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A series of novel N°,N°-dialkyl adenosine 3',5"-cyclic phosphates (V°,N°-dialkyl cAMPs) was synthesized from
2’-0O-p-toluenesulfonyl cAMP (2'-O-tosyl cAMP, 2) and tested for inotropic and chronotropic activities in vitro.
Treatment of 2 with excess alkyl halides and sodium hydride followed by detosylation with aqueous NaOH readily
gave N°,N°-dialkyl cAMPs (3) in good yields. Various N°,N-dialkyl cAMPs having different alkyl groups at the
N°®-position (9—12) were prepared by alkylation followed.by detosylation of N°®-alkyl-2’-O-tosyl cAMPs (4) which
were obtained by the reductive alkylation of 2 with aldehydes in the presence of sodium cyanoborohydride in acetic
acid or tosylation of N®-methyl cAMP. The mechanism of the detosylation is briefly discussed. Among the
N°®,N°-dialkylated derivatives, N°,N°-dipentyl (3f) and N-ethyl-N°-heptyl (10¢) derivatives were found to exhibit a
potent positive inotropic effect and a weak positive chronotropic effect. The structure-activity relationships for the

position and the length of alkyl residue are discussed.
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phodiesterase inhibitor

Numerous derivatives of adenosine 3',5'-cyclic phosphate
(cAMP, 1) have been prepared to obtain more potent bio-
logical activity than that of the original one.? In previous
studies'* we prepared various N°- and/or 2-O-alkyl cAMP
derivatives which were expected to exhibit enhanced bio-
logical activities due to their high lipophilicity and found
that N°-monoalkyl cAMPs showed more potent positive
inotropic effect (PIE) than 2'-O-alkyl, N°,2'-O-dialkyl, and
N°,N°,2-O-trialkyl cAMPs. We now describe the synthesis
of N° N°-dialkyl CAMPs with free 2-hydroxy group (NS,
N®-diR cAMPs (3) and N°-R;-N®-R, cCAMPs having dif-
ferent alkyl groups (9—12)) and their cardiac activities. N¢,
N®-Dimethyl and N°,N°-diethyl cAMPs have been pre-
pared from inosine 3',5'-cyclic phosphate via 6-chloro-9-g-
D-ribofuranosylpurine-3,5-cyclic phosphate,*> but higher
homologues have not been reported so far. Synthesis of
N°,N®diR cAMPs (3) from cAMP (1) by this method
requires tedious and multistep reactions such as deamina-
tion of the 6-amino group and protection of the 2'-hydroxy
group.” We devised a simple method for preparing N6, N°-
diR cAMPs (3) from 1. Moreover, the synthesis of N°-
R,-N®-R, derivatives (9—12) which are of interest in the
structure-activity relationships between the length of alkyl
residues (R; and R,) and the PIE has not been reported.

Synthesis of 2'-O-Protected cAMP  As reported in our
previous paper,! alkylation of 1 using excess alkyl halides
and NaH gave N® N62-O-trialkyl cAMPs. Therefore, it
seemed that N N®-dialkyl cAMP could be obtained from
1 when the 2’-hydroxy group of 1 is properly protected.
We first protected 2'-hydroxy group of 1 using rerz-butyl-
dimethylsilyl chloride (TBDMSCI) which was used to pro-
tect a hydroxy group of nucleosides.® The tri-n-butylam-
monium (TBA) salt of 1 was treated with TBDMSCI in
the presence of imidazole in dimethylformamide (DMF)
to give 2-O-TBDMS cAMP in 97% yield. However,
dibutylation of 2-O-TBDMS cAMP with excess butyl
bromide and NaH in dimethyl sulfoxide (DMSOQ) at room
temperature afforded N®,N®,2'-O-tributyl cAMPY and N°,
N°®-dibutyl cAMP (3d) in 29 and 25% yields, respectively.
This revealed that deprotection of the silyl group occurred

during the reaction.

Protection of 2-hydroxy group with p-toluenesulfonyl
(tosyl) group was examined next, and 2'-O-tosyl cAMP
(2) was prepared from 1 by treatment with tosyl chloride
in aqueous NaOH-dioxane at room temperature.” Com-
pound (2) was stable under the dialkylation conditions.
Though detosylation of tosylates by the reductive cleavage
with sodium naphthalene or lithium aluminum hydride has
been known,® we examined a more convenient method of
detosylation. When the tosylate (2) was treated with aque-
ous NaOH-methanol at 50 °C, cAMP (1) was obtained in
excellent yield [98% on high-performance liquid chroma-
tography (HPLC)], which was identified by comparison of
its infrared (IR) and proton nuclear magnetic resonance
(*H-NMR) spectra and retention time on HPLC with those
of an authentic sample (Chart 1). Thus, this detosylation
proceeded to give the alcohol with retention of the con-
figuration. The mechanism of this reaction seems to be a
double inversion with participation of the purine ring or
the S-O bond fission initiating a nucleophilic displacement
on sulfonate sulfur in the compound. To ascertain the
detosylation mechanism, we examined the detosylation
with MeONa in O-labeled water (H,'%0)-MeOH. The
secondary ion mass spectrum (SIMS) of the p-toluenesul-
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fonic acid (TsOH) isolated in 87% yield showed that the
intensity of m/z 175 (M +H+2)* peak was 1.6-fold higher
than that of the reference, whereas no 80 was incorpo-
rated in the cAMP isolated in 81% yield. The low *20O-
incorporation into TsOH is probably due to '80-10
exchange reaction during the isolation procedure. There-
fore, we next isolated the TsONa which was formed in the
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moiety which makes attack on 2’-carbon unfavorable, and
the facilitation of the reaction was due to the inductive
effect of adenine moiety.

Synthesis of Dialkylated cAMPs Treatment of 2 with
excess alkyl halides and NaH in DMSO at room temper-
ature, followed by detosylation of the corresponding N,

reaction. The SIMS of the TsONa isolated in 75% yield HN-CH,
showed that the intensity of m/z 219 (M +Na+2)* peak A
was increased up to 2.6-fold higher than that of the refer- Mel 28% aq.NHj T\ | >
ence (see Table I). Although the ratio of 8Q-incorporation 1T —— N
into TsOH and TsONa was not satisfactory, these results DMF 0
indicated that the original oxygen atom in the 2’-hydroxy o=l-o
group on 1 remained after detosylation of 2'-O-tosyl cAMP & OH
(2). Therefore, the hydrolysis of the tosylate was initiated TsCl
by nucleophilic attack of hydroxide ion on sulfonate sulfur *aq-NaOH
and resulted in the S—O bond fission to form 1 (Chart 1).
Bunton and Frei reported that such S-O bond fission oc- HN-R
curred in aryl tosylates whose geometry makes attack on CHy(CH,) CHO N _
carbon unfavorable.” Williams and Buchanan et al. re- 2 " - k > ﬁ:ﬁlzg;g
ported the treatment of the 2,3-ditosylate of benzyl 4,6-O- NaBH;CN, AcOH 0+ _o c: Ry=C;Hy
benzylidene-a-D-glucopyranoside with methanolic sodium D02 d 1 R=CjHy
methoxide to afford benzyl 2,3-anhydro-4,6-O-benzyliden- 0=P—0 OTs
a-D-allopyranoside,'® and explained that the first sulfonyl OH
group was removed by S—O bond fission, facilitated by RqBr, NaH DMSO 4
the inductive effect on thé adjacent sulfonyloxy group.*%®
Further, Ishido et al. reported that the 2’-hydroxy group Ri-N-R; Ry-N-R;
of nucleosides was the most acidic due to the electronic N? \ /‘I§
effect of the heterocyclic aglycone moieties.'”) Therefore, & I N> aq. NaOH N>
it was considered that S-O bond fission of the tosylate 0 No
(2) occurred due to the steric hindrance of the adenine l | k )
0=P—0 OTs o= P—o OH
TaBLE 1. The Ratio of *80Q-Incorporation into the Detosylation Products OH
oz _ 5-8 9-12
4 mfz R, R R, R
Compd. :CH; C,H, 1CH; CH
p DT Gt BT ARE
¢ (CH; CgHj3 ¢ : GHs CsHy,
TOH? 141 9 d:cH; oH;; 104 :CHy CeHy,
TsOH? 8.7 e :CHy CgHy, e :CHs CjHis
cAMP? 20.4 f :CH; CH,CH; f I GHs CH,CeHs
?rAé\)/IIfI)C)") 221 203 , 8iCHy CHy g aiCH, CiHy
TzONZC’ pige |: b -GHy GHy, b (CHy CeHys
1 1; :C3H7 CeHys 12¢ -CiHy CHCeH;
a) These values are expressed as percent from the (M +H)* and (M +Na)* ion “CsHy CHLCels
peak intensities in mass spectra. b) Isolated compound. c¢) Commercial sample. Chart 2
TaBLE II.  Yields and Physical Constants of N 6 N-DiR cAMP Derivatives (3)
Analysis (%
Colg(l)pd. R \({(i’zl)d RfO UV (nm) Formula® Calcd yois () Found
pH 139 ()  pH 19 (¢) C H N C H N
3a CH, 49 0.18 274 (17700) 267 (17000) C,,H,(NsOP-1/2H,0 3935 4.68 19.12  39.34 470 19.07
3b C,H, 53 026 276 (19600) 269 (20500) C,,H,oN;O.P-1/3H,0 4297 532 17.90  43.03 534 1791
3c sH, 67 0.33 278 (19100) 270 (20200) C,¢H,4,N;O4P-H,O 44.55 6.07 16.24 44.62 5.80 16.07
3 C.H, 69 0.38 278 (19300) 271 (19700) C,gH,NsO.P-3/4H,0 47.52 6.53 1539 4759 640 1529
3e iso-C,H, 41 0.38 281 (19200) 273 (18700) C,gH,sNsOcP-2/3H,0 47.68 6.52 1544 4771 644 1536
3f CH,, 49 042 279 (19800) 271 (18100) C,oH,,N,O,P-H,0  49.73 7.05 1450  49.63 6.82 14.35
3g CgH,; 70 0.46 278 (19700) 271 (18400) C,,H eN,OP-3/4H,0 5137 734 1371 5151 7.25 13.71
3h CH,CH, 37 043 277 (22100) 276 (20000) C,H, N;O.P-3/2H,0 5373 507 13.05 5353 482 12.71
a) RfonKiesel gel 60 F,;, (Merck) plate; solvent system (0.1 N NH,Cl: MeOH : CH5CN, 1:4:16, v/v). b) Solvent; 0.1 N NaOH. ¢) Solvent; 0.1N HCL. d) Samples

