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Summary of work done: The use of supramolecular chemistry and crystal engineering to improve "oB
pharmacokinetics aspect is an area of grezt scienﬁgc and technological interest. The presence of ?yqro,gtin
bond synthon and m-stacking are considered as two important adhesive and S bl i
crystallization of drug molecules. In order to establish the proposed objectives of -th? pr?ent pr:tji:z
work, we have explored synthesis of drug cocrystals/salts with emphasized thnmc e
The overall summary of work done during the tenure of the project is given below: -

1. Review article entitled “Drug-Drug and Drug-Nutraceutical Cocrystal/Salt as Alternative Medicine
for Combination Therapy: AgCrystBal Engmnalgnng Approach”. Herein, we dmcusmd m-smdlf . ?f
drug-drug, drug-nutraceutical cocrystals, and a few salts with an emphasis on their role in
physicochemical property modulation. The strategy involved in drug-coform: F““‘_"_*f’“.“"“s Have
shown significant potential of forming energetically and structurally robust interactions that are
highlighted as the use of hydrogen bonding and crystal engi g strategies to improve the drug
profile. (Published paper)

2. Regulation of =m--m stacking interactions in sn
physiochemical property modulation: We employed acr
of dihydroxybenzoic acid coformer and used ¢ l
properties. Here, the role of n stacking and hydrogen
crystallization of small drug molecules to re !
multicomponent crystals. (Published paper)
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such flexible drug and emphasized. EHh (Puhlished paper)

and often nucleates novel metastable forms. '
and confront”. Nanocarriers

: : eminence
6. Book Chapter on “Nanocarriers in dmg-c_iehv:arfmsa}:::t?é;ﬁmg delivery due to the ;?rig?nce of
i jor attentions 1n P : joavailability etc.
ﬁﬁeﬁfvmﬂcﬂ ?sa%;rpme drug stability, ability of drug targ?tmgdig:t?g:ch L SPWECi 2
The rational design of nanocarriers improves the major targetsdof;;:grek e
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targeted sites, therapeutic and diagnostic modalities, efficacy an ic profile of drugs.

: =ty ineti armacodynam
understanding the relationship between pharmacolzj:::i; ﬂ‘di][l)flfa:md omedicine through the

Therefore, this ter emphasizes a succinct en i S T
improvement ofc];lafir deli\rgz}-' challenges with high efficacy and wide safety ma:i?:l?n:l\; :; . :;a;
developed in the past decades. It helps to understand the overall beneficial therapeu
or active ingredients. (Published)
i : sk - igni » A review on different
7. Article on “Variable stoichiometry cocrystals; occurrence and significance”. _
stoichiometry cuarystulsreperﬁy mostly in the last decade to elucidate the factors responsible for
their formation, with an intention to address an imperative issue in the c!rug, development process.
The effects of solvents and coformer concentration on cocrystal stability have been highlighted
along with the impacts of variable stoichiometry on physicochemical properties. (Published Paper)

8. Book Chapter on “Crystal engineering and pharmaceutical crystallization”: This chapter has covered
the principles of coerystal and salt design to their applications in pharmaceuticals and
manufacturing improvements with continuous-flow processes. (Published Paper)
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polymer I
fﬁpresemsl:l:i by carboxamide functionality has been developed. The synthesized catalyst
etter atom economy and provides a greener and efficient pathway towards nitroarene

reduction :
» @5 an alternative to expensive metal catalysts in use. (Published Paper)

E?ds?ﬁmg Organic Porous Polymers in Regioselective and Unusual Oxidative C=C Bond Cleavage
tyrenes into Aldehydes and Anaerobic Benzyl Alcohol Oxidation via Hydride Elimination:
Ffeg'°§E1°Ctch oxidative cleavage of styrene C=C bond in a first of its kind reaction by a nitrogen-
rich triazine-based microporous organic polymer without metal add-ons is reported in this paper.
The framework material further shows high catalytic efficiency in an anaerobic oxidation reaction
of benzyl alcohols into benzaldehydes. Essentially, the study unveils protruding applications of
metal-free nitrogen-rich porous polymers in organic transform (Published Paper)

ation reactions.
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Detailed Progress Report:

