
986 Bull. Korean Chem. Soc. 2006, Vol. 27, No. 7 Beom-Tae Kim et al.

A Convenient Synthesis of8-Alkyl-2, (or 3')-azido (or amino)-2, (or 3^-deoxyadenosine 
as Diverse Synthetic Precursors of Cyclic Adenosine Diphosphate Ribose (cADPR)

Beom-Tae Kim, Bo-Seung Kim,* Chy-Hyoung Han, Kwang-Joong O, Sun-Ja Kim, 
Jae-Chul Chun/ Jin-Ho Lee/ Sung-Eun Kim/ and Ki-Jun Hwang*

Department of Chemistry, ^'Department of Bioactive Material Sciences, College of Natural Science, 
-^Division of Applied Biotechnology, College of Agriculture and Life Science, Research Center of Bioactive Materials, 

ChonbukNational University, Chonju 561-756, Korea. ^E-mail: kijun@chonbuk.ac.kr
Received April 17, 2006

As key nucleoside intermediates for the preparation of cyclic adenosine diphosphate ribose (cADPR, 1) 
analogues, 8-alkyl-2! (or 3!)-azido(or amino)-adenosine derivatives (16-19) were successfully prepared by 
alkylating selectively protected adenosine derivatives (12,13) via Pd(0) catalyzed cross-coupling reaction with 
tetraalkyltin reagents, followed by the sugar modification of these 8-alkyl-adenosine derivatives according to 
our precedent procedure. Compared to other precedent procedures, our 8-alkylation methodology using 
selectively TBDMS-protected 8-alkyl adenosine derivatives as starting materials will be utilized very 
conveniently to prepare highly functionalized adenosine analogues, which will be serve as key intermediates 
for the cADPR.
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deoxyadenosine

Introduction

Cyclic adenosine diphosphate ribose (cADPR, I),1 a 
naturally occurring cyclic metabolite of NAD*, has been 
known to play an important role as a Ca저-mobilizing second 
messenger in cellular events, such as glucose
dependent insulin secretion in pancreatic ^cells, prolife
ration of human T-lymphocytes, arrhythmogenic oscillations 
of intracellular Ca2+ in cardiac muscles? However, since the 
understanding of the role of cADPR in Ca2+ signaling 
network is only just emerging, there have been continuous 
needs for the preparation of cADPR analogues having 
diverse structural modification to investigate the mechanism 
of cADPR-mediated signaling pathways in diverse cell 
systems and the therapeutic potentials of those compounds? 
The structural modifications, mostly occurring on the 
adenine or ribose sugar moieties of cADPR, give rise to 
remarkable changes in their activity profiles; namely, show
ing considerable change in agonistic activity (2, 5, 6), or 
showing no activity (3, 4), or even reversed activity (7-9) 
(Figure l)?d Particularly, the cADPR analogues showing 
antagonistic activity in vertebrate cell systems have common 
and characteristic structural feature, i.e. the substitution at 8- 
position of purine ring with diverse substituents, such as 
amino group (7), methoxy (8), bromine (9)J This indicates 
that a substituent at 8-position of purine ring seems to be 
essential for antagonistic activity, even though this obser
vation is based on the limited number of cADPR analogues. 
By considering the remarkable reversion of activity by 
chemical modifications on sugar or purine moieties of 
cADPR molecule and not many analogues found on our 
literature survey, we determined to prepare another type of 
cADPR analogues having chemical modifications on both of 

purine and sugar moieties.
As shown in Figure 1, the general synthetic strategy to 

