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Footnotes

(F1)

(F2)

(F3)

(F4)

(F5)

(F6)
(F7)

(F8)

(F9)

(F10)

(F11)

Performing 1,6-ECA to substrate 25c at slightly higher temperature (=60 °C) for 40 h gave
full conversion to the 1,6-addition product 26c in 94% conversion, 59% yield,
regioselectivity 1,6 : 1,4 = >92 : 8, but as a racemic mixture (0% ee).

When the 1,6-ECA to substrate 25d was performed at -60 °C, a mixture of 1,4- and 1,6-
addition product (27d : 26d = 43 : 57) was obtained with slightly higher conversion (= 40%
conv., = 40% of 25d was recovered). The ee of the 1,4-addition product 27d was 35%.

In ref 15a the 1,4-ECA of EtMgBr to Z-methyl hex-2-enoate using a Cu-L1 complex is
described; for this reaction no isomerization of the olefin is observed under the reaction
conditions. We consider it more appropriate to compare the 1,6-ECA in Table 5 with 1,4-
ECA results for which the same catalyst (Cu-L2) is used.

We presume only one Cu-complex is involved in the reaction mechanism. We have never
observed the drastic effect of dilution on the 1,6-ECA that should be expected for a
reaction that is 2" order in catalyst. However, kinetic studies are required to confirm the 1%
order dependency on catalyst.

An immediate coordination to the remote olefin seems less likely in view of our results,
however it cannot be excluded.

This is in contrast to the mechanism we had proposed on literature precedent in ref 7b.

The fact that the opposite enantiomer of the 1,6-addition product is obtained in excess
using either the 2E,4E-substrate 10 or the 2E,4Z-substrate 28a (Table 6, entry 1 vs. 2),
further supports that, if the hypothetical Cu"-c-complex 39 at the B-position would be
involved in the mechanism, the stereochemical information would be transferred from the
- to the 3-position.

Alternatively, the 1,6-addition product would be formed with a lower enantiomeric excess
than the 1,4-addition product, if (partial) racemization occurs in the transfer of the Cu-
complex from the B-position to the &-position.

An initial formation of hypothetical Cu"-s-complex 39 at the B-position, followed by a kinetic

resolution to give the 1,6-addition products in high ee, and the 1,4-addition products in low
ee, seems unlikely due to the disparity between the enantioselectivity for the addition to
2E,4Z-substrate 28b (ee 12%; S-isomer) and the addition to the 2Z,4Z-substrate 28c (ee
66%; R-isomer). If the isomerization at the re and si face would proceed with different rates
it is expected that the product from the 2E,4Z-substrate 28b and the 2Z,4Z-substrate 28c
would have been obtained with the same amount of enantioselectivity, but with an opposite
sign.

Due to the better Michael acceptor properties of the bisunsaturated thioester and ketone
substrates, the mechanism for 1,6-ECA to these substrates might proceed via consecutive
thioester or ketone analogues of Cu'-n-complex 35, Cu”'-c—complex 39 (instead of Cu"-n-

complex 36) and Cu'”-c-complex 37.

Please note that the absence of isomerization is in contrast to the 1,4-addition to Z-methyl
cinnamate using Cu-L2 (Table 5, entry 6, far right columns);"** here, a (partial)
isomerization was observed from the Z- to the E-substrate.™® For this isomerization during

the 1,4-addition we previously proposed a reversible formation of a Cu"-s-intermediate.



(F12) Preliminary computational results indicate that instead of previously drawn Br coordination
to Cu in intermediates 33, 35 and 36, it would be more appropriate to draw a coordination
of the electronrich alkylCu intermediate to the electron poor Mg. In SI, Scheme S1-S3 the
alternative depictions of the mechanism can be found.

(F13) This is in sharp contrast to the 1,4-addition, the use of the CO-oxazolidinone EWG in
combination with Cu-L1 as catalyst gave 99% conversion and 50% ee, see ref 3c.

(F14) The mechanism for 1,8-ECA to thioester substrates might involve instead of intermediate
44, a first Cu'-n-complex (analogous to 42), and only then a first Cu"-s-complex in which
the Cu would be coordinated to the §-position.

(F15) A coordination of the Cu-catalyst to the SEt seems unlikely due to steric reasons, but
cannot be excluded.



Conditions for Table 1:

1,6-addition: a solution of 10 in CH,Cl, was added to a solution of EtMgCI, EtMgBr or EtMgl (3.0
M in Et,0, 2.0 equiv), (-)-(R,S)-L2 (5.25 mol%) and CuCl, CuBreSMe; or Cul (5 mol%) in CH,Cl,
(0.2 m final concentration in 10).

1,4-addition: a solution of methyl crotonate in tBuOMe was added in 1 h to a solution of EtMgCl,
EtMgBr or EtMgl (3.0 M solution in Et,O, 1.5 equiv), and (-)-(R,S)-L1-CuCl, (-)-(R,S)-L1-CuBr, or
(-)-(R,S)-L1-Cul complex (5 mol%) in tBuOMe (0.35 M final concentration in substrate) at =78 °C,
5 h total reaction time.

Conditions for Table 2:

1,6-addition: a solution of 13 in CH,Cl, was added in 2 h to a solution of RlMgBr (solution in Et,0,
2.0 equiv), (-)-(R,S)-L2 (5.25 mol%) and CuBreSMe, (5 mol%) in CH,Cl, (0.2 M final
concentration in 13) at =70 °C, 16 h total reaction time.

1,4-addition: a solution of methyl crotonate, ethyl crotonate, iso-propyl crotonate, or tert-butyl
crotonate in tBuOMe was added in 1 h to a solution of EtMgBr (3.0 M solution in Et,O, 1.15
equiv), (-)-(R,S)-L2 (6 mol%), and CuBr-SMe; (5 mol%) in tBuOMe (0.5 M final concentration in
substrate) at =75 °C, 2 h total reaction time.

Conditions for Table 3:

1,6-addition: a solution of substrate in CH,Cl, was added in 2 h to a solution of RZMgBr (solution
in Et,0, 2.0 equiv), (-)-(R,S)-L2 (5.25 mol%) and CuBreSMe; (5 mol%) in CH,CI, (0.2 ™ final
concentration in substrate) at —70 °C, 16 h total reaction time.

Conditions for Table 4:

1,6-addition: a solution of 25 in CH,ClI, was added in 2 h to a solution of EtMgBr (solution in Et,0,
2.0 equiv), (-)-(R,S)-L2 (5.25 mol%) and CuBreSMe, (5 mol%) in CH,Cl, (0.2 M final
concentration in 25) at =70 °C, 16 h total reaction time.

1,4-addition to the a-Me-substituted ester substrate: a solution of ethyl tiglate in CH,Cl, was
added in 2 h to a solution of EtMgBr (solution in Et,O, 2.0 equiv), (-)-(R,S)-L2 (5.25 mol%) and
CuBreSMe, (5 mol%) in CH,Cl, (0.2 ™M final concentration in substrate) at —=70 °C, 16 h total
reaction time.

1,4-addition to the B-Me-substituted ester substrate: a solution of ethyl 3-methyl-2-butenoate in
CH,CI, was added in 2 h to a solution of EtMgBr (solution in Et,0, 2.0 equiv), (-)-(R,S)-L2 (5.25
mol%) and CuBreSMe, (5 mol%) in CH,Cl, (0.2 M final concentration in substrate) at —=70 °C, 16 h
total reaction time.

Conditions for Table 5:

1,6-addition: Conditions: a solution of substrate in CH,Cl, was added in 2 h to a solution of
EtMgBr (solution in Et,0, 2.0 equiv), (-)-(R,S)-L2 (5.25 mol%) and CuBreSMe, (5 mol%) in
CH,ClI, (0.2 ™ final concentration in substrate) at =70 °C, 16 h total reaction time.

1,4-addition: a solution of substrate in tBuOMe was added in 1 h to a solution of EtMgBr (3.0 m
solution in Et,O, 1.5 equiv), and (+)-(S,R)-L2-CuBr (5 mol%) in tBuOMe (0.35 ™M final
concentration in substrate) at —78 °C, 5 h total reaction time.

Conditions for Table 6:

Conditions: a solution of 29 in CH,Cl, was added in 2 h to a solution of EtMgBr (solution in Et,O,
2.0 equiv), (-)-(R,S)-L2 (5.25 mol%, 7.88 mol% or 10.5 mol%) and CuBreSMe, (5 mol%, 7.5
mol% or 10 mol%) in CH,CI, (0.2 ™ final concentration in 29) at =70 °C, 48 h total reaction time.



