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Sequential [3,3] sigmatropic rearrangements such as the
well-known reaction 1!2!3, for example where XYZ�
NCO,[1] NCS,[2] NCSe,[3] N3,[4] SCONMe2,[5] SCN,[6] CÿCO2R[7]

(orthoester Claisen rearrangement), CÿC�C[8] (Cope re-
arrangement), can be used to transform the 2-butyne-1,4-diyl
precursors 1 into the 2,3-difunctionalized 1,3-butadienes 3
(Scheme 1). The synthesis of similar products proceeds
analogously through two consecutive [2,3] sigmatropic iso-
merizations, for instance in the reaction of phosphinites to
phosphane oxides,[9] phosphites to phosphonates,[10] sulfinates
to sulfones,[11] or sulfenates to sulfoxides.[11, 12] To the best of

Scheme 1. Synthesis of doubly functionalized 1,3-butadienes by two
consecutive sigmatropic rearrangements.

our knowledge, however, sigmatropic rearrangements have
not been employed to prepare 1,2-difunctionalized 1,3-buta-
dienes. We describe here a sequence of sigmatropic isomer-
izations that provide a convenient approach to these target
compounds. In this connection [3,3] migrations such as
4!5!6 as well as [2,3] shifts 7!8!9 are used to direct
both functional groups into vinylic positions.

The hydroxyl groups of the readily available diols 10[13] can
be easily transformed into isomerizable functional groups
(Scheme 2). The subsequent gas-phase thermolysis (flash
vacuum pyrolysis)[14] of the imidate 11 a and the heating of the
thiono carboxylates/carbamates/carbonates 13 a,d or sulfi-
nates 17 a,c in solution lead to the 1,2-difunctionalized 1,3-
butadienes 12 a, 14 a,d, and 18 a,c, respectively. The reactions
of 10 to give 15 a or 16 a ± d require no warming and succeed in
one-pot procedures. The products 12 a and 14 a, which result
from [3,3] sigmatropic rearrangements, are formed as mix-
tures of separable E/Z isomers. However, the [2,3] isomer-
izations afford the dienes 15 a, 16 a ± d, and 18 a,c with
exclusive E configuration. The sulfoxides 16 a ± d are obtained
as mixtures of like/unlike diastereomers as a consequence of
the stereocenters at the sulfur atoms.[15] A subsequent isomer-
ization of the C-C double bond is not observed on thermolysis
in solution. For example, a constant ratio of 1:1 is detected for
the distribution of products with E and Z configuration when
the transformation 13 ag!14 ag is investigated both immedi-
ately after low conversion and after very long reaction times
(about 50 half-life periods of 13 ag). In the case of 13 db the
sequences of [3,3] sigmatropic migrations prove to be stereo-
specific. Thus, meso-13 db furnishes nearly exclusively (E)-
14 db, while rac-13 db leads almost solely to (Z)-14 db.

The bis(sulfenate) derived from meso-10 d can give rise not
only to 16 da but also to a hexa-1,2,4,5-tetraene compound by
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Scheme 2. Transformation of the 3-butyne-1,2-diols 10 into the 1,2-
difunctionalized 1,3-butadienes 12, 14, 15, 16, and 18. a) DBU, CH2Cl2,
Cl3CCN, ÿ40!20 8C, 97 %; b) gas-phase thermolysis at 400 8C/10ÿ5 Torr,
40%, E :Z� 1:4; c) Py, THF, PhCSCl,[16] 0!20 8C/5 h, 69% 13 aa ; NaH,
THF, 0!20 8C/16 h, then Me2NCSCl/THF, ÿ15 8C/1 h!20 8C/16 h, 60%
13ab ; Py, THF, 4-MeC6H4CSCl, ÿ10 8C/1 h!20 8C/4 h, 80% 13ag ; Py,
THF, 3-tBuC6H4CSCl, 69 % 13 ad ; acetone, KOH, then CS2, ÿ15 8C/
35 min, then MeI, ÿ15!20 8C, 32 % 13 ae ; NaH, THF, 20!35 8C/25 h,
then Me2NCSCl/THF, 20 8C/6 ± 16 h, 62% meso-13 db ; 71 % rac-13db ;
d) toluene, 110 8C/1.5 ± 4 h; approximately 100 % 14aa, E :Z� 1:1; 65%
14ab, E :Z� 1.4:1; approximately 100% 14 ag, E :Z� 1:1; 97 % 14ad, E :Z�
1.1:1; 80% 14ae, E :Z� 1.2:1; 75% (E)-14 db (from meso-13 db); 75 % (Z)-
14db (from rac-13 db); e) THF, BuLi, ÿ78 8C/45 min, then addition
to Ph2PCl/THF, ÿ78 8C/1 h!20 8C, 25%; f) THF, NEt3, PhSCl,[17]

