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Abstract: Oxabicyclo[7.2. l] enediyne 23 which contains an orfho-methoxybenzyl group at the anomeric position was 
synthesized from methyl-2,3-anhydro-a-D-lyxofwanoside (7). Treatment of this stable bicyclic enediyne with ceric 
ammonium nitrate at rarm temperature in CH,CNkQO gave the aromabed monocyclic compound 25. 

Modem strategies for the treatment of cancer using cytotoxic chemicals are generally based on the concept 
of prodrug activation. Provided that the prodrugs can be delivered selectively to the tumor cells - for example by 
monoclonal antibodies - toxic side effects during transport within the body would be minim&d. On the other 
hand, ifthe activation of the prodmg would only be possible in tumor cells, a delivery device would be mmeces- 
sary. Still another simihar concept relies on the so-called ADEPT strategy.’ That means the prodrug is activated 
by an enzyme which has been delivered selectively to tomor cells by antibodies. In order to implement such 
strategies, suitable prodrugs have to be available which can be furnished with various trigger devices. In this re- 
gard the recently discovered enediyne antitumor antibiotics represent ideal lead compounds. They are fkscinating 
not only because of their unusual structures but also because of their novel mode of action.2 Typically they are 
composed of three functional units: a) an enediyne which is part of a lo-membered ring, b) a trigger mechanism 
which through a chemical reaction leads to a reactive enediyne, and c) a part which is responsible for molecular 
recognition of DNA. 
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Calicheamicin and esperamicin are activated through nucleophihc cleavage of the allylic trisnl6de followed 
by addition of the resuhing thiolate to the enone. In the case of dynemicin A (2) activation is initiated by 
reduction of the quinone system which, through ahi@ng of electron pairs, causes the opening of the epoxide. The 
activation step enables the conjugated enediyne to cychze to an aromatic diradical~ which itself is a highly 
reactive species and reacts fiuther with hydrogen donors, such as DNA, thereby inducing double strand 
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cleavage. Although the mechanisms of activation of calicheamicin and dynemicin di&r markedly, a common fea- 
ture is that the activation removes a blocking device which prevents the cyclization of the enediyne prodrug to 
the diradical. Whereas in calicheamicin the bridgehead double bond serves as a blocking device, in dynemicin A it 
is the epoxide which renders the Bergman cyciization impossible. 

The concept of prodrug activation demands that stable enediynes or s&able precursors have to be 
designed which can be converted into reactive molecules by means of a chemical reaction. In general three 
strategies are conceivable which allow the generation of reactive enediynes. The first one, which is also 
implemented in the natural enediynes, is based on lowering the energy of the transition state of the Bergman 
cyclization by strain release. In an opposite strategy a stable enediyne would be activated by raising the energy of 
the ground state of the enediyue, also by strain modulation.4 Finally, one can imagine a third principle of 
activation, namely the introduction of a missing x-bond into a strained enediyne precursor.5 In all cases the aim 
of the activation step is to generate an enediyne with an activation barrier for the Bergman cyclization between 
80 and 105 kJ mol-l so that at physiological temperatures a fast cychzation to the aromatic diradical can occur6 

In this paper we report on the design and synthesis of an oxabicyclo[7.2. llenediyne 22 containing an acetal 
timctionahty which could be cleaved under oxidative conditions to a reactive lo-membered erred&e. 

Reactivity of Biizyclic Enediynes 

The design of novel trigger mechanisms for the generation of reactive enediynes Corn stable ones requires 
that one is able to easily predict the reactivity or stability, respectively of strained enediynes. In the monocyclic 
series the reactivity, that is the ease of cycloaromatiz~~tion, can be correlated to the distance between the ends of 
the conjugated erred&e.’ According to this rule the shorter the so-called cd distance, the more reactive is the 
enediyne. The borderline between stable and reactive enediynes at room temperature can be drawn at about 33 1 
pm For example, whereas a 11-membered carbocyclic enediyne is quite stable at room temperature (cd = 366 
pm) the corresponding IO-membered enediyne (cd = 325 pm) is already so strained that it cychzes 
spontaneously.7 In the bi- or polycyclic series it is not only the cd distance of the ground state that has an 
influence on the reactivity. As Snyder and Magtms have pointed out, strain in the transition state can increase the 
stability despite a short cd distance.* Since the transition state of the Bergman cyclization is very much product- 
like,9 the additional strain in the transition state can be estimated from the strain energy (SE) of the aromatized 
product. 
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Scheme 1 

Indeed, Magnus found for some bicyclic enediynes a correlation between the SE of the aromatized 
products (or parts of it) and the observed reactivity. 10 However, this model will only work if the SE in the 
ground states are simihar, or if one compares structumlly simihar enediynes. We suggest an improved model 
which, in addition to the SE of the transition state (Corn SE of the aromat&d product) takes the strain energy of 
the ground state into consideration. That is, we use the difference of the strain energies (ASE) between the 
transition and the ground state [ASE = SE (TS) - SE(GS)] as a measure for the reactivity of a strained enediyne. 
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For example, this model can account for structural modifications that raise the transition state as well as the 
ground state. In fact, it proved to be very useful in the design of oxabicyclo[7.2.l]enediynes as prodrugs for 
reactive enediynes. An inspection of larown stable bicyclic enediynes reveals that most of them contain a lo- 
membered enediyne. On the other hand, it is hnown that lOmembered carbocyclic enediynes cychze at 
physiological temperatures to the aromatic diradicalr In other words, cleavage of such bicyclic enediynes to lo- 
membered enediynes would constitute an activation by lowering the energy of the transition state. Incorporation 
of an acetal functionality into a bicychc enediyne should allow cleavage of the bicyclic system as shown ia 
Scheme 1 (3 + 4). Moreover, the use of different alcohols in the a&al would enable diffiient trigger 
mechanisms. One of the questions to be answered was the size of oxabicyclic enediynes to use as prodrugs. 
Simple force-field calculations provided a clear answer. They were performed using the program PC model 
(V4.0). For sp2- and sp-hybridized carbon atoms rhf_SCF x-calculations were included. This has almost no effect 
on the conformation of the enediynes ecept for somewhat larger (1-3 pm) cd distances. These calculations 
indicate that an oxabicyclo[7.3. llenediyne would be rather unstable (small ASE) and might cychze spontaneously 
at room temperature. On the other hand, the force-field calculations predict an oxabicyclo[7.2.1] to be quite 
stable. Whereas the Magnus model predicts a higher stability for the carbocyclic analogue [larger SE(TS)], our 
model shows that the oxygen atom lowers the energy of the transition state as well as the ground state resulting 
in comparable reactivity (Scheme 1). Another question to be answered was whether alter cleavage of the acetal 
the resulting hemiacetal would open at all. Although the force-field calculations showed the lo-membered 
system 4 (n = 0) to be more strained than the hemiacetal3 (n = 0, R = H), compound 4 is more stable (by 18.9 
kJ mol-l) as indicated by the more favorable total energy (MMX-E, without x-calculations). 

Synthesis of the Oxabicyclo/7.2.l/enediyne 23 

In a previous paper we described a synthetic route to an oxabicyclo[7.2.1] enediyne starting from a D 
xylose derivative.” We then planned to modify the synthetic sequence to allow the incorporation ofvarious alco- 
hols at the anomeric position. For example, an electron rich benzyl alcohol might be easily cleaved via 
oxidation.rz The plan for the preparation of various oxabicyclo[7.2. l] enediyne derivatives called for a stereose- 
lective glycosylationlr of a 2-0-acetyl-3-deoxy-foside. Starting with the larown epoxide 7 which is available 
6om D-xylose,14 a regioselective epoxide opening was performed by using lithium triethylhorohydride.lr 
Conversion of the primary hydroxyl group to the alkoxide using sodium hydride helped to reduce the amount of 
the expensive reducing agent. Treatment of the crude diol8 with acetic anhydride and sulkic acid fbmished the 
tri-O-acetyl-three-pentofuranose 9 which served as glycosyl donor (Scheme 2). 
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However, when 9 was reacted with 1.1 equivalents of 4methoxybenzylalcohol and a catalytic amount of 
trhnethylsilyl tritlate in dichloromethane at -10 Oc only a 30% yield of the desired glycoaide 1Oa could be 
realized. The formation of di-4methoxybenzyl ether as a side product points to the Lewis acid senktive nature 
of the glycoside lOa. A similar disappointiug result was obtained with boron trithroride etherate as Lewis acid. In 
contrast, if other benzyl alcohols were used, high yiehls of the corresponding a-glycosides were obtained. Thus, 
benzyl alcohol gave 84% of lob, 3-methoxybenzylalcohol gave 87% of lOe, aud 2-methoxybenzylalcohol gave 
78% of Pod, even in a large scale reaction. The latter one was then chosen as the anomeric protecting group 
after a control expximen t with ceric(IV) ammonium nitrate established that an oxidative removal of this group 
fromthe glycoside 10d to give 11(61%) was possiile.rzb 
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Scheme 3 

