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ABSTRACT 

With 3,4,5,7-tetra-0-acetyl-2,6-anhydro-D-glJa~~o-heptononitrile as 

the starting material, the diastereotopic, enolic sugar derivatives (Z)-3,7-anhydro-2- 

deoxy-D-galacto-act-2-enononitrile (2) and (Z)- (5) and (E)-3,7-anhydro-1,2-di- 

deoxy-D-galacto-act-2-enitol (8) were prepared by multistep syntheses, and structurally 

investigated by ‘H- and ‘3C-n.m.r. spectroscopy. Compounds 2 and 5 are susceptible 

to /?-D-galactosidase-catalyzed hydration of the enolic double bond, whereas the 

isomer of 5, compound 8, cannot be enzymically hydrated. Because the cc-protons 

in the hydration product of nitrile 2 do exchange in protic media, only 5 can be used 

as a diastereotopic probe for elucidating the stereochemistry of enzymic protonation. 

INTRODUCTION 

Indication for proton-donating groups at active sites of glycosidases, normally 

meant to protonate glycosidic oxygen atoms, was obtained by using substrate models 

as proton probes. Such compoundsas’ 2,6-anhydro-1-deoxy-D-galacto-hept-I-enitol** 

(1) or -D-gluco-hept- 1 -enito12 carry, instead of a glycosidic oxygen atom, an electron- 

rich carbon atom attached to the pyranoid ring. Protonation of these nucleophilic 

sites triggers the addition of water or an alcohol to the double bond. The generally 

accepted view3 that an cc-glycosidase protonates an x-glycosidic oxygen atom, or a 

corresponding carbon atom, from “below” the pyranoid plane, and a /?-glycosidase, 

a a-glycosidic oxygen atom, or a corresponding carbon atom, from “above” the 

pyranoid plane (see Fig. 1) originates from the mechanism proposed for lysozyme 

action4. Although plausible mechanisms for all glycosylases can be formulated on the 

foregoing assumption, nevertheless stringent experimental evidence is lacking. We 

now describe syntheses of new, potential substrates for fi-D-galactosidase which, as 

*To whom reprint requests should be addressed, 
**Referred to herein as heptenitol. 
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Incubation of heptenitnl I with /:-u-galactosidase from f:. c.o/ii in sodium 

phosphate buffer (pH 6.X) containing mngncsium chloride lead5 to I-clco\,v-~,-~n/~c,~~~- 

heptulosc:” (IO). The reaction ib initiated by cnzymlc protonation of the CIIOIIC strga~ 

bond, \i,her-eby a stab/c I-methyl grou:, 15 formed. The stereochcmlstry ofthe protons- 

tion step inay be Inxkstigatcd with an:ilogs of 1 carr1’1ng tMo dllYcrent substitucnts 

at the methylcne carbon atom. Neithrr substituent caught to be such as tc> prc\ ent 

cnlymic protonation, cit!lsr btcricaily or chcrnically. TI !c nc\+ I! forincd. as\ ni nictrlc 

carbon atoin has to Iv optically stable, and the conliguiational as~ignriicnt thcrrof. 

unequivocal and relatl\~cly ~344 

7-k’ .r,~wl/rc~.si.s of (Z k-3. y-t//l/l>‘thYJ- -‘-r/~,o.\:~,-1,-g:~l~c~(~-[~[,/-~-~,/?~//7~~/~/~/,i/~, (2 ). ~- A 

compound that only partially rnects the givrn rquirements I:, 2, which may bc 

enzyniicalij hydrated. It I\ to ho expected that lhe cy9no group \kould strnnglq 

deactivate the double bond. ;I\ well as facilltatc proton or dcutcron exchange in the 

reaction product, and thereby crux c>pttcal instability. The cc)rnparatr\,cl\, straight- 

forward concept of \ynthesls. starting 11 ith ;i niiriturc of ~._5.h.S-t~tt-u-O-acrt~ l-3,7- 

anh~dro-u-t/~,~t,~~-~.-~~~/~~-oct(~~io~~itl-ile” (12) and ~,5.~~.S-tetra-O-:Icct~,l-?.7-~nh~dro-r>- 

flr,.ro-t.-~~~/k/c.to-3CIOnOni trilc” (13). prccursor~ air-cad\ a\ailablc in our lahor;ttor~. 

dccidcd LIS tr> tc) prepare 2 for possrhl~ UK 35 :I d~astcreotopic probe for- /I-I)-palactoui- 

dasc. 

A douhlc bond could bc intrnduccd bctwcen C-7 2nd C-3 of compounds 12 

and 13 vkr the ?-hromo dcrrvstix’rs I4 and 15 which undcrucnt sntooth dchydro- 

halogenation I$ hen treated \+IIII silver tluo!-ido 111 pyridlnc. l-lrc-rmin:lG~~n could be 

achieved either with triph~tl);lphosphiiicdlbrc,rnidc in bcnxnc- or triphcn) Iphosphinc 

and carbon tetrabronildc 111 ,V,n’-dimethylt’~~rlnamidc (DM F i s m I~li~ttII-e 0f LIP- 

saturated nitrilcb vas separated h> chr-omatograph~ 011 silica gel. OIIC isomer (3) 

crystallized. and its mucturc \\;Is prnwd h>, n.ni.r. spectroscop> to 17~1 (f<)-4,5.0,S- 

tetr~t-C)-acet~I-2.7-arlh~~_i1~~r-~-~izc~~~~-~~-~~~rl~~~/~~-~~~t-~-~~~~~~~ot~i~r~Ic I-hc otht‘r (the ma- 

*Referred 10 herun ;IS hcptulose 
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jor) component was (Z)-4,5,6,8-tetra-0-acetyl-3,7-anhydro-2-deoxy-D-gu~~c~~-oct- 

2-enononitrile (4), deacetylated with ammonia in methanol to give 2. The (E) isomer 

3 could not be deacetylated without major decomposition. The 2-deuterio compound 

of 2, namely, 2-d*, was prepared by equilibrating the mixture of cc-bromonitriles 

(6 and 15) for 24 h in pyridine-D,O. After removal of the solvent, this procedure was 

repeated three times, and the deuterium content at C-2 was then 959/,. Some of the 

deuterium, N 15 o;, was lost during formation of the unsaturated compound 2-d. 

The remaining 80 Ti of deuterium was, however, stable in protic solvents. 

The nitrile 2 could not be hydrated in acidic solution. Acetic acid (807;) did 

not affect the compound, even after boiling for 2 h under reflux. Also, hydration 

with 0.1~ hydrochloric acid could not be observed before general decomposition 

took place. The double bond could only be hydrated with high concentrations of 

fl-D-galactosidase from E. coli in sodium phosphate buffer, pH 6.8, containing 

magnesium chloride, during a long incubation-time (14 d), to give 11 as the sole 

reaction-product, identified by t.1.c. and n.m.r. spectroscopy. The product still con- 

tained the cyano group intact, but no double bond. The newly formed, asymmetric 

C-2 adjacent to the cyano group in 10-d is, however, not optically stable enough 

to survive either the long incubation-times or the further treatmentwith D,O necessary 

for the n.m.r. investigation. This was proved by the following experiment: when 

2 and 2-d were incubated under the same conditions, the products isolated by dialysis, 

and then repeatedly lyophilized with D,O, C-2 was completely deuterated. 

Attempts to convert the cyano group into a less activating one, such as a 

carbonamido group or a hydroxymethyl group, riu a carboxylic ester group, failed. 

The cyanide could not be saponified without occurrence of side reactions. 

Tire synthesis of (Z)-3,7-anlrydro-I ,.?-dideosy-D-galacto-act--7-enitol”” (5). - 

Except for an analog of 1 wherein the substituents at C-l were deuterium and tritium, 

the octenitol 11, or its geometrical (E) isomer, would be most closely related structur- 

ally to 1, and would promise similar properties when applied as a substrate for the 

fi-D-galactosidase from E. coli. Two different pathways lead to the formation of 5. 

