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ABSTRACT 

Synthesis of 

Functionalized Naphthalenes 

by 

Linda Kay Lewis 

1,2 and 2,3-disubstituted naphthalenes were synthesized by car bene 

addition to substituted indenes. The indene precursors were formed fcy 

two methods: Grignard addition to indanones with elimination and by 

the reaction of indanones with phosphorus pentahalide. The car bene ad¬ 

dition to indene was facilitated fcy the use of a micellar phase 

transfer catalyst, hexadecyltrimethyl ammonium branide. This catalyst 

allowed car bene addition to double bonds with both electron donating 

and withdrawing substituents. The naphthalenes formed by this method 

include; 

2-chloro-3-methylnaphthalene, 2-chloro-3-phenylnaphthalene, 1,2-di- 

chloronaphthalene, 2-chloro-l-phenylnaphthalene, 2-brano-3- 

chloronaphthalene and 2,3 -di chi or onaphthal ene. 
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INTRODUCTION 

This thesis is primarily concerned with the synthesis of substi¬ 

tuted halo-naphthalenes. Hie initial purpose of this work was to de¬ 

velop a phase transfer technique for synthesizing 2,3-disubstituted na¬ 

phthalenes. As these experiments proved successful, synthesis of 

1,2-disubstituted naphthalenes was attempted and in most cases also 

worked well. Methods for synthesis of these naphthalenes and their in- 

dene precursors are included in the experimental section. Hie indene 

precursors and substituted naphthalenes with experimental methods given 

in this work are shown below. 

R =C1 R =Me R1=CI R2=a R^e R2=C1 

R =Ph R =Ph R^Ph RfCl RL=Ph R2=C1 

R =Br R^=C1 Rj^Cl 

VBr Ve1 

A survey of the literature dating back to the late nineteenth cen¬ 

tury shows a relatively small amount of research dealing with the syn¬ 

thesis of 1,2 and 2,3 disubstituted naphthalenes. Hie first mention 

Beilstein makes of these naphthalenes is the synthesis of 

1,2-dichloronaphthalene. Three synthetic methods are given.* Each syn¬ 

thesis utilizes a 1-chloronaphthalene precursor with a unique function¬ 

al group beta to the chlorine. 2-Amino-l-chloronaphthalene in an aci- 
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dified copper chloride solution was converted to 

1 ,2-dichloronaphthalene by the addition of hot aqueous potassium ni¬ 

trate. In the next synthesis, l-chloro-2-naphthylsulfonic acid reacted 

with phosphorus pentachloride to form the product. In the last syn¬ 

thesis given, l-chloro-2-naphthol was reacted with phosphorus penta¬ 

chloride to form 1,2-dichloronaphthalene. 

An early reference to the synthesis of 2,3-dichioronaphthalene was 

2 
also presented in Beilstein. 1,2,3,4-tetrachloronaphthalene was heated 

with silver oxide yielding 1,2,3-trichloronaphthalene. This intermedi¬ 

ate was then treated with ethanolic sodium amalgam to give the 

2,3-dichloronaphthalene in platelet form. 

In 1914 the first synthesis of 2,3-dibromonaphthalene appears. 

The starting compound was 3-amino-2-naphthoic acid, although no experi- 

3 
mental details are given. 

In 1931 a paper compiling many of the 1,2-dihalonaphthalenes was 

published. The basic method of synthesis involved the use of the Sand- 

meyer reaction, with l-nitro-2-naph thy lamine as the starting material. 

An example of 1,2-dichloronaphthalene synthesis follows. The starting 

material, l-nitro-2-naph thy lamine, is converted to the diazonium salt. 

To the diazo naphthalene solution aqueous cuprous chloride in HQ is 

added to give l-nitro-2-chlor onaphthal ene. The nitro functionality is 

reduced to the amine, diazotized and converted to the corresponding di- 

chl or onaphthal ene using cuprous chloride in HQ. Following a similar 

procedure l-brcmo-2-chloronaphthalene was synthesized from 

l-nitro-2-chloronaphthalene. * 

By 1933 all ten dichloronaphthalenes were known. Beattie and 
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Whitmore^ compiled the syntheses and optimized the methods. Their 

starting material in each case was an aminonaphthalenesulfonic acid. 

This was converted to chloronaphthalene sulfonate, which in turn was 

converted to a chloronaphthalene sulfonyl chloride. In the final step, 

chloronaphthalene sulfonyl chloride was heated with phosphorus penta- 

chloride to yield the dichloronaphthalene. 

In 1937 2,3-dibrcmonaphthalene was synthesized from 

3-bromo-2-naphthylamine.® The Sandmeyer reaction was used for this syn¬ 

thesis. 

In 1945 2-chloro-3-brcmonaphthalene was first synthesized. In the 

first step glacial acetic acid solution was mixed with 

3-brano-2-naphthalenediazonium sulfate. This diazonium compound in so¬ 

lution was then decomposed to product by addition of cuprous chloride 

in HC1. 2,3-Dibrcmonaphthalene, already known, was synthesized by a 

7 
similar method. 

