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The Diels-Alder cycloaddition reactions of isoprene with derivatives of ethylene were studied by the Density

Punctiona! Theory using the B3LYP functional and the 6-31
the activation energy of the reactions is correlated linearly wi

1 ++G (d, p) basis set. In this Paper, our result shows that
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1.MO AU

Phin img Diels-Alder (DA) duge sit dyng
thutmg xuyén trong tdng hop hitu co, Trong qua
trinh ndy, 1,3-dien (diene) phin img v&i dienophil
[dienophile) d& tao thanh hop chit vbng séu canh.
Tinh hiru dyng cia phan img DA duge phit sinh tir
tinh linh hoat v wu thé Ip thé virgt &5i cia né {1
Bing cich thay dbi nhom thé trong cdu triic cia cde
dien vi dienophil, nhiu logi hgp chit vong sdu canh
khic hau c5 thé duge thng hop. Vi véy, phan ing
DA d vA dang ahgn dugc nhidy sy chii ¥ ciia cic
uhém oghién citu trén thé gidi ca vé Iy thuydt 1in
thyc nghiém (2-4].

Trong bai béo ndy chéng 16 trinh bay nhimg két
qué nghién ci vé qui ludt bién d4; ciia nang lugng
hogt héa (E.) vi dnh hudng ciia chét xiic tic axit
Liuyt (Lewis) BF, dén kha ning phén tmg DA cia
i5opren v5i 9 hp phén dienophil CH;=CH-Y (véi Y
1§ -H, .C;H,, -CeH;, -CN, -COOH, -CHO, NO,,
~CH;, -OCH;) bing phuang phdp tinh toin héa
hegmg .

2. PHUUNG PHAP TINH

Chc tinh toén duge thyc hign bing phin mim
Gaussian 03 [5]. Phuoug phép phiém him mat dp
(Density function theory ~ DFT) lai héa ba théng s&
B3LYP véi b co 56 63114++G" duge Iya chon dé
thyc hign tinh todn 5i wu hinh hoc va ning Twgng

boi cic két qui cia cac nghién cim trrde day thu
duge theo phwrong phip ndy trong vige 18i i héa
hinh hoc va xie dinh tin s8 dao déng cic ddng phén
va clc trang thai chuyén tiép (TS) Ia rét tht [6, 7],
Cic gid rj v 8 dai, géc lién két ciia ching t5i tinh
todn dioe so véi thue nghigm khong sai khic nhiéu
(hinh 2). Diéu niy ciing chimg to thém ring phuong
phdp ma chiing t5i di hya chon 14 phit hgp. Dya vao
vigc phin tich tin s8 dao déng & xic dinh ding chu
triic cita mjt TS. E, 88 véi m5i phin tmg duoc tinh
tai 298 K, 1 atm. Ning lugng ciia HOMO (highest
occupied molecular orbital), LUMO (lowest
unoccupied molecular orbital) va hé sé obitan bién
dugc tinh theo phuong phép Hartree-Fock véi bd co
56 3-21G (HF/3-21G). Phan tich phin b4 ty nhién
(natural population analysis) dugc ding & dinh gid
dugc mire d§ chuyén va huéng chuyén ctia dién tich
[8). Bign tich chuyén (Qcr) rong TS duge tinh tai
B3LYP/6-311++G

