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S1 

 

(S)-2-{[(Allyloxy)carbonyl]amino}-3-(4-hydroxy-3-nitrophenyl)propanoic acid (2) 

1H-NMR (400 MHz, CDCl3): 

10 9 8 7 6 5 4 3 2 1 0 -1
Chemical Shift (ppm)

0.901.002.120.974.040.931.511.531.071.14
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13C-NMR (100 MHz, CDCl3): 

180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)
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S2 

 

Methyl (S)-2-{[(allyloxy)carbonyl]amino}-3-(4-hydroxy-3-nitrophenyl)propanoate (3) 

1H-NMR (400 MHz, CDCl3): 

10 9 8 7 6 5 4 3 2 1 0 -1
Chemical Shift (ppm)

1.061.033.172.180.991.121.951.001.031.041.011.00
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13C-NMR (100 MHz, CDCl3): 

180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)
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S3 

 

Methyl (S)-2-{[(allyloxy)carbonyl]amino}-3-{4-[(2-methoxyethoxy)methoxy]-3-nitrophenyl}-propano-

ate (4) 

1H-NMR (400 MHz, CDCl3): 

8 7 6 5 4 3 2 1 0 -1
Chemical Shift (ppm)

1.031.033.122.123.042.042.140.981.071.932.051.002.011.03
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13C-NMR (100 MHz, CDCl3): 

180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)
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S4 

 

(S)-2-{[(Allyloxy)carbonyl]amino}-3-{4-[(2-methoxyethoxy)methoxy]-3-nitro-phenyl}propanoic acid (5) 

1H-NMR (400 MHz, CDCl3): 

8 7 6 5 4 3 2 1 0 -1
Chemical Shift (ppm)

1.021.062.771.951.922.190.811.052.032.301.051.560.991.000.96
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13C-NMR (100 MHz, CDCl3): 

180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)
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S5 

 

Methyl (R)-3-[(tert-butyldimethylsilyl)oxy]-2-methylpropanoate (7) 

1H-NMR (400 MHz, CDCl3): 

8 7 6 5 4 3 2 1 0 -1
Chemical Shift (ppm)

5.969.103.020.983.941.00
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13C-NMR (100 MHz, CDCl3): 

180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)
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S6 

 

Methyl (S,Z)-2-{[(benzyloxy)carbonyl]amino}-5-[(tert-butyldimethylsilyl)oxy]-4-methylpent-2-eno-

ate (9; E/Z ratio 1:3) 

1H-NMR (400 MHz, CDCl3): 

8 7 6 5 4 3 2 1 0 -1
Chemical Shift (ppm)

4.381.630.916.482.562.090.300.740.740.351.402.090.690.750.690.583.53
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13C-NMR (100 MHz, CDCl3): 

180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)
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S7 

 

Methyl (2S,4S)-2-{[(benzyloxy)carbonyl]amino}-5-[(tert-butyldimethylsilyl)oxy]-4-methyl-pentano-

ate (10) 

1H-NMR (500 MHz, CDCl3): 

8 7 6 5 4 3 2 1 0 -1
Chemical Shift (ppm)

6.259.812.521.042.131.011.122.760.871.870.835.00
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13C-NMR (125 MHz, CDCl3): 

180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)
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S8 

 

GC-FID: 

Column: Agilent CP-Chirasil-Dex CB (25 m x 0.25 mm, 0.25 µm ID); Carrier gas: N2 

T0 [1 min] = 110 °C, 2.0 °C/min to 180 °C, injector: 250 °C, detector: 275 °C 

N-acetyl-(2R,4S): tr = 32.42 min, N-acetyl-(2S,4S): tr = 32.76 min. 

