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Introduction

Surfactants are generally organic compounds which are amphiphilic in nature and contain both hydrophobic groups (tails) and
hydrophilic groups (heads) (Figure 1) [1]. Due to amphiphilic nature, surfactants were diffuse in water and adsorbed at interfaces
between water and air [2]. In which water insoluble hydrophobic group of a micelle may extend out of the bulk water phase into
the air, while the water soluble head group remains in the water phase [3]. In organic reactions tail of micelles stick with reagent
and help to solubilize in aqueous medium. For different reaction, a variety of surfactant are synthesized for batter efficacy [4,5].
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FIG. 1. Micelles (SDS) showing hydrophilic (head) and Hydrophobic (tail) in aqueous medium.

Citation: Hardesh K Maurya. Micelles Supported Organic Reactions in Water: A Review. Org Chem Ind J. 2022;16(9):001
© 2022 Trade Science Inc



wwwe.tsijournals.com | October-2022

Literature Review

Surfactant classification according to the composition of their head: Surfactants are classified in four groups: a) Acidic
micelles, b) Basic micelles, c) Neutral micelles, d) Amphoteric micelles (Figure 2).
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FIG. 2. Type of micelles.

Surfactants are classified according to the polar head group. A non-ionic surfactant has no charge [6]. The head of an ionic
surfactant carries a net positive or negative charge. If the charge is negative, the surfactant is called anionic; if the charge is
positive, it is called cationic [7]. If a surfactant contains a head with two oppositely charged groups, it is called amphoteric.

Role of micelles in organic reactions: Solutions of enormously surface-active materials frequently show infrequent physical
properties. In dilute solution, the surfactant acts as a normal solute. With increasing concentration, unexpected changes in
numerous physical properties such as turbidity, osmotic pressure, surface tension and electrical conductance take place [8]. The
conductance of ionic surfactant solutions remains relatively high, which shows that ionic separation is still in force. This
apparently anomalous behavior can be explained in terms of prearranged aggregates or micelles of the surfactant ions in which
the hydrophobic hydrocarbon chains (tail) are orientated towards the interior of the micelle, leaving the hydrophilic groups (head)
in interaction with the aqueous medium [9]. Micelles are formed at the Critical Micelle Concentration (CMC) and distinguished
as a modulation point when physicochemical properties (such as surface tension) act as a function of concentration. The reason
for micelle formation is the accomplishment of a smallest free energy state [10,11]. The main driving force for the formation of
micelles is the enhancement of entropy that arises when the hydrophobic regions of the surfactant are not interacting with water
and the well ordered structure of the water molecules around this region of the molecule is misplaced. Most micelles are spherical
and contain between 60 and 100 surfactant molecules.

Organic reaction in micelles: Surfactant allows the catalytic organic reactions, commonly used to assemble organic structures
such as drug molecules to be run in water and carrying out reactions in water rather than organic solvents because water is a
potentially cleaner and cheaper reaction medium. However, organic substrates are typically too nonpolar to dissolve in
water; Lipshutz has identified a surfactant that delivers a nonpolar side to organic molecules within the water [12]. Surfactants are
structures with a polar head and a nonpolar tail in water; they self-assemble into spheres called micelles, with all the non-polar
ends facing inwards. Organic molecules accumulate at high concentrations within the non-polar micelle core where they will
react if a catalyst is also present.

Reaction in basic micelles: Heidarizadesh, et al. have examined an efficient surfactant (TBAB)/copper based ionic liquid
promoter as a reusable system for the N-arylation of indole (2), pyrazole and imidazole by a variety of aryl halides (1). The
products were obtained in good to excellent yields by a convenient one pot procedure. The reaction was carried out in water and
did not require the use of arylboronic acid as the active aryl source, palladium as the catalyst, or a strong base (Scheme 1).
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Xie, et al. have synthesised the direct assembly of a-amino amides from N-alkyl amines (4) and isocyanides (5) through oxidative
Ugi-type reactions in aqueous conditions in the presence of a Cu (I)-TBHP-surfactant (tert-butyl hydroxide-surfactant) catalysis
system. Various N-alkyl amines and isocyanides have been tolerated in this reaction and furnish a-amino amides (6) in moderate
yields (Scheme 2) [13-20].
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Scheme 2

Tianet, et al. have reported the different effects of aromatic and aliphatic surfactants and they investigated the role of aromatic
and aliphatic anionic surfactants in the Sc(OTf)s-catalyzed Mukaiyam aaldol reaction in water (Scheme 3).
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Scheme 3

Camilo and Pilli have reported the acid-catalyzed addition of 1, 3-dicarbonyl compounds and activated olefins (silyl enol ether
and ethyl vinyl ether, 11) to N-Boc-2-methoxypyrrolidine and N-Boc-2-methoxypiperidine in SDS/water medium. Good yields of
the corresponding 2-substituted N-Bocpyrrolidines (12) were generally observed from (10) (Scheme 4).

