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12b (2.82 g, 17.8 mmol), dropwise. After 1 h, the mixture was 
quenched by the controlled, dropwise addition of aqueous NaOH 
(10 mL, 3.0 N.) (Caution! Hz evolution!). Pentane (30 mL) and 
water (30 mL) were added, and after separation, the aqueous layer 
was extracted with ether (3 X 30 mL). The combined organic 
layers were dried (KZCO3), concentrated, and distilled to give 2.67 
g (93%) of pure 13b (bp 130-2 OC, 95 Torr) [lit.23 bp 122 "C (11 
Torr)]: 'H NMR (CDClJ 6 0.62 (9, 6 H, J = 7.8 Hz); 1.00 (t, 9 

(4, 1 H, J = 7.5 Hz); IR (TF) 3360 (OH), 1460,1420,1240,980 
(SiEQ cm-'; MS m/z 131 (24, M - Et), 115 (18), 103 (33), 87 (loo), 
75 (50), 59 (57), 58 (18), 47 (29). Anal. Calcd for C8HzoOSi: C, 
59.90; H, 12.59. Found: C, 60.03; H, 12.55. 

l-(Triisopropylsilyl)ethanol(13c). As for 13b, from 12c (1.94 
g, 9.7 mmol) and BMS (1.50 mL, 10.0 M, 15.0 mmol) in THF (10 
mL) was obtained 1.60 g (82%) of pure 13c (bp 82 "C, 0.2 Torr): 
'H NMR (CDC13) 6 1.0-1.4 (m, 22 H), 1.47 (d, 3 H, J = 7.5 Hz), 
3.91 (q, 1 H, J = 7.5 Hz); %Si NMR 6 2.09; IR (TF) 3390 (OH), 
1380, 1368, 883 (Si(i-Pr)& cm-', MS m/z  202 (0.6), 159 (24), 157 
(16), 131 (40), 129 (16), 115 (48), 103 (40)) 101 (21)) 89 (17), 87 
(43), 75 (83), 73 (61), 61 (go), 59 (loo), 47 (17). Anal. Calcd for 

H, J = 7.8 Hz), 1.32 (d, 3 H, J = 7.5 Hz), 1.1-1.5 (b, 1 H), 3.64 

Cl1HZ6OSi: c, 65.24; H, 12.96. Found c ,  65.41; H, 12.90. 
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The mesylates of chiral y-hydroxy-a-methyl (E)-a,&enoates undergo 1,3-chirality transfer to form chiral 
a-alkyl-a-methyl (E)-&y-enoates with high optical purity using organocyanocopper-trifluoroborane reagents. 
The degree of asymmetric induction, regiochemistry, and chemoselectivity has been found to be uniformly high. 
THF or mixed solvents involving THF, a y-(methylsulfony1)oxy leaving group, and organocopper-Lewis acid 
reagents prepared from CuCN, RLi, and BF3.Etz0 were found to be necessary to ensure the success of the 
preparation of chiral quaternary carbon centers with high optical purity via the 1,3-chirality transfer. The present 
efficient procedure is compatible with a variety of oxygenated groups such as mesyl, benzyl, tert-butyldimethylsilyl, 
and isopropylidene functions. 

As synthetic targets with high biological activities in- 
crease in complexity, the requirements for mild and effi- 
cient methods for constructing chiral quaternary carbon 
centers with high optical purity increase.' Considerable 
efforts have been made on the synthesis of chiral qua- 
ternary centers and several interesting synthetic proce- 
dures have been developed. Except for a few synthetic 
routes? recently described synthetic methods for con- 
struction of chiral quaternary carbon centers have involved 
the use of the enantio- or diastereoselective a-alkylation 
of chiral bicyclic lac tam^,^ acyclic a-alkyl-a-cyanoacet- 
amides with pyrrolidines as chiral auxi l iar ie~,~ chiral p- 
hydroxy esters,6 and other carbonyl compounds.6 How- 
ever, an organocopper-trifluoroborane assisted 1,3-chi- 
rality-transfer strategy of y-oxygenated-a-alkyl a,p-enoates 
for constructing chiral quaternary carbon centers has no 
precedent as far as we are aware. 

We reported recently that both E and Z chiral y-me- 
syloxy a,@-enoates 1 and 2 can be effectively converted to 
a-alkyl (E)-p,y-enoates 3 with very high optical purity by 

Kyoto University. * Tohoku University. 

treatment with organocyanocopper-trifluoroborane reag- 
ents' (eq 1). 

(1) For an excellent review, see: Martin, S. F. Tetrahedron 1980,36, 
419. 

(2) (a) For a molybdenum-catalyzed reaction, see: Trost, B. M.; Lau- 
tens, M. J. Am. Chem. SOC. 1987,109, 1469. (b) For a Lewis acid pro- 
moted 1,2-rearrangement of p,y-epoxy alcohols, see: Shimezaki, M.; Hara, 
H.; Suzuki, K.; Tsuchihaahi, G.-I. Tetrahedron Lett. 1987,28,5891. (c) 
For a palladium-catalyzed reaction, see: Hayaahi, T.; Kanehira, K.; 
Hagihara, T.; Kumada, M. J. Org. Chem. 1988, 53, 113. (d) For the 
Schulz-Berger rearrangement reaction, see: White, J. D.; Reddy, G. N.; 
Spessard, G. 0. J. Am. Chem. SOC. 1988,110,1624. 

(3) (a) Meyers, A. I.; Hanreich, R.; Wanner, K. T. J. Am. Chern. SOC. 
1986,107,7776. (b) Meyers, A. I.; Lefker, B. A.; Wanner, K. T. J .  Org. 
Chem. 1986,51,1936. (c) Meyers, A. I.; Lefker, B. A. Tetrahedron 1987, 
43, 5663 and references cited. 

(4) Hanamoto, T.; Katsuki, T.; Yamaguchi, M. Tetrahedron Lett. 
1986,27, 2463. 
(5) Friter, G.; Muller, U.; Giinter, W. Tetrahedron 1984, 40, 1269. 

Ando, A.; Shioiri, T. J. Chem. SOC., Chem. Commun. 1987,656. Renaud, 
P.; Hurzeler, M.; Seebach, D. Helu. Chim. Acta 1987, 70, 292. 
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Table I. Chemical Yields and Enantio- or Diastereoselectivity in the Reaction of a-Alkyl-y-oxygenated a,fl-Enoates with 
Organocopper Reagents 

leaving enantio- or 
group product diastereoselectv' 

entry a t  C-4 substrate reagent (chem yield, '70) (abs confgn a t  C-2) 
1 OTBS 9a or 9b EtCu(CN)LbBF, d 
2 OAc 1 1  MeCu(CN)Li.BFs (LiBr)b d 
3 OAc 1 1  MezCu(CN)Li2.BF3 (LiBr)b d 
4 OAc 1 1  n-Bu2Cu(CN)Li3.BF3 e 
5 OMS 12a Me2Cu(CN)Liz.BF3 (LiBr)b 13 (22) 
6 OMS 12a MeCu(CN)Li.BF3 (LiBr)b 13 (82) 
7 OMS 22b Me2Cu(CN)Liz.BF3 (LiI)c 23 (96) 
8 OMS 22b MeCu(CN)Li.BF3 (LiI)' 23 (56)f 
9 OMS 29 MezCu(CN)Liz.BF3 (LiI)c 30 (99) 
10 OMS 29 MeCu(CN)Li.BF, (LiI)c 30 (52)g 
11 OMS 40 MeCu(CN)Li.BF, (LiBr)b 41 (95) 

13 OMS 12b EtCu(CN)Li-BF, 15 (92)h 99:l (R)  
14 OMS 12b n-BuCu(CN)Li.BF3 16 (97) 98:2 (R)  

12 OMS 12a n-BuCu(CN)Li.BF, 14 (92) 99:l (S) 

15 OMS 22a EtCu(CN)Li.BF, 24 (89) 99:l (S) 
16 OMS 22a n-PrCu(CN)Li.BF, 25 (95) 99:l (SI 
17 OMS 22a n-BuCu(CN)Li.BF, 26a (96) 99:l (SI 
18 OMS 22b n-BuCu(CN)Li.BF, 26b (98) 98:2 ( R )  
19 OMS 22b n-Bu2Cu( CN)Li,.BF, 26b (74) 98:2 (R)  
20 OMS 29 n-PrCu(CN)Li.BF, 31 (98) 99:l ( R )  
21 OMS 29 n-BuCu(CN)Li.BF3 32 (94) 99:l ( R )  
22 OMS 29 n-Bu2Cu(CN)Liz.BF, 32 (70) 99:l (R)  
23 OMS 35 n-PrCu(CN)Li.BF3 36 (91) 99:l (S) 
24 OMS 35 n-BuCu(CN)Li-BF, 37 (99) 99:l (S) 
25 OMS 40 n-BuCu(CN)Li.BF, 42 (95) 99:l (S) 

"Determined by 200-MHz 'H NMR spectroscopy with Eu(hfc),. bPrepared from ethereal MeLi (as complexed with LiBr). "Prepared 
Recovered unchanged starting material. 'An inseparable mixture of products was obtained. 

