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MONOHEXOSIDE DERIVATIVES OF LONG-CHAIN 
POLYHYDROXY ALCOHOLS; A NOVEL CLASS OF 

GLYCOLIPID SPECIFIC TO HETEROCYSTOUS ALGAE 

T A BRYCE, D WELTI, A E. WALSBY* and B. W. NICHOLS 

Bzosczences Group, Unllever Research Laboratones, Colworth House, Shambrook, Bedford 

(Recezved 25 March 1971, zn revzsed form 14 May 1971) 

Ah&act--Mono-ghzcoszde and -galactoszde derzvatzves of long-&am polyhydroxy alcohols were zdentzfkd 
m an unsapomfiable fraction from Anabaena cylzndrzcu The major alcohol moiety m these hpzds was 1,3,25- 
trzhydroxyhexacosane (I), whtch was accompamed by much smaller quantities of a tetrahydroxyalcohol, 
probably 1,3,25,27-tetrahydroxyoctacosane (III) 

INTRODUCTION 

CERTAIN filamentous blue-green algae possess unique non-sapomfiable glycohplds which 
have not been detected m any other class of plant.’ Their occurrence IS restncted to algal 
species capable of fixmg nitrogen and these lipids appear to be specific to heterocysts,2*3 the 
specialized cells considered to be the site of nitrogen fixation 4 

Followmg the results of prehmmary analyses already reported,’ we now wish to present 
details of the structure of the heterocyst-specific glycohpld isolated from Anabaena cyhndruz 

RESULTS AND DISCUSSION 

Eighty mg of glycosldes were obtained from 1 8 g of lipids and pigments Isolated 
from A cyhndrica, 1.e these compounds represented about 4 4 % of the total hpld extract 
and about 0 5 % of the total cell dry weight 

The recrystallized material melted between 106 5 and 108” and had a specific rotation 
[a&!$ of +58 6 m CHCl,-MeOH (2 1, v/v) TLC on slhc~c acid indicated that the material 
was not homogeneous, a single major component being accompamed by a much smaller 
quantity of material giving similar reactions as the major component with specific and non- 
specific spray reagents, but having a shghtly smaller RP (0 45 as compared with 0 5) when 
CHC13-MeOH-HOAc-H20 (85 15 10 4, v/v) was used for development. 

Component Sugars 

TLC of the water-soluble products of the glycohpld hydrolysate mdlcated that glucose 
and galactose were the only sugars present m significant proportions GLC of the reduced 
sugar acetates prepared from this fraction confirmed the ldentlty of these components and 
showed that the mixture was comprised of 84% glucose and 16% galactose. 

* Botany Dept , Westfield College, Unlverslty of London. 
1 B W NICHOLS and B J B WOOD, Nature, Land 217,767 (1968). 
2 A E WALSBY and B NICHOLS, Nature, Land 221,673 (1969). 
3 C P WOLK and R D SIMON, Planta 86,92 (1969) 
4 P FAY, W D P STEWART, A E WALSBY and G E. FOGG, Nature, Land. 220,810 (1968). 
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Determmatron of total hexose m the Intact glycoside by the anthrone method indicated 
that hexose (as glucose) was present at a concentration of 308 pg/mg of hprd. 

AgIycone Fraction 

When the hpophthc products of hydrolyses were analysed by tnple development TLC 
they were resolved mto two alcohohc components. The relatrve concentratton of these two 
alcohols was in the approximate ratto of 12 1, the major fractton bemg shghtly more mobile 
(& 0 6) than the mmor (R, 0 5) when the mixture was analysed by single development TLC 
on sthca gel employmg CHCl,-MeOH (2 1, v/v) as mobile phase 

After recovery from the chromatograms the mdrvrdual components were recrystallized 
from 80% MeOH, the major alcohol being obtained as an amorphous white powder m.p. 
96 5-97 0”. 

