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1. Introduction the more attractive hydrogen donor ethanol canseel.uHere we
. . _ report the electron rich ¢@bp) (tbp = 5,10,15,20-

The reduction of aryl halides to the correspondingeirapytyiporphyrinato dianion) catalyzed hydroaehination of
hydrocarbon is an important task not only in orgasynthetic aryl halides employing EtOH as the hydrogen sourck high

tran_sformationé, but also in the detoxification of efficiency. An updated reaction mechanism of singlectron
environmentally hazardous organic halides. transfer was proposed.

Transfer hydrogenation (TR)for hydrodehalogenation has
been widely investigated as it is safer and morevenient than
hydrogenation with KHgas® Reducing agents used in TH such as
sodium hydridé, borohydride’, silane$” and tin hydrides® are
widely used but quite expensive and sometimes not
environmentally friendly. Transfer hydrogenation twierOH is
very commort, but the use of EtOH as hydrogen source is Coltbp), X = "Bu Colttp), X = toly
scarce’’ Use of ethanol in TH represents an attractive aitere Co(taz): X = p-anisyl CO(tpppj‘ X= pﬁlenw
given its abundance, sustainability and low toxicijowever, Fig. 1. Structure lllustration of Co(por) Catalysts
the difficulties associated with EtOH are: the largeZ-H bond
dissociation energy of ethandlthe poisonous dehydrogenation 2. Reaction Conditions Optimization
product acetaldehyde to many transition metal gsisi’ L _

Our group has reported the Co(ttp) (ttp = 5,10, 15c2Gp- Based on our reported work (eq. 'i),the catalytic

tolylporphyrinato dianion) catalyzed hydrodebrontioa of aryl ~ hydrodebromination of 4-bromoanisolga) with more electron
bromides in hydrogen donor solvents of b&®MOH and THFE? rich Cd'(tbp) in'PrOH solvent was examined. To our delight, the

The reaction mechanism operates through a halogem a catalytic transformation proce_eded smooth_ly with %0geld at
abstraction of an aryl bromide with Co(ll) porphytim give an a _Iower _temp_e_rature of 15@_ in a shorter time Of 3h _((_aq. 2)-
aryl radical and Co(lll) bromid¥:* subsequent hydrogen atom With thl_s |_n|t|al success in hand, th_e reaction ditans
abstraction of the aryl radical from solvent yiettle arenes. We (POrphyrin ligand, solvent, catalyst loading, temaere, KOH
envisioned that a more electron rich porphyrin figawould ~ '0@ding and reaction atmosphere) were further opéthi
facilitate the key oxidative addition of &or),” thus possibly The catalytic efficiency of various Co porphyrigand was
enhancing the hydrodebromination rate. We alsoodied that then investigated. With the most electron rich keadt sterically

OCorresponding author. Tel.: +852 39436376; fax:2-86035057; e-mail: ksc@cuhk.edu.hk (K.S.Chan)
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Reported Work: Co(ttp) as Catalyst

Co(ttp) (20 mol%)
KOH (50 equiv
BrOOMe . (50 equiv) H@OMe ©)
'PrOH, N», 200 °C, 5 h
1a 2a

Yield: 78%

This Work: Co(tbp) as Catalyst

(Table 3, entry 2). Increasing catalyst loadinglt® or 20 %
enhanced the reaction rate slightly and requirédt® finish the
reaction (Table 3, entries 4 and 5). Thus, a 5 mof%atalyst
was chosen as the optimal catalyst loading.

Table 3 Catalyst Loading Effedt

Co(tbp) (n mol%)
Do

KOH (40 equiv)
EtOH, N, 150 °C, time

H/QOMe

Co(tbp) (20 mql%)
BrOOMe — KOH (40 eq“o“’) H@OMe @ 1a 2a
1a PO, Na 150G, 3 2a Entry n time 2ayield®%  larecoverf% (la+2a) yield%
Yield: 100% 1 0 24h 8 80 38
hindered Cb(tbp), the hydrodebromination process was 2 25 24h 94 5 99
complete in 3 h at 15%C (Table 1, entry 1). While for C(tap) 5 8h 100 p 100
and Cd(ttp), the catalytic reactions were not completeraé h
to give 82% and 17% yields @h, respectively (Table 1, entries 4 10 6h 98 0 98
2 and 3). Thus, Ctbp) was chosen as the optimal catalyst for 5 20 6h 100 0 100

further investigation.
Table 1 Porphyrin Ligand Effeét

Co(por) (20 mol%)
o

KOH (40 equiv)
'PrOH, Ny, 150 °C, time

H/QOMe

1a 2a
Entry por time Z2ayield% larecover)% (la+2a) yield%
1 top 3h 100 0 100
2 tap 6h 82 20 102
3 ttp 6h 17 80 97

&Co(por) (0.014 mmol) with 4-bromoanisole (0.072 niiniw 1.0 mL'PrOH;
PGC-MS yield.

With the more reactive C¢tbp) catalyst, we examined the

less reactive hydrogen donating solvent of EtOH ae®M. The

reaction in EtOH was similar with that iRrOH and required 6 h
to give 100% vyield ofa (Table 2, entries 2 and 3). However, the

reaction in MeOH required 3 d to reach 69% yiel@afvith 5%

of 1a recovered (Table 2, entry 1). The stronge€-H bond*

(96 kcal/mol) of MeOH and poor solubility of catalystMeOH

account for the slower reaction. Therefore, the phe&tOH was
chosen for further investigatidf*?

Table 2 Solvent Effect

Co(tbp) (20 mol%)
s

KOH (40 equiv)
ROH, N,, 150 °C, time

H@OMe

1a 2a
Entry ROH time 2ayield% larecover¥%  (lat+2a)
yield*%
1 MeOH 72 h 69 5 74
2 EtOH 6h 100 0 100
3 'PrOH  3h 100 0 100

2Co(tbp) (0.014 mmol) with 4-bromoanisole (0.072 niyniw 1.0 mL alcohol;
®GC-MS yield.

