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Summary 

Three methods are described by which diastereomerically enriched nitroaldols 
and their O-silylated derivatives can be prepared. threo-Nitroaldols prevail up to 
10: 1 over the erythro-isomers if doubly deprotonated nitroaldols 28 are quenched 
with acetic acid (THF/HMPT or DMPU, - looo) (see Scheme 5 and Table 2). 
O-Trimethyl- or O-(f-butyl)dimethylsilylated (TBDMSi) erythro-nitroaldols can be 
obtained by protonation of the corresponding lithium nitronates (35, 39) in THF 
at low temperature (see Schemes 6 and 7). The erythro-O-TBDMSi-nitroaldol de- 
rivatives are also formed in the fluoride catalyzed addition of TBDMSi-nitronates 
(40-45) to aldehydes (see Schemes 8 and 9). In the latter reaction no 1,2-asymrnetric 
induction is observed if a-branched silylnitronates or aldehydes are employed 
(see 48/49 and 50/51). - The stereochemical course of the reactions leading to 
erythro-O-TBDMSi-nitroaldols follows topological rules of broad applicability 
(see Scheme 10); possible mechanisms are discussed. - The configuration of erythro/ 
threo-nitroaldols is determined by chemical correlation (see 24-26) and by 
I3C-NMR. spectroscopy. - Some examples of the preparation of diastereomerically 
enriched 1,2-aminoalcohols by reduction of the corresponding nitro compounds 
without loss of configurational purity are described (see Schemes I 1  and 12). 

A) Introduction. - The nitroaldol- or Henry reaction is one of the classical C,C- 
bond forming processes. It furnishes the 1,2-functionalized nitroalcohols 1, pre- 
cursors of the symmetrical (R' = R2) and unsymmetrical (R' # R2) aminoalcohols 2. 
Nitroaldols have been extensively reviewed [3] [4], and have frequently been used 
as intermediates in synthesis. However, the lack of stereoselectivity in the Henry 
reaction (except in cyclic systems) has hardly been mentioned. This lack of selec- 
tivity is due to the reversibility of the reaction and the easy epimerization at the 
nitro-substituted C-atom. The nitroaldols of type 1 (R',R2#H) occur in two dia- 

') 

2 ,  
3, 

Part of the results described here was mentioned previously in a review article [ l ]  and in a communi- 
cation [2]. 
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Scheme I 
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stereomeric forms, the euythro- (la), and the threo- (lb) isomers4). A stereoselective 
synthesis of either of these isomers would be highly desirable. In the course of our 
work on the modification of the nitroaldol reaction [2] we noticed in several cases 
that the derivatives isolated were diastereomerically enriched. Thus, when the 
primary product of the addition of doubly deprotonated nitropropane to benz- 
aldehyde (see reaction a in Scheme 2,  R’ = C6H5, R2 = C2H5) was treated with acetic 
acid at low temperature, the nitroalcohol formed (reaction b in Scheme 2) and its 

Scheme 2 

OLi 
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N02Li 

. ’ T R 2  - 
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OH 

R’ hR2 
A H  

NO2 
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(a) Addition of cr-lithio lithium nitronatcs to aldehydes. (b) Protonation of the primary adducts with 
HOAc at low temperatures; (c) In situ rnonosilylation of  the primary adducts from (a). (d) Protonation of 
0-silylated nitroaldol nitronates with HOAc at low temperatures. (e) Silylation of a nitroaldol at the 
hydroxyl 0-atom with TBDMSiClhmidazole. (0 Fluoride-catalyzed silylnitroaldol reaction. (g) Desilyl- 
ation and reduction of the NOz-group to give a vicinal aminoalcohol. 

4, With one exception (see 42+50+51) all reactions described in this paper were done with d.1- 
materials. while the formulae show only one enantiomer. 
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silylated derivative (see reaction e) were enriched in one isomer [ 5 ] .  In contrast, 
mono-silylation (reaction c) of the dianion followed by protonation (reaction d) 
led to a product enriched in the other isomer [2] [6] .  Furthermore, the fluoride- 
catalyzed silyl nitroaldol reaction v) was occasionally found to be stereoselective for 
reasons which were not obvious at that time [7]. Reduction (reaction g) with 
lithium aluminium hydride gave the corresponding aminoalcohol with loss of any 
diastereomeric enrichment which might have been present in the 0-silyl-nitroaldol 
precursor [7]. 

In the meantime we have systematically followed up the above observations, 
and this has now led both to threo- and especially erythro-selective modifications 
of the nitroaldol reaction. 

B) Base-catalyzed preparation of nitroaldols and configurational assignment by 
I3C-NMR. spectroscopy and by chemical correlation. - The nitroalcohols 3- I t  were 
prepared using a modification of the known procedure [8] which involves treatment 
of the corresponding nitro compound with an aldehyde and a catalytic quantity 
of sodium hydroxide. In every case the products were mixtures of diastereoisomers 
according to the 'H-') or 13C-NMR. spectra. In all cases the ratios could be deter- 
mined (see Table 1). 

x 
3-12 J f . 2  

NO2 

3/13 4/14 5/15 6/16 7/17 8/18 9/19 10/20 11/21 12/22 

We have assigned the threo-configuration b to the prevailing isomer on the 
basis of the following results: 

a) Raney-nickel reduction of the nitroalcohols furnishes aminoalcohols of type 2 
which have been shown [9] to exhibit a larger (ca. 6 Hz) vicinal coupling between 
the a-N-CH and the u-0-CH for the threo-isomer and a smaller (ca. 4.5 Hz) in 
the erythro case6). This NMR. assignment7) has been mainly applied to 2-amino- 

5 ,  

6 ,  

7, 

'H-NMR. spectroscopic determination of the ratio of diastereomers is especially easy in the case 
of adducts 12,22,30-34,46,47 to aromatic aldehydes. 
See the NMR. spectra of the aminoalcohols from 6, 7, 8, 12, 15, 16, 18, 26 and 29 as described in 
the Exprrinientul Purl. 
It rests upon the assumption that those conformations are more highly populated in which the 
vicinal OH- and NHz-groups can form H-bonds, i.e. are in a gauche or synchzlrelationship: 

gauche anti gauche gauche 
J(H-C,H-C)=6 HZ J(H-C,H-C)=4.5 HZ 
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Table 1. I3C-NMR. signals of a series of mixtures of diastereomeric aliphatic nitroaldols from the classical 
Henry reaction and their 0-silylated derivatives. Chemical shifts in 6 [ppm] and ratio of intensities. The 
high-field ~ - O - ' ~ C - s i g n a l  and low-field n-N-13C-signal are assigned to the threo-isomer (exception: nitro- 
aldol 5) .  Most of the ratios were determined using pulse-delay techniques with integration, although 
pulse-delay was later found not to be necessary. Relative chemical shifts of ~-02N- '~C-s igna ls  are more 

diagnostic due to larger chemical-shift difference between the two isomers. 

- 

3 
4 
5 
6 
7 
8 
9 

10 

Nitroaldol 0-Silvlated nitroaldol 
~ 

U-HO-C 

73.0; 72.7 (37: 63) 
72.1; 71.6(39:61) 
72.6; 72.2 (54: 46) 
72.1; 71.7 (40:60) 
12.0; 71.7 (23:77) 
72.8; 72.2 (50: 50) 
72.5; 72.1 (38:62) 
77.1"); 76,5 

a-02N-C 

94.1; 93.4 (63:37) 
94.4; 94.0 (66 : 34) 
87.6; 86.2 (54:46) 
94.5; 93.9 (58:42) 
93.0; 92.4 (77: 23) 
87.7; 86.4 (58:42) 
93.0; 92.5 (53 : 47) 
92.6; 92.0 (65: 35) 

__ 
13 
14 
15 
16 
17 
18 
19 
20 
21 

u-TBDMSi-0-C 11-O7N-C 
~ 

74.2; 73.4 (3 1 : 69) 
73.4; 73.1 (29:71) 
73.8 
73.6; 73.3 (34:66) 
73.5; 73.3 (63:37) 
73.8 
73.1; 73.3 (34:66) 
78.4; 77.9 (44: 56) 
70.8; 70.5 (67: 33) 

93.7; 92.6 (69: 31) 
94.3; 93.4 (71 :29) 
87.1; 85.5 (50:SO) 
94.3; 93.3 (67:33) 
92.7; 91.7 (69:31) 
87.0; 85.5 (50: 50) 
92.6; 91.6 (67 : 33) 
94.5; 92.3 (56~44) 
97.7; 96.7 (33 : 67) 

This signal overlaps with the central CDCI3-singal - no ratio could be measured 

1-arylalcanols (Scheme 1, 2, R'=aryl)  [9]. It is less useful in the aliphatic series 
because of smaller shift differences and more complex coupling patterns. 

b) A I3C-NMR. assignment of the configuration of nitroaldols resulted from 
the following observation: in the 13C-NMR. spectra of aliphatic nitroaldols obtained 
from the Henry reaction, the rr-0-C-signals (7 1.6-76.5 ppm) of the major isomers 
lay at higher field (by 0.2-0.6 ppm) and the a-02N-C-signals (87.6-94.5 ppm) at 
lower field (by 0.4- 1.4 ppm) than those of the minor isomers. As shown in Table I ,  
this chemical-shift difference remains unchanged when the hydroxy groups of the 
nitroaldols 3-11 are silylated using (t-buty1)chlorodimethylsilane (TBDMSiCl)/ 
imidazole to give the compounds 13-21. Since the relative intensities of the 
13C-NMR. signals do not change significantly on silylation we assume that the 
major isomers in the mixtures of 0-silyl-nitroaldols 13-21 have the same configura- 
tion as those in the nitroaldol precursors 3-11. Normally, one of the two diastereo- 
mers of 1-aryl-2-nitro-alcohols shows the n-N02-C- and the a-RO-C-signals at 
lower field (see spectroscopic data in the Experimental Part. 

Based on some chemical correlations with aminoalcohols of known configuration 
(see a above and c below) we herewith assign the threo-configuration to those nitro- 
aldols and their 0-silyl derivatives, in the 13C-NMR. spectra of which the u-NO,-C 
signal appears at lower field. 

c) In one case we established by independent synthesis that the major isomer 
from a Henry reaction has the threo-configuration. In order to avoid synthetic 
complications due to non-regioselective formation of constitutional isomers (see 
also discussion in section F), we chose the symmetrically substituted derivative 3 
(R' = R2). A 1 : 1.7 mixture of 3a  and 3b  was silylated giving 13a and 13b such that 
the diastereoisomeric ratio only changed to 1 : 2 (see also Table I ) .  Hydrogenation 
over Raney-nickel gave the 0-silylated aminoalcohols 23a and 23b, also in the 
ratio 1:2.  The same compounds 23a and 23b were independently synthesized4) 
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Scheme 3 

1105 

___.* 
NO2 TBDMSiCl NO2 Ranev-Ni ' NH2 

3a/3b 1:1.7 13a/13b 1 : 2 23a/23b 1 : 2 

24 .+..., 
H 

~ ~ 3 1  

26a & 
NH2 

TBDMSiCl 
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25 
NHTs 

I Na/NH3 

A 26b 
NH2 

TBDMSiCl 1 
23b 

starting from trans-3-hexene (Scheme 3). Epoxidation to the trans-oxirane 24 [lo], 
ring opening with ammonia to 26a and 0-silylation furnished exclusively the 
erythro-derivative 23a. cis-Hydroxyamination of the same olefin by the method of 
Sharpless et al., sodium/liquid ammonia reduction [ 1 11 and 0-silylation led to the 
pure threo-isomer 23b. NMR. comparison of the three independently synthesized 
0-silylated aminoalcohols 23 established the threo-configuration of the major 
component 3b of the Henry-reaction product. The coupling constants measured 
from the 300-MHz-'H-NMR. spectra of the aminoalcohols 26a and 26b were in 
accordance with the previously made assignments: the vicinal coupling constant 
between the H-atoms on the a-heterosubstituted C-atoms in the threo-isomer is 
larger than in the erythro-isomer (see the Newman projections and the data in 
Scheme 4) .  The 0-silylated aminoalcohols 23a and 23b were also used for con- 
figurational assignment of samples obtained via other routes (see Sections D and E). 

C) threo-Enriched nitroaldols via diastereoselective low-temperature protonation 
of doubly deprotonated nitroaldols. - As mentioned in the Introduction, we noticed 
earlier that the addition of a ,  a-doubly deprotonated nitropropane (27, R2= C,H,, 
see Scheme 5 )  to benzaldehyde led [5] [6] to a threo-enriched product 12b. The 
dilithio derivative of type 28, which contains a lithium-alkoxide and a lithium- 
nitronate group, must have been protonated diastereoselectively. The degree of 
selectivity depended strongly upon the presence of hexamethyl phosphoramide 
(HMPT) (see Table 2 ) .  In an independent study [12], we showed that HMPT can 
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H3 
H4 H 

or-HO-CHI: 2 guuche(H2,H3)/1 unti(H4) 

u-H2N-CH2: 2 gauche(H1,H5)/1 anti(H6) 

H6 
I 

H5 

I 
H3 

or-HO-CHI: 2 gauche(H2,H3)/l anti(H4) 

u-H2N-CH2: 2 gauche(H1,HS)/I anti(H6) 

Scheme 4 
H4 

i t15 
erythro (26a) 

J =  3.98, 3.98, 8.62 Hz 

J=3.94,  3.98, 9.16 Hz 

2 gauche(H2,H3)/1 anti(H4) 

2 gauche(H1,H5)/1 anti(H6) 

H 6  
1 

threo (26b) A4 

1 gauche(H3)/2 anti(H2,H4) 

1 gauche(H5)/2 anti(H',H6) 
J=4.05, 5.68, 8.19 Hz 

J =  4.35, 5.68, 10.17 Hz 

Scheme 5 

addition R l / O i ; r R 2  .double 
R1 

deprotonation + -  
N 0 2 L i  n02 
28 1 

-/- erythro -isomer (a) R1 
N o 2  

4b, 5b, lob, lZb, 29b-34b 
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Table 2. threo-Enriched nitroaldols through protonution of 28 (Scheme 5) .  For the threo-contents before 
double deprotonation see Table 1. Also note that the major diastereomer of the product 33 from o-fluoro- 

benzaldehyde is threo with 25% DMPU-cosolvent and eryfhro with 33% of the same cosolvent. 

Precursor 

4 
27(R2=CH3)+ hexanal 
10 
27(R2 = C2Hs) + 2-methylpropanal 
12 
27(R2= C2H5)+ benzaldehyde 

27(R2= C2Hs) + pivalaldehyde 
27(R2 = C2H5) +p-tolualdehyde 
27(R2 = C2H5)+ o-anisaldehyde 

27(R2 = C2H~)+p-anisaldehyde 
27(R2 = C2Hs)+ o-fluorobenzaldehyde 

27(R2 = C2Hs) +p-fluorobenzaldehyde 

THF/cosolvent 
ratio in the 
protonation step 

83: 17 (HMPT) 
80: 20 (HMPT) 
83 : 17 (HMPT) 
83: 17 (HMPT) 
83 : 17 (HMPT) 
83: 17 (HMPT) 
91:9 (HMPT) 
95:5 (HMPT) 

1OO:O (HMPT) 
75: 25 (DMPU) 
83: 17 (HMPT) 
75 : 25 (DMPU) 
80: 20 (HMPT) 
67:33 (DMPU) 
67:33 (DMPU) 
80: 20 (HMPT) 
75 : 25 (DMPU) 
67: 33 (DMPU) 
67: 33 (DMPU) 

Product Threolerythro 
ratio after 
protonation 

4 72:28 
5 81: 19 

10 78 : 22 
10 78 : 22 
12 85: 15 
12 90: 10 
12 80:20 
12 57 : 43 
12 50: 50 
12 90: 10 
29 85: 15 
30 89: 11  
31 69:31 
31 75 : 25 
32 94:6 
33 71:29 
33 68 : 32 
33 22: 78 
34 92:8 

be replaced by the cyclic urea DMPU*) (for examples see also Table 2). We have 
now confirmed9) that the selective protonation of 28 is possible with other groups 
R' and R2 in the starting materials of the addition (5, 12, 29-34 in Scheme 5). We 
were also able to increase further the threo-content of the nitroaldols of type 1 
(from the Henry reaction) by double deprotonation giving the same dilithio 
derivatives 28 which are formed by addition of 27 to an aldehyde, with subsequent 
protonation to 4, 10 and 12. The recovery of nitroaldol is ca. 50%. The results are 
summarized in Table 2. Assignment of the threo-configuration was again made 
on the basis of 'H- and '3C-NMR.-spectroscopic comparison (see Exper. Part and 
Section B). 

D) erythro-O-Silylated nitroaldols by deprotonation/protonation of diastereo- 
meric mixtures 13-22. - When a diastereomeric mixture of O-TBDMSi-protected 
nitroalcohols 13-22 is treated with lithium diisopropylamide (LDA) in tetrahydro- 
furan (THF) at dry-ice temperature, a solution of the nitronate 35 is formed. As 
indicated in Scheme 6, under the conditions used (the temperature of the reaction 
mixture being maintained below - 50") R3SiOLi-elimination from the nitronate to 
form a nitroolefin was not observed. The asymmetric C-atom bearing the nitro 
group was regenerated by quenching the solution of the nitronate 35 with acetic 
acid/THF 1 :1 at bath temperatures of ca. - 100". This protonation takes place 

*) N,N'-Dimethyl-N,W-propylene urea; systematic IUPAC name: 1,3-Dimethyl-2-oxo-hexahydro- 
pyrimidine. 

4 Interestingly, only the o-fluorobenzaldehyde behaves differently (see 33 and Tuhle 2 ) .  
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Scheme 6 

7' 
RI-CH= c 

\ 
NO2 

- iR)gSiOLi i 

13-22 (a+ b) 35 13 a-22 a 
% erythro (a) content of 

13 14 15 16 17 18 19 20 21 22 

Beforedeprotonation 35 30 50 35 35 50 35 50 66 25 
(see Table 1) 

After protonationof >95 90 >95 >90 82 >95 >90 >95 > 9 5  84 
35 (%ds),'O) 

with high diastereoselectivity; the erythro-derivatives (a) of the silylated nitroaldols 
13-22 are the major products, see Scheme 6").  

In this investigation we mainly used the (t-buty1)dimethylsilyl derivatives 13-22 
of nitroaldols for two reasons: a)  they are conveniently stable and can be handled 
and subjected to many reactions without loss of the protecting group12), and b) only 
the TBDMSi-derivatives can be prepared diastereoselectively by the silyl-nitroaldol 
reaction which will be discussed in the following section. In three cases, we have 
tested whether the less expensive trimethylsilyl (TMSi) protecting group is suitable 
for the deprotonation/protonation procedure with enrichment of a diastereomer. 
As far as general statements are possible from the three experiments described in 
Scheme 7 it appears that the erythro-diastereomers (assignment cJ: Table 1) are 
again formed preferentially, more so with aliphatic derivatives. In order to obtain 

lo)  % ds gives the diastereoselectivity or the content of a certain diastereomer in a mixture of diastereo- 
mers [ 131. 

