
Curboh.uirure Rewarch, 58 (1977) S9-IOS 
ICI Elsc\vzr Ss~cnt~fic PubIshung Company. Amsrerdam - Pnoicd in Belgium 

PREPARATION OF DERIVATIVES OF L-IDOSE AND L-IDURONIC 

ACID FROhI 1.2~O-ISOPROPYLIDENE-I-D-GLUCOFURANOSE BY 

WAY OF ACETY LENTC l-NTERMEDIATES* 

DEREK HORTON AND Ji-Hs~mc TS~I 

Deporrrtwnr of Chemrsrry, 711~ Ohro Srorf Unr~crsrr.t , C~~hcmbrrs, Ohro 13’10 (LI S. A ) 

(RcceiLcd Drcembcr 8Lh. 1976; acccpicd for publlcalwn. Janunr> 10th. 1977) 

.r\BSTRAC”T 

The products (I) from the periodate ovi&tlon of I ,2-O-isopropylidens-x-D- 

glucofuraocse \%ere con\erted hy ethynylmagnesium bromide into a separable, I-l: I I 
mixture of 6,7-dideosy-I .7-0-iSopropylldene-lj-L-i&-hept-6-ynofuranose (2) and its 

sr-mglrrco analog 3. These crystalline products were further charackzed as their 

respective 3,5diacetates (5 and 7) and 3,Sdibenzoates (4 and 6). Ozonolyjls of 2 and 3 

led to 1,3-O-isopropylid~ne-P-l_-idofuranurono-6,3-i~ctone (8) and its xc-~-gl~co 

analog 9. respecti\cly; similar ozonolysis of the dlhenzoares 4 and 6, follo\ied by 
treatment with dlazomethane, ga\e methyl 3,5-di-O-benzoyl-l.Z-O-isopropylidene- 

a-L-idoiuranuronatc (10) and its a-D-gl~co analog 11. respectively. Diborane reductitjn 

of the ozonolysls products from 4 gave I ,2-0-isopropylidene-$-L-idofuranose (13) a5 

its 3.5dibenzoate (It), and a similar scquencr: was performed wrh 6. The proparglic 

alcohols 2 and 3 \\ere reduced by lithium aluminum hydride, in high yield, to the 

allylic alcohol analogs 15 and 16, further characrerized as their 3,5-dibenzoates 17 and 

18; compounds 15 and I6 here also obtainable by kinylntion of compounds 1. The 

two senes of derivatives In this icork, epimeric at C-5, l\ere examined comparativeI> 

bj polarimstry and p.m.r. spectroscopy. 

INTRODLICTIO\ 

The reaclion of ethynylmagnesium bromide with periodare-oxidized I&O- 

isopropylidene-r-D-glucofuranose giws a C-5 epimeric mixture of C, acetylenic 

derivatives”, from which ihe syrupy /I-i-ido derivative has bsn obtained by fraclional 

dlstlllntion and con\srted. in low (15%) yield. by szonolysls ip!to 1,2-O-isopro- 

pylidene-/I-L-idofuranurono-6.3-lactone’. Th_is reaction has been w-examined in 

dziail; borh C-5 epimeric products have been separated pure, and characterlzcd 

further by means of \azious dsrivativcs, and the ozonolysis procedure has been 

*Part X\ I oi rhc xrles’ Extension 0iSuga.r ChainjThrouSh Ac~~ylcn~s In~crrncit~a~~s”. For Part XV. 
SW ref. i. This In\titl_ratmn was supportrd. m part. hv Ihz Nnt~oml ln~t~ture of Gmcrzl hlcdical 
Sciencrs. Nationai Institutes of Health. U. S. Pubhc Heallh Senm. Grmt No. Ghl-I 1976 (The 
Ohio Start Unlrcrsity Rejrsrch Foundation ProJect 187-O). 
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improved to provide a preparativeI> useful reaction for r-iduronic and D-glucuronic 

acid deri\arives. A subsequent diborane reduction-step has also been performed that 

furnishes 3 route to the corresponding aldose derivatives. This sequence thus provides 

access to the biologically important r-lduronic acid. and also furnishes a poteotiaIly 

general method for chain-ascent 3t the w-position of a sugar drr,vative. 

Following the procedure already described 3, I,?-O-isopropyliderle-r-D-gluco- 
furnnose. disslved in 370,; aqueous formaldehyde, was o.xidized with sodium meta- 

periodate to gi\e I ,2-O-isopropq lidene-x-D-x>,lu-pentodialdo-i ,rCfuranose as a 

mixture’ of !he fkmaldehyde adduct 13 of its hydrate plus a small proportion of the 

“dimer” B b. These components k!ere readily differzotiated by 1.1.~. 

The ml\turc of la and ib \bas treated ivitb an ewcss of ethynylmagnesium 

bromide in tctrahydrofurcln, according to the earlier procedure3. A syrup, sub- 

sequently silofin co be 3 mlvture of epimeric, acetylcnic alcohols, namrtly. 6.7-di- 

deo\y-I .2-O-isoprop~lidcne-8-l_-IJo(and a-D-g/uro)-hept-6-ynofuranose (2 and 3), 

~8s obtained in 7-l?; overall yield. In the previous study ‘, the product was fractionally 

disLilled, and the L-ido epimer (2) RX obtained as a syrup in 31$‘~ yield. In the present 

tvork. both 5-epimers iiere isolated crystalline by chromatography on 3 column of 

silica gel ~lth I: I ether-petroleum ether as eluanr. The D-&K0 epimer (3) was eluted 

first, and was subsequently purified by vacuum distillation. The pure, crystalliue 

compound had m.p. S7-S9‘. The slcxer-mio_ating component (the L-ido epimer, 2) 

&as purified by recr)stnllizatioo. ikherzupon it had m.p. IX-13s’. A mixture of the 

wo isomers showed 3 msrhed depression in the melting points. 

The configurations of the C-5 epimeric propargyl alcohols 2 and 3 H’ere 

established by chemical degradation to known derivatives: supporting evidence was 

pro\ ided from phhslcal studies. By using O-trimetbylsilyl deriiativzs of the pure 

compounds 2 and 3 31 standards. the rsrio of 2 to 3 in the mixture resulting froin the 

Grignard rexLion was delermined by g.1.c. to be I-L I I. 

The i.r. spectra of the epimers 2 and 3 shotied absorptions (3.03 and 4.68 pm) 

charac!znstic of the C-H and C!C bonds of a terminal, acetylenic group (CX-H), 

together with absorption at 7.23 ltrn indicative of a ChIe, group, and broad absorption 

(2.8 I-2.90 pm) for 3 hydrogen-bonded hydroxyl group. Both products Lvere Ievorota- 

tory in chloroform solution; the ~-do epimer bad [c1]i5 -23”, and the D-gluro 

epimer, [8x];’ - 7’. 

Both epimers pa\e readily interpretable, IOO-hIHz, p.m.r. spectra (see Figs. I 

ant, 2). Asji_amentj were confirmed by decoupling and by protonxkuterium 

ewhange at the hydrokyl group. Full details are recorded in Tables I and II. The 

aceijlenlc proton resonated as the anticipated. narrow doublet (L-iu’u, (5 2.5’5: D-ghco, 

3 2.63). shobirng a Js , coupling of 2.5 Hz. The signal of H-5 appe.zred (after 

deutcrium ewhaogc) as a !!ell-resolved doublet of doublets shelving 3 small spin- 

coupling (2.5 Hz) with H-7, and a larger spin-coupling with H-4. The J4,j value for the 
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CZCH 
I 

H-2 
h-3 

FIT I. The parrlal p.m.r. spzcrrum oi 6.7-dldeoxy-I.2 -O-I~~~r~p)Ildrn~-~-L-~~IL)-h~pI-h-ynOrUT3nose 
(21 al IO0 hlHz in chloroiorm-d. 

