CHAPTERII
EXPERIMENTAL SECTION

2.1 General Procedure

2.1.1 Measurement ‘-_\\i&‘ 'I///;‘

The weight of all ibsten = termined on a Metler Toleclo electrical
balance. Melting points jwefe seCotded on %al melting point apparatus
model 9100. Rotary evapéFatof was of Biichi Rotavapor R-200 with a water aspirator
model B-490. UV cabing su&gt 0 V%QQ was made in-house by Mr.
Chanchai Khongdeesameof. magr rrers we &Coming. The high vacuum
was delivered ‘by a Refi i chromatography was performed
on Merck D.C. silica d aluminium plates cat. no.

1.05554. Column chromatraﬁ!ijgé_ ed on silica gal 70-230 mesh (for
general chromatography) or 23§‘i§'§§h ;1\{ h. column chromatography). Reverse
le. k ’ ;

phase HPLC experigients were_performed 'i--i-'-'-‘--""—f‘ M system equipped with
gradient pump and Water 996™ photod

sfor; optionally alternate to

| - = i
Rheodyne 7725 manual sample loop (100 ul sample“size for analytical scale). A

Hypersil™ C, ij: Jlﬁm ﬁ i zjﬁj fi m was used for both

analytical p . gjak :ﬂﬁ ﬁ “ pr ing were available for

integraﬁi ﬁ;ﬁtin v\ﬁth the base ‘Empower software. Fractions/from HPLC were
ua lan

Wele doidddcby #e1-hme HPL Hhrbribofihm monitoring

The com1)ined fractions were speed vaporization under reduced pressure using Heto

collect

Vacuum Centrifuge and MAXI dry-plus. T,, experiment was measuréd on a CARY
100 Bio UV-Visible spectrophotometer (Varian). 'H and "C spectra were recorded on
Varian Mercury-400 plus operating at 400 MHz by Dr. Tirayut Vilaivan and Miss
Woraluk Mansawat. MALDI-TOF mass spectra of all aepPNA were analyzed by the
author on Omniflex MALDI-TOF mass spectrometry (Bruker Daltonics) using doubly

recrystallized a-cyano-4-hydroxy cinnamic acid (CCA) as matrix. 0.1 %
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Trifluoroacetic acid in acetonitrile:water (1:2) was used as the diluents for preparation
of MALDI-TOF samples.

2.1.2 Materials

All chemical were purchased from Fluka, Merck or Aldrich Chemical Co., Ltd.,
and were purified as appropriate depending on reaction conditions and purposes.

Acetic anhydride was synthesized from acetyl chloride and anhydrous sodium acetate

according to the standard method [4$ ofuran for Mitsunobu reaction was
none under reflux. Commercial
grade solvents were distilled befere use o. column chromatography. Solvents for
reactions and crystallizati | a nd used without purification.
Nitrogen was obtained -, to 99.5 %. Acetonitrile for

HPLC experiment was ﬂ and was filered through a

).4 &pﬁ Ii b ore use. Anhydrous N,N -
Oup l ’

membrane filter (13

dimethylformamide forso eaction was obtained from

Fluka and was used wi _' UL cat1 e solid support for peptide
synthesis (TentaGel S RAM 1 G n) ifluoroacitic acid were obtained from
Fluka. The protected amino_acids s/ !J‘-‘i" -Lys(Boc)-OPfp) was obtained form

Calbiochem Novabioeheém Co., I.td

EB 2
ﬂUEJ’J‘VIEJﬂﬁ'WEJ']ﬂ‘ﬁ
’Q‘W']ﬂﬂﬂ‘im ll?ﬂ’]ﬂEﬂﬂEJ
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2.2 Experimental procedure

2.2.1 Synthesis of intermediate

(a) Synthesis of proline derivatives modified with nucleobases

TBZ
(@]
DpmO N
Boc
6a
viii
\ix\ G'b"
0
DpmO N
o OH . P Boc
e ,
HO N
H Base
1b % (0]
DpmO N
i,ii Boc
Base : ABz g
j0=. B
OH TBZ
0] iii
3.
HO N
H
1a

Bz

T

ﬂuﬂ'fjm] viii = ﬁ'ﬂi
| ¢ 4 6d,
Schemﬂ .ﬁ;‘o;aheﬂ J().l(j mlg l\nl(:l ;glng,l 1::] 5302%',' ‘BuOH, NaOH

(aq), overnight; iv. Ph,CN,, EtOAc, overnight; v. HCO,H, Ph;P, DIAD, THF,
overnight; vi. NH3;, MeOH, 2 h; vii..TsCl, Ph3P, DIAD, THF, overnight; viii. N3 5
Phs;P, DIAD, THF, overnight; ix. N2-Iqu(ONpe), Ph;P, DIAD, dioxane, overnight;
x. N®-AP or N*-C®% K,CO3, DMF, heat 90°C 5 h '

OH
0O
C

The intermediate proline derivative of thymine (6), quinine (7), adenine (8)

and cytosine (9) were synthesized as described previously [37-39].
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cis-hydroxy-D-proline methyl ester (10) [49]

OH OH

m AcCl, MeOH m
reflux 6 hr
HO ” H3CO N Hel
1b 10

prohne (1b) (1.3113 g, 10 mmol) in
methanol (10 mL) was added 2 ;:, . mL, 100 mmol) drop wise at 0 °C.

To a suspension of cis-hydrex

The mixture was refluxed ,?.. : was allowed to cool at room
temperature. The solvent

! W3 NOVE d pressure to give the ester
compound (10) as white solid (#9436 2,100 %)
\ \ CH:(3%), 3.29-3.37 [2H, m,

) and 4.54-4.57 [1H, dd, J =

8 (400 MHz, D,0) 2.28
CHy(5)], 3.72 [3H, s,

2.8,9.6 Hz, CH(2")]. . m,_i, i
N P
qi'ﬁjﬂ;

.ai.f"fa‘i Ji
(b) Synthesis of spacer o

N-tert-butoxycarbany

4,
. Boc,O, NEt3 N
By~ NH2 HBY = B Y \'<

ﬂ‘Uﬂ’J ﬂ%iﬂﬂ?ﬂ?’
BIABER TSI FRLAGBlc1es & 1

mmol) ift 10 mL of MeOH was added NEt; (11 mL, 11 mmol). The mixture was

stirred at ambient temperature overnight. The solvent was removed under reduced
pressure and the residue was redissolved in 30 mL of 5 % HCI. The acidified solution
was extracted with dichloromethane (3 x 30 mL) and the combined organic phase was
dried over magnesium sulfate and evaporated under reduced pressure to obtain Boc-

bromoethylamine (12) as colorless oil (1.7224 g, 77 %).
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81 (400 MHz, CDCl;)1.48 [9H, s, Boc CH], 3.38-3.51 [4H, 2 x m, BrCH,CH;NH]
and 5.00 [1H, s, NH], 8¢ (400 MHz, CDCls) 28.3 [Boc CHs], 35.6 [CH,Br], 42.3
[CH,NH], 79.7 [Boc C] and 156.7 [Boc CO].

aziridine (13)

NaOH , H,0

' ,/ 4 hr.
2
(1@, 10 mmol) in water (10 mL)

, stirred at ambient temperature

H
N
LN\
13

Br/\/NHzHBr
1

To a solution of
was added NaOH (1.6 §
for 4 h.

N-tert-butoxycarbon

To a stirred ‘selution of dine’(13) in water was added
ol). The mixture was stirred at aﬂnent temperature. After 3 h.
the reaction mixture wassdiluted with @20 mL of water and extracted with

dichloromethaﬂ §42103¥) B logoii: Bt ;iract was dried over

magnesium sulfﬂe and evaporated sunder reduced pressure to gbtain Boc-aziridine

co=RFIPIFLIU UNINEN ﬂ t

oy (400 MHz, CDCls) 1.49 [9H, s, Boc CH3] and 2.17 [4H, s, 2 x aziridine], 8¢ (400
MHz, CDCls) 25.8 [Boc CH3], 27.9 [CH; x aziridine], 81.2 [Boc C] and 162.9 [Boc
CO].
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N-tert-butoxycarbonylamino-1,2-propanediol (16) [51]

(0]
HzN/Y\OH Boc,0, NaOH 7|\O/U\N/Y\OH

OH H,0 H  on
15 16

To an ice-cooled solution of racemic-3-amino-1,2-propanediol (1.8222 g, 20
mmol) in water (20 mL) was added BocO (4.3650 g, 20 mmol). The mixture was
allowed to warm to room temperature H was maintained at 10.5 by the
addition of aqueous NaOH e ut&ncentrated to a paste which was

n = — R il ’
triturated with DCM (4  filtered and the organic phase
qas dried (MgSOy) the give the diol (16)(3.3682 g, 88 %) as an oil.

m, CH,NH], 3.60 [2H, m,
7 J =.5.4 Hz, NH], 8¢ (400 MHz,
CDCls) 28.4 [Boc CH;], £, 6356 ], 71.4 [CHOH], 80.1 [Boc C]

BocHNWo m BocHN/\[(H .
0

AueAneningins -
w S SRS TR LN TR

mixture was filtered, extracted with DCM (4 x 40 mL) and the combined organic

phases were diried (MgSO,) and concentrated to yield the Boc-aminoacetaldehyde
(17) (1.0666 g, 67 %) as an oil.

81 (400 MHz, CDCl3) 1.48 [9H, s, Boc CHs], 4.10 [2H, d, J = 5.2 Hz, CH,CHO],
5.27 [1H, s br, NH] and 9.68 [1H, s, CHO], 8¢ (400 MHz, CDCl;) 28.3 [Boc CH3],
51.4 [CH,CHOJ], 80.2 [Boc C], and 197.2 [CHO aldehyde].
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N-fluoren-9-ylmethoxycarbonylamino-1,2-propanediol (18) [S0]

o)
P
HN > oH FmocCl, NaHCO; . 0" N oH

OH
OH H,0 , dioxane O

15 18

iol (15) (0.4556 g, 5 mmol) , FmocCl

(1.2935 g, 5 mmol) and NaHCOj3 201 nol) were dissolved in 1:1 dioxane :
H,0 (10 mL). The reaction mixiute 'rrdﬁient temperature overnight. The
e T—

dioxane was removed b

diluted with 20 mL o

d pressure. The residue was
romethane (3 x 30 mL) The -
fate and evaporated under

combined organic ext OVEr Magnes
reduced pressure to giv 1 propanediol (18) as white solid (2.3935

g, 90 %).

mp. = 128.4-130.0°C, &y 74 [1x 1H, 2 x s, 2 x OH], 3.35
[2H, m, CH,NHJ, 3.59 [2H, dde z, CH,OH], 3.79 [1H, m, CHOH]
424 [1H, t, J = 6.8 Hz, Fmoc‘ﬁhﬁ’h&t d, J = 6.8 Hz, Fmoc aliphatic
CH], 5.19 [1H, br § .--_..-.-__-__:.w_-:e'_ ...... »dofnatic CH], 8¢ (400 MHz,
CDCl3) 43.5 [Fmoc alig H,0H], 66.3 [CHOH], 70.9

[Fmoc aliphatic CHj], 119 9 143.8 [Fmoc aromatlc CH] and 157.2 [Fmoc CO].

