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bEM 30 DERICIZT P ABRMBR L LTI EHEND
azobis(isobutyronitrile) (AIBN) & 7213 2,2"-azobis(4-methoxy-2,4-
dimethylvaleronitrile) (V-70) T/IGZ# LT\ 5, AIBN TIXT VBV EF4
SHDHEOIHEES 60°C EFTLEIFDMERD ST, LML, ZOFRMETTIE
RESCSIRDOBM THDH T AN E OWEIRAKTIT I - TENRB S
Si(OEt)s M — /K i e = L TV D AlREtE S OGP o g 7 v~ ~ 7
T 7 4 —IbE ATz, 30°C & L VIRWVIEE CHEHET S V-T0 2 H L7 &
A, ZORIEREMAZ BRLEY 30 Z@mIUETH L Z ENRTE T,

NS DREEIEEITERIRT B X — U ki#EET BGL = —TF 1 T Al L
o TnD, BIRT X —VEEE£2V0BGL a—7 4 » J R 2R L=
. BE L EHEIZ Lo T SI-O-CH2 A TEALZ I L T FINEB LUV A Y
Av—NEREIND Z ENTREND, (€ TR ORER - R & SE R
AE (. ME, EWREARIET 57290) O7DIZid, triethoxysilyl 55D A
AL BGLMOBRIRT B X — N K DN H - 721F ) BNEAAAI L L TL
F LUV,

T 1 ETOL TG ORY —0W T 5 H O TlEZew, LT
(ZHEL IR T T ATH L7280, U Ui Rikit s LT-ERTH D,

fb&® 27, 30, 33, BLO3B DEIRT BX —/Lik, a—F 4 7 FIEFTORE
PESAE T Ol S NS (Schemel?) . A7 v X1 Tld, 7% — (b
type C) BELU= FFx T VS (76 type B) ONfRiEA | BRMEKMERLE
ZRWT 24 RS L, D DRV KR Z 5TV 5,

NMR IZ X D iREDHER 1T > TH V. NMR &N DCI/D20 ALBRIZ & - Tk
AW 30 DA SV HIERD THNMR Z2HI@E L=, 71 b= RO (1.7
ppm O —ERRNHLK) L hF -2 U a A ORANHER I NT-0, B
2 ) A —DIERAEMDAERIZ LD F v — FREPEME LT e, v
HIF S 1oL LT, Scheme 17 IZX & L TRLTWS, &iZ, 120CT
DIFRZ LY, B FNB IO b e B —McKk b L E Lz =kt Si-O-Si
wWAENELND (AT vy 7 M) . Lo LERIZ, Si-O-CH2 i & A i A
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IR ETET ATy 7N | YREOF) Av—L@HEENTE T
WAHZ EBRTRERIND,

Y OWEZRETDHE. <D Si-O-CH2 5 & U v —Ea Nl Th %
AR B D, S DIZ, W T ARE EOEMRA ) I~ —Xa—TFT 4 VT JER
E L WERRINCHE RS D ATREMEN B W2, T T A BB BRET D 2 LTINS
Beahdbh, I T, XOBDBRBAELITY SI-O-CH RSB 2 UM L, Hofkry
IHES Z AT ARG AR TR TWA (FRTh, ZE LT Si-0-Si fEde
EVES Tag RPN

Fo ALAEW 30 B L35 T ML URERO T CRBEO N T A5 FEBR G
Tl o728, B2 Bidds UL Zedvotz, 2 Si(—OEt)s DNk 4y fif s i
DIBENWT ENREZ LD, #F . Si(-OE): DKL TR MEL U HERPED
FRBRNELEINTWD Y, 207, R HTFRCa—T 173570
WZiF = —7 0 7RI EBRME T 2 &Il HiuZeuy,

OH
type C
type C . N S o
oo o R T o oH
i VA f - - -
/ ">o/rd " Acid, 1t, 24 h, H,0 step /—S\
R —_— ro—"
step | 120G \\\ ,,,,,,, wpe B
type B-. \ ___OEt HO y
e ST

Et o~ - ToEt o

C O Si
He o si—/"
a full-protected an example of activated form (X) \T%

coating reagent (W)

Q
step i

an example of multi-layer (Y)

o oH step IV
linsed with H,SO,
Ho/v‘o” or dipped in detergent aqueous solution

Considerable final monolayer (Z)

Scheme 17
77 AFK i OIHE

EFFNICEDIC, BTN T T AREFIRmD 2 —T ¢ > TBEEEE LT RO
BEZRAT o2, —fXA972 0 A4 (10.5cm x 5.0cm. & 3.0mm, #KE 45 7 A)
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ZTHIROBEE OWHITHEF L, A 3 ZWKTT X, eI, K&,

EmilE (5mL) 3% 70~80° DA E THEIT /=4 7 AMRIC 2 [BEX, KIZH T A

WaEREOPA A KT L, RSS2, ZOFEE, F7 AROME T
FITSh=,

a—F 4 v 7 FIE

a—7 4 7 FINRITEE LT FO L S ICE SNz, 77 AaNT, 30
(2.04g,3.40mmol) i1 A7k (200 mL) [E{AERfAREED Amberlyst-15 (102
mg) OFET., =R T24 W, 2RAE L7, Amberlyst-15 Z[RET 5720
PR, W—pRiK s T EICHW oA 4K (40omL) DIREWMETS
T, a—7 4 » 7RO KK (3.40 mmol, 240 mL, 0.014 mol /L) %#&7= (A
Ty ) . IR (25mL, 3.5x105mol) & F D H T AR H O -4y OFEIC
R CTOREA L, HT7 ALKE 120°CT 24 BB L7 (ZT v 71, #i
X) , WIZH T ADREAZEIRETHA L%k, £mE7E M (20mL) |
AKX J—) (20mL) | A A 7K (40mL) THHF L. kimwipe® TL < X
Lole (AT v 7 NDOKT) . &I, TT7AWREBEEOTROWEA] (7 L%
NN ZZNVR AT MU UL, YR OKEEIRICEIRCIRMRE L (R
77 M)

