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Abstract. A sequential transformation consisting of a two- 1,8-diiodonaphthalenéer) leads to 1-acenaphthenyl-metha-
fold Heck reaction of 1,2-diiodobenzenkd) with allyl al- nol (6), 2-(1-acenaphthenyl)-ethand)( 1-(1-acenaphthe-
cohol @) followed by an intramolecular aldol condensation nyl)-ethanol {1), 5-(1,8-naphthalena)-nonan-2,8-diod&)(

is suitable for the construction of the benzocyclohept-2-eneand 5-(1-naphthyl)-3-methylpentan-2-atB8) mainly.
2-carboxaldehydel§f). Under the same reaction conditions

The palladium catalyzed coupling reaction of aryl hali-the acenaphthene derivati@ea 1:1 product (Scheme
des with allylic and homoallylic alcohols represents a2). The anticipated 1:2 product could not be detected.
special type of Heck reaction [1]: the olefinic double Slight variations of the reaction conditions, for in-
bond migrates into conjugation with the hydroxyl groupstance changing the base from triethyl amine to potas-
through a mechanism ¢hydrogen elimination and sium carbonate, has only a minor influence on the yields.
readdition of the intermediary hydrido palladium spe-The homoallylic alcohod reacts in the same way, lead-
cies. Decomplexation and tautomerization finally leading to the homologous produdt These annulation re-

to ketones or to aldehydes [2] suclBand5 (Scheme  actions proceed by a carbopalladation of the olefinic
1). This facile entry to carbonyl compounds opens up

opportunities for sequential transformations [3] com-

bining the Heck reaction with classical carbonyl reac- — L
tions [4]. In this paper we report on our attempts to use — Il i
dihaloarenes such as 1,8-diiodonaphthalépar(d 1,2- L +2 gt +d o e,
diiodobenzeneld) as coupling components in order to Lm.i%__,.l] = II%.;EH_ N — E l -
achieve twofold Heck reactions [5] to dicarbonyl com- )

pounds suitable for intramolecular aldol reactions. €z T B (5 %
The coupling reaction of with an excess of allyl
. . H
alcohol @) (10 equivalents) leads to the formation of N ., - r.LH
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e Scheme 2Palladium catalyzed coupling reactions of 1,8-dii-
3 odonaphthalen& with allylic and homoallylic alcohols; re-

* . ..
action conditions a: excess of unsaturated alcohol, 5 mol-%

Scheme 1Heck reaction with simple allylic and homoallyl- palladium acetate in DMF in the presence of an appropriate
ic alcohols base at 80—90 °C for 2 d.
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component followed by an Ullmann type ring closure.ary allylic alcohol9 gives the diketon&6 as the main
We have described this type of reactions previously witiproduct, which is obviously not reactive enough to cy-
unfunctionalized olefins such as norbornene and styelize under the reaction conditions.

rene and with various disubstituted alkynes as coupling
componentf6]. In contrast, with the sterically more de- . .-_.-CIt0
manding unsaturated alcoh@sand10 the annulation ﬁ k
reaction is less facile. In the case of the allylic alc@hol ™+ .-,
a significant amount of the symmetrical 1:2 prodiit

is observed besides a 63:17 mixture of the diastereoi- 1 19
somers ofL1l. The hydrodehalogenated compodrads
the only isolated coupling product of the relatively bulky
homoallylic alcohol10. In summary, the formation of hows that the Heck reaction of vicinal dihaloarenes
acenaphthene derlvatn_/es represents the typ_l_cal pathw ith allylic alcohols is a pathway to some interesting
for Pd-catalyzed coupling reactions of 1,8-diiodonaph-y\ v res difficult to synthesize by other methods.
thalene 7) with simple allylic and homoallylic alco-

hols; on the other hand this annulation reaction is strong-

ly mh'b'ted b)./ moderate steric hindrance. Financial support of the Deutsche Forschungsgemeinschaft
With 1,2-diiodobenzenelf) and allyl alcohol?) as  anq of theFonds der Chemischen Industrie and a generous

coupling components the twofold Heck reaction is sucyonation of palladium acetate by the Degussa AG are grate-
cessful (Scheme 3): the functionalized benzocyclohepfully acknowledged.

