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Abstract: Alkyl substituted lactol acetates have been found to undergo highl

stereoselective substitution reactions mediated by tin (IV) bromide. The highest
selectivity is observed in the case of 4,4—di-isopropyl, 2-methyl substitution in which
the selectivity depends on the nucleophile. Allyltrimethylsilane adds with high (95:5)
1,2-syn selectivity while 2-methyl-trimethylsiloxy propene adds with high (>98:2)
anti selectivity. These results can be rationalized through conformational analysis of
the oxonium ion intermediate. © 1999 Elsevier Science Ltd. All rights reserved.

Keywords: carbenium ions, furans
The stereoselective synthesis of tetrahydrofurans through nucleophilic addition to five-membered ring
oxonium ions! represents an important route to a variety of biologically important molecules. While C-
nucleoside analogs,2-3 aryl C-glycoside antibiotics,* acetogenins’-7 and other tetrahydrofuran structures’?
have been constructed by employing oxonium-ion precursors, few studies examining the origin of the
diastereoselectivities of these reactions have been published. We have investigated in detail the
diastereoselectivity of nuclcophilic addition to five-membered ring oxonium ions derived from

oxasilacvclonentane ac

,,,,,,,,, yclopentane acetals. Based on insight gained in those studies, we elected to explore the analogous
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tetrahydrofuran oxonium ions 1o test our stereochemical model. This report describes our findings concerning

substituted oxonium jons that show how conformational effects lead to surprising facial selectivities that are in
complete agreement with our previous investigations.

We have previously shown that the oxonium ion derived from the methyl-substituted oxasilacyclopentane
acetal in equation 1 shows what appears to be “contrasteric” facial selectivity. This result was explained by
examining the conformation of the oxonium ion. In the pseudo—chair conformation, the methyl group is held
equatorial and the nucleophile is forced by the axial tert~butyl group to approach from the bottom face. This
mode of diastereocontrol was unexpected, as the substrate is reminiscent of a Cram—chelate structure and
should t 1vi

refore show 1,2—anti selectivity,
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In order to explore this unusual diastereoselectivity more fully, we investigated five-membered ring
oxonium ions derived from tetrahydrofuran acetals. The oxasilacyclopentane acetals were limited in their
structural variability, because the 4-position possessed ferr—butyl groups as an artifact of their synthesis from
silacyclopropanes. Tetrahydrofuran oxonium ions, on the other hand, suffer from no such structural
limitations. The ability to synthesize a variety of oxonium—ion precursors allowed for a thorough examinatio

of the roles of substituents at the 4—position.

We have found that the one-pot reduction/acylation of lactones developed by Rychnovsky provides a
general synthesis of the lactol acetates used in this study (eq 2).13 Yields for this reaction process typically
exceed 80% and the alkyl-substituted substrates reported here could be purified by bulb—to—bulb distillation.
There are few general routes to the requisite lactones, so they were synthesized by several methods.
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To draw analogy from our lead result in the oxasilacyclopentane series, we prepared cis— and trans—2,4—
disubstituted substrates 8 and 9 to evaluate the relative importance of each substituent in the 4—position. The
cis—4—isopropyl-2-methyl 3—lactone 4 could be readily prepared by stercoselective hydrogenation!4 of the
butenolide 19, which was prepared by the method of Tanabe (eq 3).!5-16
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Lactone frans—§ was prepared by the reaction of the lithium enolate of rert~butyl propionate with 3—
methyl-1,2—epoxy butane (eq 4).!7 Although the diastereoselectivity of this reaction is modest (86:14),
isomerically pure material could be obtained by careful chromatographic separation. The pure hydroxy ester
22 was then cyclized to produce lactone 5 with 96:4 isomeric purity.!¢
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As a point of direct comparison, we synthesized two “‘carbon analogs” of oxasilacyclopentane acetate 1 (eq

1), substituting a di-isopropyl methylene for the di~terr—butylsilylene unit (eq 5). After exploring several

routes to the exceptionally hindered lactone 6, we found that the most efficient synthesis was based on the
3 3 1e antananae mathallyl amagnaciiim P PO . T 18 . o

allylation of 2,4—dimethyl pentanone with methallyl magnesium chloride to yield tertiary alcohol 23.18 After



hydroboration and oxidation to provide diol 25, the desired lactone was prepared by oxidation with PCC. In
addition, 7, the 4,4-dimethyl analog of 6, was prepared by known methods.!®
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Finally, the lactones 4-7 were converted to the corresponding lactol acetates by reduction with DIBAL and
trapping of the intermediate aluminum lactolate with acetic anhydride. We found that a procedure slightly
modified from that reported in the literature!? was optimal for substrates 4-7.

