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FILE AND LINK Nuo: MRP-6946/16 { SCRO/UGL)

NAME OF THE PRINCIPAL INVESTIGATOR: Dr. K. Shirish Kumar

Vignana Bharathi Institure of Technology,

Aushapur, Hyderabad, Pin; 501301

TITLE OF THE PROJECT: Spectrophotometric, Thermodynamic and Molecular Modeling
studies of hovel Crizotinib with NBS and TYRQ™,

Cerlilied that the project has been successfully completed and Fxecutive summary of the reporl,
Research documenls, monegraph, academic papers puhlished under Minor research project has

been posted on the wehsite ol the college,
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ACCESSION CERTIFICATE

This 15 to certificd that Dr. K, Shirish Kumar, Department of Chemistry,

Hyderabad has handed over the following books and journals purchased under the

scheme of Minor Research Project Lo the Library of Vignana Bharathi Institute of

Engmeering & Technology, Hyderabad. The following are books and joumnals

handed over by Dr, K. Shirish Kumar (MR1-6946/16 (UGC/SERO). _

Qty

5. No ltem

| Charge Transler complex Book | 1

2 Silverstein book 1

Atking boak 1

Laa

4 Huheey book |
3 Inurganic book 1
& | Chem,ll 1

7 Photo Chemistry |

8 tireen Chemistry l
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Principal Tn gator Librarian l’npﬁl i
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ASSETS CERTIFICATE

This is to certificd that Dr. K. Shirish Kumar, Department of Chemistry,

Hyderabad has handed over the following equipment purchased under the scheme

of Mimnor Resgarch Project to the Department of Chemisoy, Vignana Bharathi

Institute of Engineering & Technology, Hyderabad. The following are equipments

handed over by Dr, K. Shirish Kumar (MR P-6946/16 ([TGC/SEROD). _

5. Mo Particulars Company Oy,
i REMITML

1 Magnetic Stirrer H |

2 Distilled Water AKSIIAYA i

3 Standard flask10ml POROAIL: | 4

4 Standard flask 25ml H"f“??_“ H 5

5 Standard Musk100ml | BOROSIL 2

8 TestTubes15*125mm | POROSIL 4y,
7 Vi fiakoe il Abstlakst | o

REMIIMI.

B Vagnetic Head H 1

o Musk Disp AKSHAY A .

10 Nitrile Gloves ol
1| NMR Tubes Ve 2

12 Quartz Cuveties Q-24 4

13 HP 153G LAPTOP = . 1

P Wircless optical nr
14 mouse -k
! o
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Settlement proforma

LUTILISATION CERTIFICATE

FILFE. AND LTINK No: MEP-6946/16 {SCRO/UGC)

NAME OF THE PRINCIPAL INVESTIGATOR: The. K. Shirtsh Kumar
Yienana Bharathi Institure of Technology,
Aushapur, Hyderabad, Pin: 501301

TITLE OF THE PROJECT: Spectrophotometric, Thermodynamic and Molecular Modeling
studies of Movel Crizotinib with MBS and TR,

Certified that the grant of Rs. 160,000/ (Rupees one lakh sixoy thousand onlv) approved by LG

and the grant reccived Ral 550000 Rupees one lakh fifty five  thousand only) from the

Limiversity Grants Commission under the scheme of support tor Minor Research Project entitled
“Spectrophotometric, Thermodynami Maleoular Modeling studies of Movel Cocotinth with
MBS and DBOT vide LG lerter Mo, FoMBEP-6946 6 (SEROUGE dated Z2E77200 Thas been

fully wtilized for the purpose for which it was sanctioned and that the balance of Rs.5000
has been spent by institute which has to be released from LGC in accordance with the
terms and conditions laid down by the University Grants Commission. If as a result of
check or andit ohjection, some irregularity is noticed at a later stage, action will be taken to

refund or regularize the objected smount.

r l.*- r— -TB.:_
F e
-l \/Ex-f- L;' TP e Ty w0

STGNATURE OR THE mnFE; w STATUTORY AL {_Hmﬁ
"hﬁul-i:“ﬂ' dar nnolDly seal ind Stamnp
PRINCIFAL TNVESTIGATOR Vignana Ehalath'l 'nsutule of Tac m .
fushapl| e oM}, Wedchal Diste 504

fel 8. 1 _ ? T
& LR | f’i:' Hoe VRO £l et Co e



Annexure - ITI

UNIVERSITY GRANTS COMMISSION
BAHADUR SHAH ZAFAR MARG
NEW DELHI - 110 002

STATEMENT OF EXPENDITURE IN RESPECT OF MINOR RESEARCH PROJECT
(II YEAR)

1. Mame of Principal Investigator: Dr, K, Shirish kumar

2, Dept. of PI: Chemistry
Mame of College: Vignana Bharathi Instituke of Engineering & Technology
3. UGC approval Letter No. and Date: MRP-6946/16 (SERQ/UGC), 28/7/2017,
4.Title of the Research Project: “Spectrophotometric, Thermodynamic and Molecular
Modeling studies of Novel Crizotinik with NBS and DBQ",
4. Effective date of starting the project: 15/08/2017

5. 8. Period of Expenditure: From 29-01- 2019 to 07/08/2019
b. Details of Expenditure

Amount to be
Amount Amount Expenditure| released by
S5.No. | Item Approved Received Incurred UGcC
{Rs.) {Rs.)
(Rs.)
i, Books & Journals 00 a1 0
i, Equipment N[N 00
1L

Contingency
ii. including

special needs T BO00 L 20010
iV, Field Work,/Travel LY

rGive details in

tha {0 ()

praform )

— a E
W, Hiring Services L [ [
Chemicals &
Wi, Glassware 15000 | 20000 1 5(HMD 3000
GRAND TOTAL 25,000 20, iy 215.000 5,000




7. if as a result of check or audit objection some irregularly is noticed at later date, action
will be taken to refund, adjust or regularize the objected amounts.

8.1t is cerlified that the grant of Rs. 25,000/ (Rupees twenty five thousand only} approved

by UGC and the grant received Rs 20,000 (Rupees lwenly thousand only) from the

Umiversity Grants Commission under the scheme of support for Minor Research Project
entitled “Spectrophotometric, Thermodynamic and Molecular Madeling studies of Novel
Crizotinlp with NBS and DBEQ®, vide UGC letter No. F. MRP-6946/16 {SERQ/UGC) dated
28/7/2017 has been fully utilized for the purpose for which it was sanctioned and that the

balance of Rs.5,000 has been spent by institute which has to be released from

UGC  in sccordance with the terms and conditions laid down by the University Grants

Cammission.
" et %:
SIGNATURE OF PRI IFAL INVESTIGATOR L"r
.r""f
PRINCIPAL
PRINCIPAL

{ Instit f Techno
Vianana Bharathi Institule o
.!:.?sha-purm, Chathesariii}, Madchal {hst-A01
(Seal)
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Annexure =V

UNIVERSITY GRANTS COMMISSION
BAHADUR SHAH ZAFAR MARG
MEW DELHI - 110 002

Utllization certificate (Il YEAR)

Certified that the grant of Rs. 25,000/ (Rupees twenty five thousand anly) approved
by UGC and the grant received RS 20,000({Rupees twenty five thousand only) from

the University Grants Commission under the scheme of support for Miner
Research Project entitled “Spectrophotometric, Thermodynamic_and Molecular
Modeling studies of Movel Crizotinib with NBS and DBO”, vide UGC letter No. F.

MRP-6946/16 (SERO/UGC) dated 28/7/2017 has been fully utilized for the
purpose for which it was sanctioned and that the balance of Rs.5000 has been

spent by institute which has to be released from UGC in accordance with the

terms and conditions laid down by the University Grants Commission,
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2.Dept. of P1: Chemistry

Annexure - ITI

UNIVERSITY GRANTS COMMISSION

BAHADUR SHAH ZAFAR MARG

MEW DELHI - 110 002
STATEMENT OF EXPENDITURE IN RESPECT OF MINCR RESEARCH PROJECT
(CONSOLIDATED, I & II Year)

1.Name of Principal Investigator: Dr. K. Shirish kurmar

Name of College: Vignana Bharathi Institute of Enginesring & lerhnology
3.UGC approval Letter No. and Date: MRP-6946/16 (SERO/UGC), 28/7/2017,

4.Title of the Research Project: "Spectrophotormetric, Thermodynamic and

Malecular Modeling studies of Movel Crizotinib with NBS and DBO",

3 .Effective date of starting the project: 15/08/2017
6. a. Period of Expenditure: From 10/02/2018 to 07/08/2019
ti. Details of Expenditure

Expenditure | Amount to
5.No Amount Amount Incurred be released
Item Approved (Received (Rs) | (Rs.) by UGC
{Rs.)
i, Books & Journals 10,000 | 141,000 GRILE {10)
i, Equipment 1,00, 0W 1,040,000 1.0HLO0D0 0o
Contingency
iii. including
special neads 20,000 15,000 201, L 2 000
v Field Work/Travel i )] 0 0
({Glve details in the
profar
ma 1,
V. Hiring Services {1 (hlH LY ]
Chemicals & 3,000
vl Glassware 30,0040 2700 30,000 _
GRAND TOTAL 160,000 1,55,000 160,000 5,000




7.if as a result of check or audit objection some irregularly is noficed at later date, action
will be taken to refund, adjust or regularize the objected amounts.

.0t is cerlilied that the grant of Rs. 1,60,000/ (Rupees one lakh sixty thousand only)
approved by UGC and the grant received Rs.155,000/- from the University Grants

Commission under the scheme of support for Minor Research Project entitled
"spectrophotometric, Thermodynamic and Molecular Modeling studies of Movel
Crizotinib with NBS and DBQ", vide UGC letter No. F. MRP-5946/16 [ SERQ/UGE) daled
28/7/201 7 has been fully utilized lor the purpose for which it was sanclioned and that
the balance of Rs.5000 has been spent by institute which has to be released

from UGC in accordance with the lerms and conditions laid down by the University

Grants Commission.

BIGNATURE %L INVESTIGATOR \B‘,—
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PRINCIPAL
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e ) Chatkesat P b Tl

Ras (Seal)




Annaxure = ¥

UNIVERSITY GRANTS COMMISSION
BAHADUR SHAH ZAFAR MARG
NEW DELHI = 110 002

Utilization certificate (Consclidated, | & Il Year)

Certified that the grant of Rs. 1,60,000/ (Rupees cne lakh sixty thousand only)
approved by UGC and the grant received Rs1,55,000/(Rupees one lakh fifty five

thousand only)  from the University Grants Commission under the scheme of

support for Minor Research F‘r::rj ect entitled " Suectruph-::mm etric, Thermodynamic

letter No. F. MRP-6948/16 [SERO/UGC) dated 28/7/2017 has been fully utilized
for the purpose for which it was sanctioned and that the balance of Rs.5000

has been spent by institute which has to be released from UGC in accordance

with the terms and conditions laid down by the University Grants Commission,

ZE ;; \}2:-*"’ i Ii =

i | — i -_-_.——_ —
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SIGNA THE PRINGIPAL S TATUTORY AUDITOR

PRINCIFAL INVESTIGATOR
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DETAILED STATEMENT OF EXPENDITURE FOR CONTINGENCY (incl. Special needs) (Il Yr)

UGC Reference No. F; MRP-6946/16 (SERD/UGC)

MName of the Principal Investigator; Dr. K. Shirish Kumar

Title of research project: "Spectrophotometric, Thermodynamic and Maolecular Maodeling studies of

Mowel Crizotinib with NBS and DBO"

&.No Item oy Bill.No. Date Amount
i IR, U and MME analysis VEP1824,/2018-19 | O7-0a-2015 8,757,000
z Kespersky Antivirus 12144904607 | 27-07-2019 1,.429.35
3 oo PADIOS1Z9FI0ASESZ S 25-01- 2015 1,500.00
4 gerax and spiral binding fa4 03-11-2018 BE.00
) Stationery 234 O7-07-201% 22655
GEAND TOTAL 10,000.00

L Frit— _E'-\-___:I
- ‘.I-I— e e il T,-

F;&;‘l o .Ur@,:-{:" £ e | e
L e Signature of the Statuory
Signature of the "r%ipal Investigator Signatur _E’Eﬁjﬂ.:ﬂ:al MIEE
Auditar
Peﬁl Technolomy

i Institute of :
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DETAILED STATEMENT OF EXPENDITURE FOR CONTINGENCY (incl. Special needs) | &Il YEAR

UGC Refarence No. F: MRP-6346/16 (SEROSUGC)

Name of the Principal Investigator: Dr. K. Shirish Kumar

Title of research project: “Spectrophotometric, Thermodynamic and Molecular Modeling studies of Novel
Crizotinib with MBS and DBCQ"

| YEAR
L.Mo Item City. Bill.Mo. Date Amount
1| CI&C Conference 215 1%.02-24017 &, 000,00
2 IRand UV VCP150/2018-19  1B-06-2018 2,773.00
| 3 HIRMMR, C13 NMR, UV SPECTRUM 18-19/637 27-05-2018 2,218.410
4 L 314 2A-06-2018 .00
' GRAND TOTAL | 10,000.00
Il YEAR
5.Mo Item Oty. Bill.No. Date Amount
1 IR, U ard MR analysls YOPIRZASID1B-19 O7-06-2019 B, 757.00
. Kaspersky Antivirus 12144904607 27-07-201% 1,429.35
3 (] ] MOIOSTZAF00NALE4 2 3004 29-01- 20149 1,500.00
4 ¥erow and spiral binding 564 03 112018 8700
5 Srationery 234 a7-07-2019 226,65
GRAND TOTAL 10,000.00

GRAND TOTAL (I & II YEAR) = 20,000/-

I.l-. ____I'l\.\,___._'_'l
‘_'H_ll-h '.'--:h.d- -_-;:____ iy _I-_- I
- s Ry o i
By~ 7 s "
- o o JE TR o
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Signature of tHe rlr?rh;al Investigator Agnaty £

Principal. Statutory Auditor



DETAILED STATEMENT OF EXPENDITURE FOR CHEMICALS {ll Yr)

GET-JEAFOPBE0SANET

BALL M. GET/18/19/012
Dide -

UGE Releranie Mo, Fz MEP-G4G/16 [SERDYUGL]
Mame of the Principal Investigatar: Dr. K. Shirish Bumar
Titke of ressarch project: “Specrophotometric, Thermadynamic and Maedncular Madebing studses of Mavel Crizatinib with &

N4-[e-21111

nana Bharathi inst

pushapueld). Ghatkasarlil, Yaed

ituta ol TEl:hn{I1ﬂ"1"'|"

ehal Bis5t Ll

5. Moy Hom Pack [OTY|  Discount  faxable Al CGET SGAT Amaunt
T Armaunt ] Aot H Amount
| 1 |28-dibromaruinone-4-chlor SGm 1| 000 12000.00{ 1200000  9.00] 1omooo| son| 10e0.00| 1e1s0.c0
| 2 |DISTILLLD waTER SLT 1| poo 13000 13000 ool  1i7a|  sopl  1nwa| 75340
| 3 |ETHANOL SO0M. 1| poo  se2o0| ss2po| 900 sada| gop|  s1am|  sds el
Total 13717 00 1144.08 1144.08| 15000.00
GRAND TOTAL = 15000
. XD
AT . oy A
S ¢ Al e -
'
e Signature of tha Statunry Auditor
PRINGIPAL



DETAILED STATEMENT OF EXPENDITURE FOR CHEMICALS { | & Il Year)

UAC Relerence No. F: MRP-S3&016 (SCROLEEC)

Marne of the Principal inwestigater: Dr. K. Shirish Kumar
Title of rasearch project: “Spectrophotometric, Thermodynamic and Molecular Modeling studices of Mavel Crizotinib with NES and DB

| YEAR BILLNO.  G5T/17/18/0275
Mhare : 151511 K
5.Md Itarm Pack  OTY, Distarit lawaile An CGST [ SGET Arount
1 4 Srnaunt g Amourt % Mansunt
1 | AROR CALCCINIMIDE w0 |1 awgon[ 41000 aoo]  conl 4| 900 3690 9.00]  36.90] a#Esy
Z |DISTIL'WATER siT | 1] 1%aa0) 13000 ao0] oo 1anoa|  eo0o] 1170 900  11.70| 15340
3 DIMETHYL SULPHOKIDEAR | 500 | 7 | 4900l 92000 g00]  o00| owos[ oool meao] gool  swiof1eezo
4 ACCTONKE AR spg | 1| 275000 375.00 ooo] ool 23500 900 2475 300 7a.rh| 324.50
5 HOLAR sixt | 1| 202.00] 202.00 gon  opd| 2ozop| 900 1EIS 900 18.18) 238.36
& |SULPHURIC ACID A4 s | 1] 2500000 250.00 p00 noa| zsoop]  aon]  22sn|  so0 pRSG| 285.00
7 |CRIZSTIMIE 3 | 2032.30] BO57.00 poo 000 sooroo[  9o0] senco w00 540,00 7177.00
8 [DICHLOAOME | HANE so0 | 2] sao.pal 1zs0o0 oo ooo| 1zeaop]  900] 13500 .00  115.00] 1510.00
3 [REAKFR 100 ML LACH | 2| 63.00[ 12600 p.oa| oo 1zean  soo| 1134 epo|  1134] 14868
10 |REAKER SORL EACH 2| saak| 11800 p.o0] o000 1o sna| 1062 opd| 1062 13324
11 [BURETT 1084L-2222 EACH | 1| 44R.00| 49800 Doa| 000 4smon 500|442 opd|  aag2] saTEe
12 |TSSUC ROLL EacH | 1| 3508  35.00 p.oa| o000 3500  o0o| 315 apa| 318 <140
1% [GAAD FIFPET LML bacH | 2| 12200 24400 ooF| 000 24400 900 F19E ] I I
14 [GAAD PIFPET 5 MI FacH | 2| 14000] 380,00 oog| G000 28000 900 7520 apa| 2520 330,40
15 [GRAD PIFPET 10RAL Eacd | 3| 150.00]  300.00 pon|  ooo 3ol sou|  weon]  Gnop|  27.00 354.00
16 M.CI0ML 201 Eacel | 2| 23L00] 4200 ooo| 000 aszpo| 500 4158 900| 4158 545.15
17 M.C Z5MI _ pACH |2 275.00[ 550.00] a.o0]  ©go] ssooo| 900  49.50 g00| 4350 e
18 PLASTIC TRAYAS/IS0YTS EACH | 1 s4adn|  340.d| a.00]  cool ool 900 3060 9.00] 3060 40120
19 R.H ELASHIOML 4380 EACH | 1| 1epan] 14600 go0]  ooo| tanne| 900 1260 goo[  1zen| ass2o
Tatal 12717 11355 11395
| GRAND TOTAL 1l
I YEAR BILLNG,  GST/18/19/012
Nragr ; 1810
5. Item Pack 0T Discount Taxabla Amt. | CGST SGST Ameunt
: " l;l;i.jd.'l'_._ 5 Arnaurit ® frnadril
"1 |2.8-duromoguinone-4-chlorl 3G 1|  ooaf1200000)  1200p00]|  9.00] 108000  9.00| 1080 00| 1416050
2 |CISTILLED WATER aL1 1|  o.a] 130000 13000  eop] 1170 spo| 1ol 1sd40
3 [ETHANOL soodl | 1| ooa| ss2om sgr0on|  oo0]  s238 oo 5234 dmeTa)
Total 1 712.00 114908 124 08| 15000.00)
GRAND TOTAL 15000 |
GRAND TOTAL 1 & 1 YEAR] 30,000/
B sode
o (31
Slgnature af tha nyestipator Slgnatura nfj;tlﬂ'ﬁ".nqml ﬁrf;n:tturz af the & muw I'h:nr-'u.ltl

Vignana Bhar
fnznapur
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Annexure -Vl

UNIVERSITY GRANTS COMMISSION
BAHADUR SHAH ZAFAR MARG
NEW DELHI - 110 002.

Final Report of the work done on the Minor Research Project. (Report
to be submitted within & weeks after completion of each year)

1. Project report No. Final: Second (After two vears) dated: 25/09/20149
2. UGT Reference No. F: MRP-6946/16 (SERO/UGC)
3. Period of report: from: 15/08/2017 to 07/08/2019

4. Title of research project: “Spectrophotometric, Thermodynamic and Molecular
Modeling studies of Novel Crizotinib with NBS and DRO”

5. (a) Mame of the Principal Investigator: Dr. K. Shirish Kumar

{b) Deptt: Chemistry

{c) College where work has progressed: Vignana Bharathi Institute of Technalogy
8. Effective date of starting of the project; 15/08/2017
7. Grant approved and expenditure incurred during the period of the report:

a. Total amount approved Rs, 1,60,000/

b. Total expenditure Rs. 1,60,000/
¢. Report of the work done: {Copy attachad)

i, Brief objeclive of the project:
1.Ta find out the Molecular interactions between Crizotinib and m-acceptors (NBS
and DBQY).
2. To charactenize Charge Transfer Complexes formed between Crizotinib and -
acceptors (NBS and DBQ) by IR, TH-NMR and UV-Visible spectroscopic tachnigues.
4. To find out the Charge Transfer complexes formed between Crizotinib and -
acceptors (MBS and DBOY) through Malecular Orbital calculations.

* Work done so far and results achieved and publications, if any, resulting from the
work (Give details of the papers and names of the journals in which it has been
published or accepted for publication:



ii. Publication/Communication:

» Synthesis, Spectrophotometric, Thermodynamic and Spectroscopic studies of CT
complexes of novel crizotinib with 2 6-dibromoguinone-4-chloroimide as m -
acceplor Shirish Kumar Kodadi, Swetha Kovun intemnational Joumnal of
Emerging Technologies and Innovative Research (UGC Approvaed), ISSN:2349-
5162, Vol B, lssue B, page no. ppS74-887, June-2019,

# Charge Transfer Reaction of Novel Crizotinib with N — Bromo succinimida: A
Spectrophotometric and Spectroscopic Study shirish kumar kodadi, srkanth
chandupatla, swetha kovuri Journal of Molecular Structure, Elsevier Publication
{Under review).

