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Abstract - UV Irradiation of the fueed -iainopyridinium ylidsa 
11 and l6, prepared from 
i;; the 

imldszo[4,5-o pyridlne ( ), 
regiorpmclflc formation 

P 
of the % 

rorulted 
4-sainoiml azo [4,55-c] py- 

ridine dsrivstlvee u and g reepectlvely. The fused N-ininopy- 
rldinlua yllde , rrhlch can be lobtsinsd from I-bsnzyl-1,3- 
-dlhydroiaidszo 4.5clpyrldin-2-one (241, undergoes photolndu- 

Y ted trsneformst on to the leomeric sm~opyrldine derlvstivee 
and 29. In con 
pyrldln-2-one r 

root, 
2J), 

etsrtlng from 
the monocyclic N-iminopyridlnium 

wee obtained. In photochemlcsl reaction JQ give8 the leome ric 
1.2-dlareplnae a and u, of the retlo dependent of the OOl- 

a undrrgoee recyclisstlon 
derivative a. N-Rlboelds- 

nucleoeidse m and #Q 
trro l onorlbonucleoeides m and m. N-Riborldatlon of the fus 
dierepine s give8 three O-bonzollsted nucleoaldee: nonorlboel- 
dee m and m and the dlrlboelde 4p. Ooprotectlon of m and 
zbl;ds to nucleoeldeo m and m reepoctively. The dlribo- 

under debenzoylstlon conditions, undergone troneforma- 
‘1.2-disrepine nucleue to give tha 4-amino-1,3-dlhydrol- 
4,S-c]pyrldin-2-one derivative 41. 

Imidsro [4,5-d] [1,3]di szepine eyeten appear8 aa the heterocycllc moiety of two 

nucleoeldse - pentoetatlne (2)’ and coforayclne (lb)2 - the potant Inhibitors of 

adenosine dsarlnsee 3 . Because of our interest In theee blologlcally end therspeu- 

tically ectlve nucleoeldee 1, we have directed our attention to the synthseie of 

rlbonucleoeldoe that contain the imldazo[4,5-d] [1.2]disreplne system 2. 

-Y 

HO HO 

HO R 
1 o R-W 

b R-OH 

HO OH 

L Y = etsbilioing chrorophora, 

e.g. -COR, -C02R, TS~~R 
whore R 10 en slkyl or 

sryl group 
IJll 
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1,2-Diazepinas 5 have been achieved by photoinduced rearrangements of the 
N-lmlnopyrIdInIun ylldee J4-7. 

path c h3 

A 

4 

NHY path b 

a i 

Scheme 1 

s 

Y - -C02R, -COR, -S02R, 

where R n alkyl or aryl 

group 

The dIarIrIdine 4 har been poetulsted a8 an lntermsdiate 5’8, rrhich could reeult 

from a photo-induced concerted electrocycllc ring cloeure of ths N-lalnopyrldl- 

nlua yllde 3 a8 the aromatic 1,3-dlpolar speclee. The intermediate 3 may undergo 

either ring expansion (valence tautoaarlastlon) to give the 1,2-dlazeplnes 4-9 2 , 
9,lO or N-N bond fleelon to give tha E-amlnopyrldlne derivatives 5 , or return to 

the yllds 2 followed by N-N fragmentation reeultlng in the parent pyridlne 8,11-13 
. 

It la known that Irradlatlon of N-Inlno-qulnollnlua, -1roqulnollnlum and re- 

latad -pyrldlnIum ylldee condensed with aromatic hetarocyclic rlnge euch aa pyrl- 

dine, thiophane, furan and pyrrola glvoa, depending on the nature of the etartlng 

yllds and lrredlatlon condltlone, 
na814-16 

elthor the corresponding fuesd 1,2-dlazspl- 

or E-amlnopyrldlns darlvatlvse 16-20 . 

In connection with the above reeulte, it woe of lntereet to examine the pee- 

elblllty of obtaining the deelred lmldaro[4,5-d] [1,2]dlszepine ayatsr z from lal- 

daro [4,5-c] pyridlne (2) vie the yllde 3 accordingly to the following rstro-aynthe- 

tic echame 2: 

Y - 

R . 

I s 
-co2Et 

H or protecting group 

Scheme 2 

Studlee In the lH-Imldazo[4,5-c pyrldlne eerie8 

To begin with we prepared Inldazo[4,5-c]pyrldlne (9) froa 4-amlno-pyrIdIne.Re- 

action of 4-amlnopyrldlne with ethyl chloroformata gava 4-sthoxycarbonylamlnopy- 

rIdlna2i which, by nitration was converted to 4-ethoxycarbonylanlno-3-nltropyrIdI- 
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Hydrolyslr of the lrttor followed by Ns2S reduction gave 3,4-dl~mlnopyrldi- 

which, after condenmstion with formic acid produced imldszo[4,5-c]pyrldino 

(z)24in 41% ovmrall yield. 

Before the rynthesie of ths N-lminopyridinium ylide 8, conrirting a eultsble 

etabillzlng chromofore wae porforwd, we protected the imldorole ring, to exclude 

tsutomerieatlon of the correepondlng ylide to the photochomlcslly Inactive 5-etho- 

xycarbonylanino-5H-iaidszo [4,5-c] pyrldine (1_2). This type of tsutomerleation was 

obeerved for N-lmlno-pyrrolo [2,3-b] pyridinium ylldse =. Thus. reaction of 9 with 

chloromethyl pivslsts 25 
in the presence of potareium carbonate rseultad in foras- 

tion of the isomeric N-l and N-3 plvaloyloxyaethyl derivatives 14s and - $%J In 

7.5:2.5 ratio, reepectlvely in m overall yield. Rosction of a with O-meeity- 

leneeulfonylhydroxylenine (MSH) In methanol according to Tanure procedure 
26 , fol- 

lowed by treatment of the resulting N-amine l eeityleneeulfonats 15 with ett+ chlo- 

roforaste in the presence of potaeelun carbonate, led to the N-iminopyridlnium 

ylide 16 in 56% overall yield. UV-Irradiation of u in scetonitrils gave regloe- 

pecificslly 4-ethoxycerbonylenino-l-pivsloyloxymsthyl-laidsro[4,5-c]pyridine (l7) 

(25%) and 4-plvsloylsaino-1-pivaloyloxymethylimidazo [4,5-c] pyrldine (e) (W. 

Deprotection of u with nethsnolic ammonia furniehed 4-ethoxycerbonyleminolmldero 

[4,5-c] pyrldine (13) in 57% yield. 

On the other hand we have confirmad that the compound 11 could a100 be prepe- 

red in a more etreightforwsrd manner, but in poor yield, f ram unpro tat ted laidsro 

[4,5-c] pyrldlne (2). Thus, reaction of p with MSH in methanol gave the N-sminopy- 

ridlnlum meeityleneeulfonete 1p which functlonsliaed with ethyl chloroformete sf- 

forded the yllde 2 in 16% overall yield. In cotraat to the previous f lndinge in 

pyrrolo [2,3-b] pyridine eerlee 
15 , the unprotected ylide u doee not tsutonsrize to 

1_2 and undergoes photorearrangement to form u in 4311; yield. 
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The presented resulte of the rogioopoclficslly proceadlng photolyels are con- 

eietant with the proposed intormodlacy of dlszlrldlno atructuram. The initlsl pho- 

to-induced rearrongemont of thm ylidm & l my take place at both aldoe of the pyri- 



1514 A. Flrshxowsu 

dine nitrogen with the formation of two kinds of diazirldino intermadlataa a 

(path a) and a (path b) reepactivaly, aa ahown In Schene 3. The formar (m) nay 

then rearrange by the ring expanelon into inidazo[4,5-a) [1,2]dlazopins ay8tem 0 

or by N-N bond fiaelon into 4-anlnoinidazo[4,5-c]pyridins derivative G. The lat- 

ter 19b may rearrange into imidazo[4,5-d] [1,2] dlarepine ayetea 1 or 6-aninoimida- - 
to [4,5-c] pyrldine derivative Z& However dlariridine Q& with o-quinonofd ayetam 

would be lace atable than their ieomerlc diariridlna m, in which aromatic lmi- 

darole ring ayetam la conserved, and thue path a is privileged over path b. Furt- 

heraore examination of Oraiding modsle shows that the iaidazo[4.5-s] [1,2]diazapina 

eystem 20 la highly aterically strained. Thua, - 4-amlnoiaidazo [4,5-c] pyrldine ds- 

rlvative 21 ie the most favored photo-rearrangement product of yllde 5. 