Table 1. Yield of Reduction/Acylation
Lactone R!' RZ Acetate Yieid
- Rl o R' o ..
4 H i-Pr 8 82% quu DIBAL; RZQUAC (6)
5 i-Pr H 9 88% e ny/DMAP e
6 i-Pr i-Pr 10 85% Ve AcoO Me
4-7 8-11
7 Me Me 11 87%

Stereoselectivity of Acetal Displacement

Lactol acetates 8 and 9 were allylated under conditions developed during our investigation of the
oxasilacyclopentane acetates (eqs 7 and 8).10.11 In each case the diastereoselectivity shows a modest
preference for formation of the 1,2-trans tetrahydrofurans 25 and 27. The relative configurations of
tetrahydrofurans 25-28 were assigned through nOe spectroscopy.
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These results are surprising when compared to those obtained by Reissig in his thorough study of
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of the 2—- and 4-methyl tetrahydrofuran oxonium ions showed modest selectivity, giving the 1,2-trans and 1,4—
trans products in 68:32 and 60:40 diastereoselection, respectively. Based on these selectivities, one might
have expected 8 to show high selectivity, due to the synergistic effect of the isopropyl and methyl substituents
shielding the same face of the oxonium ion intermediate. In a similar manner, 9 should have shown reduced
selectivity due to competing direction between the 2,4—trans substituents.

An interplay between the two substituents in 8 and 9 must account for the observed selectivity. We believe

that 12 and 13, the oxonium ion intermediates formed from 8 and 9, sit in pseudo—chair conformations (egs 9



and 10). It is likely that 12 resides predominantly in conformer 12Zeq, in which both substituents are in
pseudo—equatorial positions to avoid a deleterious 1,3—diaxial interaction. In this conformer, the absence of an
axial group to direct nucleophilic approach leads to low diastereoselection. On the other hand, 13 resides in
two competing conformers, each of which possesses one axial and one equatorial substituent. Since 13eq and
13ax would be expected to be relatively close in energy, low diastereoselection reflects poor discrimination

between the two conformers.
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When the trisubstituted lactol acetate 10 was allylated in the presence of SnBr,, high (95:5) 1,2-syn
selectivity was observed (eq 11). This result is consistent with our previous findings (eq 1) that demonstrated
the profound directing effect that axial substituents have on the approach of unsubstituted nucleophiles such as
allyltrimethylsilane.!%.!1 Oxonium ion 14 probably resides in a conformation much like 12eq, which avoids a
strong 1,3—diaxial interaction. Thus, the axial isopropy! group directs nucleophilic approach syn to the
equatorial methyl group. An analogous situation arises with 15, but the methyl groups at the 4—position confer
far less facial bias to the oxonium ion intermediate than do the isopropyl groups in 14 (eq 12).
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In our previous study, we found that the diastereoselectivity of nucleophilic addition to oxonium ions
similar to those derived from 1 diverged when the size of the nucleophile was increased.10.11 In order to
evaluate whether or not the same trend could be observed for acetate 9, we employed more hindered
nucleophiles in the substitution reaction (eq 13). In this case, 1-phenyl-1—(trimethylsiloxy)ethylene produced
the ketone products 33 and 34 with almost no diastereoselection. Use of 2-methyl-1—(trimethylsiloxy)—1-



propene, on the other hand, produced the 1,2-trans aldehyde 35 with >98:2 selectivity. In both cases, it is
apparent that an increase in steric bulk near the reacting center of the nucleophile brings about an overriding
interaction with the methyl group at the 2—position of the oxonium ion. These results are also consistent with
Reissig’s report,20 in which a large increase in 1,2-anti selectivity was observed when a terminally
disubstituted nucleophile was used.
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The configurations of addition products 29 and 35 were proven through nOe spectroscopy. For 29, only
limited nOe data was available due to overlapping signals in the '"H NMR spectrum. For this reason, 29 was
converted to the 3,5-dinitrobenzoate 38 by ozonolysis, reduction,?! and acylation (eq 14). In order to assign
unambiguously the relative configuration of 38, the minor diastereomer was synthesized through an