Parham and his associates were the first to synthesize naphthal¬ 

enes using carbene addition to indenes. Through their extensive work 

they developed theories on the mechanism of carbene addition and ring 

opening. Their first naphthalene product was 2-chloronaphthalene syn¬ 

thesized from a mixture of indene, sodium salt of indene and chloro- 

O 
form. This synthesis only gave a 10% yield of product. By use of a 

different carbene method involving potassium t-butoxide, petroleum 

ether, indene and chloroform they were able to obtain a 65% over-all 
Q 

yield of 2-chloronaphthalene. They continued to use this anhydrous 

method of carbene addition in their subsequent related studies. 

When dichlorocarbene adds to indene the intermediate, 
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1 ,l-dichloro-la,6a-dihydrocycloprop[a]indene, is formed which is shown 

below, (b) 

ci 

The intermediate (b) opens when the reaction mixture is treated with 

polar solvents. Parham determined that the elimination of HQ frcm the 

intermediate was first order since the rate was dependent only on the 

concentration of the intermediate and not on the concentration of NaCH. 

It was found that the rate determining step in this elimination reac- 

Q 
tion was the ionization of a chloride ion. 

In a later study on substituted naphthalenes Parham concluded that 

the ability of car bene to add to indenes depended on the electron in¬ 

duction effect of substituents alpha to the double bond.*® It was found 

that indenes with electron rich double bonds (such as methylindene or 

ethoxyindene) gave yields of product naphthalene similar to unsubsti¬ 

tuted indene. For example, 3-methylindene gave 

2-chloro-3-methylnaphthaléne in 37% yield. Indenes with electron defi¬ 

cient double bonds however, gave very lew yields of naphthalenes. 
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3-Chloroindene and 3-phenylindene gave only 5% yields of naphthalenic 

materials.*® Parham's work with naphthalenes is important for two main 

reasons: he developed a new route to substituted naphthalenes and he 

studied the limitations of the anhydrous non-phase transfer car bene re¬ 

action. 

The mechanism of carbene addition in phase transfer catalysis 

(ETC) has been widely examined. There is acceptance of the general 

theory but the details of the reaction continue to be a subject of di¬ 

sagreement. In this study, the most widely accepted theory will be 

presented as it relates to naphthalene formation. 

Phase transfer reactions usually require a catalyst, water, a 

base, the precursor, and sometimes a solvent. In this study NaCH, 

water, chloroform, and indene were used. The catalyst used was hexade- 

cy 1 trime thy lammonium bromide, CH^ (G^) j^N+Me^ Br“, with the trade name 

Cetrimide, which Joshi and his colleagues found is useful in adding 

car bene s to electron deficient olefins.** 

The basic mechanism of the dichi orocarbene phase transfer addition 

is shown below. (QBr represents the catalyst, hexadecyltrimethylammon- 

ium bromide.) 

NaŒ(aq) + ®T(aq) 
031 (aq) + NaBr(aq) 

^(aq) 031 (org) 

^(org) + ŒQ3(org) «2° + q+c*3 (org) 

Q+C13” QC1 t :0C12 
Cl 

d-ci 03 >+ :CCI* — UJU' 
001 (org) nn 12 001 (aq) 
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The transfer of reactants between phases is facilitated by the Cetreni- 

um catalyst (QBr). This catalyst is a surfactant that forms micelles 

when it is in a two phase solution. Cetrenium micelles contain from 

12 
10-50 catalyst molecules which form in the aqueous phase. The hydro¬ 

philic portion of the molecule is exposed to water while the hydropho- 

bic end is in the center of the spherical micelle. It is in this hy¬ 

drophobic center that organic molecules are protected from the basic 

environment yet are close to the reacting species. 

It should be noted that micellar reactions are slightly different 

from ordinary phase transfer reactions. True phase transfer reactions 

occur at the interface of the aqueous-organic mileau, while micelles 

exist in the aqueous phase. Another important characteristic of true 

phase transfer catalysis is that the rate of product formation is di¬ 

rectly proportional to the concentration of the phase transfer reagent. 

In a micellar reaction, the rate of reaction is slew until a critical 

micelle concentration is reached. Then over a small concentration 

range, the reaction is at an optimum rate. 

While these differences are significant, ordinary phase transfer 

catalysis and micellar catalysis have enough similarities that micelles 

"may be considered as phase transfer reagents of a sort which take the 

organic phase reagent into the aqueous phase for reaction." Because 

of the similarities, the micellar catalysis studied in this work will 

be referred to as phase transfer catalysis. 

What is interesting in our work, and in phase transfer catalysis 

generally, is that car bene s in phase transfer add to many olefins with 

electron deficient double bonds. In Parham's work with non-phase 
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transfer car bene additions to indenes, he found that di chi or oca r bene is 

deactivated by electron deficient olefins. 