19b - 

YHN 

YHN 
R 

Scheme 3 

Studies in the 2H-1,3-dihydroimldazo[4,5-c pyridin-2-one eerie8 

As it is well roan from Schema 3, the deeirable lmldazo[4,5-d] [1,2] diarepine 

system 2 is acceaible via the intermediate diariridlna m by the pathway b.Accor- 

ding to the already discussed arguments one may expect, that dlalnlrhad arooatl- 

city of the five menbersd heterocyclic ring fuesd with pyridine nolety, would ac- 

celerate the photo-induced rearrangement repreeentad by the pathway b (see Scha- 

me 3). For these reaeone we focused our attention on 1,3-dihydroimidaro[4,5-c] 

pyrldin-2-one (a) de the etartlng materiel. It should be emphasized that the lni- 

dazolidin-2-one nuclaue constitutes a f ragnent of biologically active conpounde 

such ae blotln. It also occurs in product8 of a-radiolysis of cytoeina 27 and of 

the oxidation of uric acid 
28 . 

To begin with we prepared 1-benzyl-1.3-dlhydrolmldato [4,5-c] pyridin-2-one 

(4). The etartlng aaterial for thie synthasle was 4-chloro-3-nitropyridlns,whlch 

in the reaction with banrylamlne in the preeenca of potaoelua carbonate gous 4-ban- 
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zylamlno-3-nitropyrldlna 2g in 62% yield. The latter compound was red-d with Na2S 

to 3-amino-4-banzylaminopyrldine 
29 

, which after cyclieation with phoegene gava l- 

-bsnzyl-1,3-dihydrolaidazo [4,5-c] pyridln-2-one (2) In 7111; overall yield.The com- 

pound 29 wae than aminatad with H!ZH26 in methanol to afford the correeponding N- 

-aminopyridiniun meeltylenesulfonate 2_6 in 80% yield. Treatment of 26 with ethyl - 

chloroformate in the presence of potaeeiun carbonate gave the N-iminopyridinlua 

ylide 2_7 in 22% yield. Irradiation of the ylide 27 in methanol rseultad in the - 
formatlon of trro isomarlc N-N bond fieeion products: 1-banryl-4-ethoxycarbonylaal- 

no-1,3-dlhyUroialdaro[4,5-c] pyridin-2-one (22) and 1-benzyl-6-sthoxycarbonylamino- 

-1,3-dihydrolmldaro[4,5-c]pyridin-2-one (29) in ca 1:l ratio in 5411; overall yield. 

In addition parent l-benryl-l,3-dihydroinidazo[4,5-c]pyridin-2-ona (14) was aleo 

ieolated in 33% yield, but no ring-expeneion product8 were obearvad. 

In contract, quite different course of the above reaction sequence has been 

observed when 1,3-dihydrolnidezo[4,5-c]pyridin-2-one (a) was utllieed aa the star- 

ting netarlal. The compound 13 he8 bean bynthaeized according to procedure of Bar- 

llnS1 utilising a thernel reaction of 3,4-diamlnopyridine with urea. N-Amina tlon 

of 23 with MSH in methanol gave N-eainopyridinlum aseityleneeulfonate a in 81% 

yield. Treatment of 1_5 with two equivalents of ethyl chloroformate in the preeen- 

co of poteeeium carbonate in ethanol gave 3,4-diethoxycarbonyleaino-l-ethoxycarbo- 

nylimlnopyridlnium ylide (I_01 in 35% yield as the eole product. 

13: 
H 

N N 

> 
0 

Y 

2! 
It is likely that 

attack of ethanol 

bond cleavage, ae 

20 29 
the imidarolldln-2-one ring opanlng occurs via the nucleophilic 

at the C-2 of the intermediate ylide 2% followed by C-2 - N-l - 
shown in Scheme 4. 

f 02Et 

NHC02 Et 

NHC02Et 

Scheme 4 
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To confirm such a eequence, we carried out the reaction of a with axcee8 of @thy1 

chloroformste in the absence of ethanol, receiving the unseparsble mixture of pro- 

ducts, in which no ylida JQ wae detected (TLC). 

It 18 to note, that an electron-donating group NHCO2Et in the poeltion 4 of 

the monocyclic pyridlniun ylide a, according to Snlackua finding@‘, ahould f avo- 

ur ths photoinduced ring axpanslon proceee. On the other hand it supreaooa the 

atability of pyridlne ring, diminiehing the poaelbility of N-N bond fiseion to 

2-aminopyridlns derivative. According to theea predictlone all irrodiatlona af the 

ylide 30 gave the mixture of two dlazepinee 31s end w, of the ratio and of the - - 
yielde dependent on the eolvent ueed, (18 eeen from Table 1. 

Table 1. Photochemlcal eyntheeee of 1,2-diszepinee 31s and 31b from ylidr 30 - - 

Solvent 
Amax of x Reaction Product Total yield Other 

(nm) 
tiao ratio 
(hr) Ut31b 

J& l Jib(%) 

Methanol’ 312,5 3,s 1 : 1,5 79 B (an;) 
Acetonltrilea 340 3,O 6 : 1 91 

Oenzeneb 344 105 1 : 2 52 zi (42%) 

Methylens chloridaC 340 085 1 : 2,5 38 X (5ln;) 

a - 1 maole of ylide 3Q in 500 ml of eolvent were used 
b - 0,3 m-10 of yllde 3p in loo0 ml of solvent were used 
c - 0.3 ma010 of yllde JQ in 500 ml of eolvsnt were uead 

In particular, polar eolvsnte (alcohole, acetonitrile) frvour the formation 

of the dlsreplnee 31 in high yielde, l oreover the eolvant of choice appeared to - 
be ecetonitrile in which the dlazepine 31e wan formed in high yield and in a re- - 
markable dominance. In fact, only the diszepina 31s le capable to gsnerste imlds- - 
zo[4,5-d] [1,2]dl azepine system 1 by recyclieatlon of the imidazolldln-2-one ring 

(vlde infra). In contraat, when the ylide 30 was irradiated in nonpolar solvent9 - 
(benzene, methylone chloride) the parent 3,4-diethoxycarbonylamlnopyridine (32) 

. Additionally, when irradistion was performed in aeths- 

,4,5-trlsthoxycarbonylaminopyridine (u) (8%) were also 

becamee the major product 

nol, 80ma quantltlee of 2 

Pooleted. Theee eolvent e 

N-iminolsoquinoliniun and 

ffecte are enologoue to 

- quinolinlun ylidaeig 

those observed in photolysis of 

and aleo of pyridlne N-oxide8 

~f;;;HN~Et32 

. 

/)\rNHC02E1 

310 31b - - 

02Et 



Our next ain wao the internal recycllastlon of the disreplne u tocbtaln the 

deelrad lmldato[4,5-d] [1,2]dlszeplns syetem 2. Thus, reaction of m with eodius 

hydride In MF followed by quonchlng with methanol end treatment with Amberllte 

IRC-50, reeulted In the formation of 6-ethoxycsrbonyl-l,3-dlhydroi8idsro[4,5~] 

[1,2]dlszapin-2-0~ ($4) in 52% yield, accompsnlod by abstraction of dlethylcsr- 

bonste, according to the poetulated cechsnien ae ehown In Scheme 5. 

e Et0 HN 

EtOFHN c WI 
NrCqEt - 

0 

310 - 

Scheme 5 

Attempts to obtain the imidazo[4,5-e] [1,2]dlszeplno eyeten m f ron the dleraplne 

w under enelogoue condltlone have been uneuccsseful for previously diecueeed 

eterlc rea8008. 

