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Abstract-The monohydroxycarotenmds formed by diphenylamme-mknbited cultures of Rhodospwdlum rubrum 
have been mvestlgated Nme have been isolated and identified as 1-hydroxy-1.2-dlhydrophytofluene (l), l- 
hydroxy-1,2,7’,8’,11’,12’-hexahydrolycopene (2), chloroxanthm (3), 1-methoxy-1’-hydroxy-1,2,1’,2’-tetrahydro- 
phytofluene (4a), l’-hydroxy-3,4,1’,2’,11’,12’-hexahydrospheroldene (5, I’-hydroxy-3,4,1’,2’-tetrahydrospheroidene 
(6, I’-hydroxy-1’ 2’-&hydrospheroldene (7), rhodovlbrm @a) and monodemethylated splrllloxanthm (9) 4a, 5 
and 6 are novel carotencnds, and a definite structure has been assIgned to 2 for the first time, the structure of 1 
has been amended The possible role of these carotenolds m spirilloxanthm biosynthesis 1s &cussed 

INTRODUCTION 
MATURE lllummated anaeroblc cultures of the purple non-sulphur photosynthetic bac- 
terlum Rhodospdlum rubrum (Rhodosplnllaceae,’ formerly Athlorhodaceae) normally ac- 
cumulate splrllloxanthm (l,l’-dlmethoxy-3,4,3’,4’-tetradehydro-l,2,1’,2’-tetrahydro-~,~- 
carotene) as the predommant carotenold 2-4 When R rubrum IS cultured anaerobically 
m the light m the presence of dlphenylamme (DPA), however, the formation of splnlloxan- 
thm IS inhibited and other carotenolds accumulate 5 A study of the kmetlcs of the dlsap- 
pearance of these carotenolds on removmg the DPA showed that they are precursors of 
splnlloxanthm6 and it was concluded that lycopene ($,$-carotene) IS converted mto splnl- 
loxanthm by a sequence of three consecutive reactions which operates first at one end of 
the molecule and then at the other 7 More recent studies of the carotenolds formed under 
condltlons of DPA mhlbltlon have suggested that not only lycopene, but the more satu- 
rated precursors of lycopene, namely phytofluene (7,8,11,12,7’,8’-hexahydro-$,$-carotene), 
7,8,11,12-tetrahydrolycopene (7,8,11,12-tetrahydro-+,$-carotene) and neurosporene 
(7,8-dlhydro+,$-carotene), are also able to undergo these reactions ’ The resulting mono- 
and dl-methoxycarotenolds’ could be converted by dehydrogenatlon mto either anhydro- 
rhodovlbrm (I-methoxy-3,4-hdehydro- 1 ,Zdlhydro-+,$-carotene), a precursor of spiral- 
loxanthm,7 or splrtlloxanthm, as appropriate 

’ PFENNIG, N and TRUPER, H G (1971) Int J Syst Bacterlol 21, 17 
’ VAN NIEL, C B and SETH, J H C (1935) Arch Mtkrobtol 6, 219 
’ POLGAR, A, VAN NIEL, C B and ZECHMEISTER, L (1944) Arch Blochem. 5,243 
4 GOODWIN, T W and OSMAN, H G (1953) Blochem J 53,541 
’ G~OIIWIN, T W dnd OSMAN, H G (1954) Blochem J 56,222 
6 LIAAEN JENSEN, S, COHEN-BAZIRE, G , NAKAYAMA, T 0 M and STANIER, R Y (1958) Btochtm Btophys Acta 

29,477 
’ LIAAEN JENSEN, S , COHEN-BAZIRE, G and STANIER, R Y (1961) Nature 1% 1168 
s DAME& B H (1970) Blochem J 116, 101 
9 MALHOTRA, H C BRITTON, G and GOODWIN, T W (1970) Phytochenustry 9,2369 
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The first step m the formation of all these methoxycarotenolds from the correspondmg 
carotene IS always hydration (1) of the Isopropyhdene end group to Introduce the hydroxyl 
group at C-l (Scheme I) The 3,4-dldehydrogenatlon reactlon (2), which normally 
extends the polyene chromophore by one conjugated double bond, may precede or follow 
the methylatlon (3) of the hydroxyl group *JO 

(2) -2H 

I 

(2) -2H 

Hour +Me Meo&R 

o- 

The methoxycarotenolds of DPA-inhibited cultures of R I burn have been described 
m detail by a number of workers 8 9 ” but mvestlgatlons of the structures of the hydroxy- 
carotenolds, with the exception of studies of the hydroxy-denvatlves of phytoene 
(7,8.11,12,7’,8’,11’,12’-octdhydro-$,$-cdrotene) and phytofluenet2 and of ‘hydroxyspherol- 
dene’ (I’-methoxy-3’ 4’-dldehydro-l,2,7,8,1’,2’-hexahydlo-~,~-caroten-1-o1),8 I3 have been 
less rigorous,5 ’ ’ The present paper reports the results of d detdlled study of the monohy- 
droxycarotenoids of DPA-inhibited cultures of R ruhrunz 

