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. ABS'l'BACT 

Part I : Functiona1ization of Po1yisobutylene 

Polyisobutylene(PIB), a large-Bcale commercial polymer, is of 

potential interest as the component of block copolymers with unique 

physical properties. Locbmann and Schlosser used Buper bases, a 

combination of n-BuLi and KOtBu, to abstract al1y1ic hydrogens from simple 

olefins to give anions. Ve applied this super-base chemistry to PIB to 

introduce new functional groups,such as carboxylic acid,esters,and amino 

groups, into the polymer. The functionalization of PIB via PIB-Li, formed 

by reaction with the base, led to complications because the PIB-Li was too 

reactive and basic. PIB carboxylic acid was obtained by the reaction of 

PIB heterocuprate with carbon dioxide without any complications. 

Part II : Synthesis and Crystal structure of Heterocyclic 
Quinoimines 

Various heterocyclic quinones which have oxazole rings as their 

component were synthesized. The transformation to the quinoimines was 

achieved by the reaction of quinones and triphenylarsinimines which were 

prepared by the reaction of triphenylarsine oxide and isocyanates. X-Ray 

analyses of quinoimines showed that the molecules were not planar. The 

arylimino groups were out of the plane of the molecule. Each quinoimine 

had an unique crystal structure. 



PART I 

Introduction 

FUNCTIONALIZATION OF POLYISOBUTYLENE 

CHAPTER 1 

INTRODUCTION 

16 

Today's highly sophisticated car engines, which are smaller in size 

but more powerful than those of 10 years ago, require high quality 

engine oils to perform at 100% of their potential. The quality of the 

engine oils is crucial especially for those engines which are equipped 

with turbo chargers and/or super charge~s. 

There are three main important roles which engine oils play: 

1. Lubricating the moving parts. 

2. Cleaning off the deposits from the metal surface. 

3. Cooling the engines. 

The quality of the engine oils can be measured by the abilities of those 

three roles. 

Since the main component of the engine oils is highly saturated 

hydrocarbons, the easiest way of improving their quality is to put 

additives into the engine oils.Polyisobutylene is the one of these 

additives which are commercially used to control the viscosity of the 

engine oils over a wide range of temperature. 

To increase the cleaning ability of the engine oils, however, is 

more trouble-some. The main component of the deposits are small metal 

particles which are produced by the friction between moving metal parts, 

such as piston rings and a cylinder block. Suitable additives to 
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disperse these particles might be compounds which are able to interact 

with them. Although polyimines, such as polyethylene imines, might be 

the best choice for this purpose, these polyimines are not miscible with 

engine oils due to the large difference in their polarities. 

A common method to overcome the immiscibility of polymers is to 

make block copolymers. It is very difficult to work on the saturated 

hydrocarbons to make block copolymers with polyimines. It would be much 

easier to work on compounds which have relatively reactive sites on 

their molecules. 

Polyisobutylene, PIB, mentioned previously, an engine oil additive 

commonly used, possesses such a functionality. PIB is synthesized by 

the cationic polymerization of isobutene. The termination of the 

polymerization occurs by chain transfer to the monomers. There are two 

possibilities for loss of H+. One is to form internal olefins. The 

other is to form terminal olefins. The ratio between internal olefin and 

terminal olefin in the polymer can be easily controlled by the reaction 

conditions. 

This double bond provides an opportunity for making PIB 

nucleophilically reactive. Recently we and others found that strong 

bases, such as nBuLi/TMEDA and nBuLi/metal alkoxide, were able to 

abstract protons at the allylic position to give allylic anions 1 • Those 

PIB anions could react with various electrophiles to introduce new 

functional groups which are suitable for the formation of block 

copolymers with polyimines. 



Approach 

It is known that superbases are needed to form anions from 

olefins1 • 2. We felt a broad study of good models for PIB was 

appropriate, and then we applied this know-how to PIB itself. 

18 

We have worked with 2,4,4-trimethyl-I-pentene(TMP-l) and 2,4,4-

trimethyl-2-pentene (TMP-2) as models for PIB. These have been studied 

before only by Kennedy3. The bulky t-butyl group may exert steric 

hindrance to reaction or solvation and lead to different results from 

those for simpler olefins. 

The study of the meta1lation of olefins divides into three parts: 

1. Formation of the anion. 

2. Anion stability and solubility. 

3. Functiona1ization. 

It will be appreciated that carrying out ionic acid-base reactions 

on hydrocarbons will be a very complex operation, involving important 

contributions from many factors. The following facets have been 

investigated : 

1. Superbase components 

2. Order of mixing and time of mixing 

3. Measurement of extent of anion formation 

4. Mono vs. dianion formation 

5. Stirring 
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BACKGROUND 

Great progress has been made in recent years on the acid-base 

chemistry of olefin hydrocarbon. Schlosser2 and Lochmann1 independently 

introduced n-butyllithium-potassium t-butoxide as a superbase. In 1984, 

Schlosser2 showed its ability to metallate a variety of olefins. R.B. 

Bates4 has used this pair to metallate a wide variety of o1efins and 

dienes. 

Allylic anions are formed in these reactions. In hydrocarbon 

solution, the reactions become heterogeneous. Separation of the two 

phases leaves the insoluble (ionic) potassium (or sodium) salt of the 

anion, and the soluble lithium t-butoxide in the hydrocarbon filtrate. 

Schlosser2 thought that the reaction was more complex than merely 

forming the allylic potassium derivative. However, initial BuK 

formation and metallation seems to be the current consensus. This 

mixture may simply be more stable than RK alone (Schlosser1.2) toward 

adventitious decomposition. 

An interesting aspect which received early attention, but then 

faded in interest, was the possibility of forming Y-dianions, said to be 

especially resonance-stabilized. Accordingly, the stoichiometric ratio 

of base to olefin may be a variable. 

Schlosser1 used Me3SiCl, (MeO)2BF and alkylating agents (cf 

Djerassi 3 ) as useful characterization reagents for metallated olefins 

This base BuLi/KOtBu is too powerful to work in solvating, 

activating solvents like ether or THF at ordinary temperatures. Ether 

undergoes E2 elimination of ethoxide, while n-butyllithium alone in THF 
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forms ethylene, n-butane, and acetaldehyde lithium enolate by 

cycloreversion6 • Seebach? vorked aucce •• fully at -70·C to -50·C to 

metallate olefins in THF. DjerassiS) recently metallated a vide variety 

of olefins at -78·C to -49·C in THF under homogeneoua conditions. 

N,N,N' ,N'-tetramethylethylene diamine vas a aolvating agent u.ed to 

enhance the reactivity of n-butyllithium, a competitor for potassium (or 

sodium) alkoxides. After we began our work, Kennedy3 used this for P~B 

and its models (at 28·). Although it gives homogeneous reactions in 

hydrocarbons, we vere able to get better results for PIB with the 

Schlosser-Lochmann base (at 60°). We have confirmed this result with 

model compounds. 

Note that the Schlosser-Lochmann base for small olefins has two 

drawbacks: (1) heterogeneous when used in hydrocarbon solvents, (2) 

two different metal ions present. As known from organic chemistry, the 

lithium ion is particularly troublesome in carboxylations because the 

lithium carboxylate reacts further to form ketones and alcohols. 

Organic chemists overcome this by pouring the reaction mixture onto 

excess dry ice and etherS, while polymer chemists (Fetters9) use 

unstirred conditions and excess CO2 gas. Nonetheless, the presence of 

lithium is a problem. It is also bad when using such bases as initiators 

for block copolymers10 because we may have multiple propagating centers, 

leading to broad HYD's. 

Finally, solubility would also be a factor in initiation. The 

insoluble initiators would also give broad HYD's. 
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Current research is aimed at improving these factors. As to single 

gegenions. Schleyer11 describes the preparation of soluble n-butylsodium 

complexed with THEDA. while Schlosser12 use. disodium pinacolate. As to 

soluble superbases. various studies using higher alkoxides (for 

hydrocarbon solubility) have been reported11 ,13. However none has 

received general approval as yet. 

The field is still developing very rapidly. as seen by numerous 

significant recent publications. 



CBAPTEll 2 

FORMATION OF HYDROCARBON ANIONS 

SECTION 1 

Ifodel Ileactlon 
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2,4,4-Trimethyl-l-pentene (TKP-l) and 2.4.4-trimethyl-2-pentene are 

a common choice for the studies of PIB anion since these are the dimers 

of isobutylene. We also employed these compounds, TMP-l and TKP-2, as 

model compounds to examine the reaction conditions which would be used 

for PIB. 

Assaying the Extent of Anion Formation 

We have to establish the rate and extent of anion formation for our 

olefins. The method of choice is to assay with an electrophile. We 

mainly used Me3SiCl as the electrophile. Methyl iodide and benzyl 

chloride gave good results also, although the latter gave some side 

reactions including t-butyl benzyl ether which is from the ever-present 

tBuOLi and l,2-diphenylethane which is from the transmetalation of 

benzyl chloride. These three derivatizing (non-functionalizing) 

reagents gave mutually consistent results (Table 1 and Table 2). 

Selection of Base 

Various bases were examined for the formation of THP-l and TKP-2 anions. 

n-Butyl- and s-butyl- lithiums, with and without THEDA and potassium t

butoxide as activators, were used under various conditions. Methyl 

iodide, benzyl chloride, or trimethyl chlorosilane were used to trap the 
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carbanions. The results of methylation and benzylation of THP-l anion 

are shown in Table 3. As expected. nBuLi alone did not give a desired 

product (Table 3-B). From an application point of view considering that 

PIB is very viscous at room temperature. the reactions vere carried out 

at temperatures as high as 60·C vhich is unusually high for reactions 

involving anions. At this temperature. Lochmann-Schlosser's base gave 

better results than other combination of bases.such as s-BuLi/KOtBu and 

n-BuLi/THEDA. The derivatization of THP-1 anion vas accomplished 

quantitatively by both methyl iodide and benzyl chloride. Unlike the 

combination of alkyl lithium/THEDA. the nBuLi/KOtBu system was 

heterogeneous in aliphatic hydrocarbon solvents. such as pentane. 

hexane, and heptane. 

Stoichiometry of the Reaction 

The results of the metallation of THP-l and THP-2 by nBuLi/KOtBu 

using various stoichiometric proportions are shown in Table 1 and Table 

2. With a stoichiometric ratio 1:2:4 (olefin:base:trapping agent). THP-

1 was quantitatively derivatized by the electrophiles. such as benzyl 

chloride and trimethyl chlorosilane. All results show that the monoanion 

forms quickly and cleanly. Reactions with methyl iodide. benzyl 
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Table 1 Assaying the Extent of THP-l anion Formation by 

nBuLi/EOtBu with Electrophilea 

A. Benzylation 

Stoichiometric Ratio Yield(%) (TMP-l:base:BzCl) 

1 1 1 70 

1 1 2 77 

1 2 4 100 

B. Silylation 

Stoichiometric Ratio Yield(%) (TMP-l:base:TMS-Cl) 

1 1 1 59 

1 1 2 70 

1 2 4 92 

1 2 4 421) 

1) No activation period of base 
was applied. 
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Table 2 Assaying the Extent of THP-2 anion Formation by 

nBuLi/KOtBu with Electrophilea 

A. Benzylation 

Stoichiometric Ratio Yield (i.) (TMP-2:base:BzCl) 

1 1 1 12 

1 1 2 19 

1 2 4 15 

B. Sllylation 

Stoichiometric Ratio Yield(%) (TMP-2:base:TMS-Cl) 

1 1 1 6 (8), 7 (26) 

1 1 2 6 (12) , 7 (40) 

1 2 4 6 (24), 7 (50) 



Table 3 Comparison of Various Bases for the Hetallation of 

THP-l 

A. 

B. 

Assayed by Benzyl Chloride 

Base Yield(7.)a) Stoichiometric Ratio 
(TMP-l:Base:BzCl) 

n-BuLi/KOtBu 90 1 1 1 

s-BuLi/KOtBu 0 1 1 1 

n-BuLi/TMEDA 37 3 1 1 

s-BuLi/TMEDA 0 3 1 1 

n-BuLi/TMEDS 15 1 1 1 

s-BuLi/TMEDA 0 1 1 1 

a) Yield was determined by the integration ratio 

of olefin peaks in NMR spectra. 

Assayed by Methyl Iodide 

Base Yield(7.)a) Stoichiometric Ratio 
(TMP-l:Base:MeI) 

n-BuLi 0 1 1 1 

n-BuLi/KOtBu 95 1 1 1 

n-BuLi/TMEDA 7 3 1 1 

a) Yield was determined by the integration ratio 

of olefin peaks in NMR spectrum. 
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chloride. and trimethylchlorosilane. proceeded to give high yields of 

the expected products. 

For TMP-1 increasing the base mixture-olefin ratio just makes the 

reaction go faster to give monoanion. No dianion (2°, 1°) is formed. 
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With the same stoichiometric ratio as for TKP-1, the 

derivatizations of THP-2 by the e1ectrophi1es vere not successful (Table 

4). The amount of the benzy1ated product obtained from TKP-2 vas not 

changed by the stoichiometry of the reaction, and only mono-derivatized 

product was obtained in low yield. In the trimethy1si1y1ation of.THP-2. 

mono- and di-derivatized products vere obtained. The product ratio 

between mono- and di-derivatives varied from 1:3 to 1:2. The increase of 

the amount of trimethyl chlorosi1ane affected only the total amount of 

the products. No changes on the product ratio vere observed. Employing 

100% excess of the base increased the mono derivative ratio in the 

products. 

Solvent and Temperature 

As mentioned previously, the model studies vere aimed at finding a 

ready application to PIB. The olefin content of PIB is approximately one 

double bond in every 24 repeating units. To create a similar 

environment, heptane was used to dilute the concentration of olefin. The 

reaction temperature was chosen as 60°C where the viscosity of PIB is 

low. 
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Table 4 Effect of Stoichiometric Ratio on the Product Ratio in 

Silylation of TMP-2 with nBuLi/KOtBu 

Stoichiometric Ratio Products (7.) (TMP-2:base:TMS-Cl) 

1 1 1 .£ (8), I (26) 

1 1 2 .£ (12), I (40) 

1 2 4 .£ (14), I (50) 
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Order of Addition 

Although the model reactions were carried out under the reaction 

conditions which can readily be applied to PIB. the reaction procedures 

were slightly different from each other. For the model reactions the 

base components first were mixed. activated for 3 h. and then the olefin 

was added. Meanwhile. PIB was placed in the solvent (if any) and the 

base components were added. This order was also tried for the model 

reaction(Tab1e 1-B.entry 4). This difference in order of addition has 

significance for the model compounds. Without the activation of the 

. base. the yield of the product decreased from 92% to 42%. 

Solubilities and Stabilities of Anions 

The procedure which requires the activation of the base prior to 

the addition of the model compounds leads to the insoluble model anions 

which do not redissolve even in THF. This observation differs from 

Djerassi's5 work where either order of addition in THF (at -70°C) gave 

homogeneous yellow-orange solutions. 

In contrast. PIB in heptane gives deep red solutions which indicate 

the presence of the anion. The rate of formation of PIB anion is 

dependent on the reaction system. In bulk. 17h were required to form the 

anion. However in solution. only 3h is needed for the formation of the 

anion. This behaviour must be connected to aggregation-deaggregation 

phenomena and to viscosity effects on rate. In addition. PIB anion in 

solution is less thermally stable at high temperature. Prolonging the 

reaction time for the formation of the anion to 4h leads to the 



decomposition of the anion. while it is stable for over l7h in bulk at 

same temperature. 
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Significant difference in the solubilities of model anions and PIB 

anion is that PIB anion is soluble in aliphatic hydrocarbon solvents 

because of the long alkyl chain in the molecule. The presence of the 

anion in solution was confirmed by successful functionalization of PIB 

after the filtration. 

Hode of Stirring 

Although the successful derivatizations of TMP-I were achieved in 

high yield, the derivatizations of TMP-2 were unsatisfactory (Table 5). 

Attempts to increase the yield of TMP-2 derivatives were made. The 

effect of ultrasonic agitation on the reaction was examined. The results 

are shown in Table 3. The effect of ultrasonic agitation on the 

benzy1ation of TMP-2 was not significant. Only a slight increase in the 

yield of the product was observed. However, the ratio of side products 

in the reaction was reversed (Table 5-A). In the si1y1ation of TMP-2, 

the product ratio was affected by the mode of stirring. When a 

stoichiometric ratio 1:1:1 (TMP-2:base:trimety1 ch1orosi1ane) was used, 

the ratio of mono- and di-si1y1ated products was reversed by the use of 

ultrasonic agitation, and the formation of TMP-I derivative was 

observed. However, the reaction with 100% excess base did not show any 

improvement in yield. These results indicate that the lower yield in the 

derivatization of TMP-2 is simply because of the low reactivity of TMP-2 



31 

anion toward electrophiles. If the benzylation and silylation of TMP-2 

are comparable, then the effect of stirring or agitation by other means 

should be the same for each reaction. 

Table 5 Effect of the Mode of Stirring on the Product Ratio 

in the Metallation of TMP-2 with nBuLi/KOtBu 

A. Benzylation 

Mode of Stirring Stoichiometric Ratio Products(%) (TMP-2:base:BzCl) 

Mechanical 1 1 1 ~(12), .2,(12) ,lQ(9) 

Ultrasonic 1 1 1 ~(20), .2,(9) ,lQ(20) Agitation 

B. Silylation 

Mode of Stirring Stoichiometric Ratio Products(%) (TMP-2:base:TMS-Cl) 

Mechanical 1 1 1 6(8), 7(26) 

1 1 2 6(12) , 7(40) 

1 2 4 6(14), 7(50) 

Ultrasonic 1 1 2 ~(25) ,2(6) ,1(26) Agitation 

1 2 8 &(8) ,2(58) ,1(4) 



Synthesis of PIB Anion 

SECTION 2 

Formation of PIB Anion 

The reaction conditions in which THP-l was quantitatively 

derivatized was suitable for the formation of PIB anion. As mentioned 

previously, the activation of base and the formation of the anion were 

carried out concurrently. The assaying of the anion formation was done 

by benzylation and silylation. The results are shown in Table 6. 
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A 100% conversion of the terminal olefin of PIB was obtained with 

stoichiometric ratio of 1:2:4 (PIB:base:electrophiles) at 60 0 e in bulk. 

