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AssTRicT.-The new *Y-methylnucleoside named doridosine, isolated from the  
shell-less marine dorid nudibranch Anzsodorzs nobilzs, has  been identified as  l-methyl- 
isoguanosine (1) by i t s  spectral properties and by synthesis via methylation of iso- 
guanosine. Doridosine has  been shown t o  be identical t o  the nucleoside isolated 
from the rlustralian sponge Tednnia dzgzteta by Quinn, Gregson, Cook and Bart le t t .  
They  have also proven their product t o  be 1-methylisoguanosine. Doridosine was 
shown to cause prolonged reduced arterial pressure and reduced heart ra te  in the ra t .  
The action is qualitatively similar to  tha t  of adenosine but of much greater duration, 
possibly because doridosine is resistant t o  a t tack  by adenosine deaminase. 

Based on the hypothesis that  shell-less marine mollusks, specifically dorid 
nudibranchs, might contain a toxic substance or substances that protects them 
from predators, Fuhrman, Fuhrman and DeRiemer (1) prepared various tissue 
extracts of specimens that were collected along the Monterey Coast of California. 
Aqueous extracts of these were subjected to a preliminary purification by dialysis 
followed by lyophilization of the dialysate. The crude concentrates were then 
screened for general toxicity by injection into mice and crabs. Toxic extracts 
u-ere studied in more detail in several standard pharmacological preparations. 
From these studies, it emerged that  extracts of the digestive glands of Anisodoris 
nobilis  had the unusual property, among extracts from marine animals ( 2 ) ,  of 
producing hypotension and bradycardia in mammals within a few seconds of 
intravenous injection in anesthetized rats. These extracts caused a marked and 
prolonged reduction in heart rate and a sharp drop in systolic blood pressure. 
The activity of the extracts could be followed conveniently by testing on the 
isolated, spontaneously beating, guinea pig atria (1). 

In  a preliminary communication ( 3 ) ,  n-e reported that the cardioactive 
component of the digestive gland of Anisodoris izobilis is a new S-methylpurine 
riboside that we named doridosine. Doridosine was tentatively assigned the 
structure of I-methylisoguanosine (1) based on its spectroscopic properties. 

Quinn, Gregson, Cook, and Bartlett a t  the Roche Institute of Marine Phar- 
macology, Dee Why. &'. S. W. =iuqtralia, have recently reported the isolation of a 
compound with similar properties from the sponge Tedania digitata (4, 5 ) .  These 
workers have positively established the structure of their product as l-methyl- 
isoguanosine (1) by spectroscopic methods, degradation, and synthesis. We have 
n o v  exchanged samples u-ith the Australian group and verified that these products 
from the tu-o very different sources. the nudibranch from California and the 
sponge from dustralia, are indeed identical. 

The function and origin of this compound in these marine organisms is unknom-n. 
It is known that dorid nudibranchs feed principally on sponges (6, i ) ,  but our 
preliminary studies have failed to detect any doridosine in several food sources of 
.A itisodoris nobilis. 
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Doridosine causes reduced arterial pressure and reduced heart rate in mamnials 
in a manner that is qualitativel\- similar to  adenosine but \\.it11 an  unu.suall\- long 
duration of action (1.  3,  F;. 9). I t  al.qo   lion-s keletal  muscle relaxant arid liypo- 
t le imic activity (&. 9). The duration of action may be explained b\. the ob.serva- 
tion that doi,idosine intemcts directly \\-it11 adenoine receptoi,s (21)  and that it ii: 

tarit to destruction by tlie enzyme adeimsine deaminase ( 3 .  9). 
t is the purpose of this paper to describe the spectral and chemical properties 

of doridosine in detail and give tlie baii.s for the structuixl :wigiiment :I.- 1 -methyl- 
iroguaiiosiiie 1. and provide further infoimation concerning the pliarnincology 
of t1ii.s compound. 