were dried over P,O; at 50°C at 3mmHg for 4—5h.

NII-Electronic Library Service



November 1990 3149
TaBLE III.  Yields and Physical Constants of N¢-R,;-N6-R,-2'-O-tosyl cAMP Derivatives 5—8)
Analysis (%)
i ) A% b Caled Found
C‘;’}gd' R, R, ‘({(‘,Zl)d ro Y ((8‘)‘“‘) Formula®
C H N C H N
5a CH, c,H, 70 027  272(18200)  C,,H,N,O.PS 4774 510 12.65 4760 519 1244
5h CH, CH,, 70 028  272(18700)  C,3H,oN,OGPS-54H,0 4683 551 11.87 46.61 530 11.88
5¢ CH, JH,s 73 029 273 (18200) C,,H,,N,O.PS-3/4H,0 4844 567 11.76 4838 554 11.60
5d CH, JH s 61 031  273(18000) C,,H,,N,O4PS-3/2H,0 4825 594 11.25 48.05 5.66 11.12
Se CH, GCgH,, 69 032  273(17200) C,oH,N,O.PS-2H,0 4837 624 10.85 48.46 594 10.73
sf CH; CH,CHs; 64 026 273 (20300) C,H,qH,O.PS-1/4H,0 50.72 451 11.83 5053 451 11.73
6a C,H, C.H, 70 026  274(19700) C,,H,oN,O.PS-3/4H,0 46.60 521 1236 4652 511 1231
6b CH;,  C,H, 76 028  274(19700)  C,;H,oN,O4PS-1/4H,0 4829 534 1225 4834 546 1213
6c C,H, C,H,, 82 029 274 (19800)  C,,H,,NO.PS 4957 555 12.04 4975 567 11.93
6d C,H;, C.H,, 76 031 275(19950)  C,sH,,N,O4PS-H,0 4894 591 1141 4882 574 1125
6e CH;  C,H,, 76 032 275(20500) C,eH,oN,O4PS-1/2H,0 5048 599 11.33 5057 6.04 11.29
of C,Hs, CH,CHH; 52 030 273 (19800) C,qH,N,O4PS-4/SH,0 5070 4.84 1137 5059 4.56 11.35
7a CH, C,H, 67 031 273 (18500) C,,H,,N,O4PS-1/2H,0 4881 4.84 1137 4889 563 11.84
7b C;H, CH,, 73 033 273(19500)  C,sH,,N,O4PS 5044 571 1176 5024 582 1172
7c CH, CyH,, 70 034 273 (19550)  C,eH,oN,O4PS-3/4H,0 50.14 6.02 11.24 5001 590 11.16
7d CiH, CH,CHs 66 032  273(20900) C,,H,oN;OgPS-1/2H,0 5194 496 1121 5192 493 1093
8a C.H, C,H,, 73 033 275(19950)  C,eH,oN,O4PS-7/4H,0 4873 6.16 10.93 48.63 593 10.73
8b C.H, CeHy s 72 0.34 275 (19850) C,,H;33N;O4PS-H,0 50.56 6.23 10.92 50.55 6.19 10.94
8¢ CH, CH,CHH;, 68 032 274 (20100) C,4H,,N,O.PS-H,0 51.87 524  10.80 51.81 5.06 10.63

a) Rf on Kiesel gel 60 F,5, (Merck) plate; solvent system (MeOH: CHCl,=3:7, v/v). b) Solvent; EtOH. ¢) See footnote d) in Table II.

N®-diR-2"-O-tosyl cAMPs with 2N NaOH (6—14 mol eq)
in methanol-water solution at room temperature in a one-
pot reaction afforded the desired products: 3a (49% yield),
3b (53%), 3¢ (67%), 3d (69%), 3e (41%), 3f (49%), 3g
(70%), and 3h (37%) (Chart 1 and Table II). The ultra-
violet (UV) absorption maxima of 3 occurred at 274—281
nm (pH 13) and 267—276 nm (pH 1) similar to those of
NS,N°®-diethyl cCAMP previously reported.® The 'H-NMR
spectra of 3 revealed the signals due to -CH,NCH,— at
about 6 3.9 ppm (4H, brs), and a signal due to 6-NH, at
0 7.5ppm (2H, brs) in 1 disappeared.

Next, we synthesized N°-R;-N°-R, cAMPs having dif-
ferent alkyl groups (9—12) from 2. The first alkylation
of the 6-amino group in 2 was achieved by the reductive
alkylation as previously reported.® Thus, 2 was treated
with aldehydes in the presence of sodium cyanoborohydride
in acetic acid at 50°C to give the corresponding NS-
monoalkyl (R;)-2-O-tosyl cAMPs; 4b (78% yield), 4c
(47%), 4d (54%). N°-Methyl derivative (4a) was prepared
by the tosylation of N®-methyl cAMP which was synthesized
from 1-methyl CAMP in the usual manner using Dimroth
rearrangement'? (Chart 2).

The second alkylation at the NS-position of the N®-
monoalkylated derivatives (4) was carried out by treatment
of 4 with excess alkyl bromides and NaH in DMSO to
affford N°-R;-N°®-R,-2"-O-tosyl cCAMPs: N6-CH,-NS-R,
derivatives (5a—f, 61—73% yields), N®-C,Hs-N®R, de-
rivatives (6a—f, 52—82%), NS-C;H,-N®-R, derivatives
(Ta—d, 66—73%), and NS-C,H,-NS-R, derivatives (8a—
¢, 68—73%) (Table III). Removal of the tosyl protecting
group of 5—8 was carried out with 2N NaOH (5—11mol
€q) in methanol-water solution at 50—60°C to give the
desired products; 9a—f (51—74% vyields), 10a—f (56—88%),
11a—d (64—88%), and 12a—c (56—72%) (Chart 2 and
Table IV). The UV and 'H-NMR spectra of these com-
pounds were similar to those of 3.

Biological Results and Discussion The inotropic and

chronotropic effects of N®,N®-diR cAMPs (3) and N°®-
R;-N®R, cAMPs (9—12) synthesized were tested using
papillary muscle of the right ventricle and right atria,
respectively, of guinea pig hearts. The results are shown in
Tables V and VI. We reported previously that N°-mono-
alkyl cAMPs (butyl-decyl, benzyl, and furfuryl) exhibited
PIEs and the introduction of the substituent at 2'-hydroxy
group of them led to the disappearance of their PIEs.}®
The resulting data of 3 indicated that their inotropic pro-
file is similar to that of NS-monoalkyl cAMPs.® Thus;
the PIE was increased by increasing the length of alkyl
chain (increasing lipophilicity), and the butyl derivative
(3d) exhibited the most potent activity. The order of
inotropic activity of 3 was 3d>3c=3f>3h>3e and the
active compounds (3¢,d, and f) had 6—10 carbon atoms
in the dialkyl residues at the NS-position. The dibutyl
derivative (3d) having 8 alkyl carbon atoms exhibited the
most potent PIE among the cAMP derivatives prepared
thus far. We reported the inotropic activity of N5 N6,2'-
O-tributyl and N°,NS,2-O-tripropyl cAMPs were very
weak," but in this study N NS-dibutyl and NS N®-
dipropyl cAMPs (3d and 3c) exhibited potent PIE.
Therefore, it was also clarified that appearance of the PIE
of cAMP derivatives requires the presence of 2'-hydroxy
group. It was also suggested that the inotropic activity of
3 was influenced by a steric factor of 6-alkylamino chain,
because the inotropic activity of the branched alkyl deriv-
ative (3e; isobutyl) and the aromatic derivative (3h; benzyl)
was only about 1/9 that of 3d. The short-chain derivatives
(3a,b) did not show PIE as did N°mono short-chain
derivatives; the reason for this seemed to be their low
lipophilicities."® As regards the positive chronotropic effect
(PCE), it was possible to determine ED,, values with
compounds (3a—d). Among the potent PIE compounds
(3¢, d,f), dipentyl derivative (3f) showed the weakest
chronotropic action and it was not feasible to obtain
ED;, value in concentration up to. 1 mm. :
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TaBLE IV. Yields and Physical Constants of N®-R,-N®-R, cAMP Derivatives (9—12)

