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3-去羟基 Phomonol 的合成 

叶青青 a    张梦帆 a    刘耀宗 b    杨  震*,a 
(a绍兴文理学院  浙江省精细化工与传统工艺绿色替代技术重点实验室  绍兴 312000) 

(b甘肃银光聚银化工有限公司  白银 730900) 

摘要  以商业购买的(R)-3-羟基-4-氯丁酸乙酯或者(S)-1,2-环氧戊烷为原料, 经过 6 步反应, 完成了天然产物类似物 3-

去羟基 phomonol 的合成, 关键步骤包括格氏反应, Prins 环化反应和钯催化分子内烷氧羰基化反应等, 无保护基合成策

略的应用缩短了合成步骤, 提高了合成的效率. 

关键词  合成; 3-去羟基 phomonol; Prins 环化反应; 钯催化分子内烷氧羰基化反应 

Synthesis of 3-Dehydroxyphomonol 

Ye, Qingqinga    Zhang, Mengfana    Liu, Yaozongb    Yang, Zhen*,a 
(a Zhejiang Key Laboratory of Alternative Technologies for Fine Chemicals Process, Shaoxing University, Shaoxing 312000)

(b Gansu Yinguang Juyin Chemical Co., Ltd, Baiyin, Gansu 730900) 

Abstract  A concise synthesis of 3-dehydroxyphomonol has been accomplished in six steps from commercially available 
(R)-4-chloro-3-hydroxy-butyric acid ethyl ester or (S)-2-propyl-oxirane. The key steps involved Grignard reaction, Prins cy-
clization and palladium-catalyzed intramolecular alkoxycarbonylation to install the tetrahydropyran ring. The synthesis 
demonstrated an application of protecting-group-free strategy. 
Keywords  synthesis; 3-dehydroxyphomonol; Prins cyclization; palladium-catalyzed intramolecular alkoxycarbonylation 

 

1  Introduction 

Functionalized tetrahydropyran rings are very important 
building blocks avaible in natural products, such as neo-
peltolide,[1] cyanolide A,[2] aspergillide A[3] and man-
delalide A.[4] During the last several decades, many efforts 
and contributions had been made for the construction of 
tetrahydropyrans in total synthesis of natural products, 
including Prins cyclization,[5] oxo-Michael addition,[6] rad-
ical cyclization,[7] transition metal catalized cyclization[8] 
and hetero-Diels-Alder reaction.[9] 

Phomonol (1), a tetrasubstituted tetrahydropyran natural 
product, was isolated from the endophytic fungal strain 
Phomopsis sp. A123 (Figure 1).[10] This strain was isolated 
from leaves of the mangrove species, Kandelia candel, 
collected in the Fugong Mangrove Conservation Area, 
Fujian, China. Its highly substituted tetrahydropyran ring 
has attracted many research groups.[11] We have revealed 
the protecting-group-free synthesis of 4-epi-phomonol in 
our previous work.[11f] Herein, the synthesis of 

3-dehydroxyphomonol (2), which might helpful for further 
biological studies of phomonol and analogues, was report-
ed. 
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Figure 1  Structures of phomonol (1) and 3-dehydroxypho- 
monol (2) 

2  Results and discussion 

Our retrosynthetic analysis of 3-dehydroxyphomonol is 
depicted in Scheme 1. The methyl ketone could be estab-
lished by Grignard reaction from weinreb amide 3, while 
the tetrahydropyran ring was constructed by Prins cycliza-
tion from alchol 4, which could be easily derived from 
commerically available (R)-4-chloro-3-hydroxy-butyric 
acid ethyl ester 5. 
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Scheme 1  Retrosynthetic analysis of 3-dehydroxyphomonol 