tadien€l5is obtained in good yield. In this domino pro-

cess the intermediate biscarbaldehy@ecyclizesvia

an intramolecular aldol condensation to give the 7-memExperimental

bered ring. In the case of the homoallylic alcohelx-

clusively the hydrodehalogenated Heck prodifolvas IR: Perkjn Elmer 983. — NMR spectra are (ecorded at 500.13
detected besides polymeric material. Presumably for thﬂcHZ using CDC} as solvent and TMS as internal standard.

; : : : ) NMR spectra are measured at 125.76 MHz using CDCI
intermediate biscarbaldehyd® the intramolecular al- =0 S0C S standalithgm = 77.05). — MS:

dol condensation resulting in a 9-memb_erec_l ring is UNRAT 311 A and AMD 604. Mass spectra are recorded at an
favoured, and therefore polycondensation is the maifyizing voltage of 70 eV by electron impact. — For analytical

reaction pathway. The Heck reaction with the secondy|c precoated plastic sheets “POLYGRAM SIL GILLY
from Macherey-Nagel are used. — The substrafésand10
[8] were synthesized according to literature procedures.
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Although limited to special cases our investigation

clea
2 ﬂ*:-""__if,;._ Palladium Catalyzed Coupling Reactions of Diiodoarenes
s . Lo with Allylic and Homoallylic Aalcohols (General Pro-
- cedure)
£5 1415 A mixture of 0.5 to 1 mmol of the diiodoarene, 2 to 15 equiv.

of the unsaturated alcohol, 8 equiv. of an appropriate base,
o palladium acetate (5 mol-%) and 10 ml of dry DMF is stirred
‘s "x under nitrogen in a screw-capped tube at 80—100 °C for 2—
[:’”*1-]: E’;\[ﬂf 3 d. After the addition of 50 ml of water the solution is ex-
'\-\.-"'-'. -

| 4 LN tracted three times with 30 ml of diethyl ether. The combined
‘1[[ organic layers are filtered through silica and concentiiated
14 N ) vacua The residue is purified by flash-chromatography and
18 121t %! destillation or crystallization.
Jf”"‘ 1-Acenaphthenyl-methan¢b)
\_ +4 - ﬁ"ﬁ - From 190 mg (0.500 mmol) of 1,8-diiodonaphthalefeZ90
- g mg (5.00 mmol) of allylic alcohol2), 404 mg (4.00 mmol)
of triethyl amine and 5.61 mg (28nol) of palladium acetate
17 120 %) at 80 °C for 55 h according to the general procedure (see

above). By flash-chromatography (TLC: silica/diethyl ether;
Scheme 3Palladium catalyzed coupling reactions of 1,2-di- R = 0.67) and distillationn vacuo(150 °C; 0.02 mbar) 44
iodobenzend 4 with allylic and homoallylic alcohols; reac- Mg (48%) of6 are isolated as a yellow oil. When,®O,
tion conditions a: excess of unsaturated alcohol, 5 mol-% pak8 equiv.) was applied as base in the presenceBaf,NBr
ladium acetate in DMF in the presence of an appropriate bad@ equiv.) the yield 06 was 33%. — IR (film)v/cm™ = 3360
at 80—100 °C for 2-3 d. (s, br, OH), 3038 (m), 2925 (s), 2872 (m), 1604 (m), 1595
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(m), 1494 (m), 1426 (m), 1368 (M), 1069 (s, br), 1025 (s, br)4