Obtained along with ca. 3.5% of 
from ethereal MeLi (as complexed with LiI). 
f Unchanged starting material (42%) with recovered. gunchanged starting material (46%) was recovered. 
SN2 substitution product. 

The success of these reactions encouraged us to inves- 
tigate extensions to the synthesis of chiral quaternary 
carbon centers. Our preliminary communication described 
studies with some a-amino acid and sugar-derived a-al- 
kyl-y-oxygenated (E)-a,P-enoates.* We have explored in 
more detail the reaction conditions of organocopper-tri- 
fluoroborane-promoted 1,3-chirality transfer reactions of 
a-alkyl-y-oxygenated (E)-a$-enoates to shed more light 
on this chemistry. We detail here an attractive and broadly 
applicable synthesis of chiral quaternary carbon centers 
suitable for large-scale preparation via a 1,3-chirality 
transfer reaction of a-alkyl-y-mesyloxy a,P-enoates 4 with 
organocyanocopper-trifluoroborane reagents (eq 2). Since 
both protected chiral (E)-allylic alcohol and ester functions 
are available for further chemical manipulations, chiral 
a,a-dialkyl-&oxygenated (E)-P,y-enoates 5 are promising 
intermediates for the synthesis of natural products with 
quaternary carbon centers. 

4 5 d e  95.99% 

Results a n d  Discuss ion 
The requisite a-alkyl-yoxygenated (E)-a$-enoates 11, 

12a, 12b, 22a, 22b, 29,35, and 40 for the present study were 

readily prepared in acceptable yields from the known (R)- 
and (S)-2,2-dimethyl-l,3-dioxolane-4-carboxaldehydes (6a9 
and 6b1° (for 6a and 6b, see Scheme I), methyl (2S,3R)-, 
(2S,3S)-, and (2R,3S)-2-(mesyloxy)-3-(tert-butyldi- 
methylsi1oxy)butanoates (20a,7bJ1 20b,7b711 and 277bJ1 (for 
20a, 20b, and 27, see Scheme 111), D-xylose dibenzyl ether 
(33),12 and L-arabinoase monoacetonide (38)13 (for 33 and 
38, see Scheme 111), respectively, according to the usual 
method as shown in Schemes I and I11 (for details, see 
Experimental Section). The E stereochemistry of the 
substrates 7a, 7b, 22a, 22b, 29,34, and 39 was inferred from 
the well-known fact that  reaction of aldehydes with (a- 
carbalkoxyethy1idene)triphenylphosphorane leads to the 
more stable E isomers either predominantly or exclusive- 
ly.14 Furthermore, the E stereochemistry could easily be 
determined by the NOE measurement. For example, the 
E stereochemistry of 22b could be established unequivo- 
cably from the NOE difference spectroscopy (ca. 3% en- 
hancement) of the C-4-hydrogen a t  6 5.15 on irradiation 
of the C-2-methyl hydrogens a t  6 1.99. The same E con- 
figuration is assumed for all other substrates. 

I t  has been reported that treatment of acetates or ben- 
zoates of simple allylic alcohols with organocopper reagents 
led to predominant or exclusive formation of y-substitution 
products.15 Similarly, we had noted previously that re- 

(6) (a) Pfau, M.; Revial, G.; Guingant, A.; d'Angelo, J. J .  Am. Chem. 
SOC. 1985, 107, 273. (b) Fuji, K.; Node, M.; Hasegawa, H.; Naniwa, Y.; 
Terada, S. J. Am. Chem. SOC. 1986, 108, 3855. (c) White, J. D.; Somers, 
T. C.; Reddy, G. N. J.  Am. Chem. SOC. 1986,108,5352. (d) Tomioka, K.; 
Yasuda, K.; Koga, K. J. Chem. Soc., Chem. Commun. 1987, 1345. (e) 
Tomioka, K.; Seo, W.; Ando, K.; Koga, K. Tetrahedron Lett. 1987, 28, 
6637. (0 Tomioka, K.; Cho, Y.-S.; Sato, F.; Koga, K. J.  Org. Chem. 1988, 
53, 4094 and references cited. 

(7) (a) Ibuka, T.; Nakao, T.; Nishii, S.; Yamamoto, Y. J.  Am. Chem. 
SOC. 1986, 108, 7420. (b) Ibuka, T.; Tanaka, M.; Nishii, S.; Yamamoto, 
Y. J .  Am. Chem. Soc. 1989, 111, 4864. 

(8) For a preliminary communication of a portion of this work, see: 
Ibuka, T.; Tanaka, M.; Nishii, S.; Yamamoto, Y. J. Chem. Soc., Chem. 
Commun. 1987, 1596. 

(9) Takano, S.; Kurotani, A.; Takahashi, M.; Ogasawara, K. Synthesis 
1986, 403. Jurczak, J.; Pikul, S.; Bauer, T. Tetrahedron 1986, 42, 447. 
Jackson, D. Y. Synth. Commun. 1988, 18, 337. 

(10) Lok, C. M.; Ward, J. P.; van Dorp, D. A. Chem. Phys. Lipids 1976, 
16, 115. Hirth, G.; Walther, W. Helu. Chim. Acta 1985,68,1863. Tanner, 
D.; Somfai, P. Synth. Commun. 1986, 16, 1517. 

(11) Ibuka, T.; Nishii, S.; Yamamoto, Y. Chem. Express 1988, 53. 
(12) Matsuda, F.; Terashima, S. Tetrahedron 1988, 44, 4721. 
(13) For a synthesis of ~-3,4-O-isopropylidenearabinose, see: (a) Kiso, 

M.; Hasegawa, A. Carbohydr. Res. 1976,52,95. (b) Schmidt, R. R.; Haier, 
M. Synthesis 1982, 747. 

(14) Bowden, M. C.; Patel, P.; Pattenden, G. Tetrahedron Lett. 1985, 
26, 4793. Nishiyama, S.; Toshima, H.; Kanai, H.; Yamamura, S. Tetra- 
hedron Lett. 1986, 27, 3643. 
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Scheme I 

6a (2R)  
6b (25) 

711 (4s); R' = C0,Me; R2 = Me 
7b (4R); R' = C02Me; R2 = Me 
8a (4s): R' = Me; R2 = C02Me 
Sb (4R); R' =Me; R2 = C02Me 

98 (45), R = TBS 
9b (4R), R = TBS 

13 R' - R2 = Me 
14 R' = Bu, R2 = Me 
15 R' =Me, R2 = Et 
16 R' = Me, R2 = Bu 

108 (45), R ii H 
lob (4R),R-H 
11  (4s),R=Ac 

12b (4R). R ir MS 
12a (4S), R I Ms 

actions of cyclic y-acetoxy a,p-enoates with organo- 
copper-Lewis acid reagents resulted in the formation of 
a- and y-substitution products.16 Consequently, i t  was 
assumed that the acyclic y-acetoxy a,p-enoates 11 would 
provide substitution compounds. However, this was not 
to  be the case and we did not detect any substitution 
reaction product by treatment of the acetate 11 with 3 
molar equiv of either MeCu(CN)Li.BF, or Me2Cu(CN)- 
Li2.BF,'7 (prepared from an ethereal MeLi-LiBr solution) 
a t  -78 "C for 30 min. The only compound isolated was 
the starting material (Table I, entries 2 and 3). Likewise, 
treatment of the y-(tert-butyldimethylsiloxy) a,p-enoate 
9a or 9b with a poorer leaving group with an excess of 
EtCu(CN)Li.BF, in T H F  at  -78 "C for 1 h and then at  -40 
"C for 30 min recovered unchanged starting material 
(Table I, entry 1). On the other hand, treatment of the 
acetate 11 with Bu2Cu(CN)Li2-BF3 gave an inseparable 
mixture of products [at least six spots on TLC (Table I, 
entry 4)]. As stated above, while seemingly straightfor- 
ward, several structure-reactivity features rendered an 
expected 1,3-chirality transfer inoperative. We expected 
tha t  the reaction of a-alkyl- y-mesyloxy a,p-enoates with 
organocopper-trifluoroborane reagents would give a,a- 
dialkylation products with anti relationship of the entering 
nucleophile and the departing y-mesyloxy group. The 
essential factors for the clean 1,3-chirality transfer were 
quite similar to that recently described in the preparation 
of tertiary carbon centers,'" and the following points were 
found to  be necessary to ensure the success of the prepa- 

(15) Fleming, I.; Thomas, A. P. J. Chem. SOC., Chem. Commun. 1985, 
411. Goering, H. L.; Tseng, C. C. J. Org. Chem. 1985,50,1597. Fleming, 
1.; Pulido, F. J. J. Chem. SOC., Chem. Commun. 1986,1010. Fleming, I.; 
Thomas, A. P. J. Chem. SOC., Chem. Commun. 1986,1456. Tseng, C. C.; 
Paisley, S. D.; b r i n g ,  H. L. J. Org. Chem. 1986,51,2884. Tseng, C. C.; 
Yen, S.-J.; Goering, H. L. J. Org. Chem. 1986, 51, 2892. For similar 
reactions, see: Trost, B. M.; Klun, T. P. J. Org. Chem. 1980, 45, 4256. 
Marshall, J. A.; Trometer, J. D. Tetrahedron Lett. 1987, 28, 4985. 
Marshall, J. A.; Trometer, J. D.; Blough, B. E.; Crute, T. D. Tetrahedron 
Lett. 1988, 29, 913. 

