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ABSTRACT

Synthesis of Novel
Non-classical Nucleosides
as Antiviral Agents

Piao Fu Shan
Advisor: Prof. Hong Joon—-Hee, Ph.D.
Department of Pharmacy

Graduate School of Chosun University

With the increasing worldwide problems of viral diseases, there continues to be a
significant need for safe and effective antiviral agents. since the discovery of
selective antiviral agents such as acyclovir and AZT, nucleoside analogues have
become one of the most promising candidates that might meet the need.

Novel branched apio C-nucleosides were synthesised in this studay. Apio
nucleoside are non classical nucleoside in which 4'-hydroxymethyl group of the
classical 2’, 3'-dideoxynucleoside moves to the C3'position. this type of nucleosides
have selective antiviral agents and appears to possess metabolic resistance to
adenosine deaminase or stabilization of the glycosyl bond. C-nucleosides have been
of interest as a unique class of compounds that contain a C-C bond instead of the
C-N bond between the carbohydrate and heterocyclic moiety, which stabilizes the

glycosylic bond, resulting in a different biological profile.

key words : synthesis; apio nucleoside; C-nucleosides; antiviral agent.
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AIDS : Acquired immunodeficiency syndrome
AZDU : 3'-Azido-2', 3'-dideoxyuridine

AZT : 3'-Azidothymidine

ACYV : Acyclovir

DIBAL-H : Diisobutylaluminum hydride

DNA : Deoxyribonucleicacid

DMS : Dimethylsulfide

DME : Dimethoxyethane

DBU : 1, 8-Diazabicyclo[5,4,0lundec-7-ene

ddC : 2’, 3'-Dideoxycytidine

ddl : 2’, 3'-Dideoxyinosine

d4T : 2', 3'-Didehydro-3’—deoxythymidine

ECso: Concentration required to inhibit 50% of virus induced cytopathicity
EBV : Epstein-Barrvirus

Et : Ethyl

FLT : 3'-Deoxy-3’'-fluorothymidine

FDA : Foodanddrugadministration

HTLV : Human T-cell leukemia/lymphoma virus
HIV : Humanimmunodeficiencyvirus

HBYV : Hepatitis B virus

HSV : Herpessimplexvirus

LDA : Lithiumdiisopropylamide

Me : Methyl

NRTIs : Nucleosideanaloguereverse transcriptaseinhibitors

NMR : Nuclearmagneticresonance



RNA : Ribosenucleicacid

RT : Reversetransriptase

TBDMSCI : tert-butyldimethylsilyl chloride
TBAF : Tetrabutylammoniumfluoride

TLC : Thinlayerchromatography

THF : Tetrahydrofuran

TMS : Tetramethylsilane

VZV : Varicellazostervirus



%‘

Hholef~= A Aok FAEA S THEAR FHAHARE H2 S

AUA S AeHA Fokr] wEol doldl= A HeA 7YY ES J

N
)
>
K
32
>
=

oift
it
)
Hel
=

Al Aozt B & uole s A F AL A Aoty A E wlole s mAEe] AW T}
Al (phage)gtal F2t}. 7} wlo]g 2~ DNAY RNAF 3 71A] SHREe iks zha
71 W&ol DNAutel# 2~ 22 RNAutolgl2= a7 % afar Awe] Pejo] uf
2} 53t vlol ]~ Fgutole]l s FoR Uk gt wlolg{ s B whelF e wp
olef =7t VAt E e R A AEY Ax<] ‘:TTH]JS’J AlZeta HshEs Zta

At o] 2 HsHow SFAlzo] FHAI nlole ] FHEH] SFAEY

Hhol g 27 AE oA B

YAl == Aotk 2y BE vhel ATt Al &Kol o7t & £ Ax

o2 Yo = AL ofyn. ofWl mpojeiis Y3 SAx

of Atk oAl ek @70l HH mpolH A fHAE
HpolH 2 A E7E AYal Y= a4 @iE S5 9

AR g $4S fldte] wk=A] DNAY <

DNAA7| 521 7F dojdnt, v Fd Al

DNAAZ| 52 S 8H#] &=t wpoleis 2

2
H
-3
r
o
>
o
ox)
kl
in)
H
ox
i
flo
i
oF
f 2 2 £ 2

H}O]ﬂixﬂfﬂ Mg wpolgze] Efe AAE oE Bo SFAXd & gy &
Aol 2315 g Atk
AIDS(Acquired immune deficiency syndrome, &AW A ZAE)S 1981d & <&
A olg i d SArF FFekal o AAbER Fol A AAAHCw Ao tiidol
o gl dvloly a4 g Aol AIDSYE HIV(Human immundeficiency virus)@h
L R 2= ol 2ol e E o] WA= o] npelg o] S QA ol MAstH
AR A} ABAXA S AMAE FsE Ao Ak olHs EA wiiLe] Azt
o] AgdFE WArlso]l AstEol zF AT wEFHi, AT Fol THE
Abpell ol2 A &= Aotk weld AIDSE 3 71A] FAS YEhlE EAE W o
wolgt7l v, HIVHAel W=l <dAle] wWelego] AzstA &dHoa2n o



7FA YEbygE wrA Aol AW S @Eti=d, HIVE 9 AA & A(reverse transcriptase)
= HEZvo]# A(retrovirus)o| o GHA E4F VA1 Q= Ho)
oA Z4F FFE do7= RNAHto|g| 2525 e a4h8A4 11 %
|2 A9 RNAAI =S DNAR A Al A sFAE2] DNAALES] Bl 719 ¥+
thoole} e =53 AE&S e 54AE AW vy s JEs HER Hlojy X
I (retrovirus family) = e FolA F/3H7] wiito] HIVSMS #HERZ nvlo]g| 2~ o
£35b= dlolg{zoltt. HIVe TR stAo] yetde=d IFdAxR= 53]
OKT4/Leu3a” Phenotype?] Al¥ES Aoz Aol &e#A Stk RNAZ S
vholgl o] ZAGA LS Ao #E A sFAEE A B A W 3H(trans-

)
formation)?tS FEA AN FEFAER A A7IARF HIVe] ZAd Axs 2

S doF glo] tdl A E(multinucleated giant cell)e] A3tS E3Hsl= AlL4:3
A3 er(cytopathm effect) & YEMNWA] Ty o] FA o) o] 2 ¢

A s
Wlolel 2% 7re) AEPARA YEE T4dze] A 7 F Aoy AEe
ol AREA T-4AES FH 4k 2L ol e J15H Aol ADSHAS] Fa

