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Bbstract: After a short intreducticn, the actual possibilities and the prospec-—

tive use of phase transfer catalysis in drug preparaticn are reviewed (198 ref.)
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Glossary.- In reaction schemes the following terms are used:
PTC = Phase Transfer Catalysis
¥ =2 nucleophiliic anion, e.g. CN7, RBC_' RO™, RGOE, Flyvens
L = & leaving group, e.g. Cl, Br, OSOZMe,....
2 = An electron withdrawing group: NOZ' CH, CF_ seuun
M} = an alkaline or alkaline-earth cation: Na¥, k¥, cal+,....
Q+X" = A quaternary ammonium or phosphonium halide.
Other substituents or atems follow the IUPAC rules and their meaning is self evident,

The following abbreviations are frequently used:

TEBA = Triethyl benzyl ammonium chloride.
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TEAB = Tetrabutyl ammonium bromide.

TBA5504 = Tetrabutyl ammonium hydrogen sulfate.
TBAC] = Tetrabutyl ammonium chloride.
18¢c6 = 18 crown 6.

Adogen or aliquat = A mixture contalning mainly trioctyl methyl ammonjum chloride.

I. INTRODUCTION

Phase Transfer Catalysis is one of the most attractive new techniques in organic synthesis.
The method has a very broad scope of application. Chemically, the possibilities include the prepa-
ration of compounds from starting materials unreactive or decomposed under cther conditions, and
more generally the increase of the yields or of the selectivities in a large number of syntheses,
Moreover from a practical point of wilew the method is simple, the work up is easy, and the reagents
and solveqts are of low cost.

Several references have been published on the thecry and practical uses of Phase Transfer
Catalysis (booksl_s; reviews® 1%); they can be consulted for a listing of the reactions already
reported. However, if general papers have appeared on the application of Phase Transfer Catalysis
to several fields of chemistry, e.g. heterocyclic chemistry13, macromolecular chemistrylé, indus-
trial chemistryls, dye chemistryls,.. no reviews exist, to the best of our knowledgelT, on the
applications of phase transfer catalysis in Medicinal Chemistry, or more specifically to the syn-

thesis of drugs or pharmaceutical intermediates, This is the purpose of the present paper.

Basically Phase Transfer Catalysis is a method which allows to carry ocut a reaction between
a substrate soluble in an organic solvent and an ionic reagent inscluble in this selvent. Ionic
reagents {saline compounds) are used in synthesis for two reasons:

- they exist as such and are not used under their neutral form, e.qg. nitriles are prepared
from a halide and NaCN not HCN18; aromatic fluorides are obtained by halogen exchange with KF not
I-!I‘lg.

- when the same reaction, e.g. a nuclecphilic substitution, can be carried out either with a
neutral or with an lonic nucleophile, the ionic species is always more reactive (by 10 to 106)20,

SR NH, Na'Rrs >RsH.

+ = +

e.g, Na RO >RCH, Na R
However, the heterogenecus conditions corresponding to the use of high concentrations of anio-

nic micleophiles in organic solvents lead to a poor contact between reagents and to low reaction

rates.

A well documented method used to increase the mutual solubility of hydrophilic and lipophilic
reagents is to carry out the reactions in protic selvents (in fact mostly hydroxylic) such as al-
cohols. However, when a nucleophilic anion is dissolved in a protic solvent it is always hydrogen

bonded to the selvent and therefore its reactivity is greatly decreased.

21
Rnother class of compounds has attracted much interest: dipolar aprotic solvents . The most
commonly used are DMF, DMSC, HMPA, acetonitrile and nitromethane; they have the property to dissol-
ve in part (if not completely) saline reagents without hydrogen bonding with them. Therefore they

22
have the advantage to increase the rate of a large number of reactions .

Unfortunatly polar aprotic solvents have several inconveniences: they are expensive; they must
be used under anhydrous conditions; they are difficult to remove from the reaction medium because
of theilr high boiling peoints; they are miscible with water, which means that purification using

aguecus solution must be aveoided when upscaling chemical processes.
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A method was really needed that would allcow to dissclve ionic reagents in common apolar sol-
vents, give easy and safe reaction conditions and afford increased yields of reaction and improved

purity of compounds. Phase Transfer Catalysis meets all these conditions.

1. Liquid-Liguid Phase Transfer (atalysis

The following example, first reported by Starks, shows the peossibilities of PTC23: 1f octyl
chloride dijuted in decane is reacted with sodium cyanide dissolved in water, at 105°C with a
strong agitation, no reaction occurs after 3 hours. If 1.5% of hexadecyl tributyl phosphonium bro-

mide is added, a 99% yield of octyl nitrile is obtained within 2 hour524.

The following scheme shows how the reaction proceeds when a tetrabutyl ammonium chloride is

used as catalyst.

RCN + Bu4N+Cl— -— RC1  + Bu4N+CN_ organic phase
M\_A/\/\W
Na CN + Bu4N cl _ Bu4N CN + Na Cl agqueous phase

The sodium ¢yanide which is soluble in water does not migrate into the crganic phase. Upon
addition of a guaternary ammconium chloride, an exchange cecurs in the agqueous phase between the
cations Na' and Bu

N+, and the icn pair Bu N+CN-, lipophilic enough because of the 16 carbons of

4 4
the quaternary ammoniuvm, transfers in the organic phase where the reactions take place.
Experimentally, liquid-liquid PTC corresponds to a system made of two phases: an organic phase
containing a liquid reagent with (or without) an organic selvent non miscible in water and an agque-
ous phase centaining in most cases a nucleophilic reagent Y—M+. Moreover a guaternary ammonium or

phosphonium catalyst is partitionned between the two phases.