(16) Ibuka, T.; Minakata, H. Synth. Commun. 1980,119. Yamamoto, 
Y.; Yamamoto, S.; Yatagai, H.; Ishihara, Y.; Maruyama, K. J. Org. Chem. 
1982, 47, 119. 

(17) For some organocopper-Lewis acid mediated reactions, see: (a) 
Lipshutz, B. H.; Parker, D. A.; Kozlowski, J. A. Tetrahedron Lett. 1984, 
25,5959. (b) Ibuka, T.; Aoyagi, T.; Kitada, K.; Yoneda, F.; Yamamoto, 
Y. J. Organomet. Chem. 1986,287, C18. (c) Corey, E. J.; Boaz, N. W. 
Tetrahedron Lett. 1985,26,6015,6019. (d) For a review, see: Yamamoto, 
Y. Angew. Chem., Int. Ed. Engl. 1986,25,947. (e) Horiguchi, Y.; Mat- 
suzawa, s.; Nakamura, E.; Kuwajima, I. Tetrahedron Lett. 1986,27,4025, 
4029. (0 Alexakis, A,; Berlan, J.; Besace, Y. Tetrahedron Lett. 1986,27, 
1047. (g) Corey, E. J.; Niimura, K.; Konishi, Y.; Hashimoto, S.; Yamada, 
Y. Tetrahedron Lett. 1986,27,2199. (h) Johnson, C. R.; Marren, T. J. 
Tetrahedron Lett. 1987, 28, 27. (i) Ng, J. S.; Behling, J. R.; Campbell, 
A. L.; Nguyen, D.; Lipshutz, B. H. Tetrahedron Lett. 1988,29,3045. (j) 
Lipshutz, B. H.; Ellsworth, E. L.; Sihaan, T. J. J. Am. Chem. SOC. 1988, 
110,4834. (k) Lipshutz, B. H.; Ellsworth, E. L.; Siahaan, T. J.; Shirazi, 
A. Tetrahedron Lett. 1988, 29, 6677. (1) Yeh, M. C. P.; Knochel, P.; 
Butler, W. M.; Berk, S. C. Tetrahedron Lett. 1988, 29, 6693. 
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Scheme I1 

1 5  1 7  R=TBS 1 9  
1 8 R - H  

ration of chiral quaternary centers with high optical purity 
via the 1,3-chirality transfer. 

(1) Excellent results were obtained by reaction with 
organocopper-Lewis acid reagents prepared from CuCN, 
RLi, and BF,.Et,O. Proper preparation of organocopper 
reagent is essential for optimal reaction rates and chemical 
yield. We had previously noted the importance of using 
the higher order reagent Me2Cu(CN)Li2.BF3 prepared from 
an ethereal MeLi-LiI solution78 and this recommendation 
holds in all methylation reactions: the lower order reagent 
MeCu(CN)Li.BF, formed from an ethereal MeLi-LiI so- 
lution will result in a lowering of chemical yield (Table I, 
entries 7-10). Thereafter, it was found that considerably 
different chemical yields were obtained not only with 
different molar ratios of MeLi and CuCN but also with 
a reagent prepared from MeLi-LiI or MeLi-LiBr com- 
plexes. Thus, MeCu(CN)Li.BFs was more useful than 
Me2Cu(CN)Li2.BF3 when prepared from an ethereal 
MeLi-LiBr solution (Table I, entries 5, 8, and 11). 
Therefore, the expressions such as MeCu(CN)Li.BF, (LiI) 
and Me2Cu(CN)Li2-BF3 (LiBr) are intended to indicate 
that the reagents have been prepared from MeLi as the 
LiI or LiBr complex, respectively.18 Other lower order 
organocyanocopper-trifluoroborane complexes such as 
EtCu(CN)Li.BF,, PrCu(CN)Li.BF, and BuCu(CN)Li.BF, 
gave satisfactory results. 

(2) A y-mesyloxy leaving group is essential for clean 
1,g-chirality transfer. It is expected that, although not 
performed, a-methyl a,p-enoates with a y-tosyloxy 
would lead to the same results. 

(3) I t  was found that the use of T H F  or mixed solvents 
involving T H F  rather than EbO alone was essential.lg It 
should be clearly noted that the chemical yield of the 
present chirality transfer varies dramatically depending 
upon the solvent used. Although Et20 has been widely 
used with great success for both conjugate and substitution 
reactions, T H F  or mixed solvents involving T H F  [e.g., 
T H F / E t 2 0  (ca. 10:2) or THF/n-hexane (ca. 10:2)] is the 
solvent of choice since reaction in E t20 ,  a poorer Lewis 
base than THF,20 is quite reluctant to undergo the 1,3- 
chirality transfer with organocyanocopper-trifluoroborane 
reagents. 

Reaction of the mesylates 12a and 12b with BuCu- 
(CN)Li.BF3 a t  -78 OC for 30 min gave the regioselective, 
E stereoselective, and enantioselective alkylation products 
14 and 16 as the major products (Table I, entries 12 and 

(18) For effects of inorganic salta or choice of the Cu(1) salt in orga- 
nocopper reactions, see: (a) House, H. 0.; Fischer, W. F. J. Org. Chem. 
1968,33,949. (b) Luong-Thi, N. T.; Liviere, H. Tetrahedron Lett. 1970, 
1583. (c) Lipshutz, B. H.; Kozlowski, J.; Wilhelm, R. S. J. Am. Chem. 
SOC. 1982,104,2305. (d) Lipshutz, B. H.; Kozlowski, J. A.; Wilhelm, R. 
S. J. Org. Chem. 1983, 48, 546. (e) Bertz, S. H.; Dabbagh, G .  J. O g .  
Chem. 1984,49,1119. (f) Hallnemo, G.; Ullenius, C. Tetrahedron Lett. 
1986, 27, 395. (h) Lipshutz, B. H.; Whitney, S.; Kozlowski, J. A,; Bre- 
neman, C. M. Tetrahedron Lett. 1986,27,4273. (i) Bertz, S. H.; Gibson, 
C. P.; Dabbagh, G. Tetrahedron Lett. 1987,28,4251. (j) Lipshutz, B. H.; 
Ellsworth, E. L.; Behling, J. R.; Campbell, A. L. Tetrahedron Lett. 1988, 
29, 893. 

(19) For solvent effects in organocopper reations, see: (a) Still, W. C.; 
Macdonald, T. L. Tetrahedron Lett. 1976, 2659. (b) Ashby, E. C.; Lin, 
J. J.; Watkins, J. J. J. O g .  Chem. 1977, 42, 1099. (c) Lipshutz, B. H.; 
Wilhelm, R. S.; Kozlowski, J. A.; Parker, D. J. Org. Chem. 1984,49,3928. 
(d) Lipshutz, B. H.; Wilhelm, R. S.; Kozlowski, J. A. Tetrahedron 1984, 
40, 5005. 