Wuk olygl HBVel 93 BE 1+, HTLVIH TA
¥ Hug vl 2o od] dojubi: A TAHE WY, HSVel 98] dojubs
EZ, AgiAEately 26 og ANMEY BYJAST VZVel gt 5 i EZ,
EBVDPel ola] dojut= GAE F7F 5 5o Hiolgjzd o3 A3k dAdio] o
& JE&SHA Srrsta k. olE HFLe I AAZA Y ARG ofyel AlF]H o
2 2 wAR g5l wel 3 Fdupoly 2 A sfEke] F ool FobxaL 9l

Argdde] F4o HeE AR A Ak I 71EE9 7 nucleoside®  F o
9)\{— d o= nucleoside®] ¥H-= AL A 7hEdl Ql4ko]l gl base(971)9 riboses:

2 deoxyribose® A= At dA A
71 nucleosider EAES] FAHoZ Aozl FEEo] Iufoly s E QF AsAZ
g ARE-E I Q)

nucleosidex= ¢17F 4421 DNAY RNAZ o|F& 9871 HE= 2otk DNAE
g3 A7)k e w S TtEE A AAHAM = G A77F Agseh e o
7)ol Qlatsl mAo] o]FojXth ayldl V)M G Ar|7t AdtE

(acyclovir) 9} #Z-2 nucleoside”7t ZAde] o] &= ] o] DNAYHAAE o] Fo]x]#|
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Ag oel=7h YEhgs wols W 7lse] Astel wE 7]3]7k<d (opportunistic
infectiond 4 W< 75 dtollA = LA = FEAZEo] WA 7| 5ol Ho X HA

7= Ao A FBAE 2= BERo A 1009 d1F o o] =0 9% 7] 3]
ddolv T Yol ooj= A ik A 5WHEC] Wol JHE A Nucleoside
analogue reverse transcriptase inhibitors(NRTIs)gtal sl= oF 5 nlole] 7} CD4”
AER Zo7kA S2S el ALl 4R E Axd £o8 ¥7] 9 Zag RT
= dAlete] AznadE detll= Aeolv. o3k fom T Wol 4l zidovu-
dine(AZT)'9]9] %= zalcitabine(ddC)’, didanosine(ddl)’, stavudine(DAT)', AZDU®, FLT®
5°] At (Figure 1)

\fk NH, 0
| /ES [%>N <N 7 ONH
Ho\@/r\l 0 HWNA . HOY?’N @

0 o Q
NH | NH | NH
O\Lj* me “O‘Q“*"

N3 F

d4T AZDU FLT

Figure 1. anti-HIV activity® 7}F# 2', 3'-dideoxynucleoside
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E 349l nucleoside F=47F A5 9l=d nucleosidesd FEAES Ak ATA
2459 Ao FFS Fol mlolgx BA9 FF 24 AFS At At
aRA4Q setEEolth. NucleosideAl ol et =7] A"+ DNA 3 RNAoIA]
WA % = primary nucleosideo] gk A7 dF-E ooy T FEO] fLxA WY

oo MEste s =9ol AL vk HZol 3 HIV, & HSV,
d HBVAYRE zte MZE 129 nucleosides A3l oA HdAoA & 4
%5 7H nucleosidett HAolA o5 =&A £ nucleoside
EA|Eo] wol Hax i ¢th Nucleoside =4+ dideoxynucleosides®} =7} A}
ste] HIVZE 17ke] Alxzuiel A F24& o dideoxynucleosidet] 2l wlo] 2] 2~ DNAZFE
of Agste]l HIVH AL &48 AT 23 el 29 shirt 2/, 3'-dideo-
xynucleoside®] 3" #1x7} ®Ath4l heteroatomo] A
ne-T" (Figure 2)02 °] IFEBEL ¢ & HIVAES Yebdtha 1 iFo] )
t}. £3] lamivudine2 olv] & HIVA ZAZ ¥l A BHELYG vlolg)x F2]9
AAlel = B3 g35 Wola 9}

Carbocyclic nucleoside analoguet®= 9 F&9] 247 @42 X3d BEALEE 7}

. .9 .
3l¥l Jamivudine’ ¥ dioxola-

7 stgEs HIV RTS 948+ triphosphate derivative carbocyclic guanine analo-
gue® AZT, ddl, ddC 57 37 AUA &74E2 23 st Aristeromycin® neplano-
cin Ax HAoA A& 4 = 3EZA  carbocyclic nucleosideE W) £33t 31t
Zo|t}. Entecavir®} abacavir’s2 €93 Fuloldx FAE eI glon
abacavir= ©lv] & HIVARAZ FQlH o] ddder AREH I v E v Ad

o] MHAE  nucleoside® A 19759 montgomery5-o] ® 118 isonucleoside’= nucle—
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oside® t} 3}sh% kAL W2 A4S vEhd= ARS Za vk # el isonucle-

oside?] &= A=A isofDDABQ} BMS—181164147} 7Zr7y HIVSF HSVe] $-53 &S

et s}t A E st Aoz de A k. (Figure 2)
NH, (0]
f\ \f‘\
N So o
S \/—
Lamivudine Dioxolane-T
NH ' NH,
Al )
N N/ N N/
HO—| HO—|
Abacavir Iso-DDA

Figure 2 Nucleoside analogues as anti HIV agents

ool A A E Ay Zo] L-nucleosides, dioxolanyl nucleosides, isonucleosides,
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o= 4] do] g

H <+ apio-ddNsell diste] vl A zAlgt AP Fx SAAAAV B e=d 53
o] AlGe 3EF otdld F =42 apio-ddA7} %L anti-HIVEA S 7FA 1 it
B E gl

Apiosex= parsleyoll 4] &2 ¥ flavonoid glycoside?] apiin®] 7}riai= o
©] branched chain sugar®4 19550 = Fx7F AR EQom® Ao EAs=
apioset= D-AgJo] ¥E A" 7 F2HE D-apiosed] FAWol ATE A3 L-api-
ose?] AW E AFE A}t Apiose nucleosider H o] EA)sHA] &= stz o=wm &
A ¥ nucleoside - =AZ A apiose nucleosided] tal A= A A3 Folr}. A+
VAl W% apiose nucleoside =A== apiose, 2', 3'-dideoxyapiose, 2'-deoxy—
apiose nucleosides©] <lt}. Apiose nucleoside?l a-F+¥ B-D-apio-L-furanosyl-
purine ¥ pyrimidine necleoside®] 4ol thal Long', Tronchet® (1)5°¢] Z+2t B
g3l 2’ 3'-dideoxyapiose nucleoside®A4] Glaxo2] AFAEL racemic 2/, 3'-

dideoxyapio-L-furanosyl nucleoside®] el tha] 2 gt .(2) (Figure 3)

NH, NH;

N AN ~N
403 (Y,
HO HO"@O

HO OH

(1) (2)