Temperatures higher than 60 0 e for the formation of PIB anion led to 0% 

conversion of the terminal olefin to corresponding benzyl and silyl 

derivatives. However, once the PIB anion is formed, it survives even at 

90 0 e to give the desired products. At temperatures higher than 60 o e, the 

decomposition of nBuLi is taking place. 

The characterization of the products was done by means of NMR 

spectroscopy. The determination of the conversion of terminal olefins 

was accomplished by comparing the integrations of terminal olefins in 

the starting PIB and the products. The NMR spectrum of starting PIB is 

shown in Fig.l. The NMR spectra of benzylated PIB, and silylated PIB are 

shown in Fig.2. It was observed that the peaks of the terminal olefins 

show an up-field shift by silylation and a down-field shift by 

benzylation. No evidence of the reaction of internal olefins was found. 

The chemical shift of internal olefins shows no change after the 

reaction. 
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Table 6 Assaying the Extent of PIB Anion Formation by 

nBuLi/KOtBu with Electrophiles 

A. Benzylation 

Anion Formation Benzylation 
Temp. Time Solvent Temp. Time Solvent 

90°C 22h none 90°C 4h none 

90°C 17h none 90°C 3h heptane 

60°C 17h none 60°C 3h none 

B. Silylation 

Anion Formation Silylation 
Temp. Time Solvent Temp. Time Solvent 

60°C 1h none 60°C 3h none 

60°C 17h none 60°C 3h none 

90°C 17h none 90°C 3h none 

60°C 17h none 90°C 3h none 

1) Trimethyl chlorosilane was used. 
2) t-Butyldimethyl chlorosilane was used. 
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Conversion(%) 

0 

0 

100 

Conversion(%) 

trace1) 
1) 

100 

0 2) 

100 2) 
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Fig. 1 WKR Spectrum of PIB 
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Fig. 2 NKR Spectra of Benzylated PIB and Sllylated PIB 
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The derivatization of model anions and PIB anion by common 

electrophiles, such as trimethyl chlorosilane and benzyl chloride, 

confirmed the quantitative formation of anions, except for TMP-2, by 

Lochmann's base at temperatures as high as 60°C in bulk or in heptane 

solution. Since these electrophiles used did not introduce reactive 

functional groups onto the molecule, other electrophiles were needed to 

accomplish our objectives. 

Our prime objective was to make block copolymers from oligomeric 

PIB, which is non-polar polymer, and polar polymers, such as polyamines. 

Two approaches were taken for this purpose. The first approach was 

making PIB electrophilic by introducing carboxylic acid group or ester 

groups so that the block copolymers with polyamines can be synthesized 

by condensation. The second approach was to use PIB anion as 

nucleophiles in the reaction with imines 80 that PIB can be linked to 

polyamines with imine terminals. 



Introduction 

SECTION 1 

Carboxylation 
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It is well known in organic chemistry that organometallic compounds 

react with CO2 to give corresponding carboxylic acids after 

acidification14 • 

R-M + CO2 --.~ R-COOM (M-Na, K, or Li) 

The reactivity of organometallic compounds toward carbon dioxide is 

dependent on the counter ions. Organo sodium and organo potassium 

compounds give only carboxylic acids. Meanwhile organo lithium compounds 

can react further with the carboxylate formed to give ketones14 •1S 

or alcohols. 

Carboxylation of TMP-l and THP-2 

The results of the carboxylation of model compounds are shown in 

Table 7. 

The desired TMP-l carboxylic acid was obtained in high yield. As 

expected, the reaction of TMP-2 anion was slow. Various modes of the 

introduction of carbon dioxide were examined. Flowing carbon dioxide 

over the reaction mixture and bubbling carbon dioxide into the system 

gave unsatisfactory results especially for TMP-2. Since the reaction 

system was heterogeneous, the success of the reaction depended primarily 

on the concentration of carbon dioxide in the reaction medium. 
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Table 7 Carboxylation of TMP-l and THP-2 Anions with Carbon Dioxide 

Olefin Mode of Reaction Yield(%) 

TMP-1 CO2 (gas) .!Q (62) 

TMP-1 dry-ice/pentane .!Q (79) 

TMP-2 CO2 (gas) .!.!. (trace) 

TMP-2 dry-ice/pentane .!.!. (34), .!Q (6) 

TMP-2 dry-ice/ether .!.!. (13), .!Q (7) 

TMP-2 dry-ice/THF .!.!. (17), .!Q (7) 

Note: 100% excess of base (nBuLi/KOtBu) was used. 
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The best result for TMP-l was obtained by pouring the reaction mixture of 

anion into a mixture of dry-ice and pentane. The desired TMP-2 

carboxylic acid was obtained in 30% of yield al~ng ~ith a small amount 

of TMP-l carboxylic acid under the same r~action conditions. A 

combination of dry-ice and polar solvents, such as ether and THF, in 

which polar carbon dioxide can be dissolved more than in heptane, did 

not give any improvement of the yield of the products. Since the 

reaction of TMP-2 is slow and these polar solvents are hygroscopic, 

water absorption might occur during the carboxylation of the anion so 

that the yield of desired p~oduct was down. 

Carboxylation of PIB 

The results of the carboxylation of PIB anion with carbon dioxide 

are shown in Table 8. 

Under bulk reaction condition, in which a successful derivatization 

of PIB with various electrophiles was accomplished, the reaction of PIB 

anion with CO2 failed to give the PIB carboxylic acid. As soon as CO2 

was introduced to the reaction mixture, the viscosity increased so much 

at the early stage of the reaction that further stirring was not 

possible. It seems that the partially formed PIB carboxylate forms 

aggregates by ionic interaction, and prevents further penetration of CO2 

into the system. The introduction of a solvent along with the flowing 

CO2 gas over the reaction mixture did not give much improvement. 
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Table 8 Carboxylation of PIB Anion with Carbon Dioxide. 

Mode of 1) Anion Formation Carboxylation Conversion(%) Reaction Temp. Time Solvent Temp. Time Solvent 

I 60°C 20h none 60°C 22h heptane a 

I 60°C 26h heptane 60°C 2h heptane a 

I -65°C 21h THF -65°C 2h THF a 

I 60°C 3h none 60°C Ih none a 

I 60°C ISh none 60°C 24h none a 

I 60°C 20h none 60°C 22h heptane 0 

I 60°C 21h none 60°C 29h none a 

I 60°C ISh none -65°C 4h THF 0 

II 60°C 24h heptane 60°C 96h heptane 0 

III 60°C 23h heptane 60°C 24h heptane a 

III 60°C 20h heptane -65°C 26h THF a 

IV 60°C 24h heptane -7Soe - heptane 0 

IV 60°C 2h heptane -7Soe - heptane 5S 

IV 60°C 4h heptane -7Soe - heptane 100 

IV 60°C Ih heptane -7Soe - heptane 20 

1) I: e02(g) was flowed over the reaction mixture without stirring. 
II: e02(g) was flowed over the reaction mixture with stirring. 

III: CO2(g) was passed through the reaction mixture. 
IV: The reaction mixture was poured on to crushed dry-ice, and 

allowed to warm up to room temperature. 



The 100% conversion of the terminal olefin was obtained by pouring the 

reaction mixture onto a huge excess of dry-ice after the anion was 

formed at 60·C for 3 hours in heptane. 
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The analysis of the polar product isolated by titration indicated 

that only 15% of the product was desired carboxylic acid. The presumed 

PIB-C02H had the same NMR absorptions as TMP-1 acid. The detection of 

neutral ketone and tertiary alcohol, (PIB)2C-O, (PIB)3COH, by SEC was 

unsuccessful. Since the PIB used was oligomeric (Mn-1237), and had wide 

molecular weight distribution, even though the molecular weight of the 

product was doubled or tripled, these new peaks were under the PIB 

peak. The NMR and chromatographic methods were in good agreement with 

the yield. 

SECTION 2 

Esterification 

Esterification of Hodel Compound 

Esterification of anions was first carried out on 

TMP-l. Common esterificating reagents, such as dimethyl pyrocarbonate, 

di-t-butyl pyrocarbonate, dimethyl carbonate, and methyl chloroformate, 

were examined. 

The reactions of TMP-l anion with pyrocarbonates gave no desired 

TMP-l esters under various conditions. A small amount of TMP-l methyl 

ester was obtained by the reaction with dimethyl carbonate or methyl 

chloroformate along with a large amount of undistillable viscous 



Fig.3 GC-KS Spectra of the Products of the Esterification of IMP-I 
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material and a small amount of TMP-l t-buty1 ester. TMP-1 t-butyl ester 

was identified by means of NMR spectroscopy and GC-MS analysis. 

The KS spectra of the products are shown in Fig.3. The formation of t

butyl ester is due to the presence of potassium t-butoxide in the 

reaction medium as a component of the base. Since potassium t-butoxide 

reacts with dimethyl carbonate or methyl ch1oroformate to give mixed 

carbonates, TMP-1 t-butyl ester is formed by two reaction paths; 1) 

formation of mixed carbonate followed by nucleophilic substitution by 

anion, 2) formation of TMP-1 methyl ester followed by ester interchange 

with potassium t-butoxide (Scheme 1 ). 

The major complication in the esterification of TMP-1 anion is a 

base catalyzed condensation reaction of esters formed. The reaction 

medium is strongly basic due to the presence of potassium and/or lithium 

t-butoxide and potassium and/or lithium methoxide which is formed by the 

reaction of dimethyl carbonate with TMP-1 anion or the ester interchange 

reaction of TMP-l ester with potassium t-butoxide. Once TMP-l esters are 

formed, the a-hydrogens to the ester groups become very acidic so that 

even TMP-l anion could abstract these hydrogens to give stable anions 

which undergo condensation reaction with another molecule (Scheme 2 ). 



Scheme 1 Mechanism of the Formation of TMP-l Esters 
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Scheme 2 Formation of Stable TMP-l Ester Anion 

t. 
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SECTION 3 

Amination 

Introduction 

It is known that C-N bond of !mines is prone to a nucleophilic 

addition16 • The preparation of lmines is easily and quantitatively 

carried out by the reaction of primary amines and aldehydes. Since 

common polyamines possess primary amino groups at the terminal, it is 

easy to introduce imine groups to polyamines17 • Therefore it would be 

possible to make copolymers from PIB anion and polyamines, which have 

imino terminal groups, by the nucleophilic addition reaction. 

Synthesis of tmines. 

For the imine, we selected the ones derived from aldehydes and 

N,N-dimethyl-ethylene diamine. This selection simulates the 

polyethyleneimines obtained by the current standard process. The 

following imines were synthesized to examine the reaction with anions; 
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Reaction of N-benzylidene-N',N'-dimethyl-ethylene diamine with Bases 

Reaction with nBuLi alone. 

To establish model reactions, nBuLi was reacted w1.th the 

imine. The expected adduct was obtained in 95% yield without any 

complication. 

Reaction with nBuLitKOtBu 

The reactions of the imine with Lochmann's base were not 

straightforward. The adduct was obtained only in about 10% yield along 

with a large amount of undistillable viscous residue. The combination of 

nBuLi/ KOtBu prefers to act as a base rather than as a nucleophile and 

causes the anionic oligomerization of the imine. This undesired anionic 

oligomerization proceeds by the abstraction of hydrogens Q to the imine 

nitrogen to form stable aza allylic anions1B • 

Ie 
Nu-C-N-CH2-

a ;/ I 

\~e 
C=N-CH- Nu 

I ~ 
\ e 
C=N-CH-

/ * 
\ e 
C:::N:'·CH

I 

+ Nu-H 
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Reaction of N-benzylidene-N'.N'-dimethyl-ethylene diamine with THP-l 
anion 

Various reaction conditions were examined. At higher temperature 

(60 D C). the reaction gave only undistillable material which was due to 

the anionic oligomerization of the imine. At lower temperature (O·C). a 

small amount of the adduct was obtained along with the adduct of nBuLi 

and the imine, and undistillable material. Even when the excess nBuLi 

was destroyed by heating the reaction mixture for O.Sh at 90 DC, the 

yield of the desired adduct showed no improvement. A large amount of 

undistillable material was the major product of the reaction. However, 

as expected, no nBuLi adduct was found in the reaction products. As 

discussed previously, the abstraction of a-hydrogens to the imine 

nitrogen is the predominant reaction even at lower temperature as ODC. 

Recently, a reaction of trimethylsilyl trifluoromethane sulfonate 

for the activation of the imines was introduced19 • 

;C=~ TMS·Tf 

Tfe 
\ e,TMS Nu· I, 
,C=N\ ---Nu-C-N 

I \ 

The nucleophilic addition to the imines is forced to take place at the 

carbon center of the imines in the presence of trimethylsilyl 

trifluoromethane sulfonate. However, no effect was observed in the 

reaction of TMP-l anion and the imine. 
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Functionalization of PIB with Imines 

As discussed in the previous section, Lachmann's base is so strong 

for imines that it abstracts predominantly a-hydrogen to the imine 

nitrogen to give aza allylic anions which undergo undesired condensation 

reaction. 

Taking advantage of the solubility of PIB anion, the reaction 

medium would be less basic by removing potassium t-butoxide after PIB 

anion was formed so that the undesired anionic oligomerization of imines 

could be avoided. 

A two-chamber reaction flask separated by a coarse sintere~ glass 

filter (Appendix C) was designed for the separation of potassium t

butoxide from the reaction system under inert atmosphere. The results of 

the amination of PIB anion with N-benzylidene-N',N'-dimethyl-ethylene 

diamine are shown in Table 9. With insufficient amount of the imine, no 

desired product was obtained either with or without the removing of 

potassium t-butoxide. However, by destroying the excess nBuLi with THF 

at 60°C, the desired product was obtained in about 40% yield where the 

imine was added at DoC. To obtain high yield of the product, a large 

excess of base and imine was required. 



Table 9 Reaction of PIB Anion with N-benzylidene-N',N'-

dimethyl-ethylene diamine 

Stoichiometric Ratio Reaction Conversion 
(PIB:base:imine) Temp. Time to Adduct 

1 28 28 OoC 3h 81 

1 2 1.2 60°C 3h 01) 

1 2 1.2 60°C 3h 0 

1 2 1.2 O°C-RT 3h 01) 

1 14 14 60°C 3h 701) 

1 14 14 RT 3h 58 

1 2 1.2 60°C 3h 02) 

1 2 14 60°C 3h 441) 

1 2 1.2 O°C 3h 393) 

1) KOtBu was removed by filtration in prior to the 
addition of imine. 

2) KOtBu was removed by filtration in prior to the 
addition of imine. A solution of imine in lOmI 
THF was added at OOC. 

3) KOtBu was removed by filtration in prior to the 
addition of imine. Excess nBuLi was destroyed 
by 5ml of THF at 60°C for 5min. A solution 
of imine in heptane was added at O°C. 

so 

(%) 
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The complications of the functionalization of PIB-Li with various 

electrophiles were caused by the reactivity and the basicity of organo 

lithium compounds. To avoid these undesired side reactions, the 

reactivity and the basicity of PIB anion had to be changed. 

Organocopper reagents are well known as another class of 

organometallic compounds in organic chemistry. Organocopper reagents 

undergo addition reactions and substitution reactions with a wide 

variety of compounds20 • It is also known that organocopper reagents 

react with carbon dioxide without the formation of ketones and alcohols. 

The basicity of organocopper reagents are lower than that of 

organolithium compounds20 • 

A large number of organocopper reagents have been synthesized. 

Among these organocopper reagents, heterocuprates, which are generalized 

as R(Z)CuM (Z-OR' ,SR',CN,Cl,Br; M-Li,MgX), are useful when organic 

groups are valuable to loose. 



SECTION 1 

Synthesis of Organo Beterocuprate of PIB 

We synthesized a heterocuprate from PIB anion and copper(I) 

thiophenoxide to examine the feasibility for the functionalization of 

PIB. 

PIB-Li + ~SCu __ 18 (PIB) (~S)CuLi 
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The PIB anion was prepared as usual manner (3h, at 60·C, in heptane). 

The reaction mixture was cooled to -7S·C and copper(I) thiophenoxide was 

added. The mixture was stirred for 30 min. at -7S DC to give reddish 

suspension before the electrophiles were added. PIB heterocuprate was 

not isolated. The formation of the heterocuprate of PIB is not affected 

by the presence of potassium t-butoxide. 

SECTION 2 

Carboxylation 

A successful carboxylation of PIB was accomplished by the reaction 

of the heterocuprate with carbon dioxide. NMR spectrum of the product 

showed a down- field shift of the terminal olefin peaks. The integration 

ratio of the terminal olefins of unreacted PIB and the PIB carboxylic 

acid indicates SO% conversion to the desired acid. This conversion was 

confirmed by titration in ether with alcoholic KOH. 



SECTION 3 

Esterification 

S3 

As discussed previously, the complications of esterification of PIB 

anion are the presence of potassium t-butoxide in the system, which 

undergoes ester interchange reaction, and the basicity of the PIB anion. 

To overcome these problems, potassium t-butoxide was removed by 

filtration before PIB heterocouprate was prepared. Reaction with 

dimethylcarbonate did not give any products. Only starting PIB was 

recovered. The desired PIB methyl ester was obtained by the reaction of 

PIB heterocuprate with methyl chloroformate in 33% yield. The reaction 

underwent straightforward and no t-butyl ester was observed. 

