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Spectral data for 3, 4, 5, 6a-6ad, 7, 14, 15, 18a-18c, 19a-19c, 24a-

24ad, 27a-27c, 28a-28c, 29a-29c, 30a-30c, 31a-31c, 32a-32c. 

Spectroscopic data, (in the order of scheme numbers) 
1
H spectral 

and LRMS data sheets for compounds 3, 4, 5, 6a-6ad, 7, 9a-9c, 

13-16, 18a-18d, 19a-19d, 24a-24ad, 25, 27a-27c, 28a-28c, 29a-

29c, 30a-30c, 31a-31c and 32a-32b. 

For Scheme 1 
2-((2E,6E)-3,7-Dimethyl-9-phenyl-nona-2,6-dienyloxy)-

tetrahydro-pyran (14) 
1
H NMR (400 MHz, CDCl3) =1.28-1.85 (m, 

12H), 2.00 (t, J = 8.4 Hz, 2H),  2.076 (t, J = 7.2Hz, 2H), 2.33 (t, J = 

8.8 Hz, 2H), 2.60-2.68 (m, 2H), 3.46-3.51 (m, 1H), 3.97-4.02 (m, 

1H), 4.10-4.23 (m, 1H), 4.57-4.61 (m, 1H), 5.07-5.11 (M, 1H), 5.27-

5.34 (m, 1H), 7.09-7.26 (m, 5H) 

(2E,6E)-3,7-Dimethyl-9-phenyl-nona-2,6-dien-1-ol  (15) 
1
H NMR 

(400 MHz, CDCl3) =1.63 (s, 3H), 1.64 (s, 3H), 1.98 (t, J = 8.4 Hz, 

2H), 2.06-2.11 ( m, 2H), 2.23-2.30 (m, 2H), 4.12 (d, J = 7.2 Hz, 

2H), 5.07–5.10 (m, 1H), 5.34–5.39 ( m, 1H), 7.13–7.16 (m, 3H), 

7.23–7.26 (m, 2H). 

(2E,6E)-3,7-Dimethyl-9-phenyl-nona-2,6-dien-1-diphosphate (3) 
1
H NMR (400 MHz, D2O) =1.51 (s, 3H), 1.53 (s, 3H), 1.86 (t, J = 

8.0 Hz, 2H), 1.93-2.0 (m, 2H), 2.15 (t, J = 7.6 Hz, 2H), 2.60 (t, J = 

7.6 Hz, 2H), 4.30 (t, J = 6.8 Hz, 2H), 5.0 (t, J = 6.8 Hz, 1H), 5.26 (t, 

J = 6.8 Hz, 1H), 7.06-7.21 (m, 5H); 
31

P NMR (D2O, 161.8 MHz) -

6.37 (d, J = 22.0 Hz, 1P), -9.50 (d, J = 22.0Hz, 1P). LRMS: (EI) 

(M
+
-H

+
) 403   (M

+
) 404.  

For Scheme 2 
(2E,6E)-3,7-Dimethyl-8-phenylsulfanyl-octa-2,6-dien-1-ol (19a) 

 

1
H NMR (400 MHz, CDCl3) =1.62 (s, 3H), 1.73 (s, 3H), 1.93 (t, J = 

8.0 Hz, 2H), 2.05-2.10 (m, 2H), 3.48 (s, 2H), 4.11 (d, J = 6.8 Hz, 

2H), 7.17-7.32 (m, 5H).  

 (2E,6E)-8-Benzyloxy-3,7-dimethyl-octa-2,6-dien-1-ol (19b) 
1
H 

NMR (400 MHz, CDCl3) =1.71 (s, 3H), 2.10-2.24 (m, 4H), 3.92 (s, 

2H), 4.16 (d, J = 6.2 Hz, 2H), 4.48 (s, 2H), 5.41-5.49 (m, 2H), 7.33-

7.38 (m, 5H).  

 (2E,6E)-3,7-Dimethyl-8-(3,4,5-trimethoxy-benzyloxy-octa-2,6-

dien-1-ol (19c) 
1
H NMR (400 MHz, CDCl3) =1.53 (s, 3H), 1.66 (s, 

3H), 2.056 (t, J = 8.0 Hz, 2H), 2.14-2.20 (m, 2H), 3.81 (s, 3H), 3.84 

(s, 6H), 6.37 (d, J = 0.8 Hz, 2H), 4.13 (d, J = 6.8 Hz, 2H), 4.35 (s, 

2H), 5.38-5.41 (m, 2H), 6.54 (s, 2H).  

(2E,6E)-3,7-Dimethyl-8-phenylsulfanyl-octa-2,6-dien-1-

diphosphate (4)  
1
H NMR (400 MHz, D2O) =1.48 (s, 3H), 1.54 (s, 

3H), 1.96 (t, J = 6.8 Hz, 2H), 2.05 (t, J = 7.2 Hz, 2H), 3.79 (s, 2H), 

4.28 (t, J = 6.4 Hz, 2H), 5.28-5.33 (m, 2H), 7.21-7.25 (m, 2H); 
31

P 

NMR (D2O, 161.8 MHz)  -7.20 (d, J = 20.2 Hz, 1P), -9.50 (d, J = 

20.2 Hz, 1P). LRMS: (EI) (M
+
-H

+
)   421 (M

+
) 422.  

(2E,6E)-8-Benzyloxy-3,7-dimethyl-octa-2,6-dien-1-diphosphate 

(5)  
1
H NMR (400 MHz, D2O) =1.45 (s, 3H), 1.52 (s, 3H), 1.74 (t, J 

= 8.0 Hz, 2H), 1.87-1.90 (m, 2H), 3.38 (s, 2H), 4.25 (t, J = 6.8 Hz, 

2H), 4.63 (s, 2H), 5.04 (t, J = 6.4 Hz, 1H), 5.15 (t, J = 6.4 Hz, 1H), 

7.12-7.24 (m, 5H); 
31

P NMR (D2O, 161.8 MHz) -8.1 (d, J = 20.2 Hz, 

1P), -9.30 (d, J = 20.2 Hz, 1P). LRMS: (EI) (M
+
-H

+
)   419 (M

+
) 420.  

(2E,6E)-3,7-Dimethyl-8-(3,4,5-trimethoxy-benzyloxy-octa-2,6-

dien-1-diphosphate (7) 
1
H NMR (400 MHz, D2O) =1.46 (s, 3H), 

1.54 (s, 3H), 1.191 (t, J = 6.4 Hz, 2H), 1.99-2.02 (m, 2H), 3.58 (s, 

3H), 3.66 (s, 6H), 3.72 (s, 2H), 4.20 (s, 2H), 4.29 (t, J = 6.0 Hz, 

2H), 5.24-5.32 (m, 2H), 6.50 (s, 1H); 
31

P NMR (D2O, 161.8 MHz)  

-6.41 (d, J = 20.7 Hz, 1P), -9.43 (d, J = 20.7 Hz, 1P). LRMS: (EI) 

(M
+
-H

+
) 509 (M

+
) 510.  

For Scheme 3 
 (2E,6E)-8-(-phenoxy)-3,7-dimethyl-octa-2,6-dien-1-ol (24a)

  1
H 

NMR (400 MHz, CDCl3) =1.67 (s, 3H), 1.73(s, 3H), 2.08 (t, J = 8.0 

Hz, 2H), 2.18-2.24 (m, 2H), 4.13 (d, J = 7.6 Hz, 2H), 4.37 (s, 2H), 

5.37-5.42 (m, 1H), 5.49-5.53 (m, 1H), 6.90-6.95 (m, 2H), 7.24-7.28 

(m, 2H).  

(2E,6E)-8-(2-Fluoro-phenoxy)-3,7-dimethyl-octa-2,6-dien-1-ol 

(24b) 
  1

H NMR (400 MHz, CDCl3) =1.66 (s, 3H), 1.73 (s, 3H), 

2.06 (t, J = 8.0 Hz, 2H), 2.16-2.22 (m, 2H), 4.13 (d, J = 7.6 Hz, 

2H), 4.44 (s, 2H), 5.36-5.40 (m, 1H), 5.49-5.52 (m, 1H), 6.84-7.08 

(m, 4H).  

(2E,6E)-8-(3-Fluoro-phenoxy)-3,7-dimethyl-octa-2,6-dien-1-ol 

(24c) 
 1
H NMR (400 MHz, CDCl3) =1.65 (s, 3H), 1.70 (s, 3H), 2.06 

(t, J = 7.6 Hz, 2H), 2.15-2.22 (m, 2H), 4.12 (d, J = 6.8 Hz, 2H), 

4.34 (s, 2H), 5.38 (t, J = 6.0 Hz, 1H), 5.49 (t, J = 7.6 Hz, 1H), 6.60-

6.70 (m, 3H), 7.20-7.25 (m, 1H).  