(20) Lipschutz, B. H.; Kozlowski, J. A.; Wilhelm, R. S. J. Org. Chem. 
1984,49,3943. 
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Scheme 111 
OTBS OTBS OTBS 0 - B S  

~ e y ~ ~ 2 ~ ~  - Me*cHo - Me+C02Me - M e ~ ~ ~ M e  

20a (2Q3s! 21a ( Z R W  22a (455s 2 3  (5R1 R' = R2 = Me 
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14). Similarly, treatment of the mesylate 12b with 
EtCu(CN)Li.BF, gave the ethylation product 15 in 92% 
yield as the major product after flash chromatography over 
silica gel (Table I, entry 13). Progress of the reaction could 
easily be monitored by TLC and/or GLC. Compared with 
the usual 1,4-addition reaction of organocopper reagents 
to  a#-unsaturated carbonyl compounds,21 the present 
1,3-chirality transfer reaction of y-(mesy1oxy)-a-alkyl a,- 
p-enoates with organocyanocopper-trifluoroborane reag- 
ents in T H F  or mixed solvents involving T H F  was much 
faster and usually attained completion in short periods of 
reaction time, even a t  -78 "C. 

The E stereochemistry of the products 14, 15, and 16 
was inferred from the ca. 15.6 Hz coupling constant of the 
two olefinic protons. The enantioselection of the products 
14, 15, and 16 has been found to be uniformly high (>982) 
by lH NMR analysis with Eu(hfc),. Thus, the y-mesyloxy 
group is essential for clean chirality transfer as noted 
above. The absolute configuration of the quaternary 
carbon center, although clear from the reaction course of 
the anti SN2' attack of organocyanocopper-trifluoroborane 
reagents and from the E geometry of the p,y-double bond 
of the products, could be firmly established by chemical 
transformation. For example, Swern oxidation2* followed 
by Masamune and methylation with diazo- 
methane of alcohol 18, derived from 15 by catalytic hy- 
drogenation over 5% Rh-A1,0, followed by removal of the 
tert-butyldimethylsilyl group, gave the known dimethyl 
(R)-(+)-a-methyl-a-ethylglutarate ( 1 9 p  a key degradation 
product for structure elucidation of the potent tumor- 
promoting indole alkaloid teleocidin AZz5 (Scheme 11). 

Comparable very high diastereoselectivities and chemical 
yields were obtained by reaction of the mesylates 22a, 22b, 
and 29 with RCu(CN)Li.BF, (R = Et,  Pr ,  Bu; Table I, 
entries 15-18, 20, and 21). In all cases stated above, it 
should be clearly noted that the chemical yields of products 

(21) (a) Posner, G. H. In Organic Reactions; Dauben, W. G., Ed.; John 
Wiley & Sons: New York, 1972; Vol. 19, p 1. (b) Posner, G. H. In Organic 
Reactions; Dauben, W. G., Ed.; John Wiley & Sons; New York, 1975; Vol. 
22, p 253. (c) Lipshutz, B. H.; Wilhelm, R. S.; Kozlowski, J. A. Tetra- 
hedron 1984, 40, 5005. (d) Lipshutz, B. H. Synthesis 1987, 325. 

(22) Omura, K.; Swern, D. Tetrahedron 1978, 34, 1651. 
(23) (a) Abiko, A.; Roberts, J. C.; Takemasa, T.; Masamune, S. Tet- 

rahedron Lett. 1986, 27, 4537. (b) For a recent one-pot conversion of 
alcohols or aldehydes to methyl esters, see: Lichtenthaler, F. W.; Jarglis, 
P.; Lorenz, K. Synthesis 1988, 790. Williams, D. R.; Klinger, F. D.; Allen, 
E. E.; Lichtenthaler, F. W. Tetrahedron Lett. 1988, 29, 5087. 

(24) Rao, A. S. C. P.; Bhalla, V. K.; Nayak, U. R.; Dev, S. Tetrahedron 
1973,29, 1127. 

(25) Sakai, S.; Hitotsuyanagi, Y.; Aimi, N.; Fujiki, H.; Suganuma, M.; 
Sugimura, T.; Endo, Y.; Shudo, K. Tetrahedron Lett. 1986, 27, 5219. 

were critically dependent upon the organocyanocopper- 
trifluoroborane reagents used. For example, compared 
with the lower order BF3 reagents [RCu(CN)Li.BF,, R = 
Et,  Pr, Bu], the yields with the higher order BF3 reagents 
[R2Cu(CN)Li2-BF3, R = Et,  Pr ,  Bu] were considerably 
lower (Table I, entries 19 and 22). 

Chirality transfer involving polyoxygenated a&enoates 
was next attempted to see if the presence of other oxy- 
genated functional groups in any way interfered with the 
selectivity (Scheme 111). Thus, treatment of t, y-dimesylate 
35 with PrCu(CN)Li.BF3 and BuCu(CN)Li.BF3 gave 
products 36 and 37, respectively, in high chemical and 
optical yields (Table I, entries 23 and 24). Likewise, re- 
action of the dimesylate 40 with MeCu(CN)Li.BF, (LiBr) 
and BuCu(CN)Li.BF, yielded desired products 41 and 42, 
respectively, in high yields (Table I, entries 11 and 25). 
Clearly, only the y-mesyloxy group in 35 or 40 is involved 
in the reaction. 

In summary, the described methodology involving or- 
ganocyanocopper-trifluoroborane reagents has several 
advantages in terms of mildness, selectivity, efficiency, and 
convenience. The reactions used in the 1,3-chirality 
transfer are mild enough as to  permit selective reaction 
of only the y-mesyloxy group in the presence of a number 
of other functional groups such as mesyl, tert-butyldi- 
methylsilyl, benzyl, and 0-isopropylidene groups. The 
present strategy detailed provides easy access to syn- 
thetically useful chiral quaternary carbon centers with high 
optical purity from readily available a-amino acids and 
sugars. 

Experimental  Sect ion 
General Methods. All reactions were carried out under a 

position pressure of argon. All glassware and syringes were dried 
in an electric oven at 110 "C prior to use. Solvents were freshly 
distilled from LiA1H4. Ethereal MeLi (as complexed with LiI or 
LiBr) was purchased from Aldrich. EtLi and n-PrLi were pre- 
pared by reaction of EtBr and n-PrBr with metallic Li in the usual 
way. n-BuLi was purchased from Nacalai Chemicals. CUI was 
purchased from Mitsuwa chemicals and purified by a published 
method. CuCN was obtained from Mitsuwa Chemicals and dried 
in an Abderhalden under vacuum at 50 "C. All melting points 
are uncorrected. The 'H and 13C NMR spectra were recorded 
at 200 or 400 MHz for 'H and at 50 or 100 MHz for I3C in CDCl,. 
For flash chromatographies, silica gel 60 H (silica gel for thin-layer 
chromatography, Merck) or silica gel 60 (finer than 230 mesh, 
Merck) was employed. The purity of all title compounds was 
judged to be >95% by GC and/or 'H NMR spectral determi- 
nations. 

Methyl (4S,2E)-4,5-(Isopropylidenedioxy)-2-methyl-2- 
pentenoate (7a) and Its 2 2  Isomer (sa). To a solution of 
2,3-0-isopropylidene-~-glyceraldehyde (2.0 g, 15.4 mmol) 
in 15 mL of CH2C12 at 0 "C was added portionwise 4.8 g (15.4 
mmol) of (a-carbomethoxyethy1idene)triphenylphosphorane and 
stirring was continued for 1 h. The usual workupz of the reaction 
mixture led to an oily residue, which was flash chromatographed 
on a silica gel column. Elution with n-hexane-EtOAc (1O:l) gave 
170 mg (5.5% yield) of 8a, and further elution gave 2.7 g (89% 
yield) of 7s. 7a: a colorless oil (Kugelrohr distillation, 140 "C/9 
mmHg); [a]25D +20.37" (c 1.28, CHCI,); IR (CHCl,) 3030, 2980, 
2930,1715,1663, 1440, 1386, 1376,1319, 1259, 1152, 1060,1028, 
974, 948, 900, 853, 833 cm-'; 'H NMR (200 MHz) d 1.41 (s, 3 H), 
1.45 (s, 3 H), 1.90 (d, J = 1.46 Hz, 3 H), 3.63 (dd, J = 8.30, 7.81 
Hz, 1 H), 3.76 (s, 3 H), 4.16 (dd, J = 8.3, 6.35 Hz, 1 H), 4.86 (m, 
1 H), 6.70 (dq, J = 8.06, 1.47 Hz, 1 H). Anal. Calcd for CI0Hl6O4: 
C, 59.98; H, 8.05. Found: C, 59.96; H, 8.27. 8a: a colorless oil 
(Kugelrohr distillation, 120 OC/9 mmHg); [a]25D +90.4" (c 1.23, 
CHCI,); IR (CHC13) 3010,2970,2920,1715,1655,1454,1437,1384, 
1374, 1323, 1233, 1148, 1130, 1057, 1014, 994, 954,858 cm-'; 'H 

