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Abstract : The calculation by the semi-empirical molecular orbital method concerning the 
effect of zinc halides on the hinh stezeosclectivit~ of a new Mannich type cyclization in our 
tilivallii synthesis has reveal2 that (1) zinc chloride coordinates with he I$0 atom during 
the reaction and (2) the steric hindrance on the a side and the extension of LUMO to the B 
side in the inte&&ate 7 govern the high stemselectivity. 

Tilivalline (la), a metabolite isolated f%xn Klebsiella pneumoniae var. oxytoca ! belongs to a 

group of pyrrolo[2,1-c][l,4]benzodiaxepines, a characteristic skeleton of anthramycin-type antibiotics. 

We have already accomplished stereoselective syntheses of la,2 its analogs lb-le.3 and ll- 

substituted pyrrolo[2,1-c][l,4]benzodiazepin-5-ones (2)4 utilizing a novel intramolecular Mannich 

type cyclixation as a key step. Furthermore, we have already found that this Mannich type 

cyclization is also efficiently applicable to construct 2-indolyl-1,4-benxodiaxepin-S-ones 3.4 We have 

been interested in the reason for the high stereoselective synthesis of la and its derivatives. In our 

tilivalline synthesis, we considered and explained that the attack of indole occurred only from the less 

hindered face of the intermediate imine 4, in which zinc chloride coordinated to both the NlO atom 

and the silylated phenol-oxygen,2 as depicted in Scheme 1. 

In order to prove this hypothesis by the computer chemistry, we calculated the state of the 

intermediate 4 using the semi-empirical molecular orbital method. AM1 3 and PM3 6 of MOPAC 

Ver. 6.0 were employed for the calculation. Since the attempted direct optimization of the 

intermediate imine 4 failed for the divergence of the self-consistent field calculation.7 the stepwise 

optimization was carried out. After the optimization of the structure 5 ( R = H. Me, Et, i-Pr, and t- 

Bu ) and then the 0-silylated 5 (R = H, H3Si, MeH2Si. Me2HSi, and Me3Si 1 the structures of the 
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Table 1. AI-If @A/mol] of the Intermediates 5 and 6 
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Table 2. Distance [A] between Zn and N; and Zn and 0 of 6 

~~ 

H H3Si MeH2Si Me2HSi Me3Si 

Zn-N AM1 2.334 2.305 2.300 2.297 2.381 . _____________________________________________________________._--------------.--------------- 
PM3 2.148 2.136 2.138 2.133 2.381 

a-0 AM1 3.963 3.678 3.741 3.728 4.011 . _____________________________________________._______________._______________._______.------- 
PM3 3.776 3.732 3.802 3.796 3.817 

Table 3. Bond Orders between Zn and N, and Zn and 0 of 6 ( R = Me3Si ) 

Zn---N Ztl---0 

AM1 0.2311 0.0011 

PM3 0.5675 0.0019 

imine-zinc chloride complex 6 were optimized to calculate AHfvalue, shown in Table 1. Both the 

distances and the bond orders of 6 were calculated between Zn and N10 bonds, then between 2% and 

0 bonds, as shown in Tables 2 and 3. Based on the calculation results using AMl, the optimized 

structure of 4 was shown from both the a and p sides in Fig. 2. These optimized structures have 

revealed that the a side of the molecule is sterically more hindered than the p side owing to the 

presence of the pyrrolidine ring, as expected. 2,3 Interestingly, zinc chloride coordinates to the N10 

atom at the a side, which also regulates the attack of indole from the a side. The reason why zinc 

chloride would not bind at the p side is that the high repulsion between Hlla and a chloride atom of 

zinc chloride would not make the coordinate bond between the Nlo and Zn atoms. We have already 

observed3 that the replacemen{of indole with sodium cyanide in the Mtich type cyclization causes 

the low selectivity ( a : p = 40 60 ) of the reaction. This suggests that there is a small space allowing a 

less bulky nucleophile such as a cyanide ion to attack fYom the a side. 

