
PURINE COMPOUNDS As a consequence of side effects associated with current
oral pharmacological agents, there continues to be a need for the
development of alternative therapies for the treatment of pain. Cannabinoid
receptors CBi and CB2 belong to the class of G-protein-coupled receptors
(GPCRs). CBi receptors are expressed both centrally and peripherally while
CB2 receptors are predominately expressed peripherally, primarily on immune
cells and tissues. The pharmacological and therapeutic potential of the CB2
receptor has been reviewed recently (Br. J . Pharmacol. (2008) 153,
319-334) identifying CB2 as a therapeutic target for the treatment of pain,
in particular, inflammatory and neuropathic pain. CB2 agonists, in
particular CB2-selective agonists, provide a target for treating pain with
limited centrally mediated side effects. WO 2004/037823 is directed to
purine compounds and use thereof as cannabinoid receptor ligands, in
particular as CBi receptor antagonists. The present invention provides a
compound of the formula: (I) wherein; R1 is selected from H, F, Cl, C1-C2
alkyl, CF3, cyclopropyl, OCH3, OCF3 and CN; R2 is selected from
tetrahydrofuranyl, tetrahydropyranyl, azetidine-1-carboxylic acid methyl
ester and tetrahydrothiophene- 1,1 -dioxide; R3 is H or combines with R4 to
form a fused pyrrolidin-2-one;R4 is selected from C1-C2 alkyl, C1-C2
fluoroalkyl, cyclopropyl and COCH3; R5 is selected from H, CH3 and CF3; n
is 0 or 1; X1 and X3 are independently selected from N, CH and CR6; X2 is
selected from CH and CR6; with the proviso that only one of X1, X2 and X3
may be other than CH; R6 is selected from F, Cl, CF3, OCH3 and OCF3; or a
pharmaceutically acceptable salt thereof. The compounds of the present
invention have been found to be agonists of the CB2 receptor in vitro.
Preferred compounds of the present invention exhibit greater potency than
existing CB agonists. More preferred compounds of the present invention are
CB2-selective agonists. Most preferred compounds of the present invention
exhibit greater CB2-selectivity than existing CB2 agonists. The present
invention provides a pharmaceutical composition comprising a compound of
the present invention, or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable diluent or carrier. The present invention
provides a compound of Formula I, or a pharmaceutically acceptable salt
thereof, for use in therapy. The present invention also provides the
compound of Formula I, or a pharmaceutically acceptable salt thereof for
use in the treatment of pain, in particular osteoarthritic pain. In another
aspect of the present invention, there is provided the use of the compound
of Formula I, or a pharmaceutically acceptable salt thereof, for the
manufacture of a medicament for the treatment of pain, in 



particular osteoarthritic pain. The present invention provides a method for
the treatment of pain, which comprises administering an effective amount of
a compound of Formula I, or a pharmaceutically acceptable salt thereof, to
a human being or animal in need thereof. The present invention also
provides a method for the treatment of osteoarthritic pain, which comprises
administering an effective amount of a compound of Formula I, or a
pharmaceutically acceptable salt thereof, to a human being or animal in
need thereof. The present invention provides a pharmaceutical composition
for use in therapy comprising a compound of the present invention, or a
pharmaceutically acceptable salt thereof. The present invention provides a
pharmaceutical composition for use in pain, inparticular osteoarthritic
pain, comprising a compound of the present invention, or a pharmaceutically
acceptable salt thereof. It is preferred that the compounds of the present
invention be used in the treatment of pain, in particular inflammatory
pain, more particularly joint pain, most particularly osteoarthritic pain.
A preferred species of the compounds of the compounds of the present
invention are compounds of the formula: (II) . or a pharmaceutically
acceptable salt thereof, wherein R1, R2, R4, X1, X2 and X3 are as defined
herein. A preferred species of the compounds of the compounds of the
present invention are compounds of the formula: (III) . or a
pharmaceutically acceptable salt thereof, wherein R1, R2 and R4 are as
defined herein. Certain classes of compounds of Formula I, II or III are
preferred. The following enumerated selections describe such preferred
classes:-AI) R1 is Cl, Ci-C2 alkyl, CF3, cyclopropyl or OCF3; T) R1 is Cl,
methyl or ethyl; 3) R1 is Cl; 4) R2 is tetrahydrofuranyl or
tetrahydropyranyl; 5) R2 is tetrahydrofuranyl; 6) R2 is tetrahydropyranyl;
7) R3 is H; 8) R4 is Ci-C alkyl, Ci-C2 fluoroalkyl or cyclopropyl; 9) R4 is
methyl, ethyl, 2-fluoroethyl or cyclopropyl; 10) R4 is methyl or ethyl; II)
R5 is CH3; 12) X1, X2 and X3 are independently selected from CH and CR6
where R6 is selected from Cl, CF3, OCH3 or OCF3; 13) X1, X2 and X3 are CH;
14) n is O; 15) R3 is H and R5 is CH3; 16) R1 is Cl, methyl or ethyl; and
R4 is methyl, ethyl, 2-fluoroethyl or cyclopropyl; 17) R1 is Cl, methyl or
ethyl; R2 is tetrahydrofuranyl or tetrahydropyranyl; and 