RESULTS 

Chromatography of the unsapomfiable fraction of DPA-mhlblted cultures of R t uhr UF~ on 
a column of alumma (grdde III), using mcledsmg concentrations of dlethyl ether m light 
petroleum as the developing solvent, led to the sepdratlon of a very large number of caro- 
tenolds The elutlon of the carotenes and the mono- and dl-methoxycarotenolds which 
hdve been described elsewhere,8 9 was complete by the time 209, dlethyl ether m light 
petroleum (E/P) was bemg used as the solvent, and further development with higher con- 
centrations of ether led to the clutlon of three poorly resolved and mixed hydroxycdro- 
tenold fractions, designdted ‘A’, ‘B’ and ‘C’ 

Fraction ‘A’ was subjected to n silylatlon procedure and the resulting rmvture of tnmeth- 
ylsllyl (TMS) ethers was resolved on a column of alumma (grade III) mto three com- 
ponents (Table 1) The first to be eluted, with petrol wds colourless dnd showed, In UV 
light, the green fluorescence chdrdcterlstlc of the chromophore of phqtofluene,‘” Its 
absorption spectrum was also typlcdl of a COnJUgdtcd pentaene Ii The second dnd third 
TMS ethers, eluted with 0 5 and I -2?, E/P respectively had the dbsorption spectr‘l of d con- 
Jugatedheptaeneandaconjugated nondene respectively*’ The fact thdt all ofthe c‘lrotenolds 
from frdctions ‘A’, ‘B’ and ‘c’ became much less poidl after sllylatlon conflrmed the pres- 
ence of hydroxyl groups and the polarities of the nnturJ pigments &ere conw,tcnt with 

‘I’ DAVK~ B H (1970) Pure Appl (ht~rrt 20, 545 
” DAVIES B H HOLMES, E A, LO~LSR D E TOLHI, T P and WILUO~ B C L (1969) J C%wl SOC C. 1266 1 > 
I2 MALHOTRA H C, BRITTOP\, G and Gooow~u T W (1970) FEBS Lcm 5 6,334 
‘3 MALHOTKA, H C BRITTOV G nnd Goww~z, T W (1969) Ph~mhent~ur 1 8, 1047 
I4 DAVILS B H (1965) m Chenrrctj L md B~othw~~~f~ I of Plmr P~qmwr~ (Goovwr~ T W cd ) p 489 Ac,idtmlc 
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their all being monohydroxy- (rather than dlhydroxy-) carotenolds The bfferences m 
chromatographlc moblhty of the three TMS ethers arising from frachon ‘A’ were consls- 
tent with the differences m their numbers of conjugated double bonds (Table 1) The three 
carotenolds from fraction ‘A’ were tentatively formulated as l-hydroxy-l,Zdlhydrophyto- 
fluene (1, 1,2,7,8,7’,8’,11’,12’-octahydro-J/,rC/-caroten-l-o1), l-hydroxy-1,2,7’,8’,11’,12’-hexa- 
hydrolycopene (2, 1,2,7’,8’,11’,12’-hexahydro-$,t,Lcaroten-l-01) and chloroxanthm (3, 
1,2,7’,8’-tetrahydro-$,tj-caroten-l-01) The tentative ldentlficatlon of chloroxanthm, which 
was present m quantities too small to allow an unambiguous Identification by MS, was 
confirmed by a spectroscopic comparison and co-chromatography on thm layers (Table 
2) with a fully authenticated sample16 Isolated from a green mutant of Rhodopseudomonas 
spherozdes The structure of the other two fraction ‘A’ carotenolds were subsequently con- 
firmed by MS of their TMS ethers (see below) 

HO HO 

HO 

TABLE 1 CHROMAT~GRAPHIC AND SPECTROSCOPIC CHARACTERIS~CS OF THE MONOHYDROXYCAROTENOIDS (AND 
THEIR TMS ETHERS) ISOLATED FROM DIPHENYLAMINE-INHIBITED CULTURES OF Rhodospvrllum rubrum 

Y/,E/P* requned for 
elutlon from alumma ConJuSated 

(grade III) by Absorpuon max,md double Hydroxyl Methoxyl 
FEiCtlOll Carotenoid TMS ether (nm) I” petrol bonds groups groups structure 

A 20 30 0 

A 20 30 05 

A 20 30 I-2 

B 3040 2-3 

B 3040 3-4 

B 3040 4 

C 4&60 5 

C 40-60 5-8 

C 4&60 5-8 

331 347 366 5 

(354) 375 196 420 7 

(394) 412 438 466 9 

331 347 367 5 

(354) 374 395 419 7 

(195) 414 438 467 9 

(404) 426 451 481 IO 

(430) 454 480 512 12 

(433) 462 490 524 I3 

I 0 

I 0 

I 0 

I I 

I I 

I I 

I I 

1 I 

I I 

(1) 12787 8 II IZ- 
Octahydro nj + caroten I 01 

(2) I27 8 I1 I2 Hexa- 
hydro qi $-caroten-l-01 

(3) I,2 7 8 -Tetrahydro 
* * caroten I ol 

(4a) I Methoxy I 2 7 R I I 
I21 278 deca- 
hydro-l/, $ carote” I ol 

(5) I -Methoxy-I 2 7 8 I I - 
12 I 2 -octahydro- 
$ jr-caroten-l-o) 