Analysis (%)

C(;\r;:fd. R, R, ‘52'1121)(1 RF UV (nm) Formula® Calcd Found
pH 137 (¢) pH 19 (¢) C H N C H N
9a CH, C,H, 71 0.40 276 (18850) 269 (19700) C,sH,,N;O¢P-1/2H,0 44.12 5.68 17.15 4405 5.63 17.01
9% CH, CsH,, 74 042 276 (18900) 269 (19300) C,¢H,,N;OcP-1/2H,0 4551 596 16.58 45.63 595 16.40
9 CH, sHis 62  0.44 276 (18800) 269 (19100) C,;H,¢NsO¢P-3/4H,0 4631 6.29 1588 46.33 6.21 1581
9d CH, 7Hys 51  0.46 276 (18900) 269 (19900) C,gH,3N;OxP-1/2H,0 48.00 6.48 15.55 48.19 645 1545
9e CH, sH 17 60  0.47 276 (18600) 269 (19000) C,oH;,N;O4P-5/4H,0 47.75 6.85 14.65 4790 6.78 14.46
of CH; CH,C¢H; 57 042 277 (21500) 271 (20200) C,gH,,N;O4P-3/4H,0 48.40 4.81 15.67 48.56 4.83 1542
10a C,H; C;H, 67 042 277(19650) 270 (20000) C,sH,,N;O.P-1/2H,0 44.12 568 17.15 4421 559 17.15
10b C,H;, C,H, 88 046 277(19100) 270 (19200) C,cH,,N;O¢P-1/2H,0 45.51 5.96 16.58 4529 5.90 16.51
10c CH, C,H,, 82 049 277 (18500) 270 (19000) C.H,NsO.P-2/3H,0 4647 627 1594 4635 624 1572
10d C,H; Ce¢H; 5 56 0.50 279 (19950) 270 (19200) C,gH,sN;O4P-5/4H,0 46.60 6.58 15.11 46.70 6.33 15.06
10e C,H; C,Hy, 79 051 278 (19500) 270 (19700) 10H30NsO6P-1/2H,0 49.19 6.68 15.09 49.13 6.67 15.19
10f C,H; CH,CsH; 76 0.48 277 (21000) 271 (19500) 10H,,NsOP-2/3H,0 49.67 5.15 1524 4946 5.13 15.09
11a C;H, C,H, 75 0.52 278 (18900) 271 (19900) 26Ns06P 1/2H,0  46.81 6.19 16.06 46.99 6.20 15.95
11b C,H, CsH,, 88  0.53 277 (19400) 271 (20500) 28Ns06P 1/2H,0 48.02 6.44 15.56 48.81 6.69 15.49
1ic sH oH 3 67  0.54 278 (19100) 271 (19600) C,oH;)N;O4P-3/4H,0 48.69 6.72 14.49 4881 6.69 14.74
11d C;H, CH,CH; 64  0.52 278 (21300) 272 (20100) C,oH,,N;O4P-3/4H,0 50.60 537 14.75 50.65 5.26 14.74
12a C.Hy CH,, 67  0.56 280 (20700) 271 (20000) C,oH;0N;O.P-1/2H,0 49.16 6.68 15.09 4920 6.72 14.88
12b C,H, CeHys 56 0.57 280 (20400) 271 (19400) C,,H;3,NsOxP-3/4H,0 49.76 6.94 14.51 4985 6.93 14.38
12¢ C,H, CH,C:H; 72 0.55 278 (20700) 272 (20300) C,;H,¢NsOcP-1/2H,O0 5209 5.58 14.46 52.05 5.49 14.20

a) Rf on Kiesel gel 60 F,5, (Mérck) plate; solvent system (n-BuOH : AcOH : H,0,
in Table II.

TaBLE V. Inotropic and Chronotropic Effects of N® NS-DiR cAMP
Derivatives (3)

8:2:1,v/v). b) Solvent; 0.1 N NaOH. ¢) Solvent; 0.1~ HCL. d) See footnote d)

TaBLE VI. Inotropic and Chronotropic Effects of N-R;-NS-R, cAMP
Derivatives (9—12)

Compd. R PIE PCE Compd. R R PIE PCE
No. EDso (x1074M)® ED,q (x 1074 M)® No. 1 2 ED,, (x 1074M)? EDjq (x 10™4M)?
3a CH,4 >1073 6.20+1.00 9a CH, C.H, 5.90+£0.67 3.5040.97
3b C,H, >10"3 4.1940.62 9% CH, CcH,, 5.07+0.96 4.0540.61
3c C,H, 1.7740.27 0.8040.16 9¢ CH, oHi s 3.7240.85 2.5040.64
3d C.H, 0.754+0.20 1.8540.49 9d CH, C.H,, 5.81+1.05 —
3e iso-C,H, 7.0641.56 — 9e CH, CeH,, 3.9340.99 —
3f CH,, 1.89+0.23 — of CH, CH,CH; >1073 —
3g +His >103 — 10a C,H, C,H, 1.5440.76 4.4040.90
3h CH,C H; 6.36+2.10 — 10b C,H, c.H, 3.48+0.98 2.75+0.42
10c C,H, C,H,, 1.9140.41 1.3840.21
PIE = positive inotropic effect; PCE = positive chronotroic effect. a) ED;,=con- 10d Hs CeHys 4.8611.41 3.06+0.97
centration required to produce 30% of the maximum response evoked by 1077 M 10e C,H; C,H,; 1.584+0.20 —
isoproterenol (ISP). Mean+S.E. (n=4—5). 10f C,H, CH,CH, =103 9.13+1.34
11a C,H, C,H, 2.1410.42 1.3940.22
11b C.H, C.H,, 0.9140.30 2.8440.80
On the basis of the results of 3 for cardiac effect, we 11c C,H, C.H, 2.47+0.57 1.15+0.25
decided to synthesize the compounds (9—12) whose total 11d C;H, CH,C¢H; 3.9340.37 6.02+0.86
carbon number (R, +R,) in N®-dialkyl chain was in the g: C4g9 Ssgu ggéfg-;g gégi;g-;‘;
4ty 6113 20 Y. 00T Y.
range of 5—10. Compounds (9—12) showed PIE except for 12¢ CoH, CH.C.H, 3391065 6.4010.81

9f and 10f. Compounds (10a: R,,R,=C,H;, C;H,), (10c:
C,H;, CsH,,), (10e: C,H;, C;H,;5), (11b: C3H;, C.Hy,),
(12a: C,H,, CsH,,) exhibited potent PIEs almost the same
or twice as that of N%-monoheptyl cAMP [ED;,=1.60+
0.19 (x 10~ *M)], which was the most potent cardiotonic
agent among N°-monoalkyl cCAMP derivatives.” In the
chronotropic effect, all compounds exhibited a positive
action and with most of them it was possible to obtain
ED;, value of PCE. Among the potent PIE compounds
(10a,c,e, 11b, and 12a), 10e showed too weak a positive
effect to obtain ED;, value of PCE in concentration up to
1 mM.

These results indicate that N® N°®-dialkyl derivatives of
'~ ¢cAMP could exhibit a potent PIE and PCE. The compound
(3b) was known to activate a protein kinase and to be a
potent inhibitor of heart phosphodiesterase.'® Thus, we

PIE and PCE, see footnotes in Table V. a) See footnote a) in Table V.

presume that the positive effects of compounds which were
synthesized in the present work might be due to activities
similar to those of 3b. In the series of novel N NS-dialkyl
cAMPs prepared, 3f and 10e were found to have potent
PIEs with relatively minor increases in heart rate, so the
pharmacological evaluations of these compounds as car-
diotonic agents are of interest. It is concluded that sub-
stitution of the 6-amino group in cAMP is a potentially
useful approach for obtaining higher activity.

Experimental
'H-NMR spectra were taken at 200 MHz on a JEOL JNM-FX200
NMR spectrometer in DMSO-dg. All 'TH-NMR data are reported in ppm
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downfield from tetramethylsilane as an internal standard. UV absorption
spectra were recorded with a Hitachi 557 spectrophotometer. SIMS were
recorded on a Hitachi M-80B spectrometer. IR spectra were taken on a
JASCO A-202 spectrophotometer. HPLC was performed on a Finepak
SIL C, column (4.6 x 250 mm) with MeOH-10mM acetate buffer (pH
4) containing 1 mMm tetra-n-butylammonium chloride (5:5—8:2, v/v) as
eluents. The eluate was monitored at 265nm (compound 4) or 275nm
(compounds 3 and 5—12). Analytical and preparative thin-layer chroma-
tographies (TLC) were performed on Kiesel gel 60 F,5, (Merck) plates.
Chromatographic separation was done on Merck Silica gel 60 or Dowex
50w-x8 (H™) or charcoal (Shirasagi KHL 250, Takeda Chemical Indus-
tries, Ltd.) with the indicated eluents. Analytical samples were dried over
P,0;5 at 50°C at 3mmHg for 4—5h.

