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ABSTRACT 

A number of derlvatlves of the ketohexose D-psicose have been synthesized, 
comprlsmg examples of acetals, esters, ethers, and glycosldes Among them are 
precursors of I-, 3-, 5-, and 6-mono-O-methyl-D-pslcose, mcludmg 3-Gmethyl-/?-D- 
pslcopyranose 4,5-carbonate, the first crystalhne representative of the reducmg form 
of the ketose A synthesis of D-pslcofuranose 6-phosphate IS also described At least 
three types of conformation are encountered among the pyranose denvatlves, 
accordmg to n m r-spectroscopic data, they appear to be ‘Cs, 3So, and 5So, the 
last two bemg characteristic of 3,4- and 4,5-GIsopropyhdene or cyc11c carbonate 
denvatlves, respectively Some conformatIona features of the furanose derlvatlves 
are also described 

INTRODUCTION 

In order to study tautomerlc equlhbrla of D-pslcose, and conformatIons of 

Its rmg forms’ 2, various reference compounds were needed, and obtammg them 

Involved the synthesis of a substantial number of new derlvatlves of the ketose, 

based on the readily avaIlable 2-6 I,2 4,5-dl-O-Isopropyhdene-/3-D-pslcopyranose (1) 
as the startmg material The preparation of these derivatives, and some of their 

stereochemxal charactenstrcs, are reported here 

RESULTS AND DISCUSSION 

(A) I,2 3,4-Dr-O-IsopropJThdene-fh-psrcopyl anose - It has been shown 

earher that, when 1 IS treated with acetone m the presence of an acid catalyst, It IS 

rapIdly converted mto I ,2 3,4-dl-0-Isopropyhdene-j?-D-psicofuranose (2) For many 
years, the latter has been known’ as a crystallme derlvatlve of the sugar, suItable 
for Its Isolatron and charactenzatlon Durmg the present study, the Isomenzatlon 
of 1+2 has been re-exammed At eqmhbrmm, the ratlo of 2 to 1 was - 5 1 (accordmg 

to t 1 c and ‘H-n m r-spectral observations), although a third component detected 
was Isolated m 10% yield by column chromatography_ This third product was also 
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crystalline, and proved to be the previously unknown 1,2 3,4-d&-lsopropyhdene- 

B-D-pacopyranose (3) 
Evidence supportmg structure 3 was obtamed as follows Selective hydrolysis 

with 80 o/0 acetic acid for 3 h at room temperature ylelded I$?-O-lsopropyhdene+D- 
pslcopyranose (4), which had previously been obtamed’ analogously from 1 Barrmg 
a rearrangement, this showed that 3 IS pyranold and contams a 1,2-acetal group 
Methylatlon of 3 afforded a crystalline monomethyl ether (5), partial, acid hydrolysis 
of 5 (as for 3) gave 6, and complete hydrolysis ylelded syrupy 5-O-methyl-a,&D- 
pslcopyranose (7)*, characterized’ by 13C-n m r spectroscopy. Thus, O-3 and O-4 
of 3 must be the sites of the second O-lsopropyhdene group 

On oxldatlon with ruthenmm tetraoxlde, 3 gave crystalline 1,2 3,4-dl-0- 
Isopropyhdene-8-D-ery;lrro-2,5-hexodlulo-2,6-pyranose (8) m 90 o/0 yield The D-rzbo 
configuratron was regenerated when 8 was reduced with hthlum alummum deutende, 
that IS, 9, the 5-deutero analog of 3, was obtamed (70% yield)** Differences ob- 
served In the ‘H-n m r spectrum of 9, as compared with that of 3, were as expected, 
the signal ascribed to H-5 of 3 was mlssmg and that of OH-5, formerly a doublet, 
was a singlet, H-4 now produced a doublet, rather than a triplet, and the H-6 and 

H-6’ signals were changed to a simple AB pattern All of these findings alded m 
con&rung the structure of 3 

*Another route to 7. and also 6, mvolvmg the preparation of a cychc carbonate IntermedIate, 1s 
described In sect C 
**D-Psicose-5-d, prepared by acid hydrolysis of 9, has been used” III an anatysls of the 13C-II m r 
spectrum of D-pslcose The high degree of stereoselectlvlty observed III the formatIon of 9 parallels 
that for the preparation of 1 from the corresponding 3-keto precurso+-6 
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‘H-N m r spectroscopy was used to momtor the aad-catalyzed Isomenzation 
of 1 to 2, using acetone-d, as the medium the CH, signals of the 4,5-U-lsopropyhdene 
group decreased markedly wlthm 0 5 h, followed by those of the 1,2-acetal substituent 
durmg the next 3 5 h, when the observable spectrum corresponded to that of 2 
(neglecting minor stgnals) Tlus suggests that the lsomerlzatlon does not entail 
intramolecular rearrangement of the 0-lsopropyhdene groups of 1 but, rather, a 
continuous exchange with acetone molecules m the medmm Under the same condl- 
tlons, the spectrum of 2 remamed essentially unchanged, aslde from the expected 
disappearance of the CH, signals* 

(B) 3-O-Methyl derrvatrves - In order to obtam 3-O-methyl-D-psicose (10) 
for use m the 13C-n m r studies cited ’ 2, 1 was treated with methyl Iodide and 
sdver oxide, glvmg 11, followmg which, the acetal substltuents were removed by 
hydrolysis with a catlon-exchange resm By selective hydrolysis with 80% acetlc 
acid, 11 was converted mto syrupy monoacetal 12 which, by reaction with phosgene 
m pyrldme, ylelded the 4,5-carbonate 13 When the 0-lsopropyhdene group of 13 
was removed by hydrolysis, 3-O-methyl-B-D-pslcopyranose 4,Scarbonate (14) was 
obtamed It appears that this IS the first example of a crystalhne form of D-pacose 
contammg a free, anomenc hydroxyl group 

