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Abstract

The synthesis of 2-exo-hydroxy-3-ferrocenemethylidene-10-sulfonamido-camphane derivatives
with 2-endo- positioned heterocyclic substituents was realized through addition reactions of N-,
O-, and S- containing organolithium reagents. These chiral B-heteroatom- containing alcohols
were found to catalyze effectively the addition Et,Zn to benzaldehyde with up to 76% degree of
enantioselectivity.
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Introduction

The synthesis of chiral amino-alcohols, first reported by Oguni and Omi,' to catalyze
enantioselectively the addition of diorganozinc compounds to aldehydes, still attracts
considerable interest due to the utility of the secondary alcohols formed by this reaction.'? Over
the past decades a large number of amino-alcohols has been synthesized and tested as ligands.'”
One of the most potent amino-alcohols used as a catalyst is the dimethylamino-isoborneol
investigated by Noyori.* Therefore the large number of efforts for synthesis of ligands containing
the bicyclic camphene core is highly justified. In recent years, a large variety of amino-alcohols
starting from camphor,” fenchone,”*™ ® camphor-10-sulfonamides’ and similar chiral compounds®
have been prepared and used as catalysts.

It is important to point out that chiral amino-alcohols have been applied as chiral catalysts in
several different type of chemical reactions, e.g., hydride reductions, nucleophile additions to

carbonyl compounds, aldol reactions, Diels-Alder reactions, and also as auxiliaries for synthesis
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of useful chiral building blocks and products.” However, in chiral catalysis there are no universal
catalysts, and every process requires new ligand tuning. Therefore, there is a clear need to
continue synthesis of chiral amino-alcohols with the purpose of obtaining “made-to-measure”
catalysts for a given asymmetric process. We now describe the synthesis of B-heteroatom-
containing hydroxy derivatives incorporating the ferrocene core, starting from (+)-camphor-10-
sulfonamide as a readily available source of chirality.

Results and Discussion

The commercially available (+)-camphor-10-sulfonamide was easily transformed into the
dimethylsulfonamide 2 through reaction of the corresponding sulfochloride 1 with
dimethylamine'® (Scheme 1). By using 2 and Li-HMDS (lithium hexamethyldisilazide) the
enolate 3 was generated in situ, which after reaction with ferrocene carboxaldehyde produced the
ferrocene-substituted sulfonamides 4a and 4b (observed ratio 4a/4b=97:3 by NMR
spectroscopy). Compounds 4a and 4b were isolated as pure isomers in 59% and 5% yield after
column chromatography (see Experimental).
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Scheme 1

The ferrocene-substituted camphor derivative 4a was used as starting compound for addition
reactions of heteroatom-substituted organolithiums (Scheme 2). The organolithium compounds 5
and 7-9 were generated in situ by known procedures,'' and the ketone 4a was added at
appropriate temperature. The desired hydroxy derivatives 10 and 12-14 were isolated in
moderate to very good yields after column chromatography. Compound 11 was synthesized by a
published procedure.'”? This procedure (addition of n-BuLi to a mixture of 4a and 2-
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bromopyridine at -80°C) is expected to give better yields than that in which 2-lithiopyridine is
generated in situ prior to the addition reaction.”® In the present case we could obtain 11 in 47%
yield (after column chromatography) together with unchanged 4a (18%) and 5% of the addition
product of n-BuLi to 4a."
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Scheme 2

The endo-position of the substituents was proved by NOESY spectra through the observed
proximities of H-atoms from the heterocyclic moiety in compounds 10-14 with the endo-
positioned protons of the bicyclic core (Figure 1). Besides, the observed proximity of the other
protons indicates the rigid structure of the compounds. The position of the unsubstituted Cp-ring
is arbitrary, since there are no Cp-proton proximities observed.

The "C- signals of compounds 2, 4 and 10-14 are listed in Table 2. The assignments for
quaternary C-atoms C(2)-C(13), C(3)-C(2’) and for C(14)-C(17) are tentative, due to a
significant overlap of signals in the latter case.

The compounds 10-14 were applied as ligands (3 mol. %) for the enantioselective addition
of Et,Zn to benzaldehyde (Table 1) according to the published procedure.>
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Table 1. Addition of Et,Zn to benzaldehyde catalyzed by ligands 10-14

OH
[ j X0 Chiral ligand (3 mol%) ©)*\/
+ EtZn >
hexane or toluene
Yield (%) ee (%)
Entry Ligand
In hexane In toluene In hexane In toluene
1. 10 97 95 10 (S) 21 (S)
2. 11 97 98 9(S) 12 (S)
3. 12 97 99 63 (R) 76 (R)
4. 13 99 99 63 (R) 76 (R)
5 14 96 99 41 (R) 56 (R)

The yields of the isolated 1-phenyl-1-propanol were in all cases excellent. The observed
enantioselectivities were low to moderate. Comparison of 11 with the published results for 2-
endo-pyridyl-isoborneol (observed 41% ee R) ° shows, however, that there is a lowering of the
enantioselectivity with formation of the S-enantiomer. In all cases, the use of toluene as solvent
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provided better results, owing to the higher solubility of the catalyst formed in situ by reaction of
Et;Zn and the corresponding ligand. The best enantioselectivities were realized with ligands 12
and 13 possessing the furan heterocyclic moiety (Entry 3 and 4).

In conclusion, a practical synthesis of new chiral B-heteroatom-containing hydroxy
camphene derivatives has been realized. These compounds used as ligands catalyzed the addition
of Et,Zn to benzaldehyde with moderate enantioselectivity.

