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Part I. Section B 

Reduction ofC-N Double Bond Using HCOOK and Catalytic 
Pd(OAc )2: Development of a Simple Protocol for Direct 

Reductive Amination 

IB.l Introduction: Direct Reductive Amination-A Brief Review 

The amine functionality is one of the most ubiquitous in organic chemistry. Its 

importance is exemplified by the diverse nature of molecules that contain this 

functional group, which includes mi.tural products and fine chemicals. 1 Amines are 

important synthetic targets as well as valuable synthons for a wide variety of 

medicinal agents and agrochemicals? Secondary amines are important for the 

synthesis ofvarious tertiary amines, as ver~~tile ligands3 in homogeneous asymmetric 

transformations, as fluorescence probes4 in HPLC, as a modifier5 in reversed-phase 

chromatography and as a buffer in sequential analysis of proteins and peptides. 

Tertiary amines, particularly triarylamines, are important structural elements of many 

organic materials, including dendrimers and polymers. They are of interest due to 

their electronic properties, particularly their ability to act as efficient hole conductors. 7 

The triarylamine moiety is also a component of a nonlinear optical chromophores, 8 

Xerox photoreceptors,9 and holographic materials. 10 

Ketone-to-amine transformations could be of special utility in the construction 

of aminosugars. Such saccharides are important constituents of the glycolipids and 

glycoproteins which mediate cell-cell recognition and adhesion, 11 influence cellular 

growth and development, and act as receptors for hormones, vitamins and toxins at 

the cell membrane. 12 Biogenic amines are important nitrogen compounds of 

biological importance in vegetables, microbial and animal cells. 13 

For the important diversity of amines, carbon-nitrogen bond formation is of 

great interest, which is apparent from the number of methodologies that have been 

developed for thl.s purpose. Various important methods for the synthesis of amines 

include alkylation of organic halides with amines, reductive amination of carbonyl 

compounds, 14 cross coupling reactions, 15 hydrocyanation of alkenes followed by 

reduction and hydroamination of olefins. 16 Among them, reductive ami nation of 

carbonyl compounds constitutes one ofthe most convenient and practical approaches. 
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The importance of the reductive amination process may be judged from the 

enormous number of its synthetic uses in various reaction schemes .. 17 This reaction 

offers compelling advantages over other amine syntheses, including brevity, wide 

commercial availability of substrates, generally mild reaction conditions, and in some 

cases exceptionally high functional group tolerance. 

The reactions oJ aldehydes or ketones with ammoma, pnmary ammes, or 

secondary ainines in the presence of reducing agents to give primary, secondary, or 

tertiary amines, respectively, known as reductive aminations (of carbonyl compounds) 

or reductive alkylations (of amines) are among the most useful and_ important tool for 

the synthesis of different kinds of amines. The reaction involves the initial formation 

of an imine from the reaction of a carbonyl compound with an amine and its 

subsequent reduction to an alkylate amine. The process may be termed as direct or 

indirect depending upon the number of operational steps involved. 18 

~ Dehydrating 
~ + HNR3~ -a-ge_n_t -----;.,... 

RI R2 

Reducing 

agent 

The reductive amination is described as a direct reaction when the carbonyl 

compound and the amine are mixed with the proper reducing agent without prior 

formation of the intermediate imine or iminium salt. A stepwise or indirect reaction 

involves the pre-formation of the intermediate imine followed by reduction in a 

separate step. A particular advantage of direct process is that no isolation of unstable 

intermediate imines is necessary. 

