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Total synthesis of lycopene based on dodecatrienal
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WE: L 6,10-—=F£-3,5,-+— R =H-2-BA() 5 & F
K = v 2 Bg (7) % Wittig-Horner & % 13 %] 2,6, 10-
= WE-1,3.5,9-wH +— BB — a5 (9) vk E-2-T
W-l,4-Z B8 = LB ()5 4,4- = F AA-2-TE (i@ L
Wittig-Horner B & fo K fift B & AL &4 3.8-= F %
3,5,7-F = %-1,10-=8(5),2,6,10-= ¥ #%-1,3,5,9-m
Wt — AR (95 3.8-= ¥ %-3,5,7-F = -
1,10-=8% (5) i@ i3 Wittig-Horner B K 4% 3| B 4% &= % &
2 (100, 5F K A Az 7% % 3k (NMR) | it # (HRMS/GC-
MS) Ao 2r sh b (TR) BAT L M dE, R K. & M)
FHEEFRA 167N,

FE g8+ = & M B%; Wittig-Horner B E; & 76 4L &5 4
Y

Abstract: Diethyl [ (1E.3E,5E)-2.6,10-trimethylundeca-1.3,5.
9-tetraen-1-yl ] phosphonate (9 ) was synthesized wvia a
condensation between tetraethyl methylenebis(phosphonate) (7)
and 6,10-dimethyl-3,5,9-undecatrien-2-one(8) by Wittig-Horner
reaction, (3E,5E, 7E)-3, 8-dimethyldeca-3. 5, 7-trienedial (5)
was prepared from (E)-tetraethyl but-2-ene-1, 4-diylbis-( phos-
phonate) (2) and 4, 4-dimethoxy-2-butanone (3) by Wittig-
Horner reaction followed by hydrogenation. Lycopene was syn-
thesized from diethyl [(1E,3E,5E)-2, 6, 10-trimethylundeca-1.
3,5,9-tetraen-1-yl ] phosphonate(9) and(3E,5E, 7E)-3, 8-dimeth-
yldeca-3, 5, 7-trienedial (5)
structure of products was confirmed by NMR, HRMS/GC-MS
and IR techniques. The total yield was 16.7 %.
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Figure 1 The all-trans molecular structure of lycopene



&M | Vol.37, No.3

B REETHOHRABHNEMRLRLZEN

R= w
=
RWPO(OEQZ S e T e (EIO)ZOPM

R

15

M\vm OEy), W (Et0), OPW

A 2 é%ﬁ%é’a/\)ﬁ%m&ﬁﬁ%

Figure 2

Lycopene synthesis sub-cutting strategy
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Figure 3 Cj,-dialdehyde synthesis sub-cutting strategy
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EAFAAL (Vo gmg 2 Vi =60 2 1D, JER BRI Ha T
PRAT B B AR 2- T -1, 4- ZBERR I 15 (2) (6.02 g,
18.363 4 mmol), =& K 98.21%,

(2) 3.8-"H H-3.5.7-= 4 8 5 W& B A
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Figure 4 Synthetic route of lycopene



&M | Vol.37, No.3

R 3 Y, A AT AL ST A LE S O B s U R A
BT (Vies * Vegew =5 D BEEVEBOIK I H2E T
HRAR BRI AR 2,6, 10- = H13E-1,3,5, 9-P0 % + — b
HEPERR — 28 (9)(1.97 g,6.04 mmol) , = H N 78.4%,

(4) FALLER L0 A A Z R R . 19 50 mL
JRBEHL I AT FEHF (2.53 mL,2.52 mmoD F1 5 mL P4
AR5 R IEE I (Vigsom * Vewnen =8+ DIRGH
Wo RNIT—30 CTHFE T 5 mL WAk S
THETR Vegwy * Vopgesn =8 + DIRBHEBIY 2.6,
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LRI T Vg ¢ Vengen =8 * DIRGH
WY 3,8- 1 HE-3,5,7- = 8 (0.205 g,1.07 mmol) ii§
BERNIFH S FER N 0.5 hy B 4 h, A 10 mL &
D5 ZE IR R 3 TR A L AL B v W e I A HLZ R
JKBRIR N T . T = 50 W o0 4 A5 2 R ML o AT B 4
75~80 CF K H 45 fh 15 B /Y 7 i I8 T oK & s b 3
IR BEIN 1 he B2 H ), 45 B 4 RS A AL R (10D
(0.36 g,0.68 mmol), =%k 63.8%,

2 g5
2.1 FHEMSRIE
2.1.1 2-TH-1.4- T BRFR VY LR (2) &5 1 1 % 58

(1) "H NMR (600 MHz, Chloroform-d) § 5.67 ~
5.38 (m,2H),4.03 (dqt, J =14.1,7.0,3.0 Hz,8H),
2.66~2.30 (m,4H),1.24 (t,J=7.1 Hz,12H),