Figure 3 Structures of apiose nucleoside



o 1] @ A ¥ L AFO] = (apio-ddNs)= 4’91 %19 hydroxymethyl”] 7} 3" 91X =2 &A%
non—classical 2@ At =oltk® o] Ado FHFEF oluldf =2 apio-ddA7}
x Aol o] 8§E-2 furanose °FHld nucleoside R th ¥ anti-HIVEA S 7}A a1
Atz BHEFAth? Apio-ddAE TFEA O Z furanose %<l adenosineX®.th QA 317
uff 4

o adenosine deaminase Y phosphorylase¥} #Z2 &40 oste] A 33 A

o AAS A QYrk® ole} e FxA AAL A Q1Y) W] o] AL
gk A7 B AA Aol X EHHo R o] R HY &F3 g E JHH o=
o] itAE 4 I AGHT HLol amino®t azido® | EHE

side7b A HANe™ E%3k gufolel~ 35 YEdta B
Al LJ-45% (ECs0=3.
B %%t (Figure 4)

5M in 2.2.15cells)”'ell A HAel4d  FHBV 242 Uehigicw

) AL
HO HOjle
O 0)

apio-ddA LJ-45

Figure 4 Structures of apiose nucleoside as antiviral agents

C-Nucleosidei:= ZA|#Ql AEZ Ao T3 Tr= 7Fd H=2 -4 A

e
U= Nucleoside©] T * C-Nucleoside: @553 8|20 C-N& C-CZ

Ashs sgEes gars) 2 ks 5

0

HEdE de 7 Aok A=A

2 ¥ C-Nucleoside+= showdomycin, formycins, oxazinomycin,pyrazomycin, etc™
TOoEA BYF gt A @45 yEddT wiZel] C-Nucleosided © o gk
A2 setEe /e g2 AFHIL 9 O‘I] olm] A ¥ pseudoisocytidine,
thiazofurin®, BCX-1777% 9-deazaadenosine®% C-Nucleoside:s =< &9} 9 &}

o~ FHE Yt ¥ uE ) (Figure 5)
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Figure 5 Rationale to the design of target nucleoside

L

o 4’*cyanothymidine,36 4’ —azidothymidine ,22 4’ -hydroxymethylthymidine T3}

e
rlo
|\

HE 7 A Aol =] B Aol FHFHE e o5 wg S
gutoly 2~ g g AdE 7zl AHZE AGe A xolth (Figure 5)

ol Al M <&ghulel 7o) apio nucleosidet £ &wlolgl s~ A S ey ue)
apio nucleoside®] ®gt A7} A& H&Y i Qlrf 2 AFod A= g oz A
sk o e A H Aol = 2 C-Nucleoside®] %9 &5 <Fa & 713 3 w24
QAL =7 o RAFZo A ofolt]o] & FHQtste] FE H A EE EAFH Y oY
Q 7} A 2 Ao = (branched apio C-nucleoside)& $H4dstal o] 5¢] gufolefs oF

28 AAsang AU WS S
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2%k apio C-nucleoside 13& #4437 $18ted  Scheme 19141 2 A3} o] 1,3-

=

dihydroxy acetone 12 =% &2 2 34 s3t}h (Scheme 1)

Scheme 1. Synthesis of key intermediate 8

0
HO:>%= . TBDMSO PO:>%_/ﬂ_OE
(0] | } —
HO TBDMSO —— o
1 2 3
[P =TBDMS] .
v PO OH
PO
6 5 4

J Vi
PO ) PO CN
O — > PO O

PO
7 8

Reagents: 1) TBDMSC], imidazole, 0°C; ii) NaH, triethylphosphonoacetate, 1h; iii)
DIBAL-H, CH:Cls, 0°C; iv) triethylorthoacetate, propionic acid, 140°C; v) Os dimeth-
ylsulfide, CH2Cly, -78C; vi) DIBAL-H, toluene, -78C; vii) diethyl cyanomethylphos—
phonate, NalH, DME, 0C then rt, 2h.



TBDMSCI# imidazole &  AF&3&to] 0°CellA 3413 wbSA1A 3hgha 25 E/4d38H3A
31 Honer-Wadsworth-Emmons(HME)®F-8--& =3 3}e] NaHl, triethyphosphonoacetate
E AREsto]l A2olA 1AF wEEAIA SEE 3 @A Sl DIBAL-HE AFE-8Ho]
0°Coll Al 1A wwtele] &13tE 45 Adskvr. 2e8lal [3,3]-sigmatropic rearr—
angementS ©]83}9] triethylorthoacetate®} propionic acid® 140°Col A overnightsd}©]
3gE 572 A AFE 55 T8 CollM LERH A (0OyDMS)o 2 A3}
o] aldehyde 65 4& F Ao AEste] s3tE 69l toluenes &vlZ DIBAL-H
= 7Féte] hemiacetal 7= €& F AU F}EE TS Moffattib-gH apol|l  whet
diethyl cyanomethylphosphonates 7}sto] 93 &2 $73lgE 85 At

3}gE 84 Lithium diisopropylamide(LDA)$} ethyl formate®Z %3} enol 95
Atk 35S 95 aminoacetonitrile®} sodium acetate® 24A17F 1w HFE}S] enamine 10
S At 1,8-diazabicyclo[5,4,0lundec-7-ene (DBU)¢} ethylchloroformate ©. &
pyrrole =A% &= 115 A Y. HoNC=NH-HOAcS 7}3st] pyrrolo [3,2-d]
pyrimidin F+%=A 125 A3 v 9o tetrabutylammonium fluoride(TBAF)E
7hetl HF &4 138 F4sA . (Scheme 2)
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Scheme 2. Synthesis of apio C-nucleoside 13

CN
OH HN—"
N X _CN
Pojor T S a7
—_—
PO o PO o) PO O
8 9 10
H
N CN
\ |
HO NH,
HO 0
13 12 1

Reagents: 1) LDA, EtCOOH, THF, -78C, 2h ii) aminoacetonitrile, sodium acetate,
rt, 24h; iii) (a) DBU, ethylchloroformate, rt, 2h; (b) DBU, rt, 24h; iv) formamidine
acetate, reflux, bh; v) TBAF, rt, 1h.