After cleavage of the acetates t?om 1Od with NaOMe in methanol, the primary hydroxyl group of 12 was 
selectively protected with pivaloyl chloride to give compound 13. Surprisingly, a highly selective protection of 
the primary hydroxyl group using silylatiug agents was not possible. For example, etherification of the primary 
hydroxyl group of diol 12 with te&utyhlimethylsilyl chloride to 14a iu dichloromethane was always 
accompanied by a substantial amount of the diprotected compound 14b.r6 This ratio was even worse (48% 
mono plus 26% diprotected compound) with terr-butyhliphenylsilyl chloride. Subsequent oxidation of alcohol 13 
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to the ketone 15 could be accomplished in 91% yield with the Dess-Martin periodinane reagent in 
dichloromethane at room temperature.t7 Addition of lithio@imethylsilyl)acetylene to the ketone 15 gave only a 
low yield of the desired addition product, probably because of the relatively high acidity of the methylene 
protons a to the carbonyl group. However, after transmetallation of the lithium acetylide to the corresponding 
dichlorocerium acetylidets smooth addition occured, with the g-product 16 the only isomer observed. The 
tertiary hydroxyl group of 16 was protected as methyl ether using NaIWCIQ in a mixture of THF and DMEU. 
Subsequent addition of water to the reaction mixture and stirring for several hours caused cleavage of the 
carbon-silicon bond affording the alkyne 17. Through a Pd(O)/CuI-catalyzed couplingtg of 17 with the known 
eneyne chlorid@ 18 the enediyne 19 was constructed. After removal of the pivaloate and the trimethylsilyl 
groups under basic conditions the enediyne alcohol 20 was converted to the iodoalkyne 21 with iodine in the 
presence of morpholine (76%).21 Finally, oxidation of the alcohol 21 under Swern conditions provided the 
cyclization substrate 22. The cyclization of 22 to the oxabicycloenediyne 23 could be achieved, as previously 
described,” by using an intramolecular No&i reaction (Scheme 4).22 Thus, addition of a solution of 22 in THF 
to a suspension of CrC1, containing catalytic amounts of NiC1, in THF Iiunished the bicylic enediyne 23 in 44% 
isolated yield. Dnly one diastereomer was formed in this reaction. The contiguration at the secondary hydroxyl 
group could be inferred through analysis of the 1H NMR spectrum of the aromatized derivative 25 (vide infra). 
As expected Born the force-field calculations the enediyne 23 is thermally quite stable. Although 23 decomposes 
in concentrated form, it can be kept in solution at 0 Oc for several weeks without noticeable change. 

22 23 cd-344pm(MMX) 

Scheme 4 

Aromatization Studies 
Despite the highly strained transition state for the Bergman cyclimtion of enediyne 23, aromatization to 24 

via the corresponding diradical could be induced by heating a solution of 23 in 1,4-cyclohexadiene for a few 
hours. Thus, the reactivity of compound 23 is comparable to that of the carbocyclic [7.2.1] enediyne 5 (X = 
CH, n = O)t” as predicted by the simihar values for A SE. On the other hand, cleavage of the acetal of 23 should 
generate a monocyclic reactive enediyne. Treatment of 23 with an excess of ceric(IV) ammonimu nitrate caused 
disappearance of the bicyclic enediyne 23 and the formation of 2-methoxybenzaldehyde. However, instead of the 
expected compound resulting from acetal cleavage and opening, the naphtalenone 25 was isolated as a major 
fraction (18%). The structure of 25 was evident from the tH NMB spectnmt. The methylene protons which are 
flanked by electron-withdrawing groups appear at 6 2.76 and 3.24, each as a doublet of doublet. A singlet at 6 
8.09 points to the presence of a formyl rather than an aldehyde proton. In the IR spectrum compound 25 shows 
two absorptions in the carbonyl region, one at V = 1727 (ketone) and the other at 1693 cm’ (formyl). The 
structural assignment is further supported by the IF NM8 data which include a C=O signal at relatively high 
field (160.1 ppm). In addition, the M+ + H peak is seen in the FAB-MS. From the couphng constant of J3.., = 7.5 
Hz which indicates a 3,4-tranr umIiguration,z3 one can also deduce the stereochemical course of the 
intramolecular Nozaki reaction. Although the structure of 25 could be proven by spectroscopic means, the exact 
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mode of formation of 25 remains unclear. Most probably, the it&ally formed hem&metal undergoes an oxidative 
Bagmentation under the action of excess CAN as shown in Scheme 5. 

CAN 
cH&N/H.$k 23 “C 

(Y$?_ &,K, - 4.,,,olH 
25 OH 

To sum up, we have designed and synthesized a novel enediyne 23 embedded in a bicyclic structure that 

Scheme 5 

stabilizes the enediyne towards cycloaromatization. The synthetic route to the lo-oxabicyclo[7.2.l]enediyne 23 
proceeds in 13 steps Born the known epoxide 7. It was also shown that oxidative activation of the enediyne 23 is 
indeed possible as indicated by the formation of the aromatized naphtalene derivative 25. Based on this strategy 
the synthesis of other analogues with modified groups at the anomeric position should be possible that might 
allow selective activation in the presence cf DNA. These studies are currently being pursued in our laboratories. 
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EXPEIUMENTAL, 

General 

‘H NMR: Bruker AC 250. - 13C NMR Bruker AC 250 (62.5 MHz); all spectra were recorded in CDCl3 
as solvent with TMS as internal standard. - IR Mattson Polaris. - Melting points: Dr. Tottoli melting point appa- 
ratus. - EI-MS: Fhmigan MAT 3 12. - FAB-MS spectra were recorded on a modified Fiian MAT 3 IZ/AMD 
5000 spectrometer using para-nitrobenzylalcohol as matrix. - Optical rotations were measured on a Perkin 
Ehner polarimeter 241 MC at 23 Oc. - Flash chromatography: J. T. Baker silica gel 30-60 pm, - TIC: Merck Si 
60 F,,,. - Solvents were distilled prior to use; petroleum ether with a boiling range of 35-65 Oc was used; THF 
was distilled Tom sodium diphenyl ketyl immediately before use. - Force-field calcuh~tions (molecular mechanics 
calculations) were performed by using the program PC model (V4.0) I?om Serena So&ware on a PC with a 386 
processor (33 MHz). - The pH-7 buffer solution used in the workup procedures was prepared by dissolving 
potassium dihydrogen phosphate (85.0 g) and sodium hydroxide (14.5 g) in water (11). 

Methyl-3-deoxy-a-Dreu-pentofuranoside14 (8): To a sohttion of methyl-2,3-anhydro-a-D 
lyxofursnosidel4 (40.2 g, 275 mmol) in dry THF (250 ml) was added sodium hydride (7.90 g, 330 mmol) in 10 
portions. After the gas evohttion had ceased the mixture was stirred for 1 h at room temperature. A sohrtion of 
lithium triethylborohydride in THF (330 ml, 1 M) was added dropwise and the reaction mixture was refhtxed for 
1 h under argon. After cooling to 0 Oc methanol (250 ml) was added carefully under nitrogen and the resultiug 
mixture was evaporated to dryness. Caution, tbe Iiltrate might ignite due to the presence of triethyl borane. It 
should be destroyed oxidatively! The residue from the evaporation was dissolved in water, neutralized with 1 M 
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HCl, evaporated to dryness, coevaporated with methanol (2 x 100 ml), redissolved in ethyl acetate, dried with 
magnesium suhkte, filtered, and the filtrate was evaporated again. The resnlting oil (38.0 g, 97%) was pure 
enough for further reactions. TLC (petroleum ether/methyl acetate = 1:l): I$= 0.16, [u]u = 132.0 (c = 1.0 in 
methanol) @itI4 [alo = 134.8 (c = 1.0 in methanol)]. *H NMR (250 MHz, CDCls): S = 1.69 (dd, 3J = 2.8 Hz, 2J 
= 13.8 Hz, 1 H, H-3), 2.34 (ddd, 3J = 5.4 J& 3J = 9.7 Hz, 2J = 13.8 Hz, 1 H, H-3’), 3.46 (s, 3 H, OCH& 3.46 
(dd,3J=2.lHz,~J=11.7Hz,1H,H-5),3.78(dd,3J=2.1Hz,2J=11.7Hz, lH,H-5’),4.OO(d,3J=5.4Hz, 1 
H, H-2), 4.25 (m, 1 H, H-4), 4.48 (s, br., 2 H, OH), 4.76 (s, 1 H, H-l). 

1,2,5-Tri-0-acetyW-deoxy-D-heo-pentofuranose (9): To a stirred sohuion of methyl-3-deoxy-a-D 
three-pentokranoside 8 (25.3 g, 171 mmol) in acetic anhytide (180 ml) was added cont. sulkic acid (23 
drops). When the reaction was finished atbar stirring for 4-10 h at room temperature (monitored by TLC), the 
mixture was poured onto crushed ice (400 ml) and stirred for 1 h. The solution was extracted with 
dichloromethane (3 x 300 ml) and the combined organic layers were washed successively with a 1 M sohttion of 
sodium hydroxide, a saturated sohuion of sodium bicarbonate and brine, dried with magnesium sulfate, and 
evaporated under reduced pressure. Flash chromatography using diethyl ether/petroleum ether (7:3) for ehuion 
gave 37.4 g (84%) of 9 as an uuseparable mixture of snomers (a$ = 6.6:1) as a colourless oil, TLC (diethyl 
ether/petroleum ether = 3:2): Rr = 0.17 

a: *H NMR (250 MHz, CDCI,): S = 1.69 (ddd, 3J = 1.6 Hz, 3J = 4.8 Hz, 2J = 14.4 Hz, 1 H, H-3), 1.93 (s, 
3 H, OAc), 1.96 (s, 6 9 OAc), 2.43 (ddd, 3J = 6.3 Hz, 3J = 8.6 Hz, 2J = 14.4 Hz, 1 H, H-3’) 3.98 (dd, 3J = 6.9 
Hz, z.J = 11.6 Hz, 1 H, H-S), 4.07 (dd, 3J = 4.4 Hz, 2J = 11.6 Hz, 1 H, H-5’) 4.35 - 4.45 (m, 1 H, H-4), 5.03 (dd, 
3J = 1.6 Hz, 3J = 6.3 Hz, 1 H, H-2), 6.09 (s, 1 H, H-l). 

