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Synthesiss of the Left-Hand Fragment of Solanoeclepin A 

2.11 Introductio n 

Thee first goal in the synthetic approach towards solanoeclepin A is the construction of 
aldehydee 1 containing the 7-oxabicyclo[2.2.1]heptane unit (Scheme 2.1). A Diels-Alder 
reactionn between a furan and an olefin is the most obvious and frequently used method to 
synthesizee similar oxabicycles. Theoretically, 3 could be obtained from 2 via an 
intramolecularr Diels-Alder reaction or from 4 and 5 via an intermolecular process. 
Substructuree 1 can be obtained from 3 after the appropriate functional group transformations. 

Schemee 2.1 
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2.22 Strategy 

2.2.11 Intramolecular  Furan Diels-Alder  Reaction 

Numerouss furan Diels-Alder applications are known in the literature.1 The aromatic 

furann moiety appears to be a relatively poor diene, which only reacts with very reactive 

dienophiles.. Many attempts have been made to improve the yields of these cycloadditions 

suchh as the use of Lewis acid catalysis and/or the application of high-pressure.1 

Itt is well-known that bimolecular Diels-Alder reactions of furans (5) with alkenes, 

activatedd by only one electron-withdrawing substituent (4), take place slowly in low yields 

andd produce mixtures of isomers.3 Under very high pressure (15 kbar), such reactions with 

methyll  acrylate type alkenes proceed in moderate yields to give mixtures of the exo- and 

ewcfo-isomerss 6 (eq 2.1).' 4 4 

\\_fjj  ij CH2C12 

xx ^ \ 15 kbar f , . ,
77 + f COjMe ^ 7 T ^ L»0 ]̂ V2-1) 

C02Me e 

RR = H (62%) 
RR = Me (6%) 

Withh methyl crotonate as the dienophile the yield is even much lower. This reduction 

inn yield is attributable to the fact that the (3-methyl group introduces steric hindrance and 

increasess the electron density in the dienophile, thus retarding the rate of the reaction.4 In 

orderr to obtain 3, however, a cycloaddition between furan and methyl 3,3-dimethylacrylate is 

required.. Since the latter is even more sterically hindered as a result of the second (3-methyl 

group,, this reaction wil l most probably fail. 

Thee intramolecular Diels-Alder reaction required for the 7-oxabicyclo[2.2.1]heptane 

fragmentt present in solanoeclepin A is also expected to be very difficul t according to 

literaturee precedent.5 Because cycloaddition can only occur when the substrate adopts a 

conformationn in which the furan and the dienophile are geometrically well disposed for n 

overlapp (7b) (eq 2.2), reactivity in the cycloaddition is heavily dependent on conformational 

factors. . 

o o 
7aa 7b 8 

Substratess in which diene and dienophile are connected via an ester moiety are rather 

unreactive,, because the ester C-O bond prefers the unreactive s-trans conformation (7a). This 

observationn was first made by Oppolzer and coworkers.6 
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Figuree 2.1 

Thee tendency of esters to exist almost exclusively in the s-trcms geometry7 is primarily 

duee to dipole repulsion and is well known (Figure 2.1).8'9 Although the barrier of rotation 

aboutt the CO bond is sufficiently low (< -10 kcal/mol),8 this extra contribution to the 

activationn free energy (AG*) prevents cyclization. A similar conclusion can be drawn with 

respectt to secondary amides.10 

Onn the other hand, the situation is different for tertiary amides where conformers (9a 

andd 9b) are similar in energy. Cycloaddition of 9b, displaying a tertiary amide linked diene 

andd dienophile, gave Diels-Alder product 10 quantitatively (eq 2.3).5 Besides influencing the 

reactivity,, the constraints imposed by the connecting chain also served to limi t the number of 

stereoisomers.. With y-lactams, a single stereoisomer (10) was found as a result of the 

exclusivee exo-mode of cyclization.5 

O O 

O O 
N N 
Me e 

9a a 

O O 

,,Me e 

O O 

6d d 

reflux,, benzene 
, 0 0 N-Me e (2.3) ) 

9b b 
O O 

100 (100%) 

Inn subsequent years, the methodology to prepare azabicyclic compounds via 

intramolecularr Diels-Alder reactions of tertiary amides has been frequently used.1'"'12'13 In 

1981,, a representative example was published by Mukaiyama and Iwasawa in the synthesis of 

(+)-farnesiferoll  C (eq 2.4). 14 

Ph h 
Ph., , 

. 0 0 N--

OHO O 

(2.4) ) 

(+)-farnesiferoll  C 11 1 12 2 

Keyy step in this synthesis was the stereocontrolled intramolecular Diels-Alder reaction 

off  12 to give tricyclic lactam 11 (Scheme 2.2). To achieve an excellent conversion 

Mukaiyamaa cyclized a tertiary amide bearing a large TV-substiruent, which heavily favored the 

conformationn desired for cyclization. The use of an enantiopure amide was even more 

attractivee since it could be used to induce diastereoselectivity. Thus, refluxing of its 
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magnesiumm chelate (13) in toluene afforded 11 as the major isomer with good stereocontrol 

(90:10).14 4 

Schemee 2.2 

toluene e 
»

reflux,, 7 h 

OO HO 
111 (86%) 

Thee stereochemical outcome of the Diels-Alder reaction can be explained by 

consideringg the steric repulsion between the benzene ring and the methylene group adjacent to 

thee furan in the magnesium chelate 13.14 Another advantage of the magnesium chelate was 

thee acceleration of the Diels-Alder reaction by increasing the electron withdrawing effect of 

thee carbonyl group resulting in a more electron poor dienophile. A second significant 

contributionn to a lower AG* was accomplished by moving the diene and the dienophile closer 

togetherr during the magnesium chelation. These important effects were absent when 13 was 

refluxedd in the absence of magnesium. This resulted in the formation of equal amounts of 

bothh diastereomers and a considerably longer reaction time (72 h).14 

HH Ph Ph 

ÖÖ + H 2
H = > H 2 N ^ f 0 H (2.5) 

^^  -O O 

Ann important aspect of the Mukaiyama approach was the diastereoselective outcome 

off  the Diels-Alder reaction. The structural relationship of oxabicycle 11 with the left-hand 

sidee of solanoeclepin A is obvious. The similarity made the application of this particular 

Diels-Alderr strategy to construct the oxabicycle in solanoeclepin A particularly attractive. The 

desiredd enantiomer of Diels-Alder precursor 12 was obtained from the starting materials 

furfural,, 3,3-dimethylacryloyl chloride and (/?)-phenylglycinol (eq 2.5).14 The latter 

compoundd is readily available from (/?)-phenylglycine, which is produced on ton scale for the 

productionn of fj-lactams by DSM. 

14 4 
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2.2.22 Retrosynthesis 

Diels-Alderr product 11 could be a suitable intermediate for the synthesis of aldehydes 
11 and 15 via the hydroxy ester 16. Aldehyde 1 will be available after removal of the THP-
protectivee group followed by oxidation of the liberated primary hydroxyl group. Aldehyde 15, 
inn turn, can be prepared by converting the ester functionality into an aldehyde group followed 
byy Wittig olefination to introduce the vinyl group. The same deprotection and oxidation 
strategyy as used for 1 will eventually lead to the desired aldehyde 15. 

Schemee 2.2 

TBDPSO. . 

*

TBDPSO, , 

TBDPSO O w w 
16 6 

O O Ph h 

CI I HoN N 
OH H 

O O 

Protectedd hydroxy ester 16 should be available from 11 via removal of the N-
substituent,, conversion of the y-X&ctwn. m t o a hydroxy ester analogue and subsequent 
hydroborationn of the double bond. Compound 11 can be obtained from amide 12 using the 
asymmetricc Diels-Alder reaction of Mukaiyama and Iwasawa.14 

2.33 Results and Discussion 

2.3.11 The Asymmetric Intramolecular  Diels-Alder  Reaction 

Althoughh a literature procedure for the synthesis of Diels-Alder precursor 12 was 
available,155 the need for multigram amounts of products required an alternative route (Scheme 
2.3).. The first step was the mole-scale reduction of (ft)-phenylglycine. A convenient literature 
proceduree was available to carry out this transformation safely using two inexpensive 
reagents,, sodium borohydride and sulfuric acid. The combination of these reagents leads to 
thee in situ generation of diborane, which reduces (i?)-phenylglycine (1.4 mol) to (R)-

15 5 
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phenylglycinol.. The crude (/?)-phenylglycinol was then condensed with freshly distilled 

furfurall  followed by reduction of the resulting imine with sodium borohydride in isopropanol 

too give amine 17. 

Schemee 2.3 

Ph h 
,OH H 

NaBH4,, THF then 

H2N^Y Y 
O O 

(K)-2-phenylglycine e 

slowlyy add H2S04
 H2N 

Ph h 

(91%) ) 

1)) TMSC1 (1 equiv), pyridine, THF / ^ / \ 

2)) 3,3-dimethylacryloyl chloride \—O 
thenn 5% HC1, H20 

(87%) ) 

1)) furfural, 
toluene,, reflux 

2)) NaBH4, Z-PrOH <\ 

2)) K2C03, MeOH 

Ph h 
.OH H 

17(91%) ) 

1)) 3,3-dimethylacryloyl 
chloridee (2 equiv) 

Att this point it was not possible to selectively acylate the amine without competing 

acylationn of the hydroxyl group of alcohol 17. Several attempts to perform selective N-

acylationn failed and resulted in mixtures of mono- and di-acylated products. Therefore, in the 

literaturee procedure15 the amine and the alcohol group were both acylated followed by 

hydrolysiss of the ester group to give amide 12. 

Becausee of difficulties to reproduce this protocol on a large scale a new one-pot 

proceduree was developed. In this process the hydroxyl group was first selectively silylated 

leavingg the amine unprotected. The latter was then acylated by adding 3,3-dimethylacryloyl 

chloridee to the reaction mixture. Acidic removal of the silyl ether and column 

chromatographicc purification gave Diels-Alder precursor 12 in excellent overall yield (73%, 3 

steps). . 

Ph h 

,NA^OHl)BuMgCl,Et2O,-60°CC g ^ ™+ f g ^ V T 
2)) toluene, reflux, 16 h > ^ l ( / X \ ( / 

/ ^^ O HO / ^ O HO 

111 (69%) 14 (8%) 

[oc]22
DD -83.6 (c= 1.30, MeOH) 

(2.6) ) 

Ass expected the intramolecular Diels-Alder reaction of 12, applying the Mukaiyama 

protocol,, furnished tricyclic lactam 11 in good yield and excellent diastereoselectivity (90:10) 

onn 50 g scale (eq 2.6). Both diastereomers were readily separated by column chromatography 

andd comparison of the spectroscopic data of 11 with literature data14 confirmed its identity. 

16 6 
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2.3.22 Non-Reductive Removal of the ./V-Substituent and further  Transformation of the 

Lactam m 

Withh the Diels-Alder product 11 in hand, the possibility to introduce the hydroxyl 

groupp on C-2 was investigated. The obvious synthetic route was a hydroboration oxidation 

sequence.. To attain good regioselectivity in this reaction the use of bulky boranes was 

deemedd necessary. Unfortunately, alkene hydroboration17 of Diels-Alder product 11 by 

severall  different reagents, including diborane, dicyclohexylborane and 9-BBN-H, did not 

providee the desired alcohol. In all cases reduction of the lactam carbonyl group was observed. 

Ann alternative method to introduce a hydroxyl group is oxymercuration (eq 2.5). 

Oxymercurationn with mercuric acetate resulted in a 1:1 mixture of the products 18 and 19. 

