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Abstract-The monohydroxy analogue of phylloqumone found m Anacystls nrdulans and Euglena gracrb 
has been characterzed as 5’-monohydroxyphylloqumone by MS analysis 

INTRODUCTION 

IN 1965, the blue-green alga Anacystls nrdulans and the green alga Chlorella pyrenozdosa 
were reported to contam a polar naphthoqumone la2 Subsequent spectroscoptc studies 
led to the partial charactertzatton of the A mdulans qumone as a monohydroxy analogue 
of phylloqumone m whrch the hydroxyl group 1s m the phytyl srde chain 3 Although the 
precise postnon of the hydroxyl group could not be determined with any degree of certamty, 
tt was suggested that the NMR data were consistent with rt being on either C-l’ or one of the 
ternary carbon atoms C-7’, C-l 1’ or C-15’ [see (I) for the numbering of the 3-phytyl group] 3 

More recent studies have shown that the UV and MS (only shown m the case of the 
Euglena graczlzs qumone) and TLC properties of the ‘polar naphthoqumone’ present m 
C. pyrenozdosa and a HOKt isolated from the green alga E grucrhs are tdenttcal to those of 
the A mdulans qumone 4*5 These findings provtded good evrdence that the three algae 
contam the same isomer of HOK and suggested that It may be fairly widely dlstnbuted 
throughout the algae In the present paper the characterization by MS of the HOK found 
m A nzdulans and E. gracdts as 5’-HOK IS descrrbed 

* Present address Burma Medical Research Institute, Rangoon, Burma 
t Abbrevlatrons HOK-monohydroxyphylloqumone, 5’-HOK-Y-monohydroxyphylloqumone 

1 HENNINGER, M D , BHAGAVAN, H. H and CRANE, F L (1965) Arch Wochem Blophys 110,69 
2 HENNINGER, M D (1965) Blochem Wophys Res Commrm 19,233 
3 ALLEN, F C , FRANKE, H and HIRAYAMA, 0 (1967) Bloc/tern Blophys Res Common 26,562 
4 WHISTANCE, G R and THRELFALL. D R (1970) Blochem J 117,593 
s GLJLLIS, R J (1971) B SC Them, Umverslty College of Wales. 

1999 



2ooo A LAW, G THOMAS and D R THRELFALL 

RESULTS 

HOK samples (Table 1) for UV and MS studies were isolated from cells of E grauhs 
that had been grown m static culture on an acetate free medium and from cells of A mdulans 
that had been grown m the manner described by Smith, London and Stamer 6 In the course 
of carryrng out the purification procedures no evidence was obtained for the presence of 
more than one isomer of HOK m the orgamsms 

UV Spectra 

In agreement with the findmgs of Allen ef al 3 and Gulhs’ the UV spectra of the HOK 
samples were superimposable on the UV spectrum of phylloqumone (AmaX 243 5, 248 5, 
260,269 and 362 nm m cyclohexane) The spectra of the 2’,3’-dihydro derivatives formed by 
catalytic hydrogenation were also very similar to the spectrum of phylloqumone, except 
that the qumone peaks had undergone the expected slight bathochromic shifts from 260 
and 269 nm to 262 and 272 nm due to saturation of the 2’,3’-double bonds on further cata- 
lytic hydrogenation to form the 5,6,7,8,2’,3’-hexahydro derivatives the benzenoid absorp- 
tion bands at 243 5 and 248 5 nm were lost Converston of the qumones to then TMS 
derivatives had no effect on their UV spectra 

The above results are consistent with each HOK being a 2-methyl-3-monohydroxyphytyl- 
1,4-naphthoqumone m which the hydroxyl group cannot be on C-l’, C-2’ or C-3’ The 
assignment of the hydroxyl group of the A nzdulans qumone to C-l’ by Allen et al3 IS 
difficult to understand, since if rt was on this carbon atom the UV spectrum of the qumone 
would doffer markedly from that of phylloqumone 

