


A Materials and Reagents

Amylamine (99%, SigmaAldrich), 2-cyanoethyiN,N-diisopropylchlorophosphoramidite (97 %, ABCR),
anhydrous dichloromethane (99.8 %, anh. DCM, cont. amylene as stabilizer, -Adymh), N,N-
dii sopropyl et hyl ami ne -dimethéytrityl chigride B9 %, EMT-Cl, TlemGenes)4 , 4 6
ethanol abslute (99.99% Carlo Erba),ethyl acetate (EtOAc, Carlo Erbagthyl acrylate(>99.0%, Sigma
Aldrich), heptylaming(99%, SigmaAldrich), hexane (Carlo Erbalithium aluminum hydride solutio(L.0 M in
THF, SigmaAldrich), methanol (MeOH, Carlo Erbajpethylamine solution(33 wt. % in absolute ethanol
SigmaAldrich), propylamine (>99.0% SigmaAldrich), anhydrous pyridine (99.8 %, anh. mjine, Sigma
Aldrich), anhydrougetrahydrofura® 9 9 . 9 %, -freenamh T, SignmraAldrich), silica gel (highpurity
grade, pore size 60 A, 230400 mesh, for flash chromatography, SiSigmaAldrich), sodium chloride (for
brine solution, ESCO), anhydrous sodium sulfate (99.885Qi, VWR), andtriethylamine (9®6, EtsN, Acros
Organics)were used as receivedthout further purification

Reagents for automated phosphoramidite synthesis: anhydrous methylamine (AMA, 98% AlSigrhd,
ammonium hydroxide solution (28.80.0% NH, SigmaAldrich) were used as purchased. Anhydrous
dichloromethane (DCM), pyridineand acetonitrile were purchased from SighAddrich. All air-sensitive
reactions have been carried out under argon atmosphere. Automated synthesis reagents, anhydrous acetonitri
(ACN, Glen Research), oxidizing solution (0.02 Mn THF/H.O/pyridine), dblocking mix (3%trichloroacetic

acidin DCM), cap Mix A (THF/AcO), activator (tetrazole in acetonitrile) were purchased from Glen Research.
Nucleosidefunctionalized controlled pore glass columnddaaCPG), glerpak DNA purification cartridge (10

nmole- 1.0 emole) were also obtained from Glen Research. All the phosphoramiditesstazesl in the freezer

at118 °C

B Experimental Procedures

B.1 Synthesis ophosphoramidite mononmeM1-M4

The four phosphoramidite monomeldl, M2, M3 and M4 were prepared following previouslyreported
procedur8 and ashownin the scheme below
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A2:R = CzHy B2:R = C3H; C2:R = CyHy M2: R = C3H;

A3:R = CgHyy B3: R = CyHyg C3:R = CyHyg M3: R = CsHyg

A4:R = C7Hys5 B4:R = C;Hys C4:R = C;Hys M4: R = C;Hy5

Synthetic route used in this work for the preparationaf M2, M3, M4.



B.1.1 Synthesis AAl. To ehyl acrylate(14.01g,0.140mol, 2.0 eq.)Junderargon atmosphere was added dropwise
at 0°C a mthylamine solution 33 wt. % in absolute ethai®ab7g, 0.070mmol, 1.0 eqg.)After the addition, the
mixture wasallowedto warmto room temperaturandstirredovernight Themixture wasevaporated to dryss
and keptl h under vacuum to remove the traces of starting mataNaebtain15.30g of A1 (95%) as aolorless

oil. '"H NMR (40013 MHz, CDCE, U, ppm):1.25(t, 6H, OCH.CHs), 2.24 (s, 3H, KCH3), 2.46(t, 4H, COCHj),
2.71(t, 4H, CH:NCH,), 4.13(q, 4H, OCH,CHs). 1*C NMR (100.2 MHz, CDCkL, U, 1402827 41.8 52.6
60.4 1725.

B.1.2. Synthesis @&1. To lithium aluminum hydride 1.0 M in THFLO0 mL, 0.100mol, 2.0 eqg.)under argon
atmosphere was added dropwise at 0°C a mixtuielgfL1.88g, 0.051 mol, 1.0 eqg.dissolved in 65 mL anh.
THF. After the addition, the mixture was stirréch at 0°C Then it wasallowed towarmto room temperature
andstirred overnightTo hydrolyse thédithium aluminum hydride residues the mixture was cooléit@t Slowly
brine (8.9 mL), followed with a solution of NaOH 2.0 M in water (8.9 mL) ap@ k23 mL) were added.he
heterogeneous mixtusgasstirred 30 min at 0°CThesolid was removedy filtration and washed with 250 mL
diethyl etherThefiltrate was evaporateth obtain6.40g of B1 (85%) as acolorless oil 'H NMR (400.13 MHz,
CDCl, U, ppm): 1.72 (quint, 4H, NCH.CH,CH,), 225 (s, 3H, NCHs), 256 (t, 4H, NCH,CH,), 3.74 (t, 4H,
HOCH,), 4.11(s br, 2H, HOCH;). 13C NMR (100.62 MHz, CDG| U, 287pi#Q 56.562.4

