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MO PAU

1. Tinh cip thiét caa dé tai

Hop chit X(0) goi la ylidone cuia cac nguyén té nhom 14 (C — Pb)
lan dau tién duoc nghién cau chi tiét sau khi phat hién ra tinh chét thi vi caa
phdi tir carbodiphosphoranes CL; trong d6 nguyén tir carbon giir lai bon
electron nhu hai cip electron ty do va lién két vai cac phdi tir L thong qua
céc tuong tac cho nhan L—C«L trong CL2, goi la carbone. Thyc té 1a hop
chat carbone C(0), cu thé 12 C(PPhs),, da dwoc tong hop thuc nghiém dau tién
vao nam 1961 bai Ramirez va cong su. So sanh vai ciu tric cua carbene CR;
c6 mot su khéc biét rd rang, d6 1a viéc chi ton tai mot cap electron ty do trén
nguyén t6 carbon, hai electron con lai da tham gia tao thanh lién két véi nhom
R (C-R). Mat khac, tinh chat cua carbone thuong duoc so sanh véi carbene,
cling 1a phdi tir trong cac phuc kim loai chuyén tiép, trong dé carbon chi con
mot cip electron dé tao thanh lién két trong hop chét. Bac biét, khi mo rong
nguyén tir trung tdm X tir carbon dén céc nguyén té niang hon trong nhom 14
ylidones ky hiéu la XL, v&i X = Si — Pb va ylidone ciing c6 hai cap electron
tu do tai nguyén tur X trung tdm, véi L = PR3, PPhs, PH3, NHCs, YCp* (Y =
B — TI), cAAC (cAAC = cyclic alkyl amino carbene). Trong mot sé trudng
hop khi so sanh céu tric va tinh chat X(cAAC), vai X(PR3), thi cAAC c6
kha nang nhan electron r tot hon, trong khi d6 (PRs), ¢6 mirc d6 cho electron
n nguoc lai vu tién hon. Trén thyc té, hda hoc phdéi tri cua cac nguyén té nhém
13 ¢ trang thai oxy hoa thap 1a mot chu dé nghién ctu chuyén sau tir viéc
tong hop thanh cong cac phic kim loai chuyén tiép mai. Mot s6 nhém héa tri
thip nhém 13 diyl YR (Y 12 Al, Ga, In; R Ia cyclopentadienyl-CsHs (Cp);
pentamethylcyclopentadienyl-Cs(CHs)s (Cp*)) d xuét hién dudi dang phdi
tir carbenoid linh hoat. Bén canh d6, phirc cua kim loai chuyén tiép véi phéi
tr YCp* duoc thyc nghiém va Iy thuyét nghién ctu rong réi tir sau khi phac
[(CO)4Fe-{AICp*}] dugc Fischer va cong su tong hop lan dau tién vao nam
1997. Tiép d6 cac dong dang ké tiép cia nhom 13 nhur 1a [(CO)sFe-{YCp*}]
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(Y 1a B, Ga) ciing dugc bao cdo. Cac nghién ctru gan day da chi ra rang cac
phtic ctia kim loai chuyén tiép két hop véi phéi tir YCp*, nhu hé phuc cua
Fe(CO)4 vai YCp* (Y 1a B, Al, Ga) cho thdy tinh chét rat tha vi, vi YCp*
déng vai tro 1a phéi tir cho electron va gép phan on dinh vé mat khong gian
khi két hop véi nguyén tir Fe. Hon nira, khi két hop hai nhém YCp* (Y la Al,
Ga, In) vai kim loai chuyén tiép nhu Pt duoc nghién ctiu bai G. Frenking va
cong su cho thay phirc c6 cau truc tir dién, dimer YCp* dong vai tro quan
trong trong su phan cuc va do bén cua lién két Pt-Y, gop phan vao su 6n dinh
phtrc. Nam 2010, Frenking da dé xuat mot nhém carbones méi CLo, khi L 1a
nhém 13 diyl YCp* (Y =B dén TI) goi la carbodiylide. Nghién ciru ly thuyét
cho thay phdi tir 13-diyl YR cho dién tir qua lién két o va nhan electron qua
lién két . Su cho lién két o va nt caa céc phdi tir YCp* 1a yéu t6 thich hop dé
on dinh nguyén tir carbon trong phéi tir C(YCp*),. Thém vao d6 cac hop chat
chira kim loai chuyén tiép duoc coi 1a d6i twong hap dan vi tinh linh hoat cua
chiing trong viéc hinh thanh lién két mai trong hé phuec.

Tuy nhién céc phuc chaa kim loai chuyén tiép két hop phéi tir
ylidone va tetrylene ciing nhu nhom 13 diyl dén nay van chua dugc khao sat
mot cach chi tiét va bai ban vé cau trdc va tinh chat. Bong thoi chiing toi ciing
mudn sir dung md phong docking dé du doan vé mat ly thuyét kha ning tc
ché cua (Ag-2C va Ag-2C). ddi voi ca ACE2 va PDB6LUY trén SARS-CoV-
2. Ngoai ra, vi ribavirin va remdesivir da duoc b4o cdo vé hiéu qua cia ching
khi st dung SARS-CoV-2, chiing ciing dugc dua vao nghién ctru nhu la tai
ligu tham khao so sanh vé hiéu qua cia cac phic carbene.

Chinh tir thyc té nay, dé xuat dé tai nghién cau trong luan an nay la:
“Nghién czru cdu tric va tinh chdt ciia hé phic nhom 13 diyl va 14 ylidone
bang tinh todn héa lwong tir”.



CHUONG 1. TONG QUAN VE HE CHAT NGHIEN CUU
1.1. NHOM 13 DIYL
Hinh 1.1 cho thay ciu trdc caa phéi tir nhém 13 diyl YCp* (Y 1a B
dén TI; Cp* = pentamethylcyclopentadienyl (CsMes)).
BCp* AlCp* GaCp* InCp* TICp*

Hinh 1.1. Phdi tir YCp* (Y 1a B dén TI).
1.2. PHOI TU TETRYLENE
NHC 14 hop chat ma trén nguyén tir trung tdm carbon con mét cap

electron ty do, hai electron con lai da tham gia tao thanh lién két véi R(C-R).
Bén canh d6, nhitng nghién cau ly thuyét gan day chi ra rang hop chat NHC
khong chi &p dung dbi voi carbon nhu mot nguyén tir trung tam, ma con c6
thé dwoc mé rong ddi voi nhém 14 ¢ dang NHX (X = C, Si, Ge, Sn, Pb).
1.3. PHOI TU YLIDONE

Cacbodiphosphorane 1a hop chat carbon(0) (CL.), trong d6 nguyén tir
carbon giit lai hai cap electron va tao thanh lién két trong hop chat CL; véi
hai lién két cho nhan L—C. Mot sé nghién ctu ly thuyét gan day cho thay
lien két trong CL khong chi ap dung ddi voi carbon nhu mét nguyén tir
trung tam, ma con cé thé dugc mé rong déi véi cac nguyén té trong cung
nhém 14 (XL,) véi X = Si dén Pb, phéi tir XL, Ia phdi tir cho 6 manh va n
yéu.
1.4. G101 THIEU VE SARS-CoV-2.

Chuing c6 thé dugc phan loai thanh bon chi: Alpha-, Beta-, Gamma-
va Delta coronavirus. Cac alphacoronavirus dai dién bao gém coronavirus
NL63 (HCoV-NL63), trong khi cac betacoronavirus néi tiéng nhat bao gém
SARS-CoV va MERS-CoV.



CHUONG 2. NOI DUNG VA PHUONG PHAP TIiNH TOAN

2.1. NOI DUNG NGHIEN CcUU
- Xay dung cac phic chat cac hé phic cac kim loai chuyén tiép chira phoi tir
linh hoat YCp*, ylidone (X(YCp*),, XPPhs, XPH3), tetrylene (NHX) (X =
C, Si, Ge, Sn, Pb; Y = B, Al, Ga, In, TI) bang Molden.
- Dung Gaussian 09 két hop vé&i Turbomole 7.0 dé t6i wu nang lugng cac
phtic d x4y dung. Chon ciu trdc 6n dinh nhat véi cac théng tin kém theo
vé d6 dai lién két, goc lién két chinh, gc nhi dién chinh, géc cong (bending
angles) cua hé phuc va phdi ta.
- Tinh céc chi sb lién két Wiberg va phan tich mat do dién tich tu nhién
trong hé phirc va cac manh riéng biét bang chuong trinh NBO 3.1 chay trén
Gaussian 09 va Gaussview 05.
- Tinh toan ning lugng phan ly lién két khi cé xét toi trong tic phan tan
DFT — D3 (kcal.mol) va khéng xét téi twong tac phan tan BDE — D,
(kcal/mol) caa hé phic bang ly thuyét phiém ham mat do.
- Khao sat ban chat lién két trong phuc chét chira phdi tir Cp* bang phuong
phép EDA — NOCYV tinh trén phan mém ADF 2016.01.
- Khao sat do bén cua phirc va dé xuét tng dung cuaa hé phuc Ag-2CCl bang
phan mém MOE 2015.01.
2.2. PHUONG PHAP NGHIEN CUU
2.2.1. T6i wu hinh hoc

Trong luan &n nay, cac phan tir véi ddi xang Cq dugc tdi wu hinh hoc
bang chuong trinh Gaussian 09 két hop véi Turbomole 6.1, véi gradient &
muc ly thuyét BP86/def2-SVP. Hiéu ting thé ning tuong tac 13i duoc 4p dung
cho viéc tinh toan dbi véi cac nguyén té c6 khoi lugng nguyén tir Ion thudc
nhém 13: In, TI, nhém 14: Sn, Pb va kim loai chuyén tiép Mo, W, Ag, Pt, Pd.
Str dung phép gan dung RI dé téi wu ciu tric bang cac tap co s& tuong ng.



