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Microscopic cavity to Macroscopic Surface for Asymmetric Syntheses. 918

ABSTRACT OF THE INVENTION

Chiral compounds, a branch of polar crystals, have wide applications starting from drug
molecules in pharmaceutical industry to novel technology. Although synth'esis of chiral
compounds looks simple, its resolution remained maost challenging aspect. Therefore,
asymmetric syntheses emerged as most sought field in the realm of organic synthesis
which involves direct formation of enantioselective molecule. One of the most common
pathway which an asymmetric syntheses employs is the use of chiral figand around metal
center (catalyst) to create ‘microscopic chiral cavity’. This microscopic cavity enforces or
confines enantioselective pathway for the reaction. Our present invention encloses novel
‘macroscopic or bulk surface’ for generating enantioselective reaction pathway. This
pathway is simpie and should be useful for generating asymmetric products, at least

axially chiral molecules, by properly adjusting reaction conditions.

FIELD OF INVENTION

Present invention relates to synthesis of an industrially important axially chiral aromatic
hydrocarbons containing hydroxyl group, mediated by macroscopic or bulk surface and
silver ammine reagent at room temperature with mild conditions, without adding chiral

organic reagents or complexes.

This invention opens up ingenious and unusual pathway in the field of chiral synthesis. The

use of macrascopic surface as a source of chirality is disclosed here.

Axially chiral Bi-phenol in enantiomeric excess was obtained using polymorph of silica in this

method. One can follow similar strategy for asymmetric synthesis of other molecule.

BACKGROUND OF INNOVATION/ DESCRIPTION OF THE PRIOR ART

Chiral compounds are compounds containing different geometric arrangement, in which

asymmetric unit such as chiral center or chiral axis are precent.
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The chiral molecules in their pure enantiomeric pure forms have different chemical and
biological properties, which have wide applications starting drug molecules in the

pharmaceuticals industries to novel technology such as nano-moters.

The synthesis methods of enantiomerically pure compounds are well reported in the
literature still is challenging, where complexation of one of the enantiomer from racemic

mixture or direct chirail synthesis methods are used.

Complexation or co-crystallization method is classical method, used to get optically pure
chiral product. In these methods chiral reagents forms complex or supramolecular
arrangement with one of the enantiomeric product, these are separated from another

enantiomer by precipitation or crystallization method.

The us patent US 9809567 B2 discloses nicortinic acid preparation in racemic form and its

resolution by making its salt with (-}-0,0’-di-p-toluoyl-L-tartaric acid.

The US patent US 9988368 Bl has disclosed synthesis method for cis-imidazoline

compounds where chiral resolution was obtained by crystallization with chiral acid.

The weak forces such as inter molecular hydrogen bonding and n-n interactions plays a role

to get co-crystals.

These processes are laborious requires multiple step, apart from that stochiometric amount
of chiral réagent and/or metal salts are required for complexation. More than 50% by-

product {another enantiomer) formation is one of the main drawback of this method

The metallic complexes having chiral cavity are used as a reagent or catalyst to get

selective product called asymmetric synthesis. This is an efficient and atom economic way

to minimize the quantity of metal to carry out organic convertions reactions and by-

products. These methodologies helped in generating selectivity in the product formation by
controlling entry of only pre-oganized reactant molecules or post-organized product, mainly

by controlling molecular level non-covalent interactions.

The US patent US 6521769 B1 has disclosed synthesis of chiral phosphenes, transition

metal complexes and their use on asymmetric reaction.

fn this patent Axially chiral biaryl is synthesized (mainly BINOL) in enantiomeric excess form.
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BINOV} is 1,1'-bi-2-Naphthol molecule contains chiral axial found in atopisomeric form. BINOL
is adaptable template for chiral catalyst and auxiliaries for asymmetric synthesis of chiral

ligands, catalysts, complexes, drugs and natural products in industries and pharmaceuticals.

There are reports where the chiral reagent or complexes of copper, iron and vanadium are
used to synthesize optically pure product known as chiral synthesis as shown in the

references 1, 2 and 3. 1, 2,3

These complexes and ligands are synthesized using multiple step process. Recovery and
reuse of reagent is still challenging here. Thus there is as requirement of a novel, simple and

low coast method which can give desired product.

New fields of surface assisted synthesis are exploring and have received attention towards it

as shown in the chemical review 2018.% > °

Thus here use of macroscopic surface instead of microscopic cavity is exploited in the art
for asymmetric synthesis. Thus here in the art use of a chiral surface to synthesis axially
chiral molecule in enantiomeric excess is disclosed where we have used our previously

reported (Indian patent 201621005382 A ) reagent silver ammine complex in combination.

The present invention relates to a new method for asymmetric synthesis, where

macroscopic surface works as media or catalyst for chiral synthesis of BINOL.

The main advantage is of the surface used here is non organic and cannot degrade easily,
thus cannot lose chirality easily and can be reused. Here the surfaces have wide rahge of

scope for other reactions.

The present invention relates to a use of macroscopic surface for asymmetric synthesis. It
relates to an industrially important BINOL synthesis in enantiomeric excess. it relates to a
synthesis of axially chiral BINOL in using Silver ammine complex and macroscopic surface.
Use of macroscopic surface to stimulate chirality in the product formation is disclosed in the

art.

SUMMARY OF INVENTION
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The present invention discloses a method to synthesize asymmetric molecules in
enantiomeric excess.

Here silver ammine reagent converts phenol into the corresponding carbon-Carbon coupled
axially chiral products where the non organic macroscopic surface direct the reaction
product in one enantiomeric form.

The silver ammine complex acts as an oxidizing agent and the surface used during the
reaction induces chirality in the product.

OH Macropic surface OH OH
N /W2
[ ) thaHgr FQQ
R R

DETAILED DESCRIPTION OF INNOVATION

The present disclosure provides a method preparing carbon-carbon oxidative coupled chiral
biaryl products in enantimeric excess.

Use of surface to synthesize asymmetric molecules is disclosed in the art.

According to early publication silver ammine complex reacts with phenols and forms silver
metal and corresponding biphenyl, thus 2-Naphtho! is used here as one of the example. The
2-Naphthol converts in to BINOL enantio-selectively, which is axially chiral moiecule.