B.1.3. Synthesis @f1. B1(6.40 g, 0.043 mol, 1.2 eq.)ascoevaporated with 20 mL of anpyridine. Afterward,
the diol was dissolved 5mL DIPEA and120mL anh.DCM under argon atmosphe@2MT-Cl (12.27g,0.036
mol, 1.0 eq.) was added in foportiors each 45 min. After the four additions, the mixture was stirredoai
temperaturevernight The reaction was stopped with the addition B of methanol and the mixture was
evaporated to dryness. The residue waedhwith 40 mL NaHCGQ; (sat., ag.) and was extracted with EtOAc (2
x 140 mL). The combined organic lay@werewashed with HO (1 x160mL), brine (1 x160mL), dried over
NaSQ, filtered and the solvent was removed. The crude product was purifiedlloyn chromatography on
silica gel (EtOAc/ hexane 70/30 to EtOAc / MeOH: 95/5with 1% EgN) to obtain9.93g of C1 (61%) as a
yellowishoil. HRMSm/z [M+H]* calculated for @HzsNO4* 450.2639 found, 460.2634 *H NMR (400.13 MHz,
CDCl;, 0, ppm):1.631.72(m, 2H, HOCH.CH,CHy), 1.741.84(m, 2H, NCH.CH,), 224 (s, 3H, NCH3), 2.43
2.49 (m, 2H, XCH,CH,), 2.58 (t, 2H, HOCHCH,CH,), 3.08 (t, 2H, CH,ODMT), 3.76 (t, 2H, H@H,), 3.79 (s,
6H, ArourOCHs), 6.8 (d, 4H, AburH), 7.17-7.24 (m, 1H, AsurH), 7.267.34 (m, 6H, AswrH), 7.397.45 (m,
2H, ArpurH). *C NMR (100.62 MHz, CDG| U, 27%9p28.p42.2 55.3,55.6,58.5, 61.8, 64.9, 85.9, 1131,
1268, 127.9, 1283, 130.1, 136, 1453, 1585.

B.14. Synthesis d11. C1(9.90 g,0.022mol, 1.0 eq.wasdissolvedn 43 mL anh DCM. Then,DIPEA (15.34

mL, 0.088mol, 4.0 eq.) vasadded The solution was cooled ©@C underargon atmospher@-cyanoethyiN,N-
diisopropylchlorophosphoramidit®.¢/3g, 0.024mol, 11 eq.)dissolved in8 mL anh DCM wasaddedat 0°C.

The reactiommixture was stirred &@°C for 30 min thenallowed toreachroom temperaturand stirred for 1 h
The reaction mixture was extracted wiBimL NaHCQ (sat., ag.) The aqueous phase was washed &fimL
DCM. The combired organic layes weredried over NaSQ,, filtered and the solvent was removed. The crude
product was purified by column chromatography on silica l§EDAc / hexane: 70/30 to EtOAc 100#4th 1%
Et:N) to obtain12.6 g of M1 (88%) as acolorlessoil. HRMS m/z [M+H] * calculated for @Hs3NsOsP* 6503717



found,650.3723 *H NMR (400.8 MHz, CDCE, U, ppm): 111-1.22 (m, 12H, N(CHCH3),)2), 1.70:1.82 (m, 4H,
CH,CHNCH,.CHy), 2.20 (s, 3H, I€Hs), 2.362.48 (M, 4H, CHCH,NCH,CHy), 2.572.64 (m, 2H, CHCH,C [ N)
3.07 (t, 2H,CH.ODMT), 3.51-3.71 (m, 4H, CH,OP,CH,CH.C [ N 3.72-3.89 (m, 2H, N(CH(CHs)2)2), 3.79 (s,
6H, AroutOCHs), 6.81 (d, 4H, AsurH), 7.167.22 (m, 1H, AsutH), 7.267.34 (m, 6H, AsurH), 7.407.45 (m,
2H, ArpytH). 3C NMR (100.2 MHz, CDCk, Ui , p204n24:7,28.1, 29.2, 43.043.1, 54.5, 55.055 3, 584,
62.0, 62.2859, 1131, 1178, 126.7,1278, 1283, 1301, 1367, 1454, 1584. 3'P NMR (161.8 MHz, CDCk, U ,
ppm): 14.4.