independent route. Reduction of 6 followed by olefination gave ester 39 in high yield (eq 15).2223 The
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The configurations of 31 and 32 were assigned by chemical shift correlation. Compounds 29, 30, 33, 34,
36, and 38—40 conformed to an interesting trend with respect to the chemical shift of H(1) in the 'H NMR
spectrum. The chemical shift of the cis diastereomer was uniformly 0.6 to 0.8 ppm further upfield relative to
the trans isomer. This chemical shift difference can also be seen in the chemical shifts of H(1) in the heavily

substituted tetrahydrofurans 41 and 42 reported by Paquette.2> Empirical trends, including chemical shift
caorrelation are often used to accion the relative stereaochemicstries of tetrahvdrofurang and other ennthetituted
correiation, arc oiten uscd to assign tne relative stereocnemusiries of tetranydroiurans and other supstituted
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Table 2: 'H NMR Chemical shifts for 1, 3, 4, 4- tetrasubstituted tetrahydrofurans
/\(0 H 2 H Compound: 29/30 33/34® 35/36 38/40 39 31/32 41 42
ol .. 2 01 .. - - T
\ Me B Me 6 (syn) 411 476 v 4.22 b 3.97 3.93 L
N 5 5 (anti) 345 398 349 351 381 352 b 314
Mo Me A~ a Me A~
s e i wie a . . . )
Product epimerized during flash chromatography; thermodynamic product
41 42

assumed to be 1,2-trans. b Chemical shift of minor sterecisomer not available.

In conclusion, we have demonstrated that the same principles that explain the diastereoselectivity of
nucleophilic addition to oxasilacyclopentane acetals can be employed to predict and rationalize the
diastereoselectivity of reaction involving tetrahydrofuran oxonium ions. A heavily substituted “all carbon”
analog of oxasilacyclopentane acetal 1 shows similarly high and divergent diastereoselectivity. As an outcome
of our conformational model, removal of one of the large groups at the 4—position greatly reduces the facial
bias of the oxonium ion, as does replacing both large groups with smaller ones.

Experimental Section

General. 'H NMR and 13C NMR spectra were recorded at ambient temperature at 500 and 125 MHz,
respectively, using a Bruker spectrometer. Coupling constants are reported in Hertz. High resolution mass
spectra were acquired on a VG Analytical 7070E or Fisons Autospec spectrometer, and were obtained by peak
matching. Microanalyses were performed by Atlantic Microlab, Atlanta, GA or Microlytics, South Deerfield,
MA. Melting points are reported uncorrected. Analytical gas-liquid chromatography (GLC) was performed
on a Hewlett Packard 5890 Level 4 chromatograph, equipped with split-mode capillary injection system and a
flame ionization detector. Fused silica capillary columns (30 x 0.32 mm) wall coated with DB-1 (J & W
Scientific) were used with helium gas as the carrier gas. All reagents were used without purification unless
noted. Tin (IV) bromide solution (1.0 M in dichloromethane) was prepared by dilution of tin (IV) bromide

miirmtnmagd Lemin ATA AL METE T o1 oo B e T 1t 1 L T R R P I T R 1)
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S=1yaroxXy—v,0—GiiMcunoxy—c,5—aiimcuiy—-nexan—-s—0nc (10). UiisSOpIropyiainine (5.41 L, <4.5 Miiol,
freSu!" distilled from CaH ) wag added to 100 mL of dry THF before cooline to 0 °C and treating with n-Bul i
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(9.3 mL, 22 mmol, 2.4 M hexanes). After 10 min, the solution of LDA was cooled to —~78 °C and 3-methyl-

2-butanone (2.0 mL, 19 mmol, freshly distilled from CaH,) was added and the solution was stirred for 20 min.
Pyruvic aldehyde dimethyl acetal (2.3 mL, 19 mmol, freshly distilled from CaH,) was added and the reaction
mixture was stirred for 20 minutes at —78 °C, then warmed to O °C in an ice bath and stirred for 0.5 h. The
reaction was quenched by the addition of 10 mL of saturated aqueous NH,Cl], then the majority of the THF
was removed in vacuo. The resultant material was partitioned between 30 mL each of saturated aqueous
NH,C1 and CH,Cl,. The aqueous layer was extracted with 3x15 mL of CH,Cl,. The combined organic layers
were filtered through a funnel containing a cotton plug and a layer of Na,SO, before reducing in vacuo. Flash
chromatography (10:90 to 30:70 EtOAc:hexanes) yielded the product as a clear oil (2.783 g, 73%): 'H NMR