Ketose 14 was strongly levorotatory ( [aID -97 “), mdlcatlve of the p configura- 
tlon assrgned, and It exbblted no mutarotatlon m water However, Its ‘H-n m r 
spectrum m dlmethyl sulfoxlde-d, contained a weak smglet, m addltlon to the 
promment OH-2 smglet’, suggestmg that perhaps 5% of the t( anomer was present 
The presence of a tnplet ascnbablel to OH-I confirmed that this group m 14 IS also 
unsubstltuted 

An alternatlve synthesis of 13 IS descrtbed m the succeedmg sectlon 
(C) Cyclzc and acychc carbonate derwatwes of I,.?&sopropyhdene-D-D-pslco- 

pJ?ranose (4) - The crs-crs-3,4,5-tnol grouping m D-pslcopyranose allows9 the 
posslblhty of two different, cychc carbonate derlvatlves Indeed, the reactlon of 
1,2-O-lsopropyhdene-j?-D-pacopyranose (4) with phosgene was found to yield a 
mixture of the 3,4- and 4,5-carbonates (15 and 16), together with some products 
assumed to be dlmenc (t 1 c evidence) As one ObJectlve of this expenment had been 
to prepare 1,2-O-~sopropyl~dene-5-U-methyl-~-D-pslcopyranose 4,5-carbonate (17), 
en route to 5-O-methyl-D-pslcose (7), the mixture of compounds was treated directly 
with methyl lodlde and sdver oxide Column chromatography of the methylatlon 
product on slhca gel then afforded 10% of crystallme 17, as well as 40% of the 3-0- 
methyl derlvatlve 13, this large difference m yle!ds showed that the 4,5-dlol groupmg 
of 4 IS much more reactive than the 3,4-dlol ** towards phosgene The IdentIty of 
17 was established by it- conversion mto 6 by de-estenficatlon with sodmm methoxlde 

*The use of 2 for the synthesis of various furanose denvatwes, mcludmg D-pslcose Gphosphate, IS 
descrkd herem 
**A branched analog of 4 bearmg a 3-C-(pyndm-2-yl) substltuent exhlblts an even greater dlspanty, 
under the same condltlons, It gave a 1 9 ratlo of the 3,4- and 4,5-carbonates’0 
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Two addltlonal products were eluted from the column, m yields of 15-20x 
Each exhtbtted a strong I r. absorptton band (1770 cm-‘) characterrsttc of an acychc 

carbonateg, as well as one (1820 cm-‘) for a cychc carbonateg, each product also 

showed a methoxyl ‘H smglet whrch was not, however, that of an ether substttuent, 
as shown by the fact that, m sodmm methoxrde solutron, both products ytelded the 

orrgmal trtol (4) Taken together with elemental analyses, these charactensttcs mdtca- 

ted that the compounds are 1,2-O-~sopropyl~dene-3-O-(methoxycarbonyl)-~-D-ps~co- 

pyranose 4,5-carbonate (18) and 1,2-0-tsopropyhdene-5-O-(methoxycarbonyl)$-D- 

pstcopyranose 3,4-carbonate (19) A fuller characterrzatton of 18 and 19 was afforded 
by then ‘H-n m r spectra (see sect E) 

In one expertment, another patr of crystalline products (20 and 21) was isolated 
As shown by elemental analysts, 1 r spectroscopy, and the fact that each yielded 4 
when treated with methoxide, these products are drcarbonates slmtlar to 18 and 19 

Moreover, 20 appeared to be closely akm to 18, and 21 to 19, Judgmg from a com- 
parison of thetr ‘H-n m r spectra Surprtsmgly, however, 20 and 21 exhtbrted signals 
attnbutable to an OCH,CH, group (rather than the OCH, of 18 and 19), which was 
consrstent wtth the elemental analyses Hence, the products are formulated as 3-0- 
(ethoxycarbonyI)-1,2-O-lsopropyhdene-~-D-ps~copyranose 4,5-carbonate (20) and rts 
rsomenc 5-O-(ethoxycarbonyl) 3,4_carbonate (21) The occurrence of an ethoxyl 

group m these compounds was unexpected, and Its source was found to be ethanol, 
present as a stabilizer m the chloroform used during processmg, that IS, followmg 
the reaction of 4 with phosgene, thts impure chloroform had been introduced as an 
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extractant, but 20 and 21 were not detected when ethanol-free chloroform was used 
for the purpose 

It 1s probable that compounds 18-21 are derrved from the umdentlfied products 
accompanymg 14 and 15 An mtermolecular carbonate (e g , 22) IS one possrbrhtyg, 
as already noted, and Its carbonate bndge would be expected” to be much more 
ltable to solvo1ys1s m neutral or basic medta than the cychc carbonate group Hence, 
m the basrc medmm generated by sliver oxide durmg methylatron, 22 would be 
converted mto a mixture of 18 (or 19) and 13 (or 17) Slmrlarly, ethanolysls” of 22 
could account for product 20 (or 21) An alternatrve source of the 0-(alkoxycarbonyl) 
derrvatrves, particularly 20 and 21, may be 3- and 5-chloroformates (23 and 24), 
although the relatrvely unstable 3-0-(chloroformyl)-1,2 4,5-dr-O-lsopropyhdene-a-D- 
glucofuranose has been prepared” 

Compound I9 was utlhzed to synthesrze a precursor of I-U-methyl-D-psrcose 
(compound 18, 20, or 21 mrght have served equally well) Removal of the 1,2-0- 
lsopropyhdene group wrth a catron-exchange resin, followed by methylatron, afforded 
crystalime methyl 5-0-(methoxycarbonyl)-i-O-methyl-~-D-ps~copyranos~de (25) The 
structure of 25 was grven by the results of elemental analysrs, ‘H-n m r. and 1 r 
spectroscopy, and Its strong, negative, specrfic rotatron (-84”) No trace of the z 
anomer was detected m us preparatron 