N-ﬂuoren—9—ym yxycarbo:{l]ammoacgtlﬂ ge ﬂ?
9 ‘W’Wﬁiﬂim 1]3;1’1’2 NYNQ El(

'fmocHN FmocHN

H,O , MeCN

18

A mixture of Fmoc-amino-1,2-propanediol (18) (1.2534 g, 4 mmol) and
NalO4 (1.0233 g, 4.8 mmol) were dissolved in a mixed solvent (4 mL of H,O and
4mL of MeCN). The solution was allowed to stir for 3 h when TLC analysis revealed

that reaction was completed. The acetonitrile was removed by rotary evaporation
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under reduced pressure. The residue was diluted with 20 mL of water and extracted

with dichloromethane (3 x 30 mL). The combined organic extract was dried over

magnesium sulfate and evaporated to give the Fmoc-aminoacetaldehyde (19) as
colorless fluffy solid (1.1224 g, 99 %).

mp. = 141.0-143.0 °C, 8y (400 MHz, CDCls) 4.21 [2H, d, J = 19.2 Hz, CH,NH], 4.27
[1H, t, J= 6.8 Hz, Fmoc aliphatic CH], 4.47 [2H, d, J = 6.8 Hz, Fmoc aliphatic CH,], |
5.48 [1H, br s, NH], 7.34-7.82 [8 : oc aromatic CH] and 9.71 [1H, s, CHO
~aldehyde], 8¢ (400 MHz, CDCls) 4 7.1 [Fifod iphatic CH], 51.7 [CH,NH], 67.2

aéic CH], 1563 [Fmoc CO] and

X
U

AULINENINYINg
PRI TUNN NG Y
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2.2.2 Synthesis of a¢pPNA monomer

N-2-(N-'tert-butoxycarbonylamino)ethyl-cis-4-hydroxy-D-proline methyl ester
(20)

To a mixture of 1 ester (10) (1.9436 g, 10
mol) in MeCN (10 mL) was

at ambient temperature for 1

mmol) and Boc-bromoe

added NEt; (2.8 mL, ¢

day, after which, TLC# , i ,' d complete reaction. The solvent was

84 (400MHz, CDCl3) 1@7 @J,—wande—M Hz, 1x
CHy(3")], 2.29-2.38 [1H, m, CHy(3” )] 265@ dd, 4, 9.6 Hz, 1 x CHy(5")], 2.68-2.81

[2H, m, BocN 3,075 W‘gw Wm and1 x CHy(5")],

3.33 [1H, dd J%& 4.0, 14.4 Hz, GC_I-_12(2)] 377 [3H, s, C__30],4314 [1H; =,

CH#) c CHs], 39.1
[CH2(3W mﬁ ]? m CHzN] 61.8
[CHy(5)], 64.2 [CH(2")], 70.8 [CH(4")] 79.0 [Boc CH3], 156.2 [Boc CO] and 175.6
[ester CO].
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Attempted synthesis of N-2-(N-fert-butoxycarbonylamino)ethyl-cis-4-formyl-D-
proline methyl ester (21)

- OH | 0—/<
0 o X H
~ HCO,H, PPh,, DIAD m
3

THF

NHBoc ' NHBoc
b 21

In a dried 100 mL round- om %d with a magnetic bar, N-2-(N-

tert-butoxycarbonylamino)ethyl 4-hydroxy "'-Tm__o methyl ester (20) (0.5767 g,

2 mmol), formic acid (98 9/4/nymol) and triphenylphosphine (0.6295 g, 2.4
mmol) were dissolved i PHE 1) and cooled down to 0 °C in an ice bath. The
solution was stirred undef nifrogg g Atgon arid B AD (464.5 pL, 2.4 mmol) was

' \ irred at ambient temperature
overnight. The solvent Wwa as chromatographed on silica
gel using ethyl acetate:h€xane | Pty ~_:;' ent to give the colorless oil. It was
characterized by 'H-NMR $pecifoscopy.
observed on the 'H-NMR specittim - ind
obtained. | ‘

gnal of the aldehyde proton was not

that the desired product was not

T oy

ﬂ'lJﬂ’J“flﬂﬂﬁWﬂ“lﬂ‘i
QW’W&Nﬂ‘iﬂJ UAIAINYAY
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Attempted synthesis of  N-2-(N-fert-butoxycarbonylamino)ethyl-cis-4-(\’-
benzoylthymin-1-yl)-L-proline diphenylmethyl ester (20) by alkylation with Boc-

bromoethylamine
Q\ S f y s
\ )\.H;,D g
meo O i) p-TSOH , MeCN DpmO =N
Boc NHBoc 20
- i) B . NEt, 4T
22

Sy,

1n4-yl

N-Boc-cis-4-(N°-be
(0.3048 g, 0.5 mmol)
suspended in MeCN (:
which gradually becon

diphenylmethyl ester (6b)
0.2386 g, 1.25 mmol) were
d to stir at room temperature
hite precipitate reformed
which indicated complei€ depr The result was confined by

TLC analysis. N-fert-Buixyéagbonylebrof ine (12) (0.1121 g, 0.5 mmol)

Attempted syntEsns ?rbonylammo)ethyl-as-4-

(Aﬁbenzoylthymm- ';:- oline enylmethyl-ester (20) by alkylation with
Boc-aziridine Tg{ a TBZ
Q;ﬂﬂ’mmmmﬂ;m%

Boc

’Q R @ﬂﬂ‘f)mm‘wmf’] Nea El»ﬁsoc

N—Boc-cis-4-(N3-benzoylthymin-l-y_l)-L-proline diphenylmethyl ester (6¢)
| (0.3048 g, 0.5 mmol) was treated with p-toluenesulfonic acid (1.25 g; 0.2386 mmol)
in MeCN (5 mL) for 2 h as described above. N-fert-Butoxycarbonyl-Aziridine (14)
(0.0716 g, 0.5 mmol) and DIEA (685 pL, excess) were the added with stirring at room
temperature. The TLC analysis revealed that reaction did not provide the desired
product (22).



23

Attempted synthesis of N-2-(N-tert-butoxycarbonylamino)ethyl-cis-4-(N’ -benzoyl
thymin-1-yl)-L-proline diphenylmethyl ester (22) by reductive alkylation with

Boc-aminoaldehyde

TBz

.TBZ O\ (g

0\ O i) p-TSOH, MeCN : meo) SN
S i) BocHN/\n/H NaBH,CN , NaOAc -
6b _MeOH _ : NHBoc

\3\\\ ' , // 2
e diphenylmethyl ester (6b)

ic acid (0.1366 g, 1.25 mmol)
vent was evaporated without

(17) (0.0956 g, 0.5 mmol),

N-Boc-cis-4-(N°-bénze
(0.3048 g, 0.5 mmol)
in MeCN (2 mL) for
heating. Then MeOH

NaOAc (0.1 g, excess) 0. S@l) were added successively
The solution was stirred e solvent was removed by rotary
evaporation, diluted with e th 10% HCI. The organic layer
was washed with aq Na : gani p ase was dried over magnesium
sulfate and evaporated und 2 The residue was purified by flash
column chromatography elutiné:%iﬁ-h etate (3:2) on silica gel to give

e AL Wiﬂ (E41) N Ny
Rk 1y e i 1 v

CHx(5”) and 1 x FmocNHCH,CH,N], 3.49 [1H, dd, J = 7.2, 8.8 Hz, CH(2’)], 5.17
[1H, br s, BocNH], 5.26 [1H, t, J = 6.4 Hz, CH(4")], 7.01 [1H, s, CHPh,], 7.33-7.44
[10H, m, Dpm aromatic CH], 7.51 [2H, t, J = 7.6 Hz, benzoyl m-CH], 7.67 FLEL £ 0=
7.6 Hz, benzoyl p-CH], 7.94 [2H, d, J = 6 Hz, benzoyl m-CH] and 8.02 [1H, s,
thymine CH(6)]. |



24

N-2-(N-ﬂuoren-9-ylmethoxycarbonylamino)ethyl-cis-4—(N’ -benzoylthymin-1-yl)-
D-proline diphenylmethyl ester (23)

. TBZ

m i) p-TSOH, MeCN DpmO N

DpmO N

Boc i) FmocHN/\n/H , NaBH,CN , NaOAc eH '

NHF

6a 19 0 , MeOH L

23

I, line diphenylmethyl ester (6a)

N-Boc-cis-4-(N*-benzoylthym
\
(0.6097 g, 1 mmol) was tﬁ&‘ ic acid (0.3278 g, 3 mmol) in

MeCN (5§ mL). The solveg ting. Then MeOH (2 mL), N-
fluoren-9-ylmethoxycarben¥laminoacetalde 3376 g, 1.2 mmol), NaOAc

ol) were added successively. The
H‘sbl_vent was removed by rotary
evaporation, diluted with ethylfagetate and\exirs i ﬁo% HCI. The organic layer

e—

o

by flash column chromatography eltiting with héxane s:ethyl acetate (1:1) on silica gel

—_—

-

81 (400 MHz, CDC13)Q86 [3H, s, thymine CH], 2.001{%, dd, J= 3.6, 13.6 Hz, 1x
CH(3")], 2.61 [ pd f A% [2H, m, 1 x CHy(5)
and 1 x Fmoc@jﬂzglﬁ ﬁ?ﬂﬁ ﬁlﬂ‘]ﬁ?ﬁ 1 x CHy(3")], 3.13-
3.22 [1H, m, 1 x FmocNHCH,C ﬁ] 3.31 [1H & J = 10.4 Hz, 9% CH»(5")], 3;34_
AL (e R b FaT (R e AT V] et

6.8 Hz, I-amoc aliphatic CH], 4.36 [1H, t, J = 7.2 Hz, 1 x Fmoc aliphatic CH,], 4.52
[1H, dd, J=7.2,10.4 Hz, 1 x Fmoc aliphatic CHy], 5.24-5.32 [1H, m, CH(4")], 5.59
[1H, br s, Fmoc NH], 7.00 [1H, s, CHPh,], 7.24-7.48 [14H, m, 10 x Dpm aromatic
CH, 4 x Fmoc aromatic CH], 7.51 [2H, t, J= 7.6 Hz, benzoyl CH], 7.63-7.77 [3H, m,
2 x benzoyl CH and 1 x thymine CH(6)], 7.82 [2H, d, J = 7.6 Hz, Fmoc aromatic CH]
and 7.92-8.00 [3H, m, 2 x Fmoc aromatic CH and 1 x benzoyl CH], 8¢ (400 MHz,
CDCl3) 12.7 [thymine CH3], 36.6 [CHx(3")], 39.5 [FmocNHCH,CH,N], 47.3 [Fmoc
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aliphatic CH], 52.8 [CHy(5")], 53.3 [CH(2")], 58.2 [CH(4")], 65.0 [Fmoc aliphatic
CH,], 66.8 [Fmoc NHCH,CH,N], 78.2 [CHPh,], 111.4 [thymine C(5)], 120.2, 125.3,
127.9 and 128.5 [Fmoc aromatic CH], 127.0, 127.2 and 128.8 [Dpm aromatic CH],
129.3 [benzoyl 0-CH], 130.5 [benzoyl m-CH], 131.7 [benzoyl p-CH], 135.2 [benzoyl
C], 138.0 [thymine CH(6)], 139.4 and 139.5 [Dpm aromatic C], 141.4, 143.9 and
144.0 [Fmoc aromatic C], 150.1 [thymine CO(2)], 156.7 [Fmoc CO], 162.9 [thymine

CO(4)], 169.5 [benzoyl CO] and 172.6 [ester CO], MALDI-TOF Mys (M + Na*) =
797.64; Mca (M + Na*) = 797.30.

