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EXPEKblENTELLES 

R’MR. Bruker WH 270. TMS als innerer Standard: IR: 
Beckman IR 9. in CCI,: MS: Varian MAT 71 1 mit Datenver- 
arbeitung. 70 eV. 95g zerklcinerte Wurzeln (lufttrocken) extra- 
hierte man mit Et20~Petrollther (=PA) (1 :2) und trennte den 
ei-haltenen Extr-akt durch mehrfache PLC (Si gel. GF 254, 
Imm), Et,O;PA 1 :3 bru. I : I. Man crhielt 4 mg 1 tmd 3 
mg 2 LU~CI 4. die 1 hr mit Acetanhydrid auf 70- erwlrmt 
wjurden. Nach Eindamnfen i. Vak. erhielt man nach PLC 
(Et,0 PA I : 1) co Img’3 und I mg 4. 

8-Oso-p-~~/lc~~orl (1). Nach Destillation i. Vak. (Sp. 90- 100 
0.1 Torr) crhielt man farblose Kristalle aus Petrolather, 
Schmp. Xi IR: ih87. 1670. 1600 cm-’ (C=C C=O). UV: i,,, 
= 304nm (t = 17000). MS: M’ m/t’ 232.146 (lot&) (ber ftir 
C,,H2,0L 232.146): --.Me 217 (31). 

i 589 57x 546 436nm 
.~~~. _~_. ~_. (c = 0.27) 

[rlr4 f404 +429 +525 +I645 

2[&Acc,rou ~-X-ozo-/~-c!‘/,r~orl (3): Farbloses 61. IR: 1750. 
1230 (OAc):~l680, 1600 (C=C CO)cm- I. MS: M’ /ii/e 290.12 
(l?‘,,) (her. ftir C,>HIzO, 290.153): H2C=C=0 248 124): 
-A&H 230 (9) ‘4X Me 1133 (I I I: 230 (‘0 ‘07 (100). 

1 1-H t&o\- l.-X-ouf,-li-~!,/“‘o,l (4). Farbloscs 61. IR : 3620 
(OH): 1670. 1600 (C-C C’O)cm ‘. MS: M- U~‘O 238.131 t-i”,,) 
(bcr. fin C‘,;H:,,O, 24X.141): --Mc 2.:j (100): 2.13 -Hz0 205 

(57). 

AI~~,~~L,I~J~~II~(~~‘,I~~ Der Dcutschcn Forschungsgemeinschaft 
danken wir ftir die FBrderung dieser Arbeit. insbesonderc fiir 
das 270 MHY-Geriit. 
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The diterpene alcohol phytol is unusual among ter- 

penes in that it has a definite role in plants as part of 
the chlorophyll molecule. Perhaps because of this impor- 
tant function in photosynthesis, there apparently never 
has been a report of free phytol and only one report 
of an isomer [l] existing in a plant. In fact there is evi- 
dcnce that phytol is not accumulated in ctiolated 
leaves [2] and that phytol is involved in control of 
chlorophyll biosynthesis [3] in Plzuseol~~ cdqczris. 

We have been investigating the secondary metabolites 
of a number of marine algae and note here our results 
on the red alga Grucilaricl undersoniana. Hot hexane 
extraction of the air dried, ground alga gave a green 
oil which was chromatographed on silica gel. The phy- 
tols were eluted in several fractions which were pooled 
and rechromatographed by high pressure liquid chroma- 
tography to yield pure truns-phytol 1 and cis-phytol 2. 
Three other compounds isolated from the extract were 
cholesterol, oleic and linoleic acids. 

Extraction of the plant material remaining after hex- 
ane extraction with CH2C12 in a Soxhlet yielded a dark 
green oil. Saponification of this extract according to 
the “normal” phytol isolation procedure [4] yielded only 
the natural frtrns-phytol. Both 1 and 2 were also found 
in a cold MeOH-CHCI, extract of the fresh, wet alga, 
and a cold hexane extract of the air dried alga. 

The identification of I and 2 was based on the work 
of Burrell ut (11. [S], who synthesized both phytols, and 
comparison of the published [6] NMR spectrum of 1. 
The significant spectroscopic differences between 1 and 
2 are found in their NMR spectra. The 3-methyl groups 
in 1 and 2 absorb as singlets at 1.64 and I.71 compared 
to the reported values of 1.62 and 1.73 respectively [S]. 

The I-methylenc groups are found as doublets at ci 4.05 
and 6 4.48 m 1 and 2 respectively, while the position 
of the olefinic proton in both compounds is 6 5.33. The 
downfield position of the 1-methylenc in 2 with respect 
to 1 can be explained in terms of intramolecular van 

fHzoH 

#H20H I:l:-:_i 
(1) (2) 

der Waals deshielding between the 1-methylene group 
and the moderately bulky C,,-group which are cis-sub- 
stituted at the double bond. 

