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Met hods: Unl ess stated otherw se, reactions were conducted
in flame-dried glassware under a vacuum THF was distilled
before to use from sodi um and benzophenone. Solvents after
reactions and extraction were evaporated in a rotatory
evapor at or under vacuum (sol vents were renoved cooling at -
20 °C, in the case of low boiling point or |ow nolecular
mass conmpounds). No effort has been taken to inprove
yields, especially for low boiling products that are co-
distilled, in this operation, wth solvent. TLC for
reaction nonitoring was perfornmed on 60 Fzs (Merck) with
detection by UV light and charring with KwvhQ, or Pancal di
reagent. 'H and °C NWR spectra were recorded by using
Br uker - DPX- 400, or Bruker-ARX-400 spectroneter at 400 Mz
and 100.6 MHz respectively and are reported relative to
Me,Si (d 0.0) or to the solvents residual 'Hsignal (CHd 3,
d(H 7.27). Data for 'H NVR spectra are reported as
follows: Chemcal shift (d ppnm), multiplicity, coupling
constant (Hz) and integration. Data for C NVR spectra
reported in terns of chemcal shift. IR spectra were
recorded on a Perkin-Elnmer-1420 spectronmeter and are
reported in frequency of absorption (cnm'). H gh Resol ution
MALDI - TOF mass spectra were obtained fromthe Institute of
Mol ecular and Biology Chemistry, Swiss Institute of

Technol ogy Mass Spectral Facility, EPFL, Lausanne.
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Product identification was carried out by conmparison wth
purchased sanmples : Butylbenzene (Fluka), octylbenzene
(Acros Chemcals), decylbenzene (Sigma-aldrich), decene
(Sigma-al drich), diphenyl nethane (Fluka), cunmene (Signme-
aldrich), p-cynene (Acros Chemcals), (E)-stilbene (Signma-

al drich).

Materials: Ilron acetylacetonate and iron chloride were
purchased from Strem Chemcals and Acros respectively.
Grignard reagents were purchased from Sigma-aldrich except
for 1-napht hyl magnesi um brom de (Acros Chem cals). Butane-
and octanesul fonyl chlorides were purchased from Acros
Chem cal s. Decane-, hexadecane- and benzyl sul f onyl
chlorides were purchased from Alfa. 2-Propane- and
canphorsul fonyl chlorides were from Fluka. Cyclopentane-
and cycl ohexanesul fonyl chlorides were purchased from
Aldrich and 2-(1-napthyl)ethanesul fonyl chloride was
purchased from TCl Chem cals. 2-Butanesul fonyl chloride was

prepared following a literature procedure. [1

Y. J. Park, H H Shin, Y. H Kim Chem Lett. 1992, 1483.



Typi cal Experinental Procedure for Iron catalyst : In a
round bottom flask dried under vacuum were placed under
ni trogen atnosphere, the corresponding sulfonyl chloride (1
equiv.), Fe(acac)s (5 nmol% were weighed in a glove box.
Then, flask connected to a vacuum line and filled with an
argon (3 times), THF (5 mL) and NWP (2 nlL) were added under
an argon. The corresponding Gignard reagent (2- 3 equiv.)
in 1 nolar THF solution was added by a syringe punp with a
rate of 2 nL per hour at 80 °C. The reaction mxture was
stirred under reflux for 2 h. After cooling to room
tenperature, the m xture was quenched wth sat. aqg. soln.
of NH;O and diluted with ether. The aqueous |ayer was
extracted again with ether (3 tines). The conbi ned organic
phases were dried (MySQ,), filtered and concentrated under
reduced pressure (rotavap). The residue was purified by
flash chromatography on silica gel eluting with pentane.
Sol vent evaporation was done on a rotavap, which was
detrinmental for the yields of products of |ow nolecul ar

wei ght .
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Table 1. Optimzation of catalyst and solvent in iron-

catal yzed cross-coupling of aliphatic sulfonyl chloride.[?

n-OctSO,Cl +  PhMgBr ——— n-Oct-Ph +  n-OctSO,-Ph
Entry Conditions Cross-coupled  Sul fone ™
product [P
1 No catalyst, 0 °C to - 76 %
rt, THF
2 Fe(acac)s (5 ml%, 28 % 5 %

THF, 80 °C !