AW,
N-2 -(N-ﬂuoren-9-ylmethoxyiﬁilam‘bno)/(ﬁm (N’-benzoylthymin-1-yl)-

L-proline diphenylmethy :‘"‘
\ .TBZ
Bz 0 X
o A LD
)\O DpmO~ N
DpmO N 8
Boc
6b NHFmoc
24
Synthesis of the titled confpafmd ( 4) was accomplished in the same way as
- ‘f "?F = .
described for compouni])‘(23) aB'oV'e"S’tarﬁ'n”g 5 N-Boc- ;is-4-(N3 -benzoylthymin--
1-yl)-L-proline diphen ﬁ?-—:----—f::e—--.-:- 6097 g, I mm ol} and p-toluenesulfonic

acid (0.3278 g, 3 mmao N-fluoren-9-ylmethoxy

carbonylammoacetaldehyde (19) (03371 g, 12 mmol), NaBH3CN (0.0754 g, 1.2

mmol) and Naoﬁ(cw ﬂﬂxﬁﬂwﬂqwﬂq.ﬁiﬁ@ (0.6840 g, 87%),

as a white foam.

50 600 VR O @imm BIANEIAL e

CHx(3%)], 2.61-2.68 [1H, m, 1 x FmocNHCH,CH,N], 2.78-2.88 [2H, m, 1 x CHx(5’)
and 1 x FmocNHCH,CH,N], 2.93 [1H, ddd, J = 9.2, 9.2, 14.4, 1x CHy(3")], , 3.13-
3.22 [1H, m, 1 x FmocNHCH,CH,N], 3.32 [1H, d, J = 10.8 Hz, 1 x CH(5%)], 3.35-
3.45 [iH, m, 1 x FmocNHCH,CH,N], 3.50 [1H, t, J = 8.4 Hz, CH(2’)], 4.27 [1H, t, J
= 6.8 Hz, Fmoc aliphatic CH], 4.32-4.41 [1H, m, 1 x Fmoc aliphatic CH,], 4.53 [IH,
dd, J=7.2, 10.4 Hz, 1 x Fmoc aliphatic CH»], 5.25-5.33 [1H, m, CH(4°)], 5.58 [1H, s,
Fmoc NH], 7.04 [1H, s, CHPh;], 7.32-7.49 [14H, m, 10 x Dpm aromatic CH and 4 x
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Fmoc aromatic CH], 7.52 [2H, t, J = 7.6 Hz, benzoyl CH], 7.64-7.73 [3H, m, 2 x
benzoyl CH, 1 x thymine CH(6)], 7.83 [2H, d, J = 7.6 Hz, Fmoc aromatic CH] and
7.94-8.02 [3H, m, 1 x benzoyl CH, 2 x Fmoc aromatic CH], 8¢ (400 MHz, CDCl5)
12.6 [thymine CH;], 36.6 [CHa(3*)], 39.4 [FmocNHCH,CH,N], 47.3 [Fmoc aliphatic
CH], 52.5 [CHx(57)], 53.3 [CH(2")], 58.36 [CH(4")], 65.0 [Fmoc aliphatic CH;], 66.7
[Fmoc NHCH,CH,N], 78.2 [CHPh,], 111.5 [thymine C(5)], 120.1, 125.2, 127.8 and
128.5 [Fmoc aromatic CH], 126.9, 127.2 and 128.8 [Dpm aromatic CH], 129.2

[benzoyl o-CH], 130.5 [benzoyl m 7 [benzoyl p-CH], 135.1 [benzoyl C],
omatlc C], 141.4, 143.9 and 144.0

137.6 [thymine CH(6)], 139.3
[Fmoc aromatic CJ, 150 SO( [Fmoc CO], 162.7 [thymine
Ol 20.5 [ester DI-TOF Mgs (M + Na*) =

CO(4)], 169.3 [benzoyl
797.67 ; Mca (M + Na”

N-2-(N-fluoren-9-ylme %4 (M—benzoylthymm-l-
yD)-D-proline diphenylmethyl'ester
.TBZ
m DpmO N
DpmO N 2
Boc NaOAc
NHFmoc
6¢c
25

Synthesis of the ti Jled compound (25) was accomplished in the same way as

described for cﬂp?ﬂnﬂztaal Nt \?T(?‘ ?i mﬂﬁ4 -(N°-benzoylthymin-

1-y1)-D-proline diphenylm 1 mmol) and p-toluenesulfonic

“ SRS

mmol)and NaOAc (0.4102 g, excess) in MeOH (3 mL) afforded (25) (0.3185 g, 40%),

as a white foam.

81 (400 MHz, CDCl3) 1.95 [3H, s, thymine CHs], 2.21-2.32 [1H, m, 1x CHy(3")],
2.57 [1H, ddd, J = 2.8, 9.2, 13.6 Hz, 1x CHx3")], 2.73 [2H, t, J = 4.8 Hz,
FmocNHCH,CH,N], 2.97 [1H, dd, J= 3.2, 10.0 Hz, 1 x CHx(5")], 3.30 [2H, t, J = 4.8
Hz, FmocNHCH,CH,N], 3.40 [1H, t, J= 9.2 Hz, 1 x CHx(5")], 4.03 [1H, dd, J = 1.6,
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6.8 Hz, CH(2")], 4.23 [1H, t, J = 7.2 Hz, Fmoc aliphatic CH], 4.28-4.45 [2H, m, Fmoc
aliphatic CH,], 5.25 [1H, br s, CH(4")], 5.48 [1H, br s, Fmoc NH], 6.95 [1H, s,
CHPh,], 7.27-7.49 [14H, m, 10 x Dpm aromatic CH, 4 x Fmoc aromatic CH], 7.53
[2H, t, J = 8.0 Hz, benzoyl CH], 7.57-7.72 [4H, m, 3 x benzoyl CH and 1 x thymine
CH(6)], 7.81 [2H, d, J = 7.2 Hz, Fmoc aromatic CH] and 7.96 [2H, d, J = 7.2 Hz,
Fmoc aromatic CH], 8¢ (400 MHz, CDCls) 12.7 [thymine CH3], 35.4 [CH»(3)], 39.3
[FmocNHCH,CH,N], 47.3 [Fmoc aliphatic CH], 51.1 [CHy(5")], 54.4 [CH(2’)], 56.0
[CH(4%)], 63.9 [Fmoc aliphatic C 6 [Fmoc NHCH,CH,N], 77.7 [CHPh2],
111.6 [thymine C(5)], 1201 1 }\‘!ZG 128.3 [Fmoc aromatic CH], 127.1,
0-CH], 130.5 [benzoyl m-CH],
131.6 [benzoyl p-CH], ine CH(6)], 139.6 and 139.6
[Dpm aromatic C], 1
156.7 [Fmoc CO], 16

], 149.8 [thymine CO(2)],
] CO] and 171.5 [ester CO],

TBZ
(@)
M,
DpmO N
NHFmoc
26

Syntheszﬂ 1f&he titled compoyn] j6)°'quasﬁa‘!c::]mﬂls?ed in the same way as
descri ﬁo rﬁh ﬁiﬁvﬁﬂ &Eenzoylthymm-
1-yl)-L ﬁo :Tﬁuﬁ ﬁmm q‘T oluenesulfonic

acid (0.1774 g, 1.62 mmol) in MeCN (4 mL) followed by N-fluoren-9-ylmethoxy
carbonylaminoacetaldehyde (19) (0.2250 g, 0.8 mmol), NaBH3CN (0.0503 g, 0.8

mmol) and NaOAc (0.2653 g, excess) in MeOH (2 mL) afforded (26) (0.1652 g, 43

%), as a white foam.

8y (400 MHz, CDCl;) 1.94 [3H, s, thymine CHs], 2.20-2.32 [1H, m, 1x CHz(3")],
2.56 [1H, ddd, J = 2.8, 9.2, 13.2 Hz, 1x CHx3")], 2.73 [2H, t, J = 4.8 Hz,
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FmocNHCH,CHoN], 2.97 [1H, d, J = 7.6 Hz, 1 x CHx(5")], 3.22-3.34 [2H, m,
FmocNHCH,CH,N], 3.42 [1H, t, J=9.2 Hz, 1 x CH,(5")], 4.05 [1H, dd, J= 2.0, 7.6
Hz, CH(2’)], 4.24 [1H, t, J = 6.8 Hz, Fmoc aliphatic CH], 4.40-4.50 [2H, m, Fmoc
aliphatic CH,], 5.26 [2H, br s, CH(4”) and Fmoc NH], 6.95 [1H, s, CHPh,], 7.23-7.47
[14H, m, 10 x Dpm aromatic CH, 4 x Fmoc aromatic CH], 7.51 [2H, t; J=7.6 Hz,
benzoyl CH], 7.58-7.70 [4H, m, 3 x benzoyl CH and 1 x thymine CH(6)], 7.80 [2H, d,
J=17.2 Hz, Finoc aromatic CH] and 7.96 [2H, d, J = 7.6 Hz, Fmoc aromatic CH], &¢
(400 MHz, CDCl3) 12.7 [thymine .5 [CH2(37)], 39.3 [FmocNHCH,CH,N],
47.3 [Fmoc aliphatic CH], 51. @W H(2%)], 56.0 [CH(4)], 63.9 [Fmoc
aliphatic CH;], 66.6 [Fm Hth], 111.7 [thymine C(5)],
120.1, 125.0, 127.8 an 128:3(Fim .1, 127.2 and 128.7 [Dpm
aromatic CH], 129.2 [ -CH], 131.5 [benzoyl p-CH],
6 [Dpm aromatic C], 141.3
, 156.6 [Fmoc CO], 162.8