(2E,6E)-8-(4-Fluoro-phenoxy)-3,7-dimethyl-octa-2,6-dien-1-ol 

(24d) 
  1

H NMR (400 MHz, CDCl3) =1.67 (s, 3H), 1.71 (s, 3H), 

2.07 (t, J = 8.0 Hz, 2H), 2.22-2.16 (m, 2H), 4.13 (d, J = 6.8 Hz, 

2H), 4.32 (s, 2H), 5.37-5.42 (m, 1H), 5.47-5.51 (m, 1H), 6.80-6.85 

(m, 2H), 6.91-6.07 (m, 2H).   

(2E,6E)-8-(2,6-Difluoro-phenoxy)-3,7-dimethyl-octa-2,6-dien-1-

ol (24e) 
  1

H NMR (400 MHz, CDCl3) =1.63 (s, 3H), 1.77 (s, 3H), 

2.0 (t, J = 8.4 Hz, 2H), 2.11-2.17 (m, 2H), 4.12 (d, J = 6.8 Hz, 2H), 

4.48 (s, 2H), 5.33-5.38 (m, 1H), 5.41-5.45 (m, 1H), 6.81-6.95 (m, 

3H).  

(2E,6E)-8-(3,4-Difluoro-phenoxy)-3,7-dimethyl-octa-2,6-dien-1-

ol (24f) 
  1

H NMR (400 MHz, CDCl3) =1.67 (s, 3H), 1.70 (s, 3H), 

2.07 (t, J = 8.0 Hz, 2H), 2.17-2.22 (m, 2H), 4.14 (d, J = 6.8 Hz, 

2H), 4.31 (s, 2H), 5.38-5.42 (m, 1H), 5.47-5.51 (m, 1H), 6.56-6.60 

(m, 1H), 6.67-6.73 (m, 1H), 6.98-7.06 (m, 1H).  

(2E,6E)-8-(2, 3-Difluoro -phenoxy)-3,7-dimethyl-octa-2,6-dien-

1-ol (24g) 
 1
H NMR (400 MHz, CDCl3) =1.66 (s, 3H), 1.73 (s, 3H), 

2.06 (t, J = 8.0 Hz, 2H), 2.16-2.22 (m, 2H), 4.14 (d, J = 6.8 Hz, 

2H), 4.44 (s, 2H), 5.37-5.41 (m, 1H), 5.49-5.53 (m, 1H), 6.70-6.77 

(m, 1H), 6.90-6.96 ( m, 1H).  

 
(2E,6E)-8-(3, 5-Difluoro -phenoxy)-3,7-dimethyl-octa-2,6-dien-

1-ol (24h) 
 1

H NMR (400 MHz, CDCl3) =1.66 (s, 3H), 2.06 (t, J = 

8.0 Hz, 2H), 2.16-2.22 (m, 2H), 4.13 (d, J = 7.2 Hz, 2H), 4.32 (s, 

2H), 5.36-5.41 (m, 1H), 5.47-5.50 (m, 1H), 6.34-6.43 (m, 3H).  

(2E, 6E)-3,7-Dimethyl-8-(2,3,5,6-tetrafluoro-phenoxy)-oct-2-en-

ol (24i) 
 1

H NMR (400 MHz, CDCl3) =1.64 (s, 3H), 1.75 (s, 3H), 

2.00 (t, J = 8.0 Hz, 2H), 2.12-2.18 (m, 2H), 4.13 (d, J = 7.6 Hz, 

2H), 4.57 (s, 2H), 5.35-5.38 (m, 1H), 5.44-5.48 (m, 1H), 6.70-6.79 

(m, 1H).  

3-(2E,6E)-8-Hydroxy-2,6-dimethyl-octa-2,6-dienyloxy)-

benzonitrile (24j) 
  1

H NMR (400 MHz, CDCl3)  1.67 (s, 3H), 1.70 

(s, 3H), 2.07 (t, J = 8.0 Hz, 2H), 2.23-2.18 (m, 2H), 4.14 (d, J = 7.2 

Hz, 2H), 4.39 (s, 2H), 5.37-5.42 (m, 1H), 5.49-5.53 (m, 1H), 7.11-

7.13 (m, 2H), 7.20-7.23 (m, 1H), 7.32-7.36 (m, 1H).  

4-((2E,6E)-8-Hydroxy-2,6-dimethyl-octa-2,6-dimethyl-octa-2,6-

dienyloxy)-benzonitrile (24k) 
  1

H NMR (400 MHz, CDCl3) =1.67 

(s, 3H), 1.71 (s, 3H), 2.07 (t, J = 8 Hz, 2H), 2.18-2.23 (m, 2H), 4.14 

(d, J = 6.8 Hz, 2H), 4.41 (s, 2H), 5.42-5.37 (m, 1H), 5.53-5.50 (m, 

1H), 6.93 (d, J = 8.8 Hz, 2H), 7.55 (d, J = 8.8 Hz, 2H).  

(2E,6E)-8-(4-Nitro-phenoxy)-3,7-dimethyl-octa-2,6-dien-1-ol  

(24l) 
 1
H NMR (400 MHz, CDCl3) =1.66 (s, 3H), 1.72 (s, 3H), 2.06 
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(t, J = 8.4 Hz, 2H), 2.24-2.18 (m, 2H), 4.14 (d, J = 6.8 Hz, 2H), 

4.46 (s, 2H), 5.37-5.42 (m, 1H), 5.51-5.55 (m, 1H), 6.94 (d, J = 9.2 

Hz, 2H), 8.17 (d, J = 9.2 Hz, 2H).  

(2E,6E)-8-(2-Bromo-phenoxy)-3,7-dimethyl-oct-2-en-1-ol (24m) 
  

1
H NMR (400 MHz, CDCl3)  1.67 (s, 3H), 1.75 (s, 3H), 2.08 (t, J = 

8.0Hz, 2H), 2.2 (m, 2H), 4.13 (d, J = 6.8 Hz, 2H), 4.44 (s, 1H), 

5.38-5.42 (m, 1H), 5.52-5.56 (m,1H), 6.8 (ddd, J = 1.6, 7.6, 7.6 Hz, 

1H), 6.87 (d, J = 11.5 Hz, 1H), 7.19-7.24 (1H, m), 7.52 (dd, J = 1.6, 

7.6 Hz, 1H).  

(2E,6E)-8-(3-Bromo-phenoxy)-3,7-dimethyl-octa-2,6-dien-ol 

(24n) 
  1

H NMR (400 MHz, CDCl3) =1.67 (s, 3H), 1.70 (s, 3H), 

2.07 (t, J = 8.0 Hz, 2H), 2.16-2.23 (m, 2H), 4.13 (d, J = 7.6 Hz, 

2H), 4.35 (s, 2H), 5.37-5.42 (m, 1H), 5.47-5.52 (m, 1H), 6.81-6.84 

(m, 1H), 7.04-7.06 (m, 2H), 7.10 (t, J = 7.2 Hz, 1H).  

(2E,6E)-8-(4-Bromo-phenoxy)-3,7-dimethyl-octa-2,6-dien-ol 

(24o) 
1
H NMR (400 MHz, CDCl3)  1.67 (s, 3H), 1.70 (s, 3H), 2.07 

(t, J = 8.0 Hz, 2H), 2.17-2.21 (m, 2H), 4.13 (d, J = 7.2 Hz, 2H), 

4.33 (s, 2H), 5.37-5.41 (m, 1H), 5.47-5.51 (m, 1H), 6.77 (d, J = 8.8 

Hz, 2H), 7.34 (d, J = 8.8 Hz, 2H).  

(2E,6E)-8-(3-Trifluoromethyl-phenoxy)-3,7-dimethyl-octa-2,6-

dien-1-ol (24p) 
  1

H NMR (400 MHz, CDCl3) =1.67 (s, 3H), 1.72 

(s, 3H), 2.07 (t, J = 8.0 Hz, 2H), 2.15-2.23 (m, 2H), 4.13 (d, J = 7.2 

Hz, 2H), 4.40 (s, 2H), 5.38-5.42 (m, 1H), 5.51-5.54 (m, 1H), 7.04-

7.19 (m, 3H), 7.35 (t, J = 8.0 Hz, 1H).  

(2E,6E)-8-(3,5-dichloro-phenoxy)-3,7-dimethyl-oct-2-en-1-ol  

(24q) 
  1

H NMR (400 MHz, CDCl3) =1.67 (s, 3H), 1.70 (s, 3H), 

2.07 (t, J = 8.4 Hz, 2H), 2.17-2.23 (m, 2H), 4.14 (d, J = 7.6 Hz, 

2H), 4.34 (s, 2H), 5.38-5.42 (m, 1H), 5.47-5.52 (m, 1H), 6.79 (d, J 

= 1.6 Hz, 2H), 6.92 (t, J = 1.6Hz, 1H).  

