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General experimental considerations

Proton nuclear magnetic resonance (‘"H NMR) and proton-decoupled carbon nuclear magnetic resonance
(®C NMR) spectra were recorded on a 400 MHz spectrometer. 'H and >C NMR Spectra were assigned as
fully as possible using COSY, HSQC, and DEPT-135 experiments. All chemical shifts are quoted on the
d scale in ppm using residual solvent as the internal standard (‘"H NMR: CDCl;= 7.26; DMSO-d = 2.50;
CD,CL, = 5.32 and >C NMR: CDCl; = 77.0; DMSO-dg = 39.5; CD,CL, = 54.0). Coupling constants (J) are
reported in hertz with the following splitting abbreviations: s = singlet, d = doublet, t = triplet, q = quartet,
quin = quintet, and a = apparent. Infrared (IR) spectra were recorded on a Fourier Transform
spectrophotometer using thin films on NaCl plates for liquids and oils and KBr discs for solids and
crystals. Absorption maxima (Um,y) are reported in wavenumbers (cm'l). High resolution mass spectra
(HRMS) were recorded on an electrospray ionization mass spectrometer with atmospheric pressure
chemical ionization (APCI) capability and an orbitrap mass analyzer. Accurate mass (m/z) values are
reported in Daltons. Thin layer chromatography (TLC) was carried out using aluminum backed 200 wm
silica plates impregnated with a UV,s4 fluorophore. Visualization of the silica plates was achieved using a
UV lamp (Amax = 254 nm), and/or ammonium molybdate (5% in 2M H,SO,), and/or potassium
permanganate (5% KMnO, in 1M NaOH with 5% potassium carbonate). Flash column chromatography
was carried out using 60 A, 40-63 mm silica gel. All solvents and reagents were used as received from
commercial suppliers. Deionized water was used for chemical reactions unless otherwise indicated.
‘Petrol’ refers to the fraction of light petroleum ether boiling in the range 40-60 °C. Brine refers to a
saturated solution of sodium chloride. Anhydrous magnesium sulfate (MgSO.) was used as a drying agent
after reaction workup, as indicated. In instances where starting materials or reagents have been reported
previously in the literature, references are provided that corroborate spectroscopic assignments and other

analytical characterization.
Ring closing olefin metathesis of diallyl sulphide

HQC:CHz

A = / —
ISJ/ [Ru], 1 mol% - O
2

S
CD,Cl,, RT, 20 min 3

General Procedure: Diallyl sulphide 2 (23 mg, 0.20 mmol) was added to a 5 mL vial equipped with a
magnetic stirring bar and placed under an atmosphere of nitrogen before dissolving in CD,Cl, (0.40 mL).

In a separate vial, the olefin metathesis catalyst (1 mol%) was added and placed under an atmosphere of
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nitrogen before dissolving in CD,Cl, (0.40 mL). The catalyst solution was then sparged with nitrogen and

then transferred via syringe to the vial containing the diallyl sulphide. The reaction was stirred at room

temperature for 20 minutes. After this time, the reaction was sparged with nitrogen for an additional 1-2

minutes to remove ethylene from solution. The reaction mixture was then transferred to an NMR tube and

analyzed by 'H NMR spectroscopy. Reaction conversions were determined by relative integration of the

CH,S proton signals of diallyl sulphide (& = 3.09) and the 2,5-dihydrothiophene RCM product 3 (8 =

3.74). The results are summarized in the Table S1, along with 'H NMR spectra.

Table S1:

Entry

Catalyst (CAS No.)

Catalyst Number

Catalyst Reference

RCM conversion

1

(301224-40-8)

1

Garber et al'

100%

X, To@
\<O

(927429-61-6)

Stewart et al’

88%

H3C
/ NiRU*\
=/ 7|
N

Br
|

Br

=

X

(900169-53-1)

Love et al’

53%

/—\ Hac

CHsTHC

é’é@

(246047-72-3)

Scholl et al*

11%
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=S

F{u—\
Cl/

U&O

(927429-60-5)

Stewart et al*

6%

@T
o [\

U@@

(253688-91-4)

Chatterjee et al’

3%

HsC  /—\ HsC

H3C CH3 | HyC

CHjy

Ung et al’

0%

(203714-71-0)

10

Kingsbury et al’

4%

OFO)
| c
Ru=
o | “en

Ué@

(172222-30-9)

11

Schwab et al®

6%




10

oile
53

(194659-03-5)

12

Wilhelm et al’

6%

11

oXo

| :CI_
S0

(220883-08-9)

13

Huang et al"

0%
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'H NMR (Starting material)

k|\ J/
S
M CD,Cl
1 o JTK
T T T T T T \'_; T T T = T T T T T T T T T = T T T T T T
7.0 6.8 6.6 6.4 6.2 6.0 5.8 5.6 5.4 5.2 5.0 4.8 .6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.2 2.0
f1 (ppm)
1 .
H NMR for RCM studies (Table S1)
Entry 1
HiC 7\ HeC i i i
LD
HiC CHj | HsC CH,
Gl
Ru= __ RN =
a”| [T \L J/
\<° s S
1.0 0
1 1%, 20 min RT, 100% RCM
mol min CDQCIQ
ﬁLo . 1
T T T T T T o T T T T T T T T T T = T T T T T T T T T
7.0 6.8 6.6 6.4 6.2 6.0 5.8 5.6 5.4 5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.2 2.0
f1 (ppm)
Entry 2
YY) T ] W
7\ HsC
)y
CHJ
L o _ A =
u=
a”| s s
o)
X 1.0 0.14
1 mol%, 20 min RT, 88% RCM
Q\ A-
T T T T T T T T T T T T T T = T T T = T T T T T T
7.0 6.8 6.6 6.4 6.2 6.0 5.8 5.6 5.4 5.2 5.0 4, 4.6 4 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.2 2.0
f1 (ppm)
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Entry 3

