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•Ru(acac)2(dbcot) (2d) 

 

Figure S1 Molecular structure of Ru(acac)2(dbcot) (2d). All hydrogen atoms are omitted for 

clarity. Ellipsoids represent 50% probability.
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Table S1. Crystallographic and Physical Data for 2d 

chemical formula C26H26O4Ru 

formula weight 503.56 

color yellow 

crystal dimensions (mm) 0.467 X 0.319 X 0.155 

crystal system triclinic 

Lattice Parameters  

a (Å) 10.4282 

b (Å) 10.6707(2) 

c (Å) 12.0312(7) 

(deg.) 86.53(1) 

(deg.) 82.91(1) 

(deg.) 60.82(5) 

V (Å
3
) 1159.92(9)  

space group P -1(No. 2) 

Z 2 

Dcalcd (g cm
-3

) 1.442 

F000 516 

 (mm
-1

) 0.705 

radiation Mo Ka (l = 0.71075 Å) 

temp. (℃) -73.1 

Scan type 

diffrn reflns number 8677 

reflns number total 5189 

reflns number gt 4937 

No. Variables 280 

R1 (wR2) 0.0259 (0.0683) 

GOF 1.085 
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•Ru(2,3-dimethyl-1,3-butadiene)(CO)(bod) (4ba) 

 

Figure S2 Molecular structure of Ru(2,3-dimethyl-1,3-butadiene)(CO)(bnd) (4ba). All 

hydrogen atoms are omitted for clarity. Ellipsoids represent 50% probability.
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Table S2. Crystallographic and Physical Data for 4ba 

chemical formula C16H22ORu 

formula weight 331.42 

color colorless 

crystal dimensions (mm) 0.260X 0.194 X 0.188 

crystal system triclinic 

Lattice Parameters  

a (Å) 7.400(2) 

b (Å) 8.555(2) 

c (Å) 11.976(3) 

(deg.) 99.608(3) 

(deg.) 99.618(2) 

(deg.) 108.609(3) 

V (Å
3
) 688.4(3)  

space group P-1 (No. 2) 

Z 2 

Dcalcd (g cm
-3

) 1.599 

F000 340.00 

 (mm
-1

) 1.125 

radiation Mo K (l = 0.71075 Å) 

temp. (℃) -73.1 

Scan type 

diffrn reflns number 5409 

reflns number total 3092 

reflns number gt 3010 

No. Variables 163 

R1 (wR2) 0.0288 (0.0717) 

GOF 1.170 
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•Ru(2,3-dimethyl-1,3-butadiene)(CO)(dbcot) (4d) 

 

Figure S3 Molecular structure of Ru(2,3-dimethyl-1,3-butadiene)(CO)(dbcot) (4d), All 

hydrogen atoms are omitted for clarity. Ellipsoids represent 50% probability.
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Table S3. Crystallographic and Physical Data for 4d 

chemical formula C23H22ORu 

formula weight 415.50 

color pale yellow 

crystal dimensions (mm) 0.091X 0.089 X 0.075 

crystal system monoclinic 

Lattice Parameters  

a (Å) 9.017(3) 

b (Å) 11.509(3) 

c (Å) 9.073(3) 

(deg.) 104.913(3) 

V (Å
3
) 909.9 (5)  

space group P21/m (No. 11) 

Z 2 

Dcalcd (g cm
-3

) 1.516 

F000 424.00 

 (mm
-1

) 0.869 

radiation Mo K (l = 0.71075 Å) 

temp. (℃) -73.1 

Scan type 

diffrn reflns number 7319 

reflns number total 2172 

reflns number gt 1940 

No. Variables 118 

R1 (wR2) 0.0438 (0.0987) 

GOF 1.225 
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Chiral GLC chromatogram for 10 

  

Conditions: Column Rt-DEXsa, oven temp. = 120 ˚C, carrier gas (He) linear velocity 50 cm/sec. 

racemic sample (10)

E-10a1

E-10a2

10c

E-10b

E
-1
0
a

1

E
-1
0
a

2

1
0
c

E
-1
0
b

 

 

No. Time Area Area % 

 1 16.51 341139 50.0 E-10a1  

2 17.48 340706 50.0 E-10a2 

Figure S4-1. Chiral GLC chart for the rac-cross dimer 10 
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reaction with (S,S)-3bb

E-10a1

E-10a2

10c

E-10b
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E
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E
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0
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No. Time Area Area % 

 1 16.35 85130 55.1 E-10a1  

2 17.31 69448 44.9 E-10a2 

Figure S4-2. Chiral GLC chart for the cross dimer 10 (cat. = (S,S)-3bb) 
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reaction with (-)-3f
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No. Time Area Area % 

 1 16.44 161861 35.6 E-10a1  

2 17.42 293336 64.4 E-10a2 

Figure S4-3. Chiral GLC chart for the cross dimer 10 (cat. = (-)-3f) 
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Chiral GLC chromatogram for 11 

Conditions: Column Rt-DEXsa, oven temp. = 140 ˚C, carrier gas (He) linear velocity 40 cm/sec.  

racemic sample (11)

E-11a1

E-11a2

Z-11a

E
-1
1
a

1Z
-1
1
a

E
-1
1
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No. Time Area Area % 

 1 13.01 328231 50.6 E-11a1  

2 13.40 320271 49.4 E-11a2 

Figure S5-1. Chiral GLC chart for the rac-cross dimer 11 
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In some reactions, the measurement of chiral GC was carried out using the unpurified reaction 

mixture due to the difficulty of purification for low yield. We shown GC chart of the unpurified 

reaction mixture.(Fig. S5-2) Although these peaks were slightly overlapped, it was enough to 

estimate the such low ee value. 

racemic sample (11)

(reaction mixture)

E-11a1
E-11a2
biphenyl

naphthalene
Z-11a
unknown
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1
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No. Time Area Area % 