of the active coniponent 
of extracts of .-liiisoti'oris iiobilis \vas guided by bi - on the i.-olatecl guinea 
pig atria. Both cruc!e and highly purified fraction eaied the rate and force 
of contraction. The-e effects were dependent upon the  do;e. The negative 
inotropic action \vas less variable than tlie negative chronotropic action and \va5 
u-ed In early > t a g *  of purificntion. we used a log 
do.-e-respon,se graph con~tructed from multiple doses of a .single active extract. 
-After crystallization of dorido,.ine. such a graph \\.a> con>tructed from experiments 
with the purified compound (figure 1).  The concentration required to decrease 
the force of contraction by 3OC, is 1.4 s 10-311. 

CHEMICAL 1 ~ ~ ~ ~ 1 ~ 1 ~ . ~ ~ r o s . - C 1 i e n i i c a l  purification of the active component 
of the lyophilized crude aqueous extracts of -4 Iiisodoris iiobilis \vas accomplished 
a,. de .mited in the experimental section b!- repeated gel-permeation chroniatog- 
r:iphy on Bio-Gel I)-? folloived by chromatography and re-cliioniatograpli\- on  
.silica gel \\.it11 t-butyl alcoliol, etli\.l acetate. \vater. acetic acid (4(1:10:?:1) :I> t1 
eluting -olvent. Thi. gave five di-tinct components: only the last and mo 
nhundmt component to  be eluted -lio\ved ,.ignificant activity in tlie guinea pig 
atria :\--:\y. The active coniponent iva$ crystallized from methyl alcohol kind 
\\-:iter. I t  \\.a,- \va-lied tlvice \\.it11 n inial1 amount of pure acetic acid to remove a 
nioi'e -olulile impurity : and i,eci,\-..tnllizatioii from water. acetic acid, and 
met linnol \-ielded a highly purified niiit erial. The yield of doridoqine \\-a? about 
0.(Qc; 1x1-ed on the v e t  \\.eight of the digestive gland>. The digestive gland. in 
turn. \va. about {(IC; of the \vet \\eight of the whole nnini:d. The other ininor 
ci~nip~iiient- \\-ere not inr-e.-tigated becnu,-e of their .small aniouiit :ind tlieii, lucl; 
of *u b- t ~i 11 t i d  act i\-i t y . 

the criterion of activity. 
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FIG. 1. Concentration-response relationship showing the effect of Doridosine (l-methyl- 
isoguanosine) on the force of contraction of the isolated, spontaneously beating 
guinea pig atria. The mean and 
standard deviation are s h o m .  

Each point represents 4 to  12 experiments. 

High resolution mass spectrometry established the parent ion of doridosine 
as 29i.10'75 m e corresponding to a molecular formula of C11HliX\Tj05. The base 
peak \vas at  1G5.CB51 m,'e corresponding to a formula for this major fragment of 
C6H;S;O. This latter formula agrees with that of a methylated purine nucleus 
of guanine or isoguanine CGH;&O, i.e., structures 2 or 3 plus a methyl group. 
Thus this mass spectrum can be interpreted as that of a methyl nucleoside in 
which the major fragmentation is between the methylated purine nucleus and 
the pentose moiety. Coupled gas cliromatogiaph?.-mass spectrometry of tri- 
methylsilylated doridosine clearly showed the introduction of five trimethylsilyl 
groups (m e = 65'7) with tn-o on the purine nucleus (m  ' e =  338) and, therefore, 
three on the carbohydrate moiety. There was some incomplete trimethylsilylation 
indicating one difficulty replaceable active hydrogen. 