Syntheeee of rlbonucleoeidee 

Before the planed eyntheeio of the rlbonucleosides containing lmldsro [4, S-d] 

[1,2] dlszeplne eyetem 2 es a heterocycllc moiety, we carried out, a model N-riboel- 

dstlon of l,S-dlhydrolmldszo [4.5-c] pyrldln-2-one (21) by Vorbriiggen methodS3.Trl- 

nsthylsillletlon of 23 with hexensthyldlsllazsne (HIQS) and trimethylsllyl chlorl- 

de in enhydroue pyrldlne yielded correeponding ellyl derivative. Treatment of CNS 

crude compound with l-O-scetyl-2,3,5-trl-0-benzoyl-PC-ribofursnoee 34 
and SnC14 

aa a C.staly8t, In 1,2-dichloroethsne/acetonitrlle mixture followed by a flash 

column chronatogrephy3’, gave t*ro nonorlbonucleoeldse 32 and a in 0.55:0.45 re- 

tlo In 42% overall yield. Oeprotectlon of m and m with aethsnollc ammonia fur- 

nished l,3-dlhydro-l-~O-rlbofursnoeyllmldszo[4,5-c]pyrldln-2-one (m) and 1,3- 

-dlhydro-3-@-0-rlbofursnoaylinldsro[4,5-c] pyridln-2-one (m) In B5% and 90% yield 

respectively. The atructurea of both received nucleoeidee 35b and m were cor+flr- - 
med on the beeis of independent synthesis. Thue, N-riboeldetlon of 1-benzyl-1 ,3- 

-dihydrolnldaro[4,5-c] pyrldln-2-one (&, carried out employing the procedure ueed 

for the rlbosidation of l,3-dlhydrolmldazo[4,5-c]pyrldin-2-one (a) yielded the 

N-3 rlboelde 37s In 31% yield. - Oebenzoyletlon of 37e with methsnollc ammonia gave 

the rlboelde 37J. which after catalytic hydrogenolyele lad to the rlboelde 36b in - 
B311; overall yield in respect to n. ldentlcsl with one of thoee previously pre- 

pared. 



Next, we applied the above aodel reactlone for N-rlbooldstlon of 6-athoxycsr- 

bonyl-1,3-dlhydrolaldsto[4,5-d] [1,2]dIerepIn-2-on. (19). N-Rlborldstion, followed 

by a standard workup and flseh column chromatography, yielded three rlbDnucleoelde 

products coneletlng of two monorlbonucleoeldee m and m and the dlrlbonuclo- 

oslde 49 In molsr ratio 0.42:0.32:0.26 reepectlvely In 48% overall yield. Each of 

the Isolated nucleoeldes woe deprotected In methsnollc emaonla. Deprotectlon of 

J@ and 39s gave the desired rlbonucleoeldse with the Imldazo[4,5-d] [1,2] dlszo- 

pine moiety m and m In 62% end 75% yield reepectlvely. In contraat, under the 

some condltlone the dlrlbonucleoelde 40 undergoee base cstalysed tranaformstlon 

to 4-anIno-l,3-dIhydro-l,3-bIe(~-0-rIbofuranosyl)i~Idszo [4,5-c] pyrldln-2-one (41) 

rn 50% yield. 

0 

RO 

R6 dR 

3JI p R-8r 

& R-H co 

Those result8 are snalogoue 

1,2-dlazeplnee bearing hydrogen 

to thoee observed 

atom at C-3 under 

condltione. We found for the flret time that thle 

-C02Et 

HO 

II 

by J.Strelth4*= for monocyclic 

etrong bselc (RO-, HO-) mctlon 

type of reaction occur8 ale0 In 

mild basic condltlone (methanollc ammonia, room temperature) In the case of the 

dlrIbonucleoeIde @ accordingly to the following Scheme 6: 

i! R R V2 R 

B: 
z!z- 

Scheme 6 
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In presence of smronie the diribonuclsostdo 4tJ undergoes ring opening of the 1,2- 

-dIerepIne wtety to fore the tie-cls-dienaainonftrile derivetlve 42, then after 

recyclisetion of 42 end raponiflcatlon of the urethane moiety, the eminopyridine 

derivetive a is produced. In contrrst, monorlbonucleosidee m snd m ere stable 

in aethanollc ammonle, for the negetive ch8rQe Qenereted et N-l or N-3 stsbi~irse 

the 1,2-dlezepine ring. 
The structures of all nucleoeidee conteining the 1,3-dlhydroinfdero[4,5-d] 

[1,2]dlezepine-2-one aolsty were esetgned on the besls of 400 MHz ‘H NMR spectrel 

date (see Tsble 2). 

Tsble 2. ‘H NW! spsctrel date of conpounds 34. m, m, m, m end & ’ 

b(Ppm) 23 b z!hc 4.e 3azd zad a c 
H4 7.73 

H7 6.06 

ne 5.98 

w 1' 

w 2’ 

H 3’ 

H 4’ 

H 5’ 

H 5* 

OW2 4.30 

C% 1.34 

7.79 

6.27 

5.79 

5.97 

6.06-6.12 

4.65 

4.6-4.7 

4.84 

4.33 

1.35 

8.05 
6.19 

6.06 

5.83 

6.22 

6.08 

4.70 

1 
4.69-4.02 

4.34 

1.35 

7.81 8.41 

6.66 6.02 

6.05 5.92 

5.57 5.80 

4.56 4.57 

4.19 4.30 

3.97 4.11 

3.78 3.85 

3.70 3.74 

4.29 4.16 

1.32 I.15 

8.02 

6.27 

5.86 

6.00, 5.82 

6.03-6.10, 
6.22 

6.OE6.10(2H) 

4.60, 4.70 

4.77-4.83 
4.65-4.71 

4.32 

1.34 

3(i,j) 34 
(HZ) 

- 38s 398 s!z Sk 4Q 

7.6 7,O 

1’ ,2’ 

2’ ,3’ 

3’ .4’ 

4’ ‘5’ 

4’ ,5* 

5’ ,5” 

7.0 7,o 7.0 7.0 

4.5 4.5 6.7 6.5 

1 6.0 6.0 6.0 J StrOnQly coupled strongly 6.0 
coupled 

/ 12.5 4.0 3.5 3.0 12.0 3.0 3.5 3.5 

7.0 

strongly 

coupled 

8. Recorded at 400 MHz with TM6 es lnternel standard. 
b, Solvent: COC13 * OMSO-d6. 

c. Solvent: C0C13. 

d, Solvent: C0300. 
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Experimental 

M.p.e (lore determined on e Biichl SMP-20 spperetue end on a Boetlue l .p. micro- 

ecope and ere uncorrected. UV Spectra were recorded on Vsrlen UV-VIS 635 inetru- 

l ent in MeOH, end IR spectra on Spect romon 2000 MCW inetrumont for KBr diece. 
1 H NMR epectre were obtained with Bruker 90 mz, Model HFX-72 and Teele 80 MHZ, 

BS 487C inetrumente, uelng TMS ee en interns1 etenderd,chenicel ehlfte ersglven in 

6 valuee. t4aes epectrel date were recorded on CCMS-LKB-type 9000s l aoe epectro- 

aeter. Elementel enelyeee were determlned In Laboratory of Mlcroenelyele of the 

Technical University In Lodr. Photocheaicel experlmente were carried out under Ar 

atm. in Pyrex gleee reactor with the Henovle cooling finger type, utlllelng 125 w 

Philips HPK high preeeure mercury lamp. TLC wee carried out on elllca gel plate0 

60F254 (Merck)..Column chromatography wee perforaed eccordlng to Still’s flaeh chro- 

matography procedure 35 utilizing elllce gel 230-400 mesh (Merck). 