2.2.2. Ning lwgng phén ly lién két

Viéc dau tién khi tinh toan BDE 1a t6i wu cac phirc chat va cac phdi
tir tw do. Tiép dén, tinh nang lwong phan ly lién két bang chuong trinh NBO
3.1 & muc ly thuyét BP86/TZVPP//BP86/SVP.
2.2.3. Orbital lién két ty nhién

Tinh lién két Wiberg va phan tich mat d6 dién tich tu nhién trong
cac phdi tir va phirc chit tai mac BP86/TZVPP//BP86/SVP, vé& obitan phan
tir va phan tich nang luong obitan bang céch sir dung phuong phép obitan lién
két tu nhién c6 sin trong Gaussian 09.
2.2.4. Phwong phap phan tach cac hop phin ning lwong gdm ning lrgng
phan hiy két hop véi su dich chuyén dién tich trong orbital lién két héa
tri

Cac hop chat va phdi tur s& duoc téi wu héa 1an tha hai véi muc BP86
két hop v&i mot tap co so “triple-zeta-quality™ing vai quy dao Slater (STO)
dugc tang cuong bai bd chic nang phan cuc va mot twong tac 16i doc 1ap,
chay trén phan mém ADF 2018.01. Mot bo phu trg cuass, p, d, e, g va STO
s& dugc st dung ng véi mat do phan tir, dai dién cho Coulomb va thé nang
trong quan trao dbi, duoc xac dinh mot cach chinh xéac trong mdi chu ky
SCF. Hiéu tng twong dbi vo hudng sé duoc két hop bang cach &p dung cac
muc gan ding tir thir khdng (ZORA). Miic ning lugng BP86/TZ2P+ duoc 4p
dung dé khao sét trang thai lién két cua hé phiic bang phuong phap EDA-
NOCYV ung vai cac hé phan tir co d6i xtung Ci.
2.2.5. Phwong phip md phéng lip ghép phin tir

Quy trinh tién hanh md hinh docking mé ta phan tir gdm 5 budc:
- Lya chon va chuan bi cau tric muc tiéu tac dong
- Chuan bj cau trdc phan tir hop chét (ligand)
- M phong lap ghép lai (Re-docking)
- Docking phén tir vao muc tiéu tac dong
- Phan tich két qua docking



CHUONG 3. KET QUA VA THAO LUAN
3.1. TINH TOAN HOA LUQNG TU VE CAU TRUC, TINH CHAT
CUA CAC HE PHUC
3.1.1. Céu trac va tinh chat cia hé phirc chia phéi tie nhom 13 diyl
(YCp¥)

Céu trdc va nang lwong phan ly lién két; phan tich orbital lién két ty
nhién, phan tich cac hop phan nang luong két hop orbital lién két hoa tri cua
phuc  [(CO)sFe-YCp*]  (Fe-Y); [(dhpe)Pt-(YCp*);] (dhpe =
diphosphinoethane) (Pt-Y) [(pyridine)Cl.Pd-YCp*] (Pd-Y) véi Y = B — TI.
Hinh 3.1 1a cong thirc cu tao cua cac hé phic nghién cuu.

e i

cl Pd cl
P(
OC\F —co H,P/ Nph, N<_CH,3
Vo \ / g
H,C—CH, ™
Fe-Y Pt-Y Pd-Y

Hinh 3.1. Hé phirc diyl vai mot sé kim loai chuyén tiép Fe-Y; Pt-Y; Pd-Y
(Y=BdnTI.

Hinh 3.2 dua ra két qua vé BDE d6i véi lién két M-Y cua phuc M-Y.
Tinh toan BDE cua phirc M-Y cho thdy giam dan tir phic boron M-B dén
phirc thalium M-TI, cu thé, giam tir Fe-B (De = 74,8 kcal.mol ) dén Fe-TI
(De = 20,6 kcal.mol?); tir Pd-B (De = 79,4 kcal.molt) dén Pd-TI (De = 19,1
kcal.mol%); tir Pt-B (De = 57,1 kcal.molt) dén Pt-TI (De = 13,9 kcal.mol?).
Tir két qua tinh toan niang lugng phan ly lién két cua lién két M-Y trong M-
Y cho thiy cac hé phirc khéi lwong nguyén tir 16n hon c6 lién két yéu hon so
véi nhitng hé phic ¢ khdi lugng nguyén tir nho hon trong cing nhém 13.
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Hinh 3.2. Ning lugng phan ly lién két De (kcal. mol™) cua h¢ phuc M-Y (M
=Fe, Pd, Pt; Y = B — TI) tinh tai muc ly thuyét BP86/def2-
TZVPP//BP86/def2-SVP.

So d 3.1 thé hién tuong tac orbital hoa tri cua lién két cho nhan gitra
phdi tir YCp™* véi kim loai chuyén tiép M. So db nay cho thay orbital ciia cac
phéi tir ty do YCp* lién két véi kim loai chuyén tiép M tao nén lién két o-
cho YCp*—M. Phén tich trang théi lién két cho thdy su cho lién két o tir
YCp* dén M va lién két m-cho nguoc lai tir M dén céc phdi tir YCp* [195],

[206].
Lién két x cho nguweoc lai

OQB'”“‘”“U \

So db 3.1. Biéu dién twong tac cho-nhan trong hé phirc M-Y (M = Fe, Pd,
Pt; Y = B dén TI) véi lién két o-cho va lién két n-cho nguoc lai.



3.1.2. C4u tric va tinh chat caa hé phirc chira phéi tir ylidone
3.1.2.1. Phac ciia hop chédt M(CO)s véi phéi tie X(YCp*)2

Phan nay trinh bay chi tiét cdu tric hinh hoc va nang lugng phan ly
lién két khi c6 xét va khong xét dén twong tac phan tan, phan tich NBO va
két qua EDA-NOCV cua hé phuc ylidone [M(CO)s-X(YCp*)2] (M-XY).
Hinh 3.3 trinh bay c6ng thirc cu tao cua cac hop chét nghién ciu trong muc

NSy

N/
\X/

nay.

M(CO)s

Hinh 3.3. Phic M-XY va phdi tir tw do XY véi M = Mo, W; X = C dén Pb,
Y =BdénTI

Céc phtic caa M-XY véi M = Mo, W; X = C dén Pb; Y = B dén TI
c6 két qua nang luong phan ly lién két ting dan tir hé phic carbone dén hé
phtrc plumbylone nhu Mo-CB la 28,7 dén W-PbB 1a 50,5 kcal.molt; Mo-
CAl 12 40,9 dén W-PbAI 14 46,2 kcal.mol'; Mo-CGa la 38,5 dén W-PbGa
1a 49,9 kcal.molt; Mo-ClIn 13 44,8 dén W-PbIn 13 49,6 kcal.mol; Mo-CTI
la 51,3 dén W-PbTI 12 52,8 kcal.mol™. Két qua nay ciing hoan toan pht hop
véi nang lugng phan ly lién két khi c6 xét dén twong tac phan tac, ciing ting
dan tr M-CY dén phiac M-PbY véi M = Mo, W, Y = B — TI, mét vai vi du
nhu Mo-CB 12 50,8 dén W-PbB la 74,8 kcal.mol!; Mo-CAl 12 62,8 dén W-
PbAI 14 66,9 kcal.mol™t. Hiéu &ng nhém thé ciia nhém YCp* anh hudng dén
su ting dan do bén noi tai cua lién két M-X trong phiric M-XY khi khéi luong
nguyén tir nguyén té X trg nén 1on hon. Do d6 nhan thay ring BDE khi xét
t6i twong tac phan tan thi lién két M-X cua phirc M-XY tré nén manh hon
khi khéi lugng nguyén tir nguyén té X cang lon.



Bang 3.1. Két qua tinh nang lugng phan ly lién két (kcal.mol ) khi xét
(DFT-D3) va khong xét (DFT-De) tuong tac phan tac cia phicc M-XY tai
muc ly thuyét DFT-D.-BP86/TZVPP va DFT-D3-BP86/TZVPP (M = Mo,
W; X=C-Pb;Y=B-TI).

Phurc DFT-De DFT-D3 AE
(kcal.mol’t)  (kcal.mol?)
Mo-CB 28,7 50,8 22,1
Mo-CAl 40,9 62,8 219
Mo-CGa 38,5 59,7 21,3
Mo-ClIn 44.8 64,9 20,1
Mo-CTI 51,3 70,8 19,5
Mo-SiB 26,8 51,2 24,4
Mo-SiAl 42,2 63,2 21,0
Mo-SiGa 44,9 65,1 20,2
Mo-Siln 48,5 68,2 19,7
Mo-SiTlI 53,7 72,8 19,1
W-GeB 444 66,7 22,3
W-GeAl 45,5 68,9 23,4
W-GeGa 48,9 69,7 20,8
W-Geln 50,0 69,9 19,9
W-GeTlI 53,6 72,3 18,7
W-SnB 49,0 715 22,5
W-SnAl 46,7 66,6 19,9
W-SnGa 49,5 68,1 18,6
W-Snin 49,9 70,6 20,7
W-SnTlI 53,9 75,7 21,8
W-PbB 50,5 74,8 24,3
W-PbAI 46,2 66,9 20,7
W-PbGa 49,9 69,7 19,8
W-PblIn 49,6 70,5 20,9
W-PbTI 52,8 75,0 22,2
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So d6 3.2. So d6 thé hién twong tac orbital giira nguyén tir nhém chinh X
cua phdi tir ylidone X(YCp*),, va manh kim loai M(CO)s véi lién két o-cho
va m-cho cua lién két cho-nhan trong phicc M-XY (M = Mo, W; X = C, Si,
Ge, Sn, Pb; vaY =B - TI).

