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Sn-chelated glycine ester enolates are efficient nucleophiles for highly stereoselective 1,4-additions toward nitroolefins and subsequent reductions
of the nitronate intermediates formed, giving rise to amino acid nitriles.

Although rarely found in nature, aliphatic nitro compounds the presence of PBand DEAD® Another interesting direct
play an enormously important role as synthetic intermediates.conversion was described by Mukaiyama in 1968.their
These chemical chameleons can react as carbonyl equivalentseaction of deprotonategtnitrotolueneA with chlorodiethyl
with inverted polarity (Umpolung)and can be converted phosphite they did not obtain the expected nitrile oxide but
into a wide range of other functionalitiés:or example, Nef  the nitrile D, probably via rearrangement of the phosphite
reactions provide the corresponding aldehytiesile step- intermediateB into the phosphat€ and subsequent elimina-
wise reductions give rise to nitrones, oximes, hydroxy- tion (Scheme 1). Very recently, Carreira et al. reported a
lamines, and amines. Nitriles can be obtained from nitro similar protocol using benzyl bromide and thionyl chlorfde.
compounds in general via oxime intermediates and subse-

guent elimination of water. The required oximes can either _

be provided in a stepwise protocol using a Nef reaction and Scheme 1. Nitrile Formation from Nitro Compounds
subsequent addition of hydroxylamine to the derived alde- o B 7]
hydé* or by direct reduction using a mixture of Sn(Sgh) 3 N
PhSH/NE4.> Direct conversion of nitro compounds into the 7®° 00 (EtO),PCI “@ O-P(OEt),
corresponding nitriles can be carried out using Sn(sPh) K® " s
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A straightforward approach toward a wide range of because the zinc enolate of this ester was superior to all other
aliphatic nitro compounds is provided by the 1,4-addition combinations in previous Michael additidhand palladium-
of suitable nucleophiles to nitroalken®s. catalyzed allylations as welt.And indeed, the zinc enolate
These Michael-type additions can also be carried out in showed a high reactivity. Afte2 h at =78 °C, the nitroalkene
an asymmetric version by using either chiral nitroalkéhes was completely consumed and the expected product was
or chiral nucleophiles$t For example, Schéllkopf et al. used obtained in high yield as a diastereomeric mixture with
their bislactim ethers as chiral glycine equivalents in their moderate selectivity (Table 1, entry 1).
synthesis of nitro-substituted amino acid$ut other chiral

glycine syrthons can be used as viel. —

' Our. group is also invglved 'in amino acid synthesis, apje 1. Additions of Chelated Enolates toward Nitroolefines
investigating chelated amino acid ester enolates as nucleo-

. . . . TFAHN"COOt-B
philes in various types of reactioisVery recently, we !

1 2.5 equiv LHMDS “
reported on highly stereoselective Michael additions of these . ATequivMXy Pj\
chelated enolates toward-unsaturated esters and subse- N0z TR T8 TTHETEC T coor BUTFAHN" > COOBu
quent ring-closing reactions Qf the enolate mt_erme.dlgtes 2 syn3 anti-3
formed?® Therefore, we were interested to see if a similar
behavior is also found in additions toward nitroalkenes yield ratio
(Figure 1) because, in principle, the nitronates formed in the entry substrate product MXn (%) synlanti
1 2a 3a ZnCl, 88 30:70
2 2a 3a SnCly 58 98:2
3 2a 3a Cul 64 82:18
SN0 \/No2 4 2a 3a TiCl(Oi-Pr); 86 79:21
@A w 5 2a 3a  MgCly 82 75:25
2a c 6 2a 3a 73 87:13
7 2b 3b ZnCly 96 33:67
8 2b 3b SnCl, 71 78:28
>'/\/N02 N0, 9 2¢ 3c ZnCly 68 68:32
10 2¢c 3c SnCly 56 93:7
2d 2f 11 2d 3d ZnCly 60 93:7
. . , o - 12 2d 3d SnCly 15 95:5
Figure 1. Nitroolefins used in Michael additions. 13 % 36 ZnCl, 86 9:91
14 2e 3e SnCly 68 96:4
15 2f 3f ZnCly 92 89:7:4
addition step should be capable of reacting with several 16 2f 3f SnCly 77 >99:<1
electrophiles.
We started our investigations with commercial nitrostyrene . _ o . _
2a using TFA-protected glycine estéras the nucleophile, To improve this selectivity, we varied the reaction param-
eters such as the protecting groups, the substitution pattern
(5) Bartra, M.; Romea, P.; Urpi, F.; Vilarrasa,Tktrahedronl 990,46, of the nitroalkene and the metal salts (Table 1). Surprisingly,
587—594. all other metal salts gave rise to the opposite diastereomer.
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Angew. Chem., Int. E 5, 44,612—615. : f ; : :

