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Abstract 

This thesis investigates in fleld of chemistry, long thought to be well resolved, with 

little leifi to discover, namely, the conformation of cyclohexane, the preeminent cycloalkane! 

The work carried out deals with the rational design, synthesis and characterisation of a 'boat' 

cyclohexane lacking the conventional 1, 4 restraint. Stabilisation of the 'boat' conformation 

has been achieved by 1,2-ds fusion of an appropriate ffive membered ring to skeleton. The 

acenaphthene skeleton has been found to be ideal for this purpose. 

The principal question being addressed is deceptively simple, ifcyc!ohexane can be 

made to adoj庁 a stable unrestrained 'boa!' coi加rmation, will i' 'ring戸'p、？ 

Ring Flip in 'Bont' Cyclohexane 

昏－撃 
'Open' 	'Closed" 

Groups Dispersed Groups Clustered 

Unfortunately however, though a ffinal resolution to this question is awaited, this 

thesis offers some new and unanticipated insights into the conformational behavior of 

cyclohexane ring system. These ffindings have been exploited by designing and synthesising 

a 'Clamshell' receptor for Ag+ ions. Among its novel features are the simple synthetic access 

and the modular design strategy・ 

We believe that our ffindings are broadly applicable in a wide range of settings. We 

also feel that this thesis demonstrates molecular modeling tools now commonly accessible to 

the synthetic chemist community, can be used productively to discover hitherto unrecognised 

behaviors and to aid the design of ever more interesting molecular targets with novel 

attributes. 

IV 



9
  

9
  1

0
  1

4
 
4

 4 
1
1 1

 	
1
1
1
1
 

一へ
一
 

	
00  

一
ー
 	

一111
 

Table of Contents 

Page No. 

Certifficate 

Acknowledgements 

Abstract 

Chapter 1- Introduction and Literature Survey 

1.1 Molecular Conformation 

1.2 Conformational Preferences of Simple Molecules 

1.2.1 Origin of Conformations 

1.3 Conformational Preferences of Simple Carbocycles 

i .3. 1 Conformational Preferen ces of Cyclohexa(e)ne 

1.3.1.1 Why 'Boat' is Less Stable 

1.4 Changing the Conformational Preferences of the Cyclohexa(e)ne 
Ring 

1.4.1 Intra-ring Restraints 

1.4.1.1 Covalent Intra-ring Restraints 

i .4. 1 .2 Non-covalent Intra-ring Restraints 

1.4.2 Substituted Cyclohexanes 

1.4.2.1 Alkylated Cyclohexanes 

1.4.2.1.1 GemmnaI Disubstituted Cyclohexanes 

1.4.2.1.2 Ier-Butyl as Substituent on Cyclohexane 

1.4.2.1.3 Other Bulky Groups as Substituent 

IV 

2 

3 

3 

4 

8 



n
ソ
 

	

ーn

一
 

 
11 1 	

2
 

（
つ
 

 
d
.  
R

一
 

 
11  

2
 つ

ー
 
 

つ
一
  （

つ
 

1 .4.2.2 Polyalkylcyclohexane 

1.4.2.3 Peralkylated and Cycloalkylated Cyclohexanes 

1.4.3 Simple Cyclohexane Derivatives 

1.4.4 Fused Ring Systcms 

1.4.5 Dynamic Behavior 

1.5 ReferenCeS 

Chapter 2- Design and Synthesis of Target: 'Boat' Cyclohexane 

2.1 Introduction 

2.2 Computational Investigations and Design of 'Boat' Cyclohexane 

2.2.1 Design and Computational Studies 

2.3 Synthetic and Crystallographic Studies 

2.3.1 Attempted Synthesis of2 and Synthesis of 9 

2.3.2 Modiffied Scheme for Synthesis of 'Boat' Cyclohexane 

2.3.2.1 Studies of Several Intermediate Cyclohexenes 

2.3.2.2 Studies Related to Various 'Boat' Cyclohexanes 

2.4 Conclusions 

2.5 References 

Chapter 3- 'Boat' Ring Flips and Silver(i) Complexation 

3.1 Introduction 

3.2 Model System and its Derivatives 

3.2.1 Synthesis and Characterisation 

ワI  
C

ソ
 

 
0

ノ
 

ワ

1
  

ヴ1
  

つ
一
 

「
コ
 

つ
ー
 
 