According to the retrosynthetic analysis, we began our 
synthesis of 3-dehydroxyphomonol from commercially 
available (R)-4-chloro-3-hydroxy-butyric acid ethyl ester 5 
(Scheme 2). Iodation of 5 afforded ethyl ester 6 under the 
condition of sodium iodide in acetone.[12] Epoxidation of 
ester 6 was then occurred in the presence of silver(I) oxide, 
and the corresponding epoxy-ester 7 was obtained in 80% 
yield.[13] Treating 7 with vinylmagnesium bromide ob-
tained alcohol-ester 8, which was converted to Weinreb 
amide 4 in the presence of N-mehtoxymethyl amine. Sub-
jecting 4 to the Prins cyclization, followed by trifluoroace-
tyl deprotection, afforded the desired tetrahydropyran 3. 
Treatment of 3 with methylmagnesium iodide obtained 
3-dehydroxyphomonol (2) in 85% yield. 

Cl

OH

OEt

O
NaI, acetone, 100 oC

tube-sealed, 6 h
I

OH

OEt

O

Ag2O, CH3CN

r.t, 22 h, 80% OC2H5

O
O MgBr

THF, -30 oC, 90%

CuI,

5 6

7

OH

OEt

O

8

CF3CO2H, n-butanal

then K2CO3, CH3OH

i-PrMgCl, THF

MeNH(OMe) HCl

O N

O

OH

O

4

3

CH3MgI, THF

86%

O

O

OH
2

87%

OH

N

O

80%

O
.

 

Scheme 2  Synthesis of 3-dehydroxyphomonol (2) 

The synthesis strategy aforementioned was elegant and 
useful, but also showed obvious shortcomings, such as the 
use of exspensive silver oxide with equilavent amount. 
Therefore, we developed an alternative route for the syn-
thesis of intermediate 3 from commercially available 
(S)-2-propyl-oxirane. The retrosynthetic analysis of 3 was 
outlined in Scheme 3. The Weinreb amide 3 was achieved 

from diol 9, exploiting the palladium-catalyzed intramo-
lecular alkoxycarbonylation. Diol 9 could be easily pre-
pared from (S)-2-propyl-oxirane. 

O

OH

N

O

3

O
OH OH

O

9

10  
Scheme 3  Retrosynthetic analysis of intermediate 3 

Synthesis of intermediate 3 was began with (S)-2-propyl- 
oxirane (Scheme 4). A three-step sequence including ring 
opening of 10, ozonolysis of 11, followed by Barbier-type 
reaction[14] smoothly generated diol 9 in 53% yield with 
moderate stereoselectivity (anti/cis＝4/1), and the desired 
isomer was separated by column chromatography. To con-
struct the tetrahydropyran ring, a palladium-catalyzed in-
tramolecular alkoxycarbonylation was applied to the diol 
9, providing the desired methyl ester 13 in good yield.[14] 
Transformation of methyl ester 13 to Weinreb 3 ended the 
alternative synthesis route. 
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Scheme 4  An alternative synthesis of intermediate 3 

3  Conclusions 

In conclusion, a concise synthesis of 3-dehydroxypho- 
monol was achieved in 6 steps from commercially availa-
ble materials. The synthesis of tetrahydropyran ring by 
Prins cyclization and palladium-catalyzed cyclyzation was 
highlighted. The synthesis might be helpful for the further 
biological studies toward phomonol and analogues. 

4  Expeimental section 

4.1  Instruments and reagents 

Oxygen- and moisture-sensitive reactions were carried 
out under argon atmosphere. Solvents were purified and 
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dried by standard methods prior to use. All commercially 
available reagents were used without further purification 
unless otherwise noted. Column chromatography was per-
formed on silica gel (200～300 mesh). Optical rotations 
were measured on a precision automated polarimeter. In-
frared spectra were recorded on a 670 FT-IR spectrometer. 
1H NMR and 13C NMR spectra were recorded on a 400 
MHz spectrometers. Chemical shifts are reported as δ val-
ues relative to internal chloroform (δ 7.27 for 1H NMR and 
77.0 for 13C NMR). 