Presentation:

# Farticipatad and presented the paper entitled "Charge Transfar Reaction Of Nowvel
Crizotinb With N-Bromo Succinimide: A Spectrophotometric, Spectroscopic And
Computational Study” in three day Internatiocnal Conference for Development
Discourse organized by Research for Resurgence Foundation on g8, 99 & 1o
Feb — 2019 at Hyderabad, Telangana, India, sponsored by UGC, AICTE, NAAC,
ICS5R in association with IICT, CSIR, ICFAL ICMR, NIN, OU, EFL etc.

lii. Has the progress been according to original plan of work and towards achisving
the objective. YES.

iv. Please enclose a summary of findings of the study. One bound copy of the final
report of work done may also be sent to the concerned Regional Office of the UGC,

SIGNATURE OF THI&F‘HWCIF‘AL INVESTIGATOR F'thl_ﬁn:_fjl__
A3 ES'WH 'J.:._!':.
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Annexure = VIl

UNIVERSITY GRANTS COMMISEI0MN
BAHADUR SHAH ZAFAR MARG NEW
DELHI — 110 042

PROFORMA FOR SUBMISSION OF INFORMATION AT THE TIME OF SENDING THE FINAL
REPORT OF THE WORK DOME ON THE PROJECT

1. Title of the Project: "Spectrophotometric, Thermodynamic and Molecular

2. NAME AND ADDRESS OF THE PRINCIPAL INWESTIGATOR: Dr, K, Shirish
kumar, VEIT. Hyderabad.

3. MAME AND ADDRESS OF THE INSTITUTION: Vighana Bharathi Tnstitute of
Toechnology, Sushapur, Hyderabad

4. UGC APPROVAL LETTER NO. AND DATE: MRP-6946/16 (SERO/UGC),
28/72017

5, DATE OF IMPLEMENTATION: 15/08/2017
g, TEMURE OF THE PROJECT : Two years

7. TOTAL GRANT ALLOCATED: 1,60,00:0/-
A
g

TOTAL GRANT RECEIVED: 1,55.000/-
FINAL EXPENDITURE: 1,600,000/

10, TITLE OF THE PROJECT: “Spectrophotometric, Thermodynamic and
Molecular Modeling studies of Novel Crizotinib with NBS and DBQ”

11. OBJECTIWVES OF THE PROJECT:

1.Ta find out the Molecular interactions between Crzotinib and m-acceplors (MBS
and DB).

2. To charactenze Charge Transfer Complexes formed between Crizotinib and m-
acceptors (NBS and DBQ) by IR, 1TH-NMR and UV-Visible spectroscopic techniqueas,
3. To find out the Charge Transfer complexes formed between Crzotinib and 11-
accepors (MBS and DBQ) through Molecular Orbital calculations.

12. WHETHER OBJECTIVES WERE ACHIEVED: YES

Raged upen this valeable information obtaioed  from  spectrophotometric  and
spectroscapic studies, the following plausible interaction {scheme-1}) between the C£T
(donar) and DBG (acceptor) has been proposcd:



Scheme-1

ER LTI TIETYES

LE )

I

Based wupon ths valuable information obtained from  spectropholometric  and
spectroscopic studies, the following plausible interaction {seheme-2) berween the C£T
{tlomer} and MBS {acceplor) has been proposed:

Scheme-2
01 %
5 e
!_" .! ] . ;
4 .
NIT!
3 ?
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ACHIEVEMENTS FROM THE PROJECT: The study enables meadical fraternity Lo pay allention
towards the impartance of this novel drug, which may potentially contribute to the knowledge in

thea madicinal field,
SUMMARY OF THE FINDIMGS

The CT reaction of CLT as electron donor and WIS, DRO as electrom acceptor has been
sludhied for the first time. The study imcludes the use of spectrophetometry in the comprehengive
manner. A single selvent DME0 has been wsed to avoud solvent interactions with C£1 (donor)
and NBE, DB {aceeptor). The FT-1R and LH-NMR is used lo churacterize the fornmed complex
between CZT and NBS, DBQ, Spectral dara acquired from spectral analysis has suggesies] (hat
CLT acted as an electron donor when interaclied with NRS, DBO (71 - acceptor). Hence. the
biolegical activity of CZT may be due its donating abilily as is evident from the association
constant (K} and standard Gibhy free energy (4G values, The spectroscopic parameters like
lonization Potential (1), Energy of the coimplex, Ecr {¢V), and Resonance Frergy (R valucs
alzo suppori the stromg mteraction of CAT with DBO. Accordingly, plansible interaction helwesn
CLT and NBS, DBO) has been proposed.

Therefore, the mechanism for the interaction of the studied CZT is wseful in understanding the
hinding of this biouctive molecule under real phammacokinetic conditions, which enables meadical
fraternity to pay attention towards the importance of this novel drug, which may potentially

coniribule wr the knowledge in the medicinal field.

CONTRIBUTION TO THE SOCIETY: The study enables medical fraternity to pay attention
towards the importance of this novel drug. which may potentially contribute to the knowledge in

the medicinal field.
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Abstract
[he mechanism of an clemental act s wndeniably one of the most Tundamental problems in
predicting the drug-receptor interaction. This problem has fascinated scientists for guite a long time,
Accordingly, charge transler (CT) phenomenon was contrived. Henee, Charge transfor complex
(CTC) reaction of novel antl lung cancer drug Criczotinib (CZT as electron donor with N — Bromao
succinimide (NHS) a5 electron aceeptor was studied for the first time, Spectrophotometric sdy has
been carried out to ascertain the CTC between CZT and MBS, which was well substantiated by the
speetroscopic parameters like Association constant (K). Standard Gibbs free enerey {AGY), Maolur
extinction cosfhicient (gcr), Resonance Encrgy (Kye) and lonization potential {Ip) and Dissociation
enerpy (B, Photometric Gualions and JTobs method of continueus vanations suggested that the C1C
formed between CZT and NBS is in the ratio of 1:2. The molecular struclure, speclroscopic
characteristics and the interactive modes have been construed from FT-IR and "H-NMR
spectroscopy, Based upon the obtained spectroscopic data, the plansible CT interaction between

CZT and DB was proposed.



INTRODUICTIONMN:

Lung cancer has long been known as the most common vulnerable disease remamed as cause
of cancer-related deaths worldwide, adding 1.61 million new cases and 1.38 million deaths in 200%
alone, registering 12.7% of additional cancers and 18.2% of cancer mortality’. Approximately 85%
of lung cancers arc non-small cell Tung cancer (KSCTLC} and the majonty of patents are diapnosed
al un wilvanced slage’; S-vear survival for patients in the USA with NSCLC is approximately 16%.

Current treatments for NSCLC may extend survival but are tarely curative’

Crzotimb  (CZT)  3-[{IR}-1-12,6-dichloro-3-Muorophenyl)  ethoxy -3 1 -piperidin-4-
vipyrazal-2-vl) pyridin-2-amine 13 a nevel ann lung cancer drug acting as an ALK {Apaplashc
Lymphoma Kinasg) & ROS 1 {C- ROS, Oncogene 1} inhibitor: it has been approved by FDA on
August 26, 2011, under the trade name of xalkori capsules, made by Pfizer, Ine. for the tresmment of
paticnts with locally advanced or metastatic Mon-Small Cell Tung Cancer (NSCLC) e, ALK

pirsitive as detected by an FOA approvved test.

Further clinical tnals on CZT arc under process to test its safoty and efficacy in Anaplastio
Large Cell Lymphoma, Neurohlastoma and other advanced solid lamoors in both adults and
Childreen.

CET is currently used to cxert its effects through modulation of the growth; migration and
mvasion of malignant cells, Furthermore, other stodies sugoest that CAT might also act via
inhibilion of Angiogenesis, in malignant tuwours, which is of great interest in order to show how
this novel CZT iz significant,

Available Hlerature om this subject reveal that the electrom donating properties of CAT and

its Charge Transler (CT) reactions have not been much investipated so far.



These findimgs about CZT prompted us to investigate the CT reaction of CZT wilh N-Bromo
succinimide, WBES (n- acceplor)

Ihe CT complexes are identified o take purl in many chemical reactions ke addition,
substilution, condensation, ele, Electron doner-acceptor CT interaction 15 also important in the Reld

', w5 well as in many bielogical fields, In view of this, O°T

of diug receptor binding mechanism’
reactions of certain - acceptors have been successfully utilized in pharmaceuatical analysis, The CT
complexes (CTCs) ol organic spesics are strenuously studied becanse of their special type ol
interaction which is accompanied by transfer ol eleciron From doner to aceepror, Alse. protonation
af denor from acidic receprors are generally rout for the formation ol the ion pair adducts, The =-
acceplors have numerous appheabions as snalvtical reagents. They have been used for (he
spectrophotometric determination of many drugs in pharmaceutical Tormulations,

Tnasmuch all these aspeets, it 15 proposed to investigate the charge tanster complex (CTC)

af CET with MBS,

Structures of CZT and NBS

CRIZOTINIB (CZT)



N-EROMOSUCCINIMIDE (NB5S)

1 Experimental Methodologices

1.1 Chemicals

All the chemicals were used of analybical grade. WBS (Finar, India, punty = 28%) and Dimethyl
sulloxide, DMSO (Finar, Tndia, purity = 99.9%%) were used without further purification. The CZT
was procured from Memivax pharmaceuticals, Hyderabad, The purity of CZT as specified by the
makers was =99%, which was conlirmed by 115 melting temperature. The CLT was used as recenvad
without anv turther puritication.

1.2 Synthesis of CZT-NBES CT complex

The CZT and NBS of 1 nunol each {1:1) were accuratcly weighed on Dhona 160 1 analytical
balance and transferred them into porcelaim mortar and truncated the mixture serupuelously in the
presence of & few drops olmethylene chloride salvent. Then dried the obrained reaction mixture by
continuows suction and transterred them into a drv beaker. The beaker was stored overnight in A
desiccator filled with activated anhwdrous caleium chlonde, then ransferred the dried solid brown
caloured powder contmming CEAT-NES CTC into a clean vial. The vial was capped well o protect
froarn Troist air.

2 Instroments

The electronic absorption spectra ol the CZT, NBS and resulting CTC were recorded over a

wavelenglh range of 200-300 om wsing an UV-2600 Shimaden UV -VIS Spectrophotometer,



The instriment was equipped with & quarlz eell with a 1.0 em path length. The FT-IR spectra within
the range ol 4000 250 cm ' for the solid powder of frec CZT and its CT Complex with NBS were
recorded on 4 Shimadeu FT-IR Prestige-21 spectropholumeter with 40 seans al 4 em™! resolution.
'H-NMR spectra were recorded using Bruker Biospin advance-TIT 400 MHz Fourier Transform
Dhigital NMR Spectrometer with DMS0 as solvent. chemical shift values are given in ppm relulive
Loy tetramethyl silane.

3 Spectrophotometric Study

3.1 Preparation of Experimental Solutions

Stock solutions of CZT (donor) and NBS (acceplor) al a concentration af 5 x 107 mol- L were
froshly prepared before cach series of measurement by disselving accurately weighed amupunis in
an appropriate volume of DMSO. The stock solutions of doner and acceptor were protected [rom
light. The solutions for spectrophotometric measurements were freshly prepared by mixing
appropriste volumes of donor and acceptor stock selutions immediately before recording the
specia.

3.2 Experimental Measurements

Ta determine the stoichiometry of the CZT {donor) and KBS (acceptor) interactions, variows miskar
ratios were cxamined by applying Job's methed of continuaus variations™ anid phetometric titration
megsuraments. These titrations monitored the detectable CT bands during the reactions of MBS with
donor, Brielly, 0.23, 0.50, 0.75, 1,00, 1.50, 2.0, 2.50, 3.00, 3,50 or 4.00 mL of a standard solution
(5 x 10~ mol-L~") of the appropriste donar in DMSO selvenl was added to 1.00 ml ef the acceptor
at 5% 10° mol-L -, dissolved in the same solvent. The final volume of the mixtere was made to 3
ml. The concentration of the acceptor (7, ) was maintained constant at 5.0 x 107 mol-L~", while the

concentration of the donor (%) varied from 0.25 x 107 mol-L ! o 4.0 % 107 mel-L ' to produce



solutions with a (donor: acceptor) molar ratio that varied from 1:4 10 4:1, for the 1:2 complex, The

ahsorbance of complex was plotted against the volume of the added acceptor,

3.3 Calculations - Backgronnd

The physical spectroscopic data of the resulted CT complexes wete computed, the association

constant (K} and the molar extinction cocfficiant (tmw) were determined spectrophotometrically

using the Maodified 1:2 Benesi Hildebrand equation” for the 1:2 CT complex with NBS.

Table 1 Benesi Hildebrand data of the CZT-NES CT complex

oo 10 Clyx 107 Absorbance (Ch FCh A x 10 Ch (40 + % x 10®

0.25 5 0.657 2,007 5.062
0.5 5 0.730 7.330 10.250
0.73 5 n.835 15.368 | 5.562

1D 5 0,926 25.0HH) 21,004

i 5 | 5 {1938 45900 32250
24 5 0.956 76.920 44.000
23 5 {968 97170 56,250
a0 3 (0.976 150000 69,000

r 15 3 (.9%5 | 89,620 $2.250
4.0 | 3 (.99% 231.880 96, {0

Modified Benesi—Hildebrand (1:2) equation

Where, C% and C% are the initial concentrations of the acceptor and donor, respectively, and A is
the absorbance of the CT band. By plotting the (C%)* C3/A for the 1:2 CT complex as a function

of the corresponding valuss C% (AC% +C%). a straight line 15 obtained with a slope of 1/ & and an

(CU) ClA = 1 Ke + 1 g CY (40" + Cl)

J'.tltEJ'-;:l:pl at 17K &,

4. Results and discussion

4.1 Electronic Spectra




The ITIV-Vis specira of CAT (donar) display vawo absorption bands al & Z74nm and 3260m and
NBE (acceptor) display one absorption band ar 258 wm in DMS0 solvent (Figure 1) While, UV~
¥is spectra of the CZT-NHS CTC in the same solvent (Figure 1) display two absomption bands at b
= 280 nm and 306 nm. The UV-Vis spectra of CZT and NBS shows ne absorption bands in this
spectral region. The absorption bands which appearcd at 280 and 306 nm for the CTC were
presumably due to the interaction of CET (donor) with NRS {acceplor) and are indicative al the
lermation of a CT comples. This observation suggests the CT from CAT {donor) to the NBS
tacceptar), which is well supported by the FT-1R and spectroscopy, The band ar & = 280 nm was
seleted for the further specirophotometnic study because it has highest absorplion intensily {Tigure
1y, Polar solvent such as DMS0Y has been chozen as the solvent to promors the complete transfer of

electron trom C£T (donror) to the NBS (acceptor).

CET
NBS
CEZT - NBS CTC

280rm

T T — —T 1 — T T T Y B T
200 280 3ao aso 400 450 EO00 &G5O 00 G5O TOO T BOD

wavelength (nm)

Fig.1. Klectronic spectra of CET-NES {Sxi0-7)

HO0



4.2 Conducrance measavements of fresily prepared expevimenial solutions

Conductimetry has often been employed to study the interactions of CT complexes *7, In the
present study, the conductivily measurernents of CZT (donor) and its synthesized CT complex with
MBS were performed in DMSO solvent at 3x107 M using Systronics 304 conductivily meter. The
conductance values of free donor was found W be 7 0! em® mole” and for free acceptor MBS was
found to be 20 £ cm” mole”  while, the conductance values of CZT-NBS complex was found to
be 92 0 em? male! respectively, this result suggest that the resulted complex have electrolytic

behaviour. This data reveals the ormation of dalive '- & complex between CZT (donoer) and KBS

{#cceptor) under the acid-base theory,

4.3, Effect of reaction time

The optimum reaction time was determmed by observing the light-yellow colowr development at
amnbient temperatare (250 1°C). The complete colour development was altainesd instantanzously with
compound investigated, and the colour romained stable for 24 hes. And it is observed that as the
time increases shaorhance values increass, which sugpest the stahility of the CZT-NES complox.
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4] = g 4] 15 =0 28 e T}
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Fig, 2. 1alfect of time oo fhe stability of (e C2T-NE5 (33107 M) in DMSO at 280nm



4.4, Steichinmetey of the inferaction

The stoichiomerry of the formed CET-NBS complex was determmed by applving Job's
method of contimuous vartations (Fig.3.), the symmetrical curves with a maximum at 0.4 muole
fraction indicated the formation of 1:2 complex (Figd.). The spectrophotometric titration
measurements were also performed for the determination of stoichiometry ol the formed OT
gomplex, The electronic spectra of the CZT-NBS complex was recorded with wvarying
enncentiations af acceptor, whilz, concentration of donor is kept constant. The stoichiometry of the
complex was determincd graphically by plotting the absorbance as o lunclion of the volume ol donor
in ml.), where lwo straight lines are produced inlercepting at 1:2 ratio tor complex. Representative
spectrophotometric ttration plot based on the characterized absorption bands are shown m Fig, 3.

The results show the good inferaction betwesn WRE acceptor and CZT donor considered in the

aludly.
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4.5 Assoctation constant of CEZT-NBS CT complex

Representative Benesi- Hildebrand plot is shown in (Fig4) and the values of both K and &
ure thus determimed and are compiled in (Table-2) alomg with the other spectroscopic parameters
data. In penaral, the 1:2 complexes exhibit high assnciation conslant values (K, accordingly, the
CZT-NBS complex shown hogher K value, This high K value indicates a strong interaction between
the CZT and K135,

High association constant value which was obtained by Benesi-[Tildebrand 1:2 equalion,
suggest the good binding affinity between n-donor CZT and acceptor NBS. The high association

constant values are common in s-electron donors, where the inlermolecylar overlap may be

comsiderable!™,

7.GOE-011

B.0DE-011 CZT-NBS CTC u
Slope = 3X10°

5 00E-011 Intercept = 1x10™
R’= 0,9667

4.00E-011 K= 90x10° (Lmole™) it

3 DOE-011 .//
2.D0E-011

P

(C"a) C'diA x 10™

1.00E-011 4 /,."

R

0.00E+000 - u-N

o T T ¥ T T T T T T 1
00000000 00000002 O000C0004 00000006 O0.0000008 00000010 C.OQDOO0TZ

C°a(4C° d + " a) x 107

Fig. 4. The 1:} Benesi-Hildehrand plat for CET-MNBS C1C



5. Calculation of spectroscopic Parameters

[n arder to support the formation end nature of CZT-NBS C1 complex, speciroscopic
parameters like, Tonteation potential (1P}, Energy of the charge trunsler complexes (Eot), Resonance
Energy (Rx). Dissociation energy (F) and Standard free enerpy changes [(AGY) of the CT

Complexes were caloalated.
5.1, fonization Potential (1P)

The tonizatien potential (IP) of the highest filled molecular ortvital of the donor was
eatimmaled from CT energics of its complexes with the acceptor making use of the follawing
cmpirical Aleisi and Pignalaro cquation'', The caleulated IP wvalues for molccular orbital

participating in C'1 interaction of the donars are compiled n the Table -2,
hver=alIP?+ b

Where,a  (0.87 and b =— 3.6, hvor s the energy of CT complex. The clectron donating power ol
a donor molecule 15 measured by its jonization polential which is the chergy required to remone an

electron from the highest occupicd molecular orbital.

5.2, Encrgy of the charge iransfer complexes (Ec)

The energy (Ecr) of the CT Complexes were caleulated using the following equation'? and

the values are compiled in the Table -2,

Ecr=(hver)= 1243.667 & o7 (nim)

Where, Aoy is the wavelength of the complexation band.



5.3. Rexonance Energy (B

Resonance Encrgy (Rud of CT Complexes were determined by the following theoretically

derived equation by Briegleb and Czekalla'” and the values were compiled in the Table -2,

fax = 7.7 X 107 7 [hver ! Ry - 3.5]

Where, fmae 13 the melar absorplivily of the CTC at maximum charge transfer hand, vy is the
frequency of the C'1 peak and Ra is the resonance energy of the complex in the grounil state, which

iz obviously a eontributing factor to the stability constant of the complex.

5.d. Dissociation energy (W)

Further evidence of the natwe of CT interaction in the present CT complexes is the
caleulativm of the dissociation energy (W) of the CT excited state of the complex. The dissocialion
enerpy (W) of the formed CT complex was caleulated from the comesponding CT energy (Ec7),
jonization potential ol the donor {1P) and clectron affinity of the accepror (EA) using the following
relationship'* and the calevlated values of B are compiled in (Table -1}

hvcr=IP-EA -

Where, hy o is the energy of CT complex, [I* is the ionization potential of the donor and EA s the

electron affinity of the acceplor.

3.3. Standard free enevpy changes { AGY)

To add more conformation for the nature of CT interaction, standard free encrgy change
values [ AGY) were caleulared and wre compiled in Table-2, the higher negative values suppest that

the CT complexes formed between B-AB and [z are exothermic. Generally, the values of AG"



become more negative as the value of K increases where the CT inteructions between the donor and
geceplor become stromg. Thus, the components (donor and acceptor) are subjecled Lo more physical
sirain or loss of degree of freedom and the values of A GY become more negative' .

The standard frec cnergy changes of complexation { AGY were calculated from the

association constant values by the following equation.
AG"=-RThh K

Where, AG" is the frec energy change of the CT Complexes (Klmal™), R is the gas constant
(1.98Tcalmol 'K, T is the emperature in Kelvin and K is the association constant of the CT

Complexes at room terperanire,

Table - 1. Spectroscopic parameters of the CZT-NBS CT Complex

| CZT-NRS
Wavelength: haw (i) ! 280 |
Extinction coefficient: 2., (1. mole 'em 1) 1x10° |
Association constunt: K (L molc ) 90 w107
Energy: hver (e 4416
lonization Potential: TP (V) 92432 |
.
IREF:-I.'?I'IIII‘H.": Energy: Bnicv)) 1.261
Dissociation cncray | B el 23716
Gibbs free energy: AGY (KImol™) 6.735x107




The caleulated spectroscopic paramelers values like Enerpy of the CT complex (hv e,
lonizarion Potential (1P), Resonance Fnergy (Ry), Dissociation energy (H) and Standard Gibbs free
eneriy (A G suppests that the investipared C2ZT-NBS complex was reasonably strong and stable
under the smdied conditions.

