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ABSTRACT 

The title compounds were synthesized by condensation of 2,3.4,6-tetra-O- 
benzyl-u-glucono-1,5-laclone with bis-0-(trimethylsilyl)-1,2-dials in the presence 
of trimethylsilyl trifluoromethanesulfonate as the catalyst. Application to cis- and 

trans.1,2-dials containing primary, secondary, and tertiary hydroxyl groups was 
examined, and a new rearrangement was Coound in the reaction of a D-glucono-1.5. 
lactonc dcrivativc having an acctyl group at O-6. 

INTRODUCTION 

A unique type of acetal interlinkagc bctwcen a glycopyranosylidene group 
and a 1.2-dial grouping of glycoses has been found in such oligosaccharide antibio- 
tics as everninomicins’ , flambamycin’, avilamycins-‘, dsstomycins4. hygromycin B 
(ref. 5), and antibiotics A-396 I (rec. 6) and SS-56C (ref. 7). These antibiotics were 
designated’ ” orthothomycins”, because the Spiro, cyclic orthoester interlinkage at 
the anomeric rarhon atom is quite different from the fused-ring type of nrthoester 
well known in carbohydrate chemistry*. In general, two conligurations are possible 
for this interlinkage, depending on the (R) or (S) configuration of the orthocster 
carbon atom. The configurations of one of the two orthocstcr linkages in ever- 
ninomicin D (ref. 9) and avilamycin A (ref. 10). and that of” destomycin A were 
determined by X-ray analysis to be (R). 

For synthetic purposes relating to these antibiotics. it was found that the ad- 
dition of 2,3,4.6-trtra-0.benzyl-D-glucono-1 ,S-lactone (1) to epoxides. and direct 
dehydration of 1 with 1,2-diols (method A) gave the corresponding gluco- 
pyranosylidene acetals of 1,2-dials and of monosaccharides”. However, applica- 
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lion of these methods to a secondarv 1 .2-dial grouping of monoxacchnritles gave 
poor results. AS a promising method: wt‘ described” a facile svnthesi:. (method B) _ 
of spire. cyclic orthorstcru by condensation of a lactonc a”J his-O-(trinlcthyl~iIyi)- 

1 .7-dials in the presence of trimethylsilyl tri~uclromethanesultorlate (catalyst X). 
‘[‘hereafter. methods for the construction of the unique ckelelo” LWI the glyco- 
ayloxyyselenatio” oxitlali<m rlimlnation 3txlurnce for gl\rals I’. :I”11 l’,N phc~toc>- 

clizntion of 2-hydroxyalkyl glycosides”. wert‘ reported hy other gr<wps. Wt- now 
describe method f3 in detail. 

Kexlion of 1 with 1 .5 rquivalcwtc of I .7-~li-(lrimethylsil~~n~ )vth;rne in d- 

chloromrthanc for 2 h at r-oorn temperature under a nitrogen atmozphcre. in the 
presence of catalyst 2; (5-10 “WI’?). gavt: I .?-O-(Z.3.l.h-trlra-C~-hr”/vl-L~-~l~l~o- 
~~yranosylidene)etharlcdic~l (3) in 91.7% yield. Similar reaction of I with ;trimethyl- 
silyl)atcd rir-I .?-cyclohcxanediol gave two isomers of the corrcspand~ng spin,, cy- 
clic orthoester (Ja,b) in 30.4 and 59.3 CF. yield. respectivrlq-. SimilarI> two iaomcr> 

(Sa,b) were obtained from trcrn.c-1 __ 7.cyclohexancdi~)l in 3l.h ant1 33.3’; yield. r-e- 
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Products 

3 
4a 
4b 
5a 
5b 
7 
8 - 

Chemrcal shift of 
orthoester carbon atom 

(p-p.??.) 

YwLds ( % , 

Method A” Method B 

119.6 77 91.2 
118.5 15 59 3 
119 6 28 30 4 
119.1 
119.2 
11” 5 72.2 
llO.h 19.6 

21 Y 30.6 
21 .o 33.3 

benzyl-~-glucopyranosylidene)-~-n-mannopyranoside (IOa and lob) in 44.8 and 
26.6% yield. respectively. Similar condensation of 1 with secondary and tertiary 
cis-1,2-diol groupings of branched-chain sugars was successful, although that of the 
secondary, trans.l&diol grouping of methyl 4.6-O-benzylidene- and 4,6-di-O-ben- 
zyl-2,3-di-O-(trimethylsilyl)-cu-D-glucopy~~noside was unsuccessful. 

