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1. INTRODUCTION  16 
 17 
Butenafine chloride, which is simply referred to as Butenafine is an antifungal agent belonging to 18 
benzylamine group. Over the years, studies have shown the high potency of Butenafine in treating 19 
mycoses (fungal infections) caused by dermatophytes, aspergilli, dimorphic fungi and damatiaceous 20 
fungi [1]. Butenafine was reported to exhibit excellent 21 
pharmacological activity over Clortrimazol, Naftifine, Terbinafine and bifonazole,against 87 strains of 22 
dermatophytes (Minimum Inhibition Concentration, MIC = 0.0015 - 0.05 μg cm-3), 15 strains of 23 
Aspergillus (MIC = 0.025-0.78 μg cm-3), 4 strains of Cryptococcus neoformans (MIC = 0.78 -1.56 μg 24 
cm-3) and 67 strains of candida spp (MIC = 3.13->100  μgcm-3) [2].  25 

Aims:   To synthesize N-(4-(tert-butyl) benzyl)-1-(4-tert-butyl) phenyl)-N-methyl methanaminium chloride, 
an  analogue  of butenafine from tertiary-butyl benzyl derivatives, and to compare the solvent action of 
Tetrahydrofuran (THF), acetonitrile, methanol and 1,2-dichloroethane (DCE), and the reducing efficiency 
of NaBH4 and sodium triacetoxyborohydride (STAB) during the synthesis. 
Study design:  The study involved laboratory experiments leading to the synthesis of the target 
compound by varying the non-aqueous solvents used, the reducing agent and the temperature of 
operation. Silica chloride catalyst was used to speed up the reaction in one of the synthesis and in each 
synthesis, Thin Layer Chromatography was used to monitor the progress of the reaction. The time taken 
by each reaction and the yield were used as basis for determining solvent action and the reducing 
efficiency.   
Place and Duration of Study: M.Sc. Access controlled Teaching Laboratory, School of Chemistry, 
Newcastle University, Newcastle upon Tyne, United Kingdom between June and August, 2012. 
Methodology: Reductive amination was carried out by reacting 4-tert-butylbenzaldehyde and 4-tert-
butylbenzylamine, using the direct then the indirect approaches. This was followed by methylation using 
Eschweiler-Clarke reaction in each of the two approaches. The time taken by each reaction was 
monitored and the product of each approach was characterized by EIS-MS, 1H NMR,13C NMR and FTIR. 
Results: 1,2-dichloroethane gave the best solvent action at 40 oC 
(Yield: 75%) and NaBH4 gave the best reducing action with silica chloride catalyst at 25 oC (Yield: 50%). 
In all products obtained at the end of each synthesis, 1H NMR spectrum gave a singlet peak of 18 
hydrogen atoms at 1.3 -1.5 ppm for the existence of 6 methyl groups in the two tertiary-butyl substituents, 
the 13C NMR spectrum also showed a peak at  31-32 ppm for the six methyl carbon atoms in the two 
tertiary-butyl substituents, the FTIR spectrum showed  a strong band at  2460 cm-1 for the presence of a 
tertiary ammonium ion and finally the EIS-MS gave  a mass to charge ratio of 324.2693 as a confirmation 
of the relative molecular mass of the compound. 
Conclusion:  The target compound can be sythesised by both direct and the indirect approaches of 
reductive amination in any of the solvents tested with/without a catalyst at room or elevated temperature 
using NaBH4 or STAB as a reducing agent but the best solvent action can be achieved with DCE at 40 oC 
and the best reducing action can be achieved with NaBH4 in the presence of silica chloride. 
 
 



 

Butenafine is composed of a central nitrogen atom, to which a methyl group, a tert-butyl benzyl group 26 
and a methyl naphthalene group are attached. It is synthesised and crystallised as hydrochloride salt, 27 
as shown below [2]:  28 
 29 
 30 
 31 
 32 
 33 
 34 
 35 
 36 
 37 
 38 
 39 
 40 
 41 
 42 

N-4-tert-butylbenzyl-N-methyl-1-naphthylenemethylaminehydrochloride 43 
Fig. 1: The structure of Butenafine 44 