S: ‘H NMR (250 MHz, CDCl,): S = 1.75 - 1.85 (m, 1 H, H-3), 1.91 (s, 3 H, OAc), 1.99 (s, 6 H, OAc), 
2.2 - 2.4 (m, 1 H, H-3’), 3.95 - 4.10 (m, 2 H, H-5, H-5’) 4.20 - 4.35 (m, 1 H, H-4), 5.07 (dd, 3J = 4.2 Hz, 3J = 
8.3 Hz, 1 H, H-2), 6.18 (d, ‘J = 4.2 Hz, 1 H, H-l). 

Anal. Calcd for C,,H,,O,: C, 50.77; H, 6.20; Found: C, 50.91; H, 6.18. 
paru-Methoxybenzyl-2,5-di-O-acetyl-3-deoxy~-D~~~e~pentof~anoside (lOa): 1,2,5-Tri-O-acetyl- 

D-three-pentofkranose 9 (140 mg, 0.54 mmol) and 4-methoxybenzyklcohol (93 mg, 0.67 mmol) in dry di- 
chloromethane (5 ml) were stirred with mol sieves 4 A for 17 h at room temperature under argon. A&r cooling 
to -5 “C trimethylsilyl tritlate (10 pl, 0.05 mmol) was added and stirring was continued for an additional hour. 
Formation of diparmnethoxybenzylether consumed a part of the alcohol. Therefore, &her 4- 
methoxybenzylalcohol (64 mg, 0.46 mmol) was added and stirring was continued for 1.5 h. The reaction was 
quenched by adding 10 ml of pH-7 buffer solution. The resulting mixture was extracted with dichloromethane (2 
x 20 ml). The combined extracts were dried with magnesium sulfate and evaporated. Purification by repeated 
flash chromatography using petroleum ether/methyl acetate (4:1) for ehttion gave 55 mg (30%) of 1Oa as a 
colourless oil. TLC (petroleum ether/methyl acetate = 2: 1): R, = 0.45, [aID = 88.2 (c = 1.0 in CH$&). IH NMR 
(250 MHZ, CDCl,): S = 1.66 (ddd, 3J = 1.3 Hz+ 3J = 4.8 Hz, zJ = 14.3 Hz, 1 H, H-3), 2.02 (s, 3 H, OAc), 2.10 
(s, 3 H, OAc), 252(ddd,sJ= 6.3 Hz, ‘J= ~.~Hz,~J= 14.3 Hz, 1 H,H-3’) 3.78(s, 3 H, OCH,), 4.09(dd,sJ= 
7.2Hz,zJ= 11.5 Hz, 1 H,H-5),4.20(dd,3J=4.0Hz,2J= 11.5Hz, 1 H,H-5’),4.34-4.45(m, 1 H,H-4),4.43 
(d, 2J = 11.4 Hz, I H, Cm), 4.63 (d, 2J = 11.4 Hz, 1 H, CHJjAr), 5.08 (dd, 3J = 1.3 Hz, 3J = 6.3 Hz, 1 H, H- 
2) 5.12 (s, 1 H, H-l), 6.82 - 8.88 (m, 2 H, aryl H), 7.21 - 7.26 (m, 2 H, aryl H). Anal. Calcd for C,,&20-,: C, 
60.35; H, 6.55; Found: C, 60.05; H, 6.64. 

Beozyl-2,5-di-O-ace~yl-3-deoxya-D-threo_ide (lob): 1,2,5-Tri-O-acetyl-D-tIrre*pento- 
fkranose 9 (130 mg, 0.50 mmol) and benzylalcohol (60 pl, 0.55 mmol) in dry dichloromethane (5 ml) were 
stirred with mol sieves 4 A for 1 h at room temperature under argon. After cooling to -5 Oc trimethylsilyl triflate 
(6 ~1, 0.03 mmol) was added and stirring was continued for an additional 2 h. The reaction was quenched by 
adding 10 ml of pH-7 buffer solution. The resulting mixture was extracted with dichloromethane (2 x 20 ml). 
The combined extracts were dried with magnesium sulfate and evaporated. Purification by gash chromatography 
using petroleum ether/methyl acetate (4:1) for ehrtion gave 130 mg (84%) of lob as a colourless oil. TLC 
(petroleum ether/methyl acetate = 2: 1): R, = 0.49, [u],, = 76.1 (c = 1.0 in CH&&). 1H NMR (250 MHz, CDCl,): 
6 = 1.67 (ddd, 3J = 1.2 Hz, 3J = 4.8 Hz, 2J = 14.3 Hz, 1 H, H-3), 2.01 (s, 3 H, OAc), 2.07 (s, 3 H, OAc), 2.52 
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(ddd, 3J = 6.3 Hz, 3J = 8.6 Hz, zJ = 14.3 Hz, 1 H, H-3’), 4.08 (dd, 3J = 7.1 HZ, rJ = 11.5 HZ, l H, H-5), 4.19 (dd, 
3J=4.0Hz,zJ= ll.5Hz, l H,H-5’),4.34-4.44(m, 1 H,H-4),4.49(d,sJ= 11.9Hx, 1 H, Cm),4.69@, rJ 
= ll.9Hz, l IE, Cm), 5.lO(dd, 3J= 1.2 Hx, 3J= 6.3 Hz, 1 H, H-2), 5.13 (s, 1 H, H-l), 7.22 - 7.31 (m, 5 H, 
aryl H). Anal. Cakd for C,,&,O,: C, 62.33; H, 6.54; Found: C, 62.22; H, 6.60. 

metrr-Methoxybenzyl-2~~ac~l~-deoe (Dk): 1,2,5-Tri-O-ace@- 
D-t~reo-pentofbranose 9 (130 mg, 0.50 mmol) and 3-metho+umylalcohol (63 ul, 0.55 mmol) in dry di- 
cbloromethane (5 ml) were stirred with mol sieves 4 A for 1 h at room temperature under argon After cooling 
to -5 C trimethykilyl triflate (10 pl, 0.05 mmol) was added and stirriug was continued for another 2 h. The reac- 
tion was quenched by adding 10 ml of pH-7 but&r sohrtion. The resultimg mixture was extracted with 
dichloromethane (2 x 20 ml). The combined extracts were dried with magnesium sulfate and evaporated. P&i- 
cation by flash chromatography using petroleum ether/methyi acetate (4:l) for elution gave 147 mg (87%) of 
1Oc as a colourless oil. TLC (petroleum ether/methyl acetate = 2: 1): R, = 0.44, [a], = 88.9 (c = 1.0 in C!H.&). 
‘H NMR (250 MHZ, CD&): 6 = 1.67 (dad, ‘J = 1.4 Hz, 3J = 4.9 Hz, rJ = 14.3 Hz, 1 H, H-3), 2.02 (s, 3 H, 
OAc), 2.08 (s, 3 H, OAc), 2.53 (dad, 3J = 6.3 Hx, 3J = 8.6 Hx, zJ = 14.3 Hz, 1 H, H-3’), 3.78 (8, 3 H, OCH& 
4.09(dd,3J=7.1H7,2J=11.6Hx, lH,H-5),4.19(dd,3J=4.OHx,2J=ll.6Hz, lH,H-5’),4.35-4.43(m, l 
H, H-4), 4.47 (d, 2J = 12.0 Hz, 1 H, Cm), 4.67 (d, 2J = 12.0 Hx, 1 H, CHE&Ir), 5.11 (dd, 3J = 1.4 Hz, 3J = 
6.3Hz, lH,H-2), 5.13(s, lH,H-1),6.77-6.89(m, 3H,arylH),7.19- 7.26(m, lH, arylH).AnaL Calcdfor 
C17Hs20r: C, 60.35; H, 6.55; Found C, 60.22; H, 6.60. 

o~~Metboxybenzyl-2,5-di-O-rrcetyl-3-d (1Od): 1,2,5-Tri-O-acetyl- 
D-three-pentofbranose 9 (47.2 g, 181 mmol) and 2methoxykmyDlcohol (24.5 ml, 199 mmol) in dry di- 
chloromethane (600 ml) were stirred with mol sieves 4 A for 1.5 h at room temperature under argon. After 
cooling to -5 Oc a solution of trimethylsilyl triflate (2.4 ml, 13.5 mmol) in dry dichloromethane (10 ml) was 
added dropwise and stirring was continued for another 2 h. The reaction was queuched by adding saturated 
sodium bicarbonate solution (150 ml) and pH-7 buffer-sotition (100 ml). The organic layer was separated, and 
the aqueous phase was extracted with dichloromethane (1 x 100 ml). The extracts were comb&d, dried with 
magnesium sulfate and evaporated. Pnriiication by flash chromatography usiug petroleum ether/methyl acetate 
(7:2) for ehrtion gave 47.5 g (78%) of 1Od as a colourless oil. TLC (petroleum ether/methyl acetate = 2: 1): 
Rr=0.40, [u],=84.2(c= 1.0, CH$&). ‘HNMR(250MHx,CDC&): 6= 1.61 (ddd, ‘J= 1.3Hx,3J=4.9Hx, 
2J = 14.2 Hz, 1 H, H-3), 1.98 (s, 3 H, OAc), 2.04 (s, 3 H, OAc), 2.49 (ddd, 3J = 6.3 Hx, 3J = 8.6 Hz, 2J = 14.2 
Hz, 1 H,H-3’),3.75(s, 3H,0CHs),4.04(dd,3J=7.1 Hx,rJ= 11.5Hz, 1 H,H-5), 4.15 (dd, 3J=4.OHx,rJ= 
11.5 Hz, 1 H, H-5’), 4.31 - 4.41 (m, 1 H, H-4), 4.49 (d, rJ= 12.4 Hz, 1 H, C_HHAr), 4.69 (d, 2J = 12.4 Hz, 1 H, 
CH&k),5.07(dd,3J=1.3Hx,3J=6.3Hz, lH,H-2),5.12(s, lH,H-1),6.76-6.89(m,2H,arylH),7.15- 
7.28 (m, 2 H, arylH). Anal. Calcd for C&,0,: C, 60.35; H, 6.55; Found: C, 60.20; H, 6.59. 