The key component in the reaction is macroscopic surface. Here, the inner surface of vessel
provides macroscopic surface in the reaction to get enantiomeric selective product.

These reactions are carried out in dark at room temperature with temperature in a range of
28°Cto 30°C.

This method provides simplest method for asymmetric synthesis

The chiral synthesis without using external chiral reagents or complexes is reported in the
art.

Vessel is made up of polymorph of silica with Dimension of 4.5cm*icm*1 cm.
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The surface used for the reaction is non organic thus reusable, cannot be racemise or

deactivated easily and chirality remains intact and does not require further activation.
The metallic silver forms as a side product of the reaction, which is separated by washing.
These reactions are repeatéd with the same Qessel only.

The reproducibility of results can be obtained if the conditions are maintained same.

This invention is not limited to silver ammine complex as a reagent and BINOL as product,

other reagents can also be used to get chiral molecules.

BRIEF DISCUSSION OF DRAWING: NO DRAWING

PROCESS
EXAMPLE 1

), LI
._\\OH Ho,,,[

(R)-BINOL (S)-BINOL

Y

The Silver nitrate (0.043 g, 0.25 mmol) was added and mixed in a liquor ammonia (1.0 mL)
solution in a vessel. 2-Naphthol (0.036 g, 0.25 mmol) was dissolved in the absolute ethanol
(0.5 mL} in another vessel. The solution of phenol was added to silver nitrate sotution using
micropipette ahd mixed. This solution was kept open in to the air in dark at room
temperature for 45 to 48 hours.

The metallic silver formation was observed in the vessel. Ethanol washing was given rapidly
to separate organics from metallic silver and this solution was passed from anhydrous
sodium sulfate. The resuftant BINOL (2,2’-dihydroxybinaphthyl) was characterized by using
NMR, FTIR analysis and GC-mass analysis. The resuitant BINOL mixture shows the
enantiomeric excess of S-BINOL 40% to 47% in the crude during repetition.
2,2’-dihydroxybinaphthyl was obtained by column chromatography: Yellowish white solid:
90% isolated column purified yield. Melting point 210-218°C, *H NMR {400 MHz, CDCls, 291
K}:867.96(d,/=9.0Hz, 2H), 7.88 (d, J = 8.0 Hz, 2H), 7.25-7.41 (m, 6H}, 7.13 (d, J =8.3 Hz,
2H), 5.04 (s, 2H); *C NMR (400 MHz, CDCl3, 25°C) § § 152.8(C), 133.5 (C), 131.4 {CH), 129.4
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(C), 128.4 (CH), 127.51 (CH), 124.2 (CH), 104.6 (CH),117.8 {CH), 110.9 (C), GCMS m/z: M+:
285.8, IR (KBr): vmax/cm™ 3486, 3403, 3055, 2963, 1798, 1618, 1596

Vessel is made up of polymorph of Silica with Dimension of 4.5cm*1cm*1 cm and the same
vessel is used during repetition of experiment.

Although the above process is described above skill of experimentalist is required to
reproduce the data.

The present invention with the use of polymorph of silica belongs to the scope of the

inventor as clamed.
i

CLAIMS

1. Use of adhesive-cohesive interaction for driving organic transformation or conversions.

2. Use of cohesive interaction and molecular interactions for making adhesion of metal on
to chiral any surface.

3. @Generating chiral organic compound surface using in a redox

reaction, where one product help in surface while other undergoes

molecular organic conversion.

Generating chiral organic compounds using chiral surface as an inert catalyst.

Generating chiral organic compounds using chiral surface.

Asymmetric synthesis using chiral surface by in-situ product generation in the reaction.

N o s

Generating chiral compounds surface without direct use of chiral
ligands, chiral salts or chiral catalystcompound..
8. Generating axially chiral compounds with the use of chiral
surface which is not directly involved in molecular leve!l interaction,
such as absorption or adsorption.
9. Use of chiral surface generated from above mentioned process for

generating chiral compounds.
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ABSTRACT

A METHOD OF CATALYSIS FOR PREPARING A CARBON—CARBON
OXIDATIVE COUPLED PRODUCT OF AROMATIC HYDROCARBONS

Present invention relates to novel process of Carbon-Carbon oxidative coupling of aromatic
hydrocarbons containing hydroxyl group and its derivatives mediated by silver (/) ammonia
complex. In this method silver (J) ammonié complex leads to vital benefits normally obtained
from both homogencdus and heterogeneous catalysis, although téchnic_ally it is not employed
in catalytic. quantity, for complete conversion of main reactant and easy recyclability,
respectively. This method apart from high- efﬁciency and easy work-up employs mild
condition,- and green solvent system. Silver (/) ammonia complex is obtained by mixing silver
salt, nét limited to nitrate, and liquor ammonia. The product, c-¢ oxidative coupling
: compoﬁnd, can be isolated by extracting in ethyl acetate or any organic'éolveht. Progress of
the reaction can be followed by amount of precipitated silver, normally away from the

solution. Precipitated metallic silver can be reused by dissolving it in nitric acid.
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"A METHOD OF CATALYSIS FOR PREPARING A CARBON-CARBON
OXIDATIVE COUPLED PRODUCT OF AROMATIC HYDROCARBONS"

GHALSASI PRASANNA S.
an INDIAN NATIONAL of the address:
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The following specification particularly describes the invention and the manner in
which it is to be performed:
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C-C OXIDATIVE COUPLING OF PHENOLS AND ITS DERIVATIVES MEDIATED
BY SILVER AMMONIA COMPLEX.

A

200217905

FIELD OF INVENTION

Present invention relates to an industrially important Carbon-Carbon bond formation reaction

between aromatic hydrocarbons containing hydroxyl group in a solvent or mixture of

- solvents, mediated by an ammonia complex of silver (Ag-ammonia complex), obtained by

treating silver salts such as silver nitrate, silver halide, silver carbonate, silver chromate,

silver sulfate in neutral to basic condition with ammonia, at room temperature to high

temperature depending on solvent system employed.

Combination of Homogeneous and heterogeneous catalyzer: Ag-ammonia complex dri\g’es.
reaction in forward direction, similar to homogeneous phase, and is effectively isolated and
recycled, similar to heterogeneous phase;

Environmentally conscious pathway: Mild reaction conditions,_ versatility, environmentally
green solvents, trouble-free work up, and clean recycling process. '

The silver ammonia complex can be reused similar to catalyst.