Most of the syntheses of Butenafine reported in the literature adopted reductive amination, using 45 
sodium cyanoborohydride (NaBH3CN) as the reducing agent in methanol, with approximately 50 - 95 46 
% yield [2-5]. However, there exist other approaches that employed the use of different reagents. The 47 
following scheme summarised few of the approaches to the synthesis of Butenafine from its major 48 
precursors [2-7]: 49 
 50 
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 68 
Key: 69 
(I) 0.3 eq. B10H14, MeOH, r.t, 05-12h 70 
(II) 3eq. NaBH3CN, sat. NH4OAC in EtOH/30% aq. NH3 (5:2), reflux, 18h   71 
(III) 1.2 eq. NaBH4, 2,2,2-trifluoroethanol, 40 oC,1-30 min. 72 
(IV) MeOH, r.t., ~3h  73 
(V) 1.6 eq. NaBH4, 10-15 min.   74 
(VI)  1.5 eq. 88% HCOOH, 1.3 eq. 36% HCHO, reflux, 24h 75 
(VII) 1.3-1.6 eq, NaBH(OAc)3, 1-2 eq. ACOH, DCE or THF, r.t., 0.5-75h 76 
 77 

Fig. 2: Synthesis of Butenafine by various approaches of reductive amination 78 
 79 

Approach 2 was reported more often in the literature and the reasons given for this choice were its 80 
simplicity and high yield (ca.95%) [2-4]. However, the NaBH3CN used in the approach is very toxic; it 81 
releases toxic gases, such as HCN to the surrounding and above all, it has the risk of contaminating 82 
the product with cyanides. In addition, the approach is time consuming, when compared to approach 83 



 

4 [5]. Owing to the reagents in the process, approach 4 may be simpler, cheaper, safer and even 84 
faster. 85 
Over the years researchers have been exerting efforts on the structure-activity properties of 86 
Butenafine in relation to other antifungal agents; however, the substituents on the aromatic systems of 87 
the drug were almost ignored by the research community. 88 
 89 
 90 
 91 
 92 
 93 
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 95 
 96 
 97 
 98 
 99 
 100 
 101 
 102 

Fig. 3: Parts of Butenafine covered by literature 103 
 104 
The researches carried out so far on the pharmacological activity of Butenafine indicated that it is 105 
potent over a wide range of fungal infections; however, its activity towards candida spp. is very weak 106 
[8]. Production of Butenafine, with an improved activity, by substituting the 3-phenyl-2-propenyl moiety 107 
in Naftefine with 4-tert-butyl benzyl group is an important indicator of the importance of this benzyl 108 
group in Butenafine [8]; changing it may lead to loss of activity. Other researches stressed on the 109 
importance of the methyl group on the central nitrogen atom as well as the importance of the 110 
hydrogen atoms within the vicinity of the central nitrogen [2, 3].  111 
In this research, the naphthalene derivative of the drug is substituted with benzyl derivative so that the 112 
potency of the resulting analogue can be tested by future researchers. Alongside the synthesis, the 113 
use of sodium borohydride (NaBH4) as a reducing agent was compared to the use of sodium 114 
triacetoxyborohydride (STAB) in reductive amination. Various solvents were used for the synthesis to 115 
identify the one that gives a product with high purity and a better yield. 116 
 117 
2. EXPERIMENTAL DETAILS  118 
 119 
2.1 General Comment  120 
All chemicals were purchased from Sigma Aldrich, Acros Organics, Alfa Aesar or Fluka Chemicals 121 
and they were used as supplied by these commercial sources. All reactions were carried out under 122 
nitrogen environment, because of the high affinity of amines to moisture and the hygroscopic property 123 
of sodium triacetoxyborohydride [9]. Except otherwise stated, all the reactions were monitored by Thin 124 
Layer Chromatography; TLC (Petrol/Ether 9:1, visualised in UV light). Melting points were determined 125 
by Stuart Hawkesworth melting point machine and were uncorrected. Both proton and 13C NMR were 126 
recorded on Bruker 300 or JNM-ECS-400 in a solution phase, using CDCl3 or DMSO-d6 as a solvent 127 
and Infrared spectra were recorded on Varian 800 FT-IR Scimitar series spectrophotometer, using 128 
KBr optics.  129 

