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Abstract-8,S’-Aminimino bridging in the guanosine series using 5’-0-tosyl (1) and 5’-0-mesyl derivatives 
(2) of 2~~~~-~-isopropylidene-8-bromoguanosine (5) and hydrazine gave N2.5’-cyclized product 3 and the 
N5.5’-cyclonucleoside of 4-carboxyhydrazido-5-amino-2-bromoimidazole 4. To exclude the X3,5’- 
cycliration through ionization in the base moiety, a ,“t”-dimethylaminomethylidene-h”-methoxymethyicne 
derivative 7 was synthesized from 5 through the N2-protected compound 6. 7 was converted into the 5’- 
dimcthyLaminomethylidene-~‘-methoxymethylene-5’-O-mesyl anafogue 8, which with hydrazine yielded 
first the K’-deprotected form of8 (9). 8or 9 with hydrazine under forcing conditions gave an 8,5’-aminimino” 
N’-methoxymethyleneguanosine derivative IO. Oxidation of 10 with sodium metaperiodate or sodium 

nitrite yielded 8.5’~imino-N’-methoxymethyfeneguanosine (lla) and ti,5’-imino-.~1-methox~meth~lene- 
xanthosine derivative 1 lb, respectively. 1 la #as deprotected to ~,S’-imino-~~I-metboxymcthylcneguanosinc 
12. 

We have recently described’ the first synthesis of some 
purine 8.5’~imino cyclonucleosides (Scheme I. iiia-d) 
through an 8,5’-aminimino bridged adenosine de- 
rivative ii as key intermediate and noted possible 
biological implications. In this case, 8,5’-aminimino 
bridging was achieved with a remarkably high yield by 
reacting hydrazine as a very strong nucleophile with 
2’,3’-0-isopropylidcne-S’-O-tosyl-8-bromoadenosine 
i. Since functionalization at C2 in ii and/or iii for 
further transformations seemed to be intrinsically 
difficult, we chose to extend the same cyclization to 
guanosine derivatives, the bifunctional pyrimidine 
part of which was expected to allow further 
derivatization. 

Although with 2’,3’-0-isopropylidene-5’-0-tosyl-8- 
hromoguanosine I as starling material a very facile 
intramolecular cyclization prior to its isolation is 
described,‘” we succeeded in its synthesis in a sufficient 
yield by low temperature tosylation of 2’,3’-O- 
isopropylidene-8-bromoguanosine (5) (Scheme 4). 
While in the synthesis of ii from i as large as 44 fold 
excess hydrazine was used,’ the first experiment with 1 
was tried using a smaller quantity (20 fold excess) of 

hydrazine to exclude the hydrazinolysis of the lactam 
group in the base moiety. After 5.5 h reaction at room 
temperature, a high yield of a crystalline product was 
isolated. This compound contained bromine and 
indicated no IR absorption of a covalent sulfonate 
bond (1 lSOcm_ ‘) displayed by the starting material. 
In the ‘H-NMR spectrum, a large geminal coupling 
constant (14Hz) for the 5’-methylene was observed 
and hence considered to be a cyclonuclcoside. This 
compound was finally compared spectroscopically 
and shown to be identical with known 2’.3’-O- 
isopropylidene-S’,~3-cyclo-8-bromoguanosine (3).‘” 
Since we noted less polar minor products in this 
reaction and further the bulky 5’-0-tosyl group 
seemed to have accelerated the intramolecular 
cyclization,2” another longer-time reaction aiming at 
the isolation of the minor components was carried out. 
utilizing this time 2’,3’-0-isopropylidenc-.5’-O-mcsyl- 
8-bromoguanosinc 2.2” TLC analysis at an early stage 
of the reaction (after several hours) showed the same 
product distribution with the former reaction of 1. the 
rapid formation of 3 being observed. After 67 h, a 
faster-running component was barely isolated and 
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characterized as M ‘,5’-anhydra-.\’ 1-(2’,3’-O-isopro- 
pylidene-~-D-ribofuranosyl)-4-carhoxyhydra7ido-5- 

accelerated the intramolecular cyclization. On the 

amino-3-bromoiniid~~7olc4.4 absorbsat 277 nm which 
basis of these considerations a few semi-quantitative 

coincides with the absorptions of some Xi-furanose 
cyclization (quaternization) expcrimcnls were carried 

derivatives’.’ 
out. making use of the area intensities of ‘J-I-NMR 

of S-aminoimidazole-4-carboxamidc. 
‘This compound appeared to be unstahlc probably due 

signals shown by the mcsyl groups in 2 and 2’,3’- 

to air-oxidation and accordingly it was mostly isolated 
0-isopropyiidcne-5’-O-meRyl-X-bromoadenosinc (2’) 

as an acetone hydrazonc4’. Thiscompound must have 
as well as those of the non-covalent mesyl anions after 

formed from 3 as judged by TLC during the reaction 
heating these samples (see experimental section). 