' I )  In many cases, in fact, we could not even detect the threo-isomer by I3C-NMR. spectroscopy: the 
%ds-valueslo) in Scheme 6 were determined from the ratios of intensities of the cr-02N-C-signals of 
the diastereomeric products 13-22 (a+b) ( c j  Table 1). In the initial experiments, which 
developed from the work with doubly deprotonated nitroalkanes [5] [6] ,  we used THF containing 
HMPT as cosolvent for the diastereoselective protonations. Fortunately [ 121, we found no change 
in diastereoselectivity, when the HMPT was omitted. This is in sharp contrast to the protonation of 
the doubly deprotonated nitroaldols 28 (see above, Section C and Table 2). which takes place in a 
diastereoselective fashion only in the presence of a dipolar cosolvent. Of the ratios in Scheme 6, 
only the values for 20 and 22 are still from experiments with HMPT-cosolvent. The 8-0-branched 
product 20 gave a rather poor deprotonation-protonation yield in the absence of HMPT. 

12) This stability can also be a problem, see the discussion in Section F. 
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Scheme 7 

36-38 39 

R' R2 56 erythro-Isomer a % Recovery 
before deprotonation after deprotonation 

36 C3H7 C2H5 34 93 78 
37 CSHII CH3 50 91 90 
38 C6H5 C2H 5 25 83 85 

the recovery rates given in Scheme 7, the low temperature protonation of the 
nitronates 39 with acetic acid must be followed by a long warm-up period before 
the usual aqueous workup13). The TMSi-nitroaldols 36-38 are lower boiling and 
hence easier to distil without decomposition, and can be desilylated much more 
easily than the TBDMSi-analogues'*). 

E) erythro-0-(t-Buty1)dimethylsilyl-nitroaldols by fluoride-catalyzed silyl-nitro- 
aldol addition (Scheme 8). - In our original work on the fluoride-catalyzed addition 
of silyl-nitronates to aldehydes [7], the silylated nitroaldol products obtained some- 
times consisted of essentially one isomer. However, at that time we were not able to 
prepare diastereomerically enriched products reproducibly. As a result of accidental 
observations and extensive experimentation, we are now able to describe the 
conditions necessary for preparing erythro-silylnitroaldols such as 13- 17, 22, 46, 47 
by direct C,C-bond formation in yields of about 60% from aldehydes and silyl 
nitronates 40-45 (s. Scheme 8). The following factors are important not so much 
for the actual reaction, but for its diastereoselectivity; a) the silyl nitronates 40-45 
must be distilled, pure materials; for large scale preparations (>20 mmol) and 
distillations a nonaqueous workup under exclusion of air is recommended in addi- 
tion to the precautions given previously c7] [14]; b) only the (t-buty1)dimethylsilyl 
aci-nitronates lead to erythro-nitroaldol derivatives, the trimethylsilyl analogues 
furnish mixtures in which neither the erythro- nor the threo-isomer prevails to any 
extent which would be considered useful for preparative purposes. This is true, 
even if the reaction is carried out at - 100" (as shown in the case of the addition 
of the trimethylsilyl ester of I-mi-nitropropane to propanal); c) of the many types 
of anhydrous fluoride which we have tested as catalysts, only tetrabutylammonium 
fluoride which was freshly dried over molecular sieve in a THF solution [ 151 caused 
the reaction to be reproducibly dia~tereoselective'~). Commercial THF-solutions of 
Bu4NF as purchased from Aldrich, heat-dried Bu4NF (4 h, 90"/0.1 Torr [7] [16]), 

13) In contrast to the TBDMSi-nitronates 35 and for reasons not known to us, the TMSi-nitronates 39 
lead to substantial amounts of nitroolefins and/or desilylated nitroaldols in the isolated crude 
product, if the normal procedure, lacking the long warm-up period, is followed. 

14) The 'universal brand', Union Carbide molecular sieve type 4 A  (as purchased for instance from 
Fluka AG, Buchs, or Dr. Bender & Dr. Hobein, Zurich) was employed, with or without stirring o r  
filtering the T H F  solution prior to use. 
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Scheme 8 

40-45 
R2 in Si-nitronate 

40 CH3 
41 C2H5 
42 ( S ) - C H ( C H ~ ) C ~ H S  
43 C5Hll 
44 C7H15 
45 CH2-CHz-COOCH3 

-- Si ' ' 0  

NO2 

l3-17,22,46,47 

13 1 9 5  
14 > 95 
15 > 95 
16 > 95 
17 > 95 
22 78 
46 
(R1=m-0MeC6H4, R2= C2H5) 80 
47 
(R1=C6H5, R2=C5Hll) 85 

%ds (eryrhro-form a) 

Bu,NF adsorbed on Alumina [ 171, and polymer-bound14) fluoride effected the 
reaction at least to some extent, but caused less or no erythro-selectivity. A 
crystalline material obtained from potassium fluoride, [2.2.2]-cryptant, and chloro- 
form [ 191 showed no catalytic activity with TBDMSi-aci-nitronates, but a very high 
one with the trimethylsilyl (TMSi) derivatives, which were added to aldehydes to 
give mixtures of diastereomers (cJ: 36-38 in Scheme 7, and b above); d) the reaction 
mixture, which is prepared at dry-ice temperature and then allowed to warm-up, 
must not be kept at room temperature too long: the erythro-products formed might 
be epimerized by the fluoride ca t a ly~ t '~ )  or by other basic species which may be 
present in the reaction mixture. Normally, the silylnitroaldol reaction is over when 
the reaction mixture has reached a temperature of + 10" (for details see the Exper. 
Part); e) distillation of erythro-enriched 0-TBDMSi-nitroaldol derivatives in the 
presence of non-silylated material (proton source?) may also lead to epimerization. 
Therefore, it may be advantageous to do a silylation (see below) before distillation, 
or to remove free alcohol by filtration over a short silicagel column with pentane/ 
ether 9 : 1 as solventI6). 

If the reaction conditions are carefully followed as described above and in 
Experimental Part, the 0-silylated aliphatic derivatives 13-17 in Scheme 8 are 
obtained as essentially pure erythro-isomers (< 5% threo-content by I3C-NMR.), 
while the adducts 22,46 and 47 to aromatic aldehydes are formed with ca. 80% ds. 

In order to test, whether our erythro-selective silylnitroaldol reaction obeys 
the Cram-rule (open-chain model) [20] or exhibits an asymmetric induction by an 
a-branching substituent in the nitronate component, we allowed the nitronate 41 

' 5 )  This is not surprising, since it is known that fluoride ion can catalyze nitroaldol reactions (see [ I  171 
in 111). The rate of epimerization increases strongly on going from aliphatic derivatives 13-21, 48-51, 
to the aryl substituted compounds 22, 46,47 to the y-nitroesters 52-54. 

1 6 )  The crude products from the reactions of Scheme 8 may contain variable amounts of free nitroaldol 
which can be easily detected and determined by NMR. spectroscopy. This is o f  course also possible 
with the products from silylation (3-12-t 13-22) and from deprotonation/protonation (Scheme 6). 
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48 49 

50 51 

from nitropropane to react with (k )-2-methylpentanal and the nitronate 42 from 
(S)-2-methyl-l-nitrobutane with propanal, respectively. In both cases four dia- 
stereomers could possibly have been formed. However, we detected two diastereo- 
mers only, in a ratio of ca. 1 : 1. We assume that the relative configuration at the 
two newly formed asymmetric C-atoms (see the dotted lines in the formulae 48-51) 
is erythro as in all other 0-TBDMSi-nitroaldols listed in Scheme 8; this assignment 
is in agreement with the I3C-NMR. shifts of the a-N- and a-0-C-atoms of the four 
compounds (cJ: Table I and Section B). Thus, the adduct 48 to a-methyl- 
valeraldehyde which was formed following the Cram-rule and its epimer 49 should 
be the products4) from the first reaction, and the two enantiomerically pure dia- 
stereomers 50 and 51 should be those from the second reaction. Neither one of the 
two processes exhibits a-induction. 

Scheme 9 

a 52-54 b 

Compound R Reaction temp. erythrolthreo-Ratio (a/b) 

52 C2H5 - 20" > 9 8 : 2  
10" 84: 16 
20" -50:50 

53 10" 85:15 
54 C6H5 3 "  83 : 17 

10" 26 : 14 

4 Products .f Raney-nickel reduction: 

7 Si 0 
\ 

h O O c H 3  56: R=C2H5 (87: 13) 
57: R=C6H5 (82: 18) R z  

HgN 

55 
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In order to see, whether the erythro-diastereoselective, fluoride-catalyzed O-silyl- 
nitroaldol addition is compatible with other functional groups, we have carried 
out additions of the silylnitronate 45, which is derived from methyl 4-nitro- 
butanoate, to three different aldehydes. It is evident from the results shown in 
Scheme 9, that the 0-silylated nitroaldols 52-54 can be formed in high diastereo- 
selectivity”), if the reaction temperature is kept low enough. Raney-nickel reduc- 
tions of the nitro groups of 52 and 54 furnish mixtures of amines 55 and lactams 
(56, 57). The amine portion of these mixtures cyclizes to lactam on heating, and 
the lactams isolated consist of a mixture of two diastereomers in about the same 
ratio as that of the starting nitroesters. 

F) Discussion and conclusions. - Three independent routes to diastereomerically 
enriched nitroaldols or their 0-silylated derivatives have been discovered: i )  the 
protonation of doubly deprotonated nitroaldols 28, leading to threo-products with 
highest diastereoselectivity in the case of nitroaldols from aromatic aldehydes (see 
Scheme 5 and Table 2); i i) the protonation of 0-silylated nitroaldol nitronates 35 
and 39 which in the case of the TBDMSi-derivatives appears to give essentially 

11 25 

.I - 

B 

L 

Fig. 1. I3C-NMK.  Spectra of’ 3-(t-butyl)dirnethylsilyloxy-Z-nitroociane (15) obtained via different routes. 
A: from classical Henry reaction followed by 0-silylation; B: from low-temperature protonation of the 
dilithio derivative 28 (Ri  = C5H11, R2= CH3) followed by 0-silylation; C: from low-temperature 
protonation of the nitronate 35 ( R ’ = C ~ H I ~ ,  R 2 =  CH,) of 0-silylated nitroaldol; D :  from fluoride- 
catalyzed 0-silylnitroaldol addition. The signals from the minor isomers are darkened for easy identifi- 
cation. 

17) It turns out to be necessary to silylate the crude products from the reaction of the ester-containing 
nitronate 45 with TBDMSi-triflate/lutidine [2la] before distillation because free nitroaldol (present 
to c 10%) codistils with 52-54. No epimerization occurs during this silylation procedure. 
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Scheme I0 

58 
\ l /R 
Si 

,-. 

1 'H 
R 

59 M=Li,H 60 

63 64 

pure erythro-products, unless a nitroaldol from an aromatic aldehyde is involved 
(see Scheme 6); iii) in striking similarity with the previous process, pure erythro-0- 
TBDMSi-nitroaldols are obtained from the fluoride-catalyzed 0-silylnitroaldol 
additions between aliphatic components, while the addition to aromatic aldehydes 
exhibits only a ca. 80% diastereoselectivity (see Scheme 8 and 48-51). A comparison 
of the 13C-NMR. spectra of the 0-silylated nitroaldols 15 of different origins in 
Figure 1 demonstrates the selectivities of the reactions mentioned under i-iii, in 
contrast to the classical Henry reaction. 

It is tempting to make charge repulsion of the two negative charges of the 
doubly deprotonated nitroaldol responsible for the threo-selectivity of the protona- 
tion in the presence of dipolar cosolvents such as HMPT or DMPU (see the 
topological picture 58 of Scheme The erythro-selective protonation of 
silyloxynitronates as outlined in 59 follows a quite general topological rule shown 
in 60 [2] [23] [24]19). The lithium nitronate of the 0-silylated nitroaldol is either 
protonated directly on carbon (see M = Li in 59, 61, and 62), or - more likely - it 
is first protonated on oxygen to give a nitronic acid (M = H in 59, 61, and 62) which 

Is)  Resembling the dipolar model of the Cram-Cornforth rule for a-asymmetric inductions in additions 
to acceptor C=O-bonds [22]. 

19) CJ the cyclic model of Cram's rule [25] [26]. 
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is subsequently tautomerized to the nitro compound. Finally, the erythro-selective 
C, C-bond formation in the fluoride-catalyzed 0-silylnitroaldol reaction may be 
depicted as shown in 63 and follows a topological rule (see 64) for joining two 2- 
dimensionally chiral stereogenic centers [27]. The mechanistic relevance of these 
models is uncertain: charge-controlled protonations should lead to aci-nitro 
derivatives (see for instance 59-62, M=H),  the protonations of which ought to 
establish the observed product configurations20). 

Also, our recent work on the structure and reactivity of lithium enolate aggre- 
gates [28] suggests that mechanistic details might be much more complicated than 
those derived from simple monomericformulue such as 58, 59,61 and 62 (M = Li). 
Further investigations will be necessary to elucidate mechanisms of these reactions. 

Not surprisingly, the present establishment of conditions for carrying out the 
nitroaldol reaction in a diastereoselective manner, comes after the corresponding 
results concerning the simple aldol addition2') [29]: this is due to the much greater 
configurational lability of nitroaldols, as compared to aldols. 

It is evident from several Raney-nickel reductions described in the Experimental 
Part22), that the diastereomeric enrichments of nitroaldols can be preserved in 
the corresponding aminoalcohol derivatives under carefully controlled neutral 
conditions. Since there are methods known by which diastereomeric 2-amino- 
alcohols can be interconverted [3 11, it is feasible, at least in principle, to convert the 
erythro-aminoalcohols, more readily available by the present methods, to threo- 
isomers. The desilylation12) of 0-TBDMSi-aminoalcohols from the Raney-nickel 
reductions can present significant problems. Since Bu4NF gave only low yields of 
free aminoalcohols which were difficult to separate from the ammonium salt- 
containing reaction mixtures, the use of aqueous HF-solutions was investigated also 
with little success. The observation that the a-N-epimerizing LAH-reduction 
produced free aminoalcohols [7] (see Scheme 11) ~ u g g e s t e d ~ ~ ) ,  that a desilylation 
of 0-silyl-aminoalcohols could be achieved with LAH in ether. This has in fact 
been realized: the 3-amino-4-nonanol (65) was obtained (87%) by LAH-reduction 
of the TBDMSi-ether (prepared by Raney-nickel reduction of 16) in refluxing di- 

*O) Actually, in the reaction between the nitrobutanoate-derived 0-silylnitronate 45 with propanol, low- 
temperature quenching leads to the isolation of a mixture of the doubly silylated nitronate A and the 
free nitroaldol B. If, however, the reaction mixture is warmed to + lo", the ca. 85% erythro-enriched 
sample of 52 is obtained as shown in Scheme 9. 

B 
* I )  For the most recent comprehensive and authoritative rewiew articles by Heahcock and by Evans 

et al., see [30]. 
22)  These hydrogenations are described as part of the characterization of the corresponding nitro 

compounds; c$ also footnote 6 and 56, 51. 
23) Since free nitroaldols undergo complete C,C-bond cleavage with LAH (retroaldol followed by 

reduction of the resulting aldehyde and nitroalkane [7] [32]), the LAH-desilylation of Scheme 11 
has to take place ufter the reduction of the nitro group. 
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ethyl ether. Reduction of the lactam (56) under very similar conditions furnished 
2-( 1'-hydroxy- 1 '-propy1)pyrrolidine (66) again in high yield (86%)24). The stereo- 
chemical integrities of the silyloxy amino compounds were maintained during 
the reduction to the aminoalcohols. 

The diastereoselective nitroaldol addition followed by hydrogenation of the 
nitro group is a connective synthesis of aminoalcohols, which can be considered 
as a combination of a hydroxyalkyl-a' with an aminoalkyl-d' reagent [see (a) in 

Scheme 12 

24) This observation is interesting also because the (r-buty1)dimethylsilyl group has been reported to be 
stable under mild chemical reduction conditions [21b]. 
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Scheme 121. Other aminoalkyl-d' reagents such as lithiated nitrosamines [9b] [33], 
metallated amides [34], phosphoramides [35], ureas [36], urethanes [37], amidines 
[38], a-cyanobenzamides [39], and enolates of a-aminoacid derivatives [40] do 
not add to aldehydes in a highly stereoselective fashion - or have not been investi- 
gated as yet in this regard! Finally, it should be pointed out, that diastereoselective 
aminohydroxylations of (E)- or (2)-olefins [see (b) in Scheme 12]25) are not expected 
to be regioselective, while any one of the two constitutionally isomeric amino- 
alcohols shown in Scheme 12 is available from the corresponding nitroalkanes and 
aldehydes by the present method. 

We thank Dr. Th. Wefler, Dr. F. Lehr, Miss D. Leuthard and Miss G. Winteler for some preliminary 
experiments. The financial support by the Sandoz A G  (Basel) is gratefully acknowledged. Thanks are 
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respectively. We appreciate the valuable help by F. Bangerter, B. Brandenberg, R.  Hdssig and K. Hilt- 
brunner (NMR. spectra) and D. Manser (elemental analyses). T. M. thanks the Sandoz AG (Basel) 
for a postdoctoral stipend, E. T. greatfully acknowledges receipt of a postdoctoral fellowship from the 
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Experimental Part 

1. General remarks. - Tetrahydrofuran (THF) was purified by distillation from either LiAlH4 
(LAH) or potassium-benzophenone. Diisopropylamine was distilled over CaH2. Hexamethylphosphoric 
triainide (HMPT) and N, N'-dimethyl-N, N'-propylene urea (DMPU) were vacuum distilled over 
CaH2. Butyllithium (BuLi) in hexane (Metallgesellschaft A G) was standardized using the diphenylacetic 
acid method [41]. All the reactions were carried out in a dry Ar-atmosphere. All the glassware was dried 
overnight at 140". Capillary GC.: Carlo Erba H R G C  Fractovap series 4160 using CW-1000 column 
(22 m x 0.3 mm). Bulb-to-bulb distillations were carried out using Biichi GKR-50 and Chemophor 
Custilator, depending on the scale, and boiling points (b.p.) refer to air bath temperatures. For column 
chromatography, Merck silica gel 60 (70-230 Mesh) was used. During chromatographic purifi- 
cation of silylated nitroaldols different fractions showed enrichment of one of the two diaste- 
reomers - hence all fractions must be combined for estimation of diastereomeric ratios. Melting 
points (m.p.) were determined using a Biichi 510 apparatus. All m.p. and b.p. are uncorrected. 
The following instruments were used: for IR. Perkin-Elmer 297Spectrophotometer (data in cm- 1 ;  all 
IR. spectra were recorded as films unless otherwise mentioned); for 'H-NMR.: Varian EM-390 
(90 MHz) and Bruker W M  300-WB (300 MHz) (unless otherwise indicated the reported spectra were 
recorded at 90 MHz; chemical shifts are given in parts per million (ppm) with internal CHCl3 signal a t  
7.28 ppin as the reference standard in the case of silylated compounds and tetramethylsilane (TMS) 
signal at 0.0 ppm in all other cases; multiplicities as s (singlet), d (doublet), t (triplet), qa (quadruplet), 
qi (quintuplet), sept (septuplet), m (multiplet); coupling constants ( J )  in Hz); for I3C-NMR. Varion 
CFT-20, XL-100 and Bruker WM300-WB (chemical shifts in ppm with the central CDC13 signal at 
77.0 ppm or central CsD6-signal at 128.0 ppm as the internal standard). Ratio of the diastereomers, 
determined by 13C-NMR., represent the ratio of the peak heights (p.h.) or the integration of I3C-N-signal 
and is indicated accordingly after the ratios. 