(CDCl,, 500 MHz) § 4.25 (s, 1H), 4.08 (s, 1H), 3.51 (s, 3H), 3.49 (s, 3H), 2.85 (d, J = 16.2, 1H), 2.65 (m, 1H),
Y AA A T 1£97 1LY 1 MN /s 2T 1 NQ 73 F—"T7N 2I1Y 1 NQ A JF— £ Q 21T\. l3f‘\T\JDIf““{"I 178 ML\ K
P i \U, J = 10.4, lﬂ}, L.4U (D>, _)l—l}, 1L.UZ (U, — /.4, J11), 1.VO (U, J — U.T, Jll), o INIVIIN \\1].1\,13, 140 1vill } v
217.1, 110.3, 75.2, 58.0, 57.9, 442,423 23.4, 179, 17.6; IR (thin film) 3482, 2971, 1696, 1104, 1082 cm™;
HRMS (CVisobutane) m / z caled for C, (H,,0, (M — OH)" 187.1334, found 187.1340.
5—Isopropyl—3—methyl-2(5H)—furanone (19). A solution of 18 (1.03 g, 5.04 mmol) in 50 mL of toluene



was treated with trichloroacetic acid (0.082 g, 0.50 mmol), then the flask was fitted with a Dean/Stark trap and
condenser before heating to reflux for 12 h. The reaction was cooled to 25 °C, then quenched by the addition
of triethylamine (1 mL). After reducing in vacuo, the resultant oil was purified by flash chromatography
(0:100 to 3:97 EtOAc:hexanes) to yield the product as a clear oil (0.355 g, 50%): 'H NMR (CDCl,, 500 MHz)
87.05 (m, 1H), 4.68 (m, 1H), 1.95 (septet, J = 6.8, 1H), 1.93 (s, 3H), 0.99 (d, J = 6.8, 3H), 0.98 (d,J = 6.8,
3H); *C NMR (CDCI3, 125 MHz) & 174.3, 147.2, 130.5, 85.7, 31.7, 17.8, 17.6, 10.6; IR (thin film) 2977,
1752, 1093, 874 cm™; HRMS (CVisobutane) m / z caicd for C;H,,0, (M*) 140.0837, found 140.0839.

2,5-Dimethyi—4—isopropyi-hexane-1i,4,~dioi (Z4). 2,5-Dimethyi—-4—-isopropyi-hexene—4—oi (2.00 g,
11.7 mmol) was dissolved in THF (50 mL) and cooled to 0 °C before treating with BH,*THF (16.4 mL, 16

wrnal 1T NRA TTLIEN Aftar D) &l tha eanstisam maviiies arno masmeaad ¢4 A& O Acvvinaie RTaMIT (L T 2 RAY ~nd
HUNUL, 1.J1VE 11117). Nl &0 o, e LCabllUll HHALUIL Wad WAl lliCu WU 2 O, nqucuu\ INawJrl (U 1, O ivli) dliu

30 % aqueous H,O, (7 mL) were added and the reaction mixture was heated to 50 °C for 1.5 h. The reaction
was anenched hv the addition of H.O (50 mL), then extracted with 3x50 mL of CH.C] he com
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organic layers were filtered through a funnel containing a cotton plug and a laver of Ng SO befare redn ucing in
vacuo. Flash chromatography (40:60 EtOAc:hexanes) yielded the product as a white solid (1.84 g, 84%). mp
61 °C; '"H NMR (CDCl,, 500 MHz) 6 4.04 (s ,br, 1H), 3.57 (dd, J = 3.8, 10.2, 1H), 3.27 (t, J = 9.6, 1H), 3.1 (s,

br, 1H), 2.04 (m, tH), 1.95 (septet, J = 7.0, 1H), 1.86 (septet, J = 6.9, 1H), 1.54 (dd,J = 8.2, 15.1, 1H), 1.45

(dd, J=12.4,15.1, 1H), 0.96 (d, /= 6.9, 3H), 0.95 (d, J = 7.0, 3H), 0.93 (d, J = 6.8, 3H), 0.91 (d, J = 7.0, 3H),

0.89 (d, J = 6.9, 3H); "C NMR (CDCl,, 125 MHz) & 70.0, 60.4, 39.1, 35.1, 31.1, 19.5, 17.9 (17.931), 17.9
(17.911), 17.4, 17.3; IR (KBr pellet) 3200 (br, s), 1041 cm™'; HRMS (CVisobutane) m / z caled for C,,H,,0 (M
— OH)" 171.1749, found 171.1743. Anal. Calcd for C, H,,0,: C, 70.16; H, 12.85. Found: C, 70.00; H, 12.74.

