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(57) Abrégée/Abstract:

There Is provided a process for the reduction of one or more amide moieties in a compound comprising contacting the compound
with hydrogen gas and a transition metal catalyst in the presence or absence of a base under conditions for the reduction an amide
bond. The presently described processes can be performed at low catalyst loading using relatively mild temperature and pressures,
and optionally, In the presence or absence of a base or high catalyst loadings using low temperatures and pressures and high
loadings of base to effect dynamic kinetic resolution of achiral amides.
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(57) Abstract: There 1s provided a process for the reduction of one or more amide moieties in a compound comprising contacting
the compound with hydrogen gas and a transition metal catalyst in the presence or absence of a base under conditions for the reduc -
tion an amide bond. The presently described processes can be performed at low catalyst loading using relatively mild temperature
and pressures, and optionally, i the presence or absence of a base or high catalyst loadings using low temperatures and pressures
and high loadings of base to effect dynamic kinetic resolution of achiral amides.
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CATALYSTS AND PROCESSES FOR THE HYDROGENATION OF AMIDES

FIELD OF THE INVENTION

10001 ] The present invention pertains to generally relates to processes for the

hydrogenation of amides with transition metal catalysts, and catalysts therefor.

BACKGROUND

10002] Alcohols and amines are ubiquitous in the synthesis of agrochemicals,
pharmaceuticals (e.g. protection, deprotection), flavors, fragrances, and advanced materials. (A.
Ricci, Modern Amination Methods, Wiley, New York, 2000; Modern reduction methods, (Eds.:
P. G. Andersson, I. J. Munslow) Wiley, New York, 2008; J. S. Carey, D. Laffan, C. Thomson,
M. T. Williams, Org. Biomol. Chem. 2006, 4, 2337.)

[0003] One approach to access these compounds 1s via the reduction of amides. Amides
are however, the most stable carboxylic acid derivative. (C. M. Breneman, M. Martinov 1in The
Amide Linkage: Structural Significance in Chemistry, Biochemistry, and Materials Science
(Eds.: A. Greenberg, C. M. Breneman, J. F. Liebman), John Wiley and Sons Ins., New Jersey,
2003, p. 1-33; M. B. Robin, F. A. Bovey, H. Basch in The Chemistry of Amides (Ed.: J. Zabicky),
Interscience, New York, 1970, p. 1-72.) Consequently, the reduction of amides typically requires
stoichiometric amounts of active Al-H, B-H, or Si-H reducing agents that often cause reductive

cleavage of the C=0 bond (J. Seyden-Penne, Reductions by the Alumino and Borohydrides in
Organic Synthesis, 2nd Ed., Wiley-VCH, New York, 1997. G. W. Gribble, Chem. Soc. Rev.

1998, 27, 3935; G. Pelletier, W. S. Bechara, A. B. Charette, J. Am. Chem. Soc. 2010, /132, 12817;
S. Das, D. Addis, S. Zhou, K. Junge, M. Beller, J. Am. Chem. Soc. 2010, 132, 1770; Y. Sunada,
H. Kawakami, T. Imaoka, Y. Matoyama, H. Nagashima. Angew. Chem. Int. Ed. 2009, 48, 9511,
C. Cheng, M. Brookhart, J. Am. Chem. Soc. 2012, DOI : 10.1021/ja304547s)

10004 ] Numerous heterogeneous catalysts have been developed to hydrogenate amides.

These include copper-chromite systems that give mixtures of amine products under 350 atm Ho,

250-400°C. (B. Wojcik, H. Adkins, J. Am. Chem. Soc. 1934, 56, 2419; R. M. King, US Pat.

_1-
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4,448,998, May 15th, 1984.) Co-catalysts of Rh or Ru with Re, W, or Mo hydrogenate amides
either via reductive cleavage of the C=0 bond (100 atm H,, 160-180°C), (C. Hirosawa, N.
Wakasa, T. Fuchikami, Tetrahedron Lett. 1996, 37, 6749) or with selectivity for hydrogenating
primary amides to the corresponding primary amines (20-100 atm H,, 130-160°C). (G. Beamson,
A. J. Papworth, C. Philipps, A. M. Smith, R. J. Whyman, J. Catal. 2011, 278, 228; Adv. Synth.
Catal. 2010, 352, 869; J. Catal. 2010, 296, 93.)

