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G=guanine, TBDMS-Cl=dimsthyl-tert-butylsilyl chloride, DMT-Cl=4,4"~dimethox ytrityl chloride,
GDMF =N2-(N,N~dimethylamino)~ methylene) guanine
Scheme 1. Route of synthesis.

B A DMF &1, i N, N-ZHRFBRRGPH®E, 70°C TR 30 min, B3
W 0% KA 3. 38 Ak 4,4-2 BEE=SFERE(DMT-COEM R DMSO # =
BHEH 120, BIES-BEFFHLEY 4, WERT4%. AW 41 2" B3 REHEL K
THH R (TBDMS-C S w7 ' 3, B8 T2 6 FIKE™ 9 6. Ogilvie
%/ TBDMS #HEHMBEPHITNBED, R AgNOs WM & & ¥, i Gholan
FHN-ERBRRPHSEREHEI Y LR REGRBEENER ., ERINK K
R, M AgNOs 5, REBTEIA 48 h4a%EE 2h, HAUE X BH T H B2k, HF R H
SEPe N* B (N, N-ZH e BB RIS X R LR i s B phabbe b e e % IR
PERAM. e s M 6L MS, '"HNMR, UV 48, #iERr—NEWHE, M 'HNMR
4T HEAHTR REERS, 2'-H Kk (4.45 ppm) b 6(4.52 ppm) EFHH, XE
B3R 2'-OH LB RBEER . T 68 3'-H Ak (4,28 ppm) ik 5(4.35 ppm)H
. MTTIERR 5 3 2'- BER P R, 5 #E—B RN, FLRRoytim 7RI AN,
&Y 5 AR _ERH B P ERAL L 5'-OH LK DMT P REBHLEYW T, W
#H83%, e T H5—FIZMBHAFARR, N.BRPTRME2h, Z2L% &, B34
AP 8~11, RN ESAEREEETH. 8,9 RAM—/4™>Y, HTETEHRRES, &
TIABERAKRE U, BARTALERETFHERANZEE 11, Engels FHRH T,
AT RBERRER L A T 12 B YPNMR 2B E S, RELEREN YPNMR
ENBEES. 10 8 *PNMR 5 10.7 ppm, 11§ 8 #10.4 ppm. FTBl, HE THEY
10 2IETREZRFERBHFWE, 1 RETREXARBOTAE, 8,9 B FEAHMAN R
Wk, Hit, BERLBRTHAE, SRENN—RIBRS N, B VRABLETH
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R BAERL L TBDMS R, BERFRMWRLE T, 55 R838 5 FHRRR Y B
A7 H B 1218, ERR PRI PE R B R A SR L N R
—BE, YREENREBRKEE, E—RENPBEERE. Y TETFEYEESR
WA, HYRERE N® LRERPE. 40 5~ 14 BRE MG,
WIS ERINE [ F 2 PR,
Tab 1. Effects of compounds (8~13) on the synthesis of DNA and RNA

in tumor celi
Compd (0-tmol/L)  2f pibaon o systhean | 3 biton ot Syt

1 64.9+14.4 { 54.5+ 7.8

2 48.1+ 3.9 59.0+11.6

10 69.0+13.4 58.0% 4.5

1 36.0+11.6 33.9+ 7.3

47.94 3.5 57.0% 6.1

95.0+ 1.9 88.0+ 1.7

12 23.9%11.8 13.8+ 5.6

13 0.74+11.8 22.7% 6.5

c¢GMP monosodium salt 22.3+14.4 35.5+ 3.5
cytosine arabinoside 95.0% 0.9 16.0£11.6

The above values are means®SD for three separate determinations, each determination being done in

duplicate

Tab 2, Effectes of compounds 12 and 13 on the activity of adenyl cyciase
in osteoblastic cells ROS 17/2.8

Compd ! Conc (pmol/L)| SH-cAMP(dpm) Compd [Conc(p,mol/L) SH-cAMP(dpm)
Control i 727+ 106 Control | 845+ 275
PTH 10 4232205 PTH f 10 6557+ 803
12 } 150 3257+ 30 13 ] 150 1471+ 288
PTH+12 | 10+ 150 1185741100 PTH+13 |  10+150 947011394

dpm: Disintegration/min
The above values are means+SD for three separate determinations, each determination being done

in triplicate.