Syntheele of 5-emInolaldero[4,5-c]pyrIdinlum neeitylenesulfonete (2). To e 

etlrred eoln of pz4 (1.199; 0.01 mole) in dry MeOH (50 ml) wee edded dropwlee e 

eoln of 0-•eeltyleneeulfonylhydroxylamine (MSH)26 (2.159; 0.01 mole) in dry MeOH 

(50 ml), the resulting mixture wae etirred at room temp. for 3 hr. After evepore- 

tlon of the solvent In vecuo, addition of EtOH (300 ml) led to cryetelllzetlon of 

g, 2.27 g, (68%), m.p. 201-203’, recryetalllred from EtOH; ‘H NMR (C0300): 9.26 

(lH, 3 - 1.2 Hz, H-4), 8.74 (lH, e, H-2), 8.51 (lH, dd, J - 7.0 and 1.2 Hr. H-6). 

8.05 (lH, d. J - 7.0 Hz, H-7), 6.80 (2H. e, CH -OMee), 2.513 (6H. e, o-Me), 2.20 

(W, 8, p-Me); MS: m/e 2OO(H* - 134). 134(M* - 200). (Found: C, 53,7; H, 5,4; N, 

16.6. Cslc. for C15H18N403S: C, 53.68: H, 5.43: N, 16.7551;). 

Syntheele of 5-ethoxycarbonylimlnoImldezo [4,5-c]pyrldlnlum yllde (11). To e - 
stirred euepenelon of u (1.67 g; 5 mmole) in ebe EtOH (SO al) wee added dropwlee 

ethyl chloroformete (1.08 g; 10 mmole) In abe EtOH (10 ml) followed by erh*K2C03 

(2.8 9). After about 12 hr et room teap., the lnorgenlc salt8 were filtered off 

and the remelnlng eoln wee evaporated to dryneee in vacua. After column chrometo- 

graphy of the reeldue with CHC13-EtOH 4/l v/v mixture, Il. 334 mg (24%) wee obte- 

Ined, m.p. lf31-183’. UV x 276 and 295 nm (6 - 6ooO and 5900 reep.) ; IR 1730 

end 1630 cm “(C-o) ; ‘H NH:q:0300): 9.04(1H, d, 3 . 1.8 Hz, H-4), 8.56(lH, e,H-2), 

8.23(1H, dd, J - 7.0 end 1.6 Hz, H-6), 7.86(lH, d, J n 7.0 Hz, H-7). 4.25(2H, q, 

J I 7.0 Hr. CH2), 1.30(3H, t, J - 7.0 Hz, CH3), MS: m/s 206(M*). (Found: C, 52.2. 

H, 5.0, N, 26.9. Calc. for CgH10N402: C, 52,42, H, 4.09, N, 27.17%). 

Photoinduced eyntheele of 4-ethoxycarbonylamlnolaldsro[4,5-c] pyrldlne (ii) 

from yllde ;. A eoln of 11 (206 n g; 1 q mole) in ecetonltrile(500 ml)wee Irrsdle- 

ted for 40 mln, whence all etsrting material wee coneumed. After eveporstlon of 

the eolvent In vecuo and column chromatogrepy with e CHC13-EtOH 4/l v/v mixtu- 

re, two compounde were eluted: Imidazo [4,5-c] pyridlne (2) , 54 mg (45%) ; 4-ethoxy- 

cerbonylealnolmIdaro [4,5-c] pyrldine (l3), 88 mg (43%) ; m.p. 170-174’; UV Amex 248 

end 276 nm ( e- 5000 end 5500 reep.); IR 1640 cm -I; ‘Ii NMR (C0300): 8.27 (lH, e, 

H-2), 8.05 (lH, d, J - 5.6 Hz, H-6), 7.41 (lH, d, J = 5.6 Hz, H-7), 4.30 (2H, q, 

J - 7.0 Hz, CH2), 1.27(3H, t, J - 7.0 Hz, CH3); MS: m/e 207(M++1),206(M+).(Found: 

C, 52.2: H, 4.7; N, 27.0. Celc. for CgH10N402: C, 52.42; H, 4.89; N, 27.17%). 

Syntheele of l- and 3-plveloyloxymethyllmldszo [4,5-c] pyrldlne (14s) fi (13). 

To e etlrred eoln of 4(3.57 g; 0.03 mole) In dry OMF (100 ml) wee added dropwiee 

chloroaethyl plvalate25 (4.52 g; 0.03 mole) in dry CWIF (10 l l) followed by enhyd. 

K2C03 (4.2 9). After etlrring for about 48 hr at room temp., the inorganic ealte 

were filtered off and the remaining eoln wee evaporated to drynese in vacuo.After 



column chroaetography of the mixture with a MC13-EtW 9/l v/v two ieom.re 14s 

snd 14b were obtained, 6.13 g (88%) In r.tIo 7.5:2.5 reapectlvely. 

~iv.loyloxymethyllmid.zo[4,5-c]pyrldIne (14s) , l .p. 105-107°, recryrtslll- 

zed from hexsne-scetone nixture; IR 1730 ca -l (c-0); 'H NM? (COCl3): 9.12 (lH, d, 

J - 0.9 Hz, H-4). 8.50 (lH, d, 3 = 5.6 Hz, H-61, 6.19 (lH, a, H-2). 7.56 (lH, dd. 

J I 5.6 and 0.9 Hz, H-7), 6.15 (2H, a, CH2), 1.15 (9H, a, t8u); MS: m/e 233 (M*). 

(Found: C, 61.6, H, 6.4, N, 18.1. Celc. for Ci2Hi5N302: C, 61.79. H, 6.48. N, 

18.01%). 

3-Piv.loyloxymethyllrid.zo[4,5-c]pyrldlne (ml, m.p. 114-116'. recryatelll- 

red from hexone-acetone mixture; IR 1730 cm -l (c-0): ‘H NM (CDC13) : 9.00 (lH, d, 

3 . 0.9 Hz, H-4), 6.38 (lH, d, J = 5.6 Hz, H-61, 8.25 (lH, 8, H-2). 7.73 (lH, dd, 

J I 5.6 and 0.9 Hr. H-71, 6.20 (2H, a, CH2), 1.15 ('9H. a, t-Bu): MS: m/e 233 (M*). 

(Found: C, 61.7, H, 6.3, N, 17.9. Cslc. for C12H15N302: C, 61.79, H. 6.48, N,' 

18.01%). 

Synthesis of 5-amino-1-plv.aloyloxymethylIald.zo 4,5-c pyrldlnium meaitylene- 

aulfonate (is). To a stirred aoln of 146 (4.7 g; 0.02 mole) In CH2C12 (15 ~1) wos 

sdded dropwlse . soln of MSH26 (4.3 g; 0.02 mole) In CH2C12 (30 ml), the resulting 

mixture being kept .t room temp. overnight. Addition of dlethyl ether (150 ml) 

led to crystelllr.tlon of II, 6.5 g (72.5x), ..p. 150-152'; UVI,., 274 nm ( e- 
. 6200); IR 1740 cm"; ' H NM? (CD300): 9.30 (lH, d, J - 1.2 Hz, Hr41, 8.86 (lH, 

a, H-2), 0.64 (lH, dd, J - 7.0 and 1.2 Hz, H-6). 8.30 (lH, d, 3 - 7.0 Hz, H-71, 

6.81 (2H, a, CH -0Mea). 6.37 (2H. a, CH2), 2.58(6H, a, 2Me -Oms), 2.21 (W,S, Me 

-0Mea1, 1.14 (9H, a, t-Bu). (Found: C, 56.1, H, 6.3, N, 12.3. Cslc. forC2&N405S: 

C, 56.23, H, 6.29, N, 12.49%). 

