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Abstract: Asymmelric shielded 2-oxo-cyclohexenecarboxylates 6n and 6x were prepared by trans-
esterification of 2-oxo-cyclohexanecarboxylate 2 with camphor derived concave alcohols Im and 1x and
by subseguent introduction of a double bond via phenylselenides. Diastereoselective conjugate addition
of equimolar amounts of mixed cuprates at —78 °C and deprotection by methanolysis gave
enantiomerically pure 6-substituted 2-oxo-cyclohexanecarboxylates 14-19 and ent-14-19, valuable as
chiral building blocks in natural product synthesis.

The conjugate addition of cuprates to asymmetric shiclded enoates developed into an important and well
known method! for assembling structural complex organic molecules. Particularly successful was the conjugate
addition of organocopper compounds to enoates of camphor derived chiral auxiliaries.!3 Best results were

obtained by Helmchen? on additions to enoates derived from concave alcohols 1n and 1x, which generally

proceeded with an extremely high diastereoselectivity (>99%) and in excellent yields (>90%).
N
y \SOZPh N -
OH OH SO,Ph
n 1x

In conjunction with projects aiming at the EPC syntheses of the natural products (-)-chokol A* and
(+)-heptelidic acid,” we investigated the preparation of cnantiomerically pure 5-substituted 2-oxo-cyclopentane-
carboxylates and 6-substituted 2-oxo-cyclohexanecarboxylates starting from asymmetric protected cyclic
enoates. In the present article we want to report on conjugate addition of mixed cuprates to asymmetric
protected 2-0xo-cyclohexenccarboxylates derived from the chiral auxiliaries 1n and 1x.

Asymmetric shielded 2-oxo-cyclohexanecarboxylates were readily available from auxiliaries 1m or 1x and
racemic 2-oxo-cyclohexanecarboxylate 2. We obtained the well crystallizing esters 3n (94%) and 3x (94%) in
excellent yields using a DMAP® mediated transesterification reaction” first reported by Taber.®
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Phenylselenylation? of 3n and 3x gave mixtures of diastercomeric selenides (4n:5n = 4x:5x = 60:40)

which were separated by chromatography. Oxidative deselenylation of 4n or Sn and 4x or 5x afforded enoates

6n and 6x in good yields (85-91%), respectively. Preparative scale synthesis of enoates 6n (60%) and 6x

(68%) was manufactured by a one pot procedure starting from 3n and 3x without isolation of the intermediate

selenides.

Next we studied the addition of Lipshutz cuprates'® to 6n and 6x (see Table 1) and obtained 6-substituted

2-oxo-cyclohexanecarboxylates 7n-12n and 7x-12x in good yields (62-78%), with one significant exception,

the reaction of 6n and 6x with the bulky t-butyl-2-thienyl-cyanocuprate which led to mixtures of t-butyl
adducts 9n (26%) and 9x (37%) with B-cyano adducts 13n (16%) and 13x (14%), respectively. Nevertheless
we were able to preparc 9n (66%) and 9x (56%) in good yiclds using tBu,CuLi which proved to be the more

reactive cuprate.

Table 1. Cuprate Addition to Asymmetric Shielded Enoates and Deprotection by Methanolysis.

Enonc

6n
6n
6n
6n
6n
6n
6x
6x
6x
6x
6x
6x

R

CH,

nBu

tBu

H,C=CH
H,C=C(CH5)
Ph

CH;

nBu

tBu

H,C=CH
H,C=C(CH,)
Ph

Cuprate Cuprate  Yield Methyl-  Yield R*OH Yield
Precursor Adduct (%) ester (%) (%)
R-Li n 64 14 70 In 82
R-Li 8n 62 15 90 in 79
R-Li 9n 264 16 56 In 91
R-MgBr 10n 70 17 81 In 81
R-Li 11n 62 18 77 In 71
R-Li 12n 66 19 80 1n 82
R-Li 7x 78 ent—14 62 1x 63
R-Li 8x 70 ent—15 76 1x 88
R-Li 9x 372 ent-16 52 1x 94
R-MgBr 10x 62 ent—17 75 1x 95
R-Li 11x 78 ent-18 69 1x 95
R-Li 12x 63 en-19 78 1x 91

2 After separation of 13n and 13x; reaction with tBupCul.i gave 9n (66%) and 9x (56%) as single products.
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NMR analysis of unpurified cuprate addition products outlined excellent diastereoselectivities (>95%).
After purification of the raw products by flash chromatography and crystallization we were in fact unable, with
help of HPLC and NMR, to find more but single diastereomers.

'H and *C NMR spectroscopic studies of 7n-13n (Table 2) and 7x-13x (Table 3) revealed great
differences in the degree of enolization depending on the nature of the substituent at C-6'. While compounds
with a planar group (10-13) showed exclusively signals of the enol form, compounds with a bulky substituent
(7-9) provided both resonances of the keto and the enol form.

Noteworthy are the special spectroscopic properties of the phenyl substituted derivative 12x. The
'H NMR signals of the methyl groups attached at the bornane skeleton were shifted upfield (0.5-0.6 ppm) in
comparison with the usual values. Obviously the phenyl ring at C-6' and the methyl groups are situated close
enough to cause a ring current induced upfield shift of the methyl resonances.

Cleavage of the chiral auxiliary from the sterically highly crowded 2-oxo-cyclohexanecarboxylates 7n-
12n and 7x-12x was accomplished by transesterification with MeOH at 125 °C, which allowed recycling of
1n and 1x and gave the enantiomerically pure methylesters 14-19 and enz-14-19 in good yields (Table 1).
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Table 2. '3C NMR Shifts (CDCls, 8 in ppm) of the Auxiliary Protected Derivatives 3n-13n.?

3nb 4n¢ 5n° 6n¢ Tn‘ 8n¢ on®  10n® 11a® 120 130d
C-1 5106 5230 5164 SL3% 5153 S1.57 5146 5119 51.04 5055 5144
c2 7513 7730 77.96 7672 7696  77.01 7733 7565 7522 7557  71.55
C-3 5918 5912 5849 5924 5942 5927 59.09 5932 5924 5917  59.76
c-4 5000 49.04 4890 4977 4925 4928 4921 4998 5003 49.86  49.35
C-5 1962 1945 1933 19.64 1947 1951 1944 1957 19.84 19.48  19.59
C-6 2740 2673 2673 27.07 2663 2502 2690 2697 2672 2558  27.11
c-7 4547 4564 4600 4567 4571 4572 4568 4552 4530 4523  45.69
Ar-CHj 2103 2123 20108 2105 2003 2102 2120 2016 2120 2119 21.23
Ar-CH; 2003 2093 2097 2105 2090 2112 2020 2116 21.09 2119 2095
CH; 1949 19.63 1967 1960 1953 1951 1955  19.46  19.42 1937  19.54
CH, 1945 1902 1914 1956 1936 1935 1926 1941 1939 1925 19,37
CH, 13.95 1435 1467 1423 1414 1419 1444 1396 1381 1361 1436
NAr C-1 136.44 13591 13801 13690 137.42 137.39 13686 13630 13623 13628 137.03
NAr C-2 12834 13111 13190 12897 12999 12091 13053 128.08 127.92 127.93 129.82
NAr C-3 13791 13868 13912 13812 13811 138.11 13841 137.00 137.85 137.84 13845
NAr C-4 129.03  129.15 128.89 12923 129.24 129.28 129.47 129.01 12894 12899 129.42
NAr C-§ 137.16 13661 13687 137.06 13710 137.09 13695 137.17 137.20 137.16 136.17
NAr C-6 127.55 12692 12691 12789 127.50 127.55 12749 127.70 127.59 12793 12743
SO,Ar C-1 139.45 13857 13833 13926 13898 139.03 13871 139.45 13950 139.48 138.72
SO,ArC-2.C-6 12834 12848 12830 12820 125.07 128.08 12825 12834 12833 12807 12821
SO,ArC-3.C-5 12810 12819 12814 12806 127.99 12805 128.14 128.08 12806 127.93 128.15
SO,Ar C-4 132,53 13280 13240 13250 13233 13233 13251 13255 132.54 13255 13271
C00 17144 16940 16921 164.15 169.54 16974 170.61 171,77 171.64 17169 170.67
C-1 9798 6182 6160 13351 6456 6337  S7.55 9923 10041  99.80  95.07
c2 17144 20571 20365 19445 207.02 207.28 200.13 173.06 172.62 173.62 174.75
c-3 2903 4204 4161 3883 4155 4128 39.10  29.00  29.00 29.25  28.63
C-4 2250 2317 2357 222% 2541 2251 2101 1674 1685 1659  18.80
C-s 2239 2639 2656 2614 3241 2867 2382 2769 2550 31.53  26.46
c-6 2191 3793 3798 15541 3547 4080 4725 3512 3896 3807  25.14

 Further data are presented in the experimental part.

b 3n (ketone:enol = 33:67); 10n-13n showed exclusively signals of the enol form.

<

4n-6n and 9n showed exclusively signals of the keto form: 7n (ketone:enol = 85:15); 8n (ketone:enol = 83:17).