Pathn,ay I. 1 ,3-Diphenyl-2-(3,4,5,7-tetra-O-acetyl-2,6-anhydro-D-,oll,cero-L-man- 

no-heptosyl)imidazolidine’ (28) served as the starting material. It could be converted, 

by conventional 0-deacetylation and subsequent 0-benzylation, into the 0-benzyl 

derivative 29. Cleavage of the aldehyde protecting group with p-toluenesulfonic acid 

monohydrate, and Grignard reaction with methylmagnesium iodide, resulted in the 

formation of an almost equimolar mixture of the diastereomeric alcohols 16 and 17, 

which could be separated by “flash chromatography” (ref. 10). Pure 16 was tosylated 

to give 18, subsequently debenzylated by catalytic hydrogenolysis, and the product 

acetylated to yield 19. Treatment of 19 with sodium benzoate in hot DMF gave two 

products in equal amounts: the desired (Z)-octenitol acetate 16 as the product of 

E,-elimination, and 19, which resulted from bimolecular, nucleophilic displacement. 

*All deuterium-labelled compounds discussed herein will be denoted by the suffix d. 
**Referred to herein as (Z)-octenitol. 
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No trace of the I-octenitol acetate. the constitutional isomer of 6. could be found. 

Compounds 6 and 20 could not be separated on a large scale. After deacylation. 

however, compound 5 was separated from the by-product by column chromato- 

graphy, and crystallized. The tosylate 21. obtained from the x!condary alcohol 17, 

was treated as described for 18, to give 22. rts faknred reaction with soti~um brnzoate 

in hot DMF is substitution. Only II hmnll amount of the (El-octonitnl x&ate 7 could 

be isolated. This selectlvlty can well be explained by conform;ttic,nal strain bct\vccn 

the methyl group and the -I-O-acetyl group. I.3-.r,~~disposeJ III 111e transition state 

of isomer 22 leading to 7. 

Patll~r~~~ /I. The ditficulties encountered in the separation of the benrylated 

alcohols 16 and 17 were the especial reason for the following alternatlvc synthesis. The 

acetate 31 of ‘,6-anhqdro-o-~/~,~,~~~~-l.-l,lunl~~-lie~toiiic acid’ ’ (30) was converted Into 

its acid chloride 32 by trcatmcnt with phosphorus pentachlorido in ether. Acylation of 

isopropylidencmalonate (Meldrum’s acid )” in dlchloronicth:11ie and pyridine at lo\\ 

temperature with 32 yielded the condensation product 33, which, on hydrolc’sls with 

aqueous acetic acid. was decarbosylated. The resulting ketone (31) could bc reduced. 

either uith sodium cyanoborohydride, or with hydrogen o\‘er platinum. The former 

reduction yielded the alcohols 2.3 and 24 in the ratlo of 3.X!, I : the latter, III the 

ratio of I 3. Separation c)f the acetylated alcohols was much easier than that ol 

its benzylatcd counterparts. O-Tosylation game compounds 19 and 22, alread> 

described. A higher overall yield makes pathway II preferable 10 pathlvay 1 for the 

preparation of 5. As expected. 5 is convcrled by the /i-l,-gal3cto~i[ias~ from I>.. CO//. 

in 0.05~ sodium phosphate bulftr containing I mu IT~~~IICCIIII~~ chlr,rtde. uith ;I 

velocity similar to that for I*‘. 

Tile s~1xtlwsi.s oj (.Z. )-_~,?-trr~/l~.~/i.o-~-L/~~ltP~i~~-/._l-~li(ft’o.\- ~,-I,-galact{,-OCR--l-c,lrirol 

(S-t/). - Although glycosidnscs equilibrated in D,O catalyze hydration nt‘enollc sugv~ 

derivatives”. we preferred to conduct the enrymic hydration 111 H,O \\)th a 7-dcuter- 

ated probe. 3.7-Anhydro-4.5,6,X-tetra_O-benzyl- I -dcoxy-u-tll/.c,r~-~ -:‘c/k/c.tr)-octitol (16 ). 

or its I!-epimcr (17 ). was oxidized with pyridinium dichromatc in 11 .h’-dimethyI- 

formamide”. The resulting hetonc 35 could be reduced ~vith lithium aluminum 

deuteride in cthrr. to yield the deuterated cpimers 16-J and 17-r/ 111 the ratio of 1 : 2.4. 

Separation was conducted as described for their isotopomcrs 16 and 17. Therefrom. 

the unsaturated end-product 5-t/ \vi;ls prepared in the same way a:, Its nondzuteratcd 

counterpart. 

The s)wtlwsis of (E j-3, ~-~I~I~I~Y~Iw/ ._7-C/~~/~~o~-.I~-I~-g:l13Cto-O~’l-~-tl?if/~/*Q (8 ). -~ 

For the isomer of 5, namely, (E)-octenitol (8), compounJ 23 was tiscd as the starting 

material. Hromination with triphenylphosphine dibromide in bcnrene’ yielded 1,5,h.H- 

tetra-O-acctvl-3-brc,mo-1 .‘-didco.uy-t)-t/7i.~~(~-l_-tnk,-octitu~ (25). v ith invasion of 

configuratlon. Dehydrobroniination with silver fluoride in pyricilnc, t>r 1.5~diara- 

*For &tails, see ref. 13. 
**ReFerred to herein ds (E)-octenltoi 
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[5.4.0]bicycloundec-5-ene in N,N-dimethylformamide, yielded, after deacetylation, 

crystalline 8. Under conditions the same as applied for 5, the isomer 8 was not 

converted by P-D-galactosidase. 

Structural investigations bs, n.m.r. spectroscopJ1 
(a) Saturated, eight-carbon derivatives. - The 3,7-anhydro-octononitriles(l-4 

and ll), as well as the 3,7-anhydro-1-deoxy-octitols (12-27) carry a newly formed, 

asymmetric C-2 atom. The following investigations are concerned with the assign- 

ment of either the D-threo+galacto or the D-threo-L-tale configuration to the afore- 

mentioned compounds. 

1 R ~2 R’:R”=H 

2 R = CN , R’ = H, R”= H 

2d R = CN,R’ = D,RU = H 

3 R = H,R’ = CN,Rv= nc 

4 R = CN.R’= n,RO= Ac 

5 R = CH,. R’ = H R” = H 

5d R = CH3,R’ = D,R*= H 

6 R = CH,.R’ = H.R”= 4c 

7 R = H, R’ = CH3, R’ = Ac 

8 R = H,R’= CH3,RU= Ac 

9 R = R’ = H, R’ = AC 

HO CHRR’ 

OH 

10 R = H.R’= H 

1, R = CN,R’ = H 

,,d R = CN,R’ = D 

Ii! R = CN, R’ = OH, R” = H, R”’ = AC 

13 R = OH,R’= CN.R”= H,R”‘=Ac 

14 R = Br R’ = CN , R” = H, R”’ = A,c 

15 R = CN, R’ = Br , R” = H ,R”‘= Ac 

16 R = CH3, R’ = OH, R” = H ,R”’ = Br, 

16d R = CHJ, R’ = OH R” = D,R”’ = BzI 

17 R = OH, R’ = CM3 ,R” = H R”’ = Bz, 

,,d R = OH .R’ = CH3, R” = D, R”’ = 13, 

18 R = CH3, ’ R = OTs.R”= H.R”‘= Bz, 

18d R = CH3, R’= OTr,R”= D,R”‘= Bzl 

19 R = Cti, R’ = OT s , R” = H , R”‘= Ac 

19d R = CH3, R’ = OTs , R” = D , R”’ = AC 

20 R = OBZ .R’ = OTs.R”= H,R’“=z Ac 

21 R = OTs, R’ = CHJ.R” = H,R”‘== 821 

22 R = OTs . R’ = CH3,R” = H,R”’ = Ac 

23 R = CH, ,R’ = OH , R” = H,R”’ = AC 

24 R = OH .R’ = CH3, R” = H,R”‘= AC 

25 R = Br, R’ = CH,, R” = H,R”’ = Ac 

26 R = CH3. R’ = OAc ,R” = H, R”’ = Ac 

27 R = OAc , R’ = Cl.43 ,R” = H ,R”’ = AC 

BZ = PhCO 

BZl = PhCHZ 

TS = S0*C6H‘pe-p 

The n.m.r. spectra all showed small coupling-constants for the vicinal 2,3- 

protons (see Table I). These values indicate the gauche orientation of H-2, H-3. 

