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Abstract
Background and Obijectives : Natural products can be obtained through synthesis, either to increase quantity or
improve quality. 4-methoxycinnamyl alcohol, found in Etlingera pavieana (Pierre ex Gagnep.) R.M.Sm. and

Foeniculum vulgare Mill, is the target compound for synthesis in this research. It serves as a precursor for
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synthesizing 4-methoxycinnamyl p-coumarate (MCC), a compound with interesting bioactive properties in
pharmaceuticals and cosmetics. These properties include anti-inflammatory, antioxidant, and tyrosinase inhibitory
effects, making MCC a potential candidate for drug and cosmetic applications. However, a challenge encountered
in synthesizing 4-methoxycinnamyl alcohol via the reduction of 4-methoxycinnamic acid with lithium aluminum
hydride is the formation of side products due to the reduction of the double bond, leading to a lower yield of the
main product and difficulty in purification. This issue arises because lithium aluminum hydride is a strong reducing
agent that tends to react with both the carboxyl group and the conjugated double bond, leading to a mixture of
reduced products. Therefore, this study aims to investigate reaction conditions to minimize side product formation
and to synthesize derivatives of 4-methoxycinnamyl alcohol under optimal conditions. The study also explores the
influence of different substituents on the reaction outcome. The product yields were analyzed using quantitative
Nuclear Magnetic Resonance (QNMR) with acetanilide as an internal standard.

Methodology: The study began with optimizing the conditions for synthesizing 4-methoxycinnamyl alcohol by
controlling key reaction factors, including lithium aluminum hydride quantity, reaction time, and temperature. The
initial amount of lithium aluminum hydride was set at 0.5 equiv., increasing in increments of 0.5 equiv. The reaction
was conducted under an argon atmosphere at room temperature to 0°C for 4 to 24 hours. Once the optimal
conditions were identified, they were applied to synthesizing derivatives of 4-methoxycinnamyl alcohol by modifying
the para-substituent groups, including hydrogen (H) from cinnamic acid, hydroxy group (OH) from coumaric acid,
and O-tetrahydropyranyl group (OTHP) from 4-(tetrahydro-2H-pyran-2-yloxy) cinnamic acid. These derivatives were
selected to examine the effects of electronic and steric factors on the reaction pathway. Finally, the yields of both
the main and side products were analyzed using gNMR, with acetanilide as an internal standard.

Main Results: The experimental results revealed that increasing the amount of lithium aluminum hydride at the same
reaction time and temperature led to a higher formation of side products. This suggests that excess lithium aluminum
hydride promotes non-selective reduction, affecting both the carboxyl and double bond functionalities. Therefore,
reaction time was increased while keeping lithium aluminum hydride quantity constant at 0.2 equiv. at room
temperature to observe the reaction trend. It was found that significant side product formation persisted, indicating
that temperature might be a more influential factor in controlling selectivity. Subsequently, lowering the temperature
to 0°C while maintaining the lithium aluminum hydride amount at 0.2 equiv. for 4 hours resulted in a higher yield of
the main product. This confirms that temperature plays a crucial role in directing the reduction pathway. Increasing
the lithium aluminum hydride quantity to 3.0 equiv. further improved the main product yield, likely due to enhanced

reduction efficiency at the carboxyl site. However, extending the reaction time to 8 hours did not significantly change
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the yield, suggesting that the reaction reaches equilibrium within 4 hours. Therefore, the optimal conditions for
synthesis were determined to be 3.0 equiv. of lithium aluminum hydride at 0°C for 4 hours, balancing high yield and
selectivity. However, when these conditions were applied to synthesizing derivatives of 4-methoxycinnamyl alcohol,
the yields of the main products remained low to moderate, with minor side product formation. This was attributed to
the resonance and steric effects of electron-donating groups and structural factors of the compounds. The presence
of hydroxyl groups, for example, influenced the electronic environment, potentially altering the reduction pathway.
Similarly, the bulky tetrahydropyranyl group affected steric accessibility, leading to different product distributions.
Conclusions: The synthesis of compound 4-methoxycinnamyl alcohol via reduction under an argon atmosphere
using lithium aluminum hydride showed that lowering the temperature reduced double bond reduction but did not
significantly enhance selectivity toward the carboxyl group. Increasing the quantity of lithium aluminum hydride and
reaction time improved carboxyl reduction and overall yield. However, excessive reaction time could lead to
consecutive reactions or degradation of the starting material, highlighting the importance of balancing reaction
parameters. The most suitable conditions for synthesis were 3.0 equiv. of lithium aluminum hydride at 0°C for 4
hours, yielding a moderate amount of the main product with minimal side products. Nevertheless, these conditions
were not optimal for synthesizing derivatives of 4-methoxycinnamyl alcohol due to the impact of structure and
substituent groups on yield. Further investigation in this study, such as the use of alternative reducing agents or
protective group strategies, may enhance the yield of the main product and minimize side product formation. This
research provides valuable insights into the influence of reaction conditions on reduction selectivity, which can be
applied to similar synthetic processes in natural product and pharmaceutical chemistry.