3 Feds (10 nol%,

TMEDA(2 eq), THF, 80
oC [d]

4 Fe(acac)s (5 ml%, 16 % 48 %
THF, 80 °cC l®

5 Fe(acac)s (5 mol % ), 58 % -
TVEDA (10 nol %, THF,
80 °c !l

6 Fe(acac)s (5 ml%, 65 % -
HMTA (10 rmol %, THF,
80 °c !l

7 Fe(acac)s (5 ml%, 72 % -

THF, NwP, 80 °C [l

[a] Reaction conditions: 1.0 -equiv. of octanesulfonyl

chloride (1.18 mol), iron catalyst and ligand, THF (5 nlL)
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and co-solvent (2 nL), 2.0-3.0 equiv. of phenylnmagnesium
brom de solution in Et,O (0.8 nmL of 3.0 Msoln. in Et,0 2.36
mml), reflux for a total of 2 hrs. [b] Determned after
flash chromatography. [c] G&Gignard reagent was added at
once. [d] Starting material was deconposed and no cross-
coupl ed product or sulfone was observed. [e] Reaction was
done in a mcrowave reactor, Gignard reagent was added to
the reaction at -78 °C and was heated for 1.5 h at 80 °C. [f]

Gignard reagent was added slowy (2 m per hour).

Phenyl butane (Table 2, entry 1) : Following the Typical
Experi nment al Procedure using 0.5 g (3.65 mol) of
but anesul fonyl chloride, 3 nL of phenylnmagnesi um brom de
(3.0 M solution in Et,0, 0.3 g (61 % of product was
obt ai ned as colorless oil.

Phenyl octane (Table 2, entry 2) : Following the Typical
Experi nment al Procedure using 0.25 g (1.18 nmol) of
oct anesul fonyl chloride, 1.2 nL of phenyl nagnesi um bromni de
(3.0 M solution in Et,0, 0.161 g (72 % of product was
obt ai ned as colorless oil.

Phenyl decane (Table 2, entry 3) : Following the Typical
Experi nment al Procedure wusing 0.25 g (1.04 nmol) of

decanesul fonyl chloride, 1 nL of phenylmagnesi um brom de



S7

(3.0 M solution in Et, O, 0.12 g (54 % of product was
obt ai ned as colorless oil.

Phenyl hexadecane (Table 2, entry 4) : Follow ng the Typi cal
experi ment al Procedure using 0.25 g (0.77 nmmol) of
hexadecanesul fonyl chloride, 0.8 nL of phenylnmagnesium
bromde (3.0 Msolution in Et,0, 0.11 g (47 9% of product
was obtained as colorless oil.

Decene (Table 2, entry 5) : Followng the Typical
Experi nment al Procedure using 0.5 g (2.36 mmol) of
octanesul fonyl <chloride, 7 nL of vinylnmagnesium brom de
(1.0 M solution in THF), 0.076 g (23 9% of product was
obt ai ned as colorless oil.

2- Met hyl dec-1-ene (Table 2, entry 6) : Followng the
Typi cal Experinmental Procedure using 0.25 g (1.18 mol) of
octanesul fonyl chloride, 7 nL of isopropenylnmagnesium
bromde (0.5 M solution in THF), 0.09 g (46 9% of product
was obtained as colorless oil. Its spectral data were
identical to those reported for this compound. [?