Of the different H-2,H-3 gauche orientations possible, A and B (see Fig. 2), obtained 

by rotation around the C-2-C-3 bond, A has the least 1,3-interaction of R or R’, 

respectively, with the acetoxyl group on C-4. Such favored orientations as A have 
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‘TABLE I 

A B 

Fig. 2. Orientationa ha\ing H-7,H-3 gauche 

l-l fi x 
15 2 5 s 
26 I ! 13 
27 3 3 IX 

been described”. It IS. therefore, justilied to suggest structure A for compound\ 

I2--27. 
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D-three-L-galacto and 27, the D-three-L-tale, configuration. All other compounds 

listed in Table I can be stereochemically correlated with 26 and 27. 

Independent of these investigations, the configuration of C-2 in compound 27 

can be determined through the dibenzylidene derivative 36. The vicinal coupling- 

constant 3J2 ,3 of 3,7-anhydro-2,4 : 6,8-di-0-benzylidene-o-tkreo-L-talo-octitol (36) 

a rigid ring-system, unequivocally proves the configuration of C-2. Thus, compound 

36 has the D-tht2O-L-la/O configuration, proved separately by the aforementioned 

method. 

(b) Unsaturated, eight-carbon derivatives. - The configuration of C-2 of the 

unsaturated nitriles 2, 3, and 4 can be deduced from increment calculations for the 

chemical shifts of H-2, as well as from data for comparable pyran derivativesI 

(see Table III). These indicate that H-2 in the (Z) isomer must absorb at a higher 

field than H-2 in the (E) isomer (see Table III). According to investigations of Reist 

et aI.” and other authors’ 9, the elimination ofp-toluenesulfonic acid from 19 under 

the conditions used must occur through an E, mechanism. From 19, therefore, only 

the (Z) isomer 6 should be formed. By the same argument, formation of the (E) 

isomer from 25 by dehydrobromination can be predicted. The structural assignments 

for 5 and 8 were achieved by ‘H- and ’ 3C-n.m.r.-spectral investigations. 

As in the nitriles 2, 3, and 4, H-2 in the octenitols absorbs at a higher field 

when the configuration is (Z), and vice versa. This can again be deduced from in- 

crement calculations”, as well as by comparison with data taken from the literature’l 

(see Table IV). A further indication of the correctness of this argument can be de- 

TABLE III 

CHEMICALSHIFTSFOR H-2 INCOMPOUNDS 3 AND 4 

Increment for 

3 4 

____ 

Calc. 5.07 5.16 
FOUlld 4.85 5.20 

TABLE IV 

CHEMICAL SHIFTS OF H-2(6, RELAWETO Me&i) 

Increment for 

fE) (Z) 

Calc.17 4.96 4.18 
Found (7) 5.44 (6) 4.95 

(8) 5.39 (5) 5.22 
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TABLE V 
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‘H-N.M.R. DATA {DsO, 150 MHz) FOR COMPOLINUS 1, 5. 5-d. SANLJ (CDCIS, 360 hlHz) t OH ~oh~~~whns 

. 6, 7. AND 9 

Protorl 1 

H-l 4.84 
H-l’ 4.75 
H-3 4.24 
H-4 3.64 
H-5 4.05 
H-6 _ 3.76” 
H-7 + 3.78” 
H-7’ z 3.85’1 

J ( H.H) (in H:) 

H-I,H-I’ 2 
H-l,H-3 2 
H-l’,H-3 ’ 
H-3,H-4 10 

H-3,H-5 3.5 
H-5,H-6 I 
H-6,H-7 R 
H-6,H-7’ ” 
H-7,H-7’ I’ 

9 Proiolr 

4.82 H-l 
4.5 I H-2 
5.68 H-4 
5.06 H-5 
5.52 H-h 
4.03 H-7 
4.16 H-8 
4.18 H-X’ 

2 H-I,H-2 
2 H-I,H-4 
2 H-3,H-3 

10.5 H-4,H-5 
3 H-5,H-6 
1.5 H-&H-7 

~6 H-7.H-X 
-7 H-7,H-8’ 
II H-&H-X 

V$ectrum of higher order-. 

TABLE VI 

5 

I.63 
5.22 
4.12 
3.57 
3.04 
3.69 
3.75 
3.90 

7 
2 
2 

IO 
3 
I 

4 

n 

12 

5-d 

1.63 

4.19 
3.56 
4.0-I 
3.6X 
3.77 
3.x’) 

? 
__ 

IO 
3 
I 
4 
X 

12 

6 

1.63 
4.95 

5.6 I 
5.02 
5.50 
3.94 
5.17 

4.2: 

7 
, 

;.x 

IO 

3.5 

1.x 
h 

7 

1 I.5 

7 8 

1H-N.M.R. DATA (CD&&, 360 MHz) FOR COMPOUND 7 AT 223, 273. ANL> 3 IO K (r\ KF!I 9~1vr ‘ro 

Me&i), J (H,H) IN Hz 

H-l 1.70 
H-2 5.47 
H-4 5.65 
H-5 - 5 .- 73 
H-6 5.49 
H-7 4.37 
H-X 4.22 
CHKO 2.16 

2.145 
2.14 
2.00 

I .6?5 
5.43 
5.6X 
5 ‘0 _ ._ 
5.49 
4.28 
4. Ii 
2.11 
2.075 
2.07 
2.07 

I .6h H-l,H-2 7.5 7.5 7.5 
5.40 H-4,H-5 47 5.7 6.0 
5.69 H-5,H-6 3.5 1.5 3.5 
5.19 H-6,H-7 li 1.5 J.S 
5.4X H-7,H-8 *’ ‘5 31 
4.35 H-7,H-8’ u X.5 X.0 
4.16 H-&H-X’ ” 11.5 Il.5 
2.0s 
2.06 
2.04 
7.04 

“Spectrum of higher order. 
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R’O 

R’O 

28 R = 

Ph 

Ph 

29 R = , R’ = Bzl 

30 R = CO>H , R‘ = H 

3, R = COpH ~ R’ = AC 

32 R = COCI , R‘ = AC 

0 
OH 

33 R = C l==c “\ 
CMe, . RI= AC 

d 

0 

34 I? = COCH3 , R’ = AC 

35 R = COCH3 , R‘ = Bzl 

duced from the ‘H-n.m.r. spectrum of the heptenitol acetate 9. Here, the signals for 
the enolic H-I and H-l’ can be clearly assigned. Atom H-l (cis to C-3) absorbs at 
6 4.51, and H-1’ (trms to C-3), at a lower field (6 4.81). According to Pascual et aL2’, 

an alkyl group attached to a double bond generally causes a shift of 6 -0.45 of 
the geminal-proton signal to lower field. The H-2 atom in the (2) isomer 6, having a 
shift of 6 4.95, therefore corresponds with H-l (6 4.51). The same proton in the (E) 
isomer 7 (6 5.44) corresponds with H-l’ in the heptenitol acetate 9. 

Judging by the coupling constants of the pyranoid-ring protons, the octenitols 
5 and 6 have the same conformation (“C’s) as the heptenitols 1 and 9 (5C,) (see 
Tables 1V and V). For the isomeric octenitols 7 and 8, however, the unusually small 

3J4 5 values of 7 and 5.5 Hz are striking. Equally unusual are the relatively large 
H-8-H-7 couplings, compared with that for the heptenitols 1 and 9. A plausible 
explanation for this phenomenon would be a change of conformation induced by a 
strong interaction between the l-methyl group and the substituents at C-4. ‘H-N.m.r. 
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H 

Fig. 3. Equilibration or con~ormm. 

measurements on compound 7 at different temperatures (SW TabIt VI ). which. fat 

the H-3,H-5 and H-7.H-S couplings show a temperatLtrc-deycndent chanpc. indicate 

an equilibrium between the “Cj and the energetically favorcd ‘C’,, conf~~rmat~on~~. 

In the .‘C, contiwmution. small coupling constants for the diequatortal H-4.H-5 

are to be expected. The energy barrier for the conf~~rtnation:ti change t\ so lo~v that 

no temperature-dependent broadening of the signals can bc nbsetwd. I-hc burricr IS 

estimated to be - 25.1 hJ mol ( -6 kcal,‘mol). The ‘.‘C-n.m.r. chcmic;~l shifts of C--i 

in 6 and C-3 in 9 sho~v only :I 4rght difference. The \atnc applies to the cc>rresponding 

carbon atom in the deacctylated products 5 and 1 (seeTable VII). Otwiou+, the intro- 

duction of a ~rcnzs methyl group can be of no great intluenco. l:or the same conformu- 

tion. a (*iv methyl group. however. ought to cause 3 stgtitlicntit shlt’t ( - 5 p.p.tn.) 

of the C-3 signal to higher licld (“byn-y-shift”)‘“. The obsrrvcri value (‘I‘ only 1.2 

p.p.m. (see Table VTT) indicates a difference in conformation bct\\ccn the (I<)- 

octenitol 7 and the heptenitol 9. 

