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ABSTRACT 

) 

-Itepann of types A and B were subj ected to dearnlnatlve 

degradatlon and fragments contalnlng their minor constituent sugars , 

were lsolated. Structures are proposed for these fragments based 
'. 

prlmarlly on n.m.r. spectrôscopy. The results obtained contribute to 

a knowledge of the detallecl structure of the biopol~er, and have a 

bearlng on questlOns related to the blOsynthetlc pathwayslof heparln. 

Support lS provided for the Vlew that the a-~-idopyranosyluronlc acid mOlety 

in hepann eXlsts preponderantly in thel rc Ck) conformation. 

A novel synthesis of ~-idopyranose has been developed startIng 

wlth readlly avallable k-sorbose. The sequence of reactions involves 

the reductIon,of 1,3,4,S-tetra-Q-benzyl-k-sorbopyranose, and subsequent 

oXldatlon of the tetra-O-benzyl~L-idltol farmed, ta give 2,3,4,6-tetra-- = 
< 

Q-benzyl-k-idapyranose. The latter constltutes a derlvatlzed form 

SUl table for the synthesls of higher saccharides related ta hepa.ri,n.· 
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RES UME , , 

La dégradatIon déamInante d'héparInes de types A et B a permis 
; 

d'1501er des fragments conten~nt les sucres mineurs pour lesquels une 

structure est proposée, en se basant surtout sur les spectres r.m.n. 

Les résultats obtenus contrIbuent à la connaIssance de la structure dé-

tall;lée du blopolymère et ont des Imphcatlons sur les questi6ns relatl.ves 

à la bIosynthèse de l'héparIne. Nous apportons des preuves à l'effet que 

la partIe .de l'héparlne contenant l'acIde a-b-Idopyranosyluronique eXIste­

raIt d'une manIère prépondérante dans sa conformatIon IC(~). 

Nous ~vons développé une nouvelle synthèse de l'~-Idopyranose à 

. partl~ de l'L-sorbose. La séquence de réactIons comprJnd la réductIon 
- t. 

de la 1,3,4,S-tétra-O-benzyle-L-sorbopyranose et l'oXIdatIon subséquente 
- = r. 

du tétra-O-benzyle-L-lditol formé, pour produire la 2,3,4,6-tétra-Q--) = 

benzyle-b-Idopyranose. Ce dernIer dérIvé pourra servir à la synthèse de 

saccharides plus complexes, relIés à l'h~parine. 
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1.1 Heparin 

The tem "heparin" has been, and still lS, used with four 

differcnt meanlngs, depending on the author (1): l. any heat-stable, 

naturally-occuTTlng substance that exhiblts antIcoagulant activIty 

(neutrallzed by pTotamine,~tc.); 2: a sulfated mucopolysaccharide> 

'present ln tissues, h~ghly metachromatic, with a high critical elec-
1 

trolyte concentratiqn;,.~. a commercial drug of varying composition 

and activity; i. a sulfat~d mucopolysaccharlde wlth &istinctive chem-

ical and biological properties. ~ 
ThIS glyco;aminoglycan Cmucopolysacchande), first' didover~d 

ln 1916, and u5ually isolated from lung and mucosa, i5 probably the . 
only polymer of the--proteoglycan class which r not commonly present 

ln connectIve tissues. Morecver, it posses~es a wide varlet y of bio-

logical actIvitles, of w~ich the anticoagulant and antilipaemic effects 
i 

are best known. In its anticoagulant role, this highly anionic poly-
1. 1 .. 

saccharide speclfically inhibits protein molecules involved in blood 

clotting. 

The relationship between the chcmical structure of heparin 

and its blological activity has been actively investigated for many 

years (1,2). Presumably, there is a precise relktion between functIon 

and the shape of the heparin macromolecule, and the location and nature 

of active sites within ~hé heparin chain is becoming a subject of in-

creasing interest. Also, thefbIosynthesis of heparln is receiving 
1 

particular attention (3). From a chemical viewpoint there is a need 

to fully characterlzé heparif and to differentiate it from heparin­

llke biopolymers such as heparan sulfate and derm~tan sulfate, whereas 

until now anttcoagulant activity has been the main criterion to dlS-

{ 
., . __ ~. ~- -.~J"A_~ ,~ 
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tlnguish them. 

It was the goal of the present study tq more fully character-

ize the composition and chemical structur~ of heparin and. particùlarly, 

to investlgate the nature of minor components known to be present. 

Slnce structural studles on biopolymers are greatly facilitated by the , 
availabillty of reference compounds, another objectIve of this study 

was to investlgate the synthesis of molecuies that are constltuents 

of heparln. Furthermore, such compounds could be useful ln biological 

studies for the synthesis of ollgosaccharldes related to heparln. 

1.2 The chemistry of heparin 

A number of excellent reviews are available 'on the chemistry 

of heparin; for example see ref 1,3,4,5 & 6. Therefore, this~subject 

will be dealt with only brieflY here. 

Heparin 15 a linear, highly 5ulfated glycosaminoglycan made 

up largely of disaccharide repeating units, one sugar of which is a 
') 

hexosamine, the other a uranie acid. Mueh work has been done ~ver the 
l ' 
1 

years to elucidate the nrture of its constituent residues and their 

mode of lInkage, and to locate the sulfate ester groups along the chain. 

Sorne of the basic propertres of the polyrner have been well-

establlshed for a number of years. Other chemical features have been 

dlscovered only recently. Perhaps the main reasoh for the relatively 

S]lOW progress in arr~~ing at the d~tailed structure of heparin has been 

the extreme reslstance of this polysaccharide to depolyrnerization by 

acid~ The glucosamine residues areN-sulfated and in the course 0!l(cid 

hydrolysis the labIle Jllfamino group is hydrolysed, produeing a~ee, 
protonated amino group ~t C-2. As a result. most of the glycosaminyl 

bonds are rendered stable towards attack by protons of the acid and, 
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therefore, the severe conditions need~d to effect cleavage of the polymerie 

units rcsult in undue destruction of individual residues, especially the 

uronic acids. The validity of determinations of the compositi9n of 

acid hydrolyzates l~as for years one of the out standing problems in 

the study of hcparin. J 
1 

Nevcrtheless, Wolfrom et al (7) isolated a reducing disac-

charide, "heparos insul furie acid" Ci. e., 4 -Q.-a.-~-gl ucosaminyl-hex­

uronate) in 20% yield from a hydrolyzate of be~arin. The a.-~con­

figuration of the glucosaminyl residue w~s inferred from the optical 

rotation of the compound. AIso, evidence for ,the presence of ~-gluc­

uranie acid was put forward by Wolfrom and Rice (8) when Q..-glucaric 

acid, formed (in low yicld) b~ a combined oxidation-acid hydrolysis 

procedure, ",as isolated. The identity of the 2-amino-2-deoxy-g-gluco5e~ 

componcnt was cstablished ei ther by direct isolation (9), odegradation 

of the heparin polymer Wl th ninhydrin (10), or oxidation of the re­

sldue to 2-amino-2-dièloxy-D-gluconic add (8). 

TIlough substantial progress had been made in elucidating 
r 

the structure by direct acid hydrolysis and oxidation procedures, modi-

ficd methods for easier depolymerization had to be found. Thùs Wolfrom 

et ~ (11) subjected heparin s~cce-ssîvery to de-!i-sulfation, partial 

de-O-sulfation, N-acetylation and reduction of carboÀyl groups. The N-- - ) 

-acetylation step thus afforded 2-ac~1amido-2-deoxy-~-glucopyraiosyl 

residues, "hich have becn shown (12,13) to hydrolyse about'-J.OO times 

as rapldly as 2-amino-2-deoxy-~-glucopyranosyl residues. Furthe~ore, 

the neutral type of glycosyl residue fdl~ed in the carboxyl-reduction 

step, was more prone to hydrolytic cleavage than the uronosyl structure. 

On graded acid hydrolysis of this modlfied heparin, two crystalline 

J 
.1 , 

; 

_ 1 
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amino sugar-containing disaccharides were ~bltai~ed (in 20% yield); 

namely, 4-~-(a-~glucopyranosyl)-2-acetamido-2-deoxy-a-D-gluco­

pyranose and 4-Q:(2-acetamido-2~depxy-a-~-glucopyranosyl)-a-~-gluc0-

pyranos'e. 1t wa,s thought that these structures represented the alter-

nating ,sequence of units in hcparin~ and that the polymer possesses 

an a-D-(1+4) linked backbone. 
= ' 

Further evidence for the a-configuration of 6\\.firlg1yc'osidic 

linkages of the glucosamine units was r~pDrted again by Wolfrom ~~ 

(14) when 2-~-(2-acetamido-3,4,6-tri-Q-acetyl-2-deoxy-a-~-gluco­

pyranosyl)-1,3-di-O-acetylg1yc~rol was isolated from modifled heparin. 

Methy1ation (15) and periodate oxidation studies (l':, 17) 

provided more eVldence for a regular (1+4) sequence of linkages in 

heparin and for the presence of ~-glucuronic acid residues. Further 

identification of ~-glucuronic acid was obtained by other procedures 
\) ,. 

(18). Studies on the location of the ~-5ulfate ester group of heparin 

(17, 19) showed that these substituents are attached to C-6 of the 2-

deoxy-2~su1famlno-Q-g1ucopyranose residues, and to haif of the gluc-

uronic acid residues at C-2. 

Until the late 1960'5, therefore, it was logical to presume 

that heparin is represented basically by the foilowing partial struc-

ture: 

NH 
SO)' 

OH 
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.-
However, our Vlew of the structure of heparin has undergone 

1 • 

a major change over the past ten years. A degree of uncerta1nty over 

the proposed structure (above) developed" basically because the yield 

of ~-glueuronic acid or produets derived from it eould only aecount 
l' 

for a very minor portion of the total uronie aeid content of heparin. 

In addition, the observed optical rotation of heparin was significantly 
\ 

lower than woul'd be expected for an entirely a-Q..-linked polymer. 

Therefore the nature of the uronic acid component of heparin was re-
~r, 

invest~ated. ;) 
As far back as 1962, Cifonelli and Dorfman (20) claimed that< 

6 

~-iduronic acid \Vas present in a hydrol)'zate of heparin. It appears 

th~t this report was met with skepticism by many workers in the field. 

However. a n~ber" of years later i ts validi ty was confirmed by the 

isolation of ~-idose (after carboxyl reduction) and, with supporting 

data 'from p.m.r. speCitroscopy, it was shown that the ~-ido isomer is 

the major uronic acid in heparin, whereas the D-glucuronic acid ik a 
= 

minor component. These, and other studies (be1ow), utilized a de-

po1ymerization technique which involvesv deaminative c1eavage af the g1y .. 
,,) 

cosaminyl bond with nitraus acid. In this reaction glucosamine residues 
\ 

of heparin are converted, in an dègradation process, primarily into 

2,S-anhydro-D-mannose units, with c1eavage of the glycosarnindic" linkages* 
- 1 

j 
(21). The uronie acids remain intact. Thus, after deaminative degradation 

* Al though the major degradation product is expected to be a uronosyl- • 
anhydromannose, a second product ma)' be formed by deamination of the 
Q..-glucosamine residue without bond cleavage. Shively et ~ (22) identi­
lied such a product. whiich contained: a hydroxymethylpentose sulfate re­
sidue. 

( 
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of hcparin, oligosaceharidcs wcre isolated (23) from whieh bÛ'th ~-

glucuronie and ~-iduronie aciJs wcre rcleascd by aeid hydrolysis. 

Othcr supporting cvidence for the presence of iduronie acid residue 

in heparin has becn obtained by methanolysis of the polymer (24) and 

by dcamlnative dcgradation studies on carboxyl-rcdyeed (25) and N-

acctylated hcparin ~26). Gas-liquid chromatographie analysis of s~eh 
) 

d,egradation products (26) has shown that L-iduronic acid aecounts 
= r-" 

for approx. 70% of the tptal uronie aeid content in- sorne heparins, 

whcreas highfield p.m.r. sp~ctral studies of beef lung heparin (27) 

require that iduronic aeid constitute "'80% of the uronide portion. 

13 ' C.m.r. spectra of hcparin and its major dcaminative degradation 

produet ('28) have likel"ise shown that L-iduronic acid is the major 
=' 

acid moiety in heparin. 
\ 
\ 

The L-iduronic acid residue!I wete ~hown to be \~-linked_ and 

to have the a-configuration, by the isolation of an e1im~~a~iQn pro-
1 

duct, i. e., 4-Q.- (4-deoxy-a-~-thre6 -hex-4-eno-pyranosyl-uronie aeid 2-

sulfate)-2-deoxy-2-sulfamino-Q-glueopyranose 6-sulfate (29, 30) formed 

by enzymatic degTadation of hep'arin. From these studies and from per-

iodate oxidation of heparin (19. 23) i t has been shown that the 2-

position of ~-iduronic aeid is sulfated. 

Thus, the major structuraJ alternating unit of heparin con-

sists of ~~4 linked residues oi a-~-idopyranosyluronie aeid 2-sulfate 

and 2-dCOXY;2~4Ul~;no-~~-glyeopyranOSY1 6-sulfate as ~llustrated 
below: 

, 1 
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lloIVcver 1 o'ther dctails of structure have not been fully 

established. Heparin composed entirely of ~- and ,2.- sulfated di~ 

sacchar'îdc units CD ha"s llot been encountered. 
c-

Irtstead, the prc-
1 

) 

scnce 'of -s:tgmficant proportions of N-:-acetyl glucosamine and non-Q.-' 

sulfated resJdues (H, 31, 32) must be accomodated, as weIl as the 

glucuronic acid residues, known ta exist in heparin and reported to 

have the S-configuration (33). 

TI1e presence of a-l-iduronic acid 2-sulfate as a major 

component of heparin has stimulated interest in the confonnation 

of tIns rcsidue, because a-idopyranose itself has fol' long been re­
~ 

garded as a species having ~ relatively high conformational free 

cnergyl. Al though the functional significance of the M-iduronic acid 

rcsiducs is largely unknown, conformationaI aspects of this type of 

rcsidue are important in determining the overall macromolcclar shape 

and properties of hcparin ~.g'J the ability ta b}nd certain cations). 

This ,question is considcred furthcr belo+. 

There appears ta be at least t",o types of heparin marketed 

currently for mcdicinal purposes. Tnis has bcen suggested by n.m.T. 

studies (34), .the major différence being the presence (type'A) or 
r 

virtual absence (type-B) of ~-acetyl-hexosamine residues. The present-

l, 
! 
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study has examined both types of hcparin and has used n.m,r. spec-

troscopy extensively to dcduce structure, with an cmphasis being 
1 

placed on th~ minor components. 

1.3 Synthetic studies on heparin saccharides 

~Iuch of the information available on the constituent mono-

saccharides of heparin has bcen obtàined by characterizing the sac-

charides released 'by chemical and .. enzymatic degradation of heparin, 

or mo~ificd hcparins. It would be beneficial ~o the overall study 

of this pot ymer to synthesize structurally-r,clated saccharides, be­

cause model compounds would be useful as rcferenc;e substances in 

chcmical and spectroscopic investigations, as weIl as biologica1 

studies. 

In recent decades. many attempts have been made to dcvelop 

incxpcnsive synthetic products posscssing hcparin-like activity. 

For this purpose, a number of sulfuric acid esters of 
\ 

various clègraded 
.' 
" 

polysaccharides (cellulose. amylose, chitin, 'dextran, etc.) havè peen 

prepared (35. 3'5, 3.7). However, most of these hcparinoids showed low 

anticoagulant activi ty and/or were found to be toxie for clini cal use. 

A substantial amount of wo~k has been donc on t~e synthesis 

of 10w mol~cular weight compounds structurally related to heparin. 

But, because the importance of !:..-iduronic aCld had not been recognized 

unti.l recently, starting materia7s for the s~thcsis of refercnce 

compounds have involvcd mainly ~oglUCUroni~' Fig. l illustratcs 

most of these saccharides that have been synthesized. As a con-

sequence, in the currcnt studies sorne attention has been paid to 

synthcsis in the .!:-ido series. ' 

L-Idosc does not océur naturally, and L~iduronic acid is 
'0 

If 
...... .,..." ............. ~------- .. -- """- ~-- ...... "'-"'I_""'-'~ ........ )IoC~t~ll"", .. _ ) ... _((),I.....,..~~~~~~01>00 ..... , 
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Fig.!. Synthetic saccharides related to heparin 

o -GEt OH 
H H 

NH; 
Ethy1 2-amino-2-deoxy-4-Q- (38) 

(~~-gluCOpyranuronsy1)-~-~pyranoside 

o 
H - NH-COCH 3 

2-acetarnido-2-deoxy-4-Q-(methyl 

« -D-glucopyranosyluronate)-Q-glucose 
= (39) -

o Sn 

Methyl(benzyl 2,3-di-0-benzyl-4-(3,4,6-tri-Q­

-acety1-~-~-glucopyranosyl)-~-~-glucopyranoside) . 

uronate(40) 

H Bn 

NHCOBn 

R= Bn ~ R '-=Tosyl 
• 1 -

1. R = " "~ R = B~nzoyl 
,t R =8enzoyl) R': 1/" 

\f i \ NJ Derivati~es _~_f,~glucosamine(40) 
L, '" ~. 

() 

-H 

R= -CO~H3 

Methyl(benzyl 2,3-di-Q-benzy~­

-~-~-idopyranosid)urènate (42) 

r • '._nt 

.. 
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Fig.!. Synthetic saccharides relate« to heparin 
(',1 

-OEt 

H o 
oH 

\. 
-7;.' 

NH·r 
Ethyl 2-amino-2-deoxy-4-Q- (38) 1 

, NH-c6CH3 
2-acetamido-2-deoxy-4-0-(methyl 

(~~glucopyranuron~yl)-~~glucopyranoside ~-D-glucopyranosyluro~ate)~Q-gluc~ 
= (39) -' 

Ac o Sn 

Methyl(benzyl 2,3-di-~-benzyl-4-Q-(3,4,6-tr~-0-

-acetyl-~-~-glucopyranosyl)-~-~-glucopyranoside) 

urona te (40) 

H 

1 
R= Bn 1 R -::Tosyl 
R: " J R': B€nzoyl 
R =Benzoyl) R'= 1/ 

/ H 

Derivatives o~D-glucosamine(40) 
c 

R = -COi=H3 

Methyl(benzyl 2,3-di-Q-~enzyl-· 

--~-~-idopyranosid)uronate (42) 

w • ... , ----~--... ::;------------\~.~\II""". ---~ 
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2.1 Heparln CB-type) 

2.1-1 Deamlnative degradation of heparin CB-type) 

This section of the thesis deals with the products formed 

by deaminatlve degradation of heparin wlth nitrous acid. Although 
i 

such products had been examined in earlier studles (23, 28), it WdS of 

lnterest to aChiev, a fuI 1er characterization than previously avai1-

able of fragments that contain minor constituents of heparin. In 
/ 

thlS way, it was proposed to provlde details about the structural 

signific~nce of these constituents in the po1ymer. As will be shown, 

n.m.r. spectroscopy proved to be especially useful in pursuing this 

obj ective. 

Beef lung heparin (B-type) was analysed first because of 

lts relatlve purlty (containing only a sma1l proportion of ~cetamido-

deoxyhexoseJ~esidues). An exhaustive deaminative degradation of this 

polymer should produce dlsaccharide ~, i. e., 4-Q.- (a-!:.-idopyranosyl-

uronic acid 2-sulfate)-2,5-anhydro-~-mannose 6-sulfate as the major 

product (28). Minor degradation products (whicn have no.t been charact­

erized) would likely contair" residues of ~-gluc~ronic acid, 2,S-anhy'dro­

D-mannose and acetamidodeoxyhexose and might include saccharides in 
:= 

~ 
which a 10w degree of Q:-sulfation in the onginal heparin, or partial 

de-~-sulfation during the deamination reaction could be represented. 
1 

An examination of the minor constituents of heparin should 

be more feaSlble with the more plentiful products to be obtained from 

A-t~l h/~~~ However
1 

a detailed n.m.r. analysis of disaccharide 

land any other products isolated from type B should provide useful 

data fOl conformational studies, and furnish an additional array of 

chemical sfiift information for comparative purposes. Furthermore, 
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a pure preparation of disaccharide l was required for use in biochemical 

assays, as noted below. 