and also from a separate cvpcriment using 3 and 
Although Holmes and Robins” isolated 2’,3’-O- 

hydrazinc. Thus. in these experiments X.S’-cyclization 
isopropylidene-l\;‘.5’-guanosine cyolonucleoside p- 

was complctcly cxcludcd in spite of the description 
t~~lylsulfonatc (quaterni~ed form) and converted this 
into 

that the east of f~~rmation of a 3.5’-purine 
2’.3’-0-isopropylidenc-NJ-S’-cycloguanosine 

cyclonucleosides (quaternized forms) is related to the 
corresponding to 3 in a basic medium. the quaternized 

basicity of the hetcrocyclic systcm.s-x Since X,5’- 
form (iv, Scheme 2) of 1 or 2 with X-bromine is not 

cycle-2’,3’-0-isopropylidene-X-mercaFtoguanosinc 
recorded: 2 gave directly 3 in hot water in S- 10 min.“?” 
We ourselves did not follow the detailed process of the 

had been synthesized from 2 and thiourca in neutral 
media,‘” it occurred to us that in our reactions anionic 

cyclization of 2 as function of the polarity or basicity of 
a medium. Therefore, in our case the nature of the 

forms of 1 or 2 (Scheme 3. v. vi and:or vii) unusually mesylate anion from 2 (counterion in iv or liberated 
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big. I. lntramolccular cyclization of 2’,3’-O-isoprop~lidenc- 
5’-O-mesql-t(-bromoadenosine (2’) (0) and 2’,3’-O-lsopro- 
pyliJenc-enc-5’-~-mesyl-8-hrttmoguanosinc (2) (0) in DMSO- 

Cl,, at 90 

rn~th~Ilcsulf~ni~ acid) is not clear. In spite of this 
mechanistic ambiguity. such a rough cyclization study 
would be useful for synthetic purpose since no other 
intramo~ccular reactions are expected to occur. Figure 
1 shows acomparison ofthecyclization ratios between 
the adenosine 2’ and guanosinc derivatives 2. In the 
neutral medium. cyclization of 2’ is signi~cantly faster 
than 2. conforming to the precedent findings.’ ’ 
Figure 2 indicates the “,, conversion of 2 to 3 tmstts 
~rstal heating period in dificrent solvents. The 
calculations arc based on the same criteria with the 
case of Fig I. it is shown that even in a weakly basic 
medium (pyridine-d,iDMSO-d,, 3 : 1) the ‘IO 
conversion of 2 into 3 was significantly increased a~ 
compared with that in DMSO-d,, substantiating the 
above-stated mechanistic inspection. The discrepancy 
observed within hmin could be attributed to 
erroneous estimation owing to the weakness of the 
mcsylatc anion signal. 

Hased on these experiments, we decided to use 
guanosine derivatives protected with methoxymcthyl- 
ene group’” which might be removed afterwards by 



acid hydrolysis. We first attempted to protect 5 with 
the USC of methoxymethylenc chloride without success 
due IO the presence of multiple active sites. According- 
ly, the amino group was first protected with 
DMF-acetal to give ~z-dimethy~aminometbylidene- 
9-(2,3-0-isopropylidcne-/f-D-ribofuranosyl)-8-bro- 
moguanine 6, which with a slight excess methoxy- 
methylenc chloride afforded N2-dimethylamino- 
mcthylidcne-9-(2,3-0-isopropyiidene-~-~-~ribo- 
furan~~syl j-8-bromoguanine 7 in 75 i’(, yield. The 
structures of these compounds were evident on the 
basis of general spectroscopic data (see Experimental). 
The location of the methoxymethylene at N’ in 7 is 
reflected in the ~thochromic shifts of the UV 
absorptions. 7 was converted to ,v*-dimethylamino- 
methylidene- I - methoxymethylene-9-(2,3-O-isopro- 
pylidene-5-0-mesyl-[I-u-ribofuranosyl)-8-bromo- 
guanine 8 in high yield. As expected, compound 8 
revealed no indication of intramolecular cyclization 
after heating in refluxing acetone or in pyridine at 90^ 
for 2 hr. This remarkable reduction in cyclizing 
tendency seems to suggest that the documented 
cyclizations2* of 1 and 2 are more or less determined by 
ionization in the base moiety: in these and in our 
strongly basic conditions direct displacement at Cs. by 
the ionized base appears to be predominant as shown 
in Scheme 3. since the ,I”,5’-quaternizing cyclizations 
of guanosine derivatives usually require more forcing 
conditions.“.” 

Treatment of 8 with hydrazinc (36 fold excess) at 
room temperature as in the case of 1 and 2 gave l- 
methoxymethylene-9-(2,3-O-isopropylidene-5-O- 
mesyl-~-~-ribofuranosyl )-X-bromoguanine 9 in prac- 
tically quantitative yield. *’ It must be noted that the 
dimethylaminomethylidene group in 8 could not be 
removed by commonly used ammonolysis.” Pre- 
liminary trial experiments using 9 or 8 and hydrazine 
under a variety of conditions confirmed that the X5’- 
.%-cyclization does occur. but under more forcing 
conditions than the cyclization of i. Thus, in a selected 
reaction described here, 96 fold excess hydrazine was 
used under warming to give cu. 55 I’+> isolated yield of 
X.5’-aminimino-I-methoxymcthylcne-9-(5’-deoxy- 
2’.3’-O-isopropylidene-P-D-ribofuranosyl)-guanine 