R4 is methyl, ethyl, 2-fluoroethyl or cyclopropyl; 18) R1 is Cl; R2 is
tetrahydrofuranyl or tetrahydropyranyl; and R4 is methyl, ethyl,
2-fluoroethyl or cyclopropyl; 19) R1 is Cl; R2 is tetrahydrofuranyl or
tetrahydropyranyl; and R4 is methyl or ethyl; 20) R1 is Cl; R2 is
tetrahydrofuranyl or tetrahydropyranyl; and R4 is methyl or ethyl; X1, X2
and X3 are independently selected from CH and CR6 where R6 is selected from
Cl, CF3, OCH3 or OCF3. Pharmaceutically acceptable salts of each of the
compounds of the present invention are contemplated within the scope of the
present application. Preferred compounds of the present invention include
8-(2-Chloro-pyridin-3-yl)- 2-methyl-6-(4-methyl-piperazin-
1-yl)-9-(R)-tetrahydro-furan-3-yl-9H-purine; 2-Methyl-
6-(4-methyl-piperazin-l-yl)-9-(tetrahydro-pyran-4-yl)-8-(2-trifluoromethyl-
phenyl)-9Hpurine; 2-Methyl-6-(4-methyl-piperazin-
1-yl)-9-(R)-tetrahydro-furan-3 -yl-8-(2- trifluoromethyl-phenyl)-9H-purine;
2-Methyl-6-(4-methyl-piperazin- 1-yl)-9-(R)-
tetrahydro-furan-3-yl-8-o-tolyl-9H-purine;
8-(2-Chloro-phenyl)-2-methyl-6-(4-methylpiperazin-
l-yl)-9-(S)-tetrahydro-furan-3-yl-9H-purine;
8-(2-Chloro-phenyl)-2-methyl-6- (4-methyl-piperazin-
1-yl)-9-(R)-tetrahydro-furan-3 -yl-9H-purine; 8-(2-Chloro-phenyl)-2-
methyl-6-(4-methyl-piperazin- 1-yl)-9-(tetrahydro-pyran-4-yl)-9H-purine;
and 8-(2-
Chloro-phenyl)-6-(4-ethyl-piperazin-l-yl)-2-methyl-9-(tetrahydro-pyran-4-yl
methyl)-9Hpurine; or a pharmaceutically acceptable salt thereof. As used
throughout this specification it is to be understood that where a group is
qualified by "defined herein" or "herein defined" that said group
encompasses the first occurring and broadest definition as well as each and
all of the particular definitions of that group. As used above and
throughout the description of the invention, the following terms, unless
otherwise indicated will have the following meaning: As used herein the
term C1-C2 alkyl refers to methyl or ethyl; As used herein the term C1-C2
fluoroalkyl refers to a C1-C2 alkyl group as defined herein, wherein one or
more hydrogen is replaced by fluorine and includes, trifluoromethyl,
2-fluoroethyl, 2,2-difluoroethyl and 2,2,2 trifluoroethyl. A preferred Ci-
C2 fluoroalkyl group is 2-fluoroethyl. As used herein the term
"pharmaceutically acceptable salt" refers to salts of the compounds of the
present invention which are substantially non-toxic to living organisms.
Such salts and common methodology for preparing them are well known in the
art. See, e.g., P. Stahl, et ah, Handbook of Pharmaceutical Salts:
Properties Selection and Use, (VCHA/Wiley-VCH, 2002); and J . Pharm. Sci.
66, 2-19 (1977). Preferred pharmaceutically acceptable salts are
hydrochloride and phosphate. Embodiments of the invention include the
examples provided herein, and although the example provided may be of one
chiral or conformational form, or a salt thereof, further embodiments of
the invention include all other steroisomeric and or conformational forms
of the examples described, as well as pharmaceutically acceptable salts
thereof. As used herein the term "CB2-selective agonists" or
"CB2-selectivity" refers to compounds having greater potency at CB2 than
CBi . Preferred compounds of the presentinvention exhibit > 100 fold
CB2-selectivity. More preferred compounds of the present 



invention exhibit > 500 fold CB2-selectivity. Most preferred compounds of
the present invention exhibit > 1000 fold CB2-selectivity. The compounds of
the present invention are preferably formulated as pharmaceutical
compositions administered by a variety of routes. Preferably, such
compositions are for oral administration. Such pharmaceutical compositions
and processes for preparing same are well known in the art. See, e.g.,
Remington: The Science and Practice of Pharmacy (A, Gennaro, et ah, eds.,
19th ed., Mack Publishing Co., 1995). The following Schemes, Procedures and
Examples are provided to better elucidate the practice of the present
invention. Suitable reaction conditions for the steps of these Schemes,
Procedures and Examples are well known in the art and appropriate
modification of reaction conditions, including substitution of solvents and
co-reagents are within the ability of the skilled artisan. Furthermore, the
skilled artisan will appreciate that in some circumstances, the order in
which moieties are introduced is not critical. The particular order of
steps required to produce the compounds of Formula I is dependent upon the
particular compound being synthesized, the starting compound, and the
relative lability of the substituted moieties, as is well appreciated by
the skilled chemist. The skilled artisan will appreciate that not all
substituents are compatible with all reaction conditions. These compounds
may be protected or modified at a convenient point in the synthesis by
methods well known in the art. Suitable protecting groups include those
described in T.W. Greene, "Protective Groups in Organic Synthesis", John
Wiley and Sons, New York, N.Y., 1991, hereafter referred to as "Greene".
Greene indicates appropriate conditions for "protection" and "deprotection"
of suitable protecting groups to be used by the skilled artisan. The
intermediates and final products of the present invention may be further
purified, if desired by common techniques such as recrystallization or
chromatography over solid supports such as silica gel or alumina. The names
for the compounds of the present invention are generated using AutoNom
2000. Abbreviations used herein are defined as follows:"Brine" means a
saturated aqueous sodium chloride solution; "BSA" means bovine serum
albumin, "DDQ" means 2,3 dichloro-5,6-dicyano-l,4 benzoquinone; "DMEA"
means N-Ethyldimethylamine; "EDTA" means ethylenediaminetetraaceticacid;
"EtOH" means ethanol; "GCMS" means gas chromatography-mass spectrometry;
"GDP" means guanosine diphosphate; "HEPES" means
4-(2-hydroxyethyl)-l-piperazineethanesulfonic acid; "IPA" means 2-propanol;
"IPAm" means 2-propylamine; "L.R." means limiting reagent; "MeOH" means
methanol; "PTSA" means para toluenesulfonic acid; "SCX" means a silica
based strong cation exchange resin column, disposable cartridge or
equivalent; "SFC" means supercritical fluid chromatography. Scheme A The
starting pyrimidine (a) is reacted with an appropriately substituted amine
and a suitable base such as diisopropylethylamine or triethylamine in a
suitable solvent such as isopropanol at elevated temperature to provide
compound (b). Scheme B 