10005] There are a handful of homogeneous systems that catalyze the hydrogenation of
amides or amide derivatives. The first 1s a Ru-triphos system (triphos = 1,1,1-tris(diphenyl-
phosphinomethyl)ethane) that hydrogenates primary amides with a preference for reductive
cleavage of the C=0 bond in the presence of NH3 (40 atm Hj, 140-164°C, 14h). (M. Kilner, D.
V. Tyers, S. P. Crabtree, M. A. Wood, PCT Int. Pat. Appl. WO 03/093208 A1, Nov 13th, 2003;
A. A. N. Magro, G. R. Eastham, D. Cole-Hamilton, Chem. Commun. 2007, 3154; US Pat.

2010/0010261 A1, Jan 14th, 2010.)

10006} Beginning in 20006, Ikariya ef al. reported dihydrogenations of cyclic imides, (M.
[to, A. Sakaguchi, C. Kobayashi, T. Ikariya, J. Am. Chem. Soc. 2007, 129, 290; M. Ito, C.
Kobayashi, A. Himizu, T. Ikariya, J. Am. Chem. Soc. 2010, 132, 11414) N-acyl carbamates, N-
sulfonyl-lactams, N-acylsulfonamides, (M. Ito, L. W. Koo, A. Himizu, C. Kobayashi, A.
Sakaguchi, T. Ikariya. Angew. Chem. Int. Ed. 2009, 48, 1324) N-phenyl lactams and benzamides
(T. Ikariya, M. Ito, T. Ootsuka, PCT Int. Pat. Appl. WO 2010/073974 A1, July 1st, 2010; M. Ito,
T. Ootsuka, R. Watari, A. Shiibashi, A. Himizu, T. Ikariya, J. Am. Chem. Soc. 2011, 133, 4240.)

with reductive cleavage of the C-N bond catalyzed by [Cp*RuCl(PN)] [Cp*=n’-Cs(CHs)s; e.g.
PN = Ph;P(CH3)>NH;] or [Cp*RuCI(LN)] e.g. (LN = 2-CsH4NCH,NH>) (tBuOH or 2-PrOH, 80-
100°C, 30-50 atm, KOtBu 1-2.5 equiv, 2-72 h).

10007] Recently reported 1s the enantioselective monohydrogenation of meso-cyclic
imides to give hydroxy lactams with frans-[Ru(H)(BINAP)(dpen)] (BINAP = 2,2’-bis(diphenyl-
phosphino)-1,1’-binaphthyl) and dpen = 1,2-diphenylethylenediamine) and related complexes in
THF at low temperatures (0.1 mol% Ru, 0°C, 50 atm H,, 9 mol% tBuOK, 17-57 h). (S.
Takebayashi, J. M. John, S. H. Bergens, J. Am. Chem. Soc. 2010, 132, 12832; S. Takebayashi, S.

H. Bergens, PCT Int. Pat. Appl. WO 2010/145024 A1, June 17th, 2010.) Catalysts such as
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trans-| Ru(H)(BINAP)(dpen)] have been shown to be active towards amide hydrogenation,

however they can decompose at the higher temperature required for this transformation.

10008] The most active system to date 1s Milstein’s dearomatized, bipyridyl-based PNN
Ru complex (PNN = (2-(di-tert- butylphosphinomethyl)-6-(diethylaminomethyl)pyridine) that
hydrogenates a variety of secondary amides, and tertiary amides with ether groups to give the
alcohol and amine products with 1 mol% Ru in THF (base free, 110°C, 10 atm H», 48 h). (E.
Balaraman, B. Gnanaprakasam, L. J. W. Shimon, D. Milstein, J. Am.Chem. Soc. 2010, 132,

16756.)

10009] Recently reported 1s the low-T preparation and study of the Noyor1 ketone

hydrogenation catalyst trans-[Ru((R)-BINAP)(H)»((R,R)-dpen)] (1). (R. J. Hamilton, C. G.
Leong, G. Bigam, M. Miskolzie, S. H. Bergens, J. Am. Chem. Soc. 2005, 127,4152; R. J.
Hamilton, S. H. Bergens, J. Am. Chem. Soc. 2006, 128, 13700; J. Am. Chem. Soc. 2008, 130,

11979.)