"The experiment described above (anhydrous car bene addition 

to indenes) shows that the addition of dihalocarbenes to the 

indene double bond is inhibited by substituents which are 

electron-withdrawing such as chlorine, bromine, carbethoxy or 

phenyl. Such deactivation is not observed when the ethylenic 

substituent is an electron donating group such as methyl, 

isopropyl and ethoxy. These results are in accord with the 

view that the two electrons of the carbene are paired and 

that carbenes seek centers of high electron density. 

Other researchers using PTC show addition to many olefins with electron 

14 
withdrawing substituents. In our work it was found that with phase 

transfer catalysis carbenes add to the identical electron deficient 

olefins that Parham found unreactive. If it is the nature of a carbene 

to react only with olefins of high electron density, then why does PTC 

show carbene addition to electron deficient olefins? An understanding 

of hew the carbene is formed and its lifetime may be the key to the so¬ 

lution. 

To produce dichlorocarbene with PIC, chloroform reacts with the 

catalyst to form trichloromethyl anion. Chloride then departs from the 

trichlorcmethyl anion to form the dihalocarbene. The dichlorocarbene 

is usually the species that reacts with the olefin resulting in cyclo¬ 

propane ring formation. However, when the olefin is electron deficient 

the attacking species is often the trichloromethyl anion. ^ (This type 
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of reaction is commonly known as a Michael addition.) 

An olefin with a . carbonyl, nitrile or sulfone is the most like¬ 

ly to undergo trichloranethyl anion attack due to the electron defi- 

cient nature of the double bond. When the electron deficient olefin 

also contains an . substituent, the resulting product most likely con¬ 

tains the cyclopropane ring. One hypothesis explaining this is that 

the trichloromethyl anion adds to the olefin with subsequent intramo¬ 

lecular nucleophilic displacement of chloride. 

Alternatively, the carbene addition may be competitive with the tri¬ 

chloranethyl anion since the alpha substituents electron donating pro- 

12 
perties may destabilize the carbanion. 

It is suggested that trichloromethyl anion may be the attacking 

species in our experiments. The olefin of both phenylindene and chlo- 

roindene are electron deficient in nature. The trichloromethyl anion 

could attack the indene and undergo intramolecular displacement result¬ 

ing in the cyclopropane addition. It seems unlikely that the trichlo- 

rcmethyl anion is the attacking species in the experiments described 

here since neither the aryl or halo substituents are capable of accept¬ 

ing a negative charge. 

It is possible for the carbene to be the reactive species in addi¬ 

tions to electron deficient olefins without refuting the claim that 

carbenes prefer electron rich double bonds. The catalyst changes both 

the environnent and the lifetime of the carbene giving it a more favor- 
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able chance to react. G.C. Joshi contends that a carbene in FTC is the 

attacking species aided by the "mode and medium of generation.Ma- 

kosza offers a more detailed explanation.^ in the organic phase tri- 

chlorcmethyl anion forms as an ion pair with the catalyst. The ion 

pair then forms quaternary ammonium chloride at the same time as the 

car bene is formed. This can then react reversibly to reform the ion 

pair. This reversible process "keeps dichlorocarbene 'ready for use' 

and allows it to react with reactants of low activity.The extended 

amount of time the carbene has in PTC to react with the electron defi¬ 

cient indenes may be the explanation for the higher yields of naphthal¬ 

ene products found in our work. 

Discussion 

One of the advantages of using phase transfer catalysis in forming 

naphthalenes is the simplicity of carrying out the carbene addition. A 

minor problem is in purification of final products. In most cases cry¬ 

stallization was initially unsuccessful due to an oily low melting side 

product that interfered with crystal formation. Crude product eluted 

on silica gel tic plates (with the appropriate solvent) showed 'a co¬ 

lored portion at the origin and a major spot with an between 0.5 and 

0.75. In all cases attempted column chromatography worked well to re¬ 

move the residue. Following column purification, recrystallization 

gave fairly pure crystals. 

The formation of 2-chloro-3-methylnaphthalene was the first pro- 
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duct attempted. A three step synthesis was planned. 

AKH^Mgl/ether, B= ^/benzene, OCHCl3,H20,NaCH,cat. 

2-Indanone was first reacted with méthylmagnésium iodide to form 

2-methyl-2-indanol. Initial IR analysis of the products gave ambiguous 

results. Strong absorptions were seen both in the -CH and OO regions. 

Since 2-indanone can tautomerize fran the ketone to the enol it was 

suspected that the IR of the product was in fact unreacted ketone. 

An IR of pure 2-indanone quickly dispelled this suspicion as there was 

little -CH stretch. It would seem then, that the first IR was a mix¬ 

ture of starting material and products. Although the IR of a purified 

sample of product was similar to the original IR, the GC/MS indicated 

only one product, 2-methyl-2-indanol. 