Structural Analysts of the Major Alcohol Fraction 

The mass spectrum obtamed for the tnmethylstlyl (TM%) derivative of the major 
alcohol (Ftg. 1) exhrbtted a molecular ton at m/e 630, while a more abundant [M-CH,] ton, 
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charactenstlc of TM& ethers, was observed at m/e 615 A series of peaks at m/e 540,450 and 
360, correspondmg to the sequenttal loss of 1, 2 and 3 molecules of tnmethylstlanol, mdi- 
cated that three TMSI ether groups were present m the molecule, and because formation of a 
smgle TMSI ether group increases the molecular wetght of an alcohol by 72 mass umts the 
molecular weight of the mrttal alcohol was deduced to be 414 The ton of greatest mass 
(m/e 396) observed m the mass spectrum of the free alcohol (Ftg 2) clearly corresponds 
to [M-H201 

These prehmmary studres therefore clearly indicated that the major alcohol m the 
aglucone moiety of the glycohpld was a C a6 tnhydnc alcohol, and thus general formula was 
supported by chemrcal elemental analysts which gave C, 75 1 ‘A; H, 13 0 %. Required values 
for C26H5403 are C, 75 3, H, 13 0 %. 
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FIG. 2 MASS SPECIRUM OF THE MAJOR ALCOHOL 

Position of the hydroxyl groups. The posrtlons of the three hydroxyl groups were estab- 
lished by mass and NMR spectroscopy on the free alcohol and a vanety of derivatives. 

Mass spectml studies. The mass spectrum of the TM& derrvatrve (Fig. 1) showed 
abundant ions at m/e 103, 117 and 219. From the patterns of fragmentatron generally 
established for TM% ethers of ahphatlc alcohols5-8 the first two ions could be considered as 
corresponding to CH2=O+St(CH& and CH,CH=O+Sr(CH& respectively, whrle that 
of m/e 219 could be attnbuted to either of two possible ions, namely 

CHs--CH-OSI(CH& 

I 
CH=O+SI(CH& Or (CH&W--CH2-CH~-CH==O+S~(CHJ)3. 

(4 (‘4 

The presence of peaks at m/e 513,423 and 333 are m agreement wrth these deductrons. Loss 
of 117 mass umts from the molecular ion gives nse to m/e 513, and the further consecutrve 
loss of two molecules of trrmethylsllanol accounts for the formatron of the peaks at m/e 423 
and 333. An mdlcatron of wmch of the two structures for m/e 219 IS the correct one was 
obtamed by a comparison of the mass spectra of the alcohol and its TMSi derivative with 
those of 1,3-dlhydroxyhexadecane and its TM& ether (Figs. 3 and 4). As expected, the mass 
spectrum of the TM% ether of the dlol contained peaks at m[e 103 (corresponding to 
CHz=O+Sr(CH&) and m/e 219, corresponding to structure(b). More ngmficantly, the base 
peak m the spectrum of both the free dlol and trio1 (Frg. 2) was m/e 75 of cornpositron 

s G EGLINTON, D H HUNNEMAN and A MCCORMICK, Org Muss Spectros 1,593 (1968). 
6 J DIEKMAN, J B THOMXIN and C DJERASSI, J Org Chem 33,227l (1968) 
‘I W J. BELMAN and C 0 CLAGElT, J Lzpui Res 10,234 (1969). 
* J. KOSSANYI, J. P. MONZUR, B FIRTH, 3 WIEMANN, A M DUFFIELD and C D JERASSI, Org. Mass 

.S’pectros 1, 777 (1968). 
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FIG 3 MASS SPECTRUM OF 1,3-DIHYDROXYHEXADECANE 

C3H,0Zp correspondmg to the structure HO-CH2--CH2-CH=O+H The alternative 
fragment of the same composltlon which could be derived from a 2,3-dlhydroxy compound, 
1 e HO+=CH-CHOH-CH,, IS less hkely to account for the base peak m the trzol spec- 
trum since this type of fragmentation IS normally of minor Importance m the spectra of 
uze-dzols 7 lo 

Evzdence rndzcatmg the posztzon of the third hydroxyl group was provided by analytzcal 
studzes on the acetomde derzvatlve of the tnol, m whzch the alcohol groups at the I- and 3- 
posltzons were condensed with acetone leaving the third hydroxyl free Preparation of the 
TM& denvatzve of thus isolated hydroxyl group m the acetomde was followed by mass 
spectral analyszs of the final TM%acetomde which showed no molecular Ion, although the 

FIG 4 MASS SPECTRUM OF THE TMSl DERIVATIVE OF 1,sDIHYDROXYHEXADECANE 

g Confirmed by high resolution mass spectroscopy 
lo E 0 A HAAHTI and H M FALES, J Lzpzd Res 8, 131 (1967) 
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abundant [M-CHJ] 1011 had the expected composlhon of C31H630JS19 thus confirmmg the 
molecular formula of the parent tnhydrlc alcohol as C26H5403 Moreover, the base peak 
m/e 117 had the composltlon C5H13S~0,9 correspondmg to the structure CHJ-CH= 
O+Sl(CH&, which indicated that the isolated hydroxy group m the tnol must have been m 
the w-l pontoon. The posltlon of the acetomde moiety was confirmed by recogmzmg the 
peaks denved from the cleavages alpha to the 1,3-dloxane rmg.” The a-cleavage peaks are 
m/e 115, which had the expected composltlon of C6H1 102,9 and (M-CHJ) 

