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The activation of the Nα-urethane protected (Fmoc-/Boc-/Z-/Bsmoc) α-amino acids employing 1-[bis(dimethylamino)-
methylene]-1H-1,2,3-triazolo-[4,5-b]pyridinium.0hexa-flurophosphate-3-oxide (HATU) followed by reduction of the in situ 
generated –OAt ester with NaBH4 results in the corresponding β-amino alcohols in good yields. This synthesis is the first 
demonstration of the application of the efficient coupling agent HATU for practical synthesis of β-amino alcohols. The 
protocol is general for all common N-protecting groups including the highly base sensitive Bsmoc group. The protocol has 
also been successfully extended for the synthesis of peptide alcohols.  
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Construction of the libraries of unnatural biopolymers 
belonging to the class of oligo carbamates1,2 and 
oligo-N-alkylcarbamates has emerged as an effective 
way to design peptidomimetics based drug leads. β-
Amino alcohols are the starting materials for synthesis 
of the reactive N-protected p-nitrophenyl carbonates3a 
and N-Fmoc-β-aminoalkoxy carbonyl chlorides3b 
which are the monomeric building blocks for 
assembling oligocarbamates. β-Amino alcohols are 
also extensively used in asymmetric synthesis4, for the 
preparation of amino aldehydes5 and other 
synthetically important compounds6. 

Soai, et al. 7, have developed a procedure for the 
chemoselective synthesis of alcohols starting from Z-
protected amino acid esters and peptide esters. The 
use of UNCAs8 as well as Nα-protected amino acid 
pentachlorophenyl esters9 as carboxyl activated 
derivatives for the synthesis of β-amino alcohols have 
also been reported. All these methods require the 
synthesis of the carboxyl activated precursors. 
Although the in situ generation of carboxylic-carbonic 
anhydrides by employing IBC-Cl/N-methylmorpho-
line (NMM) followed by their reduction can yield β-
amino alcohols10, this method results in lesser yields 
of the product and also requires the use of chloro-
formates which are toxic phosgene derivatives. 

1-[Bis(dimethylamino)methylene]-1H-1,2,3-triazolo-
[4,5-b]pyridiniumhexaflurophosphate-3-oxide (HATU), 

an improved version of 1-[bis(dimethylamino)-
methylene]-1H-benzotriazoliumhexaflurophosphate-
3-oxide (HBTU), was introduced by Carpino, et al.11, 
as peptide coupling regent. HATU has several 
advantages such as its high reactivity and minimum 
induction of racemization of the products12. It is 
widely used as a coupling agent in solution phase as 
well as solid phase peptide synthesis. Its utility in the 
synthesis of cyclosporin-O especially for the coupling 
of the consecutive N-methyl amino acids13 and in 
convergent solid phase peptide synthesis of H-(Val-
His-Leu-Pro-Pro-Pro)2-OH has been demonstrated. It 
has been used in the synthesis of the C1 peptides of 
protein kinase C isozymes14, the total synthesis of Ser-
Thr phosphatase inhibitor microcystin-LA15, synthesis 
of Oscillamide Y16, and in macrolactamization of 
antitumor antibiotic A83586C17. This communication 
deals with the straight forward and one-pot synthesis 
of Fmoc/Bsmoc/Boc/Z-β-amino alcohols employing 
HATU and N-protected α-amino acids.  

In pursuit of our work on developing useful and 
stable monomers for the synthesis of peptido-
mimetics18, we had focused our attention towards the 
synthesis of peptidylcarbamates through suitably 
activated monomers. For these studies, we were in 
regular need of Fmoc-β-amino alcohols. Our attempts 
to reduce the O-benzotriazole esters and carboxylic-
carbonic anhydrides of Fmoc-amino acids were 
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unsatisfactory. In both these methods, the purity and 
the yields of the alcohols obtained were not 
satisfactory. Consequently, it was desired to explore 
the use of HATU for rapid and one-pot synthesis of β-
amino alcohols starting from acids.  

