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Design, ex vivo Synthesis, and Biological Activities of Plant Constituents

Containing an Isoprene Side-chain Based on Isoprenomics

by
Yoshihiro UTO, Daisuke KOYAMA, Naoki OTOMO, Chiaki ABE, Tadashi SHIRAII,
Eiji NAKATA, Hitoshi HORI

Phytyl quinols, namely acyclic tocopherols, are key intermediates of tocopherol biosynthesis,
but their biological activities remain unclear. We therefore investigated the structure-activity
relationship of phytyl quinols to apply a chemical biosynthesis design for an antiatherosclerosis
drug based on isoprenomics. We have achieved the biosynthesis-oriented synthesis of a- and
B-phytyl quinol as an unnatural intermediate, other y- and &-phytyl quinol as a natural one. All four
phytyl quinols showed almost the same moderate inhibitory activity against low-density lipoprotein
oxidation instead of their different degree of C-methylation with character different from
tocopherols. In vivo toxicities of phytyl quinols against chick embryo chorioallantoic membrane
vasculature were hardly observed. We proposed phytyl quinols were possible antioxidants in plants
and animals, like vitamin E.
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Fig. 1. Biosynthesis of tocopherols.

TX-2233, & TX-2230
2.1 ex vivo o TX-2254,
B TX-2247, vy TX-2242, & TX-2231
Scheme 1
1-4 28-40%
5-8
(o TX-2229, B TX-2232, y



BULLETIN OF INSTITUTE OF TECHNOLOGY AND SCIENCE THE UNIVERSITY OF TOKUSHIMA

R NaH Rs
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Ry OH toluene Ry OH
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1R;=R,=R;=CH, 5Ry=R,=R;=CH; 3%
2Ry{=R3=CH;,R;=H 6 Ry =R; =CH3, Ry =H 65%
3R =R;=CH;, R3;=H 7R;=Ry;=CHj3, Ry =H 62%
4R;=CH;,R,=R;=H 8 Ry =CH3, R, =R;=H 54%
Ry
. O,
Fremy's salt NaBH,
SPB/ acetone 2:3 R; Et,0, MeOH OH
{SPB :0.2 M, pH 7.03) R, R,
TX-2229 Ry =R;=R3=CH; 65% TX-2254 Ry =R;=R3=CH; 88%
TX-2232 Ry =R3;=CH;, R, =H 51% TX-2247 Ry = R3 = CH3, R, = H quant.
TX-2233 R, =R, =CH;,R;=H 75% TX-2242 Ry =Ry =CH;, R;=H 86%
TX-2230 Ry =CH3, Ry =R3s =H 54% TX-2231 Ry =CH;3, R; = R3=H 95%

Scheme 1. Synthesis of phytyl quinols and phytyl quinones.
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2.4 LDL uM a
LDL TX-2254 84.4 min
LDL
TX-2247: 82.6 min > TX-2242: 81.5 min > TX-2231: 77.2
©-6) LDL min DPPH
LDL
LDL LDL
Lagtime @  LDL TBARS S TX-2231
DPPH
TBARS @ Table 1 v TX-2242
Lag time min TX-2254: 1158 + 58 uM =
- TX-2247:111.9 + 2.3 uM > TX-2242: 148.0 £ 10.1 uM
LDL DPPH
Lag time = 100.8 min; TBARS IC5, = 66.5 + 13.1
Table 1. Antioxidative property of phytyl quinols and phytyl quinones.
Antioxidant DPPH ECsy (uM) LDL lag time (min) LDL TBARS ICs, (uM)
TX-2254 27.9+0.9 84.4 1158+5.8
TX-2247 265+ 3.4 82.6 111.9+2.3
TX-2242 243104 81.5 148.0 £ 10.1
TX-2231 20.9+3.1 77.2 97.0+34
TX-2229 > 200 58.2 > 1000
TX-2232 > 200 59.8 > 1000
TX-2233 > 200 50.2 > 1000
TX-2230 > 200 44.8 > 1000
dl-a-tocopherol 21409 100.8 66.5+ 13.1
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Fig. 3. In vivo toxicity of phytyl quinols and dl-a-tocopherol in the chick CAM vasculature. These photograph (A, B)
shows CAM vasculature without damage (A) or with damage (B) when 10 ug of TX-2247 was treated.
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