B.15. Synthesis oA2. To a stirred solution of ethydcrylate 9.22 g, 0192 mol, 24 eq.) in34 mL ethanol
absolute at 0°C under argon atmosphesis added dropwiggropargylaming6.58 mL, 0.080 mol, 1.0 eq.). After

the addition, the mixture was allowed to warm to room temperature and stirred overhghixture wasvell
evaporated to drynesghe crude product was purified by column chromatography on silica gel (EtOAc / hexane:
1/1 with 1% E3N) to obtain 16.23 g oA2 (78%) as a colorless oftd NMR (400.13 MHz, CDG] U, ppm):0.85

(t, 3H, NCHCH,CHs), 1.25 (t, 6H, OCHCHs), 1.371.50 (m, 2H, NCHCH,CHs), 2.33-2.39 (m, 2H,
NCH,CH,CHs), 2.42 (t, 4H, COCHy), 2.76 (t, 4H, CH:NCHy), 4.12 (q, 4H, QCH,CHs). *C NMR (100.62 MHz,
CDCl;, U, 11p8pl4mB) 20.5,3238,49.4 55.8, 603, 1728.

B.1.6. Synthesis @&2. To lithium aluminum hydride 1.0 M in THFL15 mL, 0.115 mol, 2.0 eq.) under argon
atmosphere was added dropwise at 0°C a mixtuA2qfl5.00 g, 0.058 mol, 1.0 eq.) dissolved in 65 mL anh.
THF. After the addition, the mixture wasretd 1 h at 0°C. Then it was allowed to warm to room temperature
and stirred overnight. Tlaydrolyzethelithium aluminum hydride residues the mixture was cooled at 0°C. Slowly
brine (9.2 mL), followed with a solution of NaOH 2.0 M in water (9.2 mL) ap@ k25 mL) were added.he
heterogeneous mixture was stirred 30 min at 0°C. The solid was removed by filtration and washed with 250 mL
diethyl ether. The filtrate was evaporated to obtain 9.67R2¢P5%) as a colorless ofidi NMR (400.13 MHz,

CDCls, U, ppm):0.90(t, 3H, NCHCH,CHs), 1.451.58 (m, 2H, NCHCH,CHs), 1.72 (quint, 4H, NCHCH.CHy),
2.33241 (m, 2H, NCH,CH,CHj3), 2.61 (t, 4H, NCH,CH,CH,), 3.74 (t, 4H, NCHCH.CH,), 4.20 (s br, 2H,
HOCH,). °C NMR (100.62 MHz, CDG| U, 11p8p19.8286,52.8,560, 62.4.

B.1.7. Synthesis @2 B2 (9.67 g, 0.055 mol, 1.2 eq.) was coevaporated with 20 mL of anh. pyridine. Afterward,
the diol was dissolved in 32 mL DIPEs&xd 150 mL anh. DCM under argon atmosphere. BBITL5.57 g, 0.046

mol, 1.0 eq.) was atbdin four portions each 45 mifter the four additions, the mixture was stirred at room
temperature overnight. The reaction was stopped with the addition of 27 mL of methanol and the mixture was
evaporated to dryness. The residue was mixed with 18NahlCQ; (sat., ag.) and was extracted with EtOAc (2

x 180 mL). The combined organic laganverewashed with HO (1 x200 mL), brine (1 X200 mL), dried over
NaSQ, filtered and the solvent was removed. The crude product was purified by column chromgtograph
silica gel (EtOAc / hexan&0/50 to 100%EtOAc with 1% E4N) to obtainl2.74g of C2 (58%) as acolorlessoil.
HRMS m/z [M+H]" calculated for GHsNO,* 478.2952found, 48.2959 'H NMR (400.13 MHz, CDC 4,
ppm):0.88 (t, 3H, NCHCH,CHj3), 1.41-1.54 (m, 2H, NCHCH,CHs3), 1.61-1.70(m, 2H,HOCH.CH), 1,73-1.83

(m, 2H, NCHCH,CH), 2.332.41 (m, 2H, NCH,CH.CHz), 249-257 (m, 2H, NCH.CH.CH,), 2.63 (t, 2H,
HOCH,CH.CH), 308(t, 2H,CH,ODMT), 3.77 (t, 2H, H@&H>), 3.79 (s, 6H, AsmTOCHs), 6.82 (d, 4H, AsmtH),
7.177.23 (m, 1H, AsurH), 7.267.34 (m, 6H, AsurH), 7.397.45 (m, 2H, AsurH). *C NMR (100.62 MHz,



CDCl;, U, 11p9p2®mP27.4,27.9,51.2,553, 56.2, 61.8, 64.9, 85.9,113.1, 126.7, 127.8, 128.2, 130.1, 136.6,
145.3, 1581.