A g apio C-nucleoside 26 #/d3t7] 913l Scheme 304 & A7} o] Acetol
S EHE4A2 @As 9. TBDMSCIF imidazoled AF&3ko] 0°CollA 3417 WES-A]
7 3% 155 432 Honer-Wadsworth—-Emmons(HWE) WSS =38 3lo] NaH,
triethyphosphonoacetate s AF-83Fo] =0l Al 1A1ZF 9H-§AlAH g G-unsaturated ethyl
ester 16 43593 DIBAL-HE A}&3le] 0°CollA 1417 adtsle] 3tstsE 175§
Akt 18] [3, 3]-sigmatropic rearrangement= ©]-83}o] ), S-unsaturated ester
185 stAt 3E 18S -78°ColA LEFAE(0/DMS) o2 A 2lste] alde-
hyde 195 €& & Ao ALsto] 3gt&E 199 toluenes &vi= DIBAL-HE 7}

4d& F Atk sgE 208 Moffattih-3-d 2t whgl diethyl
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3)

Scheme 3. Synthesis of key intermediate 21

0
HO—T%: i TBDMSO ) PO OFt
o) _>:O i _
HO T e

HaC
14 15 16
P = TBDMS li"
) 0
PO v PO iv PO OH
OEt = — OEt = — _j>:=ff_
H5;C =0 H,C “— H5C
19 18 17

lvi
POj@w vii PO CN
on 2 Ul
© Hee™ O

H3C
20 21

Reagents: 1) TBDMSC], imidazole, 0°C; ii) NaH, triethylphosphonoacetate, 1h; iii)
DIBAL-H, CH:Cls, 0°C; iv) triethylorthoacetate, propionic acid, 140°C; v) Os dime-
thylsulfide, CH:Cl,, -78C; vi) DIBAL-H, toluene, -78C; vii) diethyl cyanomethyl-
phosphonate, NaH, DME, 0 then rt, 2h.

3132 21< Lithium diisopropylamide(LDA)$} ethyl formate® =33to] enol 225

£ aminoacetonitrile®} sodium acetate® 24A]7F A WFEFo] enamine

2
23S sHAlsldtr. 1, 8-diazabicyclo[5,4,0lundec-7-ene(DBU)$}  ethylchloroformate &
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pyrrole EAQ 335 2472 st HONC=NH-HOAcS 718+4] pyrrolol3,2-d]

pyrimidin %= 2565 FA3A T vhAFe  tetrabutylammonium fluoride(TBAF)E

7tste] HE Sg=4 265 Tkt (Scheme 4)

Scheme 4. Synthesis of apio C—nucleoside 26

OH Hn— "
POjCJfCN i PO N\ CN POJCS\/CN
1) B B
H3C HsC @) H,C 0
21 22 23
N | H__on
Ho— ) N O W)
H3C 0 H,C O
26 25 24

Reagents: 1) LDA, EtCOOH, THF, -78C, 2h ii) aminoacetonitrile, sodium acetate,
rt, 24h; iii) (a) DBU, ethylchloroformate, rt, 2h; (b) DBU, rt, 24h; iv) formamidine

acetate, reflux, 6h; v) TBAF, rt, 1h.
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Al & 7]7] - B Ao A8 AlFES Aldrich jit, Sigma jil, Tokyo Kasei il
2 Fluka il oA =5 oFS AFE-3F9 o silica gel (230-400 mesh)2
Merck it Al }%E}ML’, |ul= Zgol wel AAlsto] ARESFith. Thin layer
chromatography (TLC)+= Kieselgel Fosy (0.25 mm)E vE fral 3 Zet o] g3l om
TLC spot& A #W=Z UVGL-58% Anisaldehyde, KMnO,; M A oFS AF&3FSITH &
A=A Gallen-Kamp melting point apparatus® AF&3t3 0w, olo] 3l B 3}
A ¢koktl, NMR spectray tetramethylsilane (TMS)E WRZFE2 = 3kl FT-300
MHzE AH&-3tSith

1,3-Bis-(t-butyldimethylsilanyloxy)-propan—-2-one (2)

1, 3-dihydroxyacetone (5 g, 55 mol)& 5 CH.Cl, (50 mL)ol &3Al7]3 7
ol A imidazole (5 g, 0.165 moDE Awe] WA 1023+ wrt 0 °CellA
TBDMSCI (169 g, 0.11 moD)& 33 YAtk 1023F F AollA A7 art

stk TLC2 W3 2s A% & I w=5tar FH S ethyl acetatest &
2 2-33] FEFota FEMgSO&E dx3 § oA, A9 wFsta 1 ALE
column chromatography (EtOAc/hexane = 1 : 10) &2 A s}o] FAEHSE oil
AF9] compound 3 (16.7 g, 95%)S At}
4-(t-butyldimethylsilanyloxy)-3-(t-butyldimethylsilanyloxy)-but-2-enoicacid
ethyl ester (3)

NaH (1.13 g, 0.027 mo)E < THF (80 ml) ©| &AE3dtt. 0 °ColA triethyl-
phosphonoacetate (5.12 ml, 0.027 moDE XA 3] ¥ 303 wwtelA ), e 229

A ﬁ}ﬂ“ 2 (82 g, 0025 moD)& 8] wa oA 143F wutegith, TLCE wh

STAS g Fo 7Bt w5t ERAS ethyl acetate®} E= 2-33] F=3FaL
T MgSOs2 Axs & o7 79 w53t 1 FAFE column chromatography
(EtOAc/hexane = 1 : 30) o2 A5t FAFEHS 0il’d2] Compound 3 (6.38 g,
96%) = AAT.

3-( t—butyldimethylsilanyloxy) -2-(t-butyldimethylsilanyloxy)oropen-1-ol (4)
Compound 3 (6.84 g, 0.018 mmol)= 5 CHCly (100 mL)oll &3l Al 7131 0 °Coll A
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DIBAL-H (24.66 mL, 1.0 M solution in hexane)& %3] 713t & (0 °C oA 247+

wRke T TLCE ®Eg 4S5 F<2lg 3 0 °CollAl methanol (20 mL)S %3]

dropping A 7] 11 &0 2 HP?] sto] 1A S HEA A Ethyl acetate (200 mL)E ¥

AL ol A 241%F nRbE $ o wepqitt. o el e s

chromatography (EtOAc/hexane = 1 : 10)&

4 (555 g, 91%)E L3
3,3’—Bis—(t—butyldimethylsilyloxymethyl)—pent—4—enoic acid ethyl ester (5)
3E 4 (2212 g, 63.8 mmol)S triethylorthoacetate (180 mlL)o] -&3fs}x

propionic acid (2.2 mL)E 7}8F % Chaisen apporatus@ xS S Z3sta 140 °Coll A

overnightA| At} TLCE wr&=4& o3t Fof| 749t %331 column chromato-

graphy (EtOAc/hexane = 1 : 2002 AAste] FAEE I 0142 Compound 5 (23.82

g, 89%)& <t 'H NMR (CDCls, 300 MHz) § 5.87 (dd, J = 180, 11.4 Hz, 1H),

5.09 (d, J = 11.1 Hz, 1H), 498 (d, J = 195 Hz, 1H), 405 (q, J = 75 Hz, 2H), 3.64

(dd, J = 156, 9.0 Hz), 240 (s, 2H), 1.22 (t, J = 7.5 Hz, 3H), 0.85 (s, 18H), 0.01 (s,

12H); C NMR (CDCls, 75 MHz) & 171.92, 139.76, 114.48, 64.67, 59.88, 45.98, 36.84,

25.85, 18.25, 14.25, -5.56.

