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Abstract 
Glucose Is converted into the a fi -unsaturated urono-B+factone 29 using an intramolecular Wadsworth-Emmons 

reaction. Higher order cuprates add to the lactone to provide the C-6 substituted carbohydrate derivative with high 
stereoselectlvity. This product can be converted into the dtthiane 34b which when coupled wtth an appropriate epoxide 
yields compound 37 which contains the C-2 to C-15 fragment of ionomycin wfth the correct absolute stereochemistry at 
each asymmetric centre for conversion into ionomycin. 

Ten years ago a group at Squibb reported the isolation of an unusual antibiotic which they named ionomycin from 
fermentation broths of Streptwnyces congfobatus. 1 Toepfftz et al. determined the structure of lonomycin (1) by X-ray 
crystallography and spectroscopic analysis2 This molecule presents a fomrfdabfe synthetic challenge. lonomycin is a 
unique ionophore because of its ablllty to form a neutral 1:l complex with calcium to selectlvfty transport calcium In 
biological systems3 The molecule comprises a 3Bcarbon linear backbone containing 14 asymmetric centres. Several 
groups have re rted the synthesis of fragments of lonomycin,4* 
been reported.El l 

and recently two total syntheses of ionomycln have 

We chose to explore the possiMfty of using a carbohydrate precursor for the synthesls of the 
“left-hand’ portion of ionomycin, namely the Cl - Cg fragment. Recently, we have published a model study to join the Cl - 
Cg fragment to a Ct g - Cl 3 fragment, and to generate the B diketone.4c The problem associated wlth a synthesis of the 
left-hand portion of ionomycin requires the generation of two pairs of 1 ,Sdimethyf groups - one pair in an g@ relation and 
the second pair in aSy_n relation.12 

1 

For the past twenty years, or 
synthesis of many natural products1 !a 

nit chemists have taken advantage of carbohydrates as starting materials for the 

Some of the reasons for using carbohydrates include their enantiomeric purity, their 
ready availability, and thelr relatlvely low cost. In addftion, there is a rich background knowledge about the stereo-, regio-, 
and chemocontrol of functional group interconversions and protecting group manipulations in carbohydrates. Often 
carbohydrate derivatives exist as fnre- or six-membered rlngs, or blcycfic systems that display high conformational rfgfdky, 
which controfs the stereoselective reactions of these compounds. 

The following two examples illustrate the utility of carbohydrates as templates for the stereoselective construction of 
m- or &I-1,3dimethyl units. In these examples, the carbohydrate rlng provlded a rigid template on which subsequent 
stereoselectlve transformatlons were carded out. Once the desired stereochemistry had been established, the ring was 
easily opened to allow conversion into the corresponding natural product. Cellulose on thermolysis gives an 
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anhydrobicyclic acetal that Is readily converted into the enone 2. Marl et al. used this enone to prepare the dlmethyl 
derivatlve 3 in five steps enroute to a synthesis of (-)-se&orriin.148 

Cellulose 
-- HO 

3 

In a synthesis of (-)a-multlstrlatin, we reported the synthesls of the dknethyl derlvatlve 5 from D-glucose (4).14b It 
would appear that 5 or a related compound mlght be a useful precursor to the C-4 to C-9 fragment of lonomycln (1). 
However, this approach to the synthesis of lonomycln would require a method to elongate the carbon backbone and 
introduce a methyl group stereoselectively at C-6 In a glucose derlvatfve. 

-- 
HO 

Normally chiral Induction on a side chain exocyllc to the pyranose ring of carbohydrates is unpredictable.t5 lsobe 
and coworkers have taken advantage of the ability of the ether oxygens on a carbohydrate framework to coordinate with 
the incoming reagent and hence to stereoselectlvely introduce a methyl group at C-6 in the glucose derivative shown In eq 
1 .16 The original reports from this group outlined the procedure to obtain the R stereochemistry at C-6 of 6 (eq 1).13a-c 
This is exactly the opposite to the stereochemistry of C-4 In lonomycin. Recently lsobe and coworkers have extended this 
methodology to synthesize the S stereochemistry at C-6 in 7 (eq 2). 16d It Is not clear what the salient features are in 
contrdling the stereochemistry of these confugate additions. Our requirements and possible substltuents would seem to 
be closer to those In eq 1 than those in eq 2. DeNlnno et al. have suggested that the stereochemlcal outcome of reactions 
of alkenylpyranosides is governed by the ground state conformation of the alkenylpyranoskJe.17 

4-- 
MeLi 

Et 
6 SeCl 

6 

MeMgSr 

ww 

7 

In 1931, Nakahara et al. published a synthesis of a fragment of antibiotic A23187 starting from a carbohydrate 
precursor (see eq 3).18 D-Glucose was converted into the lactam 8 which was O-alkyfated to give the imlno ether 9. 
Deprotonation of the active methylene in 9 fdlowed by alkylation with methyl iodide from the less hindered, convex face 
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gave compound 10. The stereochemistry at CS In 10 is S. as required In ionomycin. 

Subsequently, Fraser-Reid et al. developed the epoxide opening sequence shown in eq 4 to introduce a substituent 
with the S conffguratlon at C-6 of a glucose derivatlve. IQ The epoxkfe 11 was opened with dimethyimagnesium to give the 
alkyfated product 12. These authors suggested that this Intermediate could be used in the synthesis of polymethyiated, 
polyhydroxyiated antibiotics.1Q 

Me0 Me0 

11 12 
When our plans for a synthesis of the left-hand side of ionomycin were germinating, no method for the 

stereoselective introduction of aikyi groups at C-6 in a D-glucose derivative had been published. Therefore, we embarked 
on a study to develop a method for the stereospecific introduction of a methyl group at C-S of a glucose derivative in a 
predictable and rational way. Our basic tenet was that a rigkl, bicyclic intermediate embodying the D-glucose skeleton 
would allow us to achieve this goal - see eq 3 and 4. We chose to bridge C-8 and the hydroxyt group at C-4 with an 

a ~9 -unsaturated lactone to form a rigid, m-fused, bicydlc system. We anticipated that reduction or conjugate addition 
to this bicyclic lactone would exhibit a high degree of stereoseie~rtlvity.~3 

In 1978, Weihe and f&Morris published a method to prepare ano fl -unsaturated6 -lactone on a sterokfal side-chain 
using the Intramolecular Wadsworth-Emmons reaction shown In eq 5.2t 

0 

I. mpsr 
2. KrOI,P * 

Mcdiffcations to this synthetic scheme should allow us to prepare lactones of the general structures 13 and 14 from 
the corresponding aldehyde and ketone as shown below. The synthesis and reactivity of these two types of lactones was 
undertaken as a model study for the eventual approach to the synthesis of ionomycin. 

13 (R-H) 

14 (R-k) 
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For this study, the C-2 and C-3 hydroxyf groups of methyl a-Dgiucopyranoskie were protected using standard 
carbohydrate chemistry to ghre 15a. The primary hydroxyf group of the did 15a was protected as ks trityf ether and the 
free hydroxyi group at C-4 was then acyiated with bromoacetyi bromide. inttiaiiy, when this reaction was carried out on 

small scale, ether was used as the solvent for the acyiation.21 However, because of the low soiubliity of alcohol 15b, it was 

impractical to carry out this reaction on large scale using ether as the soivent. Fortunately 15b is readily soiubie in THF and 
the bromoacetate 16s could be obtained in excellent yield using THF as solvent. The bromoacetate 16a was then treated 
with trlethyi phosphite to yleid the phosphonoacetate 16b. Our inftiai efforts to deprotect the hydroxyl group at C-6 
concentrated on the use of acidic ion exchange resins in methanol because of the anticipated ease in work-up of such 
reactions.22 The C-6 trityi group could be easily cleaved under these conditions, but invariabiy there was a significant 
amount of migration of the acyi group from C-4 to C-6.23 The desired alcohol 16~ was obtained by catalytic 

hydrogenoiysis of the C-6 trkyi. Under these miid conditions no&&acyiation was observed, however, attempts to purffy 
16c by chromatography on several different supports did cause varying amounts of &556_acyiation. The triphenyimethane 
was separated from 16c by continuous extraction of an acetonftriie soiution of the reaction mfxture wfth petrdeum ether. A 
Moffatt oxidatlon24 of 16~ yielded the aidehyde 17 which was used in the next step without purification. A 
Wadsworth-Emmons cyciization of the aidehyde 17 gave the a# -unsaturated urono-6,4-iactone 16 in high crude yield. 
Analysis of the crude product by 1 H NMR indicated that the reaction was quite clean, however, ail of the methods used to 
separate the product from the phosphate ester salts resulted in dgnificantiy reduced yields. Martin and Szarek noted the 
unusual sensitivity of an urono-6,4-iactone25 and iactone 15 appears to have similar properties. 

b 

16a (R = Tr. X = 6r) 17 18 

Q 15R(R = R) 

15b (R = Tr) 
lab (R = Tr, X = Po(oEt)s) 

= Ii. x = PO(OEt)s) 

(a) TrCi, py (92%); (b) BrCH2COBr, DMAP, py, THF (99%); (c) P(OEt)3, 150 “C (100%); (d) H2, Pd-C, tr HCI (72%): 
(e) DMSO, DCC, Ci2CHCOOH (91%); (1) NaH, THF, A (5957%). 

The Lipshutz higher order mixed organocuprate26 reacted cleanly with the a 8 -unsaturated iactone 16 to gfve the 
conjugate addftion products 19 and 20 (eq 6). The maximum stereoselectivity was found to be 13:l. Work-up of the 

reaction was a challenge because of the high acid sensitivity of the products. Eventually a work-up procedure (See 
Experimental) was developed which resulted in 75100% yields of the iactone mtxture. A pure sample of the major isomer 
was obtained by preparative GLC. The stereochemistry of the methyl group at C-6 in this isomer was proven by difference 

nOe experiments. Irradiation of the C-methyl signal resulted in major enhancements of the H-4, H-6 and H-78 signals. in a 
separate experiment, irradiation of the C-4 methine signal resulted in enhancement of the H-2 and the C-6 methyl signals. 

Thus H-2, H-4 and the C-6 methyl group are ail&, confirmlng the axial orientation in the major product 19. 

- O,.. + OSOMe tf3) 
Ye2Cu(CN)Li2 

Unfortunately, we were unabie to obtain sufficient quantities of the minor product 20 from the above reaction to be 

able to fully characterize ft. Therefore, this isomer was prepared by a separate route shown in eq 7. Although we dki try to 



C-2 to C- 15 fragment of ionomycin 
2737 

find the optfrnal conditions for the reactions in this sequence, the instabifky and water sofubllfty of certain intennedfates 
resulted in some low yields. We were unabfe to isolate any Mentfffable product fdlcwing the addition of a methyl Gdgnard, 
methllithium or methyftrfs(Z-propoxy)tkanlum27 to the afdehyde 17b. Fortunatefy treatment of the akfehyde 17b with the 
tftanium methylene complex2* u&g the mod&d procedure developed by Lornbardo29 afforded the defin 21 in moderate 
yield. A one-pot oxymercuratkn-oxfdation3g of the crude 21 gave a mfxture of products in 88% weight balance. The NMR 
spectrum of this mixture indicated that about one-third of the crude mfxture con&ted of the desired ketone 22. All of our 
attempts to improve this yield failed and other reactions, such as a Wacker oxidation3’ led only to recovered starting 
materfal. Cydfzation of the crude ketone 22 afforded the a fi -unsaturated lactone 23 in about 10% yield for the last two 
steps. The 1 H NMR spectrum of the lactone 23 is characterlzed by signals at 6 5.78 and 6 2.00 corresponding to the 
vinylb proton and methyl group respectively. The saturated lactone 29 was obtained by hydrogenation of 23. The product 
from this hydrogenatfon (eq 7) was shown, by capillary GLC, to be Mentical to the minor product in the cuprate addition (eq 
8). There was no evfdence by either ‘H NMR or capillary GLC for formation of the axial methyl lactone 19 in the 
hydrogenation step. 