/_\ HsG

Ru—\
: Ph
N

Br
|

X

=

Br

1 mol%, 20 min RT, 53% RCM ‘L“L

3.73
_-3.10
~~3.08

0.87

Entry 4
i M [
CHaTH C : ~C
o el
crr u:\Ph

%@
1 mol%, 20 min RT, 11% RCM JuwlL

3.74
_~3.10
~3.08

2.4 2.2 2.0

A

1.00

7.0 6.8 6.6 6.4 6.2 6.0 5.8 5.6

3.73
_-3.09
~~3.08

S

1.00

7.0 6.8 6.6 6.4 6.2 6.0 5.8 5.6
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Entry 6

L2 T WP i Y%
H3C I\ H3C
Jorain e %
HyC CHsTHSC CHs
.l
Ru=
c” | = _ X a
P
s S
0.03 1.00
1 mol%, 20 min RT, 3% RCM M l L J k‘
1 A
T T T T T T T T T T T T T T T T T < T T T = T T T T T
7.0 6.8 6.6 6.4 6.2 6.0 5.8 5.6 5.4 5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.2 2.0
f1 (ppm)
Entry 7
Ny Y W
HsC  /—\ HsC
XD
HsC CHaTch CH
N =
Cl.. =
U s S
cl N
| 0 1.00
=
1 mol%, 20 min RT, 0% RCMM
JN _ e -
T T T T T T T T T T T T T T T T T T T T T T T T T T
7.0 6.8 6.6 6.4 6.2 6.0 5.8 5.6 5.4 5.2 5.0 4 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.2 2.0
f1 (ppm)
Entry 8
B NP I VS T Y2
OXO N -
| )
Ru= S S
ca” |
0.04 1.00
\<o
1 mol%, 20 min RT, 4% RCM M L
° ° | A J
I !
‘ ‘ 6‘.8 6‘.6 ‘ 6‘.4 6.2 6.0 5.8 5.6 5.4 5.2 5.0 4.8 4.6 4.‘4 ‘ 4‘.2 ‘ 4‘.0 ‘ 3‘.8 ‘ 3‘.6 3‘.4 ‘ 312 ‘ 3}0 2i8 2.‘6 2.‘4 2.‘2 ‘ 2.‘0
f1 (ppm)

7.0
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—5.32
Z-s5.08

_~sa1
N-5.07

3.74
_-3.10
~3.08

Yo

1 mol%, 20 min RT, 6% RCM

c”

ov—XI—T

—5.32

Entry 11

—532

4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2
f1 (ppm)
< cw
X £
© s
< <
S 3
T T T T T T T T T T T T T T T T T
4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2
f1 (ppm)
88
T T T T T T T T T
4.8 42 4.0 3.8 3.6 3.4 3.2

4.6 4.4
1 (ppm)




Ring closing olefin metathesis of diallyl sulphide (1 hour reaction with catalysts 6 and 10)

HQC:CHQ
ek O
s [Ru], 1 mol% T Ng
CD,Cl,, RT, 1h X

General Procedure: Diallyl sulphide 2 (23 mg, 0.20 mmol) was added to a 5 mL vial equipped with a
magnetic stirring bar and placed under an atmosphere of nitrogen before dissolving in CD,Cl, (0.40 mL).
In a separate vial, the olefin metathesis catalyst (1 mol%) was added and placed under an atmosphere of
nitrogen before dissolving in CD,Cl, (0.40 mL). The catalyst solution was then sparged with nitrogen and
then transferred via syringe to the vial containing the diallyl sulphide. The reaction was stirred at room
temperature for 60 minutes. After this time, the reaction was sparged with nitrogen for an additional 1-2
minutes to remove ethylene from solution. The reaction mixture was then transferred to an NMR tube and
analyzed by 'H NMR spectroscopy. Reaction conversions were determined by relative integration of the
CH,S proton signals of diallyl sulphide (& = 3.09) and the 2,5-dihydrothiophene RCM product 3 (8 =
3.74). Note that the reaction mixture with catalyst 6 remains light pink throughout the reaction. The

reaction mixture with catalyst 10 turns black within minutes.

Table S2:
Entry Catalyst (CAS No.) Catalyst Number | RCM conversion
1 6 43%
/QCHST HyC (1.7 mg)
Cl/ﬂu—\

U@O

(246047-72-3)

2 Q 10 6%
YO

(203714-71-0)
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NMR Data from Table S2:

'H NMR (Starting material)

S
M CD,Cl,
1 T ’Tk
T T T T T T \ﬂ T T T = T T T T T T T T T = T T T T T T
7.0 6.8 6.6 6.4 6.2 6.0 5.8 5.6 5.4 5.2 5.0 4.8 .6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.2 2.0
f1 (ppm)
Entry 1
HsC  /—\ HeC EiF T s l Y
LY. .
HsC CHsTHSC CHg — \|\ f
WCl
= S S
Cl Ph
O/PO 1.00 1.34
1 mol%, 60 min RT, 43% RCM ‘
W \ e
I 1
T T T T T T T T T T T T T T T T T = T T = T T T T T T
7.0 6.8 6.6 6.4 6.2 6.0 5.8 5.6 5.4 5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.0 2.8 2.6 2.4 2.2 2.0
1 (ppm)
Entry 2
&Ko7 o7 W | W
OLO o S
P
) S
- 0.06 1.00
Ru= : .
a”
\<O
1 mol%, 60 min RT, 6% RCM N
I T