The choice of the reductant is very critical since undesirable reduction of 

starting carbonyls must be suppressed for the predominant formation of intermediate 

imines. The two most commonly used direct reductive amination methods differ in 

the nature of the reducing agent. The first method is catalytic hydrogenation with 

platinum, palladium, and nickel catalysts. 19 This is an economical and effective 

reductive amination method, particularly in large scale reactions. However, the 

reaction may give a mixture of products and low yields depending on the molar ratio 

and the structure ofthe reactants?0 Moreover, hydrogenation is not compatible with a 
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number of other wise reducible functional groups such as nitro, cyano and carbon­

carbon double and triple bonds?0 The catalyst may be inhibited by compounds 

containing divalent sulfur?1 The second method utilizes hydride reducing agents for 

reduction. Among the hydride reagents used to effect this transformation, sodium 

cyanoborohydride (NaBH3CN) has been used because of its applicability. 22 

The successful use of NaBH3CN is due to its stability in relatively strong acid 

solution (-pH 3), its solubility in hydroxylic solvents such as methanol, and its 

different selectivities at different pH values?2 At pH 3-4 it reduces aldehydes and 

ketones effectively, but this reduction becomes very slow at higher pH values.23 At 

pH 6-8, the more basic amines are protonated preferentially and reduced faster than 

aldehydes or ketones?2 This selectivity allows for a convenient direct reductive 

amination procedure. Limitations are that the reaction may require up to 5-fold excess 

of the amine, is usually slow and sluggish with aromatic ketones, 22 and weakly basic 

amines,24 and may result in the contamination of the product with cyanide.25 

Moreover, this reagent is highly toxic and generates toxic byproducts such· as HCN 

and NaCN upon workup: To solve these problems, modified borohydride, such as 

sodium triacetoxyborohydride [NaBH(OAc)3] has been developed. 26 This borohydride 

reagent is mild and exhibits remarkable selectivity as a reducing agent. The steric and 

the electron withdrawing effects of the three acetoxy groups stabilize the boron­

hydrogen bond and are responsible for its mild reducing properties. 27 Sodium 

triacetoxyborohydrid~.has limitations with aromatic and unsaturated ketones. 

DCE,AcOH 0 
NaBH(OAc)3 . ~~ 

H 

Recently, Bhattacharyya et a/. developed ZnCb-NaBH/8 and Ti(O'Pr),1-

NaB~29 for reductive amination of carbonyl compounds. 
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Titanium (IV) isopropoxide has been utilized24
b'

30 as a mild Lewis acid 

compatible with a variety of potentially acid sensitive functional groups including 

acetal, acetonides, silyl ethers, and Boc derivatives. 

Sarma and Sharma observed during their studies on in situ generated nickel 

boride31 that a carbonyl group remains unaffected under appropriate reaction 

conditions. Since generation of nickel boride from sodium borohydride and nickel 

chloride is accompanied by a sufficient amount of hydrogen evolution,32 it was argued 

that the systell?- could be a suitable one for reductive amination of aldehydes and 

ketones. Based on this fact, Sharma et al. 33 carried out a series of reactions of 

aldehydes and ketones with amines. Although nickel boride is well suited to a.,P­
unsaturated ketones but remained unreactive to acetophenone and benzophenone with 

n-butylamine. 

0 

CH3 +H2N~ Nickel boride -Gl30H 

H,:o BJC N I 
~ CH3~ 

CH3 80% 
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Ranu et al. 18 have discovered that redpctive amination of conjugated 

aldehydes and ketone is achieved by treatment of the corresponding carbonyl 

compound with appropriate amine in the presence of silica gel followed by addition of 

Zn(BH4) 2 in a one-pot operation. 

R-CH=CH-CH-NH-R2 
. I 

R1 
DME 

R, R2 =alkyl or aryL R1 = H or alkyl 

Borane-pyridine was introduced as a cheap and readily available alternative to 

sodium cyanoborohydride for the purpose of the reductive amination of a wide variety 

of carbonyl compounds.24
a,

25
'
34 Although BH3-pyridine works well for the reaction 

using aromatic amines, the reaction must be performed in acidic conditions. 

