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The amino and carboxy functions in N-Fmoc-α-amino acid
and N-Fmoc-peptide methyl esters can be alternatively and
chemoselectively deprotected by treatment with the reagent
system AlCl3/N,N-dimethylaniline (DMA). The chemoselec-

Introduction

The use of orthogonal protecting groups to mask the α-
amino, side chain and terminal carboxy functions is of great
importance for successful peptide synthesis, both in solu-
tion and under solid phase conditions.

The protection of the terminal carboxy moiety is a very
important step in solution peptide synthesis. From previous
experience, in many applications it would be extremely con-
venient to mask the carboxy group as a methyl ester[1,2]

when the 9-fluorenylmethyloxycarbonyl group is used to
protect the terminal α-amino function.

The availability of simple and straightforward procedures
that would allow the alternative unblocking of the carboxy
or α-amino functions with high chemoselectivity represents
a challenging field in the synthesis of peptides, especially
when peptide chains are synthesized by a building-block ap-
proach.[3,4] Alternative deprotection of amino and carboxy
functions could also be useful in multi-step total synthesis.

Results and Discussion

The selective cleavage of an ester function without re-
moving the Fmoc protecting group on the amino
moiety[5�21] is an important strategic element in peptide
synthesis. In a previous paper,[22] we reported a facile pro-
cedure for the chemoselective unblocking of the carboxy
group in N-Fmoc-protected α-amino acid and peptide
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tivity of the process is controlled by modulating the relative
molar ratio of the Lewis acid and DMA.
( Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2004)

methyl esters using the reagent system AlCl3/N,N-dimeth-
ylaniline (DMA). We also reported[23,24] that the reagent
system AlCl3/toluene easily removes the N-9-fluorenylme-
thyloxycarbonyl protecting group from the amino function
of α-amino acid and short peptide methyl esters without
demolition of the methyl ester moiety and with retention of
the configuration of the carbon atoms of the peptide sys-
tems.

The analogy between the two reagent systems containing
the same Lewis acid species, AlCl3, which remove either the
ester function (AlCl3/DMA) or the urethane group (AlCl3/
toluene), cannot provide a clear explanation for the diverse
behaviour observed for the two reagent systems considered
(Scheme 1).

We have carried out some experiments in order to estab-
lish the optimal molar ratio of the constituents in the re-
agent system AlCl3/DMA for removal of the Fmoc group
from the α-nitrogen atom. Fast chemoselective removal of
the Fmoc protecting group was obtained with a 10:4 molar
ratio of AlCl3 and DMA (Scheme 2, Table 1).

The compatibility of the reagent system AlCl3/DMA with
aromatic moieties on the side chains of N-Fmoc-amino acid
methyl esters, was checked by treating N-Fmoc-phenylala-
nine methyl ester (1b) and N-Fmoc-tyrosine methyl ester
(1d) under the conditions typically used for the chemoselec-
tive removal of the Fmoc group (molar ratio AlCl3/DMA.
10:4). The N-deprotected methyl esters obtained were con-
verted, by treatment with acetic anhydride, into the corre-
sponding N-acetyl derivatives 2b and 2d (Scheme 2) in 77%
and 94% yields, respectively. Successively, the same sub-
strates 1b and 1d were treated with AlCl3/DMA in a 7:11
molar ratio to unblock the carboxy function. Under these
conditions, the reagent system AlCl3/DMA operates by re-
moving the methyl group from the ester function of 1b and
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Scheme 1

Scheme 2

Table 1. Yields of compounds 2a�f and 3a�f

Yield (%)
R 2 3

a CH(CH3)CH2CH3 83 84
b CH2Ph 77 84
c CH2OH 93 83
d CH2C6H4OH 94 78
e CH2CH2SCH3 98 98
f CH2SCH2NHCOCH3 67 83

1d without demolition of the urethane moiety present on
the α-nitrogen atom. In this case, the treatment afforded N-
Fmoc-phenylalanine (3b) and N-Fmoc-tyrosine (3d) in 84%
and 78% yields, respectively. In all the reactions performed
with the substrates 1b and 1d, either the removal of the
Fmoc protecting group or, alternatively, the demethylation
of the ester function, were chemoselective as determined by
chromatographic analysis of the respective reaction mix-
tures. Furthermore, the experimental data confirmed that
the reagent system AlCl3/DMA does not promote the for-
mation of side products arising from possible electrophilic
attacks of the methyl and 9-fluorenylmethyl cations on the
aromatic rings of the side chains present in the starting pro-
tected substrates.