2. Starting Materials. - Methyl 4-nitrobutanoote [3] [42], 2-methyl-I-nitropropane [43], and I-nitro- 
ocmne [441 were prepared according to the published procedures. All other racemic compounds were 
purchased from commercial sources. 

Preparafion of (-)-(S)-2-methyl-l-nitrobutane. Preparation of (+)-(S)-(2-methyl)butyl p-toluene- 
.sulfonate. Dry triethylamine (60 ml, 0.43 mol) was added dropwise to a magnetically stirred solution 
ofp-loluenesulfonyl chloride (41.5 g, 0.218 mol) and (S)-2-methylbutanol (16.03 g, 0.182 mol), obtained 
free from 3-methylhutanol by careful distillation through a spinning-band column, in dry CHzClz 

2 5 )  Such as those which led to 23a and 23b from 3-hexene (see Section B). 
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(150 ml) which was cooled in an icelsalt bath. After the addition was complete, the mixture was stirred at 
0" for 1 h and at 20" for 3 h .  Water (50 nil) was added and the mixture stirred for a further 1 h.  The 
aqueous layer was separated and extracted with CHIC12. The combined extracts were washed with 
water, sat. aq. NaC1-solution, dried (MgS04) and evaporated. The crude product (43.9 g) was bulb-to- 
bulb distilled in three portions (a small amount of solid NaHCO3 being added prior to distillation) to 
obtain the toluenesulfonate (39.8 g, 91%) as a colorless liquid, b.p. 160°/0.04 Torr, [a]g= +3.9" 
(neat liquid) ([45]: b.p. 136-139"/0.01 Tom, [ n ] ~ =  +3.75"). - 'H-NMR. (CDCl3): 0.7-2.0 (m, 9 H ,  
3 H-C(4), H3C-C(2), 2 H-C(3) and H-C(2)); 2.43 (3, 3 H, CH3); 3.86 (d, J = 6 ,  2 H, 2 H-C(1)); 7.4 
(d, J = 9 , 2 H ,  arom. H); 7.83 (d, J = 9 ,  2 H,  arom. H). 

Preparation of ( + ) - ( S ) - 1  -iodo-2-methylbutane. To  a stirred ice-cooled suspension of magnesium 
turnings (5.4 g, 225 at-equiv.) in anh. ether (500 ml) under Ar was added Iz (38 g, 150 mmol) in small 
portions. At the end of the addition, the mixture was stirred at 20" for 1 h during which time the 
brown color disappeared. The MgI2-solution thus prepared was transferred via teflon tubing to an 
Ar-frit and thus filtered into a stirred solution of (+ )-(S)-(2-methyl)butyl p-toluenesulfonate (18 g, 
74.5 nimol) in anh. ether (30 ml). When the addition was complete the mixture was stirred at 20" for 12 h.  
Water was added and the mixture extracted with ether. The extracts were washed with water, sat. aq. 
NaHC03- and aq. NazSz03-solution, water and sat. aq. NaC1-solution. After drying (MgS04), the ether 
was distilled off at atmospheric pressure and the residue was distilled at reduced pressure to give the 
iodide (10.51 g, 71%), b.p. 50"/23 Torr, [a]g= +5.86" (neat liquid) ([46]: [a#= +4.8" (neat liquid)). - 
'H-NMR. (CDC13): 0.8-1.85 (m, 9 H ,  3 H-C(4), H,C-C(2), 2H-C(3) and H-C(2)); 3.2 (d, J=4.5 ,  
2 H,  HzC(1)). 

Preparation of (-)-(S)-2-methyl-1-nitrobutane. A stirred suspension of silver nitrite (10.4 g, 
67 mmol) in anh. ether (50 ml) was cooled (ice/salt bath) and (S)-l-iodo-2-methylbutane (10.3 g, 
52 mmol) added dropwise. The mixture was subsequently stirred at 0" for 24 h and at 20" for a further 
48 h. It was then filtered through Celire and the filtrate evaporated. The residue was purified by 
fractional distillation to give the nitro compound (3.8 g, 62%), b.p. 73"/30 T o n ,  [u ]g= -7.18" (neat 
liquid). - IR.: 2970, 1550, 1370. - IH-NMR. (CDC13): 0.8-1.1 (m, 6 H ,  3 H-C(4) and H3C-C(2)); 
1.16-1.63 (m, 2 H, 2 H-C(3)); 2.03-2.46 (m, 1 H, H-C(2)); 4.25 (two d x d ,  J=6.5  and 10.5, 7.5 and 11.0, 
2 H,  HzC(1)). 

3. Raney-nickel reduction of nitro compounds to amino compounds. - General procedure I (GP I) .  
NickeValuminium alloy (20 g) in water (200 ml) was treated with NaOH (32 g) in small portions. The 
mixture was heated to 70" for 30 min. After cooling to 20" the aqueous phase was decanted and the 
Raney-nickel was washed with distilled water until completely neutral, and then with ethanol ( 5  times). 
The freshly prepared Raney-nickel, the freshly distilled nitro compound (30 mmol) and ethanol (250 ml) 
were shaken in a steel autoclave under 25 atm.H2 for 20 h at 50". The mixture was filtered through Celite 
and the filtrate evaporated to give the crude amino compound which was purified by bulb-to-bulb 
distillation. 

Generalprocedure If (GP 11). To a solution of NaOH (17.1 g) in water (69 ml) were added nickel/ 
aluminium alloy (13.5 g) in small lots maintaining the temperature below 30" (cooling in an ice-bath). 
After the completion of addition the suspension was heated at 70" until the Hz-evolution had practically 
stopped. The residual black solid was washed with distilled water (13x 300 nil) until the pH of the 
supernatant liquid was same as that of distilled water, followed by additional washing ( 6 x  300 ml) to 
ensure neutrality of the catalyst. The residue was then washed with abs. methanol (3 x 200 ml). A slurry 
of the catalyst in abs. methanol (40 ml) was added to the nitro compound (4.2 mmol) and the suspension 
was stirred at r.t. in a H2-atmosphere for 20 h. Ether (100 ml) was added and after the catalyst had settled 
the supernatant liquid was carefully decanted. The solvent was then distilled off in a rotatory evaporator 
to obtain the crude product which was further processed as described in individual cases. 

4. Preparation of nitroaldols [8]. - General procedure. To  a stirred mixture of the nitroalkane 
(0.2 mol), ethanol (7.8 ml) and ION aq. NaOH (0.39 ml) was added the freshly distilled aldehydc 
(0.2 mol), the temp. being maintained between 30" and 35". After approximately two thirds of the 
aldehyde had been added, more ION aq. NaOH (0.39 ml) and water (1.5 ml) were added, and the alde- 
hyde addition was continued. The mixture was stirred at 38" for 65 h and was then treated with aq. 2~ 
HCI (ca. 4 ml) to pH 7. It was extracted with hexane and the extracts washed with water (3 x 50 ml) and 
sat. aq. NaCI-solution, dried (MgS04) and evaporated to give the crude nitroaldol which was purified 
by bulb-to-bulb distillation. 
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Dafa qf 4-nitro-3-hexanol (3). Yield SO%, b.p. 48-50"/0.15 Torr. - IR.: 3440 (OH), 2970, 1550 
(N02). - 'H-NMR. (CDC13): 0.85-1.15 (m. 6 H, 3 H-C(I) and 3 HpC(2)); 1.3-2.25 (m, 4 H, 2 H-C(2) 
and 2 H-C(5)); 2.4 (br. s, 1 H, OH); 3.7-4.06 (m, 1 H, H-C(3)); 4.26-4.55 (m, 1 H, H-C(4)). - I3C- 
NMR. (CDC13): 94.08 (C(4), rhreo); 93.35 (C(4), erythro); 72.99 (C(3), erythro); 72.67 (C(3), threo); 
25.53, 25.44, 22.88, 21.42, 9.60, 9.32, 9.15 and 8.68. threolerythro= 1.7: 1 (integration). 

Data .f 3-nitro-4-heptanol (4). Yield 63%, b.p. 83-85"/2 Torr ([47]: b.p. 122-123"/18 Torr). - 
IH-NMR. (CCb): 0.6-1.1 (m, 6 H, 3 H-C(1) and 3 H-C(7)); 1.1-2.35 (m, 6 H, 2 H-C(2), 2 H-C(5) 
and 2 H-C(6)); 2.75 (br. s, 1 H, OH); 3.60-4.05 (m,  1 H); 4.05-4.45 (m, 1 H). - I3C-NMR. (CDC13): 
94.44 (C(3), threo); 94.02 (C(3), erythro); 72.08 (C(4) erythro); 71.63 (C(4), threo); 35.72, 35.42, 23.93, 
21.62. 18.90. 18.59, 13.80, 10.55 and 10.20. threolerj.thro = 1.9: l(p.h.). 

Data of' 2-nitro-3-octanol (5) .  Yield 52%, b.p. 100-110"/2 Torr ([47]: b.p. 133-134"/22 Torr). - 
'H-NMR. (CC4): 0.8-1.1 (m, 3 H, 3 H-C(8)), 1.1-1.65 (m.  I I  H,  3 H-C(1), 2 H-C(4). 2 H-C(5), 
2 H-C(6) and 2 H-C(7)); 2.9 (br. s, I H, OH): 3.7-4.25 (m, I H); 4.25-4.65 (m, 1 H). - 13C-NMR. 
(CDC13): 87.59 (C(2). threo); 86.22 (C(2), erythro); 72.60 (C(3), rhreo); 72.15 (C(3), eryhro);  32.89, 
32.36. 31.19. 24.99, 24.41. 22.10, 15.42, 13.46 and 12.00. Ihreo/rrj,thro = 1.2: 1 (p.h.). 

Dam of3-nitro-4-nonanol (6). Yield 58%. h.p. 100-110"/3 Torr, n@= 1.4492 ([48]: b.p. 108"/2 Torr, 
n g =  1.4500). - IR.: 3440 (OH), 1550 (NOz), 1380 (NO;?). - IH-NMR. (CCb): 0.7-1.1 (m,  6 H, 3 H-C(1) 
and 3 H-C(9)); 1.1-1.7 (m, 8 H, 2 H-C(5), 2H-C(6). 2 H-C(7) and 2 H-C(8)); 1.7-2.4 (m, 2 H, 
2H-C(2)); 2.4-2.9 (br.s, 1 H, OH); 3.6-4.0 (m. 1 H); 4.0-4.4 (m, 1 H). - 13C-NMR. (CDCI?): 94.47 
(C(3). threo); 93.92 (C(3). erythro); 72.05 (C(4). erythro); 71.71 (C(4), threo); 33.03, 31.32, 24.98, 24.59, 
23.38, 22.20. 21.67. 13.56. 10.09 and 9.80; threo/erythro= 1.4: 1 (p.h.). 

Reduction ($6 (GP I) gave 3-amino-4-nonanol. Yield 83%, b.p. 65-70"/0.03 Torr. - IR.: 3350, 1460. - 
'H-NMR. (CDCI3): 0.8-1.15 (2 overlapping t ,  6 H ,  3 H-C(1) and 3 H-C(9)); 1.15-1.7 (m, IOH, 
2 H-C(2).2H-C(5),2 H-C(6).2 H-C(7)and 2 H-C(8)); 2.2(s, 3 H ,OH and NH,); 2.3-2.8(m, 1 H, 

57.64(C(3)); 34.69, 32.55, 32.43,26.58. 26.15, 24.63,23.17, 14.33 and 10.81. 
Data of 5-nitro-4-dodecanoi (7). Yield 30%, b.p. 140-145"/1 Torr. - 'H-NMR. (CDCI,): 0.7-1.1 

(m, 6 H, 3 H-C(I) and 3 H-C(12)); 1.1-2.3 (m, 16 H,  8 CH2); 3.4-3.75 (br. s, 1 H. OH); 3.75-4.15 (m, 
1 H, H-C(4)); 4.3-4.65 (m, 1 H, H-C(5)). - I3C-NMR. (CDC13): 93.03 (C(5). threo); 92.40 (C(5). 
e q h o ) ;  71.98 (C(4), erythro); 71.70 (C(4). rhreo); 35.19, 35.04, 31.42, 30.00, 28.66, 28.18, 25.77, 25.49, 
22.27, 18.55, 18.21. 13.63 and 13.43. threo/erj,thro =3.3: 1 (p.h.). 

H-C(3)); 3.2-3.5 (m, 1 H, H-C(4)). - I3C-NMR. (C6D6): 73.76 (C(4)); 73.36 (C(4)); 57.94 (C(3)); 

Cl2H25N03(213.33) Calc. C 62.30 H 10.89 N 6.05% Found C 62.48 H 11.01 N 5.89% 

Reduction (GP I) of 7 furnished 5-umino-4-clodecanol. Yield 85%, b.p. 95-105"/0.04 Torr. - IR.: 
3300. 1460. - IH-NMR. (CDC13): 0.7-1.1 (m. 6 H ,  3H-C(1) and 3H-C(12)); 1.1-1.6 (m,  16H. 
8CH2); 2.1 (br.s, 3 H, OH and NH;?); 2.4-2.75 (m, I H, H-C(5)); 3.1-3.55 (m,  1 H, H-C(4)). - 

29.85.27.87. 27,17,23.11,20.04, 19.60, 14.53and 14.33. 
Data oj2-nitro-3-tridecanoi (8). Yield 61%, b.p. 130"/1 Torr ([8]: b.p. 153-155"/2 Torr). - IH-NMR. 

(CCb): 0.75-1.05 (m, 3 H. 3 H-C(13)); 1.05-1.65 (m,  22H,  3 H-C(I), HO and 9 CH;?); 3.65-4.2 
(m, 1 H); 4.2-4.65 (m. 1 H). - I3C-NMR. (CDC13): 87.69 (C(2), threo); 86.38 (C(2), erythro); 72.84 
(C(3), erythro); 72.20 (C(3), rhreo); 33.11, 32.77, 31.78, 29.44, 29.37, 29.20, 25.60, 25.02, 22.51, 15.78, 
13.86 and 12.21. threoleyd-iro = 1.4: 1 (p.h.). 

Reduction (GP I )  u/ 8 gave 2-~nzino-~-tridecanol. Yicld 39%, n1.p. 34-35". - 1R. (CHC13): 3350, 
1460. - 'H-NMR. (CDCI,): 0.7-1.6 (m, 24 H, 3 H-C(l), 3 H-C( 13) and 9 CH2); 1.8 (br. s, 3 H, OH 
and NH2); 2.6-3.1 (m, 1 H, H-C(2)); 3.1-3.6 (m, I H, H-C(3)). - I3C-NMR. (ChD6): 75.73 (C(3)); 
74.56 (C(3)); 51.81 (C(2)); 51.34 (C(2)): 34.66, 33.47, 32.33, 30.42. 30.25, 30.14, 29.83, 26.98, 26.47, 
23.08. 20.51, 17.56 and 14.31. 

Uafa of'7-nirro-~-/etradecunol(9). Yield 70%, b.p. 145-150"/1 Torr. - IR.: 3450 (OH), 1550 (NO2). - 
'H-NMR. (CCb): 0.6-1.0 (m,  6 H,  3 H-C(1) and 3 H-C(14)); 1.05-2.5 (m, 21 H, OH and 10CH2); 
3.5-4.0 (m, 1 H): 4.15-4.45 (m. 1 H). - "C-NMR. (CDC13): 93.04 (C(7), threo); 92.47 (C(7), erythro); 
72.45 (C(6). erythro); 72.11 (C(6). threo); 33.46, 33.19, 31.57, 30.36, 28.87, 28.14. 25.98. 25.68, 25.24, 
24.90,22.48 and 13.89. threolerythro = 1.1: 1 (p.h.) 

13C-NMR. (CbDh): 73.50 (C(4)): 73.32 (C(4)); 56.44 ( C ( 5 ) ) ;  56.32 ( C ( 5 ) ) ;  37.04, 32.40, 32.30, 30.39, 

Cl4H29N03(259.39) Calc. C 64.83 H 11.27 N 5.40% Found C 64.84 H 11.32 N 5.40% 
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Data of 2-methyl-4-nitro-3-hexanol (10). Yield 54%, b.p. 70-71 "/2 Torr ([48]: b.p. 78"/2 Torr). - 
'H-NMR. (024) :  0.8-1.1 (m, 9 H ,  3H-C(1), 3H-C-C(2) and 3H-C(6)); 1.35-2.15 (m, 3 H .  
H-C(2) and 2 H-C(5)); 2.25 (br. s, 1 H. OH); 3.5 ( d x  d after exchange with D20, J =  6 and 6, 0.7 H, 
H-C(3), threo); 3.65 ( d x  d, J =  5.5 and 5.5, 0.3 H, H-C(3), erythro); 4.2-4.55 (m, 1 H, H-C(4)). - 

I3C-NMR. (CDC13): 92.57 (C(4), threo); 92.01 (C(4), erythro); 77.08 (C(3), erythro); 76.49 (C(3), threo); 
30.53, 24.05, 21.77, 19.71, 19.26, 17.18, 16.28, 10.51 and 10.20. threoleryhro = 1.9: 1 (p.h.). 

C,H15N03(161.20) Calc. C 52.15 H 9.38 N 8.69% Found C 52.78 H 9.56 N 8.60% 

Data of Z-methyl-3-nitro-4-heptanol (11). Yield 15%, b.p. 95-100"/7 Torr. - IR.: 3440 (OH), 1550 
(NOz), 1375 (N02). - 'H-NMR. (CDC13): 0.8-1.25 (m, 9 H, 3 H-C(I), 3 H-C-C(2) and 3 H-C(7)); 
1.25-1.85 (m, 4 H, 2 H-C(5) and 2 H-C(6)); 2.1-2.7 (m, 2 H, H-C(2) and OH); 3.8-4.5 (m. 2 H,  
H-C(3) and H-C(4)). 

