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Abstract 
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I.MdDAU 

Phin ing Diels-Alder (DA) du(rc s i dung 
thutag xuyen trong t6ng h(ip hiu co. Trong qui 
tnnh niy, 1,3-dien (diene) phin ing vol dienophil 
(dienophile) de tao thanh hijp chit vong siu canh 
Tinh hdu dung cua phin ing DA dugc phit sinh ttr 
ttah hnh hoat vi mi the IJp the vugt n-pi cua no [1] 
Bing each thay doi nhom thi trong ciu nic cia cic 
dien vi dienophil, nhilu loai hqrp chit vong siu canh 
Wiac nhau co die dupc t6ng hm. Vi vay, phin ing 
DA da vi dang nhJn dupc nhilu su chu y cia cic 
nh6m nghien ciu tren the gicri ci ve ly thuyet lln 
thuc nghifm [2-4]. 

Trong bii bio niy chung toi iinh biy nhing kit 
qua nghiSn ciu ve qui luat biin dii cia nang lupng 
hoat hia (EJ vi inh huong cia chit xic tic axit 
Liuyt (Uwis) BFi din khi nang phin ing DA ciia 
isopren vii 9 hpp phin dienophil CHj=CH-̂ Y (vii Y 
li-H, -C,Hj, -CjHi, -CN, -COOH, -CHO, -NO;, 
-CHJ, -OCHJ) bing phuong phip tinh toin hoa 
lupng ti. 

boi cic ket qui cua cac nghien ciu taric diy thu 
dupc theo phuong phip niy trong vise toi uu hoa 
hinh hpc vi xic dinh tin si dao dpng cic ding phan 
va cic n?ng^thai chuyin tiep (TS) li rit tit [6, 7]. 
Cic gia tri ve dp dii, goc lien kit cua chung toi tinh 
toan dupc so vol thirc nghipm khong sai khic nhiiu 
(hinh 2). Dieu niy ciing ching to them ring phuong 
phip mi Chung tai di lira chpn li phu hpp. Dua vio 
vipc phan tich tan s6 dao dpng de xic djnh dung ciu 
trie cua mpt TS. E, dii vol mSi phin ung dupc tinh 
tai 298 K, 1 atm. Ning lupng cua HOMO (highest 
occupied molecular orbital), LUMO (lowest 
unoccupied molecular orbital) vi h | s6 obitan bien 
dupc linh theo phuong phap Harlree-Fock voi bp cp 
so 3-210 (HF/3-21G). Phan tich phin bi tir nhien 
(natural population analysis) dupc dung di dinh gia 
dupc mic dO chuyen vi huong chuyen cua dipn n'ch 
[8]. Dipn tich chuj-in (Qn) n-ong TS dupc tinh tai 

3. KET QUA VA THAO LUAN 

3.1. Moi Uen h | giira E. vdi nang liryng biin dann 
cua isopren vi CHr=CH-V 2. PHUONG PHAP TiNH 

O a u S L t I t p t C M p ' p « i m 1 i £ ; t i T dl vitn^tr^ ^ ""' " ^ ^ "'"" ^^ - « ^'"^ 
(Density function theory - DF?) lai h"a tathenn S T^^ ^-^ L""""" ™ ' " 'P "^ CH,=CH-Y 
B3LYP vii bp CO so 6 3 1 I + + G " C , ; * , ^ ; ^ ^ ; l^'^'l' S ' f =. cua cic phin ing niy vi khoing 
thuc hipn tinh toin tii mi hmh hpc vi n ^ f tonn t^v-,.^- ' . "^^ tLUMO-HOMO) khong ci 
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sir thiiu sot cia FMO. Theo FMO, trong hai khoing 
each A£(LUMOi„„u-HOMOj,„) va 
A£(LUM04,„-H0M0ji,,^) flil chl co 
AE (LUMO-HOMO) nio nho hon thi se dupc xem 
xet de dinh gii khi ning phan ing. Tuy nhien, cic 
nghien ciu truoc day di cho thiy iing, tuong tac 
giffa dien vi dienophil li t i hpp cua hai tuong tic 
giffa LUMO cua dienophil voi HOMO cia dien vi 
tuong tic giffa HOMO cia dienophil voi LUMO cua 
dien. Sir dinh gii day di nhat se bao gom ci hai Ioai 
tuong tic niy. Neu bo qua mpt trong hai co the din 
den sai sot, dac bipt doi voi nhung tnrcmg hpp mi 
hai tuong tic niy co A£ (LUMO-HOMO) tuong 
duong nhau. Bing ching li khi nghien ciu phin 
ing DA giffa buta-l,3-dien vol etylen, Spino C. vi 
cpng sir [9] da chi ra ring hai nrong tic niy khong 
xay cung mpt lic. Tuong tic giua LUMO cua elylen 
vi HOMO cua buta-l,3-dien xiy ra tnroc con nrong 
tic giffa HOMO cia etylen va LUMO cua buta-1,3-
dien xiy ra sau. Do la ly do vi sao ching ta khong 
the bo qua hrong tic nio. Nghien ciu cia chung toi 
cung cho fliiy, cic yen 16 khong gian (dinh huong 
endo/exo) hay sir xen phi obitan thi cip cung inh 