1. Drug Drug and Drug Nutraceutical Cocrystal/Salt as 2 :
Therapy: A Crystal Engineering Approach: The pre-formulation
ufcq:smienghmﬁngmathﬂamﬂgﬂdasapmﬁiaingi
. utical industry. Recent introduction of pharmaceutical cor
Food and Drug Administration (FDA) made them one of the potent 2
not feasible. Apart from generally regarded as safe (GRAS) :
cocrystals are recent additions to pharmaceutical cocrystal
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inadequacies associated with the active
reliable method. Amongst them, drug-
the recent past as they reduce
e has to be prudent in the
n, disease management

Indeed, preparation of salt forms is a routine practice to deal Wit

St ially
pharmaceutical ingredient (API) and happens to bo & Pgtentn.l i
drug and drug-nutraceutical cocrystals have drawn s1gn'1ﬁcant_1m%0ﬁan::r mon
drug load and cost effects during multiple disease s Uwcb n’d syntho
selection of drug molecules, the presence of complementary I/SIUEIR };ion That is the reason why
during multiple disease therapy, etc. that play important roles in their preparation.

e inly high!
coformers and salt forms. Therefore, this review paper mainly high . is on their
preferably reported drug-drug, drug-nutraceutical cocrystals, fud o s Salt?] e ﬁa?a?gpr;latil:native to
role in physicochemical property modulation. It will help researcher to desigl

traditional drugs in the near future.

2, Regulation of m-n stacking interactions in small molecule cucr.-ystgls and_fur salts for
physiuchef:lilcal property modulatiul:ﬁ We demonstrated the role of 7 stacking lﬂtﬁf'ﬂ‘}t;oﬂ ;f’ﬁ:i%;ﬂ;‘;
desired physicochemical properties of the multicomponent crystals. The product materials O -
(Acr) with six different isomeric dihydroxy benzoic acids (DHBA) namely CC-1 [Acr-2,3-DHBA], CC-
[Acr-2,4-DHBA], CC-3 [Acr2,5-DHBA], CC4 [Acr2,6-DHBA], CC-5 [Acr34-DHBA] and CC-6
[Acr3,5-DHBA] were prepared by using mechanochemical neat grinding method. They were
characterized using different spectroscopic techniques like thermal analysis, FT-IR spectroscopy, PXRD
and SCXRD ete. In FT-IR absorption band, the appearance of major vibrational frequency at 3041 and
1512 cm™ indicates the presence of aromatic C-H and C-N group respectively for acridine molecule. Thj:
vibrational frequencies of those particular peaks were shifted to 3043, 3044, 3044, 3050, 3057, 3051cm
and 1319, 1308, 1343, 1346, 1377, 1331lcm™ respectively for CC-1 to CC-6 (FigurelA). The DSC
thermograms of the prepared cocrystals were shown in FigurelB. In FigurelB, the measured onset and
sharp peak maximum of the melting endotherms were introduced from the formation of new cocrystals.
The PXRD diffraction spectra of CC-1 to CC-6 had numerous distinct peaks indicating the high
crystalline state of the materials (Figure 2A). SCXRD data were collected for the prepared cocrystals. The
crystal structure reveals the formation of salt due to the transfer of carboxylic acid proton to the N-atom
of Acr.
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Figure 2: (A) PXRD patterns of pure Acridine and co-crystal/salt cC-1 to CC-63 (B) Representative plot
of molecular packing of CC-1. e

The guest-free crystalline modification of CC-1 was isolated from mmwwﬂﬂ data were
solved and refined in wriclinic P1 space group with one Acr and one ymmetry independent
molecules. The crystal structure reveals the formation of salt as the ca ic acid is _transferred
to the N of Acridine. The 2,3-dihydroxy benzoates form & molecular tape. - O—H:~0 hydrogen bonds
along the [100] axis. Protonated soridine is perpendicular to this ect - gh N'=H-O
hydrogen bonds. TWwo <uch molecular tapes intercalate each other throug idine an
completing 2 sheet-like structure (Figure 2B). They are further
interactions tO complete 2D packing. Such 2D molecular sheets are &
packing of molecules. Thus, weak interactions like ®=T = L,
significant roles in predicting the molecular arrangement in the lat
data for CC-1 10 CC-4 and CC-6 are summarized in Table 1.