Becausee of its low regioselectivity this method was not useful either, and thus it was decided 

too hydroxylate the double bond at a later stage of the synthesis in order to achieve a better 

selectivity. . 

OH H 

OHO O 

Phh Hg(OAc)2 N a O H HO. 

THF/H200 NaBH4 

(78%) ) 

Ph h 

OO HO 

Ph h 
(2.5) ) 

OO HO 

11 1 18 8 50:500 19 

Att this point, the 7V-substituent was removed first. Because of the presence of the 

allyli cc oxygen bridge, reductive methods19 were expected to fail so that a new non-reductive 

one-pott procedure had to be developed.20 The first step was the transformation of the 

hydroxyll  group into a good leaving group by treatment with p-toluenesulfonyl chloride 

(Schemee 2.4). 

Schemee 2.4 

©„Ph h 

O O 
244 (90%) 

Somewhatt surprisingly, chloride 22 was found under these conditions. This was 

explainedd by invoking the aziridinium intermediate 21, which was formed after tosylation 

followedd by intramolecular attack of nitrogen.21 Ring opening with chloride present in the 
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reactionn mixture afforded the chloride. DBU-mediated dehydrohalogenation of chloride 22 
gavee enamide 23, which upon hydrolysis yielded lactam 24 (mp 154 °C; [OC]22D +52.4 (c = 
0.82,, CHC13); Figures 2.2 and 2.3) in excellent overall yield on 65 g scale. 

H 33 H 

B.00 7.5 5.55 5.0 

Figuree 2.2 400 MHz 'H NMR spectrum of lactam 24 

ÉHHWHH» » 

0,„ „ 

M«il4«i^»iiirtwwiwi*ff ^ ^ 
2000 190 1500 140 300 20 

Figuree 2.3 100 MHz 13C NMR spectrum of lactam 24 

Thee use of the hindered non-nucleophilic DBU as the base was necessary to achieve a 
goodd yield. The use of a nucleophilic base such as sodium ethoxide did not afford any 
identifiablee products presumably due to nucleophilic attack at the carbonyl group. The same 
observationn was made when Diels-Alder product 11 was treated with methanesulfonyl 
chloridee and triethylamine. 

Duee to the presence of the lactam carbonyl in 24 chemoselective hydroboration of its 
doublee bond was still unsuccessful at this stage. Therefore, lactam 24 was converted into 
18 8 
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hydroxyy ester 28 (Scheme 2.5). It is generally known that A^-nitrosoamides can be converted 

intoo diazo esters under alkaline conditions.23'24 Thus, lactam 24 was nitrosated with sodium 

nitritee in acetic acid in the presence of acetic anhydride. Then, an ethanolic solution of nitroso 

compoundd 25 was made alkaline with ethanolic potassium hydroxide to give intermediate 

esterr 26. Neutralization by using aqueous sodium bicarbonate in the workup produced 

hydroxyy ester 28 attended with the release of nitrogen gas. 

Schemee 2.5 

NaHC03 3 

H,0 0 

NaN02,, AcOH 
i i 

Ac20 0 
N-N N 

O O 
255 (99%) 

-.NL L 
, 0 ' ' 

OEtt H Ö 

27 7 

h h 
KOHH (1 equiv) 

EtOH H 

26 6 

NN O 

OEt t 

O O 

""OHH TBDMSC^ r ^ T ^ O T B D M S 

- O Ett imidazole * ^ x ^ V 0 0 

DMFF / \ Ü 
OO O 

288 (58%) 29 (91%) 

Thee crude hydroxy ester 28 was protected as a silyl ether. After purification 29 was 

obtainedd in a reasonable overall yield (53%) from 24. Because the bottleneck of the reaction 

sequencee was assumed to be the opening of the lactam moiety, several attempts were made to 

improvee the yield. Treatment of 25 with more than 1 equiv of base did not result in a better 

yield.. Modification of the buffered aqueous work-up, such as the use of phosphorus buffer pH 

7.44 as reported in literature15 was also unsuccessful because the quantity of phosphorus buffer 

(ca.. 3 L per 10 g y-lactam) needed for the conversion made the reaction unmanageable. After 

all,, the use of a saturated aqueous sodium bicarbonate solution (ca. 200 mL per 10 g y-lactam) 

wass preferred. 

2.3.33 Hydroboratio n and Completion of the Left-Hand Fragment 

Gratifyingly,, without a lactam carbonyl in the molecule chemoselective 

hydroboration177 of the double bond appeared possible (eq 2.6). The protected hydroxy ester 

299 was subjected to several different boranes (Table 2.1). Hydroboration with diborane 

resultedd in a clean reaction, but the regioselectivity was low. Increasing the steric bulk by 

usingg thexylborane did not lead to the desired selectivity. 

19 9 
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THF F 
OH H 

k ^ ^ / O E tt 2) NaOH, H202 

29 9 
oo o 

300 (76%) 31 (7%) 

Hydroboratingg agent 
diborane e 
thexylborane e 
9-BBN-H H 
dicyclohexylborane e 
disiamylborane e 

Tablee 2.1 
Selectivity y 
50:50 0 
50:50 0 
91:9 9 
95:5 5 
92:8 8 

30:31 1 Yieldd 30 
36% % 
35% % 
56% % 
63% % 
76% % 

Thee use of even more sterically hindered boranes was required. With 9-BBN-H, 

dicyclohexyl-- or disiamylborane, boranes with similar bulkiness, good stereoselectivity was 

observed.. The desired isomer 30 was obtained in good yield after separation of its 

regioisomerr 31 by column chromatography. A disadvantage of the hydroborations with 9-

BBN-HH and dicyclohexylborane was the problematic purification of the products. In both 

cases,, the residual alcohols resulting from the hydroborating agents upon workup and the 

desiredd product had similar Rf values. This greatly hampered purification by column 

chromatography.. This problem did not occur with disiamylborane, which therefore became 

thee hydroborating agent of choice. 

Too finish the synthesis of fragment 1 the secondary hydroxyl group was protected with 

aa large and robust silyl protective group (Scheme 2.6), because this group needed to remain 

intactt until the end of the synthesis. The tert-butyldiphenylsilyl group was chosen and was 

introducedd in excellent yield to give 32. 

Schemee 2.6 

HO, , 
V O f ^ ^ O T B D M SS TBDPSC1 

V / J ^ / O Ett imidazole, CH2C12 

O O 

- D P S O T o Y ^ O T B D M SS HC1(cat). 
K^X^OEiK^X^OEi EtOH 

TBDPSON N 

£>? ? 
O O 

333 (86%) 

TPAP,, NMO 

acetone e 

TBDPSO O 

O O 
322 (92%) 

O O 
11 (87%) 

OEt t 

20 0 
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Deprotectionn of the primary hydroxyl group with a catalytic amount of hydrochloric 

acidd in ethanol gave alcohol 33. Oxidation of 33 to the aldehyde could not be accomplished 

usingg the Swern oxidation due to decomposition of the substrate, presumably via opening of 

thee oxygen bridge at the stage of the oxysulfoxonium intermediate. Other oxidizing agents 

appearedd more successful, such as sulfur trioxide pyridine/DMSO,25 pyridinium 

chlorochromatee and a perruthenate based oxidation.26 The latter was preferred since it gave 1 

inn a high yield. This then completed the synthesis of the left-hand fragment 1 in an overall 

yieldd of 13% (11 steps). 

2.3.44 Introductio n of the Viny l Group 

Ass wil l be explained in the next Chapters it was desired to convert the ester group into 

aa vinyl group in the left-hand fragment at this stage. One way to effect this transformation is 

byy reduction to the alcohol followed by oxidation to the aldehyde and a Wittig olefmation. 

Unfortunately,, treatment of ester 32 with lithium aluminum hydride or diisobutylaluminum 

hydridee (eq 2.7) resulted in cleavage of the primary silyl group. 

TBDPSO^^ / \ ^ - \ T ; A I U TBDPSO» J Y > ^ O T B D M SS L1A1H4 ' B U K b U V ^ > ^ O H 

XYEtt  THF XS 
OO OH 

322 34 (73%) 

(2.7) ) 

Too circumvent this problem the fert-butyldimethylsilyl group was replaced by a 

tetrahydropyranyll  group (Scheme 2.7). The best stage to introduce the tetrahydropyranyl 

groupp is just after transformation of lactam 24 to the hydroxy ester 28 (see: Scheme 2.5). 

Hydroborationn of the tetrahydropyranyl protected hydroxy ester 35 proceeded equally well as 

inn the case of the silyl ether 29 to provide alcohol 36 in 76% yield in a 89:11 regioselectivity 

(withh respect to its regioisomer 37). 

Schemee 2.7 

r ^ > ^ O HH DHP r ^ > ^ O T H P 1) disiamylBH, THF H O V ^ > / ^ O T H P 

xr oE tt  pcS /<Y0Et 2 ) N a o H ' H 2 2 > ^ Y E t 
288 35(91%) 36(76%) +37(8%) 

TBDPSC^^ T B D P S P LiMH4<
 T B D P S O v / ^ 0 T H P 

OO OH 
388 (89%) 39 (95%) 

imidazole e 
DMF F 

21 1 
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Afterr protection of the secondary hydroxyl group as a tert-butyldiphenylsilyl ether it 
wass possible to cleanly reduce ester 38 to primary alcohol 39. Swern oxidation of the primary 
hydroxyll  group in 39 was, similar to the failure to oxidize 33, unsuccessful. However, a 
tetrapropylammoniumm perruthenate26 oxidation gave aldehyde 40 in high yield (Scheme 2.8). 
Subsequentt Wittig olefination afforded 41, which contained the desired vinyl functionality. 

Schemee 2.8 

T B D P S PP TPAP TBDPS V^poTHP Ph^C^DPSO^p^p 

/ 0 ) HH acetone ^ J ^ ^ 

399 40 (88%) 41 (89%) 
OHH O 

HOAc,, THF, H20 TBDPSO,^/--^/1 S03'pyridine, DMSO TBDPSO, 

Et3N,, CH2C12 

422 (96%) 15 (83%) 

Too prepare the required aldehyde the tetrahydropyranyl group was cleaved and alcohol 
422 was oxidized by applying the sulfur trioxide pyridine/DMSO oxidation.25 Aldehyde 15 
containingg the vinyl group was obtained in 14 steps from furfural in 11% overall yield. The 
developedd synthetic sequence was used to synthesize aldehyde 15 in batches of 20 g. 

2.44 Concluding Remarks 

Inn this Chapter, the syntheses of the aldehydes 1 and 15 in enantiopure form have been 
described.. Starting materials were furfural, 3,3-dimethylacryloyl chloride and (R)-
phenylglycine,, which was used as the chiral source (Scheme 2.9). The construction of the 
importantt 7-oxabicyclo[2.2.1]heptane unit was accomplished using the highly efficient 
intramolecularr asymmetric Diels-Alder reaction of furan-substituted a, p-unsaturated amide 
12,, developed by Mukaiyama and Iwasawa.14 Removal of the ./V-substituent followed by 
transformationn of the y-lactam moiety afforded the hydroxy ester. After protection of the 
alcohol,, a highly regioselective hydroboration at C-2 on 29 and 35 was accomplished by 
usingg disiamylborane. Subsequent functional group transformations resulted in the desired 
aldehydess 1 and 15 in 13% and 11% overall yields, respectively. 