With the optimal solvent and catalyst in hand, lteding of
catalyst was also examined. Without any catalysedddnly 8%
yield of the target produ@a was formed with 80% yield dfa
recovered after heating for 24 h, thus supportimegdatalytic role
of Cd'(tbp). In the presence of 5 mol% of 'Tibp) catalyst, the
reaction proceeded smoothly and finished in 8 h wiamplete
conversion (Table 3, entry 3). When the loadingatalyst was
reduced to 2.5 mol%, the reaction rate decreasddt and
required 24 h to give 94% vyield @a with 5% of recovereda

3Co(tbp) (0.014 mmol) with 4-bromoanisole (0.072 niyim 1.0 mL EtOH?
GC-MS yield.

The loading of KOH was also examined. Without any base

added, the starting materith was recovered quantitatively after
heating for 24 h (Table 4, entry 1). Increasing K@HEding to 20
equiv resulted in incomplete reaction after 24 hvéi8% of2a
and 30% ofla recovered (Table 4, entry 2). The reaction with 30
equiv of KOH required 16 h to give 98% yield (Tablesstry 3).
40 equiv of KOH was essential to ensure
hydrodebromination in 8 h (Table 4, entry 4). Riactwith 50
equiv of KOH still required 6 h to complete and teadation rate
was not improved dramatically (Table 4, entry 5)ugh40 equiv
was found to be the optimal loading of KOH.

Table 4 KOH Loading Effect

Co(tbp) (5 mol%)
s

fast

KOH (m equiv)
EtOH, Ny, 150 °C, time

HQOMe

1a 2a
Entry m time 2ayield% larecover®% (lat+2a) yield%
1 0 24h 0 100 100
2 20 24 h 68 30 98
3 30 16h 98 0 98
4 40 8h 100 0 100
5 50 6h 96 0 96

3Co(tbp) (0.014 mmol) with 4-bromoanisole (0.072 nijnim 1.0 mL EtOH?
GC-MS yield.

The reaction was carried out at a lower temperatfi120°C
and afforded 21% d?a together with 65% of recoverda after
25 h (Table 5, entry 1). Therefore, 180 was chosen as the
optimal reaction temperature.

Table 5 Temperature Effedt

e

Co(tbp) (5 mol%)
KOH (40 equiv)

EtOH, Ny, temp., time

H@OMe

1a 2a
Entry Temp. time 2ayield% larecover§% (la+2a)
(C) yield®%
1 120 25h 21 65 86
2 150 8h 100 0 100

3Co(tbp) (0.014 mmol) with 4-bromoanisole (0.072 niyim 1.0 mL EtOH?
GC-MS yield.



The hydrodebromination reaction was compatible with air

atmosphere to give similar yield in slightly longene of 10 h
(Table 6, entry 1). The optimal reaction conditiomsre shown
below with 5 mol% of Co(tbp) catalyst and 40 equivkK@H in

EtOH solvent at 158C under N (eq. 3).

Table 6 Atmosphere Effeét

Co(tbp) (5 mol%)
e

KOH (40 equiv)
e
EtOH, Ny/air, 150 °C, time

H@OMe

1a 2a
Entry NfJair time 2ayield% larecoveri% (lat+2a)
yield*%
1 air 10h 96 1 97
2 N, 8h 100 0 100

3Co(tbp) (0.014 mmol) with 4-bromoanisole (0.072 nijnim 1.0 mL EtOH?

GC-MS yield.
oo o
2a

1a
100%

The relative reactivities of Ar-X (X = CI, Br, ) towds
hydrodebromination were investigated in the optimizeaction
conditions usingpara halogen atom substituted anisolds (o
1c). Rates increased in the order Cl < Br < | (Tahlentries 1 to
3). 4-lodoanisole 1c) showed the highest reactivity and
completed in 2 h with 92% vyield (Table 7, entry 3k
Chloroanisole 1b) was inert towards hydrodechlorination with
only 5% yield of2a formed and 80% afb recovered after 24 h.

Table 7 Relative Reactivity of Ar-X

Co(tbp) (5 mol%)
KOH (40 equiv)

EtOH, Ny, 150 °C, time

Co(tbp) (5 mol%)
KOH (40 equiv)

EtOH, Np, 150 °C, 8 h

(©)]

HQOMe

1a-c 2a
Entry X time 2a lrecovery% (1+2a)
yield"% yield*%
1 Cl (1b) 24 h 5 80 85
2 Br (1a) 8h 100 0 100
3 I (1c) 2h 92 0 92

3Co(tbp) (0.014 mmol) with 4-haloanisole (0.072 mjriol 1.0 mL EtOH?
GC-MS yield.

Substituted aryl bromides and aryl iodides wererénésl and
reacted smoothly. (Scheme 1). Dehalogenatiopaod andmeta
bromoanisole Ya and1d) were completed in 8 h to give anisole
in 100% and 90% yield, respectively. Thetho bromoanisole
(1e) was more reactive and gave clean conversion inwitthn
96% yield of2a. When the phenyl ring was substituted with more
methoxy groups, the reaction times were shorteneitidor 1f
and 4 h for 1g. Hydrodehalogenation of 1-bromo-4-
chlorobenzene 1f) and 1-chloro-4-iodobenzendq) afforded
chlorobenzene quantitatively without further redoti to
benzene. Sterically hindered 2,4,6-triisopropylbobenzenel])
was hydrogenated smoothly within 10 h with quantigtiv
conversion. Hydrodebromination of 1-bromo-4-(dinyédimino)
benzene 1k) was slow and generated 79% &, N
dimethylbenzenamine after 24 h with 20% 1&f recovered. 1-
Bromo-4-phenylbenzendj( was hydrogenated completely in 12
h. Hydrodebromination of 9-bromoanthracenell) ( was
accomplished in 4 h with slightly low yield of 77%.hah 1-

