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Project Completion Report
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Synthesis, R

(A)Synthesi

understand their bonding. This includes _

(i) Derivatization of borylene complqxes by using various stabilizing
bases

(ii) Development of new synthetic methods
(iii) Formation of borop(t) compounds with other low-varent tspecies
(Al(l), Ga(l), ete.)

(BI Study of the reactivi,ty of boron(l) species.

,

(i) Reaction with smail morecures and fixation of dinitrogen
(ii) Reaction with organic moieties (carbodiimides, ketones, etc.)
(iii) understand the photophysics of the dissociation of carbonyr
stabilized borylene species.

(iv) Explore the possibirity of catarytic transformations

Field of S&TaotereA

1. Prof, Ashwini K. phukan
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Gffianv to tnOia

FirstYear

([ Experimental work on thermal release of trimethylphosphine frorn- nho;1hine-stabilized

boryrborylen". ,o g"o"rate reactive uory*n-es that effect metaromimetic transformations under

mild eonditions.

fii) oomputational srudies toward evaluating the relative thermodynamic stabilities of a range of

ligand+tabilized borylenes'

$econd Year

(i) Experimentatwork on thermary induced, hybrid inorganic-organic ene-yne cross'rnetathesis

i.r"tinnu between diborenes and ace$lere'

(ii) comprehensive colqutatil':',.::-"lT:::.:Y::Tj:,SffiEmJ["rJffi:l*:LHl:(ii) Comprehensive .Gompulauonar 
trrtir-t 

,ss-fl'r.tathesis between an organic

Iilr *i, r:o.local ized 1,}-diaza-3' 6-d ibo ra octatetrae n es vr a cro

arkyne and 
.norg 

n.c cycr.c arkyr(am'no)ca-;-ne (cAAc)-stab'r'zed B:B double bonds'

*-&r*-,' ,rd {L+



Accomplishme
objectives and milestones, hightighting ihe
major/salient achievements): (Upto 1 page)

Please see Annexure t

List of joint resea
copies)

1. Chem. Sci, 2020,1 lJToss-1 1 05il
2. J. Am. Ghem, Sac.2O2i, 143,

18339-18345.
technotogy lot applicable as this prolect

fundamental in nature.
ScopeforcommeiCffi
Knowledge

Sincetnispio@
fundamental research, thus the discoveries
made herein are unlikely to direcfly find

10. Please elaborate with your remarks on the collaboration:

Specific advantages derived:- Expertise
- Equipment&computationalFacilities
- Exchange of Dataisamples
- Exposure to advanced technologies- Opp.ofunitV for new interactions with any oth6r research Organizations- Participation in Conferences

This collaboration helped us to understand the expectations of an experimental group flomtheir theory counterparts. we could use the state-of-thelaft computationat facilities that isavailable with Prof. Braunechweig's research group. lA/g-**r" also shown how sensitiveexperiments are being performed inside a Gtove-Box.

1 1. Application potential (immediate/long term)-

Since this projec

::f,,*,::^Tlf,L^,:^gI-":lv-fjl9-p.f1.ticar,or inJrsirLi u"". uo**rer, any porymer orcatatvtic reaction drscovered-during this work may in trre tuture ;ff;;;tttjr IIJrrcr,peiiod of development.

12. Financial details of the project-

Rs. 13,68,000/-

Money received Rs. 10,01,Uro^m
17,1AW- that was earned as bank interest)

Rs. 3,00,470l-

Final SE/UC (in prescribedTomnat

.-Arfr*r; r/* ,fl*"

of the9.
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13. Conclusion summarizing the achievements and indication of scope for futurc work-

This highly successful collaborative research work involved experimental and

theoreticalwork in the follcnrving areas as described in our original proposal:

(A) Synthesis of horon(t) species with new substitution patterns and understand their

bonding.

(B) Study of the reactivity of boron(l) species.