When treated wi th nitrous acid (NaN02-HCl), heparin B was 

degraded extensively into compound l. The proton-decoupled spectrurn 

of the total reaction product was similar to that of the spectrurn pub-

l ' 
lished by ferlin'~ ~ (28) for compound l; signaIs other than those 

of l were minor (Fig. 2). Fractionation by gel permeation chromato-
, 
1 13 graphy on Sephadex produced a product in 69% yie1d, the C.m.r. 

spectrùID of which was practically identica1 to that of 1. It has been 

shown (28) that the observed chemica1 shifts of ~ are gcnerally con-

slstent with the major biose repeating sequence ~ of heparin, (see 

Introduction) although a full analysis of its spectrurn was nùt reported. 
?SO; 
CH 2 

1 

--

..... -
Disaccharide l unequivoca11y produces the twelve resonance 

lines re~uired by the ~o~pound itself and sequence ~ (Fig. 2). Several 

important ingredients of structure 2 are derivable direct1y from this 

spectrum. Thus, the threencarbon signal at 70.9 p.p.m. is coincident 

with 1-2 and 1-5 of the heparin ,spectrum (1 is àscribèd 'ta the a-L-ido--
syluronic acid residue). I~4 of l sryou1d now account for the remaining 
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Fig.2. Partial l3C_n.m. r . spectrum of the deaminative 

products of B-type heparin. 

1 

,~ 

Fig. 3. part~-n.l':l.r. proton - coup1ed spectrum of the 
~ 

~---- deaminative products of B-type heparin 

If 

. . , 
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SIgnal, in this upfield region because C-4 is no longer engaged in the 

polymerie linkage. Other signaIs common to both spectra are those at 

101.1, 76.4 and,177.4 p.p.m. ascribable in each instance ta 1-1, 1-2 , , 

13 (Q.-sulfated) and 1-6, the carboxy1 C, respective1y. A more thorough '; 

d . f h l3C ' b f d th fIl' t . lSCUSSlon 0 t ese asslgnments can e oun ln e 0 o~lng sec 10n. 

1" 1 

The coupling constant ~-H for 1-1 o~ ~ was found, by means 

of a proton-coupled spectrlim, ta be 172 Hi. Ihis l~_H value is 

characteristi~ of a-anomeric carbons (axial C-1-0-1) inc1uding those 

Involved l~ glYCo~Jic link~;;-~, (51, 52). That is, coupling between 

an anomerlC carbon and its appended proton is either around 160 Hz 

or r70 Hz, these values being associated with an equatoria1 or axial 

anomeric configuration, respeqtive1y. 

13 Reference to the C spectrum of sodium methy1 a-D-ido-
= 

pyranoslduronate (5~ as a possible mode1 for the uronic acid rnoiety 

of heparin, shows that 1-3, 1-4 and 1-5 are c1ose1y grouped within 

tHe range 70.6-72.6 p.p.m. This coincides ·with the broad four-carbon 

signal at 71.5 p.p.m. of heparin (which includes 1-3,.1-5). 
<' 

SignaIs, (designated M~ of the 2, 5-anhydro-E,-mannose residue 

Of

l
!., with the exception of that of the primary su1fated carbon (M-6) 

at 69.4 p.p.m., are seen ta be marked1y downfie1d (r~gion of 77.8 ta 

90.0 p.p.m.) rel~tiv~ !o tho;e signaIs of the uronic acidOmoiety and 

to those of the hexosamine residue in heparln from which it was de­

rived. This downfie1d shift effect is consistent with mcst l3C signaIs 

of furanose derivatives(34,54). M-l, the hydrated aldehydic carbon, re- " 

sonates at 91.0 p.p.m. 
, 

) 
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P.m.r. spectroscopy afforded additional sLpporting cvidcnce 

of the struc~ure of 1 and its relevance to the heparin biose rcpeating 

sequence~. The 100 MHz p.m. r. spectrUJl) of the isolated disaccharide ",. 

was almost indistinguishable from that of the deamination product pre­

scnted in ref. 50, Fig. la. At 220 MHz and 270 MHz, the spectra more 

clearly show IH-I and IH-5 of the ~-idosyluronic acid rcsidue to rc­

sonate a't 5.34 and 4.67 p. p.m., rcspectively (Fig. 4). IH-S is 

strongly influenced by pH and will shift within a 0.3 p.p.m. range. 

These signaIs coïncide 

heparin (27). The 270 

in shift with the corresponding resonance of 

MHz spectrum* (Fig. 5) bltter resoi ves these 

two signaIs and affords a coupling constant of 2.5 Hz for IH-l and 

2.0 Hz for IH-S. These resui ts are cOJ}si~,tent wi th the -a-L-ido con--
figuration and lC(~) assignments proposed earlier for the uronic acid 

residues (30,53). The hydrated aldchydic proton (Mli-l) rcsonates at 

5.25 p.p.m., giving a doublet with a coupJing constant of 5.5 Hz (mea-

sured at 220 Mliz). 

AlI other proton signaIs, except MH-2 which,at 3.97 p.p.m., 

appears a~ a triplet (3~1_H of 5.5 Hz at~220vMHz), resonate dOlVnfield 

of 4.0 p.p.m. For IH-2, this observation is in accord with the ex-

pected strong deshielding effect of the Q-sulfate on carbon-2, without 

which IH-2 wouid resonate at approx. 3.6 p.p.m. (53). Note\'iorthyalso 

is the fact that aIl three signaIs upfield of 4.0 p.p.m. in the hepar.in , 

spectrum are attributable to the 2-amino-2-deoxy~~~glucose rcsidues (27). 

Thcse latter signaIs are absent from the p.m.r. spectrum of l, being 

~ow replaced by those of the 2,S-anhydromannose residue which appear 

dOh'llfield of 4.0 p. p.m.; the inclusion of ~1H-6 and 6' in this region 

means that carbon76 is ~-sul{ated. 

* This~spectrum was kindly recorded by Dr. G. Gatt~. 

• 

! 
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Cl 

220 MHz p.m.r. spectrum ~f disaccharide 1 
t 

\ 
\ 
\ 

\ 

Il ~ 
270 MHz p.m.r. spectrum(using convolution difference 

technique) of disaccharide l 

Il .1 
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In concluslon, the findings o~ thlS study and those of others re-

ferred 
l 

to, point to structure 2 as being the major repeating biose unlt of 

hebarln; that 1t is pre~ent in at least two-thirds of" the heparln type B 

macromolecular structure, and, according to the relative intensities of the 

maJor signaIs (those of l) and the minor signaIs ln fig.2, possibly 85%· Of 

the polymerlc materlal remaining, a few possible structures wlll be put for-
, 

ward. 

2.1-2. 13-Q.-Glucuronic acid residues in type B heparin 

EVldence that $-glucopyranosiduronic acid is a minor residue 

of the type B heparin and occurs as a non-reducing residue among the mlnor 

deamination product lS abstracted from spectrum Fig.2. The l3C chemical 

Shlfts for B-Q-glucuronic acid (5~, and calculated Shlfts to allow for a 
-", ' , 

gly~oside structure are glven ln Table 1, and these are compared with data 

for shaded peaks ln spectrum Fig.2. This shows that there is a fair agree-

ment between the calculated and the observed values. One also was able to 

abstract the coupling constant for the mlnor (U-l) peak ~t 103.8 p.p.m. 

(~).The l~_H valve was approl. 160 Hz, which is conslstent with a B-~­

glucopyranosyluronic acid structure; t~e B-anomer'of the free acid shows a 

~Jr 1 of 161.6 Hz(5~. The 2,5-_anhydro-Q_-mannose moiety to which th~ -,..- -H-l 

B-glucopyranosyluronlc aciQ is atbached is possibly non-sulfated; i.e., the 

minor peak at 84.0 p.p.m./corresponds exactly to M-5 of a non-sulfated 2,5-

anhydro-mannose resldue (see se9tion 2.1-4 for chemical shifts of sUGh a re­

sidue). It will b~'shown later that aIl other M-signals (except M-6 signal 
, , , 

non-O-sulfated) ~emaln the same, unaltered by a de-~sulfatlon of C-6. Un-

fortunately it was hard to sée the M-6 signal in Fig.2. 

/ 
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TABLE 1 
----... 

Observed and Ca1cu1ated 13C Chemical Sl)ifts of ;·llnw Slgna1s 1n Type~B Heparin 

Carbon 

U-1 

U-2 

U-3 

U-4 

,U-5 

(a) 

Cb) 

S-:P 
glucuroni'c aeid 

Obs~a) 

97.0 

75.1 

76.7 

72.9 

77 .1 

Correction 

increment(b) 

+7 

-1 0 

Cale. Obs. 

1 

104.7 ( 103.8 

74.1 \ ·74.6 

76.7 75.9 

72.9 73.4 

77 .1 77.0 

values altered by -0.4 p.p.m. from those of ref.(54) ta correspond to difference in 
reference CCH30H) value. 

Approx. change in chemiea1 shift expected relative to the correspondlng13C of the model 

compound; on formation of gly~osidic bond ~ anome~ic (+7 p.p.m.); due ta bond Introduced 

at adjacent position ( -1 p.p.m.) (63,..65 )\ 
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This evidence of the existence of residues of both S-glucopyran-

osyluronic acid and non-sulfated 2,5-anhydro-mannose in minor amount in no 

way rules out the possibility that an a-~-idopyranosyluronic' acid is linked 
o 

to the latter moiety. In fact, paper chromatography of radioactively-

la~clled l and the minor constituents shows the presence of mono-~-sulfated 

dIsaccharIdes, as weIl as dis~lfated disaccharides (i.e. structure!J. ~ 

IS referrcd ta in the next section. 

2.1-3. 
\ -­

Reduction oJ _ di-&acehar:taè-~ -WIth sodium borohydride-l 

-- --~ - --- ;i-s:C-charide 11 was ~odified for use in collaborative studies 

(with Dr. E. DeIvm) on its biologlcal properties (55). That is, the alde-

13 
hyde was r~duccd with hlghly radIoactive sodium boro[3H]hydride-t. The C.m.r. 

spectrum of its reduced form (~ was weIl resolved, twelve carbo~s Sëing 
, 

clearly a~çounted for. M-l, originallyat 9LO p.p.m., now reappeared at 
'\:-- .... - 1 
~ - ........ ~~ 

-62.t-~p~. as a primary carbon. Other Shlft dlfferences relatlvè to the 1 
spectrum of l wcrc mlnor, the signaIs for the rcmaining 2,5-anhydro-~-mannitol 

carbons being displaced downfield by approx. l p.p.m. 

", 

H 
.. -
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When the labelled substrate (~) was analyzed by paper chroma-

tography and radioactive counting, it was found tQ contaln mlnor radioactlve 

1mpurlties. One of these appears to be mono-O-sulfated d1saccharide. This 

resul t could me an that during the d'eamina tive and/or redu'ct ion reactions and 

< 1 • 

workup, de-Q-sulfation had taken place. Alternatively, the minor comp~ 

of unmod1fied type B h~parin can €e characterized as being less sulfated., 

Slnce an 0- sulfate is an ester of a strong aCld), and the âe-O-sulfation re-

actlon lS an equillbrium reactlon, hydroly~is can occur under both.alkaline 

and aCld conditions; deamlnation uses the latter condition, reduction, the 

former. The primary M-6 sulfate group is the most susceptible to de-O-

sulfat10n. 

The preparatlon appeare~ nevertheless,to be generally suitable for 

the proposed assays of sulfatase and iduronidase enzyme activity (S~, al-

though results on its blo,loglcal activ1ty have not as yet bfen reported by 

Dr. E. Delvin. 

2.1-4. Additional n.m.r. spectrar characteristics 

P.m·t· 

Attem~ts had been made to est1mate the ~omposltion of various 

heparins by p.m.r. spectroscopy at 100 MHz (4) but it was l.mpossible to assign 

most of the proton~ or to determlne their 'eoupling constants. At, a higher 

frequeney (i.e., 220 MHz) the speetra were analysed more thoroughly (27). 

Aside from,asslgnments for the protons of the hexosamine residue and IH-l and 

rH-S, t~ntatlve assignments were proposed for IH-4 and IH-2 of the ~-idosyl­

uronie aeid resldue. Since position-4 of the uronie aeid is involved in 

glyeosldie bonding and posltion-2 is ~-sulfated, deshielding of the protons 
, 

by 0.3 - 0.4 p.p.m. is,expeeted relative to idopyranosy1uronie aeid. Therefore, 

the peaks at about 4.2 and 4.1 p.p.m. of the heparin p.m.r. speetrum probab1y 

,-' 
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account for IH-2 and IH-4. The chemical shift of IH-3 is, tentatively, 

around 4.0 p.p.m.* 

+ To determine the chemical shifts and coupling constants of di-

saccharide l, proton shift data for'related model compounds and for glyco-

o ~sldatlon and ~-SUlfrt~~n ~nfluences on indlvidu~J protons and adjacent protons 

must be considered.' . B);. meayuririg the magnitude of proton coupling constants 

of the uronic acid fmoiety of l, one should be ~ble 1;0 de\scribe its conformation 

and to say something _about the conformation of the a-~-idopyranosyluronic acid 
sa 

residue in the polyrner i tself. Also, chemical shift data for both residues. of 

l wlll help in elucidating ,the p\.m.r. of higher molecular weight species of 

(type A) heparin. 

P.m.r. data for 2,5-anhydro-~-mannose (i) are given in Table 2, and 

for methyl a-~-ldopyranosiduronic acicl in Table 3. 
" 

Since the spectrurn of i was not fir~t order, a complete analysis 

of the coupllng constants was not attempted. However thë proton asslgnrnents 

'" proposed are close to those for methyl a-Q-arbinofuranoside (5) based pn lts 
\ - --o • , 

220 MH~ spectrum. This comparison '~hould be reasonably vaIid because both 
, 
1 

compounds have an analogous fUi,anose rlng (compare A and '~. 

* 

HO HO 

5 

A very re'cent study at 270 MHz has now provided a highly detailed analysis of 
beef lung (type B) \ heparin (561 ! 

1 
..! 
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TABLE .. f 

Expected Chemica-l shifts of 2, 5-anhydro-Q-Mannose Moiety of 1 

Proton Obs. 6 values Ca) Correction éCale Obs. 
2,5-anhydro- Cc) for 1 cou,ling (b) mannose (~) 

Increment 

H-l 5.28 0 5.28 5.5 (d) , 

H-2 3.96 0 :S~96 S.S Ct) 

'\~ H-3 4.37 0 4.37 (q) 
" 

H-4 4.1 r 0.3-0.4 4.4-4.5 (t) 

o 

H-5 4.23 0.2 4.43 (d) 

H-6 3.95 0.5 4.45 
1 t 

(b~ 

" 

(a) Recorded in P20 at 100 M Hz C3ÔOC)~lnternal,reference,sodlum acetate,(at 
2.1 p.p,m.) 

(b) MultipllClty of signals; Cb s) -broad sIgnal due to virtual coupling 

(d) -doublet) Ct) -triplet, (q) - quartet. 

Approx. change in chemical shift expected due to O-sulfation or glycosidic 

bohding. (27,57). 

TABLE 3 

Expected Proton Chernical Shifts for a-g-idopyranosiduronic AC1.d Hoiety of 1 

~, Proton 
~ 

IH-l 

IH-2 

IH-3 

IH-4 

IH-5 

Methyl a-g­
-idopyranosiduronic, 

acid sodium salt (53) 
o value 

4.73 

3.65 

3.85 

4.0 

4.43 

Correction 
incrernent 

0.27 

0.58-0.71 

0.27 

0 

o Cal 
for 1 

5.0 

4.23-4.37 

4.12 

4.0 

can vary by +.3 p.p.m.(pH dependent) 

Obs. 
coupling 

doublet 

triplet 

triplet 

quartet 

doublet 
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Also llsted ln Tables 2 and 3 are approximate changes expected ln 

observed proton chemical shifts relatlve xo the corresponding protons ofl the 

related model compounds. These "correction lncrements" are based on the 

folloWlhg (57); on lntroductlOn of an Q.-sulfate group gemlna,l to an aXlal 

proton (0.6 p.p.m.), geminal to an equatorial proton (0.58-0.71 p.p.m.), 

vlcinal to an equatorial'proton (0.27 p.p.m.), vicinal to an axial pr~­

t'on (0.18 p.p.m.), on CH20H group (0:50 p.p.m.), vicinal to a CH20H 

group (0.2 p.p.m.). Introduction 

geminal proton by perhaps 0.3-0.4 

of a glycosidic 

fil 
p.p.m. (27} 

bond deshields the 

Turnlng to dlsaccharlde .!.., posi tlOn-4 of the 2, 5-anhydro-Q-mannose 

mOlety lS lnvolved in glycoside bonding (28,3m; posltion-6_ lS sulfated, and 
'1 

positlon-2 of the a-k-idopyranosyluronlc acid lS suafated. Flnally, the 

proton chemical Ishifts calculated for the residues of 1 are listed in Tables 2 

and 3. These data have been employed as an aid in the analysis of spectra of 

1 (Fig. 4) . ~ \ 

1 

)Flg. 4 shows the 220 MHz p.m.r. spectrum of ~ ln °20 at 20°C. 

The peak aSSlgnments are tentatlve. IH-4 and IH-3 are expected to resonate 

ln the 4.15 to 4.25 p.p.m. range (Table 3). Besides these, and the MH-l, 

IH-l, IH-S and MH-2 signaIs that have already been a~signed above, aIl other 
~ .J 

signaIs are foupd be:tween 4,3 - 4.55 p.p.m. Either MH-5 and one MH-6 or both 

'J MH-6's may account for the two proton signaIs downfield at 4.43 - 4.55 p.p.m. 

(Table 2). 

At 270 MHz and 90°C, and by using the convolution dlfference tech-

nlque to sharpen the signaIs (Fig.S) , the resulting superior resolution more 

clearly shows doublets for IH-I (2.3 Hz) and IH-S (2.3.Hz). Other spacings 
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mcasured from the IH-3 and IH-4 signaIs are ~ 5 ~ 2.3, ~3 4 = 3.5 Hz and , , 

~3 2 = 5 Hz. , 
The convolutiO~ differcnce te'chnique may have dlstorted the, spectrum 

somewhat. That is, the vicinal ~ VénUeS for MH-l and MH-2 are ~l 2 ~ ~2 3 = , , 

4.5 Hz, whercas at 220 MHz thcse constants were, found to be 5.5 Hz. Perhaps, 

howcver, the h1gher tcmperature at which the 270 MHz spec~rum was run (90°C) 

accounts for this d1fference. The hydrated aldehyde is favored ln H20, but 

at elevated temperature sh1fting of this equilibrum towards the dehydrated 
1 

species might become slgnificant. 1 

Vicinal coupling constants fot mcthyl a-~-idopyranosiduronic acid 

have bcen shawn to increase with h1gher tempo (53). At 85°C, the vicinal J's 

wcre ~1,2~4.5 Hz, ~,5 = 5.0 Hz, ~2,3 I3 4 = ~O Hz. This is an increase of , 
1.5, 2.0 and 0.5 p.p.m., respectively, from values at 15°C. It was postulated 

(53) that the a-D anomer interconverts bctween, the two chair conformations 

C1,,(I2,) and le (~) with Cl (~) becoming less preponderant at elevated temperatures. 

The spectrum would therefore represent ,a time aJeraging. Another possible 

Contrlbutor to the conformation of methyr a-D-1dopyranos1duron1c acid lS a skew 
= • 

form. 

