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Abstract: We report a new synthetic methodology for the synthesis
of chiral serine azido derivatives through a conversion of N-protect-
ed (Boc, Cbz and Fmoc) serine amino acid into its corresponding
Weinreb amide. Thus, acidity of the a-proton of the serine is re-
duced and it allows nucleophilic addition reaction onto Weinreb
amide to furnish chiral serine azido derivatives.

Key words: serine azido esters, Weinreb amide, Mitsunobu reac-
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Biologically important and synthetically useful nonpro-
teinogenic a-amino acids2 have been found in natural
products. They are important constituents in peptide-
derived chemotherapeutics. a-Amino acids are versatile
synthons and their unique structural motif has been found
in several medicinally important entities like protein-
tyrosine kinase inhibitors,3 glycoprotein IIb/IIIa RGD re-
ceptor antagonists4 and quisqualic acid analogues.5 Thus,
the development of new synthetic methodologies provid-
ing an expedient, general and novel approach for the syn-
thesis of this class of compounds is as an active area of
research.6 A number of elegant approaches are available
from the literature for the synthesis of various a-amino
acids in their optically pure form.7 Most of them involve
the diastereoselective alkylation reactions of highly effec-
tive chiral glycine enolate synthons.8

Indirect homologation of the serine side chain is also
reported. Another common route to prepare a,b-diamino
acids involves azide displacement under Mitsunobu con-
ditions of the hydroxy group of serine, followed by reduc-
tion of the azide.9 But these strategies suffer from a lack
of flexibility in terms of stereochemical control at the b-
carbon of the amino acid. In this preliminary communica-
tion, we wish to report a simple and direct approach for
the synthesis of novel chiral L-serine Weinreb amide8 azi-
do derivatives and illustrate the versatility of this amide
for the synthesis of various a-amino and a,b-diamino
acids and their derivatives.

Retrosynthetic analysis suggests that the compounds 2a–
c were expected to deliver serine azido ester 1a–c through
the displacement of the hydroxyl group in 2a–c under
Mitsunobu conditions (Figure 1). Attempted reaction be-
tween 2a–c and the freshly prepared HN3 solution in tolu-
ene in the presence of DEAD and PPh3 furnished only the
elimination product 3a–c. There was no trace of the re-

quired product 1a–c as indicated by electrospray MS. The
hydroxyl group in 2a–c was then converted to its mesylate
derivative by reacting with MsCl and Et3N. Subsequent
reaction with sodium azide at 40 °C in DMF again yielded
the elimination product 3a–c, (Scheme 1).

Figure 1

This is attributed to the fact that the relative acidity of the
a proton of the serine methyl ester 2a–c causes its easy re-
moval under Mitsunobu conditions. The alkoxy phospho-
nium intermediate in Mitsunobu reaction is a good leaving
group, which eliminates easily to form the b-elimination
product 3a–c. To overcome this problem, we have done a
literature search.9,10 Recently, Lajoie et. al9 reported that
by masking the carboxylic end of the serine to its cyclic
base stable ortho ester derivative the acidity of the a-pro-
ton of L-serine could be substantially reduced.

Scheme 1

We have taken three (Boc, Cbz and Fmoc) N-protected
serine amino acids for our studies. All three amino acids
were converted into their Weinreb amide esters by react-
ing with N,O-dimethyl hydroxylamine hydrochloride un-
der standard DCC, HOBT, i-Pr2NEt conditions (yield ca.
60%). The yields of the reaction were increased (yield
80%) by replacing DCC and HOBT by HBTU (2 → 4)
(Scheme 2).
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It was thought that Weinreb amide ester will substantially
reduce the acidity of the a proton and thus transformation
into its azide can be performed. All three esters 4a–c were
characterized by 1H NMR and MS electrospray. The hy-
droxyl groups in 4a–c were converted into their mesylate
derivatives by reacting with mesyl chloride and Et3N in
CH2Cl2. The products were not separated at this stage and
were directly used for the next step. The mesylate deriva-
tives were heated at 40 °C with sodium azide in DMF. MS
electrospray of the reaction mixtures showed the presence
of the required products with absence of any elimination
products. Column chromatography was performed for all
the three reaction mixtures and the products were isolated
in high yields. Mitsunobu transformation can also be per-
formed directly on 4 by using HN3 solution in toluene in
presence of DEAD/PPh3. Our method is very short and
convenient to prepare the chiral serine azido esters from
substituted serine derivatives. The compounds can be pre-
pared in large scale as the two steps are very high yielding
processes. Furthermore, the amide functionality in 5a–c
can be easily transformed into useful derivatives depend-
ing upon the requirements through nucleophilic addition
reactions. Feasibility of this nucleophilic addition ap-
proach was not possible in previously reported literature
procedures.9