(1)

[0010] Compound (1) 1s remarkably active towards carbonyl reduction. For example, (1)
adds acetophenone on mixing and adds gamma-butyrolactone within minutes at -80°C to form
the alkoxide, trans-[Ru((R)- BINAP)(H)(OCH(CH;)(Ph))((R,R)-dpen)] and the corresponding
Ru-hemiacetaloxide of gamma-butyrolactone. (1) Also catalyzes the hydrogenation of ethyl
hexanoate under 4 atm H; below 0°C (S. Takebayashi, S. H. Bergens, Organometallics. 2009,
28, 2349.) and the monohydrogenation of meso-cyclic imides at 0°C. (S. Takebayashi, J. M.
John, S. H. Bergens, J. Am. Chem. Soc. 2010, 132, 12832; S. Takebayashi, S. H. Bergens, PCT
Int. Pat. Appl. WO 2010/145024 A1, June 17th, 2010.) However, compound (1) has not be used

in amide hydrogenation reactions.
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10011] It 1s, therefore, desirable to provide processes and catalysts for the hydrogenation
of amides.

10012] This background information is provided for the purpose of making known

information believed by the applicant to be of possible relevance to the present invention. No

admission 1s necessarily intended, nor should be construed, that any of the preceding information

constitutes prior art against the present invention.

SUMMARY

[0013] An object of the present invention 1s to provide a process for the reduction of one

or more amide moieties in a compound comprising contacting the compound with hydrogen gas

and a transition metal catalyst in the presence or absence of a base under conditions for the

reduction an amide bond.

10014] In accordance with one aspect, there i1s provided a process for the reduction an
amide bond 1n a substrate comprising contacting the substrate with hydrogen gas and a transition
metal catalyst complex under conditions suitable to cleave the amide bond, wherein said process
1s performed 1n the presence of a base or in the absence of base and wherein, when said process

1s performed 1n the presence of a base and the transition metal catalyst complex 1s present at an

amount of 1 mol% or more, the process 1s performed (1) at a temperature of 100°C or less; (i1)

using hydrogen gas at a pressure less than 10 atm; or (111) at a temperature of 100°C or less and

using hydrogen gas at a pressure less than 10 atm.

[0015] In accordance with one embodiment, the transition metal 1s Ru, Fe, Rh, Ir, Pd, Cu,

Co, Pt, T1, Zr, Os or Hf. In one specific embodiment, the transition metal is Ru.

[0016] In accordance with another embodiment, the transition metal catalyst complex

comprises the transition metal coordinated to one to four ligands selected from:
(1) a bidentate diphosphine (P-P) ligand;
(11) a bidentate diamino (N-N) ligand;
(11)  a bidentate aminophosphine (P-N) ligand;

(1v)  atridentate diaminophosphine (P-N-N) ligand;

4.
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(V) a tridentate aminodiphosphine (P-N-P) ligand;
(vi)  atetradentate diaminodiphosphine (P-N-N-P) ligand;
(vi1) a monodentate phoshine (P) ligand; and
(vii1) a monodentate amine (N) ligand;
and optionally one or more ligands selected from:
a hydride ligand;
a neutral monodentate ligand; and
an anionic monodentate ligand,

wherein 1f the transition metal catalyst complex 1s cationic, the transition metal catalyst

complex further comprises one or more suitable counteranions.

[0017] In accordance with another embodiment, the bidentate diphosphine (P-P) ligand

1S

e
N

[0018] In accordance with another embodiment, the bidentate diamino (N-N) ligand 1s