Results and Discussion 
In a typical reaction, a solution of Fmoc-amino 

acid, HATU and NMM in THF was stirred at RT for 
about 5 min within which formation of –OAt ester 
was observed (IR peak at 1820 cm1). The solution of 
NaBH4 in water was added at the same temperature 
and the reaction was monitored through TLC [using 
(35:65) EtOAc : hexane as eluent] and the IR 
spectroscopy. The reaction was found to be complete 
within 10 min after the addition of NaBH4 as evident 
by TLC and disappearance of –OAt peak in IR. After 
usual aqueous work-up, the desired product was 
obtained in good yield (Scheme I). A single 
recrystallization was sufficient to obtain analytically 
pure compounds. In the case of alcohols derived from 

Aib, the isolated product needed column purification. 
All the Fmoc-β-amino alcohols were obtained in good 
yield and were characterized by 1H NMR, 13C NMR 
and mass spectral studies. The reduction of Fmoc-
amino acid azobenzotriazole esters to the corres-
ponding alcohols, by comparison of the experi-
mentally determined optical rotations of β-amino 
alcohols with the literature reports, was found to be 
free from recemization (Table I). 

The reaction was extended for the preparation of 
Bsmoc protected β-amino alcohols. 1,1-dioxobenzo-
[b]thiophene-2-ylmethyloxycarbonyl (Bsmoc) amino-
protecting group, introduced by Carpino et al. 19, has 
several advantages over the Fmoc group. Some of them 
include deprotection using very low concentration of 
piperidine (about 1-2%), easily removability of the side 
product of deprotection step by simple water wash. The 
present protocol was used to synthesize Bsmoc-Phe-ol, 
Bsmoc-Val-ol, Bsmoc-Ala-ol Bsmoc-Gly-ol and 
Bsmoc-Leu-ol (Figure 1). It was observed that the 
Bsmoc group was completely stable towards reduction 
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Scheme I ― Synthesis of Fmoc-β-amino alcohols 
 

Table I ― Physical constants of protected β-amino alcohols 

Compd Fmoc β-amino 
 alcohols 

Yield
(%) 

m.p. 
 (°C) 

[α]D
25

 (c 1.0,
 CHCl3) 

Mole.  
formulae 

HRMS (M+Na)+  
Calc / Found 

3a Fmoc-Ala-ol 90 120-22 -0.58 C18H19NO3 320.1263 / 320.1259 
3b Fmoc-Val-ol 88 107-08 -20.1 C20H23NO3 348.1576 / 348.1570 
3c Fmoc-Ile-ol 80 114-15 -20.3 C21H25NO3 362.1732 / 362.1725 
3d Fmoc-Met-ol 95 135-37 -17.2  C20H23NO3S 380.1296 / 380.1290 
3e Fmoc-Leu-ol 90 112-13 -17.4  C21H25NO3 362.1732 / 362.1726 
3f Fmoc-Gly-ol 91 128-31 - C17H17NO3 306.1106 / 306.1101 
3g Fmoc-Phe-ol 90 129-30 -21.6  C24H23NO3 396.1576 / 396.1570 
3h Fmoc-L-Phg-ol 90 144-47 -9.7  C23H21NO3 382.1419 / 382.1414 
3i Fmoc-D-Phg-ol 90 144-47 10.1  C23H21NO3 382.1419 / 382.1413 
3j Fmoc-Glu(OtBu)-ol 80 55-57 -10.3  C24H29NO5 434.1943 / 434.1938 
3k Fmoc-Asp(OtBu)-ol 85 96-97 -7.4  C23H27NO5 420.1787 / 420.1780 
3l Fmoc-Trp-ol 80 86-90 -26.6  C26H24N2O3 449.1841 / 449.1835 

3m Fmoc-Aib-ol 70 gum - C19H21NO3 334.1419 / 334.1410 
3n Fmoc-Asn-ol 60 165-67 -7.1  C19H20N2O4 363.1321 / 363.1328 
3o Tos-Aib-ol 65 95-97 - C11H17NO3S 266.0827 / 266.0820 
3p Fmoc-Tyr(OtBu)-ol 80 114-15 -18.5  C28H31NO4 468.2151 / 468.2145 
3q Fmoc-Ser(OtBu)-ol  85 97-98 12.3  C22H27NO4 392.1838 / 392.1830 
3r Fmoc-Lys(Boc)-ol 90 130-31 -8.2  C26H34N2O5 477.2365 / 477.2372 
3s Fmoc-Pro-ol 75 89-90 -30.1  C20H21NO3 346.1419 / 346.1414 
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under the present reaction conditions. The yields of the 
Bsmoc alcohols prepared were about 65%.  