3. KET QUA VA THAO LUAN

3.1. Méi lién bé gitm E, véi wiag lugng bién dang
«iia isopren vi CH;=CH-Y

Két qua khao sat kha ning phan img cfng dong
vong DA giila isapren véi 9 hgp phin CH~CH.Y
cho thiy, gitta E, cia céc phan img ndy va khoing
céch ning lrongAE (LUMO-HOMO) khéng c4
moi lién hé vai nhau. S& di 6 sy bt hop 1 ndy K do
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syt thiéu sét cia FMO. Theo FMO, trong hai khoang
cich AE (LUMO genopint HOMO i) vi
AE {(LUMOy-HOMO gicoopur)  thi  chi  ¢6
AE (LUMO-HOMO) ndo nhé hon thi s duge xem
xét dé danh gid kha ning phan img. Tuy chiér, cic
nghién ciu truée diy da cho thay rang, tvong tac
giira dien va dienophil 13 6 hop ciia hai twong tic
gita LUMO ¢fia dienophil voi HOMO cia dien va
twong tac gitta HOMO ciia dienophil véi LUMO cia
dien. Sy dénh gia diy dil nhdt s& bao gdm c4 bai loai
tuong tic ndy. Néu bo qua mt trong bai cb thé din
dén sai sit, djc biét déi voi nhimg wuomg hop ma
hai nrong tac nay c6 AE (LUMO-HOMO) tuong
dwong nhau. Bing chimg 13 khi nghién cins phin
ing DA giita buta-1,3-dien véi etylen, Spino C. va
cong sy [9] da chi ra ring, hai tuong téc nay khéng
xby ciing mt lic. Tuomg tc gira LUMO ciia etylen
v HOMO cia buta-1,3~dier xay ra trude con trong
tac gita HOMO ciia ctylen vi LUMO céa buta-1,3-
dicn x3y ra sau. D6 13 1 do vi sa0 ching ta khéng
thé bd qua tuong tc ndo. Nghién ciru cia ching 5
ciing cho thiy, cic yéu t§ khong gian (dinh huéng
endo/exo) hay sy xen phu obitan thir cap ciing anh

Nguyén Hitu Thp v cng s

hutmg dén E, cia phin img. Tuy nhién, dfy khing
phai |4 nguyén nhén chinh lam thay d6i E, ctia phin
img gita isopren vdi etylen vi cde din xudt cla
etylen. Mot d& xudt khac nhm tim ra nguyén ohig
chinh anh huémg dén E, Ia dya vio dign tich chuyén
(Qcr) giita hai hop phin dien va dienophil trong cée
cau trie chuyén tiép. Theo két qué tinh Qcr (bang 1),
cho théy ring khéng c6 qui luat tiér h§ 1o ring ndo
gitta giita E, va Qcr, Két qua tinh Qcr chi cho phép
danh gi4 chidu huéng chuyén electron (Qcr o6 gif 1)

&m twong img véi sy chuyén electron tir HOMO cig -
ism‘)ren sang LUMO ciia céc dienophil va nguge lai),

Cudi cling ching t6i quan tim dén ning hrgng bién
dang (Esy), tirc niing lugng cn thiét dé lam sai lech
chu tric hinh hoc ciia hep Phén dien va dienophil &
trang thai co ban so vai cdu tréic hinh hoc ctia cée
hop phén nay trong céu trisc chuyén tiép. Do d6, Eyg
cia hyp phén dien bing ning lugng cia hop phin
niy mg v&i hinh hec & cdu tric chuyén ﬁép trir di
nang huong clia nd Ymg véi hinh hoe & trang théi cg
ban. Tuong ty, ching 6i tinh Ey cia hop phén
dienophil. Téng gié trj néing hrong bién dang clia ch
hai hgp phén dien va dienophil goi 14 Eyy, (bang 1),

