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Analysis protocol 

2H{1H} NMR spectra were recorded at 107.5 MHz, on a Bruker Avance III-HD 700 

Spectrometer, equipped with a Prodigy TCI Cryoprobe. 

Poly--benzyl-L-glutamate (MWT 150–350K) and spectrophotometric grade CHCl3 

were purchased from SigmaAldrich UK and used without further purification.  

The poly--benzyl-L-glutamate (-PBG) solutions (13% w/w) for analysis were 

prepared by addition of -PBG (120 mg), the analyte (approximately 20 mg) and 

CHCl3 (800 mg) into a pre-weighed 5 mm NMR tube. The NMR tube was sealed with 

a PTFE pressure cap (Wilmad 521-PC) and left to stand for 1 h. The NMR tube was 

placed in a plastic tube and it was spun manually with a cord to achieve a centrifugal 

force, drawing the gel from one end of the tube to the other. The tube was inverted 

and this manual centrifugation was repeated 40 times, or further if complete 

dissolution of the polymer was not achieved. The samples were left to stand for a 

further 1 h to equilibrate, prior to acquiring the 2H{1H} NMR spectrum. 

Enantiomeric excess (ee) values were determined by deconvolution of the line 

shapes of the 2H{1H} NMR spectrum in mNova 11.0.4 and subsequent integration. 

The mean value of the two signals relating to each enantiomer was used to calculate 

the ee. 
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Scheme 1 (2  3) 

 

 

ee 

95% 

 

 
2H{1H} NMR (76.7 MHz) with PBLG in CHCl3 (13% w/w) of (S)-3. 

H OH

DO (S,S)-Ru-(DPEN)2 cat.
DCO2D

MeCN

81%2 (S)-3

-5-4-3-2-101234567891011121314

2 H  (ppm )

1112 2 015 -15 -doh-n s k-F.10.fid

2 H  O bs erve w ith 1H  D ecouplin g 

n kf 42 7 2 H {1H } (C H C l3 +P B L G )

M1 1.
8
5

3
.6

7

4
.4

9

6
.3

2

N am e: M 1

F rom : 1.3 6 4 ppm

To: 6 .897 ppm

R es idual E rro r:1.1e+05

# ppm H eight W idth(H z) L/G A rea

1 6 .3 16 3 414.3 6 7.3 4 0.18 49788.5 08

2 4.485 3 18880.92 6 .18 -0.13 19902 2 3 .6 08

3 3 .6 6 6 3 19407.82 5 .99 -0.04 196 1874.74 5

4 1.85 01 4 6 2 .15 6 .18 -0.86 5 3 3 97.4 3 5
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Scheme 1 (3  1) 

 

 

ee 

94% 

 

 
2H{1H} NMR (76.7 MHz) with PBLG in CHCl3 (13% w/w) of (R)-1. 

OH

D

F

DTMS-morpholine
DAST

CH2Cl2
–78 °C to rt

51%
(S)-3 (R)-1

-5-4-3-2-101234567891011121314

2 H  (ppm )

112 72 015 -12 -doh-n s k-F.10.fid

2 H  O bs erve w ith 1H  D ecouplin g 

n kf4 6 8 2 H {1H } (C H C l3 +P B L G )

M1 6
.7

7
6
.8

7

7.
0
3

7.
15

N am e: M 1

F rom : 6 .5 6 7 ppm

To: 7.5 6 3  p pm

R es idual E rror:8.3 7e+03

# ppm H eight W idth(H z) L/G A rea

1 7.15 06 4 6 44.3 4 4.91 -0.2 0 3 92 2 83 .6 6 9

2 7.02 5 5 4 6 01.06 4.5 0 0.00 3 4 6 911.82 1

3 6 .873 4 2 03 .11 4.5 8 -0.48 16 5 86 .73 6

4 6 .76 6 6 13 2 .5 3 3 .87 -0.02 86 2 2 .2 17
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Table 1, entry 1 

 

 

ee 

racemic 

 

 
2H{1H} NMR (107.5 MHz) with PBLG in CHCl3 (13% w/w) of (±)-5. 

