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Abstmct: highly syti or arm selective atitlon of lower or&r hthmm vmylcuprates generated from akenyl bromxles 1 
to (R)-2.3-G~sopropyhdeneglyce-raldehyde (2) can be achreved. respectn!ely, depmdmg on the subsWunon pattern of 
the vmyl morety and the solvent a-Tnmethylsllyl subshtuted vmylcuprates possessing an alkyl subshtuent Z to copper 
react wuh excellent syn sclecn~ty ffl ether whereas a highly mh selectwe &hon IS observed for cuprates kmng a 
hydrogen atom Z or a to the metal m THF A model 1s proposed to ratlonahze these complementary seiec~whes 

INTRODUCTION 

The stereochenucal course of nucleophk addmon to (R)-2.3~0-lsopropyhdeneglyceraldehyde (2) has 
been widely mvesngated 1 Nevertheless, exlstmg methodology2 for highly dmstereoselective addmon of 
vmyhc nucleopiules to 2 is so far lututed to syn selective reactions of Gngnard-derived organocopper reagents3 
and antr selective bond formation ~th higher order rmxed metal cyanocuprate~.~ Since alkyl substituted 
vinylcopper species of both types are generated wa ntamum-catalyzed hydromagneslation of 1-alkynylsdanes, 
they necessanly feature an @)-configured alkene moiety As part of a program concerned ~nth chn-abty transfer 
reacuons of (R)-2,3-O-lsopropyhdeneglyceraldehyde adducts. we mvestigated the reachon of 26 \Hlth lower 
order hthmm vmylcuprates from alkenyl brormdes 1,7 readily avaIlable with ezther olefin geometry (Scheme 1) 
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Scheme 1 Addmon of lower order vmylcuprates to 2 
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RESULTS AND DISCUSSION 

The results of the addmon react~oons are listed m Table 1 Extremely high syn selectnq 1s observed for 
cuprates with R1 = &Me3 and R2 = alkyl in ether (entry 3, 5, 8) The dlastereoselecfivlty drops or changes to 
shghtly unto if the reachon of these cuprates IS run in THF (entry 4, 9) or if one of the subsmuents R1, R2 IS 
equal to hydrogen and ether 1s used as the solvent (entry 1,6, 10) Moreover, ad&bon proceeds with good to 
excellent anh selechvlty for cuprates with R1 or R2 = H 111 THF (entry 2,7, 11) 

Table 1 Dtastereoselechve Add&on of Lower Order Vmylcuprates to 2 a 

entry bronude Rt R2 R3 solventb*c 3a-f 4a-fd Yield [%]e 

1 la 
2 la 
3 lb 
4 lb 
5 lc 
6 Id 
7 Id 
8 le 
9 le 

10 If 
11 If 

&Me, H n-Bu A 53 47 77 
B 3 97 89 

&Me, n-Bu H A 97 3 87 
B 48 52 47 

&Me, Me H A 98 2 86 
SlMe3 H H A 75 25 91 

B 3 97 65 
SIMe3 Me Me A 97 3 36 f,g 

B 37 63 f Jl 

H Me Me A 71 29 70 
B 12 88 92 

a Followu~ 
ovenught % - 

a&bon of aldehyde 2 to the vmylcuprate at -78 ‘C, the reaction mlxhue was allowed to warm to room temperature 
A - ether, B = THF c Solvent contamed ca 30 vol % pentane dRa~os determmed by capdlary GC analysis of the 

crude products e Isolated yields of 3 + 4 f Compehtive couplmg of the vmylcuprate wttb le, as well as ad&non of r-BuLt to 2 took 

place g Yield detetmmed by lH NMR mtegratmn ’ F’ure 4e was Isolated by HPLC m 6% yteld 

Smce the vmylhthmm reagent denved from bronude lb adds to 2 virtually stereorandomly m both ether 
and THF at -78 ‘C (Scheme 2), copper plays a dectslve role m stereocontrol 
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Scheme 2 Addmon of a vmylhthmm compound to 2 
(a Ether r-BuLI. THF s-BULI b Ratios determmed by capdlary 
GC analysis of the crude products) 

4b 

44b 

54b 

Allyhc alcohols 3a,5,* 4a,5 3d,4 and 4d4 are known compounds As a stereochenucal reference, 4b was 
also prepared III low yield by isomenzauon9 of 4a through m&anon in the presence of NBS (Scheme 3) 
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Scheme 3 Isomazahon of adduct 4a 
(NBS = N-bromosuccmun~de) 

Configurauonal assignment for Zk, 3e, and 3f which was also obtamed after oxygen assisted 
desdylation10 of 3e rests on their conversion to threltol denvahve 6lt (Scheme 4) The spectroscopic data of 6 
were m accord with those reported for Its enannomer t2J3 Furthermore, alcohol 6 1s easdy dlstmguahed from 
its dlastereolsomer 814 accessible from 4f (Scheme 4) by ‘H NMR and l%Z NMR 

3c R=H 81% 3g R=H 83 % 5g R=H 

38 R=CH3 95 % 31 R=CH3 85 % 51 R=CH3 

gBn 
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Scheme 4 Conversion of adducts to tetrol denvatives a KH, ‘II-IF, then K2CO3, 
MeOH, H20, b NaH, DMF, then BnBr, c 03, CH$l,, then NaBH,, MeOH 
(Bn = bcnzyl) 