B.1.8. Synthesis tM2. C2 (12.74 g0.027 mol, 1.0 eq.) was dissolved i@ mL anh. DCM. Then, DIPEA @58

mL, 0107 mol, 4.0 eq.) was addeThe solution was cooled 88C underargon atmospher@-cyanoethyiN,N-
diisopropylchlorophosphoramidité.04 g, 0.02 mol, 1.1 eq.) dissolved ih5 mL anh. DCM was added atC.

The reaction mixture was stirred 8 C for 30 min, then allowed to reach room temperature and stirred for 1 h.
The reaction mixture was extracted widmL NaHCQ (sat., ag.). The aqueous phase was washed®ithL
DCM. The combined organic layseweredried over NaSQy, filtered and the solvent was removed. The crude
product was purified by column chromatography on silica gel (EtOAc / hesaf& with 1% EgN) to obtain
15.76 g of M2 (87%) as a colorless oil. HRM8&/z [M+H] " calculated for GHs;N:OsP* 678.4030; found,
678.4035.'H NMR (400.13 MHz, CDG, 4, ppm): 0.83 (t, 3H, NCHCH.CH3), 1.121.22 (m, 12H,
N(CH(CHa)2)2), 1.351.46 (m, 2H, NCHCH>CHa3), 165-1.78 (m, 4H, CH,CH.NCH.CH), 2.30-2.37 (m, 2H,
NCH>CH:CHs), 244253 (m, 4H, CHCH;NCH,CH), 2.572.63 (m, 2H, CHCHCI N) ,6 (t32H0
CH,ODMT), 3.51:3.71 (m, 4H,CH,OP, CH,CH,C I N 3.723.89 (m, 2H, NCH(CHa)2)2), 3.79 (s, 6H,
ArputOCHs), 6.82 (d, 4H, AsmTH), 7.167.23 (m, 1H, AsmtH), 7.267.34 (m, 6H, AsurH), 7.407.45 (m, 2H,
ArpwtH). °C NMR (100.62 MHz, CDG| U, 120p26W) 24.7,278,29.043.1, 50.751.2, 55.3, 56.58.4,
62.0, 62.3, 85.8, 113.0, 117.8, 126.7, 8 17.28.3, 130.1, 136.745.5, 158.4°'P NMR (161.96 MHz, CDG] i ,
ppm): 1473.

B.19. Synthesis oA3. To a stirred solution of ethyl acrylatég.92g, 0.169 mol, 24 eq.) in ® mL ethanol
absolute at 0°C under argon atmosphere was added drapwisenine 8.11mL, 0.070 mol, 1.0 eq.). After the
addition, the mixture was allowed to warm to room temperature and stirred overnight. The mixture was well
evaporated to dryness. The crude product was purified by column chromatography on silica gel (EtOAc / hexane:
3/7 with 1% EtN) to obtain #.40g of A3 (72%) as a colorless oitH NMR (400.13 MHz, CDG| U, ppm):0.88

(t, 3H, NCHx(CH).,CH,CHjs), 1.25 (t, 6H, OChCH3), 1.16:1.35 (m, 4H, NCHCH,),CH.CHs), 1.35-1.47 (m,

2H, NCH(CH,).CH,CHzs), 2.34-2.46 (m, 6H, NCHx(CH,).CH.CHs;, COCH), 2.76 (t, 4H,CH,NCH,), 4.12 (q,

4H, OCH,CHs). **C NMR (100.62 MHz, CDG| u, 14lpM)32,:22.6, 26.9, 29.6, 32.8, 49.3, 53.8, 60.3,
172.7.

B.110. Synthesis dB3. To lithium aluminum hydride 1.0 M in THELOO mL, 0.100 mol, 2.0 eq.) under argon
atmosphere was added dropwise at 0°C a mixtuse3qfLl4.40 g, 0.0® mol, 1.0 eq.) dissolved i60 mL anh.