Pirkfe and Adams have shown that conjugate additions of cuprates to &x-membered a 8 -unsaturated lactones 
involve axial attack of the cuprate. These resufts and our own are consistent wfth the minimization of torsional strain33 or 
the maxlmfzatlon of staggedng34 proposals for cuprate addftlon. Corey and Boaz have suggested that cuprate conjugate 
additions proceed via a reversible d,n *-complex, followed by copper(M) adduct formation .35 Their results suggest that if a 
cuprate conjugate addftion to a cydohexenone with a 7 -oxygen is conducted under reversible conditions, the major 
product will be the one in which the alkyl group transferred from the cuprate is & to the oxygen functionality. The major 
product in the above cuprate addition (eq 8) has the methyl group& to the pyranose oxygen - consistent with the results 
of Corey and Boaz. 

fz0U-W 2 

17 Q_ 
4 / 

0 6 0 Me0 
Meo OMe 

21 

0 

% 

0 0 

Me0 
Me0 0k.k 

20 

22 

d 
4 

23 

(a) CH2Br2-Zn-TiCf4, CH2Cl2 (42%); (b) Hg(OAc)2, H20, acetone; 003, H2SO4, H20 (ca. 20%); (c) NaH, THF,A 
(ca. 48%); (d) H2, Pt02, MeOH (188%). 

This sequence of model reactions demonstrated that cuprate addtion to carbohydrate uranolactones could be 
carried to generate the C-8 substituted product with precisely the stereochemistry required in ionomycin. We then 
embarked on a synthesis of such an lonomycin precursor. The plan for the synthesis of the left-hand segment of 
ionomycin, involved using the above model reactions to estabffsh the stereochemistry of C-4 in ionomycin, and combining 
thls wfth our earfler results (cf. 4 to 5 above) 14b to control the stereochemfstry of C-S and C%. 

_D-Glucose(4) was converted into’ the epoxkfe 24. 14b138 In our prevk~us report, the epoxide 24 was treated with 
lithium dimethyfcuprate to give the axial C-2 methyl derfvatlve 28a. This reaction was capricious and we found that using a 
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higher order mlxed cuprate3’ gave higher and more reproducible yields of 26s. This compound was deoxygenatsd and 
the protecting groups modified accord@ to our eadler protocofs14b toglvetheC4alcohdZdb. Theakohol26bwa.s 
acytated as above and treated with tdethyi phosphite to give the phosphonate 270 in good yield. Compound 270 was 
contaminated with a trace (ca. 2%) of the chloroester 27b which we were unabte to separate from 270. Mass 
spectroscopic anal sls of 27a showed the presence of 27b which may arise from traces of phosphorous tdchiorlde In the 
methyl phosphite. J Hydrogenotysls of the trkyi ether in 270 was quite facile. In fact, the C-4 to C-6 acyf migration ‘whkh 
complicated the model studies was not a problem in the synthesis of the ‘real” compound. The C-6 alcohol was oxldked to 
give the aldehyde 29. Wadsworth-Emmons cydizatbn of 28 afforded the crude a 8 -unsaturated lactone 29 in hfgh ylekl 
and purity as indicated by capillary GLC. Lfke the model lactones 18 and 23, lactone 29 is very add sensitive. Gel 
purification on Sephadex permitted separation of most of the sodium phosphate esters, affordlng 29 In 66% yield. 
Subsequent chromatography on sllka gel reduced the yield to 42%. This second purifkatlon was necessary because the 
next cuprate reaction using partially purified a ,6 -unsaturated lactone gave poorer yields of the conjugate addition product. 

Conjugate addition to the a @ -unsaturated lactone 29 using a higher order mixed organocuprate yielded the axial 
lactone 39 in 96% yletd. The stereochemistry of the C-6 methyl group was assigned by 1 H NMR spectroscopy and analogy 
with the above model study. In particular, all of the proton chemical shifts and couplings for the hydrogen8 on carbons 4 to 
7 could be assigned unambiguoudy (see Experimental). We Gould not detect any of the correspondlng equatorial methyl 
epkner In the reaction mtxture by capillary GLC or 1 H NMR. 

24 
25a (X = OH) 

25b (X = H) 

he 

30 

bhne 

26a (R = H) 

26b (R = Tr) 

279 (X = PO(OEt)2) 

2i’b (x = CI) 

OMe OMe 

29 28 

(a) Me2Cu(CN)Li2, Et20 (78%); (b) reference 14b: i) NaH, CS2, Mel, Et20; ii) Bu3SnH, toluene, A ; iii) TsOH, 
MeOH; iv) TrCI, py; (c) BrCH2CCBr, DMAP, py, Et20 (90%); (d) P(OEt)3, A (98%); (e) Hp. Pd-C, HCl, MeCH (96%): (9 
DMSO, DCC, CI2CHCOOH, (81%); (g) NaH, THF,A (42%); (h) Me2Cu(CN)L12, Et20 (91%). 

Reduction of the lactone 30 with dlisobutylalumlnum hydride yielded the water solubte did 31 which could be 
isolated in excellent yield following careful work-~p.~~ Dial 31 was converted into the monopivalate and oxkllzed40 to yield 
the ketone 32. Ketone 32 was then treated with the active methyiene titanium complex2829 to yield the corresponding 
exocycllc alkene which was hydrogenatedl’lb using Wilkinson’s catalyst to give the trimethyl compound 33. The 
stereochemistry of the hydrogenated product 33, which was expected on mechanistic grounds,14b is supported by the 
spectroscopic data. In the ‘H NMR spectrum, the one-proton doublet at S 4.26 with a coupling constant of 4 Hz is 
assigned to H-l, indicating that 33 retains the 4C1 chair conformation. The 13C NMR spectrum of 33 showed only three 
signals upfield from 6 25 and two of these, the peaks at S 15.22 and 15.56, are attributed to the axhl methyl groups at C-2 
and C-4. Axial methyl groups on a cyclohexane ring normally have 1 3C NMR ,signals at S 15 - 18, whereas the 
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corresponding equatorial methyl groups are usually found at 6 18 - 25.41 
group in 33 k 6 21 .83,42 and the third sfgnal at d 

The calculated chemical shift for the C-8 methyl 

19.14 is attributed to this methyf group. At this stage the carbon chain 
with the three pendent methyl groups on the left-hand fragment of lonomycfn have been introduced wlth the correct relative 
and absolute stereochemistry. 

31 32 
30 

g.hi 
34a (R = Pv. R r HI 
34b (R = TBDMS. R = MEN) 

(a) DIBAL. Et20 (94%); (b) F’vCl, py, 0 “C (74%); (c) (COCl)2, DMSO, TEA, CH2C12, 450 “C- room temp (78%): (d) 
CH2Br2-Zn-TiC14, CH2C12 (83%); (e) ~3P)3RhC13 H2, $H (75%); (f) HS(CH2)$H, BF3.Et20, CH2C12 (84%); (g) 
MEMCl, i-Pr2NEt. CH2Cl2 (81%); (h) LAH, Et20,O “C (88%); (I) TBDMSOTf, 2,8-lutidlne, CH2C12 (87%). 

The pyranose ring had sewed its final function in the synthesis and now could be opened to yield the acyclic chain. 
Thus treatment of 33 with I.8propanedithlol afforded the dlthiane 34a. Consistent with our earlier results,14b no 
epimerization of the C-2 methyl group was detected. A number of reactions to deoxygenate C-5 were investigated without 
success. For example, reductlon43 of the corresponding mesylate was complicated by the presence of the dkhane. We 
therefore de&ted that lt would be best to postpone this deoxygenatlon until the two left-hand fragments had been coupled 
and the resulting dlthloketal was hydrolyzed. Wfth this plan In mind, the alcohol 34a was protected and the pivaloate 
protecting group at C-l was interchanged for the&@butyldimethyisilyl ether to give 34b. 

Methyl (R*.S*)-2,4-dimethylglutarlc acid (35) was resolved via its (+)a-methylbenzylamonium salts44 and 
conVetted4c Into a mixture of epoxfdes 36 which are eplmerlc at C-5. Both epimers could be used, since this centre would 
subsequently be oxidized to a ketone group. The two fragments were coupled via metallation of the dlthiane4c to give 

compound 37 in 40% yield. This completed a synthesis of the C-2 to C-15 fragment of lonomycln with the five pendant 
methyl groups having the correct absolute stereochemistry 

MEMO fiS OH 

HooCYYCooMe ----F V 
‘*OR - Row 

OR 

36 (R = TBDMS) 
37 (R = TBDMS) 
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Experimental 
For all moisture sensitive reactions, dry solvents were used and the glassware was oven-dried and cooled under a 

stream of nitrogen before use. Nitrogen was dried by passing lt through a column of indicating Drierite. Petroleum ether 
was of boiling range ca. 3060 “C. Methyllithium (in ether) and n-butyllithium (in hexanes) were obtained from Aldrich 
Chemical Co. The alkyllithiums were standardized by titration against 1,3-diphenyl-2-propanone p-tosylhydrazone in 
THF.45 Reactions were stirred at room temperature unless specific temperature conditions are mentioned. Cold 
temperature baths were prepared as follows: -78 “C (d 

a - 
ice acetone), -60 “C (dry ice-chloroform), -40 “C (dry 

ice-acetonitrile), -25 “C and -10 “C (dry ice-aqueous CaCl,). Solvents were evaporated under reduced pressure using a 
Buchi rotary evaporator followed by vacuum evaporation (0.05 - 0.1 Torr) for at least 20 min. 

Analytical thin layer chromatography (TLC) was carried out using commercial, pre-coated, aluminum-backed silica 
get plates (silica get 60 F254) supplied by E. Merck Co. Visualization was effected by ultravidet fluorescence (UV), iodine 
vapour (12), 2,4dinitrophenythydrazlne spray (2,CDNP-hydrazine) or 10% aqueous sulfuric acid spray followed by heating 
(H2S04). Analytical GLC was performed on a Hewlett Packard model 5880A gas chromatograph using a 0.2 mm x 12 m 
column of 3% OV-101 or 10% Carbowax 20M and a flame ionization detector. 

Flash chromatography47 was performed using silica gel 230400 mesh ASTM supplied by E. Merck Co. Gel filtration 
was performed on Sephadex LH-20 supplied by Pharmacia. Preparative gas liquid chromatography (GLC) was carried out 
on a Varian Aerograph model 90-P equipped with a 0.25 in x 10 ft stainless steel cdumn packed with 5% OV-17 on Supelco 
WHP (100-120 mesh). 

Melting points were determined on a Kofler hot stage apparatus. Boiling points are given as the air-bath 
temperatures required for Kugelrohr distillation. Melting points and boiling points are uncorrected. Optical rotations were 
measured with a Perkin-Elmer 141 polarimeter at 20-25 “c using sadium D light (589 nm). The solution concentrations (c) 
for specific rotations, [a]D, are given in grams of solute per 100 mL of solution. Infrared spectra were recorded on a 
Perkin-Elmer model 7108 spectrophotometer. Solution spectra were obtained using sodium chloride solution cells of 0.2 
mm thickness and are calibrated by means of the 1601 cm-l band of polystyrene. 

Nuclear magnetic resonance spectra were taken in deuterochloroform solution. Proton nuclear magnetic resonance 
(lH nmr) spectra were recorded on a Varlan EM 360L (60 MHz), a Bruker WP-80 (80 MHz), HXS-270 (270 MHz) or WH-400 
(400 MHz) instrument. Signal positions are given in parts per million downfield from internal tetramethyisilane (TMS) on the 
S scale for all compounds except those containing the tert-butyldimethylsilyl group. In these cases the chemical shifts are 
measured relative to chloroform (6 7.27). Carbon-13 nuclear magnetic resonance (13C nmr) spectra were recorded on a 
Bruker WH-400 (100 MHz) and chemical shifts are reported on the6 scale relative to internal TMS. 

Low resolution mass spectra were determined on a Varian MAT CH4B or a Kratos-AEI MS 50 mass spectrometer. 
High resdution mass measurements were made uslng a Kratos-AEI MS 50 mass spectrometer. All Instruments were 
operated at an ionizing potential of 70 eV. Microanalyses were performed at the Microanalytical Laboratory, Universlty of 
British Coiumbia or the Canadian Microanalytical Service Ltd., 5704 University Boulevard, Vancouver. 

