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endo-Fused lactone 3 was obtained in high yield from the mechanism of its formation and reactivity were investigated.
Lactone 3 serves as key intermediate for lactol 1 which is acamphoracetic acid 2 with thionyl chloride and a subsequent

reduction of intermediate 5 with tributyltin hydride. The useful reagent in racemate resolution and asymmetric
synthesis.structure of 5 was elaborated and some aspects of the

The enantiomerically pure lactol 1 [1] is a very versatile higher than was to be expected from the original ratio 5/6,
we assumed that during the crystallization a further equili-anomer-selective protecting group and chiral auxiliary. The

advantageous application of 1 in racemate resolution[2] [3] [4] bration had occurred. As a consequence, we decided to con-
centrate the mother liquor, the residue was dissolved inand asymmetric synthesis [2] [5] has been demonstrated many

times, and acetals derived from 1 have been used for studies CDCl3, and the time dependence of the ratio 5/6 was meas-
ured (Table 1).of stereoelectronic effects[6]. In addition, 1 allows the deter-

mination of the absolute configuration[2] [3] [7] and the enan- Although no crystallization occurred during the experi-
tiomeric purity[2] [3] of alcohols, cyanohydrins, thiols, acids, ment, the equilibrium between 5 and 6 was far in advantage
and amines. of the chlorolactone. Thus, to the product of this reaction

Despite this broad range of useful applications, a new should be assigned structure 5 in contrast to earlier assump-
synthesis was described only recently which allows to manu- tions[9].
facture 1 in a high overall yield from d-camphor on a multi- First hints for the cyclic structure of 5 were obtained
kilogram scale (see Scheme 1)[8]. A key step in this reaction from IR[10] and 13C-NMR data[11] which allowed to dis-
sequence is the sodium tetrahydroborate reduction of the tinguish between open-chain keto acid chlorides and cyclic
endo-camphoracetic acid 2 yielding 2 rather unselectively pseudoacid chlorides. In the IR spectra only one carbonyl
2 endo-lactone 3 and the trans-isoborneolacetic acid 4, signal was observed whereas 2 showed two absorption
which for economical reasons, has to be recycled. This can bands in this region. In the 13C-NMR spectra there was no
be done very easily by reoxidation, but, especially on a lab- recognizable signal for the camphor carbonyl group, but a
oratory scale, this requires at least two more steps. We have new signal at a chemical shift, which one would expect for
thus developed a new two-step sequence for the synthesis an O,Cl acetal carbon atom, appeared. In our case no defi-
of 3 from 2 which avoids the formation of 4. nite assignment was possible from 1H-NMR data[12].

Eventually, the structure of 5 was proven by X-ray analysis
(Figure 1).Results and Discussion

The formation of chlorolactones from γ-keto acids has
received considerable attention in the past 2 especially inOur new method takes advantage of chlorolactone 5.

This pseudoacid chloride is obtained as the main product the case of laevulinic acid chloride[13] and some 1,2-dicar-
boxylic acid chlorides[14] 2 but is now well precedented[15].when 2 is treated with thionyl chloride and only about 12%

of open-chain isomer 6 is observed. Treating this mixture However, concerning the mechanism of the chlorolactone
formation, it was proposed only at one instance that thewith n-hexane affords colorless crystals of 5 in 94% yield

based on 2. Since the isolated yield of crystalline 5 was carbonyl oxygen atom simply displaces the halogen
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Figure 1. Molecular structure of the chlorolactone 5[a]Scheme 1. Synthesis of endo-lactol 1

[a] Selected distances [Å]: C(7a)2Cl 1.809(2), C(7a)2O(1) 1.427(2),
O(1)2C(2) 1.366(2), C(2)2O(2) 1.193(2), C(2)2C(3) 1.488(3),
C(3)2C(3a) 1.519(3), C(3a)2C(7a) 1.542(2).

