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Abstract: The addition of dialkylzinc to nitroolefms is catalyzed by Lewis acids such as MgBr2, 
MgI2, and chlorotitanates. Using the (R,R)-Ti-TADDOLates the addition of diethyl-, dibutyl-, and 
dioctyl zinc to 2-aryl-nitroethenes is shown to be enantioselective with yields near 90% and enan- 
tiomer ratios of ca. 9:1 (products 3-12; enantiomer enrichment by crystallization is possible in some 
cases). Reduction of the 2-aryl-nitroalkanes thus obtained by catalytic hydrogenation over Pd/C or 
Raney-Ni leads to the corresponding enantioeariched 2-aryl-alkylamines (products 13-21). The 
enantiopurity of the nitroalkanes and amines was determined by chromatography on chiral columns. 
The configuration of the products is assigned (S) by optical comparison and by analogy (comparison 
of five different types of physical dam). The relative topicity of the process is unlike (ul = R,RISi or 
S,S/Re). 

INTRODUCTION 

Due to their multiple reactivities organic nitro compounds remain to be important intermediates for the 

synthesis of nitro-free products 2-6. The reactions of nitroalkanes and nitroalkenes and their derivatives are 

especially attractive from a synthetic point of view because they provide building blocks with reactivity um- 

polung for the preparation of carbonyl compounds and of amines. Very often, intriguing conversions are ob- 

served with nitroaliphatic derivates 7. Thus, we have recently discovered a truely novel reaction (Scheme 1): the 

replacement of the nitro group in simple to-nitrostyrenes by an alkyl group 8 using dialkylzinc reagents 9. This 

result is the more surprizing if one considers that nitroolefins are the strongest Michael acceptors known2,6,10. 

For poor yields in reactions of nitroolefins with aggressive organometallic reagents such as alkyl or aryl lithium 

Scheme 1 

R2 ZII NO 2 ~ ~rt,.......~ R ~_ ~r~....~ R2Z~ NO2 
+ 20 °C MgBr2 Arl 

up to 40 % yield + 20°C up to 99 % yield 

or magnesium derivatives radical reactions (SET processes) 11, oligomerization/polymerization 12, or attack of 

these reagents on the primarily formed nitronates 13 are commonly blamed, and these can only partially be sup- 

pressed by carrying out the reactions at very low temperatures 14-16. In connection with mechanistic 

investigations and optimizations of the above mentioned NO2/alkyl substitution we noticed that dialkyzinc adds 
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in high yields m to-nitroolefins in the presence of magnesium bromide at room temperature in diethyl ether as 

solvent (of. Scheme 1 and GP-I, Experimental Part). Having chiral Lewis acids, the Mg 17 and Ti 18-21 alkoxides 

of TADDOLs, available which proved highly effective in Grignard 17, R2Zn 18-20, and RTi(OR')3 additions 21 to 

aldehydes and ketones, as well as in (4+2) and (2+2) cycloadditions and ene reactions22, 23, we tested whether 

the Michael additions to nitroolefins could be performed enantioselectively in the presence of those auxiliaries. 

The chiral ligands (TADDOLs = 0t,a,tz',a'-tetram'yl-l,3-dioxolan-4,5-dimethanols) are readily available in two 

steps from (R,R)- or (S,S)-tartrate ester, an aldehyde or ketone, and an aryl Grignard reagent20, 22-25. 

PREPARATIVE RESULTS 

For the present investigation we chose the diol 1 bearing five phenyl groups20b,23,24c, e as the standard 

chiral auxiliary which was converted to the titanate 2 as indicated in Scheme 2. The recipe involves an in-situ 

preparation of the chiral Lewis acid in toluene from the TADDOL and dichloro-diisopropoxy-titanium, without 

removal of isopropanol, and in the presence of 4 A molecular sieve22.23, 24e. The nitrostyrene was added to a 

20% molar excess of the Ti-TADDOLate, both as toluene solutions, and then an almost fourfold excess of a di- 

alkylzinc solution was added at -90°C (Scheme 2). After six hours at -75°C the reaction was quenched, and the 

2-aryl-l-nitroalkanes 3-12 isolated in pure form by column chromatography or distillation; the ratio of enan- 

tiomers was determined by high pressure liquid or by gas chromatography on chiral columns (vide infra and 

Experimental Part). The standard conditions as specified in Scheme 2 have to be strictly followed 26 in order to 

obtain the results presented in Table 1. For assignment of the chirality sense of the major products (S)-3-10 and 

Scheme 2 

Preparation of the Chiral Lewis Acid 

Ph Ph 

1 

/ 

1.2 equiv. (iprO)2TiC12 / 
4 A molecular sieve 
toluene, 1 h, + 20°C 

Ph Ph 

Ph o 

X ] 7 iCl2"(iPrOH)2 
H O O 

Standard Conditions for Enantioselective Michael Additions 

Arl.,"%/NO2 

1 
1) 1.2 equiv. 2 | 

(inverse addition) ~ AIk.o,,,%#._H 
in toluene, -90°C ~ NO 2 

2) 3.8 equiv. Alk2Zn Arl 
-90°C, then 6 h -75°C 3 - 12 

3) NH4CI/H20 ca. 90% yield 
er ca. 90:10 

(R)-I1, 12 formed with the (R,R)-TADDOL 1, see a later section. It appears that all additions occur with an 

enantioselectivity of ca. 9: I (the enantiomer excesses range from 68 to 90%). This magic limit could not be 

surpassed by any of the measures we took so far. An improvement "after the facts" was, however, achieved by 

low-temperature crystallization in the case of three of the aryl-nitroalkanes. Table 1 also reveals that 
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Table 1. Enantioenriched 2-Aryl-I-nitroalkanes 3-12 from ¢o--Nitrostyrenes and Heteroaryl Analogs and 
Dialkylzinc Reagents under the Conditions Specified in Scheme 2. The yields are those of pure chromato: 
graphed or distilled samples isolated from 1-34 mmolar runs. The enantiomer ratios er were all determined by 
high pressure liquid or by gas chromatography. Enantiomer enrichments of the products 3, 7, and 8 were 
achieved by crystallization from Et20/pentane at dry-ice temperature. 

J J 

~ ' ~ ' I  NO2 ~ NO2 

MeO 
3 92% y, er 87:13 4 94% y, er 88:12 
(er 99:1 by cryst.) 

J Me f 

MeO" v Me" v Me 

NO2 ~ NO2 

5 95%y, er88:12 6 92%y, er95:5 

. .. " ~  (y NO  
7 98%y, er89:ll 8 87%y, er88:12 9 35%y, er84:16 

(er 99.5:0.5 by cryst.) (er 94:6 by cryst.) 

J J J 

10 90%y, er89:ll 11 88%y, er87:13 12 83%y, er90:10 

heteroaromatic substitution of the nitroolefin starting material (products 10-12) or methyl substitution at the 

Michael acceptor carbon (product 9) do not lead to dramatic changes of the selectivity 27, neither does the 

increase of chain length in the nucleophilic R2Zn reagent. TADDOLs other than 1 produced very little variation 

of the enantioselectivity: the results obtained with six different diols of this type are collected in Table 2: most 

er values are identical within experimental error with the 91:9 er obtained under the standard conditions 

specified in Scheme 2. 

Table 2. Other TADDOLs 22-25 Tested in the Standard Reaction Producing Nitrocompound 3 (cf. Scheme 2). 
The TADDOL with R 1 = R 2 = Me, Arl = 1-naphthyl did not give an active catalyst at all. 

Arl M1 

R 2 O n ~ OH 

Arl Aft 

erof3 89:11 88:12 83:17 90:10 88:12 87:13 
Aft 
R 1 

a 2 

Ph 2 -Naph Pit Ph Ph Ph 
Me Me Ph 4-CF3-Ph tBu Ph 
Me Me Ph H H Me 
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Finally, we have also done experiments with the dimethyl ether of the original TADDOL20a~ -Sa, see 

Scheme 3. Addition of diethylzinc to nitrostyrene in toluene containing ca. 3 equiv, of this diether and 1.2 

equiv, magnesium halide gave the phenyl-nitrobutane 3 in enantioenriched form: 70% preferentially (S) with 

MgBr2 and 75% (R) with MgI2, an intriguing result and a hard nut to crack for those who like to propose 

mechanisms28b! The enantioselectivities observed with the diether auxiliary were not high enough to warrant 

extensive optimization experiments [it is just worth mentioning that a substoichiometric amount of the 

TADDOL dimethyl ether (0.29 equiv.) still gave an (S)/(R) ratio of 60:40]. 

A r l , f ~ ' ~ ,  NO2 

+ 

2.9 equiv. 

Ph Ph 

0 @  ~ g ~  OMe 

in toluene 

Scheme3 

/ 

- ~  NO2 
1.2 equiv. .~ 3 (93%) 

MgBr2 (S)/(R) 70:30 

~ NO 2 
1.2 equiv. _ ent-3 (60%) 

Mgi2 ~ (R)/(S) 75:25 

Et2Zn (1.4 equiv.) 

A major interest in the chemistry of organic nitro compounds stems from the fact that they are readily 

reduced to amines. We chose catalytic hydrogenation29, 30 for the conversion of the enantioenriched aryl- 

nitroalkanes 3-11 to the corresponding amines 13-21. The results are collected in Table 3. As heterogeneous 

catalysts we used Pd on charcoal or Raney nickel. Interestingly, the aryl-nitrobutanes 3-6 (the products from 

Et2Zn additions) were reduced readily at room temperature and at normal H2 pressure over Pd/C within three 

days to give the amines 13-16 in good yields, while the higher homologs, the nitrohexane 7 and -decane 8 were 

recovered under these conditions, even when we applied higher pressure and used H2/Pd(OH)2. 

Table 3. Enantioenriched Amines by Catalytic Hydrogenation of  3-11 Using lO%-Pd on Charcoal or Raney- 
Ni. The enantiopurities of these amines are identical to those of the precursor 2-aryl-nitroalkanes (see accom- 
panying text and Experimental Part). 

R 
13 - 18 19 73% y (H2/Ry-Ni) 20 23% y (H2/Pd-C) 

No. 13 14 15 16 17 
Alk 
R 

H2/Cat. 
%y 

Et Et Et Et Bu 
H 3-MeO 4-MeO 2,4,6-Me3 H 

Pd-C Pd-C Pd-C Ry-Ni Pd-C Ry-Ni 
73 76 91 80 66 71 

/ 

21 2% y (H2/Ry-Ni) 
(er 87:13) 

18 
Oct 
H 

Ry-Ni 
78 
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On the other hand, Raney nickel at 30 bar H2 pressure for 24 h at ambient temperature led to the 
reduction of all types of aryl-nitroalkanes, including the [~-branched compound 9 (cf. Table 3, products 15, 17- 

19 and 21). The amines thus formed were difficult to obtain in analytically pure form: they are air-sensitive 

(reacting with 02 and C02), and their hydrochloride and hydrogen oxalate salts did not lend themselves for 

purification purposes. The most sensitive amine, which is also very volatile, was the furan derivative 21, most 

of which we lost during purification (see yield in Table 3). The enantiopurity of the amines 13-18, 20, 21 was 
determined by preparing amides of (R)- and (S)-ct-methoxy-~-(trifluoromethyl)-phenylacetic acid (Mosher 

amides) 31 and doing an HPLC or 19F-NMR analysis, which showed that the enantiomer ratios were identical 

within experimental error (+ 1%) with those determined of the corresponding aryl-nitroalkanes 3-10 (vide 

supra and Table I). 