2.2 General Procedure for Reductive Amination of Aldehydes  130 
2.2.1 The Direct Approach  131 
2.2.1.1 Method I: Preparation of N-(4-tert-butyl) benzyl)-1-(naphthalen-1-yl) methanamine (3a) 132 
and bis(4-(tert-butyl) benzyl) amine(4a) [5]: 133 
Tetrahydrofuran  (40 cm3) was added to a well stirred mixture of the aldehyde (10 mmol) and the 134 
primary amine (10 mmol), followed by sodium triacetoxyborohydride (3.0 g, 14 mmol) in a round 135 
bottom flask (250 cm3). The resulting milky mixture was stirred at 70 oC for 24 hours; the TLC showed 136 
no trace of the reactants. Saturated NaHCO3 was used to quench the reaction and the product was 137 
extracted with EtOAc (3 X 15 cm3).The combined organic extracts were dried (MgSO4) for 20 minutes. 138 
The solvent was evaporated and the products were recrystallized from ethanol as white prismatic 139 
crystals. 140 
 141 



 

2.2.1.2 Method II: Preparation of N-(4-tert-butyl) benzyl)-1-(naphthalen-1-yl) methanamine (3b) 142 
and bis(4-(tert-butyl) benzyl) amine (4b) [5]: 143 
The procedure and the substrates were same as in method I but the solvent used was acetonitrile. 144 
The reaction was completed in 5 hours in respect of product 3b and 4 hours with respect to product 145 
4b. The products were obtained as white powders. 146 

2.2.1.3 Method III: Preparation of N-(4-tert-butyl) benzyl)-1-(naphthalen-1-yl) methanamine (3c) 147 
and bis(4-(tert-butyl) benzyl) amine(4c) [5]: 148 
The substrates and procedure were same as in Method I except for the use 1, 2- dichloroethane 149 
(DCE) as a solvent. Reaction with respect to 3c was completed in 4 hours, whereas the reaction that 150 
resulted in 4c lasted for 3 hours. The products were as described in Method II. 151 
 152 
2.2.1.4 Method IV: Preparation of bis (4-(tert-butyl) benzyl) amine (4d) [5]: 153 
The procedure and the substrates used were as mentioned in the reaction for the formation of 4c, 154 
using 1 mmol each of the substrates at 40 oC, in 4 cm3 of  DCE and the reaction went into completion 155 
in 3 hours. The product was as described in Method II. 156 
 157 
2.2.1.5 Method V: Preparation of bis (4-(tert-butyl) benzyl) amine (4e) [10]: 158 
To a well stirred mixture of the aldehyde (10 mmol) and the amine (10 mmol) was added THF (40 159 
cm3) followed by sodium borohydride (0.4g, 10 mmol) and silica chloride (5.0 g) in a round bottom 160 
flask (250 cm3). The resulting milky liquid mixture was stirred at room temperature and the reaction 161 
was completed in 25 minutes, as indicated by TLC. The catalyst was filtered off. The residue was 162 
washed with dichloromethane (2 X 10 cm3) to extract more of the product. The organic layers were 163 
combined and the mixture was concentrated in vacuo. Purification of the crude (light brown liquid) was 164 
done by column chromatography on silica gel (Petrol/EtOAc, 7:3). The Product obtained was as 165 
described in Method I. 166 
 167 

2.2.2 The Indirect Approach: Preparation of 3s1&2 and 4s1&2 168 

2.2.2.1 Step I: Preparation of 1-(4-tert-butylphenyl)-1-(naphthalene-1-yl)methanamine (3s1) and 169 
N-(4-tert-butyl benzylidene)-1-(4-(tert-butyl)phenyl-N- methylmathanamine (4s1) [5]:     170 

To a well stirred mixture of the primary amine (10 mmol) and the aldehyde (10 mmol) was added 171 
methanol (40 cm3) in a round bottom flask (250 cm3) and the mixture was stirred under reflux at 60 oC 172 
for 3 hours. The TLC did not show any trace of the starting materials. 3Å molecular sieves were 173 
added to dry the product for 1 hour. The solvent was evaporated in vacuo to give the required 174 
aldimine. 175 
 176 
2.2.2.2 Step II: Preparation of N-(4-tert-butyl)benzyl)-1-(naphthalene-1-yl)methanamine (3s2) 177 
and bis (4-(tert-butyl) benzyl) amine(4s2) [5]:     178 