Nguyin HOu Thg va cgngsfr J 

huong den E, cia phin ing. Tuy nhiin, diy khong 
phai li nguyen nhin chinh lim Uiay dii E, cia phin 
ing giffa isopren vdi etylen vi cic din xuit cia 
etylen. Mpt de xuit khic nhim tim ra nguyen nhin , 
chinh inh huong den E, la dira vio di^n tich chuyin ^ 
i^ct) giffa hai hpp phin dien vi dienophil trong cic 
ciu trie chuyin tiip. Theo kit qui tinh Qcr (bing 1), 
cho fliiy ring khong c6 qui luat lien hp r5 ring nio 
giua giffa E, vi Qcr. Kit qui tinh Qcr chl cho phip 
dinh gii chieu huing chuyin electron (Qcr ci gii trj 
im tuong ing vii svr chuyen electron t i HOMO cia 
isopren sang LUMO cia cic dienophil vi ngupc lai). '' 
Cuoi cung chung toi quan tim din ning lupng biin 
liang (EM), tic ning lirpng cin fliiit di lim sai l^h 
cau nic hmh hpc cia hpp nhin dien vi dienophil 4 
trang fliii CO bin so vol cau trie hmh hpc cia cic 
hpp phin niy trong ciu tnic chuyen flip. Do di, EM 
cua hpp phin dien bing ning lupng cia hpp phiu 
nay ing vii hinh hpc 6 ciu trie chuyin flip tri dl 
ning lupng cua no ing vdi hmh hpc o trang Uiii co 
bin. Tuong tir, ching toi tmh Ew cua hpp phin 
dienophil. Tong gii trj ning lupng biin dang cua ci 
hai hpp phan dien va dienophU gpi li £ « (bing I). 

Bing 1: Qii tri Qcr, E„ Et. (kcal/mol) 
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.Hin* /.- Kit qui hii qui tuyin flnh lien hp giffa E. vi EM, 

iX Anh hiing cia luc tic aiit Liuyt BFj din 
kfci ning phan irng cpng ding yong DA giffa 
IsopraD vii cic dan xnit CH,=CH-V rv -
-COOH,-CHO,-NOj) ' 

Cic hpp phin dienophil co chia nguyen ni oxi 

mang cap electron tir do co flii tao lien kit cho -
nhan vol obitan ttong cia nguyen t i B ttong chit 
xuc tic axit Liuyt BFj. Anh huong sir tao phic t i 

HOMO, LUMO eua CH2-CH-Y (Y = -COOH 
-CHO, -NOj) di dupc khio sit. Tiin hinh toi uu ciii 
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triic ciia CH2=CH-Y {Y = -COOH, -CHO, -NO2) co 
g5n xuc tac axit Liuyt BFj theo phuong phap 
B3LYP/6-311+-K}". Ket qua cho thay, co sir t^o 
phuc gifla oxi trong nhom cacbonyl (-C=0) hay 
nhom nitro (-NO2) ciia CH2=CH-Y voi BF3 (hinh 2). 
Tiep tyc tifn h^nh tinh nang lirpng HOMO. LUMO 
ciia cac dienophil iing voi c4u hmh ben ciia 
CH2=CH-COOH-s-cis, CH2=CH-CHO-s-trans vk 
CH2K:H-N02 tai HF/3-2IG. K6t qua trinh hky a 