-5-4-3-2-10123456789101112131415

2 H  (ppm )

06 02 2 016 -5 -doh-n s k-H .10.fid

2 H  O bs erve w ith 1H  D ecouplin g 

JD -8-06 1-F 2  2 H {1H } (C H C l3 +di-PB L G )

M1 M2

1
.9
1

2
.1
8

5
.0
1

5
.2
9

N am e: M 1

F rom : 4.5 92  ppm

To: 5 .815  ppm

R es idual E rror:2 .18e+03

# ppm H eight W idth(H z) L/G A rea

1 5 .2 86 2 16 79.3 0 3 .6 6 0.81 6 8975 .2 06

2 5 .0108 16 6 7.6 1 3 .73 0.74 6 82 6 1.110

N am e: M 2

F rom : 1.42 1 ppm

To: 2 .774 ppm

R es idual E rror:1.4e+03

# ppm H eight W idth(H z) L/G A rea

1 2 .1800 1882 .15 3 .2 6 0.76 6 7940.6 3 7

2 1.905 1 1840.6 6 3 .3 9 0.72 6 804 6 .471
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Table 1, entry 2 

 

 

ee 

racemic 

 

 
2H{1H} NMR (107.5 MHz) with PBLG in CHCl3 (13% w/w) of (±)-6. 

-5-4-3-2-10123456789101112131415

2 H  (ppm )

10072 016 -6 -doh-n s k-H .10.fid

2 H  O bs erve w ith 1H  D ecouplin g 

JD -9-091 2 H {1H } (C H C l3 +P B L G )

M1 M2

2
.0
7

2
.5
1

5
.2
5

5
.6
9

N am e: M 1

F rom : 4.83 3  ppm

To: 6 .12 7 ppm

R es idual E rror:480

# ppm H eight W idth(H z) L/G A rea

1 5 .6 942 16 01.6 5 3 .70 0.92 6 9085 .974

2 5 .2 487 16 80.03 3 .45 0.96 6 85 08.5 96

N am e: M 2

F rom : 1.6 2 1 ppm

To: 2 .898 ppm

R es idual E rror:46 7

# ppm H eight W idth(H z) L/G A rea

1 2 .5 144 16 83 .08 3 .47 0.92 6 82 40.16 5

2 2 .073 0 16 98.07 3 .49 0.94 6 95 5 5 .3 3 1
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Table 1, entry 3 

 

 

nda 

a ee could not be determined as a result of poor 2H{1H} NMR resolution 

 

 
2H{1H} NMR (107.5 MHz) with PBLG in CHCl3 (13% w/w) of (±)-7. 
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Table 2, entry 1 

 

 

ee 

94% 

 

 
2H{1H} NMR (107.5 MHz) with PBLG in CHCl3 (13% w/w) of (S)-5. 

-5-4-3-2-10123456789101112131415

2 H  (ppm )

06 02 2 016 -15 -doh-n s k-H .10.fid

2 H  O bs erve w ith 1H  D ecouplin g 

JD -9-02 2 -P 2 -F1 2 H {1H } (C H C l3 +di-PB L G )

M1 M2

M3 M4

2
.3
9

2
.6
6

5
.5
0

5
.7
7

N am e: M 4

F rom : 2 .2 5 0 ppm

To: 2 .5 18 ppm

R es idual E rror:7.2 5 e+03

# ppm H eight W idth(H z) L/G A rea

1 2 .3 895 3 708.00 3 .19 0.73 12 9086 .3 93

N am e: M 3

F rom : 5 .6 41 ppm

To: 5 .881 ppm

R es idual E rror:6 .2 1e+03

# ppm H eight W idth(H z) L/G A rea

1 5 .772 3 3 6 82 .5 6 3 .2 0 0.74 12 95 3 0.2 94

N am e: M 2

F rom : 2 .5 6 2  ppm

To: 2 .82 8 ppm

R es idual E rror:79.7

# ppm H eight W idth(H z) L/G A rea

1 2 .6 6 40 142 .3 8 2 .91 0.49 4148.786

N am e: M 1

From : 5 .3 93  ppm

To: 5 .6 14 ppm

R es idual E rror:12 1

# ppm H eight W idth(H z) L/G A rea

1 5 .4977 13 6 .82 2 .78 0.92 443 5 .098
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Table 2, entry 2 

 

 

ee 

90% 

 

 
2H{1H} NMR (107.5 MHz) with PBLG in CHCl3 (13% w/w) of (S)-6. 