Ethyl-3,3' - Bis-(t-butyldimethylsiloxymethyl)-4-oxobutyrate (6)

318 5 (17.73 g, 425 mmol)E 75 CHxClol &3lsta -78 TolA] &S &4

th wkg o] of 5 ALk Ao {A H w7tA] &S FHete] TR, A4

25 FHANA & 0ES BT AAST {9 dof dimethylsulfide (15 mL)& 7F

stal AeolA 2A1F o wwk gl vk dE Y wFeta 1 MAEE

columnchromatography (EtOAc/hexane = 1: 20)2 A A 3}o] oild9 3td & 6(14.27 g,

80 %)& 4tk 'H NMR (CDCls, 300 MHz) & 966 (s, 1H), 4.05 (q, J = 7.2 Hz,

2H), 3.84-3.64 (m, 4H), 2.36 (s, 2H), 1.19 (t, J = 7.2 Hz, 3H), 0.83 (s, 18H), 0.06 (s,

6H), 0.03 (s, 6H); “C NMR (CDCl; 75 MHz) & 204.41, 171.06, 65.40, 60.22, 55.11,

2548, 18.22, 14.10, -5.72.

(+)4,4- Bis-(t-butyl-dimethyl-silanyloxymethyl)-tetrahydro-furan-2-ol (7)
3sE 6 (1096 g, 26.1 mmol)S F< tolueneol] &al3tct -78 CT7HA Wzh A
% Dibal-H (34 mL)E& 1 #3] H7tgtth 5% TLCE ¥ $424& s & -7

o] 4] methanol (50 mL)S 3 3] dropping? 713l Ao 2 W3 WA ste] 1A=

Z A At} Ethyl acetate (100 mL)E 23 A-&oA 30&7 wykst & o113+

3t 1 FAFE column

-

N

N

s
a

il

—_

(

f

1%
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oyl S 719t H=3Fal 1 ZHAFES column chromatography (EtOAc/hexane = 1 @ 10)
o2 AAGY FAMEYE oil4de compound 7 (354 g, 36%)S ALtk 'H NMR
(CDCls, 300 MHz) 6 542 (m, 1H), 3.84-354 (m, 4H), 3.42(s, 2H), 1.92(d, J =
135Hz, 2H), 0.87 (s, 9H), 0.82 (s, 9H), 0.02(s, 6H), 0.01(s, 6H); “C NMR (CDCl;,
75 MHz) & 96.69, 76.55, 70.33, 67.09, 40.87, 25.71, 18.11, -5.62.

(£)[4,4-Bis-(t-butyl-dimethyl-silanyloxymethyl)-tetrahydro-furan-2-yl]-
acetonitrile (8)

NaH (60% in mineral oil, 0.45 g@)& < DME (20mDel] @EAIZl = 0 TelA
diethylcyanomethylenephosphonate (1.8 ml)E %3] ¥ 208 wykstdct. #e =
T 33E 7 (243 g, 6.46 mmol)S DME (5 mL)ol 3Aste] HH3s| 718t
off /] 3AIZF kel th TLCZ WHS- R 3qS A3k Fo diethyletheret &2 2-33]
FEoFaL e MgSOs2 dxd § o3 #h 553k 2L FAFE column chromato-
graphy (EtOAc/hexane = 1 : 15)2 AAsto] oil’de] s3HE 8 (1.18 g, 46%)S LU
t}. 'H NMR (CDCls, 300 MHz) & 4.39-4.12(m, 1H), 3.82-3.46(m, 6H), 2.56(d, J =
4.5Hz, 2H), 1.96(d, J = 6.6Hz, 1H), 1.48(dd, J = 8.4, 4.8Hz, 1H), 0.84(s, 18H), 0.02(s,
12H); ®C NMR (CDCl;, 75 MHz) & 117.24, 74.25, 72.76, 64.77, 64.03, 51.60, 36.74,
23.90, 18.18, -5.58.

(£)2-[4,4-Bis-(t-butyl-dimethyl-silanyloxymethyl) -tetrahydro-furan-2-yll-
3-hydroxy-acrylonitrile (9)

THF (10 mD)E -78 ColA YZA7]a2 Lithium diisopropylamide (29 mlL, 7.8
mmol, 2.0M solution in heptane/tetrahydrofuran/ethylbenzene)S Yt} 3}3&
(1.11 g, 27.8 mmol)& THFel| 3]435fe] HHd3] Wi 90% WA 71t} ethyl formate
(94 mD)E 7}ebar 2A17F WAl 7] AL Ao ® 271§ citric acid (10%)Z 7}8bal 14]
b wdkAIZIY TLCE vbg Hds gelst %o CH.Ch®E 2-33] F=3ti F
MgSO,= Ax3 5 o3, 7t t
(EtOAc/hexane = 1 @ 1002 AAs ol 3% 9 (084 g, 71%)E Ak 'H
NMR (CDCl;, 300 MHz) & 6.94(s, 1H), 4.74(m, 1H), 3.84-3.49(m, 6H), 2.13(dd, J =
75, 45Hz, 1H), 1.78(dd, J = 8.1, 4.8Hz, 1H), 0.83(s, 18H), 0.02(s, 12H); “C NMR
(CDCls, 75 MHz) 6 126.44, 77.39, 77.17, 76.97, 76.55, 57.97, 39.83, 29.76, 25.80, 18.16,
-5.58.

[

=

i

HN' o

1 FAFE column chromatography
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(£)2-[4,4-Bis-(t-butyl-dimethyl-silanyloxymethyl) -tetrahydro-furan-2-yll-
3-(cyanomethyl-amino)-acrylonitrile (10)
Compound 9 (0.407 g, 095 mmol)S < MeOH (10 ml) °] &3]3ttt 0 °Cell

A aminoacetonitrile (0.62 g, 4.02 mmol)E HH3] ¥Ar}t 1087+ 1¥F T sodium
2 <)

TAS Fdotr =Fqde At FFste] FAFEE oil%d e compound 10 (0.38 g,

90%)< |t

(£)3-Amino-4-[4,4-Bis-(t-butyl-dimethyl-silanyloxymethyl) -tetrahy dro-fur
an-2-yll-1H-pyrrole-2-carbonitrile (11)