Methyl 4.6-di-0-benzyl-3-C-methyl-cu-o-allopyranosidc (14) was prepared by 
conversion of methyl 4,6-di-0-benzyl-cr-D-glucopyranoside into the corresponding 
2-benzoatc (12). followed by oxidation to the hexnpyranorid-3-ulosc (13) and addi- 

12 13 

tion thersto of methylmagnesium iodide. Condensation of 1 with the 2.3-di-O- 
(trimcthylsilyl) derivatives (15) of 14 gave two isomsrs of the Spiro. cyclic orthoes- 
tcrs (16a,b) both in 8.9% yield. Also similar reaction of 5hydroxypentano-1 .S-lac- 
tone (a-valerolactone) with 9 for 2 days at - 10” gave one (17) of the two possible 
orthoesters in 40% yield. This condensation gave a complex mixture at room tcm- 
perature, probably due to C-silylation viu the silyl enolate. The reaction of 4-hy- 
droxy-butano-1.4.lactone gave a similar result. 



On the other hand. condensation of h-O-acetyl-2,3.I-tri-O-benzyl-n-gluco- 
no- I.5lactone (2). which was prepared from 1 .h-di-O-acetyl-~..?.J-tri-0-henzyl- 
n.~-n-glucopyrNlose “’ hg partial dcacctylation to 18 fr~llowcd hy oxidation. gave 
unrxpectcdly a rearrangement product. namely. benzyl ~-C)-Hcet~l-~.h-unhydro- 
3.~-di-U-benzyl-o-rn;tnnonate (19). as the main product (S”,; ). topcthcr uith tmo 
isomers 01 the desired orthoastcr (Ila,b; 1WG ). Ethanolyslh of 19 with sodium 
ethoxide in ethanol garc, quantitativeI>. the corrcspondmg ethyl ester (LO), and re- 
ductIon of 19 with lithium aluminum hydride pave the corrcspondmp 2.0-anhydro- 
I>-mannitoi’ which wxs characterized ;IS the diacetate (21). Moreover. it was con- 
verted into the corresponding tetratlcetilte (22) by catalytic hydrogenolykls. ;mJ 
acctylation of the product. ‘I’hc l.h-anhyclro-n-mrrnnr, configuration of 20, 21. and 
22 was supported by their ‘11-n m.r. data and by the value s)f the hpcciii~. optical ro- 
tation ([n],, -40”: lit.“[fzr],, -41”) of 22 

re (9 d -2 4, a- I H” 216 tn 

2°F = H, R = I-’ 2217 7 :.- 

Compound IY could not be produced by direct treatment of 2. or by trcat- 
ment of 1la.b with the catalyst. From these results. the reaction pathways for the 
formation of orthoesters tind 19 shown m Scheme I wcrc‘ formulutcd. l’hc super- 
cation Me 3 Si’ rapidly produces the carbonium cation (A) by rcxtlon with I. and 
the counter union F,COISO gives the anion (B) from 9. vxlding the catalyst 
apainlx. The intermediate c’. furmcd from A and B. 40~1~ react\ with the catalyst 
io give the amphoterlc mtcrmediate (D). tagcthcr with the c:t~alysl ;md 
hevamethyldisiloxanc. which cyclizes into IO. Thus. the driving force ot’ this c‘m- 
dcnsntion may be attributed to formation of the stable disiloxanc”‘. In the case of 
2, compound 11 will be formed from the intcrmcdiatc (E) through a hlmil;hr path- 
way. Ilr~wever. thr uurhomum cation (F). itffcmled h!, rapxi attack <>I rhc \ccond 
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ha ba b. 
E G 

MesSi+ on the acetyl carbonyl group, instead of the trimethylsilyl group at C-l, will 
he stabilized by conversion into the oxonium cation (H) via the carbonium cation 
(G). Intramolecular attack of the O-anion, formed by removal of trimethylsilyl ca- 
tion from the terminal orthocster function with F,CSO,O-, on the oxonium cation 
function gives the rearranged intermediate (I), with inversion at C-2 of the original 
2. Because the non-spiro, cyclic orthoester is generally unstable. (I) is readily con- 
verted into 19. 

