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Procedures and analytical data 

 

(S)-(-)-Citronellic acid (S1):
 

 

Pyridinium dichromate (PDC, 13.6 g, 36 mmol) was added to a stirred solution of (S)-(ï)-

citronellol 13 (3.12 g, 20 mmol) in dry DMF (60 mL) under a nitrogen atmosphere at 0 °C. 

After stirring at room temperature for 24 h, the reaction mixture was quenched with 1M 

aqueous HCl and extracted with diethyl ether (3×100 mL). The combined organic extracts 

were washed with brine (5×100 mL), dried over MgSO4, filtered and evaporated. Purification 

by column chromatography (EtOAc/hexane 1:10, gradient to 1:2) gave 2.55 g (75%) of  

(S)-(ï)-citronellic acid (S1) as a colorless liquid. Rf (EtOAc/hexane 1:5) = 0.44; [a]D
20

: ï8.3 

(c 4.384 g/100 mL, CHCl3); 
1
H NMR (400 MHz, CDCl3): d = 0.97 (d, J = 6.3 Hz, 3H, 

CHCH3), 1.30 (m, 2H, CH3CHCH2CH2), 1.60 (s, 3H, CH=CCH3), 1.68 (d, J = 1.2 Hz, 3H, 

CH=CCH3), 1.98 (m, 3H, CH3CHCH2CH2), 2.14 (dd, J = 8.1, 14.7 Hz, 1H, CHHC=O), 2.36 

(dd, J = 5.7, 14.7 Hz, 1H, CHHC=O), 5.07 (m, 1H, CH=C(CH3)2) ppm; The data are in 

agreement with those in the literature.
1
 

 

Ethyl (S)-(-)-citronellate (S2): 

 

Sodium hydride (310 mg, 7.8 mmol, 60% in mineral oil) was added to dry DMF (25 mL) at 

0 °C under a nitrogen atmosphere. (S)-(ï)-Citronellic acid (S1) (1.01 g, 5.9 mmol) was added 

to the solution, stirring was continued for 10 min and ethyl bromide (1.13 mL, 14.75 mmol) 

was added. The reaction mixture was stirred at room temperature for 24 h, quenched with 

water and extracted with diethyl ether (3×50 mL). The combined organic extracts were 

washed with water and brine, dried over MgSO4, filtered and concentrated under reduced 

pressure. Purification by column chromatography (EtOAc/hexane 1:20) gave 1.07 g (91%) of 

ethyl (S)-(ï)-citronellate (S2) as a colorless liquid. Rf (EtOAc/hexane 1:10) = 0.72; [a]D
20

: ï

4.8 (c 1.720 g/100 mL, CHCl3); 
1
H NMR (400 MHz, CDCl3): d = 0.91 (d, J = 6.5 Hz, 3H, 

CHCH3), 1.22 (t, J = 7.1 Hz, 3H, OCH2CH3), 1.33 (m, 2H, CH3CHCH2CH2), 1.57 (s, 3H, 
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=CCH3), 1.65 (d, J = 1.2 Hz, 3H, =CCH3), 1.97 (m, 3H, CH3CHCH2CH2), 2.08 (dd, J = 8.2, 

14.6 Hz, 1H, CHHC=O), 2.28 (dd, J = 5.9, 14.6 Hz, 1H, CHHCO=O), 4.11 (q, J = 7.1 Hz, 

2H, OCH2CH3), 5.07 (m, 1H, CH=C(CH3)2) ppm. The data are in agreement with those in the 

literature.
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Ethyl (S)-3-Methyl -6-oxohexanoate (9): 

 

Ozone was bubbled through a mixture of ethyl citronellate (S2) (103 mg, 0.52 mmol) in dry 

DCM (3 mL) at ï78 °C until a light blue color persisted. Nitrogen was bubbled through the 

solution for 20 min to remove excess ozone and dimethyl sulfide (0.1 mL) was added. After 

30 min, the mixture was warmed to room temperature. The volatile components were 

evaporated and the residue was partioned between water (5 mL) and diethyl ether (5 mL). The 

aqueous layer was extracted with diethyl ether (3×20 mL). The combined organic extracts 

were dried over MgSO4, filtered and the solvent was evaporated. Purification by column 

chromatography (EtOAc/hexane 1:20) gave 76 mg (85%) of aldehyde 9 as a colorless liquid. 

Rf (EtOAc/hexane 1:2.5) = 0.40; [a]D
20

: ï6.6 (c 1.459 g/100 mL, CHCl3); 
1
H NMR 

(400 MHz, CDCl3): d = 0.96 (d, J = 6.6 Hz, 3H, CHCH3), 1.25 (t, J = 7.2 Hz, 3H, OCH2CH3), 

1.52 (m, 1H, CH3CHCHHCH2), 1.69 (m, 1H, CH3CHCHHCH2), 1.96 (m, 1H, CHCH3), 2.15 

(dd, J = 7.5, 15.0 Hz, 1H, CHHC=O), 2.27 (dd, J = 6.3, 15.0 Hz, 1H, CHHC=O), 2.44 (m, 

2H, CH2CHO), 4.11 (q, J = 7.2 Hz, 2H, OCH2CH3), 9.75 (t, J = 1.7 Hz, 1H, CHO) ppm. The 

data are in agreement with those in the literature.
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Sequential dialkylation of methyl phenyl sulfone (General procedure):  

nBuLi (8.13 mL, 13 mmol, 1.6M in hexane) was added dropwise to a stirred solution of 

methyl phenyl sulfone (10 mmol) and TMEDA (3 mL, 19.5 mmol) in dry THF (50 mL) at     

ï78 °C under a nitrogen atmosphere. After stirring for 15 min, the corresponding 

(chloromethyl)silane (13 mmol) was added dropwise at ï78 °C. After stirring for 10 min, the 

reaction mixture was warmed to room temperature and stirred for time t (Table S1). The 

reaction mixture was cooled to ï78 °C, TMEDA (3 mL, 19.5 mmol) and nBuLi (8.13 mL, 

13 mmol, 1.6M in hexane) were added dropwise. After 10 min, the corresponding 

(chloromethyl)silane (13 mmol) was added, the solution was stirred at ï78 °C for 5 min, 

warmed to room temperature and stirred until complete as indicated by TLC. The reaction 
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mixture was quenched with saturated NH4Cl solution. The layers were separated and the 

aqueous was extracted with diethyl ether (3³50 mL). The combined organic extracts were 

washed with brine, dried over MgSO4, filtered and evaporated. Purification by column 

chromatography (EtOAc/hexane 1:40, gradient to 1:10) gave sulfones 10a-c. 

 

Table S1. Reaction times for the preparation of sulfones 10a-c. 

Entry Halide Product t (h) 

1 TMSCH2Cl 10a 2 

2 DMVSCH2Cl
a
 10b 0.5 

3 DMPSCH2Cl
b
 10c 2 

a
 DMVS = dimethylvinylsilyl. 

b
 DMPS = dimethylphenylsilyl.  

 

1,3-Bis(trimethylsilyl)prop -2-yl phenyl sulfone (10a):  

 

Yield 2.92 g (89%) as colorless crystals, m.p. 36 °C. The spectral data are in agreement with 

those in the cited literature.
3
 

 

1,3-Bis[dimethyl(vinyl)silyl]prop -2-yl phenyl sulfone (10b): 

  

2.15 g (61%) as a colorless oil. Rf (EtOAc/hexane 1:5) = 0.61; IR: nmax = 3090, 3051, 2957, 

2928, 2899, 2855, 2801, 1592, 1465, 1406, 1305, 1253, 1143, 1008, 958, 846, 830, 709 cm
-1

; 

MS (ESI+), m/z (%): 727 (15) [2M+Na
+
], 375 (100) [M+Na

+
]; HRMS (ESI+) m/z [M+Na

+
] 

calcd for C17H28O2SSi2Na
+
: 375.1241; found: 375.1243; 

1
H NMR (400 MHz, CDCl3): d = 

0.13 (s, 12H, Si(CH3)2), 0.83 (dd, J = 7.3, 15.1 Hz, 2H, CHHSi), 1.10 (dd, J = 6.3, 15.1 Hz, 

2H, CHHSi), 3.23 (tt, J = 6.3, 7.3 Hz, 1H, CHSO2), 5.66 (dd, J = 3.8, 20.1 Hz, 2H, 

SiCH=CHH), 5.98 (dd, J = 3.8, 14.7 Hz, 2H, SiCH=CHH), 6.14 (dd, J = 14.7, 20.1 Hz, 2H, 

SiCH=CH2), 7.56 (m, 2H, H2), 7.63 (m, 1H, H3), 7.85 (m, 2H, H1) ppm; 
13

C NMR (100 MHz, 

CDCl3): d = ï2.8 (q, Si(CH3)2), ï2.4 (q, Si(CH3)2), 18.1 (t, CH2Si), 59.4 (d, CHSO2), 128.9 (d, 
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C1), 129.4 (d, C2), 132.4 (t, SiCH=CH2), 133.3 (d, C3), 136.9 (s, C4), 138.5 (d, SiCH=CH2) 

ppm.  

 

1,3-Bis[dimethyl(phenyl)silyl]prop -2-yl phenyl sulfone (10c): 

 

Yield 2.63 g (58%) as colorless crystals, m.p. 67-68 °C. Rf (EtOAc/hexane 1:5) = 0.52; IR: 

nmax = 3069, 2954, 1427, 1304, 1251, 1143, 1113, 840, 732, 700, 647 cm
-1

; MS (ESI+), m/z 

(%): 475 (100) [M+Na
+
]; Anal. calcd for C25H32O2SSi2 (452.76): C 66.32, H 7.12, S 7.08; 

found: C 66.12, H 7.15, S 7.20; 
1
H NMR (400 MHz, CDCl3): d = 0.24 (s, 12H, Si(CH3)2), 

0.92 (A part of ABM system, J = 7.1, 15.3 Hz, 2H, CHHSi), 1.19 (B part of ABM system, J = 

6.3, 15.3 Hz, 2H, CHHSi), 3.10 (m, 1H, SO2CH), 7.31 (m, 10H, Har), 7.45 (m, 2H, H2), 7.62 

(m, 3H, H1, H3) ppm; 
13

C NMR (100 MHz, CDCl3): d = ï2.4 (q, Si(CH3)2), ï1.8 (q, 

Si(CH3)2), 18.7 (t, CH2Si), 59.3 (d, SO2CH), 128.0 (d, Cortho), 129.0 (d, C1), 129.28 (d, C2 or 

Cmeta), 129.30 (d, C2 or Cmeta), 133.4 (d, C3 or Cpara), 133.9 (d, C3 or Cpara), 137.1 (s, C4), 138.1 

(s, Cipso) ppm. 