In the heptenitol 9, the long-range ‘zCm ‘H coupltnq constants for C-2 can be c 

TABLE VII 

AfO??l 

C-l 
C-2 
C-3 

C-4 
C-5 
C-h 

c-7 

COCH:> 

COCH.? 

1 

94.55 

160.36 

69.07 

74.45 
70.07 
81.13 

63.19 

9 

95.84 

153.08 

66.93 
71.2x 
67.66 

75.60 

61.56 

170.30 

170.03 

169.87 
169.39 
270.70 
20.64 

10.58 

C-l 

C-2 
C-3 

C.--l 

C’-5 
C-6 

C--f 

C’-8 

COCH:s 

5 5-d 

9.73 

105.sl 

151.51 

69.18 

74.99 
70. I I 
x0.93 
62.28 

COCH:: 

0 7 

IO.95 

114.79 
132.75 
hS.73 

69.35 

66.05 

74.6-l 
hO.98 

170.x, 

169.76 

l69.Y 
lW.39 

70.92 

2O.Si 

20. x0 

70.;1 
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TABLE VIII 

LONG-RANGE, 13C-lH, COUPLING CONSTANTS FOR c-3 IN COMPOUNDS 1 AND 9, AND FOR C-4 IN COM- 
POUNDS 5, 5-d, 6, AND 7 (IN Hz) 

- 

Atoms 1 9 
_.. ____-_ __ _. ..-.. -- __-. -- 

C-3,H-1 (rrm) 5 5” 
C-3,H-I’ (ck) 2 2a 
C-3,H-5 5 5 
C-3,H-6 5 5 

5 S-d 6 7 
C-4,H-2 (tms) _- - - -50 
C-4,H-2 (cis) 2 0 2 - 

C-4,H-5 5 5 5 NSb 
C-4,H-6 5 5 5 m2b 
~ ~ ._ .___---.-_~--__ -.-~-___ -.__ 

*Determmed by selective decoupling of H-l and H-l’. bExact measurement was not possible (spec- 
trum of higher order). 

TABLE IX 

lH-N.M.R.DATAFOR COMPO~JND 2(D20,250MHz), COMPOUNDS 14 AND 15(CDCla,250MHz), AND 

KZDC13,90 MHz) COMPOUNDS 3 AND 4 (8 RELATIVE Me&) 

~ --.- .-_- ___I__ -~ .~-~_-- 

Proton 2 14 15 3 4 J rH,H) 2 14 15 3 4 
_ -_--__~ ______-.. --__ ---- 

H-2 5.28 4.43 4.51 5.20 4.85 H-2,H-3 - 4 2.5 - 
H-3 - 3.78 3.81 - - H-2,H-4 2- - 2 1.13 
H-4 4.38 5.35 5.35 5.96 5.16 H-3,H-4 - 10 IO - - 
H-5 3.79 5.09 5.09 5.28 5.13 H-4,H-5 10 10 10 10 10 
H-6 4.17 5.45 5.45 5.60 5.56 H-&H-6 3 3.0 3.0 3 3.3 
H-7 4.10 4.06 4.04 4.13 4.15 H-6,H-7 1 1 1 1.2 1 
H-S 3.82 4.14 4.12 to 4.16 H-7,H-8 4 6 - - - 
H-8’ 3.96 4.23 4.23 4.46 to H-7,H-8’ 8 7 - - - 
COCHa - 2.00 2.01 2.00 2.00 H-&H-S’ 12 11 

2.06 2.06 2.06 2.08 
- 2.10 2.12 2.16 2.15 
- 2.18 2.19 2.20 2.18 

_- .___-___ -- ~__ 

assigned by selective decoupling (see Table WI). The assignment is confirmed by 

the rule2” that vicinal, i3C--iH trans coupling-constants are larger than the corre- 

sponding cis couplings. By comparison of the C-4,H-2 couplings in the octenitols 6, 

5, and 5-d with the corresponding C-3,H-1 and C-3,H-1’ coupling-constants of 9, 

the structure of the (Z)-octenitols was further verified. The configuration around the 

double bond of the (E) isomer 7 cannot be determined by long-range, 13C-lH 

coupling; H-4 and H-2 do not differ su~ciently in their chemical shifts to allow 

exact determination of coupling coi~stants (see Tables V and VIII). 
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TABLE X 

IH-N.M.K. DATA (CDCIS 90 MH7) ma COMPOIJND 34 4x1) (CDCls. ‘SO MHz) WOK CX>L~IY>II~I>\ 
18, 19, 20, 21. 22. 23. 35, 25, 26. ,4NL) 27 (0 RFLZTIVI~ TO \le&) 

H-l 
H-2 

H-3 

H-4 
H-5 

H-6 

H-7 

H-8 
H-8 ’ 
C‘OCHH 

-CHF 

CnH: 

.I (H,H)” 
H-l.H-2 

H-2,H-3 

H-3,H-4 

H-4,H-5 

H-5,H-6 

H-6,H-7 
H-7,H-8 
H-7,H-8’ 
H-X,H-8’ 

OH-2-H-2 

I .36 1.31 

5.‘h ’ 4.84 
?.IY 3.6-l 
4.04 5 32 

3.63 5.05 
3.‘)‘) 5.3Y 
3.48 3.37 

to 3.0’ 
3.60 4.07 

I YY 

-- 2.01 

__ 1.05 

3.1 I 

1.3% 

5.00 -~-- 
7.2lp 

1.46 

7.16 --~ 
1.77 ~- 

1.43 2.45 

6.5 6.5 
1.5 3 

9.5 IO 

9.5 10 

2.X 3.5 

1 I 

6.5 
7 

- 11 

20 21 22 34 23 

6.5 6.X 6.5 -~- 6 

2 I.5 2 2 
IO 9.5 10 9.7 9.x 
IO 0.5 IO 10.5 IO 
3.5 - 3.5 3 3.5 

I 1 2 ’ 
1.5 __~ 7 ; 
7 6.5 ~~ 6.5 

II I 1 II 

“Acetyl protons and H-l of 34. “In Hr 

EXPFRIMEhTAL 

35 25 26 27 

Gtnetd methods. -- Melting points are uncorrected. Optical rotations were 

measured with a Perkin--Elmer 141 polarimeter. ‘H-N.m.r. sptxtr;~*~ were recorded 

with Varian EM 390 (90 MHz). Bruher WM 350 (150 MHz), and Rrul\er HX (360 

*With several exceptions, all n.m.r. data are listed in Tables I-XII. 
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TABLE XI 

13C-N.~.~. DATA (CD%, 20.15 MHz) FOR COMPOUNDS 14, 26, AND 27 (d RELATIVE TO Me&i) 

-. 

Compound 

C-l 
c-2 
c-3 
c-4 
C-5 
C-6 
c-7 
C-8 
COCH3 

COCH3 

14 26 27 

67.34a 
76.43a 

114.96 

67.54” 
71.69” 
67.34a 
14.77u 
61.17 

170.33 
170.05 
169.93 
169.35 

13.39 
66.47a 
75.56a 
65.57a 
72.50a 
67.70a 
75.02a 
61.59 

170.33 
170.16 
170.02 
169.82 

- - 
- 

20.73 
20.56 
20.47 

69.22” 
75.53” 
66.53” 
72.36a 

15.59 

67.45” 
73.93a 
61.31 

170.52 
170.32 
170.24 
170.13 
170.13 
169.43 
21.03 
20.61 
20.56 

- 

21.17 
20.73 
20.61 

aTentative assignment. 