(I) 
100 

I- 
t 

10 with minor 4 (X7”,,).‘” The structure of 10 was 
unmistakably confirmed by analysis and spectro- 
scopic data (see Experimental). The N-amino group in 
this compound is sensitive to air-oxidation especially 
in solution in contrast with the adenosine analog.‘4 
For the formation of 4, we assume direct attack by 
hydrazine at CcI of 9 and nucleophilic displacement by 
the resulting 5-amino-imidazole moiety after or before 
thefragmentatation ofthe amidinesidechain.13 Acidic 
deprotection of 10 was examined under several 
conditions but finally abandoned since the reactions 
were generally rather complex.r5 Mild oxidation of 10 
with sodium metaperiodate smoothly proceeded to 
give 8,5’-imino-l-methoxymethylene-9-(5’-deoxy- 
2’,3’-O-isopropylidene-B-D-ribofuranosyl)-guanine 
(I la) in high yield, while the use of iodine pentoxide as 
in the adenine series’ led to an uncharacterizable 
gummy product. Skeletal identity of lla with 10 was 
confirmed by UV spectra. Although in the field of 
N-amino alicyclic amines oxidative deazotation with 
biradical formation is widely known, we are not aware 
of such examples of simple and effective deamination 
probably stemming from the stability of the guanidine 
type partial structure.r.t6 Reaction of 10 with sodium 
nitrite yielded first three products different from 10 or 
1 la. Two less polar ones were unstable and one of these 
appeared to be an intermediate for the most polar 
product, X.5’-imino-~-methoxymethylene-9-(5’- 
deoxy-2’.3’-O-isopropylidene-B_D-ribofuranosyl)- 
xanthine lib, which was isolated in a low yield after 
tedious work-up.” On treating lla with 90”,, triiluo- 
roacetic acid, X,5’-imino-l-methoxymethylene-9-(5’- 
deoxy-~-D-ribofuranosyl~guanine 12 formed with a 
very sparingly soluble product mixture. 12 was 
hygroscopic but isolable as crystalline hydrochloride. 
Many other hydrolysis experiments using a variety of 
mixtures of methanol and concentrated hydr~hIoric 
acid resulted in uncharacterizabie, sparingly soluble 
mixtures. 

Thus. the major remaining problem in this series 
of work resides in selection or device of a more suitable 
protecting group which is base-resistant and 
removable under milder acidic conditions, and a 
suitable means of separation. 

t 
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Fig. 2. +tramolecular cyciization of 2’,3’-O-isopropylidene-S’-U-mesyl-R-bromoguanosine (2) in DMSO- 

d,, (0) and Pyridine-d,,‘DMSO-d, (3:l) (0) at 90’. 
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The general methods used are similar to those dcxribcd 
earlier.’ Melting points wert determined on a Yanagimoto 
micromelting point apparatus and are not corrected. All 
evaporations were carried out in racrto at or below 40 

2’,3’-0-Isuprop~/ide~~~-5’-O-tos31_~ I. To 
a stirred solution of 4 (2.41 IL, 5.99 mmol) in pyridine (95 ml) 
was added at - 10 10 - -5 togI &i&de (1.4858. 
7.8mmol). The mixture was then left at 0‘ for 18 h. treated 
with water (2ml) for 2Omin at room tcmp and concentrated 
to W. 1:s volume. The solution was poured into ice-water 
(300ml) with vigorous stirring and the precipitate collected 
by filtration. The filtrate was extracted with ethyl acetate 
(1OOml) and the obtained extract combined with the solid in 
acetone (30ml). The acetone solution was again poured into 
stirred ice-water (3OOml) to give a powdery precipitate, which 
wascollected by suction. The filtrate was extracted with ethyl 
acetate (2 x IflOml) and the solution combined with the 
above solid. After drying over sodium sulfate, the solution 
was evaporated and the residue digested with a small volume 
of acetone to give a homogeneous solid. The final crop was 
obtained by preparative TLC (silica gel, 20”, ethanol in 
benzene). The total solid was dried under high vacuum and 
recrystallized from acetone at room temp togive 2.7g (81 “<,) 1 
as needles. mp 256-260’ (dec ): IR (K Br) 1180 cm ’ (covalent 
sutfonatc): UV (McOH) 225(~:14OiX)) and 261 nm (~:179001. 
(Pound: C. 43.33; H. 4.15: N, 12.29. Calc. for 
CzoH,,N,C&SBr: C. 43.18: H, 3.99; N. 12.59”,,). 

