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Chapter S1

Dependences of integral and differential selectivity on timein the competitivereaction
of two competing substrates

The reaction of two competing substra®sandS2 converting into two productl andP2 on
the catalysCat can be presented as follows:

Sl1+Cat [1% . P1+Cat

S2+Cat O — P2+ Cat

Catalyst concentration@gt]) does not change, therefore competing reactiansde considered
as the pseudo-first-order reaction described byalh@wing rate equations:

_dsy _disy

= =kj[Cat][S]) = k/[s1] andr,, =

- " = k,[Cat][S2] = k[S2]

whereK 1=k{[Cat], K»=k,[Cat], t - reaction time.

In this situation integral equations of the sulisgaonsumption will be as:
[s1] = [s1], xe™™" and[s2] =[s2], xe™,

where Bl]o and B2]o — initial concentrations of the substrates.

Integral equations for products:

[Pq=[sd, - (st = [st], @~ &™) u [P2] =[s2], ~[s2] =[s2], (1- &™)

So integral selectivity:

P (s, a-e™)
int [P—ZLJT[P—ZJ [Sl]o (1- e—k{t) + [82]0 a- e—két)

And differential selectivity:

S, = m - kls]  _ k;[SI],e™
"ot K[SU+K[S2] K/[s1] et +kl[S2],e

It is obvious that differential and integral seleities depend on time in different ways. It is
illustrated by calculated dependences of the geites presented in Fig. S1.
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Fig. S1 Calculated dependences of integral (1)diffierential (2) selectivitiesk;=0.5 min®,

K,=0.05 min', [S1]o=[S2]o=100M).

Chapter S2

Quantitative measurements of selectivity by integration of equations corresponding to

different mechanism hypotheses

1. If the rate ratio of competing reactions is expeglsisy the equation:

o1 K[ Xeml ki

then

d[P2 d[s2
— [ %t_ [ %t_kz[xoom] k2

d[P%t dls%t K[ Xooml K
d[S2] _ k,

dsy  k

[S2] [s]

Kk, jol[SZ]:k2 jd[s1]

[S2]o [Stlo

k,(S21-[s2]1,) = k, (S -[S1],)

rP2
r.Pl

Integral dependence of [S1] on [S2] will be as:

(s = [[suo —%[szlo}%[sz]

2



The slope of tangent to any point of the linearatefence $1]=f [2] is the ratio of the rate
constants of competing reactions determining tiferéintial selectivity.

2. If the rate ratio of competing reactions is expeglsisy the equation:
los _ Kol Xeonl[S2] _ K, [S2]

e K[ Xenl[SL] K [S1]

then

i B, A A

oy d[Pl/ d[Sl/ K[ Xeoml[S] Ky [S]

d[s2] _k, [S2]
disl] k[
[T] ds2] _k, 7' dis
2, 1521 kg, [S

Ln([SZ]] Ln([su]
[S2],) &k \[Sl]

Integral dependence of [S&h [S2] will be as:

2 2

LN Sl = [Ln[SL]O —% Ln[SZ]OJ +% Ln[S2]

The slope of tangent to any point of the linearasefencdn[S1]=f(Ln[S2]) is the ratio of the
rate constants of competing reactions determirnegiifferential selectivity.

3. If the rate ratio of competing reactions is expeesisy the equation (for competing
reaction of two competing substrates and commogergaR):

T _ d[PZ/ d[sz/ [kgz szj[kisﬁkﬂ[R]][sz]

o d[Pl/ d[Sl/ k's, +ke,[R] ) [SI]

d[S2] _ (Keeks, | ks +kg[R] \[S2]
diSl] | kake \Kls +ks[R])[SI]

/
kSl S1

As this equation is too complex integral dependeri¢&1] on [S2] can be obtained by
appropriate methods of numerical integration. atoon of the rate constants can be performed
by nonlinear fitting the experimental data to seléty equation (typically a PC with a
spreadsheet program, perhaps supplemented by aarcmhturve-fitting package).



Chapter S3

Differential selectivity measurements using to investigate active species haturein cross-
coupling reactions

3.1.Mizoroki-Heck reaction
To study the differential selectivity competitiveperiments were carried out. Styrene (5 mmol)

and two competing aryl halides (S1 and S2) (2.5 hoheach), NaOAc (6.5 mmol) as base,
Pd/support or Pdg(0.08 mmol of Pd, i.e. 1.6 mol% with respect reme), naphthalene (1
mmol) as internal standard for GC analysis wereeddd 5 ml of DMF in a glass reactor,
equipped with a magnetic stirring bar and a septuet. The reactor was placed into a pre-
heated oil bath (14C) and the reaction mixture was stirred. Each ras vepeated three times
to make sure that it is reproducible. Samples fGraBalyses were collected at different
moments of the reaction.