OMe

X
// :
ONe CHg
AN |
; HzN \ ’&\\\P h HQN \ H N \

H.N
& /
HZN’/ %Ph! HaNT op HoN

A\

[0019] In accordance with another embodiment, the bidentate aminophosphine (P-N)

ligand has the Formula (X)
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PR°R’°CHR’’CHR’’NH, (X)

wherein each R”” is independently H, (C1.10)alkyl, (Cy.10)alkyl fluoro-substituted (Ci.4)-alkyl,
halo, (Cy.j9)cycloalkyl, fluoro-substituted (Ci.19)cycloalkyl, (Cy.10)-alkoxy, fluoro-substituted
(Ci.10)-alkoxy, unsubstituted and substituted phenyl and substituted and unsubstituted naphthyl,
or adjacent substituents are joined together to form, including the carbon atoms to which they are
attached, one or more unsubstituted or substituted phenylene, cyclohexylene, naphthylene,
pyridylene or ferrocenylene groups, and each R is independently (Cy.10) alkyl, (Cy.10)
cycloalkyl, or phenyl, each of which may be optionally substituted.

10020] In accordance with another embodiment, the transition metal catalyst 1s:
Ph, ol Ho Phocl Phg (" NH;] BF, (\PPh] BF,
P, [ “\N P"o.,. l ‘.&P P h2p”a. l H2N/,,,. |

C RU :I E Ru j > > RU“)> «RU—>>
NT | P N | N NP~ | HoNT |

Hy, ClI Ph, H, CI Hy | NUNH | (_PPh,

Ph2 H H2

P, | N
.

H, H Ph,

trans-[Ru((R)-BINAP)(H),((R,R)-dpen)], [Ru(C1),(Ph,P(CH,),NH,) 5],
[Ru(COD)(Anthracene)]BF4, cis-[Ru(CH;CN)y(’-C3Hs)(COD)]BF4,
[Ru(Ph,PCH,CH,NH, ) (n°-C3Hs)|BEs, trans-[Ru(H)»(Ph,P(CH,),NH,),],
[Ru(H)(Ph,P(CH,),NH>) (Ph,P(CH,),NH)], [Ru(Cl)»(Cy,PCH,CH,NH,),] (Cy = cyclohexyl), or

an 1somer thereof.

10021] In accordance with another embodiment, the transition metal catalyst complex 1s
chiral.

10022] In accordance with another embodiment, the substrate 1s chiral.

10023 ] In accordance with another embodiment, the process of the amide bond cleavage

of the substrate produces an alcohol and an amine.

10024] In accordance with another embodiment, the process of the amide bond cleavage

of the substrate generates products that are enantiomerically enriched.

_6-
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10025] In accordance with another embodiment, the process of the amide bond cleavage

of the substrate generates a chiral product.

10026] In accordance with another embodiment, the process is performed in a solvent

selected from tetrahydrofuran (THF), diethyl ether, chlorinated solvents, toluene and mixtures

thereof.

10027] In accordance with another embodiment, the hydrogen gas is used at a pressure in

the range of from about 1 atm to about 100 atm.

10028 ] In accordance with another embodiment, the hydrogen gas is used at a pressure

less than about 50 atm.

10029] In accordance with another embodiment, the process is performed in the presence

of a base and the transition metal catalyst complex 1s present at an amount of 1 mol% or less.

10030] In accordance with another embodiment, the transition metal catalyst complex 1s
present at an amount of about 0.5 mol% or less, or about 0.1 mol% or less or from about 0.1

mol% to about 0.01 mol%.

[0031] In accordance with another embodiment, the process is performed at a

temperature of 100°C or less and the hydrogen gas 1s used at a pressure of 50 atm or less.

10032 ] In accordance with another embodiment, the process is performed 1n the presence
of a base, the transition metal catalyst 1s present at an amount less than about 10 mol%, the

hydrogen gas 1s used at a pressure of about 4 atm or less and the process is carried out at a

temperature of 0°C or higher.

[0033] In accordance with another embodiment, the process 1s carried out at a

temperature of from about 22°C to about 0°C.

10034] In accordance with another embodiment, the base is an organic non-coordinating

base, a carbonate salt, a carboxylate salt, an alcoholate salt, a hydroxide salt or a silazine salt. In

one specific embodiment, the base 1s tBuOK or [(CH3)3S1],NK.

