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Al~@act-‘TWO carotenoid aldehydes isolated from Rtipseudomonas tiridis (Rhodospidbceae) have been identified 
as ~ycope&O-al (13-cis-~&carote2&al) and the novel 3,4aidehydro-l~~yd~lycopen-20 (or 20’)-al (3,4-dide- 
hydro-l~~~ydro-~,~-cato-2~~ or 3’,4’-didehydro-1’,2’dihydro-~,~-caroten-2@al). Some extracts also contained 
acetonyl derivatives, probably artefacts produced from the cross-conjugated carotenoid aldehydes and acetone under 
alkaline conditions. The distribution of cross-conjugated caroten-20-h in photosynthetic bacteria is discussed. 

INTROQIJCIION l’-hydroxy-l’~-dihy~~~,~~o~~~~). The R. uir- 

The photosynthetic bacterium Rhodc~psersdomonas viridis 
idis compounds wore characterized as detailed below. 

(Rhodospirillaceae) accumulates large amounts of care- Lycopen-20-al (13~cis-~,+lM?n*~l) (1). 
tenoid hydrocarbons. The main constituents are neuro- 
spO=ne (7,8-dihydro-$&=r~ene)9 lYC“Peae (&‘/‘-caro- 

This compound had L @OH) at 372 and approx 

tene) and a novel series of 1,2dihydrocarotenoids, in- 
492 mu, shifted to 371,444,467 and 4% run by NaBH, 

eluding 1,2-dihydroneurosporene (1,2,7$-tetrahydro-$,$- 
reduction. This suggested a cis-lyeopene chromophore, 
with a carbonyl group in conjugation in the natural com- 

carotene), Qdihydroiycopene (1,2dihydro-J/,JI-caro- 
tene) and 1,2-dihydro-3$-didehydrolycopene (3,4dids 
hydra-1,2dihyclro-$,$-carotene) [l,a. Examination of 
extracts of large scale (30 litres) cultures of R. uiridis 
revealed the presence of a considerable number of more 
polar carotenoids mostly present in very smah amounts. 
Notable among these was a group of strikingly purple- 
coloured compounds with similar chromatographic 
properties. These compounds have been isolated and 
their structures investigated. fl) R=CHO 

(2) R s CH - CH-COW 
(3) R * CH-CH-CHOH-Me 

From the extract of R oiridis a group of purple com- 
Rounds was obtained by cohrmn chromatograx>hy and 
separated by TLC into four components. Each com- 
Round exhibited a ‘rounded’ absorption spectrum but 
NaBH* reduction restored the typical carotenoid three 
peak fme structure and caused a bathochromic shift of 
about 35 nm. This behaviour is characteristic of caro- 
tenoids containing a carbonyl group in conjugation with 
the main polyene chromophore. A very strong ‘cis-peak’ . 
(strong absorption in the 360-375 nm region) was 
observed in the absorption spectrum in every case. The 
general features of the spectra were reminiscent of those 
reported by Lii-Jensen and co-workers C3-61 for the 
unusual cross-conjugated aldehydes lycopen-2.0-d 
(13-c&$,+aroten-20-al) and rhodopin-20 (or 20’)-al 
(13~CL-l-hydroxy-1,2dihydro-$&caroten-20-al or 13-cis- 
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pound. The MS had the parent ion M+ at m/e 550 
flW/W C.+oH&) showing that the carbonyl group was 
the only oxygen function present. A major fragment ion 
at m/e 481 (1476, M-69, m* 421; 481’/550 = 420.6) 
showed the presence of at least one acyclic (lycopene) 
end-group. In addition to a fragment ion at m/e 458 (8x, 
M-92, pll* 381; 458’/550 = 381.4) due to loss of toluene 
by typical carotenoid in-chain fragmentation, major frag- 
ment ions were present at m/e 444 (42x, M-W, nz* 358; 
4442/55O = 358-4) and 430 (250/, M-120) due to losses 
of benzaldehyde and m-tolualdehyde respectively. The 
loss of these fragments indicates the presence of an alds 
hyde group in place of one of the in-chain methyl groups 
[6]. Similarly the MS of the NaBH4 reduction product 
had M’ at p72/e 552 (C40H560) and major fragment ions 
at m/e 444 and 430 due to losses of 108 (benzyl alcohol) 
and 122 (3-methyl benzyl alcohol) mass units, confirming 
the reduction of the in-chain aldehyde group to an alco- 
hol. 

Although the available data do not permit the unequi- 
vocal assignment of the aldehyde group to the C-20 
rather than the C-19 position, the similarities in spectro- 
scopic properties (mass and absorption) strongly suggest 
that the R. uiridis compound is identical to lycopen-2O-al 
first isolated from Chromutium wurmingii [33, and charao 
terized and synthesized by Liaaen-Jensen and coworkers 
[5-7-J. The similarity of the absorption spectra, especially 
in the c&peak region indicates that the lycopen-20-al 
from R. viridis also has the 13-&s configuration. 