To illustrate the outcome of nucleophilic addition, we
have treated all three Weinreb amide esters 5a–c with
base to transform them into their acids. Boc and Cbz
derivatives of 5a,b reacted with LiOH in THF. The corre-
sponding acids were obtained in high yields (ca. 90%).
There was no indication of b elimination as the Weinreb
amide esters substantially reduced the acidity of the a pro-
ton in 5a,b. LiOH was replaced by LiOH–H2O2

10,11 in
case of 5c as it contains the base sensitive Fmoc group.
Compound 5c was hydrolyzed to its acid derivative 1c by
its treatment with 2 equivalents of LiOH and 8 equivalents
of H2O2 in THF–H2O (yield 88%). The amide functional-
ity in 5a,b reacted with DIBAL-H and CH3Li to give their
aldehyde and ketone derivatives respectively (6a,b, 7a,b).

Scheme 3

DIBAL-H and CH3Li reaction of 5c resulted in uncharac-
terized products with deprotection of Fmoc group. Boc
and Cbz derivatives of chiral serine azido derivatives
(6a,b, 7a,b) were obtained in moderate yields (ca. 50%),12

(Scheme 3).

In conclusion, we have described a new strategy for the
synthesis of chiral serine azido derivatives by converting
the carboxyl functional group of serine into its Weinreb
amide ester using three common reaction steps, i.e. amide
bond formation, Mitsunobu reaction and hydrolysis of
Weinrab amide (overall yields, Boc: 70.38%, Cbz:
64.15%, Fmoc: 63.36%). Nucleophilic addition was per-
formed on Weinreb amide esters to furnish chiral serine
azido aldehyde. Utilization of this short reaction sequence
for the synthesis of various a,b-diamino acids and subse-
quent construction of conformationally constrained cyclic
peptides is currently underway.
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(11) Typical Procedure for Mitsunobu Reaction: A mixture of 
Fmoc-Ser-Weinreb amide ester 4c (2.01 g, 5.4 mmol) and 
Ph3P (2.13 g, 8.1mmol) in anhyd THF (120 mL) was cooled 
in an ice bath. A solution of DEAD (1.46 g, 8.1 mmol) in 
THF (18 mL) was added dropwise. After mixing of the 
solution for 5 min, a HN3–toluene solution (8.7 mL, 16.2 
mmol) was slowly added. The mixture was allowed to warm 
to r.t. and stirred for 8 h. The solvent was removed in vacuo. 
The oily residue was purified by column chromatography 
(hexane–EtOAc, 1:1) to provide product 5c (2.0 g, 93%). 
[a]D

25 = +12.50 (c = 1.0, EtOAc). 1H NMR (400 MHz, 
CDCl3): d = 7.7 (d, J = 8 Hz, 2 H), 7.5 (d, J = 8 Hz, 2 H), 7.4 
(d, J = 8 Hz, 2 H), 7.2 (d, J = 7.8 Hz, 2 H), 6.1 (br s, 1 H), 
5.0 (br s, 1 H), 4.4 (m, 3 H), 4.2 (m, 2 H), 3.8 (s, 3 H), 3.6 

(m, 1 H). 13C NMR (100 MHz, CDCl3): d = 169.6, 156.2, 
151.3, 144.1, 144.0, 141.9, 130.5, 128.6, 128.1, 127.5, 
127.4, 125.5, 120.5, 120.3, 108.3, 68.0, 67.7, 62.8, 62.4, 
52.6, 51.6, 47.4. MS: m/z = 395 [M+]. Anal. Calcd: C, 60.75; 
H, 5.35; N, 17.71. Found: C, 61.01; H, 5.21; N, 17.88.
Typical Procedure for Hydrolysis of 5c: To a solution of 
azide 5c (75 mg, 0.189 mmol) in THF (3mL) and H2O (1 
mL) were added LiOH (7 mg, 0.283 mmol) and H2O2 (0.1 
mL, 1.51 mmol) and the reaction mixture was stirred at 0 °C 
for 8 h. The mixture was quenched by sat. solution of 
Na2SO3 at 0 °C and THF was removed in vacuo. CH2Cl2 was 
added to remove any unchanged starting material. The 
aqueous phase was acidified with NH4Cl and extracted twice 
with EtOAc. The crude acid 1c was obtained which was 
purified through column chromatography (58 mg, 88%).

