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Abstract: Palladium-complexed dendrimers supported on silica were evaluated as catalysts for intramo-
lecular carbonylation reactions. The results showed that dendritic catalysts display high activity, affording
oxygen, nitrogen, or sulfur-containing seven- or eight-membered ring fused heterocycles in excellent yields.
Moreover, these catalysts have competitive advantages in that they can be easily recovered by simple
filtration in air and reused for up to eight cycles with only a slight loss of activity.

Introduction heterocycle$. However, the difficulties associated with the
separation of products from the reaction mixture and the
recovery of the expensive, and sometimes toxic, catalysts are
major drawbacks in these transformations. For the above
reasons, many excellent homogeneous catalysts are not used
on an industrial scale despite their benefits. Among the various
approaches to address these problems, immobilization of a metal

Medium-sized heterocycles are receiving a great deal of
attention as their structural units are widely found in numerous
natural product3.In particular, seven- and eight-membered ring
heterocycles constitute a number of biologically interesting
molecules The abundance of oxygen, nitrogen, or sulfur-

contglnlng medium rings in pharm_aceutlcals and ag.rOChemlcalscomplex on a solid support offers the possibility for the recovery
continues to ensure that they are important synthetic targets for

. . . . 7~ ™" and reuse of catalystut heterogeneous catalysts obtained in
organic chemists. For example, dibenzoxazepinone derivatives,), . . S .
L . - . this way are usually accompanied by a significant decrease in
represent an exciting field of research in medicinal chemistry

N . A . .7 activity.
due to their biological activity, including non-nucleoside inhibi- y

I Innovative methods for the development of environmentally
fors of HIV-1 RT and central nervous system agé ough friendly and economically viable catalytic systems are becoming
these heterocycles can be prepared by conventional methods in

more and more important in view of green chemistry. The

multistep syntheses, the reactions often require severe conditions
. . . advent of dendrimers provides a unique opportunity to combine

and low yields of products are obtained in some cases.

Therefore, it is important to develop a general and effective (3) (a) Ferraris, D.; Ficco, R. P.; Pahutski, T.; Lautar, S.; Huang, S.; Zhang,
H H J.; Kalish, V.Bioorg. Med. Chem. LetR003 13, 2513-2518. (b) Kapur,

route to medium ring fused heterocycles. o S.; McClelland, R. International Patent WO 2003000670, 2003. (c)

The transition-metal-catalyzed carbonylation reaction is a Elrée_zwslsabE.;v Glll?ka, RAc;\aNIIDoIb Plharrg 2EO0(25 %9,83;9—3865 8(2%735

. . . . . right, J. D.; Venkatesan, A. M.; Delos, S. E. G. U.S. Patent ,

powerful tool in organic chemistry. Reactions of this type 1998. (¢) Tehim, A.; Fu, J.-M.: Rakhit, S. U.S. Patent 5538965, 1996. (f)

provide a convenient and direct access to a large variety of Liegeois, J.-F.; Rogister, F. A.; Bruhwyler, J.; Damas, J.; Nguyen, T. P;
Inarejos, M.-O.; Chleide, E. M. G.; Mercier, M. G. A.; Delarge, J.JE.

Med. Chem1994 37, 519-525. (g) Liegeois, J.-F.; Bruhwyler, J.; Damas,

(1) (a) Joule, J. A.; Mills, K.Heterocyclic Chemistry4th ed.; Blackwell: J.; Nguyen, T. P.; Chleide, E.; Mercier, M.; Rogister, F.; Delargel. J.
Oxford, 2000. (b) Cutlgnano A.; Tramice, A.; De Caro, S Villani, G.; Med. Chem1993 36, 2107-2114. (h) Klunder, J. M. et all. Med. Chem
Clmlno G.; Fontana, AAngew. Chem Int EdZOO3 42, 263}2636 1992 35, 1887-1897. (i) Chakrabarti, J. K.; Hotten, T. M.; Pullar, I. A,;
(c) Renneberg, D.; Dervan, P. B. Am. Chem. So@003 125 5707 Steggles, D. JJ. Med. Chem1989 32, 2375-2381.

5716. (d) Occhiato, E. G.; Prandi, C.; Ferrali, A.; Guarna, A.; Venturello, (4) (a) Getzler, Y. D. Y. L.; Kundnani, V.; Lobkovsky, E. B.; Coates, G. W.
P.J. Org. Chem2003 68, 9728-9741. (e) Hepworth, J. D.; Heron, B. M. J. Am. Chem. So@004 126, 6842-6843. (b)Handbook of Organopal-
Prog. Heterocycl. Chen2001, 13, 317-339. (f) Zimmer, R.Synthesis ladium Chemistry for Organic SynthesNegishi, E., Ed.; John Wiley &
1993 165-178. (g) Deng, J.; Zhao, S.; Miao, Kat. Prod. Lett 1993 2, Sons: New York, 2002; Vol. 2. (c) Mahadevan, V.; Getzler, Y. D. Y. L;
283-286. (h) Evans, P. A.; Holmes, A. Betrahedron1991, 47, 9131~ Coates, G. WAngew. Chem., Int. EQ002 41, 2781-2784. (d) El Ali,
9166. B.; Alper, H. Synlett200Q 161-171. (e) Cornils, B.; Herrmann, W. A.

(2) (a) Geronikaki, A. A. et all. Med. Chen2004 47, 2870-2876. (b) Dutton, Applied Homogeneous Catalysis with Organometallic Compguiasi:

F. E.; Lee, B. H.; Johnson, S. S.; Coscarell, E. M.; Lee, PJHVled. Weinheim, Germany, 1996. (f) Khumtaveeporn, K.; AlperAd¢c. Chem.
Chem 2003 46, 2057-2073. (c) Weintraub, P. M.; Sabol, J. S.; Kane, J. Res 1995 28, 414-422 and references therein. (g) Colquhoun, H. M;
M.; Borcherding, D. RTetrahedron2003 59, 2953-2989. (d) Yoshida, Thompson, D. J.; Twigg, M. V.Carbonylation: Direct Synthesis of
H.; Shirakawa, E.; Honda, Y.; Hiyama, Angew. Chem., Int. EQ2002 Carbonyl CompoundsPlenum Press: New York, 1991.