Bh =t Dt
TOAI = ABOIE (B =20em, ES =7cm) 12, &I 3cem £ T

A FKE AN, HDIKE 60~80°CIZMEA LTz, a—T 4 7 SN2 T ATH
(E#: 2—=FT 7L, T a—T 4 7&H0) X, KEH)HH 8~10
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cm OALEIZPRFF SHL, 2BRIZARKIZS B L. TDO%, T 7 ARERRN B
L. 05 BLWNICEEZk->7= (Fig4) ,

|

RO

Eee = -
e = ==
(A) (B) (C) (D)
no moisture bottom-half wiped off uncoated face
coated face after (B) with steam
with steam
Fig.4

Fig.4 |2, 30 WEHNC T —T 4 VT ENT=H T ADBHEMEREZ R L TV
el

BEEAFTI—T A T HRERVEZLOT T AT, a—7 4> 7 S - EK
La—T 4 T ENTOWRWHEBOER T, BIZRA TE o7 KRI227072
Molz, IBIL, HTAOERDOEY #ETHRE>TH, MMITELT b
ST, RHEIZ, HIAPEKUTERT HE, a—T 4 VTSN T¥ES%
PR T RTOMEEN T ICE-T2 (BEB) , 2—7 4 > 7 OFEOSE R I
FIZXBI S, SIRICHERT D Z ENTal, BhlEmaEioz%,
BERIIHORBITE 2oz (BEC) , a—7 47 SN TORWECH
DERMMIAELREYTHE, TRTOHEBPESTWNWDHZ LR L (BR
D) .

a—7 4 UTEINIITEDOH T AR E R U< HWRREIICERTE > 72, i,
A—T 4TI R o THIAOEHEMEF Lozl LE2RLTND,

oo a—7 ¢ v 7RI
F Uy Z7 A2 27,33 BL0N3B 2hxlca—T 4 7L, a—T 47

SNIH T AHAa 30 LEIC KO ICHRRATRIE L., EDa—T 4 THGA
7 ADEY 2 L7, AREREZ S Rho T,
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ZHUEIBGL &K 30 N EV IEDFRmMEHEHT DI+ THHT-D, 30 &
BGL L&A 35 OfEROMICHBEEZNBEIN2) -T2 [N H D,

M A DN T

UL FDMAMEERIL, HTI 2a—TF ¢ v 7 OFEM L K& B LAY E TOIX
FhEiHr T, —HEHANILEW 30 #8H L=,

30 TORMDPHERERDRZIZ, THAMEIZ DN TOLLT D 3 DO I S i
oo TRTOHBEIZBWT, BIEMEITHERF S 72, Scheme 17 D27 > 7 IV T
X, FEn ) BEOY Gil) EFRUCSENEHE SN,

() B Y7=2E0IC, @HEOEXERK T, EIR T3 » HREME Lz,
(i) H 7 AERMEZEME (5mLx2) T2 =YW L,

(iii) BT A% 28Wt% DT IVF LR B 2R Y oA (2.0wt%)
Z B L — XA 72 YA D KSR I 2R C 3 IR L7,

HAREARRNISETZF 7 ) v VRIS EHWTH LS BGL AT A a—T 4 7
FlZBRFE Uiz, 2D ORISIFRRT/ &0 T CRIGHEITT 5720, BIARY
EMATERTDHIENTEZ, BiL<BABENTEBGL T Aa—TF 17
FaEERHL, B0 IOH T AREBOERIZKD LT, Z—F > N T AOM
maEZNbOv Y b BGL Ta—7 4 731Uk, BEEICENT-EHFMD
EDICSWERAT T ZA0REN MG TE S, BIE, EA{LIZAT 7 BGL 7
AR a—F 4 > T HNO KRB/ HEF 2D FLA TV 5,
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ABFFECER U TRAGEIZRTE 70 2 IFE 80 b ONCHEEEZ 15 0 £ L8R REH
SR AR RUEZIR IO b DIEH OB Z R L E T,

ZL OITYEETEE, WS, HB TSV E LEABREINR R RSP EH
%« BLCDW 7 A 7 YA = ZHFFEFT, %ﬁ*%ﬁﬁ (FEESPNE S SESINIUTE g
MR, SERBBGHRAT, N AR, ([ EPRHL BB IR B L £ 9,