The association constant is strongly dependent on the nature ot'the accepror used including the type
ol electron wilthdmawing substituents to it such as bromo and carbony] groups of NRBS {acceplar),
The association constant value s equal o 90 x10° Limol { Table-2). that retlects the relativaly higher
electron seceplance ability for NBS. The munber of donating atoms available in the donor 1s another
imnpaortant factor that affects the stablity of charge transler complexes '8, Migh ussuciation constant
vilue (Table-2) of CZT-NBS suppests the strong interaction beoween CZT {denor) and NBS
(acceptor) Since in the process of molecular complexation, it s reasonably assumed that the charge
density is donated from the doner o acceptor, the increased mumber of nitrogens in the donor {C£1)
is expected Lo increase the donor acceptor mnferaction i solution. The effective overlupping of
donor-acceptor orbitals involves the proper spatial positions of donor and accepior malecales. This
also needs specife conformalion of donor. During complexation, some ensrgy is consumed for the
conversion of mwost stable conformation of free donor w a conformation which is suitable for
complex tormaticn.

6. Spectral Characterization

f. 1. FI-IR spectroscopy

FT-1F spectroscopy 15 widely used in organic chemistey for the identification of functional groups
of oreanic compounds as well as (he studies on molecular conformation, reaction kinctics, cte'”,

Assignroent lor complex systems can be propoundad on the basis of frequency agreement between



Transmittance (%)

the computed harmonics and the observed Tundamentals. Therefore, FT-IR spectra of the CZT, MBS

and therr respective CTC (CZT-NBS) were measured in the range of 4000-250 em -,

140 -

120

100 -

60 —

ka
=
i

T T . T T
4000 3000 2000 1000 0

Wave number (cm™)

Fig.5. FT-1R specira of CT comples

The FT-IR spectra of three arc shown in Fig. 5. A comparison of the relevant infrared
spectral bands of the CZT free donor and NBS acceptor and their respective CTO (CZT-NES)
clearly indicate that the characteristic bands of CZT show some shift in the frequencies (Table-3),
as well as some change in their band intensities. This could be altributesd 1o the expected symmetry

and electrumic struciure changes upon the tormation of the charpe transfer complex, which Sugecst



that the CT complex is formed throngh #-n* charge migration from HOMO of the donor w the
LM of the acceptor. 1t is noteworthy to say that the spectra of CZT-NBS complex have a sharp
broadening with disterlion in the stretching vibration bands,

The frequency of N-H bands, v (N-H) which were 3379.20 e, 3305.99 oy {C2T) before
the complexation are shified to 345837 cm™, 3300.05 em™ (CZT-WNBS) after the complexation, v
{C-H} which were 2956 con', 29142 em', 2849 em™ (CZT) before the complexation are shified w
3077 am’', 2848 cm', 2791 em!, 2953 em’! (CZT-NBS) after the complexation, Aromatic
Hydrogens which were 3023 cm™, 3066 e 3083 oo’ (C£ 1) before the complexation are shifted
w3021 c?, 3077 em™. 3078 om!  (CZT-NBS) afier the complexation, v {C-0)) which was 1673
em™ (NBS) before the complexation is shifted to 1777 e’ (CZT-NBE) after the complexation,
Moreover, thers is a slight change in froquency values of the remaining functional groups, which
sugpest the CT from CAT to NBS,

Tahke-3. Important Infrared absorption frequencies (om™') and tentative assignments of CZT wnd CET-NHS O

com ples

CET

NBS

CAT-NBES

IETH.30, 05 00

D954,20 142, 284,

T3

38R, 75

3023, 3006i5,3082

5309, 30352

2025, 2859, 2K

3428.537, 330005

MY, IR4R, 2701,2053

TIEED

1369 .45

1242.16

R0 PR

Assignments

v (N-TT)

w (C-H)

v {C-Cl)

v (C-CH;z)

v {C-F)

Aromatic hydrogens



TR L4 - TR H LR SRR

1406, 7%, 1564.27 1458, 1531 C=" = feompugeated, cyvelic]

1673 1777, 1703 w{C=0], v (=00

6.1, "TH-WMR spectroscopy

Fim 6, "H-%MWH spectra of CT complex

The "1 NME spectra of the CT complex CLT-NBS was recorded in DMSBO and shown in
Fig.6. The 'H NME spectrum of this CT complex was compared with the tree C1 (donor), and the
proton peak of =NH group was detected at 11 ppm, indicating the involvement of the nilrogen atom
of - NH groups in complexation. The group of signals within 240280 ppm and 6.4 5.50 ppm

ranues are assipned to 41 of NBS and 14H of CZT donor, these signals are shifted to lower ficld



after complexation, The formation of the complex was confiemed hy the appearance of new sigmals

in the spectim.

Apparcntly, the resulls vblained from spectropholomelric study, FT-IR speclra met in the

same point with H-NMR speetra to construe the mode of interaction between CZT and NBS.

Based upon an the results obained from specirophotometric study, FT-TR spectra and 'H-

NMR spectra, following plausible inleraction is proposed between CZT and MBS,

Plausible interaction

z

l

=
vy
2,




7. In sifice study
7.1, Molecular struciuve and optimized geomerry

I arder to ebtain 3 clue abour the structural features of the resulting €T com plox, fe silico
study has heen carried out using GAMESS computalions as a package of ChemBio3D Ultra 14,05
which includes cnerey optimization, estimation of the stabilizalion encrgy, computation of the
optimized parameters (bond lengths, bond angles, bond vrders and clectron densities), Mulliken,
Lowdin snd Huckel charge computations of the Free CL1 (donur), NBS (acceptor) and ther
respective CT complex. MM2 method has been applied at RHFA-210 level for energy optimization
it all the cases.

The stabilization enctgy of the donor CZT and the acceplor NBS recarded 44, 1590 keal,
mol. and 11.4742 keal. mol !, respectively. The stabilization energy of the lormed comples
recorded 47.5367 keal.mol |, confirming the high stability of the obtained complex in accordance
with experimental spectroscopic data.

I'he optimized structures of MBS (aceeptor), CZT (donor) and CZT- MRS U1 complex with
atomie mummher are presented. The optimized geometrical structural parameters (bond lengths and

amules) are listed in Table-4 & 5 for the CZ1 and CZT-NBS T complex respeclively.



i.{a} Optimized geometrical struclural parameters

‘Table 4 Bond lengths of CZT and CZ1- NBS CT com plex

NES CZT-NBS

Boad length (A") Atoms B“n:,::;;“ﬂh Atoms Bu"?;l?]“ﬂm
| O{18)La(7) 0.595 OI7)-Loj16) 0539 O[37}-Lp(73) 0,599
_ O{13)-Lpjz6) 0.601 Di7)-Lp{15) 0.5 0(37)-Lp(72) 0.6

| N{13)-Lp(s5] 0.601 OlB)-Lp( 14} 0.599 0{36)-Lp{71] Q598 |

N{9}-Lp(54] 0.601 CHB)-Lp{13] 0.6 O{36)-Lp{70) 0.5 1
MiG-Lp(53) 0.602 Cf4lHiLz) | 1.114 0(15)-Lpl59) 0.6
C[26]-H[52) 1,104 Ci4)-Hi11) | 1.114 O[19)-LpiE8) 0.508
€{25)-Hi51) | 1,103 C{3)-H{10] 1.114 MNi13)-Lp(57) 0.601
C21)-H{50) 1.111 Ci3)-Hi9) 1.114 M{9)-Lp(6E) 0.601
Cl21)-Hi49) 1.115 Ni1}-Ci5) 138 MNiE)-Lp(65) {.602
| C{z1)-H{48) 1.114 C4)-Cis) 1.518 Ci34)-H{B4) | 1,115
C{20)-H{47) 1.124 C(3)-Ci4) 1.544 £434)-HB3} 1,114

| Cl18)-H{48) 1.115 Cf2}-ci3) 1518 Cl33)-H{62) i
| Ci18)-H{45) 1115 i 1]-C(2} 1.28 C(33}-Hi61) 1.114
C{17)-H{44) 1.116 M{1)-Bri8) [ 1818 C(26)-HIE0) 1.104
| ClL7)-Hi43) 1.116 C45)-0{7) 1,208 C[25)-H{59) 1.102
C(16}-H42) | 1,118 C131-046) 1,209 €{21)-H(58) 1.109
C(151Hi41) 1,116 _C{21)-HI57) 1.115
C[15)-H{aa} 1.116 Ci21)-H{56) 1.113

| C{14)-H(39] 1.115 C(20}-H{55) 1119 |
 C{14)-H{38) 1.116 Cl1B-H{54) 1.115
_ N13}1H(37) 1.051 C{18)-H{53) 1115
Ci12}-H{36) 1.094 C{17)-H(52) 1.116
C(10)-H(35) 1.097 Cl17)-H(51} 1.116

N{F)-H{34] 1.05 ClLE}-H{50] 1119 |
N[7)-H{33) 1,049 C[15}-H{49) 1.116
C{5)-H32) 1.102 Ci15)-H{48) 1118
C(3)-H{31) 1.094 C{14])-H{a7) 1.115
C{22)-C(27) 1.358 | ¢{14)-H{a6} 1.116
Cl26)-0(27) 1,345 | N{13}-H{45) 1.047
C{25)-C126) 1.337 C(12}-4{44) 1,095
C(24}-C(25) 1,338 Cl10)-H{43) 1.007
C[23)-c(24) 1.349 MNiFI-H{42) 1.049
C{22)-0(23) 1.359 N(7)-H[41] 1.04%
MN{13)-C{18) 1.457 Ci5)-H{40) 1.102
C{17)-C{1R) 1.535 C(3)-H(39) 1.1




C[16)-CI17) 1.536
[ ciis)jcie) | 1536
clgbcis) |00 1538
Ni13]-Cl14) 1,462
C(41-0i5) 1,344
NI6)-CI5) 1.263
Ci1}-NiE) 1.266
Clzjcra) 1.351
CI33-C(2] 1.347
C[4)-C(3) 1.346
Cl10}-Ni3) 1,266
 NiE)Ng) 1.234
C(12) Ni8) 127
C(11)-C(12) 1.343
ciojciiiy |0 1348
 clz1oi19) 1376
€120)-6122] 1,542
€4 7a)-Cj30) 1,74
C127)-C1[23) 1,732
€{24)-F{28) 1.326
(19)-cj20) 1.415
cj20)-Cl21) 1532
cla)-cil} | 1.347
M(&)-C(16] 1.482
[ ciapmzy | 1.264

N{31)-C[35) 1.38
Ci34)-Ci3s) 1518
T C(33)-c(34) 1544 |
e 1518
M{31]-C(32) 1379 |
 Cla-cia) 1354
Ci2a)-Cl27) 1.344
Cl251C(26) | 1.33a
€l24)-Cj25) 1328 |
' Cf23)-Cl24) 1.348
(2210423 1.357
M{13)-Cl18) 1462
cli7)ci18) | 1535
£{16)-C(17) 1.537
| c15)-ci16) 1537 |
€{14)-C{15) 1538 |
[ ngnaecod) | tasz
clakcis) | 1344
MiE-CIS) | 1264
Cl1l-Nig] 1267
Ci2)-C(1) 1.35
ci2)-c(2) 1,347
C(4)-Ci3) 1,344
Cl10}-N{3) 1.266
I{E)-M{G) 1.234
Ci12)-N(E) | 97 |
| ciici1) | 13a |
Cli0)-C11) 1345 |
N(31)-Br{38] 1817
| ci3sroEn 1212 |
_C(3zpofEs) | 1210
 Ci2)-0119) 1374
clzopcizz) | 1533 |
| C[231-01(30) 1738 |
Ci27}-CH29) 1.729
| Cl24)-F{28] | 1326 |
Cojwclop | 1414 |
~ cj20)-ci21) 1532
ciayciil) [ 1345
| nig-Cie) | L4s2
CiL)m) 1.269




Pertaining to bond lengths, mie can abserve from Table 4, the bond lenpth of NRS inereased

slightly to L212 A" upon complexation with C£T, relative to 1.209A" for free NBS. This fincimg

can be mterpreted based on the n-electron tromsfer from the TIOMO of C2T 1o the LUMO of NBS.

This transter led to the cxpansion of bond lengths because of the inerease ol clectron density of NBS

in the CAT- NBS CT vomplex compared 1o NBS alone. Logically the decrease of clectron densily

on CLT (donor) moiety of the complex lad to the contraction of bond lengths compared to donor

along (Table 4), particalarly N(13)-IT(37) value decreased from LOSIAY 1o T.047A", concerning

other bonds ne sigaificant change was observed, these small changes in the bond len gth values could

not reveal much information aboul the CT process from CZT ro NBS, hence further compulations

were made to evaluate other parameters w support the CT [HCES,

Table 5 Bond angles of CLT and CZT-NBS CT complex

€27 NEBS = CZT-MES
Atoms Bond angle Atoms Baa Atoms el
angle angle
_Cl22)ci27)Cl26) | 121621 Lp(16)-O7}-Lp(15) | 124445  Loi73)-D(37)lp(72) | 124.564
| Ci22cia7icizey [ 125.246 Lpl161-QI7)-CiS) | 117.844 | Lpi73)-0(37)-C(35) | 117.769
Clz6lci27)cliza)] | 115134 Lp(15FO{7)-Cis) | 11771 | La(72)-Di37)Ci35) | 117.687
| HIS21-C26)-C{27) | 121500 Lp{14}-046)-Lp{13) | 124.444 | Lp{71)-Q(3A}-Lp{70)  123.749
HIS2)-Cl26]-C{25)  117.592 Lp(14)-0(6)-C(2) | 117.846 | Lp(71)-D(36)-C132) 118189
Cl27)-Cl26)-C(25) | 120.906 Lp{13)-0(6)-C(2) | 11771 | Lp(70-0(36)-C(32) | 118.01
H51)-CI25)-C26) | 120.439 N{1)-CIS}-Cl4) 110.541 | M[31}C(35)0{34) | iip.492 |
H{51)-0425)-C124) 120.377 M{1}-Ci5)-0(7) 124.944 | Mi31)-€{35)-0137) 124 894
C{26)-C{25)-C{24) 119.178 Cll-Cis)-0(7) | 134466 C{34) C[35)-0{37) 124.614
C(25}-c(24j-€423) | 119.735 H{12)}-C(4}-H{11) = 109708 HiG4}-Ci34)-H{E3) | 1pa.818
Cf25)-Ci24]-F{28) 1183 H{12)-C(a)-Ci5) 109.677 Hi&4)-C{34)-C(35) 108.734
C{23)-C(24)-F128) 121.965 H{12)-Cla)-Ci3) 111.92 Hi64) C{34)-C(33] 111385
C{24)-C(23)-C12 2] 122.511 H{11)-C{4}-Ci5) 109.593 HIB3}-C(34)-C{35) 110.651
C124)-C{23)-CIH30) 115.204 HELL)-Cl4]-C13) 111.872 | HIB3)-C(34)-C{33) 112.309
_C(22)-c{23)-Cli30) | 122.282 Csh-Ci)-Ci3) 103.914 | C(35)-C134)-C(33) | 103748
C(27)-C{22)-C[23) 116.013 | H{10)-Cj3)-H{3) 109.706 HI62)-C{33)-H(51) 109.704
Ci27)-cl22)-Cizo) 124953 HILORCI3-C) | 111931 | HiR2)-C[33)-C(34) 111608 |
| Cl23)cizjcizo) | 11902 Hilokca)-cl2)  109.673 | His2)C(33)-Ci32) | 108.796 |



H{50)-C| Z1)-H{45) 104.913
H(50)-C(21)-H{48) 109.915
H{50)-C(21) C{20) 113.517
H{49}-C(21)-H{48) 105.226

| H{4g)-ci21)-cl20) 110.506

| Hi48)-Ci21)-cl2) 112.197
H{47)-Cl20]-Cl22) 102.312
Hig7)-ci20}-0(19) | 104288
HI47)-C{20}-C(21) 101.034
O 7)-0{ 200-0413) 114, 176
C2A-C2010021) 12359
0f19)-C{20)-C[21) | 108.459
Lpl57)-0(19)-Lp(56) | 128.163
Lp(57)-0(19)-C(2) 10x1.198
Lp(57)-0(19)-C(20) | 103.259
lpi56)-0(19)-Cl(2) | 100.962

| Lpi56)-0(19)-C(20) | 104.16

| Ci2}-0{29}-C20] 122.32

| H[46)-Cl18]-Hi45) 106.98
Hi46]-C[18)-M]13) 109.342
H(46)-CI18)-Ci17) 110.059 |
Hi45FC18)-N[13) | 108962 |
Hi45}-CI18)-C117) 110.019
M{13)-C(18]-C(17) 111.331

Hi44)-C17)-H[43) | 107.363
Hid4)-Ci17]-C(18) 110.131
H{44)-Ci17]-Cl16) 109,947 '
H[43)-C417} C{18) 109.009
H[43)-C{17)-C(16) 109.744
C(18)-CI17)-Cile) | 110.586
H(42)-Cl16) CIL7) 107.655

_ H(42)-C[16)-C{15) 107. 794

HiA2Z)-Cl16)-N{8] 109.726
Ci17} Ci18)-C113) 109.5
C{L7P-CILE]-M8) 111.14

| C115) Ci16)-N(8) 110911

| Hi#1)c1s)-HI40] | 107.358

| H{#1)-C{15)-C(16) 109947

| HI&1)-ClLS]-Cl14) 110.115
H{40)-Ci15}-C16) 109.673
H{40)-Cl15)-C(14) | 109.07

| C[18)-C{15)-C(14) 110.613
H{39)-Cl14)-Hi38) 106.983

HI)-Ci3)-Cid) 111.88 | Hip1)-{33)-C(34) | 112.313
H{9)-C13)-€42) 108.587 | HI61)-Ci33}-C(32) | 110571 |
Cial-Ci3)-c02) 103.914 | €[34)-0(33)-C{32) | 103.663
C{3)-Cl2p-N{1) 110,581 | C(33)-CI32)-M(31) | 110.598
Cl3)-Ci2 o) 124.467 | C{33)-CI32)-0(36) | 124498
Mi1}-CL2)-046) 124.942 N[31)-C{32)-0(386) 124,897
CiS-NIL-C2) | 110889 | Ci35)-N(31)-Ci32] | 110861
C(5)-ki1)-Br(g] 124505 | Ci35)-N{31)-Br{38) 124744
Ci2)-Ni1)-Bris) 124506 | €i32)-N|3L)-Bri38) | 124381
C{22)-C(27)Ciz6) | 121.636
Ci22)-C{27}-Cli2g) | 124.133
| C(26)-C(27)-Cli29) 114.22
| Hiso) cize)-cl2?) | 121385
| Hioo) clzcias) | 11795
Ci271ci26)-ci75) | 120664
HI59)-C[a5)-CI26) | 120.328
H{59)-C[25)-C(24) 120.307
C(26)-C{25)-C{24) 119.362
C25)-Cl24)-C(23) | 119721 |
C{25)-C(24)-F{28) = 118467
C{23)-C{24)-F{28)  121.808
C{24)-C(23)-C(22) 172,761
C(24}-C(23}-Cl{30) 115,952
Ci22)-cl23)clf30) | 121775
| C{27)-C(22)-Ci23) | 116352
| Cl27pcizaciza) | 124134
Ci23)-C122)-¢20) | 119501
HIS8}-CI21)-HIS7] | 104.593
Hi58)-Cl21)-Hi55) | 108505
HIS8-C210-C20) | 114177
HIS? -2 1 -Hi{56) 105.'.'_152
HIS?-CI21)-C(20) | 110,344
H{S6}-C(21)-C{20]  111.396
HIS5)-€{200-C(22) | 106.379
H(55)-C(20}-0(19] 104.817
HIS5}-C{20)-C{21) 9988 |
Ci221-C20)-0(19) | 112.047
Ci22)-C{20)-C21) 120.29 |
_ pi1gpci2ojc(zay | 111.353
Lp(62)-0i19)-Lp{68) | 127.942
lp(69)-0419)-ciz) | 101801
J.[}I?-UEIJ.

| Lpi69l-0{19}-c{20}

Lpi68I-0[19}-C{2) |

103, 44?J



H{39}-CL4)-C{15) 110.078
H[39}-C(14)-N(13) 109.339
HI38]-C(14}-C{15) | 110.014
Hi38|-Ci14]-M{13) 108.956
| C115)-C14]-N{13) 111.363
Lp(55)-N{13)-H(37})  107.073
Lp(S5}-N{13)-C(18] 108,359
Lp(55}-MI13)-C(14) | 109,346
HI37)-N[13)-C(18) 108,849
| HI37)-M{13)-C(14) 108,905
(C{18)-N[13)-C{12} 113,089
Hi36)-Ci12)-N(8) 122 958
| HI36)-C{12)-c{11) 130305
ME8)-Ci12)-Ci1a) 106.737
C{12)-C{11}-¢£10) 102.027
C(12)-C(11}-Ci4) 125.748
C110)-C[11}-C(4) 129224 |
H{35)-C{10)-M{3] 120,297
| H{35)-C[10)-Ci11) 127.958
| N{9}-C{10)-C{11) 111.745
| LpiS4}-N{g]-Ci1D) 12686
Lp(541-N{9)-Nig) 127.503
C{1D}-M[9)-M[8} 105.637
MNL)-NIBI-C12) 113.853
MNI9)-MNiR)-C(16] 126311 |
C(12)-N{B)-Ci16) 119.835
H(34)-M{7)-H{33) 120.122
HI34}-M{7])-Ci1) 119.347
HI33)-Mi7]-C(1) 120.53
| Lot 53)-N[6)-C1{5) | 120.226
| Lpls3)-N(&)-Cl 120.151
| Cio]-MiB) C(1) 115.623
Hi32)-CI5)-Cla | 123.056
H32)-CI5)-M[6) | 113479
Cid]-Cis)-N(B) 124485
Cis)-Cia)-Ci3) 114.825
_CI5)-Cid)-cfi11) 122.46
Ci3)-Clay-Li1t) 122.714
H{31}-C(3)-012) 118.52
H[31}-Ci3)-C(4) 119.192
C[2)-C{3 004 | 122 288
ClA}-Ci2)-C(3) | 115.542
C{1}-C{2)-0{19) | 118.563