Data of 2-nitro-I-phenyl-I-butanol(l2). Yield 26%, b.p. 120-125°/1 Torr ( [ S ] :  b.p. 120"/0.005 Torr). - 
'H-NMR. (CCb): 0.7-1.0 (m, 3 H, 3 H-C(4)); 1.0-2.1 (m, 2 H, 2 H-C(3)); 2.65 (br. s, 1 H, OH); 
4.25-4.6 (m, 1 H, H-C(2)); 4.90 (d, J = 9 ,  0.75 H, H-C(I), threo); 5.05 (d, J = 6 ,  0.25H, H-C(I), 
erythro); 7.3 (s, 5 H, arom. H). threolerythro=3:1. - 13C-NMR. (CDC13): 138.69, 128.91, 128.84, 
128.53, 126.83, 126.20, 95.19 (C(2), threo); 94.59 (C(2), erythro); 75.34 (C(l), threo); 74.20 (C(I), 
erylhro); 23.76,21.56, 10.17 and 9.85. 

Reduction (GP I) of 12 furnished 2-amino-1-phenyl-I-huianol. Yield 26%, b.p. 50-55"/0.01 Torr. - 
'H-NMR. (CDCl3): 0.7-1.0 (2 overlapping t, 3 H, 3 H-C(4)); 1.0-1.6 (m, 2 H, 2 H-C(3)); 2.4-2.8 
(m, 4 H, H-C(2), NH2 and OH); 4.25 (d, J =  6, 0.75 H, rhreo) and 4.45 (d, J=4.5,  0.25 H, erythro) 
(H-C( I)) ;  7.3 (s, 5 H, arom. H). threoleryrhro = 3: 1. 

5. Silylation of nitroaldols. -General procedure III (GP 111) (using(t-huty1)dimethylsilyl chloride or 
trimethylsilyl chloride). A mixture of the nitroaldol (40 mmol), (t-butyl)dimethylsilyl chloride or tri- 
methylsilyl chloride (48 mmol), imidazole (100 mmol) and DMF (10 ml) was stirred at 20" for 12 h. 
Water was added and the mixture extracted with hexane. The extracts were washed with water, sat. aq. 
NaC1-solution, and dried (MgS04). Evaporation gave the 0-silylnitroaldol as an oil which was then 
bulb-to-bulb distilled. If an impurity of unreacted starting material was present in the distillate, this 
could be removed by chromatography over silica gel (30 p/1 g of the product) with 10% ether in 
pentane as eluant. 

General procedure I V  (GP IV) (using(t-buty1)dimethylsilyl trifrate [21a]). To a cold (0") solution of 
the nitro compound (5.7 mmol) in CHzClz (20 ml) was added (t-butyl)dimethylsilyl triflate (1.8 ml, 
8.1 mrnol) followed by 2,6-lutidine (1.2 ml, 10.3 nimol). The mixture was stirred between 0-1" for 1 h 
and poured into a mixture of ether (80 ml) and water (20 ml). The aqueous layer was discarded and the 
organic phase was washed with water (3x  50 ml), dil. HCI-solution (2x  30 ml) followed by water 
(3 X 50 ml), dried (MgS04) and stripped of solvent in a rotary evaporator. The crude product was 
purified by bulb-to-bulb distillation. 

Data of 3-(t-hutyl)dimethylsilyloxy-4-nitrohexane (13). GP 111, yield 66%. b.p. 79"/0.2 Tom. - IR.: 
1550 (NOz), 1460, 1255, 840. - IH-NMR. (CDCL,): 0.00 and 0.03 (2 s, 6 H. (H3C)?Si): 0.7-1.03 (m, 15 H, 
(H3C)3CSi, 3H-C(1) and 3 H-C(6)); 1.3-2.2 (m, 4 H ,  2H-C(2) and 2 H-C(5)); 3.9-4.2 (m, 1 H, 
H-C(3)); 4.2-4.6 (m, 1 H, H-C(4)). - 13C-NMR. (CDC13): 93.73 (C(4), threo); 92.63 (C(4), erythro); 
74.22 (C(3), erythro); 73.42 (C(3), threo); 26.65, 25.49, 22.79. 21.59, 17.84, 17.71. 10.57, 10.22, 8.72, 7.02, 
- 4.67, - 5.07, - 5.67 and - 5.79. threo/erythro= 2.2: 1 (integration). 

C,zH27N03Si(261.44) Calc. C 55.13 H 10.41 N 5.36% Found C 55.15 H 10.34 N 5.24% 

Reduction (GP I) of' 13 gave 2-(t-butyl)dimethy~silyloxy-I-ethyl-butylumine (23). Yield 79%, b.p. 
125"/0.2 Torr. - 'H-NMR. (CDC13): 0.02 (s, 6 H, (H3C)2Si), 0.72-1.03 (m, 15 H, (H3C)3CSi, 3 H-C(2') 
and 3 H-C(4)); 1.1-1.75 (m, 6 H ,  NH2, 2H-C(I') and 2H-C(3)); 2.35-2.75 (m, 1 H. H-C(1)); 
3.3-3.6 (m, 1 H, H-C(2)). - I3C-NMR. (CDCI3): 76.35 (C(2), erythro); 75.75 (C(2), threo), 56.47 
(C(I), erythro), 54.59 (C(I),  threo), 26.28, 25.56, 25.21, 24.85, 22.84, 17.38, 10.44, 9.64, 8.94, -4.87, 
- 5.14 and - 5.25. threo/erythro= 1.8: 1 (integration). 

Data of 4-(t-buryl)dimethylsilyloxy-3-nitroheptane (14). GP 111, yield 78%. b.p. 60-75"/0.01 Torr. - 
IR.: 1555 ( N q ) ,  1260, 840. - 'H-NMR. (CDC13): - 0.05 and - 0.03 (2 s, 6 H, (H3C)2Si); 0.65- 1.05 
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(m, 15 H, (H3C)3CSi, 3 H-C(1) and 3 H-C(7)); 1.05-2.2 (m, 6 H, 2 H-C(2), 2 H-C(5) and 2 H-C(6)); 
3.85-4.15 (m, 1 H, H-C(4)); 4.15-4.55 (m, 1 H, H-C(3)). - I3C-NMR. (CDCI,): 94.23 (C(3), threo); 
93.35 (C(3), erythro); 73.36 (C(4), eryrhro); 73.08 (C(4), threo); 36.37, 35.40, 26.07, 25.64. 25.17, 22.80, 
21.58, 17.97, 16.56, 14.21, 14.03, 10.70, 10.38, -3.19, -4.74, -5.09 and -5.63. threolerythro=2.5:1 
(P.h.). 

C,,H29NO,Si(275.46) Calc. C 56.68 H 10.61 N 5.08% Found C 56.78 H 10.50 N 5.11% 

Chromatographic purification of the sample on silica gel gave a fraction enriched in the threo 
isomer: threolerythro= 6.8: 1 (I3C-NMR., p.h.). 

The enriched sample was reduced (GP 1) to obtain 4-(t-butyl)dimethylsilyloxy-I-ethyl-pentylamine. 
Yield 86%, b.p. 50"/0.03 Torr. - 'H-NMR. (CC4): 0.0 (s. 6 H, (H3C)2Si); 0.7-1.0 (overlapping 2 t and s, 
15 H, (H3C)3CSi, 3 H-C(2') and 3 H-C(5)); 1.1-1.7 (m, 8 H, 2 H-C(l'), 2 H-C(3). 2 H-C(4) and 
NH2); 2.3-2.7 (m, 1 H); 3.4-3.6 (m, 0.83 H) and 3.8-4.0 (m, 0.17 H). threolerythro = 5 :  1.- 13C-NMR. 
(CDCl3): 75.50 (C(2)); 57.68 (C(1)); 33.07, 25.96, 25.78, 19.12, 18.14, 14.32 and 11.23. No(H3C)ZSi- 
signal on scale. 

Dara of 3-(t-hutyl)dimethylsifyloxy-2-nitrooctane (15). GP 111, yield 65%, b.p. 100"/0.01 Torr. - IR.: 
1550 (N02), 1260, 840, 780. - 'H-NMR. (CDCI3): -0.01, 0.03 and 0.05 (3 s, 6 H ,  (H3C)2Si); 0.7-1.0 
(m, 12H, (H3C)3CSi and 3 H-C(8)); 1.0-1.65 (m. 11 H,  3 H-C(1), 2 H-C(4), 2 H-C(5), 2 H-C(6) and 
2 H-C(7)); 3.8-4.75 (m, 2 H, H-C(3) and H-C(2)). - W - N M R .  (CDC13): 87.07 (C(2), threo); 
85.48 (C(2), erythro); 73.85 (C(3)); 34.80, 32.75, 32.12, 31.87, 25.76, 25.01, 22.97, 22.62, 18.05, 15.22, 
13.99, 11.25, -4.45, -5.12 and -5.31. threderythro = 1: 1 (integration). 

C14H31N03Si(289.48) Calc. C 58.08 H 10.80 N 4.84% Found C 58.20 H 10.86 N 4.85% 

Data of 4-(t-but~~l)dimerhylsi~yloxy-3-nitrononane (16). GP Ill; yield 85%, b.p. 110"/0.01 Torr. - IR.: 
1550 (NOa), 1255, 840, 780. - 'H-NMR. (CDCl3): 0.00 and 0.2 (2s, 6 H, (H3QSi);  0.7-1.1 (m, 15 H, 
H+&CSi, 3 H-C(I) and 3 H-C(9)); 1.1-2.2 (m. IOH, 2 H-C(2), 2 H-C(5), 2 H-C(6), 2 H-C(7) and 
2 H-C(8)); 4.0-4.25 (m, 1 H,  H-C(4)); 4.25-4.6 (m. 1 H, H-C(3)). - I3C-NMR. (CDCI3): 94.27 (C(3), 
threo); 93.28 (C(3), erythro); 73.65 (C(4), erythro); 73.25 (C(4), threo); 34.16, 33.51, 33.22, 32.12, 31.91, 
25.79. 25.72, 24.41, 22.97, 22.82, 22.58, 21.58, 18.05, 13.99, 10.79, 10.40, -4.42, -4.82 and -5.38. 
threoleryfhro = 2: 1 (integration). 

C15H33N03Si(303.50) Calc. C 59.36 H 10.96 N 4.62% Found C 59.47 H 10.95 N 4.55% 

Data of 4-(t-butyl)dimethylsilyloxy-5-nitrododecane (17). GP 111; yield 48%, b.p. 120"/0.01 Torr. - 
IR.: 1550 (NOl), 1260,840. - 'H-NMR. (CDCl3): -0.02 and 0.01 (2 s, 6 H, (H3C)2Si); 0.55-1.0 (m, 15 H. 
(H3C)3CSi, 3 H-C(I) and 3 H-C(12)); 1.0-1.65 (m, 16 H, 2 H-C(2), 2 H-C(3), 2 H-C(6). 2 H-C(7), 
2 H-C(8), 2 H-C(9), 2 H-C(10) and 2 H-C(I 1); 3.90-4.25 (m, I H, H-C(4)); 4.25-4.55 (m, 1 H,  
H-C(5)). - I3C-NMR. (CDC13): 92.67 (C(5), threo); 91.72 (C(5). erythro); 73.49 (C(4), erythro); 73.28 
(C(4), threo); 36.27, 35.43, 31.75, 29.41, 29.16, 29.02, 28.27, 27.48, 26.23, 26.04, 25.94, 25.78, 25.69, 22.66, 
18.07, 16.50, 14.35, 14.07, - 4.45, - 5.30 and - 5.38. threo/erythro=2.2: 1 (integration). 

C,8H3gN03Si(345.60) Calc. C 62.56 H 11.37 N 4.05% Found C 62.72 H 11.37 N 4.04% 

Data of 3-(t-butyi)diinethy~siiyloxy-2-nitrotridecane (18). GP 111; yield 45%, b.p. 130"/0.01 Torr. - 
IR.: 1550 (NOz), 1260, 840, 780. - 'H-NMR. (CDCl3): - 0.02, 0.04 and 0.1 (3 s, 6 H, (H3C)2Si); 0.75-1.05 
(m, 12H,  (H3C)3CSi and 3H-C(13)); 1.1-1.75 (m, 21 H, 3H-C(1) and 9CH2); 3.95-4.85 (m, 2 H ,  
H-C(2) and H-C(3)). - 13C-NMR. (CDC13): 87.05 (C(2), threo); 85.47 (C(2), erythro); 73.82 (C(3)); 

and - 5.33. rhreo/erythro= 1 : 1 (integration). 
34.80, 32.74, 32.00, 29.86, 29.66, 29.42, 25.73, 25.29, 23.22, 22.76, 17.99, 15.25, 14.16, 11.23, -4.45, -5.13 

C19HdlN03Si(359.62) Calc. C 63.46 H 11.49 N 3.89% Found C 63.65 H 11.24 N 3.86% 

Data of 6-(t-butylJdimethylsilyloxy-7-nitrotetradecane (19). GP 111; yield 65%. b.p. 130"/0.002 Torr. - 
IR.: 1550 (NOz), 1255, 840, 780. - IH-NMR. (CDC13): 0.05 and 0.1 (2s, 6 H ,  (H3C)2Si); 0.6-1.05 (m. 
15 H, (H3C)3CSi, 3 H-C(1) and 3 H-C(14)); 1.05-2.2 (m, 20 H, 10 CH2); 3.95-4.25 (m, 1 H, H-C(6)); 
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434.65 (m, 1 H, H-C(7)). - 13C-NMR. (CDCl3) (25.2 MHz): 92.63 (C(7), threo); 91.63 (C(7), 
erythro); 73.66 (C(6), erythro); 73.30 (C(6), threo); 34.01, 33.1 1, 31.99, 31.64, 29.37, 29.07. 28.89, 28.17, 
26.14, 25.84, 25.69, 24.30, 22.68, 22.53, 17.97, 14.02, -4.48, -4.86 and -5.40. threo/erythro=2:I 
(integration). 

C20H43N03Si(373.65) Calc. C 64.29 H 11.60 N 3.75% Found C 64.49 H 11.77 N 3.76% 

Data of 3-(t-butyl)dimethylsilyloxy-2-methyl-4-nitrohexa~e (20). GP 111; yield 54%, b.p. 110- 115"l 
0.9 Torr. - IR.: 1550 (NOz), 1255, 840, 780. - IH-NMR. (CDC13): 0.00 and 0.03 (2 s, 6 H, (H3C)zSi); 
0.75-1.05 (m, 18 H, (H3C)3CSi, 3 H-C(l), H3C-C(2) and 3 H-C(6)); 1.35-2.15 (m, 3 H, H-C(2) and 
2 H-C(5)); 3.75-4.05 (m, 1 H, H-C(3)); 4.2-4.55 (m, 1 H, H-C(4)). - I3C-NMR. (CDC13): 94.56 (C(4), 
threo); 92.38 (C(4), erythro); 78.34 (C(3), erythro); 77.90 (C(3), threo); 32.80, 30.48, 26.07, 23.65, 22.60, 
20.26, 18.95, 18.48, 18.38, 17.42, 15.23, 10.82, 10.40, -4.00, -4.18 and -4.95. threo/erj,thro=1.3:1 
(integration). 

Cl3H2,N03Si(275.46) Calc. C 56.68 H 10.61 N 5.08% Found C 56.80 H 10.74 N 5.05% 

Data of 4-(t-butyl)dimethylsilyloxy-2-methyl-3-ni~roheptane (21). GP 111; yield 63%, b.p. 85"/ 
0.01 Torr. - IR.: 1550 (NOz), 1260, 840, 780. - lH-NMR. (CDC13): -0.01 and 0.15 (2s, 6 H, (H3C)zSi); 
0.65-1.15 (m, 18 H, (H3C)3CSi, 3 H-C(l), H3C-C(2) and 3 H-C(7)); 1.15-1.75 (m, 4 H, 2 H-C(5) 
and 2 H-C(6)); 1.85-2.5 (m, 1 H, H-C(2)); 3.85-4.5 (m, 2 H, H-C(3) and H-C(4)). - 13C-NMR. 
(CDC13): 97.66 (C(3), threo); 96.73 (C(3), erythro); 70.84 (C(4), erythro); 70.52 (C(4), threo); 35.26, 
33.82, 28.54, 27.99, 25.58, 19.88, 18.88, 18.77, 18.46, 17.90, 16.59, 16.39, 14.21, 13.97, -4.43, -4.62 and 
- 5.46. threolerythro = 1 : 2 (integration). 

Data of I-(t-butyl)dimethylsilyloxy-2-nitro-1 -phenylbutane (22). GP 111; yield 86%, b.p. 85-90"l 
0.01 TOIT. - IR.: 1550 (N02), 1260, 840, 780. - lH-NMR. (CDCl3): -0.25, -0.2, 0.00 and 0.03, (4s, 
6 H, (H3C)zSi); 0.65-1.1 (m, 12 H, (H3C)3CSi and 3 H-C(4)); 1.1-2.05 (m, 2 H, 2 H-C(3)); 4.35-4.75 
(m, 1 H, H-C(2)); 5.0 (d,  J = 9 ,  0.8 H, H-C(l), threo); 5.1 (d, J=6 ,  0.2 H, H-C(l), erythro); 7.3 (s. 5 H, 
arom. H). threolerjthro = 4 :  1. - I3C-NMR. (CDCI3): 139.49, 128.82, 128.71, 128.44, 127.27, 126.57, 
96.61 (C(2), threo); 95.92 (C(2), erythro); 77.07 (C(1), threo); 76.17 (C(1), erythro); 25.67, 25.48, 23.56, 
21.38, 17.95, 10.48, 10.39, 10.18, -4.80, -5.43and -5.72. 

C&27N03Si(309.48) Calc. C 62.10 H 8.79 N 4.53% Found C 62.06 H 8.74 N 4.54% 

Data of 3-nitro-4-trimethylsilyloxyheptane (36). GP 111; yield 95%, b.p. 60"/0.07 Torr. - IR.: 1550 
(NO& 1380, 1255, 845, 755. - 'H-NMR. (300 MHz, C&): 0.05 and 0.1 (2 s, 9 H, (H3C)3Si, two 
isomers); 0.6-0.8 (m, 6 H, 3 H-C(l) and 3 H-C(7)); 1.05-1.45 (m, 4 H, 2H-C(5) and 2 H-C(6)); 
1.45-1.6 (m) and 1.9-2.05 (m) (2 H, 2 H-C(2), two isomers); 3.9-4.05 (m. 1 H); 4.05-4.15 (m, 0.3 H); 
4.15-4.27 (m, 0.7 H). threo/eryfhro= 2: 1. - 13C-NMR. (CDC13) (75.5 MHz): 95.22 (C(3), threo); 93.84 
(C(3), erythro); 73.65 (C(4), threo); 73.50 (C(4), erythro); 36.25, 35.58, 23.12, 21.71, 18.39, 17.64, 14.05, 
13.90, 10.54, 10.23, 0.08 and -0.06. 