Dehydration of 2-methyl-2-indanol to 2-methylindene was the next 

step. Dehydration was carried out using iodine in benzene. There were 

two drawbacks to this method; the reaction proceeded slowly and the 

iodine could be removed only by repeated washings. Other than these 

two problems the reaction was clean with only one product, 

2-methylindene. 

Addition of dichlorocarbene to 2-methylindene was relatively easy 

since the reaction did not require anhydrous conditions. Although Par¬ 

ham was able to purify 2-chloro-3-methylnaphthalene by recrystalliza- 
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tion with EtOH,*® there was too much soluble colored residue for this 

method to work. The recrystallization was attempted numerous times. 

It was finally found that a column of silica gel using hexane as eluent 

worked well to purify the 2-chloro-3-methylnaphthalene product. 

The formation of 2-chloro-3-phenylnaphthalene was the next syn¬ 

thesis attempted. A three-step synthesis similar to that of 

2-chloro-3-methylnaphthalene was planned. 

Ar=PhMgBr/ether, B=I2/Benzene, C^HCl^NaCH/H^cat. 

In this synthesis 2-indanone was the starting material. Although elim¬ 

ination was carried out using iodine and benzene, it is very probable 

that water eliminated during the HCl/I^O workup of the Grignard reac¬ 

tion. This was suspected because the GC traces before and after the 

elimination were similar. 

The dichiorocarbene addition to 2-phenylindene afforded good 

yields of 2-chloro-3-phenylnaphthalene. (Although 

2-chloro-3-phenylnaphthalene had been found in trace amounts from 

another synthesis, this was the first report of this product in yields 

high enough for good analysis.) The crude product was brown and 

tarry. Repeated recrystallization in ethanol eventually gave pale yel¬ 

low prismatic crystals. It is likely that a silica gel column using 

hexane as eluent would have removed the tarry residue and eliminated 

the multiple recrystallizations. 

The synthesis of 2-chloro-l-phenylnaphthalene was very similar to 

that of 2-chloro-3-phenylnapthalene. Only two steps were required. 
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Workup of Grignard was done with an acidic solution resulting in 

3-phenylindene. 2-Chloro-l-phenylnaphthalene was purified by column 

chromatography and subsequent distillation. 

The synthesis of 1,2-dichloronaphthalene required only two steps. 

Using phosphorus pentachloride in benzene, 1-indanone reacted to form 

3-chloroindene along with side products whose M.S. fragmentation pat¬ 

terns suggested dichloroindanes. Distillation served to remove the 

3-chloroindene from the dichloroindane side products. 

Dichlorocarbene addition to the indene was carried out in the same 

manner as previous car bene additions. The desired product was purified 

by elution with hexane through an alumina column. Crystallization of 

the 1,2-dichloronaphthalene did not occur under ambient temperature and 

pressure. After two days of high vacuum pumping and cooling with a dry 

ice/acetone bath crystals were formed. Although the mp was never ex¬ 

actly the value of the literature, the GC/MS and NMR showed only one 

product, 1,2-dichloronaphthalene. 

The synthesis of l-brcmo-2-chloronaphthalene was not successful. 

A two-step synthesis similar to that of 1,2-dichloronaphthalene was 

planned. 

A=PC1 ^./benzene, BKHCl^NaCH/l^t^cat. 

ci 

^FpBr5/benzene,B?<HCl3 ,NaCH/H20,cat. 
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To 1-indanone in dry benzene was added phosphorus pentabrcmide to form 

3-bromoindene. ^ (Upon work-up the hydrogen bromide fumes were extreme¬ 

ly noxious and it is advised that the work-up should be carried out in 

a hood.) Four compounds were identified from GC/MS: brcmoindanone, 

1-indanone, dibrcmoindane and 3-brcmoindene in approximately a 6:2:1:1 

ratio. A second synthesis was done using dry benzene to improve the 

yield of 3-brcmoindene but the ratio of products ranained the same. 

Due to their similar low bps, 1-indanone and 3-brcmoindene were separ¬ 

ated from the other products by distillation. 1-Indanone and 

3-brcmoindene were separated fcy silica gel prep layer chromatography 

with petroleum ether as the eluent. 3-Bromoindene turned orange with 

atmospheric exposure and required further distillation. Although GC/MS 

and NMR showed evidence of 3-brcmoindene, the car bene addition gave 

none of the desired product, 1-brcmo-2-chloronaphthalene. 

SUMMARY 

The phase transfer catalysis method of naphthalene formation is a 

simple, general method with fairly good yields. It is especially use¬ 

ful in forming 2,3-disubstituted naphthalenes. In most cases column 

chromatography can be used to separate product from the impurities and 

side products. It is possible that this form of carbene addition would 

be useful in synthesizing substituted phenanthrenes and anthracenes. 
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EXPERIMENTAL 

General Synthesis £QL 1*2 ££ 2*2 Disubstituted Naphthalenes» Add 

a solution of sodium hydroxide (5.0 g, 125 nmol) in water (9 mL) to a 

solution of substituted indene (7.7 irmol) and hexadecyltrimethy lammoni- 

um bromide (.029 g, .080 nmol) in spectroquality chloroform (7.8 mL). 