On the basis of the evidence described above, the structure proposed for the tnol was 
1,3,25-tnhydroxyhexacosane (I) and further support for this structure was obtained from 
NMR studies on the alcohol and various denvatlves 

NMR spectral studzes The chemical shift values (6 ppm) of the protons in the tnol, its 
acetate, the reference compound 1,3,-dlhydroxyhexadecane, and Its acetate, are shown m 
Table 1 

HOCH2-CH2-CHOH-(CH2)21-CHOH-CH3 (I) 

HOCH2-CH~-(CH2)20-CHOH-CH,-CHOH-CH3 (II) 

HOCHZ-CH2-CHOH_(CH& l-CHOH-CH,-CHOH-CHB (III) 

TABLE 1 CHEMICAL SHIFTS (d-ppm) OF THE PROTONS IN 1,3,25-TRIHYDROXYHEXAcOSANE, l&DIHYDROXY- 

HEXADECANE, AND THE CORRFiSPONDINO ACETATES 

Type of proton a b c d e f g Acetate CHJ 

Trlol 1 14 1 27 143 1 66 3 69 (3 69) (3 69) - 
(in CD,OD at 55 60”) 
Dlol - 123 146 170 3 86 - (3 86) - 
(m CDCls at Amblent temp and -35” 
Trlacetate 1165 125 151 178 400 479 4 88 1 939 
(m Ccl* at Ambient temp and 50”) 1,968 

1 975 
Dlacetate - 124 152 180 400 - 4 86 1 955 
(m Ccl4 at Amblent temp ) 

Relative number of Protons from Spectral Integration 

TrIoI 3 -t 4 e+f+g=4 - 
D1o1 -* -t 2 e+g=3 - 
Trlacetate 3 f+g=2 9 
Dlacetate _* I: ; ; 2 2 - 1 6 

e d b f 
CH~-CH~-CI!-CI&H2)i9-:H,--CH-:H3 

LH 
I I 
OH OH 

* There IS no CHB CHOH group m the dlol 
t The integrations of the (CH,). groups were not very accurate compared with those of the groups 

contammg 1, 2 or 3 protons 

I1 J A MCCLQSKEY and M J MCCLELLAND, J Am Chem Sot 87,509O (1969), R E WOLFF, G WOLFF 
and J A MCCLOSKEY, Tetrahedron 22,3093 (1966) 
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The free tnol was sparingly soluble m the common NMR solvents, reqmnng tempera- 
tures of 55-60” before it would dissolve m CDBOD The 60 MHz spectrum was dommated 
by the absorptlons due to H,O/OH, the CHB impurity from CD,OD, and the long cham 
CH2 protons, The weaker but more important absorpuons due to only one or two protons 
were more easily observed m the 220 MHz spectrum which showed a doublet (J = N 6 Hz) 
centered at 61-14 ppm which was attributed to the protons of the CHJCHOH group After 
Integration, an unresolved multiplet at 61 43 ppm was attributed to two CH2 groups each of 
which was p to a smgle OH group Another multiplet at 61 66 ppm was attributed to a CH, 
group which was /3 to two OH groups. A triplet at 63 69 ppm Integrated to the equivalent of 
four protons, and was associated with the protons attached to the same carbon atoms as the 
OH groups Because of some doubts m the mterpretation of this spectrum, including the 
possibihty that additional CHOH and CHJ proton absorptions might be concealed beneath 
the water and (CH,), absorptrons respectively, and also because of the solublhty problems, 
the acetate derivative was prepared and used for subsequent NMR studies. 