802 (s), 776 (s). 1H NMR: &ppm = 1.70 (s, br, 1H), 3.22
(m, 1H), 3.53 (m, 1H), 3.85 (m, 1H), 3.87 (m, 2H), 7.24 (d,
1H), 7.30 (d, 1H), 7.44 (8= 6.8 Hz, 2H), 7.61 (41 = 8.3 Hz,
2H). —13C NMR: dppm = 34.49 (t), 46.03 (d), 66.56 (t),

4.01 (m, 1H), 7.29 (dJ = 6.2 Hz, 1H), 7.37 (d] = 6.8 Hz,
1H), 7.46 (ddJ = 15.1 Hz,J = 11.0 Hz, 1H), 7.46 (dd] =
11.0 Hz,J = 1.2 Hz, 1H), 7.60 (dd] = 8.2 Hz,J = 0.8 Hz,
1H), 7.64 (d,) = 8.2 Hz, 1H). 13C NMR (diastereomdr): &
ppm = 20.63 (g, CkJ, 34.00 (t), 51.02 (d), 71.41 (d), 119.53,

119.37,119.56, 122.42, 123.38, 127.74, 128.04 (all d), 131.59,20.59, 122.64, 123.63, 127.93, 128.16 (all d), 131.70, 144.56,

139.12, 144.33, 145.64 (all ). — MB/z(%) = 184 (29) [M],
165 (12), 154 (17), 153 (100) [$5], 152 (36), 151 (10).

145.94 (all s). — MSm/z (%) = 198 (33) [M], 180 (7), 179
(8), 165 (17), 155 (16), 154 (100), 153 (87), 152 (46), 151

C,;3H;,0 calcd.: C 84.75 H 6.56 (13).
(184.2) found: C 84.59 H 6.60. C..C..0 calcd.: C84.81 H7.12
(199.3) found: C 84.72 H 7.08.

2-(1-Acenaphthenyl)-ethan@8)

From 190 mg (0.500 mmol) of 1,8-diiodonaphthaléf)ed90
mg (5.00 mmol) of homoallylic alcohd] 404 mg (4.00 mmol)
of triethyl amine and 5.61 mg (28nol) of palladium acetate

12: IR (KBr): vicnrl= 3055 (w), 3002 (w), 2944 (w), 2895
(w), 1704 (s, C=0), 1413 (m), 1359 (m), 1287 (m), 1161 (m),
821 (m), 781 (m). *H NMR: dppm = 2.12 (s, 6H, C}),
2.77 (t, 4H), 3.37 (t, 4H), 7.33 (m, 4H), 7.71-7.73 (dd, 2H). —

at 80 °C for 43 h according to the general procedure. Thé3C NMR: &ppm =30.15 (g, Ck), 31.01 (1), 46.26 (t), 125.18,

product is isolated by flash-chromatography (TLC: silica/di-
ethyl etherR = 0.60) and distillatiom vacuo(150 °C; 0.15
mbar) to afford 54 mg (54%) &fas a yellow oil- IR (film):

128.99, 129.69 (all d), 130.47, 136.10, 137.15 (all s), 207.49
(s, C=0). — MSm/z(%) = 268 (14) [M], 250 (16), 193 (36),
192 (95), 179 (19), 167 (64), 166 (18), 165 (44), 153 (41),

vicnr! = 3349 (s, br, OH), 3038 (m), 2930 (s), 2880 (s), 1603152 (63), 43 (100).

(m), 1403 (m), 1425 (m), 1368 (m), 1049 (s), 803 (s), 779 (S)
—1H NMR: &ppm= 1.64 (s, 1H), 1.87 (m, 1H), 2.19 (m, 1H),
3.06 (ddJ=17.1 HzJ = 3.8 Hz, 1H), 3.58 (dd} = 17.2 Hz,

J = 8.1 Hz, 1H), 3.81 (m, 1H), 3.83 (m, 2H), 7.25 (m, 2H),
7.44 (m, 2H), 7.60 (m, 2H). 13C NMR: dppm = 37.58 (t),
39.43 (t), 40.06 (d), 61.26 (t), 118.87, 119.29, 122.40, 122.8
127.84,127.93 (all d), 131.53, 138.52, 144.39, 148.98 (all s)
— MS:m/z(%) = 198 (57) [M], 179 (11), 167 (38), 166 (11),
165 (60), 154 (38), 153 (100) [§51], 152 (65), 151 (12).
C,H;,0 calcd.: C84.81 H7.12

(198.3) found: C 84.60 H 7.14.