Bdng I: Gid tri Qcy, E., Eog (kcal/mol}

E, E
Y TS Qe s Khéng xic tic | Céxic the
H -0,0094 30,00 28,11
meta-endo-s-cis -0,0058 35,53 28,93
meta-endo-s-trans -0,0354 32,90 30,37
meta-exo-s<Cis -0,0323 33,21 29,74
CiHh meta-exo-s-trans -0,0299 31,98 29,43
para-endo-s-cis -0,0389 33,13 29,87
para-endo-s-trans -0,0528 32,60 30,18
Para-exo-s-cis -0,0562 32,51 29,12
Ppara-exo-s-trans -0,0457 31,63 28,93
meta-endo -0,1964 32,19 28,68
el meta-éxo -0,1942 3119 28,17
ara-endo -0,1958 31,47 28,68
ara-exo -0,1977 30,5; 27,67
meta-endo -0,1384 3.1 24,97
oN meta-exo -0,1295 30,26 24,54
a-endo -0,1251 30,51 24,54
ara-exo -0,1485 29,78 23,66
meta-endo-s—cis -0,1395 29,81 23,09 16,54
meta-endo-s-trans -0,1303 30,57 24,66
meta-exo-s-cis -0,1313 2936 23,28
meta-exo-s-trans -0,1265 30,14 24,4
CooH ara-endo-s-cis £,1578 28,99 22,4
ara-endo-s-trans -0,1504 30,09 23,9
ara-eX0-s-cis -0,1511 28,74 22,46
ara-€xo-s-trans -0,1455 | 29,59 23,66
CHO meta-endo-s-cis -0,1614 | 30,08 22,52
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mets-endo-s-trans 01324 | 3027 24,41 1431
-eX0-5-GiS 0,1496 | 29,87 23,53 14,26
m -0,1297 30,32 24,97 17,31
paraendo-s-cis -0,1817 28,59 21,84 9,29
para-endo-s-trans -0,1515 29,71 23,66 12,98
-6X0-5-Cis -0,1737 29,01 22,53 12,10
para-exo-s-frans -0,1508 29,31 24,22 15,25
meta-endo -0,1925 29,94 20,77 15,22
NO, meta-exo -0,1819 29,11 21,08 16,42
para-endo 0,2185 28,77 19,77 11,82
-eX0 0,2104 28,37 19,95 13,87
meta-endo 0,0089 33,39 31,00
CH, meta-exo 0,0059 32,64 30,31
2 para~endo 0,0049 33,26 31,06
para-exo 0,0005 32,71 30,75
meta-endo-s-cis 0,0556 36,78 34,76
meta-endo-s-trans 0,1060 35,12 30,94
meta-exo-s<cis 0,0702 35,65 34,14
OCH. meta-exo-s-frang 0.0980 3395 31,06
3 para-cndo-s-cis 0,0493 36,72 34,83
do-s-trans 0,0864 34,67 31,12
Ara-eXo-s-Cis 0,0590 35,65 34,14
g—em-tmns 0,0783 33,75 31,00

Két qui bing 1 cho thiy, gilta E, va Eyy ¢6 méi
lién b v6i nhaw. D& minh ching cho nhin dinh niy
chiing t6i d thyc hign phép bdi quy tuyén tinh giila
Eoa v& E,. Két qui héi qui dwee trinh bay 1ai hinh 1

cho thy 6 di tin cly 4 dy dofn méi lign hé tuyén
tinh giita E, va Epy. Nhu vy, Eux 12 nguyén nhan
chinh inh hwing dén E, déi véi phan {mg cdng déng
vong DA giifa isopren v6i CH=CH-Y.

40 =
.35 1
S
% 30 b ¥=1,6871x - 26,324
& . *  Ri-hseer
8,= 15328
= . 8, = 0,0965
6223
Iif !
20 1 00. ¢ F=305,5418 (véi f=47)
15 . . . . . v

25 27 29 31 33

35 37 39

Eya (keal/mol)
Hinh 1: Két qué héi qui tuyén tinh lign hé gitra E, va By

3.2, Anh haémg ciia xic tdc axit Liayt BF; dén
khi ning phin émg cfng démg ving DA gige
Isopren v6i céc dim xoit CH,~CH.y ¥ =
~COOH, -CHO, -NOy)