(9) Reviews: (a) Barrett, A. G. M. Graboski, G. Ghem. Rev1986, was the metal salt of choice, albeit with this salt the yield
86, 751—762. (b) Schéfer, H.; Seebach,Tetrahedron1995,51, 2305— was moderate (entry 2). Other metal salts such as Cul (entry
2324, ithi
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Chem.1987, 99, 4806-482; Angew. Chem., Int. Ed. Endl987,26, 480— . . .
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Table 2. Amino Acid Nitriles from Nitroolefins

AP TFAHN">COOt-Bu
| ! 2 iv LHMDS, RCOX CN
TFAHN" ™COO0t-Bu + 1'? £qu sncl RI
.1 equiv SnCly
H| R/\/NOZ TFAHN" “COOt-Bu
4
NHTFA 2
COOt-Bu
\ entry substrate product RCOX (equiv) yield (%)
N 1 of 4af MeOCOCI (1.1) 40
2 2f 4af MeOCOCI (2.2) 65
Figure 2. ORTEP plots of4f. 3 2f 4f AcCl (2.2) 68
4 2¢ 4c MeOCOCI (1.1) 36
5 2¢ 4c MeOCOCI (2.2) 66
. - . L . 6 2¢ 4c AcCl1(2.2) 35
(entries 7 and 8_), while introduction of steric hlndr_ance using % o BzCl (2.2) 68
the branched nitroalken@s and2d had the opposite effect 8 2¢ 4c TsCl (2.2)

(entries 9—12). With these substrates both metal salts gave
the same stereoisomer, and the best selectivities were

obtained with2d. The dramatic drop in the yield of the tin To prove the generality of this process we subjected other
enolate (entry 12) indicates that tin enolates are more nitroalkenes such a®c to these reaction conditions. The
sensitive toward steric hindrance in comparison to zinc results obtained were similar (entries 5—7) demonstrating
enolates. A similar observation was made by using the ortho-that other acyl halides can be used as well. The best re-
substituted aromatic aldehy@e, giving both high yield and  sults so far were obtained with benzoyl chloride (entry
selectivity with the zinc enolate (entry 13). Depending on 7). Trifluoroacetic anhydride gave a mixture of Michael
the metal salt used, both diastereomeric products can beadduct3cand nitrile4c, and tosyl chloride failed completely
obtained by this protocol. (entry 8).

Next we investigated reactions of chiral nitroalkenes such  The formation of the nitrile was unexpected and we had
as 2f to investigate the possibility of controlling the stere- to think about a possible reaction mechanism (Scheme 2). It
ochemical outcome of this reaction. In principle, four is known that aliphatic nitro compounds are preferentially
different diastereomers can be obtained. In the reaction of O-acylated® and therefore the formation of @-acylated
2f with the zinc enolate (entry 14) three of the isomers could
be detected by GC and NMR, while the tin enolate gave the
same major diastereomer (2,3-syn-3,4-syn isomer) exclu-
sively (entry 15), as determined by X-ray structure anahfsis.
Using nitroalkene2c we investigated also the influence of
the N-protecting groups and found that many protecting
groups (Ac, Bz, Boc, Z) can be used, giving relatively good

Scheme 2. Mechanistic Proposal for Nitrile Formation

8.8
N

yields (50—78%) but no significant selectivity.