RD R1CHO R--0 
Borane-pyridine 

N . N 
I EtOH 

RJ) H 

During the study of decaborane as a mild hydride reagent, 35 Y oon et a!. 

found that carbonyls and amines undergo reductive amination in the presence of 

decaborane?6 Decaborane in this case seemed to have a dual action: a catalyst for the 

imine formation as well as a mild reducing agent in the reduction ofthe imine, 

0 

c(cH3 + r1H 
~~-o-No2 

97% 
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Beside borohydride derivatives, alternative metal hydride reagents such as Zn­

AcOH37 and ChSiH38 have also been developed. Zn-AcOH is more applicable than 

Zn-HCl, give better yields, and it is particularly well suited for preparation of P-

arylamino esters. But it is not applicable to aldehydes or aliphatic amines. 

l. Zn-AcOH, 
60-70 oc 

82% 

Hydrosilanes such as triethylsilane in the presence of Lewis acid are mild and 

useful red.ucing agent in the organic synthesis. 39 Chen et a/. 40 developed a novel 

triethylsilane mediated reductive N-alkylation of amines to synthesize 1-( 4-

imidazolyl)methyl-4-sulfonylbenzodiazepines, new farnesy.ltransferase inhibitors. 

Apodaca and Xiao have developed41 a simple direct reductive amination 

procedure which employs phenylsilane as a stoichiometric reductant and dibutyltin 

dichloride as a catalyst. Both aldehydes and ketones were reductively aminated with 

anilines and secondary alkyl amines by this method, but the reaction failed with 

primary alkylamines. 



Bu2SnCh (2-1 0 mol%) 

THF, r.t. (2-24 h) 
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Polymethylhydrosiloxane (PMHS) is being pursued as a safe and 

environmentally friendly reagent for the reduction of organic fimctional groups. 42 

This reagent is very inert on its own, making it safe to handle, but in the presence of a 

proper activator it proves itself as an excellent substitute for hydride reagents. 

Recently, Chandrasekhar et al. explored the utility ofPMHS as a versatile reductant43 

and in this context they developed a method for direct conversion of carbonyl 

compounds to amines via reductive amination by using PMHS as reductant and 

Ti(O;Pr)4 as activator.44, 

-~ PMH~Ti(Q1Pr)4 \' 

THF ~ . N,~/~-
H3C H v 

90% 

Organotin hydrides have been found to be a mild and chemoselective 

reductants. 45 Tributyltin hydride in DMF was reported as reducing agent for the 

reductive amination of carbonyl compounds with primary and secondary ammonium 

salts.46 

+ CNH/C!04-
n-Bu3SnH 

DMF 

0 

0 99% 

Baba et a!. provided a set of organotin hydrides to achieve highly 

chemoselective reductions of functionalized substrates. 47 In particular, 

pentacoordinated tin hydride, Bu2SnClH-HMP A,48 formed in situ by simple mixing of 

Bu2SnClH and HMP A, has been revealed to be a selective reductant of imines even in 

the presence of carbonyls.49 
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Ph, 1 n-Bu2SpC1H-HMP A I( "Ph 

NPh 

Due to recent trend in developing solid phase reactions for combinatorial 

chemistry, different solid supported reagents and reactions have also been developed 

for reductive amination. 50 Sometime ago Borohydride Exchange Resin (BER) was 

introduced by Gibson and Baily, 51 and Yo on et al. reported BER is an interesting 

chemoselective reducing agent for carbonyl compounds in alcoholic solvents. 52 

Recently, Yoon et al. utilized BER successfully for the reductive ajnination of 

aldehydes and· ketones. 53 

BER, EtOI-I 

Et3NHCI o- /-Ph N . 
' H 

92% 

Blackburn and Taylor recently reported a new process for the conversion of 

alcohols into amines via an in situ oxidation-imine formatiOn-reduction by using 

Mn02 as oxidant and polymer-supported cyanoborohydride (PSCBH) as reductant. 54 

Mn~,PSC8H 

DCM,MS. 
AcOH 

91% 

Wet montmorillonite K 10 clay supported NaBH4 under microwave irradiation 

have also been reported for reductive amination. 55 
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The development of asymmetric catalysts for the hydrogenation of achiral 