TABLE XII 

lH-N.M.R. DATA (CDC13, 250 MHz) FOR COMPOUNDS 31 AND 32 (6 RELATIVE TO Me&i) 

Proton Compound 
--. - 
31 

.~ 

32 

H-2 
H-3 
H-4 
H-5 
H-6 
H-7 
H-7’ 
COCH3 

J (H,H) in Hz 
H-2,H-3 
H-3,H-4 
H-4,H-5 
H-5,H-6 
H-6,H-7 

4.07 
5.41 
5.14 
5.46 
4.01 
4.20 

2.02 
2.07 
2.19 

10 
10.5 
3 
1 
6.5 

3.9 
5.42 
5.15 
5.40 
3.9 

to 
4.3 
2.00 
2.06 
2.20 

10.5 
10.5 
1 
1 
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MHz) spectrometers for solutions in CDCI, (internal standard, Mc,Si) or D,O 

(internal standard. sodium ?,‘,3,3-tetradcuterio-J.-t-di~net~~yl-4-sitape~~t~~~~~~~~te). For 

lJC-n.m.r. spectra. Brukcr WP X0 (?0.15 MHz) and Bruker HX 360 (‘IO.53 RfHz) 

spectrometers were used. All reactions were monitored by t.1.c. on sillcn get 60 F,,, 

(Merck), using 1 : I (v/v) ethyl ~tcctate--t)ctroleLlni ether (b.p. K-.70 ) l’or acct~tntcd 

compounds, I : 3 (v ‘L’) ethyl acetate- petroleum ether (b.p. h0--70 ) for benzytated 

compounds, and I : 3 (\ ,v) cth> I acetatc~- methanvl f;jr nonacet>tatcd sugars. Column 

chromatography was performed in the “ftaah chron7atcrgrat~h~” niodc’ “. uviig Gtica 

get (130-100 mesh, March 1. 

d._F,6.K-Tct~a-O-rr~.~~t~,~-~,, 7-~117/71~~/7.0-I’-h1.~11770-_7-~/~(~.~1 -I)-thrca-L.-galactc?- tr/~r/ -I.- 

tale-oc,tn,?of!itl.i/~ (14 c/t7ti 15). - Al~rl7otl (1. A mixture of -b,S.h.S-tctla-O-acct?‘l-3,7- 

anhydl-o-l>-th/.eo-L.-lnlo-octononitrile” (12) and 3,5,h.8-tett-a-C)-ac~tyt-3.7-;~nh~dI-~~-~~- 

thrco-L-tale-octononitritc” (IS) ( I 1. I 62 9, 3 mmoi ) in 2’. ;\~-dirnc~h~tf~~r~~~~~lldc (Dhl F ; 

50 mL) was treated with carbon tctrabromidc (1.01 g) and tr-irhenylphn~p~~ili~ ( 1 .XXS 

g) for 1.5 h at 60’, cooled. and evapornted to dryness under dimini\hcd prejhurc. 

The dark-brown residue was taken up in a little ether, and submitlccl 11) chromate- 

graphy in a column (30 x 3 cm) of- silica gut b\ith ether a5 the wl\cnt. t‘raction\ 

containing 14 and 15 were collected. and evaporated 111 w/c’~o. f‘rom cthcr, qstats 

mere obtained at ~20” that, accnrdrng to ‘H-n.m.r. apectroscopq, cc>nsi\tcd of both 

14 and 15. Recrystallization (7 .< ) from ethyl acetates-~~trolcLl]ii ether (hp. (10 70 ) 

yielded pure 14 (1’0 mg, Y”,,). The mother Irquor contained 1-i and 15. 

.4/cf/rod h. 1‘0 n solution of‘ triphenylpho~phi~ie (9.967 g) III hcwenc (I 30 ml. j 

was added benzene (30 mL) containing bromine (5.91 g). Jrop\\lht‘. under nitrogen 

during IS min. A mixture ol‘ 12 and 13 ( 17.X g, 33 mmot) diasolvud 111 hewcnc ( 100 

mL) was added, and the sotut~o~~ was bolted under rt‘flux for 30 min. After cooling, 

the solid was filtered off, and the filtrate evaporated under dimini\h~d prt’>\urc. The 

residue \vas purified by chromatography in a column (IO - 5 cm) k~i‘ Gtlca get Mith 

I ::! (v/v) ethyl acetate-petrotcLln1 cthcr (h.p. 6&7O ‘) as the ~~tvcnt. F-ractionk con- 

taining 14 and 15 wcrc collected, and evaporated i/l wcu~~, to yield a colorless SJ t-up 

( I I .7 g, 78 “,,) of 14 and 15 ( I : 11. Crystallization from <th) I :icet:ite pctrc~teum (6.17. 

ho-70 ‘) yielded pure 14 (1.33 g, c)“,,): m.p. t37’, [Y]::, -i.‘)l t,( I.!. CHCI,). 

rlnul. Catc. for C,,,HLIBrYO,,: C. J3.68; H. 1.&i: Br. Ii 57: h, 3 2h I‘otlnd~ 

C, 42.89: H, 4.6’: Br, 17.57; N, 3.,0. 

1E)-~.5.6,~Y-T~,tt.rr-o-~i[,(,t~,~-~, 7-arll7l’Cll.o--‘- ~l~o.~~‘-l~-gnlaut~-~~~~f--7-c~nt~t7o/rit~i/~~ (3) 

am/ (Z)-3,7-rrn/1~~i/,n-_‘-~/~~~~ ~l.-l)-g3lacto-ot.f-~-~~77~)~7~~77jt7.;/~, (2 ). !\ bolution of 

compound 14 (1 g, 2.22 mm01 ) in pyridine (3 mL) was shaken vigoroust> with sit\cl 

fluoride (technical grade. I g) for I min, poured into cthcr (300 ML). and the ~nsolubtc 

matter filtered ofr. The tittrate was succe~sivot~ w;t\hed \+,ith qut‘ou~ stadium thio- 

sulfate (2 ‘I,)? IO0 mL) and water (Z! / 100 mL,). dried (magii~~~uin hiitfiitc). nnd 

evaporated if7 wmc:. to yield ;I bro&,n S~FLI~ (600 mg). The mlxtuw 01‘ p~c~tuctz \\;I\ 

separated by chromatographv III ;I column (25 * 1.5 cm) 01‘ zilica gc>‘I \+ith -I I (1’. v) 

ether--petroleum ether (h.p. 60-70 ). The lirst fraction contnlncd 3. and. :it‘tcr crystatli- 
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zation from ether, yielded colorless crystals (100 mg, 12.2%); m.p. 60”, (TX]& 

1-47.2” (c 1.0, CHCI,). 

Anal. Calc. for C,,H19N0,: C, 52.03; H, 5.19; N, 3.79. Found: C, 52.05; 

H, 5.25; N, 3.71. 

From the second fraction was obtained a syrup consisting of the (Z) isomer 4. 

Attempts to crystallize 4 failed. To a solution of compound 4 in methanol (I 5 mL) 

was added a solution of ammonia in methanol (5 mL, Xq;) at 0”. After 4.5 h, the 

solvent was evaporated under diminished pressure, and 2 was separated from 

acetamide by chromatography in a column (15 x 0.8 cm) of silica gel with 2.5 : 14 :7 

(v/v/v} ethyl acetate-isopropyl alcohol-water. Coln~ound 2 crystallized from ethyl 

acetate at 0” after the addition of a little methanol: yield, 85 mg (40.3 :d); m.p. 144”, 

t45* $272.5” (c. 1.0, H,O). 

Anal. Calc. for C,H,,NO,: C, 47.76: H, 5.51; N, 6.96. Found: C, 47.43; 

H, 5.51; N, 7.04. 

(Z)-3,7-An/z~dro-2-deo.~~~-bdeute~io-~-galacto-oct-~-er~ononitvile (2-d). - A 

solution of compound 14 (I .O g, 2.22 mmol) in 5 : 1 (v/v) pyridine-D,O (6 mL) was 

kept for 24 h at room temperature, and then evaporated under diminished pressure. 

This procedure was repeated three times, whereafter the ‘H-n.m.r. spectrum showed 

a mixture of 14-d and 15-d having a deuterium content of 95 “i at C-2. A solution of 

this mixture in pyridine (3 mL) was treated with silver fluoride (1 g) as for 14 and 15. 

The product was deacetyfated with methano~ic ammonia. After separation from 

acetamide, 2-d was obtained by crystallization from ethyl acetate-methanoi; yield, 

78 mg (17.5 %) having a deuterium content of - SO:d at C-2. 