In order to establish the capabilities of the reagent system
AlCl3/DMA, other N-Fmoc-α-amino acid methyl esters,
characterized by a nucleophilic site on the side chains, were
subjected to both the reaction conditions described above.
This new set of experiments allowed the evaluation of the
possible competition between the reactions of the nucleo-
philic sites and DMA with the 9-fluorenylmethyl or,
alternatively, the methyl cations generated during the re-
moval of the Fmoc protecting group and the demethylation
of the carboxymethyl function, respectively.
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Substrates 1c and 1e were treated under the appropriate
experimental conditions, which regulate each of the two dif-
ferent reactive pathways, to allow the specific unblocking of
the amino and the carboxy functions. The results obtained
are summarized in Table 1. Upon treatment with the re-
agent system AlCl3/DMA in the 7:11 molar ratio, the two
substrates generated the corresponding N-Fmoc-amino ac-
ids 3c and 3e in 83% and 98% yields, respectively. When a
10:4 molar ratio of the Lewis acid and DMA was applied
instead, the corresponding methyl esters were recovered and
isolated as the respective N-acetyl derivatives 2c and 2e in
93% and 98% yields, respectively, after treatment with
Ac2O. Mass spectrometric and 1H NMR analysis of the
crude materials resulting from these reactions revealed that
alkylation of the nucleophilic functionalities on the side
chains of the starting substrates does not occur under the
experimental conditions used. The N-Fmoc-S-(acetamido-
methyl)cysteine methyl ester (1f) was also subjected to both
experimental conditions. Compounds 2f and 3f, obtained
by removing the urethanic or the methyl ester function,
respectively, preserve the acetamidomethyl protecting group
on the side chain.

The chemoselectivity of the removal of the Fmoc protect-
ing group or, alternatively, the demethylation of the ester
function was also studied in simple peptide systems. Dipep-
tides 4a�c (Scheme 3) were treated with the reagent system
AlCl3/DMA in the molar ratio 11:4. This new composition
of the reagent system used for deprotection was justified by
the higher number of functionalities present in the dipep-
tides that are capable of coordinating to the electrophilic re-
agent.

The intermediate dipeptides, which bear a free terminal
amino function, were quenched by acetylation with Ac2O.
The N-acetylated dipeptidyl derivatives 5a�c were reco-
vered in yields ranging from 71% to 74% (Table 2). The
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Scheme 3

Table 2. Yields of compounds 5a�c and 6a�c

Yield (%)
R1 R2 5 6

a CH2CH(CH3)2 CH2Ph 71 78
b CH(CH3)2 CH2CH(CH3)2 73 85
c CH2Ph CH(CH3)2 74 75

same substrates 4a�c, upon treatment with the reagent sys-
tem AlCl3/DMA in a molar ratio of 9:15, gave the N-Fmoc
protected dipeptides 6a�c (Scheme 3) in 75�85% yields
(Table 2). Two different reaction pathways generate the pep-
tide systems; the carboxymethyl moiety is maintained whilst
the urethane protecting group is removed or, alternatively,
the protection on the α-nitrogen atom is retained and the
methyl from the ester function is lost. This particular behav-
iour could be of great importance when the availability of
differently protected dipeptide precursors is required for the
preparation of more complex peptides through a building-
block synthetic strategy. The different compositions of the
reagent system AlCl3/DMA can satisfactory explain both
the reaction pathways observed for the alternative and
chemoselective removal of the protecting groups in N-
Fmoc-α-amino acid and N-Fmoc-peptide methyl esters.
The species responsible for the unblocking are different in
the two cases studied. The 1:1 AlCl3/DMA adduct 7
(Scheme 4) plays a key role in the deprotection of the sub-
strates analysed in this study.

Scheme 4

The formation of the equimolecular adduct of the Lewis
acid and DMA could explain the dissimilarities observed
when different molar ratios of AlCl3 and DMA are used to
compose the reagent system. Both the adduct 7 and AlCl3
are the real species present in the reaction mixtures when
the reagent system has an excess of AlCl3. The free Lewis
acid coordinates to the most basic site, the carbonyl oxygen
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Scheme 5

atom of the urethane protecting group (A, Scheme 5). This
moiety, upon reaction with AlCl3, generates the transient 9-
fluorenylmethyl cation, which is quenched by the adaptable
adduct 7, inducing the demolition of the masking group
placed on the α-nitrogen atom. The adduct between DMA
and the 9-fluorenylmethyl cation was identified by GC-MS
analysis of the crude material recovered after work up of
the reaction mixtures.