(26) House, H. 0.; Rasmusson, G.H. J. Org. Chern. 1961, 26, 4278. 
Mer, 0.; Gutmann, H.; Montavon, M.; Ruegg, R.; Ryser, G.; Zeller, P. 
Helu. Chirn. Acta 1957, 40, 1242. 
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NMR (200 MHz) 6 1.38 (d, J = 0.49 Hz, 3 HI, 1.45 (d, J = 0.74 
Hz, 3 H), 1.93 (dd, J = 1.46,0.97 Hz, 3 H), 3.60 (dd, J = 8.3, 7.08 
Hz, 1 H), 3.75 (s,3 H), 4.31 (dd, J = 8.3, 6.84 Hz, 1 H), 5.26 (m, 
1 H), 6.09 (dq, J = 6.84,1.46 Hz, 1 H). Anal. Calcd for Cl&I16O4: 
C, 59.98; H, 8.05. Found: C, 59.68; H, 8.22. 
Methyl (45,2E)-4,5-Bis( tert -butyldimethylsiloxy)-2- 

methyl-2-pentenoate (9a) and Methyl (45,2E)-4-Hydroxy- 
2-methyl-5-(tert -butyldimethylsiloxy)-2-pentenoate (loa). 
To a solution of enoate 7a (2.7 g, 13.5 mmol) in 51 mL of a mixture 
of MeOH-H,O (501) was added 5 mL of Dowex 50 X 8 in. resin 
(H+ form), and the mixture was stirred for 1 h at 50 OC. The resin 
was removed by filtration and the Citrate was concentrated under 
reduced pressure to leave an oily residue, which was used without 
purification for the next step. tert-Butyldimethylsilyl chloride 
(2.03 g, 13.5 mmol) was added portionwise to a stirred solution 
of the above oil in a mixture of CH2C12 (20 mL), DMF (2 mL), 
triethylamine (5 mL), and 4-(dimethy1amino)pyridine (10 mg) 
at 0 OC, and the mixture was stirred for 1 h. The usual workupn 
led to a colorless oil, which was flash chromatographed over a silica 
gel column. Elution with n-hexane-EtOAc (101) gave 260 mg 
(5% yield) of bis(tert-butyldimethylsilyl ether) 9a and further 
elution gave 3.22 g (87% yield) of mono(sily1 ether) loa. 9a: a 
colorless oil (Kugelrohr distillation, 130 O C / l  mmHg); [CX]~D -4.88O 

1443,1393,1365,1324,1257,1124,1087,1060,1010,967,943,838 
cm-'; 'H NMR (200 MHz) 6 0.03 (8, 3 H), 0.04 (8, 6 H), 0.06 (s, 
3 H), 0.87 (8, 9 H), 0.88 (s, 9 H), 1.88 (d, J = 1.47 Hz, 3 H), 3.46 
(dd, J = 10.01,6.10 Hz, 1 H), 3.63 (dd, J = 10.01,6.35 Hz, 1 H), 
3.75 (s,3 H), 4.50 (m, 1 H), 6.57 (dq, J = 9.77,1.46 Hz, 1 H). Anal. 
Calcd for ClsH,,,04Siz: C, 58.72; H, 10.37. Found C, 58.65; H, 
10.56. loa: a colorless oil (Kugelrohr distillation, 140 "C/l 

2960,2880,1714,1663,1465,1442,1393,1365,1316,1257,1137, 
1103,1062,1007,941,884,839 cm-'; 'H NMR (200 MHz) 6 0.09 
(8, 6 H), 0.91 (s, 9 H), 1.91 (d, J = 1.22 Hz, 3 H), 3.50 (dd, J = 
10.01, 7.81 Hz, 1 H), 3.64 (dd, J = 10.01, 3.66 Hz, 1 H), 3.75 (8, 

3 H), 4.50 (m, 1 H), 6.63 (dq, J = 8.05,1.47 Hz, 1 H). Anal. Calcd 
for CI3H%0,Si: C, 56.89; H, 9.55. Found C, 57.13; H, 9.57. 
Methyl (4S,2E)-4-Acstoxy-2-methyl-5-( tert -butyldi- 

methylsiloxy)-2-pentenoate (11). To a solution of alcohol 10a 
(274 mg, 1 mmol) in CHzClz (5 mL) were added pyridine (2 mL) 
and A s 0  (1 mL) at 0 "C. After 24 hat  0 "C, 2 mL of 5% NaHCO, 
was added with stirring at 0 "C. The mixture was extracted with 
EhO and the extract was washed successively with 5% HCl, 5% 
NaHCO,, and water and dried over MgSOI. Concentration under 
reduced pressure gave a colorless oil, which was purified by flash 
chromatography over silica gel with n-hexane-EtOAc (5:l) to give 
11 (305 mg, 97% yield); colorless oil; [LY]~D +8.7" (c 1.35, CHCl,); 

1076, 1042, 1008, 942, 840 cm-'; 'H NMR (200 MHz) 6 0.06 (s, 
6 H), 0.88 (8, 9 H), 1.96 (d, J = 1.46 Hz, 3 H), 2.07 (8, 3 H), 3.66 
(dd, J = 10.74, 4.88 Hz, 1 H), 3.75 (s, 3 H), 3.75 (dd, J = 10.74, 
6.59 Hz, 1 H), 5.58 (ddd, J = 8.79, 6.59, 4.88 Hz, 1 H), 6.55 (ddd, 
J = 8.79, 2.69, 1.22 Hz, 1 H); nominal mass spectrum, m/z 316 
(M'), 286,259,227,199,185,157,117 (base peak), 89,75,74; exact 
mass spectrum, m/z calcd for ClSHIO$i 316.1701, found 316.1710. 
Methyl (4S,2E)-4-[(Methylsulfonyl)oxy]-2-methyl-5- 

(tert -butyldimethylsiloxy)-2-pentenoate (12a) and Its 4R 
Isomer (12b). Methanesulfonyl chloride (0.2 mL) was added 
dropwise at -78 "C to a stirred solution of enoate 10a (54.8 mg, 
0.2 mmol) in a mixture of pyridine (1 mL), 4-(dimethylamino)- 
pyridine (10 mg), and CH2C12 (2 mL). The solution was allowed 
to warm to room temperature, and stirring was continued for 1 
h. The usual workup% and flash chromatography over silica gel 
with n-hexane-EtOAc (51) gave mesylate 12a (69 mg, 98% yield). 
By a procedure identical with that described for the preparation 
of 12a, alcohol 10b (54.8 mg, 0.2 mmol) was converted to the 
mesylate 12b (68 mg, 96% yield). 12a: a colorless oil; [alaOD +14.0° 
(c 1.20, CHCl,). 12b: a colorless oil; [.]=I) -13.9O (c 1.20, CHCI,). 
12a and 12b IR (CHCl,) 2970,2950,2880,1720,1662,1466,1440, 
1360,1335,1260,1177,1120,1070,1009,971,921,838 cm-'; 'H 
NMR (200 MHz) 6 0.08 (s, 6 H), 0.90 (s, 9 H), 1.98 (d, J = 1.71 

(27) Corey, E. J.; Venkateswarlu, A. J. Am. Chem. SOC. 1972,94,6190. 
Hosoda, H.; Fukushima, D. K.; Fishman, J. J .  Og. Chem. 1973,38,4209. 

(28) Fiirst, A.; Plattner, P. A. Helv. Chim. Acta 1949, 32, 275. 

(C 0.78, CHC13); IR (CHClS) 2950, 2880, 1713, 1661, 1474, 1467, 

mmHg); [CY]"D +6.24" (C 0.90, CHCl,); IR (CHCl3) 3550, 2980, 

IR (CHC13) 2970,2940,2870,1723,1664,1467,1442,1378,1124, 
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Hz, 3 H), 3.03 (e ,  3 H), 3.70 (dd, J = 11.48, 4.40 Hz, 1 H), 3.77 
(8, 3 H), 3.85 (dd, J = 11.23, 7.08 Hz, 1 H), 5.39 (m, 1 H), 6.63 
(dq, J = 9.04, 1.46 Hz, 1 H); nominal mass spectrum, m/a 353 
(M + H)', 322,295,263,257,199,153 (base peak), 129,111,97, 
89, 75, 73. 
General Procedure Using RCu(CN)Li-BF, (R = Et, n -Pr, 

n -Bu). The following procedure is representative for all reactions 
of y-(mesy1oxy)-a-alkyl a,B-enoates with EtCu(CN)Li.BF3, n- 
PrCu(CN)Li.BF3, and n-BuCu(CN)Li.BF,. Methyl (2S,3E)-2- 
Butyl-%-methyl-5-( tert-butyldimethylsiloxy)-3-pentenoate 
(14) from 12a. To a stirred slurry of CuCN (135 mg, 1.5 mmol) 
in 6 mL of dry THF at -78 OC was added by syringe 0.94 mL (1.5 
mmol) of a 1.6 M solution of n-BuLi in n-hexane and stirring was 
continued for 10 min. BF3.Eh0 (0.185 mL, 1.5 mmol) was added 
to the above mixture at -78 "C and stirring was continued for 
5 min. A solution of 12s (176 mg, 0.5 mmol) in THF (2 mL) was 
added dropwise to the above reagent at -78 "C and stirring was 
continued for 30 min. A mixture of saturated NH4C1 (2 mL) and 
28% NH40H (2 mL) was added to the above mixture, and the 
mixture was allowed to warm to ambient temperature and stirring 
was continued for 30 min. The mixture was extracted with EhO 
and the extract was washed successively with 5% HC1, 5% 
NaHC03, and water and dried over MgSO1. Concentration under 
reduced pressure gave an oily residue, which was purified by flash 
chromatography over silica gel with n-hexane-EtOAc (201-101) 
to give 14 (144 mg, 97% yield) as a colorless oil (Kugelrohr dis- 
tillation, 140 OC/l mmHg). 14 diastereoselection, >W.l, Eu(hf&; 