Preparation of 2’-0-Tosyl cAMP (2) A solution of tosyl chloride (86 g,
450 mmol) in dioxane (600ml) was added to a solution of 1 (32.9¢g,
100 mmol) in 200 ml of aqueous NaOH (11 g, 260 mmol), and the solution
was stirred at room temperature overnight. The resulting precipitate was
filtered off, washed with dioxane, and dried in vacuo to give 2. The mother
liquor was concentrated in vacuo and the precipitate was filtered off, washed
with dioxane, and dried in vacuo to afford 2. Total yield was 38.6 g (80%).
IR vEB: cm™*: 3565, 3300, 3040, 2870, 2825, 1680, 1600, 1185. 'H-NMR
6: 2.33 (3H, s, CHj), 5.10—5.30 (1H, m, H-3"), 5.58 (IH, d, J=6.4Hz,
H-2%), 6.20 (1H, s, H-1"), 7.30 and 7.71 (2H each, d, J=8.4Hz, phenyl
H’s), 7.86 (2H, brs, NH,), 8.23 (2H, s, purine H’s overlap). UV 1591 nm
(8): 258 (14400). Anal. Caled for C,H,sN;O4PS-2/3H,0: C, 41.23; H,
3.90; N, 14.14. Found: C, 41.03; H, 3.85, 14.16.

Detosylation of 2’-O-Tosyl cAMP (2) (i) Isolation of cAMP and TsOH:
Compound (2, 90mg, 0.19mmol) was suspended in absolute MeOH
(3ml)}-97% '®0O-labeled H,O (H,®0, 2ml) solution and the suspension
was dissolved by 28% MeONa in MeOH (0.3ml, 7.7 mol eq) under dry
nitrogen atmosphere. The mixture was refluxed for 3.5 h with stirring and
evaporated in vacuo. The resulting residue was subjected to chromato-
graphy on Dowex 50w-x8 (H*) with H,O. The earlier fractions gave TsOH
(28 mg, 87%) as a colorless amorphous solid. The later fractions afforded
cAMP (49.5mg, 81%) as a colorless amorphous solid. Each structure was
confirmed by respective comparison of its IR, MS and H-NMR spectra
and retention time on HPLC with those of an authentic sample.

(i) Isolation of TsONa: Compound (2, 101 mg, 0.21 mmol) was dis-
solved in dry hot pyridine (10ml) and the solution was evaporated to
dryness in vacuo, taken up in dry hot pyridine (10ml) and reevaporated
to dryness. Finally, it was dried for 2h under high vacuum. The residue
was suspended in absolute MeOH (3ml)-97% H,'0 (2.5ml) solution
and then 28% MeONa in MeOH (0.3 ml, 7mol eq) was added under a
dry nitrogen atmosphere. The mixture was refluxed for 2.5h with stir-
ring. The solution was evaporated in vacuo, taken up in absolute MeOH,
reevaporated to dryness, and the whole operation was repeated once
more. The residue was suspended in absolute MeOH and the resulting
insoluble material was removed by filtration. The filtrate was concentrated
to a small volume in vacuo and the residue was subjected to preparative
TLC (MeOH : CHCl; =3:7, v/v) to give TsONa (30 mg, 75%) as a colorless
amorphous solid. The structure was confirmed by comparison of its IR,
MS and 'H-NMR spectra and retention time on HPLC with those of an
authentic sample.

General Procedure for the Preparation of N°,N°-Dialkyl cAMPs (3) To
a stirred solution of 2 (2.0 g, 4.1 mmol) in DMSO (24 ml) was added 60%
sodium hydride (3—9 mol eq) and then an alkyl bromide (4.1—5.4 mol eq
for 3b—d, 3f—h) or alkyl iodide (4.9 and 9.5mol eq for 3a and 3e) was
added dropwise to the mixture. The mixture was stirred at room
temperature for 3h—2d, then H,0-MeOH (60ml:60ml for 3a—e,
30 m!: 70 mi for 3f—h) was added followed by detosylation with 2N NaOH
(6—14mol eq) for 2—5d at room temperature. The solution was adjusted
to about pH 7 with conc. HCI and evaporated in vacuo. The residue was
dissolved in a small amount of H,O, adjusted to pH 2 with 2 N HCL, and
applied to a charcoal column (2.2 x 18 ¢m). After being washed with H,O,
the column was eluted with EtOH-H,0-28% aqueous NH, (10:10: 1,
v/v). The eluate was collected and evaporated to dryness in vacuo. The
resulting residue was dissolved in H,O, adjusted to pH 2 with 2~ HCI,
and purified by preparative TLC (MeOH : CHCl, =3:7—4:6, v/v) to give
the desired product. An analytical sample was obtained by treatment with
column chromatography on Dowex 50w-x8 (H*) (eluent: EtOH-H,0).

3a: A colorless amorphous solid. IR vKBf cm ~1: 3400, 2950, 2900, 1660,
1600. '"H-NMR 0: 3.45 (6H, s, 2x CH,), 4.67 (1H, d, J=5.1 Hz, H-2),
4.90—5.05 (1H, m, H-3'), 6.02 (1H, s, H-1'), 8.24 and 8.33 (1H each, s,
purine H’s).

3b: A colorles amorphous solid. TR vKE* cm™*: 3420, 3100, 2980, 2955,
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2900, 1640, 1600, 1555. "H-NMR J: 1.20 (6H, t, J="7.0 Hz, 2 x CH}), 3.96
(4H, brs, N(CH,),), 4.68 (1H, d, J=5.1Hz, H-2), 490—5.05 (1H, m,
H-3), 6.01 (1H, s, H-1"), 8.23 and 8.32 (1H each, s, purine H’s).

3c: A colorless amorphous solid. IR vKBr cm™*: 3410, 2950, 2925, 2870,
1640, 1585, 1565. '"H-NMR 4: 0.89 (6H, t, J=7.3 Hz, 2 x CH,), 1.65 (4H,
q, J=73Hz, 2xCH,CH;), 3.84 (4H, brs, N(CH,),), 4.66 (1H, d,
J=4.9Hz, H-2), 4.85—5.05 (1H, m, H-3'), 6.00 (1H, s, H-1"), 8.22 and
8.31 (1H each, s, purine H’s).

3d: A colorless amorphous solid. IR v&ET cm™1: 3420, 2950, 2925, 2860,
1640, 1585, 1565. "H-NMR 6:0.91 (6H, t, J=7.1 Hz, 2 x CH,), 1.20—1.45
(4H, m, 2 x CH,CH,), 1.50—1.75 (4H, m, N(CH,CH,),), 3.89 (4H, brs,
N(CH,),), 4.68 (1H, d, J=4.9Hz, H-2'), 4.90—5.05 (1H, m, H-3"), 6.00
(1H, s, H-1"), 8.22 and 8.31 (1H each, s, purine H’s).

3e: A colorless amorphous solid. IR vKEr cm ~1: 3420, 2950, 2925, 2855,
1635, 1585, 1565. "H-NMR §: 0.87 (12H, t, J=6.6 Hz, 4 x CH}), 2.00—2.25
(2H, m, 2 x CH), 3.80 (4H, brs, N(CH,),), 4.69 (1H, d, J=5.1 Hz, H-2'),
4.90—5.05 (1H, m, H-3'), 6.00 (1H, s, H-1’), 8.22 and 8.33 (1H each, s,
purine H’s).

3f: A colorless amorphous solid. IR vKB: cm~1: 3425, 2950, 2925, 2850,
1640, 1585, 1565. "H-NMR 6: 0.87 (6H, t, J=6.6 Hz, 2 x CH,), 1.20—1.45
(8H, m, 2x(CH,),CHj;), 1.55—1.75 (4H, m, N(CH,CH,),), 3.89 (4H,
brs, N(CH,),), 4.68 (1H, d, J=5.1Hz, H-2), 4.90—5.05 (1H, m, H-3"),
6.01 (1H, s, H-1"), 8.21 and 8.31 (1H each, s, purine H’s).

3g: A colorless amorphous solid. IR vKBf cm ~1: 3400, 3250, 2950, 2920,
2850, 1635, 1585, 1565. 'H-NMR §: 0.75—0.95 (6H, m, 2 x CH,), 1.30
(12H, slike, 2 x (CH,);CH3), 1.50—1.75 (4H, m, N(CH,CH,),), 3.88 (4H,
brs, N(CH,),), 4.65 (1H, d, J=4.4Hz, H-2), 4.85—5.05 (1H, m, H-3'),
5.99 (1H, s, H-1"), 8.21 and 8.30 (1H each, s, purine H’s).

3h: A colorless amorphous solid. IR vEBr cm~1: 3400, 3010, 2910, 1630,
1585, 1575. "H-NMR 6: 4.70 (1H, d, J=5.1Hz, H-2)), 4.85—5.05 (1H,
m, H-3), 5.24 (4H, brs, N(CH,),), 6.04 (1H, s, H-1"), 7.20—7.45 (10H,
m, phenyl H’s), 8.32 and 8.37 (1H each, s, purine H’s).

N®-Methyl-2’-O-tosyl cAMP (4a) Methyl iodide (137 g, 0.96 mol) was
added to a solution of triethylammonium salt of 1 (100 g, 0.3 mol) in DMF
(1.41), and the mixture was stirred at 40°C overnight. The resulting
precipitate was filtered off, washed with acetone, and dried in vacuo to
afford the iodide salt of 1-methyl cAMP (104 g, 73%) as a white powder.!2?
UV A%INHC nm: 259; 19, LNNaOH - 961, 267sh, 300sh.

