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: c To t h i s  -end, tkee&ech&ism of -action is being examined wherebynewly -. - 
. , i:':j..!: identified nickeiC0) complexes~desulfurize -orgenosulfur campowds i-n solution a t  

5-7OoC. ,The sulfur-.compounds_ .cgder investigation are typi*. of thoke k o m o e  , 

ncountered in  coal-derived liquids and solids, such as thiophenes, sulfides aria 
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.? ,s, .. a . *:.- . -3.* 
: en the h~mog&eoiis, ' stoichiometric~ desuXfurizing agent; biri(l,5-~claodadien+') 

. -""nickel(0) I (.COD);Ki], were continued': a] aotiv&tion of. t h e  agent by. m s  of 
.-::;:: added mono-, -bi-and tr%-dentate"dnes;.  et%heP- of .the Ge2tfez-y or p r m  eaqine , :, .- .~ < . 5~ - .  

type; b] labeling studies' designed to. reveal the' source' of the' hydrogen. t h a t  . . 
s replaces the' sulfur i n  the tiesiiLfw?iiation of d%bekzdthiophen+, & ) ecmparison a? 

.--- - -  the desdfurizing -8;etivity of (COD) N i ,  both i n  t h e  presence and in t h e  absence ~ 

~ 

=:: of lithium aluminum hydride; and dj2testing g'or the role  of eny biphenylene 
- . ' intenneaiate i n  these desulfurizations. . 
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, .. - - The following result; ha&' been bkained: . a> t h e  efficiency of . .  - -;'. ;. k 8,: 

( . ' ':.added amine i n  promoting the desiiLfurization of dibenzothiophene by (COD) N i  - , ~. . ,, ~- - 
decive6hes:.in the brder, bigyridyl >r 4-dime$hyldno$yridine. i l , l ~ - ~ h e n a g h r o - '  ::,.. , ::"& -.; , , .  

: l i n e  % 1;2-diamino=ethme~..i pyridine. i hexwaethylphosphoms % r f d d e  >tetra- .;" ;-. 
.:.,I. ;.: methyletwlenediamine % 1,8-bis ( d h e t @ l d n o )  .naphthalene i N,N1-dimetwx- 

- piperazihe;:b) thedesulfurization of dibenzothiophene, followed by. treatment 
' with O-Cleuterio=acetic acid gave tlldeuteriobiphenyl (42%), mnodeuteriobiphenyl 

. ;-;-- C28%1 and biphenyl. (29%), showing that ca. 70%.~of. thehe desiilfurized. product re- .. - 
' . .- . tainea carbon-nickel bonds un t i l  protolysls; c )  the combination of (COD) Ni -  . , ,  , bipyridyl with LiAlH was shown. t o  be & more efficient desulfurizing age&! than 
-: (COD] Ni-bipyTZdJr2 done; '  and d) with the synthesis of 2,8-dimethyldibeniothio- 

2 ,phene the role of a biphehjflene intemediate i n  the desulfwtza~ion mechasm 
can now be tested. 
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disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
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. OBJECTTVE:: : . The' overall' ob4ecti;ve. of. th;L% yes.eW.ch;-is. to: develop desulfwi.zi,ng 
trans.ition.meta.1 catalysts;which Elre,active.%n homogeneous medla  at moderate 
temperatures and .pressures; for the' purification. of coal-derived' fuels and chemi- 
cals. - To this end, 'the' mechanism of action is being examined'whereby newly 
identified nickel(0) complexes' desulfurize organosulfur compounds in ' solution .at 
65-70°c,'- :-The :sulfur ,compounds under' investig&ion are typical. of those commonly 
encountered in coal-derived'liquids and solids, such'as thiophenes', sulfides and 
mercaptans. 

PRESENT WORK AND ACCOMPLISHMENTS: During this second quGter, the research has 
concentrated on the following studies: a) activation of the'homogeneous desd- 
furating .agent, bis (l,5-cyclooctadiene) nickel(0) [ (COD) ,~i 1, by amines'; b) label- 
ing studies designed to identify the. source of the hydrogen that replaces the sul- 

* 

.fur in the desulfurization of dibenrothiophene;' c) comparison of. the activity of 
(COD),N~ when lithium aluminum hydride is.included; and d) testing for the presence 
of 'bihenylene intermediates' in these desulfurizations. 

a. Activation by Amines. Continuing studies of amine activation have added to 
-.-. our understanding 13f how structure influences reactivity. Further work has re- - 

vealed one error in our previous results: our previous report that N,N,N',N1- 
tetramethylethylenediamine gave the greatest activation proved to be irreproduci- 
ble.. The revised table of amine activities, including several new amines, is 
given in Table I. The yield of biphenyl obtained from dibenzothiopene and two 
equivalents of a 1:l mixture of (COD) Ni and the amine is indicated, 

2 

TABLE I 

Desulfurization of Dibenzothiophene by [COD) Ni 
2 

c .  -.-..-,.. .,---- r" 
2. HOAc , 



Bipyr i p  y l  
4-~imethylaminopyridine ' 
Ethylenediamine ' 

1 ,LO-~henjnthrbline ' 
Pyridine. : . . 

Hex&methylph~~phorus~ tri.ami.de : 
N,N,N',N'ATetrwethy.Iethy\l4ned5,~i,ne 
1,8-Bis (dimethylami,no 1 naphthalene : 
N,N'-DimethylpiperaziW 

Yield.of Biphenyl (%) 

. . . . 