Although the rearrangement of an alkoxyl group is not normal in the car- 
bohydrate held. rearrangement of the methoxyl and the benzyloxy group at C-l of 
methyl and benzyl 2.3-U-isopropylidene-5-O-(triRuoromethylsulfonyl)-~-D- 
ribofuranoside to C-5, via the tricyclic oxonium cation formed by removal of 
FsCSO&-, was recently reported’“. This rearrangement was attributed to an an- 
chimeric effect of the l-alkoxyl group on the C-S atom. However, the new rear- 
rangement found here is synchronous to an acyl migration from O-6 to O-5. 

EXPERIMENTAL 

General methods. - Melting points were determined with a Mel-Temp hot- 
plate and are uncorrected. The solutions were evaporated under diminished pres- 
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sure at a bath temperature not exceeding SO”. Specific rotations wcrc measured 
with a Carl Zeiss LEP-AI or a JASCO DJP-4 polarimeter. uwqz chloroform as the 
solvent unless stated othcrwse. 1.r. spccfra were recorded with .I Ilitnchi Model 
EPL.-CX? spectrometer. ‘H-N.m.r. spectra wcrc rccordad with a JEW. PS-l(WIapcc- 
tromrter for solutions in chloroform-d. unless stated otherwlsc. using tctramcthyl- 
silane as the internal standard. ‘-‘C-N.m.r. spectra were recorded with ;t JELL IX- 
IOU spectrometer at ‘5. Ih MHz tar solutions in chlorotorm-d, using X b data points. 
with proton--noise decouphng. Column chromatograph> was performed on 3 flash 
c~11un-m of silica gel (Wakogel C-.WO). and preparative t.l.c on %iltca gel (Mcrc!, 
type 6ll). 

Me&y1 ,7.J-di-O-bcn=vl-J.6-dt-O-( tr~m~~t~t~l~~f~l)-rr-n-~~lne~~p~rctrt~~aidr (6). - 
To a solution of methyl 2,f-di-C)-bcnzyl-u-o-glucopyranoside (5. I p. 1J.b mmol) 
and hexamethyldisilazune (2.3 mL. 1 IO mmol) m dichloromcthanc ( I.5 ml.) wcrr 
added a few drops of triHuoroacetic acid at W. and the mixture was stirred over- 
night at room tcmpcrnture. After the rcsction was complctc. the mlxtuw WB)I 
evaporated. Purification of the r&dual syrup on a Hash column of silica gel with 
M):JO: I henzcnne-tlcxanr-acetone gave 6 in S9.5Ci yield (1.2 g): m.p. 1~.S-X5.0” 
(prisms from petroleum ether). 1,x],‘; +G.I”(c 1.7); ‘H-n.m.r.: 67.28 and 7.23 (s. 
10 H. 2Ph). 5.W and 4.72 (ARq. J I I.? Hz. (‘FI,Ph). -1.70 and J.% (AHq. ./ II.0 
Hz. C’HzPh). 4.5% (d. J,.? 4.0 Hz. H-l). 3.lrJ.3 (m. 6 If. i-l-~.~.1.5.h~. _X.Zh (h. 3 H. 
DMe). and 0.10 (b. IX H. h SiMe). 

4rtol. Calc. for C;,H.,&.Si~: c’. 6X51: H. 8.16. Fcwnd: <.‘. h1.3.5: H. X.4.3. 
Methyl J.~-di-O-hen=~l-I.J-c(i-O-( trirneth_v[silyl )-~~-n-rtt[1ftt1~I)?.rut1o.tide (9). 

- A similar reaction of methyl ~.h-di-C)-benzyl-ct-o-mannopyran~~sldc ( 1 .(I0 g. 
2.67 mmol) with hexamethyldisilazanc (Y mL. -1.31 mmul) gav’c’ Y as i& syrup: this 
was purified by USC of a flash column (20: 1 hexano-acctonc). to give 9 m 07.5’i 
yield (I .X g): [a]:: +l9.X”(c I.‘%): ‘H-n.m.r.:67.5-7.3(m. l(lH.3Ph).-t.7hand 
1.46 (Al3q. J I I.h Hz. CfI,Ph). 3.6-l and 1.W ( ARq. J 12.0 HY. C’II,Ph). 4.Zfi (u. 
H-l). -!.(LXh (m. 6 H. H-2.3.1..5.6). 3.31 (s. 3 El. OMe). and Il.16 and Il.14 (each 
s. I8 H. h SiMe). 