0 N 

CSH904 

2.  guanosine skeleton 

2a l -Ne  
h S2-l\Ie 
c 3-AIe 
d _Ofi-lIe 
e (-Me 

CgHg04 

3. isoguanosine skeleton 

3a 1-hle 
h 02-hle  
c 3-Me 
d S 6 - l l e  
e i-?\Ie 

Doridosine. therefore, has four readily replaceable hydrogens and a fifth that 
is more difficult to substitute. The mass spectrum of doridosine has the same 
parent ion and base peaks a,< S'-metli\-lguanosine, 2b (10) but differs in other 
detail.?:. The ultraviolet, long vxvelength, absorption band of doridosirie a t  p H  



MAR-APR 19811 K I Y  ET AL.  : D O R I D O S I S E  FROM d S I S O D O R I S  S O B I L I S  209 

6.5 [X max, ( E )  292 nm (8.500) ] undergoes a bathochromic shift when the solution 
is made either acidic [pH 1.5, X max ( E )  282 (9000) ] or basic [pH 12, X max ( E )  

286 nm (7.500) 1. Similar behavior is observed for isoguanosine (11, 12); only 
S6-methylisoguanosine (13) seems to be reported to show this pattern. 

A direct comparison of the uv spectra of doridosine and an authentic sample 
of S6-methylisoguanosine, 3d, (13) showed that they are not the same. Further- 
more, the proton nmr of S6-methylisoguanosine is not identical to  that of dori- 
dosine. The decomposition point of doridosine, depending on the rate of heating, 
is 260-26.5', that  for S6-methylisoguanosine is 210', while that  of a mixture of 
the tu-o is 220-230'. 

The proton and carbon-13 nmr spectra of doridosine in both D20-CD&OOD 
and DXSO-d, solvents are shown in table 1. The carbon-13 nmr spectrum of 

TABLE 1. Comparison of C-13 and proton nrnr chemical shifts8 of doridosine, 
guanosine,b isoguanosine, S6-methvlisoguanosine and ara  A.c 

61 I io 
61 8 , 71 5 

63 3 I i2 9 
I 

61 0 75 1 
60 95 1 79 i 5  

I 

Sucleoside 

i4 

74 5 

76  1 

i 6  0 
71 65 

'JC 
Doridosinea 

DMSO-ds . . . 
CDYCOOD-D~O.  . 

Guanosine'. b 

DXI30-ds 
C D C O O  D-DzO 

Isoguanosinea 
CDCOOD-D?O . . .  

S6-11 risoguanosinea 
C D3COOD-DzO 

ara-.le 
DMISO-db.. 
DpOc . . .  

" 
Doridosinea 

DUSO-ds . . . . . 
C DCOOD-D20 

Guanosines, b 

DMSO-da . . .  . . 

CD~COOD-DZO. .  . . 

CDCOOD-DzO..  . 
Isoguanosinea 

S6-Mle-isoguanosines 

CDCOOD-DzO 

S-CHJ 

30 17 
32 8 

32 8 

3 65 
3 50 

66 06 
56 0 

56 4 
86 0 

66 6 

88 1 

80 1 
85 25 

4 33 
4 29 

3 8 i  
1-0 

1 3 8 6 1  4 6 6  

1 3 90 1 4 49 , 4 364[4 32 

1 - 
3 15 3 88 4 52 1 4 28 

I 

I - ~ 

c11 
~ 

Si 69 
58 9 

57 3 
90 6 

90 3 

91 5 

61 1 
89 2 

5 99 
5 87 

5 69 

6 03 

5 90 

5.88 

c5 1 C8 

108 92 
110 0 

137 92 
139 0 

117 6 136 9 
121 9 

109-10' 

112-14. 