Trrol trracetate. The 60-MHz spectrum of the acetate was not well enough defined 
between 61 0 and 62 0 ppm for a full mterpretation to be made, and it was again necessary 
to obtain a 220-MHz spectrum 

A distmctive doublet due to the CHJ protons m the CH,CH(OAc)-group appeared at 
61 165 ppm. A multiplet at S4 00 ppm which integrated to two protons was attributed to the 
protons of the primary -CHZOAc group, while a broad multiplet m the range 64 74 95 

ppm, which also mtegratedzwo protons, was interpreted as being a composite band with 
two centres at 64 79 ppm and 64 88 ppm caused by the absorption of the two secondary 
-CHOAc protons This was partially confirmed when the -CHOAc proton m 1,3-di- 

aceyhexadecane was correlated with an absorption centred at46 ppm 
This evidence remforced the probabihty that the molecule had chain endings of 

-CH,OAc and CH,CH(OAc)- respectively, and that tt contained another secondary 
-CHOAc group within the chain The absence of a CHJ absorption with a chemical shift 
lower than 61 0 ppm suggested that there were no side chams. any further methyl substitu- 
tion on a -C(OH) group would have produced a methyl singlet absorption. The mass 
spectra had already shown that the molecule was acychc and fully saturated, and this was 
partly confirmed by the absence of any olefimc proton absorption m the NMR spectra 

Of the remammg absorptions m the spectrum, an unresolved multiplet at 61 51 ppm, 
which mtegrated to an equivalent of four protons was attributed to two pairs of 
-CH2--CH,-CH(OAc)-- protons The difference m shift between a multiplet at Sl 78 

ppm andthe(CH,), absorption at 61 25 ppm was approximately double that between the 
61 51 ppm and 61 25 ppm absorptions It was reasonable therefore to attribute the 81 78 
ppm multiplet to the protons of the CH, group lying between two -CH(OAc)- groups 

On this basis alone the tnacetate therefore had either of the two possible structures 
derived from I and II However, m the 220-MHz spectrum both the 64 00 ppm CH,OAc 

and 61 78 ppm -CH(OAc)---CH,--CHOAc absorptions were multiplets These multiplets 

must have been caused by thenon-equivalence of both pans of protons, which can only 
occur m the case of structure (I) 

The structure of the tnacetate was confirmed by a double decouphng experiment per- 
formed on a lOO-MHz spectrometer Irradiation of the CH, multiplet at 61 78 ppm reduced 
the 64 00 ppm ‘triplet’ to a singlet and simphfied the absorption around S4 8-4 9 ppm 
Irradiation of the CH, ‘triplet’ at 64 00 ppm reduced the CH2 multiplet at Sl 78 ppm to a 
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doublet. Irradratlon of the CHB doublet at 61 165 ppm also srmphfied the absorption around 
s4 S-4.9 ppm, and irradiation of the latter multiplet reduced the CHJ doublet to a singlet. 

The spectra of the reference compounds hexadecane-1,3-dlol and hexadecane-1,3- 
&acetate were very similar to the equivalent trio1 and tnacetate spectra (see Table 1) and 
confirmed then mterpretatton 

Structure of the Minor Alcohol Fraction 

The mass spectrum of the minor aglucone alcohol showed a very small (<: 0 5 %) ran at 
m/e 440, while the molecular weight of its TM% derivative (Fig. 5) was 746. These data 

50 lal 150 350 650 6CQ 650 700 m 
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FIG 5 MASSSPE~IXUMOFTHBTMS~ DERIVATI~BOFTHEMINORAWOHOL 

Indicated that the alcohol contained four hydroxyl groups, had a molecular weight of 
458 (746 = 458 t 4 x 72) and the molecular formula CZBH5804. In the mass spectrum of 
the TMSl derivative (Fig. 5) the Ions m/e 656, 566,476 and 386 indicated consecutrve losses 
of tnmethylelanol and confirmed that there were four TM% ether groups m the molecule. 
The abundant ions m/e 103, 117 and 219 also present m this spectrum indicated that the 
tetrol has hke the tnol, a 1,3,w-1 substrtutron pattern. The posrtron of the fourth hydroxyl 
group is not c&am, although the mass spectrum of the free alcohol contams the ions m/e 
75 and 89 which could clearly correspond to the groups. HOCH2--CH2-CH=O+H and 
HO+=CH-CH2-CHOH-CH, respectively The presence of the latter fragment suggests 
that the fourth hydroxyl 1s m the w-3 posmon and that the tetrol has the structure (III). The 
mass spectrum of the TMSl ether was also m agreement with this structure, exhibltmg ions 
of m/e 219 and 233 (Fig. 5) which correspond to the TMSl denvatives of the m/e 75 and 89 
ions observed m the free alcohol spectrum 

Structure of the Glycolrprd 

The sugar content of the glycohpid, as determined by the anthrone method, was 308 pg 
hexose (calculated as glucose) per mg of lipid. This agrees very closely with the theoretical 
value for a glycoside m which a single hexose unit is bound to a Cz6 tnhydnc alcohol, 
although we have so far been unable to determme the specific hydroxyl group mvolved m 
the glycosidlc linkage. 