Table 1: Crysta.llog;mphic parameters of Acridine Co-crys tal/

SRR
Crystal data CcC-1 OG0 el
Formula unit CaoHsNO« CaoH1aNOs
Formula wt. 333.33 33333
Crystal triclinic oclinic
system ry
a[A] 753903 167214
b [A] o423 (1) 96531 @)
c[A 11.580(2) 2169 3)
ol 108.045 (8) - 90
B[°] 93.572(9) 95218(7) =
1] . 90.94 (2) )

7826 2)
L
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h. A representative example of

materials retrieved from these experiments were found to be stable upto 12
CC-1 is demonstrated in Figure 3.

Slurry after 12 hours at pH 1.2

Slurry after 3 hours at pH 1.2
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 Intensities (a.u.)

Slurry after 3 hours at pH 7.4

. i i | ; CC-1
Figure 3: Phass stibillity te8t o COI 1 bt (b gt s s o
identical PXRD patterns ﬂﬁ]waWMMIEL t) its stability by the obtainment of
o -y y . ,.'ﬁ . ,,f«'i.'.'. el et

LT

Wdernmbenais at pH 1.2 and pH
solubility of materials in acidic pH
. hlsh&r will be its tendency
3in its fonic form at pH | 2

As desired solubility and pey
7.4, The representative results are
depends on acidity of the coformer:
to remain in ionized form

resulting in lower sol
stacking which is re

multicomponent drug
shown in Figure 5.




Unitmgnl, ()

11.24

{3
===

2
=

-~
L

Solubllity at pH1
aw

g
i

ium: (B) Plots of
1 CC2 (C3 cc4 CCs  (CE b Hllmedlum,(
Figure 4: ’a} Solubility comparisons between Acr and co-crystal/salts at P

o salts at pH 1.2-
membrane permeability profiles with respect 10 time of Acr and their co-crystals/

= = =
ic representation of the Acri

e
Figure 5: Sch

uhmnmidemeryrml:-in-ﬂ 08
%&mmwﬁﬂmm

1, Form-1l, and Form-1II). 'Ehapmeﬁt Beinglii
permeation behaviour that can have an d68 #CX
polymorphic phases



—

izati hile the molar ratio is 2:1 apg
lution crystallization, W ' . i
ZMD-2,4-DHBA cocrystal appears from Sﬁimﬁgn media). Slow evaporation .of' f'nnn;‘c ﬂc;mzios;dcd .
crystallizes out only from formic acid (crysta coria sl o -

ibrelike material of Forn-IL, and there ore o Cr?s (t;lt concomitantly and screltdip[tnusly along with
o zed thoroughly using various spectroscopic

i i Ilizi
crystals of Form-1II were isolated while crysta .
| Frc?:n—l in the presence of formic acid. Al fonﬂs &;Bmchli:,rnﬂ: t::nneabili!}' studies at different physiological
techniques and subjected for solubility and ce mic e oy DSC renders new solid phase A o
The melting onset on DSC endotherm for Form-],

|
pH environments. Thermal analysis of polymm;hther
i e A ‘30[} oC at the rate of 3 °C min™ (Figure 6). The

Form-Il and Form-IIT are recorded in the range of 30- :
single anadnsharp melting endotherms at 118 °C, 92 °C and 111 °C represents Form-I, Form-IT and Form-

I respectively.

. R e ™ e

Figure 6: DSC endotherms of three 11 and Form-I11

Pl ;?‘:mm techniques ke D etc were .med to ch
confirmed the differences in for Form-I and Form-IlI firmly
Form-I crystallizes in mon uiar arrangement of the lattice,
the asymmetric unit. The ch of ZMD and 2,4-DHBA in
ratio ?0:.30.' (%) with respec order of ortho-C Q‘Gﬂpm the
R3(8) dimmer motif (Figure OOH homo synthon with
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Figure 7: (a) Crystal structure of Form-I displays COOH*COOH homo synthon with R%{B) dimer motif.
(b) Form-1II consists of COOH-+CONHzheterosynthonwithsimilar R2(8) hydrogen bonded dimer moti.