CONFIGURATIONAL ASSIGNMENT 

The parent compound of our aryl-nitroalkanes, 2-phenyl-nitrobutane (3), has been prepared in enan- 

tiopure form before. Ohta et al. have shown that E-2-aryl-nitropropene, -butene, and -pentene, but not higher 

homologs can be reduced (23-64%) enantioselectively (er 95:5 to 99:1) to the nitroalkanes by yeast 

reduction30; by optical comparison, the product thus obtained is ent-3. Both enantiomers have been reduced to 

2-phenyl-butylamine, which in turn had been prepared from 2-phenylbutanoic acid by Kirmse et al. 32 and 

correlated with glyceraldehyde by Pettersen 33. Thus, our compounds, the laevorotatory nitroalkane 3 and its 

reduction product, the dextrorotatory amine 13 can be safely assigned (S)-configuration. 

The major enantiomers of the nitroalkanes (3-12) are laevorotatory 34a, and they have the larger retention 

time on Chiralcel OD (HPLC) 34b and the smaller retention time on FS-Lipodex E (GC)34c; furthermore, their 

reduction products (the amines 13-21) are dextrorotatory 34d and the amides of (S)-Mosher acid 31 prepared from 

the amines show a higher-field 19F-NMR signal 34e. From the constitutional similarity of the 2-aryl-nitroalkanes 

and those common features of five independent physical properties we assign all our major products as 

resulting from Si-face addition to the nitroolefin, by analogy 35 [see the formulae of Scheme 2, Table 1, and 

Table 3; (S)-configuration for compounds 3-10, (R)-configuration for the homochiral compounds 11 and 12]. 

CONCLUSION AND DISCUSSION 

There are numerous examples described in the literature of highly diastereoselective C,C-bond-forming 

Michael additions of chiral nucleophiles, such as enamines3637 and enolates 38, to nitroolefins, as well as of 

achiral nucleophiles to chiral nitrooleflns 39. Also, stereoselective additions of nitrogen 6,40, oxygen 41, and 

sulfur 42 nucleophiles to nitrooleflns can be highly efficient. A special case is the enantioselective addition of 

two achiral components, an enolate and a nitroolefin, under the influence of a chiral Li-amido-amine 43 

(TADDAMIN derivative), see (a) in Scheme 4. The addition of simple alkyl nueleophiles to nitroolefins was 

much less successful so far, with Li, Mg, Zn, and Cu derivatives having been testedlS,44, 45. An example from 

our own work is shown in Scheme 4 (b) 44. 
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(a) 

OLi ¢ : NO 2 

83% y 

Scheme 4 

Ph PhMe  O N:Li 
" ~ "  NO2 Ph Ph 

LiBr 

(b) I dr 86:14, er 97:3 

I l "N'- 
I N ~ o ~ O ~ N  I 

= I [ 

Me~.-.vNO2 + BaLi "~" = ~ N O 2  
in pcntane I~¢Ic 

er 79:21 

The Ti-TADDOLate-mediated dialkylzinc addition to aryl-nitroolef'ms described herein occurs with the 

highest enantioselectivities hitherto observed for this particular type of process. Without further investigations, 

as they have been done in the case of Ti-TADDOLate-catalyzed nucleophilic additions to aldehydes 18-21 and 

Diels-Alder reactions 23, we consider it improper to even speculate about the mechanism of the reaction. It is 

intriguing and appropriate to point out, however, that the R2Zn reagent adds to the Si-face of the trigonal center 

in the nitroolefins as it does in the case of aldehydes 18-21, see accompanying Figure (a) and (b). 

(a) (b) 

Figure. Comparison of Possible Complexations of Aldehydes (a) and Nitrostyrenes (b) to the Lewis Acidic Site 
of an (R~)-Ti-TADDOLate. The ligand sphere of Ti may be octaheAral or trigonal bipyramidal. The shaded 
rectangles symbolize the typical axial and equatorial phenyl groups on the sevcn-member~ Ti-TADDOLate 
ring20, 23. The back side is occupied by the dioxolane ring (not shown). The experimentally observed topicity of 
the nucleophilic attack is Si. 
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EXPERIMENTALPART 

General: Abbreviations: GP (general Procedure), HV (high vacuum, 0.01-0.1 Torr), MS (molecular 

sieve), MTPAC1 (¢x-methoxy-fz-(trifluoromethyl)-phenylacetyl chloride), RV (evaporator), Rf (retention 

factor), Rt (retention time in minutes). 

Starting materials and reagents: Nitroolefins are commercially available or were obtained according to 

the literature 46a. Due to poor yields which we obtained using reported procedures46b, c we modified the 

conditions for the preparation of the heteroaromatic nitroolefins. 2-(2-Furyl)-nitroethene, 2-(2-thienyl)-nitro- 

ethene and 2-(3-thienyl)-nitroethene were prepared according to ref. 46b-d using NaOMe (Fluka, 95 %) in 

MeOH at -10°C for the nitro aldol addition 46b, dissolving the adduct in the minimum amount of chilled water 

and pooring it onto chilled ca. half concentrated aqueous HC146c,d. Nevertheless only moderate yields were 

achieved (56, 44, and 65 % respectively). Right after preparation or after long storage periods, the nitroolefins 

were sublimed at 80°C/HV or filtered over silicagel with CH2C12 as eluant to yield brightly yellow compounds. 

A stock soln. of Et2Zn (2 M) was prepared from 20.5 ml Et2Zn (freshly distilled, ref. 47) and 79.5 ml of toluene 

or of Et20 (CAUTION: pure Et2Zn reacts violently with air and water). Diethyl ether-free Bu2Zn was 

obtained from a soln. of BuMgBr in Et20 and a 1.0 M soln. of ZnC12 in Et20 (Aldrich) by filtration of the 

reaction mixture under argon, and fractional distillation (b.p.: 100 °C/4 Torr (ref.47:61°C/4 Torr)). Ether free 

Oct2Zn was obtained according to ref. 48 or, preferably, to ref. 49. TiC12(Oipr)2 was prepared according to ref. 50 

and stored as stock solution in toluene (0.322 M). Molecular sieve 4 A (MS)was ground and dried for 8 h at 

160°C under HV directly before use. Sat. MgBr2 in Et20 (ca. 2.1 M) 51 was obtained from 1,2-dibromoethane 

and magnesium. Sat. MgI2 soln. in Et20 (ca. 1.29 M) 52 was obtained from 1,2-diiodoethane and magnesium. 

Toluene and Et20 used in the reactions were dried immediately before use by refluxing and distillation over 

metallic potassium or sodium, respectively with benzophenone as indicator. The solvents used for workup and 

purification were distilled: Et20 (KOH, FeSO4); CH2C12, hexane (P205). 

Equipment: All reactions were performed under an inert argon atmosphere in oven-dried equipments. 

The addition reactions at low temperature were performed using a bath of toluene, cooled by liquid nitrogen 

(ca. -90°C) and dry ice (ca. -75°C), respectively. Thinlayer chromatography (TLC): precoated silica gel 60 

F254 plates (Merck); visualization by UV254 light extinction, development using phosphomolybdic acid soln. 

(25 g phosphomolybdic acid, 10 g Ce(SO4)2"4H20, 60 ml H2SO4, 940 ml H20) or ninhydrin soln. (600 mg 

ninhydrin, 285 ml BuOH, 2 ml AcOH, 13 ml H20). Flash chromatography (FC): SiO2 60 (0.040 - 0.063 mm, 

Fluka), pressure: 0.2-0.4 bar. [ctI~ t (ca. 20°C): Perkin-Elmer 241 polarimeter (p.a. solvents, Fluka). 

Distillation of the products: Bftchi GKR-50 bulb-to-bulb distillation apparatus. Boiling points (h.p.): 

correspond to uncorrected air bath temp. Melting points (m.p.): open glass capillaries, Bachi 510 (Tottoli 
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apparatus), 50°C range Anscluitz thermometers, uncorrected. High-pressure liquid chromatography (HPLC): 

Kontron, Uvikon LCD 725; two pumps Kontron, LC Pump 414; Chiralcel OD Daicel, Chemical Industries, 

Ltd; 230 nm; 0.5 ml/min. Capillary gas chromatography (CGC): HRGC (Carlo Erba); injector temp.: 220°C; 

detector temp.: 250°C; T-CD: FS-Lipodex ® E, 2,6-O-pentyl-3-O-butyryl-T-CD, 50 m x 0.25 mm (Macherey- 

NagelAG), 1.5 kPa (1-12); ibid. 45 m x 0.19 mm (30 % precoated in OV1701V; self-made), 2.0 kPa (1-12). IR: 

film; Perkin-Elmer 1600; ~ in cm -1. 1H- and DC-NMR spectra: Varian Gemini 200 (200 and 50 MHz, resp.), 

Varian Gemini 300 or Bruker WM 300 (300 and 75 MHz, resp.), Bruker AMX 400 (400 and 100 MHz, resp.), 

Bruker AMX 500 (500 and 125 MHz, resp.); 8 in ppm downfield of TMS (8 = 0) in CDC13; J in Hz. DEPT 

spectra and a 13C-NMR calculation programm 53 were used for the assignment of 13C-NMR signals. 19F-NMR 

spectra: Varian Gemini 300 (282 MHz), ~ in ppm downfield of CCI3F (8 = 0) in CDCI3. 19F-NMR spectra of 

Mosher amides were measured at -70.24 to -68.64 ppm with a high density of points (NP = 16000) at 55°C. 

MS: VG-Tribrid spectrometer, fragment ions in m/z with relative intensities (%) in parentheses. Elemental 

analysis were performed at the Microanalytical Service Laboratory of the Laboratorium far Organische 

Chemie (ETH Zarich). 

I. Preparation of racemic Michael adducts by addition of Et2Zn to nitroolefins in the presence of 
MgBr2 (GP-I): To a stirred soln. of 1.2 equiv, of sat. MgBr2 were added 20-30 ml of Et20, 1.4 equiv, of a 

2 M Et2Zn soln. in Et20 and, within 30 rain, a soln. of 1.2-7.2 mmol of the nitroolefin in 25-30 ml Et20. The 

reaction mixture was stirred for 1 h at r.t. and then carefully quenched by addition of 20 mi sat. NH4CI soln. at 

0°C. The mixture was stirred for 30 min at r.t., while adding 2 M HCI in portions to dissolve the precipitate 

(pH 1). The organic layer was washed with sat. NaCI. soln., dried over MgSO4 and evaporated (RV, at the end 

of evaporation HV was applied for a short period of time). The residue was then purified by FC (15x3 cm, 

pentane/CH2C12 5:1) yielding the Michael adducts in 65-99%. 

