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activities,[') separation of membrane proteins by 2D electro-
phoresis,['”) creation of addressable arrays of modified lipid
bilayer membranes for combinatorial chemistry,!'¥! and con-
trolled cell culture on designed membrane surfaces.[""]

Experimental Section

Materials: Diacetylene lipid 1 and egg PC were purchased from Avanti
Polar Lipids, Alabaster, AL, USA. NBD-PE (N-(7-nitrobenz-2-oxa-1,3-
diazol-4-yl)-1,2-dihexadecanoyl-sn-glycero-3-phosphoethanolamine) was
purchased from Molecular Probes, Eugene, OR, USA.

Lithographic polymerization of bilayers: Bilayers of 1 were deposited onto
glass substrates from the air/water interface by the Langmuir—Blodgett
(LB) and Langmuir-Schaefer (LS) methods (surface pressure m=
35 mNm™'). Prior to the photopolymerization, oxygen was removed from
the aqueous solution by an argon gas purge. After the patterned polymer-
ization, monomeric 1 was removed by immersing the sample in ethanol and
subsequently rinsing it extensively with Milli-Q water. The fluorescence
microscope observation has been made using excitation and observation
wavelength of 490 nm and 530 nm, respectively.

Incorporation of new lipid bilayers: Vesicle suspensions of egg PC/NBD-
PE (1 mM in a 0.05M phosphate buffer with 0.1m NaCl (pH 7.0)) were
extruded through a filter with pores of diameter ~50 nm. A small volume
of filtered suspension (100 to 200 uL) was placed onto the patterned 1
bilayer samples and sandwiched with another slide glass with a thin cover
glass in between in order to avoid scratching the patterned surfaces. The
sample was rinsed with the same buffer solution after 5 minutes.
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Bicycloprop-2-enyl 1 was isolated first in 1989 as the last
remaining valence isomer of benzene (Scheme 1).[1 This
compound, which was calculated to be the highest in energy of
the (CH), species,”” polymerizes above —10°C, while other
bicycloprop-2-enyls, for example 25! undergo a valence
isomerization to give benzene derivatives on heating. Several
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Scheme 1. Previous unsuccessful attempts to identify the bi-2H-azirin-2-
yls 4.
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mechanisms were proposed to explain these aromatization
reactions.” Up to now, all attempts to prepare the hetero-
cyclic analogues 4 failed, neither the double Neber reaction
nor the coupling reaction of §b generated these bi-2H-azirin-
2-yls.’4] Later, Storr et al.l¥ reported the treatment of 5¢ with
lithium, which was said to lead to 6¢ (10% yield) and 7¢
(10 %) but not to tetraphenylpyridazine (10c¢). The postulated
intermediate 4 ¢ could not be observed. Attempts to generate
4a from the diazide 3a failed immediately because the
starting material 3a could not be prepared.’) To the best of
our knowledge, 1,4-diazidobuta-1,3-dienes are unknown.

Nevertheless, we consider the access via azides to be the
most promising approach to investigate the highly strained
heterocycles of type 4 and their valence isomerization. We
describe here the synthesis of the diazides 3¢ —f as well as the
transformation into the biazirinyls 4¢,d.f and their aromatiza-
tion.

Results in the literaturet7 but also of our own efforts
indicated quickly that classical methods®l to prepare vinyl
azides are unsuited for the synthesis of the diazides 3. Thus, we
generated these compounds by conrotatory ring opening of
the cyclobutenes 8 (X=Nj;; Scheme 2). Treatment of the
dibromide trans-8d°! (X=Br) or the analogous diiodide”
with a concentrated (ca. 2 mol L™!) solution of tributylhexa-
decylphosphonium azide (QN;)!'! in chloroform (20h or
80 min/20 °C, respectively) gave in addition to small amounts
of the diazide cis-8d (7% or 6%, respectively) only the
diazide (E,E)-3d (89% or 62 %, respectively).'’- 12 Whereas
isolated cis-8d (X =Nj3;) could not subsequently be converted
into 3d, the course of the ring opening of trans-8d (X=N;)
was so rapid that this intermediate was not detected by NMR
spectroscopic monitoring of the reaction. However, the
monosubstituted products, 3-azido-4-bromocyclobut-1-ene
and the analogous iodo compound, could be detected as
intermediates. Evidently, the azido groups accelerate the
electrocyclic ring opening as effectively as other donor
substituents such as alkoxy groups.'¥ The compound 3d
could not be prepared with the aid of alternative reagents, for
example, NaN;/DMSO, or starting with less-reactive diha-
lides. On treatment with QN5 at 50°C the dichloride cis-8d
gave rise to a mixture of other products, while a small amount
of 10d (10%) and the diene (E,E)-11d (62 %) were formed
on the reaction of trans-8d (X=CIl) and QN; at 20°C.
However, a mixturel"! of the dibromide 8e and the allyl
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isomers 12e and 13e afforded the open-chain product (E,E)-
3e (34-37 %) in addition to cis-8 e (X =Nj, yield ca. 16 %) on
treatment with either NaN; or LiN; in DMSO or with QN,/
CHCl;.