The solubility studies of ethenzamide and their cocrystal polym re examined at pH 1.2 and 7.4
(Figure 8). Interestingly, solubility parameter signifies higher of ZMD at pH 1.2 due to the
formation of hydrochloride salt. The protonated ZMD formed drogen bond with solvent
molecules enhancing its solubility. However, at pH 7.4 : bﬂ_‘ﬂ'-‘-Fm‘I
and Form-II increases 2.5 times than ZMD. Since, th
temperature of the cocrystal. Thus, decrease in melting temp
lowers the lattice energy, thereby leading to better solubility. _
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Figure 8: Solubility of Ethenzamide and s ¢c
7.4 conditions. 1
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Figure 9: Pmmbd@mm(%) of drug ethenzamide and its cocrystal polymorplis, Form-I,

Form-II, Form-I1 (=) at pH 1.2 and at PH 7.4 conditions.
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Figure 10: (A) Absorption spectra of famotidine with the variation of time (min) and (B) Plot of In
[AJ/[Aq] vs. time required during hydrolysis under pH1.2 conditions.

The degraded product (D-FAM) of FAM was analyzed by using
entirely different FT-IR spectra of FAM and D-FAM(FIM '

cirosco iG te.chniques. The
nhase transformation of

famotidine at pH 1.2, The absorption peak that appears N-H stretching
ek . . : 1686 cm’ also
vibration of the primary amide of the decomposed FAM (Figure
indicates the generation of C=0 group for the decomposed erm ety .t.ﬂ- e
11B) exhibits difference in some of the major peak positions 1 of int e el

famotidine. ;
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Figure 11: (A) FT-IR spectra nfpurefm
of pure famotidine, D-FAM and the mal

After analyzing the D-FAM material, we
that involves the following basic steps ¢
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After deliberate examination of famotidine decomposition at different experimental conditions and
identifying its relative decomposition site, cocrystallization technique is explored to prevent FAM
degradation. The xanthine coformers such as ﬁmphyllhw, caffeine, and theobromine aiso exhibit
tals is predictable based on the
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Tab

e 2: Single crystal X-ray data parameters of FAM and FAM.THP

Crystal data —
Formula unit i FAM Form A
Cy HaiNis OSs Cs His N7 0283
Formula wt. 697.80 137.45
Crystal system Triclinic Monoclinic
TK] 296
alAl 7.7722( . I%ﬂﬁ%%ﬂ )
bA] 134252000
g ey
(] 98375(4) i '\
B 4856
v €] 913659@ Pt : '
Volume [A’] 1502.1(2) '
Space group PO
Z 2ol W
Deale [,E‘-"m-al 1.543 S
p (mm ) 0314
Reflns. collected 7611
Unique observed 45551008
R1 [1> (D] 00519
Instrument B
K-ray
cCDC no.

A slurry exp

1.2.Solid m

eriment Was performed to

aterial
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Figure 13: %(12) homodimer (red circle) and Rg(il) heterodimer (blue circle) involved in the formation

of FAM-THP
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Figure 14: Stacked P}
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_i In highly acidic condition, the
} The hydrolysis product is the
similar pH environments is attrib

'nf-'-F&M-A is susceptible to hydrolysis.
uted ity of the FAM-THP cocrystal under
and N-H--O hydrogen bonds. 1 : heterosynthons, i.e. N=H-N, C~H~0,
heterosynthons which easily char s Use of xanthine base coformers offers such stron
angles (6). A st of the measured o SU" Conformation of the drug FAM-A at diffsent torsion
FAM-THP cocrystal is given in Table B.E“ 10 torsion angle for the famotidine molecule in FAM-A and

Table 3: Torsion Angles (¢°) in molecular conformers of FAM-A and FAM-THP
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Molecular conformer Torsion angle (¢°)
FAM-A | FAM-THP

C12-C11-810-C9 106.92 69.87
C11-810-C9-C8 90.26 63.90

C9-C8-C6-N5 71.01 86.56

C8-C6-NT-N5 227 179.52
C6-N7-N5-83 427 0.67
C6-N5-S3-N1 120.72 75.67
7 $&
Hy |
e N FAM-A
su/ia 9 13 1 e
4/ #// 11 . . =
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A - e ol ] ation Thus, it allows the FAM-A molecule to keep the ~Csy
functionalities from pure FAM-A conformation the molecular packing has been offered by N-H..

