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Abstract: Conjugate organocuprate additions to ct,[~-unsaturated esters that have a y-ether 

substitutent take place with high anti-selectivity. Potassium ester enolates can react with 

electrophiles to give the corresponding ~t-hydroxy ct-alkyl, and ct-azido esters with an overall 

antilsyn orientation of three vicinai groups relative to the initial resident chiral center. 
Copyright © 1996 Elsevier Science Ltd 

The stereocontrolled introduction of vicinal functional groups in acyclic carbon chains presents a major 

challenge in the realm of natural product synthesis, 1 as well as in unnatural molecules with therapeutic 

potential. 2 Subunits harboring vicinal, alternating, and remotely situated functional groups such as hydroxy, 

alkyl, amino, etc. are common targets for synthesis. Moreover the introduction of functional diversity in acyclic 

or cyclic scaffolds is also of great interest in the general area of combinatorial approaches to drug discovery and 

lead optimization. 3 

The polypropionate biosynthetic subunit is prevalent in a multitude of natural products, and the advent 

of asymmetric processes has greatly advanced our capabilities in generating hydroxy-methyl-hydroxy triad 

units. 4 The majority of these methods rely on elegantly conceived elements of stereocontrol based on the use of 

chiral auxiliaries, chiral catalysts, on the manipulation of cyclic chiral templates, or other methods. 5 

We have previously reported that the addition of lithium dimethylcuprate to acyclic a,13-unsaturated 

esters that contain a y-alkoxy substituent (ex. BOM, MOM, etc.) on a stereogenic center led to a high 

preponderance of the anti-orientated C-methyl product (internal 1,2-asymmetric induction). 6 Plausible 

mechanistic rationales were proposed by us and other groups 7 to explain the stereochemical outcome of these 

conjugate addition reactions (Scheme 1). 

Scheme 1 

R ~ j  (R3)2CuLi 

R1 CO2 Me TMSCI 

R1 = alkoxy, alkyl, aryl 
R2 = BOM, MOM, MTM, etc. 

R2 Base R 1 " " C O 2 M  e 
R1 . CO2Me X* = 

F~ 3 R3 

anti- product R3 = Me 
1,2-induction X = OH, alkyl, etc. 
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In this paper we describe the extension of these reactions to other organoalkyl groups, and we offer a 

general approach to the generation of a polypmpionate-derived triad unit in acyclic systems. Table 1 shows the 
results of conjugate addition with a readily available 0t,13-unsaturated ester. 6 Preparatively good to excellent 

yields of the corresponding ethyl, butyl, vinyl, and 2-propenyl adducts were obtained as virtually single 

isomers after chromatography. 8,9 Stereoehemical proof was provided by chemical correlation to the 

corresponding 3-substituted lactones which were prepared by known procedures. 10 

Table 1 

(~BOM R2CuM, TMSCI 

T B D P S ~ c o 2 M e  THF, -78°C 

~BOM 
T B D P S ~ o 2 M  e 

Entry R M a Yield b Anti/Syn ¢ [C¢]D d 

1 Methyl Li 93% >50:1 -21.7 

2 Ethyl MgBr 73% >50:1 -21.1 

3 Butyl Li 90% >50:1 -22.0 

4 Vinyl MgBr 70% >12:1 -19.5 

5 2-Propenyl Li 60% > 8:1 -17.1 

a. From commercially available reagent; for experimental conditions, see ref. 6; b. Yield of isolated product after flash 
chromatography; c. Ratio determined by 1H-NMR of crude product before chromatography; d. Optical rotation was 
measured at 25°C in CHCI 3 in degrees. 

While the alkyl ether nature of the 'y-substituent was required for high selectivity in the conjugate 

additions, the RI substituent in the k-position allowed greater flexibility (Scheme I). Thus, alkyl and aryl 

groups 11 were tolerated without affecting the stereoselectivity of the additions (see below). 

Having demonstrated the generality of 1,2-induction in the "y-substituted (x,13-unsaturated ester motif 

shown in Table 1, we explored the prospects of electrophilic additions of the corresponding enolates (Scheme 

1). Treatment of the adduct from lithium dimethylcuprate with KHMDS and methyl iodide or benzyl bromide 

gave excellent yields of the 2S, 3S-dimethyl, and 2S-benzyl-3S-methyl substituted analogs essentially as single 

products (Table 2). The syn-relationship of the 2,3-alkyl groups was established by cyclization to the 

corresponding butyrolactone derivatives and correlation with authentic samples. 12 This method provides an 

expedient route to enantiomerically pure acyclic compounds that contain vicinal syn-related alkyl substituents. 13 