When the reagent system is prepared with an excess of
DMA, the reactive Lewis acid is 7 (B, Scheme 5), which
is more sterically hindered and cannot coordinate to the
urethane carbonyl group and thus prefers to attack the ester
function. The consequent demethylation proceeds via for-
mation of the methyl cation, which in turn is quenched by
DMA present in good excess with respect to the Lewis acid.
In this case the adduct produced from the reaction between
DMA and the methyl cation was also identified by GC-MS
analysis. Alternatively it can be supposed that the DMA
demethylates, by a SN2 mechanism, the ester function acti-
vated by the AlCl3/DMA adduct because of the absence in
the crude reaction materials of methylated products in the
side chains.

Conclusion

The chemoselective removal of the Fmoc protecting
group from the α-amino function or, alternatively, demeth-
ylation of the ester moiety in N-Fmoc-α-amino acid and
peptide methyl esters can be performed by modulating the
molar ratio of the two components of the reagent system.
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Changes in the molar ratio of AlCl3 and DMA corre-

spond to changes in the reactive species responsible for the
removal of the target protecting group.

Experimental Section

General Remarks: All reagents were purchased from Aldrich Co.
and Senn Chemical. All solvents were purified and dried by stand-
ard procedures and distilled prior to use. Melting points were deter-
mined with a Kofler hot-stage apparatus and are uncorrected.
NMR characterization of all the compounds was performed with
a Bruker Avance 300 spectrometer. 1H and 13C NMR spectra were
recorded at 300 MHz and 75.5 MHz, respectively, with CDCl3 or
[D6]DMSO as solvent. GC-MS analyses were carried out using a
30-m HP-35MS capillary column with a 0.25 mm internal diameter
and a 0.25 µm film thickness. The mass detector was operated in
the electron impact ionization mode (EI-MS) at an electron energy
of 70 eV. Mass spectra were recorded with a Vacuum Generator
ZAB-2F spectrometer, with 3-nitrobenzyl alcohol as the matrix, by
fast atom bombardment (FAB� MS) with a neutral Xenon beam
operating at 8 keV and a total current of 10 µA. Reaction mixtures
were monitored by TLC with silica gel 60-F254 precoated glass
plates purchased from Merck. Short column flash chromatography
(SCFC) was performed on Kieselgel 60 H without gypsum. All
reactions were carried out under an inert atmosphere (N2).

Removal of the Fmoc Group of N-Fmoc-α-Amino Acid Methyl
Esters 1a�f. General Procedure: AlCl3 (10 mmol) and N,N-dimeth-
ylaniline (4 mmol) were added to a suspension of the appropriate
N-Fmoc-α-amino acid methyl ester 1a�f (1 mmol) in dry dichloro-
methane (10 mL). The resulting mixture was stirred under reflux
for 4 h until TLC analysis of the reaction mixture (chloroform/
methanol, 90:10, v/v) showed complete conversion of the precursor.
Methanol was then added dropwise until effervescence stopped,
and the solvents were evaporated to dryness. The chromatographic
purification of the crude product (chloroform/methanol, 95:5, v/v)
afforded the corresponding α-amino acid methyl ester, which was
successively dissolved in an aqueous 5% Na2CO3 solution (5 mL)
and treated with acetic anhydride (3 mL) in dichloromethane (10
mL). After 2 h at room temp., the organic layer was separated and
the aqueous layer was extracted with dichloromethane (3 � 3 mL).
The combined organic extracts were washed once with brine, dried
with Na2SO4 and then evaporated to dryness to give the N-acetyl-
α-amino esters 2a�f in 67�98% overall yields. The compound
characterization data for 2a�f fitted those observed for authentic
samples of N-acetyl-α-protected amino esters.