H-l 

FIN 1. The partial p.m r. spectrum of 6,7~dideo~~-I .~-O-lsopropvlidcns-2-D-~/uc~-h~~l-~.yn~~u- 

ranose (3) it 100 hlHr In chloroiorm-d. The upper trace \~AS recorded &cr addwon or one drap ol‘ 
D20. 

L-iu’o epimer 2 was 5.5 Hz. and for the D-gluco epimer 3, 5.0 Hz. The H4 resonance 
was manifested as another doublet of doublets that showed the JJ,S spin-coupllns, 
and a second spacing (3.5 Hz) that was taken as the magnitude of J,,,. AS thz 
magnitude of J,,l is approtimately zero, the closely proximal H-3 and H-2 signals 
did not show second-order perrtirbation. The H-l signal ~3s observed ;~i a doublet 
(J, ,z 3.5 Hz) at 3 5.97 for 2. and at 5 5.99 for 3. These assignments for H-l. 2. and 3 
follow ~&established precedents j-j for this general fused-ring system. 
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TABLF II 

FIRST-ORDER. PROTOh-PROTON COUPLlhG-COhSiAWTS 

8 

9 

10 
11 
12 

I4 

is CDCI,” 3.5 0 
16 CDCI,= 3.5 0 
17 CDCI, 40 0 
18 CDCI, 35 0 

CDClj 3.5 0 
CDCl>O 3.5 0 
CDCI, 4.0 0 
CDC13 3.5 0 
CDCII 3.5 0 
CDCI, 3.5 0 

0 

II 
CD,CCD,= 30 0 

P 
CD,CCDja 3.5 0 
CDCI, 3.5 0 
CDCI, 4.0 0 
CDCI, 3.0 0 
CDCI: 40 0 

CDCI, 40 

30 5.5 7-s 
75 50 20 
3.5 9.0 2.5 
35 90 2.0 
3.5 S.0 25 
30 85 10 

4.0 0 

45 
3.0 40 
3.5 7.0 
3.5 90 
3.s 7.5 3.3 

-1.7: 
30 9.0 3 oc 

40 
3 0 4.0 .;5 I.2 I .o 17.0 100 I.5 
3.0 5.0 5.0 1.7 I.5 IS.0 IO 5 1.7 
30 P.0 5.5 30 I 7 I30 8.0 25 
3.0 90 55 20 10 17.5 10.5 2 0 

Beuzoglailon of the mixture of 2 and 3 gale a brown syrup which, after 

fractional rec.qstslkxition. aHorded 3.5-di-U-b2nzo)I-6.i-dideo~.y- I .Z-O-isopro- 

pylidene-8-r-ir~~o-hzpr-6-pnofurancse (4) in 3490 Jleld. This product iia.5 identical 

with that obtained by benzoplation of the pure L-id0 epimcr 2 and \ilth the product 

previously obtained3 by hcnzoylation of a noncrystalline preparation of 4. Unknobin 

Impurities impeded the isolation of thz D-yluco epimcr from the mlkture. The 
benzoylnted deri\ati\e (6) of the D-gko epimer ~35 ob,tained by ber,zovlation of purz 

compound 3. Both compounds 2 and 3 t\erc also characterized as their cryxalline 

3,5-diacetaes (5 and 7. respectively). 

The p.m.r. spectra of the benzcates (-l and 6) and acet~~~es (5 and 7) showed the 

signal for the acetylenic proton as a narrov’. high-field doublet. The mqnitude of 

J,,j for exh of the two epimerj increased \vlth the conversion oi 2 and 3 into their 

respecC\c benzoalss (4 and 6) and acetates (5 and 7~. However, the diKerena between 

J,,5 for the epimerj remained small (9.0 Hz for -I and 5, S.0 Hz for 6. and S.5 Hz for 
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7). and it is thus not feaGble to use p.m.r. ~qt .,_ 3 3s 3 basis for reliable, stereochemical 

assignments at C-5 in this series of denbatives (see later discussion). 
In the previous study’. a syruo containing mainly the L-i& cpimer 2 was 

treated in carbon mrac’lloride v. ith an excess of ozone, ioafford 1,2-O-isopropylidene- 

P-t..-idofuranurono-6,3-lactonc (8) in IS?; yield. As it has been shown6 that the 

ozooolysis of simple .r-hydro\yacetyknes to ‘r-hydroxy acids may be effected in 
quantjtati\*e J ield if a small proportion of protic soivent is present, the effect of adding 
acetic acid has eyamiocd, and 3 significant improvement in yield was observed. 

Each of the pure acetylenic compounds 2 and 3. in 17:3 (v/v) carbon teua- 
chloride-acetic acid, \ras treated at 0” ivith an excess of ozone. The acetylenic group 
\ias cleaved, to generate the resp?ctivc carbo~ytic acids, which lactonized readily with 
the 3-h>droxyl group, to give the knorvn I ,2-O-isopropylidene+L-idofuranurono- 
6,Yactone’ l.8) and l,2-O-isopropyIidene-sr-D-glucofuranurono-6,3-lactone8 (9), 
isolated in 42 and 31 o/L yields. rcspecti\ely. These conversions provided firm chemical 

proof of the stereochemistry at C-5 of the precursors, and afford a useful preparative 
route to the important L.-iduronic acid dcrivatiic 12. When the crude D-gluco isomer 
was used, an ill-defined. syrupy mixture \vas obtained. It is important that the 
acetylenic precursors be pure if complication in the ozonolysis reaction is to be 
avoided. 

As the free uranic acids’ ’ may be obtained by hydrolysis of the lactone 

deri\atl\es 12 an4 13 \tith acid, this route appears to be a convenient method for 

preparing r-iduronic acid. 

The D-ghrro Iactone (9) and the ~-id0 lactonc (8) exhibited a significarit 
difference in their n.m.r. spectra in acetone-d, _ The L-ido epimer (S) showed a l-proton 

singler for H-S. In contrast. the D-g/UC0 eplmer showed a doublet for H-5, displaying 
a coupling Hith H-4 of 4.5 Hz. The absence of spin coupling between H-4 and H-5 of 
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the ~-id0 epimer suggests, on the basis of the Karp!us equation’, thar the H-4-H-S 
dihedral ang!e is -90’. Overlapped multiple% are obser.ed for H-2, H-3, and H-4 in 
the a.m.r. spctrum of the o-glucc epimer. Changes in spectral dispersion, affording 
simplification of the o.m.r. spectra, were achieved by addins the Ianthanide shift- 
reagent, tris(2,‘>,6,6-tetrame~ylheptanedionato)europiu~(Il~). This reagent was 
described by Hincklzy’“. who showed that it induc?s an isotropic shift of certain 
signals that is linearly related to the mole ratio of shift reagent to substrate”. Use of 
this shift reagent has been described for se\ers! sugar derivatives’ ‘. The Eu(dpm), 
associates with :he subsirate at the hydroxyl group, sod the induced shifts decrease 

eqcI1vs. 

