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Design and Synthesis of Carbo Analog of Oxetanocin Bisphosphate
Derivative as P2Y; Receptor Antagonist

Hea Ok Kim

Division of Industrial Environment and Environmental Engineering Kyungin Women's College
Incheonsi Gyeyanggu, Gyesandong 548-4, Korea

Abstract — In order to develop selective and competitive antagonist at the P2Y,; receptor a carbocyclic
oxetanocin bisphosphate derivative (7) was synthesized as a bioisostere of the lead, MRS 2179. The syn-
thesis was started from ketene diethylacetal (1) and completed in 6 steps.

Keywords [ ] Carbo analog of oxetanocin bisphosphate, P2Y, receptor antagonist, anticoagulant, N°-

methyl-2'-deoxy-3',5'-bisphosphate (MRS 2179).

ol izAlo] MlEelelA MEZES] HARE Hddske
B2 28 A2 ojn) AR E LA A
Alo|t}, o] BAL TR s FAFEAE A
P13} P22 ¥ R-HE FHAh 449 317}ti*1
P1 &A= ofdliAlo}, P2 -84 ofdlizale] Q1
akdo] 2kt P1 48Ale thA] 2iRts=el ohigt
3, DS wetk A, A, Ay TEAE U
, P2 84l 71Eel wet o]&Ad] P2X T-Ae}
G-protein "j7} S=&Aj¢] P2Y A2 E-FHch &
3] Py T8AlE 2iREEe] Fiel wiek P2Y1, P2Y2,
P2Y,, P2Y, T8AE thA] LY ol5E BF AR,
o, #%52 DNA 238 FEFHAUY.

AR P2Y, A= AR ¥, WEA, daEel
A HT FEHAUL AMEe] a7EE 301] P2Y1 gene
o] AAgo] ‘ﬂ‘?ﬂﬁ‘jrm P2y, &A=
chokst Ui, davksol A3 P2Y1 —r%ZJH
ERAE phosphohpase CE g%dslA# phosphatidyl
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B =Ee B3 2oe o] AxlAz
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inositol 4, 5-bisphosphate & 3}3}o] inositol phosp-
hate®} diacylglycerolZ A stc}. o) 8471 84
3w $xe Yoyivg Meizel Py, &4 2

A FeEAZ MuE Jhsidol Urt.
7] #3472 Boyersd Aol 9k
sulfotransferase &4-2] &4 adenosine-3-phospha-
te-5-phosphosulfate(A3P5PS or PAPS) 2} PAPS 9]
tAHE2] adenosine-3',5-bisphosphate(A3P5P or PAP)
St} WAz EFete] P2y, &l thal F
2 3 on kggtel uM FxelMe Evh AW
o} Atede] P2y, F-gAllel thisl AR A AEdAo]
AT,
w3t H N'-methyl-2-deoxy-adenosine-3',5-bisp-
hosphate(Fig. 1, MRS 2179)7} P2Y, S=&#o] tha)
AeHoln] AAA UPA (Ky=102 nM)EA dig?
of whe} AWz HPFAH| LR ofg3le] gl
i3t A Hdeds wo] WA eREE et
7] 9% FHog T4 AeaArE A ict”
o] dFo| 3k P2Y, &Alo| disld WS 7
ol NeIx19} ofrlx7] thal wzoin| e X|§7)

FEAIS

=W Mo
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MRS 2179
Fig. 1 - Structures of MRS 2179 and the designed compound.

(N°-NHCH,)E 7HA 1, obdld 937]19] 28 $]x]el Cl
52 XN EUsl] 1 HEdE Y 5 9So)
A £ O A7) sk a9
Y AR E @A A FSIEY -gAlol s
stelg Bylot Agkargo] glojzlty, T3 FS 6
ggo® uHduY 23] P2Y, gl diste
potentiator®] ZH8-g Uehlglo oz ololghe A7
o] vpgg Fo 3] 7|5 E2] oxetanocint-EA
of AbAaE ©AE X3 Fg. 19 22 SAeheal
Bl AT ATO|E A5 A9 carbo analogs AdAIEtT 1