Experimental Section

General. Reactions were carried out in flame-dried Schlenk flasks under an argon atmosphere.
THF and Et,O were distilled over sodium—benzophenone. Hexane and toluene were distilled
over Na(Et;Al). Thin layer chromatography (TLC) used aluminum sheets pre-coated with silica
gel 60 Fys4 (Merck). Column chromatography was carried out at normal pressure, using silica gel
60 (0.040-0.063 mm, 230-400 mesh ASTM, Merck). Melting points were determined in
capillary tubes on an Electrothermal MEL-TEMP 1102D-230 VAC apparatus without
corrections. Optical rotation [o] 3 measurements were obtained using a Perkin—Elmer 241

polarimeter. Enantiomeric excesses were measured on a Shimadzu GC-17A gas chromatograph
equipped with a chiral capillary column Cyclodex-B-I/P (L = 30 m, @ = 0.38 mm, film thickness
0.25 pm) and flame ionization detector (FID). Mass spectra (MS) were recorded on a Hewlett
Packard Mass Selective Detector 5973, and are reported as fragmentation in m/z with relative
intensities (%). NMR spectra were recorded on Bruker Avance DRX-250 (‘H at 250.13 MHz;
C at 62.90 MHz) and Bruker Avance II+ 600 (‘H at 600.13 MHz; "*C at 150.92 MHz)
instruments with TMS as internal standard; samples for NOE difference experiments were
prepared by blowing argon through the CDCIs solution of the corresponding compound.
Elemental analyses were performed by the Microanalytical Laboratory for Elemental Analysis of
the Institute of Organic Chemistry, Bulgarian Academy of Sciences. The following starting
materials were commercially available: thiophene, furan, (+)-camphor-10-sulfonyl chloride, n-
BuLi, benzofuran, diethylzinc (1 M solution in hexane), and gaseous Me,NH (from 40%
aqueous solution) were obtained from Fluka probably; 1-ethylimidazole was from Merck and
ferrocenecarboxaldehyde from Acros.

1-((18,4R)-7,7-dimethyl-2-oxobicyclo[2.2.1]heptan-1-yl)-/V,N-dimethyl methanesulfonamide
(2). The Me,NH in gaseous form was passed through a solution of 1 (4.00 g, 15.95 mmol) in 100
ml dry Et;0. The ammonium salt formed during the reaction was filtered off and washed with
Et,0O (2x30 ml). The combined organic phases were washed with water (2x20 ml), dried
(NaySQy), and evaporated to dryness. The remaining crude product was chromatographed (@ =
30 mm, 4 = 320 mm, 80 g silica gel, Et,0) to give 2 (3.90 g, 94%) as colorless crystals; mp 61-
62°C. [a] ¥ =+31.7 (c 1.00, CHCI3). '"H NMR (250 MHz, CDCls, 300 K): & = 3.30 (d, 1H, 10-
H,, ] = 14.6 Hz), 2.88 (s, 6H, 11-H), 2.72 (d, 1H, 10-Hy, J = 14.6 Hz), 2.59-2.44 (m, 1H, 6-H,,,),
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2.35 (ddd, 1H, 3-H,y,, J = 3.3, 4.5, 18.3 Hz), 2.09-2.06 (m, 1H, 4-H), 2.04-1.96 (m, 1H, 5-H.y,),
1.91 (d, 1H, 3-Hena, J = 18.3 Hz), 1.65-1.54 (m, 1H, 6-H,u4,), 1.44-1.34 (m, 1H, 5-Heya), 1.11
(s, 3H, 9-H), 0.86 (s, 3H, 8-H). MS (EI) m/z (rel. int.): 259 (M"*, 1), 195 (22), 180 (10), 167 (18),
152 (36), 151 (22), 133 (8), 110 (11), 109 (100), 108 (39), 106 (8), 95 (24), 93 (35), 92 (15), 91
(23), 87 (84), 82 (10), 81 (97), 79 (33), 77 (20), 69 (19), 65 (10), 55 (28), 53 (21), 46 (12), 45
(31). Anal. Caled. for C;2H2NOsS (259.37): C, 55.57; H, 8.16; N, 5.40; S, 12.36. Found: C,
55.80; H, 8.25; N, 5.60; S, 12.18%.