Subpr:oject A was furthered on the German side by experimentally demonstrating the

thermal lability of phosphine- and DMAP-stabilised b-orylenes, and that such species can

effectively behave as convenient and stable sources of reactive tr,vo-coordinate borylenes in

exchange reactions with other nucleophiles and unsaturated substrates. lt was revealed that

PMe3-stabilised borylenes can effectively behave as stable sources of the analogous

fleeting dicoordinate species under mild conditions, On the lndian side' we performed

co-mputational studies to evaluate the relative thermodynamic stabilities of a range of ligand-

stabilized horylenes. This work has recently led to the publication of a full paper in the high-

impact general chemistry journal Chemical Science (Phosphinoborylenes as stable sources

of fleeting borylenes, Chem. Sa.2020, 1tr,11A55-11059).

:
. ln Subproject B, research on the German side included synthes'is of highly colored,

fully planar, and a-delocalized B,'N-doped analogues of (3E,SE)-octa-1,3,5,7-tetraene by the

first inorganic-organic cross-metathesis of CAAC-stabilized dihydro- and dicyanodiborenes

w'rth acetylene. On the lndian side, we performed in-depth catculations to identify the ground

states of these cornpqunds as well as to understand the mechanism of their formation. The

calculations revealthat these compounds have an open-shell singlet biradical ground state

with a thermally accessible closed-shel! singlet state and that their formation proceeds via a

biradical cycloaddition mechanism, enabled by the n-accepting CAAC ligands. These

combined experimental and computational studies led to the publication of a paper in the

premier general chemistry journal Journal of the American Chemical Society (Hybrid

lnorganic-Organic Cross-Metathesis belween Diborenes and Acetylene, J. Am. Chem. Soc.

2021, I 43, 1 8339-1 8345).

.*/f'fi*n't,' zrL flL4*
ir
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ln our first work' we have evaluated the

relative thermodynairic staUilities of a range of

ffi:r"oilized borylenes (Fiqul?-J' lt was

found that both pnosphoru" '19 
nitrogen bases

feature weak int#ctions with tl-" borylene

center (ca. -10'0 -189 kcal moF) and might

be anticipated to form thermalty labite

complexes. More tttongfy donating NHCs and

more strongry "-""idL 

"uu**t 
such as CO and

isocyanides feature stronger bonds with the

borylene center, *nitt't *o'tO be anticipated to

form robust "o*ptu'"'' 
lt was found that the

energy of tormation J r" (L = PMes' -15'2

kcal.mol-1) and 2c (L = 4-Dimethylaminopyridine'

:I?.;;;rl il i aL similar with respect to the

"free" unsaturateJ two-coordinate borylene'

accounting tor tne partial conv3rsi3n observed

upon heating sotutions of {a' The-borylenes 2a

iJl is-ai,ietnvipnenvlisocvanlde|1d 
2b (L =

CO) have signifieantly more exergonic formation

energies (-40'4 
'nJ 

1g+'g kcal'mol-1)' This work

has been publisnld in Chemical Scienee (Chem'

Scr. 2020, 11, 11A55'1 1059)'

AG (kcal'mol-la= ' t,
NMe3 5.s
tetrahYdrofuran -10.0
N2 -X1,8
PMe3 r j -13.3
PMe2Ph -13.3pyridine 

-13.5
imidazole -15.2
pMe3 (E isomer) . ,,- a _1g.0
4-DimethYlaminopYridine -iS.O
MeCN

