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[Abstract] Objective To study the optimization conditions for Sharpless asymmetric epoxidation—based synthesis of chiral glyc-
idyl alcohols and their phosphoester compounds. Methods With allyl alcohol as the starting material, we synthesized alkynyl, phenyl,
and alkyl (3b ~ 8b)substituted chiral glycidyl alcohols, followed by treatment with diphenyl chlorophosphate for corresponding phos-
phoester derivatives (3¢ ~ 5c, 8¢). We characterized the structures of the compounds by 'H nuclear magnetic resonance (NMR) , “C
NMR, *'P NMR, and mass spectrometry, measured their enantiomeric excess (ee) values by chiral high—performance liquid chroma-
tography, and preliminarily evaluated their antitumor activities. Results Ten chiral glycidyl alcohols with different substitutions and
their phosphoester derivatives were synthesized. Antitumor activity tests showed that some of the compounds had inhibitory effects on
the proliferation of Hela cells, 231 cells, and HepG2 cells. Conclusion We established optimization conditions for Sharpless asym-
metric epoxidation and chiral glycidyl alcohol phosphoesterification, providing a reference for expanding the application of the Sharp-
less method.
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Figure 1 Sharpless asymmetric epoxidation
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Figure 2 Synthesis of epoxides and their phosphate esters
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212 F IR A AL BRIy ke 2-1K
He-3-IR -2, 3-FR N E (3b) : 'H NMR (CDCL;, 400
MHz) : & 7.43-7.24 (m,5H) , 4.25 (s, 1H) , 4.00-3.90
(m,1H),3.82 (dd,J = 12.4,9.1 Hz, 1H), 1.98 (dt,] =
94,47 Hz, 1H) , 1.60-1.43 (m, 1H) , 1.41-1.00 (m,
8H),0.76 (t,] = 6.8 Hz, 3H); "C NMR (CDCl;, 101
MHz) : & 135.61, 128.06, 127.54, 126.39, 66.16, 62.89,
60.23,31.74, 27.32, 24.24,22.17, 13.82. HRMS (ESI) :
calculated m/z [M + Na]* for [CisHxNaO,]*: 243.1356,
found: 243.1326.

2- B -3 PR B -2, 3B AR N e Bk W PR R TR
(3¢) : '"H NMR (CDCl;, 400 MHz) : & 7.58-7.06 (m,
15H) ,4.38 (d,J = 6.4 Hz,2H) ,4.08 (s,] = 22.8 Hz,
1H),1.47-1.35 (m,2H),1.33-1.16 (m,2H),1.15-1.05
(m,2H), 1.04 (s,2H),0.73 (d,] = 6.6 Hz, 3H); *'P
NMR (CDCls, 100 MHz) : 8 -11.75; “C NMR (CDCl,,
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Table 1 Synthesis of epoxide alcohols and their phosphate esters
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100 MHz) : & 150.47, 134.72, 129.89, 128.10, 127.80,
126.49, 125.54, 120.10, 70.50, 63.86, 61.61, 31.64,
26.45,24.01,22.18,13.83. HRMS (ESI) : calculated m/z
[M + NaJ* for [CosHaNaOsP]": 475.1645, found: 475.1629.

3-REL-2, 3-FFR4E N (4b) : 'H NMR (CDCls, 400
MHz) : & 7.42-7.27 (m,5H) ,4.08 (ddd,J = 12.8,4.9,
2.3 Hz, 1H) ,3.96 (d,]J = 2.1 Hz, 1H) , 3.87-3.78 (m,
1H) ,3.34-3.13 (m, 1H) ,2.06 (d,J = 7.1 Hz, 1H); “C
NMR (CDCly, 101 MHz) : & 136.64, 128.53, 128.35,
125.73,62.42,61.23,55.59.

3-REE -2, 3-FR A N SE LR — R (4¢) : 'H
NMR (CDCLs, 400 MHz) : & 7.69-7.02 (m, 15H) , 4.44
(dt,J = 156.7,48.0 Hz,2H),3.82 (s,1 H),3.29 (s,1 H);
P NMR (CDCl;, 100 MHz) : § -12.37; °C NMR (CDCl;,
100 MHz): 8 150.32,135.81,129.87,128.57,125.71,125.55,
120.15,120.10,68.22,59.56, 56.35. HRMS (ESI) : calcu-
lated m/z [M + Na]* for [C.iH,sNaOsP]*: 405.0862, found :
405.0838.