C10H23N03Si (233.38) Calc. C 51.46 H 9.93 N 6.00"h Found C 51.54 H 9.94 N 5.95% 

Data of 2-nitro-3-trimethylsilyloxyoctune (37). GP 111; yield 93%, b.p. 75"IO.l Torr. - IR.: 1550 
(NOz), 1390, 1255, 840, 755. - lH-NMR. (300 MHz, CsDs): 0.06 and 0.09 (2 s, 9 H, (H3C)3Si, two 
isomers); 0.8-0.9 (2 overlapping t ,  J =  7 and 7, 3 H, 3 H-C(8)); 0.93 (d, J= 7, H-C(l), one isomer); 
1.0-1.35 (d superimposed on br. m, J=7 ,  4 CH1 and H-C(l), the other isomer); 3.9-4.0 (m. 1 H); 
4.2-4.35 (m, 1 H). threolerythro= 1:l. - 13C-NMR. (75.5 MHz, CDC13): 88.2 (C(2), threo); 86.08 (C(2), 
erythro); 74.44 (C(3), erythro); 74.06 (C(3), threo); 34.56, 32.84, 31.81, 31.63, 25.25, 24.03, 22.49, 15.52, 
13.89, 11.50 and -0.20. 

CllH25NO,Si(247.41) Calc. C 53.40 H 10.19 N 5.66% Found C 53.43 H 10.22 N 5.64% 

Data of 2-nitro-I-phenyl-I-trimethylsilyloxybutune (38). GP 111; yield 97%, b.p. 90"/0.09 Torr, m.p. 
44-49". - IR.: 1550 (NO*), 1375, 1255, 845, 755, 705. - 'H-NMR. (300 MHZ, C6D6): - 0.05 and - 0.04 
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(2 s, 9 H. (H3C)3Si); 0.5 (1. J = 7 )  and 0.6 (t, 5 = 7 )  (3 H, 3 H-C(4), two isomers); 0.8-1.0 (m) ,  1.4-1.7 
(m)  and 2.0-2.2 (m)  (2 H, 2 H-C(3), two isomers); 4.3-4.4 ( m )  and 4.45-4.6 (m) ( 1  H, H-C(2), two 
isomers); 4.92 (d, J = 9 ,  0.75 H, H-C(l), threo); 5.12 (d, 5=6,  0.25 H, H-C(1). e ryho) .  threol 
erythro=3: 1. - I3C-NMR. (75.5 MHz, CDCI,): 139.94, 139.52, 128.94, 128.86, 128.59, 128.54, 127.30, 
126.53. 96.66 (C(2). threo); 95.82 (C(2), erythro); 76.91 (C(1), threo); 76.01 (C(l), erythro); 23.64, 
21.72, 10.52. 10.25, -0.16and -0.25. 

C13H2lN03Si(267.40) Calc. C 58.39 H 7.92 N 5.24% Found C 58.42 H 8.03 N 5.25% 

6. Independent synthesis of erythro-2-(t-hutyl)dimethylsilyloxy-l-ethyl-butylamine (23a). - Preparation 
of'(E/-3,4-epoxyhexune (24). m-Chloroperbenzoic acid (7.32 g, cu. 85%, 36 mmol) in CH2C12 (60 ml) was 
added dropwise to an ice-cooled solution of trans-3-hexene (3 g, 35.7 mmol) in CH2C12 (20 ml). The 
mixture was stirred at 0" for 4 h. The precipitated rn-chlorobenzoic acid was removed by filtration and 
the filtrate washed twice with 5% aq. NaHCO3-solution, water and sat. NaC1-solution. After 'drying 
(MgS04). fractional distillation at atmospheric pressure afforded 24 (2.12 g, 60%), b.p. 104-106" at 
ambient pressure ([lo]: b.p. 104-106"/ambient pressure). - 'H-NMR. (CDCl3): 0.87-1.15 (m, 6 H. 
3 H-C(4) and 3 H-C(2')); 1.4-1.75 (m, 4 H ,  2H-C(3) and 2 H-C(1')); 2.57-2.75 (m, 2 H,  H-C(1) 
and H-C(2)). 

Preparation of' erythro-4-amino-3-hexan~~l (26a). A mixture of 24 ( 1  g, 10 mmol) and sat. aq. 
NH40H-solution (40 nil) was shaken for 5 h at 100" in an autoclave. After evaporation of the solvent, 
the residue was dissolved in CH2C12 and the solution dried (MgS04). Reevaporation followed by bulb- 
to-bulb distillation (100"/100 Torr) gave the product (0.7 g, 60%), as hydroscopic colorless crystals, m.p. 

3 H-C(I or 6)); 0.99 ( I ,  J=7.3 ,  3 H, 3 H-C(6 or 1)); 1.19-1.56 (m, 4 H ,  2 H-C(2) and 2 H-C(5)); 
1.73 (br. s, 3 H, OH and NH2); 2.66-2.71 ( d x  t ,  J = 4 . 0  and 9.0, I H, H-C(4)); 3.37-3.43 ( d x  I. J=4.0 
and 8.9, 1 H, HpC(3)). - I3C-NMR. (DzO, MeOH as internal standard): 77.06 (C(3)), 57.07 (C(4)). 
25.22.25.15, 10.99 and 10.70. The product was analyzed as itsp-toluenesulfonyl amide derivative. 

47-48". - 1R. (CHCI3): 3400 (OH), 2960, 1460, 1090. - 'H-NMR. (CDC13) (300 MHz): 0.96 (1.5=7.3,3 H, 

C I ~ H ~ ~ N O ~ S  Calc. C 57.54 H 7.80 N 5.16 S 11.81% 
(271.35) Found ,, 57.42 ,, 7.85 ,, 5.04 ,, 11.67% 

Preparation of erythro-2-(t-hutyl)dimethylsilyloxy-I-ethyl-hutylamine (23a). Dry triethylamine 
(0.61 g, 6.1 mmol) was added to a mixture of 26a (0.5 g, 4.25 mmol), (1-butyl)dimethylsilvlchloride 
(0.75 g, 5 mmol), 4-dimethylaminopyridine (ca. 2 mg) and dry CH2C12 (4 ml). The mixture was stirred 
at 20" for 12 h. The CH& and triethylamine were evaporated and the residue was treated with 
hexane and filtered. The filtrate was evaporated to give an oil, which on distillation (bulb-to-bulb) at 
100"/0.1 Torr gave the product as a colorless liquid (0.53 g, 55%). - IR.: 3300 (NH2), 2960, 1460, 
1250, 840, 760. - 'H-NMR. (CDC13): 0.03 (s. 6 H, (H3C)2Si); 0.73-1.0 (m, 15 H,  (H3C)3CSi, 3 H-C(4) 
and 3 H-C(2')); 1.22-1.63 (m, 6 H ,  2H-C(3), 2H-C(1') and NH2); 2.5-2.75 (m, 1 H,  H-C(1)); 

17.20. 10.35, 9.48 and - 5.31. 
3.33-3.6 (m, 1 H. H-C(2)). - 13C-NMR. (CDCl3): 76.33 (C(2)); 56.34 (C(1)); 25.26, 24.84, 22.67. 

C12H29NOSi(231.52) Calc. C 62.27 H 12.63 N 6.05% Found C 62.32 H 12.79 N 6.00% 

7. lndependent synthesis of threa-2-(t-butyl)dimethylsilyloxy-l-ethyl-huty~amine (23b). -Preparution 
of ~hreo-4-N-p-ioluenesuifonylamino-3-hexanol (25). To a stirred suspension of chloramine T (12.6 g, 
44.4 mmol) in r-butyl alcohol (60 ml) was added a solution of osmium tetroxide in t-butyl alcohol 
( 0 . 0 4 ~ ,  8.94 ml, 0.36 mmol) followed by trans-3-hexene (3 g, 35.7 mmol). The mixture was stirred at 
55-60" for 60 h and then cooled to 20". NaBH4 (0.4 g, 1.07 mmol) was added and stirring continued for 
a further 1.5 h .  After evaporation of the solvent, the residue was treated with CH2C12. The resulting 
solution was washed twice with sat. NaC1-solution containing 1% aq. NaOH-solution, dried (MgS04) 
and evaporated. The crude product (8.9 g, 89%) was purified by column chromatography (Jorisil, 
CH2C12). Recrysldllization from ethyl acetate furnished 25 (6.4 g, 64%) as colorless crystals, m.p. 
103-104". - IR. (CHC1,): 3380, 2960, 1330, 1160, 1090. - 'H-NMR. (CDCI?): 0.65-0.95 (two overlapping 
t ,  J = 6 ,  6 H, 3 H-C(1) and 3 H-C(6)); 1.25-1.75 (m, 5 H, 2 H-C(2), 2 H-C(5) and OH); 2.45 (s, 3 H, 
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H3C-Ar); 2.95-3.3 (m. I H, H-C(4)); 3.4-3.65 (m, I H, H-C(3)); 4.6-4.8 (br. d, J =  9, 1 H. NH); 7.25 
(d, J =  9 , 2  H ,  arom. H); 7.77 (d. J =  9. 2 H,  arom. H). 

C13H21N03S Calc. C 57.55 H 7.80 N 5.15 S 11.80% 
(271.35) Found ,, 57.45 ,, 7.80 ,, 5.20 ,, 11.80% 

Preparation of threo-4-amino-3-hexanol (26b). Ammonia (20 ml) was condensed into a flask 
containing 25 (4.47 g, 15.8 mmol) at - 78". Sodium (ca. 1 g, 47 mmol) was added to the mechanically 
stirred mixture in small portions until the blue coloration persisted for I h. After a further 2 h sodium 
acetate trihydrate was added until the blue coloration disappeared. The mixture was warmed to 20" 
and left for 12 h. The residue obtained after evaporation of the ammonia was treated with CH2Clz and 
stirred for 10 min. Filtration, followed by drying (MgS04) and evaporation of the filtrate, gave on oil 
(1.23 g) which on bulb-to-bulb distillation at 80"/100 Torr gave the product as hygroscopic colorless 
crystals (0.7 g, 38%), m.p. 44.5-45.5". - IR. (CHC13): 3400, 2960, 1460, 1090, 970. - 'H-NMR. (300 MHz, 
CDC13): 0.94-1.00 (two overlapping t ,  J =  5.2 and 6, 6 H,  3 H-C(l) and 3 H-C(6)); 1.18-1.66 (m, 4 H, 
2 H-C(2) and 2 H-C(5)); 2.22 (br. s, 3 H,  OH and NH2); 2.46-2.53 ( d x  dx  d, J =  4.4, 5.7 and 10.2, 1 H, 
H-C(4)); 3.18-3.24 (dxdxd, J=4.1, 5.7 and 8.2, 1 H,  H-C(3)). - 13C-NMR. (D2O-internal standard 
MeOH): 76.53 (C(3)); 56.59 (C(4)); 26.55, 10.94 and 10.64. 

Preparation of threo-2-(t-butyl)dimethylsi~loxy-l-ethyl-butylamine (23h). Compound 26b was 
silylated following the procedure described for the preparation of the erythro-isomer (23a). Bulb-to-bulb 
distillation of the crude product gave 23h as a colorless liquid (54%), b.p. 100"/0.1 Torr. - IR.: 3300, 
2960, 1460, 1250, 840, 760. - IH-NMR. (CDC13): 0.02 (s, 6 H ,  (H3C)2Si); 0.6-1.1 (m, 15 H, (H3C)3CSi, 
3 HpC(4) and 3 H-C(2')); 1.2-1.7 (m, 6 H ,  2 H-C(3),2 H-C(1') and NH2); 2.35-2.6 (m, 1 H, H-C(1)); 
3.25-3.5 (m. 1 H,  H-C(2)). - I3C-NMR. (CDCl3): 76.20 (C(2)); 54.95 (C(1)); 26.89, 26.08, 25.56, 17.81, 
10.84.9.33, -3.77and -4.22. 

C12H29NOSi(231.52) Calc. C 62.27 H 12.63 N 6.05% Found C 62.08 H 12.06 N 5.65% 

8. General procedures for the preparation of nitroaldols via doubly deprotonated nitroaldols 28. - 
General Procedure V (GP V) (from nitroaldols 1). A stirred solution of diisopropylamine (21 mmol) in 
T H F  (45 ml) was treated at - 78" with a hexane solution of BuLi (21.7 mmol). The cooling bath was 
removed and stirring was continued for 40 min after which time the cooling bath was replaced. HMPT 
(10 ml) was added, and the nitroaldol(l0 mmol) was introduced to the cold ( -  78") solution. The mixture 
was stirred for 1 h, cooled to - 100" (methanol/liquid N2 bath), and glacial acetic acid/THF 2: 1 (9 ml) 
was added when the internal temp. rose to - 65". It was then stirred for 1.5 h during which period the 
internal temp. rose to about - 50". The mixture was poured into a mixture of ether (300 ml) and water 
(80 ml). The organic phase was separated and washed with water ( 8 x  80 ml). After drying (MgS04) the 
solvent was distilled off in a rotatory evaporator to obtain the crude product. This was purified by 
bulb-to-bulb distillation. 

General Procedure VZ (GP VI) (from nitroalkanes [ l ]  [5] [49]). To a stirred, cold (< - 90")26) solution 
of the nitroalkane (10 mmol) in THF/cosolvent (60 ml, cosolvent and THF/cosolvent ratio as mentioned 
in Table 2 )  was added dropwise a solution of BuLi (20.5 mmol) in hexane (in case of DMPU cosolvent 
the internal temp. was maintained below - 88"). The solution was warmed up to - 60" over 1 h 15 min, 
cooled to - 76" and the aldehyde was added. After stirring between - 70" and - 60" for 1.5 h the mix- 
ture was cooled rapidly below - 90"26) and acidified with 6.5 ml acetic acid/THF 3.5: 3 without allowing 
the internal temp. to rise above - 85". The cooling bath was removed and the acidified mixture was 
allowed to warm up to r.t. It was then poured into a mixture of ether (300 ml) and water (100 ml) and 
worked up as described in GPV. Unless otherwise stated, the crude product was purified by bulb-to-bulb 
distillation. 

Data of 3-nitro-4-heptanol (4b/4a). G P  V; yield 51%, b.p. 130-140"/12 Torr. threolrryhro= 2.6: 1 
(p.h., 13C-NMR.). 

26) At this low temp. the cosolvent often precipitated; with HMPT the reaction could still be stirred but 
with DMPU the precipitate was too thick to stirr. To avoid this problem, the mixture was cooled 
rapidly and the addition was completed before any precipitation ensued. The precipitation was 
particularly troublesome when 33% DMPU in T H F  was used as the solvent. 
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Data of2-nifro-3-octanol (5bI5a). G P  V1 (HMPT), yield 71%. - 'H-NMR. (CDCl3): 0.7-1.1 (br. f ,  
3 H, 3 H-C(8)); 1.1-1.85 (overlapping m and d ( J=6) ,  11 H, 3H-C(I )  and 4CHz); 2.55 (br.s, 1 H, 
OH); 3.7-4.35 (br. m, 1 H, H-C(3)); 4.55(qi, J =  6, 1 H, H-C(2)). - I3C-NMR. (CDCI3) (75.5 MHz): 
87.69 (C(2), threo); 86.26 (C(2). erythro); 72.67 (C(3), threo); 72.10 (C(3), erythro); 32.92, 32.42, 31.28, 
25.08, 24.49,22.19, 15.50, 13.57 and 11.98. threo/erythro= 4.4: 1 (integration). 

Silylation (GP IV) of 5bI5a furnished 3-(t-butyl)dimethylsilyloxy-2-nitrooctane (15b/15a), yield 60%, 
b.p. 115"/0.07 Torr. - IR.: 1550 (NO*), 1260, 840, 780. - IH-NMR. (300 MHz, C6D6): 0.15, 0.17, 0.19 
and 0.22 (4s, 6 H, (H3ChSi); 0.98-1.12 (overlapping t (J=7.3), 2 s  and d (J= 6.2), 3 H-C(8), 
(H3C)fCSi and 3H-C( I )  (threo)); 1.17-1.5 (overlapping d (J=6.6) and m, 3 H-C( 1) (erythro) and 
4CH2); 4.11 (dxqa, 5 = 3  and 6.5, H-C(2), eryfhro); 4.15 ( t x d ,  5 = 4  and 8, H-C(3), threo); 4.42 ( d x  t ,  
J = 3  and 6.5, H-C(3), erythro); 4.49 (qax d, J = 7  and 8, H-C(2), threo). - 'H-NMR. (300 MHz, 
CsDs): 4.12 ( t x d ,  J = 4  and 8, H-C(3), threo); 4.31 (dx  t ,  J=3.5  and 7.5, H-C(3), erythro); 4.45 
(dx  qa, J=3 .5  and 6.5, H-C(2), erythro); 4.56 (qaxd, J = 7  and 8, H-C(2), threo) (other signals are not 
included here). - I3C-NMR. (75.5 MHz, CDC13): 86.86 (C(2), threo); 85.32 ((3(2), erythro); 73.67 
(C(3)); 34.53, 32.53, 31.86, 31.62, 25.63, 25.51, 22.76, 22.34, 17.78, 15.00, 13.76, 11.02, -4.73, -5.38 and 
- 5.59. threo/erjihrct = 4 :  1 (integration). 

Data of 2-mefhyl-4-nitro-3-hexanol (10bl10a). G P  V, yield 3 I%,  b.p. 75-95"/2 Torr, threol 
erythro=3.5: 1 (p.h., I3C-NMR.). - G P  VI (HMPT), yield 61%. - 'H-NMR. (CCb and HC1-gas): 0.8-1.1 
(m, 9 H, 3 H-C(1), H3C-C(2) and 3 H-C(6)); 1.35-2.2 (m,  3 H,  H-C(2) and 2 H-C(5)); 2.35 (br. s, 
1 H, OH); 3.45 (t. J = 6 ,  0.78 H, H-C(3), threo); 3.65 (t. J = 6 ,  0.22 H, H-C(3), erythro); 4.25-4.6 (m, 
1 H, H-C(4)). threolrrj,/hro= 3.5: 1. 

Data of 2-nitro-I-phenyl-I-butanol (12b/12a). GP V, yield 48%, b.p. 110-120"/0.01 Torr, threol 
erythro= 5.7: 1 (from 'H-NMR.). - G P  VI (17% HMPT), yield 78%. - IR.: 3400, 1555 (NOz), 1380 (NOz). 
threo/erythro = 9 :  1 (from 'H-NMR.). - G P  V I  (DMPU), yield 65%, threo/erythro=9:1 (from 
'H-NMR.). 

Silylation of 12b (obtained from GP VI (HMPT)) following GP  I11 gave I-(t-buty1)dimethylsilyloxy- 
2-nitro-I-phenylbutan (22bI22a). Yield 80%, threo/erythro= 7: 1 (from IH-NMR.). 