(2E,6E)-8-(3,4-Dichloro-phenoxy)-3,7-dimethyl-octa-2,6-dien-1-

ol (24r) 
  1

H NMR (400 MHz, CDCl3) =1.67 (s, 3H), 1.70 (s, 3H), 

2.07 (t, J = 8.0 Hz, 2H), 2.23-2.16 (m, 2H), 4.14 (d, J = 7.2 Hz, 

2H), 4.34 (s, 2H), 5.42-5.38 (m, 2H), 5.48-5.51 (m, 2H), 6.75 (dd, J 

= 2.8, 8.8 Hz, 1H), 6.98 (d, J = 2.8 Hz, 1H), 7.29 (d, J = 8.8 Hz, 

1Hz).  

(2E,6E)-8-(2-Iodo-phenoxy)-3,7-dimethyl-oct-2-en-1-ol (24s) 
  1

H 

NMR (400 MHz, CDCl3) =1.67 (s, 3H), 1.76 (s, 3H), 2.08 (t, J = 

7.6 Hz), 2.24-2.19 (m, 2H), 4.14 (d, J = 6.8 Hz, 2H), 4.42 (s, 2H), 

5.54-5.58 (m, 1H), 6.68 (ddd, J = 2.0, 8, 8Hz, 1H), 6.78 (dd, J =  

8.0, 1.2 Hz, 1H), 7.23-7.27 (m, 1H), 7.75 (dd, J = 8.0, 2.0 Hz, 1H).  

(2E,6E)-8-(3-Iodo-phenoxy)-3,7-dimethyl-octa-2,6-dien-1-ol  

(24t) 
 1

H NMR (400 MHz, CDCl3)  1.67 (s, 3H), 1.70 (s, 3H), 2.07 

(t, J = 8 Hz, 2H), 2.23-2.17 (m, 2H), 4.13 (d, J = 7.6 Hz, 2H), 4.34 

(s, 2H), 5.38-5.42 (m, 2H),  5.52-5.48 (m, 2H), 6.84-6.87 (m, 1H), 

6.96 (t, J = 8.0 Hz, 1H), 7.27-7.24 (m, 2H).  

(2E,6E)-8-(4-Iodo-phenoxy)-3,7-dimethyl-octa-2,6-dien-1-ol  

(24u) 
  1

H NMR (400 MHz, CDCl3) =1.67 (s, 3H), 1.70 (s, 3H), 

2.07 (t, J = 8.0 Hz, 2H), 2.17-2.22 (m, 2H), 4.13 (d, J = 7.2 Hz, 

2H), 4.33 (s, 2H), 5.37-5.41 (m, 1H), 5.47-5.50 (m, 1H), 6.67 (d, J 

= 8.8 Hz, 2H), 7.64 (d, J = 9.2 Hz, 2H).  

(2E, 6E)-8-(2-Ethyl-phenoxy)-3,7-dimethyl-octa-2,6-dien-1-ol 

(24v) 
  1

H NMR (400 MHz, CDCl3) =1.19 (t, J = 7.6 Hz, 3H), 1.68 

(s, 3H), 1.73 (s, 3H), 2.08 (t, J = 8, 2H), 2.16-2.24 (m, 2H), 2.65 (q, 

J = 0.8, 7.2, 7.2 Hz, 2H), 4.13 (d, J = 6.8 Hz, 2H), 4.37 (s, 2H), 

5.38-5.43 (m, 1H), 5.49-5.54 (m, 1H), 6.81 (d, J = 8.0 Hz, 1H), 

6.87 (ddd, J = 0.8, 7.2, 7.2 Hz, 1Hz), 7.10-7.15 (m, 2H).  

(2E,6E)-8-(3-Ethyl -phenoxy)-3,7-dimethyl-octa-2,6-dien-1-ol 

(24w) 
 1

H NMR (400 MHz, CDCl3) =1.22 (t, J = 7.6 Hz, 3H), 1.76 

(s, 3H), 1.72 (s, 3H), 2.08 (t, J = 8.0 Hz, 2H), 2.17-2.23 (m, 2H), 

2.61 (q, J = 7.6, 7.6 Hz), 4.13 (d, J = 6.8 Hz, 2H), 4.36 (s, 2H), 

5.37-5.42 (m, 1H), 5.49-5.53 (m, 1H), 6.70-6.83 (m, 3H), 7.17 (t, J 

= 8.0 Hz, 1H).  

(2E,6E)-8-(4-ethyl -phenoxy)-3,7-dimethyl-oct-2-en-1-ol  (24x) 
 

1
H NMR (400 MHz, CDCl3) =1.19 (t, 7.6 Hz, 3H), 1.67 (s, 3H), 

1.71 (s, 3H), 2.07 (t, J = 8.4 Hz, 2H), 2.17-2.23 (m, 2H), 2.57 (q, J 

= 8.8 Hz, 1H), 4.13 (d, J = 7.6 Hz, 2H), 4.34 (s, 2H), 5.37-5.42 (m, 

1H), 5.52-5.48 (m, 1H), 6.82 (d, J = 8.8 Hz, 2H), 7.08 (d, J = 8.8 

Hz, 2H).  

 (2E,6E)-8-(3-Trifluoromethoxy -phenoxy)-3,7-dimethyl-octa-

2,6-dien-1-ol (24y) 
  1

H NMR (400 MHz, CDCl3) =1.65 (s, 3H), 

1.70 (s, 3H), 2.08 (t, J = 8.0 Hz, 2H), 2.15-2.20 (m, 2H), 4.10 (d, J 

= 6.8 Hz, 2H), 4.50 (s, 2H), 5.35 (t, J = 6.5 Hz, 1H), 5.48 (t, J = 6.5 

Hz, 1H), 6.70-6.80 (m, 3H), 7.23-7.30 (m, 1H) 

(2E,6E)-8-(4-Trifluoromethoxy- phenoxy)-3,7-dimethyl-oct-2-

en-1-ol (24z) 
  1

H NMR (400 MHz, CDCl3) =1.67 (s, 3H), 1.71 (s, 

3H), 2.08 (t, J = 8.4 Hz, 2H), 2.18-2.23 (m, 2H), 4.14 (d, J = 7.2 

Hz, 2H), 4.35 (s, 2H), 5.38-5.42 (m, 1H), 5.48-5.52 (m, 1H), 6.87 

(d, J = 9.2 Hz, 2H), 7.11 (d, J = 9.2 Hz, 2H).  

(2E,6E)-8-(3-Isopropyl-phenoxy)-3,7-dimethyl-octa-2,6-dien-1-

ol (24aa) 
  1

H NMR (400 MHz, CDCl3) =1.22 (d, J = 7.2Hz, 6H), 

1.67 (s, 3H), 1.73 (s, 3H), 2.07 (t, J = 8.0 Hz, 2H), 2.16-2.23 (m, 

2H), 2.80-2.90 (m, 1H), 4.13 (d, J = 6.8 Hz, 2H), 4.36 (s, 2H), 5.38-

5.42 (m, 1H), 5.49-5.53 (m, 1H), 6.70-6.73 (m, 1H), 6.78-6.80 (m, 

1H), 8.0-8.1 (m, 1H), 7.17 (t, J = 7.2 Hz, 1H).  

(2E,6E)-8-(4-Isopropyl-phenoxy)-3,7-dimethyl-octa-2,6-dien-1-

ol (24ab) 
  1

H NMR (400 MHz, CDCl3) =1.67 (s, 3H), 1.72 (s, 3H), 

2.07 (t, J = 8.0 Hz, 2H), 2.16-2.23 (m, 2H), 2.79-2.89 (m, 1H), 4.13 

(d, J = 6.8 Hz, 2H), 4.34 (s, 2H), 5.37-5.42 (m, 1H), 5.48-5.52 (m, 

1H), 6.83 (d, J = 8.8 Hz, 2H), 7.11 (d, J = 8.4 Hz, 2H).  

(2E,6E)-8-(2-phenyl-phenoxy)-3,7-dimethyl-octa-2,6-dien-1-ol 

(24ac) 
1
H NMR (400 MHz, CDCl3) =1.62 (s, 3H), 1.65 (s, 3H), 

2.03 ( t, J = 8.4 Hz, 2H), 2.12-2.17 (m, 2H), 4.10 (dd, J = 0.8, 7.2 

Hz, 2H), 4.35 (s, 2H), 5.34-5.43 (m, 2H), 6.94-7.03 (m, 2H), 7.25- 

7.40 (m, 5H), 7.52-7.54 (m, 2H).  

(2E,6E)-8-(4-benzyl-phenoxy)-3,7-dimethyl-octa-2,6-dien-1-ol 

(24ad) 
 1

H NMR (400 MHz, CDCl3) =1.65 (s, 3H), 1.70 (s, 3H), 

2.05 (t, J = 8.4 Hz, 2H), 2.15-2.21 (m, 2H), 8.90 (s, 2H),  4.11 (d, J 

= 5.6 Hz, 2H), 4.32 (s, 2H), 5.35-5.40 (m, 1H), 5.45-5.50 (m, 1H), 

6.80-6.83 (m, 2H), 7.04-7.07 (m, 2H), 7.14-7.18 (m, 3H), 7.23-7.27 

(m, 2H).  

