Journal of Physical and Theoretical C hemistry
of Islumic Azad University of Tran, 6 (2) 139-144; Summer 2009
{1.Phys Theor.Chem, JAU Iram)

TS&N: 17352126

Kineties and mechanism of intramoleeular Cyelization of {(R)-undeca-7,8-dien-2-yne
"a DFT study”

M. R. Zardoost," §. R. Emamian.' S. A. Siadati* M. R. Gholami®>* and
H. Aghaie®*

'phD. Student. Department of Chemistry, Science and Research Branch, tslamic Axad University, Tehran, Iran
: Department of Chemistry, Science and Research Branch, Islamic Azad University, Tehran, Iran

3Depar!mcnt of Chemistry, Sharif University of Teehnology, P.0. Box 11365 A516, Tehran, lran

dIIlv::I:mrtt'm:r:L of Chemistry. Ghaemshahr Branch, Islamic Azad Liniversity, Ghaemshahr, Iran

ABSTRACT

A theoretieal study of the kinetie and mechanism of inlramoteculur cyclization of (R )-undeca-7,%-dien-2-
yoe was perfonned using DFT methods at BILYP and BIPWOY levels of theory using 6-311g, 6-311p*.

G-311G**, 6-3114G, 6-3114+G

and 6-31 1-G** hasis sels. Equilibriumn molecular Beometries and

harmumie vibrationa frequencies uf the reactant, tramsition stale and product were caleulated. The
considercd rate eonsiants and activation thermodynamic parameters were caleululed, Tt was, deruonstrated
that the ohtained results for all calculations were nearly independent to hasis scis ot BIPWYL level,
These calculations showed that the reaction proceeds through asunchronous cuncerted mechanism,
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INTRODUCTION

A typical organic reaction procecds in a specal
mechanism. There may be many proposed mechansms
tor a typical organie reaction experimental methods have
many mstumental limetatons such as trapping  the
_ intermediates or transition states 1n confirming the
mechanism that reactions proceed fmm it Computational
methods can make confirming the mechamsm easicr,
cheaper and exacter computational details,

Recently much attentton has heen pard to the
themestry of allenes [1, 2], An intramolecular cne
reactiop for the formaton of an alicyclic ring is a
uscful tool in urganic synthesis [3-10].

Dunng the course of the reaction two contiguous
steren Centers are gencrated often with a high degree

*Carresponding author: hn_Aghaie@yahoo.com

of stereo conmol. whick 15 uf immense syuthetic
applicability [11]. The presence of an wctrvating
substituent it the reactant usually reduces the
reaction temperaiure and inereases the possibility
of contmlling the stervoselectivity [9-1 2]. Various
models have heen proposed [16-1R8] 1 prediet the
stercoselectaty of this reaction for the formation
of a five membered ring. The most modified
model proposed by Houk er af. [18], predicts
successfully the ratw of the diastereumeric
products formed in the euse of unactivated
reaciznts. But the moded 15 madequate in the case
of activated enophiles [18].
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This is due to the assuraption of a ngid
transition state, and the predictinns using this,
differ gready from what is experimentally
obscrved. This diserepancy clearly indicates thal
the actual transition state is relatively flowble.
Tniramolecular ene reaction can be classified into
six | different  categories  [19, 20]. The
nomenclature of these ¢lasses depends on the
binding site of the tether between the cne and the
enophile molety,
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G. K. Das ¢t al performed athet:rrctmal study
on c¢ffect nf the hybndization of l,hr: hetro-atom
present o the (cther on the selecuwt} nf the (3,
4) cnc Cyclization [211 In this paper the
transition states {TSs) of suitable |examp1cs of
inframplecular  cne  reactioos mth activating
substituents have been mvestigated usmn a senm-
crmpirical quantum mechanical rncthud In this
work we do a detailed !nve*‘;hgatmn nn lonetics
and mechamsm af cyclizawon cne reactmn

Scheme 1. Cyclization of (R)-undeca-7.8-dien-2-yne ta {E)-f-cthy hdene-1-1 £ )-prop- [-enylicyciohes-1-ene.