II. Enantioselective addition of dialkylzinc to nitroolefins mediated by titanium-TADDOLates 

(GP-II): 30-200 mi of toluene and 1.2 equiv, of 0.32 M TiCl2(Oipr)2 in toluene were added to 0.3-1.5 g of MS 

and 1.2 equiv, of 1. This mixture was stirred for 1 h at r.t. and then cooled to -90°C. A soln. of 1.3-33.5 mmol 

nitroethen (1 equiv.) in toluene (9-50 ml) was added, keeping the temperature below -80°C. At -90 + 3°C a 

soln. of 3.8 equiv, dialkylzinc (2 M for Et2Zn; otherwise 1-2 M) was added within 30-45 rain. The reaction 

mixture was allowed to warm to -75°C and kept at this temperature. Upon completion of the reaction (6 h for 

Et2Zn) the reaction mixture was poured into 50-200 ml of sat. NH4CI soln., stirred for ca. 1.5 h and then 

filtered through celite. The organic layer was washed with sat. NaC1 soln., then dried over MgSO4 and 

evaporated (RV, at the end of evaporation HV was applied for a short period of time). The residue was 

dissolved in Et20 or CH2C12, 50 ml of hexanes were added and the more volatile Et20 or CH2C12 was 

evaporated (RV). The solution was decanted from residual TADDOL. The TADDOL was washed with 2x20 

mi of hexanes and the combined fractions were evaporated. The residue was then purified by FC (15x3 cm; 

pentane/CH2Cl2 5:1) or bulb-to-bulb distillation. 

HI. Preparation of 2-aryl-butylamines by catalytic hydrogenation of 2-aryl-l-nitrobutanes using 
10%-Pd on charcoal (GP-HI): A soln. of 5.58 mmol of the 2-aryl-butylamine in ethyl acetate was stirred with 

10%-Pd/C for 3 d at ambient tenlperature and at normal pressure of hydrogen. The reaction mixture was 

filtered through celite and the amine was extracted with 1 M H2SO4. The aqueous phase was made alkaline by 
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addition of 2.5 M NaOH and the amine was extracted three times with Et20. 54 The organic layer was dried 

over MgSO4 and evaporated. 

IV. Preparation of 2-aryl-alkylamines by catalytic hydrogenation of 2-aryl-l-nitroalkanes using 
Raney-Ni (GP-IV): Neutral Raney-Ni (activity W2) was prepared according to ref.55 from 3.5 g of Raney-Ni 

alloy and was washed with water to pH 6 and then six times with ethanol (CAUTION: activated Raney-Ni is 

pyrophoric). The amine (5 mmol) was hydrogenated in 20 ml of ethanol in an shaken autoclave for 24 h at 

ambient temperature and 30 bar. The solution was filtered through celite and evaporated (RV, at the end of 

evaporation HV was applied for a short period of time). The residue was purified by FC (17x3 cm; with 

CH2CI2/MeOH/Et3N 95:5:0.5 as eluant, eventually changing to a ratio of 90:10:1 after ca. 400 mi; ninhydrine) 

and distillation. The purified amines were stored at -10°C under an inert atmosphere. 

V. Preparation of Mosher amides (GP-V): Mosher amides used for HPLC analysis were prepared and 

purified according to ref. 30. Mosher amides used for 19F-NMR analysis were prepared in an NMR tube simply 

by mixing 15 mg of the amine with 1.5 equiv, of (R)- or (S)-MTPACI and a trace of N,N-dimethyl-4-amino 

pyridine in 0.4 rnl CDC13 and shaking the mixture shortly. 

2-Aryl-nitroalkanes 
2-Phenyi-nitrobutane (3): a) Following GP-I, a soln. of 1.00 g (6.71 retool) 2-phenyl-nitroethene and 

4.7 ml (9.4 retool) of Et2Zn soln. with 3.8 ml (7.98 retool) of MgBr2 soln. gave 1.10 g (92%) of rac-3 as 

colourless liquid. 

b) Following GP-II, 2.55 ml (5.1 mmol) of Et2Zn soln. and a soln. of 200 mg (1.34 retool) 2-phenyl- 

Table 4. Determination of  the Enantiomer Ratios 
(er) of  the Michael Adducts. by HPL or Gas Chro- 
matography. The relative peak areas are given in 
the order of elution. For details see the corre- 
sponding procedures. For nitroalkane 11 see its 
hydrogenation product 21 in Table 5. 

Column 

No. Rt [rain] er 

3 17.4; 23.5 9:91 

4 28.7; 67.0 12.5:87.5 

5 20.9; 33.7 12:88 

6 16.1; 22.8 5:95 

7 16.0; 23.2 11.5:88.5 

8 15.1; 20.8 12:88 

9 

10 37.3; 41.3 11:89 

12 

HPLC: Chiralcel OD GC: Lipodex E 

Rt [min] er 

55.2; 57.9 89:11 

86.7; 87.2 84:16 

79.2; 79.6 88:12 

73.7; 75.2 90:10 

nitroethene in 15 ml toluene with 828 mg (1.61 mmol) 

1, 300 mg MS, 30 ml of toluene and 5 ml (1.61 mmol) 

of TiC12(Oipr)2 soln. gave after distillation 227 mg 

(95%) of 3 as colourless liquid [(S)/(R) = 91:9; 

Chiralcel OD; hexane/iprOH 95:5; Rt:17.4 (R), 23.5 

(S)]; [89:11; FS-Lipodex E; 1.5 bar, 100°C + 0.3°C/ 

min; Rt: 55.2 (S), 57.9 (R); moderate peak separation]. 

Compound 3 has been described by Ohta et al. with 

1H-NMR data (in CC14) and an er of 98.5:1.5 (R)30, 

having the opposite sign of optical rotation as com- 

pared to 3 prepared herein (cf. Table 6). 

e) Large-Scale Run: following GP-II, 38.2 ml 

(76.4 mmol) of Et2Zn soln. and a soln. of 3.00 g (20.1 

mmol) 2-phenyl-nitroethene in 40 ml toluene with 

12.41 g (24.1 mmol) 1, 900 mg MS, 120 ml of toluene 

and 75 ml (24.1 mmol) of TiCl2(Oipr)2 soln. gave 

after distillation 3.30 g (92%) of 3 as colourless liquid 

[(S)/(R) = 87:13; Chiralcel OD; hexane/iprOH 95:5; 

Rt:17.8 (R), 26.1 (S)]. Compound 3 was crystallized 
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several times by dissolving it in a ca. ten fold volume of pentane/Et20 1:1, keeping the mixture at -75°C for 1- 

2 h and then removing the mother liquor with a syringe to yield 1.46 g (41%) with an er 99.2:0.8. - B.p.: 

100°C/0.2 Torr. - IR:9 = 3030w, 2967m, 2933m, 2876w, 1552s, 1495m, 1454m, 1431m, 1380s, 760m, 701s. 

- 1H-NMR (300 MHz): 8 = 0.84 (t, J = 7.4, 3 H, 4-H), 1.61-1.84 (m, 2 H, 3-H), 3.31-3.41 (m, 1 H, 2-H), 4.57 

(JAB = 12.1, JAX = 7.9, JBX = 7.6, 2 H, l-H), 7.16-7.20 (m, 2 H, arom. H), 7.23-7.36 (m, 3 H, arom. H). - 13C- 

NMR (75 MHz): 8 = 11.6 (C-4), 26.2 (C-3), 46.0 (C-2), 80.8 (C-I), 128.9, 127.6 (arom. CH), 139.4 (C-I'). - 

MS: m/z = 179 (1) [M+], 132 (82) [M + -HNO2],  117 (32), 104 (32), 91 (100). 

d) Preparation of 3 and ent-3 in the presence of the TADDOL dimethyl ether according to Scheme 3. 

- d l )  With MgBr2 as Lewis acid: 1.92 g (3.88 mmol) of the dimethyl ether, 200 mg (1.34 retool) 2-phenyl- 

nitroethene and 40 ml of toluene were added to MgBr2, which had been prepared by evaporating 0.77 ml (1.62 

mmol) of sat. MgBr2 soln. in Et20. The reaction mixture was stirred for 1 h at r.t. and then cooled to -75°C. 

Within 5 min, 0.94 ml (1.88 mmol) of Et2Zn soln. were added. The reaction mixture was then stirred for 14 h 

with gradual warming to r.t. At 0°C, 20 ml of sat. NH4C1 soln. were addded carefully. The mixture was stirred 

for 30 min at r.t., while adding 2 M HC1 in portions to dissolve the precipitate (pH 1). The organic layer was 

washed with sat. NaC1. soln., dried over MgSO4 and evaporated (RV, at the end of evaporation HV was 

applied for a short period of time). The residue was dissolved in Et20, 25 ml of MeOH were added and the 

more volatile Et20 was evaporated (RV). At 0°C, the solution was decanted from residual TADDOL dimethyl 

ether which was washed three times with MeOH (0°C). The combined MeOH fractions were evaporated after 

addition of some silicagel. The resulting residue was then purified by FC (15x3 cm; pentane/CH2C12 5:1) 

yielding 223 mg (93%) of 3 as colourless liquid [(S)/(R) = 71:29; FS-Lipodex E]. - d2) With MgI2 as Lewis 

acid: Following the same procedure, but using 1.25 ml (1.62 mmol) of sat. MgI2 soln. in ether instead of the 

MgBr2, gave 145 mg (60%) of 3 [(S)/(R) = 25.5:74.5; FS-Lipodex 13]. 

2-(3-Methoxyphenyl)-nitrobutane (4): a) Following GP-I, a soln. of 0.20 g (1.16 mmol) 2-(3-methoxy- 

phenyl)-nitroethene and 0.8 ml (1.6 mmol) of Et2Zn soln. with 0.64 ml (1.34 mmol) of MgBr2 soln. gave 164 

mg (70%) of rac-4 as colourless liquid. - b) Following GP-II, 5.1 ml (10.2 mmol) of Et2Zn soin. and a soln. 

of 481 mg (2.68 mmol) of the nitroolefin in 20 ml toluene with 1.656 g (3.22 mmol) 1, 500 mg MS, 60 ml of 

toluene and 10 ml (3.22 mmol) of TiC12(oiPr)2 soln. gave after distillation and FC 529 mg (94%) of 4 as 

colourless liquid [(S)/(R) = 87.5:12.5; Chixalcel OD; hexane/iprOH 95:5; Rt: 28.7 (R), 67.0 (S) ]. - Racemic 4 

has been reported by yon Angerer et al. (with IH-NMR data)56. - B.p.: 140°C/0.1 Tort. - IR: ~ = 2965s, 

2935s, 2876m, 2837m, 1602s, 1586s, 1552s, 1490s, 1456s, 1435s, 1381s, 1263s, l161s, 1043s, 782s, 701s. - 

1H-NMR (200 MHz): 6 = 0.84 (t, J(3-H) = 7.4, 3 H, 4-H), 1.58-1.79 (m, 2 H, 3-H), 3.25-3.40 (m, 1 H, 2-H), 

3.79 (s, 3 H, OCH3), 4.53 (m, 2 H, l-H), 6.71-6.82 (3 H, arom. H), 7.25 (dd, 1 H, atom. H). - 13C-NMR (50 

MHz): 8 = 11.5 (C-4), 26.1 (C-3), 46.0 (C-2), 55.2 (OCH3), 80.7 (C-l), 112.8, 113.7 (C-2', C-4'), 119.8 (C-6'), 

129.9 (C-5'), 140.9 (C-I'), 159.9 (C-3'). 