3

bromo-4-(benzyloxy)benzenérl) was treated with the optimal
reaction conditions, 45% vyield of benzyl phenyl esthwas
achieved as the hydrodebromination product togethtr 60%
yield of toluene and 60% yield of 4-bromophenolths C-O
bond hydrogenation product after heating for 17 Hor 4-
bromoacetophenonelr(), the reduction of carbonyl group to
hydroxy group occurred fast to afford 4-bromonethylbenzyl
alcohol within 1 h, followed by further hydrodebromtion to
generaten-methylbenzyl alcohol in 32% yield with 4-bronae-
methylbenzyl alcohol in 12% vyield after 7 h. 4-
Bromobenzonitrile Y0) was consumed completely after heating
for 1 h without any formation of benzonitrile. Afteeutralization

of the reaction mixture with HCI, 86% of 4-bromocaxplic acid
and 12% of benzoic acid were achieved. Alkaline hiydis of
nitrile occurred rapidly to generate the correspogd
carboxylate. Only 3% of hydrodechlorination prodattlp was
achieved with 95% ofp recovered. The poor reactivity of C-CI
bond in 1b, 1p and 1q suggests that aryl chlorides are inert
towards hydrodechlorination in the optimized reattio
conditions.1r was reduced to biphenyl with 72% of isolated
yield. The efficient C—I bond reduction fit, 1g and1r support
the high reactivity of aryl iodides in the cobalbrphyrin
catalyzed hydrodehalogenation reactions. The
hydrodebromination of heteroaromatic bromides weliso a
examined. 2-Bromopyridine1§) was consumed completely
within 1 h with the formation of complex mixture. The
hydrodebromination oflt went on smoothly to afford 2-
methylthiophene in 87% yield.

Scheme 1 Substrate Scope of Co(tbp) Catalyzed
Hydrodehalogenation.
Co(tbp) (5 mol%)
KOH (40 equiv)
EtOH, N, 150 °C, time

Ar-X Ar-H

1

Br@OMe

1a
8 h, 100%

Br,

o

1d
8 h, 90%

Br@CI

1h
6 h, 100%°
Br

Br, OMe

Br,
5 ol ron
1e 1f

2 h, 100%

Pr
'Pr A
1i 1j

12 h, 98% (87%")

O
1n

MeQ
Br OMe
MeO 19
4 h, 99%

\

10 h, 100% (94%%)

Br@OBn Br

Br N

1 1m
24 h, 79%° 4h, 77%" 17 h, 45%¢ 7 h, 0%°
Br@CN u@*su CI@I
10 1p 1q
1h, 0% 24 h, 3%9 1h, 100%2
— r S
N
1r 1s 1t
2 h, 72%" 1h, 0%’ 3h,87%

2chlorobenzene as sole proddsolated yield£20% of1k recovered?50%
of toluene and 50% of 4-bromophenol were achieved:methylbenzyl
alcohol in 32% yield and 4-bromsmethylbenzyl alcohol in 12% yield were
achieved;" 86% of 4-bromobenzoic acid and 12% of benzoic avate
achieved after neutralization with HEI95% of1p recovered after reactiof;
isolated yield, biphenyl as sole produatpmplex mixture.
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3. Mechanistic I nvestigation

Based on the established mechanism for Ar-X bondatain
with group 9 metalloporphyrins and cobalt porphyatalyzed
hydrodebromination of aryl bromidés! 3 plausible

Tetrahedron

Co(tbp)aryl are important intermediates generatethé bond
activation process. To gain further mechanistic psup and
understanding of the catalysis, the reaction (§qwas closely

mechanistic pathways were proposed for the C-Br bonghonitored by thin layer chromatography. The formatiof

activation step: (a) radicaipso substitution mechanism, (b)
halogen atom transfer mechanism, (c) single elactransfer
mechanism (Scheme 2).

Pathway (a) (Scheme 2) involves a radipab substitution by
Ca'(tbp) based on the known mechanism of aryl carbdogea
bond activation with rhodium and iridium porphyrin
complexes®'’ Cd'(tbp) attacks théso-carbon of Ar-Br to give
the Cd'(tbp)-cyclohexadienyl radical intermediate. Theicatl
intermediate then eliminates a bromine atom to gdae
Co(tbp)aryl. In benzene solvent, the bromine atemegated can
be trapped by benzene to afford bromobenzene thralgakage
reaction.

Co(tbp)Php-OMe) in the reaction process was observed and
further confirmed by both TLC and HRMS through conipg
with an authentic sampfé&The conversion of Co(tbp)RROMe)

to anisole in the optimized reaction conditions walso
investigated. In the absence of base, Co(tbpPie) was
stable and did not react with ethanol to generayeaaisole after
heating for 8 h at 150C (eq. 4). When KOH was added,
Co(tbp)Php-OMe) was hydrolyzed smoothly to give anisole and
Ca'(tbp) quantitatively in 1.5 h at 158C (eq. 5). KOH is
therefore needed in the hydrolysis of Co(tbp)ariiihe
experimental results strongly support the intermegi of
Co(tbp)aryl in the formation of hydrodebrominatigrroduct

Pathway (b) (Scheme 2) starts from a bromine atonunder basic conditions and all 3 possible mechamisre

abstraction of aryl bromide by &gbp) to give an aryl radical

reasonable.

and Cd'(tbp)Br, analogous to the well-known halogen atom

transfer process between'f8N):> and an alkyl halid®® The
aryl radical formed can combine with thp) to generate
Co(tbp)aryl. When benzene solvent is employed atlyeradical
intermediate can be trapped by benzene to affordethoxy
biphenyl as a coupling product. In the presenceK@iH,

Co"(tbp)Br can be converted to Co(tbp)OH through ligand MeOOCOGbp)

substitution, which regenerates "Qp) and HO, through
reductive eliminatiori*®

—— > noreaction

Ny, 150 °C, 8 h

MeO Co(tbp) + EtOH

3.5mM
100% recovery

4900 equiv

+ EtOH KOH (800 equiv Co(tbp) + MEOQH (5)

Np, 150 °C, 1.5 h

3.5 mM 4900 equiv Yield: 100%

Pathway (c) (Scheme 2) goes through a single efectro

transfer mechanisff. In strongly basic media, [¢(bp)OH]
complexes were formed from the coordination between &Did
Co'(tbp), which subsequently reduce aryl bromides thinou
single electron transfer to afford the correspogdiradical
anion™ The radical anion undergoes fast C-Br bond cleaag
afford an aryl radical and bromide anSf The aryl radical can
combine with CO(tbp) to afford Co(tbp)aryl. Since ¢gbp) is
electron rich® (Oxidation potential for Ni analouges: 0.6 eV for
tbp and 1.04 eV for tpp) with small steric hindranites single
electron transfer process is likely favored andefathan other
Co porphyrin complexes.