7 HCI (Cat.) H O
O\ " OSiMe 4 ncl, (Cat.)
N * e\/l\ y
| OMe Ph H,0, CTAB, rt ud H Ph
Boc Boc Ve
10 1 12 87%
Scheme 4

Keivanloo, et al. reported a highly efficient one-pot synthesis of 5, 6-disubstituted-5H-pyrrolo-(2,3-b) pyrazine-2,3-
dicarbonitriles (15). The reaction of 5-(alkyl/arylamino)-6-chloropyrazine-2,3-dicarbonitriles(13) with phenyl acetylene(14)
catalysed by Pd-Cu, in the presence of SDS as the surfactant in water, leads to the desired products in good to high yields

(Scheme 5).
I ji ©/Pd (Ph3P), Cls, Cul, SDS I p_@
K,CO3, H,0, 70°C
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Scheme 5
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Reaction in acidic micelles: Shiri, et al. showed that the reactivity of scandiumtris (dodecyl sulphate) in aldol reaction of
aldehyde (16) with silylenolates (17) enhanced remarkably in the presence of Brgnsted acid (Scheme 6).

OSiMes
Sc(DS)s (10 mol %) OH O
PhCHO  + SEt -
H.O, rt Ph SEt
16 17 18
Scheme 6

Luo, et al. have reported that simple mixing of chiral amines and surfactant Brgnsted acids such as p-Dodecyl Benzene Sulfonic
Acid (DBSA) led to highly effective and selective organocatalysts in water. In situ generated catalyst catalysed highly stereo
selective desymmetrization of prochiralketones (19) via direct aldol reactions in water using micelle as reaction media [21-22].
The current strategy was also applied in asymmetric Michael addition leading to a catalytic system with good activity and stereo

selectivity (Scheme 7).
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Scheme 7

Pradhan, et al. have reported the synthesis of chromeno (4,3-b) chromene (25) derivatives. These procedures have restrictions
such as high reaction temperature, prolonged reaction time, and low yields. Thus, they developed a green three component
protocol for the synthesis of chromeno (4,3-b) chromene derivatives (25) from 4-hydroxycoumarin (24), aldehyde (22), 1,3-
diketocompound (23) in the presence of a ‘Lewis acid-surfactant-combined catalyst’, Fe(DS)s in aqueous media scheme 8.

CHO o OH ’
@\)\lc;atawst (znCly), 70°C o] o
+ +
5 0~ g Solvent (CH3CN) O RS O
NO, NO,

O “o

22 23 24 25 47%

Scheme 8

Bhattacharya, et al. explored surfactant mediated Heck and Suzuki coupling using ligand free Pd-catalysts in water. This
procedure involved nano metric palladium colloids and found that the procedure was operationally simple, environmentally
benign, and synthetically as efficient as conventional procedures in organic solvents (Schemes 9 and 10).

Y
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Scheme 9
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Scheme 10

Kitanosono, et al. have discussed the utility of electrophilic palladium (1) species for Ce-H bond functionalization of indoles
(32) and pyrroles (33) in water. The system displayed attractive features that are significant for both precious metal catalysis
and micellar catalysis (Scheme 11).
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Scheme 11

Qiuping and Wu have reported the Lewis Acid-Surfactant Combined catalyst (LASC) to catalyze the three component reactions
of 2-alkynylbenzaldehyde (35), amines (36) and nucleophiles (alkyne, nitro methane, or diethyl phosphate, 37) in water under
ultrasonic conditions afforded the corresponding 1,2-dihydroisoquinoline derivatives in good yields (Scheme 12).
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Scheme 12

Saito, et al. have reported the formation of tetrahydroisoquinolines (41) and isochromans via Pictet-Spengler reaction using
Bronsted acid surfactant combined catalyst in aqueous media and observed that the reaction accelerates with various aldehydes
(40) after the addition of Hexafluro-2-Propanol (HFIP) in aqueous media. Perfluorooctansulfonamide (PFOSA) in 10 v/v%
HFIP-water system was applied to the oxa-Pictet-Spengler reactions of B-aryl ethyl alcohols with aldehydes and contributed to
the synthesis of tetrahydroisoquinolines and isochromans (Scheme 13).

