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Abstract- D-1-0-Methyl-muco-mosltol was isolated from the needles of Junzperw cornmums The occurr- 
ence of this compound m many gymnosperms and m a few anglosperms was demonstrated 

INTRODUCTION 

O-METHYLINOSITOLS are widespread m higher plants; however, D-l-0-methyl-mucomosltol 
so far has been found only m the wood of Phyllocladus trichomanoides.’ Smce the optlcal 
rotation of the isolated compound was not determined, It IS not known which of the two 
possible optical antipodes occurs m nature. Recently a methylated mucomosltol was lso- 
lated by Utkm’ from the bernes of Jzuzzperus foetzdzsszma, but m this case the posltlon of the 
methyl group was not determmed. 

The present paper reports the isolation and ldentlficatlon of D-l-0-methyl-mucomosltol 
from the needles of Jzuzzperus communzs In add&on It IS shown that D-l-O-methyl-muco- 
mosltol occurs m some angiosperms and m practically all comfers except members of the 
Pmaceae 

RESULTS AND DISCUSSION 

A hitherto unidentified spot was noticed, when two dlmenslonal paper chromatograms of 
leaf extracts of various gymnosperms were sprayed with alkaline silver mtrate Small amounts 
of this substance were isolated subsequently by large scale paper chromatography Several 
tests, such as electrophoresls m various buffers, hydrolysis, demethylatlon and penodate 
oxldatlon, mdlcated that the unknown compound was an O-methyl denvatlve of a cychtol 
not rdentlcal with any of the commonly known 0-methyhnontols 

Identzficatzon 

The compound was isolated by column chromatography on a larger scale and C and 
H analysis was m good agreement with the theoretical values of an 0-methyhnosltol. 
Treatment of the substance with bolhng hydnodlc acid gave an easily crystalhzable product, 
which was Identified as mucomosltol by means of paper chromatography m solvents (a), 
(b) and (d) (see Expernnental), as well as by electrophoresls m borate buffer In addition, 
the melting point of hexacetate of the demethylated compound (177-179”) agreed well with 
that (177-178”) reported for the melting point of mucomosltol-hexaacetate 3 Smce there 
are two optlcal antipodes and one optical mactlve form of an 0-methyl-mucomosltol 
the specific rotation of the Isolated compound was determined Its [u],” -53.2” (c 1 5, 
ethanol) IS very close to the value found by Angyal et al 4 for D-l-O-methyl-mucomoato~ 

’ S K ADHIKARI, R A BELL and W E HARVEY, J Chem Sot 2829 (1962) 
’ L M UTKIN, Khzm Przr Soedzn 4, 277 (1968) 
3 S J ANGYAL and L ANDERSON, Adv Curbohyd Chem 14,135 (1959) 
4 S J ANGYAL, V J BENDER, P T GILHAM, R M HOSKINXIN and M. E. PITMAN, Azutral J Chem 

20,2109 (1967) 
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synthesued from L-quebrachltol The pentabenzoate had meltmg pomt ldentlcal with that 
described for D-1-O-methyl-mucomosltol pentabenzoate (97-103”) 4 The substance also 
co-chromatographed m solvents (a), (b) and (d) with authentic D-l-0-methyl-mucoinosltol, 
which was a generous gift from Professor Angyal In addltlon, co-electrophoresls m borate 
buffer gave identical Rf values These data demonstrate the IdentIty of the compound E.O- 
lated from the needles of Jumper-us commums with D-1-O-methyl-mucomosltol (Fig 1) 

Dutrtbutron 

The hot water extracts correspondmg to 2 mg dry weight of the needles or leaves of the 
species listed m Tables 1 and 3 were chromatographed two dlmenslonally m solvent system 
a and b, and system b and c Since the minimal amount ofD-l-O-methyl-mucomosltol detec- 
ted by the silver nitrate reagent was 0 005 mg, a negative result m Table 1 means that the 
cychtol 1s present m a concentration less than 0 25 per cent of dry weight In the posrtlve 
cases, the amount was generally lo-30 times higher than the detectable mmlmal concentra- 
tion as shown m Table 2 Some negative cases were investigated by more sensitive methods 
mcludmg labellmg via photosynthesis5 m 14C02, but nevertheless no D-l-O-methyl-muco- 
mosltol was found To evaluate the systematic relevance of the dlstrlbutlon of the ~-l-0- 
methyl-mucomosltol wlthm the plant kingdom it 1s necessary to consider the blogenetlc 
relationship of 0-methyl-mosltols Though m most cases the methyl derlvatlves are synthe- 
sized by methylatlon of correspondmg mosltols, it has been shown6 that D-pmltol 1s synthe- 
sized via eplmenzatlon of sequoyltol (Fig 2) 

myo-mosltol sequoybtol 

The formatlon of D-l-O-methyl-mucomosltol 1s very unlikely to proceed by methylatlon 
of mucomosltol since our mvestlgatlon never revealed the presence of the latter However the 
labellmg sequence myomosltol, sequoyltol, D-pmltol, D-I-0-methyl-mucomoatol after 
photosynthesis m 14C0, mdlcates strongly that the latter 1s formed by eplmerlzatlon of 
D-pmltol as suggested m Fig 2 (P Dlttrlch and 0 Kandler, m preparation) Accordmg to 
this scheme D-1-O-methyl-mucomosltolls thelast member of the ‘sequoyltol family’ of mosltol 
methyl ethers 

s 0 KANDLER, Ber Dt Bat Ges 77,62 (1964) 
6 H KINDL and 0 HOFFMANN-OSTENHOP, Fortschr Chem Org Nut 24, 149 (1966) 
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TABLE 1 GYMNOSPERMS INVESTIGATED FOR PRESENCE OF 0-METHYLINOSITOIS 