To the product of step 1 (5 mmol) in a round bottom flask (250 cm3) was added anhydrous methanol 179 
(20 cm3), followed by sodium borohydride; NaBH4 (0.9 g, 24 mmol) and the mixture was stirred at 180 
room temperature for 15 minutes. The TLC showed complete conversion of imine to the 181 
corresponding amine. The reaction was quenched with 1 moldm-3 Sodium hydroxide and the product 182 
was extracted from ether (3 X 15 cm3). The solvent was evaporated under a reduced pressure [1] and 183 
all Products were obtained as described in Method I.  184 

 185 
2.3 General Procedure for Methylation of Amines: Eschweiler-Clarke Reaction [11]: 186 
To a round bottom flask (25 cm3), was added the amine (0.5 mmol), the flask was cooled in an ice 187 
bath and 88%  methanoic acid (0.06 cm3, 0.07 g, 1.5 mmol) was added slowly, followed by  36% 188 
methanal (1.3 mmol, 0.04 g, 0.04 cm3) and the resulting colourless mixture was stirred under reflux at 189 
80 oC for 24 hours. 6 moldm-3 HCl (0.15 cm3) was added and the resulting colourless mixture was 190 
extracted with ether (5 cm3). The resulting white precipitate formed in the ether layer which gradually 191 
settled in the aqueous layer was filtered off. The white solid product was recrystallized from 192 
ether/ethanol (4:2). 193 



 

3. RESULTS AND DISCUSSION 194 
 195 
3.1 Results 196 
The target compound, N-(4-(tert-butyl) benzyl)-1-(4-tert-butyl) phenyl)-N-methyl methanaminium 197 
chloride was synthesised from tertiary-butyl benzyl derivatives in a moderate yield by reductive 198 
amination, followed by methylation of the resulting secondary amine and finally the reaction of the 199 
tertiary amine with hydrochloric acid. 200 

Two approaches were used to carry out the reductive amination: the direct approach and the stepwise 201 
approach. In each case, the familiar compound (3) was synthesised and the observations made 202 
during the process of its synthesis and characterisation were used as precautions in the synthesis of 203 
the target compound (4). The results obtained from the synthesis of (3) and (4) are summarised in 204 
table 1-4 and those of their characterization are detailed below: 205 

3.1.1 Characterization of the Compounds 206 
N-(4-(tert-butyl)benzyl)-1-(naphthalen-1-yl)methanamine (3): Rf: 0.7; mp: 136-140 oC; ‘HNMR (300 207 
MHz, CDCl3) δH 8.05 (d, 1H, naphthyl-H), 7.85 (d, 1H, naphthyl-H), 7.80 (d, 1H, naphthyl-H), 7.55 (m, 208 
3H, naphthyl-H), 7.50 (d, 1H, naphthyl-H), 7.37 (m, 3H, phenyl-H), 7.35 (m, 2H, phenyl-H), 4.3 (d, 2H, 209 
CH2), 4.0 (d, 2H, CH2), 2.7 (s, 1H, NH), 1.3 (s, 9H, t-butyl-H); 13C NMR ( 400MHz, CDCl3) δc 151 (Ar), 210 
136 (Ar), 135.5 (Ar), 135 (Ar), 131 (Ar), 129 (Ar), 128 (Ar), 127 (Ar), 126 (Ar), 125.42 (Ar), 125.34 (Ar), 211 
124 (Ar), 52.10 (CH2), 49.29 (CH2), 34 (C), 31.33 (t-butyl-CH3

); IR: νmax cm-1 2960 (m,C-H), 1518 (s, 212 
Ar-C=C), 1396 (s, Ar-C-N), 903 (s), 774 (s), 608 (s); HRMS (ESI) calcd for [C22H25N+H]+ 304.2065, 213 
obsd 304.2054. 214 