4.2  Experimental method 

4.2.1  Synthesis of (R)-3-hydroxy-4-iodo-butyric acid 
ethyl ester (6) 

To a solution of 5 (2.0 g, 12.0 mmol) in acetone (30 mL) 
was added sodium iodide (7.3 g, 48.2 mmol) in one por-
tion. The reaction was proceeded in a sealed tube under 
100 ℃ for 6 h. The mixture was cooled down to room 
tempertature and solvents were evaporated, then water (30 
mL) was added and the mixture was extracted with ethyl 
acetate twice (50 mL×2). The combined organic phase 
was washed with saturated aq. Na2SO3, and dried over an-
hydrous Na2SO4. The solvent was removed, and the resi-
due was purified by flash column chromatography with 
EtOAc/hexane (V∶V＝1∶20) to give 6 (2.49 g, 89%) as a 
pale yellow oil. 20

D[ ]α ＋12 (c 0.5, CHCl3); 
1H NMR (400 

MHz, CDCl3) δ: 4.16 (dd, J＝12.0, 8.0 Hz, 2H), 3.99～
3.98 (m, 1H), 3.35～3.25 (m, 3H), 2.68～2.55 (m, 2H), 
1.26 (t, J＝8.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 
171.7, 67.4, 61.0, 40.7, 14.1, 12.0; IR (KBr) νmax: 3434, 
2981, 2925, 1726, 1184, 1024 cm－1; HRMS (ESIMS) 
calcd for C16H12ClO3 [M ＋ H] ＋  167.0469, found 
167.0465. 

4.2.2  Synthesis of (R)-oxiranyl-acetic acid ethyl ester 
(7) 

To a solution of 6 (2.3 g, 8.91 mmol) in CH3CN (30 mL) 
was added silver oxide (2.47 g, 10.7 mmol) in one portion. 
The mixture was stirred at room tempertature for 16 h in 
dark. The suspension was filtered throuth a celite pad and 
the filtrate was evaporated. The residue was purified by 
flash column chromatography with EtOAc/hexane (V∶ 
V＝1∶10) to give 7 (1.57 g, 82.2%) as a colorless oil. 

20
D[ ]α ＋9 (c 0.1, CHCl3); 

1H NMR (400 MHz, CDCl3) δ: 
4.20～4.13 (m, 2H), 3.26 (d, J＝4.0 Hz, 1H), 2.83～2.81 
(m, 1H), 2.62～2.54 (m, 3H), 1.25 (t, J＝8.0 Hz, 3H); 13C 
NMR (100 MHz, CDCl3) δ: 170.0, 60.5, 47.6, 46.3, 37.7, 
13.7; IR (KBr) νmax 2926, 1735, 1266, 1185, 1030 cm－1; 
HRMS (ESIMS) calcd for C6H11O3 [M＋H]＋ 131.0703, 
found 131.0696. 

4.2.3  Synthesis of (S)-3-hydroxy-hex-5-enoic acid 
ethyl ester (8) 

To a suspension of copper iodide (I) (82 mg, 0.43 
mmol) and 7 (0.5 g, 3.9 mmol) in THF (20 mL) was slowly 
added vinylmagnesium bromide (1.0 mol•L－1, 6.8 mL, 6.8 
mmol) at －40 ℃  under nitrogen. The reaction was 
stirred for 3 h at the temperature and then quenched by 

saturated NH4Cl. The mixture was extracted with ethyl 
acetate twice (50 mL×2). The combined organic phase 
was washed with brine and dried over anhydrous Na2SO4. 
The solvent was removed, and the residue was purified by 
flash column chromatography with EtOAc/hexane 
(V∶V＝1∶10) to give 8 (0.55 g, 90%) as a colorless oil. 