So d6 3.2 md ta kiéu twong tac chinh trong cac lién két X-Y va X-M,
trong phic M-XY. So d6 3.2 cho thay su tuong tac orbital gitra c&c nguyén
tar nhém chinh X (C, Si, Ge, Sn, Pb) cua phdi tir ylidone X(YCp*), va manh
kim loai M(CO)s thdng qua lién két cho-nhan cua lién két o- va .
3.1.2.2. Phic ciia AlH2* véi phéi tie ylidone

Qua nghién ctu tai liéu, Frenking da bdo cdo hé phuc carbone
C(PPhs) két hop véi hop chit mang dién {EH,}9 (E%= Be, B*, C¥*) cho thiy
ban chat lién két trong hop chét c6 xu hudng rat tha vi. Tir d6, mudn tim hiéu
thém vé phiic cia ylidone véi cac hop chat mang dién tich AIH2* 12 [X(PPhs).-
AlH,]* (Al-1X) (X = C — Ph), van chua c6 bat ki nghién ctiu cu thé chi tiét
tinh dén thoi diém nay.

<0
S T
Q.....P/x: AlH,

O((') X = C, Si, Ge, Sn, Pb

Hinh 3.4. Hé phic Al-1X (X = C — Pb).
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Tinh toan niang luong phan ly lién két, De (kcal.mol™), ¢ va khong co
khi xét t6i twong tac phan tan cia phirc AlH,*-ylidone dé xem xét anh huong
Clia cac twong tac phan tan. Hinh 3.5 cho thdy BDE dy doan vé mat ly thuyét
cia cac phic AI-1C — Al-1Pb di dugc tinh toan tai muc ly thuyét
BP86/TZVPP-D. (dudng mau xanh) va tai mic BP86/TZVPP-D3 (duong
mau d6). Pau tién, BDE cua lién két Al-X trong Al-1X thé hién mot xu huéng
thi vi (duong mau xanh). Cu thé, BDE cho thay phic carbone Al-1C ¢4 lién
két manh nhat (125,7 kcal.molt) va giam déng ké tir carbone Al-1C dén
silylone Al-1Si (115,8 kcal.mol*) va germylone Al-1Ge (92,2 kcal.mol ) va
sau do6 ting nhe t&i stannylone Al-1Sn la (117,8 kcal.mol™) va plumbylone
Al-1Pb (118,6 kcal.mol). Luu y rang xu huéng nang lugng trong DFT-D3
duong mau do tuong ty nhu gia tri DFT-De.

Sy giam nhe BDE cua cac lién két Al-X cua Al-1C khi xét toi tuong
tac phan tan co thé dén tir cac luc hip dan giira cac phdi tar 1X va manh AlH,*
théng qua anh huong caa hai nhém PPhs téi BDE cua lién két Al-X trong
phirc AlH,*-ylidone va cac manh trong phiic ¢6 anh huong déng ké dén do
bén lién két Al-X trong cac phirc dugc nghién cuu.

E (kcal.mol)

140
130
120
110

100+

90+

T T T T T
Al-1C  Al-1Si Al-1Ge  Al-1Sn  Al-1Pb

Hinh 3.5. Gian dd ning lugng phan ly lién két, D [kcal/mol] khi xét
(dudng mau do) va khong xét (duong mau xanh) dén twong tac ciia cac

nhom phan tir trong hé phac Al-1X.
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So d6 3.3 khang dinh rang phan tich lién két cho thiy cac phtic
[X(PPhs),-AlH,]* c6 lién két cho-nhan, trong d6 viéc cho cap electron o va ©
thdng qua cip o-cho va m-cho tir phéi tir cho X(PPhs), dén cac orbital con
trbng cua manh nhan AlH," (So d6 3.3-a); va biéu dién so dd cua lién két
trong cac phirc (So d6 3.3-b) trong d6 nguyén tir trung tam X gir lai hai cap
electron va c6 thé cho o va 1 &én manh AlH,*. Ngoai ra, véi cac lién két o-
cho, m-cho va cho 7 nguoc lai nhu cac electron ni-nt duoc chia sé giira phéi tir
X(PPhs); va manh AlH,* trong cac phtc Al-1X (So d6 3.3-¢ va 3.3-d) phu
hop vai két qua EDA-NOCV va céc cap NOCV véi su chuyén dién tich duoc
Xét gitra manh cho va nhan trong cac phac Al-1X.

So d 3.3. Md hinh lién két cua lién két o-cho va n-cho va cho m nguoc lai
nhu cic electron -1t dwoc chia sé gitra phdi tir X(PPhs), véi X = C — Pb va
manh AlH* trong cac phac Al-1X.

3.1.3. Céu tric va tinh chét cia hé phiic chira phédi tir tetrylene

Trong qué trinh nghién ciru vé phiic tetrylene, dac biét luu y téi cac
phtic cua Ag, 1y do vi cac hop chit cia Ag di c¢6 tng dung trong duoc liéu
va y hoc tir nhiéu nam nay vdi vai trd 1a chat khang khuan va khang viém. Do
d6 & phan nay tap trung nghién ciru vao ban chat cua lién két va mirc do tuong
tac gitra o va 7t giira phdi tir tetrylene NHXpy va AgCl trong cac phuc [CIAg-
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NHXpn] (Ag-2X) va [(CIAG-NHXpn)2] (Ag-2X)2 (X = C, Si, Ge) dua ra

trong Hinh 3.6.
@i::x —Ag—Cl <j|: X —-Ag C| g<—x :@

0 v

a) Ag-2X b) (Ag-2X),
Hinh 3.6. Cac phic (a) Ag-2X va (b) (Ag-2X)2 (X = C, Si, Ge)

Hinh 3.7 cho thdy BDEs duoc tinh toan cho cac lién két Ag-NHXwe
trong Ag-2X va (Ag-2X).. C6 su giam dang ké tir phuc carbene Ag-2C (De
= 53,4 kcal.mol't) ¢én phuc germylene Ag-2Ge (De = 32,8 kcal.mol). Cac
tinh toan cho thay phdi tir NHC trong Ag-2C 1a lién két manh nhét trong phirc
Ag-2X trong d6 X = Si, Ge c6 lién két yéu hon. Mit khéc, khi so sanh xu
huéng BDE cua cac phuc (Ag-2X)2 vai cac phuc Ag-2X c6 sy khac nhau
dang ké. Cu thé, Hinh 3.7 cho thdy gi4 tri nhé nhat cua De = 12,6 kcal.mol!
dbi voi (Ag-2C)2, sau do tang dén phic silylene (Ag-2Si)2 (De = 22,9
kcal.mol™) va sau d6 giam tir silylene dén germylene (Ag-2Ge). (De = 18,4
kcal.mol?).

€ (heatimot)}
(A)

.
”5.!1

|B] |I.A
] ] 1% § i
Ag-2C Ag-2Si Ag-2Ge (Ag-2C)2 (Ag-25Si)z (Ag-2Ge)

Hinh 3.7. Nang luong phan ly lién két cua cac hé phirc Ag-tetrylene: (A)
phirc Ag-2X; va (B) phuc (Ag-2X)2 (X = C, Si, Ge) dugc tinh todn ¢ muc ly
thuyét BP86/def2-TZ\VPP//BP86/def2-SVP.
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3.1.4. So sanh ciu trc va tinh chat giira phirc ylidone va tetrylene

Muc dich chinh cta phan nay 1a ap dung tinh toan DFT dé so sanh
céc cau tric va lién két héa hoc giira cac phdi tir cia carbodiphosphorane-
analogues X(PHs)2 va N-heterocyclic carbene-analogues NHEwme vGi phic
Ni(CO), dé lam sang to su gidng va khac nhau trong cau tric va trang théi
lién két trong hai hé. Tinh toan céc cdu trdc tdi uu va ning lwong phan ly lién
két caa [(CO)2Ni-{X(PH3)2}] (Ni-XP) va [(CO)2Ni-{NHXwe}] (Ni-2X) khi
X = C dn Pb (Hinh 3.8).

PH HsC,
oc\ - 7~ 3 Oc\ . /N
/N|<—x\ /N|<—X\ l
oc PH, ©C °N
HsC

Hinh 3.8. Ha phuc a) Ni-XP: va b) Ni-2X.