(D) GIJ coszdes of D-pszcose - D-Psrcose, prepared by acrd hydrolysis of 1, 
was heated under reflux m methanohc hydrogen chlorrde, chromatographtc examma- 
Don of the reaction mrxture at intervals Indicated that equrhbrrum was approached 
m 5 h The products were Isolated by successrve chromatography on cellulose and 
an amon-exchange resrn, or, as peracetates, by chromatography on srhca gel These 

1.9 (R= OMe) ig(Q= OMe) 

23 (R = Cl) 24 (R = Cl) 

20 

Me0 0 
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TABLE I 

1H-‘H COUPLING” AND OPTICAL ROTATORY DATA FOR PYRANOSE DERIVATIVES CONTAINING 1,2- OR 

4,sCYCLIC suBsnTuE NTS, OR BOTH 

Compound J, 4 Js 6 MDb 
(degrees) 

1C 90 27 75 20 10 13 5 -31s 

I(OAc)d 95 28 75 18 12 14 0 -350 

lld 90 28 75 15 15 c -420 
13” 92 35 75 19 14 c -345 

1Sf 95 35 75 16 06 140 -365 
2of 95 35 75 12 22 140 -372 

14= 11 5 41 70 25 IO 14 5 -213 
__ __ - -_____ 

uObserved spacmgs (Hz) bIn chloroform ‘In acetone-& din CDC13 ‘H-6 and H-6’ signals almost 
comclde fin 1 1 chloroform-d-benzene-de 

32 33 

procedures afforded methy cx- and j?-D-pslcofuranoslde (26 and 27) and methyl 
B-D-pacopyranoslde (28), m the ratios of 1 1 1 2, as well as their respective tetra- 
acetates (29-31), compounds 28, 30, and 31 were crystalhne The glycosldes have 
been dlfferentlated by 13C-n m r spectroscopy’ 13, as well as by their ‘H-n m r 
spectra, and by polarlmetry 

It IS noteworthy that the a-pyranoade was not detected m either group of 
products However, Its formatlon has been observed13 when calcmm Ion 1s present 
durmg the methanolysls 

(E) Conformation of pyranose derrvatwes contamng a fused, 4,5-rmng substl- 
tuetzt - ‘H-lH couplmg and optlcal rotatory data are presented m Table I for 
derlvatlves related to 1, I e., those bearmg either a 45O-lsopropyhdene or a 4,5- 
carbonate group and also a substltuent on O-3 Clearly, all of them exhlblt smular 
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patterns of vmmal couplmg, and are strongly levorotatory. The fact that J4 5 (con- 
sistently 7 5 Hz) IS large, and J5,6 and J5,6 are small (2 5 Hz, or less) imphes that the 
C-4-H and C-5-H bonds are substantially eclipsed, and that the 5,6 and C-6’-H 
bonds are guuclze Simdarly, J3,4, the value of which is umformly close to -3 Hz, 
mdrcates staggering of the correspondmg C-H bonds From an mspection of molec- 
ular models, these couphng data are m accord with the 3S, conformation (32) for 
each of these derivatives of D-psicopyranose 

The data in Table I have been utihzed to differentiate between the dlcarbonate 
denvatlves (see sect D) That IS, 18 and 20 have been assigned a 4,5-rmg substituent 
because their characteristics readily pIace them in this group, rather than m the 3,4 
category (see sect F) Accordingly, the alkoxycarbonyl groups are situated on O-3 

Included m Table I are data for 3-O-methyl-/3-D-psicopyranose 4,5-carbonate 
(14), they are closely similar to those for the other compounds, aside from a some- 
what larger value of J1 L This analogy suggests that the sprro-dioxolane rmg at C-2 
IS not of substantial importance III determmmg the conformatron of these molecules 

Another basis for comparison IS offered by the couphng data for methyl 
1,3,4,5-tetra-O-acetyl-/3-D-psicopyranoside (31) All of the vlcmal couplings for 
this compound are relatively small (t4 Hz) and, also, there is long-range couplmg 
between H-3 and H-5 (the sole example of long-range ‘H-IN couplmg encountered 
in the study) These charactenstrcs, whrch are dlstmctrve from those for all of the 
other derrvatlves, indicate that, m the absence of the fused 4,5-ring, the /3-D-pwco- 
pyranoslde 31 adopts the ‘C, conformation 

(F) Corzfornzatzon of pyranose derzvatzves havzzzg a fzrsed, 3,4-ruzg szzbstztzzetzt - 

Derlvattves related to 3, I e , those contauung a ring fused at C-3 and C-4 and a 
substltuent on O-5, are compared m Table II Their ‘H-‘H coupling characteristics 
differ in several respects from those tn Table I values of J5 6 and J5 6 are much 
larger (7 5 tJ, 6 + J, 6 -Z 15), indicating that H-5 IS a_\zaI (In 3) or quasi-a\-zai, 

the large value of J, A rmphes near-echpsmg of the C-3-H and C-4-H bonds, and a 

TABLE Ii 

‘H-‘H COUPLIUG= AhD OPTICAL ROTATORY DATA FOR PYRANOSE DERIVATIVES CONTAIMhG I,?- OR 

3.4-m CLIC SUBSTTTUE-XS, OR BOTH 

------------ _____---- -- - - - 

Comporrnd Jl 1 Js J J5 G JGS MD* 

(degrees) 