The iodide salt of 1-methyl cAMP (99 g, 0.21 mmol) was dissolved in a
mixture of H,O (200ml) and 28% aqueous NH; (35ml). The solution
was stirred at 60 °C for 11 h and adjusted to pH 7 with 2N HCI followed
by evaporation in vacuo. The residue was dissolved in EtOH-H,0 (200 m]
each) and adjusted to pH 2 with 2N HCl to give N°-methyl cAMP (54 g,
75%) as a white powder. UV 1120 nm: 264; A5, NOH nm: 262; A9, LN NeoH
nm: 266.

A solution of tosyl chloride (46 g, 24 mmol) in dioxane (300ml) was
added to a solution of NS-methyl cAMP (16.5g, 4.8 mmol) in 110ml of
aqueous NaOH (4.65g, 11 mmol). The mixture was stirred at room
temperature for 2h and H,0O (400ml) was added to the solution. The
resulting precipitate was removed by filtration and the filtrate was
concentrated to about 250 ml in vacuo. After extraction of TsOH with
CHCI; (100ml), the precipitate that had been deposited was filtered off,
washed with H,O and dried in vacuo to give 4a as a white powder. The
liquor was treated once more with CHCl, (100ml) to give 4a as a white
powder. Total yield was 84% (20.1g). IR vKB cm™1: 3640, 3430, 3250,
3020, 2930, 2820, 1680, 1620, 1600, 1180. *H-NMR §: 2.32 (3H, s, PhCH,),
3.02 (3H, brs, NCH3), 5.05—5.18 (1H, m, H-3'), 5.59 (1H, d, J=5.6Hz,
H-2'), 6.20 (1H, s, H-1), 7.29 and 7.70 (2H each, d, J=8.4Hz, phenyl
H’s), 8.01 (1H, brs, NH), 8.16 and 8.24 (1H each, s, purine H’s). UV yE!OH
nm (g): 263 (16200). Anal. Caled for C;gH,,N;O4PS- 1/4H,0: C, 43.09;
H, 4.09; N, 13.95. Found: C, 43.11; H, 4.00; N, 13.93.

General Procedure for the Preparation of NS-Alkyl-2'-O-tosyl cAMPs
(4b—d) An aldehyde (13—14mol eq) was added to a suspension of 2
(7.24 g, 15mmol) in AcOH (130 ml) with stirring, and after 0.5h sodium
cyanoborohydride (5.8—8.0 mol eq) was added to the mixture. The solution
was heated at 50 °C for 1—2d. A small amount of H,0O was added and
the reaction solution was evaporated in vacuo. The residue was purified
by the methods described below.

4b: The residue was dissolved in H,0-MeOH, adjusted to pH 2 with
2N HCl, and applied to chromatography on charcoal (3.2 x 28 cm). After
being washed with H,O, the column was eluted with EtOH-H,0-28%
aqueous NH; (10:10:1, v/v). The eluate was evaporated in vacuo and
the resulting residue was chromatographed on silica gel (120g, MeOH :
CHCl;=3:17, v/v). The resulting ammonium salt of 4b was dissolved in
H,0-MeOH followed by adjustment to pH 2 with 2~ HCI to afford 4b
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(78%) as a white powder. IR vEB: cm™1: 3600, 3445, 3250, 3020, 2980,
2900, 2875, 1680, 1620, 1600, 1180. *H-NMR §: 1.20 (3H, t, J=7.2Hz,
CH,), 2.33 (3H, s, PhCHjy), 3.59 (2H, brs, NCH,), 5.05—5.18 (1H, m,
H-3"), 5.60 (1H, d, J=6.6Hz, H-2)), 6.19 (1H, s, H-1"), 7.29 and 7.70 (2H
each, d, J=7.8 Hz, Phenyl H’s), 7.97 (1H, brs, NH), 8.16 and 8.21 (1H
each, s, purine H’s). UV AE0H nm (¢): 264 (16200). Anal. Caled for
C,oH,,N;04PS-3/2H,0: C, 42.38; H, 4.68; N, 13.00. Found: C, 42.53;
H, 4.42; N, 12.99.

4c: The residue was worked up in a similar manner to that of 4b to give
the desired product in 50% yield as a white powder. IR vier cm™*: 3440,
3070, 3020, 2955, 2930, 2875, 1675, 1615, 1600, 1180. *H-NMR 4: 0.92
(3H, t, J=7.2Hz, CH;), 1.63 (2H, q, /=7.2Hz, CH,CH,), 2.32 (3H, s,
PhCH,), 3.57 (2H, brs, NCH,), 5.03—5.17 (1H, m, H-3"), 5.60 (1H, d,
J=6.3Hz, H-2), 6.19 (1H, s, H-1"), 7.29 and 7.70 (2H each, d, /=8.2Hz,
phenyl H’s), 8.03 (1H, brs, NH), 8.16 and 8.21 (1H each, s, purine H’s).
UV AEOH nm (g): 264 (16200). Anal. Calcd for C,oH,,N505PS-3/2H,0:
C, 43.48; H, 4.92; N, 12.67. Found: C, 43.65; H, 4.76; N, 12.64.

4d: The residue was dissolved in H,O (500 ml) and extracted with CHCl,
(2 x 80 ml). The combined extracts were dried over Na,SO, and evaporated
in vacuo. The residue was chromatographed on silica gel (125g,
MeOH : CHCl,=1:7—7:13, v/v). The resulting sodium salt of 4d was
dissolved in H,0-MeOH and adjusted to pH 2 with 2N HCI to afford
the desired product in 54% yield as a white powder. IR v e cm™1: 3430,
3100, 3040, 2950, 2930, 2865, 1675, 1620, 1600sh, 1180. *H-NMR 4: 0.91
(3H, t, J=17.2Hz, CH,), 1.25—1.45 (2H, m, CH,CHj;), 1.50—1.75 (2H,
m, NCH,CH,), 2.32 (3H, s, PhCHs), 3.57 (2H, brs, NCH,), 5.03—35.17
(1H, m, H-3"), 5.60 (1H, d, J=5.6Hz, H-2'), 6.19 (1H, s, H-1"), 7.29 and
7.70 (2H each, d, J=8.2Hz, phenyl H’s), 8.02 (1H, brs, NH), 8.16 and
8.21 (1H each, s, purine H'’s). UV AZ%H nm (¢): 264 (17300). Anal. Calcd
for C,,H,cNsOgPS-1/3H,0: C, 46.25; H, 4.89; N, 12.84. Found: C, 46.14;
H, 4.90; N, 12.69.

General Procedure for the Preparation of N®-R;-NS-R,-2’-O-Tosyl
cAMPs (5—8) To a stirred solution of 4 (3 mmol) in DMSO (40 ml) was
added 60% sodium hydride (3—4mol eq) and then an alkyl bromide
(3—4mol eq) was added dropwise to the mixture. The solution was stirred
at room temperature for 1—3h and adjusted to pH 7 with 0.2~x HCI
followed by evaporation in vacuo. The resulting residue was dissolved in
H,O and adjusted to pH 2 with 2~ HCI followed by extraction with
CHCl,. The extracts were dried over Na,S0, and evaporated in vacuo.
The residue was subjected to chromatography on silica gel (MeOH-CHCl,;)
or preparative TLC (silica gel, MeOH-CHCI,) to give the desired product.
An analytical sample was obtained by treatment with column chro-
matography on Dowex 50w-x8 (H") (eluent: EtOH-H,0) or recrystal-
lization.

5a: A white powder. IR vKBf cm™1: 3440, 3050, 2950, 2920, 2860, 1640,
1590, 1170. 'H-NMR §: 0.93 (3H, t, J=7.1Hz, CH;), 1.20—1.45 (2H,
m, CH,CH,), 1.50—1.75 (2H, m, NCH,CH,), 2.31 (3H, s, PhCH,), 3.38
(3H, brs, NCHy), 4.03 (2H, brs, NCH,), 5.05—5.15 (1H, m, H-3"), 5.62
(1H, d, J=5.5Hz, H-2), 6.17 (1H, s, H-1'), 7.27 and 7.69 (2H each, d,
J=8.3Hz, phenyl H’s), 8.13 and 8.19 (1H each, s, purine H’s).

5b: A colorless amorphous solid. IR vKBr cm™!: 3425, 3050, 2950, 2920,
2850, 1640, 1590, 1170. 'H-NMR 4: 0.88 (3H, t, J=6.0Hz, CHj;),
1.20—1.45 (4H, m, (CH,),CH,), 1.50—1.75 (2H, m, NCH,CH,), 2.30
(3H, s, PhCH,), 3.38 (3H, brs, NCH3;), 4.00 (2H, brs, NCH,), 4.90—5.08
(1H, m, H-3"), 5.61 (1H, d, J=49Hz, H-2), 6.11 (1H, s, H-1'), 7.25 and
7.67 (2H each, d, J="7.4Hz, phenyl H’s), 8.11 and 8.19 (1H each, s, purine
H’s).