'H and '*C NMR spectra pointed out that bulky substituted methyl esters 14-16 and ent-14-16 provided
mainly signals of the keto form. while the planar substituted esters 17-19 and enz-17-19 showed preferable
resonances of the enol form, but in all cases both forms were present and ratios strongly depended on
concentration and choice of the solvent, however. Repeated detection of '"H NMR spectra on the other hand
proved that the ketone-enol ratios were constant in CDCl, solutions, even on storage over a week. Thus we
measured the optical rotations of 17-19 and enr-17-19 in CDCI; solutions and determined subsequently the
ketone-enol ratios by '"H NMR.
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Table 3. 13C NMR Shifts (CDCl5, 8 in ppm) of the Auxiliary Protected Derivatives 3x-13x.%

3xb 4x* 5x*¢ 6x" 7x* 8xP 9x¢ 10x®  11xP 12xP 13xP
C-1 50.17 S1.88 50.70 50.44 50.73 50.74 50.56 50.56 50.72 50.30 50.65
C-2 80.15 82.46 83.27 81.46 82.44 82.46 82.44 80.58 80.61 80.86 80.67
C-3 67.42 67.82 67.14 67.44 67.66 67.58 67.41 67.67 67.63 67.43 67.86
C-4 48.68 48.84 48.28 48.62 48.38 48.43 48.43 48.60 48.63 48.49 48.33
C-5 27.65 28.31 28.76 27.74 2775 27.94 27.94 27.85 27.77 27.66 27.49
C-6 32.04 32.64 32.58 3211 32.34 3234 3297 32.36 32.39 32.30 32.36
C-7 47.26 47.35 47.29 47.32 47.33 47.32 47.25 47.37 47.31 46.80 47.50
Ar-CHy 21.05 2101 21.03 21.04 21.00 21.06 21.06 21.22 21.08 21.07 21.30
Ar-CH, 21.08 2111 21.03 21.04 21.00 21.06 21.06 21.22 21.13 21.07 21.30
CH; 21.33 21.34 21.34 21.35 21.27 21.20 21.30 22.00 21.88 20.27 21.92
CH; 20.75 20.53 20,68 20.70 20.72 20.74 200,58 20.71 20.59 20.27 20.49
CH; 11.23 2.30 12.22 11.30 11.57 11.62 11.33 11.52 11.37 10.95 11.39
NAr C-1 136.84  135.64  137.67 13697 13683 13689 13681 136.83 136.87 136.80 136.66
NAr C-2 129.14 d d d o d d 129.88  130.31 13093 130.62
NAr C-3 137.38 d d d d d d 137.86  137.83 137.78 138.43
NAr C-4 12920 12910 12898  129.3] 129,32 12938 129.49  129.25 129.25 129.30 129.52
NAr C-5 137.38 Bl d d d d d 137.86 13680 136.65 136.99
NAr C-6 129.14 d d d d d d 129.00 129.00 12896 128.71
SO»Ar C-1 139.13  138.35 3793 13881 138.84 13867 13829 138.86 138.79 138.54 138.54

SO,ArC-2,C-6 12841 12843 12842 12830 12810 12822 12847 12836 12835 12827 12830
SO,Ar C-3.C-5 128.07 12814 12816 128.05 128.04 128.07 128.06 128.04 128.03 128.04 128.12

SO,Ar C-4 132,48 132,64 13240 13246 13235 13239 13250 13247 13245 13248 132.67
Ccoo 171.74 16957 16881 16383 16932 16940 17034 17205 17219 17229 170.54
C-1 9792 61.78 61.78 13349 64.60 63.17 57.62 99.13 100.42 99.54 95.21
c-2 171.67 20570 20309 19431 20685 207.07 208.66 17354 17344 17438 175.54
C-3 29.89 41.90 +1.24 38.81 41.62 41.71 39.11 29.06 29.14 29.32 28.62
C-+ 2231 2290 23.30 22.24 2529 2248 20.96 16.60 16.79 16.40 18.76
C-5 2257 26.62 2647 2615 247 2818 23.63 27.29 25.30 31.70 26.42
Cc-¢' 21.83 3846 A0 15548 36.50 40.53 46.72 34.76 39.14 37.50 25.17

a
b

Further data are presented in the experimental part.

3x, 10x-13x showed cxclusively signals of the enol form: 8x cketonezenol = 24:76).
S

d

4x-6x showed exclusively signals of the keto form: 7x (ketoneieno] = 58:42): 9x (ketone:enol = 80:20).

Signals were not detectable due to signal broadening caused by hindered rotation.

The steric course of cuprate additions to 6m and 6x can be rationalized by an attack of the organocopper
nucleophile from the less hindered halfspace of the s-frans enoate reactive species (Scheme 2), as it has been
found for simpler acyclic enoates by Helmchen?. Quite obviously the additional keto function does not seem to
influence the reaction, apart from increased reactivity.

In conclusion, the present conjugate addition approach to 6-substituted 2-oxo-cyclohexanecarboxylates

enables a short and extremely stereoselective route to valuable intermediates in natural product synthesis.
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EXPERIMENTAL SECTION

Melting points were determined with a Biichi glass capillary melting point apparatus (Dr. Tottoli) and are un-
corrected. '"H NMR and '3C NMR spectra were measured with a Bruker AC 300 or a Varian unity plus 300
spectrometer using TMS as an internal standard. The HPLC system consisted of a Knauer pump type 64, a
Reodyne injection valve, a Knauer column (Eurosper 80-5, 250x5 mm, 5 um), a Knauer UV/VIS photometer
(detection at 254 nm), and a Hewlett Packard integrator (3393 A). Optical rotations were measured on a Perkin
Elmer 241 polarimeter. Microanalyses were determined at the Institute of Organic Chemistry, University of
Heidelberg or at the Institute of Physical Chemistry, University of Vienna.

General Procedure A: Esterification of 1 to 3. A solution of 1 (40.0 g, 97 mmol), 2 (32.9 g, 193 mmol)
and DMAP (23.6 g, 193 mmol) in toluene (600 ml) was refluxed. After 300 ml of the solvent were distilled off
within 2 d the mixture was evaporated in vacuo, the residue dissolved in CH,Cl,. The organic layer was
washed with 1 M HCI, dried (Na,SO,) and the solvent removed at reduced pressure. Excess 2 was distilled off
at 90 °C/0.03 mbar and the residue recrystallized from ether to yield pure 3.

General Procedure B: Phenylselenylation of 3 to 4 and 5. A solution of PhSeBr (1.35 g, 5.70 mmol) in
CH,Cl, (50 ml) was cooled to 0 °C, pyridine (0.46 g, 5.80 mmol) and a solution of 3 (3.06 g, 5.70 mmol) in
CH,Cl, (50 ml) were added and the mixture was stirred for 2 h at 20 °C. After extraction with 1 M HCI, the
organic layer was dried (Na,SO,) and the solvent removed under reduced pressure to give a mixture of crude
selenides (4n:5n = 4x:5x = 60:40).

General Procedure C: Oxidative Elimination of 4 or 5 to Enoates 6. To a solution of the selenide (0.51 g,
0.72 mmol) in CH,Cl, (20 ml) a solution of mCPBA (120 mg, 0.72 mmol) in CH,Cl, (10 ml) was added. The
mixture was stirred for 2 h at 20 °C, extracted with saturated NaHCO; and NaHSO; solution, the organic layer
was dried (Na,SOy), the solvent distilled off in vacuo and the residue crystallized from ether.

General Procedure D: Preparation of Enoates 6. A solution of PhSeBr (4.72 g, 20.0 mmol) in CH,Cl,
(100 ml) was cooled to 0 °C, pyridine (1.61 g, 20.4 mmol) and a solution of 3 (10.75 g, 20.0 mmol) in
CH,Cl, (100 ml) was added and the mixture was stirred for 2 h at 20 °C. After extraction with 1 M HCl, the
organic layer was dried (Na,SO,) and a solution of mCPBA (3.97 g, 23.0 mmol) in CH,Cl, (100 ml) was
added. The mixture was stirred for 2 h at 20 °C, extracted with saturated NaHCO; and NaHSO; solution, the
organic layer was dried (Na,SOy). the solvent distilled of in vacuo and the residue was crystallized from ether
to yield 6.

General Procedure E: Conjugate Addition of Lipshutz Cuprates to 6. A solution of lithium 2-thienyl-
cyanocuprate (8 ml, 0.25 M in THF, 2 mmol) was cooled to -78 °C, a solution of the organolithium
(organomagnesium) compound (2 mmol) was added and the mixture was stirred at -78 °C for 1 h. A solution
of 6 (1.05 g, 2 mmol) in THF (20 ml) was added and stirring was continued at =78 °C for 2 h. The reaction
mixture was quenched with NH,Cl solution (5%), stirred at 20 °C for 1 h and extracted with CH,Cl,. The
organic layer was dried (Na,SO,) and the solvent distilled off in vacuo. Purification of the residue by flash
chromatography (100 g, silica gel, hexane/EtOAc = 9:1) and crystallization gave pure adducts 7-13.

General Procedure F: Conjugate Addition of tBu,CuLi to 6. A suspension of Cul (381 mg, 2.00 mmol) in
THEF (20 ml) was cooled to =78 °C, a solution of tBuLi (2.30 ml, 1.74 M in pentane, 4 mmol) was added and
the resulting mixture stirred for 1 h at -78 °C. A solution of 6 (1.07 g, 2.00 mmol) in THF (20 ml) was added
and stirring was continued for 2 h at -78 °C. The reaction mixture was quenched with saturated NH,Cl
solution, stirred at 20 °C for | h and extracted with CH,Cl,. The organic layer was dried (Na,SO,) and the
solvent distilled off in vacuo. Purification of the residue by flash chromatography (100 g, silica gel,
hexane/EtOAc = 9:1) and crystallization gave pure adducts 9n and 9x.
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General Procedure G: Transesterification of 7-12 to 14-19. The camphor derived esters (2.00 mmol) were
dissolved in methanol (25 ml) and heated in an autoclave (125-140 °C, 16-100 h). Then the solvent was
evaporated at reduced pressure and the auxiliary (1n or 1x) was recovered by crystallization from methanol.
Kugelrohr distillation of the filtrate afforded the enantiomerically pure methylesters 14-19.

(IR 2R,3S,4S)-{3-[N-Benzenesulfonvl-N-(3,5-dimethvlphenyl)-amino ]-2-bornyl}-2-hydroxy-cyclohexene-
carboxylate (3n)

Esterification of 1n (procedure A) gave 3n {49.0g, 94%), colourless crystals, mp 181 °C. '"H NMR (300
MHz, CDCls, ketone:enol = 33:67) d(ketone, separated signals) = 0.85 (s, 3H, CH3), 0.92 (s, 3H, CHj),
1.01 (s, 3H, CHa), 2.12 (s, 3H, Ar-CHj3), 2.26 (s, 3H. Ar-CHj;), 3.39 (dd, /= 10.4 and 5.7 Hz, 1H, 1'-H),
5.36 (d, J = 8.4 Hz. 1H. 2-H); d(enol) = 0.81 (s, 3H. CH;), 0.87 (s, 3H, CH;), 1.02 (s, 3H, CH;),
1.10-1.35 (m, 2H). 1.40-1.85 (m. 7H), 1.90-2.05 (m. 2H). 2.09 (s, 3H, Ar-CH3;), 2.24 (s, 3H, Ar-CH3),
2.30-2.70 (m, 2H), 4.14 (m,, 1H, 3-H), 5.38 (d. J = 8.0 Hz, |H, 2-H), 6.17 (s, 1H, NAr 2-H), 6.73 (s, 1H,
NAr 4-H), 6.81 (s. [H. NAr 6-H), 7.34-7.42 (m, 4H, SO,ArH), 7.52 (m., 1H, SO,ArH), 12.01 (s, 1H,
=C-OH). '3C NMR (75 MHz, CDCl,, ketone:enol = 33:67) S(ketone, separated signals) = 13.82 (CH,),
19.40 (CH3). 19.45 (CH;). 19.50 (C-5), 21.03 (2 Ar-CH;), 23.56 (C-4"), 26.84 (C-5"), 27.40 (C-6), 29.75
(C-6"), 41.94 (C-3", 45.53 (C-7), 50.00 (C-4), 51.16 (C-1), 57.04 (C-1"), 59.08 (C-3), 76.36 (C-2), 127.73
(NAr C-2), 128.00 (NAr C-6), 128.13 (SO,Ar C-3. C-5), 128.20 (SO,Ar C-2, C-6), (NAr C-6), 129.00
(NAr C-4), 132.53 (SO,Ar C-4), 136.67 (NAr C-1). 137.16 (NAr C-3), 138.10 (NAr C-5), 139.78 (SO,Ar
C-1). 169.48 (COO). 206.44 (C-2'); d(enol) see table 2. Anal. Caled for C3;H3gNOsS: C, 69.24; H, 7.33; N,
2.60; S, 5.95. Found C. 69.20: H, 7.30, N, 2.71: S, 5.98.