tion of methyl -I.&di-O-benzyl-a-D-glucopyranosidr (2.00 g. .5.X mmol) in 
pyridine (61) mL) was added dropwisc a solution of bcnzoyl chloridr (2 Y g, ?0.-$3 
mmol) in pyridine (30 ml.) al 0”. and then the mixture was kept ovcrnigbt at room 
tempcrarure. poured Into ice -water. and extracted with chlorotorm. E\ tiporation 
of the extract. and purification of the product hy use of A flash column (5: I hrxanc- 
acelone) gave 12 as a syrup in Y7.Xci, yield (7.50 g): [~]6 1 113.2 (6’ 1, IS): I$:.$ ’ 
2450 (OH) and 1720 cm ’ (C=O): ‘H-n.m.r.: 8 X 2-7 Y and 7.f+7.1 1m. I5 H. 3 
Ph).S 07 (d. I,,? 3.-l HT. H-l )_ -I.YX (dd. J? _a IO.6 Hz. H-2). J.fil and 4 59 (A+. 
J 1 I .-I Hz. CII,Ph). J.fi7 and A.51 IABq. J lz.0 Hr. Cf/:Ph), -I.:h (m‘. J,_, X.6 HT. 
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I-I-3), 3.9-3.6 (3 H, H-5,6). 3.64 (dd, H-4). 3.37 (s, 3 H, OMe). and 3.19 (bs, OH). 
Anal. Calc. forC28H3007: C, 70.28; H, 6.32. Found: C, 69.98; II, 6.24. 
Methyl 2-0-henzoyf-#.6-rii-O-henzyi-iu-D-ribo-he~o~~~u~usi~-.?-~I~.~e (13). 

- To a solution of 12 (1.00 g, 2.09 mmol) in dry dichlornmethane (10 mL) was 
added pyridiniurn chlorochromate (900 mg) with stirring, and the mixture was stir- 
red for 24 h at roam temperature. The mixture was poured into ether, and the in- 
soluble mate&t was filtered off. The filtrate was evaporated, to give syrupy 13 (842 
mg, 84.5%) which was purified by preparative t.l.c. with I:1 hesane-ether; [a]:” 
+140.3” (c 3.45); zr,KzF’ 1750 and 1720 cm--’ (C=O): ‘I-I-n.m.r.: 6 8.2-8.0 and ‘7.S 

7.1 (m, IS H, 3 Ph), 5.56 (dd, .i2,‘, 1 .O Hz. H-2), 5.22 (d, J,.z 4.0 Hz, H-l), 4.88 and 
4.37 (ABq. J 10.6 Hz, C1H,Ph), 4.58 and 4.42 (ABq. J 12.4 Hz, CI-l,fh), 4.43 (dd, 
Jb,5 9.4 Hz, H-4), 4.01 (dt, X5,* 2.0 Hz. H-5). 3.78 (y. .I,.,, 10.6 Hz. H-6). 3.69 (q, 
J,.e, 2.1) Hz, H-6‘), and 3.37 (s, 3 I-1. OMc). 

Artal. Calc. for C2KH2R07: C, 70.57; H, 5.92. Found: C. 70.11; E, 5.54. 
methyl 4,6-di-O-benzyl-3-C-tnethyl-cr-D-altopyr (14). -To a solution 

of methylmagnesium iodide in ether (30 mL), prepared from magnesium turnings 
(600 mg. 2.47 mm&) and methyl iodide (2.57 g), was added a solution of 13 (530 
mg, 1.11 mmol) in benzene (30 mL). and the mixture was stirred for S h at room 
temperature, poured into cold ammonium chloride solution, the solution extracted 
with dichloromethane, and the extract washed with water, and evaporated. Purifi- 
cation of the product by preparative t.1.c. (1: 1 hexane-acetone) gave syrupy 14 in 
91.8% yiefd (396 mg); [a]g +11i.6” (c 1.25); vE_z$’ 34.50 cm-’ (OH); ‘H-n.m.r.: 
67.30 and 7.24 (each s, 10 H ,2Ph),4.7S(d,Jl,z4.4Hz,tl-l),4.66and4.SO(ARq, 
2 H, J 12.6 Hz, CFI,Ph), 4.60 (s, 2 H, CN,Ph), 3.88 (dt, J5.6’ 2.5 Hz, H-5), 3.82 (q, 
J >,* 2.5 Hz. H-6). 3.68 (q, J<,,h’ 11.4 Hz, H-h’), 3.5-3.3 (bm, H-2). 3.46 (d, J4.5 10.0 
Hz, H-4). 3.44 (s, 3 H, Oh?e), 2.86 (is, OH), 253 (bd, JOH.2 10.X Hz, OH), and 
1.32 (s, 3 H, OMc). 