1-(1-Acenaphthenyl)-ethan@ll); 5-(1,8-Naphthalena)-no-
nan-2,8-diong(12)

From 380 mg (1.00 mmol) of 1,8-diiodonaphthalere 720
mg (5.00 mmol) of allylic alcohdd, 1.03 g (8.00 mmol) of
N,N-diisopropylethylamine and 11.2 mg (bénol) of palla-

calcd.: C 80.57 H7.51
found: C 80.57 H 7.48.

C18H 2002
(268.4)

5-(1-Naphthyl)-3-methylpentan-2-di3)

OFrom 380 mg (1.00 mmol) af, 200 mg (2.00 mmol) of ho-

moallylic alcohol10, 1.10 g (8.00 mmol) of kCO,, 1.28 g
(2.00 mmol) ofn-Bu,NBr, and 11.2 mg (5@mol) of palladi-
um acetate at 100 °C for 46 h according to the general proce-
dure. By flash-chromatography (TLC: silica/diethyl ether/
hexane 1:1R = 0.91, 0.83, 0.71, 0.61) the fraction wiRh=
0.83 is isolated and distilleéd vacuo(140 °C; 0.25 mbar) to
afford 110 mg (48%) of3 as a yellow oil. — IR (film)v/cnrl

= 3052 (w), 2933 (m), 2874 (w), 1709 (s, C=0), 1510 (w),
1457 (w), 1356 (w), 1167 (w), 799 (s), 780 (sEH-NMR:
dppm =1.19 (dJ = 7.1 Hz, 3H), 1.77 (m, 1H), 2.15 (s, 3H),
2.15 (m, 1H), 2.63 (m, 1H), 3.03 (m, 2H), 7.29J¢, 6.7 Hz,
1H), 7.38 (“t", 1H), 7.48 (m, 2H), 7.71 (d,= 8.2 Hz, 1H),

dium acetate at 90 °C for 2.5 d according to general proce?.85 (d,J = 7.5 Hz, 1H), 8.04 (d= 8.4 Hz, 1H). 13C NMR:
dure. By flash-chromatography the crude product is fractiondppm = 16.54 (g, Ck), 28.19 (g, CH), 30.63 (t), 33.70 (1),

ated (TLC: silica/diethyl ether/petrol ether 1R = 0.41 (1,
diastereo-isomea), 0.36 (L1, diasterecisomdr), 0.26 (L2),
0.17). First fraction R, = 0.36—-0.41): After destillatiom
vacuo(120 °C, 0.25 mbar) 66 mg (33%)Idif as a yellow oil

were obtained (mixture of diastereoisomers in the ratioC,gH;sO

63(@):37()). Second fractionR; = 0.26): After crystalliza-
tion from petrol ether51 mg (19%) &P were obtained as
colorless needles witm.p. 72—74 °C. 41: IR (Film): vicnr!
=3404 (br, m, OH), 3037 (m), 2970 (m), 2927 (m), 1708 (M),