2,5-Di-0-acetyl-3-deoxy&~&pentofuranose (11): To a sohttion of 1Od (106 mg, 0.31 mmol) in 
acetonitrile/water (9:1, 5 ml) was added ceric ammomum nitrate (378 mg, 0.69 mmol) and the mixture was 
stirred for 24 h at room temperature. Then pH-7 buffer sohttion (10 ml) and water (10 ml) were added and the 
solution was extracted with dichloromethane (2 x 30 ml). The combined organic extracts were dried with 
magnesium sulfate, iiltered and the filtrate was evaporated in vacua. Flash chromatography using petroleum 
ether/methyl acetate ( 1: 1) for elution fitmished 42 mg (6 1%) of 11 as a colourless oil in au u/B ratio of 4: 1. TLC 
(petroleum ether/methyl acetate = 1: 1): R, = 0.32, [a], = 32.5 (c = 1.0 in CH.&). rH NMR (250 MHx, CDCl,): 
6 = 1.67 (ddd, 3J = 1.5 Hx, 3J = 4.8 Hz, 2J = 14.3 Hz, 0.8 H, H-3@, 1.75 - 1.98 (m, 0.2 H, K3g), 2.03 (s, 2.4 
H, OAca), 2.05 (a, 0.6 H, OAcB), 2.06 (s, 2.4 H, OAcu), 2.08 (8, 0.6 H, OAcg), 2.28 - 2.45 (m, 0.2 H, H-3’B), 
2.54 (ddd, 3J = 6.3 Hx, 3J = 8.6 Hx, 2J = 14.3 Hz, 0.8 H, H-3’cr), 3.55(s, br., 0.8 H, OHa), 3.67 (s, br., 0.2 H, 
OHg), 4.01 (dd, 35 = 7.6 Hx, 2J = 11.5 Hz, 0.8 H, H-S@, 4.16 (dd, 3J = 3.9 Hz, rJ = 11.5 Hx, 0.8 H, H-5’a), 
4.10 - 4.30 (m, 0.6 H, H-4B, H-Sg, H-5’B) 4.44 - 4.55 (m, 0.8 H, H-4@, 4.94 (ddd, 3J = 4.2 & 3J = 8.0 Hz, 3J 
=9.3 Hx,0.2H,H-2J3), 5.02(dd,3J= 1.5Hx,3J=6.3Hx,O.SH,H-2~), 5.41 (s, br., 1 y&l). Anal. Calcdfbr 
C&,0,: C, 49.54; H, 6.47; Found C, 49.81; H, 6.62. 

o~/ru-Methoxybenyl-3-deoxy-a-D#rre~pentofuranoside (12): To a solution of 1W (47.5 g, 140 
mmol) in dry methanol (400 ml) was added a freshly prepared solution of 1 M sodium methoxide (1 ml) in 
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methanol. The mixture was stirred for 14 h and quenched by adding silica gel (1 teaspoon&l). After filtration and 
evaporation of the solvent the residue was purified by gash chromatography using petroleum ether/methyl 
acetate (1:1) for ehrtion to yield 34.1 g (96%) of 12 as a colourless oil. TLC (petroleum ether/methyl 
acetate = 1: 1): Rr = 0.25, [a], = 100.4 (c = 1.0 in CI-J&~). IH NMR (250 MHz., CD(&): 6 = 1.70 (dd, 3J = 2.8 
Hx, 2J = 13.8 Hz, 1 H, H-3), 2.43 (ddd, ‘J = 5.4 Hz, 3J = 9.8 Hz, 2J = 13.8 J-Ix, 1 H, H-3’) 3.44 (dd, ‘J = 1.9 Hz, 
2J= 11.7Hz, 1 J-&H-5), 3.7-4.4(s,br.,2H,OH),3.74(~, 3H,0CH3),3.81 (dd,JJ=2.1 Hz,rJ= 11.7% 1 
H, H-5’), 4.08 (d, 3J = 5.4 Hz, 1 H, H-2), 4.26 - 4.32 (m, 1 H, H-4), 4.47 (d, 2J = 12.4 Hz, 1 J-I, Cp), 4.66 
(d, zJ = 12.4 Hz, 1 H, CJQAr), 4.99 (s, 1 H, H-l), 6.75 - 6.89 (111, 2 J-J, aryl H), 7.14 - 7.26 (m, 2 J-J, aryl H). 
Anal. Calcd for C,,H,,O,: C, 61.41; H, 7.13; Found: C, 61.43; J-J, 7.13. 

ortk~Methoxybenzyl-3-deoxy-5-O-pivaloyl~-D-~~~~pentof~anoside (13): Pivaloyl chloride (18.9 
ml, 154 mmol) was added dropwise to a cooled (0 “c) solution of 12 (34.1 g, 134 mmol) in dry pyridine (200 
ml). The reaction mixture was stirred for 4 days at 4 “C, poured onto crushed ice (200 ml) and stirred for 1 h. 
After evaporation to dryness, the residue was coevaporated with tohrene, redissolved in diethyl ether (500 ml), 
and the solution was successively washed with a saturated sohrtion of sodium bicarbonate (2 x 100 ml), and pH- 
7 buffer solution (50 ml), dried with magnesium sulfate, filtered and evaporated. Flash chromatography using 
petroleum ether/methyl acetate (3: 1) for ehrtion furnished 38.1 g (84%) of 13 as a colourless oil. TLC 
(petroleum ether/methyl acetate = 1: 1): Rr = 0.6, [alo = 77.2 (c = 1.0 in CH.+Zy. 1H NMR (250 MHx, CDC13): 
6 = 1.15 (s, 9 H, Piv), 1.59 (dd, 3J = 3.6 Hz, 2J = 13.7 Hz, 1 H, H-3), 2.3 - 2.6 (s, br., 1 I-J, OH), 2.40 (ddd, 3J = 
5.9 Hz, 3J = 9.0 Hz, 2J = 13.6 Hz, 1 J-J, H-3’) 3.74 (s, 3 J-I, OCH,), 4.09 (dd, 3J = 4.8 Hz, 2J = 11.8 Hz, 1 H, H- 
5), 4.15 - 4.21 (m, 2 H, H-2, H-5’) 4.28 - 4.37 (m, 1 J-J, H-4), 4.46 (d, 2J = 12.3 Hz, 1 H, C@HAr), 4.65 (d, 2J = 
12.3 Hz, 1 H, CH@Ar), 5.01 (s, 1 H, H-l), 6.76 - 6.88 (m, 2 J-J, aryl J-J), 7.15 - 7.25 (m, 2 HI, aryl H). Anal. 
Calcd for C,,&,O,: C, 63.89; J-J, 7.74; Found C, 63.73; H, 7.77. 

o~~~Methoxybe~l-zyl-5-O-terfbutyld~e~y~~l-~eoxy~-~~~~~pentof~anoside (14a) and 
orllro-Methoxybenzyl-2,5di-O-~~u~ld~ethy~~yl-3-deoxy~-D~~~e~pen~f~anoside (14b): To 

a cooled solution (0 “c) of 12 (254 mg, 1.00 mmol) in dry dichloromethane (7 ml) was added imidaxole (143 
mg, 2.10 -01) and tertbutyldiiethylsilyl chloride (158 mg, 1.05 mmol). The reaction mixture was stirred for 
15 h at 4 Oc, poured onto pH-7 but& sohrtion, and the resulting mixture was extracted with dichloromethane 
(40 ml). After drying with magnesium sulfate and evaporation of the solvent, the residue was purified by flash 
chromatography using petroleum ether/methyl acetate (7: 1) for elution to yield 67 mg (14%) of 14b and 280 q 
(76%) of 14a. 