AT MVT = Z OREIEHIFE, ZWHAETES £ LCAblA RECE ICERS

B LET,
EERO— I L CF & o 72BSAE5 T B R0y B 00 6 F AT VR < I
Li‘é‘o

Bethic, RERREY, REHIOEZZ Lo TTEY | HbIRAVE TRF > TF
Kot FHEC, DX RSN LET,

21



BRI

22



IR spectra were measured by Nihon Bunko FT-IR 6200 spectrometer. 'H NMR spectra
were recorded by Bruker FT-NMR AV400N at 400 MHz or Bruker FT-NMR AV500 at
500 MHz, and *3C NMR spectra were recorded by Bruker FT-NMR AV500 at 125 MHz
in deuterated chloroform (CDCls), methanol (CD3OD) or dimethylsulfoxide (DMSO-
ds). Chemical shifts were indicated by d value with tetramethylsilane as an internal
standard. Multiplicities are abbreviated as s (singlet), d (doublet), t (triplet), g (quartet),
quint (quintet), m (multiplet), brs (broaded singlet). Coupling constants, J, were
reported in Hz (Hertz). High resolution mass spectra (HRMS) were measured by Waters
LCT PREMIER using Electronically Sprayed Injection—-Time-of-Fight (ESI-TOF). All
the reactions were carried out under argon atmosphere. Reactions were monitored by
thin layer chromatography of Merck Silica gel 60 F2s4 (0.25 mm) when it was
applicable. Purifications were performed with Silica gel 60 N purchased from KANTO,
unless otherwise noted. Syringe-filtration was performed with Acrodisc® Syringe Filters
with universal membranes (0.2 um pore) from Pall Corporation. The following reagents
were purchased and used without further purification, unless otherwise noted.

anhydrous 1,4-dioxane (Kanto) hexane (Wako/Fujifilm)

heptane (Wako/Fujifilm) methanol (Wako/Fujifilm)
ethanol (H A7 /L =1 — /LGRS A)

ethyl acetate (Wako/Fujifilm) dichloromethane (Wako/Fujifilm)
acetone (Wako/Fujifilm) toluene (Wako/Fujifilm)

sodium hydroxide (Wako/Fujifilm) potassium hydroxide (TCI)

allyl bromide (Wako/Fujifilm) acetoxime (TCI)

(3-aminopropyltriethoxysilane (TCI)
(3-mercaptopropyl)triethoxysilane (TCI)

azobis(isobutyronitrile) (Wako/Fujifilm)
2,2'-Azobis(4-methoxy-2,4-dimethylvaleronitrile) (Wako/Fujifilm)
anhydrous magnesium sulfate (TCI)

N,N-dimethylformamide (Wako/Fujifilm)
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1,3-bis((2,2-dimethyl-1,3-dioxan-5-yl)oxy)propan-2-ol (3)

Prepare according to literature procedure?®.

1,3-bis((2,2-dimethyl-1,3-dioxan-5-yl)oxy)propan-2-yl 4-methylbenzenesulfonate
(4)

O{ZK
S {o{fx

Prepare according to literature procedure??.

propan-2-one O-(1,3-bis((2,2-dimethyl-1,3-dioxan-5-yl)oxy)propan-2-yl) oxime (14)

To a mixture of 2%2 (474 mg, 1.0 mmol) and acetoxime 13 (292 mg, 4.0 mmol) in 1,4-
dioxane was added finely crushed potassium hydroxide (112 mg, 2.0 mmol), and the
mixture was stirred for 22 h at 60 °C. The resulting mixture was poured into water
(20 mL), and extracted with toluene (40 mL x 2). The combined organic layers were
washed with water (30 mL x 3), brine (20 mL), dried over anhydrous magnesium
sulfate, and concentrated in vacuo. The residue was purified by silica gel column
chromatography, eluted with dichloromethane/ethyl acetate (5/2 then 2/1) to afford 14
(300 mg, 0.80 mmol, 80% vyield) as an oil. FT-IR (neat) 2991, 2940, 2873, 1654, 1455,
1372, 1332, 1282, 1250, 1227, 1199, 1154, 1095, 1043, 937, 831, 732 cm™%; *H NMR
(CDCls, 500 MHz) 6 4.24 (quit, J = 5.0 Hz, 1H), 3.95 (dd, J = 4.5, 12.0 Hz, 4H), 3.72
(dd,J=7.0,12.0 Hz, 4H), 3.69 (d, J = 5.5 Hz, 4H), 3.49 (tt, J = 4.5, 7.0 Hz, 2H), 1.86
(s, 3H), 1.85 (s, 3H), 1.44 (s, 6H), 1.39 (s, 6H); 13C NMR (CDCls, 125 MHz) & 155.1
(C), 98.1 (C x 2),80.6 (CH), 70.9 (CH x 2), 67.8 (CH2 x 2), 62.7 (CH2 x 4), 25.0
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(CHs x 2), 22.2 (CH3 x 2), 21.8 (CH3), 15.8 (CH3); HRMS (ESI-TOF) m/z calcd for
C1sHasN1Na:1O7 [M + Na]* 398.2155, found 398.2163.

2,2'-((2-(aminooxy)propane-1,3-diyl)bis(oxy))bis(propane-1,3-diol) (15)