 1 13.06 1246237 49.9 E-11a1  

2 13.46 1253345 51.1 E-11a2 

Figure S5-2. Chiral GLC chart for the rac-cross dimer 11 
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reaction with (S,S)-3bb

E
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(naphthalene)

E-11a1

E-11a2

Z-11a

 

No. Time Area Area % 

 1 12.98 67668 66.8 E-11a1  

2 13.40 33631 33.2 E-11a2 

Figure S5-2. Chiral GLC chart for the cross dimer 11 (cat. = (S,S)-3bb) 



 S 14 

reaction with (-)-3f
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No. Time Area Area % 

 1 13.01 180365 32.0 E-11a1  

2 13.43 383914 68.0 E-11a2 

Figure S5-3. Chiral GLC chart for the cross dimer 11 (cat. = (-)-3f) 
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reaction with (-)-3f

diene:MA = 2:1
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unknown cross-dimer

 

No. Time Area Area % 

 1 13.03 516696 25.0 E-11a1  

2 13.52 1554189 75.0 E-11a2 

Figure S5-4. Chiral GLC chart for the cross dimer 11 (cat. = (-)-3f, diene:MA = 2:1)



 S 16 

reaction with (-)-3f

(tert-Butyl acrylate)

E
-1
1
a

1

Z
-1
1
a

E
-1
1
a

2

E-11a1

E-11a2

Z-11a

 

No. Time Area Area % 

 1 13.00 128833 20.8 E-11a1  

2 13.45 490683 79.2 E-11a2 

Figure S5-5. Chiral GLC chart for the cross dimer 11 (cat. = (-)-3f, tert-Butyl acrylate)
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reaction with (-)-3f

(tert-Butyl acrylate)

diene:tBuA = 2:1

E
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1
E
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1
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2

E-11a1

E-11a2

 

No. Time Area Area % 

 1 13.01 255863 25.6 E-11a1  

2 13.47 742145 74.4 E-11a2 

Figure S5-6. Chiral GLC chart for the cross dimer 11 (cat. = (-)-3f, tert-Butyl acrylate, diene:tBuA 

= 2:1) 
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reaction with (-)-3f

(adamantyl acrylate)

E
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No. Time Area Area % 

 1 12.99 100137 26.1 E-11a1  

2 13.40 283116 73.9 E-11a2 

Figure S5-7. Chiral GLC chart for the cross dimer 11 (cat. = (-)-3f, Adamantyl acrylate) 
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Cross-dimerization between 3,4-dimethyl-2,4-hexadiene and Methyl methacrylate catalyzed 

by Ru(naphthalene)(dbcot) (3d). 

Ru(naphthalene)(dbcot)
(1 mol%)

+
toluene, 50 °C, 4h

CO2Me
CO2Me CO2Me

CO2Me+

+

+ isomers

X
ca.12%

C
10%

B
20%

A
33% (E/Z =87/13)

 
1b (18.9 mg, 0.0520 mmol, 5 mol%) in Schlenk tube was added Toluene (1 mL) 3,4-dimethyl-2,4-hexadiene 

62.8 mg, 0.570 mmol and methyl methacrylate (55 L, 0.52 mmol). The reaction mixture was stirred at 50 ˚C for 

4 hour. Yield and product ratio were determined by GLC analysis using biphenyl as an initial standard. (A 33%, B 

20%, C 10% and isomers(X) ca. 12%)And then, after quenching of the catalyst by exposure to air, all volatile 

matters were removed under reduced pressure, and column chromatography of the residue (silica gel: 

hexane/ethyl acetate = 40/1) gave (2E,5Z)-A and (2E,5E)-C (31.2 mg, A:C = 75:25) and (2Z,5Z)-A, (6E)-B and 

isomers (X) (21.6 mg, A:B:X = 13:63:24) as a colorless oil. Since A and C (similarly, A and B and X) could not 

be separated, (2E,5Z)-A and (2E,5E)-C were characterized spectroscopically as shown in Fig. S-31-1. (2Z,5Z)-A 

and (6E)-B were characterized spectroscopically as shown in Fig. S-31-6. 

(2E, 5Z)-Methyl 2,4,5,6-tetramethyl-octa-2,5-dienoate((2E, 5Z)-A).  
1
H NMR (400 MHz, r.t., CDCl3):  0.92(t, 

J = 7.4 Hz, 3H, -CH2Me), 1.05(d, J = 6.9 Hz, 3H, -Me), 1.56(s, 3H, -Me), 1.55(d(overwrapped with C), 3H, -Me), 

1.82(br.s, 3H, -Me), 2.0-2.1(m(overwrapped with C), 2H, -CH2-), 3.66(dq, J = 9.2, 6.9 Hz, 1H, >CH-), 

3.69(s(overwrapped with C), 3H, -OMe), 6.73(dq, J = 9.2, 1.1 Hz, 1H, =CH-). 
13

C{
1
H} NMR (100.5 MHz, r.t., 

CDCl3):  12.40, 13.19, 13.57, 18.31, 19.15, 27.02, 35.08. 51.68, 125.63, 128.61, 130.95, 145.89, 168.95. 

GC-MS(EI): m/z =210(M
+
), 195 (M

+
-Me), 179 (M

+
-OMe). 

(2Z, 5Z)-Methyl 2,4,5,6-tetramethyl-octa-2,5-dienoate((2Z, 5Z)-A).  
1
H NMR (400 MHz, r.t., CDCl3):  0.87(t, 

J = 7.5 Hz, 3H, -CH2Me), 1.02(d, J = 6.9 Hz, 3H, -Me), 1.56(s, 3H, -Me), 1.85(d, J = 1.7 Hz, 3H, 

-Me)1.95-2.05(m(overwrapped with otherpeaks), 2H, -CH2-), 4.40(dq, J = 10.3, 6.9 Hz, 1H, >CH-), 5.90(dq, J = 

10.3, 1.2 Hz, 1H, =CH-). Other peaks were not identified. GC-MS(EI): m/z =210(M
+
), 195 (M

+
-Me), 179 

(M
+
-OMe). 