(IR,25,3R,45)-{3-[N-Benzenesulfonvl-N-( 3,5-dimethviphenvi)-amino |-2-bornyl}-2-hydroxy-cyclohexene-
carboxylate (3x)

Esterification of 1x (procedure A) gave 3x (49.1g. Y4%). colourless crystals, mp 171 °C. 'H NMR (300
MHz, CDCl;) & = 0.64 (s. 3H. CH,), 0.79 (s. 3H. CH;), 1.00 (s, 3H, CH3), 1.08 (m,, 1H), 1.34 (m,, 1H),
1.54 (m., [H), 1.60-1.83 (m, 5H). 1.90-2.10 {m. 3H). 2.14 (d, J = 4.4 Hz, [H, 4-H). 2.18-2.50 (m, 6H),
2.69 (m, IH), 3.79 (d. / = 7.1 Hz, IH. 3-H). 5.28 (d. J = 7.1 Hz, IH, 2-H), 591 (s, br., 1H, NAr 2-H),
6.83 (s, I1H. NAr 4-H), 6.87 (s, br.. |H, NAr 6-H), 7.30-7.42 (m. 4H, SO,ArH), 7.52 (m,, IH, SO,ArH),
12.20 (s, 1H. =C-OH). '*C NMR {75 MHz, CDCl,) see table 3. Anal. Calcd for C3;H;oNOsS: C: 69.24; H,
7.33: N, 2.60; S, 5.95. Found C. 69.22; H, 7.33; N. 2.77: S, 6.09.

(1R2R 35,45)-{3-[N-Benzenesulfonyl-N-(3.5-dimethyIphenvl)-amino]-2-bornyl}-( 1R*)-2-0xo-1-phenyl-
selenyl-cyclohexanecarboxylate (4n)

Phenylselenylation of 3n (procedure B), separation by flash chromatography (300 g silica gel, hexane:EtOAc =
8:2) and crystallization from ether/hexane yielded 4n (1.26g, 32%), colourless crystals, mp 168 °C. TLC (silica
gel, hexane:EtOAc = 8:2) R; = 0.34. '"H NMR (300 MHz, CDCls) 8 = 0.79 (s, 3H, CH,), 1.04 (s, 3H, CH;),
0.94-1.22 (m, 3H). 1.09 (s, 3H. CH;), 1.56 (t, J = 4.0 Hz, IH, 4-H), 1.65-1.93 (m, 4H), 2.01 (m,, 1H),
2.04 (s, 3H. Ar-CHj), 2.12-2.35 (m, 2H), 2.39 (s, 3H, Ar-CHj3), 2.86 (d, J = 14.8 Hz, 1H), 3.65 (m,,
IH), 4.22 (dd, J = 7.9 and 4.0 Hz, 1H, 3-H), 5.59 (s, IH. NAr 2-H). 5.65 (d, J = 7.9 Hz, 1H, 2-H), 6.89
(s, 1H, NAr 4-H). 7.11 (s, IH, NAr 6-H), 7.26-7.46 (m, 7H, SeArH, SO,ArH), 7.57 (m,, |H, SO,ArH),
7.61-7.66 (m,, 2H. SeArH). '3C NMR (75 MHz. CDCl;) § = 126.65 (SeAr C-1), 128.66 (SeAr C-3, C-5),
129.75 (SeAr C-4). 138.08 (SeAr C-2, C-6), further signals see table 2. Anal. Caled for C37,H,3NOsSSe: C,
64.14; H. 6.27. N, 2.02. Found C, 64.33; H, 6.35: N, 2.19.
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(1R.25,3R,4S)-{3-[N-Benzenesulfonyl-N-(3,5-dimethyviphenyl)-amino]-2-bornyl}-(IR")-2-0x0- 1 -phenyl-
selenyl-cyclohexanecarboxylate (4x)

Phenylselenylation of 3x (procedure B), separation by flash chromatography (300 g silica gel, hexane:EtOAc =
8:2) and crystallization from ether/hexane yielded 4x (1.94g, 49%), colourless crystals, mp 182 °C. TLC (silica
gel, hexane:EtOAc = 8:2) R; = 0.38. TH NMR (300 MHz, CDCly) 6 =0.57 (s, 3H, CH3), 0.77 (s, 3H, CHy),
1.00 (m¢, 1H), 1.17 (s, 3H, CH3), 1.40-2.50 (m, 16H), 2.81 (d, J = 15.4 Hz, 1H), 3.64 (ddd, J = 16.0,
12.0 and 6.0 Hz. 1H), 3.78 (d, J = 7.2 Hz, 1H, 3-H), 5.50 (d, J = 7.2 Hz, 1H, 2-H), 6.91 (s, 1H, NAr
4-H), 7.25-7.50 (m, 7TH, SeArH, SO,ArH), 7.58 (m,, 1H, SO,ArH), 7.62-7.68 (m, 2H, SeArH). 1’C NMR
(75 MHz, CDCl;) 8 = 127.01 (SeAr C-1), 129.05 (SeAr C-3, C-5), 129.88 (SeAr C-4), 138.14 (SeAr C-2,
C-6), further signals see table 3. Anal. Caled for C37H,3NOsSSe: C, 64.14; H, 6.27; N, 2.02. Found C,
64.28; H, 6.42; N, 2.29.

(1R.2R.35,45)-{3-[N-Benzenesulfonyl-N-(3,5-dimethviphenyl)-aminoJ-2-bornyl}-(15*)-2-0xo0-1-phenyl-
selenyl-cyclohexanecarboxylate (Sn)

Phenylselenylation of 3n (procedure B), separation by flash chromatography (300 g silica gel, hexane:EtOAc =
8:2) and crystallization from 2-PrOH yielded 5n (1.03g, 26%), colourless crystals, mp 173 °C. TLC (silica gel,
hexane:EtOAc = 8:2) Ry = 0.28. 'H NMR (300 MHz, CDCl3) § = 0.79 (s, 3H, CH3), 0.85 (s, 3H, CH,),
0.90-1.05 (m, 2H), 1.07 (s, 3H, CHj), 1.53-2.05 (m, 8H), 2.08 (s, 3H, Ar-CH;), 2.46 (s, 3H,
Ar-CHj), 2.50-2.70 (m, 3H), 4.45 (dd, J = 9.0 and 3.3 Hz, 1H, 3-H), 5.61 (d, J = 9.0 Hz, 1H, 2-H), 5.79
(s, 1H, NAr 2-H), 6.92 (s, 1H, NAr 4-H), 7.20-7.48 (m. 5H. NAr 6-H, SeArH, SO,ArH), 7.50-7.64 (m,
4H, SeArH, SO,ArH), 7.82 (m,, 2H, SeArH). '*C NMR (75 MHz, CDCl;) § = 126.84 (SeAr C-1), 128.54
(SeAr C-3, C-5), 129.82 (SeAr C-4), 138.15 (SeAr C-2, C-6), further signals see table 2. Anal. Caled for
C37H3NOsSSe: C, 64.14; H. 6.27; N, 2.02. Found C, 63.95; H, 6.25; N, 2.23.

(1R,28,3R,4S)-{3-[N-Benzenesulfonyl-N-(3,5-dimethviphenyl)-amino]-2-bornyl }-(15*)-2-oxo- I -phenyl-
selenyl-cyclohexanecarboxylate (5x)

Phenylselenylation of 3x (procedure B), separation by flash chromatography (300 g silica gel, hexane:EtOAc =
8:2) and crystallization from hexane yielded 5x (0.67g, 17%), colourless crystals, mp 187 °C. TLC (silica gel,
hexane:EtOAc = 8:2) Ry = 0.30. 'H NMR (300 MHz, CDCl5) 8 = 0.56 (s, 3H, CH;), 0.58 (s, 3H, CH;),
0.89 (s, 3H, CH3), 1.09 (m,, 1H), 1.44-1.80 (m, 7H), 1.84 (d, J = 4.1 Hz, 1H, 4-H), 1.90-2.52 (m, 8H, 2
Ar-CHj, aliphatic H), 2.54-2.70 (m, 2H), 4.07 (d. J = 7.4 Hz, 1H, 3-H), 5.44 (d, J = 7.4 Hz, 1H, 2-H),
5.71 (s, br., 1H, NAr 2-H), 6.90 (s, 1H, NAr 4-H), 7.26-7.45 (m, 6H, SeArH, SO,ArH, NAr 6-H),
7.49-7.59 (m, 3H, SeArH, SO,ArH), 7.79 (m,, 2H, SeArH). 3C NMR (75 MHz, CDCl;) 8 = 127.10 (SeAr
C-1), 128.35 (SeAr C-3, C-5)., 129.70 (SeAr C-4), 138.44 (SeAr C-2, C-6), further signals see table 3. Anal.
Calcd for Cy;H3NOsSSe: C, 64.14; H, 6.27; N, 2.02. Found C, 64.29; H, 6.31; N, 2.23.