22 2 
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Schemee 2.9 

r ""  3 steps 

2 ^ ^ - ^ ^ O Pgg l)disiamylBH,THF 

„OEtt 2)NaOH, H202 

Pgg = TBDMS (29) 
Pgg = THP (35) 

Pgg = TBDMS (31) 
Pgg = THP (36) 

15(11%) ) 

ii11-! -! [a]]  D +19.2 (c = 1.06, CHC13) 
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2.66 Experimental Section 

Generall  information . Al l reactions involving oxygen or moisture sensitive 

compoundss were carried out under a dry nitrogen atmosphere. THF and Et20 were distilled 

fromm sodium and CH2CI2 was distilled from CaH2. DMF and toluene were distilled from 

CaH22 and stored over 4 A molecular sieves. Triethylamine was stored over KOH pellets, 

DMSOO was dried and stored over 4 A molecular sieves. Column chromatography was 

performedd using Acros silica gel (0.030-0.075 mm). Petroleum ether (60/80) used for 

chromatographyy was distilled prior to use. TLC analyses were performed on Merck F-254 

silicaa gel plates. IR spectra were measured as thin films on NaCl plates unless otherwise noted 

usingg a Bruker IFS 28 FT-spectrophotometer and wavelengths (v) are reported in cm"1. 'H 

NMRR spectra were recorded on a Bruker AC 200 (200 MHz), a Bruker ARX 400 (400 MHz) 

andd Varian Inova (500 MHz). The latter machines were also used for 13C NMR spectra (50, 

1000 and 125 MHz respectively). Unless otherwise indicated, CDCI3 was used as the solvent. 

23 3 
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Chemicall  shifts are given in ppm (8) relative to an internal standard of chloroform (7.26 ppm 
forr 'H-NMR and 77.0 for 13C-NMR). Mass spectra and accurate mass determinations were 
performedd on a JEOL JMS SX/SX102A, coupled to a JEOL MS-MP7000 data system. 
Opticall  rotations were recorded on a Perkin-Elmer 241 polarimeter. Elemental analysis were 
performedd by Dornis u. Kolbe Mikroanalytisches Laboratorium, Mülheim an der Ruhr, 
Germany.. Optical rotations were measured with a Perkin-Elmer 241 polarimeter in a 1 dm 
celll  in the indicated solvent. 

Inn the NMR assignment of the products the numbering as shown for solanoeclepin A 
(Figuree 2.4) has been used. This numbering differs from the systematical names and 
numberingg of the corresponding products, which were established using Beilstein AutoNom 
versionn 2.1. 

Figuree 2.4 

?hh (-)-(/?)-2-Phenylglycinol. To a stirred suspension of NaBH» (126 g, 3.33 mol, 
•rr Qi_ | 

H 2 N ^ - // 2.5 equiv) in THF (1.3 L) was added (-)-(fl)-2-phenylglycine (200 g, 1.33 mol). 
Thenn the reaction mixture was cooled to 0 °C and a solution of concentrated H2SO4 (93 mL, 
1.77 mol, 1.3 equiv) was added dropwise at such a rate as to keep the reaction temperature 
beloww 20 °C. The reaction mixture was stirred overnight at rt and MeOH (130 mL) was added 
carefullyy to destroy the excess diborane. The mixture was concentrated to ca. 750 mL and 
NaOHH (1.3 L of a 5 N aqueous solution) was added. After removing the solvent that distilled 
beloww 100 °C, the mixture was refluxed for 3 h. The aqueous mixture was cooled and filtered 
throughh a thin path of Celite®, which was washed with water. The filtrate and the washing 
weree combined and extracted with CH2CI2 (4 x 600 mL). Concentration in vacuo provided 
solidd (K)-2-phenylglycinol (165 g, 1.21 mol, 91%), which could be used crude in the next 
reaction.. [cx]22

D -29.1 (c = 0.96, IN HC1); (lit.28 [a]24
D -31.7 (c = 0.76, IN HC1)); 'H-NMR 

(2000 MHz) 5 7.39-7.22 (5H, m, Ar-H), 4.05 (1H, dd, J= 8.3, 4.4 Hz, CtfPh), 3.74 (1H, dd, J 
== 10.7, 4.4 Hz, Gf/2OH), 3.55 (1H, dd, J= 10.7, 8.3 Hz, Gf/2OH), 2.10 (3H, br s, NH2 + OH). 

::  19 ?h (-)-(2/?)-2-[(Furan-2-ylmethyl)amino]-2-phenylethanol (17). To a 

2<f iTio^ü'~^^ solution of (,fi)-2-phenylglycinol (84 g, 0.61 mol) in toluene (575 mL) 
33 was added furfural (60.9 mL, 0.74 mol, 1.2 equiv) in toluene (150 mL) 

andd the reaction mixture was refluxed under Dean-Stark conditions for 2 h. After evaporation 
off the toluene, the crude imine was dissolved in isopropanol (900 mL) and cooled to 0 °C. 
Thenn NaBH4 (51.2 g, 1.35 mol, 2.2 equiv) was added in portions (4 - 5 g) in 15 min and the 
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reactionn mixture was allowed to warm to rt. The mixture was stirred for 16 h followed by 
acidificationn with HC1 (290 mL of a 5 N aqueous solution, 1.45 mol) and most of the organic 
solventss were evaporated. After neutralization of the aqueous layer with NaOH (5% solution 
inn water), the aqueous layer was extracted with Et20 (3 x 400 mL). The combined organic 
layerss were washed with brine and subsequently dried on Na2S04. Removal of the solvent 
affordedd crude aminol 17 (121 g, 0.56 mol, 91%) as a solid, which was used in the next step 
withoutt purification. Rf=  0.80 (petroleum ether/Et20 (1:5)); mp 52.0-52.5 °C; [a]22

D -99.8 (c 
== 0.88, CHC13); (lit.

15 mp 50.5-51.5 °C; [a]22
D -100 (c = 0.97, CHCI3)); IR 3340 (br), 2925, 

2869,, 1451, 1028; !H NMR (400 MHz) 5 7.40-7.25 (6H, m, H-3 + Ar-H), 6.29 (1H, d, J= 2.0 
Hz,, H-2), 6.12 (1H, d, J = 2.9 Hz, H-l), 3.80 (1H, dd, J= 8.4, 4.3 Hz, CHPh), 3.78 (1H, dd, J 
==  10.7, 4.4 Hz, H-19), 3.71-3.67 (1H, m, CH2OH), 3.62 (1H, dd, J= 11.8, 3.0 Hz, H-19), 3.59 
(1H,, dd, J= 10.8, 8.1 Hz, Ctf2OH), 2.50-2.20 (2H, br s, OH + NH); 13C NMR (100 MHz) 5 
153.44 (C-10), 141.8 (C-3), 140.0, 128.6, 127.6, 127.6, 127.3 (Ar), 110.0 (C-2), 107.0 (C-l), 
66.77 (CH2OH), 63.4 (CHPh), 43.6 (C-19); HRMS (FAB) [M+H+] calcd for Ci3H16N02: 
218.1181,, found: 218.1177. 

Phh (-)-(2i?)-3-Methylbut-2-enoic acid furan-2-ylmethyl-(2-hydroxy-l -
^ ^^  phenylethyl)amide (12). To a solution of crude aminol 17 (116 g, 534 
00 mmol) in THF (800 mL) was added chlorotrimethylsilane (74.9 mL, 867 

mmol,, 1.6 equiv) and pyridine (47.5 mL, 587 mmol, 1.1 equiv). The 
reactionn mixture was stirred for 1 h. To the reaction mixture was added pyridine (95.0 mL, 
1.177 mol, 2 equiv) followed by 3,3-dimethylacryloyl chloride (74.4 mL, 668 mmol, 1.3 equiv) 
andd stirring was continued for 16 h. The mixture was cooled to 0 °C and acidified to pH = 2 
withh HC1 (1 N aqueous solution) and extracted with Et20 (3 x 400 mL). The combined 
organicc layers were washed with saturated aqueous NaHC03 (2 x 400 mL) followed by brine. 
Evaporationn of the solvent and column chromatography (petroleum ether/Et20 (1:5)) afforded 
amidee 12 (139 g, 464 mmol, 87%, 2 steps) as a yellow oil. R/= 0.21 (petroleum ether/Et20 
(1:5));; [OC]22D -89.1 (c = 1.03, CHCI3); (lit.15 [<x]22D -88.5 (c = 0.853, CHCI3)); IR 3383 (br), 
3030,, 2935, 1608, 1452; 'H NMR (400 MHz, 360 K, toluene-fik) 5 7.14-6.95 (6H, m, H-3 + 
Ar-H),, 5.97 (2H, m, H-l + H-2), 5.89 (1H, s, H-5), 5.35 (1H, m, CHPh), 4.36 (1H, d, J= 16.7 
Hz,, C//2OH), 4.07 (1H, d, J= 16.6 Hz, CH2OH), 3.99-3.87 (2H, m, H-19), 1.93 (3H, s, CH3), 
1.577 (3H, s, CH3); HRMS (EI) calcd for C18H2iN03: 299.1521, found: 299.1526. 

22 J<gX. Ph (-)-(l^,55',75)-3-[(ll?)-2-Hydroxy-l-phenylethyl]-6,6-dimethyl-10-oxa-3-

33 <°^Q, N ^ \ azatricyclo[5.2.1.01,5]dec-8-en-4-one (11). A solution of alcohol 12 (45.5 g, 
/*^/*^  OHO 152 mmol) in Et20 (850 mL) was cooled to-60 °C. To the reaction mixture 

wass added freshly prepared n-butylmagnesium chloride (176 mL of a 0.95 M solution in 
Et20,, 167 mol, 1.1 equiv). After 45 min the cooling bath was removed and the yellow 
suspensionn was allowed to warm to rt. Then the solvent Et20 was replaced by toluene by 
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distillingg off the Et2Ü while toluene was continuously added (650 mL). After all the Et20 had 
beenn removed (approximately 2 h), the clear solution was refluxed for 16 h. After cooling to 
rt,, HC1 (650 mL of a 5% aqueous solution, 0.86 mol) was added and the layers were 
separated.. The aqueous layer was extracted with CH2CI2 (3 x 500 mL). The combined organic 
layerss were washed with saturated aqueous NaHC03 followed by brine and subsequently 
driedd on Na2SC>4. The solvent was removed in vacuo. Recrystallization (CH2Cl2/petroleum 
ether)) afforded Diels-Alder product 11 (19.8 g, 66.2 mmol, 44%) as a yellow crystalline solid. 
Too collect an extra portion of the Diels-Alder product, the mother liquor was concentrated and 
purifiedd by column chromatography (EtOAc) (11.6 g, 38.8 mmol, 25%) (and its isomer 14 
(3.66 g, 12,1 mmol, 8%)). (Combined yield of 11: 31.4 g, 104 mmol, 69%). Rr\\ = 0.13 
(EtOAc);; mp 154.1 °C; [a]22

D -83.6 (c = 1.30, MeOH); (lit.14 mp 155.5-156.5 °C; [a]25
D -85.1 

(c(c = 6.61, MeOH); IR (KBr) 3469 (br), 2960, 1676, 1355, 1060; 'H NMR (400 MHz) 5 7.36-
7.288 (2H, m, Ar-H), 7.27-7.23 (3H, m, Ar-H), 6.45-6.41 (2H, m, H-l + H-2), 5.19 (1H, dd, J 
==  8.8, 4.2 Hz, CHPh), 4.40 (1H, d, J= 1.2 Hz, H-3), 4.17 (1H, dd, J = 11.9, 4.3 Hz, C7/2OH), 
4.066 (1H, dd, J= 11.9, 8.8 Hz, C#2OH), 3.88 (1H, dd, J= 11.7 Hz, H-19), 3.48 (1H, dd, J = 
11.77 Hz, H-19), 2.77 (1H, br s, OH), 2.17 (1H,, s, H-5), 1.42 (3H, s, CH3), 1.04 (3H, s, CH3); 
13CC NMR (50 MHz) 8 174.3 (C-6), 136.7 (Ar), 136.2 (C-2), 134.0 (C-l), 128.8, 127.6, 126.8 
(Ar),, 90.2 (C-10), 88.1 (C-3), 62.6 (CH20H), 57.6 (C-5), 57.3 (CHPh), 46.7 (C-19), 41.9 (C-
4),, 25.4 (CH3), 25.3 (CH3); HRMS (FAB) [M+H+] calcd for Ci8H22N03: 300.1600, found: 
300.1608. . 
22 J^°A. Ph (-)-(l^,5J?,7/f)-3-[(l*)-2-Hydroxy-l-phenylethyl]-6,6-dimethyl-10-oxa-3-