(6E)-Methyl 4,5,6-trimethyl-2-methylene-oct-6-enoate ((6E)-B).  
1
H NMR (400 MHz, r.t., CDCl3):  0.73(d, J 

= 6.3 Hz, 3H, -Me), 0.94(d, J = 6.9 Hz, 3H, -Me), 1.53(br.s, 3H, -Me), 1.55(d, J = 7.5 Hz, 3H, -Me), 

1.55-1.65(m(partly overwrapped), 1H, >CH-), 1.71(dd, J = 13.8, 10.3 Hz, 1H, -CH2-), 1.81(quintet, J = 7.5 Hz, 

1H, >CH-), 2.45(dd, J = 13.8, 2.9 Hz, 1H, -CH2-), 3.71(s, 3H, -OMe), 5.18(q, J = 6.3 Hz, 1H, =CH-), 5.44(s, 1H, 

=CH2), 6.12(d, J = 1.7 Hz, 1H, =CH2). 
13

C{
1
H} NMR (100.5 MHz, r.t., CDCl3):  12.39, 13.15, 15.84, 16.38, 

34.07, 38.47, 48.71, 51.66, 118.60, 125.93, 139.49, 140.06, 167.91. GC-MS(EI): m/z =210(M
+
), 195 (M

+
-Me), 

181(M
+
-Et). 

(2E, 5E)-Methyl 5-ethyl-2,6-dimethyl-octa-2,5-dienoate((2E,5E)-C). 
1
H NMR (400 MHz, r.t., CDCl3):  0.93(t, 

J = 7.4 Hz, 6H, -CH2Me), 1.60(s(overwrapped with A), 3H, -Me), 1.86(br.s, 3H, -Me), 1.95-2.05(m(overwrapped 

with A), 4H, -CH2-), 2.85(d, J = 7.5 Hz, 2H, -CH2-), 3.69(s(overwrapped with A), 3H, -OMe), 6.62(tq, J = 7.4, 1.1 

Hz, 1H, =CH-). 
13

C{
1
H} NMR (100.5 MHz, r.t., CDCl3):  12.40, 13.19, 13.45, 17.73, 25.18, 27.02, 31.55. 51.68, 

126.80, 130.58, 132.08, 141.67, 168.79. GC-MS(EI): m/z =210(M
+
), 195 (M

+
-Me), 181(M

+
-Et). 

 

 

Ru(naphthalene)(dbcot)
(1 mol%)

+
toluene, 50 °C, 4h

R no reaction

R = CN, CONMe2  

The reactions using acrylonitlile (34 L, 0.52 mmol) and N,N-dimethylacrylamide (54 L, 0.52 mmol) insted of 

MMA under the similar conditions were no reaction. 
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Figure S6-1.  
1
H NMR spectrum for (E)-2,3-dimethyl-1,3-pentadiene (399.8 MHz, CDCl3). 
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Figure S6-2.  
13

C NMR spectrum for (E)-2,3-dimethyl-1,3-pentadiene (100.5 MHz, CDCl3). 
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Figure S7-1.  
1
H NMR spectrum for (E,E)-2,3-dimethyl-2,4-hexadiene (399.8 MHz, CDCl3). 
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Figure S7-2.  
13

C NMR spectrum for (E,E)-2,3-dimethyl-2,4-hexadiene (100.5 MHz, CDCl3). 
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1e

bod

 

Figure S8-1.  
1
H NMR spectrum for bicyclo[2.2.2]octa-2,5-diene (1e) (399.8 MHz, CDCl3). 
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O

O

O

2d

 

Figure S9-1.  
1
H NMR spectrum for Ru(acac)2(dibenzo[a,e]cyclooctatetraene) (2d) (399.8 MHz, 

CDCl3). 
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Figure S9-2.  
13

C, dept 90, dept 135 NMR spectrum for Ru(acac)2(dibenzo[a,e]cyclooctatetraene) 

(2d) (100.5 MHz, CDCl3). 
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Figure S10-1.  
1
H NMR spectrum for Ru(acac)2(bicyclo[2.2.2]octa-2,5-diene) (2e) (399.8 MHz, 

CDCl3). 



 S 24 

Ru

O

O

O

O

2e

dept 90

dept 135

13C{1H}

 

Figure S10-2.  
13

C dept 90, dept 135 NMR spectrum for Ru(acac)2(bicyclo[2.2.2]octa-2,5-diene) 

(2e) (100.5 MHz, CDCl3). 
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Figure S11-1.  
1
H NMR spectrum for 

-Ru(acac)2((-)-(1S,4R,8R)-8-methoxy-1,8-dimethyl-2-phenyl-bicyclo[2.2.2]octa-2,5-diene) (2f) 

(399.8 MHz, CDCl3). 
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Figure S11-2.  
13

C dept 90, dept 135 NMR spectrum for 

-Ru(acac)2((-)-(1S,4R,8R)-8-methoxy-1,8-dimethyl-2-phenyl-bicyclo[2.2.2]octa-2,5-diene) (2f) 

(100.5 MHz, CDCl3). 
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Figure S11-3.  
1
H NMR spectrum for 

-Ru(acac)2((-)-(1S,4R,8R)-8-methoxy-1,8-dimethyl-2-phenyl-bicyclo[2.2.2]octa-2,5-diene) (2f) 

(399.8 MHz, CDCl3). 
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Figure S11-4.  
13

C dept 90, dept 135 NMR spectrum for 

-Ru(acac)2((-)-(1S,4R,8R)-8-methoxy-1,8-dimethyl-2-phenyl-bicyclo[2.2.2]octa-2,5-diene) (2f) 

(100.5 MHz, CDCl3). 
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Figure S12-1.  
1
H NMR spectrum for Ru(acac)2(5-diphenylphosphonyl-5H-dibenzocycloheptene) 

(2g) (399.8 MHz, CDCl3). 
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Figure S12-2.  
13

C, dept 90, dept 135 NMR spectrum for 

Ru(acac)2(5-diphenylphosphonyl-5H-dibenzocycloheptene) (2g)  (100.5 MHz, CDCl3). 
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Figure S12-3.  
31

P NMR spectrum for Ru(acac)2(5-diphenylphosphonyl-5H-dibenzocycloheptene) 

(2g)  (161.8 MHz, CDCl3). 
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Ru

3d

 

Figure S13-1.  
1
H NMR spectrum for Ru(naphthalene)(dibenzo[a,e]cyclooctatetraene) (3d) (399.8 

MHz, C6D6). 