Scheme 2. Possible Mechanisms for Aryl C-Br Bond
Activation with Cd'(tbp).

(a) Radical ipso Substitution

Co'ltbp) + Br@OMe

B
(OMe —— B+ + (tbp)Co" OMe
(tbp)Co'"!

Ph-H \ leakage reaction

(b) Halogen Atom Transfer
Colltbp) + BrOOMe ~— Co'll(tbp)Br + '@OMe (tbp)COIII@OMe
OH" -Br

T- 0.5 Hy0,

Co'l(tbp)

Ph-H J leakage reaction

Co'(tbp)OH

(c) Single Electron Transfer (SET)

' -0.5H,0;
Co'l(tbp) + OH
b

SET
[Cotbp)OHT + BrOOMe*» Co'(tbp)OH  +

leakage reaction] Ph-H

. Br
Br4©70Me} '@OMe

Co'l(tbp)

(Ibp)Co"'@oMe

To determine whether any aryl radical intermediatiste in
the reaction process, benzene solvent was employtdad of
EtOH as a radical trapping reagéht® 35% of 1-phenyl-4-
methoxybenzene was formed after 24 h as the bianypling
product between benzene and 4-methoxyphenyl rattigather
with 3% of anisole as the hydrodebromination prodict 6).
Therefore, the existence of an aryl radical inréection process
is supported. Halogen atom abstraction and singéetrein
transfer mechanisms are more reasonable (Schepatyays b
and c). Furthermore, no bromobenzene product wascteet
from the leakage reaction between bromine atom arddme
solvent, which rules out the presence of brominemato
intermediate. The radicabso substitution mechanism (Scheme
2, pathway a) is thus disfavor&t® The catalysis is promoted by
electron withdrawingpara-substituent 1h) and suppressed by
electron donatingpara-substituent 1k), which is not consistent
with a Co(tbp)-cyclohexadienyl radical intermedistabilized by
both electron-rich and -poopara-substituents via resonance
interaction’ Therefore, pathway (a) is ruled out.

2a

1a
35% recovery Yield: 35%

Co(tbp) (5 mol%)
KOH (40 equiv)

- = -

CeHs, N2, 150 °C, 24 h

3%

Pathway (b) (Scheme 2) includes a C(aryl)-Br bortd/aiton
through direct bromine atom abstraction by'(@up). However,
the absence of any stoichiometric product betweél{tiim and
4-bromoanisole 1@) without base (Table 4, entry 1) highly
disfavors this mechanism.

Pathway (c) (Scheme 2) is the most reasonable mischan
based on the following experimental results. Thereasing
reactivities oflk, 1la and1h towards hydrodebromination match
well with the decreased LUMO energy of each molecled9
eV for 1k. -0.35 eV forla and -0.76 eV fofth),* consistent with
the increasing ease of an aryl bromide towards eieggctron



5
reduction’ 9-Bromoanthracenell) showed fast reduction rate ppm). Chemical shiftsdf are reported as parts per million
of 4 h due to the reduced LUMO energy (-1.93 eV fon™ (ppm) in¢ scale downfield from TMS. Coupling constanisdre
through extended conjugation. Rate enhancementoftgo  reported in Hertz (Hz). High-resolution mass specttoyne
methoxy group substituent was achieved frtanle, 1f and1g, (HRMS) was performed on a Bruker SolariX 9.4 Tes”OR
which can be explained by the stabilization of theesponding MS instrument in electrospray ionization (ESI) modsing
o radical aniofi’ through inductive effect. Little steric effect was MeOH/CHCl, (1/1) as the solvent. GC-MS analyses were
observed in the reduction of hindered substratgsli and 1l conducted on a GCMS-QP2010 Plus system using an \R&-5
taking 4, 10 and 4 h to complete, respectively. sThan outer column (30 m x 0.25 mm). Details of the GC program as
sphere electron transfer mechanism is likely toraggefrom  follows. The column oven temperature and injectemgerature
[Co'"(tbp)(OH)T complexes to an aryl bromide. The inner spheravere 100 and 256C. Helium was used as the carrier gas. The
reduction process of halogen atom transfer (Pathwa§cheme flow control mode was chosen as linear velocity (3618 s°)

2) is less likely to operate as the sterically leiredl aryl bromides with a pressure of 68.8 kPa. The total flow, colurowf and
(1g, 1i and1l) still yield high product yields® purge flow were 13.5, 0.95, and 3.0 mL mjmespectively. Split
Scheme 3 depicts a general catalytic cycle for themode injection with a split ratio of 10.0 was applieifter

hydrodebromination process. Gtbp) coordinates with OHn injection, the column oven temperature was kept0&at°C for 2
strongly basic conditions to afford [¢tbp)(OH)] complexes, min and was then elevated at a rate of@@nin * for 5 min until
which subsequently transfer one electron to an lamyide to 250 °C. The temperature of 25 was kept for 4 min. The
generate an aryl bromide radical anion. The radiaaion retention time and mass spectrum of organic pradaobtained
undergoes fast carbon bromide bond cleavage toaenan aryl were identical with those of commercially availabletheentic
radical and a bromide anion. In ethanol solver, dhyl radical samples.
formed can directly abstract a hydrogen atom frot®HE to .
afford the corresponding arene as the hydrogenatioduct. On 5.1.Preparation of H(tbp).
the other hand, Co(tbp)aryl intermediate can furthee H,(tbp) was prepared according to literature methid@yrrole
hydrolyzed to generate the corresponding areneCati@bp)OH (4.2 'mL, 0.061 mol) and pentanal (3.5 mL, 0.033 )moére
in basic conditions as reported in our previous work added to 300 mL of propionic acid containing 12 @ilH,0 and
Co (tbp)OH then undergoes reductive dimerization tomeg&te 1 mL of pyridine at 100-108C and reflux for 30 min. Another
Co'(tbp) and HO,, thus completing the catalytic cycle. 1.8 mL of pentanal (0.017 mol) was added and reflufa
Scheme 3 Catalytic Cycle for CH(tbp) Catalyzed another 2 _h. Chloroform (300 r_nL) was added to thel_e:b
Hydrodebromination reaction mixture, and the reaction mixture was washéti
water (300 mL x 3), 50 mM NaOH (300 mL x 3) and wat@0(3
Ar-Br mL x 3) to remove propionic acid. The chloroformusion was
+(I:EPE|OQHOH [Co'(ttp)(OH)I evaporated to dryness. The dark residue was reltizsthfrom
AH ——— ¥ AT -Br \*0” DCM and MeOH and washed with MeOH repeatedly to give fine
Hydrogen Atom * C°" (BPIOH purple crystal as Ktbp) (291 mg, 0.545 mmol) in 4% yieltH
Transfer Co(ttp)Ar Col(tbp NMR (CDCl, 400 MHz)6 -2.63 (s, 2 H), 1.14 (£) = 5.9 Hz, 12

