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Table 1. Bond Conformations of DMEDA

method or solvent temperature pP°  pg° pdN  pSN
)
MO calculation
MP2 25.0 0.08 0.92 0.73 0.27
B3LYP 25.0 0.19 0.81 0.80 0.20
NMR experiment
cyclohexane-d; s 15.0 0.07 0.93 0.80 0.20
25.0 0.07 0.93 0.78 0.22
35.0 0.08 0.92 0.77 0.23
45.0 0.09 0.91 0.75 0.25
55.0 0.10 0.90 0.73 0.27
chloroform-d; 15.0 0.13 0.87 0.83 0.17
25.0 0.15 0.85 0.80 0.20
35.0 0.15 0.85 0.77 0.23
45.0 0.15 0.85 0.75 0.25
55.0 0.16 0.84 0.74 0.26
dimethyl sulfoxide-dg 15.0 0.17 0.83 0.74 0.26
: 25.0 0.19 0.81 0.73 0.28
35.0 0.20 0.80 0.73 0.28
45.0 0.21 0.79 0.71 0.29
55.0 0.22 0.78 0.69 0.31
methanol-dy 15.0 0.29 0.71 0.86 0.14
25.0 0.29 0.71 0.77 0.23
35.0 0.29 0.71 0.74 0.26
45.0 0.29 0.71 0.70 0.30
55.0 0.29 0.71 0.67 0.33
deuterium oxide 15.0 0.29 0.71 0.75 0.25
25.0 0.29 0.71 0.72 0.28
35.0 0.29 0.71 0.72 0.28
45.0 0.29 0.71 0.67 0.33
55.0 0.29 0.71 0.64 0.36




Table 2. Free Energies (AGy’s) of Conformers of DMEDA, Evaluated from Ab
Initio Molecular Orbital Calculations

racemo meso
A Gy,* keal mol™? A Gy,® kecal mol™?
statistical statistical

k conformation weight® MP2° B3LYP* weight ~MP2¢  B3LYP
1 ttt 1 0.00 0.00 1 0.09 -0.03
2 ttgt " 1.15 1.24 5 0.56 0.83
3 ttg 5 0.50 0.80 o 0.92 1.06
4 tgtt . 1.00 0.43 on 1152 -0.92
5 tgtgt No -0.42 0.49 sov! 1.50 1.83
6 tghg Sow' 1.16 1.32 ~youw' 1.58 2.30
7T tgt ov -0.45 0.33 on -1.52 -0.92
8 tg gt Yow 1.87 2.48 bow — -
9 tggm Son  -1.29 -0.38 Nov 0.37 1.32
10 grtt "y 1.15 1.24 y 0.92 1.06
11 gttgt -2 2.11 2.51 6 1.73 2.23
12 gttg o) 1.59 2.09 7? 2.28 2.59
13 gtgtt yon -0.42 0.49 yov 0.37 1.32
14 gtgtgt Yiov 1.27 2.25 6o -0.12 1.20
15 gtgtg ybow - - Yiow 3.06 3.53
16 gtg t yow 1.87 2.48 you' 1.58 2.30
17 gt g gt 0 - - 0 - -
18 grtg g yéow' 1.97 3.16 Y2ow 3.06 3.53
19 gttt ) 0.50 0.80 ) 0.56 0.83
20 g tgt ~6 1.59 2.09 82 0.95 1.62
21 g tg 8 1.16 1.03 6 1.73 2.23
2 g gtt Souw' 1.16 1.32 Sow - -
23 g gtgt yéow - - §2ow’ 1.62 2.78
24 g gtgT 0 - - 0 - -
2 g gt bon -1.29 -0.38 Sav' 1.50 1.83
26 g g g" yéouw' 1.97 3.16 e 1.62 2.78
21 g~ g g 8201/ 2.40 4.17 v6an -0.12 1.20

“Relative to the AG}, value of the syndiotactic all-trans conformation. At 25° Cand 1 atm.
*For definition of the statistical weights, see Figures * and *. The blank (—) indicates that
the geometrical optimization did not detect the potential minimum. Thus, the conformer
is considered to be absent.®At the MP2/6-3114++G(3df, 3dp)//HF/6-31G(d) level. %At
the B3LYP/6-311++G(3df, 3dp)//B3LYP/6-31G(d) level.




Table 3. Conformational Energies
of DMEDA, Evaluated from Ab
Initio MO Calculations®

conformational energy
(kcal mol™)

Figs? 0.09
E, 1.04
E 0.52
E, -0.09
E, -1.57
E, -0.60
E, 1.13
E., 0.96
E., 0.60
B 0.94

*At the MP2/6-311++G(3df, 3dp)// HF/6-
31G(d) level. For definition of the in-
teractions, see Figures 2 and 3. °Free
energy difference between isotactic and
syndiotactic ttt conformers: Eis, = AGiso ttt—
AGgyn tte. °Evaluated from free ener-

gies of ttghgTtt, ttgTttt, and tttgTtt
confomers of a dimeric model compound,
CHgNHCHgCHgNHCHzCHgNHCH3: Eu,u =
AGttg+g“tt - AGttg+ttt - AGtttg"tt .




Figure 1. meso-DMEDA (a) 1l and (b) dd
and racemo-DMEDA (c) 1d and (d) dl.
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Figure 2. First-order interactions defined for (a) C-N
and (b) C-C bonds of DMEDA and PEIL




Figure 3. Second- and thrd-order interactions defined for DMEDA and PEL
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Figure 4. Characteristic ratio as a function of degree of polymerization, x
for different hydrogen-bond strengths: filled circle: 100%; open circle, 80%;
square 60%,; triangle, 40%; inverse triangle, 20%; diamond, 0%.




Figure 5. Double-stranded helices of PEI:
(a) isotactic and (b) syndiotactic pentamers optimized by MO calculations;
(c) from X-ray diffraction (by Chatani et al.).