41, 3247-3249. (e) Zhan, Z.-Y.; Dervan, P. Bioorg. Med. Chem200Q (5) (a) Leadbeater, N. E.; Marco, Nthem. Re. 2002 102, 32173274. (b)
8, 2467-2474. (f) Bujard, M.; Gouverneur, V.; Mioskowski, Q. Org. McNamara, C. A.; Dixon, M. J.; Bradley, MChem. Re. 2002 102 3275~
Chem 1999 64, 2119-2123. (g) Hodge, C. N.; Pierce, Bioorg. Med. 3300. (c) Fan, Q.-H.; Li, Y.-M.; Chan, A. S. @Chem. Re. 2002 102
Chem. Lett1993 3, 1605-1608. (h) Cooper, C. S.; Klock, P. L.; Chu, D. 3385-3466. (d) Song, C. E.; Lee, S.-@hem. Re. 2002 102 3495-
T. W.; Fernandes, P. B. Med. Chem199(Q 33, 1246-1252. (i) Boegesoe, 3524. (e) Wight, A. P.; Davis, M. EChem. Re. 2002 102, 3589-3614.
K. P.; Arnt, J.; Boeck, V.; Christensen, A. V.; Hyttel, J.; Jensen, KJG. (f) Lindner, E.; Schneller, T.; Auer, F.; Mayer, H. Angew. Chem., Int.
Med. Chem1988 31, 2247-2256. Ed. 1999 38, 2154-2174.
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the advantages of both homogeneous and heterogeneous cataupported chiral dendrimers for the enantioselective addition

lysts®7 In fact, from the beginning, catalysis has been recognized
as one of the most valuable applications of dendrimers. The
key property of dendritic catalysts is their recovery and reuse
by microfiltratior? or precipitatiod under specific conditions.

of diethylzinc to benzaldehyde. Recently, we reported that
heterogeneous dendrimethodium complexes are highly ef-
ficient catalysts for the hydroformylation of olefins at room
temperature. The systems can be easily recovered by simple

Soluble dendritic catalysts have been successfully applied to afiltration in air and reused without loss of activity and

variety of organic reactiorfsl® However, relatively few
examples involve insoluble dendritic catalystd-or instance,
Dahan and Portnd¥? described the intramolecular Pauson

selectivity!? These results stimulated us to explore intramo-
lecular carbonylation reactions with recyclable palladium-
complexed dendrimers on silica to form oxygen, nitrogen, or

Khand reaction catalyzed by heterogeneous metallodendrimerssulfur-containing medium ring fused heterocycles. We now

Sellner and Seebak® investigated the use of polymer-

(6) For seleted references on dendrimers, see: (a) Garcia-Martinez, J. C.;

Lezutekong, R.; Crooks, R. M. Am. Chem. So@005 127, 5097-5103.

(b) Landskron, K.; Ozin, G. AScience2004 306, 1529-1532. (c) Delort,

E.; Darbre, T.; Reymond, J.-L1. Am. Chem. SoQ004 126, 15642~

15643. (d) Wu, P.; Feldman, A. K.; Nugent, A. K.; Hawker, C. J.; Scheel,

A.; Voit, B.; Pyun, J.; Frechet, J. M. J.; Sharpless, K. B.; Fokin, V. V.

Angew. Chem., Int. EQ004 43, 3928-3932. (e) Lang, H.; May, R. A,;

Iversen, B. L.; Chandler, B. DJ. Am. Chem. So®003 125, 14832

14836. (f) Tomalia, D. A.; Frechet, J. M. J. Polym. Sci., Part A: Polym.

Chem 2002 40, 2719-2728. (g) Grayson, S. M.; Frechet, J. MChem.

Rev. 2001, 101, 3819-3867. (h) Tully, D. C.; Frechet, J. M. Them.

Commun 2001, 1229-1239. (i) Newkome, G. R.; Moorefield, C. N.;

Vogtle, F.Dendritic Molecules: Concepts, Synthesis, PerspestiVCH:

Weinheim, Germany, 1996.

For reviews on dendritic catalysts, see: (a) Scott, R. W. J.; Wilson, O. M.;

Crooks, R. M.J. Phys. Chem. R005 109, 692-704. (b) Dahan, A.;

Portnoy, M.J. Polym. Sci., Part A: Polym. Chei2005 43, 235-262. (c)

van Heerbeek, R.; Kamer, P. C. J.; van Leeuwen, P. W. N. M.; Reek, J. N.

H. Chem. Re. 2002 102, 3717-3756. (d) Twyman, L. J.; King, A. S. H.;

Martin, I. K. Chem. Soc. Re 2002 31, 69—82. (e) Astruc, D.; Chardac,

F. Chem. Re. 2001, 101, 2991-3023. (f) Oosterom, G. E.; Reek, J. N.

H.; Kamer, P. C. J.; van Leeuwen, P. W. N. Whgew. Chem., Int. Ed.

2001, 40, 1828-1849. (g) Crooks, R. M.; Zhao, M.; Sun, L.; Chechik, V.;

Yeung, L. K.Acc. Chem. Re2001, 34, 181-190.

(8) (a) de Groot, D.; Reek, J. N. H.; Kamer, P. C. J.; van Leeuwen, P. W. N.
M. Eur. J. Org. Chem2002 1085-1095. (b) de Groot, D.; de Wael, B. F.
M.; Reek, J. N. H.; Schenning, A. P. H. J.; Kamer, P. C. J.; Meijer, E. W.;
van Leeuwen, P. W. N. Ml. Am. Chem. So@001, 123 8453-8458. (c)
Kleij, A. W.; Gossage, R. A.; Klein Gebbink, R. J. M.; Brinkmann, N.;
Reijerse, E. J.; Kragl, U.; Lutz, M.; Spek, A. L.; van Koten, &.Am.
Chem. Soc200Q 122 12112-12124. (d) Eggeling, E. B.; Hovestad, N.
J.; Jastrzebski, J. T. B. H.; Vogt, D.; van Koten, I5.0rg. Chem200Q
65, 8857-8865. (e) Hovestad, N.; Eggeling, E. B.; Heidbuchel, H. J.;
Jastrzebski, J. T. B. H.; Kragl, U.; Keim, W.; Vogt, D.; van Koten, G.
Angew. Chem., Int. EA999 38, 1655-1658. (f) Brinkmann, N.; Giegel,
D.; Lohmer, G.; Reetz, M. T.; Kragl, Ul. Catal 1999 183 163-168. (g)
Kragl, U.; Dreisbach, CAngew. Chem., Int. Ed. Engl996 35, 642—
644.