%1 B3 *H-TdR #1 *H~UdR BA/D BRI 4089 DNA #l RNA 48U & m.
# 2 Y 12 013 3 K BURCE B ZEER ROS 17/2.8 IRFRIMLEER I R, LRER
FH, P8 GMP THEY cAMP TERMMEIE AL, #R5 AR B R K T M
WEEEAE, P cGMP REM N, N'- ZZEBRS A B MR, Hb 2 2Rk
B R AR R s, B2 2'-OH LRI Z 12 71 13 % DNA #1 RNA &
BT IMEVER. cGMP 478 10 (mol/L)WKE T R FH k0 BR1ER.

FR SR EE (PTH) A 3 BOSE B 418k ROS 17/2.8 BRI MBI & . B4
Mo BEE WIS G BRI, LAY 12 M 13 REASRIERERILE, #
AMP /KFHE, WES PTH Wt HAFHREEH. NGB LE 1213 & 5'-GMP B
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£Y), WBRIVEWTES G BAF —EWEH. SR ERIBREERTEZH.

X B B 4

BEEFHHE DB MK GFs, BENBHFBEHEMLILT 100 ~ 200 HE 200 ~
300 H e, ®IMGEAN Du—7 B, FAB-MS A ZAB-HS BRI E. NMR H FX-
90 Q & VXR 300 Wl &, *'PNMR Ll 85% HsPO, BA+R, MR 2 # B JF # & CHCls —
CHsOH(9:1), FABMNYEITRLM, BMEKFNELC Ty, HEHBHLEY
YT, HRNHE HPLC 4- b 1k 3 s B A%,

N-Z PR R PR DR EE ()

RSO 14 IJT A R 1, - A TR, BRSO 15 9T R A BILAY 3
NP REAEE-5-(4, 4 —HEES¥PR)BERET )

% & 9 330,01 mol)MBIMEEE 15 ml A1 DMSO 15 ml ft, DMT-Cl4¢(0.012mol)
SERMA. ZBEH 20 FEAKKS, Wil Bk, SE MF 2REKEERK.
CHCls—CHsOH(90:10) ¥t H45.2¢, WRT4%, UVIelam 303.5, 280(sh)
233.5, FAB-MS m/z 640(M+1)*,207 (GPMF+2H*), 'HNMR(DMSO-d;) dppm 8,58
(s,1H,N=CH-N),8.00(s,1H,Cs~H),6.9~7.3(m,13H. Ar-H),5.85(d,1 H,] =4.5Hz,
C:’-H), 5.25(m,1H,C,’~H), 4.5(m,1H,Cs’-H), 4.2(m,1H,Cs~H), 4.04 (m,2H,
Cs'-H), 3.69(s,6 H,OCHs), 3.12(d,6 H,NCHs) .

N-ZHRERRE-- (LA-THEE=FFE)-RTE-HE#EE SRR EE(GGKS).