Eu (dpmJ3 

oddcd 

l 0038 

Fig. 3. The ICNLhlHz spectrum of I .2-O-lsopropyl~dene-Jr-o-gluc~iuranu;on~-6,~-l~cl~n~ (8) 10 
chloroform-d, wllh progressike adbtlon of Eu(dpmj3 [lrls11.7,6.6-lelramethylheplanedlonaio)- 
europium(Ill)] in tne proportions (moles per mole of 8) indicawi. 
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rapidly \vich increasing distance of the protons from the hydroxyl group. By eutra- 

polation to zero concentration of the shift reagent, the chemical shifts in the absence 

of shift reagent may be estimated. In the present study, a linear relationship is 

obsened (see Fig. 3). \\ilh H-5 shoiiiug the lnrgest paramagneric skift-gradient. The 

original chemical-shifts of H-2 (8 4.80) and H-3 (3 4.87) for compound 13 may be 

obtained by extrapolation. 

The 3,~-di-O-benzoyl-6.7-dldeo~~-i ,2-0-isopropy!idene-P-r_ido(aod a-D-g/uro)- 

hcpt+nofuraooses (-1 and 6) \berP aljo ozonizcd. producin_e 3.5dj-0-benzoyl-I ,9-O- 
0-isopropj lidene-p-L-ido(and a-D-@uco)furanuronic acids. These acids wcrz nor 

readily isolated pure from the milturc. and the crude products were trusted with 
diazomethane, and characterized as their methyl esters 10 and Ii. respectively. 

Saponification and subsequent acrd hjdroljsis of the methyl esters 10 and 11 

would bt an unsarisfxtory route to the free uranic acids, as the base used for 

snponifjcation can be e\pccred to cause epimcrization at the ,r-carbon atom (C-5). by 

nnaio_9 with results in srmllar systcms3. 

Additional studies !fer? undertaken to examine the stereochemical integrity of 
the a-carbon atom of uranic acids during reduction t+irh diborane. The uranic acids 

ojtnined by ozonol>$s of 3.~-dr-O-bcnzoyl-6.T-dideo~~-l,2-O-i~opropytid~ne-~-~- 

icl”o(and r-D-ylrtco)-liept-6-ynofursnose (1 and 6) [{err: treated tvith XI excess (of at 

least three equitalrntsj of diborone, yieldins 3,5-di-O-benzo~fl-l.2-O-isoprop~lidenz- 

P-L-ido(and r-D-elucojfurano3c (12 and 1-d). respecti\elj*. The L-ido derivative I2 w;is 

crystalline. \i hereas the D-g!ueo derivative was a syrup. 

The presumed retention ofconfi~uration at the a-carbon atom adjacent to the 

reaction site was pro\,zd b!v saponification of the L-i& derivative 12 to $\e 1,2-O- 

isopropylidrne-p-t_-idofuranosc (13). This product has identical with that prz\iously 

obtalned by reduct Ion of 1,2-O-lsopropqlideoe-B-L-idofuranurono-6.3-lactone with 
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lithium aluminum hydride’. The D-ghrco 3,Sd;benzoate derivative I8 was synthesized 

indepsndently from 1.2.0.isopropylidene-r-D-~~ucofilranose through sequential 
tritylation, benzoylstion, and detritylation, and the two samples were found identical. 

These reactions thus estab!ish that there 13 rtterrtlon of contipuration a~ C-5 of the 

uranic acid during reduction by diborane. 

Both cpimeric dlbenzostes 12 and 14 ,oave inrerpretable. lOi)-hlHz, p.m.r. 

spectra. The sprcrra sho\\cd the anticipated ABX sbstern for H-5. H-6, and H-6’ The 

H-6 and H-6’ signals of each compound appeared as two clojel~ spaced. hur 
resolvable, four-line patterns. and H-5 game rise to a mulriplet. ABY analysis ol‘the 

p.m.r. data yleldcd, ior the D-ghco deri!ati\s, Jj,, 3.0 Hz and .I,,,. 10 Hz: and For 

the ~4c-h deritatike. J,., 3.3 Hz and JS.,,’ 4.7 Hz. Both compounds dIsplayed gcminul 

couplin_g-constants (Jb,,,) of 12.5 Hz. The difFerewe berikeen the .I,., and Js,,. 

couplings is smaller than that obtained from a related system studied previously”. 

but the tatter ewrnpic had a pyranoid ring. and H-5 HIS consequently attached to a 

ring-carbon atom Awgnment offa~ored conrormntions HS not made. hecausc oithe 

complaity inherent in a system where I-rce rotation about C-5-C-6, znd IJ-dlpolar 

interaction between O-6 and that oxygen atom of the I‘uranose ring. may be in\ol\cd. 

Reduction or Ihe proparal alcohols 2 and 3 wan performed with lithium 

aluminum hydride’ 3. to ,vlvc the respecti\s alljlic alcohols (15 and 16) In essentialI> 

quantirnri\c ~icld. 

The i.r. spectra of the alkenes IS and 16 \\erc consistent \\ith the dtsappearance 

of the acetylcnic croup and the appearance of a klnyl group. The IOO-hlHz, p.m.r. 

spectra of the alhenes IS and 16 shotbed the anticipated .4BX system for the vinyl 

protons . I4 The H-7 and H-7’ signals appeared as resolved. four-line patterns. and 

H-6 gabe a multiplet. The ABX sjjtem showed a it-Uris coupling of 17.0 Hz. a c-is 

coupliag of IO.0 Hz, a gemlnnl coupling of I .5 Hz. and a long-range coupling of 
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!.5 Hz between H-5 and H-7: these values accord with general literature values for 
vinyl derivatives’ 5. In the p.m.r. spectrum of the L-ido epimer, the H-2 and H-5 
simals resonated as an o\‘erlapped multiplet at 4.4941._59 p.p.m., whereas the D-gluco 
epimer shohed the H-2 and H-5 signals as a we;l-resolved doublet and quartet, 
respectively. 

This reduction procedure’3 for converting propargyl alcohols into allytic 
alcohols is procedurally superior to hemihydrogenation I6 in the presence of Lindlar 
catalyst, because yields are excellent and rhere is no evidence for incomplete reduction, 
or over-reduction to the saturated derivative. 

The alkeoes 15 and 16 irere alternatively prepared by vinylation of the crude 
aldehjde (la plus lb) u irh \ inylma@esium chloride. The reaction gave a syrupy 
mixture of 15 and 16 in an overall yield of 76%. The two isomers were separated by 
column chromatography on silica ,ocl Gth I:1 ether-petroleum ether as eluant, to 
@ive crystalline 15 and 16 in the relative yields of 32. The physical data for the two 
epimers were identical ivith those of those prepared by reduction of the alkynes 2 and 3 
\iith lithium aluminum hydride. 

Preparation of the alkenes 15 and 16 by reduction of [heir respective alkynes 2 
and 3 ~rih lithium aluminum hydride offered a procedural advantage, in that the 
acetylenic Grignard reagent was found less difficult to prepare than the vinylic 
Grignard reagent. This advantage. together with the ease of separation of the 
acetylenic compounds, in contrast to their alkenic counterparts in other systems”, 

demonstrates tbat the route to alkenic sugar derivatives, by reduction of acetyleoic 
intermediates, is generally more effecuve than the direct approach through vinylatioo. 

