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Table 2 
‘H, 13C chemical shifts and coupling constants of PZ-Pro-OH in DMSO-d, 

Coupling constants 

(Hz) 

13C “C 
chemical shift 

(ppm) 

Residue ‘H ‘H 
chemical shift 

(PPm) 

trans-azo, cis rrans-Pro before irradiation 
PZ1 

Watts-azo 
H3,3’ 
H6,6’ 

7.92-7.84 
m, 4H 

trans-a20 122.5, 127.9, 128.2. 
Cl, C2,2’, 129.5, 131.5, 140.6, 
c3, 3’ c4, 151.4, 151.3.151.9 
C5, C6,6’ 
C7,7’, C8 

truns-azo 
H2.2’ 
H7, I’ 
H8 

7.64-7.49 
m, 5H 

CH,-O 
Irans-azo- 
cis, trans- 
RO 

co 

65.3 
CH,-O 
trans-azo 
cis Wans-Pro 

5.19, s, 2H 
5.21, d, 1H 
5, 11, d, 1H 

J= 13.6 
J= 13.6 

153.5 
153.9 
- Pro2 NH 

-COOH 
cx-CH 
cis-Pro 
rrans-Pro 
P-CH, 

- 

12.65, br 

4.29, dd 
4.19, dd 
2.31-2.16, m, /31 
1.98-I .79, m, 82 

Cff 
cis 
lrans 

CP 
cis 
trans 

CY 
cis 
lrans 
C6 

J=3.5,J=9.0 
J=3.2, J=8.7 

58.4 
59.0 

30.4 
29.4 

Y-CHS 1.98-1.79, m 
23.0 
23.9 

&CH, 3.53-3.37, m 
46.8 
46.2 
173.5 
173.9 

trans 
COOH 

trans cis-azo, cis tram-Pro after irradiation, 366 nm, 3 h 
PZl tram-a20 7.92-7.84, m. 4H 119.8, 120.0, 

120.1, 122.5. 
127.2, 127.7, 
127.9, 128.2, 
128.9, 129.5, 
131.6. 140.6, 
151.9, 152.8 

rranslcis-azo 

cis-azo 6.88-6.80. m, 4H 
H3,3’ 
H6.6’ 

Cl, C2,2’, 
C3,3’, c4, 
C5, C6,6’, 
C7,7’, C8, 

trans-azo 
cis-a20 
H2.2’ 
H7,7’, H8 
CH,-O 
trans- 
azo, cis 
mans-Pro 
cis-azo, cis 
rrans-Pro 

7.64-7.49, m, 5H 
7.35-7.14, m, 5H 

CH,-O 
Duns cis-a20 

cis rrans-Pro 

5.19, s, 2H 
5.21, d, 1H 
5.11, d, 1H 
5.02, s, 2H 
5.02, d, 1H 
4.96, d, 1H 

J= 13.6 
J= 13.6 

65.2 
65.4 

J= 13.7 
J= 13.7 

co 153.2, 153.4 
153.6, 153.8 Pro2 NH 

-COOH 
ru-CH 
trans-azo, 
cis-Pro 

trans-Pro 

- 

12.65, br 

4.29, dd 

4.19, dd 

CCX 
cis 
Vans 

58.5 
59.0 J=3.5 

J=9.0 
J= 3.2, 
J= 8.7 

(continued) 
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Table 2 (continued) 

Residue ‘H ‘H 
chemical shift 

(mm) 

Coupling constants 

(Hz) 

‘V ‘T 
chemical shift 

(ppm) 