2 - ( 4 - M e t h o x y p h e n y l ) - n i t r o b u t a n e  (5): a) Following GP-I, a soln. of 1.00 g (5.58 retool) 2-(4-methoxy- 

phenyl)-nitroethene and 3.9 ml (7.8 mmol) of Et2Zn soln. with 3.2 mi (6.7 retool) of MgBr2 soln. gave 1. I 1 g 

(95%) of rac-5 as slightly yellow liquid. - b) Following GP-II, 2.55 ml (5.1 mmol) of Et2Zn soln. and a soln. 

of 240 mg (1.34 retool) of the nitroolefin in 15 ml toluene with 828 mg (1.61 mmol) 1, 300 nag MS, 30 ml of 

toluene and 5 mi (1.61 retool) of TiC12(Oipr)2 soln. gave after 8 h at -78°C, distillation and FC 266 mg (95%) 

of 5 as slightly yellow liquid which slowly crystallized upon storage [(S)/(R) = 88:12; Chiralcel OD; 
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hexane/iprOH 95:5; Rt: 20.9 (R), 33.7 (S)]. - B.p.: 130°C/0.1 Tort. - M,p.: 27,6-28.0°C - IR: 9 = 2966m, 

2934m, 2877w, 2838w, 1612m, 1552s, 1514s, 1381m, 1253s, 1180m, 1034m, 832m.-  1H-NMR (300 MHz): 

= 0.83 (t, J(3-H) = 7.3, 3 H, 4-H), 1.58-1.78 (m, 2 H, 3-H), 2.26-3.36 (m, 1 H, 2-H), 3.79 (s, 3 H, OCH3), 4.46- 

4.59 (m, 2 H, I-H), 6.84-6.89 (m, 2 H, atom. H), 7.08-7.13 (m, 2 H, atom. H). - 13C-NMR (75 MHz): 8 = 11.5 

(C-4), 26.2 (C-3), 45.3 (C-2), 55.2 (OCH3), 81.0 (C-l), 114.3 (C-3', C-5'), 128.6 (C-2', C-6'), 131.2 (C-I'), 

158.9 (C-4'). - MS: m/z = 209 (20) [M+], 162 (63) [M + - HNO2], 134 (58), 121 (100), 91 (18). - Anal. calcd. 

for CI1HtsNO3 (209.25): C 63.14, H 7.23, N 6.69; found: C 63.28, H 7.44, N 6.70. 

2-(2,4,6-Trimethylphenyl)-nitrobutane (6): a) Following GP-I, 1.1 ml (2.2 mmol) of Et2Zn soln. and a 

soln. of 293 mg (1.53 mmol) 2-(2,4,6-trimethylphenyl)-nitroethene with 5.0 ml (1.61 retool) of TiCl2(OiPr)2 

soln. in toluene instead of MgBr2-soln. in Et20 were stirred for 2 h with gradual warming from -85°C to 6°C, 

to give after FC (pentane/CH2Cl2 2:1) 268 mg (79 %) of rac-6 as colourless liquid. - b) Following GP-II, 10.2 

ml (20.4 rmI~l) of Et2Zn soln. and a soln. of 1.026 g (5.36 mmol) of the nitroolef'm in 30 ml toluene with 3.321 

g (6.45 retool) 1,700 mg MS, 80 ml of toluene and 20 ml (6.44 mmol) of TiC12(Oipr)2 soln. gave after FC 1.10 

g (92%) of 6 as colourless liquid [(S)/(R) = 95:5; Chiralcel OD; hexane/iprOH 98:2; Rt: 16.1 (R), 22.8 (S) ]. - 

IR: 9 = 2967s, 2875m, 1611m, 1553s, 1457m, 1379s, 853m. - 1H-NMR (300 MHz): 5 = 0.86 (t, J(3-H) = 

7.44, 3 H, 4-H), 1.74-1.95 (m, 2 H, 3-H), 2.23 (s, 3 H, CH3), 2.34 (s, 3 H, CH3), 2.36 (s, 3 H, CH3), 3.98 (m, 1 

H, 2-H), 4.69 (JAB = 12.0, JAX = 7.4, JBX = 8.1, 2 H, l-H), 6.82 (2 H, arom. H). - 13C-NMR (75 MHz): ~ = 

12.2 (C-4), 20.6, 21.2, 21.6 (3 CH3), 24.6 (C-3), 40.8 (C-2), 80.8 (C-l) [ca. 80.8 - 81.0: (C-l)], 129.7, 131.3 

(C-3', C-5'), 132.5, 135.7, 136.5, 137.7 (C-I', C-2', C-4', C-6'). - MS: mlz = 221 (17) [M+], 174 (4) [M + - 

HNO2], 159 (10), 146 (33), 133 (100). - Anal. calcd, for C13HIgNO2 (221.30): C 70.56, H 8.65, N 6.33; found: 

C 70.87, H 8.40, N 6.40. 

2-Phenyl-nitrohexane (7): a) Following GP-I, a soln. of 400 mg (2.68 mmol) 2-phenyl-nitroethene and 

1.9 ml (3.23 retool) 1.70 M BuLi in hexane (instead of Et2Zn and MgBr2 soln.) gave after 13 h at -75°C in 

toluene 212 mg (38 %) of rac-7 as colourless liquid. - b) Following GP-II, 40.8 ml (40.8 retool) of 1 M Bu2Zn 

in toluene and a soln. of 1.60 g (10.73 mmol) of the nitroolefin in 20 ml toluene with 6.624 g (12.9 mmol) 1, 

1.0 g MS, 80 ml of toluene and 40 ml (12.9 retool) of TiC12(Oipr)2 soln. gave after FC 2.18 g (98%) of 7 as 

colourless liquid [(S)/(R) = 88.5:11.5; Chiralcel OD; hexane/iprOH 95:5; Rt: 16.0 (R), 23.2 (S)]. - Compound 7 

was crystallized several times by addition of a ca. ten fold volume of pentane/Et20 1:1, keeping the mixture at 

-75°C for 1-2 h and then removing supernatant liquid with a syringe to yield 995 mg (45%) of 7 with an er 

99.4:0.6. - Enantioenriched 7, which turned out to have an er of 79:21, has been prepared by Seebach et al. and 

reported with IR and 1H-NMR (in CC14) datal5, 44. - IR:9 = 3031w, 2958m, 2932m, 2860m, 1553s (NO2), 

1454m, 1379s, 762m, 700s. - 1H-NMR (200 MHz): ~ = 0.83 (t, J(5-H) = 6.9, 3 H, 6-H), 1.07-1.35 (m, 4 H, 4- 

H, 5-H), 1.67 (dt, J(2-H) = J(4-H) = 7.5, 2 H, 3-H), 3.43 (m, J(1-H) = J(3-H) = 7.6, 1 H, 2-H), 4.53 (JAB = 

12.2, JAX = 7.8, JBX = 7.6, 2 H, l-H), 7.14-7.37 (m, 5 H, arom. H). - 13C-NMR (75 MHz): ~ = 13.8 (C-6), 22.4 

(C-5), 29.0 (C-4), 32.7 (C-3), 44.4 (C-2), 81.0 (C-l), 127.5, 128.9 (C-2' to C-6'), 139.6 (C-I'). - MS: m/z = 207 

(0.4) [M+], 160 (25) [M+-  HNO2], 118 (100), 117 (17), 105 (17), 104 (36), 103 (12), 91 (75). 

2-Phenyl-nitrodeeane (8): a) Following GP-II, 4.0 ml (13.7 mmol) Oct2Zn 48 in 15 ml toluene and a 

soln. of 490 mg (3.28 mmol) 2-phenyl-nitroethene in 15 ml toluene with 2.027 g (3.94 mmol) 1, 300 mg MS, 

40 ml of toluene and 12.24 ml (3.94 mmol) of TiCl2(Oipr)2 soln. gave after FC 747 mg (87%) of 8 as 
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coloudess liquid [(S)/(R) = 87.5:12.5; Chiralcel OD; hexane/iprOH 95:5; Rt: 13.9 (R), 19.3 (S)]. - 

b) Following GP-II, 44 mmol Oct2Zn (from I00 mmol OctI and excess Et2Zn; 89 % conversion) 49 in 40 ml 

toluene and a soln. of 1.73 g (11.56 mmol) of the nitroolelrm in 30 ml toluene with 7.15 g (13.9 mmol) 1, 1.0 g 

MS, 100 ml of toluene and 43.2 ml (13.9 retool) of TiC12(Oipr)2 soln. gave after 2xFC (17x3 cm) 2.07 g (69 %) 

of 8 as coloudess liquid [(S)/(R) = 88:12; Chiralcel OD; hexane/iprOH 95:5; Rt: 15.1 (R), 20.8 (S)]. - 

Compound 8 was crystallized twice by addition of 40 ml pentane/Et20 1:1, keeping the mixture at -75°C for 1- 

2 h and then removing supematant liquid with a syringe to yield 744 mg (25%) of 8 with an er 94:6. - IR: 9 = 

3064w, 3030m, 2926s, 2855s, 1556s (NO2), 1495m, 1455m, 1431m, 1378s, 761m, 700s. - 1H-NMR (300 

MHz): ~ = 0.86 (t, J(9-H) = 7.27, 3 H, 10-H), 1.1-1.35 (m, 12 H, 4-H to 9-H), 1.63-1.89 (m, 2 H, 3-H), 3.21- 

3.49 (m, 1 H, 2-H), 4.55 (JAB = 12.1, JAY = 8.0, JBX = 7.6, 2 H, I-H), 7.15-7.20 (m, 2 H, atom. H), 7.23-7.60 

(m, 3 H, arom. H). - IBC-NMR (75 MHz): 8 = 14.1 (C-10), 22.6 (C-9), 26.9, 29.2, 29.3, 31.8, 33.1 (C-3 to C- 

8), 44.4 (C-2), 81.1 (C-1), 127.5, 128.9, (C-2' to C-6'), 139.7 (C-1') .-  MS: m/z = 263 (0.1) [M+], 216 (13) [M + 

- HNO2], 131 (11), 118 (100), 117 (20), 104 (22), 91 (59). - Anal. caled, for C16I-I25NO2 (263.38): C 72.97, 

H 9.57, N 5.32; found: C 73.18, H 9.78, N 5.36. 

