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Synthesis of Phytanetriol as a Lipid Cubic Liquid Crystal Excipient

RAO Xinquan, ZHANG Rui " (Key Laboratory of Modern Preparation of Chinese Medicine , Jiangxi University of Chinese Medicine
Nanchang 330004, China)

ABSTRACT: OBJECTIVE To synthesize phytanetriol by epoxidation/ring-opening reaction under catalyst-free conditions using
phytol as raw material,, low concentration of hydrogen peroxide as oxidant, and formic acid as oxygen carrier. METHODS The effects
of the molar ratios of formic acid and hydrogen peroxide to phytol, reaction temperature, and reaction time on the yield of phytanetriol
were investigated using a single-factor test and verified by 3-batch reproducibility. The chromatographic purity and structure of phytane-
triol were analyzed by gas-mass spectrometry, infrared spectroscopy, and nuclear magnetic resonance spectrometry. RESULTS  The
optimal conditions for the epoxidation reaction system were n( HCOOH) :n(H,0,) :n(phytol) =5:1.3: 1, temperature 55 °C, and
reaction time 2 h. The optimal conditions for the ring-opening reaction system were pH =13, temperature 105 °C, and reaction time
0.5 h. The phytanetriol synthesis process had a yield of 86. 6% in the validated experiments. The chromatographic purity was 94. 6% .
CONCLUSION The synthesis process is stable and can produce phytanetriol with controllable quality and better purity than
commercially available products.

KEY WORDS: lipid cubic liquid crystal; phytanetriol; hydrogen peroxide; epoxidation reaction; ring-opening reaction
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Station D. 01. 02. 16 % 4f &b B 5 45, NIST-20 J5i 315 45
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Z37]) s Avance Il 600 MHz #% fi; 2 4 e 1% A ( Fi -
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AT (Lot#: BQC493 | i it /344 98% ) , b ifgEET
2R A BR 2 F 5 A ¢ = I ( Lot#: C11558022 5+
TR G ) , Macklin 46 T R 23 A 5 46 e = 1
(Lot#: A1809066 , A AT 5 4) , LiEFIHL T A1k
BHE A RS w5 AUE K (H,0,, 43 1 46, BT 1 43
$030% ) 5 Hoh iR 4k T B e A
1.2 7 &

MR Y8 M e Se 283 P AR A S 0y T 0 38 I A
B RO FACS Y i 2], AR H 2 (HCOOH)
REGEF, SeR AR AR A R B, F5
IRALEE 15 S N4 e . AR e — I Sy = M B B
LI 1,

HCOOH/H,0,
—_—
)\/\/k/\/k/\/KAOH
KOH/H,0
[
OH

O

HO
)\/\/k/\/k/\)g/\()]{

OH
E1 M= Ae R
Fig.1 Synthesis of phytanetriol
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100 mL= T34 m A 20.00 g(67. 44 mmoL) 1H [
H—E FE/R B R, T sl i , il i 4 22 18 THilk 2=
—E il B S5, G g i i — € BE /R i 30% H,0, 2%
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spectrometer, FT-IR ) I #% % 3£ 3% I 1% X ( nuclear
magnetic resonance , NMR) J3#7
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Tab.1 Effects of mole ratio of formic acid to phytol feeding on
the yield of phytanetriol

n( HCOOH) -n( phytol )
Yield

2:1 3:1 4:1 5:1 6:1

% 5.7 10.8 29.1 84.0 78.3

M1 1m0, Bl R A5 A Y BE UK L T
i, FELOE = B O™ RO T R R B R e o AR
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W A, i FEn (HCOOH) -n (HEBE) =5:1 M2,
R2 H,0, 5B SO B /R AT A GE = B R B9 R
Tab.2 Effects of mole ratio of hydrogen peroxide to phytolon feeding on the yield of phytanetriol

o n(H,0,)-n( phytol)

1.2:1 1.3:1 1.4:1 1.5:1 1.6:1 1.7:1 1.8:1
% 66.9 81.9 80.7 80.4 79.5 78.0 67.8

1 2 W0, B H, O, 5 s A BE K e T e
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Tab.3  Effects of epoxidation reaction time on the yield of

phytanetriol
t/h
Yield
1 1.5 2 2.5 3
% 68. 1 69. 6 86.4 81.9 83.4

2.4 FAAR IR E R = BIREN Y

AN TR PR S TR X A Joe — AL 3 1) 5 i) D,
4, B4 AT AL R R EACT 55 Ci, Rl
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fir“{ﬁr B, H 2 SN B A R, H, O, 1 43 fiff
FEREHR, B LARLEE 5 T 60 CJSISCRA BT TR it
F£ 55 C R fER R o
2.5 JPE RN pH M= B R E W #