Il 

It is not known how the sulfate substituent tt position-2 affects ~ 

the conformation of the uronic acid, nor is known how the moiety tp which it is 

attached (in l, 2,S,-anhydromannose 6-sulfate) may contribute. Alsol, hydro-

gen-bonding and attractive or repulsive ( anionic) forces may cpme into play. 

Hence, structure l may by no ~eans be a true conformational mode] for biose 
, 

repeating unit 2 of heparin. But if the smaller J values for the a-L iduronic 

acid m01ety of l in Fig.5 are an indication that the uronic acid is r~presrnted 

more 'by the lC(k) conformation than its non-~-sulfa~d methyl~~lycoside~ th en 

it can be suggested that with residues of 2-deoxy-2- sulfamino-a-Q-glucopyranose 
/ -
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6-sulfate Ion elther side, the a-L-lduronlc aCld residue ln 2 lS more truly 

"locked" ln the lCCk) conformatIon. 

13 . 
C.m.r. 

In the previous section, the assignments of the chemlcal Shlfts of 

the uronlC aCld mOlety 6f l were based on the spectr~ Df model compounds and 

13 \ heparln. 1-3, 1-4 and 1-5, producing the 3-carbon C signal at 70.9 p.p.m., 

are unequivôcal1y"asslgned whereas 1-2 (O-sulfated) 1S not. 

In the following ,~ection (2.1-5) a thorough discuSSIon of 1-2 and 

the anhydromannose carbons can be found. 1-2 lS shown ta resanate at 76.4 p.p.m., 
.j 

and the signal slightly downflel~ of it IS attrlbuted to M-2. 
. 

The fact that the anomeric carbon of"iduronic acid in l is more . 
shlelded, and, indeed, that most of ltS other 13C nuclei (with the exception 

of sulfated 1-2) also resonate upfleld relative to those of, e.g., methyl-S-D-,= 

glucopyranosiduronlC acid (54), is conSIstent with the conformation lC(~) of 
• Q -

!, Wh1ch envIsages axial c-o bonds at C-1, C-2, C-3 and C-4. Most of the 13C 

nu~lel of a sugar are more strongly shlelded when c-o IS axial than wren 

equatonal (58,59). Also, Perlin ~ ~ (59) correlated satisfactorily the 

shleldlng or l3c nuclei wlth the increase in destabilizing Interactions at 

13C. Shielding effects are caused, therefore, by a vicinal cis arrangem~nt 

or Q-groups, a neighbour1ng axial \\SUbStl tuent and a l ,3-~-diaxial arrange­

ment of Ç-H and c-o bonds. The conformation of the uranie \acid of 1 as lCCk) 

can be seen to have many of these destablllzing interactions. 

It has been found that the magnitudes of the two and three bond 

13 l 
C- H co~pling constants in sugar,s depend very distinctly on the geome~rical 

, pl· 
arrangement of the C-O and C- H bonds (60-6~. Accordingly, from established 

data, carbon 1-2 of the a-~-idopyranosiduronic acid should couple with H-3 

anù H-4 to produce a doublet of triplets (l~_H being 151 Hz). If the uronic 
. 

acid \.ere in the alternative chair form, 1-2 wou1d show long range coupling 
1 

only with H-3 produc#i.g a doublet of doublets. If the uranie acid were inter-
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\ 

convert~ng between one 'chair and the other, one would observe broading of the 

13 l 1 
coupled C--H spectrum. In the H-coupled spectrum'of'~, each half of the 

1-2 slgnal 15 suggestive of a triplet. The 
2 3 
~ and ~ coupl1ng constants of 

1-3, 4, and 5 cannot be measured becaJ~e of their coincident Shlfts.~ The 
\ 

lines of these carbons are remarkably sh\rp considering the number of protons 

0, Il, \~ CF' 3) 
that are ~ear enough to be engaged in coup~ing ~. 

TheSej13c data, while not clear cut eVldence that the a-k-idopyran­

oSlduronic acid moiety ln 1 lS in a ICC~) conformation, are consistent with 

thlS l1kel1hood. 

2.1-5. Iso1at1on of a non-~-sulfated disaccharide methll ester (~.!.. 
\ 

and BC assignments of lts 2,S-anhydro-Q-mannose moiety. 

Treatment of heparin wlth methanolic-HCl yields a methyl ester of 

the polymer from WhlCh the N-sulfate and most O-sulfate groups have been 

removed C 25). Debinat1ve degradation of this material with HN02 , produced 

a neutral disacch~ride methyl ester (~), a modlflcation of l, WhlCh was 

isolated aftet passlng the reactjon mixture through an ananic exchange column. 

• 6 

,.. ." .. Il... __ -.....,.u ~ ..... -" ," ... • .Wh r = ''-'#M2'' 
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Comparing this neutJ;'arcompound' 5 l3C. ID. r. ,ppectrum (Fig. 6) W1 th 
/ / \ 1 

thespectrum of disaccharife 1.\,'"a~f~~1s evidence generally confirming structure 

§.., and useful Be infonnaÙon about bc\th ,\ompounds. There is an apparent 
, \ -

deshielding of 1":1 of ~, as compared with-"that o'f 1.., by 1. 7 p.p.m. This 15 
\ 

O f \- cl • BC h th attributable to the,fact that an -sul ate group a )accnt to a canges e 
- \ ' 

chemical shift by about ':1 p.p.m. (63-65 ). \ The a-sulfate in question here 

is at position-2 of the uronic acid moiety of 1. Originally at 76.4 p.p.m. 

(compound 21, 1-2 has shifted upfield bl' 4.7 p.p.m. to 71.7 p.p.m. 1-3, now 

adjacent to a non-O-sulfated 1-2, should also be deshieldèd'bl' about 1. 

p.p.m. Accordingly, the 13C peak of 6 at 72.6 can be assigned to thi~ nucleus, 

1-3, since for. 2, 1-3 appears at 70.9 p.p.m. 1-4 and 1-5 can be attributed 

to either of the two remaining uronic acid signaIs at 71.8 and 72.1 p.p.m. 

The chemical shift values of the a-~-idopyranosylurànate moietl' 

of 6 are closely similar to shift values of methl'l a-2-idopyranosiduronic 

/ acid (Na salt) (Table 3) (53) • 

In comparison to other data, non-sulfated 1-2 of 6 is not upfield 

quite as mu ch as would be expected (-4.7 p.p.m. vs. -7.0 p.p.m. (28,64))and 
, ---

1-1 and 1-3 have been inf1uenced to a slightly greater extent by de-Q-sulfation. 

Orie can regard nhese res~lts as evidence that the a-~-idopyranosidu~onic acid 

moietl' of ~ does not have exactll' the same conformation as the a-L-idopyrano­

siduronic acid- 2-sulf:te moiety of ! .. Hence, an intrOduction of :n !Q-sulfate 

group at 1-2 may influence the conformation of the uranie acid. 

The assignment of l3C chemical shifts for the 2,S-anhydro-~-mannose 

moiety of 6 is more tentative. M-6 (original Il' sul~ated in land resonating 

at 69.4 p.p.m.) is non-sulfated and appears 6.6 p.p.m. upfield, resonating at 

62.8 p.p.m. One assigns M-S (now adjacent to a non-sulfated M-6) by observ­

ing which 13C signal has moved downfield. On this'basis, the 13 C peak at 

~.ft'--.>r"'-___ ------ - ..... _ ...... ' F ... I1111 ......... n_· ...... ______________ ·_· __ · ._--' ... , -,,""_n""_1 .... IiI1llIl ... 
w

""' ... _dn""-___ re_.* __ .. • ______ ....... 
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F · 6 P . - 13' f f d ~. artla1 C-n.m.r. spectrum 0 non-~sul ate disaccharide 
methyl ester (~) 
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84.0 pop.m. (~) ~an be ass~gned to M-5, since M-5 resonates at 

81. 7 p.p . m. AlI other l3e shift values of the 2, 5-anhydro-~-mannose 

m01ety ~emain unchanged as compared to l. 

The remain1ng 13C Sh1ft assignrnents of the 2,5-anhydro-~-

mannose residue of ~ were made by camparing their observed values 
r • 

(Fig.6) w1th those of 2, 5-anhydro-~-mannose (i) and 2 ,,$-anhydro-~-
--' 

mannitol (~6). (The chemical shifts of M-2 and M-S of 4 are down­

field of those of M-3 and M-4 by about 7 p.p.m.). Due ta glycoS1dic 

bondlng the chemical stuft of M-4 in ~ would increase by 7 p. p .m'. There-
" 1 

fore, M-4 can be assig~ed to one of the signaIs at 86.4 p~p.m. and 

86.8 pop.m. (Fig.6). M-2 would then be the ass1gnrnent for the second 

of this pair. M-3, upfleld from the other sig,J1al, should not be 

largely affected by glycoside bond formation, and its chemical shift 

value 15 therefore at 78.0 p.p.m. for 6. 

2.2 A- type Heparin 

2.2-1 IDea~inative degradation of heparin (A-type) 

Present chemical methads of analysis do nat appear ta provide an 

adequate quantitative basis for comparing hepar~ns (i.e. A-type vs. B-type). 
) 

The eurrent study is part of a series undertaken to see if n.m.r. spectroscopy 
l ' 
1 m~ght be useful for this purpose. 
i 

The 100 ~lliz p.mor. spectra of 1-type and B-type hepar1ns (34) in-

diealt,e that each spectrurn 1S derived from the same kind~ of protons, but re­

lativi Intensities of the signaIs vary notieeably for the two group of heparinso 

The most striking feature distinguishing between the two polymers is the presence 

"'_MV ... .,...... ~.:"_ ..,. .. ~~ ________ _ 
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or virtual absence of the signal attributed to protons of the acetamido 
1 

~-acetyl group. (at 2.1 p.p.m.). Also,noticeable are diffeTenee5 in proton 

intensities in the regions of 4.3 p.p.m. and 3.7 p.p.m.; for type B heparin, 

the former region __ 15 stronger in lntensi ty) for type A, the latter reglOn 

IS more Intense. ThIS spectral feature indicates that there is more O-sulfa-
1 

tion present in type B heparin and therefore a stronger bui1dup of proton 

sIgnaIs at lower fIeld. 

13 \ \ J The C spectra of A- and B types also differ noticeably in the re-

lative Intensities of their minor sIgnaIs. However, it 1S difficult to ex-

tract more detailed information by using the heparins in their polymerie state. 

Ta elucidate fine structure the heparins have been subjecied ta deaminatlve \ 

degradat10n as described above for heparin of the B-type. The n.m.r. data 

accumulated from fragment~tion products of this heparin were now found ta be 
i 

of help in 50lving the structural differences and similaritles in type A 

hepa~in. 

As ,expected ,_ on dearnlnative degradation type A heparin produced 

• 13 
disaccharide l in major proportion, but aside from the twe1ve C signaIs 

assoclated with structure l, the spec~rum of the mixture showed numerous other 

signaIs, of minor intensity. (Fig.7). There are 14 or more distinct peaks, 

varying in 1ntensity, including the methyl and carbonyl 13C of the ~-acety1 

group at 24.6 p.p.m. and at 176.8 p.p.m., respective1y. 

The minor peaks at 103.8 p.p.m. and at 99.1 p.p.m. are attributable 

ta G-l of e-Q-glucosiduronic acid residues, and A-lof the 2-deo~y-2-ace~~ido-

a-~-glucopyranose residue, respectively. 
1 

dicates that ihere is more of the former residue thap 

The magnitude of these signaIs in-

the latter in A-type 

heparin. 

\ \ 

Molecular wei~ht fractionation of the mixture on Sephadex G-25 was th en 



" 1 

\ ' 

--'~ 

• 
'-

-33-

Fig. 7. 
13 C-n.m.r. spectrum of the deaminative products of 

-- A-type ~eparin 1 
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performed. ~ shows the spectrum of the lowest molecular weight material 

collected. The min or slgna1s due to the 2-acetamido-2-deoxyhexos~, as weIl 

as a few other slgnals, have gone. What remains are the twelve distinguishable ,., 
13 

C resonances of !' and seven minor slgnals. The latter compare closely in 

chemical shift with the minor ~ignals of B-type heparln (~). Focusing 

specifically on Fig,8, one can clearly account in substantial detail for 

dlsaccharlde structure 7: G-3, G-S, G-2 and M-6 (non-sulfated) arel now clearly 
\ 

dlstingulshable at 76.6 p.p.m:, 77.2 p.p.m., 74.6 p.p.m. and 69.4 p.p.m., 

respectively. These values are in very good agreement with those calculated 

for resldues of B-~-glucopyranosidu~onic acid (Table 1) and 2,5-anhydro­

mannose (sectlon 2.1-5) 

'H 

\\\\ 
\ 

7 

P.m.r. spectra of the above samples were not very informative. 
1 

." 

Although there were minor signalsothroughout, their assignrnents were not straight-

" .. - .... --~ ........... ~ ............... __ ... ""'._ .... , ... f'l ... _____ .... , ... ____ .. , __ --.. --- __ .,....."'~~'"* ................... ___ w...... ........... -.---~- ... --
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Fig.B. Partial l3C_n .m. i . spectrum of the disaccharides(! and Z) 

frorn the deaminative products of A-type heparin 
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1 -. 
forward. This lllustrates the sometimes superior capablllty of H-decdupled 

13 C.m.r. spectra ln distlngulshing mlnor components in samples, and in fur-

nishing an additional criterlon of purity. 

The larger molecular weight components of the deaminative degra-

datlon products are discusS,ed ln ~he next section. 

2.2- 2 Examination of higher ~.W. components: Proposed structvres for 

'. \ h 'cl . Ah' mlnor tetrasacc arl e sequences ln -type eparln.~ 

13' n l 
C.m.r. 5pectro5c~py 15 an illumlnatlng adjunct to H.m.r. for 

\ 

studie~ ln oligosaccharide structure clUcldation. Its value derives ln large 

measure from the wide range of ch~mical shifts lnvolved (20 fold that Of
l 

p~otons) WhlCh favours a much better separation of nuclear signaIs tha~cusually 
l 

found ln H.m.r. ~pectTa. Thus, with the use of the protort-decoupled F.T. 

13C 0 .m.r. spcectrum of oligosaccharidés';- 'on~·· ;hould be able to count the number 

of Q(ilfferent carbons present and deduce the size of the molecules. With ex­

tensive "refeT~nce data available for both l3C and lH chemlcal shift v~ues of 

the posslble saccharide~ present, structural assignments for larger deamlnative 

fragments that haveJbeen isolated, are proposed below. 

The isolated yreld of ollgOSaCCharlides in the deaminatlve degradation 

product of A-type heparin'was approx. 15% of the total material collected. 

These frac~ions were T1Ch in acetamldo grobps, as observed by lH.m.r. spectros­

copy. In A-type heparins, the acetamidodeoxy~exose (measuTed from the proton 

integral of the acetyl group (34)) is from 15 to 25% of the tata.} hexosamine 

content. Thus, the oligosaccharides,~llected (above) are highly representative 
" 

of the ~-acetyl containing protons of these polymers. 
1 

Two fractions of molecular weight higher than disaccharide were 

obtained; the first, fraction l, accounting for about one-third of the ~-acetyl 
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rich material. The 2nd fraction 

w+ll be discussed initiallY.\ 

Fraction II ~ tetrasaccharide 8 

(i. e., fraction 0) 

o 

II), the major component, 

The partial 13C' spectrum Gf compound ~ (Fig. 9) shows about twenty-
, 

othree carbon' signaIs, seven of which overlap in varying degrees. SignaIs for 

the carbonyl l3C are not ~een because of the lo~ sample conc~ntration, but 

allowing pne carbonyl for the N-acetyl group and two carbonyls for two uronie 

acid residues gives a t?tal of twenty-six carbons: i.e., 8, a tetra5aecharide 

eomposed of two uron1C aC1d5, one acetamidodeoxyhexose and one _ anhydrom.annose 

residue. 

-
The 2,5-anhydro-D-manndse 6-5ulfate signaIs can bê easily aceounted = , 

c 'for b1 referenee to data above and are marked as M-# in Fig 9. (It appears 

that\M-2 15 overlapped by two other carbon signaIs at 77.6 p.p.m.). 

There are three knomeric carbon signaIs downfield, at 103.6, 101.1 

and'98.5 p.p.m. That at 101.1 c01nc1des with 1-1 of the a-~-idopyranosiduronic 
4 

acid ',moiety of'.,,!.' Beeause one may account for three of the four carbon 5igna~6 

at 70.7 p.p.m. as being aS50ciated with this uronic aci~ r~3, 1-4, and 1-5 are 

at 70.6 p.p.m., whereas sulfated"I-2 resona~es downfi~ld at 76.3 p.p.m. 

Thereforë, this corresponds to a res1due situated at the non-reducing end of 
1 1 

the tetrasaccharide. 
~ 

The anomer~c carbon signal at 103.6 is very close to the G-I signal 

of the S-glucopyranosiduronic acid moiety of ~ (Table 1). If this type of 

uronic acid residue is present in ~, and linked through G-4, there should be 

pred1cta~le effects,on the ehemical shift of this and other carbons. By re-

feretlce to Table 1 for S-glucuronic acid shifts, and using a downfield displace-
" \ 0 \\ 

ment \ correction of ap:rox! +9 f.p.m., one finds a calculated chemic~l shift 

fo'r G-4 oL 81. 9 P .p.m. The signaIs closest to this value are onas at 78.9 and 

.-
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77 . 6 'p. p. m., Neverth~less, it has been reported (54) that G-4 of the 

l1nked S-~-glucuronic aC,id moiety in chondroitin A resonates at 77.7 p.p.m. * 

Because of ~his similarity ln 6bserved shifts for G-4 and because chondroitin 
1 

A also 15 made up' of B-glucuronic acid and acetamidodeoxyhexo5e residue5, it 

should be very approprlate to çompare the other G-signals of chondroitin A 
\ 

with various signaIs observed ln Fig.9. 
1 " 

For chondroltln A*: G-I = 
, 

104.6 p .. p.m. 
0' 

G-2 = 73.4 11 

G-3 = 74.7 " 
G-S = 77.7 11 

For s~gnals ln Fig.9 G-l ;: 103.6 p.p.m. 

\ G-2 = 73.0 " 

G-3 = 74.8 " 

G-S = 77.6 " 
These latter slgnals are now designated accordingly in thè spectrum of 

Fig.9. 

What are left to be resolved are the six car~~ns of the 2-acetamido-

- &deoxy-a-Q-glucopranose unit. Table 4 gives the calculated and 'observed l3C 
- \ 

chemical shift values for t.his residue (4-0-linked). 
, -
r 

The values correspond' very weIl. This'strongly indicates that 

the hexosamine residue is non-sulfated, and is attached to the S-~­

glucopyranosyluronic acid residue through an a-linkage at A-l, and to the 

a-~-idopyranosylu~onic add 2-sul~ate residue through A-4 as in \formula 

8. 

-
* Values abstracted from thi~~paper ($~) are adjusted by -0.4 p.p.m. to 

co~rect for differencF in reference CCH30H) valué. 
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TABLE 4 .1 

oCalculated and Observed 

Tetrasaccharide 8. 

13C chemical shift values for the acetamidodeoxyglucose m01ety in 

C'arbon 2-Aeetamido-2- Cale. q, for 8 --
deoxy-a-D Increment (b) 

glucoPYr:nose Ca) 
~ 

Cale. 0 8bs. 

A-I 91. 7 + 7 98.7 98.5 

.: 
A-2 54.9 - 1 53;~ 55.0 

A-3 71. 6 l' o 90:1>'"-~ ___ 70.6 

""-

A-4 71. 0 + ,9- 79.0 -78.9 

A-5 72.4 - 1 71.4 71.9 

A-6 61. 5 - - 0 61.5 62.4 

-CH 
3 

23.3 0 23.3 24.6 

CO 175.7 0 175.6 

, ~ .. ~.rtl' '""., • ..,..".~ '!..~~~ 

........ 

