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General

Materials. Anhydrous dimethjormamide (DMF) was dried by aolumn packed with 4A
molecular sievesm-Xylylene diisocyanatavas purchased fromiCl America (Portland, OR,
USA) and used as receivedri-functional homopolymer fohexamethylene diisocyanate (HDI)
(DesmodurN3900, Bayer MaterialsSciencevas obtained from InnovadeXll deuterated
solvents were purchased from Cambridge Isotope Laboratories, Inc. and used as rAteived.
other chemicals were purchased from Sighhdrich (St. Louis, MO, USA) and used as received

unless otherwise specified.

Instrumentation. NMR spectra were recorded &arian U400 (400 MHz), U500 (500 MHz)
VXR-500 (500 MHz) UIS00NB (500 MHz)spectrometerGel permeation chromatography
(GPC) experirents were performed on a systequipped with an isocratic pump (Model 1100,
Agilent Technology, Santa Clara, CA, USA), a DAWNELEOS multi-angle laser light
scattering detector (MALLS detector, Wyatt Technology, Santa Barbara, CA, USA) and an
Optilab rEX refractive index detector (Wyatt Technology, Santa Barbara, CA, USA). The
detection wavelength oFREOSwas set at 658 nm. Separations were performed using serially
connected size exclusion columns{#Q 10°A, 10*A, 10°A and 16 A Phenogel columns, 5

pm, 300 x 7.8 mm, Phenomenex, Torrance, CA, USA) UsMé as the mbile phase



Determination of binding constantsof hindered urea bonds
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If the binding constanof ureais large, it isdifficult to determine théinding constanteq
directly through thequilibrium concentrations of isocyanate, amine and urea sp&biekeq of
the hindered urea bond increases with tleereasef the substituents bulkiness. Taccurately
determine the binding constants, we useddann di r ect 6 met hod tBrough

between different urea speci¢all used CDC4 as the solvent)
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K1~Ks are mostly in the range thean all be accurately determined#yNMR, we could

determineKeq by:

Keq = K TK; TK; (When R=t-Bu, Re=EY) or K, =K, 1K, TK; TK, TK;(when R=i-Pr, R=Et)



Determination of binding constant of urea2 (Determination of binding constant of uréavith

similar metlods has been reported in ref. 19aext)

O
spli-oRlense
S1 S2 S3

Cyclohexylmethyl isocyanant&g, 11.1 mg, 0.080 mmognd 2,2,6,&etramethylpiperidineS2,

8.0 mg, 0.056 mmdlwere dissolved in CD&0.55 mL). *H NMR spectra were collected 0.5 h
after S1 and S2 were mixed at room temperature wheguilibrium was reachépeaks integral
stopped changin@igure S1). Concentration of each species was calculated basedrtedha

ratios of thelH NMR signals and the initial concentrations ®f and S2 The equilibrium

constants were calculatedkas=[S3].,/ ([ S1]., [ S2].,) -
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Figure S1. 'H NMR spectrum of the mixture of compound S1 and S2Peaks are assigned to

each compoundxcept for the protons in cyclohexyl grodme spectrum was taken 30 min after



S1 and S2 were mixed. Binding constant K; was déermined as

Ky =[S3lug/ ([ SUe, M S2,,) =0.067/(0.078° 0.036) M =24M*
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S3 S4 S5 S2
Cyclohexylmethyl isocyanantés1, 10.0 mg, 0072 mmol), 2,2,6,6tetramethylpiperidine §2,
9.5 mg, 0067 mmol) and N-tertbutytN-isopropyl amine $4, 6.8 mg, 0.059 mmol) were
dissolved in CDCJ(0.55 mL) and added to the NMR tub&4.NMR spectra were collected® h
after mixing at room temperature after equilibrium was redpeed#ts integral stopped changing

(Figure ). The equilibrium constant of the reactitts was calculated according to the

concentration ratio of each speciés; = ([ S5]., 11 S2]./([ S3], M S4.,) -
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Figure S2. 'H NMR spectrum of the mixture of compound S1, S2 and S4 (and the

produced compoundS3 S5). Peaks are assigned to each compoexwept for theprotons in



cyclohexyl groupThe spectrum was taken 12 h after mixing. The regonaining peaks, Bo