approximately ÿ20!0 8C; 66 % 16aa, diastereomers 1:1.2; 58 % 16ba,
like :unlike� 1:1.5; 40 % 16 ca, diastereomers 1:1.3; 65 % 16 da, diaster-
eomers 1:1.3; THF, NEt3, 2,4-(O2N)2C6H3SCl, ÿ25!0 8C, 46% 16ab,
diastereomers 1:1.4; g) 4-MeC6H4S(O)Cl,[18] NEt3, THF or CH2Cl2,
0 8C/3 h; h) PhCl, Li2CO3, 130 8C/27 h, 55% 18a, 40 % 18c (based on
10a and 10 c, respectively). DBU� 1,8-diazabicyclo[5.4.0]undec-7-ene,
Ts�p-toluenesulfonyl.

two independent [2,3] rearrangements. However, such a
product has not been found. Evidently, the [2,3] migrations
in the 7!8!9 direction are favored.

There are two methods to prepare 1,3-butadienes with two
different functional groups in positions 1 and 2 by the aid of a
sequence of sigmatropic isomerizations (Scheme 3): 1. The

Scheme 3. Synthesis of 1,3-butadienes with different functional groups at
C-1 and C-2. a) NaN3, H2O, 60 8C/5 h, 77 %; b) CH2Cl2, NEt3, PhSCl,
ÿ15!20 8C/24 h; c) CHCl3, 50 8C/17 h, 48% based on 19b ; d) CH2Cl2,
NEt3, 4-MeC6H4S(O)Cl, 0 8C/3 h; e) PhCl, Li2CO3, 130 8C/4 h; f) MeOH,
H2SO4, 20 8C/16 h, 86% based on 22 ; g) CH2Cl2, NEt3, PhSCl, 0 8C/2 h,
42%. Thp� tetrahydropyranyl.

two quite distinct, isomerizable groups, the azide[19] and the
sulfenate function, are selectively introduced into the pre-
cursor 19 a[13a] so that regioisomer 21 results exclusively. The
structure of this product is proved not only by spectroscopic
data (Table 1), but also by its photochemical transformation
into 3-ethenyl-2-phenylsulfinyl-2H-azirine. 2. Two relatively
similar groups such as sulfinate and sulfenate functions are
used selectively to synthesize the 1,3-butadiene 24 from the
half-protected diol 22[20] via 23.[21]

Derivatives of the alcohol 25 a[22] can also be used as starting
materials to prepare functionalized 1,3-butadienes on a
sequence of sigmatropic isomerizations (Scheme 4). In this
case, a Cope rearrangement is performed in the last step. The
transformations 25 a!25 b!26, 25 a!27!28, 25 a!
25 c!29, and 25 a!25 d!25 e!30!31 lead to trichloro-
acetamides, thiocarbonates, sulfones, and isothiocyanates.
Whereas flash vacuum pyrolysis of the thiocyanate 25 e at
4008C generates (E)-31 exclusively (80 % yield), pyrolysis in
the range of 320 ± 2608C gives a mixture of (E)-31/(Z)-31�
1.5:1 and allene 30 in 40 ± 64 % yield. A renewed thermolysis
of this mixture at 400 8C gives the only product (E)-31.
Apparently the Cope rearrangement 30!31 at least is
reversible at higher temperatures.