Solvent + organic reagent organic phase
(when any)
\/\;/v-*}:/\H/—\/\/\/\/\/W
X o*x NI . - agueous phase
MY —_—r Y + M X

H20 or HZO + NaCH

Depending upon the nature of the nucleophile two possibilities exist:
a) M"Y_ ig dissolved directly in water, e.g. Na+CN-, K"F-,...
b) or M+Y- is obtained by exchange between a neutral reagent and a base,
YH e MOH =— M"{ v HO
e.qg. PhCH,CN + NaOH ——* Na PhCHCN + 8.0

2 2
-
ROE + NaQH = Na RC + H 20

In the last case the agueous phase contains water and a ceoncentrated base (usually NaOH/HZO,

50/50 by weight).

The scheme reported above for synthesis of nitriles is a good representation of phase trans-
fer mechanism when no additional base is necessary and when the gquaternary ammonium salt is soluble
in part in water. When an additional base is necessary in the aqueous phase or when the quaternary
ammonium salt is not soluble in the agqueous phase, the mechanistie scheme may involve in addition
an interfacial proton abstracticn or an interfacial cation exchangel'9’23-30. These modifications
of the basic PT mechanistic scheme may have practical consequences in the importance of agitation

to obtain good yields of reaction.

Whatever the intimate mechanistic scheme, the activation of the anion is due to the exchange
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of the paired counter cation and to the consequent solubilisation of a more reactive loose ion pair

in a splvent of low polarity.

2. Solid-Liquid Phase Transfer Catalysis

Solid-liquid PTC corresponds experimentally to reactions occurring with an organic reagent solu-

bie in a solvent and a solid substrate M+Y_ insoluble in this solvent.

. ¥ cn”
c ¢ complexant: &

crown ether, cryptant,

chelatant. solvent + /

organic phase

v

organic reagent

o+ -
If a complexant CO is added, the solid MY is sclublilized in the solvent and reacts under

mild conditions.

In a specific example, potassium permanganate is added tc a solution of benzene containing an

olefin. Under these conditions the crystals of KMnO, stand at the bottom of the flask, the solvent

4
is colorless and no reaction occurs. If a small amount of 18 crown 6 1s added, the solvent immedia-

tely turns purple (the permanganate dissolves) and the clefin is smoothly oxidized.

31
The complexants first used were the crown ethers, prepared by Pedersen , which showed high

complexing abilities of alkaline and alkaline earth cations32 with the following properties:

I 5% 5%
[0 Oj ©:0 OD ®:O sz.D
o o/ o/

18 crown 6 dibenzo 18 crown 6 dicyclohexyl 18 cxown 6

a.- extraction of caticns cwing to the selective complexation which depends upon the size and

the substitution of the macrocyclic ether33.

3
b.~ activation of the anion paired to the complexed cation; the anion is said to be "naked" 5.

31
Following the first series of crown ethers made by Pedersen a tremendous amount of macrocy-
clic complexants have been synthesized in which structural parameters have been changed to obtain

increased complexing a.bilities36—4o.

Amcng all the new compounds prepared two series deserve a special mention:
- the eryptales made by Lehn et al have given an extra dimension (conceptually and practically)

to the high complexing power of crown ethers11 '41—44.

/—_\\S’Ro//:\ /A

N N 2,2,2-cryptate N O N
\_S_8_/ S/

1,1,l-cryptate
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- the chiral host molecules designed by Cram et al have achieved splendid results in the sepa-

ration of enantiomers and open new promises in asymmetric induction

o™
o o)

o ©
Lo/

il

45,46

(o™

O 0

%

<, o
Lo/

On the other side open chain eguivalents of crown ethers and cryptates have been prepared. They

show a lower complexing activity than their closed ring equivalents, but they are efficient enough

4
clic polyether compounds 9,

.57.58

"lariat-ethers ete.

SN
[ OR
{/oar—.k

and far more easily prepared and conseguently cheaper. Typical structures are glymes _48, noncy-
5
polyethylene a.minesso’sl, "polypcdes"sz'SB, "octopus"54, "tridents” 5'56,
0 N. R R-__N._R
COOH [ R and
o COOH NRr R NYN
A
0 AN, N—R
(U P R
n
R=0Q O}R
AN
glymes noncyclic polyethers polyethylene amines "polypodes"
sr SR
SR
RS

o

*3,_or

n

R=CH,CH,(OCH,CH 2)“OR'

"octopus"

"tridentg"

COFB-ECHQCHZO')"CHs

L

"lariat ethers"

Presently the majority of current syntheses is more likely to be carried out with ligquid-

liguid transfer conditions, with gquaternary ammonium and phosphonium catalysts. Solid-liquid cata-

lysis using complexants is still hampered by the high price of catalysts like crown-ethers or

cryptants. In some cases, when water needs to be strictly avoided, reactions are conducted under

solid-liquid conditicns, with a quaternary ammonium or phosphonium catalyst (not a complexant).

Moreover in order to solve the problem of catalyst recovery a new technigque has been proposed:

Triphase Catalysis,

3. Triphase Ca

This technique developped by Regen

talysis

59-63

is an extension of both liguid-liquid PTC and solid-

liquid PTC. It makes use of biphasic organic-aquecus system and of a catalyst (quaternary salt,

crown ether or glyme) supported on a polymeric backbone. The technigue has the advantages of homo-

— 1383 —




geneous catalysis, owing to the selection of a catalyst having an appropriate molecular structure,
and of heterogeneous catalysis since the catalyst is easily filtered coff and recovered after the
reaction. In principle the syntheses already reported under liquid-ligquid or solid-liquid ceonditions
may be extended to triphase conditions; in practice further kinetic and experimental data are needed
to test the possibilities of all reactionsGB.