Reotrion <$ 1 itirit ~~~[~ru~i~~~. (A). A mixture of I (I .I 1 g, 
2mmol) and I(X)“,, hydrazinc monohydrate (2mi, 4Ommol) 
in methanol (I 5 ml) was stirred under ice-cooling for 1 h and 

then at room temp. 
After 3.5 h from the beginning of the reaction, crystalline 

solid began to deposit. After totally 5.5 h (TLC at this stage 
using silica gel and 20”,, ethanol in bcmenc showed the 
presence of a main polar product with two minor faster- 
moving substances. more polar one of which was the starting 
material), the mixture was cooled with ice, the solid filtered 
and washed with a small volume of methanol to give TLC- 
pure 3 (326mg). The liltratc was evaporated and the residue 
repeatedly co-evaporated with ethanol. The obtained brown 
paste was then tl~orougl~ly evaporated under high vacuum to 
remove the residual hydruinc. Trituration of the residue with 
a small volume of cold methanol gave another crop of 3 
(107mg). which was collected by suction. The filtrate was 
again evaporated and the residue partitioned between 
chloroform (4Oml) and water (7mlJ to 8ive an additional 
crop (105mg) of 3 as insoluble precipitate (total 543mg. 
61.5 (‘“. TLC-pure). For analysis a part was recrystallized 
from a mixture of water and methanol to give colorless 
crystals 3, which gradually decomposed above 250 hut did 
not melt below 300 LV iz::“ H“‘vrOH 252nm (1:145oc1): 
i”““” 221 (;: 26300) and 266 nm fi: 13500): >,!:l:“ ‘*‘)” \tcoH mrr 
221 6: 23100) and 265 nm (f: 13OW) [lit ‘“: i.,,,, (pH 1) 256 nm 
(r: 167O):i,,,(~1,0)220,r:76500)and 270nm (r.14500):&,,, 
(pH 13) 351 (sh) and 270nm (I: lOlOO)]; ‘H-UMR (DMSO- 
d,) fi 1.29. 1.49 (each 3H. isopropylidcne), 3.88 (IH, dd, 

J,,,,, = 14Hz. Js.,.d. -211~. lf,-2). 4.63 (1H. dd. 

Jsx, - 14Hz. JS.b,J. 7 3Hr. H,.,). 4.69 (IH, d. Ii,. or H,$. 
1,. v 7 - . 6Ht). 4.86 (IH. m. H,-t. 5.01 (IH. d. H. or H,. 
J .,.I -6Hz). 6.10 (IH. s. H,l)‘and 7.‘lX (2H. his. D,& 

exchangeable. NH2). (Found: C, 38.60: H. 4.08; N. 17.33. 
Calc. for C,~H~~NsO~Br.H~~: C. 38.82: H. 4.01; N. 
17.41 “,,). 

This compound was shown to be identical with an 
authentic sample’* by IR spectra. 

(B): A mixture of 2 (797mg. 1.77mmol) and fOO”,, 
hydrazine monohydrate (1.77 ml, 35.5 mmol) in methanol 
(ISmi) was stirred at room temperature for 67 h. during 
which time TLC analysis was repeated using solvent 
mixtures. 20”,, ethanol in benzene and 20”,, methanol in 
chforoform. Precipitation of 3 was observed at the early stage 
of the reac!ion as in procedure A. but the mixture became 

again clear during that time. TLC at this stage showed at least 
five spots, of which one main spot corresponded to the least 
polar (faster-running than the starting material) and another 

main one to the most polar product (more polar than 3). 3 was 
also detected in minor quantity. The mixture was thoroughly 
evaporated in the same way with procedure (A), and the 
residue partitioned between chloroform (30ml) and water 
(7ml). The separated chloroform solution was filtered to 
remove a small amount of insolubles, dried and evaporated to 
give a gum containing the least polar main product. On 
attempted TLC-purification, about half of this product 
changed to a more faster-moving substance. Hence. the 
recovered two-component mixture as a gum was left al room 
temp for 2 days to give crystals. which were collected and 
rccrystallizcd from methanol at room temp to afford 30 mg 
(4.52”..)of4.mn223-226’ : UV (MeOH1277nm (1:88OO):‘H- 

..I 

NMR (CDClzi6 1.35, 1.55 (each 3H, s.‘isopropylidene), 3.33 
(2H. m. S’-methylene), 4.63 (2H, m, H,. and H1. or H,,. 
J,,,~:6Hz).4.92(1H,d.H,.orH,..J2.,3.=6H~),5.96(lH, 
s. H,.) and 6.36 (IH, d. NH-bridge. D,O-exchangeable). 
Signals for the ~rbohydr~ido group did not appear clearly. 
(Found: G, 38.34; H. 4.36: N. 18.45. Calc. for 

Ci2H,,Ns0,Br: C. 38.52; H. 4.31: N. 18.72”,,). 
The filtrate of4 was evaporated and the residue heated in 

acetone (IOml) to reflux for I h. After evaporation. the main 
product \\a) isolated by prcparattvc TLC (ClICI,.‘MeOl-I. 

9:l) and recrystallized from acetone to give 120mg 
(O.?Ymmol, 16.4”,,) of 4’ as crystals of mp 2155217”: UV 
(MeOH 224 (rl72Ot) and 287nm (s22800): ‘H-NMR 
(CDCI,) ii 1.35,‘1,56 (each 3H. s. isopr~pyliden~). 1.98, 2.12 
(each 3H. methyls of acetone hydrwonc). 3.36 (2H. m. 5’- 
methylcne), 4.64 (2H, m. H, and H, or H,., J2., = 6Hz), 
4.94 (IH, d, H.r, or Hz. J,.,l. = 6H.z). 5.98 (1H. s, H,.), 6.50 
(I H, br s, imino-bridge. D,O-cxchangeablc) and 9.21 (1 H, 
br s, amido-NH, D,O-exchangeable). (Found: C. 43.43; H, 
4.87: N. 16.97. C’alcfor CisHtON,O,Br: C,43.49; H.4.87; N. 
16.91 “,,). 