4319 mg(0.5 mmol) T DMF 2ml FIfklE 2 ml 2, TBDMS-C! 100mg(0.7 mmol)
AWEIMA, BB 48 b FAVKKE, EHULRE, Kk Tk HRERRERN, B
CHCls—CHsOH(98:2) WM, Bb-&4 5226 mg, WH 64%, Rf0.58, HHbA kLY
6 64mg, WLH 18%, Rf0.50, JZM N AgNOs 119 mg (0.7 mmol) 44k, 2 h BIZER, &
Rf0.58 P= ] 212 mg, WL R 60%; Rf0.50 4 T0mg, U % 20%. 5 F16 UVA eoam
303.5, FAB-MS m/z755(M+1)*,207(G®MF+2 H*), 4% 5 'HNMR (CDCls) d ppm
8.35 (s,1 H,N=CH-N), 7.6 (s,1 H,Cy~-H) , 6.75~7.25(m,13 H,Ar-H), 5.85(d,
1 H,J=2.7Hz,Ci.-H) , 4.45 (m,1 H,Cs/-H) , 4.35(m,t H,Cs/-H ) ,4.1(m,1 H,
Cy-H), 3.32 (m,2H,Cs'-H) , 3.7 (5,6 H,OCHs) , 3.0 (d,6H,NCHs) ,0.1 (s,
6 H,SiCHs) 0.9 (5,9 H,SiC(CHs)s) . &% 6 MM NE HE b (HAHH: 8.35, 7.6,
6.75~17,25, 5.85(J=4.3 Hz), 4.52, 4.28, 3.95, 3.2, 3.7, 3.0, 0.1, 0.9,
N-ZHREERE--RTE _RESE8RRBHFQ0)

5200 mg WT 2 CH2Cla 8, M 5%Cl1.CHCOOH 1) CH.Cl: 3 20 ml, ERHE
# 15 min, 5% NaHCOs KEW. KAH8EHk, HEZECH.CLEH ¥, MEK NaiSO., T
Veig, k. W4E. FRRAERKT, CHCls—CHsOH(97:3)%M, Bbd ¥ 71 100mg, I
% 83%, Rf0.39, UVIMOT301.5 FAB-MS m/z 453(M+1)*,207, ' HNMR (CDCls)%
ppm 8,64(s,1 H,N=CH~-N),7.9(s,1 H,Cs~H),5.8(d,1 H,]=6.3 Hz,C,~H) , 5.18(t,
1H,]=4.5Hz,Cy/-H)4, .5(s,1 H,Cs=H), 3.79 ~4.07(m,3 H,C,r, Cs-H) , 3.3(d,6
H,NCHs), 0.9 (s,9H,SiC(CHs)s), 0.8 -0.7 (t,6 H,SiCHs)
N-ZPRERBEV-RTE_PEGEZ 5By BRT-3, 5'-FABWEO0 F1 1)

&4 790.4mg(0.2 mmol), PIZM 35 mg(0.5 mmol), ¥F DMF 2ml s, N, S
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F TN BuO-P(NEt2), 140u1(0.5 mmol) KM 2 h j&, FAl. ¥ (0.055mol/L) 10 ml &
fb. KNP MR8 ZERB, KRG, MATK Na2SO, FH, W4, HBERE K& R
CHCIls—CHs:OH(98:2) ¥/l JS, WEWK 4B 11 (10mg, Rf0.58, UK 8.8% ) i
4% 10 (80 mg Rf0.50, R 70%), 10 F1 11 HUVIEFnm 303.5, FAB-MS m/z
5TI(M+1)*. &% 10**PNMR(CDCls)dppm 10,7, 'HNMR (CDCls) dppm8.55 (d,
1H,N=CH-N), 7.65 (s,1 H,Cs-H) , 6.0 (s,1 H, Ci'-H) , 5.8(s,1 H,Cs-H) ,
5.4 (t,1H,Cs-H) , 4.14~4,28 (+,2H,]=7.2Hz,0CH.-) , 3.18(d,6 H,NCHs),
4,8 (m,4 H,-CH:CHs-), !.3(m,3 H,CHs), 0.9 (5,9 H,SiC(CHs)s) , 0.15 (d,8 H,
SiCHs) . &% 11 ¥PNMR(CDCls)dppmi0.4, 'HNMR(CDCls)dppm,8.55 (d,1 H,
N=CH-N), 7.65 (s,1 H,Cs~H), 5.8 (m,2H,C;.-H,C2/-H) , 4.9 (m,2H, Cs/—
H.Cy-H), 4.24~4.41 (+,2H,J=7.2Hz,0CH:-) , 4.12~4,22 (m.2H,Cs’'-H) ,
3.21 (d,6 H,NCHs), 1.7 (m,4H,-CH: CH:), 1.3 (s,3H,CHs), 0.9 (d,9H,
SiC(CHs)s), 0.1 (m,6 H,SiCHs) .
N-ZHRERBE--RTE_SEEESRYEF-3' . -FRBEE®R)