.-N-.,/N..- -28'3

+-
-.t,-X -13'7

)1 @ )L(o*o

+ff'* l^T'"'NMe2)2

co
MeNC

2,6-dimethYlPhenYlisocyanide

$ . 
Figure {

-34.9
-37.7
-40.4

ln the second work, we have computationallY-investigated 
the hybrid inorganic-

organic ene_yne 
"roJ._*"trthesis 

reactionr'between O*oreneJ and acetylene yierding fu'y

ptanar, n-detocaliz"d ;iliria-e,O-OiUlr"o",rr*,"enes 
2H and 2CN (Figure 2)' The

mechanism of torriation ot 2H "ni-icu 
was investigated computationalty at the

upBE0(Bsl-ostnen)Jn"lio"tz-svp 
rev"i of theory (FigurJ 2)' starting from a diborene-

acetylene ncomptex, the first unu ,13ii-*iting tt"p ot tn" t"uiion is the.formation of the

first B-c bond between lY and acetyle""l*iin a barrier of io's kcal mol-1 for {H and 18'0

kcal mol-l for {cN. s-unu*quunt rotation of,the CzHz fragment brings it nearly parallel to the

B-B bond, thus enabling the highly 
"*urgoni" 

iormation of tn" Jecond B-c' bond' which

yields the intermeoiJr i,z-oinyoro-t,;;il;;;i" lnt3Y' rne tormation of IntC via TS3Y is

husely exersonic toC, = -oz i tV =_il;;: !Y : CT] kcal mol-1) and involves onlv a

minor barrier (anur= i.s w = H), ] 7' ii =CNl r,."r mor-'i."riiiii lnti",.Jt'" and lnt2Y all

showing significant singlet biradical."nl'utt"'' ihe mechanism of formation of lnt* differs

from that.ornput"iior-in"'"y"ro"ddit;;;;'min"r 
attcynls to doubly NHC- or phosphine-

**fu,**^A''lfw



stab,ised diborenes, which proceeds..via a zwitterionic crosed-shell intermediate' ln the

present case the iiroio"r intermediates ano transition states are stabilised by the

presence of the ,,-accepting cMC tiga;s. rn order to rerieve ring strain,-rntc undergoes

homorytic B-B bond cteavage to yierd the n-derocarized intermediate Int4Y, which is the cts

conformer of the finar product 2y and 
"rro 

oirptrys some singret biradicar character' Finally'

rotation of the ""nt*iL-C 
bond ot f"tA" Vi"fti' ti'" *o'". 

't'6f 
e ffans isomer 2Y' Overallthe

formation of 2y fro;*," rr-r."tyrene r, .ompt"* is highly exergonic with AGn = -53'8 (Y =

H), 69.3 (y = cN) r."ri r"i,. ri i* not"*ortiiy tnat ,tt i"t*'*"iiates' transition states and

finar product are ro**, in energy tor'V = cfu *,an for y = H, suggesting an electronic

stabirization by tne-eiectron-withdrawing cyano substituents" This *oik hur been published

in Journat of tn"'n*"ri""n Ct',emical Society (J' Am' Chem' Soc' 2A21' 143'

1S339-18345).
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Figure 2. calculated mechanism of diborene-acetylene cross-metathesis' Energy

orofile calculated at the upBE0(BSpGn="ne)/Def2-sVP level for the reastion of

I.",*rr"n" with lH (in blue) or lcB (in red) in benzene'
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GFR 12-A
F.RM o F ur LrzAroN cERrFrc{iF!#ilil8Jllnrm o RGAN rzAlo N r Nc LuDr NGAUToNoMous oRcANriairor,ri''-'-

urlltzATroN CERTTFTCATE FoR THE YEAR Aprir 01, 2021- March 31, zoz2

ln respecl of recurring GRANT_IN_AID

Name of the scheme: rndo'German (DST-DAAD) joint research project entiiled ,synthesis,

Reactivify and Bonding in [lfttat and Metal-free Borylenes,,
Whether recurring or non-recurring grants:

Grants position at the beginning of the financial year
(,) Cash in Hand/Bank

(ii) Unadjusted advances

(iii) Total

Recurring

Rs.6,84,000t

NiI

Rs. 6,84,0001-

4. Details of grants received, expenditure incurred and closing baranles: (Actuars)

5. Componenl wise ulitization of grants:

Grants-in-aid-
General

Grant-in-aid -salary Gra nts-in-a id-creatiorr
of capital

Total

Nit Nit Nil Nit

6. Details of grants position at end of the year
(i) Cash in Hand /Bank : Rs. 7,01,100/_
(ii) Unadjusted Advance : Nil
(iii) Total :Rs.7,0'1,100t

