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Abstract 
The tritylamine (triphenylmethylamine) reacts regioselectively with oxiranes to give crystalline 
N-tritylated β-aminoalcohols - useful building blocks in organic synthesis, with reasonable yield. 
The N-trityl-β-aminoalcohols hydrolyze quantitatively to β-aminoalcohol hydrochlorides by 
means of hydrochloric acid. 
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Introduction 
 
The ring-opening reaction of oxiranes with ammonia is one of the oldest reactions in history of 
organic chemistry. For the first time it was described in 1859 by Würtz. 1 To date, this reaction 
was repeated countlessly, reinvestigated, optimized, etc., by several authors.2 It was also a 
subject of numerous patents since its application in industry for manufacturing of the 
aminoalcohols - ingredients of many daily used products.3 There are some limitations of this 
reaction.2 The main problems are the low regio- and chemoselectivity, which result always in a 
complex mixture of products. For example, in the reaction of oxirane with ammonia, even with 
large excess of ammonia, there are three main products: 2-aminoethanol, diethanoloamine and 
triethanoloamine.2 Separation of such a mixture, usually by vacuum distillation, is a tedious and 
costly task. A similar reaction of ammonia with substituted oxiranes show additional problems 
with regioselectivity, so far not very well understood. The reaction of ammonia with oxirane is 
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also highly exothermic, therefore difficult to control which is the reason of many catastrophes in 
industry.2,3

The reactions of ammonolysis and aminolysis of oxiranes are a classical route to 
aminoalcohols - important building blocks and chiral auxiliaries in organic synthesis, mainly for 
medicinal chemistry, since many pharmaceuticals contain the O-C-C-N moiety. Sometimes the 
orthogonally protected β-aminoalcohol is needed for introduction of a β-aminoalcohol moiety 
into a target molecule. N-tritylated β-aminoalcohols are reagents of choice for this purpose.4

Years ago we introduced successfully tritylamine as an ammonia equivalent in the Mannich 
type reaction for the synthesis of N-tritylalkanimines and N-trityl-1-aminoalkylphosphonates.5 
We assumed that a highly stereoelectronic hindered trityl group should moderate the reactivity of 
the amino function, therefore, it should improve regioselectivity and decrease the rate of the 
ring-opening reaction of epoxides. Moreover, the reaction of epoxides with tritylamine seems to 
be the easiest way for preparation of N-tritylated β-aminoalcohols (Scheme 1). 
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Despite a few papers devoted to the tritylation of β-aminoalcohols4 we found no examples of 
the reaction of tritylamine with simple epoxides in the literature.6

 
Results and Discussion 
 
First, we examined the reaction of tritylamine with ethylene oxide in methanol.7 Surprisingly and 
contrary to the reaction of oxiranes with benzylic8 or benzhydrylic9 type of amines, the 
tritylamine reacts with ethylene oxide with difficulty. However, when the reaction mixture was 
stirred patiently for a long time or kept at elevated temperature, we obtained a good conversion 
of tritylamine into 2-(triphenylmethylamino)ethanol. The crude reaction mixture (essayed by 
NMR) contains almost quantitatively the desired product. Simple evaporation of the reaction 
mixture leaves practically pure 2-(triphenylmethylamino)ethanol10 which could be 
recrystallized11 or converted directly to its derivatives or deblocked to 2-aminoethanol 
hydrochloride by short reflux with hydrochloric acid. 

Also methyloxirane or ethyloxirane gave good yields of N-tritylated β-aminoalcohols with, 
what is worth noticing, very high regioselectivity.12 We did not observe any detectable amount 
of the second regioisomer by means of proton NMR. Also in these cases a short reflux with 
hydrochloric acid gave suitable hydrochlorides of the 1-aminoalkan-2-ols. An equimolar mixture 
of phenyloxirane (styrene oxide) and tritylamine in methanol heated on a boiling water bath for 
two days, gave exclusively 1-phenyl-2-(triphenylmethyl)ethanol, without 2-phenyl-1-
(triphenylmethylamino)ethanol13 with an average yield. The hydrolysis of a recrystallized 
product with 2 M hydrochloric acid14 gave 2-amino-1-phenylethanol hydrochloride. The 
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epichlorohydrin reacted with tritylamine not only regio- but also chemoselectively. In the 
reaction mixture we found only ring opening product and only in β-position. However, in this 
case the reaction mixture was very difficult to purify because of cocrystallization of the product 
with unreacted tritylamine. However, when the crude product (contained about 60% of 3-chloro-
1-(triphenylmethylamino)propan-2-ol and 40% of tritylamine) was refluxed with hydrochloric 
acid we obtained exclusively 1-amino-3-chloropropan-2-ol hydrochloride contaminated only by 
ammonium chloride – the byproduct from the hydrolysis of unreacted tritylamine. Repeating the 
same reaction in 1/5 molar ratio gave an oily product containing 92% of 3-chloro-1-
(triphenylmethylamino)propan-2-ol. This reaction is currently under investigation for its 
potential applications for the synthesis of azetidin-3-ol derivatives.15

The results are summarized in table 1. 
 