2-Methyl-2-phenyl-nitrobutane (9): Following GP-II, 23.1 ml (46.2 mmol) of Et2Zn soln. and a soln. of 

1.985 g (12.17 mmol) 2-phenyl-l-nitropropcne in 30 ml toluene with 7.51 g (14.6 mmol) 1, 700 mg MS, 100 

ml of toluene and 45.4 ml (14.6 mmol) of TiCl2(Oipr)2 soln. gave after 2xFC (18x3 cm) 1.762 g (75%) of 9, 

which contained some starting material due to incomplete conversion 57. Two further FC (24x5 cm; 

pentane/Et20 = 96:4) of 1.497 mg gave 689 mg (35%) of 9 (1H-NMR purity >97%) as slightly yellow liquid 

[(S)/(R) = 84:16; FS-Lipodex E; 2 bar; 5 rain 100°C, + 0.5°C/rain; Rt: 86.7 (S), 87.2 (R) ]. - B.p.: 100°C/0.1 

Tort. - IR: ~, = 3059w, 3031w, 2973m, 2937w, 2882w, 1549s (NO2), 1446m, 1374m, 764m, 699s. - 1H-NMR 

(300 MI-Iz): 8 = 0.74 (t, J(3-H) = 7.39, 3 H, 4-H), 1.52 (s, 3 H, CH3), 1.67-1.80 & 1.89-2.02 (2 m, 2 H, 3-H), 

4.50-4.62 (m, 2 H, l-H), 7.22-7.44 (m, 5 H, atom. H). - 13C-NMR (75 MHz): 8 = 8.2 (C-4), 21.9 (CH3), 32.3 

(C-3), 42.6 (C-2), 86.1 (C-l), 126.2 (C-2', C-6'), 126.9 (C-4'), 128.6 (C-3', C-5'), 142.0 ((2-1'). - MS: m/z = 193 

(10) [M+], 147 (11) [M + - NO2], 133 (12), 118 (71), 117 (66), 105 (53), 91 (100).- Anal. calcd, for 

C11H15NO2 (193.25): C 68.37, H 7.82, N 7.25; found: C 68.13, H 7.69, N 7.28. 

2-(3-Thienyl)-nitrobutane (10): a) Following GP-I, a soln. of 300 mg (1.93 mmol) 2-(3-thienyl)- 

nitroethene and 1.4 ml (2.8 retool) of Et2Zn soln. with 1.1 ml (2.31 mmol) of MgBr2 soln. gave 305 mg (85%) 

of rac-lO (IH-NMR purity ca. 97%) as slightly yellow liquid. - b) Following GP-II, 5.1 mi (10.2 mmol) of 

Et2Zn soln. and a soln. of 416 mg (2.68 mmol) of the nitroolefin in 25 ml toluene with 1.656 g (3.22 mmol) 1, 

400 mg MS, 30 ml of toluene and 10 ml (3.22 mmol) of TiCl2(Oipr)2 soln. gave after FC 411 rag (90%) of 10 

as slightly yellow liquid [(S)/(R) = 88:12; FS-Lipodex E; 2 bar; 100°C + 0.5°C/min; Rt: 79.2 (S), 79.6 (R); 

moderate peak separation] [(S)/(R) = 89:11; Chiralcel OD; hexane/iprOH = 99:1; Rt: 37.3 (R), 41.3 (S); 

moderate peak separation]. - IR:P = 3105w, 2967s, 2933m, 2876m, 1556s (NO2), 1462m, 1431m, 1380s, 

780s, 663s. - 1H-NMR (300 MHz): 8 = 0.87 (t, J(3-H) = 7.4, 3 H, 4-H), 1.59-1.93 (m, 2 H, 3-H), 3.48-3.59 (m, 

1 H, 2-H), 4.53 (JAB = 12.1, JAX = 7.9 ,JBx = 7.4, 2 H, l-H), 6.96 (dd, J(5'-H) = 5.0, J(2'-H) = 1.3, 1 H, 4'-H), 

7.06 (ddd, J(5'-H) = 3.0, J(4'-H) = 1.3, J = 0.3, 1 H, 2'-H), 7.32 (dd, J(4'-H) = 5.0, J(2'-H) = 2.9, 1 H, 5'-H). - 

13C-NMR (75 MHz): ~ = 11.5 (C-4), 26.2 (C-3), 41.3 (C-2), 80.5 (C-I), 122.0, 126.0, 126.5 (C-2', C-4', C-5'), 

140.1 (C-3') .-  MS: m/z = 185 (9) [M+], 138 (86) [M + -HNO2], 123 (23), 110 (49), 109 (I 1), 97 ( i 00 ) . -  Anal. 

caled, for CSHllNO2S (185.25): C 51.87, H 5.99, N 7.56, S 17.27; found: C 51.72, H 5.70, N 7.60, S 17.22. 



Preparation of enantioenriched 2-aryl-alkylamines 2317 

2-(2-Furyi)-nitrobutane (11): a) Following GP-I, a soln. of 1.00 g (7.19 mmol) 2-(2-furyl)-nitrocthene 

and 5.0 ml (10 mmol) of Et2Zn soln. with 4.1 rnl (8,6 mmol) of MgBr2 soln. gave after 2xFC 790 nag (65 %) of 

rac-11 (tH-NMR purity ca. 95%) as slightly yellow liquid. - b) Following GP-II, 51 ml (102 retool) of Et2Zn 

soln. and a soln. of 3.73 g (26.8 retool) of the nitroolefin in 60 ml toluene with 16.56 g (32.2 retool) 1, 1.0 g 

MS, 260 ml of toluene and 100 ml (32.2 mmol) of TiC12(Oipr)2 soln. gave after 2xFC 3.99 g (88%) of 11 as 

slightly yellow liquid [(S)/(R) = 86.5:13.5 (cf. 21, determined with the product of hydrogenation)]. - IR: 9 = 

3120w, 2970m, 2936w, 2879w, 1556s (NO2), 1379m, 1150m, 1010m, 738m.-  1H-NMR (300 MHz): ~ = 0.91 

(t, J(3-H) = 7.4, 3 H, 4-H), 1.60-1.85 (m, 2 H, 3-H), 3.47-3.57 (m, 1 H, 2-H), 4.58 (JAB = 12.3, JAX = 7.0, JBX = 

7.9, 2 H, l-H), 6.14 (dd, J(4'-H) = 3.2, J(5'-H) = 0.6, 1 H, 3'-H), 6.30 (dd, J(3'-H) = 3.2, J(5'-H) = 1.9, 1 H, 4'- 

H), 7.35 (dd, J(4'-H) = 1.9, J(3'-H) = 0.8, 1 H, 5'-1-1). - 13C-NMR (75 MHz): 5 = 11.3 (C-4), 24.2 (C-3), 39.5 

(C-2), 78.3 (C-l), 107.3, 110.3 (C-3', C-4'), 142.2 (C-5'), 152.6 (C-2'). - MS: m/z = 169 (3) [M+], 122 (100) 

[ M  + - HNO2], 107 (20), 94 (31), 81 (42). - Anal. calcd, for C8HllNO3 (169.18): C 56.80, H 6.55, N 8.28; 

found: C 56.84, H 6.40, N 8.23. 

2-(2-Thienyi)-nitrobutane (12): a) Following GP-I, a soln. of 1.50 g (9.67 mmol) 2-(2-thienyl)- 

nitroethene and 7.0 ml (14 retool) of Et2Zn soln. with 5.5 ml (11.6 mmol) of MgBr2 soln. gave after distilla- 

tion, FC, and again distillation 1.33 g (74 %) of rac-12 as slightly yellow liquid. - b) Following GP-II, 2.55 

ml (5.1 mmol) of Et2Zn soln. and a soln. of 208 mg (1.34 retool) of the nitroolefin in 20 ml toluene with 828 

mg (1.61 retool) 1, 300 mg MS, 30 rnl of toluene and 5 ml (1.61 retool) of TiC12(Oipr)2 soln. gave after FC and 

distillation 203 mg (83%) of 12 as slightly yellow liquid [(S)I(R) = 90:10; FS-Lipodex E; 1.5 bar; 100°C 

+ 0.5°C/min; Rt: 73.7 (S), 75.2 (R)]. - B.p.: 75°C/0.2 Torr. - IR: ~ = 3110w, 2967m, 2933m, 2876w, 1551s 

(NO2), 1429m, 1381s, 1202w, 851m, 703s. - 1H-NMR (300 MHz): 8 = 0.93 (t, J(3-H) = 7.4, 3 H, 4-H), 1.6- 

1.9 (m, 2 H, 3-H), 3.64-3.77 (m, 1 H, 2-H), 4.56 (JAB = 12.2, JAX = 7.8, JBX = 7.4, 2 H, I-H), 6.88 (m, 1 H, 

thienylH), 6.95 (m, 1 H, thienylH), 7.22 (m, 1 H, thienylH). - 13C-NMR (75 MI-Iz): 5 -- 11.5 (C-4), 27.4 (C-3), 

41.3 (C-2), 81.0 (C-l), 124.4, 125.5, 127.0 (C-3', C-4', C-5'), 142.4 (C-2'). - MS: m/z -- 185 (3) [M+], 138 (100) 

[M ÷ - HNO2], 123 (25), 110 (36), 109 (17), 97 (57). - Anal. calcd, for CSHllNO2S (185.25): C 51.87, H 5.99, 

N 7.56; found: C 51.88, H 6.02, N 7.34. 

2 - A r y i - a l k y l a m i n e s  

2-Phenyl-butylamine (13): Following GP-III, 1.00 g (5.58 retool) of 3 (er 80:20) was hydrogenated for 

4 d to yield 612 mg (73 %) of 13 as slightly yellow liquid after distillation (er 81:19; eluent for HPLC 

hexane/iproH 99:1). According to the sign of optical rotation, 13 was assigned (S)-configuration 33. 

- [ct]cij t = +5,6 (c = 1.2, Et20), corresponding to er 78:22; ref.33: [ot~ t = +10 (c = 1.2, Et20). 

- Bp.: 70-100°C/0.2 Torr. - IR: ~v = 3373m, 3287m, 3061m, 3027s, 2959s, 2924s, 2873s, 1602m, 1493s, 

1452s, 1378m, 839m, 758s, 701s. - 1H-NMR (300 MHz): 8 = 0.80 (t, J(3-H) = 7.4, 3 H, 4-H), 1.11 (s, 2 H, 

NH2) 1.47-1.78 (din, 2 H, 3-H), 2.41-2.52 (m, 1 H, 2-1-I), 2.78-2.94 (JAB = 12.6, JAX = 8.7, JBX = 5.5, 2 H, l- 

H), 7.12-7.22 (m, 3 H, atom. H), 7.22-7.33 (m, 2 H, arom. H), - 13C-NMR (75 MHz): ~ = 12.1 (C-4), 26.5 

(C-3), 47.9 (C-l), 51.7 (C-2), 126.3 (C-4'), 128.0, 128.5 (C-2', C-3', C-5', C-6'), 143.5 (C-I'). - MS: m/z = 149 

(44) [M+], 132 (20), 118 (20), 91 (47). 
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Table 5: Determination of  the Enantiomer Ratios (er) of  the Amines 13 - 18, 20 and 21 by Analysis of  the 
Mosher MTPA Amides. For details see general procedure V. The 19F signals were used for NMR analysis. In 
the case of the amines 13 and 15 samples from non-optimized runs have been used for these experiments 
(compare the er of 3 and 5 in Table 1). 