COMPUTATIONAL DETAILS

The structures correspondimg {0 the reactanis,
TS, intertmediate and product were optimized and
electronic structures and harmonit vibtational
frequencizs of all stationary pminds along the
rcaction pathway were calculated using Gaussian
{03 computational package [22] with DFT method
at B3LYP and B3PWII levels,

Some authors [23-25] recommend employing
pare functiona? instcad of the hybrid version to
deseribe these type of reactinns, The supenority
of the BLYP nver the morc general B3LYP
methnd s not clear and, in particular, the
caleulatinn of the reaction pathway, 50 we have
chosen the BALYP and BIPW91 funcuonal,
Optimization nf genmetries of the stationary
points nn the potential energy surfaces were
performed using Beck's there-parameter bybiid
exchange fumetional  with the  correlation
functional nf Les Yang., Parr (B3LYP) [26-27]
and Beck's there-parameicr hybnid exchange
functional with the corelation functinnal of
Pordew-Wang91 [28-30] with the 6-311g [31-32],
6-311g* [33-34] . 6-311g** [33-34] . 6-311+G,
63 14+g [33-34] and . 6-311++g** [33-34]
basis sets. The synchrnnous transit guided quast
Newton (STQN) method [35-36] was used 10
locate the TS. The intrinsic reaction coordinaie

{IRC}Y methudt of Fukui [37-38] developed by
Gonzales and Schlegel [39-40] was applied in
prder 1o chech and obtaiu the profiles connecting
the TS v the two assoviated minima of the
proposed mechamsim, The natural bond orbutal
{NBO) analysis j41-42] was applied io determine
the charee changes occurting in the siudicd
process. Al minimm  and  transition  slate
structures are venfied by vibrational frequency
analysis. |

The activation encrgies and Arrhenius factors
computed usmg ceqns. (i) and (2),
respectively, which were denived  from  the
transitiom State theory [43-44] |
E, =AM +RT |

A = (ek,T I hyexp(aAS"(T)/ R) :

Were

{n
{2)

RESULTS ;'

Scheme (2) shows the mptimized structures of
reactants. T$. and intermediate with the selected
genmetrical paramcters at the BiLYP/6-311g"
shown in Table '. Throughout this papcr, all
inter nuclear distances arc in angstroms and afl
angles arc in degrecs, '
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Tabte 1. Key geometrical parameters of the reactant, TS and prodduct at the BILYP/AG-311G** levef of

theory

Reactant TS Product
Cl1-Ch 2197 [ 482
CE-ChH 1.306 1.3M) 1.349
C6-C7 1,306 1.340 1 486
C7-Ck 1.513 1.433 1.337
C1-C1d 1.204 1.9 1.344
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Sicheme 2. Optimized peometries of reactant TS and product for the siudied reaction at the BILYP/6-311G** level,

The hond lengths and angles of the transition
state. TS, were ealculated wsing the B3LYP and
B3P'W91 level of the theary using 6-311g, &
H1g*, 6-3L1g**, 6-311+G, 6-311++g, and 6
31i++g** basis sets. The mechanism is imnated
with the C8-HI9 hond cleavage and CI-C6 and
C10-H19 bond formation, Acenrding to Table 1
the mansition structure has a breaking CE-1119
bond distance of 1.248 angstrom and forming C1-
C6 bond distance of 2.197 angstrom and fonning
CI0-H19 bond distanec of 1,507 angstrom. The
Pauling relation [45] was osed to detennine the
C8-Hi9 bond cleavage. The charge difference

related partial bond orders, and the vatues of 0.7,
0.30, and 0.50 were obtained for C8-H19. C1-Cé6.
and CLO-T19, respectively. The obtained partial
bond orders indicate that 23% of C3-H192 bond is
broken. whereas C1-C6 and C10-H19 have 30%
and 0% rcaching to the transition state, TS.

Table 2 shows the charge distrihution in the
reactant. TS and the charge difference between TS
and resetant (Acharge) by means of NRO
analysis. The results at the TS indieate that a small
negative  charge  developed nn C6 which
demoostrates C1-C6 bond formation is faster than
shows that eleetron donor yroups at CI, €5, C7,
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and C8 accelerate the reaction. However, at Ci0
position Dppnsite result is observed.