Table 1. Results of the ring-opening reactions of oxiranes by tritylamine 

R tritylamine/oxirane 
molar ratio 

Reaction time 
hours 

Temperature 
oC 

Yield 
(nmr/isolated) 

% 
H 1/10 2 80 -/99 

Me 1/10 8 80 -/97 
Et 1/10 12 100 -/89 
Ph 1/1.1 18 70 41/- 
Ph 1/5 32 100 50/40 

ClCH2 1/1/1 18 75 60/- 
ClCH2 1/5 15 60 92/oily 

 
Conclusions 
 
Tritylamine reacts with epoxides in methanol at elevated temperature to give the corresponding 
N-tritylated β-aminoalcohols with reasonable yields and perfect regioselectivity. The N-tritylated 
β-aminoalcohols refluxed with hydrochloric acid give quantitatively β-aminoalcohol 
hydrochlorides and tritanol as a side product. The tritanol could be easily separated from the 
reaction mixture and then converted to tritylamine, which can be recycled. Therefore, the trityl 
group mimicks an "ammonia transferase" - which delivers the ammonia as an amino moiety to a 
specific place in the target molecule. 
 
Experimental Section 
 
General Procedures. NMR spectra were recorded on a Bruker Avance 300 MHz spectrometer 
locked on deuterium. Chemical shifts (δ [ppm]) were calculated from chemical shift of 
deuterium lock and were not calibrated. FTIR spectra were measured on Perkin Elmer 2000 
spectrometer in KBr pellets (1/200) by Mrs. Elżbieta Mróź and the elemental analyses by 
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combustion were done by Mrs. Czesława Andrzejewska (both from our institute). Melting points 
were determined on the Boetius microscope with electrical hot plate and were corrected. Since 
all samples decomposed when heated and melted, the melting points in these cases depended on 
the rate of heating and so they are not "physical constants". The reactions were performed in the 
pressure tube reactor equipped with Teflon® lined steel valve (Lab Glass Inc.) and magnetic 
stirrer with Teflon® lined stirrer bar. The required epoxides were acquired from local 
manufacturer. All solvents were of commercial quality and purchased from local supplier (POCh 
Gliwice). Tritylamine was prepared by ammonolysis of trityl chloride (it could be also purchased 
from Acros Organics). 
 