Compound 10 (0.312 g, 0.69 mmol)= < CHxCly (10 mbDel]l &3]3ttt o 7]
1, 8-diazabicyclo[5,4,0lundec-7-ene(DBU, 0.20 ml, 1.31 mmol)& 0 °Coll4 Y i 10%
b wkakodth 28 & %o A ethylchloroformate (0.09 ml, 0.82 mmol)E 3| @i
2A1F wRbseith, A Ao ® wAehH DBU (0.20 ml, 1.31 mmol)S ¥l =
A 24N wRbst Y 23k Ee &wlE 2t FFska MeOH (10 mDell &3 g %
Na,CO4 (0.1 g, 0.94 mmol)E 2L 1AZF awteldh, TLCR whgE 4S5 gRlstal &
FHs CHClyH,O = o] H FEaAth /7] S5 79 MgSO= dxetil of 3
et w=35t9 Y. 1 ZHAFE column chromatography (EtOAc/hexane = 3 @ 1)o& 74
Aste] FAEES oil’d2] compound 11 (0.23 mg, 69%, 3 steps)S AT 'H NMR
(CDCIls, 300 MHz) & 7.77(br s, 1H), 6.51(d, J = 3.3Hz, 1H), 4.74(dd, J = 6.3, 3.3Hz,
H), 3.94(br s, 2H), 3.53-3.43(m, 6H), 1.96(dd, J = 8.4, 6.3Hz, 1H), 1.74(dd, J =9.6,
3.0Hz, 1H), 0.82(s, 18H), 0.02(s, 12H); “C NMR (CDCl;, 75 MHz) & 142.74, 120.74,
11352, 87.03, 77.40, 77.19, 65.38, 64.36, 51.12, 37.06, 25.83, 18.25, -5.53.

(£)7-[4,4-Bis-(t-butyl-dimethyl-silanyloxymethyl) -tetrahydro-furan-2-yll-
5H-pyrrolo[3,2-dlpyrimidin-4-ylamine (12)

Compound 11 (97 mg, 020 mmol)S < EtOH (5 mbDel &3fsitt. ol 7]
formamidine acetate (0.10 g, 0.96 mmol)S Awrz] YAt TFE2S 80 °Coll A 5A 7+
refluxA| Z ot TLC2 ®bE T4& et TddS Y sFsiith. 1 A
column chromatography (EtOAc/Hexane = 4 @ 1)o.=2 AAste] WAl 314 comp-
ound 12 (70 mg, 70%)S At} UV(MeOH) Amax 274.0nm; 'H NMR (CDCls, 300
MHz) 6 821(br s, 1H), 7.98(s, 1H), 7.60(s, 1H), 6.91(s, 2H), 5.22(dd, J = 6.9, 2.1Hz,

l
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1H), 4.12-356(m. 6H), 2.20-1.88(m, 2H), 0.89(s, 18H), 0.02(s, 12H); “C NMR
(CDCls, 75 MHz) 6 150.04, 146.53, 139.93, 131.59, 127.50, 121.27, 77.43, 73.53, 65.19,
64.08, 51.52, 25.89, 18.26, -5.48.

(£)[56-(4-Amino-5H-pyrrolo[3,2-dlpyrimidin-7-yl)-3-hydroxymethyl-
tetrahydro-furan-3-yll-methanol (13)

Compound 12 (70 mg, 0.14mmol)S F4 THF (5 mL)o] £33tz 0 °CellA
tetrabutylammonium fluoride (TBAF, 0.2 mL, 1.0 M solution in THF)S d 3] 7}
3 5 Aol 1A nuketh TLCR whS $245 39ls Fo 2
acetate®} & 2-33] FE3dtal T4 MgSOE A%X3 & oy 79t =6t 1 %
AFE column chromatography (MeOH/CHoClo = 1 @ 5) 2 AA|sfe] WAl 3134k o
compound 13 (27 mg, 77%)< 49dtl. UV (H:0) Amax  2740nm; 'H NMR
(DMSO-ds, 300 MHz) & 1086(br s, 1H), 8.07(s, 1H), 7.44(s, 1H), 6.66(s, 2H),
5.04(dd, J = 6.9, 2.1Hz, 1H), 4.83(s, 1H), 3.75-3.15(m, 6H), 2.06(dd, J = 6.9, 5.7Hz,
H), 1.75(dd, J = 12,0, 3.3Hz, 1H); “C NMR (DMSO-ds, 75 MHz) § 150.39, 149.97,
14491, 12548, 116.29, 114.05, 73.02, 71.75, 64.24, 63.01, 50.90, 38.11.

2-(t-Butyldimethylsilyloxy)-acetone (15)

Acetol (20 g, 0.27 mol)¥} imidazole (27 g, 0.405 mol)S F CH.Cl, (300 ml)el] &
slA171 $ 0 CellAl TBDMSCI (44 g, 0.297 mo)<& M3 Pl 22 2=oA 5A17H
kst TLCZ vhg &S glst & et w535t RS EtOAcE 2-33]
FEotaL ¢ MgSOs= =23 F o3, et 53k 1L FHAFE column chroma-
tography (EtOAc/hexane = 1 : 10)2 AA| o] oile] 3FE 15 (396 g, 78%)= A
At

(E) and (Z)-4-(t-Butyldimethylsilyloxy)-3-methyl-but-2-enoic acid ethyl
ester (16)

NaH (60% in mineral oil, 0.37 g, 9.25 mmol)E ¥4 THF (10 mDel] & g A7l
% 0 ColA triethylphosphonoacetate (1.405 ml, 9.25 mmoD)E 3| ¥
PR 22 XA 3skshE 15 (1.74 g, 9.25 mmol)E THF| 3|Asle] 3]
Fetar e °ﬂ"1 A2 kst ek, TLCE WHe S glst $o e w53t
acetic acid®= F3MA| AT 7] =& EtOAcd A2vE=E 2-33] =38t F4 MgSO0,
2 1Az & oy 73t =55t 2 XS column chromatography (EtOAc/hexane

=1: 152 AASA oil’de] 3= 16 (229 g, 96%)= LAt

rio
ot
2
fllo
[}

—t
=
=

rZ
Olr

Ol

N
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(E)and(Z)-4-(t-Butyldimethylsilyloxymethyl)-3-methyl-but-2-en-1-ol (17)

33t 16 (6.64 g, 257 mmol)= 5 CHoCly (150 mL)oll &3jA]7]ar -20 T ol A
Dibal-H (539 mL, 1.0 M solution in hexane)& X 3] 7}3k & -20 CeolA 1417+ L
kAt TLCZ Whg &S st & 0 TolA MeOH (50 mL)S 3] 7}star
oz WA ste uAE AEAZ Y EtOAc (200 mL)E Wil Aol A 3A17F ant
st = oA AJHFgs At FFekal I FHAFE column  chromatography
(EtOAc/hexane = 1 : 5)& AA st oil’de] Allylic alcohol 17 (4.95 g, 89%)= 43U
t}.