1436,1383,1365,1255,1131,1109,978,841 cm-'; 'H NMR (200 
MHz) 6 0.06 (s,6 H), 0.90 (s,9 H), 1.27 (s,3 H), 3.66 (s,3 H), 4.18 
(dd, J = 5.13, 1.71 Hz, 2 H), 5.57 (dt, J = 15.62, 4.88 Hz, 1 H), 
5.84 (dt, J = 15.62, 1.46 Hz, 1 H). Anal. Calcd for C17HM03Si: 
C, 64.92; H, 10.90. Found: C, 64.96; H, 11.12. 
Methyl (2R,3E)-2-Ethyl-2-methyl-5-( tert -butyldi- 

methylsiloxy)-3-pentenoate (15) and Methyl (2E)-4-Ethyl- 
2-methyl-5-( tart -butyldimethylsiloxy)-2-pentenoate. By use 
of a procedure similar to that described for the preparation of 
14, mesylate 12b (704 mg, 2 mmol) was reacted with EtCu- 
(CN)Li.BF3 (6 mmol) in THF (13 mL) at -78 "C for 30 min. The 
usual workup led to a colorless oil, which was flash chromato- 
graphed over silica gel with n-hexane-EtOAc (982) to yield 528 
mg (92.3% yield) of 15 and 20 mg (3.5% yield) of methyl 
(2E)-4-ethyl-2-methy1-5-(tert-butyldimethylsiloxy)-2-pentenoate. 
1% a colorless oil (Kugelrohr distillation, 130 O C / l  m d g ) ;  [a]"D 

1434,1382,1252,1142,1121,1102,1060,976,839 cm-'; 'H NMR 
(200 MHz) 6 0.06 (8, 6 H), 0.83 (t, J = 7.57 Hz, 3 H), 0.90 (e, 9 
H), 1.26 (s, 3 H), 1.50-1.83 (m, 2 H), 3.66 (s, 3 H), 4.18 (dd, J = 
4.88, 1.47 Hz, 2 H), 5.57 (dt, J = 15.87, 4.88 Hz, 1 H), 5.83 (dt, 
J = 15.87,1.47 Hz, 1 H); diastereoselection, >%1, Eu(hfc)> Anal. 
Calcd for Cl5HMO3Si: C, 62.89; H, 10.56. Found C, 62.67; H, 
10.86. Methyl (2E)-4-ethyl-2-methyl-5-(tert-butyldimethylsil- 
oxy)-2-pentenoate a colorless oil (Kugelrohr distillation, 135 "C/1 
mmHg); [a]"D +19.7" (c 0.81, CHCl,); IR (CHC13) 2970, 2940, 
2870,1703,1651,1462,1438,1389,1362,1288,1279,1133,1096, 
1007,838 cm-'; 'H NMR (200 MHz) 6 0.02 (s, 3 H), 0.03 (s, 3 H), 
0.86 (t, J = 6.84 Hz, 3 H), 0.87 (s, 9 H), 1.87 (d, J = 1.47 Hz, 3 
H), 2.50 (m, 1 H), 3.53 (m, 2 H), 3.74 (s,3 H), 6.54 (dq, J = 11.72, 
1.47 HE, 1 H); diastereoselection, >982, Eu(hfc),. Anal. Calcd 
for Cl5HWO3Si: C, 62.89; H, 10.56. Found C, 62.95; H, 10.85. 
Methyl (2R)-2-Ethyl-2-methyl-5-( tert -butyldimethylsil- 

0xy)pentanoate (17). A mixture of 15 (180 mg, 0.63 mmol) and 
5% Rh-AlZO3 (15 mg) in MeOH (5 mL) was subjected to catalytic 
hydrogenation at  atmospheric pressure for 1 h. The catalyst was 
removed by filtration, and the filtrate was concentrated under 
reduced pressure to leave an oily residue, which was purified by 
flash chromatography over silica gel with n-hexane-EtOAc (101) 
to yield 181 mg (99% yield) of 17: colorless oil (Kugelrohr dis- 
tillation, 130 OC/l mmHg); [.I2'D +5.26" (c  0.654, CHCI,); IR 

1146, 1098, 1008, 941, 838 cm-'; 'H NMR (200 MHz) 6 0.04 (s, 
6 H), 0.82 (t, J = 7.57 Hz, 3 H), 0.89 (s,9 H), 1.12 (s,3 H), 1.35-1.73 
(m, 6 H), 3.58 (m, 2 H), 3.65 (s,3 H). Anal. Calcd for C15H3,03Si: 
C, 62.45; H, 11.18. Found: C, 62.23; H, 11.47. 
Methyl (2R)-2-Ethy1-2-methyl-5-hydroxypentanoate (18). 

To a solution of silyl ether 17 (144 mg, 0.5 mmol) in 2 mL of MeCN 

[CY]~D +5.50' (C 0.91, CHC1,); IR (CHClS) 2950,2880,1726,1466, 

-4.67" (C 0.856, CHCld; IR (CHC13) 2970,2950,2870,1722,1460, 

(CHCl3) 2980,2950,2880,1723,1464,1437,1388,1367,1349,1254, 
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at 0 "C was added 0.04 mL of 46% HF, and stirring was continud 
for 15 min. The mixture was made basic with 5% NaHCOs and 
extracted with CH2C12. The extract was washed with water, dried 
over MgS04, and concentrated under reduced pressure to leave 
an oily residue, which was purified by flash chromatography over 
silica gel with n-hexaneEt0Ac (3:l) to give 18 (85 mg, 97% yield) 
as a colorless oik [aIz3D +6.76" (c  0.68, CHC13); IR (CHC13) 3600, 
3450,2950,2880,1722, 1461, 1444,1387,1344,1240, 1169, 1142, 
1054, 1008,916 cm-' 'H NMR (200 MHz) 6 0.83 (t, J = 7.32 Hz, 
3 H), 1.13 (s, 3 H), 1.33-1.80 (m, 6 H), 3.61 (m, 2 H), 3.67 (s, 3 
H); nominal mass spectrum, m/z  174 (M'), 154, 146, 143, 141, 
115,97,69, 55 (base peak); exact mass spectrum, m / z  calcd for 
C9H1803 174.1255, found 174.1243. 
Dimethyl (2R)-2-Ethyl-2-methylglutarate (19). To a so- 

lution of oxalyl chloride (0.42 mL, 4.8 mmol) in l mL of dry CHzC12 
was added dropwise a solution of DMSO (0.72 mL, 10 mmol) in 
2 mL of CH2C12 at -78 "C. After 10 min, a solution of alcohol 
18 (60 mg, 0.345 mmol) in 2 mL of CHzC12 was added to the above 
reagent and the mixture was stirred at -78 "C for 30 min. Tri- 
ethylamine (2.76 mL, 20 mmol) was added dropwise to the above 
solution, and the mixture was allowed to warm up slowly to room 
temperature and then cooled down to -78 "C. A saturated NHICl 
solution (5  mL) was added to the mixture and the mixture was 
allowed to warm to ambient temperature. The usual workup and 
flash chromatography over silica gel with n-hexane-EtOAc (51) 
gave 50 mg (84.3% yield) of an aldehyde as a colorless oil. By 
use of a published procedure:& the above aldehyde (45 mg, 0.26 
mmol) was oxidized with the use of t-BuOH (3 mL), 1.25 M 
NaH,PO, (2 mL), and 1 M KMn04 (3 mL) to give 52 mg of a 
carboxylic acid as a colorless oil, which was methylated with 
ethereal diazomethane. The usual workup and flash chroma- 
tography over silica gel with n-hexane-EtOAc (201) followed by 
Kugelrohr distillation (130 "C/20 mmHg) gave 46 mg (86% yield) 
of diester 19 as a colorless oil: [(Ylz0D +8.05" (c 0.58, CHCl3); IR 