THF. After the addition, the mixture was stirred 1 h at 0°C. Then it was allowed to warm to room temperature
and stirred overight. To hydrolyse théthium aluminum hydride residues the mixture was cooled at 0°C. Slowly
brine 8.9 mL), followed with a solution of NaOH 2.0 M in wate8.9 mL) and HO (23 mL) were addedThe
heterogeneous mixture was stirred 30 min at 0°C. The w@ls removed by filtration and washed with 250 mL
diethyl ether. The filtrate was evaporated to obi&ifd1g of B3 (98%) as a colorless oitH NMR (400.13 MHz,

CDCls, U, ppm):0.89 (t, 3H, NCH(CH>).CH.CHz), 1.181.36 (m, 4H, NCHKHCH,),CH,CHz), 1.431.53 (m, 2H,
NCHy(CH;).CH,CHz), 1.71 (quint, 4H, NCHCH;CHy), 2.3%-2.43 (m, 2H, NCHz(CH>).CH:CH), 2.6 (t, 4H,
NCH,CH.CH,), 3.73 (t, 4H, NCHCH,CH,), 4.24 (s br, 2HHOCH). 1*C NMR (100.62 MHz, CDG| U4, pp m)
14.1, 22.7, 26.4, 28.6, 29.7, 5253,.1, 62.6.



B.111 Synthesis o€3. B3 (10.00g, 0.049 mol, 1.2 eq.) was coevaporated with 20 mL of anh. pyridine.
Afterward, the diol was dissolved &8 mL DIPEA and B35 mL anh. DCM under argon atmosphere. DEIT
(13.89 g, 0.04. mol, 1.0 eq.) was added four portions each 45 min. After the four additions, the mixture was
stirred at room temperature overnight. The reaction was stopped with the addit®miofo2 methanol and the
mixture was evaporated to dryness. The residue was mixed &@tmiL NaHQO; (sat., aq.) and was extracted
with EtOAc (2 x B0 mL). The combined organic lagaverewashed with HO (1 x180 mL), brine (1 x180

mL), dried over Ng5Q, filtered and the solvent was removed. The crude product was purified by column
chromatography osilica gel (EtOAc / hexane: 50/50 to 100% EtOAc with 1%NEtto obtain11.08g of C3
(53%) as a yellowish oilHRMS m/z [M+H]* calculated for gH1/NOs* 506.3265 found, 506.327¢H NMR
(400.13 MHz, CDd, U, ppm):0.90 (t, 3H, NCH(CH,).CH.CHs), 1.181.37 (m, 4H, NCHCH,),CH,CHjs), 1.40

1.51 (m, 2H, NCHCH,).CH.CHs), 1.61-1.70 (m, 2H, HOCHKCH), 1,71-1.83 (m, 2H, NCHCH,CH,), 2.34-

2.24 (m, 2H, NCHy(CH>).CH.CHzs), 2.492.57 (m, 2H, NCH.CH,CH,), 2.63 (t, 2H, HOCKCH.CHj), 3.08 (t, 2H,
CH,ODMT), 3.77 (t, 2H, H@Hy), 3.79 (s, 6H, AsmTOCH), 6.82 (d, 4H, AswtH), 7.177.23 (m, 1H, AsurH),
7.267.34 (m, 6H, AswrH), 7.397.45 (m, 2H, AsurH). *C NMR (100.62 MHz, CDG| a, 142p2;g, :
26.7,27.4,27.929.7,51.2, 3.3, 5.3, 61.8, 64.985.9, 113.1, 126.7, 127.8, 128.2, 130.1, 136.6, 145.3, 158.4.

B.112 Synthesis df13. C3(11.05g, 0.02 mol, 1.0 eq.) was dissolved42 mL anh. DCM. Then, DIPEA15.22

mL, 0.087mol, 4.0 eq.) was addeThe solution was cooled 88C underargon atmospher@-cyanoethyiN,N-
diisopropylchlorophosphoramidit®.68 g, 0.021 mol, 1.1 eq.) dissolved ibO mL anh. DCM was added atC.

The reaction mixture was stirred 8C for 30 min, then allowed to reach room temperature and stirred for 1 h.
The reaction mixture was extracted witbmL NaHCQ (sat., ag.). The aqueous phase was washed with 40 mL
DCM. The combined organic layeweredried over NaSQ,, filtered and the solvent was removed. The crude
product was purified by column chromatogragnysilica gel (EtOAc / hexane: 50/50 with 19Nt to obtain
13.42 g of M3 (87%) as ayellowish oil. HRMS m/z [M+H]* calculated for GiHs:NsOsP* 706.4343; found,
706.4348. '"H NMR (400.13 MHz, CDG| U, ppm): 0.83 (t, 3H, NCHx(CH,).CH,CHjz), 1.12-1.20 (m, 12H,
N(CH(CHs)2)2), 1.181.34 (m, 4H, NCH{(CH,),CH,CHs), 1.34-1.45 (m, 2H,NCH2(CH,),CH,CHs), 1.65-1.79 (m,

