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(Bai nhdn ngay 12 thang 01 nam 2010, hoan chinh swa chita ngay 07 thang 07 nam 2010)

TOM TAT: Bai bdo nay trinh bay két qua khdo sat Iy thuyét vé cau triic ctia cac dication onium-
boronium X BH;', X' BHs'; (X= NH;, PH; H,0, H,S) va cdc thong tin vé phan ung cua cac dication
nay vé mdt nhiét déng liwc hoc va déng héa hoc. Hai logi phan ng da dwoc khao sat la phan iimg phiic
héa cdc dication onium-boronium X BH;" véi H dé tao thanh X BHs™ va phan ing tdach proton cia
X BHs" dé sinh ra X' BH,. Viéc khdo sdt tuwong tw ciing dwoc thuc hién véi ion boronium tuong img,
BH,” va BHg , két qua nhdn dugc cho thdy rdng hoat tinh than dién tir cia cac dication onium-
boronium manh hon cia ion boronium twong img rdt nhiéu: cdc dication onium-boronium X BH;’,
X'BH;" la cdc tdc nhdn siéu than dién tit. Cadu triic ctia cdc dication onium-boronium va ion boronium
da duoc t6i wu héa bang phwong phdp ab initio 6 mirc tinh todn MP2/6-311+G** véi bg chuong trinh
Gaussian 03W phién ban B.04 va duoc biéu dién véi chuong trinh Gaussview 3.0. Viéc tinh toan tan s6
da dwoc thue hién dé bao dam la cdc cau tritc nhan duoc twong wng voi cdac cuc tiéu nang lwong va
khéng co mét tdn $6 do nao. Cdc trang thai chuyén tié:p da dwoc xdc dinh va kiém tra boi cach tinh toa
dé ngi. Cdc tinh chdt cdu triic, nhw ning heong MP2, nang lwong tw do Gibbs, nang hwong hoat hod
ciing da dwoc khao sat.

Tir khéa: tdac nhan siéu than dién tw, dication onium — boronium, tinh toan luong tir.

1. DAT VAN BE duyc doi véi ion boronium tuong tng (BH,

BH,"). Céc phan tng dugc xem xét ca vé mat

Trong thoi gian gan day, tic nhén siéu thin nhiét déng luc hoc va déng héa hoc [1].

dién tir (superelectrophiles) da tré thanh van dé

thu hat duoc su quan tdm cua nhidu nha hoa 2. PHUONG PHAP
. Tac nhén siéu than dién tir 1a nhiing cha R

hoc. Tac nhan siéu than dién tr 1a nhitng chat Céc tinh todn duoc thyc hién véi phin

phan Umg dang cation co6 hoat tinh than dién tur s Cianasian D3W phién ban B.04, ciing su

cao hon hon nhiéu so véi cdc tac nhan than o st s o : e ige
hé trg cia phan mém GaussView 3.08. Viéc toi

dién tur théng thuong. Trong pham vi bai bao, R e 2 SR i
i g g £ phd uu hoa cau tric dé tim diém cuc tiéu trén be

xin trinh bay mot so6 két qua nghién ciu cau it thé ning diroe thire hign Vi phitong phip
MP2, sir dung bd ham co s& 6-311+G**. Tan

s6 dao dong dugc tinh véi cing mé hinh ly

truc, hoat tinh va phan Ung cua di¢ation onium-
boronium (X'BH;", X'BH;"; X= NH;, PH;,

B0, HiS), Bt 9 80 ganh S R 08 Dl thuyét va tdp co so nhu khi tinh hinh dang tbi
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uu dé dam bao ring cdu tric t6i uu khong c6
mot tan sé ao nao. Ddi véi cac chu tric trang
thai chuyén tiép, viéc tdi wu héa hinh dang va
tinh tn sé s& cho duy nhit mét tin sb do. Tan
so nay s& duogc kiém tra bing phin mém
GaussView dé xem xét kiéu dao déng cuia cic
nguyén tu trong phan tur.