 

Investigation of the deprotonation/transmetalation of silylated sulfones 10a-c for 

enabling the Julia reactions: 

The initial deprotonation of b,b-bis(trimethylsilyl) sulfone 10a by nBuLi in the presence of 

TMEDA at ï78 °C proceeded selectively at the ortho-position and an ortho­a 

transmetalation took place on warming to 0 °C (Table S2, entry 1).
3
 The 

deprotonation/transmetalation behavior of sulfones 10b,c bearing substitutents of different 

steric demand at silicon was in contrast not known. Therefore, they were treated with nBuLi 

in the presence of different additives at ï78 °C for a constant time of 10 min (Table S2, 

entries 2-7). To monitor the reaction course, a defined amount of the reaction mixture was 

removed quickly by a syringe and added to a flame dried vial containing a small amount of 

deuterium oxide under inert conditions. The products oD-12 and/or aD-12 were isolated and 

analyzed by 
1
H NMR spectroscopy. The remaining reaction mixture was warmed in 

temperature and time intervals to room temperature and aliquots were analyzed likewise. The 
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mass balance of all investigated reactions was quantitative and the observed ratio of oD-

12/aD-12 accounts for the deprotonation and/or transmetalation intermediates o-11/a-11. It 

should be mentioned that taking the samples by syringe involves a small temperature error, 

which is inherent to all entries, thus the results as such are self-consistent. 

 

Table S2. Metalation selectivity of silylated sulfones 10a-c and subsequent transmetalation.
a
 

-60 áC - r.t

O2
S

Li

O2
S

Li

O2
S

O2
S

D

oD-12

aD-12

o-11

a-11

and/or

O2
S

D

SiMe2R

SiMe2R

SiMe2R

SiMe2R SiMe2R

SiMe2R

SiMe2R

SiMe2R

SiMe2R

SiMe2R

10a R = Me
10b R = Vinyl    
10c R = Ph

D2O

 

Entry 10 
n-BuLi 

(equiv.) 
Additive

b
 Solvent oD-12/ aD-12

c 
 

     ï78 °C ï60 °C ï40 °C ï20 °C 0 °C r.t. 

1 10a
d
 1.3 TMEDA THF 91:9 - 75:25 - 16:84 5:95 

2 10b
e
 1.2 TMEDA THF 88:4 78:1 77:1 52:23 1:57 - 

3 10b
f
 1.2 TMEDA

 
Et2O 73:26 - -

 
- 0:81 0:66 

4 10b
f
 1.5 TMEDA

g
 Et2O 74:40

h
 - - - 3:85 0:84 

5 10c
e
 1.2 TMEDA THF 100:0 100:0 99:1 85:15 74:25 73:23 

6 10c
e
 1.2 TMEDA DME 100:0 99:1 99:1 95:5 95:4 - 

7
 

10c
e
 1.2 HMPA THF 80:20 50:50 40:60 40:60 39:61 - 

 a
 Initial conditions: sulfone (0.5 mmol), nBuLi, solvent, additive, ï78 °C. b

 TMEDA (1 mmol) or HMPA 

(3 mmol). 
c
 Ratio oD-12/aD-12 determined by integration of the 

1
H NMR spectra, expressed in percent of 

deuteration of ortho- and a-position, respectively, 1H = 100%. 
d
 Taken from ref. 3, TMEDA (0.65 mmol), the 

investigation was performed in 30 min intervals. 
e
 Temperature increase in 10 min intervals. 

f
 Initial 

deprotonation at ï78 °C, then temperature increase in 20 min intervals to room temperature. 
g
 TMEDA (0.75 

mmol). 
h
 The total deuterium content accounts for more than 100% and results from the excess nBuLi. 

 

Sulfone 10b was not deprotonated efficiently by 1.2 equiv. of nBuLi in the presence of 

TMEDA in DME resulting in 60% of oD-12b. Moreover, nearly no transmetalation leading to 

aD-12b occurred on warming to 0 °C (not shown). Repeating the reaction under the same 

conditions in THF afforded 88% of ortho-metalated sulfone oD-12b, which transmetalated to 
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aD-12b on warming, however the overall degree of lithiation of sulfone 10b decreased from 

92% at ï78 °C to 58% at 0 °C (entry 2). The desired transmetalation giving aD-12b took 

place similarly on warming in dry diethyl ether, but the overall lithiation of sulfone 10b 

dropped from 99% at ï78 °C to 81% at 0 °C and 66% at room temperature (entry 3). Using 

1.5 equiv. of nBuLi in the presence of TMEDA led to high overall lithiation even on warming 

to room temperature (entry 4), pointing to a potentially efficient rearrangement-driven Julia 

olefination. 

Sulfone 10c was initially ortho-lithiated forming o-11c, however, the subsequent 

transmetalation to a-11c did not take place to a significant extent in THF or DME (entries 

5,6). Using HMPA as an additive triggered transmetalation to a-11c on warming (entry 7), 

however it was apparently too slow to go to completion. Thus, application of sulfone 10c in 

the Julia olefination is not possible. 

 

Preparation of 2-benzoyloxy sulfones 14a,b (General Procedure): 

n-BuLi (1.4 mL, 2.23 mmol or 1.6 mL, 2.57 mmol, 1.6M in hexane) was added dropwise to a 

stirred solution of sulfones 10a or 10b (1.88 mmol) and TMEDA (0.35 mL, 2.23 mmol or 

0.4 mL, 2.57 mmol) in dry DME (12 mL) for 10a or diethyl ether (12 mL) for 10b, 

respectively, at ï78 °C under a nitrogen atmosphere. The reaction mixture was warmed to 

room temperature during 2 h for 10a or to 0 °C for 30 min for 10b and the aldehyde 9 

(357 mg, 2.07 mmol) in DME (1.5 mL) or diethyl ether (1.5 mL), respectively, was added 

dropwise at ï78 °C. The reaction mixture was stirred at this temperature for 15 min until 

complete as indicated by TLC. Benzoyl chloride (268 µL, 2.26 mmol) was added and the 

reaction mixture was warmed to room temperature after 20 min. 3-(Dimethylamino)propan-1-

ol (292 µL, 2.5 mmol) was added and the reaction was quenched with water after 10 min. The 

layers were separated and the aqueous was extracted with diethyl ether (3×40 mL). The 

combined organic extracts were washed with brine, dried over MgSO4, filtered and 

evaporated. Purification by column chromatography (EtOAc/hexane/Et3N 1:20:0.05) gave 

minor product S3a followed by S4a and major benzoyloxy sulfones 14a,b.  

Minor side product S3a apparently formed by a Brook rearrangement during the reaction,
3
 

whereas side product S4a is a decomposition product at silica gel during chromatography, 

which formed only if triethylamine was not used as a coeluent. 
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Ethyl (3S)-6-(benzoyloxy)-3-methyl-7-(phenylsulfonyl)-7-((trimethylsilyl )methyl)-8-

(trimethylsilyl)octanoate (14a): 

 

Yield 989 mg (87%) as an inseparable 1:1 mixture of diastereomers as a colorless oil. 

Rf (EtOAc/hexane 1:5) = 0.31; IR: nmax = 3091, 3072, 3065, 2957, 2932, 2907, 2875, 1719, 

1602, 1585, 1452, 1447, 1393, 1373, 1315, 1296, 1271, 1265, 1251, 1177, 1162, 1134, 1106, 

1095, 1080, 1070, 1026, 843, 711, 690 cm
-1

; MS (ESI+), m/z (%): 627 (5) [M+Na
+
], 485 

(100) [MïPhSO2H+Na
+
], 269 (20) [M

+
ïPhSO2ïPhCO2ïTMS]; Anal. calcd for C31H48O6SSi 

(604.95): C 61.55, H 8.00, S 5.30; found: C 61.82, H 8.14, S 5.39; 
1
H NMR (400 MHz, 

CDCl3): d = 0.20 (s, 36H, Si(CH3)3), 0.82 (d, J = 6.6 Hz, 3H, CHCH3), 0.87 (d, J = 6.7 Hz, 

3H, CHCH3), 1.11 (t, J = 7.1 Hz, 3H, OCH2CH3), 1.18 (t, J = 7.1 Hz, 3H, OCH2CH3), 1.19-

1.37 (m, 10H, CH2CH2CHO, CH2Si(CH3)3, CH2CHO), 1.45 (A part of AB system, J = 14.6 

Hz, 1H, CHHSi(CH3)3), 1.47 (A part of AB system, J = 14.6 Hz, 1H, CHHSi(CH3)3), 1.63 (m, 

3H, CHHCHO, CH2Si(CH3)3), 1.86 (m, 3H, CHCH3, CHHCHO), 1.98 (dd, J = 5.7, 14.7 Hz, 

1H, CHHC=O), 2.02 (dd, J = 8.2, 14.7 Hz, 1H, CHHC=O), 2.15 (dd, J = 7.3, 14.7 Hz, 1H, 

CHHC=O), 2.17 (dd, J = 6.0, 14.7 Hz, 1H, CHHC=O), 3.98 (m, 2H, OCH2CH3), 4.05 (q, J = 

7.2 Hz, 2H, OCH2CH3), 5.43 (dd, J = 2.9, 10.2 Hz, 2H, CHOCOPh), 7.23 (m, 4H, Hmeta), 7.32 

(m, 10H, H2, Hpara, Hortho), 7.44 (m, 2H, H3), 7.85 (m, 4H, H1) ppm; 
13

C NMR (100 MHz, 

CDCl3): d = 1.6 (q, Si(CH3)3), 1.7 (q, Si(CH3)3), 14.3 (q, OCH2CH3), 14.4 (q, OCH2CH3), 

19.7 (q, CHCH3), 19.8 (q, CHCH3), 20.56 (t, CH2Si(CH3)3), 20.60 (t, CH2Si(CH3)3), 21.57 (t, 

CH2Si(CH3)3), 21.61 (t, CH2Si(CH3)3), 29.6 (t, CH2CHO), 29.7 (t, CH2CHO), 30.6 (d, 

CHCH3), 30.7 (d, CHCH3), 33.7 (t, CH2CH2CHO), 33.8 (t, CH2CH2CHO), 41.78 (t, 

CH2C=O), 41.81 (t, CH2C=O), 60.30 (t, OCH2CH3), 60.34 (t, OCH2CH3), 76.78 (s, SO2C), 

76.81 (s, SO2C), 77.1 (d, 2×CHOCO), 128.19 (d, Cmeta), 128.20 (d, Cmeta), 128.95 (d, Cortho or 

C2), 128.96 (d, Cortho or C2), 129.4 (s, Cipso), 129.5 (s, Cipso), 129.52 (d, Cortho or C2), 129.54 (d, 

Cortho or C2), 130.3 (d, 2×C1), 132.9 (d, 2×C3), 133.1 (d, 2×Cpara), 139.3 (s, C4), 139.4 (s, C4), 

165.8 (s, OCOPh), 165.9 (s, OCOPh), 172.89 (s, COOEt), 172.92 (s, COOEt) ppm. 
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Ethyl (3S)-6-benzoyloxy-3-methyl-7-(phenylsulfonyl)-7-((dimethyl(vinyl)silyl )methyl)-8- 

(dimethyl(vinyl)silyl)octanoate (14b): 

 

Yield 650 mg (55%) as an inseparable 1:1 mixture of diastereomers as a colorless oil. 