(2E,6E)-3,7-Dimethyl-8-phenoxy-octa-2,6-dien-1-diphosphate 

(6a)
  1

H NMR (400 MHz, D2O) =1.53 (s, 6H), 1.95 (t, J = 7.2 Hz, 

2H), 2.02-2.10 (m, 2H), 4.30 (t, J = 6.4 Hz, 2H), 4.40 (s, 2H), 5.23 

(t, J = 6.4 Hz, 1H), 5.46 (t, J = 6.4 Hz, 1H), 6.90-6.95 (m, 3H), 

7.19-7.22 (m, 2H); 
31

P NMR (D2O, 161.8 MHz)  -5.51 (d, J = 20.7 

Hz, 1P), -9.20 (d, J = 20.7 Hz, 1P). LRMS: (EI) (M
+
-H

+
) 405 (M

+
) 

406. 
 

(2E,6E)-8-(2-Fluoro -phenoxy)-3,7-dimethyl-octa-2,6-dien-1-

diphosphate (6b) 1
H NMR (400 MHz, D2O) =1.50 (s, 3H), 1.53 

(s, 3H), 1.91 (t, J = 7.6 Hz, 2H), 2.01-2.06 (m, 2H), 4.26 (t, J = 6.4 

Hz, 2H), 4.41 (s, 2H), 5.23 (t, J = 7.2 Hz, 1H), 5.40 (t, J = 7.2 Hz, 

1H), 6.80-6.86 (m, 1H), 6.94-7.03 (m, 3H); 
31

P NMR (D2O, 161.8 

MHz) =-6.84 (d, J = 20.0 Hz, 1P), -9.58 (d, J = 20.0Hz, 1P). 

LRMS: (EI) (M
+
-H

+
) 423 (M

+
) 424.  

(2E,6E)-8-(3-Fluoro -phenoxy)-3,7-dimethyl-octa-2,6-dien-1-

diphosphate (6c) 
1
H NMR (400 MHz, D2O)  1.52 (s, 6H), 1.94 (t, 

J = 7.2 Hz, 2H), 2.03 - 2.08 (m, 2H), 4.28 (t, J = 6.8 Hz, 2H), 4.33 

(s, 2H), 5.25 (t, J = 6.8 Hz, 1H), 5.41 (t, J = 6.8 Hz, 1H), 6.58-6.66 
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(m, 3H), 7.12-7.18 (m, 1H); 
31

P NMR (D2O, 161.8 MHz) =-9.29 (d, 

J = 19.5 Hz, 1P), -9.05 (d, J = 19.5Hz, 1P). LRMS: (EI) (M
+
-H

+
) 

423 (M
+
) 424.  

(2E,6E)-8-(4-Fluoro -phenoxy)-3,7-dimethyl-octa-2,6-dien-1-

diphosphate (6d) 
1
H NMR (400 MHz, D2O) =1.52 (s, 6H), 1.93 (t, 

J = 7.6 Hz, 2H), 2.02-2.07 (m, 2H), 4.28 (t, J = 6.4 Hz, 2H), 4.30 (s, 

2H), 5.26 (t, J = 6.8 Hz, 1H), 5.40 (t, J = 6.4 Hz, 6.80-6.84 (m, 2H), 

6.87-6.93 (m, 2H); 
31

P NMR (D2O, 161.8 MHz) =-6.28 (d, J = 22.0 

Hz, 1P), -9.46 (d, J = 22.0 Hz, 1P). LRMS: (EI) (M
+
-H

+
) 423 (M

+
) 

424.  

(2E,6E)-8-(2, 6-Difluoro -phenoxy)-3,7-dimethyl-octa-2,6-dien-

1-diphosphate (6e) 
1
H NMR (400 MHz, D2O) =1.48 (s, 3H), 1.61 

(s, 3H), 1.84 (t, J = 7.6 Hz, 2H), 1.97-2.02 (m, 2H), 4.27 (t, J = 6.0 

Hz, 2H), 4.42 (s, 2H), 5.20 (t, J = 7.2 Hz, 1H), 5.31 (t, J = 6.8 Hz, 

1H), 6.84-7.00 (m, 3H); 
31

P NMR (D2O, 161.8 MHz) =-6.14 (d, J = 

22.0 Hz, 1P), -9.47 (d, J = 22.0Hz, 1P). LRMS: (EI) (M
+
-H

+
) 441 

(M
+
) 442.  

(2E,6E)-8-(3, 4-Difluoro -phenoxy)-3,7-dimethyl-octa-2,6-dien-

1-diphosphate (6f) 
1
H NMR  (400 MHz, D2O)  1.54 (s, 6H), 1.96 

(t, J = 7.6 Hz, 2H), 2.05-2.10 (m, 2H), 4.31 (t, J = 7.2 Hz, 2H), 4.32 

(s, 2H), 5.27 (t, J = 7.2 Hz, 1H), 5.42 (t, J = 6.8 Hz, 1H), 6.60-6.63 

(m, 1H), 6.74-6.80 (m, 1H), 7.00-7.10 (m, 1H); 
31

P NMR (D2O, 

161.8 MHz) =-8.74 (d, J = 18.2 Hz, 1P), -9.68 (d, J = 20.8 Hz, 

1P). LRMS: (EI) (M
+
-H

+
) 441 (M

+
) 442.  

(2E,6E)-8-(2, 3-Difluoro -phenoxy)-3,7-dimethyl-octa-2,6-dien-

1-diphosphate (6g) 
1
H NMR (400 MHz, D2O) =1.54 (s, 3H), 1.55 

(s, 3H), 1.95 (t, J = 7.6 Hz, 2H), 2.05-2.10 (m, 2H), 4.30 (t, J = 6.4 

Hz, 2H), 4.42 (s, 2H), 5.27 (t, J = 6.0 Hz, 1H), 5.46 (t, J = 6.8 Hz, 

1H), 7.07-7.10 (m, 1H), 7.20 (m, 2H), 7.35 (t, J = 8.0 Hz, 1H); 
31

P 

NMR (D2O, 161.8 MHz)  -7.16 (d, J = 22.0 Hz, 1P), -9.56 (d, J = 

22.0 Hz, 1P). LRMS: (EI) (M
+
-H

+
) 441 (M

+
) 442.  

(2E,6E)-8-(3, 5-Difluoro -phenoxy)-3,7-dimethyl-octa-2,6-dien-

1-diphosphate (6h)
 1
H NMR (400 MHz, D2O) =1.54 (s, 6H), 1.96 

(t, J = 6.8 Hz, 2H), 2.04-2.11 (m, 2H), 4.30 (t, J = 6.4 Hz, 2H), 4.33 

(s, 2H), 5.29 (t, J = 6.4 Hz, 2H), 5.44 (t, J = 6.8 Hz, 1H), 6.38-6.48 

(m, 3H); 
31

P NMR (D2O, 161.8 MHz) =-6.25 (d, J = 22.0 Hz, 1P), -

9.52 (d, J = 22.0 Hz, 1P). LRMS: (EI) (M
+
-H

+
) 441 (M

+
) 442. 

 

(2E,6E)-8-(2,3,5,6-Difluoro -phenoxy)-3,7-dimethyl-octa-2,6-

dien-1-diphosphate (6i)
 1

H NMR (400 MHz, D2O) =1.50 (s, 3H), 

1.60 (s, 3H), 1.85 (t, J = 7.2 Hz, 2H), 1.97-2.04 (m, 2H), 4.27 (t, J = 

6.4 Hz, 2H), 4.49 ( s, 2H), 5.23 (t, J = 7.6 Hz, 1H), 5.37 (t, J = 6.8 

Hz, 1H), 6.86-6.96 (m, 1H); 
31

P NMR (D2O, 161.8 MHz) =-5.89 (t, 

J = 22.0 Hz, 1P), -9.50 (d, J = 22.0 Hz, 1P). LRMS: (EI) (M
+
-H

+
) 

478 (M
+
) 478. 

 

(2E,6E)-8-(3-Cyano-phenoxy)-3,7-dimethyl-octa-2,6-dien-1-

diphosphate (6j) 
1
H NMR (400 MHz, D2O) =1.53 (s, 3H), 1.54 (s, 

3H), 1.94 (t, J = 6.8 Hz, 2H), 2.04-2.1 (m, 2H), 4.28 (t, J = 7.2 Hz, 

2H), 4.38 (s, 2H), 5.26 (t, J = 6.4 Hz, 1H), 5.43 (t, J = 6.4 Hz, 1H), 

7.13- 7.23 (m, 3H), 7.31 (t, J = 8.0 Hz, 1H) ; 
31

P NMR (D2O, 161.8 

MHz) =-6.60 (d, J = 19.5 Hz, 1P), -9.40 (d, J = 19.5 Hz, 1P). 

LRMS: (EI) (M
+
-H

+
) 430 (M

+
) 431.  