(1R,2R,35,45)-{3-[N-Benzenesulfonyl-N-(3,5-dimethylphenyl)-amino]-2-bornyl}-2-oxo-cyclohexene-
carboxylate (6n)

Reaction of 3n (procedure D) afforded 6n (6.43 g, 60%); oxidation of 4n (procedure C) gave 6n (351 mg,
91%); oxidation of Sn (procedure C) yielded 6n (350 mg, 91%); colourless crystals, mp 180 °C. 'H NMR
(300 MHz, CDCls) & = 0.78 (s, 3H, CH;), 0.89 (s, 3H, CH;), 1.04 (s, 3H, CHj), 1.11-1.23 (m, 2H), 1.37
(mg, tH), 1.84 (t, J = 3.4 Hz, 1H, 4-H), 1.94 (m, 1H), 2.05 (s, 3H, Ar-CHj,), 2.06-2.15 (m, 2H), 2.27 (s,
3H, Ar-CHj,), 2.50-2.62 (m, 4H), 4.22 (dd. J = 8.5 and 3.4 Hz, 1H, 3-H), 547 (d, J = 8.5 Hz, 1H, 2-H),
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5.96 (s, IH. NAr 2-H). 6.82 (s, |H. NAr 4-H), 6.86 (s, 1H, NAr 6-H), 7.32-7.41 (m, 4H, SO,ArH), 7.52
(m,, 1H, SO,ArH). 7.87 (t, J = 4.1 Hz, IH, 6-H). }*C NMR (75 MHz, CDCl,) see table 2. Anal. Calcd for
C4 H37NOsS: C, 69.50: H, 6.98; N, 2.62; S, 5.97. Found C, 69.44; H, 6.94; N, 2.72; S, 5.98.

(I1R,28,3R,45)-{3-[N-Benzenesulfonyl-N-(3.5-dimethylphenyl }-amino ]-2-bornyl}-2-oxo-cyclohexene-
carboxylate (6x)

Reaction of 3x (procedure D) afforded 6x (7.28 g. 68%): oxidation of 4x (procedure C) gave 6x (328 mg,
85%); oxidation of 5x (procedure C) yielded 6x (336 mg. 87%); colourless crystals, mp 171 °C. 'H NMR
(300 MHz, CDCl3) 8 = 0.61 (s, 3H, CH3). 0.89 (s. 3H, CH3). 0.93 (s, 3H, CH3), 1.07 (m, 1H), 1.39 (m,,
IH), 1.54 (m, 1H). 1.70 (m, 1H), 1.93 (d, J = 4.4 Hz. 1H, 4-H). 1.96-2.18 (m,, 5H, Ar-CH3, aliphatic
H), 2.27 (s. br., 3H. Ar-CHs). 2.48-2.63 (m, 4H), 3.83 (d, J = 7.2 Hz, 1H, 3-H), 5.35 (d, / = 7.2 Hz, 1H,
2-H), 5.75 (s, br., IH. NAr 2-H). 6.83 (s, IH. NAr 4-H), 6.92 (s, br., IH, NAr 6-H), 7.30-7.40 (m, 4H,
SO,ArH), 7.50 (m.. 1H. SO,ArH). 7.95 (1, J = 4.1 Hz, 1H, 6-H). 'C NMR (75 MHz, CDCl,) see table 3.
Anal. Calcd for C; H37NOsS: C, 69.50; H, 6.98; N, 2.62; S, 5.97. Found C, 69.22; H, 6.98; N, 2.84; S,
6.01.

(1R,2R,35,45)-{3-[N-Benzenesulfonyl-N-(3.5-dimethylphenyl)-amino]-2-bornyl}-(1S,6R)-6-methyl-2-oxo-

cyclohexanecarboxvlate (Tn)

Starting material 6n: procedure E: cuprate precursor MeLi (1.29 ml, 1.55 M in ether); gave 7n (706 mg, 64%),
colourless crystals from 2-PrOH, mp 176 °C. '"H NMR (300 MHz, CDCl;, ketone:enol = 57:43) §(ketone) =
0.80 (s, 3H, CH3). 1.02 (s, 3H, CHj;), 1.06 (s, 3H. CHs). 1.16 (d, J = 7.3 Hz, 3H, CH;), 1.46-1.89 (m,
7H), 1.90-2.14 (m, 2H). 1.99 (s, 3H. Ar-CHj,). 2.15-2.51 (m, 3H), 2.32 (s, 3H, Ar-CH;), 3.42 (d, J =
11.3 Hz, 1H, I'-H). 4.28 (dd. J = 8.3 and 3.5 Hz. IH, 3-H). 5.50 (d, J = 8.3 Hz, 1H, 2-H), 5.73 (s, IH,
NAr 2-H), 6.82 (s. 1H. NAr 4-H), 7.13 (s. IH. NAr 6-H), 7.28-7.40 (m, 4H, SO,ArH), 7.50 (m., 1H,
SO,ArH): d(enol. separated signals) = 0.85 (s, 3H. CH;). 0.86 (s, 3H, CHy), 1.03 (s, 3H, CH3), 1.19 (d, J
= 7.1 Hz. 3H, CH;). 2.09 (s. 3H. Ar-CHj;), 2.24 (5. 3H, Ar-CHjy). 3.21 (m,, IH, 6'-H), 4.16 (dd, J = 8.3
and 3.5 Hz. IH, 3-H), 5.42 (d. J = 8.3 Hz. 1H. 2-H), 6.09 (s. |H, NAr 2-H), 6.74 (s, 1H, NAr 6-H), 6.82
(s, 1H, NAr 4-H), 12.21 (s. 1H, =C-OH). '*C NMR (75 MHz, CDCl;, ketone:enol = 85:15) 8(ketone) =
21.13 (CH,), for further signals see table 2; 8(enol) = 14.14 (CH3). 16.91 (C-4'), 19.36 (CHj,), 19.53 (CH3),
19.66 (C-5), 20.90 (Ar-CHj;), 21.13 (Ar-CH;). 21.45 (CHjy), 26.04 (C-6'), 27.42 (C-6), 29.60 (C-5),
29.17 (C-3'), 45.54 (C-7), 49.90 (C-4). 51.11 (C-1). 59.17 (C-3). 75.77 (C-2), 103.46 (C-1"), 128.35 (NAr
C-2), 127.99 (SO,Ar C-3. C-5), 128.07 (SO,Ar C-2, C-6), 128.35 (NAr C-6), 129.09 (NAr C-4), 132.55
(SO,Ar C-4), 136.31 (NAr C-1), 137.10 (NAr C-3), 137.91 (NAr C-5), 139.30 (SO,AT C-1), 171.93 (CO0),
172.03 (C-2"). Anal. Caled for C45Hy NOsS: C. 69.65: H. 7.51; N, 2.54; S, 5.80. Found C, 69.35; H, 7.38:
N. 2.69; S, 6.05.

(1R,28,3R.45)-{3-[N-Benzenesulfonyl-N-(3,5-dimethyiphenyl)-amino |-2-bornyl}-(1R,65)-6-methyl-2-oxo-
cyclohexanecarboxylate (7x)

Starting material 6x; procedure E: cuprate precursor MeLi (1.29 ml, 1.55 M in ether); gave 7x (861 mg, 78%),
colourless crystals from 2-PrOH, mp 175 °C. 'H NMR (300 MHz, CDCl;, ketone:enol = 58:42) d(ketone) =
0.57 (s, 3H, CHy). 0.82 (s, 3H, CH;), 1.06 (s. 3H, CH;). 1.17 (d. J = 6.2 Hz, 3H, CHj), 1.35-2.55 (m,
I8H), 3.49 (d, J = 10.7 Hz, IH, I'-H), 3.85 (d. J = 7.1 Hz, 1H, 3-H), 5.27 (d, J = 7.1 Hz, 1H, 2-H), 5.80
(s, IH, NAr 2-H), 6.83 (s. 1H. NAr 4-H), 6.91 (s. 1H. NAr 6-H), 7.27-7.40 (m, 4H, SO,ArH), 7.49 (m,,
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IH, SO,ArH); 8(enol, separated signals) = 0.64 (s, 3H, CH;), 0.85 (s, 3H, CHj), 0.98 (s, 3H, CH3), 1.20
(d, J = 6.0 Hz, 3H, CH;), 3.28 (m,, 1H, 6'-H), 3.83 (d, J = 7.2 Hz, 1H, 3-H), 5.39 (d, / = 7.2 Hz, 1H,
2-H), 5.60 (s, 1H, NAr 2-H), 6.83 (s, 1H, NAr 4-H), 7.10 (s, 1H, NAr 6-H), 12.49 (s, 1H, =C-OH). 13C
NMR (75 MHz, CDCl;, ketone:enol = 58:42) 8(ketone) = 21.15 (CHj3), for further signals see table 3; d(enol)
= 11.57 (CH3), 16.84 (C-4"), 20.63 (CH;), 21.00 (Ar-CH;), 21.15 (CHy), 21.71 (CHj), 25.76 (C-6"),
27.82 (C-5), 29.19 (C-3"), 29.37 (C-5'), 32.47 (C-6), 47.30 (C-7), 48.57 (C-4), 50.33 (C-1), 67.59 (C-3),
80.44 (C-2), 103.59 (C-11, 128.04 (NAr C-2, SO,Ar C-3, C-5), 128.10 (SO,Ar C-2, C-6), 128.38 (NAr
C-6), 129.27 (NAr C-4). 132.46 (SO,Ar C-4), 136.83 (NAr C-1), 137.50 (NAr C-3), 138.39 (NAr C-5),
138.84 (SO,Ar C-1), 172.33 (COO, C-2'). Anal. Caled for C3,H, NOsS: C, 69.65; H, 7.51; N, 2.54; S,
5.80. Found C, 69.51; H, 7.51: N, 2.49; S, 5.88.