Pseudoacid chloride 5 gave endo-lactone 3 in high yield
by reductive dehalogenation with tributyltin hydride[17]. In
the aforementioned procedure, the diastereomeric purity of
2 was highly important with regard to the isolated yield[8]

of lactone 3. Due to steric reasons (unhindered attack of
hydride from the endo side of the bornane ring system) exo
isomer 7 gave almost exclusively exo-lactone 9, whereas 2
yielded 3 and 4 in a ratio of just 55:40 only (see Scheme 1).
Because the diastereomeric impurity is thus virtually
doubled in this reduction step, careful purification of acid
5 proved far more efficient than the removal of lactone 9

Table 1. Time dependence of the ratio 5/6 from 3 by recrystallization. In the new synthesis this was
no problem at all. The ratio between the endo and exo iso-

time 5/6 mer was the same throughout the whole sequence from 2
to 3 via 5 and did only depend on the purity of 2. Thus, no

10 min 1:1 enrichment of exo-lactone 9 was observed which is a great1 d 4:1
advantage, since purification can be done with the same ef-2 d 6:1

7 d 6:1 ficacy on each of the compounds 2, 5, and 3.
54 d (220°C) > 95:1

Finally, the reactivity of pseudoacid chloride 5 towards
another stannane and two amines was investigated. When
treated with allyltributylstannane[18] 5 gave C-allylated lac-
tone 10 as sole product which is a promising starting mate-atom[10]. But so far, from the analysis of the investigated

substrates we could not rule out that the reaction takes rial for further functionalized derivatives of lactol 1
(Scheme 2). On the other hand in the reaction with piperi-place via the enol form[13f] in cases where an enolization

is possible. dine and N-methylaniline, respectively, 5 afforded open-
chain amides 11 and 12 like any ordinary acid chloride. NoFor our substrate 2 which gave only endo-fused lactone 5

and no exo isomer 8 it was obvious that no epimerization aminolactone 13 was formed as was reported for other
chlorolactones[14g] [19].had occurred. To exclude the possibility that the lack of

formation of 8 was just a result of some high thermo- The formation of lactones 3 and 10 may be attributed to
the stability of the chain reaction carrying radical which isdynamic selectivity we carried out the same experiment with

a mixture of 2 and the exo-camphoracetic acid 7 [8]. From obtained by abstraction of a chlorine atom from chlorolac-
tone 5. Therefore, no isomerization occurred and no ketothis reaction we obtained a mixture of chlorolactones 5 and

8 in the same ratio as for 2 and 7 (10:1) [16]. These results aldehyde was formed. The remarkably high stability of a
very similar type of radical has been reported earlier[15i].may be taken as proof that no enol form is involved in the

formation of 5 and 8 and this should also be true for other The reaction of 5 with amines seems to proceed by an
addition-elimination mechanism at the lactone carbonylchlorolactones. Thus, it is likely that the formation of

pseudoacid chlorides from γ-keto acids does not show any group and the subsequent elimination of hydrogen chlor-
ide[19e]. A displacement at the tetrahedral center (C-7a)epimerization at the α-carbon atom of the ketone.
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1 h. Thionyl chloride was evaporated and the obtained dark oilScheme 2. Reactions of pseudoacid chloride 5 (* yields not optimi-

zed and based on recovered starting material) was distilled in vacuo: b.p. 60265°C/0.005 Torr (Kugelrohr, ref. [9a]

1522154°C/12 Torr). This colorless oil was treated with n-hexane
to give colorless crystals which were recrystallized from n-hexane
to afford 1.436 g of 5 (94%); m.p. 75°C (ref. [9b] 75°C); Rf 5 0.38
(PE/Et2O, 3:1); [α]D

20 5 21.5 (c 5 2.98, CH2Cl2). 2 IR (KBr):
ν̃ 5 3004, and 2972 cm21 (C2H), 1796 (C5O), 1151, 1030, and
1007 (C2O), 685 (C2Cl). 2 1H NMR: δ 5 0.99, 1.11, and 1.19
(3 s, 9 H, 3 3 CH3), 1.0821.25 (m, 1 H, 5-Hendo), 1.4221.92 (m, 4
H, 4-H, 5-Hexo, 6-H), 2.48 (dd, J1 5 18.9 Hz, J2 5 2.1 Hz, 1 H, 3-
H), 2.90 (dd, J1 5 18.9 Hz, J2 5 10.3 Hz, 1 H, 3-H), 3.28 (ddd,
J1 5 10.3 Hz, J2 5 2.1 Hz, 1 H, 3a-H). 2 13C NMR: δ 5 13.1 (q,
C-11), 19.1 (t, C-5), 19.9/21.0 (2 q, C-9, C-10), 29.5 (t, C-3), 30.6
(t, C-6), 49.2 (d, C-4), 49.4 (d, C-3a), 50.0 (s, C-8), 56.4 (s, C-7),
113.5 (s, C-7a), 175.0 (s, C-2).