Két qua tinh toan nang lwong phan ly lién két, De (kcal.mol?) (duong
mau den) caa phic Ni-XP va Ni-2X (X = C — Pb) & miic BP86/def2
TZVPP//BP86/def2-SVP dugc hién thi trong Hinh 3.9. BDE cua lién két cho-
nhan trong Ni-CP dén Ni-PbP thé hién mot xu huéng thi vi. BDE dé xuat
d6 manh lién két Ni-X(PH3)2 giam nhe tir Ni-CP (D. = 38,2 kcal.mol ™) xudng
Ni-PbP (D. = 35,0 kcal.molt), ngoai trix phic Ni-SiP (De = 39,2 kcal.mol™?).
Do @6, dit liéu trong luan an nay d& xuét rang cac phuc c6 nguyén tir khéi X
I6n ¢6 lién két yéu hon so vé6i cac phuc c6 nguyén tur khdi X nho. Hinh 3.9
ciing cho thdy BDE dugc tinh toan cho lién két (CO)2Ni-2Xwe cho thay c6 sy
giam dang ké tir Ni-2C (De = 44,9 kcal.mol) dén Ni-2Pb (D. = 14,8
kcal.mol%). C4c tinh toan cho thay khi X = Si — Pb trong phirc Ni-2X thé hign
céc lién két yéu hon, phdi tir NHCwe trong Ni-2C 1a lién két manh nhét. Xu
huéng BDE twong ty duoc tim thay ddi véi cac hé ylidone va tetrylene, nhung
su giam manh hon dugc tim thay déi vai cac phuc tetrylene Ni-2X.
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E (kcal/mol)

50

C Si Ge SnPb C Si Ge Sn Pb
Hinh 3.9. Gian d6 ning lugng phan ly lién két, D [kcal/mol] khi xét
(dudng mau xanh) va khong xét (duong mau den) dén twong tac ciia cac
nhom phan tir trong hé phirc Ni-XP va Ni-2X (X = C — Ph).

Tir day d& xuat so do vé ban chét lién két trong phirc Ni-XP va Ni-
2X véi lién két o-cho thdng qua cap electron o tir manh cho {X(PHs)2} va
{NHXwme} dén manh nhan Ni(CO),, nhu dugc hién thi trong so dd 3.4. Két
qua cua phan nay cho thiy cac phdi tir ylidone trong Ni-XP c6 thé hoat dong
nhu mot kiéu twong ty véi céc phdi tir tetrylene trong Ni-2X. Day ciing 1a Iy
do hai phirc dwoc nghién ciru trong phan nay cho thay xu huéng gan nhu
gidng nhau ddi voi nang lwong phan ly lién két.

H-p
H’ \,E@ . HC’P\@ Llén kétn{ho Oco
H‘P/O /O‘ bco
H” I\-l Ni(CO), Lién két n-cho nguoc lai

Me

A Cb N(]

= NQO \‘J Lién két a-cho Qco
L 28 —[ oo
@NO @ NO

Lién két r-cho nguwec lai

So d6 3.4. So d6 dé xuat trang thai lién két tir manh cho X(PHj), and
NHXwme dén manh nhan Ni(CO); trong phtc ylidone Ni-XP va tetrylene Ni-
2X.
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3.2. TINH TOAN DOCKING DUA TREN NEN TANG TUONG TAC
CO HQC PHAN TU

Trong luan an nay, phuong phap mé phong docking phén tir duoc su
dung dé tham do su tuong tac cua phiuc Ag-2C, (Ag-2X)2 va hai loai thudc,
1én protein ACE2 trong co thé ngudi va protein PDB6LU7 cia SARS-CoV-2.
Xac dinh céch thirc phiic Ag-2C va (Ag-2X)2 tuong tac véi cac protein ACE2
va PDBLU7 va ic ché hanh dong ciia chung, ciing nhu 1am cho protein tré nén
yéu hon trang thai ban dau. M6 hinh mé phong docking phan tir Ag-2C, (Ag-
2X)2 va hai loai thubc ribavirin va remdesivir vao protein ACE2 trong co thé
ngudi va protein PDB6LU7 cia SARS-CoV-2 da dugc nghién cau béi chuong
trinh MOE 2015.10.

Két qua md phong docking chi ra rang cac phic carbene duoc
nghién ciru (Ag-2C va (Ag-2C),) c6 tac dung tic ché thu thé chu ACE2 va
khang protein 6LU7 cia SARS-CoV-2. (Ag-2C), c6 tac dung wc ché manh
hon ddi véi ca protein ACE2 va 6LU7 so véi Ag-2C. Phuc (Ag-2C),, cac
thudc ribavirin va remdesivir di xem xét trén ca hai loai protein ACE2 va
6LU7 c6 xu huéng gan nhu gidng nhau vé tac dung trc ché cua hai loai protein
(ACE2 va 6LU7). Va nang luong docking cua c4c phirc carbene va thubc
tiém ning cho protein ACE2 1a tir -17,5 dén -14,1 kcal.mol! va cac ning
lwong cho protein 6LU7 trong SARS-CoV-2 la tir -16,9 dén -14,1 kcal.mol ™.
Céc gi tri do léch binh phuong trung binh gbc ludn nho hon 2A trong hé
phirc. C4u tric cua cac loai thudc tiém ning c6 thé phi hop véi su gin két tai
chd cuia thy thé chu ACE2 va protease dua trén tuong tac lién két hydro giira
céc hop chit duoc nghién ctru va amino acids. Cac két qua ciing chi ra rang
kha nang wc ché cua cac thudc tiém nang ddi voi protein ACE2 va 6LU7 dua
trén mdi twong quan giita ning lwong diém trung binh, twong tac hoat dong
tai chd cuia cac phirc chat/protein-thudc, tinh phan cuc cia phic Ag-2C, (Ag-
2C), va thudc.
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Dua trén nhitng két qua nay, cac phicc Ag-2C va (Ag-2C), c6 thé
dugc coi 1a nhiing tac nhan tiém nang véi kha nang &rc ché manh vao SARS-
CoV-2. Hon nita, ngudi ta ciing nhan ra riang céc phirc carbene duoc dic trung
boi cac tac dong tc ché manh vao ca protein ACE2 va 6LU7. Tém lai, cac
két qua tinh toan lam rd méi trong quan giita cac cAu tric va cac hoat dong
chéng COVID-19 cua céc phirc carbene. Diéu nay ciing md ra mot huéng
nghién cau moi déi véi cac hé phuc trong cling nhém 14 véi carbene 1
tetrylene, thém vao d6 hé phuac nhém 13-diyl va ylidone ciing c6 nhiéu diém
turong dong vé tinh chat véi hé tetrylene cho thay tiém ning rat 16n trong dugc
ligu.
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KET LUAN VA KIEN NGHI
1. KET LUAN CHINH CUA LUAN AN
1.1. Céu trac hinh hoc téi wu

Cau trac hinh hoc téi wu cua cac phuc trong luan &n nay cé goc lién
két o thay doi tir cac hé phtic nhe hon dén céc phirc nang hon. Cu thé, cac
phtc nhém 13-diyl, tetrylene va ylidone lién két vai hop chét kim loai chuyén
tiép c6 goc lién két o nhon dan theo chiéu ting dan M ciia nguyén té nhém
chinh nhom 13 (Y 1a B dén TI) va nhom 14 (X 1a C dén Pb).

1.2. Niing lrgng phan ly lién két

Ning luong phan ly lién két c6 xu huéng giam dan tir cac hé nhe hon
dén cac hé nang hon ddi véi phirc ciia nhém 13-diyl M-XY, phuc tetrylene
Ag-2X, phtrc ylidone mang dién Al-1X.

- Tuy nhién, dbi véi hé ylidone M-XY. Thir ty nang luong phan ly
lien két theo chiéu: carbone < silylone < germylone < stannylone <
plumbylone.

- Khi xét tuong tac phan tan d6i véi cac hé cong kénh nhan thay ning
luong phan ly lién két khi c6 xét toi tuong tac phan tan cho thay cac phdi tir
XY va XPPh c6 anh huéng dang ké dén 6 manh cua lién két chinh X-kim
loai trong phirc M-XY va Al-1X.

- PBiac biét ¢6 sy twong dong khi so sanh ning lugng phan ly lién két
gitra hé ylidone va tetrylene ciia Ni(CO),, déu ¢ xu huéng giam tir hé phirc
cacbon dén hé phuc chi.

1.3. Phan tich ban chét lién két trong phirc

Phan tich ban chét lién két trong cac phic nhdm 13 diyl va ylidone
mang dién cho thay chiéu hudng kha twong ty nhau, chi tiét nhu sau:

- Phan tich lién két M—Y ciia phac M-Y cho thay céac phéi tir YCp*
trong céc phirc 1a lién két —cho manh va cac cap NOCV cho thiy mot phan
dong gop nho cua lién két m nguoc lai tir Fe(CO)4 dén phdi tir YCp*.
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- Dbi véi he ylidone M-XY dua ra xu huéng do bén lién két M—X
trong cac phuc xuat phat tir s cho eletron o theo huéng M(CO)s«— X(YCp*),
va lyc hat tinh dién. Piéu nay ciing bao gdm céc tuong tac orbital 7 yéu trong
M-XY xuit phat tir viéc cho lién két = (CO)sM«X(YCp*),, hoic cho =
ngugc lai (CO)sM—>X(YCp*)..

- Cudi cuing, khi so sanh ban chat lién két giira hai phuc ylidone va
tetrylene chi ra rang phéi tir ylidone trong phtrc Ni-XP thé hién cho lién két
o manh (CO)2Ni «— X(PHs)2 va cho lién két  nguoc lai yéu (CO)Ni —
X(PHs)2 va phdi tir NHX e trong Ni-2X la chat cho lién két o manh va nhan
7 yéu. Két qua cho thiy cac phdi tir ylidone trong Ni-XP ¢6 thé hoat dong
theo Kiéu twong tw voi cac phdi tir tetrylene trong Ni-2X.