4,4-Diisopropyl-2-methyl-butyrolactone (6). A solution of 24 (0.980 g, 5.20 mmol) in CH,Cl, (80
mL) was treated with pyridinium chlorochromate (4.33 g, 20.10 mmol) and the mixture was stirred for 12 h.
The reaction mixture was then treated with approx. 50 mL of dry silica gel and the dark brown precipitate was

triturated until it had been adsorbed anl Tha cnluvant vrac cammmsrard fv anries amd tha scaciilenes
triturdls U il 1t nad oeen aasorocda onto l[lC \l“Ld £CI. 111G SULVEIIL wWdbd 1CINOvVEd tn vacuo d4na e resuitant
wvallat; mammdar tx7ac Ariad An hich vamnnm lina /ammraviniata ]:r N1 Trwr) Ffar 1 h Tha vallawy nawrdas o
yblluw pUWUCl wdad UllLud ULl a lllbll vavuuiil 11i1c \ayylu/\llll _y V.l 1vuii)iul 11 I1IC ‘y 1HUW Puwu 1 as
then annliad to a chart nad af cilica that had heen nacked with 2000 FtODAc-hevanec then the nradnet wag

appaiCa O a SN0 pad Cf 5hila tial 4al OCCh packll Wil LuiGU VAL INCXands, wihl uiC proGuct was
eluted with 20:80 EtOAc:hexanes. Reduction of the early fractions in vacuo yielded the product as a clear oil
(0.808 g, 84%): 'H NMR (CDCl,, 500 MHz)  2.71 (m, 1H), 2.13 (m, 2H), 2.04 (septet, J = 6.8, 1H), 1.69
(dd, J=9.0, 13.7, 1H), 1.27(d, J=7.3,3H), 095 (d, J = 68 3H), 093 (d,/=6.7,3H), 092 (d, J = 6.8, 3H),

0.88 (d, J = 6.9, 3H); "C NMR (CDCl,, 125 MHz) 3 180.4, 90.7, 35.7, 34.0, 32.8, 32. 1 16.7, 16.5, 16.3; IR
(thin film) 2971, 2880, 1762 cm™; HRMS (Cl/isobutane) m / z calcd for C, H,,0, M + H)" 185.1541, found
185.1537. Anal. Calcd for C,|H,,0,: C,71.70; H, 10.94. Found: C, 71.92; H, 10.73.

General Procedures for Reduction and Acylation of Lactones. A solution of the lactone (0.1 M in
CH,Cl,) was cooled to —78 °C and treated with DIBAL (1.2 equiv, 1.5 M in toluene) and stirred at —78 °C for
1 h. Pyridine (3.0 equiv) and DMAP (1.2 equiv) were mixed in 1-2 mL of CH,Cl, and added via cannula to
the reaction mixture. For mulitiple reactions run in parallel, a solution of pyridine (3 M) and DMAP (1.2 M) in
CH,CI, was used. Finally, acetic anhydride (3.0 equiv) was added. The reaction mixture was allowed to warm
°C by not replenishing the dry ice bath and tt en allowed to stir for approximately 10 h. The
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Na HPQ,. The oreanic laver was saved and washed twice with saturated agueous Na HPQ ., three times wit
,- The organic layer was saved and washed twice with saturated aqueous Na,HPO,, three times with
saturated aqueous NaH,PO,, and once with saturated agueous CuSQ,, then passed through a funnel containing
a cotton plug and a layer of Na,SO, before reducing in vacuo. The product was purified by bulb to bulb

distillation at a pressure of 30 Torr.

(2S*, 4S*)-1-Acetoxy—4—isopropyl-2-methyl-tetrahydrofuran (8). Isolated (boiling range 100-120
°C) as an 81:19 mixture of isomers in 85% yield. 'H NMR (CDCl,, 500 MHz) 8 6.11 (d, J = 4.5, 0.2H), 5.88
(d, J =2.3, 0.8H), 3.88 (m, 0.8H), 3.80 (m, 0.2H), 2.34 (m, 1H), 2.19 (m, 0.8H), 2.05 (s, 2.4H), 2.04 (s, 0.6H),
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2.00 (m, 0.2H), 1.74 (m, 1H), 1.42 (m, 0.2H), 1.19 (m, 0.8H), 1.11 (d, J = 7.1, 2.4H), 1.03 (d, J = 6.7, 0.6H),
0.98 (d, J = 6.6, 2.4H), 0.95 (d,J = 6.7, 0.6H), 0.88, d, J = 6.8, 2.4H), 0.86 (d, J = 6.8, 0.6H) ; *C NMR
(CDCI,, 125 MHz) § 170.6, 170.5, 104.8, 99.2, 86.9, 85.9, 40.0, 38.8, 35.7, 34.1, 33.8, 32.8, 21.4, 21.3, 19.3,
19.1, 18.3, 18.1, 18.1, 12.4; IR (thin film) 2964, 2876, 1746, 1237, 904 cm™; HRMS (EI) m /z caled for
CH,0; (M i-Pr)* 143.0708, found 143.0710.