Céc trang thai chuyén tiép cta phan tng
duoc xac dinh nho phan mém Gaussian 03W.
Bang cich nhdp vao ving Route Section tir
khoa “Opt=(TS,CalcFC,Noeigentest) Freq” dé
xdc dinh trang thai chuyén tiép (TS) va tinh
hing sb luc ban diu (CalcFC). Tir khéa

Noeigentest gitip cho viéc tdi uu tim trang thai

chuyén tiép ty hdi tu dé dua dén mot cu tric

trang théi chuyén tiép déng tin cay [8]. Tir khoa
Freq dugc ding dé tinh toan tan so tr dong bt
dau véi hinh dang t6i uu cua céu tric chuyén

tiép.
3. KET QUA VA THAO LUAN

Toan b két qua tinh toan, hinh dang t6i uu
da duoc kiém tra ky.
lon boronium BH," ¢é cu tric phing véi

mdt lién két ba tdm hai dién tu, gébm B va hai

H. Ion boronium BHs ¢6 cdu tric Cs, v6i hai
lién két ba tam hai dién tur [2], [4], [7].

Céu triic cuia cac dication onium-boronium
XBH," xuat pht tir cdu tric ctia ion BH, khi
thay mét H bai X™ (X= NH,, PH;, H,0, H,S).
Trong céc cau tric nay, s phdi tri cua B la 4
va chira mot lién két ba tdm hai dién tir, gbm
mét B va hai H [5]. Nhém BH;" trong X'BH;"
cling nam trong mot mit phing. Riéng cdu tric
cia dication oxonium-boronium H,O BH;"
duoc xac dinh chi trén mot mat phe’ing. Diéu
ndy trai voi thuyét luc ddy cua céc cap dién tir
¢ 16p hoa tri, 1a cac cdp dién tur hda tri phai
phén b xa nhau nhat dé twong téc véi nhau it
nhét.

Céu tric cia cac dication onium-boronium
X"BH;" xut phat tir cdu tric cia BH,' khi thay
mét H boi X™ (X= NH;, PHs, H,0, H.S) [5].
Trong céu tric ndy, s phdi tri cua B 13 6 va
chira hai lién két ba tam hai dién ti.

Cac dication onium-boronium X BH;’,

X'BH;s" 1a céc tac nhan siéu than dién ti.
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Hinh 1. Céu tric tdi wru cua cac dication onium-boronium X'BH;", X'BH;', BH,", BH,'

3.1. Khao sat phan ung cong H, vao tic nhan siéu than dién tir X'BH;" (X=NH;,PH;,H,0, H,S)
vi BH," trong diéu kién kiém soat vé mit nhiét dong luc hoc

Bing 1. Két qua tinh toan céc dication X BH;", X'BH;s™ (X= NH;, PHs, H,0, H,S), BH,", BH, bing
phuong phap MP2/6-311+G**

i MP2 Ning luong ; MP2 Ning luong
Cau tric (hartree) Gibbs Cau trice hartres) Gibbs

(hartree) (hartree)
NH; BH;" -82,1029545 -82,060869 NH;'BH;" -83,3123165 -83,247328
PH;'BH;’ -368,2936927 -368,262958 PH,"BH;" -369,5072652 | -369.455304
H,O'BH;" -101,9131666 -101,882543 H,O'BH;s" -103,1164305 | -103,066415
H,S'BH;’ -424,4942225 -424,471205 H,S'BH;" -425,703999 | -425,660915
BH, -26,7238235 -26,707653 BH" -27,9177295 -27,882202

Ning lugng Gibbs cua H tinh theo phuong phap MP2/6-311+G** 1a G” = -1,161421(hartree)

Cac phan g dugc khao sat la:

NH;"BH;" + H,
PH;'BH;’ + H,
H,O"BH; + H,
H,S'BH;" + H,
BH,' + H,

—» NH;'BH;'
___, PH,'BH'
—__» H;O'BHs
IR 1 g
—_» BHy AG=-8,237943285 (kcal/mol)  (5)

So sanh gié tri AG trong cac phan tng (1),

(2), (3), (4) vai gia tri AG trong phan ung (5)

cho thdy khi thay mét H trong BH," bing X*

AG=-15,71158013 (kcal/mol) (1)

AG=-19,40572792 (kcal/mol)  (2)

AG=-14,08821334 (kcal/mol)  (3)

AG=-17,75161316 (kcal/mol)  (4)

(X= NHs, PH3, H,0, H,S) thi tinh than dién ti
cua cédc dication onium-boronium ting lén

nhiéu, do d6 s& d& lay dién tir cua H, .