(1R,2R,35,45)-{3-[N-Benzenesulfonyl-N-(3,5-dimethylphenyl)-amino]-2-bornyl}-(1S,6R)-6-butyl-2-oxo-
cyclohexanecarboxylate (8n)

Starting material 6n; procedure E; cuprate precursor nBuLi (1.40 ml, 1.43 M in hexane); gave 8n (736 mg,
62%), colourless crystals from 2-PrOH, mp 149 °C. '"H NMR (300 MHz, CDCl;, ketone:enol = 83:17)
d(ketone) = 0.80 (s, 3H. CH3), 0.84 (t, J = 6.2 Hz, 3H, nBu CH3), 1.00 (s, 3H, CH,), 1.04 (s, 3H, CH3),
1.09-1.90 (m, 13H), 1.94-2.17 (m, 2H), 2.01 (s. 3H, Ar-CH3), 2.20-2.57 (m, 3H), 2.32 (s, 3H, Ar-CHj;),
3.44 (d, J = 10.3 Hz, IH, 1-H), 4.26 (dd, J = 8.6 and 3.0 Hz, 1H, 3-H), 5.48 (d, J = 8.6 Hz, 1H, 2-H),
5.77 (s, 1H, NAr 2-H), 6.82 (s, 1H, NAr 4-H), 7.10 (s, 1H, NAr 6-H), 7.30-7.40 (m, 4H, SO,ArH), 7.49
(m,, 1H, SO,ArH); 8(enol, separated signals) = 0.85 (s, 3H, CH,), 0.86 (s, 3H, CH;), 0.89 (t, J = 7.1 Hz,
3H, nBu CHjy), 1.04 (s, 3H, CH;), 2.06 (s, 3H, Ar-CHj;), 2.24 (s, 3H, Ar-CH3), 2.97 (m, 1H, 6'-H),
4.16 (dd, J = 8.6 and 3.2 Hz, 1H, 3-H), 5.48 (d, J = 8.6 Hz, H, 2-H), 6.02 (s, 1H, NAr 2-H), 6.82 (s, 1H,
NAr 4-H), 6.84 (s, |H, NAr 6-H), 12.25 (s, 1H, =C-OH). '*C NMR (75 MHz, CDCl;) § = 13.97 (nBu
C-4), 26.64 (nBu C-3), 29.12 (nBu C-2), 34.24 (nBu C-1), for further signals see table 2. Anal. Calcd for
C35sH4;NOsS: C, 70.79; H. 7.99; N. 2.36: S. 5.39. Found C. 70.56; H, 7.92; N, 2.55: S, 5.40.

(IR,25,3R,4S)-{3-[N-Benzenesulfonvi-N-(3,5-dimethylphenyl)-amino]-2-bornyl}-(1R,6S)-6-butyl-2-oxo-

cyclohexanecarboxylate (8x)

Starting material 6x; procedure E; cuprate precursor nBuLi (1.40 ml, 1.43 M in hexane); gave 8x (831 mg,
70%), colourless crystals from 2-PrOH, mp 168 °C. '"H NMR (300 MHz, CDCly) § = 0.62 (s, 3H, CH;),
0.77-1.04 (m, 2H). 0.86 (s, 3H. CH;), 0.92 (. J = 6.0 Hz, 3H, nBu CHj). 0.93 (s, 3H, CHj;), 1.10 (m,,
1H), 1.25-1.80 (m, [1H). 1.94 (d. J = 4.3 Hz, H, 4-H), 2.0l (s, br., 3H, Ar-CHj), 2.20-2.40 (m, 2H),
2.30 (s, br, 3H, Ar-CH;). 3.12 (m,, 1H. 6'-H), 3.85 (d, J = 7.2 Hz, 1H, 3-H), 541 (d, J = 7.2 Hz, 1H,
2-H), 5.69 (s, br., IH. NAr 2-H), 6.85 (s, 1H, NAr 6-H), 7.06 (s, br., 1H, NAr 4-H), 7.30-7.40 (m, 4H,
SO,ArH), 7.50 (m,. 1H, SO,ArH), 12.64 (s, |H, =C-OH). '’C NMR (75 MHz, CDCl,, ketone:enol =
24:76) d(ketone) = 13.98 (nBu C-4), 24.52 (nBu C-3). 29.19 (nBu C-2), 33.72 (nBu C-1), for further signals
see table 3; 8(enol) = 11.56 (CH3), 14.40 (nBu C-4), 16.68 (C-4"), 20.60 (CH3), 21.06 (2 Ar-CH3), 21.75
(CHj3), 23.24 (C-5'), 24.38 (nBu C-3), 27.84 (C-5). 29.09 (nBu C-2), 30.58 (C-3"), 31.38 (C-6"), 32.44
(C-6), 34.03 (nBu C-1), 47.28 (C-7), 48.53 (C-4), 50.44 (C-1), 67.58 (C-3), 80.74 (C-2), 103.64 (C-1",
128.04 (SO,Ar C-3, C-5), 128.40 (SO,Ar C-2, C-6), 129.00 (NAr C-2), 129.32 (NAr C-4), 130.87 (NAr
C-6), 132.47 (SO,Ar C-4), 136.89 (NAr C-1), 137.44 (NAr C-3), 138.45 (NAr C-5), 138.67 (SO,Ar C-1),
172.48 (COO), 172.52 (C-2'). Anal. Calcd for C35H7NOsS: C, 70.79; H, 7.99; N, 2.36; S, 5.39. Found C,
70.86; H. 7.97; N, 2.58: S, 5.39.
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(1R,2R,35,45)-{3-[N-Benzenesulfonyl-N-(3,5-dimethylphenyl)-amino]-2-bornyl}-(1S,6R)-6-tert-butyl-2-
oxo-cyclohexanecarboxylate (9n)

Starting material 6n; procedure E; cuprate precursor tBuLi (1.15 ml, 1.74 M in pentane); gave a mixture of 9n
and 13n. TLC (silica gel, hexane:EtOAc = 8:2) Ry(9n) = 0.41, R{(13n) = 0.28. Separation by flash
chromatography (100 g, silica gel, hexane/EtOAc = 9:1) gave 9n (309 mg, 26%), colourless crystals from
hexane, mp 135 °C and 13n (182 mg, 16%). Starting material 6n; procedure F; gave 9n (783 mg, 66%),
colourless crystals from hexane, mp 181 °C. '"H NMR (300 MHz, CDCl3) & = 0.79 (s, 3H, CHj), 0.85 (s,
3H, CHjy), 1.00-1.08 (m, 4H), 1.01 (s, 9H, tBu CH,), 1.04 (s, 3H, CH3), 1.60-1.79 (m, SH), 2.04 (s, 3H,
Ar-CHj3), 2.32 (m,, 1H), 2.36 (s. 3H, Ar-CHy), 2.69 (m,, 1H), 2.93 (m,, 1H, 6-H), 3.56 (s, 1H, 1-H),
4.26 (m, 1H, 3-H), 5.49 (d, J = 8.3 Hz, 1H, 2-H), 5.73 (s, 1H, NAr 2-H), 6.87 (s, 1H, NAr 4-H), 7.26 (s,
IH. NAr 6-H), 7.32-7.44 (m, 4H, SO,ArH), 7.53 (m,. 1H, SO,ArH). 13C NMR (75 MHz, CDCl,) § =
27.51 (tBu CHy), 34.11 (tBu C), for further signals see table 2. Anal. Caled for C35H4;NOsS: C, 70.79; H,
7.99; N, 2.36; S, 5.39. Found C, 70.54; H, 7.84; N, 2.50; S, 5.47.

(1R,25,3R,4S)-{3-[N-Benzenesulfonyl-N-(3,5-dimethviphenyl )-amino]-2-bornyl}-(IR,6S)-6-tert-butyl-2-
oxo-cyclohexanecarboxylate (9x)

Starting material 6x; procedure E: cuprate precursor tBuLi (1.15 ml, 1.74 M in pentane); gave a mixture of 9x
and 13x. TLC (silica gel, hexane:EtOAc = 8:2) Ry(9x) = 0.42, R¢(13x) = 0.30. Separation by flash
chromatography (100 g, silica gel, hexane/EtOAc = 9:1) gave 9x (444 mg, 37%), colourless crystals from
2-PrOH, mp 215 °C and 13x (155 mg, 14%). Starting material 6x; procedure F; gave 9x (665 mg, 56%),
colourless crystals from 2-PrOH, mp 215 °C. '"H NMR (300 MHz, CDCl;, ketone:enol = 81:19) 8(ketone) =
0.55 (s, 3H, CH3). 0.79 (s, 3H. CH3). 0.80 (s, 3H. CH3), 0.97 (s, 9H, tBu CH,), 1.07 (m,, 1H), 1.38 (m,,
1H), 1.52 (m,, 1H), 1.60-1.76 (m. 2H), 1.80 (d. J = 4.0 Hz, 1H, 4-H), 2.00-2.30 (m, 4H), 2.02 (s, br., 3H,
Ar-CH3), 2.33 (s, br, 3H, Ar-CH,). 2.69 (m., 1H), 2.90 (t, J = 8.0 Hz, 1H, 6-H), 3.66 (s, 1H, 1'-H),
3.84 (d, J =7.1 Hz. 1H, 3-H), 5.32 (d, J = 7.1 Hz, 1H, 2-H), 5.59 (s, br., 1H, NAr 2-H), 6.87 (s, 1H, NAr
4-H), 7.23 (s, br.,, 1H, NAr 6-H), 7.30-7.42 (m, 4H, SO,ArH), 7.52 (m,, 1H, SO,ArH); 8(enol, separated
signals) = 0.58 (s, 3H. CH;), 0.85 (s, 3H, CH;), 0.90 (s. 3H, CH,), 1.01 (s, 9H, tBu CH3), 3.21 (m,, 1H,
6'-H), 3.79 (d, J = 7.2 Hz, 1H, 3-H), 5.41 (d, J = 7.2 Hz, 1H, 2-H), 12.60 (s, 1H, =C-OH). !3C NMR (75
MHz, CDCl;, ketone:enol = 80:20) d(ketone) = 27.60 (tBu CH3), 34.12 (tBu C), for further signals see table
3; 8(enol) = 11.65 (CH3), 19.85 (C-4), 20.51 (CH,), 21.06 (2 Ar-CHj3), 22.79 (CH3), 23.32 (C-5Y), 28.12
(C-5), 28.18 (C-3", 29.00 (tBu CHj), 32.22 (C-6), 36.61 (tBu C), 40.04 (C-6"), 47.36 (C-7), 48.43 (C-4),
50.41 (C-1), 67.70 (C-3), 82.27 (C-2), 101.29 (C-1"). 128.00 (SO,Ar C-3, C-5), 128.39 (SO,Ar C-2, C-6),
129.42 (NAr C-4), 132.43 (SO,Ar C-4), 136.89 (NAr C-1), 138.29 (SO,Ar C-1), 173.71 (COO), 173.95
(C-2Y. Anal. Calcd for C35H47NOsS: C, 70.79; H. 7.99: N, 2.36: S, 5.39. Found C, 70.54; H, 7.97; N,
2.48; S, 541.