*, 4R*)-1-Acetoxy—4—isopropyi-Z-methyi-tetrahydrofuran (9). Isolated (boiling range 100-120
:22 mixture of isomers in 88% yield. '"H NMR (CDClg, 500 MHz) 6 6.22 (d, J = 4.5, 0.2H), 5.88 (s,
") L‘l v
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39.7, 374, 34.0, 33. 5 32. 8 32.6,21.4,21.2, 19 , 18.3, 18 2, 18. 0 16 6 13 0 IR (thm ﬁlm) 966,
1740, 1238, 900 cm™; HRMS (EI) m /7 caled for C,H,,0, (M —i-Pr)* 143.0708, found 143.0705.
1-Acetoxy—4,4—diisopropyl-2-methyl-tetrahydrofuran (10). Isolated (boiling range 140-160 °C) as
an 61:39 mixture of isomers in 87% yield. '"H NMR (CDCl,, 500 MHz) 8 6.20 (d, J = 5.4, 0.6H), 5.82 (d, J =
5.9, 0.4H), 2.51 (mm, 0.6H), 2.32 (m, 0.4H), 2.07 (s, 1.2H), 2.04 (s, 1.8H), 1.95 (m, 2.6H), 1.82 (dd, J = 8.8,
12.8, 0.4H), 1.54 (t, J = 12.4, 0.6H), 1.46 (dd, J = 10.3, 134, 0.4H), 1.09 (d, J = 6.9, 1.2H), 0.98 (d, J = 6.7H,
1.8H), 0.92 (m, 10.2H), 0.85 (d, J = 6.8, 1.8H); "3C NMR (CDCl,, 125 MHz, major isomer) & 170.7, 104. 8

93.0, 39.9, 35.2, 33.7, 33.6, 21.4, 17.9, 17.8, 17.3, 16.5, 16.2; IR (thin film) 2965, 2879, 1744, 1237 cm™;

YR Ao

HKIMD (Ll/l‘;obutane) m / z caicd for Lloﬂ 7U; (Nl - I l’l‘) 185.1178, found 185.1181. Anal. Calcd for

C,H,,0,: C,68.38; H, 10.59. Found: C, 68.14; H, 10.64
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mixture of isomers in 87% overall yield. '"H NMR (CDCl,, 500 MHz) 8 6.13 (d, J =4.3,03H),5.90(d, J =
2.3, 0.7H), 2.49 (m, 1H), 2.12 (dd, J = 8.2, 12.5, 0.7H), 2.053 (s, 0.9H), 2,046 (s, 2.1H), 1.90 (dd, J = 12.0,
7.6,0.3H), 1.62 (t, J = 12.3,0.3H), 1.49 (dd, J = 6.1, 12.5, 0.7H), 1. 37 (s, 0.9H), 1.35 (s, 2.1H), 1.34 (s, 2.1H),
7.

1.24 (s, 0.9H), 1.14 (d, J = 7.2, 2.1H), 1.01 (d, J = 6.7, 0.9H); *C NMR (CDCl,, 125 MHz) & 170.7, 170.6,
104.9, 99.9, 84.5, 83.7, 44.7, 43.5, 40.5, 38.2, 30.5, 29.8 (29.809), 29.8 (29.755), 28.6, 21.4, 21.3, 18.1, 12.5;
IR (thin film) 2973, 2936, 1742, 1240 cm™'; HRMS (EI) m / z caled for C;H 50, (M — H)* 171.1021 found
171.1025.