4H, CH,CHNCH2CHy), 2.312.41 (m, 2H, NCH2(CH)2CHCHa), 2.442.55 (m, 4H, CHCH:NCH,CH,), 2.57

2.63 (m, 2H, CHCH.C N) , 3 . OHODWT),,3.518.M1 (m, 4H,CH,OP,CH.CH,C [ N 3.723.88 (m,

2H, N(CH(CHz)2)2), 3.79 (s, 6H, AsmrOCHg), 6.81 (d, 4H, AswrH), 7.167.23 (m, 1H, AsmrH), 7.267.34 (m,

6H, AromtH), 7.407.45 (m, 2H, AsurH). 1°C NMR (100.62 MHz, CDG| U, 1403p20.%,22.8, 24.7, 27.0,
27.8,29.0,29.9,43.1,50.8,51.2,54.3,55.3,58.4,62.1, 62.3,85.8,113.1, 117.8, 126.7, 127.8, 128.3, 130.1, 136.
145.5, 158.4* P NMR (161.96 MHz, CDG] U, p®m): 147.

B.113. Synthesis ofA4. To a stirred solution of ethyl acrylate6(82 g, 0.168 mol, 24 eq.) in ® mL ethanol
absolute at 0°C under argon atmosphere was added drdpegigamine (0.38 mL, 0.0/0 mol, 1.0 eq.). After

the addition, the mixture was allowed to warm to room teatpes and stirred overnight. The mixture was well
evaporated to dryness. The crude product was purified by column chromatography on silica gel (EtOAc / hexane:
2/8 with 1% EgN) to obtain 5.57g of A4 (71%) as a colorless oitH NMR (400.13 MHz, CDGJ, U, ppm):0.88

(t, 3H, NCH(CH.)sCH2CHa), 1.25 (t, 6H, OCECHs), 1.161.35 (m,8H, NCHx(CH,)sCH.CHz), 1.351.47 (m,

2H, NCH(CH2)4CH,CHs), 2.342.47 (m, 6H, NCHp(CH)sCH,CHs, COCHy), 2.76 (t, 4H,CH,NCH,), 4.12 (q,



4H, OCH.CH;s). *C NMR (100.62 MHz, CDG| U, 142048) 227,27.3,27.4,293,32.0,32.8, 494,539,
604, 1728.

B.114. Synthesis dB4. To lithium aluminum hydride 1.0 M in THELOO mL, 0.100 mol, 2.0 eq.) under argon
atmosphere was added dropwise at 0°C a mixtuddgfl557 g, 0.049 mol, 1.0 eq.) dissolved i60 mL anh.

THF. After the addition, the mixture was stirred 1 h at 0°C. Then it was allowed to warm to room temperature
and stirred overnight. To hydrolyse titeium aluminum hydride residues the mixture was cooléit@t Slowly

brine 8.9 mL), followed with a solution of NaOH 2.0 M in waté&.4d mL) and HO (23 mL) were addedThe
heterogeneous mixture was stirred 30 min at 0°C. The solid was removed by filtration and washed with 250 mL
diethyl ether. The filtrate veaevaporated to obtairi.30g of B4 (99%) as aolorlessoil. *H NMR (400.13 MHz,

CDCl;, U, ppm):0.88 (t, 3H, NCH(CH_)4CH,CHjs), 1.181.35 (m, 8H, NCHx(CH)4sCH.CHs), 1.431.53 (m, 2H,
NCH2(CH2)4CH2CHs), 1.72 (quint, 4H, NCHCH,CH,), 2.352.43 (m, 2H, NCH,(CH.)sCH2CHa), 2.6L (t, 4H,
NCH,CH,CH,), 3.74 (t, 4H, NCHCH,CH,), 417 (s br, 2H,HOCH,). *C NMR (100.62 MHz,CDG| i, pp m)
14.1, 22.7, 26.7, 27.5, 28.6, 29.3, 31.9, 52.9, 54.2, 62.5.

B.115. Synthesis o€4. B4 (11.20g, 0048 mol, 1.2 eq.) wasoevaporated with 20 mL of anh. pyridine.
Afterward, the diol was dissolved 28 mL DIPEA and135mL anh. DCM under argon atmosphere. DI@T

(13.66 g, 0.00 mol, 1.0 eq.) was added in four portions each 45 min. After the four additions, the mixture was
stirred at room temperature overnight. The reaction was stopped with the addR®mbfof methanol and the
mixture was evaporated to dryness. The residue was mixed 8@tmiL NaHCQ (sat., aq.) and was extracted
with EtOAc (2 x B0 mL). The combined ganic layes werewashed with KO (1 x180 mL), brine (1 x180

mL), dried over Ng5Q, filtered and the solvent was removed. The crude product was purified by column
chromatography on silica gel (EtOAc / hexane: 50/50 to 100% EtOAc with 3% tt obtain13.62g of C4