Whereas the llthmm dlvmylcuprate from bromide ld has been shown to add to a-chnal p- 
alkoxyaldehydes m ether highly unto selectwely VIU P-chelation-control, t5 the solvent effects noted m our study 
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with 2 suggest that anti isomers 4 are rather produced VM a Felkm-Anh transmon state, while attack on an a- 
chelate IS responsible for the formation of syn isomers 3 1 

As a rationale for the dependence of du~tereoselect~~ upon the subshtuhon pattern of the lower order 
cuprates denved from brormdes 1, we propose 1) hnea@ &vmylcuprate unit I7 
attacks aldehyde 2 111 such a way that the a-plane of the vrnyl group to be transferred IS coplanar to the 
carbonyi z-plane and coordmahon of the carbonyl oxygen to copper IS possible Ths geomemc arrangement 
puts the carbonyl carbon close to the position that IS occupied by the bndgmg hthmm atom m dunenc hthium 
duqlcuprates 1*J9 The second vmyl group (L) does not seem to influence the stereochenucal course of 
addmon. since the m-n-butylphosphme complex of the lower order nuxed lithium cuprate from brormde lc 
w~tb L = Me reacts extremely syn selectively m ether as well (Scheme 5), albeit less efficiently because of 
competmg addition of the methyl group 

*1 A2 B 

Figure 1 Proposed geomemc arrangements for attack of lower order vmylcuprates on 2 
Al and AZ lead to anti alcohols 4, whereas syn alcohols 3 are formed via B 

For vmylcuprates with both R* = alkyl and R 1 = SMe3, the Felkm-Anh approach or a topolog~ally 
sun&r attack on a bchelate mvolves a severe nonbondmg interaction between the methylene group of 2 and 
either R* (Al) or SlMe3 (A$ Attack of these copper species on an a-chelate (B) IS stencally preferred and 
conshtutes the nearly exclusive pathway m ether On the other hand, one of the Felkm-Anh ensembles provides 
a stencally and electromcally favorable avenue for vmylcuprates with R* = H (Al) or R1 = H (A3 that 1s 
followed to a high percentage in THF, where chelation IS less unportant The same arguments can be put forth 
If the cuprate approaches 2 along the Burg-Dumtz traJectory20 rather than us the smctly perpenduzular manner 
depicted 111 Figure 1 
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Scheme 5. Addmon of a lower order rmxed lithium cuprate to 2 
(a Raho detemmed by capdiary CC amlys~s of the crude product) 
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(E)-(IR,4~)-l-(2,2-D~met~l-l,3-~xolane-4-yl)-2-mmethylsrlyi~pt-2-en-l-ol (4b) Rf = 0 55 
(petroleum ether/ethyl acetate 6 l), [a]D28 = +13.6 (c = 0 85, CHCQ [a13,# = +28 7 (c = 0 85, CHCl& 1H 

NMR 6 0 l3 Is, 9 H, S1(CH3)3], 0 90 (t, 3 H, J = 7 1 Hz, 7-H), 126 - 1 39 (m, 4 H, S-H, 6-H), 1.35 [s, 3 H, 

C(CH3)2]. 1.42 [s, 3 H, C(CH3)2], 192 (d, l H, J = 2 2 HZ, OH), 2 03 - 2 27 (m, 2 H, 4-I-Q 3 93 - 3 96 (m, 2 H, 

S-H), 4 14 (mc, apparent dt, 1 H, Jd = 5 9 Hz, Jt = 7 2 Hz, 4’-H), 4 80 (m, 1 H, 1-H). 5 82 (dt, 1 H, Jd = 1.7 Hz, 
Jt = 7 0 Hz, 3-H), 13C NMR 6 0 6 [q, S1(CH3)3], 13 9 (q, C-7), 22 4 (t, C-6). 25 4 [q, C(CH3)& 26 4 [q, 

c(cH3)2l. 29 7 (0, 31 7 (t), 65 8 (t, C-S), 72 7 (d), 78 0 (d), 108 9 (s, C-2’), 140 6 (s, C-2), 143 5 (d, C-3), IR 
3480 (m, OH), 2950 (s, CI-0.2900 (s, CH). 1600 (w, C!=X), 1455 (w), 1365 [m, C(CH&J, 1240 (m), 1220 (m), 
lOSO (s), 830 (s), 740 (m) cm-l, MS (GUMS) m/e (relative mtenaty) 271 (M+ - CH3.2). 228 @I+ - C3&0, 

3), 21 l (1% 185 (M+ - C,I-QO,, 16), 169 (35), 101 (C$Q$+, lOO), 75 (41), 73 (S1Mg+. 59), 59 (C31-I&H+, 

14), 43 (C3H7+, 38) Anal Calcd for Ct5H3&S1 C, 62 89, H, 10 56 Found C. 62 79, H, 10 84 

(E)-(ISi4’R)-I-(2~-D~methyl-l~-droxolane-4-yl)-2-trrmethyls~iy~ut-2-en-l-ol (3c) Rf = 0 53 (petroleum 

ether/ethyl acetate 6 1). [czlDzo = -15 0 (c = 10, CHCl,), [a13&o = -45 8 (c = 10, CHC13), 1H NMR 6 0 13 

[s, 9 H, S1(CH3)3], l 38 [S, 3 H. C(CH3)2], 1 48 [s, 3 H, C(CH3)2], 178 (d, 3 H, J = 6 9,4-H), 2.37 (d, 1 H, J = 
2 3 Hz, OH), 3 63 (dd, 1 H, J = 5 6,8 6 Hz, S-H,), 3 88 (dd, 1 H, J = 6 3,8 6 Hz, S-H& 4.15 (ddd, 1 H, J = 
57,63.83Hz,4’-H),466(ddd,lH,J=12.23,83Hz,l-H),603(dq,lH,Jd=12Hz.Jp=69Hz,3-H), 