14a: Colourless 04 TLC (petroleum ether/methyl acetate = 6:1): Rr= 0.31, [a], = 62.2 (c = 1.0 in 
CH&&). ‘H NMR (250 MHz, CDCl,): 6 = 0.11 (s, 6 H, Siie), 0.91 (s, 9 H, f-Bu), 1.77 (dd, 3J = 2.3 Hz, 2J = 
13.5 Hz, 1 & H-3), 2.47 (ddd, JJ = 3.9 Hz, 3J = 9.9 Hz, 2J = 13.5 Hz, 1 H, H-3’), 3.54 (dd, ‘J = 1.5 Hz, 2J = 
ll.OHz, 1 H,H-5) 3.80(s, 3 J-J, OCH,), 3.89(dd,rJ= 1.8Hx,2J= ll.OHx, 1 H,H-5’) 4.00- 4.15 (m, 2q 
H-2,OH),4.31-4.36(m, 1 H,H-4),4.54(d,2J= 12.5Hx, 1 H,C_HHAr),4.71 (d,ZJ= 12.5Hx, lH,CJ-&JAr), 
5.03 (s, 1 H, H-l), 6.82 - 6.94 (m, 2 H, aryl H), 7.19 - 7.32 (m, 2 H, aryl H). Anal. Calcd for C,$320,Si: C, 
61.92; H, 8.75; Found: C, 61.83; H, 8.77. 

14b: Colourless oil, TLC (petroleum ether/methyl acetate = 6:1): Rr= 0.74, [a], = 47.6 (c = 1.0 in 
CH.&). ‘H NMR (250 MHZ, CDCl,): 6 = 0.01 (s, 3 H, SiMe), 0.02 (s, 3 I-I, SiMe), 0.06 (s, 6 H, SiMe), 0.85 
(s, 9 H, GBu), 0.89 (s, 9 y t-Bu), 1.61 (ddd, ‘J = 2.1 Hz, ‘J = 4.6 Hz, 2J = 13.2 Hz, 1 I-I, H-3), 2.27 (ddd, 33 = 
5.8 Hz, 3J = 8.1 Hz, 2J = 13.2 Hz, 1 J-J, H-3’) 3.60 (dd, 3J = 6.4 Hz, rJ = 10.1 Hz, 1 J-J., H-5), 3.76 (dd, 35 = 5.9 
Hz, 2J = 10.1 Hz, 1 y H-S’), 3.80 (s, 3 I-J, OCH,), 4.15 - 4.25 (m, 2 I-J, H-2, H-4), 4.52 (d, 2J = 12.4 Hz, 1 H, 
C_WAr), 4.70 (d, 2J = 12.4 Hz, 1 J-I, CH&Ir), 4.96 (s, 1 H, H-l), 6.82 - 6.94 (m, 2 H, arylH), 7.20 - 7.33 (m, 2 
H, aryl H). Anal. Calcd for C,,H,O&: C, 62.19; H, 9.60; Found C, 62.29; J-J, 9.65. 

(2S-trans)-2-ortlroMethoxybenzyl-~[[@ivaloyl)oxy]methyl]dibydro3-(2 FQ-furanone (15): A so- 
lution of Dess-Martin-periodinanel’ (63.2 g, 168 mmol) in dry dichloromethane (250 ml) was added dropwise to 
a solution of13 (38.0 g, 112 mmol) in dry dichloromethane (250 ml) under argon. After stirring for 1 h a 1.3 M 
sohrtion of sodium hydroxide (500 ml) was added. The mixture was stirred for 10 mh, the organic layer was 
separated, washed with a pH-7 buffer solution (80 ml), dried with magnesium sulfate, filtered, and the filtrate 
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was evaporated in vacua. FJasb chromatography using petroleum ether/methyl acetate (4: 1) for ehrtion gave 34.4 
g (91%) of 13 as a cohmrless oil. TLC (petroleum ether/methyl acetate = 3:l): J+= 0.44, [aID = 45.6 (c = 1.0 in 
C&Cl& ‘H NMR (250 MHx, CD(&): 6 = 1.19 (s, 9 H, Piv), 2.29 (dd, 3J = 7.9 Hz, 2J = 18.5 Hq l H, H-3), 
2.64 (dd, 3J = 6.7 Hz, 2J = 18.5 Hz, 1 H, H-3’), 3.81 (s, 3 H, OCH,), 4.22 (dd, 3J = 4.6 Hz, 2J = 12.0 Hz, 1 H, 
J-J-5) 4.36 (dd, 3J = 3.5 Hz, 2J = 12.0 Hx, 1 H, H-5’) 4.64 (d, 2J = 12.1 Hz, 1 H, Cm), 4.69 -4.79 (m, I H, 
J-J-4) 4.82 (d, 2J = 12.1 Hz, l H, Cm), 4.91 (s, 1 H, H-l), 6.83 - 6.96 (m, 2 H, aryl H), 7.22 - 7.36 (m, 2 H, 
aryl H). Anal. Calcd for C,&Jr,O,: C, 64.27; H, 7.19; Found C, 64.23; H, 7.27. 