Scheme S1. Alternative depiction of the mechanism of the enantioselective 1,6-

addition.S!
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Scheme S3. Alternative depiction of the mechanism for the catalytic formation of
the 1,4-addition product in dienoates.
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General experimental procedures:

Thin-layer chromatography (TLC) was performed on commercial Kieselgel 60 Fs, silica gel plates and compounds were
visualized with KMnO, reagent. Flash chromatography was performed on silica gel. Drying of solutions was performed
with MgSO,. Concentration of solutions was conducted with a rotary evaporator. Progress of the reactions and conversion
was determined by TLC or GC-MS (GC, HP6890; MS, HP5973) with an HP5 column (Agilent Technologies, Palo Alto,
CA). Ee and regioselectivities were determined by chiral GC (CP-Chiraldex-B-PM (30 m x 0.25 mm)) using flame
ionization detection or HPLC analysis ((R,R)-Whelk-01, 4.6 x 250 mm, 5 m, 40 °C, 0.5 mL/min, 210 nm; chiralcel OD-H,
4.6 x 250 mm, 5 m, 40 °C, 0.5 mL/min, 215 nm; chiralcel OJ-H, 4.6 x 250 mm, 5 m, 40 °C, 0.5 mL/min, 275 nm) (in
comparison to authentic samples of racemates of the products). Optical rotations were measured in CH,Cl, or CHCl; on a
Schmidt + Haensch polarimeter (Polartronic MH8) with a 10 cm cell (c given in g/100 mL), [a]o values are given in 10™
deg cm? g™*. 'H NMR spectra were recorded at 400 MHz with CDCl; as solvent (Varian AMX400 spectrometer). **C NMR
spectra were obtained at 100.59 MHz in CDCls. The nature of the carbon was determined from APT *C NMR
experiments. Chemical shifts were determined relative to the residual solvent peaks (CHCI3, & = 7.26 for hydrogen atoms,
8 = 77.16 for carbon atoms). The following abbreviations were used to indicate signal multiplicity: s, singlet; d, doublet; t,
triplet; g, quartet; p, pentet; br, broad; m, multiplet. High resolution mass spectra were determined on a FTMS Orbitrap
FischerScientific mass spectrometer by ES| measurements in positive mode. Fragmentation patterns were determined by
GC-MS (GC, HP6890; MS, HP5973) with an HP5 column (Agilent Technologies, Palo Alto, CA).

All reactions under a N, atmosphere were conducted using standard Schlenk techniques. CH,Cl, was distilled from CaH,
under a N, atmosphere prior to use. Et,O was distilled from Na using benzophenone as indicator under a N, atmosphere
prior to use. THF was distilled from Na using benzophenone as indicator under a N, atmosphere prior to use. CuBreSMe,
was purchased from Sigma-Aldrich. (-)-(R,S)-reversed Josiphos and (+)-(S,R)-reversed Josiphos were purchased from
Sigma-Aldrich. Grignard reagents were purchased from Sigma-Aldrich (EtMgBr and hexylMgBr) or prepared from the
corresponding alkyl bromides and magnesium turnings in anhydrous Et,O following standard procedures. Grignard
reagents were titrated using SBuOH and catalytic amounts of 1,10-phenanthroline before use.

Sorbic acid, oxalyl chloride (2 M solution in CH,Cl;), NaH (60% dispersion in mineral oil), diethyl
(2-oxopropyl)phosphonate, oxazolidin-2-one, triethyl phosphonopropionate, triethyl phosphonoacetate,
(2E,4E)-nona-2,4-dienal (85% technical grade) and DIBAL-H (1.0 M in CH,Cl,) were purchased from Sigma-Aldrich. DMF,
E-hept-2-enal, nBuLi in hexanes, E-2-methylbut-2-enal and 3-methylbut-2-enal were purchased from ACROS. MeOH and
iPrOH were purchased from Lab-Scan. tBuOH was purchased from Boom. 1-Methyl-1H-imidazole was purchased from
Janssen Chimica.

S-ethyl 2-(triphenylphosphoranylidene)ethanethioate was prepared as described in ref S2. IBX was prepared as described
in ref S3.

1. Halide dependency: experimentals
(2E,4E)-ethyl undeca-2,4-dienoate (10) was prepared according to the procedure given in ref S4, reaction time 16 h.
[5.0 mmol scale, 80% yield, colorless oil]
(@)

\/\/\/WJ\OEt

Data were in accordance to those given in ref S4.

2. Ester size dependency: experimentals

Gener{gsl procedure for the synthesis of «,f,7,6-bis-unsaturated esters from «,f,y,6-bis-unsaturated carboxylic
acids:

In a dried two necked flask equipped with septum and stirring bar under a N, atmosphere, sorbic acid (1 equiv) was
dissolved in CH,Cl;, (4.0 mL/mmol substrate) and DMF (1 equiv) was added. Then oxalyl chloride (3 equiv, 2 M solution in
CH,Cl,) was added slowly (over 30 min) with the formation of CO and CO, gas. After stirring for 1 h (after addition) at
room temperature the alcohol (6 equiv) was added and the reaction mixture was stirred for an additional 4 h. The reaction
mixture was quenched with a saturated aq. NaHCOj3 solution (4 mL/mmol substrate) and the layers were seperated. The
organic layer was washed with an agq. NaHCO3 solution (2x 4 mL/mmol substrate) and the resulting combined aqueous
layers were washed with CH,Cl, (4 mL/mmol substrate). Then the combined organic extracts were dried and carefully
concentrated to a yellow oil. Flash column chromatography (1:49 Et,O:pentane) yielded the product as a colorless oil.

(2E,4E)-methyl hexa-2,4-dienoate (13a) was prepared via the general procedure for the synthesis of ¢,f,y &bis-
unsaturated esters from «,f3,7,6-bis-unsaturated carboxylic acids using MeOH.
[5.0 mmol scale, 77% vyield, colorless oil]

(0]

/\/\)I\OME

Data were in accordance to those given in ref S6; additional data: MS (m/z) 126 (49) [M'], 111 (100) [M*-Me], 95 (59) [M*-
OMe], 67 (85) [C4H30"]; HRMS calcd. for C;H;00,Na* 149.0578, found 149.0578.

(2E,4E)-ethyl hexa-2,4-dienoate (13b) was purchased.
o
WOEI:

(2E,4E)-iso-propyl hexa-2,4-dienoate (13c) was prepared via the general procedure for the synthesis of
a,f,7,6-bis-unsaturated esters from «,,y,5-bis-unsaturated carboxylic acids using iPrOH.
[5.0 mmol scale, 83% vyield, colorless oil]



o
/\/\)]\Oil)r
'H NMR (400 MHz, CDCls, 25 °C, TMS): &= 7.16 (dd, J = 15.3, 9.8 Hz, 1H), 6.18-5.98 (m, 2H), 5.68 (d, J = 15.4 Hz, 1H),
5.08-4.94 (m, 1H). 1.78 (d, J = 6.0 Hz, 3H), 1.20 ppm (dd, J = 6.3, 1.5 Hz, 6H); °C NMR (100.59 MHz, CDCls, 25 °C.
TMS): &= 166.7 (C), 144.6 (CH), 138.9 (CH), 129.8 (CH), 119.6 (CH), 67.4 (CH), 21.9 (CHs), 18.6 ppm (CHs): MS (m/z)
154 (21) [M'], 112 (40) [M*-iPr+H], 97 (100) [CsHsO5'], 95 (93) [M*-OiPr], 67 (69) [CsHsO']; HRMS calcd. for CoHyO,Na"
177.0886, found 177.0881.

(2E,4E)-tert-butyl hexa-2,4-dienoate (13d) was prepared via the general procedure for the synthesis of
a,f,y,6-bis-unsaturated esters from a,f,y,-bis-unsaturated carboxylic acids using tBuOH.
[4.5 mmol scale, 83% yield, colorless oil]

o

Data were in accordance to those given in ref S7; additional data: **C NMR (100.59 MHz, CDCls, 25 °C, TMS): 5= 166.7
(C), 143.9 (CH), 138.4 (CH), 129.9 (CH), 121.1 (CH), 80.0 (C), 28.2 (CHs), 18.6 ppm (CHs); MS (m/z) 168 (36) [M*], 113
(49), 112 (40) [M"-tBu+H], 97 (85) [CsHs0O,'], 95 (76) [M*-OtBu], 67 (56) [C4H;0"], 57 (100) [C,HO,']; HRMS calcd. for
Ci10H160," 168.1151, found 168.1150.

3. Michael acceptor dependency: experimentals
(2E,4E)-S-ethyl nona-2,4-dienethioate (15b) was prepared according the procedure in ref S8 (procedure D; the reaction of
aldehydes with PhsPCHCOSEL, 24 h reaction time) using E-hept-2-enal.
[14.9 mmol scale, 61% yield, colorless oil]
O

nBu/\/vJ\SEt

'H NMR (400 MHz, CDCls, 25 °C, TMS): 6= 7.16 (dd, J = 15.2, 10.1 Hz, 1H), 6.22-6.09 (m, 2H), 6.05 (d, J = 15.2 Hz, 1H),
2.93 (J = 7.4 Hz, 2H), 2.16 (dd, J = 13.9, 6.7 Hz, 2H), 1.39 (dt, J = 14.4, 7.2 Hz, 2H), 1.34-1.29 (m, 2H), 1.26 (td, J = 7.4,
0.5 Hz, 3H), 0.88 ppm (t, J = 7.2 Hz, 3H); *C NMR (100.59 MHz, CDCls, 25 °C, TMS): 5= 190.3 (C), 146.6 (CH), 141.1
(CH), 128.4 (CH), 126.6 (CH), 33.1 (CHy), 31.0 (CH,), 23.4 (CHy), 22.4 (CHy), 15.1 (CHa), 14.1 ppm (CHs); MS (m/z) 198
(14) [M"], 137 (100) [M*-SEt], 81 (39) [CsHsO']; HRMS calcd. for C13H1s0S* 198.1078, found 198.1083.