0 

] 

-! 
values -of-ref. 58 adjusteâ. by-O.4 p.p.m. 'due to differ~nce 1n referenee (CH30H) value. 1 

1 
expected chemical shift changes' due to glycosidic boncl1ng C 63-65 ). 
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Fig. 9. 
13 Part1.al C-n.m.r. sRectr'um of fractionlI: tetrasaccharide 8 
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Fig.IO. Partial 13C_n . m. r . spectrum reductidn) : 

tetrasaccharide 9 
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The p.m.r. spectrum of fraction II Fig. 11(A) produces some 

comfllcmentary evidence for structure ~ Valuès for the proton signal (AH) ,. - , 

Ifor the 2-acetamido~2-deo~y-a-~-gluCOSe unit compare' weIl with those ex­

h~bited (27)in a 220 MHz spJctrum of B-type heparin for the ~-sulfated 
6-~-?ulfate residue, allowance being made for small shielding differences." 

AH-6 (non-sulfated) and AH-5 of'8 would resonate ~n the 3.85~4.0 p.p.m. 

Tegion, AH-3 around 3.85 p.p.m., AH-4 at 3.7 and AH-2 at 3.5 p.p.m. as will 

be seen below. These calculated values are, in Ifact, close to those in­

dicated in Fig.ll(B) for the acetamidodeoxyhexose residue of tetrasaccharide 

9. There is a broad ~eak attributable to AH-l at S.55 p.p.m., this signal 

a1so belng present in the 220 MH. spe~trut of A-type heparin. 

Other signal assignments in Fig .11 (A) are suggested by reference 

to the spectra of ! ( i.e. its residues of a-k-idopyranosiduronic acid~2-

suffate and 2,S-anhydTomannose 6~sulfate), and to methyl B-2-g1ucopyrano-

rsiduronic acid. The GH-I chemical shift of the latter model compound is 

-j' 
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consistent with the observed value of about 4.85 p.p.m. for the corres-

ponding proton of 8. Ta accommodate the integral of 3 protons for the 

group of peaks at 4.24 p.p.m. (probably including IH-4 and IH-3) GH-5 is 

tentatlvely assigned to this regian. 

The lntegral ratio for AH:.! and IH-l is approxlmatel"y 0.8 to 1.0 
1 

WhlCh suggests that another type of uronic acid, namely B-Q-glucuronic acid, 

must be present. 

Fractlon l - tetrasaccharide 9 

The 220 MHz spectrum of fraction 1 was poorly resolved in the ano-

merlc region of !.O - 5.5 p.p.rn. To confirrn that the doublet at 5.25 p.p.m. 

in the p.m.r. spectrum of fraction l is due to MH-l and also, hopefully, to 

clarify this part of the spectrum, fraction l was reduced with sOdiurn\ 

borohydride. The resulting spectrum is shown in Fig. 11(B) \ 

Slnce rernoyal of the MH-I signal frorn the region of the anomeric 

protons was effected, the anomeric proton, 1HJi, can be clearly seen. 

The insert', Fig.lICe), is a partial 90 MHz F.T. spectrum of fraction 

I-reduced. It shows AH-l and IH-l with an integral ratio of clo~e to l:~. 

;1his suggests there are two\ iduronic acid residues present per hexosamine. 

IH-5 ir. Fig. q(B) also has hn integral of about 2 protons. Since, there is, 
! 

observed to be ~ne 2,5-anhydra-Q-mannitol residue per hexosamine residue, 

it appears that another type of tetrasaccharide is present ln the heparin 
/ ~ ~ 

dearnlnated rnaterial. But in contrast'to the fraction II tetrasaccharide, 
-----

this malecule contains only' small amounts of e-gl-ucuronic acid re~idues. 
"> 

In agreement with this, signaIs attributable to glucuronic acid in 

bath the 13
C 

1 and H n.m.r. 5pectra are 5mall. There is little evidence of 

GH-l around 4.85, and in thP region of 4.0 p.p.m. there is'no evidence of 

'GH-3 and GH-4. MLH-2 of the 2,5-anhydro-~-mannitol is less'deshieldëd than 

\ 
, 
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the corresponding proton of the aldehyde and resonates further upfield 
1 

at 3.9 p.p.m. AlI slgn~l assignmehts proposed in Fig.II(B) correspond weIl 

ta the integrals measured. 

h . 1 13C f h' cl cl Two distinct features ln t e partla spectrurn a t lsore uce 

material (Fig.IO) that add to the p.m.r. evidence are, fl.rst: the signal 

for 1-; at' 101.1 p.y.m. of the iduronic acid is twice as intense as that 

13 ./'1. .of the C of the ~-acetyl hexosamine. (though slgnal A-l at 98.5 p.p.m. , 

is rather lndlstinct, the signal of A-2 at 53.5 p.p.m. of t\hfS latter residue 

is clearly due to one carbon); secondly, the signal intensities at 76.3 and 

77.6 p.p.m. are reversed as compa~ed with those of fraction Il (F}g.99. That 

1.S, there is evidence of a buPdup of 1.duronTc .....acid signaIs: \ 2xI -2 (sulfated), 

1-4 (llnkage) and ML-2, at 77.6 p.p.m. There is evidence in Fig.IO that 

a low proportlon of resldues of e-~-glucuronic acid is present in this 

fraction. The minor attributed ta such residues are designated by 

the use of brackets. 

sig~all 

Slgnal ~ could coincide wit~ 1-1 of a non-sulfated 

iduronic aCld unit, as shawn in section 2.1-5, but the other minor signaIs 

also are consistent wlth the S-gluco structure. 

Th ' f 13C ' 1 ru4) f h 2 5 h d lo . 1 e asslgnments 0 s1.gna s t"IL or te, -an y ro :-mannlto 

13 residues were based on the C spectrum of the reduced disaccharide (~). 

C-6 of this unit i5 sulfated and resonates at 69.7 p.p.ml 1t can be seen that 

the ~-acetyl-glucosamine residue is not 6-0-sulfated by comparing Fig.lO 

wlth Fig.9 (tetrasaccharide ~ 
1 

1t is interesting ta note variations in the 13C chemical shifts 

of the acetamido methyl group and A-2, the carbon to which this grdup is 
• 1 

attached. The methyl signal .of ~ (not shown in Fig.IO) is at 21.2 p.p.m., 

and A-2 resonates at 53.5 p. p.m. By\\contrast, the correspanding values for 

~ (Fig.9) are 24.6 and 55.0 p.p.m., i.e., much closer ta the values for 

\ ' 
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A. 220 MHz p.m.r. spectrum of fraction"K: tetfasaccharide 10 

B. 220 MHz p.m.r. spectrum of fractionl(~fter reduction): 
tetrasaccharide 9 

cl Partial F. T. 90 MHz p. m. 'r. spectl'Utl of fraction I (after 
reduction):tetrasaccharide 9 
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2-acetamido-2-deoxy -a-8-glucose: 23.3 and 55.3 p.p.m. (158). These large 
1 

differences in shift between 8 and ~ are most directly attributable to the 

presence of different uronie aeid units 1\ttaehed at either side of the 

N-acetyl hexosamine. Perhaps, for example, the earboxyl group of the 
) 

interior iduronic acid of 9 is in closer proximity to the B-acetyl group 

than is the earboxyl of the glucuronic aC,id residue in 8. Repulsive forces 

between the O-sulfate groups might help to ensure a conf@rmation in which 

the COD and COCH3 of ~ are brought close together. 

H h l3C l' l . l b ence t ese nue e~ may serve as an ana yt~ca pro e to 

determine the spatial surroundings of the !'J-acetyl group and indirectly ,\\ 

to deduce the type of uronic acid attached to the hexosamine. This eould 
1 

be genera\lly useful in the field of rnucopolysaccharides wherè .!!-acetyl ! 

groups are sometimes present in large proportions. 

It is noteworthy that tetrasaecharide ~ emler~d from the sephadexl 

column before 8. Although ~ eontains an extra Q-sulfate group, this re-

lati vely small d~fference in rnolecular weight would not alone be expected 
, 

to account for such a good separation. $inee, however, the gel support is 
~ 

slightly anionie, the addltional effeet of higher eleetrostatie repulsion 

might make for this overall difference in the chromatographic behavior of 

8 and 9. 
1 
00, 

V, 

-; , 
! 
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2.3 sulnary of data on 'the structure of heparins 

The results of the present investigation cnnfinn that the biosle 

repeating unIt represented by ~ constitutes as mu ch as 85% of B-type heparln, 

and suggest that it makes up for approximately 60 - 70% of A-type hepar~Î' 

WhIle the interpretation of the spectra of the minor degradation 

fragments from heparin are to sorne degree tentative, certain general con-

clusions about these fragm~nts cin be reached. It is especially helpful to 

survey the 11 terature ln evaluating the evidence for structures 2, ~ and 9. 

Evidence has been obt~Ined that S-glucuronic acid is present in 

both types of heparin from thè fact that dis~ccharide 7 was isolated from\\ 
, 

each by gel permeation chromatography, along with the major disaccharide (~). 

That this uronlc acid need not ee linked to residues of N-acetyl hexosamine, 

1S shown by the fa ct that in disaccharide 2, the 6-g1ucuronic acid is-

r' attached ta a 2,S-anhydro-~-mannose residue. Both 13C chemical shifts and 

1 
~-H of G-l are characterist1c of a S-linked glucopyranosyluronic acid 

residue. The distrIbutIon of the bios~units from which l is derived, i.e., 

4-Q-(B-~-glucopyranosyluronic aCld)-2-deoxy-2-sulfamlno-~ gl~Copyranose 

-6-sulfate C.!..Q) 1,5 not known. They might be randomly arranged, or could 

be confined to l1m1ted regions of the molecular chaIn. ~ 
\ ,,, 
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. 
There are, presumably, smal1 amounts of non-O-sulfated hexosarnine 

res~dues in addition to the hexosamine of biose repeating un~ts~. This 
1 

is borne out by the identification of non-sulfated 2,5-anhydro-~-mannose 
13 0 

resldues in the C.m.r. spectra of the disaccharlde materlal (l.e., Fig.2 

and Fig.8). 

Work done by J .A. Cifonelli et al (67) showed the formation of 

two mono-O-sulfated disaccharides along with the major disulfated disacc~ 

harlde (1) o~ dearninative degiadation of b~ef or hog mucosal he~arin. 

Paper chrornatography of the acid hydrolyzate o~ these mono-O-sulfates showed 

that glucuronic aCld was present and also a smaller amount of iduronic acid. 

A later paper by M. Hook ~. ~ (26) confirms these findings. These resu1ts 

are eV1dence for sorne of struct1urllQ. ln Iheparin, and also for one in which 

a-~-~duronlc acid lS attached tG a non-O-sulfa~ed deoxy-su1faminohexose 

resldue (~; the former dlsaccharide sequence being sulfated at M-6 of 

the 2, LanhYdrO-rnannose moiety, the latter being sulfated at 1-2 of the 

uronic acid moiety. Ccmfirrnatory reports (19, 23)show that L-iduronic acid 

resldues in heparln are sulfated, in contrast to the Q-g1ucuronlc acid, which 

is not. Thus, the repeating dlsaccharlde residues containing ~-iduronic 

aCld (l) are trisu1fated, and those containing D-glucuronlc acid (10) are 
• , = -

rnostly disulfated (Q and ~),a1though there is presumab1y a srn~ll content 

*' corresponding to 3. but non-Q-sulfated at M--6, i.e., .!.2..' 

1t has been reported (19) that there is an average of 2.5 sulfate 

groups' for each disaccharide unit of A-type heparin. _ Since repeating unit ~ 

contains three sulfate groups, this average is lowered by the contributions 
\ 

Ifrorn such structures as represented by 10 and ~, and by non-O-sulfated 

acetamidodeoxyhexose residues. 

• ç 
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The h~parln-protein linkage regl0n (21) contalns t~o non-su1fated 

glucuronie acid resldues and one non-sulfated N-acetylglucosamine, as weIl 
- \ 

,as a neutral trîsaccharlde WhlCh is linked to serine. This region is common 

to each h~parln chain but it 'would account for only a small contribution to 
\ 

/ 

the low~ring of the sulfat7/ cont~nt from the value of 3.0 per .disacch~ride 
1 

in 2. The present st~dy I~as not able to account for the 11nkage region, ' 
/ 

either because the analysls was lnsensitive to sueh a small eomponent. or 

because of the way th~s commerCiJ heparin was prepared. 
1 

Cifonelli:et ~ (67) studied the, distribution of 2-acetamido-2-
.. 

deoxy-~-~lucose residues ln mammalian heparin. Their results showed that 
:, 

the N-acetylglucosamine residues are distributed approximately equ~lly 
- ~J • ~ a 

~ between the llnkage region and the lnterior of the po1ymer. ~rep 
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. \ " 

chromatographx-of the cleavage products formed after deaminative degradation 
( " 

of both beef and hog mucosal heparip ibdicated that mo~t of the ~-acetyl-

glue os amine residu€1,s occur singly in .tetrasaccharide' fragments that originate / , 
, \ 

from random arrangements in the interior of the polymerie chain. Bowever, 

sma11 amounts of degradation fragments containing two, or possibly three,' 

N-acetyl hexosam1ne residues were also found. T. Helting and\ U. Lin~all (33) 

isolated a' tetrasacch~,ride in similar fashion and prop\!'1sed its structure to 

be 12. 

. -
c • \ 

uronos.yl-. N-aCQtylgrl}cosamine-'uronosyl 
, " l ' 

d 12 0 

~ 

1'Jui structure is 'basically of the same 

, , 

2,5-anhydro mannose 
\ 

0° 

.c. 

) 

kind as tetr~saccharides 8 and 9 

o isolated in the c~rrent, study. 
\ 

No sulfate groups are indicated for ~ 
r. 

because the material was subject to de-Q-sulfation before isolation~ C\ 

" '~ 
The-sulfate contents of these N-aeetyl-containing tetrasaccharides 

- \ 

Cifonelli ~ ~ (67) found only o.S;:lsulfate 
, (/ 

described in the li terat~re vary. 

~groups per uranie acid present, ~nd the location of this substituent ih the 

, t 

; 

'! l , , , 
< structure was n!;lt' determined. 'Hook ~ al (26) found approximately ~ne sulfate 1 

t 0 ~ 

group .per uranie ~c~d, and in other oligosaecha~i~e ,fra~entsl~(i.e., hexa-t~o~Ja-), J 
the sulfate content p~r uronie aeid w~s marginally"higher. Again, they did i 
not obtain evidence,as to which residues the ,sulfate groups were attached. 
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molar ratio of their di-, tetr~-, hexa-, and octa- saccharides was 

1.0:0.3:.0.1:0.08, At such a low mo1ar concentration, the:.=lÏigher mo1ecu1ar 
\ 

weight fragments would have been difficul t ta examine by n.m. r.- spectralcopy 
, 

1n the present ~udy, unless much larger quantities of hepartn had been used. 

, As just ') .. ndlcated, there is eVldence in- the litera~ure of tetra-

saccharlde structures akin to 8 and 9. These contain from pe~haps on~, to 
" .. , 

as high as three sulfate groups per tetrasaccharide. What about the nature 

and location of the uronic aelds present in these fragments? 

. ~en Helting et ~ (33) treated their tetrasaccharide (!2J \~ith a 

,S-glucuronidase enzyme, only 28% of the uronie acids lwhich would hav~ been 

located at th~ terminal, ?on-reducrng 1ositi9n of the molecule) was re~eased. 
No further glucuronic acid was released when an enzyme preparation shown to 

\ 
f 

contaln a-glucuronidase activlty was introduced. It seemed'poss~ble, therefore, 

that 12 waf ~ mixture of tetrasaccharldes and that ~-iduronic acid residues 
c 

were located at the non~reducing ends of at 1east two-thirds of the molecules 
\ 

in the mixture, and S-glucuronic ~id, ln the remainder. The isol~tion of 
\.. 

tetra- and hexasaccharide fractions wlth molar ratios of lduronic acid/total 

uronlc aCld exceeding 1:2 and 1:3, respective1y (26), shows tha!., the iduronic 

aC1d may occupy more than one position in those fragments; i.e., iduronie acid 

residues can be linked to both C-l and C-4 of N-acetylglucosamine 
\'C -

the oligosaccharide structures. 

in sorne of 
1 

In the light of the foregoing results on tetra5accharide structures, 

tetrasaccharides 8' and 9 are very good candidates ta account for the minor 
- 1 

~-acety.l-~ontaining components existing in heparin. 

The occurence~ as in 9, of iduronic acid residues on,either side of 
, -, 

of an N-acetylglucosamine res~due suggests that in biosynthesis (2&), C-S 

~\ 

~---'~-------- ~ \ 
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eplmerization of a uronic acid Ci.~"., gluco-+ ido) dbes pot require N-sulfation 
-l" 

of the adjacent amino sugar. Conversely, ~-sulfation of two alternate 

glucosamine residues does not neceEsarily result iri epimerization of the 

intervenlng ~ONIC acid, as ~hown" by the Isolation of glucuronic acid-containing 

dIsaccharIde 7. These conclusions conform to :ecent results obtatned wit~ 

14 t .. C-1abe1led mlcrosomal heparin (68). The importance of O-sulfation of ~ain 

umts 1TI the blOsynthe~;is of iduronic\ acid ~:e.', o~ C-5 epimerization of 

g~ucuronlC acid)ls 'not known. J 

, \ 

It seemsO from the earher and current data on deaminative degrad-

ation that ~-acety1hexosaml~e unlts are an integra1 part of the heparin 

biopolymer and not dJe to contamination by other mucopo1ysaccharides 
1 \ 

Ci. e. , 

heparan sulfate). 

Similarities in the detai'led mç>lecu1ar structure of heparin and 

hepa,ran sulfate (69) are of partlcular interest i·n re1atiof\ to the biosynthesis 
'>( 

of thes~ glycosaminog1ycans from a 2-acet~mldo-2-deoxy-D-glucose containlng 
= \ 

"precursor substance" (70). The resul ts from the chem,ical studles are in 

accord with the suggestIon of a blosynthetic mechanism (70,71) whereby ~-

acety1 groups are replaced by ~-sulfatf groups. However it appears, from the 

evidence presented, that the formation, of ~-iduronic acid ln h~parin requires 
1 - "1 \ 

an initial Q-sulfation of the glucuronic acid residues in the polymer. 

Structural dlfferences between heparin and heparan sulfate are un-' 

doubtedly fundamenta1 in determining their differences in bio1ogi'cal roles as ' 
~ 

anticoagulant agents and in other roles. Further studies in this area, as weIl 

as ïn the biosynthetic area, should Iead to ~,dvances in understanding biochemical 
o 

- ~ 1 deficiencies and in elucidating the functioning of these biopolymers. 
" 

J • i 
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3.1 Introductory remarks 

An important component of studies on heparin is the exarnin-

atlon of low molecular welght model compounds. 2-AminO-2-deofY-~­

glucose and D-glucuronic acid have lo~g been known as constltuents 

of heparin.I=ThUS much work has been done in srnthes1zing heparin 

saccharides related to,heparin as weIl as other biopolymers that 

contain the above sugar units. A few of these saccharides are il-

lustrated in Fig. l (Introduction). The presence of L-iduronic 

acid residues in heparin has been recognized only in the last decade; 

hence, there have been f~w syntheses involving this acid although 

recent work by Kiss and Wyss (42) has produced derivatives of the ano-

meric benzyl-~-idopyranosiduronates. 

The pUrPose of this study was to devise a simple synthetic 

1 \ 
ro~te to ~-idopyranose; to produce the sugar in reasonable arnounts 

\ 
50 as to permit the synthesis of higher saccharides, and in the form 

of a derivative convenient for synthetic manipulation. 

Methods for synthesis ~f ~-idose and its uranie acid are 

discussed in the Introduction; 50mb give reasonable yields of product 

but most are 1engthy and-invo1ve cumbersome separation of anomerie 
,) 

and configurational mixtures ff deriva,tives. 