13C WR 6 0 5 [q. WCH3)3], 15 8 (q, C-4), 25 5 [q, C(CH&l, 27 1 [q, C(CH3)2], 65 8 (t, C-S), 73 3 (d), 79 3 
b-0, 109 6 (s, C-2’). 138 1 (s, C-2), 141 5 (d, C-3), IR 3484 (s, OH), 2987 (s, CH), 2974 (s. CH), 2954 (s, CH), 
2896 (s, CH), 1614 (w, C=C),1454 (w, CH), 1381 [m, C(CH3)& 1372 [m, C(CH3)2], 1279 (s), 1218 (s), 1067 
(s), 841 (s) cm-l, MS (GUMS) m/e (relative mtenaty) 229 @I+ - CH3,2), 186 (M+ - C3Hs0. 7), 169 (4). 143 

(M+ - C5HgO2, 16). 127 (33), 101 (C$902+, IOO), 75 (30), 73 (S1Me3+, 30), 59 (C31-I,jOH+, 8), 43 (C3H7+, 
41) Anal Calcd for C12H24O3S1 C, 58 97, H, 9 90 Found C, 59 18, H, 10 16 

(E)-(IR,4’R)-1-(2,2-D~methyl-l,3-droxola~-4-y~~-2-tnmethy~s~lylbut-2-en-l-ol (4c) MS (GC/MS) m/e 

(relative intensity) 229 (M+ - CH3,2), 186 @l+ - C3H60, S), 169 (4), 143 (M+ - C5H902, 10). 127 (18), 101 

(C$-I902+, 100). 75 (38). 73 (S1Me3+, 40). 59 (C&OH+, 1 l), 43 (C3H7+, 45) 

(IS,4’R)-I-(2,2-D~methyl-l,3-droxolane~-yl~-2-tnmethylsrlylprop-2-en-I-ol (3d) 4 Rf = 0 SO (petroleum 

ether/ethyl acetate 6 l), [alD20 = -10.7 (c = 10, CHCl,), [a]3652o = -32 5 (c = 10, CHC13), ref 4 [a]$ = 
-10 4 (C = 107, CHC13), ‘H NMR 6 0 16 [s, 9 H, S1(CH3)3], 1 38 [s. 3 H, C(CH3)2], 146 [s, 3 H, C(CH3)2], 
2.40 (mc, l H, OH), 3 74 (dd, 1 H, J = 6 0.8 5 Hz, S-H,), 3.94 (dd, 1 H, J = 6 2,8 S Hz, S-Hb), 4 12 - 4 17 (m, 
2 H, l-H, 4’-H), 5 52 (dd, 1 H, J = 0 4,2 3 Hz, 3-H,), 5 81 (dd, 1 H, J = 10,2 3 Hz, 3-H& 13C NMR 6 -0 5 [q, 

S1(CH3)31V2S 4 [q. C(CH3>& 26 8 [q. C(CH3)& 66 2 (t, C-S), 78 3 (d), 78 5 (d), 109 8 (s, C-2’), 127 4 (t, C-3), 

1515 (s, C-2), IR 3483 (m, OH), 2987 (s, CH), 2955 (s, CH), 2920 (s, CH), 2898 (s, CI-I), 2878 (s, CH), 1456 
(w), 1381 b, C(CH3)& I372 [m, C(CH&l, 1247 (s), 121.5 (m), 1157 (m), 1067 (s), 1031 (s), 840 (s), 764 (m) 
cm-l, MS (GUMS) m/e (relative mtens1ty) 215 (M+ - CH3, 3), 172 (M+ - C3Q0, 3), 157 (3). 139 (4), 127 

(4). 113 (lo), 101 (CgHgG2+V lOOh 75 (44), 73 (S1Me3+, 46), 59 (C&OH+, 18), 43 (C3H7+, 73). Anal Calcd 
for C!llH&3S1 C, 57 35, H, 9 63 Found C, 57 16, H, 9 84 

(lR,4’R)-I-(2,2-D~methyl-I,3-d~oxolane-4-yl)-2-~~methyls~lylprop-2-en-I-ol (4d) 4 Rf = 0 47 (petroleum 
ether/ethyl acetate 6 l), [alD20 = +lO 6 (c = 10, CHCl$, [a13# = +114 (c = 10, CHC13), ref 4. [a]D25 = 