Synthesis of 5-ethoxyc.rbonyllmlno-l-pIv.loyloxymethylImld.ro[4,5-c]~ridInlum 

yllde (12). To a stirred aoln of 9 (4.5 g; 0.01 mole) In sba EtOH (60 ml) W.8 

added dropwlse ethyl chloroformsto (1.1 g: 0.01 aols) In sba Etch (10 ~111 follo- 

wed by snhyd. K2C03 (2.8 g). After stirring overnight .t room te.p., the Inorgs- 

nlc salts were filtered off snd the reaslnlng aoln was eveporsted to dryness In 

vacua. After column chromstogrsphy of the residue with a CHC13-EtOH 5/l v/v 

mixture one Isolated l6, 2.47 g (7fx;), m.p. 153-155', recryatelllzed from metha- 

nol-hexsne mixture; UV;Lmax 296 nm (g- 7100): IR 1730, 1630 cm"; 'H NM? (CDClf): 

9.30 (lH, d, J = 1.2 Hz, H-4). 8.53 (lH, dd, J - 7.0 and 1.2 Hz, H-61, 8.37 (1H. 

a, H-21, 7.80 (lH, d, 3 = 7.0 Hz, H-7), 6.18 (2H, a, OCH2), 4.18 (2H, q, J-7.0 Hz, 

CH2), 1.33 (3H, t, J = 7.0 Hz, Me). 1.16 (9H, a, t-Bu): MS: m/e 320 (M*). (Found: 

C, 56.3, H, 6.3, N, 17.6. Cslc. for Ci5H20N404: C, 56.24, H, 6.29, N, 17.49%). 

Photoinduced synthesis of 4-ethoxycsrbonylsalno-1-pIv.loyloxymethyllmIdazo 

[4,5-clpyrldlne (17) snd 4-pIv.loyl.mlno-l-pIvaloyloxyaethylI.Id.ro[4,5-c]pyrldl- - 
no (16) from yllde 16. A aoln of 16 (460 mg; 1.5 mmole) In acetonltrlle (500 ml) -- - 
was Irradiated, consumption of starting m.t.rl.l being monitored by UV apectrosco- 

py (gradual dla.ppe.rance of the&, 325 na absorption band). After 40 mln no 

starting msterlsl remained snd the aoln was evepored In vacua to dryneaa.The cru- 

de .lxture was chromstogrsphed over a aillclc acid column with . CHC13-EtM 9/l 

v/v mixture end two compounds were eluted: 

4-Ethoxyc.rbonyl.mIno-l-pIv.loyloxy~thyll~ld.ro[4.5-c]pyrldIno (u). 120 mg 

(25%); m.p. 202-205'. rscryatslllred from l othsnol-hexsne mixture; UVA,., 263 nn 

(& - 14400): IR 1730 c"'l; ' H M (CDC13): 8.30 (lH, d, J - 5.9 Hz, H-61, 8.07 

(lH, a, H-21, 7.22 (lH, d, J . 5.9 Hz, H-7). 6.08 (2H. a, CH2), 4.30 (2H, q, J = 

- 7.0 Hz, CH2 - Et), 1.34 (3+l, t, 3 - 7.0 Hz. He), 1.14 (9H, a, t-Bu); MS: m/e 

320 (M*). (Found: C, 56.0, H, 6.1, N, 17.3. Colt. for C15H20N404- C, 56.24, H, 

6.29, N, 17.4ssI;). 
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4-Piveloylamino-l-pivaloyloxymethyliaidezo[4,5-c] pyridine (LB), 40 l g (en;): 
r.p. 186-188O, recrystallized from methanol-hexene mixture; ‘HNMR (CDCl ): 8.32 

(l”, d, J = 5.6 Hz, H-61, 8.08 (1X, s, H-21, 7.28 (1”, d, 3 - 5.6 Hz, Hz,), 6.09 

(2”, 8, c”& 1.41 (9”. 8, CO-tBu), 1.14 (9H, 8, t-Bu); MS: c/e 332 (M’). 

Synthssis of 4-ethoxycarbonylae1noimidaro [4,5-c pyridine (13) f roll; 17, A soln - -- 
of 17 (96 mg: 0.3 ~aole) in MOO” freshly satuteted with eamonia (10 al) was kept 

at room temp. for about 100 hr. After evaporation of the eolvent In vacua the re- 

sidue was chromatogrephed over a silicic acid colurn with a CHC13-EtOH 4/I v/v 
mixture. 13, 35 mg (57%) Is thus Isolated as colourlese crystals, n,p. 16S-170’ 

recrystsllired from nethenol, identical with the eanple obtained from 11. 

I-benzyl-1,3-dlhydrolaidazo [4,5-c] pyridin-2-one (24) was prspared 

to Clark.8 aethod3’ f ron 3-amino-4-benzylaminopyridin~ 

eccording 

end phoegene, as colour- 

less crystale. m.p. 214O; IR 1710 cm-1 (C-O); 1” NMR (CO3OD): 8.40 (l”, s, H-41, 

8.30 flH, d, J = 5.6 Hz, H-61, 7.48 (5”. s, Ph), 7.21 (l”, d, J . 5.6 Hz, H-7) * 
5.26 (2H, s, CH2).(Found: C, 69.4, H, 5.0, N, 18.5, Calc. for C13H11N30: C, 69.32, 

H, 4.92, N, 18.65%). 

SynthO8i8 of 5-amino-l-benzyl-1,3-dIhydroialda~o~4,5-c]pyridIn-2-onium aesi- 

tylsnesulfonats (26). To a stirred suspension of 4 (4 g; 0.018 ~01s) in dry HsW - 
(80 ml) was added drOpwi8e a soln of MS” 26 (4.2 g; 0.02 mole) in dry MeoH (30 al). 

After stirring for 40 hr at room temp., the solvent was removed under vacuum. The 

resulting solid was washed with CH2C12 (85 ml) to give 26, 6.3 g (80.5%), m.p. 

198.200° ; ‘H N”R (CO3OOf: 8.42 (l”, d, 3 . 1.8 Hz, H-4). 8,34 (l”, dd, 3 -6.8 and 

1.8 Hz, H-.6), 7.45 (l", d, 3 - 6.8 Hz, H-71, 7.36 (5”, 8, Ph), 6.82 (2”. 0, C” 

-0Mes). 5.18 (2H, s, CH2), 2.59 (6H, 6, o-Me), 2.21 (3H, 8, p-Me), (Found:C,60.1, 

H, 5.3, N, 12.6. Calc. for C22”24N404S: C, 59.98, H, 5.49, N, 12.72%). 

Synthesis of l-benzyl-5-ethoxycarbonylimino-l,3-dihydroIaIdazo[4,5-c]pyr1din- 

-2-onium ylida (27). To a stirred suspension of 26 (2 g; 4.5 mmolo) in ebs EtCH - 
(40 ml) was added dropwise ethyl chloroforaats (1.7 g) in abs EtOH (10 ml) follo- 

wed by anhyd. K2C03 (4 g). Af ted stirring overnight at room temp., the inorganic 

salt8 were filtered off and ths remaining sob was evaporated to dryness in vocuo. 

The residue we8 then token up in Cti2C12 (50 ml) and after removal of the potassium 

meeitylonesulfonate, the eoln was oveporetsd in vacua to dryness. The resulting 

solid was chrometographed over a eillcic acid column with a CHC13-EtO” !3/1 v/v 

nIxturo l to give 27, 0.31 g (22x1, m.p. 206’; Uv C$,sx 304 nm f B - 9600) : IR 1750 

and 1640 cm -‘; ‘” NW? (CO300): 8.22 (l", d, J - 1.5 Hz, H-41, 8.11 (lH, dd, J * 

I 6.8 and 1.5 Hz, H-61, 7.33 (5H, a, Ph), 7.30 (lH, d, 3 = 6.8 Hz, H-7),5.17 (2”. 

