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Abstract: Haghly syn or anti selective addition of lower order lithium vinylcuprates generated from alkenyl bromides 1
to (R)-2,3-0-1sopropyhdeneglyceraldehyde (2) can be achieved, respectively, depending on the substitution pattern of
the vinyl mosety and the solvent o-Tnmethylsilyl substituted vinylcuprates possessing an alkyl substituent Z to copper
react with excellent syn selectivity in ether whereas a highly antr selective addition 1s observed for cuprates beanng a
hydrogen atom Z or a to the metal m THF A model 1s proposed to rationahize these complementary selectivities

INTRODUCTION

The stereochemmucal course of nucleophilic addition to (R)-2,3-O-1sopropylideneglyceraldehyde (2) has
been widely investigated 1 Nevertheless, exising methodology? for highly diastereoselective addition of
vinyhc nucleophiles to 2 1s so far limuted to syn selective reactions of Grignard-denived organocopper reagents>
and anti selective bond formation with higher order mixed metal cyanocuprates. Since alkyl substituted
vinylcopper spectes of both types are generated via titamum-catalyzed hydromagnesiation of 1-alkynylsilanes,
they necessarly feature an (E)-configured alkene moiety As part of a program concerned with chirality transfer
reactions of (R)-2,3-O-1sopropylideneglyceraldehyde adducts,> we mvestgated the reaction of 26 with lower
order lithum vinylcuprates from alkenyl bromudes 1,7 readily available with exther olefin geometry (Scheme 1)
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Scheme 1 Addition of lower order vinylcuprates to 2
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RESULTS AND DISCUSSION

The results of the addition reactions are histed in Table 1 Extremely high syn selectivity 18 observed for
cuprates with R1 = SiMe; and RZ = alkyl 1n ether (entry 3, 5, 8) The diastereoselectvity drops or changes to
shghtly anti if the reaction of these cuprates 1s run 1n THF (entry 4, 9) or if one of the substtuents R1, R2 1s
equal to hydrogen and ether 1s used as the solvent (entry 1, 6, 10) Moreover, addition proceeds with good to
excellent ann selectivity for cuprates with R! or R2 = H in THF (entry 2, 7, 11)

Table 1 Diastereoselective Addition of Lower Order Vinylcuprates to 2 2

entry  bromude R! R2 R3 solventt  3a-f da-f  Yield [%]¢
1 la SiMe; H n-Bu A 53 47 71
2 1a B 3 97 89
3 1b SiMe; n-Bu H A 97 3 87
4 1b B 48 52 47
5 Ic SiMe; Me H A 98 2 86
6 1d SiMe; H H A 75 25 91
7 1d B 3 97 65
8 le SiMe; Me Me A 97 3 368
9 le B 37 63 fh
10 1f H Me Me A 71 29 70
11 1f B 12 88 92

"’Followm% addition of aldehyde 2 to the vinylcuprate at -78 °C, the reaction mixture was allowed to warm to room temperature
overmght ° A =ether, B=THF ¢ Solvent contamned ca 30 vol % pentane dRanos determined by capillary GC analysis of the
crude products € Isolated yields of 3 + 4 Competmve coupling of the vinylcuprate with 1e, as well as addition of ¢-Bult to 2 took
place £ Yield determmed by 1g NMR tegration h pure de was 15olated by HPLC 1n 6% yield

Since the vinyllithium reagent denived from bromude 1b adds to 2 virtually stereorandomly 1n both ether
and THF at -78 °C (Scheme 2), copper plays a decisive role in stereocontrol
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Scheme 2 Addition of a vinyllithium compound to 2
(3 Ether- 1-BuLs, THF s-BuL1 b Ratios determined by capillary
GC analys:s of the crude products)

Allyhc alcohols 3a,58 4a,5 3d,4 and 4d* are known compounds As a stereochemucal reference, 4b was
also prepared n low yield by 1somenzation? of 4a through rrradiation n the presence of NBS (Scheme 3)
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Scheme 3 Isomerization of adduct 4a
(NBS = N-bromosuccinimide)

Configurational assignment for 3c, 3e, and 3f which was also obtained after oxygen assisted
desilylation!0 of 3e rests on their conversion to threitol dervative 611 (Scheme 4) The spectroscopic data of 6
were 1n accord with those reported for its enantiomer 12.13 Furthermore, alcohol 6 1s easily distingmshed from
1its chastereoisomer 814 accessible from 4f (Scheme 4) by 1H NMR and 13C NMR
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Scheme 4 Conversion of adducts to tetrol derivatives a KH, THF, then K,CO5,

MeOH, H,O, b NaH, DMF, then BnBr, ¢ O3, CH,Cl,, then NaBH,, MeOH
(Bn = benzyl)

Whereas the lithum divinylcuprate from bromide 1d has been shown to add to o-chiral P-
alkoxyaldehydes i ether highly ant: selectively via B-chelation-control, !5 the solvent effects noted mn our study
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with 2 suggest that anni 1somers 4 are rather produced via a Felkan-Anh transition state, while attack on an o-
chelate 15 responsible for the formation of syn 1somers 3 1

As a rationale for the dependence of diastereoselectivity upon the substitution pattern of the lower order
cuprates derved from bromudes 1, we propose the following model (Figure 1) A linear!6 divinylcuprate unit1?
attacks aldehyde 2 1n such a way that the ®-plane of the vinyl group to be transferred 1s coplanar to the
carbonyl n-plane and coordinanon of the carbonyl oxygen to copper is possible This geometric arrangement
puts the carbony! carbon close to the position that 1s occupied by the bridging lithium atom 1n dimeric hithrum
diarylcuprates 1819 The second vinyl group (L) does not seem to influence the stereochemucal course of
addition, since the tr-n-butylphosphine complex of the lower order muxed hithium cuprate from bromide lc¢
with L = Me reacts extremely syn selectively 1n ether as well (Scheme 5), albeit less efficiently because of
competing addition of the methyl group

Figure 1 Proposed geometric arrangements for attack of lower order vinylcuprates on 2
A; and A, lead to anti alcohols 4, whereas syn alcohols 3 are formed via B