pentofuranoside (16): A cooled (-40 “c) sohtion of Jithio(trimethylsilyl)acetylene, prepared from 
trimethylsilylacetylene (6.8 ml, 52 mmol) and n-B&i (32.6 ml 1.6 M in hexane, 52 mmol) iu dry THF (70 ml) at 
-40 Oc, was added to a cooled (-80 “c) suspension of anhydrous ceric@J) chloride in dry THF (250 ml), which 
had already been stirred for 2 h at 0 Oc under argon. After stirring for 1.5 h at -80 Oc a sohrtion of 15 (11.7 g, 35 
-01) in dry THF (70 ml) was added and stirring was continued for 30 min. The reaction mixture was poured 
onto a saturated solution of ammonium chloride, Sltered, and extracted with diethyl ether (2 x 100 ml). The 
combined organic extracts were washed with a pH-7 b&k sohttion (50 ml), dried with magnesium sulfate and 
evaporated. Flash chromatography using petroleum ether/methyl acetate (6: 1) for ehmon afforded 14.4 g (95%) 
of 16 as a colourless oil. TLC (petroleum ether/methyl acetate =3: 1): R, = 0.54, [aID = 80.1 (c = 1.0 in CH.#&). 
‘HNMB (250 MHx, CDCl,): 6 = 0.14 (s, 9 H, TMS), 1.20 (s, 9 H, Piv), 2.13 (dd, 3J = 7.6 Hz,, 2J = 13.0 Hz, 1 
JJ, H-3), 2.31 (dd, 3J = 6.8 Hz, 2J = 13.0 Hz, 1 H, H-3’) 3.57 (s, 1 H, OH), 3.82 (s, 3 H, OCH,), 4.12 (dd, 35 = 
5.7Hx,2J=l1.6Hx,1H,H-5),4.18(dd,3J=4.7Hx,2J=11.6Hx, lH,H-5’),4.42-4.53(m,lH,H-4),4.75 
(d,2J= 11.8Hz, 1 H,CHHAr),4.82(d2J= 11.8Hx, 1 H,CH&4r), 5.17(s, 1 H,H-1),6.85- 6.95 (m,2H, 
aryJ H), 7.23 - 7.32 (m 2 H, ary1 H). 13C NMR (62.5 MHz., CDC&): 6 = 0.3, SiM%; 27.2, C(CHr)3; 38.8, 
C(CH,h; 42.6, C-3; 55.3, OMe; 65.4, 66.3, C-5, benxylic C; 73.5, C-2; 75.6, C-4; 89.6, 105.7, acetylenic C; 
105.8, C-l; 110.5, 120.4, 125.3, 129.4, 129.5, 157.5, aryl C; 178.1, CO. Anal. Calcd fbr C,,H,O,B: C, 63.56; 
H, 7.89; Found: C, 63.64; H, 7.90. 

~~~o-Methoxybe~l-~eoxy-2-C-ethynyl-2-~me~yl-~~piv~loyl~-D~~r~pentof~anoside 
(17): Sodium hydride (3.4 g, 140 mmol) was added portionwise to a cooled (0 “c) sohttion of 16 (33.3 g, 70 
mmol) in dry THF (250 ml) under argon. After stirring for 30 min 1,3-dimethyl-2-imidaxolidmone (DMEU) 
(22.5 ml, 210 mmol) and methyl iodide (29.1 ml, 420 mmol) were added and stirring was continued for 1 h at 0 
“c and for 1 h at room temperature. Water (100 ml) was care&& added and the reaction mixture was stirred for 
another 4.5 h and then extracted with diethyl ether (2 x 200 ml). The combined organic extracts were succes- 
sively washed with a saturated solution of sodium thiosultkte (2 x 100 ml) and a pH-7 buffer solution (50 ml), 
dried with magnesium sulfate and evaporated. Flash chromatography using petroleum ether/methyl acetate (6: 1) 
for elution gave 22.7 g (86%) of 17 as a colourless oil. TLC (petroleum ether/methyl acetate = 3: 1): Rf= 0.50, 
[a]n = 64.3 (c = 1.0 in CH&Ix). ‘H NMB (250 MHZ, CDCl,): 6 = 1.20 (s, 9 H, Piv), 2.19 (dd, 3J = 4.7 Hz, 2J = 
12.7 Hz, 1 H, H-3), 2.45 (dd, 3J = 9.0 Hx, 2J = 12.7 Hz, 1 H, H-3’), 2.57 (s, 1 H, acetylenic H), 3.38 (s, 3 H, 
OCH,), 3.79 (s, 3 H, OCH,), 4.12 - 4.25 (m, 2 H, H-5, H-5’) 4.40 - 4.51 (m, 1 H, H-4), 4.64 (d, 2J = 12.5 Hz, 1 
H, C_HHAr), 4.81 (d, 2J = 12.5 Hz, 1 H, Cm), 5.09 (s, 1 H, H-l), 6.81 - 6.94 (111, 2 H, aryl H), 7.21 - 7.39 
(m, 2 H, axyl H). 13C NMR (62.5 MHZ, CDCI,): 6 = 27.1, C(CQ),; 38.7, C(CHs),; 39.0, C-3; 53.8, 55.2, OMe; 
64.3, 65.9, C-5, benxylic C; 74.0, C-4; 75.4, acetylenic C; 79.6, C-2; 82.9, acetyknic C; 103.4, C-l; 110.2, 
120.3, 125.8, 128.9, 129.5, 157.4, aryl C; 178.2, CO. Anal. Calcd for C,,qsO,: C, 67.00; H, 7.50; Found: C, 
76.09; H, 7.54. 

orth~Methoxybenzyl-3-deoxy-2-emethyl-~~pivaloyl-2-C-[~(~~e~y~~yl)-~hexen~l,5- 
diynyll-a-D-erythro-pentofuranoside (19): To a sohuion of 17 (22.7 g, 60 mmol) in dry benzene (200 ml) was 
successively added (4-chloro-3-buten-l-ynyl)-trimethylailane20 (15.9 g, 100 mmol), n-butylamine (30.0 ml, 300 
mmol), Cul(l.2 g, 6 mmol), and Pd(Pph,), (2.3 g, 2 mmol). The resulting mixture was stirred for 17 h under 
argon, washed with water (7 x 100 ml), dried with magnesium sulfate and evaporated. Flash chromatography 
using petroleum ether/methyl acetate (8: 1) for ehttion afforded 23.0 g (76%) of 19 as a colourless oil. TLC 
(petroleum ether/methyl acetate = 3: 1): & = 0.65, [aID = 54.1 (C = 1.0 in CH.&). lH NMR (250 MHZ, CDCl,): 
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6 = 0.16 (s, 9 I-I, TMS), 1.20 (s, 9 I-I, Piv), 2.22 (dd, 3J = 4.9 Hz, 2J = 12.7 Hz, 1 I-I, H-3), 2.49 (dd, 3J = 8.9 Hz, 
2J = 12.7 Hz, 1 H, H-3’), 3.44 (s, 3 I-I, OCI-I&, 3.79 (s, 3 H, OCI-Q, 4.18 (d, 3J = 5.7 I-Ix, 2 H, H-5, H-S), 4.41 - 
4.52 (m, 1 H, H-4), 4.65 (d, 2J = 12.6 Hz, 1 I-I, C@IAr), 4.82 (d, rJ = 12.6 Hz, 1 IT, C!H&+), 5.12 (s, 1 9 H- 
1),5.82(d,3J=ll.lHx, lH,olefH),5.85(d,3J=ll.lHz, lH,olefH),6.82-6.94@,2H,arylH),7.20- 
7.39 (m, 2 H, aryl II). t3C NMR (62.5 MHz., CDCl,): 6 = 0.3, SiMq; 27.1, C(CH3h; 38.8, C&H,),; 39.4, C-3; 
54.0, 55.2, OMe; 64.3, 66.0, C-5, benzylic C; 74.1, C-4; 80.4, C-2; 84.4, 95.9, 101.7, 103.3, acetylenic C; 
103.6, C-l; 110.2, 119.4, 120.4, 120.5, 125.8, 128.9, 129.5, 157.4, aryl C, olef C; 178.2, CO. Anal Calcd for 
C,sH,,O,Si: C, 67.44; II, 7.68; Found C, 67.03; I-I, 7.68. 

orth~Methoxybenzyl-3~deory-2C-~hexen~l,~di~yl-2-~methyl~-~~?~~~pentof~anoside 

(20): A freshly prepared 0.3 M solution of sodium methoxide in methanol (10 ml) was added to a sohrtion of 19 
(23.5 g, 47 mmol) in dry methanol (100 ml). After stirring for 2 weeks at room temperature the reaction was 
quenched by adding silica gel (2 g). After liltration and evaporation of the tiltrate in vacua, Sash chromatography 
using petroleum ether/methyl acetate for elution gave 11.5 g (71%) of 20 as a colourless oil. TIC (petroleum 
ether/methyl acetate = 3: 1): Rr = 0.17, [o.]n = 112 (c = 1.0 in CI-I&~). rH NMR (250 MHz, CDCl,): 6 = 2.0 (s, 
br., 1 I-I, OH), 2.29 (dd, ‘J = 4.7 Hz, 2J = 12.5 Hz, 1 I-I, H-3), 2.46 (dd, 3J = 9.1 Hz, 2J = 12.5 I-Ix, 1 I-I, H-3’) 
3.32 (dd, 5J = 0.7 I-Ix, 4J = 2.2 Hz, 1 I-I, acetylenic H), 3.42 (s, 3 II, OCH,), 3.73 (d, 3J = 3.7 Hz, 2 I-I, H-5, H- 
5’) 3.81 (s, 3 H, OCH,), 4.38 - 4.48 (m, 1 H, H-4), 4.67 (d, 2J = 12.6 Hz, 1 I-I, C_HHAr), 4.83 (d, 2J = 12.6 Hz, 
1 H, Cm), 5.12 (s, 1 II, H-l), 5.82 (dd, 4J = 2.2 Hz. jJ = 11.0 Hz, 1 I-I, olef I-I), 5.92 (dd, 5J = 0.7 I-Ix, 3J = 
11.0 Hz, 1 I& olef H), 6.83 - 6.95 (m, 2 I-I, aryl H), 7.22 - 7.40 (m, 2 I-I, aryl II). r3C NMR (62.5 MHz, CDCl,): 
6 = 38.2, C-3; 54.0, 55.2, OMe; 64.3, 64.8, C-5, benzylic C; 76.5, C-4; 80.6, 80.9, 84.2, 85.1, 96.2, C-2, 
acetylenic C; 103.5, C-l; 110.2, 119.5, 120.4, 120.6, 125.8, 128.9, 129.5, 157.4, aryl C, olef C. Anal. Calcd for 
C,J-&,O,: C, 70.16; II, 6.48; Found: C, 69.77; H, 6.59. 

orth~Methoxybenzyl-3-deoxy-2-C-(Ciodo-3-hexen~l,5-diynyl)-2-O-methyl~-D~~~~~pento- 
furanoside (21): To a solution of iodine (12.7 g, 50 mmol) in dry benzene (80 ml) heated to 45 Oc morpholine 