--- --__ __-__ 

3= 85 75 32 64 95 92 -182 
s 90 75 25 -6 d d -203 

17= f 75 36 60 50 f -35 

190 f 75 40 25 38 f --1sa 

21g f 75 40 40 65 I -193 
259 I1 0 70 45 45 45 f -245 

aObserved spacmgs (Hz) *In chloroform cm acetone-d6 dSlgnals overlapped =In benzene-d6 
IH-1 and H-1’ sxgnaIs, and H-6 and H-6’ sgnals almost comclde 9In 1 1 chloroform-d-benzene-& 
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relattvely smaII vaIue for J4 5, mdtcates a staggered arrangement of the bonds at 

C-4 and C-5 In general, these couplmg data suggest the ‘S,, conformatton (33) for all 
of these compounds Alkoxycarbonyl derrvatrves 19 and 21 exhtbtt. couplmg and 
rotatory data conststent with their mcluston in thts group of denvatrves, re-mforcmg 
the structural designattons gtven 

As with the 4,5-serves, one compound ltsted m Table II does not have a 1,2-O- 

tsopropyhdene group, namely, methyl 5-O-(methoxycarbonyl)-I-U-methyI-~-D- 

psrcopyranosrde 3,4-carbonate (25) The close stmtlartttes between tt and the other 
dertvattves IS an mdtcatton that, m this serves also, the conformatton of the pyranose 

derivatives IS not materially affected by a sprro-dtoxolane rmg appended to C-2 
(G) Deriratlves of 6-O-merig I- anti 6-O-betqt-D-psicofirranose - 1,2 3,4-DI- 

O-rsopropylidene-j?-D-pstcofuranose (2)* was methylated to gave the 6-O-methyl 
derrvatrve (34) On acid hydrolyses the latter gave 6-0-methyl-q/3-D-psicofuranose 
(35), methanolysts of wbrch provided a Z 3 mtxture of z-(36) and p-(37) glycosrdes 
([z-j,-, i-90” and -40”. respecttvely). these were separated by column chromatog- 
raphy on an anron-exchange resm Compounds 35-37 have been studred further 
by r3C-n m r spectroscopy’ 

The 6-0-benzyl derrvatrve (38) was also prepared from 2 Removal of the 
0-tsopropyhdene groups of 38 wrth acid. and acetylatton of the liberated sugar, gave 
two tetradcetates, separable by column chromatography on srhca gel Although these 
products must be the anomers 39 and 40, they showed an unusually small difference 
m opttcal rotatton ([z],, +40” and -F 17’ respectrvely) Undoubtedly, the value for 

40 1s “anomalous” both the optrcal actrvuy and the ‘H-‘H couphng charactertsttcs 
of 39 are closely stmrlar to those of methyl 1,3,4 6-tetra-0-acetyl-q-D-psrcofuranosrde 
(29). whereas 40 and the P-furanosrde 30 are configurattonally analogous, according 
to thetr couplmg patterns, but not accordmg to their rotattons (see Table III) A 

OH ChZOH 

0 0 
I I 

\/ HO OH HO OH 
CYG-~ 

34 (R = Me) 

38 (R = CH,Ph) 

35 36 

CHzOEin 

0 CH>OAc 

Q 
OAc 

AcO OAc 

*When isolated by direct crystalhzatron from the reactron mrxture, followmg the rsomeruauon of 1 
(see sect A), 2 was contammated with 3, It was punfied by column chromatography 
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TABLE III 

‘H-XH COUPLIMi” AND OPTICAL ROTATORY DATA FOR FURANOSE DERIVA~ 

Compound Jl I Ja 5 J5 6 Js 6 MDb 
(degreps) 

29= 12 2 70 35 -3 -3 d -!-I59 
39e 11 2 64 30 30 30 d +162 
30= 12 5 50 70 34 65 120 -112 
40s 120 47 75 32 32 110 T-74 

“Observed spacmgs (Hz) Vn chloroform CIn benzene-d6 dH-6 and H-6 sgnais almost cornclde 
%I chloroform-d 

TABLE IV 

‘H-‘H COUPLIWi= AND OPTICAL ROTATORY DATA FOR FURAXOSE DERIbATWES CO&l-AlNI'kG 1,2- AhD 

3,~CYcrrc SUasrITuE~7-s 

Compound JI I JJ .S JI s JS 6 J5 6 Je 6 MD~ 

(degrees) 

2= 95 60 05 27 37 13 0 -211 
WC 100 60 10 70 80 d -227 
38C 95 60 10 75 85 d -231 
45= 95 59 02 55 53 d -169 
46= 110 60 01 -5 -5 d 

47f 100 55 05 55 58 d -201* 
____ __ _-- -_-___ - ---_ ---___I I_- 

*Obsened spacmgs (Hz) bin chloroform ‘In chloroform-d dH-6 and H-6’ sgnals almost colnclde 
% chloroform-d-benzene-de (I 1) fin DzO “In Nater 

feasible cause of this apparent discrepancy IS the 6-0-benzyl group of 40, because 

there are a number of examples 1o-16 of “anomalous‘ rotations that are attributable 
to aryl substrtuents As reflected 1x1 then- contrastmg values of J,,, (see Table III), 
the conformatlons of 39 and 40 (as well as of 29 and 30) are different, whereas the 

fact that 1, 6 = JS 6 = -3 Hz mdlcates that the C-6-O-6 bond In each IS orlented 

approx!mately as m rotamer 41 Hence, the spatial relatlonshlp of the 6-U-benzyl 
group of 40 with respect to choral centers of the rmg differs from that m 39 Presum- 
ably, its onentatlon IS such as to mAuence the rotation of ihe molecule materrally 

Ethers 34 and 38 differ notabIy from the parent dlacetal2 m the arrangement 
of substltuents relative to the C-5 C-6 bond Their Iarge values of J5,6 and JS 6, 