20
D[ ]α ＋35 (c 0.28, CHCl3); 

1H NMR (400MHz, CDCl3) δ: 
5.81～5.74 (m,1H), 5.10～5.06 (m, 2H), 4.12 (dd, J＝
16.0, 8.0 Hz, 2H), 4.05～4.03 (m, 1H), 2.99 (br, 1H), 
2.49～2.34 (m, 2H), 2.26～2.21 (m, 2H), 1.22 (t, J＝8.0, 
3H); 13C NMR (100 MHz, CDCl3) δ: 173.4, 134.5, 118.7, 
67.9, 61.3, 41.5, 41.2, 14.7; IR (KBr) νmax 3438, 2926, 
1727, 1642, 1374, 1265, 1175, 1029cm－1; HRMS (ESIMS) 
calcd for C8H15O3 [M＋H]＋ 159.1016, found 159.1013. 

4.2.4  Synthesis of (S)-N-methoxy-N-methyl-3-hydr- 
oxyhex-5-enoic acid amide (4) 

To a suspension of N,O-dimethylhydroxylamine hydro-
chloride (0.7 g, 7.2 mmol) and 8 (0.28 g, 1.8 mmol) in 
THF (20 mL) was slowly added iPrMgCl (2.0 mol•L－1, 7.2 
mL, 14.4 mmol) at －30 ℃ under nitrogen. The reaction 
was stirred for 3 h, and then quenched by saturated NH4Cl, 
The mixture was extracted with ethyl acetate twice (30  
mL×2). The combined organic phase was washed with 
brine and dried over anhydrous Na2SO4. The solvent was 
removed, and the residue was purified by flash column 
chromatography with EtOAc/hexane (V∶V＝1∶10) to 
give 4 (0.27 g, 86%) as a colorless oil. 20

D[ ]α ＋70 (c 0.5, 
CHCl3); 

1H NMR (400MHz, CDCl3) δ: 5.87～5.81 (m, 
1H), 5.14～5.08 (m, 2H), 4.10～4.07 (m, 2H), 3.71 (br, 
1H), 3.67 (s, 3H), 3.17 (s, 3H), 2.68～2.43 (m, 2H), 2.36～
2.22 (m, 2H); 13C NMR (100 MHz, CDCl3) δ: 173.6, 
134.4, 117.5, 67.3, 61.2, 40.8, 37.4, 31.8; IR (KBr) νmax 
3433, 2921, 1636, 1420, 1388, 1175, 1058 cm－1; HRMS 
(ESIMS) calcd for C8H16NO3 [M＋H]＋ 174.1125, found 
174.1119. 

4.2.5 Synthesis of (2S,4R,6S)-2-(4-hydroxy-6-propyl- 
tetrahydropyran-2-yl)-N-methoxy-N-methyl-acetamide 
(3) 

To a solution of 4 (0.35 g, 2.0 mmol) and n-butanal 
(0.22 g, 3.0 mmol) in dichloromethane (20 mL) was slowly 
added CF3CO2H (1.48 mL, 20.0 mmol) at room temptra- 
ture under nitrogen. The mixture was stirred for 3 h, and 
then K2CO3 (3.45 g, 25.0 mmol) in 10 mL of MeOH was 
added. The mixture stirred for another 2 h, and then ex-
tracted with ethyl acetate twice (30 mL×2). The combined 
organic phase was washed with brine and dried over anhy-
drous Na2SO4. The solvent was removed, and the residue 
was purified by flash column chromatography with EtOAc/ 
hexane (V∶V＝1∶3) to give 3 (0.39 g, 80%) as a color-
less oil. 20