BACK GROUND OF INVENTION/ DESCRIPTION OF THE PRIOR ART

It is well known in the art that two aromatics can be oxidized in presence of oxidizing agent

to yicid self condensed product, such as biaryl compounds. The process employed is known
as a carbon-carbon oxidative coupling or C-C coupling. The process is well exploited in
literature for family of phenols to yield biphenols and binaphthols.

There are wide range of resources, including various metals, salts and complexes there of
having previously been disclosed as useful and promising oxidative coupling agents or
catalysts of phenols and naphthols. | ,

Most of the reports are based on phenols-and 2¥naphth0[ derivatives with at least one vacant
position (that means there is a presence of C-H'bond) at ortho or para sites. |

To the best of our knowledge, most of the reports present phenols and 2-nai)hthol derivatives

with at least one vacant position (that means there is a presence of C-H bond) at ortho or para

" position suitable for C-C oxidative coupling.

In the previously reported patent US4008266, use of toxic mercury metal in the form of

mercuric oxyanion is disclosed for C-C coupling. The method describes harsh conditions for

MUMBAI 08-82-2017 L,3:086



08-Feb-2017/4525/201621005382/Description(Complete)

10

15

20

25

30

the reactions such as high temperature (up to 200°C). This method also results in low yield

 due to side reactions such as cross cbupling and polymerization.

In the previously reported patent US4096190, use of monovalent copper, divalent copper,
nickel or manganese or trivalent chromium or iron is reported for the C-C coupling reactions
of phenol. In this method comparatively lower temperature (~80°C) is used for the reaction.

The time required to complete the reaction is found to be more compare to the present

-invention.

In the previously reported patent WO2004018401, use of cuprous chloride complex with
rerrda!kylalkyfenedfamz'ne is reported for the C-IC coupling reactions of [;henol. Here also the
reactions are carried out at as high temperature'(uﬁtol 60°C). In this method, quinone forms
directly due to over oxidation of phenol, making yield of desired products l.ess than ~30%.

In the previously reported patent US4965384, use of copper halide complexes with

tetramethylethylenediamine is reported for the C-C coupling reactions of phenol. In this

method high temperature (>100°C) is employed. The yield of desired products is less than
~30%.

Most of the literature cite ‘metal’ and/or ‘metal ion’ as a catalyst or reagent during these
reactions. When ‘metal’ and/or ‘metal ion’ acts homogeneously, better yields were observed
at the cost of their recyclability. On the othér hand, recyclability of ‘metal’ and/or ‘metal ion’
is worked out under_héterogeneous medium, but with harsh reaction condition and poor yield.
Four areas of concerned for robust C-C oxidative coupling are (a) under mild conditions, (b)
maximum isolable yield, (c) easy isolation of catalyst, (d) recycling of catalyst.

Thefe is aways demand for ‘quality’ check of reagent/catalyst during and after reaction.

Introduction of significant protocols or procedures or steps for ‘checking’ quantitatively, and

reliably the amount of deactivation-reactivation/regeneration of catalyst is"a]ways remained

challenge.
The present invention relates to a new method for C-C coupling using silver ammonia
complex which is efficient and reusable reagent. It relates to a novel use of silver ammonia

complex, for the oxidative coupling of substituted phenols under mild conditions, which can

‘be readily recycled and reused, similar to catalyst. Thus in short, present invention relates to

a new method for oxidative coupling of substituted phenols under mild conditions. It relates
to application of novel silver ammonia complex as an efficient and reusable reagent, similar

to catalyst.

IPD MUMBAL B2-02-2017 806
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SUMMARY OF INVENTION

The present disclosure provides a novel mild, easy and o QOH
efficient process of Carbon-Carbon oxidative coupling | Il’he_nol _ F\’I\
“of phenols and its derivatives mediated by silver = NHj H
i OH
ammonia complex. |
- | | AgNO; R
- Here, silver ammonia complex acts as a ‘smart \(Ago Biptenol
catalyzer’, key word in invention, because ofits HNO;

detectable as well as inter-convertible _charécter. Smart
catalyzer changes ‘phése of catalyzer’ during the
progress of the reaction from homogeneous to
heterogeneous, initially homogeneous for driving
reaction effectively in forward direction and later on

hetcrogéneous for clean and complete recovery. -
DETAILED DESCRIPTION OF INVENTION

The present disclosure provides a method of preparing Carbon-Carbon oxidative coupled
product of aromatic hydrocarbons containing a hydroxyl group and its derivatives mediated
by silver (/) ammonia complex. '
According to an embodiment of ihe invention, the silver (/) ammonia complex is
10 homogeneous during the reaction. . h
According to yet another embodiment of the invention, the silver (/) ammonia complex
becomes heterogeneous after completion of the reaction.
According to yet another embodiment of the invention, the aromatic hydrocarbon especially
- phenols and/or its derivatives that containing at least one position vacant from ortho or para
15 to the hydroxyl group (vacant position means there is a presence of C-H bond).
According to yet another embodiment of the invention, the aromatic hydrocarbon is selected-
from 2-naphfhol, 2,4-di-tert-butylphenol, 2,6.-d.i-tert-butylphen01- and 2,4-di-methylphenol.
The reaction is carried out under neutral to basic conditions. o
The ammonia silver complex is obtained by adding liquor ammonia to silver nitrate solid or

20 in a suitable solvent or mixture of solvents such as water, methanol, ethanol, acetonitrile,

B
.

IPO MUMBAL 08-82-2017 143:
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toluene, acetone and the like. Addition of small amount of KOH or NaOH before addition of

‘ammonia is some time beneficial.

The C-C oxidative coupling reaction of phenols with at least one vacant ortho or para
position using ammbnia complex of silver (/) salt in aqua media is disclosed in the art.

The C-C oxidative coupling reaction without use of any additional free radical initiator and
reactant is reported in the art.

The use of reusable and recyclable reagent is disclosed in the art.

- The eaéy method to recover efficient reagent system is also disclosed in the art.