prepare cADPR analogues includes intracyclization of 
NAD+ analogues, which in turn should be prepared from the 
elaborately pre-modified nucleosides. Therefore, the synthetic 
priority should be given to the step to develop new and 
diverse nucleosides? In the meantime, we have already 
reported the convenient synthetic r이ite to prepare sugar- 
modified adenosine derivatives having an azido group and 
an amine group at 2* (or 3T)-position of ribose moiety as key 
precursors to NAD+ derivatives/ So, we decided to synthe
size adenosine derivatives on which the chemical modifica
tions occur at both of sugar and purine moiety, i.e. 8-alkyl-2* 
(or 3T)-azido (or amino)-2* (or 3T)-deoxyadenosine adeno
sine derivatives (16-19, in Scheme 1). This synthetic work 
would make it possible to extend the chemical diversity of 
the adenosine derivatives in hand, and c이Hd ultimately 
contribute to scrutinize 마mcture-activity relationship of 
cADPR derivatives, which would be prepared from these 
nucleosides. In this paper, our synthetic efforts for sugar/ 
base-modified adenosine derivatives utilizing our previous 
synthetic methodology will be reported.

Res미ts and Discussion

The precedent literature revealed that the introduction of 
alkyl substituents to 8-position of adenine moiety has been 
conventionally accomplished through halogenation followed 
by nucleophilic displacement,7 or lithiation of the 8-position 
followed by reaction with suitable electrophiles,8 or palla- 
dium(0) catalyzed cross-coupling reaction with diverse 
organotin reagents? After scrutinizing the literatures, the last 
methodology is much likely to be promising over others in

mailto:kijun@chonbuk.ac.kr


8-Alfyl-2f (or 3r)-azido (or ammo)-2f (or 3f)-deoxyadenosine Bull. Korean Chem. Soc. 2006, Vol. 27, No. 7 987

NMN: Nicotinamide
5 -mononucleotide

(1) Phosphorylated
(2) Coupled with NMN

R=H, r2=oh

Ri=OH, r2=h

Figure 1

Cyclized by ADP ribosyl cyclase

terms of yields and handling reactions, so it was utilized fbr 
the preparation of 8-alkyl adenosine derivatives.

8-Bromoadenosine derivatives (12,13), the precursors for 
the 8-alkylation reaction, are easily obtained from selec
tively TBDMS-protected adenosine derivatives (10, ll)6 
with usual bromination condition (Be, 1 M acetate buffer 
(pH 4.3)・MeOH, rt) in high yields (>90%, Scheme 1). For 
the successful 8-alkylation step, the optimum reaction 
condition was obtained by varying the concentrations of 
palladium(O) cataly아 [Pd(PPhs)4] and tetraalkyltin (alkyl = 
methyl, ethyl, and vinyl), and range of temperature (shown 
in Table 1). The high reaction temperature around 100 °C is 
required, while the reactions occurred very slowly or not at 
all at low reaction temperature (30-80 °C).9 Under the 
applied reaction condition, the 8-alkylated adenosine 
derivatives having selectively protected sugar (14a-c and 
15a-c) were successfully prepared in acceptable yields (70
90%, Table 1). * *

With those compounds in hand, we moved on to prepare 
our target compounds, 8-alkyl-2f (or 3f)-azido (or amino)-2, 
(or 3f)-deoxyadenosine derivatives (16-19), simply by modi
fying the sugar moiety according to our already reported 
procedure.6 That is, the initial step was the conversion of 
sugar hydroxyl group at the 2f (and 3f)-position of 14 (and 
15) to azido group via arbino- or xylofiiranosyl nucleosides, 
which provide the selectively TBDMS-protected 2f (or 3f)- 
azido-2f (or 3f)-deoxyadenosine derivatives in good yields in 

each step (data not shown). From these compounds, the 2 
(or 3f)-azido compounds (16 and 17) were directly prepared 
with no incidence by the simple desilylation reaction 
condition (NH시F/MeOH at 60 °C)?0 The desilylation step is 
apparently occurred in two-steps on the analysis ofTLC, and 
so the selective desilylation of our particular compounds is 
possible upon needed. The next efforts were the reduction of 
azido group to amino group to prepare the 2* (or 3f)-amino 
compounds (18 and 19). 8-Methyl (and ethyl)-2! (or 3f)- 
aminoadenosine derivatives (18a, 18b and 19a, 19b) were 
easily obtained with the conventional hydrogenation condi
tion (H?, Pd/C, rt) and subsequent desilylation. For the 
preparation of 8・vinyl-2 (or 3f)-aminoadenosine derivatives 
(18c and 19c), however, we have attempted several selective 
reduction methods with no success. In all the cases tried 
(NaBH% LiAlH% NaBHsCN etc.)," the unwanted reduction 
of vinyl group occurred.