At first, we obtained only (E)-9d (up to 59 %) or (E)-9e (up
to 37 %) by photolysis of (E,E)-3d or (E,E)-3e, respectively
(CD,Cl,, —85°C, high-pressure mercury lamp). Small
amounts of the very unstable compound 4d (8% yield, 3:2
mixture of diastereomers, Table 1) could only be detected
when (E,E)-3d was irradiated in the presence of the sensitiz-
ing agent 9,10-dicyanoanthracene (CDCl;, —50°C). On
warming the mixture of products from photolysis, 4d degrad-
ed to furnish at best only traces of 10d. Just like compound 1,
4d does not tend to aromatization.

To synthesize more stable diazides and biazirinyls, we
treated trans-8 f1°1 (X = Cl) with QN; (CHCl;, 20°C) to give a
mixture of diazides trans-8 f (55 %) and cis-8 f (9 %) as well as
the monoazides 14f (17%) and 15f (2%+3%). After
separation by chromatography, trans-8f (X =N,) could be
isolated because the electrocyclic ring opening to give (E,E)-
3fis strongly decelerated by the inward rotation of the methyl
groups. The target compound (E,E)-3 f was generated only on
warming in benzene (80 °C), whereby the secondary products
(E)-9f and 10 £l are also formed. Prolonged heating led
exclusively to 10 f (88 % ). On incomplete thermolysis of trans-
81 (X=N,), (E,E)-3 fcould be isolated in 14 % yield based on
converted diazide (trans-8 f).

The E configuration of (E)-9ef was determined from two-
dimensional '"H NMR nuclear Overhauser spectroscopy (2D-
NOESY) experiments and nuclear Overhauser enhancement
(NOE) difference spectra. Thus the configuration of (E,E)-
3e.fis also confirmed. The trans structure of trans-8 f (X =N3)
was established by the signals of the "H NMR spectra which
exhibited very small low-field shifts in the presence of
[Eu(fod);] (tris(1,1,1,2,2,3,3-heptafluoro-7,7-dimethyloctane-
4,6-dionato)europium(ii)). The analogous spectra of the
compounds cis-8d—f (X =Nj3) showed changes of the chem-
ical shifts at least 300 times greater since these diazides are
able to interact with the shift reagent in a chelate-forming/!”]
manner.

On thermolysis, (E,E)-3 f was transformed via (E)-9 f into
10f with high yield (97%). However, the photochemical
reaction of (E,E)-3 f (glass equipment, CDCl;, — 60 °C), which
proceeded also via (E)-9 f (with a proportion of up to 61 %),

7f
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Scheme 2. Synthesis and valence isomerization of the bi-2H-azirin-2-yls 4.
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Table 1. Selected physical data of compounds 3d-f, 4cdf, trans-8f
(X=N;), and 9c—£[2

(E,E)-3d: Yellow solid, decomposition at room temperature; IR (CDCl;):
7=2111cm™" (N;), 1253 (N;); UV/Vis (acetonitrile): A,,,(lg €) =296 nm
(452); 'H NMR (CDCL,): 6=>5.87 (AA’XX, 2H), 6.12 (AA'’XX/, 2H),
from  simulation: 3J(AX)=3J(A'X)=133Hz, 3J(AA’)=11.5Hz,
5J(XX')=1.0 Hz, *J(AX')=%/(A’X)=—0.5Hz; *C NMR (CDCL,): 6 =
116.39 (d), 127.97 (d)

(E,E)-3e: Yellow solid, m.p. 48°C (hexane, decomp); IR (CDCLy): 7=
2100 cm™' (N3), 1258 (N;); UV/Vis (cyclohexane): Ay (lg €) =300 nm
(4.46); '"H NMR (CDClL): 6=1.75 (d, ¥/ =1.1 Hz, 6H; Me), 6.26 (q, /=
1.1 Hz, 2H; 1-H/4-H); BC NMR (CDCl;): 6 =11.97 (q; Me), 123.14 (d;
C-1/C-4), 125.13 (s; C-2/C-3)