N-(4-tert-butyl benzyl)-1-(naphthalene-1-yl)methanamine (3s1): Rf: 0.5; mp: 65-70 oC; ‘HNMR 215 
(300MHz, CDCl3) δH 9.09 (s, 1H, N=C-H) 9.00 (d, J=6, 1H, naphthyl-H), 8.00 (d, 1H, naphthyl-H), 7.95 216 
(t, 3H, naphthyl-H), 7.65 (d, 2H, naphthyl-H), 7.65 (d, 2H, phenyl-H), 7.55 (m, 2H, phenyll-H), 7.37 (m, 217 
1H, phenyl-H), 5.0 (s, 2H, CH2), 1.36 (s, 9H, t-butyl-H); 13C NMR (MHz 400, CDCl3) δc  161.4 ( C=N), 218 
149.75 (Ar), 134 (Ar), 131.5 (Ar), 131 (Ar), 129 (Ar), 128(Ar), 127.5(Ar), 127.1 (Ar), 125.4 (Ar), 219 
125.1(Ar), 66. (CH2), 34 .4 (C), 31.33 (3XCH3

); IR: νmax cm-1 2964 (m, N=C-H), 1641 (s,C=N), 1514 (s, 220 
Ar-C=C), 1396 (s, Ar-C-N), 774 (s), 578 (s); HRMS (ESI) calcd for [C22H23N+H]+ 302.4327, obsd 221 
302.4318. 222 
 223 
N-(4-(tert-butyl)benzyl)-N-methyl-1-(naphthalen-1-yl)methanaminium (3EW): Yield: 98%; Rf: 0.8; 224 
mp: 207-210 oC; ‘HNMR (300MHz, CDCl3) δH  8.05 (d, 1H, naphthyl-H), 7.85 (d, 1H, naphthyl-H), 7.80 225 
(d, 1H, naphthyl-H), 7.55 (m, 3H, naphthyl-H), 7.50 (d, 1H, naphthyl-H), 7.37 (m, 2H, phenyl-H), 7.35 226 
(m, 2H, phenyl-H) , 4.8 (dd, J=3, 1H, CH2), 4.6 (dd, J=3, 1H, CH2), 4.3 (dd, J=3, 1H, CH2), 4.0 (dd, 227 
J=3, 2H, CH2), 2.54 (s, 3H, N-CH3), 1.3 (s, 9H, t-butyl-H); 13C NMR( 400MHz, CDCl3) δc 153 (Ar), 134 228 
(Ar), 132 (Ar), 131 (Ar), 130.5 (Ar), 129 (Ar), 128 (Ar), 127 (Ar), 126 (Ar), 125.42 (Ar), 125.34 (Ar), 124 229 
(Ar), 59.80 (CH2),54.00 (CH2), 38 (N-C), 34 (C), 31.33 (t-butyl-CH3

); IR: νmax cm-1 2964 (m,C-H), 2534 230 
(m.b.p, NH+), 1473(s, Ar-C=C), 908 (s), 798 (s), 575 (s); HRMS (ESI) calcd for [C23H27N+H]+ 231 
318.2222, obsd 318.2220.  232 

Bis(4-(tert-butyl) benzyl)amine (4): Rf: 0.9; mp: 180-182 oC; ‘HNMR (300MHz, CDCl3) δH 7.40-7.50 233 
(m, J=15, 8H, Ar-H) ,3.6 (s, 4H, CH2), 2 (s, 1H, NH), 1.3 (s, 18H, t-butyl-H); 13C NMR( 400 mhz, 234 
CDCl3) δc 149 (Ar), 136.8 (Ar), 128.2 (Ar), 125 (Ar), 57.5 (CH2), 34.41 (C), 31.3 (t-butyl-C); IR: νmax cm-235 
1 2958 (m,C-H), 1512 (s, Ar-C=C), 905 (s), 816 (s), 722 (s); HRMS (ESI) calcd for [C22H31N+H]+ 236 
310.2535, obsd 310.2522. 237 

N-(4-tert-butyl) benzylidene)-1-(4-(tert-butyl)phenyl) methanamine (4s1):   Rf :0.9; mp: 77-80 oC; 238 
‘HNMR (300MHz, CDCl3) δH 8.39 (s, H-C=N), 7.75 (d, J=(15, 2H, Ar-H), 7.50 (d, J=15, 2H, Ar-H), 7.40 239 
(d, J=15, 2H, Ar-H) , 7.3 (d, J=15, 2H, Ar-H), 4.85 (s, 2H, CH2), 1.35 (s, 9H, t-butyl-H), 1.33 (s, 9H, t-240 
butyl-H); 13C NMR ( 400MHz, CDCl3) δc  161.7 (C=N), 153 (Ar), 149.7 (Ar) 136.4 (Ar), 133.5 (Ar), 241 
128.0 (Ar), 127.6 (Ar), 125.4 (Ar), 125.3 (Ar), 64.74 (CH2), 34.86 (C) 34.42 (C), 31.35 (t-butyl-C), 242 
31.19 (t-butyl-C); IR: νmax cm-1 2963 (m, C-H), 1642 (s, C=N), 1501 (s, Ar-C=C), 829 (s), 643 (s), 559 243 
(s); HRMS (ESI) calcd for [C22H30N+H]+ 308.2378, obsd 308.2367. 244 