Compound 2 containing 7 as impurity (16 g, 76 mmol; content
of 7: 9%) was treated as described above and yielded after distil-
lation 15.339 g (88%) of 5 (content of 8: 9%)[16] as a colorless oil,
b.p. 75°C/0.03 Torr (Kugelrohr). 2 13C NMR of 8: δ 5 9.3, 20.8,does not occur, probably due to steric hindrance at this car-
and 24.6 (3 q, C-9, C-10, C-11), 28.4 (t, C-5), 31.9 (t, C-3), 34.3 (t,bon atom.
C-6), 48.4 (s, C-7), 49.5, and 54.2 (2 d, C-3a, C-4), 55.6 (s, C-8),Thus, it seems to be possible to determine the products to
116.3 (s, C-7a), 175.6 (s, C-2).be formed, depending on the reaction conditions. A radical

mechanism yields substituted lactones whereas nucleophiles X-ray-Crystal Structure Analysis of 5: A colorless rounded block
(0.5 3 0.5 3 0.6 mm, epoxy-coated) of 5, C12H17ClO2, formulaattack the carbonyl group and give ring-opened products.
weight 228.71, orthorhombic, space group P212121 (No. 19), a 5

13.367(3), b 5 12.079(3), c 5 7.185(2) Å, V 5 1155.7(5) Å3, Z 5

4, d(calcd.) 5 1.314 g/cm3, was used for data collection with aExperimental Section
Philips PW1100 four-circle diffractometer and graphite-monochro-General: Melting points are uncorrected. 2 IR: Perkin-Elmer
matized Mo-Kα radiation. Cell dimensions from ± ω scans of 13System 2000 FT-IR. 2 NMR: Bruker AC 200 (200 MHz and 50
reflections (Θ 5 17224°). The intensities of 2832 reflections (twoMHz, for 1H and 13 C, respectively). For 1H NMR, TMS at δH 5
octants) with Θ < 27°, 217 # h # 17, 0 # k # 15, 0 # l # 9, were0.00 or CHCl3 at δH 5 7.24 as internal standards; for 13C NMR,
measured with Θ22Θ scans. The data were corrected for LP andTMS at δC 5 0.00 or CDCl3 at δC 5 77.0 as internal standards. 2
system instability. Absorption was small and therefore neglected.Optical rotations were measured with a Perkin2Elmer 241 pola-
No. of unique reflections 2513 (Rint 5 0.0313). The structure wasrimeter in a 10-cm cell. 2 TLC: Merck silica gel 60 F254; visuali-
solved by direct methods[22]. Structure refinement by full-matrixzation of the spots with molybdatophosphoric acid (5% in ethanol)
least squares on F2 [23] with anisotropic temperature factors for alland heating. 2 Column chromatography and vacuum flash chro-
non-hydrogen atoms. Hydrogen atoms were located by Fouriermatography (VFC): Merck silica gel 60 (2302400 mesh). 2 Allyl-
methods and were refined unrestrained. The final full-matrix least-tributylstannane was synthesized according to ref. [20]. 2 Abbrevi-
squares refinement varied 205 parameters and used all 2513 inde-ations used: PE 5 petroleum ether, AIBN 5 2, 29-azobis(2-methyl-
pendent reflections. Final R1 5 0.0326, for all data, and R1 5propionitrile).
0.0288 for the 2331 reflections with Fo $ 4σ(Fo). Excursions in final

[3aS-(3aa,4a,7α,7aa)]-3a,4,5,6,7,7a-Hexahydro-7,8,8-tri- Fourier map between 20.11 and 0.19 eÅ23. The Flack absolute
methyl-4,7-methanobenzofuran-2(3H)-one (3): To a solution of 5 structure parameter of 0.02(6) was consistent with the known abso-
(300 mg, 1.31 mmol) in anhydrous, degassed THF (10 ml), tributyl- lute configuration of the compound[24].
tin hydride (390 mg, 1.34 mmol) and AIBN (22 mg, 0.13 mmol)