(c-i) (C) (c-ii) The starting bromide (c-i) is reacted with a strong base
such as n-butyl lithium at reduced temperature and N,N-dimethylformamide in
a suitable solvent such as anhydrous diethyl ether to provide compound (c).
Using Suzuki coupling conditions the starting aldehyde (c-ii) is reacted
with a boronic acid derivative of R1, a suitable catalyst such as
(l,l'-bis(diphenylphosphino) ferrocene)palladium(II) chloride or Pd(OAc)2
and a suitable base such as cesium fluoridein a suitable solvent such as
1,4-dioxane or toluene at elevated temperature to provide compound (c).
Scheme C b (d) The starting pyrimidine (b) is reacted with aldehyde (c)
(where X1-X4 is independently selected from CH and CR6) and a suitable acid
such as />-toluenesulfonic acid or 15% ferric chloride on silica in a
suitable solvent such as 1,4-dioxane or toluene at elevated temperature.
The reaction mixture is filtered and concentrated before reacting with DDQ
in a suitable solvent such as dichloromethane at reduced temperature to
provide purine (d). The starting pyrimidine (b) is reacted with aldehyde
(c) (where one of X1-X4 is N) and a suitable acid such as p-toluenesulfonic
acid in a suitable solvent such as toluene at elevated temperature. The
reaction mixture is filtered and concentrated before reacting with thionyl
chloride at elevated temperature to provide purine (d). General Procedure
2-1: Heat a mixture of pyrimidine (b) (1.0 equiv., L.R.), aldehyde (c) (2.0
equiv.), and 15% ferric chloride on silica (200 wt.%, based on L.R.) in
1,4-dioxane to 1000C for 16 hours. Cool and filter off the silica through
diatomaceous earth, concentrate the filtrate under reduce pressure to give
the residue. Dissolve the residue in dry dichloromethane and add DDQ (1.0
equiv.) at 00C. Allow to warm to room temperature with stirring. Upon
reaction completion, dilute the reaction mixture with dichloromethane, wash
with 15% aqueous sodium hydroxide, water, and brine. Dry the organic layer
over anhydrous sodium sulfate, filter, and concentrate under reduced
pressure to give the residue. Purify the residue by silica gel flash
chromatography to give purine (d).General Procedure 2-2: Heat a solution of
pyrimidine (b) (1.0 equiv., L.R.), aldehyde (c) (2 equiv.), >-
toluenesulfonic acid (10 wt.%, based on L.R.), and molecular sieves (200
wt.%, based on L.R.) in toluene at reflux for 16 hours. Cool and filter off
the molecular sieves through diatomaceous earth, concentrate the filtrate
under reduced pressure to give the residue. Dissolve the residue in dry
dichloromethane and add DDQ (1.0 equiv.) at 00C. Allow to warm to room
temperature and stir. Upon reaction completion, dilute the reaction mixture
with dichloromethane, wash with IN sodium hydroxide solution, water, and
brine. Dry the organic layer over anhydrous sodium sulfate, filter, and
concentrate under reduced pressure to give the residue. Purify the residue
by silica gel flash chromatography to give purine (d). General Procedure
2-3: Charge a reaction vessel with the pyrimidine (b) (1.0 equiv., L.R.),
aldehyde (c) (1.1 equiv.), toluene, and p-toluenesulfonic acid monohydrate
(0.05 equiv.). Stir at 1000C under nitrogen for 1 hour. Cool to room
temperature, filter over diatomaceous earth, and 



concentrate under reduced pressure. Next, to the crude oil (imine) at room
temperature under nitrogen add slowly thionyl chloride (neat/solvent). Stir
at reflux for 30 minutes. Cool to room temperature and concentrate under
reduced pressure. Add toluene and remove twice under reduced pressure.
Dissolve in dichloromethane and basify slowly with saturated aqueous sodium
bicarbonate. Dry the organic layer over anhydrous sodium sulfate, filter,
and concentrate under reduced pressure. Purify by silica gel flash
chromatography to give purine (d). Scheme D(e) The starting purine (d) is
reacted with an appropriately substituted piperizine and a suitable base
such as triethylamine in a suitable solvent such as ethanol at elevated
temperature to provide compound (e). Scheme E (e-i) (e-ii) The starting
purine (d-i) is reacted with an appropriately substituted piperizine and a
suitable base such as triethylamine in a suitable solvent such as ethanol
at elevated temperature to provide compound (e-i).The purine (e-i) is
reacted with zinc cyanide and a suitable catalyst such as Pd(PPli3)4 and a
suitable solvent such as N,N-dimethylformamide at elevated temperature to
provide compound (e-ii). Scheme F (b) (e) The starting pyrimidine (b) is
reacted with aldehyde (c), an appropriately substituted piperizine and a
suitable oxidant such as nitrobenzene or acetic acid in a suitable solvent
such as methoxybenzene or dimethyl sulfoxide at elevated temperature to
provide compound (e). Scheme G (b) (9) R 4 Base H (e)The starting
pyrimidine (b) in a suitable solvent such as dimethylacetamide is reacted
with an appropriately substituted acid chloride (f) at reduced temperature
to provide compound (g). The pyrimidine (g) in the presence of an
appropriately substituted piperizine and a suitable base such as
diisopropylethylamine in a suitable solvent such as isopropanol at elevated
temperature and pressure to provide compound (e). Preparation 1:
6-Chloro-2-methyl-N*4*-(tetrahydro-pyran-4-yl)-pyrimidine-4,5-diamine Heat
a solution of 4,6-Dichloro-2-methyl-pyrimidin-5-ylamine (0.008 mol, 1.5 g,
1.0 equiv.), 4-amino tetrahydropyran (0.012 mol, 1.27 g, 1.5 equiv.),
andN,Ndiisopropylethylamine (0.0092 mol, 1.1 g, 1.1 equiv.) in 2-propanol
(80 mL) at 15O0C in a sealed tube for 16 hours. Cool the reaction mixture
to room temperature and remove the 2-propanol under reduced pressure to
give the residue. Dissolve the residue in dichloromethane and wash with
water and brine. Dry the organic layer over anhydrous sodium sulfate,
filter, and concentrate under reduced pressure to give a residue. Purify 



the residue on silica gel column eluting with dichloromethane: methanol
96:4 to give the title compound. MS (m/z): 243.41 (M+1). Preparations 2-12
in Table 1 may be prepared essentially as described in Preparation 1 using
the appropriate amine according to Scheme A. Table 1.Removing Unstable
Sulfur Compounds from Crude Oil Background of the Invention Field of the
Invention [0001 ] The present invention is directed to a method for
purifying a crude oil in preparation for shipping, transporting or
refining. Description of the Related Art [0002] Sulfur-containing crude
oils continue to be a challenge for the shipper and refiner. Sulfur
compounds in crude may present hazards to those engaged in handling,
transporting or shipping the crude. They may introduce corrosion issues for
transportation vessels, storage vessels, reaction vessels, separation
vessels, piping and pumps used in the transportation and handling of sulfur
containing crudes. They may introduce unique challenges for distilling such
sulfur-containing crude oils. [0003] U.S. Patent No. 6,841,062 describes a
crude oil desulfurization process which comprises hydrodesulfurizing a
crude oil feed in a crude desulfurization unit. As described, when the
product sulfur is maintained at less than 1wt % based on feed, and
preferably less than 0.75 wt % based on feed, reaction conditions in the
crude desulfurization unit include a reaction temperature between about 315
C. and 440 C. (600 F.-825 F.), pressures from 6.9 MPa to about 20.7 MPa
(1000-3000 psi), and a feed rate (vol oil/vol cat hr) from 0.1 to about 20
hr 1. Hydrogen circulation rate is general in the range from about 303 std
liter H2/kg oil to 758 std liters H2/kg oil (2000-5000 standard cubic feet
per barrel). [0004] Some crude oils contain significant amount of unstable
sulfur compounds. Under mild heating, these sulfur components react by
hydrolysis and/or thermal degradation to form volatile sulfur compounds,
including H2S. These reactions usually result in a slow but continuous
hydrogen sulfide generation during the transportation of those crudes,
which is one of the major risks or hazards on transporting such crude oils.
These reactions also cause difficulties in refining those crude oils. At
high temperature, as in the atmospheric and the vacuum distillation towers,
the H2S production rate in the overhead of a distillation tower may be
highenough to cause upsets in the tower. Currently, there is no existing
technology to remove or convert unstable sulfur compounds in the crude
oils, and crude containing high unstable sulfur has to be blended with
other crudes in refineries. Overall, the need for blending severely limits
the refiner's capacity in processing these unstable sulfur containing
crudes. As a result, such crudes are usually sold at a discount in the
market. Thus, solving the H S evolution problem could substantially improve
both the marketability and the value of crudes such as Eocene. Statement of
the Invention [0005] In embodiments, the present process is provided for
removing sulfur compounds from crude oils, wherein the sulfur compounds are
unstable at normal handling and processing conditions. Thus, the present
invention provides a process for reducing the sulfur content of a crude
oil, comprising heating a crude oil 