For vinylcuprates with both R? = alkyl and R!=SiMe;, the Felkin-Anh approach or a topologically
sumular attack on a B-chelate mnvolves a severe nonbonding interaction between the methylene group of 2 and
either R2 (Aj) or S1Me3 (Ay) Attack of these copper species on an ¢-chelate (B) 1s sterically preferred and
constitutes the nearly exclusive pathway in ether On the other hand, one of the Felkin-Anh ensembles provides
a sterically and electromcally favorable avenue for vinylcuprates with R2=H (Ap) or R!=H (A that 1s
followed to a high percentage in THF, where chelation 1s less important The same arguments can be put forth
if the cuprate approaches 2 along the Burgi-Dumtz trajectory20 rather than n the strictly perpendicular manner
depicted 1n Fagure 1

a) tBul, ether

b) Cul n-Bu3P
¢) MeLi
d) 2,-78°
Br ) 2,-78 °C
42 %
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996 042

Scheme 5. Addition of a lower order mixed lithium cuprate to 2
(2 Ratio determined by capillary GC analysis of the crude product)
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EXPERIMENTAL

General Remarks

All reactions were run under argon using flame-dned glassware THF and ether were freshly distilled
from benzophenone ketyl Flash chromatography was performed on Merck silica gel 60 (40 - 63 pm). Capillary
GC analyses were performed with a Shimadzu GC-14APFsc, a Shumadzu C-R6A 1ntegrator, a SE 54 CB
column, 50 m length, 0.25 mm1 d, 0 25 pm film (column 1), and a SE 54 CB column, 25 m length, 0.25 mm
1 d, 025 pum film (column 2) HPLC separations were performed with a Knauer 64 pump, a Knauer 51 78
differential refractometer, a Knauer 42,00 recorder, a Rheodyne 7125 injector, and a Nucleosil 100 (3 pum)
column, 250 mm length, 8 mm1 d Opucal rotations were measured with a Perkin-Elmer 241 polanmeter 'H
NMR spectra (300 MHz, CDCl3) and 13C NMR spectra (75 47 MHz, CDCl;) were obtained on a Bruker WM
300 - m, = multiplet centered at, br =broad 13C multiplicites were determuned using INEPT or DEPT pulse
sequences IR spectra (film) were obtained on a Shimadzu IR-408 and a Nicolet SDXC FT-IR - s = strong,
m = medum, w = weak Mass spectra (70 eV) were recorded with a Vanan MAT CH-7A and a data system
Finmgan MAT 200 (GC/MS) or else with a Vanan MAT CH-7 and a data system Varian SS 200
Microanalyses were performed by the analytical laboratory of the Orgamsch-Chemusches Institut, Universitat
Muinster, and by Mikroanalytisches Laboratorrum M Beller, Gottingen

Vinylcuprate Addition to 2 - General Procedure

-BuL1 (20 mmol, 17 M 1n pentane) 1s added to a solution of the alkenyl brorde (10 mmol) in 10 mi
solvent at -78 °C and the solution 1s stured for 2 h at -50 °C The resulting vinylhthium compound 1s transferred
to a solution of Cul (5 mmol) and ~-BusP (5 mmol) n 10 ml solvent at -78 °C The muxture 15 warmed to
-40 °C and sturred for 2 h Aldehyde 2 (4 mmol) i 4 ml solvent 1s added over 20 muin at -78 °C and the reaction
muxture 1s allowed to warm to room temperature overmght, poured nto ether (50 ml)/sat. aqueous NH,Cl1 (50
ml), and extracted with ether (4 x 50 ml) The combined ethereal layers are dned over MgSO,4 and the solvent
1s removed in vacuo Flash chromatography using petroleum ether/ethyl acetate/triethylamine muxtures as
eluent (95 4 1 for 3a/4a, 3b/4b, and 3c/4c, 94 5 1 for 3d/4d and 3e/de, 85 14 1 for 3f/4f) affords the
products as colorless oils (for combined yields of 3 + 4, see Table 1) Whereas 3a-d and 4a,b,d were obtained
as pure stercoisomers by this procedure, subsequent HPLC (eluents as above) was required to secure
stereoisomencally homogeneous 3e,f and 4e,f For complete data of 3a and 4a, see ref 5

Diastereomeric ratios (Table 1) were determined by capillary GC analysis of the crude products using the
following columns, 1mtial temperatures, and heating rates - 3a/4a column 1, 100 °C, 1 °C/mn, 3b/4b
column 1, 100 °C, 1 °C/min, 3c/4¢ column 2, 90 °C, 1 °C/mun, 3d/4d column 1, 50 °C, 5 °C/mun, 3e/4e
after silylation with N-methyl-N-(tnimethylsilyDtrifluoroacetamide (MSTFA), column 2, 100 °C, 5 °C/mun,
3f/4f column 2, 75 °C 1sothermal

(E)-(18,4'R)-1-(2,2-Dimethyl-1,3-dioxolane-4-yl)-2-trimethylsilylhept-2-en-1-ol  (3b) Ry = 059
(petroleum ether/ethyl acetate 6 1), [a]p20 = -229 (c = 10, CHCly), [a}35520 = -75 6 (c = 1 0, CHCly), 'H
NMR § 013 [s, 9 H, Si(CH3)3], 090 (t, 3H,J =71Hz, 7-H), 125- 142 (m, 4 H, 5-H, 6-H), 137 [5, 3 H,
C(CHz),}, 147 [s, 3H, C(CH3),}, 1 99-211(m, 1 H,4-H,),219-229 (m, 1 H,4-H), 234 (d, 1 H,/ =23
Hz, OH), 362 (dd, 1 H,J =57, 8 6 Hz, 5-H,), 387 (dd, 1 H, J = 6 3, 8 6 Hz, 5'-Hy), 4 13 (m,, apparent dt, 1
H,Jy=82Hz,J;=60Hz,4-H), 460 (ddd, 1 H,/=09,23,83 Hz, 1-H), 588 (dt, 1 H,J4=10Hz,J; =71
Hz, 3-H), 13C NMR § 0 6 [q, S1(CH3)3], 13 9 (q, C-7), 22 4 (1, C-6), 25 5 [q, C(CH3),], 27 2 [q, C(CH3),}, 29 4
(1, 317 (1), 66 0 (t, C-5", 73 8 (d), 793 (d), 1097 (s, C-2)), 140 1 (s, C-2), 144 5 (d, C-3), IR 3480 (s, OH),
2940 (s, CH), 2850 (s, CH), 1605 (w, C=C), 1450 (w, CH), 1365 [m, C(CH3),], 1240 (s), 1210 (s), 1050 (s),
830 (s), 750 (m) cml, MS (GC/MS) m/e (relative ntensity) 271 (M* - CHj, 2), 228 (M* - C3H0, 4), 211
(4), 185 (M* - CsHgO,, 18), 169 (39), 101 (CsHgOq*, 100), 75 (40), 73 (SMes*, 48), 59 (C3HgOHY, 14), 43
(C3Hy*, 32) Anal Caled for Cy5H300381 C, 62 8%; H, 10 56 Found C, 6272, H, 1073