Since ~-g1ucurono -6,3-lactone (!I) is an abundant compound, 

attempts were made during this study to invert the configuration 

at C-5 and thus produce an !:,-idurono-6,3-lactone derivative C\Fig.12 

and Fig. 13). Although this was not achieved, a successful, novel 

route has been devised for the synthesis of 2,3,4,6-tetr~~Q:benzyl-
" ' 

~-idopyranose C~. This compound is stable and is sui~able for gly­

coside and other Ci.e., uronie acid) synthesis. Fig. 14 ilipstrates 

\ ' 

.' \ 
, 

___ ~. ______ , _______ i 
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1 
1 

the scheme for thesynthesis of compound~; tritium and deuterium 

can he incorporated at C-5 by the use of NaB,~ and NrBD 4 during 

the reduction. The former labelled compound could be used for bio-

assays, the latter for conformational studies. { 

3.2 Attcmpted synth~is of L-idofuranurono-6,3-1actone derivative-

Scheme A 

1 Fig. 12 describes the attempted iynthesis of 1,2j~-iso-

propylidene-~-idofuranurono-6.3-1actone (li) via configurational 
1 

inversion at c-s by base-catalysed enoli~ation. 

The 1,2-2:isopropylidene derivative of ~. i.e., 14, 

synthesized by the acetone-su1furic acid method (72), was treated 

with dilute sodium deuteroxide, thus permitting incorporation of 

deuteriurn at C-S via an enol (~)-keto (14 and ~) equi1ibriurn. N.m.r. 

spectroscopy could readily detect such an equilibrium. 

As the pH of the solution of !! was slowly raised ta a value 

of 8.0 il became clear jthat enolization Ofll the 

not sufficiently rap'id ~o compete successfully 

lactone structure was 

with ring opening, and 

at pl~ 9.0 the 

decomposition 

iugar existed entirely in the open chain form Cl]) and 

started. Since carboxyl~te ions are not enolizable, the 

experirnent was terminated. 

Alternatively. since it 1S possible to enolize àn ester of a 

carboxylic acid, the methyl ester of ~, metnyl 1,2-~-isopropylidene-

a-~-glucofuranuronate (~ was prepared from the lactone (14) by adding 

sodium methoxide dissolved in deuterated metpanol CCH
3
0D). \The rnethyl 

ester forrned readily, but no enolization was detected even at pD of ~lO. 

Scheme B 
1\ 

It appeared that a convenient approach to iduronic acid was ta 
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\", 
1 

Scheme A: Attemp~ed synthesis '6~ ~-i~uronic acid via 

enolizatlon 

, , 

\ 

\ 
\ 

\ 
J 
\ 
\~ 

\ 
Scheme B: Attempted synthesis of k-iduronic acid vfê 

inversion at C-5 

\ 

/ 
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invert C-5 of glucuronolactQne-iiy Walden inversion of a sulfonic ester 
---

at\' C-5 with a jtrong nucleophile. Several syntheses baseà on th~s 
--------~ 

princîple have been published (45,46,47) aIl of thern involving the 

displacement-inversion of a 'S_O-sulfonyl group of a l,2-~-isopro-
, 

py1idene-a-D-glucofuranose derivative by means of a strong nucleophi1e: ,= 
potaslsium acetàte in acetic anhydride (44), sodium benzoate in N ,N-

dimethy1 formamide (73), or acetate ~on-excharige resin in acetic an­

hydride (47). 

Fig. 13 i1lustrates the synthetic route that\ was atternpted. 

It invo1veâ the tosy1ation of !! to produce 5-~-tosy1-1,2-Q-isopro-
, 

py1idene- -~-glucofuranurono-6,3-1actone (19). Unfortunate1y no dis-

placement of this tosy1 group occurred without decomposition, using 

eit~er potassium acetate in acetic a~hydride, or acetic arlionic-

exchange resin in acetic anhydride as nuc1eophile. 
i 

It seems likely that displacement with inversion of the endo 

group in the 5-membered ring of .!2.. can not be effect1d ,due to -s~~ric re­

str1ctions, a1tbouRh d1-~-tQsy1ation might be accomp1ished with an exo­

cyc1ic iPimer. In this context, it seerns possible that an ester of 19 

. you1d be suitab1e for such a met~od of synthesis, but this was not tested. 

3.3 Synthesis of 2,3,4,6-tetra-~-benzyl-~-idopyranose _ i 

3.3-1 Introduction 

Synthesi" of a1dohexoses are usually performed by ei ther 

Icngthening an aldopcntose sugar châin b~\One carbon to produce the 

h · h . b b' 1~' h h h' . 19 er, SlX car on sugar, or y rnan1pu at1ng a exose t roug 1nverS1on 

of the configuration at a designated carbon to produce its epirner. 
- ~ 

Another 

star~ing from its 
1 
i 

;' 

feasible method of s~theriZing an aldohexose 

corresponding ketohexose. The opposite route 

is by 

was 
\~ 
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1 

1 1 
studled by Rabinsohn and Fletcher (74). They described a sc~eme by 

which an aldose was converted into a ketose in a sequence of reactions 

which involved the reduction of C-1 ln a partially benzy1ated aldose, 
1 

and s~bsequent oxidation of C-4 or C-5. In the hexopyranose series, they 

transformed 2,3,4,6-tetra~O-benzyl-D-glucose into 1,3,4,5-tetra-~-benzy1-
1 --

L-sorbopyranose_ 

An inverted sequence of reaction steps has been uti1ized here 

to produce 2,3,4,6-tetra-Q-benzyl-~-idopyranose (lI), as depicted in 

Fig. 14.' This has invo1ved the~duction of 1,3,4,5-tetra-O-benzy1-~­

sorbopyranose (23) to give an alditol mixture of partially benzylated 

epimers (i.e., ~, gluco and ido). The secondary hydroxyl group, at 

C-2 of these alditols, was then masked by a protecting group and the 

, remaining, primary, h;1roXYl (i .\e., as in B..) oxidi zed to an aldehyde. 

Subsequent removal of the masking group would give compounds 37 and 38 

(both together if separation of diastereomers'could not be effected 

en route). \ 

There were two additional,requirements. First, t~e primary 

alcohol group had to be selectively blocked with a labile protecting 

group, and the secondary one with another type of blocking group. It .. 
~ u 

w/s necessary thet the latter be stable under tonditions that would 

subsequently be used to remove the~substituent on the primary alcohol, . 
a~d then be easily removed after the oxidation step, without affecting 

the ~-benzyl groups or th+ aldehyde. secqrdly,.a procedure was needed 

to separate the mixture of diastereomers, i.e., to recover the ~-ido 
~ 

isomer .. As illustrated in Fig. 14, both diastereomers were carried 

together througliout the scheme, because'it was only at the last step 

that one was~ble to separate them wifh ease. 
.1 

f 

1 
\ t ·~-::-'<. __ r ._ .. _ ......... w ...... ---_____ T ... _________ '_~-, ... , ...... -.--------\----- --_,_ .... 
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Fig.14. Scheme C: Synthesis of 2.3.4.6_tetra_~_benzyl-~-idopyranose(37) 
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Severa1 protecting groups were tested during the synthesis; 

for simpllcity, thèse groups are referred to by letter ln Fig. 14. 

Both ether and ester groups were tried at C-2; the former type of 

group was found to be more satisfactory.\ The terms a1doses and aI-
l 

d~to1s are used ln the Discussion and refer to the mixture of ido­
\ 

and gluco-aldose derivatives and iditol and glucitol derivatives, 

respec ti vely. 
/ 

The overall yie1d of 2,3,4,6~tetra-~-benzy1-~-idopyranos~ 

(from compounds IL through to IL (via 6-~-methoxy trity1 derivative)) 

was 18% (in 90% purity). 

3.3-2 Discussion 

CA) Synthesis of 6-~-trity1-1,3,4,S-tetra-Q-benzy1 aldito1s C~ 
i 

When ~-sorbopyranose (~) was treated by conventiona1 methods 

( 75,76) for glycosidatlon of aldoses (l.e., methanol-containing HCI or 
\ . 

a cationlc resin, under ref~ux), decOlrlposl.tion of the starting material 

occurred and on1y a srna11 arnount of'rnethyl-~-sorbopyranoside way formed. 

Instead, condi tlons de,scribed by Arragon and Bertrand (77) were tested, 

l.e., the use of low reaction temperatures. a low concentration of acid 

catalyst, and a large excess o~ ?ry rnethàrlOl:-' àctone proved to be a 

highly satlsfactory crystallizing solvent for pur~fication of the rnethyl-
r 

~-sorboside @). Most of the latter was present as its a-anomer, be-

cause the laffe benzoxy methyl group prefers an equatorial orientation 

an4 the anom~ic effect favours the aXlal methoxyl group. 

Benzylation of ~ was carrièd ?ut according to the procedure 

of Glaudemaps and Fletcher (78) using beri'~yl ~hloride and powdereq 
, \ 

potassium hydroxide. f' ~lethyl 1,3,4,5-tetra-Q..-benzyl-a-b-sorboside (22) 

was produced as a yellow oil in over 90% yield. The ye1low colour de-

.. 
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veloped during the initial minutes of the reaction, whcn the starting 
• 

material (ll) was in contact with the hot suspension of potassium 

hydroxide. 

An attempt to hydrolyse compound 22 with hot acetic acid-
. , 

2 N sulfuric acid (78) wa~ ul}succcssful; under these conditions, ~ 

dccomposcd wi t~in twerrty min. It was found also that exposure of ~ 

to hght causeu df'composition. However, under reflux iry the dark in 

0.1 N HCl-dioxane (1:3), hydrO\ly:i<;Of ~ proceeded in under 3.5 h. 

The product, 1,3,4,5-tetra-~-benzyl-~-sorbose (23), isolated by column 
1 

chromatography, remaincd ~s an oil al though partial crystallization 1 

occurred at low tcmperature. The a-anomer of 23 was preponderant in 

13 Aiso the C.m.r. 
-, 

solution às indicated by its optical rotation. 

spectrum of 23 showed onlY')lO carbon signaIs (4 methylcne 13C of the 

benzyl groups and 6 ring carbons) along with the numerous phcnyl ring 

carbons signaIs. 

The partially benzylated ketose (.?l.) was reduced clther wHh 

lithium alumlnum hydride in tetrahydrofuran or with NaBH4 in ~ethanol. 

Ylelds by both procedures were the same, but the latter ~cthod of re-

1 

duction was used most often beca~se workup of the products was simple!.* 

13 -~ '. 
The C.m.r. spectrum of the product showed that both diastcreom~ric ai~ 

ditols were formed in substantial proportion, but it was unclcar as to, 

\\lnÙher the reduction was partially selective in producing more of one 

13 isomer than the other; the C.m.r.-spectrum of their ~-trityl deriva-

tives' (below) was more help~ul. 

* A by-p~oduct (5% yield)'having an r.f. value on t.l.c. greater tha~ 
that of the alditol derivatives was isolated during purification of 
the products by column chromatography, although not identified. Per­
haps unde~ basic conditions of the reductiQn, the free keton.e"is $ub­
ject to de~omposition and/or con~ensation. 
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\ 
i Mi'~ture 24 did not separate satisfactorily on a column, and 

j 

~either they ~or, the'ir df-Q.-acet,yl dertvative~ crySota1l1:.zed. ~Thus there 

was no success at this point of the synthesis i~ separating the dia-

5 tereomers .. 

Since the primarx alcohol had to be selectively protected by 
~ ~ 

" \ , i 
a group Whl:ch could be readilY"J;emoved later on, tJ:1e Q.-triphenylmethyl 

\ 
(trityl) et~er derivatives of 21 wérc synthesized, using close to av 

equimolar amoun~ of trityl chloride. The 6-0-trityl-l 3 4 5-tetra~O-- ' , , -
J 

be~zrl aldltols formed failed to crystallize.~ Although Q.-trityl deri­

vative~ '{ire known to crystallize- easiI;y, O-benzyl ether derivatives \ 
- \ 'j 

'frequenely do not. The ~3C.m.r. spectrum o~ the O-trit\l derlvatives 
1 \ 

- 'nowbindicated, that' the reduction step had produc'ed approx. a 2: l mixture 
. , 

of the alditols; it will become evident from the isolation of,the idose 
, . \ 

, deri vat'~ ve t~a4, t~is cPimfr wa> the more a bundant' oné, ! 

" ,,(B) Usé of TBDMS as the secondary hydrox~l protecting group 

Initially, silyl ether substituents were use~ ~ssen~ially for 
, \ 

d prodùcing volatile derivatives of sugars for fas-chromatoghrphiC ahalysis 
0'" . : ) 

(79). Trimethyl silyl.ethers are tao susceptible to solvoly?is in protie 
, . 

. media (either aeid or base) to be broadly useful in organic synthesis. 

But the t-butyldimethylsilyr~xy group (TBDMS), whieh is about 104 time's - , 

more stable than trimethylsi1yloxy (80), seemed promlsing as.? hydroxyl 

protecting group. "The advantage~ of using TBDMS as ~ protecting group 
" \ . 

have beeh cited by Corey (Sl), anù subsequent papers ,have appeared (82-
, f 

, 84 ) ~hic.h involve the use of"l,TBDMS in carbohydr~te' ehemistry. 
" 

more 01givte ~~' (84) had not~d a large difference in the rate 

!> 

Further-... . 
, ~ 

of aeld 
.' 0 

hrdrolysis between a primary .O-t;it~l group and a TBDMS group on a seè-
". . 

0,ndary hydroxY1 of ribonucleosides, the trity1 group being removed selee-
1 ? 

,-, 
,-

. 
"\\ 

. 
, , ( 

'~ 
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~'ltive1y and rapid1y \) 

Mono-Q slly1ation of compounds 25 required forsing conditions 
, 

(excess "cata1y t and· reagent); neverthe1ess, aboult 10% of starting .... , 

mat'eria1 rem ined. The products, 6-Q.-trity1-1,3,4,5-tetra-Q.-benzy1-

2-0-TBDMS-a1dltols (~), a~ter column chromatography were amorphous, 
l , 

although they gave satisfactory p.m.r. spectra. 
r 

Se\lec,tive hydrolY,sis of t~e tri tyl group of ~ proved to be 
, jI. 

, 
difficu1t, 4nd the TBDMS group more 1abl1e than expected. The use of 

cold 30% HBr in acetlC acid resulted' i:n very litt1e 'selective hYdrOlYSil 

and, moreover, t.l.c. showed t~at a substantial amount of Q-debenzylation 

had occurred. -Thus, milder hydrolysis ëon~itions were needed. 

Accordingly, compounds 24 ~ere\ diss~lved ln glacial acetiç, 

acid a!Jd,while heated on a steam bath with stirr~ng, t~re solution was 

----diluted with 5 volumes of preheated 70% aqueous aC,etic acid. Caution 

was taken not to allow the compound to oi1 out. The additlon required 

no longer than 10 - 15 "mln J at wh~ch t:i,me most of the t'r1 tyl 
t 

been hydrolysed, (t.l.c. evitlence), although if the reaction 

longeâ substantial hydrolysis of the TBDMS eth~r cOccurred. 

ether~d , 

was pro-

Even with 

such precautio~s, about~ 10-i5'% or the product w~s de"'2..-si\yl<~ted. \ 

Other treatments, using acidic si1ica gel or gentle MeOH-HC1 

hydrolysis, were'non-se1ective. c It appears th~t the -difference in rat.es, 

o of hydro1ys,is of the Q.-trityl and Q.-TBDMS group is notQ as great in an 

open ~hain structure, \ such 'as 27 J as 9n a furanose ring, where the 'TBDMS 

group 1S on a more stericallt hindered secon~arL hydroxyl "group. 

, Difficulty was exyerienced' in separ4:ng the 1,,3,4,5-tetra- of 

Q.-ben,yli-Q.-TBDMs-aldi tols (i!..), on,:,a t~lumn from the rel~tivelY large~~­

amount of trity1 a1cohol'obut the "latter was removed, together with 
~o ... 1-

.' 

1 

', .. _". 1. . , . 

·1 
t 
ï 

1 
\ 
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sorne unhydrolysed starting materlal (~ by high vacuum distillation. 
, 

FJFther purlficltlon was effected by colurnn chromatograph~_ / 
~ 

Oxidaho,~ of the prirnary alcohol to aIt aldehyde was firs];. 

attempted with-chromium trloxide:pyridi~e complex (85;.186). The use 

of a 12:1 molar ratIo of .?xidant to substrate su~c~ed in oxidi~ing 
only 50% Jf a1dltols, ~: ,to the 2,3,4,6-tetra-O~enzYl-5-0-TBDMS­
aldoscs (~J (measured by the lntensi ty of the al~ehydiC protons ln 

) 

the p.m.r. spectrurn). ) 
Ho\ever, the pyriqiniurn chlorochromate riagent (87) proved to 

be a more eJective and convenlent method of oXldation. USlng only 1.5 
\~ \ 

molar equlv lents of the oxidizing r§agent produced the required alde-

hydes (34) in a oYleld of 74%. ,-~ \ 

These products were isolated by colum~chromatography (since 
\ 

~hey we~e faster mov{n~ -comp9n~rrt~ than Ihe unreacted alcohol (~), the 

la:ter\ was readlly collected and re-Qxidized). Their I.R. spectrum , 

-. ~ -1 showed a strong adsorptlon band for aliphatic alde)1ydes, ,at 1730 cm ", 

and there was no hydroxyl adsorption band. Accordi~g to the p.m.r. ~ 

spectrum, a small proportion of benzald~hyde was present Cweak signal 

Il' 

at 9.86 p.p.m.). The p.m.r. spect,rum of the ?Urified materiai showed 

o thât tît~ 9-cyclic a1doses (~ were not present in equarproportion. 
',/ ... \-

/ / That is, dne-~he aïcfëllidi~- proton signaIs Cat 6=9,' 7) w~s twice as 

~ntense as tha\ of its diastereomer (ô=.9~62). As shown below, the ido 

compound accounts for ~he maior signal. !, 
.1'" of, , __ \, 

De-Q-silylation of 34 was tried wfth ~~tr~butyl ~oniurn \ 

fluoride in T H F but this appeared to cause extensiVe decomposltion. 
o 

... 
It 

proved more satisfactory to 'use the same conditions às for de-O-tritylation 

l" 
) 

except that 
" 

<' f . - " 
the h~?r01ysi~equ~{e~,approx. 3 hr. as compared to 10-15 mins. 

i 

\ 
~., \ 
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for the Q-trityl prote·cting group. o,n cooling the reaction mixture, a 
1 ! 

sub5tantial amount of 2,3,4,6-tetra-Q-benzyl-a-Q-glucose (38) crystallized 
<i' , 

out. By increasing the water content of the aqueous acetic acid sol~ent to 

20%, larger amounts of crystalline ~ were ohtâined. Finally, the solution 
~ 

was conccntrated and the resldual sirup dissolved in methanol, producing ,\ 
Ji' 

more tetra-Q-bq,nzyl-~-glucose. 
~ 

The material rcmaining consisted of about 90% of 2,3,4,6-tetra-

O-benzyl-L-idose (37) and 10% of 2,3,4,6-tetra-~-benzyl-~-glucose (~. 

~hls comp:sition w: indJa~ed by the p.m.r. spect.rum (Fig. 15)' the 

two L-ido anomers are scen to he present in ncarly equ~l proportion, 

from the relative 1rttensities of their H-l signaIs Cat 4.92 and 5.15 

p.p.m.). A minor, partia11y abscured 51gna1 at 5.2 p.p.m. is attributab1e 

to 1,·1 of tetia~benZYl\-~.glUCOSe (by comparison wi ~h aUihentic material) 

showing that th~lUCO isorner can account for ve~y littl~ of the product~ 

Column chromat,ography of this mixturc was \not successful in removing the 
, " 

~-glucose derivatlve. The p.m.r. spectrum showed that both <"momers of ~/ 

~a-Q-benzY1-~-idopyr~nose (~ were present in equa1 amoun~Œig_. ~. ~ / 
, , -

From the a~~mt of crystallint tetra-Q-benzyl-~-glucose recovered and-'frol)l 

1 

what ~as left of this compound in solution, the yie1d o~ tetra-Q-b~nz~l-
• 

\ -

~-idose (34) produced in t~ synthetic-route wa~ 

of its\Q- gluco counterpart (38) '. 