The key component in the reaction is silver ammonia complex, catalyzer, is the reagent
system of the intervention. _
In the reagent, the ammonia plays important role not only to smoothening reaction pathway

but also to boosting the strength of silver ion.

‘The reaction is carried out in a range of room temperature to higher temperature, depending

on solvent system used for the present. invention.

The products are obtained by evaporation of solvent followed by pﬁriﬁcation by column
chromatography. _

Thc'reagént is homogeneous during the reaction and becomes heterogeneous after the

reaction. The reagent converts to the shiny particle or foil of metallic silver on the wall or in

- the solution, which makes process. of separation and recovery easy in the present art. This

unique property of reagent facilitates monitoring progress of the reaction.

The silver formed is isolated from organic compounds by washing it initially with methanol

and then organic solvents such as ethyl acetate, acetone etc. All the solvents used for washing

are separated and added to extracted organic product. The pure silver was collected after the

washing. The silver nitrate was recovered by treating silver with concentrated nitric acid. The

recovered Silver salt was reused for further cycle.
The - recovery of reagent is quantitatively detected using standard methods such as

conductometric and/or potentiometric titrations.

BRIEF DISCUSSION OF DRAWING: NO DRAWINGS

Examples:

The disclosure is further illustrated by the following examples which in no way should be .
construed as being further limiting. One SlI{iI-Ied in the art will readily appreciate that the

specific methods and results described are merely illustrative.

MUMBAL 088-82-2817 -1g8: 06
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EXAMPLE 1 -

OH OH OH
A S108
A R R

R= tertiary butyl

METHOD OF REACTION:

The silver nitrate (0.034 g, 0.2 mmol) was added in a liquor ammonia (0.2 mL) solution

“ina glaés container (centrifuge tube). 2,4-di-tert-butylphenol (0.041 g, O.ZImmél) was

dissol'w'sd in the absolute ethanol (0.2 mL). The solution of phenol was added to silver nitrate
solution. The mixture was stirred for Thour at room temperature. The reaction progress was
monitored using thin layer chromatography. .

SEPARATION OF PRODUCT:

The reaction mixture was subjected to c'entrifugation for separating precipitated silver

metal. The remaining crude was washed with organic solvent such as methanol and ethyl

acetate. All these solvent was dried over Na;SO4 and evaporated. The ‘résidue was purified

by using column chromatography on silica gel (hexane/ ethyl acetate = 20:1) to yield the

desired product as a solid. '

PRODUCT: _
3,3’,5,5°-tetra-tert-butyl-2,2’-dihydroxybiphenyl was obtained by column

chromatography:, 95% isolated column purified yield: 80% isolated column purified yield

(average yield of six cycles). Melting point 18,8'190 °C, '"H NMR (40-0 MHz, CDCl;, 291 K) -

8134 (s, 18H), 1.47 (S, 18H), 5.24 (broad, 2H, OH), 7.12 (d, J = 2.4 Hz, 2H), 7.41 (d,./= 2.4

Hz, 2H); ">C NMR (400 MHz, CDCls , 25°C) § 29.6, 31.5, 34.5, 35.2, 122.3, 124.8, 125.3,

136.2, 142.9, 149.8., GCMS m/z: M+1 410.2

EXAMPLE 2

O; H OH OH

;

T

el

i
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METHOD OF REACTION:

The Silver nitrate (0.034 g, 0.2 mmol) was added in a liquor ammonia (0.2 mL) solution

‘ina glaés container (centrifuge tube). 2,4-di-methylphenol (0.024 g, 0.025 mL; 0.2 mmol)

was dissolved in the absolute ethanol (0.2 mL). The solution of phenol was added to silver

nitrate solution. The mixture was stirred for 30 minutes at room temperature. The reaction

~progress was monitored using thin layer chromatography.

SEPARATION OF PRODUCT:

The reaction mixture was subjected to centrifugation for separating precipitated silver

metal. The remaining crude was washed with organic solvent such as methanol and ethyl

acetate. All these sé]vent was dried over Na;SOy4 and evaporated. The residue was purified
by using column chromatography on silica gel (hexane/ ethyl acetate = 10:1) to yield the
desired product as a white solid. '
PRODUCT:

3,3°,5,5’tetra~-methyl-2,2’-biphenol was obtained by column chromatography: white

solid:, 70% isolated column purified yield: Melting point 134°C, 'H NMR (400 MHz, CDCl;

,291 K) 8 2.29(s, 12H), 5.09 (broad, 2H, OH), 6.88 (s, 2H), 7.02 (s, 2H); *C NMR (400
MHz, CDCls, 25°C) § 16.21, 20.46, 122.1, 125.2, 128.5, 130.0, 132.0, 149.1.

EXAMPLE 3

s
© Uy,

METHOD OF REACTION:

(A) ROOM TEMPERATURE REACTION:

The Silver nitrate (0.034 g, 0.2 mmol) was added in a liquor ammonia (0.2 mL) solution
in a glass container (centrifuge tube). 2-Naphthol (0.029 g, 0.2 mmol) was dissolved in the

absolute ethanol (0.5 mL). The solution of phenol was added to silver nitrate solution. The

-mixture was stirred for 46 hours at room temperature. The reaction progress was monitored

using thin layer chromatography
SEPARATION OF PRODUCT:

i-u..‘ql
o
e
i“"-:'



~ 08-Feb-2017/4525/201621005382/Description(Complete)

10
- (B) REACTION BY HEATING:

15

20

25

30

The reaction mixture was subj ectcd to centrifugation for separating precipitated silver
metal. The r_cmainin'g crude was washed with organic solvent such as methanol and ethyl
acetate. 'All these solvent was dried over Na,SOq4 and evaporated. The residue was purified
by using column chromatography on silica gel (hexane/ ethyl acetate = 20:1) to yield the

desired product as a solid.

- PRODUCT: - SR

2,2’-dihydroxybinaphthyl was obtained by column chromatography: Yellowish white
solid:, 90% isolated column purified yield. 71% isolated column purified yield (average yield -

of six cycles), Melting point 212 °C.