[3aS-(3aa,4a,7a,7aa)]-3a,4,5,6,7,7a-Hexahydro-7,8,8-tri-was added and the mixture was stirred for 4 h under reflux. The
methyl-7a-(2-propenyl)-4,7-methanobenzofuran-2(3H)-one (10): Tosolution was concentrated in vacuo and the residue was dissolved
a solution of 5 (300 mg, 1.3 mmol) in anhydrous, degassed benzenein Et2O and extracted with a cold saturated solution of sodium
(1.3 ml) allyltributylstannane (868 mg, 2.6 mmol) and AIBN (32hydrogen carbonate in water (2 3 10 ml). The combined aqueous
mg, 0.2 mmol) were added. The reaction mixture was stirred underlayers were extracted with Et2O (1 3 10 ml), and the combined
reflux for 16 h, cooled to room temp., diluted with Et2O (10 ml),ether solutions were dried with Na2SO4 and the solvent was evapo-
and washed with saturated sodium bicarbonate solution (3 3 15rated. The residue was purified by VFC (20 g, PE/Et2O, 4:1) and
ml) and water (1 3 15 ml). The aqueous layers altogether wereyielded after crystallization from n-hexane 255 mg of 3 (quant.),
extracted with Et2O (1 3 40 ml) and the combined ether solutionscolorless crystals, m.p. 45250°C (ref. [1] 48250°C).
were dried with sodium sulfate, and the solvent was evaporated.

Analogously the reaction of 5 containing 8 as impurity (300 mg, The residual yellow oil was purified by MPLC (150 g, PE/Et2O,
1.31 mmol; content of 8: 9%) with tributyltin hydride (394 mg, 1.31 5:1) and gave 142 mg of 10 (46%) and 90 mg of recovered 5 (30%).
mmol) and AIBN (22 mg, 0.13 mmol) yielded 194 mg of 3 (77%, 2 10: Colorless crystals, m.p. 63265°C (n-hexane), Rf 5 0.46 (PE/
content of 9: 9%)[21]. Et2O, 3:1), [α]D

20 5 140.04 (c 5 0.45, CH2Cl2). 2 1H NMR: δ 5

0.89, 0.95, and 0.98 (3 s, 9 H, 3 3 CH3), 1.1421.90 (m, 5 H, 4-[3aS-(3aa,4a,7a,7aa)]-7a-Chloro-3a,4,5,6,7,7a-hexahydro-
7,8,8-trimethyl-4,7-methanobenzofuran-2-one (5): A solution of 2 H, 5-H, 6-H), 2.2222.79 (m, 5 H, 3-H, 3a-H, 2CH2CH5CH2),

5.0925.23 (m, 2 H, 2CH2CH5CH2), 5.6025.80 (m, 1 H,(1.400 g, 6.7 mmol) in freshly distilled thionyl chloride (3.5 ml, 50.0
mmol) was stirred at ambient temperature for 13 h and at 60°C for 2CH2CH5CH2). 2 13C NMR: δ 5 12.0 (q, C-11), 19.6 (t, C-5),
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[4e] E. L. Eliel, S. H.Wilen, L. N. Mander, Stereochemistry of20.2 (q, C-10), 21.1 (q, C-9), 29.9 (t, C-6), 32.3 (t, C-3), 39.8 (d, C-
Organic Compounds, Wiley, New York, 1994, p. 338. 2 [4f] F.3a), 40.9 (t, 2CH2CH5CH2), 48.0 (d, C-4), 49.6 (s, C-8), 52.9 (s, Hammerschmidt, H. Völlenkle, Liebigs Ann. Chem. 1989,

C-7), 95.7 (s, C-7a), 120.1 (t, 2CH2CH5CH2), 131.5, (d, 5772583. 2 [4g] B. Hartmann, A. M. Kanazawa, J. P. Depres,
A. E. Greene, Tetrahedron Lett. 1993, 34, 387523876. 2 [4h] Y.2CH2CH5CH2), 177.5 (s, C-2). 2 C15H22O2 (234.34): calcd. C
Zhou, P. Luan, L. A. Liu, Z. P. Sun, J. Chromatogr./Biomedical76.88, H 9.46; found C 77.12, H 9.72.
Applications 1994, 659, 1092126. 2 [4i] R. W. Baker, S. O. Rea,
M. V. Sargent, E. M. C. Schenkelaars, B. W. Skelton, A. H.[1R-endo]-1-[(4,7,7-Trimethyl-3-oxobicyclo[2.2.1]hept-2-yl)-
White, Tetrahedron: Asymmetry 1994, 5, 45248. 2 [4j] K. Zim-acetyl]piperidine (11): A mixture of 5 (200 mg, 0.9 mmol), piperi- mermann, Monatsh. Chem. 1993, 124, 115721167.

dine hydrochloride (213 mg, 1.8 mmol), and triethylamine (0.5 ml, [5] [5a] C. R. Noe, M. Knollmüller, P. Ettmayer, Liebigs Ann. Chem.
3.5 mmol) in anhydrous THF (10 ml) was stirred at ambient tem- 1989, 6372643. 2 [5b] C. R. Noe, M. Knollmüller, P. Ettmayer,