T T T T T T T T T T T T T T T T T 2 T 2 T T T T T T

7.0 6.8 6.6 6.4 6.2 6.0 5.8 5.6 5.4 5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.0 2.8 2.6 2.4 2.2 2.0
f1 (ppm)
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Examination of a cyclic thioether (tetrahydrothiophene) as potential inhibitor or activator of RCM

ﬁ\ f

g 2 —

1 >(10 mol%) + [Ru] (1 mol%) > [ ) + HyC=CH,
S CD,Cl,, RT, 20 min S

(Pre-mix in CD,Cly, 10 min, RT) 3

Diallyl sulphide 2 (23 mg, 0.20 mmol) was added to a 5 mL vial and placed under an atmosphere of
nitrogen before dissolving in CD,Cl, (0.40 mL). In a separate 5 mL vial equipped with a magnetic stirring
bar, tetrahydrothiophene (1.7 uL, 0.020 mmol, 10 mol%) was added to CD,Cl, (0.40 mL) by
microsyringe and placed under an atmosphere of nitrogen. Next, the olefin metathesis catalyst (1 mol%)
was added to the tetrahydrothiophene solution and stirred for 10 minutes at room temperature. After this
time, the solution of catalyst was then added to the diallyl sulphide (2) solution by syringe. The reaction
was stirred at room temperature for 20 minutes and then sparged with nitrogen for an additional 1-2
minutes to remove ethylene from solution. The reaction mixture was then transferred to an NMR tube and
analyzed by 'H NMR spectroscopy. Reaction conversions were determined by relative integration of the
CH,S proton signals of diallyl sulphide (& = 3.09) and the 2,5-dihydrothiophene RCM product 3 (8 =
3.74). The tetrahydrothiophene additive is seen at 8 = 2.79 and 1.81. 'H NMR spectra are shown after
Table S3.

Table S3:

Entry Catalyst (CAS No.) Catalyst Number | RCM conversion

1 1 100%

a” zu_ >:
\<

2 TN HSC 6 17%

: CHS\(H C
Ru:
Cl’ e

Ué@
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HC — HsC 8 29,
RUL\CI
cgpj H

HC /7 HC 9 0%

LY XD
H3C CH3TH30 CH
Cl

“RUF
o
N
‘ ~

=

3

Q 10 2%
QT@
Ru=
|

2

QEEO 11 4%

| ¢
Ru=
o | “en

U&O

Q\(P/@ 12 3%

| ©

oi%e)
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'"H NMR Data for tetrahydrothiophene additive experiments (Table S3)

i 77 T N N2
H;C /—\ HzC
N N
Vo e A NS
HsC CHg | HyC CHa
Kol S S
Ri=
a”| 1 1.0 0
\(o
i L\ A N A
T T T T T T T T T T T T T T T T T T T T T T T T T T
7.2 7.0 6.8 6.6 6.4 6.2 6.0 5.8 5.6 5.4 5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.2 2.0 1.8
1 (ppm)
&E W i LN NG
HiC /—\ HsC
e o
W
Ru—
c~ | _\ph 6 S S
O/PO 0.20 1.00
i il | [ N - L
T T
T T T T T T T T T T T T T T T T T = T T T - T T T T T T T
7.0 6.8 6.6 6.4 6.2 6.0 5.8 5.6 5.4 5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.2 2.0 1.8
f1 (ppm)
G (== i INZEEN N7
HsC  /— HsC
P ain Y
HeC CHSTHac CHs / - \ - ~
el
Ru= S S
c” | = s
lw‘ ] L s\ an JA L
T T
T T T T T T T T T T T T T T T T T T T d‘ T T T ~ T T T T T T T T
7.0 6.8 6.6 6.4 6.2 6.0 5.8 5.6 5.4 5.2 5.0 4.8 4.6 f (;;;:r\) 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.2 2.0 1.8
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"H NMR Data for tetrahydrothiophene additive experiments (Table S3) (continued)

NN [VARANY N2
S S

1.00

7.0 6.8 6.6 6.4 6.2 6.0 5.8 5.6 5.4 5.2 5.0 4.8 4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.2 2.0 1.8
f1 (ppm)
FEEIN S aa8 G558 N EH] =282 P H
S NV \/ NI NG

T
= S S
° é@ 002 1.00
X

T
2
S
T T T T T T T T T T T T T T T T T T T T T T T T T T T
70 68 66 64 62 60 58 56 54 52 50 48 6 44 42 40 38 36 34 32 30 28 26 24 22 20 18
f1 (ppm)
FEREEES EEE T I EEH 2R 358
mmmmmm R v ] P o] RN bep
SV NN N NI NI

O/G\Q 0.04 : 1.00
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"H NMR Data for tetrahydrothiophene additive experiments (Table S3) (continued)

mmmmmmmmmmmmmm
BRBENNN mm 25858

3.73
3.10
3.08
3.08
3.07
2.81
2.79

e 0.03 -
100{‘;

7.0 6.8 6.6 6.4 6.2 6.0 5.8 5.6 5.4 5.2 5.0 4.8 4.6

Allyl phenyl sulphide (14)"'