(+)-3-(¢-Butyldimethylsilyloxymethyl)-3-methyl-pent-4-enoic acid ethyl
ester (18)

3tetE 17 (1856 g, 85.80 mmol)S triethylorthoacetate (160 mL)el 833}
propionic acid (1.8 mL)Z 7}3F %, Claisen apparatus@dxS AA3da 140 TollA
overnightA| AAtt. TLCZ wWHg-X g3 #elgh Fof ¢k &53kal column chroma-
tography (EtOAc/ hexane = 1 : 1002 AA st oilde 3dE 18 (1986 g, 81%)<=
A9lrt. '"H NMR (CDCls, 300 MHz) & 591 (d, J = 10.8 Hz, 1H), 589 (d, J = 114
Hz, 1H), 5.05 (d, J = 1.2 Hz, 1H), 502 (d, J = 7.5 Hz, 1H), 401 (q, J = 7.2 Hz,
2H), 346 (d, J = 9.3 Hz, 1H), 341 (d, J = 9.3 Hz, 1H), 240 (d, J = 3.3 Hz, 2H),
1.23 (t, J = 75 Hz, 3H), 0.86 (s, 9H), 0.02 (s, 6H); “C NMR (CDCls, 75 MHz) &
17194, 143.11, 11299, 6991, 59.83, 41.33, 25.81, 22.60, 20.70, 18.20, 14.26, -5.58.8,
36.84, 25.85, 18.25, 14.25, -5.56.

4-(t-Butyl-dimethyl-silanyoxy)-3-formyl-3-methyl-butyric acid ethyl ester
(19)

APe Folgk & ukg dof| dimethylsulfide (13 mL)S 7Fstar Ao A 24)7F ¢
ksl T wkg S Qb w53sta 1 FHAFE column chromatography (EtOAc/
hexane = 1 : 2002 A A oil’de] 332 19(12.86 g, 84 %)= At 'H NMR
(CDCls, 300 MHz) & 9.52 (s, 1H), 4.08 (q, J = 7.2 Hz, 2H), 4.12-3.66 (m, 4H), 2.36
(s, 2H), 1.26(t, J = 6.9 Hz, 3H), 1.23 (s, 3H), 0.86 (s, 9H), 0.02 (s, 6H); “C NMR
(CDCls, 75 MHz) &6 202.16, 172.25, 76.58, 60.50, 50.36, 40.02, 25.71, 18.20, 14.16, -5.61.

(£)4-(t-butyl-dimethyl-silanyloxymethyl) -4-methyl-tetrahydro-furan-2-ol
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(20)
shetE 19 (B022 g, 27.8 mmol)E F5= toluened] &3f3tct -78 C g
% Dibal-H (37 mL)& %3] F7tgt} 52§ TLC® ¥hg 45 &Rl § -78 °C
o] 4] methanol (50 mL)S 33| dropping? 713l Ao 2 HH3 #WAsle] 1A=
A ZA At Ethyl acetate (100 mL)E @i A& 3057 wust & o 73519t}
o] ypol S 7rol w=38tal 1 ZHAFE column chromatography (EtOAc/hexane = 1 @ 10)
oz AAste] FAFYIE oilde] compound 20 (254 g, 39%)< AATh 'H NMR
(CDCl3, 300 MHz) & 5.13(m, 1H), 3.62(s,2H), 3.48(s, 2H), 1.76(d, J = 5.4 Hz, 2H),
1.16(s, 3H), 0.84(s, 9H), 0.05 (s, 3H), 0.03 (s, 3H); “C NMR (CDCl;, 75 MHz) &
100.56, 66.58, 61.71, 48.98, 45.13, 26.35, 25.64, 18.26, -5.37.
(£)[4-(¢t-butyl-dimethyl-silanyloxymethyl) -4-methyl-tetrahydro-furan-2-yl]

-acetonitrile (21)

NaH (60% in mineral oil, 0.37 g)& %5 DME (40 mDel| #@EAIZI % 0 TollA
diethyl cyanomethylene phosphonate (457 mD)E 3| Y 2057 nubsrgich 2

& 25 A SHeHE 20 (372 g, 165 mmol) DME (5 mL)o| 3]4]ste] %3] 7}st
3L Ao A 3AIZE wEkeEl )k TLCE WHE R8s &1k $of diethlylethere} &=
2-33] F=stal F4 MgSO= dx3 F oA, A4Sk 58t 1 ARE column
chromatography (EtOAc/hexane = 1 : 15)2 AA sl o9 3gdE 21 (283 g,
65%)< A%t '"H NMR (CDCls, 300 MHz) & 3.94(m, 1H), 3.90-3.58(m, 4H), 2.75(d,
J = 5.1Hz, 1H), 1.84(dd, J = 6.9, 2.1Hz, 1H), 1.65(m, 1H), 1.09(s, 3H), 0.85(s, 9H),
0.02(s, 6H). "C NMR (CDCl;, 75 MHz) & 11828, 79.41, 76.58, 69.03, 66.18, 36.18,
25.82, 25.77, 20.31, 18.20, -5.70.

(£)2-[4-(t-butyl-dimethyl-silanyloxymethyl) -4-methyl-tetrahydro-furan-2-
yll-3-hydroxy-acrylonitrile (22)

THF (10 mDE -78 TolA WZA|7] 12 Lithium diisopropylamide (2.5 ml, 8.3mmol,
2.0M solution in heptane/tetrahydrofuran/et hylbenzene)S ¥t} 33% 21 (05 g,
1.82 mmol )= THFel| gAste] HdH3] @i 90 wwrHAIZIt) ethyl formate (7 ml)
5 7bskar 2A17F wHkAl 7] AL 02 & 71§ citric acid (10%)& 7Fshal 1A% aiwk

Atk TLCZ WHe 7S &2lgh o CHCLE 2-33] F&38ta F4 MgSO.= 3
Z3 & oy 79t H=3t 1 HAFES column chromatography (EtOAc/hexane = 1

X

D10 o2 AAE] oilde] BEE 22 (038 g, 69%) AUtk 'H NMR (CDCls, 300
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MHz) § 7.07(s, 1H), 4.05(m, 1H), 3.86-3.48(m, 4H), 2.20(d, J = 4.8Hz, 1H), 1.69(dd,
J = 5.1, 2.1Hz, 1H), 1.12(s, 3H), 0.89(s, 9H), 0.03(s, 6H). "C NMR (CDCls, 75 MHz)
6 117.82, 87.68, 77.42, 7658, 67.66, 66.85, 48.30, 35.85, 35.76, 25.85, 18.57, —-5.50.