The Silver nitrate (0.034 g, 0.2 mmol) was added in a liquor ammonia (0.2 mL) solution
in a glass container (centrifuge tube). Z-Naphthol (0.029 g, 0.2 mmol) was dissolved in the
absoiute eth;cmol (0.2 mL). The solution of phenol was added to silver nitrate solution. The
mixture w.as stirred at 65°C for 30 min.utes. The reaction progress was monitored using thin
layer chromatography.

SEPARATION OF PRODUCT:

The reaction mixture was subjected to centrifugation for separating precipitated silver
metal. The remaining crude was washed with organic solvent such as methanol and ethyl
acetate. All these solvent was dried over Naz_SO4 and evaporated. The residue was purified
by using column chromatography on silica gel (hexane/ ethyl acetate = 20:1) to yield the
desired product as a solid. - -
PRODUCT:

2,2’-dihydroxybinaphthyl was obtained by column chromatography:- Yellowish white
solid:, 70% isolated column purified yield. 60% isolated column purified yield (average yield
of six cycics), Melting point 210°C, 'H NMR (400 MHz, CDCls, 291 K) : 6 5.04 (s, 2H),
7.17 (d; J=8.0 Hz, 2H), 7.31-7.42 (m, 6H), 7.92 (d, J= 8.0 Hz, 2H), 7.99 (d, J = 9.0 Hz, 2H);

~3C NMR (400 MHz, CDCls , 25°C) § 110.9, 117.8, 124.0,.124.2, 127.5, 128.4; 129.4, 131 4,

133.4, 152.8., GCMS m/z: M+1: 285.8

EXAMPLE 4

IP0 MUMBAI §8~-02~-20G17 lgd: BB
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OH _
R R
R
o hon
R ' R

R= tertiary butyl
METHOD OF REACTION:
The Silver nitrate (0.034 g, 0.2 mmol) was added in a liquor ammonia (0.2 mL) solution

ina gla.ss container (centrifuge tube). 2,6-di-tert-butylphenol (0.041 g, 0.2 mmol ) was

- dissolved in the absolute ethanol (0:2 mL). The solution of phenol was added to silver nitrate

solution. The mixture was stirred room temperature for 30 minutes. The reaction progress
was monitored using thin layer chromatography.
SEPARATION OF PRODUCT:

The reaction mixture was subjected to centrifugation for separating precipitated silver
metal. The remaining crude was washed with organic solvent such as methanol and ethyl
acetate. All these solvent was dried err Na,;SO4 and evaporated. The residue was purified
by using column chfomatography on silica gel (hexane/ ethyl acetate =.I0:l) to yield the
desired product as a solid.

PRODUCT:

3,3’,5,5°-tetra-tert-butyl-4,4’-biphenol was obtained by column chromatography : solid,

- 90% isolated column purified yield: 70% isolated column purified yield (average yield of six

cycles). Melting point 182°C, "H NMR (400 MHz, CDCls, 291 K) & 1.32 (s, 18H), 7.77 (s,
2H), 8.29 (broad, 2H); °C NMR (400 MHz, CDCls, 25°C) § 29.6, 36.0 ,124.0, 126.0, 136.0, -
136.1, 150.5 , 186.5. GCMS m/z: M+ 410.2 '

NOTE:

The reaction was also carried out with other solvents or mixture of solvents such as water,
methano], alcohols, acetonitrile instead Qf absolute ethanol. Time req uired for completion of "
reaction dep.ends on solvent and temperature used for the reaction. |

The centrifugation method was usécl mainly to separate solid phase i.e. silver metal from
solvents.

The product can be extracted with organic solvents not limited to ethyl acetate, diethyl

ether, dichloro methane, chloroform.
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All of these reactions were successfully recycled, minimum six times, in multiple, more

than four sets. The % yield shown is an average yield of these four reactions.
METHOD OF SEPARATION, RECYCLE AND REUSE OF REAGENT:

Catalyzer, a key reagent, Ag-ammonia complex, gets converted to metallic silver in the
form of foil, layer or particle. Therefore reaction medium is subjected to centrifugation for its
complete and easy recovery. The remaining reaction mixture was washed with organic
solvent such as Methanol, acetone, Chloroform: before drying.

The amount of reagen't was quantitatively detected using two methods By 1) direct
wcighiﬁg of silver metal and 2) conductometric/potentiometric titration.

97 % reagent was recovered after 5" cycle of use.

Precipitated silver (0.2 mmol) was reused by treating it with HNOs (0.2 ml, 98% solution).

The liquor ammonia (0.5 mL) was added into the recycled silver nitrate (0.2 mmol) and
used directly for the reaction.

The reagent was highly efficient and reusable after reuse of 5™ cycle.

The time required for heating to complete the reactions was found to be more for recycled
reagent. |

The average isol-ated column purified yield of recycled reagent is: I.SE cycle 99.96%, 2™
cycle 99%, 3“ cycle 98%, 4™ cycle 98%, 5™ cycle 97%, and 6™ cycle 95%.

PATENT CITATIONS

Cited Filling date | Publication® | Applicant - Title
Patent date

US4008266 | 2 Jan 1974 | 15 Feb 1977 Monsanto Coupling of aromatic

.| Company compounds in the presence of
molecular oxygen, a mercuric
oxyanion compound, and a
group VIII metal or group
VIII metal oxyanion

compound

US4965384 | 5 May 1989 | 23 Oct 1990 Amoco Production of copper amine

Corporation salt complexes for catalysts
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for the oxidative coupling of
alkylphenols
US4096190 20 Jan 1976 | 26 Jan 1978 ICI Americas | oxidative coupling of
‘| Inc., alkylpheﬁdls cétalyzed by
Wilmington, | metal ammonia complexes
Del.
W0200401 | 26 Aug 4 Mar 2004 | Wiley Preparation of biphenols by.
8401 2002 | Organics Inc | oxidative coupling of
alkylphenols using a
_ r'ecycla_ble copper catalyst
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Références: No references
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1) ~ A method of preparing a Carbon-Carbon oxidative coupled. ‘product of aromatic

2)

_3)

A

6)

7)

8)

9)

10)

neen
oo 3

.y

hydrocarbons containing a hydroxyl group and its derivatives mediated by silver

ammonia complex.

The method, as claimed in claim 1, where in the silver (/) ammonia complex is
homogeneous during the reaction. |

The method, as claimed in claim 1, where in the silver (/) ammonia complex becomes
heterogeneous, due to reduction, after completion of the reaction.