1-((15-, 4S5-, E-)-3-Ferrocenylmethylene-7,7-dimethyl-2-oxobicyclo[2.2.1]heptan-1-yl)-/V, V-
dimethylmethanesulfonamide (4a), and 1-((15,4S,2)-3-ferrocenylmethylene-7,7-dimethyl-2-
oxobicyclo[2.2.1] heptan-1-yl)-N,N- dimethylmethanesulfonamide (4b). To a solution of 2
(3.50 g, 13.49 mmol) in 70 ml dry toluene, Li-HMDS (16.19 ml of 1 M solution in THF) was
added dropwise at R.T.. After stirring for 15 min, ferrocenecarboxaldehyde (2.89 g, 13.49 mmol)
was added. The mixture was heated under reflux for 1h, and monitored by TLC (petroleum/Et,0,
2:1) until the ferrocenecarboxaldehyde was consumed. The deep red mixture was cooled and
quenched with water (30 ml). The water phase was extracted with Et;O (2x50 ml). The
combined organic phases were dried (Na,SO4) and evaporated to dryness. The remaining crude
product was chromatographed (@ = 55 mm, h = 390 mm, 500 g silica gel, petroleum/Et,O = 5:1
to 2:1) to give 4b (0.33 g, 5%) as deep red crystals, and 4a (3.60 g, 59%) as dark red crystals.
Data for 4a: mp 140-143°C. [a] ¥ =-35.3 (¢ 0.02, CHCls). '"H NMR (250 MHz, CDCls, 300 K):
0 =7.09 (s, 1H, 12-H), 4.51-4.48 (m, 2H, 17-H, 14-H), 4.43-4.39 (m, 2H, 15-H, 16-H), 4.13 (s,
5H, Cp), 3.45 (d, 1H, 10-H,, J = 14.6 Hz), 2.93 (s, 6H, 11-H), 2.90 (d, 1H, 4-H, J = 3.9 Hz), 2.83
(d, 1H, 10-Hy, J = 14.6 Hz), 2.65-2.53 (m, 1H, 6-H,y,), 2.24-2.12 (m, 1H, 5-H,y,), 1.73-1.62 (m,
1H, 6-Hengo), 1.57-1.47 (m, 1H, 5-Henao), 1.15 (s, 3H, 9-H), 0.85 (s, 3H, 8-H). MS (EI) m/z (rel.
int.): 455 (M"®, 100), 453 (8), 348 (5), 347 (15), 319 (8), 304 (9), 283 (16), 282 (7), 281 (31),
279 (6), 276 (6), 265 (6), 251 (7), 239 (8), 238 (6), 237 (6), 210 (6), 199 (6), 186 (6), 165 (5),
153 (6), 121 (21), 115 (6). Anal. Calcd. for Cy3Hy9FeNOsS (455.39): C, 60.66; H, 6.42; Fe,
12.26; N, 3.08; S, 7.04. Found C, 60.55, H, 6.75, Fe, 12.06, N, 3.28, S, 6.90%.

Data for 4b. mp 133-136°C. [a] 5 = 0 (the measurement failed because no light penetrates the
deep colored solution even at ¢ = 0.02, CHCI3). 'H NMR (250 MHz, CDCls, 300 K): & = 6.41 (s,
1H, 12-H), 5.05-5.03* (m, 1H, 17-H), 4.94-4.92* (m, 1H, 14-H), 4.40-4.36 (m, 2H, 15-H, 16-H),
4.11 (s, 5SH, Cp), 3.48 (d, 1H, 10-H,, J = 14.7 Hz), 2.95 (s, 6H, 11-H), 2.82 (d, 1H, 10-H,, J =
14.7 Hz), 2.67-2.51 (m, 1H, 6-H.y), 2.5 (d, 1H, 4-H, J =4 Hz), 2.21-2.09 (m, 1H, 5-H.,,), 1.68-
1.57 (m, 1H, 6-Henao), 1.56-1.46 (m, 1H, 5-Henao), 1.13 (s, 3H, 9-H), 0.93 (s, 3H, 8-H). MS (EI)
m/z (rel. int.): 455 (M™®, 100), 453 (7), 347 (13), 304 (8), 283 (19), 282 (8), 281 (34), 279 (6),
276 (5), 265 (5), 253 (5), 251 (6), 239 (8), 238 (6), 237 (5), 236 (5), 210 (5), 199 (5), 186 (6),
153 (5), 121 (18), 115 (5). Anal. Caled. for Cy3Ha9FeNOsS (455.39): C, 60.66; H, 6.42; Fe,
12.26; N, 3.08; S, 7.04. Found C, 60.71, H, 6.70, Fe, 12.11, N, 2.90, S, 7.20%.

1-((1-S-, 2-R-,4-S-,E-)-3-Ferrocenylmethylene-2-(1-ethyl-1H-imidazole-2-yl)-2-hydroxy-7,7-
dimethylbicyclo[2.2.1]heptan-1-yl)-/V, N-dimethyl methanesulfonamide (10). To a solution of
1-ethylimidazole (0.19 g, 1.98 mmol) in 5 ml hexane and 5 ml THF was added dropwise n-BuLi
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(1.36 ml, 2.18 mmol of 1.6 M solution in hexane) at -90°C. The temperature was allowed to rise
to -20°C within 1 h. Then it was cooled to —60°C, and 4a (0.30 g, 0.66 mmol) was added at this
temperature. The mixture was warmed slowly (1 h) to -20°C and during this time 4a was
consumed (monitored by TLC, Et,0: aq. NH3 = 300:1). The mixture was quenched with water
(10 ml). The water phase was extracted with Et;O (3x20 ml). The organic phase was dried
(NazS0O4) and evaporated to dryness. The remaining crude product was chromatographed (@ = 30
mm, & = 320 mm, 80 g silica gel, Et,0: aq. NH3 = 300:1) to give 10 (0.290 g, 80%) as a pale
orange solid; mp 135-137°C. [a] ¥ = +276.5 (¢ 0.52, CHCl;). '"H NMR (250 MHz, CDCls, 300
K): 6=7.00 (d, 1H, 4’-H, J = 1.3 Hz), 6.92 (d, 1H, 5’-H, J = 1.3 Hz), 6.28 (s, 1H, 12-H), 5.05 (s,
1H, OH), 4.41 (s, br, 1H, 17*-H), 4.25 (m, 3H, 14-H, 15-H, 16-H), 4.15 (s, 5H, Cp), 4.08 (q, 2H,
6’-H, ] =14.4, 7.2 Hz), 3.73 (d, 1H, 10-Hy, J = 14.8 Hz), 3.06 (d, 1H, 10-H,, J = 14.8 Hz), 3.00
(d, 1H, 4-H, ] = 4.1 Hz), 2.84 (s, 6H, 11-H), 2.4 (ddd, 1H, 6-H..,, J = 14.2, 12.1, 3.8 Hz), 2.09-
1.96 (m, 1H, 5-H,,), 1.63-1.53 (m, 1H, 5-H..a), 1.34 (t, 3H, 7°-H, J = 7.2 Hz), 1.24 (s, 3H, 8-
H), 1.24-1.12 (m, 1H, 6-H,,4), 1.18 (s, 3H, 9-H). MS (EI) m/z (rel. int.): 551 (M"®, 1), 457 (12),
456 (35), 455 (100), 453 (7), 347 (13), 319 (8), 304 (8), 383 (15), 281 (29), 121 (19). Anal.
Calcd. for C,3H37FeN;O3S (551.52): C, 60.98; H, 6.76; Fe, 10.13; N, 7.62; O, 8.70; S, 5.81.
Found C, 61.23, H, 6.87, Fe, 9.83, N, 7.44, S, 6.00%.

