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ABSTRACT

The synthesis of 2-aryldihydrobenzofurans, ficusal and tomentosanan B was achieved via two different cross-coupling 
methods between aryl or iodoaryl with coniferyl alcohol. Both Pd(OAc)2 catalysed coupling reactions were performed 
in the presence of base with or without ligand; an oxidant or phase transfer agent. Tomentosanan B was also obtained 
directly from the reduction of ficusal using NaBH4. The structures of these 2-aryldihydrobenzofuran neolignans were 
confirmed by 1D and 2D NMR and HRMS.
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INTRODUCTION

Dihydrobenzofuran neolignans are interesting biologically active compounds that are found in plants. Some important 
activities that have been reported such as anti-inflammatory [1], antioxidant [2,3], antifungal [4], insecticidal [5] and 
anticancer against human cancer cell lines: HeLa (cervical), HepG2 (liver), A375-S2 (skin), HT1080 (tumor) and 
HL60 (leukemia) [6].

(+)-Ficusal is a 2-aryldihydrobenzofuran neolignan that has been isolated from various plants including leaves of Ficus 
microcarpa L. f. (Moraceace) [7], fruits of Vitex agnus-castus L. [8], Metasequoia glyptostroboides (Taxodiaceae) [9], 
seeds of Coix larchryma-jobi L. [10] and from leaves and stems of Manglietia insignis [11]. Recently this neolignan 
1 was also isolated from Acanthopanax senticosus [12] and the seeds of Crataegus pinnatifida [13]. In contrast, (-)- 
ficusal and (-)-tomentosanan B were isolated from the seeds of Prunus tomentosa  (Figure 1) [14]. Meanwhile no 
isolation work on (+)-tomentosanan B (4) has been previously reported.

Figure 1: trans-Dihydrobenzofuran neolignans
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Neolignans 2 and 3 have shown an effective antioxidant activity against both DPPH and ABTs radicals and anti-
inflammatory activity on nitric oxide (NO) production in murine microlia BV-2 [15]. Other biological activities that 
have been reported for neolignan 2 include antitumour against human tumor cell lines of HL-60 SMMC-7721, MCF-7 
and SW480 [11], inhibition of tumor necrosis factor α (TNF-α) production by the PLS-induced murine macrophage 
cell line RAW264.7 [13] and in vitro inhibitory activities against protein tyrosine phosphatase 1B(PTP1B), human 
vaccinia H1 related protein (VHR) and protein phosphatase 1 (PP1) [12]. There is one pharmacological activity 
reported for neolignan 1, where it was found to show antiproliferative activity by inhibition of MDA-MB-231 cells at 
50 μM by 69.3% [11].

The synthesis of benzofuran and trans-dihydrobenzofuran using Pd-catalysed reaction has already been discussed in 
the literature [16,17]; however, no synthetic work has been reported on ficusal (6) and tomentosanan B (7). Therefore 
the focus of this paper is to discuss the simple reaction steps for synthesising these two neolignans. Based on their 
biological potential and a very limited work focusing on insecticidal activity, all targeted synthesised neolignans and 
intermediates will be further studied on their potential in agriculture practices.

The retrosynthetic analysis showed that ficusal (6) and tomentosanan B (7) can be directly synthesised by the Heck 
coupling reaction between iodovanillin (5) or iodovanillyl alcohol (3) with trans-coniferyl alcohol (1). An alternative 
coupling reaction also can be perfomed between

vanillin or vanillyl alcohol (2) with compound trans-coniferyl alcohol. Primary alcohols, iodovanillyl alcohol and 
vanillyl alcohol, can be produced by functional group interconversion (FGI) through the reduction of aldehydes 
iodovanillin and vanillin, whereas trans-coniferyl alcohol can be reduced from trans-ferulic acid or trans-methyl 
ferulate (4). Iodovanillin  (5) and ester, trans-methyl ferulate, can be prepared through iodination and esterification 
reactions respectively. Due to the same core structure of ficusal (6) and tomentosanan B (7), it can be suggested that 
tomentosanan B can also be directly reduced from ficusal (Scheme 1). 

Scheme 1: Retrosynthetic analysis of ficusal and tomentosanan B.