(E)-(IR4'R)-1-(2,2-Dimethyl-1,3-dioxolane-4-yl)-2-trimethylisilylhept-2-en-1-ol (4b) Ry = 055
(petroleum ether/ethyl acetate 6 1), [a]p?8 = +13.6 (c = 0 85, CHCly), [e] 36528 = +28 7 (c = 0 85, CHCly), 1H
NMR 8 013 [s, 9 H, S(CH3)31, 090 (t, 3 H,J =71 Hz, 7-H), 126 - 139 (m, 4 H, 5-H, 6-H), 1.35 [s, 3 H,
C(CHz),], 1.42 [s, 3 H, C(CH3)y], 192 (d, 1 H,J =2 2 Hz, OH),2 03 - 227 (m, 2 H, 4-H), 393 - 396 (m, 2 H,
5'-H), 4 14 (m,, apparent dt, 1 H, Jy=59 Hz,J, =72 Hz, 4-H), 480 (m, 1 H, 1-H), 582 (dt, 1 H, J4=1.7 Hz,
J; =70 Hz, 3-H), 13C NMR 38 06 [q, Si(CH3);], 139 (q, C-7), 224 (¢, C-6), 254 [q, C(CH3),], 264 [q,
C(CH3)51,297 (1), 31 7 (¢v), 658 (1, C-5), 727 (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, CH), 2900 (s, CH), 1600 (w, C=C), 1455 (), 1365 [m, C(CH3),], 1240 (m), 1220 (m),
1050 (s), 830 (s), 740 (m) cm!, MS (GC/MS) m/e (relatve intensity) 271 (M* - CHj, 2), 228 (M* - C3H¢O,
3),211 (15), 185 (M* - CsHgO,, 16), 169 (35), 101 (CsHgO,*, 100), 75 (41), 73 (S1Mes*, 59), 59 (C3HgOH*,
14), 43 (C3H4*, 38) Anal Calcd for C5H3g03S1 C, 62 89, H, 10 56 Found C, 6279, H, 10 84

(E)-(18,4'R)-1-(2,2-Dimethyl-1,3-dioxolane-4-yl)-2-trimethylsilylbut-2-en-1-ol (3¢) Rg= 053 (petroleum
ether/ethyl acetate 6 1), [a]p20 =-150 (c = 1 0, CHCly), [a)3¢520 = -45 8 (c = 1 0, CHCl3), 'H NMR § 0 13
[s, 9 H, S1(CH3)3), 1 38 [s, 3 H, C(CH3),], 148 [s, 3H, C(CH3),], 178 (d, 3H,/ =6 9,4-H),2.37 d, 1 H,J =
23 Hz, OH),363 (dd, 1 H,J =56, 8 6 Hz, 5H,), 388 (dd, 1 H,J =6 3, 8 6 Hz, 5-Hy), 4.15 (ddd,  H,J =
57,63,83 Hz, 4-H), 4 66 (ddd, 1 H,J = 12,23,83 Hz, 1-H), 603 (dq, 1 H, Jg = 1 2 Hz, J; = 6 9 Hz, 3-H),
13C NMR 8 0 5 [q, S1(CH3)3], 15 8 (q, C-4), 25 5 [q, C(CH3);], 27 1 [q, C(CH3),], 65 8 (t, C-5), 733 (d), 79 3
(d), 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(CHz),], 1372 [m, C(CH3),], 1279 (s), 1218 (5), 1067
(s), 841 (s) eml, MS (GC/MS) m/e (relative intensity) 229 (M* - CHj, 2), 186 (M* - C3HgO, 7), 169 (4), 143
(M* - CsHgO,, 16), 127 (33), 101 (CsHgO,*, 100), 75 (30), 73 (SiMes*, 30), 59 (C3HgOHY, 8), 43 (C3Hy*,
41) Anal Calcd for CjpHp03%1 C, 5897, H,9 90 Found C,59 18,H, 10 16

(E)-(1R 4'R)-1-(2,2-Dimethyl-1,3-dioxolane-4-yl}-2-trimethylsilylbut-2-en-1-ol (4¢) MS (GC/MS) m/e
(relative intensity) 229 (M*+ - CHs, 2), 186 (M* - C3HgO, 5), 169 (4), 143 (M* - CsHgO,, 10), 127 (18), 101
(CsHgO5t, 100), 75 (38), 73 (S1Mes*, 40), 59 (C3HgOH®, 11), 43 (C3Hqt, 45)

(1S4'R}-1-(2,2-Dimethyl-1,3-dioxolane<4-yl)-2-trimethylsilylprop-2-en-1-ol (3d) 4 R¢ = 050 (petroleum
ether/ethyl acetate 6 1), [a}p?? = -10.7 (c = 10, CHCl3), [0t)36520 = -32 5 (c = 10, CHCly), ref 4 [a]p?5 =
-104 (c = 1 07, CHClz), IH NMR 8 0 16 [s, 9 H, S1(CH3)3}, 1 38 [s, 3 H, C(CH3), 1 46 [s, 3 H, C(CH3),l,
2.40 (m,, 1 H, OH), 374 (dd, 1 H,J=60,8 5Hz, 5-H,), 394 (dd, 1 H,J =6 2, 8 5 Hz, 5-H}), 4 12- 4 17 (m,
2H, 1-H,4-H),552 (dd, 1 H,J = 04,23 Hz,3-H,), 581 (dd, l H, /= 10,2 3 Hz, 3-H), 3CNMR §-0 5 [q,
Si(CHz)31, 25 4 [g, C(CH3),, 26 8 [q, C(CH3),), 66 2 (t, C-5Y, 78 3 (), 78 5 (d), 109 8 (5, C-2), 127 4 (1, C-3),
1515 (s, C-2), IR 3483 (m, OH), 2987 (s, CH), 2955 (s, CH), 2920 (s, CH), 2898 (s, CH), 2878 (s, CH), 1456
(w), 1381 [m, C(CH3),], 1372 [m, C(CH3),1, 1247 (s), 1215 (m), 1157 (m), 1067 (s), 1031 (s), 840 (s), 764 (m)
corl, MS (GC/MS) m/e (relative wtensity) 215 (M* - CHa, 3), 172 (M* - C3HgO, 3), 157 (3), 139 (4), 127
(4), 113 (10), 101 (CsHgO,*, 100), 75 (44), 73 (SiMe3*, 46), 59 (C3HGOH*, 18), 43 (C3H;*, 73). Anal Caled
for C;1Hpp0381 C, 57 35, H, 9 63 Found C, 57 16, H, 9 84