1-((1-S-, 2-R-,4-S-,E--)-3-Ferrocenylmethylene-2-hydroxy-7,7-dimethyl-2-(pyridin-2-yl)-bi
cyclo-[2.2.1]-heptan-1-yl)-/V,N-dimethyl methanesulfonamide (11). To a solution of 4a (0.25
g, 0.55 mmol) and 2-bromopyridine (0.087 g, 0.55 mmol) in 3 ml THF was added at —80°C n-
BuLi (0.33 ml, 0.83 mmol of 2.5 M solution in hexane). After stirring for 2 h at —80°C the
mixture was quenched with dilute aq. NH4Cl (10 ml) and extracted with Et,O (3x20 ml). The
organic phase was dried (Na>SO4) and evaporated to dryness. The remaining crude product was
chromatographed (@ = 23 mm, 4 = 580 mm, 90 g silica gel, petroleum/Et,O = 2:1) to give 11
(0.139 g, 47%) as a pale orange solid; mp 192-195°C with decomp. [a]y = —107.6 (¢ 1.00,
CHCl;). '"H NMR (250 MHz, CDCls, 300K): & = 8.54 (ddd, 1H, 6’-H, J = 4.9, 1.7, 0.9 Hz), 7.68
(ddd, 1H, 4’-H, 1 =17.8, 1.7, 0.3 Hz), 7.42-7.36 (m, 1H, 3°-H), 7.27 (ddd, 1H, 5’-H, J = 7.8, 4.9,
1.1 Hz), 6.23 (s, 1H, OH), 5.97 (s, 1H, 12-H), 4.39-4.37* (m, 1H, 17-H), 4.33-4.30* (m, 1H, 14-
H), 4.26-4.24* (m, 1H, 16-H), 4.22-4.20* (m, 1H, 15-H), 4.13 (s, 5H, Cp), 3.57 (d, 1H, 10-H,, J
=14.9 Hz), 2.94 (d, 1H, 10-Hy, J = 14.9 Hz), 2.95 (d, 1H, 4-H, J = 4.2 Hz), 2.82 (s, 6H, 11-H),
2.36, (ddd, 1H, 6-H..,, J = 13.5, 12.1, 4.2 Hz), 2.12-2.08 (m, 1H, 5-H,,), 1.66—1.56 (m, 1H, 5-
Henao), 1.48-1.37 (m, 1H, 6-H,u4), 1.21 (s, 3H, 8-H), 1.14 (s, 3H, 9-H). MS (EI) m/z (rel. int.):
534 (M'®, 100), 469 (11), 455 (14), 427 (15), 426 (45), 425 (14), 408 (24), 361 (13), 360 (47),
342 (15), 332 (10), 321 (11), 320 (43), 318 (10), 317 (14), 252 (12), 224 (12), 204 (10), 199 (38),
167 (10), 121 (28), 78 (17). Anal. Calcd. for CysH34FeN,OsS (534.49): C, 62.92; H, 6.41; Fe,
10.45; N, 5.24; S, 6.00. Found C, 62.72, H, 6.69, Fe, 10.66, N, 5.01, S, 6.22%.
1-((15,2R,4S,E-)-3-Ferrocenylmethylene-2-(furan-2-yl)-2-hydroxy-7,7-dimethylbicyclo-
[2.2.1]heptan-1-yl)-V,N-dimethylmethanesulfonamide (12). To a solution of furan (0.158 g,
2.32 mmol) in 3 ml hexane and 3 ml Et,0O was added dropwise at 10°C n-BuLi (1.22 ml, 1.94
mmol of 1.6 M solution in hexane). The mixture was stirred for 30 min at R.T. and, after cooling
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to 0°C, 4a (0.30 g, 0.66 mmol) was added. The reaction was monitored by TLC (petroleum/Et,O
= 2:1). After stirring for 24 h at R.T. the reaction was quenched with water (5 ml) and extracted
with Et,O (3%20 ml). The organic phase was dried (Na;SO4) and evaporated to dryness. The
remaining crude product was chromatographed (@ = 30 mm, 2 = 320 mm, 80 g silica gel,
petroleum/Et,O = 2:1 to 1:1), to give 12 (0.203 g, 59%) as a yellow solid; mp 160-163°C with
decomp. [0] ¥ =—138 (c 0.35, CHCl;). '"H NMR (250 MHz, CDCls, 300 K): § 7.43 (dd, 1H, 5’
H, J=1.8, 0.8 Hz), 6.36 (dd, 1H, 3’-H, J = 3.2, 1.8 Hz), 6.31 (dd, 1H, 4’-H, J = 3.2, 0.8 Hz),
6.19 (s, 1H, 12-H), 4.39 (s, br, 1H, 17-H), 4.32 (s, br, 1H, 14-H), 4.27* (s, br, 1H, 16-H), 4.24*
(s, br, 1H, 15-H), 4.16 (s, 5H, Cp), 3.59 (d, 1H, 10-Hy, J = 14.9 Hz), 3.20 (d, 1H, 10-H,, J = 14.9
Hz), 2.9 (s, 6H,11-H), 2.85 (d, 1H, 4-H, J = 4.8 Hz), 2.67 (s, 1H, OH), 2.23 (ddd, 1H, 6-H,y,, J =
13.2, 12.1, 4.5 Hz), 2.1-1.9 (m, 1H, 5-H.y,), 1.42 (ddd, 1H, 5-Henao, J = 12.1, 9.2, 4.5 Hz), 1.26-
1.16 (m, 1H, 6-H,4), 1.20 (s, 3H, 8-H), 1.16 (s, 3H, 9-H). MS (EI) m/z (rel. int.): 523 (M"®,
100), 521 (7), 416 (5), 415 (18), 414(20), 397 (11), 350 (18), 349 (71), 347 (13), 277 (19), 261
(12), 165 (12), 121 (18). Anal. Calcd. for C,7H33FeNO4S (523.47): C, 61.95; H, 6.35; Fe, 10.67;
N, 2.68; S, 6.13. Found C, 62.70, H 6.41, Fe, 10.50, N, 2.38, S, 5.91%.
1-((18,2R,4S,E)-2-(Benzofuran-2-yl)-3-ferrocenylmethylene-2-hydroxy-7,7-dimethylbicyclo-
[2.2.1]-heptan-1-yl)-N,N-dimethyl methanesulfonamide (13). To a solution of benzofuran
(0.28 g, 2.38 mmol) in 8 ml THF was added dropwise at 0°C n-BuLi (1.24 ml, 1.98 mmol of 1.6
M solution in hexane). The mixture was stirred for 1 h at R.T. and then 4a (0.30 g, 0.66 mmol)
was added. The reaction was monitored by TLC (petroleum:Et,O = 2:1) until 4a was consumed
(1 h). The mixture was quenched with water (5 ml) and extracted with Et;O (3x20 ml). The
organic phase was dried (Na,SO,4) and evaporated to dryness. The remaining crude product was
chromatographed (@ = 30 mm, 4 = 320 mm, 80 g silica gel, petroleum:Et,O = 5:1), to give 13
(0.313 g, 83%) as a yellow solid; mp 107-110°C. [0] % = —198.1 (¢ 1.005, CHCl3). 'H NMR
(250 MHz, CDCls, 300 K): 6 = 7.57-7.56 (m, 1H, 5’-H), 7.46-7.42 (m, 1H, 8’-H), 7.28-7.19 (m,
2H, 6’-H, 7°-H), 6.73 (d, 1H, 3’-H, J = 0.7 Hz), 6.25 (s, 1H, 12-H), 4.44 (s, br, 1H, 17-H), 4.33
(s, br, 1H, 14-H), 4.30* (s, br, 1H, 16-H), 4.26* (s, br, 1H, 15-H), 4.19 (s, 5H, Cp), 3.68 (d, 1H,
10-H,, J = 14.9 Hz), 3.29 (d, 1H, 10-Hy, J = 14.9 Hz), 2.92 (s, 6H, 11-H), 2.90 (d, br, 1H, 4-H),
2.8 (s, 1H, OH), 2.24-2.21 (m, 1H, 6-Hey), 2.11-1.98 (m, 1H, 5-Hey), 1.64-1.49 (m ,1H, 5-
Hendo), 1.43-1.30 (m, 1H, 6-Heua0), 1.26 (s, 3H, 8-H), 1.20 (s, 3H, 9-H). MS (EI) m/z (rel. int.):
573 (M"®, 100), 571 (7), 465 (18), 464 (18), 447 (11), 353 (15), 352 (50), 397 (10), 327 (23), 283
(14), 199 (11), 189 (9), 186 (10), 145 (10), 121 (20). Anal. Calcd. for C3;H35FeNO4S (573.52):
C, 64.92; H, 6.15; Fe, 9.74; N, 2.44; S, 5.59. Found C, 64.75, H, 6.38, Fe, 9.97, N, 2.61, S,
5.34%.