Methyl 4,&D-benzylidenea-Dglucopyranoside 
This compound was prepared from methyl cr-D-glucopyranoslde in 68% yield following the procedure of 

Richtmyer;36 mp 163.5165.5”C (lit. mp 163-164”~).36 

Methyl 4,6-D-benzylidene-2,3di-D-methyl~-Dglucopyranoside 
To a solutlon of the above dial (23.4 g, 83.0 mmol) In dry DMSO (500 mL) under nitrogen was added a solution of 

sodium methyl sulfinate anion in DMSO (80.1 mL, 2.81 M, 225 mmol). After stirring for 1 h, the sdution was cooled to 20 ‘C 
and iodomethane (26.0 mL, 417 mmd) was added slowly so that the temperature did not rise above 25 ‘C. After 45 min. 
the reaction was quenched with water (600 ml). The aqueous layer was extracted with ether and the combined extracts 
were washed with 1 M hydrochloric acid, dried over anhydrous magnesium sulfate, and filtered. Eva ration of the solvent 
yielded the desired benzylkfene (24.9 g, 97%) as white crystals; mp 121-123 “c (lit. mp 121-123 “C). 8 

Methyl 2,3di-D-methyla-Dglucopyranoside (15a) 
To a solution of the above benzylidene acetal (24.9 g. 80.3 mmol) In methanol (450 ml) was added ptoluenesulfonic 

acid monohydrate (0.95 g, 5.0 mmol). The reaction mixture was stirred for 3 h. and then solid sodium carbonate (ca. 1 g) 
was added to neutralize the acid. After stirring for 10 min, the reaction mixture was filtered and concentrated. The resulting 
residue was diluted with water (200 ml) and ether (200 ml). The ether layer was extracted with distilled water (2 x 100 ml) 
and the combined aqueous extracts were concentrated. The residue was dissolved in dichloromethane (900 mL), dried 
over anhydrous magnesium sulfate, and filtered. Evaporation of the solvent yielded white crystals (17.1 g). 
Recrystallization of the crude product from benzene - petroleum ether ylelded dial 15a (16.5 g, 92%) as whlte crystals; mp 
83.5-85.O”C (lit. mp81-84°C).48 

Methyl 2,3di-O-methyC60-trtphenylmethyla-D-glucopyranoside (15b) 
To a solution of dial 15a (3.00 g, 13.5 mmol) In dry pyridine (30 ml) under nitrogen in the fume hood was added 

triphenylmethyl chloride (5.65 g, 20.3 mmol) and the resulting mixture was stirred for 42 h. The reaction mixture was 
poured into an ice-cold mixture of water (25 ml) and dichloromethane (20 ml) and then was acidified with ice-cold 1 M 
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hydrochloric acid (15 ml). The aqueous layer was extracted wfth dkhloromethane and the combined extracts were 
washed wlth saturated aqueous sodium bicarbonate, brfne, and water, dried over anhydrous magnesium sulfate, and 
filtered. Evaporation of the solvent yielded the crude product (6.32 g) as a solid. Purification by flash chromatography on 
silica gel using the sequence of solvents: petroieum ether-ethyl acetate 2:1, l:l, and then neat ethyl acetate as eluant 
yielded trityi ether 15b (5.73 g, W96) as whfte crystals, which were pure enough for the next reactlon. A small sample was 
recrystallized from ethanol for cham&rktfom mp 172.&174.5% (lit. mp 172-174%).48 

Methyl bC)-komoacetyl_2,3dlm~~~phen~~~-DqlucopyranorMe (lb) 
To a solution of alcohol Mb (50.5 g, 110 mmd), dry pyrldlne (17.5 ml_ 218 mmol), and DMAP (1.3 g. 11 mmol) in dry 

THF (800 ml) at 0 “c under nitrogen in the fume hood was added over 0.5 h a solution of bromoacetyi bromide (14.2 mL, 
160 mmoi) In dry THF (300 ml). The ice bath was removsd and the reaction mixture was stirred for 3 h, while warming to 
room temperature. The reaction mixture was diluted wfth ether (350 ml), flltered through a sintered glass filter, and the 
precipitate was rinsed with ether. The combined filtrate was washed with saturated aqueous sodium bicarbonate, 1 M 
hydrochlork acid, brine, dried over anhydrous magnesium sulfate, and filtered. Evaporation of the solvent yielded the 
crude product (63.8 g) as yellow crystals whkh were then dissolved in ethyf acetate. Flitration of the resulting sdutlon 
through a short cdumn of sillca gel and evaporation of the solvent yielded bromoacetate 18a (62.9 g, 88%) as off-white 
needles which were pure enough to use in the next reactlcn. A small sample was recrystaiiized from ethanol to yield 
anaiytkally pure, off-white needles for characterization; Rf 0.55 (petrdeum ether-ethyl acetate l:l, UV and H2S04); mp 
161.5-163.5 “C b]D +72.7 (c 0.400, CHCi3); IR (CHC$): 1750, 1100, 1030 cm-l; IH NMR (80 MHz, CDCi3) 6 : 3.05320 
(m, 2H), 3.22-3.46 (dd, J=lO, 4 Hz, Iii), 3.45410 (m. 3H), 3.51 (s, 6H), 3.55 (s, 3H), 4.77-5.10 (m, 3H), 7.10~7.60 (m, 15H); 
MS m/z: 586(81Br: M+, 0.1) 584(79Br: M+, 0.1) 554(0.4). 552(0.4), 244(30), 243(100), 165(47), 88(65), 77(95); Exact 
mass: calcd. for C3OH33BrC7: 584.1410: found: 584.1404. Anal. caicd. for C30H33BrC7: C 61.54, H 5.66, Br 13.65; found: 
C 61.39, H 5.76, Br 13.51. 

Methyl 4-0(diethyl phoaphonoacetyl)-2,3df-D-methyf-SD-trlphenylmethyl~-Dqlucopyranoslde (16b) 
To neat bromoacetate 18a (9.20 g, 15.7 mmol) under a stream of nitrogen In the fume hood was added dry triethyl 

phosphlte (5.38 ml. 31.4 mmol After approximately one-eighth of the triethyi phosphite had been added, the reaction 
mixture was heated to 150 “C. d. ’ The mmafning trlethyl phosphite was added dropwise at a rate sufficient to keep the 
reaction mixture under reflux. The bromoethane produced was distllled out of the reaction mixture. After all of the triethyi 
phosphite had been added, the reactlon mixture was stirred at 150 “c for 1 h and then was allowed to coot to room 
temperature. The excess trfethyf phosphfte and ethyl bromkfe were removed under vacuum to yield a pale amber gum. 
Purification by flash chromatography on silica gel in the fume hood using the sequence of solvents: petroieum ether-ethyl 
acetate I:1 and then ethyl acetate-m&and 9:1 as eiuant yielded diethyl phosphonate 16b (10.5 g, 100%) as a pale amber 
gum; Rf 0.80 (ethyl acetate-I-propand-water 65:23:12, UV and H2S04): IR (CHC5): 1750, 1300-I 200,1035, cm-l ; 1 H NMR 
(80 MHz, CDCi3) 6 : 1.30 (t, J=7 Hz, 6H), 2.62 (d, J P CH’22 Hz, 2H), 2803.20 (m. 2H), 3.33 (dd, J=lo, 3 Hz, IH), 
3.45380 (m, 2H), 3.48 (s, 3H), 3.53 (s, 6H). 3.80435 (in, 4H), 4.77-5.10 (m. 2H), 7.00-7.55 (m, 15H); MS m/z: 642&l+, 
0.1) 565(f), 388(2$ 244(28), 243(100), 178(55), 165(58), 138(33), 88(68), 75(45); Exact mass: &Xi. for C26H&fOP 
(M+-C6H5): 665.2202; found: 565.2195. 

Methyl SO-(diethyl phosphonoacetyf)-2,3d-dKZmethyCa-Dqlucopyranoskfe 
To a solution of trftyl ether 15b (0.78 g, 1.2 mmd) In methanol (20 ml) was added a spatula tip full of Amberfite 

IR-120. After stirring for 44 h, the reaction mixture was Ritered and concentrated. The gummy residue was purified by flash 
chromatography on silica gel using ethyl acetate to eiute methyl trlphenyimethyi ether and then methanol to eiute the 
ProdUct. Evaporation of methanol, with heating, yiekfed the rearranged C-6 acetate (0.44 g, 91%) as a pale amber urn; 
0.56 (ethyl acetate-l -propand-water 65:23:12, H2S04); IR (CHC13): 3600,35753275,1740,1300-1200,1020 cm-l ; B 

Rf 
H NMR 

(80 MHz, CDC$)a : 1.35 (t, J=7 Hz, 6H), 3.04 (d, J=22 Hz, 2H), 3.10-3.90 (m, 5H), 3.43 (s, 3H), 3.51 (s, 3H), 3.64 (s, 3H), 
3804.70 (m. 6H), 4.82 (d, J=3 Hz, IH); MS m/z: 368(M+-OMe, I). 368(l), 101(42), 83(100), 75(55), 73(20), 45(25); Exact 
mass: calcd. for C14H250gP (M+-MeOH): 366.1235; found: 368.1213. 

Methyl 4-D-(diathyl phosphonoacetyl)a,3-di-O-methyla-Dqluco pyranoside (161~) 
To a soiutlon of trltyi ether 16b (1.22 g, 1.90 mmd) In dry methanol (15 mL) was added 5% palladium-on-charcoal 

(0.240 g) and 2 drops of 12 M hydrochloric acid. The reaction mixture was stlrred overnight under hydrogen at 
atmospheric pressure. The catalyst was recovered by f&ration and washed with methanol. Concentration of the filtrate, 
without heating, yielded a mixture of alcohol WC and trlphenyimethane as a white semi-solid which was subsequently 
purified by continuous liquid-liquid extraction. The crude product mixture was dissolved in acetonitriie and the resulting 
solution was extracted continuously with petroleum ether. After 8 h, TLC of the acetonitrile layer showed no 
triphenylmethane. The acetonitrile layer was filtered through a pad of Celite to remove traces of palladium catalyst. 
Evaporation of the sdvent, without heating, yielded alcohol 15c (0.545 g. 72%) as a pale amber gum. After six weeks the 
product crystallized to yield the analytically pure monohydrate of alcohol 16~ as white crystals; Rf 0.45 (ethyl 
acetate-I-propanol-water 3:1:0.2, H2S04); mp 3438.5 “C, BID +79.9 (c 0.568, CHCi3); IR (CHC13): 3670. 36253200, 
1740, 1200-1300, 1025 cm-l; 1 H NMR (80 MHz, CDCi3) 6 : 1.35 (t. J=7 Hz. 6H), 2.70 (bs, 1 H, D20 exchangeable), 3.02 (cl, 
JP+CH=22 Hz, 2H), 3.28 (dd, J=lO, 3 Hz, IH), 3.40985 (m, 4H), 3.48 (s, 3H), 3.52 (s, 3H), 3.54 (s, 3H), 3834.50 (m. J=7 
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Hz, 4H),4.70-5.10 (m, 2H); MS m/z: 4OO(M+, 0.5), 389(4), 385(4), 179(37), 103(23), 88(100), 75(28); Exact mass: calcd. for 
C15H2901OP: 400.1498; found: 400.1487; Anal. calcd. for C15H29010P- H20: C 43.08, H 7.47,O 42.98; found: C 43.05, H 
7.31, 0 42.0. 

