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ABSTRACT 
A theoretical study of the kinetic and mechanism of intramoleccha cychcation of (1)-undeca-7,8-dien-2-
yne was performed using MT methods at B3LYP and B3PW91 levels of theory using 6-311g, 6-311C. 
6-31 IGs*, 6-31I+G, 6-31 I4-SG and 6-3114H-Gs* basis seo. Equilibrium molecular geometries and 
harmonic vibrational frequencies of the reaccint, transition state and product wens calculated. The 
considered rate constants and activation thermodynamic parameters were eak saluted. It wa.s demonstrated 
that the obtained results for all calculations were nearly independent to basis sets at 83 PW91 I e el. 
These calculations showed that the reaction proceeds through asynchronous concerted mechanism, 
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INTRODUCTION 

A typical organic reaction proceeds in a special 

mechanism. There may be many proposed mechanisms 
for a typical organic reaction experimental methods have 
many instrumental limitations such as trapping the 

„ intermediates or transition states in confirming the 
mechanism that reactions proceed from it. Computational 
methods can make confirming the mechanism easier. 
cheaper and exacter computational details. 

Recently much attention has been paid to the 

chemistry of allenes [I. 21. An intramolecular one 
reaction for the formation of an alicyclic ring is a 
useful tool in organic synthesis [3-1011. 

During the course of the reaction two contiguous 

stereo centers are generated often with a high degree 

*COrteSpilding author; tuunghaie@yahoo.com  

of stereo control. which is of immense synthetic 

applicability [Ill. The presence of an activating 

substituent in the reactant usually reduces the 

reaction temperature and increases the possibility 

of controlling the stcreoselectivity 19-12]. Various 

models have been proposed [16-I S] lo predict the 

stercoselectivay of this le-action for the formation 

of a five membered ring. The most modified 
model proposed by Houk et al • [M],  predicts 
successfully the ratio of the diastereomeric 

products formed in the case of unactivatcd 

reactants. But the model is inadequate in the ease 
of activated enophiles [18]. 
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This is due to the assumption of a rigid 
transition state, and the predictions using this, 
differ greatly from what is experimentally 
observed. This discrepancy clearly indicates that 
the actual transition state is relatively flexible. 
intramolecular ene reaction can be classified into 
six: different categories [19, 20]. The 
nomenclature of these classes depends on the 
binding site of the tether between the etre and the 
enophile moiety. 

G. K. Des et al performed a theoretical study 
on effect or the hybridization of the hetro-atom 
present al the tether on the selectivity of the (3, 
0) cnc Cyclization [21]. In thi paper the 
transition stales (TSs) of suitable examples of 
intramoloular elf reactions wi h activating 
substituents have been investigated using a semi-
empirical quantum mechanical m thod. In this 
work we do a detailed investigation on kinetics 
and mechanism of cyclization one r action. 

Scheme I. Cyclizatio of (R)-undeca-7.8-dien-2-sne to (E)-6-ohs Irlese-1-11Z/truP- l-e1W00  clo 	-ene. 

    

COMPUTATIONAL DETAILS 
The structures corresponding to the reactants. 
TS, intermediate and product were optimized and 
electronic structures and harmonic vibrational 
frequencies of all stationary points along the 
reaction pathway were calculated using Gaussian 
03 computational package [22] with OFT method 
at B3LYP and B3PW91 levels. 