5c: A colorless amorphous solid. IR vig; cm™': 3425, 3070, 2950sh,
2920, 2850, 1640, 1590, 1175. 'H-NMR &: 0.88 (3H, t, J=6.0 Hz, CHy),
1.30 (6H, slike, (CH,);CH3), 1.50—1.75 (2H, m, NCH,CH,), 2.23 (3H,
s, PhCH,), 3.37 (3H, brs, NCH;), 3.80—4.25 (5H, m, H-4', 5', NCH,),
4.80—4.95 (1H, m, H-3"), 5.60 (1H, d, J=5.4Hz, H-2), 6.01 (1H, s, H-1"),
7.21 and 7.63 (2H each, d, J=8.1 Hz, phenyl H’s), 8.11 and 8.18 (1H each,
s, purine H’s).

5d: A colorless amorphous solid. IR vKBr cm™1: 3425, 3030, 2920, 2850,
1640, 1590, 1175. 'H-NMR §: 0.75—0.90 (3H, m, CH3;), 1.15—1.40 (8H,
m, (CH,),CH,), 1.50—1.75 (2H, m, NCH,CH,), 2.27 (3H, s, PhCHy;),
3.37 (3H, brs, NCH,), 3.98 (2H, brs, NCH,), 4.80—4.95 (1H, m, H-3),
5.60 (1H, d, J=6.3Hz, H-2"), 6.01 (1H, s, H-1'), 7.21 and 7.63 (2H each,
d, J=8.4Hz, phenyl H’s), 8.10 and 8.18 (1H each, s, purine H’s).

5e: A colorless amorphous solid. IR vEEr cm™1: 3410, 3025, 2910, 2850,
1640, 1590, 1175. 'H-NMR §: 0.84 (3H, slike, CH,), 1.24 (10H, slike,
(CH,)sCH,), 1.50—1.75 (2H, m, NCH,CH,), 2.62 (3H, s, PhCH,), 3.37
(3H, brs, NCH3), 3.90 (2H, brs, NCH,), 4.83—4.97 (1H, m, H-3), 5.61
(1H, d, J=5.9Hz, H-2), 6.02 (1H, s, H-1'), 7.20 and 7.63 (2H each, d,
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J=17.1Hz, phenyl H’s), 8.11 and 8.18 (1H each, s, purine H’s).

5f: A colorless amorphous solid. IR vKE: cm™*: 3430, 3080, 3020, 2980,
2910, 1640, 1590, 1175. *H-NMR §: 2.28 (3H, s, PhCH,), 3.37 (3H, brs,
NCH,), 5.00—5.15 (1H, m, H-3), 5.29 (2H, brs, NCH,), 5.63 (1H, d,
J=6.6 Hz, H-2'), 6.17 (1H, s, H-1"), 7.20—7.45 (7H, m, phenyl H’s), 7.79
(2H, d, J=8.1 Hz, phenyl H’s), 8.15 and 8.25 (1H each, s, purine H’s).

6a: A colorless amorphous solid. IR vEBr cm ~1: 3440, 3075, 2950, 2925,
2860, 1640, 1590, 1170. *H-NMR §: 0.92 (3H, t, J=7.2Hz, CH,), 1.21
(3H, t, J=7.0Hz, CH,), 1.55—1.75 (2H, m, NCH,CH,), 2.30 (3H, s,
PhCHS,), 3.86 (4H, brs, N(CH,),), 5.00—5.15 (1H, m, H-3), 5.62 (1H, d,
J=5.9Hz, H-2), 6.14 (1H, s, H-1'), 7.26 and 7.69 (2H each, d, /=8.1 Hz,
phenyl H’s), 8.12 and 8.18 (1H each, s, purine H’s).

6b: A white powder. IR v&Bf cm™1: 3420, 3055, 2950, 2910, 2860, 1635,
1585, 1170. 'H-NMR 4: 093 (3H, t, J=7.3Hz, CH;), 1.21 (3H, t,
J=68Hz, CHj), 125—1.45 (2H, m, CH,CH,), 1.55—1.75 (2H, m,
NCH,CH,), 2.30 (3H, s, PhCH,), 3.91 (4H, brs, N(CH,),), 5.05—5.17
(1H, m, H-3"), 5.63 (1H, d, J=5.6 Hz, H-2), 6.16 (1H, s, H-1), 7.27 and
7.70 (2H each, d, /=8.3 Hz, phenyl H’s), 8.12 and 8.19 (1H each, s, purine
i’s).

6¢: A colorless amorphous solid. IR vEB! cm™1: 3440, 3050, 2950, 2925,
2850, 1640, 1590, 1170. *H-NMR 6: 0.89 (3H, t, J=6.8 Hz, CH;), 1.20
(H, t, J=6.8 Hz, CH3), 1.25—1.45 (4H, m, (CH,),CH,), 1.55—1.75 (2H,
m, NCH,CH},), 2.30 (3H, s, PhCH,), 3.89 (4H, brs, N(CH,),), 5.05—5.20
(1H, m, H-3"), 5.63 (1H, d, J=6.1 Hz, H-2), 6.16 (1H, s, H-1'), 7.27 and
7.69 (2H each, d, J=8.3 Hz, phenyl H’s), 8.13 and 8.19 (1H each, s, purine
H’s).

6d: A colorless amorphous solid. IR vEB: cm™*: 3440, 3070, 2950, 2925,
2850, 1640, 1590, 1170. 'H-NMR 6: 0.80—0.95 (3H, m, CH,), 1.20 (3H,
t, J=6.8Hz, CH,), 1.32 (6H, slike, (CH,),CH,), 1.55—1.78 (2H, m,
NCH,CH,), 2.28 (3H, s, PhCHS), 3.90 (4H, brs, N(CH,),), 4.90—5.05
(1H, m, H-3), 5.61 (1H, d, J=5.4Hz, H-2), 6.06 (1H, s, H-1), 7.23 and
7.67 (2H each, d, J=7.8 Hz, phenyl H’s), 8.12 and 8.18 (1H each, s, purine
H’s).

6e: A colorless amorphous solid. IR vKB cm ™ *: 3440, 3080, 2950, 2925,
2850, 1640, 1590, 1170. 'H-NMR §: 0.80—0.95 (3H, m, CH;), 1.20 (3H,
t, J=6.8 Hz, CH;), 1.10—1.40 (8H, m, (CH,),CH,), 1.55—1.75 (2H, m,
NCH,CH,), 2.28 (3H, s, PhCH,), 3.70—4.20 (7H, m, H-#, 5, N(CH,),),
4.75—4.88 (1H, m, H-3"), 5.55 (1H, d, J=6.6 Hz, H-2), 6.00 (1H, s, H-1"),
7.23 and 7.65 (2H each, d, J=8.3 Hz, phenyl H’s), 8.10 and 8.18 (1H each,
s, purine H’s).

6f: A white powder. IR vKBr cm ~*: 3445, 3050, 3025, 2975, 2930, 2900,
1640, 1590, 1175. *H-NMR §: 1.17 (3H, t, J=6.8 Hz, CH,;), 2.28 (3H, s,
PhCH,), 3.92 (2H, brs, NCH,), 5.05—5.20 (1H, m, H-3"), 5.26 (2H, brs,
NCH,Ph), 5.66 (1H, d, J=59Hz, H-2), 6.19 (1H, s, H-1'), 7.15—7.40
(7H, m, phenyl H’s) 7.71 (2H, d, J=8.3Hz, phenyl H’s), 8.17 and 8.24
(1H each, s, purine H’s).

7a: A white powder. IR vEBf cm ™1 3445, 3055, 2950, 2900, 2870, 1640,
1590, 1175. 'H-NMR 4§: 0.89 (3H, t, J=7.3Hz, CH;), 0.91 (3H, t,
J=72Hz, CHj), 1.20—1.45 (H, m, CH,CH,), 1.50—1.80 (4H, m,
N(CH,CH,),), 2.31 (3H, s, PhCH,), 3.86 (4H, br's, N(CH,),), 5.00—5.17
(1H, m, H-3"), 5.63 (1H, d, J=5.6Hz, H-2), 6.16 (1H, s, H-1"), 7.27 and
7.70 (2H each, d, J=8.5 Hz, phenyl H’s), 8.11 and 8.19 (1H each, s, purine
H’s).

7h: A white powder. IR vEEr cm ™ 1: 3430, 3055, 3030, 2950, 2925, 2860,
1640, 1590, 1175. 'H-NMR §: 0.75—1.00 (6H, m, 2 x CH3), 1.20—1.45
(4H, m, (CH,),CH,), 1.50—1.80 (4H, m, N(CH,CH,),), 2.30 (3H, s,
PhCH,), 3.86 (4H, brs, N(CH,),), 5.00—5.17 (1H, m, H-3), 5.62 (1H, d,
J=5.6Hz, H-2"), 6.16 (1H, s, H-1'), 7.27 and 7.70 (2H each, d, J=8.3Hz,
phenyl H’s), 8.12 and 8.19 (1H each, s, purine H’s).