After stirring for 2 hours at 65*C, chloroform (3.8 mL) is added. The 

resulting solution is stirred for about 6 hours at 65*C. The reaction 

mixture is then poured into water (200 mL) and extracted with ether. 

The extract is washed several times with water and dried over MgSO^. 

The solvent is removed in vacuo. Tarry side products can be removed by 

passage through a column of gel. Further purification depends on the 

disubstituted naphthalene synthesized. 

2-Methyl-2-Indanol. The following procedure is a variation on the 

normal Grignard reaction. 5 grams Mg and a crystal of iodine were he¬ 

ated in a three neck round bottom flask until a faint brcwn vapor was 

observed. 12 mL of iodomethane mixed with 40 mL ether was added to an 

addition funnel. Approximately 10 mL of this solution was added to the 

flask. The only indication of reaction was a slow reflux. 80 mL of 

ether was then added to the retaining ether/CH^I mixture and added 

dropwise to the reaction mixture at a rate to maintain reflux. After 

the final addition the reaction was heated at reflux temperature (oil 

bath about 42*0 for 20 minutes. While the solution was cooling, 

2-indanone (11.2 g, 85 mmol) was mixed with ether until dissolved. 

This mixture was transferred to an addition funnel and added dropwise 
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to the cooled solution. After final addition the solution was heated 

half an hour at reflux temperature. The solution was then renoved fron 

heat and allowed to cool to roan temperature. 60 mL of a 1:2 mixture 

of concentrated HCL/ice water was slowly added to the indanol solution. 

Remaining Mg chips were dissolved by the acid. The mixture was then 

transferred to a separatory funnel and the aqueous layer was discarded. 

The organic layer was washed three times with 30 mL portions of water, 

once with concentrated Nad solution, and dried over MgSO^. The MgSO^ 

was removed by filtration and the ether removed in vacuo. The product, 

2-methyl-2-indanol, was purified by distillation at 78*C and ,8mm Hg. 

(Also seen in the product mixture was 2-methylindene.) 

M.S.: m/e (relative intensity): 148(M+,12); 106(17); 105(50); 

77(11); 51(12); 43(100). 

2-Methylindene. 2-Methyl-2-indanol (4.1 g, 28 nmol) was dissolved 

in benzene (70 mL) and added to a round bottom flask fitted with a re- 

17 
flux condenser. One iodine crystal (41 mg, .32 mmol) was then added 

and the mixture refluxed for 22 hours. (By following the reaction with 

GC it was seen that the reaction was nearly complete after 18 hours.) 

Work-up was done in sodium thiosulfate solution (.20g/ 15 mL I^O). The 

final wash was with saturated salt solution and dried over anhydrous 

MgSO^. Solvent was removed in vacuo and the product was distilled at 

33 *C and .1mm Hg. Although 2-methylindene is a known compound, iden¬ 

tification was made by use of NMR and M.S. 

M.S.: m/e (relative intensity): 130(M+,100); 129(81); 115(88); 
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64(28); 63(27); 51(32). 

XH KMR (CDCL3) : *f 7.3-6.7 (m,4H); 6.3 (s,lH); 3.1 (s,2H) ; 2.05 

(s,3H). 

2-Chloro-3-Methylnaphthalene. A solution of sodium hydroxide (5.0 

g, 124.8 nmol) in water (9 mL) was added to a solution of 

2-methylindene (1.0 g, 7.7 nmol) and hexadecyltrimethylammonium bromide 

(.029 g, .080 mmol) in spectroquality chloroform (7.8 mL). After stir¬ 

ring for 2 hours at 65*C, chloroform (3.8 mL) was added. The resulting 

solution was stirred for 9 hours at 65 *C. The reaction mixture was 

then poured into water (200 mL) and extracted with ether. The extract 

was washed several times with water and dried over MgSO^. The solvent 

was removed in vacuo which left a light brown solid. The solid was 

purified by passage through a column of silica gel (60-200 mesh) using 

hexane as eluent. Concentration of this solution gave 1.6 g (59% 

yield) of 2-chloro-3-methylnaphthalene. The final crystals were white 

platelets with a mp of 123-124‘C. (Note: crystals began to sublime at 

105 *C with rapid sublimation from 120 *-123*0. 

M.S. : m/e (relative intensity): 178(M+,16); 176(M+,51); 141(100); 

139(39); 115(36); 113(9); 89(18); 87(11). 

1H NMR (CDa3):«5' 7.75 (sflH); 7.6 (s,3H); 7.3-7.5 (m,2H) ; 2.48 

(s,3H). 

2-Phenvl-2-Indanol. Mg turnings (2.4 g, 98 mmol) and a crystal of 

iodine were added to a three neck round bottom flask and heated until a 
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brown vapor was observed. The flask was then removed fran the heat. 

