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2,3-Dihydro-5-benzofuranols are synthesized by photo- 2 and 3 with a series of terminal and symmetrical or
unsymmetrical internal alkynes. No benzannulation reaction,chemical benzannulation of pentacarbonyl[(5-methylene or

5-benzylidene)-2-oxacyclopentylidene]chromium complexes however, is observed under the standard thermal conditions.

Introduction 1983, Geoffroy et al. [10] reported on the photochemistry of
pentacarbonyl(1-methoxybenzylidene)tungsten(0), the for-A decade after their discovery by E. O. Fischer[2] car-
mation of alkyne(tetracarbonyl)tungsten intermediates andbonyl carbene complexes started to become valuable re-
their decomposition reactions leading to indenes. We stud-agents in synthetic organic chemistry[3]. In particular, the
ied the photochemical activation of (α-exo-alkylidene-2-ox-chromium-mediated [31211] cycloaddition of alkoxy(aryl
acyclopentylidene)chromium complexes for benzannu-or vinyl)carbene, alkyne and carbonyl ligands[4] provides a
lation, and we now report on the synthesis of 2,3-dihydro-straightforward access to densely substituted oxygenated ar-
5-benzofuranols. Pentacarbonyl(2-oxacyclo-pentylidene)-enes and has been applied to the synthesis of various natu-
chromium(0) (1) and its α-exo-methylene derivative 2 wereral products. [5] It occurs at moderate temperatures under
prepared by the methods reported previously.[11] [12] Whenneutral conditions and is compatible with a wide variety of
complex 1 was treated with benzaldehyde in the presence offunctional groups within the alkyne. Modifications of the
triethylamine and trimethylsilyl chloride[13] at room tem-standard protocol such as dry-state adsorption on silica
perature (5-benzylidene-2-oxacyclopentylidene)pentacar-gel [6] or photochemical initiation[7] have also been reported.
bonylchromium(0) (3) was obtained in 85% yield. As pre-Exploring the synthetic potential of (α-exo-alkylidene-2-
viously reported by Aumann et al. [13] this protocol is ex-oxacyclopentylidene)chromium complexes we focused on
pected to generate the E configuration of the α-exo-benzyl-their benzannulation with alkynes. The benzannulation re-
idene unit of 3 (Scheme 1).action is expected to provide a direct route to the 2,3-di-

hydro-5-benzofuranol[8] skeleton which is part of a variety Scheme 1. α-exo-Alkylidene functionalization of 2-oxacyclopentyli-
dene complex 1of natural products and biologically active compounds.

Results and Discussion

Surprisingly, the (α-exo-alkylidene-2-oxacyclopentyli-
dene)chromium complexes 2 and 3 did not undergo benzan-
nulation with alkynes under the thermal standard con-
ditions. Refluxing of 2 and 3 in both tert-butyl methyl ether
and tetrahydrofuran in the presence of 3-hexyne neither led
to any benzannulation product nor to decomposition within
the first three hours. However, when complex 2 was refluxed
in di-n-butyl ether in the presence of 3-hexyne, decompo-
sition was observed after about two hours. The generally
accepted mechanism of the benzannulation reaction[9] in- Tetrahydrofuran solutions of complexes 2 and 3 were ir-
volves in the first step a decarbonylation which may be radiated at 220°C for 2 h in the presence of 5 equivalents
achieved by either thermal or photochemical means. In of 1-pentyne. Chromatographic workup afforded 2,3-di-

hydro-6-propyl-5-benzofuranol (4) and 2,3-dihydro-4-
[e] Part LXXXII: Ref. [1]. phenyl-6-propyl-5-benzofuranol (6) in 24 and 37% yield,
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respectively, as the only detectable regioisomers. Better trans-2-(phenylethynyl)cyclopropanecarboxylate which re-

sulted in the formation of a single regioisomer bearing theyields than those obtained for the terminal alkyne were ob-
served for the reaction with internal alkynes. Complexes 2 phenyl substituent as the “larger” substituent (RL) adjacent

to the phenolic group.[16]and 3 reacted with 3-hexyne to give 6,7-diethyl-2,3-dihydro-
5-benzofuranol (5) and 6,7-diethyl-2,3-dihydro-4-phenyl-5-