OH

o~
H2N—O{ o
o~

OH
A solution of 14 (375 mg, 1.0 mmol) in hydrochloric acid (1.0 mol/L, 2 mL) was stirred
for 2 h at room temperature, then concentrated in vacuo. Then the following procedure
was repeated four times. “The residue was dissolved in hydrochloric acid (1.0 mol/L,
2 mL), and the solution was heated at 80 °C for 1.5 h under vacuum condition
(~30 mmHg)”. The resulting residue was purified by anion exchange gel (Amberlite®,
IRA910CT Cl, Organo Technology Co. Ltd), eluted with deionized water, then by
cation exchange gel (Amberlite®, 200CT Na, Organo Technology Co. Ltd), eluted with
deionized water, then ammonia in water (28%) to afford crude 9 as a cloudy oily
substrate. The crude was dissolved in methanol to give suspension, which was filtered
via syringe-filter. The filtrate was concentrated in vacuo to afford 15 (220 mg,
0.86 mmol, 86% yield) as an oily substrate. FT-IR (neat) 3387, 2946, 2882, 1646, 1465,
1412, 1353, 1220, 1114, 1055, 996, 975, 911, 831, 677, 571 cm™*; *H NMR (CDsOD,
500 MHz) & 3.89 (quit, J = 4.5 Hz, 1H), 3.79 (dd, J = 10.5, 4.0 Hz, 2H), 3.75 (dd,
J=10.5, 6.0 Hz, 2H), 3.663 (dd, J = 12.0, 4.5 Hz, 2H), 3.660 (dd, J = 12.0, 4.5 Hz, 2H),
3.59 (dd, J = 12.0, 6.0 Hz, 4H), 3.45 (quit, J = 5.0 Hz, 2H); *C NMR (CD30D,

125 MHz) 6 82.5 (CH), 81.8 (CH x 2), 68.8 (CH2 x 2), 61.1 (CH2 x 2), 61.0 (CH2 x 2);
HRMS (ESI-TOF) m/z calcd for CoH2:1N1Nai1O7 [M + Na]* 278.1216, found 278.1238.
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1,3-bis((1,3- bis((2 2-dimethyl-1,3-dioxan-5-yl)oxy)propan-2-yl)oxy)propan-2-ol (9)

f fx
183

Prepare according to literature procedure®.

{

1,3-bis((1,3-bis((2,2-dimethyl-1,3-dioxan-5-yl)oxy)propan-2-yl)oxy)propan-2-yl 4-
methylbenzenesulfonate (16)

NS
AL
e

Tk

Prepare according to literature procedure?®.

TsO {

propan-2-one O-(1,3-bis((1,3-bis((2,2-dimethyl-1,3-dioxan-5-yl)oxy)propan-2-
yl)oxy)propan-2-yl) oxime (17)

NS
A

ffx
Tx

To a mixture of 162° (348 mg, 0.41 mmol) and acetoxime 13 (120 mg, 1.64 mmol) in
1,4-dioxane (0.82 mL) was added finely crushed potassium hydroxide (46 mg,

0.82 mmol), and the mixture was stirred for 24 h at 60 °C. The resulting solution was
poured into water (20 mL), extracted with dichloromethane (30 mL x 2). The combined
organic layers were washed with water (5 mL x 2), brine (10 mL), dried over anhydrous
magnesium sulfate, and concentrated in vacuo. The residue was purified by silica gel

e
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column chromatography, eluted with dichloromethane/acetone (3/1) to afford 17

(190 mg, 0.25 mmol, 61% yield) as a pale yellow oil. FT-IR (neat) 2991, 2939, 2916,
2873, 2245, 1654, 1455, 1372, 1333, 1283, 1250, 1227, 1199, 1153, 1089, 1043, 997,
938, 920, 831, 732, 647 cm™%; *H NMR (CDCls, 500 MHz) & 4.24 (quit, J = 5.0 Hz,
1H), 3.95 (dd, J = 11.5, 4.0 Hz, 4H), 3.94 (dd, J = 11.5, 4.0 Hz, 4H), 3.75 (d,
J=5.0Hz, 4H), 3.72 (dd, J = 12.0, 7.0 Hz, 4H), 3.71 (dd, J = 11.5, 6.5 Hz, 4H), 3.63—
3.50 (m, 10H), 3.46 (tt, J = 6.5, 4.5 Hz, 4H), 1.86 (s, 3H), 1.85 (s, 3H). 1.43 (s, 12H),
1.39 (s, 12H); 13C NMR (CDCls, 125 MHz) § 155.0 (C), 98.1 (C x 4), 80.9 (CH), 78.8
(CH x 2), 70.9 (CH x 4), 69.3 (CH2 x 2), 68.52 (CH2 x 2), 68.47 (CH2 x 2), 62.6
(CH2 x 8), 24.6 (CH3 x 4), 22.2 (CH4 x 4), 21.8 (CH3), 15.8 (CHzs); HRMS (ESI-TOF)
m/z calcd for CssHesN1Na1O1s [M + Na]* 774.4252, found 774.4254.

2,2",2" 2"-((((2-aminoxypropane-1,3-diyl)bis(oxy))bis(propane-2,1,3-
triyl))tetrakis(oxy))tetrakis(propane-1,3-diol) (18)