(3E,5E)-deca-3,5-dien-2-one (15¢):5”
In a roundbottom flask equipped with stirring bar under a N, atmosphere, NaH (60% solution in mineral oil, 2.7 equiv) was
vigorously stirred in anhydrous THF (10 mL/mmol aldehyde) and cooled to —20 °C. Diethyl (2-oxopropyl)phosphonate
(neat, 3.0 equiv) was added dropwise and the mixture was stirred for 30 min. Subsequently, E-hept-2-enal (1 equiv)
dissolved in anhydrous THF (2.0 mL/mmol aldehyde) was added dropwise. After addition, the solution was stirred for
20 min at —20 °C and was subsequently stirred at room temperature for 30 min. The reaction mixture was diluted with
Et,O (2 mmol/mmol aldehyde) and the solution was subsequently washed with NH,CI (saturated ag. solution, 2 mL/mmol
aldehyde), Na,CO; (saturated aqg. solution, 2 mL/mmol aldehyde) and brine (2 mL/mmol aldehyde). The combined organic
extracts were dried and concentrated. Flash column chromatography (1:99 Et,O:pentane) yielded the product.
[7.6 mmol scale, 65% yield, colorless oil]

o

PN

nBu
Colorless oil; data were in accordance with those given in ref S10.

2-([1E,3E]-octa-1,3-dienylsulfonyl)pyridine (15d) was prepared analogous to the general procedure for the synthesis of
a,B-unsaturated sulfones in ref S11 using E-hept-2-enal.
[3.0 mmol scale, 27% yield (2 steps), slightly yellow viscous oil]

Q.0

nBu/\/\/ S N\

=
'H NMR (400 MHz, CDCls, 25 °C, TMS): &= 8.70 (d, J = 4.3 Hz, 1H), 8.06 (d, J = 7.8 Hz, 1H), 7.91 (td, J = 7.8, 1.5 Hz,
1H), 7.48 (dd, J = 7.1, 4.9 Hz, 1H), 7.33 (dd, J = 14.9, 10.7 Hz, 1H), 6.45 (d, J = 14.9 Hz, 1H), 6.32-6.22 (m, 1H), 6.15 (dd,
J=15.1, 10.8 Hz, 1H), 2.17 (g, J = 7.0 Hz, 2H), 1.46-1.21 (m, 4H), 0.87 ppm (t, J = 7.2 Hz, 3H); *C NMR (100.59 MHz,
CDCls, 25 °C, TMS): &= 158.9 (C), 150.4 (CH), 148.8 (CH), 145.8 (CH), 138.2 (CH), 127.1 (CH), 126.3 (CH), 124.7 (CH),
121.8 (CH), 32.9 (CH,), 30.6 (CH,), 22.3 (CHy), 13.9 ppm (CHs); MS (m/z) 251 (1) [M*], 130 (100) [CsHs0.S"], 80 (44)
[CeHs'], 79 (38), 78 (29) [CsHsN']; HRMS calcd. for CisH1sNO,SNa* 274.0886, found 274.0868.
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3-(2E,4E)-hexa-2,4-dienoyloxazolidin-2-one (15e) was prepared analogous to the general coupling procedure (as
illustrated for 3-(E-3-(methoxycarbonyl)propenovl)-1,3-oxazolidin-2-one 7) in ref S12 using sorbic acid and oxazolidin-2-
one; Flash column chromatography (1:1 Et,O:pentane) yielded the product.

[5.0 mmol scale, 17% yield, white solid, mp: 119.7-119.8 °C]

0] 0]
AAAA
(W

'H NMR (400 MHz, CDCls, 25 °C, TMS): &= 7.42 (dd, J = 15.0, 10.5 Hz, 1H), 7.17 (d, J = 15.1 Hz, 1H), 6.44-6.10 (m, 2H),
4.39 (t, J = 8.0 Hz, 2H), 4.05 (t, J = 8.0 Hz, 2H), 1.86 ppm (d, J = 6.3 Hz, 3H); **C NMR (100.59 MHz, CDCls, 25 °C, TMS):
&= 165.6 (C), 153.6 (C), 146.6 (CH), 141.1 (CH), 130.4 (CH), 117.5 (CH), 62.1 (CH,), 42.8 (CH,), 18.8 ppm (CHz); MS
(m/z) 281 (1) [M7], 119 (53) [C4H;0,S’], 83 (66), 79 (51), 69 (53) [CsHs'], 55 (100) [CsH3;O']; HRMS calcd. for
CoH1:NO3Na* 204.0631, found 204.0629; Elemental analysis calcd. (%) for CoH3;NOs: C, 58.93; H, 5.97; N, 7.71, Found:
C, 58.78, H, 5.97; N, 7.63.

(2E,4E)-1-(1-methyl-1H-imidazol-2-yl)hexa-2,4-dien-1-one (15f):

In a two necked flask equipped with septum and stirring bar under a N, atmosphere, 1-methyl-1H-imidazole (2.2 equiv)
was dissolved in anhydrous THF (4.0 mL/mmol substrate) and the solution was cooled to =78 °C and stirred for 30 min.
Then nBuLi (2.0 equiv, 1.6 M in hexanes) was added dropwise (in 30 min) and the mxture was stirred for 5 min after
addition. Then the reaction mixture was allowed to warm up to room temperature in 30 min, cooled down again to -78 °C
and stirred for 20 min. A solution of sorbic acid (1 equiv) in anhydrous THF (0.5 mL/mmol substrate) was added and the
reaction mixture was stirred for 10 min after addition. Then the reaction mixture was allowed to warm up to room
temperature in 40 min, and was slowly quenched with a saturated aq. NaHCOj3 solution (1 mL/mmol substrate). EtOAc (2
mL/mmol substrate) was added and the layers were seperated. The aquous layer was washed with
EtOAc (2x 4 mL/mmol substrate). The combined organic extracts were dried and carefully concentrated to a brown solid.
Flash column chromatography (1:1 Et,O:pentane) yielded the product.

[20 mmol scale, 38% yield, white solid, mp: 88.1-88.4 °C]

T

/\/\)J\(N

\

N\/>
'H NMR (400 MHz, CDCls, 25 °C, TMS): &= 7.35-7.20 (m, 2H), 7.03 (d, J = 2.8 Hz, 1H), 6.91 (d, J = 2.7 Hz, 1H), 6.27—
6.05 (M, 2H), 3.91 (d, J = 3.6 Hz, 3H), 1.76 ppm (dd, J = 6.4, 2.4 Hz, 3H); *C NMR (100.59 MHz, CDCls, 25 °C, TMS): =
180.9 (C), 143.9 (C), 143.8 (CH), 140.9 (CH), 130.7 (CH), 129.0 (CH), 127.0 (CH), 124.2 (CH), 36.2 (CHs3), 18.9 ppm
(CHa3); MS (m/z) 176 (29) [M'], 161 (60) [M*-Me], 147 (45) [CsHsN,O"], 133 (100) [C;HsN,O"], 82 (53) [C4HsN,']; HRMS
calcd. for CyoH13N,O" 177.1022, found 177.1020; Elemental analysis calcd. (%) for C10H12N,0: C, 68.17; H, 6.90; N, 15.91,
Found: C, 68.03, H, 6.85; N, 15.86.

4. Influence of the olefin substitution pattern: experimentals

General procedure for the synthesis of a-Me-substituted a,8,y,0-bis-unsaturated esters from a,B-unsaturated
aldehydes via Horner-Wadsworth-Emmons reaction:'=*!

In a roundbottom flask equipped with stirring bar under a N, atmosphere, triethyl phosphonopropionate (1.2 equiv) was
dissolved in anhydrous THF (4 mL/mmol aldehyde) and cooled to -78 °C. nBuLi (1.6 M solution in hexanes, 1.15 equiv)
was added dropwise and the mixture was stirred for 30 min. Subsequently, the aldehyde (1 equiv) dissolved in anhydrous
THF (1 mL/mmol aldehyde) was added dropwise. After addition, the solution was allowed to warm up to room temperature
and stirred for 16 h. The reaction mixture was diluted with Et,O (5 mL/mmol aldehyde) and the solution was subsequently
washed with NH,Cl (saturated ag. solution, 5 mL/mmol aldehyde), Na,COs; (saturated ag. solution, 5 mL/mmol aldehyde)
and brine (5 mL/mmol aldehyde). The combined organic extracts were dried and concentrated. Flash column
chromatography (1:99 Et,O:pentane) yielded the product.

(2E,4E)-ethyl 2-methylnona-2,4-dienoate (25a) was prepared via the general procedure for the synthesis of
a-Me-substituted a,B,y,0-bis-unsaturated esters from a,B-unsaturated aldehydes via Horner-Wadsworth-Emmons reaction
using E-hept-2-enal.
[10 mmol scale, 90% yield, E:Z = 16:1, colorless oil]

0o

nBu\ N

OEt

Me
'H NMR (400 MHz, CDCl3, 25 °C, TMS): 6= 7.13 (d, J = 11.3 Hz, 1H), 6.37-6.24 (m, 1H), 6.12-5.97 (m, 1H), 4.16 (q, J =
7.1 Hz, 2H), 2.15 (q, J = 7.0 Hz, 2H), 1.89 (d, J = 0.8 Hz, 3H), 1.46-1.20 (m, 7H), 0.87 ppm (t, J = 7.2 Hz, 3H); 3C NMR
(100.59 MHz, CDCls, 25 °C, TMS): 6= 168.6 (C), 143.1 (CH), 138.6 (CH), 126.0 (CH), 125.1 (C), 60.4 (CH;), 33.0 (CH,),
31.2 (CHy), 22.3 (CHy), 14.4 (CHa), 13.9 (CHs), 12.6 ppm (CHs); MS (m/z) 196 (47) [M"], 151 (30) [M"-OEt], 139 (100)
[CsH100,"], 112 (35), 111 (85) [CsH,O,']; HRMS calcd. for CioH200,Na’ 219.1356, found 219.1355.
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(2E,4E)-ethyl 3-methylnona-2,4-dienoate (25b) was prepared via the procedure described in ref S14.
[4.9 mmol scale, 8% vyield, colorless oil]
Me O

nBu NN OEt

Data were in accordance to those given in ref S14; additional data: MS (m/z) 196 (10) [M*], 139 (96) [CsH100,'], 111 (100)
[CsH70,"]; HRMS calcd. for C1oH» 05" 197.1536, found 197.1536.