II. PTC CLASSIFIED ACCORDING TO THE REACTION TYPE

Drugs being complex molecules synthesized in several steps, it is guite common that at least
cne step can be carried out by PTC. An example of the multiple possibilities offered by PTC is pro-
vided by the synthesis of the antiinflammatory fbnoprofenﬁs. Reduction of the acetophenone deriva-
tive L by means of sodium borohydride leads to the corresponding alechol 2; reaction with phosphorous
tribromide gives 3; displacement of the halide with cyanide gives a substituted propionitrile 2,

whose saponification affords fenoprofen.

— —» —
[::::L\tjfj:::::L\n,/(n*; [::::L\(,/J::::]:Zg;c}*3 [::::l\{)/J:::::L\7(/(:ri; [::::l\()/J:::::L\rg::rh
0 H H'Br H
2 4

N

1 3
~

~ ~ o
All the steps of the preceding scheme have been carried out by PTC on equivalent or similar

66
compounds: reduction of the aryl ketone 1 to the secondary alcohol ’% ; preparation of the bromeo

{or chlore) derivative 3 from the secondary alcohol 367'68

424.

~

., and transformation into the nitrile

In order to give a comprehensive presentation of the applications of PTC to the preparation
of pharmaceutical intermediates, we have arranged the syntheses reported in the literature accor-
ding to the general scheme of the rehction mechanisms. To show the possibilities of the method we
have selected further examples from "The Organic Chemistry of Drug Synthasis"64 by lLednicer and
Mitscher and from "Précis de.Pharmacie Chimigque usuelle" of Lespagnol69. Moreover, from the know-
ledge of the practical uses of PTC we have also tried to indicate what could be the possible limits
of the technique.

1. Nucleophilic Substitutions at Saturated Carbon {NSCsp3)

Phase Transfer will catalyse the following reactions where Y is a negatively charged nucleo-

phile and L a leaving group.

Y +—+—L — L+ —%-—Y

la. C-alkylations by NSCsp3

@ First step in the synthesis of dicyclonine, a spasmolytic agent.

Phenylacetonitrile (2) is alkylated with 1,5-dibromopentane (g) and the intermediate obtained
7 is saponified, the resulting acid E is esterified with N,N-diethylethanclamine (2) and the cata-
lytic reduction of the aromatic ring affords dieyelonine (19)70.
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PhCH,CN + Br(CH,);Br —+ PhCCN —» PhCCO,H —»PhC CO,{CH;;NEt,

;s O U Uy

8

Qc _CO;(CH,INEY,
)

. 71
The first step has been carried out by Makosza using liq.-lig. PTC

T

@ First step in the synthesis of caramiphena (12), an ant:'.park!.nsx:mian-'r2

PhCH,CN + X(CH,),X —" Ph :c CN — —+ Ph C CO,[CH,),NEt,

11 1

s

[+

H

71
The preparation of the intermediate 11 has been made by PTC .
@ First step in the preparation of methadone, an analgesis agent.

Alkylation of diphenylacetonitrile (13) by }3 using sodium amide affords two isomeric com-
- 73,74

pounds which subsequently are converted to methadone {18) and Laomethadone 17 by treatment
with ethylimagnesium bromide followed by hydrolysis.
CN COEt
'
o 3 h,C,
ClH CH;NMe, (EHCHgNMez
cl Me 5 Y EtMaB Me
1 1 t r 17
Ph,CHCN+ CHCH,NMe, - il Ll -
! 2} Hzo
2 Me 14
CN COEt
s
h,C__ ) LPhf
CH,CHNMe, CH,CHNMe;
Me 18 rlde 18

When the first step is carried cut under phase transfer conditions using quaternary ammonium
or dicyclohexyl 18—crown—676, the ratio lg/lé is increased and the overall yield impro-
ved, This is an interesting example of the change of selectivity that PTC brings when an anchimeric

. 77 ;
assistance occurs during a substitution reaction.

Cy +/CH2‘/—\_
CHCH,NMe, ————~ MeN | Ph,CCN
Me \C{-i

CH

3
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O First step in the preparation of {gowmintle 20, an antitusive.

_CN
PhCH,CN —— PhCH(CHMea)CN —_— PhC:CHMe.,
19 CH,CHNMe
i 20 |
- Me

The alkylation &f phenylacetonitrile with isopropyl bromide was made using sodamide in an early

78 . ; s
Patent ~; but PTC using lig.-liq. conditions and a quaternary ammonium salt affords 19 in higher

yieldTI.

NaOH aq
JNEXT

PhCH,CN + (CH,},CHBr —= PhCH(CN)CHMe,

19

A First step of the synthesis of prostaglandins.
Alkylation of the anion of cyclopentadiene with chloromethyl ether affords the diene 2&, which

. 79
is converted after several steps intc a prostaglandin precursor

D + CICH,OCH, _base | D—CHPCH, -

21

oA

8
Makosza 0 has described a PT method of alkylation of cyclopentadiene using agueous NaOE and a

quaternary ammonium salt.

@ An intermediate step in the synthesis of the antiinflammatory, xaprozern.

Alkylation of the anion of the compound 22, using NalH, and methyl iodide affords 23 whose

subsequent saponification gives naproxen Egé)al.

22

The Phase Transfer g-alkylation of tert-butylarylacetic estersSZ

PhCHRCO,tBu « RX — N3OH  _ o epiRICO, tBu
TEBA

has been reported; but the same reaction with methyl esters, corresponding to the step 22--23, is
hampered by hydrolysis when liquid-liquid PTC is used.