116 4 
118 9 

136 4 

136 0 

138 6 

110 6 
112 85 

6 11 
8 0 0  

7 92 

9 10 

6 05 

8 02 

I51 45 
142 0 

L5i 8 
155 6 

146 0 

141 2 

I54 3 
I t 0  3 

51  98 
150 0 

152 4 
149 6d 

152 4 

152 4 

14'3 7 
145 0 

153 6 i  
152 0 

154 6 
154 8 d  

152 6 

154 6 

152 8 
148 0 

STaken on Yarian XL-100 S M R  instrument; c f .  esperimental. chemical shifts, 6, in ppm downfield from ThlS. 
bSee: .I. B. Strothers, "Carbon-I3 S M R  Spectroscopy" .icademic Press, S.T.-London. 1'272, p. 472. 
cara-A, B-D-arabinofuranosF1adenosine. 
Comm., 51, 318 (1973); in D20, see: E. Breitmaier and W. Ycelter, Tetrahedron, 29, 2 2 i  (1973). 
d-iseignments are not certain, C-2 and C-4 could be reversed. 
eSignals neither prominent nor sharp. 

In DMSO-ds, see: E. Kenkeii and E. W. Hagaman, Biochem. Biophys. Res. 

doridosine is typical of a purine nucleoside (14). The signal a t  139 ppm in the 
carbon-13 nmr spectrum, corresponding to C-8 in the nucleoside, is a doublet 
in the non-decoupled spectrum, confirming the proton substitution at  C-8 in 
the purine ring of doridosine. Therefore, n-e need not consider an oxygen or 
nitrogen substituent at C-8. The C-13 signal a t  30.17 pprn (DMSO-ds solvent) 
is a quartet in the undecoupled spectrum and, therefore, corresponds to the 
methyl group. For comparison, the published chemical shifts (14) for the S- 
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methyl proton signals (DAISO-de solvent) for the known methyl guanosines and 
isoguanosines (2-oxyadenosines) are as follows : 1-methylguanosine, 2a, 3.40 
ppm; K2-methylguanosine, 2b, 2.95 ppm; i-methylguanosine, 2e, 4.1 ppm; N6- 
methylisoguanosine, 3d, 3.15 ppm. Doridosine with S - M e  3.65 ppm cannot be 
one of these known S-methylguanosines or S-methylisoguanosine nucleosides. 
The unknown methylguanosines, 2, and isoguanosines, 3, that  have ?tot been 
reported and which are doridosine candidates are : S'-methyl- (3a) S3-methyl- 
(3c) and -\-'-methyl- (3e) isoguanosines, and 3-methylguanosine (2c) .  

When we consider the proton and C-13 nmr signals assignable to the sugar 
moiety in doridosine, we find a near perfect correspondence between those observed 
in doridosine and those for the p-D-riboside moiety of guanosine and isoguanosine 
(cf. table 1). The chemical shifts are distinctly different from those seen in an 
arabino nucleoside, such as ara-A [/%D-arabinofuranosy1) adenine (15) 1. The 
assignments based on this correspondence are as given in table 1. Furthermore 
the optical rotation of doridosine is [~1]*~D-66.2~ (C =0.42g liter, 1 leOH) (16) 
very close to that of guanosine, [ C Y ] * ~ D - ~ O . ~ ~  (C = 3, 0 . 1 s  NaOH), with the known 
p-D-ribose moiety. Thus, although it is not unequivocally proven, we believe 
we can safely conclude that the sugar moiety in doridosine has the P-D-ribose 
configuration. Assuming the 6-D-ribosyl sugar moiety in doridosine and knowing 
that  the nmr spectra of the sugar moiety is essentially unperturbed from that  in 
guanosine and isoguanosine in Ti-hich there is no substituent on the proximate N3 
ring nitrogen, (as is evident in the nmr spectrum of 3-methylguanosine (17) ), 
we can conclude that doridositze is unsubstituted at 

Doridosine did not co-chromatograph on two dimensional thin layer chroma- 
tography with any of the cDmmon methyl-nucleosides encountered in transfer 
D S A  research including 1-methylguanosine (m'G, 2a), S2-methylguanosine 
(m*G, 2c),  and Si-methylguanosine (m'G, 2e). The other possible S-methyl- 
guanosine, 3-methylguanosine (ni3G. 2c) ,  is apparently unreported; but it can 
be ruled out based on chemical stability and nmr spectrum, ( v ida  iizjru). 