When alkenes were used as competing substratesmiebt-chlorobenzene (5 mmol) and two
competing alkenes (S1 and S2) (2.5 mmol of eachDAE (6.5 mmol) as base, Pd/C or PdCI
(0.08 mmol of Pd, i.e. 1.6 mol% with respect tol dnpmide), naphthalene (1 mmol) as internal
standard for GC analysis were added to 5 ml of DIM& glass reactor, equipped with a
magnetic stirring bar and a septum inlet. The a@rpamtal procedure was analogous to
mentioned above.
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Fig. S2 The phase trajectories of Mizoroki-Heckctea of competing aryl iodides
(iodobenzene and 4-iodotoluene) with styrene uBidiGL (m) and Pd/C ¢)as catalyst
precursors, wherdP[L] - [stilbene], P2] - [4-methylstilbene].
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Fig. S3 The phase trajectories of Mizoroki-Heckctem with styrene and competing
lodobenzene and bromobenzene using P@}land Pd/C ¢) as catalyst precursors.
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Fig. S4 The phase trajectories of Mizoroki-Heckctea of competing aryl bromides
(bromobenzene and 1-bromo-4-chlorobenzene) witleiséyusing 1,6 mol.%aj, 0,32 mol.%
(0), 0,16 mol.% ¢), 0,016 mol.% ¢) of PdC} as catalyst precursor, whefl] - [stilbene],
[P2] - [4-chlorostilbene].
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Fig. S5 The phase trajectories of Mizoroki-Heckctea of competing aryl bromides
(bromobenzene and 1-bromo-4-chlorobenzene) witleiséyusing NBiBr (Pd/C + NByBr, ),
HCOONa (PdCGl+ HCOONam), PdC} (o) and Pd/C ¢) as catalyst precursors, wheRd] -
[stilbene], P2] - [4-chlorostilbene].
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Fig. S6 The phase trajectories of Mizoroki-Heckcteam of 1-bromo-4-chlorobenzene with
competing alkenes (styrene amtbutyl acrylate) using Pdg(e) and Pd/C «) as catalyst
precursors, wherdP[L] - [4-chlorobutylcinnamate] H2] - [stilbene].

3.2.Suzuki-Miyaura reaction
To study the differential selectivity competitiveperiments were carried out. Phenylboronic

acid (5 mmol) and two competing aryl halid& @nd<?) (2.5 mmol of each), NaOAc (6.5
mmol) as base, Pd/support or Pg(@.08 mmol of Pd, i.e. 1.6 mol% with respect to



phenylboronic acid), naphthalene (1 mmol) as irgkestandard for GC analysis were added to 5
ml of DMF in a glass reactor, equipped with a maigrairring bar and a septum inlet. The
reactor was placed into a pre-heated oil bath%@)yiand the reaction mixture was stirred. Each
run was repeated three times to make sure thatepiroducible. Samples for GC analyses were
collected at different moments of the reaction.
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Fig. S7 The phase trajectories of Suzuki-Miyauextien of competing aryl iodides
(iodobenzene and 4-iodotoluene) with phenylboraweid using PdGl(m), Pd/ALO; (A) and
PdLC (e) as catalyst precursors wheR4] - [biphenyl], [P2] - [4-methylbiphenyl].

35 -
e
csS 30
S s
NS 25
m\—l
>-)<
c &
o O 20
°3
()
c 9 15
GN-)Q_
c c
v O 10
23
Efﬁ
s °
o

O T T T T T

0 10 20 30 40 50

iodobenzene conversion to reaction
products*100, M



Fig. S8 The phase trajectories of Suzuki-Miyauetien with phenylboronic acid and
competing iodobenzene and bromobenzene using PalCPdC (A) and PdC + NBwBr (e)
as catalyst precursors.

3.3.Comparative study of Mizoroki-Heck and Suzukigdira reactions
To compare differential selectivities Mizoroki-Heakd Suzuki-Miyaura reactions the reactions

between two competing aryl halides and styreneéhenglboronic acid in Mizoroki-Heck and
Suzuki-Miyaura reactions respectively were caroatlaccording to the procedures mentioned
above.

80 -

[P2]*100, M

0 T T T 1
4
[P1]*100, M

Fig. S9 The phase trajectories of Suzuki-Miyauexctien with phenylboronic acid and
Mizoroki-Heck reaction with styrene and competimg &romides (bromobenzene and 4-
bromoacetophenone) using) (Pd/SiQ (Suzuki-Miyaura reaction) o Pd/ALO3; (Suzuki-
Miyaura reaction),&) PdC} (Suzuki-Miyaura reaction)m) Pd/SiQ (Mizoroki-Heck reaction),
(o) Pd/ALO; (Mizoroki-Heck reaction) and&) PdC} (Mizoroki-Heck reaction) as catalyst
precursors wheréfL] - [product of bromobenzene couplingp?] - [product of 4-
bromoacetophenone coupling].



