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The title compound, C18H24N2O9, was synthesized by the

condensation of N-(3,4,5-trimethoxybenzoyl)glutamic acid

anhydride with l-glycine methyl ester hydrochloride in

dichloromethane solution. The structure is stabilized by

intermolecular hydrogen bonds.

Comment

Aminopeptidase N (APN) is a member of the membrane-

bound zinc-dependent exopeptidase family, which is involved

in the metabolism of angiotensin III in the brain and periph-

eral organs. The over-expression of APN is involved in several

pathological conditions, including cancer (Yoneda et al., 1992),

leukemia, diabetic nephropathy (Bedir et al., 1996), rheuma-

toid arthritis (Shimizu et al., 2002), angiogenesis (Sato, 2004)

and central nervous system diseases such as Alzheimer's

disease (Sloane et al., 2002). This has led to a search for APN

inhibitors (APNIs) as potential therapeutic agents. Unfortu-

nately, no such effective agents exist at the present time.

Antineoplaston A-10 (3-phenylacetylamino-2,6-piperidine-

dione) is the ®rst chemically identi®ed APNI and has potential

utility in breast cancer treatment (Badria, Mabed, El-Awadi et

al., 2000; Badria, Mabed, Khafagy & Abou-Zeid, 2000). A-10

and its metabolites have shown promising cytostatic responses

when challenged on tumor tissue cultures or when adminis-

tered to human patients with hepatocellular carcinoma

(Abou-Zeid et al., 2001).

Compound (I), one of the novel l-iso-glutamine derivatives

synthesized in our laboratory, can serve as a potential anti-

tumor agent (Wang et al., 2003). It displays normal peptide

geometry; the bond lengths and angles are unexceptional. The

crystal structure is stabilized by intermolecular OÐH� � �O and

NÐH� � �O hydrogen bonds; there are also weak CÐH� � �O
interactions (Table 1).

Experimental

Starting from 3,4,5-trihydroxybenzoic acid, via a three-step reaction,

the key intermediate N-(3,4,5-trimethoxybenzoyl)glutamic acid

anhydride was obtained according to the literature method (Fan,
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1992) (m.p. 423±425 K, 55% yield). IR (KBr, � cmÿ1): 3310.0 (NH),

2945.1 (CH), 1777.0 and 1640.7 (O CÐOÐC O), 1504.2 (NH),

1239.6 and 1129.6 (CÐO). ESI-MS (m/z): 323.8 [MÐH]+. To a

suspension of N-(3,4,5-trimethoxybenzoyl)glutamic acid anhydride

(3.23 g, 10 mmol) and l-glycine methyl ester hydrochloride (2.5 g,

20 mmol) in dichloromethane (30 ml) was added triethylamine

(5 ml). The resulting solution was stirred at room temperature for 2 h.

The excess solvent was removed under reduced pressure. The residue

was diluted with distilled water and acidi®ed to pH 2 with 2M

hydrochloric acid. After two days, colorless crystals of (I) were

obtained (m.p. 442±445 K, 74% yield). Analysis found: C 52.60, H

5.96, N 6.69%; calculated for C18H24N2O9: C 52.42, H 5.87, N 6.79%.
1H NMR (DMSO-d6, p.p.m.): � 8.45 (d, 1H, J = 7.5 Hz, NH), 8.38 (t,

1H, J = 5.4 Hz, NH), 7.23 (s, 2H, ArÐH), 4.47 (m, 1H, CH), 3.88 (d,

2H, J = 5.4 Hz, CH2), 3.83 (s, 6H, 2-OCH3), 3.69 (s, 3H, OCH3), 3.62

(s, 3H, COOCH3), 2.34 (t, 2H, J = 8.0 Hz, CH2), 2.06, 1.92 (2�m, 2H,

CH2). ESI-MS (m/z): 412.8 [MÐH]+.

Crystal data

C18H24N2O9

Mr = 412.39
Monoclinic, P21/c
a = 27.665 (9) AÊ

b = 5.1444 (16) AÊ

c = 13.907 (4) AÊ

� = 98.401 (5)�

V = 1958.0 (11) AÊ 3

Z = 4

Dx = 1.399 Mg mÿ3

Mo K� radiation
Cell parameters from 1522

re¯ections
� = 2.2±22.0�

� = 0.11 mmÿ1

T = 298 (2) K
Block, colorless
0.25 � 0.15 � 0.10 mm

Data collection

Bruker SMART CCD area-detector
diffractometer

' and ! scans
9819 measured re¯ections
3619 independent re¯ections
2497 re¯ections with I > 2�(I)