(9) (a) Chen, Y.-C.; Wu, T.-F.; Jiang, L.; Deng, J.-G.; Liu, H.; Zhu, J.; Jiang,
Y.-Z. J. Org. Chem 2005 70, 1006-1010. (b) Ooe, M.; Murata, M;
Mizugaki, T.; Ebitani, K.; Kaneda, KI. Am. Chem. So2004 126, 1604~
1605. (c) Plault, L.; Hauseler, A.; Nlate, S.; Astruc, D.; Ruiz, J.; Gatard,
S.; Neumann, RAngew. Chem., Int. E@004 43, 2924-2928. (d) Heuze,
K.; Mery, D.; Gauss, D.; Astruc, DChem. Commur2003 2274-2275.

(e) Fan, Q.-H.; Chen, Y. M.; Chen, Y.-M.; Chen, X.-M.; Jiang, D.-Z.; Xi,
F.; Chan, A. S. CChem. Commur200Q 789-790. (f) Petrucci-Samija,
M.; Guillemette, V.; Dasgupta, M.; Kakkar, A. K. Am. Chem. S0&999
121, 1968-1969. (g) Hu, Q.-S.; Pugh, V.; Sabat, M.; PuJ.Org. Chem
1999 64, 7528-7536. (h) Mizugaki, T.; Ooe, M.; Ebitani, K.; Kaneda, K.
J. Mol. Catal. A: Chem1999 145 329-333.

(10) (a) Zubia, A.; Cossio, F. P.; Morao, I.; Rieumont, M.; Lopez,JXAm.
Chem. Soc2004 126, 5243-5252. (b) Esposito, A.; Delort, E.; Lagnoux,
D.; Djojo, F.; Reymond, J.-LAngew. Chem., Int. EQ2003 42, 1381~
1383. (c) Schlenk, C.; Kleij, A. W.; Frey, H.; van Koten, Sagew. Chem.,
Int. Ed.200Q 39, 3445-3447. (d) Chechik, V.; Crooks, R. M. Am. Chem.
Soc 200Q 122 1243-1244. (e) Zeng, H.; Newkome, G. R.; Hill, C. L.
Angew. Chem., Int. EQ00Q 39, 1772-1774. (f) Kleij, A. W.; Gossage,
R. A.; Jastrzebski, J. T. B. H.; Boersma, J.; van KotenAGgew. Chem.,
Int. Ed.200Q 39, 176-178. (g) Maraval, V.; Laurent, R.; Caminade, A.-
M.; Majoral, J.-P.Organometallics200Q 19, 4025-4029. (h) Reetz, M.
T.; Lohmer, G.; Schwickard, RAngew. Chem., Int. Ed. Endgl997, 36,
1526-1529.

(11) (a) Dahan, A.; Portnoy, MChem. Commur2002 2700-2701. (b) Sellner,
H.; Seebach, DAngew. Chem., Int. EA.999 38, 1918-1920. (c) Chung,
Y.-M.; Rhee, H.-K. Chem. Commun2002 238-239. (d) Dahan, A.;
Portnoy, M.Org. Lett 2003 5, 1197-1200. (e) Sellner, H.; Rheiner, P.
B.; Seebach, DHelv. Chim. Acta2002 85, 352-387. (f) Sellner, H.;
Karjalainen, J. K.; Seebach, @hem—Eur. J 2001, 7, 2873-2887. (g)
Reetz, M. T.; Giebel, DAngew. Chem., Int. EQ00Q 39, 2498-2501.

(h) Arya, P.; Rao, N. V.; Singkhonrat, J.; Alper, H.; Bourque, S. C.; Manzer,
L. E.J. Org. Chem200Q 65, 1881-1886. (i) Antebi, S.; Arya, P.; Manzer,
L. E.; Alper, H.J. Org. Chem2002 67, 6623-6631. (j) Reynhardt, J. P.
K.; Alper, H. J. Org. Chem?2003 68, 8353-8360. (k) Lu, S.-M.; Alper,

H. J. Org. Chem2004 69, 3558-3561. (I) Reynhardt, J. P. K.; Yang, Y.;
Sayari, A.; Alper, H.Chem. Mater2004 16, 4095-4102.

7

~

demonstrate that heterogeneous dendrirpatladium com-
plexes are very effective catalysts for the synthesis of seven-
and eight-membered ring fused heterocycles in excellent yields.

Results and Discussion

Synthesis of Dendritic Catalysts and Substrate?alladium-
complexed dendrimers on silica were synthesized by the
modification of our previously reported meth&.4 Michael-
type addition and amidation reactions were used to construct
dendrimers supported on silica, followed by the phosphonation
of dendrimers with diphenylphosphinomethanol. The resulting
phosphonated dendrimers were then reacted with dichlorobis-
(benzonitrile)palladium() to give the dendrimer complexes
GO—Pd—G3—Pd (Figure 1), which were characterized by solid-
state3'P NMR (complexedd = 11 ppm, uncomplexed =
—27 ppm). The ICP results showed the palladium contents of
GO—Pd-G3—Pd are 0.57, 0.80, 0.52, and 0.29 mmol/g,
respectively.

The requisite substrates are readily prepared by coupling and
subsequent reduction reactions. For example, treatment of
substituted 1-fluoro(chloro)-2-nitrobenzehevith 2-iodo(bro-
mo)phenol2 in the presence of potassium carbonate gave the
corresponding nitro haloarenes, which were converted to 2-(2-
halophenoxy)aniline8 using tin(I) chloride dihydrate as the
reducing reagent. The yields were-725% for the two steps
(eq 1)13 Other intramolecular carbonylation reaction precursors
were also synthesized in a similar manner (see Supporting

Information).
Y HO
2

1

1.K2CO5, DMSO, 100°C
2. SnCly2H,0, CH3CO,CHs 1t

X
o
ootk
R’ NH, R?

3

+

Optimization of Intramolecular Carbonylation Reaction
Conditions. We selected 2-(2-iodophenoxy)anilirg R = R?
= H, X = 1) as the model substrate a@l—Pd as the catalyst
for the intramolecular carbonylation reaction in order to
determine the optimized conditions. The influence of reaction
temperature, solvent, and base was investigated, and the results
are summarized in Table 1. The reaction temperature is

(12) (a) Lu, S.-M.; Alper, HJ. Am. Chem. So2003 125 13126-13131. (b)
Arya, P.; Panda, G.; Rao, N. V.; Alper, H.; Bourque, S. C.; Manzer, L. E.
J. Am. Soc. Chen2001, 123 2889-2890. (c) Bourque, S. C.; Alper, H.;
Manzer, L. E.; Arya, PJ. Am. Chem. So®00Q 122 956-957. (d)
Bourque, S. C.; Maltais, F.; Xiao, W.-J.; Tardif, O.; Alper, H.; Arya, P.;
Manzer, L. E.J. Am. Chem. S0d 999 121, 3035-3038.