(£)2-[4-(t-butyl-dimethyl-silanyloxymethyl) -4-methyl-tetrahydro-furan-2-
yl1-3-(cyanomethyl-amino)-acrylonitrile (23)

Compound 22 (0.26 g, 0.89 mmoD)E 5 MeOH (10 ml) o €&ttt 0 “Cell A
aminoacetonitrile (0.57 g, 369 mmoD)E A3 ¥tk 10837 WWF F sodium
acetate (0.63 g, 7.68 mmol) & %3] YAt A2 A 24417+ Wyt 5 TLC= WHE-
TAS st AE Aot wFot FAFEHES oil’de] compound 23 (0.23 g,
76%)= LAt

(£)3-Amino-4-[4-(¢t-butyl-dimethyl-silanyloxymethyl) -4-methyl-tetrahydro
-furan-2-yll-1H-pyrrole-2-carbonitrile (24)

Compound 23 (0.18 mg, 0.53 mmol)S 5= CH:Cly, (15 ml)l ﬁéﬁé}oﬂﬂr. o] 7] 9|
1, 8-diazabicyclo[5,4,0lundec-7-ene (DBU, 0.26 ml, 1.70 mmol) & 0 °ColA ¥ i 10
7 wkEk ek 28 o A ethylchloroformate (0.11 ml, 1.01 mmol)E 3]
I 2417 wykEtgh Ax Aeo g ¥ s DBU (0.26 ml, 1.70 mmol) & 4
<> °of &wlE St =38kl MeOH (10 mDel &3l 3
T Na,CO; (0.06 g, 056 mmo)E il 147 wytsdth TLCE wkE T4 <213}

H

-
2
)
o~
>
.
=
r
ol
ol
32
£y
(ot
et
L

=3ttt 1 ZHAFE column chromatography (EtOAc/hexane = 3 @ 1)
2 AAste] FAEEE oilAe] compound 24 (0.13 mg, 68%, 3 steps)ES itk
'"H NMR (CDCls, 300 MHz) § 8.12(br s, 1H), 6.56(dd, J = 6.9, 3.3Hz, 1H), 4.76(m,
H), 4.04(s, 2H), 351-3.17(m, 4H), 2.13(d, J = 3.6Hz, 1H), 1.71(dd, J = 6.9, 3.3Hz,
H), 1.12(s, 3H), 0.85(s, 18H), 0.02(s, 12H); “C NMR (CDCl;, 75 MHz) & 121.48,
115.10, 115.02, 110.99, 110.44, 79.03, 67.61, 66.29, 47.96, 36.04, 25.87, 18.99, -5.47.
(£)7-[4-(t-butyl-dimethyl-silanyloxymethyl)-4-methyl-tetrahydro-furan-2-

o 2 R
=
gg}l_‘
m&

yl1-5H-pyrrolo[3,2-dlpyrimidin-4-ylamine (25)
Compound 24 (0103 g, 028 mmol)E < EtOH (G mlol &3
formamidine acetate (0.14 g, 1.34 mmol)ES Ajwz] YAt =S
=z

refluxetltt. TLC=2 ®bs F2& #AQdetan fds @Y T 1 e
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column chromatography (EtOAc/Hexane = 4 : 1) o= AHxA|slo] wAlo] 14|
compound 25 (0.08 g, 80%)< Atk UV(MeOH) Amax 274.0nm; 'H NMR (CDCls,
300 MHz) & 10.80(br s 1H), 7.33(d, J = 2.4Hz, 1H), 8.01(s, 1H), 6.62(s, 2H), 4.15(dd,
J = 87, 51Hz, 1H), 397(dd, J = 7.869Hz, 2H), 3.75(d, J = 99Hz, 2H), 2.23,
1.87(dd, J = 66, 54Hz, 2H), 1.20(s, 3H), 0.84(s, 9H), 0.02(s, 6H); “C NMR (CDCl,
75 MHz) & 153.77, 12825, 122.76, 120.30, 118.87, 84.30, 78.20, 76.53, 67.17, 66.60,
66.38, 37.70, 25.82, 19.648, -5.48.

(£)[5-(4-Amino-5H-pyrrolol[3,2-dlpyrimidin-7-yl)-3-methyl-tetrahydro-fur
an-3-yll-methanol (26)

Compound 25 (90 mg, 0.24 mmol)< ¥ THF (6 mL)d &alstar 0 °CeollA
tetrabutylammonium fluoride (TBAF, 0.2 mL, 1.0 M solution in THF)S d 3] 7}
3 & Aol A 1A akel k. TLCR WhE F28 &g Fof] &39S ethyl
acetate®} =2 2-33] FEtal F MgSO,2 =23 F o3, Ak w5 1 3
AFE column chromatography (MeOH/CHoClo = 1 @ 5) 2 AA|sfe] WA 3134k o
compound 26 (47 mg, 77%)< Adtl. UV (H:0) Amax  2740nm; 'H NMR
(DMSO-ds, 300 MHz) & 1091(br s, 1H), 8.04(s, 1H), 7.37(s, 1H), 6.83(s, 2H), 4.89(m,
1H), 4.79, 4.68(s, 2H), 3.71-3.09(m, 4H), 1.31(d, J = 7.2Hz, 1H), 0.90(s, 3H); “C
NMR (DMSO-ds, 75 MHz) & 147.74, 13828, 117.17, 110.62, 104.65, 80.36, 78.70,
57.53, 57.50, 40.01, 38.62, 30.96, 24.98.

_22_



ARtH o7 wlolP A=
A 2% nucleosides & st A2 74 d g}
. @2 nucleosides®] Y& SAE Zbe= Flo] EialEo] 2 ol R FEAQ 5A4%
Azlelzx gAdo ATE fal AE-E nucleosides”t g3 % a1 9lt}. apiose nucleosides
= lamivudine™ #& M2 79 nucleosidesoll %3tE S22 3 HIVZEEo| e
o= HiuEofH}

B b:_L‘,j__oﬂ/ﬂl‘C %/\éo] 211

i

[¢]

A= AR FxE Ad AMEE FF9

nucleoside® 7H¥staLzl sh= H2 oA S5 7HX] apio C-nucleosideE $d 3kl

H
o} Aoz A 7+ T 91+ 1, 3-Dihydroxy acetone , Acetol & W E4d =2
L qdF HIVNE 15 S WSS

L:‘__O
gsto] TS F5& 2 K
< st HE =4 [
xymethyl-tetrahydro—furan-3-yl]-methanol 13, [5-(4-Amino-5Hpyrrolo [3,2-dlpyri-

midin-7-y1)-3-methyl-tetrahydro—furan-3-yl]-methanol 265 43}

= 5, 185 A stlem oF ks, ofY S3uks

2=
3 HME, [3,3]-sigmatropic rearrangement
s}
5-(4- Amino-5H -pyrrolo[3,2-dlpyrimidin-7-y1)-3-hydro-
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