+I1 5 (C = 1 08, CHC13), ‘H NMR 6 0 14 [s, 9 H, S1(CH3)3], 1 38 [s, 3 H, C(CH3)2_1, 1 46 [s, 3 H, C(CH3)2], 

223(d,1H,J=2OHz,OH),382(dd,1H,J=68,82Hz,S’-Ha),389(dd,1H,J=72,84Hz,S’-H~),422 
(~,apparentdt,1H,J~=37Hz,J~=69Hz,4’-H),458(dd,1H,J=18,36H~,1-H),553(dd,1H,J= 
1 6, 2 6 Hz, 3-H,), 5 99 (dd, 1 H, J = 1 9, 2 6 Hz, 3-H& 13C NMR 6 -0 9 tq. S1(CH3)33. 25 2 [q, C(CH,)$, 
26 4 [q, C(CH3)& 64 0 (t, C-S), 72 5 (d), 77 6 (d), 109 4 (s, C-2’), 125 5 (t. C-3). 149 8 (s. C-2); IR 3479 (m. 
OH), 2987 (s, CH), 2957 (s, CH), 2938 (s, CH), 2898 (s, CH), 1457 (w). 1409 (w), 1381 [m, C(CH&], 1372 
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[m, WH3)J. 1247 (s), 1214 (s), 1158 (s), 937 (s), 839 (s), 759 (m), 691 (m) cm-*, MS (GUMS) m/e (relative 
intensity). 215 @I+ - CH3,3), 172 (M+ - C&O, 3), 157 (2), 139 (4). 127 (3), 113 (lo), 101 (C5H902+, lOO), 
75 (34), 73 (S1Me3+. 43). 59 (C&OH+, 16), 43 (C 3 H 7+, 64) Anal Calcd for CttH2203S1 C, 57 35, H, 9 63 
Found C, 57 26, H, 9 80 

~~S,~~)-~-(2,2-D~methyl-l,3-d~oxolane-4-yl)-3-methyl-2-trrmethyls~lylbut-2-en-l-ol (3e) Rf = 0 49 
(petroleum ether/ethyl acetate 6 1). [alD20 = -13 2 (c = 1 0, CHCl$, [a]3652o = -46 4 (C = 1 0, CHC13), 1~ 
NMR 6 0 23 Is, 9 H, WCH3)31, 1 37 Is, 3 H, C(CH3)2], 1 47 [s, 3 H, C(CH3)2], 1 86 (s, 3 H, 4-H). 1 88 (s, 3 H, 
3-CH3),223(d,1H,J=20Hz,OH),355(dd,lH,J=58,85Hz,S-H~,386(dd,lH,~=63,85Hz,5’- 
I-Q, 4 23 <mc, apparent dt, 1 H, Jd = 8 9 Hz, Jt = 6 1 Hz, 4’-H), 4 58 (dd, 1 H, J = 2.0,8 9 HZ. 1-H), 1% NMR 6 

2 3 [qy WCW& 22 7 (% 3-CH3h 25.6 [q, c(a3)2l, 26 0 (q, C-4). 27 1 [q. C(CH3)2], 66 0 (t, C-5’), 75 5 (d), 
79 0 cd), 109 6 (s, C-2’), 132 4 (s, C-2), 148 0 (s, C-3). IR 3483 (m, OH), 2986 (s, CH), 2956 (s, CH), 2935 (s, 
CH), 2899 (s, CH), 2876 (s. CH), 1603 (w, C=C), 1456 (w), 1380 [m, C(CH3)2], 1371 [m, C(CH~)~], 1249 (s), 

1218 (s), 1158 (m), 1069 (s), 861 (s), 838 (s), 763 (m), 684 (m) cm-l, MS (GUMS) m/e (relative intensity) 
258 (M+, 0 2), 243 W+ - CH3,O 3), 200 (M+ - C3Q0, l), 185 (M+ - S1Me3,3), 183 (4), 167 (8), 157 @I+ - 
csH902~ 31), 141 WO), 101 (C5H902+, 48), 75 (86), 73 (SiMe3+, 61), 43 (C3H7+, 34) Anal Calcd for 
C13H2&S1 C, 60 42, H, 10 14 Found C, 60 33, H, 10 22 

~~~,~‘~~-~-~2~-~~methyl-I,3-droxolane-4-yl)-3-methyl-2-~~methyls~~ylbut-2-en-l-o[ (se) Rf = 0 36 
@etroleum ether/ethyl acetate 6 l), [alDm = +19 7 (c = 10, CHC13), [a]36s2o = +66 9 (C = lo, CHC~& 1~ 

NMR 6 0 22 1% 9 H, WCH&l9 1 34 [s, 3 H, C(CH3)2], 1 40 [s, 3 H, C(CH3)2], 1 85 (s, 3 H, 4-H), 1 88 (s, 3 H, 
3-CH3), 2 16 (s, 1 H, OH), 3 92 (dd, 1 H, J = 6 3, 8 3 Hz, 5’-Ha), 4 06 (dd, 1 H, J = 6 0, 8 3 Hz, 5’-Hb), 4 11 - 
4 19 (m, apparent q, 1 H, J = 7 6 Hz, 4’-H), 4 61 (d, 1 H, J = 7 2 Hz, l-H), t3C NMR 6 2 3 [q, S1(cH3)3], 22 8 
(q- 3-CH3). 25 4 [q, C(CH3)2], 26 2 (q, C-4), 26 5 [q, C(CH3)2], 67 2 (t, C-5’), 74 9 (d), 78 1 (d), 109 0 (s, c-2’), 

133 5 (s, c-2), 147 2 (s, c-3, IR 3476 (m, OH), 2987 (s, CH), 2950 (s, CH), 2937 (s, CH), 2916 (s, CH), 2899 
(s, CH), 1604 (m, C=C), 1456 (w). 1380 [m, C(CH&l, 1371 [m. C(CH3)& 1248 (s), 1214 (s), 1158 (m), 1063 
(s), 1035 (s), 859 (s). 839 (s), 763 cm), 735 (m), 684 (m) cm-l, MS (W/MS) m/e (relative Intensity) 258 (M+, 
0 7)~ 243 (M+ - CH3,O 8), 200 W+ - C3H60, 2), 185 (M+ - S1Me3,4), 183 (5), 167 (6), 157 @I+ - C$-L$12, 
28)~ l4l (lOO), 101 (C5Hg@+. 44), 75 (93), 73 (S1Me3+, 74), 43 (C3H7+, 51) Anal Calcd for C13H2603S1 C, 
60 42, H, 10 14 Found C, 60 56, H, 10 21 