MS of the A mdulans Qumone and Its Derwatwes 

In the spectrum of the A nrdulans qumone there are no peaks that are attributable to 
a-cleavages about the hydroxyl group It was decided, therefore, to determme the mass 
spectra of the TMS and TMS-5,6,7,8,2’,3’-hexahydro derivatives of HOK, since mass spec- 
tral analysis of the TMS derivatives of hydroxy fatty acids had proved to be a useful method 
of estabhshmg the positions of the m-chain hydroxyl groups m the parent acids 

As expected, the spectrum of the TMS derivative of HOK showed a molecular ton of 
nominal mass 538 (4 1%) In addition small peaks representing ions formed by loss of a 
methyl group (m/e 523, 2 6 %), trrmethylsilanol (m/e 448, 2 6 %) and a methyl group plus 
trimethylsilanol (m/e 433, 1.1%) were present The maJor fragmentation tons had m/e 
values of 299 2770 (ClgH3gOSi, 100%) and 312 1546 (C,9H2402Sr, 43%) The first ion is 
formed from the molecular ton by a-cleavage of the 4’,5’-bond and shows that the hydroxyl 
group is on C-5’ (Scheme 1) the ion formed by a-cleavage of the 5’,6’-bond gave rise to 
only a small peak m the spectrum (m/e 341,2 1%) The even mass ton, which is a progenitor 
of a fragmentation ion of m/e 297 (6 7x), as supported by a metastable peak at 282 5, 1s 
probably formed from the molecular ion by a rearrangement process mvolvmg the migration 
of the TMS group to one of the keto groups and expulsion of aldehyde (Scheme 1) 

6 SMITH. A J , LONDON, J and STANIER, R Y (1967) J Bact 94,972. 
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In the spectrum of the TMS-hexahydro derivative all of the ions discussed above, with 
the exception of the m/e 299 ion, were displaced by 6 mu. The base peak was still formed 
by the ion produced by a-cleavage of the 4’,5’-bond; however, the ion produced by a- 
cleavage of the 5’,6’-bond now made a substantial contribution to the spectrum (m/e 347; 
65 %) (II) and was itself a progenitor of a fragmentation ion of m/e 229, as shown by a meta- 
stable peak at 15 1 1. 

m/e 297 

I 
(Mc),Si m/e 312 

SCHEME 1 FRAOMENTATION OF 5’-O-TMSPHYLLOQUINONE 

With the knowledge that the hydroxyl group was on C-5’ the MS of HOK was re-exam- 
ined. In agreement with the studies of Allen et al 3 the spectrum was found to show a molec- 
ular ion of nominal mass 466 (CJ1H8603; 3 %) (in some spectra an M + 2 ion, formed 
as a result of a dismutation reaction m the spectrometer, was present). Small peaks at m/e 
448 (2.5 %) and 443 (0.5 %) indicated the formation of ions by the facile loss of Hz0 and by 
the loss of H,O plus the 3’-methyl group respectively The base peak was at m/e 240-l 182 
and m addition strong peaks were present at m/e 225 (85%) (m some spectra this was the 
base peak) and 197.0602 (25%) The even mass ion (C1sH,301), whose genesis may be 
ascribed to a McClafferty rearrangement of the type shown m Scheme 2, is a progemtor 
of fragment ions of m/e 225 and 197, as shown by the presence of metastable peaks at 211.1 
and 161.9 However, since a major peak at m/e 225 is observed m all phylloqumone and 
menaquinone spectra,’ it follows that the one in the HOK spectrum is also contributed to 
by the ion formed from the molecular ion by a-cleavage of the 3’,4’-bond (Scheme 2). It is 
of note that the even mass ion is isomeric with the molecular ion of menaqumone 1, which 
also gives rise to m/e 225 and 197 ions.’ 