The procedure was also repeated for the conversion 
of Boc- as well as Z-α-amino acids20 to the corres-
ponding β-amino alcohols and in all cases the latter 
was obtained in good yields. Reduction of a sterically 
hindered amino acid, Aib to its alcohol was also 
attempted. In this case, Fmoc-Aib-ol was obtained in 
72% yield while the Boc-Aib-ol was obtained in 56% 
yield.  

Finally, the protocol was extended for the synthesis 
of Fmoc-dipeptide alcohols. Fmoc-dipeptide acids 
were synthesized by reacting the Fmoc-amino acid 
mixed anhydrides with N,O-bis-trimethylsilyl amino 
acid. They were then converted to the corresponding 
β-amino alcohols under the similar reaction 
conditions described above. (Scheme II). All the 
peptide alcohols prepared were isolated as white 
solids in good yields. 

Experimental Section 
Melting points were determined by the capillary 

method and are uncorrected. IR spectra were recorded 
on a Nicolet model impact 400D FT-IR spectrometer 
(KBr pellets, 3 cm-1 resolution). Specific rotations 
were recorded on a Rudolf Research Autopol IV 
automatic polarimeter. 1H spectra were recorded on a 
Bruker AMX 400 MHz spectrometer. Mass spectra 

were recorded using high resolution mass spectro-
photometer and the samples were dried under vacuum 
before analysis. The TLC analysis was carried out on 
precoated silica gel plates using solvent system ethyl 
acetate : hexane (35 : 65 v/v). All the solvents were 
freshly distilled prior to use. 

General procedure for the preparation of 
Fmoc/Bsmoc/Boc/Z- β-amino alcohols 

To an ice cold solution of Nα-protected amino acid 
(1 mmole) and HATU (1.1 mmole) in THF, NMM 
(1.2 mmole) was added. After solution became clear, 
NaBH4 (1 mmole) in water (2 mL) was added to the 
reaction-mixture at once and stirred at the same 
temperature for 10 min. Then, methanol was added to 
quench excess of NaBH4. The reaction-mixture was 
concentrated to remove THF and the residue was 
taken into EtOAc. The organic layer was successively 
washed with 10% aqueous citric acid (3 × 10 mL), 
aqueous Na2CO3 (3 × 10 mL), brine (3 × 10 mL), and 
dried over anhydrous Na2SO4, and the solvent was 
evaporated under reduced pressure. The residue was 
purified by recrystallization or by column chromato-
graphy using EtOAc-hexane (30:70 v/v) as an eluent 
(only in the case of Aib) to obtain the title compound. 

Bsmoc-Gly-ol. Yield: 70%; gum; 1H NMR 
(CDCl3) : δ 3.33 (2H, q, J = 5.8 Hz), 3.70 (2H, t, J = 
7.1 Hz), 5.11 (2H, s), 5.53 (1H, s), 7.14 (1H, s), 7.34 
(1H, d, J = 6.9 Hz), 7.49 (2H, m), 7.70 (1H, d, J = 7.2 
Hz); 13C NMR (CDCl3): δ 47.0, 66.8, 67.9, 121.3, 
125.8, 126.3, 127.7, 130.6, 134.1, 137.1, 156.8; 
HRMS [M+Na]+: Calcd. 306.0412, Found. 306.0400.  S
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Scheme II ― Reduction of Fmoc-dipeptide acids to peptidyl alcohols 
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Hz), 3.32 (1H, m), 3.71 (2H, d, J = 6.9 Hz), 5.10 (2H, 
s), 5.54 (1H, s), 7.15 (1H, s), 7.34 (1H, d, J = 7.0 Hz), 
7.49 (2H, m), 7.71 (1H, d, J = 7.2 Hz); 13C NMR 
(CDCl3): δ 17.4, 47.1, 66.3, 67.2, 121.3, 125.8, 126.3, 
127.8, 130.6, 134.1, 137.0, 156.9; HRMS [M+Na]+: 
Calcd. 320.0569, Found 320.0560.  