(E,E)-3f: Yellow oil; IR (CDCL): #=2108 cm™! (N3), 1287 (N;); UV/Vis
(acetonitrile): Ay.,(lg €) =255 nm (4.08); 'H NMR (CDCl;): d=1.66 (q,
3J=1.5Hz, 6H), 1.86 (q, °J=1.5Hz, 6H); C NMR (CDCl;): 6 =14.31
(q), 15.78 (q), 123.00 (s), 126.33 (s)

4¢ (Major (MI) and minor isomer (mi)): 'H NMR (CDCl;): 6 =6.80-7.80
(m); *CNMR (CDCly): 6 =45.49 (s; C-2, MI), 45.55 (s; C-2, mi), 122.73 (s;
i-Ph, mi), 123.14 (s; i-Ph, MI), 126.40 (d; p-Ph, mi), 126.69 (d), 126.80 (d),
127.25 (d; o,m-Ph, MI), 127.93 (d), 128.10 (d; o,m-Ph, MI), 128.80 (d),
129.12 (d; 0,m-Ph, MI), 129.61 (d), 129.63 (d; o,m-Ph, MI), 132.87 (d; p-Ph,
mi), 132.97 (d), 139.77 (s; i-Ph, mi), 140.70 (s; i-Ph, MI), 163.72 (s; C-3, MI),
163.98 (s; C-3, mi)

4d (Major isomer): 'H NMR (—50°C, CDCl,): 6 =1.68 (s, 2H; 2-H), 10.09
(s,2H;3-H); BCNMR (- 50°C, CDCLy): 6 =28.32 (d; C-2), 165.75 (d; C-3)
4d (Minor isomer): 'H NMR (—50°C, CDClL;): 6 =1.98 (s, 2H; 2-H), 9.91
(s,2H;3-H); BCNMR (- 50°C, CDCL): 6 =28.70 (d; C-2), 166.89 (d; C-3)
4f (More stable isomer): IR (CDCL): #=1753 cm™' (C=N); 'H NMR
(=50°C, CDCL): 6=1.00 (s, 6H; 2-Me), 2.44 (s, 6H; 3-Me); BC NMR
(=50°C, CDClLy): 6 =14.53 (q), 19.78 (q), 38.95 (s; C-2), 176.25 (s; C-3)
4f (Less stable isomer): '"H NMR (—50°C, CDCl;): 6 =1.16 (s, 6 H; 2-Me),
2.38 (s, 6H; 3-Me); ¥C NMR (—50°C, CDCL): 6 =14.71 (q), 20.25 (q),
38.92 (s; C-2), 173.75 (s; C-3)

trans-8 £ (X = Nj): Colorless oil; IR (CDCl;): 7 =2093 cm~! (N3), 1251 (N;);
UV/Vis (acetonitrile): A, (lg ¢) =208 nm (3.74); '"H NMR (CDCl;): 6 =
1.42 (s, 6H), 1.64 (s, 6H); *C NMR (CDCl;): 6 =8.69 (q; Me), 17.86 (q;
Me), 72.67 (s; C-3/C-4), 141.28 (s; C-1/C-2)

9¢: IR (CDCly): #=2110cm™" (N3), 1738 (C=N), 1255 (N;); 'H NMR
(CDClL): 6 =6.88-7.63 (m, 20H); *C NMR (CDCl;): 6 =44.78 (s; C-2),
123.50 (s), 126.11 (d), 126.37 (d), 127.24 (d), 127.68 (d), 127.75 (d), 128.25
(d), 128.40 (d), 128.53 (d), 128.95 (d), 129.09 (d), 129.75 (d), 131.86 (d),
133.26 (s), 137.63 (s), 139.04 (s), 142.19 (s), 165.51 (s; C-3), one signal (s) not
resolved

(E)-9d: '"H NMR (—80°C, CD,Cl,): 6=2.33 (dd, 3/ =8.9 Hz, 3/ =2.0 Hz,
1H; 2-H), 4.77 (ddd, 3J,,,,=13.5Hz, 3/=8.9 Hz, 4/=0.6 Hz, 1H; 1"-H),
6.38 (d, /s =13.5 Hz, 1H; 2'-H), 10.06 (dd, *J=2.0 Hz, 7 =0.6 Hz, 1 H;
3-H); BCNMR (- 80°C, CD,Cl,): 6 =26.16 (d; C-2), 119.54 (d), 127.89 (d),
164.80 (d; C-3)