cis-azo. 
cis-Pro 

trans-Pro 

B-C& 
tram cis- 
azo-cis 
trans-Pro 

Y-CH, 
truns cis- 
azo-cis 
Pans-Pro 
&-CHZ 
trans cis- 
azo-cis 
Warts-Pro 

4.23, dd 5=3.7, 
J=8.7 

4.15, dd .I= 3.6, 
J=8.4 

2.29-2.12, m, pl 
1.98-1.74, m. p2 

1.98-1.74, m 

3.53-3.35, m 

CP 
cis 
trans 

CY 
cis 
trans 

C8 
cis 
lrans 

COOH 

30.4 
29.3 

23.0 
23.9 

46.8 
46.2 

173.6 
173.9 

Table 3 
PZ-Pro-OH in DMSO-d, at 300 K 

Before irradiation 

tram-a20 97% cis-a20 < 3% 

rrans-Pro 
cis-Pro 
tranxcis-Fro ratio 

After irradiation 366 nm 

1,46% 3” 
2.51% 4” 
4753 a 

trans-a20 54% cis-azo 46% 

Warts-Pro 1,24% 3,21% 
cis-Pro 2,29% 4.26% 
trans:cis-Pro ratio 47:53 47:53 

a Quantification is not possible. 1, truns-azo. trans-Pro-OH (tt) ; 2, truns-azo, cis-Pro-OH (tc) ; 
3, cis-azo, rrans-Pro-OH (ct); 4, cis-azo, cis-Pro-OH (cc). 
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Table 4 
‘H, ‘% chemical shifts and coupling constants of PZ-Pro-Phe-OH in DMSO-d, 

Residue ‘H 

frans-az,o, cis trans-Pro before irradiation 
PZ 1 

trans-a20 
H3,3’ 
H6.6’ 

trans-azo 
H2,2’ 
HI, 7’ 
H8 
CH& 
tram-azo, 
trans-Pro 

cis-Pm 

‘H 
chemical shift 

(mm) 

7.88-7.82 
m, 4H 

7.62-7.55 
m, 5H 

5.20, d, 1H 
5.15, d, 1H 
5.06, d, 1H 
5.00, d, 1H 

Coupling constants 

(Hz) 

.I= 14.4 
J= 14.4 
J= 13.8 
J- 13.8 

“C 

tram-azo 
Cl, C2,2’ 
c3. 3’. c4, 
C5, C6,6’ 
C7,7’, cl3 

CH,-O 
trans-azo, 
cis trans-Pro 
pro 

‘T 
chemical shift 

(w-d 

122.4, 122.5, 127.8, 
128.2, 129.5, 131.5, 
140.7, 151.2,151.4, 
151.9 

65.2,65.3 

Pro2 

Phe 2 

NH 
a-CH 
&s-Pro 
trans-Pm 

P-C% 

- 

4.3H.22, m, 2H 
J=3.5, J=9.0 
J=3.2, J= 8.7 

2.16-1.98, m, @l 
1.82-l .66, m, p2 

YCH, 1.82-1.66, m 

6CH, 3.51-3.38, m 

NH 
&S-pro 

tram-Pro 
H2, H2’ 
H3, H3’ 
H4 
a-CH 
cis-Pro 
kans-Pro 

P-CHz 

8.24, d 1H 
8.10, d, 1H 
7.267.10, m, 5H 

4.49, m, 1H 
4.44, m, 1H 
3.08-3.00, m, PI 
2.97-2.95, m, pZ 

J= 8.7 
J=l.7 

COOH 12.68, br 

frans cis-azo, cis trans-Pro after irradiation, 366 nm, 3 h 
Pzl trans-a.20 7.88-7.82 m. 4H 

cis-a20 6.876.73, m, 4H 
H3.3’ 
H6.6’ 

co 

CCt 
cis 
trans 

CP 
cis 
trans 

CY 
cis 
tram 
C6 
cis 
lrans 
co 

Ch 
cis 
trans 

CP 
cis 
tram 
COOH 

trans cis- 119.7, 119.9, 
aZ0 122.4, 122.5, 
Cl, C2,2’, 127.0, 127.1, 
C3,3’, c4, 127.7, 129,4 
C5. C6,6’, 131.5, 140.6, 
Cl, I’, C8 151.2, 151.9 

153.7 

59.3 
59.7 

31.0 
29.7 

22.8 
23.6 

47.1 
46.5 
171.8 
172.1 

126.3, 128.0, 129.0, 
129.2, 137.6 

53.2 
53.4 
36.5 

172.7 
172.9 

trans-a20 
cis-a20 
H2,2’ 
H7, 7’, H8 

7.62-755, m, 5H 
7.34-7.02, m, 5H 
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Table 4 (continued) 

Residue ‘H ‘H 
chemical shift 

(wm) 

Coupling constants 

(Hz) 

‘T ‘T 
chemical shift 

(ppm) 

trans-azo, 
trans-Pro 

cis-Pro 

5.20, d, 1H 
5.15, d. 1H 
5.06, d, 1H 
5.00, d, IH 

CH*-O 
cis-azo, 
trans-Pro, 

cis-Pro 

4.97, d, 1H J= 13.2 
5.02, d, 1H J= 13.2 
5.00, d, 1H J= 13.2 
5.05, d, 1H J= 13.2 