In an attempt to show a-cleavage about the 5’-hydroxyl group the 5,6,7,8,2’,3’-hexahydro 
derivative of the A nidulans quinone was subjected to MS analysis. The molecular ion, which 
was also the most abundant ion, had a nominal mass of 472 Substantial peaks were also 
found at m/e456 (M + 2-HzO; 83 %), 454 (M-H20; 57 %) and 191 (M + 2-CIUH,,O; 83 %). 
The presence of an m/e 275 (25 “/,) ion showed that a-cleavage of the 5’,6’-bond had taken 
place (III). An even mass ion was present at m/e 246 (53%) and since saturation of the 

7 DWARI. S. J , SUPPLE, J. H. and RAWPORT, H. (1966) J. Am Chem. &c. S&1226. 
?HWO 12/8--t 
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2’,3’-double bond precluded a rearrangement of the type responsible for the m/e 240 Ion 
m 5’-HOK It could only be formed by the hydroxyl hydrogen atom takmg part m a rear- 
rangement process analogous to that undergone by the TMS group (see above) 

m/e 225 m/e 240 

SCHEME 2 FRAGMENTATION OF 5’-HOK 

MS of the E graclhs Qumone and rts Derwatrves 

The MS of the E. gracdzs HOK and Its various denvatlves were ldentlcal to those 
obtamed for the A, nrdulans qumone and Its derlvatlves This shows that E gracrhs also 
contams the 5’-monohydroxy isomer of HOK 

TABLE 1 LEVEL.V OF S-HOK, PHYLLOQUINONE (K), PLA~TOQUINONE-9 (PQ-9) AND UBIQUINONE-9 (Q-9) IN 
E gracdrs STRAIN Z, E grach Y, ZSmL, A mdulans AND C pyrenoldosa 

Orgamsm 

Vol of Dry 
Condltlons Age medium wt Qumone levels @mol/g dry wt) 
of growth (days) (I ) (g) 5’-HOK K PQ-9 Q-9 

E gracih stram z -AC, static 2 4 12 0075 0 0 98 0 189 
-AC, static 5 20 120 0136* 0 1 29 0 212 
-AC, static 10 2 2 1 0238, 0 2 50 0 276 
-Ac, shake 5 10 39 0135 0 1 25 0 180 
+Ac, static 4 10 120 0032 0 0 69 0 374 
+Ac, shake 4 10 21 7 0031 0 0 47 0540 

E gracrh Y 1 ZSmL +Ac, shake 5 10 132 0 0 0 0 326 

A nldulanr See Exptl 4 20 60 0175* 0080 0400 0 
8 4 19 0257* 0257 0585 0 

C pyrenozdosaf See Ref t 5 10 60 0013 0005 0311 0 

* Samples used for mass spectral analysts 
t Taken from Whlstance and Threlfall 4 It should be noted that m this paper all the wts of algal cells were 

mcorrectly referred to as wet wts they should have been dry wts 
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Synthesis of S-HOK by E graclhs, A mdulans and C. pyrenoldosa 
In the course of these and related mvestlgatlons 5’-HOK was Isolated from algal cells 

grown under a variety of conditions The amounts present, together with the amounts of 
phylloqumone (a possible precursor), ublqumone-9 (an extrachloroplastldlc qumone) and 
plastoqumone-9 (an mtrachloroplasttdlc qumone) are given m Table 1, 

DISCUSSION 

Allen et al ,3 by the apphcatlon of UV, NMR, IR and MS spectroscopy, deduced that the 
polar naphthoqumone found m A nrdulans IS a monohydroxy analogue of phylloqumone 
GulhsS demonstrated that the same qumone 1s present m E gracdrs, and Whlstance and 
Threlfal14 provided good evidence for Its presence m C pyrenordosa We have now extended 
these observations further by presentmg MS evidence to show that it IS the S-monohydroxy 
isomer of HOK which 1s contamed m A nzdulans and E graczhs To our knowledge this 
IS the first time that the hydroxyl group m the side-chain of an lsoprenold qumone has been 
located by MS analysis An obvious further application of this procedure IS m the locatlon 
of the hydroxyl groups m the nonaprenyl groups of the plastoqurnones -C and -Z and the 
plastochromanols-C 