Rf (EtOAc/hexane 1:5) = 0.40; IR: nmax = 3059, 2965, 2937, 2865, 1728, 1453, 1409, 1377, 

1303, 1270, 1255, 1180, 1139, 1098, 1084, 1073, 1030, 1013, 957, 832, 760, 713, 693 cm
-1
; 

MS (ESI+), m/z (%): 651 (30) [M+Na
+
], 509 (100) [MïPhSO2H+Na

+
]; HRMS (ESI) m/z 

[M+Na
+
] calcd for C33H48O6SSi2Na

+
: 651.2602; found: 651.2604; 

1
H NMR (400 MHz, 

CDCl3): d = 0.27 (s, 6H, Si(CH3)2), 0.29 (s, 6H, Si(CH3)2), 0.30 (s, 6H, Si(CH3)2), 0.31 (s, 6H, 

Si(CH3)2), 0.85 (d, J = 6.6 Hz, 3H, CHCH3), 0.89 (d, J = 6.6 Hz, 3H, CHCH3), 1.13 (t, J = 

7.0 Hz, 3H, OCH2CH3), 1.21 (t, J = 7.1 Hz, 3H, OCH2CH3), 1.19-1.34 (m, 8H, CH2CH2CHO, 

CH2Si, CH2CHO), 1.45 (m, 2H, CH2Si), 1.57 (A part of AB system, J = 14.6 Hz, 1H, CH2Si), 

1.59 (A part of AB system, J = 14.7 Hz, 1H, CH2Si), 1.72 (m, 3H, CH2Si, CHHCHO), 1.87 

(m, 3H, CHHCHO, CHCH3), 2.00 (dd, J = 4.1, 8.2 Hz, 1H, CHHC=O), 2.04 (dd, J = 4.2, 

8.2 Hz, 1H, CHHC=O), 2.17 (dd, J = 6.0, 8.8 Hz, 1H, CHHC=O), 2.22 (m, 1H, CHHC=O), 

4.01 (m, 2H, OCH2CH3), 4.08 (q, J = 7.1 Hz, 2H, OCH2CH3), 5.45 (m, 2H, CHOCOPh), 5.76 

(dd, J = 3.7, 20.2 Hz, 2H, SiCH=CHH), 5.78 (dd, J = 3.6, 20.5 Hz, 2H, SiCH=CHH), 6.02 (m, 

4H, SiCH=CHH), 6.28 (dd, J = 14.4, 20.2 Hz, 1H, SiCH=CHH),
 
6.30 (dd, J = 14.5, 20.3 Hz, 

1H, SiCH=CHH),
 
6.42 (dd, J = 14.3, 20.3 Hz, 1H, SiCH=CHH),

 
6.44 (dd, J = 14.4, 20.2 Hz, 

1H, SiCH=CHH),
 
7.26 (m, 4H, Hmeta), 7.34 (m, 10H, H2, Hpara, Hortho), 7.47 (m, 2H, H3), 7.89 

(m, 4H, H1) ppm; 
13

C NMR (100 MHz, CDCl3): d = ï0.64 (q, Si(CH3)2), ï0.62 (q, Si(CH3)2), 

ï0.55 (q, Si(CH3)2), ï0.54 (q, Si(CH3)2), ï0.27 (q, Si(CH3)2), ï0.26 (q, Si(CH3)2), ï0.25 (q, 

Si(CH3)2), ï0.24 (q, Si(CH3)2), 14.3 (q, OCH2CH3), 14.4 (q, OCH2CH3), 19.7 (q, CHCH3), 

19.8 (q, CHCH3), 19.96 (t, CH2Si), 19.97 (t, CH2Si), 21.1 (t, CH2Si), 21.2 (t, CH2Si), 29.5 (t, 

CH2CHO), 29.7 (t, CH2CHO), 30.6 (d, CHCH3), 30.8 (d, CHCH3), 33.5 (t, CH2CH2CHO), 

33.6 (t, CH2CH2CHO), 41.8 (t, CH2COO), 41.9 (t, CH2COO), 60.29 (t, OCH2CH3), 60.33 (t, 

OCH2CH3), 76.51 (s, SO2C), 76.54 (s, SO2C), 77.1 (d, CHOCOPh), 77.4 (d, CHOCOPh), 

128.17 (d, Cmeta), 128.19 (d, Cmeta), 128.96 (d, Cortho or C2), 128.97 (d, Cortho or C2), 129.42 (s, 
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Cipso), 129.45 (s, Cipso), 129.5 (d, Cortho or C2), 129.6 (d, Cortho or C2), 130.4 (d, 2×C1), 132.0 (t, 

2×SiCH=CH2), 133.0 (d, 2×Cpara), 133.1 (d, 2×C3), 139.2 (s, C4), 139.3 (s, C4), 140.32 (d, 

SiCH=CH2), 140.33 (d, SiCH=CH2), 165.8 (s, OCOPh), 165.9 (s, OCOPh), 172.9 (s, COOEt), 

173.0 (s, COOEt) ppm. 

 

Ethyl (3S)-3-methyl-7-((trimethylsilyl )methyl)-6-((trimethylsilyl)oxy)oct -7-enoate (S3a): 

  

Yield 88 mg (13%) as an inseparable 1:1 mixture of unassigned diastereomers as a colorless 

oil. Rf (EtOAc/hexane 1:5) = 0.83; IR: nmax = 3094, 3076, 2984, 2958, 2932, 2906, 2874, 

2857, 1726, 1636, 1478, 1462, 1447, 1416, 1393, 1382, 1372, 1261, 1251, 1113, 1090, 1047, 

1031, 890, 842, 693 cm
-1
; MS (ESI+), m/z (%): 381 (100) [M+Na

+
], 359 (30) [M+H

+
], 269 

(10) [M
+
ïOTMS]; HRMS (ESI) m/z [M+H

+
] calcd for C18H39O3Si2

+
: 359.2432; found: 

359.2433; 
1
H NMR (400 MHz, CDCl3): d = 0.03 (s, 18H, Si(CH3)3), 0.09 (s, 18H, 

OSi(CH3)3), 0.92 (d, J = 6.6 Hz, 3H, CHCH3), 0.93 (d, J = 6.7 Hz, 3H, CHCH3), 1.21-1.63 

(m, 8H, CH2CH2), 1.25 (2×t, J = 7.1 Hz, 6H, OCH2CH3), 1.35 (2×d, J = 14.5 Hz, 2H, 

CHHSi(CH3)3), 1.53 (2×d, J = 14.5 Hz, 2H, CHHSi(CH3)3), 1.94 (m, 2H, CHCH3), 2.09 

(2×dd, J = 8.4, 14.5 Hz, 2H, CHHC=O), 2.29 (2×dd, J = 5.8, 14.5 Hz, 2H, CHHC=O), 3.90 

(2×t, J = 6.0 Hz, 2H, CHOSi(CH3)3), 4.12 (2×q, J = 7.1 Hz, 4H, OCH2CH3), 4.62 (2×s, 2H, 

CHH=), 4.87 (2×s, 2H, CHH=) ppm; 
13

C NMR (100 MHz, CDCl3): d = ï0.7 (q, Si(CH3)3), 

0.4 (q, Si(CH3)3), 14.4 (q, OCH2CH3), 19.8 (q, CHCH3), 20.0 (q, CHCH3), 21.35 (t, CH2Si), 

21.44 (t, CH2Si), 30.57 (d, CHCH3), 30.59 (d, CHCH3), 32.8 (t, CH2CH2CHOSi), 32.9 (t, 

CH2CH2CHOSi), 33.55 (t, CH2CH2CHOSi), 33.64 (t, CH2CH2CHOSi), 42.0 (t, CH2C=O), 

42.2 (t, CH2C=O), 60.2 (t, OCH2CH3), 76.7 (d, CHOSi), 76.8 (d, CHOSi), 108.3 (t, CH2=), 

108.4 (t, CH2=), 148.89 (s, =C), 148.94 (s, =C), 173.4 (s, C=O) ppm. 
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Ethyl (3S)-6-(benzoyloxy)-3-methyl-7-((trimethylsilyl )methyl)oct-7-enoate (S4a): 

 

Formed by decomposition at silica gel as an inseparable 1:1 mixture of diastereomers as a 

colorless oil. It was not formed using triethylamine as a coeluent during chromatography. 

Rf (EtOAc/hexane 1:5) = 0.58; IR: nmax = 3092, 3073, 2986, 2958, 2931, 2875, 2857, 1725, 

1717, 1638, 1602, 1585, 1492, 1478, 1462, 1451, 1419, 1393, 1382, 1373, 1315, 1275, 1265, 

1251, 1177, 1114, 1097, 1070, 1036, 1027, 999, 888, 853, 845, 712, 690 cm
-1

; MS (ESI+), 

m/z (%): 413 (100) [M+Na
+
], 269 (5) [MïPhCOO

ï
]; HRMS (ESI) m/z [M+Na

+
] calcd for 

C22H34O4SiNa
+
: 413.2119; found: 413.2121; 

1
H NMR (400 MHz, CDCl3): d = 0.03 (s, 9H, 

Si(CH3)3), 0.09 (s, 9H, Si(CH3)3), 0.95 (d, J = 6.6 Hz, 3H, CHCH3), 0.97 (d, J = 6.6 Hz, 3H, 

CHCH3), 1.22 (2×t, J = 7.1 Hz, 6H, OCH2CH3), 1.24-1.43 (m, 4H, CH2CH2CHCH3), 1.47 (d, 

J = 14.0 Hz, 2H, CH2Si(CH3)3), 1.61 (d, J = 13.9 Hz, 2H, CH2Si(CH3)3), 1.69-1.87 (m, 4H, 

CH2CH2CHCH3), 1.98 (m, 2H, CHCH3), 2.12 (2×dd, J = 8.3, 14.5 Hz, 2H, CHHC=O), 2.29 

(2×dd, J = 5.7, 14.5 Hz, 2H, CHHC=O), 4.09 (2×q, J = 7.1 Hz, 4H, OCH2CH3), 4.72 (2×s, 

2H, CHH=), 4.95 (2×s, 2H, CHH=), 5.33 (m, 2H, CHOCOPh), 7.44 (m, 4H, Hmeta), 7.55 (t, 

J = 7.4 Hz, 2H, Hpara), 8.07 (m, 4H, Hortho) ppm; 
13

C NMR (100 MHz, CDCl3): d = ï1.0 (q, 

Si(CH3)3), 14.4 (q, OCH2CH3), 19.7 (q, CHCH3), 19.9 (q, CHCH3), 22.96 (t, CH2Si(CH3)3), 

23.02 (t, CH2Si(CH3)3), 30.4 (d, CHCH3), 30.5 (d, CHCH3), 30.8 (t, 2×CH2CH2CHOCOPh), 

32.39 (t, CH2CH2CHOCOPh), 32.44 (t, CH2CH2CHOCOPh), 41.9 (t, CH2C=O), 42.0 (t, 

CH2C=O), 60.3 (t, OCH2CH3), 77.4 (d, CHOCOPh), 77.6 (d, CHOCOPh), 108.9 (t, CH2=), 

109.0 (t, CH2=), 128.5 (d, Cmeta), 129.7 (d, Cortho), 130.8 (s, Cipso), 133.0 (d, Cpara), 145.2 (s, 

=C), 145.3 (s, =C), 165.81 (s, OCOPh), 165.83 (s, OCOPh), 173.1 (s, C=O), 173.2 (s, C=O) 

ppm. 