(see Table IV) mdlcate popuIatlon by rotamers (42 and 43) m which H-S IS mztr 

with respect to H-6 and H-6’ whereas the gauche, gauche rotamer 41 agrees well with 

smaller values exhibited by 2 For all three compounds, J3 t IS 1 Hz or less, showmg 
that the correspondmg dihedral angle IS close to 90” Inspectron of a moIecuIar 
model of 2 III the E, conformation mcorporatmg rotamer 41 suggested that hydrogen 
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bondmg between OH-6 and O-2 IS feasible, thrs may account for the differences 
noted Other data m Table IV are for the 6-(dlphenylphosphate) dertvattve (45) of 2 
(see sect H), the rotamertc populatton of us C-6 exocychc moiety appears to be 
mtermedrate between that of the parent alcohol and those of the two ether derrvattves 

(H) D-Psrcofhanose 6-pJrospJzate - D-Pstcose occurs free m Nature’7-1g, and 
also as a component of some nucleostdes20-22 As has been pointed out” 23, the 
blochemrstry of the ketose would be expected to mvolve such metabohtes as D-ps~co- 

furanose 6-phosphate (44) Although the latter has yet to be found m hvmg systems, 
Its synthesis was undertaken by analogy with the ether syntheses Just described (see 
sect G) 

Phosphoryiatlon of 2 with dtphenylphosphorochlorrdate afforded the crystallme 
6-(dlphenylphosphate) (45). When 45 was hydrogenolyzed over a platinum catalyst, 
a mixture of I,2 3,4-dr-O-isopropyhdene-B-D-pstcofuranose 6-phosphate (47) and 
6-(monophenylphosphate) (46) was obtained, each bemg Isolated as the dlcyclo- 
hexylammo,uum salt through fracttonal recrystalhzatton Acid hydrolyses of 47 with 
a catton-exchange resm then gave D-psrcofuranose 6-phosphate (44) 

As It appeared posstble that migration, or parttal hydrolysis, of the phosphate 
group mrght have occurred durm g removal of the acetal groups of 47, the final 
product was charactertzed more rtgorously A comparrson of its 13C-n m r spectrum 
with those2 of 5-O-methyl-D-pstcopyranose (7) and 6-CLmethyl-D-pstcofuranose (35) 
showed clearly that the only species produced III the reactron sequence were a- and 
p-furanose derrvattves For example, no stgnals were found near 100-98 p p m or 
60 p p m , regions charactertstic’J*13 24 of C-l and C-6, respectrvely, of c1- and j!?- 
pslcopyranose Rather, the chemtcal shafts and relative mtensrtres of most of the 
signals m the spectrum of the product were closely analogous to those of 6-O-methyl- 

c&r)-pstcofutanose (35), as expected, the mam dtfferences mvolved the C-6 stgnals 
[66 3 p p m (44,/I) and 64 5 p p m (4&z), as compared wrth 75 5 p p m (35,p) 
and 72 5 p p m (35,a)] Addmonal evtdence that the phosphate group was situated 
at C-6 came from the fact that the C-6a and C-6/l srgnals were doublets, due to 
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of 3 (60 mg) in methyl rodrde (5 ml) containing suspended srlver oxrde (1 g) and 
molecular sieves was boiled under reflux for 18 h Chloroform was added, the sohds 
were filtered off and washed with chloroform, and the filtrate and waslungs were 
combined and evaporated The sohd residue (54 mg) was recrystalhzed from hexane, 
m p 74 5-75 5”, [aIn -74 3” (c 1 4, chloroform), ‘H-n m r data are presented m 
Tables II and V 

1,2-O-Isopropylzde~ze-5-O-met~zy~-~-D-pszcopyranose (6) - Selectrve hydrolyses 
of 5 (40 mg) with 80% acetic acrd, as for 4, gave a crystalhne product whrch, re- 
crystallized from ethanol-hexane, had m p 98 5-99”, [aID -98 3 o (c 0 94, chloro- 
form), lH-n m r data ( a etone-d,) c 6 4.09 (d, 1 H, H-l), 3 93 (d, 1 H, H-l’), 3-88 
(m, 1 H, H-6), 3 76 (q, 1 H, H-6’), 3 46 (s, 3 H, OCH3), 1.22 and 1 13 (s, 2 x 3 H, 
Ip-CH& 

I,2 3,4-Dz-O-isoprop),lzdene-B_D-erythro-2,5-~ze.~odzuIo-2,6-pyrazzose (8) - 

Ruthenmm dioxide hydrate (60 mg) and sodium hypochlorite (5x, 10 ml) were 
added to a vigorously stn-red solution of 3 (100 mg) m chloroform (5 ml) After 
4 h, the suspensron was filtered, the solids washed wrth chloroform, and the filtrate 
and washings were combmed, and treated with a few drops of isopropyl alcohol 
(to reduce the ruthenmm tetraoxide remammg) The chloroform layer was washed 
with small portions of water, dried (sodmm sulfate), and evaporated, affordmg a 
solid (90 mg, 91%) Recrystallized from hexane, it had m p_ 11 l-l 1 l-5”, [U]~ -93 3 o 
(c 0 82, chloroform), and exhrbrted a negatrve Cotton-effect, 172; 1750 cm-l (strong), 
‘H-n m r . . data are presented rn Tables I and V, talc for C12H1806 M+, 258, found 
Mf, 258. 