N-(4-(tert-butyl) benzyl)-1-(4-tert-butyl) phenyl)-N-methyl methanaminium (4EW): Yield: 75%; Rf: 245 
0.9; mp: 180-182oC; ‘HNMR (300MHz, CDCl3) δH 7.40-7.50 (m, J=15, 8H, Ar-H), 4.2 (s, 4H, CH2), 1.7 246 
(s, 1H, N-CH3), 1.3 (s, 18H, t-butyl-H); 13C NMR (400MHz, CDCl3) δc 153 (Ar), 131 (Ar), 127 (Ar), 126 247 



 

NH
2

NH
2

(Ar), 56 (CH2), 35 (C), 31.17 (t-butyl-C); IR: νmax cm-1 2958 (m,C-H), 2460 (m.b.p, NH+), 1513 (s, Ar-248 
C=C), 1224 (s, C-N), 931 (s), 817(s); HRMS (ESI) calcd for [C23H33N+H]+ 324.2691, obsd 324.2693. 249 
 250 
Table 1. Reductive Amination (Direct Approach) 251 

Entry Reactants 
Product (Secondary 

Amine) 
Colour and 

Physical State 
Method 

Time, 
hrs 

Yield, %

3a 
Aldehyde Primary Amine  

White solid 

I 24 13            
 

 
 
 

 

3b II 05 24 

3c III 04 29 

4a 
  
 
 
 
 

  

White solid 

I 24 09 

4b II 04 19 

4c III 03 23 

4d IV 03 75 

4e  V  0.4  50 

 252 
 253 
Table 2. Preparation of Imines in Methanol (Step I) 254 

Entry Reactants Product (Imine) 
Colour and 

Physical State 
Time, hrs Yield, % 

3s1 

Aldehyde Primary Amine 

Yellow oil  03  73 

 
 
 
 

 

4s1 

 
 
 
 

 
 
 

Brown solid  02  62 

 255 
Table 3. Reduction of Imines to Amines by Sodiumborohydride (Step II) 256 

Entry 
 

Reactant (Imine) 
Product (Secondary 

Amine) 
Colour and 

Physical State 
Time, hrs Yield, % 

3s2  White solid  03  73 

4s2 

 

White solid  02  99 

 257 
 258 
 259 
 260 
 261 
 262 
 263 
 264 
 265 
 266 



 

 267 
 268 
 269 
Table 4. Methylation of the Secondary Amines by Eschweiler-Clarke Reaction 270 

Entry Substrates 
Product (Methanaminium 

derivative)
Time, hrs Yield, % 

3EW 

Aldehyde Amine ( Secondary 
Amine) 

24.5  98 
CH2O 

 

4EW  CH2O 

 

24.5  75 

 271 
 272 
3.2 Discussion 273 
3.2.1 Reductive Amination (The Direct Approach) 274 
This involves in situ reduction of an aldehyde by reacting with a primary amine in the presence of a 275 
reducing agent in the same reaction vessel [5]. 276 

 Despite that the three polar aprotic solvents used in carrying out the reactions are all inert towards 277 
the substrates; it could be argued that reductive amination is faster in DCE, with a better yield than in 278 
acetonitrile, which appeared with a better result than THF, although the yields were generally poor. 279 

Considering the condition for these reactions, the reason for good solvent activity of DCE might be 280 
attributed to its good azeotropic property with water (68% by weight at 70  oC), which is a good 281 
property in driving off water during imine formation and as such, contribute in driving the reaction to 282 
completion [12]. Acetonitrile also possesses this azeotropic property with water, but the temperature 283 
and percentage by weight of its azeotropic property are 76 oC and 83.7% respectively [13]. 284 
Tetrahydrofuran (THF) on the other hand, possesses this property at 63 o C but with the highest 285 
weight percentage (95%) [14].  286 