, 

es\timated to be twice that ~~ 
~-

---'----------
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~ 
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1 

Fig.lS, Partial 100 MHz p.m.r. spectrum of 2,3,4,6-tetra-Q-

-benzyl-~·idopyranose(~ 

, 
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The L-idose configuration of 37 was conflrmed in the fdllow-= 1'f 
Ing ~ay. The compound was redu~ed wlth borohydride ln methanol, the 

Q-benzyl groups were then hydrogenolyzed catalytically with palladIum 

black, and the product was peracetyIa\ted. 
~ 

thIS gave ~-Idi toI hexâ-
l, il 

acetate, which was identified by a mixed melting pOInt and optical 

rotation . 

\ 
CC) N.m~r. characterlstics 6f 2,3!4!6-tetra-Q-benzyl-~-idopyranose 

(37) and lits der1Vatives 

A partial p.m.r. spectrum o~ product ~ lS shown in F~g.15. \ 

ASIde frdm the small H-I sIgnal of 2,3,4,6-tetra-O-b~n~yl-a-D-glucopyranose, 
• JI = 

there are two anomeric H-l signaIs of 2,3,4,6-te~ra-Q-benzYl-a.-\ and a-~-
Idopyranose resonating at 4.92 p.p.m. (~l' 2 = 2.0Hz) and at ~.15 p.p.m. 

, 0- \ 

(~1,2 = 4.0 Hz) and of approx. equaI intensi~y. The assignment of bach 

anomeric signal is tentatively made on the following basls. 

To help with these assignmen~s\ J:he l-Q-acetyl d~Tivatives of 

bo~h 2,3, 4 ,6-tetra-,Q-~enzyl-~-glucopyranose and of sirupy 'E were made. 

Sln~e the H-l signal of l-Q-acetyl-2,3,4,6-tetra-~-benzyl-a-~-glucose 

was now clearly resolved Cat 6.36 p.p.m. ) its low intensity , , 

:onfirmed that only a small amount of the g1uco isom\\ was pr~sent in 

the mixtllre. The two anomeric protons of 1-O-acet~-2 3 4 6-tetra-O~J T - '0/ • J,,_ ' '1 - " 
\' 1\ benzyl-a,e-.!:.-idopyranose, resonated at 6.2 p.p.m. \~,2-4.0 111.) and 

1"" 

at 6.1 p.p.m. (~1,2=2.5 Hz), the rel.ative-intensities of~hel.T signaIs 

being 4: 1. Becaus\e the Cl anomer is expected to predominate over the e 

due to the anomeric effect, th~ major H-I signal (~l 2=4.0 Hz) is as-
1 

sociated with the ct. configuratio~. , 

for 2,3,4,6-tetra-Q-be~J'1-l-idose 
llJ.' -, \ 

~ compar~son of the ~1,2 values 

(fig. 15) with tHose of the 1-0-

acety~ derjVatives suggests, therefore, that one can assign the down-
--------/ 

-\ 
- .CP 1 ,._ 
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field anomeric proton, at 5.15 p.p.m., to theeofanomer and the up­

field one ta, the Janomer. 

The conformation of ~-idOPYTanre and, its detivatives in 

Solut10n are of much interest in conformational analysis and stereo­

che~istry, Angyal and Jickles (88) have stated that O-idose at equi­

llbr1um ln O2° exists in both' furanose and pyranose forms. IThe 13-

" 1 

pyranose (~l, 2=1,.5 Hz) lS in the Cl (~) conformation, whereas the a-

pyranose (its H-l proton resonating upfield ,from that of the B-anome~, 
~l 2=5.6 Hz) exists as interconverting lC(~ (2~3) and Cl(0)(1/3) c~n­

fo~ations (39). Bath the h~gher field ch~mi~~ shift an~ the larger 

::!.l . 2 values of the a-anorner are efPlained by this equilibrium. ~1ethyl-
, " li 

p-"'- ~ 
a-~-idopyranosid(, ,', with a ::!.1,2 value of 4.0 Hz (88) is likely,to be 

represented by a higher proportion of Cl (~ owing tp the larger anomerif 

effect of the methoxy\ group.~ 

H 

smQII 3,) large J,2 
1 

C1(D) nccQ) 
== 39 

c-, 

l\ 
\, 

' \ 
\) • ) 1 p r "'. 

'\ j 
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1\ 

The anomers of t:tra-Q.-benZYl-1-idJde (~ show a marki 

,difference in their H-l chemical shift and JI '2 values over L-ido-, 
pyranose. Hence,the H-l signal of the a anomer is,to the low field 

of that of the 8 anomlfr, and ~1.2 14'.0 Hz) is moderately lo~er. Tt 
,Ill 

may be said, then, that tetra-O-benzyl-a-L-idopyranose is preponder-- ,=== 

antly in the lC(~) conformation. TIlis suggestion can be supported by 

the fact that the conformation of a-D-idopyranose pentaacetate exists 
= 

wholly in the Cl~) chair conformation (89). ,- c ' 

CD) Unsuccessful use f ester substituents as secondar 

protecting-groups 

A logical step in \mproVing the yields of tetra-~-benzyl 

aldoses is to optimize the yield at the de-~-tr:tYlÎtion step by use 

of a more acid-stable protecting group on the\ secondkry\ position CR' 
.... 

in Fig. 14). Since esters are relatively stable in the aqueous acetic 
1 

1 

acid employed for the trity1, ether hydro1ysis, the 6-Q..-tri tyl-2-~-

ben·z9Y1-l,3-,4.5-tetra-~-benzy1 a1dito1s (~ andr 6-Q..-trityl-2-Q-

,- acetyl-l, 3,4. 5-tetra~Q.-benzyl aldi tols (~ were synthes i zed. De -0-

tritylation \was then p~rformed as before, and was accom~rnied by very 

~ittle hydro1ysis of the ester group. Yields were 15-20% higher than 
\ . 
Ithose involving the use of TBDMS as the protecting group. 

In the subsequent oxidation step, yie1ds were the same as 

before, although. in contrast to the greater abundance of ido' aldéhyde 

in the' oxidation prod~cts. the proportions of ido and gluco derivat-ives 

in these experiments were. unaccountab1y, about equal. Again. benzalde-
) 

hyde showed up as an impurity o~ the ,oxidation step. 

~ Catalytic deacylation,with sodium"methoxide, of the ester 

group of the aldehydes (5-0-benzoyl-2.3.4.6-te'tra-Q.-benzy.~ aldoses (350 

\ Jo, 
\ 

, , 

\\ 

\\ 

l,. _ 
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and 5-Q-acetyl-2,3,4,6~tetra-~-benzyl aldoses (36)) failcd to produce 

the desired tetra-Q-benzyl aldoses (37 and~. c)mplete de-esterifica­

tion required rionger rcaction times and greater ~ounts of sodium 

methoxide than nôrmally required for catalytic transesterification, and 

the end products could not De fully idcntified. Their r.f. values were 

approxim~tely the'same as those for the" t~tra-O-benzyl aldoses, but 

their p,.m.r. spectra were substantially different. Two signaIs at 9.15 

p.p.m. were likeIy due ta aIdehydic protons, and"this was, supported by , -

\ 
13 

~.R. and C.m.r. spectra. However, there wts a broad doublet at ~6 

"r • f f k p.p.m" suggestlve 0 a proton rom an al ene group. I.R. bands for an 

alkene group sùch as C=CH- aIs; Pwere observed. From these features 
, 

and additional one from the n.m.r. spectra it is suggested that .Iimin~ 
'" II . \~ 1 ation prod~cts such as those ilIustiated below a~e formed from 35 and 36 by 

the alkaline conditions. 

Sn 
---i~OBn 

}---+--H 

Acid hydrolysis afl the O-acetyl derivatives (~ using a 
\ ... 

'-... , c 
çationic exchange resin in methanal did not afford meth~1 tetra-O-benzyl 

aldopyranoside .11, and HCI-m~thanol product:nlY small amOUThts 'of ~lrCO-
, 

sides, and other products that have not been identified. 

-.. 

\ 
i 
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CE) Proposed methods for improving yields of tetra-~-benzyl-
\ 

!:..-idopyranose 

Ci) As noted above, moderate and variable yields of 1,3,4,5-

--tetra-Q-benzyl-2-Q-TBb~1S alditols Cl!..) resultld because of part;ial 

hydrolysis of the TBD~is group during de-~-tritylation. A preliminary 

lnvestigation was undertaken of the ûse of a methoxytrityl Cp-anisy1 , 
dlphenyl methyl) ether Js a replacement for the,conventional Q-trityl 

,group on the primary alcohol \(e.g. ~. 26. ~'l 31). The overall in- -\ 
crease in yie1d of 31 was about 10%. 

(11) Another possibility is to use the TBDMS substituent 

for masklng both the primary and secondary hydroxy1 groups. Selective 
1 • 

hydrolyslS, of the TBDr.lS at the prlmary hydroxyl might occur to ~ro~uce 

31 ln a simllar fashion. Hence, Oglivie ~ ~ (90) have demonstrated 

that the stabi~lty of secondary TBDMS ether is twice that of a primary 

TBDMS ether in ribose nucleosides. 

(iii) Hydrolysis of methyl 1,3,4,5~tetra-~-benzyl-a-~-
1 

1 

sorboside (~) tO'give the ketose (23) was moderately difficult, its 

yields variable, and sorne decomposition occuried. To avoid such ' 

difficulti~s a benzylat~d allyl glycoside might be used (91). A1kéi'­

line- rearrangement \vould then afford the benzylated 1::propeny1 gly-

coside, which is notilblY labile to acid. 

'(iv) A recent communication tiy Hanessian and Lavallee (92) 

illustrates the !:buty ldiphenylsi1yl ether as being a very usefu1 

se10ndary hydroxyl protecting group in that this et~er has much greater 

stability to acid and to condition~ of hydrog~nolysis, th an re1ated 

silyl and trityl ethers. Therefore preferential removal of a trityl 

or other silyl group (in this synthesis at the .primary alcohol) might 

-----------------------------.-~-.---... \--4. 
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Il 
be effetted in the pres~nce of a TBDPSi ether, and tr'eatment wi th 

fluoride ion, or stronger acid condit~ons should cause cleavage of the 
'\ 

latter. 
, -

CF) Initial investigation of g.lycosi~e synthesis of 37 

To investigate glycoside synthesis with 2,3,4,~-tetra-Q-

benzyl-.!:,-idopyranose (57), a recent route (93,94), which employs 

the conversion of sorne tetra-Q-ben'zyl aldopyranoses into glycosyl 

through the successive intermediacy of a l-triflate and a glycosyl 

bromide, was examined. However, preliminary results of this reaction 

were inconclusive. Only small amounts 19~ methyl glycoS1des of ?l were 

p~oduced, and thé rest of the Te:ction products could not be identified. 

, Chromatographic and n.m.r. evidence 'on the debenzylated material sug-

gest that other types of glycosides (i.e., disaccharides) had been 

produced during the ,glycoside synthe,sis. Nev,erthel ess, wh en , the reaction 

products were treateJ with methanolic-HCl, the resulting material 
~ 

(after debenzylation) was a mixture of methyl glycosides consisting 
1 
\ 

of about 80% of methyl-a-.!:.-idopyranosi~e. 
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4.1 Analytical methods 

General methods .. 
Evaporations wère carried out under reduced pressure at 

a ba~h temperature bel~w 60°. AlI samples were stored i~ a freezet. 

Melting pbints (m.p.) were determined on a Fisher-Johns 

(hot plate) apparatus and were uncorrected. 

Infrared spectra were measured as a film on silver chloride 

discs using a Unicam SP 200 model spectrophotometer. 

Optical rotation measurements were made with a Perkin-Elmer 

l~l model po~arimeter using the indicated solvent, at room temperature. 

Proton magnetic resonance spectra were recorded with a 

Varian HA 100 spectrometer, using tetramethylsilane (TMS) as an 

internaI standard and lock signal. An external ,tetramethyl tin (TMT) 

capillary was used to provide a lock signal for samples dissolved 

in deuterium oxide. 
, l· 

// 
Il 
/ f ( 

1 
1 

Fourier trfnsform, H.m.r. spectra,were recorded using ~ 
.......... ______ • t 

Bruker W-90 spêctrometer. F.T. spectra wrre measured using a pulse 

width of 2.5 ~sec (70°) and a sweep width of 900 Hz. 
. \ 
Carbon-13 magnetic resonance spectra were recorded at 

22.63 MHz using a Bruker WH-90 spectrometer. Proton-decoupled F.T. 

l' 
spectra were measured using a repetition time of 0.6 sec, pulse 

w,idth of 18 ,lJsec (70°). and ~sually a sweep width of 4ûOO Hz. For 
l 
H-~oupled pect!a the repetition time was 1.2 sec, decouple time 

1 

0.5· sec and pulse width '24 ]Jsec (90°). Chemical shifts Cp. p.m.) 

respect ta internaI tetramethylsilane, using methanol 

as al re~erencej at 35°C, the chemical $hift of methanol 

relative to that of 'internaI tetramethylsilane 
\ \ 

in 
./ 

\ 

... 

.1 
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. 
~as 50.35 ± 0,1 p,p.m. The Repar~n sam~les were examined as solutions 

in D20. AlI other samples were examined in CDCI 3 . 

The 220 MHz p.m,r. spectra were recorded at the Canadian 

220 MH: n.m.r. Centre, Sheridan Park~ Ontario. 

The 270 MHz p.m.r. spectrum was recorded by Dr. G. Gatti 

(Milan, Italy). \ 

Chromatographie methods 
\-, U 

Thln layer chromatography (tIc) was carried out with MN 

sflica gel (GXU.V.) as adsorbent. Visualization was effected, 

unless otherwise indicated, by'spraying with su1furie acid (50~,v/v), 

and heating the sprayed,plate at 120°C in an oven. Preparative 

"t,l.e. plates were visualized by U.V. irradlation using ? Miner 

shortwave lamp. 

Column chromatographie separations were carrled out on 

'eolumns packed with MN silica gel (grain Slze O:8mm) or with fine 

· ~m sllica gel (graln size 0.063 - 0.200 mm0. The foll~wing solvent 
~ " 

systems were used: \ 
A. chloroform:ether 9: 1" v/v 

? t 

B. b'enzene: ether 3:2'v/v 

C. ch~oroform:ether 9.5:0.5 v/v 

D. benzene: ether 9.6:0.4 y,/v '. 
" 

J 

E. methylene chloridq 

Moleeular ~eight "gel fil t,ration ~s earried out wi th a 

" 
Sephadex G-15 column (2.Bcm x l03cm). The eolumn was washed with 

distill~~ H;O~ with ~he ~luant being collected in 10 ml fractions 

(at a rate of 30-35 ml/ho Fractions ~ere examined by ;eight ,and by 
, ' , 

n.m.r. (presence of 'éCetyl'groups), and poo~ed where appropriate. 

o 

1 
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,f. 
1 

'4.2 Structural analysis of the heparins 

, , 

c 

--_ ... _---._ .. ---

, 
A.D~aminative degradation of B~t~e heparin 

, To a cooled solutipn of 0.63 g o~B~type heparin (sodium 

Upjohn, beef IU~g, lot #093CE, '~SSaY-(40 units}mg) in 6 ml salt, 
'. < 

of H20, sodi4ffilnitrite(O.3 ~) and M HCI (2.4 ml) were added, produc-
\ 

ing a vigorous effervescence (95). The solution was stored at 20°C 

for 24, h, its pH maintained at 3.0-3.5, then the pH was adjusted to 
o 

6.0, and the reaction mixture was concentrated to a sYrupy residue. , 
13 ' 

A C.m.r. spectrum was recorded (see,Discussion). 

The sample was dissolved in 3 ml of H20 and applied to a 
. 

Sephade~ G-15 column. Most of the produ~t was recovered by co~cen-
, 

trating those fractions of the eluate comprising 380-450 ml; yield, 
\ 

(3,,35 g. Very little material was contained in fractions emerging 

ahead of the maJor fraction. 

13 C.m.r. and 220 MHz p.m.r. spectra were recorded for the 
\ 

materials collected. Discussion of these spectra can be found in 

section 2.1. 

Radl0active-Iabelled substrate 3 was prepared by diss9lving 

the material (containlng mostly disaccharide, l) collected above 

(0.15 g) in 2 ml of H20, and adding a freshly prepared solution of 
,\ 

sodium borotritide (0.1 ml) (100 mCi/ml) after 2 h. An additional 

amount of sodium borohydride (0.015 g in 1 ml of H20) was added 

t9 ,the reaction to ensure complete reduction~of the aldehyde. After 

18 h at 20°C Amberlite IR-l20 resin was introduced to remove sodium 

ions, the fil trate ''\\las concen~rated and methanol \was used to remove 
l ' 

borate. (Care w~s taken 'to thoroughly wash and safely dispose of aIl 

. ; 

radioactive residues.) The syrupy product (O.llg) obtained was fo~>~ 

Il 
1 



r 

.. 

, r 

., 

-74-

by paper chromatography (descending, Whatman 3 mm paper, using a 

deve10ping solvent of ~4:_1 (v]v)) 95% aqueous ethano1: M anunonimn 

acetate) ànd by radioactive,monitoring for tritium on the paper, 

to contain at least two components. By radioactive counting and 

sulfate analysis", i t was found. that majoor amounts of di-Q.-sulfated 

disacc~aride (~) and a smal1er a~ount of'mono-Q:sUlfated ~aterial 
(also radioactive1y labe11ed) were present. 

B.Deaminative degradatirn of A-tyPe heparin 

To a cooled solution of l g of A-type heparin (~odium salt, 

Upjohn, hog mucosal, lot #1415B, assay-152 unitsJmg) in 10 ml of 

H20 was added sodium nitrite (0.5 g) and M HGl (4 ml). The reaction 
1 

conditions and work up were identical to those above for the B-type 

13 heparin. A C.m.r. spectrum of ~he pure product was recorded, and 

is discussed in section 2.1. 

, The product was dissolved in 3 ml of H20 and app~ied to a 

sEphadex G-15 column. A major fracti~n was recovered by concentrating 

those eluates (devoid of N-acety,l protons, according to P.T. p.m.r. 

spectroscopy) comprising 380-440 ml'; yield, 0.55 g. 13 
C . m . r. s pec -

troscopy showed this material to consist of disaccharides. Two minor 

products that were forrned in the dearnipation reaction emerged fr~m 
1 

the S,ephadex colwnn ahead of the disaccharides: fraction l was re-

covered from elua~e volume 270-320 ml (43 mg), fraction II from eluate 

volume 320-380 (70 mg). These fractions gave spectra which indicated 

. 
* The sulfate analysis was perforrned br Dr. E. Delvin, Montreal. 
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tRey were N-acetyl' containing tetrasaccharides. 
~ / 

Fraction l was subj ected to redùcÙon br adding sodium 

borohydride (15 mg) in water (0.5 ml) to.à cooled solVtion of this 

material. After 18 h, the reaction mixture was worked up b~ treat-

ment with Amberlite IR-120 resin, and with methanol to remove borate 
:\ 

(yield, 30 mg). A detailed n.m,r. ~spectral study of these fragments 
.. \ 

is found in section 2.2. 

C.Non-Q-sulfated disaccharide methyl ester! 

A sampIe*, which was obtained after treatment of heparin 

wi th methanolic-HCI (25) (which yi'elds a totaUy de-N-sulfated, 

partially de-O-sulfated methyl ester of the polymer), was deamin-

atively degraded to smaller units in which ~ was present. The 

degradation was effected by dissolving the polymer (0.8 g) in H20 

(8 ml) and ad~ing sodium nitrite (0.4 g) and M HCI (3.2 ml). The 
...... 

conditions and work-up were the same as before. 
" ---....... -- ) \ . 

reaction 

The deamination product was dissolved in 3 ml of H
2
0 ~nd 

applied to Sephadex A-25 (HC0
3

- form) column (2 cm x 15 cm) and the 

column was washed thoroughly with distilled water. The only material 

to emerge from the anionlc exchange matrix was a neutrai disaccharide 

methyll ~ster that,was characterized-:(section, 2.1-5) as~ No other 
./ 

material was eluted from the column. j Yield, 0.15 g. 