Conclusionsbenzofuranol (7) in 35 and 81% yield, respectively
(Scheme 2). Thermostable carbenechromium compounds such as exo-
Scheme 2. Photochemical benzannulation of 2 and 3 with 1-pen- alkylidene-2-oxacyclopentylidene complexes 2 and 3 can be

tyne and 3-hexyne photoactivated towards benzannulation upon reaction with
alkynes. Exploiting this approach 4,6,7-trisubstituted 2,3-
dihydro-5-benzofuranols are accessible in moderate to good
yields. For example, 2,3-dihydro-6-propyl-5-benzofuranol
(4) 2 an active compound for the antioxidant-based inhi-
bition of leukotriene biosynthesis [8b] 2 was prepared in a
three-step synthesis exclusively utilizing commercially avail-
able compounds. The incorporation of terminal alkynesIn general, unsymmetrically substituted alkynes form
proceeds with complete regioselectivity, while the reactionboth possible regioisomers, and their ratio approaches unity
with unsymmetrically substituted alkynes results in mix-with a decreasing difference in steric demand of the two
tures of regioisomers. In contrast to the thermal standardalkyne substituents. [14] As a rule, the larger substituent is
protocol no tricarbonylchromium complexes can be iso-preferentially incorporated adjacent to the phenolic group
lated; this result reflects the well-documented photo-orginating from the former carbonyl ligand; only terminal
lability[17] of arene(tricarbonyl)chromium complexes. Thealkynes are known to afford a single regioisomer.[14] In or-
photoinduced benzannulation presented here leads to ader to investigate the extent of regioselectivity for the pho-
para-alkoxyphenol skeleton, and thus complements the ap-tochemical benzannulation complex 3 was treated with two
proach reported by Merlic et al. [18] which is based on adifferent unsymmetrically substituted alkynes. Following
photocyclization reaction of dienylcarbene complexes gen-the experimental protocol described above, reaction of 3
erating ortho-alkoxy-substituted phenols.with 2-decyne gave a 3:1 ratio of the two possible regioiso-

mers 8a/b in a total yield of 40%; the regioisomeric ratio Support by the Graduiertenkolleg “Spektroskopie isolierter und
was determined on the basis of the 1H-NMR signals for the kondensierter Moleküle”, the Ministry of Science and Research
methyl groups at C-7 (8a) and at C-6 (8b). The benzannul- (NRW) and the Fonds der Chemischen Industrie is gratefully
ation of 3 with ethyl trans-2-(phenylethynyl)cyclopropane- acknowledged.
carboxylate[15] under the same conditions as described be-
fore resulted in 66% yield of a mixture of regioisomers Experimental Section
9a/b (Scheme 3).

General: All reactions, manipulations, and purifications involv-
ing organometallics were performed under dry argon using SchlenkScheme 3. Photochemical benzannulation of 3 with unsymmetric

internal alkynes techniques. Solvents were dried by distillation from sodium hydride
(diethyl ether), calcium hydride (petroleum ether, bp. 40260°C),
and potassium/sodium alloy (tetrahydrofuran) and saturated with
argon. Silica gel (Merck, type 60, 0.06320.200 mm) was degassed
at high vacuum and stored under argon. 2 1H NMR: Bruker AM-
250 (250 MHz), Bruker AM-400 (400 MHz) and Bruker DRX-500
(500 MHz). 2 13C NMR: AM-250 (62.8 MHz), Bruker AM-400
(100.6 MHz) and Bruker DRX-500 (125.7 MHz). All NMR spectra
were recorded in CDCl3 with CHCl3 at δH 5 7.26 as internal stand-
ard. 2 FT-IR: Nicolet Magna 550. 2 Elemental analysis: Heraeus
CHN-Rapid. 2 MS: Kratos MS 50 (EI, 70 eV). 2 M.p.: Büchi
SMP 20; the reported melting points are uncorrected. 2 TLC: 0.25
mm Merck silica gel plates 60 F254.