1138, 989 cm-'; 'H NMR (200 MHz) 6 0.83 (t, J = 7.57 Hz, 3 H), 
1.12 (s, 3 H), 1.40-2.37 (m, 6 H), 3.67 (s,6 H); optical purity, 99% 
[Eu(hfc),]; nominal mass spectrum, m/z  202 (M'), 171,143, 142, 
129,116,111 (base peak), 101,83,69,59,55; exact mass spectrum, 
m / z  calcd for C10H1804 202.1204, found 202.1200. 
Methyl (4S,5S )-3-[ (Methylsulfonyl)oxyf-2-methyl-5- 

(tert -butyldimethylsiloxy)-2-hexenoate (22a). To a solution 
of mesylate 20a (800 mg, 2.45 mmol) in CH2ClZ (20 mL) at -78 
"C was added dropwise 2.45 mL (2.45 mmol) of a 1 M solution 
of DIBAH in n-hexane, and the mixture was stirred for 2 h at  
-78 "C. Saturated NHlCl(2 mL) was added with vigorous stirring 
at -78 "C. The mixture was allowed to warm to 0 "C and stirring 
was continued for 30 min. The inorganic salts were removed by 
filtration through Celite. The organic layer was dried over MgSO, 
and concentrated under reduced pressure below 10 "C to an oil, 
which was used without purification for the next step. (a- 
Carbomethoxyethy1idene)triphenylphosphorane (840 mg, 2.42 
mmol) was added to the above oil in 20 mL of CH2Clz at -78 OC, 
and the mixture was stirred at -20 "C for 5 h. The mixture was 
concentrated under reduced pressure to an oil, which was flash 
chromatographed over silica gel with n-hexane-EtOAc (3:l) to 
yield 22a (580 mg, 65% yield) as a rather labile colorless oil: [(Y]"D 

1475,1468,1441,1365,1258,1180,1120,1100,1090,995,977,948, 
840, 830, 813 cm-'; 'H NMR (200 MHz) 6 0.09 (s, 3 H), 0.09 (s, 
3 H), 0.90 (s, 9 H), 1.17 (d, J = 6.35 Hz, 3 H), 1.99 (d, J = 1.47 
Hz, 3 H), 2.97 (s, 3 H), 3.78 (s, 3 H), 4.01 (m, 1 H), 5.15 (dd, J 
= 9.77, 5.86 Hz, 1 H), 6.67 (dq, J = 9.77, 1.47 Hz, 1 H); exact mass 
spectrum, m / z  calcd for CI6HmO6SSi 366.1531, found 366.1532. 
Methyl (4S,5R ,6R ,2E)-5,7-Bis(benzyloxy)-4,6-di- 

hydroxy-2-methyl-2-heptenoate (34). To a solution of D- 
(+)-xylose 3,5-bis(benzyl ether) (33)12 (800 mg, 2.4 mmol) in 5 mL 
of CH2C12 was added 835 mg (2.4 mmol) of (a-carbomethoxy- 
ethylidene)triphenylphosphorane, and the resulting solution was 
stirred for 5 h at room temperature. The usual workup led to 
an oily residue, which was flash chromatographed over silica gel. 
Elution with n-hexane-EtOAc (2:l) gave 800 mg (82% yield) of 

3040,2890,1714,1457,1443,1096,1032,915 cm-'; 'H NMR (200 
MHz) 6 1.88 (d, J = 1.46 Hz, 3 H), 3.75 (s, 3 H), 6.71 (dq, J = 
8.55, 1.46 Hz, 1 H), 7.24-7.40 (m, 10 H). 

(CHCl3) 3050,2950,2880,1723,1463,1435,1384,1375,1307,1168, 

-5.75" ( C  0.80, CHC1,); IR (CHC13) 2980, 2950,2880, 1720, 1663, 

34: colorless Syrup; [(Y]~'D -2.36" (C 1.27, CHC13); IR (CHC13) 3560, 

Ibuka e t  al. 

Methyl (45,5R,6R,2E)-5,7-Bis(benzyloxy)-4,6-bis[(me- 
thylsulfonyl)oxy]-2-methyl-2-heptenoate (35). By use of a 
procedure similar to that described for 12a, 34 (80 mg, 0.2 mmol) 
in a mixture of pyridine (1 mL) and CH2C12 (2 mL) was mesylated 
with methanesulfonyl chloride (0.3 mL) at 0 "C for 10 h to give 
105 mg (94% yield) of 35: colorless syrup; [(Y]25D +16.98" (c 0.55, 
CHCld; IR (CHC13) 3050,2950,2880,1720,1659,1605,1498,1456, 
1439,1414,1364,1179,1108,972,912 cm-'; 'H NMR (200 MHz) 
6 1.86 (d, J = 1.46 Hz, 3 H), 2.94 (s, 3 H), 2.96 (9, 3 H), 3.76 (s, 
3 H), 3.78-3.97 (m, 3 H), 4.55 (5, 2 H), 4.65 (m, 2 H), 4.87 (m, 1 
H), 5.53 (dd, J = 9.28, 3.66 Hz, 1 H), 6.74 (dq, J = 9.28, 1.46 Hz, 
1 H), 7.72-7.42 (m, 10 H). This material is a rather labile syrup 
and was used immediately for the 1,3-chirality-transfer reaction. 
Methyl (5R ,6R ,2S ,3E)-5,7-Bis( benzyloxy)-6-[ (methyl- 

sulfonyl)oxy]-2-methyl-2-propyl-3-heptenoate (36). By use 
of a procedure similar to that for 14,56 mg (0.1 mmol) of enoate 
35 in dry THF (5 mL) was converted to 46 mg (91% yield) of 36 
by treatment with PrCu(CN)Li.BF3 (0.3 mmol) at -78 "C for 30 
min. 36: a colorless oil; [a]%,, -9.31" (c 1.00, CHCI,); IR (CHCl,) 
3050,3020, 2960, 2880, 1725, 1498, 1454, 1436, 1354, 1174, 973, 
922, 700 cm-'; 'H NMR (200 MHz) 6 0.88 (t, J = 6.84 Hz, 3 H), 
1.27 (s, 3 H), 2.964 (s, 3 H), 3.67 (s, 3 H), 4.11 (m, 1 H), 4.32-4.62 
(m, 4 H), 4.76 (m, 1 H), 5.43 (dd, J = 15.87, 7.81 Hz, 1 H), 7.98 
(dd, J = 15.87,0.73 Hz, 1 H), 7.15-7.39 (m, 10 H); nominal mass 
spectrum, m/z  504 (M'), 489,462,445, 413,408,396, 375, 349, 
300,276, 275, 258,242, 232,211,183, 151,130, 107,92,91 (base 
peak); exact mass spectrum, m/z  calcd for C27H3607S 504.2181, 
found 504.2179. 
Methyl (5R ,6R ,2S ,3E)-5,7-Bis(benzyloxy)-2-butyl-6- 

[ (methylsulfonyl)oxy]-2-methyl-3-heptenoate (37). By use 
of a procedure similar to that described for 14,35 (80 mg, 0.144 
mmol) was reacted with BuCu(CN)Li.BF3 (0.432 mmol) at -78 
OC for 30 min to give 74 mg (99% yield) of 37 colorless oil; [(Y]"D 