10.4 itiL of brcmobenzene (15.4 g, 103 irmol) was dissolved in 20 mL of 

ether and mixed in an addition funnel. Approximately 10 mL of this so¬ 

lution was added to cover the Mg turnings. 40 more mL of ether was 

mixed with the solution in the addition funnel. This solution was 

added to the flask at a rate to maintain a slow reflux. After addition 

the solution was heated at reflux temperature for 20 minutes and then 

removed from the oil bath to cool. 2-Indanone (3.2 g, 100 irmol) dis¬ 

solved in 200 mL ether was added to the roan temperature solution at a 

rate to maintain reflux. After addition the mixture was heated at re¬ 

flux temperatures for 20 minutes and then cooled. Approximately 40 mL 

of a 1:1 cone. HCL/ice-water mixture was slowly added to the reaction 

vessel. The contents were transferred to a separatory flask and the 

aqueous layer discarded. The organic layer was washed 3 times with 30 

mL of water and once with concentrated salt solution. The final solu¬ 

tion was dried over MgS04, filtered and the ether layer removed in 

vacuo. 

2-Phenylindene. 16 g of the alcohol obtained from the Grignard 

reaction was dissolved in 100 mL of benzene in a round bottom flask 

17 
with a crystal of iodine. The mixture was refluxed for four hours. 

The solution was washed with sodium thiosulfate solution, saturated 

NaCL and dried over MgSO^. The solvent was removed in vacuo. The 

first crystals from EtCH were a faint yellow color and had a mp of 

167*C. Berichte 1929, p.1063 reports a 167*C mp for 2-phenylindene.*® 

The NMR closely matches the literature values for 2-phenylindene. 
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Literature NMR: «J 7.19(m) and6 3.77(s)^ 

NMR from synthesis: «5 7.5-7.3(m) and à 3.7(s) 

2- Chloro-3-Phenvlnaphthalene. A solution of NaCH (5.0 g, 130 

nmol) in water (9 mL) was added to a solution of 2-phenylindene (1.48 

g, 7.70 mmol) and hexadecyltrimethylammonium bromide (0.029 g, 0.08 

mmol) in chloroform (10.8 mL). The resulting dark brown solution was 

stirred for 2 h at 65*C, chloroform (3.8 mL) was added and the mixture 

stirred for 7 hours at 65*C. The reaction mixture was poured into 

water (200 mL) and extracted with ether. The extract was washed with 

water, dried over MgSO^, and concentrated in vacuo to yield a dark 

brown oily solid. Recrystallization from ethanol yielded 1.09 g (59 % 

yield) of 2-chloro-3-phenylnaphthalene with a mp of 94.5-95.5*C. 

M.S.: m/e (relative intensity): 240(M+,29); 238(M+,87); 203(30); 

202(80); 201(18); 200(18); 119(18); 100(100); 99(46); 88(46); 

87(25); 75(27); 51(35). 

XH NMR (CDClg): 6 7.25-7.5 (m,7H) ; 7.5-7.8 (m,3H); 7.8 (s,lH). 

El oriental Analysis: 

C16H11C1 

Calculated C 80.5% H 4.64% 

Found C 80.15% H 4.64% 

20 
3- Chloroindene. 1-Indanone (5.0 g, 38 nmol) and dry benzene (2.5 

mL) were added slowly with cooling to phosphorus pentachloride (8.33 g, 

40 mmol) in benzene (4.2 mL). Addition time was about one hour. The 
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reaction mixture was then stirred for an additional 5 hours. To stop 

the reaction it was poured over 20 g of ice. The organic layer was ex¬ 

tracted with ether and the aqueous layer was back extracted with ether. 

The ether extracts were combined, dried over MgSO^, filtered and con¬ 

centrated fcy solvent removal in vacuo. The resulting crude material 

was dark red. To remove impurities and side products, column chroma¬ 

tography with silica gel as support and hexane as eluent was used. The 

elution of the 3-chloroindene was noted by 3 indications. First the 

solution eluting from the column had a change in refractive index. 

Secondly the solution in the receiving flask became turbid. The last 

indication was the sample spotted on the TLC plate gave a definite UV 

absorption. After elution of the desired product an unidentified red 

and green band remained on the column. 3-Chloroindene was purified by 

distillation, bp 42 *C at .2 mm Hg; 

M.S. : m/e (relative intensity)s 152(M+,20); 150(M+,60); 116(24); 

115(100); 114(36); 89(22); 75(22); 74(23); 63(49); 62(32); 

57(48). 

1.2-Dichloronaphthalene. A solution of NaCH (6.80 g, 170 mmol) in 

water (12.4 mL) was added to a solution of 3-chloroindene (1.59 g, 10.6 

mmol) and hexadecyltrimethylammonium bromide (0.04 g, 0.11 nmol) in 

chloroform (10.7 mL). After 2 hours at 65*C, chloroform (5.2 mL) was 

added and the resulting solution stirred for 6 hours at 65 *C. The re¬ 

sulting mixture was then poured into water (250 mL) and extracted with 

methylene chloride. The extract was washed several times with water 

and dried over MgSO^. The solvent was removed and the resulting oil 
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chromatographed on alumina. (Although the GC/MS and NMR showed very 

little contamination of other products or of solvent, crystallization 

was difficult to induce. Two days of pumping off solvent and cooling 

at dry ice/acetone temperatures were required to produce crystals.) 