60th epimeric alkenes 15 and 16 were further cha&xterized as their crystalline 
3,5-dibenzoaies (17 and 18). The i-ido isomer 17 was identical to a product obtained 
by hemihydrofenation ofan acetylenic dibcnzoatz derivative and ori$inally su,ogested’ 
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to be the D-gluco isomer. As assi~ent of the L-20 configuration to 17 is based upon 

firm evidence, the ozonolysis of the parent compound to the knolin 1,2-O-isopro- 

pylidene-/3-t_-idurono4,34actone (S), the previous, tentative, conti@urational assign- 

ment’ must he corrected. 

This investigation has furnished eight compounds (2,4,5.8, 10, 12. IS, and 17) 

having the #I-L-ido stereochemistry, and eight (3,6,7,9, II, 14, 16, and 18) having the 

a-D-ghrco stereochemistry, all having the same general structure. It was of interest to 

compare the specific rotations and J4,5 values of these eight pairs of derivatives, and 

these are recorded in Table 111. 

TABLE III 

CORRELATION OF SPECIFIC ROTATlON AbUD I,,< \AL’JES FOR 

1C-SUE STITUFZD 1,‘.O-IrDPROPVLlDEh-,~-D-~TROF~RA~DSES HA\IbG THE 

a-D-&CO AND /%L-1dO STIREOChi’.ll>TR~4 

HCK-CHOH-fSOH) 
HC=C_CHOBz_(3-OBz) 
HC=C_CHOAc-(3-Ok) 
H2C-SH-CHOH- 

(3.OH) 
Ii+=-<H-CHOBz- 

( 3.OBz) 
-(C=O)CHOH- 

(6.3.lactonc) 
MFOLC-CHOBZ- 

(3-OBz) 
HOH,C-CHOBz- 

(3-OBZ) 

2 
4 
5 

5.5 
9.0 
90 

-23 
-154 
+I59 

-70 
- 97.0 
- 27 0 

15 40 - 20 16 5.0 - 5.0 

17 
8 

8.0 
0* 

-49 
+ IOI.FP 

+109-t 

+ 1.0 

9.0 
4:. 5” 

IS 
9 

-hl.c) 
•!- 7j.Y 
+50.5 

IO 7.0 II 9.0 - 51.0 

12 7.5 f 8.5 1-t 90 -k.! 5 

ahfeasured in chlorokrm-d, evcrpt where Indlcared. “hleasursd in acmmc-&. 

Several studies concerned with p.m.r.-spectral compu-isons of epimeric 
propargyk alcohols have been reported from this laboratory”*“*‘“-‘“. A sub~rantinl. 

cotipurarionally dependent difference in coupling constant between the proparmlic 

(-CK-CH) proton and the bicinal proton has been generally obseried for the 

ethynylation products of various aldehydo sug3rs. except for the products from 

1,7:3,4-di-O-isopropylidene-r-o-galucto-hexodialdo-I,S-p~ranose, where the epimcrs 

had almost identical couplings 3. The latter system resembles tbe present examples, 

in that the proton vicioal to the propaqqlic proton is attached to a carbon atom in 

the sugar rinp. 

In the present study, the spectra shovxd a !nree spin-couplinp of -9 Hz 

between H-4 and H-S for ali of the derivatives except the 35dihydroxy acetylemc 
compounds (2 and 3), whose Jam5 values \iere --5 Hz. These observations indicate a 
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fa~orcd, antiparallel disposition of H-4 and H-S in the ester den\nrives. Evidenti}. 
the t\\o bulkier groups R and R’ cl\+ays f3ior an orientation away from the furanoid 
ring, so thsr H-5. the smnllesr substiruznt at C-S, lies oscr the ring and is npproxi- 
male14 Eintiparallel to H-4 

JR= 
5R= 
6R= 
7R= 

I7 R = 
I8 R = 

-CKH. R’ = R’ = -0Br 
-C-KH, R’ = R’ = -0Ac 
R’ = -0Bz. R’ = -C:CH 
R = -0Ic. R’ = -CZH 
-CH=CH-. R’ = R’ = -0Bz 
R’ = -06~. R’ = -CH=CH, 

The alhsncs 15 and 16 (and their benzoatcs 17 and ISj shoived J-1,5 ~rllues 

similar to those of rhc corresponding alkynes. 
AJUI of the dcrriatlies e\hjbitcd very small. or zero, coupling beraeen H-2 and 

H-3 (J,,, ~0.3 Hz). This resulr is consistent with related work on various 3-O-benql 

analogs 3. snd is in fine smith data in other published reports on this fused-ring 
5) stem ‘. 

Gmmd t~~~vl~orf_s. - Eisporations were performed in ;i rotary evaporator under 
diminished pressure (- I5 mm) 3t 45’. Specific rotations were measured in a I-dm 

tube with a Perhin-Elmer hlodcf 141 photoelectric polarimetcr. hlelrinp points iiere 

dekrmiocd Hith 3 I-homas-Hooler ” Unimclt” apparatus. 1.r. spectra Here recorded 
\!ith 3 Perhin-Elmer Model 137 spectrophotometrlr. N.m.r. spectra \iere rclcordtzd 

at 100 MHz \vitb a Varian HA-100 spectrometer; for routine monitoring ofreactions, 
e Vnnnn A-60 60-hIHz spectrometrr \\as used. Chrmlcal shifts refer to an internal 

s:andsrd of tetramerbylsilane (~5 = 0 00) for or sonic solutions. hlicroannlyses were 

performed by W. N. Ronu’. X-Ra) pov*dzr diffrscrlon data give interplanar spacings. 
A. for CuKcx radlntion. The camera dwnettr was I I459 mm. Relative intensities 
v#ere estimared ~rsually: m. moderate: s. strong: L’. very. and w. weak. The strongest 

lines we numbered (1. strongest). multiple numbers Indicate approximately equal 
intensities. Thin-layer chromatography (~1.c.) ws performed oo Silica Gel G (E. 

Rlerch. Dsrmstadt, Germany). acti~arcd at 110’. as the adsorbent. Unless othenvise 
indicated, the developers used tvcrc .-I. J: I ether-petroleum crher (b.p. 30-60.). and B, 
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3:i chloroform-ether. Detection ~;is erected by sprayin, = Hith sulfuric acid. unless 

otherwise specified. Column chromatography was performed with Silics Gel No. 7734 

(0.05-0.2 mm mesh ax. E. hlerck AG), \\irh I ,o of the mixture to be separated per 

30 g of adsorbent. The petroleum ether used \{,a~ a fraction habing b.p. 30-60’. G.1.c. 

\\ns performed in a Bechmnn model GC-5 pas chromatograph by using a stainless-steel 

column (152.3cm x 3.17 mm) \\ith IO% ( */ ~1 f w u c) neopcntyl glycol sebacate pol>vester 

on Chromosorb W (S&IO!I mesh) (Analnbs, Inc., Hamdcn. Connectlsut). Helium 

v.as used as the carrier pas at a fiorv-rate of-15 ml. min- ‘, 2nd thz column temperature 

\\as maintained at l-$5-. Ozone isas generated by using a Welsbach ozonator, model 

T-408 (The Welsbach Company. Philadelphia. Pennsylvania). 