(12) Typical Procedure for DIBAL-H Reduction: To a solution of 
5a,b (Boc dervative; 110 mg, 0.402 mmol, Cbz dervative 
155 mg, 504 mmol) in anhyd THF (5 mL) at –78 °C was 
added DIBAL-H (0.68 mL for Boc, 0.85 mL for Cbz) and 
the reaction micture was stirred for 1 h. The reaction mixture 
was quenched with sat. NH4Cl and extracted with EtOAc. 
Column chromatography over silica gel furnished 6a (50 
mg, 50%) and 6b (72 mg, 50%). Spectral data: 4a: 1H NMR: 
d = 5.8 (br s, 1 H), 4.8 (br s, 1 H), 3.8 (m, 1 H), 3.7 (br s, 2 
H), 3.3 (s, 3 H), 2.9 (s, 3 H),  1.4 (s, 9 H). MS: m/z = 248 
[M+]. Anal. Calcd; C, 48.38; H, 8.12; N, 11.28. Found: C, 
49.00; H, 9.00; N, 10.28. 5a: [a]D

25 = +2.9 (c = 1.0, EtOAc). 
1H NMR: d = 5.1 (br s, 1 H), 4.9 (br s, 1 H), 3.9 (m, 1 H), 3.1 
(m, 2 H), 3.2 (s, 3 H), 3.0 (s, 3 H), 1.4 (s, 9 H). 13C NMR: 
d = 169.9, 155.5, 80.5, 61.2, 61.0, 52.7, 51.0, 32.5, 28.6 MS: 
m/z = 273 [M+]. Anal. Calcd for C, 43.95; H, 7.01; N, 25.63. 
Found: C, 44.00; H, 7.89; N, 24.96. 6a: [a]D

25 = +12.0 (c = 
1.0, EtOAc). 1H NMR: d = 9.0 (s, 1 H), 6.2 (m, 1 H), 5.2 (s, 
2 H), 1.4 (s, 9 H). MS: m/z = 214 [M+]. 9b: 1H NMR: d = 8.0 
(s, 1 H), 7.4–7.2 (m, 5 H), 5.1 (br s, 2 H), 3.8 (m, 1 H), 3.7 
(s, 2 H), 3.2 (s, 3 H), 3.0 (s, 3 H). MS: m/z = 282 [M+]. Anal. 
Calcd: C, 44.85; H, 6.59; N, 26.15. Found: C, 44.0; H, 7.00; 
N, 26.10. 5b: [a]D

25 = +0.3 (c = 1.0, EtOAc). 1H NMR: d = 
7.4–7.2 (m, 5 H), 6.0 (br s, 1 H), 5.1 (br s, 2 H), 4.9 (m, 1 H), 
3.8 (s, 3 H), 3.5 (d, J1 = 6 Hz, J2 = 2 Hz, 2 H), 3.1 (s, 3 H). 
13C NMR: d = 169.9, 156.2, 136.54, 128.9, 128.5, 128.4, 
67.4, 62.7, 62.5, 52.5, 51.5, 32.5. MS: m/z = 307 [M+]. Anal. 
Calcd: C, 50.81; H, 5.58; N, 22.79. Found: C, 51.01; H, 5.68; 
N, 22.99. 1b: [a]D

25 = +9.0 (c = 1.0, EtOAc). 1H NMR: d = 
7.4–7.2 (m, 5 H), 6.9 (br s, 1 H), 5.1 (m, 2 H), 4.0 (br s, 1 H), 
3.8 (m, 2 H). MS: m/z = 264 [M+]. Anal. Calcd: C, 50.00; H, 
4.58; N, 21.20. Found: C, 50.89; H, 4.78; N, 21.55. 6b: 
[a]D

25 = +8.8 (c = 1.0, EtOAc). 1H NMR: d = 9.0 (s, 1 H), 
7.4–7.2 (m, 5 H), 7.1 (m, 1 H), 6.4 (s, 1 H), 5.6 (s, 1 H), 5.1 
(s, 2 H). MS: m/z = 248 [M+]. Anal. Calcd: C, 53.22; H, 4.87; 
N, 22.57. Found: C, 53.99; H, 4.99; N, 23.99. 4c: 1H NMR: 
d = 7.7 (d, J = 8 Hz, 2 H), 7.5 (d, J = 8 Hz, 2 H), 7.4 (d, J = 
8 Hz, 2 H), 7.2 (d, J = 7.8 Hz, 2 H), 6.1 (br s, 1 H), 5.8 (br s, 
1 H), 4.3 (s, 2 H), 4.2 (m, 1 H), 3.8 (m, 1 H), 3.7 (m, 2 H), 
3.2 (s, 3 H), 2.9 (s, 3 H). 13C NMR: d = 163.1, 156.9, 144.2, 
144.1, 141.6, 141.5, 128.8, 128.1, 127.4, 125.5, 125.2, 
120.3, 67.5, 63.5, 62.0, 53.3, 47.5, 39.0, 36.9, 34.2, 32.5, 
31.8. MS: m/z = 370 [M+]. Anal. Calcd: C, 64.85; H, 5.99; N, 
7.56. Found: C, 64.00; H, 6.99; N, 8.89.
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