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ASYMMETRIC ([2,3IWITTIG REARRANGEMENT OF 2'-ALKENYLOXYACETAMIDE BEARING
TRANS-2,5-BIS(METHOXYMETHOXYMETHYL)PYRROLIDINE MOIETY AS A CHIRAL AUXILIARY

Masako UCHIKAWA, Takeshi HANAMOTO, Tsutomu KATSUKI,* and Masaru YAMAGUCHI
Department of Chemistry, Fuculty of Science, Kyushu University 33
Hakozaki, Higashi-ku, Fukuoka 812, Japan

Summary: (2,3IWittig rearrangement of (25,5S)-N-(alkenyloxyacetyl}-2,5-bis-
(methoxymethoxymethyl)pyrrolidine enolate was studied and zirconium enolates of
the corresponding (E)-alkenyloxyacetyl compounds were found to rearrange with
high syn-diastereo and diastereoface selection,

In contrast to the stereochemically well-understood (3,3J)sigmatropic rear-
rangement, its [2,3Jcounterpart had not found its proper position in synthetic
control until recently when extensive studies by Nakai et a].]) disctosed that
this type of reaction was also very useful for acyclic stereocontrol in the syn-
thesis of alcohols. In studies directed to the asymmetric synthesis of hydroxy
acid52 as potent building blocks for the construction of natural products, we
examined the rearrangement of alkenyloxyacetamides (1) bearing trans-2,5-bis-

(methoxymethoxymethy1)pYrrolidine3)

as a chiral auxiliary. It has already been
reported by Nakai et al. that though dianions of alkenyloxyacetic acids rear-
ranged in poor stereose]ectivity,4) their oxazoline or oxazine derivatives gave
high diastereoselectivity (98% ds).s) Asymmetric induction (up to 78% de) in
the reaction of optically active oxazoline derivatives has also been examined.6

)

Here are described several features of the [2,3)Wittig rearrangement of 1,

and the finding that zirconium enolates7)

of the (E)-alkenyloxyacetyl compounds
rearrange with high diastereo and diastereoface selection.

Examples of [2,3)Wittig rearrangement of the enolates derived from (28,
55)-N-(alkenyloxyacetyl)-2,5-bis{methoxymethoxymethyl)pyrrolidines are given in
Table 1. The reaction of Tithium enolates proceeded with high diastereoface
selectivity at C2' (entries 1, 2, and 6) except for particular cases (entries 8
and 9) which will be discussed later. The (25,55)-auxiliary gave preferentially
(2'S)-products and therefore the sense of asymmetric induction was the same
as observed in alkylation and acy]ation.3) The diastereoselectivity in
the reaction of Tithium enolates was, however, unsatisfactory though there was
an obvious trend that the (E)- or (Z)-configuration in the alkenyloxy moiety
favored syn- or anti-product (C2' and C3'), respectively.

On the other hand, when the reaction was conducted (-70 °C) after the addi-
tion (-100 °C) of dicyclopentadienylzirconium dichloride (CpZZrCIZ) to the solu-
tion of lithium enolates derived from (E)-alkenyloxy substrates, a remarkable
enhancement of syn-diastereoselectivity was observed also with the improvement
of the asymmetric induction at C2' (entries 3 and 4). However, the addition of
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Table 1. ([2,3]Wittig Rearrangement of (25,55)-N-2-Alkenyloxyacetyl-2,5-
bis({methoxymethoxymethyl)pyrrolidines (1)

Substituents in 1 Product (2) Asymm.
Entry R] R2 R3 Metal Yield(%) Diastereom. Ratioa) b§nduct1‘on at
2'S (syn : anti) : 2'R C2'(%de)
1 H H H Li 61 98¢ 2 96
2 Et H H Li 75 96¢) (241 ) g4 92
3 Me H H Zr 43 98 (28%).1 ) 2 96
4 Et H H zr 65 98¢) (3091 ) .2 96
5 Et H H Mg 13 91¢) (4% ) g 82
6 H Et H Li 33 95¢) (14). 3.5) . s 90
7 H Et H Zr 7 96¢) (191 ) 14 92
8 H Ho n-CoHyg Li 82 67 )
9 H Ho c-CeHyp Li 83 339:h)
10 H H c-Ceyy Zr 25 879’1)
11 H Ho c-CgHyp 2r 70 419-3:K)

a) Diastereomeric ratio was determined by 1

H NMR (90 MHz). b) Configuration
at C3' was not determined. c¢) Configuration at C2' was assigned to be S by
comparison after acetylation and subsequent hydrogenation, with an authentic
sample which was obtained by alkylation of (25,55)-N-benzyloxyacetyl-2,5-
bis(methoxymethoxymethyl)pyrrolidine (reference 2) followed by debenzylation
and acetylation. d) Configuration was established to be syn by its trans-
formation including i) hydrolysis of amide Tinkage and ii) iodolactonization
of the resulting hydroxy acid, to 3-ethyl-2-hydroxy-5-iodo-4-pentanolide, the
stereochemistry of which was determined to be 2,3- and 3,4-trans by ]H NMR
decoupling and NOE experiments. e) Configuration was determined after appro-
priate conversion (see experimental procedure) by comparison with an authentic
specimen (references 11 and 12). f) Configuration of newly formed double bond
was not determined. g) Predominant 2'S configuration was inferred from ]H NMR

spectra of the corresponding acetate. !