(IR 4'R)-1-(2,2-Dimethyl-1,3-dioxolane-4-yl)-2-trimethylsilylprap-2-en-1-ol (4d) 4 Ry = 0 47 (petroleum
ether/ethyl acetate 6 1), {a]p20 = +10 6 (c = 10, CHCly), [@]36520 = +11 4 (¢ = 1 0, CHCly), ref 4. [o]p?5 =
+115 (c =108, CHCl3), IH NMR 3 0 14 [s, 9 H, Si(CH3)3), 1 38 [s, 3 H, C(CH3),], 146 [s, 3 H, C(CH3),},
223(d,1H,J=20Hz,0H),382(dd, 1 H,/=68,82Hz,5-H,), 389 (dd, 1 H,/ =72, 8 4 Hz, 5-Hy), 4 22
(mg, apparent dt, 1 H,J4=37 Hz, Jy=69 Hz, 4-H),458 (dd, 1 H,/=18,36 Hz, 1-H), 553 (dd, L H,J =
16,26 Hz, 3-H,), 599 (dd, | H,J = 19, 26 Hz, 3-Hy), 13C NMR & -09 [q, Si(CH3)3}, 252 [q, C(CH3),],
26 4 [q, C(CH3),], 64 0 (t, C-5"), 72 5 (d), 77 6 (d), 109 4 (s, C-2), 125 5 (1, 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(CH3),], 1372
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[m, C(CH3),l, 1247 (s), 1214 (s), 1158 (s), 937 (s), 839 (5), 759 (m), 691 (m) cm-!, MS (GC/MS) m/e (relative
intensity). 215 (M*+ - CHj, 3), 172 (M* - C3HgO, 3), 157 (2), 139 (4), 127 (3), 113 (10), 101 (C5HgO,*, 100),
75 (34), 73 (S1Me3*, 43), 59 (C3HgOH™, 16), 43 (C3H5*, 64) Anal Caled for CyyHjy,0381 C, 57 35, H, 9 63
Found C, 57 26, H, 9 80

(1S4'R)-1-(2,2-Dimethyl-1,3-dioxolane-4-yl)-3-methyl-2-trimethylsilylbut-2-en-1-ol (3¢) Ry = 049
(petroleum ether/ethyl acetate 6 1), [o]lp20 = -132 (¢ = 10, CHCly), [036520 = -46 4 (c = 1 0, CHCly), IH
NMR 8023 [s, 9 H, S1(CHy)3], 1 37 [s, 3 H, C(CH3),], 147 [s, 3 H, C(CH3),1, 1 86 (s, 3 H, 4-H), 1 88 (5, 3 H,
3-CH3),223(d, 1 H,J/=20Hz, OH),355(dd, 1 H,J = 58,8 5Hz, 5-H,), 386 (dd, 1 H,/ = 6 3,8 5 Hz, 5-
Hy), 4 23 (i, apparent dt, 1 H, Jg=8 9 Hz, J; =6 1 Hz, 4-H), 4 58 (dd, 1 H, J = 2.0, 8 9 Hz, 1-H), 13C NMR 3
23 [g, S1(CH3)3}, 22 7 (q, 3-CH3), 25.6 [q, C(CH3),], 26 0 (q, C-4), 27 1 [q, C(CH3),], 66 0 (1, C-5"), 75 5 (d),
790 (d), 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),], 1371 [m, C(CHj),], 1249 (s),
1218 (s), 1158 (m), 1069 (s), 861 (s), 838 (s), 763 (m), 684 (m) cml, MS (GC/MS) m/e (relative intensity)
258 (M*, 02), 243 (M* - CHj3, 0 3), 200 (M* - C3HgO, 1), 185 (M* - StMe3, 3), 183 (4), 167 (8), 157 (M* -
CsHgO,, 31), 141 (100), 101 (CsHgO,*, 48), 75 (86), 73 (SiMes*, 61), 43 (C3H;*, 34) Anal Calcd for
Cy3Hp60351 C, 6042, H, 10 14 Found C, 60 33, H, 10 22

(1R, 4'R)-1-(2,2-Dimethyl-1,3-dioxolane-4-yl)-3-methyl-2-trimethylsilylbut-2-en-1-ol (4¢) Ry = 036
(petroleum ether/ethyl acetate 6 1), [a]p20 = +197 (c = 1 0, CHCly), [0]3652% = +66 9 (c = 10, CHCl); H
NMR 8022 [s, 9 H, Si(CH3)3], 1 34 [s, 3 H, C(CH3),], 1 40 s, 3 H, C(CH3),1, 1 85 (s, 3 H, 4-H), 1 88 (s, 3 H,
3-CH3),216 (s, 1H, OH), 392 (dd, 1 H,/ =6 3,83 Hz, 5-H,), 406 (dd, L H, J = 6 0, 8 3 Hz, 5H}), 411 -
419 (m, apparent q, 1 H,J =76 Hz, 4-H), 461 (d, 1 H,J =7 2 Hz, 1-H), 13C NMR & 2 3 [q, S1(CH3)3], 22 8
(g, 3-CH3), 25 4 [q, C(CH3),), 26 2 (g, C-4), 26 5 [q, C(CH3),], 67 2 (1, C-57, 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(CH3),], 1371 [m, C(CH3),], 1248 (s), 1214 (s), 1158 (m), 1063
(), 1035 (s), 859 (s), 839 (s), 763 (m), 735 (m), 684 (m) cm"1, MS (GC/MS) m/e (relative ntensity) 258 (M*,
07), 243 (M* - CHs, 0 8), 200 (M* - C3HgO, 2), 185 (M* - StMe3, 4), 183 (5), 167 (6), 157 M+ - CsHgO,,
28), 141 (100), 101 (CsHgOy*, 44), 75 (93), 73 (S1Mes*, 74), 43 (C3H7*, 51) Anal Caled for C13Hp60381 C,
60 42, H, 10 14 Found C, 60 56, H, 10 21