NaOH, H,O
SH > _ 88%
/\/Cl S/\/

14

Sodium hydroxide (1.57 g, 39.2 mmol) was added to a 100 mL round bottom flask and dissolved in 50
mL of deionized water. The stirred solution was cooled to 0 °C and then thiophenol (4.0 mL, 39.1 mmol)
was added. The resulting mixture was stirred for 10 minutes before allyl chloride (3.3 mL, 45.9 mmol)
was added. The reaction mixture was placed under a nitrogen atmosphere and stirred at room temperature
for 8 hours. After this time, the mixture was transferred to a separatory funnel and diluted with diethyl
ether (250 mL). The organic layer was separated and then washed successively with 1 M NaOH (3 x 100
mL) and brine (100 mL). The organic layer was dried over MgSQO,, filtered, and concentrated under
reduced pressure. The product, allyl phenyl sulphide 14, was isolated as a colorless liquid and was used
without further purification (5.16 g, 88% yield). IR (Vmax, film): 3078, 2916, 1944, 1852, 1636, 1584,
1480, 1438, 1229, 1089, 919, 737, 690. 'H NMR (400 MHz, CDCl;): & = 3.58 (2H, dt, J = 6.9, 1.2,
CH,S), 5.10 (1H, m, CH=CHH), 5.17 (1H, m, CH=CHH), 5.87-5.97 (1H, m, CH=CH,), 7.21 (1H, tt, J =
7.3, 1.3, CHy,), 7.31 (2H, m, CHy,,), 7.39 (2H, m, CH,,). "C NMR (100 MHz, CDCls): 8 = 37.2 (CH,S),
117.7 (CH=CH,), 126.3, 128.9, 129.9 (3 X CHa,) , 133.6 (CH=CHa;), 136.0 (4°4;).
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Olefin cross-metathesis on allyl phenyl sulphide (14)

CH2C|2, 1 hr, RT
14 15

~ [Rul, 1 mol% @\

N NgNF S/\/\/S\©

General procedure: Allyl phenyl sulphide (14) (205 mg, 1.37 mmol) was added to a 25 mL round bottom
flask and placed under an atmosphere of nitrogen before dissolving in CH,Cl, (12 mL). The olefin
metathesis catalyst (1 mol%) was then added as a solid and the reaction was stirred for 1 hour at room
temperature. After this time, the reaction was concentrated under reduced pressure and purified directly
by column chromatography (5% EtOAc in petrol). The cross-metathesis product 15 was isolated as a
white solid. Isolated yields for each catalyst are listed below. The E to Z ratio of the product was
determined by the relative integration of the CH,S signals in the '"H NMR spectrum (8 = 3.46 for the E
isomer; 8 = 3.39 for the Z isomer). Characterization data for major £ isomer'": m.p. = 65-67 °C. IR (Viax,
KBr): 2360, 2341, 1749, 1437, 1223, 1093, 963, 893. "H NMR (400 MHz, CDCly): & = 3.46 (4H, d, J =
5.7, CH,S), 5.59-5.62 (2H, m, HC=CH), 7.15-7.28 (10H, m, CH,,). °C NMR (100 MHz, CDCl;): 8 =
35.9 (CH2S), 126.3 (CHar), 128.7, 128.8 (CHA, and HC=CH), 129.9 (CHa,), 135.8 (4°4;). Isolated yields

for each catalyst system are reported in Table S4.

Table S4:
Entry Catalyst Catalyst Number | Yield cross-metathesis E:Z
1 1 66% 1.00:0.05
@CHsTHsc
/T“‘
\<o
2 Y HeC 5 59% 1.00:0.13
QN—RU—\
=/ |
Br N
= | Br
3 6 84% 1.00:0.05
@;HSTH .
Cl’ u_\
%@
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HGC
@T
CI/ '

U@O

3%

1.00:0.16

/—\ HsC

@(TQ

Ru™
7 |
Cl N
| N
/

0%

10

64%

1.00:0.17

Ru=,
-
cl Ph

11

19%

1.00:0.15

o
a” ] \_<

12

0%
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Cross-metathesis initiation studies using catalyst 8

Vs
HsC CHa|HsC CHs

©\ (8’ 1 m0|°/°) ©\
= S
g CH,Cl,, 40 °C, 60 min \©

14 15
53% vyield

Allyl phenyl sulphide (14) (205 mg, 1.37 mmol) was added to a 25 mL round bottom flask and placed
under an atmosphere of nitrogen before dissolving in CH,Cl, (12 mL). Olefin metathesis catalyst 8 (11
mg, 1 mol%) was then added as a solid and the reaction was heated to reflux and stirred 1 hour. After this
time, the reaction was concentrated under reduced pressure and purified directly by column
chromatography (5% EtOAc in petrol). The cross-metathesis product 15 was isolated as a white solid (98
mg, 53% yield, £ : Z = 1.00 : 0.18). The E to Z ratio of the product was determined by the relative
integration of the CH,S signals in the 'H NMR spectrum (8 = 3.46 for the E isomer; & = 3.39 for the Z

isomer). This experiment reveals that 8 is active in the cross-metathesis of 14 at 40 °C.

OO
@\ @ (8, 1 mol%) @\
. ~__S
4 S/\/\/
S CH,Cly, 40 °C, 10 min \©
14 15

11% yield
Allyl phenyl sulphide (14) (205 mg, 1.37 mmol) was added to a 25 mL round bottom flask and placed
under an atmosphere of nitrogen before dissolving in CH,Cl, (12 mL). Olefin metathesis catalyst 8 (11
mg, 1 mol%) was then added as a solid and the reaction was heated to reflux and stirred 10 min. After this
time, the reaction was cooled to room temperature under a stream of nitrogen, concentrated under reduced
pressure, and purified directly by column chromatography (5% EtOAc in petrol). The cross-metathesis
product 15 was isolated as a white solid (21 mg, 11% yield, £ : Z=1.00 : 0.24). The E to Z ratio of the
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product was determined by the relative integration of the CH,S signals in the '"H NMR spectrum (8 = 3.46

for the £ isomer; 8 = 3.39 for the Z isomer).