Liebigs Ann. Chem. 1991, 4172424. 2 [5c] W. Oppolzer, Tetra-perature for 15 h. The solvent was evaporated, and the residue was
hedron 1987, 43, 196922004.dissolved in diethyl ether (20 ml) and extracted with 2  HCl (2 3

[6] [6a] M. Knollmüller, C. R. Noe, B. Oberhauser, Monatsh. Chem.10 ml). The organic layer was dried with sodium sulfate, and the
1986, 117, 4072419. 2 [6b] C. R. Noe, M. Knollmüller, G.

solvent was removed under diminished pressure. Recrystallization Göstl, B. Oberhauser, H. Völlenkle, Angew. Chem. 1987, 99,
from PE gave 243 mg of 11 (quant.) as colorless crystals, m.p. 78°C 4672470; Angew. Chem. Int. Ed. Engl. 1987, 26, 4422444. 2

[6c] C. R. Noe, M. Knollmüller, P. Ettmayer, Angew. Chem. 1988,(PE), Rf 5 0.13 (PE/Et2O, 3:1), [α]D
20 5 170.1 (c 5 1.38, CH2Cl2).

100, 143121433; Angew. Chem. Int. Ed. Engl. 1988, 100,2 1H NMR: δ 5 0.8821.04 (m, 9 H, 3 3 CH3), 1.1121.90 (m, 10
143121433. 2 [6d] C. R. Noe, M. Knollmüller, K. Dungler, C.

H, 5-H, 6-H, 39-H, 49-H, 59-H), 2.1322.36 (m, 2 H, 1-H, 2-H), Miculka, Chem. Ber. 1994, 127, 3592365.
2.6923.05 (m, 2 H, α-H), 3.2523.70 (m, 4 H, 29-H, 69-H). 2 13C [7] [7a] C. R. Noe, M. Knollmüller, C. Miculka, K. Dungler, E.
NMR: δ 5 9.4 (q, C-10), 19.2, and 19.5 (2 q, C-8, C-9), 20.3 (t, C- Wagner, P. Ettmayer, Chem. Ber. 1994, 127, 8872892. 2 [7b] C.

R. Noe, M. Knollmüller, P. Gärtner, E. Katikarides, L. Gais-6), 24.5 (t, C-49), 25.5, and 26.4 (2 t, C-39, C-59), 30.1, and 31.2 (2
chin, H. Völlenkle, Liebigs Ann. 1995, 135321360.t, C-5, C-α), 42.8 (t, C-69), 45.9 (s, C-7), 46.5 (t, C-29), 46.8, and

[8] C. R. Noe, M. Knollmüller, P. Gärtner, K. Mereiter, G. Stein-46.9 (2 d, C-1, C-2), 58.5 (s, C-4), 169.3 (s, CON), 221.2 (s, C-3). bauer, Liebigs Ann. 1996, 101521021.
2 C17H27NO2 (277.41): calcd. C 73.61, H 9.81, N 5.05; found C [9] [9a] H. Rupe, M. Werder, H. Tagaki, Helv. Chim. Acta 1918, 1,
73.67, H 10.04, N 4.99. 3092342, 335. 2 [9b] H. Rupe, F. Häfliger, Helv. Chim. Acta

1940, 23, 53290, 83.
[1R-endo]-N,4,7,7-Tetramethyl-3-oxo-N-phenylbicyclo- [10] J. Cason, E. J. Reist, J. Org. Chem. 1958, 23, 149221496.

[2.2.1]heptan-2-acetamide (12): A mixture of 5 (4.673 g, 20.4 [11] W. J. Elliott, J. Fried, J. Org. Chem. 1978, 43, 270822710.
mmol), N-methylaniline (6.604 g, 61.4 mmol), and triethylamine [12] G. H. Schmid, L. S. J. Weiler, Can. J. Chem. 1965, 43,
(6.210 g, 61.2 mmol) in anhydrous benzene (70 ml) was stirred for 124221246.

