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Supplementary	Figures	and	Tables	

	

Fig.	S1	1H-NMR	and	PENDANT‡	13C-NMR	spectra	in	DMSO-d6	for	tert-butyl	2-acryloylhydrazinecarboxylate	(M1).	

	
Fig.	S2	1H-NMR	and	PENDANT	13C-NMR	spectra	in	DMSO-d6	for	acryloyl	hydrazide	(M2).	

                                                
‡	PENDANT:	Polarization	enhancement	nurtured	during	attached	nucleus	testing	
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Fig.	S3	1H-NMR	spectra	of	a	representative	polymerisation	of	acryloyl	hydrazide	(M2)	with	CTA1	in	1M	acetate	buffer	pH	5	at	
70	oC.	The	NMR	samples	were	spiked	with	syringic	acid	as	an	internal	standard.	The	integration	of	the	monomer’s	alkene	
peaks	(6.18	and	5.68	ppm)	was	compared	to	the	integration	of	the	aromatic	peak	of	syringic	acid	(7.17	ppm)	to	obtain	the	%	
conversion.		

	

Fig.	S4	1H-NMR	spectra	of	a	representative	polymerisation	of	tert-butyl	2-acryloylhydrazinecarboxylate	(M1)	with	CTA1	in	
DMSO	at	70	oC.	The	NMR	samples	were	spiked	with	syringic	acid	as	an	internal	standard.	The	integration	of	the	monomer’s	
alkene	peaks	(6.18	and	5.68	ppm)	was	compared	against	the	integration	of	the	aromatic	peak	of	syringic	acid	(7.20	ppm)	to	
obtain	the	%	conversion.	

	

Fig.	S5	UV-Vis	spectra	of	the	Boc-protected	polymers	prepared	in	this	work.	All	samples	measured	in	DMSO	at	r.t.	
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Fig.	S6	Left:	Representative	1H-NMR	spectra	of	Boc-P40	(top)	in	DMSO-d6	and	poly(acryloyl	hydrazide)	P40	after	deprotection	
with	TFA	(bottom)	in	D2O.	Right:	Representative	PENDANT	

13C-NMR	s	spectra	of	poly(acryloyl	hydrazide)	P40	in	D2O.	

	

Fig.	S7	 Linear	plot	of	 ln[M]0/[M]t	vs.	 time	 for	polymerisations	performed	at	different	 temperatures.	Conditions:	 [M]=0.9M,	
[M]/[CTA]/[In]=100/1/0.2.	 4,4'-Azobis(4-cyanovaleric	 acid)	 (V-501),	 2,2'-Azobis(2,4-dimethylvaleronitrile)	 (V-65),	 and	 2,2'-
Azobis[2-(2-imidazolin-2-yl)propane]dihydrochloride	(VA-044).	

	

Fig.	S8	GPC	chromatograms	of	P40	before	and	after	treatment	with	NaHCO3.	Conditions:	100	mM	AcOH	(aq)	pH	2.9.		

12345678910
f1 (ppm)

102030405060708090100110120130140150160170180
f1 (ppm)

O

HO

S S

S

HN O

NH

O
O

PX

O

HO

SH

n
HN O

NH2

0 6 12 18 24
0.0

0.5

1.0

1.5

2.0

Time / h

ln
(M

0/
M

t)

44 ºC, In = VA-044

50 ºC, In = V-65

70 ºC, In = V-501

30 ºC; In = VA-044

5 10 15 20 25
0.0

0.2

0.4

0.6

0.8

1.0

Time / min

N
or

m
al

is
ed

 
R

ef
ra

ct
iv

e 
In

de
x 

In
te

ns
ity

TFA

NaHCO3



		 Electronic	Supplementary	Info	(ESI)	

This	journal	is	©	The	Royal	Society	of	Chemistry		 |	S4 	

 

 

Table	S1	Percentage	of	loading	of	P40	with	4-imidazolecarboxaldehyde	(1)	using	different	equivalents	and	different	incubation	
times.		

Equivalence	of	
4-imidazolecarboxaldehyde	 Reaction	Time	(h)	 %	conjugation	

0.3	 1	 30.0	
4	 30.0	

0.6	
1	 59.9	
4	 60.0	
48	 55.8	

0.9	
1	 65.7	
4	 65.7	
24	 65.7	

	

Fig.	S9	Representative	1H-NMR	spectra	of	the	reaction	of	P40	with	0.9	eq.	of	4-imidazolecarboxaldehyde	(1)	at	different	reac-
tion	times.	