B Last step of the synthesis of phenirgmine, an antihistaminic agent.
The protons on the methylene group of compound 25 are removed by strong bases such as sodium

amides or butyl lithium. Aikylation of the resulting carbanion with N-(2-chloroethyl)dimethylamine
atfords pheniramine l3§)83.
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CH,CH,NMe,
CH, N CH_.N
@ U + CICH,CH,NMe, —+ @' U
.
2 2

However, the pKa associated with the dissociation of the CH2 protons of 3.% is too high (pl(a =

30) to allow the formation of an anion84 and conversion of 25 to 26 under liq.-liq. PT conditions.

B A starting material for the synthesis of alkaloids (Reissert compounds]) .
8 . .
Alkylation of the Reissert compound 27a 3 followed by an alkaline hydrolysis affords an iso-

. .86
quinoline 27b used in the synthesis of alkaleids

HCN RCN
_-COPh . ~COPh
N + RX NaOH 50% N .
Lz TEBA =
ik 2

1b. N-alkyiations by NSCsp3

The reactions described in this section are carried out with amines of low baslcity where the
nltrogen atom is bonded to electron withdrawing substituents or linked to (or included in) aroma-

tie rings.

B Last step in the synthesis of phentolamine, an c-adrenergic blocking agent.

Phentolamine (3Q) can be prepared by alkylation of the aminophenol 28 with the halide 3287.

HsC H,C
N N
NH + CICH,—¢ ] — N-CH,—¢ ]
N N
H H
OH OH
28 29 30
Similar alkylation reactions have been described with thNH using TEBA and NaOH with DMSO or
HMPT, H 088.

2

Ph_NH + PhCHZCl —— Ph

> NCHzPh

2

E Synthesis of substituted acridanones with antiallergic and antiviral activities.

89,90

Acridanone derivatives 11 have been prepared ’ by alkylation reaction under PT conditions

with TEBA and aquaous NaOH. 0
SOSRLE e $ )
N TEBA, CH, N
H R
31
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f Last step in tha synthesis of 1-(5-oxohexyl)thecbromine, a vasodilatator.

Reaction of sodium theobromine {3%) with Br(CH2)4COCH in toluene and TBAB as catalyst affords

3
the thecbromine derivative 3;91.

o |\'ﬂe o] l?e
N MGCO(CHZ 4 N
Na™ " 0 4+ Be(cH,)coMe —TBAB i I
o '?‘ toluene 07 N N
M I
i Me 33

@ Key intermediate in the synthesis of nocardiein A, a B-lactam anticbiotic.
Alkylaticn of the B-lactam 34 with  tert-butyl-a-bhromo-(p-methoxyphenyl)acetate with pow-
dered XOH and TEBA gives focardiein A {35). The optimum amcunt of catalyst is 2-10%, but K2C03 or

Et3N are not efficientgz.
H 8 H
- r tBOCNH
tBOCNH . MEO@(I:HCOZtBu KOH powder
+—N TEBA N ACO,tBu
’d ~,
o] “H 18] CH
2 35

OMe

B Potential interferon-inductor intermediate from glycosidation of a pyrimidine derivative93
A regioselective N-7-glycosylation has been made when reacting a tri—O-benzyl-bromo-ribose

(36) with a pyrimidine derivative Ez under PT conditionsg4.

OMe Me

jl\/ [ | \ Pth 20 0 Br CH 2C‘2 ) NaoH uq-_ JN:

) TBAHSO,  MeS™

MeS™ N H PhCH,0 OCH,Ph 4 eS " SN“N -
Y 36

PhCH; CH,Ph

B Alkylation of benzediazepine derivatives 318, potential anxiolytics,
The alkylation reaction is carried out in two steps; the first occurs at nitrogen and the se-

. a5
cond at carbon. Both substitutions are made under Phase Transfer conditions™ .

e . N R Y N (R
R'X R"X .
N PTC N PTC N
R’ R
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O Last step in the synthesis of chlorpromzine%, an antipsychotic.
Chlorophehothiazine %9_ can be alkylated with Cl(CHZ);imez'

using sodium amide to give chior-
. 96
promazine (gg) . The same reaction has been carried out using aqueous NaCH and TEBA, affording

chlorpromazine in good Yieldsg?

S s
+mmmmsz%%%L

N cl

H N ci

,:j.?_ 40 (CH2§3NMez

B Selective alkylation of adenine deriwvatives.

In mecst pharmaceutical applications, the compound substituted in position 9 is the most active
iscmer (ﬂ}“) . However, alkylation under neutral conditions affords the 3-isomer (32) . When the reac-
tion is carried out under basic conditions {(Na, EtOH) the 3-iscmer is formed but the 9-isomer is

the major component.

when the sodium or potassium salt of adenine is alkylated in a peolar aprotic solvent: DMSD,
DMF or HMPA, the 9-iscmer is formed with B0-90% selectivityga. Using a methed of alkylation of
nucleosides and nucleotides, adenine has been methylated chiefly in position 9 by CH3Br with TBAF
(tetrabutylammonium fluoride in equimolar amount} in THFSB. More recently a biphasic lig.-lig.
method of alkylation of adenine has been describedga; using agueous NaOH and 5% of an ammonium
salt (TEBA or Adogen), the 9-igomer was obtained as the major component. These studies indicate
that beside providing simple and efficient synthetic procedures, PTC can modify completely the

selectivity of alkylation reactiens.