I,2 - 3,4-Dz-0-zsopropJ?Izdene-j&r+pszcopyranose-5-d (9). - Reduction of 8 
(30 mg) m dlethyl ether wrth hthmm alummum deuterrde afforded crystallme 9 
(21 mg, 70x), mp 120-121” Its ‘H-n m r spectrum is compared with that of 3 
m sect A 

1,2 4,5-Dz-O-zsopropy~zdene-3-O-n2etltyl-8-D-pszcopyranose (11). - Methyla- 
tron of 1 (2 g), as described for the preparatxon of 5, afforded a clear syrup (1 9 g, 
90x), [~]n -201 o (c 0 91, chloroform), ‘H-n m r data are given in Tables I and V 

I,2-O-lsoprop~~lzdene-3-O-met~zy~-~-D-psicop_vranose 4,Scarbonate (13) - Se- 
lective hydrolysis of 11 (I 5 g) with 80 % acetic acid gave 1 15 g (90 %) ot an 011 To 
a solution thereof m pyridme (6 ml) and benzene (20 ml) at 0” was added phosgene 
m benzene (12% w/w) durmg 5 min After 1 h at room temperature, the solutron 
was diluted wrth ethanol-free chloroform, washed successively with cold 10 y0 hydro- 
chlorrc acid and satd sodmm hydrogencarbonate, dried (sodium sulfate), and 
evaporated, givmg a sohd residue which was recrystalhzed from ethyl acetate-hexane, 
yield 0 82 g (62%), m p 114 5-115 5”, [~]n -124 8” (c 0 94, chloroform), vz; 
1790 cm-’ (br, strong), ‘H-n m r data are presented m Tables I and V. 

AnaZ Calc for C,,H,,O,. C, 50.8, H, 6 2 Found C, 50 7, H, 6 4. 
3-O-MetbyE/?-D-pszcopyra?zose 4,Scarbonate (14). - Amberhte IR-120 (Hf) 

ion-exchange rerm was added to a solutron of 13 (0 4 g) m water (200 ml), the 
suspension was heated for 2 h on a steam bath wrth stu-rmg, the resin was filtered 
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off, and the filtrate was evaporated to yield a solid residue After recrystalhzafion 
from ethanol-hexane [yield, 0 22 g (64x)], the product had m p 125-126’, [aID 
-97” (mltlal, constant, c 1 05, water), ‘H-n m r. data are presented m Tables I and V 

I,2-O-Iso?ropyIzdene-3-O-~zetizyZ-~-~-psicop~~ratzose 4,Pcarbonate (13), -3-O- 
(metlzoxycarbotzyl)~/I?-D-psrcop),ranose 4,Scarbonate (US), -3-0-(ethosycarbonyZ)-/3-D- 
psicopyrazzose 4,Pcarbonate (20), -5-0-metlzyl-/I-D-psicopyranose 3,4-carbonate (17), 
-5-0-(methovycarbonyl)-/3-D-pszcopyranose 3,4-carbonate (19), and -S-O-(ethoxy- 
carbony&j?-D-pszcopyranose 3,4-carbonate (21) - 1,2-O-Isopropyhdene-B_D-pslco- 
pyranose (4) (9 0 g) was treated with phosgene m pyrldme as described for the 
preparation of 13 from 11, except that the processmg mvolved extraction with 
chloroform (500 ml) stablhzed with 2% of ethanol The syrupy product was then 
methylated as described for the preparation of 5, yielding 8 6 g of a syrup conslstmg 
of at least SIX components (t 1 c m 1 1 benzene-ether) Chromatographlc separation 
of the mixture on a column of slllca gel (4 5 x 80 cm), with 1 1 benzene-ether as 
the eluant, afforded the six title compounds m crystalhne form Each was recrystal- 
hzed from ethyl acetate-hexane or ethanol-hexane Physlcal constants, elemental 
analyses, and other data are presented m Table VI, and ‘H-n m r data m Tables 
I, II, and V. 

TABLE VI 

CARBONATE DERIVATIVES PREPARED FROM l,z-o-ISOPROPYLIDENE-B-D-PSICOPYRANOSE (4) 

Compomd M p kh= RF~ oc /o Vmax Forrmda Cafe Found 
(degrees) (degrees) C HCH 

13 114 5-115 5 -125 015 40 1790 C11H1607 50 77 6 2 507 64 
17 71- 74 -98 041 10 1800 C11H1607 5077 62 505 64 
18 169-170 -120 0 30 20 !810, 1765 ClzH1e.Og 47 37 5 3 479 51 
19 174-175 -62 046 15 1815, 1750 CIZHIGO~ 47 37 5 3 477 52 
20 132-132 5 -117 0 35 10 1805, 1765 CI~HISO~I 49 06 5 7 496 57 
21 116-117 -63 051 5 1811, 1747 C13H1sOg 4906 5 7 494 60 

%-I chloroform bT I c m 1 1 benzene-ether CPercent of total recovered 

MetlzJl 5-0-(zzzetlzoy,carbonyl)-I-O-nzet~z~~Z-~-D-pszcopyranose 3,4-carbonate 

(25) - Compound 19 (0 5 g) was hydrolyzed with catlon-exchange resm as described 
for 14 A syrupy product (0 39 g) was obtained which, on methylatlon, ylelded 
partly crystallme material (0 39 g), after 4 recrystalhzatlons from ethyl acetate- 
hexane, the product had m p 127-128”, [aID -84 2” (CO 98, chloroform), vEZ; 1800 
(br, strong) and 1750 cm-’ (strong), ‘H-n m r data are presented m Tables II 
and V 

Anal Calc for C,,H,60, C, 45 2, H, 5 5 Found C, 45 4, H, 5 4 
MetlzyI gIycoszdatzon of D-pszcose - A solution of D-pslcose (8 0 g, prepared 

as described m ref 2) m anhydrous methanol (500 ml) contammg acetyl chloride 
(0 2 ml; was bolled under reflux for 5 h and then made neutral with sliver carbonate 
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Paper chromatography mdrcated that three glycosrdes were present, m addrtion to 
10-20 “/o of unreacted sugar. ’ 3C-N m r spectroscopy suggested1 J that two furanosides 
and one pyranosrde had been produced m about equal proportions. 