N__N
cha/oH3 H3;©\CH3
Cl

Ru=

a” |u _

OO

@\ @ (8, 1 mol%) @\
- S
g NF _ _ S/\/\/
CH,Cl,, 40 °C, 10 min then 60 min RT
14 15

23% yield
Allyl phenyl sulphide (14) (205 mg, 1.37 mmol) was added to a 25 mL round bottom flask and placed
under an atmosphere of nitrogen before dissolving in CH,Cl, (12 mL). Olefin metathesis catalyst 8 (11
mg, 1 mol%) was then added as a solid and the reaction was heated to reflux and stirred 10 min. After this
time, the flask was removed from the oil bath and cooled to room temperature with a stream of nitrogen.
The reaction was stirred further for 60 minutes at room temperature before concentrating under reduced
pressure. The mixture was then purified directly by column chromatography (5% EtOAc in petrol) to
provide cross-metathesis product 15 as a white solid (43 mg, 23% yield, £ : Z=1.00 : 0.23). The E to Z
ratio of the product was determined by the relative integration of the CH,S signals in the 'H NMR
spectrum (6 = 3.46 for the £ isomer; & = 3.39 for the Z isomer). This experiment, along with the previous
experiment, illustrates that the catalyst can be initiated by a brief period of heating (10 min, 40 °C) and
turnover can still proceed at room temperature. Therefore, the low reactivity of catalyst 8 in the cross-

metathesis of 14 at room temperature is due to slow initiation.
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Cross-metathesis of allyl alcohol (synthesis of 17)"'

HsC  — HsC

Joshin Y
HsC CHST HsC CHy
Cl

OH - HO SN 780

N
CH,Cly, reflux, 21 hr
16 17

Grubbs-Hoveyda second generation catalyst (1) (11 mg, 0.018 mmol) was added to a 25 mL round
bottom flask and placed under an atmosphere of nitrogen. Degassed CH,Cl, (5 mL) was added to the
reaction flask, followed by allyl alcohol (1.20 mL, 17.6 mmol). The flask was then equipped with a
condenser and heated at reflux. After 1 hour of reaction time, a second portion of catalyst was added (11
mg, 0.018 mmol). After 5 additional hours of reaction time, a third and final portion of catalyst was added
(11 mg, 0.018 mmol). The reaction was continued at reflux for a total reaction time of 21 hours. After this
time, the reaction mixture was cooled to room temperature and concentrated under reduced pressure. The
resulting mixture was then purified by column chromatography (10% MeOH in CH,Cl,) to provide the
product of cross-metathesis as a clear liquid (565 mg, 78% yield). IR (Viax, film): 3330, 1420, 1086, 994.
'H NMR (400 MHz, MeOD): & = 4.05 (4H, d, J = 3.6, CH,OH), 4.62 (2H, br s, OH), 5.79-5.80 (2H, m,
CH=CH). *C NMR (100 MHz, MeOD): § = 63.0 (CH,OH), 131.3 (CH=CH).

Di-Tosylate 18"

TsCl
/\/\/OH > TsO /\/\/OTS 55%
HO KO®Bu, THF
17 3 hr, RT 18

Diol 17 (1.677 g, 19.0 mmol) was added to a 100 mL round bottom flask and placed under a nitrogen
atmosphere before dissolving in anhydrous THF (50 mL). In a separate 250 mL round bottom flask, p-
toluenesulfonyl chloride (14.88 g, 78.0 mmol) was placed under a nitrogen atmosphere and dissolved in
anhydrous THF (50 mL). The solution containing diol 17 was cooled to 0 °C before KO'Bu (4.70 g, 41.9
mmol) was added in several portions over 10 minutes. The resulting solution was then added slowly via
syringe to the p-toluenesulfonyl chloride solution over the course of 30 minutes at room temperature.
After the addition was complete, the reaction was stirred for 3 hours at room temperature. The reaction
was then quenched by the addition of NH4Cl (50 mL of a saturated aqueous solution). The mixture was
then transferred to a separatory funnel and diluted with EtOAc (200 mL) and then washed successively
with H,O (3 x 100 mL) and brine (100 mL). The organic layer was isolated, dried (MgSO,), filtered, and

concentrated under reduced pressure. The mixture was further purified by column chromatography (10%
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EtOAc in petrol) to provide the product 18 as a white solid (4.18 g, 55% yield). m.p. = 83-84 °C. IR (Vimax»
KBr): 3046, 2952, 1353, 1190, 1169, 1092, 934, 806, 652. 'H NMR (400 MHz, CDCl;): § = 2.40 (6H, s, 2
x CHs), 4.42 (4H, d, J = 4.3, 2 x CH,OTs), 5.68-5.70 (2H, m, HC=CH), 7.30 (4H, d, J = 8.5, CHa,), 7.71
(4H, d, J = 8.5, CH,,). C NMR (100 MHz, CDCl;): & = 21.6 (CH3), 68.9 (CH,OTs), 127.6 (HC=CH),
127.9 (CHy,), 130.0 (CHa,), 132.8, 145.1 (4°%,). HRMS (m/z, ESI'): found 419.0595 [M+Na]’;
Ci8H2006S,Na requires 419.0594.