Lp{58]-0(19]-C(20) 104,761
C(2)-0§18)-C(20) 115.4
_ Hi54)-C{18)-H{53) 106.99
~ Hi{54}-C(18)-N{13] 108,393
| His4)-c{18)c(17) | 110.145
| Hi53)-c18)-n13) | 108948
HIS3)-C{18)-C(17)  110.045
N[13)-C{18)-C117) 111.216
H{52)-C(17}-H(51) 107,465
HI52)-Cl17)-C118) 110,011 |
H{52}-Ci17)-Cl16) 110033 |
H{51)}-C(17)-C{18) 108.75
Hi51)-Ci17)-Ciie) | 109.839
| Ci18)-C{17)-C(16) 110,673
HIS0)-C16) Cl17) 107.187
HIS0)-C{16]-C(15) 108.9
HI50)-C(16)-N{8) 108.141
CI17)-CL16)-C115) 109.17
ClA7lClis)Nig) | 112437
E_[il 5)-C16)-N{8) 110.877
Hi49)-C{15)-H48) | 107.27
| H[49)-C{15)-C{18) 110,331
H49)-C(15)-Cl14) | 109.669
__Hiaspciis)ciie) | 109.378
__ Hi48)-Ci15)-ciz4) | 100442
CiLE)-Cf15]-C(14) 110.778
H{47)-Cl14)-H[46) | 106994 |
HiA7)-C[14}-C(15) 105,958
H{47}-C{14)-N(13] | 109.297
Hi46)-C[14]-C(15) 110,017 |
H{46]-C(14)-H{13) 108545
Cl15)-Ci14)-N(13] 111.476
_ Lp(67)-MN{13}-H[A5)  107.099 |
| Lp(6/) N{13}-C(18) | 109,38
[ Lpl&7)-N[13]-Ci1d} 109,351
_ H(45)-N[13)-Ci18) | 108.907
_ Hi4s)-N{13)-Ci14) | 102917
_ CligpN(aciza) | 131z
| HI44}-Ci12)-N{8} 133 745
| Hig4)-ciiz)ci1yy | 130655
| MiBJC(12)-C11) 106.509
| Czbc{iljcilo) | 102192
C{12]-Cl11}-Ci4) 128.505




C{10)-Cl11)}-C[H)

129.3

| ci3j-ciz)-0(19) 175,858
Wig)-C(1)-ci2) 123,254
NIG]-Cl1)-N{7) 120.323
Ci2)-ClL)-NI7| | 116.423

H{43)-C(10)-N(9)
H{43) C[10) C(11]
MiS]-CI10]-Ce11)
Ll GE)-Mi9)-Cl10)
LpdBG)-N{EI-M{B)

| 111629

120,542
127,829

126,792
127.539

CILD)-N{9}-N(8)

105.668

P-MR)-CIT2)

113.91

MNE-N{2)-CLI6)

127.312

C[12}-N{8)-C{16}

118.777

Hid2}-N{7)-H{41}

113611

HIA2)-N{7)-Cl1)

H41)-N{7I-C1)

120,208
120,179

Lp(85)-M{G}-C(5)

LplB5)-NiB}-Cl1)
C[5) M(B) C{1)
H{40)-C[5)-Cl4)
HI40)-Cl5)-MiB)

121,771

120,068
119,922

120,003

113,708

C4-C{5)-NI6)

124,521

Cl5]-Cia-C13)

114.527

C{5)-Cl43-C11)

133.26

Ci3)-c{a)-cl11)

132.21

H(39)-C(3)-Cl2)

117.267

H(38)-C(3)-C(4)

C{2)-C{3)-Cia)

Cia)-Ci2)-Ci3)

Ci1)-c(2)-0{13)
Ci3) C(2) 0[19)

| Nig)CiL)Ci2)

M{E)-C{1)-N(7)

O C[2)Ci) i

117488

120.49
122,243
115.957
122,688
120.531
122464
120041

The CZT- DB CT complex is further confimed from the changes in its bond angle values

compared to the reacrant alone. One can obseryve irom Table-5, the band angle values of the aroms

involving in the C1 deercascd relative toe free CZT. I seems the lowered electron density of CZT

{Table 6) due e CT process led w the retrenchment of bond angle values,



Table 6: Electron densily values of CZT, NBS and CZT-NBES CT complex

F?T NBS CFT-NBS
-’Hmin | Atom Type {ﬁl: ) Atom | Type {_E:[‘:} Atarm | Atom Type [if”
Atom | Atom Type 93.9881  Ci1) | CCarbonyl 94.023 | ¢i1)  Alkane 935734
€1l CAlkane 94.1444 | 0{2} | OcCarhanyl 233871 | ¢f2) . Alkane 54 0778
C{2] € Alkane 233.57 | C3) | CAlkane 94,1422 | O3 0 Enal 233.539
O[3 OEnal 94,0297 | C(4) | CAlkane 04,1049 | C{4) C Alkene 54 0346
Cl4]  CAlkene 940934 | C(5) | C Carbonyl 94,051 | €45} | € Alkene 94,1087 |
£i5]  CAlkene 94,0584 | O{6) | OCarbonyl  233.857 | C{6) C Alkene 54,1735
Cl6]  CAlkene 939729 | N(7) | MAmide 153487 | ({7} | C Alkene 93,477
Ci{7] C alkene 153818 | Br(8) | Br 232316 | M[3) W Pyridine 153.5821
NIE) N Pyridine 94.0232 | HI®) | H 0.396347 | {9} C Alkene G4 D3R5
f9) C alkerne 153.203 | H{1Gy [ H 0.363B816 | M{10} N Enaming 153,135
NI10) N Emamine 54.1485 | H{11} | H 0.357475 | €{11) | C Alkene 34,1425 |
€11 CAlkene 53,9888 | H(12} | H (.35385%8 | ¢{12) | € Alkene 53.9713 |
Cl12)  CAlkene 153.427 N{13] | N Pyrrole 153.474 |
N[13] N Pyrrale 153,826 Ni14) | W Imine 153911 |
N{14] N Imine 54,0064 C{15) | C Alkene 43.9875
C{15) | CAlkene G4.112 C{16) | CAlkane 54,1332
C{16) | CAlkane 04 0983 C{17} | C Alkane 4. (964
C{i7) | CAlkane 94.0225 ¢i18) | C Alkane 94_0359
Ciz8) | Calkne 153387 N{19) | M Amine 153.37
Mi19) N Amine 540353 | C120) C Alkane 94.039
| C20)  CAlkane 54.0771 | 21 C Alkane 54 09
C121)  CAlkane 54,1358 C122) | € Alkene 54.0983
Ci22)  CAlkene 54,0823 C{23) | CAlkene 94.1179
€i23)  CAlkspe 240525 ciza) [a 2405.19
cifz4} | ¢l 94.0843 €{25] | C Alkene 44 863
C{25) CAlkene 94.035 C{26] | CAlkere 940665
C{26) | CAlkene 04,0128 C{27) | CAlkere 53 9879
C127) | C Alkene 337687 | F{28] |F 337,572
E{28) F 54,0982 | £{29) | Calkere 94.0973
€23} | CAlkene 2405.19 cliao} | cl 2405.19
| €30 «d 0.333416 | Ci21) C Carboryl 94 0201
Hi31) H 0.329703 {32} O Carbonyl 233,858
(H{32) | H 0.360851 £{33)  Calkzne 94.1167
Hi33) | H 0.401103 C(34)  CAlkane 94.1142
Hi34) | H 0.371579 Ci35)  CCarhonyl 94.0347 |
Hi3s) | H 0.379245 O[36) O Carbonyl 233.872 |
H{36) | H 0.373743 NS N Amide 153 188 |
Hi37) | H Amine 0.334708 | Bri3%)  Br 222315 |




Hi28) | H Amine 0.37024
| Hi33) [ H 0.365479
Hi40) [ H 0.363519
H{#1) | H 0.376807
Hi42) [H 0.347279
H{43) | H 0.367804
Hid4) | H 0.362172
| Hi45) | H 0.339834
Hid8) | HAmine 0.364857
Hi47) [H | 0.380356
Hi4g) | H 0.359412
Hi4g) [H 0.345856
Hi50) [H 0.346597
Hi51) [H 0.367624

i.(hh Alomie charges

To add more support for the formed CZT- NBS CT complex,

Hi39) | H 0. 364 /ah
H{di} H =— 0.350905 |
H{a1} | H 0.343693 |
H{42} |H 0352618
H{43} |H 0371581
H[44} | H 0.368941
H{45} | H Amine 0.347356
H{46] | H Amine 0349279 |
H{47} | H 0.371241
H{48] H 0.3602
His) \H | D.3628s )
H{ 5] H 0.35587
H{51) |H ,350141
Hi521 | H 0,564627
Hi53] | H 0,373181
HiE4] | H Amine 0,346801
HI55] | H 0361764
Hiss) | H | 0.377712

|HI5T) | H 0,358775

| Hi58) | H 0.347845
HI55) | H 0.355523 |
MisD) H | 0.37502
HiG1) H 0.350839
lie2y 0363584
HiB3) | H 0358498

(Higdy | H 0344578

MMulliken atomic charges were

computed and the results are compiled in Table 7, where one can abserve the incresse in charge on

the atoms of acccptor (WHS) from 0.50606498 to 0.923633 (C Carbonvl) and from -0L57226 to -

L6357 (O Carbonyl), indicating the charge transfor process, Concerning the donor CZT, the

decrease ol effective siomic charges of its aloms than the ree donor molecule (CZT) support the

charge transfer from CZT to WBS. Huckel and Lowdin atormic charges were also compuled, inarder

to support Mulliken charges and are tabulated in the ‘Table 89, which are in sood apreement with

Mulliken charges.



Table 7 Mulliken charges (MC) of CET, MBS and CZT-NBS CT complex

CZT | NES | CZT-NBS |
| Atom  Atom Type MC | Atom Type MC Atom  Atom Type M
Atorm Atom Type 0.624132 | C[1) C Carbonyl | 0866458  C(1) C Alkane -0.59684
cli] | Calkane DO21L77 | 012) | OCarbonyl | 057226 [C2)  Calkane 0.049456 |
€2) | Calksne 072873 C3) | CAlkane 0.53304 | Of3) | OECnol -0.71407
{3y O Enal 0262181 | C(4) C Alkane H1.53101 | C{4) | CAlkshe 026726
4 C Alkene -.09766 | CI5) CCarbonyl | 0904271 | 5] . Alkene -0,09454
15} C Alkene -.21982  Qfk} 0 Carbenyl | -0.56879 | CiG) C Alkene 028186
Cl6) | CAlkene 0.169361 N{7] N Amide 112173 | C{7] | C Alkene 0.203498
a7l | cAlkene -0.82267 Br{B) | Br | 0.433654 | M{E) | M Pyridine 0.84513
N{2) | M Pyridine 0.884254  H{9) H 0.207912 | €9} | C Alkene 0.852504
€{9) | CAlkens 2101143 | H{10) H 0.287972 | N{10] | M Enamire {0.87587
N[10] | M Enamire 0.49424 | H(11)  H 026852 | c{1l) | C Alkene 0.43518
C{11) | CaAlkene 0323571 | M{12) M 0.267934 | €{13) | CAlkens | D.3654E5
C{12] | C Alkene -0a74is M{13] | ™ Pyrrale -0, 6652
W13} | N Pyrrale -0,36974 W{14] | M Imine -(.3R162
W14} | NIimine 0316674 115 | CAlkene 0, 250393
15 | ¢ Alkene 0047144 Ci18) | C Akane 0025793
Cl1a] | € Alkane -0.38746 417 | C Adkane -0.3926
C17] | € Akane _D:A7E21 ci18) | € Alkane 019753
C18] | € Alkane | -D:99 N[19} | N Amine -0.7197%
M(13) | N Amine | 019772 Ci2q) | € Alkane -0.19514
C20} | € Alkane 0,38741 C[21] | CAlkeane 0.4032
| 21} [ CAlkane 000384 C[22] | Calkene 1.00948
| €[22} | € Alkene | 0.35951 (23] | € Alkene 0.41181
Ci23) | CAlkene 0.145485 Ciz4) | € 0.216527
Clj24) | €l -0.162497 C[25) | € Alkene -0,15984
Ci25) | CAlkene . 27646 Ci26} | C Alkene -0.27615
Cide) | CAlkens (.531306% C(27} | CAlkene 053458
C(27) | C Alkene -0.39152 | Flza) | F -0.38907
F{28) | F 04213 | c(29} | C Alkene 044128
C{29) € Alkene 0.278546 cyzo) | ol 0261687
cljza)  cl 0.217145 C(31} | € Caroanyl 0.023633
HI31) | H 0.249781 0!32) | O Carbomyl -0.60557
432) | H 0.223265 £33} | C Alkane -0.53022
Hi33) | H 0.220091 C(34)  C Alkane -0.54207
Hi34] | H 0257414 C(35)  C Carbanyl 0902349 |
Hizs) | H 0.241835 0{35) O Carbonyl -0.59385
Hi38) | K 0, 366486 MIZT) M Amide 1.10876
Hi37) | H Amine 0373298 | Bri3s) | Br 0.422532




H(38} | HAmine 0.266155 H(33) | H 0.216725
Hi39} |H 0.256757 Hido) | H 0.242465
M40} [H 0.220163 Hi41) H 0.200585
Hi41) | H ] 0.217599 Hi42) H | 0.266653
HiaZ} [H 0. 233006 Hi43) | H | D.EST-‘EI?E
Hi43} | H | 0.223419 H44) H 0249071
Hidel | H 0150169 Hid45) HAmine 0371376
Hid5) [ H 0.286861 | Hi46)  H Amine | D3E0505
Hide) | HAmine 0, 224766 Hi47, H 0, 268546
Hla7} | H 0.177379 H4a) | H 0.747445
Haa) [H 0.25748 Hi4a) | H 0,222472
Hiag} | H 0.212001 Hisa} | H 0.216553
Hiso) [H 0.287451 H{51} | H 0.245106
His1} | H 0.293254 Hi52} | H | 0.236079
H(s3} | H | D.171103

H{54} | H Amine 0311428

Hiss) [w 0230066

HisG) | 0.1787

H{57)} | H 0.245747

H{58] | H 0.217863

Hi59] | H 1.299665

Higd] | H {1.2888R3

HiG1] | H 077572

Hi62) | H 0.277724

| HiA3) | H 0.276171

| Higa) | H 0.797675

Table 8 Huckle charpes (HU) of CAT, MBS and CET-NBS CT complex
CELr MBS CLT-MNBS

Aftom | Atom Tvpe H{ Atom  Type HC Atom | Atom Type Hi
|Atom | Atom Fype | 0.247397 | C(1) CCarbonyl | 0483148 | C(1] | € Alkane _D.247
Ci) C Akarne 0123527 | 042) O Carbonyl | 043466 C(2) . Alkane 01123
Ci2} C Mkane -0.128345 | C(3) C Alkane £.11145 | Q{3 O Enal 01273
(W] 0 Enal -0.11855 | Cf4) C Alkane 011145 | Ci4) C Alkens 1198
Cl4} C Alkene rO0BEZ? | CI5) CCarbonyl | D.434661 | Ci5) C Alkene 0.0591¢
CI5} C Alkene -0,43383 | OiR] O Carbonyl | 2071362 | Ci6) C Alkens -0.3411
CiR} | € Alkene (.114145 | M(7) M Amide -0.71363 | C(7] C flkene 0.06d3:
Ci7) C Alkene neo34ss | Brig) | Br D.0966R4 | NI #l Pyridine 0.723(
| N(&) N Pyridine -0.33682 | H(9) H 0.050415 | C{9) C Mlkene 0.3247
(1)}  Alkene | 0124 | HOO | H 0050076 | N{10) | M Enamine 0.109:
N{10] | N Enamine -0.12793 | H{A1) | H 0050441 | ©11) | € Alkene ,1487




ci11) | CAlkene 0.20043 | Hi1zp | H | 050048 | C(12) | € Alkene 01812
Ci12) | CAlkene 0.21373 M{13) | M Pyrrole 02035
Mi13) | M Pyrrole 0.035663 M(14) | MImine 0.03400.
Mi14) | M Imine -0.06406 Ci15} | CAlkene 00630
C(15) | CAlkene 0066228 C(16)  CAlkane 0.05185;
ClL6) | Calkane 006272 C[17)  CAlkane 0.0720
Ci17) | CAlkane 003435 cl18) ¢ aAlkane 0.03388
CiLE] C Alkane . 24508 ML) M Amine 0.2931:
| N{19] N Amine 0.200027 C(20) € Alkane 0.19453.
[Cizo) C Alkane .A9628 C(21)  CAlkane <1.1643.
[ €iz1) | CAlkane {1.06557 Ci22) € Alkene -.1185:
122) | C Alkere 0.033153 Ci23)  CAlkene | D.08208.
23] | CAlkene 0.257196 cliz4] | Cl 0.26395.
a2y | -0.18377 Ci25) | CAlkene 41.1252
€{25) | CAlkene -0.18743 ci26) | CAlkene -0.1469
C{26) | CAlkene 0.068485 | C{27) | € Alkene 0,11140
{27 | C Alkene -, 13404 | F{28) F 0.1554
Fl28} | F 0.254072 | €129) | € Alkene 001507
€179) | ¢ Alkene {.075045 clan) | ¢ 002838
Ciiany | c 0.089052 Ci31) | CCarbanyl 048184
H{31} |H 0.007867 0{32} | o carbonyl 0.43645
H{22] | H 0.092648 C133] | C Alkane -0.1117
H{33] |H 0.092792 c{24) | C Alkane -0.1102
H{34] | H | 0.01189535 €{35) | € Carbonyl 0.43436
H[35] | H | 0.025054 (36} | O Carbonyl 07117
H{36) |H 0104209 NI3Z) | M Amide -0.7142
H(37} | H Amine 0.020679 Bri3g) | Br 0096493
H{38) | H Amire 0.003593 Hi39) | H 0.02119
Hizad | H 0028553 Hiaa} | H 1006
Hi4oy | H 0.027875 Hig1} |H 0.09071
Hi41y | H D.017941 Hi42} |H 0.097288
Hi42) | H 0.0284 H{43} | H 0.002032;
Hi13) | H | 0.027858 Hi44} | H 0.01382
Hi44) | H 0.020938 H(45} | H Amine 0.10073!
Hi45) | H D.003843 Hi4g} | H Amine 0.02002
Hi46)  HAmine 0.019085 Hi47) | H 0.00215.
M7 H 017107 Hi4g) H 0.02878)
Hi48)  H 0041723 | H{48)  H 00269
Hi43) H 0092416 | HISDY  H 0.01865
HI50) | H 0028451 Hi51) H | 0.02916
Hi51) | H 0024125 Hi52) H 0.02674
Hi53) H | 001976

H (54) - H Aamine D00,




HIs5) | H 0.0226¢
Hi56) [ H 0.04503
HI57y | H 004052
Hiz8) | H 004548
HIS9} Ho 00236
HI&) H 0411 79
Higl} H D462
HIG2} H DX5385
HIB3} | H 0.0454¢
Hig4) H | D.0538¢

Table ¥ Lowdin ¢charges (LOC) of CFET, NBS and CAT-NBS CT complex

___ca . NBS : CZT-NBS

Atom Atom Type LC Atom  Type LC Atom | Atom Type | 1w
Atom | AtomType | -0.29229 | Cj1) CCarboryl | 0302673 | C{1) | CAlkane -0.2812¢
C{1) CAtkane | 050605 [ 02} | OCarbonyl | 027399 | €2} | CAlkane 0.108804
€2 C Adkane 029378 | C[3) | CAlkane | -D.20592 | O(3) | OEnol -0.27058
a3} © Enal | R0PER09 | C4) | CAlkane | -D2801 | Cl4} | CAlkene .042584
Ci4] C Alkene -0.06382 [ C[5) C Carbaryl 028763 | C15] C alkene -0.451394
Ci5] C Alkene -0.09725 | D) 0 Carbonyl  -0,24973 | €l6]  Alkene -0,10091
Cia] L Alkene Q0367149 | N(T) M Amide -0.45654 | CiT) C Alkens 0. 8164
ci7) € Alkene -0,27324 | Br(&) Br 0.314297 M8} | N Pyricine -0,23122
ML) M Pyridine 0.153607 | H{T H 01277 €9 C Alkene .158554
i) € Alkene -0.34201 | H{10} | H 0.133571 M{10] | N Enamine | -0.38584
N{10) | N Enamine -0.12866 | H{11} | H 0.123654  Ci11) | € Alkene | -0.12877
C{11} | CAlkene -0.04784 | H{12} |H 012463 C12) | C Alkene -1.04357
C(12] |CAlkene | -0.04277 Mi13) | N Pyrrole -1.02353
| MiL3) | N Pyrrole -0.08221 MiLd) | N Imine 112726
M(L4) | M Imine 00304 lcf15) | C Alkene 0.07946
C(15) | € Alkene 0.048546 C(16) | C Alkane 0.050102
C(16) | CAlkanc 0.1764 Ci17) | CAlkane 0.17321
C[17] C Alkane 1.046593 | ci1g)  CAlkane 1.05239
Cl18]  Alkane 1,34043 | Mi1%) N Amine 1.35034
Mi19} P A 0.04716 i Ci20}  CAlkane 0.04849
Cr2a) C alkane +1.16329 C[21) | CAlkane -1, 16884
C21] | CAlkane 0. 04065 C(22) | CAlkene 006167
Cl22) C Alkene 0.08527 L[23] | CAlkene 0.10608
C[23]  Célkene 0.0043 cij24) | d 0.044214
Cifza) 007750 C(25) | Calkene A8369
{25) C Alkene 0.13647 Cf26]) | CaAlkene 0.13923
£i26)  CAlkene 207581 Cf27]) . | CAlkene 0.195726
€{27) | CAlkene 016251 F(28} | F 013221




Fl28} | F -0.15735
Cj23) | CAlkene 0.088675
cizoy |l 0.110501
H{31] |H 0.123403
H[32] | H 0100517
H{33] H 0,104204
Hi34] | H 0.104411
Hi3sl | H 0.0R9963
Hi3&) | H 0.20748
H(37} | H Amine 0.234987
H[38] | H Amine 0.105967
H(3g} | H 0.100885
Hiagp | H 0.081533
H(A1} | H 0.087223

H(42) | H 0.103561
H(43) | H 0.088608
H{44) | H 0.038056
Hi45) | H 0.173205
H46)  H Amine 0.090005

[H{A7) H 0.051021
H48) H 0.113247
q43) | H 0.094074 |
His0) | H 0.131664
Hi51) | H 0.135055

7.2 Electronic properiies

£{29) | CAlkens -0.13529
cli3o} | ¢l 0080083
€{31) | C Carbonyl 0.31681
0(32}) | O Carbonyl -0.31079
£{33) | C Alkane D.21437
C{34] | CAlkane 0.22243
€{35) | CCarbonyl 0.305823
0136} | O Carbaryl -0, 29267
N(37] | M Amide -0.42276
Br(38] | Br 0.309459
H{39] | H 0.098634
H{40} | H 0.108277
H{41} | H 0.094638
Hi42} | H 0.10EB878
Hia3t | H _0.104253
Hi44} | H 0.095499
H{45) | H Amine 0215702
Hid6) | H Amine 0219076
Hia7) | H 0105621
H{48) | H 0.098
Hi43) H 0.084593
H{S0) H 0.022955
H{S1) H 0.106451
_H{52] H 0.093605
HIS3) | H 0.048E55
| Hi54) | H Amine 0, 184504
Hi25) | H 0.092854
His6) | H 0051237
HiS7) | H 0. 100985
Hi58] | H 0.096648
Hisg) | H 0134818
Higa) | H 0.127148
HiG1) | H 0.128417
Hi62) | H 0.126591
Hig3] | H 0.127741
| HIG4] | H 0.140543

The muost irmportant arbitals inoa molecale are the montier molecular orbitals, called highest

occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital {LUMO). These

arbitals detenming the way the molecule nteracts with ather species. The frontier orbital zap helps



to characterize the chemical reactivity and kinetic stability of the moleculs. A molecole with a small
frontier orbital gap is more polarizable and s generally associated with a high chemical reactiviry,
low kinetic stability and is also termed as soft molecule, The lower value for fronticr orbital gap in
case of CT complexes makes it more reactive and less stable (Table 100, The TIOMO) 15 the orbital
that primarily acls as an electron doner and the LUMCO is the arbital acts as the electron aceeptor,
The 3D plots of the frontier orbitals HOMO, LUIMO of CZT CT complex with NBS show that the
HCOMO 15 distributed uniformly on the NRBS (Figs.17-22).