1-((18,2R,4S,E)-3-Ferrocenylmethylene)-2-hydroxy-7,7-dimethyl-2-(thiophene-2-yl)-
bicyclo-[2.2.1]heptan-1-yl)-N, N-dimethyl methanesulfonamide (14). To a solution of n-BuLi
(1.04 ml, 1.66 mmol of 1.6 M solution in hexane) in 2 ml hexane and 2 ml THF was added
within 10 min. at 0 °C thiophene (0.17 ml, 1.99 mmol). The mixture was stirred for 1 h at R.T.
and then 4a (0.25 g, 0.55 mmol) was added. The reaction was monitored by TLC
(petroleum:Et;O = 2:1). After stirring for 1 h at R.T., the reaction was quenched with water (5
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ml) and extracted with Et;O (3%x20 ml). The organic phase was dried (Na,SO,4) and evaporated to
dryness. The remaining crude product was chromatographed (@ = 17 mm, h = 550 mm, 50 g
silica gel, petroleum/Et,O = 2:1), to give 14 (0.142 g, 48%) as a yellow solid; mp 157-160°C
with decomp. [0] ¥ =-208.7 (¢ 1.002, CHCl;). "H NMR (250 MHz, CDCls, 300 K): & = 7.3 (dd,
1H, 5’-H, J = 4.1, 2.2 Hz), 7.03-6.99 (m, 2H, 3’-H, 4’-H), 6.22 (s, 1H, 12-H), 4.40-4.39 (m, 1H,
17-H), 4.31-4.30 (m, 1H, 14-H), 4.29-4.23 (m, 2H, 15-H, 16-H), 4.18 (s, 5H, Cp), 3.46 (d, 1H,
10-Hy, J = 14.9 Hz), 3.22 (d, 10-H,, J = 14.9 Hz), 2.90 (s, 6H, 11-H), 2.90 (s, br, 1H, 4-H), 2.63
(s, IH, OH), 2.36-2.25 (m, 1H, 6-H,y,), 2.11-1.99 (m, 1H, 5-Hey,), 1.54-1.44 (m, 1H, 5-Henao),
1.40-1.30 (m, 1H, 6-H,,4), 1.21 (s, br, 6H, 8-H, 9-H). MS (EI) m/z (rel. int.): 539 (M"®, 82), 537
(6), 431 (22), 430 (24), 366 (28), 365 (100), 363 (12), 320 (9), 293 (35), 281 (10), 251 (10), 217
(10), 199 (10), 186 (11), 165 (11), 121 (20), 111 (15). Anal. Calcd. for C,7H33FeNO;S; (539.53):
C, 60.11; H, 6.16; Fe, 10.35; N, 2.60; S, 11.89. Found C, 60.38, H 6.10, Fe, 10.21, N, 2.72, S,
11.67%.