Keywords : 4-methoxycinnamic acid ; 4-methoxycinnamyl alcohol ; gNMR ; reduction reaction ;

lithium aluminium hydride
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Figure 1 Structures of MCC, the main product 2a, and the side product 3a

Methodology
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quantitative NMR (gNMR) uum‘ém Nuclear Magnetic Resonance Spectrometer 484 Bruker Avance Il HD 400 MHz
el deuterated dimethyl sulfoxide deuteration degree min. 99.8% 189131 Sigma Aldrich LUsMYNazaY WAL
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Figure 2 Optimization of reaction conditions for the synthesis of 2a
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Table 1 Results of optimization for the synthesis of 2a .

/©/\/\OH
MeO

o} 4-methoxycinnamyl alcohol
~"SoH 3.0 equiv. LAH, dry THF (2a) unsaturated

+
MeO Arg), 0°C, 4 h
OH
4-methoxycinnamic acid (1a)
MeO

3-(4-methoxyphenyl)propan-1-ol
(3a) saturated

NMR vyield%
entry equiv. LAH temp. (°C) time (h)
unsaturated saturated
1 0.5 r.t. 4 16 >1
2 1.0 r.t. 4 18 2
3 1.5 r.t. 4 32 5
4 2.0 r.t. 4 37 12
5 25 r.t. 4 11 15
6 3.0 r.t. 4 11 24
7 2.0 r.t. 24 >1 67
8 2.0 0 4 32 3
9 2.0 0 8 30 2
10 3.0 0 4 48 4
11" 3.0 0 8 50 8

Z—methoxycinnamic acid (2a) : 0.1782 g (1.0 mmol, 1.0 equiv. ), ' After 8 hours, it was found that the formation of other side product.,

r.t. : Room temperature is approximately 30°C.
]
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4-Methoxycinnamyl alcohol (2a) : 48 % ; 'H-NMR (400 MHz, CDCL): o) (ppm) 3.84 (s, 3H, OMe), 4.32 (dd, 2H, J =
1.32 Hz, CH,-1), 6.26 (dt, 1H, J = 5.96 Hz, CH-2), 6.58 (d, 1H, J = 15.9 Hz, CH-3) 6.88 (d, 2H, J = 8.72 Hz, Ar; CH-
3,5),7.35(d, 2H, J = 8.72 Hz, Ar; CH-2, 6) °C-NMR (100 MHz, CDCL,): & (ppm) 55.30 (OMe), 63.92 (CH,-1), 114.02
(Ar; CH-3, 5), 126.27 (CH-2), 127.68 (Ar; CH-2, 6), 129.43 (CH-3), 130.96 (Ar; C-4), 159.32 (Ar; C-1) HRMS (ESI)
m/z calcd for C,H,,0, [M+H]" = 165.0915, found 165.0912.

3-(4-Methoxyphenyl)propan-1-ol (saturated, 3a) : 4% "H-NMR (400 MHz, CDCl,): o) (ppm) 1.84 (quintet, 2H, J =
6.48 Hz, CH,-2), 2.63 (t, 2H, J = 7.88 Hz, CH.-3), 3.65 (t, 2H, J = 6.44 Hz, CH,-1), 3.81 (s, 3H, OMe), 6.81 (d, 2H, J
= 8.64 Hz, Ar; CH-3, 5), 7.10 (d, 2H, J = 8.64 Hz, Ar; CH-2, 6) "°C-NMR (100 MHz, CDCL,): & (ppm) 31.16 (CH,-2),
34.44 (CH,-3), 59.28 (OMe), 62.11 (CH,-1), 113.84 (Ar; CH-3, 5), 129.34 (Ar; CH-2, 6), 133.97 (Ar; C-4), 157.77 (Ar;
C-1) HRMS (ESI) m/z calcd for C, H,,0, [M+H]" = 167.1072, found 167.1072.
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AU 2 HAN1TAUATIEHRYILTTRY 2a
Table 2 Product yield of derivative 2a
/@/\/\OH
7 3.0 iv. LAH, THF d R
.0 equiv. ,
N q v (2b-d)
OH
Ar@), 0°C, 4 h +
R
R=H, OH, OTHP OH
(1b-d)
R
(3b-d)
products NMR vyield%
entry
unsaturated saturated unsaturated saturated
1 H H 33 19

3-phenylpropanol (3b)

/@MOH
HO 6 N.D.