	

Fig.	S10	Left:	1H	NMR	spectra	of	the	reaction	of	P40	with	1	eq.	of	4-imidazolecarboxaldehyde	(1)	analysed	at	different	inter-
vals.	Right:	Change	of	 integral	value	for	the	signal	corresponding	to	the	aldehyde	(9.65	ppm)	as	a	function	of	time.	Sample	
were	incubated	for	2	h	at	r.t.	prior	to	NMR	analysis.	
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Fig.	S11	Left:	1H	NMR	spectra	of	the	reaction	of	P40	with	0.6	eq.	of	4-imidazolecarboxaldehyde	(1)	analysed	at	different	inter-
vals.	Right:	1H	NMR	spectra	of	the	reaction	of	P40	with	1	eq.	of	4-imidazolecarboxaldehyde	(1)	analysed	at	different	intervals.	
In	both	cases,	samples	were	incubated	for	2	h	at	r.t.	and	diluted	two	fold	prior	to	NMR	analysis.	

	

Fig.	S12	Representative	1H-NMR	spectra	of	the	functionalisation	of	P40	with	1.0	eq.	of	4-imidazolecarboxaldehyde	(1)	in	50%	
aqueous	buffer	(5%	AcOH	in	D2O)	50%	DMSO-d6	after	24	h	incubation	at	60	oC.	
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Fig.	S13	Representative	1H-NMR	spectra	of	the	functionalisation	of	P40	with	1	eq.	of	4-imidazolecarboxaldehyde	(1)	in	95%	
DMSO-d6	/	5%	AcOH	in	D2O.	The	sample	was	spiked	with	equimolar	amounts	of	syringic	acid.	The	integration	values	of	the	
aromatic	syringic	acid	signals	(7.20	ppm)	and	imidazole	signals	for	the	free	and	conjugated	aldehyde	were	compared	to	the	
free	aldehyde	CHO	signal.	

	

Fig.	S14	Representative	1H-NMR	spectra	of	glyceraldehyde	(left)	and	the	reaction	of	P40	with	1.0	eq.	of	glyceraldehyde	(3)	in	
95%	DMSO-d6	/	5%	AcOH	in	D2O	(right).	The	samples	were	spiked	with	equimolar	amounts	of	syringic	acid.	The	integration	
values	of	the	methoxy	syringic	acid	signals	(3.79	ppm)	and	glyceraldehyde	signals	for	free	and	conjugated	were	compared	to	
the	free	aldehyde	signal	and	the	hydrazone	signal	(7.38	ppm).	The	broad	signal	observed	at	3.52	ppm	for	glyceraldehyde	(3)	
corresponds	to	the	self-condensation	of	this	aldehyde	under	these	conditions,	which	is	reduced	as	the	functionalisation	pro-
gresses.	

6.06.57.07.58.08.59.09.510.0
f1 (ppm)

4
.7

4

0
.0

1

0
.2

5

12345678910
f1 (ppm)

3
.4

3

2
.9

6

6
.0

0

2
.1

0

0
.2

1

0
.1

0

0
.0

7

S
y
ri
n
g
ic

 A
c
id

 -
 C

H
3

S
y
ri
n
g
ic

 A
c
id

 -
 A

rH

12345678910
f1 (ppm)

7
.5

8

6
.0

0

1
.9

6

0
.0

6

0
.2

8

S
y
ri
n
g
ic

 A
c
id

 -
 C

H
3

S
y
ri
n
g
ic

 A
c
id

 -
 A

rH

t = 0 t = 24 h



		 Electronic	Supplementary	Info	(ESI)	

This	journal	is	©	The	Royal	Society	of	Chemistry		 |	S7 	

 

 

6.06.57.07.58.08.59.09.510.0
f1 (ppm)

6
.7

0

0
.0

3

0
.2

6

6.06.57.07.58.08.59.09.510.0
f1 (ppm)

9
.7

3

0
.0

2

0
.2

5

6.06.57.07.58.08.59.09.510.0
f1 (ppm)

4
.7

4

0
.0

1

0
.2

5

6.06.57.07.58.08.59.09.510.0
f1 (ppm)

7
.6

4

0
.0

1

0
.3

5

✱

H

ON

HN 1

H

O

7

✱

H

O

8

✱

✱

H

O

9HO

6.06.57.07.58.08.59.09.510.0
f1 (ppm)

