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SUMMARY

The objectives of this project are to develop feasible synthetic routes to produce (1)

4(4'-hydroxy-5',6',7',8'-tetrahydro.. l'-naphthylmethyl)-6-methyldibenzothiophene, and

(2) a 1-hydroxynaphthalene-dibenzothiophene polymer. These compounds are thought to

be representative of sulfur containing molecules in coal. The program is divided into three

tasks, the first of which is a project work plan that we have already submitted. Our
=_

experimental work during this quarter concentrated on Task 2 and is described below.

Task 2. Synthesis of 4(4'.hydroxy°$',6',7',8'-tetrahydro-l'-
naph th ylmet h yl) _6. met h yl dibe nzet h io phene

As discussed in our project work plan in Task 1, there are several possible synthetic2

_, routes to the target molecule, 4(4-hydroxy-5,6,7,8-tetrahydro-l'-naphthylmethyl)-6-

methyldibenzothiophene. This quarter we concentrated on synthesizing the intermediates
for our first method, in which we couple a met'dated 4-methyldibenzothiophene with 4-

formyl-5,6,7,8-tetrahydro-1-naphthol. We found that we could easily rnetalate

dibenzothiophene, and then add a methyl group to the 4-position to give 4-

methyldibenzothiophene in greater than 80% yield by using t-butyllithium in

tetrahydropyran followed by dimethylsulfate. However, adding the second metal to the

desired 4' position using the sazne method was more difficult, and instead the reaction

occurred on the methyl group. Therefore, during the next quarter we will investigate an

alternative method, in which a hydi'oxy group is added in order to help direct the second

metalation step to the 4' position on 4-methyldibenzothiophene.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the Llnited States Government nor any agency thereof, nor any of their

employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents _hat its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not neces.¢arily constitute or imply its endorsement, recom-

mendation, or favoring by the United States Government or any agency thereof. The views

and opinions of authors expressed herein do not ne.ccssarily state or reflect those of the
United States Government or any agency thereof.
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INTRODUCTION

To effectively liquefy coal and convert it into usable coal Liquids,we need to study

the fun 'damental reaction chemistry for the individual molecular linkages in the coal matrix.

For instance, we need to find which linkages are important during coal liquefaction and

which substituents on these groups either aid or retard bond breaking. Furthemx')re, in

competitive reactions, we need to know how these ftmctional groups affect each other in

hydrogenolysis and hydrogenation chemistry. One method to understand this chemistry is

to study molecules designed to represent coal molecules. Thus, the DOE wants synthetic

methtxts for and samples of such coal models with various functional groups thought to be

present in coal.

An important functional group in coal is that of sulfur. Given et al. have observed

correlations between total sulfur and coal conversion. 1,2 Hydrogen sulfide, and organic

sulfur groups that easily cleave to form hydrogen sulfide, are well known to enhance coal

liquefaction. 3"9 Thus understanding the role of sulfur, whether organic or inorgai:ic, and

its fate is important to understanding coal liquefaction and pyrolysis mechanisms. The

organic sulfur in coal is generally one-half to one-third of the total sulfur content, and the

organic sulfur in bituminous coals is estimated to be composed mainly of thiophenes (40-

70%), with the remainder as sulfides, l0 Sulfides are readily decomposed to liberate H2S,

which aids in coal liquefaction. However, thiophenes are much more stable and readily

formed, l0 For instance, iron pyrite reacts with certain hydrocarbons such as ethylene to

form thiophenes. Thiophenes are also formed from reactions of organic molecules and

H2S or sulfur. The thiophene ring is reported to be stable up to 800°C, but the alkyl

groups may cleave at lower temperatures, such as 500°C. Decomposition of

dibenzothiophene is catalyzed by alumina or aluminosilicates. Once thiophenic structures

are formed, it is very difficult to decompose or to hydrogenate them, and therefore a

knowledge of the reactivities of thiophenes thought to be present in coal or con liquids is

essential to be able to remove the sulfur to produce clean fuels.

The purpose of tiffs research is to develop syr.,theses for specific coal models and

deliver samples of these compounds to the DOE to be presented to various researchers

throughout the United States. These particular compounds include sulfur heterocyclic

monomers and polymers containing linkages of oxygen, methylene, and ethylene as well as

=!
.... r..... ,r_",'ll ..... i_l,'l'H.,rH " "_Ir'' '1" llll' "1_ ......... ""11[I.... II..... IHIIIr.... '.... IIUIP..... I_I_1r,l_'1111'



_,,._,._ ....... ,.........,.......... _.,, ...,,.J._,._,,,,_._i,t., ............. _ .........,, ,.,...........

" • •

phenolics, These models also contain hydrogen donor functionalities. Thus, these

compounds will _ow researchers to compare hydmgenolysis reactions of methylene,

ethylene linkages, and hydrodesulfiuizafion, hydrodeoxygenafion, hydrogen transfer, and

hydrogenation reactions.