FE T

N-2-(N-fluoren-9-ylmetho ca‘éb‘onyla
yl)-D-proline dlphenylmethyl-estﬁfm S

gm A0 muu T T

described for compound (23) above. Starting from N-Boc- czs-4-(N2-1sobutaylguamn-
9-yl)-D-proline diphenylmethyl ester (7) (0.3003 g, 0.5 mmol) and p-toluenesulfonic
acid (0.2731 g, 2.5 mmol) in MeCN (5 mL) followed by N-fluoren-9-ylmethoxy
carbonylaminoacetaldehyde (19) (0.1688 g, 0.6 mmol), NaBH;CN (0.0377 g, 0.6
mmol) and NaOAc (0.25 g, excess) in MeOH (2 mL) afforded (27) (0.2654 g, 69%),

as a white foam.
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3y (400 MHz, CDCl;) 1.24 [6H, d, J = 6.0 Hz, CH(CHs),], 2.10-2.22 [1H, m,
CHx(3")], 2.55-2.92 [6H, m, 1 x CHy?3’), 1 x CH(CHs);, 1 x CHx(5’), 2 x
FmocNHCH,CH,N and 1 x  FmocNHCH,CHoN],  3.08-3.26  [IH, m,
FmocNHCH,CH,N], 3.26-3.40 [1H, m, CHy(5°)], 3.46-3.09 [1H, m, CHy(2")], 4.23
[1H, t, J = 6.8 Hz, Fmoc aliphatic CH], 4.35 [2H, d, J = 6.8 Hz, Fmoc aliphatic CHa],
5.00 [1H, s, CHx(4")], 5.72-5.82 [1H, m, FrhocNﬂ], 6.92 [1H, s, CHPh,], 7.21-7.44
[14H, m, 10 x Dpm aromatic CH and 4 x Fmoc aromatic CH], 7.62 [2H.d. J=7.2
Hz, Fmoc aromatic CH], 7.75 [2H, d. .2 Hz, Fmoc aromatic CH], 8.14 [1H, s,
Guanine CH(8)], 9.82 and 10. K@J&mers] 12.12 and 12.46 [1H, 2
X s, Guanine NH rotamOO JV[ 2 19.1, 19.2 [CH(CHz3),], 36.0
[CH(CH3),], 36.9 [CH. , 47.2 [Fmoc aliphatic CH],

51.9 [CHx(5")], 53.5 [€ se aliphatic CH,], 66.9 [Fmoc
NHCH,CH;,N], 77.9 28.3 [Fmoc aromatic CH],

126.9, 127.1 and 128.7 | : ) -@ﬁgﬁne C(5)], 139.4 and 139.4

[Dpm aromatic C], 14 and A4 omatic C], 147.9 [Guanine

CH(8)], 148.5 [Guanine CO(6)], 156.8 [Fmoc COl, 172.4

[ester CO] and 180.0 [C(O) Mgs M + HY) = 766.86 (H")

(M +H" =766.34 5

N-2-(N-fluoren-9- ;_._;___;:__;_;.._‘_.:_;._ 0)eiinyi-cis- -benzoyladenin-9-yl)—
D-proline diphenylmethyl ester (28) =
f

ﬂl ] u ABZ

B

Tail HAINSBINYINT o

DpmO

aﬁﬁa@ﬁ“ﬁﬁﬁlwﬁﬁﬁﬁ N *

Synthesis of the titled compound (28) was accomplished in the same way as
described for compound (23) above. Starting from N-Boc-cis-4-(N*-benzoyladenin-9-
yl)-D-proline diphenylmethyl ester (8) (0.4668 g, 0.75 mmol) and p-toluenesulfonic
acid (0.4097 g, 3.75 mmol) in MeCN (5 mL) followed by N-fluoren-9-ylmethoxy
carbonylaminoacetaldehyde (19) (0.2532 g, 0.9 mmol), NaOAc (0.3691 g, excess)
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and NaBH;CN (0.0566 g, 0.9 mmol) in MeOH (3 mL) afforded (28) (0.3499 g, 60

%), as a white foam.

8n (400 MHz, CDCls) 2.26 [1H, dd, J = 4.8, 14.4 Hz, CHx(3’)], 2.74-2.83 [1H, m, 1 x
FmocNHCH,CH,N], 2.85-2.94 [1H, m, 1 x FmocNHCH,CH,N], 2.96-3.10 [2H, m, 1
x CHy(3’) and 1 x CHx(5")], 3.12-3.32 [1H, m, FmocNHCH,CH,N], 3.32-3.51 [2H,
m, 1 x FmocNHCH,CH)N and 1 x CHx(5°)], 3.62 [1H, dd, J = 5.6, 10.4 Hz, CH(2")],
4.29 [1H, t, J= 7.2 Hz, Fmoc aliphatii 'H], 4.32-4.44 [2H, m, Fmoc aliphatic CH,],

5.33-5.41 [1H, m, CH(4")], 5.5 ls%\ ocNH], 6.97 [1H, s, CHPh,], 7.22-
7.41 [14H, m, 10 x Dpm ic CH ﬁc aromatic CH], 7.50 [2H, t, J =

7.6 Hz, benzoyl CH]; 7.56-7.Zi={3H. m"“I be 7.77 [2H, d, J = 7.2 Hz, Fmoc
aromatic CH], 8.02 [2 tic CH], 8.65 [1H, s, adenine
CH(2)], 8.82 [1H, s, adg b H], 8¢ (400 MHz, CDCl;)
37.2 [CH2(3")], 39.5 [Fnyg \Oi%liiphatic CH], 52.1 [CHx(5")],
53.6 [CH(2")], 59.1 [CH( ], 66.9 [Fmoc NHCH,CH,N],

matic CH] 126.9, 127.1 and
. .7 [benzoyl C], 133.8 [adenine
C(5)], 139.2 and 139.3 [Dp dge_ g 113 [adenine CH(8)], 142.2, 144.0 and
144.1 [Fmoc aroma:ic’ Cl l@ﬂfa ne C(6)], 151.5 [adenine CH(2)], 152.4

Fmoc COJ Q] and 1725 [ester CO],
‘ )= 78458

MR 2131 491143 1) 1)) i I
ﬁ%ﬁmnmwﬁwmé’ﬂ 5.

i) p-TsOH, MeCN DpmO N
DpmO - H
Boc i) FmocHN™ (" , NaBHiCN , NaOAc
9 o . NHFmoc
19 , MeOH
29

Synthesis of the titled compound .(29) was accomplished in the same way as
described for compound (23) above. Starting from N-Boc- cis-4-(N*-benzoylcytosin-
1-yl)-D-proline diphenylmethyl ester (9) (0.2870 g, 0.48 mmol) and p-toluenesulfonic
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acid (0.2621 g, 2.4 mmol) in MeCN (5 mL) followed by N-fluoren-9-ylmethoxy
carbonylaminoacetaldehyde (19) (0.1632 g, 0.58 mmol), NaBH3CN (0.0364 g, 0.58
mmol) and NaOAc (0.2362 g, excess) in MeOH (2 mL) afforded (29) (0.3231 g, 89

%), as a white foam.

811 (400 MHz, CDCl3) 2.05 [1H, dd, J = 4.4, 15.2 Hz, 1x CHx(3%)], 2.61-2.70 [1H, m,
1 x FmocNHCH,CH,N], 2.78-2.91 [2H, m, 1 x CHx(5") and 1 x FmocNHCH,CH:N],
298 [IH, ddd, J = 9.6, 9.5, 1x CHy(3)], 3.09-3.25 [1H, m, 1 x

FmocNHCH,CH,N], 3.34 [1H / 1 x CHy(5")], 3.38-3.47 [1H, m, 1 x
1. : 428 [1H, t, J = 7.2 Hz, Fmoc

FmocNHCH,CH;N], 3.51
aliphatic CH], 4.42 [2H, g oc-aliphatic CHy], 5.43 [1H, s, CH(4')],
6.96 [1H, s, CHPh;], 7.18-# YO, ) x Dpm atomatic CH, 1 x cytosine CH(3),
4 x Fmoc aromatic CH, X benzoyd > L79.[2Hd, J = 7.2 Hz, Fmoc aromatic

' .lH, d, J = 6.4 Hz, cytosine

CH(6)], &c (400 MHzZ, Ci [CH(3* ) mocNHCH,CH,N], 47.24
[Fmoc aliphatic CH] .‘ : : 2], 58.57 [CH(4)], 65.16 [Fmoc
aliphatic CH,], 66.81 [Fmoc '_“ HaNJ, 78.10,[€HPh], 97.48 [cytosine CH(5)],

: ymatic CH], 126.91, 127.14 [Dpm
aromatic CH] 128. 75 [benzo;d}@,ls 7-{Benzoy! CJ, 139.32 [Dpm aromatic CJ,
141.34 and 144.09 {Fmo: 5 ( _ .............. = D(2)], 156.59 [Fmoc CO],
161.93 [cytosine C(4; 117 J |

ﬂ‘iJEJ’W]EJ‘ﬂ‘ﬁWEJ']ﬂ‘ﬁ
ammnm N%TW]EI’]E‘IEI
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N-2-(N-fluoren-9-ylmethoxycarbonylamino)ethyl-éis-4-(thymin-l-yl)-D-proline
(30)

TR T
(0] (0]
_ TFA |
DpmO N . — HO NTEA
8 anisole
NHFmoc NHFmoc
23 30
To a mixture of N-2- yﬁ%xycarbonylamino)ethyl-cis-4-(N3-
benzoylthymin-1-yl)-D-prel enﬁmetQ‘B) (0.280 g, 0.34 mmol),
anisole (1 mL) and trifluor id (3. re stirred at ambient temperature

overnight. The volatiles Then diethyl ether (20 mL) was

added to the residue . The solid was collected by

filtration and dried in 0) as white solid (0.2545 g,

85 %).

84 (400 MHz, DMSO-dj) 1 s, it 1, 2.31-2.41 [1H, m, 1 x CHy(3")],
2.83 [1H, ddd, /=9.2,92, 17.2.1

, 3.16-3.25, 3.31-3.45 and 3.48-3.58
[4H, 3 x m, FmocNHIGH _2c1_1;1:f]' 369 ﬁm x CHy(5")], 3.95 [1H, dd,
J=3.2,12.4 Hz, 1 x.CHy(5%)]. 4.26 [1H, t, J= 6.8 Hz, Fioc aliphatic CH], 4.34-4.45
[2H, m, Fmoc aliphatic' CH,], 4.5 9.2 Hﬂ CH(2%)], 5.09-5.20 [1H, m,
CH(4")], 7.33 [2H, t, J =72 Hz, Fmoc aromatic CH], 7.41 [2H, t, J = 7.2 Hz, Fmoc
aromatic Cﬂ],ﬁu I%Js,’%y%gigﬂ 7‘59% G}ﬂzﬁz, Fmoc aromatic CH]

and 7.89 [2H, 3;' J =172 Hz, Fmog aromatic C‘H‘], d¢c (400 Mg;, DMSO-ds) 12.7
QAR PRSI TP ) aiic o
53.3 [CH(5%)], 54.2 [CH(2")], 57.5 [CH(4")], 66.0 [Fmoc aliphatic CH,], 66.2
[FmocNHCH,CH,N], 109.7 [thymine C(5)], 120.6, 125.6, 127.6 and 128.1 [Fmoc
aromatic CH], 139.3 [thymine CH(6)], 141.2 and 144.3 [Fmoc aromatic C], 151.6
[thymine CO(2)], 156.7 [Fmoc CO] and 164.3 [thymine CO(4)], [a]*’p = + 12.0 (c =
51 g/100 mL, DMF), MALDI-TOF Mg, (M + H") = 505.13; Mcq (M + H) = 505.03.
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N-2-(N-fluoren-9-ylmethoxycarbonylamino)ethyl-cis-4-(thymin-1-yl)-L-proline
@31)