 

Julia olefination with sodium amalgam (General procedure): 

Benzoyloxy sulfones 14a,b (0.739 mmol) were dissolved in dry THF (5 mL) and dry EtOH 

(10 mL) under a N2 atmosphere. Sodium amalgam (369 mg, 1.7 mmol) was added at ï20 °C. 

After 3 h at this temperature, the reaction mixture was diluted with diethyl ether (15 mL) and 

decanted from mercury. The organic layer was washed with brine and the aqueous was 

extracted with diethyl ether (3×40 mL). The combined organic extracts were dried over 
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Na2SO4, filtered and evaporated. Purification by column chromatography 

(EtOAc/hexane/NEt3 1:50:1) afforded olefins 8a,b. NEt3 is mandatory as coeluent, since 

partial decomposition occurs during chromatography in its absence. 

 

Ethyl (S)-3-methyl-8-(trimethylsilyl) -7-((trimethylsilyl)methyl)oct -6-enoate (8a): 

 

Yield 218 mg (86%) as a colorless oil. Rf (EtOAc/hexane 1:5) = 0.89; [a]D
20

: ï1.1 

(c 1.116 g/100 mL, CHCl3); IR: nmax = 2986, 2957, 2927, 2876, 2854, 1726, 1645, 1478, 

1462, 1447, 1415, 1394, 1382, 1371, 1352, 1259, 1248, 1115, 1095, 1032, 855, 840, 699 cm
-1

; 

MS (ESI+), m/z (%): 365 (100) [M+Na
+
]; HRMS (ESI) m/z [M+Na

+
] calcd for 

C18H38O2Si2Na
+
: 365.2303; found: 365.2303; 

1
H NMR (400 MHz, CDCl3): d = ï0.01 (s, 9H, 

Si(CH3)3), 0.02 (s, 9H, Si(CH3)3), 0.94 (d, J = 6.6 Hz, 3H, CHCH3), 1.18-1.34 (m, 2H, 

CH2CH2CH=C), 1.25 (t, J = 7.1 Hz, 3H, OCH2CH3), 1.38 (s, 2H, CH2Si(CH3)3), 1.44 (AB 

system, J = 13.5 Hz, 2H, CH2Si(CH3)3), 1.81-2.02 (m, 3H, CHCH3, CH2CH=C), 2.09 (dd, J = 

8.6, 14.4 Hz, 1H, CHHC=O), 2.30 (dd, J = 5.8, 14.4 Hz, 1H, CHHC=O), 4.12 (q, J = 7.2 Hz, 

2H, OCH2CH3), 4.75 (t, J = 7.0 Hz, 1H, CH=C) ppm; 
13

C NMR (100 MHz, CDCl3): d = ï1.0 

(q, Si(CH3)3), ï0.5 (q, Si(CH3)3), 14.5 (q, OCH2CH3), 19.8 (q, CHCH3), 23.9 (t, 

CH2Si(CH3)3), 26.3 (t, CH2CH=C), 29.5 (t, CH2Si(CH3)3), 30.3 (d, CHCH3), 37.5 (t, 

CH2CH2CH=C), 42.1 (t, CH2C=O), 60.2 (t, OCH2CH3), 119.4 (d, CH=C), 134.4 (s, CH=C), 

173.4 (s, C=O) ppm. 

 

Ethyl (S)-8-(dimethyl(vinyl)silyl) -7-((dimethyl(vinyl)silyl)methyl) -3-methyloct-6-enoate 

(8b): 

  

Yield 201 mg (76%) as a colorless oil. Rf (EtOAc/hexane 1:5) = 0.77; [a]D
20

: ï3.2 

(c 0.437 g/100 mL, CHCl3); IR: nmax = 3058, 2967, 2936, 2864, 1743, 1467, 1409, 1375, 

1291, 1252, 1194, 1159, 1100, 1071, 1038, 1012, 953, 835, 759, 619 cm
-1
; MS (ESI+), m/z 
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(%): 389 (100) [M+Na
+
]; HRMS (ESI) m/z [M+Na

+
] calcd for C20H38O2Si2Na

+
: 389.2303; 

found: 389.2303; 
1
H NMR (400 MHz, CDCl3): d = 0.06 (s, 6H, Si(CH3)2), 0.09 (s, 6H, 

Si(CH3)2), 0.93 (d, J = 6.5 Hz, 3H, CHCH3), 1.16-1.34 (m, 2H, CH2CH2CH=C), 1.25 (t, J = 

7.1 Hz, 3H, OCH2CH3), 1.44 (s, 2H, CH2Si(CH3)2), 1.50 (AB system, J = 13.6 Hz, 2H, 

CH2Si(CH3)2), 1.81-2.02 (m, 3H, CHCH3, CH2CH=C), 2.10 (dd, J = 8.4, 14.5 Hz, 1H, 

CHHC=O), 2.30 (dd, J = 5.7, 14.6 Hz, 1H, CHHC=O), 4.12 (q, J = 7.1 Hz, 2H, OCH2CH3), 

4.80 (t, J = 7.0 Hz, 1H, CH=CCH2Si), 5.65 (dd, J = 3.9, 20.3 Hz, 1H, SiCH=CHH), 5.67 (dd, 

J = 3.9, 20.2 Hz, 1H, SiCH=CHH), 5.92 (dd, J = 3.8, 14.6 Hz, 1H, SiCH=CHH), 5.94 (dd, J = 

3.8, 14.7 Hz, 1H, SiCH=CHH), 6.13 (dd, J = 14.8, 20.4 Hz, 1H, SiCH=CHH), 6.17 (dd, J = 

14.7, 20.2 Hz, 1H, SiCH=CHH) ppm; 
13

C NMR (100 MHz, CDCl3): d = ï2.9 (q, Si(CH3)2), ï

2.5 (q, Si(CH3)2), 14.5 (q, OCH2CH3), 19.8 (q, CHCH3), 22.8 (t, CH2Si(CH3)2), 26.3 (t, 

CH2CH=C), 28.3 (t, CH2Si(CH3)2), 30.2 (d, CHCH3), 37.4 (t, CH2CH2CH=C), 42.1 (t, 

CH2C=O), 60.2 (t, OCH2CH3), 120.4 (d, CH=C), 131.5 (t, SiCH=CH2), 133.5 (s, CH=C), 

139.6 (d, SiCH=CH2), 173.4 (s, C=O) ppm. 

 

Alkoxycarbonylation/oxidative radical cyclization/carbocation desilylation (General 

procedure): 

nBuLi (1.14 mL, 1.82 mmol, 1.6M in hexane) was added dropwise to a stirred solution of 

2,2,6,6-tetramethylpiperidine (0.31 mL, 1.82 mmol) in dry DME (20 mL) at ï78 °C under a 

nitrogen atmosphere. After stirring for 30 min, olefins 8a or 8b (0.70 mmol) in DME 

(0.5 mL) were added dropwise at ï78 °C. After stirring for 30 min, ethyl chloroformate 

(0.08 mL, 0.84 mmol) was added. After completion of the carboxylation, ferrocenium 

hexafluorophosphate (534 mg, 1.61 mmol) was added in portions at 0 °C until a blue color of 

the mixture persisted. The reaction mixture was stirred for aditional 30 min and quenched 

with a few drops of saturated NH4Cl solution. The mixture was diluted with diethyl ether 

(25 mL) and filtered through a pad of silica gel. The solvent was evaporated and purification 

of the residue by column chromatography (EtOAc/hexane 1:200) afforded cyclopentanes 

7a,b. Compound S5a generated by incomplete reaction was also isolated. 
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Diethyl (2S,5S)-5-methyl-2-(3-(trimethylsilyl)prop -1-en-2-yl)cyclopentane-1,1-

dicarboxylate and diethyl (2R,5S)-5-methyl-2-(3-(trimethylsilyl)prop -1-en-2-

yl)cyclopentane-1,1-dicarboxylate (7a): 

  

Yield 198 mg (83%) as an inseparable 10:1 mixture of diastereomers as a colorless oil. 

Rf (EtOAc/hexane 1:5) = 0.56; IR: nmax = 3083, 2982, 2958, 2931, 2906, 2875, 2856, 1741, 

1716, 1629, 1475, 1463, 1447, 1420, 1390, 1380, 1368, 1258, 1249, 1115, 1095, 1044, 1023, 

880, 857, 841, 695 cm
-1

; MS (CI+), m/z (%): 341 (95) [M+H
+
], 325 (100) [M

+
ïCH3], 295 (30) 

[M
+
ïOEt]; Anal. calcd for C18H32O4Si (340.54): C 63.49, H 9.47; found: C 63.80, H 9.75; 

1
H NMR (400 MHz, CDCl3) major trans-diastereomer: d = 0.01 (s, 9H, Si(CH3)3), 0.95 (d, 

J = 7.0 Hz, 3H, CHCH3), 1.20 (t, J = 7.2 Hz, 3H, OCH2CH3), 1.23 (m, 1H, CH3CHCHHCH2), 

1.25 (t, J = 7.2 Hz, 3H, OCH2CH3), 1.51 (dd, J = 13.3, 0.9 Hz, 1H, CHHSi(CH3)3), 1.61 (dd, J 

= 13.3, 1.0 Hz, 1H, CHHSi(CH3)3), 1.67 (m, 1H, CH3CHCH2CHH), 1.94 (m, 2H, 

CH3CHCHHCHH), 2.91 (m, 1H, CHCH3), 3.29 (dd, J = 7.5, 9.6 Hz, 1H, CH2=CCHCH2), 

3.93 (dq, J = 10.8, 7.2 Hz, 1H, OCH2CH3), 4.12 (dq, J = 10.8, 7.1 Hz, 1H, OCH2CH3), 4.13 

(dq, J = 10.8, 7.1 Hz, 1H, OCH2CH3), 4.23 (dq, J = 10.7, 7.1 Hz, 1H, OCH2CH3), 4.57 (q, J = 

1.1 Hz, 1H, C=CH2), 4.60 (t, J = 1.0 Hz, 1H, C=CH2) ppm; minor cis-diastereomer, 

detectable resonances: d = 2.29 (m, 1H, CHCH3), 3.20 (dd, J = 10.6, 8.8 Hz, 1H, 

CH2=CCHCH2), 4.61 (s, C=CH2), 4.71 (d, J = 1.1 Hz, 1H, C=CH2) ppm; 
13

C NMR (100 

MHz, CDCl3) major trans-diastereomer: d = ï1.3 (q, Si(CH3)3), 14.1 (q, OCH2CH3), 14.3 (q, 

OCH2CH3), 17.1 (q, CHCH3), 29.1 (t, CH2Si(CH3)3), 31.3 (t, CH2CHC=CH2), 33.1 (t, 

CH2CH2CHC=CH2), 41.2 (d, CHCH3), 52.2 (d, CH2=CCH), 60.7 (t, OCH2CH3), 60.9 (t, 

OCH2CH3), 68.1 (s, CC=O), 108.3 (t, C=CH2), 148.9 (s, C=CH2), 171.1 (s, C=O), 172.0 (s, 

C=O) ppm; minor cis-diastereomer: d = ï2.3 (q, Si(CH3)3), 14.20 (q, OCH2CH3), 14.25 (q, 

OCH2CH3), 15.6 (q, CHCH3), 27.6 (t, CH2Si(CH3)3), 29.8 (t, CH2CHC=CH2), 31.5 (t, 

CH2CH2CHC=CH2), 45.1 (d, CHCH3), 53.0 (d, CH2=CCH), 60.3 (t, OCH2CH3), 61.1 (t, 

OCH2CH3), 67.8 (s, CC=O), 108.7 (t, C=CH2), 146.6 (s, C=CH2), 169.3 (s, C=O), 172.6 (s, 

C=O) ppm. 
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Diethyl (2S,5S)-5-methyl-2-(3-(dimethyl(vinyl)silyl)prop -1-en-2-yl)cyclopentane-1,1-

dicarboxylate, diethyl (2R,5S)-5-methyl-2-(3-(dimethyl(vinyl)silyl)prop -1-en-2-

yl)cyclopentane-1,1-dicarboxylate (7b): 

  

Yield 194 mg (79%) as a an inseparable 20:1 mixture of diastereomers as colorless oil. 