The TIWO in cuse ol CT complex is found 1o spread over nitrogen moieties. The HOMO
and LUMO maps in case of smdied C1 complex clearly suggesis thal the potential swings
significantly on mitrogen atoms m particular, [ollowed by bengene aloms o some extent, by
ohserving these, one can easily conclode how the introduction of the NBS modifics the propertics
of the donor molecules, during CT formation between the two speaics,

The values of the extreme potentials for TIOMO and LUMCO maps of all complexes have
breen taken for the sake of comparizon and deawing the conclusions. The electronic propertics of the
caleulated frontier orbital gap, for the complex are in Table 100
1 Energy optimised molecular structures

Oprimized stroctore of MBS




Optimized structure of CAT




LUMO OF NBS

HOMO of CLT




HOMO of CFT-MNES

LUMO of CLT-NBS




7. Conclusion

The CT reaction of CZT as electron donor and NBS as clectron acceptor has been smdicd
for the first tine. The study includes the use of spectrophotometry in the comprehensive manner. A
simgle solvent DMSO has boen vsed to avold solvent interactions with CLT (donor) and MBS
{acceplor). The FT-TR and “H-NMR is used 1o characlerize the Tormed complex between CZT and
MBS, Spectral data acguired from spectral analysis has suppested that CET acled as an electron
domor when interacted with MBS {x - acceptor). Hence, the biological activicy of CET may be due
s duvmabimyg ability as 13 evident frem the ssseciation constant (K and standard Gibbs frec encrgy (
A" values. The spectroscopic parameters like [onization Patential (1P, Cinergy of the complax,
Foor (€W}, and Resonancs Encregy (Rw) valucs also support the strong interaction of CFT with NBS.
Accordingly, plausible inleraction belween CAT and MBS hax been proposed,
Therctore, the mechanism for the interaction of the studied CZT is useful in undesstanding the
binding of this bioactive molecule under real phanmacokinetic conditions, which cnables medical
frateenity to pay atlention owards the importance ol this nevel drug, which may petentially

contribute to the knowledge in the medicinal ficld.



SYNTHESIS, SPECTHOPHOTOMETRIC, THERMODY NAMIC AND
SPECTROSCOPIC STUDIES OF CT COMPLEXES OF NOVEL CRIZOTINIB WITH
LA-DIBROMOOUINONE-4-CHLOROIMIDE AS TT -ACCEPTOR

Absiract ! Understanding the charge transfer process berwean bicactive molecules and inorpanic
or orgame molecules 15 sigmificant as chis inferaction can be used to interpret bigacrve molecule—
receplor inleractions. A comprebensive spectropholametric sludy has been performed o explore the
complexation chemistry of the Crizotinib (C£ 1) with 2,6-dibromoguinone-d-chloroimides (DBC)) as
7 - acceplor. The molecular structune, spectroscopie charactenstics and the inferactive modes have
been deduced from UV Vis, FI-IR and 'H NMR spectra. The binding ratio of complexation has
bren determined to be 151 for CAT with TBQ, Benesi—Hildebrand method was applied to estimate
the spectroscopic and phyvaical data. The association constant (K, extinclion coelMeient (&g,
lonization potential (IF), encrgy of the charge transfer complex (Ecr), resonance energy (Bl
dissociation energy (W) and standard Gibbs energy { A G?) have been computed. Based upon the

obtained spectroscopic data, the plavsible CT mechanizm between CZT and DB was propased.

L. INTRODUCTION

Crizotinib (C£T) 1s a novel ant-lung cancer drug acting as an ALK (Anaplastic Lymphoma
Kinase} & ROS | (C- ROS, Oncogene 1) inhabitor; ik has been approved by FIDA on August 26,
2011, under the trade name of xalkorl capsules, made by Phzer, Inc. for the treatrment of petents
with locally advanced or merastatic Non-Small Cell Lung Cancer (NSCLC) Le., ALK positive as

detected by an FDDA approved test.

CAT 15 currently used to exert its efTects through modulation of the growth; migration and

invasion of malignant cells. Funthermore, other studies suggest that CZT might also acl via



nhihition of Angiogenesis, in malignant wmeurs, which is of great interest in order to show how
this novel CZT is signicant.

Available liceramure on this subjeet roveal that the electron donating properties of CZT & s
Charge Transfer (CT) reactions have not been much mvestigated so far,

These findings aboul CAT prompled us to investigate the CT reaction of CZT with 2,6-
dibromoquinone-d-chloroimide (DB as - acceptot.

The CT complexes are dentified tr take parl in many chemical reactions like addition,
subatitution, condansation ele, Electron donor-aceeptor CT interaction s also important in the Geld
of drug receptor binding mechanism, as well as in manv biolepical fields. In view of this, CT
reaclions ol cerlamn w- aveeplons have been successfully ubilized n pharmaceutcal analysis, The CT
complexes (CTCs) of organic species are strenuously studied becawse of their special lype of
interaction which is accompanied by transfer of clectron from donor to acceptor. Alse. protonation
of donor From acidic receplors are generally roul for the formation of the 1on pair addects. The o-
acceptors have pumerous applications as analytical reapents. They have been used for Lhe

specirophotometnie determinagtion of many drugs in pharmaceutical formulations.

Considering all these aspects, it is proposed to investigate the charge transfer complex (CTC) of

CLT with DBO,



Structures of CZT and DBQ)
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2, 6-dibromoquinone-4-chloroimide (DBQ)

. Experimental Methodologies

1.1 Chemicals
All the chemicals were used of analvtical grade, DBQ (TCI, Indis, puntye = 98%) and

Ethanal, {Finar, India, punly > 99.9%) were used without further purification. The CZT was

procuced from Memivax pharmaceuticals, Hvderabad. The purity of C£T as specified by the makers



wig 0%, which was confirmed by s melung emperaimre, The CET was used s reccived withou
any further pur fication.
1.2 Synthesis of CELT-DBEQY U1 complex

The CEZT and DBQ of | mmael each (1:1) were accurately weighed on Dhona 160 T)
anal ylical balance and transferred them inwo porcelain mortar and truncated the rmixture serupuloos]y
in the presence of a few drops of methylene chloride solvent. Then dried the obtained reaction
mixture by comtinuous suchion and transferred them inte a dry beaker. The beaker was stored
overnight in 2 desiceator Mled with activated anhydrous caleium chloride, then ransTereed the dried
solid brown coloured powder containing CET-DBO CTC into a clean vial. The vial was capped
will ti protect from manst air,
2. Instruments

The clectronic absorption spectra of the CAT, DB and resulting CTC were recorded over
w wavelsnplh range of 200800 nm using an UV-260H Shimadsu TTV-VIS Spectrophataometer.
The instrument was equipped with a quartz cell with a 1.0 cm path length. The FT-1R spectra within
the range of 000250 ¢m * for the solid powder of free CZT and its CT Complex with DBO were

I pesclution.

reconded on o Shimaden FT-TR Prestige-21 spectrophotometer with 40 scans al 4 om
H-KMR spectra were recorded using Bruker Biospin advance-111 400 MHz Fourier Transtorm
Digiral BME Spectrometer with DMS0 as solvent. chemical shift valucs are given in ppm relative
L Extramniethy] silane.

A Spectrophotometric Study

3.1 Preparation of Experimental Solations

Stock solutions of C£1 (donor) and DB (acceptor) at a concentration of 5 x 10 *mol-L '

were freshly prepared before each series of messurement by disselving accurately weighed amounts



in an appropriate volume of ethanol, The stock solutions of donor and acceptor were protecred from
light. The solutions for spectropholometnie measurements were freshly prepared by mixing
appropriate volumnes of donor and acceptor stock solutions immediately before recording the
spectra,
3.2 Experimental Measurements
Todeterming the stoichiometry of the CZT (donor) and DB (acceptor) interactions. varions

molar ralios were examined by applying Jobs method of continuouws varations and pholometne
titration measurements. These titrations monitored the detectable CT bands during the reactions of
DBEQ with doner, Briefly, 0.25, 0.50,0.75, 100, 1.50, 2.0, 2.50, 200, 2,50 or 4.00 mL of & standard
selution (5 x 107 mel-L7) of the danor in ethanel solvent was added to 1.00 ml of the acceplar al
3% 10" mol-L ', dissolved in the same solvent. The final volume of the mixturs was mads to 5 ml.
The concentration of the acceptor {77,) was maintained constant 2t 5.0 % 107 mol 1.7, while the
concentration of the donor (C%) varied from 0.25 % 107 mel-L™' to 4.0 % 107 mol-L~' to produce
solutions with a {(donor: avceptory molar ratio that varied from 14 o 41, for the complex, The
absorbance of complex was plotted against the volume of the added accepror.
3.3 Caleunlations — Background

The physical spectroscopic data of the resulted CT complexes wers compuled, the sssociabion
constant (K) and the molar extinetion coefficient (fma) were determined spectrophotometrically

using the 1:1 Benesi—Hildohrand cquation,



Tahle 1: Benesi—Hildebrand data of the CET-DBO CT complex

| L CYx 10t Abssrbance Co, O fAx 107 (0 + Cy = 107
T 02s 5 (1632 0,197 3.25
B 5 (1650 0.384 5.5
RS 3 D666 D543 ' 575
R 5 0,683 [.732 6.0]

1.5 g 0.71% 044 6.5

20 5 751 1331 7.0

2.5 5 (1,769 625 75

1.0 3 01,783 1.915 8.0
— 3% | 3 0,797 2.195 8.5 ol
R 5 nAlA 2450 w0

Renesi—Hildebrand (1:f) equation

(ChWCM) A = UK +{ChH +Cl%) (&

Where, M and C% are the intdial concentrations ol the accepior and donor, respeelively, and
A is the absorbance of the CT band. By plotting the (C% ) /A values for the 121 CT complex as
a funetion of the corresponding (O, + C%) values, a steaight line is obtained with a slope of 1/ € and

an intercept at 1K ¢



4. Results and discussion

4.1 UV-Vis spectra
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Figure 2. UV-Vis spectra of DB (Sx107 M)
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Figure 3. UV-Vis spectra of CZT-DBRO (Sx 10+ M)

The UV-Vis speetra of CZT {duenor) display two absorption bands at 2 274nm and 326nm
and DBQ (acceplor) display one absorption band at 261 nm in cthanol solvent (Fig.l & 2
respectively). While, UV-Vis spectra of the C21- DBOQ CTC in the same solvent (Fig.3) display
lwo absorpiion bands at 4 = 286 nm and 443 nm, The UV-Vis spectra of CZT and DROQ shows no
absorpion bends n this speetral region, The absorption bands which appeared at 286 and 445 nm
for the CTC were presumably due to the interaction of CZT (dunor) with DRQ {acceptor) and are
indicative of the formation of'a CT complex. This obecrvation sugpests the CT from CZT (donor)
ey the TYRO) (aceeptor ), which iz well suppocted by the FT-TR and 'H-NME spectroscopy. The hand
at & 286 nm was selected for the further spectrophotometric study because it has highest absorption
intensity. Polar solvent such as cthanol has been chosen as the solvent to promete the complete

transfer of eleetvon from CZT (donor) to the DB {(acceptor).



4.2 Conductance measnrements of freshly prepared experimental solutions

Conductimetry has often been emploved to study the interactions of CT complexes. Tn the
present study, the conductivity measurements of CZT (donor) and its synthesized CT complexes
wilh DB were performed in ethanol solvent al 5x107° M using Systronics 304 conductivity meter,
The conductance values of free donor was found to be 8.5 027 em® mule™ and lor free acceptar DB
was found o be 23 £ em® mole”’  while, the conductance values of CZT- DB} complex was
tound to be 98 ' em* mole - respectively, this result suggest that the resulted complex have
clectrolytic hehaviour. This data reveals the formation of dative T'- A" cornplex between CZT
{denor) and DB (acceptor) under the acid-hase theory.
4.3, Effect of reaction time

It is observed that as the time inerenses absorbance values increase, which sugpest the

stability of the CET-DBQ complex.
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Fipure 4, Effect of time on the stability of the CZT-DR) (5310 M) in echanol at 286mm



4.4. Stoichiometry of the interaction

The steichiometry of the formed CZT-DBQ complex was determined by applving Job's
method of conlinuous varalions (Figs,), the svmmetrical curves with a maximum at 0.5 mole
lraction indicated the formation of 1:1 complex (Fig5,). The spectrophotometric Gtration
measurernents were also performed for the determination ol sioichiometry of the formed CT
complex (Fig.6.). The UV-Vis speetra of the CZT-DBQ complex was reconded with varving
voncentrations of acceptor, while, concentration af donor is kept constant. The stoichiometry of the
complex wis determined graphically by plotting the absorbance as a function of the volume of donar
(in mL), where two siraighl lines are produced intereepting at 1:1 ratio for complex, Representative
spectrophotometric tirration plot based on the characterized absorption bands are shown in Fig. 6.
The resulis show the good interaction between DB {acceptor) and CZT {donor) considersd in the

atudy.
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Figure. 5. Johs plot of the CET-DRQ CTC (5310 M
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Figure 6. Spectrophotometric curve of the CET-DBQ CTC (5x107 M)

4.5, Association constant ol CET-DRBOY CT complex

Bepresentative Benesi—Hildebrand plot is shown in (Fig.7) and the values of hoth K and £
are thus determined and are compiled in {Table=2) alomg with the other spectroscopic parameters

data. The high K valuc indicares a strong interaction between the CZT and DBQ,

High association constant value which was oblained by Benesi-Hildebrand 1:1 equation,
suggest the good binding affinity between n-donor CZT and acceptor DBQ. I'he high assoctation
constant valucs are commen in p-eleciron donors, where the intermelecular overlap may he

constderable,
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5. Calculation of spectroscopic Parameters

In order to support the formation and nature of CZT-DREQ CT complex, spectroscopic
parameters ke, lomzation potennal (1), Energy of the charge transfer complexes (Eeor), Resonance
Energy (Ru), Dissoviation energy (F) and Standard free energy chanpes { AGY) of the OT

Complexes were caleulated.
5.1, Iomization Potential ([1)

The 1omzation potental (1Y) of the highest Nlled moleculsr orhital of the donor was
estimated from CT energics of its complexes with the acceptor making wie of the Rallowing
empirical Aloisi and Pignataro equation. The caleulated [P values for molecular orbital participating

m C1 mteraction of the donors are compiled in the Table -2,



heer=aTP?+Hh

Where, a -~ 0.87 and & =— 3.0, hvew 15 the energy of CT complex, The electiom donating power of
a donor molecule is measurad by its tomization potential which is the energy reguired o remove an

electron from the highest vecupied molecular orbital.

5.2, Encrgy of the charge transfer complexes (Ecr)

The energy (Ect) of the CT Complexes were calenlated using the following equation and

the values are compiled in the Table -2

Ecr = (hvor) = 1243667 & o (1)

Where, Ao is the wavelength of the u_-ﬂmp]exatlma hand.

5.5 Resonance Enersy {Hn)

Besonance Fnergy (Ra) of CT Complexes were determined by the following thearetically

derived equation by Briepleb and Czekalla and the values were compiled in the Table -2,

gmax = 7.7 X 107/ [hver / [Rx] - 3.5]

Whete, Cmss 15 the molar absorptivity of the CTC at maximum charge trensier band, vor s the
requency of the CT peak and Ry is the resonance coergy of the complex in the ground state, which

i5 obviously a conrributing factor to the stability constant of the complex.



5.4. Dvssociation energy (W)

Further evidence of the nature of CT interaction in the present CT complexes is the
caleulation of the disseciation eneroy (W) of the CT excited stare of the cornplex. The dissociation
energy (W af the formed CT complex was caleulated from the correaponding CT energy (Ect),
ipnization potential of the donor ([P} and electran affinity of the aceepror (EA) wiing the following
relationship snd the calculated values of W are compiled in (Table -2.)

hycr= IP-EA W

Where, by o is the energy of CT complex, TP i the ionization potenlial of the donor and EA iz the

electron aflinity ol the acceplor.

5.5. Standard free energy changes (AG")

Ta add mare conformation for the nare of CT interaction, standard free cnergy change
values { AG") were caloulated and are compiled in Table-2, the higher negative values suggest that
the OT complexes formed between p-AR and Lz are exothermic, Generally, the valucs of AG”
hecome more negative as the value of K increases where the C'1 interactions between the donor and
aceeptor hecome strong, Thus, the compenents {domor and acceplor) are subjected Lo more phvsical
straim or loss of degree of freedom and the values of AG" bevome more negative.

The standard free encrey chanpes of complexaticn (AGY were caleulated from the

association constant values by the following cgualion.

AG'=-RTh K



Where, AGY Is the free encrgy chanpe of the CT Complexes (KJmol'), R is the gas constant
(1.98Tcalmal K", T is the lemperatire in Kelvin and K is the association constant of the CT

Complexes at rourn lemperanre.

Table - 2. Spectroscopic parameters of the CZT-DB0 CT C nmplex

LN CZ1-DBQ
Wavelength: Ly (nm) 286
Extinelion cocfTicient: fue, (L mole ""cm ) 1666 1P
Association constant: K (T male™) Ixin?
Energy: hver (eV) 4348
Tonization Potential: 1P {e¥] 9130
Hesonance Energy: Rag {ev)) 1.242
Dissociation encrgy: W el 2301
Gibbs free encrgy: AGY (KIm oly -1.231x10°

The caleulated spectroscopic parameters values like Energy of the CT complex (v e,
Tomization Potential (IF), Resonance Encray (B}, Dissociation enerey (FF) and Standard Gibbs fiee
energy [ AG%) sugprests thar the in vestigated CLT-DBQ vomplex was reasomably strong and stable

under the studicd conditions,



6. Spectral Characterization
6.1. FT-IR speciroscopy

The Infrared spectra of the CZT (denor) and DBO (acceptor) and their corresponding T
CZT-DBQ are shown in (Fig. 8,2 &10), Full assignments concerning all the infrared bands were
located in the spectra are listed in Lable 3. A comparison of the relevant IR gpectral bands ol the
CZT idonor) and RO (acceptor) and their corresponding CTC (CLT-DBQ) cleurly indicated tha
the characteristic bands of CZT show some shifl in the frequencies (Table 3), as well as some

chunge in their band mtensities. This could be atributed to the expeeled symmetry and electronic

giructure changes upon the formation of the CTC.
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Figure §. FT-IR spectra of CET {(donor)
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Figure 10, FT-IR spectra of CZT-DBQ (CTC)



To summmarize,

‘The TR spectra ol the CZT-DBQ is characterized by a group of bands within the 2415

2503 em ! range which are not present in the spectra of the free reactants, These bands are due to

the stretching made of & hydrogen bunding. This Tact resulted [rom the hydrogen bond interaction

through the proton (—N1E) of CZT {donor) and [he oxygen alom of the carbonyl group of acceplor.