 

 

  



S9 

 

(2S,4S)-2-{[(Benzyloxy)carbonyl]amino}-5-[(tert-butyldimethylsilyl)oxy]-4-methylpentanoic acid (11) 

1H-NMR (400 MHz, CDCl3): 

8 7 6 5 4 3 2 1 0 -1
Chemical Shift (ppm)

6.0012.340.941.760.890.870.881.790.680.121.064.45
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13C-NMR (100 MHz, CDCl3): 

180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)
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(2S,4S)-2-{[(Benzyloxy)carbonyl](methyl)amino}-5-[(tert-butyldimethylsilyl)oxy]-4-methylpentanoic 

acid (12) 

1H-NMR (400 MHz, CDCl3): 

9 8 7 6 5 4 3 2 1 0 -1
Chemical Shift (ppm)

6.071.509.722.092.281.063.111.011.030.380.622.075.12
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13C-NMR (100 MHz, CDCl3): 

180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)
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S11 

 

(S)-But-3-yn-2-yl [(allyloxy)carbonyl]glycinate (14) 

1H-NMR (400 MHz, CDCl3): 

8 7 6 5 4 3 2 1 0 -1
Chemical Shift (ppm)

3.130.942.122.071.811.121.001.00
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13C-NMR (100 MHz, CDCl3): 

180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)
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(S)-But-3-en-2-yl [(allyloxy)carbonyl]glycinate (15) 

1H-NMR (400 MHz, CDCl3): 

8 7 6 5 4 3 2 1 0 -1
Chemical Shift (ppm)

2.281.361.350.851.930.650.751.38
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13C-NMR (100 MHz, CDCl3): 

180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)
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(S,E)-2-{[(Allyloxy)carbonyl]amino}hex-4-enoic acid (16) 

1H-NMR (400 MHz, CDCl3): 

8 7 6 5 4 3 2 1 0 -1
Chemical Shift (ppm)

3.222.161.152.003.931.400.291.280.80
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13C-NMR (100 MHz, CDCl3): 

180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)
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S14 

 

Methyl {[2S,4S]-2-({[benzyloxy]carbonyl}(methyl)amino)-5-[(tert-butyldimethyl-silyl)oxy]-4-methyl-

pentanoyl}-L-leucinate (17) 

1H-NMR (400 MHz, CDCl3): 

8 7 6 5 4 3 2 1 0 -1
Chemical Shift (ppm)

6.0018.656.510.993.000.981.022.910.990.982.030.280.584.99
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13C-NMR (100 MHz, CDCl3): 

180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)

1
7

3
.0

6
1

7
0

.8
3

1
5

7
.4

4

1
3

6
.4

3

1
2

8
.5

3
1

2
8

.3
2

1
2

8
.1

0
1

2
7

.7
5

7
7

.3
2

7
7

.0
0

7
6

.6
8

6
8

.2
9

6
7

.6
1

5
6

.2
7

5
2

.2
5

5
0

.6
3

4
1

.2
1

3
2

.3
8

3
0

.8
1

2
9

.3
8

2
5

.9
1

2
4

.9
0

2
2

.7
5

2
1

.7
5

1
8

.2
8

1
6

.1
2

-5
.4

6

 

 



S15 

 

Methyl {[2S,4S]-2-({S}-2-{[(allyloxy)carbonyl]amino}-N-methylpropanamido)-5-[(tert-butyldimethyl-

silyl)oxy]-4-methylpentanoyl}-L-leucinate (18) 

1H-NMR (400 MHz, CDCl3): 

8 7 6 5 4 3 2 1 0 -1
Chemical Shift (ppm)

6.232.7816.663.225.371.260.712.371.021.083.023.191.313.320.240.661.000.740.22
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13C-NMR (100 MHz, CDCl3): 

180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)
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S16 

 

Methyl {[2S,4S]-2-({S}-2-[(S)-2-{[(allyloxy)carbonyl]amino}-3-{4-[(2-methoxy-ethoxy)methoxy]-3-nit-

rophenyl}propanamido]-N-methylpropanamido)-5-[(tert-butyldimethylsilyl)oxy]-4-methyl-penta-

noyl}-L-leucinate (19) 

1H-NMR (400 MHz, CDCl3): 

10 9 8 7 6 5 4 3 2 1 0 -1
Chemical Shift (ppm)

6.002.3516.053.226.610.800.603.300.993.792.903.021.934.061.281.970.982.690.900.710.180.740.770.910.200.910.18
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13C-NMR (100 MHz, CDCl3): 

180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)
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S17 

 

Methyl {[2S,4S]-2-({S}-2-[(S)-2-{[S]-2-({[allyloxy]carbonyl}(methyl)amino)-4-methylpentanamido}-3-

{4-[(2-methoxyethoxy)methoxy]-3-nitrophenyl}propan-amido]-N-methylpropanamido)-5-[(tert-

butyldimethylsilyl)oxy]-4-methyl-pentanoyl}-L-leucinate (20) 