Scheme 2 

~)BOM BOMb) ? 
TBDPSO.~ ~ A 1. K H M D S  T B D P S ~ c o 2 M  e 

v y 'CO2Me 2. MelorBnBr ~ - = 
Me THF, -78°C I~le 

R= Me, 95%, syn/anti> 20:1 
R= Bn, 91%, syn/anti >20:1 
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For the purposes of generating a propionate biosynthetic triad, we next studied the hydroxylation of 

enolates (Scheme 3). The combination of KHMDS and the Davis oxazin'dine reagent 14 proved to be optimal for 

providing enantiomerically pure products after chromatography. In each instance, and regardless of the nature 
or size of the ~f-subsdtuent on the chain, hydroxylation took place to give syn-selectivity vis-a-vis the C-3 

methyl group. The level of 1,2-syn induction was dependent on the size of the C-3 alkyl group, since 

hydroxyladon of the enolates derived from the ethyl, vinyl and 2-propenyl esters (Table 1, entries, 2, 4, 5) were 

less selective -70-80% yield, 80:20 syn/anti). It is of interest that hydroxylation of the enolate of 3R-ethyi-5S- 
(tert-butyldiphenylsiloxy)-4-H-furanone, led to a 1:1 mixture of ot-hydroxylactones, possibly because of the 

presence of statically compromising groups near either face of the enolate. Thus, acyclic stereocontrol as 

illusmated in this Letter wins over analogous reactions in cyclic counterparts. 

Scheme 3 

1. KHMDS, THF, -78°C R 
R CO2Ma 2. Davis' oxaziridine = . C O z M e :  

Me 90% Me 

R - TBDPS [a]D -10.8 ° (CHCI3) 

1'Me2CuLi'TMSCI'THF90% : o ~  Q H 

- y y CO2Mo CO2Mo 2. KHMDS, THF, -78°C l ICle 
3. Davis' oxaziridine 

80=/0 [¢¢]0 -9.6° (CHCI3) 

TMSBr 

TMSBr 

(3 ~(3 

R ~ O H  
= 

Me 

Ref. 10 

~ OH 

[ctb -9.2 ° (CHCh) 
m.p. 64-65°C, X-ray 

1. MezCuLi, TMSCI, THF . _ ~  90% o ao~ (~H 
• O..,J[,- A~ J i ' - =  

.= CO2Me 2. KHMDS, THF, -78°C v v... "1~ -CO2Me 
Me 3. Davis' oxaziridine Me Me 

70% 

Pd(OH)2/C --TL-- O . C ) ~  0 

MoOH O ~ % O H  

Me Me 

[~Z]O -22.7 ° (CHCI3) 
m.p. 105-10"/°C, X-ray 

The hydroxylation of ~-alkyl substituted enolate esters has a precedent in the work of Morizawa 15 who 

showed that syn-selectivity was prevalent with racemic 3-trifluommethyl butyrate with the Davis reagent as well 

as with the Vedejs-Mimoun MoOPh reagent. 16 A plausible mechanistic rationale 15 is presented in Figure 1, 

which is also applicable to other electrophiles. 

Figure 1 

R I _ _ C O 2 M  e KHMDS OK :: 
. X + Me R I ~ c O 2 M e  

I~le .X ÷ . l~le 
X= OH, alkyl, etc. 

In conclusion, we have reported versatile methods for the synthesis of enantiomerically pure (or highly 

enriched) five carbon (and higher) acyclic ester motifs that harbor three or more contiguous substituents 

consisting of combinations of alkyl and hydroxy groups, starting from a single resident ether substituent of 
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defined stereogenicity. 17 These patterns of substitution are otherwise difficult to obtain, particularly from 

acyclic precursors and the methodology described here should find numerous applications in the synthesis of 

functionally diverse, enantiopure molecules. 

Acknowledgment:  We thank NSERC for generous financial support through the Medicinal Chemistry Chair 

Program. We thank Dr. Michel Simard of the X-ray Crystallography laboratory for X-ray analyses. 

References and Notes 
1. For some authoritative monographs, see Nicolaou, K.C., Sorensen, E.J. in Classics in Total Synthesis, VCH Publishers, 

New York, N.Y., 1996; Corey, E.J.; Cheng, X.M. The Logic of Chemical Synthesis, Wiley, N.Y. 1989; The Total 
Synthesis of Natural Products, ApSimon, J. Ed., Wiley, N.Y., vol. 1-8 1973-1992; Studies in Natural Product Synthesis, 
Atta-ur-Rahman ed. Elsevier, Amsterdam, vol. 1-13 (1988-1994); Strategies and Tactics in Organic Synthesis, Lindberg, T. 
Ed., Academic, San Diego, Ca., vol. 1-3,1984-1993. 