TO a solution of alcohol 18c (2.22 g, 5.55 mmd) and freshly distilled WC (3.40 g, 18.5 mmd) in dry DMSO (21) ml) 
under nitrogen in the fume hood was added dry dichloroacetic add (0.23 mL, 2.8 mmd).24 After stirring for 1 h, the cloudy 
while reaction mixture was filtered through a sintered glass filter, and the precipitate was rinsed with distilled water. The 
combined aqueous filtrate was extracted repeatedly with ether and then frozen using a dry foe-acetone bath. Freeze-drying 
under vacuum for 2 days yielded aldehyde 17 (2.00 g, 91%) as a colourless semi-solid; Rf 0.54 (ethyl 
acetate-l-propand-water 3:1:0.2, H2SO4 and 2,CDNPhydrazine); IR (CHCl3): 3575, 35503150, 1750, 1200-1300, 1030 
cm-1;1HNMR(8OMHz,CDCl3)b:1.35(t,J=7Hz,8H),3.02(d, JPCH=22Hz,2H),3.28(dd,J=9,3Hz,lH),3.403.85(m, 
1H). 3.45 (s, 3H), 3.53 (s,3H), 3.55 (8, 3H), 3.90440 (m,5H), 4.93 (d, J=3 Hz, IH), 4.98 (dd, J=lO, 9 Hz, 1H), 9.57 (d, J=2 
Hz, 1H); MS m/z: 399&l+, O.l), 357(l), 179(43), lOl@O), 98(100), 75(33), 45(24); Exact mass: ~alcd. for C15H27O1OP: 
398.1342; found: 398.1339. 

Methyl 8,7dldeoxy-2,3-di-Om~hyla-D+luco-oct-6en~l,5_WranorM)-uron~,~hctone (18) 
Sodium hydride (0.275 g, 80% dispersion In mineral off, 8.86 mmd) was washed free of oil with drv ether (3 x 5 mL) 

under nitrogen and then dry THF (10 ml) was added to the sodlum hydride. The resulting slurry was added via pipette to a 
solution of aldehyde 17 (2.75 g, 8.88 mmol) in dry THF (250 ml) under nitroaen which resulted in Immediate evolution of 
hydrogen. The reaction mixture was stirred for 5 min, heated under reflux f& 1 h and then was allowed to cool to mom 

temperatUre.21 Amberfite IR-120 (several spatula tips full) was added to neutralize any excess base. After stirring for 10 
min. the reaction mixture was filtered and concentrated to yield a dark amber oil. Purification by gel flltratlon on Sephadex 
LH-20 Using methanol-chloroform I:1 as eluant, followed by partially dissolving the resulting reddue In ether, decanting and 
concentrating the solution, yielded a 9:i mixture of or&-unsaturated lactone 18 and the isomeric 8,,blactone (0.910 g, 54%) 
as a pale amber oil. Kugelrohr distlllatlon yfekled a 9:1 mbuure of the a 8 -unsaturated lactones as a white semi-solid; bp 
195 ‘C/O.25 Torr; Rf 0.29 (petroleum ether-ethyl acetate l:l, Wand H2SO4); IR (CHC13): 3020, 1745, 1090 cm-l; 1~ NMR 
(400 MHz, CDC13) 5 : 3.25 (dd, J2,3=9 Hz, J 
J2 

1,2=3.5 Hz, IH, H-2), 3.47 (s, 3H), 3.55 (s, 3H), 3.68 (s, 3H), 3.70 (t, 
=J3 4=9 HZ, 1H, H-3), 3.98 (dd, J45=10 HZ, J3,4=9 Hz, lH, H-4) 4.48 (ddd, J4,5=10 Hz, J5,7=3 Hz, J5,8=2 Hz, IH, 

H-4, 4.37 (d, J,,2=3.5 Hz, IH, H-l), 5.98 (dd , J 87=10 Hz, Jg7=3 Hz, lH, H-7) 8.87 (dd, Jg7=10 Hz, J58 =2 Hz, IH, 
H-8); MS m/Z: 244(M+, 0.3) 213(l), 89(100), 73(22), 55(21), 4&23); Exact mass: calcd. for C;,H1808: 244.0947; found: 
244.0972; calcd. for C10H1305 (M+-OMe): 213.0782; found: 213.0784. 

Methyl 8,7dldeoxy-6C-methyl-2,~l~~~Dqlyc~-Dqluco-octo-l,bpynnosld)uron~8,rl-lactone (19) 
To a suspension of copper(l) cyankfe (32 mg, 0.38 mmof) in dry ether (5 ml, distilled from sodium) at -79 “c under 

nkrogen ln the fume hood was added a solution of methyillthlum In ether (0.42 mL, 1.7 M, 0.72 mmd). After stlrrlng for 5 
min at -78 “C, the mixture was allowed to warm to 0 “C. The mixture was stirred al 0 “C for 10 mln by which time the 
coPPer cyanfde had all reacted to give a cloudy tan solutlon of the cuprate Me2Cu(CN)U226a The cuprate solution was 
cooked to -78 “c and a solution of a 8 -unsaturated lactone 18 from above (77 mg, 0.30 mmol) In dry ether (distilled from 
SXliUm) (2 ml) was added dropwise. The resulting bright yellow react&n mixture was stirred at -78 “C for 30 min and at -25 
“C for 1 h. The reaction was quenched by adding glacial acetic acid (0.04 mL, 0.72 mmol) and was diluted with ethyl 
acetate. The mixture became a clear, pale green solution containing a small amount of a flne white precipitate. The cold 
bath was removed and the mixture was allowed to warm to room temperature. Dlsodlum ethyienedfamine-tetraacetlc acid 
dihydrate (0.13 g, 0.38 mmol) was added and the resulting mixture was stirred for 10 min. Brine (8 drops) and water (8 
drops) were added and Immediately a flocculant, whfte precipitate formed. The aqueous layer containing the precipitate 
was extracted with ethyl acetate and the combined organic solvents were dried over anhydrous magnesium sulfate and 
filtered. Evaporation of the sofvent yielded a pale green oil (78 mg, 100%). Purification of a small sample by preparative Ic 
yielded lactone 19 as a cdourless oil: Rf 0.28 (petroleum ether-ethyl acetate l:l, H2S04); IR (CHCl3): 1730, 1055 cm- 18 ; H 
NMR (400 MHz, CDCl3) 6 : 1.07 (d. J6,9=7 Hz, 3H, Me), 2.31-2.40 (A part of ABX system plus additional couplings, IH, 
H6)), 2.42 (B part of ABX system, J70 7 
Jr3 7a =7 Hz, IH, H-k), 3.20 (dd, J2 3= ‘K 

- 17 Hz, J6 7 
c: 

=4 Hz, IH, H-78). 2.78 (X part of ABX system, J& 7p =I7 Hz, 

H-5) 3.63 (s, 3H), 3.87 
I 

Hz, J, 2’3.5 z, IH, H-2) 3.43 (s, 3H), 3.53 (s, 3H). 3.81 (t, J2 3=J3 4=9 Hz, lH, 
dd, J45=lb.5 Hz, J58=8 Hz, IH, H-5), 4.05 (dd, J45=10.5 Hz, Jg4=9 Hz,‘lH, H-4), 4.83 (d, 

J1 2~3.5 Hz, IH, H-l); 3C NMR (100 MHz, CDCI,) 6 : 14.29 (Me), 27.63 (CA), 38.93 (C-7),.55.52 59.28 81.10 (OMe), 
65:84 78.27 80.78 81.24 (CH), 98.31 (C-l), 189.54 (C=O); MS m/z: 26O(M+, 0.3) 229(l), 88(100), 73(12); Exact mass: 
calcd. for C12H2006: 280.1260; found: 260.1245. 

Active Methylene Complex 
To a stirred slurry of zinc dust (11.5 g, 178 mmol), dibromomethane (4.04 mL, 58 mmol) and dry THF (100 mL at -40 

“C under nitrogen in the fume hood was added dropwise, over 0.5 h, titanium(W) chloride (4.8 mL, 42 mmd). b The 
reaction was extremely vigorous and a copious amount of green gas was produced. After the addition of titanlum(lV) 
chloride, the reaction mixture became a grey slurry and was stirred at 40 ‘C for 2 h, at 2 “c for a least 24 h and then was 
stored between 0 “C and 5 “C until use. The complex could be stored for up to two weeks without deterioration. 
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Msthyl6,7dldsozy+G(disthyl phosphonoaostyWWdKknr#rlCa -Dgluec-hept+enc-1,6gyrmdde (21) 
To a stirracl sdutkn of atdshyde 17 (0.89 g, 2.0 mmcl) h dry dkhloromethane (20 ml) at 0 “c under nitrogen wae 

addedInportions,vle~,theacUvemethylene~preparedebove(20xcal.5mL),untUTLCanalysisofthe 
reactlon mbrturs (2,4-DNP-hydrazfne) lndkxtted that all of the atdehyde had been consumed. Tbs black reaction mixture 
was poured Into a slurry of sodium bicarbonate in saturated aqueous sodium bicarbonate (100 ml) and the resulting slurry 
was diluted wtth ethyl acetate (200 ml). The mtxture was stirred for 1 h gfving a dear, coloudess organic layer and a pale 
greygreen aqueous layer. The aquecus tayer was extra&d wfth ethyl acetate and the combined organic sotvents were 
dried over anhydrous magnesium sulfate and filtered. Evaporation of the sotvent yielded olefin 21 (0.34 g, 42%) as an 
amber gum: Rf 0.50 (ethyl acetate-I-propand-water 3:1:0.2, 12); IR (CHCt3): 1740, 1660-1640, 1300-1200, 1035 cm-l; IH 
NMR (60 MHz, CDC13))c : 1.35 (1, J=7 Hz, 6H), 2.75985 (m, 3H), 2.95 (d, JP CH =22 Hz, 2H), 3.43 (s, 3H), 3.52 (s, 3H), 
3.53 (s. 3H), 3994.50 (m. 4H), 4.60-5.20 (m. 5H); MS m/z: 396(M, I), 365(4), 179&O), 151(30), 123(37), 110(23), 109(35), 
101(51), 97(20), 88(31), 75(73), 73(27), 45(50), 41(20); Exact mass: ~alcd. for Cl5H260gP (M+CMe): 365.1365; found: 
365.1363. 

Methyl 7dsozy-4G(dlsthyl phosphonoacetyl)-2,3-dl-C-methytu-D-@cuo-hepto-l,5-pyranosld-&ulose (22) 
To a sdution of mercuric acetate (96 mg, 0.30 mmot) In acetone (5 ml) and water (10 drops) was added a solution 

of atkene 21 from above (66 mg, 0.21 mmd) In acetone (2 ml) and the resulting solution was stirred for 40 min. To the 
clear yellow sdutton was added Jones reagent (0.21 mL 1.4 M, 0.38 mmd) and the resuhing red mhrture was stirred for 4.5 
h.30 The brown reactton mtxture was Rltered and the green chromium salts were washed with ethyl acetate. The combined 
organic sdvents were mporated and the resulting restdue was redissolved in ethyl acetate. The organic sdution was 
washed with saturated aqueous sodium bkxtrbonate (6 x 10 drops), dried over anhydrous magnesium sulfate, and filtered. 
The solvent was evaporated to yield crude methyl ketone 22 (45 mg. 50%) as an amber gum. All traces of acetone and 
ethyl acetate were then removed by coevaporation with carbon tetrachloride. The yield of methyl ketone 22 is 
approximately 17% based on Integration of the methyl ketone signal at6 2.23 in the 1 H NMR spectrum. The crude mixture 
was characterized by the followtng: Rf 0.55 (ethyl acetate-I-propanol-water 3:1:0.2, H2SCq and P.CDNP-hydrazine); IR 
(CHCt3): 1740,1375,1300-1200,103O cm- ‘; ‘H NMR (89 MHz, CDC13)& : 1.35 (1, J=7 Hz, 6H), 2.23 (s, IH, methyl ketone), 
2.75-3.18 (m, 2H), 3.18-3.80 (m. IIH), 3.80450 (m, 5H), 4.50-5.05 (m, 2H), 5.05605 (m, residual defln); MS m/z: 412(M+, 
0.8), 179(53). lOl(21). 86(100), 75529); Exact mass: catcd. for C16H29010P: 412.1498; found: 412.1489. 