Ngttyht Hihi Thg va cgngsi^ 

bang2. ; | 
Ket qua bdng 2 cho ^ y . kfai c6 m t̂ ciia xfic t&; 1 

Liuyt BF3 thi gia trj ning lu^g HOMO va LUMO 
tren CH2=CH- Y deu giam so voi khi khfing c6 rda 
tac. Lien ket gifla O v(5i B la lien kit cho - nhfii (0 
diaig cap electron cho vao obitan trong ciia B). C6 
the xem BFj nhu nh6m hiit electron nen l&m cho 
nang lupng HOMO, LUMO ti^n CH2=Cft-Y d^ 
giam. 

Bdng 2: Gia tri nang lupng (eV) HOMO, LUMO, AE (LUMO-HOMO) tiong 
phan img gifla isopren va CH2=CH-Y (Y = -COOH, -CHO. -NO2) t^ HF/3-21G 

Dienophil 

CH2=CH-COOH 
-S-CIS 

CH2=CH-CH0 
-s-trans 

CH2=CH-N0i 

MO 

LUMO 
HOMO 
LUMO 
HOMO 
LUMO 
HOMO 

Khong 
xic tac 

2,61 
-11,07 
2,53 

-10,74 
1,47 

-11,64 

Co xuc 
tic 
1,08 

-12,18 
0,59 

-12,22 
0,77 

-12,36 

A£(LUMOj,„^r 
HOMO,„„™) 

Khong 
xuc tic 

11,42 

11,34 

10,28 

Co xic tic 

9,89 

9,40 

9,58 

A £ ( L U M O , ^ -
HOMO* K,il 

Khong 
xic tic 

14,81 

14,49 

15,39 

Cixic 

15,93 

15,97 

16,10 

Etylen 

/ * . . " S C i a m p . ^ e i u « c t i i u r S = : l * S 5 S ^ : ^ ^ 
tmh flieo dp (»). Gia tt, ttong ngojc fliam khio t i Uiuc nghipm [10-12] 

aciyhrhfyterole^BF^S S ' ' ' ' ' " ' ' T ' f ™ ' P"" " ^ ""'''" " ' ^ * ^ "«" "=' " ^ o CH...F (d6i ahZ ^1- . ' ' ' " • ¥ = l™ "̂ Ofg vao cip electton vol 2 mrong hpp Y li -COOH -CHO) D6 dii liin 
W r ' o c a l n T n ™ " ' " - ' * f "'•'•̂  ™ " fe^ ''^' "iilro CH.'^F a CH2=CH:CTOH':s°is-BF B 
hi v t ^ f t ' " ™5'!"' 'f ' '«" « n h dupc su bit 1,659 A (hinh 2). Qui luat biin d& niin l u ^ 
Ipi ve mi, khong gian do gô e R giy ra, ding fliM LUMO txL C H 2 4 : H - Y kh^ c6 xSc U Tut^^ 
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xic lie U khong giong nhau. Cu Uie, khi khong co 
ric tfc flil LUMO,^ ^ , = 2,61 eV > 

rZ?'-^'' ^'^ ° ^ " LUMO,™^.i„, = 1,47 eV, 
cdn khi ci mat xuc tic axit Liuyt BFj flii LUMO(„, 
j ^ , - 1,08 eV > LUMO,™^ ,a„, - 0,77 eV > 
LUMO(„tj„ = 0,59 eV. Sir fliay doi ttat tp sip xip 
ning lupng LUMO niy di lim cho tiat tir ning 
lupng boat hoa Uiay dgi Uieo. Khi khong co xic tic 
E, (TS-para-endo-s-cis- acrolein) = 21,84 kcal/mol > 
E. (TS-para-endo-vmyhiittp) = 19,77 kcal'mol. 