,7-(2,6-Anh~dvo-3,4,5,7-tetra-O-benz~l-~-glycero-~-manno-f~e~tos~~~)-l,3-diphe- 
nylimidazolidine (29). - 1,3-Diphenyl-2-(tetra-U-acetyl-2,6-anhydro-D-g~~,ce~o-L- 

manno-heptosyl)imidazolidine” (28) (I 5 g, 27.05 mmol) was deacetylated with 0.02~ 

sodium methoxide. The mixture was evaporated to dryness in wcuo, and the residue 

dissolved in absolute NJ’-dimethylformamide (250 mL) and treated with sodium 

hydride (I 0 g) under stirring. After 1 h, benzyl bromide (50 mL) was added dropwise 

during 2 h, and the mixture was stirred overnight, treated cautiously with methanol 

(10 mL), and evaporated in wcuo (0.1 Torr). A solution of the residue in chloroform 

(300 mL) was washed with water (2 x 200mL), dried (magnesiunl sulfate), evaporated 

to dryness ilr vacua, and the benzyl alcohol removed by steam distillation. The light- 

brown oil obtained (16.97 g, 84 ‘:;I) was used in the next step without purification. 

3,7-A~zhpdro-4,5,6,8-tetra-O-ben=J’l-l-deo.~~-D-threo-L-galacto-o~titoi (16) and 
3,7-an/?~d~o-4,5,6,8-tetra-O-ben~~~/-l~deo.~~-~-threo-~-talo-octitol (17). ---- A solution 

of compound 29 (I 8 g, 24 mmol) in dichloromethane was treated at 0’ with a solution 

of p-toluenesulfonic acid monohydrate (18 g) in acetone (200 mL,). The precipitate 

was filtered off after 1 h, and washed with dichloromethane (200 mL). The filtrate 

and washings were combined, washed successively with sodium hydrogencarbonate 

solution and water (200 mL each), dried ~lnagnes~um sulfate), and evaporated under 

dimi~islled pressure to a colorless syrup (13.5 g). At O”, a solution of the syrupy 

aldehyde in ether (150 mL) was added dropwise to a solution of methylmagnesium 
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iodide from magnesium (3 g) and methyl iodide (6 mL) in ether (150 mL), and the 

mixture was boiled for 1 h under reflux, and cooled. Ice-cold aqueous ammonium 

chloride solution (300 mL, 20%) was added cautiously, and the organic compound 

was extracted with ether (300 mL); the extract was washed with water (200 mL), 

dried (magnesium sulfate), and evaporated in vacua to a faintly brown oil containing, 

as its main components, 16 and 17 [t.l.c. with 1 :2 (v/v) ethyl acetate-petroleum 

ether (b.p. 6%70”), R, 0. I.5 and 0.281. Separation was achieved by flash chromato- 

graphy’ O in a column (15 x 7 cm) of silica gel with 1 : 3 (v/v) ethyl acetate-petroleum 

ether (b.p. 60-70”) as the solvent, to give syrupy 16 (5.41 g, 39%); [~]::a +28.9” 

(c 1.23, CHCl,); ‘H-n.m.r. data (CDCl,, 90 MHz): S 1.23 (d, 3 H, H-l), 2.2 (d, 

1 Hi, OH-2), 3.06 (dd, 1 H, H-3) 3.4-3.73 (m, 4 H, H-2,7,8,8’), 3.74-4.26 (m, 3 H, 

H-5,6), 4.3-5.1 (m, 8 H, -CH,-), and 7.1-7.4 (m, 20 H, 4 C,H,-), J1,2 6.7, J2,3 1.5, 

J3,4 9, J4,5 9, J5,6 1, and J6,7 1 Hz. After further elution with 1 : 1 (v/v) ethyl acetate- 

petroleum ether (b.p. 60-70”) and evaporation, 17 was obtained as a colorless syrup 

(4.29 g, 31 :/,); [c~-J;& +8.5” (c 1.31, CHCl,); ‘I-l-n.m.r. data (CDCl,, 90 MHz): 

6 1.14 (d, 3 H, H-l), 2.83 (bs, 1 H, OH-2), 3.27 (dd, 1 H, H-3), 3.5-3.66 (m, 3 H, 

H-7,8,8’), 3.67,(dd, 1 H, H-5), 3.97 (dd, 1 H, H-4), 3.87-4.16 (m, 2 H, H-2,6), 4.43- 

5.16 (m, 8 H, 4 -CH,-), and 7.23-7.53 (m, 20 H, 4 C,H,), J1,2 6.1, J,,, 4.8, J3,4 9, 

J,,6 2.6, and J6,? 1 Hz. 

3,7-An/~~dro-4,5,6,8-te~ra-O-benzyl-I_d-2-O-p-to~~visulfonyi-D-threo-~-ga- 

lacto-octirot (18). - A solution of compound 16 (4.8 g, 8.44 mmol) in pyridine (80 

mL) was treated with p-toluenesulfonyl chloride (1.93 g), and kept for 15 h at room 

temperature. After the usual processing, 18 was isolated as a colorless oil (5.47 g, 

93 %); bl::, -3.5” (c 1.71, CHCl,). 

3,7-Ani?~~ro-4,5,6,8-terra-O-kenzyl-ltalo- 

octitol(21). - A solution of compound 17 (4.8 g, 8.44 mmol) in pyridine (80 mL) was 

treated with p-toluenesulfonyl chloride (1.93 g), kept for 1.5 h at room temperature, 

and processed as usual, yielding 21 as a colorless syrup (5.3 g, 87 %); [a];& +9.74” 

(c 1.15, CHCI,). 

4,5,6,8-Tetra-O-acetyI-3,7-anhydro-l-deoxy-2-O-p-toEyEsu~fonyl-o-threo-L-talo- 
ocfitol(22). - Compound 21 (3.57 g, 5 mmol) in 10 : 1 (v/v) methanol-ethyl acetate 

(I 50 mL) was hydrogenolyzed in the presence of palladium-charcoal as the catalyst. 

When no further hydrogen was taken up, the catalyst was filtered off, and the filtrate 

was evaporated under diminished pressure, to give crystalline 3,7-anhydro-l-deoxy- 

2-~-~-tOlylsu~fonyl-D-~/~reo-L-~a/~-octitol (1.7 1 g, 94.6 :/), which was acetylated with 

I : I (v/v> acetic anhydride-pyr~din~ (50 mL) for I5 h, and processed in the usual 

way. From ether were obtained colorless crystals (1.82 g, 71%); m,p. 128 ‘, [a]::, 

+4.2” (c 1.0, CHCI,). 

Anaf. Calc. for C,,H,,O,,S: C, 52.07; H, 5.70. Found: C, 52.07; H, 5.87. 

4,.5,6,8-Tetra-0-acetyi-3,7-ankydro- I -deoxy-2-0-p-toE_vlsuifonyl-D-threo-L-ga- 

Iacto-octitoi (19). - ~~et~~od a. 4,5,6,8-Tetra-O-acetyl-3,7-anhydro-l-deoxy-D-~~re~- 

r--@a&-octitol (23) (4.09 g, 10.74 mmol) in pyridine (100 mL) was treated with 
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p-toluenesulfonyl chloride (3.1 g) for 24 h at room temperature, and the mixture was 

processed in the usual way, to give 19 as a colorless syrup (5.1 g, 89%). 

Metllod 6. Compound 16 (4.98 g, 6.98 mmol) in 10: I (v/v) methanol-ethyl 

acetate (200 mL) was hydrogenolyzed with palladium-charcoal as the catalyst. When 

the reaction was complete, the catalyst was filtered off. and the filtrate was evaporated 

under diminished pressure, to yield a colorless syrup (2.54 g) to which was added 

1 : 1 (v/v) acetic anhydride-pyridine (100 mL). After 15 h, the acetylation was com- 

plete, and the mixture was processed in the usual way, to give 19 (3.34 g, 92.3 “;) as 

a colorless syrup, [%I::, + 15.7” (c 0.97, CHCI,). 