-5-4-3-2-10123456789101112131415
2H (ppm)

10072 016 -7-doh-n s k-H .10.fid

2 H  O bs erve w ith 1H  D ecouplin g 

JD -9-092  2 H {1H } (C H C l3 +P B L G )

M1

M2

M3

M4

2
.1
2

2
.5
4

5
.2
3

5
.6
6 N am e: M 1

From : 5 .5 13  ppm

To: 5 .786  ppm

R es idual E rror:2 0.7

# ppm H eight W idth(H z) L/G A rea

1 5 .6 6 12 90.12 4.07 1.00 43 95 .2 2 5

N am e: M 2

F rom : 4.93 5  ppm

To: 5 .5 13  ppm

R es idual E rror:2 3 5

# ppm H eight W idth(H z) L/G A rea

1 5 .2 3 2 8 1987.5 5 3 .5 2 1.00 83 788.3 5 2

N am e: M 3

F rom : 2 .2 6 9 ppm

To: 2 .819 ppm

R es idual E rror:784

# ppm H eight W idth(H z) L/G A rea

1 2 .5 419 1949.14 3 .74 0.97 86 3 02 .797

N am e: M 4

F rom : 1.96 5  ppm

To: 2 .2 6 9 ppm

R es idual E rror:14.4

# ppm H eight W idth(H z) L/G A rea

1 2 .115 8 92 .73 3 .77 1.00 4185 .42 1
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Table 2, entry 3 

 

 

ee 

nda 

a ee could not be determined as a result of poor 2H{1H} NMR resolution 

 

 
2H{1H} NMR (107.5 MHz) with PBLG in CHCl3 (13% w/w) of (S)-7. 
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Table 2, entry 4 

 

 

ee 

93% 

 

 
2H{1H} NMR (107.5 MHz) with PBLG in CHCl3 (13% w/w) of (S)-8. 

-5-4-3-2-10123456789101112131415

2 H  (ppm )

06 02 2 016 -6 -doh-n s k-H .10.fid

2 H  O bs erve w ith 1H  D ecouplin g 

JD -9-02 1-F1 2 H {1H } (C H C l3 +di-PB L G )

M1 M2

2
.5
9

2
.6
8

6
.4
0

6
.4
9

N am e: M 2

F rom : 2 .2 98 ppm

To: 2 .86 9 ppm

R es idual E rror:3 .07e+03

# ppm H eight W idth(H z) L/G A rea

1 2 .6 75 3 12 3 .89 3 .09 0.01 3 109.05 0

2 2 .5 85 2 3 701.6 1 3 .5 7 0.6 4 13 993 1.070

N am e: M 1

From : 6 .2 04 ppm

To: 6 .786  ppm

R es idual E rror:2 .99e+03

# ppm H eight W idth(H z) L/G A rea

1 6 .4882 3 5 6 2 .6 1 3 .6 8 0.6 9 1413 80.3 72

2 6 .402 3 16 3 .75 3 .3 9 1.00 6 6 5 2 .775
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Table 2, entry 5 

 

 

ee 

91% 

 

 
2H{1H} NMR (107.5 MHz) with PBLG in CHCl3 (13% w/w) of (S)-9. 

-5-4-3-2-10123456789101112131415

2 H  (ppm )

06 02 2 016 -13 -doh-n s k-H .10.fid

2 H  O bs erve w ith 1H  D ecouplin g 

JD -9-02 8-F 2  2 H {1H } (C H C l3 +di-PB L G )

M1 M2

1
.9
4

2
.0
4

6
.5
0

6
.6
1

N am e: M 1

From : 6 .184 ppm

To: 6 .86 7 ppm

R es idual E rror:1.2 9e+03

# ppm H eight W idth(H z) L/G A rea

1 6 .6 147 12 5 .13 3 .01 0.3 9 3 6 18.148

2 6 .5 015 3 03 8.06 4.00 0.81 13 6 5 02 .446

N am e: M 2

F rom : 1.6 71 ppm

To: 2 .3 72  ppm

R es idual E rror:805

# ppm H eight W idth(H z) L/G A rea

1 2 .042 2 3 14 5 .5 1 3 .87 0.70 13 1814.06 8

2 1.93 77 147.43 5 .40 1.00 95 3 2 .6 5 4
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Table 2, entry 6 

 

 

ee 

87% 

 

 
2H{1H} NMR (107.5 MHz) with PBLG in CHCl3 (13% w/w) of (S)-6. 