(E)9e: '"H NMR (—85°C, CD,CL,): d=1.14 (d, ¥/ =1.3 Hz, 3H; 1'-Me),
1.31 (d, /=1.5Hz, 3H; 2-Me), 6.20 (qd, /=13 Hz, >J=0.8 Hz, 1H; 2"-
H), 1026 (qd, ¥/ =1.5Hz, >J=0.8 Hz, 1H; 3-H); “C NMR (—85°C,
CD,Cl,): 6 =13.65 (q; Me), 20.73 (q; Me), 33.65 (s; C-2), 122.48 (d; C-2'),
128.31 (s; C-1'), 172.53 (d; C-3)

(E)-9f: '"HNMR (CDCl;): 6 =1.28 (s,3H; 2-Me), 1.63 (q, °/ =1.5 Hz, 3H;
1-Me), 2.12 (q, 3/ =1.5Hz, 3H; 3-H), 2.44 (s, 3H; 3-Me); C NMR
(CDCL): 6 =12.58 (q), 13.40 (q), 14.39 (q), 22.39 (q), 36.13 (s; C-2), 124.75
(s), 127.61 (s), 174.49 (s; C-3)

[a] '"H NMR: 300 MHz; 'C NMR: 75 MHz, assignments of signals by
distortionless enhancement by polaritation transfer (DEPT) experiments.

led quantitatively to a 1:1 mixture of meso-4 f and rac-4f. On
warming the irradiated solution, both stereoisomers were
converted into 10 f in quantitative first-order reactions. One
of these valence isomerizations occurred already with k=

176 © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2001

3.65-10%! at —25°C, the other with k=1.73-10"%s"! at
+10°C. So far, we could not clarify which compound has the
meso structure and which the rac configuration. We suppose
that the new N—N bond is formed in the rate-determining step
of the aromatization. For conformational reasons, this should
be more difficult for meso-4f which may thus be the kineti-
cally more stable stereoisomer. In the presence of AgBF,, the
more stable isomer of 4f was completely transformed into
71181 at —25°C, whereas the other stereoisomer again gave
10f. Photolysis of (E,E)-3f in the more UV transparent
CD;CN (quartz equipment, —40°C) furnished (E)-9f and 4 f
first and then, after prolonged irradiation, a mixture of 7f
(30%) and 10 £ (22 %) as well as the fragmentation products
but-2-yne (3-4%) and acetonitrile (3—-4%).['1 By using
these conditions, prolonged photolyses of the diazides cis-8 f
or trans-8 f proceeded via 4 f and resulted in the formation of
both aromatics 7f (13 % or 12 %, respectively) and 10 f (33 %
or 41%, respectively) as well as traces of but-2-yne and
acetonitrile.

We monitored the reaction of 8¢ (X =Br) with QNj in
CDCI; by NMR spectroscopy at low temperature. Even at
—25°C nucleophilic substitution and electrocyclic ring open-
ing proceeded so rapidly that only the signals of 3¢ could be
assigned with certainty. At 45 °C, a slow evolution of nitrogen
started,?!] in the course of which one isomer of 9¢ and after
that both stereoisomers of 4¢ (ca. 2:1) could be detected
unequivocally (Table 1). Only the aromatic compound 10 ¢
(87 % based on dibromide 8¢) was found after prolonged
reaction times or after slight warming of the reaction mixture
whereas the heterocycles 6¢ and 7¢ could not be identified.
Thus, the postulated® generation of 4¢ from 5¢ seems to be
questionable.

The 1,4-diazidobuta-1,3-dienes 3d —f presented here could
be used as synthetic building blocks for cycloaddition
reactions, as shown by some examples in Scheme 3. At
present, we are trying to synthesize biazirinyls 4 which bear
sterically more demanding groups R!' and exhibit a higher
thermal stability. Valence isomerizations of 4 with R'+R? may
enable plausible conclusions regarding the reaction mecha-
nism to be drawn.

Received: August 4, 2000 [Z15587]

[1] a) W. E. Billups, M. M. Haley, Angew. Chem. 1989, 101, 1735-1737,
Angew. Chem. Int. Ed. Engl. 1989, 28, 1711-1712; b) R. Boese, D.
Bliser, R. Gleiter, K.-H. Pfeifer, W. E. Billups, M. M. Haley, J. Am.
Chem. Soc. 1993, 115, 743-746; c) W. E. Billups, M. M. Haley,
Tetrahedron 1994, 50, 10693 -10700; d) W. E. Billups, D. J. McCord,
Angew. Chem. 1994, 106, 1394 -1406; Angew. Chem. Int. Ed. Engl.
1994, 33, 1332 -1343.