(IR.2R,3S, 45)-{3-[N-Benzenesulfonyl-N-(3,5-dimethylphenyl)-amino]-2-bornyl }-(6S)-2-hydroxy-6-vinyl-
cyclohexenecarboxylate (10m)

Starting material 6n; procedure E: cuprate precursor H,C=CHMgBr (2.00 ml, 1.00 M in THF); gave 10n (789
mg, 70%), colourless crystals from 2-PrOH, mp 156 °C. '"H NMR (300 MHz, CDCl,, ketone:enol = 17:83)
d(ketone, separated signals) = 0.80 (s, 3H, CH;), 0.99 (s, 3H, CHs), 1.04 (s, 3H, CH3;), 2.00 (s, 3H,
Ar-CHj;). 2.32 (s, 3H, Ar-CHs), 3.05 (m,, tH, 6-H), 3.61 (d, J = 10.0 Hz, IH, 1'-H), 4.26 (m, 1H,
3-H), 5.08 (d, J = 10.2 Hz, 1H, =CH,), 5.18 (d. J = 17.1 Hz, 1H, =CH,), 5.47 (d, J = 9.2 Hz, 1H, 2-H),
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5.78 (s, 1H. NAr 2-H), 5.87 (ddd, J = 17.1, 10.2 and 7.0 Hz, 1H, =CH-), 6.82 (s, 1H, NAr 4-H), 7.09 (s,
IH, NAr 6-H); 8(enol) = 0.78 (s, 3H, CH3), 0.84 (s, 3H, CH3), 1.00 (s, 3H, CHj), 1.05-1.98 (m, 11H),
2.08 (s, 3H, Ar-CH3), 2.25 (s, 3H. Ar-CH3). 3.78 (m,. 1H, 6'-H), 4.10 (m,, 1H, 3-H), 492 (d, J = 17.2
Hz, 1H. =CH,), 5.08 (d. J = 10.2 Hz, 1H, =CH,), 5.38 (d. J = 8.7 Hz, 1H, 2-H), 5.98 (ddd, J = 17.1, 10.2
and 5.3 Hz, 1H, =CH-), 6.09 (s, 1H, NAr 2-H), 6.75 (s, 1H, NAr 6-H), 6.82 (s, 1H, NAr 4-H), 7.30-7.40
(m, 4H, SO,ArH), 7.51 (m, 1H. SO,ArH), 12.37 (s, 1H, =C-OH). 13C NMR (75 MHz, CDCl;) 8 = 114.63
(=CH,), 142.58 (=CH-), for further signals see table 2. Anal. Calcd for C33H,4NOsS: C, 70.30, H, 7.34, N,
2.49; S, 5.68. Found C, 70.11, H, 7.26, N, 2.62; S. 5.71.

(IR,2S,3R, 45)-{3-[N-Ben:enesulfonyl-N-(3,5-dz'methylphenyl)-amino]-2-bornyl/-(6R)-2-hydroxy-6-vinyl-
cyclohexenecarboxylate (10X)

Starting material 6x: procedure E; cuprate precursor H,C=CHMgBr (2.00 ml, 1.00 M in THF); gave 10x (699
mg, 62%), colourless crystals from 2-PrOH, mp 165 °C. 'H NMR (300 MHz, CDCl;) & = 0.60 (s, 3H, CHj3),
0.77 (s, 3H, CH,), 0.88 (s, 3H, CH;), 1.07 (m,, 1H). 1.36 (m,, 1H), 1.52 (m,, 1H), 1.58-1.85 (m, 6H),
1.95-2.40 (m, 8H. 2 Ar—CHj, aliphatic H), 3.80 (d, / = 7.2 Hz, 1H, 3-H), 3.89 (m,, 1H, 6-H), 4.92 (d,J =
17.2 Hz, 1H, =CH,), 5.11 (d, J = 10.3 Hz, 1H, =CH,), 5.32(d, J = 7.2 Hz, 1H, 2-H), 5.80 (s, br., 1H,
NAr 2-H), 5.98 (ddd, J = 17.2, 10.3 and 4.9 Hz, 1H, =CH-), 6.85 (s, 1H, NAr 4-H), 6.90 (s, br., 1H, NAr
6-H), 7.30-7.40 (m, 4H, SO,ArH), 7.50 (m,, IH. SO,ArH), 12.62 (s, 1H, =C-OH). 13C NMR (75 MHz,
CDCly) § = 114.56 (=CH,), 142.36 (=CH-), for further signals see table 3. C33H  NOsS: C, 70.30; H, 7.34;
N, 2.49; S, 5.68. Found C, 70.31; H, 7.38; N, 2.64: S, 5.93.

(IR 2R,3S, 4S)-{3—[N-Benzenesulf()nyl-N—(3,5-dimeth_\'lpheny[)-amino]-2—borny1}-(65)—2—hydr0xy-6-is0—
propenyl-cyclohexenecarboxylate (11n)

Starting material 6n; procedure E: cuprate precursor isopropenyl-lithium which was prepared from 2-bromo-
propene (242 mg, 2.00 mmol) dissolved in THF (10 ml) and (BuLi (2.30 ml, 1.74 M, 4 mmol) at =78 °C (2 h);
gave 11n (716 mg, 62%), colourless crystals from 2-PrOH, mp 158 °C. TH NMR (300 MHz, CDCl;) 8 =
0.74 (s, 3H, CHy), 0.83 (s, 3H, CHy), 1.00 (s, 3H. CH;), 1.06 (m,, 1H), 1.28 (m,, 1H), 1.45-1.87 (m,
6H), 1.90 (s, 3H, =C-CH3), 1.96 (t. J = 4.0 Hz, 1H, 4-H), 2.07 (s. 3H, Ar-CH3), 2.16-2.38 (m, 2H), 2.24
(s, 3H, Ar-CH3). 3.58 (m, 1H. 6-H), 4.11 (dd, J = 9.0 and 4.0 Hz, 1H, 3-H), 4.57 (s, 1H, =CH,), 4.85
(s, 1H, =CH,), 5.41 (d, J = 9.0 Hz, 1H, 2-H). 6.09 (s. 1H, NAr 2-H), 6.81 (s, ZH, NAr 4-H, NAr 6-H),
7.30-7.40 (m, 4H. SO,ArH), 7.51 (m,, IH, SO,ArH), 12.35 (s. 1H, =C-OH). 13C NMR (75 MHz, CDCl3)
§ = 22.58 (CHy), 111.69 (=CH,), 148.44 (=C-). for further signals see table 2. C34H43NOsS: C, 70.67; H,
7.52; N, 2.42; S, 5.54. Found C, 70.66; H. 7.49; N. 2.57; §, 5.54.

(IR,2S,3R.45)-{ 3-[N-Benzenesulfonvl-N-(3,5-dimethvlphenyl)-amino J-2-bornyl}-(6R)-2-hydroxy-6-iso-
propenyl-cyclohexenecarboxylate (11x)

Starting material 6x; procedure E; cuprate precursor isopropenyl-lithium (preparation see 11n); gave 11x (901
mg, 78%), colourless crystals from 2-PrOH, mp 163 °C. 'H NMR (300 MHz, CDCl3) & = 0.58 (s, 3H, CHj),
0.76 (s, 3H, CH3), 0.86 (s, 3H, CH;), 1.07 (m,, 1H), 1.36 (m, 1H), 1.51 (m,, 1H), 1.58-1.78 (m, SH),
1.88 (s, 3H, =C-CHj;), 1.94 (d, J = 4.5 Hz, 1H, 4-H), 2.01 (s, br., 3H, Ar-CH3), 2.20-2.40 (m, 5H,
Ar-CH,, aliphatic H), 3.74 (m, IH, 6-H), 3.81 (d. J = 7.2 Hz, 1H, 3-H), 4.63 (s, 1H, =CH,), 4.91 (s,
1H, =CH,), 5.36 (d, J = 7.2 Hz, 1H, 2-H), 5.74 (s, br.. IH, NAr 2-H), 6.85 (s, 1H, NAr 4-H), 7.02 (s, br,
1H. NAr 6-H), 7.29-7.37 (m. 4H, SO,ArH), 7.50 (m,. 1H, SO,ArH), 12.76 (s, 1H, =C-OH). 13C NMR
(75 MHz, CDCl;) § = 22.17 (CHjy), 112.26 (=CH,), 147.69 (=C-), for further signals see table 3.
C44H :NOsS: C, 70.67: H, 7.52: N, 2.42; S, 5.54. Found C. 70.49: H, 7.46; N, 2.68: S, 5.27.
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(IR,2R,3S5,45)-{3-[N-Benzenesulfonyl-N-(3,5-dimethyiphenyl)-amino]-2-bornyl}-(6S)-2-hydroxy-6-phenyl-
cyclohexenecarboxylate (12n)

Starting material 6n; procedure E; cuprate precursor PhLi (1.0 ml, 2.0 M in hexane/ether); gave 12n (810 mg,
66%), colourless crystals from hexane, mp 195 °C. 'H NMR (300 MHz, CDCl3) 8 = 0.22 (m,, 1H), 0.39 (m,,
1H), 0.53 (s, 3H, CHj;), 0.67 (s, 3H, CH3), 0.83-1.30 (m, 3H), 0.92 (s, 3H, CH;), 1.54-1.66 (m, 2ZH),
1.81 (t, J = 4.0 Hz, 1H, 4-H), 1.87 (m,, 1H), 2.05 (m.. 1H), 2.08 (s, 3H, Ar-CH3), 2.35 (s, 3H,
Ar-CH3), 2.38 (m, 1H), 4.04 (dd, J = 8.6 and 4.0 Hz, 1H, 3-H), 4.41 (m,, 1H, 6'-H), 533 (d, J = 8.6 Hz,
1H, 2-H), 6.06 (s, 1H, NAr 2-H). 6.84 (s, 1H, NAr 4-H), 6.91 (s. IH, NAr 6-H), 7.11 (m., 1H, CArH),
7.21-7.40 (m, 8H, SO,ArH, CArH), 7.52 (m,, 1H. SO,ArH), 12.56 (s, 1H, =C-OH). '3C NMR (75 MHz,
CDCl;): 3 = 125.69 (Ph C-4), 127.86 (Ph C-2, C-6), 128.35 (Ph C-3, C-5), 146.68 (Ph C-1), for further
signals see table 2. C3;H3NOsS: C, 72.40: H, 7.08: N. 2.28: S, 5.21. Found C, 72.12; H, 7.30; N, 2.36; S,
5.24.