F and FO for t he cal cul ati on of tish poomedoincent r ¢

K, = ([ SBleg M S20e/([ S3., M S4l.) = 25.



o o)
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Cyclohexylmethyl isocyanants1, 10.2 mg, 0073 mmol), N-tertbutytN-isopropyl amine $4,
7.2mg, 0.063mmol) andN-tertbutytN-ethyl amine §6, 6.7 mg, 0.066mmol) were dissolved in
CDCl; (0.55 mL) and added to the NMR tubébl NMR spectra were colleaiel2 h after
mixing at room temperature after equilibrium was reafeaks integral stopped changing

(Figure ). The equilibrium constant of the reactitts was calculated according to the

concentration ratio of each specié§; = ([2],, 1[ S4]./([ S5, [ S6l.,) -

B .
O/A\NJOLNJQ N HN/G\H Ks L2 R HNJQQ -
e

S5 S6 2 S4 0

M HiD
F

|

¢ i ,U"‘JLM J MJDT , l(l; 7

o L DR

80 370 360 350 340 330 320 310 3.00 290 2.80 270 260 2.5
f1 (ppm) CQ
E9 Q C G
L =

0 75 70 65 60 55 50 45 40 35 3.0 25 20 15 10 05
f1 (ppm)

Figure S3. 'H NMR spectrum of the mixture of compound S1, S4, and S6 (and the
produced compoundS5 2). Peaks are assigned to each compoexaept for the protons in

cyclohexyl group The spectrum was taken 12 h after mixing. The regionaining peakg, Co
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G and Gb6 for t he cal cul ati on of tish momedoimc ent r ¢

Ks = ([2]oq M S4]. /([ S5]., T SE].) = 118.

So, for ure&2, K,,, =K, 1K, 1K, =7.1310° M*
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Determination of binding constant of urea3

(6]
©/\NCO . i'\é K ©/\”J\N
S7 S2

S8

Benzyl isocyananteS7, 11.1 mg 0.083 mmadl and 2,2,6,&etramethylpiperidineS2 9.4 mg
0.067 mmo) were dissolved in CD&(0.5 mL). 'H NMR spectra were collected 0.5 h afg#t
and S2 were mixed at room temperature when eqiilim wasreachetpeaks integral stopped
changing(Figure 31). Concentration of each species was calculated bas#teantegral ratios

of the'H NMR signals and the initial concentrations S andS2 The equilibrium constants

were calculated ds, =[S8],,/ ([ S7].,1[S2].,) -
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Figure $4. 'H NMR spectrum of the mixture of compoundS7and S2 Peaks are assigned to

each compoundrhe spectrum was taken 30 min aff&étandS2 were mixedBinding constant

Kiwas determined aK, =[S8],,/ ([ S7],, T[S2],,) =0.100/(0.0523 0.02) M™* =92M"™*
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Benzyl isocyanantéS7, 11.9mg, 0089 mmol), 2,2,6,&tetramethylpiperidine§2, 8.5mg, 0060
mmol) andN-tertbutytN-isopropyl amine $4, 6.0 mg, 0.052mmol) were dissolved in CDgl
(0.55 mL) and added to the NMtubes.*H NMR spectra were collectet? h after mixing at
room temperature after equilibrium wesachedpeaks integral stopped changiff§gure ).

The equilibrium constant of the reactiipwas calculated according to the concentration ratio of

eachspeciesK, = ([S9,, [ S2]. /([ S8, M S4].,) -

@@ L (Y giég ﬁ

S2

D Q

D Q

I Q

o Sk H L |

50 48 46 44 42 40 38 36 34 32 30 28 10 08
f1 (ppm)

; 929.'|FQ P 5énl

0 75 70 65 6.0 55 50 45 40 35 3.0 25 20 15 10 05
f1 (ppm)

S13



Figure S5. 'H NMR spectrum of the mixture of compound S7, S2 and S4 (and the
produced compoundS8 S9). Peaks are assigned to each compound. The spectrum was taken

12 h after mixing. The regiogontaining peak8, H, H6 aBdd f or t he <cal cul a

concentration of each specisgzoomed in K, = ([ S9],, 1[ S2]../([ S8, [ S4.,) = 43.