7c: A colorless amorphous solid. IR vEB: cm™1: 3440, 3100, 3030, 2955,
2930, 2860, 1590, 1180. *H-NMR 4: 0.78—1.00 (6H, m, 2 x CHj;), 1.32
(6H, slike, (CH,)sCHy), 1.52—1.78 (4H, m, N(CH,CH,),), 2.28 (3H, s,
PhCHS), 3.92 (4H, brs, N(CH,),), 4.75—4.90 (1H, m, H-3), 5.56 (1H, d,
J=5.9Hz, H-2), 6.00 (1H, s, H-1"), 7.22 and 7.65 (2H each, d, J=8.1 Hz,
phenyl H’s), 8.08 and 8.18 (1H each, s, purine H’s).

7d: A colorless amorphous solid. IR vKEf cm™*: 3450, 3055, 3030, 2960,
2925, 2875, 1640, 1590, 1175. *H-NMR §: 0.87 (3H, t, J=7.3 Hz, CH,),
1.64 H, q, J=7.3Hz, CH,CH,), 2.28 (3H, s, PhCH,), 3.84 (2H, brs,
NCH,), 5.00—5.18 (1H, m, H-3"), 5.27 (2H, brs, NCH,Ph), 5.66 (1H, d,
J=6.1Hz, H-2), 6.18 (1H, s, H-1), 7.15—7.40 (TH, m, phenyl H’s), 7.71
(2H, d, J=8.3 Hz, phenyl H’s), 8.15 and 8.24 (1H each, s, purine H’s).

8a: A colorless amorphous solid. IR vKBr cm~1: 3550, 3430, 3100, 3030,
2955, 2930, 2860, 1590, 1180. *'H-NMR §: 0.80—1.00 (6H, m, 2 x CH3),
1.20—1.45 (6H, m, CH,CH,, (CH,),H.), 1.50—1.75 (4H, m, N(CH,CH,),),
227 (3H, s, PhCH,), 3.88 (4H, brs, N(CH,),), 4.80—4.95 (1H, m, H-3),
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5.61 (IH, d, J=6.4Hz, H-2'), 6.00 (1H, s, H-1"), 7.20 and 7.65 (2H each,
d, /=8.1Hz, phenyl H’s), 8.07 and 8.17 (1H each, s, purine H’s).

8b: A colorless amorphous solid. IR vKBr cm ~1: 3445, 3060, 2950, 2930,
2860, 1640, 1590, 1180. *H-NMR §: 0.75—1.00 (6H, m, 2 x CH}), 1.15—
1.45 (8H, m, CH,CH3;, (CH,);CH3), 1.50—1.75 (4H, m, N(CH,CH,),),
2.30 (3H, s, PhCHj;), 3.87 (4H, brs, N(CH,),), 4.95—5.11 (1H, m, H-3),
5.62 (1H, d, J=6.1Hz, H-2), 6.11 (1H, s, H-1"), 7.25 and 7.69 (2H each,
d, J=7.8Hz, phenyl H’s), 8.12 and 8.18 (1H each, s, purine H’s).

8c: A white powder. IR vKB: cm™1: 3430, 3055, 3025, 2950, 2930, 2870,
1640, 1590, 1180. '"H-NMR 6: 0.88 (3H, t, J=7.1Hz, CH;), 1.20—1.40
(2H, m, CH,CHj), 1.50—1.70 (2H, m, NCH,CH,), 2.26 (3H, s, PhCH,),
3.84 (2H, brs, NCH,), 4.95—5.10 (1H, m, H-3), 5.26 (2H, brs, NCH,Ph),
5.64 (1H, d, J=5.6 Hz, H-2), 6.10 (1H, s, H-1"), 7.15—7.40 (7H, m, phenyl
H’s), 7.69 (2H, d, /=8.3 Hz, phenyl H’s), 8.12 and 8.23 (1H each, s, purine
H’s).

General Procedure for the Preparation of N°-R,-N5-R, cAMPs (9—11)
A solution of 2N NaOH (5—11mol eq) was added to a suspension of
5—8 (0.8—2.3mmol) in MeOH-H,0 (1:1—2:1, v/v, total volume:
40—100ml) with stirring and the solution was heated at 50—60°C for
0.5—24d. The solution was evaporated in vacuo and the residue was
dissolved in a small amount of H,0, adjusted to pH 2 with 2~ HCI,
followed by washing with CHCl,.

Compound (9) was purified by the method described below. The aqueous
layer was concentrated to a small volume and subjected to column
chromatography on Dowex 50w-8x (H*) with EtOH-H,O to give the
desired product.

Compounds (10—12) were purified by the method described below. The
aqueous layer was concentrated to 2 small volume and subjected to column
chromatography on charcoal. After being washed with H,O, the column
was eluted with EtOH-H,0-28% aqueous NH, (10:10: 1, v/v) and the
eluate was evaporated in vacuo. The resulting residue was dissolved in a
small amount of MeOH, adjusted to pH 2 with 2~ HCI, and purified by
preparative TLC with MeOH-CHClI, or column chromatography on silica
gel (eluent: MeOH-CHCl,) to give the desired product. An analytical
sample was obtained by treatment with column chromatography on Dowex
50w-x8 (H*) (eluent: EtOH-H,0).

9a: A colorless amorphous solid. IR vKBf em™1: 3440, 3250, 3080, 2950,
2925, 2860, 1640, 1590. 'H-NMR &: 091 (3H, t, J=7.3Hz, CH,),
1.20—1.45 (2H, m, CH,CHj), 1.50—1.75 (2H, m, NCH,CH,), 3.38 (3H,
brs, NCH;), 4.00 (2H, brs, NCH,), 4.67 (1H, d, J=5.1Hz, H-2),
4.95—5.05 (1H, m, H-3"), 6.01 (1H, s, H-1"), 8.23 and 8.33 (1H each, s,
purine H’s).

9b: A colorless amorphous solid. IR vKBr cm™1: 3400, 3090, 2950, 2925,
2850, 1645, 1590. '"H-NMR §: 0.87 (3H, t, J=6.5Hz, CH,), 1.20—1.45
(4H, m, (CH,),CH;), 1.50—1.75 (2H, m, NCH,CH,), 3.38 (3H, brs,
NCHj,), 4.00 (2H, brs, NCH,), 4.67 (1H, d, J=>5.1 Hz, H-2), 4.90—5.05
(1H, m, H-3), 6.01 (1H, s, H-1), 8.23 and 8.32 (1H each, s, purine H’s).

9c: A colorless amorphous solid. IR vKEr cm ™~ 1: 3400, 3250, 3100, 2950,
2925, 2850, 1645, 1590. 'H-NMR §: 0.85 (3H, t, J=6.1 Hz, CH,),
1.18—1.45 (6H, m, (CH,);CH;), 1.50—1.75 2H, m, NCH,CH,), 3.39
(3H, brs, NCHj,), 4.01 (2H, brs, NCH,), 4.68 (1H, d, /=5.1Hz, H-2),
4.95—5.05 (1H, m, H-3), 6.02 (1H, s, H-1'), 8.23 and 8.33 (1H each, s,
purine H’s).

9d: A Colorless amorphous solid. IR vKB: cm~!: 3400, 3080, 2950, 2925,
2850, 1640, 1590. 'H-NMR &: 0.84 (3H, t, J=6.2Hz, CH,), 1.15—1.40
(8H, m, (CH,),CH,), 1.50—1.75 (2H, m, NCH,CH,), 3.38 (3H, brs,
NCH,), 4.01 (2H, brs, NCH,), 4.68 (1H, d, /=5.4Hz, H-2), 4.93—5.08
(1H, m, H-3), 6.02 (1H, s, H-1"), 8.23 and 8.32 (1H each, s, purine H’s).

9e: A colorless amorphous solid. IR v&B cm™1: 3375, 3100, 2920, 2850,
1645, 1590. '"H-NMR 4: 0.84 (3H, t, J=6.3Hz, CHj,), 1.10—1.40 (10H,
m, (CH,);CHj;), 1.50—1.75 (2H, m, NCH,CH,), 3.39 (3H, brs, NCH,),
4.00 (2H, brs, NCH,), 4.68 (1H, d, J=5.1 Hz, H-2)), 4.90—5.08 (1H, m,
H-3), 6.02 (1H, s, H-1"), 8.23 and 8.32 (1H each, s, purine H’s).

9f: A colorless amorphous solid. IR vKBr em~1: 3400, 3100, 3025, 2925,
2850, 1640, 1590. *H-NMR 6: 3.36 (3H, brs, NCH;), 4.69 (1H, d,
J=49Hz, H-2'), 4.92—5.07 (1H, m, H-3), 5.31 (2H, brs, NCH,), 6.04
(1H, s, H-1"), 7.15—7.40 (5H, m, phenyl H’s), 8.29 and 8.35 (1H each, s,
purine H’s).

10a: A colorless amorphous solid. IR vKB cm~1: 3430, 3100, 2950, 2900,
1635, 1600. 'H-NMR §: 0.91 (GH, t, J=73Hz, CH,), 1.19 (3H, t,
J=1.0Hz, CH,), 1.66 (2H, brs, q, J=7.0Hz, CH,CH,), 3.91 (4H, brs,
N(CH,),), 4.64 (1H, d, J=4.7Hz, H-2)), 490—5.05 (1H, m, H-3), 6.01
(1H, s, H-1'), 8.23 and 8.31 (1H each, s, purine H’s).