H NMR spectra (C6DG) showed the charac-
teristic peak at 61.74-1.80 for acetoxy protones in 2'S isomer and at 8§1.60-1.66
in 2'R isomer. h) A mixture of E and Z isomers: 2'S isomer, E/Z= 4/1; 2'R
isomer, E/Z= 1.3/1. i) A mixture of E and Z isomers: 2'S isomer, E/Z= 1/3. j)
The reaction was conducted at -20 °C after the addition of CpZZrC12 at -100 °C.

k) A mixture of E and Z isomers: 2'S isomer, E/Z= 1/3; 2'R isomer, E/Z= 1/1.8.
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the same complex to the corresponding (Z)-substrate did not give any favorable
result {(entry 7). The influence of zirconium ion on {E)-substrates may be

1.8) The conformation A

explained by transition state models shown in Fig.
leading to syn-selection is less sterically constrained than B which suffers

the repulsion between the metal ion and a hydrogen atom of the double bond.
Displacement of the lithium ion by a zirconium ion bearing bulky ligands
increases the repulsion.

The addition of magnesium bromide as a similar O-chelating metal salt did
not find particular merits and that of dicyclopentadienyltitanium dichloride
gave a complex reaction mixture.

In substrates bearing secondary alkenyloxyl groups, two stereocontrolling
factors, transfer of chirality from the asymmetric center present in the
alkenyloxyl moiety and asymmetric induction by the chiral auxiliary, must be
considered. Inferring from the results obtained with Tithium enolates by using
substrates having dl-alkenyloxyl moieties (entries 8 and 9), both the effects
seem to be comparable in the mismatched pair in terms of double diastereo-
selection and cancel out to each other. In the case of the zirconium enolate,
the matched pair underwent the preferential rearrangement reaction at -78 °C
to give the product of 87% de at 25% conversion {entry 10). However, the fact
that the diastereomeric purity of 41% de obtained at 70% conversion indicated
that the chirality transfer strongly overrode the asymmetric induction in the
mismatched pair (entry 11).9)

A typical example of experimental procedure is given below.

n-BuLi (1.6 mol dm—3, 258 ul, 1.2 eq) was added slowly to a THF (330 ul)
solution of (25,55,2'E)-N-2'-butenyloxyacetyl-2,5-bis(methoxymethoxymethyl)-
]0)—(174.0—m97 at -100 °C under nitrogen. After stirring at -100 °C
for 2 h, a solution of CpyZrCl, (120 mg, 1.2 eq) in THF (1.5 m1) was added
slowly to the solution and the mixture was stirred at the same temperature for
3 h and then at -70 °C for 3 h. Saturated aqueous KF (150 p1) was added and the
mixture was allowed to warm to room temperature and then, passed through

pyrrolidine
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a short column of silica gel. Concentration and chromatography on silica gel
gave the rearranged product (2; R]=Me; RZ, R3=H; 47.4 mg) in 42% yield.

The product (32 mg) was hydrogenated (H2/Pd on C, EtOH) and hydro]yzedS)
(1 mol dm™3 HCT, 100 °C) to give (25,3R)-2-hydroxy-3-methylpentanoic acid
(11 mgs [adp® +11.2° (c=0.36, H,0), 1it. ') a1 +9.5° (c=1.0, H,0)1 in
quantitative yield.

Support by the Grand-in-Aid for Scientific Research (No. 59470020) from
the Ministry of Education, Science, and Culture, Japan, is gratefully
acknowledged. The authors also thank Professor T. Nakai of Tokyo Institute of

Technology for his valuable discussion and informations on this subject.

References and Notes

1) a} T. Nakai, K. Mikami, and N. Sayo, J. Synth. Org. Chem. Jpn. 41, 100
(1983). b) K. Mikami, K. Azuma, and T. Nakai, Tetrahedron, 40, 2303 (1984).

2) M. Enomoto, Y. Ito, T. Katsuki, and M. Yamaguchi, Tetrahedron Lett., 26,
1343 (1985), and references cited therein.

3) Applications of the chiral auxiliary: To alkylation; Y. Kawanami, Y. Ito
T. Kitagawa, Y. Taniguchi, T. Katsuki, and M. Yamaguchi, Tetrahedron Lett.,
25, 857 (1984) and reference 2: To acylation; Y. Ito, T. Katsuki, and M.
Yamaguchi, Tetrahedron Lett., 25, 6015 (1984) and idem, ibid., 26, 4643
(1985): To aldol condensation; T. Katsuki and M. Yamaguchi, ibid., 26,
5807 (1985). '

4) T. Nakai, K. Mikami, S. Taya, Y. Kimura, and T. Mimura, Tetrahedron
Lett., 22, 69 (1981).

5) K. Mikami, K. Fujimoto, and T. Nakai, Tetrahedron Lett., 24, 513 (1983).

6) K. Mikami, K. Fujimoto, T. Kasuga, and T. Nakai, Tetrahedron Lett., 25,
6011 (1984).

7) Quite recently, after completion of this manuscript, T. Nakai et al,
reported that Li or Zr enolate of (E}-N-(butenyloxyacetyl)prolinol ether
rearranged in high syn-selectivity (97-98% ds) and moderate diastereoface
selectivity (20-60% de); K. Mikami, 0. Takahashi, T. Kasuga, and T. Nakai,
Chem. Lett., 1729 (1985).

8) A similar transition state has been proposed in the Wittig rearrangement
of oxazoline derivatives: Reference 5.

9) The chirality transfer in [2,31Wittig rearrangement of esters of (E})-1'-
alkyl-2'-alkenyloxyacetic acids will be discussed in the succeeding
communication.

10) 2'-Alkenyloxyacetic acids prepared according to Nakai's procedure (reference
4) were converted to the corresponding amides by conventional methods.

11) M. Winitz, L. B. Frankenthal, N. Izumiya, S. M. Birmbraum, C. G. Baker,
and J. P. Greenstein, J. Am. Chem. Soc., 78, 2423 (1956).

12) B. B. Snider and J. W. van Straten, J. Org. Chem., 44, 3576 (1979).

(Received in Japan 27 May 1986)