16) I Mrthoxvl2781 2- 
hexahydroi $-cdroten I ol 

(71 I Methoxv 3 4 dl 
dehydroli781 2 
ha Ihqdro $I ti,-cdrokn I 01 

(8~) I Methoxy 3 4 dn 
dehydro-I 2 1 2 tetra 

hydro $ $I-~droten I ol 
(9) I Methoxy 3 4 3 4 - 

tetradehydro-1 2 I 2 
tetrahydrwj $-caroten l-01 

* %E/P = Percentage of dlethyl ether m petrol (v/v) 

The fraction ‘B’ monohydroxycarotenolds, eluted from the prehmmary alumma column 
with 3@40’? E/P, were sllylated and the products chromatographed on another column 
of alumma (grade III) This procedure revealed the presence of three TMS ethers which 
were eluted m sequence with 2-4% E/P They had absorption spectra characterlstlc of com- 
pounds with 5, 7 and 9 conjugated double bonds (Table 1) and the conjugated pentaene 

I6 AUNG THAN and DAVIES, B H unpublished work 
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had, like phytofluene, a green fluorescence m UV hght The least polar was tentatively 
identified as a monomethoxy-monohydroxyphytofluene, with the two alternatlve struc- 
tures, 1 ‘-methoxy-1.2.7,8, I 1 1 12.1’,2’,7’,8’-decahydro-$,+caroten- l-01 (4a) dnd 1 ‘-meth- 
oxy-1.2,7 8 1’,2’,7’ 8’, 11’) 12’-decahydro-$,$-caroten- l-01 (4b) The former structure (4a, 1 e 
l-methoxy-1’-hydroxy-1,2,lf,2’-tetra2~ydrophytofluene or I’-hydroxy-3.4,7,8,1’.2’,11’ 12’-oc- 
tahydrospheroldene) IS favoured both by andlogy with l’-methoxy-1.2,7,8.11,12,1’ 2’-octa- 
hydro-ll/&caroten-l-01 (5) and l’-methoxy-1.2,7,8 1’,2’-hexahydro-$ $-caroten-l-01 (6) 
and on the grounds of Its possible blosynthetlc relatlonshlp to I-methoxq-1,2-dlhydrophy- 
tofluene (I-methoxy-I ,2,7,8,7’,8’, I 1’,12’-octahydro-$,$-carotene) 9 The conjugdted hep- 
taene from fraction ‘B’ was ldentlfied as lf-hydroxy-3,4,1’,2’.11’.12’-hexdhqdrosphero~dene 
(5, l’-methoxy-1 2 7,8,11,12,1’,2’-octahydro-$,$-caroten-l-01) while the structure of l’-hy- 
droxy-3,4,1’,2’-tetrahydrospheroldene(6,l ‘-methoxy-1,2.7 8 1’ 2’-hexahydro-$&cdroten- l- 
01) wds assigned to the conjugated nondene Both structul es wcrc confil med by MS andly- 
SIS of the correspondmg TMS ethers (see below) 

(4b) 

OH 
(51 (6) 

The third monohydroxycarotenold fraction (‘C), eluted from the prehmmary alumma 
column with 4&600A> E,/P, had dn absorption spectrum m light petroleum with maxlma 
at 426 543 and 481 nm (chardctenstlc of a conjugated decaene8) with some absorption 
at even higher wdvelengths Repeated chromdtogrdphy on columns of alumma (glade IV) 
with 20-307: E/P endbled the lsolatlon of a chromatographlcdlly pure sample of <I mono- 
hydroxycarotenold with an mflectlon m light petroleum at 404 nm ‘md dbsorptlon maxima 
at 427,452 dnd 482 nm Previous studies * 9 have tdenbfied this cdrotcnold ‘1s l’-hydroxy- 
1’,2’-dlhydrospheroldene (7, l’-methoxy-3’,4’-dldehydro-l,2,7.8,1’,2’-hexdhydro-ll/,~-car- 
oten-l-01) Further confirmdtlon of this structure, based on the MS both of the ndtur,ll 
cdrotenold and of Its TMS ether was obtamed (see belovc) 

TMS ether of 
MgGKleselguhr G (1 I ) 