10b: A colorless amorphous solid. IR vKB: cm ~1: 3400, 3100, 2950, 2925,
2855, 1640, 1585. '"H-NMR 4: 0.92 (3H, t, J=7.3Hz, CH,), 1.19 (3H, t,
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J=6.7Hz, CH;), 1.25—1.45 (2H, m, CH,CH;), 1.55—1.75 (2H, m,
NCH,CH,), 3.93 (4H, brs, N(CH,),), 4.62 (1H, d, J=5.1Hz, H-2),
4.90—5.05 (1H, m, H-3'), 6.01 (1H, s, H-1'), 8.23 and 8.32 (1H each, s,
purine H’s).

10c: A colorless amorphous solid. IR vEBr cm~1: 3400, 3100, 2950, 2920,
2855, 1640, 1585. '"H-NMR §: 0.88 (3H, t, J=4.6Hz, CH,), 1.19 3H, t,
J=6.5Hz, CH,), 1.25—1.45 (4H, m, (CH,),CH,), 1.50—1.75 2H, m,
NCH,CH,), 3.92 (4H, brs, N(CH,),), 4.68 (1H, d, J=5.4Hz, H-2),
4.90—35.08 (1H, m, H—3'), 6.01 (1H, s, H-1"), 8.22 and 8.32 (1H each, s,
purine H’s). .

10d: A colorless amorphous solid. IR vKBf cm™*: 3400, 3100, 2950, 2920,
2850, 1640, 1585. '"H-NMR §: 0.86 (3H, t, J=6.5Hz, CH,), 1.19 (3H, t,
J=68Hz, CH;), 131 (6H, slike, (CH,);CH;), 1.50—1.75 (2H, m,
NCH,CH,), 3.90 (4H, brs, N(CH,),), 4.66 (1H, d, /J=4.6Hz, H-2),
4.90—5.05 (1H, m, H-3'), 6.01 (1H, s, H-1"), 8.23 and 8.31 (iH each,
8, purine H’s). .

10e: A colorless amorphous solid. IR vKEf cm ™~ 1: 3250, 3100, 2950, 2915,
2850, 1635, 1585. '"H-NMR §: 0.70—0.95 (3H, m, CH,), 1.19 (3H, t,
J=6.8Hz, CH;), 1.05—1.45 (8H, m, (CH,),CHj;), 1.50—1.75 (2H, m,
NCH,CH,), 3.92 (4H, brs, N(CH,),), 4.68 (1H, d, J=5.1Hz, H-2),
4.90—5.05 (1H, m, H-3'), 6.01 (1H, s, H-1"), 8.23 and 8.32 (1H each, s,
purine H’s).

10f: A colorless amorphous solid. IR vKEr cm ™ 1: 3440, 3005, 2955, 2905,
1635, 1585. '"H-NMR 4: 1.16 (3H, t, J=6.8 Hz, CH;), 3.91 (2H, brs,
NCH,), 4.68 (1H, d, J=5.1Hz, H-2'), 4.90—5.05 (1H, m, H-3'), 5.24 (2H,
brs, NCH,Ph), 6.03 (1H, s, H-1"), 7.28 (5H, s, phenyl H’s), 8.28 and 8.33
(1H each, s, purine H’s).

11a: A colorless amorphous solid. IR vKEf em ~1: 3250, 3100, 2955, 2935,
2875, 1640, 1590. 'H-NMR 6: 0.89 (3H, t, J=7.3Hz, CH,), 0.91 (3H, t,
J=172Hz, CH,;), 1.20—1.45 (2H, m, CH,CH;), 1.50—1.80 (4H, m,
N(CH,CH,),), 3.90 (4H, brs, N(CH,),), 4.68 (1H, d, J=5.1Hz, H-2),
4.90—5.05 (1H, m, H-3"), 6.01 (1H, s, H-1'), 8.23 and 8.32 (1H each, s,
purine H’s).

11b: A colorless amorphous solid. IR vEBr em ~1: 3250, 3100, 2955, 2935,
2875, 1635, 1585. "H-NMR §: 0.80—0.95 (6H, m, 2 x CH,), 1.20—1.45
(4H, m, (CH,),CHj;), 1.50—1.75 (4H, m, N(CH,CH,),), 3.88 (4H, brs,
N(CH,),), 4.68 (1H, d, J=4.9Hz, H-2'), 4.90—5.05 (1H, m, H-3), 6.01
(1H, s, H-1'), 8.22 and 8.32 (1H each, s, purine H’s).

11e: A colorless amorphous solid. IR vKEf cm ™ *: 3400, 3100, 2960, 2935,
2870, 1640, 1590. "H-NMR &: 0.89 (6H, t, J=7.2Hz, 2 x CH,), 1.29 (6H,
slike, (CH,);CH,), 1.50—1.75 (4H, m, N(CH,CH,),), 3.89 (4H, brs,
N(CH,),), 4.66 (1H, d, J=4.6 Hz, H-2'), 4.90—5.05 (1H, m, H-3"), 6.00
(1H, s, H-1'), 8.22 and 8.32 (1H each, s, purine H’s).

11d: A colorless amorphous solid. IR vEEf cm~1: 3375, 3100, 3005, 2955,
2925, 2850, 1640, 1590. 'H-NMR &: 0.86 (3H, t, J=7.3Hz, CH,),
1.50—1.75 (2H, m, CH,CHj;), 3.86 (2H, brs, NCH,), 4.70 (1H, d,
J=>5.4Hz, H-2'), 490—5.05 (1H, m, H-3), 5.27 (2H, brs, NCH,Ph), 6.03
(1H,s,H-1),7.27 (5H, s, phenyl H’s), 8.27 and 8.35 (1H each, s, purine H’s).

12a: A colorless amorphous solid. IR vEBf cm ™ 1: 3410, 2950, 2930, 2860,
1590. 'H-NMR 6: 0.91 (6H, t, J=7.3Hz, 2xCH,), 1.32 (6H, slike,
CH,CH,;, (CH,),H,), 1.50—1.75 (4H, m, N(CH,CH,),, 3.90 (4H, brs,
N(CH,),), 4.68 (1H, d, J=4.4Hz, H-2'), 4.88—5.05 (1H, m, H-3), 6.01
(1H, s, H-1'), 8.32 and 8.35 (1H each, s, purine H’s).

12b: A colorless amorphous solid. IR v&Ef cm = 1: 3425, 2950, 2930, 2855,
1590. '"H-NMR 4 0.75—1.00 (3H, m, CH,), 0.91 (3H, t, J=7.0 Hz, CH,),
1.30 (8H, s like, CH,CH3, (CH,);CHj), 1.50—1.75 (4H, m, N(CH,CH,),),
3.89 (4H, brs, N(CH,),), 4.68 (1H, d, J=5.4Hz, H-2'), 4.90—5.05 (1H,
m, H-3'), 6.00 (1H, s, H-1'), 8.21 and 8.31 (1H each, s, purine H’s).

12c: A colorless amorphous solid. IR vK3t cm ™ 1: 3400, 3100, 3005, 2950,
2920, 2850, 1635, 1585. 'H-NMR &: 0.87 (3H, t, J=7.1Hz, CH,),
1.17—1.42 2H, m, CH,CH), 1.48—1.72 (2H, m, NCH,CHC,), 3.90 (2H,
brs, NCH,), 4.70 (1H, d, J=5.1 Hz, H-2'), 4.90—5.03 (1H, m, H-3"), 5.27
(2H, brs, NCH,Ph), 6.03 (1H, s, H-1"), 7.26 (5H, s, phenyl H’s), 8.26 and
8.34 (1H each, s, purine H’s).

Biological Activity Male albino guinea pigs weighing 320—680 g were
stunned by a blow on the head. The hearts were rapidly removed and the
right atria and the papillary muscle of the right ventricle dissected out
in cold bathing solution, and were supended individually in 8 ml organ
baths for recording isometric contractions. The bathing solutions was
Krebs—Henseleit’s solution (32+0.1 °C) containing, NaCl 118 (mm); KCl
4.7; CaCl, 2.5; NaHCO, 25; MgSO, 1.2; KH,PO, 1.2: glucose 11 and was
continuously bubbled with 95% O, + 5% CO,. The initial tensions of 0.5
and 0.25g were applied to the atria and papillary muscle preparations,
respectively.. After 30 min, the optimal resting tension was determined and
maintained thereafter. The right atrium was allowed to beat spontaneously
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and the papillary muscle was stimulated by square wave pulses of 1ms
duration at a frequency of 1Hz, and at voltages of about 50% above the
threshold supplied by a square-wave pulse stimulator (Nihon Kohden
MSE-3) via a pair of silver-plated electrodes between which the
preparations were placed. The isometric contraction was measured by a
force-displacement transducer (Tokyo Baldwin T7-30-240) connected to
a carrier-amplifier (Nihon Kohden RP-5) and the heart rate was counted
by a cardiotachometer (Nihen Kohden RT-5). All the measurements were
recorded on a thermostylus recorder (Watanabe Sokki Linear Corder Mark
V). An equilibration period of 60min was allowed before starting the
experiments. Because of the low solubility of cAMP derivatives, they were
dissolved in Krebs—Henseleit’s solution and applied to the preparation by
replacing less than 1.2ml of the bathing solution. The inotropic and
chronotropic effects of cAMP derivatives were expressed as percent change
from the maximum response evoked by 1077M isoproterenol in each
preparation.
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