T
o R
DpmO \ Q 'T'FA — HO)\””QTFA
anisole
NHFmoc ' NHFmoc
24 ' 31
Synthesis of the titled ( ccomplished in the same way as
described for compoun ove.d St@ N-2-(N-fluoren-9-ylmethoxy
carbonylamino)ethyl-ci. ' i in-1 oline diphenylmethy ester
(24) (0.6840 g, 0.9 ’ nd tri cetic acid (3 mL) afforded
(31) (0.3711 g, 72%),
du (400 MHz, DMSO-4, 1-2.41 [1H, m, 1 x CHx(3")]
2.83[1H,ddd,J=9.2,9 -3.25, 3.29-3.45 and 3.46-3.58
[4H, 4 x m, FmocNHCH,C 1THET 0 Hz, 1 x CHx(57)], 3.95 [1H, dd
J=4,12.4 Hz, 1 x CHy(5")], 42551 Ht#=10.8 Hz, Fmoc aliphatic CH], 4.34-4.45
[2H m, Fmoc allphﬂc Cﬂz]:ﬁf [1IL Iz, €H(2")], 5.09-5.21 [1H, m,

aromatic Cﬂ], (71 [‘- -  (CHl 8 cﬁ}l = 7.6 Hz, Fmoc aromatic
CH], 7.87 [2H,d, J= 7@1& Fmoc aroma%Cﬂ] and 11.52 [1H, s, thymine NH], 8¢

(400 MHz, ﬂl%% 1{?8 ﬁﬁw g@ﬂ 3%3 [CH(3")], 40.5

[FmocNHCH,CH,N], 47.2 [Fmoc aol,xphatlc CH] 53.4 [CHx(5’ )] 54.3 [CH(2”)], 57.4

T T T TR e
C®)l, 1 ’%Oﬁl ﬂ moc aromatic CH], 13 ymine CH(6)],

141.2 and 144.3 [Fmoc aromatic C], 151.7 [thymine CO(2)], 156.8 [Fmoc CO] and
164.3 [thymine CO(4)], [a]*p = -14.3 (¢ = 53 /100 mL, DMF), MALDI-TOF Mgps
(M +H") = 505.24; Mg (M + H) = 505.21.
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N-2-(N-fluoren-9-ylmethoxycarbonylamino)ethyl-trans-4-(thymin-1-yl)-D-proline
(32)

kG T
0} - o) N
D O)L(N> e HO)L(>
pm — N
8 anisole L
NHFmoc NHFmoc
25
Synthesis of the titled.c SmpoL %ccomphshed in the same way as
described for compound=(36)-above.+ m N-2- (N-ﬂuoren— -ylmethoxy

du (400MHz, DMSO-¢ 3 2.61-2.71 [1H, m, 1x CHx(3’)]
3.20-3.30 [1H, m, 1 x CHy(3 4 FmocNHCH,CH,N], 3.53-3.63
[1H, m, 1 x CH(5)], 3.954 Ahjﬁ )], 4.25 [1H, t, J = 6.4 Hz, Fmoc
aliphatic CH], 4.40 [2H, d, J = G_ﬁ phatic CH,], 4.77 [1H, t,J=9.2 Hz
CH(2%)], 4.93-5.03 .[’l‘l{ m, CH(4’)] | 7§Hz Fmoc aromatic CH]
742 [2H,t,J=7.6 K () ine CH], 7.70 [2H, d, J

= 7.6 Hz, Fmoc aromati¢ CHJ, 7.8 d, J=".6 Hz, Finoc aromatic CH] and 11.42 |
[1H, s, thymine NH], 5c4400 MHz, DMSQ-ds) 12.6 [thymine CHs], 33.6 [CHa(3")],

38.6 [FroocNHOHIGH. 47 Wby bl G5 G, 530 [cme)

55.6 [CH(4")], 652 [Fmoc aliphatic £Hy], 65.9 [Fmoc NHQH2CH£;I], 110.1 [thymine
co. RO 0§ PSP J944 AR08 Vg Bpine )
141.2 an 144.3 [Fmoc aromatic C], 151.3 [thymine CO(2)], 156.7 [Fmoc CO]J, 164.3
[thymine CO(4)] and 172.3 [COOH], [a]”’p = +19.4 (¢ = 50 g/100 mL, DMF),
MALDI-TOF Mgps (M + H") = 505.12; Mea (M + H") = 505.21.
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N-2-(N-fluoren-9-ylmethoxycarbonylamino)ethyl-trans-4-(thymin-1-yl)-L-proline
(33)

s T
(0] (0]
)\w, TFA )\,
DpmO N HO N "TEA
anisole
NHFmoc NHFmoc
26

Synthesis of the title

’!%ccomphshed in the same way as

described for compound N 2-(N-fluoren-9-ylmethoxy

carbonylamino)ethyl-trans- -L-prohne diphenylmethyl ester

(26) (0.1308 g, 0.17 mmo : ind trifluoroacetic acid (2 mL) afforded

du (400 MHz, DMSO-4, 0-2.71 [1H, m, 1x CH»(3")]
3.20-3.30 [1H, m, 1 x CH mocNHCH,CH,N], 3.55-3.63
[1H, m, 1 x CHy(57)], 3.94- 3 , t,J=6.4 Hz, Fmoc
allphatlc CH], 440 [2H, d, J = atic CHy], 4.77 [1H, t, J = 9.6 Hz,

7.40 [2H t, J = 7.2 HzfFmoc aromatic CE , thymine CH], 7.68 [2H, d, J
= 8.0 Hz, Fmoc aroma.El CH] and | . J= 7.2&2, Fmoc aromatic CH], &¢
(400 MHz, DMSO-dy)en 12.6 33.6 [CHx(3)], 38.6
[FmocNHCHzgﬂzﬁﬂ&’gmm &W}w J[iﬂsj 53.0 [CH(2")], 55.6
[CH(4)], 65.2 ﬂ"moc aliphatic CHy], 65.9 [Fmoc NHCH,CHN], 110.1 [thymine
o, @RS HR] T4 Ao o8] TR v i
141.2 and144.3 [Fmoc aromatic C], 151.3 [thymine CO(2)], 156.7 [Fmoc CO], 164.3

[thymine CO(4)] and 172.3 [COOH], [a]®p = -22.6 (¢ = 50 g/100 mL, DMF),
MALDI-TOF Mgy (M + H") = 505.00; Mg (M + H) = 505.21.
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N-2-(N-fluoren-9-ylmethoxycarbonylamino)ethyl-c;lv-4—(A’2-isobutyrylguanin-9-
yl)-D-proline (34)

Glbu ' G'bu
0] 0]
DpmO N Ll HO »
pm N°
8 anisole 1rh
NHFmoc NHFmoc
34
Synthesis of the titled a@, ccomplished in the same way as
described for compoun ve.JSta@ N-2-(N-fluoren-9-ylmethoxy

carbonylamino)ethyl-ci.
(27) (0.2149 g, 0.28
(34) (0.1569 g, 77 %),

roline diphenylmethyl ester
cetic acid (3 mL) afforded

8y (400 MHz, DMSO-dg) (CH3)2], 2.09-2.25 [1H, m
CHx(3’)], 2.51-2.73 [IH} 79 [1H, hep, J = 6.8 Hz
CH(CH3),], 2.90 [1H, ddd, J (3)],2.98-3.29 [4H, 2 x m, 1 x
FmocNHCHZC H>N, 2 x Fmoc d 1 x CHy(5”)], 3.50-3.66 [2H, m, 1 x

[2H,d,J= 7.2 Hz, Fmﬁ aromatic C o ﬂ 2 Hz, Fmoc aromatic C__]
~ 8.26 [1H, s, Guanine Cﬂ.] 11.67 and 12. 0&,[1H 2 x s, Guanine NH rotamers], 8¢

(400 MHz, Dﬂ% 843 W@;Bﬂ E}Lﬂ'fﬂ 1-:]‘ 39.5 [CHy(3")], 40.4

[FmocNHCH,CHEN], 472 [Fimoc aliphatic CH], 52.1 [CHx(5")], 54 0 [CH(2")], 58.7

[CH#4’ ﬁra ﬁ*ﬂ: 111—]5 rﬂrﬁ , 1256, 127:6
and 12&%& aromatic mmlnegﬂ and 144.4 [Fmoc

aromatic C], 148.2 [Guanine CH(8)], 148.7 [Guanine C(2)], 155.4 [Guanine CO(6)],
156.6 [Fmoc CO] and 180.5 [C(O)CH(CHa),], [a]*p =-9.1 (c = 53 g/100 mL, DMF),
MALDI-TOF Mgps (M + H") = 600.19; My (M + HY) = 600.26.
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N-2-(N-fluoren-9-ylmethoxycarbonylamino)ethyl-cis-4-(N‘ -benzoyladenin-9-yl)-
D-proline (35)

Ale ABZ
(0] (0]
- TFA -
pm N N
‘) anisole TFA
NHFmoc NHFmoc
28 35

Synthesis of the titled : ccomplished in the same way as

described for compound N-2-(N-fluoren-9-ylmethoxy
carbonyamino)ethyl-cis-
(28) (0.3499 g, 0.45

(35) (0.2431 g, 75 %),

proline  diphenylmethyl ester
pacetic acid (3 mL) afforded

3y (400 MHz, DMSO-d, 4 fx  . 78-2.90 [1H, m, CHx(3")]
2.91-3.09 and 3.10-3.42 [5 e X 14 x FmocNHCH,CH,N], 3.63-
3.81 [1H, m, 1 x CHx(5")], .94 411 Hy(2")], 4.15-4.31 [3H, m, 2 x
Fmoc aliphatic CH, and 1 x Fm‘qc:ﬁp 1], 5.33-5.50 [1H, m, CH»(4")], 7.31-
7.50 [4H, m, Fmoc argmatic cﬁ]’f"fg‘ [2H,'t Hz, benzoyl CH], 7.52-7.74
[3H, m, benzoyl CH], %89 {2H; d; 7= 7:6 Hz Fiiic caromatic CHJ, 8.08 [2H, d, J =

7.6 Hz, Fmoc aromatic'gi' ¢ ' H@] and 8.75 [1H, s, adenine
CH(8)], 8¢ (400 MHz, Ql\/go-d@ 39.3 [9&1}(3’)], 40.4 [FmocNHCH,CH,N], 47.1

[Fmoc aliphatiFT;u g W(ﬂ]%ﬁ W%J)f] ﬂa@mm)] 65.7 [Fmoc

aliphatic CH,], 66.0 [Fmoc NHCH%CHzN] 120 6, 125.7, 127. 6 and 128.1 [Fmoc

aromat oM m; C(5)], 141.2
[adeningn)ﬁ @QM 7 anm ﬂwﬁgoﬂtlﬂﬂl adenine C(6)],

151.6 [adenine CH(2)], 152.3 [adenine C(4)], 156.7 [Fmoc CO] and 166.2 [benzoyl
CO], [a]ZSD =+18.1 (c = 53 g/100 mL, DMF), MALDI-TOF My, (M + H") = 618.19;
Mea (M + HY) = 617.24.
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N—2-(N-fluoren-9-ylmethoxycarbonylamino)ethyl—cis-4-(N‘ -benzoylcytosin-1-yl)-
D-proline (36)