NH 
(u-CH, 
trans-azo, 
cis trans- 
pro 

cis-azo, 
cis trans- 
pro 

P-W 
tram cis- 
azo, cis 
trans-Pro 

Y-C% 
trans cis- 
azo, cis 
trans-Pro 
6CH2 
trans cis- 
azo, cis 
trans-Pro 

4.29-4.23, m, 2H 

4.22-4.18, m, 2H 

2.15-1.94, m, pl 
1.82-1.62, m, 82 

1.82-1.62, m 

3.51-3.39, m 

NH 
trans-azo, 
cis-Pro 
trans-Pro 
cis-azo, 
&Pro 
trans-Pro 
H2, H2’ 
H3, H3’ 
H4 
wCH 
tram cis-azo, 
cis trans- 

;H* 

8.24, d, 1H J=8.7 
8.10, d, 1H J= 7.1 

8.20, d, 1H 
8.08, d, 1H 
7.34-7.02 m, 5H 

4.29-4.23, m, 4H 

3.07-2.98, m, /31 
2.97-2.81, m, /32 

COOH 12.68, br 

trans cis- 
J- 13.5 aZ0 64.9 
J= 13.5 cis trans- 65.1 
J= 13.8 pro 65.2 
J= 13.8 CH,-4I 

co 153.6 
Pro2 

CCX 
cis 
tram 

59.3 
59.7 

CP 
cis 
trans 

30.9 
29.6 

CY 
cis 
trans 

22.7 
23.6 

C8 
cis 47.0 

46.4 

co 172.1 
172.0 

Phe 2 

J=8.3 
J=7.7 

126.2, 128.0, 
128.9, 129.1, 137.5 

Ca 
cis 
trans 

53.2 
53.3 

CP 
cis 
tram 
COOH 

36.5 

172.7 
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Table 5 
‘H, 13C chemical shifts and coupling constants of PZ-Pr-PHeGly-OH in DMSO-d, 

Residue ‘H ‘H 
chemical shift 

(wm) 

Coupling constants 

(Hz) 

‘T ‘T 
chemical shift 

(mm) 

trans-azo-cis, vans-Pro before irradiation 
PZl 

trans-a20 
H3,3’ 
H6.6’ 

Pans-a20 122.4, 122.5, 127.7, 
Cl, C2,2’, 128.3, 129.5, 131.5, 
C3,3’, c4, 140.5, 140.7, 151.2, 
C5, C6.6’ 151.9 
C7, 7’, C8 

7.89-7,81 
m, 4H 

trans-a20 
H2,2’ 
H7.7’ 
H8 
CH,-O 
trans-azo, 
tram-Pro 

7.63-7.40 
m, 5H 

CHZ-O 
trans-azo, 
cis trans- 
pro 

65.1,65.5 
5.22, d, 1H 
5.15, d, 1H 
5.03, d, 1H 
4.98, d, 1H 

J= 13.5 
J= 13.5 
J= 13.5 
J= 13.5 

cis-Pro 

co 153.7 
154.4 

Pro2 NH 
a-CH 
cis-Pro 
rrans-Pro 

P-W 

CU 
cis 
trans 

CP 
cis 
tram 

CY 
cis 
irans 
C8 
cis 
trans 
co 

4.25. dd, 1H 
4.12, dd. 1H 
2.13-1.93, m, pl 
1.79-l .62, m, pZ 

J-2.9, J=9.3 
J= 2.6. J = 8.7 

60.2 
59.4 

31.0 
29.6 

r-CH, 1.79-1.62, m 
22.8 
23.7 

&CH2 3.51-3.37, m 
47.6 
46.5 
171.0 
171.3 

Phe 2 NH 
cis-Pro 
trans-Pro 
H2, H2’ 
H3, H3’ 
H4 
cy-CH 
cis-Pro 
trans-Pro 

PCHz 

8.15, d, 1H 
8.04, d, 1H 
7.27-7.05. m, 5H 

J=8.0 
J=8.4 

126.1, 127.9, 129.1. 
129.2, 137.8 

Ca 
cis 
trans 

CP 
cis 
mans 
co 

53.5 
4.62, m, 1H 
4.55, m, 1H 
3.09-2.99, m, /31 
2.85-2.80, m, /J.? 37.4 

37.1 
171.5 

Gly 3 NH 
cis-Pro 
frans-Pro 
a-CH 
cis-Pro 
Iruns-Pro 
COOH 

8.25, t, 1H J=5.5 
8.16, t, IH J= 5.2 

CU 
cis 
trans 
COOH 

40.7 
3.75, d, 2H 
3.77, d, 2H 
12.68 

J=5.2 
J=5.5 

171.9 
tram cis-azo, cis Watts-Pro after irradiation, 366 nm, 3 h 
Fzl Irans-a20 7.89-7.81 m, 4H 