I;"" ,,?r:T,,H*:r*": }11:^r *fg ry_.:rf lh,rt the conditions on which grants
l::ii:i'i1,1k.9l?i:l-"ins'f,urfirred uno in,i ir,,u; ;;;;fff;i#,',J'"l'J;ii:
has been actua.ily utirized for the purpose for which it was sanctioneJ:(i) The main accounts and otrer subsidiary"ac^ount$. and regisiers (including assets register) aremaintained as prescribed in the relevaniAcuRuteslstanainfi'in"trrction" (mention the Act/Rules)

were sanctioned have
to see that the money

Unspent
Balances of
Grants received
year [figure as al
Sl No 3(iii)l

lnterest
earned
thereon

lnlerest
deposited

back to the
government

Grant received auring the year Total
Available

funds (Rs.)
(1+2-3+4)
inctuding
interest

Expenditure
incurred (Rs.)

Closing
Balance

(5-6)

1 2 3 4 4 o 7

""lii."" I Tr
Amount .

(Rs ) (iri)
Rs. 6,84,000t 17,100t- Nit Nll 7,U1AAL Nit 7,01,1Q0/-

-t-



( ii)

and have been duty audited by designated auditors. The figures depicted above tally with thea udited fig ures mention ed in fi nanciaT ii"i"runt"tu"counts.
There exist internal controls ior sareiuaffi;i{i ffiddassets, watching outcomes andachievemenrs of phvsicarlargeti ,s;i;ffi; di,ujriirii"prt l;;;;rs quarity in asser creationetc' & the periodic evaluationbf inteinalcontrots is exercised io;;;;., their effectiveness.ro the besr of our knowreds* ,no nurier, ;; i;;;;;;il;;;;; #;entered that are in viorarionof retevant AcuRures/standi'ng instructions ino sc[e;; ;ffi;;;' 

I ts.rr€r'€o tnat are in viol:
The responsibitfties among 1ne rey tun"tionrriu, f"r";;;;;'t:"* of the scheme have beenassigned in clear terms and are not generar ir' 

""iri" 
- v^vvsrrvr I L

The benefits were extended to the-int*no*J u"n"iiciaries and opty .such areas/districts werecovered where the scheme was intended to operate. r-"'tThe expenditure on various 
"o*por*ntr 

oitil s"n"re was in.tde proportions authorized as perthe scheme guiderines and terms ano 
"onoiiions 

of the gr"nt;-il-"ii.'It has been ensured thar the physica,--"- lnancial ffoiin;nlJ under. tndo-German (DST_DAAD) joint research projec{ sir,"re tras neen according to tne requrrements, as prescribed inthe guidelines issued by bovt. of India ,nJir," purr"rmance/targets achieved slatement for theyear to which the utirization of the fund resutted. in ort"oru"!ir""il;;;;;; ffi,, ffi#:aThe utilization of the fund resulted in oricomes. given at *'ni*ri* - ll duly encto$ed (to beformutated by the Ministry /Department conceined;= ,*rlil;';;;;menrs/specificarions.)Details of various sehemes elsquted by the 3gency throrJgh grants-in-aid received from thesame Ministry or from other Ministries L encro-eea Lt enrEiui"-ri'iil i- iJfillliliii *"Ministry/Depa rtment concerned as per tneir iequirements/specifications).

(iii)

(iv)

(v)

(vi)

(vii)

(viii)

(ix)

Date:

Ptace:!fir\if' t"urgnarure r

-:l'-wrr{Chief .Finance Officer
(Head of the Finance)
{ Ftns*e* effieer
rsryar {,/rfr"errtft}

2 certified that l.have satisfied myself that the conditions on which the grants-in-aid wassanctioned have been fulfilled/are being ritrilteo and that I have exlrcised the following checks to seethat the money was actualry utirised tor lire purpose for which it was sanctioned:

Kinds of checks exercised.