substrates to form enantiomerically enriched products represents a major area of 

research56 with the growing i~portance of enantiomerically pure nitrogen containing 

compounds in the pharmaceutical and agrochemical industries. The asymmetric 

hydrogenation of imines to enantiomerically enriched amines has received much 

. 1 57 P h b d 1 d . . . . 58 I . 59 attention recent y. rocesses ave een eve ope usmg tltamum, rut 1emum, 

. 'd' 57b6o d h d' 57a61 1 ; 1 d I d ·1 62 m mm · an r o mm · comp exes as cata ysts an 1y rogen or s1 anes as 

stoichiometric reducing agents. Titanocene was discovered as a catalyst for the 

asymmetric hydrogenation of imines. 62 
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H 
65-90% Yield 
53-99% ee 
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-o 

Amin and Crowe have discovered recently that imines can be reduced to 

amines via a titanium catalyzed hydromagnesation reaction using n-BuMgCI as the 

stoichiometric reducing agent. 63 

H20 / ~ • Nl Ph 
Quence. 

H 92% 
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Beside late transition metal, organolithium reagents were also being employed 

for such transformatior{ Lithium diethylaminoborohydride and lithium diisopropyl-

aminoborohydride reduce chiral aliphatic and aromatic imines, derived from a.-

methyl-benzylamines, to give the corresponding enantiomerically enriched secondary 

. 64 
ammes. 

THF 

ooc 

Ln/Meli 

PhCH3 

H, 
N D

O~e 

Ph~Me 

Ln= 

..__EtxEt__. 

~1 r_) 
LBu Bul 

_.....Ns 
N Ln (20 mol%), IiHMDS 

Ph)lMe HSi(OMe)3, THF, -20 °C 

Ns = p-Nitrobenzenesulfonyl 

Ln = (R)-1, 1'-Bi-2-naphthol 

85% ee65 

H, _.....Ns 
N 

Ph~Me 
72% ee66 
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IB.2.1 Present Work: Background, Objectives and strategy 

In section A of this dissertation we described development of a mild and 

inexpensive reagent system [HCOOK-catalytic Pd(OAc)2] for reduction of highly 

functionalized C-C double bond. The success of this methodology compounded with 

our contin1,1ous interests in developing novel reactions and methodology led us to 

investigate reduction of C-N double bond of imines using this reductant. The 

reduction of imines give rise to amines, which are important synthetic targets as well 

as valuable synthons for a wide variety of medicinal agents and agrochemicals. The 

imines can be prepared from a carbonyl compounds by reaction with ammonia or 

amine. If the overall reaction from ketone to amine is carried out in a one-pot 

protocol, the procedure is known as "direct reductive amination" of carbonyl 

compounds18 (Scheme IV). 

1. Dehydrating agent 
2. Reducing agent 

Scheme IV 

!mines are reduced using a variety of reagents and applying different reaction 

conditions. For example, catalytic hydrogenation is one of the classical methods for 

carrying out this transformation. However, the reaction conditions are not compatible 

with a number of otherwise reducihle functional groups such as, nitro, cyano, double 

and triple bonds. 19
c'