site buried inside. Auxiliary support in strengthening i s o :
and N—H-O inter- and intramolecular hydrogen bonding in cocrystals. In turn, this situation directs the

solid toward hydrolysis on the amidine group of the —C=N_ site. The leshfcid surﬁavce area analysis i
performed to quantify the intermclecular interaction that is present In the sy nthe:f,lze?f cocrystal and
compared with that of pure FAM-A (Figure 15). It is interesting to note that the contribution of the OH
interaction is 8.6% for FAM-A, which is further increased to 12.0% for the FAM'THP cocrystal. A higher
contribution of the O-H interactions advocases for stronger interaction possibilities. In parallel, the
contribution of a weaker N-H interaction is also higher for FAM-A (10.4%) and drops down to 7.9% for
FAM'THP. Perhaps compensation in the contribution of interactions offers a significant stability
enhancement in the cocrystal. Thus, cocrystallization offers a viable route to stabilized drug degradation,
Cocrystallization can be an efficient way to address the stability of drug molecules associated with the
susceptibility of acid hydrolysis.

5 Nanocarriers in Drug Delivery: Eminence and Confront: In the pharmaceutical discipline, the
search for pioneering drugs and delivery method to the targeted site is a major concern for disease
management, due to the limited efficacy, poor bio-distribution, and lack of selectivity in the current
treatment procedure. An estimated 40% of pharmaceutical ingredients acquired market approval and 90%
of them have been suffering from solubility and permeability issues, in vivo stability, intestinal
absorption, Fhasty metabolism, and even elimination of poor safety and admissibility. Recently, various
researches in drug :?elivery have been intended to confront these issues through the development of
nanostructure materials. It requires various scientific principles to develop materials in the field of
pharmaceutics, which could have extensive and paradigm shifting relevance for indispensable research on
drug innovation and me‘dxcal mchnqlagy. In this case, nanocarriers have immense potential which lies in
g?fr}g;ll;ng tl:e dn;g delivery and targeting drug release profile of pharmaceutical ingredients followed by
e iman“ es ‘t?' ?ﬁtrhﬂmlsiﬂhﬂﬂ Various strategies have been using to formulate the drug carriers with
ik Pf ement of their physicochemical properties. It has increased the overall beneficial therapeutic
Index of new or active ingredients. Although nanocarriers are used as a promising candidate in drug

dellend ;‘T;:foﬂ;; f°f=“;§3t pinnacles remained unanswered. To explore their potential ability,
expected that the overall summary ﬂam ORCEHIS before It comes to a clinical approach. Therefore, it is
mary of these 2t will help the researches to standardize protocol for the

detection of nanocarriers under d

6. Oriented crystallizatip
assembled monolayers (SAMs)
shape of the crystals with polymorph

ol concomitant polymorphism: Self-

mployed to control nucleation, size and
tremely important subject in the pharmaceutical
can be guided by molecular recognition at the

;deLi';’yPc.lfrﬁc:%ﬁ Gban?df }mgtm} va.riati?n_ The mmmﬂﬂﬂrglm (Eeonp) are calculated using DFT,
P) basis set with respect to the dihedral angle C2-C3-S14-N17. Further, packing
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Func]:lonal self-assembled monolayer (SAM) of organic thiol on gold surface has been employed as an
n.ef’ﬁcsen? approach_ to control concomitant nucleation of such flexible drug and emphasized. Initially,
interfacial properties such as wettability and contact angle of the prepared SAM surfaces was measured
and the result showed the decreased in contact angles for different organic thiol-based gold surfaces
(Figure 17). The morphology of bare surfaces was also analyzed using AFM and FESEM techniques. The
crystallization on bare gold surfaces and the solution crystallization in gold surfaces afforded concomitant
form I, IL, IV and I, I11, IV respectively which is further confirmed by PXRD analysis.

However, the functionalized gold surfaces offer variation ih =

ality, molecular structure,
and geometry of the surfactant monolayer and. the cryst:

nalized surfaces were

individually characterized using confocal Raman micros
TN - A

A

MSA
Figure 17: Contact angle comparison of water droplet
with that of the bare gold surface; where 2ME: 2-]
MSA: Mercaptosuccinic acid, MAA: Mercaptoace
Mercaptobenzothiazole.