MeO
MeO PFOSA
+ nCgHipCHO ——— N
oo NH- co,e (1.2 equiv) HFIP, H;0 MeO “CO;Me
n-CgH13
39 40 M 99%

Scheme 13
Discussion

Manabe, et al. have reported Mannich type reactions of silylenolates with imines generated in situ from aldehydes and amines
in water. Various catalysts were tested for the reaction of Benzaldehyde (42), o-anisidine (43) and 1-phenyl-1-(trimethylsiloxy)
ethane (44) in water. The reaction in the presence of SDS alone afforded the desired B-amino ketone in a very low yield. This
result suggested that a combination of a Bronsted acid and an anionic surfactant leads to an effective catalyst for this Mannich-
type reaction. They were tested with p-dodecylbenzenesulfonic acid (DBSA), which was expected to behave both as a Bronsted
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acid and as a surfactant. Indeed, DBSA (10 mol %) was found to be a good catalyst for the reaction and even better than a
surfactant-type Lewis acid, Sc(DS); (Scheme 14).
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Scheme 14

Salem, et al. have reported the scope and limitations of the Buchwald Hart wig reaction in a micellar medium and which was
earlier represented by Lipshutz’s catalyst system ((allyl)PdCl),, t-BuONa, TPGS-750-M-2% (polyoxyethanyl-a-tocopheryl
succinate) in water and cBRIDPby reacting various (hetero)aryl halides with diverse nitrogen coupling partners. Thus, this
study utilized both water-soluble amines, such as dimethylamine (47) and specific examples of fairly water-soluble polar solid
organic substrates/reagents with relatively high melting points (Scheme 15).
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Scheme 15

Mori, et al. have discussed the Michael reactions in water using Lewis Acid-Surfactant-Combined catalysts (LASCs) in the
presence of a catalytic amount of Scandium Tris Dodecylsulfate (STDS), the reactions of various keto-esters (49) with enones
(50) proceeded smoothly in water without any organic solvents and afford the Michael adducts in high yields and catalytic
activity in aqueous medium was found to be higher than that in organic solvents (Scheme 16).

O o Sc(0350C12H35)3, @ a
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+ > OBn
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Scheme 16

Debnnath, et al. were synthesized hydrazine derivatives of ninhydrinandisatins from condensation of ninhydrin and
isatinderivatives with aryl hydrazides, initially a series of carbo-tert-butoxyhydrazones were synthesized from aromatic
aldehydes and tert-butylcarbazate. Subsequently, compound treated with N-chlorosuccinamideto get NO-(chloroaryl-
methylene)-tert-butylcarbazates. Then a mixture of ninhydrin (53) and NO-(chloro-aryl-methylene)-tertbutylcarbazates (54)
was refluxed in the presence of PEG-OSOz;H in water and produces product 52. Similarly, isatin (55) and NO-(chloro-aryl-
methylene)-tert-butylcarbazates (54) were refluxed in the presence of PEG-OSOzH in water to get product 56 (Scheme 17).

o] Ar
0 OH °©
o
Ar \ N N. 55 n—NH
Nl <“( NH 2 R /
PEG-0OS0O3H 20 mol />< PEG-0S03H 20 mol % (o]
H20, Reflux 30 min HzO, Reflux 15 min N
\

54% 86% Rz

52

Scheme 17
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Reaction in neutral micelles: Ganguly and Sumata have reported the reaction of 6-aminocoumarins (57), benzaldehydes (58),
and styrene in the presence of aqueous micellar (SDS) without any additional catalyst at room temperature and synthesized
various Schiff’s base (Scheme 18).