(2E,6E)-8-(4-Cyano-phenoxy)-3,7-dimethyl-octa-2,6-dien-1-

diphosphate (6k) 
1
H NMR (400 MHz, D2O) =1.60 (s, 6H), 1.97 (t, 

J = 7.6 Hz, 2H), 2.07-2.13 (m, 2H), 4.32 ( t, J = 6.8 Hz, 2H), 4.43 

(s, 2H), 5.29 (t, J = 7.6 Hz, 1H), 5.46 (t, J = 6.4 Hz, 1H), 6.95 (d, J 

= 8.8 Hz, 2H), 7.57 (d, J = 8.8 Hz, 2H); 
31

P NMR (D2O, 161.8 MHz) 

=-8.22 (d, J = 20.0 Hz, 1P), -9.68 (d, J = 20.0 Hz, 1P). LRMS: (EI) 

(M
+
-H

+
) 430 (M

+
) 431.  

(2E,6E)-8-(4-Nitro-phenoxy)-3,7-dimethyl-octa-2,6-dien-1-

diphosphate (6l) 
1
H NMR (400 MHz, D2O) =1.53 (s, 3H), 1.55 (s, 

3H), 1.95 (t, J = 7.2 Hz, 2H), 2.05-2.10 (m, 2H), 4.29 (t, J = 6.4 Hz, 

2H), 4.45 (s, 2H), 5.26 (t, J = 6.4 Hz, 1H), 5.45 (t, J = 6.8 Hz, 1H), 

6.93 (d, J = 9.2 Hz, 2H); 
31

P NMR (D2O, 161.8MHz) =-8.41 (d, J = 

20.7 Hz, 1P), -9.66 (d, J = 20.7 Hz, 1P). LRMS: (EI) (M
+
-H

+
) 450 

(M
+
) 451.  

(2E,6E)-8-(2-Bromo-phenoxy)-3,7-dimethyl-octa-2,6-dien-1-

diphosphate (6m) 
1
H NMR (400 MHz, D2O) =1.52 (s, 3H), 1.56 

(s, 3H), 1.93 (t, J = 7.6 Hz, 2H), 2.03-2.08 (m, 2H), 4.28 (t, J = 6.8 

Hz, 2H), 4.43 (s, 2H), 5.24 (t, J = 6.4 Hz, 1H), 5.42 (t, J = 6.8 Hz, 

1H), 6.77-6.81 (m, 1H), 6.95 (d, J = 8.0 Hz, 1H), 7.17-7.21 (m, 1H), 

7.46 (dd, J = 1.6, 8.0 Hz, 1H); 
31

P NMR (D2O, 161.8MHz) =-9.58 

(d, J = 22.0 Hz, 1P), -7.00 (d, J = 22.0 Hz, 1P). LRMS: (EI) (M
+
-H

+
) 

483 (M
+
) 484.  

(2E,6E)-8-(3-Bromo-phenoxy)-3,7-dimethyl-octa-2,6-dien-1-

diphosphate (6n) 
1
H NMR (400 MHz, D2O) =1.53 (s, 6H), 1.94 

(d, J = 7.2 Hz, 2H), 2.04-2.09 (m, 2H), 4.28 (d, J = 6.4 Hz, 2H), 

4.35 (s, 2H), 5.25 (t, J = 6.8 Hz, 1H), 5.41 (t, J = 5.6 Hz, 1H), 6.80-

6.84 (m, 1H), 7.02-7.10 (m, 3H); 
31

P NMR (D2O, 161.8 MHz) =-

9.73 (d, J = 18.2 Hz, 1P), -9.11 (d, J = 18.2.0Hz, 1P). LRMS: (EI) 

(M
+
-H

+
) 483 (M

+
) 484.  

(2E,6E)-8-(4-Bromo-phenoxy)-3,7-dimethyl-octa-2,6-dien-1-

diphosphate (6o)
 1
H NMR (400 MHz, D2O) =1.54 (s, 6H), 1.96 (t, 

J = 7.6 Hz, 2H), 2.01-2.10 (m, 2H), 4.31 (t, J = 6.4 Hz, 2H), 4.35 (s, 

2H), 5.28 (t, J = 5.6 Hz, 1H), 5.43 (t, J = 6.8 Hz, 1H), 6.80 (d, J = 

8.8 Hz, 2H), 7.33 (d, J = 8.8 Hz, 2H); 
31

P NMR (D2O, 161.8 MHz) 

=-8.60 (d, J = 20.8Hz, 1P), -9.62 (d, J = 20.8 Hz, 1P) . LRMS: (EI) 

(M
+
-H

+
) 483 (M

+2
) 484. 

 

 (2E,6E)-8-(3-Trifluoromethyl-phenoxy)-3,7-dimethyl-octa-2,6-

dien-1-diphosphate (6p) 
1
H NMR (400 MHz, D2O) =1.55 (s, 3H), 

1.56 (s, 3H), 1.97 (t, J = 7.6 Hz, 2H), 2.11-2.06 (m, 2H), 4.31 (t, J = 

6.4 Hz, 2H), 4.35 (s, 2H), 5.30 (t, J = 6.8 Hz, 1H), 5.45 (t, J = 7.2 

Hz, 1H), 6.84-6.86 (m, 3H), 6.96 (t, J = 1.6 Hz, 1H); 
31

P NMR (D2O, 

161.8 MHz) =-6.53 (d, J = 21.8 Hz, 1P), -9.50 (d, J = 21.8 Hz, 1P) 

. LRMS: (EI) (M
+
-H

+
) 473 (M

+
) 474.  

(2E,6E)-8-(3,5-Dichloro-phenoxy)-3,7-dimethyl-octa-2,6-dien-1-

diphosphate (6q) 
1
H NMR (400 MHz, D2O) =1.54 (s, 3H), 1.57 

(s, 3H), 1.95 (t, J = 7.2 Hz, 2H), 2.05-2.11 (m, 2H), 4.30 (t, J = 6.8 

Hz, 6.8Hz, 2H), 4.46 (s, 2H), 5.28 (t, J = 7.2 Hz, 1H), 5.45 (t, J = 

7.2 Hz, 1H), 6.74-6.83 (m, 2H), 6.92-7.0 (m, 1H); 
31

P NMR (D2O, 

161.8 MHz)  6.62 (d, J = 20.7 Hz, 1P), 7.53 (d, J = 20.7 Hz, 1P). 

LRMS: (EI) (M
+
-H

+
) 474 (M

+
) 475.  

(2E,6E)-8-(3, 4-Dichloro -phenoxy)-3,7-dimethyl-octa-2,6-dien-

1-diphosphate (6r) 
1
H NMR (400 MHz, D2O) =1.55 (s, 6H), 1.96 

(t, J = 7.6 Hz, 2H), 2.05 - 2.11 (m, 2H), 4.31 (t, J = 6.8 Hz, 2H), 

4.35 (s, 3H), 5.29 (t, J = 6.8 Hz, 1H), 5.44 (t, J = 6.8 Hz, 1H), 6.78 

(dd, J = 3.2, 7.6 Hz, 1H), 7.03 (d, J = 2.8 Hz, 1H), 7.30 (d, J = 9.2 

Hz, 1H); 
31

P NMR (D2O, 161.8 MHz) =-7.1 (d, J = 22.0 Hz, 1P), -

9.53 (d, J = 22.0 Hz, 1P). LRMS: (EI) (M
+
-H

+
) 474 (M

+
) 475.  

(2E,6E)-8-(2-Iodo -phenoxy)-3,7-dimethyl-octa-2,6-dien-1-

diphosphate (6s) 
1
H NMR (400 MHz, D2O) =1.52 (s, 3H), 1.56 

(s, 3H), 1.94 (t, J = 7.6 Hz, 2H), 2.03-2.08 (m, 2H), 4.28 (t, J = 6.8 

Hz, 2H), 4.39 (s, 2H), 5.25 (t, J = 6.8 Hz, 1H), 5.44 (t, J = 9.0 Hz, 

1H), 6.65 (t, J = 7.6 Hz, 1H), 6.86 (d, J = 8.4 Hz, 1H), 7.21 (t, J = 

8.0 Hz, 1H), 7.68 (dd, J = 2.0, 8.0 Hz, 1H) 
31

P NMR (D2O, 161.8 

MHz) =-6.47 (d, J = 20.7 Hz, 1P), -9.51 (d, J = 20.70 Hz, 1P). 

LRMS: (EI) (M
+
-H

+
) 531  (M

+
) 532.  