Preparation oi /,2-O-isoprop~,lt(ft~tt~~-r-D-~~ lo-pettrof fiahfo- I.4-~tuinto_w ‘. dittwr ” 

(lb) and’ I .2-0-isoprop~~lid~ttc~-3.5-0-tt~r~tl~~~I~tt~1-~r-D- halo-p~ttto~ftakfl)- i.-!- fttrattose 5- 

ald~lr~~drol(l~). - The original procedure4, as Inter modified3. ~3s used. on 5 limes 

Ihe scale and nith minor modlficntions. To a solution of I.?-O-isopropyfidrne-r-D- 

plucofuranose’” (30 5~. 13.7 mmol) in 374; aqueous formaldehyde (350 ml) cooled In 

an ice barb \ias slov. ly added a solution of sodium metspcriodare (30 g, 13 mmol) In 

\iater (250 ml), \i:rh jtirrins. After 3 h. cth~lsne glycol (I.5 ml) \\as added to de- 

compose any unrencted prriodate. The solution was concentrated to half the original 

volume. and the sodium lodate that preclpltated was filtered OK. The solution was 

e\trscted with fi\e IOO-ml portions of chloroform The drlcd (magnesium ju!fate) 

extract was etaporawd to a syrup (yield 20.65 g. 69.ts”b) which contained mainly la 

(R, 0.75. ether; SchifT positive), together wth 3 small proponion of lb (RF 0.40. 

ether; SchitT neyti\e). 

For these products. SchatTer and Isbell”“’ recorded a lieid of 6-I”; (hydrated 

form): Inch . _, , 4(b) 6T”i - and Horton and Ssnnson ‘. 59?;. 

Prepuratrott of 6,7-rft(ftposr -1 .2-0-isoprop! Irtf~vrt~-P-L-ido(attd- ~~-~-~luco)-/r~y7r-6- 

_~vty/iwuttose (2 artd 3) - The lnlrial mixture of 2 and 3 ~a5 prepared essenrially as 

previously described’. A solution oi ethyl bromide (1Sg) in dry terrah>drofuran 

(300 ml) was slowly added to magnesium dust (ICI p) that was co\crtld liith dry 

tetrahydrofuran (50 ml). The mixture was \~gorously stirred. to initiate the ewthermic 

reaction, which \ias allo\ied to continue until II Subsided. Acer~lrne !ias then passed 

slo\\iy through dry tetrahydrofuran (500 ml) in a 2-liter flask by means of a gas- 

dispersion tube, and the liquid \\as stirred mngnetically. After I h, the solution of 

eth>Ima,onesium bromide was added drop\tise to the terrahydrofuran through an 

addition funnel. The resultant solution \\as stirred for I h kvhile the stream of 

acetylene gas w= maintained. To the dark-brown solution, a solution of the milture 

of la and 1 b (30 g, 101 mmolss; from the preceding experiment) in dry tetrahydro- 
furan (100 ml) i\as added dropwise. with stirring, at room wmpcraturr. a ~101% 

stream of acetylene being passed through the solution throughout the rcact~on. 

StirrIng. and passage of ncetylenz gas. were continued for an additional 2 h. The 

solution was evaporated. and ethyl ether (200.~1) \\as added to the residual syrup. 

The mixture \1;1s shahen ilith cold. aqueous, saturated ammonium chloride. and the 

aqueous phase was extracted with ether (4 x 200 ml). The extracts t+ere combined, 
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washed. dried (magnesium sulfate), and evaporated, to give a dark-brown syrup that 

was a mixture of the epimers 2 and 3: yield 14.4 g (73.5%). The epimers had R, 0.20 

(3) and 0.10 (Z), respectively (I:t ether-petroleum ether). 

Scparaliott of flte epinwrs 2 and 3 - A suspension of silica gel (450 g) in I: I 

petroleum ether-ether bias poured into a column (I.25 m x 5 cm), and allowed to 

settle. The syrupy mixture of 2 and 3, dissolved in l:I perroleum ether-ether (20 ml), 

MOS placed on the top of the column. Elution \+irh the same solvent-mixture gave two 

components, resolved completely from each other. The first product to be eluted, the 

D-&CO eplmcr (3) usas 3 solid; }leld 2.58 g (1833); RF 0.20 (solLent A). 0.25 (solvent 

B). This epimer \vas purified by distillation at 140c/0.05 corr, whereupon it had 

m.p. b;‘i-89’, [xl; - 7’ (c 1.0. chloroform); E.~~~ 3.03 (C-C-H), 4.65 (CrC), and 

7.25 /lrn (doublet. CRle,): X-ray pol\der diffraction dats: 9.93 s (X), 7.46 w, 

6.3-3s(2,3),~.95vs(lj,3.S7m.1.26m,3.05w, 3.56w, 3.3Ovw, 2.93w. and 2.72m. 

Arra!. C’nlc. for C!,Hi.05: C, 56.01; H. 6.58. Found: C, 56.00; H, 6.72. 

The second component to be eluled, the L-ido epimcr (2), ~‘3s also obtained as a 

solid: yield 3SOg (26”;). RF 0. JO (solvent .-I), 0. I5 (solvent B). Recrystallization from 

ether-petroleum ether gabs pure 2, m.p. IX-IX”, [zlz - 23 (c 0.7. chloroform): 

i.zy: 3.03 (CEC-H), 4.68 (CEC), and 7.25pm (doublet, Cl\lfe?); X-ray powder 

diffraction data: S-93 is (2). 6.91 m. 5.43 s. 4% w(I). 5.43 m. 3.91 m. 3.7-F m, 

3.45 5 (3.3). 3.X s (3,3), 3.93 m, 2 85 w, and 2.77 w. 

Anal. Calc. for C,,H,aOS: C, 56.01: H. 6.58. Found: C. 55.97; H, 6.59. 

The latter compound had been isolaied’ as a syrup, b.p. 1X-135” (73 mtorr. 

bath temp. t7_5-18-C’) in 339, yield. 

A I:1 mixture of the epimers melted ober ihe range 6&75’. 

0- Tiimcrti.l lsii_r? d~rii~arire.~ i1f 2 and 3. - The di-O-trimethyts~lyt deri\atiies of 

the acetylenic compounds 2 and 3 were prepared by shaking each sample (IO mg) with 

I ml of 3 mixture of chlorotrimethylsilans and he\;amethyldisitazane in pyridine 

(Tri-Sil. Pierce Chemical Company, Rockford. Illinoisj. The prepared samples were 

kept for 20 min before injection into 3 g l.c. column (see General methods). The 

bis(uimethylsily1) erher of the ~-g/m-o epimer (3) had a retention time of 17.5 min, 

2nd that of the r-ido epimer, I I min. Each product was spimerically pure. By using a 

calibration curve obtained with the put-s bis(trimethylsilyl) ethers of 2 and 3, it was 

determined that the ratio of 2 to 3 in &he crude mluture was J4:l I. 

Preparalron of 3,6-di-O-brtt~o.~~/-6,7-didto.~~~-/ ,2-O-isopropr*lidette-f?-L-ido-heppl- 

cj-_v7qfurunose (4). - To a solution of purz, cry~htine 2 (600 mg. 2.8 mmot) in dry 

pyridine (5 ml) at 0” ~3s slow!y added benzoyl chloride (I ml) dissot\,ed in dichloro- 

methane (3 ml). and the solution was stlrred ovcruight. The mixture was poured into 

cold, aqueous sodrum hydrogencarbonzte solution (30ml), and the product HBS 

extracted \%iith tb%o 30-ml portions of dichloromethane. The extract was evaporated, 

and toluene was several times added to, and evaporated from, the residue to remove 

pyridine. The product was recrqstallizcd from abs. ethanol: yield 1.30 g (87%), 

m.p. 195-196:‘. [z]i5 - l5.4’ (c 1. chloroform): RF 0.90 (solvent A). 0.96 (solvent B). 