26
b Among the hydride reagents used for C-N double bond of 

imine, sodium cyanoborohydride22
•
23 (the Borch reduction) has found considerable 

applications. Unfortunately, the use of this reagent is compromised by its cost and 

toxicity, which risks the presence of residual cyanide25 in the product as well as in the 

work-up system. Alternative reducing systems currently include sodium 

triacetoxyborohydride (Gribble reduction) in neutral67 or acidic media, 26 sodium 

borohydride in aqueous sulfuric acid and pyridine-borane34 Recently, Apodaca and 
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Xiao 41 reported a procedure for direct reductive amination of aldehydes and ketones 

which uses phenylsilane as stoichiometric reductant and dibutyltin dichloride as a 

catalyst. All these methods require either stoic;hiometric or excess quantities of 

hydrides and use oftin hydrides in some protocols is not recommended for large-scale 

preparation. On the other hand, use of formic acid as the source of hydrogen, called 

the Wallach.·reaction, or ammonium salts of formic acid, called the Leukart reaction, 

often yields the N-formyl derivative of the amine instead of the free amine. It 

therefore appeared reasonable to investigate whether potassium formate, which 1s 

soluble-in polar organic solvents and in water, with activation by palladium salt could 
<' 

significantly reduce the C-N double bond of the imine formed in the direct reductive 

amination procedure. 

IB.2.2 Present Work: Results and Discussion 

In this part, we describe our results for direct reductive amination, which 

constitute a mild, safe and efficient one-pot reductant system for conversion of 

various aldehydes and ketones, including conjugated ones, to N-alkyl/N-aryl 

secondary or tertiary amines (Scheme V). 

R1 = Alkyl or Aryl 
R2 =H, Alkyl 

Scheme V 

Pd(OAc)2 
DMF 

R3 =H, Alkyl 
~=Alkyl 

To examine the scope of this reaction, a variety of aldehydes and ketones were 

reductively aminated with aliphatic and aromatic amines (Table 2). Both primary and 

secondary amines such as morpho line (entries 2 and 6) have been used. Reactions 

with substrates bearing potentially reducible functional groups including choloro 
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(entry 3), bromo and nitro (entry 7) yielded anticipated products without detectable 

reductive side products. Although acetophenone is a difficult case for some reductive 

amination protocols, use of excess potassium formate (2-4 mmol) and a slight excess 

of palladium acetate (5 mol%) gave reductive amination of the ketones at a rate 

comparable to that of other substrates. The process is equally effective for 

heteroaromatic systems (entry 5). Thus pyridine-4-carboxyaldehyde and aniline 

underwent reductive arriination to produce 23 in 86% yield. Reductive amination of 

cinnamaldehyde (entry 12) with cyclohexyl amine, however, proceeded with 

concomitant reduction of the C~C double bond. Unlike the Leukart reaction or the 

Wallach reaction, noN-formyl derivatives were formed in this protocol. 

It is well known that aldehydes generally form imines faster than ketones. In 

this protocol, separate conditions were employed for imine preparation prior to 

addition of reducing agent. Whereas the aldehydes (except cinnamaldehyde) were 

reacted with amines in the presence of activated molecular sieves ( 4 A), the imines 

from the ketones were prepared on a surface of silica gel following the procedure of 

Ranu et al. 18 However the imines prepared by using either molecular sieves or silica 

gel were directly taken in dimethyl formamide (DMF) and subjected to reduction by 

adding palladium acetate (2-5 mol%) and potassium formate (2-3 equiv.) and heated 

at 40-60 °C for 3-6 hours. The products were obtained after purification on column 

chromatography. In general, the reaction procedure is very simple and the reaction 

condition appears to be mild. 

In summary, the method described here can be useful for preparing all classes 

of amines from suitable carbonyl compounds and the amines. Fu11herrnore, the 

method can be of importance in view of cheap reducing agent, which decomposes to 

environrnentally friendly chemicals.' Since palladium catalyzed hydride addition is 

probably the cause of the C-N double bond reduction, the possibility for asymmetric 

reductive ami nation in presence of a chiral ligand might be explored in fi.1ture studies. 