6. CH2 - bonryl), 4.12 (2H, q, 3 - 7.0 “z, CH2 - ethyl), 1.26 (3H, t, J = 7.0 HZ, 

Me) ; MS : m/e 284 (M’ - 28), 225, 208, 91. (Found: C, 61.5, H, 5.0, N, 17.7. Calc. 

for Ci6H16N403 : C, 61.53, H, 5.16, N, 17.94%). 

Photochemical rssctton of ylide 27. A soln of z (150 mg; 0.48 mmole) In dry 

MeO” (450 ml) was irradiated for 30 nin, whence all starting matorisl was conou- 

med. After evaporation of the solvent in vacua silica go1 column chronatogrephy 

CHC13-EtOH 5/l v/v mixture seperetod three products: Rf 0.7, 1-benzyl-4-ethoxycar- 

bonylaaino-l.3-dIhydroimIdazo[4,5-c]pyridin-2-one (28). 44 mg, (29.3%); Rf 0.5, 

l-benzyl-6-ethoxycarbonylamIno-l,3-dihydroInIdazo[4,5-c]pyridin-2-one (azp) ,37 rg, 

(24.7%): Rf 0.3, l-benryl-1,3-dihydrolmidato[4,5-c]pyridin-Z-one c&j), 36 mg. 

(33.3515) identlcel with the euthentic sample. 

l-8onzyl-4-othoxycarbonylamino-l,3-dihydrolmidazo[4,5-c]pyrIdin-2-one (28): 

COlOUrlOSS C+YStBlS, 

IR 1720, 1550, 1290, 

m.p. 320’: UV $.eax 285 and 247 nm ( 6 - 7500 and 5400 reap.) : 
1240 CI?, % NMR(CW3-d6): 7.61 (5H, s, Ph), 7.56 (1H, d, 



sptbau of ihd~20(4.kbyridin and imidaz+,~[l,2Piucpin system I523 

J I 5.3 Hz, H-6), 7.21 (lH, d, J - 5.3 Hz, H-7), 5.35 (2H, e, Cv2 -benzyl), 4.59 

(2H, q, J . 7.0 Hz, CH2 -ethyl), 1.59 (3H, t, J - 7.0 Hz, Me); IIase spectrum: m/e 

312 (n’), 266 (H+-46), 91(8n*). 

i~enzyl-6-ethoxycsrbonyls~ino-l,3-dihydrol~idaro[4,5-c]pyridin-2-one (29) : 
colourless crystals, n.p. 344’; UV amax 293 and 255 nm ( E - 5ooO and 6500 resP.); 

IR 1720, 1550, 1270, 1230 cm -'; 'H NMR (MO-d6) : 6.24 (lH, 8, H-41, 7.86 (1H, 

s, ~-71, 7.66 (SH, s, Ph), 5.36 (2H. a, CH2 -benzyl), 4.46 (2H, q, J - 7.0 Hz, 

CH2 -ethyl), 1.57 (3H, t, J - 7.0 HZ, no); MS: m/e 312 (n*), 266 (M*-46),9l(Bn*). 

Synthesis of 5-amino-1,3-dlhydrolmldaz ,5-c] pyrldln-2-onlun mesltylsnesul- 

fonete (a). To a stirred suspension of a (6.76 g, 0.05 mole) in dry MeOH 

(150 ml) was added dropwlse a eoln of MSH 26 (11.64 g, 0.055 mole) in dry MeOH 

(75 ml). After stirring for about 12 hr at room temp., colourlese crystals were 

filtered off to yield 25, 14.2 g (81%). m.p. 297-298', recrystallized from MeOH: 

‘H NMR (OMSO-d6): 8.42 (lH, 8, H-4), 8.37 (lH, d, J = 6.5 Hz, H-6), 7.44 (lH, d. 

3 . 6.5 Hz, H-7), 6.75 (2H,e, CH -OMas), 2.51 (6H, 9, o-Me), 2.17 (W, sr P-Me); 

MS: n/e 200 (M*-150), 150 (H*-200), 135. (Found: C, 51.2, H, 5.1. N, 16.2. Celc. 

for C15H16N404S: C, 51.42, H, 5.16, N, 16.oosI;). 

Synthesis of 3,4-dlethoxycsrbonylamlno-l-ethoxycarbonyll~lnopyrldlnlu~ yllde 

(30). To a stirred suspension of 22 (1.4 g: 4 n mole) in abs EtOH (60 ml) was added 

dropwlse ethyl chloroformate (1.72 g; 16 maole) in abs Etch (10 ml) followed by 

enhyd. K2C03 (4.4 9). After about 12 hr at room temp., the inorganic selts were 

filltered off and the remaining soln was evaporated to dryness in vacuo.The resl- 

due wee taken up in acetonltrlle (100 ml) and after removal of the potassium mssl- 

tylenesulfonete, the soln was evaporated in vacua to dryness. The resulting solid 

material was chronstogrsphed over a slllclc acid column with a CHC13-EtOH 9/l V/V 

mixture. 0.48 g (3Sll;) of 30 were thus isolated as colourlsss crystals; m.p. 223- 

225O. uv Amex 313, 268 and 241 nm ( &= 11350, 1'0700 and 13100 reap.); IR 1730 

and 1630 cm” (C-O); 'H NW? (COC13): 8.84 (lH, d, J - 1.6 Hz, H-2), 6.70 (2H, 9, 

NH), 8.24 (lH, d, J - 7.3 HZ, H-6). 7.79 (lH, dd, J - 7.3 and 1.8 Hz, H-S), 4.26 

(2H, q, J - '7.0 Hz), 4.21 (2H, q, 3 - 7.0 Hz), 4.17 (2H. q, J - 7.0 H2),1.35 (WC, 

t, J . 7.0 Hz), 1.32 (3H, t, J - 7.0 Hz), 1.29 (3H, t, J = 7.0 Hz): MS: m/O 340 

(M*). (Found: C, 49.3, H, 5.9, N, 16.6. Calc. for C14H20N406: C, 49.42, H. 5.92, 

N, 16.4651;). 

Photoinduced synthesis of 4,5-dlethoxycsrbonylamlno-l-sthoxycsrbonyl-l,2-dls- 

zeplne (32) end 5,6-dlethoxycsrbonylamlno-l-ethoxycerbonyl-l,2-dlazepIne (E). 

A soln of 30 in suitable solvent (eee Table 1) wee irradiated whence all starting - 
materiel was consumed. After evaporation of the solvent in vacua the crude mlxtu- 

re was chromatogrephed over a slliclc acid column with a CH2C12-acetone 4/l v/v 
mixture. Two 1,2-dlsreplnes 31e and m were eluted: 4,5-dlethoxycarbonylsnino-l- 

-ethoxycerbonyl-1,2-dlazeplne (B), m.p. 128-131'; UVLLmsx 351 and 262 nm ( e - 

I 1200 and 12800 rssp.); ‘H NMR (COC13): 7.32 (1H. 8, H-3), 7.14 (2H, 8, NH),6.31 

(lH, d, J - 7.6 Hz, H-7), 5.90 (lH, d, J = 7.6 HZ, H-6), 4.04-4.44 (6H. 3q, J - 

= 7.0 Hz, 3CH2), 1.15-1.70(9H, 3t, J = 7.0 Hz, 3 Me); MS: m/e 340 (M'). (Found: 

C, 49.4, H, 5.9, N, 16.2. Calc. for C14H20N406: C, 49.41, H. 5.92, N, 16.46%). 