containing at least 0.1 wt% unstable sulfur compounds at conditions
sufficient to remove at least 50% of the unstable sulfur compounds
contained therein. [0006] Thus, a desulfurized crude oil is prepared by
heating a crude oil containing at least 0.1 wt% unstable sulfur compounds
at a temperature in the range of 1000F to 4000F to convert at least 50% by
weight of the unstable sulfur from the crude oil. In embodiments, the crude
oil is heated at a temperature in the range of 1000F to 4500F and at a
pressure in the range of 15 psia to 200 psia for a time period in the range
of 1 minute to 60 minutes. [0007] In some such embodiments, the heated
crude oil is contacted with a catalytic material selected from the group
consisting of inorganic or organic acids, particulate molecular sieves,
dissolved metal ions, metal-containing slurry in an organic or aqueous
fluid and a particulate catalyst comprising a metal component on an
inorganic oxide matrix. [0008] In another embodiment, the process for
reducing the sulfur content of a crude oil comprises heating a crude oil
containing at least 0.1 wt% unstable sulfur compounds at a temperature in
the range of 3500F to 6000F to convert at least 50% of the unstable sulfur
compounds contained therein. [0009] In some such embodiments, the crude oil
is heated in the absence of added catalytic material[001 0] In some such
embodiments, the process further comprises contacting the heated crude oil
with a stripping fluid to facilitate the removal of volatile sulfur
compounds contained in the heated crude oil. Brief Description of the
Figures [001 1] Fig. 1 and Fig. 2 illustrate two embodiments of the
invention, showing the heating zone and the reaction zone for removing the
unstable sulfur compounds from crude oil. Detailed Description of the
Invention [0012] As used herein, unstable sulfur compounds are those
compounds in crude oil which react, in the absence of added hydrogen and
without an added catalytic material, when the crude oil is heated to
elevated temperatures to form normally gaseous products. Hydrogen sulfide
is one of the products generated from the reaction of the unstable sulfur
compounds. However, sulfur-containing hydrocarbonaceous molecules may also
be present in the gas phase effluent from the heated crude oil, either
resulting from the reaction of unstable sulfur compounds, or by
vaporization of volatile sulfur containing hydrocarbons. In embodiments,
unstable sulfur compounds include sulfur compounds having the generic
formula Sx, wherein x is > 1 and S represents a sulfur atom. In
embodiments, x is a value in the range from 1 to 10. [001 3] In
embodiments, unstable sulfur compounds include polysulf des, which are a
class of polymeric materials with the general formula for the repeat unit:
- [(CH ) -Sx]n-, where m is the number of CH repeating units, x is the
number of sulfur atoms and n indicates the number of repeat units. In some
such embodiments, x is a value in the range from 1 to 10, m is a value in
the range of 1 to 10, and n is a value in the range of 1 to 20. [0014] In
their simplest form, inorganic polysulfides are ionic compounds with 



anions having the general formula Sn 2 . In some such embodiments, n is a
value in the range of 1 to 10. [001 5] In embodiments, unstable sulfur
compounds include polysulfanes, which are un-branched chains of sulfur
atoms terminating with hydrogen and having thegeneral formula H Sx, where x
> 1. In some such embodiments, x is a value in the range of 1 to 10. [001
6] The reaction of the unstable sulfur compounds involves conversion to
volatile sulfur compounds at temperatures as low as 1000F. In embodiments,
the volatile sulfur compounds include H2S, low molecular weight mercaptans
(CxH2xS, where x > 1), carbon disulfide (CS2), carbonyl sulfide (OCS) and
mixtures thereof. [001 7] The hydrocarbon streams which may be treated as
disclosed herein may be crude oils, synthetic crude oils; atmospheric gas
oils; fuel oils; diesel oils and the like and combinations thereof in
various non-limiting mixtures. In embodiments, The hydrocarbon streams may
contain other components including, but not necessarily limited to, water,
CO2, asphaltenes, acids, naphtha, paraffins, olefins, oxygenated
hydrocarbons, oxygen, nitrogen, sulfur, sulfur derivatives, disulfides and
aromatics, and the like and combinations thereof. [001 8] The process for
removing unstable sulfur compounds from the crude takes place in a
treatment zone comprising a heating step, a reaction step and a separation
step. The steps may be performed simultaneously in a single vessel,
sequentially in a single vessel or sequentially in separate vessels.
Likewise, any two of the steps may be performed simultaneously in a single
vessel, sequentially in a single vessel or sequentially in separate
vessels, with the remaining step being performed in a separate vessel. In
embodiments, the heating is said to take place in a heating zone, reactions
are said to take place in a reaction zone and separations are said to occur
in a separation zone. In all cases, the heating zone may involve the same
volume or different volumes from the reaction zone and the reaction zone
may involve the same volume or different volumes from the separation zone.
[0019] In the present invention, a crude oil containing at least 0.1 wt%
unstable sulfur compounds is heated at conditions sufficient to convert at
least a portion of the unstable sulfur compounds contained therein. In
embodiments, the crude oil is heated at conditions sufficient to remove at
least 50% of the unstable sulfur compounds contained therein. In some such
embodiments, reaction conditions are sufficient to convert at least 75 wt%,
or even 90 wt%, of the unstable sulfur compounds in the crude to volatile
sulfur compounds.[0020] Process conditions within the treatment zone are
selected to achieve the desired removal of the unstable sulfur compounds.
Thus, the crude oil is heated at a temperature within the range of 1000F to
8000F and at a pressure of 15 psia and above for a time period of up to 120
minutes for removing the unstable sulfur compounds. In embodiments, the
crude oil is heated at a temperature in the range of 1000F to 6000F and at
a pressure of 15 psia and above. [0021 ] Relatively lower temperatures may
be used when catalytic materials are employed to facilitate the reaction of
unstable sulfur compounds. In some such embodiments, the crude oil is
heated at a temperature in the range of 1000F to 4500F and at a pressure in
the range of 15 psia to 200 psia for a time period in the range of 1 