Compound 4 had been prepared3 in 49 OL yield by benzoylstion of syrupy 2 
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obtained by distillation of a mixture of 2 and 3: constants reported were’ m.p. 19-S-- 

196”, [mz]&* - 16 +3” (c 1.04, chloroform). The X-ray powder diffraction patterns3 

and i.r. spectra of the wo samples were idznkal. 

Benzoylation of the crude, unsepsrated mixture of 2 and 3, folIoned by 

recrystallization of the product from abs. ethanol, gs\e 4 in 319b yield: further 

treatment of the mother liquors did not lead lo isolation of the D-ghco dlbrnzoate 6. 

3.5-Di-O-arerJ+6, 7-did~~o.r~-1,,7-O-i.coprop~~li~i~-ne_P-~-ido-h~~pt~-~~no~~rano~t~~~~. 

- To a solution of the acetylenic alcohol 2 (200 mg) in acetic anhbdride (3 ml) was 

added anhydrous sodium acetate (100 mg). and the mlxturc was heared for 30 min 31 

90’ and then boiled for I min. The solution was cooled, poured into ice-water (30 ml). 

and kept for 1 h; the solution w’as ektractcd Hith three 30-ml portions of dichloro- 

methane, and the extract was successively washed with water (30 ml) and saturated, 

aqueous sodium hydrogencarbonate (30 ml). drred (magnesium sulfate), and rbapor- 
ated, to gi\e 5, which was recvstsllized from abs. ethanol; yield 232 mg (53%). 
m.p. 89-90”. [,x]b” t- 15.9’ (c 0.9. chloroform); R, 0.70 (solvent A). 0.85 (sokent P): 

A kti 3.03 (CK-H), 4.6s (CCC), 5.70 (C=O), and 7.30 Lrm (doublet, Chle,); X-ray 

powder dlfliaction dam: Il.63 5 (2,7). 8.55 N, 6.55 s (2,3). 6.00 H. 5.36 \s (1). 5.01 s. 

4.52 s (3,3.3), 4.06 s (3,3.3). 3.61 s (3.3.3), 3.45 m. and 3.23 m. 

Awl. Colt. for C,,H,,O-: C. 56.37; H, 6.04. Found: C, 56.37: H, 6.18. 

3.5-Di-O-ben~q~~I-6,7-diti~~o y19- I .~-O-isoprop~~/ia’~ne-~-D-~~uco-hepr-6-~tlc~~ilratlose 

(6). -The crude ‘z-D-glrlco epimer 3 (444 me) was benzoylated by the procedure used 

for conversion of 2 into 4, to gi\c the dibenzoate 6 as a solid: yield 557.5 m,o (63.5?&): 

m.p. 73-755, [alA -97:’ (c I .6, chloroform): R, 0.85 (solvent A), 0.96 (solvent B); 
A::: 3.03 (C-C-H), 4.68 (C=(Z). 5.75 (C=O). 7.25 I’m (doublet, Chle,), and II. IO jlrn 

(aryl); X-ray powder dlffraciion darn: 10.6s s (2.2.2), 9.50 vs (I), 7.73 \w. 7.19 w. 

6.41 m, 559~s (2,2.2). 5.27 m. 4.79s(2.3,2). 4.29 m, 4.16 w, and 3.93 m. 

Anal. C&. for C,,H,,O,: C, 68.23; H. 5.24. Found: C, 65.3-F; H, 5.50. 

_~,5-Di-0-acei_~~I-6,i-didt~o.~~~~-l.~-O-isoprop~~liti~~ne-r-D-~luco-lrt~pr-6-~wo~~rar~ose 

m. - Prepared from :he D-ghtC0 acet>lens 3 (100 m_g) by IhP method used for the 

kpimer 5, and recrystallized from elhanoi. the product 7. yield 203 mg (73’?b), had 

m.p. 79-Sl ’, [il]:’ - 37’ (c 0.54, chloroform); R, 0.70 (solvent A), G.SS (solvent B); 

dhBr 3 0-l (CK’-H), 4.68 (C=C). 5.70 (C=O), and 7.30 jtrn (doublet, Chle,). X-ray rnJ. . 
powder diffraction data: 10.0-I m. 9. I7 s (?,I!). 6.93 s (3,3). 6.80 VW, 5.79 \ 5 ( I ,I), 

5.15 m, 4.55vs(l.l). and 4.31 m. 

Anal. Calc. for C,,H,*O,: C, 56.37: H. 6 04. Found: C. 56.43; H. 6.24. 

Preparation of I,Z-O-i~opropl~l~de~e-~-L-i(iofivanrr (8). - The 

crystalline, epimerically pure alkyne 2 (500 mg) ~3s dtssol\rd in a mixture of carbon 

tetrachloride (85 ml) and acetic acid (I 5 ml) at 0 The temperature ivas maintained at 

0” while ozone was passed through the solution for -10 min, and then pure oxkEen was 

passed through until the blue color had been discharged. the solution was evaporated 

to a syrup, and several portions of toluene were added to, and evaporated from. the 

residual syrup. The latter ~.as dissolved in ether, and the solution was passed thr.,ugh 

a small column of silica eel. Crystallization from the effluenr pave pure 8: yield 211) mg 
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(429;): m.p. 13-l--1X”, [z]b5 -t 101 .S” (c 0.5. acetone). -I- 109.4 (c 0.8, chloroform): 
R, 0.90 (sohent .-f). For thrs compound, Wolfram and co-worhers’ reported 

m.p. 137-138:, pj$ f100' (c 17, acetone). The X-ray powder diffraction patterns of 

these f?\o sa,mples {{err: idenucal: data: 6.37 s (2.2). 5.57 m (4.4.4,4), 4.8-l ~5 (I). 

4.37 s(3,3). 4.17s(l.3). 2.98 m (&Li.4), 3.83 m, 3.57 m (-!,4,1.4), 3.83 m, 3.57 m 

(4.4.4.4). 3.4Os(3.3). 3.22 N. 3 I? (~($5)~ 2.9s \w (5,5), 2.79w, and 2.32 m. 

Staninp from a syrupy prepsration of 2. compound S has been obtained’ in 

159,; yield: m.p. 135-136. 

l.~-O-/soprop~~lr~fenc-r-~-gf~rco/irrwulrtrorro-6.~-factot~e (S). - Ozonolysis of the 
pure. distilled. crystalline o-y/~-o alk>ne 3 (571 ms). as Just described (or the L-ido 

cplmer 8. ps1.e the o-glwo lsc~one 9: liPId 13-I rn@ (41 OO); m.p. 118-I 19". [x16' 4-73.3' 
(c 0.85. acetone). -t_ 50 5. (c 0.9. chloroform): R, 0.46 (solkent .I). The product \\a~ 

identical v,ith an authentic sample by S-ray poirder diffraction partcrn: data: 

10.65 m. 6.S6 w. 5.32 k3 (I). 1.55 s, -LO7 \t ( X), 3.89 IV (2,1). and 3.17 kw. For this 

compound, Oi\en and co-workers’ ’ and Sowden” reported m.p. 119-l 20‘. [#ctr]z t70' 
(c 1.0, acerorltl). 