(2E,6E)-8-(3-Iodo -phenoxy)-3,7-dimethyl-octa-2,6-dien-1-

diphosphate (6t) 
1
H NMR (400 MHz, D2O) =1.50 (s, 3H), 1.52 (s, 

3H), 1.92 (t, J = 7.6 Hz, 2H), 2.03 - 2.08 (m, 2H), 4.25 - 4.33 (m, 

2H), 5.24 (t, J = 6.8 Hz, 1H), 5.37 (t, J = 6.8 Hz, 1H), 6.78 - 6.92 

(m, 2H), 7.18 - 7.26 (m, 2H); 
31

P NMR (D2O, 161.8 MHz) =-

8.93(d, J = 22.0 Hz, 1P), -9.73(d, J = 22.0Hz, 1P). LRMS: (EI) (M
+
-

H
+
) 474 (M

+
) 475.  
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(2E,6E)-8-(4-Iodo -phenoxy)-3,7-dimethyl-octa-2,6-dien-1-

diphosphate (6u) 
1
H NMR (400 MHz, D2O) =1.50 (s, 3H), 1.51 

(s, 3H), 1.91 (t, J = 7.6 Hz, 2H), 2.00 - 2.10 (m, 2H), 4.27 (s, 2H), 

4.28 (t, 2H, J = 6.4 Hz, 2H), 5.25 (t, J = 5.6 Hz, 1H), 5.37 (t, J = 5.6 

Hz, 1H), 6.61 (d, J = 8.8 Hz, 2H), 7.45 (8.8 Hz, 2H); 
31

P NMR 

(D2O, 161.8 MHz) =-8.03 (d, J = 20.8 Hz, 1P), -9.64 (d, J = 20.8 

Hz, 1P). LRMS: (EI) (M
+
-H

+
) 474 (M

+
) 475.  

(2E, 6E)-8-(2-Ethyl-phenoxy)-3,7-dimethyl-octa-2,6-dien-1-

diphosphate (6v) 
1
H NMR (400 MHz, D2O) =1.00 (t, J = 7.2 Hz, 

3H), 1.53 (s, 3H), 1.56 (s, 3H), 1.95 (t, J = 7.2 Hz, 2H), 2.04-2.10 

(m, 2H), 2.47 (q, J = 7.6, 7.6 Hz, 2H), 4.29 (t, J = 6.8 Hz, 2), 4.34 

(s, 2H), 5.26 (t, J = 6.8 Hz, 1H), 5.42 (t, J = 6.8 Hz, 1H), 6.82-6.88 

(m, 2H),  7.04-7.12 (m, 2H); 
31

P NMR (D2O, 161.8 MHz) =-9.51 

(d, J = 20.7 Hz, 1P), -9.80 (d, J = 20.7 Hz, 1P). LRMS: (EI) (M
+
-H

+
) 

433 (M
+
) 434.  

(2E, 6E)-8-(3-Ethyl-phenoxy)-3,7-dimethyl-octa-2,6-dien-1-

diphosphate (6w)
 1
H NMR (400 MHz, D2O) =1.00 ( t, J = 7.6 Hz, 

3H), 1.53 (s, 6H), 1.94 (t, J = 7.6 Hz, 2H), 2.03-2.08 (m, 2H), 2.44 

(q, J = 7.6, 7.6 Hz, 2H), 4.29 (t, J = 6.8 Hz, 2H), 4.34 ( s, 2H), 5.25 

(t, J = 6.4 Hz, 1H), 5.41 (t, J = 6.0 Hz, 1H), 6.67 (dd, J = 2.4, 8.0 

Hz, 1H), 6.74 – 6.80 (m, 2H), 7.09 – 7.13 (m, 1H); 
31

P NMR (D2O, 

161.8 MHz) =-9.51 (d, J = 20.7 Hz, 1P), -9.80 (d, J = 19.6 Hz, 

1P). LRMS: (EI) (M
+
-H

+
) 433 (M

+
) 434. 

 

(2E,6E)-8-(4-Ethyl -phenoxy)-3,7-dimethyl-octa-2,6-dien-1-

diphosphate (6x) 
1
H NMR (400 MHz, D2O) =1.0 (t, J = 7.6 Hz, 

3H), 1.52 (s, 6H), 1.94 (t, J = 7.6 Hz, 2H), 2.02 - 2.08 (m, 2H), 2.41 

(q, J = 8.0, 8.0 Hz, 2H), 4.29 (t, J = 6.8 Hz, 2H), 4.32 (s, 2H), 5.25 

(t, J = 6.0 Hz, 1H), 5.40 (t, J = 6.0 Hz, 1H), 6.79 (d, J = 8.8 Hz, 

1H), 7.06 (d, J = 8.8 Hz, 2H); 
31

P NMR (D2O, 161.8MHz) =-9.75 

(d, J = 20.7 Hz, 1P), -9.05 (d, J = 20.7 Hz, 1P). LRMS: (EI) (M
+
-H

+
) 

433 (M
+
) 434.  

(2E,6E)-8-(3-Trifluoromethoxy -phenoxy)-3,7-dimethyl-octa-

2,6-dien-1-diphosphate (6y) 
1
H NMR (400 MHz, D2O) =1.53 (s, 

6H), 1.93 (t, J = 7.2 Hz, 2H), 2.02 - 2.10 (m, 2H), 4.28 (t, J = 6.4 

Hz, 2H), 4.67 (s, 2H), 5.23 (t, J = 6.4 Hz, 1H), 5.42 (t, J = 6.4 Hz, 

1H), 6.78 - 6.83 (m, 3H), 7.23 (t, J = 8.0 Hz, 1H); 
31

P NMR (D2O, 

161.8 MHz) =-8.17(d, J = 21.0 Hz, 1P), -9.68(d, J = 21.0 Hz, 1P). 

LRMS: (EI) (M
+
-H

+
) 489 (M

+
) 490.  

(2E,6E)-8-(4-Trifluoromethoxy-phenoxy)-3,7-dimethyl-octa-2,6-

dien-1-diphosphate (6z) 
1
H NMR (400 MHz, D2O) =1.52 (s, 6H), 

1.93 (t, J = 7.2 Hz, 2H), 2.03 - 2.08 (m, 2H), 2.90 (t, J = 6.8 Hz, 

2H), 4.32 (s, 2H), 5.26 (t, J = 6.8 Hz, 1H), 5.40 (t, J = 6.8 Hz, 1H), 

5.40 (t, J = 6.8 Hz, 1H), 7.3 (d, J = 9.2 Hz, 2H), 7.76 (d, J = 9.2 Hz, 

2H); 
31

P NMR (D2O, 161.8 MHz) =-7.80 (d, J = 22.0 Hz, 1P), -

9.63 (d, J = 22.0 Hz, 1P). LRMS: (EI) (M
+
-H

+
) 489 (M

+
) 490.  

 (2E,6E)-8-(3-Isopropyl-phenoxy)-3,7-dimethyl-octa-2,6-dien-1-

diphosphate (6aa) 
1
H NMR (400 MHz, D2O) =1.02 (d, J = 6.8 

Hz, 6H), 1.53 (s, 3H), 1.57 (s, 3H), 1.95 (t, J = 7.2 Hz, 2H), 2.05-

2.10 (m, 2H), 3.12-3.19 (m, 1H), 4.29 (t, J = 6.0 Hz, 2H), 4.34 (s, 

2H), 5.26 (t, J = 6.8 Hz, 1H), 5.42 (t, J = 6.8 Hz, 1H), 6.87-6.90 (m, 

2H), 7.04-7.08 (m, 1H), 7.19 (dd, J = 1.6, 8.0 Hz, 1H); 
31

P NMR 

(D2O, 161.8 MHz) =-9.38 (d, J = 22.0 Hz, 1P), -9.72 (d, J = 22.0 

Hz, 1P). LRMS: (EI) (M
+
-H

+
) 447 (M

+
) 448.  

(2E,6E)-8-(4-Isopropyl -phenoxy)-3,7-dimethyl-octa-2,6-dien-1-

diphosphate (6ab)  
1
H NMR (400 MHz, D2O)  =1.02 (d, J = 6.5 

Hz, 6H), 1.53 (s, 6H), 1.93 (t, J = 7.6 Hz, 2H), 2.03-2.08 (m, 2H), 

2.67-2.74 (m, 2H), 4.30 (t, J = 6.8 Hz, 2H), 4.32 (s, 2H), 5.2 (t, J = 

6.4 Hz, 1H), 5.41 (t, J = 7.2 Hz, 1H), 6.8 (d, J = 8.4 Hz, 2H), 7.10 

(d, J = 8.4 Hz, 2H); 
31

P NMR (D2O, 161.8 MHz) =-8.41 (d, J = 

22.0 Hz, 1P), -9.70 (d, J = 22.0 Hz, 1P). LRMS: (EI) (M
+
-H

+
) 447 

(M
+
) 448.  

(2E,6E)-8-(2-Phenyl -phenoxy)-3,7-dimethyl-octa-2,6-dien-1-

diphosphate (6ac)  
1
H NMR (400 MHz, D2O) =1.45(s, 3H), 1.52 

(s, 3H), 1.91 (t, J = 6.8 Hz, 2H), 1.99-2.05 (m, 2H), 4.28 (t, J = 6.8 

Hz, 2H), 4.30 (s, 2H), 5.23 (t, J = 7.2 Hz, 1H), 5.30 (t, J = 7.2 Hz, 

1H), 6.97-7.03 (m, 2H), 7.22-7.29 (m, 3H), 7.33-7.40 (m, 6H); 
31

P 

NMR (D2O, 161.8 MHz) =-8.78 (d, J = 22.0 Hz, 1P), -9.73(d, J = 

22.0 Hz, 1P). LRMS: (EI) (M
+
-H

+
) 481 (M

+
) 482.  