3l<Sl""6<N^)) azatricyclo[5.2.1.01,5]dec-8-en-4-one (14). RrU = 0.11 (petroleum ether/ 
oo HO Et20 (1:5)); mp 165.2 °C; [a]22

D -125.6 (c = 1.01, MeOH); (lit.14 mp 164.5-
165.00 °C; [a]23

D -130.2 (c = 6.65, MeOH)); IR (KBr) 3536 (br), 2966, 2897, 1656, 1462, 
1080;; 'H NMR (400 MHz) 8 7.36-7.26 (5H, m, Ar-H), 6.41 (1H, dd, J= 5.8, 1.4 Hz, H-2), 
6.355 (1H, d, J= 5.8 Hz, H-l), 5.08 (1H, dd, J = 8.4, 4.9 Hz, CHPh), 4.38 (1H, d, J= 1.2 Hz, 
H-3),, 4.14 (1H, dd, / = 11.7, 8.7 Hz, CfyOH), 4.00 (1H, dd, J = 11.8, 4.8 Hz, Ci^OH), 3.56 
(2H,, d, J = 11.8, H-19), 3.26 (1H, br s, OH), 2.09 (1H, s, H-5), 1.43 (3H, s, CH3), 1.02 (3H, s, 
CHCH33););

 13C NMR (50 MHz) 8 173.7 (C-6), 136.5 (Ar), 136.1 (C-2), 133.7 (C-l), 128.7, 127.8, 
127.66 (Ar), 90.0 (C-10), 87.9 (C-3), 61.7 (CH2OH), 58.4 (C-5), 57.1 (CHPh), 47.1 (C-19), 
41.88 (C-4), 26.2 (CH3), 25.2 (CH3); HRMS (FAB) [M+H+] calcd for d8H22N03: 300.1600, 
found:: 300.1609. 

J99 Ph (LR,55,7JÏ,8JR)-8-Hydroxy-3-[(lR)-2-hydroxy-l-phenyletliyl]-6,6-di-

33 k ° ^ ( N ~ \ methyl-10-oxa-3-azatricyclo[5.2.1.01,5]decan-4-one (18). Diels-Alder 
' ^^ OHO product 11 (202 mg, 0.68 mmol) and mercuric acetate (216 mg, 0.68 

mmol,, 1 equiv) were dissolved in THF (1 mL) and water (1 mL). The colorless reaction 
mixturee was stirred for 16 h at rt. To the yellow mixture was added NaOH (1.0 mL of a 3 N 
aqueouss solution) followed by NaBH4 (51 mg, 1.3 mmol, 2 equiv). The gray solution was 
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saturatedd with NaCl, extracted with THF ( 3 x 5 mL) and dried on Na2SC>4. Evaporation 
affordedd diol 18 and its regioisomer 19 as a 50:50 mixture (168 mg, 0.53 mmol, 78%); 'H 
NMRR (400 MHz) 8 7.37-7.20 (5H, m, Ar-H), 5.15 (1H, m, CM>h), 4.15-3.87 (4H, m, H-2 + 
H-33 + CftOH), 3.67 (1H, A,J= 10.2 Hz, H-19), 3.34 (1H, d, J = 10.2, H-19), 2.43 (1H, dd, J 
==  13.2, 6.5 Hz, H-l), 2.35-2.15 (1H, br s, OH), 2.14 (1H, s, H-5), 1.56 (1H, m, H-l), 1.23 
(3H,, s,CH3), 1.12(3H,s,C//5). 

OHH (lJ?,5S,7S,95)-9-Hydroxy-3-[(l/?)-2-hydroxy-l-phenylethyl]-6,6-di-
2 > ^ AA / h methyl-lO-oxaO-azatricycloIS^.l.O^ldecan^-one (19). 'H NMR (400 
3 s £ r Y )) MHZ) 8 7.35-7.19 (5H, m, Ar-H), 5.13 (1H, m, CHPh), 4.15-3.99 (4H, m, H-

0 H 00 19 + C/fcOH), 3.95-3.92 (2H, H-l + H-3), 2.45-2.41 (1H, m, H-2), 2.13 
(1H,, s, H-5), 1.54 (1H, m, H-2), 1.26 (3H, s, CH3), 1.13 (3H, s, CH3). 

^X^X Ph (l«,55,75)-3-[(lff)-2-Chloro-l-phenylethyl]-6,6-dimethyl-10-oxa-3-aza-
tricyclo[5.2.1.01,5]dec-8-en-4-onee (22). To a solution of Diels-Alder 
productt 11 (61.4 g, 0.21 mol) in CH2C12 (400 mL) was added p-

toluenesulfonyll chloride (77.8 g, 0.41 mol, 2 equiv) followed by pyridine (42 mL, 0.52 mol, 
2.55 equiv). The brown solution was stirred at rt for 16 h (sometimes the reaction needed to be 
heatedd at 50 °C for 3 h, to drive it to completion). Then water was added (500 mL) and the 
aqueouss layer was extracted with CH2CI2 (3 x 500 mL). The combined organic layers were 
washedd with brine and subsequently dried on Na2S04. Evaporation of the solvent gave 
chloridee 22 as a brown oil, which was used crude in the next reaction. R/= 0.55 (EtOAc); *H 
NMRR (400 MHz) 8 7.41-7.37 (2H, m, Ar-H), 7.35-7.27 (3H, m, Ar-H), 6.46 (2H, m, H-l + H-
2),, 5.56 (1H, dd, J= 10.0, 4.8 Hz, CHPh), 4.41 (1H, d, J= 1.2 Hz, H-3), 4.10 (1H, dd, J = 
11.8,, 4.9, CH2C\), 3.95 (1H, dd, J= 11.7, 10.0 Hz, CH2C\), 3.90 (1H, d, J= 11.3 Hz, H-19), 
3.511 ( lH,d , J= 11.3 Hz, H-19), 2.18 (lH,s, H-5), 1.42 (3H, s, CH3), 1.05 (3H, s, CH3). 

J?J? (+)-(l/f,55,75)-6,6-Dimethyl-10-oxa-3-azatricyclo[5.2.1.0''5]dec-8-en-4-one 
mm (24). To a solution of chloride 22 (65.9 g, 0.21 mol) in acetonitrile (225 mL) 

/ 4XX b was added DBU (64 mL, 0.42 mol, 2 equiv) and the dark reaction mixture was 
stirredd at rt for 16 h. Then the reaction mixture was poured in water (200 mL) and after 
separationn of the organic layer the water layer was extracted with CH2C12 (2 x 300 mL). The 
combinedd organic layers were washed with brine and dried on Na2SC>4 and the solvent was 
removedd in vacuo. The dark crude product was dissolved in CH2C12 (100 mL) and HC1 (160 
mLL of a 5 N aqueous solution) was added to hydrolyze the enamine. After 30 min of vigorous 
stirringg the layers were separated and the aqueous layer was extracted with chloroform (4 x 
2000 mL). The combined organic layers were washed with brine and subsequently dried on 
Na2SC>44 and the solvent was removed in vacuo. Column chromatography (EtOAc/MeOH 
(19:1))) afforded lactam 24 (33.8 g, 0.19 mol, 90%) as a light yellow solid. Rf = 0.31 
(EtOAc/MeOHH (19:1)); mp 154.2 °C; [oc]22

D +52.4 (c = 0.82, CHCI3); IR 3288 (br), 2959, 
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1698,, 1666, 1356, 1070; *H NMR (400 MHz) 8 6.47-6.44 (2H, m, H-l + H-2), 6.43 (1H, br s, 
NH),, 4.39 (1H, d, J = 1.2 Hz, H-3), 3.82 (1H, d, J= 11.6 Hz, H-19), 3.62 (1H, d,J= 11.5 Hz, 
H-19),, 2.16 (1H, s, H-5), 1.41 (3H, s, CH3), 1.02 (3H, s, CH3);

 13C NMR (50 MHz) 5 176.3 
(C-6),, 136.2 (C-2), 134.1 (C-l), 93.1 (C-10), 88.2 (C-3), 55.7 (C-5), 44.6 (C-19), 41.6 (C-4), 
26.44 (CH3), 25.1 (CH3); HRMS (EI) calcd for Ci0Hi3NO2: 179.0946, found: 179.0942; Anal, 
calcdd for Ci0Hi3NO2: C 67.02, H 7.31, N 7.82, Found: C 66.85, H 7.27, N 7.76. 

(l£,55,,75>-6,6-Dimethyl-3-iiitroso-10-oxa-3-azatricyclo[5.2.1.01'5]dec-8--
3 < > U ^^ " en-4-one (25). To a solution of lactam 24 (10.0 g, 55.8 mmol) in HOAc (78 

mL)) and acetic anhydride (225 mL) was added sodium nitrite (11.5 g, 167 
mmol,, 3 equiv). The reaction mixture turned yellow immediately and a brown gas escaped. 
Afterr stirring at rt for 30 min, the solvents were evaporated and the remaining solid was 
dissolvedd in EtOAc (200 mL) followed by washing with saturated aqueous NaHC03 (4 x 250 
mL).. The organic layer was dried on Na2S04 and concentrated in vacuo. To remove residual 
aceticc acid from the crude product, the reaction mixture was concentrated after the addition of 
toluenee and JV-nitroso lactam 25 was obtained (11.5 g, 55.3 mmol, 99%). Rf= 0.31 (petroleum 
ether/EtOAcc (3:7)). 'H NMR (400 MHz) 5 6.55 (1H, dd, J= 5.8, 1.7 Hz, H-2), 6.45 (1H, d, J 
== 5.8 Hz, H-l), 4.49 (1H, d, J= 1.6 Hz, H-3), 4.16 (1H, d, J= 14.3 Hz, H-19), 3.86 (1H, d, J 
==  14.3 Hz, H-19), 2.40 (1H, s, H-5), 1.50 (3H, s, CH3), 1.13 (3H, s, CH3). 