Doubly functionalized dienes of type 6 and 9 may find use
as synthetic building blocks. Preliminary investigations indi-
cate that [4� 2] cycloadducts are formed from tetracyano-
ethylene and 12 a (yield 63 %), (Z)-14 aa (28 %), 14 ab (44 %),
(Z)-14 ag (64 %), (Z)-14 ad (46%), (Z)-14 ae (71%), 26
(42 %), (E)-28 (60 %), or (E)-31 (57 %). The sulfone 18 a is
converted into 32 by regio- and stereoselective Diels ± Alder
reactions with electron-rich or electron-deficient dienophiles
(Scheme 5). The nucleophilic substitution 18 a!33 succeeds
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Scheme 5. Bis(sulfone) 18a as a synthetic building block.

with similar selectivity. Nucleophilic addition reactions are
also possible.
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Table 1. Selected physical data of compounds (Z)-12a, 14ae, 15 a, 16ba, 18a, 21, 24, and 31.[a]

[a] 1H NMR: CDCl3, 300 MHz, J in Hz; 13C NMR: CDCl3, 75 MHz, J in Hz, assignments of signals by DEPT experiments (DEPT� distortionless
enhancement of polarization transfer); MS: EI, 70 eV, IR: nÄ in cmÿ1; elemental analysis: C, H, S.

(Z)-12 a : Colorless oil; 1H NMR: d� 5.26 (d, 3J� 10.9, 1 H; H-4), 5.27 (d,
3J� 17.3, 1 H; H-4), 6.41 (dd, 3J� 17.3, 10.9, 1 H; H-3), 6.74 (d,
3J(NH,CH)� 9.4, 1H; H-1), 8.07 (br s, 1H; NH), 9.35 (br d, 3J(NH,CH)�
9.4, 1H; NH); 13C NMR: d� 91.57 (CCl3), 91.75 (CCl3), 113.94 (C-4),
118.76 (CH), 119.26 (C-2), 131.56 (CH), 159.38 (C�O), 160.68 (C�O).

(E)-14 ae : Brown liquid; 1H NMR: d� 2.39 (s, 3H; SMe), 2.51 (s, 3 H;
SMe), 5.40 (d, 3J� 10.5, 1H; H-4), 5.70 (d, 3J� 16.6, 1H; H-4), 6.53 (dd,
3J� 16.6, 3J� 10.5, 1 H; H-3), 7.42 (s, 1H; H-1); 13C NMR: d� 13.41 (SMe),
13.49 (SMe), 120.18 (C-4), 124.67 (C-2), 130.65 (CH), 131.38 (CH), 184.44
(C�O), 188.64 (C�O); IR (CDCl3): nÄ � 2933, 1727 (C�O), 1652 (C�O),
1422, 1313, 1077, 971, 850, 802.

(Z)-14 ae : 1H NMR: d� 2.41 (s, 3H; SMe), 2.50 (s, 3 H; SMe), 5.25 (d, 3J�
10.5, 1H; H-4), 5.54 (d, 3J� 16.6, 1H; H-4), 6.60 (dd, 3J� 16.6, 3J� 10.5,
1H; H-3), 7.65 (s, 1 H; H-1); 13C NMR: d� 13.27 (SMe), 13.38 (SMe),
116.97 (C-4), 125.93 (C-2), 134.83 (CH), 134.92 (CH), 185.48 (C�O), 185.80
(C�O).