)
+ OH", EtOH H), 1.83 (m, 8 H), 2.51 (m, 8 H), 4.95 {8,= 6.5 Hz, 8 H), 9.47
Hydrolysis \- CHsCHOH - 0.5 H,0, (s, 8 H).

S
N Co'l(ttp)(OH) 5.2.Preparation of Co(tbp).
-
Condusi Co(tbp) was prepared according to literature metfdti(tbp)
4. Conclusion (150 mg, 0.28 mmol), Co(OAc¥H,O (300.1 mg, 1.2 mmol)

In conclusion, the Ctbp) catalyzed hydrodebromination of Was added to 20 mL DMF and heated to reflux for 8hmL
aryl bromides using EtOH as the hydrogen source whaigvad water was added to the cooled reaction mixture diratéid to

with high vyields. Mechanistic investigation shows thiegle 98t the brown solid as product. The product was éurth
electron transfer is the most plausible pathwayaiyl carbon  recrystallized from MeOH and DCM to get Co(tbp) (14@,m

bromine bond cleavage. 0.24 mmol) in 84% yield as purple solitd NMR (CDCh, 400
MHz) § 1.93 (brs, 12 H), 3.47 (brs, 8 H), 6.69 (brs, 8 .65
5. Experimental Section (brs, 8 H), 15.93 (brs, 8 H).

Unless otherwise noted’ all reagents were purcham fr 53Cata|ytIC H.y_dl'odebromination of Aryl Bromides at Varso
commercial suppliers and directly used without ferth Reaction Conditions
purification. Hexane was distilled from anhydrous ceah 5.3.1.Porphyrin Ligand Effect

chloride. Benzene was distilled over sodium undeogéen. All . .
: : : R With Co(tbp). 4-Bromoanisole ¥a) (9 pL, 0.072 mmol),
reactions were protected from light by wrapping watlamina Coltbp) (8.3 mg, 0.014 mmol) and KOH (155.1 mg, 218

foils. The reaction in Teflon screw capped pressules were . .
heated in heat blocks on heaters monﬁgred Ft))y ICGC-MS.  were added inPrOH (1.0 mL). The mixture was degassed for
' three freeze-pump-thaw cycles, purged wit)) Bhd heated to

33'”'55 erla;h r%ﬁ?éigrag?g,p”;? S aﬂed”‘“c";?gpge“ precoa®®®  150°C for 3 h. 100% yield of anisol@d) was detected by GC-
. : h . MS analysis using decalin as internal standard.
characterized and were prepared according to thesatitre With Co(tap). 4-Bromoanisole 1a) (9 uL, 0.072 mmol),

process. Silica gel (Merck, 70-230 and 230-400 mesis used
in column chromatography to isolate. Neutral alum{ieerck, Co(tap) (11'3_ mg, 0.014 mmol) and KQH (154.5 mg, Oril.)
90 active neutral, 70-230 mesh)® (~10:1 v/v) was used in were added inPrOH (1.0 mL). The mixture was degassed for
column chromatoé]raphy to isolate three freeze-pump-thaw cycles, purged wit)) Bhd heated to
: 0150 °C for 6 h. 80% vyield of anisole2q) and 20% of recovered

1
H NMR spectra was recorded on a Bruker AV-40 ) : .
instrument at 400 MHz. Chemical shifts were referdnegh the 4-bromoanisole Jg) were detected by GC-MS analysis using

residual solvent protons in CDC{o 7.26 ppm), gDg (0 7.15 decalin as internal standard.
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With Co(ttp). 4-Bromoanisole 1a) (9 pL, 0.072 mmol),
Co(ttp) (10.3 mg, 0.014 mmol) and KOH (157.5 mg, OnidL)

Tetrahedron

mmol) were added in EtOH (1.0 mL). The mixture was degd
for three freeze-pump-thaw cycles, purged withahd heated to

were added idPrOH (1.0 mL). The mixture was degassed for150°C for 16 h. 98% vyield of anisol@4) was detected by GC-

three freeze-pump-thaw cycles, purged wit) Bhd heated to
150°C for 6 h. 17% yield of anisole#) and 80% of recovered

MS analysis using decalin as internal standard.
With 50 equiv of base4-Bromoanisole 1a) (9 pL, 0.072

4-bromoanisole 1@) were detected by GC-MS analysis using mmol), Co(tbp) (2.1 mg, 0.0035 mmol) and KOH (199@, 3.6

decalin as internal standard.

5.3.2.Solvent Effect

With MeOH. 4-Bromoanisole ¥a) (9 upL, 0.072 mmol),
Co(tbp) (8.4 mg, 0.014 mmol) and KOH (153.7 mg, 2mat)
were added in MeOH (1.0 mL). The mixture was dega$sed
three freeze-pump-thaw cycles, purged wity) Bhd heated to
150°C for 72 h. 69% vyield of anisol@d) and 5% of recovered

mmol) were added in EtOH (1.0 mL). The mixture was degd
for three freeze-pump-thaw cycles, purged withanhd heated to
150°C for 6 h. 96% vyield of anisole2#) was detected by GC-
MS analysis using decalin as internal standard.