-5-4-3-2-10123456789101112131415

2 H  (ppm )

10072 016 -8-doh-n s k-H .10.fid

2 H  O bs erve w ith 1H  D ecouplin g 

JD -9-099 2 H {1H } (C H C l3 +PB L G )

M1

M2

M3

M4

2
.0
7

2
.5
2

5
.2
3

5
.6
8

N am e: M 1

From : 5 .5 2 0 ppm

To: 5 .83 5  ppm

R es idual E rror:41.5

# ppm H eight W idth(H z) L/G A rea

1 5 .6 786 2 49.6 2 4.2 9 1.00 12 802 .6 10

N am e: M 2

F rom : 4.898 ppm

To: 5 .497 ppm

R es idual E rror:6 12

# ppm H eight W idth(H z) L/G A rea

1 5 .2 2 5 0 3 803 .04 3 .91 0.96 175 5 06 .6 2 1

N am e: M 3

F rom : 2 .2 2 0 ppm

To: 2 .86 3  ppm

R es idual E rror:3 05

# ppm H eight W idth(H z) L/G A rea

1 2 .5 2 2 3 3 847.94 3 .91 0.93 176 2 44.02 5

N am e: M 4

F rom : 1.883  ppm

To: 2 .2 15  ppm

R es idual E rror:3 3 .3

# ppm H eight W idth(H z) L/G A rea

1 2 .0715 2 5 6 .2 1 4.13 1.00 12 6 6 7.782
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Table 2, entry 7 

 

 

ee 

nda 

a ee could not be determined as a result of poor 2H{1H} NMR resolution 

 

 
2H{1H} NMR (107.5 MHz) with PBLG in CHCl3 (13% w/w) of (S)-7. 
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Table 2, entry 8 

 

 

ee 

89% 

 

 
2H{1H} NMR (107.5 MHz) with PBLG in CHCl3 (13% w/w) of (S)-9. 

-5-4-3-2-10123456789101112131415

2 H  (ppm )

06 02 2 016 -14-doh-n s k-H .10.fid

2 H  O bs erve w ith 1H  D ecouplin g 

JD -9-02 6 -F 2  2 H {1H } (C H C l3 +di-PB L G )

M1 M2

1
.9
7

2
.0
7

6
.4
8

6
.5
9

N am e: M 2

F rom : 1.701 ppm

To: 2 .3 5 6  ppm

R es idual E rror:3 41

# ppm H eight W idth(H z) L/G A rea

1 2 .072 2 2 5 80.90 4.11 0.77 1176 82 .3 98

2 1.9704 147.6 1 5 .82 1.00 102 88.705

N am e: M 1

From : 6 .2 10 ppm

To: 6 .771 ppm

R es idual E rror:1.42 e+03

# ppm H eight W idth(H z) L/G A rea

1 6 .5 881 13 6 .6 5 3 .3 2 0.00 3 6 82 .76 8

2 6 .4781 2 788.02 3 .6 5 0.99 12 16 85 .5 6 6
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Table 3, entry 1 

 

 

ee 

24% 

 

 
2H{1H} NMR (107.5 MHz) with PBLG in CHCl3 (13% w/w) of (S)-10. 

-5-4-3-2-10123456789101112131415

2 H  (ppm )

06 02 2 016 -7-doh-n s k-H .10.fid

2 H  O bs erve w ith 1H  D ecouplin g 

JD -9-02 9-F1 2 H {1H } (C H C l3 +di-PB L G )

M1 M2

1
.6
6

1
.7
9

5
.1
1

5
.2
4

N am e: M 1

From : 4.73 9 ppm

To: 5 .5 3 9 ppm

R es idual E rror:2 2 9

# ppm H eight W idth(H z) L/G A rea

1 5 .2 3 96 486 .91 3 .5 2 0.73 1876 9.2 86

2 5 .106 7 791.2 5 3 .47 0.93 3 2 116 .3 99

N am e: M 2

F rom : 1.3 6 8 ppm

To: 2 .02 7 ppm

R es idual E rror:2 6 3

# ppm H eight W idth(H z) L/G A rea

1 1.7903 802 .2 3 3 .40 0.45 3 06 4 6 .3 2 6

2 1.6 5 88 5 08.70 3 .3 4 0.2 1 1976 8.5 5 0
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Table 3, entry 2 

 

 

ee 

19% 

 

 
2H{1H} NMR (107.5 MHz) with PBLG in CHCl3 (13% w/w) of (S)-10. 