NH, NH, NH,
N~ N N~ N N'ﬁj;:N
[ | + RClI —— Il + | |
k\Ns Ng) k\N N) kN 3 J
H ! |
R R
4 &

B Synthesis of 2-alkylaminobenzophenones gﬁ, synthetic intermediates in the manufacture of
anxiolytics.,

This is another interesting example of selective PT synthesis. The conventional methods of
alkylation of 2-aminobenzophenones 43 are selective (mono versus dialkylaticn) only if a three-step

1
process is used with formation of an intermediate sulfonamide 6o or secondary amideloo. Otherwise

102
direct alkylation with alkyl sulfate in acetic acj_cii101 or with polyphosphate esters © affords a
mixture of mono-~ and di-alkylated derivatives. A PTC me'chocim3 using powdered hydroxide and TBAB in
THF, overccemes this difficulty and gives in one step a high yleld of mono-alkylated derivative 44

{purity > 99%).

NH, NHR NR,

2
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3
le. C-alkylation by NSCsp

. b
0-alkylation of aJ,cohc:lsze’104 and phenols 05,106 has been carried out by PTC. The results

have been and will be extended to hydroxyl functicnnality on saturated, aromatic and heteroaroma-

tic melecules.

O alkylation of hydroxybenzotriazoles, important in peptide synthesis.
1-Rydroxybenzotriazcles (45) are alkylated in good yields, at the oxygen atom, under PT condi-

107
dom s

tions using TBACl as catalyst
45 0”
e

B Intermediate step in the synthesis of tyrosine derivatives, antidiuretic antagonists.

A synthesis of phencl etl'ua:rsmB has been adapted to the O-alkylation of protected {BOC) tyro—

sine methyl ester (55) 102 with isopropyl mesylate using PT the yield is 61%, whereas with other

conventional methods it is very poor (4%).

,CO,Me CH, 18 crown &, K,CO,
"CHOMs
HO—QCHZCH\NHcoziBu oy C DMF, C¢Hs

a8 CO,Me
c"’,CHo—QCHzc i
CH “NHCO,1Bu

E Intermediate step in the synthesis of propranclol (R-adrenergic antagonist).

The O-alkylation of B-naphthol (47) by ep:.chlorhgdrin (48) under PT conditions affords an inter-

mediate 49 of the synthesis of propranolol (50}im

OH
OH OCH 2CH CH, OCH CHCH ,NHCHMe,
05 oo 05 00

47 48

O Last step in the synthesis of prawmoxine, a local anestheticln.
The previous PT etherifications may be extended to the alkylation of the ether 31 with N=-(3-

chloropropyl) morpholine to afford pramczine (52).

O(CH,),CH, O(CH,);CH,
+ C{CHN O — &
: OCH, N ©
\—/
El 52
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On the other hand the direct synthesis of esters from alkali metal carboxylate and halides,
under PT cond:l.tions112 has been extended to the following reaction :

B Intermediate step in the preparation of cephalosporins“a.

When the alkali metal salts of benzyl carboxylate derivatives 53 are reacted with substituted

benzyl halides 54, in an organic solvent containing a phase transfer catalyst, e.g. Bu N+Cl-, ben~

4
zyl esters §~5 are obtained which are useful as acylating agents for the preparation of antibiotics.

1 R,
acetone
R"@‘CH ZCOZK + Rz CHZC| '_T‘m R@' CH zcochg RZ
5 24 55

1d. N,S-alkylatiocns

B Synthesis of hydantoin derivatives, having anticonvulsant activities.
The potassium salt of 5,5-diphenyl-2-thichydantoin (36) has been alkylated with almost quan-—

titative yields, under PT conditions giving a ratio 64/36 of isomers 32'3/:'5‘;.’114.

2=

Ph 0 CiHysPBuBr SN O P 0
.- 16337 bu,br
PRI | H'K' + Br{CH,),Br + E,N ————» PP { . Ph
NY-“N CGHG_HZO NTN ‘\\rN
s E =

Under conventional conditions using DME, the yield is moderate and the ratio §_§/§3 is reversed.

2, B-Eliminations

H—L:Z—SI,‘--L + B-—-—P>C=C< + HL

B-Eliminations under phase transfer conditions, have been described using "hard” bases such as
XOH, tBuOK or KF, with gquaternary ammcnium or phosphonium and crown ether catalysts“s. Very little
has appeared in Medicinal Chemistry but an interesting example is an intermediate step in the syn-
thesis of polymeric support for biologically active polymers“G: the preparation of p-chloremethyla=
ted styrena (Q“Q) » by reaction of p-(2-bromcethyl)benzyl chloride (59) with potassium hydroxide is

greatly improved using PT catalysts e.g. TBAB or 1B crown 6“7.

BTCHzCHzQCHZCI+KOH PTcatalyst CHz=CH©—CH2CI
5 8

3. Nucleophilic Additions at Unsaturated Carhon (N.’-\Cspz)

They correspond mostly to addition of nucleophiles to carbonyl compounds or polarized double

bonds, followed in some cases by elimination :
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z H

The nuclecphiles added under PT conditions are of several types: carbanionic species reacting
with aldehydesus'llg’lzo, e.q. g}“e,

OH
CH . -
@il/ ', ArCHo NaOH so I CH,CH_
61

Ar
N
61 CH=CH-Ar
N

carbanions as starting materials in Darrzens reactiOnlzl'l22
1
additions 23.

nitrogen nucleophiles in Michael type

The following examples of inter or intra nuclecphilic additions have been described in the
field of drug synthesis.

B Intermediate step in the synthesis of a prostaglandin precursor Eg.

elimination of SCH3, & better leaving group than 03124

This reaction under PT conditions corresponds tc an internal aldol condensation followed by

0
HC N SCH, CeHqs Ado
y (CH) COR —S L 20980,
H LiOH aq
0

o

(CH,);CO.R

HO

&2
O Intermediate step in the synthesis of a-eucaine, a local anesthetic.