& AEEFAT.
AEHYY

e T2 WA TH(H-NMR) A8 Ez]
oJsf A=A o) Varian Gemini-300FT #%
FEAE o] &3t WE Ago| Yt F tetrame-
thylsilane& WF-RFEAZ 310 3183 )% (chemi-
cal shift) & 8 & E coupling constant += Hz & 1}
BRIt SIS 318H o]2-3) Aol
9Jste] JEOL SX102d8 % #4772 Z74stg o} El
mode= VG7070F AZEA7]E o] &3lgitt. vbs 2
EulE 72 (TLC) & silica gel(Kieselgel 60F254,
Merck)& AH8-3FT, ZHY AZPFE 9 &= silica
gel(Kiegelgel 60, 230~400 mesh, Merck) & A}-&3}
Sict. B a3k Aok Aldrich Chemical Co.olA 7]
aklct.
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Ketene diethylacetal(1)2| £4 - Ketene diethy-
lacetal = bromoacetaldehyde diethylacetal ¢} potas-
sium fert-butoxides 42 F 110°CY &2 &
FAA AU FA18] 71<8hH, Vigreux column
SR A7 @9 100 mL two neck E2wle Zalka
el bromoacetaldehyde diethylacetal(19.71g, 0.1
mol) Z} potassium fert-butoxide(11.22 g, 0.1 mol) &
Ao ARl 7lalaiet. vhg-czNE A
T F2HEQ] fert-butanol g 65~70°C/A FH(EZLE
110°CriM Rbg-871258 FR3l] Yo uke-g
AZICE tert-butanol®] *HAJo] HEQS W) S22
5 120~140°CE 28] e EdEE Ry 538
ketene diacetal & 85~95°C/20 mmHg |4 ¥ ct.
o] IREL F7IFY gl wig- Wizksle] A A
9 FEAE B3R R ALV AR B
#&3ick. 'H NMR(CDCl,) & 1.18~1.35(m, 6 H, 2
% CHy), 3.09(s, 2 H, CH,=), 3.83(q, 4 H, 2 X CH,).

3,3-Diethoxy-2-(ethoxycarbonyl)cyclobutene(2)
o| g - Tt SEkAdef 3%E 1(3.28 g, 28.2
mmol) ¥} ethyl propiolate(3 mL, 30.1 mmol) & 4
HEEZZWE25mL) £ slol] 3] YL o] &
& AAT|F3telA 28M7HEQE 2 2% 50°CE
7tgetdeh We-F EFES ST R HEAA
I Wieds wE THE ezl 38HE 28 51°¢/
0.09 torr ol e Ax2 ASUrt. 1H NMR
(CDCly) & 1.22(t, J=7.1Hz, 3H, OCH,CHy), 1.29
(t, J=71Hz, 3H, OCH,CH;), 2.67(d, J=1.3Hz,

= H

o b



330 A 8 2
Cl
y 4 N
x>
N
Cl N H
2,6-Dichloropurine
|
NHCH ,
=z N
N I \>
EtO )\ N
OEt OEt Cl N H
Br a > b 3 _
H.C ™ E0 P >
OEt OFt CO,CH,CH,4
Bromoacetaldehyde 1
diethylacetal 2
NHCH , NHCH ,
& N ra N
oS S
N /K
ct N N - o o N N fe
EtO EtO
EtO EtO
CO,CH,CH,
OH
4 5 6 R=H
0
i
7 R=""h=OH
OH

Reagents: a) KOr-Bu; by HC = C-COOEt, CH,Cl,, 50°C; ¢) 40%CH;NH, in H,0, 100°C; d) DBU, DMF, room temperature; ¢) LiAlH,, THF, 0°C; f) acetone,

HCI, room temperature; g) NaBH,, MeOH, 0°C

Scheme 1-A synthetic route to ( + )-2—chloro-9—[(1OL,2[5,3(x)—3—hydroxy-2-(hyd:oxymcthyl)cyclobutyl]-Nﬁ-methyl—adenine—2‘,3‘-bisp—

hosphate (7).