Enantioselective addition of dialkylzinc to aldehyde in presence of ligands 11-14. General
procedure

To a solution of 6 ml hexane or toluene and ligand 11-14 (3 mol. %) Et,Zn (5.67 mmol of 1 M
solution in hexane) was added dropwise at -10°C. The mixture was stirred for 30 min at —10°C
and then PhCHO (2.83 mmol) was added at -20°C. The reaction was stirred at R.T. and
monitored by TLC (petroleum: Et,O = 4:1) until the PA\CHO was consumed. The mixture was
quenched (aq. NH4Cl), extracted with Et,O (3x20 ml) and dried. After evaporation of the solvent
the crude 1-phenyl-1-propanol was purified by column chromatography (petroleum/Et,O = 5:1).
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Table 2. °C NMR chemical shifts of compounds 2, 4 and 10-14 (CDCl3, 300 K, & in ppm from
TMS); assignments marked with asterisks are tentative®

No. Compound
C-atom 2 4a 4b 10 11 12 13 14
C()  58.06* 57.40* 59.55% 5539%  53.87*  5490*  55.02%  54.85*
C(2) 21542 203.81 20250 81.53*  8245* 8216  81.87*  82.03*
C(3) 4252 13639 135.81 144.92% 149.26*% 147.59% 147.11*%  149.59%
C(4) 4274 49.06 5422  51.15 50.82 50.89  51.09 51.11
C(5) 2683 2550 2736  24.19 24.93 2453 2455 22.44
C@6) 2509 2605 2503  25.68 26.37 2745  27.83 27.30
C(7Y  47.86* 47.57% 47.28*% 49.62*  51.28*%  49.57%  49.75%  49.82*
C(8) 19.68 2055 20.54 2228 2234 2212 2220  22.41%
C(9) 1992 1931 1959  21.51 20.96 2129 2125  21.80%
C(10) 4349 4378 4356  42.82 42.86 44.15 4436 43.09
Cca1 3741 3746 3755  37.61 37.61 3759  37.59 37.68
C(12) ; 12991 13450 124.68 12337  121.65 12228 12221
C(13) ; 78.18 7822  83.12*  8436*  8220%  82.61*  84.75%
C(14) - 69.01* 7221*  6834*  69.38*  69.34*  69.43*  69.33*
C(15) - 70.83  70.79*  68.92*  68.71*  68.76  68.86 68.73
C(16) - 70.83  70.88*  69.28*  68.60*  68.76  68.86 68.73
camn _ 71.49%  71.79%  68.29*  68.05%  68.05%*  68.07*  67.88*
Cp ; 69.36  69.19  68.87 68.63 68.88  68.90 68.73
C(2) - _ _ 149.64 16237  157.39  159.96  150.22
c3) - - - _ 12278 109.92  105.78  126.19
C(4) - - ; 126.50  135.84  108.82  127.60  126.28
C(5) - - ; 12020  122.72 14225  121.16 12522
C(6") - - : 42.15 146.88 ; 122.89 ]
C(7T) - - ; 16.11 ; ; 124.39 ;
C(8) - - - - ; _ 111.15 ;
C(9) - - - - - _ 154.95 _

*For the numbering of the bicyclic moiety see Scheme 2 and the following fragments:

4N £ , . <4 3 4 3
5 x ,| > 5 i 5

N7 6 N/ Oy 7 O ST
G‘K T g

7

Acknowledgements

Support of this work by the Bulgarian Fund for Scientific Research (project X-1506) and by the
Alexander von Humboldt Foundation are gratefully acknowledged.

ISSN 1551-7012

Page 150

ARKAT USA, Inc.



General Papers ARKIVOC 2009 (xii) 141-152

References and Notes

1.

(a) Oguni, N.; Omi, T. Tetrahedron Lett. 1984, 25, 2823. (b) Noyori, R. Angew. Chem., Int.
Ed. 1991, 30, 49. (¢) Soai, K.; Niwa, S. Chem. Rev. 1992, 92, 833.