In summary, 8-alkyl-2f (or 3f)-azido(or amino)-adenosine 
derivatives (16-19) were successfully prepared from the 8- 
alkylation of selectively protected adenosine derivatives (12, 
13) using Pd(0) catalyzed cross-coupling reaction with 
tetraalkyltin reagents, followed by the sugar modification of 
these 8-alkyl-adenosine derivatives according to our prece
dent procedure. More importantly, compared to other prece
dent procedures, our 8-alkylation reaction system using 
selectively TBDMS-protected 8-alkyl adenosine derivatives 
as starting materials is meaningful in terms of yields and the



988 Bull. Korean Chem. Soc. 2006, Vol. 27, No. 7 Beom-Tae Kim et al.

10 X = OTBDMS, Y = OH
11 X = OH, Y = OTBDMS

12 X = OTBDMS, Y = OH
13 X = OH, Y = OTBDMS

Pd(PPh3)4 See table 1
R4S11 】「for the details

16a-c X = OH, Y = N3 
17a-c X = N3, Y = OH 
18a-cX = OH, Y = NH2 
19a-cX = NH2? Y = OH

14a-c X = OTBDMS, Y = OH 
15a-c X = OH, Y = OTBDMS

a R=Me, b R=Et, c R=Vinyl

Scheme 1

Table 1.

Entry
Reaction condition

Starting 
material Pd(0) 

catalyst (%)
R4Sn 

(equiv.)
Reaction temp. 
(°C)/time(h)

Prod 냐 ct/
yield (%)

1 12 10 R=Me (2) 100/1 14a (90)
2 13 10 R=Me (2) 100/2 15a (92)
3 12 15 R=Et(4) 100/1 14b (91)
4 13 12 R=Et(4) 100/3 15b (75)
5 12 15 R=vinyl (2) 100/5 14c (67)"
6 13 15 R=vinyl (4) 100/L5 15c (77)

“10% of starting material recovered

reaction manipulation. With these important adenosine 
derivatives, the transformation of them to NAD+ analogues 
and then to cADPR is now underway.

Experimental Section

Melting points were recorded on Electrothermal melting 
point apparatus and are uncorrected. Mass and NMR spectra 
were recorded on Applied Biosy아ems Q아at XL and Jeol 
400 MHz spectrometer, respectively

A typical procedure for the 8-bromination. A solution 
of 106 (1.3 g, 2.62 mmol) in MeOH (120 mL)/l M sodium 
acetate (20 mL) was added bromine (0.28 mL, 5.50 mmol) 
at rt and stirred for a half-hour. The mixture was diluted with 
50 mL of saturated sodium metabisulfite solution and stirred 