Entry Substrate Amine 

Table 2 

Condition a; 
Terr.p./ 
Tirre 

A /40 oc; 

4h 

Product %Yield b 

o- · 0 A/400C/ f\_ 01 

5. N ~ j CHO H2N 3h NL__/-CH2NH 86 

23 

0 r-\ A/500CJ 0 1\ 
6. MeO CHO H-\__;b Sh MeO \ j C~-N\__/0 67 

24 

Conthrued ...... . 
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Continued ....... Table 2 

Condition a; 
Entry Substrate Amine Temp./ Product %Yieldb 

Time 

8. cr H2No B /50 oc; ONHO 70 
5h 

26 

0 - NHO 
9.~CH,H2No B /60 oc; 

6h o-<CH,- 76 

27 

IO.Q--<0 H2No B /60 oc; ~~:,0 6h 83 

- CH3 

28 

0--<0. D B/6D OCf ~HCH2-o 
11. H2NCH2 - so 

. . - ~ ~ j . 

12. 

CH3 CH3 · 

H CHO 

0 >=< H2N 
Ph H 

B /50 DC/ 

Sh 

29 

H>--<CH2NH-o 69 

Ph H 
30 
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aConditions A: Aldehyde+ Amine in DMF with MS (4A) and stirred at room temperature for 
3-5 h; B: Ketone + Amine intimately mixed on activated silica and stirred at room 
temperature for 5-6 h. 

bYields are reported after chromatographic purification (2-3 runs). Satisfactory spectral data 
were obtained for all the amines (products) and given in the Experimental section. 

/ 
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IB. 3 Experimental 

General information regarding techniques and instrumentation used are the 

same as mentioned in the previous section. Molecular sieves ( 4A) and silica gel 

(HF254) SRL, India were activated by heating in an, oven at 120 De for 12 hours before 

use. 

General procedure for aldehydes (except cinammaldehyde) 

A solution ofp-anisaldehyde (0.680g, 5 mmol) and cyclohexylamine (0.500g, 

5 mmol) in dry DMF (5 mL) was magnetically stirred at room temperature for 4 

hours, in presence of molecular sieves (4A). To the resulting reaction mixture were 

added HeOOK (0.840g, 10 mmol) and palladium acetate (22mg, 0.1 mmol). The 

mixture was then heated at 40 De for 3 hours to complete the reaction (TLC) and after 

cooling it was diluted with ice-cold water (15 mL). The mixture was extracted with 

ether (3x20 mL). The combined extract was washed with brine, dried over anhydrous 

Na2S04 and evaporated to leave the crude product, which was purified by column 

chromatography over silica gel using EtOAc-hexane (1: 19) affording N-cyclohexyl-p­

methoxybenzylamine (22). 

,;:,.. Yield: 75% (0.815g), Liquid. 

IR(neat): Ymax2925, 2851,.1610,1510,1300, 1246 cm-1
. 

1H-NMR (eDeb, 300 MHz): 8 7.22 (d, 2H, 1 = 8.3 Hz), 6.85 (d, 2H, 1 =· 8.3 

Hz), 3.78 (s, 3H), 3.73 (s, 2H), 2.47 (br.s, lH), 1.92-1.70 (m, 4H), 1.62-1.59 

(m, lH), 1.31-1.05 (m, 6H). 

13C-NMR (CDCh, 75 MHz): 8 158.4, 132.9, 129.2, 113.7, 56.0, 55.2, 50.3, 

33.4, 26.2, 24.9. 

Similarly compounds 19, 20, 21, 23, 24 and 25 were prepared from 

corresponding aldehydes and amines. 

N-Cyclohexylbenzylamine (19) 

Yield: 68% (0.644g), liquid. 

IR (neat): Ymax 3400, 1600, 1450, 1321 cm-1
. 

1H-NMR (CDeh, 300 MHz): 8 7.31-7.06 (m, 5H), 3.80 (s, 2H), 2.48 (br, lH), 

1.92-1.70 (m, 11-I), 1.61-1.54 (m, 41-I), 1.31-1.07 (m, 61-I). 
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N-Benzylmorpholine (20) 

Yield: 62% (0.550g), liquid. 
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1H-NMR (CDCh, 300 MHz): c5 7.25-7.32 (m, 5H), 3.70 (t, 4H), 3.49 (s, 2H), 

2.44 (t, 4H). 