(63%) as a yellowish oilHRMS m/z [M+H]* calculated for @H1sNO4" 534.3578 found, 534.357¢H NMR
(400.13 MHz, CDGJ, U, ppm):0.88 (t, 3H, NCH(CH)4sCH>CHs), 1.181.37 (m,8H, NCHy(CH,)4sCH.CHs), 1.40

1.51 (m, 2H, NCH(CH,).CH,CHs), 1.61-:1.70 (m, 2H, HOChKCH,), 1,721.83 (m, 2H, NCHCH,CH,), 2.34

2.44 (m, 2H, NCHy(CH>)4CH2CHz), 2.492.58 (m, 2H, NCH,CH>CH,), 2.63 (t, 2H, HOCKCH.CHj), 3.08 (t, 2H,
CH,ODMT), 3.77 (t, 2H, H@Hy), 3.79 (s, 6H, AsmTOCH), 6.82 (d, 4H, AswtH), 7.177.23 (m, 1H, AsurH),
7.267.34 (m, 6H, AsurH), 7.397.45 (m, 2H, AsurH). *C NMR (100.62 MHz, CDG]| ua, 142p298,:
27.1,27.4,27.6,27.9,29.4,32.0,51.3,54.3,55.3,61.8, 64.9,85.9,113.1, 126.7, 127.8, 128.3, 130.1, 136.6, 145.-
158.5.

B.116.Synthesis d#14. C4 (5.90g, 0.a.1 mol, 1.0 eq.) was dissolved 21 mL anh. DCM. Then, DIPEAA.70

mL, 0044 mol, 4.0 eq.) was addeThe solution was cooled @3C underargon atmospher@-cyanoethylN,N-
diisopropylchlorophosphoramidit2.88g, 0.aL.2 mol, 1.1 eq.) dissolved ii mL anh. DCM was added afC.

The reaction mixture was stirred@ftC for 30 min, then allowed to reach room temperature and stirred for 1 h.
The reaction mixture was extracted wthmL NaHCQ (sat., ag.). Thequeous phase was washed vagmL
DCM. The combined organic layeweredried over NaSQ;, filtered and the solvent was removed. The crude
product was purified by column chromatography on silica gel (EtOAc / hexane: 50/50 withsNY4dEdbtain
7.94 g of M4 (98%) as a colorless 0iHRMS m/z [M+H]* calculated for GzHesN3OsP™ 734.4656; found,
734.4655."H NMR (400.13 MHz, CDG U, ppm): 0.88 (t, 3H, NCH(CH,)4sCH,CHs), 1.121.20 (m, 12H,
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N(CH(CHs)2);), 120-1.34 (m8H, NCH(CH,)4CH;CHs), 1.341.45(m, 2H, NCH(CH,)4CH:CHs), 1.661.79 (m,

4H, CHCHNCH,CHy), 2.332.41 (m, 2H, NCHx(CH2)4CH;CHs), 2.442.55 (m, 4H, CRHCH,NCH,CH;), 2.57

2.63 (M, 2H, CHCH,C N) , 3 . OHSODKT), 3.51B.A1 (m, 4HCH,OP, CH,CH,C [ ) 3.723.88 (m,
2H, N(CH(CHs)z)2), 3.79 (S, 6H, AsurOCHs), 6.81 (d, 4H, AsurH), 7.167.23 (m, 1H, AsurH), 7.267.34 (m,

6H, ArowrH), 7.407.45 (m, 2H, AsurH). 3C NMR (100.62 MHz, CDG| &, 1402p20%,22.8, 24.7, 2.
27.8,29.0, 2%, 32.0,43.1, 50.8, 51.2, 54.3, 55.3, 58.2,6 62.3, 85.8, 113.1, 117.8, 126.7, 127.8, 128.3, 130.1,
136.8, 145.5, 158.4' NMR (161.96 MHz, CDG] U, p@am): 147.

B.2 Synthesis of polymend1-H4 andP1-P8 by automated phosphoramidite chemistry

All polymers were synthesized under argon rigorously dry conditions by automated seglidase
phosphoramidite method on an Expedite DNA synthesizer (Perseptive Biosystem B86€phoramidite
monomerswere charged to the bottles of synthesizer as 0.05 M solutions in anhydrous ACN. Syntheses were
carried out in the DMJon mode, in which the terminal DMT protective group is not cleaved. Thymidine loaded
dT-CPG 1000 <columns (1 &€ mol in cartridge, Gl en Res
instrument. The crude products were cleaved:hydixture of MeNH (40% in water) and NE(30% in water)

for 30 minutes and purified using reveqdgase C18 columns (Gldétak, DNA purification cartridge, Glen
Research). This procedure permits to separate the -f@kfinated targeted structures from tinencated
sequences deactivated by the capping rea@i®hen, the terminal DMT moiety of the desired sequesumked

polymers was removed directly on tB&en-pak column and washed out by solvent elution.