[0035] In accordance with another embodiment, the process is performed in the absence

of base and the hydrogen gas 1s used at a pressure less than about 10 atm, or less than about 5

atm.
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10036] In accordance with another embodiment, the process 1s performed at a

temperature of from about -50°C to about 150°C.
10037] In accordance with another embodiment,

[0038] In accordance with another aspect, there 1s provided a transition metal catalyst

complex selected from:

Ph, o] H, Phz cl Phy (“NH, |BF, “PPh, | BF,
P’h., | ‘;t“‘N [Ph‘*- I .-“‘Pj pthfhﬁ Fl{U"')> HZN’IF!{ ....>>
Gl Lty e "

H, Cl Ph, Hy Cl Hy | N NHe | (_PPh;

S
e
, trans-[Ru((R)-BINAP)(H).((R,R)-dpen)], [Ru(Cl),(Ph,P(CH2),NH3) 2],
[Ru(COD)(Anthracene)]BFy, cis-[Ru(CH;CN),(11°-C3Hs)(COD)|BF4,
[Ru(Ph,PCH,CH,NH,)>(n-C3Hs)1BF4, trans-[Ru(H)»(PhyP(CH,),NH,),],
[Ru(H)(PhoP(CH,),NH,) (Ph,P(CH,),NH)], [Ru(C1)2(Cy>PCH,CH,NH,),] (Cy = cyclohexyl),

and 1somers thereof.

[0039] In accordance with another aspect, there 1s provided a process for the reduction an
amide bond 1n a substrate comprising contacting the substrate with hydrogen gas and a transition
metal catalyst complex under conditions suitable to cleave the amide bond, wherein the transition

metal catalyst complex comprises at least one bidentate aminophosphine (P-N) ligand.

10040] In accordance with one embodiment, the bidentate aminophosphine (P-N) ligand

has the Formula (X)

PRR’°CHR*CHR*NH, (X)

wherein each R’ is independently H, (Cy_jp)alkyl, (Cy.j9)alkyl fluoro-substituted (C,.4)-alkyl,
halo, (C;.j0)cycloalkyl, fluoro-substituted (Cj.jp)cycloalkyl, (C.19)-alkoxy, fluoro-substituted
(Ci.10)-alkoxy, unsubstituted and substituted phenyl and substituted and unsubstituted naphthyl,

or adjacent substituents are joined together to form, including the carbon atoms to which they are

attached, one or more unsubstituted or substituted phenylene, cyclohexylene, naphthylene,

_8-
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pyridylene or ferrocenylene groups, and each R is independently (Cs.19) alkyl, (Cy.10)
cycloalkyl, or phenyl, each of which may be optionally substituted.

[10041] In accordance with another embodiment, the transition metal catalyst complex 1s
Pho ] Ha Pho CI Phg (“NH, |BF, ¢ PPh, | BF4
PJ,,‘ I ‘\\N P &, l ‘,‘\\P Ph2p"v.. l _ H2N I, 1

[ Ru. j [ U j Ph P"F(m )> "’Ru")>

H, Cl Ph, H, CI Hp | (UNH; | "(_PPh,

Ph2 H H2

P"o.‘ | ,&N
Ru.
EH’ . "’Ehj
: 2 A [RU(Cl)Q(Pth(CHQ)QNHQ) 2], [RU(PhQPCHQCHQNHQ)Q(I]3~C3H5)]BF4, rans-

[Ru(H)2(PhoP(CH2)o:NHz)a |, [Ru(H)(PhaP(CH2):NHy) (PhoP(CH2)o:NH),

[Ru(Cl),(Cy,PCH,CH,>NH3),] (Cy = cyclohexyl), or an 1somer thereof.
10042] In accordance with another embodiment, the substrate 1s chiral.

10043 ] In accordance with another embodiment, the process of the amide bond cleavage

of the substrate produces an alcohol and an amine.

10044 ] In accordance with another embodiment, the process of the amide bond cleavage

of the substrate generates products that are enantiomerically enriched.

[0045] In accordance with another embodiment, the process of the amide bond cleavage

of the substrate generates a chiral product.

[0046] In accordance with another embodiment, the process 1s performed in a solvent

selected from tetrahydrofuran (THF), diethyl ether, chlorinated solvents, toluene and mixtures

thereot.

10047] In accordance with another embodiment, the hydrogen gas 1s used at a pressure in

the range of from about 1 atm to about 100 atm.In accordance with another embodiment,

[0048] In accordance with another embodiment, the hydrogen gas 1s used at a pressure

less than about 50 atm.