N-( 4-Chloro benzy l)aniline (21) 

Yield: 67% (0.730g), liquid. 

IR (neat): Vmax 3380, 1600, 1490, 1320 cm-1
. 

1H-NMR (CDCh, 300 MHz): c5 7.54 (d, 2H, J = 7.9 Hz), 7.32 (d, 2H, J = 7.9 

Hz), 7.15 (t, 2H, J = 7.7 Hz), 6?1 (t, lH, J = 7.2 Hz), 6.64 (d, 2H, J = 8.81 

Hz), 4.29 (s, 2H), 3.97 (br, 1H). 

13C-NM.R (CDCh, 75 MHz): c5 147.8, 138.0, 133.0, 129.3, 128.7, 128.2, 117.8, 

112.8, 47.6. 

N-(Pyridin-4-yl-methyl)cyclohexylamine (23) 

Yield: 86% (0.818g), liquid. 

IR (neat): Vmax 2940, 1603, 1547, 1455, 1383 cm-1
. 

1H-NMR (CDCb, 300 MHz): c5 8.52 (d, 2H, J = 4.8 Hz), 7.26 (d, 2H, J = 4.8 

Hz), 3.83 (s, 2H), 2.46 (br, 1H), 1.92-1.82 (m, 4H), 1.62-1.60 (m, 1H), 1.27-

1.06 (m, 6H). 

N-( 4-Methoxybenzyl)morpholine (24) 

Yield: 67% (0.694g), liquid. 

IR (neat): Vmax 1612, 1514, 1246 cm-1
. 

1H-NMR (CDCb, 300 MHz): c5 7.22 (d; 2H, J = 8.34 Hz), .6.85 (d, 2H, J = 

8.~4 Hz), 3.78 (s, 3H)~ 3.69 (t, 4H), 3.43 (s, 2H), 2.42 (t, 4H). 

13C-NM.R (CDCb, 75 MHz): 8 158.7, 130.4, 129.5, 113.6, 66.9, 62.8, 55.2, 

53.4. 



4-Bromo-N-( 4-nitrobenzyl)aniline (25) 

Yield: 56% (0:860g), liquid. 

62 

1H-NMR (CDCh, 300 :MHz): 5 8.19 (d, 2H, J = 8.5 Hz), 7.50 (d, 2H, J = 8.5 

Hz), 7.23 (d, 2H, J = 8.6 Hz), 6.44 (d, 2H, J = 8.6 Hz), 4.45 (s, 2H), 4.22 (br, 

1H). 
13C-NMR (CDCb, 75 :MHz): o 146.8, 146.2, 132.1, 127.6, 123.9, 114.5, 114.4, 

109.8, 47.5. 

Anal. Calcd. for C13HnBrN202 (307.15): C, 50.84; H, 3.61. 

Found: C, 50.66; H, 3.69. 

General procedure for ketones and cinammaldehyde 

A mixture of acetophenone (0.601g, 5 mmol) and benzyl amine (0.535g, 5 

mmol) was uniformly adsorbed on the surface of activated silica gel (Sg) by dropwise 

addition under stirring, and the mixture was then stirred at room temperature (25 °C) 

under nitrogen for 4 hours to allow complete conversion imine. HCOOK (0.840g, l 0 

mmol), palladium acetate (22mg, 0.1 mmol) and DMF (5 mL) were added and the 

reaction mixture heated at 60 °C for 6 hours. After completion (TLC) the reaction 

mixture was cooled, diluted with ice-cold water and extracted with ether (3 x20 mL). 

The extract was washed with brine, dried over anhydrous Na2S04 and evaporated the 

solvent to leave the crude product, which was purifi..ed by column chromatography 

over silica gel using EtOAc-hexane (1 :9) affording N-(1-phenylethyl)benzylamine 

(29). 