1H-NMR (400 MHz, CDCl3): 

8 7 6 5 4 3 2 1 0 -1
Chemical Shift (ppm)

6.012.7021.893.207.930.742.720.633.311.043.920.932.073.001.912.331.911.110.970.791.002.960.920.890.880.812.790.92
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13C-NMR (100 MHz, CDCl3): 

180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)
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S18 

 

Methyl {[2S,4S]-2-({S}-2-[(S)-2-{[S]-2-({S}-2-[({allyloxy}carbonyl)amino]-N-methyl-3-[1-methyl-1H-

indol-3-yl]propanamido)-4-methylpentanamido}-3-(4-{[2-methoxyethoxy]methoxy}-3-nitrophenyl)-

propanamido]-N-methylpropanamido)-5-[(tert-butyldimethylsilyl)oxy]-4-methylpentanoyl}-L-

leucinate (21) 

1H-NMR (400 MHz, CDCl3): 

8 7 6 5 4 3 2 1 0 -1
Chemical Shift (ppm)

5.980.680.7222.571.480.866.340.770.861.810.610.890.831.263.323.883.155.622.204.812.014.651.230.910.971.445.110.70
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13C-NMR (100 MHz, CDCl3): 

180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)
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S19 

 

Methyl {[2S,4S]-2-({S}-2-[(S)-2-{[S]-2-({S}-2-[(S,E)-2-{[(allyloxy)carbonyl]amino}-hex-4-enamido]-N-

methyl-3-{1-methyl-1H-indol-3-yl}propanamido)-4-methyl-pentanamido}-3-[4-({2-methoxyethoxy}-

methoxy)-3-nitrophenyl]propanamido]-N-methylpropanamido)-5-[(tert-butyldimethylsilyl)oxy]-4-

methylpentanoyl}-L-leucinate (22) 

1H-NMR (500 MHz, CDCl3): 

8 7 6 5 4 3 2 1 0 -1
Chemical Shift (ppm)

6.0025.731.035.191.309.964.281.059.383.900.662.705.622.180.574.250.520.787.840.810.911.001.001.065.841.970.890.34
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13C-NMR (125 MHz, CDCl3): 

180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)
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(3S,6S,9S,12S,15S,18S,21S)-15-[(E)-But-2-en-1-yl]-21-[(S)-3-{(tert-butyldimethyl-silyl)oxy}-2-methyl-

propyl]-9,18-diisobutyl-6-[4-({2-methoxyethoxy}methoxy)-3-nitrobenzyl]-1,3,10-trimethyl-12-[(1-

methyl-1H-indol-3-yl)methyl]-1,4,7,10,13,16,19-heptaazacyclohenicosane-2,5,8,11,14,17,20-heptaone 

(23) 

1H-NMR (400 MHz, (CD3)2SO): 

9 8 7 6 5 4 3 2 1 0 -1
Chemical Shift (ppm)

6.602.542.7421.091.342.551.863.034.292.171.065.995.041.283.331.065.843.195.301.221.061.832.163.391.332.052.211.71
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13C-NMR (100 MHz, (CD3)2SO): 

180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)
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(3S,6S,9S,12S,15S,18S,21S)-15-[(E)-But-2-en-1-yl]-21-[(S)-3-hydroxy-2-methyl-propyl]-6-(4-hydroxy-3-

nitrobenzyl)-9,18-diisobutyl-1,3,10-trimethyl-12-[(1-methyl-1H-indol-3-yl)methyl]-1,4,7,10,13,16,19-

heptaazacyclohenicosane-2,5,8,11,14,17,20-heptaone (24) 

1H-NMR (500 MHz, (CD3)2SO): 

10 9 8 7 6 5 4 3 2 1 0 -1
Chemical Shift (ppm)

2.582.6510.671.263.281.283.544.331.631.171.264.581.431.142.653.151.141.112.051.111.971.271.041.031.121.081.711.96
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13C-NMR (125 MHz, (CD3)2SO): 

180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)
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(2S,5S,8S,11S,14S,17S,20S,22S,23R)-5-[(E)-But-2-en-1-yl]-23-hydroxy-14-(4-hydroxy-3-nitrobenzyl)-