24-7 

Class and famdy Species 

Cychtol 
D-l-O-Methyl- 

sequoyltol D-Pm1tol mucomositol 

Cycadopslda 
Cycadaceae 
Zamlaceae 

Gmkgoaceae 

Comferopslda 
Arauca~aceae 

Cephalotaxaceae 

Cupressaceae 

Pmaceae 

Podocarpaceae 

Taxodlaceae 

Cycas revoluta 
* D~oon edule 
D spuwlosum 
Encephalartos hrldebrandtu 
*Zamra hndeml 
Gmkgo bdoba 

Agathls robusta 
Araucarra excelsa 
*Cephalotaxus fortune1 
C harrmgtoma 
Actrnostrobus pyramrdalrs 
*Calhtns balansae 
C canescens 
*C quadrivalvls 
Chamaecyparls plsrfera 
Cupressus sempervirens 
*Atzroya patagonrca 
Jumperus commums 
*Ltdocedrus decurrens 
*L tetragona 
ThuJa occldentabs 
Thu~opsis dolobrata 
Wlddrmgtonra cupressordes 
Abres alba 
Cedrus hbam 
* Keteelerra davidlana 
Larlx dectdua 
Plcea abres 
Pmus mgra 
P sdvestris 
Pseudotsuga taxifoha 
Tsuga canadensls 
* Dacrydlum araucarordes 
* D cupressmum 
Mlkrocachrys tetragona 
*Pherosphaerb fitzgeraldi 
*Phyllocladus trrchomanoldes 
Podocarpus macrophyllus 
*Saxegothaea consplcua 
*Arthrotaxu selaguwrdes 
Cryptomerla japonica 
Cumunghamra smensrs 
Metasequora glyptostroboldes 
Scladoprtys vertlcdlata 
Sequoia sempervrrens 
Sequoladendron grganteum 
*Talwama cryptomerordes 
*Taxodium mucronatum 
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TABLE 1 -Contznued 

Cychtol 
~-l-O-Methyl- 

Class and famdy Species sequoyltol D-P1mtol mucoInosIto1 

-_ _ 

Taxopsldae 

Torreya calzfornzca + + 
Taxaceae T nuczfera : - 

Taxus baccata + + Z 
Chlamydospermae 

Ephedraceae Ephedra gerardzana - - - 

Gnetaceae Gnetum gnemon - - - 

WelwItschIaceae Welwrtschza mzrabzlzs - - + 

* Herbarmm specimen 

The dlstnbutlon pattern of the various members of this family wlthm the plant kmgdom 
can be consldered a consequence of the acqmsltlon or loss of the eplmerases or the methyl- 
atmg enzyme during evolution As seen m Table 1 sequoyltol and D-pmltol are present m all 
classes of gymnosperms except the Chlamydospermae, while D-I-O-methyl-mucomos~tol 
IS restrlcted to the Comferopslda and Taxopslda The Pmaceae 1s the only family wlthm the 
Comferopslda lacking the D-1-O-methyLmucomosIto1 The mablhty to eplmerlze pmltol 
IS a second chemotaxonomlc crlterlon beslde the lack of blflavonyls’ which separates the 
Pmaceae from all other comfers 

It IS interesting to notice that the Chlamydospermae are divided Into two groups m 
respect to the occurrence of O-methyhnosnols While Ephedraceae and Gnetaceae do not 
contam any O-methyhnosltols, Welwltschza contams detectable amounts of I-O-methyl- 
mucomosltol Although sequoyltol and D-plnltOl were not found, It IS possible that they are 
present as m all other plants with I-O-methyl-mucomosltol, however m mmlmal concentra- 
tion The occurrence of an mosltol methyl ether m Welti ttxhza may mdlcate a closer rela- 
tlonshlp of this umque plant to the Comferopslda and a more dlstmct separation from the 

TABLE 2 D-1-O-METHYL-~UCOINOSITOL CON- 
TENT IN NEEDLES OF VARIOUS GYMNOSPERMS 

Species 
Content 

(mg/g dry wt ) 

Araucarza excelsa 740 
Callztrzs macleayana 33 1 
Cephalotaxus harrzngtonza 41 2 
Cupressus sempervzrens 45 2 
Junzperus communzs 56 8 
Podocarpus macrophylhzs 32 6 
Sequozadendron gzganteum 52 5 
Sczadopztys vertzczllata 56 1 
Taxus baccata 714 