2- Met hyl undec-2-ene (Table 2, entry 7) : Following the
Typi cal Experinmental Procedure using 0.25 g (1.18 mmol) of
oct anesul f onyl chl ori de, 7 mL of 2-met hyl - 1-
propenyl magnesi um brom de (0.5 M solution in THF), 0.07 g

(35 9% of product was obtained as colorless oil. Its

2 Farhat, S.; Zouev, |.; Marek, |. Tetrahedron 2004, 1329.
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spectral data were identical to those reported for this
conpound. 3

1- Met hyl - 4- oct yl benzene (Table 2, entry 8) : Follow ng the
Typi cal Experinental Procedure using 0.25 g (1.18 mmol) of
oct anesul fonyl chloride, 3.6 nL of p-tolyl magnesi um brom de
(1.0 M solution in THF), 0.163 g (68 9% of product was
obtained as colorless oil. Its spectral data were identical
to those reported for this compound. *

1- Met hoxy- 4-octyl benzene (Table 2, entry 9) : Follow ng the
Typi cal Experinmental Procedure using 0.25 g (1.18 mol) of
oct anesul fonyl chloride, 7 nL of 4-nmethoxyphenyl magnesi um
brom de (0.5 Msolution in THF), 0.212 g (82 % of product
was obtained as colorless oil. Its spectral data were
identical to those reported for this conpound. °

D phenyl met hane (Table 2, entry 11) : Followi ng the Typi cal

Experi ment al Procedure using 0.2 g (1.1 mol) of

benzyl sul fonyl chloride, 1 nL of phenylnmagnesi um brom de

3 Ishihara, K ; Kubota, M; Kurihara, H.; Yamanota, H J. Og. Chem
1996, 61, 4560.

4 Bedford, R B.; Betham M Bruce, D. W; Danopoulos A A ; Frost, R
M; Hrd, M J. Og. Chem 2006,71, 1104.

> Brenstrum T.; Gerristma, D. A ; Adjabeng, G M; Franpton, C. S.;
Britten, J.; Robertson, A J.; MNulty, J.; Capretta, A J. Og. Chem

2004, 69, 7635.
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(3.0 M solution in Et,0, 0.102 g (55 % of product was
obt ai ned as colorless oil.

1- Benzyl - 4- met hyl benzene (Table 2, entry 12) : Follow ng
the Typical Experinmental Procedure using 0.2 g (1.1 nmol)
of benzylsulfonyl chloride, 3 nL of p-tolylnmgnesium
bromde (1.0 Msolution in THF), 0.110 g (58 % of product
was obtained as colorless oil. Its spectral data were
identical to those reported for this conmpound. °

Phenyl decane (Table 2, entry 13) : Following the Typical
Experi nment al Procedure using 0.25 g (1.18 nmol) of
oct anesul f onyl chl ori de, 3 nm of phenet hyl magnesi um
chloride (1.0 Msolution in THF), 0.015 g (6 % of product
was obtained as colorless oil.

1- (1- Napht hyl ) - 2- phenyl et hane (Table 2, entry 15)
Followi ng the Typical Experinmental Procedure using 0.5 g
(2.0 mmol) of 2-(1-naphthyl)ethanesulfonyl chloride, 2 niL
of phenyl magnesi um brom de (3.0 M solution in Et,0, 0.362
g (78 9% of product was obtained as colorless oil. Its
spectral data were identical to those reported for this
compound. '

Cunene (Table 2, entry 17) : Followng the Typical

Experi nment al Procedure using 0.5 g (3.50 mol) of

i sopr opanesul f onyl chloride, 3 nL of phenyl magnesi um

® Mol ander, G A ; Elia, M D.; J. Og. Chem 2006, 71, 9198.

" Mol ander, G A.: Yun, CS.; Tetrahedron 2002, 58, 1465.
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bromde (3.0 Msolution in Et,0, 0.101 g (24 % of product
was obtained as colorless oil.

Cynmene (Table 2, entry 18) : Following the Typical
Experi nment al Procedure using 0.5 g (3.50 mol) of
i sopropanesul fonyl chloride, 9 nL of p-tolylnmagnesium
bromde (1.0 Msolution in THF), 0.136 g (29 9% of product
was obtained as colorless oil.