until the red color was disappeared. The volatile was 
evaporated and the resulting aqueous layer was extracted 
with EtOAc (100 mL x 3). The combined organic layer was 
washed with water (100 mL), dried over MgSO% and 
evaporated to give pale yellowish foam. This residue was 
purified by column chromatography to give 12 as pale 
yellow solid (138 g, 92%). 12:】H-NMR (CDCI3) 58.13 (s, 
1H, H2), 6.05 (s, 1H, Hl), 5.89 (s, 2H, NH.), 5.29 (t, 1H, J=
5.2 Hz, H2), 4.95 (t, 1H, J= 5.2 Hz, H3), 3.95 (m, 1H, H4), 
3.87 (dd, 1H, J= 11.6, 44 Hz, H5a), 3.64 (dd, 1H, J= 11.2,
4.4 Hz, H5b), 0.92 (s, 9H, r-butyl), 0.71 (s, 9H, r-butyl), 0.17 
(s, 3H, methyl), 0.16 (s, 3H, methyl), -0.09 (s, 3H, methyl), 
-0.19 (s, 3H, methyl)； "C-NMR 注 154.14, 152.21, 150.48, 
128.25, 120.05, 90.76, 84.34, 71.85, 71.07, 61.66, 25.78,
25.68, 18.23, 18.06, -4.62, -4.85, -5.52, -5.59. 13: 1H-
NMR (CDCI3) 58.22 (s, 1H, H2), 5.89 (d, 1H, J= 5.2 Hz,
Hl), 5.74 (s, 2H, N旧2), 5.52 (t, 1H, J= 5.2 Hz, H2), 4.44 (s,
1H, H3), 4.06 (m, 1H, H4), 3.97 어d, 1H, /= 11.2, 6 Hz,
TjcoX q (AA 1TJ T — 110 < O 口" tjcux c /如 1TJrljajj jJ! (QC, Irlj J — 1 l.Z；, j.Z MZ? Z. /Z (S,廿L
-OH), 0.85 (s, 9H, z-butyl), 0.81 (s, 9H, z-butyl), 0.01 (s, 3H, 
methyl), 0.00 (s, 3H, methyl), -0.06 (s, 3H, methyl), -0.23 
(s, 3H, methyl); 13C-NMR8 154.21,152.81,150.99,128.30, 
120.39, 90.79, 85.30, 72.19, 70.85, 62.78, 25.91, 25.56, 
18.41,17.88, 0.00, -5.00, -5.09, -5.37.