Bsmoc-Phe-ol. Yield: 72%; gum; 1H NMR 
(CDCl3): δ 2.93 (2H, d, J = 4.9 Hz), 3.48 (2H, d(d)), 
3.87 (1H, m), 5.1 (2H, s), 7.15 (1H, s), 7.33 (1H, d, J 
= 6.9 Hz), 7.49 (2H, m), 7.71 (1H, d, J = 7.1 Hz); 13C 
NMR (CDCl3): δ 37.9, 47.3, 52.7, 66.9, 121.3, 125.8, 
126.3, 127.8, 128.5, 128.6, 129.8, 130.6, 134.1, 137.0, 
139.6, 140.6, 156.9; HRMS [M+Na]+: Calcd. 
396.0882, Found. 396.0878.  

Bsmoc-Val-ol. Yield: 65%; gum; 1H NMR 
(CDCl3): δ 0.92 (6H, d, J = 6.1 Hz), 1.39 (1H, m), 
3.65 (2H, d, J = 7.1 Hz), 4.01 (1H, m), 5.10 (2H, s), 
7.15 (1H, s), 7.33 (1H, d, J = 6.8 Hz), 7.47 (2H, m), 
7.69 (1H, d, J = 7.2 Hz); 13C NMR (CDCl3): δ 18.6, 
29.3, 47.2, 64.5, 67.6, 121.3, 125.8, 126.3, 127.8, 
130.6, 134.1, 137.0, 156.9; HRMS [M+Na]+: Calcd. 
348.0882, Found. 348.0891.  

Bsmoc-Leu-ol. Yield: 65%; gum; 1H NMR 
(CDCl3): δ 0.94 (6H, d, J = 6.5 Hz), 1.40 (3H, m), 
3.64 (2H, d(d)), 4.01(1H, m), 5.1 (2H, s), 5.55 (1H, s), 
7.15 (1H, s), 7.35 (1H, d, J = 7.1 Hz), 7.51 (2H, m), 
7.72 (1H, d, J = 7.1 Hz); 13 C NMR (CDCl3): δ 22.3, 
23.9, 40.2, 47.4, 64.5, 66.6, 121.4, 125.8, 126.9, 
127.8, 130.6, 134.1, 137.2, 157.3; HRMS [M+Na]+: 
Calcd. 362.1038, Found. 362.1031.  

Boc-Phe-ol: m.p. 90-91°C; [α]D –21.6° (c=1, 
CHCl3); 1H NMR (CDCl3): δ 1.45 (s, 9H), 2.90 (d, 
2H), 3.50-4.10 (m, 3H), 5.03 (s, 1H), 7.35 (s, 5H); 13C 
NMR (δ, CDCl3) : 28.0, 37.3, 54.1, 64.0, 81.3, 127.2, 
128.5, 128.1, 131.9, 156.2.  

Boc-Met-ol: m.p. 39-40°C; [α]D –12.9° (c=1, 
CHCl3); 1H NMR (CDCl3): δ 1.50 (s, 9H), 1.90 (m, 
2H), 2.18 (s, 3H), 2.65 (t, 2H), 3.65-4.05 (m, 3H), 
5.04 (s, 1H); 13C NMR (δ, CDCl3): 14.9, 29.1, 29.4, 
31.0, 54.1, 64.0, 81.3, 156.4.  

Boc-Ser(OBzl)-ol: m.p. 56-58 °C; [α]D +12.1° 
(c=1, CHCl3); 1H NMR (CDCl3): δ 1.40 (s, 9H), 3.50-
3.95 (m, 5H), 4.48 (s, 2H), 7.35 (s, 5H); 13C NMR 
(CDCl3): δ 28.2, 59.4, 65.4, 67.0, 73.7, 81.1, 128.1, 
128.04, 128.0, 128.2, 138.0, 156.0.  

Boc-Asp(OBzl)-Ala-ol: m.p. 78-80 °C; [α]D –11.6° 
(c=1, CHCl3); 1H NMR (CDCl3): δ 1.21 (d, 3H) 1.45 (s, 
9H), 2.75 (br, 1H), 2.85 (d, 2H, J = 6.0 Hz), 3.55 (br, s, 
2H), 3.77-4.01 (m, 2H), 5.13 (s, 2H) 7.35 (s, 5H); 13C 

NMR (CDCl3): δ 17.2, 28.2, 39.4, 42.7, 54.2, 63.8, 64.1, 
81.2, 128.1, 128.5, 142.8, 156.4, 170.6, 171.9.  