J5kEmE, BRNWA CHsO-PINEL,), 96 n1(0.5mmol) LR 74 Fi Bk #] AcOEt
—MeOH (94:6) PEfii, L&Y 8 10mg, Rf 0.49, FAB-Ms m/z,529 (M+1)*, 'HNMR
(CDCls)dppm,8.5(s,1 H,N=CH-N), 7.46 (s,1 H,Cs~H) , 5.02(s,1 H,Ci/-H), 4.6
(d,1 H,C:'~-H),4.39(m,1 H,Cs/~H),3.8(d,3 H,Jr-u=10.8 Hz,OCHs), 3.1 (d, 6 H.
NCHs),0.8 (5,9 H,SiC(CHs)s) , 0.02(s,8 H,SiCHs).
N-ZPRERSE2-RTE_PEEE SRR EE-3 5" -HRHB-N N-ZZERBEO)

FEg:mk, 71356 mg(0.3 mmol), BERF A P(NEts)s, 210 pl (0.7 mmol), A
FERCHE 2T AcOEt—MeOH (94:6) BERLBIL A 935 mg, RI0.51, FAB-MSm /2570
(M+1)*, THNMR (CDCls) 8ppm 8.62(s,1 H,N=CH-N),7.55(s,1 H,Cs~H),5.7 (s,
1H,Ci/-H),4.2~4.6(m,3 H,Cas,s ,4r~H),4.05(q,4 H,J=4.5 Hz, N-CH.) ,3.2(d,
6 H,NCHs),1.1(m,6 H,J=4,5 Hz,CHs-C) ,0.82 (5,9 H,SiC(CHs)s, 0.01~0.02 (s,
6 H,SiCHs) .

RMEREE SN EE-3 0 - TE(12 /013)

6 A5 10 290 mg ¥HETF 1ml/L BusNF RIS ERREEWEL. 6 mli, BRPBIH 40, X
THY, REBAN B, 30ml A¥H, T8, K%, #®ESEH CHCls-CHsOH(94:6)
e, 7850 mg 25, BE—5 %4 % HPLC (0.78X20 cm, C 18 £, 60% HIERPEME) 4l
o, SFEA = 12 713, (LAY 12Rf 0.38, t(min)21.4,/5 25%, UV nm 302,
235.5, FAB-MS m/z 457(M-+1)*,"HNMR(CDCls)dppm 8.42 (s,H,N=CH-N), 7.64
(s,H,Cs~-H), 5.75(m,1 H,Cy,—H), 5.01(m,1 H,Cy—-H), 4.0 (m,6 H,Cs'-H,Cy-H,
Cg'~H,OCH:) 3.2(d,6 H,NCHs), 1.2(m,7 H,CHs,-CHaCH,-). t&% 13,Rf 0.36,
tr (min) 25.6,15 46%, UVAMym 302,235.5, FAB-MS m/z,457(M+1)*, "HNMR
(CDCls)dppm, 8.42(s,! H, N=CH-N), 7.62(s, 1 H, Cs~H), 5.75(m, 1H, Ci/-
H). 5.0(m,2H, Cs/-H, Csi-H), 4.42(s,! H,Cy,-H), 4.¢ (m,4H, OCH.~,Cs'—
H), 3.2(d,6 H,NCHs), 1.2(m,7 H,CHs-, —-CHsCH,-).
V-RTERREREDSME T 3. 5'-FRBETEOL