Typical procedure of 8-alkylated adenosine derivatives 
(14 and 15). To a solution of 12 (0.1 g, 0.17 mmol) and 
tetrakis(triphenylphosphine)palladium(0) (20 mg, 0.017 
mmol) in 1 mL of JV-methyl-2-pyrrolidinone (NMP) was 
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added tetramethyltin (0.05 mL, 035 mmol) under Ar 
atmosphere. The mixture was stirred for 1 hour at 100 °C. 
The mixture was partitioned between EtOAc (50 mL) and 
water (25 mL). The aqueous layer was extracted with EtOAc 
once more (50 mL). The combined organic layer was 
washed with water (50 mL x 2) and brine (50 mL), dried 
over MgSO4, evaporated to give pale yellow oily residue. 
The residue was applied to column chromatography (2 x 10 
cm) and eluted with EtOAc-hexane (7 : 3). The appropriate 
任actions were collected and evaporated to give 14a (80 mg, 
90%) as a white solid. 14a: 】H・NMR (CDC13) 58.01 (s, 1H? 
tjo\ c rn (A ITT T — A A 口tti c nr ott NTTJ \ < no rlZlrl? J — 와,U HZ, rll 丿, 3.20 (Dr, Zrl? lNrl2)? J.VZ 
(t, 1H? J= 4.0 Hz, H2), 4.73 (t, 1H? J= 5.2 Hz, H3) 3.78 
(dd, 1H?J=4A 9.6 Hz, H4)3.68 (dd, 1H? J=4.0? 1L2 Hz, 
H5Ta)? 3.49 (dd, 1H? J= 4.0, 1L2 Hz, H5'b), 3.00 (br? 1H? 
OH2), 2.43 (s, 3H, 8-methyl)? 0.77 (s, 9H, z-butyl)? 0.55 (s, 
9H, z-butyl), 0.02 (s, 3H, methyl), -0.22 (s, 3H, methyl), 
F.25 (s, 3H, methyl), -0.35 (s, 3H, methyl)； 13C-NMR 5 
15L80,132.06,13L97,128.47,128.35, 89.12, 84.42, 7233, 
7L22, 62.04, 25.87, 25.76, 1831, 18.17, 14.84, -4.56, 
T.72, -5.47, -5.53; TOFMS:展(M++H) 510. 14b: JH- 
NMR (CDCh) 57.98 (s, 1H? H2), 5.7 (s, 2H, NH2), 5.59 (d, 
1H? J= 4.4 Hz, Hl), 5.06 (t, 1H? J= 4.4 Hz, H2), 4.74 (t, 1H? 
J= 5.2, H3), 3.78 (t, 1H? J= 4.4 Hz, H4), 3.69 (dd, 1H? J= 
1L2, 4.4 Hz, H5a)? 3.49 (dd, 1H? J= 1L6, 4.4 Hz, H5b), 
2.73 (dd, 2H, J= 15.2, 7.2 Hz, ethyl), 2.4 (s, 1H? OH), L19 
(t, 3H, J= 7.2 Hz, ethyl), 0.74 (s, 9H, z-butyl)? 0.56 (s, 9H, t- 
butyl), 0.01 (s, 3H, methyl), 0.00 (s, 3H, methyl), -0.25 (s, 
3H, methyl), -0.34 (s, 3H, methyl); 13C-NMR 5 154.82, 
154.45, 15L69, 150.59, 118.56, 88.88, 8437, 72.24, 7133, 
62.09, 25.86, 25.75, 2L53, 1830, 18.16, 1L92, -4.57, 
T.73, -5.47, -5.53; TOFMS:前艺(M++H) 524. 14c: JH- 
NMR (CDCh) 58.03 (s, 1H? H2), 6.74 (dd, 1H? J= 16.& 
lL2Hz,Ha), 6.24 (d, 1H,丿=16.8 Hz, He), 5.74 (d, 1H?J=
4.4 Hz, Hl), 5.51 (s, 2H, NHz), 5.47 (d, 1H? J= 4.4 Hz, Hb), 
4.89 (s, 1H? H2), 4.66 (t, 1H? J= 4.4 Hz, H3), 3.78 (t, 1H? J 
=4.4 Hz, H4), 3.69 (dd, 1H? J= 112 3.6 Hz, H5a), 3.52 (dd, 
1H? J= 1L2, 3.6 Hz, H5b), 3.06 (s, 1H? OH), 0.76 (s, 9H, t- 
butyl), 0.58 (s, 9H, z-butyl)? 0.00 (s, 3H, methyl), 0.01 (s, 
3H, methyl), -0.23 (s, 3H, methyl), -032 (s, 3H, methyl); 
%-NMR 5154.78, 152.21, 150.40,149.12,123.80, 123.70, 
119.14, 88.35, 84.63, 72.62, 70.87, 6L87, 25.78, 25.71, 
18.26, 18.09, -4.63, -4.78, -5.55, -5.57; TOFMS:前艺 
(M++H) 522. 15a: ^-NMR (CDCh) 5 8.20 (s, 1H? H2), 
5.78 (d, 1H? J= 5.6 Hz, H「), 5.78 (s, 2H, NH2), 537 (t, 1H? 
J= 6.0 Hz, H2), 4.31 (t, 1H? J= 2.4 Hz, H3) 4.06 (m, 1H? 
H4) 3.94 (dd, 1H? J=1L2 Hz, 5.2 Hz, H5Ta)? 3.75 (dd, 1H? 
J= 10.8 Hz, 4.4 Hz, H5'b), 2.57 (s, 3H, methyl), 0.83 (s, 9H, 
Z-butyl), 0.75 (s, 9H, z-butyl), 0.00 (s, 3H, methyl), -0.00 (s, 
3H, methyl), -0.12 (s, 3H, methyl), -033 (s, 3H, methyl); 
13C-NMR 5 154.40, 152.14, 15L15, 150.15, 118.66, 88.49, 
85.04, 72.40, 70.88, 62.90, 25.89, 25.51, 1838, 17.83, 
14.87, -5.15, -5.21, -5.42, -5.44; TOFMS:前艺(M++H) 
510.15b: iH-NMR (CDCh) 58.21 (s, 1H, H2), 5.77 (d, 1H?
T— r n TTr, tti \ c “ fc C口 xtlj \ c co /+ i tt r— < A 口 J — O.V HZ, rll丿，> /Z (S, Zrl? 一N旦2丿，(J, lrl? J — 6U HZ, 

