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The.purpose of this camnunication is to note the adequacy of a quadrant (or an octant) 

type geanetric dependence for the peptide n-n * transition, when utilizing relatively rigid 

model systems-&and 5-substituted pyrrolid-2-ones ---and when the vicinal group is the 

carboxylate or carboxyl moiety (see structure I). The rotational strength of the sodium 

pyrrolid-2-one-&carboxylate can be calculated from the values for sodium pyrrolid-Z-one- 

5-carboxylate, when the angular probability functions of the carboxylate enion at positions 

4 and 5 in the +t and -- quadrants are considered. In a manner consistent with the partial 

molar rotatory power approachlw3 the carboxylate moiety is treated as charged perturber 

in which the contributions of the atoms are proportionalto the sign ti magnitude of the 

charge. Similarly the rotational strength for the 4-carboxylic acid may be calculated 

from the 5-carboxylic acid. Due to the very different angular probability mctions for 

both substituents at the two positions and due to the decreased symmetry In the case of the 

carboxyl vicinal group, one might have expected a more apparent contribution f?cm the 

magnetic-electric coupled oscillator term 4-5 which would have been expressed by non-adherence 

to the simple geanetric dependence. These results are particularly significant since the 

quadrsnt (or octant) dependence has not been demonstrated so unsmbiguously for the peptide 

n-n* transition which is to further note that the results provide no evidence for other 

regional dependencies 6 nor for ring chirality as a dcminant factor7. Also the non-o&ant 

behavior exhibited in cyclic ketones with substituents in sanewhat sMlar positions 8-10 

is not seen. 

The absolute configuration of pyroglutamic acid (L-pyrrolid-2-one-5-carboxylic acid) 

is well known and is supported by x-ray diffraction studies on the derivative 5-iodanethyl- 

pyrrolid-2-one11. The absolute configuration of pyrrolld-Z-one-4-earboxylic acid was 

determined by conversion to the Rhydroxymethyl succlnic acid dihydraside derivative". 
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The optical purity of the 4-carboxylic acidwas verifiedusingthe method of an optically 

active nuclear -tic resonance solvent 13 . Table 1 contains the mlar elllptlcities 

and mtatlonal strengths for the four mlecules. Fnergies for the angular distribution 

TABLElOPl'IC& RYTATICBI MTAON h-AND mmDz--oNEs 

vicinal jqroup Molar elliptlcity R(exptl)x1040 R(calc)~.lO~~ 

EE 
2.5xlo4 
1.5lLlo4 

20 
11 

11x104 
(!F$i 

EE 7.6x104 
12 
7 

(::;,a 

aCziiculated with a 0.24 8 displacement of the 4C fYom the CON plane 

were calculated by tsking a six-fold synmetric rotatiaml barrier of 0.2 kcal/mle14 

and by calculating the coula&ic Interact&n potentials between the atm of the peptlde 

group and those of the carboxylzmd carboxylate groups. Atomlcchargesforthecarbo- 

xylate, carboxyl and peptlde groups k~re obtained fran references 14, 15 and 16 respectively. 
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Figure 1. Plot of potential energy as a function 
rotation about the ring csrbor+subs‘cltuent c-on 
bond. (see text for discussion). 
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Potential energies as a fmction of rotatlmsl angle are given In FYg. 1 for the czuboxy- 

late substituent. The zero angle Is taken when C=O and the C-H me eclipsed. Dlrectlon 

of rotatim is taken as positive when looking ala7g the C-C bond and rotating the far 

carbon in a clockwise direction 17 . 