General procedure for the synthesis of a,8,y,6-bis-unsaturated esters from a,8-unsaturated aldehydes via
Horner-Wadsworth-Emmons reaction:>*

In a roundbottom flask equipped with stirring bar under a N, atmosphere, NaH (1.75 equiv, 60% dispersion in mineral oil)
was vigorously stirred in anhydrous THF (1 mL/mmol aldehyde) and cooled to =20 °C. Triethyl phosphonoacetate (neat,
1.75 equiv) was added dropwise and the mixture was stirred for 30 min. Subsequently, the aldehyde (1 equiv) dissolved in
anhydrous THF (0.1 mL/mmol aldehyde), was added dropwise. After addition, the solution was stirred for 20 min at
-20 °C and subsequently stirred at room temperature for 30 min. The reaction mixture was diluted with Et,O (2 mL/mmol
aldehyde) and the solution was subsequently washed with NH,Cl (saturated ag. solution, 2 mL/mmol aldehyde),
Na,CO; (saturated ag. solution, 2 mL/mmol aldehyde) and brine (2 mL/mmol aldehyde). The combined organic extracts
were dried and concentrated. Flash column chromatography (1:99 Et,O:pentane) yielded the product.

(2E,4E)-ethyl 4-methylhexa-2,4-dienoate (25c) was prepared via the general procedure for the synthesis of
a,B,y,0-bis-unsaturated esters from a,B-unsaturated aldehydes via Horner-Wadsworth-Emmons reaction using
E-2-methylbut-2-enal.
[10 mmol scale, 89% vyield, Z-isomer not observed, colorless oil]

(0]

WOEt

Me
Data were in accordance to those given in ref S16; additional data: *C NMR (100.59 MHz, CDCls, 25 °C, TMS): 6= 167.8
(C), 149.6 (CH), 136.4 (CH), 133.9 (C), 115.4 (CH), 60.2 (CH,), 14.7 (CHs), 14.5 (CHs), 11.9 ppm (CHs); MS (m/z) 154 (69)
[M™], 139 (47) [M*-CH3], 111 (86) [CeH;0."], 109 (54) [M*-OEt], 83 (58) [C4H30,"], 81 (100) [M*-CO,E1]; HRMS calcd. for
CoH140," 154.0994, found 154.0987.

E-ethyl 5-methylhexa-2,4-dienoate (25d) was prepared via the general procedure for the synthesis of a,B,y,0-bis-
unsaturated esters from a,8-unsaturated aldehydes via Horner-Wadsworth-Emmons reaction using 3-methylbut-2-enal.
[10 mmol scale, 84% yield, Z-isomer not observed, colorless oil]

Me (0]

NN N0R

Data were in accordance to those given in ref S17; additional data: **C NMR (100.59 MHz, CDCls, 25 °C, TMS): 6= 167.5
(C), 146.0 (C), 140.8 (CH), 123.7 (CH), 118.6 (CH), 60.0 (CH,), 26.4 (CHs), 18.8 (CH3), 14.3 ppm (CHs); HRMS calcd. for
CoH1,0,Na" 177.0886, found 177.0884.

5. Olefin geometry dependency: experimentals
(2Z,4E)-ethyl undeca-2,4-dienoate (28a) was prepared according to the procedure given in ref S4, reaction time 6 h.
[1.0 mmol scale, 72% vyield, colorless oil]

— OEt
O

Data were in accordance to those given in ref S4.

(2E,4Z)-ethyl undeca-2,4-dienoate (28b) was prepared according to the procedure given in ref S4, reaction time 3 h,
reaction temperature 0 °C.

[1.0 mmol scale, 67% vyield, colorless oil]

OEt

g

Data were in accordance to those given in ref S4.

(22,42)-ethyl undeca-2,4-dienoate (28c) was prepared according to the procedure given in ref S4, reaction time 1 h,
reaction temperature -20 °C.
[1.0 mmol scale, 63% vyield, 2Z,42:27,4E = 92:8, colorless oil]

= OEt
o
Data were in accordance to those given in ref S4.
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6. Enantioselective 1,8- and 1,10-addition: experimentals
(2E,4E,6E)-ethyl undeca-2,4,6-trienoate (29a) was prepared via the general procedure for the synthesis of
a,B,y,0-bis-unsaturated esters from a,B-unsaturated aldehydes via Horner-Wadsworth-Emmons reaction using
(2E,4E)-nona-2,4-dienal.
[10.0 mmol scale, 75% yield, 6:1 all-E:mono-Z, slightly yellow oil]
0o

nBu/\M)J\OEt

'H NMR (400 MHz, CDCls, 25 °C, TMS): &= 7.27 (dd, J = 14.8, 11.3 Hz, 1H), 6.50 (dd, J = 14.8, 10.7 Hz, 1H), 6.14 (ddd, J
=29.4, 14.6, 11.0 Hz, 2H), 5.96-5.85 (m, 1H), 5.81 (d, J = 15.3 Hz, 1H), 4.17 (qd, J = 7.1, 1.3 Hz, 2H), 2.12 (g, J = 7.0 Hz,
2H), 1.44-1.22 (m, 7H), 0.88 ppm (t, J = 7.1 Hz, 3H); "*C NMR (100.59 MHz, CDCls, 25 °C, TMS): 6= 167.2 (C), 144.9
(CH), 141.2 (CH), 140.6 (CH), 129.9 (CH), 127.8 (CH), 120.1 (CH), 60.2 (CHy), 32.7 (CH,), 31.2 (CH,), 22.3 (CHy), 14.4
(CHa3), 14.0 ppm (CHs); MS (m/z) 208 (43) [M*], 119 (36) [CsH;0,'], 91 (76) [C;H;'], 79 (100) [CsH30™], 77 (42), 57 (42)
[C4Hs']; HRMS (APCI+) calcd. for C13H»10," 209.1536, found 209.1528.

Synthesis of S-ethyl 2-(diethoxyphosphoryl)ethanethioate:

In a dried roundbottom two necked flask equipped with septum and stirring bar under a N, atmosphere,
2-(diethoxyphosphoryl)acetic acid (1.0 equiv) and DMAP (0.1 equiv) were dissolved in anhydrous CH,Cl, (1.5 mL/mmol
substrate). After 5 min stirring at room temperature the mixture was cooled to 0 °C and subsequently EtSH (1.05 equiv)
and DCC (1.05 equiv) in anhydrous CH,Cl, (0.5 mL/mmol substrate) were added. After stirring for 4 h (0 °C to room
temperature) the solution was filtered over celite. The filtrate was washed with pentane and then the organic extract were
dried and concentrated to a yellow oil. Flash column chromatography (gradient 20% EtOAc/pentane to 100%
EtOAc/automated column) yielded the product in ~60% as a colorless oil (with traces of OPPh).

General procedure for the synthesis of a,8,y,0,£,{-triple unsaturated thioesters from a,f,7 6-bis-unsaturated
aldehydes via Horner-Wadsworth-Emmons reaction:

In a round bottom flask equipped with stirring bar S-ethyl 2-(diethoxyphosphoryl)ethanethioate (1.5 equiv) is dissolved in
anhydrous THF (20.0 mL/mmol substrate) and cooled to 0 °C. nBuLi (1.6 M in Et,0O, 1.4 equiv) is added dropwise and the
reaction mixture is stirred for 30 min and then cooled to -78 °C. Then, the aldehyde substrate (1 equiv) dissolved in
anhydrous THF (2.0 mL/mmol substrate) was added dropwise. After addition, the solution was allowed to warm to room
temperature and stirred in total for 16 h. Then a solution of agueous NH.Cl (1 M, 1 mL) was added and the mixture
extracted with Et;O (3x 2 mL). The combined organic extracts were dried and concentrated. Flash column
chromatography (1:99 Et,O:pentane) yielded the product.