(IR 4'R)-1-(2,2-Dimethyl-1,3-dioxolane-4-yl)-3-methylbut-2-en-1-0l (3f) Ry = 049 (petroleum ether/
ethyl acetate 1 1), [a]p?0 = -9 8 (¢ = 10, CHCl3), [o]36520 = -28 5 (c = 10, CHCl3), 'H NMR § 1 37 [s, 3 H,
C(CH3),), 146 [s, 3 H, C(CH3),], 174 (s, 6 H, 4-H, 3-CH3), 225 (br s, 1 H, OH), 364 (dd, 1H,J=53,79
Hz, 5-H,), 393 - 402 (m, 2 H, 5"Hy, 4-H), 426 (dd, 1 H,J =7 1,90 Hz, 1-H), 512 (dq, 1 H, J4 =9 0 Hz, J
=13 Hz, 2-H), 13C NMR 3 18 6 (q, 3-CH3), 25 2 [q, C(CH3),]. 25 8 (q, C-4), 26 8 [q, C(CH),], 65 8 (t, C-5"),
699 (d), 795 (d), 109 6 (s, C-2"), 122 6 (d, C-2), 138 4 (5, C-3), IR 3454 (s, OH), 2986 (s, CH), 2934 (s, CH),
2916 (s, CH), 2890 (s, CH), 1677 (w, C=C), 1453 (m), 1379 [m, C(CHs),], 1372 [m, C(CH3),}, 1256 (s), 1214
(s), 1158 (s), 1067 (s), 1025 (s), 983 (m), 856 (s), 819 (m) cm-, MS (GC/MS) m/e (relanve mntensity) 171
(M* - CH3, 3), 143 (M* - C3Hy, 2), 128 (M* - C3HgO, 4), 111 (9), 101 (CsHgO,*, 100), 85 (M* - C5HgO,,
63), 73 (22), 59 (C3HgOH*, 22), 55 (22), 43 (C3H;*, 85) Anal Caled for CjgH;gO3 C, 6449, H, 974 Found
C,6452,H,982

(1S,4'R)-1-(2,2-Dimethyl-1,3-dioxolane-4-yl)-3-methylbut-2-en-1-ol (4f) R; = 049 (petroleum ether/
ethyl acetate 1 1), []p?? = +40 0 (c = 1 0, CHCly), [er]36520 = +132 8 (c = 1 0, CHCl3), 'H NMR § 137 [s, 3
H, C(CH3),l. 140 [s, 3 H, C(CH3),}, 172 (s, 3 H, 4-H), 175 (s, 3 H, 3-CH3), 1 97 (br s, 1 H, OH), 391 - 402
(m, 2 H, 5"-H,, 5'-Hy), 4 07 (m,, apparent dt, 1 H, J4 =42 Hz, J,= 8 7 Hz, 4-H), 4 52 (dd, 1 H, J =4 2,8 7 Hz,
1-H), 509 (dq, 1 H, Jg = 87 Hz, J; = 13 Hz, 2-H), 13C NMR 8 18 5 (q, 3-CHj3), 25 2 [q, C(CH3),), 259 (q,
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C-4), 26.4 [q, C(CHa),], 64 8 (1, C-5", 68 0 (d), 78 4 (d), 109.1 (s, C-2), 122 6 (d, C-2), 138.1 (s, C-3), IR 3450
(s, OH), 2986 (s, CH), 2935 (s, CH), 2916 (s, CH), 2893 (s, CH), 2890 (s, CH), 1677 (w, C=C), 1452 (m), 1379
[s, C(CHa),), 1372 [m, C(CH3)y], 1253 (s), 1214 (s), 1158 (s), 1110 (m), 1067 (s), 983 (m), 856 (s) cm'L; MS
(GC/MS) m/e (relative mtensity)* 171 (M* - CHg, 5), 143 (M* - C3Hy, 5), 128 (M* - C3HgO, 8), 111 (12), 101
(CsHgOo*, 90), 85 (M* - CsHgO;, 52), 73 (16), 59 (C3HgOH*, 15), 55 (16), 43 (C3H;*, 100) Anal Calcd for
CyoHg03° C, 64 49, H, 974 Found: C, 64.38, H, 9 57

Additon of a Lower Order Mixed Lithium Cuprate to 2

The vinyllithium compound from 1c (1.16 g, 6 mmol) prepared 1n ether as described above 1s transferred
to Cul (1 31 g, 6.87 mmol) and n-BusP (1 75 ml, 7 02 mmol) m ether (12 ml) at -78 *C. Subsequent addition of
16 M MeL1 1n hexane (3 75 mi, 6 mmol) at -78 °C and further stirring at -50 °C for 2 h generates the mxed
cuprate to which 1s added 2 (3 64 ml of a 1,15 M ethereal solution, 4 2 mmol) at -78 °C Work-up following the
general procedure leads to a crude product contaiming 3¢ 4¢ = 99.6°0.4 according to capillary GC Flash
chromatography yields pure 3¢ (434 mg, 42 %)

Addition of a Vinyllithium Compound to 2

In ether 17 M ¢-BuLa m pentane (2 35 ml, 4 mmol) 1s added to a solution of 1b (471 mg, 2 mmol) 1n
ether (6 mi) at -78 °C and sturring 1s continued for further 15 mun at -78 °C Aldehyde 2 (172 mlof a 07 M
ethereal solution, 12 mmol) 1s added at -78 °C and the reaction mixture 1s allowed to warm to room
temperature overnight After hydrolysis with sat. aqueous NHyCl, extraction with ether, drying over MgSO,,
and removal of the solvent in vacuo, capillary GC analysis of the crude product indicates a ratio 3b 4b =
56 44 Flash chromatography using petroleum ether/ethyl acetate/trethylamine 92 7 1 as eluent affords pure
3b (114 mg) and 4b (91 mg), 60 % combined yield