2 ^ M ^ O HH (l/?,25',45)-l-Hydroxymethyl-3,3-dimethyl-7-oxabicyclo[2.2.1]hept-5-ene-
33 <^>^OEt 2-carboxylic acid ethyl ester  (28). A solution of 7V-nitroso lactam 25 (11.5 g, 

oo 55.3 mmol) in EtOH (250 mL) was cooled to -20 °C. To this ethanolic solution 
wass added potassium ethoxide (67 mL of a 5% potassium hydroxide solution in ethanol, 59.3 
mmol,, 1.05 equiv). The resulting dark brown reaction mixture was stirred for 20 min at -20 
°CC and then poured into saturated aqueous NaHC03 (200 mL) at 0 °C. The aqueous layer was 
extractedd with EtOAc (3 x 250 mL) and the organic layers were washed with brine and 
subsequentlyy dried on Na2SC>4. Evaporation of the solvent afforded hydroxy ester 28 (7.2 g, 
322 mmol, 58%) as a brown oil, which was protected in the next step without purification. IR 
3453,2977,2873,, 1736, 1179, 1160, 1023; 'H NMR (400 MHz) 8 6.49 (1H, dd, J = 5.7, 1.8 
Hz,, H-2), 6.38 (1H, d, J = 5.7 Hz, H-l), 4.39 (1H, d, J= 1.7 Hz, H-3), 4.35 (1H, d, J= 11.5 
Hz,, H-19), 4.21-4.11 (2H, m, OCtf2CH3), 4.03 (1H, d, J= 11.5 Hz, H-19), 2.30 (1H, br s, 
OH),, 2.22 (1H, s, H-5), 1.27 (3H, t, J= 7.1 Hz, OCU2CH3), 1.17 (3H, s, CH3), 1.06 (3H, s, 
CHCH33););

 13C NMR (50 MHz, C6D6) 8 172.9 (C-6), 138.4 (C-2), 136.2, (C-l), 93.1 (C-10), 87.7 
(C-3),, 61.8 (C-19), 60.8 (OCH2CH3), 56.5 (C-5), 45.6 (C-4), 26.9 (CH3), 25.8 (CH3), 15.1 
(OCH2CH3);; HRMS (FAB) [M+H"] calcd for Ci2Hi904: 227.1283, found: 227.1288. 
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11 „ 19 (+)-(l^,25,45>-l-(tórt-Butyldimethylsilanyloxymethyl)-3,3-dimethyl-7-
oxabicyclo[2.2.1]hept-5-ene-2-carboxylicc acid ethyl ester  (29). Hydroxy 
esterr 28 (468 mg, 2.12 mmol) was dissolved in CH2CI2 (5 mL). To this 
solutionn was added TBDMSC1 (477 mg, 3.16 mmol, 1.5 equiv) and 

imidazolee (288 mg, 4.2 mmol, 2.0 equiv). The reaction mixture was stirred for 16 h and 
pouredd in water (15 mL). After separation of the organic layer, the water layer was extracted 
withh CH2CI2 (2 x 15 mL). Evaporation of the solvent and purification by column 
chromatographyy (petroleum ether/Et20 (9:1)) afforded protected alcohol 29 (646 mg, 1.93 
mmol,, 91%) as colorless oil. Rf=  0.46 (petroleum ether/Et20 (2:1)); [a]2l

D +19.4 (c = 1.08, 
CHCI3);; 'H NMR (400 MHz) 8 6.44-6.41 (2H, m, H-l + H-2), 4.33 (1H, d, J= 1.4 Hz, H-3), 
4.300 (1H, d, J= 9.8 Hz, H-19), 4.19-4.07 (2H, m, OCH2CH3), 3.97 (1H, d, J= 9.8 Hz, H-19), 
2.211 (1H, s, H-5), 1.26 (3H, t,J= 7.1 Hz, OCH2CH3), 1.14 (3H, s, CH3), 1.04 (3H, s, CH3), 
0.888 (9H, s, C(CH3)3), 0.06 (3H, s, SiCH3), 0.04 (3H, s, SiCH3);

 13C NMR (100 MHz) 5 172.0 
(C-6),, 137.3, 135.2 (C-l + C-2), 91.1 (C-10), 86.9 (C-3), 61.1 (C-19), 59.8 (OCH2CH3), 54.7 
(C-5),, 44.2 (C-4), 26.4 (CH3), 25.7 (C(CH3)3), 25.0 (CH3), 18.0 (C(CH3)3), 14.3 (OCH2CH3), 
-5.55 (SiCH3), -5.7 (SiCH3). 

(+)-(ll?,25,4JR,55)-l-(tert-Butyldimethylsilanyloxymethyl)-5--
hydroxy-3,3-dimethyl-7-oxabicyclo[2.2.1]heptane-2-carboxylicc acid 
ethyll  ester  (30). A solution of 2-methyl-2-butene (2.0 mL of a 2.0 M 
solutionn in THF, 4 mmol, 2 equiv) was cooled to 0 °C. To this solution 

wass added dropwise borane-methyl sulfide complex (2.0 mL, 2.0 mmol). The reaction 
mixturee was allowed to warm to rt and stirring was continued for 4 h resulting in a 1.0 M 
solutionn of disiamylborane in THF. 

AA solution of olefin 29 (96 mg, 0.29 mmol) in THF (1.0 mL) was cooled to 0 °C. To 
thiss solution was added disiamylborane (0.6 mL of a 1.0 M solution in THF, 0.6 mmol, 2.0 
equiv).. The colorless reaction mixture was stirred at 0 °C for 3 h. Then NaOH (1.0 mL of a 
2.00 N solution, 2.0 mmol, 6.8 equiv) was carefully added followed by H2O2 (2.0 mL of a 35 
wt.%% solution in water, 20 mmol, excess) and stirring was continued at rt for 2 h. NH4CI (5 
mL)) was added and the aqueous layer was extracted with EtOAc (3x15 mL). The combined 
organicc layers were washed with brine and subsequently dried on Na2SC>4 and the solvent was 
removedd in vacuo. Column chromatography (petroleum ether/Et20 (1:3)) afforded alcohol 30 
(799 mg, 0.22 mmol, 76%) as a colorless oil (and its other regioisomer 31 (7.5 mg, 0.02 mmol, 
7%)) as a colorless oil). ^ 3 0 = 0.18 (petroleum ether/EtOAc (6:4)); [a]20

D +14.3 (c = 1.12, 
CHC13);; IR 3383 (br), 2926, 2851, 1740, 1110; 'H NMR (400 MHz) 6 4.29 (1H, dd, J= 6.7, 
1.55 Hz, H-2), 4.22 (1H, dd, J= 9.8 Hz, H-19), 4.12-4.07 (2H, m, OC//2CH3), 3.94 (1H, d , / = 
9.88 Hz, H-19), 3.82 (1H, d, J= 1.5 Hz, H-3), 2.30 (1H, s, H-5), 2.13 (1H, dd,J= 13.8, 6.8 Hz, 
H-l),, 1.95-1.72 (1H, br s, OH), 1.62 (1H, d, J = 13.8 Hz, H-l), 1.24 (3H, t, J = 7.1 Hz, 
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OCH2C//5),, 1.18 (3H, s, CH3), 10.4 (3H, s, CH3), 0.86 (9H, s, C(CH3)3), 0.05 (SiCH3), 0.02 
(SiCH3). . 

OHH (+)-(l/?,2S;4£,6tf)-l-(fórf-Butyldimethylsilanyloxymethyl)-6-hydroxy-
OTBDMSS 3,3-dimethyl-7-oxabicyclo[2.2.1]heptane-2-carboxylic acid ethyl ester 
O BB (31). Rr3l = 0.43 (petroleum ether/EtOAc (6:4)); [a]22

D +17.3 (c = 1.21, 
CHC13);; 'H NMR (400 MHz) 5 4.40 (1H, dd, J= 9.6 Hz, H-19), 4.15-3.99 

(3H,, m, H-19 + OC/f2CH3), 3.96-3.94 (2H, m, H-l + H-3), 2.45-2.41 (1H, m, H-2), 2.29-2.21 
(1H,, br s, OH), 2.12 (1H, s, H-5), 1.55-1.45 (1H, m, H-2), 1.26 (3H, t, J= 7.2 Hz, OCH2Ctf3), 
1.122 (3H, s, CH3), 1.01 (3H, s, CH3), 0.87 (9H, s, C(C#03), 0.06 (3H, s, SiCH3), 0.03 (3H, s, 
SiCHSiCH33). ). 

11 19 (+)-(l/?,25,4J?,55)-l-(tórt-Butyldimethylsilanyloxymethyl)-5-(tórt-
butyldiphenylsilanyloxy)-3,3-dimethyl-7-oxabicyclo[2.2.1]--
heptane-2-carboxylicc acid ethyl ester  (32). To a solution of alcohol 
300 (585 mg, 1.63 mmol) in CH2C12 (25 mL) was added TBDPSC1 

(6366 uL, 2.44 mmol, 1.5 equiv) and imidazole (222 mg, 3.26 mmol, 2.0 equiv). The mixture 
wass stirred at rt for 16 h. Then the reaction mixture was poured in water (25 mL) and the 
organicc layer was separated. The aqueous layer was extracted with CH2C12 (2 x 25 mL). The 
combinedd organic layers were washed with brine and subsequently dried on Na2SC>4 and the 
solventt was removed in vacuo. Column chromatography (petroleum ether/EtOAc (9:1)) 
affordedd protected alcohol 32 (831 mg, 1.50 mmol, 92%) as a colorless oil. Rf = 0.73 
(petroleumm ether/Et20 (1:1)); [a]20

D +11.0 (c = 1.31, CHCI3); IR 3018, 2958, 2858, 1740, 
1111;; 'H NMR (400 MHz) 8 7.68 (2H, d, J= 7.9 Hz, Ar-H), 7.64 (2H, d, 7.9 Hz, Ar-H), 7.44-
7.355 (6H, m, Ar-H), 4.34 (1H, dd, J= 6.9,2.4 Hz, H-2), 4.26 (1H, d, J= 9.7 Hz, H-19), 4.11-
3.999 (2H, m, OCH2CH3), 3.95 (1H, d ,J = 9.7 Hz, H-19), 3.62 (1H, s, H-3), 2.11 (1H, s, H-5), 
1.988 (1H, dd,J= 12.8, 7.0 Hz, H-l), 1.77 (1H, dd, J = 12.8, 1.9 Hz, H-l), 1.20 (3H, t,J= 7.1 
Hz,, OCH2C//5), 1.06 (9H, s, C(CH3)3), 0.86 (9H, s, C(C//j)3), 0.84 (3H, s, CH3), 0.72 (3H, s, 
CHCH33),), 0.05 (3H, s, SiCH3), 0.02 (3H, s, SiCH3);

 13C NMR (100 MHz) 5 170.9 (C-6), 135.8, 
135.7,, 134.1, 133.9, 129.7, 129.6, 127.6 (Ar), 91.8 (C-3), 88.1 (C-10), 71.9 (C-2), 63.4 (C-
19),, 59.6 (OCH2CH3), 59.0 (C-5), 47.0 (C-l), 42.9 (C-4), 26.9 (C(CH3)3), 25.7 (C(CH3)3), 
25.11 (CH3), 24.6 (CH3), 19.1 (C(CH3)3), 18.1 (C(CH3)3), 14.3 (OCH2CH3), -5.5 (SiCH3), -5.6 
(SiCH3);; HRMS (FAB) [M+H+] calcd forC34H5305Si2: 597.3432, found: 597.3437. 