H2), 432 (d, 1H? J= 2.4, H3), 4.08 (s, 1H? H4), 3.96 (dd, 
1H? J= 10.8, 6.0 Hz, H5a)? 3.74 (dd, 1H? J= 10.8, 4.8 Hz, 

H5b), 2.88 (dd, 2H, J= 7.6,3.6 Hz, ethyl), 2.85 (s, 1H? OH), 
136 (t, 3H, J= 7.6 Hz, ethyl), 0.84 (s, 9H, z-butyl)? 0.76 (s, 
9H, z-butyl), 0.00 (s, 6H, dimethyl), -0.13 (s, 3H, methyl), 
-034 (s, 3H, methyl)； "C-NMR 5154.80, 154.51, 15L90, 
15L01, 118.80, 88.26, 84.96, 7L96, 7L10? 62.86, 25.94, 
25.58, 2L63, 18.43, 17.90, 12.29, -5.04, -5.13, -532; 
TOFMS:展(M++H) 524.15c: 0-NMR (CDCI3) 58.21 (s, 
1H? H2), 6.97 (dd, 1H? J= 17.2, 1L2 Hz, Ha), 6.41 (d, 1H? J 
=17.2 Hz, He), 5.98 (d, 1H? J= 6.4 Hz, Hl), 5.59 (d, 1H? J= 
lL2Hz? Hb), 5.53 (s, 2H, NH2)? 4.96 (t, 1H? J= 6.4 Hz, H2), 
4.24 (t, 1H? J= 3.2 Hz, H3), 4.05 (d, 1H? J= 3.2 Hz, H4), 
3.92 (dd, 1H? J= 1L2, 3.2 Hz, H5a), 3.77 (dd, 1H? J= 1L2,
3.2 Hz, H5b), 2.76 (d, 1H? OH), 0.83 (s, 9H, z-butyl)? 0.68 (s, 
9H, z-butyl), 0.00 (s, 6H, dimethyl), -0.22 (s, 3H, methyl), 
-0.43 (s, 3H, methyl)； 13C-NMR 5154.82, 152.59, 15L08, 
148.9& 124.09, 123.94, 119.26, 8733, 85.19, 73.55, 70 35,
62.95, 26.01, 25.54, 18.52, 17.89, -5.16, -5.23, -5.28, 
-531; TOFMS:展(M++H) 522.