C~~,lizcrrion e.xprrimenrs wirlr 2’,3’-0-lsoprol?rlidmr-5‘-~- 

mrs~l-8-hromood~~nosinr 2’ and 2’,3’-O-lsopmp~lid~ne-5’-O- 

nie.s~/-~-hrc,mogIrunosinr 2. (I ) Comparison fd the C~elizing 
Proprnsir) o/ 2’ and 2 (Fig I). A solution of 2 (25mg) in 
DMSO-d, (0.33ml) in a sealed NMR tube was submitted to 
‘H-NMR measurement at room temperature. The tube was 
then heated at 90 for 3Osec and immediately frozen at - 20. 
before the second ‘H-NMR measurements m~~suremcnts 
with the same sample wcrc conducted after similar treatments 
adopting several heating periods such as I, 2, 3 min. etc. The 
sample was usually kept in frozen state at - 20” except when 
the heating and ‘H-NMR recording were carried out. In the 
case of 2’ a solution of this compound (SOmg) in DMSO-do 
(0.3ml) was submitted to similar treatments and PMR 
measurements. As to 2, the evaluation of ‘lj, conversion after 

each total heating time was based on the area integrals for the 
resonance of mesyl anion at 2.41 ppm (Peak 2) and that of the 
mesyl group of the starting material 2 at 3.08ppm (Peak 1). 
Thus. the values obtained from equation: 

(Peak 2) 

iPeakT) + (f’eak 25 
x lOO(“,,) were plotted against the total 

heating time. For the adenosine derivative 2’ the 
corresponding resonance at 2.30 ppm (Peak 2) and 3.08 ppm 
(Peak 1) were used. It is to be noted that only one kind of 
mesyf anion peak was detected through this experiment. 

(2) 7‘irttc,-dep(,r3d~.,rl ~.~~.~j~[tr;(~~i R&o.\ of 2 in DMSO-d(, 
and Pyridinc-di DMSO-d,, (?I) ctr YO (Fig 2). The 
cvaluatton of “,, conversion after each total heating period 
was done in the same way as the above procedure-l; using 
Peak I at 3.08 pnm and Peak 2 at 2.39nnm in DMSO-d, 
(concentration: 42mg!ml) and the corresponding peaks ai 
3.31 and 295ppm in the mixed solvent (concentration: 
42.5 mg’ml). The reason for the use of the mixed solvent was 
the rather limited solubility of 2 in pyridine-d,. 
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22.4mmol) in DMF (1 IOml) was added N,1V-dimethylfor- 
mamide dimethylacetal (DMF-acetal) (11.2 ml, 112mmol) 
and the mixture left at room temp for 20 h. After evaporation, 
the residue was thoroughly digested with ice-water (lOOmi) 
and the solid collected by suction. Recrystallization from a 
9:l mixture of acetone and water gave 892g (90.7”,,) of 6 as 
colorless needles, mp 234 235.5 : UV (MeOH) 235 (~14600) 
and 30Snm (c24100); ‘H-NMR (DMSO-d6) 61.32, 1.52 
(each 3H. s, isopropylidene), 3.02.3.15 (each 3H, s, methyl of 
the dimethylaminomethylidene), 3.50 (2H, dd-like 1, 5-CHz, 
J - 6 Hz, changed to d with J = 6 Hz on D,O addition), 5.O” - 
4.10 (IH, m. H,), 4.95 (2H. m, reduced to one proton dd on 
D,Oaddition, J2,3 = 6 Hz, J2,, = 3 Hz, Js.on = 6 Hz, Ha and 
S-OH),5.S6(1H,dd,JS,z = 6Hz,J3.0 = 2SHz,H,),590(1H, 

d,J 1,2 = 3Hz. H,),8.52(1H,s. 
\ 
,N-CH=)and 11.42(1H,s, 

lactam NH. D,O-exchangeable). (Found: C, 42.14; H, 4.65; 
N. 18.40. Calc. for C,,.H,,N,O,Br: C. 42.02; H. 4.63: N. .” _. ., 
1X.38”,,). 0.35 g (3.9”,,) of the starting material was recovered. 