Head of the Organisation

#*glrrr*r
&rp*r Uwiverrtfy

(TO BE FTLLED tN BY D:ST)

Signature
Designation
Date

-z-

1.

2.
J.

4.
A

b\wtr'r'*"'



1. Sanction Letter No.: DST/INT/DAADIP-1212019

2. Total Project Cost Rs. 13,68,000/-

3. SanctionedlRevised

project cost

(if applicable) Rs. N/A

4. Date of commencement

of Project :27-09-2019

5. Statement of Expenditure

Month Year

Note:

6. Grant Received in each year:

a. I year Rs 6,84,000/-

b. ll year Rs. 3,00,470/-

c. lll year Rs. N/A

d lnterest, Rs.'l 7,100r-

e. Total Rs.10,01 ,5701-

Annexure - ll

should not exceed funds
in Column (vii) should not

to be enclosed, along with

REQUEST FOR ANNUAL INSTALLMENT WITH
UP-TO.DATE STATEMENT OF EXPENDITURE

(1st Aprit, 2A21 b 31't March, 2022)

1. $xpenditure under the sanctioned heads, at any point of time,
altocated under the head, without prior approval of DST'i.e, Figures
exceed corresponding figures in Column (iii)
Utilisation Certificate for each financial year ending 31st March has
request for carry-forward permission to next year
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I.ORM GFR 12 A

UC rD 18254096

FORM GFR 12.A
[See Rule 238(1)]

Form of Utilization Certificate FOR AUTONOMOUS BODIES OF THE GRANTEE ORGANIZATION

Ul Il"-l7ATlON CERTIF|CATE FOtt I HE YEAR 2021-2022 in respect
of R ecu rri n glt.)on- recu rri n gJ

GRANTS-I N.AIDISAI.ARIESlCREATION OF CAPITAL ASSETS

"l.Nanre of thr: Sr;hr:me : RESEARCH AND DEVELOPMENT(s&t)-3237

2. VVlrether recui"nnq pr non-rec'!irritrg grants :Nilt

3.Grants prqlsi{iprrs r:l thr--. begiirnirrc; of thc f::iiiart0i;al ),lat
(1.) Uasfr in l'i;indlllanir 0.00
(ii ) Una'':jirulr:C ;irJvierin+S S'G0

iiit. r ll.;i;,ti 0.0S

4. Deiails c;f grartts leceive,i,expe nditure incurrerJ ar,'d closing r:alances:(Actuals) :

-- - -l--- -*-i-*
li
Iliti
ll

;

I

1 7 1 00 00 1 684000 00
:

iGranl-in-aid-Gencral ,Grant-irr-aid-Saiary -in-aid-creation of capital assets

i0.C0
;.i.--....r.--.-;r--..:--.---:: -a 

^a 
rr .'\r)\i r-t. Q-iJ\J

'Dclarls of !lrants pi)sri:cttt of tne r,rricl of llltl i't':at

3.Grants positioris ci iiie ilnu ci llte 1::irt;ittcial lreat
ti.) cash irr l'jancjiBani< 17100.00
(ii.) Unadj,,rsted advances . 0.00
(iii.) -lotal 

: 17100.00

Certified that I ha,;e saiisfiecj rrryself thal the condiiron on whicl', ti.r.r grents-itl-ald was sancttoned have lreen duly fulflllediare

being fulfilleri and .ihal r nave eierciserJ the follorryrng checks to see ihat the rnoney i^ras actually utilised for the purpose for

*-hir:h it was sanctioned.

1. The niain accounls arrci other subsidiary accounts ancl r'egisters(including assets registers) ere maintainod

as prescribed in ihe reievant ActlRules/Standirrg instructir:ns (merttiorr the ActlRLrles) and have been duly audited by

designated auditors
Theiigures depicterl above tally with the audited figues nrentioned in financial statements/accouns.