~~~,~‘~~-~-f2,2-D~methyl-l,3-d~oxolane-4-yl)-3-methylbut-2-en-l-o1 (3f) Rf = 0 49 (petroleum ether/ 
ethyl acetate 1 l), [alDzo = -9 8 (c = 1 0, CHC13), [a] 36s2’ = -28 5 (c = l 0, CHCl,), ‘H NMR 6 1 37 [s, 3 H, 

C(CH3)2]~ 146 [s, 3 H, C(CH3)2]. 1 74 (s, 6 H, 4-H, 3-CH3), 2 25 (br s, 1 H, OH), 3 64 (dd, 1 H, J = 5 3.7 9 
Hz, 5’-Ha). 3 93 - 4 02 (m, 2 H, 5’-Hb, 4’-H), 4 26 (dd, 1 H, J = 7 1,9 0 HZ, l-H), 5 12 (dq, 1 H, ~~ = 9 0 Hz, Jo 

= l 3 Hz, 2-H), 13C NMR 6 l8 6 (qv 3_CH3), 25 2 [q. C(CH3)2], 25 8 (q, C-4), 26 8 [q, C(CH~)~], 65 8 (t, c-5’), 
69 9 cd), 79 5 cd). 109 6 (s, C-2’). 122 6 (d, C-2), 138 4 (s, C-3), IR 3454 (s, OH), 2986 (s, CH), 2934 & CH), 
2916 (s* CH), 2890 (s, CH), 1677 (w. Cc). 1453 (m), 1379 [m, C(CH3)2]. 1372 [m, C(CH3)2], 1256 (s), 1214 
(s)~ 1158 (s)~ 1067 (s), 1025 (s), 983 (m), 856 (s), 819 (m) cm-l, MS @C/MS) m/e (relative intensity) 171 
(M+ - CH3, 3). 143 (M+ - C3H7,2), 128 (M+ - C3&0,4), 111 (9), 101 (C,H9O2+, lOO), 85 (M+ - C_.+-I&, 
63), 73 (22)~ 59 (C3H@+, 22), 55 (22). 43 (C3H7+, 85) Anal Calcd for CtoHtg03 C, 64 49, H, 9 74 Found 
C, 64 52, H, 9 82 

f~~,~~~-~-~2,2-~~methyl-1,3-droxolane4-yl)-3-methylbut-2-en-l-ol (4f) Rf = 0 49 (petroleum ether/ 

ethyl acetate 1 l), [alDB = +40 0 (c = 1 0, CHC13), [a]36520 = +132 8 (c = 10, CHCl,), lH NMR 6 137 3 [s, 

H, C(CH3)2]. l 40 1% 3 H, C(CH3)2], l 72 (s. 3 H, 4-H), 1 75 (s. 3 H, 3-CH3), 1 97 1 3 91 - 4 02 (br s, H, OH), 

(m, 2 H, 5’-H,, 5’-Hb), 4 07 (mc. apparent dt, 1 H, Jd = 4 2 Hz, Jt = 87Hz,4’-H),452(dd,lH,J=42,87Hz, 
l-H). 5 09 (dq. l H, Jd = 8 7 Hz, Jq = l 3 Hz, 2-H). 13C NMR 6 18 5 (q, 3-CH,), 25 2 25 9 [q, C(CH,)& (q, 
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NH&l, adjusted to pH 7, and the aqueous layer is extracted with ether (3 x) The combined ethereal layers an? 
dned over MgS04, the solvent IS removed m vucuo, and the restiue IS punfied by flash chromatography usmg 
petroleumether/ethyl acetate/tnethylamme 84.15.1 as eluent to gwe 33 (1.92 g, 81%) as a colorless od 

(Z)-(IR,4’R)-I-(2L-Dunethyl-I3-&oxolane-4-yl)b~-2-en-l-ol (3g) Rf = 0 43 (petroleum ether/ethyl 
acetate 1. l), [a@0 = -23 9 (c = 1.0, CHC13), [u]~” = -73 8 (c = 10. CHCl3); ‘H NMR 6 1.36 [s, 3 H, 
C(CH3)& 1.46 [s, 3 H, C(CH3)& 173 (dd, 3 H, J = 1.8,7 0 Hz, 4-H), 2 33 (d, 1 H, J = 2 8 Hz, OH), 3 66 (dd, 
1 H, J = 5.5.8 2 Hz, 5’-Ha), 3.96 (dd, 1 H, J = 6.5,8 2 Hz, S-H& 4 01 - 4.06 (m. 1 H, 4’-H). 4 38 (mc. apparent 
dt,lH,J~=24Hz,J~=8.1Hz,l-H),5.36(ddq,1H,J~=91Hz,J~=11OHz,Jq=18Hz,2-H),573(ddq, 
1 H, Jd = 0.8 Hz, J,j = 110 Hz, Jq = 7.0 Hz, 3-H); 13C NMR 6 13 7 (q. C-4). 25.2 [q, C(CH3)& 26.8 [q, 
C!(CH3)& 65.7 (t, C-5’). 68 6 (d). 79 3 (d), 109 7 (s. C-2’), 128 1 (d). 129 4 (d); IR 3458 (s, OH), 2987 (s, CH), 
2937 (s, U-I), 2921 (s, CH), 2890 (s, CH), 1662 (w, C=C), 1455 (m). 1381 [s. C(CH&], 1371 [m, C(CH3)& 
1256 (s), 1214 (s), 1158 (s), 1065 (s). 1024 (m). 991 (w), 854 (s), 742 (w) cm-$ MS @C/MS) m/e (relative 
mtenslty)* 157 (M+ - CH3. 15), 129 (2). 115 @I+ - C3Q0, 3). 102 (13), 101 (C&,9+, lOO), 97 (16), 73 (20), 
43 (C!&+, 38) Anal Calcd for C$-Il@$ C. 62.77; H, 9 36 Found C, 62 73. H, 9 52 