7
.5

2

0
.1

6

0
.3

2

6.06.57.07.58.08.59.09.510.0
f1 (ppm)

5
.7

5

0
.0

3

0
.0

6

0
.2

2

6.06.57.07.58.08.59.09.510.0
f1 (ppm)

0
.4

4

2
.0

0

0
.4

8

0
.0

2

0
.4

8

6.06.57.07.58.08.59.09.510.0
f1 (ppm)

5
.1

3

0
.7

2

0
.0

1

0
.1

4

✱
✱

✱

✱

H

O

10

OH
HO

H

O

11

OH

HO OH

H

O

12

O

HO

HO

H

O
HN 13

✱



		 Electronic	Supplementary	Info	(ESI)	

This	journal	is	©	The	Royal	Society	of	Chemistry		 |	S8 	

 

 

	

Fig.	S15	Representative	1H	NMR	spectra	for	the	coupling	of	P40	with	1	eq.	of	different	aldehydes.	The	sample	were	spiked	
with	equimolar	amounts	of	syringic	acid.	The	integration	values	of	the	aromatic	syringic	acid	signals	(7.20	ppm)	and	the	aro-
matic	signals	for	the	free	and	conjugated	aldehydes	were	compared	to	the	free	aldehyde	signal.	*denotes	the	N-NHR	impuri-
ty.	

Table	S2	Percentage	loading	in	coupling	reactions	of	P40	with	selected	aldehydes.	

	 	

Reaction	conditions:	[P40]=77mM,	5%	aqueous	buffer	(5%	AcOH	in	D2O)	95%	DMSO-d6,	t=24h,	T=60	oC.		
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Fig.	S16	Representative	1H-NMR	spectra	of	the	reaction	of	P40	with	1	eq.	of	aldehyde	(A),	the	reaction	of	the	aldehyde	with	
hydrazine	monohydrate	to	afford	mostly	disubstituted	hydrazine	(B),	the	reaction	of	the	aldehyde	with	hydrazine	monohy-
drate	to	afford	mostly	monosubstituted	hydrazine	(C),	and	the	aldehyde	used	(D).	Left:	benzaldehyde	(7),	Right:	4-
hydroxybenzaldehyde	(9).	All	samples	were	incubated	in	95%	DMSO-d6	/	5%	AcOH	in	D2O.	
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Table	S3	Percentage	impurity	in	coupling	reactions	of	P40	with	2	eq.	of	hydrophobic	aldehydes.	

	

Reaction	conditions:	[P40]=77mM,	5%	aqueous	buffer	(5%	AcOH	in	D2O)	95%	DMSO-d6,	t=24h,	T=60	oC.	

Entry Aldehyde Impurity Entry Aldehyde Impurity

P407 1% P4014 3%

P408	 2% P4015 27%

P409 3% P4016 -

P4010 1% P4017 -

P4011 2% P4018 -

P4012 3% P4019 -

P4013 16% P4020 -
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Fig.	S17	1H-NMR	spectra	of	the	reaction	of	P40	reacted	with	0.25	eq.	of	benzaldehyde	(7)	monitored	at	different	intervals	(B-
F).	1H-NMR	spectra	of	the	reaction	of	benzaldehyde	(7)	with	4	eq.	(A)	and	1	eq.	(G)	are	shown	for	comparison.		
(H-I)	Relative	changes	in	the	intensity	of	the	signal	corresponding	to	aldehyde	7,	monohydrazone,	dihydrazone	and	conjugat-
ed	to	the	polymer	as	a	function	of	time.	The	area	for	each	peak	was	calculated	using	Mnova	8.1	line	fitting	tool.	All	samples	
were	incubated	in	95%	DMSO-d6	/	5%	AcOH	in	D2O.	

	

Scheme	S1	Proposed	mechanism	for	the	formation	of	the	impurities	observed	in	the	presence	of	aromatic	aldehydes.	
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Table	S4	Percentage	loading	and	impurity	in	coupling	reactions	of	P80	with	selected	aldehydes.	

	

Reaction	conditions:	[P80]=77mM,	5%	aqueous	buffer	(5%	AcOH	in	D2O)	95%	DMSO-d6,	t=24h,	T=60	oC.	

Entry Aldehyde Loading Impurity Entry Aldehyde Loading Impurity

P801	 60% 1% P8012 72% 2%

P807 66% 1% P8013 46% 12%

P808	 50% 1% P8016 65% -

P809 59% 7% P8017 78% -

P8010 62% 1%
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