Solvent 4 
MgO S111ca gel G 

Solbent Rs Solvent R, 

1 
2 
3 

4d 

5 

6 
7 

8d 

lY',,B/P* 
30" B P 
lYo"A,P* 
lOO",,B 

15",,B,'P 
JO",B,'P 
loo" B 
100’:: B 

20": EtOAc/P* /O 
100” B 0 

06X 
065 
025 
048 

021 
040 
038 
021 
037 
006 

IS" B/P 
25":: B/P 
25" 0 B/P I 

045 
031 
005 

3" 0 t P* Oh4 

5" 0 F-P 082 

5" 0 EP 034 

* Solvents E- -Et,O, P- petrol (40 60’), B -C,H, A- MezCO 
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The remainder of fraction ‘c’ was sllylated and the products chromatographed on a col- 
umn of alumma (grade III) when the TMS ether of l’-hydroxy-1’,2’-dlhydrospheroldene 
(7) was eluted with 5% E/P Two further TMS ethers were recovered from the alumma 
column by elutlon with 5-8% E/P and were separated by repeated chromatography on 
columns of the same type The first to be eluted had an absorption spectrum (Table 1) 
characterlstlc of a ConJugated dodecaene and identical with that reported for anhydrorho- 
dovlbrm * Two alternative ldentlficatlons are possible for the monohydroxycarotenold, 
namely rhodovlbrm @a, l’-methoxy-3’,4’-dldehydro-1,2,1’,2’-tetrahydro-\C/,~-caroten-l-o1) 
or 3,4-dehydrorhodopm (8b, 3,4-dldehydro-1,2-dlhydro-$,tj-caroten-l-01) Unfortunately, 
the amount of material available wds not sufficient for mass spectrometric analysis, so it 
was not possible unambiguously to differentiate between 8a and 8b The most polar of 
the three TMS ethers formed from the fraction ‘c’ carotenolds had an absorption spec- 
trum (Table 1) of a ConJugated trldecaene which was virtually Identical with that reported 
for splrllloxanthm a This absorption spectrum and the polarities of the natural cdrotenold 
and Its TMS ether lead to the formulation of this pigment as monodemethylated splnllox- 
anthm (9, 1’-methoxy-3,4,3’,4’-tetradehydro-l,2,1’,2’-tetrahydro-~,~-caroten-l-ol) Again, 
the amount of carotenold isolated did not permit an absolute structural assignment by 
MS In retrospect, the sn-mlarlty m chromatographlc behdvlour, both between monode- 
methylated splrllloxanthm (9) and the carotenold (8) which preceded it on chroma- 
tographic elutlon and between their respective TMS ethers, suggests a structural difference 
between them of only one olefimc bond rather than also of a methoxyl substltuent Thus, the 
favoured structure for 8 1s that of rhodovlbrm (8a) rather than 3,4-dehydrorhodopm (8b) 

Me0 Me0 

OH OH 

(7) (80) 

HO Me0 

OH 

(8 b) (9) 

Prior to its exammatlon by MS, each of the TMS ethers derived from the carotenolds 
of fractions ‘A’, ‘B’ and ‘c’ was further purified by TLC and, finally, by chromatography 
on a column of alumma (grade III) The behavlour of the ethers on the thin-layer systems 
(Table 2) lent further support to the above tentative ldentlficatlons 

MS zdentljicatzon of I as l-hydroxy-1,2-dzhydrophytojluene 
The high resolution measurement of the mass of the molecular ion (16x, 632 5360) cor- 

responded closely to that required for the TMS ether of a carotenold of the proposed struc- 
ture (Calc for C,,H,,OSl, 632 5352) The loss of 205 m u from the molecular ion to give 
m/e 427 (4x, M-205), substantiated by a metastable peak (m*) at m/e 288 5 (427’/632 = 
288 5), mdlcated the presence of a 3,7,11-tnmethyldodeca-2,6,10-trlenyl unit (Scheme 2) 
as m phytoene, phytofluene and 7,8,11,12-tetrahydrolycopene l1 ’ 5 There was a loss of tn- 
methylsllanol (Me,SlOH) both from the molecular ion and from m/e 427 to yield, respect- 
ively, ions at m/e 542 (I%, M-90) and at m/e 337 (lo%, M-205-90) The latter ehrnmatlon 
(Scheme 2), supported by a metastable peak dt m/e 266 (3372/427 = 266 0) indicated that 
the hydroxyl group of the natural carotenold is m that part of the molecule not containing 
the 3,7,11-tnmethyldodeca-2,6,10-tnenyl moiety, so that hydration has occurred at the less 
saturated end of the phytofluene molecule to yield l-hydroxy-1,2-dlhydrophytofluene (1, 
1,2,7,8,7’,8’,11’,12’-octahydro-$,~-caroten-l-o1) Further fragmentations yleldmg ions at 
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methyldodecd-2,6.10-tnenyl unit at one end of the molecule The presence of a tnmethyls~l- 
oxyl function at the other end of the molecule was shown by the loss of Me,SlOH from 
the molecule ion to yield m/e 540 (2 7%, M-90) This ion underwent further fragmentations 
to give ions at m/e 471 (0 2%, M-90-69), m/e 403 (14 4%, M-90-137[7]) and m/e 335 (7 S%, 
M-90-205), the relatively high intensity of the ion at m/e 403 1s presumably an mdlcatlon 
of its also being formed by the alternative route (see Scheme 2) m which It arises from 
M-90-56 by the loss of a 3-methylpenta-2,4-dlenyl radical (81 m u ) This was not confirmed 
by a metastable peak, although an ion was present m the spectrum at m/e 484 (0 94x, M- 
90-56) 

A strong metastable peak at m/e 456 substantiated the formation of an ion at m/e 536 
(2 5%, M-94) from the molecular ion (536’/630 = 456 0) It 1s thought that this may repre- 
sent the loss of 1-methylcyclohexa-1,3-dlene (10, Scheme 3) from the molecular IonI m 
a manner analogous to that m which toluene (92 m u ) and m-xylene (106 mu ) are com- 
monly lost from the carotenold polyene chain I9 The loss of 94 mu from the molecular 
ion was also reported m the case of 3,4,11’,12’-tetrahydrospheroldene (l-meth- 
oxy-1,2,7’,8’,11’,12’-hexahydro-~,1,!+carotene),” it 1s possibly characteristic of carotenolds 
containing an 11,12- (or 11’,12’-) single bond and IS probably formed as shown m Scheme 
3 

..Zs,O/++$Xi! +___ ~~~s,O++Q.’ + 

m/e 630 (M+) m* 456 536’/630 = 456 0 

Me,s,o;l+ + ($ 

m/e 536 (M-94) 94 Ill ” 