Céc bop philn dienophil o8 chita nguyén 1 oxi

mang cip electron tir do ¢6 thé tao lién két cho —
nhin v6i obitan tréng cia nguyén t B trong chét
i thc axit Liuyt BFy. Anh huéng sy tao phirc nr
nguyén b oxi voi axit Liuyt BF, dén ning lugng
HOMO, LUMO cia CH,~<CH-Y (Y = -COOH,
~CHO, -NO;) d4 duge khao sét. Tién hinh t6i wu ca
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triic ciia CH;=CH-Y (Y = -COOH, -CHO, -NO) c6
gin xic tic axit Liuyt BF; theo phuong phap
B3LYP/6-311++G". Két qua cho thay, c6 sy tao
phic gilta oxi trong nhém cacbonyl (-C=0) hay
nhém nitre (-NO) ciia CH;=CH-Y v&i BF; (hinh 2).
Tiép tuc tién hanh tinh nang legng HOMO, LUMO
cia cic dienophil img véi cdu hinh bén cia
CH;=CH-COOH-s—cis, CH;=CH-CHO-s—{rans va
CHy=CH-NO; tai HF/3-21G. Két qui trinh bdy &

Nguyén Hitu Th v cgng 3 3

béng 2.

K&t qué bing 2 cho thily, khi c6 mjt cia xic the
Liuyt BF, thi gi4 trj niing lvgng HOMO va LUMO
trén CH,=CH- Y #8u gidm so vart khi khong c6 xie
thc. Lién két gita O véi B I lién két cho — nhin (O
ding cip electron cho vao obitan tréng cia B). Cé
thé xem BF; nhr nhém hit electron nén iam tho
nang lrgng HOMO, LUMO trén CH=CH-Y d&y
gidgm.

Bdng 2: Gia tri niing lugng (¢V) HOMO, LUMO, AE (LUMO-HOMO) trong
phén tmg giia isopren vi CH,=CH-Y (Y = -COOH, -CHO, -NO,) td HF/3-21G

AE (LUMOsiergpii— | AE (LUMOjprey—
Dienaphil MO Rhéng | Coxie KhéHngM(:; x‘,:c = KE;?Q e ;ﬁc

XS tic tac XU tic X tic tho
_C:ZECHCOOH }L{g:;g _12;‘,5;7 . 1] ’: 188 11,42 9,89 1481 | 159
f;‘::;cs“*:”o ;g:;g 1205 734 ?25;2 11,34 9,40 1949 | 1597
CH=CH-NO, ;‘(mg -1l ;‘)‘g‘i 102737 1 1028 9,58 1539 | 16,10

{117.6)

Acrolein-s-trans

Trong cée phize chét gitta axit Liuyt BF; véi axit
acrylic hay acrolein, BF; tin céng vao edp electron
ghép doi cia oxi nim Kkbc phia véi R (gbc
hidrosacbon). Didu ndy mt phin tranh duge sy bit
loi v& mit khdng gian do g0c R gay ra, déng thii

I S . Vinyl nitro-s-cis-BF,
Hinh 2: Hinh hoc cia mdt sb céu tric t6 wu & mic BILYP/6.31144+G™, D) dai lién két (A), géc lign két
tinh theo 46 (%). Gis trj trong ngoc tham khéo 4ir thye nghigm [10-12]

Axit acrylic-s-cis-BF,

phi hop véi syr hinh thanh lién két hidro CH...F (8bi
véi 2 trubng hop Y 18 ~COOH, -CHO). D3 dai lién
két hidro CH...F & CH,~CH-COOH-s-cis-BF, I
1,659 A (hinh 2). Qui luit bién ddi ning lugng
LUMO trén CH,=CH-Y khi cé xiic téc va khéng cb

370

h
"

R W M A e B B oA e



TCHH, 54(3), 2016

xﬁcﬁcﬁkhéuggiéngnbnu.ctlﬂlé,khikhﬁngoé
Xic e thi LUMOps weiy = 261 &V >
LUMO iy = 2,53 €V > LUMOtyigt iy = 1,47 €V,
<én khi c6 mit xic téc axit Liuyt BFs thi LUMO g
s = LOB &V > LUMOtyut sy = 0,77 oV >
LUMOgersiiny = 0,59 €V. Syr thay ddi trit tw sap xép
nfing lwgng LUMO ndy da 12m cho wjt ty ndng
lugng hoat héa thay dbi theo. Khi khéng ¢6 xic tho
E, (TS-para-endo-s-cis- acrolein) = 21,84 keal/mol >
E, (TS-para-endo-vinylniro) = 19,77 kealfmol,