We have already proposed233 that zinc chloride will coordinate to both the phenolic oxygen and 

anilinic nitrogen during the Mannich type cyclization, as shown in the structure 4. Surprisingly, 

however, the calculated data have revealed that zinc chloride coordinates only to the anilinic 

nitrogen, but not the phenolic oxygen atom. As shown in Tables 2 and 3, the distance and the bond 

order of Zn - N10 are 2.381 A and 0.2311, respectively, while those of Zn - 0 ate 4.011 A and 0.0011, 

respectively. Thus the structure of the intermediate complex will be depicted as 7 (Fig. 3 ), but not 4 ( 

Scheme 1 ). The steric hindrance between a chloride of zinc chloride and a methyl group in the 0 
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trimethylsilyl function will preclude the access of zinc chloride to the phenolic oxygen atom. 

Incidentally, AG value of 5 ( R = Me3Si )and 7 were calculated by the vibrational analysis, as 

summarized in Table 4. Since AG value of 7 ( -38.0 kcal/mol ) is much higher than that ( -121.4 

kcal/mol ) of 5 and zinc chloride, the coordination of zinc chloride to 5 will occur only by heating. 

View from the p side 

View ti the a side 

Fig.2 
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Table 4. A IIf and A G @mal/mol] of Z&l,, the Intermediate 5 and 7 

zncl, a 5 7 

AHf .AM1 _ _ - _ _ _ _ -99.2 -72.4 -130.5 _______-___________.~---_--------~----- 
PM3 -101.5 -170.5 

AG ._I -33.1 -38.0 _ _ _ _ _ _ _ -88.3 ___________________..__________________ 
PM3 -32.4 -36.9 

a) Ref. 8. 

We also investigated the frontier orbitals (HOMO -LUMO ) for the intermediate 5 ( R = Me3Si ), 

complex intermediate 7 and indole, as shown in Table 5. The complex intermediate 7 snikingly 

decreases both the HOMO and LUMO energies, compared with 5. As the gap between LUMO’ s 

energy of 7 and HOMO’s of indole decreases relatively, it will be easy for each orbital to interact : 

LUMO of 7 extends to the p side while LUMO of the cc side in 7 little extends because of the 

coordination of zinc chloride to NIo of 5. ‘lhus, zinc chloride has been revealed to be an effective 

catalyst in this new Mannich type cyclization which is consistent with the well-known nucleophlic 

addition of indole. 

Table 5. HOMO and LUMO [ev] of each Intermadiate 5,7 and Indole 

~~ 

Furthermore. the effect of the halogen atom of the zinc catalyst was investigated. As shown in 

Table 6 the order of the effective stability to 8 in zinc halides is BrK%F>I in AM1 and Cl>F>BeI in 

PM3. The discrepancy may be derived from used parameters in MOPAC Ver. 6.0. However, the data 

in Table 6 have revealed that zinc iodide is not suitable as a catalyst and the coordination occurs only 

between Zn and the Nlo atom, but not the oxygen. 

Table 6. AI-If @rcal/mol] and Distance [A] of Zn - N and Zn - 0 in Complexes 8 

F Cl Br I I I 

, I I 1 I 

ZU-N 
AM1 2.365 2.381 2.496 2.475 -------__------_ _----______--___ ________________ ________________ ________________ 

PM3 3.776 3.817 3.695 3.712 
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In conclusion, the semi-empirical molecular orbital method has revealed that (1) zinc chloride is the 

effective catalyst in the new Mannich type cyclization, (2) the coordinate bond proposed previously 

2,3 lays only between Zn and the Nlo atom, (3) the coordination of zinc chloride will occur only by 

heating, and (4) the high stereoselectivity is due to the steric hindrance on the a side and the 

extension of LUMO in the intermediate 7. 

EXPERIMENTAL SECTION 

Input coordinates were built with the Chem3D Plus Ver. 2.0.1 and Ver. 3.1 from CSC on a 

Macintosh SE and LC520 personal computers. All calculations with MOPAC Ver. 6.0 were carried 

out on a HP Apollo DNlOOOO and a HP 9000/750 workstations. 
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