Our evidence indicates that  doridosine is either a N-methylguanosine or S- 
methylisoguanosine. By direct comparison, doridosine has been shown not to 
be 1-methyl-, S2-methyl or i-methylguanosine or S6-methylisoguanosine. Both 
3-methylguanosine and 3-methylisoguanosine can be eliminated because of the 
nmr evidence just presented and because of the reported eaqe of acid or base 
catalyzed hydrolysis of 3-methyladenosine (1 7) and 3-methylguanine derivatives 
(18) that contrasts markedly with the high stability of doridosine under both 
acid and basic conditions. Furthermore. i-methylguanosine (an internal salt) 
is very sensitive to basic conditions. One can only conclude that 7-methyl- 
isoguanosine m-ould also be unstable to basic conditions and, therefore, incom- 
patible with the doridosine structure. Thus, the remaining reasonable structural 
candidate for dorisodine is the previously unreported 1-methylisoguanosine 1. 

SrsTHESIS.--Although all the above evidence points to 1-methylisoguanosine 
as the structure for doridosine, the evidence is exclusive and not conclusive. The 
limited quantity of material precluded extensive degradation studies; therefore, 
we undertook the synthesis of I-methylisoguanosine. Because of the direct 
one-step process, we chose to attempt the synthesis of 1-methylisoguanosine by 
direct methylation of isoguanosine, 4, which is obtainable commercially. in spite 
of the fact that it would not provide absolute proof of the position of methylation. 
The conditions chosen were the same as those which convert adenosine to 1- 
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nietli\.ladeno>ine (20). -1 1ieterogeneou.q mixture of isoguanosine, methyl iodide, 
and dirnethylformamide \\-as allo\\-ed to react at room temperature for about one 
day. -I> the reaction proceeded, the mixture became 1ioniogeneou.q;. and the 
ciude product. obtained as descrited in the experimental section. \vis obtained 
in about Socl;,  yield. It.+ proton nmr .spectrum \\-as indistinguishable from that of 
doi,idosine \\-it11 tlie exception of >ome down-field .signals indicating inipuritie.s;. 
Thi> crude product \\.as purified by thin layer chromatography followed by 

tnllization to give a purified product \\-liich slio\\-ed mass spectra. proton nmr 
spectra. C-13 nmr spectra: and optical rotation iiidistingui.liable from n:itural 
dorid 1win :.' e. 

NH 

DFIF 

2 5 "  

+ CH31 

H O A N  N 

OH OH 
OH OH 

4 1 

This syntke-is proves tlie purine nuc1eu.q in doridosine is isoguanosine, and 
t l e  icgnr moiety is $-n-ribonyl, i.e.. the parent nucleo.de is i.5oguanosine. How- 
ever. tl:e po.-ition of methylation is not established unambiguously by this method 
of ?yntle..is. Since we have eliniinated tlie .Y6-metliylisoguanosine structure by 
dii,ect coniparkon. arid since botli 3-methyl- and T-nietli>-l- isoguanosine 
are liighlj. unlil<el>- hecause of predicted chemical instability in basic solution. 
and tecauie of the spectral evidence. ]\-e consider this proof of structure satisfactory 
altl~ougli not aholu te .  

Xdditional re.search on a n  unequivocal structural proof became unneces.qary 
\\-it11 the publication of tlie work by Quiiin. Greg.qon. Cool; arid Bartlett on  the 
isolation of 1-nietliyli>oguaiio.siiie from tlie -4u.qtralian .sponge Tetiuuiu i i ig i ta ta .  
They proved tlie .structure of their product via degradation (4) and unequivocal 
5yntl;e.i.s ( 5 ) :  tlii; lias been follo\\-etl b?. the p~oof  of identit>- of their rumple and 
oui'i I)>- direct conip? ' 1'1SOli. ' 