Crystals appeared from solution cqmmﬂlmilﬁnmd
plates. The crystal growth and habits of SULF are ¢
of crystals showing different crystal habits of SULF
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2MBT (Form 11 & new form)

—MSA (Form 1) 2MP (Form I & II) )
tical microscopic images of different crystal habits of SULF observed on SAM surfaces.

Figure 18: Op
The crystallization on SAM surface is mostly kinetically driven and often nucleates novel metastable
forms. The unknown sixth form of the drug is nucleated on designed SAM surface supported by

spectroscopy, thermal analysis and X-ray diffraction studies.

In conclusion, nucleation of pure polymorphic phase of highly concomitant drug like sulfathiazole is
achieved and reported with pure form III nucleated on MAA and pure form Il on MSA SAMs. This is
conceivable by designing selective crystallization of SULF changing the preferential orientation of the
crystal facets. An infrequent Raman spectrum for a peculiar fine needle crystal appeared on 2MBT SAM
reveals a new metastable form of the drug and reported. These observations suggest that the translation of
the structural information through the interface occurs by stereo chemical registry and functional groups
in the SAM that play the role of an oriented surrogate layer for the nucleating crystal and control the
crystallization process. Certainly, this study opens up opportunities of nucleating selective polymorphs of
active pharmaceutical ingredients that often presents challenges.

7. Variable stoichiometry cocrystals: occurrence and significance: The occurrence of variable
stoichiometry cocrystals offers the prospect to acquire more solid forms of the same system. The control
of stoichiometry is extremely important concerning purity and intellectual property (IP) protection. We
have analyzed structures, synthetic methodologies and properties of the reported variable stoichiometry
organic cocrystals reported in the last decade, with discussion of their controlled production for drug
formulation plans, This review further fetches an understanding of the accountable reasons for the
existence of stoichiometry variation in cocrystals, which essentially results from the disparity in

properties with IP coverage.
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B 2 component
i )
[ Amorphous

Scheme 2: Pictorial representation showing the most probable solid for
candidate. The few most common stoichiometry variations, Viz. 1:2,
displayed. The dotted arrow signifies the existence of more possible forms..

Nonstoichiometric compounds are generally associated with ‘structural
controlled by the thermodynamic regime. In the last two decades, coc!
tangible way of fine-tuning different physicochemical properties
attention on phannaceutica] ingredients. Different stoichiometry
cocrystallization which can offer various new solid forms of an
there are a considerable number of cocrystal reports ‘coming
stoichiometry cocrystals is not high. We have summarized €
reported mostly in the last decade with an emphasis on und
formation of such different stoichiometry cocrystals, an imp
The effects of solvents and coformer concentration on
variation of the physicachemical properties with different
number of representative examples in a distinct category i
understanding and prediction of the e—activity | bt
are necessary to recognize the stoichiometry of cocrystals: _ il \

8. Crystal engineering and pharmaceutical cr
summary from the molecular sciences to industrial bulk
the inception of supramolecular chemistry to the pro
pharmaceutical areng, the addition of new and better
emergence of pharma cocrystals as a therapeutic entity
investments to study the effect of different crystallizatic
nucleation studies etc. The use of supramolecular gels,
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Cu(OAc),.H,0
= Cu@POP-Am1
DCM, RT, Stir, 24 h

TAP
Py POP-Am1

Scheme 3: Schematic representation of POP-Am! and Cu(Il) loaded POP-Am|

E&Z;:igf t’:’fufm‘iﬁf with Cu(ll) (Cu@POP-Am1) displays excellent catalytic behavior for 4NP

& ikase edmﬂl? enol (4AP) in shortest reaction time and improved yield percentage (%) compared

d e reported using precious and expensive metal supported POPs. The nitrogen adsorption and
esorption isotherm at 77 K exposes the permanent porosity and rigidity of POP-Aml1.
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Figure 20: Nitrogen adsorption-desorption isotherm (a) and pore size dis