10049] In accordance with another embodiment, the process 1s performed 1n the presence

of a base and the transition metal catalyst complex 1s present at an amount of 1 mol% or less.

0.
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[0050] In accordance with another embodiment, the process is performed in the presence
of a base, the transition metal catalyst 1s present at an amount less than about 10 mol%, the
hydrogen gas 1s used at a pressure of about 4 atm or less and the process 1s carried out at a

temperature of 0°C or higher.

[0051] In accordance with another embodiment, the base is an organic non-coordinating

base, a carbonate salt, a carboxylate salt, an alcoholate salt, a hydroxide salt or a silazine salt.
[0052] In accordance with another embodiment, the base 1s tBuOK or [(CHj3)3S1],NK.

10053 ] In accordance with another embodiment, the transition metal catalyst complex 1s

present at an amount of about 0.5 mol% or less, or about 0.1 mol% or less or from about 0.1

mol% to about 0.01 mol%o.

10054] In accordance with another embodiment, the process is performed at a
temperature of 100°C or less and the hydrogen gas 1s used at a pressure of 50 atm or less.In

accordance with another embodiment,

10055] In accordance with another embodiment, the process 1s performed in the absence

of base and the hydrogen gas 1s used at a pressure less than about 10 atm, or less than about 5

atm.

[0056] In accordance with another embodiment, the process 1s performed at a

temperature of from about -50°C to about 150°C.

10057] In accordance with another aspect, there 1s provided a process for the reduction an
amide bond 1n a substrate comprising contacting the substrate with hydrogen gas and a transition
metal catalyst complex under conditions suitable to cleave the amide bond, wherein said process
1s performed 1n the presence of a base or 1n the absence of base, and wherein said transition
metal catalyst complex can catalyze the cleavage of the amide bond 1n the presence of base when
the transition metal catalyst 1s present at an amount of less than 1 mol% or when the transition
metal catalyst 1s present at an amount of 1 mol% or more and the process 1s performed (1) at a
temperature of 100°C or less; (11) using hydrogen gas at a pressure of less than 10 atm; or (111) at

a temperature of 100°C or less and using hydrogen gas at a pressure less than 10 atm.
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BRIEF DESCRIPTION OF THE FIGURES

10058] For a better understanding of the present invention, as well as other aspects and
turther features thereof, reference is made to the following description which 1s to be used in

conjunction with the accompanying drawings, where:

10059] Figure 1 depicts the reaction between 2 equivalents of Ph,P(CH,),NH, and cis-
[RU(CH3CN)Q(1’]3 -C3H5)(COD)|BF4 (COD = 1,5-cyclooctadiene) to form a highly active catalyst

precursor for the selective hydrogenation of amides;

[0060] Figure 2 graphically depicts the °'P{'"H} NMR spectrum of [Ru(i’-
C3H;s)(Ph,PCH,CH,NH,),]BF; (5) in CD,Cly;

[0061] Figure 3 graphically depicts the °'P{'H} and *'P NMR spectra of [Ru(n’-
C3H5)(P th CHQCHzNHz)Q]BF4 (5),

10062 ] Figure 4 graphically depicts the preliminary °'P{'"H} NMR Study on the reactivity
of (5) towards H, and Base in THF;

[0063] Figure 5 graphically depicts preliminary 'H NMR Study on the reactivity of (5)
towards H, and Base in THF;

10064 ] Figure 6 graphically depicts the comparison of the hydride regions between (5)
and (2) in THF-dg;

[0065] Figure 7 graphically depicts the '"H NMR of the hydrogenation reaction of N-
Phenylpyrrolidin-2-one (2¢);

10066] Figure 8 graphically depicts the '"H NMR of the hydrogenation reaction of N-
Methylpyrrolidin-2-one (2d);

[0067] Figure 9 graphically depicts the '"H NMR of the hydro genation reaction of N-
Phenylpiperidone (6);

[0068] Figure 10 graphically depicts the 'H NMR of the hydrogenation reaction of e-
Caprolactam (7);

[0069] Figure 11 graphically depicts the '"H NMR of the hydrogenation reaction of N,N-