4-(3-hydroxypropyl)phenol (3c)

4-((3-Phenylpropan-1-yl)oxy)
tetrahydro-2H-pyran (3d)

cinnamyl alcohol (2b)

mOH
2' HO

4-hydroxycinnamyl alcohol (2c)

Ly or
32 e

4-(tetrahydro-2H-pyran-2-yloxy)
cinnamyl alcohol (2d)

42 2

"1.00 mmol of 1b-d, '"The reaction was quenched with 10 mL of water, followed by 25 mL of 2.5 N HCI., *The reaction

was quenched with 10 mL of water, followed by 20 mL of 5% acetic acid., N.D.; Not detected.

wasanldfuaninzuinsgudniul fisensAnduresans 2a uds dennawinnisdunszianiugnie s
ANITNINTFIU AS Table 2 Tu 9180199 1 11910 1b vindAzenlAunAR s anAeans 2b 33% Hanwuziiy
204189 18 WAZHARTUSTIN9LAENE17 3b 19% Aannlu $18n197 2" 18Fuans 2¢ 6% Hanwauziluaeaudadwand we

Tdwuans 3c gavinelu sanneh 3° 185unisans 2d Seilansuziluaeauds@ang uay 3d Aa 42% WAz 2% AINAIAL

Cinnamyl alcohol (2b): 33%; 'H-NMR (400 MHz, CDCl,): o (ppm) 4.31 (dd, 2H, J = 1.48 Hz, CH,-1), 6.35 (dt, 1H, J
= 5.72 Hz, CH-2), 6.60 (d, 1H, J = 15.88 Hz, CH-3), 7.25-7.43 (m, 5H, Ar; CH-2, 3, 4, 5, 6) °C-NMR (100 MHz,
CDCl,): 0 (ppm) 63.60 (CH,-1), 126.50 (Ar; CH-4), 127.70 (CH-2), 128.56 (Ar; CH-3, 5), 128.63 (Ar; CH-2, 6), 131.06
(CH-3), 136.73 (Ar; C-1). HRMS (ESI) m/z calcd for C,H,,0 [M-H]" = 133.0654, found 133.0648.
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3-Phenylpropanol (saturated, 3b): 19%; 'H-NMR (400 MHz, CDCl,): o) (ppm) ) 1.88 (quintet, 2H, J = 6.44 Hz, CH,-
2),2.69 (t, 2H, J = 7.92 Hz, CH2-3), 3.66 (t, 2H, J = 6.44 Hz, CH2-1), 7.17-7.30 (m, 5H, Ar; CH-2, 3, 4, 5, 6) "C-NMR
(100 MHz, CDCL,): & (ppm) 32.09 (CH,-2), 34.20 (CH,-3), 62.22 (CH,-1), 125.89 (Ar; CH-4), 128.43 (Ar; CH-2, 6),
128.46 (ArCH-3’, 5%), 141.87 (Ar; C-1) HRMS (ESI) m/z calcd for CyH,,0 [M+H]" = 137.0966, found 137.0969.
4-Hydroxycinnamyl alcohol (2¢) : 6% ; 'H-NMR (400 MHz, DMSO-d6): o (ppm) 4.06 (td, 2H, J = 1.56 Hz, CH,-1),
4.74 (t, 1H, J = 5,562 Hz, OH), 6.12 (dt, 1H, J = 5.40 Hz, CH-2), 6.41 (d, 1H, J = 15.96 Hz, CH-3), 6.70 (d, 2H, J =
8.56 Hz, Ar; CH-3, 5), 7.22 (d, 2H, J = 8.56 Hz, Ar; CH-2, 6), 9.42 (s, 1H, OH) "*C-NMR (100 MHz, DMSO-d6): 6
(ppm) 62.19 (CH2-1), 115.83 (Ar; CH-3, 5), 127.60 (CH-2), 127.85 (Ar; CH-2, 6), 128.36 (Ar; C-4), 129.14 (CH-3),
157.27 (Ar; C-1). HRMS (ESI) m/z calcd for C,H,,0, [I\/I—HZO+H]+: 133.0653, found: 133.0651.
4-(Tetrahydro-2H-pyran-2-yloxy)cinnamyl alcohol (2d) : 42% ; 'H-NMR (400 MHz, DMSO-d6): 6 (ppm) 1.48-1.91
(m, 6H, THP; CH,-3, 4, 5), 3.56 (dt, 1H, J = 4.40, 10.96 Hz, THP; CH,-6), 3.76 (ddd, 1H, J = 3.68, 8.64 Hz, THP;
CH,-6), 4.08 (td, 2H, J = 1.64 Hz, CH,-1), 4.80 (td, 1H, J = 1.60, 6.92 Hz, OH), 5.44 (brt, 1H, J = 3.44 Hz, THP; CH-
2), 6.22 (dt, 1H, J = 5.24, 16.00 Hz, CH-2), 6.48 (d, 1H, J = 16.00 Hz, CH-3), 6.96 (d, 2H, J = 8.72 Hz, Ar; CH-3, 5),
7.33 (d, 2H, J = 8.68 Hz, Ar; CH-2, 6) °C-NMR (100 MHz, DMSO-d6): o (ppm) 19.13 (THP; CH,-4), 25.16 (THP;
CH,-5), 30.33 (THP; CH,-3), 62.06 (CH,-1, THP; CH,-6), 96.24 (THP; CH.-2), 116.95 (Ar; CH-3, 5), 127.66 (Ar; CH-
2, 6), 128.57 (CH2—2), 129.18 (CH-3), 130.89 (Ar; C-4), 156.30 (Ar; C-1). HRMS (ESI) m/z calcd for C,,H,;;0, [M-
C,H,01" (C,H,0,) : 149.0601, found 149.0601.