Removal of the Methyl Ester Group of N-Fmoc-α-Amino Acid
Methyl Esters 1a�f:[22] A suspension of the appropriate N-Fmoc-
α-amino acid methyl ester 1a�f (1 mmol) in dry dichloromethane
was treated with the reagent system AlCl3 (7 mmol)/N,N-dimeth-
ylaniline (11 mmol). Chromatographic purification of the crude re-
action products enabled a simple removal of the excesses of the
reagents used to afford the respective N-Fmoc-amino acids 3a�f
in high yields. The compound characterization data for 3a�f fitted
those observed for authentic samples of N-Fmoc-protected amino
acids.

Synthesis of Dipeptides 4a�c: A solution of the appropriate N-
Fmoc-α-amino acid chloride (0.9 mmol) in ethanol-free chloroform
(10 mL) was added dropwise to a magnetically stirred solution of
the commercially available α-amino ester hydrochlorides (1 mmol)
dissolved in an aqueous 5% Na2CO3 solution (5 mL). The resulting
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mixture was stirred at room temp. for 2 h. The organic layer was
separated and the aqueous layer was extracted with chloroform (2
� 5 mL). The combined organic extracts were washed with aque-
ous 1  HCl (2 � 3 mL), washed once with brine, dried with
Na2SO4 and then evaporated to dryness to give the dipeptides 4a�c
in 86�92% overall yields.
The compound characterization data for 4b fitted those observed
for an authentic sample of N-Fmoc-valyl-leucine methyl ester.[22]

Compound 4a: White solid (1.45 g, 86% yield), m.p. 137�140 °C.
IR (KBr): ν̃ � 3305, 3090, 2965, 1742, 1692, 1641, 1532, 1241, 760,
741 cm�1. 1H NMR (CDCl3): δ � 0.88�0.98 [m, 6 H,
CH2CH(CH3)2], 1.45�1.70 [m, 3 H, CH2CH(CH3)2], 2.98 (dd,
J1 � 5.8, J2 � 13.9 Hz, 1 H, CH2Ph), 3.13 (dd, J1 � 5.9, J2 � 13.9
Hz, 1 H, CH2Ph), 3.72 (s, 3 H, OCH3), 4.20 (m, 1 H, Fmoc-CH),
4.30�4.51 (m, 3 H, CHNH), 4.85 (m, 1 H, CHCH2Ph), 5.21 (d,
J � 8.4 Hz, 1 H, OCONH), 6.51 (d, J � 7.4 Hz, 1 H, CHCONH),
7.01�7.28 (m, 5 H, Ar-H), 7.31�7.83 (m, 8 H, Ar-H) ppm. 13C
NMR: δ � 15.3, 22.0, 22.9, 24.6, 37.8, 41.4, 47.1, 53.2, 53.4, 67.1,
120.0, 125.0, 125.1, 127.1, 127.2, 127.7, 128.6, 129.3, 136.6, 141.3,
143.8, 171.7, 171.8 ppm. FAB� MS: m/z (%) � 515 (12) [M � H]�,
179 (100), 178 (78), 165 (39). C31H34N2O5 (514.61): calcd. C 72.35,
H 6.66, N 5.44, O 15.55; found C 72.45, H 6.63, N 5.40.

Compound 4c: White solid (1.62 g, 91% yield), m.p. 167�169 °C.
IR (KBr): ν̃ � 3300, 3078, 2964, 1744, 1701, 1654, 1542, 1261, 758,
739 cm�1. 1H NMR (CDCl3): δ � 0.81 [d, J � 6.8 Hz, 3 H,
CH(CH3)2], 0.87 [d, J � 6.9 Hz, 3 H, CH(CH3)2], 2.10 [m, 1 H,
CH(CH3)2], 3.16�3.25 (m, 2 H, CH2Ph), 3.71 (s, 3 H, OCH3), 4.20
(m, 1 H, CHCH2Ph), 4.30�4.55 (m, 4 H, Fmoc-CH2,
CHCH(CH3)2, Fmoc-CH), 5.53 (d, J � 7.1 Hz, 1 H, OCONH),
6.41 (d, J � 7.5 Hz, 1 H, CHCONH), 7.15�7.88 (m, 13 H, Ar-H)
ppm. 13C NMR: δ � 17.6, 30.5, 37.5, 47.1, 51.9, 55.1, 55.7, 67.4,
126.0, 126.8, 127.8, 128.2, 128.4, 128.8, 129.0, 139.5, 141.0, 143.6,
156.0, 171.6, 171.8 ppm. FAB� MS: m/z (%) � 501 (100) [M �

H]�, 279 (61), 179 (62), 178 (38), 165 (25). C30H32N2O5 (500.59):
calcd. C 71.98, H 6.44, N 5.60, O 15.98; found C 72.09, H 6.40,
N 5.57.