Ru

3d

dept 135

13C{1H}

 

Figure S13-2.  
13

C, dept 135 NMR spectrum for Ru(naphthalene)(dibenzo[a,e]cyclooctatetraene) 

(3d) (100.5 MHz, C6D6). 
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Ru

3e

 

Figure S14-1.  
1
H NMR spectrum for Ru(naphthalene)(bicyclo[2.2.2]octa-2,5-diene) (3e) (399.8 

MHz, C6D6). 

Ru
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dept 90

dept 135

13C{1H}

 

Figure S14-2.  
13

C, dept 90, dept 135 NMR spectrum for 

Ru(naphthalene)(bicyclo[2.2.2]octa-2,5-diene) (3e) (100.5 MHz, C6D6). 
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Figure S15-1.  
1
H NMR spectrum for 

Ru(naphthalene)((-)-(1S,4R,8R)-8-methoxy-1,8-dimethyl-2-phenyl-bicyclo[2.2.2]octa-2,5-diene) 

(3f) (399.8 MHz, C6D6). 
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Figure S15-2.  
13

C, dept 90, dept 135 NMR spectrum for 

Ru(naphthalene)((-)-(1S,4R,8R)-8-methoxy-1,8-dimethyl-2-phenyl-bicyclo[2.2.2]octa-2,5-diene) 

(3f) (100.5 MHz, C6D6). 
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Figure S16-1.  
1
H NMR spectrum for 

Ru(naphthalene)(5-diphenylphosphonyl-5H-dibenzocycloheptene) (3g) (399.8 MHz, C6D6). 
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Figure S16-2.  
13

C, dept 135 NMR spectrum for 

Ru(naphthalene)(5-diphenylphosphonyl-5H-dibenzocycloheptene) (3g)  (100.5 MHz, C6D6). 
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Figure S16-3.  
31

P NMR spectrum for 

Ru(naphthalene)(5-diphenylphosphonyl-5H-dibenzocycloheptene) (3g)  (161.8 MHz, CDCl3). 
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Figure S17-1.  
1
H NMR spectrum for Ru(2,3-dimethylbutadiene)(CO)(1,5-cyclooctadiene) (4a) 

(399.8 MHz, C6D6). 
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Figure S18-1.  
1
H NMR spectrum for 

Ru(2,3-dimethylbutadiene)(CO)(bicyclo[3.3.1]nona-2,6-diene) (4b) (399.8 MHz, C6D6). 
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Figure S18-2.  
13

C NMR spectrum for 

Ru(2,3-dimethylbutadiene)(CO)(bicyclo[3.3.1]nona-2,6-diene) (4b) (100.5 MHz, C6D6). 
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Figure S19-1.  
1
H NMR spectrum for 

Ru(2,3-dimethylbutadiene)(CO)(9-oxa-bicyclo[3.3.1]nona-2,6-diene) (4c) (399.8 MHz, C6D6). 
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Figure S19-2.  
13

C NMR spectrum for 

Ru(2,3-dimethylbutadiene)(CO)(9-oxa-bicyclo[3.3.1]nona-2,6-diene) (4c) (100.5 MHz, C6D6). 
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Figure S20-1.  
1
H NMR spectrum for 

Ru(2,3-dimethylbutadiene)(CO)(dibenzo[a,e]cyclooctatetraene) (4d) (399.8 MHz, C6D6). 
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Figure S20-2.  
13

C NMR spectrum for 

Ru(2,3-dimethylbutadiene)(CO)(dibenzo[a,e]cyclooctatetraene) (4d) (100.5 MHz, C6D6). 
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Figure S21-1.  
1
H NMR spectrum for (2E,5Z)-methyl 4-methyl-hepta-2,5-dienoate (E-5a) (399.8 

MHz, CDCl3). 
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Figure S21-2.  
1
H NMR spectrum for (2Z,5Z)-methyl 4-methyl-hepta-2,5-dienoate (Z-5a) (399.8 

MHz, CDCl3). 
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Figure S21-3.  
13

C NMR spectrum for (2Z,5Z)-methyl 4-methyl-hepta-2,5-dienoate (Z-5a) (100.5 

MHz, CDCl3). 
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Figure S21-4.  
1
H NMR spectrum for (2E,5Z)-Methyl octa-2,5-dienoate (E-5b) ((E-5a:E-5b = 

68:32 sample), 399.8 MHz, CDCl3). 
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Figure S21-5.  
1
H NMR spectrum for (2Z,5Z)-Methyl octa-2,5-dienoate (Z-5b) ((Z-5a:Z-5b = 

35:65 sample), 399.8 MHz, CDCl3). 
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Figure S21-6.  
13

C NMR spectrum for (2Z,5Z)-Methyl octa-2,5-dienoate (Z-5b) ((Z-5a:Z-5b = 

35:65 sample), 100.5 MHz, CDCl3). 
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Figure S21-7.  
1
H NMR spectrum for dimethyl 4-methyl-6-methylenenona-4-enedioate (5a’) and 

dimethyl 4,6-dimethylnona-2,5-dienedioate (5a”) ((cross trimer mixture sample), 399.8 MHz, 

CDCl3). 