く

J  

ノ0  

（
つ
 
 

っ
コ
 
 

『
コ
 
 

月
什
  

A

「
  に

J  

くJ  

ノ0  

一b  

一b  
0
0
  
0
0
 

00  

一

6
 
r

D
  

一

6
 



つ
ム
 
 

ー

ヘ
ー

ー
ノ
 

 

ー
ノ
 

くJ 	
C

6  

ア1 	

ア1
 

n6
 	

O
n  

ア1
 	

7
1 

nU
 	

へつ
 

 
0

八
 

	
00

 
83  

89  
90  

9
1
 

4
  
6
  
6
  
6
  
7

1
 0

0
  
0

ノ
 

 
n

り
 

 
n

ソ
 

n

ソ
 

 
n

り
 

n

ア
 

 
C

ソ
 

 
0
  

1
 
 

つ
一

八U  
O

 

■

1

血
 

	
1
1
1
 

3.2.2 Ring Flip in 'Boat' like Cydohexene 

3.2.3 Computational Work 

3.3 Literature Survey of Silver Arene Complexation 

3.4 Silver Complexation Attempts in 22 and its Derivatives 

35 Dimerjsed Form of Model System, 32 and 33 

3.5.1 Design 

3.5.2 Synthesis and Characterisation of32, 33 

3.6 Silver Binding and Ring Flip in 'Boat' like Cyclohexane in 32 

3.6.1 NMR Studies 

3.6.2 Uy Studies 

3.7 Conclusions 

3.8 References 

Chapter 4- Analysis of Crystal Structures 
Stability of 'Boat' Conformations 

4.1 Introduction 

4.2 Present Work 

4.2. 1 1 ,2-Dihydroxy-1 ,2-dimethylacenaphthene 

4.2. 1. 1 ds-i ,2-Dihydroxy-1 ,2-dimethylacenaphthene 

4.2. 1.2 trans-i ,2-Dihyd roxy-1,2-dimethylacenaphthene 

4.3 The Influence of Crystal Packing on 'Boat' Conformation 

4.3.1 Crystal Packing of 11 

4.3.2 Crystal Packing of 12 

4.3.3 Crystal Structure and Pacぬng of 16 



くJ 	

ノ0
 

0
 0

 
1 ■■1

 	
1

■1
 

0

ノ
 

	
n

U
  

一0

一
 

	
1
1 1

 
11 1

 	
IIL

  

つ
ム
 

	

く
」
 

1
1 1

 	
1

■1
  

噌11
 	

1
1 1

 

n

ソ
 	

ハ
ソ
 

1
■1

 	
1

昌1
  

1
-1

 	
1
1

且
 

 

一H

〕
 

	

つ
一
 

 
2
  

2
  

一1
 
	

一11
 

d

什
 

月

け
 

つ
」
 

	

つ
一
 

 
1

■1
 	

一11
1
 

ォ什
 

	
d

■  
2

 2
 

■

1
1
 	

1
1
1
  

くJ 	
ll

一
 

2
 つ

一
 

 
1
1
1
 	

1
1
1
  

4.3.4 Crystal Structure and Packing of 17 

4.3.5 Crystal Structure and Pac駈ng of 18 

4.4 Appraisal of Packing Motif and Consequences 

4.5 Appraisal of Solution Conformation of Cyclohexane 

4.6 Molecular Logic of Stable 'Boat' Conformation 

4.7 Conclusions 

4.8 References 

Chapter 5- Avenues for Further Studies 

5.1 Introduction 

5.2 Modular Design of 'Clamshell' Receptors 

5.3 Testing the Limits of the 'Boat' Conformation Hypothesis 

5.4 External Control of Closed Conformation of 'Clamshell' Receptor 

5.5 Reference 

Chapter 6- Computational and Experimental Protocols 

6.1 Introduction 

6.2 Computational Protocols 

6.2.1 Structure Drawing and Geometry Optimisation 

6.2.2 Deffining Torsional Angles to Vary 

6.2.3 Conformational Search 

6.2.4 NormaI Mode Analysis 

6.3 Computational Data 



6.3.1 Bis-propylcyclohexane (1) 

6.3.2 Parent Boat (2) 

6.3.3 cis-Hydrindane (3), cis-Hydrindene (4) and Hexahydro- 
i sobenzofuran-1,3-dione (5) 