Z-Phe-ol: m.p. 87-88 °C; [α]D –41.1° (c=2, 
MeOH); 1H NMR (CDCl3): δ 2.91 (d, 2H), 2.80 (br, 
H), 3.55 (m, 2H), 3.71 (br, 1H), 5.05 (s, 2H), 5.61 (s, 
1H), 7.30 (s, 5H), 7.35 (s, 5H); 13C NMR (CDCl3): δ 
37.2, 54.1, 62.6, 64.0, 127.2, 127.5, 127.7, 128.10, 
128.5, 136.5, 136.9, 156.6.  

Z-Ala-ol: m.p. 55-56 °C; [α]D –6.5° (c=1, CHCl3); 
1H NMR (CDCl3): δ 1.15 (d, 3H, J = 7.9 Hz), 2.96 (s, 
1H), 3.51 (m, 1H), 3.96 (m, 2H), 5.05 (s, 2H), 7.35 (s, 
5H); 13C NMR (CDCl3): δ 17.6, 51.1, 65.4, 66.2, 
127.2, 127.5, 127.7, 136.5, 157.4.  

Z-Glu(OMe)-ol: m.p. 64-66°C; [α]D –18.2° (c=1, 
CHCl3); 1H NMR (CDCl3): δ 1.81 (m, 2H), 2.45 (t, 
2H, J = 10.9 Hz), 2.92 (s, 1H), 3.20 (m, 1H) 3.60 (m, 
2H) 3.70 (s, 3H) 5.05 (s, 2H), 7.30 (s, 5H); 13C NMR 
(δ, CDCl3) : 26.1, 27.9, 51.2, 55.3, 65.4, 66.6, 127.2, 
127.5, 127.7, 136.5, 157.7, 169.3. 

Z-Phe-Ala-ol: m.p. 140.5-142.5 °C; [α]D +5.9° 
(c=1, MeOH); 1H NMR (CDCl3): δ 1.12 (d, 3H, J = 
7.1 Hz), 2.90 (s, 1H), 2.94 (d, 2H, J = 6.0 Hz), 3.77 
(d, 2H, J = 6.2 Hz), 4.32 (m, 1H), 5.06 (s, 2H), 5.47 
(s, 1H), 5.78 (s, 1H), 7.17-7.33 (m 10H); 13C NMR 
(CDCl3): δ 17.3, 37.6, 42.7, 53.4, 65.4, 66.6, 127.2, 
127.7, 128.7, 128.8, 130.4, 132.4, 136.4, 156.1, 172.4. 

Synthesis of O,N-bis-trimethylsilyl-amino acids 
To a suspension of amino acid (1 mmole) in DCM (5 
mL) was added DIEA (0.35 mL, 2 mmoles) and 
TMS-Cl (0.15 mL, 2 mmoles) and refluxed under N2 
for 2 hr. The resulting solution was cooled to RT and 
used directly. 

General procedure for the synthesis of Nα-
protected peptide acids 4 

To a chilled solution of Fmoc amino acid (1 
mmole) and NMM (1.2 mmole) in dry THF (5 mL) 
was added IBC-Cl (1.1 mmole) and stirred at 0 °C for 
10 min. The freshly prepared solution containing O,N-
bis-trimethylsilyl-amino acid (1.8 mmole) was added 
directly in one portion. Stirring was continued for 
about 2 hr. The organic layer was evaporated and the 
resulting residue was partitioned between 10% 
aqueous Na2CO3 solution (10 mL) and washed with 
diethyl ether (3 × 10 mL) and acidified using 5% HCl. 
The precipitated solid was filtered, washed thoroughly 
with water and recrystallized using suitable solvent to 
obtain the peptide acid 4 as a crystalline solid. All the 
peptide acids 4a-g made by this method have been 
fully characterized. 
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General procedure for the synthesis of Fmoc-
peptidyl alcohols 6 

To an ice-cold solution of Nα-Fmoc-peptide acid (1 
mmole) and HATU (1.1 mmole) in THF, NMM (1.2 
mmole) was added. After solution became clear, 
NaBH4 (1 mmole) in water (2 mL) was added to the 
reaction-mixture at once and stirred at the same 
temperature for about 10 min. The reaction-mixture 
was concentrated under reduced pressure to remove 
THF and residue was taken in CH2Cl2 (15 mL). The 
organic layer was successively washed with 5% HCl 
(5 mL × 2), 10% NaHCO3 (5 mL × 2) and then brine 
solution (5 mL × 2). It was dried over anhydrous 
Na2SO4 and concentrated under reduced pressure. 
Addition of hexane (5 mL) resulted in precipitation of 
pure alcohols 6a-g. If necessary, they were purified 
by recrystallization or by column chromatography 
using EtOAc-hexane (30:70) as an eluent to obtain 
alcohols 6 as white solids. 