TS-para-cndo-s-cis

(Y=COOH) xiic tic BF, (Y=-CHO) xiic

“TS-para-endo-s—is

S bién dbi niing hepag hoat hia...

nhung khi c6 xiic tic trjt tw ndy bj thay dbi, E, (TS-
para-endo-vinyhitro-BF;) = 11,82 > E, (TS-para-
erdo-s-cis-acrolein-BF;) = 9,29 kealmol. Két qua
ndy la do qué trinh cho cip electron cia ngu‘yén tir

oxi trén —-NO, khé hon trén — CHO, C5 8 chu tric
TS duge tim thiy trong phan ing céng dong vong
DA gilia isopren véi axit acrylie khi c6 m3t chat xac
tée axit Liuyt BF;. Gié trj E, twong img duge trih
bay & bang 1.

TS-para-endo

tic BF, (Y=-NO,) xiic tic BF,

Hink 3: Hinh hoe mt s6 TS c6 mit xic tac axit Liuyt BF; dugc téi vu & mic BILYP/6-3114++G™,
B§ dai lién két (A)

St 8 mit ciia chit xiic téc axit Livyt BF; & lam
gidm déng ké E, cta phan mg cong déng vong DA
gitie isopren véi axit acrylic so véi khdng cé xdc tac.
Ching han, E, (T' S-mem-endo-s-cis-BF;) =16,54
keal/mol thép hon E, (TS-meta-endo-s-cis) = 23,09
keal/mol, E, (TS-mela{ndo—s-u'ans-BFg) = 17,42
kealimol thip hom E, (T! S-meta-endo-s-trans) =
24,66 keal/mol, ... Nghién ciu cua chiing 16 ciing
cho thiy ring, di c5 hay khéng <6 xtc tac thi trong
cde cdu tric TS, cau hinh s-cis clia axit actylic vin
<hiém 1 thé hom cfu hink s-trans, Két qua ndy hoin
todn phdt hop voi nghién ciru cia nhém tic gid
Loncharich R. J. [13). Ciing giéng nhw truémg hop
khng ¢b xiic téc, khi c6 xic tic thi cic chu tnic
endo c6 E, thép bon céc cdu tric exo fwong g, Cy
thé, E, (TS-meta-endo-s-cis-BFs) = 16,54 keal/mol
thép hon E, (TS-meta-exo-s-cis-BF;) = 17,74
keal/mol hay E, (TS-para-endo-s-cis-BF;) = 14,16
keal/mol thip hom E, (T: S-para-exo-s-cis-BF;) =
16,04 keal/mol. Diéu nay dugr gii thich dva vio sy
xen phil obitan thir cp, d6 1 do trong trang thij
chuyen tiép endo, sy xen phi obital thir cdp giim
obitan % hinh thinh va obitan = cia nhém thé trong
dienophil s2 lim giam ding ké nang lygng hoat héa

14].
{ ]Phi.n umg giita isopren v&i acrolein tiwong ty nhu

n

phin img cgng déng vong DA gita isopren véi axit
acrylic, trugmg hgp nay ciing o6 8 cdu tric TS, Xac
the BF; ciing d2 lam gism ding ké E, so véi khéng
6 xic téc. Ching han, E, (T: S-meta-endo-s-cis-BF;)
= 11,77 keal/mol thdp hon E, (T5-meta-endo-s-cis)
= 22,52 keal/mol, E, (TS»mcta—endo-s-trans-BF;) =
14,31 keal/mol thép hon E, (TS-meta-endo-s-trans)
= M,41kcal/mol,.... Céc chu tric endop c6 E, thip
hen cic clu tric exo trong img. Cy thé, E, (Ts-
meta-endo-5-cis-BF;) = 11,77 keal/mol thip hon E,
(TS-meta-exo-s—cis-BF;) = 14,26 keal/mol hay E,
(TS-para-endo-s—cis-BF) = 9,29 keal/mol thip hon
E. (T S-para-exo-s-cis-BF,) = 12,10 keal/mol, Siz xen
phi obitan thir cp ciing duroc ding d4 gidi thich cic