(Methyl 6,7dldeoxy-6C-methyI-2,3-diOmethyla-D-gluco-oct-Ceno-l,~pyranosld)urono-8,~lactone (23) 
Sodium hydride (16 mg, 60% dispersion In mineral oil, 0.4 mmol) was washed free cf oil with dry ether (3 x 1 ml) 

under nitrogen and then dry THF (2 ml) was added to the sodium hydride. The resutting slurry was added via pipette to a 
sdutlon of methyl ketone 22 from above (0.171 g, 33% pure, 0.133 mmd) In dry THF (20 ml) under nitrogen. The reaction 
mixture was stirred for 5 min. heated under reftw for 2 h and then was allowed to coot to room temperature. Amberlite 
IR-120 (several spatula tips MI) was added to neutralize any excess base. After stirring for 10 min, the reaction mixture was 
filtered and concentrated to yield a brown gum. Puriftcation by flash chromatography on silica get using petroleum ether - 
ethyl acetate I:1 as eluant yielded a 4:1 mixture of a#-unsaturated lactone 23 and the same 8,6-lactone which was 
obtained in the synthesis of 18 above. The mtxture (13 mg, 39%) was a white semi-s&f; mp 70-108 “c; Rf 0.25 (petroleum 
ether-ethyl acetate l:l, UV and H2S04); IR (CHC$): 1730, 1650,107O cm- ‘; ‘H NMR (88 MHz, CDU,) d : 2.00 (t, J=l Hz, 
3H), 3.25 (dd, J=9, 3 Hz, IH), 3.40-4.70 (m, 3H), 3.47 (s, 3H), 3.69 (s, 3H), 3.67 (s, 3H), 4.99 (d. J=3 Hz, IH), 5.76 (m, 1H); 
MS m/Z: 258(M+, 0.2) 227(0.5), 86(100). 73(14); Exact mass: Cal& for Cl ,H1505 (M+-OMe): 227.0920; found: 227.0926. 

(Methyl 6,7dMeoxy-6Cmelhyl-2,~~~m~hyl-Lglyc-Dgluco-octo-l,CpyrclnorM)urono-8,4-lactone (29) 
A suspenston of platinum oxfde (2 mg) in methand (1 ml) was pre-hydrogenated at atmospheric pressure for 1 h to 

give elemental platinum as black grenutes. To this mixture was added a solution of a 8 -unsaturated lactone 23 from above 
(4 mg, 0.01 mmd) In methanol (0.25 ml). After stirring under hydrogen at atmospheric pressure for 3.5 h, the reaction 
mixture was fiftered and the catalyst was rinsed with methand. Evaporation of the solvent yielded a 72:17:11 mixture of 
tactones 20, the reduced 8,6-tactone, and an unidentified product (4 mg, 106%) as a cdoudess oil; Rf 0.26 (petrdeum 
ether-ethyl acetate l:l, H2S04); IR (CHC&): 1740,1055 cm-l; IH NMR (408 MHz, CDC13)& : 1.10 (d, J6,g=7 Hz, 3H, Me), 
2.04-2.17 (A part of ABX system plus addttlonal couplings, lH, H-6) 2.26 (B part of ABX system, Jti 7 
Hz, lH, H-78) 2.98 (X part of ABX system, Ja 7,~ =18 Hz, J6,k=8 Hz, IH, H-7u), 3.25 (dd, J2,3=9 3-r 

- 18 Hz, J6,78 =9 
z, J, 2=3.5 Hz, IH, 

H-2), 3333.52 (m, IH), 3.44 (8, 3H), 3.54 (s, 3H), 3.60 (t. J=9 Hz, IH), 3.64 (s. 3H), 3.88 (t, J=9 Hz, lH), 4.84 (d, J, 2=3.5 
Hz, IH, H-l); MS m/z: 260(Mt, 0.1). 229(3), 168(78), 88(100), 75(49), 73(13); Exact mass: calcd. for Clld1705 
(M+-OMe): 229.1076; found: 229.1078. 

Methyl 2,3-anhydro-4,6-D-benzylldensu-D-allopymnoslde (24) 
This compound was prepared In 86% yield fdlowing the procedure of Sum and Wetter;l4b mp 199-201 “C (lit. mp 

198-209 C).‘4b 

Methyl 4,60-benzylidene-2deoxy-8C-methyla-Ddltro-pyr(Hloalde (25a) 
To a slurry of copper(l) cyanide (20.1 g, 224 mmol) in dry ether (525 mL, distilled from sodium) at -78 “C under 
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nitrogen in the fume hood was added a solution of methyfkthium In ether (320 mL, 1.4 M, 446 mmoi). After stirring for 5 min 
at -78 “c. the mkture was allowed to warm to 0 “C. The mixture was stirred at 0 ‘C for 25 min at which time the copper(l) 
cyanide had ail reacted to give a cloudy pale green soktion of the cuprate, Me2C~(CN)U2.37 The cuprate sdution was 
cooled to -78 “c and epoxide 24 (49.2 g, 188 mmd) was added. The resulting slurry was stirred at -78 ‘c for 15 min and at 
0 “C for 4 h. The reaction was quenched carefully with a sdutlon of saturated aqueous ammonium chforide - 18 M 
ammonium hydroxke 9:1 (100 ml). The mixture was transferred to a sepamtory funnel and diluted with ether (1109 ml) 
and NH4Ci-NH40H 9:l (50 ml). The ether layer was washed with NH4Ci-NH40H 9:l (4 x 50 ml), brine (3 x 100 ml). dried 
over anhydrous magnesium sulfate, and fiftered. Evaporation of the soivent yielded alcohol 26a (51.1 g, 98%) as white 
crystals which could be used in the next reaction without purlfkation. Recrystallization of the crude product from 
ether-petroleum ether yielded pure alcohol 25a (39.8 g, 76%) In two crops; mp 112-I 14 ‘C (lit. mp 11 l-l 13 oC).4g 

Methyl 4,~benzylMene2d~~2~-methyEgO-[(~iom~yl)-thi~rbonyl]~-Daltro_pynnorMe 
This compound was prepared from alcohol 25s in 99% crude yield following the procedure of Hicks and 

Fraser-Reld46 and could be used directly In the next reaction. 

Methyl 4,60_benzylldene_2,Mld~~-~~~-Dl~blno_hexo pymnorlde (25b) 
To a solution of tri-n-butyktannane (27.9 g, 106 mmoi) in dry tduene (150 ml) at reflux under nitrogen In the fume 

hood was added a solution of the above crude xanthate (19.6 g, 53.0 mmoi) In dry tduene (290 ml). The yellow solution 
was heated under refiux overnight to afford a very pale mixture. The reaction mixture was allowed to cod to room 
temperature and then was concentrated. The resldue was partlally purified by flash chromatography on silica gel In the 
fume hood using the sequence of solvents: neat petroleum ether, petroleum ether-ether 19:1, 7:l and then 1:1 as eiuant. 
Evaporation of solvent from the purest fractions yielded a semi-solid which was then recrystallized from petrdeum ether to 
yield the pure deoxygenated compound 25b (4.4 g) as large whke crystals. The other chromatography fractions and the 
mother liquor were combined and concentrated. The lH nmr of this materlal Indicated the presence of starting material. 
The entire experimental procedure was repeated on thls crude material to yield additional product (4.1 g), bringing the total 
yield of deoxygenated compound 25b to 8.5 g (62%) as white crystals; mp 71 .O-72.5 “C; 
UV, H2SO4 and 12); IR (CHCf3): 1100, 1055 cm-l; l 

Rf 0.34 (petroleum ether-ether 7:1, 
H NMR (80 MHz, CDCi,) 6 : 1.16 (d, J=7 Hz, 3H). 1.50-2.35 (m, 3H), 

3.38 (s, 3H), 3.80-4.10 (m, 3H). 4.134.30 (m, lH), 4.38 (s, IH), 5.56 (s, lH), 7.25-7.85 (m, 5H); MS m/z: 284(M+, 15) 
233(7), 115(100), 105(21), 82(32), 73(25), 55(29). 

Methyl 2,3dldeoxy-2-C-methyla-D-arablno-hexopymnoside (26a) 
This compound was prepared from benzylldene acetal 2Sb In 98% yield following the procedure of Sum and 

Weiler;14b Rf 0.10 (petroleum ether-ether l:l, H2S04); IR (CHC13): 3800,3570-3100, 1055 cm-l; IH NMR (SO MHz, CDCl,) 
d : 1.07 (d, J=7 Hz, 3H), 1.50-2.20 (m, 3H), 2809.15 (bs, 2H, D20 exchangeable), 3.35 (s, 3H), 3.25-4.00 (m, 4H), 4.35 (s, 
1H); MS m/Z: 145(M+-OMe, 19) 86(28), 84(44), 83(23), 74(65), 72(100), 71(21), 61(23), 57(31), 56(36), 55(36), 43(34), 
41(26). 

Methyl 2,3-dideoxy-2-Chethyl-~~~iphenylmethyl-Dambino-hexopyranoside (26b) 
This compound was prepared from did 26a In 76% yield fdkwlng the procedure of Sum and Weller;14b mp 148-147 

“c (iit. 147-149 q.14b 

Methyl 4-O-bromoacetyl-2,3dideoxy-2-Gm~hyl-8_O-Dambino-hexopyranoside 
To a solution of alcohol 26b (17.1 g, 41 mmoi), dry pyrldine (13.2 mL, 184 mmd), and DMAP (0.50 g, 4.1 mmd) In 

dry ether (250 ml) at 0 “c under nltrogen In the fume hood was added bromoacetyl bromide (7.1 mL, 82 mmol) over 5 
min2’ The reaction mixture was stirred at 0 “C for 10 mln and then at room temperature for 17 h. The orange reaction 
mixture was filtered through a slntered glass fllter and the precipitate was washed wlth ether (50 ml). The filtrate was 
washed with 1 M hydrochloric acid (3 x 50 ml), saturated aqueous sodium bicarbonate (3 x 50 ml), brine (3 x 50 ml), dried 
over anhydrous magnesium sulfate, and filtered. Evaporation of the solvent yielded crude bromoacetate (19.7 g, 93%) as a 
yellow semi-soill which could be used directly In the next reaction. Purifkatlon of a small sample by flash chromatography 
on silica gel using petroleum ether-ethyl acetate 8:l as eluant yielded pure bromoacetate as a colourless gum which 
crystallized on standing. Recrystallixatlon from ethand afforded an analytically pure sample of off-white crystals; mp 90-92 
“C; Rf 0.34 (petrdeum ether-ethyl acetate 8:1, LJV and H2S04); [a]D +88.2 (c 1.20, CHCi3); IR (CHCf3): 1740, 1075.985 
cm-l; ‘H NMR (80 MHz, CDCl3)a : 1.13 (d, J=7 Hz, 3H), 1.70-2.20 (m, 3H), 3903.28 (m, 2H), 3.26367 (m, 2H), 3.44 (s, 
3H), 3.87-4.00 (m. lH), 4.43 (d, J=2 Hz, IH), 4806.20 (m, IH). 7.15-7.60 (m. 15H); MS m/z: 540(81Br: M+, l), 538(7gBr: 
M+, l), 258(24), 244(29), 243(100), 165(30); Exact mass: calcd. for C29H31 8tBr0~: 540.1335; found: 540.1338. Anal. 
calcd. for C2gH31BrC5: C64.57, H 5.79, Br 14.81,O 14.83; found C64.71, H 5.83, Br 14.69,O 14.71. 