S14
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Benzyl isocyanant€S7, 10.7 mg, 0080 mmol), N-tertbutytN-isopropyl amine $4, 7.5 mg,
0.065mmol) and N-tertbutyl-N-ethyl amine $6, 7.9 mg, 0.078 mmol) were dissolved in CD@GI
(0.55 mL) and added to the NMR tubéls. NMR spectra were collectet? h after mixing at
room temperature after equilibrium wesachedpeaks integral stopped changiff§gure %).

The eqilibrium constant of the reactidfs was calculated according to the concentration ratio of

each speciesK, = ([3]., 1[S4]./([ S9)., T S6].,) -

£ 90 DQ
A B ¢ ! Qo (00)
(j/\”JLNJg + HN/H\I Ks > SJK QHNJ\
45 cﬂ\ %Q
S9 S6 3
m J “t Jmk e
H
e
39 38 37 36 35 34 33 32 3.1 30 29 28 27 26 25 24 23
1 (ppm) DII
APQ BBO | 0 -
g c )l ®n

0 75 70 65 6.0 55 50 45 40 35 3.0 25 20 15 10 05
f1 (ppm)

Figure S6. 'H NMR spectrum of the mixture of compound S7, S4, and S6 (and the

produced compoundS9 3). Peaks are assigthéo each compound. The spectrum was taken 12
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h after mixing. The regiorcontaining peaksC, C6 H and H6 f or the <calcul a

concentration of each specisgzoomed in K, =([3],, [ S4]./([ S9], [ S6].,) = 140.

So, for ure®, K., =K, 1K, K, =553 10°M™*

S6
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S16



Determination of binding constant of urea4

(6]
N
)\©><NCO . j\ Kixor3 )\©>4ij5
S11

S$10 S6

3-IsopropenydU ,-dimethybenzyl isocyanatéS10, 14.0 mg, 0.069 mmoland NtertbutykN-
ethyl amine 66, 7.8 mg, 0.077 mmplwere dissolved in CDEI(0.55 mL). 'H NMR spectra
were collected.5 h after S10 and S6 were mixed at room temperature when equilibrium was
reacledpeaks integral stopped changirfgigure ). Concentration of each species was
calculated based on the integral ratios of #t4eNMR signals and the initial concentrations of

S10andS6. The equilibrium constants were calculate®&as, =[S11,./([S10,, T1[S6].,) -
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Figure S7. 'H NMR spectrum of the mixture of compound 90 and 3. Peaks are assigned to

each compoundlrhe spectrum was takeén5 h after S10 and S6 were mixed Binding constant

S17



K1xoxg was determined as Kyzs =[S11,,/([S10,, [ SE].,)

=0.107/(0.018° 0.033 M* =180M™*
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N
S11 $12 S$13 S6

3-IsopropenyU ,-diimethybenzyl isocyanat¢s10, 14.1 mg, 0070 mmol), N-tertbuty-N-ethyl

amine 6, 14.3 mg, 0.142 mmol) and N-tertbutylN-methyl amine §£12, 8.9 mg, 0.102mmol)

were dissolved in CD@GI(0.55 mL) and dded to the NMR tubessH NMR spectra were

collected15 d after mixing at room temperature after equilibrium was redpleadts integral

stopped changindgFigure 38). The equilibrium constant of the reactitta was calculated

according to the concentratioatio of each species, =([S13,, 1[S6]./(S11,,1[S17,,).
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Figure S8. 'H NMR spectrum of the mixture of compound 20, S5, and S12 (and the
produced compound 31, S13. Peaks are assigned to each compound. The spectrum was taken
15 d after mixing. The regiorcontainng peaksG, G6 JandJo f or the <calcul a

concentration of each speciszoomed in K, =([S13,, [ S6]./(S11,, N[ S17,.)=6.8.

S20
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3-IsopropenylU ,-dimethybenzyl isocyanai10, 10.1mg, 0050 mmol), N-tertbutyFN-methyt

amine 12, 8.0 mg, 0.02 mmol) and N-isopropyl-N-ethyl amine §14, 8.3 mg, 0095 mmol)

were dissolved in CD@GI(0.55 mL) and added to the NMR tubé#l NMR spectra were

collected15 d after mixing at room temperature after equilibrium weachedpeaks inegral

stopped changindgFigure 9). The equilibrium constant of the reactiéty was calculated

according to the concentration ratio of each spedgs= ([4]., 1[S12. /([ S13,, 1[S14.,) -
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ST A e R
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Figure $9. 'H NMR spectrum of the mixture of compound 90, S12, and S14 (and the
produced compound 33, 4). Peaks are assigned to each compound. The spectrum was3aken 1

d after mixing.Here, nopeaks forS13were observed. By integrating area of 2.83 ppm ~ 2.89

ppm where peak G f@13should be, we hav&, = ([4]., 1[S12./([ S13,, [ S14.,) > 840.