(2E,4E,6E)-S-ethyl undeca-2,4,6-trienethioate (29b) was prepared via the general procedure for the synthesis of
a,B,y,0,¢,{-triple unsaturated thioesters from a,B, 6bis-unsaturated aldehydes via Horner-Wadsworth-Emmons reaction
using (2E,4E)-nona-2,4-dienal.
[6.0 mmol scale, 61% yield, 9:1 all-E:mono-Z, yellow oil]

0o

nBu/\/WJ\ SEt

'H NMR (400 MHz, CDCls, 25 °C, TMS): 6= 7.19 (dd, J = 15.1, 11.4 Hz, 2H), 6.55 (dd, J = 14.8, 10.7 Hz, 2H), 6.22-5.98
(m, 6H), 5.98-5.82 (m, 2H), 2.92 (qd, J = 7.4, 1.2 Hz, 4H), 211 (q, J = 7.1 Hz, 4H), 1.43-1.12 (m, 15H),
0.87 ppm (t, J = 7.2 Hz, 7H); *C NMR (100.59 MHz, CDCls, 25 °C, TMS): 6= 189.6 (C), 142.6 (CH), 141.1 (CH), 140.6
(CH), 130.0 (CH), 127.6 (CH), 127.1 (CH), 32.8 (CH,), 31.1 (CH,), 23.2 (CH,), 22.3 (CH,), 14.9 (CHs), 13.9 ppm (CHs);
MS (m/z) 224 (11) [M"], 163 (80) [M*-SEt], 107 (100) [C;HsO], 91 (31) [C/H;"], 91 (45) [CsHo']; HRMS calcd. for
Ci3sH200OSNa" 247.1127, found 247.1124.
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Synthesis of (2E,4E,6E,8E)-ethyl trideca-2,4,6,8-tetraenoate (29c) from
(2E,4E,6E)-ethyl undeca-2,4,6-trienoate:
1) General procedure for the reduction of an unsaturated ester to the allylic alcohol:
In a dried Schlenk tube equipped with septum and stirring bar under a N, atmosphere the ester was dissolved in
anhydrous CHCl, (5 mL). After 5 min stirring at room temperature the mixture was cooled to -70 °C and DIBAL-H
(2.0 M solution in CH,Cl,, 2.1 equiv) was added. The reaction mixture was stirred for 16 h at =70 °C. Subsequently the
reaction mixture was poured into a roundbottom flask with aq. Rochelle’s salt-solution (saturated, 10 mL), stirred for 1 h at
room temperature and the layers were separated. After extraction with CH,Cl, (2x 5 mL), the combined organic extracts
were washed with the ag. Rochelle’s salt solution (2x 5 mL), dried and carefully concentrated. The alcohol was used
without further purification in the subsequent IBX oxidation.
2) IBX oxidation of the allylic alcohol was performed according to ref S18. The aldehyde was used without further
purification for the HWE reaction.
3) The product was prepared via the general procedure for the synthesis of a,8,y,6-bis-unsaturated esters from
a,B-unsaturated aldehydes via Horner-Wadsworth-Emmons reaction.
[6.0 mmol scale, 20% yield (3 steps), 7:1 all-E:mono-Z, white solid]

0o

nBu NN OEt

'H NMR (400 MHz, CDCls, 25 °C, TMS): 6= 7.29 (dd, J = 15.2, 11.4 Hz, 1H), 6.54 (dd, J = 14.7, 11.0 Hz, 1H), 6.40-6.04
(m, 4H), 5.88-5.76 (m, 2H), 4.18 (q, J = 7.1 Hz, 2H), 2.11 (g, J = 7.0 Hz, 2H), 1.44-1.21 (m, 7H), 0.88 ppm (t, J = 7.1 Hz,
3H); *C NMR (100.59 MHz, CDCls, 25 °C, TMS): 6= 167.2 (C), 144.6 (CH), 141.1 (CH), 138.8 (CH), 137.7 (CH), 130.3
(CH), 129.6 (CH), 129.1 (CH), 120.2 (CH), 60.2 (CHy), 32.7 (CH,), 31.3 (CH,), 22.3 (CH,), 14.4 (CHj3), 14.0 ppm (CHs);
MS (m/z) 234 (38) [M"], 131 (31) [CioH11'], 117 (73) [CeHe'], 105 (55) [CgHs'], 91 (100) [C/H;'], 79 (32) [CeH:]; HRMS
calcd. for CisH230," 235.1693, found 235.1694.

Synthesis of (2E,4E,6E,8E)-S-ethyl trideca-2,4,6,8-tetraenethioate (29d) from
(2E,4E,6E)-ethyl undeca-2,4,6-trienoate:
Step 1) and 2) are according to the synthesis of (2E,4E,6E,8E)-ethyl trideca-2,4,6,8-tetraenoate from
(2E,4E,6E)-ethyl undeca-2,4,6-trienoate.
3) The product was prepared via the general procedure for the synthesis of a,8,y,0,¢,{-triple unsaturated thioesters from
a,B,y,&bis-unsaturated aldehydes via Horner-Wadsworth-Emmons reaction.
[6.0 mmol scale, 23% yield (3 steps), 8:1 all-E:mono-Z, yellow solid]
o

\\\\SEt

nBu
'H NMR (400 MHz, CDCls, 25 °C, TMS): &= 7.32—7.13 (m, 1H), 6.61 (dd, J = 14.5, 11.2 Hz, 1H), 6.37 (dd, J = 14.8, 10.7
Hz, 1H), 6.31-6.00 (m, 4H), 5.90-5.79 (m, 1H), 2.94 (qd, J = 7.4, 1.2 Hz, 2H), 2.12 (g, J = 7.0 Hz, 2H), 1.45-1.13 (m, 7H),
0.88 ppm (t, J = 7.1 Hz, 3H); *C NMR (100.59 MHz, CDCls, 25 °C, TMS): 6= 189.6 (C), 142.6 (CH), 140.4 (CH), 139.3
(CH), 138.2 (CH), 130.3 (CH), 129.7 (CH), 129.0 (CH), 127.2 (CH), 32.8 (CH,), 31.3 (CH,), 23.3 (CH,), 22.3 (CH,), 15.0
(CHs), 14.0 ppm (CHs); MS (m/z) 250 (22) [M"], 189 (55) [M*-SEt], 133 (100) [CoH,O'], 107 (66) [C;HsO"], 91 (78) [C/H/T;
HRMS calcd. for C15H,30S™ 251.1464, found 251.1457.
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7. Halide dependency: spectra

E-Ethyl 5-ethylundec-3-enoate (11)
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rac E-ethyl 5-ethyldec-3-enoate (rac-11 and rac-12):

Intensi
15006}/
10000
5000
0
65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 8(
min
Peak# Ret.Time Area Height  Conc. Unit Mark ID# Cmpd Name Area%
1 68.109 175938 6487 0.000 46.8346
2 69.046 176034 5449 0.000 \% 46.8603
3 75.031 12240 477 0.000 3.2583
4 75.959 11445 428 0.000 3.0468
Total 375657 12841 100.0000
(5R,E)-ethyl 5-ethyldec-3-enoate (R-11):
[ntensity
5000
4000
3000 : =
2000
1000 IIH|IIHllHI|HII‘HII‘\II\‘IIH|IIHllHI|HII‘HII‘\II\‘IIH|IIHllHI|HII‘HII‘\II\‘IIH|I\H|\HI‘HI\‘HH‘\H\‘HH‘H\I‘HI\‘\IH‘IIH“HI
65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80
min
Peak# Ret.Time Area Height Conc.  Unit Mark ID# Cmpd Name Area%s
1 68.648 526 28 0.000 2.0452
2 75247 156 12 0.000 0.6077
3 75953 25029 308 0.000 97.3471
Total 25711 848 100.0000
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spectra

8. Ester size dependency

(2E,4E)-iso-propyl hexa-2,4-dienoate (13c)
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(2E,4E)-tert-butyl hexa-2,4-dienoate (13d)
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(S,E)-methyl 5-methylhept-3-enoate (14a)
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Regioselectivity: rac-E-methyl 5-methylhept-3-enoate (rac-14a and rac-1,4-addition product):

FID2 B, (20100422\TDH21042.D)

pA ] © © |
| 114 3 @
| ] o Z
} 10 - -
i 9 ST ST~ m
74 — R — S —
112 114 116 118 120 122 min
|Peak]| RT | Type | Name [Width | Area | Area % |Response| Amount |
[ % [ [min] | \ | [min] |-------- | === |=—==—=-- | -===—=== [
[====]===—= e R [-==——- | \ ! | |
| T ##4##E MM | | 1.084] 58.620] 36.320]| 0.000] 0.0001.
| 2 HE#EHE (MM [ 1.711| 102.778] 63.680] 0.000] 0.000]
Regioselectivity: (S,E)-methyl 5-methylhept-3-enoate (S-14a):
FID2 B, (2010042511 DHZ25041.D)
pA ] “‘D:
E ]
10 -
9.5 j\
9 ;
8.5
8 — ] ——
112 114 116 118 120 122 min
|Peak| RT | Type | Name |[Width | Area | Area % |Response| Amount |
| ¥ [|[min] | [ | [min] [======-= | === | ——==———- | === |
|- |———= === | =====- | I \ | |
| T4 MM | | 1.268| 82.055| 100.000] 0.000] 0.000]
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Enantioselectivity: rac-2-methylbutanoic acid:

BU 8U.H 81 81.5 52 B2.9 min
FID2 B, (20100422\TDH21041.D)
] o wn
80 -
60*;
40—;
20 .
e e B I -1 r - I T
80 80.5 81 81.5 82 82.5 min
|Peak] RT | Type | Name |Width | Area | Area % |Response| Amount |
[ # | [min] | \ | [min] [-=====—- | —=—————- [ === | ======= |
e | === | == | -=-=-- | | 1 | |
| 1181.213|PB | | 0.1e8|1337.457] 50.187] 0.000] 0.000]
| 2181.705|BB | | 0.18611327.511| 49.813| 0.000] 0.000]