15a : Colorless solid, m.p. 142 ± 143 8C; 1H NMR: d� 5.43 (d, 3J� 11.4, 1H;
H-4), 5.73 (d, 3J� 17.6, 1 H; H-4), 6.85 (t, J(P,H)� 23.0, 1 H; H-1), �7.45
(m, 1 H; H-3), 7.40 ± 7.80 (m, 20 H; 4�Ph); 13C NMR (the coupling
constants correspond to 31P,13C coupling): d� 126.54 (dd, 3J� 6, 4J� 1.5;
C-4), 128.64 (d, 3J� 12.3; Ph-m), 128.67 (d, 3J� 12.3; Ph-m), 130.53 (dd, J�
9.5, J� 8.5; C-3), 130.79 (d, 2J� 9.9; Ph-o), 130.80 (d, 1J� 103; Ph-i), 131.84
(d, 3J� 9.9; Ph-o), 131.97 (d, 4J� 2.8; Ph-p), 132.30 (d, 4J� 2.8; Ph-p),
132.78 (d, 1J� 105; Ph-i), 135.77 (dd, 1J� 87, 2J� 6.3; C-1), 151.98 (dd, 1J�
81, 2J� 2; C-2); 31P NMR (external standard: 85 % H3PO4): d� 21.26 (d,
J(P,P)� 49.6), 30.22 (d, J(P,P)� 49.6); correct elemental analysis based on
C28H24O2P2.

16ba (unlike isomer): Colorless solid, m.p. 155 ± 157 8C (decomp);
1H NMR: d� 5.78 (dd, 3J� 11.6, 2J� 1.1, 1 H; H-4), 5.97 (dd, 3J� 17.5,
2J� 1.1, 1 H; H-4), 6.55 (dd, 3J� 17.5, 3J� 11.6, 1 H; H-3), 6.94 (br d, J� 6.7,
2H; Ph), 7.22 ± 7.60 (m, 13 H; Ph); 13C NMR: d� 123.91, 124.59, 124.66,
127.50, 127.73, 127.88, 128.96, 129.10, 129.20, 130.89, 131.26, 131.40, 141.11,
141.83, 149.57, 151.56; (like isomer): 1H NMR: d� 5.77 (d, 3J� 11.5, 1H;
H-4), 5.82 (d, 3J� 17.5, 1H; H-4), 6.69 (dd, 3J� 17.5, 3J� 11.5, 1 H; H-3),
6.83 (br d, J� 6.7, 2 H; Ph), 7.22 ± 7.60 (m, 13 H; Ph); 13C NMR: d� 123.58,