Methyl 2,3dideoxy-4-O-(diethyl phosphonoacetyl)-2-C-m~hylg9-trlphenylmethylu-D9rabino-hexo-pyranoslde 

(27s) 
To the neat bromoacetate prepared above (3.0 g, 5.8 mmol) under a stream of nitrogen in the fume hood was added 

dry Methyl phosphlte (9.5 mL, 56 mmd). The reaction mixture was heated to 135-140 “C and the bromoethane produced 
was distilled out of the reaction mlxture. After 4 h, the reaction mixture was allowed to cool to room temperature and was 
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purified by flash chromatography on s&a gel In the fume hood using the sequence of solvents: petroleum ether-ethyl 
acetate 1 :I and neat ethyl acetate as eluant. Evaporatkn of solvent from the appropriate fractions yielded two compounds. 

a) Chloroacetate 27b (0.07 g. 2%) was isolated from the petroleum ether-ethyl acetate solvent as whlte crystals 
which were then recry&lbed; mp 104-106 “c; Rf 0.66 (petrdeum ether-ethyl acetate l:l, UV and H2S04): IR (CHC$): 
1760,1746,1075,960 cm-l; IH NMR (80 MHz. CDC&)& : 1.15 (d, J=7 Hz, 3H), 1.50-2.25 (m. 3H), 3.00-3.30 (m, 2H), 3.43 

@‘Cl: M+, 0.2) 258(23), 244(26), 243(109), 165(22); Exact mass: calcd. for CaH3, 
(s 3H), 3604.05 (m, 3H), 4.43 (d, J=2 Hz, IH), 4.85-5.27 (m, IH), 7.10-765 (m, 15HifMS m/x: 496(37Ci: M+, 0.2) 494 

c&d. for C29H3$k105: 494.1660; found: 494.1857. 
CfO5: 496.1830; found: 498.1789; 

b) Phosphonoacetate 27a (3.5 g, 104%) was Isolated from the ethyl acetate fractions as a gum which crystallized on 
standing. A small sample was recrystallized repeatedly from ether-petroleum ether to yield analytlcally pure fine white 
needles; mp 8566 “c; Rf 0.15 (petroleum ether-ethyl acetate 1:l. UV and H2S04); b]D +50.2 (c 0.804, CHC13); IR 
(CHCI ): 1740, 1320-1200. 1020 cm-l; 1 
(m, 34, 2.70 (d. J 

H NMR (80 MHz, CDCl,)& : 1.10 (d, J=7 Hz, 3H), 1.28 (t, J=7 Hz, 8H), 1.55-2.20 
P CH’22 Hz, 2H), 2953.35 (m, 2H), 3.45 (s, 3H), 3.704.35 (m, 5H), 4.43 (d, J=2 Hz, IH), 4.80-5.25 (m, 

IH), 7.05-7.65 (m, 15H); MS m/z: 596(M+, 0.1). 321(70), 244(29), 243(100), 197(27), 179(32), 165(31), 127(36); Exact 
mass: calcd. for C27H3608P (M+-C8H5): 519.2148; found: 519.2143. Anal. calcd. for C33Hq108P: C 66.43, H 8.93, 0 
21.45; found: C66.22, H 6.93,O 21.25. 

Methyl 2,3dldeoxy-4-D-(dlethyl phosphonoacetyl)-2-C-methyla-D-arabln~hexopyranoslde 
To a solution of trityi ether 27a (0.50 g, 0.84 mmd) in methanol (10 ml) was added 5% palladium-on-charcoal (0.1 g) 

and a trace of 12 M hydrochloric add. The reactlon rnlxture was stirred under hydrogen at atmospheric pressure for 8 h, 
filtered through a pad of Cellte, and concentrated, without heating. to give a white semi-solid residue which consisted of 
trlphenylmethane and the desired C-6 alcohol. Although the crude material could be used directly In the next reaction, this 
sample was purlfled by continuous llquid-llquid extractlon. The crude product mixture was dissolved In acetonitrlle and the 
resulting solution was extracted continuously with petroleum ether. After 2.5 h, TLC of the acetonitrile layer showed no 
triphenytmethene. The acetodtrile layer was filtered and concentrated, without heating, to yield the alcohol (0.29 g, 98%) as 
a pale amber 011; Rf 0.12 (ethyl acetate, H2S04); IR (CHCl3): 36509250, 1740, 1320-1209.1050, 1025 cm-l; IH NMR (89 
MHz. CDCi3) 6 : 1.10 (d. J=7 Hz, 3H), 1.35 (t, J=7 Hz. 6H), 1.70-2.25 (m, 3H), 2.83 (bs, IH, D20 exchangeable), 2.95 (d, 
JP Hz22 Hz, 2H), 3.38 (6, 3H), 3.50395 (m. 3H), 3.95-4.31 (m, 4H), 4.40 (bs, lH), 4.80-5.25 (m, IH); MS m/t: 
32!$M+-OMe, 9) 223(20), 197(100). 179(83), 151(29), 127(22), 123(25), 115(27), 72(41); Exact mass: calcd. for 
C13H2407P (M+-OMe): 323.1259; fOUnd: 323.1256. 

Methyl 2,3dideoxy-4-G(dlethyl phosphonoacetyl)-2-C-methyla-Darclbln~hexodlaldo-l,~pyranoside (28) 
To a solution of the above C-6 alcohd (0.29 g, 0.8 mmol) and freshly distilled DCC (0.51 g$4 mmol) in dry DMSO 

(3.5 ml) under nitrogen In the fume hood was added dry dlchloroacetlc acid (0.03 mL, 0.4 mmd). After stirring for 1.75 h, 
the cloudy white reaction mixture was filtered through a slntered glass filter and the preclpltate was rinsed with distilled 
water. The combined aqueous filtrate was extracted with ether (8 x 10 ml) and then froxen using a dry Ice-acetone bath. 
Freeze-drying under vacuum ovemlght yielded aldehyde 26 (0.24 g. 81%) as a pale amber 011; Rf 0.70 (ethyl 
acetate-l -propand 3:l. H2SC4 and 2,CDNPhydrazlne); IR (CHC13): 1740,1320-l 200, 1045,1025 cm“ ; 1 H NMR (89 MHz, 
CDCl3)S : 1.05 (d, J=7 Hz, 3H), 1.35 (t, J=7 Hz, 6H), 1.50-2.25 (m, 3H), 2.98 (d, J 
(m, 5H), 4.42 (d, J=3 Hz, IH), 5.00-5.40 (m, IH), 9.71 (6, IH); MS m/z 323(M 
128(20), 127(86), 125(28), 123(54), 115(39), 109(27). 97(23), 95(36), 85(32), 83(31). 81(25). 73(26), 72(72), 59(33); Exact 
ITtSSS: f&d. for C13H2&P (M+-CHO): 323.1260; fOUtId: 323.1265. 

(Methyl 2,3,6,7-tetr(ldeoxy-2-C-methyla-Damblno-oct-geno-l,5-pyranosid)-urono-8,4-lactone (29) 
Sodium hydride (0.13 g, 60% dispersion in oil, 3.3 mmd) was washed free of oil wlth dry THF under nitrogen and 

then dry THF (5 ml) was added to the sodium hydride. The resulting slurry was added via pipette to a solution of aldehyde 
28 (0.99 g, 2.8 mmol) in dry THF (120 ml) under nitrogen. The reaction mixture was stirred for 5 mln, heated under relfux 
for 1 h and then was allowed to cool to room temperature. Ambenyst-15 (several spatula tips full) was added to neutralize 
any excess base. After stlrring for 10 min, the reaction mixture was filtered and concentrated to yield an amber gum (1.1 g). 
Partial purification by gel flltratlon on Sephadex LH-20 using chloroform-methanol I:1 as eluant yielded a pale amber gum 
(0.36 g). Purification by flash chromatography on slllca gel using petroleum ether-ethyl acetate 3.5:l as eluant yielded 
a /3 -unsaturated lactone 29 (0.23 g, 42%) as a clear, colourless oil which crystallized overnight, mp 56.5-58 “C. A small 
amount was Kugelrohr dlstilled. bp 6163 oC/O.Ol Ton; to yield an analytically pure sample; Rf 0.25 (petrdeum ether-ethyl 
acetate 3.5:1, UV and H2SO4); P]D +I35 (C 0.086, CHCl3); IR (CHCi3): 1745, 1730, 1060 cm-l; ‘H NMR (400 MHz, 
CDU3)a : 1.12 (d, J=7 Hz, 3H), 2.80-2.88 (m. IH). 3.133.25 (m. 2H), 3.39 (6, 3H), 4.29 (dt, J=ll, 5 Hz, IH), 4.40448 (m, 
2H), 5.97 (dd, J=lO, 3 Hz, IH). 6.88 (d, J=10 Hz, IH); MS m/z: 198(M+, I), 167(1 I), 96(100), 83(56), 73(32), 68(49), 
55(90), 45(32), 41(30), 39(50); Exact mass: calcd. for C9Ht103 (M+-CMe): 167.0708; found: 167.0704. Anal. c&d. for 
C10H1404: C 60.59, H 7.12; found: C 60.33, H 7.29. 

(Methyl 2,3,6,7-tetmdeoxy-2,~~-methyla-Daltr~o-l,5_p~nosid)-urono_8,~~~one (30) 
To a suspenslon of copper(l) cyanide (0.178 g, 1.99 mmol) In dry ether (20 ml, dlstilled from sodium) at -78 “IC 

under nitrogen in the fume hood was added a solution of methyilithlum in ether (2.66 mL, 1.5 M, 3.98 mmol). After stirring 
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for 5 min at -78 ‘C, the reaction mixture was aflowecl to warm to 0 ‘C. The mixture was stirred at 0 “C for 20 mln by which 
time the copper(l) cyanide had ail reacted to give a doudy soiutton of Me2Cu(CN)Li2.26a The cuprate soiution was cooied 
to -78 “c and a soiution of a&f -unsaturated iactone 29 (0.328 g, 1.68 mrnoi) in dry ether (12 ml, distiikd from sodium) was 
added dropwlse. The resuiting brigM yellow reaction mbnure was stirred at -78 “C for 15 mln, at -40 % for 30 min and then 
was allowed to warm to 0 “C. The reactlon was diluted with ether and quenched with glacial acetic acid (8 ml) to give a 
clear pale turquoise solution containing a small amount of a fine white precipitate. Tetrasodlum 
ethytenediamineteba-acetate trihydrate (0.86 g. 2.0 mmoi) was added and the resuiting mixture was stirred for 15 min whiie 
warming to room temperature. Brine (5 ml) was added and a floccuiant white precipkate form@ The mbcture was stirred 
for an additlonal5 min and then was fiitered on a slntered glass fiiter. The filtrate was washed with a solution of saturated 
aqueous sodium carbonate-brine 1:l (5 x 4 mL), brine (2 x 4 ml), dried over anhydrous magnesium sulfate, and filtered. 
Evaporation of the solvent yieided &tone 30 (0.32 g, 91%) as a very paie amber oil which was pure enough to use in the 
next reaction. A small amount was Kugetrohr distiiled, bp M-73 *C/O.01 Torr, to yield an anafytically pure sample as a 
colourfess oil; Rf 0.45 (petroleum ether-ethyl acetate 2:1, H2S04); [a]D t37 (c 0.070, CHCI ); 

P 

IR (CHCi3): 1735, 1055 
cm-l; lH NMR (4OO MHz, CDCI,) 6 : 1.10 (d, J=7 Hz. 3H), 1.13 (d, J=7 Hz, 3H), 1.83-1.92 m, lH), 2.01-2.18 (m, 2H), 
2.24-2.36 (m, lH), 2.48 (dd, J7a,7p =18 Hz, Js7 
3.38 (s, 3H), 3.84 (dd, J45=10 Hz, J56=5 Hz, r’ l-f 

-3.5 Hz, lH, H-7fl), 2.82 (dd, J70 7 
B 

~18 HZ, J6a =7 Hz, lH, H-7a). 
, H-5) 4.34444 (m, 2H); MS m/z: 21 &I+, l), 183(10). 112(1OO), 84(42), 

72(58), 69(33), 56(48), &28), 41(28); Exact mass: cafcd. for CllH1804: 214.1205; found: 214.1204. Anal. calcd. for 
Cl 1 H,804: C 61.66, H 8.47; found: C 61.52, H 8.55. 