2. See for example Collins, A.N.; Sheldrake, G.N.; Crosby, J., Chirality in Industry, J. Wiley & Sons New York, N.Y. 
(1992); Sheldon, R.A. Chirotechnology. Industrial Synthesis of Optically Acitive Compounds,, M. Dekker, Inc. New 
York, NY (1993). 

3. For excellent recent reviews, see a. Thompson, L.A.; EIIman, J.A. Chem. Rev. 1996, 96, 555; b. Terrett, N.K.; Gardner, 
M.; Gordon, D.W.; Kobylecki, RJ.; Steele, J. Tetrahedron 1995,51, 8135; c. Lowe, G. Chem. Sec. Rev. 1995, 309. 

4. For a recent review, see Hoffmann, R.W.; Dahmann, G.; Andersen, M.W. Synthesis 1994, 629. 
5. For representative methdology and a historical perspective, see Roush, W.R.; Palkowitz, A.D.; Ando, K. J. Am. Chem. 

Soc. 1990, 112, 6348; Hanessian, S. Aldrichimica Acta 1989, 22, 3; Stork, G.; Rychnovsky, S. Pure Appl. Chem. 
1986,58, 767; Heathcock, C.H. in Asymmetric Synthesis, Morrison, J.D., Ed. Academic, Orlando, Fla., 1984; Evans, 
D.A. Aldrichimica Acta 1982,15, 23; Masamune, S.; Choy, W. Aldrichimica Acta 1982, 15, 47; Still, W.C.; Barrish, 
J.C.J. Am. Chem. Soc. 1983, 105, 2487; Mukaiyama, T. Org. React. 1982, 28, 103. 

6. Hanessian, S.; Sumi, K. Synthesis 1991, 1083. 
7. Gung, B.W.; Francis, M.B.J. Org. Chem. 1993, 58, 6177; Dorigo, A.E.; Morokuma, K. J. Am. Chem. Soc. 1989, 

111, 6524. 
8. For other selected examples, see Yamamoto, Y.; Chounan, Y.; Nishi, S.; Ibuka, T., Kitahara, H. J. Am. Chem. Soc. 

1992,114, 7652; Nemoto, H.; Ando, M.; Fukumoto, K. Tetrahedron Lett. 1990, 31, 6205; Larcheveque, M.; Tamagan, 
G. Petit, Y. J. Chem. Soc., Chem. Comm. 1989, 31; Roush, W.R.; Lesur, B.M. Tetrahedron Lett. 1983,24, 2231; 
Nicolaou, K.C.; Pavia, M.R.; Seitz, S.P.J. Am. Chem. Soc. 1981, 103, 1224; Ziegler, F.E.; Gilligan, P.J.J. Org. 
Chem. 1981, 46, 3874. 

9. For conjugate additions to ~,l]-unsaturated esters, see Lipshutz, B.H.; EIIsworth, E.L.; Dimeck, S.H.J. Am. Chem. Soc. 
1990,112, 5869; Yamamoto, Y. Angew. Chem., Int. Ed. Engl. 1986, 25, 947; Eis, M.J.; Wrobel, J,E.; Ganem, B. J. 
Am. Chem. Soc. 1984, 106, 3693; For a recent monograph, see Perimutter, P. Conjugate Addition Reaction in Organic 
Synthesis, Pergamon, New York, N.Y. 1992. 

10. Hanessian, S.; Murray, PJ. Tetrahedron 1987, 43, 5055; Hanessian, S.; Murray, P.J.; Sahoo, S. Tetrahedron Lett. 1985, 
26, 5627. 

11. Hanessian, S.; Raghavan, S. Bioorg. Med. Chem. Lett. 1994, 4, 16971. 
12. Hanessian, S.; Murray, P.J.J. Org. Chem. 1987, 52, 1170. 
13. For some alternative methods, see Ireland, R.E.; Varney, M.D.J. Am. Chem. Soc. 1984, 106, 3668; Oppolzer, W.; 

Kingma, A.J.; Poll, G. Tetrahedron 1989, 45,479. 
14. Vishwarkarma, L.C.; Slunger, O.D.: Davis, F.A. Org. Syn.1986, 66, 203. 
15. Morizawa, Y.; Yasuda, A.; Uchida, Tetrahedron Lett. 1986, 27, 1833; See als0, Padden-Row, M.N.; Rondan, N.G.; Houk, 

K.N.J. Am. Chem. Soc. 1982, 104, 7162; Fleming, I.; Lewis, J.J. JCS Chem. Comm. 1985, 149. 
16. Vedejs, E.; Larsen, S. J. Org. Chem. 1985, 64, 127. 
17. For a recent example of an alternative approach see, Szymoniak, J.;Lefranc, H.; Mo't'se, C. J. Org. Chem. 1996,61,3926 

and references cited therein. 

(Received in USA 24 July 1996; accepted 19 August 1996) 