Ar

_ NH>  arcHo Plh\ Y | "o s ﬁ:r / '“5'
o7 x o7 x Ph
59

I, H,0, SDS

57
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Scheme 18

Peng, et al. have explored the aldol reaction of acetones with 4-nitrobenzaldehyde (63) in water (absence of surfactant) in
anticipation of the aldol product, 4-hydroxy-4-(4-nitrophenyl)-2-butanone (64) in only 15%, yield. While in the presence of
surfactant sodium dodecyl sulphate (20 mol% SDS), 87% yield of aldol product was obtained (Scheme 19).

0 SDS.20mol% HO, "
A O2N‘©_CHO Proine Bl %~ 2/ < > 2
H,0

62 63 64 68%
Scheme 19
An environmentally benign and operationally simple methodology was developed by Pal and Shankar for the synthesis of 3-
benzyl-3-(indol-3-yl)-2-phenyl-2,3-dihydroisoindolinones (68) via a multicomponent one-pot reaction involving 2-iodo-N-
phenylbenzamides (65), terminal alkyne (66) and substituted indoles (67) in aqueous micellar medium (Scheme 20).

o}

Ph \ Cul N
o | Surfactant (PTS), Et;N
@i H L N H,O, Ligand, 80°C
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Scheme 20

Sobhani and Parizi have described a new, one-pot convenient method for the synthesis of a variety of f-phosphonomalonates by
a tandem Knoevenagel-phospha-Michael reaction of phosphate esters with aldehydes and malonitrile in an aqueous micellar
solution of sodium stearate. This method presented several advantages, such as the use of cheap and environmentally benign
reaction media, low loading of sodium stearate as catalyst and good yields (Scheme 21).

. .0=P CN
H\fO . CN> + P(OEY), Sodium stearate, H,0 'iEtO))O ; i
R CN 5CMC, 80" C R CN
R= Aryl, hetero aryl
69 70 71 72  upto 91%

Scheme 21

Fatma, et al. have reported thiamine hydrochloride accelerated one pot synthesis of 2-amino-6-(1H-indol-3-yl)-4-arylpyridine-
3,5-dicarbonitriles (74) via four-component reaction of 3-cyanoacetyl indole (73), aromatic aldehydes, ammonium acetate and
malononitrile in aqueous micellar conditions by a Knoevenagel condensation reaction followed by Michael-addition, which
upon cyclization and dehydration yielded the corresponding product in excellent proportion (Scheme 22).
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Wang, et al. synthesized a new type of Lewis Base Surfactant Combined Catalyst (LBSC), sodium stearate, which was applied
as a catalyst in three-component one-pot reaction involving isatin (76), malononitrile (75) and 1,3-dicarbonyl (77) compounds
to afford the corresponding spirooxindoles derivatives in good yields (91-97%) under aqueous micellar media (Scheme 23).

o o o
H.O
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Scheme 23

Tandon, et al. have reported one pot regio and chemo selective preparation of naphtha (2,3-d) imidazole’s (80) and benzo (a)
phenazines (81) by nucleophilic substitution reaction of 1,4-naphthoquinones (79) with o-phenylenediamines and benzamidines
respectively in water using base and micelles (SDS) as catalyst (Scheme 24).

Scheme 24

Tandon, et al. also synthesized various biologically active nitrogen and sulphur containing 1,4-naphthoquinone derivatives (82-
84) in aqueous micelles using Laundry Detergent (LD) (Scheme 25).

Sar '-D or S0 '—D or SDS SR ores Ry
NH; KOH, H, X Eth H;O CIO EtN, Hzo \©
82 (90-92%) 79 X=CI, NH, 3 (76- 98%) 84 (88-98%)

Scheme 25

Singh, et al. has reported new environment friendly methodology for the efficient synthesis of biologically significant
triazolethiazolidinone (85) hybrids in aqueous medium, using acetic acid as an organic catalyst in the presence of
Acetyltrimethylammonium Bromide (CTAB) surfactant. The effect of several surfactants on the yield and completion time of
the reaction was investigated and it was found that the use of CTAB at 60 C gave the best results (79-96% in 20 min-35 min)
for the synthesis of the target compound (Scheme 26).


http://www.tsijournals.com/

wwwe.tsijournals.com | October-2022

(/_‘ “NH R,

Scheme 26

Rabeyrin, et al. investigated the alkylation of 1, 3-diphenyl-2-propenyl acetate (90) with dimethyl malonate (91) in the presence
of K,COzand the palladium complex (Scheme 27).