Reduction of 22b122a following G P  I gave I-[I'-(t-butyl)dimethylsilyloxy-l'-phenyl]mefhyl-prop.vl- 
umine, yield 91%, b.p. 100"/0.005 Torr. - IR.: 3380, 1260, 1060, 840, 780, 700. - IH-NMR. (CDCI,): -0.2 
(s, 3 H, H3CSi); 0.0 (s, 3 H,  H3CSi); 0.9 (br. s, 12 H, (H3C)3CSi and 3 H-C(3)); 1.1-1.5 (m, 4 H, NH2 
and 2 H-C(2)); 2.5-2.85 (m, 1 H, H-C(I)); 4.35-4.5 (d, J=5.5, 1 H, H-C(1')); 7.3 (s, 5 H. arom. H). ~ 

I3C-NMR. (CDC13): 143.17, 127.98, 127.25, 126.85, 79.20 (C(1'). threo); 90.02 (C(1'). eryfhro); 60.1 I 
(C(I), threo); 59.54 (C(I), erythro), 26.45, 25.90, 25.58, 18.22, 11.04, 10.84, -4.43, -4.57 and -5.01, 
threolerythro= 7.8: 1. 

C,6H,,NOSi(279.49) Calc. C 68.76 H 10.46 N 5.01% Found C 68.59 H 10.53 N 4.84% 

This silyloxyamino compound was desilylated (GP VIII) to 2-amino-I-phenyl-I-butanol: yield 44%. - 
'H-NMR. (CDC13): 0.7-1.1 (2 overlapping t, 3 H, 3 H-C(4)); 1.1-1.5 (m. 2 H, 2 H-C(3)); 1.9 (br. s, 
3 H, NH2 and OH); 2.6-3.0 (m, 1 H, H-C(2)); 4.35 (d, J = 6 ,  0.8 H) and 4.6 (d, J=4.5,  0.2 H) (H-C(1)). 
threolerythro = 4: 1. 

Data of 2,2-dimethyl-4-nitro-3-hexanol (29). GP VI (HMPT); yield 53%, b.p. 60-70"/0.01 Torr. - 
IR.: 3500, 1550, 1370, 1130. - 'H-NMR. (CC4 and HC1-gas): 0.9-1.1 (overlapping s and t, 12H, 
3 H-C(1), 3 H-C(6) and 2 H3C-C(2)); 1.5-2.5 (m, 3 H, 2 H-C(5) and OH); 3.25 (d, J z 2 . 5 ,  0.85 H, 
H-C(3), threo); 3.65 (d, J = 3 ,  0.15H, H-C(3), erythro); 4.55 ( d x d x d ,  J = 3 ,  5.5 and 10.5, 1 H, 
H-C(4)). threolerythro= 5.6: 1. 

C,H,,N03(175.23) Calc. C 54.83 H 9.78 N 7.99% Found C 55.03 H 9.93 N 7.82% 

This compound was reduced (GP I) to obtain 4-amino-2,2-dimethyl-3-hexanol: yield 63%. - 
'H-NMR. (CDC13): 0.7-1.1 (overlapping t and s, 12 H, 3 H-C(l), 2 H3C-C(2) and 3 H-C(6)); 1.1-1.7 
(m, 2 H, 2 H-C(5)); 2.35 (br. s, 3 H,  OH and NH2); 2.8-3.1 (m, H-C(4) and major isomer H-C(3)); 
3.25 (d, J =  3,  minor isomer H-C(3)). 

Datu of Z-nitro-l-(p-tolyl)-l-butunoI (30). G P  VI (DMPU); yield 59%, purified by removing lower 
boiling impurities at 65"/0.003 Torr, no distillation at 130"/0.003 Torr and retrocondensation at 140" 
0.003 Torr. - IH-NMR. (CDC13): 0.83 (1, 5 = 7 ,  3 H,  3 H-C(4)); 1.1-2.15 (m, 2 H,  2 H-C(3)); 2.35 
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(s, 3 H, H3C-Ar); 3.4 (br.s, I H, OH); 4.55 (overlapping d x d x d ,  J = 4 ,  9 and 9, 1 H, H-C(2)); 4.96 
(d, J=9 ,  H-C(1), threo); 5.07 (d, J =  5 ,  H-C(l), erythro); 7.23 (s, 4 H, arom. H). threo/erythro=9: 1 
(from 300-MHz-IH-NMR.). 

Data of l-(2'-methoxyphenyl)-2-nitro-l-butanol (31). GP VI (HMPT); yield 72%, b.p. loo"/ 
8 .  Torr. - 'H-NMR. (CDC13): 0.7-1.15 (2 overlapping t, J=7.5 and 7.5, 3 H, 3 H-C(4)); 1.15-2.3 
(m, 2 H, 2 H-C(3)); 3.4 (br. s, 1 H, OH); 3.84 (s, 3 H, OCH3); 4.65-5.0 (m, 1 H, H-C(2)); 5.15 (br. d, 
1 H, H-C(1)); 6.8-7.45 (m, 4 H ,  arom. H). threo/erythro=2.2:1 (from 300-MHz-'H-NMR.). - GP 1V 
(DMPU); yield 39%, threo/erythro= 3: 1 (from 300-MHz-IH-NMR.). 

CllH15N04(225.24) Calc. C 58.66 H 6.71 N 6.22% Found C 58.66 H 6.83 N 6.10% 

Data of 1- (4 ' -~~ i r rho . \ -$ .phe~~ .~~-~-n i tn~-I -burcmn/  (32). GP VI (DMPU); yield 200/, purified by 
removing lower boiling impurities at 50"/2. lop4 Torr; the compound decomposed at 85"/7. 10- Torr 
(no distillation at lower temperatures). - IH-NMR. (CDC13): 0.85 ( t ,  J= 7, 3 H, 3 H-C(4)); 1.1-2.2 (m, 
2 H, 2 H-C(3)); 2.75 (br. s, 1 H, OH); 3.78 (s, 3 H, OCH,); 4.58 (overlapping d x  d x  d, /= 3.5, 9.0 and 
9.0, 1 H, H-C(2)); 4.85-5.05 (2 overlapping d, 5 = 4  and 9.5, 1 H, H-C( I ) ) ;  6.9 (d, J =  9, 2 H,  H-C(3') 
and H-C(5')); 7.25 (d, J =  9, 2 H, H-C(2') and H-C(6')). threolerythro= 15.7: 1 (from 300-MHz- ' H-NMR.). 

Data of I-(2'-jluorophenyl)-2-nitro-I-butanol(33). GP VI (HMPT); yield 75%, b.p. 140"/0.005 Torr. ~ 

(m, 2 H, 2 H-C(3)); 3.4 (br. s, 1 H, OH); 4.55-4.85 (m, 1 H, H-C(2)); 5.25-5.6 (2 overlapping d, J =  4 
and 8.5, 1 H, H-C(1)); 6.9-7.7 (m, 4 H ,  arom. H). threo/erythro=3.5:1 (from 300-MHz-'H-NMR.). - 
GP VI (25% DMPU); yield 58%, threo/erythro=2.1: 1 (from 300-MHz-IH-NMR.). - GP VI (33% 
DMPU); yield 50%, threo/erythro= 1 :  2.4 (from 300-MHz-'H-NMR.). 

IR.: 3500 (OH), 1550 (NOz), 815, 760. - 'H-NMR. (CDC13): 0.9 ( t .  J = 7 ,  3 H, 3 H-C(4)); 1.2-2.4 

C10H12FN03(213.21) Calc. C 56.33 H 5.67 N 6.57% Found C 56.34 H 5.80 N 6.53% 

Data of I-(4'-jluorophenyl)-2-nitro-l-butanol (34). GP VI (DMPU); yield 45%, purified by removing 
lower boiling impurities at 60"/8. lop5 Torr; the compound decomposed at 90"/4 Torr (no 
distillation at lower temperatures). - IH-NMR. (CDCl3): 0.85 (t, J =  7.5, 3 H, 3 H-C(4)); 1.1-2.25 
(m, 2 H ,  2H-C(3)); 3.2 (br.3, 1 H, OH); 4.55 (dxdxd ,  5=3.5, 9.0 and 9.0, 1 H, H-C(2)); 4.95-5.2 
(2 overlapping 4 J = 6  and 9, 1 H, H-C(1)); 6.95-7.5 (m, 4 H, arom. H). threo/erythro= 11.5: 1 (from 
300-MHz-IH-NMR.). 

9. Deprotonatiodprotonation of (t-buty1)dimethylsilyl- and trimethylsilylether of nitroaldols. - 

General procedure VII (GP VII). A stirred solution of diisopropylamine (5.4 mmol) in THF (22 ml) was 
treated at - 78" with BuLi (5.6 mmol) in hexane. The cooling bath was removed and stirring continued 
for 40 min after which time the cooling bath was replaced. The silylated nitroaldol ( 5  mmol) was added 
and the solution stirred at - 78" for 1 h and subsequently cooled to - 100" (methanovliquid N2 bath). 
Glacial acetic acid/THF 1: 1 (3 ml) was added and the mixture warmed to - 84" over 30 min. In the case 
of trimethylsilylethers the mixture was allowed to warm up to about 10" over 15 h. It was poured into 
etherlwater. Extraction with ether was followed by washing of the ether extracts with water (3 times), 
sat. aq. NaC1-solution, drying (MgS04) and evaporation at 10 Torr and finally at 0.1 Torr to remove 
residual acetic acid. The crude product thus obtained was purified by bulb-to-bulb distillation. If 
there was any trace of desilylated product in the distillate i; was removed by chromatography (see 
GP 11). 

Desilylation of silyloxyamino compounds to aminoalcohols. - General procedure V I I I  (GP VIII), 
using tetrabutylammonium jluoride. To the silyloxyamino compound (2.3 rnmol) was added a Bu4NF- 
solution in THF (6.5 ml, 2.6 mmol) [15] and the solution was stirred overnight (13 h) at r.t. The mix- 
ture was poured into 0 . 7 ~  HCl (30 ml) and the aqueous layer was washed with CH2C1,(3 x 20 ml). The 
aqueous phase was then basified with 7% NaOH-solution (10 ml) and extracted with CHzC12(3 x 20 ml). 
After drying (MgS04) the organic phase was stripped of solvent (rotary evaporator) and the residual 
yellow liquid was bulb-to-bulb distilled to obtain the aminoalcohol as a colorless oil. 

General procedure I X  (GP IX) (lithium aluminium hydride reduction). To a solution of the silyloxy- 
amino compound (2.2 mmol) in anh. ether (40 ml) was added LAH (5.2 mmol) and the suspension was 
refluxed for 5 h. The mixture was cooled in an ice bath and hydrolyzed by sequential addition of cold 
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water (0.3 ml), saturated NaOH-solution (0.5 ml) and water (0.3 ml). The supernatant liquid was 
decanted and the residue was washed with ether (2 x 25 ml). The combined etheral layers were stripped 
of solvent (rotary evaporator) and the residue was bulb-to-bulb distilled to obtain the pure product. 

Data of 3-(t-butyl)dimethylsilyloxy-4-ni1rohexane (13a). GP VII; yield 81%, b.p. 120"/0.2 Torr. - 
IH-NMR. (CDC13): 0.06 (s. 6 H, (H3C)2Si); 0.73-1.1 (overlapping s and t, 15 H, (H3C)3CSi, 3 H-C(1) 
and 3H-C(6)); 1.4-2.25 (m. 4 H ,  2H-C(2) and 2 H-C(5)); 4.0 (qa, 1=5.5, 1 H, H-C(3)); 4.35 
( d x d x  d, J = 4 ,  5.5 and 10, 1 H, ki-C(4)). - 13C-NMR. (CDC13): 92.53 (C(4)); 74.14 (C(3)); 26.61, 25.49, 
21.54, 17.78, 10.49.8.61, -4.60and -5.11. 

Reduction (GP 1) of 13a gave erythro-l-amino-3-(t-butyl)dimethylsilyloxyhexane (23a); yield 
68%. - 'H-NMR. (CDC13): 0.03 (s. 6 H, (H3C)2Si); 0.73-1.0 (m, 15 H, (H3C)3CSi, 3 H-C(1) and 
3 H-C(6)); 1.22-1.63 (m, 6 H,  2 H-C(2), 2 H-C(5) and NH2); 2.5-2.75 (m, 1 H, H-C(4)); 3.33-3.6 

9.54 and - 5.23. 
Data (f 3-nitro-4-heptanol (14a). GP  VII; yield 50%, b.p. 85-90"/0.005 Torr. - 'H-NMR. 

(CCb): 0.06 (s, 6 H, (H3ChSi); 0.9-1.2 (overlapping s and f, 15 H, (H3C)3CSi, 3 H-C(l) and 
3 H-C(7)); 1.2-2.3 (m, 6 H,  2 H-C(2), 2 H-C(5) and 2 H-C(6)); 3.85-4.4 (m. 2 H, H-C(3) and 

- 4.46 and - 4.88. 
Data of 2-nitro-3-uctanol (15a). GP VII; yield 72%, b.p. 90-95"/0.01 Torr. - IH-NMR. (CDC13): 

0.0 and 0.06 (2 s, 6 H, (H3C)zSi); all other signals are as described for 15. - I3C-NMR. (CDC13): 
85.34(C(2)); 73.93 (C(3)); 34.54, 31.63, 25.55,24.76,22.37, 17.83, 13.79, 11.04, -4.62and -5.32. 

Reduelion of 15a (GP I) gave I-methyl-2-(t-butyl)dimethylsilyloxyheptylamine; yield 73%, 
b.p. 80-90"/0.003 Torr. - IR.: 1460, 1250, 840, 775. - 'H-NMR. (CDC13): 0.0 (3, 6 H ,  (H3C)2Si); 0.7-1.1 
(m,  15H, (H,C)3CSi, 3 H-C(1') and 3H-C(7)); 1.1-1.6 (m. 10 H, 4 CH2 and NH2); 2.9 (dxqa, 
J = 4  and 6.5. 1H. H-C(1)); 3.3-3.65 ( m ,  1 H, H-C(2)). 

This compound was then desilylated (GP VIII) to 2-amino-3-uctuno1, yield 43%, b.p. 70-80"/ 
0.01 Torr. - IR.: 3350, 1585, 1460. - 'H-NMR. (CDC13): 0.8-1.1 (overlapping d x  t ,  6 H, 3 H-C(1) 
and 3 H-C(8)); 1.15-1.65 (br. s, 8 H, 4 CH2); 2.0 (s. 3 H, OH and NH2); 2.95 (dx  qa, J = 4  and 6.7, 
IH, H-C(2)); 3.3-3.6 (m, 1H. H-C(3)). - I3C-NMR. (C6Dh): 75.59 (C(3), threo); 74.14 (C(3), 
erythro); 51.91 (C(2), threo); 51.25 (C(2), erythro): 34.50, 33.38, 32.51, 26.56, 26.00, 23.14. 19.86, 
16.49, 15.61 and 14.34. Ihreo/erythro= 1:4.4 (p.h.). 

Daia (43-niiro-4-nonanol (16a). G P  VI1; yield 86%, b.p. 130-150"/0.001 Torr. - 'H-NMR. (CDCI3): 
0.0 (s, 6 H, (H3C)2Si); all other signals are as described for 16. - I3C-NMR. (CDC13): 92.99 (C(3)); 
73.34(C(4)); 33.83,31.64,25.52, 24.15,22.34,21.26, 17.79, 13.74, 10.52, -4.69and -5.14. 

Reduction (GP I) of 16a gave 2-(t-butyl)dimethylsilyloxy-l-ethyl-heptylamine, yield 83%, 
b.p. 75-80"/0.01 Torr. - IR.: 3400-3100, 1460, 1260, 835, 775. ~ IH-NMR. (CDCI3): 0.0 (s, 6 H,  
(H3C)2Si); 0.75-1.05 (overlapping s and t ,  15 H. (H3C)3CSi, 3 H-C(2') and 3 H-C(7)); 1.05-1.65 
(m, 12 H. 2 H-C( 1'). 4 CH2 and NH2); 2.65 (dx t, J =  3.5 and 8, I H, H-C(1)); 3.4-3.65 (m, 1 H,  
H-C(2)). - I3C-NMR. (CDC13): 76.80 (C(2)); 58.63 (C(1)); 33.03, 31.64, 26.85. 26.69. 26.51, 23.57. 
19.04, 14.93. 12.1Sand -3.46. 

Samples of 16 were desilylated (16a with G P  VIII, and a mixture of 16a/16b with GP  IX) to give 
3-amino-4-nonanoi (65); G P  VIII, yield 44%, b.p. 70-80"/0.01 Torr. - 1R.: 3350, 1580, 1460. - IH-NMR. 
(CDC13): 0.95 ( t .  J = 6 ,  6 H ,  3H-C(1) and 3H-C(9)); 1.1-1.6 (m, 10H, 2H-C(2) and 4CH2); 1.75 
(s, 3 H, OH and NH2); 2.65 (dx t, J =  3.5 and 8, 1 H, H-C(3)); 3.2-3.6 (m, 1 H, H-C(4)). - W-NMR.  
(ChD6): 73.82 (c(4)); 73.33 (C(4)); 57.62 (C(3)); 34.87, 32.42, 32.12, 27.17, 26.43, 26.04, 24.88, 23.09, 
14.30, 11.18 and 10.65. - G P  IX, yield 87%, b.p. 100"/0.8 Torr. - 'H-NMR. (CCb): 0.7-1.0 (2 overlapping 
t, 6 H, 3 H-C(1) and 3 H-C(9)); 1.0-1.6 (br. .r, 10 H, 2 H-C(2) and 4 CH2); 1.95 (br. s, 3 H, NH2 and 
OH); 2.1-2.7 (m, 1 H); 2.95-3.5 (m, 1 H). - "C-NMR. (CDCl3): 73.22 (C(4)); 72.77 (C(4)); 57.44 (C(3)); 
34.17. 31.82. 31.73. 26.01, 25.81, 25.36, 23.70. 22.52, 13.88, 10.77 and 10.20. 

(m, 1 H,  H-C(3)). - I3C-NMR. (CDCl3): 76.31 (C(3)); 56.40 (C(4)); 25.12, 24.77, 22.78, 17.28, 10.41, 

H-C(4)). - I3C-NMR. (CDC13): 93.35 (C(3)); 73.38 (C(4)); 36.37, 25.75, 21.58, 18.01, 14.06, 10.73, 

CgH21NO (159.27) Calc. C 67.87 H 13.29 N 8.79% Found C 67.10 H 13.16 N 8.36% 

Large-scale deprotonatiunlproionation of 16. A stirred solution of lithium diisopropylamide 
prepared from diisopropylamine (15.2 ml, 108 mmol) in THF (180 ml) and BuLi in hexane (72 ml, 
112 mmol), was cooled to - 78" and 16 (27.8 g. 95 mmol, diastereomeric mixture) was added. The 
deep yellow solution was stirred for 1 h 45 min at -78" and subsequently cooled to - 100". Glacial 
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acetic acid/THF 3:2 (50 ml) was added when the solution became pale yellow. It was warmed to 
-84" over 30 min and then poured into ether/water. Extraction with ether, followed by washing 0 1  
the ether extracts with water (3 times), sat. aq. NaC1-solution, drying (MgS04) and evaporation first 
at 10 Torr and then at 0.1 Torr gave the crude product (26.3 g), which was purified by bulb-to-bulb 
distillation. B.p. 130"/0.1 Torr, yield 22.6 g (79%). All the spectra were identical to those of the pure 
diastereomer 16a as described above for the small-scale reaction. 