The méthod, as claimed in claim 1, wh_eré in the reaction is carried out under neutral to
basic conditions. _ |

The method, according to claim 1, the aromatic hydrocarbon are phenols that contain at

least one position vacant from ortho or para to the hydroxyl group.

- The method, according to claim 5, the vacant position is carbon hydrogen single bond (-

CH).

' The method, according to claim‘6, where in the phenols are selected from 2-naphthol,

2,4-di-tert-butylphenol , 2,6-di-tert-butylphenol and 2,4-di-methylphenol.

The method, as claimed in claim .1, where in the reagent system comprises silver (/)
ammonia complex.

The method, as claimed in claim 8, where in the silver (D ammonia complex is prepared .
by additioﬁ of liquor ammonia solution to silver nitrate solid or aqueous solution,

The method, as claimed in claim 8, where in the silver (/) ammonia complex is prepared
by addition of liquor ammonia solutihon to silver nitrate solid or a;que'oﬁs solution

followed by small amount sodium hydroxide solution.

R
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1. TITLE OF THE INVENT_ION

TECHNIQUES FOR SILVER COATING ON PAPER/FABRIC

2. APPLICANT
() NAME: Ghalsasi Prasanna S.
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3. PREAMBLE TO THE DESCRIPTION

COMPLETE SPECIFICATION

The following specification particularly describes the invention and the manner in which-

| it is to be performed.
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TECHNIQUES FOR SILVER COATING ON PAPER/FABRIC

FIELD OF INVENTION | |
The present invention relates to methods or techniques for the deposition/coating/staining of
silver on paper or on fabric. These techniques open scope for the preparation of conductive

metallic silver coating, which can be useful for various industrial applications. The present

_invention further fascinates silver metallic staining over selected area on a paper. These
techniques are advantageous in terms of requirement of mild conditions, readily available -

-chemicals, faster and trouble-free work up.

BACK GROUND OF INVENTION/ DESCRIPTION OF THE PRIOR ART

The silver stained substrates can be obtained using various methods and have applications,
not limited in, electrically-conducting flexible fabrics/e-textile technologies, paper-printing
technology, reflective films, wearable electronics, solar energy, electromagnetic interference
shielding, and cellulose coated sensor. Therefore, the silver staining on paper/fabric remained

an challenging area not only scientists but also to industries.

.~ The repbrted techniques such as metallic spray deposition/ metal-vapor phase deposition as
disclosed in US8062701B2, have huge drawbacks due to the requirement of édvanced

‘techniques and high-temperature conditions.

On the other hand, JP2002129259A discloses a miethod of forming a film by performing
vacuum deposition uéing silver on the surface of flexible substrates. However, in the case of
vacuum deposition, a high vacuum chamber is required, and there are restrictions on the
Shape and size of the substrate, and the coa_ting thickness is not uniform. However, there is a

problem due to high equipment costs.

In the US8012676B2, the pattern or coating of silver is explored by exposing silver salts

~ light-sensitive material on substrate. The major drawback of these type of ink_ is prepared by

‘using photosensitive silver salts, which-are difficult to handle/store. Apart from that most of

these inks are made up of many organics, requires multiple step synthesis, mainly separate

_st'ep is-required to prepare the silver particles/colloid.
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Apart from that in the US20170354372A1 and CN102365127B, CN101909786B, The silver
n_andparticle containing fluid is applied to wet coating material, dried and washed. And the
extra fluid is removed by heating, flash-heating, distillation, evaporation, suction, vacuum, or

any combination thereof. This method needs silver salts, stabilizer, impurity stabilizer,

- polymeric dispersant, organic solvents etc. In these process silver particles should be

prepared separately, and purified also which becomes lengthy and multiple step process.

‘This technique do not requires separate step for attachment of silver.with substrate. - |

On the other hand, present invention shows novel techniques for the coating/staining of silver
over fabric or paper. The present invention is advantageous in terms of reaction condition,
éingle step approach. The invention can be used and adoptable for bulk as well as microscale
ihdustrial procéss. The variety of reagents can be used for this technicjues not limited to
examples shown below. The method is much cheaper and faster compare to other techniques..

The method also gives an advantageous staining or coatiﬁg over selective area, and thus

unwanted staining can be ignored, without using protection step.

-SUMMARY OF INVENTION
‘The present disclosure provides two novel techniques for deposition of silver over selectable

“area of fabric/péper, which requires mild conditions, easy and efficient methods.

Here in the 1% technique, the freshly sublimated pure phenols reacts in-situ with silver
ammine complex.spread over fabric or paper, which gives silver staining and coating on the
selected area where both reagent unites at molecular level. |
Here in the 2™ technique, the silver ammine compléx made to react with reducing agents
(phenol derivatives or aldehyde derivatives) using capillary action to form silver over paper.

Both these methods provides economically and environmentally benign silver sta-ihing with

minimal wastage of reagents.
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DETAILED DESCRIPTION OF INVENTION

The present disclosure provides two techniques for obtaining industrially important metallic

silver film on paper/fabric (substrate) as a material.

According to yet embodiment of the invention, the silver (I) ammine complex is used as a

OXidizing agent and aldehyde/phenol derivatives as reducing agents.

In the 1** technique, the pair of silver ammine complex and phenols is disclosed for the
reaction. |

Herein the silver(J) ammine complex is prepared by dissolving silver nitrate in to the liquor
ammonia and sprinkled over fabric/ paper. | |

According to an embodiment of the invention, the phenols containing benzene ring d_t least
substitut_ed with one hydroxyl functional group can be used for the reaction.

According to an embodiment of the invention, the phenol derivatives are selected from 2-

" naphthol, 2,4-di-tert-butylphenol, and 2,6-di-ters-butylphenol.

The phenol derivative was added. in an evapeorating dish. It was covered with a card board

having big hole in the center. The paper/fabric (substrate) was kept over cardboard. The

- assembly was covered with a glass funnel. The end of glass funnel was covered with cotton

plug, as shown in figure 1.