Final product gave 1.05 g (50.5% yield) of 1,2-dichloronaphthalene with 

mp 32-33’C. (lit. 35*C4 and 34’C21) 

M.S. : m/e (relative intensity)s 198(M+,64); 196(M+,100); 163(12); 

161(38); 160(13); 126(80); 125(29); 99(38); 98(38); 75(38); 

74(42). 

1
H NMR (CDC13)ï S 7.0-7.5 <m, 5H) ; 7.8-8.0 (dflH). 

3-Phenylindene. Mg (1.5 g, 62 nmol) with a crystal of iodine was 

placed in a dry 3-neck round bottom with a condenser, drying tube and 

addition funnel. This mixture was heated until a brown vapor was seen. 

It was then removed from heat. A few mis of the branobenzene (6.3 mL, 

63 nmols) was added to the Mg turnings initiating a fairly vigorous re¬ 

action. Ether (36.4 mL) was added to the addition funnel, mixed with 

the remaining branobenzene and added to the mixture at a rate that ma¬ 

intained reflux of the dark red solution. After final addition the 

mixture was refluxed for 30 minutes and cooled to roan temperature. 

1-Indanone (7.93 g, 60 nmols) was dissolved in ether (200 mL) and added 

dropwise. During addition the reaction mixture was a milky-yellow 

color indicating the possibility of an over saturated solution. (Had a 

larger flask been used more ether could have been added.) The reaction 

mixture was heated for 30 minutes at 45 *C. The mixture was acidified 



21 

with HCl/ice water mixture (10 mL HCl/20 g ice). After slew acidifica¬ 

tion the two layers were separated and the water layer back extracted 

with ether. The ether layers were combined, washed twice with approxi¬ 

mately 20 mL of water, and once with saturated NaCl solution. The so¬ 

lution was left to dry over MgSO^ overnight. The mixture was filtered 

and solvent removed in vacuo resulting in an oil. About 4 grams (35 % 

yield) resulted. 3-Phenylindene was column purified through silica gel 

with hexane as the eluent. 

X
H NMR <CDC13)î S 6.8-7.5 (m,9H); 6.1-6.75 (t,lH); 2.9-3.1 (d,2H). 

2-Chloro-l-PhenyInaphthalene. A solution of sodium hydroxide 

(8.06 g, 202 nmol) in water (14.5 mL) was added to a solution of 

3 -phenyl indene (2.38 g, 12.4 nmol) and hexadecy 1 trime thy lammonium bro¬ 

mide (0.047 g, 130 mmols) in chloroform (12.6 mL). After stirring for 

2 hours at 65*, chloroform (6.1 itiL) was added and the resulting solu¬ 

tion stirred for 4 hours at 65*C. The reaction was then poured into 

water (200 mis) and extracted with methylene chloride. The extract was 

washed several times with water and dried over MgSO^. The solvent was 

removed In vacuo and the resulting oil was chromatographed on silica 

gel with hexane. Further purification by distillation gave 1.97 g (67% 

yield) of 2-chloro-l-phenylnaphthalene with bp 121 *C at 0.1 mm Hg. 

M.S.: (relative intensity): 240(M+,4); 238(M+,6); 204(67); 

203(62); 102(67); 101(100); 100(95). 

iH MIR (CDC13) • S 6.9-7.6 
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2-Bromoindene 1,2-Dibramoindane (55.2 g, 200 imtols) was added 

dropwise under nitrogen to a refluxing suspension of LiBr (30 g, 0.34 

mole) and Li^CX)^ (40 g, 0.54 mole) in dimethyl formamide (500 mL). The 

reaction mixture was refluxed 4 hours and then cooled to roan tempera¬ 

ture. The mixture was acidified with 10% CH^CC^H and the product ex¬ 

tracted into ether. The ethereal layer was washed with water and the 

combined aqueous layers back extracted with ether. Finally, the com¬ 

bined ethereal layers were washed several times with water and once 

with saturated NaCL solution. The extracts were dried over N^SO^ and 

concentrated in vacuo. Distillation of the black residue yielded 22.6 

g (58% yield) of 2-brcmoindene, bp 77 *C (2 ran Hg). Recrystallization 

from methanol gave 2-brcmoindene which was shown to be homogeneous by 

GC (15% Carbowax 20 M on Chromosorb P or 20% SE-30 on Chrcmosorb P). 

Properties were identical with those of 2-brcmoindene by the published 

23 
procedure. 