This is the first isolation of cis-phytol from a natural 
source. It is only present in the free form. The phytol 
isolated from saponification of chlorophyll is the usual 
tram isomer. The presence of phytol in Chlorophyta [7], 
Phaeophyta [4] and Cyanophyta [4] has been reported. 
Now a representative of the Rhodophyta can be included 
in this group. 

Isdurion. Gruci/iariu ctntlrrsonic~nu collected intertidally at 
Laguna Niguel, California was air dried. The finely ground 
material (2.64 kg) was Soxhlet extracted with hcxane for 48 hr. 
Removal of the hcxane in ~IICIIO yielded 5.33 g of a green oil 
(OZI”,,). This extract was chromatogmphed on an open Si gel 
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column (145 g). With 5% EtOAc in hexane a fraction contain- 
ing 2 eluted followed by a fraction containing 1; cholesterol 
was eluted with 20% EtOAc in hexane and oleic and linoleic 
acids with 50% EtGAc in hexane. Crude tram-phytol was 
further purified using a Water Associates high pressure liquid 
chromatograph equipped with 244 x 0.94cm Si gel column 
(Porasil A, 37775 pm). cis-Phytol was also purified by HPLC 
(a 700 x 0.95 cm plus a 460 x 0.64 cm column). The solvent 
system used was 3% EtOAc in hexane. 

tram-Phytol (1). Pure 1 was isolated as a clear colorless 
oil (0.014’:/, yield from dry wt of alga). IR (KBr) 3.00, 6.82, 
7.23 and 9.9 hrn; NMR (Ccl,, 6), 0.90 (12H, d, J 6 Hz), 1.2-1.6 
(2OH, m), 1.64 (3H, s), 1.95 (2H, m), 4.05 (2H, d, J’ 6.4Hz), 
5.33, (lH, t. J 6.4 Hz): MS molecular ion m/e 296 fcorresnonds 
to C;OH,,O). 

\ . 

cis-Phytol. Compound 2 was isolated as a clear colorless 
oil (0.0028% yield from dry wt of alga). IR (Ccl,) 2.92, 6.86, 
7.30, 10.4pm; NMR (Ccl,, 6). 0.91 (12H. d, J 6Hz), 1.2-1.6 
(20H, m), 1.71 (3H, s), 2.0 (2H, m), 4.48 (2H, d, J 6.4 Hz), 
5.33 (IH, t, J 6.4 Hz); MS molecular ion m/e 296 (corresponds 

to C,,H,@). 
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Plant and source. Lycopersicon esculentum; Tangerine carotenes normally exhibit strong bathochromic shifts 
tomato genotype, variety Golden Jubilee. Field-ripened and an increase in extinction upon I, catalysis. The spec- 
Tangerine tomato fruits were used in this study. The trum of poly-cis-y-carotene exhibits two maxima which 
seeds were a generous gift from Dr. M. L. Tomes of do not shift; however, a third absorption peak is formed 
the Department of Botany and Plant Pathology, Purdue and the spectrum was then identical to that of the 
University, Lafayette, Indiana, U.S.A. stereoisomers obtained upon I, catalysis of y-carotene 

Present work. Tangerine (Golden Jubilee) tomato fruits extracted from carrots and high-beta tomatoes (Table 1). 
are characterized by high concentrations of the poly-cis The wavelength maxima for both y-carotene and poly- 
carotenes, proneurosporene and prolycopene [ 1,2] and cis-y-carotene are lower than the literature values [4-71, 
poly-cis-c-carotene [3]. In further investigations, a pink but the purified y-carotene isolated from Tangerine 
contaminant of proneurosporene was resolved into two tomatoes was identical to a sample isolated from Sum- 
bands: the upper from the MgO-Hyflo SuperCel column mer Sunrise or high-beta tomatoes and carrots. 
was identified as y-carotene (1.8 pg/g dry w), and the 
lower as a poly-cis-y-carotene (3.0 pg/g dry w). Poly-cis 

No cyclic poly-cis carotenes have been reported pre- 
viously. It remains to be seen if pro-y-carotene from Pqrr- 
acantha angustifoha is identical with this poly-cis-y-caro- 

*Contribution No. 1551 of Rhode Island Agricultural Ex- tene and what biosynthetic relationship exists between 

periment Station. this poly-cis carotene and its possible precursors [3,8]. 

Table 1. 1, “,~, of y-carotene, poly-c&y-carotene and some natural and synthetic isomers [47] 

I 
Illan 

1,Catalysis 

Isomer 

all-trans-y-Carotene 
pro-y-Carotene 
cis-15-15’-y-Carotene 
y-Carotene 
y-Carotene 
y-Carotene 
poly-cis-y-Carotene 

* Lycopersicon e.sculentum 

Source Before 

Mimulus longijiora 436,461-2,493 
Pyracantha angustifolh 434,457 
Synthesis 432,457,486 
High-beta tomato* 431,456,486 
Carrots 431,456,486 
Tangerine tomato* 431,456,486 
Tangerine tomato* 428,453 

After 

434,458,4867 
434,457,487-8 

428,453,482 
428,454,482 
428,454,482 
428,453,482 