-5-4-3-2-10123456789101112131415

2 H  (ppm )

06 02 2 016 -9-doh-n s k-H .10.fid

2 H  O bs erve w ith 1H  D ecouplin g 

JD -9-03 1-F1 2 H {1H } (C H C l3 +di-PB L G )

M1 M2

2
.0
4

2
.1
9

5
.6
8

5
.8
2

N am e: M 1

From : 5 .3 5 9 ppm

To: 6 .171 ppm

R es idual E rror:110

# ppm H eight W idth(H z) L/G A rea

1 5 .82 03 942 .81 3 .02 0.88 3 2 75 6 .85 3

2 5 .6 76 8 142 4.77 3 .01 0.90 495 3 5 .997

N am e: M 2

F rom : 1.6 96  ppm

To: 2 .46 9 ppm

R es idual E rror:183

# ppm H eight W idth(H z) L/G A rea

1 2 .186 0 13 2 4.46 3 .2 7 0.81 485 93 .491

2 2 .043 3 890.40 3 .3 0 0.94 3 4449.5 94
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Table 3, entry 3 

 

 

ee 

28% 

 

 
2H{1H} NMR (107.5 MHz) with PBLG in CHCl3 (13% w/w) of (S)-10. 

 

-5-4-3-2-10123456789101112131415

2 H  (ppm )

06 02 2 016 -10-doh-n s k-H .10.fid

2 H  O bs erve w ith 1H  D ecouplin g 

JD -9-03 2 -F1 2 H {1H } (C H C l3 +di-PB L G )

M1 M2

2
.1
0

2
.2
4

5
.6
2

5
.7
7

N am e: M 1

From : 5 .2 40 ppm

To: 6 .12 9 ppm

R es idual E rror:92 0

# ppm H eight W idth(H z) L/G A rea

1 5 .76 5 4 6 4 5 .3 4 6 .80 0.00 3 5 5 93 .070

2 5 .6 2 3 6 103 0.10 6 .5 1 0.71 72 874.013

N am e: M 2

F rom : 1.777 ppm

To: 2 .5 82  ppm

R es idual E rror:5 95

# ppm H eight W idth(H z) L/G A rea

1 2 .2 3 71 105 6 .96 5 .94 0.6 4 6 6 3 91.46 6

2 2 .0989 719.6 0 6 .00 0.5 4 43 94 5 .791
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Scheme 2 (12  10) 

 

 

ee 

18% 

 

 
2H{1H} NMR (76.7 MHz) with PBLG in CHCl3 (13% w/w) of (S)-10. 

 

OH CH3

CH3

(R)-12
76/24 to 84/16 er

D CH3

CH3

(S)-10

Hi) n-BuLi, Ts2O
    THF, –20 °C, 6 h

ii) LiAlD4

    -20 °C, 18 h
    39%

-2-101234567891011121314151617

2 H  (ppm )

05 2 2 2 014-12 -doh-n s k-A .10.fid

2 H  O bs erve w ith 1H  D ecouplin g 

JF P-P C  chiral s am ple 2 H {1H } (C H C l3 +P B L G )

M1 M2 0
.3

2

0
.5

7

6
.1

6

6
.4

1

N am e: M 2

F rom : -0.3 83  ppm

To: 1.2 76  ppm

R es idual E rror:412

# ppm H eight W idth(H z) L/G A rea

1 0.5 6 74 2 4 5 4.83 3 .80 -0.08 15 7775 .413

2 0.3 188 1875 .49 3 .73 0.08 116 03 9.16 7

N am e: M 1

F rom : 5 .3 92  ppm

To: 6 .83 3  ppm

R es idual E rror:1.41e+03

# ppm H eight W idth(H z) L/G A rea

1 6 .4086 1749.12 3 .88 0.12 111818.74 5

2 6 .15 89 2 2 6 3 .4 6 4.2 9 -0.2 1 16 716 0.813