SCHEME 3 RATIONALIZATION OF THELOSSOF 94 mu FROMTHE MOLECULAR ION OF THE TMS ETHER DE- 
RIVED FROM l-HYDROXY-1,2,7',8',11 ,12'-HEXAHYDROLYCOPENE" 

MS ldentljcatlon of 5 as l’-hydroxy-3,4,1’,2’,11’,12’-hexahydrospherozdene 
Only a small amount of the TMS ether of this carotenold was avallable for analysis and 

the MS were rather poor Sufficient data were obtained, however, to support the proposed 
structure (5) for the natural carotenold The TMS ether had a molecular ion (2 3%, 
662 544) the accurate mass of which was m fan agreement with that expected (Calc for 
C44H7402S1, 662 546) Losses of MeOH to yield an ion at m/e 630 (0 5%, M-32), of 
Me,SlOH to yield an ion at m/e 572 (0 7%, M-90) and of both alcohols to give a weak 
ion at m/e 540 (M-32-90) indicated that the natural carotenold had methoxyl and hydroxyl 
groups at the two ends of its molecule Ions at m/e 589 (1 Ox, M-73) and at m/e 73 (11, 
base peak) were also consistent with the presence of a methoxyl group l1 An ion at m/e 
574 (0 5%, M-32-56) and a weak Ion at m/e 484 (M-32-90-56) could be ratlonahzed with 
the simultaneous losses of MeOH and methylpropene (see Scheme 2) from the molecular 
ion and M-90 respectively, although the complete absence of metastable peaks from the 

I9 SCHWIETER, U , ENGLERT, G , RIGASSI, N and VETTER W (1970) Pure Appl Chem 20, 365 
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spectra meant thdt thi posslblhty of an dlternatlve route to M-32-90-56, namely by the 
loss of Me,SlOH and methylpropene from M-32, could not be excluded Ions at W’C 570 
and MI/~ 556 (M-92 and M-106) were so weak ‘IS to be mslgmficant The only evldcnce of 
any ‘his-dllyhc’ fission took the form of Ions dt w,‘(’ 367 (1 I”,,, M-90-205) and dt m/c~ 335 

(0 8%. M-32-90-205) and there was d strong rearrangement Ion at m/e 368 (24”,,. M-90- 
204) There was no M-32-205 Ion, so the hydroxyl group of the orlgmal molecule IS cleal ly 
at the more saturated end, the natural cnrotenold can therefore be formulated ds l’-meth- 
oxy-1 2,7,8 1 I,1 2,1’,2’-octahydro-$.~&roten-l-01 (5) 

MS rdentrjcatzon of6 as I’-h~dro~i-3.4 1’ ,2’-trtr ukJdr o\pkn ouicwe~ 
The accurate measurement of the mass of the molecular Ion of the TMS ether (30::,. 

660 529) had a close correspondence to the value calculated (C,,H,,OIS~ 660 530) on the 
basis of the proposed structure The presence of a methoxyl group dt one end of the mole- 
cule wds shown by the loss of MeOH from the molecular ion to ylcld dn Ion ,tt W, P 628 
(3 7Y<, M-32), in some spectra this loss of MeOH wns substnntl‘lted by d strong metdstdble 
peak at r?zic 597 5 (628l,/660 = 597 55) The dppenrdnce of d we,lk ion nt /?I t’ 587 (M-73) 
and of a promment Ion at WC 73 (1 1, base peak) IS dlso mdlcatlve of d mcthoxyl substltu- 
ent ” The presence of a trlmethylslloxyl substltuent at the other end of the molecule 
wds confirmed by ion7 at UZ/P 570 (6 4”,, M-90). replesentmg the loss of Me,%OH from 
the molecular Ion and ,It r~:r 538 (1 5O,,, M-32-90) There wds no loss of 69 mu either 
from M-32 or from M-90 and the only posvble evldencc of ‘bls-allyhc’ fragmentation wns 
the appearance of an ion at II~;‘L~ 433 (3 8”,,, M-90-137) which then loses MeOH (32 m II ) 
to yield a further Ion nt III/P 401 (3 O”,,, M-32-90-137, m* 371 5, 401’ 433 = 371 4) The 
absence of dn Ion at m/c 491 (M-32-137) 1s significant, it shams th,it the trlmethylslloxyl 
group of the TMS ether, dnd therefore the hydroxyl substltuent of the ndturdl cnrotenold, 
1s at the more saturdted end of the molecule In contrast to the sltuatlon m the MS of 
the more highly saturated cdrotenoids, there wcrc promment ions \\hlch mdlcated the 
losses of toluene (nz,‘e 568 3 O”,, M-92, m* 489 568”/660 = 488 8) dnd ol r?+xylene (/n/c 
554,2 5?,, M-106)from the molecular Ion There wereother slgmhcant ions m the spectrum 
namely at m/e 478 (0 6% M-90-92), m/e 464 (0 4”;) M-90- 106), lni P 341 (4 9”,, M-90-93- 137). 
m/r 309 (2 3%, M-32-90-92-137) and nljc 295 (1 5%,, M-32-90-106-137) All the features of 
the MS of the TMS ether dre consistent with the formulation of the pnrent cdrotenotd (6) 
as l’-methoxy-1,2.7 8,l’ 2’-hexahydro-$,$+caroten-l-01 