D[ ]α ＋17 (c 0.35, CHCl3); 
1H NMR (400MHz, 

CDCl3) δ: 3.81～3.71 (m, 2H), 3.66 (s, 3H), 3.31～3.28 
(m, 1H), 3.15 (s, 3H), 2.86～2.80 (m, 1H), 2.41 (dd, J＝
16.0, 4.0 Hz, 2H), 2.04～2.00 (m, 1H), 1.88～1.84 (m, 
1H), 1.47～1.41 (m, 4H), 0.85 (t, J＝6.0 Hz, 3H); 13C 
NMR (100 MHz, CDCl3) δ: 171.9, 75.5, 72.2, 68.0, 61.4, 
41.2, 40.9, 38.2, 32.1, 29.7, 18.8, 14.1; IR (KBr) νmax: 
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3433, 2921, 1636, 1420, 1388, 1175, 1058  cm－1; HRMS 
(ESIMS) calcd for C12H24NO4 [M＋H]＋ 246.1700, found 
246.1691. 
4.2.6  Synthesis of (4S,6S)-non-1-ene-4,6-diol (9) 

To a suspension of copper iodide (I) (0.38 g, 2.0 mmol) 
and 10 (1.72 g, 20.0 mmol) in THF (20 mL) was slowly 
added vinylmagnesium bromide (1.0 mol•L－1, 25 mL, 25.0 
mmol) at －30 ℃  under nitrogen. The reaction was 
stirred for 6 h and quenched by saturated NH4Cl. The 
mixture was stirred for another 3 h and extracted with ether 
(50 mL×2). The combined organic phase was washed 
with saturated aq. NaCl and dried over anhydrous Na2SO4. 
The solvent was removed at 10 ℃ to give alcohol 11. The 
residue was used for next step without further purification. 

The residue 11 was dissolved in dichloromethane (90 
mL) and the solution was bubbled with ozone at －78 ℃ 
until a deep blue colour persisted. PPh3 (7.8 g, 30.0 mmol) 
was then slowly added, the mixture was stirred for 4 h at 
room temprature, and the solvent was removed. The resi-
due was dissolved in Et2O (50 mL), vigorously stirred for 1 
h. The suspension was filtered and the filtrate was evapo-
rated to give 12, which was used for was next step without 
further purification. 

The residue of 12 and allylic bromide (4.8 g, 40.0 mmol) 
were dissolved in THF (30 mL), followed by addition of 
NH4Cl (30 mL). The resulting mixture was cooled to －
20 ℃, and activated zinc dust (2.0 g, 60.0 mmol) was 
slowly added over 30 min. The mixture was then stirred 
vigorously at room temperature for 4 h, filtered through a 
pad of Celite. The filtrate was extracted with diethyl ether. 
The combined organic fractions were washed with brine, 
dried over anhydrous Na2SO4, filtered, and the solvent was 
removed. Flash chromatography (EtOAc/hexane, V∶ 
V＝1∶5) afforded diol 9 (1.67 g, 53% for 3 steps) as a 
colorless oil. 20

D[ ]α ＋18 (c 0.5, CHCl3); 
1H NMR (400 

MHz, CDCl3) δ: 5.88～5.78 (m, 1H), 5.17～5.13 (m, 2H), 
4.02～3.96 (m, 2H), 2.65 (br, 2H), 2.28 (dd, J＝12.0, 4.0 
Hz, 2H), 1.64～1.62 (m, 2H), 1.45～1.25 (m, 4H), 0.94 (t, 
J＝8.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 134.7, 
118.2, 69.0, 68.2, 42.0, 41.8, 39.6, 19.0, 14.1; IR (KBr) 
νmax 3365, 2926, 1638, 1458, 973 cm－1; HRMS (ESIMS) 
calcd for C9H19O2 [M＋H]＋ 159.1380, found 159.1387. 

4.2.7  Synthesis of (2S,4R,6S)-(4-Hydroxy-6-propyl- 
tetrahydropyran-2-yl)acetic acid methyl ester (13) 

To a solution of PdCl2 (40 mg, 0.23 mmol) and CuCl2 
(0.94 g, 7 mmol) in CH3CN (10 mL) under an atmosphere 
of CO (balloon) was added a solution of diol 9 (190 mg, 
1.2 mmol) in MeOH (10 mL). The reaction mixture was 
stirred at room temparature under an atmosphere of CO 
(balloon) for 6 h. The mixture was concentrated. Flash 
column chromatography (EtOAc/hexanes, V∶V＝1∶3) 
afforded alcohol 13 (207 mg, 80%) as a colorless oil. 