11 19 (+)-(l.R,2£,4.R,5S>5-(ter^Butyldiphenylsilanyloxy)-l-hydroxy-
methyl-3,3-dimethyl-7-oxabicycloo [2.2.1] heptane-2-carboxylic acid 
ethyll  ester  (33). Protected alcohol 32 (831 mg, 1.5 mmol) was 
dissolvedd in a mixture of EtOH (25 mL) and concentrated HC1 (250 

uL).. After 60 min, saturated aqueous NaHC03 (50 mL) was added to quench the reaction. 
Thee aqueous layer was extracted with CH2C12 (3 x 75 mL). The combined organic layers were 
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washedd with brine and subsequently dried on Na2SC>4. Evaporation of the solvents and 
columnn chromatography (petroleum ether/Et20 (1:1)) afforded alcohol 33 (622 mg, 1.3 mmol, 
86%)) as a colorless oil. Rf = 0.22 (petroleum ether/Et20 (1:1)); [cx]20

D +14.5 (c = 0.91, 
CHC13);; IR 3469 (br), 3070, 2958, 2857, 1738, 1110, 1068; 'H NMR (400 MHz) 6 7.68 (2H, 
d,, J= 8.0 Hz, Ar-H), 7.63 (2H, d, J= 8.0 Hz, Ar-H), 7.45-7.36 (6H, m, Ar-H), 4.37 (1H, dd, J 
== 6.6, 2.8 Hz, H-2), 4.20 (1H, d, J= 11.8 Hz, H-19), 4.12-4.02 (2H, m, OCtf2CH3), 3.94 (1H, 
d,, J= 11.8 Hz, H-19), 3.67 (1H, s, H-3), 2.23 (1H, br s, OH), 2.12 (1H, s, H-5), 1.91 (1H, dd, 
JJ = 12.8, 2.7 Hz, H-l), 1.85 (1H, dd, J = 12.7, 6.6 Hz, H-l), 1.21 (3H, t, J = 7.1 Hz, 
OCH2C//j),, 1.06 (9H, s, C(C//j)3), 0.88 (3H, s, CH3), 0.75 (3H, s, CH3);

 13C NMR (100 MHz) 
55 171.6 (C-6), 135.8, 135.7, 134.0, 133.8, 129.8, 129.7, 127.7 (Ar), 91.7 (C-3), 88.0 (C-10), 

72.11 (C-2), 62.5 (C-5), 60.2 (C-19), 59.6 (OCH2CH3), 46.0 (C-l), 43.8 (C-4), 26.8 (C(CH3)3), 
24.88 (CH3), 24.3 (CH3), 19.0 (OCH2CH3), 14.3 (C(CH3)3); HRMS (FAB) [M+Na+] calcd for 
C28H38Na05Si:: 505.2386, found: 505.2372. 

oo (+)-(lJR,21S
,,4/?,55)-5-(tert-Butyldiphenylsilanyloxy)-l-formyl-3,3-

HH dimethyl-7-oxabicyclo[2.2.1]heptane-2-carboxylic acid ethyl ester 
OEtt (1). To a solution of alcohol 33 (1.25 g, 2.59 mmol) in acetone (4 mL) 

oo was added NMO (465 mg, 3.97 mmol, 1.5 equiv) and TPAP (36 mg, 
0.100 mmol, 4 mol%). The dark mixture was stirred for 90 min and the reaction mixture was 
filteredfiltered over a thin pad of silica followed by exhaustive rinsing with EtOAc. After 
evaporation,, crude aldehyde 1 (1.08 g, 2.25 mmol, 87%) was obtained as a colorless oil and 
usedd crude in the next reaction. R/= 0.35 (petroleum ether/EtOAc (8:2)); [a] D +25.6 (c = 
2.10,, CHC13); IR 3071, 2931, 2856, 1732, 1107; !H NMR (400 MHz) 5 10.13 (1H, s, H-19), 
7.699 (2H, d, J = 7.8 Hz, Ar-H), 7.62 (2H, d, J= 7.8 Hz, Ar-H), 7.47-7.36 (6H, m, Ar-H), 4.38 
(1H,, dd, J= 6.7, 2.4 Hz, H-2), 4.09-4.03 (2H, m, OC//2CH3), 3.77 (1H, s, H-3), 2.45 (1H, s, 
H-5),, 2.03 (1H, dd,J= 12.9, 6.7 Hz, H-l), 1.78 (1H, dd, J= 12.9, 1.9 Hz, H-l), 1.20 (3H,t, J 
==  7.1 Hz, OCH2C//i), 1.07 (9H, s, C(CH3)3), 0.92 (3H, s, C//3), 0.76 (3H, s, CH3);

 13C NMR 
(1000 MHz) 5 200.1 (C-19), 170.7 (C-6), 135.8, 135.6, 134.8, 133.8, 133.4, 129.9, 129.8, 
129.6,, 127.8, 127.7 (Ar), 91.8 (C-3), 90.6 (C-10), 70.9 (C-2), 62.2 (C-5), 60.8 (OCH2CH3), 

44.22 (C-l), 43.4 (C-4), 26.8 (C(CH3)3), 24.5 (CH3), 24.1 (CH3), 19.0 (C(CH3)3, 14.2 
(OCH2CH3);; HRMS (FAB) [M+H+] calcd for C28H3705Si: 481.2410, found: 481.2372. 

[(l/f,27?,4/?,55)-5-(fcrt-Butyldiphenylsilanyloxy)-l-hydroxymethyl--
3,3-dimethyl-7-oxabicyclo[2.2.1]hept-2-yl]methanoll  (34). A solution 
off 32 (145 mg, 0.24 mmol) in THF (4.0 mL) was cooled to -78 °C. To 

thiss solution was added lithium aluminum hydride (0.4 mL of a 1.0 M solution in THF, 0.40 
mmol,, 1.7 equiv). The reaction mixture was allowed to warm up to rt and stirred for 2 h. The 
mixturee was quenched by adding EtOAc followed by saturated aqueous Na2SC>4 (0.2 mL) and 
wass dried on Na2SÜ4. Filtration and evaporation of the solvent gave diol 34 (77.0 mg, 0.18 

3! ! 



ChapterChapter 2 

mmol,, 73%) as a colorless oil. IR 3361 (br), 3069, 2930, 1112, 1035; 'H NMR (400 MHz) 8 
7.69-7.633 (4H, m, Ar-H), 7-45-7.36 (6H, m, Ar-H), 4.37 (1H, dd, J= 7.0, 2.3 Hz, H-2), 4.07 
(1H,, dd, J = 11.7, 4.7 Hz, H-19), 3.84 (1H, dd, J= 11.7, 9.3 Hz, H-19), 3.67-3.63 (1H, m, H-
6),, 3.57-3.54 (2H, m, H-3 + H-6), 3.08 (1H, br s, OH), 2.17 (1H, br s, OH), 2.05 (1H, dd, J = 

12.7,, 7.0 Hz, H-l), 1.72 (1H, A, J = 12.6 Hz, H-l), 1.44 (1H, dd, J= 7.0, 4.0 Hz, H-5), 1.07 
(9H,, s, C(CH3)3), 0.80 (3H, s, CH3), 0.66 (3H, s, CH3);

 13C NMR (100 MHz) 5 137.4, 135.8, 
135.7,, 133.8, 129.7, 127.7 (Ar), 92.5 (C-3), 88.2 (C-10), 72.2 (C-2), 63.7 (C-19), 60.5 (C-6), 
55.22 (C-5), 47.6 (C-l), 41.1 (C-4), 26.9 (C(CH3)3), 24.7 (CH3), 22.9 (CH3), 19.0 (C(CH3)3). 

(l/?,25,45)-3,3-dimethyl-l-[(2/?*)-tetrahydropyran-2-yloxymethyl]-7-oxa--
bicyclo[2.2.1]hept-5-ene-2-carboxylicc acid ethyl ester  (35). To a solution 
off crude alcohol 28 (6.3 g, 20.2 mmol) in CH2C12 (150 mL) was added 3,4-
dihydro-2//-pyrann (4.6 mL, 51 mmol, 2.5 equiv) and a catalytic amount ofp-

TsOH«H200 (38 mg, 0.20 mmol, 1 mol%). The reaction mixture was stirred at rt for 16 h. Then 
thee reaction mixture was quenched by adding saturated aqueous NaHC03 (250 mL) and 
extractedd with CH2CI2 (3 x 250 mL). The combined organic layers were washed with brine 
andd subsequently dried on Na2S04 and the solvent was removed in vacuo. Column 
chromatographyy (petroleum ether/EtOAc (8:2)) afforded protected alcohol 35 (5.71 g, 18.4 
mmol,, 91%) as colorless oil as a mixture of diastereomers. R/= 0.64 (petroleum ether/EtOAc 
(3:7));; IR 2945, 1737, 1032; lH NMR (500 MHz) 5 6.48-6.45 (2H, m, H-l + H-2), 4.69 
(0.5H,, m, OCHO), 4.59 (0.5H, m, OCHO), 4.37 (1H, m, H-3), 4.25-4.12 (3H, m, H-19 + 
OCHOCH22CHCH33),), 4.06-4.01 (1H, m, H-19), 3.88-3.81 (1H, m, OGH2CH2) 3.53-3.51 (1H, m, 
OCH2CH2),OCH2CH2), 2.25 (1H, m, H-5), 1.81-1.50 (6H, m, OCH2(C//£bCHO), 1.28 (3H, m, 
OCH2CH3),, 1.12 (3H, s, CH3), 1.06 (3H, s, CH3);

 13C NMR (125 MHz) 6 171.8 (C-6), 137.3, 
136.9,, 135.4, 135.3 (C-l + C-2), 99.3, 98.9 (OCHO), 90.4, 89.7 (C-10), 87.0, 86.9 (C-3), 
65.6,, 65.6 (C-19), 62.0, 62.0 (OCH2CH2), 60.0, 59.8 (OCH2CH3), 55.8, 55.2 (C-5), 44.4, 44.1 
(C-4),, 30.3, 30.3 (OCH(CH2)0), 26.3, 26.2 (CH3), 25.3, 25.3 (OCH2CH2), 24.9, 24.8 (CH3), 
19.2,, 19.2 (CH2CH2CH2), 14.4, 14.3 (OCH2CH3); HRMS (FAB) [M+H+] calcd for Ci7H2705: 
311.1859,, found: 311.1851. 

11 19 (l/?,25',4/?,55)-5-Hydroxy-3,3-dimethyl-l-[(2/?*)-tetrahydropyran-2-yl-

oxymethyl]-7-oxabicyclo[2.2.1]heptane-2-carboxylicc acid ethyl ester 
(36).. A solution of 2-methyl-2-butene (33.5 mL of a 2.0 M solution in 
THF,, 67 mmol, 2 equiv) in THF (30.2 mL) was cooled to 0 °C and 

borane-methyll sulfide complex (3.20 mL, 34.0 mmol) was added dropwise. The reaction 
mixturee was allowed to warm to rt and was stirred for 4 h giving a 0.5 M solution of 
disiamylboranee in THF. 