CBZ 1 CBZ
(@) 0
TFA
8 anisole
NHFmoc NHFmoc
29 36

complished in the same way as

described for compound @ N-2-(N-fluoren-9-ylmethoxy
carbonylamino)ethyl-cis-4 ' T
(29) (0.3231 g, 0.43 mm.

proline diphenylmethyl ester
setic acid (3 mL) afforded

(36) (0.2226 g, 74 %), as

du (400 MHz, DMSO-dy) 2.4 3’) overlap with H,O in
DMSO], 2.91-3.03 [1H, m, 1 35-3.46 and 3.52-3.12 [4H, 3 x
m, FmocNHCH,CH,N], 3 7 : 2 2, 1 XCHx(5")], 4.14 [1H, d, J=12.0
Hz, 1 x CHx(5")], 4.25-4.32 [1H, "m—ﬁmf tic CH], 4.34-4.41 [2H, m, Fmoc
aliphatic CH], 4.60 [13'{ g5 '?f“l‘fz ff' ) 18 [1H, m, CH(4)], 7.28-

7.39 [2H, m, Fmoc .;____::::-:_;7;;-_-3:::_ sine CH(3), 2 x Fmoc
aromatic CH], 7.50- 77535 | .90 [ﬁl d, J = 6.4 Hz, Fmoc
aromatic CH], 8.00 [2H, d, J 7.6 Hz, Fmoc aromatlc CH] and 8.20 [1H, d, J= 5.6

Mz eytosing (ugj WW [ﬂsgjrfj [CHy(3")], 40.4
[FmocNHCH,CH, [Fmoc aliphatic C E] 2(5)], 55.8 [CH(2")], 58.0
[CH(4")], mﬁﬂ 915’ ine CH(5)],
120.6, 12@1&“]&@ Qﬂaﬂ%mg i ﬁ CH], 1332

[benzoyl C], 133.7 [cytosine CH(6)], 141.2 and 144.3 [Fmoc aromatic C], 155.7
[cytosine CO(2)], 156.7 [Fmoc CO], 163.2 [cytosine C(4)] and 167.9 [benzoyl CO],

[a]”b = +2.8 (¢ = 50 g/100 mL, DMF), MALDI-TOF Mg (M + H") = 594.11; Mg
M +H" =594.24.
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N-2-(N-fluoren-9-ylmethoxycarbonylamino)ethyl-cis-4-(thymin-1-yl)-D-proline
pentafluorophenyl ester (37) -

T T

L 8.3
PfpOTfa . DIEA
HO™ N P PfpO” N
CH,Cl, 8
NHFmoc " NHFmoc

30 \' ,/ 37
Wy,

In a screwed caﬁ

carbonylamino)ethyl-cis-4- )-pr

PfpOTfa (77.6 pL, 0.4 thm 1.mL) was add DIEA (102.7 pL,

0.6 mmol). The resul ' ! it : her one hour. The reaction was

completed as indicated - analys it t‘e‘h with dichloromethane and
extracted with 2.5% HEL fhé orgdnic da hed with aq NaHCO; and
combined organic phase oxer .
reduced pressure. The resi

with 100% ethyl acetate on SIhca—@

*
o,
..--J'__F,.-":__J.

Scratching the oil W‘,Ql ice-cold hexane aﬁ’orim J7) as a white solid.
mp. = 93.8-95.0 °C, 83406 H, s &ymine CEls], 2.17 [1H.d o
= 14.4 Hz, 1x CHy(3")], 2.75-2.83 [1H, m, ¥ FmocNHCH,CH;,N], 2.90-3.11 [3H, m,

! i 1) A BN T4 B 0340 . m. 1 3

FmocNHC JCﬂ{N and 1 x CHx(5%)], 3.42-3. 549[1H m, 1 x }EE}OCNHCHZCHZN]
576 1) 4 PP ERDEHER ) Y s .
[1H, t, J% 6.8 Hz, 1 x Fmoc aliphatic CH,], 4.52 [1H, dd, J= 7.2, 10.4 Hz, 1 x Fmoc
aliphatic CH,], 5.25-5.41 [2H, m, 1 x CH(4’) and 1 x Fmoc NH], 7.29 [2H, m, Fmoc
aromatic CH overlap with CDCl;], 7.41 [2H, t, J = 7.6 Hz, Fmoc aromatic CH], 7.59
[2H, t, J= 6.8 Hz, Fmoc aromatic CH], 7.76-7.83 [3H, m, 2 x Fmoc aromatic CH and
1 x thymine CH(6)] and 8.35 [1H, s, thymine NH], 8¢ (400 MHz, CDCl3) 12.6
[thymine CH3], 36.8 [CH2(3”)], 39.4 [FmocNHCH,CH,N], 47.2 [Fmoc aliphatic CH],
52.3 [CHx(5%)], 53.7 [CH(2")], 57.8 [CH(4")], 64.4 [Fmoc aliphatic CH,], 66.8
[FmocNHCH,CH,N], 111.9 [thymine C(5)], 112.0, 125.0, 127.0 and 127.7 [Fmoc
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aromatic CH], 136.7 [Pfp CF], 137.2 [thymine CH(6)], 138.5, 139.2 and 139.7 [Pfp
CF], 141.3 [Fmoc aromatic C], 142.2 [Pfp CF], 143.9 [Fmoc aromatic C], 151.4
[thymine CO(2)], 156.6 [Fmoc CO], 164.2 [thymine CO(4)] and 169.8 [ester CO],
[0]®p =-10.8 (c = 51 g/100 mL, CHCl3), MALDI-TOF Mgs (M + H) = 670.96; Mcq
(M +H") = 671.20.

N-2-(N-fluoren-9-ylmethoxycarbonylamino)ethyl-cis-4-(thymin-1-yl)-L-proline
pentafluorophenyl ester (38)

...i..u"a_,

PfpOTfa (103.5 pL, 36 Gl e DA

v iy

mp. = 94.3-95.8 °C, &y (400MHz, CDCl3) 1,75 [3H, s, thymine CHs], 2.16 [1H, =

16 Hz, 1x c_zﬂ)u&lz’gs m{ﬂnﬁx‘w&ﬁm@wm 12 [3H, m, 1 x

CHy(5), 1 qul'mocNHCHzc_zNﬁ, and 1x CH3)), 329341 [2H, m, 1 x

e ) SN T A TR

3.76 [1Hgt, J = 7.6 Hz, CH(2")], 4.22 [1H, t, J = 7.2 Hz, Fmoc aliphatic CH], 4.31-
4.41 [1H, m, 1 x Fmoc aliphatic CH»], 4.52 [1H, dd, J = 7.2, 10.4 Hz, 1 x Fmoc
aliphatic CH,], 5.26-5.41 [2H, m, 1 x CH(4’) and 1 x Fmoc NH], 7.30 [2H, m, Fmoc
aromatic CH overlap with CDCls], 7.42 [2H, t, J = 7.6 Hz, Fmoc aromatic CH], 7.59
[2H, t, J = 7.2 Hz, Fmoc aromatic CH], 7.74-7.83 [3H, m, 2 x Fmoc aromatic CH and
1 x thymine CH(6)] and 8.89 [1H, s, thyminé» NH], 8¢ (400MHz, CDCl3) 12.6
[thymine CHs], 36.3 [CH2(3”)], 39.1 [FmocNHCH,CH,N], 47.2 [Fmoc aliphatic CH],
52.8 [CHx(5)], 53.9 [CH(2)], 57.8 [CH(#4’)], 64.6 [Fmdc aliphatic CH,], 67.0
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[FmocNHCH,CH,N], 112.0 [thymine C(5)], 112.0, 125.1, 127.0 and 127.7 [Fmoc
aromatic CH], 137.7 [thymine CH(6)], 141.3 and 143.8 [Fmoc aromatic C], 151.3
[thymine CO(2)], 156.6 [Fmoc CO] and 163.7 [thymine CO(4)], [0]®p = +10.5

(¢ = 52 g/100 mL, CHCls), MALDI-TOF Mg (M + H") = 671.07; MM + H) =
671.20.

N-2-(N-fluoren-9-ylmethoxycarbonylamino)ethyl-frans-4-(thymin-1-yl)-D-proline

ay,

pentafluorophenyl ester (39)

ﬂ'

described for compound (3 ove. - Starting /4 N-2-(N-fluoren-9-ylmethoxy
carbonylamino)ethyl-cis-4-(thymiri-}-y1)-D-proling.(32) (123.6 mg, 0.2 mmol),
PfpOTfa (103.5 pL, 06 mmol) and DIEA (136.8 1L 0.8 mmiol) in dichloromethane

mp. = 114.8- 11 Efﬁ}ﬁﬁﬁf{ﬁ m ne CHs], 2.31-2.49
[1H, m, 1x CH, M vﬂyﬁz 89-2.98 [2H, m,
FmocNHCH,CH N] 3.01-3.10 n‘f 1 x CH 3.32-3.50 [3H¢m, 1 x CHy(5")
or 1 AR A A S AL ARG a1 2

CH(2")], 4.26 [2H, d, J = 6.8 Hz, Fmoc aliphatic CH,], 5.11-5.18 [2H, m, CH(4") and
Fmoc NH], 7.27-7.33 [3H, m, 2 x Fmoc aromatic CH and 1 x thymine CH(6)], 7.42
[2H, t, J = 7.6 Hz, Fmoc aromatic CH], 7.61 [2H, d, J = 7.2 Hz, Fmoc aromatic CH],
7.78 [2H, d, J = 7.6 Hz, Fmoc aromatic CH] and 9.71 [1H, s, thymine NH(3)], &¢ (400
MHz, CDCl;) 12.6 [thymine CH3], 35.5 [CH2(3")], 39.2 [FmocNHCH,CH,N], 47.3
[Fmoc aliphatic CH], 51.6 [CH,(5”)], 54.2 [CH(2*)], 55.7 [CH(4")], 63.7 [Fmoc
aliphatic CH,], 66.8 [Fmoc NHCH,CH,N], 112.1 [thymine C(5)], 120.7, 125.0, 127.1
and 127.8 [Fmoc aromatic CH], 136.7 [Pfp CF], 137.5 [thymine CH(6)], 139.2 and
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139.7 [Pfp CF], 141.4 [Fmoc' aromatic C], 142.1 [Pfp QF], 143.9 [Fmoc aromatic C],
150.8 [thymine CO(2)], 156.7 [Fmoc CO], 163.8 [thymine CO(4)] and 168.3 [ester
COl, [o]®p = +177 (¢ = 52 g/100 mL, CHCl3), MALDI-TOF Mg (M + H') =
671.14; My (M + H) = 671.20.