Of Vuzylsrlune 3e A solutton of 3e (128 mg, 0 495 mmol) III THF (2 ml) IS added at room temperature to 
a suspension of hexane-washed potassmm hydnde (11 mg, 0 275 mmol) m THF (3 ml) After stmmg for 12 h, 
a solution of K2CO3 (0 5 g) m water (1 ml) and methanol (3 ml) are added Followmg the procedure for 
desdylanon of 3c described above, 3f (88 mg. 95 %) IS obtamed after flash chromatography. 

Benzylafion 

Of Alcohol 3g. A solutum of 3g (159 mg. 0 92 mmol) In DMF (7 ml) IS added at mom temperatme to a 
suspension of 80 % sodmm hydnde (56 mg, 185 mmol) III DMF (5 ml) The nuxture IS stmed for 15 mm, 
treated with benzylbronude (165 ~1,138 mmol), and shrnng is conhnued for further 3 h After hydrolysis ~th 
sat aqueous NH&l, extraction with ether, drymg over MgSOd, and removal of the solvent m VUCW, the 
restdue IS punfkd by flash chromatography usmg petroleum ether/ether 5 1 as eluent to gwe Sg (202 mg, 
83 96) as a colorless od 

(Z)-(lR,4’R)-I-Benzyloxy-I-(2L-drmethyl-I~-d~oxolane-4-yl)but-2-ene (Sg) Rf = 0 55 (petroleum ether/ 
ethyl acetate 6 1). [o&20 = -210 (c = 10. CHCl& [a]365 2o = -51 4 (c = 1 0, CHCl,). ‘H NMR 6 1.36 [s, 3 H. 
C(CH3)2], 1 41 [s, 3 H, C(CH3)2], 1 62 (dd, 3 H, J = 1 7.7 1 HZ, 4-H), 3 65 (dd, 1 H, J = 6 0, 8.4 HZ. S-H& 
3 94 (dd, 1 H, J = 6 5,8 4 Hz, 5’-Hb), 4 17 - 4 23 (m, 2 H, 4’-H. l-H), 4 45 (d, 1 H. J = 12 4 Hz, Ph-CZf&, 4 67 
(d. 1 H, J = 12 4 Hz, Ph-CWb). 5.25 - 5 37 (m, 1 H, 2-H). 5 73 (dq, 1 H, Jd = 113 Hz, Jq = 7.0 Hz, 3-H). 7 27 - 
7 37 (m, 5 H, && 13C NMR 6 13 7 (q, C-4). 25 3 [q. C(CH3)& 26 4 [q, C(CH3)2]. 65 6 (t, C-5’), 69 6 (t, 
PBCH~). 74 3 (d), 78.0 (d), 109.5 (s, C-2’). 126 6 (d), 127 2 (d), 127 6 (d), 128 0 (d). 130.6 (d), 138 4 (s), IR 
3064 (w), 3024 (w). 2986 (s, CH), 2935 (s, CH). 2919 (s, CH), 2885 (s, CH), 1497 (w, C=C,, 1 1455 (s), , 
1380 Is. C(CH3)d. 1370 Cm, C(CH&l, 1258 (s), 1214 (s). 1158 (s), 1087 (s), 1072 (s), 1029 (m), 969 (w). 944 
(w), 919 (w), 853 (s), 735 (s, Cb). 698 (s, CH_) cm -I, MS (GUMS) m/e (relative mtenslty): 247 (M+ - 
CH3, 4), 162 (5). 161 @I+ - C5H&, 24). 102 (5), 101 (C5H902+, 68), 92 (9). 91 (C7H7+, 100). 73 (12), 65 
(CgHg+, 9), 43 (C3H7+, 18) HRMS C&d for C#,903 (M+ - CH3) 247 1334 Found 247 1339 