A typical procedure 
When the epoxides are easily available and not expensive, the best procedure is to use an excess 
of epoxide, since tritylated aminoalcohols do not react with them. Alternatively, an excess of 
tritylamine could be applied since the ammonium salt is the sole side product after the final 
deblocking procedure. To a magnetically stirred cold suspension of tritylamine (5.2 g, 20 mmol) 
in methanol (50 mL) placed in a pressure tube reactor, precooled epoxide (about 0,2 mol) was 
slowly added. The reaction mixture was stirred to reach the temperature about 25oC, then slowly 
heated on a water bath to 80oC, then it was stirred for the time and temperature indicated in 
Table 1. After reaction, the mixture was cooled to room temperature, evaporated to dryness 
under reduced pressure and the residue assayed by means of NMR. The residue was treated with 
hexane (10 mL) and left in the refrigerator for crystallization. Crystalline material was filtered, 
washed with cold hexane (2 x 5 mL) and dried in a vacuum dessicator. An analytical sample was 
additionally recrystallized from hexane or dichloromethane/hexane. 
2-(Triphenylmethylamino)ethanol. mp 70-2oC (lit. 75-64b). 1H NMR (CDCl3): 7.44 (d, 6H, o-
ArH, J = 7.4), 7.26 (dd, 6H, m-ArH, J = 7.1, J = 7.4), 7.16 (t, 3H, p-ArH, J = 7.1), 3.65 (t, 2H, 
CH2-O, J = 5.2), 2.33 (t, 2H, CH2-N, J = 5.2), 1.8 (s, broad, 2H, NH + OH). FTIR (KBr, 1/200): 
3357 (NH), 3287 broad (OH), 3055, 3018, 2922, 2868, 1595, 1489, 1446, 1178, 1117, 1069, 
1026, 898, 764, 754, 704, 642, 628, 517 cm -1. Anal. Calcd. for C21H21NO: C, 83.1; H, 6.98; N, 
4.62. Found: C, 81.1; H, 6.96; N, 4.04. 
1-(Triphenylmethylamino)propan-2-ol. mp 103-5oC. 1H NMR (CDCl3): 7.43 (d, 6H, o-ArH, J 
= 7.9), 7.26 (dd, 6H, m-ArH, J = 7.1, J = 7.9), 7.17 (t, p-ArH, J = 7.1), 3.78 (ddq, 1H, CH-O, J = 
6.2, J = 6.0, J=4.0), 2.7 (s, broad, 1H, NH), 2.16 (dd, 1H, CH2-N, J=4,0, J=11.0), 2.14 (dd, 1H, 
CH2-N, J=6,0, J=11.0), 1.8 (s, broad, 1H, OH), 1.09 (d, 3H, CH3, J = 6.2). FTIR (KBr, 1/200): 
3421 broad (OH), 3329 (NH), 3052, 3017, 2969, 2954, 2904, 1595, 1489, 1446, 1371, 1147, 
1127, 1075, 1023, 921, 896, 767, 753, 709, 699, 644, 625, 538, 491 cm -1. Anal. Calcd. for 
C22H23NO: C, 83.2; H, 7.30; N, 4.41. Found: C, 83.0; H, 7.07; N, 4.17. 
1-(Triphenylmethylamino)butan-2-ol. mp 104-5oC. 1H NMR (CDCl3): 7.43 (d, 6H, o-ArH, J = 
7.3), 7.25 (dd, 6H, m-ArH, J = 7.1, J = 7.3), 7.16 (t, 3H, p-ArH, J = 7.1), 3.52 (ddt, 1H, CH-O, J 
= 7.2, J=6.0, J=4.1), 2.6 (s, broad, 1H, NH), 2.16 (dd, 1H, CH2-N, J=4.0, J=11.0), 2.14 (dd, 1H, 
CH2-N, J=6.0, J=11.0), 1.39 (dq, 2H, CH2-C, J = 7.4, J = 7.2), 1.6 (s, broad, 1H, OH), 0.85 (t, 
3H, CH3, J = 7.4). FTIR (KBr, 1/200): 3459 broad (OH), 3264 (NH), 3081, 3054, 3031, 3019, 
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2963, 2922, 2863, 1595, 1492, 1447, 1412, 1300, 1239, 1204, 1140, 1102, 1074, 1022, 943, 926, 
902, 764, 745, 706, 695, 646, 624, 530, 479 cm -1. Anal. Calcd. for C23H25NO: C, 83.3; H, 7.60; 
N, 4.23. Found: C, 83.2; H, 7.86; N, 4.10. 
1-Phenyl-2-(triphenylmethylamino)ethanol. The equimolar amounts of phenyloxirane (styrene 
oxide) and tritylamine were applied in this reaction and after typical procedure the product was 
recrystallized from hexane/dichloromethane. mp 118-120oC. 1H NMR (CDCl3): 7.43 (d, 6H, o-
ArH, J = 7.2), 7.25 (dd, 6H, m-ArH, J = 7.1, J = 7.2), 7.25 (m, 5H, Ph), 7.15 (t, 3H, p-ArH, J = 
7.1), 4.68 (dd, 1H, CH-O, J = 7.4, J = 4.7), 2.9 (s, broad, 1H, NH), 2.49 (dd, 1H, CH-N, J = 12.3, 
J = 7.4), 2.46 (dd, 1H, CH-N, J = 12.3, J = 4.7), 1.8 (s, broad, 1H, OH). FTIR (KBr, 1/200): 3460 
broad (OH), 3309 (NH), 3055, 3025, 2960, 2901, 2850, 1595, 1490, 1447, 1415, 1340, 1309, 
1202, 1104, 1067, 1029, 1006, 941, 903, 843, 818, 765, 745, 706, 696, 639, 627, 549, 535, 505 cm -1. 
Anal. Calcd. for C27H25NO: C, 85.5; H, 6.64; N, 3.69. Found: C, 85.5; H, 6.40; N, 3.48. 
3-Chloro-1-(triphenylmethylamino)propan-2-ol. A solution of chloromethyloxirane 
(epichlorohydrin) 4.6 g (50 mmol) and tritylamine 2.6 g (10 mmol) in 25 mL of methanol was 
refluxed overnight (about 15 h). The volatile material was removed by evaporation and oily 
residue (2.9 g) was assayed by NMR as a 92% concentrate of product which contained unreacted 
tritylamine as a main impurity. 1H NMR (CDCl3): 7.48 (d, 6H, o-ArH, J = 7.5), 7.33 (dd, 6H, m-
ArH, J = 7.2, J = 7.5), 7.29 (s, ArH from unreacted tritylamine), 7.26 (t, 3H, p-ArH, J = 7.2), 
3.94 (dddd, 1H, CH-O, J = 4.5, J = 4.8, J = 6.7, J = 6.9), 3.69 (dd, 1H, CH-Cl, J = 4.5, J = 11.4), 
3.64 (dd, 1H, CH-Cl, J = 6.7, J = 11.4), 2.41 (dd, 1H, CH-N, J = 4.8, J = 12.3), 2.36 (dd, 1H, CH-
N, J = 6.9, J = 12.3), 2.0 – 2.7 (s, very broad, ~ 4H, NH, OH and NH2 from unreacted 
tritylamine). 
 