SECTION 4 

Amination 

N-Benzy1idene-N' ,N'-dimethy1-ethy1enediamine was used for the 

reaction. With a stoichiometric ratio of 1:2:2 (PIB:base:imine) , the 

conversion calculated from the NMR spectrum of the product was 33%. Even 

with less hindered and more reactive imine, such as N-methy1idine-t

butylamine, gave only 36% yield of the product. Using less basic PIB 

heterocuprate did not improve the yield. 



CHAPTER 5 

CONCLUSION 
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The reactions of allylic anions were studied. Lochmann's base was 

the best choice for the preparation of anions at high temperature 

(60 0 e). 100% excess of base was required to get quantitative yield of 

anions. For the model compounds, the activation of the base was' 

essential for the yield of the products. The reactivity of TMP-2 anion 

toward electrophiles was dependent on the structure of the 

electrophiles. No evidence of the reaction of the internai olefin of the 

PIB was observed. The reaction of PIB-Li with carbon dioxide gave a 

large amount of neutral polar compounds. PIB carboxylic acid was 

obtained in high yield by the reaction of a PIB heterocuprate with 

carbon dioxide. 

The esterification and the amination of anions gave some complications 

due to the complexity of the reaction system. By removing t-butoxide 

from the system before the PIB heterocuprate was formed, the PIB methyl 

ester was obtained without any complications in fair yield. The 

amination of PIB with imines was still complex in the reaction with less 

basic organoheterocuprate. 
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Instrumentation 

IH NHR and 13C NHR spectra were recorded on a Bruker WH-2S0 Nuclear 

Magnetic Resonance spectrometer at 2S0HHz. Infrared spectra were 

recorded on a Perkin-Elmer 983 spectrometer. 

Sources of Chemicals 

2,4,4-Trimethyl-I-pentene, 2,4,4-trimethyl-2-pentene,nBuLi(2.SM in 

hexane), potassium t-butoxide,trimethyl chlorosilane, and benzyl 

chloride were obtained from Aldrich ,and used without further 

purification. The reactive polyisobutylene (Mw-1237) of which terminal 

content was 80% was obtained from EXXON company. The solvents were dried 

as usual manner and distilled. 

Characterization of THP-l and THP-2 Anions 

A typical procedure is described below. 

Synthesis of 4.4-Dfmethyl-2(2-phenylethyl)-1-pentene (3) 

i)Vith nBuLi/KOtBu 

To a flask containing 2.Sg (22mmol) of potassium t-butoxide in 2Sml 

pentane was added 8.9lml (22mmol) of 2.5M nBuLi hexane solution at room 

temperature under argon atmosphere. The mixture was stirred for 3h at 

60°C. To the stirred mixture was added 1.77ml (llmmol) of 2,4,4-
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trimethyl-l-pentene at 60°C. and the mixture vas stirred for additional 

3h at 60°C. To the reaction mixture vas added 5.2Oml (44mmol) of benzyl 

chloride at 60°C. The reaction mixture vas allowed to react for 3h at 

60°C. The reaction vas quenched with a large amount of water. The 

organic phase was extracted with pentane and washed with water. The 

solvent was removed under reduced pressure. Yield 83%. B.p. 57-59°C 

(O.lmmHg). lH 67.25ppm(m.5H). 64.82ppm(d.2H). 62.75ppm(t.2H). 

62.33ppm(t.2H). 61.96(s.2H). 60.92ppm(s.9H). 

ii)With nBuLifTHEDA 

To 13.5m1 (33 mmo1) of 2.5M nBuLi solution in hexane was added 25ml 

of ether and 5ml (33 mmo1) of N.N.N'.N'-tetramethy1ethylenediamine in a 

100ml round bottom flask at -78°C under argon atmosphere. The mixture 

was then stirred for 1h at room temperature. To the reaction mixture was 

added 16m1 of 2.4.4-trimethyl-1-pentene (100mmo1) at -78°C. After the 

reaction was carried out at -78°C for 30 minutes. the reaction mixture 

was brought up to room temperature and continued for additional 3h. The 

reaction mixture was cooled down to -78°C and 4.17g of benzyl chloride 

(33mmol) was added. The mixture was allowed to react for 3h at room 

temperature. The reaction was quenched with a saturated ammonium 

chloride and the organic phase was extracted with pentane. The pentane 

solution was washed twice with lN Hel solution and the solvent was 

removed under reduced pressure. Yield 50%. 



Synthesis of 4,4-Dimethyl-2-(2-phenyl-ethyl)-2-pentene (4) 

B.p. S9-60°C (O.lmmHg). IH 67.26ppm(m,SH), 6S.22ppm(a,lH), 

62.69ppm(t,2H), 62.46ppm(t,2H), 6l.74ppm(s,3H), 60.93ppm(s,9H) 

Synthesis of 4,4-Dimethyl-2-trimethylsilylmethyl-l
pentene (S) 
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Lower reaction temperature of 50°C was used due to the volatility 

of trimethyl chlorosilane. 

Yield 70%. B.p. 42-43°C(4mmHg). IH 64.63ppm(s,lH), 64.5lppm(s,lH), 

6l.8Sppm(s,2H), 6l.56ppm(s,2H), 60.92ppm(s,9H), 60.0lppm(s,9H) 

Synthesis of 4,4-Dimethyl-2-trimethylsilylmethyl-2-
pentene (6) 

IH 6S.03ppm(s,lH), 6l.68ppm(s,2H), 6l.63ppm(s,3H), 6l.07ppm(s,9H), 

60.0Sppm(s,9H) 

Synthesis of 4,4-Dimethyl-2-ethyl-l-pentene 

Yield 90%. B.p. 9S-97°C(4mmHg). IH 64.83ppm(s,lH), 64.68ppm(s,lH), 

62.06ppm(q,2H), 6l.96ppm(s,2H), 6l.02ppm(t,3H), 60.92ppm(s,9H). 

Synthesis of 4,4-Dimethyl-2-t-butyldimethylsilylmethyl-l-pentene 

Yield 85%. B.p. 79°C (4mmHg). IH 64.65ppm(s,lH), 64.53ppm(s,lH), 

61.85ppm(s,2H), 6l.S8ppm(s,2H), 60.93ppm(s,9H), 60.88ppm(s,9H), 6-

0.04ppm(s,6H) 



Functionalization of tHP-l and TMP-2 Anions 

Synthesis of 3-Hethylidene-5.5-dimethyl-hezanoic acid (8) 

Yield 79%. 18 68.95ppm(br.lH). 65.09ppm(s.lH). 64.94ppm(s.lH). 

63.l4ppm(s.2H). 62.06ppm(s.2H). 60.94ppm(s.9H) 

Synthesis of 3.5.5-Trimethyl-3-he:enoic acid (9) 

Yield 34%. lH 68.72ppm(br.lH). 65.43ppm(s.lH). 63.25ppm(s.2H). 

6l.77ppm(s.3H). 6l.1lppm(s,9H) 

Synthesis of Hethyl-3-methylidene-5.5-dimethyl
heltenoate (10) 

A large excess of methyl chloroformate was added to the reaction 

mixture of THP-l anion at -78°C. 

Yield 9%. B.p. 35°C (0.8mmHg). lH 6S.03ppm(s,lH). 64.90ppm(s.lH). 

63.69ppm(s,3H). 63.10ppm(s.2H). 62.02ppm(s.2H). 60.93ppm(s.9H) 

Synthesis of PIB anion 

Method I (in bulk) 

In a dry SOml flask l.30ml of 2.5M nBuLi solution in hexane was 

placed. The solvent was removed under a stream of argon to give white 
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powders. Two grams of PIB (Mn-l237. 78% terminal) and 0.36g of potassium 

t-butoxide were added. The reaction mixture was stirred by a mechanical 

stirrer for overnight at 60°C to give deep red viscous material. The 

PIB anion was reacted with various electrophiles for 4h at 60°C. The 

reaction was carried out under argon atmosphere. 



Method II (in solution) 

In a dry lOOml flask 2.0g of PIB and 60ml of heptane vere placed. 

To the solution 1.3Oml of 2.5M nBuLi solution in hexane and O.36g of 

potassium t-butoxide vere added. The reaction mixture vas stirred by a 

mechanical -stirrer for 3h at 60°C to give red solution vith dark brown 

precipitates. The reaction of PIB anion in solution with various 

electrophiles was carried out at 60 GC for 4h. 

Synthesis of Benzylated PIB 

PIB anion was prepared by method I. Four equivalents of 
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benzyl chloride was used. The reaction mixture was washed with water and 

dried with magnesium sulfate, and the sovent was removed UIlder reduced 

pressure. 

Conversion 100%. lH 64.89ppm, 64.73ppm 

Synthesis of Silylated PIB 

PIB anion was prepared by method I. Four equivalents of trimethyl 

chlorosilane was used. 

Conversion 100%. lH 64.63ppm, 64.5lppm. 

Synthesis of PIB Beterocuprate 

PIB anion was prepared by usual manner in a two-chamber flask. 

Potassium t-butoxide was removed by filtration under argon atmosphere at 

60 G C. The PIB anion solution in heptane was cooled down to -78°C with a 
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mixture of dry-ice and acetone. To the solution 2 equivalents of 

copper(I) thiophenoxide was added. The reaction mixture was stirred for 

30 min. at -7S DC to give a reddish suspension. PIB heterocuprate was 

reacted with various electrophiles without isolation. 

Synthesis of PIB Carboxylic acid 

To a flask containing PIB heterocuprate suspension in heptane 

carbon dioxide was introduced at -7S DC. The reaction was carried out 

under carbon dioxide atmosphere while the reaction mixture was stirred 

with a magnetic stirrer. The reaction mixture was kept at _7SDC for 4h, 

warmed up to room temperature, and stirred for overnight. The cupper(I) 

thiophenoxide was separated from the solution by a centrifuge. The 

solution was acidified, washed with water, and dried over magnesium 

sulfate. Then the solvent was removed under reduced pressure. The small 

molecules were extracted with acetone. 

Conversion SO% (by NMR spectrum). lH GS.09ppm(s,lH), G4.93ppm(s,lH), 

G3.l2ppm(s,2H). 

Synthesis of PIB Kethyl Ester 

The reaction sequence was the same as above. Two equivalents of 

methyl chloroformate was used. 

Conversion 33%. lH GS.04ppm(s,lH), G4.9lppm(s,lH), G3.6Sppm(s,3H), 

63.09ppm(s,lH). 
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Amination of PIS 

The reaction was carried out as usual manner. 

Reaction with N-benzylidene-N'.N'-dimethyl-ethylenediamine 

Two equivalents of N-benzy1idene-N'.N'-dimethy1-ethylenediamine was 

used. 

Conversion 33%. lH 67.35ppm(br). 64.95ppm. 64.80ppm. 

Reaction with N-methylidene-t-butylamine 

Two equivalents of N-methylidene-t-butylamine was used. 

Conversion 36%. lH 64.92ppm. 64.78ppm 



PART II 

NEW HETEROCYCLIC QUINONE IHINES 
SYNTHESES AND CRYSTAL STRUCTURES 

CHAPTER 1 

nr.rB.ODUCTION 
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Background 

Polymers have been used for passive applications. polymers were 

used as matrices. This was true until the conductivity of polyacetylene 

was found. Since then there has been great interest in the active 

application of polymers. such as conducting polymers. photo-resists. and 

NLO. 

Polyaniline is one class of conducting polymers. The area of 

chemical and/or electro-chemical oxidation of aniline has been very 

active in recent years. The polymer has been prepared by electro-

chemical oxidation of aniline as a black powder deposited on the 

electrode. Diaz et al. 22 prepared an even film which adheres strongly to 

the electrode surface by applying cycling potential between -O.2V and 

+O.SV in aqueous sulfuric acid solution. 

The structure of polyaniline has not been clearly analyzed due to 

the intractability of the polymer. Based on early studies of soluble 

oligomers. it is usually described as an alternating benzoido-quinoido 

structure which gives highly unsaturated system. 

It has also been tacitly assumed that the molecule is planar to provide 

extensive conjugation. But oxidation is notoriously non specific and 

there is no a priori reason to exclude ortho substitution. cyclization. 
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disubstitution, and so forth. Because polyaniline is being used as a 

functional polymer, small amounts of defects may have an enormous effect 

on properties. To confirm the structure of polyaniline, the polymer 

should be synthesized by methods which give vell-defined structures of 

the final products. 

It is easily recognizable that polyanilines can be prepared by the 

condensation reaction of quinones and aromatic diamines. A Japanese 

article was found for the successful synthesis of polyaniline by 

condensation reaction using polyphosphoric acid22 • However, we showed 

that their results were incorrect. Accordingly, Everaerts et al. 23 

synthesized a series of aromatic polyquinonimines from anthraquinone and 

aromatic diamines by the condensation polymerization. The choice of 

anthraquinone was made to prevent Michael addition of amines to 

qUinones24 • 

o 0 
AfH;~ • NHR 
~ 2-0 
~ 0 

These polymers were obtained as black intractable materials which did 

not conduct electricity significantly even after dopping. To understand 

this, a model compound from anthraquinone and aniline was prepared using 

A1C13 • This compound, which crystallized as yellow chunky crystals, was 

analyzed by X-ray without difficulty. The resulting structure explained 

why the polymer was nonconductive. It was far from planar, with the 

arylamine groups twisted far out of planarity. Even the anthracene ring 



was buckled23 • This unexpected structure may be rationalized by steric 

hindrance between the hydrogeus of arylamino group and those of the 

anthracene ring at 1,4,5,and 6 position. 
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Recent studies on the structures of benzylideneanilines, however, 

show that even simple benzylideneanilines are not planarS~-60. It is not 

clear why these imines tend to be non-planar. Meanwhile azobenzenes and 

stilbenes are known as planar molecules •. 



Proposed Research 

Our interest centered in the preparation of polyanilines by 

condensation reaction. As discussed by Everaerts. the polyquinontmines 

from anthraquinones and aromatic diamines were non-planar possibly due 

to the steric effect. We reduced the sterical crowdedness of the 

molecules by replacing the benzene rings of anthraquinone with a 

heterocylic ring which possesses no a-hydrogens. We synthesized 

heterocyclic quinones. The choice of oxazole rings was made by two 

reasons,l)absence of hydrogens which cause the sterical crowding and 

2)rigidity and planarity of the ring. However. polymers obtained from 

heterocyclic quinones and aromatic diamines still may not be planar as 

observed in benzylideneanilines. 
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It would be very difficult to analyze the structure of the polymer. 

In prior to preparing polyquinonimines from heterocyclic quinones, the 

structural determinations were carried out on the model heterocyclic 

quinonimines. 
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CHAPTER 2 

SYNTHESES OF HETEROCYCLIC QUINONES 

Introduction 

To prove our tvo hypotheses : 1) an anthraquinone diimine analog 

would be planar if there is no ortho hydrogens. 2) the molecule would be 

in the cis configuration if ortho hydrogens on the one side of the 

molecule are removed, we synthesized oxazolo naphthoquinones. 

Results and Discussion 

The precursors, 2-N-acylamino-3-hydroxy-1.4-naphthoquinones, were 

prepared by the procedures described in the literature25 ,26 (Scheme 3). 

The oxazole ring was constructed by the dehydration of p-hydroxy acyl 

amine. A common dehydrating agent used is acetic anhydride. By the use 

of acetic anhydride, 1 was obtained in high yield. However, under the 

same reaction condition, acetic anhydride did not give Z and ~ from 

corresponding 2-N-acylamino-3-hydroxy-1,4-naphthoquinones. Pivaloyl and 

isovaleryl groups underwent an amide interchange reaction with acetic 

anhydride to give 1. To minimize the formation of 1 in the preparation 

of Z with acetic anhydride, it was necessary to control the reaction 

conditions. The dehydration to 1 with acetic anhydride was unsuccessful. 

No ~ was obtained even under carefully controlled reaction condition. ~ 

was obtained in a fair yield by using a mixture of phosphorous pentoxide 

and triethylamine. 
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Scheme 3 Syntheses of Heterocyclic Quinones 

~D· a NfI.tOH ~D NH2lRCU&®T ~D NHCOR lUlJ. 95%EIOillUl)l OR H+lUl)l 
" a " a J.! Cl o 0 u 

1: R=CH3 
2: R=C(CH3h 
3: R= CH2CH(CH3)2 

o 6 Cl(JrCl 0 N 
I I -----... R~N I I O}-R 

Cl Cl 
o 0 

4: R=CH3 



Dioxazo10 benzoquinone. 4, vas also synthesized by the method 

described in Scheme 3. 

Characterization of Heterocyclic guinones 

1.1.1. and ~ vere characterized by NHR. IR. and elemental 

analysis. 

Physical Properties of Heterocyclic Quinones 

The substituent effect on the oxazo1e ring on the physical 

properties was significant as expected. 
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1 had very low solubility. It could be dissolved in hot 

DMF.DMAc.or DMSO. Z and 1 are more soluble than 1 so that they could be 

dissolved in common organic solvents. 

The melting point of 1 was much higher than those of Z and 1. 



Background 

CHAPTER 3 

SYNTHESES OF' HETEROCYCLIC QUINONIKINES 

SECTION 1 

Acid Catalyzed Imine Formation 
with 

Aromatic Amines 
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The imine formation between amines and ketones have been studied 

often and various catalysts have been reported. such as p-toluenesulfonic 

aCid27 .aluminum trichloride28 .titanium tetrachloride29 .and so forth. 

Results and Discussion 

We employed various methods to synthesize diimine derivatives of 

our heterocyclic quinones. Common catalysts failed to give desired 

products in satisfactory yield. and also the reactions were not clean. 

