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Palladium acetate [Pd(OAc}] and 1,4-bis(di- coumarins by palladium-catalysed coupling of 2-
phenylphosphino)butane (dppb) catalyse regio- iodophenol with carbon monoxide and norborna-
selective cyclocarbonylation of bisallyl de- diené and the preparation of other six-membered
rivatives of bisphenols affording seven-mem- lactones by aromatic thallation and subsequent
bered ring bislactones in good vyields. Double palladium-catalysed carbonylatidn.
cyclocarbonylation reactions carried out using With few exceptions these palladium-catalysed
different conditions afforded bislactones with  carbonylation reactions exhibit preference for five-
two different ring sizes (7—6 and 7-5- or six-membered rings. Recently two of us have
membered). Copyright © 2000 John Wiley & reported that regioselective cyclocarbonylation of
Sons, Ltd. 2-allylphenol derivatives, using a Pd(OAcand
dppb system as the catalysaffording five-, six-
and seven-membered ring lactones, and good
selectivity can be obtained for the five- and
seven-membered ring lactones depending on the
temperature, solvent and CGQ/Hatio. In the
INTRODUCTION literature limited data are available for selective
carbonylative routes to bislactone rings, i.e. com-
In recent years intensive efforts have been made tpounds containing two ring lactones.
develop new carbonylation-based methodologies Our interest in the application of carbonylation
for the synthesis of lactones. A number of routes argeactions in organic synthesis prompted us to
reported in the literature, and palladium-catalysedexamine the possibility of obtaining double car-
carbonylation is an efficient method for the ponylation of bisallyl derivatives of bisphenols
construction of such molecules. Recent examplesgising Pd—dppb [dppb = 1,4-bis(diphenylphosphino)
include the cyclocarbonylation of allylic alcohols putane] as the catalyst system under relatively mild
and 3ha|o—alcoholé,alkyne§ and acetylenic alco- conditions, for the preparation of bisactones con-
hols” The preparation of such compounds can alsqaining two different or identical rings. In this paper
be achieved by direct insertion of carbon monoxidewe report on the preparation of bislactones contain-
into four-membered cyclic etherand the use of ing two differently or identically sized rings.
phase-transfer catalysis for the lactonization of
numerous alcoholS. There are other synthetic
routes to lactones, including the synthesis of
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Melting Pointswere takenon an electrothermal
apparatus:H and'*C NMR spectrawererecorded
on a Bruker AC-200 at room temperatureand
chemicalshifts are reportedrelative to Me,Si. IR
and MS spectrawere obtained, respectively,on
Perkin-EImer683, and Hewlett-PackardSC/mass
MSD 5971instruments.

General procedure for the
cyclocarbonylation reactions

Palladium acetate (0.01lmmol), and dppb
(0.04mmol) weredissolvedin 5ml of dry toluene
(or CH,CI,) andthe allyl substrate(1 mmol) was
added.The autoclavewas purgedthreetimeswith

CO andpressurizedvith CO andH,. The reaction
mixture washeatedwith stirring for 24h at 100°C

(oil-bath temperature) The reaction mixture was
cooled to room temperature,the solution was
concentratedand the residuewas extractedwith

ether.The bislactonesvere purified by chromato-
graphy using a gradient of petroleumether and
diethyl etheraseluentsor by the HPLC technique.
The yields are summarizedn the Tables1 and 2

and all productswere characterizedby melting
pointsandspectraldata(below)

Compound 1a

M.p. 181-182°C. IR (CHCl): 2936,1742,1629,
1461,1203,1148cm . *H NMR (CDCly): 6 = 7.00
(s,2H), 2.84(t, J=7.1Hz, 4H), 2.50(t, J= 7.1Hz,
4H), 2.50 (t, J=6.6Hz, 4H), 2.26-2.16pm (m,
4H). 13C NMR (CDCly): 6=170.3,141.2,126.0,
120.0, 31.0, 28.2, 26.4ppm. MS: m/z (%) = 246
(25),191(98), 163(25), 91 (24), 77 (19).