5.3.5. Temperature Effect

At 120 °C.4-Bromoanisole 1a) (9 pL, 0.072 mmol), Co(tbp)
(2.1 mg, 0.0035 mmol) and KOH (160 mg, 2.8 mmol) were

4-bromoanisole 1@) were detected by GC-MS analysis usingadded in EtOH (1.0 mL). The mixture was degassed Het

decalin as internal standard.

With EtOH.4-Bromoanisole4a) (9 pL, 0.072 mmol), Co(tbp)
(8.3 mg, 0.014 mmol) and KOH (156 mg, 2.8 mmol) wetdeal
in EtOH (1.0 mL). The mixture was degassed for threeze-
pump-thaw cycles, purged with,Nand heated to 15 for 6 h.
100% vyield of anisole2q) was detected by GC-MS analysis
using decalin as internal standard.

5.3.3.Catalyst Loading Effect
With 0 mol%.4-Bromoanisole Xa) (9 pL, 0.072 mmol) and

freeze-pump-thaw cycles, purged with, ldnd heated to 18T
for 25 h. 21% vyield of anisole2¢) and 65% of recovered 4-
bromoanisole ¥a) were detected by GC-MS analysis using
decalin as internal standard.

5.3.6. Atmosphere Effect

4-Bromoanisole ¥a) (9 pL, 0.072 mmol), Co(tbp) (2.1 mg,
0.0035 mmol) and KOH (159.4 mg, 2.8 mmol) were aduhed
EtOH (1.0 mL). The mixture was heated to £&80for 10 h. 96%
yield of anisole 2a) was detected by GC-MS analysis using
decalin as internal standard.

KOH (154 mg, 2.7 mmol) were added in EtOH (1.0 mL). The

mixture was degassed for three freeze-pump-thaw sypleged
with N, and heated to 151 for 24 h. 8% yield of anisole24)
and 80% of recovered 4-bromoanisdle)(were detected by GC-
MS analysis using decalin as internal standard.

With 2.5 mol%.4-Bromoanisole 1a) (9 uL, 0.072 mmol),
Co(tbp) (1.1 mg, 0.0018 mmol) and KOH (160 mg, 2.8 Mmo

5.4.Substrate Scope

4-Chloroanisole.4-Chloroanisole ib) (9 pL, 0.073 mmol),
Co(tbp) (2.1 mg, 0.0035 mmol) and KOH (160 mg, 2.8 Mmo
were added in EtOH (1.0 mL). The mixture was degaseed f
three freeze-pump-thaw cycles, purged wit)) Bhd heated to

were added in EtOH (1.0 mL). The mixture was degaseed f 150°C for 24 h. 5% yield of anisole2q) and 80% of recovered

three freeze-pump-thaw cycles, purged witf) Bhd heated to
150°C for 24 h. 94% vyield of anisol@d) and 5% of recovered

4-bromoanisole @) were detected by GC-MS analysis using

decalin as internal standard.
With 5 mol%. 4-Bromoanisole ¥a) (9 pL, 0.072 mmol),
Co(tbp) (2.1 mg, 0.0035 mmol) and KOH (156.7mg, 2r8at)

were added in EtOH (1.0 mL). The mixture was degassed £ 150

three freeze-pump-thaw cycles, purged wit) Bhd heated to
150°C for 8 h. 100% vyield of anisol@®) was detected by GC-
MS analysis using decalin as internal standard.

With 10 mol%.4-Bromoanisole ¥a) (9 pL, 0.072 mmol),
Co(tbp) (4.2 mg, 0.007 mmol) and KOH (157.9mg, 2.8ahm

were added in EtOH (1.0 mL). The mixture was degaseed £ 150

three freeze-pump-thaw cycles, purged wit)) Bhd heated to
150°C for 6 h. 98% yield of anisole2d) was detected by GC-
MS analysis using decalin as internal standard.

5.3.4.KOH Loading Effect

Without base4-Bromoanisole ¥a) (9 pL, 0.072 mmol) and
Co(tbp) (2.1 mg, 0.0035 mmol) were added in EtOH (fhl).
The mixture was degassed for three freeze-pump-thales;
purged with N, and heated to 158C for 24 h. 0% vyield of
anisole a) and 100% of recovered 4-bromoaniscle)(were
detected by GC-MS analysis using decalin as intestaaldard.

With 20 equiv of base4-Bromoanisole 1a) (9 pL, 0.072
mmol), Co(tbp) (2.1 mg, 0.0035 mmol) and KOH (80.9, g}
mmol) were added in EtOH (1.0 mL). The mixture was dsgd
for three freeze-pump-thaw cycles, purged withanhd heated to
150°C for 24 h. 68% vyield of anisol@4) and 30% of recovered

4-chloroanisole 1b) were detected by GC-MS analysis using
decalin as internal standard.
4-lodoanisole.4-lodoanisole 1c) (16.7 mg, 0.071 mmol),
Co(tbp) (2.1 mg, 0.0035 mmol) and KOH (158.7 mg, rardol)
were added in EtOH (1.0 mL). The mixture was degaseed f
three freeze-pump-thaw cycles, purged wit)) Bhd heated to
°C for 2 h. 92% yield of anisole2d) was detected by GC-
MS analysis using decalin as internal standard.
2-Bromoanisole.2-Bromoanisole ¥g) (9 pL, 0.072 mmol),
Co(tbp) (2.1 mg, 0.0035 mmol) and KOH (160.0 mg, rardol)
were added in EtOH (1.0 mL). The mixture was degaseed f
three freeze-pump-thaw cycles, purged wit)) Bhd heated to
°C for 4 h. 96% yield of anisole2d) was detected by GC-
MS analysis using decalin as internal standard.
3-Bromoanisole.3-Bromoanisole Xd) (9 pL, 0.071 mmol),
Co(tbp) (2.1 mg, 0.0035 mmol) and KOH (157.2 mg, rardol)
were added in EtOH (1.0 mL). The mixture was degas$sed
three freeze-pump-thaw cycles, purged wit)) Bhd heated to
150°C for 8 h. 90% vyield of anisole2#) was detected by GC-
MS analysis using decalin as internal standard.
1-Bromo-2,5-dimethoxybenzene. 1-Bromo-2,5-
dimethoxybenzenelf) (11 uL, 0.073 mmol), Co(tbp) (2.1 mg,
0.0035 mmol) and KOH (161.8 mg, 2.9 mmol) were aduhed
EtOH (1.0 mL). The mixture was degassed for threezéee
pump-thaw cycles, purged with,Nand heated to 15 for 2 h.
100% vyield of 1,4-dimethoxybenzene was detected byMSC
analysis using decalin as internal standard.
Bromo-2,4,6-trimethoxybenzene. 1-Bromo-2,4,6-
trimethoxybenzenel() (17.6 mg, 0.071 mmol), Co(tbp) (2.1 mg,