19F-NMR analysis 
No. Chemical Shift of the 

Mosher amides 

[ppm] 

13 -69.50 (u); -69.55 (l) 

14 -69.48 (u); -69.54 (1) 

15 -69.46 (u); -69.49 (l) 

16 -69.38 (u); -69.50 (l) 5:95 

17 -69.48 (u); -69.54 (1) <2:98 

18 -69.50 (u); -69.55 (l) 11.5:88.5 

20 

21 -69.40 (u); -69.70 

a) Configuration of excess 

er of the er of the 

(S)-MTPA- (R)-MTPA- 

amides a) amides b) 

21.5:78.5 80.5:19.5 

12:88 87:13 

95:5 

>98.:2 

87.5:12.5 

(l) 13.5:86.5 86.5:13.5 

HPLC analysis 

R t of the er of the Rt of the er of the 

(S)-MTPA- (S)-MTPA- (R)-MTPA- (R)-MTPA- 

amides amides amides amides 

45.2; 51.3 78.5:21.5 51.3; 57.8 80.5:19.5 

48.4; 57.8 78:22 34.8; 40.9 21:79 c) 

32.3; 42.1 87.5:12.5 20.6; 29.0 87.5:12.5 

diastereoisomer (/); b) Configuration of excess diastereoisomer (u); c) See foomote 35. 

2-(3-Methoxyphenyi)-butylamine (14): Following GP-IH, 246 mg (1.18 retool) of 4 (er 87.5:12.5) were 

hydrogenated. The crude amine was extracted with 2 M HCI instead of 1 N H2SO4 to yield 612 mg (76 %) of 

14 as colourless liquid after FC with CH2C12/MeOH/Et3 N 90:10:1 as eluent (er = 88:12). - Racemic 14 has 

been reported by von Angerer et al., with 1H-NMR data 56. - I R : 9  = 3378w, 2958s, 2931s, 2873m, 2835m, 

1600s, 1583s, 1486s, 1453s, 1437m, 1260s, 1159m, 1047s, 779s, 701s. - 1H-NMR (400 MHz): 

8 = 0.82 (t, J(3-H) = 7.39, 3 H, 4-H), 1.24 (s, 2 H, NH2), 1.48-1.60 and 1.63-1.74 (din, 2 H, 3-H), 2.42-2.51 (m, 

1 H, 2-H), 2.86 (JAB = 12.6, JAX = 8.9, JBX = 5.3, 2 H, l-H), 3.80 (s, 3 H, OCH3), 6.72-6.79 (m, 3 H, arom. H), 

7.21-7.27 (m, 1 H, atom. H). - 13C-NMR (100 MHz): 8 = 12.1 (C-4), 26.8 (C-3), 47.8 (C-I), 51.7 (C-2), 55.1 

(OCH3), 111.3, 114.0 (C-2', C-4'), 120.4 (C-6'), 129.4 (C-5'), 145.3 (C-I'), 159.7 (C-3'). - MS: m/z = 179 (15) 

[M+], 150 (100), 135 (29), 134 (13), 122 (13), 121 (38), 91 (24). 

2-(4-Methoxyphenyl)-butylamine (15): a) Following GP-III, 1.00 g (4.78 mmol) of 5 (er 79:21) gave 

783 mg (91%) of 15 as colourless liquid. - b) Following GP-IV, 1.046 g (5 mmol) of 5 gave 731 mg (80 %) of 

15 which was distilled (er 78:22; solvent mixture used for HPLC analysis hexane/iprOH 98:2). - IR: 9 = 

3374w, 3298w, 2995w, 2958s, 2929m, 2872m, 2834m, 1611m, 1512s (NO2), 1463m, 1248s, 1178m, 1036m, 

828s. - 1H-NMR (300 MHz): 5 = 0.80 (t, J(3-H) = 7.4, 3 H, 4-H), 1.39 (s, 2 H, NH2), 1.43-1.58 and 1.60-1.75 

(rim, 2 H, 3-H), 2.39-2.49 (m, 1 H, 2-H), 2.78 and 2.91 (JAB = 12.6, JAX = 8.9, JBX = 5.3, 2 H, l-H), 3.79 (s, 

3 H, OCH3), 6.83-6.89 (m, 2 H, 3'-H, 5'-H), 7.06-7.28 (m, 2 H, 2'-H, 6'-H). - 13C-NMR (75 MHz): 8 = 12.1 

(C-4), 26.9 (C-3), 47.9 (C-l), 50.7 (C-2), 55.2 (OCH3), 114.0 (C-3', C-5'), 128.9 (C-2', C-6'), 135.5 (C-1'), 

158.2 (C-4'). - MS: m/z = 179 (4) [M+], 162 (16), 150 (59), 149 (100), 134 (14), 121 (84), 91 (20). 
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2-(2,4,6-Trimethylphenyl)-butylamine (16): Following GP-III, 636 mg (2.87 mmol) of 6 (er 95:5) gave 

crude 15 (562 rag, quantitative yield, without extraction). FC of 470 nag of this material with 400 ml of 

CH2CI2/MeOH/Et3N 75:25:1 and then with CH2CI2/MeOH/Et3N 90:10:1 as eluants gave 310 mg (66 %) of 16 

as colourless liquid (analytically pure except for incorrect elemental analysis) (er 95:5). - IR: x7 = 2962s, 

2871s, 1611m, 1477m, 1457m, 1376m, 1024w, 850s. - 1H-NMR (500 MHz): 8 = 0.84 (t, J(3-H) = 7.44, 3 H, 

4-H), 1.76 (m, 2 H, 3-H), 2.23 (s, 3 H, CH3), 2.32 and 2.33 (2 s, 6 H, 2 CH3), 2.41 (s, 2 H, NH2), 3.03 (JAB = 

12.6, JAX = 6.8,JBX = 8.8, 2 H, l-H), 3.16 (m, 1 H, 2-H), 6.78, 6.82 (2 s, 2 H, 3'-H, 5'-H). - 13C-NMR (126 

MHz): 8 = 12.8 (C-4), 20.6 (CH3), 21.3 (CH3), 22.3 (CH3), 24.8 (C-3), 45.2 (C-l), 45.7 (C-2), 129.3, 131.3 

(C-3', C-5'), 135.4, 135.5, 136.1,138.2 (C-I', C-2', C-4', C-6'). - MS: m/z = 191 (19) [M+], 162 (45), 161 (51), 

133 (100), 119 (19), 91 (14). 

2-Phenyl-hexylamine (17): Following GP-IV, 486 mg (2.34 mmol) of 7 (er 99.4:0.6) gave 296 mg 

(71%) of slightly impure 17 as colourless liquid (not distilled) (er _> 98:2). - B.p.: 50°C/0.02 Torr. - IR: 

9 = 3376w, 3284w, 3025m, 2957s, 2926s, 2857s, 1601m, 1491m, 1458m, 1452m, 1378m, 800s, 760m, 700s. - 

1H-NMR (300 MHz): 8 = 0.83 (t, J(5-H) = 7.1, 3 H, 6-H), 1.02-1.39 (m, 4 H, 4-H, 5-H), 1.47-1.70 (s, m, 4 H, 

3-H, NH2), 2.52-2.69 (in, 1 H, 2-H), 2.81 and 2.92 (JAB = 12.5, JAX = 8.8,JBx = 5.1, 2 H, l-H), 7.14-7.61 (m, 

5 H, arom. H). - 13C-NMR (75 MHz): 5 = 15.0 (C-6), 23.8 (C-5), 30.7 (C-4), 34.6 (C-3), 49.1 (C-I), 50.6 

(C-2), 127.4 (C-4'), 129.0, 129.6 (C-2', C-3', C-5', C-6'), 144.7 (C-I'). - MS: m/z = 177 (4) [M÷], 146 (49), 117 

(18), 105 (18), 104 (26), 103 (15), 91 (100), 30 (53). 

Table 6. Optical Rotation of  the 2-Aryl- 
nitroalkane and of Some 2-Aryl-alkylamine 
Samples. In most cases samples from non- 
optimized Michael additions were used for the 
measurements. Nitroalkanes in CHCI3, amines in 
Et20. 

No. ee [%] determined by [0t]rb t" c 

3 82 HPLC -32.9 a) 1.10 

4 75 HPLC -22.3 0.99 

5 56 HPLC -25.0 0.96 

6 90 HPLC -48.2 1.00 

7 98.7 HPLC -24.4 0.99 

8 80 HPLC - 11.1 1.00 

9 68 FS-Lipodex E -26.0 1.00 

10 75 HPLC -27.8 1.00 

11 73 19F-NMR (cf. 21) -21.6 1.00 

12 80 FS-Lipodex E -40.2 1.01 

13 56 HPLC, 19F-NMR + 5.6 b) 1.20 

17 -> 96 19F-NMR +15.3 1.12 

18 76 19F-NMR +14.5 0.95 

20 75 HPLC +10.9 1.02 
a) Ref.30: [ct]'b t = +38.2 (c = 1.1, CHCI3); 
ee 97%, (R); b) Ref.33: [~]~  = +10 (c = 1.2, Et20), 
(S). 

2-Phenyl-decylamine (18): Following GP-IV, 

830 mg (3.15 mmol) of 8 (er 88:12) gave 577 mg (78 

%) of 18 as colourless liquid (er 88.5:11.5). - B.p: 

80°C/'2.10 -4 TorT. - IR: ~ = 3376w, 3027w, 2924s, 

2854s, 1603w, 1494w, 1452m, 1378w, 759m, 700s. - 

IH-NMR (300 MHz): 8 = 0.86 (t, J(9-H) = 6.8, 3 H, 

10-H), 1.01 (br, 2 H, NH2), 1.21 (br, 12 H, 4-H to 9- 

H), 1.50-1.70 (m, 2 H, 3-H), 2.51-2.61 (m, 1 H, 

2-H), 2.82 and 2.91 (JAB = 12.6, JAX = 8.6,JBX -- 5.5, 

2 H, I-H), 7.15-7.35 (m, 5 H, atom. H). - 13C-NMR 

(75 MHz): 8 = 14.1 (C-10), 22.7 (C-9), 27.5 (C-4), 

29.3, 29.5, 29.7, 31.9, 33.9 (C-3, C-5 to C-8), 48.3 

(C-l), 49.9 (C-2), 126.3 (C-4'), 128.0, 128.5 (C-2', C- 

3', C-5', C-6'), 143.9(C-1'). - MS: m/z = 233 (8) 

[M+], 216 (11), 202 (100), 117 (29), 104 (62), 91 

(97). - Anal. calcd, for C16H27N (233.40): C 82.34, 

H 11.66, N 6.00; found: C 82.47, H 11.71, N 6.09. 