13 A C.m.r. spectrum was obtained. (After a few weeks, the 

compound decomposed probably due to instabi1ity of the 2,5-anhydro-D-=, 

* Donated by Dr. G.R. San~erson. 
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.. 

mannose residue). 
, 

4.3 Synthetic experiments 

l' 
1. ~-~-Isopropy1idene-a-Q-g1ucofuranprono-6,3-1actone(14) 

Anhydrous g-glucur6no-6.3-1actone(~ (20g) was stirred 
1 • 

wi th dry acetone Cl!.) containing sulfuric acid (conc., 8 ml). 
r 

After 4 h, when aIl of the sugar had disso1ved', ah exces's of ll;nhrdrous 

sodium carbonate was added, the suspension was filter~, and the 

filtrate wàs evaporated to a 1ight ye110w sirup. 1,2-~-Isopropy1i­

dene-a-Q-g1ucofuranuron'o-6,3-lactone(14) (16 g) crystallized from 

ether-petfo1eum ether as colourless needles,' m.p. 119-120°, IoJO +68 0 

(c 2.0,- water). (Lit. (59), m.p. 1200 ,[oJ
O

+70 0 (c 1.0, water). 

2. Attempted enolization of the 1actone (14) 

Compound ~ (0.25 g) was disso1ved in 1 ml of °20 in a 
13 "<><. 

C .m. r. sample tube. The s~ectrum was recordeâ, and then the pH 

of the solution was raised at interva1s of 0.5 by the addition of 

O. YN NaOD, 

no evidence 

a spectrum being taken after ea~ pH rise. There was 

of an appreciable eno1-keto equiii13rium (14-:t 12..:t .!.§) 

i. e., there was no decrease in the lntensi ty of the C::-5 signal (a 

carbon), which would be expected if deuterium exchange had bccured. 

, . /CDeuterated carboRs (e. g. 1 C-5 of .!! and 1:2) give much 1ess intense 

signaIs than protonated carbons.) As the pH of the solution was 

raised to 8.0, an equilibrium betw~en the 1actone (14) and its acyclic 

~orm cm w~s established~, and at a pH of 9.0, the compçmnd was 

totally in its open ring form (11). / 
C.m.r. data for!!: 23.5 p.p.m., 24.0,(isopropyl); 67.5 (C-5); 

75.6 ,(C .. 3); 78.8 (C-4
/

; 80,0 (C..,2); 103.5' (C-1); 110.0 (~so-
\ 

propyl).~ 172.0 (C=O) • 

..,-----""----_ .. _------------;'~ 

.1 
1 

/ 

.. 

" 



l' 

c. 

- y , 

-77-

C.m.r. data for 17: 23.7 p.p.m., 24.2 (isopropy1); 68'.0 (C-5); 

172.0 (C-3); 80.0 (C-4); 82.5 (C-2); 102.8 (C-l); 176.3 (C=O). 
r 

3. Attempted enolization of methy1 l, 2, -~ysoprOpYlidene-~-glUC~,­

o furanu,!'onate (~ 

Co~pou~d l! (0.25 g) was ~isso1ved in 1 ml of CH300 ln a 

13 C.m.r. samp1e tube. ,The pH of the solution was raised to ~.5 by 

additIon of sodium methoxide at which ti~e the methy1 ester (~ 
, 

was in equi1ibrium with th~ 1àctone (14) (i.e., 18 t l§). At higher 
,J -.:~--

pH there was,no indication.of ionization nor of deuterium exchange. 

Partial c.m.r. data for ll..: 54.0 p.p.m. (C0.913); 67.8 CC-5j; 

71.0 éC-3); 80.1 (C-4); 82.0 (C-2); 102.6 (C-1); 173.1 (CO). 

4. ~-Q-Tosy1-1,2-~-isopropylidene~a-~-g1ucofuranurono-6,3-1acton~ (19) 

A solutIon of p-toluenesulfonyl chloride (10 g) in ch1oroform 

(20 ml) was added dropwlse with s~irring to a c~ld (0°) solution of ~ 

(10.7 g) in pyridine (50 ml). Coo1ing was ~ontinued for 1 h after the 

addition was complete, then the reaction mIxture was a110wed to stand 

at, room temperature for 6 h, after which it was poured with stirring\ 

into 100 ml of Ice water. Chloroform (50 ml) was added, and the 

organlc layer was washed with ice water (2x), cold 10% sulfuric acid 

(2x), cold sodIum bIcarbonate (2x) and then Ice water. The chloro-

form solution was drièd, and concentrated, giving crystals of 19 (9.2 g); . --
1 7 ' 

m.p. 185-187°, [or]O= 50.8 [,c 2.5, chlo:roform). ·C.m.r. s.hO\ved the 

presence of a tosy1 group at'C-5; I.R. showed no -OH absorptIon band. 

P.m.r. data: (solvent C03COCD
3

) 64.8-5.0, m(H-2,3,'4); 5.6, 

d(H-5); 6.0"d(H-l); isopropylidene: 1.3, 1.45(s,6H); tOsy1: 

2.,5, S(C'H3-); 7.'\1. d. 7.9. d, (4H). 

J 

-

" 



r 

f 

. ----,.. ._.-..... _ ... -- - - ---~ 

-78-

5. Attempted configurational inversion at C-5 of 19 with ~odium benzoate 

Compound ~ (2 g) was dlssolved in dry N,N-dimethy1formamlde 

(75 ml), sodium benzoate (6.5 g) was added, and the suspension was 

heated under ~eflux for ~ h (the reaction mixture turned dark). 
\ -

Water (100 ml) was then added ta dissolve the sodium benzoate, and 

the solution was extractèd with 60 ml (2x) of chloroform. .The 

organic layer was washed 6 tImes witp water, dried, and evaporated 

ta dryness. A brown residue was tecovered which appeared to be 

~omposed maInly of p~toluenesulfonic acid. 

6. Attempt~d configurationa1 Inversion at C-5 of ~ with acetate ion 

resin and acetic 'anhydride 

AcetIc anhydride (30 ml) was added to a mixture of 19 (1 g) 

and Oowex hX8 (OAc -) (15 g). With stirring, the reaction )\las heated 

under reflux for 4 h (the mixture became dark), then methanol (10 ml) 

was Introduced to destroy excess acetic anhydride .• ' The rèaction 

mIxture was cooled, the resin filtèred off, the filtrate was extracted 

IH th chloroform, and the extract was concentrated. No product was 
,\ 

• 1 /,' 

Identified from the dark oily residue obtained. 

7. Methyl a-.!:.-sorbopyranoside (~ 

The procedure was simi1ar to that of Arragon et ~. (77)' 
,3 of 

Dry L-sorbose (20) (80 g) was added .to a 5% HCl ~methanol solution 
-

(2.7 1, 5°) (23.6 ml of acetyl chloride in 3 1 of dry methanol) with 

stirring. After 3 day~ silver carbonate was added to neutrality, 

the solution was filtered, treated with Norite, and then conc~ntrated. 

The sirupy residue was exhaustively extracted with hot acetone 
\ - .' 1 

(approx. 2.5 1) (on a steam bath). On cooling, ~ crystalllzed out. ' 

Yield, 60 g (70%). M.p, 119-120°. [a]O=-86.5 Cc 1.0, water). Lit. (77): 

" 

( 

_______ { _l, _~L-: _______ ... 
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m.~p. 118.5°; Ia,]b=-90.20(c 

8. Methyl l,3)4,5-tetra,-Q """,=:::,--L-._ 

! 
The procedure was similar to that of Glaudemans and Fletcher 

(78). Methyl a-~-sorboside (~ (17.5 g) was suspended in dry dioxane 

(100 ml) tdgether with powdered potassium hydroxide (100 g), the 

mixture being constantly stirred and ge~tly boiled under reflux 

.' (caution ~as ~aken to stir vigorously to r~e~~nt charring). Benzyl 
, . 

chloride (125 ml) was added dropwise over a period of 20 min, and 1 h 
f' 

1ater the dloxane was allowed to distiÜ off. The residue was coo1ed, 

suffiClent water was added to diss01vl the crystaUine materia1, this, 

belng fol'lowed by an extraction wi th ,·ether. The organic layer was 

washed with water, treated with Norite, and concentrated. Benzy1 

alc-ohol, benzy1 chloride and dibe~'zy1 ether were removed by distillation 
l, t' 

~:. in a hlgh vacuum (0.02 mm, 140° 1),'9 leaving ~ as a light yellow oil. 4' 

Yield, 46 g (92%). [a]D=-14.2°', (c 3.1, ~hlorofo'rm). 

C.m.r. data: 48.3 p.p.m. (methoxy); 60.9 (C-6); 68.9; 73.0; 
. 1 

73.3, 75.4(~x); 78.3}1\ 71.9.2; 82.4; 100.4 (C-2); l27-l29FOx); 

137.5; 138.4; 138.6; 138.9. 

P.m.r. data: 63.2 (met~oxy1); 3.3-4.1 (7 ring protons); 4.4-4.95 

( 
(8 methy1ene); 7.1-'7.4 (20 phenyl). 

9. 1,3,4,5-Tetra-~-benzy1-a-L-sorbopyranose (23) 
/ 

Hydro1ysis of 22 following the procedure by Glaudemans and 

Fletcher (78) (for the hydrol'rsis of 2,3,4 / 6-tetra-O-benzyl gluco­
~ 

pyranose) did not produce a satisfactory product, as extensive de-

\' 
1 

composition occ~red. ' 

Therefore, the fo11owing ~i1der method was used: 18.5 g 

of 22 in dioxane (125 ml) was heated under reflux with stirring and\ 

t 

1 
/ 
l 
1 
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w~lle both the reaction flask and cond nser were covered with alu-

minum foil to exclude light~ D.5N HCl pre-heated to 90°) was added 

dropwise tq the solution until h~ som ound just began to oil .out of 

solution (approx. 32 ml of D.5N Hel). e reaction was continued 

until t.1. c . hydrolysis of 22 had occured -, 

(approx. 3-4 h), l~? ml of ice water was then added, whereupon much 

product olled out. A chloroform extract (200 ml) of the reaction 

mixture was washed'with water, .Saturated sodium bicarbonate, 5% HC1, 

and water, then dried over MgS04 , filtered, and concentrated. A 

yellow 011 (23) r~mained; yield, 15.3 g (83%). When stored in the 

cold, the product pa~tially crystal1ized, m' Pi 
~?~-500, [a]D=-11.3° 

(C\1.5,_ chloroform~: Lit. (74): m.p. 4?-5l0, [a'J D=-1:.9° Cc 3.3, 

chloroform). Attempt~ at recrystallization from a variety of solvents 

were unsuccessful. 

C.m.r. data: 60.1 p.p.m. (C-6); 71.2; 72.2; 72.9; 74.5; 74.8; 

77.7; 78.0; 81.9; 96.6 (C-l); l26.6-l27.6(20x); 136.7; 137.1; 

137.5; 1.37.9. 

P.m.r. data: é3.3-4.1(7x); 4.4-4.9 (methylene 8x); 7.0-t.4(2DX). 
\ , 

10. 13,4,5 -Tetra-Q-benzyl aldito1s(24) 

Ca) Product 23 - (14 g) was dissolved in dry methano1 Cl.OO ml) 

and the solution was cooled to 5°. Sodium borohydride (3 g) was 

added slowly to the stirred solution over a period of 0.5 h, the 

temperature being maintained rt <10° J then the reaction mixture was" 

'w, kept at r. t. for 3 h at which Ume excess Amber li te IR-120 resin 
, + .R 
CH , approx. 50 gJ was added. The resin was filtered off and rinsed 

, 
tWlce with methanol, the washings and Silution were combined, con-

centrate'd, and the residue was treated with successive amourtts of 

\, 
~-----------~._'I~'''''''''----------------------·----.~------------------------~--
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methano1 to remove borate. The yellow sirup remaining was ehroma-

tographed on st;JJea gel (750 g) usilig solvent A. Small amounts ,of 

~ and 23 and of ~n unidentified pro~ct were isolated beÎore pro-

duet ~ was collectedi yield, 12.8 g (91%); the amorphous 1 homogeneous 

materia1 could not be indueed to cr)"stallize; Ia]D:::::+10,.3° Cc 2, 

ch1oroform). CA sm~ll amount of product was used ta prepare the 

diacetate derivative using sodium aeetate-aeetic anhydride but thlS 

did not afford erysta11ine material). 

! 

C.m.r. data: 61.0 p.p.m., 61.1 CC-IlS); 68.6; 69.8; 70.4-73.8(12x); 

76.7-78.8, (6x, methylene); 127.0-127.6 (40x); 137.3 (8x).-

P.m.r. data: cS2.68 (2x, hydroxyls); 3.3-4.1 (8x); 4.35-4.7 (8x, 
• 0 

methylene); 7.18-7.3 (20x). 

Cb) To a cooled suspension of lithium a1uminum hydride (1.0 g) 

ln d~y tetrahydrofuran (200 ml) a solution of 2~ (9 g) in dry,tetra­

hydrofuran (100 ml) was added dropwlse. After the mixture had been 

stirred at 10° for 1.5 h, ethy1 acetate was added to decompose excess 

lithIum aiuminum hydride., fol1owed by iCi and pi lute hydroehloric aeid. 

Methylene chloride was used to extract the eTUde produet ~nd the ex-

" tràet, after being washed with water, was dried over ,MgS04 and con-

centrated. The residual materia1 was chromatographed on a colurnn of 

silica gel (solvent A) to give· 8.1 g, (89%) of, 24 as sirup. An un­

identified product was also iso1ated from the reaction mixture; as weIl 

-as small amounts of unreduced 23. [aJD=+10.~o Cc 2.0~, chlorofo~). 

11. §'~Q-Trityl l ,3,4 ,5-tetra-2.-benzy~ alditols(25) 

'". Compound 24 (ID g, 18 mmoles) and chlorotriphenylme~hane 

(5.~ g) were dissolved in dry pyridine S60 ml), the'solution was stored 

at \:-.t. for 2 days', then'poul'1éd into icë-cold water w'ith' stirring . 

. .. .,... • a 

• 
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The c1ear supernatant solution was decanted off, a white sirup which 

had deposi ~ed was disso1ved in methy1ene ch10ride and wash'ed success-

~ve1y with co1d 5% hydroc,h1oric acid, saturated bicarbonate solution, 

and water. Remova1 of' the methy1ene ch10ride yie,lded a sticky sirup, 

which was chromatographed on si1ica! gel (700 g) using solvent C. 

_ Produc1t 25 was obtained in a yie1d of 89% (12.9 g). It was found that 

partial de-~-tritylation of 25 can occur on si1ica gel support 50 tpat 

the chromatographie ~tep might, advised1y, be omitted. [a]D=+9.l2° 

(c 1.5, chloroform). 

C.m.r. ~ata: 62.3 p.p.m., 62.5(2x C-1's); 69.2; 70.0; 70.6(2x); 

72.1-72.5 (4x); 73.5; 73.9 (3x); 126.2-128.0 (35x); 137.5 (4x); 

143.2 (3x): 

From ev~dence of l3C s~gna1 intensities it seems that one #iastereomer 

~s present in larger arnount. 

P.m.r. data: 82.55,2.84, (hydroxy); 3.1;4,1 (8x); 4.i-4.7 (8x); 

7-7.5 (35x). 

12., ~ -~-Methoxy-trity1 l ;3, 4 ,5~tetra-2.-benzy1 a1di toI s (26) 
1 

The 1-2.-methoxy-tr~ty1 aer~vative (26) was produ~ed in the ~arne 

fashion as compound ~ by using p-anisy1ch10rodipheny1methane. Yie1ds 

of 26 were the same as those of 25. Ia]D=+9.04° (c 1.0, chlorofotID). 

Its c.m.r. and p.m.r. spectra were closely analogous to tho.se of_ com-

pound 25. 
1 
1 

13 . ..,?-O-Tri tyl- 1,3/4 ,5,...~etra~2.,",benzyl·4 -Q.-..:.T;;:;BD:;.;:M.;;.:S:.....;;a:.;;;l..::d:.;;;i.::.t..:.o~l~~ 
t 

A solution of compound "26 (10 g, 12.7 mmoles)', 

ClZ.) 

dimethyl-tert-
If (<"(Je ( 

buty1siiyl chforide (2.3 g, 15.2 mmoles), and imidazole (2.2 g, t:.7 
nuno1es) \in dry dimethy1formamide (40 ml), was heated at 35° for 24 h, 

poured into ice water, and the mixture was stirred for 2 h and lert 

" 

...., m " ...... ~_. --...... - _____ I _________ -:..---_______ '--"~ __ .. _."'_.~.""' ......... __ __._. ____ . _____________ _ 
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overnight in th~ cold.' The supernatant solution was decanted off 1 

and the sirUpy product was dissolved in methylene chloride. After' 

being washed successively with cold 5% hydrochloric acid, saturated 

bicarbonate SOlutl\r and water, the solution was dried and concen­

trated. The yellow resldue was chromatographed on siliea gel (700 g) 

using solvent C, aff?rding sirupy 27 in a yield of 9.8 g (86%) . 
.:,. 

[aJO=+S.7° (c 2.5, chloroform) . 
. 

P.m.r. data: éO.OS (6x, TBOMS), 0.82 (9x, TBOMS); 3.l~4.1 (8x); 

4.1-4.8 (8x); 7.0-7.4 C15x). 

14. 6.,-Q.-Methoxy-trityl-i ,3,4,S-tetra-Q.-benzyl-Z-Q.-TBOMS alditols;, (~ 

Compound'2B was synthesized in the same fashion as compound 27;/ 

the yield was marginally higher, IcJO=+4.2° (~ï.s, ch19roform). 

15. Q-Q.-Trityl-2-Q-benzoyl-l,3,4,5 r tetra-O-benzyl alditols (29) , 
To a cooled pyridine (20"ml) solution of 25 (5 g, 6.4 mmoles)-

was added dropwise 1 ml of benzoyl chloride (8.3 mmoles). The solution 

was left overnight at r.t., 5 ml of ice-water was added to destroy 

excess benzoyl chloride, and 200 ml of methylene chloride was intro-

duced. The organic layer was ~ashed successively with H20, cold 5% 

'o' 
hydroehloric aeid, saturat~d biearb~nate, an'd water, dned over t-1gS04 

f 
and eoncentrated to a sirup. !he material wa~ chromatographed on 

siliea gel (250 g) using solvent C. Compound 29 was obtained as a 
, 

sirup Cyield, 5.1 g (88%)), Icdo=+4.lo (ç 2.1, chlorofonn), 

P.m.r. data: ô3.5-4.l (7x); 4.25-4.65 (8x, methylene); 5.5, mèH-S); 

7.0-7.4 (38x); 7.8-8.0 Cà, benzoyl). 

16. C2.--;Q,-Tri tyl-2 -2::-acetyl-i ,3,4 1 5-tetra-~-benzyl aIdltol s (30) 
l ,1 

;' Compound 25 (5 g, 6.4 mmoles) was dissolved in acetic ,an-

hydride (16 ml) ~nd dry pyridine (40 ml), the solution was kept at 

_Mt."" .... - ... _._~-_....-_-----------_. .. • a 1 
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\r.t. for 18 h, and pou!ed into lce water with stirring. An oily 
, 

residue that deposlted out wa~ worKed up in the same fashion as for 

compound 29. Yield: 4.2 g (82%). -r a]nQ+4. 0° Ce: 2.7 J chloroform). 