Su biin ddi ning lugng hogt hog... 

nhung khi CO xuc tic O t̂ tir niy bj Uiay dii, E, (TS-
para-endo-vmyhitto-BFj) = 11,82 > E, (TS-paia-
endo-s-cis-acrolem-BFj) = 9,29 kcal/mol. Kit qui 
nay la do qua trinh cho cap electton cia nguyen nr 
OXI ttln -NO2 kho hon Wn - CHO. Co 8 ciu ttic 
TS dupc thn fliay ttong phin ing cpng dong vong 
DA giffa isopren vdi axit aciylic khi co m}t chit xuc 
tie axit Liuyt BF3. Gii ttj E. tuong ing dupc ttinh 
bay a bang 1. 

TS-para-endo-s-cis 
0'=-COOH)xilciacBF, 

TS-paia-endo-s-cis 
Ol'=-CHO)xuciacBF, 

TS-paia-endo 
ry--NOj)xicticBFj 

Hinh 3: Htah hpc m«t si TS co m t̂ xic tic axit Liuyt BF3 dupc tii uu o muc B3LYP/6-311-HH3" 
D0 dii lien kit (A) 

^ i m X ^ r c u t h t S ^ ^ ' n g X ' l l l S tZtLtT' '""-°' ^ ' " ^ ' - - «̂ - " 
giffa isopren vii axit acrylic so v« l i ing co™ic lc S i BF S T i ?? ™^. '°°? ." '1''" " '= " ' ^^ 
Ching han, E. (TS-meta-endo-s-cis BFT -ifi 5^ ^ ̂ ' ? 1 * ^ *'™ ^ ^ ''= ^- ^ "^ "ASnS 
kcal/mol ftip hon* ̂ ' ^ S 1 ^ ^ ^ ^ ^ ^ S ="23 09 " n ^ ' , ^ ' ? ' " « 5 ^ ^ (TS-meta-endo-s-cis-BF,) 
kcal/mol, E. (TS-metL^ndo-s-tti^s-BS l J 42 I 22II £ ^ I firT « < " - - " - ' - - ) 
kcaFmol Uiip hon E. IT9 ni«, .„j„ ,. , , , , kcal/mol, E. (TS-meta-endo-s-ttans-BF,) -
24,66 kcaVmS, ^ ^ N ^ i l n ^ ' i n ^ r ^ t T l i i '24 4 ^ ^ 0 1 " ' ^ ' ^ ^- ( ^ ^ . - " - - ^ - 4 ) 
cho Uiiy ling, du CO hay khSuE CO xie tir thi,;™ t. ^^'Vi'''"'''-" Cae cau mic endo c6 E. fliip 
cic ciu ttuc f s , ciS htah s™s cia " it ae™ ic v f , '"=.'^' ' " ' " ° " ""« ing. Cn flii, E. (TS 
chiim uu Uii hoi ciu ul "tt̂ L K " U n t h Z m T , " ' " ^ ' L ' l ' ' • " '"'""'°' *^P '•™ =• 
loin phi hpp vM nghien c™cia n h ^ m T 7 TS-meta-exo-s-cis-BF,) = 14,26 kcal/mol hay E. 
Loncharich R J. [13° (^Sig X g nhir ^ , 1 ' H™ (TS-para-endo-s^is-BFJ = 9,29 kcal/mol Uiip hon 
kh6ng c6 xue tic kii ci xuc t^lftl c T S u Jc ^h,' vf'^K™"^"' ' '" '" ' ' ' " '= '•" ' H^""-"'- ^^"=" 
endo ci E. Uiip h™ cic ciu trte 1 x 0 ^ ^ ^ ^ Z ̂ n S- ? ' \ ' " ' '™^ '""''.'"'"S ^^ »*' * ' * "^ 
^ E. a s - m r . ^ d p - s - c i s - S : ) ™ S \ ™ L " o S^ t r S ^ ' J ' t t r ("5' '5'799""H " ^ . ' " ' " ^ 
Mp hon E. CrS-meta-exo-s-cis-BF.) = 17 74 CH ^ H r S ^ HP T ' * I < ",'^==) '='^ 
kcal/mol hay E. (TS-para-end„-s-eis-BF,) = 4 ,6 ( 516^76"8 H ^ i t \ . ' "" Z*^ """ "'" "•"* ^-='' 
kcal/mol fliip hon E. (TS-para-exo-s-^ s-BF 1 - L , T 1, - ^ " ' - '^™^ ^"""^ vol khoang 1,9 
16,04 kcal/mol. Diiu niy W S ^ f t i / h X , to su ciu ml" T ^ " ? ' I'* ?"* " "' * ° "'^y- •">"« '^ 
xen phi obitan Uiu cip, di li do ZnsT^aZ rl' ^ ' ^ ""I* " " ' "*' CH2=CH-CHQ-BF, 
chuyin tiip endo, sir Sn phi o b i t a T K n j S , ' ^ " ""^ '^" "'"* '-'"^'' ^V ">=. E. (Ts! 
obitan it h i fliinh va obitL „ c u a ^ Z ftTtt^ ° f "^-O-^^I '̂̂ -BEJ = ".77 kcal/mol fliip hoi E. 
dienophil SI lim giim ding k i n r n t o r n h i r r (7-™'^7"'">=-''»s-BF3) = 14,31 keal/mo^ 
[14]. 8"= "ins lupng boat hoa E.(TS-mcta-exo-s-ci^BF,) = 14,26 kcal/mol fliip 