The evaporating dish was heated externally gradually to sublimate phenol derivatives. After
almost complete sublimation (around 5 minutes), the assembly was cooled down, and the
substrate was brought out. | |
The silver coated substrate was washed with dichloromethane to remove organic counterpart

(phenol and C-C coupled bi-phenol product), and kept in dark at room temperature to dry. -

- According to an embodiment of the invention, -the silver (/) ammonia complex reacts to
| phenol derivatives and forms silver (0) during the reaction. The sublimation of phenol gives
‘purified phenol, which sublimates in hall assembly but this reaction happens only over the

- part where the sublimated phenol derivatives mix with silver ammine complex, thus the

reaction gives silver staining or coating over selected part on a substrate.

In the 2" technique the silver() ammine complex was added to a vial/vessel. This silver
ammine complex was prepared by adding sodium hydroxide solution in to silver nitrate and

dissolving it in to the liquor ammonia.
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- vigorously.

Accbrding to an embodiment of the'invent_ion, the reducing agents was added to another

‘vial/vessel. The reducing agent are from aromatic compounds containing at least one

| alde_hyde or hydroxyl functional group or aliphatic compounds with at least one aldehyde

functional group. |

The reducing agent are chosen/selected from glucose, formaldehyde, 2,4-di-tert¥butylpheno],
and 2,6-di-tert-butylphenol. | |
The two vials/vessels containing silver(J) ébmplex and reducing agents were connected with
a pép_er by dipping énd of papers in it. The assembly was kept af room temperature for silver
ﬁlmformaﬁon, as shown in figure 2. o

The silver coated paper was removed from assembly and washed with water and

- dichloromethane to remove organic counterpart. The silver coated paper was kept in dark at
room temperature to dry.

" A_cc()rding to an embodiment of the invention, {he_: silver (I) ammonia Complex reacts to

phenol derivatives/aldehyde derivatives and forms silver (O-) during the reaction. The reaction
happens only over the selected part of paper, where the reducing agents mixes to the silver

ammine complex, which results in silver staining or coating over it.

The silver coated paper was analyzed using optical microscopy and shiny silver metallic
staining was observed clearly. The resistivity and conductivity of silver stained paper were
noted using digital multimeter, and high conductivity and law resistance was observed. No

effect was observed on paper/fabric by washing it with water and ethanol many time

‘The organic solvents other than dichloromethane can be used for removal of organics from -

“paper or fabric.

The thickness of silver film can be varied by changing concentrat.ion of complex.

On adding silver amfhine complex in required area of paper/fabric, the silver staining can be
obtained over it. |

This invention reveals the feasibility of the reaction over a particular area on a substrate,

molecular level boundary condition for miXing of the reagents.



DRAWING:
FIGURE 1
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BRIEF DISCUSSION OF DRAWING:
Figure 1: Technique 1 | .-
Figﬁre 2: Technique 2

EXAMPLES:

‘The disclosure is further illustrated by the following examples, which in no way should be

construed as beling. further limiting. One skilled in the art will readily appreciate that the

specific techniques and results described are merely illustrative. The example 1 to 3 presents

1™ technique (Figure 1) and example 4 to 7 presents 2" technique (Figure 2). ‘The “room

temperature” indicates 25-30 °C temperature in the following éxampl,es.

EXAMPLE 1 o |
2-Naphthol (0.100 g, 0.694 mmol).was added to an evaporating dish. This dish was covered
with cardboard ha{/ing hole in the cehter. The silver ammine complex was prepared by
dissolving silver nitrate (0.0600 g, 0.35 mmol) into 0.5 ml liquor ammonia. This f-re‘s.hly

prepared silver ammine complex was sprinkled on a paper/fabric (as a substrate), kept over

cardboard, and covered with a gléss. funnel.- The evaporating dish was heated gradually in an

oil bath to sublimate 2-Naphthol (~161 °C). After almost complete sublimation (around 5

‘minutes), the assembly was kept aside for cooling, and the substrate was brought out.

- The substrate was washed with dichloromethane to extract organic counterpart (2-naphthol

and BINOL). Now the substrate, mainly containing silver, was kept in dark and dried at room

temperature.

EXAMPLE 2 | ‘
2,4-di-tert-butylphenol (0.100 g, 0.485 mmol) was added to an evaporating dish. This dish
was covered with cardboard having hole in the center. The silver ammine complex was -

prepared by dissolving silver nitrate (0.0600 g, 0.35 mmol) into 0.5 ml liquor ammonia. This

- freshly prepared silver ammine complex. was sprinkled on a filter paper/cotton (as a
'substrate), kept over cardboard, and covered with a glass funnel. The evaporating dish was -
“heated gradually in an oil bath to sublimate 2,4-di—tert-butylphenol (at 115 °C). After almost

~complete sublimation (around 5 minutes), the assembly was kept aside for cobling, and the

substrate was brought out.
The substrate was washed with dichloromethane to extract organic counterpart. Now the

substrate,'mainly containing silver, was kept in dark and dried at room terhperature.
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EXAMPLE 3

2,6-di-te.rt-'butylphen'o'l (0.100 g', 0.485 mmol) was added to an evaporating dish. This dish
was covered with cardboard having hole in the center. The silver ammine complex was
prepared by dissolving silver nitrate (0.0600 g, 0.35 mﬁml) into 0.5 ml liquor ammonia. This
freshly prepared silver ammine 'complex. was sprinkled on a filter paper/cotton (as a:
substrate), kept over cardboard, and covered with a glass funnel. The evaporating dish-was

heated gradually in an oil bath to sublimate 2,6-di-fert-butylphenol. After almost complete

- sublimation (around 5 minutes at around 118 °C),' the assembly was ke.pt a_Side for coolirig,
‘and the substrate was brought out. |

The substrate was washed with dichloromethane to extract organic counterpart. Now the

substrate, mainly containing silver, was kept in dark and dried at room temperature.' -

EXAMPLE 4

0.5 ml of liquor ammonia and 1.0 ml 0.01 N silver nitrate solution in water was mixed ina
glass vial of capacity 2 ml. 1.5 ml of 2,4-di-tert-butylphenol solution (0.01 N in absolute
ethanol) was taken in another similar glass vi.al. Thése two vials were kept 0.5 cm away from.
each other, and connected by a single paper strip. The reaction was kept at room temperature
for 1 hour. The silver stained paper was bring out and washed with water and

dichloromethane. The silver stained paper was kept in dark and dried at room temperature.