N2-Dimelllyluminomelhglidrne- I-merhoxymefhylrne-9- 
(2.3-O-isoprop~lidene-8_D-riho/uranosy/)-8-bromoguanine 7. 
Compound 6 (9.4Sg. 20.66mmol) was dissolved in DMF 
(75 ml) by slight warming. After cooling the mixture up to 
room temp. 50”” oil-immersed sodium hydride (992 mg, 
20.67mmol) was added in several portions under stirring. 
After stirring at room temp for 30min, methoxymethyi 
chloride (1.57ml. 20.66mmoi) was added and the mixture 
stirred for additional 1 h. Further methoxymethyl chloride 
(0.2 ml, total 1.13 fold excess) was added and the mixture 
stirred for additional 8 h, at theend ofwhich time the mixture 
indicated a pH of around 6. After evaporation, the mixture 
was partitioned between chloroform (lOOmI) and water 
(1OOml). The aqueous phase was again extracted with 
chloroform (2 x 70 ml ). The combined chloroform solution 
was dried over sodium sulfate, concentrated to cu. 30ml and 
applied on a silica gel column (4 x 40cm). Elution with 
CHC13/MeOH (9:l) gave the first main fraction as a gum, 
which crystallized on rubbing in a small volume of acetone. 
Recrystallization from acetone gave 7.21 g (75.2 “,.) of 7 as 
colorless needles, mp 224-226’ : UV (MeOH) 238 (s12800), 
280 (~13000, sh) and 313nm (~22500); ‘H-NMR (CDCI,) 
ti 1.38, 1.64 (each 3H, s, isopropylidene), 3.13,3.21 (each 3H,s, 
methyl ofthedimethylaminomethylidene), 3.42 (3H, s. methyl 
of the methoxymethylcne), 3.83 (2H, m, S-CH2), 4.35 (lH, m, 
S-OH, DUO-exchangeable), 4.37 (lH, m, JA.r = 2Hz, H& 
4.98(1H,dd.J, 2 = 6Hz_J,,, = 2H~H~),S.3O(lH,dd-liket, 
J 2.3 = 6Hz. J,,, = 5 Hz, H,), 5.68 (2H. s, methylene of the 
methoxymethylene), 5.98 (IH. d, J,,2 = SHz, H,) and 8.37 
(1 H, s, methine of the dimethylaminomethyiidene). (Found: 
C, 42.86; H, 4.97; N, 17.08. Calc. for C,aH,,N,Oe,Br: C, 
43.12; H, 5.03: N, 16.76”,,). 0.7g (7.4”“) of the starting 
material was recovered from the second fraction. 

NZ-Dimerh~lumint~m~~~~z~~~~~~~-l-mrrhox~mrrh~irne-9- 
(2.3-O-i.soprop~/id~~n~-5-O-m~.~~/-~-D-rib~~urana.~~~)-8- 

hrwt~~grctrnirw 8. To a stirred ice-cold solution of 7 (5.75 g, 
I 1.47 mmol) in pyridine (170 ml) was added methanesulfonyl 
chloride (1.07 ml. 13.82 mmol) in small portions. 

After stirring at room temperature for 1 h, the mixture was 
left al 0; for IS h and then treated with methanol (10m)) for 
30min at room temperature. After evaporating the solvent, 
water (1OOml) was added to the residue and the mixture 
extracted with ethyl acetate (2 x 75 ml). The combined ethyl 
acetate solution was dried. evaporated and the residue 
brought to crystallization with a small amount of methanol to 
give 3.84 g (88”,,)ofgas homogeneouscrystals, mp 165-168”: 
IR (KBr) I180cm- ’ (covalent sulfonate); ‘H-NMR (CDCIa) 
6 1.40, 1.62 (each 3H; s, isopropylidene), 2.89 (3H, s, mesyl), 
3.17, 3.22 (each 3H, s, methyl of the dimethy)aminomethyl- 
idene), 3.44 (3H, s, methyl of the methoxymethylene), 4.38 
(3H, brs, H, and 5-CH,),v5.08 (IH, m. J2,3 = 6Hz, Ha), 5.60 
(lH,dd,J,,, =6Hz,J>., = 2 Hz, HZ), 5.73 (2H, s, methylene 
ofthemethoxymethylene),6.lO(lH,d, J,,2 =2Hz,H,)and 
8.47 (1H. s. methine of the dimethylaminomethylidene). 

(Found: C, 39.39; H, 4.78; N, 14.42. Calc. for C,9H- 
27N608SBr: C, 39.39; H. 4.70; N, 14.51 ‘I,). 

1-Methoxpmethy/ene-9-(2,3-O-isopropyl- 
idene-S-O-mesy~-~-~-riba~~ra~osy~~8-bromogua~ine 9. 
Compound 8 (50 mg, 0.086 mmol) was dissolved in methanol 
(1 ml) by slight warming. After cooling to room temp. lOO”, 
hydrazine monohydrate (O.lSml, 3.1 mmol) was added and 
the mixture left at room temp. After 6 h. the precipitation of a 
voluminous solid was noted. After standing at room 
temperature overnight, 41 mg (90.6 I’,,) of TLC-pure crystals 9 
werecollectcd and recrystallized from acetone for analysis. mp 
18S-18~;UV(MeOH)261 (~129~)and28Onm(~9~~,sh); 
IR (KBr) il8Ocm-’ (sulfonate ester); A H-NMR 
(CDCI,/DMSO-d,, 2:l) S 1.40, 1.58 (each 3H, s, isopropyl- 
idene), 3.03 (3H, s, mesyl), 3.36 (3H, s, methyl of the 
methoxymethylene), 4.41 (3H, br s, H., and 5-CH,), 5.43 (4H, 
br s, H,, Ha and methylene of the methoxymethylene). 6.02 
(1H. S.-H,) and 7.11 (2H. brs, NH,. D,O-exchangeable). 
(Found: C. 36.68; H. 4.22: N, 13.34. Calc. for C,,H,,- 
NsO,SBr: C, 36.65; H, 4.23; N, 13.36”,,). 