Allyl thioacetate (19)11

x
0
SH
o > )KS/\/ 70 %
DMF, K,COj

19

DMF (50 mL) was added to a 500 mL round bottom flask followed by K,CO; (21.4 g, 155 mmol) and
allyl chloride (14.9 mL, 183 mmol). The reaction was placed under an atmosphere of nitrogen, cooled to
0 °C, and thioacetic acid (10.0 mL, 141 mmol) was added slowly. Gas evolution was accommodated
through use of an exit needle in the septum. The reaction was allowed to warm to room temperature and
was stirred for 90 minutes. After this time, the reaction was transferred to a separatory funnel and diluted
with Et;0 (500 mL) and H,O (250 mL). The organic layer was separated and washed further with
NaHCO; (250 mL of a saturated aqueous solution), H,O (250 mL), and brine (250 mL). The organic layer
was then dried (MgSO,), filtered, and concentrated under reduced pressure to a volume of about 100 mL.
The resulting solution was then distilled directly (~50 mbar). After the diethyl ether fraction was removed
at room temperature, the oil bath was heated to 80 °C. Thioester 19 distilled at 56 °C (50 mbar) and was
collected as a yellow liquid (11.38 g, 70% yield). IR (Vmax, film): 3087, 2983, 2924, 2255, 1699, 1638,
1422, 1354, 1235, 1138, 1112. "H NMR (400 MHz, CDCl;): & = 2.33 (3H, s, CH3), 3.52 (2H, d, J = 7.0,
CH,S), 5.09 (1H, m, CH=CHH), 5.22 (1H, m, CH=CHH), 5.74-5.85 (1H, m, CH=CH,). *C NMR (100
MHz, CDCl;): & = 30.2 (CH3), 31.8 (CH»S), 117.6 (CH=CH,), 132.9 (CH=CH,), 194.6 (C=0).

Relay metathesis substrate triene 21

S
(0] 1. NaOMe, MeOH z
)ks/\/ > > \i 7 N\ 74%
S 2

. TSO/\/\/OTS
19 18

Allyl thioacetate (19) (59 mg, 0.51 mmol) was added to a 25 mL round bottom flask and placed under an

atmosphere of nitrogen. Anhydrous methanol (5 mL) was added and the stirred solution was then cooled
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to 0 °C. Sodium methoxide (28 mg, 0.52 mmol) was added in one portion. The reaction was stirred for 10
minutes and then warmed to room temperature. Di-tosylate 18 (100 mg, 0.25 mmol) was added in one
portion and the resulting mixture was stirred vigorously for 15 hours at room temperature. After this time,
the reaction was cooled to 0 °C and quenched with 1M HCI (20 mL) and transferred to a separatory
funnel and diluted with 100 mL EtOAc. The organic layer was collected and then washed successively
with 1M HCI (2 x 100 mL) and brine (100 mL). The organic layer was then dried (MgSO,), filtered, and
concentrated under reduced pressure. The resulting residue was purified by column chromatography (10%
EtOAc in petrol). The product, triene 21, was isolated as a clear oil (37 mg, 74% yield). IR (Viax, film):
3080, 3020, 3003, 2973, 2905, 1639, 1430, 1220, 998, 960, 913, 742. 'H NMR (400 MHz, CDCl;): § =
3.04-3.07 (8H, m, 4 x CH,S), 5.03-5.09 (4H, m, CH=CH,) 5.44-5.47 (2H, m, CH=CH), 5.68-5.78 (2H, m,
CH=CH,). "C NMR (100 MHz, CDCL): § = 32.0 (SCH,CH=CHCH,S), 33.5 (CH,CH=CH,), 117.2
(CH=CH,), 129.0 (SCH,CH=CHCH,S), 134.2 (CH=CH;). C;oH;¢S; requires C, 59.94%; H, 8.05%; S,
32.01%. Found C, 59.98%:; H, 8.16%; S, 31.89%

Relay metathesis on triene 21

HsC — HsC

HTHSQ
z C"ZQD 1 (1 mol%)
\z 7 N\ ~ °

> Z S 100% conversion
S CD,Cl,, 30 min, RT S

21 3

Triene 21 (31 mg, 0.15 mmol) was added to a 5 mL vial equipped with a magnetic stirring bar and placed
under an atmosphere of nitrogen before dissolving in CD,Cl, (0.4 mL). In a separate vial, Grubbs-
Hoveyda II catalyst (1.0 mg, 0.0015 mmol) was prepared in a solution of degassed CD,Cl, (0.4 mL)
under an atmosphere of nitrogen. The catalyst solution was then added to the triene and the reaction was
stirred under nitrogen for 30 minutes. After this time, nitrogen was bubbled through the reaction mixture
for 2 minutes to remove ethylene gas. The reaction mixture was then transferred to an NMR tube and
analyzed directly by "H NMR spectroscopy. Full conversion to 2,5-dihydrothiophene (3) was observed.
Under the same conditions, 86% conversion was observed after 20 minutes of reaction time. NMR spectra

of the reaction progression are shown on the following page.
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TQ

> Z s B 100% conversion

21 3
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Diethyl 2-allylmalonate (22)" and diethyl 2,2-diallylmalonate'* (26)
70% 5%
O O 1. DMF, KOBu EtO,C_ CO,Et

oA o )P)L ;{4
2. /\/CI

Diethyl malonate (1.623 g, 10.13 mmol) was added to a 100 mL round bottom flask and dissolved in