OH

& Lo
{ \COH

OH

HQN_O{

A solution of 17 (190 mg, 0.25 mmol) in hydrochloric acid (1.0 mol/L, 1 mL) was
stirred for 2 h at room temperature, then concentrated in vacuo. Then the following
procedure was repeated four times. “The residue was dissolved in hydrochloric acid
(1.0 mol/L, 1 mL), and the solution was heated at 50 °C for 1.5 h under vacuum
condition (~30 mmHg)”. The resulting residue was purified by anion exchange gel
(Amberlite®, IRA910CT ClI, Organo Technology Co. Ltd), eluted with deionized water,
then by cation exchange gel (Amberlite®, 200CT Na, Organo Technology Co. Ltd),
eluted with deionized ware, then ammonia in water (28%) to afford crude 10 as a cloudy
oily substrate. The crude was dissolved in methanol to give suspension, which was
filtered via syringe-filter. The filtrate was concentrated in vacuo to afford 18 (90 mg,
0.16 mmol, 64% yield) as an oily substrate. FT-IR (neat) 3370, 2930, 2879, 1596, 1461,
1410, 1348, 1306, 1245, 1120, 1068, 973, 908, 845 cm™; *H NMR (CD3z0D, 500 MHz)
6 3.87-3.82 (m, 1H), 3.80 (dd, J = 11.0, 4.0 Hz, 2H), 3.74 (dd, J = 11.0, 5.5 Hz, 2H),
3.77-3.67 (m, 2H[CH]+8H[CH2]), 3.64 (dd, J = 5.0, 11.5 Hz, 8H), 3.57 (dd, J = 5.5,
11.5 Hz, 8H), 3.43 (quint, J = 5.0 Hz, 4H); *C NMR (CDs0D, 125 MHz): 6 82.3 (CH),
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81.7 (CH x 4), 79.0 (CH x 2), 69.3 (CH2 x 4), 68.8 (CH2 x 2), 61.1 (CH2 x 4), 61.0
(CH2 x 4); HRMS (ESI-TOF): m/z calcd for C21H4sN1Na10O1s [M+Na]* 574.2687, found
574.2672.

5,5'-((2-isothiocyanatopropane-1,3-diyl)bis(oxy))bis(2,2-dimethyl-1,3-dioxane) (6)
0
o~ K
S:C:N—{: J
o~
X
Prepare according to literature procedure®®.

1-(1,3-bis((2,2-dimethyl-1,3-dioxan-5-yl)oxy)propan-2-yl)-3-(3-
(triethoxysilyl)propyl)thiourea (27)

0
s O_<C: ><
(aohsr”\«”\N)LN o
H H O{O><
o

To a stirred solution of 6% (100 mg, 0.28 mmol) in ethanol (0.28 mL), was added (3-
aminopropyl)triethoxysilane (26) (78 uL, d =0.99, 74 mg ,0.34 mmol), dropwise
slowly. The resulting solution was stirred for 2 h at room temperature, concentrated in
vacuo. The residue was purified by silica gel column chromatography, eluted with
hexane/ethyl acetate (3/1) as an eluent to afford 27 (144 mg, 0.25 mmol, 89%) as a
whitish oil.

FT-IR (neat): 3506, 3327, 3064, 2974, 2926, 2880, 1542, 1449, 1373, 1337, 1291, 1251,
1228, 1199, 1082, 984, 957, 894, 827, 778, 731 cm,

'H NMR (CDCls, 500 MHz): § 6.57-6.12 (br, 2H, -NH-C(=S)-NH-), 4.69-4.33 (br,
1H, -NH-CH) ,4.00 (dd, J = 3.5, 12.5 Hz, 2H, CH2 in BGL), 3.97 (dd, J = 3.5, 12.5 Hz,
2H, CH2in BGL), 3.82 (q, J = 7.0 Hz, 6H, (CH3-CH2-0-)3Si-), 3.81-3.71 (m, 6H,
CH2in BGL), 3.61 (dd, J = 7.0, 9.5 Hz, 2H, CH2 in BGL), 3.44 (quint, J = 4.1 Hz, 2H,
CH in BGL), 3.49-3.36 (m, 2H, -CH2>—-NH), 1.71 (quint, 2H, Si-CH2-CH2>-CH2-), 1.42
(s, 12H, CHs of acetonides), 1.23 (t, J = 7.0 Hz, 9H, (CH3—CH2-0-)3Si-), 0.69-0.61
(m, 2H, -Si—-CH2>—-CH2-).

13C NMR (CDCls, 125 MHz): § 181.8 (C, C=S), 98.2 (C x 2, acetal), 70.7 (CH x 2, in
BGL), 62.6 (CH2 x 2, in BGL), 61.9 (CH2 x 4,in BGL), 58.4 (CH2 x 3, (CH3—CH2—
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0-)sSi-), 53.7 (CH, -NH-CH), 47.0 (CH2, —-CH2-CH2-NH-), 24.7 (CHz3 x 2,
acetonides), 22.5 (CHs x 2, acetonides), 22.3 (CH2, -CH2-CH2>-CH2>-), 18.3 (CH3 x 3,
(CH3—CH2—0-)sSi-), 7.8 (CH2, —-Si—-CH2>—CH2-).

HRMS (ESI-TOF): m/z calcd for C2sHs0N2NaOoSiS [M + Na]* 605.2904, found
605.2900

5,5'-((2-(allyloxy)propane-1,3-diyl)bis(oxy))bis(2,2-dimethyl-1,3-dioxane) (28)

To a stirred suspension of 32 (2.0 g, 6.24 mmol), grinded sodium hydroxide (93 wt%,
805 mg, (net 749 mg), 18.72 mmol) in toluene (3.12 mL) was added allyl bromide (1.06
mL, d = 1.43, 1.51 g, 12.48 mmol) at room temperature and the resulting mixture was
stirred for 3 h at 70 “C. The reaction mixture was allowed to cool to room temperature,
filtered off with Celite 535, and the filtrate was concentrated in vacuo. The residue was
purified by distillation to give 28 (180 °C/0.37 mmHg, 2.20 g, 6.10 mmol, 98% yield) as
a colorless oil.

FT-IR (neat): 3076, 2992, 2939, 2872, 1646, 1455, 1425, 1372, 1333, 1283, 1250, 1227,
1199, 1153, 1096, 1043, 997, 936, 831, 732 cm .