Data of 4-(t-butyl)dimethylsi~loxy-5-nitr~~~odeca~ol (17a/17b) GP VII; yield 80%, b.p. 130"/ 
0.005 Torr. - 'H-NMR. (CDCl3): 0.00 (s, 6 H,  (H3C)zSi); all other signals are as described for 17. - 
I3C-NMR. (CDC13): 92.46 (C(5), threo); 91.52 (C(5), erythro); 73.28 (C(4), erythro); 73.05 (C(4), 
threo): 36.03. 35.21, 31.54, 29.21. 28.95, 28.80, 28.69, 28.04. 26.01, 25.85. 25.57, 22.44, 17.84. 16.27. 
14.14. 13.89, -4.64, - 5.03 and - 5.56. ihreo/erythro= 1:4.5 (integration). 

Data of 3-(t-but,~l)dimethylsilyloxy-2-nitr~tridecanol (Ha) .  G P  VII; yield 80%, b.p. 145- 150"/ 
0.005 Torr. - 'H-NMR. (CDC13): -0.02 and 0.04 (2s ,  6 H, (H3C)2Si); 4.15-4.65 (m, 2 H, H-C(2) 
and H-C(3)); all other signals are as described for 18. - 13C-NMR. (CDC13): 85.41 (C(2)); 73.66 
(C(3)); 34.63,31.85,29.49,29.40,29.26,25.61,25.13,22.62, 17.89, 14.02, 11.13, -4.52and -5.24. 

H.dRaney-tiicke1 reduction (GP 1) of 18a gave I -methyl-2-(t-buiyl)dimethylsilyloxydodecylarnine, 
yield 70%, b.p. 130-140"/0.01 Torr. - IR.: 1460, 1255, 835, 775. - 'H-NMR. (CDCI3): 0.0 (s, 6 H, 
(H3C)2Si); 0.6-0.95 (m, 15 H. (H3C)3CSi. 3 H-C(1') and 3 H-C(12)); 0.95-1.45 (m,  20 H, NH2 and 
9 CH2); 2.7 ( d x  qa, J =  3.5 and 6.5, 1 H, H-C(1)): 3.15-3.5 (m.  1 H; H-C(2)). 

The foregoing compound was then desilylated (GP VIII) to 2-amino-3-tridecano1, yield 37%, 
b.p. 140"/0.005 Torr, m.p. 49-52". - IH-NMR. (CDC13): 0.85-1.15 (overlapping d and i, 6 H, 
3 H-C(1) and 3 H-C(13)); 1.15-2.1 (m,  21H. OH, NH2 and 9CH2); 2.95 (dxya, J=3 .5  and 6.5, 
1H. H-C(2)); 3.25-3.65 (m.  IH ,  H-C(3)). - 13C-NMR. (CbDs): 74.57 (C(3)); 51.14 (C(2)); 33.27, 
32.29, 30.16. 29.77, 26.91, 23.04, 17.15 and 14.32. 

Ci3H29NO (215.37) Calc. C 72.49 H 13.57 N 6.50% Found C 72.83 H 13.67 N 6.24% 

Data of 6-(t-butyl)dimethylsilyloxy-7-nitrotetrudecane (19a). GP VII; yield 77%, b.p. 145"/ 
0.005 Torr. - 'H-NMR. (CDC13): 0.05 (s, 6 H, (H3C)2Si); all other signals are as described for 19. - 
I3C-NMR. (CDC13): 91.62 (C(7)); 73.66 (C(6)); 34.02, 31.71, 29.07, 28.95, 28.17, 26.14, 25.73, 24.29, 
22.55, 17.97, 13.92, -4.44and -4.86. 

Data of 2-methyl-3-(t-butyl)dimethylsilyIoxy-4-nitrohexane (20a). GP VII (in this case 17% 
HMPT (v/v) was added to the LDA-solution); yield 69%, b.p. 120-150"/0.9 Torr. - 'H-NMR. (CDC13): 
0.08 and 0.1 (2s. 6 H. (H3C)zSi): 3.85-4.0 (m,  IH ,  H-C(3)): 4.3-4.5 (m,  IH ,  H-C(4)); all other 
signals are as described for 20. - I3C-NMR. (CDCI,): 92.37 (C(4)); 78.33 (C(3)); 32.81. 26.05, 22.60, 
18.95, 18.37. 17.43, 10.83, -4.07and -4.30. 

This compound was reduced (GP I) to give 2-(t-butyl)dimethylsi lyloxy-l-ethyl-~-methyl-b~tyl~mine. 
yield 71%. b.p. 50"/0.001 Torr. - 'H-NMR. (CDC13): 0.00 (s, 6 H, (H3C)zSi); 0.7-1.1 (m,  18 H. 
(H3C)sCSi. 3 H-C(4), H3C-C(3) and 3 H-C(2')); 1.1-2.0 (m.  5 H, H-C(3), 2 H-C(1') and NH2); 
2.5-2.8 (m,  1 H. H-C(I)); 3.35 (dxd ,  J = 6  and 7, 0.8H, erythro, H-C(2)); 3.65-3.8 (m, 0.2H, threo, 
H-C(2)). rhreo/erj,thro = 1:4. - I3C-NMR. (CDC13): 80.88 (C(3)); 56.94 (C(4)); 30.01. 26.06. 25.70, 
21.02. 18.28. 11.19, -3.86and -4.15. 

Data of 4-(t-butyl)dimethylsilyloxy-2-methyl-3-nitroheptane (21a). GP VII; yield 72%, b.p. 
95-100"/0.02 Torr. - 'H-NMR. (CDCI,): 0.06 and 0.1 (2 s, 6 H, Si(CH3)z); 4.1-4.5 (m, 2 H, H-C(3) 
and H-C(4)); all other signals are as described for 21. - I3C-NMR. (CDC13): 96.79 (C(3)); 70.88 
(C(4)); 35.26, 27.99, 25.56, 19.86, 17.90, 16.59, 16.38, 14.20, -4.45 and -5.48. 

Data of I -(t-butyl)dimethylsilyloxy-2-nitro-I-phenylbutane (22a). GP VII (in this case 17% 
HMPT (v/v) was added to the LDA-solution): yield 76%, b.p. 120-125"/0.01 Torr. - 'H-NMR. 
(CDCI3): =0.25, -0.2, 0.00 and 0.05 (4s. 6 H, (H3C)2Si), 4.95 (d, J = 9 ,  0.16 H, H-C(I), rhreo): 5.05 
(d, J =  6,0.84 H, H-C(I), erythru); all other signals are as described for 22. 

Data of 3-nitro-4-trimethylsilyloxy-heptane (36a). GP VII; yield 78%, b.p. 65-70"/0.6 Torr. - 

IR.: 1550 (NOz), 1255, 845. - 'H-NMR. (300 MHz, C6D6): 0.05 (s, 9 H, (H3QSi);  0.6-0.8 (m, 6 H, 
3 H-C(1) and 3 H-C(7)); 0.9-1.6 (m,  4 H, 2 H-C(5) and 2 H-C(6)): 1.9-2.05 ( m ,  2 H, 2 H-C(2)); 
3.9-4.05 (m. 1 H, H-C(3)); 4.08-4.15 ( d x  d x  d, J= 3, 5 and 10.5, 1 H. H-C(4)). - I3C-NMR. (CDC13): 
93.96 (C(3)); 73.56 (C(4)); 36.43, 21.89, 18.52. 13.97, 10.62 and 0.22. 

Data of 2-nitro-3-trimethylsilyloxyoctune (37a). GP VII; yield 90%, b.p. 70"/0.07 Torr. - 

1R.I 1550 (NOz), 1255, 840. - 'H-NMR. (300 MHZ, C6D6): 0.06 (s, 9 H, (H$)3Si): 0.8-0.9 (I, J = 6 ,  

40 
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3 H, 3 H-C(8)); 1.0-1.3 (overlapping d and m. I I H ,  3 H-C(1) and 4 CH2); 3.9-4.0 ( d x  4a, J =  3 
and 6.5, IH ,  H-C(2)): 4.2-4.25 ( d x d x d ,  J=3 .5 ,  5 and 7.5, 1 H, HpC(3)). - IH-NMR. (CDCI3) 
(300 MHz): 4.25-4.3 (m, IH ,  H-C(3)); 4.4-4.45 ( d x  4a, J=3.5  and 6.5, IH ,  H-C(2)) (other signals 
are not included here). - I3C-NMR. (CDC13): 86.22 (C(2)); 74.06 (C(3)): 34.66. 31.68, 25.23, 22.51. 
13.94, 11.81 and 0.14. 

Data of 2-n i t ro- l -phen~l - l - t r imeth~~l ,~ i~~~lo .~~~~bu/crne  (38a/38h). GP VII; yield 85%. b.p. 100"/0.2 
Ton.  - IR.: 1550 (NO*), 1255, 845, 700. - 'H-NMR. (C6Dh) (300 MHz): -0.05 and -0.03 (2s, 9 H,  
(H3C),Si); 0.5 and 0.65 (2 t ,  J = 6 ,  3 H. 3 H-C(4)); 1.6-1.75 (m) and 2.0-2.15 (m)  (2 H,  2 H-C(3)); 
4.35 ( d x d x d ,  5=3 ,  6 and 11, 1H. HpC(2)): 4.95 (d, J=9.5,  0.17H) and 
5.15 (d, J = 6 ,  0.83 H) (H-C(1)); 7.0-7.25 (m, 5 H, arom. H). /hreo/erythro= 1:4.9. - I3C-NMR. 
(CDCI,): 139.92. 128.79, 128.52, 126.49, 95.87 (C(2)): 76.00 (C( I)); 21.77, 10.49 and 

10. Preparation of (t-butyl)dimethylsilyl ester of 1-aci-nitroalkanes (see Scheme H). - The silyl- 
nitronates were prepared from the corresponding nitroalkanes on 20-50 mmol scale according to the 
published procedure [14]. 

Preparalion of' (t-butyl)dimeth,ylsil~~l ester of I-aci-nitroelhane (40). Yield 68%, b.p. 30"/0.05 Torr. - 
IR.: 1620 (C=N). 1250. 1110, 1030, 850, 790. - IH-NMR. (CDCI3): 0.25 (3, 6 H, (H3C)ZSi); 0.9 
(s. 9 H. (H3C)3CSi); 1.85 (d, J = 6 ,  3 H,  3 H-C(2)): 6.15 (qa, J = 6 ,  IH.  H-C(1)). 

Data of (t-biri,,lfdimerhilsilyl ester of I-aci-nitropropane (41). Yield 82%, b.p. 100"/0.1 Torr. - 
[H-NMR. (CDC13): 0.2 (s, 6 H, (H3C)zSi); 0.85 (s. 9 H,  (H,C),CSi); 1.0 ( t ,  J = 7 .  3 H, 3 H-C(3)); 
2 . 2 5 ( q i , J = 7 , 2 H , 2 H - C ( 2 ) ) ; 6 . 0 5 ( t , J = 7 ,  lH,H-C(1)).  

Data of (t-hut~~l)dimethylsilyl ester of' (-)-(S)-l-aci-nitra-2-methylbutane (42). Yield 62%. b.p. I lo"/ 
0.03 Torr, [ir]2D5=+ 11.9" (c=2, CHC13). ~ IR.: 1615 (C=N), 1250, 850, 780. - 'H-NMR. (CDCI,): 
0.3 (s. 6 H, (H3C)?Si): 0.8-1.1 (m, 15 H, (H3C)3CSi, H,C-C(2) and 3 H-C(4)); 1.26-1.7 (m,  2 H, 
2 HpC(3)): 2.6 (sept, J=7.5 ,  1 H, H-C(2)); 5.93 (d, J =  7.5, I H. H-C( I)). 

0.16. 

CIIH25N02Si (231.41) Calc. C 75.09 H 10.89 N 6.05% Found C 75.24 H 10.89 N 5.88% 

Data of the (t-hutyl)dimethylsilyl esters of I -xi-nitrohexane (43), of I -xi-nitrooctane (44), and of 
methyl 4-aci-nitrobutanoate (45). See [14]. 

Large-scale preparation of45 To a cold (-40") solution of diisopropylamine (15 ml, 105.8 mmol) 
in THF (200 ml) a solution of BuLi in hexane (66 ml. 104.3 mmol) was added dropwise. The mixture 
was stirred for 30 min and thcn cooled to -78". This cold solution was added via a Teflon tube to a 
precooled (-78") solution of methyl 4-nitrobutanoate (13 ml, 104 mmol) in THF (150 ml) and the 
light-yellow suspension was stirred at  - 70" for IS min. A solution of (t-butyl)dimethylsilyl chloride 
(17.6 g. 116.8 mmol) in THF (20 ml) was added to the mixture which was then allowed to warm 
up to r.1. over a period of 16 h. The solvent was flash-evaporated (oil pump, 20-100 Torr) and 
pentane (400 ml) was added to the residual liquid. After shaking, the suspension was filtered under 
argon. the filtrate was evaporated (oil pump. SO T o n )  and the residual liquid was distilled under 
reduced pressure through a 10 cm Vigreux-column to obtain a light-yellow liquid (17 g, 62.6%), 
b.p. 82"/0.03 Torr, d=1.007. - IR.: 1740 (COOCH3). 1615 (C=N), 1250, 830, 790. - 'H-NMR. 
(CDCI3): 0.3 (s, 6 H. (H3C)$Si): 0.96 (s, 9 H,  (H3C)3CSi): 2.45-2.65 (m. 4 H, 2 H-C(2) and 2 H-C(3)); 
3.68 (s. 3 H, OCH3); 6.05-6.3 (m. I H, H-C(4)). - I3C-NMR. (CDC13): 172.10 (C( I)); 114.77 (C(4)); 
51.30(OCH3); 29.31.27.49,25.72,25.54.21.73, 17.45, -4.35and -4.78. 

C,,H,,NOdSi (261.39) Calc. C 50.54 H 8.87 N 5.36% Found C 50.67 H 8.80 N 5.28% 

1 I .  Fluoride-catalyzed condensation of (t-butyl)dimethylsilyl nitronates with aldehydes. - General 
procedure X (GP X). A stirred solution of the silyl nitronate (50 mmol) and the aldehyde ( S O  mmol) 
in THF (70 ml) was cooled to -78". To this solution was added a 0 . 4 ~  solution of dried Bu4NF in 
T H F  (12.5 ml, 5 mmol), freshly prepared by stirring the Bu4NF. 3 H2O (6 mmol) with activated 4 A 
molecular sieves (6 g) in THF (15 nil) for 12 h. The mixture was allowed to warm to 20" over 15 11 

and then poured into hexandwater. The hexane layer was separated and the aqueous layer was 
extracted with hexane. The extracts were washed with water and sat. aq. NaCI-solution and dried 
(MgS04). Evaporation, followed by careful bulb-to-bulb distillation gave the silylated nitroaldol and a 
lower boiling fraction which contained non-silylated nitroaldol. If the silylated nitroaldol could not 
be completely freed from the unsilylated nitroaldol by distillation, further purification was achieved by 
column chromatography over silica gel (30 g/l g of the product) using 10% ether in pentane as eluant. 
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General procedure XI (GP XI). TO a cold (temperature as mentioned in Scheme 9) solution of 45 
(2.6 ml, 10 mmol) in THF (20 ml) was added the aldehyde (10 mmol) followed by Bu4NF-solution in 
THF (2 ml, 1 mm01)~~).  After stirring the mixture at the specified temp. (see Scheme 9) for 3.5-4 h 
(exception: the reaction at -20" was carried out for 20 h) it was poured into pentane (80 ml). The 
organic phase was separated and washed with water (3 x 50 ml), dried (MgS04) and the solvent was 
distilled off in a rotary evaporator. The crude product was freed from lower-boiling impurities by 
exposing it  to high vacuum (Ie5 Torr) for 1 h at r.t. Assuming the unsilylated nitroaldol constituted 
about 10% of the crude product, it was subjected to silylation (GP IV)28). The completely silylated 
crude product was bulb-to-bulb-distilled (high vacuum) to obtain the pure product. The ratio of the 
diastereomers were determined by GC. analysis and during silylation there was no change in the 
diastereomeric ratio. 

Data of 3-(t-butyl)dimethylsilyloxy-4-nitrohexane (13a). GP  X; Yield 50%, b.p. 100"/0.1 
Torr. - IR.: 1550 (NOz), 1260, 1120, 840, 780. - IH-NMR. (CDCI3): 0.05 (s, 6 H, (H3C)2Si); 0.75-1.1 
(m. 15 H, (H$&CSi, 3 H-C( I )  and 3 H-C(6)); 1.35-2.3 (m, 4 H, 2 H-C(2) and 2 H-C(5)); 4.0 
(qa, Jx5 .5 ,  IH ,  H-C(3)); 4.35 (dxdxd, J=4,  5.5 and 10, IH ,  H-C(4)). - I3C-NMR. (CDC13): 
as of the sample from GP VII. 

This compound was reduced (GP I) to erythro-2-(t-butyl)dimethylsilyloxy-l-ethyl-butylamine (23a). 
Yield 87%. - IH-NMR. (CDC13): identical with that described in Sect.6 and 7, above. - I3C-NMR. 
(CDC13): 76.36 (C(3)); 56.34 (C(4)); 25.05, 24.77, 22.74, 17.20, 10.34, 9.46 and - 5.33. Data identical 
with those of sample from independent synthesis, see Section 6, above. 

Data of 4-(t-butyl)dimethylsilyloxy-3-nitroheptane (14a). GP X; yield 64%, b.p. 70-80"/ 
0.003 Torr. - IR.: 1545 (NOz), 1460, 1255, 1120, 835, 780. - 'H-NMR. (CDC13): 0.02 (s, 6 H, (H3C)zSi); 
0.75-1.1 (m, 15 H, (H3C)3CSi, 3 H-C(l) and 3 H-C(7)); 1.3-1.65 (m, 4 H, 2 CH2); 1.7-2.3 (m, 2 H, 
2H-C(2)); 3.7-4.15 (m, l H ,  H-C(4)); 4.15-4.55 (m. 1H. H-C(3)). - I3C-NMR. (CDC13): 93.16 
(C(3)); 73.25 (C(4)), 36.23, 25.59, 22.38, 17.92, 13.87, 10.55, -4.68 and -5.07. Cj: the spectra of the 
same compound from GP VII, Section 9, above. 

