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   Introduction

The general goal of the following paper, Jiao, H.; Ragu  Schleyer, P.; Beno, B.; Houk,

K. N.; Warmuth, R. Angew. Chem. Int. Ed. Eng. 1996 ,  36, 2761, was the elucidation of

the structure of the highly reactive intermediate, o-benzyne.  The structures, 1a , 1b and

1c, below, were considered:  

In this study, density functional theory (DFT) using the Becke3LYP and BLYP

functionals, and several basis sets with the Gaussian 94 program, were used to optimize

the C-C bond lengths of benzyne.  The results of the Becke3LYP studies were closest to

experimental determinations, and therefore this method was used for further investigation

into its structure. The optimized bond lengths for o-benzyne can be seen in Table 1.  The

structures of 8 related compounds were optimized (Fig. 1.) for comparison of bond lengths

and Wiberg bond indices (WBI) to that of benzyne.  Analysis of the WBI suggested that

the structure of benzyne is most like that of structure 1a .  The experimental and computed

NMR shifts were compared, with good correlation (with the exception of C1 and C2.)

(Table 2.)

To determine whether the in-plane π-bond affects the aromaticity of o-benzyne,

calculations of the criteria of aromaticity, such as Aromatic Stabilization Energy (ASE),

magnetic susceptibility (χ), magnetic susceptibility exaltation (Λ) and nucleus-independent

chemical shifts (NICS) (a simple and efficient means of assessing aromaticity), were

carried out. The ASE was calculated using homodesmotic reactions (e.g. equations  1 and

2). The  ASE, χ, Λ and  NICS are listed in Tables 4 and 5.

Equation 1       7- butadiene=1

Equation 2       6+8=9+1



The authors concluded that o-benzyne is aromatic, although the in-plane π-bond does

induce a small degree of localization, and that o-benzynes large angle strain is responsible

for its high reactivity (by comparison of the energies of 7  and 7’ , Fig. 1.)

    The       computational       data       section



    Fig1.         Bond        lengths        and        corresponding          Wiberg         bond        indices        (in         Parentheses)        for         1-9
    optimized       at       the        Becke3LYP/6-31G*       level       (7       is        partially        optimized                with        bond       angles       fixed
   as       in        1)







    Questions

1. Which experimental studies provide information about the structure of o-benzyne? (ICR)

2. What are Wiberg Bond Indices? (SCL)

3. Explain the purpose of calculating bond lengths and Wiberg bond indices for

compounds other than benzyne, and list the most important of these in the structural

determination of benzyne. (SCL)

4. Using Becke3LYP/6 calculations the paper concludes that 1a  is the best structure.  Do

the tabulated bond lengths support this? Discuss. (RQD)

5. Do the conclusions drawn support experimental data, particularly in terms of the

reactivity of benzyne? (EVL)



    Group        Dynamics

Emma’s thoughts:  I have found working in a group very helpful for several reasons.

Sharing ideas with others aids in thier understanding substantially, both the act of

communicating the idea and listening to someone elses thoughts on the same thing.

Sharing the workload with someone else is also a benefit.  I have enjoyed getting to know

Hongbin better, and working in the same lab has made the experience very convenient.

Hongbin's thoughts: In the process of doing Project #1  we had three group meetings and

group dynamics. Our first meeting was choosing the topic. We read   four interesting

papers from 10 important journals and finally we chosen the topic that we share interest.

This meeting was about one hour. After the selection of the paper we decided that both of

us read the paper carefully and then each of us raise four questions from different types.

We decided the five questions on our second  meeting. We not only gave out the questions

but also came out with the answers. It took us one hour. On Feb. 15 we had our third

meeting. We discussed the every part of the  write-ups  and finished writing and scanning

in three hours. As Emma said it is very  helpful to work in a group. I love this game.


