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Stereochemical Effect of the Amino Acid Side Chain on the Formation
of Penta-coordinate Phosphorus Intermediates from
N-Phosphorylamino acids: A Theoretical Study

ZHAO, Li-Ja*  ZHONG, Ru-Gang*®®  ZHEN, Yan®  ZHAO, Yu-Fen®
(* College of Life Science and Bioengineering, Beijing University of Technology, Beijing 100022)
(° Key Laboratory of Bioorganic Phosphorus Chemistry & Chemical Biology, Ministry of Education,
Department of Chemistry, Tsinghua University, Beijing 100084)

Abstract The stereochemical effect of the chiral amino acid residues on the formation of penta-coordinate
phosphorus intermolecular mixed carboxylic-phosphoric anhydride (IMCPA) from N-phosphorylamino
acids was studied with density functional theory (DFT) calculations at B3LY P/6-311G(d,p) level. The reac-
tion pathways for the formation of penta-coordinate phosphorus intermediates with different configurations
through the carboxyl oxygen on amino acid group attacking the phosphoryl group from different directions
were simulated and the stereosel ectivity in the formation of IMCPA was discussed.
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Figurel The reaction of N-phosphorylamino acid to form peptide and ribotide with the proposed penta-coordinate phosphorus interme-
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Figure2 The supposed mechanism of sterecisomeric IMCPAs formation from N-phosphorylamino acid through two pathways
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Table1l Main structural parameters of the transition states and
the intermediates in the formation of IMCPAs from DMP-Ala
obtained at B3LY P/6-311G(d,p) level
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N—P—0O(4) 102.6 924 114.7 120.8
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Dihedral angle/(°)
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Figure 3 The optimized molecular structures of the transition states and the intermediates in the formation of IMCPAs from DMP-Ala

obtained at B3LY P/6-311G(d,p) level
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Table2 Therelative energies of the transition states and the IMCPAS in gas phase and in water computed at B3LY P/6-311G(d,p) level

(kJmol)
DMP-Ala DMP-Val DMP-Leu DMP-lle DMP-Phe
TS1 75.78 71.65 70.20 81.71 62.33
Pathway 1 .
cis-IMCPA 17.69 13.91 12.85 21.81 8.09
In gas phase
TS2 74.45 67.09 67.68 75.69 62.29
Pathway 2
trans-IMCPA 23.73 19.43 18.41 27.40 14.13
Pathway 1 TS1 82.74 77.11 79.56 86.37 63.48
Cis-IMCPA 24.38 28.71 25.45 23.38 11.89
Inwater
TS2 79.07 7112 73.50 79.95 61.68
Pathway 2
trans-IMCPA 34.36 38.98 34.20 33.40 22.67
T R R R, SRR I T 2 10  Kin, E. E.; Wyckoff, H. W. J. Mol. Biol. 1991, 218, 449.
S PRSI ST (R R R A, ey T S A AU M Hebe Tmen R Swamy 16 G163
) . Chem. Soc. :
LB 1) A0, 25 30 A ik TR A 7 B e R 1 9 R . S
s Eﬁ@fﬁwm‘ﬁmﬁﬁﬁnﬂﬁi‘j‘zﬁqg‘imﬂﬁﬂ T 15 Ry H LI Z L Zheo, Y. B Tu, G. 2. 3. Am. Chem Soc,
I IEAT 1, T LLSEA T 00 2 R 1 T 1099, 121, 291,
13 Lin, C. X,; Li, Y. M.; Cheng, C. M.; Han, B.; Wan, R;;
3 it Feng, Y. B.; Zhao, Y. F. Sci. China, Ser. B: Chem. 2002, 45,
337.