AP 10150 mg IWFAEE 2ml P, MANKEK 25 ml, SRR 36 h, BWE K 46,
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B B AT CHCle—CH:OH (95:5) ¥lit, 8E B R 4 45 mg, Rf0.34, g % 30 %,

UVAMOim 255.0, FAB-MS m/z, 516(M+1)*, 152 (G+2H*) . 'HNMR (CDsCO
CDs)dppm 7.90(s, 1 H,Cs-11),5.96(s,1 H,C1"-H),4.86 (s,1H,C./-H) ,4.65 (s,1 H,
Css-H),4.10(m,1 H,C;/-H),4.7(m,2 H,0CH:-)1.2(m,4 H,-CH.CH.-),0.9 (s,9H,
SiC(CHs)s, 0.2(s,6 H,SiCHs).
Hi* *H-TdR 1 °*H-UdR ¥ A4 DNA 70 RNA &N
— . JFF 5 13 7K & P ey e i Fo 35 5%

BHM/MAR, KE 20 LA, HEATEEM, d7 4D, BRHBEKEEBEILK
d, BRIRIER, BSO0 4000 r/min, Smin, HIMGUEMCAIM 2 K, RSB Eagle IR P
(pH 7.4). BT B REBMMEKE, LR HMBEEEAN 107 cell/ml,
Z.°H-TdR #1 *H-UdR g N IR

Eagle 3 W 0.9 ml H 4 B4 107 AFBER 107 mol/L, MAPH-TdR 1 *H-UdR
lpci(&TF 0.1 ml Eagle )., BF 3T CBATEST sh /5, B KEHE LR,
BEERNBEBD -4 i fhag, HEMEK oml, ZAMRSml K. 2
B2 ml BT, T8O CAIMTITHT. WHREK K 0.3% TP, 0.03% POPOP i1
W, WHEANEHEN com H (HE 4 EHE) . DXNERETRER 100%, ItHESA
K, SMEMYERE IR, BEYERE 2 K.
BRE R IR(L Y89 5 87

HARRBEREABEY ROS 17/2.8, B F F 24 AL, M *H-adenine, W& 2h, fii
H R CCH-ATPC®, X IBMX MEI S5 —BERGA i6o, Infs U Ak 2E4% B 15 min, fH
SH-ATP & % *H-cAMP, % Dowex AG 50 fil Al.Os BB, E&I & *H-cAMP 4
B (LSS EaREE) . U “C-cAMP fERIRHEME. *H-cAMP i B RERERIFL
T ¥

Wil L EEMREMSESHROREZRAFRONE NS D, LEERRYERERE
RS MEMELRERY, ZRRIES M TR SN EDIEERE.
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SYNTHESIS AND BIOLOGICAL ACTIVITY OF DERIVATIVES OF
GUANOSINE 3',5'-CYCLIC PHOSPHATE

HY Cai and LH Zhang

(Betjing Medical University, School of Pharmaceutical Sciences; Beijing 100083)

ABSTRACT Methyl, n-butyl 2-TBDMS-N*-DMF—-guanosine 3', 5'-cyclic
phosphate and 2'-TBDMS-N*-DMF-guanosine 3', 5'-cyclic diethyl-phosphor—
‘amidate were synthesized by reation of protected guanosine with trivalent
phosphorus reagents in the presence of tetrazole followed by oxidation. The
reaction occurred stereospecifically.

Protected guanosine 3', 5’-cyclic phosphotriesters and N, N'-diethyl-
phosphoramidate were shown to have inhibitary activity on the synthesis
of DNA and RNA in mouse liver tumor cell. Diastereoisomers of n-butyl
N’-substituted guanosine 3', 5'—cyclic phosphate have been shown to activate
adenylate cyclase in vitro,

Key words Guanosine 3', 5'-cyclic phosphate and phosphoramidate;

Adenylate cyclase