General Procedure for Allylation of y-Lactol Acetates:

A solution of the acetate in CH,Cl, (0.05-0.10 M) was treated with allyltrimethylsilane (4.0 equiv), then
cooled to ~78 °C. SnBr, (1.1 equiv, 1.0 M, CH,Cl,) was added and the reaction mixture was allowed to warm
to 25 °C over 2 h. The reaction mixture was then poured into a separatory funnel containing saturated aqueous
Na,HPO,. The aqueous layer was extracted with two portions of CH,Cl,. The crude mixture was analyzed by
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1S*)-1-Allyl-4-isopropyl-2-methyl-
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("H (‘1 extracts through a fritted funnel containing a 1 cm

3.84 (m, 0.4H), 3.63 (m, 0.6H), 3.47 (m, 1H), 2.34 (m, 1H), 2.25 (m 1H), 2.17 (m, O.4H) 2.05 (m, lH), 1.91
(m, 0.6H), 1.67 (m, 1H), 1.23 (m, 1H), 1.01 (d, J=6.5, 1.8H),0.97 (d, /= 6.7, 1.2H), 0.95 (d, /= 7.0, 1.2H),
0.94 (d, J = 6.7, 1.8H), 0.86 (d, J = 6.8, 1.2H), 0.84 (d, J = 6.8, 1.8H); *C NMR (CDCl, 125 MHz) 3 136.0,
1344, 116.3, 116.1, 84.3, 84.1, 83.7, 80.7, 39.4, 38.7, 38.5, 37.2, 35.8, 35.7, 33.7,33.4, 19.6, 194, 18 4, 17.9,
16.8, 15.2; IR (thin film) 2958, 1461, 911 cm™; HRMS (EI) m / z caled for C,H,,0 (M - H)" 167.1436, found
167.1432. Anal. Calcd for C, H,,O: C, 78.51; H, 11.98. Found: C, 78.67; H, 12.09.
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distilling (boiling range 70-90 °C), in 39% yield. 'H NMR (CDCl,, 500 MHz) § 5.
3.88 (m, 0.3H), 3.76 (dd, J = 7.1, 15.5, 0.3H), 3.62 (dd, J = 7.0, 13.8, 0.7H), 3.40 (r
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1.18 (m, 1.7H), 1.65 (m, 1.3H), 1.50 (m, 0.7H), 0.98 (d, J = 6.6, 2.1H), 0.94 (d, / = 6.8, 0.9H), 0.934 (d, J =
6.7, 2.1H), 0.929 (d, J = 7.2, 0.9H), 0.84 (d, J = 6.8, 2.1H), 0.83 (d, J = 6.8, 0.9H); “C NMR (CDCl,, 125
MHz) & 135.5, 1354, 116.4, 116.2, 85.2, 83.1, 82.2, 80.6, 39.0, 37.7, 37.3, 37.0, 36.0, 35.1, 33.6, 33.2, 19.2,
19.1, 18.3, 17.9, 14.0; IR (thin film) 2958, 1642, 1087, 911 cm™; HRMS (CV/isobutane) m / z calcd for
C,\H,,0 (M — H)" 167.1436, found 167.1432.

1-Allyl4,4-diisopropyi-2-methyi-teirahydrofuran (29). Isolated by flash chromatography (0:100 to
1:99 to 2:98 EtOAc:hexanes) in 78% yield as a clear oil. '"H NMR (CDCl,, 500 MHz) & 5.90 (m, 1H), 5.05 (m,
P7HY ANQ (At JT— 8§ 1 9’7 THY 281 (m 1THY 220(m 1THY 207 (m THY 1QY (e 2HY 1 A1 (34 T —Q 0 129
LB Lfy TS \MLy S oLy 1i3jfy; &.2 1 1L 1 ARL)y dwada\J \11hy RARJs &o\JT \Mldy 111 )y L.04& \1Llly JA1)y L2701 \UU, J - .U,y 1.4y
1H),096(,J=17.1, SH), 0919 (d,J=6.53H),0916 (d,J=6.9,3H),091 (d, /=64, 3H), 090 (d,J=6.7,
3H); "C NMR (CDCl,, 125 MHz) 8 136.8, 115.9, 89.2, 81.5, 37.3, 36.7, 36.1, 34.8, 33.8, 18.7 (18.741), 18.7

(18.719), 18.4, 18.3, 15.6; IR (thin film) 2961, 2877, 1471, 1047 cm™'; HRMS (EI) m / z caled for C,;H,;,O0 (M
- i-Pr)* 167.1436, found 167.1436. Anal. Calcd for C, H,,O: C,79.94; H, 12.46. Found: C, 79.70; H, 12.46.
1-Allyl-2,4,4-trimethyl-tetrahydrofuran (31 & 32). Purified by filtering the CH,Cl, extracts through a
fritted funnel containing 1 cm pad of Na,SO, on a 1 cm pad of silica gel, then distilling (boiling range 40-50
°C) in 88% yield as a clear oil. 'H NMR (CDCl,, 500 MHz) § 5.87 (m, 1H), 5.07 (m, 2H), 3.97 (m, 0.7H), 3.52
(m, 0.3H), 2.38 (m, 1H), 2.21 (m, 1.7H), 2.01 (m 0.3H), 1.95 (m, tH), 1.47 (m, 1H), 1.32 (s, 2.1H), 1.28 (s,