(5-Benzylidene-2-oxacyclopentylidene)pentacarbonylchro-
mium(0) (3): To a solution of 850 mg (3.2 mmol) of 2-oxacyclopen-
tylidene complex 1 in 15 ml of diethyl ether 1.5 equiv. (520 mg, 0.5
ml, 4.9 mmol) of benzaldehyde, 3.5 equiv. (1.23 g, 1.44 ml, 11.4Column chromatography on silica gel using petroleum
mmol) of trimethylsilyl chloride and 3.5 equiv. (1.15 g, 1.58 ml,ether/diethyl ether (3:1) as eluent gave a 2:1 ratio of pure
11.4 mmol) of triethylamine were added. The reaction mixture was

regioisomers 9a/b; the stereochemistry of the major isomer stirred for 4 h at room temperature while the color changed from
expected 9a was assigned according to a previous report[16]

yellow to purple. After evaporation of the solvent, the residue was
based on X-ray structure elucidation. The 2:1 ratio for 9a/ chromatographed on silica gel using petroleum ether/diethyl ether
b contrasts that observed for the benzannulation of penta- (1:1) as eluent to give 965 mg (2.76 mmol, 85%) of 3 as a purple

solid, m.p. 992100°C. 2 Rf 5 0.78 (petroleum ether/diethyl ether,carbonyl(1-methoxybenzylidene)chromium(0) with ethyl
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1:1). 2 1H NMR (500 MHz): δ 5 3.01 (td, 3J 5 7.63 Hz, 4J 5 129.41 (meta-Ar-C), 135.41 (ipso-Ar-C), 144.16 (C-5), 153.15 (C-

7a). 2 FT-IR (film): ν̃ 5 3560 cm21 (m, νO2H), 3456 (m, νO2H),2.75 Hz, 2 H, 4-H), 4.99 (t, 3J 5 7.63 Hz, 2 H, 3-H), 7.4727.53
(m, 3 H, Ar-H), 7.627.64 (m, 2 H, Ar-H), 8.15 (t, 4J 5 2.75 Hz, 1 3059 (w, νAr2H), 2959 (vs, νC2H), 2930 (vs, νC2H), 2921 (s, νC2H),

2915 (s, νC2H), 2872 (vs, νC2H), 1458 (s, δC2H), 1448 (s, δC2H),H, vinylic H). 2 13C NMR (125.7 MHz): δ 5 26.73 (C-4), 82.70
(C-3), 129.12 (meta-Ar-C), 130.80 (ortho-Ar-C), 130.89 (para-Ar- 1423 (vs, δC2H), 1247 (s), 1180 (vs), 1126 (vs, νAr2O2C), 986 (s),

953 (s), 896 (m, γAr2H), 743 (vs, γAr2H), 704 (vs, γAr2H). 2 MSC), 135.21 (ipso-Ar-C), 150.16 (vinylic CH), 150.27 (C-5), 217.49
(cis-CO), 224.24 (trans-CO), 320.97 (carbene-C). 2 FT-IR (hex- (EI, 70eV); m/z (%): 254 (100) [M1], 225 (93) [M1 2 CH2CH3],

210 (33) [M1 2 CH2CH2CH3]. 2 HRMS: calcd. for C17H18O2ane): ν̃ 5 2060 cm21 (w, A1
1), 1989 (w, B), 1964 (m, A1

2), 1949 (vs,
E). 2 MS (EI, 70eV); m/z (%): 350 (13) [M1], 322 (4) [M1 2 CO], [M1] 254.1307; found 254.1307.
294 (11) [M1 2 2CO], 266 (12) [M1 2 3CO], 238 (29) [M1 2 6,7-Diethyl-2,3-dihydro-4-phenyl-5-benzofuranol (7) was prepared
4CO], 210 (100) [M1 2 5CO]. 2 HRMS: calcd. for C16H10CrO6 from 3 in 81% yield (217 mg, 0.81 mmol) as a pale yellow oil. 2
[M1] 349.9882; found 349.9874. 2 C16H10CrO6 (350.25): calcd. C Rf 5 0.63 (petroleum ether/diethyl ether, 3:1). 2 1H NMR (500
54.87, H 2.88; found C 55.19, H 3.26. MHz): δ 5 1.19 (t, 3J 5 7.70 Hz, 3 H, CH3), 1.21 (t, 3J 5 7.55