Enantioselectivity: S-2-methylbutanoic acid: {obtained after derivatisation}

FID2 B, (20100426\TDH26041.D)
E o
PA 2
50
40 &O?
30 &
20
10— '/\>\7 [ B B
80 80.5 81 81.5 82 82.5 min|
| Peak| RT | Type | Name |Width | Area | Area % |Response| Amount |
| # lMmin] | | | (min] |-------- e | == |- |
| === === TR | —————- \ | \ | |
| 1181.482 MM | | 0.163| 462.534| 87.672]| 0.000| 0.000]
| 2182.046 MM | | 0.084| 65.040| 12.328] 0.000] 0.000]



(S,E)-iso-propyl 5-methylhept-3-enoate (14c)
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Regioselectivity: rac-E-iso-propyl 5-methylhept-3-enoate (rac-14c and rac-1,4-addition product):

| | 40,20 | =4T 1T (A o
1 FID2 B, (20100422\TDH21043.D)
3
50 S,
40 v (
30 N
20 / N
10 — ‘ R ——
| 148.5 149 149.5 150 min
| Peak| RT | Typel Name |Width | Area | Area % |Response| Amount
| 4 |[min] ! | (min] |-=------ | === | === | -===—-=--
|-——= == |———— === | —————= | \ | |
| 1 #4#H4# 1BV | | 0.084| 330.448| 36.110] 0.000] 0.000
| 2| #HE#EFIVE | 0.087] 333.484| 36.442] 0.000] 0.000
| S #EFHEHIPB | | 0.082| 251.189] 27.449] 0.000] 0.000
(S,E)-iso-propyl 5-methylhept-3-enoate (S-14c):
~FID2 B, (20100423\TDH23042.D) = "
PA %
80 ?-{
60 o = f
| 40 =] - |
| 20 g % J
| - T s T e T T
| 148.5 149 149.5 150 min
Signal 2: FIDZ2 B,
|Peak| RT | Typel Name |[Width | Area | Area % |Response| Amount |
| ¥ | [min] | | | [min] |======—- | —======- |——=————- | ——=————= \
[-=—= === f———= == [—==——= | | I | \
\ 1 H#sEs MM | | 0.062] 1.349] 0.164] 0.000] 0.000]
\ 2 FEdHEH MM | 0.060] 9.855] 1.197] 0.000] 0.000]
| 3 kthHEE MM | | 0.144] 811.939] 98.639]| 0.000] 0.000]
Enantioselectivity S-2-methylbutanoic acid: {obtained after derivatisation}
“FID2 B, (20100426\TDH26042.D0)
100 3 b
80
~ 604 I
40 S
20 - ‘ 8
T T T T T T T T T T T T T T T T T T T T T T
L 80 80‘.5 8‘1 811.5 82 82.5 min|
| Peak| RT | Type | Name |Width | Area | Area % |Response| Amount |
| # [[min] | | | [min] |-—=-—=—-—= | === |====———- | === |
el === | —————- | | | [ |
I 1181.277|MM | | 0.25811439.147| 98.403] 0.000| 0.000]
I 2182.073|MM | | 0.131] 23.358] 1.597] 0.000] 0.000]
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(S,E)-tert-butyl 5-methylhept-3-enoate (14d)

OtBu

80
£8°0
S80—
60—

%597

8TT—F
om.H\
0E'T

mw.ﬂ\\‘

6T
66T
07—

€0C \
0T

067~
167"

vE'S
9€'S
8E'S
6€'S
ws

EVS—F
'S
SP'S
9W'S
8¥'S

9T L—

Il

v

I

WR;

4.0

4.5

f1 (ppm)

6L 1T —
610 —

0787 ~
TL6T—

SP'8E~_
€5'6E

8oL
9T'LL

8v'LL \
£08/

bL0CT —

00°0pT —

UTLT—

190 180 170 160 150 140 130 120 110 100
f1 (ppm)

200

24



Regioselectivity: rac-E-tert-butyl 5-methylhept-3-enoate (rac-14d and rac-1,4-addition product):

FID2 B, (20100422\TDH21044.D)
| pA E
| - ™ .
80 3 3 :
E 60 g o
' 40 y
i 20 / /
4 L L T — ]
: : ; - : : : - ‘ i : - ‘ ‘ ; - : :

150 150.5 151 151.5 min|
| Peak| RT | Type | Name |[Width | Area | Area % |Response| Amount |
I # | [min] | \ | [min]} |-==----- [ ======== [======== |=—==—m= l
|—=—= == e | —==——- I | | | |
\ L ####44 1BV | | 0.053| 138.495| 21.521] 0.000] 0.000]
| 21 HEHHEHIVE | | 0.065| 149.070] 23.165| 0.000] 0.000]
| S|##HF#EF MM | | 0.107] 355.961] 55.314| 0.000] 0.000|
Regioselectivity: (S,E)-tert-butyl 5-methylhept-3-enoate (S-14d):
~FIDZ B, (20100423\T0H23043.0) — T
I pA =)

125 3 %

100 . ﬁ

75*: g

50 g

25 L [ i ‘

150 150.5 151 151.5 min
| Peak| RT | Typel Name [Width | Area | RArea % |Response| Amount |
| # | [min] | l | [min] |-=-==--- | ———————= |—=———=-= |- |
e B I B i | === | l \ | |
| LIdas#ss MM | | 0.059] 31.968] 1.776| 0.000] 0.000|
| 2| ¥#H#F¥|PB | | 0.135]1768.346| 98.224| 0.000] 0.000|

Enantioselectivity: S-2-methylbutanoic acid: {obtained after derivatisation}

I FID2 B, (20100427\TDH27041.D)
pA ]

B
0]
15
04— :

5 —— —r—————————
81 81.5 82 82.5 min

——— 81590
|82.122

| Peak| RT | Type
[ # | [min] |

\
\
\
| 1181.590 MM | | 148.553| 99.152] 0.000
| 2182.122|1MM | | 1.270] 0.848 0.000
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(S,E)-tert-butyl 5-methylundec-3-enoate (14e)
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Regio- and enantioselectivity: rac-E-ethyl 5-methylundec-3-enoate (rac-14e and 1,4-addition product):

FID2 B, (20100819\008B0301.D)
PA:
40
200 o © )
= o 88
10 = : . : ;
0 — — [ — — e —
120 125 130 135 140 mi
| Peak| RT | Type | Name |Wwidth | Area | Area % |Response| Amount |
| # I(min] | 1 | (min] |-------- | == |~ m | -—-m--—- |
|==== ===~ e I ———— | -===—- ! | ! |
| 1 #dHfd#E MM | | 0.845| 27.517| 19.041}] 0.000] 0.000]
| 2| #E#EHEE MM | | 2.283| 106.217| 73.500] 0.000| 0.000]
| S#Ekdds | ME | | 0.818] 5.402] 3.738] 0.0001 0.000]
| 4| #FEF4HIFM | | 0.822] 5.377] 3.721] 0.000] 0.000]
Regio- and enantioselectivity: (S,E)-ethyl 5-methylundec-3-enoate (S-14e): {obtained after derivatisation}
FID2 B, (201008191009B0401.D)
PA 3 @
40 2
B
09 & 3
104 — : ; L —
0 R A S—_— - T \
| 120 125 130 135 140  min
Signal 2: FIDZ B,
| Peak| RT [Type | Name |Width | Area | Area % |Response| Amount |
I # | [min] | \ | [min] [---—---- [ === | === [ ===
| === f——= - | ===~ | | \ | \
| 1| MM | | 0.737] 10.140] 0.264] 0.000] 0.000|
| 2 M [ 0.862] 62.479] 1.628] 0.000] 0.000]
| 31 #EHHE IME | [ 2.587]3760.799] 97.970] 0.000] 0.0C0|
I A HHEFHF MM | | 0.708] 5.297] 0.138] 0.000] 0.000]
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(S,E)-tert-butyl 5,8-dimethylnon-3-enoate (14f)
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Regio- and enantioselectivity: rac-E-ethyl 5,8-dimethylnon-3-enoate (rac-14f and 1,4-addition product):

FID2 B, (20100818\006B0101.D)
pA 3
402 @ &
305 % 8 © ]
4 - o s
203 " - § %
E | -~ e
10 f\‘ ;J\, e
0 ¥ T ‘ ‘ T T ‘
110 120 130 140 min
Signal 2: FID2 B,
| Peak| RT | Type | Name |Width | Area | Area % |Response| Amount |
| # I(min] | | | [min] |-==-===-=- | ==mmm e | === | ===~ |
| === l-——-—- el it | -=—--- | ! | | |
| 1 #E###$ MM | | 1.75411421.558| 38.946] 0.000] 0.000]
| 20 HEHEEF MM | | 2.20411432.883] 39.257] 0.000] 0.000]
S| H#FEFFIME | | 1.368] 396.848| 10.872] 0.000] 0.000]
| A #HHfFIEM | | 1.850] 398.759| 10.925] 0.000] 0.000]
Regio- and enantioselectivity: (S,E)-ethyl 5,8-dimethylnon-3-enoate (S-14f): {obtained after derivatisation}
FID2 B, (20100819\007B0201.D)
pA 3 .
40 - 9
4 - il o
30 <
3 3 =
207 = & ‘ 3
10 = e =y
0~ T i r T ‘ i ' i 1 ‘
110 120 130 140 min|
Signael 2: FIDZ B,
|Peak| RT [Typel| Name |[Width | Area | Area % |Response| Amount |
I # | [min] | | | (min] |[-===—=—= [ === | === [—=—————= |
| === ]====== | === mmmmmm oo | -—---- | | | z !
\ T#####41MM | | 0.972] 5.601] 0.117] 0.000] 0.000]
| 2 eI MM | | 0.956] 50.020] 1.044] 0.000] 0.000]
| 3| EE IME | | 3.815[14719.896] 98.488| 0.000| 0.000]
| 4| ###4#FFM | | 0.486| 16.8l6] 0.3511 0.000] 0.000]