For instance. a huge excess of A1C13 .more than 10 times.was required 

and only a small amount of the products was extracted from the black 

deposit after the reaction was complete. Although the reaction of 

anthraquinone with N-phenyl hexamethylsilazane gave a fair yield (70%) 

of product. the reaction conditions were drastic. mainly heating up to 

170°C for 2 days. 
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SECTION 2 

Wittig Reaction of PhosphtnfmfDes 

Background 

As early as 1916, Staudinger and Heyer prepared the first member of 

phosphinimine by reacting tertiary phosphines with organic azides3o • 

Since then many methods for the preparation of phosphinimines have been 

reported30 ,31. The reaction of phosphinimines with various oxygen- or 

sulfur-containing reagents yields phosphine oxides and phosphine 

sulfides, respectively31. These reactions may be expressed by the 

following general equation: 

¢3P=NR + R2YZ - S253PZ + R2Y=NR 

(Y = C,N,S; Z= 0,5) 

Reaction partners which are suitable as R1R2YZ are aldehydes33 , 

ketones34 , ketenes 3S , carbon dioxide36 , isocyanates37 , N,N-carbonyl 

diimidazoles38 , and isothiocyanates36 . 

However, the reactivity of phosphinimines toward carbonyl compounds 

is low. Staudinger reported that it required a reaction temperature as 

high as lsoaC and a reaction time as long as 22h to prepare 

diphenylmethyliden aniline by the reaction of N-phenyl

triphenylphosphinimne and benzophenone32 . So far no reactions of 

phosphinimines with quinones have been reported. The only reaction 

reported which involves quinones was the formation of 2,3-

bis(triphenylphosphiniminyl)-l,4-naphthoquinone39 . 
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The mechanism of the reaction of phosphinfmines with carbonyl compounds 

is assumed to be sfmilar to that of Wittig reaction. 

f/J~p = NR 0 3P- NR 03P 
-II -/I + 

O=C' 
\ 

O-C- 0 
I 

Synthesis of Triphenylphosphfnimfnes 

NR 
+ I 

... C, 

N-Phenyl-triphenylphosphinimine was prepared by the reaction of 

phenylazide and triphenylphosphine in ether. N-Phenyl-

triphenylphosphinimine crystalized from the ether solution upon cooling. 

Reaction of Phosphfnimfne with Naphthoquinone 

The results are shown in table 1. The product was characterized by 

NMR, IR and elemental analysis. In the product no diimine formation was 

observed although excess of phosphinimine was used. The only product 

obtained was the monoimine derivative. After the first molecule of 

phosphinimine reacts with quinone to replace one of the carbonyl groups 

with arylimino group, the reactivity of the second carbonyl group is 

reduced by the extension of the conjugation. The absorption of carbonyl 

group of monofmine was found to be slightly shifted to lower wavenumber 

of l645cm-1 while those of naphthoquinone were observed at l658cm-1 • This 

change might be the indication of the presence of the extended 

conjugation. The reaction in bulk at higher 
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temperature than the melting point of phosphinimine did not give good 

result due to the sublimation of naphthoquinone. 

Table 10 Reaction of Triphenylphosphin1mine with Naphthoquinone 

Yield(%) 
Solvent Reaction Temp. (OC) Reaction Time(h) Monoimine Diimine 

THF 67 2 trace 0 

benzene 80 46.5 86 0 

toluene 111 24 16 0 

toluene 111 29 37 0 

toluene III 46.5 25 0 

acetonitrile 82 24 25 0 

- (bulk) 140 1 trace 0 

Reaction of Phosphinimine with 2-Isobutyl-naphtho[2.3-d]ozazole-4.9-
dione 

The reaction of phosphinimine with 1 was carried out in bulk at 

l40 DC. The product was characterized by ir and nmr measurements and 

elemental analysis. All results indicated that the desired diimine was 

obtained in 50% yield. 
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SECTION 3 

Wittig Reaction of Aratnfa1nea 

Background 

Other elements in the same group as phosphorous, such as 

sulfur,arsenic,antimony,and bismuth,form ylides which undergo Wittig 

reaction to form imines. Recently sulfur ylides and arsonium 

ylides,especially arsonium ylides40,are of great interest. Dipole moment 

measurements of arsonium ylides indicate that their ylide bonds have a 

higher degree of dipolar contribution than the ones of phosphorous and 

sulfur ylides (Table 11). 

The reaction of arsonium ylides with carbonyl compounds gives 

olefins and epoxides depending on the reactivity of arsonium ylides4o . 

The reaction proceeds through a four-membered ring transition state. The 

driving force of the Wittig reaction of phosphorous ylides is the strong 

bond energy between phosphorous and oxygen (156 kcal)41 which drives 

alkene formation. Meanwhile the bond energy of the formation of arsinic 

and oxygen (93 kcal)41 is less than that of phosphorous and oxygen so 

that it allows the alternative pathway to epoxides38 to compete. 

+ 

O=CR2 
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Table 11 Dipole Moments of Various Ylides 

Ylide Dipole Mornent(D) 

fZ)~~~fZ) 6.69 1 ) 

fl> ~ ~ 
~ (25 

fZ)3~~ 7.75 1 ) 

~ ~ 
~ 

~s~fZ) 8.32 1) 

~ ~ 

~3P=N~ 5.85 

~3As=N~ 0.90 

l)H.Lurnbroso,D.LLoyd,and G.S.Harris,C.R.Seances Acad.Sci., 
C278,219(1974) 



7S 

The structure of arsonium ylides also determines the structure of the 

products4o • Electron donating substituents on the arsinic and electron 

withdrawing groups on the ylide carbon increase the alkene ratio in the 

products. Electron withdrawing substituents on the arsinic and electron 

donating groups on the ylide carbon increase the epoxide ratio in the 

products. 

It is known that arsinimines react with carbonyl compounds to give 

the corresponding imines as observed for phosphinimines. A number of 

stable arsinimines have been synthesized by various methods. However, 

only a couple of the reactions of the arsinimine have been reported. 

Froyen40- 43 studied the reaction of N-phenyl-triphenylarsinimine with 

quinones. He found that arsinimine reacted with quinones to give 

corresponding imines in relatively high yield under mild conditions and 

in a short period of reaction time. 

We employed the arsinimine chemistry for preparing diimines from our 

quinones. 

Although it has been described that arsinimines could be prepared 

by the same methods as phosphinimines, not many studies on the 

preparation of arsinimines,especially N-phenyl-triphenylarsinimine,have 

been done. We examined several methods, which were employed for the 

preparation of phosphinimines, for the preparation of arsinimines. 
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Successful Synthesis of Qufnonimines 

Background 

A successful preparation of quinonimines was achieved by the 

reaction of N-Phenyl-triphenylarsinfmlne. which was prepared by the 

reaction of phnylisocyanate and triphenylarsine oxide. with quinones. 

The first study on the reaction of triphenylarsine oxide and 

phenylisocyanate was done by Honagle37 • Froyen41- 43 explored this 

reaction with various isocyanates and found that triphenylarsinimines 

were prepared in a few minutes in boiling benzene. 

~3As=O [~3AS-O ] ~As 0 
• I I • II II 

R-N=C=O R-N-C=O R-N C=O 

Froyen also investigated the reaction of arsinimines with quinones.such 

as benzoquinone and naphthoquinone to make corresponding mono- and di-

imines. 

0 N0 
II II 

0 0 3As = N fZ) 0 benzene.reflux 
II Ih II 

0 N0 

0 N0 

CO {l)3As =N0 00 benzene.reflux 
II 

0 Ih N0 
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Results and Discussion 

Since there is no by products but carbon dioxide in this reaction, 

we used exclusively this method to prepare di1mines of our heterocyclic 

Quinones. 

Di1mines obtained are shown in Table 12. The reaction of 

arsinimines with naphthoquinone was not so successful. The simple 

arsinimine, N-phenyl triphenylarsine1mine, did not give either mono- or 

di-imine derivstive. Only deep red tars, which were soluble in common 

polar organic solvents, were obtained. Dipole moments of 

triphenylphosphinimine and triphenylarsinimine were measured in dioxane. 

The results are shown in Table 10. Dipole moment measurement of N-phenyl 

triphenylarsinimine indicates the high degree of ionic contribution in 

the actual structure of arsinimine. 

Arsinimines are nucleophilic enough to undergo Michael reaction with 

naphthoquinone (Scheme 4). 

It was observed that in the reaction of arsonium ylides with carbonyl 

compounds the electron-withdrawing substituents on the ylidic carbon 

atom stabilized the ylides by reducing the negative charge on the 

carbons7 • The same argument will be applied for the arsinimine. Since 

the up valuess8 of halides increase from fluorine to iodine, the 

nucleophilicities of N-(p-substituted-phenyl) triphenylarsinimines 

decrease from N-(4-fluoro-phenyl) triphenylarsinimine to N-(4-iodo-



phenyl) triphenylarsinimine. As expected. the yield of ~ vas higher 

than that of ll. 

Table 12 Reaction of Triphenylarsintmine with Quinones 

Diimine Yield(%) 

5 65 

6 15 

7 5 

8 21 

9 50 

10 60 

11 54 

12 55 

13 6 

14 29 

15 36 
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Scheme 4 Mechanism of the Reaction of N-Phenyl-

triphenylarsinimine with Naphthoquinone 
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Unsuccessful Synthesis of Quinontalnes 

Salt Method (Chloramine Bethod) 

Background 

It is known that trisubstituted arsine. react with chloramine to 

give arsinimines44 • The first reported example of the preparation of a 

N-substituted arsinimine utilized the reaction of the sodium salt of 

chloramine T with triphenylarsine45 • This reaction,however,vas not 

straightforward. The reaction proceeds through the oxidation of the 

arsinimine to an arsine oxide by chloramine T, then the arsine oxide 

reacts with the tosylamide to provide the final product46 ,47. Other 

arsinimines have been prepared by the same method, but in the majority 

of cases were isolated as their water adducts48 • 

Rsults and discussion 

We investigated this method to prepare N-phenyl-

triphenylarsinimine. 

N-Phenylchloramine vas prepared by the reaction of t

butylhypochlorite vith aniline49 • 

e 
Cl 

CD 
NH2 NHCl HN As0~ 6 +tBuOCl_OJ fl"As. OJ 

The arsonium salt vas obtained as white crystals after recrystalization 

from acetone. The yield, however, of the arsonium salt was low. The 

conversion of the arsonium salt to the arsinimine was achieved by n-

BuLi. When n-BuLi solution was added to a mixture of arsonium salt and 

benzene, the salt dissolved completely to give a yellow solution which 
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was reported as the color of the arsin1mine in benzene4D- 43 • As soon as 

quinones were added to the solution, it turned to green. No products 

were obtained. 

Diacetoxytripbenylarsorane Method 

Backgrund 

Cadogan prepared tripbenyl-N-p-tolylsulfonylarsin1mine by the 

reaction of lead tetraacetate(LTA) with triphenylarsine oxide in the 

presence of toluene-p-sulfonamideSD • The reaction proceeds through a 

diacetoxytriphenylarsorane intermediate which is formed by the reaction 

of triphenylarsine with LTA and then reacts with amides. 

Pb(OAc)4 
XNH2 X· XN: 

'~As ~3As=NX 

Pb(OAc) fXNH2 

~As t ~aAs(OAc)2 
Results and Discussion 

We investigated the reaction of diacetoxytriphenylarsorane with 

aniline. The reaction was unsuccessful. The reaction did not take place 

even in refluxing toluene for 48h. Even an arsonium acetate which is the 

reaction product of the arsinimine with acetic acid formed was not 

obtained. The reaction of naphthoquinone with aniline in the presence of 

diacetoxytriphenylarsorane gave only N-phenyl-2-amino-l,4-

naphthoquinone. These results suggest that aniline is too weakly 

nucleophilic to react with diacetoxytriphenylarsorane to form 

arsinimine. 



Ritrene Method 

Background 

82 

Although triphenylarsine reacts with various carbenes to give 

triphenylarsonium ylidesS1 , it does not react with phenylazides2 • Cadogan 

reported that photolysis or thermolysis at 130°C, either alone or with 

copper,of phenylazide in the presence of triphenylarsine did not give 

any productsS1 • The phenylnitrene is too weakly electrophilic to react 

with the weakly nucleophilic arsine. Hore electrophilic phenylnitrenes 

,such as p-nitrophenylnitrene and p-cyanophenylnitrene, do give 

corresponding arsinimines although these arsinimines are too reactive to 

be isolateds2 • 

Results and Discussion 

We repeated the reaction to make arsinimine. No products were 

obtained. 
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Triphenylarsine Dibromide Method 

Background 

Triphenylarsine dibromides have been used for preparing stable 

arsinimines from amides~2. Although it was reported that 

triphenylphosphine dibromide reacted with aniline in the presence of 

triethylamine to give phosphinimine53 • no reactions on the 

triphenylarsine dibromide with aniline have been reported yet. 

Results and Discussion 

We examined this method to prepare N-phenyl-triphenylarsinimine. 

Triphenylarsine dibromide was prepared by the reaction of 

triphenylarsine and bromine. A large amount of white precipitate was 

formed when a mixture of aniline and triethylamine was added. Then 

heterocyclic Quinones were added. Even the reaction was carried out in 

boiling benzene for 24 h. heterocyclic Quinones were recovered 

unreacted. 



SECTION 4 

Characterization of Quinone imines 

The quinone imines were characterized by IR-, UV and NHR

measurements. and elemental analyses. 

IR. Heasurements 
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By the transformation of quinones to quinone imines, astrong 

absorption of carbonyl groups at 1680 cm-1 disappeared and an absorption 

of imine groups was observed at 1620 cm-1 with medium intensity. 

NHR Heasurements 

In the NHR spectra of quinone imines. the peaks of hydrogens at 5-. 

and 8-positions showed down-filed shift by about 0.4 ppm. 

UV Heasurements 

The UV spectra of heterocyclic quinone diimine and anthraquinone 

diimine in acetonitrile are shown in Fig. 4. No significant difference 

was observed. 



Fig. 4 UV Spectra of Heterocyclic Quinone Diimine and Anthraquinone 
Diimine 
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CHAPTER 4 
STRUCTURE DETEBHIRA.TION 

OF 
ISOHERIC HETEROCYCLIC HONOIKtNES 

In some cases, a small amount of isomeric mono1mine derivatives 
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were obtained in the preparation of the di1mine derivatives. Because of 

the asymmetricity of the oxazole ring, it vas expected that there would 

be two isomers. 

~ 
ro~ 

II 0 
o 

16 

o 

00c~ 
II 0 

N'@ 
17 

These isomers were separated by flash chromatography on silica gel. A 

mixture of cyclohexane and ether (10:1) was used for the elution 

solvent. The physical properties of the isomers are shown in Table 13. 

Isomer 1 has lower melting point than isomer 2. The shapes of the 

isomers indicate that they have different molecular packings in solid 

state. The color of the isomer 1 indicates higher degree of ~-~ overlap 

in the crystal than isomer 2. As seen in the yields of the isomers, two 

carbonyl groups have different reactivity toward the 

triphenylarsinimine. 

The lH-nmr spectra of isomer 1 and isomer 2 are shown in Fig. 5. The 

significant difference in the spectra is the peaks at 68-69 ppm which 

are assigned to the hydrogens at S,8-positions. The coupling constants 
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of these hydrogens are different depending on which side of the molecule 

the ary1imino group is on. 

The structural assignment of the isomers was done by X-ray analysis. 

Isomer 1 was assigned as l!. However, due to the poor quality of the 

crystal, an accurate molecular packing was not able to be determined. 

Table 13 Physical Properties of Isomeric Heterocyclic Quinone 
Momo imine s 

1) Elemental Analysis2) 
Isomer ~ Color Shape C(%) H(%) N(%) 

1 138°C orange needle 76.08 S.49 8.38 

2 IS00C red chunky 76.23 S.47 8.31 

1) Two isomers were separated by flash chromatography. 
(cyclohexane : ether = 10 : 1 ) 

2) Calculated values for C21H18N202 ; C76.4%, HS.S%, N8.S% 

Yield(%) 

10 

43 



Fig. 5 NHR Spectra of Isomeric Heterocyclic Quinone 
Honoimines 
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CHAPTER 5 

X-RAY CRYSTAI..1DGB.APBY OF QUlliONINlNES 

B.B'-Diphenyl-l.4-naphthoquinone ditmine 

Bond Angles and Bond Distances 

89 

The bond angles and the bond distances calculated from the 

positional parameters are shown in Fig. 6. The molecule has a mirror 

symmetry about the molecular axis (mid-points of C(l)-C(l)' and C(5)

C(5)'). The bond distances C(2)-C(1) (1.462A) and C(l)-C(l)' (1.338A) 

agree to those of values for unsubstituted naphthoquinone, 1.478A and 

1.340A, respectively. The bond distance C(2)-N (1.28SA) is close to the 

value of the c-o bond of naphthoquinone. As observed in 

naphthoquinone, the bond distance C(3)-C(3)' (1.403A) is longer than 

C(l)-C(l)' (1.33SA) bond. The C(3)-C(3)' is not participating to the 

quinonoid structure. 