‘T'his is Turther stronply supporied by the clear appoarance of charactetistic peak of the wow, at the

wavelength 3422 e for CZT-DOO CTC. The we-g) group appearing at 1684, 1636 and

163 em ! are disappesred and shifled to 1622 ey in CZT-DBQ CTC, this led us to prediel that

the carbonyl aroup is invelved in the complexation,

Table=3. Infrared ahsorplion frequencies fern ') and Lentative assignments of DBLD and CAT-DBRO
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6.2, H'-NMR spectroscopy
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Fig.11. H-NMH spectra of CT complex
The "M NMR spectra of the €T complex CAT-NBS was recorded in
DMBS0 and shown in Figd1. The H' NMR spectrum of this CT complex was
compared with the frec CZT {donor), and the proton peak of ~NH group wus
detected at 10,50 ppm, indicating the involvement of the itrogen atom of -NH

groups in complexation. The group of signals within 7.27 ppm and 6.40 B.80 ppm



ranges are assigned to 211 of DBC and 14H of CZT donor. These signals ure

chifted to lower ficld after complexation due to the intermolecalar charge transfer

complexes with dilferant transitions via lone pair of clecirons on milrogen atoms

al CZT and the center ol uccepted groups in the T accaptoms.

Apparently, the results obtained lrom spegtrophotometric study, FT-TR spectra mel i the
same paint with 'H-NMR spectra to construe the made of interaction between CLT and NBS.

Based upon this valable information obtained from spectrophetometric and SpectToscapic
studies, the following plassible interaction (scheme-1) between the CAT (donory and THBQ)

{ucceptor) has heen proposed:

Scheme-1

€ 1

LIy

TL.TN

7, Tn sifice study
7 1 Malecular struciure and optimazed peometry
Tn arder to obtain an evidence aboul the structural features of the resulimg CT complexes,

In silico study his been carried out using GAMESS {Cieneral Atomic and Mulecular Flectronic



Structure System) compurations 55 g package of ChermBio3D Ulca 14.0; which includes crncrey
uplimization, estimation of the stabilization energy, computalion of the optimized parameters (hond
lengths, bond angles, bond orders and electron densities), Mulliken, Lowdin and Huckel chargze
computations of the free CZT {donar), DR {acceptor) and irs respective CT complex with DB,
MM2 methed has been applied at RHF/3-2140 level for cnergy uptimization in all the cascs,

The stabilization energy of the doner C2T and the aoceplor DB recorded 46.6455 and
248194 kcal. mol”', respectively. The stahilization energy ol the formed complex recorded 43,6013
kcal.mol !, confirming the noticeable sia bility of the obraines complex in accordance wilh
experimental spectroscopic data.

The optimized geometrical structyral parameters (band lengths and angles) are listed in
Table-4 & 5 for the CZT and CZT-DRO CT complex respectively.

L.{a) Optimized peometrical strucmural parameters

Table 4 Bond lengrths of CZT and CZT-DBQ CT complex

CZT | DRO | CZT-DBQ
Bond leneth Bond length Bond length

Atoms (AT & Alums (A E Atoms (A7)
O{19+-Lpi57) (1.595 MN{B-Lpi 16) 0.4 NI3E)-Tp(73) (.6
O{19)-Lp(56) 0601 | Oi2)-Lpi15) 0,599 O{32)-Lp(72) {1,599
N(13)-Lp(55) 601 O(2)-Lf 14) .55 Q(32)-Lp(71) {).399
N(9)-Lpi54) {1,604 C{G)-H(13) 1.105 O(193-Lo{ 711} LG
NiG-Lpi53) (L4032 C{4-H(12) 1.102 O 193-Lp(69) 0,598
C{26)-H(52 1.104 C{3RCI) 1.3587 N{13)-Lp(68) 0,601
C{25)-Hi51) 1103 | (TGl 1.367 W(9-Lp(67) {1,601
Ci21)-H(50) 1111 C{E)-C(7) 1.344 N(61-Lp(hh) (0.602
CL21-H{49) 1.115 Ci{33-C06) 1.345 C(36)-H{H5) 1.103
C(21)-H48) 1.114 Ci4)-Ci5) 1.344 C{34)-H{64) 1102

| C{200-Hi47) 1.124 Ci3rCid) 1.345 Ci26)-Hi63) 1104
 C(18)-Hide) 1.115 CiN-Bri11) 1.413 C(25)-Hip2) 1.102
Ci18)-Hi{45) 1.116 Ci7-Br10) 1.912 Ci21)-Hinl) 116

~ C{IT7HH(44) 1.115 C{5)EN(E) 1.269 Ci2 1-H(60) 1.115
L::f__l T-HA3 | L1116 N{&)-CI{9) 1667 | Ci2h-Hisy | 1.113




[ Cri6)HE2) 1118
C153-Hid L) 1.116
C{15)-H{A0) 1116
C{14)-H(39} 114
Ci14)-Hi38) 1116
Ni13)-H{37) 1051
Ci121-H(36) 1.094 |
Ci103-H(35) 1L.097 |
N(71-H(34) .05
NOTFHG3) | 1de |
C(5)-1(32) 102
CL3 31 1094
C{22-C2T) 1.356
 C26)-0(27) 1.345
C(25)-L(26) 1.337
C(24)-C025) 1.338
(C(23)-C24) 1,349
C(22)-C23) 1.359
N{131-CE IR 1462
COLTHC IR 1535 |
COGHO(LT) 1.536
Cl15HCIL6) |.536 |
i1 4)-C{15) 1535 |
N{13)-C(14) | 462
| C(4-C0) 1344
 N(BRC(S) 1.263
| LN 1.266
| C2pL 1.351
A0 1.347
CO) 1,346
CLLOEN) 200
N(EI-N{) 1234
C(12)-N(R) 1.27
CI11-C(12) 1343 |
 C{L0RCiL L) 1.345
C{2H019) 1.176
C20-C22) 1,542
C231-Cl30 1.74
CI2THCH29) 1.732
C24)-F(28) 1326
0{19)-C20) 1415
C0RC21) | 1532
| Cd-Ciily 1347

C1-0(2)

1.217

Ci20)-H{58) 1.119
C{LBIH(T) LS
C{18-H{56) 1116
_ C{17)-H(55 1.11é
Ci17-Hi54) L1lG
Ci163-H(53) 1,119
C{15)-T1{52) .16
C{S-TI{51) L6
| Cl4)-HiE0) 1115
Citdptidsy | Lile
N(13)-11(4%) 1046
C(123-Hid7) |.0935
Cr1mn-Hid 1.0a7
MN{7)-H{43) |04y
M(7)-Hi44} 1049
C{5)-Hi43) 1.102%
Ci3)-Hi42) 1.1
Ci33)-Ci3 1) 1.367
CA7-C31) 1.367
| CE60ET 1343
| CO5)1-0(36) 1344
C(34)-Ci35) 1,344
CA3-C(34) 1.345 |
C(22)-C{27) 1.354
| Cr26)-C27) | 1344
252 1.337
CR24)-0(25) 1.33H
| C(23)-Ci24) 1348
| C(22)-C(23) 1.357
 ON(13)-C(18) 1462
Cr17)-CIIR) 1.535
Ca1-C(17) 1.537
CsHC1E) 1.537
C{14)-C(15) 1.535
N(13)-C( 14 1.462
Clh-C(5) |
WiG1-C(5) 1,264
L CCIpNGE) | 1,267
Ci21-0i 1) 1.35
C{3)-C12) 1.247
Cia-C3) 1344
CLON 1.266
NEN( 1.234




Nig-Ci6) | 1482 | C{12)-N(®) 1,27
CORNTY | 1260 | CLLC(12) 1.343
C{1-C{11) 1.345

Ci33)-Bri41) 1.912
Ci371-Br(40) 1.912
C{35N(AB) 1.269
| N{B)-CL39) L.GGT
Ce31-0(32) 1.220

Ci23-0019) 1.374

C(20)-Ci22) 1.539

C{23)-C1030) 1,739

C{27)-C1(29) 1.73
C{24)-F(28) 1.326

O 19)-Ci 200 1.415

| Cr209-0121) 1.532

| C{-C(LL) 1.344

N{B)-C{16) |.4%2

Cl-N{T) 269

Pertaining to bond lengths, one can observe from Table 4, the bond length of DB increased
slightly 10 1.220 A" upon complexation wilh CZT., relative t 1.217AY for free DB, This finding
van be interpreted based on the n-electron transler from the HOMO of C2T to the LUMO of DR
This transfer led to the expansion of hond lengths because of the increase of clectron density of
DB in the CZT- DBQ CT complex compared to DBOY alone, Togically the dectease of electron
density on CZT (denor) moiety of the complex led to the contraction of bond lengths compared 1o
doner ahme (able 4), particularly N(13)-Hi37) value decreased from LOSLA? 1o 1.0464",
concerning other bonds no significant change was observed. these small changes in the bond length
values could not revesl mueh information about the CT process from CZ1 to DB, hence further

computations were made to evaluate other parameters Lo support the CT proceas.



‘Tuble 5 Bond angles of CZT and CZT-DBQ CT complex

CZT DBQ _ CZT-DB() -'

Alams ::;:;_ Atoms ?::1': Atoms E:L
CL22)-C(27)-C(26) 121.621 | Lpd16)0N(ERCi5) | 11891 | Lpi73)-N(38)-C(35) | 118874

Lp(73)-N(38)-
CiZ2-CTH0129) 125246 | Lpll6FN{g-CI%) | 115296 Cl(39) 115374 |
C260MIT-CH29) 113134 | CO-NR)-CLe9) | 125,795 | C(35)-N(39)-CI(39) | 125.747
| H(523-C(26)-C(27) 121501 | G(D-E(N-0e) | 120411 | C31)-CAT)-C(36) | 120.419
H(52)-C26)-C(25) 117592 | C(1-C(T-Br(l0) | 122,956 C1-COATI-Bri40) | 123,178
CO2THC(26)-C(25) 120906 | CI6)-CLTFBr(10) | 116.632 | C(36)-C(37)-Br{40) | 116385
Hi5 1-C{25)-C(26) 120439 | HOI-C6}-CETy [ 119,183 | HIGS)-C(36)-C(37) | 119186
H(5 1 (25 1-C(24) 120577 | HOI3-Ce-Cis) | 118.367 | H(65-C(36)-C(35) 115 391
C26)-C(25)-C24) 119178 | C{7C{6pCI5) 12245 | COT-O(36)-C(35) 122419
Cr251-024)-0023) 119.735 | C6RCIECHE) | 117116 | CI36)-C(35)-Ci54) I.I?-lﬁﬁ_
C{25)-C{24)-F(28) 1183 CleC05-NE 117291 | C36)-C35)-N(38) | 117.089
({23 )-C(24)-F(28) 121065 | C{4RCIS-NIRY 125593 CA)-C5)-N(38) | 125.742 |
CEH-CL2-C(22) 122501 | HOZRCERCE) | 119668 | F64)-Cl341-Co35) | 119,663 |
C-CEIFCIAN [ 115204 | H{IZ}C(4)-C3) | 118.205 | THA4)-C34)-C(3T) | 118.242
CE2CIA-ClA0) [ 122282 | CES-C(4)-Ci3) | 122127 | C5PCE41-C33) | 122,092
C{ATI-Ci223-C123) 116,013 | CUC3MC4) | 120,685 | C31)-C(331-Ci34) | 120,671
CTAC-CZ0) | 124953 | CORC3-Re(lly | 122767 | C31-CE3)-RBr(4]) | 122,664
CO3RC(22-C120) 119.02 | C#pC3-Bell) | 116,548 | C343-C(33)-Bri41)  116.661
Lpi15-002- | Ly 7200 32)-

CH{S01-C(213-1i4w) | 104813 Lp(l4) 124,572 Lp(71) | 124,645
CH{S0)-C{21)-Hi4%) 109915 | Lp(lSH02-C(1) | 117.706 | Lp{72)-0(32)-C(31) | 117.769
| H{SORCi21)-C20) 113.517 | Lp{lap-o2)1Ci1) | 117.722 | Lp(7D-0{32)-C(31} | 117.586
Hi49)-C(21)-H(48) | 105226 |  C{3-C{1-C(T) 11721 | CODCRN-CET | 117231 |
| H{49)-C(211-C20) 110,506 [ CiA)-C(1-002) | 121405 | CEI-CE31-0(32) | 121.636
| Hi48)-Cr2 13- 20 112197 | C7-COe0q2) | 121385 | CETC(NN3D) [ 1210113
Hi47)-020)-C(22) 1012.312 C22-0[2T-0(26) | 121.587
| H{47)-C(203-0019%) 104,288 CRCT-CH2Y) 124503
H{#7)-C20-C21) | 101034 | | C(26)-C27)-CH2%) | 113,89
Ci22)-Ci20-00 1) 114.176 H{63)-C26)-C(27) | 121436
| C{22)-C(20)-Cr21) 123.59 Hi63)-C(26)-C(25) | 17.844
| O(19-CI20-C21) 108469 CiT-Cre-Cs) | 120
Lp(570019)-Lp(56) 128,163 H62)-0(25)-C(26) | 120,299 |
| Lp(37-0019)-C2) 100,198 | Hi62)-C(25)-C(24) | 120.366
| Lp(3T-0(191-Ci20) | 103,259 C{26)-Ci25)-C(24) | 119.331
Lp(56-O{19-C(2) 100,962 C(25)-C(24)-C(23) | 119.733
LpiS6)-00191-C20) | 104.16 C(25)-C(24)-F(28) 118362
| EID-CH191-Ci20) 122.32 (C(23)-C(24)-F(28) | 121.905
Hi46)-C(181-Hi45) 106,98 [Cearcinnen | 12225




TH46)-CLI8-N(13) | 109,342 | CI24)-C(233-CI30) | 115.824
Hi{46)-CO8RC7) | 110,009 Cl22)-C(23)-Cl30) [ 121.914 |
H{45)-C{18-N13) | 108,962 C(27)-C{22)-C23) [ 116.371
Hi45)-COR-CI7) | 110,019 C(27)-C{22)-C{20) | 124.225
NO3-CO8-Ci7) | 111331 C23)-C(22)-C{20) | 119.38
_Hi4)-C(173-Hi43) | 107.363 | (6 1 3-C(213-HiB0) | 104.584
H{44)»-C17-C(18) [ 11031 HiB1-C(213-H(59) | 108501 |
Hi44-COTRC6) | 109042 H{613-C{21)-C020) | 114,519
HEAI-CATICI8) | 109,009 | H{60-C21-HSY) | 106635
H43-CO7RC16) | 109746 H{60}-C21-Ci20) | 110,924
CORRCILTC(16) 110.586 H{S9-CI210-C20) [ 111117
ITAD-COO-CLT) | 107.655 H{SH-C20-0022) 106,301
| H423-C(16)-C{15) 107.794 HiS8)-C(200-0(19) | 104.955
_H{42)-Ci16)-Ni¥) 109.726 | H{S8)-C(20)-C(21) | 100.053
L COTCIE-C15) 109.5 CLEN-CI200-0(19) | 111,955
COTRCOE)-NE | 11104 CR-CR0-C21) | 120,338
CO15)-Cr16)1-M(8) 110.911 O 3-CR0-C21) | 111,203
Lp{ 703-C 19}-
Hi41)-Ci15)-TTi40) 107358 | Lpi 69 |28.07
Hid1)-C18)-C06) 109947 Lp70-0(191-C{2) 101562
VHEAL-CO15)-Cil4) | 1100115 | Lp{701-0(193-C(20) | 103.959 |
HEAN-CI15)-C016) | 109.673 Lp(69)-0(193-C(2) | 103.438
TH40-C15)-C114) 09,07 Lp(693-0(193-C20) | 105.08 |
CI6)-C15)-C(14) 110,613 Ci2)-0019)-C201 | 115421 |
| H39-ClU-HIR) | 106,083 H{57)-C{18)-Hi56) | 107
| H39-CO 4015y | LT | HESTICOLRNG D) | 109 397
Hi39)-C{14)-N(131 109,339 HST-C18)-C017) [ 110,151
Hi38)-CO14)-C015) 110014 | MiS61-C8-N13) 108941
H38)-CO14-Ni13) | 108956 | H{SE-CO8)-CATy 110,047
C15)-C(14)-N(13) [ 111.363 | N{13)-CO8-C(17) | 111.202
Lp{55-N(13)-H(37) | 107.073 H{535)-C(17)-H{54) | 107.473
Lp(S51-N(13)-C(1R) | 109.359 | H{SS)-C(L7)-C18Y | L0007
Lpi35)-Ni13)-Ci14) | 109.346 | H{55)-C{1T-C(16) | LI0.039 |
F(37)-N(13)-C(18] | 108.88Y | H(54COT)-C(18) | 108,745
TTATINCI3-0014) | 108,905 H{S4)-C(1T-C(16) | 109,825
COBINI-CIL4) | 113,089 C18)-C(1 T)-Ci16) | 110.684
H{36-C(12)-N(%) 122.958 H{33)-C(16)-C(17) | 107.169
TH{A6-C12)-C(11) 130,305 H(53)-C{ 1 6)-C(15) | 108.854
N{BHCI12)-Ci1 1Y 106,737 H{S3}-C(16)-N{8) | 108101 |
Cr12)-CLL)-CeLi) 102.027 | COTHC16)-Ci15) | 10919 |
Cr12-C(1 13-Crd) 128.748 CL7)-Ci16)-N(8) | 112.436
COM-Ci-Cidy | 120,224 C5-COI6)-N(E) | 110.919
Hi25-CO0-N ) 120297 H{S2)-CO15)-H51D) | 107.27




Hi35 001000 L1

| 127.958

| N(YC(m-C( )

| 111,745

| Lp{S4)-N(9)-C( 10)

| Lp{54)-N(9)-N(#)
Cr10)-N{9-IN(E)
Ni¥-N(E)-C(12)

NIY-NiE)-C16)

| DN R-C{16)

126.86
127508

| 105,637
113.853

126.311

119.836

Hi34)-Ni(7)-H(33)

120,122

H 34 NI T 001

115%.347

HI33)-N(T)-C(1)

120.33

Lp(33)-INi0)-C(5)

120.226

Lpis3)-IN(6)-Ci 1)

1200151

CL3-NG-C )

119.623

73250

122.056

[T 32 O -6

113.479

Ci4)-C(5)-N(6)

| 24.465

| 14,525

| C(5)-Ci4)-Ci3)
| C(5)-Cid)-Cr11)
GO
[HEL-CRCE)
H{31)-Ci31-Cid)
{20 3)-C1d)
CLFCE-CE)

122,46
122714

122,285
115.542

C{11-012)-06 19)

118563

CL3-C(2)-0(19)

125858

N(6)-C(1)-C(2)

123.254

Ni6RC M7

120323

Co21-C0 1 -M1T)

| 116.423

H{52¥C(15)-C(16) | 110338
H{S2RC(15)-C(14) | 109.657 |
H{51)-C{15)-C{16) | 109.272
H{S1-COL5)-C014) | 109.446
Cil16)-Ci15)-Ci14) | 110.784
T{E0-C( 1 4)-H{49) | 106993
HESO-CUL4-C(LS) | 110,006
PIS0)-C14)-N(13)  109.296
Hi49)-C{14)-Ci 151 | 110,019
| H{49)-C{14)-N(13) | 108,940
LIS L-N(1Ey | EETAGD
Lp(68)-1( 13-
_ 1T(48) 107.097
Lpd6B NI 3-8 | 109,364
Lp(68)-N(133-C(14) | 109,344
Hi4%)-N{13}-C{18) | 108.929
Hi48)-N(13)-CeI4) | 108.93
COSENI3-CI4) 113003
HE4T)-C(12)-N(H) | 122.722
HAT-C2)-C(11) | 130.67|
N(BC2RC(11) | 106.605
| CO2RCN-CO | 102147
C{2RC01)-Cid) | 128487
COM-C{ D=C4) | 129.313
Hi46-COm-N(y | 120,557
FI(da)-CIm-Ciny | 127.827
I-COL-CoL | LGS
| Lp(67)-N(H-C{10) | 126,786
Lpi6Tp-N(9)-N(8) | 127.53
CLI0)-N(9)-N(8) | 105.683
| N(9R-N{E-C(12) | 113,807
N{9)-NEH-C(16) [ 127,325 |
COZENECle) | LIRTTT
Hi45)-Ni{7)-Hi441 [ 119.553
HidS1-NeT-C(1) [ 120208
Hidd-N(T)0(1) [ 120237
Lp(66)-N(6)-C{5) | 120.042
Lp{6al-N{e)-C{1} | 119.944
CISNG)-C{1y | 120012
Hi43-C(5)-C(4) | 121.76
H{43)-C(5)-Ni(6) | [13.706

CA)-C{5)-Ni6)
CI5-C-C(3)

124,533
[ 14.575




C(S1-C(4)-C{11)

123.204

CEA-C04)-C011) 122,161
Hi42=Ci3)-C(2) | 117.287
H{42)-C(3»-Cid) | 120,561
Ci2=C{3-Cl4) 122,149
C{C2-C03) | 16,093
Ci1)-Cen-00 19 122 685
CORCER019) | 120775 |
| NE-C(1)-C(2) | 122.379
- NIE-CI-NIT) 120.111
 C[2RCNT 117.508

The CZT- DBQ CT complex is further confirmed from the changes in its bond angle valnes

compared to the reactant alone, One can observe [om Table-5, the bond angle values of the aloms

invalving in the CT decreased relative to free CZT, Tt spems the kpwered eleciron density of CLT

i Table 6) due to CT process led to the retrenchment of bond angle values.