(13) See Supporting Information for the preparation details.
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Figure 1. Structures of palladium-complexed dendrimers on sii&-Pd-G3—Pd.

important for this transformation. Attempts to carry out the 92% conversion when triethylamine was employed as the base
reaction of 2-(2-iodophenoxy)aniline in anhydrous toluene under (Table 1, entry 13). Potassium carbonate was also an effective
100 psi of carbon monoxide in the presenceGif—Pd and base for the carbonylation reaction (Table 1, entry 14), but using
diisopropylethylamine at room temperature for 48 h did not another inorganic base, such as sodium carbonate, for this
afford the desired product, and the starting material was transformation resulted in only 73% conversion of the iodinated
recovered unchanged (Table 1, entry 1). Increasing the tem-arylamine to dibenzoxazepinone (Table 1, entry 15). Intramo-
perature to 45C after 36 h resulted in 36% conversion of the lecular carbonylation did not take place in the absence of base
iodinated arylamine to dibenzoxazepinone (Table 1, entry 2). (Table 1, entry 16).
When the carbonylation reaction proceeded at 60 andC70 Recyclability of Different Dendritic Catalysts. To evaluate
for 22 h, 75 and 90% conversions were obtained, respectively the recyclability of different dendritic catalys@0—Pd-G3—
(Table 1, entries 3 and 4). Complete conversion of the iodinated Pd, we selected 2-(2-iodophenoxy)anilirle Rt = RZ2 = H, X
arylamine to dibenzoxazepinone was observed by raising the= 1) as the substrate for the intramolecular carbonylation
reaction temperature to 8C after 22 h (Table 1, entry 5). reaction. In a typical reaction, 1 mmol 8fin 5 mL of toluene

We further explored the effect of solvent and base. Toluene in the presence of 1.5 mmol of diisopropylethylamine with 15
proved to be the best solvent for this transformation (Table 1, mg of catalyst was treated with 100 psi of carbon monoxide at
entry 5). The reaction also worked well in benzene, dimethyl- 80 °C for 22 h, and the results are listed in Table 2. The catalyst
formamide, tetrahydrofuran, acetonitrile, and 1,2-dimethoxy- GO—Pd was found to be highly efficient for the intramolecular
ethane, affording>92% conversions (Table 1, entries 80), carbonylation reaction. The first two cycles gave quantitative
but only 61% conversion of the iodinated arylamine to diben- conversion to the dibenzoxazepinone (Table 2, entries 1 and
zoxazepinone occurred when the carbonylation reaction was run2); 98-94% conversions were obtained from the third cycle to
in dichloromethane (Table 1, entry 11). The use of an organic the fifth cycle (Table 2, entries-35), but by prolonging the
base, such as diisopropylethylamine (DIPEA) and 1,8-diaza- reaction time to 36 h, the sixth cycle again afforded the desired
bicyclo[5,4,0]undec-7-ene (DBU), gave the desired product in product in full conversion (Table 2, entry 6). As seen from Table
full conversions (Table 1, entries 5 and 12), while there was 2, G1—Pd showed the best recyclability. The dendritic catalyst

14778 J. AM. CHEM. SOC. = VOL. 127, NO. 42, 2005



Synthesis of O, N, or S-Containing Ring Fused Heterocycles

ARTICLES

Table 1. Intramolecular Carbonylation of 2-(2-lodophenoxy)aniline
(3, Rt = R2 = H, X = 1) with G1—Pd under Different Reaction

Conditions?
CQ@
HN

0

CO, G1-Pd

base, solvent

Cx

O
Temp Time Conversion®
Entry Solvent Base (°C) (h) (%)

1 toluene DIPEA 25 48 NR

2 toluene DIPEA 45 36 36

3 toluene DIPEA 60 22 75

4 toluene DIPEA 70 22 90

5 toluene DIPEA 80 22 100

6 benzene DIPEA 80 22 98

7 DMF DIPEA 80 22 98

8 THF DIPEA 80 22 96

9 CHsCN DIPEA 80 22 95
10 DME DIPEA 80 22 92
11 CH.CI, DIPEA 80 22 61
12 toluene DBU 80 22 100
13 toluene EN 80 22 92
14 toluene KCO3 80 22 100
15 toluene NgCOs 80 22 73
16 toluene no 80 22 NR

aWith 1 mmol of 2-(2-iodophenoxy)aniline, 100 psi of CO, 15 mg of
G1—Pd, 1.5 mmol of base and 5 mL of solvehDetermined by GC¢ No
reaction.

can be recovered and reused up to eight cycles with only a slight
loss of activity (Table 1, entries—714). Compared t&0—Pd
and G1—Pd, the catalysG2—Pd displayed somewhat lower
activity (Table 2, entries 1519). For example, the use 62—
Pd as the catalyst resulted in-980% conversions from the
second cycle to the fifth cycle, whereas conversions ranged from
100 to 94% withGO—Pd (Table 2, entries25 and 16-19).

The recyclability was considerably less successful waas
Pd was used as the catalyst (Table 2, entries2Z%). The low
activity of G3—Pd was attributed to steric crowding at the higher
generation. It was expected that extending the chain length
would relieve steric crowding and allow for increased catalyst
loading. The dendritic catalyst3(C6)—Pd was prepared by
the use of 1,6-diaminohexane instead of the ethylenediamine
linker, with 0.57 mmol/g palladium loading (see Supporting
Information). Indeed(3(C6)—Pd exhibited high activity with
good recyclability comparable to the results obtained employing
GO—Pd as the catalyst (Table 2, entries8.and 25-29). Note
that it is very easy to recover and reus@—Pd—G3—Pd by
simple filtration in air.

Scope of the Intramolecular Carbonylation Reaction. (a)
Synthesis of Seven-Membered Ring Fused Heterocycld$e
intramolecular carbonylation of substituted 2-(2-iodophenoxy)-

Table 2. Intramolecular Carbonylation of 2-(2-lodophenoxy)aniline
(3, R! = R? = H, X = I) with Different Palladium-Complexed
Dendrimers?@

@O\© dendritic catalyst QO
NH, CO, DIPEA, PhCH3 BN
6}
Conversion?