Diphenylbenzamide (8a), wherein trace benzyl benzoate formed 1s notated as (+);
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10070] Figure 12 graphically depicts the '"H NMR of the hydrogenation reaction of N-
Methyl-N-Phenylbenzamide (8b);

10071] Figure 13 graphically depicts the 'H NMR of the hydrogenation reaction of N,N-
Dimethylbenzamide (8c);

10072] Figure 14 graphically depicts the 'H NMR of the hydrogenation reaction of 1-
Benzoylpiperidine (8d);

10073 ] Figure 15 graphically depicts the 'H NMR of the hydrogenation reaction of

Benzanilide (8e);

10074] Figure 16 graphically depicts the '"H NMR of the hydro genation reaction of N-
Methylbenzamide (8f);
[0075] Figure 17 graphically depicts the 'H NMR of the hydrogenation reaction of N,N-

Diphenylacetamide (8g);

10076] Figure 18 graphically depicts the 'H NMR of the hydrogenation reaction of N-
Methylacetanilide (8h);

10077] Figure 19 graphically depicts the 'H NMR of the hydrogenation reaction of N,N-

Dimethylacetamide (8i), wherein anthracene is used as an internal standard, notated as (*); and

[0078] Figure 20 graphically depicts the 'H NMR of the hydrogenation reaction of
acetanilide (8j).

DETAILED DESCRIPTION

10079] Definitions

[0080] Unless defined otherwise, all technical and scientific terms used herein have the

same meaning as commonly understood by one of ordinary skill in the art to which this invention

belongs.

€. 2% ¢¢

[0081] As used 1n the specification and claims, the singular forms “a”, “an” and “the”

include plural reterences unless the context clearly dictates otherwise.
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10082] The term “comprising” as used herein will be understood to mean that the list
tollowing 1s non-exhaustive and may or may not include any other additional suitable items, for

example one or more further feature(s), component(s) and/or ingredient(s) as appropriate.

10083 ] As used herein, “alkyl” refers to a linear, branched or cyclic, saturated
hydrocarbon group which can be unsubstituted or optionally substituted with one or more
substituent. Examples of saturated straight or branched chain alkyl groups include, but are not
limited to, methyl, ethyl, 1-propyl, 2-propyl, 1-butyl, 2-butyl, 2-methyl-1-propyl, 2-methyl-2-
propyl, 1-pentyl, 2-pentyl, 3-pentyl, 2-methyl-1-butyl, 3-methyl-1-butyl, 2-methyl-3-butyl,
2,2-dimethyl-1-propyl, 1-hexyl, 2-hexyl, 3-hexyl, 2-methyl-1-pentyl, 3-methyl-1-pentyl,
4-methyl-1-pentyl, 2-methyl-2-pentyl, 3-methyl-2-pentyl, 4-methyl-2-pentyl,
2,2-dimethyl-1-butyl, 3,3-dimethyl-1-butyl and 2-ethyl-1-butyl, 1-heptyl and 1-octyl. As used
herein the term ““alkyl” encompasses cyclic alkyls, or cycloalkyl groups. The term “cycloalkyl”
as used herein refers to a non-aromatic, saturated monocyclic, bicyclic or tricyclic hydrocarbon
ring system containing at least 3 carbon atoms. Examples of C3-C;, cycloalkyl groups include,
but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
norbornyl, adamantyl, bicyclo[2.2.2]oct-2-enyl, and bicyclo[2.2.2]octyl.

10084 ] The term “(C,.,)-alkyl” as used herein refers to straight and/or branched chain,
saturated alkyl radicals containing from one to “n” carbon atoms and includes (depending on the
1identity of n) methyl, ethyl, propyl, isopropyl, n-butyl, s-butyl, 1sobutyl, t-butyl, 2,2-
dimethylbutyl, n-pentyl, 2-methylpentyl, 3- methylpentyl, 4-methylpentyl, n-hexyl and the like,
where the variable n 1s an integer representing the largest number of carbon atoms 1n the alkyl

radical.