The expression used to calculate the cmtributicm of the carboxylate and carboxy 

vlclnal groups to the rotational strength", R,ls 

where R,= -A 
F 

Xei yei --______q 

'L 
i 

and where the smnaticm is over the atans in the vlclnal. group. x,y, and r are the 

coordinates and distance of the atcm, and q1 is the charge on the atan. The coefflclent 

A, determined on the 5substituted pyrrolid-2-m, Is used to calculate the 4-substituted 

pyrrolid-2-one. While there is evidence for two term with differing distance dependence 

and ~igr-?-~'l~, for our ccmems here, using mly the less steep tern, as In Fq. 2, Is 

adequate. This is justified on the basis that the vlcinsl groups at positions 4 and 5 

are at a sMlar distance frcm the acylmoiety and also they are at a distance where the 

steeper tern is much less signiflcsnt. The atank coordinates of the pyrrolid-2-ones are 

taken from the crystal structure of L5 iodanetwl-pyrrolld-2-e and Lpymolld-2-one- 

5-carboxamideg. The pyrrolid-2-one ring Is only slightly ncn-planar with the 4 carbon 

being about 0.2 8 out of the plane defYned by the CON peptlde atang. The calculated 

rotational strengths Included in Table 1, sre seen to agree very satisfactorily with ex- 

perimental values. Substitution at the four positlcn is expected to move the 4 carbcn 

scmewhat further out of the plane as the substituent presses equatorially. When an 

anticipated greater mean displacement from the peptide plane of 0.24 8 Is taken, the ex- 

perimental result Is exactly obtained for the carboxylate ticlnal group. 

In the calculations the wlar dependence of rotatlcmal strength for scdbxn pyrrolld- 

2-one+carboxylate varies frcm 9 x 10s4' at an angle of 50' to 30 x 10m40 at 130' with 

-40 
an experimental value of 20 x 10 and for sodiumpyrrolkl-2-on+4 carboxylate from 

2 x 10-40 at 40' to 16 x 10 
-40 

at 140' with an experimental value of 11 x 10 -40 . !mlsthe 

angular dependence is not inordinately steep and the experimental result lles neither 
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near zero nor at an extrem? on the calculated curve. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

D.W. my, Ann. Rev. Phys. Chem., 19, 477 (1968). 

D.W. wry, Proc. Natl. Acad. Sci., 60, 394 (1968). 

D.W. wry, Proc. Natl. Acad. Sci., 60, 1114 (1968). 

I. Tinoco, Jr., Advan. Chem. Phys., 4, 113 (1962). 

18. 

J.A. Schellman, Accounts Chem. Res., 1, 144 (1968). 

G. Snatzke, H. Ripperger, Chr. Horstmsnn, end K. Schreiber, Tetrahedron, 22, 3103 (1966). 

A.F. Beecham, Tetrahedron Letters, 55, 4897 (1969). 

G. Snatzke, B. Ehrig, and H. Klein, Tetrahedron, 25; 5601 (1969). 

C.S. Barnes and C. Djerassi, J. Amer. Chem. Sot., 84, (1962). 

Y.H. Pao and D.P. Ssntry, J. Amer. Chem. Sot., 88, 4157 (1966). 

J. Olin-Case, E. Fleischer, and D.W. Urry, J. Amer. Chem. Sot., 92, 4728 (1970). 

S. Ito, Y. Fujise, and A. Mori, Chem. Cm., 595 (1965). 

W.H. Pirkle and S.D. Besre, J. Amer. Chem. Sot., 91, 5150 (1969). 

T. Ooi, R.A. Scott, G. Vanderkooi, and H.A. Schersga, J. Chem. Phys., 46, 4410 (1967). 

R.B. Herman, J. Amer. Chem. Sot., 91, 3152 (1969). 

C.P. Smyth, "Dielectric Behavior and Structure", McGraw-Hill, New York, 1955, Chapter 9. 

J.T. Edsall, P.J. Flory, J.C. Kendrew, A.M. Liquori, G. Nemethy, G.N. Ramachandrsn, and 
H.A. Scheraga, Bi o 

T 
4, 121 (1966); J. Biol. them., 241, 1004 (1966); 

J. Mol. Biol., 15, 399 1966). 

In solving for R(COO-) and R(COOH) the contribution of the 4C which is about'O.2 8 
out of the plane was also taken into account using the solved for partial molar 
rotatory powers of the methyl vicinal group which correspond to the quadrant and rw3 
distance dependencel. 

19. D. Stigter and J.A. Schellman, J. Chem. Phys., 51, 3397 (1969). 

REFERENCES 