Entry Catalyst Cycle (%)
1 GO—Pd 1 100
2 GO—Pd 2 100
3 GO—Pd 3 98
4 GO—Pd 4 97
5 GO—Pd 5 94
6° GO—Pd 6 100
7 G1l-Pd 1 100
8 G1-Pd 2 100
9 G1l-Pd 3 98
10 G1-Pd 4 98
11 G1l-Pd 5 97
12 G1-Pd 6 96
13 G1-Pd 7 95
14 G1l-Pd 8 95
15 G2—Pd 1 100
16 G2—-Pd 2 98
17 G2—Pd 3 95
18 G2—-Pd 4 93
19 G2—Pd 5 90
20 G3—Pd 1 100
21 G3—Pd 2 83
22 G3—Pd 3 72
23 G3-Pd 4 65
24 G3—Pd 5 41
25 G3(C6)—Pd 1 100
26 G3(C6)—Pd 2 100
27 G3(C6)—Pd 3 97
28 G3(C6)—Pd 4 97
29 G3(C6)—Pd 5 95

aWwith 1 mmol of 2-(2-iodophenoxy)aniline, 100 psi of CO, 15 mg of
the dendritic catalyst, 1.5 mmol of DIPEA, 5 mL of toluene,®and 22
h. ® Determined by GC¢ Run for 36 h.

methoxycarbonyl groups on the aromatic rings did not have any
impact on the intramolecular carbonylation reaction (Table 3,
entries 6, 9, and 1214). However, slightly lower yields were
observed when a cyano group was on the aromatic rings (Table
3, entries 5, 8, 11, and 15). Furthermore, wah and 3g as
pyridine-based substrates, pyridinyl-fused heterocyéfeand
4q were obtained in 98 and 96% vyields, respectively (Table 3,
entries 16 and 17). It is important to note that the cataB/bst
Pd can be recovered and reused at least five cycles for all of
these reactions (see Supporting Information).

Encouraged by the excellent results above, we attempted to
utilize the relatively less reactive brominated arylamines as

anilines 3 was effected to form seven-membered ring fused substrates for the intramolecular carbonylation reaction. When
heterocycles under the optimized conditions, and the resuits are2-(2-bromophenoxy)anilité was subjected to reaction under

presented in Table 3. In all cases, the cataB/kt-Pd displayed
high activity, and the carbonylation reaction proceeded very

the optimized conditions used for iodinated arylamines, 65%
conversion occurred to the desired product. Performing the

well, regardless of the nature of the substituents on the aromaticcarbonylation reaction at 10€ for 22 h gave 88% conversion.

rings. Thus, iodinated arylamine3 bearing either strongly

electron-withdrawing or electron-donating substituents were
efficiently converted to the corresponding dibenzoxazepinones
4 in excellent yields. Importantly, a wide variety of functional

groups can be tolerated in this process, including chloro,
methoxy, trifluoromethyl, cyano, acetyl, and methoxycarbonyl
groups. Somewhat surprisingly, the presence of acetyl and

We were pleased to observe complete conversion of the
brominated arylamine to dibenzoxazepinateeby increasing

the reaction temperature to 12Q after 22 h. In the field of
medicinal chemistry, introduction of a fluorine atom into
molecules is one of the most efficient methods for the modifica-

(14) For the preparation of 2-(2-bromophenoxy)aniline, see: Wilshire, J. F. K.
Aust. J. Chem1988 41, 995-1001.
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Table 3. Synthesis of Seven-Membered Ring Fused Heterocycles by G1—Pd-Catalyzed Intramolecular Carbonylation of Substituted
2-(2-lodophenoxy)anilines?

Entry Substrate Product Yield” Entry Substrate Product Yield”
I I
e : :
1 @ 99% 9 94%
NH, HN Y NH, o} HN
3a 4a o) 3i 4i©
I I
oy O o
2 /@[ 97% 10 @[ FsC cl 97%
NH, HN Y FiC NH, cl HN
3b 4b 3 4j°
! |
o
3 /@: 0 4 97% 1 /@[ NC cl 90%
o NH, Y NC NH, cl HN
3c | 4c 3k 4k0
|
o /@O o °
4 /@[ FsC 98% 12 Cl  95%
FaC NH, HN Y NH2 cl o HN
3d 4d a°
I
0 /QO ° o
5 /@: NC 91% 13 @[ ~05%
NC NH, HN Y NH2 o
3e 4e o)
I
O© W/CTO i 3
6 94% o,
Y©:NH2 K HN ? 14 04%
0 3f 4 ©
' o
° Lr
7 /@[ \©\ FsC HNP\ 96% 15 \©Y /Q/p\‘( 90%
FaC NH, Y
3g 4g
|
O /Q/O / \
s /©: Ne HN 9% 16 / 98%
NC NH, Y NH2 HN
3h 4h 4p°

P
o0/
0.
. @[w@ B g S
NH NP HN S
3q 4q

awith 1 mmol of 3, 100 psi of CO, 15 mg 061—Pd, 1.5 mmol of DIPEA, 5 mL of toluene, 8@ and 22 h?Isolated yield.

tion of the lead compounds in view of biological activifyFor (b) Synthesis of Eight-Membered Ring Fused Hetero-
example, fluorinated aryl rings are often used as drug candidatescycles.The intramolecular carbonylation reaction was extended
in which a fluorine is substituted for a hydrogen to help block to the synthesis of eight-membered ring fused heterocycles. As
oxidation of the aromatic ring, alter metabolism pathways, and can be seen from Table 5, the dendritic catalgdt-Pd was
increase lipophilicity, which affects drug distributidhin this found to be very efficient for carbonylation in all cases. Under
context, seven fluorine-containing substrat8s—3x were the optimized conditions, the reactions of iodinated arylamines
prepared folG1—Pd catalyzed the intramolecular carbonylation 513with either electron-withdrawing or electron-donating groups
reaction, and the results are illustrated in Table 4. As expected,on the aromatic rings afforded the corresponding dibenzoxazo-
all of these transformations took place smoothly and gave the cinones 6 in excellent yields. The wide functional group