ANIA] pH X A e = B W 1Y 52 e DL R S5,

T E 2528 2024 4 6 H 5 59 5 12 )

F4 AR IEE AT = B E SR
Tab. 4 Effects of epoxidation reaction temperature on the yield

of phytanetriol

T/C
Yield
45 50 55 60 65
% 81.3 77.4 86.4 87.0 83.4

H12E 5 w0, 24 pH 3MRET, A5 kAR B EY)
(R TFER LI , 3 B e = B ™= R AN . {H24 pH
B =130, HoA =A@k, Bk, 78 5OV i
Hrim A KOH ¥k, 45461 pH {H29° 13,

RS JPIR N pH XA = B KE B R
Tab.5 Effects of pH of ring-opening reaction on the yield of

phytanetriol
pH
Yield
9 10 11 12 13
% 4.5 15.0 21.6 20. 1 78.0

2.6 JFERMEE L = BRE N
AN TR S B e A e — T3 Py B2 ) DL
6. HI1% 6 PrhL, HIT3R SN EEAE 65 ~95 “CHf, 4
=R A U R ARA K, (H R A F) 105 C
I, A =W G 0™ AR R L AT RE Y, 5T
IO I AE65 ~95 C I, B AR T 34 S il LA &
AR S ANSE 4, T3 BE IR B 105 °C i i 4
IR , R T ARG — s O™ ARG R A
VefERUIF IR RONEIRE 105 “COEL,

Fz6 TR MEE K=
Tab. 6

R ESR A
Effects of ring-opening reaction temperature on the

yield of phytanetriol

T/C
Yield
65 75 85 95 105
% 81.6 84.9 82.8 78.6 89.6
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Tab.7 Effects of ring-opening reaction time on the yield of

phytanetriol
t/min
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2.8 IOAF LI

I B R R R A A5 R B R b = A
T8 4 R 2 35 4 4k = Y n ( HCOOH ) -
n(H,0,)-n(FEE) =5:1.3: 1, R B EEE 55 °C, LR
IR 2 by FEERON pH =13, i B2 105 °C, Sz v
0.5 h, EARERAERCL2"IH R, FAT4 % 3
UAFEIPE- 377 588 86. 6% prifif 2= (SD) (A 1. 54,
2.9 ALK

Stk — 2B B AIE T2 A B R A b, e
“2. 87T A, K BT ST A b = A A R
HEAT TIOR8 , BRI SE g i B N R - 7
A WU EEE R RO TR L L = a0
A 227.00 g (765.5 mmol) 4 fE fl 176. 14 ¢
(3 826. 5 mmol) H R, FFaific £, MBI 2% 18 FHilR 2
55 °C, A 250 mL 18 JE ¥ 3 % fn 130.14 ¢
(994. 9 mmol ) X4EIK , LA — 37 — i A 338 J35 378 i 22 5¢

A I Phytanetriol (aladdin)

4 6 8 10 12
/ min
I Phytanetriol (macklin)
4 6 8 10 12
/ min
l Phytanetriol (synthesis)
4 6 8 10 12
/ min

4 RN IR TF 600 mL R FE T, BT 1 L4
=k HI7K (600 mL x 3) PE i, 7 pH IRX40FITE )
AL P AR e K 2 T R 5 XK Y BR B , L
PRER 2SR 5 BUEUK , A LR SR e ZE bR 5 LR
CTE. AP A 500 mL pH {f =13 ) KOH
B 105 °C [l 3 0.5 h, TLC [ R IF 3 Vigm -
Viewmen =73 ) M= H B RN 56 42, AR A #hK
PERRE AL, JO7K Nay SO, 448 )5 1 e 25 bR 25 143 771
TR EIAE e = PR o 23 7 28 U4 200 ~ 202 C/
3.33 kPa {8y, 15 TC (LB WM 218 g, B A 7 il A
Bt =, 73R 86. 2%

2.10 #HHERAE

2.10.1  GC-MS Jg £ RAE ™ ¥ S i s 03 4l
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Fig.2 GC/MS total ion flow diagram( A) and mass spectral fragmentation diagram(B) of phytanetriol
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Fig.3 Infrared spectrum of phytanetriol
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Fig.4 'H-NMR spectrum of phytanetriol
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Fig. 5 "C-NMR spectrum of phytanetriol
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Fig. 6 HPLC-ELSD comparison of phytanetriol from different sources
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