Conditions: 5 5 ' ~  i n  TKF with 2 e w i v .  ( c o D ) ~ N ~  .: 

It i s  rioteworthy' t h a t  bipyri;dy-1 is Ithe: host .  effect ive.  amine,. s i gn i f  i-, 
cant ly  superior. to..l,lO-phenanthroline. ' Since' ph.e.niir~thr;sline has  a rPgid 
planar s t ruc ture  ' C l )  , compared'.with. bipyridyl. '  (2); s t e r i c  f a c t o r s  should be  . 

l e s s  with 1:- One z igh t '  have kxpected:.th.t%. leskzn&d' s t e r l c  fa.ctor t o  make' 1 . 
a b e t t e r '  lygand for .  nickel. Possibly,. ho~&&rb the '  -increased. back-%ohding- 
from nickel  complexed. . w i t h  1 causes: .the" nick&l: ' ta t ransfer . :e lectrdns t o .  t h e  

. . 
. . ~ r g ~ ~ s u l f u r  subs.trate less. .  readily; 

. . - .  . .. . 
. . . . . . 

1 - - 2 
. . . . . . . . . . . . . . . . . . . . . 

b. ~ a b e l i n g - . ~ t d d i e s . ,  : Since our previous s tudies  have shown t h a t  e f f i c i e n t  de- 
su l fur iza t ion  requires ' two equivalents each of (COD) N i  and t h e  m i n e ,  t h i s  

2 indi'cated t.hat one -nickel was required' f o r  coordination a t  the '  sulfur and t h a t  
t n e  second. nickel:  caused rupture of t h e  carbon-sulfur bonds (2) : L - . I- Z 

I n  order t o  . learn whether nickel-containing precursors ( 4  and 5) were 
present p r io r  t o  hydrolytic work-up., such a desulfurization.  with   COD^ N i  and 
bigyridyl was worked up with CH COOD. I f  e i t he r  4 o r  5 were presen t ,  $hen 
deuterated biphenyl should be izolated . Indeed, mass ~ p e c t r o m e t r i c  analysis  
of th.e i so la ted  biphenyl showed' it t o -  consist .  of 42% of dtdeuterated '  [from b ) . ,  
28% of monodeuterated (from 5) and 29% of undeuterated' biphenyl. Thus, ca  . 7 5 %  - - 



o f  the biphenyl's' hydrogens were acquired prior to hydrolysis, presumably from 
the solvent, tetrahydrofuran. 

c. Effect of Lithium Aluminum Hydri.de.,. We'have examined the influence of . .. 
addel amine on the desulfurizing action of the ' combination, (coD)~N~ and LiAlH4.  

. . 
Given 5,n .! Table 11 are .the yields of biphenyl from dibenzothiophene . . . 
. . : '. ... . . , . . . .$. 

. . 

TABLE I1 

Amine Yield of Biphenyl (%) 

Bipyridyl 
Ethylenediamine 

. Hexamethylphosphorus triami.de 
N,N,Nt,N'-Tetramethylethylenediamine 
Py-ridine 
N,Nt-Dimethylpiperazine 

. l,&0-Phenanthroline ' . 

4-~imethylamino~y~idine ' .  

It is .  clear that bidentate. or tridentate. amines' a r e  superior to. most 
monodentate amines, but that the nature of the mine is not as crucial for 

. . desulfurizations with LiAJH MQreover, the presence of LiAlK with (COD) N? 4 ' 4 does produce a more kff icient i . , . higher yielding) and more potent desdfur- 
i.zi.ngt,agent than using (COD) ~i-alone . . Consider the extent of desulfurization 
of d.ibenzothiophene and 2,8-$imethyldibenzothiophene by these desulfuri zing 
agents under' comparable conditions : 

and 

S 
--- 

45% 
*, (coD)~N~ .I- bipy 

93% (coD)*N~ + bipy + L ~ A ~ H ~ '  85% 

d. Testing for .~iphen~l.erie Intermediates'. We are currently conducting desul- 
furization tests with 2,8-dimethyldibeniothiophene to learn vhether' a& bi- 
phenylene intermediate inay be' involved' in these desulfurizations. 

PLANS FOR 'THE NEXT QUARTER 

Further substantiation of the role of certain intermediates In the 
desulfurization of dibenzothiophene ?rill be carried out. Studies will be begun 



. . , . .~ . 

on the role of hydrogen-donating solvents and a hydrogen gas atmosphere on 
the extent of desulfurization and on whether the more efficient stoichiometric 

. , reagents can function . . ~. 
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PUBLICATION ~. . . 

1. The principal investigator has presented an invited lecture on his 
DOE-sponsored research as part of a symposium entitled, "Bovel Methods of Metal 
and Heteroatom Removal", organized by J. E. Sobel (Exxon) and held in the 
Petroleum Division at the 173rd National Meetiqg of the American ChemScal 
Society in Houston, Texas, on March 24, 1980. The title of his symposia1 lec- 
ture was, "Transition Metal-Mediated Desulfurization of Aromatic Sulfur Com- I 

pounds", co-authdred by J. J. Eisch, K. R. Im and L. E. Hallenbeck. I 
I 

2. He has also accepted an invitation to present a lecture on this research 
before the Gordon Research Oonference on OrganometsJlic Chemistry, to be held 
at Proctor Acadq, Andover, New Hampshire, during August 11-15, 1980. 