Rf (EtOAc/hexane 1:5) = 0.63; IR: nmax = 2967, 2939, 2883, 1728, 1636, 1467, 1409, 1299, 

1252, 1212, 1184, 1118, 1099, 1075, 1048, 1013, 953, 879, 837, 760 cm
-1

; MS (CI+), m/z 

(%): 353 (100) [M+H
+
], 337 (50) [M

+
ïCH3], 325 (40) [M

+
ïCH=CH2], 307 (40) [M

+
ïOEt], 

279 (30) [M
+
ïCOOEt]; HRMS (CI) m/z [M+H

+
] calcd for C19H33O4Si

+
: 353.2148; found: 

353.2136; 
1
H NMR (400 MHz, CDCl3) major trans-diastereomer: d = 0.09 (s, 3H, Si(CH3)2), 

0.10 (s, 3H, Si(CH3)2), 0.95 (d, J = 7.0 Hz, 3H, CHCH3), 1.20 (t, J = 7.2 Hz, 3H, OCH2CH3), 

1.22 (m, 1H, CH3CHCHHCH2), 1.25 (t, J = 7.2 Hz, 3H, OCH2CH3), 1.61 (d, J = 13.3 Hz, 1H, 

CHHSi(CH3)2), 1.64 (m, 1H, CH3CHCH2CHH), 1.68 (d, J = 13.3 Hz, 1H, CHHSi(CH3)2), 

1.92 (m, 2H, CH3CHCHHCHH), 2.91 (dquint, J = 10.8, 6.9 Hz, 1H, CHCH3), 3.29 (dd, J = 

7.4, 9.7 Hz, 1H, CH2=CCHCH2), 3.94 (dq, J = 10.8, 7.1 Hz, 1H, OCH2CH3), 4.12 (dq, J = 

10.8, 7.0 Hz, 1H, OCH2CH3), 4.13 (dq, J = 10.8, 7.0 Hz, 1H, OCH2CH3), 4.23 (dq, J = 10.7, 

7.1 Hz, 1H, OCH2CH3), 4.60 (d, J = 1.1 Hz, 1H, C=CHH), 4.62 (d, J = 0.9 Hz, 1H, C=CHH), 

5.67 (dd, J = 3.9, 20.3 Hz, 1H, CH=CHH), 5.95 (dd, J = 3.9, 14.6 Hz, 1H, CH=CHH), 6.17 

(dd, J = 14.6, 20.3 Hz, 1H, CH=CHH) ppm; minor cis-diastereomer, detectable resonances:  

d = 1.05 (d, J = 6.9 Hz, 3H, CHCH3), 2.28 (m, 1H, CHCH3), 3.29 (dd, J = 10.6, 8.8 Hz, 1H, 

=CCHCH2), 4.64 (s, C=CH2), 4.74 (d, J = 1.1 Hz, 1H, C=CH2) ppm; 
13

C NMR (100 MHz, 

CDCl3) major trans-diastereomer: d = ï3.4 (q, Si(CH3)2), ï3.2 (q, Si(CH3)2), 14.0 (q, 

OCH2CH3), 14.2 (q, OCH2CH3), 17.0 (q, CHCH3), 27.8 (t, CH2Si(CH3)2), 31.1 (t, 

CH2CHC=CH2), 32.9 (t, CH2CH2CHC=CH2), 41.1 (d, CHCH3), 52.0 (d, =CCH), 60.6 (t, 

OCH2CH3), 60.8 (t, OCH2CH3), 67.9 (s, CCO2), 108.8 (t, C=CH2), 131.7 (t, CH=CH2), 138.8 

(d, CH=CH2), 148.4 (s, C=CH2), 171.0 (s, C=O), 171.8 (s, C=O) ppm; minor cis-

diastereomer: d = ï2.5 (q, Si(CH3)2), ï2.3 (q, Si(CH3)2), 14.08 (q, OCH2CH3), 14.14 (q, 

OCH2CH3), 15.5 (q, CHCH3), 26.3 (t, CH2Si(CH3)2), 28.6 (t, CH2CHC=CH2), 31.5 (t, 
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CH2CH2CHC=CH2), 44.9 (d, CHCH3), 52.8 (d, CH2=CCH), 60.2 (t, OCH2CH3), 61.0 (t, 

OCH2CH3), 67.6 (s, CCO2), 109.1 (t, C=CH2), 131.6 (t, CH=CH2), 138.9 (d, CH=CH2), 146.0 

(s, C=CH2), 169.1 (s, C=O), 172.5 (s, C=O) ppm. 

 

Diethyl (S)-2-(7-(trimethylsilyl) -6-((trimethylsilyl)methyl)hept -5-en-2-yl)malonate (S5a): 

  

Yield 17 mg (6%) as a colorless oil. Rf (EtOAc/hexane 1:5) = 0.49; [a]D
20

: +7.0 

(c 0.358 g/100 mL, CHCl3); IR: nmax = 2964, 2938, 2839, 1740, 1469, 1373, 1251, 1156, 

1101, 1071, 1039, 855, 771, 700 cm
-1

; MS (ESI+), m/z (%): 437 (100) [M+Na
+
]; HRMS (ESI) 

m/z [M+Na
+
] calcd for C21H42O4Si2Na

+
: 437.2514; found: 437.2513; 

1
H NMR (400 MHz, 

CDCl3): d = ï0.02 (s, 9H, Si(CH3)3), 0.01 (s, 9H, Si(CH3)3), 0.98 (d, J = 6.7 Hz, 3H, CHCH3), 

1.15-1.31 (m, 2H, CHHCH2CH=C, CH2Si(CH3)3), 1.24 (t, J = 7.1 Hz, 6H, OCH2CH3), 1.33-

1.47 (m, 4H, CHHCH2CH=C, CH2Si(CH3)3), 1.88 (m, 1H, CHHCH=C), 1.95 (m, 1H, 

CHHCH=C), 2.26 (m, 1H, CHCH3), 3.23 (d, J = 7.9 Hz, 1H, CHC=O), 4.18 (q, J = 7.1 Hz, 

4H, OCH2CH3), 4.73 (t, J = 6.9 Hz, 1H, CH=C) ppm; 
13

C NMR (100 MHz, CDCl3): d = ï0.7 

(q, Si(CH3)3), ï0.2 (q, Si(CH3)3), 14.57 (q, OCH2CH3), 14.59 (q, OCH2CH3), 17.3 (q, 

CHCH3), 24.1 (t, CH2Si(CH3)3), 26.5 (t, CH2CH=C), 29.8 (t, CH2Si(CH3)3), 33.6 (d, CHCH3), 

35.3 (t, CH2CH2CH=C), 58.2 (d, CHC=O), 61.47 (t, OCH2CH3), 61.54 (t, OCH2CH3), 119.3 

(d, CH=C), 135.1 (s, CH=C), 169.3 (s, C=O), 169.5 (s, C=O) ppm. 

 

Diethyl (2S,5R)-2-methyl-5-(prop-1-en-2-yl)cyclopentane-1,1-dicarboxylate and diethyl 

(2S,5S)-2-methyl-5-(prop-1-en-2-yl)cyclopentane-1,1-dicarboxylate (20): 

 

BF3·OEt2 (130 mL, 1.03 mmol) was added dropwise to silylated ester 7a (320 mg, 0.94 mmol) 

in dry DCM (19 mL) at ï20 °C under a nitrogen atmosphere. The reaction mixture was stirred 

at this temperature overnight. The reaction was quenched by adding a few drops of saturated 

NaHCO3 solution and diluted with water. The aqueous layer was extracted three times with 

diethyl ether. The combined organic extracts were dried over MgSO4, filtered and evaporated. 
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Purification by column chromatography (EtOAc/hexane 1:100) afforded 227 mg (90%) of 20 

as an inseparable 10:1 mixture of diastereomers as a colorless oil. Rf (EtOAc/hexane 1:5) = 

0.41; IR: nmax = 2982, 2959, 2873, 2855, 1717, 1646, 1636, 1465, 1457, 1448, 1437, 1419, 

1394, 1374, 1369, 1252, 1113, 1094, 1032, 894, 849, 840 cm
-1

; MS (ESI+), m/z (%): 291 

(100) [M+Na
+
]; Anal. calcd for C15H24O4 (268.35): C 67.14, H 9.01; found: C 67.39, H 9.20; 

1
H NMR (400 MHz, CDCl3) major trans-diastereomer: d = 0.90 (d, J = 7.0 Hz, 3H, CHCH3), 

1.13 (t, J = 7.2 Hz, 3H, OCH2CH3), 1.19 (t, J = 7.1 Hz, 3H, OCH2CH3), 1.22 (m, 1H, 

CH3CHCHHCH2), 1.62 (m, 1H, CH3CHCH2CHH), 1.65 (d, J = 0.7 Hz, 3H, CH2=CCH3), 

1.81-1.99 (m, 2H, CH3CHCHHCHH), 2.85 (dquint, J = 10.3, 7.0 Hz, 1H, CHCH3), 3.33 (dd, 

J = 8.7, 8.1 Hz, 1H, CH2=CCHCH2), 3.93 (dq, J = 10.7, 7.1 Hz, 1H, OCH2CH3), 4.07 (dq, J = 

10.8, 7.1 Hz, 1H, OCH2CH3), 4.08 (dq, J = 10.8, 7.1 Hz, 1H, OCH2CH3), 4.18 (dq, J = 10.7, 

7.1 Hz, 1H, OCH2CH3), 4.67 (br s, 1H, C=CH2), 4.70 (br s, 1H, C=CH2) ppm; minor cis-

diastereomer, detectable resonances: d = 1.09 (d, J = 6.9 Hz, 3H, CHCH3), 1.16 (t, J = 7.1 Hz, 