[2] a) A. Greenberg, J. F. Liebman, J. Am. Chem. Soc. 1981, 103, 44-48;
b) J. Spanget Larsen, C. de Korswagen, M. Eckert-Maksic, R. Gleiter,
Helv. Chim. Acta 1982, 65, 968 —982.

[3] R. Breslow, P. Gal, J. Am. Chem. Soc. 1959, 81, 4747 —4748.

[4] Summaries: a) A. Padwa, S.1. Goldstein, R.J. Rosenthal, J. Org.
Chem. 1987, 52,3278 -3285; b) J. H. Davis, K. J. Shea, R. G. Bergman,
J. Am. Chem. Soc. 1977, 99, 1499 —1507.

a) A.Padwa, T. J. Blacklock, P. H. J. Carlsen, M. Pulwer, J. Org. Chem.
1979, 44, 3281 -3287; b) A. Padwa, J. Smolanoff, A. Tremper, J. Org.
Chem. 1976, 41, 543 —549.

[6] T.C. Gallagher, R. C. Storr, Tetrahedron Lett. 1981, 22, 2905 -2908.
[7] A. Hassner, J. Keogh, Tetrahedron Lett. 1975, 1575-1578.

5

[t

1433-7851/01/4001-0176 § 17.50+.50/0 Angew. Chem. Int. Ed. 2001, 40, No. 1



COMMUNICATIONS

R1
[3+2] _N
NN, NN
| R

[4+2]

TCNE
[4+2] | TCNE
b)

Ny
R! CN
CN [3+2]
CN
1 CN
R CcN

Ny

e
18d

Scheme 3. Cycloaddition reactions of 1,4-diazidobuta-1,3-dienes 3d.e.
a) Chloroform, 20°C, 30-60 min, 86% 16d, 99% 16e; b) acetone,
tetracyanoethylene (TCNE) 20°C, 2-20 h, 95% 17d, 91 % 17e; c) chloro-
form, 20°C, 3 h, 96 % 18d.

[8] a) G. L’abbé, A. Hassner, Angew. Chem. 1971, 83, 103-109; Angew.
Chem. Int. Ed. Engl. 1971, 10,98 - 104; b) G. Smolinsky, C. A. Pryde in
The Chemistry of the Azido Group (Ed.: S. Patai), Wiley, London,
1971, pp. 555-585; ¢) A. Hassner in Azides and Nitrenes: Reactivity
and Utility (Ed.: E. F. V. Scriven), Academic Press, Orlando, 1984,
pp- 35-94; d) K. Banert, Methoden Org. Chem. (Houben-Weyl) 1952-,
Vol. E15, 1993 pp. 818 -875, 1344 - 1347, 2348 —2349, 3105 -3107.

[9] H. Hoberg, C. Frohlich, Synthesis 1981, 830 —831.

[10] D. Landini, A. Maia, F. Montanari, J. Am. Chem. Soc. 1978, 100,
2796 -2801; D. Landini, A. Maia, F. Montanari, Nouv. J. Chim. 1979, 3,
575-577; D. Landini, A. Maia, F. Montanari, F. Rolla, J. Org. Chem.
1983, 48, 3774-3777; K. Banert, W. Kirmse, J. Am. Chem. Soc. 1982,
104, 3766 -3767; K. Banert, Chem. Ber. 1985, 118, 1564 —1574.

[11] Caution should be exercised during isolation of azides, particularly
(E,E)-3d which is explosive.

[12] Isolated yield; the yield of unstable products, which could not be
isolated, e.g. 4 and 9, was determined by 'H NMR spectroscopy
(internal standard).

[13] W. Kirmse, N. G. Rondan, K. N. Houk, J. Am. Chem. Soc. 1984, 106,
7989 -7991.

[14] H. A. Brune, W. Schwab, Tetrahedron 1969, 25, 4375-4378.

[15] R. Criegee, A. Moschel, Chem. Ber. 1959, 92, 2181 -2184.

[16] G. Maier, M. Schneider, G. Kreiling, W. Mayer, Chem. Ber. 1981, 114,
3922-3934.

[17] R.S. Hansen, W. S. Trahanovsky, J. Org. Chem. 1974, 39, 570-571.