[13] [13a] L. Wolff, Ann. Chem. 1885, 229, 2492285, 271. 2 [13b] J.48 h under reflux, and washed with 2  HCl (3 3 30 ml) and
Bredt, Ann. Chem. 1890, 256, 3142340, 334. 2 [13c] G. R.saturated sodium bicarbonate solution (30 ml). The organic layer
Clemo, G. R. Ramage, J. Chem. Soc. 1931, 49. 2 [13d] F. Fichter,was dried with sodium sulfate and the solvent was evaporated. The S. Lurie, Helv. Chim. Acta 1933, 16, 8852891. 2 [13e] J. H. Hel-

residue yielded after VFC (80 g, PE/Et2O, 5:1) 2.630 g of 12 (44%) berger, Justus Liebigs Ann. Chem. 1936, 522, 2692277. 2 [13f]

D. P. Langlois, H. Wolff, J. Amer. Chem. Soc. 1948, 70,and 2.463 g of recovered 5 (53%). 2 12: Colorless oil, b.p. 75°C/
262422626.0.005 Torr (Kugelrohr), Rf 5 0.13 (PE/Et2O, 3:1), [α]D

20 5 180.1
[14] [14a] E. Ott, Justus Liebigs Ann. Chem. 1912, 392, 2452285. 2(c 5 0.88, CH2Cl2). 2 1H NMR: δ 5 0.7621.30 (m, 11 H, 5-Hendo, [14b] K. V. Auwers, M. Schmidt, Chem. Ber. 1913, 46, 4572487.

6-Hendo, 3 3 CH3), 1.4321.81 (m, 2 H, 5-Hexo, 6-Hexo), 1.8522.28 2 [14c] J. Cason, R. D. Smith, J. Org. Chem. 1953, 18,
(m, 2 H, 1-H, 2-H), 2.4022.66 (m, 1 H, α-H), 2.8123.04 (m, 1 H, 120121208. 2 [14d] J. Cason, E. J. Reist, J. Org. Chem. 1958,

23, 166821674.α-H), 3.27 (s, 3 H, NCH3), 7.0827.50 (m, 5 H, phenyl-H). 2 13C
[15] [15a] E. Bertele, H. Boos, J. D. Dunitz, F. Elsinger, A. Eschen-NMR: δ 5 9.3 (q, C-10), 19.1, and 19.4 (2 q, C-8, C-9), 20.3 (t, C-

moser, I. Fellner, H. P. Gribi, H. Gschwend, E. F. Meyer, M.6), 30.8, and 31.4 (2 t, C-5, C-α), 37.3 (q, NCH3), 45.7 (s, C-7),
Pesaro, R. Scheffold, Angew. Chemie 1964, 76, 3932399; Angew.

46.5, and 47.0 (2 d, C-1, C-2), 58.3 (s, C-4), 127.1 (d, 2 ortho-C), Chemie Int. Ed. Engl. 1964, 3, 4902496. 2 [15b] J. J. Dugan, P.
127.8 (d, para-C), 129.7 (d, 2 meta-C), 143.6 (s, ipso-C), 171.1 (s, de Mayo, M. Nisbet, J. R. Robinson, M. Anchel, J. Amer.

Chem. Soc. 1966, 88, 283822844. 2 [15c] P. D. Cradwick, G. A.CON), 220.5 (s, C-3). 2 C19H25NO2 (299.42): calcd. C 76.22, H
Sim, J. Chem. Soc. D 1971, 4312432. 2 [15d] M. V. Bhatt, K.8.42, N 4.68; found C 76.07, H 8.61, N 4.71.
M. Kamath, M. Ravindranathan, J. Chem. Soc. C 1971, 3344.
2 [15e] J. Singh, K. P. Agarwal, G. Singh, Tetrahedron Lett. 1981,
22, 377523778. 2 [15f] N. Haider, G. Heinisch, I. Kurzman-
Rauscher, M. Wolf, Liebigs Ann. Chem. 1985, 1672182. 2

[1] C. R. Noe, Chem. Ber. 1982, 115, 157621590. [15g] K. Unverferth, R. Doerre, B. Koerner, H. Scheibe, E. Mor-
[2] C. R. Noe, M. Knollmüller, P. Ettmayer, P. Gärtner, M. Letsch- genstern, Arch. Pharm. (Weinheim Ger.) 1991, 324, 8092814.

nig, Österr. Chem. Ztg. 1990, 36241. 2 [15h] C. H. Heathcock, S. K. Davidsen, S. G. Mills, M. A.
[3] [3a] C. R. Noe, M. Knollmüller, K. Dungler, C. Miculka, P. Sanner, J. Org. Chem. 1992, 57, 253122544. 2 [15i] G. Kruppa,

Gärtner, Monatsh. Chem. 1991, 122, 7052718. 2 [3b] C. R. Noe, P. Hug, A. Liegard, G. Rist, P. Nesvadba, Helv. Chim. Acta
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