2- I 3 3- K Jk -2, 3- IR E N (5b) : 'H NMR
(CDCl;,400 MHz) : & 7.42-7.25 (m,5H),4.25 (s,1H),
3.89 (d,J = 12.5 Hz, 1H),3.78 (d,J = 12.5 Hz, IH) ,
1.32 (dd,J = 6.2,1.6 Hz, 1H) , 1.11 (s, 3H); *C NMR
(CDCL;, 101 MHz) : & 135.59, 128.14, 127.61, 126.43,
64.96,63.83,60.21, 13.48. HRMS (ESI) : calculated m/z
[M + Na]" for [CoH2NaO,]*: 187.0730,found: 187.0724.

2- W3 -3-JR BE -2, 3- PR AR TN ot S i R — R iR
(5¢): "H NMR (CDCl;,400 MHz) : 8 7.19 (dd,J = 30.8,
243 Hz,15H),4.44-4.11 (m,2H),4.01 (d,J = 20.5 Hz,
1H), 1.07 (d,J = 19.9 Hz, 3H); *'P NMR (CDCl;, 100
MHz) : §-11.86; "C NMR (CDCl;, 100 MHz) : &
149.35,133.59, 128.74, 127.09, 126.79, 125.45, 124.42,
118.95,71.49,60.47,60.17,12.15. HRMS (ESI) : calcu-
lated m/z [M + Na]" for [C.HxNaOsP]": 419.1019, found :
419.1004.

2,3-ZORHE-2, 3 N EE(6b) : 'H NMR (CD-
Cl;,400 MHz) : § 8.06-6.80 (m,10H),5.03 (s,1H),4.16
(s,1H),3.31 (s, 1H),2.42 (s, 1H); "C NMR (CDCL,
101 MHz) : & 139.06, 136.45, 128.70, 128.48, 128.40,
128.31, 126.55, 125.71, 71.08, 64.92, 54.86. HRMS
(ESI) : calculated m/z [M + Na]* for [CisH.uNaO,] " :
249.0886, found : 249.0854.

1—2E -3 75 52 3- IR E A EE(7b) : 'H NMR
(CDCls, 400 MHz) : & 7.49-7.29 (m,4H) ,4.74 (1d,] =
4.8,2.1 Hz,1H),4.07 (d,J = 2.0 Hz,1H),3.33 (dd,]J =
2.8,2.2 Hz,1H),2.25 (1d,] = 7.1,2.0 Hz,2H) ,2.14 (d,
J =49 Hz, 1H) , 1.61-1.56 (m, 2H) , 1.46-1.07 (m,
6H) , 1.00-0.80 (m, 3H); "C NMR (CDCl;, 101 MHz) :
5 136.24, 131.50, 128.82, 128.58, 127.99, 127.81,
126.77,87.61,79.09,78.91, 63.22,31.33, 28.59, 28.56,
22.55,18.82, 14.06. HRMS (ESI) : calculated m/z [M +
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Nal' for [CxHNaO,]': 281.1512,found: 281.1096.

42, 3-F 45 T FEE(8b) : '"H NMR (CDCls,400
MHz) : & 3.98 (s, 1H),3.75 (s, 1H) , 3.57-3.14 (m,
3H),2.43-2.33 (m, 1H), 1.87 (d, ] = 46.3 Hz,2H) ,
1.33 (d,J = 3.8 Hz, 1H); "C NMR (CDCl;, 101 MHz) : §
79.62,72.64,59.94,59.74,42.16,21.77. GC-MS (EI) m/
2(%): 31.93(40),27.94(100),18.95(55),17.94(60).

4— R FE -2, 3- R4 T BESEBE IR — 2K TR (8¢) : 'H
NMR (CDCls,400 MHz) : 8 7.21 (dd,J = 50.1,64.0 Hz,
10H) ,4.34-4.15 (m,2H),3.35 (s,1 H),3.26 (s,1 H),
2.28 (s, 1 H); *P NMR (CDCl;, 100 MHz) : & -11.75;
“C NMR (CDCI;, 100 MHz) : & 148.91, 128.66, 124.67,
119.02, 77.84, 71.89, 65.87, 55.63, 41.70. HRMS
(ESI) : calculated m/z [M + Na]* for [C;;H;sNaOsP] " :
353.0549, found: 353.0526.
2.2 HiphETE RIS
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Table 2 Preliminary screening of antitumor activity of epoxide alcohols

and their phosphate esters

EM/1C, (M) Hela 231 HepG2
3b 320.42 — —
3¢ 22211 — —
4¢ — — 765.20
8c 66.75 176.45 91.59
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