minute to 60 minutes. Other exemplary temperature ranges include a range of
1000F to 3500F. Other exemplary residence time ranges include the range of
5 minutes to 50 minutes or the range of 10 minutes to 40 minutes. Other
exemplary pressure ranges include the range of 15 psia to 150 psia.
Reaction of the unstable sulfur compounds in the presence of a catalytic
material in the temperature range of 4500F to 8000F will result in a rapid
reaction rate. Such rapid reaction rates are generally not detrimental to
the process for removing the unstable sulfur compounds; the high
temperature reaction may be selected if the desulfurized crude oil is
passed directly from the treatment zone to a distillation column. [0022]
While the temperature of the crude oil may vary to some extent as it passes
through the treatment zone, the temperature during each step will be
maintained within the specified range. [0023] The unstable sulfur compounds
may be removed in a thermal (noncatalytic) process. The unstable sulfur
compounds may be satisfactorily converted at a temperature in the range of
1000F to 4500F, though the reaction rate will be lower and the reaction
time longer than in the catalytic case. Thus, in embodiments, at least 50%
of the unstable sulfur compounds are converted when the crude oil is heated
at a temperature in the range of 3500F to 6000F. For example, the crude oil
is heated at a temperature in the range of 3500F to 6000F and at a pressure
in the range of 15 psia to 200 psia for a time period in the range of 1
minute to 60 minutes. Other exemplary temperature ranges include the range
of 3500F to 5000F. Other exemplary residence time ranges include the range
of 5 minutes to 50 minutes or the range of 10 minutes to 40 minutes. Other
exemplary pressure ranges include the range of 15 psia to 150 psia.[0024]
The crude oil may be treated to remove the unstable sulfur molecules at any
time during the production, transportation, handling or otherwise
processing of the crude oil. In embodiments, the treatment zone may be
situated at the wellhead or its associated production facility from where
the crude oil is produced from the petroleum resource. Crude oil thus
treated is more safely sent to tankage, loaded into a vessel for overland
and/or sea transport or sent by pipeline. [0025] In embodiments, the
treatment zone is situated at a loading facility, for loading the crude oil
into a vessel for transport, via ship, barge, train, truck or the like. In
some such embodiments, it is desirable to minimally heat the crude oil,
while optionally using a catalyst, and to select an appropriate stripping
fluid rate and residence time to effect a desired removal of unstable
sulfur compounds from the crude oil at a relatively low temperature. One
effect of minimally heating the crude oil is the low cooling required
before the treated crude oil is loaded for transport. In some such
embodiments, the crude oil is heated to a temperature in the range of 1000F
to 3000F during the sulfur treatment. [0026] In embodiments, the treatment
zone may be integrated into a refinery. In some such embodiments, the crude
passes from the sulfur removal treatment zone directly and without
substantial cooling into a crude unit for distillation separation of the
crude oil into its component streams. For this application, the crude oil
may be heated to temperatures up 8000F within the treatment zone. Stripping
fluid selection and rate, and the optional use of a catalytic material is
selected to accommodate the elevated temperature. This integrated process
has a feature of reduced equipment and 



energy requirements over a stand-alone treatment zone. In some embodiments,
the crude oil is reacted in the treatment zone at a temperature in the
range of 1000F to 6000F for a time sufficient to remove at least a portion
of the unstable sulfur compounds. The converted crude oil is then further
heated to distillation temperature in a following heating zone, and from
there passed to the atmospheric crude column. The crude oil which is
treated to remove unstable sulfur compounds in a process unit which is
integrated with the refinery may be passed through a desalting unit for
removing water and inorganic products from the crude prior to the treatment
zone. [0027] In embodiments, the process for removing the unstable sulfur
compounds from crude oil may be conducted in the absence of added hydrogen.
While hydrogen may be used as at least one of the components of a stripping
fluid, and whilehydrogen or a hydrogen containing gas may be used to
blanket the crude oil during a heating step, a reaction step and/or a
separation step, the use of hydrogen, alone or in combination with one or
more other gases, is not required. [0028] In embodiments, aqueous solutions
containing sulfur-containing compounds, such as ammonium sulfide or sodium
thiosulfate, may be added to the treatment zone for contacting with the
crude oil to remove the unstable sulfur compounds contained therein. The
resulting solution containing an increased amount of sulfide and elemental
sulfur is as follows: (NH4)2S + nS < (NH4)2Sn where n is a value in the
range of 1 to 10. In embodiments, the resulting (NH4)2Sn product is removed
from the treatment zone and treated to recover the ammonium sulfide
reactant. [0029] The heating zone provides heat energy to increase and/or
maintain the temperature of the crude oil. The heating zone may be any
device suitable for heating a liquid to an elevated temperature, such as
boilers, heat exchangers, furnaces and process heaters, electrical heaters,
gas fired heaters, oil fired heaters, coal fired heaters and the like. In
another embodiment, the heating zone may be integrated into other heating
operations, such as within a refinery. In embodiments, the heating zone is
a pipe or conduit through which the crude oil is transmitted. The pipe or
conduit comprises a heating section, and optionally a reaction section
after the heating section. The treatment zone will be of sufficient
dimensions to permit a desired amount of sulfur removal from the crude.
[0030] The crude oil may further be contacted with a stripping fluid within
the treatment zone to facilitate the removal of volatile sulfur species
contained therein. Any gas phase material that does not detrimentally
change the crude oil during the separation process may be used as a
stripping fluid. Suitable gas streams to be used in stripping out the
volatile sulfur compounds include, but are not necessarily limited to,
natural gas, methane, ethane, propane, butane, pentane and heavier
hydrocarbons, nitrogen, carbon dioxide, argon, helium, hydrogen, carbon
monoxide and combinations thereof. In embodiments, the stripping fluid
comprises a gas-phase material selected from the group consisting of
natural gas, a hydrocarbonaceous gas, nitrogen and mixtures thereof. In
embodiments, the stripping fluid comprisesmethane or mixtures of methane,
ethane, and small amounts of propanes, butanes and yet smaller amounts of
heavier hydrocarbons, in various non-limiting mixtures. In embodiments, the
stripping fluid is a process gases. Typical process gases are 



