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HIGHLY REGIO-, (E)-STEREO-, AND DIASTEREOSELECTIVE S,2° ADDITION OF
ORGANOCUPRATES TO CHIRAL ALLYLIC CYCLIC CARBONATES

Suk-Ku Kang,* Dong-Ha Lee, Hyeong-Su Sim, and Jong-Suk Lim
" Department of Chemistry, Sung Kyun Kwan University,
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Summary: Reaction of the cyclic carbonates of acyclic vinyl diols with RCu(CN)Li* BF,, RCu(CN)MgBr-BF,,
or RMgBr+Cul (cat) in THF at -78 °C proceeded in S,,2° fashion and resulted in the formation of alkylated (E)-
allylic alcohols with remarkably high diastereoselectivity. This reaction represents an efficient 1, 3-chirality
transfer method.

In recent years, intensive studies have been directed to the S,2’alkylation reactions of allylic derivatives
with organocopper reagents from the synthetic point of view." > In the literature, anti-§,2° alkylations were
observed in the reactions with allylic carboxylates,’ allylic sulfonates,* and allylic phosphates.” Although these
procesmes oo wery wseful i wrgnde cynbesis, dere X cemad dificuiiies o Hmdwtions encvantered o
each of the known procedures. We have found that the cyclic carbonates 1 underwent excellent regio-, (E)-stereo-,
and diasiereosiechve aixishon reacihons witn 3 vaiery of organocopoer reagents 10 Jorm ine Aintiic Beconois 2.
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The results of the reactions of 1a-d*’ with organocuprates are listed in Table 1. The carbonate 1a with
MeCu(CN)MgBr-BF;, n-BuCu(CN)Li-BF,, or n-BuMgCl: Cul (5 mol %)" gave smoothly the (E)-allylic
alcohols 28’ and 2b,” respectively, as the sole product (entries 1,2, and 3)."° The (E)-stereochemistry of the
product 2a and 2b was inferred from the 'H NMR (500 MHz) coupling constants of the two olefinic protons.
The higher order cuprate »n-Bu,Cu(CN)Li,-BF, in THF or n-Bu,CuLi gave the product 2b in low yield
together with the elimination product.'’ The carbonate 1b with MeMgBr (1.5 equiv), Cul (5 mol %), and BF,
(1 equiv) yielded 2c’(entry4). For the cyclic carbonate lc, EtMgBr (2 equiv), BF,' Et,O (1 equiv), and Cul
(3 moh %) aiforded 28 witn remarkavly High Samereosdecivity jenry 5, AMemanvely, e caiponswe 38 Wit
MeMgBr (2 equiv), BF,* Et,O (1 equiv), and Cul (3 mol %) gave the other alkylated product 2f* as an exclusive
product (entry 7). The diastereoselection of 2d and 2f hasbeen found to be nearly perfect (>99%) as judged
by ‘HNMR analysis with & Eodtfc), shif¢ reagent. I is notable dut the reaction of id widh MeMgBr
(2 equiv) and Cul (3 mol %) without BF; Et,0 also afforded 2f with the same selectivities (entry 8).
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Table 1. Alkylation of acyclic allylic cyclic carbonates with organocuprates

Entry Substrates Reagents (mol eq.) Isolated Product [@],* values
Yield(%) (diastereoselectivity) in CHCI,

-0 H
1 BnO I MeMgBr (2), CuCN (1) 88 sno\/o’\/\/ -16.0°
G BF,"Bt,0 (1) 2a (c = 0.39)
la
OH
2 Ia n-BuLi (1), CuCN (1) 85 BhO A A A~~~ -155°
BF,"Bt,0 (1) 2b (c=033)
3 Ia n-BuMgCl(2), Cul (5 mol %) 92 2 -15.0°
THF-Me,S$ (20:1)* c=0.1)
.0 QH
4 FBuPMSiO\%\ MeMgBr (1.5), Cul (5mol %) 87 +BUPhSIO AA~ -1.34°
b 6 BF,'Et,0 (1) 2 (c=0.40)

, .0 OH
5  #BuPhsSi0. A EtMgBr (2), Cul (3 mol %) 84  +BuPhaSIO A A 99°
% BF, Et,0 (1) \/2\6/7:\ (c=0.67)

1
¢ (>99%)
6 1 BuMgCl (2), Cul (3 mol %) 85 - -8.25°
c n- mo +BuPhaSiO _A A, mBu 8.
BF;Et,0 (1) \/2:/71. ( = 0.40)
(>99%)
7 BUPMSIO NG MeMgBr (2, Col Gmol %) 87 ™ 8.0
uPhgs! ¢y, MeMgBr +BuPhSI0O A~ +8.0°
a 6 | BFEROM o T em01s)
(>99%)
8 1d ‘MeMgBr (2), Cul 3 mol %) 83 P +8.2°
(c=0.45)

*The ratio of volume.

The general procedure is as follows. To a stirred solution of Cul (10 mg, 3 mol %) in dry THF (5ml) at
-78°C under N, was added MeMgBr (1.1 ml, 3.4 mmol, 3.0 M in ether) followed by BF'Et,0 (0.2 ml,
1.7 mmol) in dry THF (5 ml) and then 1d (700 mg, 1.7 mmol ) in dry THF (5 ml). After stirring for 30 min at
-78 °C, the reaction was quenched with saturated NH,Cl solution (2 ml). THF was evaporated and the residue
was extracted with cther (30 ml). The ether layer was washed with water (30 ml) and then brine (30 ml). The
organic layer was dried over anhydrous magnesium sulfate and evaporated in vacuo. The crude product was
separated by SiO, column chromatography (EtOAc/hexanes 1:3) afforded 2f (567 mg, 87%).
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The stereochemical outcome of these reactions can be explained as follows, The conformer B, which

would lead m(Z)-lson_ler, are destabilized in comparison to conformer A, owing to unfavorable interactions
between the methyl group and the carbonate group and between the methyl group and the silyloxymethyl group.
Consequently, the cuprates presumably attack anti to the carbonate in the conformation A.

SN Vgen

O)_ Ma—" (E)-isomer 2d M ' —> (2)-isomer
e
o] ° 1c J( 0)_ O ¢
A R =t-BuPh,Si B

The absolute configuration of the newly introduced stereogenic center of 2f was deduced by successive

deprotection, and hydrogenation followed by oxidative cleavage and reduction to the known (§)-(+)-4-methylhexan-
1-0l (3) [@]p, +6.0° (¢ 0.9, CHCL) [lit."” [c],° +6.63° (neat)].

QH
tBuPh,SiO\/'\/)/\ _abcod  HOTT
':1‘ H L)
: H
2 3

Reagents: (8) (n-Bu),NF, THF, rt, 2 h (96%) (b) H,, Rh/AL,O,, atmospheric pressure, rt, 5h (91%) (c) NalO,
CH,Cl,, silica gel, rt, Lh (88%) (d) LAH, ether, rt, 1 h (93%).

In summary, the method described herein represents a useful S,2° reaction to create a new carbon center.

Main advantages of the present method are: (1) excellent diastereoselective S,2° substitution on acyclic
allylic system; (2) easy preparation of the cyclic carbonate; (3) several organocuprates can be used in S,2°
reaction with these carbonates. The use of the y-alkylated products in the synthesis of natural products is
currently under progress.
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