A small but regular distortion of the phenyl ring on N is apparent 

and is due principally to the presence of the electron-withdrawing 

fluorine substituent. The angle C(13)-C(14)-C(15) (122.6°) is larger 

than that expected for pure Sp2 hybridisation at C(13). Aromatic 

substitution by electron-withdrawing groups generally leads to an 

increase in the internal angle at the position of substitutions4 ,ss , 

The bond distances C(13)-C(14) (1.354A) and C(14)-C(15) (1.37LA) are 

shorter than the r, value of 1.399+-0.001A obtained for benzene by gas

phase electron diffraction 56, These ring distortions are caused by the 



Fig. 6 Bond Angles and Bond Distances in N,N'-Diphenyl-l,4-
naphthoquinone ditmine 

1.386 
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electron-withdrawing fluorine. The opposite effects were reported for 

those phenyl rings which had electron-donating substituents54 • 
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Burgi and Dunitz57 observed that the C-N single bond distance was 

shortened and the C-N bond distance was lengthened with increasing in 

the electrnegativity of the para-substituent on the aniline ring of 

benzylideneanilines owing to the proportionally higher contribution of 

quinoid structures to the resonance forms. Bond lengths in C-N and C-N 

provide some measure of the contribution of resonance forms to the 

electronic structure. Some reported values of C-N and C-N bond distances 

in various benzylideneanilines are shown in Table 15. As expected. the 

same behavior was observed. The bond distances C(ll)-N and C(2)-N are 

1.416A and 1.288A. respectively. These results indicate the presence of 

the conjugation between the imine bond and the phenyl group. 

The atoms N.C(l).C(l)'.N' are not colinear due to the larger angle 

of N-C(2)-C(1) (125.0°). The N-phenylimino groups are bending to less 

hindered side of the molecule. 

The bond angle C(11)-N-C(2) (122.2°) is significantly larger than 

ones in benzylideneaniline (115°)55 and N-(2.4-

dichlorobenzylidene)aniline (118.6°)59. The larger bond angles C(ll)-N

C(2) and N-C(2)-C(1) are to release the sterical crowdiness between H(l) 

and H(16). 

The internal angle at C(2) (116.9°) is decreased compared to the 

internal angles of the carbonyls of naphthoquinone (121.5° and 123°)58. 
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Table 14 Bond Distances of C-N and C-N in Various Benzylideneanilines 

0 

Compound Bond length (A) 

C-N C=N 

benzylidene aniline 1) 1) 
1. 4602) 1.2372) 
1.432 1.284 

benzylideneaniline-
1.431 1) 1. 2841) p-carboxylic acid 

N-(2,4-dichlorobenzylidene) 
1.4073) 1.2683) aniline 

N-(4-methylbenzylidene)-
1.4001) 1. 2691) p-nitroaniline 

1) H.B.Burgi and J.D.Dunitz, Helv. Chim. Acta, 52, 1747(1970) 

2) M.Traetteberg and I.Hilmo, J. Mol. Struct., 48, 395(1978) 

3) J.Bernstein, J. Chern. Soc., Perkin II, 946(1972) 
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Dihedral Angles of Planes 

The least-squares of planes of the molecule are shown in Table 15 

(Appendix C). Dihedral angles between planes are shown in Table 16 

(Appendix C). The chi values of plane 1 (145.9). plane 2 (291.8). plane 

5 (12.2), and plane 6 (144.5) indicate the high planarity of these 

planes. The naphthoquinone residue in the molecule is found to be planar 

as expected. However, a large value in the chi value of the plane 3 

(6292.0) and the plane 4 (5763.1) indicate that two nitrogens are out of 

the plane of the naphthoquinone residue (Fig. 7). The torsion angle of 

N-C(2)-C(3)-C'(3) (174.83°) indicate that these nitrogen atoms are off 

plane by about 5°. 

The phenyl groups on Nand N' are twisted away from the plane of 

naphthoquinone residue by 70.63+-0.02°. The same behavior was observed 

in various benzylideneanilines. 

Fig. 7 Side View of Naphthoquinine Diimine 



Molecular Packing 

The molecular packings in the crystal along b-axis and c-axis are 

shown in Fig. 8 and Fig. 9, respectively. The stereoview of the unit 

cell is shown in Fig. 10. 

The phenyl rings of N-phenyl imino groups are stacking with the 

phenyl rings of N- phenyl groups of next molecules with the 

naphthoquinone residues pointing opposite direction. The interesting 

feature of the crystal structure is that the phenyl rings of the 

naphthoquinone residue fit in a cavity which is formed by two phenyl 

rings of N-pheny1 imino groups of another molecule in such a way that 

the two naphthoquinone residues are perpendicular to each other. 
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Fig. 8 Molecular Packing along B-Axis of the Crystal 
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Fig. 9 Molecular Packing along C-Axis of the Crystal 
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Fig. 10 Stereovlew of the Unit Cell of the Crystal 



N-(4-Fluorophenyl)-2-t-butyl-naphtho[2,3-d]ozazole-4-fmfno-9-one 

Bond angles and Bond distances 

The bond distances and the bond angles of the molecule calculated 

from the positional parameters are shown in Fig. 11 and Fig. 12, 

respectively. 

The ring distortions, which were observed in N,N'-bis(4-

fluorophenyl)naphthoquinone diimine, at the phenyl ring on N(3) were 

observed. As discussed previously, this distortion is caused by the 

electron-withdrawing fluorine substituent. 
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The bond distances C(S)-N(3) (1.284A) and C(31)-N(3) (1.423A), and 

the bond angle C(5)-N(3)-C(31) (122.3°) are in good agreement with ones 

found in N,N'-bis(4-fluorophenyl)naphthoquinone diimine within an 

experimental error. 

The internal angles and the bond distances of the oxazole ring are 

found to be the same values as ones obtained for an unsubstituted 

oxazole ring by microwave spectroscopy61. The C(4)-C(l3) bond (l.3SlA) 

is found to be longer than ones in naphthoquinone and in naphthoquinon 

diimine. The elongation of C(4)-C(l3) bond is due to the participation 

with the conjugation in the oxazole ring. The bond distances C(4)-C(5) 

(l.4S7A) and C(l2)-C(l3) (l.4SlA) are shorter than the bond distances 

C(l)-C(2) and C(3)-C(4) (l.478A) of naphthoquinone. The bond shortening 

indicates that the higher degree of double bond character at C(4)-C(5) 

and C(l2)-C(l3) than corresponding bonds in naphthoquinione. The bond 

distances C(S)-C(6) (l.494A) and C(ll)-C(l2) (l.492A) are longer than 



Fig. 11 Bond Distances in N-(4-F1uoropheny1)-2-t-buty1-
naphtho[2.3-d]oxazo1e-4-imino-9-one 
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Fig. 12 Bond Angles in N-(4-Fluorophenyl)-2-t-butyl
naphtho[2.3-d]oxazole-4-imino-9-one 
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corresponding bond distances of naphthoquinone (1.468A). Thses values of 

1.494A and 1.492A are close to the values for C-C bond distances (Sp3_ 

Sp3) (1.52A). Since the same behavior was found in naphthoquinone 

diimine, these bond shortening and lengthening effects are due to the 

substitution of the carbonyl groups with imine groups. 

Dihedral Angles of Planes 

The least-squares of planes of the molecule are shown in Table 17 

(Appendix D). The dihedral angles of planes are shown in Table 18 

(Appendix D). A large chi squared value (7107.3) was observed on plane 

1. The three-ring-fused system is not planar. The side view of the 

molecule is shown in Fig. 13. The molecule is slightly curved. The 

dihedral angle of plane 6 and plane 7 (left half of the molecule and 

right half of the molecule) is about 5.5°. The dihedral angle of the 

main body and the phenyl ring on N(3), plane 1 and plane 2, is 113.5°. 

The phenyl ring is completely out of the plane of the molecule. 

Molecular Packing 

The molecular packing of the molecules is shown in Fig. 14. The 

phenyl rings on nitrogens are stacking with the center of the main body 

of the other molecules. The molecular stacking exsits only along the b

axis of the crystal. There exist no molecular stacking along a- and c

axes. 



Fig. 13 Side View of N-(4-Fluorophenyl)-2-t-butyl
naphtho[2.3-d]oxazole-4-1mino-9-one 
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Fig. 14 Molecular packing of N-(4-Fluorophenyl)-2-
t-butyl-naphtho[2,3-d]ozazole-4-imino-9-one 
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N-Phenyl-2-iso-butyl-napb~bo[2.3-d]ozazole monofmine 

Bond angles and bond distances 
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The bond angles and the bond distances. which are calculated from 

the positional parameters. of the molecule are shown in Fig. 15 and Fig. 

16. respectively. 

The crystal used for the analysis was a mixture of two isomers. The 

ratio of the isomers in the crystal was unknown. The structural 

determination. therefore. was carried out as a 1:1 mixture of these 

isomers. 

The bond distances N03-C(2) (1.332A) and C(2)-N05 (1.328A) are 

found to be an average value of 1.29A and 1.37A which were observed in 

N-(4-fluorophenyl)-2-t-butyl-naphtho[2.3-d]oxazole-4-imino-9-one. The 

bond distances N03-C(4) (1.368A) and C(13)-N05 (1.377A) are also the 

average values of 1.396A and 1.36SA which were found in t-butyl 

mono imine (see previous section). The external angles at C(2). N03-C(2)

C(21) (122.2°) and C(21)-C(2)-NOS (124.8°). are averaged values of 

128.8° and 116.6° (see previous section) due to the uncertainty of the 

absolute position of oxygen atom and nitrogen atom on the oxazole ring. 

As expected, no distorsions on the bond angles and bond 

distances of the phenyl ring on Nl. The bond angle N(1)-C(5)-C(4) 

(127.3°) is about 1° smaller than one found in t-butyl monoimine. 

Replacing bulky t-butyl group with less bulky iso-butyl group at C(2) 

does not reduce sterical crowdness around the N-arylimino group. The 

iso-butyl group is bending over to the phenyl group with less bulky 



Fig. 15 Bond Angles in N-Phenyl-2-iso-butyl
naphtho[2,3-d]oxazole monoimine 
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Fig. 16 Bond Distances in N-Phenyl-2-iso-buty1-
naphtbo[2,3-dlozazo1e monotmine 

106 



107 

hydrogen atom pointing to the ring. This unexpected structure is due to 

the efficiency of the molecular packing along the a-aizs of the 

crystal.With the conformation of pointing iso-butyl group toward the 

phenyl ring, the distances between the phenyl rings along a-axis of the 

crystal are smaller than those with opposite conformation. As a result, 

a high degree of molecular packing is accomplished along a- and b-axis 

of the crystal (see Fig. 17 and Fig. 18). 

Dihedral Angles of Planes 

The least-squares of the planes and the dihedral angles between 

planes are shown in Table 19 and Table 20, respectively (Appendix E). 

Large chi squared values of plane 1 (3183.1) and plane 4 (1716.7) 

indicate that N(l) is not on the same plane as three-ring-fused main 

body. The phenyl ring on N(l) is twisted 96.67+-0.06° along N(1)-C(31) 

bond. 

Molecular Packing 

The molecular packings in the unit cell are shown in Fig. 17 and 

Fig. 18. The three-ring-fused main bodies of the molecules are stacking 

along the b-axis of the crystal with pointing the oxazole ring opposite 

direction in an alternating fashion. The phenyl rings on N(l)s are 

stacking along a-axis of the crystal with having the iso-butyl groups in 

between. 
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Fig. 17 Molecular Packing along the A-Axis of the Crystal 
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Fig. 18 Molecular Packing along the B-Axis of the Crystal 
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CHAPTER 6 

SYBU AND AH-1 CALCULATIONS 

Based on the X-ray analysis data of quinone imines. SYBU and AH-1 

calculations vere carried out to analyze the atructures of these 

quinone imines. 

It vas thought that t-butyl group on the oxazole ring vas so bulky 

that there vas large interaction vith N-arylimino group. However. as 

shown in the structures by X-ray analysis. replacing t-butyl group with 

iso-butyl group did not solve the problem of the non-planarity of the 

molecule. 

Fig. 18 shows a distance change between the ortho hydrogen of N-

aryl imino group and the oxazole ring when the phenyl ring is rotated 

along carbon-nitrogen bond. When the molecule is planar. the distance of 

the hydrogen and the oxazo1e ring reaches less than 1 A which is smaller 

than the contact distances of hydrogen and nitrogen or oxygen. Some 

reported values of these contact distances are shown in Table 21. 
Table 21 Contact Distances of Hydrogen with Various Atoms (A) 

H 

2.15 2.60 2.65 2.55 

A.J.Bopfinger."Conformational Properties of Macromolecules, 
Academic Press, 1973, pp. 41. 

Normal distances of hydrogen-nitrogen or hydrogen-oxygen are about 2.6 A 

which corresponds to the torsion angle of about 70° in Fig. 18. The 

torstion angles found in the crystal structures of iso- and t-buty1 

derivatives are 83° and 60°, respectively. The differentiation from the 
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theoretical value in the torsion angle is due to the different molecular 

packing of these derivatives in solid state. The interactions of the 

phenyl ring and the oxazole ring of iso- and t-butyl derivatives are 

shown in Fig. 19. As clearly visualized in Fig. 19. there are no 

interactions between the phenyl ring and the substituent on the oxazole 

ring. 

The same calculations as above were carried out on naphthoquinone 

diimine. A distance change between or tho hydrogen of the phenyl ring and 

a hydrogen at 2-position of naphthoquinone residue is shown in Fig. 20. 

It indicates that the distance between hydrogens becomes 1 A. which is 

shorter than the reported value of the contact distance of hydrogens 

(Table 21). when the molecule is in the planar conformation. As far as 

the contact distance of hydrogens is concerned. the torsion angle is 

expected to be about 40°. However. as shown in the previous section. the 

torsion angle of the phenyl ring is 68° which is much greater than it 

was expected. 

These results shown above indicate that the torsion angle of the 

phenyl ring is not dominated only by the sterical crowdedness but also 

by the molecular packing in solid state. 
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Fig. 19 Distance Change between Ortho Hydrogen on N-ary1imlno Group and 
Neighboring Atoms 
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Fig. 20 Van der Waals Volume of Quinone Imines 



CHAPTER 7 

CONCLUSION 
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Various oxazolo qUinones were synthesized by the methods described 

in literature. The substituents on the oxazole ring affect on the 

physical properties of the quinones. The preparation of new mono- and/or 

di-arylimines from the heterocyclic quinones was accomplished by the 

reaction of triphenylarsinimines in relatively high yield. The use of 

triphenylarsine oxide and isocyanates was the best method for the 

preparation of the required arsinimine. 

The physical properties of heterocyclic quinon diimines prepared 

were quite different from those of anthraquinone diimine prepared by 

Everaerts. 

The color of heterocyclic quinone imines was orange to red where 

that of anthraquinone diimine was reported to be yellow. The shapes of 

heterocyclic quinone imines and anthraquinone diimine were also' 

different each other. Heterocyclic quinone imines tended to crystalize 

in thin sheets or needles. These observations indicates that 

heterocyclic quinone imines have better molecular packings than 

anthraquinone diimine. In other word. heterocylic quinone imines have 

higher degree of ~-~ overlaping between molecules in solid state. UV 

spectroscopy on these anthraquinone diimine and heterocyclic quinone 

diimine in solution revealed that both diimines had similar spectra. The 

difference in color is mainly because the packing of the molecules are 

different in the solid state. X-Ray analyses of heterocyclic quinone 
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imines showed high degree of stacking between molecules. X-Ray analyses 

of heterocyclic quinone imines also showed a two dimentional stacking 

which might be the cause of the crystalizing in thin plates or needles. 

In solid state, the main bodies of the heterocyclic quinone imines are 

stacking each other along the x-axis and N-arylimino groups are stacking 

each other along the y-axis. However, there exist only Van der Waals 

forces along the z-axis so that the molecules tend to crystalize in thin 

sheets or needles. In the case of naphthoquinone diimine, Van der Waals 

forces along the z-axis is much stronger than those of heterocyclic 

quinone imines because of the symmetricity of the molecules and the size 

of the cavities which are formed by two N-arylimino groups (see Fig. 7). 

The substituents on the oxazole ring affected on the molecular 

packing of the heterocyclic quinone imines. With a bulky t-butyl group, 

N-arylimino groups were not able to pack each other. Meanwhile, with a 

less bulky iso-butyl group, N-arylimino groups were able to pack each 

other by rotating the iso-butyl group in such position that the 

distances between N-arylimino groups were minimized for the packing. 

One of our hypotheses was proved to be correct. By replacing the 

phenyl ring of anthraquinone with the oxazole ring, the main body of the 

heterocyclic quinone imines was planar and the N-arylimino groups bended 

over to the less hindered oxazole ring. The same behavior was observed 

in the structure of substituted N,N'-dicyanoquinone diimines61. 

However, it was found that the N-arylimino groups were not co

planar with the main body of the molecule. SYBYL and AM-l calculations 

show that there exsist large energy barrier for the molecule to be 



116 

planar due to the sterical crowdedness between ortho hydrogens on the N

aryl imino group and the ozazole ring. However. the tortion angles of the 

N-arylimino group in solid atate were larger than ones expected. It 

seems that the factors which determine the atructure of the molecules in 

solid state are not only the sterical crowdedness but also the 

efficiency of the molecular packing. 

As discussed above. the molecules are able to possess strong 

intermolecular interactions 2-dimensionaly by twisting these N-arylimino 

groups. There is a hope. however. that by overcoming the conformational 

energy of the N-arylimino group, the molecule would be planar. In other 

words, an extended structure by polymerization or a dopping might force 

the molecule to be planar. 

Further Studies 

. Since undopped and/or unprotonated polyaniline does not show high 

conductivity, the molecule might not be planar. The doping and/or 

protonation might force the molecule to be planar. X-Ray analysis has to 

be done on the protonated heterocyclic quinone imines to prove this 

hypothesis. Also it should be considered that removing the ortho 

hydrogens on N-arylimino group might give planar molecules. 
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WERIMENTAL 

Instrumentation 

lH NHR and 13C NHR spectra vere recorded on a Bruker VK-250 Nuclear 

Magnetic Resonance spectrometer at 250KHz. Infrared spectra vere recorded 

on a Perkin-Elmer 983 spectrometer. Helting points vere measured with 

either a Heltemp or Thomas Hoover capillary melting point apparatus and 

are uncorrected. GC-HS measurement was performed by the GC-HS facility of 

the University of Arizona. X-Ray analyses were performed by the Molecular 

Structure Laboratory of the University of Arizona. 