The cyanohydrin §§ is a key intermediate in the synthesis of a-eucaine Q%Q-

0 HO. CN Plr-g-() C()JQ
0

Me Me ™ Me Me — — Me Me

Me ? Me Me T Mo Me w Me
R R R
63 64

Cyanchydrins and esters of cyanohydrins have been obtained respectively, using TEBA as cata-
lyst, with a ketosugar derivative and KCN125;

126

or with an aldehyde, KCN and a saturated halide .
127
The same reaction conditions could be extended to the synthesis of 63 or €4 .

4. Nucleophilic Substituticens at Unsaturated Carbon (NS at Cspz)

They correspond chiefly to the following reaction scheme

¥ + R-C—L —» R-C-Y + L
I i
o o
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da. Synthesis of esters by atylation of alcchels.

These reactions have been reported under PT conditions, in the acylation of carbohydrates H
129

the method is selective and a primary OH group of a sugar reacts preferably te a secondary OH .

i 0 NaOH 50% OCOPh
/OH {primary) + PhC TEBA, OH ' gar/

u
SUQI:II' \Cl CHzClz \OH

\OH {secondary)
B First step in the synthesis of salsalate, a latentiated form of salicyclic acid.
By analogy, the PT technique may be used in the condensation of benzyl salicylate (€5} with

the acid chloride of zalicylate benzyl ether (§v§) to produce a protected dimer gz, the direct pre-

cursor of salsalate130.

cozcm@ cocl cozcm@ ,
Oy QS

OH OCH;

0CO

However, if the ester group of §3 were hydrolysed under aguecus lig.-liq., conditions, a solid-

; 131 .
lig. technique, using powdered KOH , may overccome this inconvenience.

4b. Synthesis of amides by acylation of amines.

Several indole derivatives have biolegical activities which are much dependent on the nature
of substituents. In most cases the active molecules are substituted at the nitrogen atom by alkyl
or acyl substituents. Therefore the PT acylation of indele (68}, using powdered NaGH and quaterna-

31
rv ammonium salts, is of interest .

NaOH, Q*X™ |
N dioxane v

H COCH,
68

Py

I+ cH.cocl

@ Intermediate step in the synthesis of indomethacin, an antiinflammatory agent.
The tert-butyl ester of 2-methyl-5-methoxyindoleacetic acid (§3) could be acylated under simi-
lar conditions with p-chlorobenzeyl chloride (70) to afford an intermediate 71 of indomethacin (12).

COClI
MeO H,CO,CMe, MeO CH,CO,CMe,
+ _’
N “Me N Me Me CH,COOH
82 i @ ° v Me
“ n % =z

Cl
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B Intermediate step in the synthesis of nitrazepam, a sleep-inducing agent.

The reaction of 2-amino-S-nitrobenzophencne (73) with bromoacetyl bromide (74) affords the ami-

de 35132. Selective monoalkylation of the primary amine in 73 could possibly be made with PT cataly-

1
sis (cf. reference 03).

H P
NH, NHCOCH,Br N
o t BrCH,CBr —» o — O
= [ =
O:N ¢ o O.N C O,N =N

5. Nucleophilic Substitution at Aromatic Molecules (NS Ar)

The reaction scheme for NS Ar is the following one :

Y_ . @ — Y@ ' L_
il ~
Z 4

The first reaction in these series where PTC has been used was described by Makosza et al.

133,

134,135; mostiy phenylacetonitrile derivatives 76 have displaced leaving groups such as Cl and NO2

on activated aromatics.

zl

CN

NaOH aq T
CH H + Ci z — C-CH,
Q CNICH, TEBA ;
76 F 4

¥ 4

Besides phenylacetonitrile derivatives, other nucleophilic reagents have been used: phenolslBs'
137, alcoholsl3s, sulfite139 and fluoride140.

[ Synthesis of diphenyl ether derivatives.

The conditions of reference136 are directly applicable to the preparaticon of a 4-nitrophenyl-

phenyl ether (31)141

77

as well as to the synthesis of 2-nitrophenyl-4 -—chlorophenyl thicether (78)

CI@-SH + CI‘Q — CI—@—S

NO, 0,
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O Intermediate step in the synthesils of thyroxine, a thyroid hormonemz.

The benzenesulfonate 79 is also suited for nuclecphilic arcmatic substitutions under PT
conditicns, since the SOZPh leaving group is activated by the ortho nitro as well as the para
carbonyl group. Treatment of 79 with the anicn of the monophenyl ether of hydroguinone gives the
substituted diphenyl ether ER, precurscr of thyroxine,

1 |

No, ., NO,
; 143
B First step of the synthesis of dapsone, an antileprosy drug .
The synthesis of dapsone, starting with aromatic nucleophilic substitution of the sodium salt
of the sulfinic acid .§.\1. on p-chloronitrobenzene affords the sulfone “BA% This reaction may be carried

out using PTC, provided appropriate conditions are found.

H H
H,CCN ~©—802Na + c1—(=_>~mo2 — H,CgN—@— soz-<;>—mo2
0 ‘ 0
a1

82

~or sy

One should remember that all the studies on Phase Transfer Catalysis applied to aromatic subs-
titutions show a chemical limit : the leaving groups on benzene derivatives need to be activated

by at least one electron-withdrawing substituent on the ring.