e digm ndy, Mic di theo két qui tinh niing lugng
thi cdu hinh s-trans (-516,5799 Hartree) cia
CHy=CH-CHO-BF; chiém wu thé hon c4u hinh s-cis
(-516,5768 Hartrec), tuong duang véi khodng 1,9
keal. Tuy nhién, két qua tinh E, cho thiy, trong céc
cau triic TS, cdu hinh s-cis ciia CH,=CH-CHO-BF,
chiém uu thé hom cdu hinh s-trans, Cu th, E, (TS-
meta-endo-s-cis-BF;) = 11,77 keal/mol thip hon E,
(TS—meta—endo-s-trans—BF,) = 1431 kecal/mol,
E..(TS-meta—exo-s-cis—BF,) = 14,26 kcal/mol thﬂp
han  E(T: S-meta~exo—s-tr:ms—BF;) = 1731
keal/mol,.... B&i vi & céu hinh s-cis, ngodi thugn lgi
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cho syt xuét hign sit xea phis obitan thir clp thi gid tri
néng lugng cia LUMO tmg véi céu hinh ndy (0,55
V) thip hon niing Juong cau hinh s-trans (0,59 eV).
Do viy, sy xen phé gilta HOMO céa isopren-s-cis
v6i LUMO cia CHy=CH-CHO-s-cis s& trd nén
thugn lgi,

Phin img gifta isopren vdi vinyt nitro chi c6 4
chu triic TS. Xiic thc axit Liuyt BF; cling lim cho E,
cua phiin {ing gitra isopren véi vinyl nitro xdy ra d&
hon Khi khéng c6 xic tic. Cp thé, E, (TS-meta-
endo-BF;) = 15,22 keal/mol thip hon E, (TS-meta-
endo) = 20,77 kcal/mol, E, (TS-meta-exo —BF;) =
16,42 keal/mol thip hom E, (TS-meta-exo) = 21,08
keal/mol,.... Cée cau tric endo c6 E, thip hon cic
chu tnic exo tuong img, Cy the, E, (TS-meta-endo-
BFy) = 15,22 keal/mol thip hon E, (TS-meta-exo-
BF3) = 16,42 keal/mol hay E, (T S-para-endo-BF;) =
11,82 keal/mol thip hom E, (TS-para-exo-BE;) =
13,87 kealimol. Sy chénh léch ndy ciing duoc giai
thich bing sy xen phit obitan thi cg

4. KET LUAN

Trong phin dmg cong déng vong DA giffa
isoprene véi CH~CH-Y, E, ciz phan img ty 1§
thufn véi Byg. Khi Y 1 -COOH, -CHO, -NO,, syt ¢6
mit cia xdc the axit Livyt BF; s Jam E, gidm di so
v6i khi khdng o6 xG¢ tic do sy gism khoing cach
niing legng HOMO vi LUMO ciia céc obitan fuong
the véi nhau. B, img véi TS-para-endo lusn thip
shit di ¢6 hay khong c6 xiic téc. Chit xic tc axit
Liuyt BF; lim gidm déng ké ning lugng LUMO cba
acrolein 50 véi nling lugng LUMO ciia vinyl nitro,
t d6, phan img gitra isopren véi acrolein xdy ra d&
hon phan img gitta isopren véi vinyl nitro, két qua
iy nguoe lai so véi khi kiéng <6 xic tic axit Liuyt
BF;.
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