2H, -CHy-), 3.67-3.78(m, 4 H, 2 X OCH,CHy), 422
(q, J=71Hz, 2H, COOCH,CHy, 7.15¢, =13 Hz
CH=); low resolution mass spectrum(CI) m/e 215
(MH").

2-Chloro-N*-methyladenine(3)2] £44¥ - o}&iulH)
2-7]0f 2 6-dichloropurine(1.38 g, 7.3 mmol)®} 40% me-
thylamine 5-84(12 m)S 7}staL dalste] 100°CE
NRFEQE ZHdsiinh. 1A ES doskar of3d
IHE 2 BFE A AFAA FRE
3(1.25g, 94%) & ¥3th. 'H NMR(MDMSO-dy) &

291(br s, 3H, CHy), 7.90(r s, 1H, NH), 809
(s, 1 H, H-8), 13.07(br s, 1 H, NH).
(£)-2-Chloro-9{(10,2p)-3,3-diethoxy-2-(ethoxycar-
bonyl)cyclobutyl-N*-methyladenine(4) o & -
3,3-Diethoxy-2-(ethoxycarbonyl)cyclobutene(2, 1.07 g,
50 mmol) # 2-chloro-N°-methyladenine(3, 0.66 g, 3.6
mmol)-& F-DMFQ21m)°l| 50|11 0°CE &% &
227] 58kl Al DBU(0.536 m/, 3.58 mmol)S 7}Fgich,
WS EFHES Aol 1823 AR SoE 3
AFWN R 55, AAXNAY. 1 AF/ES &

M
=]
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(30 mLyel] =21% X3} gk EfgEAS sahal
AA B F FEE BERh olelgS 23} dsht
EFEN0R A1 F PERS Yo AxAp|n
TAE AFAAT- AR E AFTUNZE FFAZT
I AFEe Aest A 72y aRvlE g 9Hx:
EtOAc, 5:1 = 3:1 — L1l — 1:3)& #g3to] 83ts
A1llg 77%) & ARTAZ AU}, R=0.24(Hx:
EtOAc, 1:1), 0.27(CHCl,: MeOH, 20:1) 'H NMR
(CDCly) & 1.19(t, /=6.8Hz, 3H, CHy), 1.26(, J=
6.8Hz, 3H, CHj), 1.28(t, /=6.8Hz, 3H, CH,),
2.79(dd, /=124, 8.8Hz, 1H, -CH,,-), 2.96(dd, /=
124, 88Hz, 1H, -CHy,-), 3.180br s, 3 H, NHCH,),
3.50(m, 2H), 3.67(m, 1H), 3.82(m, 1H), 3.98(d,
J=78Hz, 1H), 4.20(m, 2H), 5.15(dt, /=8.8Hz,
1H), 6.00(br s, 1H, NH), 7.81(s, 1H, H-8); low
resolution mass(CI) m/e 398 (MH").
(+)-2-Chloro-9-{(10, 2B)-3,3-diethoxy-2-(hydroxy-
methyl)cyclobutyl]-N°-methyladenine(5)2] #4 —
£ THF(15mL) o 335 4(1.04 g, 2.5 mmol) &
=o]i, 0°CE 3 ¥ A& 7]RF3lelM 1.0M LiAlH,
©] THF € (4.03 mL, 4.03 mmol) & 7}3 ). ¥kS
EHES 0°CollM 1AIRF 20559 whlsle] wheA)z)
%, 2(02mL), 5M NaOH£4(0.2 mL), 2(0.2mL)
= TAYR Thelo] Whg-S FAAR) v ERE-S
2053 AEsHA wkst & DAE 3, AAA 7|