An&. Calc. for t&H&&,: C. 68.02; T-I, 7.27: Found: C, 67.74: W,7.46. 
~efhy~ 4,6-di-O-benz~yI-3-C-methyl-2,~3-di-O-(t~~-~lncthyis~~_y~)-~-~~a~i~~yrano- 

side (15). -‘1’0 a solution of 14 (240 mg, 618 /.fmol) in N,N-dim~ttiylCuirt~arnide (1 
mL) were added imidazole (105 mg) and chlorotrimethylsilrrne (148 mg, 1.36 
mm&), with stirring. The mixture was kept overnight al room temperature, poured 
into ice-water, and extracted with ether. The usual processing of the extract, and 
purification of the product by use of a flash column (20: I hexane-ethyl acetate), 
gave 15 in 90.9% yield (299 mg); [al;: t72.3” (c 4.04); ‘H-n.m.r.: 6 7.4-7.1 (m, 10 
H, 2 Ph), 4.67 and 4.48 (ABq. I 10.6 Hz, CN2Ph). 4.60 (s. 2 H, CNzPh), 4.58 (d, 
.I,+z 4.0 Hz, H-l), 4.20 (dq, Js.fi.2.6 Hz, H-5), 3.79 (dd,J5.h 3.OHz. H-6), 3.64 (dd, 
J s IO.6 Hz, H-6’). 3.40 (d, H-2), 3.33 (s, 3 H. OMc), 3.32 (d, J4,s 9.8 Hz, H-4), 
1% (h, 3 Ii, CMe), and 0.12 and 0.10 (en& 1 s, 18 H, 6SiMe). 

Anal. talc. for CaxHa;OaSiz: C, 63.12: H, X.32; Found: C, 42.82; H, 8.51. 
6-O-Acety~-2,3.4-tri-O-b~nzyl-a.~-D-~lucop_ymnose (18). - An ice-cooled 

mixture of benzylamine (SO mL) and 1.6-di-Q-acetyi-2.3.4-tri-O-benzyl-D-gluco- 
pyranose (8.0 g, lS.O mmol) was vigorously stirred for 1 h, chloroform (100 mL) 



was added. and the mixture was washed with M hydrochloric acid (211 ml.). to re- 
move the exccsb of amine. and water, dried (magnesium sulfate). and evaporated. 
to give colorless. syrupy 18 (a:,9 = 3:2). which was punficd by uss of a flash col- 
umn (4: 1 hcxane-acetone): yield. 8Y.U; (h.hl g): (~1:: + 31 .w 1~ o.HIl): IS,!,!: 3Joo 
(OH) and 171ocm -’ (C=O). 

/burl. Citlc. for C&H&,: C. 70.71: H, 6.55; l-kmd: c’. 70 15: l-l. h.h.7 
6-0-A(.~1).I--l._~,~-fri-O-hen~~l-n-glrrcor~r,-I.~-lurron~~ (2). Oxidation of 18 

(9.14 g. 19.2 mmol) as dcscrihcd tor 13 gave 2 in 71 Jr; yield Ih..Yl g:): this was 
purified hy use of a flash column (6: I hrxune-acetone): 1~1:: - i0N.S (‘, I 74). 
v,::‘:’ 174(J and 1730 cm ’ (C=O); ‘H-n.m.r : 6 1.44.X (m. 1 H. .3 IJh). J.,W.I) 
(m. 7 H. H-5.6.6’ and 1 C’II,Ph). 4.01 (d. J?,> S.3 llz. H-2). 3.7X (dd.. .I% , 5.6 Hz. 
11-3). 3.5X(dd.J~.~4.Ol~x,II-~),and 1..54(?1.3H. AC). 