4-bromoanisole 1@) were detected by GC-MS analysis using 0.0035 mmol) and KOH (157.5 mg, 2.8 mmol) were adited

decalin as internal standard.
With 30 equiv of base4-Bromoanisole 1a) (9 pL, 0.072
mmol), Co(tbp) (2.1 mg, 0.0035 mmol) and KOH (1204, &1

EtOH (1.0 mL). The mixture was degassed for threezéee
pump-thaw cycles, purged with,Nand heated to 15 for 4 h.
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99% yield of 1,3,5-trimethoxybenzene was detectedS¥MS  12% of benzoic acid were detected Yy NMR using 10uL
analysis using decalin as internal standard. CHCILCHCI, as internal standard.

1-Bromo-4-chlorobenzene.1-Bromo-4-chlorobenzene 1K) 4-Bromobenzaldehydd-Bromobenzaldehydelif) (14.1 mg,
(13.7 mg, 0.071 mmol), Co(tbp) (2.1 mg, 0.0035 mmetd  0.07 mmol), Co(tbp) (2.1 mg, 0.0035 mmol) and KOHGB5
KOH (156.2 mg, 2.78 mmol) were added in EtOH (1.0 mke T mg, 2.8 mmol) were added in EtOH (1.0 mL). The mixtweaes
mixture was degassed for three freeze-pump-thaw gypleged degassed for three freeze-pump-thaw cycles, purgidNyi and
with N,, and heated to 150C for 6 h. 100% vyield of heated to 150C for 7 h. 32% ofa-methylbenzyl alcohol and
chlorobenzene was detected by GC-MS analysis usicgjides  12% of 4-bromoz-methylbenzyl alcohol were detected Hyt
internal standard. NMR using 10uL CHCI,CHCI, as internal standard.

1-Bromo-2,4,6-triisopropylbenzene. 1-Bromo-2,4,6- 1-tert-Butyl-4-chlorobenzene. 1-tert-Butyl-4-chlorobenzene
triisopropylbenzenel{) (36 pL, 0.142 mmol), Co(tbp) (4.2 mg, (1p) (12 pL, 0.07 mmol), Co(tbp) (2.2 mg, 0.0037 mmol) and
0.007 mmol) and KOH (319.5 mg, 5.7 mmol) were added i KOH (155.7 mg, 2.8 mmol) were added in EtOH (1.0 mL)e Th
EtOH (2.0 mL). The mixture was degassed for threezéee mixture was degassed for three freeze-pump-thaw sypleged
pump-thaw cycles, purged with,Nand heated to 15 for 10  with N,, and heated to 151 for 24 h. 3% otert-butylbenzene
h. 100% vyield of 1,3,5-triisopropylbenzene was degdy GC- and 95% of recovered tert-Butyl-4-chlorobenzene were
MS analysis using decalin as internal standard. fiéection detected by GC-MS analysis using decalin as intestaaldard.
mixture was purified with silica gel column chromaimghy 1-Chloro-4-iodobenzenel-Chloro-4-iodobenzeneld) (16.9
using hexane as eluent to get the first fast mov¥iagtion as mg, 0.07 mmol), Co(tbp) (2.1 mg, 0.0035 mmol) and KOH
1,3,5-triisopropylbenzene (27.4 mg, 0.13 mmol) 49®yield.'H (153.3 mg, 2.8 mmol) were added in EtOH (1.0 mL). The
NMR (CDCl, 400 MHz)s 1.28 (d, 18H%J = 6.9 Hz), 2.85-2.95 mixture was degassed for three freeze-pump-thaw sypleged
(m, 3 H), 6.94 (s, 3 H). with N,, and heated to 15T for 1 h. 100% of chlorobenzene

9-Bromoanthracene9-Bromoanthracenell) (35.4 mg, 0.14 was detected by GC-MS analysis using decalin as nfter
mmol), Co(tbp) (4.1 mg, 0.007 mmol) and KOH (316.3,a@  standard.
mmol) were added in EtOH (2.0 mL). The mixture was degd 4,4’-Diiodobiphenyl.4,4’-Diiodobiphenyl {r) (28.5 mg, 0.07
for three freeze-pump-thaw cycles, purged withahd heated to mmol), Co(tbp) (2.2 mg, 0.0037 mmol) and KOH (157 @, &.8
150°C for 4 h. The reaction mixture was purified withcgilgel ~ mmol) were added in EtOH (1.0 mL). The mixture was degd
column chromatography using hexane as eluent tahgefirst  for three freeze-pump-thaw cycles, purged with&hd heated to
fast moving fraction as product of anthracene (18@ 0.11  150°C for 2 h. The reaction mixture was purified withicsil gel
mmol) in 77% yield."H NMR (CDCk, 400 MHz)J 7.46-7.49 column chromatography using hexane as eluent tahgefirst