Methy B-D-psrcojkanoside (27) and methyl I,3,4,6-tetra-0-acetyl-P-D-psico- 

furanoszde (30) - The syrupy glycoside mixture (8 0 g) obtained by evaporating 
the solutron Just described was partially separated by chromatography on a column 
(4 x 60 cm) of Rexyn 201 (OH-) ran exchange resin (200-400 mesh) usmg CO,-free 
water as the eluantz6. The first fraction IS discussed in the next experrment The 
second fraction (2 2 g), conslstmg pnmanly of 27, was acetylated wrth acetrc an- 
hydride-pyrrdme, affordmg crystalhne matenal, after recrystalhzatron from ethanol, 
m.p 44 5-45”, [a]n -31 o (c 1 0, chloroform) 

Anal Calc for C,,H,,O,, C, 49 7, H, 6 1 Found (for 30) C, 49 6, H, 6 3 
Chromatographrcally pure, syrupy 27 was obtained by deacetylation of 30 m 

methanol containing sodium methoxide, followed by a bnef treatment with mixed 
ion-exchange resins [a] D -39” (c 1 1, water) Compound 27 has been characterized’’ 
further by 13C-n m r spectroscopy 

Methyl B-D-pslcopyranoslde (28), methJ I a-D-pslcofkranos~de (26), methyl 

1,3,&j-tetra-0-acetyr-D-D-psrcopJranoslde (31), and methyl 1,3,4,6-tetra-O-acetyt-a- 

D-psrcofzwanoszde (29) - The first fractton (4 5 g) obtamed from the chromatogram 
(preceding section) was rechromatographed on a column (4 5 x 80 cm) of cellulose 
wrth 14-3 3 2-butanone-rsopropyl alcohol-water as the developmg solvent The 
first product eluted was 28, which, after recrystallizatron from tetrahydrofuran (yield 
0 9 g), had m p 78-79”, [aID - 109” (c 1 45, water), rt was characterized further 
by 13C-n m r spectroscopy’ 

Anal Calc for C,H,O, C, 43 3, H, 7 3 Found (for 28) C, 43 0, H, 7 3 
Material eluted subsequently was a mixture of 28 and 26 Acetylatlon of this 

mixture with acetic anhydride-pyndme, followed by column chromatography on 
silica gel (&rant, 1 1 benzene-ether), afforded crystallme 31 (2 6 g), recrystallized 
from ethanol, it had m p 112-l 12 5 O, [a]n -83 6 o (c 1 78, chloroform), ‘H-n m r 
data (CDC!,-C,D,) 6 4 37 (d, 1 H, H-l), 4 04 (d, 1 H, H-l’), 5 30 (q, 1 H, H-3), 
5 37 (t, 1 H, H-4), 5 10 (m, 1 H, H-5), 3 70 (m, 2 H, H-6,6’), 3 12 (s, 3 H, 0CH3), 
and 1 99, 1 97,1 87, and 1 85 [4 s, 4 x 3 H, (COCH,),], J, 1 12 5, J3 4 3 9, J4 5 3 9, 
J 5 6 19, and J5 6 1 9 Hz 

A second fraction obtamed from the column consisted of syrupy 29 (2 2 g), 
[aID +43 6” (c 1 62, chloroform), ‘H-n m r data are presented n-r Tables III and V 

Anal Calc for C,5Hzz01, C, 49 7, H, 6 1 Found C, 49 3, H, 6 1 
Deacetylation of 29 gave syrupy 26, [a]u + 70” (c 1 08, water), characterized 

further by 13C-n m r spectroscopy” 
I,2 3,4-Dr-0-rsopropyltdene-6-0-merl?yl-B-D (34) - Prepared 

by methylatron of 2 (3.09 g) with methyl Iodide-silver oxide, ether 34 (3 06 g, 94%) 
was a cIear, chromatographically pure syrup, [a]n -82 6” (c 2 36, chloroform), 
‘H-n m r data are presented m Tables IV and V 

6-0-Methyl-D-psrcofrtranose (25) - Diacetal 24 (2 g) was hydrolyzed m 
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aqueous solution at 95” m the presence of Amberhte IR-120 (H+) resm, yleldmg 
SYrUPY 25 (1 2 g, 87 %), [a], +29” (c 1 15, water) N m r spectroscopy mdlcated’ 
that 25 consists of an -2 1 mixture of the c1 and p anomers 

Met/y1 6-0-methyl-a-D-psrcofirranosm (36) and -@-D-psrcofuranoslde (37) - A 
solution of 25 (1 2 g) m methanol (100 ml) contammg acetyl chloride (0 2 ml) was 
boded under reflux for 9 h, made neutral with sliver carbonate, and evaporated to a 
syrup (1 09 g, 83 ‘A), [U]~ 0” (c 1 0, water) By chromatography of the syrup on an 
anion-exchange resin, as for 27, two crystalhne products were isolated, both were 
recrystallized from Isopropyl alcohol Glycoslde 36 (0 25 g), eluted from the column 
first, had m p 62 5-63 5”, [a],, +90” (c 1 10, water), for 37 (yield, 0 51 g), the m p 
was 68 5-69 5 ‘, and [a],, -40’ (c 1 21, water) These products were characterized 
further by 13C-n m r spectroscopy’ 

Anal Calc for C,H,606 C, 46 2, H, 7 8 Found (for 36) C, 46 2, H, 7 9, 

(for 37) C, 46 2, H, 7 9. 
6-O-Benzyl-i,2 3,4-dr-O-rsopropylrdene-8-D-ysrcofuranose (38) and 6-O-benql- 