Sources of chemicals 

2,3-Dichloronaphthoquinone, chloranile, pivalic anhydride, isovaleryl 

chloride, bromine, lead tetraacetate, aniline, phenyl isocyanate, and 

triphenylphosphine were obtained from Aldrich, and used without further 

purification. t-Butyl hypochlorite was obtained from American Tokyo Kasei. 

Triphenylarsine oxide was obtained from Lancaster Synthesis and purified 

by the method sited in the literature. All solvents used were dried prior 

to the use by the usual manner. 

SYNTHESES OF HETEROCYCLIC QUINONES 

The precursors,2-acylamino-3-hydroxy-l,4-naphthoquinones and 2,5-

diacylamino-3,6-dihydroxy-l,4-benzoquinone, were prepared by the methods 

described in the literature. 
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i) 2-lIethyl-naphtho(2.3-dJoza&ole-4.9-dione (1) : 0.58 of 2-N-acetylamino-

3-hydroxy-I.4-naphthoquinone and lOml of acetic anhydride vere placed in 

a 25ml round-bott~m flask. and heated up to reflux. After 24h. the yellow 

precipitate obtained was filtered out and vashed vith ether. Yield 90\. 

H.p. 3l6-C(dec.). Elemental analysis: calc. for C12H7N103 C67.6\. H3.3\. 

N6.6\: found. C67.66\. H3.24\. N6.67\. IR: C-C 3l00cm-1 .l600cm-1, 

c-o l680cm-1 • 

Ii) 2-t-Butyl-naphtho[2,3-dJoxazole-4,9-dlone (2) 0.5g of 2-N-

pivallyamino-3-hydroxy-1,4-naphthoquinone and lOml of acetic anhydride 

were placed in a 25ml round-bottom flask and heated up to reflux for 17h. 

After the reaction was complete, the yellow precipitate, which was a by

product. was filtered out, and the filtrate was poured into excess of 

water to precipitate out the product. The product was recrystalized from 

isopropyl alcohol to give dark yellow needles. Yield 78%. M.p. 152-153°C. 

Elemental analysis: calc. for ClsH13N103 C70. 6%, H5.1%, N5. 5\; found 

C70.54%. H5.06%, N5.48%. IR: C-C 3068cm-1 , 1600cm-1 CH3 2934-2976cm-1 

c=o 1680cm-1 • 

iii) 2-i-Buty1-naphtho[2.3-dJoxazole-4.9-dione (3) 3.0g of 2-N-

isovalerylamino-3-hydroxy-1,4-naphthoquinone, 40ml of dry benzene,and a 

magnetic stirrer bar were placed in 100ml round bottom flask equipped with 

a condenser and a drying tube. To the solution obtained a mixture of P20S 

and Et3N(10g/30m1) was added. The reaction mixture was refluxed for 24h. 

The dark red solution was decanted from the residue. The benzene was 

removed to dryness and the product was recrysta1ized from isopropyl 
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alcohol to give creamy white needles. Yield 66%. H.p. 19S-196 DC. Elemental 

analysis: calc. for ClsH13Nl03 C70. 6%. HS .1%. 55. S%; found C70. 28'. H4. 94\. 

NS. 43'. IR: C-C 3068cm-1 1600cm-1 CHl 29S9-2870cm-1 C-O 1672cm-1. 

SYNTHESES OF HETEROCYCLIC QUINONE MONOIHINE 

1.0g of 2 (3.9Smmol).O.63g of triphenylarsine oxide (1.96mmol). and 

3ml of 1.2-dichloroethane were placed in a SOml round bottom flask 

equipped with a condenser. The reaction mixture was heated up to reflux 

and the solution of phenylisocyanate (0.47g.3.9Smmol) in 7ml of 1.2-

dichloroethane was added dropwise in lh. The reaction was continued for 

additional lh after the addition was complete. The solution obtained was 

concentrated to dryness and the products were extracted from residual 

solide with ether. The crude products were obtanined by concentrating the 

ether solution. The two isomers were separated from each other by flash 

chromatograghy with cyclohexane-ether mixture (10:1) as a solvent. 

Fraction 1: Yield 0.13g(10\). M.p.138°C. Elemental analysis; calc. for 

C21H1SN202 C76.4\. HS.S'. N8.S%; found C76.08%. HS.49%. N8.38%. lH 

68.S8ppm(dd.1H). 68.28ppm(dd.lH). 67.7lppm(m.2H). 67.3Sppm(t.2H). 

67.18ppm(t.1H). 66.9Sppm(d.2H). 61.26ppm(s.9H) 

Fraction 2: Yield 0.S6g(43%). M.p.1S0°C. Elemental analysis; calc. for 

C21H1SN202 C76.4%. HS.S%. N8.S%; found C76.23%. HS.47%. N8.31%. lH 

68.54ppm(dd.1H). 68.34ppm(dd.1H). 67.73ppm(m.2H). 67.42ppm(t.2H). 

67.23ppm(t.lH). 66.96ppm(dd.2H). 61.17ppm(s.9H). 
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SYNTHESES OF HETEROCYCLIC QUINONE DlmNES 

All heterocyclic quinodi1mines vere prepared by the same method. A typical 

procedure is described below. 

R.R'-Diphenyl-2-tert-buty1-naphtho[2.3-d]ozazole-4.9-difmfno(5) 

1.Og of 2 (3.92mmol) and 1.26g of triphenylarsine oxide (3.9lmmol) vere 

dissolved in 3.0ml of l,2-dichloroethane in a 50ml round bottom flask 

equipped with a condenser. The reaction mixture was heated up to reflux 

and the solution of phenylisocyanate (1.02g,8.60mmol) in 7.0ml of 1,2-

dichloroethane was added dropwise in lh. The reaction was continued for 

additional lh after the addition was complete. The solution was then 

concentrated to dryness, and the product was extracted with ether from the 

red residue. The product was obtained by evaporating the solvent,and 

recrystarized from iospropyl alcohol. Yield 65%. H.p. l55-l56°C. Elemental 

analys is: calc. for C2,H23N301 C79. 4%, H5. 9%, N10. 7%: found C79. 90%, H5. 68%, 

N9. 48%. IR: C-C 3050cm-1,1590cm-1, CH3 2900-3000cm-1, C-N l620cm-1. lH 

68.61ppm(m,2H), 67.67ppm(m,2H), 67.33ppm(m,4H), 67.l2ppm(m,2H), 

66.93ppm(m,4H), 60.89ppm(s,9H). 

N,N'-Bis(4,4'-dif1uoropheny1)-2-tert-butyl-naphtho[2.3-d]oxazo1e-4.9-
dUmine (6) 

C73.5%, H4.8%, N9.5%: found C73.26%, H4.99%, N8.98%. IR: C-C 3050cm-

l,1588cm-1, C-N l6l9cm-1, CH3 2900-3000cm-1. lH 68.56ppm(m,2H), 

67.64ppm(m,2H), 66.96ppm(m,8H), 60.95ppm(s,9H). 
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R.R'-Bis(4.4'-dibromophenyl)-2-tert-butyl-naphtho[2.3-d]ozazole-4.9-
diim1D.e (7) 

Yield 5%. H.p. 13S-136°C. Elemental analysis: calc. for C27B21N301Br2 

CS8.2%, B4.2%, N6.7%: found CS9.64%, B4.21%,N7.07%. IR: C-C 30S0cm-

1,lS89cm-1 C-N 1619cm-l CH3 2923-297Scm-l . lB 68.S6ppm(m,2H), 67.67ppm(m,2H), 

67. 44ppm(m,4H), 66.81ppm(m,4H), 60.9Sppm(s,9H). 

R.R'-Bis(4.4'-diiodophenyl)-2-tert-butyl-naphtbo[2.3-d]ozazole-4.9-diimiDe 
(8) 

C49. 3%, H3. 2%, N6. 4%: found C49 .15%, B3 .11%, NS. 96%. IR: C-C 30S0cm-

l,1591cm-1, C-N 1619cm-1 CH3 2930-2972cm-1. 

67.67ppm(m,6H), 66.9lppm(m,4H), 60.8Sppm(s,9H). 

N.N'-Diphenyl-2-iso-butyl-naphtho[2,3-d]oxazole-
4.9-diimine (9) 

i) With triphenylphosphinimine 

lH 68.S8ppm(m.2H), 

O.lg of 3 (0.39mmol) and 0.S6g of triphenylphosphinimine (1.S7mmol) were 

placed in a Sml round bottom flask, and were heated up to 150°C for lh. 

The product was extracted with ether and recrystalized from isopropyl 

alcohol. Yield 0.08g(SO.3%). H.p. 163-164°C. Elemental analysis: calc. for 

C2,H23N301 C80. 0%, HS. 7%, N10. 4%: found C79. 52%, HS. 89%, N9. 89%. IR: C-C 

3059cm-l ,lS82cm-1 C-N 1613cm-l CH3 2869-29S9cm-1• 

ii) With triphenylarsinimine 

O.lg of 3 (0.39mmol) and 0.32g of triphenylarsinimine (l.S7mmol) were 

placed in a Sml round bottom flask, and were heated up to 150°C for lh. 
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The product was extracted with ether and recrysta11zed from isopropyl 

alcohol. Yield 0.08g(50.3%). H.p. 167-169°C. The spectra were identical 

with the one obtained from above. 

R.R'-Diphenyl-2.6-dimethy1-benzo[2.3-d:5.6-d]dioxazo1e-4.8-dlfm1ne (10) 

Toluene was used as the solvent. Yield 60%. H.p. sublime. Elemental 

analysis: calc. for C22H16N402 C71. 7%. H4. 3%. N15. 2%; found C71. 81%. H4. 32%. 

N15 .10%. IR: C-C 3055cm-1.1586cm-1 C-N 1610cm-1• lH spectrum was not 

obtained due to the low solubility of the product. 

N.N'-Bis(4.4'-dibromopheny1)-2.6-d1methyl-benzo[2.3-d:5.6-d]diazazo1e-4.8-
diimine (11) 

Toluene was used as the solvent. Yield 54%. H.p. 283°C. Elemental 

analysis: calc. for C22H14N402Br2 C50. 2%. H2. 7%. N10. 6%; found C49. 94%. 

H2.50%. N10.21%. IR: C-C 1572cm-1 C-N l620cm-1. lH spectrum was not obtained 

due to the low solubility of the product. 

N.N'-Bis(4.4'-diiodophenyl)-2.6-dimethyl-benzo[2.3-d:5.6-d]dioxazole-4.8-
diilDine (12) 

Toluene was used as the solvent. Yield 55%. H.p. 288°C(dec.). Elemental 

analysis: calc. for C22H14N40212 C42. 6%. H2. 3%. N9. 0%; found C42. 70%. 

H2. 22%. N8. 70%. IR: C-C 1571cm-1 C-N 1620cm_1. lH spectrum was not obtained 

due to the low solubility of the product. 
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R,R'-Bia(4,4'-d1f1uoropbeuy1)-l,4-napbthoqu1Done difa1ne (13) Yield 6\. 

H.p. 203-204°C. Elemental analysis: calc. for C22,H14N2F2 C76.7\, H4.0\, 

N8 .1\: found C76. 67\, H4. 06\, N8. 23%. IR.: C-C 3066cm-1,1581cm-1 CaN 1606cm-

1. 1H 68.49ppm(m,2H), 67.66ppm(m.2H), 67.08ppm(m,4H), 66.86ppm(m,6H). 

R,R'-Bis(4,4'-dibromopbeuy1)-1,4-napbtboquinone di1mine (14) Yield 29%. 

H.p. 234-234.5 DC. Elemental analysis: calc. for C22H14N~r2 C56.7\, H3.0%, 

N6. 0%: found C56. 80%. H2. 85%. N5. 93%. IR.: C-C 3049cm-1.1588cm-1 CaN 1606cm-

1. 1H 68.47ppm(m.2H). 67.67ppm(m.2H). 67.49ppm(m.4H). 66.79ppm(m.6H). 

R,R'-Bis(4,4'-diiodopbeny1)-l,4-napbthoquione difmine (15) 

Yield 36%. H.p. 213-214°C. Elemental analysis: calc. for C22H14N212 C47.1%. 

H2.5%. N5.0%: found C47.11%. H2.44%. N4.84%. IR: C-C 3049cm-1.1588cm-1 C-N 

l606cm-1. 

Synthesis of R-Phenyl-chloramine 

To a solution of aniline (l.Og. O.Ollmol) in 10ml of dichloromethane t

butyl hypochlorite (1.17g. O.Ollmol) in 5ml of dichloromethane was added 

dropwise at -78 DC. The mixture was allowed to react for 30min .• N-Phenyl

chloramine was used without isolation. 
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Synthesis of Tripheny1arsantum salt 

To the reaction mixture obtained from above triphenylarsine (3.29g, 

O.Ollmol) in 10ml of dichloromethane vas added dropvise at _78°C. The 

reaction mixture vas stirred for 1h at -78°C, and then warmed up to room 

temperature for ovemight. The solvent was removed under reduced pressure, 

and vashed vith ether to give viscous greenish oil. The crude product vas 

recrysta1ized from acetone to give vhite crystals. 

Yield 1.35g (29%). 

Synthesis of Diacetoxytriphenylarsorane 

To a solution of triphenylarsine (1.22g, 4mmol) in 30ml of 1,2-

dichloroethane lead tetraacetate (1.80g, 4mm01) vas added in 5 min .. The 

reaction mixture was stirred for 10 min. at room temperature. Lead acetate 

obtained was filtered out by suction filtration, and washed vith a small 

portion of the solvent twice. To combined filtrate ether vas added to 

crystalize out the diacetoxytripheny1arsorane. Yield 0.96g (77%). 

Synthesis of Tripheny1arsine dibromide 

To a solution of tripheny1arsine (2. Og, 6. 53mmo1) in 20m1 of benzene 

bromine (1.04g, 6.53mmo1) vas added at O°C. The reaction mixture vas 

stirred for 30min. at O°C. During the reaction, the flask vas covered by 

aluminum foil. Triphenylarsine dibromide was used for next reaction 

without isolation. 



X-Ray Crystallograpby 

B.B-Bis(4.4'-difluorophenyl)-1.4-naphthoqufnone di1m1ne 

The experimental details are shown in Table 22. 

DATA COLLECTION 
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A reddish-orange cube shaped crystra1 of C22H14F2N2 having approximate 

dimensions of 0.50 X 0.50 X 0.35 mm vas mounted on a glass fiber in a 

random orientation. Preliminary examination and data collection vere 

performed with Ho JCQ radiaton (a-O. 71073 A) on a Syntex P21 diffractometer. 

Cell constants and an orientation matrix for data co11ectionvere obtained 

from least-squares refinement, using the setting angles of 25 reflections 

in the range 20°<29<29°. The orthorhombic cell parameters and calculated 

volume are: a-11.644(2). b-26.348(4), c-5.284(1) A, V-1621.2A3. For Z-4 and 

F.W.-344.37 the calculated density is 1.41g/cm3. As a check on crystal 

quality, omega scans of several intense reflections vere measured; the 

width at half-height was 0.28°, indicating good crystal quality. From the 

systematic absence of: hkO, h-2n+1; Okl, k+1- ;2n+1, and from subsequent 

least-squares refinement, the space group was determined to be Pnma(#62). 

The data were collected at a temperature of 23±1°C using the 9-29 scan 

technique. The scan rate varied from 2 to 8°/min. The variable scan rate 

allows rapid data collection for intense reflections wher a fast scan rate 

is used and assures good counting statistics for weak reflections vhere a 

slow scan rate is used. Data were collected to a maximum 29 of 50.0°. The 

scan range (in degree) was determined as a function of 29 to correct for 



Table 22 Experimental Details for N,N-Bis(4,4'-difluorophenyl)-1,4-
naphthoquinone diimine 

~. 

Table of Expert-neal Det&l.1a 

A. Cryaeal Data 

C22 H14 F2 112 
F.W. 344.37 F(OOO) - 712 

crystal dimenaions: 0.5Ox 0.5Ox 0.35 ~ 
peak vidth at half-height - 0.28" 

Mo KG radiation (l- 0.71073 A) 
tamperature - 23 ± 1" 

orthorhombic apace group Pnaa 
a - 11.644 (2) A b - 26.348 (4) A c - 5.284 (1) A 

V - 1621.2 A' 
Z - 4 p - 1.41 g/cm' 

II - 0.9 cm-) 

Table of Experimental Detaila 

B. Intensity Heasurements 

Instrument: 
Monochromator: 
Scan type: 
Scan rate: 
Scan vidth, d.g: 
Kaximum 29: 
110. of refl. aea.ured: 
Corrections: 

Syntex-llicolet P2) diffractometer 
Graphite crystal, incident beam 
9·29 
2 - 8"/min 
2.0 + (29Kaz-29Ka1 ) 

50.0" 
1735 total, 1475 unique 

Lorentz-polarization 

Table of Experimental Details 
C. Structure Solution and Refin.ment 

Solution: 
Refinement: 
Minimization function: 
Least-aquares veights: 
Anomaloua dispersion: 
Reflections included: 
Parameters refined: 
Unweightad agraemant fector: 
Weighted agreement factor: 
Eld of obs. of unit veight: 
Convergence, largeat ahift: 
High peak in final diff. map: 
Low peak in final diff. map: 
Co~uter hardware: 
Computer software: 

Direct aethods 
Full-matrix le •• t-aquare. 
I:v(J Fo I-I Fe III 
4Fo jE2(F02) 
All non-hydrogen stoms 
1011 vith Fol;>3.0a(F02) 
118 
0.045 
0.061 
0.47 
<0.005a 
0.24 (4) eolIA' 
-0.17 (0) e-l/A' 
VAX 
5DP/VAX (Enraf-llonius) 
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the separation of the Ka doublet. The scan vidth vas calculated as 

follows: 

scan width - RNG1 + RNG2 + (29Kc2-29Ka1)*DISP 

The values of the parameters vere RNG1-1.0. RNG2-1.0. and DISP-1.0. The 

diameter of the incident beam collimator vas O. 7Smm. The reflection 

intensity and standard deviations are computed using Eqns 2 and 362 • The 

ratio of peak counting time to background counting time was 2.0 to 1.0. 