1176, 973, 927 cm-'; 'H NMR (200 MHz) S 0.88 (t, J = 6.59 Hz, 
3 H), 1.28 (s, 3 H), 2.97 (5, 3 H), 3.67 (s, 3 H), 4.12 (m, 1 HI, 
4.33-4.63 (m, 4 H), 4.74 (m, 1 H), 5.43 (dd, J = 16.11, 7.81 Hz, 
1 H), 6.02 (dd, J = 16.11, 0.73 Hz, 1 H), 7.24-7.37 (m, 10 H); 
diastereoselection, >99:1, Eu(hc),; nominal mass spectrum, m/z  
518 (M'), 459,427,422,410,375,321,314,290,289,272,225,197, 
181,165,144,121,107,92,91 (base peak), 65; exact mass spectrum, 
m / z  calcd for CZ8HsO7S 518.2337, found 518.2347. 
Methyl (5R , 4 S  ,6S ,2E)-4,7-Dihydroxy-5,6-(iso- 

propylidenedioxy)-2-methyl-2-heptenoate (39). To a solution 
of 3,4-O-isopropylidene-~-arabinopyranose (38) (1.9 g, 0.01 M) 
in toluene (20 mL) was added 3.48 g of (a-carbomethoxy- 
ethylidene)triphenylphosphorane, and the mixture was heated 
under reflux for 20 h. The solvent was evaporated under reduced 
pressure to leave a colorless residue, which was purified by flash 
chromatography over silica gel with n-hexane-EtOAc-MeOH 
(5:10:0.3) to yield 1.4 g (54% yield) of 39 as a colorless syrup. 39: 
[(YlZoD +9.87" (c 1.54, CHCl3); IR (CHCl3) 3400, 3010, 2970, 1712, 
1660,1441,1389,1164, 1139,1074,1035,985,939,872,850 cm-'; 
'H NMR (200 MHz) 6 1.39 (s, 3 H), 1.54 (s, 3 H), 1.95 (d, J = 1.47 
Hz, 3 H), 2.68 (s, 2 H), 3.76 (8, 3 H), 3.80 (m, 2 H), 4.15 (dd, J 
= 7.08, 3.91 Hz, 1 H), 4.28 (dt, J = 6.83, 4.64 Hz, 1 H), 4.60 (dd, 
J = 8.79, 3.91 Hz, 1 H), 6.73 (ddd, J = 8.79, 2.69, 1.22 Hz, 1 H); 
nominal mass spectrum, m / z  260 (M'), 245, 229, 183, 171, 153, 
131,130,101,59 (base peak); exact mass spectrum, m/z calcd for 
ClzH&6 260.1259, found 260.1255. 
Methyl (5R,4S,65,2E)-4,7-Bis[(methylsulfonyl)oxy]- 

5,6-(isopropylidenedioxy)-2-methyl-2-heptenoate (40). By use 
of a procedure identical with that described for the preparation 
of 128, 52 mg (0.2 mmol) of 39 was converted to dimesylate 40 
(81.5 mg, 98% yield): colorless oil; [a]"D +%go (c 1.07, CHClJ; 
IR (CHC13) 3040,3010, 2970,1722, 1661, 1440,1363,1176,1088, 
994,964,929, 889, 860, 821 cm-'; 'H NMR (200 MHz) 6 1.39 (s, 
3 H), 1.53 (9, 3 H), 2.05 (d, J = 1.46 Hz, 3 H), 3.05 (s, 3 H), 3.09 
(s, 3 H), 3.79 (s, 3 H), 4.34-4.53 (m, 4 H), 5.48 (dd, J = 9.77, 5.38 
Hz, 1 H); nominal mass spectrum, m / z  401 (M - 15), 385, 354, 
320, 263, 245, 231, 209, 167, 151 (base peak), 112, 95, 79; exact 
mass spectrum, m/z  calcd for C13H21010S2 (M - 15) 401.0576, 
found 401.0579. 
Methyl (5R ,6S ,3E)-2,2-Dimethyl-5,6-(isopropylidenedi- 

oxy)-7-[ (methylsulfonyl)oxy]-3-heptenoate (41). To a stirred 
slurry of CuCN (89 mg, 1 mmol) in 6 mL of dry THF at -78 "C 

-9.83" (C 0.997, CHC13); IR (CHCl3) 2960, 2880, 1727, 1457, 1354, 
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in an argon atmosphere was added dropwise by syringe 0.66 mL 
(1 mmol) of a 1.5 M ethereal MeLi-LiBr solution, and stirring 
was continued at -78 "C for 20 min. BF3.Eg0 (0.122 d, 1 mmol) 
was added to the above mixture at -78 "C, and the mixture was 
stirred for 5 min. A solution of 40 (139 mg, 0.33 mmol) in dry 
THF (3 mL) was added to the above reagent at  -78 "C with 
stirring and stirring was continued for 30 min. The usual workup 
of the reaction mixture led to an oily residue, which was flash 
chromatographed on a silica gel column. Elution with n-hex- 
ane-EtOAc (3:l) gave 106 mg (95% yield) of 41 as a colorless oil: 

1672,1472,1463,1439,1365,1179,1150,1085,996,966,892,869, 
826 cm-'; 'H NMR (200 MHz) S 1.33 (s, 6 H), 1.39 ( 8 ,  3 H), 1.52 
(s, 3 H), 3.06 (s, 3 H), 3.68 (s, 3 H), 4.10 (dd, J = 10.75, 6.84 Hz, 
1 H), 4.17 (dd, J = 10.75, 4.64 Hz, 1 H), 4.40 (td, J = 6.84, 4.39 
Hz, 1 H), 4.72 (m, 1 H), 5.50 (dd, J = 15.63, 7.33 Hz, 1 H), 6.06 
(dd, J = 15.63,0.97 Hz, 1 H); nominal mass spectrum, m/z 336 
(M'), 321,277,261,235,219,198,183,165,137,123,97 (base peak); 
exact mass spectrum, m/z calcd for Cl4HZ4O7S 336.1242, found 
336.1246. 

Methyl (5R ,2S ,6S ,2E)-2-Butyl-5,6-(isopropylidenedi- 
oxy)-7-[ (methylsulfonyl)oxy]-2-methyl-3-heptenoate (42). By 

[ C Y ] ~ D  -48.1" (C 1.09, CHCl,); IR (CHC13) 3050,3010, 2970, 1729, 

a procedure identical with that described for the preparation of 
14, 40 (139 mg, 0.33 mmol) was converted to 42 (120 mg, 95% 
yield) by treatment with BuCu(CN)Li.BF at -78 "C for 30 min. 
42: a colorless oil; [alaD -31.1" (c 1.08, CHC1,); IR (CHC13) 3050, 
3010,2960,2880,1727,1670,1463,1458,1439,1362,1345,1180, 
1086,988,966,894,870,827 cm-'; 'H NM (200 MHz) S 0.89 (t, 
J = 6.84 Hz, 3 H), 1.29 (8, 3 H), 1.39 (8 ,  3 H), 1.52 (s, 3 H), 3.06 
(8, 3 H), 3.68 (s, 3 H), 4.05-4.20 (m, 2 H), 4.40 (td, J = 6.83,4.63 
Hz, 1 H), 4.72 (m, 1 H), 5.47 (dd, J = 15.62, 7.32 Hz, 1 H), 6.04 
(dd, J = 15.62,0.98 Hz, 1 H); nominal mass spectrum, m/z 378 
(M+), 363, 319, 303, 277, 261,240, 235, 207, 137,97 (base peak); 
exact mass spectrum, m / z  calcd for C17H3007S 378.1711, found 
378.1705. 
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A new approach for the synthesis of a variety of per-N-alkylated polyaza-crown compounds is described. 
N-[2-(2-Chloroethoxy)ethyl]acetamide (25) and its benzamide analogue 26 are the key building blocks for the 
synthesis of the new polyaza-crowns. These chloroamides were reacted with primary amines or secondary diamines, 
followed by reduction of the resulting diamides, to produce polyamine intermediates containing two terminal 
N-ethyl or N-benzyl secondary amine functional groups. These secondary diamines were further reacted with 
dihalides in the presence of metal carbonates to form the polyaza-crowns. The overall yields for crown formation 
were generally very good. All of the new polyaza-crowns were prepared without the need for special nitrogen 
protecting reagents. Thus, the crowns were formed in a minimum number of steps. Twenty-three new polya- 
za-crowns containing from three to six nitrogen atom in the macroring and from 16 to 36 ring members are reported. 

In t roduct ion  
There is continuing interest in the synthesis of ma-crown 

compounds. The ma-crowns have complexation properties 
that are intermediate between the all-oxygen crowns, which 
strongly complex alkali and alkaline earth metal ions, and 
the all-nitrogen cyclams, which strongly complex heavy 
metal cations.' The aza-crowns also complex organic 
cations and anions and have important uses as synthetic 
receptors in molecular recognition processes.2 In some 
cases, anion complexation by aza-crowns is similar to 
complexation processes in certain biological ~ y s t e m s . ~ - ~  
The ma-crowns have an enhanced affinity for ammonium 
salts compared to the all-oxygen crown compounds.'p6 The 
aza-crowns are also important intermediates for the syn- 
thesis of the crypt and^^?^ and the nitrogen-pivot lariat 
crown ethers? as catalysts in nucleophilic substitution and 
oxidation reactions,lOJ1 and in the design of chromogenic 
reagents, which are sensitive to the alkali and alkaline 
earth metal ions.12-14 

Silica gel bound aza-crown compounds have the same 
affinity for metal ions in aqueous solution as do the un- 

' Permanent address: Department of Chemical Technology, 
School of Medicine, 90145 Lodz, Poland. 
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bound crowns for the same metal ion.16 These silica gel 
materials have been used to separate specific metal ions 
from mixtures of metal Thus, using a silica gel 
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