desired productdr—4x in >90% isolated yields. compatibility is a significant advantage for these transformations,
as the intramolecular carbonylation reaction can encompass
(15) (a)OHagen D.; Rzepa, H. Ehem. Commuri997 645-652. (b) Filler, fluoro, chloro, methoxy, acetyl, and methoxycarbonyl groups.
; Kobayashi, Y Yagupolskii, L. MBiomedical Aspects of Fluorine . . .
Chem|stryEIseV|er Amsterdam, 1993. (c) MannChem. Soc. Re1987, One can apply the reaction to a sterically hindergtho-
16, 381-436. (d) Welch, J. TTetrahedron1987, 43, 3123-3197. i i ivi i in sli
(16) (@) Rosenbium. S. B Huynh. T . Afonso. A Davis, H. R., Jr.: Yumibe, substltuteq arylamingc, giving the desired produﬁb'ln sllghtly .
N.; Clader, J. W.; Burnett, D. AJ. Med. Chem1998 41, 973-980. (b) reduced yield (Table 5, entry 3). Heterocycles having piperidinyl
Park, B. K.; Kitteringham, N. RDrug Metab. Re. 1994 26, 605-643. ; ;
(c) Abel, S. M.; Back, D. J.; Maggs, J. L.; Park, B. K.Steroid Biochem. or morpholln_yl gr_oups are the basic Stru_CtureS of m._s\ny
Mol. Biol. 1993 46, 833-839. pharmacologically important compounds. lodinated arylamines
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5k and 5l were subjected to the intramolecular carbonylation gabéelél-P dS)(/:nththis gfl Seven-IMenlﬂbegedbRingI F_usedf l;etgrqcyclgs
i H H i Yy —Pd-Catalyzed Intramolecular Carbonylation of Substitute:

reaction, a_nd th_e corresponding d_|benzoxazocuj@kemd6l 2.(2-Bromophenoxy)anilines?

were obtained in 94 and 96% yields, respectively (Table 5,

entries 11 and 12). The use 5p as the substrate afforded the  Entry Substrate Product Yield”
naphthyl tetracyclic heterocyckp (Table 5, entry 16). In the -

case ofbq, the intramolecular carbonylation reaction furnished NH, Br °

the desired produdiq in 99% isolated yield, in which oxygen o Q/

is on the other side of eight-membered ring (Table 5, entry 17). 1 ©/ ]ij\ HN F98%
The dendritic catalysG1—Pd can be recovered and reused at :':r F ar ©

least five times for all of these transformations (see Supporting Br

Information). o /Q/o
. . . NC o
The brominated arylaminesr —5x also proved to be viable 2 NC@[ HN o0

substrates for the intramolecular carbonylation reaction. Treat- ;‘: 2 F 4s °

ment of substituted 2-(2-bromobenzyloxy)anilin®s—5x in Br o

anhydrous toluene with 100 psi of carbon monoxide in the o /Q/

presence of51—Pd and diisopropylethylamine at 12C for 3 /@ NC an 91%

22 h afforded the corresponding eight-membered ring fused NC ;'tHz £ 4t ©

heterocycle®r—6x in high yields. The results are presented in Br o

Table 6. . o W/Q/ o
(c) Synthesis of Nitrogen or Sulfur-Containing Medium Y@[NHz E 0 HN %

Ring Fused HeterocyclesBy changing the atom connecting o 3u 4u®

the two aromatic rings from oxygen to nitrogen, one can isolate Br o F

dibenzodiazepinone®in excellent yields. Specifically, substi- O YQ .

tuted N-methyl-N-(2-iodophenyl)-1,2-benzenediaming®¥ (R 5 \H/@N;@ K HNp 95%

= H, CFs) were used as the substrates for the intramolecular o 3‘,2 E av°

carbonylation reaction in the presenceGff—Pd, affording 98

Br N
and 96% vyields of the desired produBsand8b, respectively 6 | b O\©\ (/\\(o FooTh
(eq 2). L/\[NHZ . HN ’
3w

| 4w °©
| \ Br N F
QN@ 100 psi CO, G1-Pd /QN " Ng_©O UO
™ R 7 = 98%
R NH, DIPEA, Toluene, 80 °C HN E;[NHZ HN
o x F ax°
7a R=H 8a R=H, 98%
7b R=CF3 8b R =CF3 96% awith 1 mmol of 3, 100 psi of CO, 15 mg of51—Pd, 1.5 mmol of

DIPEA, 5 mL of toluene, 120C and 22 hP Isolated yield.

The carbonylation of sulfur-containing compounds is a subjected to 100 psi of carbon monoxide at D for 22 h,

challenge in palladium-based methods because of the Strongaffording the desired product in 90-93% vyields (eq 4).
affinity of sulfur for palladium, often resulting in low, if any,

catalytic activity. We were gratified to observe thai—Pd I |

efficiently catalyzed the intramolecular carbonylation of sub- 0 0 100 psi CO, G1-Pd

stituted 2-(2-iodobenzylthio)aniline®? (R = H, Cl, CR;) and DIPEA, Toluene, 80 °C
) . ; . ) . R HoN S NH, R : '

gave rise to the corresponding dibenzothiazocindfiee 92— 0,

97% vyields. Therefore, the sulfur atom did not have any
influence on these transformations (eq 3).

11
o o
R R
. :\ﬁ DX 53 X
S
/@(Sb 100 psi CO, G1-Pd /@S o g ﬂ 0, ” o
R DIPEA, Toluene, 80°C \
H o

NH,

12a R=H, 92%
12b R =CHjg, 93%

9a R=H 10a R=H, 97% 12¢c R=Cl, 90%
9 R=Cl 10b R=Cl, 92%
9¢ R=CF, 10c R = CF3, 95% Similarly, the iodinated arylamin&3'3 was smoothly con-
verted to the corresponding pentacyclic heterocydlé 88%
(d) Intramolecular Double Insertion of Carbon Monoxide. yield under the same conditions (eq 5). These examples further

The intramolecular double insertion of carbon monoxide was demonstrate the efficiency of the intramolecular carbonylation
next carried out withG1—Pd as the catalyst. Typically, 0.5 reaction for the construction of fused heterocycles in the
mmol of substituted 3-amino-4-(2-iodophenoxy)phenyl sulfones presence of dendritic catalysts.

1113 (R = H, CHjs, Cl) and 1.5 mmol of diisopropylethylamine (e) Synthesis of a Six-Membered Ring Fused Heterocycle.

in 5 mL of anhydrous toluene with 15 mg &1—Pd were After the synthesis of seven- and eight-membered ring fused
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Table 5. Synthesis of Eight-Membered Ring Fused Heterocycles by G1—Pd-Catalyzed Intramolecular Carbonylation of Substituted
2-(2-lodobenzyloxy)anilines?