a2 oltele HAFWNL FHAAL. 5E F g
AN 3AE E05mL)3 SEZEEG0mL) 5

W
o1 FEE FREIEZFEBXI0mL)OE F2319r)
et F2AE ¥3} GIhEFENOT A F3ik
UEFOZ AZAR] H o3}, oS guFar|z A
z8 WA sHEAFAL AFES Aei A 2y A
Eo}E 729 (CHCly: MeOH, 20:1)Z F2j3lo] 3letE
5(833mg, 90%) & MDA Z IUrE. R=0.21
(CHCly: MeOH, 20:1) 'H NMR(DMSO-dg) & 1.15
t, J=60Hz, 3H), 117(t, J=6.0Hz, 3H), 2.49
(m, 1H), 2.81(dd, /=117, 88Hz, 1H), 2.91(,
J=29Hz, 3 H, NHCH,), 3.10(m, 1H), 3.33~3.61
(m, 5H), 3.72(m, 1H), 4.34(dt, J=8.8Hz, 1H),
8.21(br d, /=29Hz, 1 H), 829G, 1 H, H-8):; 'H
NMR(CDCly) § 1.22(t, /=7.1Hz, 3H, CHy), 1.24
(t, /=7.1Hz, 3H, CH,), 257(ddd, J=12.7, 7.8,
15Hz, 1H), 3.01(m, 2H), 3200br s, 3H, NHCH,),
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3.44~3.61(m, 4H), 3.74(br s, 1H), 391 (m, 1H)
br s, 400(m, 1H), 4.67(dt, /=85, 7.8Hz, 1H), 6.03
(br s, 1H, NH), 7.84(s, 1 H, H-8); low resolu-
tion mass (CI m/e 356 (MH™).

(£)-2-Chloro-9-[(1a, 2B, 30)-3-hydroxy-2-(hydro-
xymethyl)cyclobutyl]-N’*-methyladenine(6)2] &
- 3155 5833 mg, 2.34 mmolyS oFHIE(117 mL)el|
=o]1 IN HCI22 mLyS 3] 71sks: ws-a3hs
= A2olM 27t R oHES FHFE|R
WRS-E2 5 E A3 & 5N NaOHE Z3kA)3t) o
9 oPHOIE@X30mL)E FEst T3 F715S
3} GEFEACT QL & Fe3hlEFoR
Ax, A3, 5T AAHA 2 ARS INuA=
At R=0.15(CHCl,: MeOH, 20:1) 'H NMR
(DMSO-dg) & 2.5(m, 1H), 2.92(s, 3H, NHCH,),
3.46(ddd, J=17.8, 8.8, 2.2Hz, 1H), 3.61~3.79(m,
2 H), 4.16(m, 1H), 5.05(, /=44 Hz, D,OZ &
g, 1H, OH), 5.20(dt, /=86, 6.8 Hz, 1H), 8.30
(br s, 1H, NH), 8.41(s, 1H, H-8); low resolu-
tion mass (CI) m/e 282 (MH™).

AollM B2 ALS ¥4 dEL2d5mL)el Holxz
0CZ 33 oj7]o| NaBH,(177 mg, 4.68 mmol)< 3
el vhro] 7RIt WhS-EES 0°Colld 1M I7ERE
aRksto] HESAIF T olME@Q mL)yS 7hete] HRe-S
FTAAZ) I 20837 NS § B E SRS AR
o O ARES At A 2R ARelE g9
(CHCly: MeOH, 10:D)E #al5le] 335 6(350 mg,
53%)e AMTAZ A}t R=0.23(CHCl,: MeOH,
10:1) 'H NMR(DMSO-dy) & 2.20(m, 1H, H4' a),
2.72(dt, J=10.8, 7.3Hz, 1H, H-1), 2.82(m, 1 H,
H-4' b), 290, 3H, NHCH,), 355(m, 2H,
CH,OH), 3.82(m, 1H, H-3), 4.26(dt, J=81,
8.8Hz, 1H, H-2), 4.69(t, /=4.0Hz, D,0 2 234,
1H, OH), 5.29(d, J=6.4Hz, D,O & A3, 1H,
OH), 8.18(br s, D,O 2 X&% , 1 H, NH), 8.27(s,
1H, H-8); low resolution mass (CI) m/e 284 (MH").
“C NMR(CD,0D-d)) & 28119, 38560, 45.535,
57.606, 62.010, 63.319, 141.313, 120.273, 151.228,
155.759, 157.634.