(a) Pu, L.; Yu, H. H. L. Chem. Rev. 2001, 101, 767. (b) Noyori, R. Asymmetric Catalysis in
Organic Chemistry; John Wiley and Sons: New York, 1994. (c¢) Catalytic Asymmetric
Synthesis; Ojima, 1., Ed.; Wiley-VCH: New York, 2000. (d) New Frontiers in Asymmetric
Catalysis; Mikami, K., Lautens, M., Eds.; Wiley-Interscience: Hoboken, 2007.

(a) Arrays, R. G.; Adrio, J.; Carretero, J. C. Angew. Chem. Int. Ed. 2006, 45, 7674. (b) V.
Dimitrov; K. Kostova Lett. Org. Chem. 2006, 3, 176.

(a) Kitamura, M.; Suga, S.; Kawai, K.; Noyori, R. J. Am. Chem. Soc. 1986, 108, 6071. (b)
Kitamura, M.; Okada, S.; Suga, S.; Noyori, R. J. A4m. Chem. Soc. 1989, 111, 4028. (c)
Noyori, R.; Suga, S.; Kawai, K.; Okada, S.; Kitamura, M.; Oguni, N.; Hayashi, M.; Kaneko,
T.; Matsuda Y. J. Organomet. Chem. 1990, 382, 19. (d) Kitamura, M.; Suga, S.; Niwa, M.;
Noyori, R. J. Am. Chem. Soc. 1995, 117, 4832. (¢) Yamakawa, M.; Noyori, R. J. Am. Chem.
Soc. 1995, 117, 6327. (f) Yamakawa, M.; Noyori, R. Organometallics 1999, 18, 128. (g)
Noyori, R. Angew. Chem., Int. Ed. Engl. 2002, 41, 2008.

(a) Nugent, W. A. Chem. Commun. 1999, 1369. (b) Chen, Y. K.; Costa, A. M.; Walsh, P. J.
J. Am. Chem. Soc. 2001, 123, 5378. (¢) Dimitrov, V.; Dobrikov, G.; Genov, M. Tetrahedron
Asymmetry 2001, 12, 1323. (d) Genov, M.; Kostova, K.; Dimitrov, V. Tetrahedron
Asymmetry 1997, 8, 1869; (e) Philipova, I.; Dimitrov, V.; Simova, S. Tetrahedron
Asymmetry 1999, 10, 1381. (f) Garcia Martinez, A.; Teso Vilar, E.; Garcia Fraile, A.; De La
Moya Cerero, S.; Lora Maroto, B. Tetrahedron Letters 2005, 46, 3509. (g) Hanyu, N.; Aoki,
T.; Mino, T.; Sakamoto, M.; Fujita, T. Tetrahedron Asymmetry 2000, 11, 4127. (h) Hanyu,
N.; Aoki, T.; Mino, T.; Sakamoto, M.; Fujita, T. Tetrahedron Asymmetry 2000, 11, 2971. (i)
Kasashima, Y.; Hanyu, N.; Aoki, T.; Mino, T.; Sakamoto, M.; Fujita, T. J. Oleo Sci. 2005,
54, 495. (j) Parrott Ii, R. W.; Hitchcock, S. R. Tetrahedron Asymmetry 2008, 19, 19; (k)
Garcia Martinez, A.; Teso Vilar, E.; Garcia Fraile, A.; De Moya Cerero, S.; Martinez-Ruiz,
P.; Chicharro Villas, P. Tetrahedron Asymmetry 2002, 13, 1. (1) de las Casas Engel, T.;
Maroto, B. L.; Martinez, A. G.; de la Moya Cerero, S. Tetrahedron: Asymmetry 2008, 19,
2003. (m) Xu, Q. Y.; Wu, T. X.; Pan, X. F. Chinese Chemical Letters 2001, 12, 1055-1056.
(n) Le Goanvic, D.; Holler, M.; Pale, P. Tetrahedron Asymmetry 2002, 13, 119. (o) Xu, Q.;
Wang, G.; Pan, X.; Chan, A. S. C. Tetrahedron Asymmetry 2001, 12, 381. (p) Hari, Y.;
Aoyama, T. Synthesis 2005, 583; (q) Oppolzer, W.; Radinov, R. N. Tetrahedron Letters
1988, 29, 5645. (r) Garcia Martinez, A.; Teso Vilar, E.; Garcia Fraile, A.; De La Moya
Cerero, S.; Lora Maroto, B. Tetrahedron Asymmetry 2003, 14, 1959. (s) Knollmuller, M.;
Ferencic, M.; Gartner, P. Tetrahedron Asymmetry 1999, 10, 3969.

(a) Goldfuss, B.; Steigelmann, M.; Khan, S. I.; Houk, K. N. J. Org. Chem. 2000, 65, 77. (b)
Garcia Martinez, A.; Teso Vilar, E.; Garcia Fraile, A.; De la Moya Cerero, S.; Martinez-
Ruiz, P. Tetrahedron Asymmetry 2002, 13, 1457. (c¢) Goldfuss, B.; Steigelmann, M.;
Rominger, F. Eur. J. Org Chem. 2000, 1785. (d) Martinez, A. G.; Vilar, E. T.; Fraile, A. G.;

ISSN 1551-7012 Page 151 ARKAT USA, Inc.



General Papers ARKIVOC 2009 (xii) 141-152

10.

11.

12.

13.

de la Moya Cerero, S.; Martinez Ruiz, P.; Diaz Morillo, C. Tetrahedron Asymmetry 2007,
18, 742. (e) Garcia Martinez, A.; Teso Vilar, E.; Garcia Fraile, A.; De La Moya Cerero, S.;
Lora Maroto, B. Tetrahedron Asymmetry 2004, 15, 753. (f) Hanyu, N.; Mino, T.; Sakamoto,
M.; Fujita, T. Tetrahedron Letters 2000, 41, 4587.