EXPERIMENTAL

General

All chemicals and solvents are commercially available as analytical grades and used without purification unless 
otherwise stated. All reactions were monitored by thin layer chromatography (TLC), using Silica gel 60 F245 (Merck 
KGaA) precoated aluminium backed plates which were visualised with ultraviolet light (UVP, UV Lamp UVGL-
58) and then stained with KMnO4 solution. Column chromatography was performed with 100-150 mesh of Silica 
gel 60 (0.040 mm - 0.063 mm). The organic extracts were dried over sodium sulfate (Na2SO4) and evaporated using 
Buchi Switzerland rotavapor R-215. The infrared spectra were measured by using the Fourier Transform Infrared 
Spectroscopy, Perkin-Elmer FT-IR Model Spectrum 100.
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Reduction

Method 1: Ferulic acid or methyl ferulate (4) (1.0 mmol) was dissolved in Et2O (10 mL) followed by addition of 
LiAlH4 (1.1 mmol) under nitrogen atmosphere and stirred at room temperature for 6-72 hours. The reaction mixture 
was quenched by the addition of H2O (2 mL), 10% H2SO4 (2.5 mL) and then extracted with Et2O (3x10 mL). The 
combined organic layer was dried, evaporated and purified by column chromatography (hexane:EtOAc, 3:2).

Method 2: An aldehyde (iodovanillin or vanillin) (1.0 mmol) was dissolved in 1 M NaOH (0.6 mL) and stirred 
homogenously at room temperature under a nitrogen atmosphere. NaBH4 (0.8 mmol) was added slowly to the reaction 
mixture and stirred for another 30 minutes. 1 M HCl (1 mL) was added dropwise to the reaction mixture and cooled 
in the ice bath. The precipitate form was filtered and further purified by column chromatography (8 = hexane:EtOAc, 
1:1; 11=hexane:EtOAc, 3:2).

Coniferyl alcohol (1): White solid; 58%; mp 74-75°C (Lit. 68-73°C, Akita et al., 2006); IR (UATR) 3241, 2928, 
1507, 1241 cm-1; δH (500 MHz, CDCl3) 6.87 (3H, m, H-Ar), 6.48 (1H, d, J 16.0 Hz,

CH=C), 6.17 (1H, dt, J 5.7, 16.0 Hz, CH=C), 5.93 (1H, br. s, OH), 4.26 (2H, d, J 5.7 Hz, CH2), 3.84

(3H, s, CH3); δC (125 MHz, CDCl3) 146.2, 145.5, 131.2, 129.2, 126.0, 120.2, 114.5, 08.3, 63.7, 55.8; m/z (EIMS) 180 
(M+, C10H12O3 requires 180).

Vanillyl alcohol (2): White solid; 93%; mp 110-112°C (Lit. 112-114°C, Naimi-Jamal et al., 2009); IR (UATR) 3433, 
3148, 2947, 1605, 1499, 1226 cm-1; δH (500 MHz, CDCl3) 6.89 (1H, s, H-Ar), 6.86 (1H, d, J 8.0 Hz, H-Ar), 6.81 (1H, 
d, J 8.0 Hz, H-Ar), 5.69 (1H, br. s, OH), 4.57 (2H, s, CH2), 3.87

(3H, s, CH3); δC (125 MHz, CDCl3) 146.7, 145.3, 132.9, 120.2, 114.3, 110.0, 65.4, 55.9; m/z (EIMS) 154 (M+, 
C8H10O3 requires 154)

Iodovanillyl alcohol (3): White solid; 98%; mp 118-119°C; IR (UATR) 3433, 3148, 2948, 1605, 1477, 1226, 444 
cm-1; δH (500 MHz, CDCl3) 7.25 (1H, s, H-Ar), 6.86 (1H, s, H-Ar), 6.10 (1H, br. s, OH), 4.55 (2H, s, CH2), 3.87 (3H, 
s, CH3); δC (125 MHz, CDCl3) 146.2, 145.2, 134.5, 129.0, 109.9, 80.8, 64.5, 56.3; m/z (EIMS) 280 (M+, C8H9IO3 
requires 280).

Esterification

Concentrated H2SO4 (0.025 mL) was added to the solution of ferulic acid (trans-ferulic acid) (1 mmol) in MeOH (10 
mmol) and refluxed for 3 hours. The reaction mixture was cooled to room temperature and ice-cold water (5 mL) 
was added. The solution was extracted with Et2O (3 × 10 mL) and the combined organic layer was washed with a 
saturated NaHCO3 solution (3 × 30 mL), brine (3 × 30 mL), dried, evaporated and purified by column chromatography 
(petroleum ether:EtOAc, 3:2).