Some authors [23-25] recommend employing 
pure functional instead of the hybrid version to 
describe these type of reactions. The superiority 
of the BLYP over the more general B3LYP 
method is not clear and, in particular, the 
calculation of the reaction pathway, so we have 
chosen the B3LYP and B3PW9I functional. 
Optimization of geometries of the stationary 
points on the potential energy surfaces were 
performed using Beck's there-parameter hybrid 
exchange functional with the correlation 
functional of Lee Nang, Par (B3LYP) [26-27] 
and Beck's there-parameter hybrid exchange 
functional with the correlation functional of 
Perdew-Wang91 [28-30] with the 6-311g [31-32]. 
6-3118.  [33-34] . 6-311g" [33-34] . 6-311+0. 
6-311-ureg [33-34] and 	6-3114Fg" [3344] 
basis sets. The synchronous transit guided quasi 
Neon (STQN) method [35-36] was used to 
locate the TS. The intrinsic reaction coordinate 

(1R(') method of Fukui [37-38] deve opal by 
Gonzalez and Schlegel [39-40] was applied in 
order to check and obtain the profiles connecting 
De IS to the two associated minim of the 
proposed mechanism. The natural bo d orbital 
(N BO) analysis [41-42] was applied to etermme 
the charee changes occuning in th : studied 
process. All minimum arid transition state 
structures are verified by vibrational frequency 
analysis. 

The activation energies and Arrhenius factors 
were computed using eqnsu (I) and (2), 
respectively, which were derived tom the 
transition state theory [43-44] 

E, = &I d  + RT 

A = (ek 8T1h)exp(AS ) (T)1 R) 	 (2) 

RESULTS 	
!! 

Scheme (2) shows the optimized strictures of 
reactants. TB and intermediate with th selected 
geometrical parameters at the B3LTP/6-311g" 
shown in Table I. Throughout this paper, all 
inter nuclear distances are in angstroms and all 
angles are in degrees. 
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Reactant Product 
1.481 
1.349 
1 496 
1.337 
1.346 

197 
320 

.360 

.433 
249 
093 	CS-H19 

CIO-H19 

1.306 
I.3 
1 513 
1.204 
1248. 
1.507 

Reactant 1111111•1111011 Male 

CI-C6 
C5-C6 
C6-C7 
C7-C8 
CI-CH 
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Table I, Key geometrical parameters of the reactant. T and product at Mc B3LYR/6-31.16** level of 
theory  

Product 

Scheme 2. Optunized gcometnes cid reactant TS and Abduct for the studied reaction al the fi3LYPA-311G** dad. 

The bond leneths and angles of the transition 
state. TS, were calculated using the B31.11' and 
B3P,V91 level of the theory using 6-31Ig, 6-
31 !C, 6-31Ig**, 6-311+0, 6-3111-Ag, and 6-
3114-Vgn basis sets. The mechanism is initiated 
with the CS-H19 bond cleavage and Cl-C6 and 
CI 0-H19 bond formation. According to Table 1 
the transition structure has a breaking C8-II19 
bond distance of 1.248 angstrom and forming Cl - 
C6 bond distance of 2.197 angstrom and fanning 
C10-HI 9 bond distance of 1.507 angstrom. The 
Pauling relation [45] was used to determine the 
C8-H19 bond cleavage. Tbc charge difference  

related partial bond orders and the values of 0.77, 
0.30, and 0.50 were obtained for CS-HI 9. CI -C6, 
and C10-1119. respectively. The obtained partial 
bond orders indicate that 23% of CS-H19 bond is 
broken. whereas C1-C6 and C10-HI 9 have 30% 
and 50% reaching to the transition stale, 'FS. 

Table 2 shows the charge distribution in the 
reactant. TS and the charge difference between TS 
and reactant (Acharge) by meant of NRO 
analysis. The results at the TS indicate that a small 
negative charge developed on C6 which 
demonstrates CI-C6 bond formation is faster than 
shows that electron donor groups at Cl, C5. C7, 
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and C8 accelerate the reaction. However, at CIO 
position pposite result is observed. 

B3LY11/6-3116** results for the reaction path 
are shown in Fig I. This figure demonstrates the 
energy s a function of the reaction coordinate, 
and represents the minimum energy path, which 
connects the reactant to the intermediate through 
the sada e point. 

ois -€4 al 04 	oa 
szemommetimmszzlemo 

Fig.l. Schematic energy profile of the potential 
energy surface for the studied reaction at B3LYP/6-

311G" level of theory. 