1603 (m), 1370 (m), 1172 (m), 1104 (m), 1047 (m), 823 (m),0

785 (s). *H NMR (diastereoisomea): d/ppm = 1.30 (dJ =
6.3 Hz, 3H), 3.40 (m, 2H), 3.77 (m, 1H), 4.36 (§¢,6.3 Hz,
J=3.6 Hz, 1H), 7.29 (d = 6.2 Hz, 1H), 7.35 (dl = 7.2 Hz,
1H), 7.46 (ddJ = 10.1 HzJ = 1.3 Hz, 1H), 7.46 (dd,= 15.1
Hz,J = 10.1 Hz, 1H), 7.60 (dd, = 8.2 Hz,J = 0.8 Hz, 1H),
7.64 (d,J = 8.2 Hz, 1H). -23C NMR (diastereoisomea): &
ppm = 20.44 (q, Ck), 31.74 (t), 50.76 (d), 70.01 (d), 119.46,

46.87 (d), 123.67, 125.48, 125.87, 125.95, 126.75, 128.75 (all
d), 131.73, 133.87, 137.90, 212.31 (all s). — Mthz (%) =

226 (14) [M1], 155 (18), 154 (100), 153 (32), 152 (9), 141
(26), 115 (15), 43 (10).

calcd.: C84.91 H8.02

(226.3) found: C 84.88 H 7.98.

Benzocyclohept-2-ene-2-carboxaldehyds)

From 165 mg (0.500 mmol) of diiodidd, 1.45 g (2.50 mmol)

f allylic alcohol2, 404 mg (4.00 mmol) of triethylamine and
5.61 mg (25mmol) of palladium acetate at 80 °C for 44 h
according to general procedure. By flash-chromatography
(TLC: silica/diethyl ether/hexane 1:R; = 0.60, 0.70) the
product withR; = 0.70 is isolated and destill@d vacuo(80

°C; 0.10 mbar) to yield 70 mg (81%) of colorless crystals

with m.p.73-76 °C. — IR (film):v/icmri = 3347 (w), 3065

(w), 3022 (w), 2927 (m), 2884 (m), 1681 (s), 1637 (s), 1492

119.48, 122.35, 123.50, 127.78, 128.09 (all d), 131.52, 139.6@m), 1453 (m), 1414 (m), 1232 (m), 1134 (s), 753 (M-

144.63, 145.61 (all s). I1H NMR (diastereomeb): &¥ppm =
1.23 (d,J = 6.3 Hz, 3H), 3.22 (ddl = 17.4 Hz,J = 3.2 Hz,
1H), 3.49 (ddJ = 17.3 Hz,J = 8.2 Hz, 1H), 3.77 (m, 1H),

140

NMR: dppm = 2.73 (m, 2H), 3.05 (t, 2H), 3.72 (s, 2H), 6.56
(t, J = 1.0 Hz, 1H), 7.13-7.18 (m, 4H), 9.31 (s, 1H). —
13C NMR: dppm = 28.17 (t), 30.76 (t), 31.14 (t), 126.55,
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127.04, 128.37, 128.57 (all d), 140.14, 140.42, 140.90 (all s)References
153.84 (d), 194.22 (d). — M&/z(%) = 172 (97) [M], 170
(27), 157 (24), 143 (79) [Hy,'1, 141 (49), 129 (73), 128  [1] J. Tsuji, Palladium Reagents and Catalysts: Innovations in

(100), 127 (24), 117 (66), 116 (95), 115 (80), 91 (29). Organic Synthesis, Wiley, Chichester, 1995
C,H.,0 calcd.: C 83.69 H 7.02 [2] a)J. B. Melpolder, R. F. Heck, J. Org Chelf76 41, 265;
(172.2) found: C 83.58 H 7.06. b) A. J. Chalk, S. A. Magennis, J. Org Chdr@76 41, 273,