[18] W. Zieliniski, Heterocycles 1985, 23, 1639 —1644.

[19] Also under these conditions, 7 f and 10 f were photochemically stable
as shown in control experiments.

[20] H. Hoberg, C. Frohlich, J. Organomet. Chem. 1980, 197, 105-109.

[21] There are several reports on the thermal transformation of other
1-azido-1,2-diphenylethenes into azirines which occurred already at
low temperatures: a) F. W. Fowler, A. Hassner, L. A. Levy, J. Am.
Chem. Soc. 1967, 89, 2077-2082; b) K. Banert, M. Hagedorn, C.
Liedtke, A. Melzer, C. Schoffler, Eur. J. Org. Chem. 2000, 257 —267.

[22] R. A. Carboni, R. V. Lindsey, J. Am. Chem. Soc. 1959, 81, 4342 - 4346.

Angew. Chem. Int. Ed. 2001, 40, No. 1

© WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2001

Highly Enantioselective Isomerization of
4,7-Dihydro-1,3-dioxepins Catalyzed by
Me-DuPHOS-Modified Dihalogenonickel
Complexes and Determination of the Absolute
Configuration of the Isomerization Products**
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Martin Maurer, and Gerhard Raabe

Dihalogenonickel complexes bearing chiral ligands have
proved to be efficient catalyst precursors for the asymmetric
isomerization of cyclic allyl acetals. In the isomerization of
5-methylen-1,3-dioxanes to 5-methyl-4H-1,3-dioxins, for ex-
ample, DIOP-modified (DIOP =2,3-O-isopropylidene-2,3-
dihydroxy-1,4-bis(diphenylphosphanyl)butane) dihalogeno-
nickel complexes activated with lithium triethylborohydride
gave selectivities of up to 92 % ee.l'l The enantioselectivities
significantly decreased, when 4,7-dihydro-1,3-dioxepins (1)
were used as substrates. However, we have shown previ-
ously that the selectivities depend on the relationship be-
tween the chelate-ring size of the catalyst and the ring size
of the substrate.l'? Thus, isomerization of 1a by using a
five-membered CHIRAPHOS-modified (CHIRAPHOS =
2,3-bis(diphenylphosphanyl)butane) dichloronickel complex
(2a) at room temperature in THF afforded 2-tert-butyl-
4,5-dihydro-1,3-dioxepin (3a) with 67 % ee. In contrast, the
seven-membered DIOP-modified dichloronickel complex
gave 3a under the same reaction conditions with only
38% ee.ll

Searching for other diphosphanes that form five-mem-
bered-ring nickel chelates we found that 1,2-bis(phosphola-
nyl)benzenes (Me-DuPHOS, Et-DuPHOS) are suitable li-
gands for the asymmetric nickel-catalyzed isomerization of
13 In fact, by employing Me-DuPHOS as a ligand a
breakthrough was achieved in terms of enantioselectivity
(Table 1). Treatment of 1a with [NiCl,((—)-Me-DuPHOS)]
(2¢) at room temperature and activation with LiBHEt; in
toluene provided (—)-3a already with 85% ee (Table 1,
entry 5), but incomplete conversion at this temperature
indicated a decreased catalytic activity of the dichloronickel
complex (2¢). However, we found that replacing the chloro by
bromo or iodo ligands drastically enhanced the activity of the
nickel catalysts. Thus, isomerizations of 1 with CHIRAPHOS
and DuPHOS bearing NiBr,- or Nil,—phosphane complexes
could be performed even at low temperatures yielding vinyl

[*] Prof. Dr. H. Frauenrath, D. Brethauer, Dr. S. Reim, Dr. M. Maurer
Universitdt Gh Kassel
Fachbereich 19 - Biologie/Chemie
Heinrich-Plett-Strasse 40, 34109 Kassel (Germany)
Fax: (449) 561-8044649
E-mail: frauenra@hrz.uni-kassel.de
Piv.-Doz. Dr. G. Raabel*]
Rheinisch-Westfélische Technische Hochschule Aachen
Institut fiir Organische Chemie
Prof.-Pirlet-Strasse 1, 52074 Aachen (Germany)

[*] X-ray crystallographic analysis

[**] This work was supported by the Fonds der Chemische Industrie. We

would like to thank Prof. Dr. H. Brunner, Universitit Regensburg, for
help in questions concerning analytical data. Me-DuPHOS =1,2-
bis(2,5-dimethylphospholanyl)benzene.

1433-7851/01/4001-0177 § 17.50+.50/0 177