(m, 4 H), 8.00-8.03 (m, 4 H), 8.44 (s, 2 H). fast moving fraction as biphenyl (7.8 mg, 0.05 myal 72%
4-Bromobiphenyl. 4-Bromobiphenyl §j) (32.7 mg, 0.14 yield.
mmol), Co(tbp) (4.1 mg, 0.007 mmol) and KOH (318.5, iBgy 2-Bromopyridine 2-Bromopyridine {s) (7 pL, 0.073 mmaol),

mmol) were added in EtOH (2.0 mL). The mixture was degd  Co(tbp) (2.1 mg, 0.0035 mmol) and KOH (150.3 mg, rArmol)
for three freeze-pump-thaw cycles, purged withahd heated to were added in EtOH (1.0 mL). The mixture was degaseed f
150°C for 12 h. 98% yield of biphenyl was detected by S- three freeze-pump-thaw cycles, purged with) Bhd heated to
analysis using decalin as internal standard. Theti@ mixture 150 °C for 1 h. Complex mixture was achieved after remcti
was purified with silica gel column chromatographyings with 2-bromopyridine consumed completely.
hexane as eluent to get the first fast moving ilbacas biphenyl 2-Bromo-5-methylpyridine2-Bromo-5-methylpyridine 1f) (8
(18.7 mg, 0.12 mmol) in 87% vyield. pL, 0.07 mmol), Co(tbp) (2.2 mg, 0.0037 mmol) and KOH
4-Bromo-(N, N-dimethyl)aminoanisole4-Bromo-(N, N (154.7 mg, 2.8 mmol) were added in EtOH (1.0 mL). The
dimethyl)aminoanisolelk) (14.3 mg, 0.072 mmol), Co(tbp) (2.1 mixture was degassed for three freeze-pump-thaw sypleged
mg, 0.0035 mmol) and KOH (156.8 mg, 2.8 mmol) werdead with N,, and heated to 15 for 1 h. 87% of 2-methylthiophene
in EtOH (1.0 mL). The mixture was degassed for threeZe- was detected by GC-MS analysis using decalin as nafter
pump-thaw cycles, purged with,Nand heated to 15 for 24  standard.
h. 79% vyield of K, N-dimethyl)aminoanisole and 20% of 5.5.Mechanistic Investigation

recovered 4-BromoN, Ndimethyl)aminoanisole 1K) were )
detected by GC-MS analysis using decalin as intestaaldard. Independent Synthesis of Co(tbp)Ph(p-OMep(tbp)Php-

4-Bromo-benzylphenyl ether4-Bromo-benzylphenyl ether OMe) was prepared according to literature metHd@b(tbp) (9.0
(1m) (37.7 mg, 0.143 mmol), Co(tbp) (4.2 mg, 0.007 Mraad ~ MY; 0.015 mmol), 4-bromoanisole (1{&, 1.4 mmol), KOH
KOH (312 mg, 5.56 mmol) were added in EtOH (2.0 mL). The(8-9 Mg, 0.15 mmol) an@uOH (65uL, 0.70 mmol) were added

mixture was degassed for three freeze-pump-thaw sypleged I benzene (1.0 mL). The mp(ture was degassed feetfreeze-
with N,, and heated to 15€ for 17 h. The reaction mixture was PUMp-thaw cycles, purged with,Nand heated to 15T for 4 h.
neutralized with HCI (3 M) before GC-MS analysis. 4gifid of ~ Benzene solvent was removed with evaporation. Theuesvas
benzyl phenyl ether, 50% of toluene and 50% of @tphenol purified with column chromatography on silica geldansing

were detected by GC-MS analysis using decalin asnite hexane/DCM (v:v/3:1) as eluent to get the secondnation as
standard. product of Co(tbp)PpcOMe) (12.5 mg, 0.018 mmol) in 56%

. 1 29
4-Bromobenzonitrile. 4-Bromobenzonitrile 10) (12.6 mg, Yi€ld- H N_MR (CDCL, 400 MHz)4 0.14 (d,’J = 8.9 Hz, 2 H),
0.07 mmol), CO(tbp) (21 mg, 0.0035 mmol) and KOH].(BG 0.86 (t, J=7.3Hz, 12 H), 1.24 (m, 8 H). 2.16-2.23 (m, 8 H),42.7

29 — —
mg, 2.9 mmol) were added in EtOH (1.0 mL). The mixtwes (S 3 H), 4.31 (d.J=8.9 Hz, 2 H), 4.58 (1= 7.6Hz, 8 H), 9.37

13
degassed for three freeze-pump-thaw cycles, purgedNyi and (S, 8 H). "C NMR (CDCk, 176 MHz) § 14.16, 23.01, 34.23,
heated to 156C for 1 h. The reaction mixture was diluted with 38-90, 54.07, 108.65, 119.63, 130.35, 132.35, 143184.96.

water and extracted with dichloromethane for 3 tinteget rid ~HRMS (ESI-MS): calcd for GHs;CoN,O [M]" m/z 698.3389;
of Co(tbp). The water layer was acidified with HCI (Beind  found m/z 698.3392.

extracted with ED for 3 times. The organic layer was combined _ 11aP experimentd-Bromobenzenel@) (9 uL, 0.072 mmol),
and dried with rotary evaporator. 86% 4-bromobenzaid and ~ €O(tbp) (2.1 mg, 0.035 mmol) and KOH (161 mg, 2.9 a)m
were added in benzene (1.0 mL). The mixture was dedafor
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three freeze-pump-thaw cycles, purged with &hd heated to
150 °C for 24 h. 3% of anisole24) was detected by GC-MS
analysis using decalin as internal standard. 35% 4ef
methoxybiphenyl and 35% of recovered 4-bromoaniq@d
were detected byH NMR analysis using CH@CHCl, as

internal standard.

Reaction between Co(tbp)Ph(p-OMe) and EtOH in neutral
conditions. Co(tbp)Php-OMe) (2.5 mg, 0.0035 mmol) was
added in EtOH (1.0 mL). The mixture was degassed Het
freeze-pump-thaw cycles, purged with, Mnd heated to 15
for 8 h. Both TLC and GC-MS analysis showed no reacti
occurred.

Reaction between Co(tbp)Ph(p-OMe) and EtOH in basic
conditions. Co(tbp)Php-OMe) (2.5 mg, 0.0035 mmol), KOH
(154.9 mg, 2.8 mmol) were added in EtOH (1.0 mL). The
mixture was degassed for three freeze-pump-thaw sypleged
with N,, and heated to 15€ for 1.5 h. 100% of anisol@d) was
detected by GC-MS analysis with quantitative fornmatiof
Co(tbp).
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