Tahle 6: Electron density values of CZT, DRO and CZT-DBQ CT complex

CET L) EI.'_I:'-DEQ
ED ED Alomi ED
Atom | Atom Type (A} Atom | Tvpe (AT} Alom Type (AL}
5 C . ”
; ] ; T
C(l) C Alkene 9319881 | C{1) Carhionyl 94 154% | Cf) C Alkang 93,996
) .
7 : - 4 14 : 13 ; i
C(2) C Alkane 94,1444 | O(2) pr— 233989 | C{2) C Alkane 94 0945
CHE) 1 Enol 233.37 | C(3) C Alkene 04 1247 [ O3 0 Enol 233.57
WY C Alkene 94,0297 | Cldy C Alkene G4 1238 | 4} C Allenc B3.9702
s ! Alkens 04 0034 | C(3) C Alkene o4 1066 | C(5) C Alkene W 0973
) C Alkens 0 584 | C(6) C Alkenc 040021 | Cia) L Allkene o 0952
71 | © Alkene 93.9729 | C(T C Alkene | 24,1324 | C(7) C Alkene 2401491
Mi¥) N Pvriding [53.818 | Ni&) N [mine 154,005 | M{R} N Pyridine | 153772
Ci{Y) C Alkene 04 0232 | CLi9)y | Cl 240554 | O C Alkene 94 0765
W10} | & Enamine 153203 | Br{i0} | Br 222315 | N1 IEJ ; [53324
TVANMImE
Cl11) | C Alkene a4.1485 | Br(11} | Br 222314 | C{I1) | C Alkene | 94.1197




C112) | C Alkenc 039888 | H{I2) |H 0360009 [ C{12) | C Alkene a1.4a721]
N{13) | N Pymrole 153427 | H{13) | H 0352411 [ N(L3) | N Pyrrole [ 53497
MN(l4) | N Iminc 153.526 Nil4) | N Tmine |53 887
C13) | C Alkenec 84,0064 Cil5) | C Alkene g3 aEg]
Cig) | C Alkanc 04112 Cilay | C Alkane 9d [ 294
Ci17) | C Alkanc B4, 0983 C{I7) | C Alkane a4, | {0
P18y | C Alkane 04,0225 CiI8) | C Alkane 940301
N{19) | N Amine 153.387 Ni19) | N Amine | 153414
Ci2iy | C Alkane O, 0393 C20y | C Alkane a4 0336
C(21) | € Alkane 94,0771 Ci2l) | C Alkane 04 0922
Ci22)y | C Alkene 04,1358 Ci22y | C Alkene a4 756
Ci23) | C Alkene 94,0823 Ci23 | C Alkenc 840959
Clizay | CI 240525 Cli24) | Cl 24052
25y [ CoAlkene EENIERE Ci25y | O Alkenc 04 06140
Cr2e) | C Alkene 04,033 Ci20) | C Alkenc 24,054
Cr27Ty | O Alkene D 0128 Ci27y | C Alkenc Q4,015
Fiz8) |F 337.507 Fi2g) | F 137,56
C(29) | C Alkene 9 0982 C29 | C Alkenc 24,0949
CWA | I 240519 Cliam | 2405.2
, e
Hi3l) || 0.333416 COL | Corbomel | 241547
1§32) |u 0.329703 0(32) gmbun}rl 233.985
H{3 | H 0360851 Ci33) | C Aldkene U4 1216
Hil4) |H (0] 143 C(34) | C Alkene B 0TS
Hi{}5) |H FRCN L C035) | © Alkene 941453
Hila) |H 0379245 Ci3a) | C Alkens o4 1235
H{}7) | H Amine 0373743 C{37) | € Alkene 94 1145
H{38)] | H Aminc 0334708 Ni3&) | N Tmine 154.072
H{39) [H 037024 CIa0y | O 240547
H{40) [H 0,365470 (40} | Br 222314
H{41) |H 0,363514 Bri41) | Br 222313
H{42) |H 0376807 Hi42) |H {.335646
H{43) |H 0.347279 Hi43) | H 0.361076
Fid4) [ 11 0. 36 TEE Hid44y (H .353303
H{45) [ 1362172 Hi43y | H .341431
Hid4a) | H Amine 0339834 Hidey | H .3509KG]1
Hi47 [H N.3RARAT 1{47) | L 11393213
Hi48) |H 1380350 I48) | H Amine | 0284187
Hidoy [H 0350412 49 | I Anine 312742




HiZ | H 0.345856 H{30) | H 0359008
H{51) | H 0346597 H{31) |H 0.350620
H(32) |H 0367624 H(52) |H 0355245
H{33) |H .359729
H{34) |1 0.354246
H{35) |H 0353429
156y |H 0363685
H{537y | H Amine | 0.339536
158y | H 0. 364282
1H{59%) |H 0363627
Hialy | H (.359208
Hisly [H 035037
His2y |H 0. 3487063
Hig3y | H 0. 38700535
Hiedy |H 0,354872
65y |11 0358453

i.{by Atomic charges

T'o add more suppaort for the tarmed CET- DB CT complex. Mulliken and Muckls atomic
charges were computed and the results arc compiled in Table 7, where one can observe the increase
in charge on the atoms of acceplor (DRGY from 0543783 1o 0.549363 (O Carbonyl) and from -
0.52384 to -0.53%4 (O Clarbonyl), indicating the charge transfer process. Concerning the donor CFT,
the decrease ol effective atommic charges of its atoms than the free doner molecule {CZT) support
the charge transfer from CZT to DBQ. Huckel and Lowdin awmic charges were also computed, in
order to support Mulliken charges and are tabulated in the Table -9, which are in good sgreement

wilh Mulliken charges.



Table 7 Mulliken charges (MC) of CLT, DB and CET-DEQ CT complex

) CZT DBQ CZT-DBOQ
Atom | Atom Type MC Atom | Type MC | Atom | Atom Type MO
o
Cil | C Alkane -0.62412 | il Carbonyl | 0343783 | (1) C Alkanc -(1,577494
0

C{2) | C Alkane O0RLLTY |42y | Carbonyl | 0052384 | C(2) [ C Alkane | 0.074486

O3} | OFnal | 072873 | G133 [ C Alkene | -0.42912 [0 | O Enel 070503
Cid4y | C Alkene (.262131 | Ci4) C Alkene [ -0.09248 | C{4) C Alkene D21011%8
Ci5) [ CAkene | 009766 | C(5) [ C Alkene | 0278707 | C(5) | C Alkene | -0.11502

Ci) € ATkene | 021982 [C(6)  CAlkene | -0.11566 [C(6) | C Alkene | -D.2486%

O7) | CAlkene | 0169361 [ C(T)  Calkene | -041978 [C(7) | C Alkene | 0.240795
Ni8) [N Pyridine | -0.82267 N(8) | Nlmine | -0.70051 | N(8) | N Pyridine | -.§1792
Ci¥ | € Alkene UAR4ZM | Cl(Y) | €] 0.24029 | C9) | C Alkene 0.927344 |
N{l0} | N Enanune  -1.01143 | Br{10} | Br 0282846 | N(10) | N Enamine | -1 04663
Ciiny [ CAlkene | -0.49424 | Br(11} | Br 0287385 C(11) | C Alkene | -0.39737 |
CO2 [CAlkens | 0323571 [ H012) |1 | DA2EI02 1) | C Alkene | (L3A2948
N{13] | N Pymole 067434 | H(13) [ 1T | ALFID0TY | N(13) | N Pyrrole -0.67936
N(14) [N Imine -0.36974 Wii4) | N lminc 0.36319
C(15) | CAlkene | 0316679 Cil5) | CAlkene  0.204729
C(16) | CAlkane | 0047144 Ci16) | C Alkane | 0.031660 |
C{17) | CAlkane | -0.38746 Ci7y [ C Alkane | -0.39209

(C(1B) | C Alkane | -n.17621 C(18) [ C Alkane | -0.18993

[ N(19) | N Amine 0,699 N(19) [N Amine | -0.70028
Ce20) | € Alkane | -0.19772 C(20) | C Alkane .13
C(21) | € Alkane | -0.3K741 C21) | C Alkane | -0,40604
Ci22) | € Alkene (.00354 £(22) | C Alkene | 0.028488

| (23] | C Alkene -(1.1595] C{23) [ € Alkene 04321 |
Cl{24) | Cl | 148465 Cl24) | € 0.242209
Ci25) | C Alkene  -0.14297 (25) | € Alkene -.1578 |
Ci26) | C Alkene | -0.27646 Ci26) | C Alkene  -0.26871
€27 | CAlkene | 0.531306 Ci27) | C Alkene | 051083
Fi2&) | F .39152 F(28) |F .38994 |
C{29)  C Alkenc -0.4913 C129) | C Alkene 04287
Cl(30) 1 0.278546 Claoy |l 0.228443
Hi3ly H 0.217146 C{31} | C Carbonyl | 0549363
Hi32) 1. 2497451 0(32) O Carbonyl -{1,.5304
H(33}) | H 0.223265 C{33) | € Alkene 41526
Hi34y |H 0290091 Ci3d) [ C Alkkene | -0.08AYR
Hi{i5 | H 0.257414 | €35} | C Alkene (L2T552K

| Hi36) |H (0.241835 | Cido) [ CAlkene -0.05338




| H(37) | H Amine | 03664586 C(3T)  CAlkene | 045548
H(38) |H Amine | 0.373298 N(38) N Imine 0.73157 |
Hii0) |H (266155 Cl(39) | €1 0.225964
_Hi40) | H | 0.256757 Bri40) | Br | 0.292546
H@#) |1 0220163 Bri41) | Br 02913723
(Ti42) | H 0.21759% | Hi42) | H 0197648
[1(43) | H 233006 Hi43) | H 0.24 3044
Hid4) H {.225419 Hi44) |H (.191512
Hi45) H 0.150169 Hi43) |H 0.250249
Hid6) | H Amine | 0286861 Hi46) |H 0.2321 |
Hi47) [H 0224766 Hid?) | H (.265453
Hi48) [H 0177279 H(48) H Amine | 0.369764
Hi49) |H (.25748 H(49) 11 Amine | 0.339757
His0 [H 0212001 Hi50} H 0.265793
His1) [H | 0.287451 I51)  H 024584
11i52) [ 1 0.293254 Hi52) | H | 0.215203
Hi53) | H 0220439
Hi54) |H 0.24903
Hi35) |H 0228185
Hisgy |H 0.164014
H(37) | H Amine | 0.293086 |
H(5%) | T 0216029
11(59) | H 0.166157
11i60) | 11 0.260168
[i61)  H (228607
H{62} H (286262
Hi63} | H [0, 290500
Hiod) | H 0.308609 |
Hi6s) | H [.22521F |
Tuble 8 Huckle charges (IIC) of CZT, DBQ and C£T-DEQ CT complex
C£1 DB CLI-DBQ
Atom | Atom Type HC Atom | Type HC I.-!;.t-u:rm Atom Lype HC
C
| C(l} | C Alkane | 0.247397 | C(1) | Carbomyl | 0326098 | C(1) C Alkane | 0247026
0
C72) | C Alkane | 0123527 [ 042) [ Carbonyl | 0536803 (21 | C Alksne  0.112402 |
0% | OCnel | 008345 | ©3) | CAlkens | 0.048137  Q03) [ O Tnol 012664
Cid) [ C Alkene | -0.11855 | Cid) | CAlkene | 019726 | Cid) | C Alkene | 011958
Ci5) | CAlkens 0008622 | C(5)  C Alkenc | DOGOS22 [ C(5) | C Alkene | 0.058038
Cif) CAlkens | -043383  C(6)  CaAlkene | -D.15529 [ C(6) | C Alkene | 34087
hj{?; CAlkene | 0114145 €71 | C Alkene | 0031166 | C[7) | C Alkene | 0.064306




N(E} N FPynidine 06934536 N{8} | N Imine 009674 N(H) | N Pyridine | 0722892
{9y C Alkene -0.353682  CL9} | ¢l 0333043 | O | C Alkene | -0.32468
NIy | W Ensminc -0.124  Br{l0) | Br 0.076944 | N{l0) | N Enamune | -0.10944
Ci | C Alkene -0.12293 | Br(11) | Br 0085366 | C(11) | C Alkens -0. 1492
C12) | C Alkene | -D.20443 | HUZ) |H 003019 | C(12) | C Alkene | 019125
N(I3} | N Pymule <2137y |H{13) H 0025561 [ N{13) | N Pyrmale -0.2035]
Nil4) | NImine | 0.035663 | N(14) | N Tmine | 0.034003
| (15 | C Alkene 1. 0606 C{15) | € Alkene -DLO63IT
Clln) | C Alkane 0.06a228 C{l6) | € Alkane DO51851
17 [ C Alkane | -D.06272 C17 | € Alkane | -0.07208
Cild)y | C Alkane 003435 Cyl18) | C Alkane (LO33RT
M9 | N Amine -1.24908 Nil% | N Amine -0.20917
C20y | C Alkane 0.209027 Ci20) | C Alkane [ 0195862
C2i) | C Alkane -1 49628 Ci21) | C Alkane <. 16414
Cr22) | C Alkene | -0.06557 Cr22) | C Alkene [ -0.11859
Cr21y | C Alkeng 0.033153 23 | O Alkene 0080769
cli24y [l 0.257196 Ci24) | O 0.264343
C(25) | CAlkeng  -0.18377 Ci25) | C Alkene -0, 1 2608
| C(26) | CAlkene | 018743 Ci26) | C Alkene | -0.14407
| C{27) | CAlkene | D.O6R485 Ci27) [ CAlkene | 0.111049 |
| F(28) | F | -0.13404 E(Z8) | F 015553
C{29) CAlkene | 0.254072 C2% | CAlkene | 0.021126 |
Cliam | ¢l LO7T3045 CIL30) | (RO TART
Hi31) | H 0.0¥Y052 CE31) | € Carbonyl | 0.277001
H(32) | H B AHFTHAT O(32) | O Carbonyl | -0.76109
H(31) |H 092648 C{33) | CAlkenc | 047343
Hi34) | H (10927492 Ci34) | C Alkenc | -0.12364
H(3s) |H 0.011955 C(35) | C Alkene | 008238
H{la) |H 0.025054 C(36) [ Alkene 007167
H{37) | H Aming 0. 1044104 C(37 [ C Alkene 002468
H{1&) | H Aming 0020679 N{AR) | N Tmine -0.04257
H(39) | H 0.003593 CH3n | Tl 0474667 |
iy | H 0.028553 Brid) | Br | 0.024116
T3 1 0027875 Br41) | Br 0.033159
Fi42) ' H | 0.017%4 1 T42) | H 0021443
(TI43) T 0.0284 H{43) 11 000615
Hiddy 1 0.027858 (44 11 0. 090699
Hi45) [H 020058 1i45) | H (.09251
[1(46) |1 Amine | 0003843 Hida) | 11 0002036
1{47) |1 0019088 a7 |1 (.013868
H#8) |0 017107 | N(4%) | 0 Amine 0100699
149y |0 0041723 H(49) | H Amine | 0.020046
a0 | 1 0.092416 His [ | D.002142




Hi3l) | H | 0.028451 | Hi51) | H 0.028795
H(52) [H 0024125 | H(52) |H 0.026992
Hi53) | H n01R722.
Hi54) | H 0029167
T5s) |1 0.026736.
T(5R) |11 0.019778 |
H{57) | H Amine 00199 ]
Hizs) [ H D021882
Hi5% [H 00442 61
Hio0y |H 0040742
|Hiely | H 0.04535
Hi52) |H 0.023588
Hisd) [ H 018196
Hit4) | H 0019982
Hi6s) | H 0.014221
Table 9 Lowdin charges (1.C) of CET, DBQ) and CLT-DBQ CT complex
CE1 DB o CZLT-DBQ
Atom | Atom Type 1.C Atom | Type LC Atom | Atom Tvpe LC
L
Cily | C Alkane -0.29229 [ C{1) | Carbonyl 0.153741 | C{l1 | C Alkane -0 25038
0
e L Allkane 0, 150605 | O2) Carhanyl 020125 | C{2) C Alkane 111013
({3} | O Enel 020378 [ C(3) | C Alkene | 018809 | O(3) | O Enol 28059
Cid) CAlkene | 6026809 | Ci4y  C Alkene 005744 [ Ci4) [ Alkenc AL
Ci51 CAlkene | 006382 | 0(5) € Alkene | 0031985 | Ci5) | CAlkene | -0.04158
i) ! Alkene 008715 C(6) C Alkene 009312 | C{6) C Alkene -0, 13034 |
C(7 | C Alkene 036719 C(T1 | € Alkene -.17685 | O(F) | © Alkene (0. Dol
Ni&) | NPyridine | -0.27324  N(%) | N lminc -0.20624 | N(8) | N Pyridine | -0.26617
C(9) | CAlkene | 0163607 | Cliy) | <L 0.130834 [ C(9)  C Alkene | 0.147568
Wil0) | N Enamine | -0.34201 | Br{l0) | Br 0.155862 | N(10) N Enaming | -D.28626
Cll} | C Alkene 12866 | Br{ll) | Br 158971 (1) | C Alkene -0.1148
[ C12) | C Alkene | -0.04784 | H(12) [H 0148282 C(12) | C Alkene | -0.06559
N(13) | N Pyreole | -0.04277 | H(13) | H 0043311 [ N(13) [N Pyrrole | 00091
N{l4) | N Lmine -0.08221 | N(14) | Nlmine  -i12638
| C(15) | C Alkene | -0.0904 C(15) [ C Alkene | -0.09426
LO06) | © Alkane | G4EB40 Cilg) | C Alkane .052992
7 | CAlkane <1764 C{171 | C Alkane -1L17315
C(18)  C Alkane | 04693 C{LR) [ € Alkane 05198




Ni19) | N Amine | -0.34043
C(20) [CAlkane | -0.04716
C(21) [C Alkane | 0.16329
C(22) | C Alkene | -0.04063
C(23) | C Alkene | -0.08527
Cl24) | ¢ 0043
{25 | € Alkene (77506
C§26) | C Alkene | -0.13647
C{27 | C Alkenc 0.207561
F2) | F 0,1625
Ci29) | C Alkeng -0.15733
Cli3w) | €l 0.088675
Hi3ly [H 0110501
Hi32y | H 1, 123403
Hi33) | H 0100517
TH(34) | H 0104204
HG35) | H 0104411 |
sy [ 11 [1.08Y063
{37y | T Amine 020748
T3R8y | [ Aanine 0.234987
1§39 | H 0, 103967
140y H 0. 1 DORAS
Hi41y H .08 1539
H{42) H 0.0R7223
H{43) H 0. 103661
Hi{44) H 0.0REG0R
H{45) H DO3E056
H{46) H Amine | 0,173205
'Hi4?y H 0050005
Hi4%y H n.Oo31021
H(49) H 0113247
| H{500 H [.094074
HGGI 1 10131664
H{52) | T 0.133035

Ni1% | N Amine -0.54271
Ci20) | C Alkanc ~h a003
21y | C Alkanc 017125
(22} | C Alkene L0273
C(23) | C Alkene | -0.11852
Oy [ 0.059111
Ci25) | C Alkene 008728
C(26) | € Alkene -0.12124
|Ci27) | C Alkene | 0191941
F(2%) |F -, 14964
| Ci29) | € Alkene 0.124942
| Cl{30y | Cl 061503
31 | € Carbonyl | 0.162074
0(32) | O Carbonwl | -0.21043
C(33) | C Alkene | -0.16435
Ci34) | C Alkenc -0.00207
Ci35) | C Alkene | 0023287
Ci36) | C Alkene | -0.03896
| C(37) | C Alkene 020734
N(3%) | N Imine 020007
Cl39 | ¢.121922
Br{40) | Br U 1625814
Bi{41} | Br | U.161381
H42) | H 0096615
H(43) | H {0, 104142
Hi44) | H 0.081839
Hid5) | H 0102748
Hi46) | H 0, | 06647
Hid7) | H 0008137
Hi4%) | H Amine ,243971
H(49) | H Aming | 0.234113
H(s07 H {1, 1OR003
His) | H {1.000483
His2) H 0.08177R
H(s3) 1 0.004519
H(34) | H 0. 104105
H(55) |H 0.093196
H(s6) H | 0046402
[—Tgﬁ-?! _ H Amiane 0, 176344
His&g) | o 0.0184951
H(59) 11 01.04759
Hi60) | H 0.10677
Hial) H 0. 100538




(Hie2) | H 0.129681

His3) | 0.127907
0.136461
H{65) |H 1.14595

7.2 Electronic propertics

The most impaortant orbitals in & melecule are the frontier molecular arbirals, called highest
wccumed molecular orbital (HOMO) and lowest unoccupied molecular arhital (LUMCO), These
orbitals determine the way the molecule interacts with other species. The frontier orhital gap helps
Loy charactenize the chemical reactivity and Kinetic stability of the molecule, A molecule with a small
fromlier orbilal gap 15 more polanzable and 15 generally associated with a high chemical reactivity,
lows kinetic stability and is also termed ax soll molecale. The lower value for frontier orbital gap in
case af CT complexcs makes it more reactive and lesa stable ( Table 100, The HOMO is the orbital
that primarily acts as an electron donor and the TTMO is the orbital acts a5 the electron acceptor,

The values of the extreme potentials for TIOMO and LUMO maps of all complexes have
been taken for the sake of companison and drawing the conelusions. The electronic properties of the
caleulated frontier orbital gap, for all the complexes are in Table 10.

| Energy vptimised molecular structures

Fig. 12 Enerpy oplimised molecular structure of VB (acceptor)



Fig. 14 Enerpy opiimised molevular structure of CAT-DBEOQ CT complex



il Maolecular orbital sunfaces

Fig. 15 LUMO molecular orhital surface of DHEQ)

Fig, 16 IOM O molecular orbital surface of CET



Fig. 19 LUMO molecular orbital surface of CET-DEOQ CT complex

Fig. 10 HOMO molecular orbital surface of CET-DBQ CT complex



Tahle 10

Experimental Calculated Energy Assignment of
Energy (2¥) eV electronmic
CT complex transition
CET-DREQ 4.34% 4.342 HOMO to LUMO

8. Conclusion

The CT resction between the CEZT with the eleciron acceplor D0 15 comprehensively
sludied for the first time.