EXAMPLE 3

0.5 ml of liquor ammonia and 1.0 ml 0.01 N silver nitrate solution in water was mixed in a
glass vial of capacity 2 ml. 1.5 ml of 2,6-di-tert-buty- phenol solution (0.01 N in absolute
ethanol) was taken in-another similar glass vial. These two vials were-kept 0.5 cm away from
each other, and connected by a single paper strip. The reaction was kept at rdor_n temperature
for 1 hour. The silver stained paper was bring out and washed with water and

dichloromethane. The silver stained paper was kept in dark, and dried at room temperature.

EXAMPLE 6

0.5 ml of liquor ammonia and 1.0 ml 0.01 N silver nitrate solution in water was mixed in a

glass vial of capacity 2 ml. 1.5 ml of formaldehyde solution (0.01 N in water) was taken in

another similar glass vial. These two vials were kept 0.5 cm away from each other and

connected by one paper. The reaction was kept at room temperature for I hour. The silver |

8
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stained paper was bfing out and washed with water. The silver stained paper was kept in dark -

‘and dried at room temperature.

EXAMPLE 7 _

0.5 ml o‘f liquor amn'llonia, 0.5 ml 0.01 N sodium hydroxide and 0.5 ml 0.02 N silver nitrate
solution in wafer were mixed in a glass vial of capacity  2 ml. 1.5 ml of glucose solution (0.01
N in water) was taken in another similar g}ass vial. These two vials were kept 0.5 cm away.
from éach other, and connected by a single paper strip. The reaction was kept at room-
temperature for 4 hour. The silver stained paper was bring out and washed with water. The

silver stained paper was kept in dark and dried at room temperature.

Date 31/08/2021

Signature: -

Name: Ghalsasi Prasanna S.

Date 31/08/2021
‘Signature

‘Name BHANDERI KHUSHBOQOO D.
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Cited Patent | Filling date | Publication | Applicant | Title
| date | |
.IN333913 16/02/2016 .07/07~/2017 -Ghalsasi A Method of .catalysis for
" | APrasanna S ‘prepari'ng a Carbon-Carbon
.oxidative coupled‘ p_rbduct of
| aromatic hydrocarbons |
US8062701B | 11/01/2010 06/05/2010 3M Method of transferring
2 | Innovativé.l nanoparticles using a
| PrOpcrti.es | microporous article  having
Co metallic nanoparticle coating
US20170354 | 03/08/2017 14/12/2017 | NANOWE | Smart materials, dry textile
372A1 AR Inc Sensors, and electronics
integration in - clothing,' bed
Hsheets, and pillb\& cases for
'neurological, ~cardiac  and/or
| -pulmonary monitoring |
CN10236512 | 17/03/2010 | 29/02/2012 | BASF SE | Preparation of shaped metal
7B | | particles and application thereof -
CN10190978 | 25/12/2008 08/12/2010 { Dowa Silver micropowder, silver ink,
6B _‘ electron‘ics' silver coating, and methods for |
materials production of these materials
Co Ltd
JP200212925 | 31/10/2000 09/05/2002 | Furuya ‘Highly heat-resistant reflection |
| 9A | | | Kinzoku film and laminated | body,
| | reflection plate for Hquid crystal
display element and glass as |
| ‘building materia! using the film
NON-PATENT CITATIONS
Reference‘s: No references
Date 31/08/2021 j ‘
Name: Ghalsasi Prasanna S. Bhanderi Khushboo D.
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‘We Claim

1. The metallic silver coating on paper/fabric compounds by two techn‘iqués: 1* by

~evaporating/sublimating phenol derivative kept in evaporating dish, covered with a card

board having big hole in the center, keeping silver() ammine complex containing

paper/tabric (substrate) over it, and covering it with closed glass funnel. 2™ by connecting the
silver(/) ammine complex containing vial to the reducfn'g agents containing vial/vessel with
paper/fabric at room temperature, |

2. In the claim 1, the silver staining or coating accurse on the selected part of fabric, where
the reducing agents mixes at the molecular level with the silver(/) ammine complex.

3. According to claim 1, the silver(/) ammine complex is prepared freshly by dissolving silver
salt of nitrate/chloride in ammonia. | .

4. According to claim 1, the'ph‘enols used for the reaction contains benzene ring éubstitu-fed
with at least one hydroxyl functional group.

S. According to claim 4, the phenol derivatives are selected from 2-naphthol, 2,4-di-tert-
butylphenol, and 2,6-di-rer-butylphenol. |

6. According to claim 1 in the 1% method, the phenols are heated till evaporation or
sublimation. |

7. According to claim 1 in the 2™ method, the reducing égent are selected from aromatic
compounds containing at least one aldehyde or hydroxyl functional group or aliphatic
compounds with at least one aldehyde functional group.

8. According to claim 7, the reducing agent are chosen/selected from glucose, formaldehyde,
2,4-di-tert-butylphenol, and 2,6-di-tert-butylphenol. |

Date 3.1/08/2021

Signature: -

Name: -  Ghalsasi Prasanna S.

Date 31/08/2021

Signature ‘

Name BHANDERI KHUSHBOO D.
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ABSTRACT

The present invention provides two novel techniques for déposition/coating/staining of silver
on fabric or on paper. This techniques provides staining on selected area of substrate, which
shows high conductivity and low-resistiﬁity. To coat silver over. substrates with admirable
adhesion between substrate and silver, mild conditions, easy and efficient methods ar'é
disclosed. |

Here in the 1™ technique, the freshly sublimated pure phenols reacts in-situ with-silver
ammine complex spread over fabric or paper, which gives silver staining and coating on the
selected area where both reagent unites at molecular level.

Here in the 2™ technique, the silver ammine complex made to react with reducing agents

(phenol derivatives or aldehyde derivatives) using capillary action to form silver over paper.

These methods provides economically arid ehvironmental.ly benign selective area staining of
silver over fabric or paper which are faster procedure, without using harsh conditions and

technological advancement.

Date 31/08/2021 ,
~ Signature: -
‘Name: Ghalsasi Prasanna S.
Date 31/08/2021
Signature

Name BHANDERI KHUSHBOOD.
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