Hz, 3 H, CH3), 2.66 (q, 3J 5 7.50 Hz, 2 H, CH2CH3), 2.70 (q, 3J 5General Procedure for the Photochemical Benzannulation of Car-
7.40 Hz, 2 H, CH2CH3) 3.01 (t, 3J 5 8.55 Hz, 2 H, 3-H), 4.49 (t,bene Complexes 2 and 3: A solution of 1 mmol of carbene complex
3J 5 8.55 Hz, 2 H, 2-H), 4.71 (s, 1 H, OH), 7.3727.41 (m, 3 H,and 5 mmol of alkyne in 60 ml of tetrahydrofuran was irradiated
Ar-H), 7.4727.51 (m, 2 H, Ar-H). 2 13C NMR (125.7 MHz): δ 5for 2 h at 220°C using a mercury vapor lamp (Phillips 125 HPK)
14.63 (CH3), 14.66 (CH3), 19.62 (CH2CH3), 19.87 (CH2CH3), 30.13and special quartz glassware. A color change from purple to brown-
(C-3), 70.56 (C-2), 122.19 (C-4), 122.29, 124.37 (C-6, C-3a), 127.84ish yellow occurred. After evaporation of the solvent, the residue
(para-Ar-C), 127.89 (C-7), 129.27 (ortho-Ar-C), 129.49 (meta-Ar-was chromatographed on silica gel using petroleum ether/diethyl
C), 135.55 (ipso-Ar-C), 144.20 (C-5), 151.63 (C-7a). 2 FT-IRether (3:1) as eluent to give the pure 2,3-dihydro-5-benzofuranols.
(film): ν̃ 5 3543 cm21 (w, νO2H), 3058 (s, νAr2H), 2944 (vs, νC2H),

2,3-Dihydro-6-propyl-5-benzofuranol (4) was prepared from 2 in 2927 (vs, νC2H), 1433 (vs, δC2H), 1238 (vs, νAr2O2C), 995 (m), 884
24% yield (43 mg, 0.24 mmol) as a white solid, m.p. 75°C. 2 Rf 5 (m), 812 (m), 759 (m, γAr2H), 712 (m, γAr2H). 2 MS (EI, 70eV);
0.28 (petroleum ether/diethyl ether, 3:1). 2 1H NMR (400 MHz): m/z (%): 268 (100) [M1], 253 (39) [M1 2 CH3], 224 (19) [M1 2
δ 5 0.96 (t, 3J 5 7.44 Hz, 3 H, CH3), 1.61 (pseudo-sext, 3J 5 7.44 CH2CH3]. 2 HRMS: calcd. for C18H20O2 [M1] 268.1463; found
Hz, 2 H, CH2CH2CH3), 2.51 (t, 3J 5 7.44 Hz, 2 H, CH2CH2CH3), 268.1460.
3.14 (t, 3J 5 8.61 Hz, 2 H, 3-H), 4.30 (s, 1 H, OH), 4.51 (t, 3J 5