N-2-(N-fluoren-9-ylmethoxycarbonylamino)ethyl-frans-4-(thymin-1-yl)-L-proline
pentafluorophenyl ester (40) |

3.0 s\ﬁ'{ 30

TFA

NHFmoc
40
Synthesis of the b s accomplished in the same way as
described for compoun - it N-2-(N-fluoren-9-ylmethoxy
carbonylamino)ethyl-trans- (33) (78.8 mg, 0.13 mmol)
PfpOTfa (66 pL, 0.38 mmol) :ﬁﬁIE _I: pL, 0.51 mol) in dichloromethane

- Ly -

(1 mL) afforded (40) (718 g, 83 %), as a white solid.

mp. = 115.0-116.1 °c,ljsH (40 80 [3@ s, thymine CH], 2.19-2.35
[1H, m, 1x C (Eio ), 2056.[1H, t, J = 1d.6 Hz, 1x CHy(3")], 2.70-2.88 [2H, m,

FmocNHCH, M&b%ﬂﬁ]:ﬂﬂlﬁcﬁ(ﬂﬂ ﬂ 38 [3H, m, 1 x CHx(5’)

and 1 x Fmocl\?i!IC H,CHoN], 4.11 [iH, t, J=6. 8 Hz, Fmoc ahpgglc CH], 4.18 [1H,
o0 CHEPIP) A B 50501 o
m, CH(4%) and Fmoc NH], 7.14-7.22 [3H, m, 2 x Fmoc aromatic CH and 1 x thymine
CH(6)], 7.29 [2H, t, J = 7.2 Hz, Fmoc aromatic CH], 7.48 [2H, d, J = 7.2 Hz, Fmoc
aromatic CH], 7.66 [2H, d, J = 7.6 Hz, Fmoc aromatic CH] and 9.77 [1H, s, thymine
NH(@3)], 8¢ (400 MHz, CDCl;) 12.6 [thymine QHg], 35.5 [QH2(3’)],V 393
[FmocNHCH,CH,N], 47.2 [Fmoc aliphatic CH], 51.5 [CH»(5)], 54.2 [CH(2")], 55.6
[CH(4%)], 63.7 [Fmoc aliphatic CH;], 66.8 [Fmoc NHCH,CH,N], 112.0 [thymine
C(5)], 120.0, 125.0, 127.0 and 127.7 [Fmoc aromatic CH], 136.6 [Pfp CF], 137.6
[thymine CH(6)], 138.5, 139.2 and 139.7 [Pfp CF], 141.3 [Fmoc aromatic C], 142.2
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[Pfp CF], 143.8 [Fmoc aromatic C], 151.0 [thymine CO(2)], 156.7 [Fmoc CO], 164.2
[thymine CO(4)] and 168.4 [ester CO], [o]*’p = -19.0 (c = 52 g/100 mL, CHCly),
MALDI-TOF Mgy (M + H") = 671.14; Mca(M + H") = 671.20.

N-2-(N-ﬂuoren-9-ylmethoxycarbonylamino)ethyl—cis-4-(N2-isobutyrylguanin-9-
yl) -D-proline pentafluorophenyl ester (41)

Glbu

.S

HO  "Nrpp

Synthesis of t
- N-2-(N-fluoren-9-ylmethoxy
-proline (34) (71.4 mg, 0.1

described for compo

carbonylamino)ethyl-cis-¢

"J" '235[1H, d, J= 14.4 Hz,

CHx(3")], 2.72-2.90 [ 1L, m 1x FmocNHCHZC_zN _-. 1 x CH(CH3),], 2.90-3.12
BH, m, 2 ﬁi 333350 [2H, m,
FmocNHCJ@jj Pﬁ%ﬂﬂ%i Hx(2")],4.19 [1H, t,J
= 7.2 Hz, Fmocg a11 hatlc CH], 4.29-4.41 [2H, mFmoc aliphatie.CH>], 5.17 [1H, s,

cas9) 9 1 skt s o, Wrhoo hrocichy, 7.57 21, 4
J=17.6 E[z, Fmoc aromatic Cﬂ], 7.71 [2H, d, J = 7.6 Hz, Fmoc aromatic CH], 8.30

[1H, s, Guanine CH], 9.90 and 10.51 [1H, 2 x s, IbuNH rotamers], 12.17 and 12.48
[1H, 2 x s, Guanine NH rotamers]. '
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N-2-(N-ﬂuoren-9-ylmethoxycarbonylamino)ethyl-cis-4-(N‘ -benzoyladenin-9-yl)-
D-proline pentafluorophenyl ester (42)

ABz AB?

O 3
PfpOTfa , DIEA i

HO  "N'yea g N
CH,Cl, 8

NHFmoc NHFmoc
oy, -

MW,

mp. = 103.0-104.8 °C, & (
2.80-294 [1H, m, 1 &
FmocNHCH,CH,N,
FmocNHCH,CH,N
Hz, 1 x CHx(5")], 3.
CH], 4.30-4.45 [2H,

dd, J=4.4, 15.2 Hz, CH»(3")],
, 3.01-327 [3H, m, 1 x
x CHx(3%)], 3.32-345 [1H, m,
NHCH,CH,N] 3.64 [1H,d, J=10.4

. 4+J = 7.2 Hz, Fmoc aliphatic

Fmoc aliphatic CH,], 5.38-5. 5ﬂ[lH m, CH(4")], 7.19-7.41
[4H, m, Fmoc ar atl:e_i 7.51 [SH, m 7 6 Hz, benzoyl CH], 7.59 [3H, t, J =
16 Hz, benzo ﬁ EL(M m gﬂﬂtﬁCﬂ], 803 [2H,d,J=
7.6 Hz, Fmoc aromauc CH], 8.67 [dH, s, adenipe, CH(2)] and 883 [1H, s, adenine
CH(8)| B 490 itk Gk 3 T4 G B3 o HCHBLRN, 47.2 (Pmoc
aliphatic tH], 52.2 [CHy(5")], 53.8 [CH(2’)], 58.8 [CH(4")], 64.1 [Fmoc aliphatic
CH3], 67.0 [Fmoc NHCH,CH,N], 119.9, 125.1, 127.6 and 127.9 [Fmoc aromatic
CH], 128.8 [benzoyl CH], 132.8 [benzoyl C], 133.5 [adenine C(5)], 136.7, 139.1,
139.3, 139.7 and 142.2 [pr CF], 141.1 [adenine CH(8)], 141.9, 143.9 and 144.0
[Fmoc aromatic C], 149.5 [adenine C(6)], 151.5 [adenine QH(Z)], 152.6 [adenine
C(4)], 156.7 [Fmoc CO] and 169.6 [benzoyl CO], [a]zSD = -15.1 (c = 51 g/100 mL,
CHCl3), MALDI-TOF Mgy (M + H) = 784.37; Mg (M + H") = 783.22.
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N-2-(N-ﬂuoren-9-ylmethoxycarbonylamiqo)ethyl-cis-4-(N‘ -benzoylcytosin-1-yl)-
D-proline pentafluorophenyl ester (43)

CBz CBz
U U
. PfpOTfa, DIEA PfoO
HO N'TEA p N
CH,Cl,
NHFmoc | NHFmoc

. \\g\l/ Y,

i d_cow : ompllshed in the same way as
described for compoun ve.| Starting _ N-2~(N-fluoren-9-ylmethoxy

carbonylamino)ethyl-cis- n-1-y Af ‘-_,olme (36) (106.2 mg, 0.15

mmol), PfpOTfa (103. ¢ “ix I)" anc NISAZ pL, 0.9 mmol) in
dichloromethane (1 ml) af] (79.3 gt 70 %), hite solid.

mp. = 118.0-119.0 °C 'MB2,CBEL;) 226 [1H, dd, J = 438, 148 Hz, 1x
CHa(3")], 2.75-2.86 [1H ¢ FrmocNE 1, 2.93-3.09 [2H, m, 1 x CHy(5)
and 1 x FmocNHCH,CH,N], 3116 f1#1, 0.6, 9.6, 14.8, 1x CHy(3")], 3.30-3.48
[lH, m, 1 x F 1 x CHx5’) and 1 x
FmocNHCH,CH,N[; 3. 26" H, t, J = 6.8 Hz, Fmoc

aliphatic CH], 4.44 [2H, d, J = 6.8 Hz, Fmoc ahphac CH,], 5.28-5.38 [1H, m,

CH#)], 5.43- oc aromatic CH], 7.41
[2H,t,J = 7. 2@“%&%%%&% ioyl CH,], 7.78 [2H, d,
J=7.2Hz, Fmoc aromatic CH], 7.95 [2H, d, J = Z:2 Hz, Fmoc argmatic CH] and 8.47
1, 2 P02 b ik bbb i) & o B, 414
[FmocNI?iCHZQHZN], 47.2 [Fmoc aliphatic CH], 54.2 [CH(5")], 54.9 [CH(2)], 58.0
[CH(4")], 64.6 [Fmoc aliphatic CH,], 66.9 [Fmoc NHCH,CH,N], 97.2 [cytosine
CH(5)], 120.0, 125.1, 127.0 and 127.7 [Fmoc aromatic CH], 128.0 and 129.0 [benzoyl
CH], 132.6 [benzoyl C], 133.4 [cytosine CH(6)], 136.6, 138.5, 139.2, 139.6 and 142.1
[Pfp CF], 141.3 and 143.8 [Fmoc aromatic C], 147.7 [cytosine CO(2)], 156.7 [Fmoc
CO], 161.6 [cytosine C(4)] and 169.5 [benzoyl COJ, []*’p = -32.1 (¢ = 50 /100 mL,
CHCls), MALDI-TOF Mgps (M + H") = 760.15; Mca (M + H") = 760.22.
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2.2.3 Synthesis of aepPNA Oligomer
(a) Preparation of the reaction pipette and appai‘atus for solid phase synthesis

All peptide syntheses were carried out using home-made peptide synthesis
column from Pasteur pipette with fritted glass as described below. A new glass
Pasteur pipette was plugged with a small amount of glass powder and sintered on a

small flame. The length of the sintered glass should be about 3-5 mm. The resin was

weighed accurately into the pip tte was equipped with a rubber teat.
; ired solvent al least 2 h before
use. For each reactions, the" wa dlrwln, ejected out or hold on by

manual control for the , 0 ime. Occasional agitation may be

The resin in the pipette sho

performed using this deyi
filling the solvent via thegop/of pipette. The excess solvent was ejected out by

squeezing the rubber t

s;wweiﬂﬂimum'ma e

i

i i / Foe
resin > { S N‘”\B
coupling reagent e

() (b)
Figure 2.1 A diagram showing the manual technique for solid phase peptide

synthesis; (a) coupling, deprotection and cleaving process; (b) washing process
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(b) Solid phase peptide synthesis of CD-Ac-To-LysNH; (44)

Synthesis of this CD-Ac-Tm-LysNHz (44) was carried out on 1.5 pmol scale.