8,5’-Aminimino-1-mrrl~ox~mef/r~/me-9-(5’-deox~-2’.3’- 
0-isoprapylidene-~-D-riba~uru~~~).~~~/)-~~~ani~e IO. 

Compound 8 (5.6Og, 9.66mmo)) was dissolved in 
methanol (230ml) by slight warming and the solution cooled 
up to room temp. lOO:, hydrazine monohydrate (45 ml, 
0.926mmol. 96 fold) was added and the mixture left at room 
temp for 20 h. TLC at this stage showed the presence of 9 as 
major product and no starting material. The mixture was 
then heated at 60-65” for 15 h, during which time almost all of 
9 disappeared as judged by TLC. The mixture was cooled up 
to room temp, evaporated and the residue repeatedly co- 
evaporated with ethanol :o give a brown paste, which was 
partitioned between chloroform (I SO ml) and water (100 ml). 
The separated aqueous layer was again extracted with 
chloroform (15Omt + 3 x lOOmI). The combined chlo- 
roform solution was dried, evaporated and the residue 
dissolved in a minimum amount of a mixture of chloroform 
and methanol by slight warming. On seeding or agitation by a 
spatula, the cooled solution gave crystals 10 which were 
collected. The filtrate was evaporated and the residue applied 
on a silica gel column (2.8 x 20cm). Elution with 
CHClJ;MeOH(9:l)gavefromthefirstminorfraction 3lSmg 
(8.7”,)of4.Thesecond main fraction gaveanothercropof 10. 
Recrystallization of the main product from MeOH/CHCI, 
(9: 1) gave 2.0 g (54.5 I’:) of colorless needles 10, mp 272-275’ : 
UV (MeOH) 259.5 (el71OO)and 287nm (~8500); ‘H-NMR 
(DMSO-d,) 6 1.27, 1.43 (each 3H, s, isopropylidenek 3.25 
(4H, m, overlapped resonances of HS,, and theJmeth~llo~;~ 
methoxymethylene), 3.50 (IH. dd, s ..b - 
Js.b,4. =~Hz,H,.,),~.S~(~H,~,J~,~.~ =3HgH,),4.57(lH: 
d, J,.,,. = dHz, H,. or H,.), 4.93 (lH,d, J,,,,. = 6Hz. HJ. or 

Hz,), 4.34-5.17 (ZH, very shallow signal, 
\ 

/ 
N-NHa, D20- 

exchangeable), 5.35 (2H, s, methylene of the methoxymethyl- 
ene), 588 (IH, s, Hr.) and 6.85 (2H, br s, 2-NH2, D,O- 
exchaneeable). (Found: C. 47.53; H. 5.60; N, 25.54. Calc. for 
C,sH2;N70s’: C, 47.49; H, 5.58; N, 25.84”;,). 

8.5’-i~1rino-l-n~c~rlro.~rntrrh~let~~-9-(5’-~co.~~- 
2’.3’-O-isopropc.lidene-S_o-ribofuranos~/~-~uanif~e lla. 
To a stirred solution ‘of 10 (1 g, 2.64 mmol) in a 1 :I 
mixture (16Oml) of methanol and DMF was added 
sodium metaperiodate (677mg 3.17 mmol, 1.2 fold). After 
I h, the mixture was evaporated and the residue extracted 
with chloroform (5 x IOOml) in the presence of water 
(1OOml). The combined chloroform solution was dried, 
evaporated and the residue digested with methanol (25 ml) to 
give crystals lln, which were collected. The filtrate was 
&apor&l and the residue purified by column chromato- 
graphy [silica gel, 2 x 17cm, CHC1,iMeOH (9:1)] to give 
another crop. Recrystallization of the total product from 
MeOH/CHCIJ (2:l) afforded 790mg (82.3:‘“) of lln as 
colorless plates, mp above 300”: UV (MeOH) 260 (s18600) 
and 292.5nm (~9000); ‘H-NMR (DMSO-de,) d 1.26, 1.42 
(each 3H, s, isopropylidene), 2.95-3.34 (ZH, m. S’-CH,), 3.25 
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(3H, s,mcthoxyl),4.57 (1H.d. J2.,3. = 6Hz. Hz. or H,.),4.58 
(lH,d, J4.,5. =3Hz, H,). 4.83 (IH. d, J,.,,. =6Hz, HA, or 
H,.), 5.33 (ZH, s. methylene of the methoxymethylcne). 5.84 
(IH, s, H,.). 6.6X (IH, d. J = 4 Hz, imino-bridge, D,O- 
exchangeable) and 6.X2 (2H, brs. 2-NH,, D,O-exchange- 
able). (Found: C. 49.33: H, 5.53; N. 23.18. Calc. for 
CiSH,,,N,O,: C, 4944: H, 5.53: N, 23.07”,,). 