B3LYT/6-311G** results for the reaction path
are shown in Fig 1. This figure demonstrates the
energy as 2 function of the reactinn coordinate,
and represcnts the minimum energy path, which
connects the reactant to the intermediate through
the saddle point.

I
tespectively, As can be scen in Table 3 the rewulta
are shghtly dependent on the basis %ets at B3LYP
level of the thmry, which means tl:m discrepancy
inund in the AG™, enmes from the reactants [46].
Using the most reliable energy barrier for this
reaction calculated by the B3LYP/6-31 144G (d,
p) method, 1 is possible to estimate a TST ratc
coefficioot of 5.24 x 107 57 at 298.15 K in gas
phase. But as can be seen in Table 4 the results are

i nearly independent on the basis scts at BIPWS1
! lcvel of the theory. It scems B3PWOT level gives
- A i resylts that are more reliabic than B3LYP results.
= . CONCLUSION
- Cychzation of (R)-undeca-7.8-dicn-2-yne to
3 {E)-6-ethylidenc- 1-{(Z)-prop-T-enyljeyclohex-1-coe
= was studied by two lcvels of the Density
T i Functional theory using different basis sets. [t
i was verified that L, of ihe rcactiou was
e we 02 1 47 44 o w  dependent to basis sets slightly. The L

Bmaction Coedintate { anpatrom])

Fig.\. Schematic cnergry prafile of (he potential
energy surfuce for the studied reaction at B3LYP/6-
31 1G** level of theory.

The imeginary frequency for the transihon
structure was cafculated to confirm the TS at
B3LYP and B3PW9!1 levels of theory, Table 3

and Table 4 prosent AG™, AH™T AS™" E
and Arrhenius factor for the reaction. The Gibbs
free energy barricr for the TS formation. is 43.752

keai mol!' and 40.087 keat mol’ at BILYP/6-
311 GH* and BIPWOl/6-3114HHGY*,

calculated for the reaction o gas phase hy the
B,LYP/6-311++G** is 38.956 keal; maol”
mcaning formation is cnergetically frasible 1o
occur. The calculated rate constants, does not
show any considcrable change io different
basis sets. ]

The extent of broken and formed bonds 1n
transition state shows thu asynchronous concerted
meehanism has oceurred for the undeca-7,2-dicn-
2-yne Cvelization. The charge analysis shovwvs that
clectron donor proups at C1, C5, L7, and CR
accelerate the reaction. Howewer, atCl0 position
opposite result is observed. !

o
! L
4

Table 2. Distributed NBO churges on the reactunt und TS i the BALYP/6-311G** level ol theory for first path

{the tumbering of atoms is fike that in scheime 7 bE
H1% Ci0 CH C7 Ch C5 C: N
13864 A1 02075 -0.ATa 4 -0,26432 007374 D273 DL02355 Reaciani
22501 042567 -033T13 0 0213200 000238 023890 00029 T8
A.02037 0. 09 004201 D093 007196 00362 Didls ACharse

Tahie 3. Theoretical kinetic and activating parameters for cyclization ENE reaction of undeca-7 8-dien-2-yne in
gas phase af 295,15 K at BILYP level

GG 631G 6316+ LG 631G 621 1G B3LVP
13 752 44,187 43918 41 #7 44116 4458 A6k cal mal™)
34 364 35.906 14,935 3 619 IRR4T 38 818 H *fkeal mal ')
-18.073 133 16711 -10.925 17676 19337 ASTtear mor 'K
38,936 34 404 39,324 39211 39 439 39411 E,(k cal mof™)
9.277 9356 9 375 10540 9 364 9004 0z 4
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Table 4. Theoretical kinetic and zctivation patameters for for cyelization ENE reaction of undeca-7 8-djen-2-
yne 1 gas phase at 298,15 K ut BIPWY] level

311G IRTETE 6-3116+ 311G B3PW91
40 0%7 40135 40318 40,299 AG™(k cal mot ™)
35.165 35,200 14,395 35.25) AfF*keal mol™")
~16.505 16,554 18,164 -16.932 AS™{cal mot™K )
38,757 35.792 35.488 35 843 E.(k cal mal™)
9,620 9,609 4257 9507 g 4
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