The preparation of 8-Alkyl-2f(or 3f)-azido (or amino)- 
21 (or S^-deoxyadenosine derivatives (16-19): Compounds 
(16-19) were prepared by applying the same procedures 
described in the reference 6.16a: mp 200 °C (decomp.); JH- 
NMR (DMSO) 58.07 (s, 1H? H2), 7.26 (s, 1H? NH2), 6.02 
(d, 1H? -OH), 5.91 (d, 1H? J= 6.8 Hz, Hl), 5.45 (dd, 1H? J=
7.6,4.4 Hz, -OH), 4.91 (t, 1H? J= 6.0 Hz, H2), 4.57 (dd, 1H? 
J= 9.2,6.0 Hz, H3), 3.97 (dd, 1H? J= 7.2,3.2 Hz, H4), 334
3.69 (m, 2H, H5), 2.55 (s, 3H, methyl); 13C-NMR; 515535, 
15L70, 149.88, 148.63, 117.85, 86.21, 85.80, 7L13, 62.61, 
6134, 1434; TOFMS:前艺(M++H) 307. 16b: mp 190 °C; 
】H-NMR (DMSO) 5 7.89 (s, 1H? H2), 7.10 (s, 2H, NHz), 
5.85 (d, 1H? OH), 5.72 (d, 1H? J= 6.8 Hz, Hl), 5.30 (dd, 1H? 
OH), 4.81 (t, 1H? J= 6A Hz, H2), 4.40 (dd, 1H, J= && 5.2 
Hz, H3), 3.80 (t, 1H? J= 3.2 Hz, H4), 3.48 (m, 1H? H5a)? 
335 (m, 1H? H5b), 2.72 (dd, 2H, J= 14.4, 7.2 Hz, ethyl), 
L13 (t, 3H, J= 7.2 Hz, ethyl); 13C-NMR 515534, 152.95, 
15L56, 149.75, 117.92, 86.32, 85.64, 7L21, 62.42, 6L50, 
20.79, 1L96; TOFMS: m/z (M++H) 32L 16c: mp 190 °C 
(decomp.); 】H-NMR (DMSO) 5 8.09 (s, 1H? H2), 7.44 (s, 
2H, NH2)? 7.10 (dd, 1H? J= 17.2, 10.8 Hz, Ha), 634 (dd, 
1H? J= 172 2.0 Hz, He), 6.15 (s, 1H? OH), 5.92 (d, 1H? J= 
6.8 Hz, Hl), 5.78 (s, 1H? OH), 5.69 (s, 1H? J= 10.8, 2 Hz, 
Hb), 5.17 (t, 1H? J= 6A Hz, H2), 436 (q, 1H? J= 2.8 Hz, 
H3), 3.95 (t, 1H? J= 2.8 Hz, H4), 3.66 (d, 1H? J= 12.0 Hz, 
H5a), 3.58 (d, 1H? J= 8.0 Hz, H5b); 13C-NMR 5 155.78, 
152.02, 149.53, 147.51, 123.89, 123.17, 118.75, 87.52,
82.95, 72.62, 62.05, 6L77; TOFMS:前艺(M++H) 319. 17a: 
mp 178 °C; iH-NMR (DMSO) 58.00 (s, 1H? H2), 7.23 (s, 
2H, NT%), 6.09 (d, 1H? -OH), 5.89 (dd, 1H? -OH), 5.69 (d, 
1H? J= 6.8 Hz, Hl), 5.13 (dd, 1H? J= 12.4, 6 Hz, H2), 431 
/JJ 1 tt T— A O /I TJt ttq\ q AA /AA 1TJ T— A A O /I TJt (uu? lrl? J — 2.4 rlZ? tij丿，dWU (uu? lrl? J — 6U, 2.4 HZ, 
H4), 3.59 (m, 1H? H5a)? 3.28 (m, 1H? H5b), 2.49 (s, 3H, 
methyl); 13C-NMR 5 155.45, 15143, 149.56, 148.92, 
118.04, 8838, 83.15, 72.47, 62.42, 62.00, 1430; TOFMS: 
前艺(M++H) 307. 17b: mp 208 °C (decomp.); JH-NMR 
(DMSO) 58.06 (s, 1H? H2), 730 (br, 2H, NH2), 6.24 (d, 1H? 
J= 5.6 Hz, -OH), 6.02 (dd, 1H? J= 3.6,92 Hz, H「), 5.74 (d, 
1H? J= 6.8 Hz, -OH), 5.26 (dd, 1H? J= 6Q 124 Hz, H2), 