3H, OCH2CH3), 1.20 (t, J = 7.1 Hz, 3H, OCH2CH3), 1.67 (m, 1H, CH3CHCHHCH2), 1.69 (s, 

3H, CH2=CCH3), 1.80 (m, 1H, CH3CHCH2CHH), 1.87 (m, 1H, CH3CHCHHCH2), 1.95 (m, 

1H, CH3CHCH2CHH), 2.30 (m, 1H, CHCH3), 3.17 (dd, J = 10.7, 8.7 Hz, 1H, 

CH2=CCHCH2), 3.98-4.22 (m, 4H, OCH2CH3), 4.73 (br s, 1H, C=CH2), 4.74 (br s, 1H, 

C=CH2) ppm; 
13

C NMR (100 MHz, CDCl3) major trans-diastereomer: d = 14.0 (q, 

OCH2CH3), 14.24 (q, OCH2CH3), 17.3 (q, CHCH3), 23.1 (q, CH2=CCH3), 29.9 (t, 

CH2CHC=CH2), 32.9 (t, CH2CH2CHC=CH2), 40.9 (d, CHCH3), 52.2 (d, CH2=CCH), 60.8 (t, 

OCH2CH3), 60.9 (t, OCH2CH3), 67.6 (s, CCO2), 112.5 (t, CH2=C), 146.2 (s, CH2=C), 171.1 

(s, C=O), 171.5 (s, C=O) ppm; minor cis-diastereomer: d = 14.1 (q, OCH2CH3), 14.16 (q, 

OCH2CH3), 15.5 (q, CHCH3), 23.3 (q, CH2=CCH3), 27.9 (t, CH2CHC=CH2), 30.9 (t, 

CH2CH2CHC=CH2), 44.7 (d, CHCH3), 53.5 (d, CH2=CCH), 60.3 (t, OCH2CH3), 61.0 (t, 

OCH2CH3), 66.9 (s, CCO2), 112.4 (t, CH2=C), 144.8 (s, CH2=C), 169.3 (s, C=O), 172.2 (s, 

C=O) ppm.  
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Diethyl (2R,5S)-2-((S)-1-hydroxyprop-2-yl)-5-methylcyclopentane-1,1-dicarboxylate and 

diethyl (2S,5S)-2-((R)-1-hydroxyprop-2-yl)-5-methylcyclopentane-1,1-dicarboxylate (22): 

 

9-BBN (2.26 mL, 1.13 mmol, 0.5M in THF) was added dropwise to a mixture of olefin 20 

(127 mg, 0.47 mmol) in dry THF (0.25 mL) at 0 °C under a nitrogen atmosphere. After 

stirring the mixture at room temperature for 15 h, the starting material was consumed as 

indicated by TLC. 10% NaOH solution (1.5 mL) was added slowly at 0 °C. After stirring for 

15 min, 30% H2O2 solution (1.5 mL) was added dropwise to the reaction mixture. The 

mixture was stirred for 50 min and saturated NH4Cl (10 mL) was added. The aqueous layer 

was extracted with ethyl acetate and the combined organic layers were washed with 10% 

Na2S2O3 solution (3 mL). The organic layer was dried over Na2SO4, the solvent was 

evaporated and purification by column chromatography (EtOAc/hexane 1:30, gradient to 

1:10) gave 111 mg (83%) of alcohol 22 as an in principle separable 10:1 mixture of 

diastereomers as a colorless oil. Rf (EtOAc/hexane 1:5) = 0.39; IR: nmax = 3440, 2972, 2944, 

2885, 1723, 1467, 1372, 1302, 1254, 1188, 1117, 1099, 1071, 1037, 865, 763 cm
-1
; 

MS (ESI+), m/z (%): 309 (100) [M+Na
+
]; HRMS (ESI) m/z [M+Na

+
] calcd for C15H26O5Na

+
: 

309.1673; found: 309.1673; 
1
H NMR (400 MHz, CDCl3) major trans-diastereomer: d = 0.85 

(d, J = 7.2 Hz, 3H, CH3CHC), 0.99 (d, J = 6.8 Hz, 3H, CH3CHCH2O), 1.10-1.32 (m, 7H, 

CH3CH2O, CH3CHCHHCH2), 1.36 (m, 1H, CH3CHCH2CHH), 1.63 (m, 1H, CH3CHCH2O), 

1.86 (m, 1H, CH3CHCH2CHH), 2.09 (m, 1H, CH3CHCHHCH2), 2.65 (dt, J = 7.3, 11.7 Hz, 

1H, CH2CHCHCH3), 2.77 (sext, J = 7.2 Hz, 1H, CH3CHC), 3.36 (dd, J = 6.8, 10.8 Hz, 1H, 

CHHOH), 3.54 (dd, J = 4.4, 10.8 Hz, 1H, CHHOH), 4.08 (m, 2H, CH3CH2O), 4.20 (m, 2H, 

CH3CH2O) ppm; minor cis-diastereomer, detectable resonances: d = 0.97 (d, J = 7.0 Hz, 3H, 

CH3CHC), 1.08 (d, J = 6.8 Hz, 3H, CH3CHCH2O), 2.27 (m, 1H, CH3CHC), 2.57 (m, 1H, 

CH2CHCHCH3), 3.37 (m, 1H, CHHOH), 3.56 (m, 1H, CHHOH) ppm; 
13

C NMR (100 MHz, 

CDCl3) major trans-diastereomer: d = 14.1 (q, CH3CH2O), 14.23 (q, CH3CH2O), 16.8 (q, 

CH3CHCH2O), 18.8 (q, CH3CHC), 27.5 (t, CH3CHCH2CH2), 32.5 (t, CH3CHCH2CH2), 37.6 

(d, CHCH2O), 41.1 (d, CH3CHC), 47.7 (d, CH2CHCHCH3), 61.07 (t, CH3CH2O), 61.09 (t, 

CH3CH2O), 66.5 (t, CH2OH), 66.7 (s, CCO2), 171.7 (s, C=O), 172.0 (s, C=O) ppm; minor 

cis-diastereomer: d = 14.15 (q, CH3CH2O), 14.20 (q, CH3CH2O), 15.3 (q, CH3CHCH2O), 
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16.6 (q, CH3CHC), 27.8 (t, CH3CHCH2CH2), 31.0 (t, CH3CHCH2CH2), 38.6 (d, CHCH2O), 

45.3 (d, CH3CHC), 50.2 (d, CH2CHCHCH3), 60.5 (t, CH3CH2O), 61.10 (t, CH3CH2O), 65.9 

(t, CH2OH), 66.9 (s, CCO2), 169.9 (s, C=O), 172.6 (s, C=O) ppm. 

 

(4S,4aR,7S,7aR)-4,7-Dimethyl-1-oxohexahydrocyclopenta[c]pyran-7a(1H)-carboxylic 

acid (23): 

 

Method A: Potassium hydroxide (500 mg, 8.9 mmol) was dissolved in water (5 mL) and 

added to a mixture of alcohol 22 (40 mg, 0.14 mmol) and methanol (5 mL). The reaction 

mixture was heated to reflux for a week. After completion, it was acidified by HCl (1M) to 

pH 1. Methanol was evaporated under reduced pressure and DCM was added. The layers 

were separated and the aqueous was extracted with DCM (3³10 mL). The combined organic 

extracts were washed with brine, dried over MgSO4 and filtered. Evaporation gave 28 mg 

(93%) of crude acid 23 as a colorless oil.  

Method B: Potassium trimethylsilanolate (200 mg, 1.5 mmol) was added to alcohol 22 

(45 mg, 0.15 mmol) and dry THF (5 mL) under an argon atmosphere. The reaction mixture 

was refluxed for two days and a few drops of hydrochloric acid (1M) were added after 

cooling. The mixture was diluted with water, the layers were separated and the aqueous was 

extracted with DCM (3³5 mL). The organic extracts were washed with brine, dried over 

MgSO4 and filtered. The solvent was evaporated under reduced pressure affording 16 mg of a 

crude 1:1 mixture of acid 23 and 12 mg of dihydronepetalactone (3) (overall 96%). MS 

(ESI+), m/z (%): 235 (40) [M+Na
+
]; HRMS (ESI) m/z [M+Na

+
] calcd for C11H16O4Na

+
: 

235.0941; found: 235.0941; 
1
H NMR (400 MHz, CDCl3): d = 0.95 (d, J = 7.0 Hz, 3H, 

CH3CHCH2O), 1.15 (d, J = 6.9 Hz, 3H, CH3CHC), 1.56 (m, 1H, CH3CHCH2CHH), 1.69 (m, 

1H, CH3CHCHHCH2), 1.85 (m, 1H, CH3CHCHHCH2), 1.94 (m, 1H, CH3CHCH2CHH), 2.21 

(m, 1H, CH3CHC), 2.25 (m, 1H, CH3CHCH2O), 3.33 (m, 1H, CH2CHCHCH3), 4.20 (ddd, J = 

1.9, 4.2, 11.2 Hz, 1H, CHHO), 4.27 (dd, J = 11.2, 11.3 Hz, 1H, CHHO), 12.04 (broad s, 1H, 

COOH) ppm; 
13

C NMR (100 MHz, CDCl3): d = 13.0 (q, CH3CHCH2O), 15.2 (q, CH3CHC), 

25.4 (t, CH3CHCH2CH2), 31.2 (d, CH3CHCH2O), 32.8 (t, CH3CHCH2CH2), 44.6 (d, 

CH2CHCHCH3), 48.7 (d, CH3CHC), 60.9 (s, CC=O), 71.4 (t, CH2O), 170.8 (s, COOH), 177.5 

(s, COOCH2) ppm. 
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Dihydronepetalactone, (4S,4aR,7S,7aR)-4,7-dimethylhexahydrocyclopenta[c]pyran-

1(3H)-one (3): 

 

A carefully nitrogen-flushed mixture of carboxylic acid 23 (15 mg, 0.07 mmol) and DMSO 

(0.2 mL) was heated to 130 °C for 5 hours. After cooling to room temperature, water (3 mL) 

was added. The aqueous layer was extracted with diethyl ether (3×3 mL) and the organic 

extract was washed with brine and dried with Na2SO4. The solvent was evaporated under 

reduced pressure. The crude product was purified by column chromatography (diethyl 

ether/pentane 1:30, gradient to 1:1) affording 10 mg (85%) of dihydronepetalactone (3) as a 

colorless oil. Rf (EtOAc/hexane 1:5) = 0.30; [a]D
20

: +66.9 (c 0.121 g/100 mL, CHCl3) (lit.
4
 

[a]D
25

: +72); IR: nmax = 2966, 2935, 2864, 1742, 1467, 1383, 1251, 1209, 1175, 1122, 1085, 

1062, 968, 851, 830, 807, 670 cm
-1

; MS (ESI+), m/z (%): 191 (100) [M+Na
+
]; HRMS (EI) 

m/z [M
+
] calcd for C10H16O2

+
: 168.1150; found: 168.1151; 

1
H NMR (400 MHz, CDCl3): d = 

0.90 (d, J = 7.1 Hz, 3H, CH3CHCH2O), 1.14-1.25 (m, 1H, CH3CHCHHCH2), 1.20 (d, J = 6.4 

Hz, 3H, CH3CHCHC=O), 1.43 (m, 1H, CH3CHCH2CHH), 1.75 (m, 1H, CH3CHCH2CHH), 

1.93 (m, 1H, CH3CHCHHCH2), 2.00 (m, 1H, CH3CHCHC=O), 2.23 (m, 1H, CH3CHCH2O), 

2.43 (dd, J = 9.3, 10.8 Hz, 1H, CHC=O), 2.52 (m, 1H, CH2CHCHCH3), 4.02 (ddd, J = 1.6, 