This was the only pigment rn this series which wn? obtamed m suficlent qudntlty to 
permit MS analysis of both the ndturdl cdrotenold and Its TMS ether Many features of 
these MS have been described previously,* I3 but the present study has resulted m the ac- 
quisltion of addttlonal datd The high resolution measurement of the mass of the molecular 
Ion of the naturdl cdrotenoid (3 3’:;,, 586 474) corresponded to that required for the pro- 
posed structure (Cdlc for CS1Hc,202, 586 475) A 10~s of Hz0 from the molecular Ion to 
give m/<’ 568 (1 Z”;, . M-181, substdntldted by d mctdstable peak at u?:(’ 550 5 (568’)586 = 
550 5) mdlcdted the presence of ‘1 hydroxyl group, while d methoxjl group ~‘15 lost from 
the other end of the molecule as MeOH to yield dn Ion nt nl;r 554 (0 2”,, M-32) The pres- 
ence of the methoxyl group was confirmed by d loss of 73 m u (WC 513. 0 13”,,. M-73 
m* 449,513’1586 = 449 1) and by the appearance of dn Ion at ~1 ‘r 73 (11) tihich wds the 
base peak The loss of both Hz0 dnd MeOH from the molecular Ion g,l\e rise to dn Ion 
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at m/e 536 (0 2%, M-18-32) Losses of toluene (92 mu ), m-xylene (106 mu ) and 1,6-dlmeth- 
ylcyclodecapentaene (C, zH, 4, 158 m u ), all rearrangement losses from the carotenold 
polyene cham,” were mdlcated by Ions at m/e 494 (2x, M-92), m/e 480 (5 7%, M-106), 
m/e 428 (0 13x, M-158), m/e 476 (0 65x, M-18-92), m/e 462 (4 5%, M-18-106 or M-32-92), 
m/e 448 (0 26”/,, M-32-106), m/e 444 (weak, M-18-32-92) and m/e 389 (0 68x, M-18-73-106) 
‘Bls-allyhc’ fission followed the loss of H,O from the molecular ion to give an ion at m/e 
431 (0 4%, M-18-137) and there was also an ion at m/e 325 (0 58%, M-18-106-137) The loss 
of 137 m u m this way indicates that the hydroxyl group of the carotenold 1s at the more 
saturated end of the molecule and that the carotenold may be formulated as l’-methoxy- 
3’,4’-dldehydro-l,2,7,8,1’,2’-hexahydro-~,~-caroten-l-o1(7), 

Mai! $ Me3 sio’ 3 
(10 (12 ) 

The TMS ether had a molecular ion at m/e 658 (88%, 658 5146, Calc for C44H7002S1, 
658 5145) Losses of MeOH (32 m u ) and Me,SlOH (90 m u ) from opposite ends of the 
molecular ion led to ions at m/e 626 (4 4%, M-32, m* 595 5, 6262/658 = 595 5), m/e 568 
(9 3% M-90) and m/e 536 (lx, M-32-90) The presence of the methoxyl group was con- 
firmed by ions at m/e 585 (6 2%, M-73) and at m/e 73 (11, base peak) I1 An ion analogous 
to the latter, at m/e 131 (90%) and formulated ds 12, arlses from the tnmethylslloxy-substl- 
tuted end of the molecule Losses of toluene (92 m u ) and m-xylene (106 mu ) were mdl- 
cated by ions at m/e 566 (5 9%, M-92, m* 487, 5662/658 = 486 9) m/e 552 (19”/, M-106), 
m/e 493 (2 3”/,, M-73-92), mJe 403 (0 8%, M-73-90-92) and m/e 389 (weak, M-73-90-106) 
The hydroxyl group of the parent carotenold must be at the more saturdted end of the 
molecule, for any losses of 137 m u , which would correspond to the loss of a 3,7-Qmethyl- 
octa-2,6-dlenyl radical, were always subsequent to the loss of Me,SlOH from the TMS 
ether This wasconcludedfrom the presence of ions at m/e 43 l(5 9%, M-90- 137), m/e 399 (4%) 
M-32-90-137), m/e 358 (1 8%, M-73-90-137), m/e 339 (3’%, M-90-92-137), m/e 325 (2x, M- 
90-106-137), m/e 307 (1 6%, M-32-90-92-137) and m/e 293 (2x, M-32-90-106-137) All the 
features of the MS of the TMS ether are consistent with the parent carotenold havmg the 
structure l’-methoxy-3’,4’-d~dehydro-1,2,7,8,1’,2’-hexahydro-~,ll/-caroten-l-o1 (7) 

DISCUSSION 

When normal carotenold blosynthesls m R rubrum IS inhibited by DPA, the cultures 
are capable of formmg l-hydroxy-1,2-dlhydro-derlvatlves of all the carotenes of the 
phytoene dehydrogenatlon sequence I5 Both the first and the last of the series, 
1-hydroxy-1,2_dlhydrophytoene (1,2,7,8,11,12,7’,8’,1 1’,12’-decahydro-$,$-caroten-l-ol)12 
andrhodopm(l,2-dlhydro-$,$-caroten-1-ol), 20,21 have been described by other workers but, 
unaccountably, were not detected m the present study The other three carotenolds of the 
series, 1-hydroxy-1,2-d~hydrophytofluene (I), l-hydroxy-1,2,7’,8’,11’,12’-hexahydrolycopene 
(2) and chloroxanthm (3), have been observed m this orgamsm on previous occaslons6,’ but 
have not been exammed m such detail 