(2E,6E)-8-(4-Benzyl-phenoxy)-3,7-dimethyl-octa-2,6-dien-1-

diphosphate (6ad)  
1
H NMR (400 MHz, D2O) =1.51 (s, 6H), 1.93 

(t, J = 6.8 Hz, 2H), 2.01-2.06 (m, 2H), 3.76 (s, 3H), 4.29 (t, J = 6.0 

Hz, 2H), 4.30 (s, 2H), 5.25 (t, J = 6.4 Hz, 1H), 5.38 (t, J = 6.4 Hz, 

1H), 6.77 (d, J = 8.4 Hz, 1H), 7.05-7.20 (m, 8H); 
31

P NMR (D2O, 

161.8 MHz)  -8.17 (d, J = 20.8 Hz, 1P), -9.68 (d, J = 20.9 Hz, 1P). 

LRMS: (EI) (M
+
-H

+
) 495 (M

+
) 496.  

For Scheme 4 

2-((2E,6E)-2,6-Dimethyl-8-(tetrahydro-pyran-2-yloxy)-octa-2,6-

dienyloxy)-benzoic acid methyl ester (27a) 
1
H NMR (400 MHz, 

CDCl3) = 1.49-1.61 (m, 4H), 1.67 (s, 3H), 1.74 (s, 3H), 1.76-1.84 

(m, 1H), 2.08 (d, J = 8.4 Hz, 2H), 2.18-2.23 (m, 2H), 3.47-3.53 (m, 

1H), 3.85-3.91 (m, 4H, OMe protons merged with other proton), 

3.98-4.03 (m, 1H), 4.21-4.25 (m, 1H), 4.50 (s, 2H), 4.60-4.62 (m, 

1H), 5.34-5.38 (m, 1H), 5.54-5.57 (m, 1H), 6.92-6.97 (m, 1H), 7.39-

7.43 (m, 1H), 7.77 (dd, J = 2.0, 8.0 Hz, 1H). 

3-((2E,6E)-2,6-Dimethyl-8-(tetrahydro-pyran-2-yloxy)-octa-2,6-

dienyloxy)-benzaldehyde (27b) 
1
H NMR (400 MHz, CDCl3) 

=1.47-1.59 (m, 4H), 1.67 (s, 3H), 1.69-1.70 (m, 1H), 1.72 (s, 3H), 

1.79 -1.85 (m, 1H), 2.1 (t, J = 8.4 Hz, 2H), 2.18-2.23 (m, 2H), 3.47-

3.54 (m, 1H), 3.85-3.90 (m, 1H), 3.97-4.02 (m, 1H), 4.20-4.24 (m, 

1H), 4.44 (s, 2H), 4.58-4.62 (m, 1H), 5.35 (t, J = 7.2 Hz, 1H), 5.54 

(t, J = 6.8 Hz, 1H), 7.16-7.19 (m, 1H), 7.38 -7.44 (m, 3H), 9.95 (s, 

1H).  

4-((2E,6E)-2,6-Dimethyl-8-(tetrahydro-pyran-2-yloxy)-octa-2,6-

dienyloxy)-benzaldehyde (27c) 
1
H NMR (400 MHz, CDCl3) 

=1.50-1.60 (m, 5H), 1.65 (s, 3H), 1.69-1.70 (m, 1H), 1.71 (s, 3H), 

2.1 (t, J = 8.4 Hz, 2H), 2.15-2.22 (m, 2H), 3.44-3.54 (m, 1H), 3.81-

3.92 (m, 1H), 3.93-4.03 (m, 1H), 4.17-4.26 (m, 1H), 4.44 (s, 2H), 

4.58-4.62 (m, 1H), 5.34 (t, J = 7.2 Hz, 1H), 5.52 (t, J = 6.8 Hz, 1H), 

7.00 (d, J = 8.8Hz, 2H), 7.80 (d, J = 8.8Hz, 2H) 9.85 (s, 1H).  

(2-((2E,6E)-2,6-Dimethyl-8-(tetrahydro-pyran-2-yloxy)-nona-

2,6-dienyl)-phenyl)-methanol (28a) 
1
H NMR (400 MHz, CDCl3) 

=1.49-1.61 (m, 4H), 1.67 (s, 3H), 1.72 (s, 3H), 1.80-1.85 (m, 1H), 

2.08 (t, J = 8.0 Hz, 2H), 2.16-2.22 (m, 2H), 3.47-3.53 (m, 1H), 

3.85-3.90 (m, 1H), 4.00-4.03 (m, 1H), 4.21-4.24 (m, 1H), 4.42 (s, 

2H), 4.60-4.62 (m, 1H), 4.70 (s, 2H), 5.34-5.39 (m, 1H), 5.50-5.54 

(m, 1H), 6.82-6.87 (m, 1H), 6.90-6.94 (m, 1H), 7.18-7.28 (m, 2H).  

 (3-((2E,6E)-2,6-Dimethyl-8-(tetrahydro-pyran-2-yloxy)-octa-2,6-

dienyloxy)-phenyl)-methanol (28b) 
1
H NMR (400 MHz, CDCl3) 

=1.49-1.60 (m, 4H), 1.66 (s, 3H), 1.70 (s, 3H), 1.79-1.84 (m, 1H), 

3.47-3.53 (m, 1H), 3.85-3.97 (m, 1H), 4.00-4.05 (m, 1H), 4.20-4.23 

(m, 1H), 4.38 (s, 2H), 4.60-4.61 (m, 1H), 4.65 (s, 2H), 5.32-5.35 

(m, 1H), 5.48-5.53 (m, 1H), 6.81-6.84 (m, 1H), 6.90-6.93 (m, 2H), 

7.22-7.30 (m, 1H).  

 (4-((2E,6E)-2,6-Dimethyl-8-(tetrahydro-pyran-2-yloxy)-octa-2,6-

dienyloxy)-phenyl)-methanol (28c) 
1
H NMR (400 MHz, CDCl3) 

=1.56 (s, 6H), 1.70 (t, J = 8.0 Hz, 2H), 1.78-1.82 (m, 2H), 3.48-

3.52 (m, 2H), 3.86-3.91 (m, 2H), 4.08-4.13 (m, 1H), 4.23-4.25 (m, 

1H), 4.25-4.42 (m, 1H), 4.42 (d, J = 2.8 Hz, 2H), 4.44-4.48 (m, 1H), 

4.48-4.76 (m, 4H), 5.75-5.79 (m, 2H), 6.80-6.84 (m, 1H), 6.92-6.93 

(m, 2H), 7.21-7.24 (m, 2H).  

(2E,6E)-8-(2-Hydroxymethyl-phenoxy)-3,7-dimethyl-octa-2,6-

dien-1-ol (29a) 
1
H NMR (400 MHz, CDCl3) =1.65(s, 3H), 1.70 (s, 
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3H), 2.03 (t, J = 8.0 Hz, 2H), 2.19-2.02 (m, 2H), 4.10 (d, J = 6.8 

Hz, 2H), 4.40(s, 2H), 4.70 (s, 2H), 6.82 (d, J = 8.0 Hz, 1H), 6.91(m, 

1H), 7.22-7.28 (m, 1H).  

 (2E,6E)-8-(3-Hydroxymethyl-phenoxy)-3,7-dimethyl-octa-2,6-

dien-1-dien-1-ol (29b)  
1
H NMR (400 MHz, CDCl3) 1.66 (s, 3H), 

1.71 (s, 3H), 2.07 (t, J = 8.0Hz, 2H), 2.17-2.23 (m, 2H), 4.11 (d, J = 

6.8 Hz, 2H), 4.39 (s, 2H), 4.65 (s, 2H), 5.35 (t, J = 6.8 Hz, 1H), 

5.49 (t, J = 6.8 Hz, 1H), 6.81-6.84 (m, 1H), 6.90-6.93 (m, 2H), 

7.22-7.26 (m, 2H).  

(2E,6E)-8-(4-Hydroxymethyl-phenoxy)-3,7-dimethyl-octa-2,6-

dien-1-ol (29c) 
1
H NMR (400 MHz, CDCl3) =1.64 (s, 3H), 1.70 (s, 

3H), 2.06 (t, J = 8.0 Hz, 2H), 2.16-2.22 (m, 2H), 4.07 (dd, J = 2.8, 

6.8 Hz, 2H), 4.38 (s, 2H), 4.60 (s, 2H), 5.28-5.33 (m, 1H), 5.45-

5.49 (m, 1H), 6.88 (d, J = 8.4 Hz, 2H), 7.26 (d, J = 8.4 Hz, 2H).  