In THF. 141 M s-BuL1 1n cyclohexane (1 72 ml, 2.44 mmol) 1s added to a solution of 1b (235 mg, 1
mmol) in THF (3 ml) at -78 °C and stining 1s continued for further 15 min at -78 *C Aldehyde 2 (263 mg, 2 02
mmol) in THF (1.5 ml) 1s added at -78 °C and the reaction muxture 1s allowed to warm to room temperature
overnight. Work-up as described above leads to a crude product contaimng 3b 4b = 46 54 according to
capillary GC After flash chromatography, 3b and 4b are obtammed 1n a combined yield of 63 % (181 mg)

Isomerization of Adduct 4a

To a solution of 4a% (287 mg, 1 mmol) m ether (10 ml) 1s added pyridine (81 ul, 1 mmol) and NBS (10
mg, 005 mmol) The resultant mixture 1s cooled 1n an ice-bath and irradiated for 45 mun using a UV sunlamp
(300 W) Additional NBS (10 mg, 0 05 mmol) 1s added and mrradiation 1s continued for further 45 min This
process 1s repeated until after ca 3h aratio4b:4a =34 11sreached The solution 1s decanted and the residue
18 extracted with ether (10 ml) The combined ethereal solutions are washed successively with 10 ml portions of
10 % aqueous NaySO3, 20 % aqueous CuSOy, sat aqueous NH,Cl, sat aqueous NaHCOj3, and brine After
drying over MgSO, and removal of the solvent in vacuo, flash chromatography using petroleum ether/ethyl
acetate/tmethylamine 92 7 1 as eluent affords pure 4b (79 mg, 28 %) and a fraction (65 mg) containing a
muxture of 4a and 4b

Oxygen Assisted Desilylation10

Of Vinylsilane 3¢ A solution of 3¢ (3 39 g, 13 9 mmol) in THF (30 ml) 1s added at room temperature to a
suspension of hexane-washed potassium hydrnide (80 mg, 2 mmol) in THF (40 mi) After complete conversion
(12 h) to the corresponding silyl ether as indicated by TLC, a solution of KyCO3 (6 g) in water (10 ml) and
methanol (30 ml) are added The muxture 1s stirred for 1 h at room temperature, treated with sat aqueous
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NH,C], adjusted to pH 7, and the aqueous layer 1s extracted with ether (3 x) The combined ethereal layers are
dnied over MgSOy, the solvent 1s removed in vacuo, and the residue 15 punfied by flash chromatography using
petroleum ether/ethyl acetate/tniethylamine 84.15- 1 as eluent to give 3g (1.92 g, 81 %) as a colorless o1l

(Z)-(IR 4'R)-1-(2,2-Dimethyl-1,3-dioxolane-4-yl)but-2-en-1-0l (3g) Ry = 043 (petroleum ether/ethyl
acetate 1.1), [a]p20 = 239 (c = 1.0, CHCly), [a]36520 = -738 (c = 10, CHCl3); 'HNMR § 1.36 [5, 3 H,
C(CHz),], 1.46 [s, 3 H, C(CH3),), 1 73 (dd, 3 H, J = 1.8, 70 Hz, 4-H), 233 (d, 1 H, J = 2 8 Hz, OH), 3 66 (dd,
1H,J=5.5,82Hz, 5-H,), 3.96 (dd, 1 H, J = 6.5, 8 2 Hz, 5-Hy), 4 01 - 4.06 (m, 1 H, 4-H), 4 38 (m,, apparent
dt, 1H,Jg=24Hz,J;=8.1 Hz, 1-H), 536 (ddq, 1 H, Jg =9 1 Hz, Jg = 11 0 Hz, J, = 1 8 Hz, 2-H), 573 (ddg,
1 H, Jg = 0.8 Hz, Jy = 110 Hz, J; = 7.0 Hz, 3-H); 13C NMR § 137 (g, C4), 25.2 [q, C(CH3)y), 26.8 [,
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, CH), 2921 (s, CH), 2890 (s, CH), 1662 (w, C=C), 1455 (m), 1381 [s, C(CH3),}, 1371 [m, C(CH3),),
1256 (s), 1214 (s), 1158 (s), 1065 (s), 1024 (m), 991 (w), 854 (s), 742 (w) cmr’l; MS (GC/MS) m/e (relative
ntensity): 157 (M* - CHj, 15), 129 (2), 115 (M* - C3H0, 3), 102 (13), 101 (CsHgO,*, 100), 97 (16), 73 (20),
43 (C3H4%, 38) Anal Caled for CgHy 605 C, 62.77; H, 9 36 Found C, 6273, H,9 52

Of Vinyisilane 3e A solution of 3e (128 mg, 0 495 mmol) mn THF (2 ml) 1s added at room temperature to
a suspension of hexane-washed potassium hydnde (11 mg, 0 275 mmol) in THF (3 ml) After sturing for 12 h,
a solution of K,CO3 (05 g) m water (1 ml) and methanol (3 ml) are added Following the procedure for
desitylation of 3¢ descnibed above, 3f (88 mg, 95 %) 1s obtained after flash chromatography.

Benzylation

Of Alcohol 3g. A solution of 3g (159 mg, 0 92 mmol) m DMF (7 ml) 1s added at room temperature to a
suspension of 80 % sodum hydnde (56 mg, 1 85 mmol) m DMF (5 ml) The muxture 1s stured for 15 mun,
treated with benzylbromide (165 pl, 1 38 mmol), and sturning 1s continued for further 3 h After hydrolysis with
sat aqueous NH,Cl, extraction with ether, drying over MgSO;, and removal of the solvent in vacuo, the
residue 1s punified by flash chromatography using petroleum ether/ether 5 1 as eluent to give 5g (202 mg,
83 %) as a colorless ol