Compound 2a

M.p. 238-24C°C. IR (CHCly): 3043,2920, 2850,
1745,1415,1203,1125cm *; *H-NMR (CDCly):
5=6.95(s, 2H), 2.81 (t, J=7.2Hz, 4H), 2.51 (t,
J=7.2Hz,4H), 2.02ppm(quintet,J = 7.2Hz, 4H).
13C NMR (CDCly): 6=171.0,148.9,130.0,120.4,
31.0,27.9,26.0ppm. MS: m/z(%) = 246 (70), 201
(6), 191 (100),173(9), 163 (18), 137 (5), 115(4),
91(9), 77 (6), 67 (6), 55 (70), 43 (7).

Compound 3a

M.p. 174-176°C. IR (CHCL): 3020,2929,2872,
1761, 1652, 1461, 1218, 1197, 1122cm L. H
NMR (CDCly): 6 =7.03(s,2H), 2.88(t, J=7.1Hz,
4H), 2.48 (t, J=7.1Hz, 4H), 2.14ppm (quintet,
J=7.1Hz, 4H). ¥*C NMR (CDCly): §=171.0,
149.6,129.0,118.7,113.8,30.9, 26.0, 23.9ppm.
MS: m/z(%) = 246(100),227(7),218(7), 201(32),

Copyright© 2000JohnWiley & Sons,Ltd.

192(30),191(61),173(16),163(36),147(13),146
(11),135(12)115(10),91(15), 77 (15),55 (44),43
(2).

Compound 4a

Oil. IR (CHCI): 3020, 2940, 2870, 1765, 1615,
1450,1210,1100cm . *H NMR (CDClLy): 6 = 6.86
(s,1H), 2.78(t, J=7.2Hz, 4H), 2.48(t, J = 7.0Hz,
4H), 2.21 (s, 3H), 2.25-2.14pm (m, 4H). *°C
NMR (CDCly): $=171.2, 149.4, 130.8, 128.8,
126.9, 31.1, 28.1, 26.5, 9.9ppm. MS: m/z
(%) = 260 (58), 205 (100), 177 (42), 91 (17), 55
(33).

Compound 5a

M.p. 265-27C°C. IR (CHCls): 3020, 3000, 2960,
2880,1760, 1605, 1500, 1450, 1440, 1385, 1345,
1300,1125cm*. *H NMR (CDClg): 6 =7.92(d,
J=8.5Hz, 2H), 7.31(d, J=8.5Hz, 2H), 2.94 (t,
J=7.2Hz, 4H), 2.46 (t, J=6.9Hz, 4H), 2.33—
2.22ppm (m, 4H). 3C NMR (CDCly): 6 =171.5,
146.5,128.0,125.9,119.2,31.4, 28.4, 27.4ppm.
MS: m/z (%) = 296 (66), 241 (100), 213 (17), 186
(12),128(8), 55 (10).

Compound 6a

M.p. 119-12C°C. IR (CHCly): 3354,2954,1736,
1491, 1450, 1228, 1199, 1136cm *. *H NMR
(CDCly): §=6.93 (dd, J=1Hz, J=7.9Hz, 1H),
6.78-6.70 (m, 2H), 6.17 (s, br, 1H), 2.74 (t,
J=7Hz, 2H), 2.48 (t, J=7Hz, 2H), 2.16ppm
(quintet, J=7Hz, 2H). ¥*C NMR (CDCly):
5=173.3153.7,145.0,131.2,120.1,116.2,114.4,
31.0,28.2,26.3ppm.MS: m/z(%) = 178(67), 150
(30), 133(34), 123(100), 77 (10).

Compound 7

M.p. 109-11C°C. IR (CHCL): 3362,3077,2954,
2871,1731,1640,1511,1450,1424,1346,1229,
1183, 1133, 965, 921, 900, 883cm ™ *. 'H NMR

(CDCly): 6=6.86(s, 1H), 6.66 (s, 1H), 6.09-5.89
(m, 1H), 5.23-5.12(m, 3H), 6.05(s, br, 1H), 3.36
(d,J=6.4Hz, 2H), 2.74(t, J= 7.2Hz, 2H), 2.48(t,

J=7.1Hz, 2H), 2.16ppm (quintet,J=7 Hz, 2H).