B N-TE bk S JE MR 48 G AN TR 1 s N 3@ 438 A ik 14 Chandrasekaran, A.; Day, R. O.; Holmes, R. R. J. Am.
SLARSERI TR AR iR ‘Z:m o oo e e O H. i . Bull 1698
L7 R E e 5 o R R ) 2 T R ory e
U, RIX— RN HAARIEPEE. X —40KW, N 16 Tan, B Lee, M. C; Cui, M.; Liu, T.; Chen, Z. Z; Li, Y.
AL 2 FE R D wir A A A A b B S o 7, T M.; Ju, Y., Zheo, Y. F; Chen, K. X, Jang, H. L.
PR RN AT BE 28 P Rl Ste A T AR IBORHLR, 1 52 THEOCHEM 2004, 672, 51.
ﬂ@%&ﬁ‘i%é}??ﬂﬁi% E‘]fig’i‘ﬂ%ﬁi 17 (a) Becke, A.D. J. Chem. PhyS. 1992, 96, 2155.

(b) Becke, A. D. J. Chem. Phys. 1992, 97, 9173.

(c) Becke, A. D. J. Chem. Phys. 1993, 98, 5648.
References 18 Lee C.; Yang, W.; Parr, R. G. Phys. Rev. B 1988, 37, 785.

_ 19 Peng, C.Y.; Ayda P. Y.; Schlegel, H. B.; Frisch, M. J. J.

1 Rode B. M. Peptld&s.1999, 20, ?73. Comput. Chem. 1996, 17, 49.
2 Orgd, L. E Trends Biochem. Sci. 1998, 23, 491. 20 Tapia, O.; Goscinski, O. Mol. Phys. 1975, 29, 1653,
3 Pace, N.R. Cell 1991, €5, 531. 21 Frisch, M. J; Trucks, G. W.; Schlegel, H. B.; Scuseria, G.
4 Ueno, Y.; Saito, R.; Hata, T. Tetrahedron Lett. 1991, 32,

1347.

5 Chen,S.B.;Li,Y.M. Luo, S. Z.; Zhao, G.; Tan, B.; Zhao,
Y. F. Phosphorus, Sulfur Slicon Relat. Elem. 2000, 164,
277.

6 Zhong, R.-G.; Zhao, L.-J.; Zhao, Y .-F. Acta Chim. Snica
2004, 62, 2444 (in Chinese).

(BMTRI, RETEF, B ESF, 105 F4Rk, 2004, 62, 2444.)

7 Zheo, Y.-F.; Zhang , J-C.; Cao, S-X.; Xu, J.; Rong, C.-L;
Qu, L.-B. Chin. J. Org. Chem. 2004, 24, 609 (in Chinese).
(B Ry, skelF, W, %, REK, HEE, A
1.3, 2004, 24, 609.)

8 Li,Y.M.Yin Y. W, Zhao, Y. F. Int. J. Pept. Protein Res.
1992, 39, 375.

9 Zhao, Y.F.; Cao, P. S. J. Biol. Phys. 1994, 20, 283.

E.; Robb, M. A.; Cheeseman, J. R.; Zakrzewski, V. G,;
Montgomery, J. A. Jr.; Stratmann, R. E.; Burant, J. C,;
Dapprich, S.; Millam, J. M.; Daniels, A. D.; Kudin, K. N;
Strain, M. C.; Farkas, O.; Tomas, J.; Barone, V.; Cossi, M.;
Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford,
S.; Ochterski, J.; Petersson, G. A.; Ayda, P. Y.; Cui, Q.;
Morokuma, K.; Malick, D. K.; Rabuck, A. D.; Stefanov, B.
B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, |,
Gomperts, R.; Martin, R. L.; Fox, D. J; Keith, T,
Al-Laham, M. A.; Peng, C. Y.; Nanayakkara, A.; Gonzalez,
C.; Chalacombe, M.; Gill, P. M. W.; Johnson, B.; Chem,
W.; Wong, M. W.; Andres, J. L.; Gonzalez, C.; Pople, J. A.
Gaussian 03, Revision C.02, Gaussian Inc., Wallingford,
2004.

(A0511081 LI, W.H.)