The goal of this work is to develop syntheses for and supply of one-pound samples

of the above sulfur containing compounds thought to be present in coal for coal li¢iuefaction

studies. These model compounds are to be packaged in small quantifies for long-term

storage and delivered to the DOE PETC, which will make them available to researchers

throughout the United States for studies of the fundamental reaction chemistry of the

individual molecular links in the coal matrix. From these models, researchers can

systematically determine the role of each type of bond and functional group for coal

liquefaction and pyrolysis.
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TASK 2. SYNTHESIS OF 4(4'-HYDROXY-5',6',7',8'-
TETRAHYDRO-I'-NAPHTHYLMETHYL)-6-

METHYLDIBENZOTHIOPHENE

The objective of this task is to develop a facile synthesis for the coal model 4(4'-

hydroxy-5',6',7',8'-tetrahydro- l'-naphthylmethyl)-6-methyldibenzothiophene. As

discussed in the project work plan, there are severn potential mutes to the synthesis of the

. target molecule. The choice of final synthetic route tbr the large scale reaction will depend

° on the relative number of isomers and any isolation procedures needed. This quarter we

| investigated metalation reactions on dibenzothiophene and preparation of intermediates for

the coupling reaction, as described below.

APPROACH

Otn"synthesis approach to the unsymmetrical, digubstituted dibenzothiophene

i derivative 1 involves sequential metalati_n steps. Dibenzothiophene is first mono_.metalated
with t-butyl fithium, the resultant anion is functionalized, and. then the 4..substituted

" dibenzothiophene is mono-metalated in the 4' position as illustrated in reaction 1. Although

the powerful base t-butyl lithium performs the deprotonation weil, we also investigated the
use of the less expensive and milder n-butyl lithium reagent. This intermediate (1) can then

be coupled as shown in reaction 2 to give the carbon skeleton of the desired product A,
which can be prepared by simple hydrogenation of the intermediate coupled product.

i EXPERIMENTAl.l
| Metalation of clibenzothiophen¢. The following is a typical experimental pr_._ed_e

! for the metalation and subsequent alkylation of tetrahyckothiophene. Dibenmthiophene
I dissolved in either 1,2-dimethoxyethane or tetrahych_pyran was treated 'with 1 to 1.25
II
11 equivalents of n-butyl lithium or t-butyl lithium under an inert amaosphere at temperatures
la,
!

| ranging from 5°C to 25°C. The metalation was performed with and without added N,N',

a N", N'"-tetramethylethylene diamine. The mixture was stirred for 20 minutes to one hour

| and then methylated using either dimethylsulfate, rne_hyl iodide, or trimethyloxonium
i

;I tetrafluorobomte at ambient temperature. Crude yields of 4-methyldibenzothiophene

i 3
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rm'tged from 55% for the reaction with n-butyl lithium to 84% with t:butyl lithium as

determined by lH NMR spectroscopy. The yield of the dimethylated product, 4,4'-

dimethyldibenzothiophene, was 7% for the reaction with t-butyl lithitun. In contrast, when

4-methyldibenzothiophene was met'dated a second time, the predominate methylation was

on the 4, rather than the 4' position. This contingency will require development of a new

metalafion scheme.

21(cH,o_,so_ (1)
CH3 CH3 Li

• 1
!

g.ormy!atign of 5.6.7.8-tetrahydr0-l-naph_Ihol. The formylation of 5,6,7,8-

tetrahydro- 1-naphthol was attempted using the Vilsmeier reagent made from N,N-

dimethylformarnide (DMI::)and either phosphorous oxychloride or phosgene. The

Vilsmeier reagent was generated either at 0°C from POCI3 or at ambient temperature from

COC12. The phenol was added in either DMF or CHCI3 and the mixture refluxed for

several hours. The reaction was quenched with water, made basic (pH2 12) with NaOH,

!I and refluxed for several hours. Acidification of the mixture with aqueous HCf followed by! extraction with hexane yielded only the starting material, based on lH NMR spectroscopy.

'_ In one run, a reaction intermediate was isolated by quenching with water, rendering the

i mixture only Slightly basic (pH ca. 8) without refluxing, and finally extracting withCH2C12. This intemaediate was subsequently converted to the starting material by stimng

with aqeous KOH at room temperature. This unstable intermediate was identified by IH

NMR and IR spectroscopy as the formate ester of the phenol.

4
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. _ + _ (2)_1 CH,

A

RESULTS AND DISCUSSION

i We feel that the lack of fonnylation on the ring by the Vilsmeier reaction can easily

be overcome. This reaction requires that an activating substituent such as amino or

hydroxyl be present on the aromatic ring. In this example, however, the formyl group

i apparently is not transferred frorn the hydroxyl group to the ring. Protection of the phenol,for example as an ether, would avoid formation of the formate ester but also probably

:I would deactivate the ring. If we need to pursue this synthesis route further; we are aware

mM

iii of a synthesis of 4-formyl-5,6,7,8-tetrahydro- 1-naphthol by the Gattermann method using

i! zinc cyanide, albeit in rather low yield, ll
!
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However, next quarter we plan an alternate approach to this synthesis in which we

introduce a COli group onto the dibenzothiophene as shown in Figure 3. We believe that

this sequence of metalations and functionalizations is the key to the preparation of the

unsymmetrical thiophene target molecule. The hydroxy group is very important, as its

deprotonation forces the subsequent deprotonation on the thiophene ring, rather than on the

alk3_lgroup. Our initial results appear promising, and we will pursue this approach during

the next quarter.

(3)
2) CO2 2) 2 (CH_O)2SO2

3)UAIH,
H CH_
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