2,11-diisobutyl-10,17,19,22-tetramethyl-8-[(1-methyl-1H-indol-3-yl)methyl]-1,4,7,10,13,16,19-

heptaazabicyclo[18.3.1]tetracosane-3,6,9,12,15,18,24-heptaone (26) 

1H-NMR (500 MHz, CD3OD): 

8 7 6 5 4 3 2 1 0 -1
Chemical Shift (ppm)

3.342.963.794.783.083.623.367.683.693.113.155.764.202.051.201.171.411.163.843.155.894.462.222.632.584.121.731.341.33
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3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5 -1.0
Chemical Shift (ppm)

0.953.342.963.794.783.083.623.367.683.693.113.155.761.074.202.051.201.171.411.163.843.155.89
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8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
Chemical Shift (ppm)

0.994.461.102.222.631.002.584.121.731.341.331.010.93
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13C-NMR (125 MHz, CD3OD): 

180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)
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(S)-3-[(2S,5S,8S,11S,14S,17S,20S)-8-{(E)-But-2-en-1-yl}-17-[4-hydroxy-3-nitro-benzyl]-5,14-diisobutyl-

1,13,20-trimethyl-11-{(1-methyl-1H-indol-3-yl)-methyl}-3,6,9,12,15,18,21-heptaoxo-1,4,7,10,13,16,19-

heptaazacyclo-henicosan-2-yl]-2-methylpropanoic acid (27) 

1H-NMR (500 MHz, CD3OD): 

9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)

0.762.362.499.7311.954.172.791.171.242.178.500.892.181.363.223.361.191.402.150.970.831.320.772.451.071.020.851.00
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3.5 3.0 2.5 2.0 1.5 1.0 0.5 0 -0.5 -1.0
Chemical Shift (ppm)

0.762.362.490.590.629.7311.954.172.791.171.242.178.500.660.892.181.363.22
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9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0
Chemical Shift (ppm)

3.361.191.402.150.970.340.831.320.772.451.071.020.851.000.260.760.20
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13C-NMR (125 MHz, CD3OD): 

180 160 140 120 100 80 60 40 20 0
Chemical Shift (ppm)

1
8

0
.9

5
1

7
5

.0
5

1
7

4
.2

1
1

7
4

.0
4

1
7

3
.1

6
1

7
2

.4
5

1
7

1
.0

5
1

6
9

.9
3

1
5

4
.8

1

1
3

9
.3

2
1

3
8

.6
5

1
3

1
.3

7
1

2
9

.7
9

1
2

9
.2

5
1

2
9

.2
1

1
2

6
.8

6
1

2
5

.4
8

1
2

3
.0

9
1

2
1

.2
8

1
2

0
.4

4
1

1
9

.8
2

1
1

0
.7

7
1

0
9

.9
9

6
0

.2
1

5
4

.9
9

4
9

.6
6

4
9

.4
9

4
9

.3
3

4
9

.2
7

4
9

.1
5

4
8

.9
8

4
8

.8
1

4
8

.6
4

2
9

.9
8

2
6

.1
1

2
5

.5
8

2
3

.5
5

2
3

.3
1

2
2

.1
9

2
1

.3
7

1
8

.7
4

 

  



S26 

Supplementary Figure S1 

Ilamycin (Ila) (26) deregulates ClpC1 activities. (A) FITC-casein degradation by ClpC1-WT and ClpC1-
F444S was monitored in the presence of ClpP and indicated components (10 µM Ilamycin (Ila) or 

CyclomarinA (CymA)). Initial FITC-casein fluorescence was set to 100. FITC-casein degradation is 

linked to increase in fluorescence intensity, which is quenched in full-length casein. (B) ATPase activities 

of ClpC1-WT and ClpC1-F444S were determined in presence of ClpP and indicated components (as in 
(A)). (C) Binding of ClpC1-F444S to FITC-casein was monitored in presence of ATPγS and Ilamycin (Ila) 

or Cyclomarin A (CymA) by determining changes in FITC-casein anisotropy. Calculated binding 

affinities are provided. (D) GFP-SsrA degradation was monitored by determining the loss of GFP 

fluorescence in presence of ClpC1-WT or ClpC1-F444S and ClpP in presence of indicated components 

(as in (A)).   