3$-Didehydro-1,2_dihydrolycopen-20 (20’)-al [3,43didehyd- 
ro-1,2-dihydr~rlr,~~c~roren-2~~1 (4) or 3’,4’-didehydro- 
1’,2’-dihydro-l’~‘-dihydro-~,~-curoten-20-al (e). 

The general appearance of the spectrum of the main 
compound in the group was similar to that of lyco- 
pen-20-al but had LX (EtOH) at 376, 505 nm. NaBH, 
reduction caused a shift to 358, 372, 450, 475, 506nm 
and restoration of the normal carotenoid three-peaked 
fine structure, indicating that the natural compound con- 
tained a carbonyl group in conjugation with a dodecaene 
chromophore like that of 3,4didehydro-l&dihydrolyco- 
pene (3&didehydro-1,2-dihydro+,+arotene) also found 
in R. uiridis. The MS showed that the compound was 
isomeric with lycopen-2&al, with M+ at m/e 550 (lW/,, 
CaoHsaO) and a fragment ion at m/e 481 (7”/,, M-69, 
m* 421; 481’/550 = 420.7) showing the presence of a 
Iycopene end-group. As with lyeopen-20-al, fragment 
ions at m/e W (160/, M-106, m* 358; 444’1550 = 358.4) 
and 430 (loo/,, M-120) due to losses of benzaldehyde and 
m-tolualdehyde were present in addition to the usual 
M-92 (toluene) and M-106 (xylene) peaks at m/e 458 and 
444 respectively, and an intense fragment ion at m/e 378 
(38X, Wl* 260, 3782/550 = 259.8) due to loss of 172 m,u. 
largely replaced the M-158 peak. The NaBI& reduction 
product had M+ at m/e 552 (600/,, C&-&O) and frag- 
ment ions at m/e 444 (6”/, M* 357, 444’/552 = 357.1), 
430 (11%) and 378 Qa*/, M* 259; 3782/552 = 258.8) due 
to losses of 108, 122 and 174 m.u. The MS data thus 
confirmed the presence of an aldehyde group at C-19, 
20, 19’, or 20’ as in the lycopenal. 

The amount of material available was small, and the 
compound appeared to be unusually labile (the instabi- 
lity of lycopen-20-al and rhodopin-20(20’)-al has been 
noted previously [5]), so that several attempts to obtain 
a NMR spectrum that could be analyzed fully were un- 

successful. However the presence of the aldehyde group 
was confumed by a poorly defined absorption at S 9.5, 
and a characteristic doublet at 0.89 (J 6 I-Ix) proved the 
presence of the 1,,2dihydro end group. 

The general similarity of the absorption spectrum, es- 
pecially the c&-peak region, to that of lycopen-20_al, 
indicates a probable 13-cis configuration with the alde- 
hyde group at C-20 (or C-203, although the alternative 
C-19 (or C-19’) position is not definitely eliminated. It 
is not possible by conventional spectroscopic methods 
to distinguish between the two alternative structures 
3,4-didehydro-l,2-dihydro-_rk,&caroten-2O-al (4) and 
3’,4’-didehydro-1’,2’-dihydro-t,&+caroten-2O-al(6). Exten- 
sive and difficult degradation would probably be necess- 
ary, and this is not practicable with the smail samples 
thus far available. 

The remaining two compounds were not always pres- 
ent in extracts of R. uiridis, but were found mainly when 
the cells had been extracted with acetone and the extracts 
saponified. The absorption spectra showed that 
these were also carbonyl compounds. This was confirmed 
by NaBHa reduction, although this took place more 
slowly than with the aldehydes described above. The MS 
showed that both were ChJ compounds and the available 
data were in agreement with their being acetonyl deriva- 
tives of lycopen-20-al and 3,4_didehydro_l,Zdihydrolyco- 
pen-20-al, produced as artefacts by aldol condensation 
between these aldehydes and traces of acetone present 
during saponification. S$nihu products have been char- 
acterized by Schmidt et al. [S] in their studies of the 
carotenoids of some strains of Rhodopseardomonas acid+ 
philu. 

Compound 2 had A- (EtOH) at 374 and 488nm, 
shifting to 370,443, 4# and 498 nm on NaBH4 reduo 
tion, suggesting the presence of a carbonyl function in 
conjugation with a cis-lycopene chromophore. The MS 
had the parent ion M+ at m/e 590 (8”/, C4sH5s0) and 
a fragment ion at m/e 521 (2.5x, M-69, m* 460; 
5212/590 = 460.0) due to ‘bis-allylic’ cleavage of the 
C-3,4 bond of the lycopene end-group. Other major frag- 
ment ions were present at m/e 547 (l%,m* 507; 
5472/59O = 507.Q 444 (0.5%) 430 (4%) and 378 (3x, m* 
242; 3782/590 = 242.2), due to losses of 43, 146, 160 and 
212 m-u., characteristic fragmentations of acetonyl deri- 
vatives of caroten-20-als [8-J The MS was virtually iden- 
tical to that of 20-acetonyllycopenal published by 
Schmidt et al. [8j. The MS of the NaBH, reduction 
product had the parent ion M+ at m/e 592, and major 
fragment ions at m/e 444, 430 and 378 due to losses 
of 148, 162, and 214 m.u., thus confhming the location 
of the acetonyl group on a side-chain methyl substituent. 
It therefore has structure 2, (2U-acetonyllycopenal) and 
the NaBH4 reduction product is 3. 