20
D[ ]α －25 (c 1.0, CHCl3); 

1H NMR (400 MHz, CDCl3) δ: 
3.83～3.73 (m, 2H), 3.68 (s, 3H), 3.31～3.28 (m, 1H), 
2.59 (dd, J＝16.0, 8.0 Hz, 1H), 2.43 (dd, J＝16.0, 4.0 Hz, 
1H), 2.01～1.91 (m, 2H), 1.37～1.12 (m, 4H), 0.88 (t,   

J＝6.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 171.7, 
75.5, 72.1, 68.0, 51.7, 41.0, 40.9, 40.7, 37.9, 18.7, 13.9; 
IR (KBr) νmax: 3435, 2925, 1725, 1418, 1168, 1055 cm－1; 
HRMS (ESIMS) calcd for C11H21O4 [M＋H]＋ 217.1434, 
found 217.1441. 

4.2.8  Synthesis of 3 from 13 

To a suspension of N,O-dimethylhydroxylamine hydro-
chloride (0.19 g, 2.0 mmol) and 13 (108 mg, 0.5 mmol) in 
THF (10 mL) was slowly added-iPrMgCl (2.0 mol•L－1, 2.0 
mL, 4.0 mmol) at －30 ℃ under nitrogen. The reaction 
was stirred for 3 h, and then quenched by saturated NH4Cl. 
The mixture was extracted with ethyl acetate twice (10  
mL×2). The combined organic phase was washed with 
brine, dried over anhydrous Na2SO4, and the solvent was 
removed. The residue was purified by flash column chro-
matography with EtOAc/hexane (V∶V＝1∶3) to give 3 
(0.1 g, 83%) as a colorless oil. 

4.2.9  Synthesis of 3-dehydroxyphomonol (2) 

To a solution of 3 (0.13 g, 0.53 mmol) in THF (10 mL) 
was slowly added methylmagnesium iodide (1.0 mol•L－1, 
2.0 mL, 2.0 mmol) at －30 ℃ under nitrogen. The reac-
tion was stirred for 3 h at the temperature and then 
quenched by saturated NH4Cl, extracted with ethyl acetate 
twice (50 mL×2), washed with brine, dried over anhy-
drous Na2SO4. The solvent was removed, and the residue 
was purified by flash column chromatography with 
EtOAc/hexane (V∶V＝1∶5) to give 3-dehydroxypho- 
monol 2 (89 mg, 84%) as a colorless oil. 20

D[ ]α ＋2 (c 0.2, 
CHCl3); 

1H NMR (400 MHz, CDCl3) δ: 3.82～3.71 (m, 
2H), 3.29～3.25 (m, 1H), 2.70 (dd, J＝16.0, 8.0 Hz, 1H), 
2.41 (dd, J＝16.0, 8.0 Hz, 1H), 2.15 (s, 3H), 1.95～1.88 
(m, 2H), 1.56 (s, 1H), 1.47～1.25 (m, 4H), 1.25～1.11 (m, 
2H), 0.85 (t, J＝6.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) 
δ: 207.1, 75.4, 71.9, 68.0, 49.7, 41.0, 41.0, 38.1, 31.0, 18.8, 
14.0; IR (KBr) νmax: 3411, 2928, 1712, 1365, 1261, 1140, 
1175, 1115 cm－1; HRMS (ESIMS) calcd for C11H21O3 [M
＋H]＋ 201.1485, found 201.1477. 

 
Supporting Information  1H NMR and 13C NMR spectra 
of compounds. This material is available free of charge via 
the Internet at http://sioc-journal.cn/. 
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