The unsapomfiable glycohpid fraction present m the heterocysts of A. cyhndrlca IS 
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therefore mamly composed of monosaccharide denvatlves of 1,3,25tnhydroxyhexacosane 
(I) and 1,3,25,27-tetrahydroxyoctacosane (III) m which the monosacchande moiety 1s either 
glucose or galactose 

To our knowledge, polyhydnc alcohols such as we describe here have not previously 
been detected m natural tissues Their role m the metabohsm of heterocysts IS not obvious, 
although it 1s possible that they fulfil some function analogous to that of bactoprenol and 
related substances m mlcroblal metabolism, namely that of actmg as carriers and mter- 
mediates m cell wall biosynthesis 12-14 

EXPERIMENTAL 

Fractronatlon of lrprds Cultures of A cyhndraca were centnfuged and the culture medmm decanted from 
the packed cells wmch were then shaken with 100 vol of CHC13-MeOH (2 1, v/v) After standing at room 
temp for about 1 hr, the extra&on mixtures were filtered and the residues re-extracted with CHC&MeOH 
The extracts were combmed, concentrated m vacua and the residues redissolved m a small volume of CHC& 
MeOH (2 1, v/v) which was then shaken wnh l/5 vol of 0 7 % salme to remove water-soluble matenal 

Zsolarron andpurrficatzon of glycohprd 1 8 g of the hpld mixture was dissolved m pure CHCIB and apphed 
to a 50 x 3 5 cm column of DEAE cellulose (acetate form) Is Pigment and neutral hmd were eluted from 
the column wnh 2L of CHCl,-MeOH (97 3, v/v), and a crude glycohpld fractron was then displaced with 
1 5 1 of CHCl,-MeOH (95 5 v/v) 

The non-sapomfiable glucoslde was purdied by sapomficatlon of this fraction wnh 2 N methanohc KOH 
at room temp for 3 hr Followmg ddutlon of the reactlon mixture wnh 100 vol water the mixture was 
brought to pH 2 with acid and was then extracted wnh CHCI, ( x 3) This extract, which contamed the 
glycohpld, pigment and free fatty acid, was apphed to a column of s111c acid wh& was then eluted wnh 
(a) uure CHCI, and (b) CHCl ,-MeOH (2 1. v/v) The fraction eluted bv the latter solvent was recrvstalhzed 
&n 80% MeOH (xi) to yield 80 mg ok a wh;t& amorphous sohd - 

HydroZysu of the glycohpzd The glycohpld was hydrolysed by refluxmg for 28 hr wnh 2 N H,SO, m 
MeOH-Hz0 (9 1, v/v) The reaction mixture was then dduted with water, extracted with CHC13 and the 
CHCl, and aqueous layers separated and analysed for hpophlhc compounds and sugars respectively 

Analysu of the aglucone fructron A solution of the crude aglucone was streaked onto thm layer chromato- 
grams of slhca gel and the apphed material was then resolved by trtple development m CHC&MeOH 
(95.5, v/v) The mdlvldual components were detected by spraymg the chromatograms wnh water which 
revealed the separated substances as opaque bands on a translucent background The relevant areas were 
scraped from the chromatograms and the adsorbed compounds eluted with CHCl,-MeOH (2 1, v/v) 
Tnmethylsdyl ethers,5 acetonlde’O and acetate derlvatlves were prepared by standard methods 

Mass spectroscopic analyses were performed on an AEI MS-902 apparatus usmg the duect mlet system 
The lomzmg current was 100 PA and the electron energy was 70 eV NMR spectra were obtamed \nth 
Perkm-Elmer RlO 60 MHz and Varlan HR 220 MHz spectrometers, a variable temperature probe bemg 
used wrth the 220 MHz apparatus De-couplmg experiments were performed on a Vattan HA 100 spectro- 
meter 

Sugar anu/yses Portlons of the water-soluble hydrolysu products were fractronated by TLC on an-dned 
cellulose powder by triple development with acetone-n-BuOH-Hz0 (10 8 3, v/v), usmg amlme phthalate 
for the locatlon of sugars Preparation and GLC of the reduced sugar acetates was accordmg to the method 
of Sawardeker et alI6 Quantltatlve determmatlon of sugar m the Intact glycoside was obtamed by the 
anthrone method 
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