To a sdution of lactone 30 (0.323 g, 1.51 mmoi) in dry ether (10 ml) under nitrogen was added a solution of 
diisobutyfafuminum hydride in hexanes (9.3 mL, 1 .O M, 9.3 mmd). After stirring overnight, the reaction mixture was coded 
to 0 “C, diluted with ethyl acetate (3O ml) and quenched with saturated aqueous sodium sulfate (5 ml). The gelatinous 
aqueous phase was extracted with ethyl acetate (3 x 15 ml) and the combined organic soivents were washed with 10% 
aqueous sodium blsulfate (1 x 25 mL, 1 x 5 ml), 10% aqueous potassium carbonate (1 x 5 ml), brine (2 x 5 ml), dried over 
anhydrous magnesium sulfate, and filtered. Evaporation of the solvent yielded did 31 (0.308 g, 94%) as a cdourfess oil 
which could be used in the next reaction. Puriflcatlon of a smaii sample by flash chromatography on silica gel using neat 
ethyl acetate as eluant, fdlowed by Kugeirohr distiiiation. bp 105-l 10 C/O.01 Ton, yielded anaiytically pure did 31 as a 
white semi-solid; Rf 0.29 (ethyl acetate, H2S04); [a]D +112 (c 0.460, CHCi3); IR (CHU3): 3640,36OO-31OO, 1055 cm-l; lH 
NMR (So MHz, CDCl3) 6 : 1.04 (d, J=7 Hz, 3H), 1.07 (d, J=7 Hz, 3H), 1.15-2.40 (m. 6H), 3.2O4.W (m. 6H, 2H are D20 
exchangeable), 3.35 (s, 3H), 4.33 (bs, 1H); MS m/z: 187(M+-OMe, l), 169(5), 72(1OO), 55(20); Exact mass: caicd. for 
C10Hlg03 (M+-OMe): 187.1334; found: 187.1319. Anal. c&d. forC11Ha204: C 60.52, H 10.16; found: C 60.72, H 10.24. 

Methyl 2,3,8,7-telredeoxy-2,6dlC-methy~~~pi~ioy~-DaltrcMcto-l,5-pynnorkle 
To a solution of did 31 (0.218 g, 1.00 mmol) and dry pyridine (2 ml) at 0 “C under nitrogen was added pivaloyl 

chloride (0.123 mL, 1.00 mmol) over 5 mln and the resulting mbrture was stirred at 0 “c for 3 h. Ice was added to quench 
the reaction, the mbcture was stirred for 1 h and then was diluted with dlchloromethane (10 ml) and water (5 ml). The 
aqueous layer was extracted with dichloromethane (2 x 10 ml) and the combined organic soivents were washed with 1 M 
hydrochloric acid (4 x 10 ml), saturated aqueous sodium bicarbonate (2 x 10 ml), brine (2 x 10 ml), drfecl over anhydrous 
magnesium sulfate, and fittered. Evaporation of the soivent yielded the C-8 pivaloate ester (0.222 g, 74%) as a coiouriess oil 
which could be used in the next reaction. Purification of a small amount by flash chromatography on silica gel using 
petroleum ether-ethyl acetate 3:l as eiuant, fdiowed by Kugelrohr distillation, bp 105-l 10 C/O.1 Torr, yielded an 
analytically pure sample; Rf 0.70 (petroieum ether-ethyl acetate 1:l. H2S04); [a]D +86.1 (c 0.520, CHC13); IR (CHC5): 
3825,36OO33OO, 1720, 1160 cm -l; lH NMR (So MHz, CDCI 
1.40-2.25 (m, 7H, 1H is D20 exchangeable), 3.25350 (m, ti 

6 : 1.03 (d, J=7 Hz, 3H), 1.06 (d, J=7 Hz, 3H), 1.20 (s, 9H), 
1 ), 3.35 (s, 3H), 3.55-3.95 (m, lH), 3.95-4.25 (m, 2H), 4.30 (d, 

J=2, Hz, 1H); MS m/z: 3O2(M+, 0.1) 271(3), 98(25), 85(75), 83(58), 73(4O), 72(97), 71(44), 69(41), 57(100), 58(23), 55(64), 
43(40): Exact mass: caicd. for Cl6H27O4 (M+-OMe): 271.1909; found: 271.1912. Anal. Cal& for Ct6H3O05: C 63.55, H 
10.00; found: C 63.36, H 10.00. 

When excess pfvaioyl chloride was used In this reaction, the dlpivafoate ester was also produced. Separation of the 
two products by flash chromatography on silica gel using the sequence of solvents: petroieum ether-ethyl acetate 2O:l. 
15:l and then 3:l as eluant yielded dlpivaloate ester, as a dear, colourfess oil. A small amount was Kugefrohr distilled, bp 
100-l 10 “C/O.05 Torr, to yield an anaiytlcally pure sample; Rf 0.93 (petroleum ether-ethyl acetate 3:1, H2SO4); [a]D +87.7 
(c 0.618, CHC@ IR (CHCi3): 1720, 1160 cm -l; ‘H NMR (8O MHz, CDCI,) 6 : 1.02 (d, J=7 Hz, 3H), 1.07 (d, J=7 Hz, 3H), 
1.18 (s, 9H), 1.20 (s, 9H), 1.85-2.15 (m, BH), 3.38 (s, 3H), 3.63 (dd, J=9,3 Hz, lH), 4.02-4.22 (m, 2H), 4.32 (d, J =2 Hz, lH), 
4.75-6.25 (m, 1H); MS m/z: 38S(M+-OMe, l), 95(20), 65(29), 72(1OO), 57(73), 55(21). Anal. caicd. for C21H3806: C 65.26, 
H 9.91; found: C 66.17, H 10.01. 

Methyl 2,3,8,7-tetmdeory-2,~~C-methyi~-~pivaioy~-Danbin~~l,5-p~noei~-rl-uiOSe (32) 
To a solution of oxalyf chloride (34 p L, 0.40 mmol) in dry dlchloromethane (2 ml) at -60 “C under nitrogen was 

added DMSO (55 fi L, 0.80 mmd) and the resulting soiutlon was stirred at -60 “c for 5 min. To this mNture was added a 
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sdutlon of akoh~I 114 (96 mg, 0.32 mmd) in dry dkzhl ommethans (3 ml) and the resulting solution was stirred at -60 “c for 
20 min. Trtethyfamtne (225 ~1 L, 1.6 mmol) wa8 added slowly and the reacHon mixture was stirred at 60 “c for 5 min and 
then at room temperature for 5 h. Ice was added to quench the reaotton and the mbdure was stirred for 20 min. The 
resulting sdutkm was dfluted with dloNoromethane (20 mL) and the organic layer was washsd wkh 1 M hydrochloric add 
(1 x 2 ml. 2 x 1 ml), 8aturated aqueou8 8odlum bkarbonate (1 x 2 ml), brine (2 x 2 mL). dried over anhydrous magnesium 
sulfate, and filtered. Evapomtbn of the solvent yielded an amber oil (69 mg) which wa8 purRed by flash chromatography on 
silica gel using petroteum ether-ethyl acetate 12:l as eluant to ytefd ketone 32 (76 mg, 76%) as a dear, cotoudesrr oil. A 
small amount was Ku@& dlstlled, bp 100-105 “c/O.06 Ton. to Vfeld an analytfcally pure sample; Rf 0.32 (petroleum 
ether-ethyl acetate 6:1, H2SO4); [a]D +206 (c 0.664, CHCl3); IR (CHCL$l720,1160 cm“; ‘H NMR (60 MHz, CDC&) 6 : 
1.07 (d, J=7 Hz 3H), 1.10 (d, J=7 Hz, 3H), 1.20 (s, 9H), 1.45-1.65 (m, 2H), 1.65-2.55 (m, SH), 3.44 (s, 3H), 3.66416 (m, 
3H), 4.53 (d, J=4 Hz, IH); MS m/z: 3oO(M +, I), 269(2), 72(100), 57(34), 41(26); Exact mass: Calcd. for C16H2605: 
300.1937; found: 300.1942. Anal. c&d. for C16H2605: C 63.97, H 9.40; found: 64.10, H 9.40. 

To a soiutlon of ketone 32 (66 mg, 0.22 mmd) In dry dkhloromethane (5 ml) was added in portions, via pipette, the 
active methyfene complex (see above) (9 x ca. lb ml) until TLC anatysls Indicat~I that the reaction was complete. The 
black reaczion mtxture wa8 poured into a slurry of sodtum bicarbonate In saturated aqueous sodium bicarbonate (15 ml) 
and the re8uMng slurry was dlluted wkh ethyl acetate (25 ml). The mixture was 8tlrrsd for 40 min gtvlng a dear, cotouriess 
organic layer and a pale grey aqueou8 layer. The aqueous layer was extracted with ethyl acetate ( 3 x 10 ml) and the 
combined organic 8ohrents were dried over anhydrou8 magnesium sulfate and filtered. Evaporation of the sotvent yielded 
an o5 (64 mg) which was purtfted by flash chromatography using petroleum ether-ethyl acetate 6:1 as &ant to yield the 
C-4 afkene (55 mg, 63%) as a deer, oolourless off. A small amount was Kugekohr dlstllled, bp 65-90 *C/O.1 Ton, to yield an 
analytically pure sample Rf 0.46 (petrdeum ether-ethyl acetate 6:1, H2S04); [a]D t 122 (c 0.560, CHCf3); IR (CHCl3): 
1720, 1650, 1160 cm-l; 1 H NMR (400 MHz, CDCt,,& : 0.93 (d, J=7 Hz, 3H). 1.02 (d, J=7 Hz, 3H), 1.20 (s, 9H), 1.41-1.52 
(m, IH), 1.73-1.62 (m, IH), 1.95 (dd, J=l3, 6 Hz, lH), 2.02-2.13 (m, 2H), 2.42 (dd, J= 13, 5 Hz, lH), 3.40 (s, 3H), 4.02 (bd, 
J=4 He, lH), 4.06420 (m, 2H), 4.36 (d, J=4 Hz. 1H). 4.77 (bs, IH), 4.65 (bs, 1H); MS m/z: 296(Mt, 0.2) 269(3), 141(99), 
l21(24), lO9(lOO), 107(23), 65(43), 61(44), 72(59), 71(22), 57(50); Exact mass: calcd. for C17H3004: 296.2144; found: 
299.2159. AnaLcakd.forC17H3O04:C66.42,Hl0.l3;found:C66.64,Hl0.l6. 

Methyl 2,3,4,47-penlade,4~tr~-methy~~p~loy~-Dmannwcto-l,CpyranoeMe (33) 
A solution of freshly prepared Wttktnson’s catalyst50 (0.310 g, 0.33 mmol) in dry benzene (25 ml) was 

prehydrogenated by bubbling hydrogen through the 8tkred 8dIJtlon for 1.5 h. To the resulting pate orange-red mixture was 
added a solution of the above alkene (0.100 g. 0.336 mmol) In dry benzene (10 mL).t4b Hydrogen was continuously 
bubbled through the 8tirred mixture and the reaction WBS monkored by capillary GLC. Complete hydrogenation is effected 
provtdlng the solution is either ydlow or pafe orange-red during the entlre cour8e of the reactIon. After 6.5 h, the reaction 
mixture was diluted with petroleum ether-ethyl acetate 4:1 and the resulting suspension was fIltered through a pad of silica 
get. Evaporation of the solvent ytelded compound 33 (75 mg, 75%) as a pale amber 05; Rf 0.70 (petroleum ether-ethyl 
acetate 6:1, H2S04); IR (CHC13): 1720, 1160 cm- ‘; ‘H NMR (400 MHz, CDCl3)S : 0.66 (d, J57 Hz, 3H), 0.93 (d, J=7 HZ, 
3H), 1.02 (d. J=7 Hz, 3H), 1.19 (s, 9H), 1.31-1.42 (m, lH), 1.61-1.79 (m, 3H), 1.61-1.96 (m, 2H), 2.12-2.23 (m, lH), 3.37 (s, 
3H). 3.40 (dd, J=ll, 4 Hz, lH), 4.15 (dd, J=6, 6 Hz, 2H), 4.26 (d, J=4 Hz, lH); ‘3C NMR (100 MHz, CDCt3) 6 : 
15.22 W6 19.14 (cH3), 27.23 (tert-butyl), 26.66 31.36 31.79 (CH), 32.52 34.36 (CH2), 36.69 (C), 55.08 (OCH3), 63.19 
(CH), 73.75 (CH), 105.91 (CH), 176.53 (C=O); MS m/z: 269(M+-OMe, 6) 266(lO), lO9(29), 96(60), 95(57), 65(36), 61(56), 
72(75), 6Q(29), 57(100), 55(48); Exact tna88: cakd. for Cf6H2903 (M-OMe): 269.2116; found: 269.2104. 