And. Calc. forC2,,H&,: C‘. 71.00: H. h.16: Found: C. 71.32.: H. h.2~. 
C‘orzdt*n.sutron of /G-O-( trimethvlsdvl) rlrrivuti~~s wrth Iuc~tr~tw.~. ‘ro ;t stir- 

red solution of 1 (561 mg. 1.0-I mmol) and I .~-di-(trlmethylsllnx~)cthnne [prepared 
from ethylene glycol (Y.3. I mg. 1 .SO mmt,l)j In anhydrous dichltmxnelhanc (-1 ml.) 
was added catalyst X (22 mg. 0. I mmol) at II” under a nitrogen atmusphcre. ‘I’hc 
mixture was stirred for 2 h at room tcmpcraturc. the reaction qocnchrd hy addition 
of anhydrous pyridtnc (0 2 ml.). and the solution poured inro snturatcd sodium hy- 
dropencarbonatr solution (IO ml), and cxtractcd with ether The urual prowssing 
of the extract gave 1 .l-(7,.3.-l.&tctra- f~-hen7.yI-I,-gl~~copyr.ln~,~ylidcne)~lioxy- 
rthanc (3) in 91.2~~i yield (S53.7 mg): m.p. .51-S? (pctrolrum cthcr): 1~1 !’ m.p. 
51-S’“. 

Similar reaction of 1 (SIX mp. O.Yh mmol) with I .I-di-O-(trlnlettlythilyl)nted 
r,r.s-cyclohrx;inedi~,I [prepared from c.r.s-cycl~,hexanedIlol (388 rng. 3.N ~nmvl)l. md 
wparation of the product INI n llash column wth S: 3 hcxane-cttwr. pave twv iborn- 
crs: la (m.p. 5X --ho”: lit.” m.p. S%-60”) .rnd 4b (m.p. CJX- IW”: lit ‘- m.p. Y~IOW) 
m 30.4 (186 mg) and 5’1.3’; (37X mg) yield. rcspcctivcl~. 

Simil:ir rcnction of I (X53 mg, I .5X mmcA) :mrl 1 .~-d~-0-ttrimrth~lsilyl ):itrd 
I .?-trams-uI -cyclohcxanediol lprcparcd from 3-W.? rng (3 00 mnwl) irt 1 .l-rrcra%- 
DI -cyclohexancdiol] for 2 days gave two isomcrh: 50 (syrup) and 5b (m.p. Y--YJ”: 
lit.” m.p. Yt 93”) in 30.6 (30X mg) and 33.3:; 133S mgl yield. re\pccti\cl? 

MctkyI ,7.3-tir-O-hc~~~;_~I-~,6-O-(-‘.J.J,h-rrl- 
iclz,lc)-u-U-~lltcf~~~~,ruflf~.~I~f~, (7) -- Similar reaction of 1 (%O mg. 1.04 mmol) xajth 
6 (593 mg. I. I4 mmol) for 3 days. and srparaticm of the product r,n a a>lumn of 
silica gel (60:-W: 1 benzene--hruanr-acetonr). gave 7 in 73 2l-i yield (672 mg) ;w ;I 
syrup: In]:; +3x. 1” (c’o.751: ’ ‘C-n.m.r.: n‘ 1 IO.5 (orthocstcr C). 

AlMA. cut. for Cs5f iirO,,: c‘. 73.81; rr. h.53. F1mnd: I <. 7.i.M; I-I. f>.-v. 
MPlh_YI J,h-~i-i-O-hen~~l-~.3-0-(1.3.~.h-/ufru-O-he~~-_~/-n-,~/ztctrp~rrrno.s~l- 

id~llr)-I~-rJ-nlRlllrO~~Tunr~.~IdL’ ( l0s.b). - Similar rcoction laf I (hh% mg. I 2-1 mmol) 
with 9 (571 mg, I. 10 mrnol) for 3 day’. ltntl wparet~on &A the product\ on a I .obar 
column (S:3 hexanc-rther). g:wc two ixomcrs (IOn and lob) in 44.X (441.1 mg) and 
7h.hCG (262.1 nip) yield. rcrpectively. C’ompound 10x1: m.p. 61-62’ (petroleum 

1. 
cthcr). [ujry +%.I (1. 1.06); ‘k.-n 111.r.: A I l’J.0 torthwacr Cl; c~~rnp~~~nd lob: 
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syrup; [aI’D + 10.3” (~0.20); ‘iC-n.m.r.: S 120.4 (orthoester C). 
Anal. Calc. for C H 0 : C, 73.81; H, 6.53. Found for 10a: C, 74.01; H, 55 58 11 

6.57; and for lob: C, 73.89; H, 6.67. 

