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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.
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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**

Herbert Frauenrath,* Dirk Brethauer, Stefan Reim,
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.l’!

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 (Table1,
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
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acetals (3a—c) in good to high (R)-(-)-32 (98% ee)

enantioselectivities. Best re- (R)-(-)-3b (90% ee)

sults were achieved with  (R-()-3C (90% ee)
[NiL((~)-Me-DuPHOS)] o
(2e) as a precatalyst and with m-CPBA

activation by LiBHEt; in CH:Cl2, RT 254 N
toluene at —55°C. Under (;Xl_? o

these conditions, the enantio-
mers(—)-3b and 3¢ were ob-
tained at acceptable rates with
90% ee, and (—)-3a with an
excellent selectivity of 98 % ee
(Table 1, entries 11, 13, 15).
The absolute configuration
of the isomerization products
was established by the con-
version of 3 into either 1,2,4-
butanetriol (7) or 2-hydroxy-
y-butyrolactone (9). Both
transformations proceed by a new oxidation ring-contraction
sequence of 3 to give the carbaldehydes 5 (Scheme 1)
according to our procedure for the synthesis of 4-methyl-1,3-
dioxolan-4-carbaldehydes.”! Thus, treatment of (—)-3a—c¢

R' = m-Cl-CgHg

Table 1. Asymmetric isomerization of 4,7-dihydro-1,3-dioxepins (1a-c) using
(R,R)-(+)-CHIRAPHOS- and (R,R)-(—)-Me-DuPHOS-modified nickel com-

plexes.
(Gt P(Cabe) I:gpi Ni; PP
X/ \X :‘_X( \X
2a: X=Cl 2c: X=Cl
2b: X =1 2d: X=Br
2e: X=1
(=\ 5 mol% 2/1.5 equiv LiBHEt3 (_\
0.0 » 0.0
x solvent, T X
R™ H R H
1a: R = tert-Butyl (R)-(-)-3a—c
1b: R = Isopropyl
1c: R = n-Butyl
Entry Product Pre- Solvent T Conversion [% ]/ ee [a]®
catalyst [°C] Time(h)™ [%]© (neat)
1 3a 2a THF 20 100(71)/48 67 —23.6
2 3a 2a THF —40 0/48
3 3a 2b THF 20 100/48 73
4 3a 2b THF —40 100(83)/72 82 —284
5 3a 2¢ toluene 20 80/96 85
6 3a 2¢ toluene —55 0/48
7 3a 2d toluene 20 100/18 80
8 3a 2d toluene —55 16/72 92
9 3a 2e toluene 20 100/2.5 80
10 3a 2e toluene —20 100/48 92
11 3a 2e toluene —55 100(74)/72 98 34.9
12 3b 2e toluene 20 100/2.5 70
13 3b 2e toluene —55 100(75)/72 90 —-272
14 3¢ 2e toluene 20 100/2.5 78
15 3¢ 2e toluene —55 100(75)/72 90 —-22.1

[a] Determined by gas chromatography (GC). Values in parentheses: yields of
isolated product. [b] No further conversion on prolonged reaction times.
[c] Determined by GC. Capillary column: Rt-fDEXcst (30 m, internal diameter
0.32 mm);® carrier gas H,.
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4a: 75%, d.r. 95:5
4b: 74%, d.r. 95:5
4C: 72%, d.r. 87:13
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Scheme 1. Oxidation and rearrangement of R-(—)-3 and the conversion of the carboxaldehydes 5 into (R)-(+)-
1,2,4-butanetriol (7) and (R)-(+)-2-hydroxy-y-butyrolactone (9), respectively.

with m-chloroperbenzoic acid and heating the resulting crude
mixture in vacuo in the presence of an acid led directly to
distillation of a diastereomeric mixture of carbaldehydes 5a—
c. Subsequent reduction with lithium aluminum hydride and
acetal cleavage or oxidation, acetal cleavage, and lactoniza-
tion by azeotropic removal of water furnished (R)-(+)-7 and
(R)-(+)-9, respectively. Comparison of the specific rotation
of the product with that of authentic (R)-(+)-7 and (R)-(+)-9
determined the 2R 4R configuration for the major diaster-
eomers of Sa—c and the 2S54R configuration for the minor
diastereomers. The absolute configuration of (—)-3a-—c¢
followed from the relative configuration of acylals 4a—c¢
obtained as the primary products of the m-chloroperbenzoic
acid oxidation and isolated, by careful neutralization of the
crude oxidation product, as a mixture of two diastereomers in
a 95:5 to 83:17 ratio. As evidenced by NMR spectroscopic
data, both diastereomers differ in the configuration at C4. In
the case of rac-4b, the major diastereomer could be isolated
in a diastereomerically pure crystalline form from pentane
solution.

Crystal structure analysis of rac-4b unambiguously con-
firmed the 2RS,4RS,5RS configuration for both conformers in
the asymmetric unit (Figure 1) indicating a preferred trans

Figure 1. The symmetrically independent molecules of the asymmetric
unit of rac-4b.
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attack of m-chloroperbenzoic acid in the reaction with 3.1l
The results reveal, that (—)-3b and, on the basis of similar
coupling constants in the 'H NMR spectra and similar nuclear
Overhauser enhancement (NOE) effects , most probably (—)-
3a, ¢ have the R configuration.