Figure 20a-20b displays the sorption curve and the pore size d
isotherm signifies the reversible nature of nitrogen adsorption in
mechanism. The Brunauer-Emmet-Teller (BET) surface area of POF
and average pore diameter is 29.24 A" affirms the polymer to be 1
mention that nitrogen containing ligand in coordination chemistr,
moiety to encapsulate or incorporate various metal ions, We opte

onto POP-AmI. Obtained powder of copper loaded POP- [

FT-IR, TGA, PXRD, EDS, AAS, ICP and TEM techniques. T
subjected to investigate catalytic activity towards organic tra
reduction of 4-nitrophenol, we employed Cu@POP-Aml :
NaBH,. The addition of NaBH; acts not only as hydrogenating a
metastable and/or unstable state in-situ. In the);'ewﬁon, this reducec
4-nitrophenolate and gets oxidize to stable Cu(Il) species. '1];; .
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the proton against the electron rich 4- nitrophenolate species and convert to_4A'P eliminating waer
molecule. The complete catalytic cycle for conversion of 4NP to 4AP is depicted in Figure 21.

bl @ Nalll,+211,0
i‘?)/ =

B, s wi e e

Q'EF?D— @ — Reducedcopper Eﬂ::@ ®

Figure 21: A plausible mechanistic mdigp ) ;

nitrophenol to 4-aminophenol,

A close observation on the catalytic reduction ycle of 4NP with NaBH, describes the electron transfer
rate between the BH, donor and the re - molecules. The Cu@POP-Am1 plays a pivotal
role by acting as intercessor ﬁarelﬂwm ‘matrix i.e., porous organic polymer

with continuous p-electrons and suital
11.  Endorsing Organic Porous P
Cleavage of Styrenes into A

al role for electron transrer,
nd Unusual Oxidative C=C Bond
Aleohol Oxidation via Hydride

Elimination: Here, we pursued an ¢ L cost-effective and environment-
friendly single organocatalyst, of styrenes and anaerobic
oxidation of benzyl alcohols self-re ly active catalyst, it is also
an important aspect to I such oxidative reactions
effectively, we developed an gen content in it. The study
reports a novel a-conjugated as one of its earliest metal-

free organic catalysts, promoting
an oxidant and (ii) oxidant-
importance lies in saving time, ity. Unexps
the case of C=C cleavage o ype ( e
disruption, forming benzz ' o e
oxidation, the mechanism limination, : Emza pgis:
5 daptability endly, effective,
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Scheme 4: Scheme 1. Synthetic Pathway of the Polymer MOP-Am2

The Brunauer—-Emmett-Teller (BET) surface area analysis anticipates a type IV isotherm with a
calculated surface area of 51 m*/g and a pore diameter of 1.56 o cipms B sl viclds >
phenylacetaldehyde, acetophenone, and phenylepoxide, e P ;
The promotion of MOP-Am2 as a metal-free myﬁ;‘l&% o

presence of TBHP as an oxidant result in the unexpected e
(Scheme 5) formation

TBHP, Toluene o
10% MOP-Am2, 85°C,8h

1 n
Scheme 5: Regioselective C=C Bond Scission of Styrenes (for Sty
Blue Circle) Using MOP-Am2 as the Organocatalyst. .

It is very interesting to note that the MOP—W’&.Z?@W' s

oxidation of benzyl alcohols to the ?_lnmespandmghﬂmiﬁeh des i

KOH, 10 % MO

R{ Toluene, Reflux4h
Aromatic a~alcehol 55 "y
Scheme 6: MOP-Am2 as 2 Support Organocatalyst fo
Corresponding Benzaldehydes

Thus, it indicates that MOP-Am2 having an extended ¢
imperative role as a catalyst. Our previous study has
gap examined by electronic absorption spectroseopy
functions of 2D extended ordered polymers. It is affin

Am2 when compared 10 the basic trimer from 2.60 ﬂ#g

easy electronic transition that could promote catalysis. Thus,
is attributed to the rich delocalization of conjugated m
heteroatom, leading to a strong z--% or C-H--x interaction
alcohols.




CSIR Letter no: 02(0327)/17/EMR-11 dated on 08/11/2017

To, Date: 23" Nov. 2021

The Head, Human Resource Development Group
Council of Scientific and Industrial Research (CSIR)
CSIR Complex, Pusa

New Delhi-110012

Through: Head of the Institute

Subjects: 1. Submission of UC, SE _
2. Annual progress/Closure report submission

Dear Sir, .
Enclosed please find the following documents, Utiiir.ﬂiﬂﬂ'CHﬁﬁ

Statement of Accounts (triplicate), Progress/Closure Report, date
research  project entitled” “Multicomponent Crystal Techn
Pharmacokinetic Attributes”, sanctioned letter no. 02(0327)/17/EN