1-sec-Butyl - 4- net hyl benzene (Table 2, entry 19) : Foll ow ng
the Typical Experinental Procedure using 0.5 g (3.65 mmol)
of butane-2-sulfonyl chloride, 9 nL of p-tolylnmgnesium
brom de (1.0 Msolution in THF), 0.345 g (64 % of product
was obtained as colorless oil. Its spectral data were
identical to those reported for this conmpound. 8

1-sec-Butyl benzene (Table 2, entry 20) : Following the
Typi cal Experinental Procedure using 0.5 g (3.65 mol) of
but ane- 2- sul fonyl chloride, 3 nL of phenyl magnesi um brom de
(3.0 M solution in Et,0, 0.278 g (57 % of product was
obtained as colorless oil. Its spectral data were identical
to those reported for this conpound. °

Phenyl cycl opentane (Table 2, entry 21) : Followng the
Typi cal Experinental Procedure using 0.25 g (1.50 mmol) of

cycl opent anesul fonyl chloride, 1.5 nL of phenylnmagnesium

bromde (3.0 Msolution in Et,0, 0.138 g (63 % of product

8 Lee, P. H; Lee, S. W; Seonoon, D. Org. Lett. 2003, 5, 4963.

9 Barton, D. H.; Bohe, L.; Lusinchi, X Tetrahedron, 1990, 46, 5273.
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was obtained as colorless oil. Its spectral data were
i dentical to those reported for this conmpound. *°

1- Cycl opentyl - 4- met hoxybenzene (Table 2, entry 22)
Foll owi ng the Typical Experinental Procedure using 0.25 g
(1.50 mmol ) of cycl opentanesul fonyl chloride, 9.0 nL of 4-
nmet hoxyphenyl magnesi um bromde (0.5 M solution in THF),
0.187 g (71 % of product was obtained as colorless oil
Its spectral data were identical to those reported for this
compound.

Phenyl cycl ohexane (Table 2, entry 23) : Followng the
Typi cal Experinmental Procedure using 0.25 g (1.37 mmol) of
cycl ohexanesul fonyl chloride, 1.3 nL of phenylnagnesium
bromde (3.0 Msolution in Et,0, 0.148 g (68 9% of product
was obtained as colorless oil.

(Prop-1-en-2-yl)cycl ohexane (Table 2, entry 24) : Foll ow ng
t he Typi cal Experinmental Procedure using 0.25 g (1.37 nmol)
of cycl ohexanesul f onyl chl ori de, 8 mL of
i sopropenyl magnesi um brom de (0.5 M solution in THF), 0.082
g (48 9% of product was obtained as colorless oil. Its
spectral data were identical to those reported for this

conpound. '?

° Marvell, E. N.; Lin, C J. Am Chem Soc. 1978, 100, 877.
1 &onzal ez-Bobes, F.; Fu, G C. J. Am Chem Soc. 2006, 128, 5360.

2. dah, G A ; Reddy, V. P.; Prakash, G K S. Synthesis 1991, 29.
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(E)-1-(Cct-1-enyl )benzene (Table 2, Entry 25) : Follow ng
the Typical Experinmental Procedure using 0.25 g (1.24 mol)
of b-styrenesulfonyl chloride, 1.3 nL of hexylnmagnesium
bromde (2.0 Msolution in Et,0, 0.158 g (68 % of product
was obt ai ned as col orless oil.?*®

(E)-1-(Dec-1-enyl )benzene (Table 2, Entry 26) : Follow ng
t he Typi cal Experinmental Procedure using 0.25 g (1.24 nmol)
of b-styrenesulfonyl chloride, 1.3 nL of octylnmgnesium
bromde (2.0 Msolution in Et,0, 0.163 g (61 % of product
was obtained as colorless oil."

(E)-Stil bene (Table 2, Entry 27) : Following the Typica

Experimental Procedure using 0.25 g (1.24 mol) of b-
styrenesul f onyl chloride, 0.85 nL of phenylnmagnesium
bromde (3.0 Msolution in Et,0, 0.123 g (55 % of product

was obtai ned as white solid.