1.4. Ung dung ciia h¢ phirc carbene

Két qua md phong docking chi ra rang cac phirc carbene dugc nghién
ctiiu (Ag-2C va (Ag-2C)2) c6 tac dung tic ché thu thé chu ACE2 va khang
protein 6LU7 cua SARS-CoV-2. (Ag-2C)2 ¢6 tac dung trc ché manh hon ddi
véi ca protein ACE2 va 6LU7 so vdi Ag-2C. Phuc (Ag-2C),, cac thude
ribavirin va remdesivir di xem xét trén ca hai loai protein ACE2 va 6LU7 cé
xu hudng gan nhu giéng nhau vé tac dung &c ché cua hai loai protein (ACE2
va 6LU7). Céc két qua trong luan an nay chi yéu xac nhan phuc carbene Ag-
2C va (Ag-2C). la cac phuc tiém niang dong vai tro 1a ngudn dir liéu tham
khao dé nghién ctru thém vé phét trién céc tac nhan méi tc ché thy thé chu
ACE?2 va protease cua SARS-CoV-2 (6LU7).

Téng quét lai két qua cua luan an dua ra két qua cau tric va ban chat
céc lién két hoa hoc cua céc hé phuc chira cac phéi tir nhém 13 diyl, nhém
14- ylidone, nhém 14-tetrylene gom YCp*, XY, 2X, NHX. Bong thoi, dé
Xuét co ché hinh thanh c4u truc va tinh chét cua cac hé phuc nghién ciru, co
ché nay quyét dinh sy thay ddi vé tinh chat hoa hoc cua phdi tir va hé phirc
khi thay d6i kim loai chuyén tiép, cu thé ddi vai hé ylidone khi thay doi hop
chat lién két da cho thay tiém nang nhu hé phirc tetrylene, 1a phirc 6 rat nhiéu
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ing dung trong xtic tic cling nhu trong y hoc. Do dé, ching t6i hi vong két
qua luan an nay sé& 1a khai dau cho viéc ma rong wng dung cua hé tetrylene
va ylidone trong tuong lai gan.

2. KIEN NGHI
1. Céc két qua tinh toan cua hé phirc nhém 13 diyl va nhom 14 ylidone kha
day du va chi tiét. Tuy nhién cac ung dung va nghién ctu thuc nghiém cua
hé phtic ndy van chwa pho bién. Hy vong trong thoi gian t6i s& ¢ su két hop
gitta ly thuyét va thuc nghiém dat duoc nhiéu két qua tha vi.
2. Mong mudn s& mé rong hon nira tap co s dir liéu Iy thuyét vé& phéi ti
nhém 13 diyl va nhom 14 ylidone véi nhiéu hop chat khac nhau, tir d6 tap co
so dir liéu ly thuyét vé phdi tir ndy sé ngay cang day da hon, gép phan dinh
hudng cho cac nghién cau thuc nghiém trong tuong lai.
3. Can c6 nghién ctiu rong hon vé kha ning khang SARS-CoV-2 cua toan
phtic tetrylene va cac hé phiic ¢6 tinh chét kha twong tu nhu phic nhém 13
diyl va ylidone, dé mé& rong hon nhitng dit liéu co s ly thuyét gop phan cho
cac nha khoa hoc thuc nghiém diéu ché thudc dic tri SARS-CoV-2 trong

tuong lai gan.
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INTRODUCTION

In organic chemistry, a study of monoatomic zerovalent compounds
of main Group-14 elements was initiated after the finding of interesting
electronic structures of carbodiphosphoranes (CDP) CL; in which the carbon
atom retains four electrons as two-electron lone pairs and is bonded to the
ligands L through donor—acceptor interactions L—C«L of CL, (called
carbones). The fact was that the divalent C(0) compound, C(PPhs),, has been
experimentally synthesized as the first ligand by Ramirez et al. in 1961. It has
been known that computational as well as experimental studies using NMR,
X-Ray, and neutron diffraction methods investigating the electronic
structures and bonding of carbone molecule C(PPhs), and related compounds
C(PRs)2 have been the subject of several recent publications. Compared to
carbones (CL.), carbenes (CR2) have just a single electron lone pair at the
carbon central atom and have two electron-sharing bonds (CR) to the carbon
atom in the 3P ground state. Extensionally, like the divalent C(0) compound,
the heavier Group-14 element complexes E(0) with E = Si, Ge, Sn, Pb, also
retaining the two lone pairs electrons at the central atoms stabilized by
suitable donor ligands L (EL.) with L = PR3, PPhs, PH3, NHCs, YCp* (Y =
B — Tl ), cAAC (cAAC = cyclic alkyl amino carbene) called ylidones, has
recently attracted much attention of experimental and theoretical
investigation.

A recent study investigated the structures and chemical bonding of
the main Group-14 elements in transition metal (TM) complexes that carry
bulky ylidone ligands, i.e. [W(CO)s-{X(PPhs)2}] (X = C — Pb). The work
revealed in two main findings. First, the end-on bonding configuration was
observable in carbone complexes and the heavier systems performed the side-
one bonding manners. Second, the bond dissociation energy value was in
positive correlation with molecular mass. Another research led to a
conclusion that the ylidones in the two systems [W(CO).-{X(PPhs).}] and
[W(CO)s-{X(PPhs).}] always utilize their two lone-pair orbitals available for
donation ligand — transition metal atoms. These results imply that the center
atoms of ligands in complexes can be a good electron-rich c-donor ligand. It
is also believed that an interesting topic in main-group chemistry regarding
the coordination compounds of the monovalent Group-13 elements can pave
the way for new research directions. In fact, the coordination chemistry of
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Group-13 elements in a low oxidation state was extremely a topic of intensive
research that has led to the successful synthesis of new types of transition
metal complexes. Several low valent Group-13 diyls YR species (Y = Al, Ga,
In; R = cyclopentadienyl-CsHs denoted as Cp; pentamethylcyclopentadienyl-
Cs(CHs)s denoted as Cp*) have emerged as versatile carbenoid ligands in
coordination chemistry observing the metal-atom ligators. Among the
spectacular highlights of experimental research are the first isolation of an
terminal alane diyl complex [(CO)sFe-AICp*], then the examples of stable
borylene complexes [(CO)sFe-BCp*], and [(CO)sW-BN-(SiMes),]. The
studies indicate that the nature of the iron-group-13-half-sandwich bonding
in complexes [(CO)4Fe-E(n5-CsMes)] with E = B to In was addressed the
theoretical investigation by Macdonald and Cowley. After that, Frenking et
al. reported structures and decomposition of the electronic charge distribution
in iron complexes with ligands of Group-13 and cyclopentadienyl (Cp) using
energy partitioning analysis on the density functional theory (DFT)
calculations.

However, the transition metal complexes combining the ligands of
ylidone and tetrylene as well as the group of 13 diyls have not been researched
in detail for structure and properties. Besides, we calculated to theoretically
determine the inhibitory capacity of Ag-2C and Ag-2C-bis towards both
ACE2 and PDB6LU7 simultaneously. Also, because ribavirin and remdesivir
were already reported on their efficacy when administering against SARS-
CoV-2, they are also included into the study as comparative reference for the
effectiveness of the carbene complexes.

On that basis, | chose the topic “The study of structure and property of the
complexes group 13 diyl and 14 ylidone by quantum chemistry
calculation”.



CHAPTER 1. OVERVIEW OF RESEARCH SYSTEM
1.1. GROUP 13 DIYL

Figure 1.1 shows the structure of the group 13 diyl ligand YCp* (Y
is B to Tl; Cp* = pentamethylcyclopentadienyl (CsMes)).
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BCp* AlCp* GaCp* InCp* TICp*
Figure 1.1. The ligand YCp* (Y =B - TI).

1.2. LIGANDS TETRYLENE

NHC ligand possesses only one electron lone pair at the carbon
central atom and has two electron-sharing bonds to a carbon atom R(C-R)
as the divalent carbon(I1). Recently, the chemistry of N-heterocyclic carbenes
and their analogues, such as silylenes, germylenes, stannylenes and
plumbylenes (called tetrylenes), has been less intensively explored than that
of N-heterocyclic carbenes (NHCs).

1.3. LIGANDS YLIDONE

The carbon atom in CL retains two electron lone pairs and is bonded
to two o-donor ligands L—C«L. Cacbodiphosphorane is the divalent
carbon(0) compounds CL, which retains two electron lone pairs and is
bonded to two o-donor ligands L—C. Several recent theoretical studies
suggested that the bonding in CL; is not limited to the carbon as the central
atom, and can be extended to the heavier homologues XL, with X = Si to Pb,
in which the ligands XL; are strong o-donors and weak r-donor. It has also
been known that investigations on the heavier analogues of carbones XL,
such as silylones, germylones, stannylones, and plumbylones (X = Si, Ge, Sn,
Pb).
1.4. INTRODUCTION TO SARS-CoV-2.

Coronaviruses consist of a large diverse family of viruses. They can
be classified into four genera: Alpha-, Beta-, Gamma-, and Delta coronavirus.
Representative alphacoronaviruses include human coronavirus NL63
(HCoV-NLB63), while the betacoronaviruses include the best-known SARS-
CoV and MERS-CoV.