6-Heptyl-2,3-dihydro-7-methyl-4-phenyl-5-benzofuranol (8a) and8.61 Hz, 2 H, 2-H), 6.56 (s, 1 H, 4-H), 6.66 (s, 1 H, 7-H). 2 13C
7-Heptyl-2,3-dihydro-6-methyl-4-phenyl-5-benzofuranol (8b) wereNMR (100.6 MHz): δ 5 13.99 (CH3), 23.06 (CH2CH2CH3), 30.06
prepared from 3 following the procedure described above. Chroma-(C-3), 32.29 (CH2CH2CH3), 71.18 (C-2), 110.11 (C-4), 112.14 (C-
tography gave 130 mg (0.4 mmol, 40%) of 8a/b as a pale yellow oil7), 125.04, 127.58 (C-6, C-3a), 147.18 (C-5), 152.04 (C-7a). 2 FT-
as a 3:1 mixture of regioisomers which were not separated. 2 RfIR (KBr): ν̃ 5 3450 (vs, br., νO2H), 2963 (vs, νC2H), 2930 (vs,
(major regioisomer 8a) 5 0.68 (petroleum ether/diethyl ether, 3:1).νC2H), 2874 (vs, νC2H), 2855 (vs, νC2H). 2 MS (EI, 70eV); m/z
2 1H NMR (500 MHz): δ 5 0.89 (t, 3J 5 6.95 Hz, 3 H, CH3),(%): 178 (52) [M1], 149 (100) [M1 2 CH3]. 2 HRMS: calcd. for
1.2421.38 (m, 6 H, 3 3 CH2), 1.3821.45 (m, 2 H, CH2), 1.5021.57C11H14O2 [M1] 178.0994; found 178.0991.
(m, 2 H, CH2), 2.21 (s, 3 H, Ar-CH3), 2.6422.68 (m, 2 H, Ar-

6,7-Diethyl-2,3-dihydro-5-benzofuranol (5) was prepared from 2 CH2), 3.02 (t, 3J 5 8.55 Hz, 2 H, 3-H), 4.49 (t, 3J 5 8.60 Hz, 2 H,
in 35% yield (67 mg, 0.35 mmol) as a white solid, m.p. 86287°C. 2-H), 4.68 (s, 1 H, OH), 7.3727.41 (m, 3 H, Ar-H), 7.4627.51 (m,
2 Rf 5 0.50 (petroleum ether/diethyl ether, 3:1). 2 1H NMR (500 2 H, Ar-H). 2 13C NMR (125.7 MHz): δ 5 11.83 (CH3), 14.12
MHz): δ 5 1.15 (t, 3J 5 7.50 Hz, 3 H, CH3), 1.16 (t, 3J 5 7.50 (Ar-CH3), 22.69, 26.86, 29.24, 29.53, 30.01 (5 3 CH2), 30.30 (C-
Hz, 3 H, CH3), 2.60 (q, 3J 5 7.50 Hz, 2 H, CH2CH3), 2.63 (q, 3), 31.88 (Ar-CH2), 70.55 (C-2), 118.15 (C-4), 121.97, 122.12 (C-6,
3J 5 7.50 Hz, 2 H, CH2CH3), 3.13 (t, 3J 5 8.15 Hz, 2 H, 3-H), C-3a), 127.48 (C-7), 127.90 (para-Ar-C), 129.31 (ortho-Ar-C),
4.50 (t, 3J 5 8.15 Hz, 2 H, 2-H), 6.54 (s, 1 H, 4-H). 2 13C NMR 129.55 (meta-Ar-C), 135.63 (ipso-Ar-C), 144.22 (C-5), 151.99 (C-
(125.7 MHz): δ 5 14.63 (CH3), 14.73 (CH3), 19.27 (CH2CH3), 7a). 2 FT-IR (film): ν̃ 5 3572 cm21 (m, νO2H), 3460 (m, νO2H),
19.90 (CH2CH3), 30.40 (C-3), 70.55 (C-2), 109.44 (C-4), 123.77, 3059 (w, νAr2H), 2955 (vs, νC-H), 2927 (vs, νC2H), 2856 (s, νC2H),
124.73 (C-6, C-3a), 127.36 (C-7), 147.32 (C-5), 152.44 (C-7a). 2 1450 (vs, δC2H), 1414 (vs, δC2H), 1130 (vs, νAr2O2C), 771 (m,
FT-IR (KBr): ν̃ 5 3548 cm21 (sh, νO2H), 3313 (vs, br., νO2H), 2973 γAr2H), 708 (m, γAr2H). 2 MS (EI, 70eV); m/z (%): 324 (94) [M1],
(vs, νC2H), 2932 (vs, νC2H), 2874 (vs, νC2H), 1481 (vs, δC2H), 1445 239 (100) [M1 2 C6H13], 224 (76) [M1 2 C6H13, 2 CH3], 77 (22)
(vs, δC2H), 1436 (vs, δC2H), 1211 (vs), 1111 (vs, νAr2O2C), 858 (vs, [Ph1]. 2 HRMS: calcd. for C22H28O2 [M1] 324.2090; found
γAr2H). 2 MS (EI, 70eV); m/z (%): 192 (23) [M1], 177 (100) [M1