4-((3-Phenylpropan-1-yl)oxy)tetrahydro-2H-pyran (saturated, 3d) : 2% ; 'H-NMR (400 MHz, DMSO-d6): 6 (ppm)
1.48-1.91 (m, 6H, THP; CH,-3, 4, 5), 1.65-1.70 (m, 2H, CH2-2), 2.53 (t, 2H, J = 7.56 Hz, CH2-3), 3.39(q,2H, J=6.44
Hz, CH,-1), 3.51-3.56 (m, 1H, THP; CH,-6), 3.72-3.78 (m, 1H, THP; CH,-6), 4.43 (td, 1H, J = 1.60, 6.96 Hz, OH),
5.38 (brt, 1H, J = 3.48 Hz, THP; CH-2), 6.91 (d, 2H, J = 8.6 Hz, Ar; CH-3, 5), 7.09 (d, 2H, J = 8.6 Hz, Ar; CH-2, 6)
"*C-NMR (100 MHz, DMSO-d6): o (ppm) 19.19 (THP; CH,-4), 25.20 (THP; CH,-5), 30.42 (THP; CH,-3), 31.25 (CH,-
2), 34.97 (CH,-3), 60.53 (THP; CH,-6), 62.00 (CH,-1), 96.40 (THP; CH-2), 116.80 (Ar; CH-3, 5), 129.55 (Ar; CH-2,

6), 135.57 (Ar; C-4), 155.04 (Ar; C-1) HRMS (ESI) m/z calcd for C 0, [M+Na]” = 259.1310, found 259.1310.

14H20

ARUA 3 LAN1TATIZE NMR yield% Aatinailn gNMR

AILANIINARBINT 2 ABUNNIUNY 41113011 NMR yield% Tnannsanusnuialddayaann spectrum NMR

194817 1ABTNAIMAIUIUNT 0, AMNAE N, WAZAIUIUWY NMR yield% Taeld n,  1dufRe d1uauluagesans

total theor

<

ﬁQﬂﬂﬂﬂﬁﬁ’WNWaLﬂﬁ"}:ﬁﬁ AMUIUTHATIANININN AN UAZULNNNDLATIZH LL@Z‘/‘S’TLA’]“L&IN@ﬂ@ﬂ@’]ﬁ‘mqﬂﬂq‘]ﬂ’ﬁ ?Nﬂ AB

ANUNLINATAIATFIFU VFRA1ININUALTNIUR AT 1.00 FaRINA ANNAIAU

439



MIATIMEANERTYINT T 30 (ALN 2) NEAIAN — BONAN WAL 2568
UNAINIAE

BURAPHA SCIENCE JOURNAL Volume 30 (No.2) May — August 2025

B

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983 (online)

Fa9e9N12AUIUN NMR yield% Tupewui 1 #18n137 10

N19ANLIIIIUILINAYBINARANYIVAN (unsaturated, n, ,.,) ¥AE NARADTIINIAEN (saturated, n, )

Table 3 Calculation data forn . andn _.