CHAPTER 2. CONTENT AND METHOD OF RESEARCH

2.1. STUDY CONTENT
- The results data of structure of the complexes of ligands: groupl3 diyl
(YCp*)2 with Y = B — TI; and group 14 ylidone X(YCp*), with Y =B — TI,
X = C — Pb; group 14 ylidone and tetrylene: X(PR3)2, (NHX), with X = C —
Pb; and compounds Mo(CO)s, W(CO)s, AlH.*, AgClI, Ni(CO), by Molden.
- Geometrical structure of the molecules were optimized by a combination of
Gaussian 09 and Turbomole 7.0 with selective parameters of bond length (A),
bond angle (°), bending angle (a.°) of complexes and ligands.
- NBO analysis with Wiberg bond indices and natural partial charges for
complexes.
- The calculated bond dissociation energies, D. (kcal.mol?), and bond
dissociation energies with corrections for dispersion interactions, DFT-D3
(kcal.mol ).
- The nature of the metal-ligand bonds in complexes using the EDA-NOCV
method under C1 symmetric geometries by calculation on ADF 2016.01.
- All calculations for Ag-2CCI docking simulation were investigated using
MOE 2015.10 software.
2.1. METHOD OF RESEARCH
2.2.1. Optimization of structure

Geometrical structure of the molecules were optimized by a
combination of Gaussian 09 and Turbomole 7.0 at the level of theory
BP86/def2-SVP without using symmetric constraints. The stationary points
of molecules on the potential energy surfaces (PES) were determined by
vibrational frequency calculations. Single-point energy calculations with the
same functional but the larger basis set def2-TZVPP were examined with the
frozen-core approximation for non-valence-shell electrons. Small-core quasi-
relativistic effective core potentials (ECPs) were applied for the heavier
Group-14 atoms Sn and Pb and the heavier Group-13 atoms In and TI.
Resolution-of-identity (RI) approximation was used for all structure
optimizations by using the appropriate auxiliary basis sets.
2.2.2. Bond dissociation energy

BP86 functional in DFT calculations in conjunction with def2-
TZVPP basis set at BP86/def2-SVP level were also used to calculate the bond
dissociation energy (BDE), De (kcal.mol) using the NBO 5.1 program.



2.2.3. Natural bond orbital

The natural bond orbital (NBO) analysis was carried out at the
BP86/def2-TZVPP//BP86/def2-SVP level of theory which was proposed for
the calculation of Wiberg bond orders (WBI) and natural partial charges
(NPA) as well as localized plotting molecular orbitals and orbital energies
using the NBO 5.1 available in Gaussian 09.
2.2.4. Energy decomposition analysis and charge of natural orbitals for
chemical valence method

The level BP86 in conjunction was applied with a triple-zeta-quality
basis set TZ2P+ using uncontracted Slater-type orbitals (STOs) augmented
by two sets of polarization function, with a frozen-core approximation for the
core electrons. A standard triple-§ basis set was employed for the heavier
Group-14 elements Sn, Pb and the heavier Group-13 atoms In and TI. An
auxiliary set of s, p, d, f and g STOs was used to fit the molecular densities
and to represent the Coulomb and exchange potentials accurately in each SCF
cycle. Scalar relativistic effects were incorporated by applying the zeroth-
order regular approximation (ZORA). The BP86/TZ2P+ level using
BP86/def2-SVP-optimized geometries was carried out to examine the nature
of the W-XY bonds in complexes using the EDA-NOCV method under C;
symmetric geometries.
2.2.5. Molecular docking simulation methods
A molecular docking simulation procedure includes 5 steps:
- Select the protein chain, ligands and waters present
- Protein and ligands preparation
- Re-docking
- Setup ligand protein docking calculations
- Docking results analysis



CHAPTER 3. RESULTS AND DISCUSSION

3.1. THE CALCULATION OF STRUCTURE, PROPERTY OF THE
COMPLEXES
3.1.1. Structure and property of the complexes group 13 diyl (YCp*)

We optimized the geometries and energies of the parent compounds
[(CO)4Fe-YCp*] (Fe-Y); [(dhpe)Pt-(YCp*).] (dhpe = diphosphinoethane)
(Pt-Y) [(pyridine)Cl,Pd-YCp*] (Pd-Y) with Y = B — TI, and the free ligands
YCp*. The electronic structures will be analyzed using charge- and energy
decomposition analysis with natural orbital for chemical valence methods.
Figure 3.1 is complexes investigated in this work.

Y
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Figure 3.1. Complexes investigated in this work Fe-Y; Pt-Y; Pd-Y (Y =B
=TI).
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Figure 3.2. Calculated bond dissociation energies, De (kcal.mol™) for
complexes M-Y (M = Fe, Pd, Pt; Y = B — TI) at DFT-D.-BP86/TZVPP and
DFT-D3-BP86/TZVPP levels.

Figure 3.2 gives the theoretically predicted bond dissociation energies
(BDEs) for the M-Y bond of M-Y. The calculated BDEs suggest that the M-
Y bond decreases from the complex boron M-B to complex thalium M-TI,
as decrease from Fe-B (D. = 74.8 kcal.mol™) to Fe4-TI (De = 20.6 kcal.mol-



Dy; from Pd-B (D, = 79.4 kcal.mol ) to Pd-TI (D. = 19.1 kcal.mol?); from
Pt-B (De = 57.1 kcal.mol?) to Pt-TI (De = 13.9 kcal.molt). The results of
BDEs for the M-Y bond of M-Y thus suggest that the heavier complexes have
weaker bonds than those compared with the lighter homologues.

We suggest Scheme 3.1 which shows an orbital diagram of group-13
half-sandwich with bonds between YCp* ligands and metal fragment M
which exhibit YCp*—M o-donation and a little YCp*<«M back-donation
from the metal fragment M to the free ligands. The analysis of the bonding
situation reveals that M-YCp* donation in M-Y comes mainly from the o-
lone-pair orbital of YCp* and the Scheme 3.1 also shows a small n-back
donation from the M to the YCp* ligands.

n-backdonation 'c
QP—=0)
M=y I

0 bc-donallnno \

Scheme 3.1. Suggested schematic representatlon of the bonding situation in
M-Y (M =Fe, Pd, Pt; Y = B — Tl) complexes with c-donor and =-
backdonation of donor-acceptor interactions.

3.1.2. Structure and property of the complexes ylidone
3.1.2.1. The complexes M(CO)s with ligands X(YCp*):

In this work, a detailed comprehensive theoretical research of divalent
ylidone(0) compounds on their geometric representation of coordination
modes is compiled. The equilibrium geometry, bond dissociation energies
with and without dispersion corrections, natural bond orbital (NBO) analysis,
and the EDA-NOCV method combining energy decomposition analysis
(EDA) and charge of natural orbitals for chemical valence (NOCV) of
complexes that carry Group-13 diyls [M(CO)s-X(YCp*)2] (M-XY) were
calculated (Figure 3.3).

Figure 3.3. Complexes M-XY and the free ligands XY with M = Mo, W; X
=C-Pb,Y=B-TL



Table 3.1. The calculated bond dissociation energies, DFT-D. (kcal.mol?),
and bond dissociation energies with corrections for dispersion interactions,
DFT-D3 (kcal.mol?), at the BP86/def2-TZVPP level using BP86/def2-SVP
optimized geometries for complexes M-XY (M = Mo, W; X=C - Pbh; Y =

B-TI).
Phtrc DFT-De DFT-D3 AE
(kcal.mol ) (kcal.mol )
Mo-CB 28.7 50.8 22.1
Mo-CAl 40.9 62.8 21.9
Mo-CGa 38.5 59.7 21.3
Mo-ClIn 44.8 64.9 20.1
Mo-CTI 51.3 70.8 195
Mo-SiB 26.8 51.2 24.4
Mo-SiAl 42.2 63.2 21.0
Mo-SiGa 449 65.1 20.2
Mo-Siln 48.5 68.2 19.7
Mo-SiTl 53.7 72.8 19.1
W-GeB 444 66.7 22.3
W-GeAl 45.5 68.9 23.4
W-GeGa 48.9 69.7 20.8
W-Geln 50.0 69.9 19.9
W-GeTlI 53.6 72.3 18.7
W-SnB 49.0 71.5 225
W-SnAl 46.7 66.6 19.9
W-SnGa 495 68.1 18.6
W-Snin 49.9 70.6 20.7
W-SnTlI 53.9 75.7 21.8
W-PbB 50.5 74.8 24.3
W-PbAI 46.2 66.9 20.7
W-PbGa 49.9 69.7 19.8
W-PblIn 49.6 70.5 20.9
W-PbTI 52.8 75.0 22.2

Table 3.3 shows the theoretically predicted BDEs, DFT-D. (kcal.mol
1, of the bond M-X for M-XY with M = Mo, W; X =C —Pb; Y =B - Tl
increase from complexes carbone to complexes plumbylone as from 28.7 for



Mo-CB to 50.5 for W-PbB; from 40.9 for Mo-CAl to 46.2 for W-PbAl; from
38.5 for Mo-CGa to 49.9 for W-PbGa; from 44.8 for Mo-ClIn to 49.6 for
W-Pbln; from 51.3 for Mo-CTl to 52.8 for W-PbTI.
Overall, that the DFT-De and DFT-D3 values of the (CO)sM-X(YCp*). bond
strength experience a similar varying pattern that also increase M-CY to M-
PbY with M = Mo, W, Y = B — TI, as Mo-CB to W-PbB for 50,8 -74,8
kcal.mol; Mo-CAl to W-PbAI for 62,8 - 66,9 kcal.mol™. This could suggest
that the effect of the bulky Cp* groups on the BDEs of the Mo-Si bond in M-
XY influenced to the intrinsic M-X bond strength in the complexes. It is
important to realize that the strong increase in the BDEs of the M-X bonds
of M-XY when dispersion interactions are considered comes from the
attractive forces between the ligands XY and metal fragment M(CO)s.
Scheme 3.2 is constructed in an attempt to illustrate the main
interactions in the bondings X-Y and X-M, respectively, in M-XY
complexes. The interactive mechanism meets the implication on the roles of
main elements in the complexes proposed as the outcome of NBO
calculations, which suggesting atoms M as strong electron acceptors, atoms
Y as strong electron donors, and atoms X as transitional channels.