Vi vay
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phan (ng cong H, cta cdc tdc nhén siéu thén than dién tir thong thuong.

dién tr xay ra dé dang hon so véi tac nhin
3.1. Khao sat phan ing cdng H, vao tic nhén siéu thian dién tir X'BH,;" (X= NH,, PH;, H,0, H,S)
vi BH," trong diéu kién kiém soat vé miit dgng héa hoc.

Bing 2. Gia trj ning luong Gibbs cuia tic chat, trang thai chuyén tiép va ning luong hoat hoa cua cc
phan tmg (1), (2), (3), (4), (5)

B T Trang thai 0 T AG’
Phining | G'tic chét (hartree) chuyén tiép G chuyén fifp (Haviese) (kcal/mol)
(1) -83,222290 TS (1) -83,215689 4,14219
(2) -369,424379 TS (2) -369,418098 3,941386
(3) -103,043964 TS (3) -103,040990 1,866213
(4) -425,632626 TS (4) -425,627326 3,325800
(5) -27,869074 TS (5) -27,861670 4,646076
So sanh niing lugng hoat hda AG' cua céc phan Ung céng H, vao céac tac nhan siéu thin
phan tmg (1), (2), (3), (4) voi ning lugng hoat dién tir xay ra d& dang hon so véi khi cdng vao
héa AG" cia phan (mg (5) ta ciing két luan tac nhén than dién tu thong thuong.
e o % 2, L
F % ‘_f‘ e J"_‘
u& "?—J ‘»J\/‘ ‘_j"
b ‘ - o
TS (1) TS (2) TS (3) ' TS (4) TS (5)

Hinh 2. Ciu trtic chuyén tiép cua cac phan tmg (1), (2), (3), (4), (3)

3.2. Khdo sit phan iing tich H” cia dication onium-boronium X*BH;" (X= NHs, PH;, H,0, H,S)

va ion boronium BH" trong diéu kién kiém soat nhiét dong luc hoc.

Bing 3. Két qua tinh toan cic X 'BH, (X= NHs, PHj, H,0, H,S) va BH; biing phuong phap MP2/6-

TG

Céu tric MP2 (hartree) e s
(hartree)
NH;"BH, -83.2761549 -83,219000
PH;'BH, -369,4532725 -369,410332
H>O'BH, -103,0973643 -103,054718
H.S"BH. -425,6668243 -425,632994
BH; -27,6611409 -27,636848
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Luu y la khéng cén tinh todn cho H' vi H'

khong c6 dién tir nén ning luong dién tir bing

Céc phan ung duoc khao st la:
NH{B‘HS* ——» NH;'BH, + H'
PH;'BHs" —__ PH;'BH; + H'
H,O'BHs" —» H,0'BH; + H"
H,SBHs" — 3 H,S'BH, + H'

BHg" — » BH; + H

So sanh gia tri AG trong céc phan tng (6),
(7), (8), (9) véi gia tri AG trong phan tng (10)
cho thdy khi thay mét H trong BH4" bing X~
(X= NHs, PH3, H;0, H,S), X" c6 tinh than dién

nhitcua H 1a: AE®® =

khong va s6 hang ning luong khic khong duy

% RT= 0,889 kcal/mol

AG=17,77608603 (kcal/mol) ~ (6)
AG=28,22035233 (kcal/mol)  (7)
AG=17,339977347 (kcal/mol)  (8)
AG=17,52068971(kcal/mol)  (9)
AG= 153,9619391 (keal/mol) ~ (10)

tr nén s& giir dién tir trong lién két ba tdm hai
dién tir , do d6 phan Gng tich H™ cua céc
dication onium-boronium X'BHs xay ra dé

hon so véi ion boronium BH;".

f £

"‘ e:}t 9
") - ;0
Nll;'BlL, PHy BH4 HAO BH4 H.S BH,4 BH;

Hinh 3. CAu triic tdi wru ciia cac monocation X BH, va BH;

3.3. Khao st phan wng tich H' ciia dication onium-boronium X" BH5 (X= NH;, PH;, H,0, H,S)

va ion boronium BH," trong diéu kién kiém sodt djng héa hoc.