Removal of the Fmoc Group of Dipeptides 4a�c. General Procedure:
AlCl3 (11 mmol) and N,N-dimethylaniline (4 mmol) were added to
a suspension of the appropriate dipeptide 4a�c (1 mmol) in dry
dichloromethane (10 mL). The resulting mixture was stirred under
reflux for 4 h, until TLC analysis (chloroform/methanol, 90:10,
v/v) showed complete conversion of the precursor. Methanol was
then added dropwise until effervescence stopped and the solvents
were evaporated to dryness. The chromatographic purification of
the crude product (chloroform/methanol, 95:5, v/v) afforded the
corresponding dipeptides which were successively dissolved in an
aqueous 5% solution of Na2CO3 (5 mL) and treated with acetic
anhydride (3 mL) in chloroform (10 mL). After 2 h at room temp.,
the organic layer was separated and the aqueous layer was ex-
tracted with dichloromethane (3 � 3 mL). The combined organic
extracts were washed once with brine, dried with Na2SO4 and then
evaporated to dryness to give the dipeptides 5a�c in 71�74% over-
all yields.

Compound 5a: Oil (0.37 g, 71% yield). IR (neat): ν̃ � 3275, 3048,
2968, 1749, 1657, 1642, 1251 cm�1. 1H NMR (CDCl3): δ �

0.90�0.95 [m, 6 H, CH2CH(CH3)2], 1.53�1.70 [m, 3 H,
CH2CH(CH3)2, CH2CH(CH3)2], 1.99 (s, 3 H, CH3CONH), 3.09
(dd, J1 � 6.5, J2 � 13.7 Hz, 1 H, CH2Ph), 3.18 (dd, J1 � 5.5,
J2 � 13.7 Hz, 1 H, CH2Ph), 3.74 (s, 3 H, OCH3), 4.45 [m, 1 H,
CHCH2CH(CH3)2], 4.87 (m, 1 H, CHCH2Ph), 5.82 (d, J � 8.2 Hz,
1 H, OCONH), 6.51 (d, J � 7.5 Hz, 1 H, CHCONH), 7.09�7.30
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(m, 5 H, Ar-H) ppm. 13C NMR: δ � 22.1, 22.6, 22.9, 37.0, 41.2,
51.1, 51.9, 53.2, 126.0, 127.8, 128.7, 139.5, 170.7, 171.6, 171.8 ppm.
EI-MS: m/z (%) � 334 (2) [M�·], 162 (40), 128 (74), 86 (100), 44
(17), 43 (14). C18H26N2O4 (334.41): calcd. C 64.65, H 7.84, N 8.38,
O 19.14; found C 64.75, H 7.81, N 8.34.

Compound 5b: Yellow solid (0.40 g, 73% yield), m.p. 112�114 °C.
IR (KBr): ν̃ � 3278, 2963, 1744, 1672, 1643, 1264 cm�1. 1H NMR
(CDCl3): δ � 0.91 [d, J � 2.8 Hz, 3 H, CH2CH(CH3)2], 0.93 [d,
J � 2.9 Hz, 3 H, CH2CH(CH3)2], 0.96 [d, J � 6.6 Hz, 3 H,
CH(CH3)2], 0.99 [d, J � 6.5 Hz, 3 H, CH(CH3)2], 1.50�1.70 [m, 3
H, CH2CH(CH3)2], 2.01 (s, 3 H, CH3CONH), 2.07 [m, 1 H,
CH(CH3)2], 3.73 (s, 3 H, OCH3), 4.40 [dd, J1 � 7.2, J2 � 8.9 Hz,
1 H, CHCH(CH3)2], 4.55 [m, 1 H,CHCH2CH(CH3)2], 6.55 (d, J �

8.9 Hz, 1 H, OCONH), 6.85 (d, J � 7.7 Hz, 1 H, CHCONH) ppm.
13C NMR: δ � 18.3, 18.9, 21.8, 22.7, 23.2, 24.7, 31.5, 40.9, 50.9,
52.2, 58.2, 170.1, 171.5, 173.1 ppm. EI-MS: m/z (%) �286 (1)
[M�·], 230 (5), 144 (85), 100 (14), 86 (38), 72 (100), 55 (11), 43 (17).
C14H26N2O4 (286.37): calcd. C 58.72, H 9.15, N 9.78, O 22.35;
found C 58.82, H 9.11, N 9.74.