Nx unsat. = /*\/\©\ xsat = 2 /Y\©\ NIS— 3 Hjﬁ(

3-(4-methoxyphenyl)propan-1-ol acetanilide

4-methoxycinnamyl alcohol (1a)
target compound unsaturated saturated (internal standard)
| |
‘ I'J |1
I _J VA T R U A N
4:4 4‘,2 4‘.0 3:8 3:6 3:4 3‘2 3‘0 2‘8 2‘6 2:4 2.2 2:0 1 ‘.8 Ippn‘l
L [ o
- [
“ Ix unsat. IIS = Ix sat
X NX
entry n,. (mmol)
unsat. sat. unsat. sat.
2a (entry 10) 322.96 29.83 2 2 0.0564
ls = 1000.00, Ng =3
¥ o 4 ¥ dl o t:’l/
andeyass Table 3 Awansn, . waz n _ Mdainaunisi (1) fall
_ Ix unsat. Nis — Ix sat. Nis
Munsat, = Iis x Nx unsat. X Deal Misat. Iis X Nx sat. X s
32296 3 . _ 29.83 3 o
Nusst — 100000 X . X 0.0564 fadlua N, ocar = 700000 X . X 0.0564 fadlua
n = 0.0025 daalua

n

X unsat.

=0.0273 {adlua

x sat.

AT ANUIUINATBNEARTUTTNAN LATHARAUTINLALNNANINTL 0.0273 1Ay 0.0025 HARINA AINAF

]
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NIIAUAUNIIIUILINATINRARATUTVIAN (unsaturated, n,,, , ..) WAS NARATUINIALN (saturated, n,,, ..,)

Table 4 Calculation data for n,_ .« @nd Ny carr
n, (mmol)
entry gana\yts (g) gtolal (g)
unsat. sat.
(2a) (entry 10) 0.0273 0.0025 0.00580 0.1017
ANdRYAAT Table 4 AU N, o BT N o HAINANNIIN (2) AAT
_n t. _n t.
Niotal unsat. — g:::l;is X Btotal Niotarsat. ga:::;ts X total
_0.0273 fiadlua . _0.0025 fiadtua o
ntolal unsat. 0.00580 3w X 0'1017 AR ntotal sat. - 0.00580 n3w X 0'1017 A
n = 0.4787 Nadlua n =0.0438 Nadlua

total unsat. total sat.

AT AUIUTNATINNARAIIVAN WAZ HARAUTINLAENHANYNAL 0.4787 way 0.0438 HARINA AINAFL

qaving Walaauaulnasnuds awnsarmuniasasuanisildanaunim (3)

yield% — Ntotal unsat. X 100 yield% — Niotal sat. X 100
Ntheory Ntheory

yield% =227875%0 o 100 yield% =22885%e w100
1.00 fisdlua 1.00 fsdlua

yield% =48% yield% =4%

o ?:/ v a o [ % a o Y = a 1 o o o
ANUY TRLATNARNDUNUAN LATTAURTNARNDUNUIALINANNINDL 48% LLAL 4% ATNAAL

Discussion
= - & o o ev  a - 2 o
ANNNITANEINITINATULBSNAR A T 9L AL lUN1T8ATIZi a7 2a TngiFNaInNnNIsunganInznunzaning

dfuasuiuinees ananesgisenlalasd, 9oumgd uaz nanlun1sil[izen Geldans 1a asiine 1.0 Hadlua

'
o =

waz AHuN1nNe IALA4875Na1 WAASHART Table 1 B9 lFRNNEIUNIZEANNGAGT 3780137 10 Aa LF1THNMa89

q

assnazgiitlunlalage vinfdu 3.0 equiv., grungl 0°C wluan 4 dalus Iifesasnaninemenansiusmanag lu

o a a o cv = v A = X o Iy aa a o =
sz‘uﬂﬁuﬂma LL@ZLﬂﬂN@mﬂmﬁmﬁlq\uﬂﬂﬂuﬂﬂwa;m mﬂmiﬂﬂw’mmmmim’] ﬂ?‘g\l']m"llﬂ\'l @Lﬁﬂﬂ@z@ﬂl,uﬂﬂiﬂiﬂﬁ‘ﬂ,

a P Ve a aaa o A o aa a P
PIUUAN LAZLIN NN@M@@MMM?LH@‘UQH?H’]LﬂuLLUULLﬂ‘INqu LN@LWN‘JJ?‘N’]M?J@\? @Lﬁﬂﬂ@z@‘NLuﬂﬂiaim?m U

dl o Y |aaa 4 a dg/ 1 A a aaa 1o 1 o [ o 1 dJ v 1o ]
b7E ) %wﬂuﬂgmmmmﬂﬂmmu LmeiL@aﬂmmmmﬂ{]mﬂﬂmﬁwammme‘meLmuwm VL@LLT] 2N ZAEN
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o
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