Bang 4. Gia tri ning luong Gibbs ctia tac chét, trang thai chuyén tiép va néﬁg lrong hoat hoa cua cac
phan umg (6), (7), (8), (9), (10)

Phan Gotéc chit : Trgnﬂg thfi Gochuyén tiép AG’ (keal/mol)
ung (hartree) chuyén tiép (hartree)
©) 83247328 TS (6) -83.121469 78.97770
@ 369,455304 TS (7) 1369317281 86,61073
(8) -103,066415 TS (8) -102,952092 71,73876
©) 425,660915 TS (9) T425,534087 79.58576
(10) -27,882202 TS (10) -27,696504 116,52724
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Trang thai chuyén tiép cta phan tmg (10)
¢6 gié tri nang lugng tr do G° thdp hon ning

luong tu do G° ctia san phim BHs. C6 thé biéu
8 p

-27,63

dién su bién thién nang lugng trong phan tng

(10) qua gian d ning lugng sau:

TS i

'27,696' ..................

27,856

Ning hrong (keal‘mol)

Gian do nang luong trén tuy khac thudong
nhung déng tin cdy va da timg c6 phan tmg xay
ra theo chiéu huéng nhu vy, dé 1a phan Ung
thé S\2 khi F tdn cong vao CH,Cl [6]. Nhin
vdo gian db nang luc_rhg c6 thé du doan dugc
phan (g (10) khoé xay ra. Nhan dinh nay hoan

toan ding khi xem xét nang lugng hoat hoa.

o @
-f @
‘n 3 ‘f:»
@
] I 2
TS (6) TS(7)

@9 -
% E
s ? 22

TS (8)

Nang luong hoat héa AG™ cia phan (ing
(10) 16n hon rét nhidu so véi cac phan (mg (6),
(7), (8), (9). Vi viy, trong diéu kién kiém soat
vé mit dong hoa hoc thi phan (ng tach H' cia
cac dication onium-boronium X'BH;s" xay ra

dé dang hon so véi ion boronium BHg".

]

TS (9) TS (10)

Hinh 4. CAu triic chuyén tiép cua céc phén tmg (6), (7), (8), (9), (10)

4. KET LUAN

Két qua cua viéc khao sat mét sé phan g
cia cac dication onium-boronium (X'BH;",
X'BHs" ;X= NH3, PH;, H,0, H,S) di ciing cb
thém vai tro cua cac tic nhin siéu than dién tir
trong cac phan Ung héa hoc va cho thiy rd
dugc hoat tinh than dién tir siéfu manh cua
chiing. Hoat tinh than dién tir cuia cic tic nhan

siéu than dién tir duge tang cudng do sy ting

gp hai hay nhiéu lan do thiéu hut dién tir. Su
ting kha ndng phan (mg rat ddng chi y khi so
sanh v6i tac nhan than dién tir ban diu [3].

Do tdm quan trong cua tinh than dién ti
trong cac phan Umg hoéa hoc ndi chung va su
xlc tdc siéu axit noi riéng, hién nay céc tac
nhan siéu than dién tir dang thu hat duoc rat
nhidu sy quan tam cua cac nha nghién ciru

(31,[4].
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QUANTUM CHEMITRY STUDY ON STRUCTURES, ACTIVITIES AND
REACTIONS OF ONIUM-BORONIUM DICATIONS

Bui Tho Thanh, Vé Thj Béo Trin
University of Science, VNU-HCM

ABSTRACT: This paper provides information about theoretical investigations of structures of
onium-boronium dications X' BH;", X BHs"; (X= NH;, PH;, H,0, H,S) and some reactions of them in
thermodynamic control and kinetic control. Two kinds of reactions studied are complexation of onium-
boronium dications X" BH;" with H, leading to X' BH;" and deprotonation of X BH;" to give X' BH,.
The similar studies with boronium ion analog BH,” and BHy is carried out and results obtained
pointed out that the eletrophility of onium-boronium dications is more stronger than that of boronium
ion: onium-boronium dications X' BH;", X BH;s' are superelectrophiles. The structures of onium-
boronium dications and boronium ions are optimized by using ab initio methods at the MP2/6-311+G**
level of Gaussian 03W, revision B.04 and represented with Gaussview 3.0. Frequency calculation is
performed to assure the obtained structures corresponding to minimun energies and have no any
imaginary frequency. The transition structures are calculated and verified due to Intrinsic Reaction
Coordinate Calculations. The properties of structures, as MP2 energy, Gibbs free energy, activation
energy are also examined.

Keywords:superelectrophiles, onium-boronium dications, quantum chemical calculations.
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