Phosphorylation method of compound 6 -+
Edl2Ate] = 35HE 6(0.1mmol) 3} proton sponge
(0.5 mmol)?] EFES o zFslel & AFAA
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trimethyl phosphate@ mL)¥} 4=tk 258 0CE
33 POCI0.3 mmol)& 7}k 1A17E BE-A| it
Hh2-2bAoJ 5= HPLC(0.1IM triethylammonium aceta-
te(TEAA) : CH;CN=95:5—40:60 gradient, 20+,
2 1mL/min; 242 SMT OD-5-60 RP-C18; Z =
71% UV E,_,,=260~300nm))E A}-§-3}e] #lsict
triethylammonium bicarbonate(2 mL) 2} & (3mL) &
7ksle] W8-S Eul, WHEEES FEAERA
Sephadex DEAE A-25 resin®] Z-#(0]&742 0.5M
ammonium bicarbonate 2] 0.01~0.5M linear gradient)
©F bisphosphate® F-2|3H¢ FAUFAA oK B
$hbisphosphate(7)S Aitt. o] 3ES o &3
A #ast7] 98} preparative HPLCE 3§32 ™
11 ZAL NSRS BRIE] gk 203 Ak
t}, 5% fraction® Zob TANZAIIF ofefd wF
HEANZZ triethylammonium acetateZ A3}
o 3EE 7S 4.

AEdT % OF

2R3k 3HE (7)Y 492 scheme 10 B
= 233 ketene diethylacetal(1)°=FE] A|&Hslo] 6
GAE Ax $AE30h. bromoacetaldehyde diethy-
lacetalo]l KOHE 7}3to] 110°CollA 7HE3te] 2
ketene diethylacetal(1)& &710l B L& F2J5}
o] ethyl propiolate®} [2+2]cycloadditiondt-3-A17 &
T2 28 AUk ©] FFEY FE2E 'H NMRZ
cyclobutene 2| methylene®] triplet &2 WEFFOZ
» A3ttt 2, 6-dichloropurined] 69 1218 ¢
A XN@7E el N, X ERkAA 2-
chloro-N°-methyladenine®® 94%9] #& F55=2 ¢
S 3k o] A ozl BAITIE FRHE 29}
Michael addition ¥F&-A1A £3€ A¥E 45 77%9
FEER Ak o] FERSlM 1929 A7)
2'9] AXHEIN} transAl Fdh= SES A
Ao YA3AUrt.

33HE 49 oAHZE LAHE S9UAA 194E
e 55 AATHO0%). old RIS EE 0°CE
Srogm Aagr] 2 i XV BER FF
B8 opRE dglor, SmEke] dAXEr)7 gHd
IFEE AEEUr). EE 59 ethyl ketaks oAl
Eoz Al&EElolA transketalization*]#] ketoneSFt

52 91, o] ketone3}3HEo| NaBH,E WHS-AlA 2
FUF 35ER] 65 YAYHoZ ATt o] 3%
9] stereochemistry &= hydride ion ©] 2-chloro-N’-
methyladenine W&ol 3}3E2 of|Z akel
carbonyl group = 73] AUt

}E 69 T2E Ay skl 'H NMR
studyE s3Itk DEPT 1355 S3lo &2 A&
215117, homoCOSY A ZRE protond] HAZHS
53te] 49 A8 MNFE AT cyclobutyl
ringA|3H712] A&l stereochemistryS Q1K

Aol g4 carbocyclic nucleoside &] diol 62
POCl, '] © % phosphorylation 217 ® bisphospha-
te(7)S 331509 dA P2y, 5-8Aol st 213}
g AETH ALg N5 A,

Phosphorylationit8-¢] 241> P*-NMRZ 3}31om
hisphosphate®] #/JoiF-= F 712} PY peak’} 0
gl o g2 gelataitt. bisphosphate?] 3432 dipho-
sphate3/J ol v]3l &olst3itt.

HAte| B

of =%9 gL {3 B2 2AE& #FA Dr
Kenneth A. Jacobson(NIDDK, NIH, USA)*llAl 2]
A =y, 23 BshE 6] 7RIS Sl |
ZaFA AxdiEty $88EsE ) deE AR
oAl AA=H U,
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