generated during petroleum processing, and comprise gas mixtures containing
at least one of methane, ethane, propanes and butanes in various
compositional ratios, with optionally smaller amounts of heavier
hydrocarbons. [0031 ] The gas phase material is provided to the treatment
zone at or above the pressure of the crude oil in the treatment zone, and
at ambient temperatures or above. In embodiments, the gas phase material
may be introduced into treatment zone at a temperature which is lower than,
higher than or equal to the temperature of the crude oil entering the zone.
In some such embodiments, the gas phase material is provided to the
treatment zone at a temperature in the range of 1000F to 4500F. In other
embodiments, the gas phase material is provided to the treatment zone at a
temperature in the range of 3500F to 6000F, or in the range of 6000F to
8000F. The gas phase material is provided to the treatment zone at a linear
velocity and a rate to facilitate the removal of at least 50% of the
volatile sulfur compounds from the crude oil. [0032] In embodiments, the
gas phase material may be added to the crude as the crude enters the
treatment zone, it may be added as the crude passes through the treatment
zone, or it may be added as the crude leaves the treatment zone. The
stripping fluid is provided to the crude oil through gas distributors known
for this purpose. Non-limiting examples include a gas injection port, at
least one sieve tray or at least one bubble tray over which the crude oil
passes. [0033] In embodiments, the process and system described herein for
removing the unstable sulfur compounds from the crude oil have an absence
of added caustic alkali compounds (e.g. alkali metal hydroxides such as
NaOH). There is also an absence of added amine compounds, oxidation agents
and organic reducing agents, such as hydrazine, oximes, hydroxylamines,
carbohydrazide and erythorbic acid. [0034] The treatment zone may further
contain one or more catalytically active materials for facilitating the
removal of unstable sulfur compounds from the crude oil by reaction of the
unstable sulfur compounds to volatile sulfur species, including the
conversion of unstable sulfur compounds to H S. Particulate catalytic
material mayfill at least a portion of the treatment zone, or may be placed
in trays within the treatment zone. In embodiments, the heated crude oil
passes through the particulate catalyst trays, for conversion of the
unstable sulfur compounds in the crude oil. [0035] In embodiments, the
treatment zone comprises a reaction zone for converting at least some of
the unstable sulfur compounds in the crude oil and for removing at least
some of the volatile sulfur compounds from the crude oil. It will be
appreciated that the process will be considered successful even though all
of the unstable sulfur compounds are not completely removed from the crude
oil. The reaction zone may be integral to or separate from the heating
zone. The reaction zone may include the capability for contacting the crude
oil with a stripping fluid, the capability of contacting the crude oil with
a catalyst or both. Under at least some operating conditions, the
sulfur-removal process is facilitated by integrating the reaction zone and
the separation zone into a single zone or vessel. [0036] The reaction zone
is generally a vessel in which a stripping fluid contacts the crude oil for
purposes of removing at least a portion of the volatile sulfur species from
the crude oil. The reaction process may be conducted in any vessel in which
this 



contacting can occur, including a storage tank, a holding tank in a
transportation vessel, a pipe through which the crude is passing, a
distillation column, a reaction vessel, or a flash separator. The reaction
vessel may comprise features to enhance the separation efficiency of the
vessel. [0037] Sweet stripping gas may be fed near the bottom of the
treatment zone at a point below the crude oil feed and at a rate sufficient
to provide a partial pressure of hydrogen sulfide to remove sufficient
amounts of the unstable sulfur compounds to meet a specification based upon
environmental specifications, shipping and transportation requirements,
downstream operations such as refining or other uses. The stripping gas may
be fed at the bottom end of the zone or other location near the bottom end
of the zone. The stripping gas bubbles up through the falling crude oil.
While the gas moves upward through the zone it may become enriched with H S
and other volatile sulfur containing materials and hydrocarbons. In
embodiments, the treatment zone may comprise any vessel which facilitates
the gas stripping, for example a spray tower, a distillation tower or a
combination thereof. The crude oil may flow downward through the tower
internals such as, for example, structured packing, random packing, sieve
trays, valve trays, and/or disk and donut trays, orcombinations thereof,
becoming leaner in the content of unstable sulfur compounds. Meanwhile, the
stripping gas becomes richer in H S and other volatile sulfur compounds as
it bubbles up the tower and exits the tower. [0038] The rate at which the
stripping fluid is added to the treatment zone is determined by a number of
specific factors, including the viscosity and boiling range of the crude
oil, the type of unstable sulfur compounds contained therein, the quantity
of contained unstable sulfur compounds, the nature and composition of the
stripping fluid, the temperature and pressure of the treatment zone, and
the like. Nevertheless, in an embodiment for an acceptable operating range
for the stripping fluid rate, the stripping rate may be about 0.1 to about
1.0 MSCF per barrel of crude oil (about 18 to about 180 m3/m3) or about
0.25 to about 0.5 MSCF per barrel of crude oil (44 to 89 m3/m3), or 0.3 to
0.4 MSCF per barrel of crude (53 to 7 1m3/m3) . [0039] A sulfur-containing
stripping fluid is generated from the sulfur removal process. The
sulfur-containing stripping fluid may also contain varying amounts of light
hydrocarbons from the crude oil, which are desirably recovered in a
recovery unit such as a chilled vessel to condense the hydrocarbons, a mist
screen to remove hydrocarbon mist droplets from the sulfur-containing
stripping fluid or a knock-out pot to separate liquids from the
sulfur-containing stripping fluid. Recovering the hydrocarbons from the
sulfur-containing stripping fluid may be suitably handled either within or
outside and downstream of the treatment zone. [0040] The treatment zone may
further contain one or more catalytic materials for facilitating the
conversion of unstable sulfur compounds to volatile sulfur species,
including the conversion of unstable sulfur compounds to H S. Catalytic
materials known to enhance the removal of the sulfur compounds generally
reduce the temperature at which the sulfur compounds are usefully removed
from the crude. Materials such as inorganic or organic acids, particulate
molecular sieves, dissolved metal ions, metal-containing slurry in an
organic or aqueous fluid or a particulate catalyst comprising a metal
component on an inorganic oxide matrix are suitable as 