So, for ureat, K., = Ky, 1K, TK; >1.0310°M ™

(0]
)‘\©><NCO + )\N/\ Keq>1.0*10° M1 HJ\N/\
H )\
S10 S14 4
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Determination of binding constant of ureab

o)
O/\NCO + >L o Ket7 1110 ] O/\NJ\N/\
N ) H
; BY
S1 2

S6

We already have the binding constantoK,, = K, 1K, 1K, =7.1310°M™*

o o
O/\NJ\N/\ . HNT K O/\NJ\N/ , NS
U N AT
2 S6

S$12 $15

Cyclohexylmethyl isocyanantS1, 14.1 mg, 0.101mmol), N-tertbutytN-ethyl amine &6, 11.3
mg, 0.112 mmol) and N-tertbutytN-methyl amine £12, 8.1 mg, 0.093 mmol) were dissolved in
CDCl; (0.55 mL) and added to the NMR tubébl NMR spectra wee collected15 d after
mixing at room temperature after equilibrium was reafreaks integral stopped changing
(Figure 90). The equilibrium constant of the reactita was calculated according to the

concentration ratio of each speci¢§; = ([ S19, 1[S6]./(2]., T S12.,) -

S23
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Figure S1Q 'H NMR spectrum of the mixture of compound S1, S6and S12 (and the

produced compound 2, S1p Peaks are assigned to each compoexwkpt for the protons in

cyclohexyl group The spectrum was taken 15 d after mixing. Theregioa i ni n g

G and GO for t he

K, = ([S15,, T1S6]/( 2. 1[S13,9) = 5.7

cal cul ati on

S24
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(0]
NJJ\N/ + HN/\ —Ks NJJ\N/\ + HN/
SRD G D QRN
S$12

$15 S$14 5

Cyclohexylmethyl isocyanant&1, 9.4 mg, 0068 mmol), N-tertbutylN-methyl amine $12, 7.2
mg, 0.083 mmol) and N-isopropytN-ethyl amine $14, 8.1 mg, 0.093 mmol) were dissolved in
CDCl; (0.55 mL) and added to the NMR tubébl NMR spectra were collectedil d after
mixing at room temperature after equilibrium wasachefpeaks integral stoppedhanging
(Figure S1). The equilibrium constant of the reactié®s was calculated according to the

concentration ratio of each specié§; = ([5],, 11 S14./([ S19, M S14.,) -

o o 5Q
G I Q D
A D NS NH  Ks QOHNT |/ 0
O O
A et T
S15 S14 5 S12
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f1 (ppm)

Figure S11. 'H NMR spectrum of the mixture of compound S1, $2, and S14 (and the
produced mwmpound S15 5). Peaks are assigned to each compoexwept for the protons in

cyclohexyl group The spectrum was takefil d after mixing.Here, nopeaks forS15 were

S25



observed except fo a very weak peak D as shown in zoomed in picture

KS = ([S]eq 1-[[ Slaeq/([ Slqeq 1T[ Sl4]eq) >1130

So, for ured, K,,s =K.y, TK, TK; >1.03 10° M

o

O/\NCO . )\N/\ Keg>1*108M-1 N)J\N/\
H 4 )\
S1

S14 5
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Determinations of dissociation ratesof hindered urea bonds(Determination of dissociation

rate of ured with similar methods has been reported in ref. 18 it) tex

R/R, O (0]
MR RiRe L
RN N+ T"ONco — + NS R
H o0 R” >NCO oo

R3 R3

Thedissociation kineticgk.1) of hindered urea compoun@s5 were determined (Figurel3-15,
respectively).To urea compounsiwere addedbutyl isocyanate to capture the released free amine.
The rates of consumptionf area compoundswere monitored by*H NMR at 37 °C and

dissociation ratewerecalculated based on thodata (All used CDC} as the solvent)
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HHQ