13 Wang, Z.; zhang, G; Quzei, |.; Verkade, J. G J. Og. Chem 2001,
66, 3521.

¥ Farhat, S.: Zouev, |.: Marek, |. Tetrahedron, 2004, 60, 1329.
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Typi cal Experi ment al Procedure for the coupling of
canphorsul fonyl chloride with aromatic Gignard reagents

In a round bottom flask dried under vacuum were placed
under nitrogen atnosphere, (-)-10-canphor sulfonyl chloride
(1.00 nmol), Fe(acac)s (0.05 nmol) were weighed in a glove
box. Then, flask connected to a vacuumline and filled with
argon (3 times), THF (5 nL) and NWP (2 nlL) were added under
argon. The corresponding Gignard reagent (3.00 nmol) was
added by a syringe punp with a rate of 2 nL per hour at 80
°C. The reaction mxture was stirred under reflux for 2 h.
After cooling to roomtenperature, the m xture was quenched
with sat. aq. soln. of NH,CO and diluted with ether. The
aqueous | ayer was extracted again with ether (3 tines). The
conbi ned organic phases were dried (MSQy), filtered and
concentrated wunder reduced pressure. The residue was
purified by flash chromatography on silica gel. Solvent

evaporati on was done on a rotavap.

1- Benzyl - 7, 7- di met hyl bi cycl o[ 2. 2. 1] hept an-2-one (Table 2,
Entry 28) : Following the Typical Experinmental procedure
using 0.25 g (1.00 nmmol) of (-)-10-canphorsulfonyl
chloride, 1 nL of phenyl magnesium bromde (3.0 M solution

in Et,0, 0.078 g of product was obtai ned.
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Colorless oil, R = 0.65 (pentane).
[a] & = -42 (c = 0.1, CHO 3)

IR (film : 3026, 2958, 1741, 1495, 1453, 1417, 1047, 748,
702 cm?.

'H NMR (400 MHz, CDO3): d= 7.29- 7.35 (m 3H, Ph), 7.21-
7.26 (m 2H, Ph), 2.98 (d, %) = 13.9 Hz, 1H, CH-Ph), 2.61
(d, 23 = 13.9 Hz, 1H, CH,-Ph), 2.37 (ddd, 2J = 18.2 Hz, 3 =
4.5 Hz, 4 = 2.8 Hz, 1H H C(3)), 2.03 (t, 3J = 4.5 Hz,
1H, H C(4)), 1.88 (m 1H, H C(5)), 1.85 (d, 2J = 18.2 Hz,
1H, H C(3)), 1.77 (td, 2 =3 = 12.7 Hz, %) = 3.1 Hz, 1H,
H C6)), 1.18 — 1.35 (m 2H, H C(4), H C5)), 0.93 (s,
3H, Me- C(7)), 0.85 (s, 3H M- C(7)).

13C NMR (100.6 Mz, CDO3): 218.9, 139.1, 130.6, 127.8,
125.8, 68.7, 43.6, 43.2, 34.6, 31.6, 27.4, 26.8, 20.3,
19. 8.

Cl-M5 (NHe): miz = 229 (39, [Mr1]*h), 228 (14, [M"), 184
(15, [M44]%), 171 (14, [M57]%), 229 (39, [M+1]"), 91 (100,
[M137]%), 77 (13, [M151]%).

MALDI - HRVS : Cal cd. for CisHh:O° 229. 1592, found 229. 1587.

7, 7-Di met hyl - 1- (4- met hyl benzyl ) bi cycl o[ 2. 2. 1] hept an- 2- one
(Table 2, Entry 29) : Following the Typical Experinental
pr ocedur e usi ng 0. 25 g (1.00 nmol ) of (-)-10-

canphorsul fonyl chloride, 3 nL of p-tolyl magnesi um brom de
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(1.0 M solution in THF), 0.077 (32 % g of product was

obt ai ned.

Colorless oil, R = 0.68 (pentane).
[a] & = -22 (c = 0.15, CHO j)

IR (film : 2957, 2875, 1741, 1514, 1452, 1417, 1047, 813,
767, 648 cm®.