In conclusion, 4,5-dihydro-1,3-dioxepins (3) are readily
available with high enantiomeric excess by asymmetric
isomerization of 1 employing [Nil,(Me-DuPHOS)] as a
precatalyst. The conversions of 3 into 2-hydroxy-y-butyrolac-
tone (9) and 1,2,4-butanetriol (7) demonstrate new applica-
tions for compounds 3 as chiral synthons in asymmetric
synthesis. Derivates of carbaldehydes 5 and alcohols 6,
prepared by different methods, have already been used for
the synthesis of optical active a-amino acetals, a-amino acids,
and 1,2- and 1,3-diols.’!

Experimental Section

(R)-(—)-3a: Catalyst precursor 2e (0.20 g, 0.32 mmol) was dissolved in
toluene at room temperature and activated by LIBHEt; (0.5 mL, 0.5 mmol,
1M in THF). After cooling to — 55°C, a solution of 1a (1.0 g, 6.40 mmol) in
toluene (5 mL) was added, and the mixture was left at this temperature for
48 h. The conversion is monitored by GC. After complete conversion the
mixture was allowed to warm to room temperature and quenched with a
saturated NH,CI solution (10 mL). The organic layer was separated, and
after removal of the solvent the residue was distilled in vacuo; b.p. 55—
60°C/18 Torr; yield 0.74 g (4.7 mmol, 74 %).

5a: A solution of purified m-chloroperbenzoic acid (3.40 g, 20 mmol)' in
dichloromethane (50 mL) was added dropwise at room temperature to a
stirred solution of 3a (2.34 g, 15 mmol) in dichloromethane (10 mL). After
stirring for 30 min and removal of the solvent in vacuo the diastereomeric
aldehydes 5a were distilled off by heating the colorless residue to 130°C ;
b.p. 75-80°C/18 Torr; yield 1.50 g (8.70 mmol, 58 % ). '"H NMR (500 MHz,
CDCl;, 22°C, TMS); major diastereomer: 6 =0.95 (s, 9H, ¢Bu), 1.65
(ddddd, 1H (eq), J=13.3, 3.0, 2.7, 1.5, 0.8 Hz, OCH,CH,), 1.77 (dddd, 1H
(ax), J=13.3,12.2, 11.8, 5.1 Hz, OCH,CH,), 3.75 (ddd, 1H (ax), J=12.2,
11.4, 2.7Hz, OCH,CH,), 4.08 (ddd, 1H (ax), J=11.6, 3.0, 0.8 Hz,
OCHCH,), 4.19 (ddd, 1H (eq), /=115, 4.9, 1.5 Hz, OCH,CH,), 4.20 (s,
1H, OCHO), 9.66 (dd, 1H, J=0.8, 0.8 Hz, CHO); C NMR (125 MHz,
CDCl;, 22°C, TMS); major diastereomer: 6 =24.6 (C(CHs);), 26.0
(C(CH,)3), 35.0 (OCH,CH,), 66.0 (OCH,CH,), 80.0 (OCHCH,), 107.2
(OCHO), 201.5 (CHO). MS (PCI): m/z (%) =173 (100), 157 (13), 127 (20).

8a: A solution of AgNO; (2.55 g, 15 mmol) in water (70 mL) was added to
a stirred solution of NaOH (1.20 g, 30 mmol) in water (70 mL). A solution
of aldehyde 5a (0.86 g, 5mmol) in diethyl ether (15mL) was added
dropwise to the resulting suspension. After stirring for 12h at room
temperature, the mixture was filtered and the solid washed with hot water.
The aqueous phase was acidified with 2m HCI, and the precipitated acid
extracted with diethyl ether. After drying the combined ethereal extracts
(MgSO,) the solvent was removed, and the residue recrystallized from
petroleum ether; yield 0.80 g (4.30 mmol, 85%); m.p. 95°C. 'H NMR
(500 MHz, CDCl;, 22°C, TMS); major diastereomer: 6 =0.95 (s, 9H, tBu),
191 (m, 2H, OCH,CH,), 3.77 (ddd, 1H (ax), /=116, 11.5, 3.6 Hz,
OCH,CH,), 421 (ddd, 1H (eq), /=115, 4.5, 1.7 Hz, OCH,CH,), 4.22 (s,
1H, OCHO), 4.30 (dd, 1H (ax), J=10.6, 4.3 Hz, OCHCH,), 8.21 (s, 1H,
COOH); BC NMR (125 MHz, CDCl;, 22°C, TMS); major diastereomer:
0=25.3 (C(CH;);), 28.7 (C(CHs;);), 35.7 (OCH,CH,), 67.1 (OCH,CH,),
85.0 (OCHCH,), 108.0 (OCHO), 173.4 (COOH).

(R)-(+)-9: A diastereomeric mixture of 8a (1.88 g, 10 mmol) was stirred
with 18 % HCI (30 mL) at 30 °C for 12 h. After addition of CHCl; (100 mL)
and the azeotropic removal of water the organic layer was dried (MgSO,).
The solvent was removed, and the residue distilled in high vacuum; b.p.
103-105°C/0.1 Torr; yield 0.67 g (6.60 mmol, 66 % ); [a]d =+178 (c=1in
H,0) (ref.[11]: [a]E =+20.29 (c =4 in H,0)).
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