The present rescarch work has demonstrated the Feasibility of the wse of LUTV-Vig
specltrophotometry, complexation reaction and the suitability of DBC) as electron acceptor. CZT-
DB O complex has been investigated experimentally and theoretically,

Expenimental investigation includes the use ol spectrophotomelry in the comprehenzive
manner, A single solvent DMS0 has been nsed to avoid solvent interactions with C£T and DBO)
congsidered 0 the study. The spectroscopic paramelers like Tonzation Potential (77), Tnerey ol the
complex, (Eqv), and Resonance Energy (£a) values support the perceptible interaction of CZT with
DB,

The computational analysis has been carned out wsing GAMESS computations. Tt includes
energy minimization of the CZT, DBQ and CZT- DBQ CT complex weilizing MM2 method,
carimation of the stabilization cocrgy, computation of the optimized parameters (bond lengths, bond
angles, bond orders and clectron densites ol atorns), Mulliken charge computations, TTucke] charge
comnputations, Lowdin charge computations, presentation of optumised structwres of CZT CT
complax and also presenting the HOMO and LUMO molccular orbital participating in the clectronic

transitions.



A poodd eonsistency betwzen experimentul und computational analvsis has been found, Tn
addition, the suggesied positoning of the acceptor melecule with respect to the donor moleculs
(CET) were confirmed theoretically from the HOMO, LLIMO fipures.

Therelore, the mechanism for the interaction of the siudied CZT is usetul in understanding
the binding of these bivaciive maleeules under real pharmacokinetic conditions, which enables
medical fratornity ro pay attention Wwwards the importance of this novel drug in our country, which
may peentially contribute o the knowledge in the medicinal Aeld of our country.
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SYNTHESIS, SPECTROPHOTOMETRIC,
THERMODYNAMIC AND SPECTROSCOPIC
STUDIES

OF CT COMPLEXES OF NOVEL CRIZOTINIB
WITH 2,6-DIBROMOQUINONE-4-
CHLOROIMIDE AS II -
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cAbwrace Understunding the churge transfor process between hioactove mnlegates and inorganic or arpanic mnlecnles js
Iﬂugrlf"ln::ﬁ.n.’r as this interaction can boouscd to interpret binactive mnlsenlo—reecptar interactions. A comprehensive
spoctraphotomaie study has been pertormed o explors the complexaticn shemistcy of the Crizetinin (CZT) with 2.6-
dibromeguinone-d-chioroimide (DBO) as w= accoptor. The moleculae structung, spectroscopic cheractenslics and the
teraetive modes bive beent deduced Trom TN Vis ol FT-IR specica. The binding ratis of complexation has boon
'iJl:[l:rJ]]i[I-.".‘d o be Ll for DOG wilh CZT. Deoesi-Ilildebrond method wos spphied (o ssbmate the spectroseopic and
physical datu, The associnlion constunt (K), extinction coefficient (&), 1onization poteatial (I}, cnergy of the charze
lmssfer complex (Ecrd, resomance enerey (By), dissocialion energy (W0 snd standaed Gibhs encrgy (A GY) have heen

computed. Hased upon the obtained spectroscopic data, the plavsihle CT mechanism between CZT and DEQ we

proposed,

iﬁéﬁ'wunls - mpecirophotometey, Spectrescopy, UL, DI, Charge troosfer complezsation, Computatienal stwdy.

. INTRODUCTION

Crizotinid (CZT) is 2 novel anh-lung coneer diug acting a5 an ALK { Anaplastic Lymphoma Einase) & ROS
L (- ROS, Oncogene 1) inhibitor: it has been approved by FDA oo August 26, 201 1, imder the trade name of
malkeri capsules, made by Phwer, Tne, for the trestment of patients with locally advanced or meatastadic Non-
small Cell Lung Cancer (NSCLC) 10, ALK postiive as detected by an FDA approved [est.

CAT is currently used to cxert ws effects tlwough modulation of the groswth; migration and invasion of
malignant cells. Furthermoore, other studics suggest that CL£1 might alse act via inhibition of Angiopenesis,
i mizhignant tumours, which s of great interest in order to show how this novel CZT is significanl,
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Availuble litcrature on this subject revesl that the electron donating properties of T2 & its Charge
Transter (CT) reactions have not been much investigated so far,

These findings about CZT prompted us to investizate the CT reaction of CZT with 2 f-dibromodguihone-4-
chloroimide (DAY as 7 acceptor,

The CT complexcs are identificd to take part in many chemical reactivns liko addition, substitution,
concensation {Subramanian, 2008 cte, Electron donor-aceeplor CT teraction is ulso important in the field of
drug receptor binding mechanismn (Shirish Kurrr, 201 7). as well as in many biologieal fields. In view of this,
CT reaclions of cerlpin =- acceplors have been successfully wtilized in pharmaceutical analysis. The 1
complexes (CI'Cs) of organic species are strenuously studicd because of their special Lype of interaction which
is accompanicd by transler of electron from donor to acceptor, Also, protomation of donor from acidic receptors
are genierally rout for the formation of the ion pair adduets, The m-acteplors have numerous applications as
analytical reagents. They have been used for the spevirophotometric detormination of many dogs
pharmacestical fermmlations.

Considering all these aspets, it is proposed 1o investigate the charge transfer complex (CTC) of CZT with
NRQ.

Structures of CZT and DB()

S 8
N
1

L8 AR

o
Z

CRIZOTINIB (CZT)

2, 6-dibromoguinone-4-chloroimide (DB(Q))



1. Experimental .\"ll'l_l]u-l.'li_:ﬂ-l'lﬂi.f-"!i.

1.1 Chemacals

Al the chemicals were used of analytical grade. DB (1T, India, purity > 98%) and Ethanal, {Finar,
India, purity = 99.9%) were wsed without forther purtheation, The C¥ET was procured trom Meruvax
pharmaccuticals, Hyderabad, The purity of CZT as specified by the mokers was »909%, which was confirmcd by
its melting temperature, The CAT was used as received without any further purification.

1.2 synthesis of CLT-DBQ CT complex

The CAT and DBG of 1 mroed each (1:1) were accuralely weaighedd on Trhona 160 T2 analvtical balance
and transterred thent into p:II'EI_‘IﬁiIi mortar and truncated the mixture scrupulouwsty in the presenes of & fow drops
of methylens chloride solvent. Then dried the obtained reaction mixmre by continoows suction amd lrmsRred
them nte a dry begker. The beaker was stored evernight in a desiccator filled with activated anhyidrous caleium
chlorde, then transforred the dried sobd brown coloured powder containing CZT DB CTC into a clean vial,
The sl was capped well to protect from noistgir.

2. Inslruments

The electromc absarplion specira ol the 2T, DRC and resulting CTC were recorded over a wavelength
range of 200 B nm using an UW-2600 Shimaden UUV-VIS Specirephotometer, The instroment was
coquipped with a quartz cell with a 1.0 am path length, The FT-TR spectra within the range of 4000 250 coi™ fur
the solid powder of free C21 and its CL Complex with DB were reconded on o Shimadzu FT-TR Prestige-21
spectrophotometer with 40 scans at 4 cnr' resalution.

3. Spectrophotometric Stuady
31 Preparution of Experimental Solutions

Stock sohtions of CZT (donor) and DEQ) (aceeptor) 8t a concentration of 5 x 1077 mal L0 were reshly
prepaved befare each series ol mensurement by diszolving securately weighed amouets in an appropriale volume
of sthanal. The stock selutions of donor and acceptor were protected from light. The solutions for
speetrophotometric measurements were freshly prepared by mixing appropriate volumes of donor and acceplor
stock solutions immediately before recording the spoctr,

3.2 Experimental Measurements

To determime the stoichiometry of the CET {donor) and DRQ (acceptor) interactions, varions malar
rulivg were examinel by applying Tob's method of continuous variations snd photometric titration
measurements, These Gtrations monttored the detectable CT bands during the reactions of DB with donor.
Brielly, 0.25, 0.50, 0.75, 1,00, 1,50, 2.0, 2.50, 3.00, 3.50 or 4.00 mL of a standard solution {3 x 107 mal-L™")
ol the dynor in ethanol solvent was added to LOU ml ofthe acceptor at 5 x 107 mol-L', diszabved in the s
solvent. The fmal volume ol the masturs was made to 5 ml The concentralion of the acceptor (€] was
naintained comstant at 5.0 x 107 mol-L7Y, while the concentration of the donor (%) varied from 0.25 x 10
mol- L7 w20 & 107 mal-L7" w produce solulions with a (donor: acceptar) malar ratio that varied from 1:4 to
1.1, for the complex. The absurbance el eomplex was plotted against the volume ol the added aceeptor,
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3.3 Caleunlations — RBackground

The physical spectroscopic data of the resulted ©T complexes were computed, the association consian
(&) and the molar extinction cocfficient (£...) were determined spectropboometrically using the 1;1 Benesi—
Hildehrand equation.

Table 1: Benesi—Hildeheand data of the CZT-DEQ O complex

Chax 107 | Cyx10" | Absorbance | €% %74 x 107 (€% + (%) x 10
0.25 5 0.632 197 5.25
0.5 5 0.650 (). 384 5.5
0.75 5 1.666 0.563 5.75
1D 5 (643 0.732 . o
1.5 5 (0.718 10144 6.5
2.0 3 0.751 1.331 7.0
;. 3 (0,769 1.625 7.5
3.0 5 0.783. M| [.015 2.0
| 33 5 0.797 . | 2.195 8.3
e 5 416 ! 2.450 .0

Renesi-Hildelrarnd {1:1) equaiion
(CU DA = K +H(C% + C%) /=
Where, % and C% arc the initial eoncentrations ol the accepror and doner, tespeetively, and A is the
absarbance of the CT band, By plotring the (C°%, C™) /A values for the 1:1 ©T complex a3 a function of the
cormesponding (C% - C%) values, a straight line s obtained with a slope of 1Y & and an intercept at 17K &,
4. Results and discussion

4.1 U¥-Vis spectra

2T 44 nicey

CET
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B2E
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Flgure 1, UY-Vis speetra of CZ1 (531073
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Figare 3, UV-Yis spectra of C701- DR (Sx1iF v

Lhe UV-Vis speetra of CZT (doaor) display two uhscrption bands at 4= 274nm and 226nm and BIE]
(awceptor] displiy one absorption band at 261 nm in ethanal solvent {Fig,1 & 2 respectively). Whils, UV-Vig
specira of the CZT- DRQ CIC in the sume solven| (Fig.3) display two absorption bands at .= 286 nm and 445
it The UV-Yis spectra of CZT and DB shaws no absorption bands in this spectral region. The absorption
baruls which appeared at 286 and 445 nm for the CTC were presumably due to the interaction of CZT [donar)
wilh DBQ) (zeeeptor) and are indicative of the formation of & C'T complex. This ohservation suggests the OT
frofn CZT {dorer) bx the DB (aceeptor), which iz well supported by the FT-IR and spectroscopy. The band al
A =286 nm was selected for the further spectrophotometric study becuuse it has highest absorption Infensity.
Pedar subvent such as ethanol has been chosen as the solvent promote the complete transfer of eleciron fiom
<£T [donor} w the DEG (accepuor),
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4.2 Conductance measurements of freshly propared experimental solutions

Conductimetry has often been emploved to study the interactions of CT complexcs. Inthe present study,
the conduclivily measurements of CET (donor) and its svnthesized CT complexes with TIBG were performed
in ethanol solvent at 3x 10 ° M using Swvstronics 304 conductivity meter, The conductunce values of free donor
waz found to be 8.5 O ero® mole * and for free acceptor DBQ was found to be 23 0l em® mole’!  while, the
conductance values of CZT- TRQ complex was found fo be 98 0 em® mole™ respectively, this resull sumrest
thst the resnlted complex have electrolytic behaviour, This data reveals the formation of dative 17 A complex
between CZT {denor) and DBQ (acceplor) under the acid-base theory. The increase in conductivity was
abserved with clapse of time, may be due to the fact that the CT complex formed between donor and acceptor
might have undergone dissociation into jonic intermediate in solvent of sufficient high dielectric constant give
rise to appreciable conductivicy.

4.3, Effect of reaction time

It is observed that 2s the Lime increases ahsorbance values incrosse, which suggest the stability of the
CZT-DBO complex. '

D.GEHE -
0880 — CET-DBCO CTC L
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d.4, Stoichiometry of the inleraction

The stoichiometry of the formed CAT-DOOY complex was determimed by applying Tob's method of
cuntinuews variglions (Fig5.}, the symmeteical curves with a maxmmum at 0.5 mole fnction indicated the
formation of 1:1 complex (Fig.5.). The spectrophotometric tirration mcasurements were also performed for the
detarmination of stoichiometry of the formed CT complex (Fig.6.). The TIV-Vig spootra of the CZT-DBEO
cumples was recorded with varying concentrations of accepton, while, concentration of doner 15 kepl constant,
The stoichiometry of the complex was determined graphically by plotting the absarbance as a function of the
vilums of denor {(m ml), where tes straighl lines are produced mtcrecpting at 1;1 ratio for complex.
Bepresentative spectrophotometric fitration plot based on the charscterized abzorption bands are shown in Fis.
& The resulis show the pood interaction betwaen DBO accentor and CFT donor considered i the stodsy
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4.5. Association constant of CZT-DRQ CT complex

Eopresentative Benesi-Hildebrand plot is shown in {Fig.7) and the values of both K and e are thus
determined and arc compiled in {Table-2) along with the ather spectroscupic parameters data, The high K walue
mdligales A strong interaction between the CZT and DB,

High associstion constant value which was obtained by Benesi IHildebrand 1:1 equation, suggest the
zood binding affmily betwesn n-donor CZT and sceeptor DBQ. The high association constant values are
common in r-elecirom doners, where the intermelecular overlap mayv be considerabla,

3.00E-007
2.50E-007 - CZT-DRG CTC S
4 _,-"....
2.00E-007 | Slope = 6X10 z"
n Intercept = 3X107 7
o R® = 0.9981 "
a MR Kk o o106 (Lmote-1) -
2 e
5= 1.00E-007 %
5.00E-008 i
.-"
0.00E+0D0

T e L e e N T e e e e P e T el [ e
000050000055 0000600, 00066 0,000700. 000760000300 ,000850,000903.00095

] 2 i |
(C +C }x10
Fipore 7. The 1:1 Benesi-Dildebrand plod for CET-DRO O
5. Calculation of spectroscopic Parameters

In vrder Lo supporl the Drmation and nature ol CEZT-DROQ CT complex, spectroscopic parammeters like,
Tonieation potential (TP, Eoergy of the charpe transter complexgs (Ecr), Resonance Ensrpy (Rn), Dissociation
energy ( 7 and Standard fres energy changes | A G} of the CT Complexes were caleulated.

5.1. lonization Potential (TF)

The wnization patentiul (TP} of the highest flled molecular orbital of the donor was estimated from CT
engrgias ol its complexes with the acceptor making use of the ollowing empirical Ao and Pignatam squation
{Aloist, 1872). The caleulated [P valucs for molecular orbital participating in CT interaction of the dorors are

compiled in the Table -2,

hver=a 1P+ I



. ol - ual

Whers, a = 087 und 5= — 3.6, heer s the cocrgy of CT complex. The electron donating power of a donor
molecule s measured by its loaization patential which is the cnerpy regquired to remove an clectron from the
hegheat veenpicd molecular grbital,

¥
Efi--!* Energy of the charpe transfer complexes (Ecr)

The energy (Fer) of the CT Complexes were caleulated usmg the following equation ( Rathong, 1997)
| aned the vilues are compiled in the Table -2,
I

u Ect = (hver) = 1243667 % ot (nm)
Where, Acr s the wavelength ol the complexation band.

5.3, Hesonance Fnergy (Rx)

' Resomance Evergy (Ru) of CT Complexes were determined hy the following thearetically derived
“equation by Briepleb and Crekalla (Briezleb, 1960) and the values wers campiled in the Talile -2,

Euan = 7.7 X007 [y o £ [Ra] - 3.5

Where, By 15 the molur absorptivity of the CTC it msxinomm churpe transfer band, 4 o1 is the frequency ol the
CT peak and Ry is the resonance encrgl of the complox in the ground state, which 15 ebviously a conteibuling
factor to the stability constant of the complex.

3.4 Dissociation encryy (W)

Further evidenve of the sature of G {nteraction in the present CT corpplexcs is the caleulation of the
dissircialion coeegy (W of the CT excited state al'the complex. The dissocialion cacrey {W) of the formed C'1
complex was calenlated from the corresponding CT energy (Hork, jonization potential of the donor (1P and
slectron alfimity of the accoptor {EA) using the lullowing relativnship (MeConne), 1933} and the caleulated
vilues of W are compiled in (Table -2.)

hyer=I1P-EA -1

Where, heer s the energy of CT complex, [P s the lonization potential of the donor and EA s the clectron
allinity pfthe aceeplor,

5.5, Standard free cocrgy changes (A GY)

Lo add more conforcution for the nature of CT interaction, standard fiee energy change valoes [ A GY)
were calenlated und are compiled in Table-2, the higher negative values sugaest that the OT cumplexes formed
selween -AB and T are exothermic, Generally, the vahies of A G becime more newtive as the valuc of Ki-r
nureases whers the CT interactions between the donor and acceptor hecome stromg, Thus, the components
Aanvr and acceplor) are subjected to more physical strain or loss of degree of freedom and the values of A G
ecnme more nepalive (Person, 19627,

The standard free energy changes of complexation ( AG") were caleulated rom the associalion constant
salues by the ellowing cquatian,

—
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AG'=-RTInK

Where, AG* is the free eneray change of the CT Complexes (KJmol ™), R iy the gas constant {198 7calmol 'K
1 T 13 the remperature in Kelvin and K is the association constant of the CT Complexes al room lemperaturs,

Table - 2. pectroseople parameters of the CAT-DEDQ CT Complex

CLT-DBEO
Wavelength; 2. (1) | 28
Exrinction coefticient: £ (L mole ~cm 1) 1666107
fﬁﬁ:—:ur_'iaLiun cinstunt; K {1 male -} %10
Encrgy; hyeor(el) 4 34%
E]l:li'l'i:-".ﬂ.LE{:l:'l Potennal: [P (V) L BT
Resvnance Energy; By (V) . 1.242
Dhissociation energy: W fel) . 2.301

ibbs free enerpy: A GY (Klmol!) 12300

The caleulsted spectroscopic parameters velues hke Fnergy of the CT comples (hy er, Tonization
I*orential (11'), Resonance Energy (By), Dissociation energy ( #) and Standard Gibbs free energy ( 4 G") suggests
that the investigated CZT-DBO complex was réasonably strong and stablz under the studizd conditions,

G. Spectral Characterization
6.1. FT-IR spectroscopy

The Infrared spectra of the CZT (donor) and DBQ {acceptor) and their corresponding CTC CET-DBRQ
are shown in (Fig, 8,9 &107, Full assignments concerning all the infrared bands were located in the spectra arc
Listed i Table 3. A comparizon of the relevant TR speciml bands of the CET (donery and DEQ (acceptor) and
their corresponding CTC CZT-DBRG clearly indicated that the charecteristic bards of CZT show seme shill in
the frequencies ('Table 3), as well as some change in thelr band intensicies. This conld be atoibuted to the
expeied symmelry and electronic stroeture changes open the formation of the C1C,
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The IR spectra of the CZT-DBCQ CTC 15 characterzed by o wroup ol bamdls wilhin (he 2415-
2805 cm ! range which are not present i the spectra-olthe free reactants. These bands are due to the stretching
menle of & hydrogen bomding (Bellamy, 1975), This fact sesileed from the Bydrogen bond interaction through
the praton (- NI of CZT {donor) and the oxypen atom of the carbenyl group of acceptor, ‘This is firther
strongly supported by the clearly appearance ot characteristic peak of the woomy at the wavelength 3422 em™ for
CZT-DBO CTC. The we-o group appearing at 1634, 1656 and 1630 cm' are dissppearcd and shifted 1o
1622 em™' in CZT-DBQ CTC, this led us to predict that the carbony! group is invelved in the complexation,

Table-3. Infrered whsorptim freguencies (e aml ertative sss grments of TIBCG and CZT-TARG

ARRIZAIMINT

DB CZT-DEN)
o AE g, b 3422 5, br ¥ (OH; Ha0) of KBr
¥ (M=)
s b 2551 wa YaC-H + ¥ as(C-H)
T w 2842 5
2H05 5
AT3% mis

252 s Huadrapzn bonding
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iy + ¥ can
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ek ML
CH-Cetoamation
Fo-Cly 1 ¥ (=B}

Skeloral wilvalion
Cll bend
CH ot of plane bznd

§ = Blnmg, w =weak, m— medicm, zh = shaul der, v = very, br = Broal,

‘The Ll‘v"un and F1-11% data obtuined for CZT {donor) and its CTC with B (aveeptor) trom
ﬁ‘p-:::lr-nphqtnn}c;r-.c and speetroscopic sludies suggests that the transfer of charge significantly took place
troun the piperidine maisty o CZT (donor) w carbonyl morely of DBQ) {acceplor), :

Bused upon this valusble infermation ohtuined from spectrophotometeic anl spectroscapie studios,

proposad;

Scheme=1

EX.T~

kg

the follwwing plausible mteraction (seheme-1) between the CZT (donory aml DRG (acceptor]) has been
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7. Conclusion

The CT reaction of CZT as electrom donor and TEQ as clectron acceptor has been stadied for the

hrst fimoe, The study inelndes the use of spectrophotometry in the comprehensive manner, & single solvent
elthy! aleohol bas been wsed to avoid solvent interactions with CZT {donor) and TIBG (acceptor), The FT-
TR 5 used to characterize the formed complex between CZT and DB Spectral data acguired ffom spectral
anelysis has suggested that CZT acted as an electron donor when interacted wilh TR (x - sceeplor),
Hence, the bivlogieal activaty of CZT may be duc its donating ability azs is evident from the asaociation
constant {K) and standard Gibbs froc cnerey { A G™) values. The spectroscopic parameters ke lonaization
Potential (TP, Energy of the complex, Ecr (eV), and Resonance Energy (B} values also support the strong
interachion of CZT with DBQ. Accordingly, plausible imteraction between CZT and DB has been
proposed.
Theretore, the mechanism [or the mierschon of the studicd CZT iz wseful in understanding the binding of
thiz bicactive molecule under ceal pharmacakinetic comlibioms, which enables medical fraternity to pay
attention towards the importance of this novel drug i ver country, which may potentially contrilute (o the
knowledge in the medicinal field of cur country.
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