13C NMR (CDCly): 6 =172.3,151.6,145.3,135.6,
129.3,124.8,120.9,117.1,116.6,34.7,31.0,27.9,
26.4ppm. MS: m/z (%) =218 (50), 190 (15), 173
(14),163(100),149(5), 115(6),91(12),77(7), 55
(12).

Compound 8

M.p. 102°C. IR (CHCly): 3362,3077,2954,2871,
1731,1640,1511,1450,1424,1346,1229,1183,
1133,965,921,900,883cm *. *H NMR (CDCly):

Appl. Organometal Chem.14, 739-743(2000)
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§=6.85 (d, J=8.7Hz, 1H), 6.74 (d, J=8.7Hz,

1H), 6.02-5.85m, 1H), 5.23(s, br, 1H), 5.06—4.87

(m, 2H), 3.44 (d, J=5.7Hz, 2H), 2.68 (t,
J=7.2Hz, 2H), 2.43(t, J=7.1Hz, 2H), 2.12ppm
(quintet, J=7Hz, 2H). *C NMR (CDCly):
$=173.3, 151.9, 1455, 136.0, 130.0, 124.4,
117.8,115.3, 114.0, 30.9, 30.2, 25.8, 23.8ppm.
MS: m/z (%) = 218 (100), 203 (17), 190 (16), 177
(14), 173 (30), 163 (43), 161 (25), 147 (23), 135
(17),131(11),123(10),115(19),107(23),91(12),
77 (7), 55 (12).

Compound 3b

M.p. 119-122°C. IR (CHCls): 2931,2854,1762,
1466,1209,1154,1124cm . *H-NMR (CDCly):
6=7.01(d, J=9Hz, 1H), 6.74 (d, J=9Hz, 1H),

741
0
OH P(OAC),, dppb,CO/H, ©
OH Toluene, 100°C Q
7 o
1 1a
Schemel

3.50—2.65(m, 5H), 2.49 (t, J=7.1Hz, 2H), 2.35—
2.15 (m, 2H), 1.40ppm (d, J=6.2Hz, 3H). 1°C
NMR: § =171.1,170.7,149.5,148.3,128.2,121.6,
119.1, 116.0, 33.5, 30.9, 29.7, 25.5, 23.7, 15.4
(CDCls) ppm. MS: m/z (%) = 246 (100), 218 (18),

Table 1 Cyclocarbonylatiorreactionscatalysedoy Pd(OAc)—dppld
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2 Generalprocedurefor the cyclocarbonylatiorreactionswere describedn the Experimentalsection.
b Substrategb, 2c¢,3b and3cweredetectedy GC—MSanalysisandtheir structuresonfirmedoy comparisomwith authenticsamples

(seeentries4,6,7and9 in Table2).
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OH Y
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Scheme3

201(55),191(60),190(15),173(13),163(31),162
(19),161(15), 147 (14), 135(6), 115(10), 91 (15),
77 (13),55 (62), 43 (3).

Compound 6b

M.p. =130-131°C. *H NMR (CDCly): § = 6.92(d,
J=8.5Hz,1H),6.74-6.64m, 2H),4.97(s,br, 1H),
2.94-2.70(m, 3H), 1.36ppm (d, J=6.0Hz, 3H).
13C NMR (CDCly): 6=171.9,152.0,145.7,124.0,
117.5,114.7,114.4,34.1,31.7,15.4ppm.MS: m/z
(%) =178(100),150(70), 135(41), 133(13), 122
(22),107(26),94 (17), 77 (12).

Compound 6¢

M.p. 94-94°C. IR (CHCly): 3394, 3043, 2971,
2935, 1772, 1492, 1470, 1224, 1155cm . *H
NMR (CDCly): §=6.96(d, J=8.2Hz, 1H), 6.78—
6.71(m, 2H), 5.02 (s, br, 1H), 3.68(t, J=5.8Hz,
1H),2.04(dq,J = 5.8Hz,J = 7.4Hz, 2H),0.96ppm
(t, J=7.4Hz, 3H). 13C NMR (CDCly): 6§=177.8,
152.4,147.7,128.2,115.1,111.5,111.2,42.2,24.2,
10.1ppm. MS: m/z(%) = 178 (70), 150 (100), 135
(50),133(15),122(16),107(29), 77 (14),65 (11).