(2)-3,7-Anl~~d~o-1,2-dideo~~-~-galacto-oct-,7-enitol (5) and 2,4,5,6,8-penta-O- 

acet~I-3,7-anl~~dro-I-deolcJ,-D-threo-L-talo-octifol(27). - To a solution of compound 

19 (4.01 g, 7.5 mmol) in absolute DMF (150 mL) was added sodium benzoate (5 g), 

and the mixture was boiled under reflux with stirring, cooled, and evaporated in 
vacua (0.1 Torr); a solution of the residue in water (200 mL) was extracted with 

chloroform (3 x 200 mL), and the extracts were combined, successively washed with 

saturated, aqueous sodium hydrogencarbonate solution (200 mL) and water (2 x 

200 mL), dried (magnesium sulfate), and evaporated under diminished pressure, 

to yield a dark-brown oil which was deacetylated with 0.02~ sodium methoxide 

(120 mL). After 6 h, the solution was de-ionized by passage through a column 

(10 x 1 cm) of silica gel, and the eluate was evaporated to dryness under diminished 

pressure. The residue was chromatographed in a column (10 x 5 cm) of silica gel 

with 10: 1 (v/v) ethyl acetate-methanol as the solvent, yielding 5, crystallized from 

20: 1 (v/v) ethyl acetate-methanol (580 mg, 40.2oI); m.p. 162”, [u]::, +184.6” 

(c 1.0, H,O). 

Anal. Calc. for C,H,,05: C, 50.52; H, 7.42. Found: C, 50.35; H, 7.63. 

Elution with 2 : 1 (v/v) ethyl acetate-methanol yielded syrupy 3,7-anhydro-l- 

deoxy-D-three-L-ta/o-octitol, which was acetylated with 1 : 1 (v/v) acetic anhydride- 

pyridine (20 mL). After 18 h the reaction was processed as usual, and the product 

crystallized from ether, to give 27 (880 mg, 27.70/a); m.p. 96”, [K]:$, -4.4” (c 1.0, 

CHCl,). 

Anal. Calc. for C18H26011: C, 51.67; H, 6.26. Found: C, 51.38; H, 6.24. 

(Z)-4,5,6,8-Tetra-O-acet~l-3,7-anl~~~dro-I,2-dideos~~-o-galacto-oct-2-enitol (6). 
- A solution of compound 5 (190.2 mg, 1 mmol) in 1 : 1 (v/v) acetic anhydride- 

pyridine (8 mL) was kept for 18 h at room temperature, when the reaction was 

complete, and the mixture was processed as usual, to give a colorless syrup (328 mg, 

92%). 
3,4,5,7-Tetra-O-acet~l-2,6-ankq~dro-D-glycero-L-manno-heptonic acid (31). - 

2,6-Anhydro-b-$J,cero-L-lnanno-heptonic acid’ ’ (30); 44 g, 211 mmol) was suspended 

in acetic anhydride (200 mL), and the mixture was stirred with zinc chloride (16 g) 

for 24 h at room temperature, poured into ice-water (1 L), stirred for 3 h, and ex- 

tracted with chloroform (10 x 100 mL). The extracts were combined, washed with 

water, dried (magnesium sulfate), and evaporated to dryness in vacua. The resulting, 
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pound 23 (1.2 g, 3.19 mmol) was added, and the mixture was boiled under reflux 

for 1.5 h, cooled, and evaporated under diminished pressure. The dark syrup resulting 

was dissolved in ethyl acetate (5 mL), and purified by flash chromatography on a 

column (10 x 3 cm) of silica gel, with ethyl acetate-petroleum ether (b.p. 60-70”) 

as the solvent. Fractions containing 25 were evaporated in vacua, to give a colorless 

syrup that crystallized on adding a little 1 :4 (v/v) ethyl acetate-petroleum ether, 

and storing at 0” (870 mg, 62.30;)); m.p. 127”, [x]::~ f8.7” (c 1.0, CHCl,). 

Anal. Calc. for C,,H,,BrO,: C, 43.75; H, 5.28. Found: C, 43.89; H, 5.38. 

(E)-4,5,6,8-Tetva-O-acet~~1-3,7-anl~~~dro-I,2-dideosy-D-galacto-oct-2-enitol (7). 

- A solution of compound 25 (200 mg, 0.46 mmol) in pyridine (10 mL) was stirred 

vigorously with silver fluoride (400 mg, technical grade) for 4 h. The suspension was 

poured into ether (150 mL), stirred for 0.5 h, and filtered. The filtrate was successively 

washed with aqueous sodium thiosulfate solution (100 mL, 2 ;,) and water (100 mL), 

dried (magnesium sulfate), and evaporated under diminished pressure to a light- 

brown syrup that was purified by flash chromatography in a column (10 x 0.8 cm) 

of silica gel with 1 : 2 (v/v) ethyl acetate-petroleum ether (b.p. 60-70”) as solvent. 

A colorless syrup of 7 was obtained (104 mg, 63S;). For characterization, 7 was 

deacetylated. 

(E)-3,7-Anlzq’~~o-I,2-dideo.~~-D-galacto-oct-2-enitol (8). - A solution of com- 

pound 25 (700 mg, 1.59 mmol) in absolute N,N-dimethylformamide (10 mL) was 

treated with 1,8-diazobicyclo[5.4.O]undec-7-ene (DBU) (1 mL), and kept for 3 d 

at 65”. After cooling, ether (300 mL) was added, and the mixture was washed with 

water (100 mL), dried (magnesium sulfate), and evaporated to dryness in vacua. 

The syrup obtained was dissolved in 0.02M sodium methoxide, and after deacetylation 

was complete, the solution was passed through a column (7 x 0.7 cm) of silica gel 

for neutralization of the base. The eluate was evaporated under diminished pressure, 

and the resulting dark-brown syrup was submitted to flash chromatography in a 

column (7 x 3 cm) of silica gel with 10 : 1 (v/v) ethyl acetate-methanol as the solvent. 

Fractions containing 8 were collected, and evaporated to dryness in vacua. The 

resulting residue was dissolved in ethyl acetate; and on adding petroleum ether (b.p. 

60-70”) to incipient turbidity, 8 crystallized slowly (130 mg, 43 9); m.p. 107 ‘, [ ~13:s 

f44.3” (c 1.0, H,O). 

Anal. Calc. for C,H,,O,: C, 50.52; H, 7.42. Found: C, 50.27; H, 7.55. 

3,7-Anhydro-4,5,6,8-tetra-O-benzyI-l-deoxy-D-glycero-L-manno-octulose (35). 
- A solution of compound 16 (7.2 g, 12.66 mmol) or compound 17 (7.2 g, 12.66 

mmol) in absolute N,N-dimethylformamide (80 mL) was treated at room tempera- 

ture with pyridinium dichromate I4 (20 g). After 18 h, the suspension was poured 

into ether (300 mL), washed with water (150 mL), dried (magnesium sulfate), and 

evaporated to dryness in vacua. The light-yellow syrup obtained was purified by 

flash chromatography in a column (5 x 3 cm) of silica gel, with 1 :3 (v/v) ethyl 

acetate-petroleum ether (b.p. 60-70”) as the solvent, to give 35 as a colorless syrup 

(6.39 g, 89%); [d::, +30.6” (c 1.4, CHCl,). 

3,7-Anhydro-4,5,6,8-tetra-O-benzyl-l-deoxy-2-deuterio-D-threo-L-galacto-octitol 



( 16-d) <ml 3. 7-at~h~~tl~o-~.5.rl,X-tt~t~o-O-h~~t~~~~l-I-~lilf’~~ \_I’- ~-(/~rrtcl,ic,-I)-tlirc~,-L-tale-oc,fi- 

lo/ (17-d). --- Compound 35 17.5 g. 13.33 mmol) in ilbWllltC rthcr I I50 ml.) has 

reduced with lithium aluminum deutcride (450 mg). Alter hailing o\ ernight undct 

rellux. the cxccss of rcductant was decomposed by cautiously addtng cth>l ucctatr 

(3 mL) and then meth:mnl (IO mL). The mixture \+a\ ~ashcd \\ith \i;iter (7 - I50 

mL). drlcd (magnesium wlfilte ). and e\ upornted to drynw under diminiJlcd pressure. 

The colorless syrup obtninrd was submittcd to flash ctlr~~llli\tojiril~h~ 111 :I column 

(II v 5 cm) of Glica gel. AS the eluant. I ..! (v \ ) ethyl acetate- petroleum ct!wr 

(hp. 60-70 ) wah ubt\d to clutc 16-J. \%hich after cvaporatinn of the eluotc was ob- 

tained as a syrup I I.(, g. 21.3”,,); ‘H-n m.r data (CDCI,. ‘Iit MlH/). ,i I.23 (s. 3 H, 

H-l ). 2.36 (hs. I H. OH). 3.0X (d. I H. H-3). 3.47 3.73 (tn. 4 H. H-57.X.X’). 3.47 

(dd. I H. H-h). 4.10 (dd. I H. H-4). 4.37-S 06 (tn. X H. 4 Cl-l,). and 7.1 7 ic tm. 10 H. 