Scheme 3.2. Schematic representation of the orbital interactions between
the heavier main group atoms X of ylidone ligands X(YCp*)2, and metal
fragment M(CO)s with o- and r-donations of donor-acceptor bond in the
complexes M-XY (M = Mo, W; X =C, Si, Ge, Sn, Pb; vaY =B - TI).
3.1.2.2. Complexes AlIHz* with ligands ylidone
Frenking reported the complexes carbone C(PPhs), with the ionic
compound {EH,}" (E%= Be, B*, C?*) which showed the nature in compound
have the interesting trend. The aim of this thesis is to investigate the nature
of bonding and extent of o and = interactions between ylidone ligands



X(PPhs), and fragment AlH;* in complexes [X(PPhz)2-AlH2]* (Al-1X) (X =
C - Pb).
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Figure 3.5. The complexes Al-1X (X = C — Pb).

Thus, we calculated the BDEs, De (kcal.mol?), with and without the
corrections for the dispersion interactions for the AlH;*-ylidone complexes
in order to consider the effects of dispersion interactions. Figure 3.6 presented
the theoretically predicted BDEs of complexes Al-1C — Al-1Pb that have
been calculated at the BP86/TZVPP-D. level (blue line) and BP86/TZVPP-
D3 level (red line) using BP86/SVP-optimized geometries. Firstly, the
theoretically predicted BDESs, D. (kcal.mol?), for the Al-X bond of Al-1X
exhibit an interesting trend (blue line). In details, the calculated BDES shows
that carbone complex Al-1C gives the strongest bond strength (125.7) and
significantly decreases from carbone Al-1C to silylone Al-1Si (115.8) and
germylone Al-1Ge (92.2) and then slightly increases for the heavier
homologues in which the stannylone Al-1Sn gives 117.8 kcal.mol* and the
plumbylone Al-1Pb has 118.6 kcal.mol.

Note that the trend of series of energy in DFT-D3 is similar to the
DFT-D. values calculated without considering dispersion corrections. We
found that the slightly decrease in the BDEs of the Al-X bond of complexes
Al-1C — Al-1Pb when dispersion interactions are considered may come from
the attractive forces between 1X and the fragment AlH,*, which are strongly
influenced by the dispersion correction. That means the calculated BDEs with
and without dispersion corrections exhibit the same trend, in which the
AlHy*-ligand bond strength slightly decrease from Al-1C to Al-1Pb. It is
interesting to find that the slightly decrease in the BDEs of the Al-X bonds
of Al-1C when dispersion interactions are considered may come from the
attractive forces between ligands XPPh and fragment AlH,". This could
suggest that the effect of the two bulky (PPhs). groups on the BDEs of the

X =C, Si, Ge, Sn, Pb
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Al-X bond in AlH,*-ylidone complexes influenced to the Al-X bond strength
in the complexes investigated.

E (kcal.mol")
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Al-1C  Al-1Si Al-1Ge Al-1sn  Al-1Pb

Figure 3.6. AlH"-ylidone complexes Al-1C — Al-1Pb: Blue line represents
the calculated bond dissociation energies, De (kcal.mol), at the BP86/def2-
TZ\VPP//BP86/def2-SVP level of theory; Red line represents the calculated
bond dissociation energies, DFT-D3 (kcal.mol?), with corrections for
dispersion interactions at the BP86/def2-TZVPP level using BP86/def2-
SVP optimized geometries.

The above results can be presented in a suggested schematic
representation (Scheme 3.3) which affirm that bonding analysis clearly shows
the complexes [X(PPhs),-AlH,]* possess donor-acceptor bonds, in which the
o and w lone pair electrons donation via o- and m-lone pair from donor
fragment X(PPhs). to the vacant orbitals of the acceptor fragment AlH,*
(Scheme 3.3-3); and schematic representation of the bonding in the
complexes (Scheme 3.3-b) in which the X central atom retains two lone pairs
and may exhibit the o- and r-donation to the AIH.* fragment. Moreover, the
bonding with - and -donations and n-backdonation as r-r electrons shared
between ligands X(PPhs), and fragment AlH," in complexes Al-1X (Scheme
3.3-c and 3.3-d) is in good agreement with the EDA-NOCV results and
NOCYV pairs with charge transfers considered between the donor and acceptor
fragments in complexes Al-1X.
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Scheme 3.3. Suggested schematic representation of the bonding with o- and
n-donations and = backdonation as w-r electrons shared between ylidone
ligand X(PPhs), with X = C — Pb and fragment AlH,* in complexes Al-1X.

3.1.3. Complexes AgClI with ligands tetrylene

Antimicrobial drugs play an important role in the human health care
by treating bacterial infections as well as by preventing their further spread
in the body. On the other hand, bacteria have an ability to induce resistance
against the drugs after prolonged usage and hence the newer drugs with better
inhibition ability are usually required. Silver salts have emerged as effective
antimicrobial agents and have proved to exhibit low toxicity for humans.
Thus, the nature of bonding and extent of ¢ and = interactions between
ylidone ligands NHXpn and fragment AgCl in complexes [CIAg-NHXpn] (Ag-
2X) and [(CIAg-NHXepn)2] (Ag-2X). (X = C, Si, Ge) were investigated
(Figure 3.7). The geometries and energies of the compounds Ag-2X, (Ag-
2X)2 and the free ligands NHX were optimized and calculated to build the
equilibrium structures of complexes before their bond dissociation energies
(BDEs) are examined with gradient corrected density functional theory
(DFT). Then, inhibitory effects of the considered Ag-2C, (Ag-2C), ribavirin
and remdesivir compounds on the proteins ACE2 and PDB6LU7 which are

crucial to tackle the infection of virus SARS-CoV-2 in human physiological
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environment were also investigated. To the best of our knowledge, there has
been neither experimental nor theoretical information reported about the

SARS-CoV-2 prevention related to carbene complexes.
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a) Ag-2X b) (Ag-2X),

Figure 3.7. Complexes (a) Ag-2X va (b) (Ag-2X)2 (X = C, Si, Ge)

Figure 3.8 shows the BDEs for the Ag-NHXw. bonds in Ag-2X and
(Ag-2X)2. The energy experiences a significant decrease from the carbene
complex Ag-2C (D. = 53.4 kcal.mol?) to the germylene Ag-2Ge complex
(De = 32.8 kcal.mol™?) as observed in Figure 3.8-A. The calculations suggest
that the bonding of NHC ligand in Ag-2C is the strongest while the ones in
the heavier homologues Ag-2X (X = Si, Ge) are all weaker. These are in good
agreement with the results reported in previous studies.
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Figure 3.8. The correlation between bond dissociation energies of AgCI-
NHE bond strength in (A) silver tetrylene complexes Ag-2X, (B) bis-silver
tetrylene complexes (Ag-2X)2 (X = C, Si, Ge) calculated at the BP86/def2-
TZVPP//BP86/def2-SVP level.

The BDEs tendency of AgCl-carbene and its homologous is similar to the
corresponding values for the AgCI-NHXy complexes (D. = 56.5 — 29.9
kcal.mol). Moreover, the BDEs calculated for (Ag-2X)2 systems a different
pattern. Figure 3.8-B indicates that the BDESs exhibit the smallest value of De
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= 12.6 kcal.mol! for (Ag-2C)., attain peaks for (Ag-2Si)2 (D. = 50.4
kcal.molt), and then relapse for (Ag-2Ge)2 (De = 18.4 kcal.mol™?).
3.1.4. Complexes Ni(CO)2 with ligands ylidone and tetrylene

Herein, the key purpose of this research is to apply DFT calculations
for a comparison of structures and chemical bonding between ligands of the
carbodiphosphorane-analogues X(PHs), (called ylidones) and the N-
heterocyclic carbene-analogues NHXwe (called tetrylenes) of Ni(CO),
complexes in order to elucidate the similarities and differences of the
structures and bonding situation in the two systems. We calculate the
optimized structures and bond dissociation energies (BDEs) of [(CO)2Ni-
{X(PH3)2}] (Ni-XP) and [(CO)2Ni-{NHXwm}] (Ni-2X) when X = C to Pb
(Figure 3.9). We also investigate the bonding situation of complexes through
charge and energy decomposition analyses.

PH HaC,
SNiT=X SNi=—XZ ]
ocC PH, ocC /N
H,;C

Figure 3.9. Complexes a) Ni-XP; va b) Ni-2X.