catalytic materials for removing unstable sulfur compounds from crude oil.
[0041] In embodiments, acids which are useful for the present process
include protic acids, ionic materials with Lewis acid properties, and
inorganic materials with acidic properties.[0042] Among the protic acids,
inorganic and organic acids may be used for the sulfur removal process.
Inorganic acids, or catalytic materials comprising inorganic acids, such as
phosphoric acid and sulfuric acid are particularly beneficial. Hydrochloric
acid will also remove sulfur, but a chlorine-containing acid is less
desirable on account of possible deleterious metallurgical effects.
Catalytic materials containing Lewis acids are also useful for removing the
sulfur compounds. Suitable Lewis acids including metals in ionic form such
Fe , Zn , Co ,Ni may be used as a catalytic material. Molecular sieves,
including mordenite and zeolite Y, either in hydrogen form and/or
containing metal ions are useful in the sulfur removal process. The metal
ions may be incorporated into the molecular sieve during synthesis of the
sieve, by ion exchange or by impregnation of the molecular sieve. Methods
for incorporating metallic species into the molecular sieve are well known.
Amorphous inorganic oxide materials, such as silica, alumina, magnesia,
titania, and mixtures thereof, may also be used. Metals, such as Fe3+,
Zn2+, Co3+,Ni2+, which are incorporated into the inorganic oxide material,
either during preparation of the material or by impregnation, also show
catalytic activity for the conversion of unstable sulfur species. These
catalysts lower the operating temperature of pretreatment process, and at
the same time keep good thermal and chemical stability during the catalytic
process. [0043] The catalyst may be blended into the crude as a dissolved
component or as a slurry. The dissolved component may be added to the crude
as either an aqueous phase material or an organic phase material. Use of an
aqueous phase material is generally monitored to prevent excess water being
added to the crude, since water in the presence OfH S produces a highly
corrosive acid. [0044] When added as a slurry, the catalytic material may
be in the form of an organometallic complex or an ionic species. Example
catalysts added in this way include the sulfates, nitrates, chlorides,
acetates and sulfides of the metals in ionic form. The metals may further
be associated with finely divided support materials, such as alumina,
silica or aluminosilicates. [0045] In embodiments, the crude oil is
contacted within the treatment zone with at least one material known to
have catalytic activity for the conversion of unstable sulfur compounds.
The catalyst may be introduced into the crude oil before the crude oil is
introduced to the treatment zone. In embodiments, the catalyst is added to
thecrude oil as a dissolved material in a separate liquid phase, as a
suspension in a separate liquid phase or in powder or granular form added
directly to the crude oil. The separate liquid phase may be an aqueous
fluid or an organic fluid. In embodiments, the separate liquid phase
liquid, which contains the catalyst material, is added to the crude in a
ratio of up to 5 wt% of the crude oil. The separate liquid phase may
comprise up to 10 wt% catalytic material. Non-limiting examples include up
to 10wt% FeCl dissolved in an aqueous fluid for addition to the crude.
Nonsoluble materials may be added to the crude as a slurry. The slurry may
have either an aqueous or an organic continuous phase. 



[0046] In embodiments, the catalyst is present as a particulate catalyst.
The particulate catalyst may be in the form of granules having uniform or
non-uniform shapes, including spheres, extrudates and other shaped
materials, but other shapes are also within the scope of the particulate
catalyst. The granules are generally sized to have an average
cross-sectional dimension of greater than 100 mm. In embodiments, the
granules have an average cross-sectional dimension of greater than 1/32
inch, or an average cross-sectional dimension of greater than 1/16 inch.
[0047] When present in the treatment zone, the particulate catalyst may be
situated such that the crude oil passing through the treatment zone passes
over the catalyst contained therein. The particulate catalyst may be
present in a fixed bed, a fluidized bed, a moving bed and the like. The
particulate catalyst may be present in a single bed in the zone, or it may
be present in multiple beds, each in a separate vessel, or in separate
layers in a single vessel, separated by, for example, a tray which supports
each bed. When a catalyst which is selected to remove the unstable sulfur
from the crude is located in a fixed bed reactor, the crude may pass
downward through the catalyst bed, or it may flow upward through the
catalyst bed. [0048] Each catalyst bed may comprise a single type of
catalyst, or a mixture of different catalysts. In a reaction zone
containing multiple catalyst beds, the catalysts may vary from bed to bed
in any order or configuration. [0049] In embodiments, when at least one
catalyst is present in the reaction zone, the reaction zone is maintained
at a temperature in the region of 1000F to 4500F. The temperature may be
selected to result in a certain level of sulfur removal from the catalyst.
In embodiments, the crude oil is maintained at a temperature in the range
of1000F to 4500F and at a pressure of 15 psia and above in the reaction
zone. In some such embodiments, the crude oil is maintained at a
temperature in the range of 1000F to 4500F and at a pressure in the range
of 15 psia to 200 psia for a time period in the range of 1 minute to 60
minutes. An exemplary operating pressure is in the range of 15 psia to 100
psia. Exemplary residence time ranges include 5 to 40 minutes and 10 to 30
minutes. [0050] In embodiments, the crude oil with reduced unstable sulfur
content (e.g. desulfurized crude oil) is passed from the treatment zone to
a distillation column for separating the crude oil into its vapor phase and
liquid phase components. An exemplary distillation column includes an
atmospheric column, an atmospheric crude column, a vacuum column or a
vacuum crude column. In embodiments, the treated crude oil is transported
via ship, rail, barge, pipeline, truck or similar conveyance prior to being
passed to a distillation column. In embodiments, the crude oil is heated in
the treatment zone to crude distillation temperatures, such as a
temperature in the range of 6000F to 8000F. The crude oil heated to this
temperature is very reactive in the presence of a catalyst, and the
residence time within the treatment zone is significantly reduced. [0051]
Fig. 1 illustrates an embodiment of the invention, including a crude oil 5
passing through heating zone 10 for heating to reaction temperature. The
heated crude oil 12 exiting the heating zone 10 at a temperature in the
range of 3500F to 6000F passes to the reaction zone 20, where at least a
portion of the unstable sulfur compounds are converted to volatile sulfur
compounds, including H S. The reaction 