★

★

CO2MeMeO2C

5a'

5a''

CO2MeMeO2C

★

★

★

★

★

★

★

★

★

★

★

★

★

★

★

★

 

Figure S21-8.  
13

C NMR spectrum for dimethyl 4-methyl-6-methylenenona-4-enedioate (5a’) and 

dimethyl 4,6-dimethylnona-2,5-dienedioate (5a”) ((cross trimer mixture sample), 100.5 MHz, 

CDCl3). 
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Figure S22-1.  
1
H NMR spectrum for (2E)-Methyl 6-methyl-hepta-2,5-dienoate (E-6a), 

(2E,5Z)-Methyl 5-methyl-hepta-2,5-dienoate (E-6b) and  (3E)-Methyl 

6-methyl-hepta-3,5-dienoate (6c)  ((E-6a:E-6b:6c = 55:23:22 sample), 399.8 MHz, CDCl3). 
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Figure S22-2.  
13

C NMR spectrum for (2E)-Methyl 6-methyl-hepta-2,5-dienoate (E-6a), 

(2E,5Z)-Methyl 5-methyl-hepta-2,5-dienoate (E-6b) and  (3E)-Methyl 

6-methyl-hepta-3,5-dienoate (6c) ((E-6a:E-6b:6c = 55:23:22 sample), 100.5 MHz, CDCl3). 



 S 41 

 

Figure S22-3.  
1
H-

1
H COSY 2D NMR spectrum for (2E)-Methyl 6-methyl-hepta-2,5-dienoate 

(E-6a), (2E,5Z)-Methyl 5-methyl-hepta-2,5-dienoate (E-6b) and  (3E)-Methyl 

6-methyl-hepta-3,5-dienoate (6c) ((E-6a:E-6b:6c = 55:23:22 sample), 399.8 MHz, CDCl3). 
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Figure S22-4.  Phase sensitive NOESY 2D NMR spectrum for (2E)-Methyl 

6-methyl-hepta-2,5-dienoate (E-6a), (2E,5Z)-Methyl 5-methyl-hepta-2,5-dienoate (E-6b) and  

(3E)-Methyl 6-methyl-hepta-3,5-dienoate (6c) ((E-6a:E-6b:6c = 55:23:22 sample), 399.8 MHz, 

CDCl3). 
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Figure S22-5.  
13

C-
1
H HETCOR 2D NMR spectrum for (2E)-Methyl 6-methyl-hepta-2,5-dienoate 

(E-6a), (2E,5Z)-Methyl 5-methyl-hepta-2,5-dienoate (E-6b) and  (3E)-Methyl 

6-methyl-hepta-3,5-dienoate (6c) ((E-6a:E-6b:6c = 55:23:22 sample), 100.5 MHz, CDCl3). 
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Figure S23-1.  
1
H NMR spectrum for (2Z)-Methyl 6-methyl-hepta-2,5-dienoate (Z-6a) and 

(2Z,5Z)-Methyl 5-methyl-hepta-2,5-dienoate (Z-6b) ((Z-6a:Z-6b = 35:65 sample), 399.8 MHz, 

CDCl3). 
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Figure S23-2.  
13

C NMR spectrum for (2Z)-Methyl 6-methyl-hepta-2,5-dienoate (Z-6a) and 

(2Z,5Z)-Methyl 5-methyl-hepta-2,5-dienoate (Z-6b) ((Z-6a:Z-6b = 35:65 sample), 100.5 MHz, 

CDCl3). 
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Figure S23-3.  
1
H-

1
H COSY 2D NMR spectrum for (2Z)-Methyl 6-methyl-hepta-2,5-dienoate 

(Z-6a) and (2Z,5Z)-Methyl 5-methyl-hepta-2,5-dienoate (Z-6b) ((Z-6a:Z-6b = 35:65 sample), 399.8 

MHz, CDCl3). 
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Figure S23-4.  Phase sensitive NOESY 2D NMR spectrum for (2Z)-Methyl 

6-methyl-hepta-2,5-dienoate (Z-6a) and (2Z,5Z)-Methyl 5-methyl-hepta-2,5-dienoate (Z-6b) 

((Z-6a:Z-6b = 35:65 sample), 399.8 MHz, CDCl3). 
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Figure S23-5.  
13

C-
1
H HETCOR 2D NMR spectrum for (2Z)-Methyl 6-methyl-hepta-2,5-dienoate 

(Z-6a) and (2Z,5Z)-Methyl 5-methyl-hepta-2,5-dienoate (Z-6b) ((Z-6a:Z-6b = 35:65 sample), 100.5 

MHz, CDCl3). 
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Figure S24-1.  
1
H NMR spectrum for (2E,5Z)-Methyl 4-methyl-octa-2,5-dienoate (E-7a), 

(2Z,5Z)-Methyl 4-methyl-octa-2,5-dienoate (Z-7a), (2E,5Z)-Methyl 4-ethyl-hepta-2,5-dienoate 

(E-7a) and  (2Z,5Z)-Methyl 4-ethyl-hepta-2,5-dienoate (Z-7a’) ((E-7a:Z-7a:E-7a’:Z-7a’ = 79:7:9:5 

sample), 399.8 MHz, CDCl3). 
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Figure S24-2.  
13

C NMR spectrum for (2E,5Z)-Methyl 4-methyl-octa-2,5-dienoate (E-7a) 

((E-7a:Z-7a:E-7a’:Z-7a’ = 79:7:9:5 sample), 100.5 MHz, CDCl3). 
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Figure S24-3.  
1
H-

1
H COSY 2D NMR spectrum for (2E,5Z)-Methyl 4-methyl-octa-2,5-dienoate 

(E-7a), (2Z,5Z)-Methyl 4-methyl-octa-2,5-dienoate (Z-7a), (2E,5Z)-Methyl 

4-ethyl-hepta-2,5-dienoate (E-7a’) and  (2Z,5Z)-Methyl 4-ethyl-hepta-2,5-dienoate (Z-7a’) 

((E-7a:Z-7a:E-7a’:Z-7a’ = 79:7:9:5 sample), 399.8 MHz, CDCl3). 
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Figure S25-1.  
1
H NMR spectrum for ((2E)-Methyl 5,6-dimethylhepta-2,5-dienoate (E-8a) and 

(2Z)-Methyl 5,6-dimethylhepta-2,5-dienoate (Z-8a) ((E-8a:Z-8a = 51:49 sample), 399.8 MHz, 

CDCl3). 
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Figure S25-2.  
13

C NMR spectrum for ((2E)-Methyl 5,6-dimethylhepta-2,5-dienoate (E-8a) and 

(2Z)-Methyl 5,6-dimethylhepta-2,5-dienoate (Z-8a) ((E-8a:Z-8a = 51:49 sample), 100.5 MHz, 

CDCl3). 