The calculated bond dissociation energies De (kcal.mol) (black
lines) of complexes Ni-XP and Ni-2X (X = C to Pb) at the BP86/def2
TZVPP//BP86/def2-SVP level are shown in Figure 3.10. It can be seen that
the BDEs for the donor-acceptor bonds of Ni-CP to Ni-PbP exhibit an
interesting trend. The BDEs suggest that the Ni-X(PHs), bond strength
slightly decreases from Ni-CP (D, = 38.2 kcal.mol) to Ni-PbP (D, = 35.0
kcal.molt), except for the [(CO)2Ni-{Si(PH3).2}] (Ni-SiP) complex (D, = 39.2
kcal.mol). The data in this study thus suggest that the heavier ylidones of
the complexes have weaker bonds than those of the lighter homologues.
Figure 3.10 also shows the calculated BDEs for the (CO)2Ni-2Xwve bonds.
There is a significant decrease from Ni-2C (De = 44.9 kcal.mol?) to Ni-2Pb
(De = 14.8 kcal.mol™). The calculations suggest that whereas the heavier
homologues Ni-2X in which X = Si to Pb exhibit weaker bonds, the NHC e
ligand in Ni-2C is the strongest bonded. We observe that although the same
trend of the BDEs is found for the ylidone and tetrylene systems, a stronger
decrease was found for the tetrylene complexes Ni-2X.
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Figure 3.10. Complexes Ni-XP va Ni-2X (X = C — Pb): Black line
represents the calculated bond dissociation energies, De (kcal.mol?), at the
BP86/def2-TZVPP//BP86/def2-SVP level; Blue line represents the
calculated bond dissociation energies, DFT-D3 (kcal.mol), with
corrections for dispersion interactions at the BP86/def2-TZVPP level using
BP86/def2-SVP optimized geometries.
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Scheme 3.4. Suggested schematic representation of the bonding from
X(PHs)2 and NHXwue donor fragments to Ni(CO), acceptor fragment in
ylidone and tetrylene complexes Ni-XP and Ni-2X.

Hence, we proposed a schematic representation of the bond nature
in complexes Ni-XP va Ni-2X with -donation via the ¢ lone pair from donor
fragments {X(PHs).} and {NHXwme} to acceptor fragment Ni(CO),, as shown
in Scheme 3.4. The results of this study show that the ylidone ligands in Ni-
XP may act as in a similar fashion to the tetrylene ligands in Ni-2X. This is
also the reason for the two investigated complexes showing nearly the same
trend for bond dissociation energies.
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3.2. DOCKING CALCULATION BASED ON MECHANICAL
INTERACTION MOLECULAR

Molecular docking simulation is used to investigate the interactions
of the silver-carbene Ag-2C and bis-silver-carbene (Ag-2C)2 and two proteins,
including ACE2 in the human body and 6LU7 of SARS-CoV-2. In details, we
determine how the silver-carbene Ag-2C and bis-silver-carbene (Ag-2C):
interact with the proteins ACE2 and 6LU7 and inhibit their actions, as well as
make the proteins become weaker than their original state. The docking score
energy (DS) and root-mean-square deviation (RMSD) values as well as
various interaction configurations via hydrogen bonds, cation-r, n-n bonds,
and ionic interactions, site-site binding, and van der Waals interactions
between the carbene complexes, two controlled drugs and the ACE2 and 6L U7
proteins are calculated in the program MOE 2015.10.

The obtained results also show that the silver-carbene and bis-silver-
carbene complexes can be considered as the most potential candidates in
which they observe strong inhibitory ability into the SARS-CoV-2. Docking
simulation results indicate that the studied carbene complexes (Ag-2C and
(Ag-2C)2) are active for inhibiting the host receptor ACE2 and resisting
protein 6LU7 of SARS-CoV-2. (Ag-2C):2 has the stronger inhibitory effects
on the both proteins ACE2 and 6LU?7.

The bis-silver-carbene complex (Ag-2C)a, ribavirin, and remdesivir
are theoretically performed by an approximation of efficacy in inhibiting
either ACE2 or 6LU7. The corresponding docking score energies are -17.5 to
-16.5 kcal.mol* and -16.9 to -16.6 kcal.mol?, respectively. The root-mean-
square deviation values are always less than 2 A in any of the systems. The
structures of the potential drugs fit well with the site-site binding of the host
receptor ACE2 and the viral protease 6LU7 based on the hydrogen bond
interactions between the studied compounds and amino acids. Interestingly,
the results also indicate that the inhibitory ability of potential drugs into
ACE2 and 6LU7 proteins seems to be in the correlation between the average
of docking score energy, site-site active interactions of potential
complexes/drugs-proteins, polarizability of the potential carbene and bis-
carbene complexes and drugs. The obtained results in this study primarily
confirm that the carbene complex Ag-2C and bis-carbene adduct (Ag-2C)2
are promising complexes acting as a reference source of data for further
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research on development of new agents to inhibit the host receptor ACE2 and
the main protease 6LU7 of SARS-CoV-2.
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CONCLUSIONS AND RECOMMENDATIONS
1. MAIN CONCLUSIONS OF THE THESIS
1. Equilibrium structures

The calculated equilibrium structures of complexes M-Y show that
the ligand YCp* have the bending angle () decrease from slight complexes
to heavier complexes. The group 13-diyl, tetrylene, and ylidone complexes
show the ligands bonded in a tilted orientation relative to the metal fragment.
2. The bond dissociation energy

- The trend of the bond dissociation energy of M-ligands in M-Y
decrease from M-B to M-TI (M = Fe, Pd, Pt).

- BDEs of the complex in each ylidone family vary differently
regarding the change of relative molecular mass. The trend of BDEs is
carbone > silylone > germylone > stannylone > plumbylone.

- Bond dissociation energy values slightly decrease from the strongest
bonded Al-1C to the weaker bonded heavier adducts Al-1Si — Al-1Pb.

- The BDEs decrease slightly for ylidone complexes Ni-XP, while the
trend of BDEs of Ni-2X shows a significant decrease from Ni-CP to Ni-PbP.
The same trend of the BDEs is observed for the ylidone and tetrylene systems
but a stronger decrease was found for the tetrylene complexes Ni-XP.

3. The natural bonding analysis of the complexes

- The EDA-NOCYV results indicate that the ligand YCp* in complexes
are strong o-donors and the NOCV pairs of the bonding show small n-back
donation from the Fe(CO), to the YCp* ligands.

- EDA-NOCYV calculations imply that the tendency of W-X bond
strength in complexes came from the change of M(CO)s«— X(YCp?*),
donation and electrostatic attraction. This also includes the additional weak
n-style orbital interactions in M-XY stemming from either n-donation
(CO)sM«X(YCp*)2, or t-backdonation (CO)sM—X(YCp*)., or partly each
of the type.

- The bonding analysis indicates that the ylidone complexes Ni-XP
exhibit (CO)2Ni <« X(PHs3)2 strong c-donors and (CO)2Ni — X(PHz). weak
n-back donation and that the NHXwe ligands in Ni-2X are strong o-donors
and weak m-acceptors. The results show that the ylidone ligands in Ni-XP
may act in a similar fashion to the tetrylene ligands in Ni-2X.
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4. Application of carbene complexes

- The obtained results also show that the silver-carbene and bis-silver-
carbene complexes can be considered as the most potential candidates in
which they observe strong inhibitory ability into the SARS-CoV-2. Docking
simulation results indicate that the studied carbene complexes (Ag-2C and
(Ag-2C)2) are active for inhibiting the host receptor ACE2 and resisting
protein 6LU7 of SARS-CoV-2. (Ag-2C): has the stronger inhibitory effects
on the two proteins ACE2 and 6LU7. The bis-silver-carbene complex (Ag-
2C)2, ribavirin, and remdesivir are theoretically performed by an
approximation of efficacy in inhibiting either ACE2 or 6LU7. The docking
results in this study are highly conducive to the preparation of therapeutic
drugs for SARS-CoV-2 given the theoretical demonstrations for the stability
of the potential drugs going by DFT results and their inhibitory effectiveness
borne out by molecular docking simulation.

In general, the results of the thesis is to show the structure and nature
of chemical bonds of complexes of Cp* with group 13 diyl, group 14-ylidone,
group 14-tetrylene including YCp*, X(YCp*)2, X(PR3)2, NHX, at the same
time, proposing a mechanism to form the structure and properties of research
complexes which determines the change in chemical properties of ligands and
complexes when transition metal is changed. Specifically for the ylidone
systems with Ni(CO), has shown potential as a tetrylene complexes, which
has many uses in medicine. Therefore, we hope that the results of this thesis
will be a beginning for the application expansion of ylidone system in the
near future.

2. RECOMMENDATIONS

1. The calculation results of the complex system of group 13 diyl and group
14 ylidone are quite complete and detailed. However, the application and
research of this complex is still not popular. Hopefully in the future there will
be a research combining both theory and experiment to gain further
interesting results.

2. Expect to further expand the theoretical database of group 13 diyl and
group 14 ylidone ligands with many different compounds, from which the
theoretical database of this ligand will be more and more complete,
contributing to the orientation of future experimental studies.

3. A study on the SARS-CoV-2 resistance of the tetrylene complex and
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complex systems whose properties are quite similar to that of group 13 diyl
and ylidone, to further extend the theoretical background for experimenting
scientists on the development of special drug for SARS-CoV-2 in the near
future.
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