2-Methyl-2-phenyl-butylamine (19): Follow- 

ing GP-IV, 450 mg (2.33 mmol) of 9 (er 84:16) gave 

276 mg (73 %) of 19 (1H-NMR purity 95 %) as 

colourless liquid b.p.: 70°C/0.08 ToE. - IR:  9 = 
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3386w, 3300w, 3087w, 3057w, 3023w, 2965s, 2922s, 2878m, 1601w, 1497m, 1458m, 1379m, 759s, 700s. - 

1H-NMR (300 MHz): ~ -- 0.70 (t, J(3-H) = 7.46, 3 H, 4-H), 0.85 (s, 2 H, NH2), 1.29 (s, 3 H, CH3), 1.52 and 

1.77 (din, 2 H, 3-H), 2.68 and 2.93 (dd, JAB = 13.1, 2 H, I-H), 7.15-7.21 (m, 1 H. arom. H), 7.25-7.36 (m, 4 H, 

arom. H). - 13C-NMR (75 MHz): ~ = 8.4 (C-4), 21.3 (CH3), 32.6 (C-3), 43.4 (C-2), 54.0 (C-I), 125.7, 126.8, 

128.2 (C-2' to C-6'), 145.5 (C-I'). - MS: m/z = 163 (3) [M+], 134 (28), 133 (63), 132 (100), 118 (25), 117 (60), 

115 (39), 105 (87),91 (51). 

2-(3-Thienyl)-butylamine (20): Following GP-III, 2.41 g (13.01 retool) of 10 (er 87.5:12.5) gave after 

FC (18x3 cm) with CH2C12/MeOH/Et3N 90:10:1 as eluant and FC (18x3 cm) with 300 ml CH2C12/ 

MeOH/Et3N 95:5:1 and then with CH2CI2/MeOI-I/Et3N 90:10:1 (250-600 nil) as eluants and distillation 464 

mg (23 %) of 20 as colourless liquid (er = 87.5:12.5; solvent mixture for HPLC hexanefiPrOH 98:2).- B.p.: 

100°C/0.1 Tort. - IR: 9 = 3368w, 330(0, 3092w, 2960s, 2924s, 2872m, 1583s, 1462m, 846m, 775s, 656m. - 

1H-NMR: 8 = 0.84 (t, J(3-H) = 7.4, 3 H, 4-H), 1.13 (s, 2 H, NH2), 1.46-1.76 (din, 2 H, 3-H), 2.59-2.70 (m, 1 

H, 2-H), 2.80 and 2.91 (JAB = 12.5, JAX = 8.4, JBX = 5.2, 2 H, I-H), 6.94 (m, J(2'-H) = 1.3, 1 H, 4'-H), 6.99 

(ddd, J(5'-H) = 3.0, J(4'-H) = 1.3, J = 0.5, 1 H, 2'-H), 7.29 (ddd, J(4'-H) = 5.0, J(2'-H) = 2.9, J = 0.3, I H, 5'-H). 

- DC-NMR: 8 = 12.0 (C-4), 26.5 (C-3), 46.9 (C-2), 47.5 (C-l), 120.8 (C-2'), 125.6, 126.6 (C-5', C-4'), 144.6 

(C-3') .-  MS: m/z = 155 (4) [M+], 126 (100), 111 (26), 97 (47), 30 (35) . -  Anal. calcd, for CsH13NS (155.26): 

C 61.89, H 8.44, N 9.02; found: C 61.94, H 8.22, N 8.97. 

2-(2-Furyl)-butylamine (21): Following GP-IV, 1.00 g (5.91 nunol) of 11 gave after two FC and 

distillation 19 mg (2 %) of 21 as colourless liquid, which quickly turned yellow (er = 86.5:13.5). - B.p.: 

80°C/0.2 Tort. - IR:9  = 3371m, 2963s, 1593m, 1505ra, 1458m, 1150m, 1008, 731m. - 1H-NMR (300 MHz): 

= 0.87 (t, J(3-H) = 7.4, 3 H, 4-H), 1.55-1.77 (m, 2 H, 3-H), 2.75-3.15 (m, br, 3 H, 2-H, l-H), 4.88 (s, br, 2 H, 

NH2), 6.15 (d, J(4'-H) = 3.1, 1 H, 3'-H), 6.31 (dd, J(3'-H) = 3.1, J(5'-H) = 1.9, 1 H, 4'-H), 7.36 (d, J(4'-H) = 1.1, 

I H, 5'-H). - 13C-NMR (126 MHz): 8 = 11.6 (C-4), 24.4 (C-3), 42.1 (Dr), 44.0 (br) (C-l, C-2), 107.0, 110.0 

(C-3', C-4'), 141.8 (C-5'), 155.0 (C-2'). - MS: m/z = 139 (0.25) [M+], 109 (2), 94 (4), 81 (14), 30 (100). 

REFERENCES AND NOTES 

1. Part of the Ph.D. Thesis work by H. S., ETH-Ztirich, Dissertation No. 10822, 1994. 

2. Secbach, D; Colvin, E. W.; Lehr, F.; Weller, T. Chimia 1979, 33, 1-18. 

3. Organic Nitro Chemistry Series; Feuer, H. Ed.; VCH, 1986-1991; vol. 1-5 through 1994. 

4. Braun, M. Organic Synthesis Highlights; Mulzer, J; Altenbach, H.-J.; Braun, M.; Krohn, K.; Reissig, 

H.-U. Eds.; VCH: Weinheim, New York, 1990; pp. 25-32. 

5. Different authors: Tetrahedron 1990, 46, 7313-7598 [Tetrahedron Symposium-in-Print No. 41 on Nitro- 

alkanes and Nitroalkenes in Synthesis; Barrett, A. G. M. Guest Ed.]. 

6. Barrett, A. G. M. Chem. Soc. Rev. 1991,20,95-127. 

7. Concise short review articles on doubly lithiated nitroalkenes, on silylnitronates and on nitroalkanoic 

acids will be published shortly in our contributions to the Encyclopedia of Reagents for Organic 

Synthesis; Paquette, L. A. Ed.-in-Chief; John Wiley & Sons: Chichester (expected publication date in 



Preparation of enantioenriched 2-aryl-alkylamines 2321 

early 1995; copies of the manuscripts may be requested from the correspondence author of the present 

paper). 

8. Seebach, D.; Schiller, H.; Schmidt, B.; Schreiber, M. Angew. Chem. 1992, 104, 1680-1681; ibid. Int. Ed. 

1992, 31, 1587-1588. 
9. Substitutions of this type have hitherto only been observed with [~-acceptor substituted nitroolefins and 

"soft" nucleophiles: Rappoport, Z.; Gazit, A. J. Org. Chem. 1985, 50, 3184-3194; Jubert, C.; Knochel, 

P. J. Org. Chem. 1992, 57, 5431-5438; Park, K. P.; Yi, I.; O, C. J. Org. Chem. 1994, 59, 1053-1057 and 

literature cited therein. 

10. Shainyan, B. A. Russ. Chem. Rev. 1986, 55, 511-530; ibid. Uspehki Khimii 1986, 55, 942-973. 

11. Kornblum, N. Angew. Chem. 1975, 87, 797-808; ibid. Int. Ed. 1975, 14, 734-745. 

12. Gairaud, C. B.; Lappin, G. R. J. Org. Chem. 1953, 18, 1-3; Ried, W.; Wilk, M. Angew. Chem. 1953, 65, 

398. 

13. Padeken, H. G.; von Schickh, O.; Segnitz, A. Methoden der Organischen Chemie (Houben Weyl); Miiller, 

E., Stroh, R. Eds.; Georg Thieme Verlag: Stuttgart, 1971; vol. 10/1; p. 418; Colvin, E. W.; Robertson, 

A. D.; Seebach, D.; Beck, A. K. J. Chem. Soc., Chem. Commun. 1981, 952-953. 

14. Seebach, D.; Leitz, H. F. Angew. Chem. 1969, 81, 1047-1048; ibid. Int. Ed. 1969, 8, 983-984; Seebach, 

D.; Leitz, H. F.; Ehrig, V. Chem. Ber. 1975, 108, 1924-1945; Ehrig, V.; Seebach, D. Chem. Ber. 1975, 

108, 1961-1973. 

15. Langer, W; Seebach, D. Helv. Chim. Acta, 1979, 62, 1710-1722; Seebach, D.; Kalinowski, H.-O.; 

Langer, W.; Crass, G.; Wilka, E.-M. Organic Syntheses 1983, 61, 24-34; ibid. Collective Volume 1990, 

VII, 41-50. 

16. Seebach, D.; Hidber, A. Organic Syntheses 1983, 61, 42-47; ibid. Collective Volume 1990, VII, 447-450; 

Seebach, D.; Hidber, A. Chimia 1983, 37, 449-462. 

17. Weber, B.; Seebach, D. Angew. Chem. 1992, 104, 96-97; ibid. Int. Ed. 1992, 31, 84-86; Weber, B.; 

Seebach, D. Tetrahedron 1994, 50, 6117-6128 [Tetrahedron Symposia-in-Print No. 55 on Mechanistic 

Aspects of Polar Organometallic Chemistry]. 

18. Schmidt, B.; Seebach, D. Angew. Chem. 1991, 103, 100-101, 1383-1385; ibid. Int. Ed. 1991, 30, 99-101, 

1321-1323; Seebach, D.; Beck, A. K.; Schmidt, B.; Wang Y. M. Tetrahedron 1994, 50, 4363-4384 

[Tetrahedron Symposia-in-Print No. 54 on Catalytic Asymmetric Addition Reactions]. 

19. Seebach, D.; Behrendt, L.; Felix, D. Angew. Chem. 1991, 103, 991-992; ibid. Int. Ed. 1991, 30, 1008- 

1009; yon dem Bussche-Hiinnefeld, L.; Seebach, D. Tetrahedron 1992, 48, 5719-5730 [Tetrahedron 

Symposia-in-Print No. 47 on Organotitanium Reagents in Organic Chemistry]. 

20. a) Seebach, D.; Plattner, D. A.; Beck, A. K.; Wang, Y. M.; Hunziker, D.; Petter, W. Helv. Chim. Acta 

1992, 75, 2171-2209; b) Ito, Y. N.; Beck, A, K.; Bohac, A.; Ganter, C.; Gawley, R. E.; Ktihnle, F. N. 

M.; Ariza Piquer, J.; Tuleja, J.; Wang, Y. M.; Seebach, D. Helv. Chim. Acta 1994, 77, in print. 