Z. Ihere exist tntc.m,al controis ior safeguareding public funcislassets , waiciiing outcoirles and achiwevemnets of

physical targets againsl tlre iinanciai inputs,ensuring qui.rlitV in asset creation etc & the periodic evalui:tiolr

irrternal corrlrols is *xerciseC tc.r i:ns;uro tilt-lir *ffelcliveness

3. To ihe best or oiir krlolvledge anci belir:i . r"lo trarrsaciiol"ls hrtv* i-reen ente;rd that are in viol;rtion of relevant

i.rctlFluleslstatlclrn g I nstf uciions anrl scilei tte ql ir-lel I nes.

4. The responsibilitcs anrong the kuy fi.rnctioriarics ior cxec;ulicir iii tirr,r schenra l-iave been i:ssig;nr:d in c:lcar tt-'rms

and are not. gene ral in ttature.

5. The benefits inrei.e exlended to tlie intendecl bc;neficiarte:; arrci crrly sttch areasldistricts v/ere

guiclelines arld terms and conditios clf lhe gainis-in-aid'

6 lt has bee.n ensure6 that the ptrysical and financial performance under RESEARCH AND DEVELOPMENT(s&t)-3237

(nanre of lhe schenle has
teen according to the requirements , as prescribed in the guidelines issued by Govt' of india and the'

performane/tai,gets achieveci statement for the year to whiih the utilization of the fund resulted in oulcomes given

at Annexure- I dulY enclosed.

0.00 DSTi INTIDAAD/P.
1ata\10

11-01-
2021

684000.00
17100.00 0.00

,::

1 7'1 00.00
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8. Details of various scheme$ executed by the agerrcy through i;rants-rn-aid teceived from the some Mirlistry or

Irom other Ministries is enclosed al Annesxure,2 (to tie formulated by the l\linisryi Departments corrcerned as per

their req uirements/specifications).

Date :

Place :

Signature

Name.....,. **ffiv*-
Chief Finance Officer
(Head of the,f rnance), ,,"Yi il;iiiil' (.r l'{ i c t r
Signature Y'e:pur U*iwr,ritY

HeacJ of the Organisatiot't

(Strike out in inapplicable terms)

ib



FORM GFR 19

UC lD: '18254096

FORM GFR 19-A
[See Rule 212(1)]
Form of Utilizirtibn Certificate

Certified that Out Of Rs. Nil Grants-in-aid Sanctioned during the year 2A21-2022 in Favour Of Tezpur University under this
Ministry/Deparlment Letter No. given in the margin and Rs.684000.00 on account of unspent balance of the previous year,a

sum of Rs. 0.00 has been utilized for the purpose of for which it was sanctioned and that the balance of Rs 684000.0000
renraining unutilized at the end of year has been surrenderd to Government (vide No dated )/ will be adjusted towards the
grants-in-aid payable during the next year 2A22-2A23 lnterest earned is 17100.00 and Additional expenditure of Rs 0.00 has
been incurred from internal resources and will be adjusted against next release. :
2.Cerlified that I have satisfied myself that the conditicn on ivhich the grants-in-aid was sanctioned have been duly
fulfilled/are berng fulfilled and that I have exercised the followirrg checks to see that the money was actually utilised for the
purpose for tvhich il was sanctioned.

Kinds Ot checA.s cxercised

. Cash trook verified regularly

. Bank Pass Book verified

. Stsck Register verified

. Chaned Accountant checked the expenses and certified

. Ledger

. Payment vouchers

. Bank Reconciliation
lnventory
Vouchers
Accou by competent authority

3-11 &l'v't t-*
Date

fiintxtt't: {}.{l"rm
Te;pur Lt,l,iv*rsitY

11-01-20211

:

DST/I NT/DAAD I P. 1 2120 1 9 684000.00

Srgnature...
Designation..........

a
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