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439 (dd, 1H? J= 2.8, 6.0 Hz, H3) 3.96 (d, 1H? J= 2.8 Hz, 
H4) 3.66 (m, 1H? H5Ta)? 3.55 (m, 1H? H5'b), 2.89 (q, 2H, J 
=7.6 Hz, ethyl), L29 (t, 3H, J= 7.6 Hz, ethyl); 13C-NMR S 
155.44,15330,15132,14948, 118.08, 88.13, 83.21, 7231, 
62.54, 62.10, 20.85, 12.18; TOFMS: m/z (M++H) 32L 17c: 
mp 170 °C; iH-NMR (DMSO) S8.09 (s, 1H? H2), 7.44 (s, 
2H, NH2)? 7.10 (dd, 1H? J= 17.2, 10.8 Hz, Ha), 6.34 (dd, 
1H? J= 172 2 Hz, He), 6.15 (s, 1H? -OH), 5.92 (d, 1H? J= 
6.8 Hz, Hl), 5.78 (s, 1H? -OH), 5.69 (s, 1H? J= 10.8,2.0 Hz, 
Hb), 5.17 (t, 1H? J= 6A Hz, H2), 436 (q, 1H? J= 2.8 Hz, 
H3), 3.95 (t, 1H? J= 2.8 Hz, H4), 3.66 (d, 1H? J= 12.0 Hz, 
H5a), 3.58 (d, 1H? J= 8.0 Hz, H5b); 13C-NMR S 155.7& 
152.02, 149.53, 147.51, 123.89, 123.17, 118.75, 87.52,
82.95, 72.62, 62.05, 6L77; TOFMS:前艺(M++H) 319. 18a: 
mp 114 °C; 】H-NMR (DMSO) S8.06 (s, 1H? H2), 5.92 (d, 
1H? J= 8.4 Hz, Hl), 4.54 (dd, 1H? J= 8Q 5.2 Hz, H2), 438 
(d, 1H? J= 5.2 Hz, H3), 4.16 (d, 1H? J= L2 Hz, H4), 3.82 
(dd, 1H? J= 12.& 2.8, H5a)? 3.69 (dd, 1H? J= 12.& 2.4 Hz, 
H5b), 3.14 (s, 3H, methyl); 13C-NMR S 156.51, 152.49, 
15L85, 150.88, 119.45, 89.80, 89.56, 72.76, 63.89, 56.73, 
14.57; TOFMS: m/z (M++H) 28L 18b: mp 188 °C; JH-NMR 
(DMSO) S8.09 (s, 1H? H2), 7.29 (s, 2H, NHz), 6.15 (s, 1H? 
-OH), 5.62 (d, 1H? J= 8.0 Hz, Hl), 4.52 (s, 1H? -OH), 4.24 
(d, 1H? J= 8.0 Hz, H2), 4.08 (d, 2H, H3, 4), 3.73-3.61 (m, 
2H, H5a,b), 2.96 (d, 2H, J= 7.2 Hz, ethyl), 137 (t, 3H, J =
7.2 Hz, ethyl); 13C-NMR S15536, 153.45, 150.90, 149.42, 
118.15, 89.50, 87.42, 7L97, 62.74, 56.04, 20.88, 12.14; 
TOFMS: m/z (M++H) 295. 19a: mp 136 °C; JH-NMR 
(DMSO) S8.00 (s, 1H? H2), 7.16 (s, 2H, NH2), 5.79 (d, 1H? 
J= 5.2 Hz, Hl), 4.71 (t, 1H? J= 5.6 Hz, H2), 3.78 (s, 1H? 
-OH), 3.65 (d, 1H? J= 12 Hz, H3), 3.58 (t, 1H? J= 5.2 Hz, 
H4), 3.46 (dd, 2H, J = 2.8, 124 Hz, H5), 2.49 (s, 3H, 
methyl); 13C-NMR S 155.18, 15130, 149.58, 148.59, 
117.85, 89.46, 8537, 72.07, 62.14, 53.08, 14.43; TOFMS: 
"涂(M++H) 28L 19b: mp 195 °C; ^-NMRCDMSO) S7.80 
(s, 1H? H2), 5.80 (d, 1H? J= 5.2 Hz, Hl), 4.82 (t, 1H? H2), 
3.77-3.59 (m, 4H, H3, 4, 5a,b), 2.71 (d, 2H? J = 84 Hz, 
ethyl), L12 (t, 3H, J= 7.6 Hz, ethyl); 13C-NMR S 156.22, 
155.76, 152.14, 15L85, 117.87, 89.79, 84.71, 7236, 60.99,
52.96, 2L58,1L62; TOFMS: m^(M++H) 295.
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