3.9, 11.1 Hz, 1H, CHHO), 4.08 (dd, J = 10.4, 11.0 Hz, 1H, CHHO) ppm; 
13

C NMR (100 

MHz, CDCl3): d = 13.3 (q, CH3CHCH2O), 19.5 (q, CH3CHCHC=O), 26.5 (t, 

CH3CHCH2CH2), 31.2 (d, CHCH2O), 35.2 (t, CH3CHCH2CH2), 40.6 (d, CH2CHCHCH3), 

41.7 (d, CH3CHCHC=O), 50.7 (d, CHC=O), 70.1 (t, CH2O), 174.5 (s, C=O) ppm. The data 

are in agreement with those in the cited literature for racemic dihydronepetalactone.
5
 

 

Ethyl (4S,4aR,7S,7aR)-4,7-dimethyl-1-oxohexahydrocyclopenta[c]pyran-7a(1H)-

carboxylate (24): 

O

HEtO2C

O

 

p-TsOH (6 mg, 0.030 mmol) was added to a diastereomeric mixture of alcohol 22 (29 mg, 

0.1 mmol) and CDCl3 (0.5 mL). The reaction mixture was directly monitored in the NMR 
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tube. The reaction was completed after 1 h and a few drops of saturated Na2CO3 solution were 

added. The solvent was evaporated under reduced pressure and the crude product was purified 

by column chromatography (diethyl ether/pentane 1:30, gradient to 1:10) giving 23 mg (96%) 

of lactone 24 as a colorless oil. Rf (EtOAc/hexane 1:5) = 0.31; [a]D
20

: +23.3 

(c 0.300 g/100 mL, CHCl3); IR: nmax = 2966, 2933, 2863, 1749, 1732, 1467, 1382, 1257, 

1237, 1208, 1176, 1126, 1043, 1017 cm
-1

; MS (ESI+), m/z (%): 263 (100) [M+Na
+
]; HRMS 

(ESI) m/z [M+Na
+
] calcd for C13H20O4Na

+
: 263.1254; found: 263.1254; 

1
H NMR (400 MHz, 

CDCl3): d = 0.92 (d, J = 7.1 Hz, 3H, CH3CHCH2O), 1.12 (d, J = 7.0 Hz, 3H, CH3CHC), 1.25 

(t, J = 7.1 Hz, 3H, CH3CH2O), 1.40 (m, 1H, CH3CHCHHCH2), 1.47 (m, 1H, 

CH3CHCH2CHH), 1.78 (m, 2H, CH3CHCHHCHH), 2.32 (m, 1H, CH3CHCH2O), 2.47 (m, 

1H, CH3CHC), 2.96 (dt, J = 7.2, 10.9 Hz, 1H, CH2CHCHCH3), 4.08 (d, J = 5.1 Hz, 2H, 

CHCH2O), 4.17 (dq, J = 7.1, 10.9 Hz, 1H, CH3CHHO), 4.19 (dq, J = 7.0, 10.9 Hz, 1H, 

CH3CHHO) ppm; 
13

C NMR (100 MHz, CDCl3): d = 13.9 (q, CH3CHCH2O), 14.3 (q, 

CH3CH2O), 15.7 (q, CH3CHC), 26.5 (t, CH3CHCH2CH2), 29.7 (d, CHCH2O), 33.4 (t, 

CH3CHCH2CH2), 44.2 (d, CH3CHC), 47.3 (d, CH2CHCHCH3), 61.5 (s, CC=O), 61.8 (t, 

CH3CH2O), 72.0 (t, CHCH2O), 171.1 (s, C=O), 172.0 (s, C=O) ppm. 

 

Dihydronepetalactone (3) by Krapcho dealkoxycarbonylation of lactone 24:  

A carefully nitrogen-flushed mixture of lactone 24 (5 mg, 0.02 mmol), anhydrous LiCl (1.5 

mg, 0.036 mmol), water (1.25 mL, 0.069 mmol) and DMSO (0.2 mL) was heated to 160 °C 

for 3 h. After cooling to room temperature, saturated NaHCO3 (2 mL) and water (2 mL) were 

added. The aqueous layer was extracted with diethyl ether (3×2 mL) and the organic extract 

was washed with brine and dried with Na2SO4. The solvent was evaporated under reduced 

pressure. The crude product was purified by column chromatography (diethyl ether/pentane 

1:30, gradient to 1:1) affording 2.7 mg (49%) of dihydronepetalactone (3), which was 

inseparable from starting lactone 24, as a colorless oil, and alcohol 25. 

 

Ethyl (1S,2R,5S)-2-((S)-1-hydroxyprop-2-yl)-5-methylcyclopentane-1-carboxylate (25): 

 

Yield 0.5 mg (11%) as a colorless oil. Rf (EtOAc/hexane 1:5) = 0.15; IR: nmax = 3525, 3498, 

3420, 3371, 2967, 2935, 2864, 1738, 1466, 1382, 1241, 1189, 1158, 1039 cm
-1

; MS (ESI+), 
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m/z (%): 237 (100) [M+Na
+
]; HRMS (ESI) m/z [M+Na

+
] calcd for C12H22O3Na

+
: 237.1461; 

found: 237.1461; 
1
H NMR (400 MHz, CDCl3): d = 0.87 (d, J = 6.8 Hz, 3H, HOCH2CHCH3), 

0.93 (d, J = 7.0 Hz, 3H, CH3CHCH2CH2), 1.30 (t, J = 7.1 Hz, 3H, OCH2CH3), 1.33-1.47 (m, 

2H, CH3CHCHHCHH), 1.73 (m, 2H, HOCH2CHCH3, OH), 1.79 (m, 1H, CH3CHCHHCH2), 

1.94 (m, 1H, CH3CHCH2CHH), 2.35 (m, 1H, CH3CHCH2CH2), 2.55 (m, 1H, 

CH3CHCH2CH2CH), 2.64 (t, J = 8.8 Hz, 1H, CHC=O), 3.44 (AB part of ABX system, J = 

6.5, 6.7, 11.4 Hz, 2H, CH2OH), 4.17 (q, J = 7.2 Hz, 2H, OCH2CH3) ppm; 
13

C NMR 

(100 MHz, CDCl3): d = 13.5 (q, HOCH2CHCH3), 14.5 (q, OCH2CH3), 16.4 (q, 

CH3CHCH2CH2), 29.9 (t, CH3CHCH2CH2), 34.6 (t, CH3CHCH2CH2), 38.0 (d, 

CH3CHCH2CH2), 39.8 (d, HOCH2CHCH3), 42.5 (d, CH3CHCH2CH2CH), 50.0 (d, CHC=O), 

60.5 (t, OCH2CH3), 66.9 (t, CH2OH), 176.3 (s, C=O) ppm. 

 

Ethyl (1S,3aR,4S,6aS)-1-(hydroxymethyl)-4-methyl-3-oxo-1-

((trimethylsilyl)methyl)tetrahydro -1H-cyclopenta[c]furan-3a(3H)-carboxylate (26a) and 

ethyl (1R,3aR,4S,6aS)-1-(hydroxymethyl)-4-methyl-3-oxo-1-

((trimethylsilyl)methyl)tetrahydro -1H-cyclopenta[c]furan-3a(3H)-carboxylate (26b): 

 

N-Methylmorpholine N-oxide (155 mg, 1.32 mmol), OsO4 (225 mL, 0.018 mmol, 2.5 wt% in 

tBuOH) and pyridine (1 drop) were added subsequently to a solution of silylated olefin 7a 

(150 mg, 0.44 mmol) in acetone/water/t-butanol mixture 1:1:1 (3 mL) at room temperature. 

The reaction mixture was stirred for 16 h, concentrated and diluted with water. The mixture 

was extracted with DCM, the combined organic extracts were dried over MgSO4 and 

evaporated under reduced pressure. The crude product was purified by column 

chromatography (EtOAc/hexane 1:30, gradient to 1:2.5) giving 121 mg (84%) of alcohol 26 

as a in principle separable 6:1 mixture of diastereomers as a colorless oil. Rf (EtOAc/hexane 

1:5) = 0.34 (major diastereomer), 0.30 (minor diastereomer); IR: nmax = 3523, 3489, 2964, 

2934, 2863, 1776, 1734, 1466, 1373, 1303, 1253, 1189, 1140, 1082, 1033, 996, 919, 846, 695 

cm
-1

; MS (ESI+), m/z (%): 679 (20) [2M+Na
+
], 351 (100) [M+Na

+
]; Anal. calcd for 

C16H28O5Si (328.48): C 58.50, H 8.59; found: C 58.71, H 8.69; 
1
H NMR (400 MHz, CDCl3) 
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major diastereomer: d = 0.11 (s, 9H, Si(CH3)3), 0.98 (d, J = 14.8 Hz, 1H, CHHSi(CH3)3), 1.08 

(d, J = 7.0 Hz, 3H, CH3CH), 1.23 (d, J = 14.9 Hz, 1H, CHHSi(CH3)3), 1.30 (t, J = 7.1 Hz, 3H, 

OCH2CH3), 1.48 (m, 1H, CH3CHCHHCH2), 1.59 (broad s, 1H, OH), 1.72 (m, 1H, 

CH3CHCH2CHH), 1.82 (m, 1H, CH3CHCHHCH2), 1.94 (m, 1H, CH3CHCH2CHH), 2.52 (m, 

1H, CH3CH), 3.26 (t, J = 8.5 Hz, 1H, CHCCH2), 3.53 (d, J = 11.9 Hz, 1H, CHHOH), 3.62 (d, 

J = 11.9 Hz, 1H, CHHOH), 4.23 (q, J = 7.1 Hz, 2H, OCH2CH3) ppm; minor diastereomer: d = 

0.09 (s, 9H, Si(CH3)3), 1.05 (d, J = 14.7 Hz, 1H, CHHSi(CH3)3), 1.06 (d, J = 7.1 Hz, 3H, 

CH3CH), 1.25 (d, J = 14.7 Hz, 1H, CHHSi(CH3)3), 1.33 (t, J = 7.1 Hz, 3H, OCH2CH3), 1.48 

(m, 1H, CH3CHCHHCH2), 1.59 (broad s, 1H, OH), 1.72 (m, 1H, CH3CHCH2CHH), 1.82 (m, 

1H, CH3CHCHHCH2), 1.94 (m, 1H, CH3CHCH2CHH), 2.65 (m, 1H, CH3CH), 3.23 (t, J = 

7.9 Hz, 1H, CHCCH2), 3.60 (d, J = 12.0 Hz, 1H, CHHOH), 3.80 (d, J = 12.0 Hz, 1H, 

CHHOH), 4.24 (q, J = 7.1 Hz, 2H, OCH2CH3) ppm; 
13

C NMR (100 MHz, CDCl3) major 

diastereomer: d = 0.4 (q, Si(CH3)3), 14.36 (q, OCH2CH3), 16.1 (q, CH3CH), 21.7 (t, 

CH2Si(CH3)3), 29.0 (t, CH3CHCH2CH2), 35.0 (t, CH3CHCH2CH2), 45.6 (d, CHCH3), 51.9 (d, 

CHCCH2), 61.8 (t, OCH2CH3), 66.8 (s, CC=O), 70.1 (t, CH2OH), 88.73 (s, CCH2), 170.0 (s, 

C=O), 175.6 (s, C=O) ppm; detectable resonances of minor diastereomer: d = 0.1 (q, 

Si(CH3)3), 14.38 (q, OCH2CH3), 15.9 (q, CH3CH), 26.4 (t, CH2Si(CH3)3), 28.5 (t, 

CH3CHCH2CH2), 35.6 (t, CH3CHCH2CH2), 44.0 (d, CHCH3), 53.6 (d, CHCCH2), 62.2 (t, 

OCH2CH3), 66.1 (t, CH2OH), 88.75 (s, CCH2) ppm. 