AA solution of olefin 35 (4.54 g, 14.6 mmol) in THF (10 mL) was cooled to -60 °C. To 
thiss solution was added disiamylborane (44 mL of a 0.5 M solution in THF, 22.0 mmol, 1.5 
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equiv)) and the colorless reaction mixture was stirred at -20 °C for 16 h. The reaction was 
allowedd to warm to 0 °C and NaOH (32 mL of a 3.0 M solution, 96 mmol, 6.5 equiv) was 
carefullyy added followed by H2O2 (14 mL of a 35 wt.% solution in water, 144 mmol, 10 
equiv).. After stirring the reaction mixture for 3 h, saturated aqueous NH4CI (40 mL) was 
addedd and the aqueous layer was extracted with EtOAc (3 x 75 mL). The combined organic 
layerss were washed with brine and subsequently dried on Na2SÜ4 and the solvent was 
removedd in vacuo. Column chromatography (petroleum ether/EtOAc (2:8)) afforded alcohol 
366 (3.59 g, 10.9 mmol, 76%) as a colorless oil as a 1:1 mixture of diastereomers (and its other 
regioisomerr 37 (378 mg, 1.15 mmol, 8%) as a 1:1 mixture of diastereomers as a colorless oil). 
RRrr?>6?>6 = 0,27 (petroleum ether/EtOAc (3:7)); IR 3447 (br), 2954, 1737, 1140, 1029; 'H NMR 
(4000 MHz) 8 (0.5H, m, OCtfO), 4.54 (0.5H, m, OCHO), 4.31 (1H, m, H-2), 4.17-4.08 (3H, 
m,, H-19 + OCtf2CH3), 4.00 (1H, dd, J = 9.7, 7.1 Hz, H-19), 3.88-3.82 (1.5H, m, H-3 + 
OC#2CH2),, 3.78-3.73 (0.5H, m, OC//2CH2), 3.54-3.47 (1H, m, OC//2CH2), 2.33 (0.5H, s, H-
5),, 2.32 (0.5H, s, H-5), 2.20 (0.5H, dd, J = 13.8, 7.0 Hz, H-l), 2.09-2.00 (1H, m, H-l) 1.95 
(0.5H,, br s, OH), 1.85 (0.5H, d, J= 13.8 Hz, H-l), 1.79-1.42 (6H, m, + OCH2(Ctf2)3CHO), 
1.28-1.233 (3H, m, OCR2CH3), 1.19 (1.5H, s, CH3) 1.19 (1.5H, s, CH3), 1.05 (3H, s, CH3);

 13C 
NMRR (100 MHz) 8 170.8, 170.5 (C-6), 99.6, 98.9 (OCHO), 91.9, 91.9 (C-3), 87.5, 87.2 (C-
10),, 71.3, 71.2 (C-2), 67.9, 66.4 (C-19), 62.3, 62.0 (OCH2CH2), 60.4, 60.0 (OCH2CH3), 59.9, 
59.66 (C-5), 47.0, 45.5 (C-l), 43.2, 43.0 (C-4), 30.5, 30.4 (OCH(CH2)0), 25.4, 25.3 
(OCH2CH2),, 25.2, 25.1 (CH3), 19.3, 19.2 (CH2CH2CH2), 14.4, 14.2 (OCH2CH3); HRMS 
(FAB)) [M+H+] calcd for Ci7H2906: 329.1964, found: 329.1960. 

OHH (lJR,25,45,6/?)-6-Hydroxy-3,3-dimethyl-l-[(2/?*)-tetrahydropyran-2-yl-
22 f^f^OTHP oxymethyl]-7-oxabicyclo[2.2.1]heptane-2-carboxylic acid ethyl ester  (37). 
3 < 5 ^ O E tt Rr37 = 0.27 (petroleum ether/EtOAc (3:7)); IR 3448 (br), 2943, 1737, 1157, 

oo 1032; 'H NMR (400 MHz) 8 4.65 (0.5H, m, OC//O), 4.45-4.40 (1.5H, m, H-
11 + OCHO), 4.19-4.05 (3H, m, H-19 + OC//2CH3), 3.97-3.93 (2H, m, H-19 + H-3), 3.84-3.77 
(0.5H,, m, OCH2CH2), 3.55-3.47 (1.5H, m, OCH2CH2), 2.81 (1H, d, J = 5.2 Hz, H-2), 2.46-
2.377 (1H, m, H-2), 2.16 (0.5H, s, H-5), 2.15 (0.5H, s, H-5), 1.78-1.31 (7H, m, 
OCH2(C//2)iCHOO + OH), 1.28-1.21 (3H, m, OCH2CH3), 1.13 (3H, s, CH3), 1.03 (1.5H, s, 
CHCH33),), 1.02 (1.5H, s, CH3);

 13C NMR (100 MHz) 8 170.5, 170.3 (C-6), 100.8, 98.6 (OCHO), 
89.2,, 88.9 (C-10), 84.2, 84.1 (C-3), 74.0, 73.2 (C-l), 64.1, 63.0 (C-19), 62.3, 61.6 
(OCH2CH2),, 59.6, 59.5 (OCH2CH3), 56.1, 55.9 (C-5), 45.0 (C-4), 36.6, 35.8 (C-2), 30.6, 29.9 
(OCH(CH2)0),, 25.0, 24.8 (OCH2CH2), 24.7 (CH3), 24.5 (CH3), 24.4 (CH3), 20.3, 18.8 
(CH2CH2CH2),, 14.0, 13.8 (OCH2CH3); HRMS (EI) calcd for C,7H2806: 328.1886, found: 
328.1876. . 
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(ltf,2S,4/^5S)-5-(terf-Butyldiphenylsilanyloxy)-3,3-dimethyl-l--
[(2/?*)-tetrahydropyran-2-yloxymethyl]-7-oxabicyclo[2.2.1]--

heptane-2-carboxylicc acid ethyl ester  (38). To a solution of alcohol 
366 (3.65 g, 11.1 mmol) in CH2C12 (150 mL) was added TBDPSC1 

(6.377 mL, 24.5 mmol, 2.2 equiv) and imidazole (2.50 g, 36.7 mmol, 3.3 equiv). The reaction 
mixturee was stirred for 16 h at rt. Then the reaction mixture was poured in water (100 mL) 
andd after separation of the organic layer the aqueous layer was extracted with EtOAc (2 x 200 
mL).. The combined organic layers were washed with brine and subsequently dried on Na2S04 
andd the solvent was removed in vacuo. Column chromatography (petroleum ether/Et20 (9:1)) 
affordedd protected alcohol 38 (5.59 g, 9.88 mmol, 89%) as a colorless oil as a 1:1 mixture of 
diastereomers.. Rf=  0.76 (petroleum ether/Et20 (1:1)); IR 2946, 1740, 1113, 1071, 1032; 'H 
NMRR (500 MHz) 5 7.70-7.64 (4H, m, Ar-H), 7.45-7.36 (6H, m, Ar-H), 4.74 (0.5H, m, 
OCT/O),, 4.51 (0.5H, m, OCHO), 4.39-4.35 (1H, m, H-2), 4.14-3.99 (4H, m, H-19 + 
OCHOCH22CHCH33),), 3.88-3.84 (0.5H, m, OCH2CR2), 3.80-3.75 (0.5H, m, OCH2CU2), 3.65 (0.5H, s, 
H-3),, 3.64 (0.5H, s, H-3), 3.63-3.51 (1H, m, OCH2CH2), 2.16 (0.5H, s, H-5), 2.15 (0.5H, s, H-
5),, 2.11 (0.5H, dd ,J= 12.9, 6.8 Hz, H-l), 2.00 (0.5H,d,J = 12.4 Hz, H-l), 1.89 (0.5H, dd, J 
==  12.9, 6.8 Hz, H-l), 1.80-1.71 (2H, m, H-l + OCH2(Ctf2)3CHO), 1.64-1.44 (4.5H, m, 
OCUOCU22(CH(CH22))33CHO),CHO), 1.22 (1.5H, t, J = 7.0 Hz, OCH2CH3), 1.21 (1.5H, t, J = 7.0 Hz, 
OCH2C//j),, 1.07 (4.5H, s, C(CH3)3), 1.06 (4.5H, s, C(Ci75)3), 0.88 (1.5H, s, CH3), 0.87 (1.5H, 
s,, CH3), 0.76 (1.5H, s, CH3), 0.74 (1.5H, s, CH3);

 13C NMR (125 MHz) 8 171.0, 170.6 (C-6), 
135.7,, 135.6, 134.0, 134.0, 133.8, 133.8, 129.6, 129.6, 127.6 (Ar), 99.2, 98.9 (OCHO), 91.7, 
91.66 (C-3), 87.3, 86.6 (C-10), 72.0, 71.9 (C-2), 68.3, 66.8 (C-19), 62.1, 61.9 (OCH2CH2), 59.8 
(C-5),, 59.7, 59.6 (OCH2CH3), 59.1 (C-5), 47.9, 45.9 (C-l), 43.2, 42.8 (C-4), 30.5, 30.4 
(OCH(CH2)0),, 26.8 (C(CH3)3), 25.4, 25.3 (OCH2CH2) 25.1, 25.1 (CH3), 24.5, 24.5 (CH3), 
19.33 (CH2CH2CH2), 19.2, 19.0 (C(CH3)3), 14.3, 14.2 (OCH2CH3); HRMS (FAB) [M+H+] 
calcdd for C33H4706Si: 567.3142, found: 567.3123. 

11 19 (l/^2.M^5S)-[5-(te^Buryldiphenylsilanyloxy)-3,3-dimethyl-l -
[(2/?*)-tetrahydropyran-2-yloxymethyl ]]  -7-oxabicyclo [2.2.1 ] hept-
1-yl]methanoll  (39). A solution of ester 38 (5.6 g, 9.9 mmol) in Et20 
(800 mL) was cooled to -78 °C and lithium aluminum hydride (14.8 

mLL of a 1.0 M solution in Et20, 14.8 mmol, 1.5 equiv) was added dropwise. The reaction 
mixturee was allowed to warm to rt and stirred for 15 min. Then the mixture was quenched by 
addingg EtOAc followed by saturated aqueous Na2S04 (0.5 mL) and was dried on Na2S04 and 
filtratedfiltrated to remove the solids. Evaporation of the solvent gave alcohol 39 (5.0 g, 9.4 mmol, 
95%)) as a colorless oil as a 1:1 mixture of diastereomers. R/ = 0.14 (petroleum ether/Et20 
(1:1));; IR 3474 (br), 3071, 2942, 1113, 1068, 1033; 'HNMR (400 MHz) 5 7.73-7.63 (4H, m, 
Ar-H),, 7.44-7.35 (6H, m, Ar-H), 4.69-4.65 (1H, m, OCHO), 4.38-4.37 (1H, m, H-2), 4.20 
(0.5H,, d, J= 10.6 Hz, H-19), 4.14 (0.5H, d , /= 10.1 Hz, H-19), 3.90-3.83 (1.5H, m, H-6 + H-
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19),, 3.74-3.52 (1.5H, m, H-6 + H-19), 3.48-3.41 (2H, m, H-3 + OC//2CH2), 3.39-3.31 (1H, m, 
OCtf2CH2),, 2.03 (1H, m, H-5), 2.01-1.94 (1.5H, m, H-l), 1.79-1.72 (3H, m, H-l + 
OCH2(C//^CHO),, 1.63-1.39 (4.5H, m, OCH2(C//2)3CHO + OH), 1.06 (4.5H, s, C(CH3)3), 
1.066 (4.5H, s, C(CH3)3), 0.81 (3H, s, CH3), 0.65 (3H, s, CH3);

 13C NMR (100 MHz) 5 135.7, 
135.7,, 134.1, 134.0, 133.9, 129.6, 129.6, 127.6 (Ar), 99.6, 99.4 (OCHO), 92.4, 92.3 (C-3), 
86.7,, 86.4 (C-10), 72.2, 72.0 (C-2), 68.1, 67.5 (C-19), 63.1, 62.9 (C-6), 60.1, 60.0 
(OCH2CH2),, 56.4 (C-5), 48.2, 47.5 (C-l), 41.3, 41.2 (C-4), 30.5, 30.4 (OCH(CH2)0), 26.8 
(C(CH3)3),, 25.1 (OCH2CH2), 24.6, 24.5 (CH3), 22.9, 22.8 (CH3), 19.7, 19.6 (C(CH3)3), 19.0 
(CH2CH2CH2);; HRMS (FAB) [M+H+] calcd for C3iH4505Si: 525.3036, found: 525.3022. 