124.74, 127.57, 127.81, 128.02, 128.42, 129.15, 129.27, 129.79, 131.00, 131.14,
131.41, 142.09, 142.61, 148.98, 152.10; correct elemental analysis based on
C22H18O2S2.
18a : Colorless solid, m.p. 95 ± 97 8C; 1H NMR: d� 2.45 (s, 3H; Me), 2.48 (s,
3H; Me), 5.69 (d, 3J� 11.9, 1H; H-4), 6.12 (d, 3J� 17.9, 1 H; H-4), 7.00 (dd,
3J� 17.9, 3J� 11.9, 1 H; H-3), 7.34 (2H; AA'BB'), 7.39 (2 H; AA'BB'), 7.42
(s, 1 H; H-1), 7.68 (2H; AA'BB'), 7.80 (2H; AA'BB'); 13C NMR: d� 21.66
(Me), 21.70 (Me), 123.01 (C-3), 128.01 (CH), 128.37 (C-4), 128.55 (CH),
130.05 (CH), 130.25 (CH), 134.91, 135.51 (C-1), 136.71, 145.62, 145.87,
148.60; correct elemental analysis based on C18H18O4S2.
21 : Colorless oil; 1H NMR: d� 5.60 (br d, 3J� 10.7, 1H; H-4), 5.95 (d, 3J�
16.7, 1 H; H-4), 6.00 (br s, 1 H; H-1), 7.05 (dd, 3J� 16.7, 3J� 10.7, 1H; H-3),
7.49 ± 7.67 (m, 5 H; Ph); 13C NMR: d� 120.97, 122.94, 123.87, 126.05,
129.32, 130.81, 144.02, 146.81; IR (CDCl3): nÄ � 3061, 2935, 2154, 2109, 1543,
1444, 1315, 1245, 1036.
24 : Colorless solid, m.p. 119 ± 121 8C; 1H NMR: d� 1.52 (m, 3H; Me), 2.40
(s, 3H; Ar-Me), 4.83 (m, 1 H; H-4), 5.22 (m, 1 H; H-4), 6.95 (s, 1 H; H-1),
7.31 (2H; AA'BB'), 7.40 ± 7.58 (m, 5 H; Ph), 7.75 (2H; AA'BB'); 13C NMR:
d� 21.51, 23.41, 120.10, 125.87, 127.08, 127.58, 129.14, 129.77, 132.16,
134.79, 137.29, 140.24, 144.90, 161.18; correct elemental analysis based on
C18H18O3S2.
(E)-31 : Colorless liquid; 1H NMR: d� 3.14 (dt, 3J� 6.3, 4J� 1.6, 2H; H-4),
5.08 (dq, 3J� 10.1, 2J� 4J� 1.6, 1 H; H-6), 5.13 (dq, 3J� 17.3, 2J� 4J� 1.6,
1H; H-6), 5.24 (dt, 3J� 10.7, J� 0.6, 1H; H-1), 5.43 (dt, 3J� 17.3, J� 0.6,
1H; H-1), 5.79 (ddt, 3J� 17.1, 10.1, 6.3, 1H; H-5), 6.04 (s, 1 H; CHNCS),
6.26 (ddd, 3J� 17.3, 3J� 10.7, J� 0.6, 1H; H-2); 13C NMR: d� 30.77 (C-4),
116.44 (CHÿN), 116.61 (�CH2), 117.23 (�CH2), 133.90 (CH), 134.04 (CH),
135.61 (NCS), 139.80 (C-3); GC-MS: m/z (%): 151 (38) [M�], 93 (100), 91
(63), 77 (91), 65 (40), 39 (91); IR (CDCl3): nÄ � 2108 (NCS).
(Z)-31 : Colorless liquid; 1H NMR: d� 2.96 (dq, 3J� 6.6, 4J� 1.4, 2 H; H-4),
5.12 (dq, 3J� 17.6, 2J� 4J� 1.4, 1 H; H-6), 5.12 (dq, 3J� 10.0, 2J� 4J� 1.4,
1H; H-6), 5.35 (d, 3J� 11.0, 1 H; H-1), 5.46 (d, 3J� 17.6, 1 H; H-1), 5.80
(ddt, 3J� 17.6, 3J� 10.0, 3J� 6.6, 1 H; H-5), 5.89 (s, 1H; CHNCS), 6.81 (dd,
3J� 17.6, 3J� 11.0, 1H; H-2); 13C NMR: d� 33.65 (C-4), 113.96 (CH),
117.47 (�CH2), 118.01 (�CH2), 130.52 (CH), 134.24 (CH), 136.23 (NCS),
137.77 (C-3).

Scheme 4. Synthesis of 2-allyl-1,3-butadienes with a functional group at C-1. a) DBU,
Et2O, Cl3CCN, ÿ40 8C/1 h!20 8C/1 h, 97 %; b) 25 b, gas-phase thermolysis 390 8C/
10ÿ3 Torr, 98%, E:Z� 1:2; c) 25 a, NaH, Et2O, then dropwise addition to CSCl2/Et2O,
0 8C/1 h!20 8C/24 h, then MeOH, 20 8C/16 h, 72%; d) gas-phase thermolysis at 400 8C/
10ÿ3 Torr, 83 %, E :Z� 1:1.5; e) CH2Cl2, NEt3, 4-MeC6H4S(O)Cl, 0 8C/3 h; f) 25c, PhCl,
130 8C/15 h, 63% based on 25 a, E :Z� 1:1.6; g) MeSO2Cl, NEt3, 20 8C/24 h, 95 %;
h) NH4SCN, MeOH, 60 8C/7 h, 75%; i) gas-phase thermolysis at 260 ± 400 8C/10ÿ3 Torr,
94 ± 80 % for 30�31. Ms�methanesulfonyl.
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Cortinarius violaceus [(L.: Fr.) S. F. Gray][1] is a spectacular
mushroom well known for its dark blue-violet color and its
cedar-wood-like smell. Fries[2] described this type species of
the genus Cortinarius as ªspecies nobilissima, pulcherrimaº.
Previous efforts to examine the chemical nature of the violet
pigment failed because of its instability and polarity. The dark
violet water extracts of fresh or freeze-dried fruit bodies
became dark brown within minutes. We were able to suppress
this decomposition by exhaustive extraction of the lyophilized
mushrooms with methanol prior to the water extraction. After
freeze-drying the resulting aqueous solution, the residue was
purified by chromatography on a Sephadex LH-20 column
with methanol/water (1/1). This procedure enabled us to
enrich the highly sensitive pigment. The pigment�s NMR
spectra were inconclusive due to strong signal broadening by
paramagnetic iron, which can be detected both in the extract
and the mushrooms. Since the intensity of the violet color
correlates with the concentration of iron, the presence of an
iron complex as the coloring principle seems obvious.