c&a20 6.83-6.76, m, 4H 
H3.3’ 
H6,6’ 

trans cis- 
Z.0 

Cl, C2,2’ 
C3,3’ c4, 
C5, C6,6’, 
C7.7’. C8 

119.7, 119.9, 
120.0, 122.4, 
122.5, 126.9, 
127.1,127.7, 
129.4, 131.4, 
131.5, 137.8, 151.9 

(conhnued) 
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Table 5 (continued) 

Residue ‘H ‘H 
chemical shift 

(mm) 

Coupling constants 
(Hz) 

‘?C “C 

chemical shift 

(mm) 

trans-a20 
cis-azo 
H2,2’ 
H7,7’, H8 
trans-azo, 
trans-Pro 

7.63-7.55, m, 5H 
7.33-7.03, m, 5H 

trans cis- 
5.22, d, 1H J= 13.5 azo, 
5.15, d, 1H J= 13.5 cis trans- 
5.03, d, 1H J= 13.5 Pro, 
4.98, d, 1H J= 13.5 CH2-0 

64.9 
65.1 
65.5 cis-ho 

CH>-O 
cis-azo, 
trans-Pro, 4.97, d, 1H J= 13.1 

5.04, d, 1H J= 13.1 
4.88, d, 1H J= 13.5 
4.77, d, 1H J= 13.5 

cis-Pro 

co 153.7 
154.4 

NH 
wCH 
trans-azo, 
CiS-PC0 

trans-Pro 
cis-azo, 
cis-Pro 
trans-Pro 

P-CH, 
tram cis- 
azo, cis 
trans-Pro 

y-C& 
trans cis- 
azo, cis 
trans-Pro 
&CH, 
trans cis- 
azo, cis 
trans-Pro 

- - 
CO 
cis 
trans 

59.4 
60.2 4.25, dd, 1H J=2.9, J=9.3 

4.12, dd, 1H J= 2.6, J= 8.7 

4.18, dd, 1H 
4.12, dd, 1H 
2.12-1.90, m, /31 
1.77-1.58, m, p2 

J= 2.9, J= 9.3 
J= 2.5, J= 8.7 

CP 
cis 
tram 

31.0 
29.5 

1.77-1.58, m CY 
cis 
Watts 

22.7 
23.6 

3.51-3.39, m C6 
cis 
trans 

47.1 
46.5 

COOH 171.2 
171.4 

Phe 2 NH 
trans-azo, 
cis-Pro 
rrans-Pro 
cis-azo, 
cis-Pro 
trans-Pro 
H2, H2’ 
H3, H3’ 
H4 
a-CH 
trans cis- 
aZ0, 
cis trans-Pro 

&CH, 

8.15, d 1H J=8.0 
8.04, d, 1H J= 8.4 

8.10, d, 1H J= a.7 
8.00, d, 1H J=8.4 
7.33-7.03, m, 5H 126.1. 127.8, 129.0, 

129.1, 137.7 

CCY 
cis 
trans 

4.654.50, m, 4H 53.4 
53.5 

3.12-2.94, m, pl 
2.88-2.74, m, p2 

CP 
cis 37.4 

37.1 
171.4 
171.6 

(continued) 
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Table 5 (continued) 

Residue 

Gly 3 

‘H 

NH 

‘H 
chemical shift 

(ppm) 

Coupling constants 

(Hz) 
‘T 
chemical shift 

(wm) 

tram-azo, 
CiS-pro 

tram-Pro 
cis-a20 
c&Pro 
tram-Pro 
a-CH 
trans-azo, 
cis-Pro 
tram-Pro 
cis-a20 
&-Pro 
rruns-Pro 
COOH 

8.25. t, 1H 
8.16, t, 1H 
8.22, t, IH 
8.13, t, 1H 

J=5.5 
J=5.2 
J=5.5 
overlap 

3.15, d, 2H 
3.77, d, 2H 
3.73, d, 2H 
3.77, d, 2H 

12.68 

.l=5.2 
J=5.5 
J=5.5 
J=6.1 

COOH 171.9 

CCY 
cis 

40.6 