J/th I f 3._i-riii-O-bt~tl=41 I-/ ,~-O-rsoprOp,/l~flr~~~~ie-~-L-i~ofirru,rur0t~0re (IO). - To 

an ice-cold solutron of the alhyne 1 (200 mg. 0.48 mmol) in carbon tetrachloride 

(85 ml) ~a5 added accric sad (15 ml) Ozone NBS passed through the solution for 

40 rrt~r! at O’, and then pure obqgsn ~\as passed through untrl the blur: color of ozone 

had been discharged. The solution ~vas c\sporntcd to a Syrup, and several s1?3ll 

portions of toluene \sere added IO. and evaporated from. the residue to remo’;e acetic 
ncld. The residue was dissol\Bed in rth! I ether (50 ml). and an excc~s ofdiazomethane” 

In ether \+as added to the solurlon. The solution was stirred for 30 min, ar?d then 

aqueous acetic acid was added slo~rI> until the yellow color disappeared and evclution 

of nitrogen ceased. The sclutlon \+as evaporated. and rhe product. dissolved rn I:I 

petroleum ether-ether, 15~1s passed rhrough 3 small column packed ivith silica ~4, to 

give the ester IO 35 a solid; yield I02 mg (459;): m.p. 93-9-I . [~]a” +8~ !: 0 35, 

chloro!-orm): R,O.SO (solvent .-I). 0.96 (solvent a); J.1:: 5.30, 5.80 (C=O , 7.25 

(Chlr2). S.25. 8.60 (CO,ble). and 14.15 pm (avl); X-ray powder dil’fraction dafn: 

il.95 ~‘5. 6.15 m, ASO m. 3.51 m. 3.26 s. 3.79 IV. and ~.-I~vK. 

JIIUI. Calc. ior C,zH,tiOo: C, 63 16: H. 5 26 Found. C. 63.45: H. 5.51 

,Ilt~t~.\ I _Lhfi-O-betu I?- I .‘0-lsoprop~,li~~~tle-a-o-glrlco/lrrwlrronar~ (11). - 

Prepared from the alhyne 6 (250 r-q. 0.59 mmol) rn the same ivay as fbr the ~-id0 

derriatiw. the ~-~~hrro ester If \\as obtained 3s 3 syrup: yeld I06 mg (39’15): [a]:’ 

51 (i O.4, chloroform): R, 0.75 (solvent A), 0.95 (solvent B): A.;\: 5.70. 5.80 (C=O). 

7.15 (Chic,). 8.32. 5.60 (CO,hlz), snd I-I. I5 pm (sryl). 

AMI/. Calc. forC,,H,OO,: C. 63.16: H. 5.26. Found: C, 63.39: H. 5.52. 

.?._~-Di-O-lit~rr~o~~~-i,~-O-isoprep~~l~detre-~-r-i~ofirrar~ose (12). - To tetrs!ydro- 
t‘uran l I S ml) contulrling diborane ( I5 mmol). under nitrogen. \vas added a solution 

of 500 mg (I. I9 mmol) of the crude product prepared by ozonolysis of compound 1 

in tctrsh}drofuran (I5 ml): the mixture isas kept under nitrogen for 3 h at O’, and 

nnkr (I.5 ml) was jlo~ly added dropuise. The SolLent was evaporswd off under 
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diminished pressure, and several portions of methanol \serc added to, and evaporated 

from. the syrupy restdue to remove residual boric acid. The syrup was dissolved in I: 1 

ether-petroleum ether, and the solution passed through a small column pached v.ith 

silica gel. Recrystallization of the cluted product irom ether-petroleum ether gave 

pure 12; yield 193 mg (389;): m.p. 75-77.. (21;’ + S.S- (c 0 3. chloroform): RF 0 -15 

(solLent .-l), 0.75 (solLent B): A>,:: Z.S5 (OH), 5.79 (C=O) 7.25 (Chle,). and I4 I5 irm 

(ar?;l): X-ray powder ditTraction data: I I .9i 1s (I 1. 9.83 w (2.2, S.50 N i&Z). 5 57 t-n. 

4.92 3. 4.62 N (3,3,3j, 4.37 w (3,3,3), and 4.1s w (3.3.3) 

.-!nal. Calc. for C,,H,,OB: C. 64.43: H. 5.61. Found: C. 64.15: H. 5.69. 

I.?-O-/soprop~Itd~ttr-~3-~-id~~fttrancisc (13). -To a solution of the 3.5-dihenzoate 

12 (I I3 me) in methanol (IO ml) ~3s added 3 ml of ht methanolic sodium methoxlde. 

The solution was stirred for 3 h at -25.. and then made ncutrnl by treatment trrth 

Amberlite IR-I30 (H ‘) ion-ewhanse resln (20 ml) for IO min. The resin \\a~ filtered 

OH: and the filtrate claporated to _g11e compound 13 8s a solid a hich ~35 recryital- 

lized from methanol-ether. giving pure product: yield 50 mg ($790). m.p. 112-I 13’ 

(lit.’ m-p. 113-1 14’). The product and an authentic sample _ro\c identtcal X-ray 

powder diflra‘raction data: 17.60 m, 9.30 s (2). 5.1s L!. ASS 13 (I). -I.-H m. 4.00~w. 

3.7-i m, and 3.50 m. 

L-fdose. - Hjdrol>jiS of compound 13 with 0.05~ sulfuric acid for S h at 50’ 

by !he procedure described by Shafizadeh and U’olfrom’.” gals L-I~OX as 3 syrup 

In essentIalI> quantitsti\c yield. 
3,.~-Di-O-f~t~~~~o~:~/-/,_‘-~-i~c~prc~pr~fid~~tre-r-~-~ftt~~o/ltrattc,ie (14). - Compound II 

~3s obtained as a syrup N hen prspnred from the o-glrrrc; acetylenic dertvative 6 

(300 mp, 0.71 mmol) by the method used for the t_-idoepimer 12. y~cld 9-I 5 mg (31 ‘;I): 

[r]i5 -S-I.-i’ (c 0.4. chloroform): R, 0.40 (solkent A). 0.75 (SolLent II): trJ,‘z Z.S5 

(OH), 5.82 (C=O), 7.30 (Chle,). and II. IS /ml (aryl). 

.-lttul. Calc. for C,,Hz,O,: C. 61.49; H. 5.61. Found. C. 61.53: H. 5.36 

3,_i-D1-0-hc’IIxI I-I ,L 7-O-twprope. Iitit~rrc--l-D-_yhr~-i?fi~r~t~~~i~~ I II). prcp,n~d by, 011 

Itl:ltymftwr TOl’lC. - Compound 14 mans prepared from I .7_-O-isoprapyltdenc-r-D- 

_glucofuranose by successive tritylation. benzoylation. and derrttylation”‘. A miiturc 

of l.2-O-isopropb lidenc-r-D-,olucofuranosc ( 2.2 2. IO mmol). dry pbridlne (I6 ml), and 

chlorotrtphcnvlmcthane (2.8 g) kiss StIrred vigorously for 3 da>s at -25 . The 

pyridinrl \\a~ rcmoLed under dlmlnlshed przssure. and the residual suiid was evtractcd 

\iith ether (two JO-ml portions). The ethereal extract \vaj evaporated to gt\s the crude 

6-trityl ether. I\ itllout further purilicatlon, the ether was benzoylared by the procedure 

described for conierGon of 2 Into 4, to give a syrupy mixture containing 3.5dl-0- 

henzoyl-I ,3-O-i~opropylidene-6-O-trltyI-r-D-gtlucofuranose as the major product. 