 S 51 

★

★

CO2Me

8c

CO2Me

E-8a

★

★

★

★

★

★★

★

★

★

★

★

h
e
x
a
n
e

h
e
x
a
n
e

 

Figure S25-3.  
1
H NMR spectrum for ((2E)-Methyl 5,6-dimethylhepta-2,5-dienoate (E-8a) and 

(3E)-Methyl 5,6-dimethylhepta-3,5-dienoate (8c) ((E-8a:8c = 48:52 sample), 399.8 MHz, CDCl3). 
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Figure S25-4.  
13

C NMR spectrum for ((2E)-Methyl 5,6-dimethylhepta-2,5-dienoate (E-8a) and 

(3E)-Methyl 5,6-dimethylhepta-3,5-dienoate (8c) ((E-8a:8c = 48:52 sample), 100.5 MHz, CDCl3). 
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Figure S26-1.  
1
H NMR spectrum for (2E,5Z)-Methyl 4,5-dimethylhepta-2,5-dienoate (E-9a) 

(399.8 MHz, CDCl3). 
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Figure S26-2.  
13

C NMR spectrum for (2E,5Z)-Methyl 4,5-dimethylhepta-2,5-dienoate (E-9a) 

(100.5 MHz, CDCl3). 
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Figure S26-3.  
1
H NMR spectrum for (3E)-Methyl 6-methylocta-3,5-dienoate (9c) ((E-9a:9c = 

60:40 sample), 399.8 MHz, CDCl3). 
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Figure S26-4.  
13

C NMR spectrum for (3E)-Methyl 6-methylocta-3,5-dienoate (9c) ((E-9a:9c = 

60:40 sample), 100.5 MHz, CDCl3). 
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Figure S26-5.  
1
H NMR spectrum for (2Z,5Z)-Methyl 4,5-dimethylhepta-2,5-dienoate (Z-9a), 

(2E,5Z)-Methyl 6-methylocta-2,5-dienoate (E-9b), and (2Z,5Z)-Methyl 6-methylocta-2,5-dienoate 

(Z-9b) ((E-9a:Z-9a:E-9b:Z-9b:9c = 26:52:12:7:3 sample), 399.8 MHz, CDCl3). 
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Figure S26-6.  
13

C NMR spectrum for (2Z,5Z)-Methyl 4,5-dimethylhepta-2,5-dienoate (Z-9a), 

(2E,5Z)-Methyl 6-methylocta-2,5-dienoate (E-9b), and (2Z,5Z)-Methyl 6-methylocta-2,5-dienoate 

(Z-9b) ((E-9a:Z-9a:E-9b:Z-9b:9c = 26:52:12:7:3 sample), 100.5 MHz, CDCl3). 
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Figure S26-7.  
1
H-

1
H COSY 2D NMR spectrum for (2Z,5Z)-Methyl 

4,5-dimethylhepta-2,5-dienoate (Z-9a), (2E,5Z)-Methyl 6-methylocta-2,5-dienoate (E-9b), and 

(2Z,5Z)-Methyl 6-methylocta-2,5-dienoate (Z-9b) ((E-9a:Z-9a:E-9b:Z-9b:9c = 26:52:12:7:3 

sample), 399.8 MHz, CDCl3). 
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Figure S26-8-1.  Phase sensitive NOESY 2D NMR spectrum for (2E,5Z)-Methyl 

4,5-dimethylhepta-2,5-dienoate (E-9a) and (2Z,5Z)-Methyl 4,5-dimethylhepta-2,5-dienoate (Z-9a) 

((E-9a:Z-9a:E-9b:Z-9b:9c = 26:52:12:7:3 sample), 399.8 MHz, CDCl3). 
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Figure S26-8-2.  Phase sensitive NOESY 2D NMR spectrum for (2E,5Z)-Methyl 

6-methylocta-2,5-dienoate (E-9b), (2Z,5Z)-Methyl 6-methylocta-2,5-dienoate (Z-9b) and 

(3E)-Methyl 6-methylocta-3,5-dienoate (9c) ((E-9a:Z-9a:E-9b:Z-9b:9c = 26:52:12:7:3 sample), 

399.8 MHz, CDCl3).  
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Figure S26-9.  
13

C-
1
H HETCOR 2D NMR spectrum for (5Z)-Methyl 

4,5-dimethylhepta-2,5-dienoate (9a), (5Z)-Methyl 6-methylocta-2,5-dienoate (9b), and 

(3E,5Z)-Methyl 6-methylocta-3,5-dienoate (9c) ((E-9a:Z-9a:E-9b:Z-9b:9c = 26:52:12:7:3 sample),  

100.5 MHz, CDCl3). 
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Figure S27-1.  
1
H NMR spectrum for (2E,5Z)-Methyl 5,6-dimethylocta-2,5-dienoate (E-10b) 

(399.8 MHz, CDCl3). 
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Figure S27-2.  
13

C NMR spectrum for (2E,5Z)-Methyl 5,6-dimethylocta-2,5-dienoate (E-10b) 