IH NMR (CDCls, 400 MHz): 6 5.89 (ddt, J = 5.6, 10.4, 17.2 Hz, 1H, CH2=CH-CH>-),
5.27 (tdd, J = 1.6, 1.6, 17.2 Hz, 1H, one of CH2=CH-), 5.17 (tdd, J = 1.6, 1.6, 10.4 Hz,
1H, one of CH2,=CH-), 4.13 (ddd, J = 1.6, 1.6, 5.6 Hz, 2H, =CH-CH>-0-), 4.00-3.92
(m, 4H, CH2in BGL), 3.74 (dd, J = 6.8, 11.6 Hz, 2H, CH2 in BGL), 3.73 (dd, J = 6.8,
11.6 Hz, 2H, CH2 in BGL), 3.66-3.52 (m, 5H, , CHz2 in BGL + —OCH), 3.47 (tt, J = 4.4,
6.4 Hz, 2H, CH in BGL), 1.43 (s, 6H, CHs of acetonides), 1.40 (s, 6H, CHs of
acetonides).

13C NMR (CDCls, 125 MHz): § 134.9 (CH, CH2=CH-CH2-), 116.9 (CH2, CH2=CH-),
98.0 (C x 2, acetonides), 77.1 (CH, -O-CH), 71.4 (CHz, =CH-CH2-0-), 70.9 (CH x 2,
in BGL), 68.6 (CH2 x 2, in BGL), 62.5 (CH2 x 2, in BGL), 62.5 (CH2 % 2, in BGL),
24.4 (CHs x 2, acetonides), 22.6 (CHs x 2, acetonides).

HRMS (ESI-TOF): m/z calcd for C1sH32NaO7 [M+Na]* 383.2046 found, 383.2037.
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14-((2,2-dimethyl-1,3-dioxan-5-yl)oxy)-13-(((2,2-dimethyl-1,3-dioxan-5-
yl)oxy)methyl)-4,4-diethoxy-3,12-dioxa-8-thia-4-silatetradecane (30)

A mixture of 28 (33.3 g, 92.25 mmol), (3-Mercaptopropyl)triethoxysilane (29) (22.0 g,
92.25 mmol) was added 2,2'-Azobis(4-methoxy-2,4-dimethylvaleronitrile) (853 mg,
2.78 mmol) at room temperature and the resulting mixture was stirred for 24 h at 30 °C.
The reaction mixture was poured into heptane (200 mL), filtered off, and extracted with
acetonitrile (500 mL). The acetonitrile layer was concentrated in vacuo to give 30
(51.13 g, 85.68 mmol, 93% yield) as a colorless oil.

FT-IR (neat): 2973, 2925, 2878, 1455, 1372, 1334, 1294, 1250, 1227, 1199, 1156, 1102,
1044, 997, 960, 831, 789, 733 cm!

'H NMR (CDCls, 400 MHz): 6 3.97 (dd, J = 4.4, 11.6 Hz, 4H, CH2 in BGL), 3.81 (q, J
= 6.8 Hz, 6H, (CH3-CH2-0-)3Si-), 3.73 (dd, J = 1.6, 6.8 Hz, 2H, CH2 in BGL), 3.71
(dd, J=1.6, 6.8 Hz, 2H, CH2 in BGL), 3.65 (t, J = 6.4 Hz, 2H, —-CH>—CH>-0O-), 3.61-
3.50 (m, 5H, CH2 in BGL, -O-CH), 3.46 (tt, J = 4.4 6.4 Hz, 2H, CH2 in BGL), 2.57 (t,
J=7.2Hz, 2H, -S-CH>-CH2>-CH>-0-), 2.52 (t, J = 7.6 Hz, 2H, Si-CH>—CH>—CH2—
S-),1.82 (tt, J= 6.4, 7.2 Hz, 2H, -S-CH2>-CH2>-CH2>-0-), 1.75-1.63 (m, 2H, Si-CH2—
CH2>-CH2-S-), 1.43 (s, 6H, CHzs of acetonides), 1.40 (s, 6H, CHzs of acetonides), 1.23
(t, J=6.8 Hz, 9H, (CH3-CH2-0-)3Si-), 0.77-0.69 (m, 2H, —-Si-CH2—CH2-)

13C NMR (CDCls, 125 MHz): § 98.1 (C x 2, acetonides), 78.1 (CH, in BGL), 71.0 (CH
x 2,in BGL), 68.9 (CH2,—-CH2—CH2-0-), 68.6 (CHz x 2, in BGL), 62.6 (CH2 x 2, in
BGL), 62.6 (CH2 x 2, in BGL), 58.4 (CHz2, one of (CH3—CH2-0-)sSi-), 58.4 (CHz, one
of (CH3—-CH2-0-)3Si-), 58.3 (CHz2, one of (CH3—CH2-0-)3Si-), 35.1 (CH2, -S—-CH2—
CH2—-CH2-0-), 29.9 (CH2, —-Si-CH2-CH2-CH2-S-), 28.5 (CH2, —-S—CH2-CH2—-CH2—
0O-), 24.5 (CHs x 2, acetonides), 23.2 (CH2, —Si-CH2—CH2—-CH2-S-), 22.6 (CHs x 2,
acetonides), 18.3 (CHs x 3, (CH3—CH2-0-)3Si-), 9.9 (CH2,—Si—-CH2-CH2-)

HRMS (ESI-TOF): m/z calcd for C27Hs4NaO10SSi [M+Na]* 621.3105 found 621.3113.