Phininggiiaisoprenv^acroletatuongnrnhu ^Jf^B^^TX^^tt^^^^^ 
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cho s\r xuat hi?n sv xen phii obitan thu cap thi gia trj 
nang Iirgng ciia LUMO iing v6i cau hinh nay (0.55 
eV) t h ^ hon ning lugmg cau hbih s-trans (0.59 eV). 
Do v§y, s\r xen phu giua HOMO cua isopren-s-cis 
v6i LUMO ciia CH2=CH-CH0-s-cis se tid n6n 
t h u | n l ^ . 

Phan Img gifla isopren voi vinyl nitro chi co 4 
ciu true TS. Xiic tac axit Liuyt BF3 cung lam cho E, 
cua phan ihig gifta isopren vdi vinyl nitro xay ra d l 
hon khi khong co xuc tac. Cy the, E^ (TS-meta-
endo-BFs) = 15^2 kcal/mol thip baa E^ (TS-raeta-
endo) = 20,77 kcal/mol, E, (TS-meta-exo -BF3) = 
16,42 kcal/mol th^ hon E. (TS-meta-exo) = 21,08 
kcal/moI,..., C ^ cau triic endo co Ea thap hon cac 
ciu true exo tuong flng. Cy thS, E, (TS-meta-endo-
BF3) = 15,22 kcal/mol thip hon E, (TS-meta-exo-
BF3) = 16.42 kcal/mol hay E. (TS-para-endo-BFj) = 
11,82 kcal/mol t h ^ hon E, (TS-para-exo-BFj) = 
13,87 kcal/mol. S\r chenh l^ch nky cung dircc giai 
thich bang svr xen phu obitan thu cfip. 

Trong phAn ihig cOng dong vong DA gifla 
isoprene v6i CHi=CH-Y, E, ciia phan ung ty 1$ 
thu§n v<5i EM,. Khi Y Ik -COOH, -CHO, -NO2, sv c6 
m$t ciia xuc t ic axit Liuyt BF3 se lAm E, giam di so 
v(5i khi khong cd xiic tSc do sy giam khoang each 
nang lupng HOMO vk LUMO ciia cac obitan tirong 
t ic v(5i nhau. E. img vcM TS-para-endo luon thap 
nhit du c6 hay kh6ng co xuc t ^ . Chit xiic tfie axit 
Liuyt BF3 lim giim dang k l nang lu(;mg LUMO ciia 
acrolein so vdi nang Iugng LUMO ciia vinyl nitro, 
tfl d6, phin ung gifla isopren voi acrolein xay ra d l 
hon phin iing gifla isopren vdi vinyl nitro, ket qua 
nay ngirgrc l^i so v6i khi kh6ng c6 xuc tac axit Liuyt 
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