With this highly stereoselective protocol in hand, we next
tried to trap the nitronate intermediate directly with electro-
philes, generating even more complexity. Unfortunately this
is not a trivial issue, because nitronates as ambident
nucleophiles cannot only react at theC but also at the
oxygent? Although we investigated several protocols re-
ported in the literaturé® we were not able to react depro-
tonated3f with either aldehydes or alkyl halides. Therefore,
we decided to use more reactive acyl halides or chlorofor-
mates as electrophiles (Table 2).

First of all, we quenched the reaction with 1.1 equiv of
methyl chloroformate (entry 1) and observed the formation
of a new product in 40% yield. The yield could be increased
to 65% by raising the amount of chloroformate to 2.2 equiv
(entry 2)!° Surprisingly, the same product was obtained by
using acetyl chloride (entry 3). NMR studies indicated that
the acylation agent was not incorporated into the product.
Instead nitrile4f was formed, as confirmed by X-ray structure
analysis'® Herein also the syn-syn product was formed
exclusively (Figure 2).
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specied is reasonable. Under the basic reaction conditions Dr. V. Huch (University of the Saarland) as well as Dr. F.

usedA can eliminate HOAc giving nitrile oxid® which Rominger (University of Heidelberg) for X-ray structure

somehow must be reduced to the nitrile. Alternativdy,  analyses.

can be acylated a second time givir®§ which then

undergoes reduction to the nitrile. In princip@ should also Supporting Information Available:  Analytical and

be accessible via the diacylated intermediate spectroscopic data of all new compourddand4 as well as
Probably the reduction of is easier as indicated by the X-ray data of3a, 3f, and4f. This material is available free

higher yields obtained with an excess of acylating agent. But of charge via the Internet at http://pubs.acs.org.

what is the reducing agent? As mentioned previously, nitrile

formation is not observed in reaction of zinc enolates, and 0L050129J

therefore, we assumed that Sn(ll) might be responsible.
To prove this possibility we repeated the reaction of the  (18) (a) Seebach, D.; Lehr, Angew. Chenil976 88, 540-541; Angew.

; ; ; ; Chem., Int. Ed. Engl1976,15, 505—506. (b) Colvin, E. W.; Seebach, D.
zinc enolate Wlchf.t.)ut added 1.1.eqU|v of Sng:prlor to_ 3. Chem. Soc., Chem. Commura7s, 689-691. (c) Yamaguchi, M.
chloroformate addition. Indeed, nitriéf was obtained in  Tsukamoto, M.; Hirao, ITetrahedron Lett1985,26, 1723—1726.

80% vyield and identical selectivity as reported in Table 1 (19) General Procedure for Michael Additions and Nitrile Formation.
The base used for enolate formation was prepared directly before use. In a

(entry 15). In this case, the zinc enolate is responsible for gchjenk flask a solution of HMDS (0.6 mL, 2.8 mmol) was dissolved in
the high yield, and the tin chloride is responsible for the THF (3.5 mL) under argom-BuLi (1.6 M, 1.4 mL, 2.24 mmol) was added

reduction step slowly at —78 °C, and the mixture was stirred for 30 min. In a second
Jh . . . Schlenk flask TFA-protectetért-butyl glycinate (100 mg, 0.88 mmol) and

In conclusion, we have shown that tin-chelated amino acid snck, (185 mg, 0.97 mmol) were dissolved in THF (2 mL), and the mixture

enolates are good nucleophiles for stereoselective MichaelWas cooled to-78°C. The freshly prepared base solution was added slowly,

.. . . . and after the solution was stirred for 30 min the corresponding nitroalkene
additions toward nitroalkenes. If the reaction is quenched (1.0 mmol) was added in THF (1.1 mL). The solution was allowed to warm

with acyl halides, the tin can also act as a reducing agentto room temperature overnight. After the reaction mixture was cooled to 0

.. . . . °C, methyl chloroformate (0.15 mL, 1.94 mmol) was added. During 1 h,
giving direct access to nitriles in a one-pot prOtOCOI' the solution was warmed to room temperature before it was diluted with

EtOAc (10 mL) and hydrolyzed with 1 M KHS£O(10 mL). The layers
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