(2) "C NMR (151 MHz, Chloroform-d) ¢ 123.32,
30.02.29.11,15.44,

(3) HRMS(ESI") m/x:329.127 7,

3,8 THIH-3,5,7- S T G B i K
(1) 'H NMR (600 MHz, Chloroform-d) § 10.10
(dd,J =49.9,7.8 Hz,2H),6.60 (d,J =15.8 Hz,1H),
6.21~6.08 (m,1H),6.05~5.90 (m,2H),3.55~3.34
(m,4H),2.39~2.18 (m,3H),2.17~1.97 (m,3H),

(2) ®C NMR (151 MHz, Chloroform-d) ¢ 190.19,
189.05,154.53,150.79,136.66, 131.56, 129.68, 126.35,
61.42.57.88,11.95,11.65,

(3) GC-MS(m/z):192,163,148,119,105,91,77,
69,51,

2.1.3 2.6,10-=H %£-1.3.5.9-UM +— ke BER — 2
T () 5 44 11 %5 5

(1) 'H NMR (500 MHz, Chloroform-d ), 8§ 6.75
(dd,J =15.2,11.0 Hz,2H,=CH,=CH),6.16 (d,J =
15.1 Hz, 1H, =CH),5.93 ~5.46 (d,J =11.0 Hz,
17.3 Hz,1H,=CH),5.14~5.00 (m,1H,=CH),4.06
(p,J=7.2 Hz,4H,2X OCH,),2.23 (d,J =2.7 Hz,3H,

2.1.2
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CH;)>,2.12 (d,J =3.3 Hz,4H,2 X CH,)>,1.83 (s,3H,
CH3;).,1.68 (s,3H.CH;),1.60 (s.3H,CH;).1.32~1.26
d,t,J=7.1 Hz,14.9 Hz,6H,2XCH;).,

(2) ®C NMR (126 MHz, Chloroform-d) § 155.57,
144.07,133.30,132.00, 130.37,124.57, 123.60, 114. 86,
61.35,40.23,31.51, 29.70, 26. 50, 25.69, 17.71,17. 13,
16.35,15.64,

(3) GC-MS(m/%):326,311,257,229,201,145,119
(100%),105,91,69,

2.1.4 LR (10 5 1) 45 E

(1) 'H NMR (500 MHz, Chloroform-d) & 6.67 ~
6.59 (m,4H),6.49 (dd,J=15.1,11.0 Hz,2H),6.35 (d,
J=14.9 Hz,2H),6.29~6.22 (m,4H),6.18 (d, ] =
11.5 Hz,2H),5.95 (d,J=10.9 Hz,2H),5.11 (ddq,J =
7.1,5.6,1.6 Hz,2H),2.12 (d,J =5.3 Hz,8H),1.97 (s,
12H),1.82 (d,J =1.2 Hz,6H),1.69 (s,6H),1.61 (d,
J=1.3 Hz,6H).

(2) ¥C NMR (126 MHz, Chloroform-d) ¢ 139.50,
137.35,136.55,136.17,135.40, 132.64, 131.75, 131.55,
130.08, 125.72, 125. 15, 124. 80, 123. 95, 40. 24, 26. 70,
25.71,17.71,16.97,12.91,12.81,

(3) HRMS(ESI" ) m/z Cy H;s:536.436 2,

(4) IR(KB1r) s vy :3 433,2 964,2 927,1 720,1 675,
1379,1 095,802 cm ™',

2.2 3,8"HE-3LT-ZHRIE()EHREHHMRKL
22,1 WAHEXAEGY SRR S hEw 4
MR &9 1 S N 30 S R —FR b (Vi * Vg =
LD eEW 4 R&EEY S MERN R 4 mL K2R,
2 mL PRI 1 mL K ngams  ngan. A 40 1KMR
B2 AL IS 6] 6 b, 23500 5 S AR ARSI A B 1.4,1.9,2.4,2.9,
3.4 g LG 5 1™ A, 450k 1 R .

Wittig-Horner JZ i 5145 B i A 2 20 WAS g B 47 b
He B R G 1) ot HE AT 23 BT 10 AT A BB 7L 88 7, R IR
FLRLRYAE s AT RN o 5 22 P KR L B 7 A K e 4 T
AW B L R TR, R T YA
S 2.4 g S WS 7 Rl 214 %

®1 WAEXNLEY S FERNFE
Table 1 Effect of alkali dosage on the yield
of compound 5
ARMMIMAR /g AW S TR/X
1.4 10.6
1.9 15.4
2.4 21.4
2.9 19.8
3.4 17.5
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WF 4350 2,4.6,8,10 h f 46L& 9 5 By 5 45 R sk 3
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F2 ERBERIEMUEY S FERHNZM
Table 2 Effect of mole ratio of materials on the

yield of compound 5

ngeys P ngan: AW S ER/%
2+ 1 13.2
3:1 15.6
4:1 21.4
5:1 20.7
6:1 17.8

R3 KBRUNEXNLEY S FEHZN
Table 3 Effect of hydrolysis acidification time on the

yield of compound 5

AR IR ] /h fe& s &/ %
2 9.7
1 14.8
6 21.4
8 21.7
10 20.1
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