Data of 3-(t-butyl)dimethylsilyloxy-2-nitrooctane (15a). GP X; yield 69%, b.p. 50"/0.005 
Torr. - IR.: 1550 (NO-?), 1250, 840, 780. - 'H-NMR. (CCb): 0.0 and 0.05 (2s, 6 H, (H3C)2Si); 0.8-1.05 
(m. 12 H, (H3QCSi  and 3 H-C(8)); 1.1-1.65 (m, I l H ,  3 H-C(1) and 4CH2); 4.0-4.55 (m,  2 H, 
H-C(2) and H-C(3)). - 13C-NMR. (CDCI,): 85.44 (C(2)); 73.69 (C(3)); 34.62, 31.66, 25.60, 24.79, 
22.37, 17.87, 13.75, 11.22, -4.62 and - 5.26. Cf the spectra of the same compound from GP VII, 
Section 9, above. 

Data of 4-(t-butyl)dimethylsilyloxy-3-nitrononane (16a). GP X; yield 67%, b.p. 100- 1 lo"/ 
0.005 Torr. - IR.: 1550 (NO& 1460, 1255. 840, 780. - 'H-NMR. (CDCI3): 0.02 (s, 6 H. (H3C)zSi); 
0.7-1.1 (m, 15 H, (H3C)3CSi, 3 H-C(1) and 3 H-C(9)); 1.1-2.7 (m, 10H, 2 H-C(2) and 4 C"H2): 
3.8-4.2 (m. 1H. H-C(4)); 4.2-4.45 (m, IH,  H-C(3)). - I3C-NMR. (CDC13): 93,lU ( C  (3) ) .  7 ;  5 0  
(C(4)); 34.09, 31.72, 25.65, 24.25,22.38, 21.49, 17.92, 13.79, 10.62, -4.56and -4.96. Cj. ~ l i i  \pnii,z i l l<  
same compound from GP VII, Section 9, above. 

Data of 4-(t-butyl)dimethylsilyloxy-S-nitrododecane (17a). GP X; yield 31%, b.p. 110- 135"/ 
0.005 Torr. - 'H-NMR. (CDC13): 0.03 (s, 6 H, (H3c)~Si); all other signals are as described for 17. - 
I3C-NMR. (CDCl3): 91.61 (C(5)); 73.40 (C(4)); 36.22, 31.60, 29.01, 28.86, 28.13, 26.19, 25.79, 25.64. 
22.48. 17.97, 13.91, -4.61 and -4.97. 

Data of l-(t-butyl)dimethylsilyloxy-2-nitro-l-phenylbutane (22a/22b). GP X; yield 71%, b.p. 
lOS-110"/0.003 Torr. - IR.: 1550 (NO*), 1260, 1095, 840, 780, 700. - 'H-NMR. (CDC13): -0.28, 
- 0.2, 0.0 and 0.03 (4 s, 6 H, (H3C)2Si, two isomers); 0.72-1.03 (overlapping t and 2 s, 12 H, (H3C)3CSi 
and 3 H-C(4)); 1.7-2.4 (m. 2 H, 2H-C(3)); 4.3-4.7 (m, 1 H, H-C(2)); 4.9 (d, J = 9 )  and 5.1 
(d, J=6) ,  (1 H, H-C(1)); 7.3 (s, 5 H, arom. H). threo/erythro= 1:3.5. Cf the spectra of the same 
compound from GP VII, Section 9. above. 

27) Bu4NF-solution was prepared as follows: To a mixture of Bu4NF. 3 H20 (3.2 g, 10.1 mmol) and 
molecular sieves (14 g, 4 A) in a serum-capped flask was added THF (20 ml). The suspension was 
stirred overnight and then stored in deep freeze. The clear supernatant liquid was withdrawn as and 
when required. 

28) The silylation was carried out at 8" (instead of 0-1") using 8 ml CH2Clz per gram of the crude 
product. 



1130 HELVETICA CHIMICA ACTA - Vol. 65, Fasc. 4 (1 982) - Nr. 104 

Data of I-(t-butyl)dimeth~lsilyloxy-I-(3'-methoxyphenyl)-2-nitrobu~ane (46d46b). GP X; yicld 
59%, b.p. I2O0/lO-5 Torr. - IR.: 1550 (NOz), 1260, 840, 780. - 1H-NMR. (CCb): -0.3, -0.23, -0.09 
and - 0.03 (4 s, 6 H, (H3C)zSi. two isomers); 0.65-0.95 (overlapping 1 and 2 s, 12 H, (H3C)3CSi and 
3 H-C(4)): 1.45-2.3 (m. 2 H ,  2H-C(3)); 3.71 (s, 3 H .  OCH3); 4.13-4.4 (m,,  l H ,  H-C(2)); 4.78 
(d. J = 9 ,  0.2H. H-C(1), threo); 5.03 (d, 5=6 ,  0.8 H, H-C(I), erythro): 6.6-7.3 (m. 5 H, arom. H). 
threo/erythro= 1:4. - I3C-NMR. (CDC13): 159.78, 141.65, 129.76, 129.54, 119.73, 118.90, 114.39, 
114.01, 112.71, 112.15; 96.64 (C(2), threo); 95.94 (C(2), erythro); 77.07 (C(l), fhreo); 76.12 
(C(l) .  erythro); 55.28 (OCH3); 25.75, 25.58, 23.66, 21.20, 18.17, 10.60, 10.27, -4.71, -5.40 and -5.64. 

Cl~H29N04Si (339.51) Calc. C 60.14 H 8.61 N 4.13% Found C 60.44 H 8.71 N 4.07% 

Data of I-(t-butyl)dimethylsilylox~~-2-nitro-l-phenylheptane (47a/47b). GP X; yield 53%, b.p. 
130-140"/0.003 Torr. - 1R.: 1550 (N02).  1260, 1100, 835, 780, 700. - 'H-NMR. (CDCI3): -0.35, -0.25, 
-0.06 and 0.0 (4s, 6 H, (H3C)zSi. two isomers); 0.65-1.0 (m, 12 H, (H3C)3CSi and 3 H-C(7)); 1.0-2.3 
(m. 8 H, 4 CH2); 4.3-4.65 (m. 1 H, H-C(2)); 4.9 (d, /= 9, threo) and 5.05 (d, J =  6, erythro) (1  H, 
H-C( I)) ;  7.3 (s, 5 H, arom. H). threo/trJihro= 1:5.7. 

C19H33N03Si (351.58) Calc. C 64.91 H 9.46 N 3.98% Found C 65.10 H 9.46 N 4.02% 

Data qf 4-(t-hut,vl)dimethylsilyloxy-5-methyl-3-nitrooctane (48 and 49). GP X, yield 56%, b.p. 120"/ 
0.01 Torr. - IR.:  1550 (NOz), 1250, 840, 780. - 'H-NMR. (CDC13): 0.06 (br. s, 6 H, (H3C)2Si); 
0.75-2.1 (m. 25 H, (H3C)3CSi, 3 H-C(I), 2 H-C(2), H-C(5), H3C-C(5), 2 H-C(6), 2 H-C(7) and 
3 H-C(8)); 3.85-4.03 (m,  1 H);  4.23-4.53 (m,  1 H). - 13C-NMR. (CDC13): 92.40 (C(3)); 91.73 (C(3)); 
77.41 (C(4)); 76.97 (C(4)); 38.39, 37.32, 35.27, 34.24, 25.86, 23.13, 22.58, 20.51, 18.23, 18.14, 15.05, 
14.16, 14.00 and 10.53. No Si(CH3)2 on scale! 

C15H33N03Si (303.52) Calc. C 59.36 H 10.96 N 4.61% Found C 59.23 H 10.83 N 4.62% 

H2/Raney-nickel reduction (GP I) of the mixture of 48 and 49 gave 2-(t-butyl)dimethylsilyloxy-l- 
ethyl-3-methyl-hexylaminet yield 88%, b.p. 130"/0.005 Torr. ~ IR.: 1250, 1060, 840, 780. - IH-NMR. 
(CDC13): 0.05 (s, 6 H, (H3C)zSi); 0.7-1.75 (m, 27 H, (H3C)3CSi, 3 H-C(2'), 2 H-C(1'). H-C(3), 
H3C-C(3), 2 H-C(4), 2 H-C(5), 3 H-C(6) and NHz): 2.4-2.75 (m, 1 H, H-C(1)); 3.25-3.45 (m. 1 H, 

Data of (3S.4R.X)- and (3R,4S,5S)-3-(t-butyl)dimethylsilyloxy-5-methyl-4-nitroheptane (50 and 
51): GP X, yield 50%, b.p. 110"/0.1 Torr. - IR.: 1550 (NOz). 1255, 840, 780. - IH-NMR. (CDC13): 
0.05 and 0.06 (Zs, 6 H, (H3C)ZSi); 0.7-2.3 ( m ,  23 H, (H3C)3CSi. 3 H-C(1), 2H-C(2), H-C(5), 
H3C-C(5), 2 H-C(6) and 3 H-C(7)); 3.8-4.16 (m,  1 H, H-C(3)); 4.25-4.53 (m. 1 H, H-C(4)). - 

I3C-NMR. (CDC13): 96.43 (C(4)); 94.42 (C(4)); 71.91 (C(3)); 71.04 (C(3)): 34.57, 34.42, 25.95, 25.63, 
25.20. 25.09. 24.41, 17.91, 14.99, 14.59, 10.94, 10.49.9.77. 8.78, -4.48, -4.66and -4.77. 

Reduction (GP I) of the above mixture of 50 and 51 furnished a mixture of (3S,4R,SS)- and 
(3R, 4S, SS~-2-(t-butyl)-dimethylsilyloxy-l -[(If-methyl)propyl]butylumine, yield 70%, b.p. 110"/0.005 Torr. 
- IR.: 3300 (NH2), 1250, 840. - 'H-NMR. (CDC13): 0.03 (s, 6 H, (H3C)zSi); 0.75-2.1 ( m ,  25 H. 
(H-,C)3CSi, 3 H-C(4), 2 H-C(3), H-C(1'). H3C-C(1'), 2 H-C(2'); 3 H-C(3') and NH2); 2.4-2.7 
(m.  1 H. H-C(1)); 3.5-3.75 (m,  1 H, H-C(2)). 

Data of methyl S-(t-bu~yl)dimethylsill;loxy-I-nitroheptanoate (52). GP XI, yield 49% (yields were 
unaffected by reaction temperature), b.p. 100"/4- Torr. - IR.:  1740 (COOCH3), 1550 (NOz), 1260, 
840, 780. - 'H-NMR. (CC14)29): -0.07 and -0.03 (2s. 6 H, (H3C)2Si); 0.75-1.1 (m,  12 H, (H$&CSi 
and 3 H-C(7)); 1.33-1.77 (yi. 2H.  2 H-C(6)); 1.85-2.6 (m, 4 H ,  ZH-C(2) and 2H-C(3)); 3.56 
(s, 3 H, OCH3); 3.95-4.2 (m, 1 H. H-C(5)); 4.3-4.55 (m, I H, H-C(4)). - I3C-NMR. (CDC13)29): 
172.51 (C(1)); 89.55 (C(4)); 75.05 (C(5)); 51.42 (OCH,); 29.97, 27.27, 25.53, 22.05, 17.78, 9.04, 
- 4.72 and - 5.30. 

CldH29NOsSi (319.47) Calc. C 52.63 H 9.15 N 4.38% Found C 52.56 H 8.99 N 4.53% 

HpC(2)). 

threo/cryrhro-Ratios were determined by GC. and ratios at different temperatures are indicated in 
Scheme 9. 

Reduction (GP 11) of 522y) gave a mixture of methyl 4-amino-5-(t-butyl)dimethylsilyloxyheptanoate 
(55, R = C2Hs) and its lactam, 5-(I'-(t-butyl)dimethylsilyloxy)propyl-2-pyrrolidone (56). Lactamization was 

29) Sample from the reaction at lowest temperature mentioned in Scheme 9. 
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complete upon heating overnight at 60" and further purified by bulb-to-bulb distillation: yield 76%, 
b.p.110"/5. 10-6Torr. - IR.: 3210 (NH), 3100, 1695, 1460, 1255, 1100, 840, 775. - 'H-NMR. (CDC13): 
-0.03 (s, 6 H, (H3C)zSi); 0.65-1.15 (overlapping s and t ,  12 H, (H3C)3CSi and 3 H-C(3')); 1.4 
(qi, J =  6, 2 H, 2 H-C(2')); 1.7-2.4 (m, 4 H, 2 H-C(3) and 2 H-C(4)); 3.35-3.75 (m, 2 H, H-C(5) 
and H-C(1')); 7.35 (br. s, I H ,  NH). - I3C-NMR. (CDCI3): 178.98 (C(2)); 76.50 (C(l'), threo); 75.18 
(C(l'), erythro); 57.93 (C(5), eryfhro); 57.62 (C(5), threo); 30.25, 26.34, 25.81, 23.18, 20.87, 17.99, 
9.64, 8.76, -4.28 and -4.51. threolerj,thro= 1.12 (p.h.). 

C13H27N02Si (257.45) Calc. C 60.65 H 10.57 N 5.44% Found C 60.70 H 10.71 N 5.46% 

Desilylation (GP IX) with L A H  resulted in concomitant reduction of the lactam ring to furnish 
2-(1'-h~~droxy-l'-prop~~l)pyrroltdine (66) as a white solid: yield 86%, sublimed at 50"/0.05 Torr, m.p. 81 O .  

The substance absorbed C02 and moisture very readily and hence was characterized as its oxalate: 
m.p. 194-195" (crystallized from methanovether). - 'H-NMR. (CD30D): 0.98 ( I ,  J=7.5,  3 H, 
3 H-C(3')); 1.49 (qi, J=7.5, 2 H, 2 H-C(2')); 1.8-2.3 (m, 4 H, 2 H-C(3) and 2 H-C(4)); 3.1-3.9 
(m, 4 H, H-C(2), 2 H-C(5) and H-C(1')). - 13C-NMR. (CH30D): 166.82 (COO); 73.01 (threo), 71.21 
(erythro), 65.96 (threo), 64.73 (erythro), 46.84 (erythro), 46.31 (threo), 28.60, 28.39, 24.96, 24.31, 10.47, 
9.97. threo/erythro= 1: 7 (p.h.). 

( C ~ H I ~ N O ) ~ .  (CO2H)2 (348.43) Calc. C 55.15 H 9.26 N 8.04% Found C 54.65 H 9.14 N 7.87% 

Data of methyl 5-(t-butyl)dimethylsilyloxy-4-nitrodecanoate (53). GP XI; yield 50%, b.p. 115"/ 
7 .  IOW6Torr.- IR.: 1740 (COOCH3), 1550 (NOz), 1255, 835, 775. - IH-NMR. (CCI4): -0.03 and 0.01 
(2s, 6 H, (H3C)zSi); 0.75-1.15 (br.s, 12H, (H3C)3CSi and 3 H-C(I0)); 1.15-1.75 (br.3, 8 H, 
4 CH2); 1.85-2.65 (m. 4 H, 2 H-C(2) and 2 H-C(3)); 3.62 (s, 3 H, OCH3); 4.0-4.3 (m, I H ,  H-C(5)); 

(OCH3); 34.52. 31.66, 30.18, 25.68,24.60,22.41,22.07, 17.92, 13.83, -4.55 and -5.11. 
4.3-4.6 (m, IH ,  H-C(4)). - I3C-NMR. (CDC13): 172.75 (C(1)); 90.08 (C(4)); 74.11 (C(5)); 51.65 

Cl7H35N05Si (361.55) Calc. C 56.47 H 9.76 N 3.87% Found C 56.22 H 9.59 N 4.10% 
For threolerythro ratios, as determined by GC., see Scheme 9. 

Data of methyl 5-(t-butyl)dimethylsilyloxy-4-nitro-S-pheny~entanoute (54). GP XI, yield 45% (inde- 
pendent of reaction temp.), b.p. 145"/3 I O V 5  Torr. - IR.: 1740 (COOCH3), 1550 (N02), 1255, 1095, 
840, 780, 705. - 'H-NMR. (CDC13) (300 M H z ) ~ ~ ) :  -0.28, -0.18, -0.03, and 0.02 (4s, 6 H,  (H3C)z Si): 
0.79 and 0.89 (2 s, 9 H, (H3QCSi);  2.15-2.5 (m. 4 H, 2 H-C(2) and 2 H-C(3)); 3.59 (s, 3 H, OCH3); 
4 .62(dxdxd,  J=2.5,  5 and 10.5, 0.2H, H-C(4)); 4.71 ( d x d x d , J = 3 . 3 ,  9.3 and 11.5,0.8H, H-C(4)); 
4.94 (d. J ~ 9 . 3 ,  0.17 H, H-C(5), threo); 5.25 (d, J = 5 ,  0.83 H, H-C(5), erythro); 7.34 (s, 5 H, arom. H). 
threolerythro = 1:4.9 (see Scheme 9 for threolerylhro-ratios at 10"). - I3C-NMR. (CDCI3)*'): 172.12 
(C(1)); 171.58 (C(1)); 139.32, 138.78, 128.84, 128.62, 128.32, 127.16, 126.20, 93.57 (C(4), threo); 92.47 
(C(4). erythro); 76.89 (C(5), threo); 76.01 (C(5), eryfhro); 51.34 (OCH3); 30.00, 29.66, 25.50, 25.30, 25.01, 
22.04, 17.90, 17.74, -5.01, -5.74and -5.92. 

C18H29N05Si(367.52) Calc. C 58.83 H 7.95 N 3.81% Found C 58.79 H 8.08 N 3.96% 

Reduction (GP 11) of 542y) gave a mixture of methyl 4-amino-S-(t-butyl)dimethylsilyl~~.v-5-phen)I- 
pentanoare (55, R = CsH5) and S-(1'-(t-butyl)dimethylsilyloxy-I'-phenyl)methyl-2-pyrrolidone (57). Heating 
of the crude product at 60" for 6 h resulted in complete conversion of the amino ester 55 to 57 which 
was purified by bulb-to-bulb distillation: yield 80%, b.p. 145"/2. Torr. - I R .  (CHC13): 3440 (NH), 
1690, 1255, 1095, 1070, 840. - 'H-NMR. (CC14): -0.13, -0.1 and 0.1 (3s, 6 H, (H3C)zSi); 0.93 and 0.95 
(2.7, 9 H, (H3C)3CSi); 1.55-2.5 (m, 4 H, 2 H-C(3) and 2 H-C(4)); 3.5-3.85 (m, 1 H, H-C(5)); 4.5 
(d, J = 6 ,  0.22H, H-C(1'). threo); 4.75 (d, J = 3 ,  0.78H, H-C(1'). erythro); 7.3 (s, 5 H, arom. H); 7.75 
and 8.2 (2 br. s. 1 H, NH). threo/eryrhro= 1 :3.5. - I3C-NMR. (CDC13): 178.87 (C(2)); 178.09 (C(2)); 
140.81. 140.44, 128.62, 128.09, 127.92, 127.56, 127.13, 126.66, 126.34, 125.80, 125.50, 76.74 (C(l')), 60.70 
(C(5)); 29.86, 25.91, 25.65,22.73,21.13, 17.89, -4.76, -4.94and -5.25. 

C17H27NO$i(305.50) Calc. C 66.84 H 8.91 N 4.58% Found C 66.77 H 8.89 N 4.75% 
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