OAc [Pd (n3 -C3Hs) Cllp + L CH(CO,CHy);

M + CHQ(COQCH3)2 - T
Ph Ph K,CO4/ Tween 40 / Hy0 / 40°C Ph/\)\Ph

% o %2 77%

Scheme 27

Kumar, et al. have developed an efficient synthetic method for the facile synthesis of 2-substituted benzimidazole (95)
organized aqueous media in the presence of a surfactant (viz. DBSA) as catalyst and I, as co catalyst. The method described has
the advantages of operational simplicity, excellent yields, high chemo-selectivity, clean and green reaction profile (Scheme 28).

R

DN N
NH R = ‘
s DBSA (10 mol %) . N>_ @ SR
i +  R-CHO RO on T SION
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NH2 80-94 % 05% I\R'

93 94 95 96

Scheme 28

Tandon, et al. have synthesised the various oxygen containing 1,4-naphthoquinone derivatives by an economical, viable green
methodology approach using water as solvent with or without surfactants such as Triton X-100, SDS, LD (laundry detergent)
and TBAB, phase transfer catalyst and evaluated for their in vitro antifungal and antibacterial activity (Scheme 29).

o) R4 o =
HO R 1
+
R H,0: 60% O‘
I cl & 3 2 Cl Rs
4 o} R4
97 98 99 65%

Scheme 29

Reaction with other micelles: Tamaddon and Alizadeh have discussed the use of Cocamidopropylbetaine (CAPB) as a
biodegradable surfactant which produces a new worm like micelle medium for rapid synthesis of dihydropyrano (2,3-c) pyrazole
(104) via a four component reaction of aldehydes (101), ethyl acetoacetate (100), malononitrile (103) and hydrazine hydrate
(102) at 50-60°C and reported that CAPB, a zwitterionic surfactant was superior to anionic, cationic and non-ionic alternatives for
accessing high yields of pure products without the use of any organic solvent. While the reaction medium was reusable, simple
isolation of products, mild reaction conditions, low loading of CAPB at critical micelle concentration, and short reaction times
were additional advantages of this green procedure (Scheme 30).
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Scheme 30

Luo, et al. developed the enantiopure multifunctional anti-Alzheimer drug, Ladostigil (107) by using Asymmetric Transfer
Hydrogenation (ATH) as a key step catalysed by Ru-Cs-DPEN in an HCOONa-H,O surfactant system. Good chemical yields
with high enantiomeric excess were obtained and the catalyst was recycled another five times (Scheme 31).

Scheme 31

Yin, et al. have reported a series of a-hydroxy esters which were rapidly prepared (1.5 h) from keto ester via Asymmetric
Transfer Hydrogenation (ATH) in water using surfactants. This green method, catalysed by a water soluble and recyclable Ru
(I1)-complex, gave moderate to high enantioselectivity (up to 99.7%) with DTAB as an additive and HCOONa as the hydrogen
source (Scheme 32).

OH
O~ [Ru(P- Cymene)Clls + L %o
o HCOONa /H,O/SDS g N
108 100 67.7 %

Scheme 32

Rabeyrin and Sinou have reported the asymmetric palladium catalysed alkylation of 1,3-diphenyl-2-propenyl acetate (110) on
carbon and nitrogen nucleophiles in water and in the presence of a surfactant, base and Binap as the chiral ligand.
Enantioselectivities up to 91% were obtained using carbon nucleophiles and 93% using nitrogen nucleophiles, in the presence
of CTHASOQ, as surfactant. While the efficiency of the catalyst was higher in water in the presence of the surfactant in the case
of carbon nucleophiles, no micellar effects were observed using the nitrogen nucleophiles (Scheme 33).

OAC
}\/\ [PACI (n3 -C3Hs)lz / (R) - Binap
" ~pn  H,0/ CTHSO4 K2CO; }\%
110 1h/25°C Ph Ph .
111 67.7%
Scheme 33

Conclusion

In conclusion, we have searched various literature related to micelle assisted organic reaction during the last five years. It was
found that different types of micelles play an important role in various organic reactions. This review shows the applications of
surfactant in organic reactions as a catalyst to activate the substrate molecules and as a surfactant to increase the concentration of
organic reactants to form micelle particles in water. In this review, we have discussed various reactions performed using different
types of surfactants such as SDS, CTAB, Triton-100, DTAC, DDBAC, OTAC, etc. In which, SDS has found the best surfactant.
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