1-(((2R,5s)-2-methyl-1,3-dioxan-5-yl)oxy)-3-(((2S,5s)-2-methyl-1,3-dioxan-5-
yl)oxy)propan-2-ol (31)
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Prepare according to literature procedure?®,

(¥)-5,5"-((2-(oxiran-2-ylmethoxy)propane-1,3-diyl)bis(oxy))bis(2-methyl-1,3-
dioxane) (32)

e
Mo{o{%—

To a stirred suspension of 31?° (877 mg, 3.0 mmol), sodium hydroxide aqua solution
(50 wt%, 10 .0 mL, (net 5.0 g), 125.0 mmol) was added (z)-chloromethyloxirane (941
pL, d=1.18, 1.11 g, 12.0 mmol), dropwise 10 min at 0°C. The resulting mixture was
stirred for 4 h at 35 °C. The reaction solution was allowed to cool to room temperature
and poured into water (20 mL) and extracted with dichloromethane (30 mL). The
organic layer was washed with water (20 mL x 2) followed by brine (20 mL), dried over
magnesium sulfate, and concentrated in vacuo. The residue was purified by silica gel
column chromatography, eluted with ethyl acetate/acetone (4/1) as an eluent to afford
(¥)-32 (780 mg, 2.23 mmol, 74%) as a colorless oil.

FT-IR (neat): 2990, 2862, 2783, 2723, 2663, 1442, 1407, 1341, 1282, 1244, 1154, 1093,
1051, 987, 952, 896, 858, 822, 806, 759 cm™.

'H NMR (CDCls, 500 MHz): 6 4.71 (g, J = 5.0 Hz, 2H, acetal CH), 4.22-4.12, (m, 4H,
four of (-CH(-CH2-)2)2), 3.99 (dd, J = 3.0, 12.0 Hz, 1H, one of CH: neighbor to
epoxide), 3.86-3.78 (m, 5H, CH2in BGL+ —OCH), 3.72 (dd, J = 4.5, 10.5 Hz, 1H, one
of CHz2 in BGL), 3.71 (dd, J = 4.5, 10.5 Hz, one of CHz in BGL), 3.67 (dd, J = 5.5, 10.5
Hz, 1H, one of CH2 in BGL), 3.65 (dd, J = 5.5, 10.5 Hz, 1H, one of CH2 in BGL), 3.60
(dd, J=5.5,12.0 Hz, 1H, one of CH2 neighbor to epoxide), 3.29-3.25 (m, 2H, CH in
BGL), 3.19-3.14 (m, 1H, [CH-epoxy]), 2.78 (dd, J = 4.5, 5.0 Hz, 1H, one of [CH2-
epoxy]), 2.63 (dd, J = 3.0, 5.0 Hz, 1H, one of [CH2—epoxy]), 1.33 (d, J = 5.0 Hz, 6H,
CHg).

13C NMR (CDCls, 125 MHz): § 99.1 (CH x 2, in BGL), 78.9 (CH, —-O-CH), 71.5 (CH,
neighbor to epoxide), 71.3 (CH, in BGL), one of 71.3 (CH, in BGL), 68.7 (CHz, in
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BGL), 68.6 (CH2 x 3, in BGL), 68.4 (CH2, in BGL), 68.4 (CH2, in BGL), 51.0 (CH,
epoxy), 44.4 (CHz, epoxy), 21.0 (CHs x 2).
HRMS (ESI-TOF): m/z calcd for C16H2sNaOs [M+Na]* 371.1682, found 371.1683.

(¥)-4,4-diethoxy-14-((2-methyl-1,3-dioxan-5-yl)oxy)-13-(((2-methyl-1,3-dioxan-5-
yl)oxy)methyl)-3,8-dioxa-12-thia-4-silatetradecan-10-ol (33)

0
o—<: —
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OH o—< o
o

A mixture of (x)-32 (761 mg, 2.18 mmol), (3-mercaptopropyl)triethoxysilane (29) (631
ul, d=0.99, 625 mg, 2.62 mmol), tetrabutylammonium bromide (35 mg, 0.11 mmol)
was stirred for 11 h at 60 °C. The resulting mixture was purified by silica gel column
chromatography, eluted with ethyl acetate/acetone (10/1) as an eluent to afford (£)-33
(999 mg, 1.70 mmol, 78% yield) as a whitish oil.

FT-IR (neat): 3481, 2974, 2924, 2883, 2784, 2729, 2661, 1640, 1455, 1443, 1408, 1391,
1363, 1341, 1282, 1244, 1154, 1097, 986, 958, 896, 859, 803 cm™.

IH NMR (CDCls, 500 MHz): 6 4.72 (9, J = 5.0 Hz, 2H, CH in BGL), 4.24-4.10 (m, 4H,
CH2in BGL), 3.91-3.80 (m, 4H, CH2 in BGL), 3.82 (q, J = 7.0 Hz, 6H, (CH3-CH2—
0-)3Si-), 3.75-3.58 (m, 8H, -CH>—CH(-OH)-CH2—, -CH(-OH)-CH2-O—, CH in
BGL, CH2 x 2 in BGL), 3.26-3.21 (m, 2H, CH2 in BGL), 2.63 (d, J = 6.5 Hz, 2H, -S—
CH2-CH-), 2.57 (t, J = 7.0 Hz, 2H, -CH2-CH2-S-), 2.04 (br, s, 1H, -CH2—-CH(-OH)-
CH2-), 1.74-1.65 (m, 2H, -Si-CH>-CH2-CH>-), 1.34 (d, J = 5.0 Hz, 6H, CH3s), 1.22 (t,
J=7.0 Hz, 9H, (CH3-CH2-0-)3Si-), 0.77-0.69 (m, 2H, —Si-CH2>-CH3-).