The amounts of 5’-HOK are markedly affected by the period of growth and the nature 
of the growth medium (Table 1) The findmgs that, as 1s the case with plastoqulnone-9, 
the qumone 1s present m reduced amounts m cells ofE gracrlrsgrown under the moreextreme 
heterotrophlc condltlons and 1s entirely absent from streptomycm-bleached cells of E 
graczbs provides good evidence that It 1s a chloroplast component It 1s of interest that phyl- 
loqumone, a possible precursor of 5’-HOK, IS rarely detected m E gracrlls but 1s present m 
substantial amounts m A mdulans and C pyrenoldosa 

EXPERIMENTAL 
Brologrcal materud E grucdu stram Z, obtamed from the Culture Collectton of Algae and Protozoa, 

Cambndge, U K and E gracrlrs Y,ZSmL, prepared by treatment of E gracrhs strain 2 wnh streptomycm, 
were grown for 4 days at 28” with constant dlummatron and, If requued, agnatlon [180 rpm, Psychrotherm 
Incubator Shaker (New Brunswick)] m a medmm contammg enher 0 5 ‘A NaOAc, 0 5 % proteose peptone 
(Oxold) and 0 2 % yeast extract (Dlfco) m tap water (+ AC) or 0 5 % proteose peptone andd 2 % yeast extract 
m tap Hz0 (-AC) The medmm (2.4, 10 or 20 1 ) was dispensed m 1 1 vol m 2-1 comcal flasks Growth was 
started by the addmon of a 10% moculum of a.hquld sub-culture 

A mduluns (M B Alien), a gift from Dr A J Smnh, was grown m 10 1 batches m the manner described 
by Smuh et al 6 

Isolatron of 5’-HOK, phylloqumone, plastoqumone-9 and ublqumone-9 These were Isolated from the wet 
cell masses and purltied by routme procedures 4 * The 5’-HOK samples for MS analysu were further purified 
by chromatography on thm-layers of Ag+-Impregnated smca gel G developed with methyl ethyl ketone- 
zso-octane (2 3) to remove small traces of contammatmg pigments 

Cutalytrc hydrogenatton of 5’-HOK Catalytic reduction (Pt02-Hz) of 5’-HOK and the subsequent reoxl- 
datlon of the hydrogenated product was carried out under standard condmons 9 It IS of interest that the 
product produced at Aberystwyth after a 1 hr hydrogenation period over old catalyst was 2’,3’-dlhydro-5’- 
HOK, whdst that produced at Hull after a 10 mm period over fresh catalyst was 5,6,7,8,2’,3’-hexahydro-5’- 
HOK 

Preparatron of 5’-0-TMSphyNoqurnone and 5,6,7,8,2’,3’-hexahydro-5’-O-TMSphylloqurnone The TMS 
ethers of 5’-HOK and Its hexahydro derlvatlve were prepared m 0 5-l pmol amounts usmg a standard 
sdylatlon method lo The ethers (formed m SO-100% yield) were purified by TLC on Rhodamme-6G lm- 
pregnated slhca gel G developed wnh CbHs-hght petrol (b p 40-60”) (2 3) (5’-0-TMS phylloqumone, 
R, 0 35,5,6,7,8,2’,3’-hexahydro-5’-0-TMSphylloqumone, R, 0 45) 

* WHISTANCE, G R , THRELFALL, D R and GOODWIN, T W (1967) Bzochem. J 105, 145 
’ WHISTANCE, G R and THRELFALL, D R (1970) Phytochemwtry 9,213 

lo KLEBE, J F , FINKBEINER, H and WHITE, D M (1966) J Am Chem Sot 88, 3390 
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VV spectra were determined in a Unrcam SP800 spectrophotometer Phylloqumone, and 5’-HOK and Its 
TM.5 derlvatrve were assayed III cyclohexane by usmg a molar extmctlon coefficient of 19 000 (A,.. 248 5 nm) 
Ublqumone-9 and plastoqumone-9 were assayed by reduction with NaBHa 9 

Muss spectra were determined in either an MS-12 (A E I Ltd ) mass spectrometer or an MS-902 (A E I 
Ltd ) mass spectrometer 
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