Fmoc-Phg-Phe-ol, 6a. Yield: 82%; m.p. 135-137 
°C; [α]25

D –24.6° (c 1.0, CHCl3); 1H NMR (CDCl3): δ 
2.07 (s, 1H), 2.87 (d, 2H, J = 6.4 Hz), 3.60 (m, 2H), 
3.96 (m, 1H), 4.16 (t, 1H, J = 6.8 Hz), 4.4 (m, 3H), 
5.91 (s, 1H), 7.10-7.40 (m, 14H), 7.56 (m, 2H), 7.77 
(d, 2H, J = 7.6 Hz); 13 C NMR (CDCl3): δ 37.3, 47.2, 
54.1, 64.0, 66.7, 68.5, 120.0, 124.7, 125.0, 126.2, 
126.5, 126.9, 127.0, 127.2, 128.2, 130.8, 132.7, 139.1, 
141.5, 143.9, 156.4, 166.7; HRMS [M+Na]+: Calcd. 
529.2103, Found. 529.2109. 

Fmoc-D-Phg-Phe-ol, 6b. Yield: 78%; m.p. 139-
141 °C; [α]25

D +23.6° (c 1.0, CHCl3); 1H NMR 
(CDCl3): δ 2.07 (s, 1H), 2.79 (d, 2H, J = 6.8 Hz), 3.60 
(m, 2H), 3.96 (m, 1H), 4.15 (t, 1H, J = 6.8 Hz), 4.4 
(m, 3H), 5.90 (s, 1H), 7.10-7.42 (m, 14H), 7.56 (m, 
2H), 7.79 (d, 2H, J = 7.9 Hz); 13 C NMR (CDCl3): δ 
37.0, 47.2, 54.2, 64.0, 66.7, 68.5, 120.0, 124.0, 125.0, 
126.3, 126.4, 126.8, 127.1, 127.3, 128.5, 130.9, 132.6, 
139.1, 141.5, 143.9, 156.4, 166.7; HRMS [M+Na]+: 
Calcd. 529.2103, Found. 529.2109.  

Fmoc-Val-Gly-ol, 6c. Yield: 80%; m.p. 180-182 
°C; [α]25

D –10.6° (c 1.0, CHCl3); 1H NMR (CDCl3): δ 
0.93 (d, 6H, J = 7.4 Hz), 1.84 (m, 1H), 2.37 (br, s, 
1H), 3.56 (m, 2H), 3.70 (m, 2H), 3.81 (m, 1H), 4.21 
(t, 1H, J = 6.7 Hz), 4.42 (d, 1H, J = 4.9 Hz), 5.03 (s, 
1H), 7.26 – 7.43 (m, 4H), 7.58 (d, 2H, J = 6.9 Hz), 
7.76 (d, 2H, J = 6.8 Hz); 13C NMR (CDCl3): δ 18.6, 
29.1, 40.4, 47.3, 58.5, 63.6, 66.5, 119.9, 124.9, 127.0, 
127.6, 141.3, 143.8, 157.1, 170.9; HRMS [M+Na]+: 
Calcd. 405.179, Found. 405.1781.  

Fmoc-Ala-Leu-ol, 6d. Yield: 82%; m.p. 150-52°C; 
[α]25

D –20.6 ° (c 1.0, CHCl3); 1H NMR (CDCl3): δ 
1.16 (d, 6H, J = 5.2 Hz), 1.33 (m, 2H), 1.16 (d, 3H, J 
= 6.2 Hz), 2.81 (br, 1H), 3.55 (br, m, 2H), 3.77 (m, 
1H), 4.19 (t, 1H, J = 6.6 Hz), 4.41 (m, 3H), 5.07 (s, 
1H), 7.21 – 7.41 (m, 4H), 7.57 (d, 2H, J = 6.9 Hz), 
7.75 (d, 2H, J = 7.0 Hz); 13C NMR (CDCl3): δ 17.2, 
22.0, 23.0, 24.6, 40.3, 45.2, 47.2, 51.2, 65.5, 66.4, 
119.8, 124.9, 126.9, 127.6, 141.2, 143.8, 156.7, 172.9; 
HRMS [M+Na]+ Calcd. 433.2103, Found. 433.2112. 