1976 41, 1206; c) Y. Tamaru, Y. Yamada, Z.-I. Yoshida, J.
. Org. Chem1978 43, 3396; d) W. Smadja, S. Czernecki, G.
1,2-Bis(3-oxobutyl)benzer(&6) Ville, C. Georgoulis, Organometallid®87, 7, 166; e) R. C.
From 330 mg (1.00 mmol) of 1,2-diiodobenzehd)(1.45 g Larock, W.-Y. Leung, S. Stolz-Dunn, Tetrahedron L£389
(15.0 mmol) of allylic alcoho®, 1.03 g (8.00 mmol) d¥,N- 30 6629: ) S K. Kang, K- ¥ Jung, C--H. Park, E-Y. Nam-
diisopropylethylamine and 11.2 mg (fénol) of palladium oong, Tetrahedron Let.993 36, 6287

o . 3] L.F. Tietze, U. Beifuss, Angew. Chert993 105, 137; An-
acetate at 100 °C for 3 d according to the general procedure[. gew. Chem. Int. Ed. Engl993 32, 131

By flash-chromatography (TLC: silica/diethyl ether/hexane (47 a)R. C. Larock, M-Y. Kuo, Tetrahedron Let991, 32, 569;

1:1;R = 0.33, 0.17) the product wif) = 0.17 is isolated and b) G. Dyker, P. Grundt, Tetrahedron Let096 37, 619;
distilled in vacuo(120 °C; 0.15 mbar) to give 122 mg (56%) c) P. Grundt, Diplomarbeit, TU Braunschwei§95 d) H.
of a colorless oil. — IR (film)v/cm® = 3410 (w), 3061 (m), Markwitz, Diplomarbeit, Universitat-GH Duisburtp97
3017 (m), 1713 (s), 1490 (m), 1411 (s), 1362 (s), 1283 (m),[5] For other examples of multiple Heck reactions see: a) K.
1228 (m), 1162 (s), 759 (s)IH NMR: dppm = 2.15 (s, 6H), Voigt, A. Lansky, M. Noltemeyer, A. de Meijere, Liebigs
2.73 (M, 4H), 2.88 (m, 4H), 7.12 (s, 4H)%3€ NMR: &ppm Ann. 1996 89_)9 and references cited therein. b) K. Voigt, P
= 26.29 (), 30.10 (q, Cp}, 44.58 (1), 126.57 (d), 129.05 (d), von Zerschwitz, K. Rosauer, A. Lansky, A. Adams, O. Rei-
138.73 (s), 207.83 (s, C=0). — M8Iz(%) = 218 (0.16) [M] ser, A. de Meijere, Eur. J. Org. Chet998 1521

: ! : ! : . : ' [6] G. Dyker, J. Org. Chenl993 58, 234

199 (45), 158 (10), 157 (18), 145 (44), 143 (13), 141 (35), [7] H. 0. House, D. G. Koepsell, W. J. Campbell, J. Org. Chem.
118 (19), 117 (73), 116 (16), 115 (18), 91 (12), 70 (14), 43" 1972 37, 1003

(100). [8] J.-C. Grandguillot, F. Roussac, Tetrahedi®91, 47, 5133
C,H;O, calcd.: C77.03 H8.31 [9] a) P. Wallace, S. Warren, J. Chem. Soc., Perkin Traa88
(218.3) found: C 76.92 H 8.30. 2971; b) L. Crombie, L. J. Rainbow, J. Chem. Soc., Perkin

Trans.11994 673
(E)-4-Phenyl-but-3-en-1-0{17)

From 165 mg (0.500 mmol) of diiodide4, 180 mg (2.50

mmol) of homoallylic alcoho#t, 404 mg (4.00 mmol) of tri-

ethyl amine and 5.61 mg (2Bmol) of palladium acetate at

80 °C for 44 h according to general procedure. By flash-chro-

matography (TLC: silica/diethyl ether/hexane Rl= 0.73,  Address for correspondence:

0.27) the product witlR. = 0.27 is isolated; further purifica- Prof. Dr. Gerald Dyker
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dppm = 2.50 (qd, 2H), 3.76 (#, = 6.3 Hz, 2H), 6.21 (dt, Lotharstral3e 1

J=15.8 HJ=7.2 Hz, 1H), 6.50 (d] = 15.9 Hz, 1H), 7.20— D-47048 Duisburg
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