P.m.r. data: ôl,93, s(acetyl); 3.4-4.~ (rx); 4.2-4.8 (8x); 

5.3f (m, H~5); 7.0-7.4 (35x) , 

17. Attempted selectIve hydrolysls of trityl group of 27 

(a) Using MeOH~HCl: 

Compound ~ (0.6 g) was disso1ved in methanol (10 ml)-, 

0.1 N methanollc-HCl (2 ml) was added, and th,e reaction fbllowed by 

t.1. C.' After 20 mim, it was evide~t thai both S',-silyl and the S',- \ 

trityl groups were being hydroxyled, and the reaction was terminated. 

(b) Using sllica gel: 

To a colurnn.of silica gel (25 g of a mIxture of 60-200 mesh 

(FIscher grade) and 28-60 mesh (FIscher grade)) a s9lution of 2~ 

(0.5 g) in benzene (5 ml) was applied, and 50 ml of benzene was ufed 

to ~ev~~romatogram. Afrer 12 h the compounds were eluted 

,from the column with solvent 0: the products were found to r~present 
1 

a mIxture of de-Q-tritylation and, to a lesser extent, ~e-Q-tritylation 

and de-Q-silylatlon, of ~. 
, 1 1 

18. t,3,4,s,ietta Q.-benzyl-2-Q.-TBDMS alditol (31) (via trityl derivative) 

Compound 27 (4.7 g) was quiçkly dlsso1ved in twice its 

weight of glacial acetit acid (i.e" 9.5 ml), Wh,ile the solution 

o 
was heated and stirred vigorously, preheated (90°) 70% aqueous acetic 

acid-(38 ml) was added batchwise slowly enough n9t to oil out the 
~ -~ 

material. The total time of hydrolysis did not exce~2 mins, at 

which tlme the reaction mixture was pùured into ice water (300 ml) 

with stirring. A precipitate which formed was collected by decantation 
fi 

------------.-___ ~ .................... __ .. _____ = __ ._=_v __ ,~ __________ .----~,. 
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and centrifugationl and dissolved in methylene chloride (250 ml). 

This solution was washed successively wi th saturatèd sodium bicarbonate 

and water, and~concentrated. Most of the trityI alcohol and small 

amounts of unhydrolysed 24 wer~ removed ~rom the.\-- product by vacuum 

distillation (140°)0.02 mm). (Yield of the trityl alcopol, 1.25 g) . 
. 'r " \ 

The remaining ma~erial was chromatograph~d on silica gei (300 g) 
. 

using solvent D, to yield 2.4 g of 31 (65\%); Ia]D=-6.go 

. \ \ . 

Cc 1. 5, 

chloroform). 

P.m.r. data: 00.05'10.13 (6x, TBDMS); O.8~ (9x, TBDMS); 2:35 

(hydroxyl); 3.4-4.2 (8x); 4.3-4.9 (8x, methy1ene); 7.1-7.4 

(20x, phenyl). 
.. <If'f 

19. 1,3,4'J5-Tetra-Q-benzy12 -Q.-TBDMS alditols (31)' (via meth~XY-" 

trityl derivative) 
\ 

To a solution of ~ (2 g) glacial àce1hc acid (6 mIr, 

sti~red and heated at 50°, was added batchwise 70% aqueous acetic 

" 
ac±d (preheated to 70°)(18 ml) at such a rate as to avoid precipita-

I < 

1 
tion of the compound. After 45 min the solution 

\ \ 
w~s poured over ice 

'î 
1 ~. Yie1d of B.., water, and the product recovered as lin procedure 

1.1 g(74%), [a.]D=,..6.5° CC 1.1, ch1oroform)'. The p.~.r. spectrum was 
- ~ , , 

indistinguishable from that of ~, produced by procedure l? -" " 

1. 

20. -z-Q-Benzoyl- b 3,4, 5-tetra-Q.-benzyl aldito1s (32) 

Hydrolysis of the Q:trity1 group of compound 29 was per­

formed as for 27 (procedure 17)" except that f~e reaction was allowed 

to proceed for 0.5 h in$tead,of 12 min. 
1 

removed most of the tritYl~COhOl, and 

graphed on silica gel (sol n D); yièld, 
, - ,J-Ir( \ 

chloroform). 

High vacu~ distillation 
\. . 

the residue was chromato-

\. 

.. 

.i , 
. " 

1 , 
"l 
" 

.' \ ~ 
~ 

J 
~ l 

~ 
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P,m.r. data: 02,25 (m, hydroxy1); 3.5-4.1 (7x)l 4.2-4.6 f8x, 

neth~lene); '5.5 ém, I1'-5); 7.0 ... 7.4 (23x); 7.8-8.0 (2x, benzoyl). , 

21. 2-Q-Acety1- L,3,4, s-tetra-Q.-benzy1 alditols (33) 
- D 

Hydrolysis of the Q:trity1 group of compound 30 was per­

~formed as with the ~-benzoyl derivative (procedure lP), Yield, 75%, 
"'" -

.,. 
P.m.r. data: ,ô1.95, s(acetyl); 3.4-4.1 (7x); 4.2-4.8(8:x:); ... 

5.40, mCH-Sr;' ?0~7.4 ~2r)'. 

2~ 2,3,4, 6-Tetra-Q.-benzyl-5-"Q.-_T_BD_M_S ___ -+- xidation with 

chromium trioxide-pyridine 
l 

The oxidation procedure was simi1ar to that ,escribed by 

Arrick, 'Baker and Horton" (86), The ·reaction was carried out in a 

dry box. Chromium ~rioxide (1.08g, 12 M equiv./M equiv of alcohol) 
• / 1') -< 

./ 

was added tèl a solution of dry pyn«ine (1.7 ml, 2 M equiv./H equiv. 

of chromium tboxide) in dry methylene chlloride (20 ml). \\The oxidant 
1 

was stirred fo'r 20 min, at which time compound ~ (O~ 6 g, 0.9 mmole) 

dissolved in 3 ml of methylene,ch1oride,'was added. A tarry deposit .. 
<! -

formed at once; the suspension was stirred for 20 min at r.t., the , ; 

supernatant solution was decanted, and the tar was extracted twice 

with ether~ The combined washings and supernatant were concentrated, 
1 

and the residue was chromatographed on silica gel (50 g) using solven~ 
"'V < 

~: The ~ldehyde (34) was cOl~ted (first compound t~ emerge from 

die column) in a yield pf 0.3 g '(50%). Ia}~=..,2.7° (c 0.8, chlorofonn). 
, 

P,m.r, data: 00,08,'1,0.15 (6x, TBDMS)i 0,85 (9x, TBDMS)i> 3.3-4.25, 
, 

(6x); 4.3-4.9 (9x, methylene)1 7.1-7.4 (2Ox, phenyl); 9.6, 9.68 

(s, a1dehydic protons). 
\ 

t. 

/ 
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'23. 2,3,4,6-Tetra-.Q.-benzyl-5-.Q.-TBmiS aldoses (34). Use of the 
1 1 

pyridinium chlorochromate oxidation method 
, 

The oxidation procedure was·similar to that of Corey and 

Suggs (87). Pyridinium chlorochromate (prepared as in ref 87 and 

stored dry and in the dark) (1.03 g, 4.76 mmoles) and anhydrous sodium 

acetate (0.08 g) were suspended in dry methy1ene chloride (5 ml). 

Compound ~ (2.1 g, 3.15 mmoles), in dry methylenè chlor~de (10 ~l) 

was added in one portion ta the stirred suspension of oxidant, 

fOllowed ~fter 3 h by 50 ml of dry ether. The suspension was decanted 

and the tarry deposit washed twice with ether, and the combined 
n 

solut~ons were concentrated, giving a black residue that was chromato-

graphed on silica gel .(100 g) using solvent E. Aldehyde 34 was :-, 

obtained ~n 74% yield, (1. 54 g). l a]D=-2. 5° Cd 2.0, chloroform). 

Preparative t.l.c. (solvent D) of the aldehyde mixture (34) succeeded 

in sepéfrating a fraction which contained 80% of the gluco l,som1er, 

the aldehydic proton of which resonates at 9.6 p.p.m. Co1umn chromato-

graphy was ]~ss successful. P.m.r. sp~ctrum was,indistinguishable 
1 

from th4} of praduct given by procedure 21. 

C.m.r. ,data: -5.8 p.p.m., -5.6, -5.2, -5.1 (2x, methyls of TBDMS); 

25.1 (3x, tert-buty1 ~H3); 70.6; 71.0; 71.6;71~9; 72.2 (3x); 72.4; 
\ 

72.5; 72.6; 73.3;,73.4; 77.2; 77.7; 7,9.3; 79.6; 79.7, 79.9 (6x, 

methy1ene ta secondary carbon); 126.7-128.3 (40x); 136.4-137.6 (8x); 

198.6 (a1dehyde, ,2x). 

1 24, ~-Q.-Benzoyl-2,3,4,6-tetra-Q.-benzyl a1doses (35) 

The oxidation of compound 32 was simi1ar in procedure to 

the previous oxidatlon method Ci. e. J 22);" the yie1d of compound 35 

was 72%. [a ]0=+0. 4° Cc 1. 0 J chloroform). 

( 

f' , 
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P.m.r. data: 63,3-4.0 C5x); 4.1-4,8 C9x); 5.5, m(H-5); 7.0-

7.5 (23x); 7.S-S.0 (2x, benzoyl)j 9,6, 9.65 (s, aldehydes, 

equal intensity). 

25. ~-Q.-Ac etyl-2, 3,4,6- tetra-Q.-b,enzyl aIdas eS (36) 

Oxtdatlon aD compound 33 by the procedure described ln 

22, gave 36 in 73% yie1d. [aJD=+1.6° Cc 1.2, chloroform). 
~ 

P.m.r. data: 01.96, 5 (acetyl); 3,35-4.0 (5x); 4.05-4.8 (9x);; 
l 

5.35, m(H-5); 7.0-7.4 (2Ox); 9.55, 9.6 (s, aldehydic proton). 
-

26. 2,3,4,6-Tetra-Q.-benzyl aldoses: ~-Ido (37), ~-gluco (38) 

'The use of tetrabutyl ammonIum flu9ride in THF (procedure 

of Ogillvie ~ ~ (84) to de-Q.-sily1ate compound 34 produced side l' 

products. An alternatlve~ more satisfactory, procedure used aCIdic 
'-

conditIons. Compound 34 (3.3 g) was dlssolved in 30 ml of acetic 
-1 

aCId, water (8 ml) was added slowly to the hfated and stirred solutIon, 

the apparatus was covered with aluminum foil~ and the reaction allowed 

ta proceed for 4 h. On coollng, 2,3,4,6-tetra-Q.-benzy1-a-Q-glucose (~ 

crystal1ized out (YIeld, 0.80 g). Water war added, the solution was 

concentrated, methanol (6 ml) was used to dissolve the residue sirup, 

and on cooling more of ~ (0.1 g) crystalllzed out. The total Yleld 

of 38 was 33%. ~I.p. \ISO-152°, IaJD=+20.80(c 2.4, chloroform). Lit (78): 

m.p. 151-152°; [aJ D=+21.2° Cc 2.19, chloroform). 

It was estimated that 90% of the residua1 sirup (1.7 g, 63% yie1d) 

was 2,3,4,6-tetra-Q.-benzyl-.!:-idose (37). 10;]D;::;-l,Oo Cc 2.4, chloroform).­

Additiona1 p.m.r, data(crude 37): 63.3-4.1 (6x); 4.2-4.8 (8x); 

4.92, deS, H-l); 5.15, d(a, H-l); 7.0~7.3 (2Ox) , 

c.m.ri data (crude 37): ,67.6 p.p.m.; 68.0; 68.5 (2x); ~1. 7-

72.9 (lOx); 74.6 (2x); 75.5; 77.1; 91.8 (a, C-1); 93.3 (e,C-1);-

il ........... """ ... 10._~· ___ ... - ~_ ...... ,. ... ~_. _______ _ 
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126.6-127.6 (40x); 136.6-138 (8x). 
\ 

27. Catalytic methanolysis 'of the ester groups of compo,unds 35 and 36 
1 

To a solution of each compou~d (0.5 g) ln dry methanol 

(10 ml) was added l,~ ml of freshly prepared ü5% sodium methoxide. 

The reactl0n mixture was stored at 12° for 18 h, then It was neu­

trallzeà with eationic resin, the solvent was removed and the dark 

residue (,0. 32 g) was chromatographed on t.I. c. plates. The product 

showed evidence of extensive decomposition, as described in sectl0n 

3.3-2 (0). IaJO,Cfrom benzo~te)=+2.6°; IaJO(fr6m acetate);:::+1.8°. 

28. Acid hydrolysls of {-Q-ac~tyl-2, 3,4, 6-tetra-Q-benzyl aldose (36) 

Compound,~ (0.5 g) was dissolved in 5 ml of dry methanol 
+ ' 

contalnlng Dowex-50 reSIn CH ) (1.0 g), the suspension was stirred 

for 2 days (t.l.e. showed no signifieant amount ofr}'methyl glycoslde), 

the r~~in was removed, and 1 N HCl-methanol (2.51V was added. After 

2 days at r. t. only 30% of the material was converted into methyl 

glyeosldes, as indicated by p.m.r. spe~troscopy, the rest of the 

materlal being unreacted 36 and decomposition products. 

29. ~-Q-Acetyl-2,3,4,6-tetra-Q-benzyl-~-glueopyranose 
\ 

To a eooled mixture of dry pyridine (3.5 ml) and acetic 

anhydride (0.3 ml) was added compound 38 (0.5 g), and after 14 h 

at r.t. the solution was poured dropwise over 15 g of Ice. The 

mixture was extracted with chloroform, and the organic layer washed 

wlth water, d~ied, and eoncentrated, giving a clear 011 (O,4~ g, 84%). 

The p.m,r. spectrum showed the oil to be a mixture of a:S anomers in 

the rat id of 5:1. 
1 

The obs~ed chemical shifts were in close agreement 
( ) 

\d th those reported by Leroux (97)· 
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30. 1-0-Aeetyl deri,Vative of erude 37 , 

To a eooled mixture of dry pyridine (2.5 ml) and aeetie 
, 

anhydrIde (0.2 ml) was added sirupy erude 37 (0.3 g). After 14 h 

at r.t. ,~orkup was performed as deserioed in the previous seetioh; 

yleld, ,,0.25 g (83~ô), ID)O=+1.8° Cc 2.4, ehlorofonn). 

P.m.r. data: ôl.9(acetyl, ~ anomer); 1.95(acetyl, ~ anomer); 

3.45-4.9 (5x); 5.1-5.7 (9x); 6.1 d(~1,2c2.5 Hz, !-anomer); 

6.2 d(~l 2=4.0 Hz, ~-anomer); 7,0-7.4 (20x). , 
31. L-Iditol hexaacetate 

To a eboled methanolie solutIon (5 ml) of the erude preparation 

of ,37 (0.25 g) sodium borohydride (0.05 g) was added slowly. After 

+ l 
14 h', an exeess of Dowex-50 resip' (H ) was int'roduced, the solution 

was evaporated to dryness, and methanol was added (2x) and then 
1 
1 

removed ta rem'ove the borate. 

The reduced material was dissolved in 90% aqueous dioxane 

(12.5 ml), palladium black (0.04g) was added, and hydrogen was intro-

duced by means of a balloon reservoir. The stirr~d suspensIon was 

left at r.t. for 18 h, filtered through Celite pad,' the filtrate 

was evaporated, and the r~sidue dried thoroughly under vacuum. To 

the residue was added acetle a~hydriode (2 ml) and anhydrous sodl,um 

acetate (0.2 g), the mixture was heated at 95° for 1.5 h and evaporated 

to dryness.' The product was extracted into chloroform, the solvent 

waSa removed a~d crystallization occurred when the residue was diss~ved 
in ethanol; yield, 0,06 g (66%), m.p. and mixed m.p. 122-124°, ICI.]O=+20.lo 

Cc 0.3, chloroform) 

- '''''-.,~ ... - ",~,-~,,,,_ ... ...w,,,;._ ..... ___ ._. _______ =_ ... , _ ....... ___ ... _~-....r1 ....,_4IIIQl.~'~,,_,,_~ ___ ~"'~ ...... __ ...... _~ - -
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32. Methyl 2,3,4,6-tetra-Q-benzyl-~,S-~-idopyranoside 

Methyl glycoside synthesis was attempted by the procedure 

of Leroux (94) by using triflic anhydride, tetrabutylammonium bromide 
1 

and ~ollidine, followed by the addition of methanol. The main product 

recovered after chromatographie purification was not identified, only 

a smal1 proportion of m~yl gly~oside being present. ~.m.r."evi­

dence). A part of the material was de-Q-benzylated\by hydrogenation 

(aqueous dioxane-palladlum black), the product of WhlCh appeared,to 
\ . 

be composed of 4 or 5 .,compuunds: 2 showed ·r. f. values Ct .1. C., ethyl 

acetate:methanol=8.5:1.5) characterlstic of disaccharides, whereas 

another 2 con::esponded to methyl glycosldes. The p.m.r. spectrum 

was complex, and appeared to contain 4 small an9merlc signaIs. 

Another portion of the product (above) was treated ~ith 3% 
1 

methanolic-HCl under reflux for 6 h. Thé material recovered had [a]O=+l.üo 

Cc 1.0, chloroform). Its p.m.r. spectrum indicated that it was com-

posed of approx. 70% methyl 2,3,4p6-tetra-Q-benzyl-a-~-idopyranoside, 

20% of· the S-anomer, and 10% of methyl 2,3,4,6-tetra-0-benzyl-a-D-- 4 
glycopyranoSlde. 

-P.m.r. data: é3.3(methoxy,a-anomer, glucose); 3.38(metho*y, a-anorner 

ido); 3.42(methoxyl S-anomer, ido); 3.3-4.3(9 protons); 4.3-5.0 \. 

(9 protons); 7.0-7.4 (20x). 
~ 

1 The mixture of methyl glycosides was de-~-benzylated by 

hydrQgenolysis in aqueous dioxane containing palladium black (procedure . . ~ 

30). The methyl glycosides that resulted were present in the same pro-

portion as ~~ de-Q-benzylation; [a]D=-30.5° Cc 1.5, ChlO~dform). 

The p.m.r. signaIs ascribed to the methyl-a~L-idopyranoside present 
, -

(70%) corresponded closely to the spectrurn of authenticO methyl-a-~­

( 

f 

/ 
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idopyranoside. 

Partial p.m.r. data: é3.45(methy1, a-anomer, ido ); 3.55(methY1~ 

e-anomer, ido), 4. 7 d(~l 2=4.0 Hz, a-anomer, ido); 4.9, d(~1.2~1.4, 
"' . 

~-anomer, ido). 

C.m.r. data for methy1~a-~-idopyranoside: 56.4 p.p.m. (CH3-); 
, , 

60.7 (C-6); 70.7 (C-4); 71.2 (C-5); 71.5 (C-5); 72.0 (C-3); 

102.0 (C-1). For methyl-8-~~idopyranoside: 57.4 (CH3-); 62.0 

(C-.6); 69.2 (C-5); 70.1 (C-4); 70.4 (C-2); 76.0 (C-3); 100.9 (C-1) . 
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CLAIMS TG ORIGINAL RESEARCH o 

1. 
1 

N. m. r. "spectroscopy has been used, to obtain detailed structural 

informatIon about mInor components of type A and type B heparins 

2. A comprehe~sive n.m.r. spectr~l study has been carried out on the 

major product formed by deamInative degradation of heparin, i.e., 

4-Q-(a-~-1~opyranosyluronlc acid 2-sulfate)-2,S-~nhydro-~-mannose. 6-
\ 

sulfate. C1J AIso, characterlZation of a de-Q.-sulfated, 

ana log of l has been ~cted. r- ~ 
, 

( 

3. A new synthetic rO,ute to ~-idopyranosl'e has been developed; it 

involves the synthesIs of 2,3,~,6-tetra-~-be~zyl-~-idopyranos~, 

" startlng from k-~orbose., / 
/ 

~ 

1 
/ 
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