Fmoc-Asp(OBzl)-Ala-ol, 6e. Yield: 76%; m.p. 
108-109 °C; [α]25

D +18.6° (c 1.0, CHCl3); 1H NMR 
(CDCl3): δ 1.16 (d, 3H, J = 6.4 Hz), 2.55 (d, 2H), 2.90 
(br, s, 1H), 3.67 (d, 2H, J = 4.7 Hz), 4.04 (br, s, 2H), 
4.20 (t, 1H, J = 6.6 Hz), 4.38 (d, 2H, J = 6.5 Hz), 5.67 
(s, 1H), 7.27 – 7.41 (m, 4H), 7.58 (d, 2H, J = 6.0 Hz), 
7.75 (d, 2H, J = 7.0 Hz); 13C NMR (CDCl3): δ 17.2, 
37.2, 42.1, 47.0, 49.9, 63.8, 64.1, 66.7, 119.9, 126.2, 
124.9, 126.23, 127.6, 128.1, 128.5, 141.1, 142.8, 
143.7, 156.2, 170.9, 171.9; HRMS [M+Na]+: Calcd. 
525.2002, Found. 525.1998. 

Fmoc-Ser(OBzl)-Val-ol, 6f. Yield: 74%; m.p. 
135-137 °C; [α]25

D –17.4° (c 1.0, CHCl3); 1H NMR 
(CDCl3): δ 0.93 (d, 6H, J = 7.9 Hz), 1.40 (m, 1H), 
3.65(d, 2H, J = 6.0 Hz), 3.75 (m, 2H, J = 7.1 Hz), 
3.90-3.95 (m, 2H), 4.15 (t, 1H, J = 6.9 Hz), 4.41 (d, 
2H, J = 7.0 Hz), 5.12 (2H, s), 5.8 (1H, br), 7.1-7.45 
(m, 9H), 7.6 (d, 2H), 7.85 (d, 2H); 1C NMR (CDCl3): 
δ 18.6 29.4, 47.2, 48.3, 55.7, 64.4, 67.6, 69.7, 73.0, 
120.0, 124.0, 125.1, 127.1, 27.8, 128.5, 128.6, 138.0, 
141.4, 144.0, 155.4, 156.0, 172.9; HRMS [M+Na]+: 
Calcd. 525.2365, Found. 525.2360. 

Fmoc-Val-Ala-ol, 6g. Yield: 80%; m.p. 257-
259°C; [α]25

D –12.2° (c 1.0, CHCl3); 1H NMR 
(CDCl3): δ 0.93 (d, 6H, J = 7.8 Hz), 1.16 (d, 3H, J = 
6.9 Hz), 1.84 (m, 1H), 2.37 (br, s, 1H), 3.55 (br, m, 
2H), 3.81 (m, 1H), 4.19 (m, 2H), 4.43 (d, 2H, J = 6.0 
Hz), 5.03 (d, 1H, J = 8.0 Hz), 7.26-7.42 (m, 4H), 7.58 
(d, 2H, J = 7.8 Hz), 7.76 (d, 2H, J = 7.2 Hz); 13C 
NMR (CDCl3): δ 17.2, 18.6, 29.1, 43.7, 47.3, 58.5, 
63.6, 66.5, 119.9, 124.9, 127.0, 127.6, 141.3, 143.8, 
157.0, 171.9; HRMS [M+Na]+: Calcd. 419.1947, 
Found. 419.1941.  

Conclusion 

We have described a simple method for the 
preparation of N-protected β-amino alcohols using 
HATU for in situ activation of carboxylic acids. The 
present method is advantages as both the formation of 
–OAt ester as well as its reduction to β-amino 
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alcohols is rapid clean and can be executed in one-
pot. The reaction is simple and free of racemization. 
This method can be applied for the conversion of Nα-
Bsmoc / Boc / Z- protected amino acids and peptide 
acids to their respective alcohols in high yields. 
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