(100.5 MHz, CDCl3). 
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Figure S27-3.  
1
H NMR spectrum for (2E,5Z)-Methyl 4,5,6-trimethylhepta-2,5-dienoate (E-10a) 

((E-10a:E-10b = 58:42 sample), 399.8 MHz, CDCl3). 
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Figure S27-4.  
13

C NMR spectrum for (2E,5Z)-Methyl 4,5,6-trimethylhepta-2,5-dienoate (E-10a) 

((E-10a:E-10b = 58:42 sample), 100.5 MHz, CDCl3). 
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Figure S27-5.  Phase sensitive NOESY 2D NMR spectrum for (2E,5Z)-Methyl 

4,5,6-trimethylhepta-2,5-dienoate (E-10a) and (2E,5Z)-Methyl 5,6-dimethylocta-2,5-dienoate 

(E-10b) ((E-10a:E-10b = 58:42 sample), 399.8 MHz, CDCl3). 
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Figure S27-6.  
1
H NMR spectrum for (2Z,5Z)-Methyl 5,6-dimethylocta-2,5-dienoate (Z-10b) 

(399.8 MHz, CDCl3). 
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Figure S27-7.  
13

C NMR spectrum for (2Z,5Z)-Methyl 5,6-dimethylocta-2,5-dienoate (Z-10b) 

(100.5 MHz, CDCl3). 
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Figure S27-8.  Phase sensitive NOESY 2D NMR spectrum for (2Z,5Z)-Methyl 

5,6-dimethylocta-2,5-dienoate (Z-10b) (399.8 MHz, CDCl3). 
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Figure S27-9.  
1
H NMR spectrum for (3E,5Z)-Methyl 5,6-dimethylocta-3,5-dienoate (10c) 

((E-10a:E-10b:10c = 26:29:45 sample), 399.8 MHz, CDCl3). 
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Figure S27-10.  
13

C NMR spectrum for (3E,5Z)-Methyl 5,6-dimethylocta-3,5-dienoate (10c) 

((E-10a:E-10b:10c = 26:29:45 sample), 100.5 MHz, CDCl3). 
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Figure S27-11.  Phase sensitive NOESY 2D NMR spectrum for (3E,5Z)-Methyl 

5,6-dimethylocta-3,5-dienoate (10c) ((E-10a:E-10b:10c = 26:29:45 sample), 399.8 MHz, CDCl3). 
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Figure S28-1.  
1
H NMR spectrum for (2E, 5Z)-Methyl 4,5,6-trimethyl-octa-2,5-dienoate (E-11a) 

and (2Z, 5Z)-Methyl 4,5,6-trimethyl-octa-2,5-dienoate (Z-11a) ((E-11a:Z-11a = 63:37 sample), 

399.8 MHz, CDCl3). 
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Figure S28-2.  
13

C NMR spectrum for (2E, 5Z)-Methyl 4,5,6-trimethyl-octa-2,5-dienoate (E-11a) 

and (2Z, 5Z)-Methyl 4,5,6-trimethyl-octa-2,5-dienoate (Z-11a) ((E-11a:Z-11a = 63:37 sample), 

100.5 MHz, CDCl3). 
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Figure S28-3.  
1
H-

1
H COSY 2D NMR spectrum for (2E, 5Z)-Methyl 

4,5,6-trimethyl-octa-2,5-dienoate (E-11a) and (2Z, 5Z)-Methyl 4,5,6-trimethyl-octa-2,5-dienoate 

(Z-11a) ((E-11a:Z-11a = 63:37 sample), 399.8 MHz, CDCl3). 
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Figure S28-4.  Phase sensitive NOESY 2D NMR spectrum for (2E, 5Z)-Methyl 

4,5,6-trimethyl-octa-2,5-dienoate (E-11a) and (2Z, 5Z)-Methyl 4,5,6-trimethyl-octa-2,5-dienoate 

(Z-11a) ((E-11a:Z-11a = 63:37 sample), 399.8 MHz, CDCl3). 
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Figure S28-5.  
13

C-
1
H HETCOR 2D NMR spectrum for (2E, 5Z)-Methyl 

4,5,6-trimethyl-octa-2,5-dienoate (E-11a) and (2Z, 5Z)-Methyl 4,5,6-trimethyl-octa-2,5-dienoate 

(Z-11a) ((E-11a:Z-11a = 63:37 sample), 100.5 MHz, CDCl3). 
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Figure S29-1.  
1
H NMR spectrum for (2E, 5Z)-tert-Butyl 4,5,6-trimethyl-octa-2,5-dienoate 

(E-11a’) and (2Z, 5Z)-Methyl 4,5,6-trimethyl-octa-2,5-dienoate (Z-11a’) ((E-11a’:Z-11a’ = 88:12 

sample), 399.8 MHz, CDCl3). 
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Figure S29-2.  
13

C NMR spectrum for(2E, 5Z)-tert-Butyl 4,5,6-trimethyl-octa-2,5-dienoate 

(E-11a’) and (2Z, 5Z)-Methyl 4,5,6-trimethyl-octa-2,5-dienoate (Z-11a’) ((E-11a’:Z-11a’ = 88:12 

sample), 100.5 MHz, CDCl3). 
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Figure S29-3.  
1
H-

1
H COSY 2D NMR spectrum for (2E, 5Z)-tert-Butyl 

4,5,6-trimethyl-octa-2,5-dienoate (E-11a’) and (2Z, 5Z)-Methyl 4,5,6-trimethyl-octa-2,5-dienoate 

(Z-11a’) ((E-11a’:Z-11a’ = 88:12 sample), 399.8 MHz, CDCl3). 
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Figure S29-4.  Phase sensitive NOESY 2D NMR spectrum for (2E, 5Z)-tert-Butyl 

4,5,6-trimethyl-octa-2,5-dienoate (E-11a’) and (2Z, 5Z)-Methyl 4,5,6-trimethyl-octa-2,5-dienoate 

