0" "o
8 c :
\ / R! [I/\\ R!
2 P
| R R2=CN ~ | CN
-HSR
OHRs" 'srR 0~ “sR
6
B N
[: ™ R' SR
RZ= CONHPh A A er
-H,NPh
0" "o

synthesis, especially controlled highly selective synthesis derived Conclusion

from similar starting materia%. Therefore, the above divergent
method for the synthesis of 3,4-disubstituted dihydrocoumarins
5and7 and highly functionalized chromenégrom a-hydroxy-
ketene acyclicSSacetals2c—g is important for academic
research and potential applications.

Possible Reaction MechanismOn the basis of the above
experimental results together with the related reptrs;lthe
possible mechanisms for the formation 4f7 are proposed
and depicted in Scheme 3. Initially, the hydroxyl group in
alcohol2 is activated by AIG] to form carbocation intermediate
A, which is then trapped by aref@eto give the corresponding
alkylated productgt and 4’ (Scheme 3). To intermediat®,
generated by the FriedeCrafts alkylation reaction ofi-hy-
droxyketene acycli§Sacetal2c—g with phenols, the further
orientation of reaction may be directed by the electronic effects
of substituents Rof o-hydroxyketene acycli§S-acetals2.
When the R substituent is a stronger electron-withdrawing
group (R = CN, COEt or CQMe), the hydroxyl group of
intermediateB would attack the carbon atom bonded to the
alkylthio group and then undergo an intramolecular addition
elimination reaction to furnish chromen&s(R? = CN) or
intermediateC (R> = COEt or CQ:Me), which is followed
by further hydrolysis to give the corresponding dihydrocou-
marins5 (Scheme 3). When the2Rsubstituent is a relatively
weak electron-withdrawing group {R= CONHPh) as in the
case ofB (491 or 492, the hydroxyl group oB is likely to

In summary, we have developed a new and efficient &ICI
mediated direct €C coupling reaction ofx-hydroxyketene-
SS-acetals?2 and various arene3 under mild conditions. The
simplicity of manipulation, salt-free and energy-saving process,
good to high yields, readily available or cheap starting materials,
and wide arene components make this direetGCcoupling
method most attractive for academic research and potential
applications. On the basis of this reaction, a series of bio- and
pharmacologically important compounds, such as 3,4-disubsti-
tuted dihydrocoumaring and 7 and highly functionalized
chromenes, were efficiently prepared in high yields by the
annulation reaction ak-hydroxyketene acycli§S-acetal2c—g
with phenols. Further studies on the extension of the scope of
this C—C bond-forming reaction, as well as synthetic applica-
tions, are currently under way in our laboratory.

Experimental Section

General Procedure for Preparation of 4, 5, and 6 (43 for
example).To a stirred solution oft-hydroxyketenes S-acetal2a
(1.0 mmol, 173 mg) ang-xylene (4.0 mmol, 0.49 mL) in C¥Cl,

(5 mL) was added AIGI(1.0 mmol, 132 mg) in one portion. Then
the reaction mixture was stirredrf@ h atroom temperature. After
2awas consumed (monitored by TLC), the reaction mixture was
poured into water (20 mL), followed by acidification with HCI
solution to adjust the pH value of the solution to 3, and extracted

attack the carbonyl carbon in the presence of Bragnsted acidwith CH,CI, (2 x 10 mL). The combined organic extracts were

HCI to produce the dihydrocoumaririgl and 7g2 (Scheme

3). In comparison, for the 2-alkylated produc#&5 and
4'a6 with a more rigid 1,2-dithiolane unit (Table 3, entries
5 and 6), the attack of the hydroxyl group at the carbon atom
bonded to the alkylthio group would have difficulty in pro-
ceeding and any further cyclization reaction also would not
occur.

(22) (a) Cuny, G.; Bois-Choussy, M.; Zhu,J.Am. Chem. SoQ004
126, 14475-14484. (b) Panne, P.; Fox, J. M. Am. Chem. SoQ007,
129 22-23. (c) Barluenga, J.; Alonso, J.; Fanes, F. J.J. Am. Chem. Soc.
2003 125 2610-2616. (d) Doyle, M. P.; Yan, M.; Hu, W.; Gronenberg,
L. S.J. Am. Chem. So@003 125 4692-4693.
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dried over anhydrous MgSQfiltered, and concentrated under
reduced pressure to yield the corresponding crude product, which
was purified by silica gel chromatography (diethyl ether/hexane
1/20, v/v) to give 188 mg (72%) af a3 as a white solid. Mp 116
118°C; ™H NMR (CDCls, 500 MHz)6 2.28 (s, 3H), 2.31 (s, 3H),
3.54-3.55 (m, 4H), 3.57 (s, 2H), 6.98 (d,= 8.0 Hz, 1H), 7.0 (s,
1H), 7.05 (d,J = 7.5 Hz, 1H);**C NMR (CDCk, 125 MHz) 6
19.1,21.0, 37.8, 38.3, 39.4, 95.6, 118.8, 127.9, 129.7, 130.2, 133.2,
134.6, 135.6, 160.8; IR (KBr, cm) 2921, 2193, 1546, 816; MS
(ESI)m/z262 [(M + 1)]*. Anal. Calcd (found) for @H1sNS;: C,
64.33 (64.45); H, 5.78 (5.73); N, 5.36 (5.26).

General Procedure for Preparation of 7g (7gl for example).
To a stirred solution ofigl (1.0 mmol, 437 mg) in CkDH (8
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mL) was added HCI (10.0 mmol) in one portion. Then the reaction 152.2, 161.5; IR (KBr, cmt) 2965, 1734, 1513, 1450, 1260, 1217,
mixture was stirred fo5 h atroom temperature. Aftedgl was 813, 747; MS (ESIyWz 345 [(M + 1)]*. Anal. Calcd (found) for
consumed (monitored by TLC), the reaction mixture was poured C;oH»00,S;: C, 66.24 (66.43); H, 5.85 (5.80).

into water (25 mL), followed by basification with saturated aqueous
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Supporting Information Available: Experimental procedures,
NMR spectra, and characterization data for new compo@ratsd
4—7. This material is available free of charge via the Internet at
http://pubs.acs.org.
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