zone 20 is at least partially filled with packing material 25 which has
little or no catalytic activity for the conversion of the unstable sulfur
compounds. The temperature in the reaction zone is sufficiently high to
convert at least a portion of the unstable sulfur compounds in the heated
crude oil 12. A stripping gas 14 is introduced to reaction zone 20, and at
least a portion of a sulfur-containing stripping gas 16 is removed from the
reaction zone. A crude oil with reduced sulfur content is recovered through
stream 18. [0052] Fig. 2 illustrates another embodiment of the invention.
In Fig. 2, the catalytic material is containing within the reaction zone on
catalyst support trays. Fig. 2 illustrates a crude oil 105 passing through
heating zone 110 for heating to reaction temperature. The heated crude oil
112 exiting the heating zone 110 at a temperaturein the range of 1000F to
4500F passes to the reaction zone 120 through crude oil inlet 122, where at
least a portion of the unstable sulfur compounds are converted to volatile
sulfur compounds, including H S. The reaction zone 120 contains catalyst
support trays 125 on which a catalytic material is distributed for
contacting the crude oil passing therethrough. A stripping gas 114 is
introduced to reaction zone 120 through fluid inlet 124, and at least a
portion of an sulfur-containing stripping gas 116 is removed from the
reaction zone. A crude oil with reduced sulfur content is recovered through
stream 118. Example 1 [0053] Eocene crude is a Middle East crude having an
API gravity of 18 and a total sulfur content of 4.5 wt%. [0054] The
quantity of unstable sulfur compounds in a sample of Eocene crude oil was
determined as follows. lOOg Eocene crude oil sample was charged to a flask
equipped with an overhead condenser. A nitrogen stripping gas at a constant
50 cc/min was bubbled through the crude oil in the flask, which was quickly
heated to and then maintained at 5000F. Gaseous reaction products from the
crude oil (principally hydrogen sulfide and light mercaptans) were passed
through the overhead condenser to condense most of the light hydrocarbons
and return them to the flask. The nitrogen gas containing the sulfur
compounds was then passed through a NaOH scrubber to remove at least most
of the sulfur compounds. The nitrogen gas was then vented. [0055] During
the test, gas samples before the NaOH scrubber were sampled and tested in a
Draeger's tube and confirmed in a gas chromatographic column equipped with
a sulfur chemiluminescence detector. It was found that most of the gaseous
sulfur compounds were released from the crude oil in the first 30 minutes;
at times greater than 30 minutes, the amount of sulfur released to the
nitrogen gas decreased dramatically. After 3 hours, the measured sulfur
concentration in the nitrogen stream was lower than 1000 ppm. [0056] To
determine the amount of unstable sulfur, total sulfur contents in the crude
oil before and after the treatment were analyzed by the Leco sulfur method
using a Leco SC-32 Sulfur Analyzer. Since only the unstable sulfur was
released from the treatment, the total sulfur content difference between
the original and the treatedcrude oil gave the unstable sulfur content in
this crude oil, which was calculated to be about 0.5 wt% of the total crude
oil. That accounts for 11% of total sulfur in the untreated crude oil. 



Example 2 [0057] Example 1 was repeated with a typical heavy crude oil
other than Eocene crude, containing 3.8 wt% of total sulfur. No significant
H S was detected in the N effluent stream and the total unstable sulfur in
the crude was determined to be less than 0.005 wt% of the crude oil. Thus,
it was determined that this heavy crude oil contained little or no unstable
sulfur. Example 3 [0058] Brnsted acids, including solid HY zeolite, acetic
acid and phosphoric acid, were tested for their effectiveness as catalytic
materials for removing unstable sulfur compounds from crude oil. Each
catalytic material in turn was combined with 500 ml Eocene crude oil in a
1-liter autoclave. The oil and catalyst mixture was heated under continuous
stirring and a N2 stripping rate of 150 cc/min, at a constant operating
temperature of 3000F. The operating pressure for the test was 100 psig, to
keep light hydrocarbon in the oil in liquid form. The outlet gas stream was
sampled and its H2S concentration was measure using a GC equipped with a
sulfur chemiluminescence detector. [0059] At 3000F, both HY Zeolites and
H3PO showed a higher activity for producing H2S than did the control test
without catalyst and also showed a higher activity for producing H2S than
did acetic acid. The data in Table 1 shows that the effectiveness of the
catalytic material for removing the unstable sulfur compounds depends on
the concentration and the acidity of the acid catalyst.Example 4 [0060]
Example 2 was repeated using powdered FeCl as a typical Lewis acid salt at
2000F. Table 2 shows that FeCl was particularly effective at removing
unstable sulfur compounds from crude oil. Example 5 [0061] Example 2 was
repeated with a catalytic material comprising Fe (III) ion exchanged onto a
Y zeolite. As shown in Table 3, the supported metal ion showed considerable
catalytic effects at 3000F.What is claimed is: 1. A process for reducing
the sulfur content of a crude oil, comprising heating a crude oil
containing at least 0.1 wt% unstable sulfur compounds at a temperature in
the range of 1000F to 4500F to convert at least 50% of the unstable sulfur
compounds contained therein. 2. The process of Claim 1, wherein the crude
oil is heated at a temperature in the range of 1000F to 4500F and at a
pressure in the range of 15 psia to 200 psia for a time period in the range
of 1 minute to 60 minutes. 3. The process of Claim 1, wherein the crude oil
is heated in the absence of added hydrogen. 4. The process of Claim 1,
further comprising contacting the heated crude oil with a stripping fluid
to facilitate the removal of volatile sulfur compounds contained in the
heated crude oil. 5. The process of Claim 4, wherein the stripping fluid
comprises a gas-phase material selected from the group consisting of
natural gas, methane, ethane, propane, butane, pentane and heavier
hydrocarbons, nitrogen, carbon dioxide, argon, helium, hydrogen, carbon
monoxide and combinations thereof. 



6. The process of Claim 1, further comprising contacting the heated crude
oil with a catalytic material selected from the group consisting of
inorganic or organic acids, particulate molecular sieves, dissolved metal
ions, metalcontaining slurry in an organic or aqueous fluid and a
particulate catalyst comprising a metal component on an inorganic oxide
matrix. 7. The process of Claim 6, wherein the catalytic material comprises
a metallic species selected from the group consisting OfFe3+, Zn2+,
Co3+,Ni2+ 8. The process of Claim 6, wherein the catalytic material
comprises an inorganic oxide selected from the group consisting of Y
zeolites, silica, alumina, silica-alumina and 9. The process of Claim 6,
wherein the catalytic material comprises an inorganic acid selected from
the group consisting of phosphoric acid and sulfuric acid.10. The process
of Claim 6, wherein the catalytic material is maintained as a fixed
particulate bed. 11. The process of Claim 1, wherein the crude oil is
maintained at a temperature in the range of 1000F to 3500F. 12. The process
of Claim 1, wherein the crude oil is reduced in sulfur content in the
absence of added caustic alkali compounds, amine compounds, oxidation
agents and organic reducing agents. 13. The process of Claim 1, further
comprising contacting the crude oil with at least one aqueous solution
containing at least one sulfur-containing compound selected from the group
consisting of ammonium sulfide and sodium thiosulfate and recovering a
solution containing an increased amount of sulfur. 14. A process for
reducing the sulfur content of a crude oil, comprising heating a crude oil
containing at least 0.1 wt% unstable sulfur compounds at a temperature in
the range of 3500F to 6000F to convert at least 50% of the unstable sulfur
compounds contained therein. 15. A system for reducing the sulfur content
of a crude oil, including: a . a catalytic material comprising a metallic
species selected from the group consisting OfFe3+, Zn2+, Co3+,Ni2+. b. a
stripping fluid, comprising a natural gas or a process gas, for contacting
the crude oil at a temperature in the range of 1000F to 4500F and at a
pressure in the range of 15 psia to 200 psia, and in the presence of the
catalytic material; and c . a treatment zone comprising a fluid inlet for
passing the stripping fluid into the treatment zone, a crude oil inlet for
passing the crude oil into the treatment zone, and a bed of the catalytic
material positioned within the treatment zone such that the crude oil and
the stripping fluid are together contacted within the bed of catalytic
material. 


