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Examples of Successful Applications

History and Development

: ' ; The first example of PTC being applied in industry was Catalysts based on chiral quaternary Advantages ‘ //

Phase-transfer catalysis (PTC) accelerates reactions by . n g app Y ammonium salts derived from cinchona alkaloids have . :
F A A S G N in 1962 at a Polish company, Isopharm, where they were _ < ot _
timaln?) tlhgr vshe ;V(:he S fo‘:m of manufacturing 2-phenylbutyronitrile. fouRd the most X\;Eclespread applications o Beduces the rt1_eed forcl;;lgh temperatures and

: : . : - Asymmetric ation vigorous reaction conditions
heterogeneous catalysis that relies on pha.se-tr_an§fer ' W8 o N %CL ‘ o Allows for the use of cheaper and more readily
agents to tran.sport a reagent betwe(?n immiscible 50% NaOH aq Ph,C* OBy + PHCHBr <~ = P,C7 X o8 available catalysts (such as replacing harsh
phases, enabling the reagents to interact. The PR CN + YU +  Ph——CN * 16 catalysts like LDA for bases like KOH)
trans.:ferred species rerpains active for effective catalysis o Decreases the use of harmful organic solvents
and is regenerated during the reaction. 90-95% 3-5% and expensive aprotic solvents

e Eliminates solvent drying steps as there is no
need for using anhydrous solvents
e |s easily scalable and cheap due to the use of
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and reacted with alkenes, while treating chloroform and A CO OO @”34_M9006H4
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R-Cl + QCN RCN + QCI alkenes with concentrated aqueous NaOH in the aqueous solvents
Organic phase Reaction presence of benzyltriethylammonium chloride. This 98 Ar=3Thr Gl o CF; 8a
i I I i (S.5)6a (21): 1 mol %, 9a (22):10 mol%, CsOH - H,0  8a (23): 1 mol %, 15M KOH a
A copvmced the chemlcal community that thl_s .approach KO ot o, e e ik e, a Challenges
VA YA T T T Y o N L Y L L VA VAV VLN USIﬂg a tWO ImmISCIbIe SOIVentS was an eff|C|ent Way tO yield: 88%, ee: 96% (R) yield: 87%, ee: 93% (R) yield: 89%, ee: 97% (R) T Used PT Catal
. Table 1. Commonly Used PT Catalysts
¢ g €n erate car b anions. Marucka Shibasaki Lygo Ca.lalyst cost Stability and Activig _ ‘ Use and Recovery of Calaly:it
1 ) 1 2 4 Epoxy dation Ammonium salts Cheap ﬁgdﬁgﬁ){ gé%k;llc.il %{g}rﬁéﬁ;ﬁﬁ%&% mfﬁt,um Recovery is relatively
NaCI + QCN ‘ ) NaCN + O.CI R R R R 0 Catalyst 0 ll:}d?)[zi[::mtely active. . h
. 50% NaOH aq 4 3 ).I\f_//.\ 4 )KC_}_.-/‘\ Phosphonium salts Costlier than More stable thermally than ammonium Widely used. Recovery is relatively
Aqueous Phase Reaction + CHCI - R R Ph Ph Conditions Ph Ph ammonium salts salts, although less stable under basic con- difficult.
3 TE BA ditions.
BASIC STEPS ' R4 R3 cl” CI A A cromneten e der b conitons and st hisher emper- poses envronmental s us o
. . ! — atures up to even150-200°C. their toxicity.
1) AI'IIOI"I tranSfer or de|lvel’y Of anion frOm aqueOUS tO - © OH Oe Cryptands Expensive Stable and highly reactive, except in the Used sometimes despite high costs
Br presence of strong acids. and toxicity, due to higher reactivity.
Organlc phase ‘ ?H ® N & ﬁ Bre PEG Very cheap More stable than quaternary ammonium Often used. Can be used when larger
2) The intrinsic reaction or orgamc-phase d|sp|acement In 1971,. Charles Starks coined thg term P.h ase Trgnsfer | N OK 0. Anthracenyl O OO salts, but lower activity. &Tﬁ?lﬁﬁ;ﬁi lc;églqyysltotrzil;te?o prob-
reaction step Catalysis, when he reported reactions of inorganic Nx H U k 2”
d 3 . r
anions and nonpolar organic compound proceed in two- ! A PTC is not an inherently green method, solvent
UnderStanding the two StepS in PTC reactions is phased SyStemS when Catalyzed by tetraal kylammonium 2a: 10 mol % 4b: 10 mol % ;TSSrfc;r::-CﬁHa selection is very important_ For example, some
essential because different variables impact each step salts. ;'f'; iﬂ‘ﬂg H202 29 :“;30' i 13% NaOC! 2 reactions may proceed better with solvents such as
. . g . . 20, oluene, o toluene, 0
dlffer;ently. Forb examplci, agrlltatlon is cr:;cnalI for the 4.0 yield: 97%, ee: 84% yield: 96%, ee: 93% yield: 99%, o6: 96% DMF and DMSO. These solvents are, however,
transfer step but not for the intrinsic displacement 2 2 st . 3 expensive, hard to separate, and have high
- HATRL - g -CqH+-Cl + NaCN o -CaH+-CN * Aziridination and Michael Addition 3 At R ! g
reaction. To optimize the reaction, focus on variables N-UgMq7 d R N'CF N-Lghlq7 environmental impact
. t : ada
that enhance the slower step. 4 j\ S S, Tl RORA GRS 7 = It is also often difficult to separate the catalyst and
P 2 -
, " ) . . Bu'” N e P N products from the two phases
Relationship with Green and Sustainable The extraction mechanism was also formulated by ™ 20% Naom 45 r A UISE b s B s A D A LA
Chemist Starks in this same publication. : or
emistry | 39 looking at many factors. It may also be difficult to
PTC are crucial in green chemistry, enabling the use of water The importance of PTC and its development is evident Ma 1a: yield: 56%, ee: 88% (R) regenerate the catalyst
; ) ’ : ) L, 2b: yield: 79%, ee 94% (S) > s
and reducing organic solvents. PTC reactions proceed usually through the market for PT catalysts exceeding 1 billion Mechanisms are also often very complicated and
in _high yields and selectivity, whereas undesired side- USD. ™ s kinetic modeling is difficult, due to the many different
f;ﬂ;l:tfé:;eingg;c;ﬁslncﬁx l:q;zr;?;:zﬂ'll:;;e atﬁgh;:;c;?:: . interactions between phases, reactants, products, and
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