Entry Substrate Product Yield? Entry Substrate Product Yield?
cl
o
1 @[ 98% /@ b p 96%
NH °
> NH2 Cl ”

o
g

% p o A
L G0~ Oeld S
&6 Ap - 0ede Ol -
Y@p -
: %om1wmmrmpm

w

N

98%
13

agial
-
[seRe Ny
Re St i

;bo

o ' o o5n > 0.0 'bn°
;X AL D
cl NH, N Y 15 93%
5¢g . 6g NH2
Cl | o
O
. O O
N 0,
NH, S 16 N 97%
5h 6h HG o)
P
O
17 @( © @Qg@ 99%
H
6qO

awith 1 mmol of 5, 100 psi of CO, 15 mg o61—Pd, 1.5 mmol of DIPEA, 5 mL of toluene, 8 and 22 h? Isolated yield.

heterocycles, we were interested in exploring whether the (15),17 on reaction with carbon monoxide in the presence of
intramolecular carbonylation reaction could be applied to the G1—Pd, gave 6(BH)-phenanthridinonel) in 97% yield (eq
preparation of a six-membered ring. 2-(2-lodophenyl)aniline 6).

| NH, ' _
o Q O 100 psi CO, G1-Pd o
@\ 100psi €O, G1-Pd DIPEA, Toluene, 80 °C HN
0

DIPEA, Toluene, 80 °C NH, 97% 0]
0,
NH, I 88% 15 16
13
o Summary

o NH In conclusion, we have developed a general and highly

Q o /® (%) efficient method for the synthesis of oxygen, nitrogen, or sulfur-

HN containing medium ring fused heterocycles by intramolecular

o]
(17) For the preparation of 2-(2-iodophenyl)aniling5), see: Cade, J. A.;
14 Pilbeam, A.J. Chem. Sacl1964 114-121.
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Table 6. Synthesis of Eight-Membered Ring Fused Heterocycles and washed with dichloromethane. The combined solvent was evapo-
by G1—Pd-Catalyzed Intramolecular Carbonylation of Substituted rated in vacuo, and the residue was purified by silica gel chromatog-
2-(2-Bromobenzyloxy)anilines raphy with a mixture of hexane and ethyl acetate as the eluant to afford
the product. The recovered catalyst was reused for subsequent cycles.
2-Methyl-8-acetyldibenzp,f][1,4]oxazepin-11(1®)-one (4i): mp
Br o 269-270°C; IR (neat) 1685, 1660 cm; '*H NMR (500 MHz, CDx-
° \@ SOCDy) ¢ 10.60 (s, 1H), 7.747.71 (m, 2H), 7.56 (dJ = 2.0 Hz,
1 \@ b Np 98% 1H), 7.43-7.40 (m, 2H), 7.24 (dJ = 8.5 Hz, 1H), 2.52 (s, 3H), 2.29
NH, H % (s, 3H); **C NMR (500 MHz, CQSOCD;) 6 197.29, 166.43, 156.92,
5r 6r 154.68, 135.97, 135.94, 135.36, 132.35, 132.23, 126.69, 125.73, 122.46,

B
o ' O 122.13,121.34, 27.54, 20.92; MS (Eiz 267 [M*]; HRMS calcd for
/@ 95% Ci6H1aNO; 267.0895, found 267.0875.
Ph Ph N
H
5s

Entry Substrate Product Yield”

2
NH, 8-Fluoropyrido[2,3-b][1,4]benzoxazepin-6(5)-one (4w): mp 296~
6s° 297°C; IR (neat) 1658 cm; *H NMR (500 MHz, CRSOCD;) 6 10.78
o Br . 0 (s, 1H), 8.04 (ddJ = 1.8, 5.0 Hz, 1H), 7.61 (dd] = 1.5, 8.0 Hz, 1H),
F b \@ o 7.53-7.47 (m, 2H), 7.41 (ddjJ = 5.0, 8.5 Hz, 1H), 7.32 (dd] = 4.7,
3 " N 96% 7.8 Hz, 1H);33C NMR (500 MHz, CRSOCD) 6 164.83, 159.65 (d,
5t2 H6t e} J = 241.2 Hz), 155.86, 153.74, 143.93, 131.81, 127.43)(¢; 7.8
o Br o Hz), 126.68, 124.06 (d] = 8.5 Hz), 123.65, 122.23 (d,= 23.5 Hz),
\o)K@(Ob \O)J\@op 117.80 (d,J = 25.3 Hz); MS (El)nmVz 230 [M']; HRMS calcd for
4 94% C12H7FN,O, 230.0492, found 230.0471.
NH, ﬂ Y 3-(4-Morpholinyl)-6 H-dibenz[b,f][1,4]oxazocin-11(1H)-one (6l):
5u 5 6u mp 242-243 °C; IR (neat) 1660 cmt; *H NMR (500 MHz, CD-
o r o F SOCDy) ¢ 9.41 (s, 1H), 7.467.28 (m, 4H), 6.80 (dJ = 8.5 Hz, 1H),
5 @ @[ 95% 6.49-6.44 (m, 2H), 5.33 (s, 2H), 3.64 (1,= 4.6 Hz, 4H), 2.97 (]
NH, N = 4.6 Hz, 4H);*3%C NMR (500 MHz, CRSOCDy) 6 173.22, 152.78,
5v F H6vo 151.68, 137.86, 132.47, 130.92, 129.77, 129.66, 128.84, 128.26, 121.65,
Br o 110.36, 107.71, 73.13, 66.78, 48.69; MS (Eik 310 [M']; HRMS
o /@( F calcd for GgH1gN20O3 310.1317, found 310.1301.
6 /@ 96% 8-Fluoro-3-methyl-6H-dibenz[b, f|[1,4]oxazocin-11(1H)-one (6x):
NH L N Y mp 220-221 °C; IR (neat) 1660 cm; 'H NMR (500 MHz, CD-
Swo o ow SOCDy) 6 9.61 (s, 1H), 7.38 (dd] = 5.5, 8.0 Hz, 1H), 7.177.14 (m,
o) O F 2H), 6.84 (d,J = 8.0 Hz, 2H), 6.73 (ddJ = 1.5, 8.0 Hz, 1H), 5.33 (s,
7 \@ \@ 97% 2H), 2.15 (s, 3H)XC NMR (500 MHz, CRSOCD;) 6 172.14, 163.02
NH, N (d, J = 245.6 Hz), 151.68, 138.44, 135.59 @@= 7.6 Hz), 133.62,