'H NMR (400 MHz, CDO3): d= 7.19 (d, 3% =7.6 Hz, 2H
Arom), 7.05 (d, 3J =7.6 Hz, 2H, Arom), 2.94 (d, 2J = 14.2
Hz, 1H, CH,-Ph), 2.57 (d, 2J = 14.2 Hz, 1H, CH--Ph), 2.36
(ddd, 23 = 17.6 Hz, %) = 4.5 Hz, 4 = 2.7 Hz, 1H H C(3)),
2.30 (s, 3H Me- Ph), 2.01 (t, 3 = 4.5 Hz, 1H, H C(4)),
1.92 (m 1H, H C(5)), 1.84 (dd, 2 = 17.6 Hz, %) = 4.3 Hz,
1H, H C(3)), 1.76 (td, 23 =3 = 12.7 Hz, 3J = 3.4 Hz, 1H,
H C6)), 1.17 — 1.45 (m 2H H C(4), H C5)), 0.92 (s,
3H, Me- (7)), 0.88 (s, 3H, M- C(7)).

13C NMR (100.6 MHz, CDO3): 218.9, 135.9, 135.3, 130.5,
128.5, 68.6, 43.6, 43.3, 34.5, 31.1, 27.4, 26.8, 21.0,
20.3, 19.8.

Cl-M8 (NHg): miz = 260 (23, [M+18]"), 243 (100, [Mr1]"), 242
(17, [M", 198 (6, [M44]"), 185 (5, [M57]%, 105 (12,
[M137]%), 91 (5, [M151]%).

MALDI - HRVB : Cal cd. for Ci7H3O" 243.1749, found 243.1737.

1- (4- Met hoxybenzyl ) -7, 7- di met hyl bi cycl o[ 2. 2. 1] hept an- 2- one
(Table 2, Entry 30) : Following the Typical Experinental

pr ocedur e usi ng 0. 25 g (1.00 nmol ) of (-)-10-
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canphorsul fonyl chloride, 6 nmL of 4-nmethoxyphenyl magnesi um
brom de (0.5 M solution in THF), 0.108 g (42 % of product

was obt ai ned.

MeO

Colorless oil, RR = 0.54 (pentane/Et, O =9 : 1).
[a] & = -19.5 (c = 0.22, CHd 3)

IR (film : 2956, 2854, 1738, 1607, 1511, 1245, 1178, 1040,
910, 823, 732, 632 cml.

'H NMR (400 MHz, CDO3): d= 7.22 (d, 3 =8.8 Hz, 2H
Arom), 6.78 (d, 3J =8.8 Hz, 2H, Arom), 3.78 (s, 3H Ow),
2.90 (d, 2J = 14.3 Hz, 1H, CH-Ph), 2.56 (d, 2 = 14.3 Hz,
1H, CH-Ph), 2.36 (ddd, 2J = 18.2 Hz, 3J = 4.5 Hz, 4 = 3.0
Hz, 1H, H C(3)), 2.01 (t, % = 4.5 Hz, 1H H C(4)), 1.90
(m 1H, H C(5)), 1.83 (d, 2J = 18.2 Hz, 1H H C3)), 1.75
(td, 23 = 33 = 12.5 Hz, 3 = 3.0 Hz, 1H, H C6)), 1.16 -
1.34 (m 2H H C4), H C5)), 0.92 (s, 3H M- 7)),
0.83 (s, 3H M- C(7)).

13C NV\R (100.6 Mz, CDO3): 220.6, 157.8, 131.6, 127.7,
113.2, 69.6, 55.2, 43.6, 43.3, 39.5 30.7, 27.5, 26.8,
20.3, 19.8.

Cl-M5 (NH): mz = 276 (14, [M+18]"), 259 (100, [M+1]*), 258
(67, [M%, 188 (10, [M70]%, 120 (13, [M138]"), 91 (5,
[ M167] 7).

MALDI - HRVS : Cal cd. for Ci7/HsQ' 259. 1698, found 259. 1687.