com1;iiie with tlie .same receptor (21)  in guinea pig inte.-tinal .niootii muscle. 
The .luqtr:ilinn group reached the .same conclusion uiing guinea pig brain 19). 
-1deno-iiie hn r  ni:iny action. in m:ininiaL and in various cell and organ preparations 
( 2 2 .  2 3 1 .  The principnl diflerence in the action of ndenoqine and doridoiine is 
tlie \-el.!- long duration of action of the lntter. This i,. readily explained. _Idem- 
.cine i -  denniiiinted b\. Iideiin,-ine t1e:imiii:we to inct~ine, \\-liicli i. prncticnll>- without 
piini.m:tcologic:11 act ivit J., Doridosine. on the ot he], 1i:md. i.- re.ist :ant to deaniina- 

~'H.~R\I.i(.OLOGIC.IL PROPERTIES.-~~7e foulid that adenosine and dorido:ine 
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tion by this enzyme ( 3 ,  9). It is not yet known whether doridosine shares all 
the pharmacological actions of adenosine. Thus far, doridosine has been shown 
to produce muscular relaxation, hypothermia, arterial hypotension and bradycardia 
in mammals ( 3 ,  8) and to stimulate adenylate cyclase in guinea pig brain slices (9). 

We will consider here only some aspects of the action of doridosine on the 
cardiovascular system. The hypotension and bradycardia produced by intra- 
venous injection of doridosine into anesthetized rats ( 3 )  also occurs in vagotomized 
rats after administration of atropine. Thus, the bradycardia is not reflex or 
medullary in origin. Doridosine, 1 x l O - W ,  had no effect on the contraction of 
rat hemidiaphragm in titre stimulated zia the phrenic nerve. Consequently 
doridosine does not affect conduction in nerve axons or neuromuscular transmission 
in skeletal muscle. 

The negative inotropic effect of adenosine on atrial muscle has been described 
by several investigators (24, 25). In  ventricular muscle, adenosine inhibits the 
positive inotropic action of isoproterenol but has little effect in its absence (26). 
Clearly, doridosine reduces the force of contraction of the atria (fig. I),  and n-e 
also found that 1 x 10-4M doridosine has no effect on the force of contraction of 
electrically driven strips of guinea pig ventricle. It is thus clear that  the site 
of action of doridosine is on the atria. 

- 
Without Theophylline. . . . . . . . . . . .  
Theophylline 10 pm/l . .  . . . . . . . . . . .  
Theophylline 100 p m / l , ,  . . . . . . . . . .  

TABLE 2. Antagonism of doriodsine by theophylline. 

Force of contraction as  percent 
of control" 

Doridosine m/l 

I 5 x  10-6 1 2 x  10-5 

65*16 (10)b 45.2*? (6) 
83 (5) 64 (0) 
95 (2) 82 (4) 

aForce of contraction of isolated spontaneously bearing guinea pig 

bFigures in parentheses are numbers of determinations. 
a t r ia  expressed as percent of control. 

Evidence that  doridosine and adenosine bind to  the same receptor is derived 
not only from the similarities of their actions in various tissues and isolated 
preparations, but also from the fact that  the action of doridosine is blocked by 
theophylline, a known blocker of adenosine receptors (27). Baird-Lambert et al. 
(8) found that the hypothermic and muscle relaxant effects of doridosine were 
antagonized by theophylline. Davies et al. (9) showed that theophylline antagon- 
ized the stimulation of adenylate cyclase by both adenosine and doridosine. We 
found tha t  theophylline also antagonized the negative inotropic effect of doridosine 
on guinea pig atria (table 2 ) .  The antagonism of the action of doridosine (and 
adenosine) by theophylline in these varied systems is added evidence for its action 
on the same receptor as adenosine. 
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EXPEKIILESTLILi 
IsoL.~rros.-Specimens of .4nisodoris nobilis  weighing from 2 to  300 g were collected from 