Thanking You,

You're faithfully

_Signature of the Principal Investigator
Dr. Bipul Ch. Sarma)



Declaration of Date of Commencement

Date: 23" Nov 2021

This is to certify that the commencement date of the CSIR project entitled,

“Multicomponent Crystal Technology 1o improve Drug F harmacokinetic Attributes” with

letter (No, 02(0327)[7/EMRAAL; Dated 08-11-2017) which |
received on 16-11-2017 is 01.12.2017. |

reference to sanction

e

It is also declare that no other aid- giving a
under the scheme sanctioned by CSIR.

o) Sora
(Dr. Bipul Ch. Sarma)
Project Investigator
Or, Bipul Sarma

T-lences

El -11'.. Ingia




ANNEXURE-II

Consolidated Statement of Accounts )
(From the date of commencement)

“Title of the Research Scheme:

“MULTICOMPONENT
CRYSTAL TECHNOLOGY TO IMPROVE DRUG PHARMACOKINETIC ATTRIBUTES”

Name of the Principal Investigator: DR.
Date of Commencement 0Li22017 |

of Termination: 30.11.2020

Pa ulars of grants spent ‘\

Period

Emeritus Scientist Scheme
Equipment Grant (Rs)
(01.04.2020 10 31-03-2021)

HRA+ MA

Stipend (Rs)
Scientist Allowance(for

(ending 31" March)
Check No.
Contingency(Rs)

Date:
Amount

Total (Rs)
wal (Rs)
Batance (Rs)

_i
.III :

i
is

IE.II.HIT

CSIR Budget
head: P-81-
102

1.90,870
1,50,000
NIL
Nil
Nil
10
.

Rs.3,40 870/- A 'i
Receipt on: ‘ [ |
| 15.04.2021

(01.04.2020 to 30-11-2020)

[ \%M
. Name: Dr. Biren

tthHﬂr. Tezpur University) _
_~ Registirar !
Tespur University
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FORM-L
UTILISATION CERTIFICATE
COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH

Human Resource Devel
opment Group
CSIR Complex, Library Avenue, Pusa, New Delhi - 110012

CSIR-HRDG Scheme No. 02({0327)/17/EMR-Il dated on 08/11/2017

S.No. rticula

F \ oo L Letter No. /Bank Transaction Amuunt’—\
I|,___ . 1D Nos. & Date

"1 | Grants received from CSIR during the | Letter no, 62463 3080

II; dated

year

\'l

Unspent balance of previous year
(2018-2019)

Interest earned/accrued on CSIR
grant (2018-2019)

1. Certified that out of Rs. 3,40,870/-

grant-\n-aid released by Extramura .
no. DZ(BEI‘JH:J[EHR-I‘I: datud

on 15" April 2021 a5 given in the margin during the !
pank® on grants released by CSIR and Rs. 77,733/-0n 2
sum of Rs. 4,12,097/- has been utilized for the: 5

of Rs. Nil remaining unutilized .
letter No. , DD/Cheque No- _______.,:hmil

payable during the next year.

Transaction 1D Letter

2. Certified that | have satisfied myself that the : gran anctioned
have been duly fulfilled/are being fulfilled and that | e folloy ee that the .
money was actually utilized for the purpose '
during the year Is shown in the gnc{oseﬂ

* The total interest earned during the
535057, dated 17/03/2021 of Rs. 4178/



(Kinds of checks exercised)

I
1. Vouchers and Statement of Accounts |
2. Grant-in-Aid

3. Expenditure Register
4. Bank statements for accrual interest

| _ e
Signature of Authorised Officer
FEImmEd iﬁﬁcer

The Utilization ce mmmu ;
mmmrﬁmdwaqmrmmﬁm.




Date: 23 Nov. 2021
UTILIZATION CERTIFICATE

the different heads of
research project entitled «MULTICOMPONENT CR TECHNOLOGY TO IMPROVE
DRUG PHARHACOHNETIC ATTRIBUTES",

sated on 08.11.2017, has actually been incur i (S
and utilized properly during the financial ¥
claimed and further that the grant

it was sanctioned.

%“1 Comtmahy~
(D al Ch. Sarma)

principal Investigator with stamp.
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Tazpuf yniversity
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