Since the volumes of the three solvents used were uniform in each case, the differences in the rate of 287 
their azeotropic properties, particularly the percentage composition, could be the reason for the faster 288 
reaction and higher yield associated with the use of DCE.  289 

In an attempt to improve the yield, after varying the substrates, the temperature, as well as the 290 
solvents, the idea that STAB decomposes at 50 oC brought about a concern for reducing the 291 
temperature to 40 oC. This gave a better yield without affecting the reaction time. This suggests that at 292 
temperatures higher than 50 oC, as a result of STAB decomposition, side reaction occurs, instead of 293 
reductive amination of the targeted substrates, as illustrated (Fig. 4) below: 294 

 295 
 296 
 297 
 298 
 299 
 300 
 301 
 302 
 303 
 304 

            Fig. 4. Side reaction by decomposition of sodium        305 
            triacetoxyborohydride at temperatures above 50 oC 306 
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The need for a faster reaction brought about the direct approach, using NaBH4 (see entry 4e). The 307 
reaction was carried out using the same concentration of substrates as in all other entries, using silica 308 
chloride catalyst at 25 oC [10]. The reaction went into completion in 25 minutes, as indicated by the 309 
TLC and the yield was not too poor (50%). As a surface active agent, the silica chloride might have 310 
sped up the reaction as follows (Fig. 5): 311 

 312 
 313 
 314 
 315 
 316 
 317 
 318 
 319 
 320 
 321 
 322 
 323 
 324 
 325 
 326 
 327 
 328 

Fig. 5. Mechanism for silica chloride catalysed reductive amination 329 

3.2.2 The Stepwise Approach                                                                                                  330 
This involves reaction of aldehyde and amine in a suitable solvent, such as methanol to form imine 331 
followed by the reduction of the imine using a suitable reducing agent, such as NaBH4 to give an 332 
amine. 333 
In most cases the reaction is in situ, because of the difficulties involved in isolating the imine. 334 
Therefore the reaction involves two steps that can be carried out separately, in the same vessel. 335 

3.2.2.1 Step I 336 
This reaction was carried out in methanol under reflux at 60 oC for 3 hours not the room temperature 337 
proposed by Abdel-Magid and co-workers [5].  This is to drive the reaction to completion in favour of 338 
imine. 3Å molecular sieves were applied to remove water, so as to prevent the reverse reaction. 339 

Characterisation of the resulting products in table 2 actually indicated the presence of the imine 340 
functionality. The proton NMR of all the products obtained, showed peaks with chemical shifts 341 
between 8.45 and 9.0 ppm (s, H-C=N) with the corresponding deshielding of one of the two CH2 and 342 
the loss of the peaks of the other in compound 3. The target molecule being symmetrical with the 343 
peaks of all tertiary butyl protons as well as the aromatic protons having almost the same chemical 344 
shifts in its amine form, appeared with slightly different chemical shifts in product 4s1

, with the groups 345 
adjacent to the imine (C=N) in the downfield because they have become more desheilded, whilst the 346 
other protons maintained their initial positions. 347 

The 13CNMR spectrum of 4s1 shows additional peak with a chemical shift around 161 ppm in addition 348 
to the first peak in the aromatic region of its amine form. This is a good example of the existence of 349 
sp2 hybridised carbon, adjacent a more electronegative element, such as nitrogen. 350 
The IR spectra of all the products obtained in table 2 above have strong peaks at wave number 1642 351 
to 1645  cm-1, indicating C=N stretch in addition to the peak at 2962 to 2965   cm-1 (s, H-C=N stretch). 352 
This is another supporting evidence for the existence of imine functional group. Furthermore, the EIS-353 
MS of all the imine products obtained above indicated the presence of the imine functional group by 354 
having a 2 units decrease in m/z with the corresponding increase in the double bond equivalence 355 
(DBE) by 1unit.     356 
 357 
3.2.2.2 Step II 358 
The excellent reducing property of sodium borohydride was clearly shown in the reduction of amines 359 
in this step, although in the presence of residual aldehyde, a mixture of alcohols and amine are 360 