(Z)-(1R,4'R)-1-Benzyloxy-1-(2,2-dimethyl-1,3-dioxolane-4-yl)but-2-ene (5g) R¢= 055 (petroleum ether/
ethyl acetate 6 1), [0]p20=-210 (c = 10, CHCly), [et]36520 = -51 4 (c = 1 0, CHCl3), lHNMR 8 1.36 [s, 3 H,
C(CH3),], 141 [s, 3 H, C(CH3),], 162 (dd, 3H,J = 17,7 1 Hz, 4-H), 365 (dd, 1 H,J =60, 8.4 Hz, 5-H,),
394(dd,1H,/=65,84Hz 5-H),417-423(m, 2 H,4"H, 1-H), 445 (d, 1 H,J = 12 4 Hz, Ph-CH,), 4 67
(d, 1 H,J = 12 4 Hz, Ph-CHy), 5.25 - 537 (m, 1 H, 2-H), 573 (dq, 1 H, Jy = 11 3 Hz, J; = 7.0 Hz, 3-H), 727 -
737 (m, 5 H, Hypp): 13C NMR 8 137 (g, C-4), 25 3 [q, C(CH3),}, 26 4 [q, C(CH3);], 656 (t, C-57, 696 (t,
Ph-CHy), 74 3 (d), 78.0 (d), 109.5 (s, C-27, 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=Cyrom), 1455 (s),
1380 [s, C(CH3),], 1370 [m, C(CH3),], 1258 (8), 1214 (s), 1158 (s), 1087 (s), 1072 (s), 1029 (m), 969 (w), 944
(w), 919 (w), 853 (s), 735 (s, CHypom)» 698 (5, CHypom) cm-l, MS (GC/MS) m/e (relative intensity): 247 (M* -
CHj3, 4), 162 (5), 161 (M* - C5HgO,, 24), 102 (5), 101 (CsHgO,*, 68), 92 (9), 91 (C;H7*, 100), 73 (12), 65
(CsHst, 9), 43 (C3H;*, 18) HRMS Calcd for Cy5H gO3 (M* - CH3) 247 1334 Found 247 1339

Of Alcohol 3f Following the procedure for benzylation of 3g described above, from 3f (96 mg, 052
mmol) 1n DMF (4 ml), 80 % sodium hydnde (30 mg, 1 03 mmol) in DMF (5 ml), and benzylbromude (92 pl,
077 mmol) 5f (121 mg, 85 %) 1s obtained as a colorless o1l after flash chromatography using petroleum
ether/ether 51 as eluent.
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(IR 4'R)-1-Benzyloxy-1-(2,2-dimethyl-1,3-dioxolane-4-yl)-3-methylbut-2-ene (5f). R¢ = 059 (petroleum
ether/ethyl acetate 6:1); [a]p20 = -32 3 (c = 1.0, CHCly), [et]36520 = -92.3 (c = 1 0, CHCl3); 'H NMR & 1.36
[s, 3 H, C(CH3),], 1.40 [s, 3 H, C(CH3),], 1.61 (d, 3H, /=13 Hz, 4-H), 1 77 (d, 3 H, J = 1.2 Hz, 3-CH3), 3.61
(dd,1H,J=65,84Hz, 5-H,),392(dd, 1 H,J/=66, 8 4 Hz, 5-H})), 409 (dd, 1 H,/ =7 1, 9 6 Hz, 1-H), 4.16
-423(m, 1 H,4-H), 444 d, 1 H, J = 12 5 Hz, Ph-CH,), 465 (d, 1 H, J = 12.5 Hz, Ph-CHy), 506 (d, 1 H,/ =
97 Hz, 2-H), 7.22 - 737 (m, 5 H, Hypor), 1°C NMR 8 18 7 (g, C-4), 25 4 [q, C(CH3),), 25 9 (q, 3-CH3), 26.5
[g, C(CH3),], 65 8 (t, C-5", 69 5 (t, Ph-CHj), 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,
CH), 1674 (w, C=C), 1497 (w, C=Cypom), 1454 (s), 1379 [3, C(CH3),], 1370 [m, C(CH3),), 1258 (s), 1213 (s),
1158 (s), 1112 (s), 1087 (s), 1072 (s), 1029 (m), 983 (w), 943 (W), 853 (s), 821 (W), 737 (s, CHypgp), 698 (s,
CHyom) cml; MS (GC/MS) m/e (telative intensity) 261 (M* - CHs, 07), 176 (4), 175 (M* - CsHgO,, 30),
101 (C5HgO5*, 12), 92 (8), 91 (C;H5*, 100), 83 (9), 73 (6), 65 (CsHs*, 8), 43 (C3H5*, 18) HRMS Caled for
Ci6H103 (M* - CHjz): 261.1491 Found* 261 1486

Of Alcohol 4f Following the procedure for benzylation of 3g described above, from 4f (540 mg, 2 90
mmol) in DMF (20 ml), 80 % sodium hydnde (155 mg, 6 46 mmol) in DMF (20 ml), and benzylbromde (574
i, 4.83 mmol) 7f (379 mg, 47 %, 65 % on conversion) as a colorless o1l and reisolated educt 4f (145 mg, 0 78
mmol) are obtained after flash chromatography using petroleum ether/ether/triethylamune 8712 1 as eluent

(18,4'R)-1-Benzyloxy-1-(2,2-dimethyl-1,3-dioxolane-4-yl)-3-methylbut-2-ene (7f). Rg = 057 (petroleum
ether/ethyl acetate 6 1), [a]p20 = +53 2 (c = 1 0, CHCly), [et]36520 = +163 2 (c = 1 0, CHCl3), THNMR 8 1 35
[s. 3 H, C(CH3)y], 1 40 [s, 3 H, C(CH3),], 1 66 (d, 3H, J = 10 Hz, 4-H), 1 82 (d, 3H, J = 1.0 Hz, 3-CH3), 391
(m, 1 H), 402 - 410 (m, 3 H), 436 (d, 1 H,J = 120 Hz, Ph-CH,), 4 59 (d, 1 H, J = 120 Hz, Ph-CHy), 5 15
(dq, 1 H, Jg = 9.7 Hz, Jg = 13 Hz, 2-H), 727 - 733 (m, 5 H, Hypyy), 13C NMR 8 18.6 (g, C-4), 253 [q,
C(CHz)yl, 26.1 (g, 3-CH3), 26 5 [q, C(CH3),], 66 7 (t, C-5"), 69 8 (t, Ph-CHy), 75 7 (d), 78.0 (d), 1092 (s, C-
2), 1224 (d, C-2), 127 4 (d), 127 7 (d), 128 2 (d), 138 6 (s), 138 9 (5), IR 3065 (w), 3031 (w), 2987 (s, CH),
2934 (s, CH), 2915 (s, CH), 2882 (s, CH), 1677 (w, C=C), 1479 (W, C=Cyrom), 1454 (s), 1380 [s, C(CH3),],
1370 [m, C(CHa),), 1255 (s), 1212 (s), 1158 (s), 1121 (m), 1074 (s), 1048 (m), 1029 (s), 984 (W), 963 (W), 853
(s), 737 (s, CHypom)s 699 (5, CHarom) cml, MS (GC/MS) m/e (relative mtensity) 261 (M* - CHg, 0.3), 176
(6), 175 (M* - CgHgO,, 42), 101 (CsHgO4*, 12), 92 (9), 91 (C;Hq*, 100), 83 (8), 73 (4), 65 (CsHs*, 6), 43
(C3Hy*, 7) HRMS Calcd for C1oH 50 (M* - CsHgO,)" 175 1123 Found 175 1127