Detritylation of N-tritylated β-aminoalcohols 
The detritylation was done only for confirmation of structures and regioselectivity of the 
reactions of oxiranes with tritylamine. A suspension of N-trityl-β−aminoalcohol (0.1 mmol) in 
hydrochloric acid (6M, 10 mL) was refluxed for about 1 h then cooled to room temperature. The 
precipitate (triphenylmethanol) was separated by suction, washed with water (2 x 3 mL), then the 
combined filtrates were evaporated and residue was analyzed by means of 1H NMR. In all cases 
the NMR spectra indicated presence of only one regioisomer of β-aminoalcohol hydrochlorides. 
2-Aminoethanol hydrochloride. 1H NMR (D2O): 4.71 (s, HOD), 3.59 (t, 2H, CH2-O, J = 5.2), 
2.91 (t, 2H, CH2-N, J = 5.2). 
1-Aminopropan-2-ol hydrochloride. 1H NMR (D2O + D2SO4): 4.90 (s, HOD), 3.36 (ddq, 1H, 
CH-O, J = 2.9, J = 6.4, J = 9.3), 2.42 (dd, 1H, CH-N, J = 2.9, J = 12.8), 2.21 (dd, 1H, CH-N, J = 
9.3, J = 12.8), 0.54 (d, 3H, CH3, J = 6.4). 
1-Aminobutan-2-ol hydrochloride. 1H NMR (D2O): 4.67 (s, HOD), 3.65 (dddd, 1H, CH-O, J = 
4.2, J = 4.2, J = 7.4, J = 9.9), 3.03 (dd, 1H, CH-N, J = 4.2, J = 12.8), 2.76 (dd, 1H, CH-N, J = 9.9, 
J = 12.8), 1.45 (ddt, 1H, CH-C, J = 4.2, J = 7.4, J = 14.8), 1.43 (ddt, 1H, CH-C, J = 7.4, J = 7.4, J 
= 14.8), 0.82 (t, 3H, CH3, J = 7.4). 
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2-Amino-1-phenylethanol hydrochloride. 1H NMR (D2O + D2SO4): 6.38 (m, 5H, Ph), 4.94 (s, 
HOD), 3.96 (dd, 1H, CH-O, J = 3.8, J = 8.9), 2.25 (dd, 1H, CH-N, J = 3.8, J = 12.7), 2.18 (dd, 
1H, CH-N, J = 8.9, J = 12.7). 
1-Amino-3-chloropropan-2-ol hydrochloride. 1H NMR (D2O): 4.71 (s, HOD), 4.02 (dddd, 1H, 
CH-O, J = 4.1, J = 4.6, J = 5.4, J = 10.0), 3.57 (dd, 1H, CH-Cl, J = 4.6, J = 11.9), 3.50 (dd, 1H, 
CH-Cl, J = 5.4, J = 11.9), 3.09 (dd, 1H, CH-N, J = 4.1, J = 12.4), 2.91 (dd, 1H, CH-N, J = 10.0, J 
= 12.4), additional three lines at 7.12, 6.94 and 6.77 indicated presence of ammonium chloride 
derived from hydrolysis of unreacted tritylamine. 
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