Compound 30a 
1
H NMR (400 MHz, CDCl3) =1.56-1.75 (m, 15H), 

2.04-2.90 (m, 2H), 2.15-2.18 (m, 2H), 3.50-3.56 (m, 1H), 3.88-4.03 

(m, 1H), 4.37 (s, 2H), 4.52-4.64 (m, 2H), 4.75-4.81 (m, 1H), 5.11-

5.23 (m, 1H), 5.30-5.36 (m, 1H), 5.45-5.48 (m, 1H), 6.20-6.26 (m, 

1H), 6.81-6.86 (m, 1H), 6.90-6.94 (m, 1H), 7.18-7.30 (m, 1H), 7.40-

7.45 (m, 2H), 7.60-7.70 (m, 2H), 7.94-8.00 (m, 1H).  

Compound 30b 
1
H NMR (400 MHz, CDCl3) =1.50-1.72 (m, 15H), 

2.05-2.25 (m, 4H), 3.40-3.57 (m, 2H), 3.84 -4.06 (m, 2H), 4.39 (s, 

2H), 4.56-4.62 (m, 1H), 5.10-5.27 (m, 1H), 5.28-5.47 (m, 2H), 6.22-

6.29 (m, 1H), 6.82-6.97 (m, 2H), 7.18-7.31 (m, 1H), 7.40-7.46 (m, 

1H), 7.59-7.73 (m, 2H), 7.83-8.00 (m, 2H).  

Compound 30c 
1
H NMR (400 MHz, CDCl3) =1.57-1.92 (m, 15H), 

2.08-2.19 (m, 4H), 3.44-3.60 (m, 1H), 3.84-4.07 (m, 2H), 4.20-4.29 

(m, 1H), 4.37 (s, 2H), 4.55-4.73 (m, 2H), 5.30-5.52 (m, 2H), 6.18-

6.29 (m, 1H), 6.88 (d, J = 13.2 Hz, 2H), 7.23-7.29 (m, 3H), 7.39-

7.48 (m, 1H), 7.63-7.70 (m, 1H), 7.83-7.99 (m, 1H).  

Compound 31a  
1
H NMR (400 MHz, CDCl3) =1.66 (s, 3H), 1.67 

(s, 3H), 1.68 (s, 3H), 2.06 (t, J = 7.6 Hz, 2H), 2.15-2.20 (m, 2H), 

4.13 (d, J = 6.8Hz, 2H), 4.37 (s, 3H), 5.11-5.24 ( m, 2H), 5.37-5.41 

(m, 1H), 5.45-5.49 (m, 1H), 6.23-6.28 (m, 1H), 6.84 (d, J = 8.4Hz, 

1H), 6.90 (t, J = 7.6Hz, 1H), 7.24-7.28 (m, 2H), 7.41-7.45 (m, 1H), 

7.60-7.71 (m, 2H), 7.96 (dd, J = 1.6, 8.4Hz, 1H) 

Compound 31b 
1
H NMR (400 MHz, CDCl3) =1.66 (s, 3H), 1.67 

(s, 3H), 1.71 (s, 3H), 2.07 (t, J = 8.4 Hz, 2H), 2.16-2.22 (m, 2H), 

4.13 (t, J = 6.8 Hz, 2H), 4.34 (s, 3H), 5.04 (dd, J = 12, 12 Hz, 2H), 

5.37-5.41 (m, 1H), 5.48-5.52 (m, 1H), 6.24 (dd, J = 6.8 Hz, 1H), 

6.84-6.89 (m, 3H), 7.21-7.25 (m, 2H), 7.41-7.45 (m, 1H), 7.60-7.69 

(m, 2H), 7.95-7.97 (m, 1H).  

Compound 31c 
1
H NMR (400 MHz, CDCl3) =1.65 (s, 3H), 1.67 

(s, 3H), 1.71 (s, 3H), 2.07 (t, J = 7.6 Hz, 2H), 2.17-2.23 (m, 2H), 

4.13 (d, J = 6.8 Hz, 2H), 4.36 (s, 2H), 5.01 (dd, J = 12.4, 12.4 Hz, 

2H), 5.38 (t, J = 7.2 Hz, 1H), 5.50 (t, J = 7.2 Hz, 1H), 6.21-6.26 (m, 

1H), 6.86 (d, J = 8.8 Hz, 2H), 7.25 (d, J = 8.8 Hz, 2H), 7.41-7.45 

(m, 1H), 7.60-7.68 (m, 2H), 7.95-7.97 (m, 1H).  

Compound a  
1
H NMR (400 MHz, D2O) =1.45 (s, 3H), 1.49 

(s, 3H), 1.50 (s, 3H), 1.87 (t, J = 6.4 Hz, 2H), 1.95-2.00 (m, 2H), 

4.25 (s, 2H), 4.28 (t, J = 6.4 Hz, 2H), 4.50 (dd, J = 11.6, 11.6 Hz, 

1H), 6.80-6.88 (m, 2H), 7.12 ( d, J = 7.6 Hz, 1H), 7.22 ( t, J = 7.2 

Hz, 1H), 7.37 ( t, J = 8.4 Hz, 1H), 7.46 (d, J = 7.6 Hz, 1H), 7.55 ( t, 

J = 7.2 Hz, 1H), 7.80 (d, J = 8.4 Hz, 1H); 
31

P NMR (D2O, 161.8 

MHz) =-7.64 (d, J = 22.0 Hz, 1P), -9.66 (d, J = 22.0 Hz, 1P).  

Compound b 
1
H NMR (400 MHz, D2O) =1.46 (s, 9H), 1.86 (t, 

J = 7.2 Hz, 2H), 1.95-2.05 (m, 2H), 4.24 (s, 2H), 4.63 (s, 2H, 

merged with D O peak), 4.88 (s, 2H), 5.18-5.24 (m, 1H), 5.30-5.36 

(m, 1H), 5.90-5.96 (m, 1H), 6.62-6.66 (m, 1H), 6.70-6.80 (m, 2H), 

7.00-7.15 (m, 1H), 7.28-7.35 (m, 1H), 7.36-7.42 (m, 1H), 7.45-7.51 

(m, 1H), 7.75-7.80 (m, 1H); 
31

P NMR (D2O, 161.8 MHz)  =-7.77 

(d, J = 20.2 Hz, 1P), -9.67 (d, J = 20.2 Hz, 1P).  

 (2E,6E)-8-(2-Hydroxymethyl-phenoxy)-3,7-dimethyl-octa-2,6-

dien-1-diphosphate a  
1
H NMR (400 MHz, D2O)  1.52 (s, 

3H), 1.54 (s, 3H), 1.94 (t, J = 6.8 Hz, 2H), 2.03-2.07 (m, 2H), 4.28 

(t, J = 6.8 Hz, 2H), 4.37 (s, 2H), 4.50 (s, 2H), 5.24 (t, J = 6.0 Hz, 

1H), 5.41(t, J = 7.2 Hz, 1H), 6.85-6.90 (m, 2H), 7.15-7.20 (m, 2H); 
 

31
P NMR (D2O, 161.8 MHz) =-9.00 (d, J = 20.0 Hz, 1P), -9.474 (d, 

J = 20.0 Hz, 1P).  

(2E,6E)-8-(3-Hydroxymethyl-phenoxy)-3,7-dimethyl-octa-2,6-

dien-1-diphosphate
 

b  
 1

H NMR (400 MHz, D2O) =1.53 (s, 

3H), 1.54 (s, 3H), 1.94 (t, J = 7.6 Hz, 2H), 2.03 – 2.083 (m, 2H), 

4.28 (t, J = 6.4 Hz, 2H), 4.36 (s, 2H), 4.43 (s, 2H), 5.26 (t, J = 6.0 

Hz, 1H), 5.42 (t, J = 6.0Hz, 1H), 6.78 – 6.86 (m, 3H), 7.16 – 7.20 

(m, 1H); 
31

P NMR (D2O, 161.8 MHz) =-6.40 (d, J = 22.0 Hz, 1P), -

9.474 (d, J = 22.0 Hz, 1P).  

(2E,6E)-8-(4-Hydroxymethyl-phenoxy)-3,7-dimethyl-octa-2,6-

dien-1-diphosphate (9c)  
1
H NMR (400 MHz, D2O) =1.52 (s, 

3H), 1.54 (s, 3H), 1.94 (t, J = 7.2Hz, 2H), 2.04-2.09 (m, 2H), 4.28 

(t, J = 6.4 Hz, 2H), 4.36 (s, 2H), 4.40 (s, 2H), 5.25 (t, J = 6.8 Hz, 

1H), 5.42 (t, J = 6.8 Hz, 1H), 6.85 (d, J = 8.4 Hz, 2H), 7.17 (d, J = 

8.4 Hz, 2H); 
31

P NMR (D2O, 161.8 MHz) =-6.856 (d, J = 22.0 Hz, 

1P), -9.52 (d, J = 22.0 Hz, 1P).  
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