5,6-dlethoxycarbonylamlno-l-ethoxycerbonyl-l,2-dla~eplne (m), n.p.144-146'; 

UV%ax 340 and 257 nm (e- 550 and 1lOW reap.); 'H NMR (COC13): 7.51 (lH,d, 3 = 

- 4.1 Hz, H-3). 7.05 (1H. d, J = 4.1 Hz, H-41, 6.64 (2H, 8, NH), 6.45 (lH,s,H-71, 

4.06-4.45 (6H. 3q, J = 7.0 Hz, 3CH2), 1.19-1.63 (9H, 3t, J - 7.0 Hz); MS: we 

340 CM*). (Found: C, 49.3, H, 5.8, N, 16.5. Cslc. for C14H20N406: C, 49.41, H, 

5.92, N, 16.46%). 
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In eevaral copse two additional compoundewers elutod (moo Table 1): 3,4-dio- 

thoxycarbonylamlnopyrIdlne (g), l .p. 87-92’; ‘H NHR (CDc13): 8.40 (lH, 8, H-2), 
8.34 (iti, d, J . 5.6 Hz, H-6), 7.94 (1H. d, J = 5.6 Hz, H-5), 7.81(2H, 8, NH), 

4.20-4.26 (4Ji, 2q, 3 - 7.0 HZ, 2CH2), 1.28-1.33 (6&l, 2t, J - 7.0 Hz, 2He)rHS: a/a 

253 (H*). (Found: C, 52.3, H, 5.8, N, 16.4. Calc. for CIIH15N304: C, 52.17, H, 

5.97, N, 16.59%). 

2,4,5-tristhoxycarbonylamlnopyrldlne (s), no l eltad under 320’: ‘H NMR 

(MO-d6): 8.50 (lH, 8, H-6), 8.20 (1H. a, H-3), 4.15-4.30 (6H, 3q. 3 - 7.0 Hz). 

1.24-1.40 (9H. 3t. J - 7.0 Hz): MS: m/e 340 (M*). (Found: C, 49.2, H, 5.8,N,16.6. 

Celc. for C14H20N406 : C, 49.41, H, 5.92, N, 16.4611;). 

Synthesle of 6-ethoxycarbonyl-1,3-dIhydrolmldato[4,5-d] [1,2]dlazepln-2-one (34). - 
To a etlrrsd euepenslon of 50% NaH (200 ag) In dry THF (10 l l) was added dropwles 

a eoln of 31s (204 mg; - 0.6 mmole) In dry WF (20 ml) at rooa tamp. under dry Ar. 

After about 5 hr at room temp., the mixture woe treated at 5’ with MeOH (10 ml). 

The red eoln was stirred for another hr at 5’ with Amberlite IRC-50(H)to achieve 

PH - 7. The 100 exchange resin wan filtered off and In the renalnlng 00 In 

dlethyl carbonate wae detected (CLC). After evaporation of the solvent In 

vacua et 25’, the reeldue WOE chronatogrsphed over a elliclc acid column 

with CHC13-EtOH 5/l v/v mixture. Olazeplne 54, 68 l g (51.5%) was thue leolated ae 

yellow crystale, m.p. 302-305’; UV 2,,, 372, 267 and 232 nm ( e- 830, 7550 and 

5500 reep.) ; 1H NMR (u%O-d6,): 7.80 (1H. a, H-4), 6.15 (lH, d, J . 7.0 Hz, H-7), 

6.00 (lH, d, J - 7.0 Hz, H-81, 4.19 (2H, q, J . 7.0 Hz, CH2) 1.23 (3H,t,J-7.0 Hr. 

Me): MS: m/e 222 (M’). (Found: C, 48.6, H, 4.5, N, 25.1. Calc. for CgHION403: C, 

48.65, H, 4.54, N, 25.21%). 

Synthesle of l-(2,3,5-trl-0-benzoyl-g-D-rlbofuranoeyl)-l,3-dlhydrolmlda~o 

4.5-c pyrldln-2-one (35e) and 3-(2,3,5-trl-O-benzoyl-~D-rlbofurano~yl)-l,3-dlh~- 

- drolrldezo [4,5-c] py rldln-2-one (36s). - To a etlrred euspenelon of dry 3 (100 rg; 

0.74 mmole) in dry pyrldlne (2 ml) wee added hexansthyldIsIlszane (MS) (0.5 ml) 

at room temp. under dry Ar. A catalytic amount of trlnethylellyl chlorlds(2 dropa) 

we8 added to the suspeneion. The mixture wae heated at reflux for 7 hr under dry 

Ar, at which point the eolled had dleeolved. The solvent was removed in vacua 

(50°, 5 torr). To the white crystalline residue woe added 1-0-acetyl-2,3,5-trl-O- 

-benzoyl-~0-ribofuranoee34 (373 mg; 0.74 mmole) (dried previously at 80’ for 2ak, 

1 torr) dlseolved In a mixture of 1,2-dlchloroethane and acetonltrlle (2n1/2ml). 

To the resulting euspenelon cooled to 0’ SnC14 (0.1 ml) was added and the eolnwae 

stirred at 0’ for 7 hr under dry Ar. The reaction was quenclled with a eaturated 

NaHC03 aqueous eoln, and the precipitate wee reaoved by filtration through Cellte. 

The organic layer wa8 dried over Na2S04, filtered, and evaporated in vacua at 30’. 

The residue wee chromatogrsphed over slliclc acid column with CHC13-EtOH 95/5 v/v 

mixture. Two rlbonucleoeldes 35e (98 mg) and 36s (81 mg) ware eluted: 

l-(2,3,5-trI-0-benzoyl-~-D-rlbofurano~yl)l,3-dIhydrolmldazo[4,5-c] pyrldln-2- 

-one (m), 98 mg (2351;), colourleee cryetsle, m.p. 105-ilOo, recrystelllzed fror 

a mixture CHC13-hexane. UV A,,, 275 nm ( & = 9000): 

H-4), 8.12 (lH, d, 3 - 

‘H NW? (cDc13) : 8.35 (lH, a, 

5.3 Hz, H-6), 7.16 (lH, d, J = 5.3 Hr. H-7), 7.32-8.07 

(15H. m, 3 benzoyl) , 6.07-6.29 (3H, II, 1’, 2’ and 3’ H), 4.68-4.88 (3H, a, 4’ and 

5. H); MS: a/e 445 (M* - C6H4N30), 135 (base), 105 (PhCO*), 77 (Ph*). (Found: C, 

66.0, H, 4.1, N, 7.3. Calc. for C32H25H308: C, 66.30, H, 4.35, N, 7.25%). 

3-(2,3,5-tri-0-benzoyl-~0-rIbofuranoeyl)-l,3-dlhydrolaldazo[4,5-c]pyrIdln-2- 

-one (36s). 81 mg (19%). colourleae cryetale, m.p. 185-190’. recryetallized froa 

a mixture Ct+Clz-hexane. UVImax 275 nm (El 6000) 1H NM (CCC13): 8.47 (lH,e,H-41, 

8.24 (lH, d, J - 5.3 Hz, H-61, 7.03 (lH, d, J - 5.3 HZ, H-7). 7.32-8.12 (15H, l , 



3 benzoyl), 5.80-6.50 (W, l , 1’. 2’ and 3’H), 4.66-4.76 (3H, II, 4’ and 5’H); MS: 

a/e 445 (M* - C6H4N30), 13s (bsee), 105 (PhCO*), 77 (Ph*). (Found: C, 66.2, H, 

4.4, N, 7.5. Cslc. for C32H25N308: C, 66.30, H, 4.35, N. 7.25%;). 