6.3.4 Acenaphthene cyclohexane (6) 

6.3.5 Diphenyl maleic anhydride boat (36) 

6.4 Experimental Instrumentation 

6.4.1 Melting Point 

6.4.2 Elemental Analysis (Carbon, Hydrogen and Nitrogen) 

6.4.3 Mass Measurement 

6.4.4 Infrared Spectra 

6.4.5 Nuclear Magnetic Resonance Spectroscopy 

6・4・6 Single Crystal X-ray Diffraction Studies 

6.5 Synthetic Protocols and Characterisation Data 

6.5.1 Synthesis of i i and 12 

6.5.1.1 Synthesis of 10 

6.5.1.2 Synthesis of 11, 12 

6・5・2 Synthesis of 16, 17 and 18 

6.5.2.1 Synthesis of 13, 14 and 15 

6.5.2.2 Synthesis of 16, 17 and 18 

6.5.3 Synthesis ofAcid-amides 19 and 20 

6.5.4 Synthesis of 2 

6.5.4.1 Attempted Synthesis of 7, Synthesis of Spiro Compound, 9 

6
 	

ノ（

)
 

つ
一
 

 
2
  

1
1
1
 	

1
1
1
1
 

「1
 	

0

ハ
 

 

2
 2 

『
■
■

1
 	

一111
 

0
0
 	

0
0
 

つ
ム
 

 
2
 

一111
 	

1
1
1
 

00
 	

0
0
 

2
  

2
  

一111
 	

1
1
1
  

OO
 	

C

ソ
 

 
2
  

つ
」
 

唾11
 	

一11
1
 

n

ソ
 

 
n 

つ
ー
 

	

う
つ
 

 
1
1
1
 	

一11
  

nU 	

一

0
 

「
つ
 

	

「
つ
 

1
1 1

 	
1
11

 

11 1
  

ヘ
コ
 

「j
 	

へj
 

一
ー
 

 

『ー ー
 

う
コ
  

ー

へ
ー
 

う
コ
 

	

「
つ
 

1
1 1

 	
1
11

 

LU
 	

00  

へj 	

へ
つ
 

 
1

■1
 	

1
■1

 



111 	

「
コ
 

4. 	
d.  

1
1
1
 	

1
1
L
  

一『
一
 

	

く
」
 

d.  
4

 
1
1
1
 	

噛IL
 

『1
 	

00
 

4
  
4
 

1
11

 	
1
1
 

つ
ー
 

く

」
 

くJ 	

一IJ 
111 	

1
1 1

 

0
0
  
C

リ
 

くJ 	
ll

一
 

 
Ilt 	

一

11
 

n
り
 

	
nU

  
〔
つ
 

	
d

什
 

1
1
1
 	

1
1
1
  

6.5.4.2 Synthesis of 2 

6.5.5 Synthesis of Model Compound 21 and its Derivatives 22, 23, 24 
&28 

6.5.5.1 Synthesis ofModel Compound 22, 23 and 29 

6.5.5. 1 . 1 Synthesis of 1,4-Dihydro-2,3-benzoxathi in-3- 
oxide, 21 

6.5.5. 1 .2 Synthesis of S,6-Dinitroacenaphthylene 

6.5.5.1.3 Synthesis of 22, 23 and 29 

6.5.5.2 Synthesis of24, 25, 26 and 27 

6.5.5.2.1 Synthesis of 5-Nitroacenaphthylene 

6.5.5.2.2 Synthesis of 24,25 

6.5.5.2.3 Synthesis of 5-Dimethylaminoacenaphthylene 
and 5,6-Bis(dimethylamino)acenaphthylene 

6.5.6 Synthesis of Dimerised Form of Model Compound, 32 and 33 

6.6 References 

Appendix 

Brief Bio-data of the Author 

一

0
 	

nU
 

4

「
 

	
d

什
 

111 	
111  


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12