Yield: 80% (0.845g), Liquid. 

IR (neat): Vmax 3380, 1602, 1452, 1305 cm-1. 

1H-NMR (CDCb, 300 :MHz): o 7.34-7.23 (m, 10H), 3.79 (q, 1H, J= 6.57 Hz), 

3.60 (q, 2H, J= 13.1 Hz), 1.86 (br, 1H), 1.35 (d, 3H, J= 6.57 Hz). 
13C-NMR (CDCh, 75 MHz): o 145.4, 140.5, 128.3, 127.3, 125.5, 57.4, 51.5, 

24.4. 

Anal. Calcd. for C1sH11N (211.31): C, 85.26; H, 8.11. 

Found: C, 85.11; H, ·8.43. 

Using the same method compounds 26, 27, 28 and 30 were prepared from the 

corresponding carbonyls and amines. 



N-Cyclohexylaniline (26) 

Yield: 70% (0.614g), liquid. 

IR (neat): Ymax 3400, 1602 cm-1
. 
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1H-NMR (CDCb, 300 :M.Hz): 6 7.22-7.14 (m, 2H), 6.71-6.61 (m, 3H), 3.27 

(m, 1H), 1.81-1.62 (m, 5H), 1.45-1.10 (m, 6H). 
13C-NMR (CDCb, 75 MHz): 6 147.1, 129.2, 117.0, 113.3, 51.9, 33.4, 25.9, 

25.0. 

N-(1-Phenylethyl)aniline (27) 

Yield: 83% (0.844g), liquid. 

IR (neat): Ymax 3416, 3053, 1603, 1506, 1450, 1322, 1260 cm-1
. 

1H-NMR (CDCb, 300 :M.Hz): 8 7.36-7.31 (m, 5H), 7.06 (t, 2H,· J = 7.3 Hz), 

6.6 (t, 1H, J= 7.3 Hz), 6.48 (d, 2H, J= 1.92 Hz), 4.46 (q, 1H, J= 6.7 Hz), 3.81 

(s, 1H), 1.47 (d, 3H, J= 6.7 Hz). 
13C-NMR (CDCb, 75 MHz): 8 147.2, 145.2, 129.0, 128.2, 126.8, 125.8, 117.1, 

113.2, 53.3, 24.9. 

N-(1-Phenylethyl)cyclohexylamine (28) 

Yield: 76% (0.750g), liquid. 

IR (neat): Ymax 3380, 1640 cm-1
. 

1H-NMR (CDCb, 300 MHz): 8 7.35-7.20 (m, 5H), 3.96 (q, 1H, J = 6.6 l-Iz), 

2.28 (br, 1H), 1.72-1.65 (m, 4H), 1.55 (m, lH), 1.33 (d, 3H, .!= 6.6 Hz), 1.14-

1.01 (m, 6H). 
13C-NMR (CDCb, 75 MHz): 8 146.0, 128.3, 126.6, 125.4, 54.3, 53.5, 34.4, 

33 .0, 26.0, 24.8. 

N-(3-Phenylpropan-1-yl)cyclohexylamine (30) 

Yield: 69% (0.743g), liquid. 

IR (neat): Ymax 3320, 2930, 1629, 1496, 1440, 1378, 1127 cm-1
. 

1H-NMR (CDCb, 300 :M.Hz): 8 7.35-7.16 (m, 5H), 2.8-2.62 (m, 1H), 2.64 (t, 

4H, J= 7.4 Hz), 2.38 (m, 1H, NH), 1.87-1.59 (m, 8H), 1.30-1.02 (m, 4H). 
13C-NMR (CDCb, 75 MHz): 8 142.1, 128.3, 128.2, 125.6, 56.8, 46.4, 34.2, 

33.6, 31.9, 26.1, 25.0. 
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