29



(S,E)-tert-butyl 5-methyl-7-phenylhept-3-enoate (149g)
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Regio- and enantioselectivity: rac-E-tert-butyl 5-methyl-7-phenylhept-3-enoate (rac-14g and 1,4-addition product):

200 k200
2
E 100 100
o+ . R T = B - S 0
16 17 18 19 20 21 2 23
Minutes
1: 210
nm, 2 nm
Results
Pk # Name Retention Area Area Percent
Time
1 Peak @ 17,888 Minutes 17,888 823562 13,599
2 Peak @ 18,788 Minutes 18,788 881439 14,554
3 Peak @ 19,892 Minutes 19,892 2184832 36,076
4 Peak @ 20,816 Minutes 20,816 2166413 35,772
Totals
6056246 100,000

Regio- and enantioselectivity: (S,E)-tert-butyl 5-methyl-7-phenylhept-3-enoate (S-149):

200

- 100

Chromatogram
200
2
E 100
VAN
,,/ o
04— — e T . ke e e SN S —— ~ e
16 17 18 19 20 21
Minutes
1: 210
nm, 2 nm
Results
Pk # Name Retention Area Area Percent
Time
1 Peak @ 17,308 Minutes 17,308 176434 6,513
2 Peak @ 18,192 Minutes 18,192 18968 0,700
3 Peak @ 19,116 Minutes 19,116 2367403 87,386
4 Peak @ 20,052 Minutes 20,052 146336 5,402
Totals
2709141 100,000

mAu

mAU



9. Michael acceptor dependency: spectra
(2E,4E)-S-ethyl nona-2,4-dienethioate (15b)
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2-((1E,3E)-octa-1,3-dienylsulfonyl)pyridine (15d)
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3-(2E,4E)-hexa-2,4-dienoyloxazolidin-2-one (15€)

S8T~
98T~

€0y
YN
w0y
£

s

ﬁv.v\

W:.m

J

TFe60
oot

f1 (ppm)

W

5079 —

+8'9L
oT'LL W =
8b'LL

€S°LTT —

|
=

PUTPT — -

£9°9vT —

85'€ST —

£€9°59T — —

180 170 160 150 140 130 120 110 100
f1 (ppm)

190

34



(2E,4E)-1-(1-methyl-1H-imidazol-2-yl)hexa-2,4-dien-1-one (15f)
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E-2-(4-ethyloct-2-enylsulfonyl)pyridine (16d)

Et o o)
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= S N
nBu | N
/
NO©O MUMATAE T MON N aooo Nooo PRNOLYN VOTOROMoOTMmE
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GCOSY spectrum contains Et,O: Coupling between the NMR signals at 6= 5.31 and 4.11 ppm indicate 1,6-addition product.
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Regio- and enantioselectivity: rac-E-2-(4-ethyloct-2-enylsulfonyl)pyridine (rac-16d and rac-17d):

Chromatogram
15 L 15
10 . / x 10
é ’ “\ ;"" 1 E
5 :" 4 " .‘"\ -5
/j N4 - e ‘ B .
) o e [ —. — T e e TE—————1 )
32 33 3Q 35 56 35 3% 35 40 41
Minutes
1: 215 nm,
2 nm Results
Pk # Name Retention Time Area Area Percent
1 Peak @ 33,152 33,152 436846 41,595
Minutes
2 Peak @ 34,444 34,444 425521 40,517
Minutes
3 Peak @ 37,400 37,400 110105 10,484
Minutes
4 Peak @ 39,0620 39,620 77757 7,404
Minutes
Totals
1050229 100,000
Regio- and enantioselectivity: Selective reaction with E-2-(4-ethyloct-2-enylsulfonyl)pyridine (16d):
Chromatogram
10+ / \ \ L 10
2 [ [ 5
= 59 \ / ' -5 K
o S ] . L L,
32 33 34 35 3‘6 3; ) 38 35 4[0 41
Minutes
1: 215 nm,
2 nm Results
Pk # Name Retention Time Area Area Percent
1 Peak @ 33,028 33,028 7830 0,859
Minutes
2 Peak @ 34,284 34,284 7293 0,801
Minutes
3 Peak @ 37,232 37,232 439233 48,213
Minutes
4 Peak @ 39,408 39,408 456672 50,127
Minutes
Totals
911028 100,000
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E-3-(5-methylhept-3-enoyl)oxazolidin-2-one (16€)
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Coupling between the NMR signals at 6= 5.30 and 3.64 ppm indicate 1,6-addition product.
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Enantioselectivity: selective-2-methylbutanoic acid: {obtained after derivatisation}

FIDZ B, (20100518\I1DH18056.D)
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E-1-(1-methyl-1H-imidazol-2-yl)-3-phenethylhex-4-en-1-one (17f): spectra contain ~1 equiv. phenethyl alcohol.
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3.85 and 1.65 ppm and the coupling between the NMR signals at 6= 3.16 and 2.77

Coupling between the NMR signals at &
ppm indicate 1,4-addition product
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Enantioselectivity: rac-E-1-(1-methyl-1H-imidazol-2-yl)-3-phenethylhex-4-en-1-one (rac-17f):

Chromatogram
! /N
200+ JE / \\ 200
/ 4 / 4
2 / \' / \ 2
E / \ f \\_ E
1004 / \ / y k100
v \\ / \
“'/" \\ / l \\ &
0 e — et b 0
16,0 16,5 17,0 17,5 18,0 1&5 1§0 1&5 20,0
Minutes
Is 275
nm, 2 nm
Results
Pk # Name Retention Area Area Percent
Time
1 Peak @ 17,224 Minutes 17,224 5023150 49,953
2 Peak @ 18,640 Minutes 18,640 5032625 50,047
Totals
10055775 100,000
Enantioselectivity: selective E-1-(1-methyl-1H-imidazol-2-yl)-3-phenethylhex-4-en-1-one (17f):
Chromatogram
100 - / N -100
,'/: ‘.\'\ r" \
‘é 50 - ‘ ‘j'/ :“-\ 50 E
0+ e > oS o
16,0 1&5 1;p 17,5 18,0 18,5 19,0 19,5 20,0
Minutes
1: 254
nm, 2 nm
Results
Pk # Name Retention Area Area Percent
Time
1 Peak @ 17,024 Minutes 17,024 2101142 49,129
2 Peak @ 18,392 Minutes 18,392 2175614 50,871
Tetals
4276756 100,000
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(S,E)-S-ethyl 5-methylnon-3-enethioate (16i): spectrum contains traces of 1,4-addition product.
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Regio- and enantioselectivity: rac-E-S-ethyl 5-methylnon-3-enethioate (rac-16i and rac-17i):

FID2 B, (IOLD\27022008\TDH21024.D)
PA o -
19 753 8 2
. o o
4 (o]
19.5 5 Ny
1925%
b & o }
18.75 - ' p
z e o | |
1854 7 ' P
18.25 - ﬁf
] /
-’ 184 ‘/ J
17.75 4 - e — - — -
175 —— :
160 170 180 190 mi
Signal 1: FIDZ B,
| Peak] R? [Type | Name |[Width | Area | Area % |Response| Amount |
[ # | [min] | | I fmin] [-=----=- | === [ === [ === I
R e f==——=- | \ | | [
| lI######IMM | | 1.100] 46.873| 10.954 | 0.000]| 0.000]
\ 2!####%#IMM \ [ 1.174] 47.529] 11.107] 0.000] 0.000|
| 3\##%###IMF \ | 1.402| 167.207| 39.075] 0.000] 0.000]
| 41 #F#44% | FM | | 1.589] 166.305| 38.864 | 0.000] 0.000]

Regio- and enantioselectivity: (S,E)-S-ethyl 5-methylnon-3-enethioate (S-169):

FID2 B, (IOLD\I7072008\TDH17071.D)
pA 2
21
E |
- 2] g
19 3 2
I 2
184 e N
17 4 — S ——— —L
160 170 180 190 min

Signal 2: FIDZ B,

| Peak| RT | Type | Name |Width | Area | Area % |Responsel| Amcunt |
| & | [min] | | | [min] |-—====-~ = | == |- |
| —=== === ] | === | | | | |
\ Tl f#s### MM | [ 0.894] 5.622| 1.089] 0.000| 0.000]
| 2| #HEHEF I ME | 0.914] 24.058] 4.661] G.000| 0.000]
I 3| #HtEFHIEM | 2.022] 486.417| 94.249] 0.000] 0.000]
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10. Influence of the olefin substitution pattern: spectra

(2E,4E)-ethyl 2-methylnona-2,4-dienoate (25a): spectrum contains traces of (2Z,4E)-ethyl 2-methylnona-2,4-dienoate.
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(2E,4E)-ethyl 3-methylnona-2,4-dienoate (25b): spectrum contains traces of (2Z,4E)-ethyl 3-methylnona-2,4-dienoate.
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(2E,4E)-ethyl 4-methylhexa-2,4-dienoate (25c¢)
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E-ethyl 5-methylhexa-2,4-dienoate (25d)
Me o
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(5R,E)-ethyl 5-ethyl-2-methylnon-3-enoate (26a): spectrum contains traces starting material.
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Enantioselectivity: rac-E-ethyl 5-ethyl-2-methylnon-3-enoate (rac-26a):