Compound 5c: Oil (0.53 g, 74% yield). IR (neat): ν̃ � 3287, 3055,
2959, 1746, 1658, 1635, 1263 cm�1. 1H NMR (CDCl3): δ � 0.82
[d, J � 6.8 Hz, 3 H, CH(CH3)2], 0.90 [d, J � 6.8 Hz, 3 H,
CH(CH3)2], 2.01 (s, 3 H, CH3CONH), 2.08 [m, 1 H, CH(CH3)2],
3.00�3.10 (m, 2 H, CH2Ph), 3.70 (s, 3 H, OCH3), 4.45 [dd, J1 �

5.0, J2 � 8.1 Hz, 1 H, CHCH(CH3)2], 4.70 (m, 1 H, CHCH2Ph),
6.23 (d, J � 7.5 Hz, 1 H, OCONH), 6.32 (d, J � 8.1 Hz, 1 H,
CHCONH), 7.20�7.38 (m, 5 H) ppm. 13C NMR: δ � 17.7, 18.7,
29.7, 31.1, 38.2, 40.7, 52.2, 54.5, 57.4, 112.7, 116.7, 127.0, 128.7,
170.2, 171.2, 172.8 ppm. EI-MS: m/z (%) � 320 (4) [M�·], 162 (78),
114 (31), 43 (100). C17H24N2O4 (320.38): calcd. C 63.73, H 7.55, N
8.74, O 19.98; found C 63.84, H 7.52, N 8.70.

Removal of the Methyl Ester Group of Dipeptides 4a�c:[22] Removal
of the methyl ester group of the dipeptides 4a�c (1 mmol) was
carried out with the reagent system AlCl3 (9 mmol)/N,N-dimeth-
ylaniline (15 mmol). Chromatographic purification of the crude
reaction products afforded the respective N-Fmoc-dipeptides 6a�c
in high yields. The compound characterization data for 6b fitted
those observed for an authentic sample of N-Fmoc-valyl-leucine.[22]

Compound 6a: White solid (0.25 g, 78% yield), m.p. 167�170 °C.
IR (KBr): ν̃ � 3390, 2962, 1707, 1670, 1646, 1554, 1246, 761, 740
cm�1. 1H NMR ([D6]DMSO): δ � 0.73�0.89 [m, 6 H,
CH2CH(CH3)2], 1.41�1.70 [m, 3 H, CH2CH(CH3)2], 2.92�3.02
(m, 2 H, CH2Ph), 3.98�4.38 (m, 4 H, Fmoc-CH2, Fmoc-CH,
CHCH2Ph), 4.72 [m, 1 H, CHCH2CH(CH3)2], 7.08�8.29 (m, 15
H, OCONH, CHCONH, Ar-H) ppm. FAB� MS: m/z (%) � 501
(17) [M � H]�, 179 (100), 178 (62), 165 (40). C30H32N2O5 (500.59):
calcd. C 71.98, H 6.44, N 5.60, O 15.98; found C 72.09, H 6.40,
N 5.57.
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Compound 6c: White solid (0.31 g, 75% yield), m.p. 183�186 °C.
IR (KBr): ν̃ � 3408, 2961, 1692, 1656, 1254, 759, 740 cm�1. 1H
NMR ([D6]DMSO): δ � 0.78�0.94 [m, 6 H, CH(CH3)2], 2.05 [m,
1 H, CH(CH3)2], 2.70�3.00 (m, 2 H, CH2Ph), 4.03�4.31 [m, 4 H,
Fmoc-CH2, Fmoc-CH, CHCH(CH3)2], 4.37 (m, 1 H, CHCH2Ph),
7.13�7.90 (m, 15 H, OCONH, CHCONH, Ar-H) ppm. FAB� MS:
m/z (%) � 487 (13) [M � H]�, 179 (100), 178 (64), 165 (29).
C29H30N2O5 (486.56): calcd. C 71.59, H 6.21, N 5.76, O 16.44;
found C 71.71, H 6.17, N 5.73.
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