Methyl 4,6-di-O-benzyI-3-C-methyl-2,3-0-(2,3,4,6-tetra-~-benzy~-D-g~uco- 
pyranosylidene)-cu-D-uliopyranosidc, (16a,b). - Similar reaction of 1 (160.5 mg, 
298 pmol) and 15 (138.9 mg, 263 ~mol) for 3 days, and separation of the products 
by preparative t.1.c. (3:l hexane-ethyl acetate), gave syrupy 16a and 16b in 8.9 (24 

mg) and 8.9% (24 mg) yield. respectively. Compound 16a: [a]g +68.4” (c 0.420); 
“C-n.m.r.: 6 120.3 (orthoester C); compound 16b: [n]: +26.2” (c 0.435); 13C- 
n.m.r.: S 120.3 (urthoester C). 

Anal. Calc. for CshHhoO,,: C, 73.99; H, 6.65. Found for 16a: C, 73.78; H, 
6.65; and for lhb: C, 73.84; H, 6.95. 

Methyyl 4,6-di-O-benzyl-2,3-O-(tetrahydro~yru~-2-y~ide~e)-~~-m~nnopyr~- 
noside (17). -Similar reaction of &valerolactone (1.00 g. 10 mmol) with 9 (1.07 

g, 2.10 mmol) for 2 days at -lo”, and separation of the product on a flash column 
(5:2 hexane-ether). gave 17 in 40.2% yield (380 mg); m.p. 4&45” (petroleum 
ether), ]a]$ +44.0” (c 0.35); “C-n.m.r.: fi 118.5 (orthoester C). 

Anal. Calc. for C H 0 : C, 68.40; H, 7.07. Found: C, 68.19; H, 7.12. 2F, iz 7 
Methyl 2,3-0-(6-0-acet_yl-2,3,4-tri-O-benz_vl-D-glucopyrano.~yIidene)-4,6-di- 

0-bmzyl-a-D-mannopyranoside (l&b) and benzyl5-0-acetyl-2,6-anhydro-3,4-di- 
0-benzyl-D-mannonate (19). - Similar reaction of 2 (167 mg, 0.34 mmol) with 9 
(295 mg, 0.57 mmol) for 3 days, and separation of the products by preparative t.1.c. 
(1:2 hexane-ethyl acetate), gave a 1: 1 isomeric mixture of lla,b and 19 in 16.3 
(68.7 mg) and 51.7% (85.9 mg) yield, respectively. Mixture lla,b: [a]: +36.2’ (c 

0.87); vN.“’ 1740 cm-’ (C=O); “C-n.m.r.: fi 118.9 and 120.4 (orthoestcr C). m&X 
Anal. Calc. for C50H5401z: C, 70.91; H, 6.43. Found: C, 70.85; H, 6.45. 
Compound 19: [01]g 148.3” (c 1.60); u,:$’ 1740 (C=O); ‘H-n.m.r. (C,D,): 

6 7.67.1 (m, 15 H, 3 Ph), 5.10 (dq, JS,he 3.9 Hz, H-5), 4.85 and 4.72 (ABq. 2 H, 
Il2.4 Hz, CfI,Ph), 4.63 (q, J4.5 5.3 Hz, H-3). 4.54 and 4.26 (ABq, 2 H, J 12.0 Hz, 
CII,Ph), 4.48 (d, Jz,s 8.6 Hz. H-2), 3.94 (q, J_,t; 6.4 Hz. H-4), 3.90 (q, Jhr,& 10.2 
Hz, H-6e), 3.67 (q, J5,hu _ 5 5 Hz, H-6n). 3.28 (s. 2 H, CO,CH,Ph), and 1.64 (s, 3 
H, AC). 

Anal. Calc. for C29H3007: C, 71.00; H, 6.16. Found: C, 70.85; H, 6.45. 
Ester exchange of 19 to give ethyl 2,6-anhydro-3,4-di-0-benzyl-D-marmonate 