Now that the structure assigned to the ‘hydroxyphytofluene’ has been amended to 1 from 
that reported earlier, 12,22 It 1s clear that m each mstance a carotene with a non-central 

” LIAAEN JENSEN, S (1959) Acta Chem Stand 13,842 
l1 LIAAEN JENSEN, S (1959) Acta Chem Stand 13,2142 
*’ STRAUB, 0 (1971) m Carotenotds (ISLER, 0, ed). p 771, Blrkhauser, Base1 
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chromophore undergoes Its primary 1,2-hydration nt the less saturated end of the mole- 
cule The apparent absence of 3 4-dldehydro-denvdbves of the monohydloxycarotenolds 
not only proves that the 1,2-hydrdtlon (redctlon 1, see Scheme 1) must be the mltial step 
m xanthophyll formatlon m R rubr UIN but also lmphes that. under the culture condltlons 
employed, the O-methylatlon (3) precedes the 3,4-dldehydrogenatlon (2) This IS true only 
for methoxycarotenold formatlon from carotenes with 3, 5 7 or 9 co17Jugated double 
bonds, the ldentlficatlon m DPA-rnhlblted cultures of R I uhr um of both 3 4-dchydrorho- 
dopm (Sb)“,” dnd 3,4-dlhydroanhydrorhodovlbrm (1 -methoxy- 1 3-dlhydl o-$,41/-cdro- 
tene)’ 9 by different workers shows thdt dlternatlve pathways can operate (Scheme I), at 
least at the lycopene level, under the dpp~ oprlate condltlons 

Once the less saturated end of the molecule has undergone dt least d hydration reactron, 
the other end becomes dmendble to dttdck The dlhydroxy-denvdtives of some of the cdro- 
tenet have been observed m DPA-mhlblted cultures of R ruhrurd’ but h,lve not yet been 
exammed m detail The present study has revealed the presence of d number of monometh- 
oxy-monohydroxycarotenolds In all cCibef where dn un‘imblguous structur,il determlna- 
tlon has been possible, it IS clear th,lt the methoxyl group 1s ‘it the less s‘lturated end dnd 
hydration hds introduced J hydroxJ1 group <it the more sdturdtcd end of the molecule 
Whether these carotenolds are derived blocynthetlcdlly from dlhydroxycal otcnolde or 
from monomethoxycarotenolds cannot be deduced at present Agam, It 15 clc,u that at the 
lycopene (or anhydrorhodo\rbrrn) level the 3,4-dehydrogen‘ltlon rc,lctlon (the conversion 
of 8d mto 9) can precede the hndl @methylntion which yields splrllloxdnthm ‘dthough the 
lcolatlon of 3,4-dlhydrosptrllloxanthm (l,l’-dimethoxy-3.4-dldehydro-1 2 I 2 -tetrdhydro- 
$,$-carotene) dnd of 3 4 3 ,4’-tetrahydrospinlloxanthm ( I, I ‘-dlmrthoxq- 1 2 1’ 2’-tetra- 
hydro-$ $-carotene)’ indicdte that this cannot be the only route Clv,ulClhlc in R rdvur~~ 

for the final steps of spirilloxdnthin blosynthesls 
Of the SIX monomethoxy-monohydroxycdrotenolds dcscrlbed hele, three have olefimc 

bonds between carbons 3 .md 4 ,md have been descrrbed pre\lously R ” ” ” Another 
possible member of thlr serlcb the I’-hydroxy-1 ,2’-dlhydro-denvatlvc of 1 i 12’-dlhydro- 
spheroldene (l-methoxy-3,4-dldchydro-1,2,7’,8’ 11’ 1 2’-hexdhydro-$ $-carotene)’ ~‘15 not 
detected Ths other three compounds described dre novel caotenolds and an be con- 
sidered ‘1 S the 1’ 2’-hydr,ttlon products of 1 -methoxy- 1,2-dlhydrophytofluene ’ 
3,4,11 ,12’-tetrahydrosphcro~dene ( I -methoxy-1.2,7,8’,1 1 ‘,12’-hexahydro-I),$-cnrotene)’ ’ 
dnd 3,4-dlhydrospheroldene (I -methoxy-1 2,7’ X’-tetr‘ihydro-$ +cdrotene) ’ 

It must be emphasized thdt it ii not known whether the carotenolds described here dll 
of which dre present in only sm,ill quantltley, drc true mtcrmedlates 01 btosynthetlc alto- 
facts Any proof of their role m splnllox,mthm blosynthesls must .iw,ut the development 
of techmqueg capable of followmg the quantltntlve changes of near11 40 cdrotenolds on 
hberdting cultures of R ~uhu~n from condltlons of DPA mhlbltlon Many of the cdro- 
tcnolds mdy result, however, from d lack of specificity on the part of the enzymes which 
cdtdlyze the three basic red&ions of methoxycnrotenoid formdtlon so th,lt the) ‘ire fol med 
only when mhlblhon bq DPA blocks the phytoene dehydrogenatlon sequence ,md plo- 
vldes the enzymes not with lycopene, the11 no~mdl substrate but wth Its more saturated 
precursors 
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EXPERIMENTAL 