C Measurements andAnalysis

C.1 Nuclear Magneti&kesonance (NMR)

All NMR were recordedn a Bruker Avance 40§pectrometeequipped with an Ultrashield magné&hemical
shifts (i jre reported in parts per million (ppm) against solvent residual sighdINIR, CDQ3s: U 7=26ppm
13C NMR, CDQs U 77.16 ppm). *H NMR spectra were recorded at 400.13 MHEZ, NMR spectra at 100.62
MHz and 3P NMR at 161.96MHz. The NMR solvent deuterated chloroform (99,8 %, chlorofddhwas
purchased from Aldrich.

C.2 High Performance Liquide Chromatography (HPLC)

Anion exchange HPL®@as used to verify the purity of the polymersati220 Infinity Il LC Analytical HPLC
System from Agilent technologif.he device was equipped with a column for oligonucleotides PA100 Thermo
ScientificE DionexE ORIMP@)and a(Viddtecomrepand 28knfPhase A was
prepared with 10% ACN and 20% of 2 M hk MilliQ water and Phase B with 2.5 M NaCl in MilliQ water.
Elution was performedly applying a linear gidient of Phase B (from 5 to 3Q%ver 25 min at #low rate of 1

mL/min.



C.3 High Resolution MasSpectranetry (HRMS)

MS experiments were performed using a QStar Elite mass spectrompfdied Biosystems SCIEX
Concord, ON, Canada), a QTOF equipp#ith an electrospray ionization (ESI) source operatelddrmpositive

mode (capillary voltage: +5500 V; cone voltage: +75 V). vas used as the nebulizing gas (10 psi) and
nitrogen as the curtain gas (20 Q/ACNYS0/50DwW)y futhhea mpl e s
diluted (1/10 to 1/100) in a methalic solution of ammonium acetate (3 mM) and introduced in the ESI source
with a syringe “dlownate. lathe MS mbde, iond wenm Bcourately mass measured after
internal calibration of the orthogonal acceleration twfiidlight (0aaTOF) mass analyzer, using two cationic
adducts of PMMA to bracket the targeted analyi value. MS/MS experiments were carried out with
collision induced dissociation (CID), where precursor ions were selected in a quadrupole mass analyzer,
injected into the allision cell filled with nitrogen, and product ions were measured in theQfa Instrument

control, data acquisition and data processing of all experiments were achieved using Analyst software (QS 2.0)
provided by Applied Biosystems SCIEX.
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Figure S1 (a) HPLC analysis ohomopolymerH1. (b) Mass spectrometry analysis L. # designates signals from the
chemical backgroundc) Tandem mass spectrometry analysi$i@fwith sequence coverage table in inset. Grey asterisks
denote internal fragments. The full grey circle designates internal fragments corresponding to thategrotatedinit M1
atm/z210.1.
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Figure S2 (a) HPLC analysis ohomopolymerH2. (b) Mass spectrometry analysis idR. # designates signals from the
chemical backgroundc) Tandem mass spectrometry analysigi@fwith sequence coverage table in inset. Grey asterisks
denote internal fragments. The full grey circle designates internal fragments corresponding to the protonatmit died

atm/z238.1.
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Figure S3 (a) HPLC analysis ohomopolymeH3. (b) Mass spectrometry analysistd8. Black asterisks indicate traces of
DMT -protected polymei(c) Tandem mass spectrometry analysibl8fwith sequence coverage table in inset. Grey asterisks
denote internal fragments. The full grey circle designates intagaments corresponding to the protonated cadetiV 3

atm/z266.1.
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Figure S4 (a) HPLC analysis ohomopolymeH4. (b) Mass spectrometry analysistdfl. Black asterisks indicate traces of
DMT -protected polymei(c) Tandem mass spectrometry analysibldfwith sequence coverage table in inset. Grey asterisks
denote internal fragments. The full grey circle designates internal fragments corresponding to the protonatmit &btied
atm/z294.2.
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Figure S5 (a) HPLC analysis ofopolymerP1. (b) Mass spectrometry analysisff. # designates signals from the chemical
background(c) Tandem mass spectrometry analysidPafwith sequence coverage table in inset. Grey asterisks denote

internal fragments. The full grey cirdelesignaténternal fragments corresponding to the protonated cadisM1 atm/z
210.1 andvi2 atm/z238.1
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