Copyright© 2000JohnWiley & Sons,Ltd.

RESULTS AND DISCUSSION

Wefoundthat,for example 3,6-bisallylcatechio(1)
reactswith CO and H, in the presenceof 10%
Pd(OAc)» and 1,4-bis(diphenylphosphinoditane
(dppb)in tolueneat 100°C to give selectivelythe
bis (seven-membereding) lactone 1la in 79%
isolatedyield (Schemel).

By reaction of bisallyl derivatives2-5 under
reaction conditions describedpreviously, double
cyclocarbonylatiorreactionded to bislactonea—
5ain 50-90%yields (Table1).

The synthesisof bislactonesin two different
stepswvasalsopossible Forexamplethemonoallyl
hydroquinone 6 was first cyclocarbonylatedin
tolueneto give 92% of 6a. The latter, after further
allylation and Claisen rearrangementwas con-
verted to the two isomers 7 and 8 and then
convertedin the correspondingislactonea and
3a (Scheme?).

Using different reaction conditions the bis-
cyclocarbonylation reaction can be useful for
preparing bislactoneswith different ring sizes
(7-6,7-5,6—6).Forexample 6 canbecarbonylated
in CH,CI, to give a mixtureof five-, six- andseven-

Appl. Organometal Chem.14, 739-743(2000)
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Table 2 Cyclocarbonylatiorreactionsof substrate$, 7 and8 with Pd(OAc)—dppbat 100°C for 24 h?

Entry Substrate Pco(psi)  Pu, (psi) Solvent  Conversion(%) Productsyield (%)

1 6 500 100 CH,Cl, 88 6a(65) 6b (20) 6¢c (15)

2 6 300 300 Toluene 90 6a(95) 6b (traces) 6c (traces)
3 6 100 500 CH.Cl, 90 6a(62) 6b(23) 6¢ (15)

4 7 500 100 CH.ClI, 88 2a(65) 2b(20) 2c(15)

5 7 300 300 Toluene 90 2a(95) 2b(traces) 2c (traces)
6 7 100 500 CH.CI, 90 2a(62) 2b(20) 2c(18)

7 8 500 100 CHJCI, 95 3a(63) 3b(32) 3c(5)

8 8 300 300 Toluene 90 3a(95) 3b(traces) 3c(traces)
9 8 100 500 CH.Cl, 90 3a(62) 3b(23) 3c(15)

@ Generalprocedurefor the cyclocarbonylatiorreactionsasdescribedn the Experimentalsection.

membered ring monolactones6a, 6b and 6¢
(Schemes).

Compounds6a, 6b and 6c, after allylation,
Claisen rearrangementand cyclocarbonylation,
can be convertedto bislactonescontaining 7-5,
7-6,7-70r 6-7,6—6,6-50r 5-7,5-6,5-5rings.In
Table2 thecyclocarbonylatiomeactionsof 7 and8
underdifferentreactionconditionsfor the synthesis
of lactoneswith two differentrings arereported

Consistentlywith the first resultson the cyclo-
carbonylationof allylphenol, tolueneis the best
solvent for obtaining the seven-membereding
lactoneselectively,with conversiongangingfrom
62 to 99%; CH.ClI,, assolventfavoursinsteadthe
formationof five- andsix-membereding lactones.
The method could representa new synthetic
strategy for the synthesisof various bislactone
isomers.Severalotherligands (PPh, dppp, dppe)
were inferior to dppbin termsof selectivity and
yields.

CONCLUSIONS
The direct double cyclocarbonylationof bisallyl

derivatives of bisphenols (or 1,5-dihydroxy-
naphthalene)an give seven-memberedng bis-

Copyright© 2000JohnWiley & Sons,Ltd.

lactones, and bislactonesof different ring sizes
resultedundermodified conditions.
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