A solutton of this fully protected derivattve ( 2~) in acetic acid (IO ml) was 

cooled to ZO’, and a solutton of hydrogen bromide In acetic acid (7 ml) that had 

been saturated at 0’ was added. The mixture ~\as shaken for 60 seconds and then 

filtered. the filtrate passing directly tnto 60 ml of a mixture of ICC and water. The 

bromotriphenylmerhane that remained on the filler 1133 \vz,hed ~lth cold \tater. and 

the combtned filtrate and biashings \\erc extracted \\ith three W-ml portions of 



106 D. HORTON, J.-H. TSAI 

chloroiorm. The extracts were combined, dried (mag-nesiun sulfate), and evaporated 
to a syrup. Several portions of !oluenc \\ere evaporated from the residue to remove 

acetic acid. The residue, dissolved in 1: I ether-petroleum erher, was passed through a 

column of silica gel to give compound 14 as a syrup. identical by n.m.r. spectra, i.r. 

specf ra. and specific optic.1 rctations. bvith the compouod prepared by diborane 

reduction of the ozonoljsis product obtained from the acetyfenic derivative 6. 

6.7-Di(f~o.r1’-1.2-O-isoprop_~~~id~t~e-~~-~-ido-~iept-6-~no~~ranose (IS) by reduction of 

rhe ulh I nc 2 I( ~rh lilhilrtn ahrmlnum hr.drrdr. - A solution of the alkyne 2 (428 mg) in 

dry ether ~as added to a suspension of lithium aluminum hydride (300 mg) in ether 
(50 ml). and the mixture was stirred for 2 h. The following general procedurzz5 was 

used ior ijolarion of the product. Water (0.3 ml) was added very slowly, followed by 
15% aqueous sodium hydrokjde (0.3 ml), and more water (I ml). The mixture was 

filtered. and rhs til!rate \cas evaporated, to give i5 as a sohd. Recrystallized from 

ether-petroleum ether, the product (yield 413 mp, 95%). had m.p. 96-9S’, [a];’ -20” 

(c 1.3. chloroform): R, 0.10 (solvent A), 0.17 (solvent B); J,!,$ 3.X (C=C-H). 6.05 
(C=C). and 7.28 Llrn (doublet Chle,): X-ray powder difTractIon data: 9.45 LJ (I,I), 

5.47 m. 4.83 ~5 (l,l), -I.-I8 m, 3.53 w, 3.27 w, 2.45 VW, and I.95 m. 

AM/. Calc. for C,,H,,O,: C, 55.55: H, 7.46. Found: C. 55.26: H, 7.80. 

6,7- Dideo.v_~ -i,~-O-isoprop~~~idene-a-D-gluco-irepr-6-enof~rcnose (16) 6). redtrclio,z 

of rite elk IWP 3 uvzlt lt:lrium alumimrm ft> drid?. - A solution of the albyne 3 (4-M mg) 

in dry ether ~as added to 3 suspension of lithium aluminum hydride (300 mg) in eLher 

(50 m!). and [he mi\lurc ICE, stirred for 2 h. Use of the same isolation procedure as 

given In the preceding experiment _eabe 16 as a solid. Recrystallized from ether- 

petroleum ether, the product (yield 302 m_g. 67.5%) had m.p. 76-7%‘, [,x]:’ -5.0 

(c 1.13, chloroform): RI 0.20 (solvent A). 0.30 (solvent B): 22: 3.38 (C=C-H). 6.05 

(C=C), and 7.2s pm (doublet. Chic,); X-rc.y poibder diffiaccion data: 9.71 s (2,2), 

7.76 m, 6.86 it. 6.04 s (2.1). 5.60 \w. 3.64 vs,(l). 4.28 m, 4.09 m, 3.88 w. and 3.66 w. 

Ana/. Cslc. for C,oH,605: C. 55.55; H, 7.46. Found: C, S5.36; H, 7.43. 

6.7-D~d~~o~r-l.~-O-isoprop~~lide~e-sl-o-gIuco(wtd ,8-L-ido)-hepr-6-enofuranose (15 

and 16) bra 1 inr lafion of 1. - Fresh \inylrna_mesium chloride \+as prepared by the 

method of Ramsden and co-worhers’“, or was obtained from Alfa Inorganic Ventron 
(Beverly. hlassachuse[is). A solution of mixrure 1 (I5 p) in dry tetrahydrofuran 

(100 ml) was added dropivise to the vinylmagnesium chloride solutioo, and the mixture 

uu stirred ior 2 h. The solution \vas evaporsrted, and the residue was shaken with 

ice-cold. saturated. aqueous ammonium chloride. The aqueous phase was extracted 
with four IOO-ml portions ofether, and the extracts were combined, dried (magnesium 

sulfate). and evaporated. The resulfing syrup showed two spots in t.1.c.: R, 0.20 and 

0.10 (I:! pstroieum ether-ether) as major products. Separation of the mixture by 

column chromarogrsphy on silrcs gel 7734 !%ith 1:I petroleum ether-ether as eluant 

gate IS (yield 3.2 g_ 289;) sod 46 (yield 2.4 g, 2 I o/b) as homogeneous compounds, 

respecrikel, identical by n.m.r. spectra, i.r. spectra, and X-ray poivder diffraction 

,attems with 15 and 16 prepared by reduction of the acetyknes 2 and 3 \\ith lirhium 

aluminum hqdride. 
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3,5-Di-O-b~n=oJd-6,7-did~~o.rr’-i,-3-O-isoQroQ_~~li~~~ne-P_L-ido-~t~~Ql-6-enofuranose 

(17). - Prepared from crude IS (I 50 mg) by the method used for 2, the dibenzoate 17 

was recrystallized from abs. ethanol: yield 190 tn_g (63?6); m.p. 139-140’. [cz];’ -19’ 

(c 0.7. chloroform); RF 0.90 (solbent A). 0.96 (solvent B); A$,:: 3.30 (CC-H, Ar-H), 

5.75 (C=C), and 7.20 pm (doublet, CMe,): X-ray powder diffraction data: 12.10 s 

(2.2). 7.02 w, 6.C4 s (2.2). 5.37 w, 4.93 m, 4.67 m, 4.36 m, -I.13 vs (I), 3.66 m, 3.42 w, 

and 3.29 w. 

Anal. Calc. for CzaHzS07: C, 67.92; l-i, 5.66. Found: C, 67.67; H, 5.46. 

A product having m.p. 143-145:, purported to be the D-gluco derivative 18, 

obtained’ by hemibydropenation of an acetylenic dtbcnzoate precursor shown3 to 

hale the L-ido configuration, appeared to be identical \\ith compound 17. 

3,5-Di-O-brtt=o~~l-6.7-didt~o.~~~-l ,~-O-i_~oQTOQ~~lli~~tlt~-1-D-~~uco-tl~~Qt-6-etlolitranosr 

(18). - Prcpsred in the same way as the L-ido analog 17, and reqstallired from abs. 

ethanol, the dibenzoarc 18 ~9s obtained in a yield of IS3 mg (67@5): m.p. 99-101’. 

[z]g’ -61’ (c 0.6, chloroform): Rr0.90 (solvent .A). 0.96 (solLent B): Jky: 3.32 

(C=C-i-l. Ar-H). 5.78 (C=O). and 7.25 pm (doublet, Chlr,); X-ray pouder diffraction 

data: 10.65w, 9.45m, 7.63vs(l.l). 6.69m. 5.17s. 1.71 ~s(1.l). 4.31 vi\, 3.bjvw, 

3.63 s, and 3.04 w. 

Anal. Calc. for CIaHz,OT: C, 67.92; H, 5.66. Found: C. 67.66: I-!. 5.85. 
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