(20). - A solution of 19 (40 mg, 82 pmol) in anhydroub ethanol (0.5 mL), mixed 
with a catalytic amount of M sodium ethoxide, was kept for 30 min at room tcmpcr- 
ature. made neutral with dilute hydrochloric acid, and then extracted with chloro- 
form. The usual processing of the extract, and purification of the product by pre- 
parative t.1.c. (I:2 hexane-ether), gave 20 in 64.4% yield (20.4 mg); [a]: t52.6” 
(c 0.57); v::: 3420 (OH), 1745, and 1735 cm-’ (C=O); ‘H-n.m.r.: 67.36and7.29 
(each 1 s, 10 H, 2 Ph), 4.79 and 4.49 (ABq, 2 H, J 10.4 Hz, CH,Ph), 4.75 and 4.43 
(ABq, 2 H, J 9.8 Hz, CH,Ph), 4.55 (dd, Jhr,& 8.0 Hz, H-6~). 4.35 (dd, J5,60 6.0 Hz, 
H-6a), 4.27 (q. 2 I-I, OC&Me). 4.20 (m, J5.hr 1.8 Hz, H-5), 4.18 (d, J,,, 9.6 Hz, 
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H-2). 3.94 (q. 5X.4 10.4 11.~. H-3). 3.75 (dd.J_,s 3.4 Hz. H-4). 1.x0 (OH). and I.32 
(t. 3 FT. J 7.0 Hz. CCH& 

And. Cnlc. for C12H,0,: C. 68.38: H.6.7X. Found: C. 6X.X H. h.63. 

I._~-~~i-~~-acrr~~~f-~.fi-~~kyclro-3,l-~li-O-bm~~~-~~-~~~u~~z~f~~~ (21 1. -- A solution 
of 19 (90 mg. II.18 mmol) and lithium aluminum hydride ( 1-l mp. 0.M rnmol) in 
anhydrous oxolnne (2 mLl was boiled under reflux for 1 h. cr~>lcd. :md the reaction 
quenched by addition trf ethyl acctatc-wetcr. ‘Ihc renultmg mrvture was filtcrcd. 
and the flltratc was evaporated to a syrup (-30 mg). which WXB wzctylnted in the 
usual way. Purification of the product by preparative t.1.c. f 1: I hcxanc-ether: de- 
velopcd three times) ga\c 21 in 51’:; yield (40 mg): In],‘: -7” (1 Z.(Il: v,:.::“ 1741 
cm ’ (C=O): ‘H-n.m.r.: 8 7.31 (s. 11) H. 2 Ph). S.33 (ocl. .I,,,, 4.fl III. H-5). 4.7% 
and 1.66 (ABq. / 11 .O HI. CI/>Ptr). 4.70 and J.50 (ABy. J I I .4 H/. C’If:Ph). 4.32 
(dd. J,,,, 11.1. J,.l 3.8 Hx:. H-l). 4.21 (dd. I,,.> 1.1 Hz. H-l’). 1.21 tt. .I.% < 7.X H7. 
11-3). 4.07 (dd. JJs 6.8 HT. H-4). 4.03 (dd. J,+,,.,,, 11.1 HT. H-hr), J.tIO (m. J: a 7 8 
Ilz. fI-2). 3.96 (dd. J- ,.m5.h Hz. H-ha). and 1.03 (\. 6 Il. :! Ac). 

AnnI. Cnlc. for Cr4HLxO-,: C. 675’: H. 6.59. Found: c‘. 67.3-l: I I. tkh2. 
I ..~.-C,5-Tetrrr-O-ac~~f~f-~,~~-n~~~~~cirrr-~-rrr~mnit~~l (222). -. In rt manner similar 

to that described for 21. compound 19 (I6tJ 1 mg. .;17 wmoll wilh rcduccd with 
lithium aluminum hydride to give it syrup (75 mg). which was then h~drogcnol~zcd 
in melhanol in the presence of 20’ zi palladium hydroxide on cltrhon (211 mg) over- 
night. The usual processing of the mixture gave a syrup (37.5 mg) v,hich W’:SS 
acetylated m the usual way. Purification of the product hy preparative t.1.c ( 1: I 
hrxaw+ether) gave 48 mp of pure 22 (U’.; cwerall yield): 1~1:: -41’ (c 0.5): ‘1.C 

n.m.r.: S5.50 (dd. JT,, Y.5. J.,.~.5.0 Hz. H-J). 5.42 (t. J::,, Y.X Hz. H-3). -5.38 (m, 
11-S). 4.37 (dd, J9.,..3.8.J, ,,,,,. I’.(1 Hz. H-he). 4.14 (drl. J,.: 9.0. J, .? h.5 HI. H-2). 
1.0’ (dd. J4.h” 6.3 Hz. H-fia). 3.99 (dd. .I,*,, IO._ ’ Hz. H-l). 3.x,\; (JJ. H-1’). und 
2. Ih. 2.13. and 1.07 (each 1 s. lr! H.4OAc). 

Anal. Calc. for C,,Hy,O.,: C. SO.60: II. 6.07. Found: C. 50.31: H. o.tC. 
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