(2S,4R,6S,6R)~HYdroxy-2,4,61rfmethyCb[ne (34a) 
To a sofutfon of acetal33 (70 mg. 0.23 mmd) in dry dichloromethane (4 ml) at 0 ‘C under nitrogen In the fume hood 

was added 1,3-propanedkhid (6 drops, ~8. 0.7 mmd) and boron trffiuorkfe etherate (56~ L, 0.47 mmol). After stirring for 
2.5 h at 0 “C, the reaction mixture was diluted with ethyl acetate (30 ml). The organic layer was washed with 3 M sodium 
hydroxide (3 x 4 mL), brine (3 x 5 ml), dried over anhydrous magnestum sulfate, filtered, and concentrated to gfve an oil 
(93 mg). Purification by flash chromatography on Sttka get using petroleum ether-ethyl acetate 6:l as eluant yielded 
hydroxy dithiane 34a(74 mg, 64%) a8 a dear, cdourfess gum; 
IR (CHCt3): 3650,36003300,29&Y, 1720,1165 cm-‘; i 

Rf 0.16 (petroleum ether-ethyl acetate 6:1, DV and H2S04); 

3H), 1.10 (d, J=7 Hz, 3H), 1.20 (s, 9H), 1.42-1.63 (m, 
H NMR (400 MHz. CDU,)S : 0.88 (d, J=7 Hz, 3H), 0.91 (d, J=7 Hz, 
lH), 1.59 (bs, lH, D20 exchangeable), 1.65-1.91 (m, 5H), 1.93-2.16 

(m, 3H), 2.82-2.97 (m, 4H), 3.21 @ d, J=7 Hz, lH), 4.06423 (m, 3H); MS m/z: 378(M+, 3) 356(2), l59(26), 146(26), 
119(100), 65(29). 57(72),55(26); Exact ma8s: c&d. for C,9H3603S~ 3762106; found: 376.2114. 

To a solutlon of alcohol 34a (12 mg, 0.032 mti) in dry dichloromethane (1 ml) at 0 “c under nkrogen was added 
2-methoxyethoxymethyl chloride (11 p L, 0.098 mmd) and N-ethytdiisopropyfamine (25 p L, 0.144 mmof). The reaction 
mixture was stirred at 0 “C for 30 min and at room temperature overnight. After 18 h, TLC analysis Indicated that the 
reaction was about 30% complete. The reactlon mkdure was cooled to 0 “C, additlonal2-methoxyethoxymethyf chlorkie 
(54 p L, 0.45 mmol) and N-ethytdlisopropyfamlne (53 /.I L, 0.46 mmd) were added and the reaction mixture was 8thed 
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overnight at room temperature. After a total of 42 h, TLC analysis indkated that the reactfor? was complete. The reaction 
mfxture was diluted with ether (25 ml) and the combined orgsnk sdvents were washed with 0.5 M hydrochlork acid (3 x 3 
ml). saturated aqueous sodium bicarbonate (2 x 5 ml), brine (2 x 5 ml), dried over anhydrous magnesium sulfate, and 
filtered. Evaporation of the solvent yielded P-methoxy ethoxymethyf ether (15 mg, 100%) as an amber oil which could be 
used in the next reaction. Purification by 5ash chromatography on silica gel using petroleum ether-ethyl acetate 6:l as 
&ant yiekfed the desired C-5 MEM ether (9 rng 61%) as a dear, cokurfess oil; Rf 0.22 (petrdeum ether-ethyl acetate 6:l. 
UV and H2S04); IR (CHCf 

? 
: 1710,1048 cm-l; 1 H NMR (270 MHz, CDCI,) 6 : 0.93 (d, J=7 Hz, 3H), 0.98 (d, J=7 Hz, 3H), 

1.09 (d, J=7 Hz, 3H), 1.20 s, 9H), 1.22-2.18 (m, 9H), 2.60-2.95 (m, 4H), 3.12 (dd, J=6,4 Hz, lH), 3.40 (s,3H), 3539.60 (AA 
part of AA’BB’ system, 2H), 3.72379 (BB’ part of AA’BB’ system, 2H), 4.07-4.19 (m, 3H), 4.77 (8, 2H); MS m/z: 464(M+, 
0.6). 388(52), 307(21). 273(22), 231(20), 161(31), 159(56), 149(20), 148(22), 147(29), 146(31). 126(35). 121(21), 119(100). 
89(88), 59(82), 57(39); Exact mass: cakd. for C23H4405S2: 464.2630; found: 464.2634. 

To a slurry of lithium aluminum hydride (6.5 mg, 0.22 mmd) In dry ether (5 ml) at 0 ‘C under nitrogen was added a 
solution of crude pivafoate ester from above (71 rng, 0.15 mmd) in ether (5 ml) and the resulting mixture was stirred at 0 
“C. After 1 h, TLC indicated that the reactlon was not complete so addtional lithium aluminum hydride (12 mg, 0.32 mmd) 
was added. After a further 30 min, the reactkn was compkts and was quenched with 0.5 M hydrochloric add (10 mL). The 
aqueous layer was extracted with ether (1 x 25 ml, 2 x 25 ml) and the combined organic extract was washed with 0.5 M 
hydrochloric acid (2 x 5 ml), saturated aqueous sodium bkarbonate (1 x 5 ml). brine (2 x 5 ml), dried over anhydrous 
magnesium sulfate, filtered and concentrated to yield a cdoudess oil (62 mg). Purification by flash chromatography on 
sllka gel usihg ether as ekant yielded an akohd-(50 mg, 86%) as a dear, cdoutfess oil. A small amount was Kugefrohr 
distilled, bp 130-140 s/O.1 Torr, to yield an anal 

r 
icafly pure sample; Rf 0.50 (ether, UV and H2S04); [a]D + 15 (c 0.020, 

CHC13); IR (CHC13): 3675, 36253300, 1048 cm- ; lH NMR (270 MHz, CDC&) 6 : 0.92 (d, J=7 Hz, 3H), 0.94 (d, J=7 Hz, 
3H), 1.08 (d. J=7 Hz, 3H), 1.10-2.25 (m, lOH), 2.80-3.00 (m, 4H), 3.15 (d, J=6, 4 Hz, lH), 3.38 (8, 3H), 3.50398 (m, 6H), 
4.15 (d, J=3 Hz, lH), 4.76 (8, 2H); MS m/z: 380(0.2), 159(33), 146(29), 125(21), 119(100), 69(51), 85(27), 59(67); Exact 
mass: calcd. for C18H3804S2: 380.2055; found: 380.2084. Anal. cakd. for C18H3604S2: C 56.80, H 9.83; found: C 57.00, 
H 9.60. 

(2S,4R,5S,6R)-6-[(tert-Butyldimethylsilyl)oxy]-5-((2’-methoxy-ethoxymethyl)oxy]-2,4,~trimethyl-l,l-(pro~ne- 
1”,3”dfthlo)octane (34b) 

To a solution of the above C-8 akohd (15 mg, 0.039 mmol) in dry dkhloromethane (1 ml) at 0 “C under nftrogen 
was added ten-butyldimethykflyf trfflate (30 /.I L, 0.13 mmol) and dry 2,6-dimethylpyridke (20 p L, 0.16 mmol).51 After 
stirring at 0 “C for 15 min, the reaction mixture was allowed to warm to room temperature for 15 min. The reactlon mfxture 
was diluted with ether (15 ml) and the combined organk solvents were washed with brine (3 x 3 ml), dried over anhydrous 
magnesium sulfate, filtered, and concentrated to yield an oil (21 mg). Purffkatlon by flash chromatography on silica gel 
using petrdeum ether-ether 3:l as eluant yielded sllyi ether 34b (17 
ether-ether 3:1, UV and H2SO4); IR (CHCf3): 2948, 1095, 1048 cm-l; 1 

mg, 87%) as a pale amber oil: Rf 0.30 (petroleum 
H NMR (80 MHz, CDCQ 6 : 0.02 (8, 6H), 0.75-0.98 

(m, 6H), 0.87 (8, 9H), 0.98-1.15 (m, 3H), 1.45-2.30 (m. 9H), 2.72302 (m, 4H), 3.12 (dd, J=6, 3 Hz, lH), 3.38 (8, 3H), 
3.44384 (m, 6H), 4.15 (d, J=3 Hz, lH), 4.76 (8, 2H); MS m/z: 494(M+, 0.1) 437(l), 159(24), 133(59), 119(51), 89(100), 
75(28), 73(26), 59(75); Exact mass: &XI. for C24H,O4S2Si: 494.2920; found: 494.2892. 

(2S,4R)-l-[(tert-Butytyklimethyls8yf)oxy]-5,6-epoxy-2,4dimethylhexane (36) 
This compound was prepared from methyl (R,S)-2,4dimethyfglutark add (35) according to the method of Shelly52 

with minor modifications to yield the epimerk epoxides 36 as a clear, colourfess oil; Rf 0.43 (petrdeum ether-ether 19:1, 
H$304); IR (CHCl3): 1260, 1095,835 cm- ‘; lH NMR (80 MHz, CDCI,) 6 : 0.02 (s, 6H), 0.86 (8, 9H), 0.75-1.95 (m, lOH), 
2.35-2.85 (m, 3H), 3.15350 (m, 2H). 

(3R,4S,5R,7S,l1R,l3S)-l,l~Di[(tert-butyldimethylsilyl)- 
3,5,7,11,13-pentamethyf -6,6-(propane-1”,3”dithio)tetradecane (37) 

To neat dithiane 34b (10 mg, 0.020 mmd) at -40 ‘C under nitrogen was added a solution of n-butyflfthium in hexanes 
(0.270 mL, 1.5 M, 0.40 mmol) and TMEDA (81 /J L, 0.48 mmol) and the resulting amber mixture was stIrred at 40 “C for 1 h. 
Then HMPA (70/~ L, 0.40 mmol) was added and the rssultlng deep amber suspension was stirred at -40 “C for 15 min and 
then was cooled to -78 “C. To the reaction suspension was added neat epoxide 36 mfxture (68~ L, 0.24 mmol), in portions, 
via syringe. The reaction mixture was stirred at -78 ‘C for 30 min. at -48 “C for 30 min and at -10 “C for 2 h and then the pale 
yellow solution was stored at 2 “C for 40 h. 52 The solution was quenched with water (20 drops) and the colour disappeared. 
The mixture was diluted with ether (5 ml) and the aqueous layer was extracted with ether (2 x 5 ml). The combined ether 
extract was drkd over anhydrous magnesium sulfate and fiiersd. Evaporation of the sdvent yielded a pale amber OH which 
was purified by flash chromatography on silica gel using the sequence of sdvents: petroleum ether-ether 19:1, lO:l, 6:l 
and then neat ether as eluant. Evaporation of solvent from the appropriate fractions yielded two compounds. 

a) Recovered epoxfde 36 (43 mg, 80% recovery) was isolated as a cokurkss oil. 
b) The desired alcohol 37 (6 mg, 40%) was isolated as a pale amber oil; Rf 0.27 (petroleum ether-ether 3:l. UV and 

H2SC4); IR (CHC13): 3675, 36003360, 2945, 1095, 1040, 835 cm -l; ‘H NW (400 MHz, CDCl,)S : 0.05 (8, 12H), 0.80-1.10 
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(m. 12H), 0.69 (s, 9H), 0.96 (s, 9i$ 1.18 (d, J-7 Hz, 3H), 1.20925 (m, 15H), 2.75-2.92 (m, 4H), 3.18-3.22 (m, lH), 3.31-3.42 

(m, 1H). 3.38 (s, 3H), 3.45-3.62 (m, 8H), 4.85 @ d, J-8 Hz, lH), 4.75483 (m, 2H); MS m/z: 752(M+, 1), 734(l), 695(l), 
377(24). 246(2O), 245UOO). 187(30), 133(35), 113(83), 95(28), 89037). 75(50), 73(42), 59(51); Exact mass: cafcd. for 
C38H8g08S2S12: 752.4935: found: 752.4948. 
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