(l/?,25,4«,55)-5-(tert-Butyldiphenylsilanyloxy)-3,3-dimethyl-l--
[(2/?*)-tetrahydropyran-2-ylox yy methyl] -7-oxabicyclo [2.2.1]-
heptane-2-carbaldehydee (40). To a solution of alcohol 39 (4.8 g, 9.2 
mmol)) in acetone (40 mL) was added NMO (1.6 g, 13.7 mmol, 1.6 

equiv)) and TPAP (40 mg, 0.11 mmol, 1.2 mol%). The reaction mixture was stirred for 2 h and 
filteredd over a thin pad of silica, followed by exhaustive rinsing with EtOAc. Evaporation of 
thee solvents and column chromatography (petroleum ether/Et20 (4:1)) afforded aldehyde 40 
(4.22 g, 8.1 mmol, 88%) as a colorless oil as a 1:1 mixture of diastereomers. Rf = 0.48 
(petroleumm ether/Et20 (1:1)); IR 2939, 2858, 1713, 1111, 1068; !H NMR (400 MHz) 5 9.63 
(0.5H,, d, J = 6.2 Hz, H-6), 9.60 (0.5H, d, J = 6.2 Hz, H-6), 7.68 (2H, d, J = 7.8 Hz, Ar-H), 
7.633 (2H, d, 7.8 Hz, Ar-H), 7.46-7.36 (6H, m, Ar-H), 4.69 (0.5H, m, OCHO), 4.63 (0.5H, m, 
OCHO),OCHO), 4.35 (1H, dd, J= 6.6, 2.0 Hz, H-2), 4.09 (0.5H, d, J= 11.4 Hz, H-19), 4.02 (0.5H, d, 
JJ = 11.4 Hz, H-19), 3.82-3.62 (3H, m, H-3 + H-19 + OC//2CH2), 3.58-3.49 (1H, m, 
OC//2CH2),, 1.92 (0.5H, dd, J = 13.0, 6.9 Hz, H-l), 1.89-1.49 (8.5H, m, H-l + H-5 + 
OCH2(C#2)3CHO),, 1.07 (9H, s, C(CH3)3), 1.02 (1.5H, s, CH3), 1.02 (1.5H, s, CH3), 0.69 
(1.5H,, s, CH3), 0.68 (1.5H, s, CH3);

 13C NMR (100 MHz) 5 203.5 (C-6), 135.8, 135.7, 133.9, 
133.7,, 129.8, 129.7, 127.7 (Ar), 98.8, 98.7 (OCHO), 91.9 (C-3), 89.2, 89.0 (C-10), 72.2, 71.7 
(C-2),, 67.2, 66.4 (C-19), 65.9, 65.7 (C-5), 61.7, 61.4 (OCH2CH2), 46.0, 45.2 (C-l), 44.4, 44.3 
(C-4),, 30.0, 30.0 (OCH(CH2)0), 25.3, 25.3 (C(CH3)3), 25.1 (OCH2CH2), 25.0 (CH3), 24.9 
(CH3),, 19.0, 18.8 (C(CH3)3) 18.6 (CH2CH2CH2). 

(l/?,2£,4/?,5S>ter^Butyl-{6,6-dimethyl-4-[(2fl*)-tetrahydropyran--
2-yl-oxymethyl]-5-vinyl-7-oxabicyclo[2.2.1]hept-2-yloxy}di--
phenylsilanee (41). A solution of methyltriphenylphosphonium 
bromidee (7.52 g, 21.1 mmol, 2.55 equiv) in THF (200 mL) was 

cooledd to 0 °C and «-BuLi (12.8 mL of a 1.6 M solution in hexanes, 20.5 mmol, 2.5 equiv) 
wass added. The yellow suspension was stirred at 0 °C for 1 h and then aldehyde 40 (4.31 g, 
8.255 mmol) in THF (50 mL) was added via a double tipped needle. The reaction mixture was 
allowedd to warm to rt and stirring was continued for 2 h. The reaction was quenched by 
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addingg acetone (color changed from yellow to white). The reaction mixture was diluted with 
Et200 (200 mL) and was washed with water (200 mL). After separation of the organic layer, 
thee aqueous layer was extracted with Et20 (2 x 200 mL). The combined organic layers were 
washedd with brine and subsequently dried on Na2SÜ4 and the solvent was removed in vacuo. 
Columnn chromatography (petroleum ether/EtOAc (9:1)) afforded protected alcohol 41 (3.82 
g,, 7.34 mmol, 89%) as a colorless oil as a mixture of diastereomers. Ry = 0.64 (petroleum 
ether/Et200 (1:1)); IR 3071, 2943, 2860, 1113, 1070; 'H NMR (500 MHz) 8 7.71-7.67 (4H, m, 
Ar-H),, 7.45-7.37 (6H, m, Ar-H), 5.70-5.59 (1H, m, H-6), 4.97-4.94 (1H, m, C=CH2), 4.85-
4.800 (1.5H, m, C=CH2 + OCHO), 4.59 (0.5H, m, OCHO), 4.40 (1H, m, H-2), 3.97-3.92 (1H, 
m,, H-19), 3.85-3.81 (0.5H, m, OCtf2CH2), 3.76-3.74 (0.5H, m, OCH2CH2), 3.69-3.61 (2H, m, 
H-33 + H-19), 3.54-3.50 (1H, m, OCtf2CH2), 2.12 (0.5H, d, J = 13.0 Hz, H-5), 1.95-1.44 
(8.5H,, m, H-l + H-5 + OCH2(C//2)3CHO), 1.08 (4.5H, s, C(Ctfj)3), 1.08 (4.5H, s, C(C//j)3), 
0.811 (1.5H, s, CH3), 0.80 (1.5H, s, CH3), 0.66 (1.5H, s, CH3), 0.64 (1.5H, s, CH3);

 13C NMR 
(1255 MHz) 8 136.4 (C-6), 135.8, 135.8, 135.7, 135.7, 134.3, 134.3, 134.1, 134.1, 129.6, 
129.5,, 127.6, 127.6 (Ar), 116.6, 116.2 (C=CH2), 98.8, 98.6 (OCHO), 91.9, 91.8 (C-3), 88.4, 
87.77 (C-10), 72.4, 72.3 (C-2), 67.2, 65.7 (C-19), 62.0, 61.5 (OCH2CH2), 61.4, 60.7 (C-5), 
45.3,, 43.7 (C-l), 42.7, 42.7 (C-4), 30.5, 30.4 (OCH(CH2)0), 26.9, 26.8 (C(CH3)3), 25.6, 25.5 
(OCH2CH2),, 25.1, 25.0 (CH3), 24.5, 24.4 (CH3), 19.2, 19.0 (C(CH3)3), 18.9 (CH2CH2CH2); 
HRMSS (FAB) [M+H+] calcd for C32H4504Si: 521.3087, found: 521.3050. 

11 19 (+)-(l/ï,2^,4/?,55)-I5-(tórt-Butyldiphenylsilanyloxy)-3,3-dimethyl-2-
vinyl-7-oxabicyclo[2.2.1]hept-l-yl]methanoll (42). Protected alcohol 
411 (1.9 g, 3.7 mmol) was dissolved in a mixture of HOAc/THF/water 
(4:2:11 v/v/v) (35 mL) and heated at 60 °C for 16 h. Evaporation of the 

solventss and column chromatography (petroleum ether/Et20 (4:1)) afforded alcohol 42 (1.5 g, 
3.44 mmol, 96%) as a colorless oil. Rf=  0.43 (petroleum ether/Et20 (1:1)); [a]20

D +18.9 (c = 
1.02,, CHC13);IR 3459 (br), 3071,2958, 1112, 1077; 'H NMR (400 MHz) 8 7.69-7.58 (4H, m, 
Ar-H),, 7.42-7.33 (6H, m, Ar-H), 5.67 (1H, ddd, J = 17.0, 10.4, 10.3 Hz, H-6), 4.99 (1H, dd, J 
== 10.0, 2.1 Hz, C=C//2), 4.87 (1H, dd, J = 16.9, 2.0 Hz, C=CH2), 4.39 (1H, dd, J= 6.8, 2.2 
Hz,, H-2), 3.84 (1H, d, J= 12.3 Hz, H-19), 3.64 (1H, s, H-3), 3.59 (1H, d, J= 12.3 Hz, H-19), 
1.999 (1H, d, J = 12.7 Hz, H-l), 1.87 (1H, br s, OH), 1.82 (1H, dd, J= 12.8, 6.9 Hz, H-l), 1.74 
(1H,, d, J = 10.7 Hz, H-5), 1.07 (9H, s, (C(Ctf,)3), 0.80 (3H, s, CH3), 0.61 (3H, s, CH3);

 13C 
NMRR (100 MHz) 8 135.9 (C-6), 135.8, 135.7, 134.1, 133.9, 129.7, 129.6, 127.6 (Ar), 116.9 
(C=CH2),, 92.0 (C-3), 88.9 (C-10), 72.5 (C-2), 62.4 (C-19), 60.4 (C-5), 44.3 (C-l), 43.2 (C-4), 
26.99 (C(CH3)3), 24.9 (CH3), 24.3 (CH3), 19.0 (C(CH3)3); HRMS (EI) calcd for C27H3603Si: 
436.2434,, found: 436.2433. 
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OO (+)-(l/?,25',4/?,55)-5-(/ert-Butyldiphenylsilanyloxy)-3,3-dimethyl-2-
HH vinyl-7-oxabicyclo[2.2.1]heptanecarbaldehyde (15). To a solution of 

alcoholl 42 (1.0 g, 2.3 mmol) in CH2C12 (10 mL) was added DMSO (2.6 
mL,, 36.6 mmol, excess) and triethylamine (1.8 mL, 12.9 mmol, 6 equiv) 

followedd by S03«pyridine (1.2 g, 7.5 mmol, 3 equiv). The orange reaction mixture was stirred 
att rt for 3 h. Then the reaction mixture was diluted by adding Et2Ü (30 mL) and quenched 
withh saturated aqueous NH4C1 (30 mL). After separation of the organic layer, the aqueous 
layerr was extracted with Et20 (2 x 30 mL). The combined organic layers were washed with 
brinee and subsequently dried on Na2SC>4 and the solvent was removed in vacuo. Column 
chromatographyy (petroleum ether/Et20 (4:1)) afforded aldehyde 15 (829 mg, 1.9 mmol, 83%) 
ass a light yellow oil. Rf=  0.52 (petroleum ether/Et20 (1:1)); [a]D

22 +19.2 (c = 1.06, CHC13); 
IRR 3072, 2961,2858, 1732, 1111, 1068; 'H NMR (400 MHz) 5 9.84 (1H, s, H-19), 7.68 (2H, 
d,, J= 6.4 Hz, Ar-H), 7.62 (2H, d,J= 6.5 Hz, Ar-H), 7.46-7.37 (6H, m, Ar-H), 5.54 (1H, ddd, 
J=J= 17.0, 10.4, 10.3 Hz, H-6), 5.02 (1H, dd,J= 10.1, 1.8 Hz, C=CH2), 4.90 (1H, dd,J= 16.9, 

1.66 Hz, C=CH2), 4.39 (1H, dd, J= 6.8, 2.2 Hz, H-2), 3.77 (1H, s, H-3), 2.13-2.02 (2H, m, H-l 
++ H-5), 1.80 (1H, d, J = 12.8 Hz, H-l), 1.06 (9H, s, C(CH3h), 0.84 (3H, s, CH3), 0.62 (3H, s, 
CHCH33););

 13C NMR (100 MHz) 5 203.2 (C-19), 138.7 (C-6), 138.6, 137.8, 137.6, 136.7, 136.5, 
132.8,, 132.8, 132.5, 130.7, 130.5 (Ar), 121.0 (C=CH2), 95.4 (C-10), 95.2 (C-3), 74.2 (C-2), 
64.55 (C-5), 46.7 (C-l), 45.9 (C-4), 29.8 (C(CH3)3), 27.9 (CH3), 27.1 (CH3),22.0 (C(CH3)3); 
HRMSS (FAB) [M+H+] calcd for C27H3503Si: 435.2355, found: 435.2339. 
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