13C NMR (CDCls, 125 MHz): § 99.1 (CH x 2, acetal), 78.9 (CH, in BGL), 73.8 (CHz2, —
CH(-OH)-CH2-0-), 71.3 (CH, in BGL), 71.2 (CH, in BGL), 69.9 (CH, -CH2>—CH(—
OH)-CH2-), 68.8 (CHz2, in BGL), 68.7 (CHz, in BGL), 68.6 (CHz2, in BGL), 68.6 (CHz,
in BGL), 68.2 (CHz, in BGL), 68.0 (CHz, in BGL), 58.4 (CH2 x 3, (CH3—CH2—
0-)sSi-), 35.8 (CHz, one of -CH2-S—CH2-), 35.0 (CHz, one of -CH2-S—-CH3-), 23.2
(CH2,—Si—-CH2—CH2>—CH2-), 21.0 (CHs, acetal), 21.0 (CHs, acetal), 18.3 (CHs % 3,
(CH3-CH2-0-)sSi-), 9.9 (CHz, Si-CH2—CH2-CH2-)-

HRMS (ESI-TOF): m/z calcd for C2sHs0NaO11SSi [M+Na]* 609.2741, found 609.2748.

5,5,5",5""-((((2-isothiocyanatopropane-1,3-diyl)bis(oxy))bis(propane-2,1,3-
triyl))tetrakis(oxy))tetrakis(2,2-dimethyl-1,3-dioxane) (34)
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Prepare according to literature procedure?®.

1-(1,3-bis((1,3-bis((2,2-dimethyl-1,3-dioxan-5-yl)oxy)propan-2-yl)oxy)propan-2-yl)-
3-(3-(triethoxysilyl)propyl)thiourea (35)

e
SN
AS

Ok

To a stirred solution of 348 (209 mg, 0.28 mmol) in ethanol (0.28 mL), was added (3-
aminopropyl)triethoxysilane (26) (78 uL, d =0.99, 74 mg ,0.34 mmol), dropwise
slowly. The resulting solution was stirred for 1 h at room temperature, concentrated in
vacuo. The residue was purified by silica gel column chromatography, eluted with ethyl
acetate/acetone (8/1) as an eluent to afford 35 (206 mg, 0.21 mmol, 76%) as a yellowish
oil.

FT-IR (neat): 3320, 2973, 2926, 2877, 1543, 1455, 1373, 1340, 1285, 1250, 1227, 1198,
1083, 983, 942, 829, 756, 731, 665 cm™.

'H NMR (CDCls, 500 MHz): § 7.03-6.81 (br, 2H, -NH-C(=S)-NH-), 4.87-4.65 (br,
1H, -NH-CH(-CH2-)2) ,4.60-3.92 (m, 8H, CHz in BGL), 3.87-3.69 (m, 10H, CH2 in
BGL), 3.81 (q, J = 7.0 Hz, 6H, (CH3—CH2—0-)3Si-), 3.69-3.47 (m, 14H, -CH>—CH2—
NH- + CH2 x 6), 3.46-3.39 (m, 2H, CH in BGL), 3.38-3.31 (m, 2H, CH in BGL),
1.71-1.60 (m, 2H, -CH2-CH2>—-CH2-), 1.42 (s, 6H, CHs of acetal), 1.42 (s, 6H, CH3s of
acetal), 1.40 (s, 12H, CHs of acetal), 1.22 (t, J = 7.0 Hz, 9H, (CH3—CH2-0-)3Si-),
0.66-0.60 (m, 2H, —Si—-CH2>—CH2-).

H H

S
(EtO)SSi/\/\NJ\N{
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13C NMR (CDCls, 125 MHz): § 182.4 (C, C=S), 98.3 (C, acetal), 98.1 (C x 3, acetal),
79.2 (CH x 2,in BGL), 71.0 (CH x 2, in BGL), 70.8 (CH x 2, in BGL), 69.4 (CHz2, in
BGL), 68.6 (CH2 x 3, in BGL), 62.8 (CH2 x 2, in BGL), 62.5 (CH2 x 3, in BGL), 62.4
(CH2x 3,in BGL), 62.0 (CH2 x 2, in BGL), 58.3 (CH2 x 3, (CH3—CH2-0-)3Si-), 54.3
(CH, -NH-CH), 47.5 (CH2, -CH2>-CH2-NH-), 23.8 (CH3 x 4, acetal), 23.3 (CH3 x 4,
acetal), 22.6 (CH2, —-CH2—CH2—CH>-), 18.3 (CH3 x 3, (CH3—CH2—0-)sSi-), 7.7 (CHz, —
Si—-CH2—CH2-).

HRMS (ESI-TOF): m/z calcd for C43Hs2N2NaO17SiS [M + Na]* 981.5001, found
981.5003.

'H NMR measurement of 14 in DCI/D20

A mixture of 30 (1.0 mg) and DCI (35% in D20, 0.7 mL) was gently shaken at room
temperature in NMR tube. The resulting mixture was left for a few minutes at room
temperature to afford homogeneous solution. In the *H NMR chart, two singlets around
1.5 ppm were completely disappeared, and all peaks except triplet around 1.2 ppm and
quartet around 3.8 ppm, were broadened.
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