(Z-11a’) ((E-11a’:Z-11a’ = 88:12 sample), 399.8 MHz, CDCl3). 
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Figure S29-5.  
13

C-
1
H HETCOR 2D NMR spectrum for (2E, 5Z)-tert-Butyl 

4,5,6-trimethyl-octa-2,5-dienoate (E-11a’) and (2Z, 5Z)-Methyl 4,5,6-trimethyl-octa-2,5-dienoate 

(Z-11a’) ((E-11a’:Z-11a’ = 88:12 sample), 100.5 MHz, CDCl3). 
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Figure S30-1.  
1
H NMR spectrum for (2E, 5Z)-Adamantyl 4,5,6-trimethyl-octa-2,5-dienoate 

(E-11a”) (399.8 MHz, CDCl3). 
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Figure S30-2.  
13

C NMR spectrum for (2E, 5Z)-Adamantyl 4,5,6-trimethyl-octa-2,5-dienoate 

(E-11a”) (100.5 MHz, CDCl3). 
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Figure S30-3.  Phase sensitive NOESY 2D NMR spectrum for (2E, 5Z)-Adamantyl 

4,5,6-trimethyl-octa-2,5-dienoate (E-11a”) (399.8 MHz, CDCl3). 
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Figure S31-1.  
1
H NMR spectrum for (2E, 5Z)-Methyl 2,4,5,6-tetramethyl-octa-2,5-dienoate ((2E, 

5Z)-A) and (2E, 5E)-Methyl 5-ethyl-2,6-dimethyl-octa-2,5-dienoate ((2E,5E)-C) 

((2E,5Z)-A:(2E,5E)-C = 75:25), 399.8 MHz, CDCl3). 
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Figure S31-2.  
13

C NMR spectrum for (2E, 5Z)-Methyl 2,4,5,6-tetramethyl-octa-2,5-dienoate ((2E, 

5Z)-A) and (2E, 5E)-Methyl 5-ethyl-2,6-dimethyl-octa-2,5-dienoate ((2E,5E)-C) 

((2E,5Z)-A:(2E,5E)-C = 75:25), 100.5 MHz, CDCl3). 
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Figure S31-3.  
1
H-

1
H COSY 2D NMR spectrum for (2E, 5Z)-Methyl 

2,4,5,6-tetramethyl-octa-2,5-dienoate ((2E, 5Z)-A) and (2E, 5E)-Methyl 

5-ethyl-2,6-dimethyl-octa-2,5-dienoate ((2E,5E)-C) ((2E,5Z)-A:(2E,5E)-C = 75:25), 399.8 MHz, 

CDCl3). 
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Figure S31-4.  Phase sensitive NOESY 2D NMR spectrum for (2E, 5Z)-Methyl 

2,4,5,6-tetramethyl-octa-2,5-dienoate ((2E, 5Z)-A) and (2E, 5E)-Methyl 

5-ethyl-2,6-dimethyl-octa-2,5-dienoate ((2E,5E)-C)  ((2E,5Z)-A:(2E,5E)-C = 75:25), 399.8 MHz, 

CDCl3). 
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Figure S31-5.  
13

C-
1
H HETCOR 2D NMR spectrum for (2E, 5Z)-Methyl 

2,4,5,6-tetramethyl-octa-2,5-dienoate ((2E, 5Z)-A) and (2E, 5E)-Methyl 

5-ethyl-2,6-dimethyl-octa-2,5-dienoate ((2E,5E)-C)  ((2E,5Z)-A:(2E,5E)-C = 75:25), 100.5 MHz, 

CDCl3). 
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Figure S31-6.  
1
H NMR spectrum for (2Z, 5Z)-Methyl 2,4,5,6-tetramethyl-octa-2,5-dienoate((2Z, 

5Z)-A) and (6E)-Methyl 4,5,6-trimethyl-2-methylene-oct-6-enoate ((6E)-B) (((2Z,5Z)-A:(6E)-B:X 

= 13:63:24), 399.8 MHz, CDCl3). 
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Figure S31-7.  
13

C NMR spectrum for (2Z, 5Z)-Methyl 2,4,5,6-tetramethyl-octa-2,5-dienoate((2Z, 

5Z)-A) and (6E)-Methyl 4,5,6-trimethyl-2-methylene-oct-6-enoate ((6E)-B) (((2Z,5Z)-A:(6E)-B:X 

= 13:63:24), 100.5 MHz, CDCl3). 
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Figure S31-8.  
1
H-

1
H COSY 2D NMR spectrum for (2Z, 5Z)-Methyl 

2,4,5,6-tetramethyl-octa-2,5-dienoate((2Z, 5Z)-A) and (6E)-Methyl 

4,5,6-trimethyl-2-methylene-oct-6-enoate ((6E)-B) (((2Z,5Z)-A:(6E)-B:X = 13:63:24), 399.8 MHz, 

CDCl3). 



 S 82 

★

★

CO2Me

(2Z,5Z)-A

CO2Me

(6E)-B

 

Figure S31-9.  Phase sensitive NOESY 2D NMR spectrum for (2Z, 5Z)-Methyl 

2,4,5,6-tetramethyl-octa-2,5-dienoate((2Z, 5Z)-A) and (6E)-Methyl 

4,5,6-trimethyl-2-methylene-oct-6-enoate ((6E)-B) (((2Z,5Z)-A:(6E)-B:X = 13:63:24), 399.8 MHz, 

CDCl3). 
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Figure S31-10.  
13

C-
1
H HETCOR 2D NMR spectrum for (2Z, 5Z)-Methyl 

2,4,5,6-tetramethyl-octa-2,5-dienoate((2Z, 5Z)-A) and (6E)-Methyl 

4,5,6-trimethyl-2-methylene-oct-6-enoate ((6E)-B) (((2Z,5Z)-A:(6E)-B:X = 13:63:24), 100.5 MHz, 

CDCl3). 

 