-I C,H,); ./J.l 9.X. & Y, .li.,, 3. and .I,,,- I Hz. 

Compound 174. subsequently cluted with 3: I l,v I 1 ethyl acetnte-petn)lcurn 

ether (b.p. 60- 70”). gas ohtalned as a qrup (3.8 g. 50 5 “,,)I ’ H-n.m.r. data (CDCI,, 

90 MHz): o I.1 (,. 3 H. H-l), 2.03 (h>,. I H, OH). 3.1s (d. I t-1. H-3). 3.3fr-3.W 

(m. 3 H, H-7.8,8’). 3.5s (dd, I H. H-S), 3.X5 (&I. I ti, H-4). 3 Y3 fdkf. I H. H-h). 

-!.I--45 (tn.8 H,4CHI),and 7-l-7.5 (m. 20 H,-lC,,H,):./,.,u..li ,.,, 3. ;~II~J~,.~ I Hz 

_~.,~--.-1ii11~~/~o-~.~.~.~~-t~~l~~1-~~-b~~ti~~~i- I-ilco \-.I’ - .? - rltwtwb - ,‘- 0 - p-rr~i~~~~lr~fi~tl~~lt~- 

thrco-t_-galacto-oc.tito/ (18-t/). Compound 16-t/ (-1.S g. S -L+ mmol I was trcnted 

uith /+toluene5ulfonyI chloride f I .Y3 g) in pyridine (HO ml. 1. and ;ilicr- I5 h \+a~ 

processed in the usu;ll way: 18-r/ N:IS obtatned a\ :t colorlcs\ syrup (5.h5 g. Y3”,,): 

‘H-n.m.r. data (CDCI,, 90 MHz): ci I.33 (b. 3 tl, H-l ). 2.3? (s. 3 H, Cli,). 3.47-3.70 

(m, 4 H. H-5.7.8.8’). 3.8%4.13 (m. :! H, H-4.6), 1.37 -5.03 (m. X ti. -I CH,). and 

7.0-7.X (m, 2-I H. C,H,. 4 C,.H,): .I, ., 9.9. .J4.! 9. .J5.( 3. ;md .I,,.- I I-f/. 

~,5.6.X-Tct~n-O-nc~rt~~l-.~.~-trt~l1~~cl~o-I-rJt~o.\:r - .?-tk~u~cv+~ - 2 - 0 - p - fr ,/t.~~rr/ji)ri!./-I,- 

thrco-L-gatricto-~)~tifo/ (194). - From 18-c/ (7.0 g. I 1. I I’ mmol). compound 19-d 
(5.63 g. c!-l”#,) hiis obtained ;i\ described for the preparation 01‘ 19; ’ H-n.m.r. data 

(CDCI,. 90 MHz): 0 I.28 (\. 3 H, H-l ). I.95 (5, 3 H. COCH, J. 501 (s. h H. 2 COCl-I, ). 

LOh (s, 3 H. COCH,), 2.42 (\. 3 H. CH,). 3.55 (d. I Il. tl-3). 3.7 4.1 (m. 3 IH. H- 

7.8.X’). 1.93 (dd. I H, H-5). 5.23 ((Id. I Il. H-4). 5.2s (dd, I tl. H-6). and 7.X and 

7.6X (2 d. 4 H. C,H,): J,,, ‘I.% .J4 5 IO. .I,*,, 3. and .I,,-. I H/. 

t Z)-~.~-.~II~I_I~~~II- J. _‘-tlid~w vt’- _‘-fk~~rtc~~if~-l~-galacti~-f~c~t-~-~rirt~~l (5-d 1. - Com- 

pound 5-d was synthesized from 194 (4.01 g, 7.5 mmol) ;I\ dewxhcd tbr 5. gv~ng 

crystalline 5-J (570 mg. -IO”,, ). 

~,1.5.6.S-JJcr1t~r-O-ut~c~r~~/-~7,.7-at?l~~~~~o-J-~h~o\~~-i~-thrcc~-r.-gnl~~cto-r~~~rr~o/ (26). 

Compound 23 (500 mg. I 33 mm01) ~1s treated with I : I (v,‘\ ) acetic anhydride- 

pyridine (IO mL). antI hept for I5 h at room tcmperaturc. Con~cntional isolatlnn 

of the acctnte yielded crystalline 26 (II 7 mg. 75” ,,) from ethyl ;tcet,itc- pctrolcum 

ether (h.p W-70’-): m.p. c)O-, [ CY:]& t 36.7 ((* I.0 CHCI, j. 

.-l~w/. Cnlc. for C18HL(,0,, : C. 51.67: H, 0.X I-ir~~nd C, 51.37: l-1. (1.15. 

-* .- . 1 4 F 6.X-Pc~lltrr-O-ut~~~t~.I-Z..‘- ~I.I rlw- J-dtw.\ I -I)-tlir~e~-I.-t;LI~~-ol.tl/,,I (27). 

Compound 17 ( I g. I .70 m mol I, dkolved in methanol ( 100 III I. 1. wm hyJrogenol!xd 
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in the presence of palladi~~m-charcoal as the catalyst. When the reaction was com- 

plete, the insoluble material was filtered off, and the filtrate evaporated under di- 

min~shed pressure. The residue was acetylated with I : I (v/v) acetic anhydride- 
pyridine (10 mL). Conventional isolation yielded colorless crystals of 27 (544 mg, 
74%) from ether; m.p. 96”, [~]f;, -4.4” (c 1.0, CHCI,). 

,4nal. Calc. for C,,H,,O,,: C, 51.67; H, 6.26. Found: C, 51.38; H, 6.24, 
3,7-Anl?vd~o-l-deo.~~-2,4 : 6,8-d~-O-~e~~~~iderze-D-threo-L-~io-octit~~ (36). - 

Compound 26 (1.47 g, 3.5 mmol) was treated with 0.02~ sodium methoxide solution 
(I 0 mL). After 4 h the sohrtion was de-ionized by passing it through a column (7 x 
0.5 cm) of silica gel, and evaporated to dryness irz rdcuo. The residue was dissolved 
in water (10 mL), and the solution lyophilized. The colorless powder resulting was 
quickly added to a mixture of benzaldehyde (5 mL) and anhydrous zinc chloride 
(2 g), and the mixture shaken vigorously in the dark for 6 h. When the reaction was 
complete, ice (30 mL) was added, and the mixture was j~nmed~ately extracted success- 
ively with petroleum ether (b.p. 30-50”; 2 x 40 mt) and chloroform (2 x 50 mL). 
The extracts were combined, successively washed with aqueous sodium hydrogen- 
carbonate solution (35 mL) and water (2.5 mL), dried (magnesmm sulfate), and 
evaporated to dryness under diminished pressure. The residue was purified by 
cllromatography in a column (9 x 2.5 cm) of silica gel with 1 : I (v/v) ethyl acetate- 
petroleum ether (b.p. 60-70 “) as the solvent. compound 36 was isolated as a colorless 
syrup (990 mg, 70.11/,); {cz]& +35.0” (c 1.08, CHCI,); ‘H-n.m.r. data (CDCl,, 

90 MHz): S 1.36 (d, 3 H, H-l), 2.66 (bs, 1 H, OH-5), 2.94 (dd, 1 H, H-3), 3.3 (m, 
1 H, H-7), 3.6-4.4 (m, 8 H, H-2,4,5,6,8,8’), 5.43 (s, 1 H, -CH-), 5.56 (s, I H, -CH-), 
and 7.1-7.5 (m, 10 H> 2 C,Hs). 

3,#,5,7-Tetra-O-acet~l-2,6-ani~~dro-I-de#~~-D-galacto-~?ept-I-enitol (9). - This 
compound was prepared according to Brockhaus and Lehmann’, but unlike those 
authors, we were able to obtain compound 9 crystalline from ether by carefully adding 
petroleum ether (b.p. 60-70”). Colorless crystals formed at -20” (81.9%); m.p. 

65”, [=]::, -l-69” (c 1.0, CHCI,); lit.’ [cz]::, +70” (c 1.0). 
Anal. Calc. for C,,H,,O,: 52.32; H, 5.86. Found: C, 52.29; H, 5.86. 
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