Rint = 0.041
�max = 25.5�

h = ÿ33! 26
k = ÿ6! 6
l = ÿ16! 16

Refinement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.061
wR(F 2) = 0.155
S = 1.04
3619 re¯ections
267 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0676P)2

+ 0.7151P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.33 e AÊ ÿ3

��min = ÿ0.20 e AÊ ÿ3

Table 1
Hydrogen-bond geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

O5ÐH5� � �O7i 0.82 1.85 2.667 (3) 174
N2ÐH2� � �O6ii 0.86 2.38 3.193 (3) 157
N1ÐH1� � �O4iii 0.86 2.25 3.060 (3) 157
C11ÐH11� � �O6ii 0.98 2.52 3.313 (3) 138
C18ÐH18B� � �O6iv 0.96 2.47 3.014 (4) 116

Symmetry codes: (i) x;ÿy � 5
2; zÿ 1

2; (ii) x; yÿ 1; z; (iii) x; y� 1; z; (iv)
ÿx; y ÿ 3

2;ÿz� 3
2.

H atoms were positioned geometrically (with orientation to ®t the

observed electron density for the carboxylic OÐH) and re®ned with

a riding model [OÐH = 0.82 AÊ , NÐH = 0.86 AÊ , CÐH = 0.93±0.98 AÊ ,

and Uiso(H) = xUeq(carrier atom), where x = 1.5 for methyl H atoms

and x = 1.2 for all other H atoms.

Data collection: SMART (Bruker, 1997); cell re®nement: SAINT

(Bruker, 1997); data reduction: SAINT; program(s) used to solve

structure: SHELXS97 (Sheldrick, 1990); program(s) used to re®ne

structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

SHELXTL (Sheldrick, 2001); software used to prepare material for

publication: SHELXTL.
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Figure 3
Part of the crystal structure of (I), showing the formation of
intermolecular hydrogen bonds (dashed lines). The molecule containing
atom N1A is related to the molecule containing atom N1 by a unit-cell
translation along b. Further unit-cell translations along b yield the
molecules containing N1B and N1C.

Figure 1
View of the molecule of (I), showing the atom-labeling scheme.
Displacement ellipsoids are drawn at the 30% probability level. H atoms
are represented by small spheres of arbitrary radii.

Figure 2
The molecular packing of (I), viewed along the c axis.



The project was supported by the National Natural Science

Foundation of China (grant No. 20272033) and the Doctoral

Foundation of the Ministry of Education of the People's

Republic of China (grant No. 20020422024).

References

Abou-Zeid, L., El-Mowafy, A. M., El-Kerdawy, M. M., Hamza, H. & Abdel-
Hamid, M. E. (2001). Farmaco, 56, 763±770.

Badria, F., Mabed, M., El-Awadi, M., Abou-Zeid, L., Al-Nashar, E. & Hawas,
S. (2000). Cancer Lett. 157, 57±63.

Badria, F., Mabed, M., Khafagy, W. & Abou-Zeid, L. (2000). Cancer Lett. 155,
67±70.

Bedir, A., Ozener, I. C. & Emerk, K. (1996). Nephron, 74, 110±113.
Bruker (1997). SMART (Version 5.6) and SAINT (Version 5.06A). Bruker

AXS Inc., Madison, Wisconsin, USA.
Fan, N. T. (1992). Youjihechengshidian (Organic Synthesis Dictionary), p. 281.

Beijing Institute of Technology Press. (In Chinese.)
Sato, Y. (2004). Biol. Pharm. Bull. 27, 772±776.
Sheldrick, G. M. (1990). Acta Cryst. A46, 467±473.
Sheldrick, G. M. (1997). SHELXL97. University of GoÈ ttingen, Germany.
Sheldrick, G. M. (2001). SHELXTL. Version 6.12. Bruker AXS Inc., Madison,

Wisconsin, USA.
Shimizu, T., Tani, K., Hase, K., Ogawa, H., Huang, L. & Shinomiya, F. & Sone,

S. (2002). Arthritis Rheum. 46, 2330±2338.
Sloane, P. D., Zimmerman, S., Suchindran, C., Reed, P., Wang, L., Boustani, M.

& Sudha, S. (2002). Annu. Rev. Public Health, 23, 213±231.
Wang, J. L. & Xu, W. F. (2003). J. Chem. Res. pp. 789±791.
Yoneda, J., Saiki, I., Fujii, H., Abe, F., Kojima, Y. & Azuma, I. (1992). Clin.

Exp. Metastasis, 10, 49±59.

organic papers

Acta Cryst. (2005). E61, o349±o351 Li et al. � C18H24N2O9 o351


	mk1