6. Nuclecphiliic Substitutions at Hetercarcomatic Mclecules {NS Het)

An earlier example of halide exchange with KF on pentachloropyridine was reported using a

2,2,2-cryptate catalyst144 .
Cl
Cl A~ Cl Z FCl,
l + KF 222-cryptate » /l + other isomers
CI-Xp~Cl SN

analogous reactions have been carrled out with derivatives of phenylacetonitrile and 9-chloro-~

. 147,148
acridine (E)MS, 2=chlorequinoline (Elé)146 and 2-chloro-3-{or S5)nitropyridine (85} ' .

,NO,
D @
o~ NS
Ci N~ ~ClI
84 8
. ; 149 150 ,7.151
Baesides carbanions, other nucleophiles have been used : alcohols ; phenols ., phthalamide

and cya.nide1 52 .

B Intermediate step in the synthesis of antihypertensive agents.
The introduction of a B-adrenergic blocking moiety 86 on 2-chloro-3-cyanopyridine (87) has been

carried out under PT conditions, which proved supexrior to the conventional procedure using NaH/DMF,
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to afford an intermediate "Bg in the preparation of antihypertensive agentsMB

HO
e+ /l CN  NaOH 50%, toluene (& | CN
—tbu s Aliquat - X
N~~CI o
P =
86 87 tBu’N}(o 88
H Ph

O Intermediate step in the synthesis of phenyl-(2-pyridyl}-acetonitrile derivatives,

153
The additjon of phenylacetonitrile to 2Z-bromopyridine using hard bases, such as NaN'Hz & ,
affords a molecule ?,2 which is the intermediate in the preparation of several active agents,

Oronen - QU — QL
oS oy
N"Br N (I:H—Q 89
CN

. \ . . . 155
e.qy. disopyramide {90, an antiarrhytmic) 154 and methylphenidate {21, an analeptic} .

=
H
N | c,corsm2 [N\,L cpy—COCH;
~~ CH,CH,N[CHI(CH;),], H
D %

The preparation of the intermediate 89 could be carried out under PT conditions, unfortunately
the methed fails when using lig.-liq. ccnditionslso.
B Synthesis of pyrimidine derivatives with antitumor properties.

The halogen exchange using KF and a bromo derivative of pyrimidine 92 has been carried out

1
with 18 crown 6 in acetonitrile and affords the derivative ,?,3 56

r 2',3",5'-tris—0-acetyl-8-fluoro-
adenosine.

18 crown 6
CH,;CN
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7. Oxidations

Phase Transfer Catalysis is a convenient and efficient technique for oxidation of organic com-

pounds under mild conditicns. The following is a sample of references corxresponding to oxidizing sys-

tems working under PT conditions : permanganate with quaternary ammenium salt (TCMA or TBAB)157 or

1 -

dicyclohexyl 18 crown & 58; chromate, mainly with the HCrO4
1

159; hypochlorite 60; osmium tetroxide and ruthenium tetroxide as cocatalysts with other oxidizing

form of a resin-bound guaternary cation

systemslsl; superoxide162, and peroxideslsa. The molecules oxidized include terminal olefins {into
carboxylic acids), internal olefins (into diols), primary alcohols {into carboxylic acids), secondary

alcohols {into ketones), benzyl alcohols (into benzaldehydes),...

An interesting application of PTC to the oxlidation of organic molecules is the conversion of

substituted phenylacetonitriles 2i to phenylketones g§164'165.

NaOH 50%, O2 or alr__ Ph—C—R
B |

94 Cgllg THEA 0 95
AAA AN

PhCH (R)CN

8 First step in the synthesis of oxoethazine, a local anesthetic.
The synthesis reportedm6 starts with the Friedel-Crafts acylation of benzene with isobutyryl
chloride tec give the ketone gﬁ.

P{le

COCH (Me); CHLC- N\CCH CH,OH
+ CICCH{Me), —» ——> Me X
ei 26 ?

an alternative method could involve alkylation of phenylacetonitrile (94, R = H to R = iPr)

followed by oxidation; both steps can be run under PT conditions,
PhCHECN —_— Pl’:tCI-l(CN)CH(l‘t[e)2 == PhCOCH (Me)
96

B Intermediate step in the synthesis of a highly potent estrogen.

During a recent synthesis of an estrcgen, a PT oxygenaticon of the intermediate cyanoestratri-

167 ‘B
Me Me QtBu
toluene, KOHuq
TEBA

The use of Phase Transfer Catalysis in reductions with common complex hydrides such as LiAlH4

ene has been reported

B. Reductions

or NaBH4 seems very promising. However, the study of the mechanism of reduction using LiAlH4 shows

; .+ 168,169
the importance of the electrophilic catalysis of the cation Li .

R

R
R)c=o + LiAlH, —» R)c=o\ A —

AlHS
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Therefore the introduction of a cryptate in the course of the reduction af cyclohexanone by

IdAlH4 completely suppresses the reaction.

on the other hand, the presence of Aliquat increases the rate of reduction of ketcones when
using NaBH4 in agqueous NaOH24. Tetraalkylammonium borohydrides are alsc reported as reducing agents
in apolaxr solventslTo’ITI. The best results in the reduction of ketones to alcohols, using tetraal-
kylammonium ions to transfer BH; from aguecus to organic phase, have been obtained with salts contai-

: 66,172,173
ning 2 hydroxylic group on the carbon B to the nitrogen atom .

B Last step in the synthesis of epinephrine.

The reduction with borohydride using PT conditions may be extended to the ketone gz in order

to obtain the amino alcohol 98 which is resolved as the tartrate salt to afford the (-)isomer of
epinephrine.
o) HOH
. NHMe
HO@CVNHMe HO
HO H
2 2

O Last step in the synthesis of metaramiviol, used to raise blood pressure.
Formaticon of the Schiff base of compound 99 gives an intermediate 100 which is reduced to the
175

CHOH-COMe —» ICH_?= NCH 2‘@ —w QH-QH—NHCHZQ
OH Me QOH Me
HO HO H

corresponding anine ig}; the drug is the (-)isomer

2 199 1ot
The reduction step 100+101 is very similar to the following reaction carried out under PT
conditions with NaBH, 176.