8.5’-lmirro-I-mrrhos~mefh~/~~~~-9-(5’-droxv-2’,3’-O-i.s~- 

pro~~fidPnu-89-rih~lfttr;ntlsTItxanrhirrr t I b. To a ice-cooled 
stirred solution of 10 (200 mg. 0.527 mmol) in 80 ‘I,, acetic acid 
(IOml) was added sodium nitrite (261 mg, 3.69mmol). After 
the solid salt dissolved, the mixture was left at 0. for 16.5 h and 
then at room temperature for 9.5 h. TLC at this stage 
indicated three faster-moving products (A, B and C in the 
order of polarity decrease: B was the main product). The 
mixture was then evaporated, co-evaporated with ethanol 
and the residuedigested with a small volume of ice-water. The 
sparingly soluble solid was filtered and the aqueous liltratc 
extracted with ehyl acetatc. The ethyl acetate extract was 
combined with the above solid (TLC-pattern was unchanged 
at this stage), applied on a silica gel column (IO x 20cm) and 
eluted with CHCl~~MeOH (9:l). Comparative TLC-analysis 
with all the cluants indicated that the major part of Bchanged 
to the most polar A. renderin the complete isolation of A and 
B diffcult. However. the mixture of A and B gave crystals (A) 
on standing as a saturated ethanolic solution. These were 
collected and recrystallized from ethanol to afford 25mg 
(12.6”,,) of llb, mp above 300 : UV (McOH) 209 (1.243(W), 
253.5 fr: 165001 and 303.5 tl:x400): ‘H-IiMR 
(CDCIX:DMSO-d,. 4:1) 6 1.32. 1.51 (each 3H. s, isopropyl- 
idenc). 3.26 (3H. s. methoxyl). 3.1-3.4 (211. m. 5’-CH,). 4.72 
(4H, m, methylcnr of the mcthoxymcthylenc. H, and HZ or 
H,.). 4.91 (IH. d, J .,., :. = 6H/. H,, or Hz 1. 5.99 (IH. s. H, ). 
6.73 (1 H, br s, imino-bridge D,O-cxchangcable) and 8.78 
(1 H, br s, N-‘H, D,O-exchangeable). (Found: C, 49.31; H, 
5.50;N. l8.4l.Calc.forC,,H,,N,O,. I:4CzH,0H:C,4Y.40; 
H, 5.48; N, 18.58”,). Collection of subsequent crops was 
abandoned mainly due to the limited solubility and high 
polarity of the mixture, which made application to 
chromatography difftcult. On the other hand, the separated 
impure C decomposed into a complex mixture on attempted 
purification by preparative TLC. 

Hrdroc irloride of X.5’-imino- l-n~crhosrntrrk~~~~~~~-Y-( 5’- 
deo.~~,-&0_ribo/rrr~~~,.,~~)Xuclninr 12. A solution of I la 
(3OOme 0.823mmolI in YO”.. CF,CO,H (18mI) was left at 
room temperature for 21.5hr and then evaporated. The 
residue was repeatedly co-evaporated with ethanol. dissolved 
in methanol (60ml) and neutralized with anion exchange 
resin, IRA-93 (OH-form). The resin was liltcrcd, washed with 
methanoI (~~ml) and the combined methanolic solution 
evaporated to give a solid residue, which w’as taken into a 
mixture of chloroform and methanol and the insoluble 
material filtered off. The soluble part was submitted to pre- 
parativc TLC [20 x 2Ocm, silica gel, CHCI,:MeOH (8:2] 
and the main Fraction eluted with CHCl,:MeOH (Y: 1) to 8ive 
a very hygroscopic powder. This was dissolved in methanol 
(Mml). acidified with a few drops of saturated solution of 
hydrogen chloride in dioxane and the mixture immediately 
evaporated to give a powder. After repeated co-evaporation 
with ethanol, the solid was dissolved in ethanol by slight 
warming and liltered with Norite. The solution was concen- 
trated up to saturation and left at room temperature to give 

very gradually powder-like crystals (32 mg, Il.3 ‘lb). mp above 
300”: UV (MeOH) 2595 (F: 17300) and 292nm (~7800); ‘H- 
NMR (DMSOd,) d3.03-355 (2H, m, 5’-CH,), 3.27 (3H. s. 
methoxyl). 4.07 (IH. d after D,O-addition, J2 .A = 6 Hz, Hz 
or H,,)..4.24 (IH, d after D,O-addition, J, ,L. = 6 Hz. H, or 
H,.\. 4.47 (IH. m. H,.L. 5.0 5.5 (2H. m. 2’- and 3’-OH. D,O- 

_I I.._/. j  

exchangeable), 5.35 (2H, brs. methylcne of the mcthoxy- 
methylene), 5.89 (IH. s. H, ), 7.22 (2H. brs. 2-NH,. 
DUO-cxchangeable~ and 7.72 ( 1 H. br s, imino-bridge. 
D,O-exchangeable).(Found:C.4l.Y7:H,4.Y7:~.24.2l.Calc. 
for C,zH,.N,,O,,HCl: C. 41.81: H, 4.97: N. 24.38”,,). 
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