Monterey Bay near the Hopkins Marine Station of Stanford University in the late spring of 
1978. The  frozen digestive glands, 128 g, from approximately 1 kg  uf whole animals were ground 
and dialyzed (Spectropor 51 tubing: 6300-6OOO molecular weight cut off) at 5' against distilled 
water changed 5-8 times. The  water from the dialysates %-as removed under vacuum and 
residue treated with methanol. An insoluble portion was discarded and the soluble portion 
evaporated to  dryness and subjected to  exclusion chromatography in 3 batches by  water 
elution on a 2 x 27 em Bio-Gel P2 (Polyacrylamide resin Bio-Rad Laboratories with useful 
molecular weight limit below 1800). Fractions were tested for activity against t he  isolated 
spontaneously beating guinea pig a t r ia  as described under pharmacological methods. The  
active fractions which were eluted after two times the  void volume (50 ml) were combined, 
filtered, and lyophilized to  give 6.26 g of a st icky solid. This material was treated with 
methanol; 1.3 g of a tan  solid which was inactive did not dissolve. The  solution was evaporated 
to  dryness to  give 4.9 g of material which constituted the  crude start ing material for sub- 
sequent studies. 

Thin layer chromatography (tlc) of this crude material was studied on several different 
supports (alumina, silica gel, reverse phase KC18, and cellulose) and in various solvent systems. 
Silica gel with the  solvent mixture t-butanol-ethyl acetate-water-acetic acid (40:20:2:1) gave 
the best resolution. Five components (.A, B1,. BP, C and D) with Rf values of 0.20, 0.40, 0.13, 
0.56 and 0.78 were observed. The  slowest moving component (Rf 0.20) was also the  most abund- 
ant and active in the  guinea pig atria assay. l h e  first crystalline material was obtained by  
preparative t lc.  after which the  bulk of the  4.9 g of residue %-as subjected to  column chroma- 
tography on silica gel (Wohlm, 0.03-0.06 mm particle size, 2 . 2  x 22 em column) with the  same 
solvent s>-stem. Alpproximately GO 20-ml fractions were collected. Each was tested by tlc, 
and fractions were combined accordingly: component D was found mainly from 90-130 ml, 
C from 130-190 ml,  BP  f r o n  190410 ml, Bl from 410-665 ml, and .4 from 665-1045 ml. 

The  residues from the active fractions (665-1045 ml) n-ere combined and crystallized several 
times, first from t-butanol-methanol-water, then methanol-water and methanol-water-acetic 
acid to  give 34 mg  of doridosine. To remove persistent impurity the material was washed with 
CD,COOI) (0.25 and 0.10 ml) ;  the  purified product was used for the  proton nmr in CDaCOOD: 
D 2 0  solvent. Lyophilization of this material gave 28 mg, mp 260-263" [ a ] D P o  -66.2" (c=0.42 g/ 
100 ml, CHIOH) : uv, h m a s  ( e )  at pH G.5> 292 18,500), 248 (6,500) : at p H  12,286 (7 ,500) ,  254 (6,000,; 
a t  p H  1.5, 282 (9000). The  high resolution mass spectrum showed the  parent ion) peak a t  
297.1076 v i ' e  (calculated for CllHijSjOj is 297.1073); the  base peak at  166.0652 m;e (calcu- 
lated for C 6 H i S i 0 ,  purine base + H is 165.0650); and a major peak a t  194.0676 m / e  (calculated 
for C7HsSjOP,  purine base + C H t 0 ,  194.0678). Trimethylsilyation of this sample according 
t o  the  report of IIcCloskey and coworkers 128) with (S,O-bistrimethylsily1)-trifluoroacetamide: 
trimethylsilyl chloride (BSTFA IT l ICS)  reagent followed by  gc-ms gave the  parent ion peak 
a t  657 ni ' e  (nucleoside + 5 TllSI, significant peaks a t  585 d e  inucleoside + 4 TMS),  642 m,'e 
(nucleoside-CH3-5 TMS) ,  338 nz, e (purine base + 2 TMS) ,  294 (purine base-CH3+2 T a l s j .  
From these results, we conclude tha t  two trimethylsilyl (TUS) groups were introduced into 
the  purine moiety and three in the  carbohydrate moiety. 