Or@nzsm and culture condztzons Cultures of Rhodospzrzlhzm rubrum (NCIB 8255) were obtamed from the 
National Collection of Industrial Bacteria, Aberdeen, Scotland, and were maintained as agar stabs (1 5% [w/v] 
agar, 0 2% [w/v] Dlfco bacteriological yeast extract) The bacteria were grown anaeroblcally m 15 1 batches m 
completely filled Roux bottles, fitted with Al caps, m the light (tungsten, 4000 lx) at 29” for 7 days on a standard 
medium 26 27 DPA was added at maculation (2 5 mg/ml EtOH) to give a final concentration of 65 PM 

Solvents All the solvents used were of AR grade Petrol (4&60”) was dried over Na wire, redlstllled from 
reduced Fe powder, passed through a column of sdica gel and redistilled agam, the fraction dlstllhng between 
40 and 55’ was used for chromatography Both C,H, and Et,0 were dried over Na wire and redistilled (the 
latter from reduced Fe powder) prior to use, while pyrldme was refluxed for 1 5 hr over KOH pellets before 
being redisulled with the exclusion of moisture (CaCl, trap). 

Extractzon of carotenozds The bacterIai cells were collected by centrlfugatlon (Sharples contmuous flow centrl- 
fuge), washed with 0 1 M K-phosphate buffer (pH 6 8), centnfuged again (8OC0 g for 15 mm, Sorvall RC-2B centri- 
fuge, GSA head) and extracted by homogenization m MeOH The methanohc mixture was centrifuged (8ooO 
g, 15 mm) to sediment the cell residue and the supernatant was decanted Three such extractions with MeOH 
were sufficient to remove all the bacterlochlorophyll, the methanohc extracts were bulked and the bacterial rest- 
due was extracted 3 x with acetone The bulked acetone extracts were concentrated almost to dryness by rotary 
evaporation at 30” and the methanohc soln was added The entire extract was sapomfied for 15 hr at 3” under 
N, with aq 60% (w/v) KOH (1 ml/15 ml extract) and the unsapomfidble fraction, Isolated by our standard pro- 
cedure,14 was dissolved m the nummum vol of petrol prior to column chromatography 

Column chromatography Preparative chromatography (to yield fractions ‘A’, ‘B’ and ‘C) was carried out on 
a column (25 x 2 2 cm) of alumma (Woelm neutral) which had been deactivated (to Brockmann actlvlty grade 
III) by the addition of H,O (6%, v/w) The unsapomfiable fraction was added m petrol and was washed on to 
the column with the same solvent, development was by mcreasmg concentrations of Et,0 m petrol (Table 1) 
and fractions were collected on elution from the bottom of the column Further chromatography (Table 1) on 
smaller columns was also on alumma, deactivated to grade III or IV (10% H,O, v/w) 

TLC Three types of layer were used, namely (a) Silica Gel G (Merck), (b) MgO (B D H Ltd , for chroma- 
tographic adsorption analysis), and (c) a nuxture (1 1, w/w) of MgO (B D H ) and Kleselguhr G (Merck) All 
the layers were prepared as aqueous slurries and spread to a thickness of 250 pm on glass plates (20 x 20 cm), 
the layers were dried for 2 hr at 110” and stored m a desiccator Details of the developing solvents are recorded 
m Table 2 

Szlylatzon of hydroxyl groups TMS ethers were prepared from the monohydrocarotenmds by dn adaptation 
of a method described previously * 28 The carotenold (ca 0 5 mg) was dissolved m 0 5 ml dry pyrldme and 0 2 
ml hexamethyldlsilazane and 0 1 ml tnmethylchlorosilane were added The reaction was allowed to proceed for 
1 hr at room temp and the reaction nuxture was evaporated to dryness under Nz, extracted with petrol and 
the TMS ethers chromatographed (Table 1) The overall efficiency, of sdyldtlon and extra&on, was measured 
spectrophotometrically and was 76&80% 

Absorptzon spectra All electronic spectra were recorded m petrol on a recording spectrophotometer, the wave- 
length scale of which was calibrated with the appropriate absorption bands of a holnuum oxide filter Quantlta- 
tlve measurements (of silylation efficiency) were made on solutions of known vol m one of a matched pair of 
1 cm silica cuvettes 

MS Some of the MS were determmed on an A E I MS 12 mstrument (probe temp 220”, lomzation potential 
70 eV) at the Department of Blochermstry, University of Liverpool, through the courtesy of Dr G Brltton Other 
spectra (probe temps 18&200”) and accurate ion masses (relative to heptacosafluorotrlbutylamme) were deter- 
mined on an A E I MS 902 mstrument at the Department of Chemistry, Queen Mary College, London, with 
the kmd collaboration of Professor B C L Weedon and Dr T P Toube 
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26 BOSE, S K (1963) m Bacterzal Photosyntheszs (GEST, H , SAN PIETRO, A and VERNON, L P, eds ) p 501, 
Antloch Press, Yellow Springs Ohio 

2’ ORMEROD, J G, OR~ROIJ, K S dnd G~sr, H (1961) Arch Bzochern Bzophys 94,449 
28 MCCORMICK, A and LIAAFN JENSEN, S (1966) Acta Chem Stand 20,1989 