Methyl ferulate (4): White solid; 98%; mp 64-65°C (Lit. 65°C, Prasat and Chaudhury, 1958); IR (UATR) 3402, 
2949, 1700, 1597, 1514, 1440, 1169 cm-1; δH (500 MHz, CDCl3) 7.58 (1H, d, J 16.0 Hz, C=CH), 7.02 (1H, dd, J 2.3, 
8.0 Hz, H-Ar) 6.98 (1H, s, H-Ar), 6.88 (1H, d, J 9.2 Hz, H-Ar), 6.25 (1H, d, J 16.0 Hz, C=CH), 6.15 (1H, br. s, OH), 
3.86 (3H, s, CH3), 3.76 (3H, s, CH3); δC (125 MHz, CDCl3) 167.7, 148.0, 146.8, 144.9, 126.7, 122.9, 114.9, 114.8, 
109.4, 55.8, 51.5 m/z (EIMS) 208 (M+, C11H12O4 requires 208).

Iodination

Vanillin (1 mmol) and I2 (2 mmol) were dissolved in H2O (5 mL) followed by the addition of 30% H2O2 (4 mmol). 
The reaction mixture was stirred at 50°C for 24 hours. The saturated Na2S2O3 solution (5 mL) was added to the 
reaction mixture followed by extraction with EtOAc (3x10 mL). The combined organic layer was dried, evaporated 
and purified by column chromatography (hexane:EtOAc, 3:2).

Iodovanillin (5). White solid; 90%; mp 179-181°C (Lit. 179-182°C, Choi et al., 2008); IR (UATR) 3421, 3158, 2918, 
1735, 1664, 1570, 1410, 1153 cm-1; δH (500 MHz, CDCl3) 9.75 (1H, s, CHO), 7.80 (1H, s, H-Ar), 7.35 (1H, s, H-Ar), 
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6.67 (1H, br. s, OH), 3.95 (3H, s, CH3); δC (125 MHz, CDCl3) 189.5, 151.4, 146.5, 136.2, 131.1, 108.7, 80.5, 56.6; 
m/z (EIMS) 278 (M+, C8H7O3I requires 278).

Heck coupling for the synthesis of ficusal and tomentosanan B

Method 1: Iodovanillin (5) (1.0 mmol), coniferyl alcohol (1) (2.0 mmol), Pd(OAc)2 (0.05 mmol), Na2CO3 (1.0 mmol) 
and n-Bu4NBr (0.15 mmol) were dissolved in DMF (2.3 mL) and heated to 100°C for 2-3 days. The reaction mixture 
was cooled to room temperature and extracted with EtOAc (3x10 mL). The combined organic layer was washed 
successively with saturated NH4Cl (3x30 mL) and brine (3x30 mL). The organic layer was dried, evaporated and 
purified by column chromatography (hexane:EtOAc, 1:1).

Method 2: Vanillin (5.0 mmol) and coniferyl alcohol (1) (1.0 mmol) were dissolved in 1,4- dioxane (8 mL) followed 
by addition of Pd(OAc)2 (0.05 mmol), NaOAc (5.0 mmol), 1,10- phenanthroline (0.10 mmol) and Cu(OAc)2.
H2O (2.0 mmol). The reaction mixture was stirred at 100°C for 2-3 days. After cooling to room temperature, the 
reaction mixture was filtered and washed with CHCl3 (1x20 mL). The filtrate was evaporated and purified by column 
chromatography (hexane:EtOAc, 1:1).