Energy dispersive X-ray analysis[3] (EDX), atomic absorp-
tion spectroscopy[4] (AAS), and the thiocyanate test indicated
that C. violaceus is capable of accumulating iron in a unique
manner. The amount of iron in the mushroom is 4.5 ±
7.5 mg gÿ1 (dry weight), which is about 100 times the average
value of 0.06 mggÿ1 determined for other basidiomycetes.[5, 6]

The Mössbauer spectra[7] (Figures 1 and 2, Table 1) show that
the iron in the pigment is trivalent, and the ESR spectra[8]

indicate a high-spin FeIII complex.[9] The spectra of the freeze-
dried mushrooms and the water extracts are identical.

After addition of aqueous HCl to the enriched pigment (R)-
b-dopa ((R)-3) can be identified as the complex ligand.[10]

Chromatographic workup of the methanol extracts followed
by recrystallization yields the analytically pure amino acid.
The (R)-b-dopa amounts to 2 % of the dry weight of the
mushroom. b-Dopa is a new natural product that has been
synthesized only as the racemate before.[11] We obtained

Keywords: alkynes ´ allenes ´ butadienes ´ pericyclic
reactions ´ rearrangements

[1] K. Banert, S. Groth, Angew. Chem. 1992, 104, 865 ± 867; Angew. Chem.
Int. Ed. Engl. 1992, 31, 866 ± 868.

[2] K. Banert, H. Hückstädt, K. Vrobel, Angew. Chem. 1992, 104, 72 ± 74;
Angew. Chem. Int. Ed. Engl. 1992, 31, 90 ± 92; K. Banert, S. Groth, H.
Hückstädt, K. Vrobel, Phosphorus Sulfur Silicon Relat. Elem. 1994,
95 ± 96, 323 ± 324.

[3] K. Banert, C. Toth, Angew. Chem. 1995, 107, 1776 ± 1778; Angew.
Chem. Int. Ed. Engl. 1995, 34, 1627 ± 1629.

[4] H. Priebe, Angew. Chem. 1984, 96, 728 ± 729; Angew. Chem. Int. Ed.
Engl. 1984, 23, 736 ± 737; K. Banert, Tetrahedron Lett. 1985, 26, 5261 ±
5264; Chem. Ber. 1987, 120, 1891 ± 1896; K. Banert, M. Hagedorn,
Angew. Chem. 1989, 101, 1710 ± 1711; Angew. Chem. Int. Ed. Engl.
1989, 28, 1675 ± 1676.

[5] B. Müller, Diplomarbeit, Technische Universität Chemnitz, 1997.
[6] A. Günther, Dissertation, Technische Universität Chemnitz, not yet

published.
[7] Y. Ishino, I. Nishiguchi, M. Kim, T. Hirashima, Synthesis 1982, 740 ±

742; A. Srikrishna, S. Nagaraju, J. Chem. Soc. Perkin Trans. 1 1992,
311 ± 312.

[8] H. Hopf, R. Kirsch, Tetrahedron Lett. 1985, 26, 3327 ± 3330.
[9] T. Pollok, H. Schmidbaur, Tetrahedron Lett. 1987, 28, 1085 ± 1088;

R. Y. Chen, B. Z. Cai, K. S. Feng, Chin. Chem. Lett. 1992, 3, 157 ± 158.
[10] M. HucheÂ, P. Cresson, Bull. Soc. Chim. Fr. 1975, 3 ± 4, 800 ± 804; M.