D-psrcoflicranose - Dlacetal 2 (20 g) was dissolved m tetrahydrofuran (300 ml, 
distilled over LlAlH,), and sodium wire was introduced, 4 h later, the residual sodium 
was removed, and rl-bromotoluene (10 ml) was added durmg 30 mm After 6 h, 
when t I c showed that -30°A of 2 remained, the solution was evaporated to a 
syrup, this was chromatographed on silica gel, usmg 2 1 benzene-ethyl acetate as 
the eluant A product (17 g), assumed to be 38, was obtained as a yellow 011, [u]~ 
-66” (c 1 54, chloroform) This 011 (14 g) was subJected to hydrolysis m 0 1~ 

oxalic acid”’ for 3 h at 80”, the hydrolyzate was made neutral with calcmm carbonate, 
de-lomzed with mixed-bed ion-exchange resins, and evaporated, yleldmg a pale- 
yellow syrup (10 1 g, 94x), [u],, +34O (c 1 17, water) The ‘H-n m r spectrum 
m’ Me,SO-d, showed the presence of two singlets, at 6 5 98 [OH-2(/3)] and 5 70 
[OH-~(X)], m the ratio of 1 2 

1,2,3,4-Tetra-O-acet~~l-6-O-betr2r~~~-~-D-psrcof~irrailose (39) and -/l-D-psrcofkra- 

nose (40) - 6-U-Benzyl-D-pslcose (10 g) was added to a mixture of pyrldme (200 ml) 
and acetlc anhydrlde (150 ml), and, after 24 h at room temperature, the solutlon was 
evaporated Chloroform was added, and the solution was washed successively with 
cold, hi hydrochloric acid, saturated sodmm hydrogencarbonate solution, and water, 
dried (anhyd sodium sulfate), and evaporated, the residue (14 g) was applied to a 
column (4 5 x 80 cm) of slhca gel Development of the chromatogram with 2 1 
benzene-ethyl acetate afforded 40 as a syrup (6 7 g), [aID + 17 2” (c 1 35, chloro- 
form), this was followed by 39, also a syrup (4 3 g), [aID +40” (c 1 5, chloroform) 
‘H-N m r data for 39 and 40 are presented m Tables III and V 

I,2 3,4-Dl-0-rsoprop) hdene-P-D-pslcoflir anose 6-(d~pheuyfphosphate) (45) - 
Compound 2 (2 6 g) was dissolved m dry pyrldlne (10 ml), dlphenylphosphoro- 
chlorldate (3 1 g) m pyrldme (5 ml) was added with stlrrmg at 0” during 0 5 h, and 
the mixture was kept for 18 h at 5” Chloroform (200 ml) \%as added, and the solution 
was washed successively with cold 1 oA sodium sulfate (3 times), cold M sulfuric acid, 
satd sodium hydrogencarbonate, and 1 y0 sodium sulfate (twice) Each aqueous 
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wash was back-extracted with chloroform. The extracts were combined, dried (anhyd 
sodmm sulfate), and evaporated, yleldmg a sohd (4 6 g, 93 %) Recrystallrzed from 
hexane, It had m p_ 53.5-54”, [a],, -38 5” (c 1 58, chloroform) ‘H-N m r data 
are presented rn Tables IV and V 

Anal. Calc for C,,Hz,09P C, 58 5, H, 5 9; P, 6 3 Found- C, 58 3; H, 5 7: 
P, 6 3 

I,2 3,4-Dl-0-wopropyhdene-B-D-psrcofrtranose 6-(drcyclohexylammonium phos- 

phate) (47) and 6-(monocyclohe_xylammonmm phenylphosphate) (46). - Hydrogen 
was bubbled mto a vrgorously stirred solutron of 45 (4 1 g) m absolute ethanol 
(100 ml) contammg platinum oxide monohydrate (0.38 g) m suspensron Following 
the raptd, mltial uptake of the gas, an additronal0 2 g of the catalyst was introduced; 
thus procedure was repeated When 45 had reacted completely (t 1 c. evtdence), the 
catalyst was filtered off, and suffictent cyclohexylamme was added to the filtrate 
to bnng the pH to m 9-10 On evaporatton of the solvent, a crystallme residue (4 5 g) 
was obtained, thts was dtssolved m bothng isopropyl alcohol, and the solution was 
cooled slowly m a Dewar flask. Crystalline material was deposited (1 63 g) that had 
m p 180” (dec ) and [a&, -38” (c 1 0, water), and was identified as 47 ‘H-N m r 
data are presented m Tables IV and V 

Anal Calc for C,,H,sNO,P C, 56 9, H, 7 3 Found C, 57 2, H, 7 4 
The mother hquor was concentrated, water was added, and the aqueous layer 

was washed successtvely with chloroform and dlchloromethane (to remove residual 
47), and then evaporated to dryness By repeated recrystalhzatron of the resultmg 
solid from water-acetone, pure 46 was isolated (yield, 1 51 g), the compound de- 
composed above 180”, and had [~]n -41 o (c 109, water) ‘H-N m r data are 
presented m Tables IV and V 

Atzal. Calc for CzsH4,Nz09P C, 53 5, H, 8 6 Found C, 53 3, H, 8 5 
D-Psrcojirranose 6-(dlsodiwn phosphate) (44) - A solutton of 46 (1 5 g) in 

water (100 ml) was sttrred with Amberlrte IR-120 (Hf) Ion-exchange resin (30 ml) 
for 10 mm, the resin was filtered off, and replaced with fresh resin, and the suspension 
was heated for 2 h at 80”, wrth stu-rmg (perrodtc momtormg of the optical rotation 
showed that no further change occurred after that time) The suspension was filtered, 
and the pH of the filtrate was adjusted to 6 8 with sodmm hydrogencarbonate For 
13C-n m r analysis, the product was “exchanged” with D,O, and aciddied, as this 
made for better resolution than was obtamed with the neutral solution; 13C-n m r 
data (D,O +) 6 106 5 (C-2/?), 104 0 (C-2x), 82 0 (d, C-5a), 81 9 (C-519), 75 0, 
71 3,71 1 (C-3a,p and C-4x,/3), 66 3 (C-6B), 64 5 (C-6a), 63 2 (C-la), and 62 7 (C-lg) 
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