Ficusal (6): Yellow oil; 5-7%; IR (UATR) 3413, 3005, 1704, 1429, 1222 cm-1; δH (500 MHz, (CD3)2CO) 9.83 (1H, 
s, CHO), 7.52 (1H, s, H-Ar), 7.41 (1H, s, H-Ar), 7.05 (1H, s, H-Ar), 6.88 (1H, dd, J 8.0, 2.3 Hz, H-Ar), 6.82 (1H, d, 
J 9.2 Hz, H-Ar), 5.69 (1H, d, J 6.9 Hz, CH-C), 3.90-3.94 (2H, m, CH2), 3.91 (3H, s, CH3), 3.82 (3H, s, CH3), 3.67 
(1H, m CH-C); δC (125 MHz, (CD3)2CO) 190.9, 154.7, 148.5, 147.6, 145.8, 133.3, 132.2, 131.1, 121.4, 119.8, 115.7, 
113.4, 110.6, 89.8, 64.2, 56.3, 56.2, 53.8; δH (500 MHz, CDCl3) 9.79 (1H, s, CHO), 7.40 (1H, s, H-Ar), 7.36 (1H, s, 
H-Ar), 6.87 (3H, s, H-Ar), 5.74 (1H, br. s, OH), 5.68 (1H, d, J 8.0 Hz, CH-C), 3.90-3.94 (2H, m, CH2), 3.92 (3H, s, 
CH3), 3.84 (3H, s, CH3), 3.67 (1H, m CH-C); δC (125 MHz, CDCl3) 190.6, 154.0, 146.8, 146.0, 145.0, 132.0, 131.3, 
128.7, 120.9, 119.4, 114.5, 112.1, 108.7, 89.4, 63.8, 56.1, 56.0, 52.7; m/z (HRMS) 330.1108 [M]+ (Calcd for C18H18O6 
requires 330.1103).

Tomentosanan B (7): Colourless oil; 5-30%; IR (UATR) 3388, 2923, 1728, 1609, 1461, 1138 cm-1; δH (500 MHz, 
CD3OD) 6.97 (1H, s, H-Ar), 6.92 (1H, s, H-Ar), 6.90 (1H, s, H-Ar), 6.84 (1H, d, J 6.9 Hz, H-Ar), 6.78 (1H, d, J 8.0 Hz, 
H-Ar), 5.55 (1H, d , J 5.7 Hz, CH-C), 4.55 (1H, s, CH2), 3.89 (3H, s, CH3), 3.77-3.87 (2H, m, CH2), 3.83 (3H, s, CH3), 
3.52 (1H, m, CH-C); δC (125 MHz, CD3OD) 147.7, 147.4, 146.1, 144.0, 134.8, 133.3, 128.5, 118.3, 115.8, 114.7, 
111.7, 109.1, 87.7, 64.0, 63.6, 55.3, 54.9, 53.9; m/z (HRMS) 332.1275 [M]+ (Calcd for C18H20O6 requires 332.1260), 
355.1169 [M+Na]+ (Calcd for C18H20O6Na requires 355.1158).

RESULTS AND DISCUSSION

All intermediate compounds for the coupling reaction were synthesised by established reduction, iodination and 
esterification methods [18-21]. Two different Heck coupling methods involving reaction between C-I or C-H bonds 
of aryl with alkenyl alcohol were applied for the synthesis of ficusal and tomentosanan B. For method 1, Pd(OAc)2, 
Na2CO3 and a phase transfer agent, nBu4NBr were used. In contrast, Pd(OAc)2 and NaOAc in the presence of ligand, 
1,10- phenanthroline and co-catalyst/oxidant, Cu(OAc)2.H2O were used in method 2. Both coupling reactions were 
performed at 100°C in DMF and 1,4-dioxane for methods 1 and 2 respectively.

Synthesis of ficusal

The Heck coupling reaction between iodovanillin (5) and coniferyl alcohol (1) via method 1 successfully gave 
the targeted neolignan, ficusal (6) together with 4-(3-hydroxypropyl)-2- methoxyphenol and dihydrobenzopyran. 
Meanwhile, only Ficusal and 4-(3-hydroxypropyl)-2- methoxyphenol were produced from method 2 (Scheme 2). 
Increasing the reaction time did not give significant changes in the production of Ficusal. As the time increased, the 
yield of 4-(3-hydroxypropyl)-2- methoxyphenol reduced as it was readily reacted with iodovanillin to form compound 
dihydrobenzopyran.
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Scheme 2: Synthesis of ficusal via coupling reaction.

The IR spectrum of ficusal showed the presence of hydroxyl (3413 cm-1), carbonyl (1704 cm- 1), aromatic double 
bonds (1429 cm-1) and ether (1222 cm-1). The molecular formula of Ficusal was established as C18H18O6 by HRMS 
at m/z 330.1108 [M]+ (calculated for C18H18O6, 330.1103). The coupling constant, 3J2,3=6.9 Hz [14,22,23] and no 
correlation between H2 (δ 5.69, d) and H3 (δ 3.67, q) in NOESY spectrum indicated that these two hydrogens are in 
trans-configuration (Figure 2).