FID2 B, (20100510\TDH10056.D)
PA 3 8 8 3 N
3 N @ «Q -
J ~ — o <
154 2
12,5
105 . .
754 ' '
5 — T L L B | T
50 51 52 53 54 55 min|
|Peak]| RT | Type | Name |Wwidth | Area | Area % |Response| Amount |
[ # | [min] | \ | [min] |--===—-- | —=——=—- | === | === |
| === ====== |- == | —=———= i \ \ \ |
| 1137.204|MM | | 0.225] 2.262| 0.396]| 0.000| 0.000]
| 2138.378|MM | [ 0.188] 2.666]| 0.467] 0.000| 0.0001
| 3151.203|MF | | 0.325] 147.182| 25.801] 0.0001 0.0001
\ 4151.965|FM | | 0.336] 142.870] 25.045] 0.0001 0.000]
| 5152.860|MM | | 0.335] 141.464| 24.798] 0.000] 0.000]
| 6154.172 MM | | 0.347| 134.014| 23.492| 0.000] 0.000|

Enantioselectivity: (5R,E)-ethyl 5-ethyl-2-methylnon-3-enoate (R-26a):

FID2 B, (20100511\TDH11054.D)
pA g\ 8
40_: t A .
: 5 ,g\
304 \ /‘
E \ o © /
20 / \ 8 > j
] o o
104 . ‘ / L L O B ‘
T T T T T T T T | T T T ‘ T T T T ‘ T T T 1 T T T
50 51 52 53 54 55 min
| Peak]| RT | Type | Name |Width | Area | Area % |Response| Amount |
| # Ilmin] | | S R R |~ |
el B el B | —==——- | \ i | |
| 1138.397|MM | | 0.225] 1.447] 0.094] 0.000] 0.000]
| 2]151.261|MF | | 0.325]| 784.522| 51.074] 0.000] 0.000]
\ 3152.002|FM | | 0.331| 10.651}| 0.693] 0.000] 0.000]
\ 4152.918 | MM | | 0.332] 11.294] 0.735] 0.000] 0.000]
\ 5154.106|MM | | 0.353] 728.137| 47.403]| 0.000] 0.000]
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mixture of 27% Z-ethyl 4,5-dimethylhept-3-enoate and 73% E-ethyl 4,5-dimethylhept-3-enoate (26c¢)
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Coupling of the overlapping NMR signals for both the E- and Z-product at 6= 5.38-5.28 and 3.09-2.98 ppm indicate Z- and E-
1,6-addition product
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11. Enantioselective 1,8- and 1,10-addition: spectra

(2E,4E,6E)-ethyl undeca-2,4,6-trienoate (29a)
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(2E,4E,6E)-S-ethyl undeca-2,4,6-trienethioate (29b): spectrum contains traces of (2Z,4E,4E)-product.
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(2E,4E,6E,8E)-ethyl trideca-2,4,6,8-tetraenoate (29c)
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(2E,4E,6E,8E)-S-ethyl trideca-2,4,6,8-tetraenethioate (29d)
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(R,3E,5E)-ethyl 7-ethylundeca-3,5-dienoate (30a): spectrum contains traces of Et,0.

OEt
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Coupling between the NMR signals at 6= 2.25 and 2.05 ppm and the coupling between the NMR signals at 6= 5.58 and 2.05

ppm indicate 1,4-addition product, Coupling between the NMR signals at 6= 5.63 and 3.08 ppm and the coupling between the

NMR signals at 6= 5.39 and 1.85 ppm indicate 1,8-addition product

(wdd) 14
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Enantioselectivity: rac-2-ethylhexanoic acid:

.F[DZ B, (20100525\TD250510.D)
pA 7
954

w
IS NS N
| >42,385

8.5
8 ' ! ' ' T T T I T T T T T ! T T T I T T i
40 _'41 42 43 44 45 min|
| Peak| RT | Type | Name [Width | Area | Area % |Response| Amount |
| # |[min] | \ [ [min] |[-——=———- | ======== |======== | ====mm- I
[====]====== | ———= === === | \ | | I
| 1142.385/MM | | 0.382] 10.469]| 49.293| 0.000| 0.000]
| 2144.338|MM | | 0.404] 10.769| 50.707] 0.000]| 0.000]
Enantioselectivity: (R)-2-ethylhexanoic acid: {obtained after derivatisation}
FID2 B, (20100525\TDH25058.D)
PA 7 Q &
25—; ! y
20 - vf
15 J
10 - N /
= S - — : T ——
40 41 42 4]3 44 45 min
| Peak| RT | Type| Name |Width | Area | Area % |Response| Amount |
[ # [[min] | i | [min] [--=-=----- | === | === | === |
e [=== === | === \ \ | l |
| 1141.176IMF | | 0.617] 769.433| 53.528] 0.000| 0.000]|
| 2143.192|FM | | 0.681] 668.012| 4d6.472] 0.000] 0.000]
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(R,3E,5E)-S-ethyl 7-methylundeca-3,5-dienethioate (30b): spectrum contains traces of Et,0.
Me O

nBu)\N\/U\ SEt
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Coupling between the NMR signals at 6= 2.75 and 2.53 ppm and the coupling between the NMR signals at 6= 5.48 and 2.75
ppm indicate 1,4-addition product, coupling between the NMR signals at 6= 5.60 and 3.27 ppm and the coupling between the
NMR signals at 6= 5.56 and 2.12 ppm indicate 1,8-addition product.
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Enantioselectivity: rac-2-methylhexanoic acid:
FID2 B, (20100518\TDH1BD52‘D)
pA 3
E < "
20 ] @
17.5 N o
154
12.54
10 ‘ , ,
; T : T e e ;
22 225 23 23.5 24 24.5 mi
[Peak| RT | Typel Name |Width | Area | Area % |Response| Amount |
| # | [min] | 1 | [min] |-===--—- | === [====——- | === |
|========—- === | =====- I | | | |
\ 1122.024 MM | | 0.140| 57.653| 48.313| 0.000] 0.000]|
\ 2123.994 MM | | 0.151] 61.679] 51.687]| 0.000] 0.000]|
Enantioselectivity: (R)-2-methylhexanoic acid: {obtained after derivatisation}
FID2 B, (20100518\TDH18051.D)
pA ] b
E N,
30 5
254 3
20 N
15 5
i L L lx N e T P S s T 7
22 225 23 23.5 24 245 min
| Peak| RT | Type | Name |Width | Area | Area % |Response| Amount |
I # | [min] | | | [HWiA) [———m—m== | =mm=reme] meme—— [mmmmm |
[EesEy | S | s | I | | |
| 1122.602|MM | | 0.133] 52.086| 13.828] 0.000] 0.000]
| 2123.781|MM | | 0.216| 324.595| 86.172] 0.000] 0.000]
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(R,3E,5E,7E)-ethyl 9-ethyltrideca-3,5,7-trienoate (30c): spectrum contains traces of Et,O and CH,Cl,.
Et o

nBu/'\N\NJ\OEt

S -

5.0
f1 (ppm)

Coupling between the NMR signals at 6= 2.52 and 2.30 ppm and the coupling between the NMR signals at 6= 5.43 and 2.52

ppm indicate 1,4-addition product, Coupling between the NMR signals at 6= 5.55 and 3.21 ppm indicate either 1,6- or 1,8-

addition product, Coupling between the NMR signals at 6= 5.44 and 1.80 ppm and the coupling between the NMR signals at 6=

5.77 and 3.10 ppm indicate 1,10-addition product.
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Enantioselectivity: (R)-2-ethylhexanoic acid: {obtained after derivatisation}
FID2 B, (20100525\TDH25059.D)
pA ]
25
] [de]
-~ 204 & 5
] b @D
15 g
10 ./\ S :
ey —————ee e ‘ : — ‘ .

40 41 42 43 44 45 min
|Peak| RT | Type | Name [Width | Area | Area % |Response| Amount |
| # I[min] | ! | [min] [===--=-- |-==-=--- | === | === |
[====] === | === === [===——= | | | \ I
| 1141.956|MM | [ 0.365] 138.863] 56.184] 0.000] 0.000]
| 2143.957|MM | [ 0.389] 108.296| 43.816] 0.000] 0.000]
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(R,3E,5E,7E)-S-ethyl 9-methyltrideca-3,5,7-trienethioate (30d): spectrum contains traces of Et,O and CH,Cl,
Me O
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Coupling between the NMR signals at 6= 2.78 and 2.52 ppm and the coupling between the NMR signals at 6= 5.54 and 2.78
ppm indicate 1,4-addition product, coupling between the NMR signals at 6= 5.61 and 2.16 ppm and the coupling between the
NMR signals at 6= 5.65 and 3.30 ppm indicate 1,10-addition product.
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Enantioselectivity: (R)-2-methylhexanoic acid: {obtained after derivatisation}

FID2 B, (20100525\TDH25056.D)
pA 3
20

17.5
15

i sl

22 225 23 235 24 24.5 min

|Peak| RT | Type

| #  |(min] | | [min] |---=---- |- - e

| 1122.646|MM [ 0.149] 40.325| 27.442]| 0.000
| 2123,954 | MM | 0.174] 106.621| 72.558]| 0.000
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