To obtain the  infrared spectrum, the  sample was dissolved in KBr-H,O, lyophilized acd  
pressed into a K B r  window: significant bands were observed a t :  3430 (broad, OH), ca 3100 
(broad shoulder, S H ) ,  2975 (shoulder, CH) ,  2935 (strong, CH) ,  2850 (medium, CH) ,  1690, 
1634, 1576 em-' i C = O  and C = S ) .  

METHYLATIOS OF ISOGL-ASOSISE.--;I mixture of isoguanosine, (Vega Biochemicals) 4, 55 
mg, and methyl iodide, 56 pl, in dimethylformamide, 700 ~ 1 ,  was stirred in a closed system under 
nitrogen a t  25' for 29 hrs. The  initial heterogeneous mixture slowly became homogeneous; 
a small amount of insoluble material  was removed by centrifugation. Acetone, 5 ml, and 
anhydrous ether,  4 ml, were added t o  the  supernate; an immediate precipitate formed. The  
mixture was stored at  4" overnight and centrifuged: the  solid was separated and dried, (+9 
mg) .  This solid was dissolved in water-methanol, the  pH adjusted to  8 with 10% ammonia 
solution and the solution lvophilized. The  residue was twice exchanged with 99.995 D20  
and then lyophilized each "time, and i t s  nmr taken in CD3COOD+D,O. The  proton nmr 

'The nuclear magnetic resonance (nnir) spectra were taken on a Tarian XL-100 instru- 
ment.  The  
spectra with solvents used are recorded in table 1. When D20 solvent was used the  samples 
were ty ice  equilibrated with 99 .75  D20 then lyophilized each time before being dissolved in 
''100C;' DPO for the  spectral determination. The  high resolution mass spectra &-ere taken 
on a CEC 110 instrument with direct heated inlet: the GC-11s of the trimethylsilyl derivatives 
(28) were taken on an L K B  90oO iswedish) instrument. The  ultraviolet spectra %-ere deter- 
mined on a Cary 11-14 spectrophotometer: the optical rotations were determined on a Rudolph 
.4utopol I1 polarimeter which measures to  0.001": the infrared spectra were taken on a Sico le t  
7199 Fourier transform I R  instrument. 

A 1.7 mm capillary was used with microprobe attachment for carbon-13 spectra.  
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perfectly duplicated all the  peaks in doridosine except for three additional downfield signals 
a t t r ibuted t o  impurities. Several recrystallizations from methanol gave material indistin- 
guishable from doridosine. 

Methylation of isoguanosine with methyl p-toluene-sulfonate and powdered potassium 
carbonate suspended in dimethylacetamide a t  80" for 0.5 h r  also gave doridosine, but the  
separation from the reagent proved more difficult. 

PH.IRMACOLOGIC.AL nlETHoDs.-Isolated guinea pig a t r ia  were suspended in Krebs bicar- 
bonate-Ringer solution (29) equilibrated with 5% C02-95% 02 a t  30" in a 10 ml ba th .  Con- 
traction was recorded on a Grass model 5 polygraph with a Grass model 5P1 preamplifier and 
FT.03 force transducer. Force, or ra te  after addition of doridosine, is expressed as  a per- 
cent of the force or ra te  immediately before addition t o  the ba th  (Percent of Control). 

For cardiovascular experiments on animals, very large (600 g) Long-Evans ra t s  were 
anesthetized with sodium pentobarbital and the arterial pressure recorded in the conventional 
way from a cannula in one carotid a r te ry  with a S ta tham model P 23AC transducer. The  r a t  
phrenic nerve diaphragm preparation n-as tha t  described b y  Bulbring (30). 
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