324.2090. 2 Rf (minor regioisomer 8b) 5 0.64 (petroleum ether/
2 CH3]. 2 HRMS: calcd. for C12H16O2 [M1] 192.1150; found diethyl ether, 3:1). 2 1H NMR (500 MHz): δ 5 0.90 (t, 3J 5 6.95
192.1149. Hz, 3 H, CH3), 1.2421.38 (m, 6 H, 3 3 CH2), 1.3821.45 (m, 2 H,

CH2), 1.5021.57 (m, 2 H, CH2), 2.22 (s, 3 H, Ar-CH3), 2.6022.642,3-Dihydro-4-phenyl-6-propyl-5-benzofuranol (6) was prepared
(m, 2 H, Ar-CH2), 3.00 (t, 3J 5 8.72 Hz, 2 H, 3-H), 4.47 (t, 3J 5from 3 in 37% yield (94 mg, 0.37 mmol) as a pale yellow oil. 2
8.60 Hz, 2 H, 2-H), 4.68 (s, 1 H, OH), 7.3727.41 (m, 3 H, Ar-H),Rf 5 0.59 (petroleum ether/diethyl ether, 3:1). 2 1H NMR (250
7.4627.51 (m, 2 H, Ar-H). 2 13C NMR (125.7 MHz): δ 5 11.77MHz): δ 5 0.99 (t, 3J 5 7.33 Hz, 3 H, CH3), 1.65 (pseudo-sext,
(CH3), 14.13 (Ar-CH3), 22.69, 27.12, 29.26, 29.60, 29.89 (5 3 CH2),3J 5 7.50 Hz, 2 H, CH2CH2CH3), 2.60 (t, 3J 5 7.63 Hz, 2 H,
30.20 (C-3), 31.92 (Ar-CH2), 70.57 (C-2), 118.15 (C-4), 121.75,CH2CH2CH3), 3.00 (t, 3J 5 8.54 Hz, 2 H, 3-H), 4.49 (t, 3J 5 8.54
122.05 (C-6, C-3a), 123.78 (C-7), 127.88 (para-Ar-C), 129.31 (ortho-Hz, 2 H, 2-H), 4.61 (s, 1 H, OH), 6.61 (s, 1 H, 7-H), 7.3627.44 (m,
Ar-C), 129.51 (meta-Ar-C), 135.69 (ipso-Ar-C), 144.44 (C-5),3 H, Ar-H), 7.4627.54 (m, 2 H, Ar-H). 2 13C NMR (62.8 MHz):
151.77 (C-7a).δ 5 14.06 (CH3), 23.02 (CH2CH2CH3), 29.90 (C-3), 32.68

(CH2CH2CH3), 71.18 (C-2), 109.74 (C-7), 123.36 (C-4), 124.83, Ethyl trans-2-(29,39-Dihydro-59-hydroxy-49,69-diphenylbenzofu-
ran-79-yl)cyclopropanecarboxylate (9a) and Ethyl trans-2-(29,39-Di-128.43 (C-6, C-3a), 128.07 (para-Ar-C), 129.34 (ortho-Ar-C),

Eur. J. Org. Chem. 1998, 173921742 1741



B. Weyershausen, K. H. DötzFULL PAPER
[3] For reviews see: K. H. Dötz, H. Fischer, P. Hofmann, F. R.hydro-59-hydroxy-49,79-diphenylbenzofuran-69-yl)cyclopropane-