DATA REDUCTION 

A total of 1735 reflections were collected. of which 1475 were unique and 

not systematically absent. As a check on crystal and electronic stability 

3 representative reflections were measured after every 97 reflections. The 

intensities of these standards remained constant within experimental error 

throughout data collection. No decay correction was applied. 

Lorentz and polarization corrections were applied to the data. The linear 

absorption coefficient is 0.9cm-1 for Ho Kc radiation. No absorption 

correction was made. 

STRUCTURE SOLUTION AND REFINEMENT 

The structure was solved by direct methods. A total of 13 atoms were 

located from an E-map. The remaining atoms were located in succeeding 

difference Fourier syntheses. Hydrogen atoms were included in the 

refinement but restrained to ride on the atom to which they are bonded. 

The structure was refined in full-matrix least-squares where the function 

minimized was l:w( I Fo I-I Fc 1)2. The standard deviation on F2 .u(F2). is 

defined by Eqn 9. The weights for each reflection were calculated using 
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the counter weighting scheme.Eqn8. The uncertainty factor.p. was set to 

the value 0.040. 

Scattering factors were taken from Cromer and Vaber63 . Anomalous dispersion 

effects were included in Fc64 the values for Af' and A" were those of 

Cromer6S . Only the 1011 reflections having intensities greater than 3.0 

times their standard deviation were used in the refinements. The final 

cycle of refinement included 118 variable parameters and converged(largest 

parameter shift was <0.005 times is esd) with unweighted and weighted 

agreement factors of: 

Rl - ~IFo-Fcl~Fo - 0.045 

R2 - SQRT(~(Fo-Fc)2/EWFo2) - 0.061 

The standard deviation of an observation of unit weight was 0.47. There 

were no correlation coefficients greater than 0.50. The highest peak in 

the final difference Fourier map had a height of 0.24e-/A3 with an 

estimated error based on AF of 0.0464 ); the minimum negative peak had a 

height of -0.17e-1/A3 with an estimated error based on AF of 0.04. Plots 

of ~(I Fo I-I Fc 1)2 vs. I Fo I. reflection order in data collection. sin8;'~. and 

various classes of indices showed no unusual trends. 

All calculations were performed on a VAX computer using SDP/VAX66 . 



B-Phenyl-2-iaobutyl-uapbtbo[2.3-d]ozazole-4.9-dione .ano1a1ne 

The experimental details are shown in Table 23. 

DATA COLLECTION 
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A dichroic yellow and orange rectangular prism shaped crystral of C21H1SN202 

having approximate dimensions of 0.11 X 0.24 X 0.64 mm was mounted on a 

glass fiber with its long axis roughly parallel to the phi axis of the 

goniometer. The crystal used had been cut from a twinned specimen. All 

specimens examined showed twinning under polarized light with a plane 

perpendicular to the yellow face (i.e. containing the two longer crystal 

edges) separating it into two pieces. Preliminary examination and data 

collection were performed with Ho Ka radiaton (~-0.71073 A) on a Syntex P21 

diffractometer. 

Cell constants and an orientation matrix for data collection were obtained 

from least-squares refinement, using the setting angles of 25 reflections 

in the range 20°<28<30°. The triclinic cell parameters and calculated 

volume are: a-8.777(1), b-B.83l(1), c-ll.715(2) A, a-106.03(1), 

~-100.32(1), -97.56(1)°, V-B42.7A3. For Z-2 and F.V.-330.39 the calculated 

density is 1.30g/cm3. As a check on crystal quality, omega scans of several 

intense reflections were measured; the width at half-height was 0.20°, 

indicating good crystal quality. There were no systematic absences; the 

space group was determined to be P-l(#2). 

The data were collected at a temperature of 23±10C using the 8-28 scan 

technique. The scan rate varied from 2 to 8°/min. The variable scan rate 

allows rapid data collection for intense reflections wher a fast scan rate 



Table 23 Experimental Details for N-Phenyl-2-1sobutyl
naphtho[2,3-dloxazole-4,9-dione mono1mine 

A. Cryatal Data 
C2l NUl 112 02 

F.V. 330.39 F(OOO) - 348 
cryatal dimenaiona: O.llx 0.24x 0.64 .a 

peak width at half-haight - 0.20' 
Ho Ka radiation (l- 0.71073 A) 

temperature - 23 ± l' 
triclinic apace group P-l 

a - 8.777 (1) A b - 8.831 (1) A c - 11.715 (2) A 
a - 106.03 (1)' P - 100.32 (I)' 7 - 97.56 (I)' 

lnatrument: 
Honochromator: 
Scan type: 
Scan rate: 
Scan vidth, deg: 
Haximum 29: 
No. of refl. measured: 
Corrections: 

V - 842.7 A' 
Z - 2 p - 1. 30 g/cm' 

,. - 0.8 cm- l 

Table of Experiaantal Details 

B. Intenlity Healurement. 

Syntex-Nicolet P2 l diffractometer 
Graphite crystal, incident beam 
8-28 
2 - 8'/lDin 
2.0 + (28N)z-28Ka l ) 
50.0' 
3199 total, 2979 unique 

Lorentz-polarization 
Reflection averaging (agreement on I - 2.5') 

Table of Experimental Detaill 
C. Structure Solution and Refinement 

Solution: 
Refinement: 
Hinimia.tion function: 
Least-square. veights: 
Anomalous dispersion: 
Reflections included: 
Parameters refined: 
Unveighted egreement fector: 
Veighted agreement factor: 
Esd of obs. of unit veight: 
Convergence, largest shift: 
High peak in final diff. map: 
Lov peak in final diff. map: 
Computer hardware: 
Computer aoftware: 

Direct aethodl 
Full·matrix lealt-aquare. 
:Ev( JFo I-I Fc 1>% 
4Fo ",:z(Foz) 
All non-hydrogen atom. 
1870 vith Fo~3.00(Foz) 
226 
0.041 
0.052 
0.33 
0.140 
0.15 (3) s-l/A' 

-0.18 (0) sol/A' 
VAX 
SDP/VAX (Enraf-Honiua) 
Shelx86 

130 
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is used and a •• ure. good counting atatistic. for veak reflection. vhere a 

.low .can rate i. used. Data vere collected to a maztmum 29 of 50.0-. The 

.can range (in degree) va. determined a. a function of 29 to correct for 

the .eparation of the ICa doublet. The acan vidth va. calculated AS 

follows: 

Bcan vidth - RNGl + RNG2 + (29Kaz-29Ka1)*DISP 

The values of the parameters vere RNG1-l.O, RNG2-1.O, and DISP-l.O. The 

diameter of the incident beam collimator vas 0.75mm. The reflection 

intensity and standard deviations are computed using Eqns 2 and 3. The 

ratio of peak counting time to background counting time was 2.0 to 1.0. 

DATA REDUCTION 

A total of 3199 reflections were collected, of which 2979 were unique. As 

a check on crystal and electronic stability 3 representative reflections 

were measured after every 97 reflections. The intensities of these 

standards remained constant within experimental error throughout data 

collection. No decay correction was applied. 

Lorentz and polarization corrections were applied to the data. The linear 

absorption coefficient is 0.8cm-1 for Ho Ka radiation. No absorption 

correction was made. Intensities of equivalent reflections were averaged. 

6 reflections were rejected from the averaging process because their 

intensities differed significantly from the average. The agreement factors 

for the averaging of the 287 observaed and accepted reflections were 2.5% 

based on intensity and 2.0% based on Fo. 
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STRUCTURE SOLUTION AND REFINEMENT 

The structure was solved by direct methods utilizing the Shelx86 software 

package. A total of 25 atoms were located from an E-map. The remaining 

atoms were located in 8ucceeding difference Fourier syntheses. Hydrogen 

atoms were included in the refinement but restrained to ride on the atom 

to which they are bonded. 

The structure was refined in full-matrix least-squares where the function 

minimized was l:w( IFol-IFc I )2. The standard deviation on F2. u(F2). is 

defined by Eqn 9. The weights for each reflection were calculated using 

the counter weighting scheme.Eqn8. The uncertainty factor.p. was set to 

the value 0.040. 

Scattering factors were taken from Cromer and Vaber. Anomalous dispersion 

effects were included in Fc3 the values for l:!f' and l:!" were those of 

Cromer. Only the 1870 reflections having intensities greater than 3.0 

times their standard deviation were used in the refinements. The final 

cycle of refinement included 226 variable parameters and converged(largest 

parameter shift was 0.14 times is esd) with unweighted and weighted 

agreement factors of: 

Rl - ~IFo-Fcl~Fo - 0.041 

R2 - SQRT(~(Fo-Fc)2/l:wFo2) - 0.052 

The standard deviation of an observation of unit weight was 0.33. There 

were 5 correlation coefficients greater than 0.50. The highest peak in the 

final difference Fourier map had a height of 0.l5e-1/A3 with an estimated 

error based on l:!F of 0.03; the minimum negative peak had a height of -
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0.18e-1/A3 with an estimated error based on ~F of 0.03. Plota of Ev(IFol

IFcl)2 vs.IFol, reflection order in data collection, sin9/l, and various 

classes of indices showed no unusual trends. 

All calculations were performed on a VAX computer using SDP/VAX or 

Shelx8668 • 

N-(4-fluorophenyl)-2-t-butyl-naphtho[2.3,-d]naphtho-4-tmino-9-one 

The experimental details are shown in Table 24. 

DATA COLLECTION 

A red block crystral of C21H17N202F having approximate dimensions of 0.46 

X 0.38 X 0.30 mm was mounted in a glass capillary in a random orientaiton. 

Preliminary examination and data collection were performed with Ho Ka 

radiaton (~-O. 71073 A) on a Syntex P21 diffractometer equipped with a 

graphite crystal. incident beam monochromator. 

Cell constants and an orientation matrix for data collection were obtained 

from least-squares refinement, using the setting angles of 25 reflections 

in the range 19°<29<40°. The monoclinic cell parameters and calculated 

volume are: a-12.762(2), b-8.306(1), c-16.984(3) A, p-103.48(1)0, 

V-l750.8A3. For Z-4 and F.W.-441.48 the calculated density is 1. 67g/cm3. 

As a check on crystal quality, omega scans of several intense reflections 

were measured; the width at half-height was 0.32°, indicating good crystal 

quality. From the systematic absence of: h01 h+1-2n+1, OkO k-2n+1 , and 

from subsequent least-squares refinement, the space group was determined 

to be P21/n(*14). 



Table 24 Experimental Details for N-(4-fluorophenyl)-2-
t-butyl-naphtho[2.3.-d]naphtho-4-imino-9-one 

A. Crystal Data 

CO HO F2 NO 00 
F.Y. 441.48 F(OOO) - 920 

crystal dimensions: 0.46 x 0.38 x 0.30 mm 
peak width at half-height - 0.32° 

Ho Ko radiation (l - 0.71073 A) 
temperature - 23 ± 1° 

monocHnic space group P2l/n 
a - 12.762 ( 2) A b - 8.306 (l)A c - 16.984 ( 3) A 

P - 103.48 ( 1) ° 
V _ 1750.8 A3 

Z - 4 p - 1.67 &lcm3 
II - 1.1 cm-1 

Table of Experimental Details 

B. Intensity Measurements 

Instrument: 
Monochromator: 
Scan type: 
Scan rate; 
Scan width, deg: 
Maximum 21: 
No. of refl. measured: 
Corrections: 

Syntex-Nico1et P2 diffractometer 
Graphite crystal, incident beam 
'·21 
2 - 8°/min 
2.0 + (2IKo2-UKol) 

60.0° 
6652 total, 5113 unique 
Lorentz-polarization 
Reflection averaging (agreement on I - 2.9') 

C. Structure Solution and Refinement 

Solution: 
Refinement: 
Minimization function: 
Least-squares weights: 
Anomalous dispersion: ' 
Reflections included: 
Parameters refined: 
Unweigh:ed agreement factor: 
Yeighted agreeme~t factor: 
Factor including u~obs. data: 
Ead of obs. of unit weight: 
Convergence, largelt shift: 
High peak in final diff. map: 
Low peak in final ·Jiff. map: 
Computer hardware: 
Computer software: 

A .. oeia tea, Inc. ) 

Direct methods 
Block-diagonal lea.t-square. 
:!:w( IFol-IFc 1)2 
4F02/ .,2(F02) 
All non-hydrogen atoms 
2194 with Fo2>2.0.,(Fo2) 
235 
0.069 
0.070 
0.068 
1.86 
0.84 
0.28 ( 5) a/A3 

-0.21 ( 0) e/A3 
VAX 
SDPjVAX (Enraf-Nonius & B.A. Frenz end 
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The data were collected at a temperature of 23±10C using the 9-29 scan 

technique. The scan rate varied from 2 to aD/min. The variable scan rate 

allows rapid data collection for intense reflections wher a fast scan rate 

is used and assures good counting statistics for weak reflections where a 

slow scan rate is used. Data were collected to a maxtmum 29 of 60.00• The 

scan range (in degree) was determined as a function of 29 to correct for 

the separation of the Ka doublet. The scan width was calculated as 

follows: 

scan width - RNGl + RNG2 + (29Ka2-29Ka1)*DISP 

The values of the parameters were RNG1-l.O, RNG2-1.0, and DISP-l.O. The 

diameter of the incident beam collimator was O. 75mm. The reflection 

intensity and standard deviations are computed using Eqns 2 and 3. The 

ratio of peak counting time to background counting time was 2.0 to 1.0. 

DATA REDUCTION 

A total of 6652 reflections were collected, of which 5113 were unique and 

not systematically absent. As a check on crystal and electronic stability 

3 representative reflections were measured after every 0 reflections. The 

intensities of these standards remained constant within experimental error 

throughout data collection. No decay correction was applied. 

Lorentz and polarization corrections were applied to the data. The linear 

absorption coefficient is 1.1cm-1 for Ho Ka radiation. No absorption 

correction was made. Intensities of equivalent reflections were averaged. 

a reflections were rejected from the averaging process because their 

intensities differed significantly from the average. The agreement factors 
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for the averaging of the 473 obaervaed and accepted reflections waa 2.9\ 

based on intensity and 3.7\ ba.ed on Fo. 

STRUCTURE SOLUTION AND REFINEMENT 

The structure vas 801ved by direct methods utilizing the Shelz86 80ftvare 

package. A total of 26 atoms were located from an E-map. The remaining 

atoms were located in succeeding difference Fourier syntheses. 

The structure was refined in full-matrix least-squares where the function 

minimized was Ilw( IFol-IFc 1)2. The standard deviation on F2,u(F2), is 

defined by Eqn 9. The weights for each reflection were calculated using 

the counter weighting scheme,Eqn8. The uncertainty factor,p, was set to 

the value 0.040. 

Scattering factors were taken from Cromer and Waber. Anomalous dispersion 

effects were included in Fc3 the values for Af' and A" were those of 

Cromer. Only the 2194 reflections having intensities greater than 2.0 

times their standard deviation were used in the refinements. The final 

cycle of refinement included 235 variable parameters and converged(largest 

parameter shift was 0.79 times is esd) with unweighted and weighted 

agreement factors of: 

Rl - ~IFo-Fcl~o - 0.057 

R2 - SQRT(Ilw(Fo-Fc)2~Fo2) - 0.057 

The standard deviation of an observation of unit weight was 1.53. There 

were no correlation coefficients greater than 0.50. The highest peak in 

the final difference Fourier map had a height of 0.28e-1/A3 with an 

estimated error based on uF of 0.05; the minimum negative peak had a 
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height of -0.21e-1/A3 with an estimated error based on of of 0.05. Plots 

of lM( I Fo I-I Fc I )2 vs. I Fo I. reflection order in data collection. sine/~. and 

various classes of indices showed no unusual trends. 

All calculations were performed on a VAX computer using SDP/VAX. 
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APPENDIX C 

X-RAY CRYSTALLOGRAPHY DATA OF N,N'-DIPHENYL-1,4-NAPHTHOQUINONE DIIMINE 

TABLE lS LEAST-SQUARES PLANES OF N,N'-DIPHENYL-1,4-
NAPHTHOQUINONE DIIKINE 

n-
eil 11.60" '.0600 1.1711 .... 1'1.- •• 0022 
en 10.1~' 2.2UI 2.'2010 '.016' •• 0.002~ 
en 11."'0 I.U19 ,.un ... oon .- 0.0027 
CI' 12.1263 1.,..,6 '.5011 ... ou~ .- 0.002~ 

elS U.6U1 2.01030 2.,m O.OUl .- 0.0026 
ell 12.1U7 2.'109 l.lJ72 0.0001 .- 0.0026 

Chi Squared- 14~.' 

.lano 
C1 11.'610 '.9206 I.,n. 0.0153 .- 0.0022 
C2 10.7456 '.U~' 0.'197 .0.0169 .- 0.0020 
C3 '.9291 '.11" 0.011' .0.0076 •• 0.001' 

" '.1411 '.20" -0.flI6 0.0041 .- 0.0021 
C, '.'765 '.196' ·1.1102' O.OOU .- 0.0023 
CS' '.376~ 1.U29 -1.1102' 0.0045 .- 0.0021 ,,' t.1611 7.1716 ·0.flI6 0.004' .- 0.0021 
CS' '.U91 7.2914 0.0114 .0.0076 •• 0.001t 
CZ' 10.7455 1.04)4 0.9197 .0.016' .- 0.0020 
Cl' 11.5610 7.2517 I.,nl 0.015' •• 0.0022 

C2il Iq1o&lnd • 291.' 