0.9H), 1.21 (s, 3H), 0.98 (d, J = 6.2, 2.1H), 0.97 (d, J = 7.1, 0.9H); *C NMR (CDCl,, 125 MHz) & 135.8,
135.2, 116.5, 116.3, 84.2, 80.1, 79.4, 48.1, 46 5, 38.5, 38.4, 36.3, 35.6, 304, 29.6, 20.3, 28 8, 16,4, 14.7; IR
(thin film) 2968, 2874, 1455, 909 cm™'; HRMS (EI) m / z caled for C,,H,,O0 (M - H)* 153.1279, found
153.1280

General Procedure for Addition of Enol Silanes to Lactol Acetates:

A solution of the acetate (0.5 M, CH,Cl,) was treated with the enol silane (1.2 equiv), then cooled to —78
°C and treated with SnBr, (1.1 equiv, 1.0 M, CH,Cl,). After 10 minutes, the cold reaction mixture was poured

into a separatory funnel containing saturated aqueous NaH,PO, and further diluted with CH,Cl,. The organic
layer was saved and the aqueous layer was extracted twice with CH,Cl,. The combined organic layers are
passed through a funnel containing a cotton plug and a layer of Na,SO, before reducing in vacuo. The product
was then purified by flash chromatography.

Ketones 33 & 34. Flash chromatography (2:98 EtOAc:hexanes yielded the product in 100% yield as a
clear oil. GC Analysis showed that the product ratio had changed from 48:52 to 79:21 during purification 'H

NMR (CDCl,, 500 MHz, major isomer) 8 8.01 (m, 2H), 7.55 (t, J = 7.4, 1H), 7.45 (m, 2H), 4.76 (m, 1H), 3.27
(dd, s =17.7, 14.9, 1H), 2.94 (dd, J = 3.9, 14.9, 1H), 1.97 (m, 3H), 1.82 (m, iH), 1.50 (dd, J = 10.9, 13.1, 1H),
0.99 (d, J = 6.4, 3H), 0.89 (d, J = 6.7, 3H), 0.87 (d, 7 = 6.8, 3H), 0.84 (d,J = 6.9, 3H), 0.83 (d, J = 7.0, 3H);
C NMR (CDCl,, 125 MHz) 8 199.3, 132.9, 132.8, 128.5, 128.4, 88.9, 82.5, 43.5, 40.3, 37.6, 34.4, 33.6, 18.3,
18.1, 17.4, 17.3, 16.2; IR (thin film) 2960, 1686, 1473, 1449, 691 cm™; HRMS (CUiscbutane) m / z caled for
CoH,,0, (M+H)" 289.2167, found 289.2177. Anal. Calcd for C,;H,,0,: C, 79.12; H, 9.28. Found: C, 79.30

H, 9.60.

Aldehyde 35: Flash chromatography (0:100 to 2:98 EtOAc:hexanes) yielded the product in 80% yield as
a clear oil. GC Analysis showed that the product ratio was unchanged during purification. '"H NMR (CDCl,,
500 MHz) & 9.63 (s, 1H), 3.49 (d, J = 10.0, 1H), 2.01 (m, 2H), 1.86 (m, 2H), 1.46 (dd, J = 10.6, 13.1, 1H),
1.11 (s, 3H), 1.10 (s, 3H), 1.01 (d, J = 6.3, 3H), 0.91 (d, J = 6.8, 3H), 0.87 (d, J = 6.8, 3H), 0.86 (d,J = 6.8,
3H), 0.83 (d, J = 6.9, 3H); *C NMR (CDCl,, 125 MHz) & 206.2, 88.8, 87.0, 49.2, 38.6, 35.1, 34.4, 33.8, 19.5,
18.4, 18.2, 17.9, 17.7, 17.6, 17.4; IR (thin film) 2963, 1727, 1473, 1050 cm™'; HRMS (Cl/isobutane) m / z
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caled for C,H,,0, (M—H)* 239.2011, found 239.2008.
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