24 
2-Bromo-3-Chloronaphthalene. A solution of sodium hydroxide 

(6.67 g, 167 nmol) in water (12 mL) was added to a mixture of 

2-brcmoindene (2.0 g, 10.25 nmol) and hexadecyltrimethylammonium bro¬ 

mide (0.038 g, 0.104 nmol) in chloroform (10.4 mL). The temperature 

was maintained at 45 *C during the addition. The reaction mixture was 

then stirred vigorously with a mechanical stirrer for 2 hours, poured 

into water (250 mL) and extracted with ether (3 x 50 mL). The combined 

extracts were washed with water (3 x 50 mL) and brine. After drying 

over MgSOj, the solvent was evaporated in vacuo. The residue was dis¬ 

solved in petroleum ether (300 mL) and filtered through a small column 
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of silica gel to yield 1.16 g (45% yield) of a white solid shown to be 

a 19:1 mixture of 2-brano-3-chloronaphthalene and 

2.3- dichloronaphthalene. 

M.S. : m/e (relative intensity) : 244 (M+, 10); 242(M+, H); 240(M+, 

34); 163(15); 161(51); 126(92); 75(47); 74(43); 63(100); 62(40); 

50(47). 

NMR (CDC13)î & 7.97 (s, 1H); 7.79 (s, 1H); 7.25-7.70 (mr4H). 

0 A 
2.3-Dichloronaphthalene. A solution of sodium hydroxide (6.65 g, 

166 nmol) in water (12.3 mL) was added to a solution of 2-chloroindene. 

(1.54 g, 10.25 nmol) and hexadecyltrimethylammonium bromide (0.038 q, 

0.104 nmol) in chloroform (10.4 mL). The reaction mixture was then he¬ 

ated to reflux with rapid stirring for 1 hour. Another 5 mL of chloro¬ 

form was then added and the reaction allowed to stir for an additional 

3 hours. The reaction mixture was poured into water (300 mL) and ex¬ 

tracted with OL^CI^ (3 x 50 mL). Ihe combined organics were then 

washed with water (3 x 100 mL) and dried over MgSOj. Concentration in 

vacuo yielded a brown solid which was dissolved in petroleum ether (300 

mL) and filtered through a pad of silica gel. The resulting solution 

was then concentrated in vacuo to yield 1.17 g (60% yield) of 

2.3- dichloronaphthalene, mp 120-121*C. 

M.S. : m/e (relative intensity): 200(M+, 10); 198(M+,60); 

196 (M+,100) ; 163(10); 161(28); 126(49); 99(17); 98(18); 75(18); 

74(22); 63(17); 62(16); 50(21). 
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X
H NMR (CDC13)î S 7.30-7.70 (m,4H); 7.8 (s,2H). 
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SPECTRA 
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2-Chloro-3-Methylnaphthalene 
CDCI3 

Spectrum Ampl. 2.00c Sweep time S’ min. 
Filter _2_££L sec. Sweep width_L2_ppn, 
Rf Power 01c mG End of Sweep _,9,c. ppm, 

Nucleus ti.  
Zero Ref .'^Hi- 
Sample Temp. Î.» °r 

2-Chloro-3-Methylnaphthalene 

810279 
« 28 
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2-Chloro-3-Phenylnaphthalene 

Spectrum &npl. i 00 c Sweep time 5* min. 
Filter .<?'•>* sec. Sweep width ppm 
Rf Power C-1 o mC End Of Sweep O & ppm. 

Nucleus ‘ri 
Zero Ref. T/n s 
Sample Temp. VT°C 

2-Chloro-3-Phenylnaphthalene 

810210 
# 333 

100 
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CMR of 2-Chloro-3-Phenylnaphthalene taken in CDCl^ on a Jeol FX-90Q. 

Spectrum shown on next page is broad band proton decoupled and has been 

expanded. Aromatic region is shown with the entire sweep width corres¬ 

ponding to roughly 13ppm. 

Acquisition parameters include: 

Frequencey width=3000Hz. 

Observe Freq.*22.50MegHz. 

Pulse width=5. Omicroseconds 

Pulse delay«25.Omilliseconds 

pts. per spectrum=l6,284 

pts. sampled=16,284 

Acumulation time«2.73sec 
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1,2-Dichloronaphthalene 
CDCI3 

1,2 -Dichloronaphthalene 

810278 
« 32 

100 
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1-Phenylindene 
CDCI3 

Spectrum Amp!. boo Sweep time S* min. Nucleus 'H 
Filter «OS' sec. Sweep width _io_ppm. Zero Ref 
Rf Power . I irG End of Sweep _JL£L ppm. Sample Temp. °C 
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Spectrum ftmpl. 3oo 
Filter oo* sec. 
Rf Power _£J_£mG 

Sweep time 5~ min. 
Sweep width /o ppm. 

End of Sweep Q a ppm. 

Nucleus H . 
.Zero Ref, rm . 
Sample Temp-^S^C 

2-Chlor o-l-Phenylnaphthalene 

815014 
v 1S8 

100 