’ R. HEGNAUER, Chemotax d Pjlanzen, Vol 1, Birkhauser, Verlag (1962) 
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TABLE 3 ANGIG~PERMS(SPECIES CONTAININGD-PINITOL)INVESTI- 
GATED FOR PRFSENCE OF D-I-f%METHYL mUCOINC4SITOL 

Family Species 
o-l-O-Methyl- 
mucomosltol 

hstolochlaceae 
Asclepladaceae 
Caryophyllaceae 

Cistaceae 

Euphorblaceae 
Nyctagmaceae 
Papdionaceae 
Tamarlcaceae 

Anstolochra clematrs - 
Hoya carnosa - 
Dumthus caryophyllus - 
Lychnrs flos-cucuh - 
Cwtus laurifohus + 
C salvlfolrus + 
Hehanthemum carnaecystus + 
Euphorbra macrostegza - 
Bougarnvdleaglabra - 
Trzfohum mcarnatum - 
Tamarrx hrspuia - 

two other famrhes. Some morphologrcal cnterra like the formatron of cones are m agreement 
wrth such an assumption 

While the formatron of O-methylmosrtols wrthm the gymnosperms 1s restricted to the 
synthesis of the ‘sequoyrtol famrly’, the angrosperms show a consrderable varratton.6 
According to Fig. 2 rt IS also hkely that only those angrosperms synthesrnng D-pmrtol 
could form D-I-O-methyl-mucomosrtol Therefore, some members of such famrhes were 
Investigated As shown m Table 3, only members of the Crstaceae were found to contam 
D-l-O-methyl-mucomosrtol Although the number of angtosperms mvestrgated is very 
limited, these findings suggest that the eprmenzatron of D-pmttol IS very rare among the 
angtosperms while rt IS very common wrthm the gymnosperms. 

EXPERIMENTAL 
Mate&s Plant material for analysis was obtained from the Botanical Garden or from the Bavarian 

State Herbarmm Munchen 
Methods If not otherwise stated the samples of needles were assayed for cychtols by two dunenslonal 

paper chromatography (Whatman No 1, descendmg), usmg the followmg solvents (v/v) (a) n-butanol- 
pyndme-acetic acid-water (60 40 3 30), (b) n-butanol-proplomc acid-water (75 35 50), (c) 88 % phenol- 
water-acetlc acid-1 M EDTA (84 16 1 *O l), (d) acetone-water (85 15) 

Hugh voltage paper electrophoresls was performed on Whatman No 3 paper with 0 1 M sodium molyb- 
date buffer pH 5 0 or 0 05 M sodium tetraborate, according to Welgel * 

Column chromatography on cellulose powder,g on charcoal-celltelo or on Dowex lonexchange resm 
(borate form)” was can-led out as described Inosltols and carbohydrates were detected by spraymg the 
paper chromatograms with alkaline sdver mtrate I2 M ps were determmed with the Kofler-apparatus 

The optical rotation was read with a 0 01” Zeiss Krelspolaruneter Demethylatlon and preparation of 
derlvatlves such acetates and benzoates were performed according to well-known procedures Quantitative 
determmatlon of o-l-O-methyl-mucomosltol was camed out by periodate oxldatlon as desabed in the 
literature I3914 

Zsolatzon Needles of Juniperus cornmums were dried at lOO”, ground and extracted with hot HtO 

8 H WEIGEL, Adv Carbohyd Chem 18,61 (1962) 
9S J ANGYAL,P T GILHAM and C G MACDONALD, J Chem Sot 1417(1957). 
lo R L WHLSTL~R and D F DURSO, J. Am Chem Sot 72,677 (1950) 
I1 G R NOGGLE and L P ZILL, Arch Wochem Bzophys 41.21 (1952) 
I2 W E TREVELYAN,D P PRO&R and J S HA&O&, Naiure k&&4(1950) 
I3 G AVIGAD, Carbohyd Res 11, 119 (1969) 
I4 S. R SARFATI and SZAB~, Carbohyd Res 11, 571 (1969) 



250 P. DIITRICH, M GIETL and 0 KANDLER 

Polysacchandes, pectms and other polymers were removed from the extract by acetone and MeOH preclpl- 
tatlon After fermentation with yeast the extract was chromatographed on a charcoal-c&e column (elutlon 
with H,O) The effluent contained no other carbohydrate than myo-mosltol, sequoyltol, pmltol and the un- 
known cychtol Myo-mowtol and sequoyltol were removed by further chromatography on a cellulose column 
(acetone-Hz0 85 15) To separate the unknown compound from pmitol, the solution was chromatographed 
on a Dowex 1 x 8 (2O@-400 mesh) borate form column When eluted with 0 001 M Na2B40-, fractions l-6 
contamed only the unknown compound, fractions 13-30 contained pure pmitol and the fractions 7-12 
contained a mature of both substances After filtration over Dowex cation-exchange resin and removal of 
the H3B03 by multiple evaporations with MeOH, the unknown substance was obtained as a syrup Since 
all attempts to crystallize the compound falled, It was dried with Et,0 (Found C, 44 2, H, 7 36, C7H1406 
requires C, 43 3, H, 7 21%) 
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