(I1R,25,3R,45)-{3-[N-Benzenesulfonyl-N-(3,5-dimethylphenyl )-amino ]-2-bornyl}-(6R)-2-hydroxy-6-phenyl-
cyclohexenecarboxylate (12x)

Starting material 6x: procedure E; cuprate precursor PhLi (1.0 ml, 2.0 M in hexane/ether); gave 12x (773 mg,
63%), colourless crystals from 2-PrOH, mp 212 °C. '"H NMR (300 MHz, CDCl;) § = 0.00 (s, 3H, CHj),
0.34 (s, 3H, CH3), 0.45 (s, 3H. CH;), 0.99 (i, 1H), 1.23-1.65 (m, 6H), 1.75 (d, J = 4.4 Hz, 1H, 4-H),
1.85-2.50 (m, 3H), 2.00 (s, br., 3H, Ar-CHj). 2.40 (s, br., 3H, Ar-CH3), 3.75 (d, J = 7.2 Hz, 1H, 3-H),
4.62 (m,, 1H, 6'-H), 5.29 (d. J = 7.2 Hz, 1H. 2-H), 5.64 (s, br., IH. NAr 2-H), 6.86 (s, 1H, NAr 4-H),
7.08 (s, br., 1H, NAr 6-H). 7.15 (m., tH. CArH), 7.22-7.40 (m, 8H, SO,ArH, CArH), 7.50 (m_, 1H,
SO,ATH), 12.94 (s, 1H, =C-OH). 1’C NMR (75 MHz, CDCl,): 8 = 125.62 (Ph C-4), 127.73 (Ph C-2, C-6),
128.37 (Ph C-3, C-5), 146.35 (Ph C-1). for further signals see table 3. C3;H,3NOsS: C, 72.40; H, 7.08; N,
2.28: 8, 5.21. Found C, 72.19: H, 7.20: N, 2.46; S. 5.27.

(IR,2R.35,45)-{3-[N-Benzenesulfony!-N-(3,5-dimethyvlphenyl)-amino ]-2-bornyl}-(6R)-6-cyano-2-hydroxy-
cyclohexenecarboxylate (13n)

Preparation see 9n; colourless crystals from 2-PrOH, mp 202 °C. 'H NMR (300 MHz, CDCl5) & = 0.83 (s,
3H, CH3), 0.94 (s, 3H, CHj3). 1.07 (s, 3H, CHj3). 1.10-1.19 (m, 2H), 1.49 (m., 1H), 1.73 (t, J = 3.0 Hz,
1H, 4-H), 1.83-2.15 (m. 4H), 1.98 (s, 3H. Ar-CH;), 2.23-2.44 (m, 3H), 2.34 (s, 3H, Ar-CHjy), 4.25 (dd, J
= 8.5 and 3.0 Hz, 1H, 3-H). 4.52 (m. 1H. 6"-H). 5.51 (d, J/ = 8.5 Hz, 1H, 2-H), 5.67 (s, |H, NAr 2-H),
6.84 (s, 1H, NAr 4-H). 7.10 (s, 1H. NAr 6-H), 7.28-7.41 (m, 4H, SO,ArH), 7.52 (m., 1H, SO,ArH),
12.55 (s, 1H, =C-OH). *C NMR (75 MHz, CDCly) & = 122.21 (-C=N), for further signals see table 2.
C3,H3gN,O4S: C, 68.30; H, 6.82: N, 4.98: S, 5.69. Found C. 68.05; H, 6.87; N, 4.73. §, 5.76.

(IR, 25,3R,45)-{3-[N-Benzenesulfonyl-N-(3,5-dimethylphenyl)-amino |-2-bornyl}-(6S)-6-cyano-2-hydroxy-
cvclohexenecarboxylate (13X)

Preparation see 9n; colourless crystals from 2-PrOH. mp 185 °C. '"H NMR (300 MHz, CDCl;) & = 0.63 (s,
3H, CH;), 0.94 (s. 3H, CHy), 1.11 (s. 3H, CHy), 1.16 (m, 1H), 1.42 (m, 1H), 1.60 (m,, 2H), 1.72 (m,,
1H), 1.84-2.13 (m, 3H). 1.96 (s, 3H, Ar-CHy), 2.21-2.47 (m, 3H), 2.36 (s, 3H, Ar-CHj3), 3.88 (d, /= 7.1
Hz, IH, 3-H), 4.40 (m,, 1H, 6'-H). 5.44 (d, J/ = 7.1 Hz, 1H, 2-H), 5.62 (s, br., 1H, NAr 2-H), 6.85 (s, 1H,
NAr 4-H), 7.03 (s. br., |H. NAr 6-H), 7.28-7.40 (m. 4H. SO,ArH), 7.50 (m., 1H, SO,ArH), 12.68 (s, 1H,
=C-OH). '3C NMR (75 MHz, CDCl;) & = 122.19 (-C=N), for further signals see table 3. C3,H3gN,05S: C,
68.30; H, 6.82; N, 4.98: S, 5.69. Found C, 68.16: H, 6.87: N, 4.85; S, 5.58.
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Methyl-(1S,6R)-6-methyl-2-oxo-cyclohexanecarboxylate (14)

Transesterification of 7n (1.10 g, procedure G, 125 °C, 40 h) gave 1n (680 mg, 82%) and 14 (280 mg, 82%),
colourless oil, bp 70 °C/0.1 mbar. [a]ZDO =+ 3.6 (c = 1.01, CDCl;, ketone:enol = 85:15). 1H NMR (300 MHz,
CDCl;, ketone:enol = 69:31) 8(ketone) = 1.03 (d, J = 6.4 Hz, 3H, CH3), 1.43 (m_, 1H), 1.60-1.80 (m, 1H),
1.93 (m,, 1H), 2.05 (m., 1H), 2.20-2.38 (m, 2H, 3-H, 6-H), 2.48 (m., 1H, 3-H), 3.06 (dd, /= 11.4 and 1.1
Hz, 1H, 1-H), 3.77 (s, 3H, OCHj;); 8(enol) = 1.06 (d, J = 6.7 Hz, 3H, CHj;), 1.50-1.82 (m, 4H), 2.20-2.38
(m, 2H, 3-H), 2.69 (m,, IH, 6-H), 3.77 (s, 3H, OCH,), 12.32 (s, 1H, =C-OH). '3C NMR (75 MHz,
CDCl3) & = 20.74 (CH3), 24.88 (C-4), 32.16 (C-5), 36.50 (C-6), 40.74 (C-3), 51.78 (OCH3), 64.86 (C-1),
170.09 (CO0), 205.92 (C-2). Anal. Caled for CoH,404: C, 63.50: H, 8.30. Found C, 63.47; H, 8.44.

Methyl-(1R,68)-6-methyl-2-oxo-cyclohexanecarboxylate (ent-14)

Transesterification of 7x (1.10 g, procedure G, 125 °C, 64 h) gave 1x (520 mg, 63%) and enr-14 (210 mg,
62%), colourless oil, bp 100 °C/0.05 mbar. [} = + 0.6 (¢ = 1.02, CDCls, ketone:enol = 63:37). '"H NMR
(300 MHz, CDCl;, ketone:enol = 69:31) data identical with 14. 13C NMR (75 MHz, CDCl;, ketone:enol =
83:17) d(ketone) data identical with 14; §(enol) = 17.11 (C-4), 20.99 (CH3), 29.21 (C-5), 26.47 (C-6), 29.68
(C-3), 51.25 (OCHj,), 102.98 (C-1), not detected (COO and C-2). Anal. Calcd for CoH,,05: C, 63.50; H,
8.30. Found C, 63.77: H. 8.55.

Methyl-(18,6R)-6-butyl-2-oxo-cvclohexanecarboxylate (15)

Transesterification of 8n (1.19 g, procedure G, 130 °C, 44 h) gave 1n (655 mg, 79%) and 15 (383 mg, 90%),
colourless oil, bp 70 °C/0.03 mbar. [a]éo =-5.5 (¢ = 1.10, CDCl,, ketone:enol = 53:47). H NMR (300
MHz, CDCl,, ketone:enol = 53:47) §(ketone) = 0.89 (m, 3H, CH3), 1.16-1.50 (m, 7H), 1.60-1.80 (m, 2H),
2.04 (m., 1H), 2.14-2.36 (m, 2H, 3-H, 6-H), 2.49 (m,. 1H, 3-H), 3.13 (dd, / = 10.9 and 1.0 Hz, 1H, 1-H),
3.76 (s, 3H, OCH3); 8(enol, separated signals) = 3.76 (s, 3H, OCH3), 12.31 (s, 1H, =C-OH).!3C NMR (75
MHz, CDCl,, ketone:enol = 76:24) §(ketone) = 13.85 (C-4"), 22.58 (C-4), 24.65 (C-3"), 28.50 (C-5), 28.86
(C-27), 34.54 (C-1"), 40.99 (C-6), 41.06 (C-3). 51.87 (OCH3), 63.67 (C-1), 170.34 (COO), 206.20 (C-2),
d(enol) = 13.98 (C-4'), 16.96 (C-4), 25.19 (C-3"), 28.86 (C-2"), 28.99 (C-5), 29.89 (C-3), 31.27 (C-6),
33.79 (C-1"), 51.16 (OCHj3), 102.98 (C-1). 172.33 (COO), 173.17 (C-2). Anal. Calcd for C;,H,q04: C,
67.88; H, 9.51. Found C, 68.02; H, 9.76.

Methyl-(1R,65)-6-butyl-2-oxo-cvclohexanecarboxvlate (ent-15)

Transesterification of 8x (1.19 g, procedure G, 125 °C, 100 h) gave 1x (730 mg, 88%) and ent-15 (325 mg,
76%)., colourless oil, bp 70 °C/0.02 mbar. [a]) = + 9.1 (¢ = 1.03, CDCl,, ketone:enol = 68:32). 'H NMR
(300 MHz, CDCl;, ketone:enol = 68:32) and '3C NMR (75 MHz, CDCls, ketone:enol = 88:12) data identical
with 18. Anal. Calcd for C|,H,,05: C, 67.88; H. 9.51. Found C, 67.80; H, 9.25.