21. Weber, B.; Seebach, D. Tetrahedron 1994, 50, 7473-7484. 

22. Narasaka, K.; lwasawa, N. Organic Synthesis: Theory and Applications; T. Hudlicky Ed.; JAI Press Inc.: 

London, 1993; vol. 2; pp. 93-112. 

23. Seebach, D.; Dahinden, R.; Marti, R. E.; Beck, A. K.; Platmer, D. A.; Ktihnle, F. N. M. J. Org. Chem., 

submitted (October 1994) for publication. 



2322 H. SCHA.FER and D. SEEBACH 

24. a) Scebach, D.; Beck, A. K.; Schiess, M.; Widlcr, L.; Wonnacott, A. Pure & Appl. Chem. 1983, 55, 1807- 

1822; b) Sccbach, D.; Weidmann, B.; Widler, L. Modern Synthetic Methods 1983; Scheffold, R. Ed.; 

Salle + Sauerl~inder (Aaran, Switzerland) and J. Wiley and Sons: New York, 1983; vol. 3; pp. 217-353; 

c) Seebach, D.; Beck, A. K.; Imwinkclried, R.; Roggo, S.; Wonnacott, A. Helv. Chim. Acta 1987, 70, 

954-974; d) Beck, A. K.; Bastani, B.; Platmer, D. A.; Petter, W.; Secbach, D.; Braunschweigcr, H.; 

Gysi, P.; La Vccchia, L. Chimia 1991, 45, 238-244; e) yon dem Bussche-Hiinnefeld, C; Beck, A. K.; 

Lcngwciler, U.; Sccbach, D. Helv. Chim. Acta 1992, 75, 438-441. 

25. For a complete list of all TADDOLs prepared so far, with references, see 23. 

26. A smaller excess of diol 1 and reverse addition, i.e. of nitrostyrenc to diethylzinc lead to poorer yields. 

The excess R2Zn is necessary for achieving complete conversion (the nitroolefin and the nitroalkane pro- 

duct are often not separable!). Lower temperatures do not lead to improved selectivities. Other solvents 

and solvent mixtures (CH2C12; CH2C12/CHC13 2:3, -105°C; CH3CoHs/C2H5C6H5 1:1, -110°C; 

CH3CoHs/CH3C6H l 1 5:1, -105°C) give slightly lower yields; in Et20 no product formation is observed 

up to +20°C; pentane can not be used, because most nitrostyrene-type starting materials are insoluble. 

Only a minimal effect (<4%) of the molecular sieve on the enantioselectivity was noticed in the reaction 

leading to 3; still it was added in all cases - if not to make sure that traces of moisture were removed! 

27. Under the standard conditions (Scheme 2), the aliphatic nitroolefin 3,3-dimethyl-1-nitrobutene and Et2Zn 

gave a 13% yield of adduct (er 64:36). 

28. a) Nakayama, K.; Rainer, K. D. Tetrahedron 1990, 46, 4165-4170; b) This result is reminiscent of our 

previous finding according to which (R,R)-Mg-TADDOLate induces EtMgBr to add to benzaldehyde 

from the (Re)-face in THF and from the (S0-face in Et20, under otherwise identical conditions 17. 

29. LiA1H4-Reduction of 3 has been reported to give the desired amine 13 when a 24-fold excess of the 

reducing reagent is applied 30. 

30. Ohta, H.; Kobayashi, N.; Ozaki, K. J. Orgo Chem. 1989, 54, 1802-1804. 

31. Dale, J.A.;Mosher, H.S.J. Am. Chem. Soc. 1973,95,512-519. 

32. Kirmse, W.; Gianther, B.-R.; Loosen, K. Chem. Ber. 1980, 113, 2140-2153. 

33. Pettersen, K. Ark. Kemi 1957, 10, 297-323. 

34. Determined for a) 3-12 in CHC13 (cf. Table 6); b) 3-8 and 10 (of. Table 4); c) 3, 9, 10 and 12 (of. Table 4) 

d) 13, 17, 18 in Et20 (cf. Table 6); e) 13-18, 21 (cf. Table 5). 

35. We are well aware of the possible pitfalls of this reasoning (which was also used by Ohta et al. for their 

configurational assignment30): When we analyzed the amides obtained from 13, 15, and 20 and Mosher 

(R) or (S) acid chloride on the Chiraleel OD HPLC column the major and minor diastereoisomers from 

2-(4-methoxy-phenyl)-butylarnine (15) and (R)-MTPAC1 showed a reversed order of elution as compared 

to that observed with the other 5 diastereoisomers (of. Table 5)! The use of a chiral column for the 

separation of diastereoisomers is, of course, not necessary; the Chiralcel OD HPLC-column was used for 

practical purpose. 

36. Seebach, D.; Missbach, M.; Calderari, G.; Eberle, M. J. Am. Chem. Soc. 1990, 112, 7625-7638. 

37. Takeda, T.; Hoshiko, T.; Mukaiyama, T. Chem. Lett. 1981, 797-800; Blarer, S. J.; Schweizer, W. B.; 

Seebach, D. Helv. Chim. Acta 1982, 65, 1637-1654; Blarer, S. J.; Seebach, D. Chem. Ber. 1983, 116, 

3086-3096; Seebach, D.; Calderari, G.; Meyer, W. L.; Merritt, A.; Odermann, L. Chimia 1985, 39, 183- 

184; Sch611kopf, U.; Kiihnle, W.; Egert, E.; Dyrbusch, M. Angew. Chem. 1987, 99, 480-482; ibid.lnt. 



Preparation of enantioenriched 2-aryl-alkylamines 2323 

Ed. 1987, 26, 480; Martens, J.; Lfibben, S. Tetrahedron 1991, 47, 1205-1214; Busch, K.; Crroth, U. M.; 

Kfihnle, W.; Schtllkopf, U. Tetrahedron 1992, 48, 5607-.5618. 

38. Calderari, G. ; Seebach, D. Helv. Ch~m. Acta 1985, 68, 1592-1604; Fitzi, R.; Seebach, D. Tetrahedron 

1988, 44, 5277-5292. 

39. Seebach, D.; Eberle, M. Chimia 1986, 40, 315-318; Eberle, M.; Egli, M.; Seebaeh, D. Heir. Chim. Acta 

1988, 71, 1-23; Eberle, M.; Missbach, M.; Seebach, D. Org. Synthesis 1990, 69, 19-30. Fuji, K.; Node, 

M. Synlett 1991, 603-610; Hao, X.-J.; Node, M.; Fuji, K.; J. Chem. Soc., Perkin, Trans. 1 1992, 1505- 

1509. 

40. Morris, M. L.; Sturgess, M. A. Tetrahedron Lett. 1993, 34, 43-46. 

41. Baer, H. H.; Urbas, L. The Chemistry of the nitro and nitroso groups Part 2; Patai, S.; Feuer, H. Eds.; 

Interscience Publishers: New York, 1970; pp. 178-181; Seta, A.; Tokuda, K.; Sakakibara, T. Tetrahedron 

Lett. 1993, 34, 3433-3434. 

42. Kobayashi, N.; Iwai, K. J. Org. Chem. 1981, 46, 1823-1828. 

43. Juaristi, E.; Beck, A. K.; Hansen, J.; Matt, T.; Mukhophadhyay, T.; Simson, M.; Seebach, D. Synthesis 

1993, 1271-1290. 

44. Seebach, D.; Crass, G.; Wilka, E.-M.; Hilvert, D.; Brurmer, E. Helv. Chim. Acta 1979, 62, 2695-2698. 

45. In the presence of 0.2 equiv, of N,N-dipropyl norephedrin Soai et al. obtained the Michael adduct of 
Et2Zn to c0-nitrostyrene with an er of 60:40 (26%): Soai, K.; Science University of Tokyo, private 

communication to D. S. (October 6, 1992). 

46. a) Padeken, H. G.; von Schickh, O.; Segnitz, A. Methoden der Organischen Chemie (Houben Weyl); 

Mtiller, E.; Stroh, R. Eds.; Georg Thieme Verlag: Stuttgart, 1971; vol. 10/1; pp. 342-351. For 2-phenyl-1- 

nitropropene see ref.30; b) 2-(2-furyl)-nitroethene: Bouveault, M. M. L.; Wahl, A. Bull. Soc. Chim. Fr. 

1903, 29, 521-528; c) 2-(2-thienyl)-nitroethene: King, W. J.; Nord, F. F. J. Org. Chem. 1949, 14, 405- 

410; d) Gronowitz, S.; Sandberg, E. Ark. Kemi, 1971, 32,217-221. 

47. Niatzel, K. Methoden Org. Chem. (Houben-Weyl); Mailer, E. Ed.; 4 th ed.; Georg-Thieme Verlag: 

Stuttgart, 1973; vol. 13/2a; p. 561. 

48. Niitzel, K. Methoden Org. Chem. (Houben-Weyl); Miiller, E. Ed.; 4 th ed.; Georg-Thieme Verlag: 

Stuttgart, 1973; vol. 13/2a; p. 595. 

49. Solvent-free long-chain dialkylzinc reagents such as Oct2Zn can be prepared by the method of Knochel et 

al.: Knochel, P.; Brieden, W.; Rozema, M. J.; Eisenberg, C. Tetrahedron Left. 1993, 34, 5881-5884; 

Knochel, P.; Singer, R. D. Chem. Rev. 1993, 93, 2117-2188. The conversion in the reaction of OctI with 

Et2Zn was increased by reducing the pressure continuously while removing the volatiles (EtI, Et2Zn). 

This was possible even on a four-fold scale (as compared to that reported by Knochel et al.) or by 

repetition of the procedure with 25% of the amount of Et2Zn used in the first place. 

50. Dijkgraff, C.; Rousseau, J. P. G. Spectrochim Acta A 1968, 24, 1213-1217. 

51. Gmelins Handbuch der Anorganischen Chemie; 8 th ed.; Verlag Chemic: Berlin, 1939; vol. 27 (Mg/part 

B); pp. 169-170. 
52. Gmelins Handbuch der Anorganischen Chemie, 8 th ed.; Verlag Chemic: Berlin 1939; vol. 27 (Mg/part 

B), p. 188. 
53. Fiirst, A.; Pretsch, E. C13 Spectrum Estimation Program 1988, ETH Zfirich. 



2324 H. SCHA~R and D. SEEBACH 

54. The extraction carried out with small quantities of some of  the amines lead to by-products due to 

decomposition of the amines. Direct FC with CH2C12/MeOI-I/Et3N 95:5:0.5 and bulb-to-bulb distillation 

may be advantageous. 

55. Different authors, Organikum; 17 th ed.; VEB Verlag der Wissensehaften: Berlin, 1988; p. 655. 

56. Ambros, R.; Schneider, M. R.; yon Angerer, S. J. Med. Chem. 1990, 33, 153-160. 

57. An increase of the reaction time or warming up of the reaction mixture is obligatory in this ease. The 

separation of 9 from unreacted nitroolefm is not possible by distillation. 

(Received in Germany 24 November 1994; accepted 9 December 1994) 