The imaginary frequency for the transition 
structure was calculated to confirm the TS at 
B3LYP and 133PW91 levels of theory. Table 3 

and Table 4 present. AG' , AH',AS“ ,E„, 
and Arrhenius factor for the reaction. The Gibbs 
free energy barrier for the TS formation, is 43.752 
kcal mo1-1  and 40.087 kcal mol-]  at IGLY-146- 
31144FG" 	and 	83PW91/6-311I-FG",  

respectively. As can he seen in Table 3 the results 
are slightly dependent on the basis sets at B3LYP 
level of the theory, which means the discrepancy 
found in the ACiff, comes from the reactants [461. 
Using the most reliable energy barrier for this 
reaction calculated by the B3LYW6-3II4-G (d, 
p) method, it is possible to estimate a TST rate 
coefficient of 5.24 r 10 -I°  s at 298.15 K in gas 
phase. But as can be seen in Table 4. the results are 
nearly independent on the basis sets at B3PW91 
level of the theory. It seems 113PW91 level gives 
results that are more reliable than B3LYP results. 

CONCLUSION 
Cyclization of (R)undeea-7.8-dien-2-yne to 
(E)-6-ethylidenc-1-((Z)-prop-1-enyl)cyclohex-1-ene 
was studied by two levels of the Density 
Functional theory using different basis sets. It 
was verified that E of the reaction was 
dependent to basis sets slightly. The E, 
calculated for the reaction in gas phase by the 
13 3LYP/6-311-MFG" is 38.956 kcal moI51  
meaning formation is energetically feasible to 
occur. The calculated rate constants, does not 
show any considerable change in different 
basis sets. 

The extent of broken and conned bonds in 
transition state shows that asynchronous concerted 
mechanism has occurred for the undeca-7,8-dien-
2-yne Cyclization. The charge analysis shows that 
electron donor groups at Cl, C5,, C7, and C8 
accelerate the reaction. However, at CIC position 
opposite result is observed. 

Table 2. Distributed NBO charges on the reactant and TS al the 133LYPS6-3110" level of theory for first path 
(the numbering of atoms is like that in scheme 2) 	 i 

Rea tent 
TS 	• 

AC sm. 

Table 3. Theoretical kinetic and activation parameters for cyclizalion ENE reaction of undeca-7, clien-1-yne in 
kas phase al 298.15 K at B3LYP level 

6-3115mG** 6-311-+G 6-311-M, 6-311G" 03110* 6-3110 33t ,VP 
43 752 44.187 43.915 418Th 44.554 AG"(k calmikl"k ) 

38 304 38.9(8 38.935 38 6 i9 38.847 38 518 dH 	'Ikleal mei') 

-17 713 -l&711 -10.925 -17 676 -11.337 

38.936 19 495 39.518 39.1]] 39 439 E.,(k cal mor i  

9.277 9 356 9 575 10.840 9 364 9.001 lug A 

1119 cto Cs C7 C6 (75 0 
0 19864 -0 02075 -0.37914 -0.26452 007314 41.27352 -0.02555 
0 22801 -0.12567 -0.33713 -0.21520 0.00210 40.23890 41.01129 
-002937 0.10492 -004201 -0.04932 0.07156 -0.03462 41.01426 
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Table 4. Theoretical kinetic and activation parameters for %r cyclization ENE reaction of andeca-7,8-dien-2- 

40 087 

35.165 

-10.505 

35.757 

9.610 

6111+6 
40.135 

35.200 

I6.554 

35 792 

9.609 

6.3116* 
40.311 

34.895 

35.48S 

9.257 

6-3110 
40.299 

35.251 

-16.932 

35843 

9 527 

R3PW9I 

AG"(k cal mul -i ) 
All "(kcal mol -E ) 

AS"(cal mor ]K 
A,(k cal !nor) 
lug A 

yne in as phase at 298.15K at B3131,1/91 level 
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