DMF (50 mL). The stirred solution was cooled to 0 °C before potassium tert-butoxide (1.14 g, 10.1
mmol) was added over a period of 5 minutes. Allyl chloride (778 mg, 10.17 mmol) was then added and
the reaction was allowed to warm to room temperature. After a total of 12 hours of reaction time, the
reaction was then cooled again to 0 °C and quenched with 2M HCI (2 mL). The mixture was then
transferred to a separatory funnel and diluted with EtOAc (100 mL) before washing sequentially with
H,O (3 x 50 mL) and then brine (50 mL). The organic layer was then dried (MgSO,), filtered, and
concentrated under reduced pressure. The resulting residue was then purified by column chromatography
(5% EtOAc in petrol). The diallylated minor product 26 eluted first (130 mg, 5% yield), followed by the
monoallylated product 22 (1.41 g, 70% yield). Characterization data for both products is listed below.
O O

EtO OEt

| 22

IR (Viax, film): 3076, 2977, 2930, 1746, 1460, 1438, 1370, 1332, 1370, 1332, 1263, 1233, 1148, 1019,
913, 849. '"H NMR (400 MHz, CDCls): & = 1.23 (6H, t, J = 7.14, 2 x CH,CHj3), 2.60 (2H, t, J = 7.6,
CH,CH=CH,), 3.38 (1H, t, /= 7.6, Ha), 4.16 (4H, q, J = 7.14, 2 x CH,CH3), 5.01 (1H, dd, J=10.2, 1.5,
CH=CHH), 5.08 (1H, dd, J = 17.0, 1.5, CH=CHH), 5.69-5.79 (1H, m, CH=CH,). °C NMR (100 MHz,
CDCl;): 6 = 14.0 (CH,CH3), 32.8 (CH,CH=CH,;), 51.6 (Ca), 61.3 (CH,CHs3), 117.4 (CH=CH,), 134.0
(CH=CHy,), 168.8 (C=0). HRMS (m/z, ESI"): found 223.0943 [M+Na]"; CoHsNaO, requires 223.0941.

EtO,C_ CO,Et

2 N\ 26
IR (Vimas, film): 3080, 2977, 2926, 1729, 1635, 1438, 1366, 1280, 1208, 1139, 1028, 917, 853. 'H NMR
(400 MHz, CDCLy): & = 1.23 (6H, t, J = 8.0, 2 x CH,CH3), 2.62 (4H, d, J = 8.4, 2 x CH,CH=CH,), 4.16
(4H, q, J = 8.0, 2 x CH,CH3), 5.07-5.11 (4H, m, 2 x CH=CH,), 5.58-5.69 (2H, m, 2 x CH=CH,). *C
NMR (100 MHz, CDCLy): & = 14.1 (CH,CH3), 36.7 (CH,CH=CH,), 57.2 (Ca), 61.2 (CH,CH3), 119.1
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(CH=CH,), 132.3 (CH=CH.), 170.7 (C=0). HRMS (m/z, ESI"): found 263.1256 [M+Na]"; C;3H04Na
requires 262.1254.

Synthesis of relay metathesis substrate triene 24

HsC  — HiC

Joshin e
HaC CHsT HaC CHg 0
Cl
v

O
Ru=
c” | EtO OEt
O O e} \(O 1 (2 mol%)
EtO OEt * )ks/\/ - | 40%
CH,Cl,, 40 °C
| 22 19 AcS 23
KOEt in EtOH
DMF
0°C, 10 min
B O OK |
EtO,C_ CO,Et E10” 7 “OEt
/\/CI (2 equiv.)
80% Y < |
\i N\ 1 hr
S 24 KS

Diethyl 2-allylmalonate (22) (401 mg, 2.00 mmol) and allyl thioacetate (19) (346 mg, 3.0 mmol) were
added to a 25 mL round bottom flask and dissolved in degassed CH,Cl, (10 mL). Grubbs-Hoveyda
second generation catalyst 1 (27 mg, 0.043 mmol, 2 mol%) was added in one portion to the stirred
solution and then the flask was equipped with a condenser and heated at reflux for four hours. After this
time, the reaction was cooled to room temperature and then concentrated under reduced pressure. The
resulting residue was then purified by column chromatography (5% EtOAc in petrol to 10% EtOAc in
petrol) to separate cross-metathesis product 23 from self-metathesis products. The desired product 23 (R
= 0.24, 10% EtOAc in petrol) was isolated as an oil (233 mg, 40% yield) that was carried to the next step
without further manipulation (see next). NMR data for major alkene isomer isomer: 'H NMR (400 MHz,
CDCly): 6 = 125 (6H, t, J = 7.1, 2 x CH,CHj), 2.31 (3H, s, CH;), 2.58 (2H, t, J = 7.50,
CH,CH=CHCH,S), 3.36 (1H, t, J = 7.5, Ha), 3.46 (2H, d, J = 7.4, CH=CHCH,S), 4.15-4.21 (4H, q, J =
7.1, 2 x CH,CHjs), 5.48-5.63 (2H, m, CH=CH). *C NMR (100 MHz, CDCl;): § = 14.1, 30.4, 31.0, 31.4,
51.7,61.4,127.9,129.4, 168.7, 195.1.
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Thioester 23 (169 mg, 0.59 mmol) was added to a 25 mL round bottom flask, dissolved in DMF (8.0 mL),
and placed under an atmosphere of nitrogen. In a separate reaction vessel, potassium fert-butoxide (141
mg, 1.26 mmol) was dissolved in ethanol (1.0 mL) to provide a solution of potassium ethoxide in ethanol.
The resulting solution was then added dropwise to the reaction flask at 0 °C. The reaction was stirred for
10 minutes at 0 °C before allyl chloride (0.10 mL, 1.2 mmol) was added via syringe. The reaction was
then allowed to warm to room temperature and then stirred for an hour. After this time, the reaction was
quenched with H,O (15 mL) and transferred to a separatory funnel along with EtOAc (50 mL). The
organic layer was separated and washed further with H,O (5 x 20 mL) and then brine (20 mL). The
organic layer was then dried (MgSQ,), filtered, and concentrated under reduced pressure. The resulting
residue was purified by column chromatography (10% EtOAc in petrol) to provide triene 24 (R¢ = 0.51,
10% EtOAc in petrol) as an oil (154 mg, 80% yield). Data for the major alkene isomer is listed below. IR
(Vinax, film): 3076, 2986, 2930, 2905, 1734, 1272, 1212, 1152, 1084, 1019, 913, 853. '"H NMR (400 MHz,
CDCl3): 6 =1.24 (6H, t,J="7.1, 2 x CH,CH3), 2.61-2.64 (4H, m, 2 x CH,Ca), 3.02 (2H, d, J = 7.6), 3.06
(2H, d, J=17.1) (2 x CH»S), 4.18 (4H, q, J = 7.1, 2 x CH,CH3), 5.05-5.13 (4H, m, 2 x CH,=CH), 5.30-
5.38 (1H, m), 5.45-5.52 (1H, m) (CH=CH), 5.59-5.79 (2H, m) (2 x CH,=CH). "C NMR (100 MHz,
CDCl;): 6 = 14.1 (CH,CH3), 32.2, 33.3 (2 x CH»S), 35.2, 36.8 (2 x CH,Ca), 57.4 (Ca), 61.2 (CH,CHj3),
117.2, 119.2 (2 x CH,=CH), 126.8, 130.7 (CH=CH), 132.2, 134.2 (2 x CH,=CH), 170.7 (C=0). HRMS
(m/z, EST"): found 327.1623 [M+H]"; C17H»,0,4S requires 327.1625.