• lano 
II 10.nOl '.'524 1.0115 .0.0922 •• 0.0011 
Cl 11.'610 '.'206 1.9111 0.051S •• 0.0022 
C:2 10. "" '.U59 0.9197 0.01010 •• 0.0020 
C3 '.9291 '.1179 0.0114 0.0106 .- 0.0019 

" '.1081 '.2079 ·0.9316 0.01103 .- 0.0021 
CS '.3765 '.1964 ·1.11021 0.005) .- 0.0021 
CS' '.'76~ 7.2129 -1.1102. 0.00" .- 0.002) ,,' t.1411 7.'714 -O.flU 0.0143 •• 0.0021 

". t.9:9. 1.2914 0.0114 0.0106 •• 0.0019 
C2' 10.1'55 '.04" 0.tl97 0.0104 •• 0.0020 
CI' 1l.56aO 7 2517 1.9111 0.051S •• 0.0022 
II' 10.nOI t.3269 1.0115 ·0.0922 •• 0.0019 

C1t Iquned • 6292.0 
• 1 .... 6 

Cl n.5610 ' •• 206 1.91:' 0.0)44 •• 0.0022 
C2 10.7456 '.U59 0."97 0.0149 •• 0.0020 
C) t.9211 '.1179 0.01:4 0.0)74 •• 0.0019 .. 10.nOI '.152' 1.0115 .0.0167 •• 0.0011 ,,' 10.6]01 t.'269 1.0115 ·0.01" •• 0.0019 
C]' t.929. 7.2914 0.0114 0.0]74 •• 0.0019 
C2' 10. 745~ '.04" D ... " 0.0109 •• 0.0020 
C1' 11.5610 7 .2~17 1.tll1 0.0)44 .- 0.0022 

0,1 Squared_ 57n.l 

'hn. 
t] t.U9I '.1179 0.0116 ·0.0021 •• 0.0011 

" '.141\ '.2079 ·0.flI6 0.0042 •• 0.0021 
CS '.'76~ 5.'964 ·1.11071 ·0.0021 •• 0.002) 
C~' '.1765 7.2129 -1.11011 ·0.0021 .- 0.0021 ,,' t.I411 7. '714 ·0.flI6 0.0042 •• 0.0021 ,,' t.t291 7.2914 0.0114 .0.0021 •• 0.001t 

0.1 .q ..... d. 12.2 

'lene 
C1 11."10 5.'206 1.'111 0.0071 •• 0.0022 
C2 10.7H6 5.1159 D ... " .0.0140 .- 0.0020 
C) '.Utl 5.11" 0.011' 0.0069 •• O.OOlt 
C)' t.9291 7.2910 0.0114 0.0069 •• 0.001t 
C2' 10. '6'5 '.0434 0.t1l7 ·0.0140 •• 0.0070 
Cl' 11.5610 '.2'17 1.tUI 0.0071 •• 0.0022 

1211 ......... I".' 
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TABLE 16 DIHEDRAL ANGLES BETWEEN PLANES 

Plane No. Plane No. Dihedral Angle 
\ --------- ____ a_ea. --------------

1 2 70.63 +- 0.07 
1 3 70.89 +- 0.06 
1 4 70.26 +- 0.07 
1 5 70.81 +- 0.08 
1 6 70.31 +- 0.07 
2 3 0.41 +- 1.51 
2 4 0.59 +- 1.99 
2 5 0.29 +- 3.10 
2 6 0.52 +- 2.16 
3 4 1.00 +- 2.18 
3 5 0.12 +- 3.89 
3 6 0.93 +- 2.38 
4 5 0.88 +- 3.39 
4 6 0.07 +- 5.13 
5 6 0.80 +- 3.86 



APPENDIX D 

X-RAY CRYSTALLOGRAPHY DATA OF N-(4-FLUOROPHENYL)-2-
t-BUTYL-NAPHTHO[2.3-dlOXAZOLE-4-IKINO-9-0NE 

TABLE 17 LEAST-SQUARES PLANES OF N-(4-FLUOROPHENYL)-2-t
BUTYL-NAPHTHO[2.3-dlOXAZOLE-4-IKlNE-9-0NE 

'lan. 

A'" I! Y II thUne' lad .bM , 
II '.01097 -2.'~n -O.IU~ -0.027) .- 0.0022 .... I Y I 
C2 '.lln -2.2)72 O.UII -0.1001 .- 0.0021 C/o 7.7101 -1.12n 1."~0 
0' '.0992 ·1.U2I I."" ·0.OU2 •• 0.0011 e~ 7.14010 -0.))6~ 2.IU6 
C/o 7.7101 -I.un I."~O 0.0)'1 .- 0.0026 C6 !.U19 ·0.'0~6 2.56" 
C~ 7.1404 -O.))U 2.IU6 0.0~77 .- 0.0026 ell '.'UI ·0."" 1.!',6 
C6 5.I~19 .0.JI)~6 2.!U) 0.0)01 .- 0.0027 en 5.11)' ·1.7015 O.'~II 
C1 4.9144 0."" '.'21) 0.0316 .- 0.001l en 7.1247 ·1.74'~ 0.12'0 
CI , .~216 0.,,0' '.5011 .0.0600 • - 0.00)4 a.1 SqUAred - J46.' 
C' 2.163) .0.'1.1 2.49!! .0.0'61 .- 0.00)) 'hn. , 
CIO 3.5121 _0.9604 1.5n) -0.02~2 .- 0.001l Ate. I Y I 
ell 4.96~6 ·0.'''' 1.~316 0.0<040 .- 0.0027 " '.ISI9 ·0.'0~6 2.56" 
el2 ~.U)9 -1. lOIS 0.'''1 0.OU6 .- 0.0021 C7 ' •• 144 0.'U1 '.52U 
Cll 7.1247 ·1.74~S 0.12)0 0.0611 .- 0.0026 CI '.5211 0.)70' '.~Oll 
ad Squared. 7107.' C. 2.1t)) -0.1l41 2.4961 ...... Other At •• ..... elo '.5721 ·0.1104 I."" 
e21 10.S299 -2."'0 O.ll)' -0."" .- 0.0021 ell '."se .0 •• 664 I."" 

"' 7.700) 0.2)4) '.67U 0.0114 .- 0.0023 a.1 SqUAred- 11.6 
0 '.on. ·2.230) ·0.'10) O.H79 .- 0.0023 'lene , 
e)1 '.Illi 0."" 3.1136 0.0919 .- 0.0026 .... I! Y I 
'lan, 2 .. '.0491 ·2.6))1 .0.14" 
Atol: I! y I Diltanc. lad C2 '.1799 -2."22 0.4"1 

ell '.1111 0.34" '.11l6 0.OU7 .- 0.0026 03 '.0912 ·1.6221 1."'4 
C)2 ' .• U) 1.01032 2.'04~ -0.0011 .- 0.0029 C4 7.7101 ·1.1262 J.'HO 
C)3 11.2~22 1.1667 '.117) -0.00'6 .- 0.00)0 e~ 7.14010 ·O.))U 2.IU6 
C)4 11.7196 0.~'20 4.2211 0.0077 •• 0.0010 C12 S.U" -1.707~ 0.4~1I 
C)~ 11.0172 .0.1011 5.1~01 0.00)2 •• 0.0010 CU 7.1241 ·1."~5 0.12)0 
C)6 '.7061 ·0.U76 , .. ", ·0.0160 •• 0.0029 0.1 Squared. '0'.' 
a.1 SqUAred - 77.' 'lone 7 ...... Other Atou .. .... .... I l' Z 

"' 7.700) 0.234) 3.6793 -0.0~56 .- 0.0023 C~ 7.14010 ·0.))" 2.1I~6 
13 n.U17 0.70)5 '.4110 0.010) •• 0.0021 C6 '.un ·0.'0~6 2.~n' 
'lanl ) C7 '.'144 0.'937 '."IS 
Ato= I! l' Z JU.unc' lad CI '.5216 0.)70' 3.S011 

" 1.01091 .2 .'~51 ·0.1445 0.0009 .- 0.0022 C9 2."'3 ·0.3141 2.4'61 
C2 9.1799 -2.2322 0.4361 ·0.000' .- 0.0027 Cl0 '.5721 -0.9604 1.")) 
0) '.0992 -1.'221 I."', 0.000' •• 0.0011 ClI ,.",. -o.,n, 1.~3" 
C4 7.7701 ·1.1262 I.'HO 0.0002 •• 0.0071 C12 !.6I" ·1.707$ 0.4S11 
en 7.1247 ·1.7U~ 0.'230 -0.0006 •• 0.0026 1211 ..... r.d- 'S'.7 
Od Squ.and- 0.' 

r 

Ihtane. lad 
.0.0121 .- 0.0026 
0.012~ .- 0.0026 
0.00" .- 0.0027 

.0.0191 •• 0.0027 
0.0199 •• 0.0021 

·0.00/.5 .- 0.0026 

IU,tanc. lad 
·0.OU6 •• 0.0027 
0.OU1 .- 0.001l 

·0.0011 •• 0.00)4 
·0.0117 .- 0.00)) 
O.OIO~ .- 0.0031 
0.00)7 .- 0.0027 

thune. lad 
0.0011 ._ 0.0072 

·0.017) .- 0.0021 
·o.oon .- 0.0011 
0.0243 •• 0.0026 

.0.OU2 .- 0.0026 
·0.01l~ .- 0.0021 
0.02" .- 0.0021 

Dlnane. lad 
.0.0412 •• 0.002' 
0.0111 •• 0.0027 
O.Dn, .- 0.001l 

·0.0010 .- 0.00)4 
-0.0309 .- 0.00)) 
·0.00/.9 •• 0.0031 
0.0120 .- 0.0021 
O.OlU •• 0.0021 
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TABLE 18 DIHEDRAL ANGLES BETWEEN PLANES OF N-(4-FLUOROPHENYL)-2-t
BUTYL-NAPHTHO[2,3-d]OXAZOLE-4-IHINO-9-0NE 

Plane No. Plane No. Dihedral Angle 
--------- --------- --------------

1 2 113.55 +- 0.06 
1 3 4.40+- 0.72 
1 4 0.65 +- 2.58 
1 5 3.17 +- 1. 00 
1 6 3.20+- 0.75 
1 7 2.33 +- 1.05 
2 3 111.52 +- 0.07 
2 4 114.09 +- 0.07 
2 5 114.60 +- 0.07 
2 6 112.21 +- 0.06 
2 7 114.83 +- 0.06 
3 4 4.37 +- 0.84 
3 5 7.56 +- 0.53 
3 6 1.21 +- 2.92 
3 7 6.73 +- 0.51 
4 5 3.38 +- 1.08 
4 6 3.16 +- 0.96 
4 7 2.42 +- 1.26 
5 6 6.36 +- 0.54 
5 7 1.05 +- 3.42 
6 7 5.52 +- 0.50 
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APPENDIX E 

X-RAY CRYSTALLOGRAPHY DATA OF N-PHENYL-2-iso-BUTYL-NAPHTHO[2.3-d]OXAZOLE 
HONOIHlNE 

TABLE 19 LEAST-SQUARES PLANES OF N-PHENYL-2-iso-BUTYL
NAPHTHO[2.3-d]OXAZOLE HONOIKlNE 

PI .... 
.,S 0.41" ·1.2204 lD.7S1S .0.DDt ••• 0.0017 
C2 0.6112 .0.U6I ' ... 30 ·0.01" •• '.0023 
.,3 1.1979 ·0.4074 ~.'202 ·0.0316 •• 0.0016 
C4 2.$100 ·l.D.n lD.29n ·0.0200 •• 0.0021 
I:S 4.0221 ·1.2712 lD.nss 0.0014 •• 0.0021 
eI 4.4442 ·2.0490 I1.SU6 0.0001 •• 0.0021 
1:7 5.19$6 ·2.2711 11.1103 ·0.0160 •• 0.0023 
1:1 6.2260 .2 ... 00 17.U17 ·D.02S1 •• 0.002S 
1:9 5. '074 .'.4767 n.'ln .0.0246 •• 0.002S 
1:10 '.un ,'.271l 11.1120 O.OOOS •• 0.0024 
I:n '.5024 ·2.56SD 17.lD76 0.0092 •• 0.0021 
1:12 2.0H6 ·2.)600 17.'''0 0.0144 •• 0.0023 
I:n 1.6794 ·1."$1 11.17'6 ·0.0113 •• 0.0022 
01 1.2016 ·2.12SD 11.1193 0.OS10 •• 0.0011 
.1 4.'OSO ·0 •• 002 '.3493 0.0746 •• 0.0019 

eIIl llfoI.Irod - '"3.1 

'laDo 
.,S 0 •• 16. ·1.2204 10.751S ·0.0002 •• 0.0017 
1:2 0.6112 ·0.S268 9.6430 0.0016 •• 0.0023 
.,3 1.19" .0.4074 '.3202 ·0.0022 •• 0.0016 
C4 2.5'00 ·1.0113 10.2'" 0.0021 •• 0.0021 
I:n 1.67'4 ·l."SI 11.1716 .0.0012 •• 0.0022 

Gal '4\L1.1'ed- '.7 

'laDo 
C4 2.5100 ·1.0In 10.2963 ·0.0010 •• 0.0021 
c:s '.0221 .1.2712 10.31SS o.ons •• 0.0021 
eI 4.4442 ·2.04'0 11.$136 ·0.007' •• 0.0021 
1:11 '.5024 ·2.56S0 12.S076 ·0.0034 •• 0.0021 
1:12 2.0n6 .2.1600 12.34S0 0.0093 •• 0.0023 
I:n 1.67'4 ·1.S7SI 11.1716 ·0.0031 •• 0.0022 

Gal I,und- to.' 

'laDo • C4 2.5100 ·1.0.n 10.2'" ·0.0271 •• o.oeil! 
c:s '.0221 ·1.2712 10.n$$ .0.0102 •• 0.00:1 
eI 4.4442 ·2.04.0 11.$136 ·0.0274 •• 0.0021 
Cll '.5024 ·2.SnO 12 .S076 ·0.01$3 •• 0.0021 
C12 2.0336 ·2.1600 12.)l.SO 0.0019 •• 0.0023 
cn 1.6794 ·1."$1 11.1716 .0.01$7 •• 0.0022 
01 1.2016 ·2 •• 230 11.1193 0.0411 •• 0.0011 
III 4.90S0 ·0 •• 002 '.349) 0.OS2' •• 0.0019 

Qt .quud. 1716.7 

'W-ei '.4442 ·2.04.0 I1.SU6 .0.0011 •• 0.0021 
C7 S.7936 ·2.2711 11.1103 O.OOOS •• 0.0023 
1:1 6.2210 ·2 ... 00 17.9117 0.0023 •• 0.0023 
1:9 5.'074 .'.4767 11.'163 ·0.0042 •• 0.0023 
C10 '.'''1 ·'.27U 11.6120 0.002' •• 0.0024 
Cll '.lD24 ·2.$6S0 12.lD76 0.0001 •• 0.0021 

QlS 'qv.ared- 5.1 

'laDo 6 
ell •• $600 .0.1941 I.'U' ·O.OIU •• 0.0021 
CI2 '.Sl67 .0.1796 7.169) 0.0113 •• 0.0024 
Cl) '.2201 .0.2010 6.00'4 ·0.00" •• 0.0026 
C)I. '.0021 1.1$$$ 6.0121 ·O.OO4S •• 0.0076 
CH '.0760 1.1440 7.200' 0.0043 •• '.0026 
cn 4."61 1.1714 '.nl7 '.1017 •• '.0074 

eIIl ..... rod- 62.6 

... 



TABLE 20 DIHEDRAL ANGLES OF PLANES OF N-PHENYL-2-iBo-BUTYL
NAPHTHO[2.3-d]OXAZOLE HONOIHINE 

_.-.---- ..... -----------
Plane No. Plane No. Dihedral Angle 
--------- .--------- --------------

1 2 0.53 +- 3.52 
1 3 0.51 +- 2.92 
1 4 0.49 +- 2.44 
1 5 0.76 +- 2.43 
1 6 96.81 +- 0.06 
2 3 0.45 +- 4.73 
2 4 0.71 +- 3.27 
2 5 0.88 +- 3.12 
2 6 96.48 +- 0.09 
3 4 0.31 +- 4.49 
3 5 1.17 +- 2.16 
3 6 96.93 +- 0.08 
4 5 1.24 +- 1.88 
4 6 97.18 +- 0.07 
5 6 96.15 +- 0.08 
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EQUATIONS 

Eqn. I 

Eqn. 2 

Eqn. 3 

Eqn. 4 

Eqn. 5 

Eqn. 6 

Eqn. 7 

Eqn. 8 

Eqn. 9 
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APPElmIX F 

EQUATIONS FOR X-lAY CRYSTALLOGRAPHY 

Scan Width - MGl + RNG2 + (2''''2 - 2''''1) * DISP 

[ [ 
E background counts JJ 1- total acan count + * acan rate 

(background:scan ratio) 

[ [ 
E background count. )] 1/2 

D(I)- total acan count + 2 * acan rate 
(background:acan ratio) 

Rl _ EIIFol-IFeil 
EIFol 

R2 _ [IN( IFol-IFel)2 p/2 
lNFo2 JI 

[
IN(IFol-IFcl)2 1j'2 

No - Ny J 
ERRVl'-COF _ 

minimize IN(I Fol-I Fcl)2 



APPENDIX G 

DIMENSION OF REACTION FLASK 

'iH4 119 114 

100 ml 

200 ml 

114 

coarse sintered 
glass filter 
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