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Hydrodenitrogenation (HDN), the process by which nitrogen is
removed from fossil fuels, is essential for minimizing NO
emissions, and thereby provides an important counterpart to
hydrodesulfurization (HDS)The nitrogen-containing components
that are most resilient to HDN are heterocyclic compounds that
contain five-membered pyrrole and six-membered pyridine rings.
HDN is typically performed at high temperature (33800°C) and
H, pressure (200 atm) using a molybdenum sulfide catalyst
supported on AlO; and promoted by either cobalt or nickel sulfide.
Discerning the coordination mode preferences for heterocyclic
nitrogen compounds to molybdenum is, therefore, paramount to
understanding the mechanisms of hydrodenitrogenation. However,
despite the important role that molybdenum plays in HDN, the gm0 1 Molecular structure ofif-indolyl)Mo(PMes)sH.
coordination chemistry of molybdenum with five- and six-
membered nitrogen heterocycles is not well defined. In this Scheme 1
communication, we address this issue by reporting the synthesis
and structures of a variety of molybdenum complexes that are
obtained by reactions with five- and six-membered heterocyclic :,,"esp PMes
nitrogen compounds, including pyrrole, indole, carbazole, pyridine, T H

.

quinoline, and acridine. ©).70c &>
We have previously exploited the high reactivity of Mo(Pj4& " (SN
to observe reactions of relevance to hydrodesulfurization. For Vosp. TMeSPMea @@ |
example, Mo(PMgs reacts with thiophene to givey¥C4H,S)Mo- _ - e o R
(PMey); and (5-C4HsS)Mo(PMe),(%-CH,PMey), the first ex- e | e e Noves
amples of p>thiophene andy®-butadiene-thiolate molybdenum °H
complexes. On the basis of the success of these studies, we have P'V‘esﬁ @@ ,60°C
investigated the reactivity of Mo(PMg towards heterocyclic -
nitrogen compounds. MEGP\TM% v, @?ﬂ\ e @ﬁ?
Mo(PMe;)s reacts with pyrrole (pyrH) to give thg>-pyrrolyl H—Mo—N2 = Meap,«Mo(,.H = e Ry
complex °-pyr)Mo(PMey)sH. While (75-pyr)Mo(PMey)zH is an e | +Fies MeaP/ PMe Ma;P/ \PMea

PMes

analogue of the cyclopentadienyl derivative CpMo(BM¢, it
should be noted that simple molybdentpyrrolyl complexes are,
to our knowledge, unknown. In contrast to the reaction with pyrrole
which yields a single product, the corresponding reaction of indole
with Mo(PMey)s yields sequentiallys{t-indolyl)Mo(PMes)4H,* (17°-
indolyl)Mo(PMe;)sH, and ¢-indolyl)Mo(PMes)sH, which respec-
tively exhibit -, 5, andn%-coordination of the indolyl ligand.
The molecular structure of;f-indolyl)Mo(PMes)sH has been
determined by X-ray diffraction (Figure %)thereby confirming
that the indolyl ligand binds through the six-membered arene ring.
The observation ofj®-coordination in this system is particularly
interesting because indolyl ligands typically bind in eitheran X > -
manner through the nitrogen atbror an z-manner through the f[hereby dgmonstratlng that_the oxidative adqmon of theH\bond
five-membered heterocyclic rifgy®-Indolyl coordination via the 1S reversible. By comparison to the facile room-temperature
arene ring is very rare, and structurally characterized examples are€duilibration between the;'- and »*>indolyl complexes, #'-
limited to derivatives in which the heterocyclic ring is alkylaféd.  indoly)Mo(PMes)sH and ¢>indolyl)Mo(PMes)sH,'* the barrier for
Coordination through the six-membered ring is also unexpected the 7°>-to-7°ring shift is substantial, requiring temperatures of ca.
since it requires the ligand to bind through the ring which is formally 80 °C for efficient conversior?!* The stability of then®-indolyl
complex ¢8-indolyl)Mo(PMe;)3H is such that it does not revert to
* Corresponding author. E-mail: parkin@chem.columbia.edu. (n*-indolyl)Mo(PMey)sH under thermal conditions. Thgb-to-7°-

associated with the lower negative charge. As such, the complex
may be regarded to be zwitterionic, with a formal positive charge
on the molybdenum, and a formal negative charge on the nitrogen
of the indolyl ligand' In this regard, it is also noteworthy that the
hydrogen is retained on the molybdenum center, rather than being
transferred to the basic nitrogen atom to give an indole complex
(n%-indole)Mo(PMeg)z.1*

Addition of excess PMgto thezS-indolyl complex ¢>-indolyl)-
Mo(PMe;);H at room-temperature regenerateg-ifidolyl)Mo-
(PMe&;),H and ultimately releases indole, forming Mo(Pe
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Scheme 2 the carbocyclic ring, i.e.1ff-(Cg)-quinoline]Mo(PMe)s, is stable
PMeg @@ to H, under comparable conditions, thereby demonstrating that coor-
“ﬂfﬁJO:@ N NL dination by the heterocyclic ring facilitates reduction of quinoline.
mesP”” Lo Megp/ \“;WZMES In summary, the reactions of Mo(PN)g towards a variety of
SN ° five- and six-membered heterocyclic nitrogen compounds provide
PMey ‘T Q).eoc TM'C a series of complexes, including the first structurally characterized
ey . ;@N n®-indolyl and #5-(CsN)-quinoline derivatives, that may serve as
MeaP\| _PMeg @LO) \ structural models for the coordination of such heterocycles to
MesF’/Mr\PMea ~ swc v /M°\“"~»=Mea molybdenum in heterogeneous HDN catalysts.
e N e Acknowledgment. We thank the U.S. Department of Energy,
l QIOQ we Hy/80'C Office of Basic Energy Sciences (DE-FG02-93ER14339) for
ON support of this research.
Mo.._ Mo(PMeg)gHs + @\/j Supporting Information Available: Experimental details (PDF)
veg” N Vs A and crystallographic CIF files. This material is available free of charge

PMe.
’ via the Internet at http:/pubs.acs.org.

isomerization may, nevertheless, be achieved by photolysis, al-
though the conversion is not quantitative (Scheme 1).
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