11Q |

20 3.15 3.10 3.05

Figure S12Dissociation rate of urea 2i) *H NMR spectrum of the mixture of compou6.2
mg, 0.026 mmol) rad S16(10.1 mg, 0.102 mmol, and the produced compdbhdndS17) in
CDCk( 550 eL). The SQmnafter2aniSléveese mixea kt&B. Peaks are
assigned to each compourdcept for the protons in cyclohexyl group) H NMR spectra

showing exchange reaction betwegandS16at 37C. The rate o€onsumption of was used to

S28



Inﬂ

: - : : 2 :
calculate the dissociation rate with the following equation= - [T]O =- Ir:)(;;)lz 0.19 ht

(T:reactiontime peak A6 wused for t he groundnoiselingahe sBamm@ oV e

range, which has been deducted in the calculation
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Figure S13. Dissociationrate of urea 3. i) *H NMR spectrum of the mixture of compouBd
(7.4 mg, 0032 mmol) andS16(11.9mg, 0120mmol, and the produced compouBdandS17)
iNCDCL(550 € L). The s p&awminafter@andSléwere mikedah37C. Peaks

are assigned to each compouiild!H NMR spectra showing exchange reaction betw&and
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Sl1l6at 37PC. The rate otonsumption of3 was used to calculate the disgdion rate with the

In ﬂ
following equation:k ; = - [_|_3]° =- lr(l)os';)l: 019 h (T: reaction time)
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Figure S14 Dissociation rate of urea 4i) *H NMR spectrum of the mixture of compoudd
(8.3 mg, 0.29 mmol) andS16(9.6 mg, 0097 mmol, and the produced poundS10 andS17)
iNCDCk(5%0 €L). The s p &b afterdiandShGavere mixed a FC. Aeaks are
assigned to each compourigl.'H NMR spectra showing exchange reaction betwkeandS16

at 37C. The rate oftconsumption of4 was used to calculate the dissociation rateh wtlite

NC
following equation: k, =- [T4]0 :_Inlg.ﬁS = 0008 h!' (T: reaction time)
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Figure S15. Dissociation rate of urea5. i) *H NMR spectrum of the mixture of compousd

(6.4 mg, 0.08 mmol) andS16(8.3 mg, 0.4 mmol, and the produced compoutiandS17) in
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CDClz(550e L) . The s pe @30h aften5 andS46 were rkixed at 3C. Peaks are
assigned to each compourscept for the protons in cyclohexyl grou) H NMR spectra

showing exchange reaction betwéesndS16at 37C. The rate oEonsumption ob wasused to

In ﬂ
calculate the dissociation rate with the following equation= - [_?]O =- Ig:(s?: 0.009ht

(T: reaction time)
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Determination of hydrolysis kinetics of hindered urea bonds

RiR, O RiR, O R4R,
] : R
RXNJ\N’R“ d6-DMSOD0, N/ Il M, HNTe
N0 RN N7 R i\
H H 3

Rs3

We compared the hydrolysis kinetio§ ureal~5 by comparing the percentage of hydrolysis
after 24 h at 3PC environmentUrea 1~5 were dissolved in mixture ofedDMSO and RO
(v(de-DMSO):v(D:0)=5:1) with concentration of 0.1 MAfter incubation at 3?C for 24 h,H

NMR spectra were colléed to characterize the percentage of hydrolysis (through the ratio of

produced amine and original urea).
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Figure S16. Hydrolysis of urea 1. Peaks are assigned to each compound. The spectrum was

taken 24 h after dissolving mixture of -DMSO and DO (v(ds-DMSO):v(D.0)=5:1) at 37°C.

Theregoncont ai ning peaks G, GO0 for theisroanhed ul at i

in. The percentage of hydrolysis was determined as 58%.
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Figure S17 Hydrolysis of urea 2.Peaks are assigned to each conmglexcept for the protons

in cyclohexyl group The spectrum was taken 24 h after dissolvingixture of 6-DMSO and

D20 (v(ds-DMSO):v(D:0)=5:1) at 3°C. Theregioc ont ai ni ng peaks C, Co
of the percentage of hydrolysis zoomed in.The percentage of hydrolysis was determined as

85%.
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