of Alcohof 3f Followmg the procedure for benzylahon of 3g described above, from 3f (96 mg, 0 52 
mmol) in DMF (4 ml), 80 96 sodmm hydnde (30 mg, 103 mmol) m DMF (5 ml), and benzylbromuie (92 cl_1, 
0 77 mm01) 5f (121 mg, 85 %) IS obbuned as a colorless ol after flash chromatography usmg petroleum 
ether/ether 5 * 1 as eluent. 
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(1R,4~)-1-Benlyloxy-l-(22-d~methyl-1~-&oxolane-4-yl)-3-methylbut-2-ene (5f). Rf = 0 59 (petroleum 
ether/ethyl acetate 6: 1); [CZ]~~~ = -32 3 (c = 1.0. CHCQ [c&e520 = -92.3 (C = 10, CHCl3); 1H NMR 6 1.36 
Is, 3 H, c(~3)23,1.40 [s. 3 H, C(CH3M, 1.61 (d, 3 H, J = 13 Hz, 4-H), 177 (d, 3 H. J = 1.2 Hz, 3-(X3), 3.61 
(~.1H,J=65,8.4Hz,S-H,),392(dd,1H,J=66,84Hz.S-H~.409(dd,1H,J=71,96Hz,l-H),4.16 
- 4 23 (mt 1 H, 4’-H), 4 44 (d, 1 H, J = 12 5 Hz, Ph-CWa), 4.65 (d. 1 H, J = 12.5 Hz, Ph-W&S.06 (d, 1 H, J = 
9 7 Hz, 2-H), 7.22 - 7 37 (m, 5 H, &,,,I, 13C NIvlR 6 18 7 (q, C-4), 25 4 [q, C(CH3)& 25 9 (q, 3-CH3), 26.5 
[q, C(cH3)21,65 8 (t, C-5’). 69 5 (t, Ph-CHi), 76.0 (d), 78 3 (d), 109.6 (s, C-2’), 121 3 (d, C-2). 127.2 (d), 127.7 
(d), 128.1 (d), 138.7 (s). 139.2 (s); IR 3064 (w), 3031 (w). 2985 (s, CH). 2934 (s, CH), 2914 (s, CH). 2885 (s, 
U-U.1674 (w, C=C), 1497 (w, C+,,.o,n), 1454 (s), 1379 [s. C(CH3)& 1370 [m. C(CH&], 1258 (s), 1213 (s), 
1158 (~1, 1112 (s), 1087 (s), 1072 (s), 1029 (m), 983 (w). 943 (w), 853 (s), 821 (w), 737 (s, Cb,,,). 698 (s, 
CX&on,I cm-l; MS (GUMS) m/e (relatwe mtens~ty) 261 (M+ - CH3.0 7), 176 (4). 175 (M+ - C!,H902, 30). 
101 (C+$&+, 12), 92 (8), 91 (($H7+, lOO), 83 (9). 73 (6), 65 (CsHs+, 8). 43 (C3H7+, 18) HRMS Calcd for 
Cl&tG3 (M+ - CH3): 261.1491 Foun& 261 1486 

Of Altoho 4f Followmg the procedme for benzytion of 3g described above, fmm 41(540 mg, 2 90 
mmol) m DMF (20 ml), 80 46 sodmm hydnde (155 mg, 6 46 mmol) m DMF (20 ml), and benzylbronude (574 
pk4.83 mmol) 7f (379 mg, 47 %, 65 % on conversion) as a colorless od and relsolated educt 4f(l45 mg, 0 78 
mmol) are obtamed after flash chromatography using petroleum ether/ether/methyl 87 * 12 1 as eluent 

(IS,4~)-1-Ben~loxy-l-(2,2~methyl-I,3-dronolane-4-yl)-3-methylbut-2-ene (70. Rf = 0 57 (petroleum 
ether/ethyl acetate 6 l), [c$~ = +53 2 (c = 10, CHC13), [a] 36~~ = +163 2 (c = 10, CHClj), ‘H NMR 6 135 
is. 3 H, C(CH3)21. 140 Is, 3 H, C(CH,)& 166 (d, 3 H, J = 10 Hz, 4-H), 182 (d, 3 H, J = 1.0 Hz, 3-CH3), 3 91 
(~,lH).402-410(m,3H).436(d,1H,J=12OHz,Ph-~~,459(d,1H,J=12OHz,Ph-CHb),515 
(dq, 1 H, .&-j = 9.7 Hz, Jg = 1 3 Hz, 2-H). 7 27 - 7 33 (m, 5 H, Harem), 13C NMR 6 18.6 (q. C-4), 25 3 [q, 
C(cH3)2l. 26.1 (q. 3-CH3). 26 5 [q. C(CH3h], 66 7 (t. C-S), 69 8 (t. Ph-CT-Q), 75 7 (d). 78.0 (d). 109 2 (s, C- 
23, 122 4 (d C-2), 127 4 (d), 127 7 (d), 128 2 (d), 138 6 (s). 138 9 (s). IR 3065 (w), 3031 (w), 2987 (s, CH), 
2934 (s. CH), 2915 (s, CH), 2882 (s, CH). 1677 (w, C=C), 1479 (w, C=Ca,.o,n), 1454 (s), 1380 [s, C(CH3h], 
1370 [m, C(CH3)2]. 1255 (s). 1212 (s), 1158 (s), 1121 (m), 1074 (s). 1048 (m), 1029 (s), 984 (w), 963 (w). 853 
(s), 737 (s, CHarom), 699 (s, CH,,) cm -l, MS (GUMS) m/e (relauve mtenslty) 261 (M+ - CH3,0.3), 176 
(6), 175 (M+ - C,HgO,, 42). 101 (C+1902+. 12). 92 (9), 91 ((;H, +, lOO), 83 (8), 73 (4), 65 (CSHg+, 6), 43 
(C3H7+. 7) HRMS Calcd for Ct2Ht,O @I+ - C!gHgt&)* 175 1123 Found 175 1127 