Methyl-(15,6R)-6-tert-butyl-2-oxo-cyclohexanecarboxylate (16)

Transesterification of 9n (1.19 g, procedure G, 140 °C, 16 h) gave 1n (755 mg, 91%) and 16 (238 mg, 56%),
colourless oil, bp 80 °C/0.04 mbar. [0.][2)0 =+ 32.2 (c = 0.96, CDCl,, ketone:enol = 97:3). '"H NMR (300
MHz, CDCl;) 8 = 0.91 (s. 9H, tBu CH3), 1.39 (m,, 1H), 1.72 (m,, 1H), 1.94-2.07 (m, 2H), 2.23 (dddd, J =
15.4,12.2, 6.2 and 1.1 Hz, 1H, 3-H), 2.29 (ddd, / = 11.4, 9.1 and 4.7 Hz, 1H, 6-H), 2.55 (dddd, J = 15.4,
5.1, 3.4 and 1.7 Hz, LH, 3-H), 3.24 (dd, J = 9.1 and 0.9 Hz, IH. 1-H), 3.74 (s, 3H, OCHj). 13C NMR (75
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MHz, CDCly) & = 22.89 (C-4), 24.79 (C-5). 27.56 (1Bu CH), 33.89 (1Bu C), 40.11 (C-3), 49.11 (C-6),
52.15 (OCH3), 59.21 (C-1). 171.91 (COO), 207.79 (C-2). Anal. Caled for C;,H,,0;: C, 67.88; H, 9.51.
Found C, 68.17: H. 9.59.

Methyl-(IR,65)-6-tert-butyl-2-oxo-cvclohexanecarboxylate (ent-16)

Transesterification of 9x (1.19 g, procedure G, 140 °C, 16 h) gave 1x (780 mg, 94%) and ent-16 (220 mg,
52%), colourless oil, bp 70 °C/0.02 mbar. [a]}) = - 38.4 (c = 0.83, CDCl;, ketone:enol = 93:7). 'H NMR
(300 MHz, CDCl3) and '*C NMR (75 MHz, CDCl,) data identical with 16. Anal. Calcd for C;,H,,05: C,
67.88; H, 9.51. Found C, 68.04; H. 9.72.

Methyl-(18S,6S)-2-0x0-6-vinyl-cyclohexanecarboxylate (17)

Transesterification of 10n (1.13 g, procedure G. 140 °C. 16 h) gave 1n (670 mg, 81%) and 17 (295 mg,
81%), colourless oil, bp 50 °C/0.05 mbar. [a]g) =+ 77.7 (¢ = 0.99, CDCl;, ketone:enol = 34:66). 'H NMR
(300 MHz, CDCl,, ketone:enol = 34:66) 8(ketone, separated signals) = 1.98 (m,, 1H), 2.08 (m,, 1H), 2.32
(mg, 1H, 3-H), 2.48 (m_, 1H, 3-H), 2.87 (m,, 1H, 6-H), 3.27 (dd, J = 11.4 and 0.9 Hz, 1H, 1-H), 3.72 (s,
3H, OCHj3), 5.03 (dt, J = 10.2 and 1.1 Hz, 1H, =CH,), 5.08 (dt. J = 17.2 and 1.2 Hz, 1H, =CH,), 5.71
(ddd, J = 17.2, 10.2 and 7.2 Hz, 1H, =CH-): d(enol) = 1.50-1.83 (m, 4H), 2.26 (m,, 2H, 3-H), 3.27 (m,,
IH, 6-H), 3.71 (s, 3H, OCH3;), 4.86 (dt, J = 17.1 and 1.6 Hz, IH, =CH,), 5.01 (dt, J = 10.2 and 1.6 Hz,
IH, =CH,), 5.81 (ddd. J = 17.1, 10.2 and 6.0 Hz. |H, =CH-), 12.45 (s, 1H, =C-OH). 13C NMR (75 MHz,
CDCls, ketone:enol = 34:66) d(ketone) = 24.69 (C-4), 30.05 (C-5), 40.87 (C-3), 45.09 (C-6), 51.91 (OCH;),
62.44 (C-1), 115.62 (=CH,), 139.04 (=CH-), 169.58 (COO), 205.23 (C-2); 8(enol) = 16.91 (C-4), 27.67
(C-5), 28.97 (C-3), 35.32 (C-6), 51.28 (OCH,), 99.06 (C-1), 114.24 (=CH,), 141.53 (=CH-), 172.95
(COO0), 173.48 (C-2). Anal. Caled for C,yH 4,0+ C. 65.90; H, 7.76. Found C, 66.00; H, 7.89.

Methyl-(1R,6R)-2-0x0-6-vinyl-cyclohexanecarboxviate (ent-17)

Transesterification of 10x (1.13 g, procedure G, 130 °C, 29 h) gave 1x (785 mg, 95%) and ent-17 (275 mg,
75%), colourless oil, bp 40 °C/ 0.02 mbar. [a]é() = - 38.8 (¢ = 1.03, CDCl;, ketone:enol = 57:43). 'H NMR
(300 MHz, CDCl;, ketone:enol = 57:43) and ''C NMR (75 MHz, CDCl,, ketone:enol = 60:40) data identical
with 17. Anal. Calcd for C,,H;,05: C, 65.90: H, 7.76. Found C, 65.78; H, 7.71.

Methyl-(15.6R)-2-0x0-6-isopropenyl-cyclohexanecarboxylate (18)

Transesterification of 11n (1.16 g, procedure G, 125 °C, 16 h) gave 1n (590 mg, 71%) and 18 (303 mg,
77%). colourless oil. bp 50 °C/0.05 mbar. [a];) = + 52.1 (¢ = 0.99, CDCls, ketone:enol = 38:62). 'H NMR
(300 MHz, CDClI;. ketone:enol = 38:62) d(ketone. separated signals) = 1.76 (s, 3H, =C-CH3), 1.98 (m,,
1H), 2.10 (m, 1H). 2.35 (m, 1H. 3-H), 2.51 (m,, 1H, 3-H), 2.82 (dt, J = 3.7 and 11.9 Hz, 1H, 6-H), 3.48
(dd, J = 11.9 and 0.9 Hz. IH, [-H), 3.72 (s, 3H, OCH3), 4.77 (s, 1H, =CH,), 4.81 (s, 1H, =CH,); 8(enol)
= 1.50-1.75 (m, 4H). 1.78 (s. 3H. =C-CH3), 2.27 tm,. 2H, 3-H), 3.12 (m,. 1H, 6-H), 3.70 (s, 3H, OCHj),
4.51 (s, I1H, =CH,), 481 (s, 1H, =CH,), 12.39 (s, IH, =C-OH). '3C NMR (75 MHz, CDCl;, ketone:enol =
31:69) 8(ketone) = 20.21 (CH3), 25.05 (C-4), 29.94 (C-5), 41.00 (C-3), 48.50 (C-6), 51.88 (OCHj,), 61.70
(C-1). 11151 (=CH,), 145.73 (=C-). 169.63 (CO0), 205.75 (C-2); 8(enol) = 16.95 (C-4), 22.33 (CH;),
25.74 (C-5), 28.92 (C-3), 39.05 (C-6), 51.32 (OCH3), 100.15 (C-1), 110.96 (=CH,), 148.14 (=C-), 172.97
(COO), 173.04 (C-2). Anal. Caled for C,H,,O;: C. 67.31: H. 8.23. Found C, 67.60; H, 8.21.
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Methyl-(1R,6S)-2-0x0-6-isopropenyl-cyclohexanecarboxylate (ent-18)

Transesterification of 11x (1.16 g, procedure G, 125 °C, 20 h) gave 1x (788 mg, 95%) and ent-18 (270 mg,
69%). colourless oil, bp 50 °C/ 0.05 mbar. [a]}) = - 61.0 (¢ = 1.01, CDClj, ketone:enol = 23:77). 'H NMR
(300 MHz, CDCl3, ketone:enol = 28:72) and '*C NMR (75 MHz, CDCl,, ketone:enol = 26:74) data identical
with 18. Anal. Calcd for C) H405: C, 67.31; H, 8.23. Found C, 67.21; H, 8.14,

Methyl-(1S,6R)-2-0x0-6-phenyl-cyclohexanecarboxylate (19)

Transesterification of 12n (1.23 g, procedure G, 130 °C, 48 h) gave 1n (680 mg, 82%) and 19 (372 mg,
80%), colourless oil, bp 70 °C/0.01 mbar. [a]’) = + 26.7 (¢ = 0.99, CDCls, ketone:enol = 17:83). 'H NMR
(300 MHz, CDCl;, ketone:enol = 17:83) §(ketone, separated signals) = 3.39 (dt, J = 3.6 and 12.2 Hz, 1H,
6-H), 3.55 (s, 3H, OCH3;), 3.69 (dd, J = 12.2 and 0.9 Hz, 1H, 1-H); 8(enol) = 1.50-2.00 (m, 4H), 2.33-2.43
(m, 2H), 3.53 (s, 3H, OCH;), 3.92 (dd, J = 5.3 and 3.3 Hz, 1H, 6-H), 7.10-7.33 (m, 5H, ArH), 12.57 (s,
1H, =C-OH). *C NMR (75 MHz, CDCl,, ketone:enol = 17:83) d(ketone) = 25.38 (C-4), 32.92 (C-5), 41.03
(C-3), 47.50 (C-6), 51.78 (OCHj;), 63.65 (C-1), 126.87 (C-3', C-5'), 127.04 (C-4"), 128.68 (C-2', C-6),
142.21 (C-1"), 169.25 (COO), 205.29 (C-2); d(enol) = 16.78 (C-4), 29.07 (C-5), 31.45 (C-3), 38.25 (C-6),
51.32 (OCHjy), 99.63 (C-1), 125.72 (C-4", 127.53 (C-3',C-5'), 127.93 (C-2', C-6"), 145.96 (C-1), 172.89
(COO0), 173.95 (C-2). Anal. Calcd for C 4H,40;: C, 72.38; H, 6.96. Found C, 72.10; H, 7.19.

Methyl-(1R,6S)-2-0x0-6-phenyl-cyclohexanecarboxylate (ent-19)

Transesterification of 12x (1.23 g, procedure G, 130 °C, 45 h) gave 1x (755 mg, 91%) and ent-19 (363 mg,
78%), colourless oil, bp 70 °C/ 0.03 mbar. [a]}) = - 46.9 (¢ = 1.02, CDCl,, ketone:enol = 34:66). 'H NMR
(300 MHz, CDCl;, ketone:enol = 34:66) and 13C NMR (75 MHz, CDCls, ketone:enol = 34:66) data identical

with 19. Anal. Calcd for Cy4H,405: C, 72.38; H, 6.96. Found C, 72.15; H, 7.15.
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