5x F 6x © 131.13 (d,J = 8.6 Hz), 128.25, 127.50, 124.90, 122.49, 116.48](d,
= 21.2 Hz), 115.45 (dJ = 21.9 Hz), 73.07, 21.10; MS (Ehvz 257
aWith 1 mmol of 5, 100 psi of CO, 15 mg of51-Pd, 1.5 mmol of [M*]; HRMS calcd for GsH1,FNO, 257.0852, found 257.0828.
DIPEA, 5 mL of toluene, 120C and 22 h®Isolated yield. 5,10-Dihydro-5-methyl-8-trifluoromethyl-11H-dibenzolb,&[1,4]-
diazepin-11-one (8b)mp 240-241°C; IR (neat) 1662 cmt; *H NMR
carbonylation reactions with recyclable palladium-complexed (500 MHz, CRSOCD) ¢ 10.40 (s, 1H), 7.64 (dd) = 1.8, 7.8 Hz,
dendrimers on silica as catalysts. This process can tolerate aiH), 7.50 (dt,J = 1.5, 7.5 Hz, 1H), 7.43 (dd] = 2.5, 8.5 Hz, 1H)
wide array of functional groups, including halide, ether, nitrile, 7.35-7.33 (m, 2H), 7.21 (dJ = 8.5 Hz, 1H), 7.10 (dtJ = 1.0, 8.0
ketone, and ester. The dendritic catalysts show high activity Hz, 1H), 3.29 (s, 3H)!*C NMR (500 MHz, CRSOCD) ¢ 168.87,
for these transformations, affording the desired heterocycles in152.68, 148.42, 148.40, 134.02, 133.77, 127.30, 125.02 {9 32.1
excellent yields. Importantly, these catalysts are easily recoveredH?), 124.84 () = 269.9 Hz), 124.05, 122.30 (4= 3.7 Hz), 120.92,
by simple filtration in air and can be reused up to the eight 118:95,118.63 (q) = 3.6 Hz), 38.51; MS (E)Wz 292 [M']; HRMS

cycles with only a slight loss of activity. This research should Ca';dcﬁggsgﬁlﬁgzonzi%‘fﬁizj‘”:;giiiglzl'(()f;l)' one (10b): mp
have broad applications in organic synthesis. 204-295°C: IR (neat) 1665 o 1H NMR (500 MHz, CRSOCD)

0 9.93 (s, 1H), 7.3%7.27 (m, 2H), 7.26-7.16 (m, 4H), 7.10 (dd] =

2.5, 8.5 Hz, 1H), 4.39 (s, 1H), 4.10 (s, 1HJC NMR (500 MHz, C3-
Carbon monoxide, a powerful asphyxiant, should be used with care. SOCD;) 6 173.15, 140.81, 138.38, 134.36, 132.33, 132.11, 131.92,

To use and work with carbon monoxide safely, reactions must be carried 130.94, 129.70, 129.30, 128.53, 128.26, 126.03, 35.53; MSni&l)

out in a properly working fumehood with carbon monoxide detectors 275 [M*]; HRMS calcd for GsH10CINOS 275.0172, found 275.0151.

installed nearby. 10,11-Dihydro-2-methyl-11-oxodiben#},f][1,4]oxazepine-8-sul-
General Procedure for the Intramolecular Carbonylation Reac- fone (12b):mp 192-194°C; IR (neat) 1660 cm'; *H NMR (500 MHz,

tion. A glass liner containing the substrate (1 mmol), dendritic catalyst CDsSOCDy) 4 10.63 (s, 2H), 7.69 (d) = 2.0 Hz, 2H), 7.64 (dd) =

(15 mg), diisopropylethylamine (1.5 mmol), and toluene (5 mL) was 2.0, 8.5 Hz, 2H), 7.49 (d] = 5.8 Hz, 4H), 7.35-7.33 (m, 2H), 7.18

placed in a 45 mL autoclave equipped with a magnetic stirring bar. 7.16 (m, 2H), 2.24 (s, 6H}*C NMR (500 MHz, CRSOCDy) 6 166.15,

The autoclave was flushed three times with carbon monoxide and 156.53, 154.63, 138.79, 136.16, 136.04, 133.37, 132.22, 125.44, 125.27,

pressurized to 100 psi. The autoclave was then placed in an oil bath123.84, 121.48, 121.28, 20.91; MS (Eljz 512 [M*]; HRMS calcd

preset to the desired temperature on a stirring hot plate°@@or for CagH20N206S 512.1042, found 512.1019.

iodides and 120°C for bromides). After 22 h, the autoclave was 8H,16H-5,13-Dioxa-8,16-diazadibenzal,d]benzo[1,2a;4,5-a]di-

removed from the oil bath and cooled to room temperature prior to the cycloheptene-7,15-dione (14)mp >300°C; IR (neat) 1662 cm'; *H

release of excess carbon monoxide. The reaction mixture was filtered NMR (500 MHz, CQSOCD;) 6 10.76 (s, 2H), 7.67 (s, 2H), 3.38 (dd,

)

Experimental Section
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J=1.3, 7.8 Hz, 2H), 7.197.11 (m, 6H);*C NMR (500 MHz, CD)- 118.22, 116.78; MS (Eljwz 195 [M*]; HRMS calcd for GsHoNO

SOCDy) 6 164.56, 155.74, 150.55, 130.99, 130.01, 126.60, 125.94, 195.0684, found 195.0662.

123.64, 122.18, 121.80; MS (ENVz 344 [M']; HRMS calcd for Acknowledgment. We are grateful to Sasol Technology, and

CaoH12N20, 344.0797, found 344.0771. to the Natural Sciences and Engineering Research Council of
6(5H)-Phenanthridinone (16)28 mp 292-293°C; IR (neat) 1660 Canada for support of this research.

cm% 'H NMR (500 MHz, CRSOCD) 6 11.68 (s, 1H), 8.49 (d) = Supporting Information Available: Experimental details,

8.5 Hz, 1H), 8.37 (dJ = 7.5 Hz, 1H), 8.31 (ddJ = 1.5, 8.0 Hz, 1H),

7.84(dtd = 1.7, 7.5 Hz, 1H), 7.64 (dt] = 1.0, 7.5 Hz, 1H), 7.47 (dt, characterization data, Tables-¥4 of recycling and reuse of

J=1.5, 7.5 Hz, 1H), 7.35 (ddl = 1.3, 8.2 Hz, 1H), 7.25 (di) = 1.5 the dendritic catalys&1—Pd for intramolecular carbonylation
77 Hz. 1.H)'13’C NMR (300 MHz. ’CQ.SOC’D;) S5 16148, 13722 reactions, and copies & NMR and3C NMR spectra for the

134.92, 133.48, 130.24, 128.60, 128.14, 126.34, 123.93, 123.29, 122_94,final products. This material is available free of charge via the
Internet at http://pubs.acs.org.

(18) Lamba, J. J. S.; Tour, J. M. Am. Chem. S0d.994 116, 11723-11736. JAO053650H
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