Ozonolysrs 

Of Alkene 5g. A sohmon of 5g (147 mg, 0.56 mmol) m CH2C12 (50 ml) IS ozomzed at -78 ‘C untd the 
nuxture turns blue. Excess ozone IS removed by purgmg with argon. Methanol (20 ml) and sodrum borohydnde 
(50 mg, 132 mmol) am added and after stnnng for 1 h at -78 ‘C, the nuxture 1s allowed to warm to room 
temperature overnight After hydrolyses with sat aqueous NH&l, extractton wuh ethyl acetate (4 x), drymg 
over MgS04. and removal of the solvent in VQCW the resrdue is punfied by flash chromatography usmg 
petroleum ether/ethyl acetate 1 1 as eluent to grve 6 (106 mg, 7 1 %, 83 % on conversron) as a colorless orl and 
rersolated educt 5g (21 mg, 0 08 mmol) 

Of Alkene 5f Followmg the procedure for ozonolysls of 5g described above, from 5f (79 mg, 0 286 
mmol), methanol (50 ml), and sodmm borohydrrde (25 mg, 0 66 mmol) 6 (49 mg, 68 $6) IS obtamed as a 
colorless orl after flash chromatography 

(lR,4’R)-l-Benzyloxy-l-(2,2-drmethyl-l$-d~oxolane-4-yl)ethan-2-ol (6) l1 Rt = 0 38 (petroleum ether/ 
ethyl acetate 1 l), [aID = +15 6 (c = 1 0, CHCl,), [a]365 2o = +50 0 (c = 10, CHC13) [optical rotation for the 
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enanhomer - ref 12 [a]~ = -16.4 (C = 0.18, CHC13). ref 13 [U]D = -14.1 (c = 0 6, CHCl3)]; 1H NMR 6 1.37 

[s, 3 H, C(CH3)& 144 [s, 3 H, C(CH3)& 2 11 (%, 1 H. OH), 3 56 - 3 62 (m, 2 H, 1-H. 2-I+,), 3.73 (%, 1 H. 
2-H& 3.82 (q, apparent t, 1 H, J = 7 7 Hz, S-H& 4 01 (dd, 1 H, J = 6 7.8 3 Hz,, 5’-Hb), 4 31 (q, apparent q, 
lH.J=65Hz,4’-H),469(d,lH,J=119Hz,W-CH,),4.77(d,lH,~=119Hz,Ph-~~,7.30-7.36(m,5 

H, H,,); 13C NMR 6 25 3 [q. C(cH3)2], 26 4 [q, C(CH&J, 617 (t, C-2). 65 5 (t, C-S), 72.8 (t, Ph-CI-IZ), 
76 6 (d. C-1). 79 2 (d, C-4’). 109 4 (s, C-2’). 127 81 (d), 127 84 (d), 128 4 (d), 138 2 (s); IR 3056 (s, OH), 2987 

(s, CH), 2935 (s. CH), 2884 (s, CH), 1497 (m, CG), 1455 (s), 1381 [s, C(CH3h], 1372 [m, C(CH3)2], 
1257 (s), 1214 (s), 1158 (s), 1134 (s), 1073 (s), 1062 (s), 1029 (m). 854 (s), 739 (s, CH aron,). 699 (s, CI&un,) 
cm-l, MS KWMS) m/e (relative intensity) 237 (M+ - CH3, 4), 194 (M+ - C3H60, 8), 163 (4). 145 (2). 134 

(4), 120 (4), 101 (C+902+, 37), 92 (12). 91 (C7H7+, 100). 73 (lo), 65 (CgHg+, 9), 59 (lo), 43 (C3H7+, 18) 

of Alkene 7f Followmg the procedure for ozonolysls of 5g described above, from 7f (240 mg, 0 87 

mmol), CH& (70 ml), methanol (30 ml), and &urn bomhydnde (90 mg. 2 4 mmol) 8 (170 mg, 78 %) 1s 
obtamed as a colorless 011 after HPLC using petroleum ether/ethyl acetate 1 1 as eluent. 

fIS,4’R)-I-Benzyloxy-l-f2,2-drmethyl-l,3-dzoxolane4-yl)ethon-2-o1 (8) 14 Rf = 0 45 (petroleum ether/ 
ethyl acetate 1 11, ‘H NMR 6 136 Is, 3 H, C(CH3)2], 142 [s, 3 H, c(cH~)& 2.17 (s, 1 H, OH), 3 53 (q, 
apparent& 1 H,Jd=64Hz,Jt=42Hz, l-H).371 (dd, 1 H,J=42,121 Hz,2-H&,384(dd, 1H,5=45, 

12 1 Hz, 2-H& 3 88 (dd, 1 H, J = 5 7,8 3 HZ, 5’-H3.4 09 (dd, 1 H, J = 6 4,8 3 Hz, S-H& 4 19 (q, apparent 

4.1 H, J = 6.3 Hz, 4’-H), 4 66 (%, 2 H, Ph-Ufd, 7 30 - 7 39 (m, 5 H, H_), t3C NMR 6 25 1 [q, C(CH,~], 

26 5 14. C@3)2]~ 61 8 (& C-2). 66 8 (t. C-5’), 72 6 (t, Ph-CHi). 75 8 (d, C-l), 79 7 (d. C-4’), 109 2 (s, C-23, 
127 8 (d), 127 9 (d), 128 5 (d), 137 9 (s), MS (GUMS) m/e (relative Intensity)- 252 (M+, 0 5), 237 (M+ - CH~, 

2)~ 194 (M+ - c&o, 5), 163 (3), 145 (2), 134 (4), 120 (4), 101 (C5H902+. 35). 92 (12), 91 (C7H7+, lOO), 73 
(10), 65 (C,H,+, l3), 59 (lo), 43 (C3H7+, 38) 
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