HucheÂ, P. Cresson, Tetrahedron Lett. 1973, 4291 ± 4292.
[11] G. Smith, C. J. M. Stirling, J. Chem. Soc. C 1971, 1530 ± 1535.
[12] S. Jeganathan, W. H. Okamura, Tetrahedron Lett. 1982, 23, 4763 ±

4764.
[13] a) R. Lespieau, Bull. Soc. Chim. Fr. 1928, 43, 199 ± 210; b) V. A.

Engelhardt, J. E. Castle, J. Am. Chem. Soc. 1953, 75, 1734; c) D. Miller,
J. Chem. Soc. C 1969, 12 ± 15; d) S. Holand, R. Epsztein, I. Marszak,
Bull. Soc. Chim. Fr. 1969, 3213 ± 3218; e) H. P. Figeys, M. Gelbcke,
Tetrahedron Lett. 1970, 5139 ± 5142; f) K. S. Jeong, P. Sjö, K. B.
Sharpless, Tetrahedron Lett. 1992, 33, 3833 ± 3836.

[14] For the conditions of the flash vacuum pyrolysis, see Scheme 2 and
refs. [2, 3].

[15] The geometrical isomers are assigned on the basis of 1H and 13C NMR
investigations (including homonuclear NOE difference spectra,
studies with lanthanide shift reagents, 3J(31P,1H) data, comparisons
with ethene-1,2-diyl compounds analogously substituted). The con-
figurations of the C ± C double bonds can also be verified by
comparison of the rates of the Diels ± Alder reactions, with the rates
being higher for (Z)-12 a, (Z)-14 aa ± e, (E)-26, (E)-28, and (E)-31,
respectively. The X-ray crystal structure analysis of the unlike isomer
of 16 ba was performed. We thank Prof. Dr. H.-J. Deiseroth and Dr. L.
Kienle, Universität-GH Siegen, for this investigation.

[16] H. Staudinger, J. Siegward, Helv. Chim. Acta 1920, 3, 824 ± 833.
[17] A. G. M. Barrett, D. Dhanak, G. G. Graboski, S. J. Taylor, Org. Synth.

Coll. Vol. 1993, 8, 550 ± 553.
[18] F. Kurzer, Org. Synth. Coll. Vol. 1963, 4, 937 ± 939.
[19] K. Banert, Chem. Ber. 1989, 122, 1963 ± 1967.
[20] F. Sondheimer, N. Stjernström, D. Rosenthal, J. Org. Chem. 1959, 24,

1280 ± 1284.
[21] Alternative preparation of 23 : T. G. Back, E. K. Y. Lai, K. R.

Muralidharan, J. Org. Chem. 1990, 55, 4595 ± 4602.
[22] Synthesis from ethynylmagnesium bromide and 4-pentenal, 59%;

alternative preparation of 25 a : D. Seebach, A. K. Beck, B. Schmidt,
Y. M. Wang, Tetrahedron 1994, 50, 4363 ± 4384.

[*] Prof. Dr. W. Steglich, Dipl.-Chem. F. von Nussbaum,
Dipl.-Chem. P. Spiteller, Dipl.-Chem. M. Rüth
Institut für Organische Chemie der Universität
Karlstrasse 23, D-80333 München (Germany)
Fax: (�49) 89-5902-604
E-mail : wos@org.chemie.uni-muenchen.de

Prof. Dr. G. Wanner
Botanisches Institut der Universität München (Germany)

B. Gamblin, Dipl.-Chem. Lorenzo Stievano, Prof. Dr. F. E. Wagner
Physik-Department E15 der Technischen Universität München,
Garching (Germany)

[**] This work was supported by the Deutsche Forschungsgemeinschaft
(SFB 369). We thank H. Hartl for the AAS measurements, G. Sturm
for ESR spectra, and Prof. Dr. M. Spiteller for ESI-MS and APCI-MS
investigations.