BH3   +  OH
-

CH3 CH3

CH3

R1 = R2 =



 

obtained as products. As a result of this, for the in situ process of this indirect approach, complete 361 
conversion of the aldehydes must be ensured before introducing sodium borohydride into the reaction 362 
vessel. 363 
This excellent reducing property of NaBH4 can be attributed to possession of strong hydride ion in the 364 
absence of a species that may share the electron density on the hydride, as it is the case with 365 
NaBH3CN and NaBH(OAc)3 (fig. 6a-b).  366 
 367 
 368 
 369 
 370 
 371 
 372 
 373 
 374 
 375 
 376 
 377 
 378 
 379 
 380 
 381 
 382 
 383 
 384 
 385 
 386 
 387 

Fig. 6: Selectivity in Sodium triacetoxyborohydride 388 
 389 

From the results above (Table 3), NaBH4 can be regarded as a convenient reducing agent for 390 
reductive amination. Its reaction occurs in a shorter time with a higher yield. 391 
In each case, the products were extracted accordingly; the NMR, the IR and the HRM (ESI) spectra 392 
indicated the presence of compounds 3 and 4. The aromatic peaks were observed as multiplets at 393 
chemical shift (7.50-7.40 ppm), with the peak for the CH2 (X2) appearing as singlet (exactly at 4.2 394 
ppm). This is a good indication for the presence of symmetrical molecule and deshielded C-H protons. 395 
The presence of the N-H can be seen by the peak with a chemical shift 1.7 ppm (br, s), which is 396 
almost agreeing with 1.76 ppm reported by Yu et al [15]. The IR spectrum Ʋmax 2958, 1513 and 1224 397 
cm-1 for C-H stretch, aromatic C=C stretch and C-N stretch respectively and the m/z: 324.2693 398 
recorded by EIS-MS supported the NMR in respect of the target compound (4EW).  399 

 400 

3.2.3 Methylation of Amines (Eschweiler-Clarke reaction) 401 
Characterisation of the products obtained in table 4 gave clear indications for the presence of the 402 
targeted compounds. A new peak was observed between chemical shift 1.5 to 2.5 ppm in the proton 403 
NMR spectra of the methylated products, which was not there before methylation. This is a clear 404 
indication of the presence of such methyl group on the central nitrogen atom.  405 

The carbon-13 NMR spectra of all the products in table IV indicated an increase in the number of the 406 
types of carbon atoms by one, which was clearly visible between chemical shifts 36 and 39.0 ppm. 407 
The IR spectra of all these products (table 4) indicate the presence of this methyl group by the 408 
presence of an additional strong peak of C-H stretch around wave number 2958 to 2962cm-1, in 409 
addition to a very strong broad peak (multiple band peak) for the presence of ammonium ion (i.e.-410 
NH+) appearing with a wave number between 2400 to 2500 cm-1. The EIS-MS m/z of all these 411 
products indicated the presence of this methyl group by having a difference of 14 from the ones found 412 
in their corresponding non methylated analogues. 413 

4. CONCLUSION 414 
 415 
This research indicated that N-(4-(tert-butyl) benzyl)-1-(4-tert-butyl) phenyl)-N-methyl methanaminium 416 
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These groups make it a selective and a milder reducing 
agent by the virtue of their electronic and stearic effects. 

(a) NaBH(OAC)3: Sodium triacetoxyborohydride

No group that may reduce the nucleophilicity of the hydride 

(b) NaBH4: Sodium borohydride 



 

chloride, an analogue of Butenafine can be synthesised from tertiary-butyl benzyl derivatives in a 417 
good yield by reductive amination that is followed by Eschweiler-Clarke-methylation reaction. With 418 
respect to the atmospheric condition at hand during the research, this work has indicated that 419 
reductive amination (direct approach) gives a better yield in a shorter time with DCE at 40 oC than 420 
with other solvents tested (Table 1). It was obvious that sodium borohydride as a reducing agent used 421 
in the stepwise approach gives a better yield, with high purity in a shorter time than sodium 422 
triacetoxyborohydride, despite its selectivity (Table 3). It has also become apparent that substituting 423 
one of the rings in naphthaldehyde by a tert-butyl group increases the reactivity of the molecule, 424 
because doing so reduces the extent of conjugation.  Although the yield is good and the reaction is 425 
clean, there is need for alternative to Eschweiler-Clarke, because the traditional method is too time 426 
consuming.   427 
 428 
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