(13.0 ml, 150 mmol) was added under argon. After stining for 30 mln a solution of20 (8.0 g, 23.5 mmol) in dry 
benzene (40 ml) was added dropwise. The reaction mixture was kept at 45 - 50 “c for 4 h, filtered, the gltrate 
washed with a saturated solution of sodium thiosuhhte (2 x 100 ml) and a pH-7 buEer solution, dried with 
magnesium sulfate and evaporated. Flash chromatography using petroleum ether/methyl acetate (2: 1) for elution 
gave 8.3 g of 21 (76%) as a colourless oil. TIC (petroleum ether/methyl acetate = 3: 1): Rr = 0.17, [a], = 76.7 
(c = 1.0 in CI-I$l& ‘H NMR (250 MI-Ix, CDCI,): 6 = 2.0 - 2.1 (s, br., 1 H, OH), 2.26 (dd, 3J = 4.6 Hz, 2J = 
12.5 Hz, 1 H, H-3), 2.46 (dd, 3J = 9.1 I-Ix, 2J = 12.5 I-Ix, 1 Ii, H-3’) 3.43 (s, 3 H, OCH,), 3.65 - 3.8 (s, br., 2 I-I, 
H-5, H-5’) 3.81 (s, 3 H, OCH,), 4.38 - 4.47 (m, 1 I-I, H-4), 4.68 (d, 2J = 12.6 Hz, 1 I-I, Cm), 4.84 (d, 2J = 
12 6 Hz, 1 9 CH&4r), 5.12 (s, 1 II, H-l), 5.80 (d, ‘J = 10.8 Hz, 1 H, olef. II), 5.94 (d, 3J = 10.8 Hz, 1 II, olef 
H), 6.82 - 6.96 (m, 2 I-I, aryl H), 7.21 - 7.41 (m, 2 II, aryl H). r3C NMR (62.5 MHz, CDCl,): 6 = 15.2, CI; 38.2, 
C-3; 54.1, 55.2, OMe; 64.3, 64.9, C-5, benzylic C; 84.3, 91.6, 96.3, acetylenic C; 103.4, C-l; 110.2, 120.4, 
120.5, 121.1, 125.8, 128.9, 129.5, 157.4, aryl C, olef. C. Anal. Calcd for C2&Ir,I0,: C, 51.30; I-J, 4.52; Found: 
c, 5 1.47; y 4.75. 

ortho-Methoxybeozyl-3-deoxy-ZC-(biodo-3-hexene-l,~diynyl)-2-O-methyla-Daythro-pentodial- 
do-l&furanoside (22): To a cooled (-50 “c) solution of oxalyl chloride (3.3 ml, 38 mmol) in dry 
dichloromethane (50 ml) was added dimethyl sulfoxide (5.4 ml, 76 mmol) under argon. After 15 mitt a sohrtion 
of 21 (5.9 g, 12.7 mmol) in dichloromethane (35 ml) was added and the reaction mixture was stirred for an 
additional hour at -50 C. Trlethylamine (23.0 ml, 165 mmol) was added and the mixture was allowed to warm 
to room temperature, washed with a saturated solution of sodium bicarbonate, dried with magnesium sulfate and 
evaporated. Flash chromatography using petroleum ether/methyl acetate (2: 1) for ehrtion afforded 4.5 g (76%) 
of 22 as a colourless oil. TIC (petroleum ether/methyl acetate = 1: 1): R, = 0.6, [a], = 48.2 (c = 1.0 in U-I&). 
‘H NMR (250 MHZ, CDCl,): 6 = 2.56 (dd, “J = 2.8 Hz, 2J = 12.3 Hz, 1 I-I, H-3), 2.72 (dd, ‘J = 10.1 I-Ix, rJ = 
12.3 Hz, 1 H, H-3’) 3.43 (s, 3 H, OCH,), 3.81 (s, 3 II, OCH,), 4.45 - 4.51 (m, 1 I-I, H-4), 4.72 (d, zJ= 12.5 Hz, 
I H,CHHAr),4.87(d,2J= 12.5Hz, 1 H,Ce),522(s, 1 H,H-l),5.75(d,3J=10.8Hz, 1 H,olefH),5.95 
(d, 3J = 10.8 Hz, 1 H, olef. H), 6.83 - 6.96 (m, 2 I-I, aryl H), 7.22 - 7.40 (m, 2 H, aryl H), 9.82 (d, 3J = 1.3 Hz, 1 
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9 H-5). 13C NMR (62.5 MI-Ix, CDCl,): 6 = 15.8, CI; 39.3, C-3; 54.3, 55.3, OMe; 64.7, benzylic C; 79.8, C-2; 
80.0, C-4; 85.4, 91.4, 94.2, acetylenic C; 103.5, C-l; 110.3, 120.4, 120.5, 121.1, 125.5, 129.0, 129.5, 157.3, 
aryl C, olef C; 202.4, C-5. Anal Calcd fbr C,&I,,IO,: C, 5 1.52; II, 4.11; Found: C, 51.87; I-I, 4.44. 

(IS, 8S, 9S, 11S)-l-Methoxy-ll-(2methoxybenyl)o~-l~o~bicy~o[7.t.l]dodec~ne-2,6diya~ 
oI (23): To a suspension of anhydrous chrome@) chloride (3.9 g, 32 mmol), containing 2.5 % nickel@) 
chloride, in dry THF (300 ml) under argon was added a solution of 22 (3.7 g, 8.0 mmol) in dry THF (120 ml) 
during 3 h. The reaction mixture was stirred for an additional 40 min and then poured onto a pH-7 buifer sohr- 
tion (150 ml). After iihration the organic layer was separated, washed with p&7 buiTer sohu.ion (50 ml), dried 
with magnesium sulfate and evaporated. Flash chromatography using petroleum ether/methyl a&ate (2:l) for 
ehnion afforded 1.2 g (44%) of 23 as a ligth yellow foam, which decomposed even in the dark and under argon 
upon standing at room temperature. However, if kept in solution at 0 “c 23 was stable for several weeks. TIC 
(petroleum ether/methyl acetate = 1: 1): Rr = 0.62, [a], = 179.4 (c = 1.0 in CH#&). rH NMR (250 MHq 
CDCl,): 8=2.30-2.45(s, br., 1 I-I, 0H),2.60(dd,3J=9.411qzJ= 13.OI-Iq 1 I-&H-12), 2.80(dd,3J=3.8Hz, 
*J = 13.0 Hx, 1 II, H-12’), 3.35 (s, 3 H, OCH,), 3.79 (s, 3 II, OCH,), 4.48 - 4.53 (m, 1 I-I, H-9), 4.65 (d, zJ = 
12.5 EEZ, 1 H, CHHAr), 4.83 (d, 2J = 12.5 Hz, 1 II, CH&Ar), 4.83 (d, 3J = 4.4 I-Ix, 1 H, H-S), 5.09 (s, 1 H, H- 
11) 5.89 (s, 2 H, olef H), 6.81 - 6.93 (m, 2 I-I, aryl I-I), 7.20 - 7.38 (m, 2 I-I, aryl Ii). r3C NMR (62.5 MHZ, 
CDCQ: 6 = 41.4, C-12; 54.5, 55.3, OMe; 64.3, benxylic C; 64.5, C-8; 78.5, C-9; 81.6, 84.5, 91.5, 98.7, 
acetylenicC, C-l; 102.3, C-11; 110.3, 120.4, 123.8, 123.9, 125.7, 129.0, 129.6, 157.4, arylC, olef C. Correct 
elemental analytical data could not be obtained, because the product decomposed ifit was not kept in sohnion. 

(lS, 2S, As, SS)-1,2,4,5-Tetrrhy~ydro-l-methoIy-Y2-m~oxybe~l)oxy-l,~me~n~~be~xep~- 
5-01 (24): A sohuion of 23 (105 mg, 0.3 mmol) in 1,4qolohexadiene (5 ml) was heated to rethrx for 3.5 h. 
After evaporation of the solvent Sash chromatography uahrg petroleum ether/methyl acetate (2: 1) for ehrtion 
gave 39 mg (55%) of 24 as a colourless foam. TLC (petroleum ether/methyl acetate = 1:l): Rr= 0.56, 
[a]n = 81.5 (c= 1.0 in CH&&). rHNMR(250 MHz, CDCl,): 6= 2.0 - 2.1 (s, br., 1 I-I, OH), 2.29 (d, zJ= 10.7 
I-Ix, 1 II, CI-Q, 2.57 (dd, 3J= 6.4 I-Ix, 2J= 10.7 Hz, 1 II, C&), 3.44 (s, 3 H, OCH,), 3.77 (s, 3 I-I, OCH,), 4.57 
(s, 1 H, anomeric H), 4.60 (dd, fJ = 3.8 I-Ix, 3J = 6.4 Hz, 1 II, H-4), 4.61 - 4.67 (d, br., 3J = 3.8 I-Ix, 1 I-I, H-S), 
4.70@, ?J= 13.5 I-Ix, 1 II, CfsHAr), 4.82(d,rJ= 13.5 Hz, 1 I-I, Cm), 6.79 - 6.97(m, 2 I-I, arylH), 7.17 - 
7.53 (m, 6 II, aryl I-I). W NMR (62.5 MHZ, CDt&): 8 = 29.3, CIIr; 54.0, 55.3, OMe; 64.4, benxylic C; 70.4, 
C-4; 77.7, C-5; 84.2, C-l; 104.7, anomeric C; 110.1, 120.4, 123.6, 126.8, 128.1, 128.2, 128.4, 128.5, 130.3, 
136.6, 139.4, 156.8, aryl C. Anal Calcd for C,,,I$,,O,: C, 70.16; I-I, 6.48; Found: C, 69.92; H, 6.69. 

(35, 4S)-3,4-Dihydro-3-formyIoxy-4-hydroxy-l-(2E)-naphthalertone (25): To a solution of 23 (340 
mg, 1.0 mmol) in acetonitriIe/water (2:1, 15 ml) was added ceric ammonium nitrate (3.3 g, 6.0 mmol). The re- 
action mixture was stirred for 1.5 h at room temperature, poured onto a saturated solution of sodium 
bicarbonate, i&red and the resulting mbrture was extracted with dichloromethane (2 x 50 ml). The combined 
organic layers were dried with magnesium su&te and evaporated. Flash chromatography using petroleum 
ether/methyl acetate (2:l) for ehttion afforded 36 mg (18%) of 25 as a colourless foam. TIC (petroleum 
ether/methyl acetate = 2: 1): Rr = 0.25, [a], = 9.2 (c = 0.5 in methanol). rH NMR (250 MI-Ix, CDCl,): 6 = 2.55 - 
2.75 (s, br., 1 I-I, OH), 2.76 (dd, 3J = 9.0 Hx, 2J = 17.2 Hz, 1 I-I, H-2), 3.24 (dd, 3J = 4.4 I-Ix, 2J = 17.2 I-Ix, 1 H, 