10085] The term “(Cs_,)-cycloalkyl” as used herein refers to a monocyclic or polycyclic
saturated carbocyclic group containing from three to n carbon atoms and includes (depending on
the 1dentity of n) cyclopropyl, cyclobutyl, cyclopentyl, cyclodecyl, bicyclo[2.2.2]octane,
bicyclo[2.2.1 |heptane, bicyclo[3.1.1]heptane and the like, where the variable n 1s an integer

representing the largest number of carbon atoms in the cycloalkyl radical.

[0086] As used herein, the term “alkenyl” refers to a straight, branched or cyclic
hydrocarbon group containing at least one double bond which can be unsubstituted or optionally

substituted with one or more substituents.
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[0087] The term “(C,.,)-alkenyl” as used herein refers to straight and/or branched chain,
unsaturated alkyl radicals containing from two to n carbon atoms and one or more, suitably one
to three, double bonds, and includes (depending on the identity of n) vinyl, allyl, 2-methylprop-
1-enyl, but-1-enyl, but-2-enyl, but-3-enyl, 2-methylbut-1-enyl, 2-methylpent-1-enyl, 4-
methylpent-1-enyl, 4-methylpent-2-enyl, 2-methylpent-2-enyl, 4-methylpenta-1, 3-dienyl, hexen-
1-yl and the like, where the variable n is an integer representing the largest number of carbon

atoms 1n the alkenyl radical.

|0088] The term “(Cs.y)-cycloalkenyl” as used herein refers to a monocyclic or
polycyclic carbocyclic group containing from three to n carbon atoms (depending on the identity
of n) and one or more, suitably one or two, double bonds and includes cyclopropenyl,
cyclobutenyl, cyclopentenyl, cyclodecenyl, bicyclo[2.2.2]oct-2-ene, bicyclo[2.2.1]hept-2-ene,
bicyclo[3.1.1]hept-2-ene and the like, where the variable n 1s an 1nteger representing the largest

number of carbon atoms 1n the cycloalkenyl radical.

[0089] As used herein, “alkynyl” refers to an unsaturated, straight or branched chain
hydrocarbon group containing at least one triple bond which can be unsubstituted or optionally

substituted with one or more substituents.

[0090] The term “(C,.,)-alkynyl” as used herein refers to straight and/or branched chain,
unsaturated alkyl groups containing from one to n carbon atoms and one or more, suitably one to
three, triple bonds, and includes (depending on the 1dentity of n) ethynyl, 1-propynyl, 2-
propynyl, 2-methylprop-1-ynyl, 1-butynyl, 2-butynyl, 3-butynyl, 1,3-butadiynyl, 3-methylbut-1-
ynyl, 4-methylbut-ynyl, 4-methylbut-2-ynyl, 2-methylbut-1-ynyl, 1-pentynyl, 2-pentynyl, 3-
pentynyl, 4-pentynyl, 1,3-pentadiynyl, 1,4-pentadiynyl, 3-methylpent-1-ynyl, 4-methylpent-2-
ynyl, 4-methylpent-2-ynyl, 1-hexynyl and the like, where the variable n 1s an integer representing

the largest number of carbon atoms in the alkynyl radical.

10091 ] The term “(Cs.y)-cycloalkynyl” as used herein refers to a monocyclic or
polycyclic carbocyclic group containing from three to n carbon atoms (depending on the identity
of n) and one or more, suitably one or two, double bonds and includes cyclopropenyl,
cyclobutynyl, cyclopentynyl, cyclohexynyl, cyclodecynyl, bicyclo[2.2.2]oct-2-yne,
bicyclo[2.2.1]hept-2-yne, bicyclo[3.1.1]hept-2-yne and the like, where the variable n 1s an

integer representing the largest number ot carbon atoms 1n the cycloalkynyl radical.
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10092] As used herein, “aryl” refers to hydrocarbons derived from benzene or a benzene
derivative that are unsaturated aromatic carbocyclic groups of from 6 to 100 carbon atoms, or
from which may or may not be a fused ring system, in some embodiments 6 to 50, in other
embodiments 6 to 25, and 1in still other embodiments 6 to 15. The aryls may have a single or
multiple rings. The term “aryl” as used herein also includes substituted aryls. Examples include,
but are not limited to phenyl, naphthyl, xylene, phenylethane, substituted phenyl, substituted
naphthyl, substituted x<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>