Compound 5 had k,, (EtOH) at 378 and 506nm, 
shifting to 360, 374, 452, 477 and 507 nm on NaBH4 
reduction, indicating a carbonyl group in conjugation 
with a dodecaene chromophore. The MS (M’ at m/e 
590, C43H5s0) was rather similar to that of ZO-acetonyl- 
lycopenal, with major fragment ions at m/e 547,444,430 
and 378 due to losses of 43, 146, 160 and 212 m.u. again 
proving the acetonyl substituent to be located on a side- 
chain methyl group (C-19 or C-20), but the relative inten- 
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sity of the fragment ion at m/e 521 (M-69) was substan- 
tially lower, suggesting the presence of only one lycopene 
end group rather than two as in 20-acetonyllycopenal, 
A similar situation was also observed in the mass spectra 
of 1 and 4 (or 6) discussed above. A feature of the NMR 
spectrum of compound 5 was the presence of a six-pro- 
ton doublet at 6 0.90 (J 6 Hz) proving the presence of 
a 1,Zdihydro end group. Compound 5 is thus the ace- 
tony1 derivative of 3,4-didehydro-1,2_dihydrolycopen-20 
(or 20’) al, but again it is not possible to distinguish 
between the two alternative structures 5 and 7. 

The formation of 2 and 5 (or 7) by treatment of lyco- 
pen-20-al and 3,4-didehydro-1,2dihydrolycopen-20 [or 
20’~al with traces of acetone under basic conditions was 
demonstrated, thus confirming the relationship between 
the acetonyl derivatives and the caroten-204s. 

3,4-Didehydro-l&dihydrolycopen-20 (or 20’)~al is the 
first carotenoid to be reported that contains both the 
cross-conjugated aldehyde system and the 1,2dihydro 
end group characteristic of the R. M&s carotenoid hy- 
drocarbons. Several cross-conjugated carotenals (lyco- 
pen-204 rhodopin-20-al and its glucosi& and some 
methoxycarotenals) have previously been found in 
extracts of other photosynthetic bacteria. The distribu- 
tion of these compounds has been summarized by 
Schmidt [9-J. One interesting feature is that their occur- 
rence seems to be limited to strictly anaerobic 
organisms. 

according tc standard procedures [lo]. The saponified 
extracts were chromatographed on columns of neutral alu- 
mina (Brockmann grade III) [lo], and after elution of the 
carotenoid hydrocarbons with 1% Et,0 in petrol, a second 
fraction, eluted with 2wA Et,0 in petrol, was collected. TLC 
of this fraction on Si gel G with 15% I$0 in petrol gave 
four purple bands with R, 0.6, 0.5, 0.35, 0.25 respectively. In 
those extracts prepared without the use of Me,CO the two 
lowest R, bands were absent. Bands of R, 0.6 and 0.25 were 
each further purified by successive TLC on MgO-Kieselguhr 
G (Me#X-C6H6, 1: 1) and Si gel G (20% Et,0 in petrol) 
to give lycopen-20-al (I), 3,4-didehydro-l,;?-dihydrolycopen- 
20(20’)-al(4), 2O+cetonyllycopenal(2) and 20(2O’)-acetonyl-3,4- 
didehydro-1,2dihydrolycopenal(5) respectively. Details of the 
abs&ption spectra, MS and NMR spectra of these compounds 
are given in the Results and Discussion section. Na13H4 reduc- 
tion was performed by standard methods [lo] and the prod- 
ucts were purified by TLC on Si gel G, with Et&petrol 
(1: I) as developing solvent. Absorption spectra were recorded 
in EtOH. NMR spectra (1OOmHz) were kindly determined 
by Dr. G. Englert, F. Hoffmann-La Roche and Co. Ltd., Basle, 
Switzerland, and by P.C.M.U., Harwell, England. MS (at 
12 eV or 70eV) were recorded by Mrs. A. M. Ball or Mr. 
J. R. Ireland. The direct inlet system was used with an ion 
source temperature of 20&220”. 

Possible biosynthetic schemes have been proposed [6] 
for formation of the caroten-20-als, but no supporting 
evidence is yet available. It is suggested that the caro- 
ten-20-01s may be intermediates in the formation of the 
aldehydes, since rhodopi&O-ol is present in most 
extracts that contain rhodopin-204. Although no such 
compounds have yet been detected in R. uiridis, extracts 
of this organism do contain a considerable number of 
polar carotenoicls, all present in very smaIl amounts, and 
it is possible that future work may reveal the presence 
of carotenols related to the cross-conjugated aldehydes 
described in this paper. 
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