The 1H NMR and 13C NMR of synthesised ficusal were found similar to the reported data [7]. In the 1H NMR spectrum, 
three singlet protons corresponding to an aldehyde (δ 9.83, 5-CHO) and two methoxy groups (δ 3.91, 7-OCH3 and 
δ 3.82, 3’-OCH3) suggested that this compound was successfully formed through the coupling reaction. Meanwhile 
the replacement signal of the olefinic carbons in trans-coniferyl alcohol with methine carbons (δ 89.8, C2 and δ 53.8, 
C3) proved the formation of dihydrofuran ring in the structure of Ficusal. The HMBC analysis further confirmed the 
structure as it gave a correlation between H2 (δ 5.69, d, J 6.9 Hz) with C2’ (δ 110.6), C6’ (δ 119.8) and 3-CH2 (δ 64.2); 
H3 (δ 3.67, m) with C3a (δ 131.1); 3-CH2 (δ 64.2) with C3a (δ 131.1), 3-CH2 (δ 64.2) with C3a (δ 131.1), C3 (δ 53.8) 
and C2(δ 89.8); also H2’ (δ 7.05, s) and H6’ (δ 6.88, dd, J 8.0, 2.3 Hz) with C2 (δ 89.8) (Figure 2). The mechanism 
of the formation of ficusal for methods 1 and 2 was proposed to follow Emrich and Larock’s [24] and Kuram’s 
mechanisms [25].

Figure 2: NOESY and HMBC correlations of ficusal (5).

Synthesis of tomentosanan B

Both Heck coupling reaction between iodovanillyl alcohol (3) and vanillyl alcohol (2) with coniferyl alcohol produced 
tomentosanan B (7) and by-product 4-(3-hydroxypropyl)-2- methoxyphenol in low yields even though the reactions 
were prolonged up to three days. Increasing the reaction time will only lead to the formation of by-products and 
decomposition of starting material. In a separate reaction, neolignan, tomentosanan B, was also produced in a 30% 
yield from the direct reduction of aldehyde group of Ficusal using NaBH4 (Scheme 3). The formation of tomentosanan 
B using both methods of Heck coupling reaction was believed to follow the same mechanism as the formation of 
Ficusal. Tomentosanan B was obtained as colorless oil and the molecular formula was confirmed by HRMS at m/z 
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355.1169 [M + Na]+ (calculated for C18H20O6Na, 355.1158). The IR spectrum exhibited the absorption of hydroxyl 
(3388 cm-1) and aromatic rings (1609 and 1461 cm-1).

Scheme 3: Synthesis of tomentosanan B via coupling reaction.

The 1D NMR analyses of tomentosanan B showed a multiplet peak at δ 3.52 ppm referring to the H3 (C3 at δ 53.9 ppm) 
and a doublet peak at δ 5.55 ppm referring to H2 (C2 at δ 87.7 ppm) which proved the formation of the dihydrofuran 
ring. The synthesised neolignan, tomentosanan B, showed a similar NMR data to the isolated (-)-tomentosanan B [14] 
thus, assured its structure. The HMBC spectrum showed correlations between H2 (δ 5.55, d, J 5.7 Hz) with C3 (δ53.9), 
3-CH2 (δ 63.6), C1’ (δ 133.3), C2’ (δ 109.1), C3’ (δ 147.7) and C6’ (δ 118.3); H3 (δ 3.52, m)

with 3-CH2 (δ 63.6), C3a (δ 128.5) and C1’ (δ 133.3); and the aromatic protons H2’ (δ 6.97, s) and H6’ (δ 6.84, d, J 6.9 
Hz) with C2 (δ 87.7) and C4’ (δ 146.1). These correlations confirmed the hydrofuran ring was fused to the aromatic 
ring of vanillyl and the coniferyl fragment was substituted to C-2 position of the furan ring (Figure 3).

Figure 3: HMBC correlations of tomentosanan B (6).

CONCLUSION

The ficusal and tomentosanan B were synthesised in 3-5 steps starting from vanillin and ferulic acid involving 
iodination, reduction, esterification and coupling reactions. The formation of dihydrofuran ring of both ficusal and 
tomentosanan B were achieved via Heck coupling reaction using Pd(OAc)2 as a catalyst. Tomentosanan B can also be 
obtained through simple mild reduction reaction of ficusal.
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