Ozonolysis

Of Alkene 5g. A solution of 5g (147 mg, 0.56 mmol) n CH;Cl, (50 ml) 1s ozonized at -78 °C untl the
muxture turns blue. Excess ozone 1s removed by purging with argon. Methanol (20 ml) and sodium borohydnde
(50 mg, 1 32 mmol) are added and after stirring for 1 h at -78 °C, the mixture 1s allowed to warm to room
temperature overnight After hydrolysis with sat. aqueous NH4Cl, extraction with ethyl acetate (4 x), drymg
over MgSO,, and removal of the solvent in vacuo, the residue 1s punfied by flash chromatography using
petroleum ether/ethyl acetate 1 1 as eluent to give 6 (100 mg, 71 %, 83 % on conversion) as a colorless o1l and
reisolated educt 5g (21 mg, 0 08 mmol)

Of Alkene 5f Following the procedure for ozonolysis of 5g described above, from 5f (79 mg, 0286
mmol), methano! (50 ml), and sodium borohydnide (25 mg, 0 66 mmol) 6 (49 mg, 68 %) 15 obtained as a
colorless o1l after flash chromatography

(1R 4'R)-1-Benzyloxy-1-(2,2-dimethyl-1,3-dioxolane-4-yl)ethan-2-ol (6) 11 Rg = 038 (petroleum ether/
ethyl acetate 1 1), [o]p20 = +156 (c = 1 0, CHCly), [®]36520 = +50 0 (c = 1 0, CHCl3) [optical rotation for the
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enantiomer - ref 12 [a]p = -16.4 (c = 0.18, CHCl3), ref 13 [a]p = -14.1 (c = 0 6, CHCl3)]; IH NMR § 1.37
[s, 3 H, C(CH3),], 1 44 [s, 3 H, C(CH3),], 2 11 (m,, 1 H, OH), 3 56 - 362 (m, 2 H, 1-H, 2-H,), 3.73 (m,, 1 H,
2-Hy), 3.82 (m,, apparent t, 1 H, /=77 Hz, 5-H,), 401 (dd, 1 H, /= 6 7, 8 3 Hz, 5-Hy), 4 31 (m,, apparent q,
1H,J=65Hz, 4-H),469 (d, 1 H,J =119Hz, Ph-CH,),4.77 d, 1 H,J = 11 9 Hz, Ph-CH}), 7.30 - 7.36 (m, 5
H, Harom); 13C NMR 8 25 3 [q, C(CH3),], 26 4 [q, C(CH3)ol, 61 7 (t, C-2), 655 (t, C-5'), 72.8 (t, Ph-CHp),
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, C=Cyrory), 1455 (5), 1381 [s, C(CH3),], 1372 [m, C(CHj),),
1257 (s), 1214 (5), 1158 (s), 1134 (s), 1073 (5), 1062 (s), 1029 (m), 854 (5), 739 (5, CHarom)> 699 (5, CHyrorm)
cm-l, MS (GC/MS) m/e (relative intensity) 237 (M* - CHg, 4), 194 (M* - C3HgO, 8), 163 (4), 145 (2), 134
(4), 120 (4), 101 (CsHgO,*, 37), 92 (12), 91 (C;Hy*, 100), 73 (10), 65 (CsHs*, 9), 59 (10), 43 (C3H;*, 18)

Of Alkene 7f Following the procedure for ozonolysis of 5g descnbed above, from 7f (240 mg, 0 87
mmol), CHyCl, (70 ml), methanol (30 ml), and sodium borohydnde (90 mg, 2 4 mmol) 8 (170 mg, 78 %) 1s
obtained as a colorless o1l after HPLC using petroleum ether/ethyl acetate 1 1 as eluent.

(1S,4'R)-1-Benzyloxy-1-(2,2-dimethy!-1,3-dioxolane-4-yl)ethan-2-ol (8) 14 R = 045 (petroleum ether/
ethyl acetate 1 1), IH NMR 6136 [s. 3 H, C(CH3),], 142 [s, 3 H, C(CH3),], 2.17 (5, 1 H, OH), 353 (m,,
apparentdt, 1 H,Jy =64 Hz,J;=42Hz, 1-H),371 (dd, 1 H,/= 42,121 Hz,2-H,),384 (dd, 1 H, /=45,
12 1 Hz, 2-Hy), 388 (dd, 1 H,/ =57, 83 Hz, 5-H,), 409 (dd, 1 H, J = 6 4, 8 3 Hz, 5'-Hy,), 4 19 (m,, apparent
q, 1 H,J = 6.3 Hz, 4-H), 4 66 (mg, 2 H, Ph-CHp), 7 30 - 7 39 (m, 5 H, Hyop), 13C NMR 8 25 1 [q, C(CHa),],
26 5 [q, C(CH3),], 61 8 (1, C-2), 66 8 (t, C-5", 72 6 (t, Ph-CH,), 75 8 (d, C-1), 79 7 (d, C4"), 109 2 (s, C-2)),
127 8 (d), 127 9 (d), 128 5 (d), 137 9 (s), MS (GC/MS) m/e (relative intensity)- 252 (M, 0 5), 237 (M+ - CHj,
2), 194 (M* - C3HgO, 5), 163 (3), 145 (2), 134 (4), 120 (4), 101 (CsHgO,+, 35), 92 (12), 91 (C7Hq*, 100), 73
(10), 65 (CsHs, 13), 59 (10), 43 (C3H4, 38)
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