(a) Hui, A.; Zhang, J.; Sun, H.; Wang, Z. Arkivoc 2008, (ii), 25. (b) Hui, A.; Zhang, J.; Fan,
J.; Wang, Z. Tetrahedron Asymmetry 2006, 17, 2101. (¢) Hwang, C. D.; Uang, B. J.
Tetrahedron Asymmetry 1998, 9, 3979. (d) Ramon, D. J.; Yus, M. Tetrahedron Asymmetry
1997, 8, 2479. (e) Ramon, D. J.; Yus, M. Synlett 2007, 2309. (f) Forrat, V. J.; Ramon, D. J.;
Yus, M. Tetrahedron Asymmetry 2006, 17, 2054.

(a) Binder, C. M.; Bautista, A.; Zaidlewicz, M.; Krzeminski, M. P.; Oliver, A.; Singaram, B.
J. Org. Chem. 2009, 74, 2337. (b) Szakonyi, Z.; Hetenyl, A.; Fulop, F. Tetrahedron 2008,
64, 1034. (c) Tanyeli, C.; Odabas, S.; Erdem, M.; Cakir, E.; Keskin, E. Tetrahedron
Asymmetry 2007, 18, 2349. (d) Martins, J. E. D.; Mehlecke, C. M.; Gamba, M.; Costa, V. E.
U. Tetrahedron Asymmetry 2006, 17, 1817. (e) Mino, T.; Suzuki, A.; Yamashita, M.; Narita,
S.; Shirae, Y.; Sakamoto, M.; Fujita, T. J. Organomet. Chem. 2006, 691, 4297. (f) Soki, F.;
Neudorfl, J. M.; Goldfuss, B. Tetrahedron 2005, 61, 10449. (g) De Oliveira, L. F.; Costa, V.
E. U. Tetrahedron Asymmetry 2004, 15, 2583. (h) Martins, J. E. D.; Mehlecke, C. M.;
Gamba, M.; Costa, V. E. U. Tetrahedron Asymmetry 2006, 17, 1817. (i) de las Casas Engel,
T.; Lora Maroto, B.; Garcia Martinez, A.; de la Moya Cerero, S. Tetrahedron Asymmetry
2008, 79, 646. (j) Mino, T.; Suzuki, A.; Yamashita, M.; Narita, S.; Shirae, Y.; Sakamoto,
M.; Fujita, T. J. Organomet. Chem. 2006, 691, 4297. (k) Forrat, V. J.; Ramon, D. J.; Yus,
M. Tetrahedron Asymmetry 2009, 20, 65. (1) Forrat, V. J.; Prieto, O.; Ramon, D. J.; Yus, M.
Chem. Eur. J. 2006, 12, 4431. (m) Yus, M.; Ramon, D. J. Pure Appl. Chem. 2005, 77, 2111;
(n) Prieto, O.; Ramon, D. J.; Yus, M. Tetrahedron Asymmetry 2000, 11, 1629. (o) Yus, M.;
Ramon, D. J.; Prieto, O. Tetrahedron Asymmetry 2003, 14, 1103.

Lait, S. M.; Ranric, D. A.; Keay, B. A. Chem. Rev. 2007, 107, 767.

Marzi, M.; Minetti, P.; Moretti, G.; Tinti, M. O.; De Angelis, F. J. Org. Chem. 2000, 65,
6766.

(a) Brandsma, L.; Verkruijsse, H. D. Preparative Polar Organometallic Chemistry, Vol. 1,
Springer-Verlag: Berlin Heidelberg, 1987. (b) Thiele, K.-H.; Langguth, E.; Miiller, G. E. Z
Anorg. Allg. Chem. 1980, 462, 152.

Goto, S.; Velder, J.; El Sheikh, S.; Sakamoto, Y.; Mitani, M.; Elmas, S.; Adler, A.; Becker,
A.; Neudorfl, J. M.; Lex, J.; Schmalz, H. G. Synlett 2008, 1361.

Data for: 1-((18,2R,4S,E)-2-butyl-3-ferrocenylmethylene-2-hydroxy-7,7-dimethyl-
bicyclo[2.2.1]heptan-1-yl)-N, N-dimethylmethanesulfonamide: '"H NMR (600 MHz, CDCls,
300 K): & = 6.22 (s, 1H), 4.30-4.28 (m, 2H), 4.20-4.17 (m, 2H), 4.10 (s, 5H, Cp), 3.33 (d,
1H), 2.90 (s, 6H), 2.74 (d, 1H), 2.70 (d, 1H), 2.46 (s, 1H), 2.29-2.09 (m, 2H), 2.05-1.81 (m,
2H), 1.71-1.56 (m, 4H), 1.54-1.33 (m, 2H), 1.03 (s, 3H,), 0.96 (t, 3H,), 0.95 (s, 3H,). °C
NMR (CDCls) 6 = 150.07, 117.61, 83.15, 80.39, 69.20, 68.89, 68.36, 68.25, 68.04, 54.45,
50.72, 50.65, 45.52, 39.51, 37.61, 27.43, 25.89, 25.16, 23.53, 21.90, 20.42, 14.18. MS (EI)
m/z (rel. int.): 513 (M"®, 24), 497 (9), 496 (29), 495 (100), 493 (5).

ISSN 1551-7012 Page 152 ARKAT USA, Inc.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