Kreißl, U. Schubert, K. Weiss, Transition Metal Carbene Com-carboxylate (9b) were prepared from 3 in 66% total yield. Chroma- plexes, Verlag Chemie, Weinheim, 1983. 2 K. H. Dötz, Angew.
tography gave 176 mg (0.44 mmol, 44%) of 9a and 88 mg (0.22 Chem. 1984, 96, 5732594; Angew. Chem. Int. Ed. Engl. 1984,

23, 5872608. 2 W. D. Wulff in Comprehensive Organic Syn-mmol, 22%) of 9b as pale yellow oils. 2 Rf (major regioisomer
thesis II (Eds.: B. M. Trost, I. Fleming, L. A. Paquette), Perga-9a) 5 0.24 (petroleum ether/diethyl ether, 3:1). 2 1H NMR (400
mon Press, Oxford, 1991, vol. 5, p. 106521113. 2 M. J. WinterMHz): δ 5 1.18 (t, 3J 5 7.24 Hz, 3 H, CH3), 1.31 (ddd, 3Jcis 5 in Comprehensive Organometallic Chemistry II (Eds.: E. W.

9.54 Hz, 3Jtrans 5 5.18 Hz, 3Jtrans 5 4.30 Hz, 1 H, 1-H or 2-H), Abel, F. G. A. Stone, G. Wilkinson), Pergamon Press, Oxford,
1995, vol. 5, p. 1552214. 2 W. D. Wulff in Comprehensive Or-1.57 (ddd, 3Jcis 5 8.31 Hz, 3Jtrans 5 6.94 Hz, 3Jtrans 5 4.01 Hz, 1
ganometallic Chemistry II (Eds.: E. W. Abel, F. G. A. Stone, G.H, 1-H or 2-H), 1.89 (ddd, 2J 5 4.70 Hz, 3J 5 8.22 Hz, 3J 5 5.09
Wilkinson), Pergamon Press, Oxford, 1995, vol. 12, p. 4692547.Hz, 1 H, 3a-H or 3b-H), 2.14 (ddd, 2J 5 4.50 Hz, 3J 5 9.39 Hz,
2 L. S. Hegedus in Comprehensive Organometallic Chemistry II

3J 5 6.85 Hz, 1 H, 3a-H or 3b-H), 3.07 (t, 3J 5 8.61 Hz, 2 H, 39- (Eds.: E. W. Abel, F. G. A. Stone, G. Wilkinson), Pergamon
Press, Oxford, 1995, vol. 12, p.5492576. 2 D. F. Harvey, D. M.H), 3.94 (dq, 2J 5 10.57 Hz, 3J 5 7.14 Hz, 1 H, OCHHCH3), 4.02
Sigano, Chem. Rev. 1996, 96, 2712288. 2 A. de Meijere, Pure(dq, 2J 5 10.57 Hz, 3J 5 7.14 Hz, 1 H, OCHHCH3), 4.51 (t, 3J 5
Appl. Chem. 1996, 68, 61. 2 J. Barluenga, Pure Appl. Chem.8.61 Hz, 2 H, 29-H), 4.62 (s, 1 H, OH), 7.3727.50 (m, 10 H, Ar- 1996, 68, 5432552.

H). 2 13C NMR (100.6 MHz): δ 5 14.20 (CH3), 16.05 (C-3), 22.11 [4] K. H. Dötz, Angew. Chem. 1975, 87, 6722673; Angew. Chem.
(2 C, C-1 and C-2), 29.92 (C-39), 60.21 (OCH2CH3), 70.95 (C-29), Int. Ed. Engl. 1975, 14, 6442645.

[5] For typical examples see: K. H. Dötz, I. Pruskil, J. Mühlemeier,119.14 (C-49), 123.99, 126.34 (C-69, C-39a), 128.61 (C-79), 129.00
Chem. Ber. 1982, 115, 127821285. 2 A. Yamashita, J. Am.(Ar-CH), 129.09 (Ar-CH), 129.43 (2 C, Ar-CH), 130.39 (2 C, Ar- Chem. Soc. 1985, 107, 582325824. 2 M. F. Semmelhack, J. J.
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