The synthesis was divided step as follows.

i Removing Fmoc protecting group form the resin

The reaction pipette contai 'T taGel S RAM Fmoc resin (6.3 mg, 1.5
pmol) was prepared as desc M[ % sin was treated 20% piperidine in

DMF (piperidine 100 pL 1400 JJ.L &nL eppendorf tube for 15 min at

y w period of time, the reagent
\ %sge\austively with DMF.

ii Anchoring .amino acid (I @gsidue

room temperature occ

was squeezed off and

HOAt (2.0 mg, 15 pmol) weré‘ -_..' ‘anhydrous DMF (35 pL) in a 1.5 mL
eppendorf tube. Ttﬁ prepared" fé'§in Wa in this solution with occasional

m re. Afte: eriod of time, the reagent
was squeezed off and ﬁ reaction colur shed fﬁhaustively with DMF.

i Deﬂyﬁi&j dlj%ﬁ%%fwm ﬂl"jerminal
. Dﬁmmﬂmm:?mﬁﬁ:ﬁ e

at room temperature. occasional agitation. After the specified period of time, the
reagent was squeezed off and the reaction column was washed exhaustively with
DMEF. The used deprotecting reagent can be used to determine the coupling efficiency
by diluting with an appropriate volume of methanol and then the UV-absorbance of
dibenzofulvene-piperidine adduct at 254 nm measured. The first UV-absorbance of
the adduct, released from preloaded Fmoc-L-Lys(Boc)-resin, was assumed to be

100%. Such determination of coupling efficiency ‘was advantageous in terms of
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determining how the solid phase reaction progress. The efficiency should be at >90 %

for each step in order to give acceptable yield of the decamer aepPNA from the
synthesis. If the overall efficiency had dropped bellows 50 %, the coupling must be

stopped to save the valuable monomers.
vi Coulping with CD-aepPNA T monomer

The free amino group, generated m the deprotection step (iii) above, was

further coupled wnh CD-aepPN / -aminoethyl-D-Pro(cis-4-T)-OPfp
(37) (4.0 mg, 6.0 pmol) (O 8 ol) were dissolved in 35 pL

: is solution for 2 h at room

eriod of time, the reagent

apped with 10% Ac,O/DIEA
d DMF 80 pL) in a 1.5 mL
ences. The reaction pipette was
a2ty ol temperature. After the

Z-j ent was aid the reaction column was
DMF.

— :‘:@mi pianip )i iy
- ammﬂmummmaﬂ

vi Acetylatlon at C-teminal of CD-aepPNA T decamer

washed exhaustively wi

The synthesis cycle was repeated until the growing peptide chain was
extended up to decamer. After final cleavage of Fmoc, the decamer aepPNA was
treated with 10% AczO/DIEA in anhydrous DMF (Ac,0 10 pL, DIEA 10 pL and
DMF 80 pL) in a 1.5 mL eppendorf tube. The reaction pipette was occasionally

agitated with this solution for 15 min at room temperature. After the specified period
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of time, the reagent was squeezed off and the reaction column was washed

exhaustively with DMF.

vii Method for cleavage the decamer aepPNA from the resin

The decamer resin bound peptide was released from the resin by treatment
with trifluoroacetic acid (1 mL) at room temperature for 2 h with occasional agitation.
During the time, the resin becomes,red. After the specified period of time, the

am (fume hood).The method was

ptide from the resin. The sticky -

trifluoroacetic acid was removed
repeated again to ensure a ; -
residue was treated with crude PNA. The suspension
was the centrifuged an
diethyl ether 3 times. Fi

stored dried at -20 °C unti

centrifugally washed with

ied at room temperature and

The crude peptide st
200 pL deionized water Th&s@} vas f
(0.45 pm). Analy s and purificat Hrme ‘ reverse phase HPLC,

monitoring by UV-ab I bance
I

alysis by dissolving a mixture in

gred through a nylon membrane filter

'i a gradient system of 0.1%

TFA in acetonitrile/ws r. For HPLC gradient system;

solvent A = 0. ﬁt %’

solvent B = 0. aﬂ:ﬁ t;?]zj n ﬂzj q ﬂ j

First A:B (10:90) for 5 min then lifiear gradientte A:B (90:10) over a period of 30
rin ) ) Y £ bW STk 9 V0N msor procc
(CD-Ac-q'lo-LysNHz (44)) at retentions time 24.7 min was collected. After freeze
drying, it was confirmed to be the desired CD-Ac-T}o-LysNH; (44) by MALDI-TQF

mass spectrometry.
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(c) Solid phase peptide synthesis of CL-Ac-To-LysNH (45), TD-Ac-Tqo-LysNH;
(46) and TL-Ac-T-LysNH; (47)

Synthesis of these CL-Ac-To-LysNH; (45), TD-Ac-T1o-LysNH, (46) and TL-
Ac-To-LysNH; (47) accomplished in the same way as described for CD-Ac-Tio-
LysNH, (44) above. The experiment was showed in Table 2.1. In case of purification,

the HPLC peak of CL-Ac-Tjo-LysNH, (45), TD-Ac-To-LysNH; (46) and TL-Ac-To-

LysNH, (47) appeared at £z = 24.5, 24.7 and 24.2 min respectively.
A\
Table 2.1 Synthesis of ho grdec
f l!
_| monomer
~ %efficiency
sequence ight | mor r.| weight
| S (overall)
(ng) (mg)
CD-Ac-Tjo-LysNH; 4 (T & -T
: 6.3 40 66
) <o 1K [ ikl
CL-Ac-Tjo-LysNH, , %gg‘f—‘ CL-’ -Pf n -
(45) aEf -
TD-Ac-Tjo-LysNH LA T D-T-P :
A=l 51 G a0 72
(46) {r- 4 _{
TL-Ac-Tyo-LysNHz | F
U B ! 27 74
(47) 39)

EJf‘En o/
AUHINENINEINT
IUBINENINGINT
TR AN Y

S?fnthesis of this CD-Ac-Ao-LysNH, (48) accomplished in the same way as
described for CD-Ac-T;o-LysNH, (44) above. Starting from TentaGel S RAM Fmoc
resin (6.3 mg, 1.5 umol) and CD-AP%Pfp monomer (40) (4.7 mg, 6.0 pmol) for each
coupling cycle. Before cleavage CD-Ac-Ajo-LysNH, (48) from resin, we must be
deprotected nucleobase protecting groups (Bz,) treatment of the resin with aqueous
ammonia/dioxane 1:1 at 60 °C for 6 h. In case of purification, the HPLC peak of CD-
Ac-Ao-LysNH, (48) appeared at £z = 23.6 mim.
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(e) Solid phase peptide synthesis of CD-Ac-GTAGATCACT-LysNH; (49)

Synthesis of this CD-Ac-GTAGATCACT-LysNH, (49) accomplished in the
same way as described for CD-Ac-Tjo-LysNH; (44) above. Starting from TentaGel S
RAM Fmoc resin (2.2 mg, 0.5 pmol) and monomer, CD-T-Pfp (37) (1.4 mg, 2.0
pmol), CD-CP%Pfp (43) (1.6 mg, 2.0 pmol), CD-AP%“Pfp (42) (1.6 mg, 2.0 pmol),
CD-CP%Pfp (43) (1.6 mg, 2.0 pmol), CD-T-Pfp (37) (1.4 mg, 2.0 pmol), CD-A™*-Pfp

(42) (1.6 mg, 2.0 pmol), CD-G™- , 2.0 pmol), CD-AP“-Pfp (42) (1.6
mg, 2.0 pmol), CD-T-Pfp (37 w& d CD-G"’“-pr (41) (1.5 mg, 2.0
pumol) were added in eac cyeﬁ: re@ Before cleavage CD-Ac-GTA
GATCACT-LysNH, (4
groups (Bz, Glbu) treatme inkwith iqueon onia/dioxane 1:1 at 60 °C

for 6 h. In case of pu 100, L€ » Q{{- GTAGATCA CT-LysNH;
(49) appeared at 1 = 2 -

tected nucleobase protecting

CAl 100 Bio UV-Visible
with a thermmmelt system. The sample for

T measurem:ag1 mixing caléulated amounts of stock oligonucleotide
and PNA soluti hg ﬁ ﬁlﬁ w&&lﬁ}ﬁwleoudes and sodium
phosphate buffer (pH 7.0) and the final volumes were adjusted tg 3.0 ml by addition

oty o B R )R B i T

stopper ahd equilibrated at the starting temperature for at least 30 min. The OD60 Was

T, experiments

spectrophotometer (V tian Ltd. ) equlpe

recorded in steps from 20-90 °C (block temperature) with a temperature increment of
1 °C/min. The results were normalized by dividing the absorbance at each temperature -
by the initial absorbance. Analysis of the data was performed on a PC compatible

computer using Microsoft Excel XP (Microsoft Corp.)
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For example

Table 2.2 Data examples from UV analysis of CD-Ac-T;o-LysNH, (44) & Poly(dA)

CD-Ac-Tyo-LysNH; (44) and poly(rA) 20.00-90.00 °C
entry
Temperature (°C) | Absorbance | Correct temp (°C) | Normalized Abs
1 20.070 0.187 19.022 1.000
2 40070 | 048 / | 38.582 1.026
3 45.090 224 | 43.491 1.197
4 50.070 | "*:;;"\1 362 1.304
5 55.0 243 a\I\ 52 1317
6 60.120 20,0488 A1\ 58,191 1326
: g;if:;, 7 \
7 65.120 Qg;.;‘ 3.081 1.333
AT LN
8 70.070 0 250 = 67.922 1.338
- e Y A "
9 75070 i 2 1.343
1.384
1.350
1353

. q . o3 : .

The equation for determining the corrected temp was obtained by measuring the -
actual temp in the cuvette using a temperature probe and plotting against the set
temperature (Tpiock) from 20-95 °C. The linear equation and relationship were

obtained with Y = 0.978X-0.6068 and #* > 0.99.



Correct temperature and normalized absorbance are defined as follows.

Correct. Temp. = (0.978XT piock) — 0.6068
Normalized Abs. = Absgps/ Absinit
In entry 1; Tops = 20.07 °C, Absinir = 0.187, Absops = 0.187;
Correct. Temp. = (0.978xTops) — 0.6068
Correct. Temp. = (0.978x20.070) — 0.6068
19.02 °C
Absobs/ Absinit
élswo.m
In entry 2; Tops \\\‘}& sbs = 0.192;

Y

|
i¥
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Figure 2.2 (a) Melting curve and (b) UV-Tm first derivative curves of CD-Ac-T}o-

LysNH; (44) with poly(rA). Condition: 10 mM sodium phosphate buffer
pH 7.0 1.0 uM ratio of T:A = 1:1
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(b) UV-titration experiments [S2,53]

The UV titration experiment was performed on a MILTON ROY spectronic
3000 array UV spectrophotometer at 25 °C. To a solution containing the CD-Ac-To-
LysNH, (44) (2.39 uM) and 10 mM sodium phosphate buffer (20 mL) was added a 2-
10 pL aliquot of a concentrated stock solution of dAsy (18.70 uM). After the
absorbance is stabilized (10-15 min) the absorbance was read against a blank (10 mM

sodium phosphate) and more dAs ali ere added until a total volume of 100 pL

(corresponds to 1:4 T:A ratio) had bee ratio of the observed Axg and the

calculated Ajq were plotie io of T:A nucleotide and the

stoichiometry was dete

Calcd. ODygp - O 1 ‘bﬁ: ' D260(A) X Va

ratio of T:A

AULINENTNEINS
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