H-2’) 4.97 (d, 3J = 7.5 lIx, 1 I-I, H-4), 5.36 - 5.45 (m, 1 II, H-3), 7.42 - 7.47 (m, 1 II, arylI-I), 7.61 - 7.70 (m,2 
H,arylH), 8.02(d,3J=8.OHx, lH, ary1I-Q 8.09(s, 1 H,formylH). “CNMR(62.5 MHZ, CDCl,): 8=40.8, 
CHr; 70.0, 72.8, C-2, C-3; 127.0, 127.6, 128.9, 131.0, 134.8, 141.3, aryl C; 160.1, formyl C; 193.4 ketone. EI- 
MS: m/z = 160 (M+ - HCOOH, 100 %), 134 (M+ - HCOOH - HCCH, 38 %), 105 (M+ - HCOOH - HCCH - 
HCO, 86 %), 77 (M+ - HCOOH - HCCH - HCO - CO, 39%). FAB-MS (NBOH): m/z = 360 (MD+ + NBOH, 
1.3 %), 207 (MD+, 3.7 %), 161 (MH+ - HCOOH, 5.5 %). IR: v = 3693 cm-‘, 3606, 2933, 2902, 2856, 1727, 
1693, 1603, 1473, 1459, 1386, 1372, 1295, 1284, 1175. Due to the low amount of isolated product elemental 
analytical data could not be obtained. 



An oxabicyclo[7.2.l]enediyrte 1447 

REFERENCES AND NOTES 

2 

3 

4 
5 

6 

7 

8 

9 
10 

11 
12 

13 

14 

15 

Sedlacek, H. H.; HoIIinanu, D.; Czech, J.; Kolar, C.; Seemarm, G.; Giissow, D.; Bosslet, K Chimia, 1991, 
45,3 1 l-3 16 and references therein. 
For reviews, see: (a) Waldruaun, H. Nachr. Chem. Tech. Lab. 1991, 39, 211-217. (b) Nicolaou, K. C.; 
Dai, W.-M. Angew. Chem. 1991, 103, 1453-1481; Angew. Chem. Znt. Ed. Engl. 1991,30, 1387-1416. (c) 
Lee, M. D.; Ellestad, G. A; Borders, D. B. Act. Chem. Res. 1991,24,235-243. (d) Goldberg, I. H. Act. 
Chem. Res. 1991,24, 191-198. (e) Nicolaou, K C.; Smith, A. L. Act. Chem. Res. 1992,25,497-503. 
(a) Bergman, R G. Act. Chem. Res. 1973,6,25-31. (b) Lockhart, T. P.; Comita, P. B.; Bergman, R G. J. 
Am. Chem. Sot. 1981, 103, 4082-4090. (c) Lockhart, T. P.; Bergmart, R G.; J. Am. Chem. Sot. 1981, 
103,4091-4096. 
Maier, M. E.; Braudstetter, T. Liebigs Ann. Chem. 1993, 1009-1016. 
(a) Maier, M. E.; Braudstetter, T. TetraheaFon Lett. 1991, 32, 3679-3682. (b) Maier, M. E.; Greher, B. 

Liebigs Ann. Chem. 1992, 855-861. (c) Myers, A. G.; Dragovicb, P. S. J. Am. Chem. Sot. 1992, 114, 
5859-5860. (d) Audraiu, H.; Skrydstrup, T.; Uliiarri, G.; G&son, D. S. Sjmleti 1993,20-22. 
For designed euediyues that contain trigger devices, see: (a) Haseltiue, J. N.; Danisbefkky, S. .I.; Schulte, 
G. J. Am. Chem. Sot. 1989, III, 7638-7640. (b) Haseltine, J. N.; Dauisbefsky, S. 3.; .J. Org. Chem. 1990, 
55, 2576-2578. (c) Magnus, P.; Lewis, R; Bennett, F. J. Am. Chem. Sot. 1992, 114, 2560-2567. (d) 
Porco, J. A.; Schoeueu, F. J.; Stout, T. J.; Clardy, J.; Scbreiier, S. L.; J. Am. Chem. Sot. 1990, 112, 7410- 
741 1. (e) Nicolaou, K C.; Smith, A. L.; Weudebom, S. V.; Hwaug, C.-K J. Am. Chem. Sot. 1991, 113, 
3106-3114. (f) Wender, P. A.;Zercher, C. KJ. Am. Chem. Sot. 1991, 113, 2311-2313. (g)Nicolaou,K 
C. ; Dai, W.-M.; Wendebom, S. V.; Smith, A. L.; Torisawa, Y.; Maligres, P.; Hwang, C.-K Angew. Chem. 
1991, 103, 1034-1038; Angew. Chem. Znt. Ed Engl. 1991, 30, 1032-1036. (b) Nisbikawa, T.; Iuo, A.; 
Isobe, M.; Goto, T.; Chem. Lett. 1991, 1271-1274. (i) Nicolaou, K C.; Hong, Y.-P.; Torisawa, Y.; Tsay, 
S.-C.; Dai, W.-M. J. Am. Chem. Sot. 1991,113,9878-9880. (i) Nicolaou, K C.; Dai, W.-M.; Tsay, S.-C.; 
Estevez, V. A.; Wrasidlo, W. Science, 1992, 256, 1172-l 178. (k) Nicolaou, K C.; Maligres, P.; Suzuki, 
T.; Weudebom, S. V.; Dai, W. M.; Chadba, R K J. Am. Chem. Sot. 1992, f 14,8890-8907. (1) Nicolaou, 
K C.; Dai, W.-M. J. Am. Chem. Sot. 1992, 114, 8908-8921. (m) Nicolaou, K C.; Liu, A.; Zeug, Z.; 
McComb, S. J. Am. Chem. Sot. 1992,114,9279-9282. 
(a) Nicolaou, KC.; Zuccarello, G.; Ogawa, Y.; Schweiger, E.J.; Kumazawa, T. J. Am. Chem. Sot. 1988, 
If 0, 4866-4868. (b) Nicolaou, K. C.; Zuccarello, G.; Riemer, C.; Estevez, V. A.; Dai, W.-M. J. Am. 
Chem. Sot. 1992,114,7360-7371. 
(a) Snyder, J. P. J. Am. Chem. Sot. 1989, III, 7630-7632. (b) Snyder, J. P.; Tipsword, G. E. J. Am. 
Chem. Sot. 1990, 112,4040-4042. (c) Maguus, P.; Fortt, S.; Pit&ma, T.; Snyder, J. P. J. Ani. Chem. Sot. 
1990, 112,4986-4987. (d) Snyder, J. P. J. Am. Chem. Sot. 1990,112,5367-5369. 
Koga, N.; Morokuma, K J. Am. Chem. Sot. 1991, 113, 1907-1911. 
(a) Magnus, P.; Lewis, R T.; Huffmart, J. C. J. Am. Chem. Sot. 1988, ZIO, 6921-6923. (b) Magnus, P.; 
Carter, P.; Elliot, J.; Lewis, R.; Harliug, J.; Pittema, T.; Bauta, W. E.; Fortt, S. J. Am. Chem. Sot. 1992, 
I14,2544-2559. 
Maier, M. E.; Braudstetter, T. Tetrahedron Lett. 1992,33, 75 1 l-75 14. 
(a) Horita, K; Yosbioka, T.; Tanaka, T.; Gikawa, Y.; Yonemitsu, 0. Tetrahedron 1986, 42, 3021-3028. 
(b) Nakajima, N.; Abe, R; Yonemitsu, 0. Chem. Pharm. Bull. 1988,36,4244-4247. 

For recent reviews about glycosylation methods, see: (a) Schmidt, R R iu Comprehensive Organic 
Synthesis; Trost, B. M.; Fleming, I. Eds.; vol. 6, Wiuterfeldt, E. Ed.; Pergmon Press, Oxford 1991; pp. 
33-64. (b) Tosbima, K; Tatsuta, K Chem. Rev. 1993,93, 1503-1531. 
(a) El Kbadem, H. S.; Audichya, T. D.; Wbitee, M. J. Carbohya?. Res. 1974, 33, 329-337. (b) Unger, F. 
M.; Christian, R; Waldstiitteu, P. Carbohydr. Res. 1978, 67, 257-262. (c) El Kbadem, H. S. In Nucleic 
Acid Chemistry, Part 1; Townsend, L. B.; Tipson, R S. Eds.; Wiley: New York, 1978; pp. 169-182. 
Krisbuamurtby, S.; Schubert, R M.; Brown, H. C. J. Am. Chem. Sot. 1973,95,8486-8487. 



1448 T. BRANDSTTTER and M. E. MAIER 

16 

17 

18 

19 

20 
21 
22 

23 

For an explanation, see: Mulzer, J.; Sch6Uhom, B. Angew. Chem.‘l990, 102, 433-435; Angew. Chem. Inf. 
Ed. Engl. 1990,29,431-433. 
(a) Dess, D. B.; Martin, J. C. J. Org. Chem. 1983, 48, 4155-4156. (b) Irelaud, R E.; Liu, L. J. Org. 
Chem. 1993,58,2899. 
Imamoto, T.; Takiyama, N.; Nakamura, K; Hatajima, T.; Kamiya, Y. J. Am. Chem. kc. 1989, III, 4392- 
4398. 
(a) Stephans, R D.; Castro, C. E. J. Org. Chem. 1963, 28, 3313-3315. (b) Souogaabira, K; Tohda, Y.; 
Hagihara, N. Tetrahedron Len. 1975, 4467-4470. (c) GuiUenu, D.; Liustmmelle, G. Tefrahedron Len. 
1985,26,3811-3812. (d)Keude, A. S.; Smith, C.A. J. Org. Chem. 1988,53,2655-2657. 
Keude, A. S.; Smith, C. A. Tetrahedron Lett. 1988,29,4217-4220. 
Crevisy, C.; Beau, J.-M. Tetrahedzon Lett. 1991,32,3171-3174. 
(a) Takai, R; Yagashira, M.; Kuroda, T.; Oshima, T.; Ucbimoto, K; Nozaki, H. J. Am. Chem. Sot. 1986, 
108, 6048-6050. (b) Aicher, T. D.; Buszek, K R; Fang, F. G.; Forsyth, C. J.; Jung, S. FL; Kishi, Y.; 
Matelich, M. C.; Scala, P. M.; Spero, D. M.; Yoon, S. K J. Am. Chem. Sot. 1992, 114, 3162-3164 and 
references therein. (c) see also ref. 6rn 
For simihar structures, see: (a) Zhoug, S.-M.; Waterman, P. G.; Je5eys, J. A. D. Phytochemistry, 1984, 
23, 1067-1072. (b) Fujimoto, Y.; Yokoyama, E.; Takaharhi, T.; Uzawa, J.; Morooka, N.; Tsuuoda, H.; 
Tatsuuo, T. Chem. Phurm. Bull. 1986, 34, 1497-1500. (c) Cowl, S. J.; Hradil, C. M.; Lu, H. S. M.; 
Clardy, J.; Satouri, S.; Strobe4 G. A. Ten&z&on L&t. 1990,31,2117-2120. 

(Received 16 July 1993; accepted 24 November 1993) 