S27



Relay metathesis on triene 24

HsC — HsC

Voo Sin « N
HsC CHJHSC CH,4
Cl
c”

Ru=
|
\(ob 1 (1 mol%) EtO,C_ CO,Et
N 7N\ - [ ) 4+ 90% conversion
CD,Cl,, 30 min, RT S
S 24

EtO,C_ CO,Et

(average of four trials)
3 25

A fresh solution of Grubbs-Hoveyda second generation catalyst 1 was prepared in CD,Cl, at a
concentration of 1.3 mg per mL and kept under nitrogen. A 750 uL aliquot of this catalyst solution (1.0
mg, 1.5 umol, 1 mol% catalyst) was then transferred by syringe to a second vial containing triene 24 (50
mg, 0.15 mmol). The reaction was stirred at room temperature for 30 minutes under an atmosphere of
nitrogen. After this time, the solution was diluted with 750 uL of CD,Cl, and then sparged with nitrogen
for 2 minutes to remove ethylene. The resulting solution was then analyzed directly by '"H NMR which
revealed 90% conversion to the cyclized products. This experiment was repeated three additional times
with conversions of 92%, 90%, and 89%. NMR data is shown below for both the starting material and an
allyl sulphide promoted ring-closing metathesis that resulted in 90% conversion (the median conversion

of four trials).
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Ring-closing metathesis on diethyl 2,2-diallylmalonate (26)

HsC ,— HsC

Joshin ey
HsC CHBT HsC CH,
Cl

EtO,C_ CO,Et CI,?O‘— EtO,C_ CO,Et
o) 1 (1 mol%) i
— 63% conversion

7 N\ > (average of four trials)
26 CD20|2, 30 min, RT 25

A fresh solution of Grubbs-Hoveyda second generation catalyst (1) was prepared in CD,Cl, at a
concentration of 1.3 mg per mL and kept under nitrogen. A 750 uL aliquot of this catalyst solution (1.0
mg, 1.5 umol, 1 mol% catalyst) was then transferred by syringe to a second vial containing diene 26 (36
mg, 0.15 mmol). The reaction was stirred at room temperature for 30 minutes under an atmosphere of
nitrogen. After this time, the solution was diluted with 750 uL of CD,Cl, and then sparged with nitrogen
for 2 minutes to remove ethylene. The resulting solution was then analyzed directly by '"H NMR where
reaction conversions were determined by the relative integration of the allylic protons in the starting
material 26 (8 = 2.60) and product 25 (8 = 2.98). The reaction was run four times to reveal conversions of
72%, 60%, 60%, and 58%. NMR data is shown below for both the starting material and the product of

ring closing metathesis that resulted in 60% conversion (the median conversion of four trials).
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[44 N

91"

19'C
29T
€9C
92

10°€
€0 e~
SOE~F
L0°€

STy
FAR AN
61 v—7
0zt

S0'S
90°S
90°S
90°S
80°S
60°S
oT’s
oT’s
s
TS
E€T's
0€'S
Nm.mV

YES—F
mm.m\
8€'S
St's
L7'S
8Y'S
0S'S
2s's
65°S
19'S
£€9°S
£9°5]
8.&
$9'S
59°5]
99'54
19'5
£9°5
69'S
69'S
125
2L's
€25
€25
525
9°5
12754
12754
625

9T L—

J

—

Al

Wmo.w

wco.w

36 34 32 30 28 26 24 22 20 18 16 14 12 10 0.8 06

3.8

70 68 66 6.4 62 6.0 58 56 54 52 50 48 46 44 42

7.2

7.4

'3C NMR (100 MHz, CDCls)

ITyi—

8T ¢E—
STeE—"
YT SE—
89—

SELS—

Y19 —

9T LIT—
TT6IT—

92°92T—

¢L0ET—
Tezer—
ETYET—

S9°0LT—

M

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180

S39



EtO,C_ CO,Et

26

'"H NMR (400 MHz, CDCl5)
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