 

The spatial interatomic contacts observed in ROESY spectra of compound 26a,b were used 

for the determination of the configuration at HOCH2ïCïCH2SiMe3 carbon. 
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Ethyl (4aR,7S,7aR)-7-methyl-4-methylene-1-oxohexahydrocyclopenta[c]pyran-7a(1H)-

carboxylate (27): 

 

BF3·OEt2 (9.3 mL, 0.074 mmol) was added dropwise to 26 (20 mg, 0.062 mmol) in dry DCM 

(1 mL) at 0 °C under a nitrogen atmosphere. The reaction mixture was stirred at room 

temperature for 2 h. The reaction was quenched by adding a few drops of saturated NaHCO3 

solution and diluted with water. The aqueous layer was extracted three times with diethyl 

ether and the organic extract was dried over MgSO4. Purification by column chromatography 

(diethyl ether/pentane 1:5, gradient to 1:1) gave 13 mg (86%) of lactone ester 27 as a colorless 

oil. Rf (EtOAc/hexane 1:5) = 0.35; [a]D
20

: ï15.9 (c 0.270 g/100 mL, CHCl3); IR: nmax = 2967, 

2933, 2863, 1734, 1467, 1456, 1383, 1250, 1166, 671 cm
-1

; MS (ESI+), m/z (%): 261 (100) 

[M+Na
+
]; Anal. calcd for C13H18O4 (238.28): C 65.53, H 7.61; found: C 65.69, H 7.69; 

1
H NMR (400 MHz, CDCl3): d = 1.00 (d, J = 7.1 Hz, 3H, CH3CH), 1.23 (t, J = 7.1 Hz, 3H, 

OCH2CH3), 1.38 (m, 2H, CH3CHCHHCH2, CH3CHCH2CHH), 1.85 (m, 1H, 

CH3CHCHHCH2), 2.14 (m, 1H, CH3CHCH2CHH), 2.84 (m, 1H, CH3CH), 3.62 (m, 1H, 

CHC=CH2), 4.18 (dq, J = 7.1, 10.7 Hz, 1H, CH3CHHO), 4.20 (dq, J = 7.2, 10.7 Hz, 1H, 

CH3CHHO), 4.45 (dt, J = 0.7, 12.2 Hz, 1H, OCHHC=CH2), 4.47 (dtd, J = 0.5, 1.3, 12.3 Hz, 

1H, OCHHC=CH2), 4.98 (d, J = 2.6 Hz, 1H, CHH=C), 5.08 (m, 1H, CHH=C) ppm; 
13

C NMR 

(100 MHz, CDCl3): d = 14.3 (q, OCH2CH3), 16.5 (q, CH3CH), 31.2 (t, CH3CHCH2CH2), 33.5 

(t, CH3CHCH2CH2), 42.6 (d, CHCH3), 47.4 (d, CHC=CH2), 62.3 (t, OCH2CH3), 63.2 (s, 

CC=O), 71.8 (t, OCH2C=CH2), 113.7 (t, CH2=C), 141.6 (s, CH2=C), 170.5 (s, C=O), 171.5 (s, 

C=O) ppm. 

 

(4aR,7S,7aR)-7-Methyl -4-methylene-1-oxohexahydrocyclopenta[c]pyran-7a(1H)-

carboxylic acid (S6): 

 

Potassium hydroxide (1 g, 17.8 mmol) was dissolved in water (2 mL) and added to a mixture 

of lactone ester 27 (40 mg, 0.17 mmol) and methanol (2 mL). The reaction mixture was 
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heated to reflux for 48 h. After completion, it was acidified by hydrochloric acid (1M) to 

pH 1. Methanol was evaporated under reduced pressure and DCM was added. The layers 

were separated and the aqueous was extracted with DCM (3³10 mL). The combined organic 

extracts were washed with brine, dried over MgSO4 and filtered. Evaporation gave 34 mg 

(96%) of crude acid S6 as a colorless oil. Rf (EtOAc/hexane 1:5) = 0.0; MS (EI), m/z (%): 211 

(10) [M+H
+
], 192 (50) [M

+
ïH2O], 165 (100) [M

+
ïCOOH], 121 (50) [M

+
ïCOOHïCOO], 82 

(30) [M
+
ïCOOCH2C=CH2ïCOOH], 67 (50) [M

+
ïCOOCH2C=CH2ïMeïCOOH]; HRMS (EI) 

m/z [M+H
+
] calcd for C11H15O4

+
: 211.0970; found: 211.0971; 

1
H NMR (400 MHz, CDCl3): 

d = 1.09 (d, J = 6.9 Hz, 3H, CH3CH), 1.54 (m, 2H, CH3CHCHHCHH), 1.86 (m, 1H, 

CH3CHCHHCH2), 2.23 (m, 1H, CH3CHCH2CHH), 2.58 (m, 1H, CH3CH), 3.67 (t, J = 8.3 Hz, 

1H, CHC=CH2), 4.59 (dd, J = 1.0, 12.3 Hz, 1H, CHHO), 4.74 (d, J = 12.3 Hz, 1H, CHHO), 

5.05 (m, 1H, CHH=C), 5.09 (d, J = 0.8 Hz, 1H, CHH=C) ppm; 
13

C NMR (100 MHz, CDCl3): 

d = 15.7 (q, CH3CH), 32.1 (t, CH3CHCH2CH2), 33.2 (t, CH3CHCH2CH2), 45.9 (d, CH3CH), 

47.1 (d, CHC=CH2), 71.6 (t, CH2O), 115.0 (t, CH2=C), 140.3 (s, CH2=C), 172.4 (s, COOH), 

174.1 (s, COOCH2) ppm. 

 

Dolicholactone, (4aS,7S,7aR)-7-methyl-4-methylenehexahydrocyclopenta[c]pyran-

1(3H)-one (5): 

  

A carefully nitrogen-flushed mixture of carboxylic acid S6 (11 mg, 0.02 mmol) and DMSO 

(0.2 mL) was heated to 110 °C for 4 h. After cooling to room temperature, water (2 mL) was 

added. The aqueous layer was extracted with diethyl ether (3×3 mL) and the organic extract 

was washed with brine and dried with Na2SO4. The solvent was evaporated under reduced 

pressure. The crude product was purified by column chromatography (EtOAc/hexane 1:30, 

gradient to 10:1) affording 7.9 mg (91%) of dolicholactone (5) as a colorless oil. 

Rf (EtOAc/hexane 1:5) = 0.29; [a]D
20

: +44.0 (c 0.270 g/100 mL, CHCl3); literature:
6
 [a]D

22
: 

+44.5 (c 0.360 g/100 mL, CHCl3); IR: nmax = 2969, 2934, 2862, 1738, 1466, 1382, 1297, 

1268, 1188, 1024, 972, 801 cm
-1

; MS (EI), m/z (%): 166 (10) [M
+
], 138 (20) [M

+
ïCO], 121 

(20) [M
+
ïCOOH], 82 (70) [M

+
ïCOOCH2C=CH2], 67 (10) [M

+
ïCOOCH2C=CH2ïMe]; 

HRMS (EI) m/z [M
+
] calcd for C10H14O2

+
: 166.0993; found: 166.0994; 

1
H NMR (400 MHz, 

CDCl3): d = 1.13 (d, J = 6.6 Hz, 3H, CH3CH), 1.16 (m, 1H, CH3CHCHHCH2), 1.45 (m, 1H, 
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CH3CHCH2CHH), 1.89 (m, 1H, CH3CHCHHCH2), 2.05 (m, 1H, CH3CHCH2CHH), 2.29 (m, 

1H, CH3CH), 2.45 (dd, J = 8.5, 10.7 Hz, 1H, CHC=O), 3.05 (m, 1H, CHC=CH2), 4.53 (dd, 

J = 1.0, 12.0 Hz, 1H, CHHO), 4.61 (dd, J = 0.6, 12.0 Hz, 1H, CHHO), 4.97 (m, 1H, CHH=C), 

5.04 (m, 1H, CHH=C) ppm; 
13

C NMR (100 MHz, CDCl3): d = 20.1 (q, CH3CH), 32.5 (t, 

CH3CHCH2CH2), 34.7 (t, CH3CHCH2CH2), 39.4 (d, CH3CH), 42.1 (d, CHC=CH2), 51.2 (d, 

CHC=O), 71.0 (t, CH2O), 113.5 (t, CH2=C), 142.3 (s, CH2=C), 174.0 (s, C=O) ppm. The data 

are in agreement with those in the cited literature.
6
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Copies of 
1
H and 

13
C NMR spectra 

1,3-Bis[dimethyl(vinyl)silyl]prop -2-yl phenyl sulfone (10b): 
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1,3-Bis[dimethyl(phenyl)silyl]prop -2-yl phenyl sulfone (10c):  
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Ethyl (3S)-6-(benzoyloxy)-3-methyl-7-(phenylsulfonyl)-7-((trimethylsilyl )methyl)-8-

(trimethylsilyl)octanoate (14a): 
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Ethyl (3S)-6-benzoyloxy-3-methyl-7-(phenylsulfonyl)-7-((dimethyl(vinyl)silyl )methyl)-8- 

(dimethyl(vinyl)silyl)octanoate (14b): 
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Ethyl (3S)-3-methyl-7-((trimethylsilyl )methyl)-6-((trimethylsilyl)oxy)oct -7-enoate (S3a): 
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Ethyl (3S)-6-(benzoyloxy)-3-methyl-7-((trimethylsilyl )methyl)oct-7-enoate (S4a): 
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Ethyl (S)-3-methyl-8-(trimethylsilyl) -7-((trimethylsilyl)methyl)oct -6-enoate (8a): 
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Ethyl (S)-8-(dimethyl(vinyl)silyl) -7-((dimethyl(vinyl)silyl)methyl) -3-methyloct-6-enoate 

(8b): 
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Diethyl (2S,5S)-2-methyl-5-(3-(trimethylsilyl)prop -1-en-2-yl)cyclopentane-1,1-

dicarboxylate, diethyl (2S,5R)-2-methyl-5-(3-(trimethylsilyl)prop -1-en-2-

yl)cyclopentane-1,1-dicarboxylate (7a): 
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Diethyl (2S,5S)-2-methyl-5-(3-(dimethyl(vinyl)silyl)prop -1-en-2-yl)cyclopentane-1,1-

dicarboxylate, diethyl (2S,5R)-2-methyl-5-(3-(dimethyl(vinyl)silyl)prop -1-en-2-

yl)cyclopentane-1,1-dicarboxylate (7b): 

 

                 

 

                                               

 

  