Ol s O ammon )
Me I&Ie

9, ¢Carbenes

The preparation of dichlorccarbene under biphasic conditions was published by Makosza i1n 1969
177 . N :
- Using a reservoir of 50% aqueous NaOH and chloroform he was able to obtain a high yield of

dichlorocyclopropanation of an clefin.

This method is clearly superior to previous procedures which involved sodium ethoxide or pota-

. 17
ssium tert-butoxide in anhydrous solvents &

Besides the lig.-lig. two phase method described by Makosza and Starksl79, a solid-liquid me-

thod may be prefered to prevent the hydrolysis of the carbene, when compounds of low reactivity are
180
used .

Dichlorocarbenes prepared under PT conditions have been involved in the following reactions:
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B Preparation of an azepine derivative, intermediate in the synthesis of psychotropic drugs.
The synthesis of the intermediate 103 has been achieved181 by addition to the double bond of
162 and insertion in the NH bond of two molecules of dichlorocarbene prepared under PT conditicns

(the CHCl2 on the nitrogen atom being hydrolysed to the formyl functionality).

LN
Q0 o iz QLG
ﬁ R‘N+x“ N

CHO
102 193
[ Preparaticn of adamantane derivatives.
Adamantane derivatives are found in several families of substances recognized as drugslaz.
The adamantane moiety has been used to increase the lipophilic character of these compounds. There-
fore, the easy introduction of & functionality in the adamantane molecule may help to build up a
more complex structure. This is the case with the reaction of adamantane with chloreform under PT

conditions which gives an insertion of dichlorccarbene inte a tertiary CH bond183.

NaOHaq

+ CHCI, oo
Q"X CHCl,

10, Biphasic Catalysis under Acidic Conditions

All the syntheses reported up to this peint involve the transfer of nucleophilic reagents
under basic or neutral conditions. A few references correspond tc reactions run under acidic condi-
tions. More fundamentally it would be of interest to extent biphasic catalysis to the transfer of
protons or positively charged electrophiles from an aquecus sclution to an apolar sclvent. For this

purpose two main types of systems have been described in the literature.

a- Systems using a standard guaternary ammonium or phosphonium catalyst which transperts
a proton from an agueous acidic solution to an crganic phase and catalyses the fellowing

reactions:

184
A Conversion of primary alcohols to alkyl bromides .

+ =
OH + HCL ag _C16733°%3 B _ op, a1

¢ —————S—— " 2n-1

nHZn—i

& Cleavage of etherslBS.

¢. H,.pBul Br”

R10R2 + 2 HBr aq 16 33" "3 . RlBr + BB
: 186

& Addition of hydracids to alkenes .

R H + - R
“Ne=c” torg) + Hx ag 22X 8 Scxcur
-~ ~ - 273

Rj Ry Ry
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187

A Acid hydreolysis of carboxylic esters
+ -
RCO,R' + HBr ag _Rx o RCO,H
110%¢

The origin of the catalytic effect is probably due tc an extraction of HX, associated to a

1
quaternary salt, from water to the organic solvent 88.

- + .
s o' X ] “H'X L1 __ Organic phase
T . - !
- - -
*y +0X .- 0X .- = Aqueous phase

H

b- Systems using & phase transfer catalyst with a lipophilic anion (not cation). The
process being a “negative picture" of the classical PT catalysis with exchange of anions and
transfer of the proton or of the electrophile. Under that heading have been described:

A Hydrolysis of esters using tetraphenylborate.Na+—BPh4 189.

A Bzo coupling with transfer of a diazonium jon associated to a dedecylbenzenesulfonate
. +- ia1
obtained from : Na OSSC6H4C12H23 .
& Azo coupling or Friedel-Crafts alkylations with stable tetrakis[3,5-di(Fmethyl)phenyl
borate ] (TFPB}192’193.

Very little has been specifically applied to the synthesis of pharmaceutical intermediates but
the potentiality of the methed is real.

11. Reactions with Organometallic Catalysts

A new very promising area, where PTC will undcubtedly find important applications, is transi-

194
tion metal chemistry. Two recent reviews have been published on the subject 94,195 and the following

are typical reactions related to that topic.

A Carbonylation of organic halide5196'197.

RX + CO + NaoH transition metal catalyst__RcozNa

+_ r
NaOH/H,0, QX

194

HO/CH , RN X
@—L + HNaCh »* @—CN + NaX
~ Ni[P(C6H )41

57373 R

A Substitution of aromatic halides

R

8
& Reduction of nitro compounds!9 .

NaOH/H_0, C_H
NO + Fe,(CO} 2 6 6—1— NH
2 3702 TEEA 2
s -~

R R

Almost certainly several reactions combining transition metal and Phase Transfer Catalysis
will find new applications in drug synthesis.
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IIT. CONCLUSION

In conclusion, the possaibilities of Phase Transfer Catalysis in the synthesis of drugs are

enormous. Owing tc its high chemical versatility and economical advantages the technigue will find

applications in both academic and industrial laboratories. Presently the interest in the method is

extremely high and in the coming years a vast amount of patent and journals literature will be pu-

blished., We hope that the presentation of this review, which follows a mechanistic guideline will

help to rationalize the results already reported, to better design new synthesis, and to open new

promises in the use of PTC in drug synthesis.
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