Deprotection of 0-benzoylated ribonucleoeldoo 358 and 36m. Ooprotection of 35s --- - 
and 56s wee accompllehsd by the following general procedure. The protected rlbo- 

nucleoside (58 ag; 0.1 moole) was kept in dry nethanolic ammonls (5 l l) et room 

temp. until TLC (CHC13-EtOH 9/l v/v mixture) indicated completion of the reaction, 

normally 24-48 hr. Removal of the eolvent in ~iecuo gave a solid residue. This re- 

sidue was washed with hot toluene to renova methyl benzoate and benzanlde, and 

the Insoluble reeldue wee crystallized from the appropriate solvent to give the 

pure deprotected rlbonucleoelde. 

1,3-Olhydro-l-~-D-lribofursnosyll~ld~~o[4,5-c]pyrldln-2-on~ (35b).Oeprotection 

of 3% and cryetslllratlon from Me&H/M&N gave m (85%); l .p. 144-147’. - lJv %.a, 
274 nn ( E I 6500);‘H NMR (WtSO-d6): 8.33 (iH, 8, H-41, 8.25 (1H. d, J - 5.3 HZ, 

H-61, 7.66 (lH, d, J - 5.3 Hr. H-71, 5.77 (lH, d, J = 7.0 Hz, H-l’), 4.61 (lH,dd, 

J - 7.0 and 5.6 Hz, H-2*), 4.18 (lH, dd, J - 5.6 end 2.6 Hz, H-3-1, 3.94-4.06 (lH, 

m, H-4’). 3.94 (2H. 8, H-5*); MS: n/e 267 (M*). (Found: C, 49.4, H, 4.7, N,l5.5. 

Calc. for C llH13N305: C, 49.44, H, 4.90, N, 15.72%;). 

1,3-Olhydro-3-@-O -rlbofuranoeyllnldazo 4,5-c p rldln-2-one (36b).Deprotectlon 

of 36e and cryetallizatlon from MeOH/MeCN gave 36b (9m); n.p. 201-203’. - “” ‘max 
274 nm (e- 5000); ‘H NW (OMSO-d6): 8.71 (lH, a, H-41, 8.28 (lH, d, J = 5.3 HZ, 

H-61, 7.16 (lH, d, J - 5.3 Hz, H-7), 5.81 (lH, d, J = 7.0 Hz, H-13, 4.57 (lH, dd, 

J I 7.0 and 5.6 Hz, H-2’), 4.20 (1H. dd, J = 5.6 and 2.6 Hz, H-S’), 3.98 (1H. dd, 

J - 2.6 and 3.2 Hz, H-4-), 3.72 (2H, d, J = 3.2 Hz, H-5’); MS: m/e 267 (M*)Ifound: 

C, 49.6, H, 5.0, N, 15.6. Calc. for CllH13N305: C, 49.44, H, 4.90, N, 15.72%). 

Syntheele of 1-benzyl-3-(2,3,5-trl-0-benzoyl-(5-O-ribofuranoeyl)-l,3-dlhydro- 

lmldazo[4.5-c] pyrldln-2-one (37s). In a typical procedure to a suspension of l- 

-benryl-1,3-dlhydrolmldazo[4,5-c] pyrldln-2-one (24) (338 mg; 1.5 mmole) In snhy- 

droue pyrldine (4 ml) were added WOS (1 ml) and trlaethylellyl chlorlde(6 drops). 

The euepsnelon wee heated at reflux under dry Ar for 7 hr, at which tine the rea- 

ction mixture wee a clear eolutlon. Removal of the eolvent under vacuum at 50’ 

gave a white eolld, which was diseolved in anhydroue dichloroethsne (4 ml).To thLe 

eoln was added 1-0-acetyl-2,3,5-trl-0-benzoyl-@-0-rlbofuranoee 34 (757 mg:L5 araob) 

dissolved In anhydroue ecetonltrile (4 ml). To the reeultlng euepsnelon cooled to 

O0 SnC14 (0.2 ml) was added and the reaction mixture was stirred at 0’ for 7 hr, 

after which time TLC (CHC13-EtOH 9/l v/v mixture) indicated completion of the 

reaction. The reaction was quenched by the slow addition to a suspension of an 

excaoe of NaHC03 aqueous eoln. The mixture was filtered to remove the tin salts. 

The eolld wag waehed with hot 1,2-dichloroethane (10 ml), and the wash wee added 

to the flltrant. The organic and aqueoue layers wara eeparated, and the aqueoue 

layer was extracted with 1,2-dlchloroethene (2 x 5 ml). The combined organic ls- 

yers were dried over Na2S04, the eolvent wee removed under vacuum to give a whit. 

crystalllns eolld. Column chromatography (CH2C12-ecetons 4/l v/v mixture) gavs 

enelytlcal pure z, 310 mg (31%). colourloee cryatale, m.p. 170-175’, recryeta- 

llized fron e l lxtura acetone-hexane. UVA,,,, 274 nm ( e - 7300) ; ‘H NW? (COC13): 

8.54 (lH, a, H-4), 8.25 (lH, d, J = 5.3 Hz, H-61, 7.40 (lH, d, J = 5.3 HZ, H-71, 

7.89-8.17 (6H, m, CH-benzoyl), 7.34-7.63 (9H. m, CH-benzoyl), 7.28 (5H, e, CH-bon- 

ZYl), 6.81 (lH, d, J . 5.6 Hz, H-l’), 6.10-6.33 (3H, II, H-2*, 3’ and 4’),5.03(2H, 

8, CH2- benzyl) , 4.80 (2H, 8, H-5-1; MS: m/e 669 (M’). (Found: C, 69.7, H, 4.6, 

N, 6.3. Calc. for C3gH31N308: C, 69.95, H, 4.67, N, 6.27%). 
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Syntheaie of l-benzyl-lr3-dIh~ro-3-~~-ribofuranoeyliaIdaro[4,5-c]pyrIdIn-2- 

_one (=I. The l ethanollc srnonls deprotection of 37s (268 mg; 0,4 amole) wae 

scconpliehsd by the general procedure to give after column chromatography (CW13- 

-EtOH 4/l v/v mixture) 37J, 134 sg (94%). colourlees hygroecoplc eemi-cryetalllne 

compound. UV &,a, 274 nn ( G = 3000) ; ‘H NM (CD30D): 8.91 (lH, s, H-41, 8.37 (lH, 

d, J - 5.3 Hz, H-6). 7.52 (SH, 8, CH-benryl), 7.32 (1H. d, 3 - 5.3 Hz, H-71, 6.14 

(lH, d, J = 7.0 Hr. H-l’), 5.31 (2H. s, CH2-benzyl), 4.92 (lH, dd, J - 7.0 and 

6.5 Hz, H-2’), 4.50 (lH, dd, J - 6.5 and 3.0 Hz, H-3’), 4.30 (lH, m, H-4’), 4.02 

(2H. a, H-5’): MS: a/e 357 (M’). (Found: C, 60.5, H. 5.1, N. 11.7. Calc. for 

Ci8HlgN305: C, 60.50, H, 5.36, N, 11.76%). 

Fornation of l,3-dIhydro-3-~-D-rIbofuranosylImIdazo[4,5-c~pyrIdIn-2-one (36b) 

from N-benzylatad nucleoelde 37b. To a stirred euspanslon of 10% Pd 
- 

on charcoal 

(50 mg) In 96% EtOH (5 ml) Inxrr apparatus at rooa tamp. under H2 the eoln of 

$7b (72 mg: 0.2 mmole) In 9% EtOH (10 ml) wne added. The suspension was than be- 

dted at reflux under H2 for ca 6 hr, at which time TLC (CHC13-EtOH 4/l v/v nlxtu- 

‘re) ehowed complete reaction of 37b to form E. The catalyst was filtered - thro- 

ugh Callte and washed with hot EtOH, and the combined filtrates were evaporated 

under vacuum at 30’ to dryness. The resultent 36J. white solld, 47 mg (88%) II88 

Identical by ‘H NW? with the eample obtained by daprotectlon of m, ..p.200-2os”, 

rscrystelllred from a mixture hexana/ecetone/mathenol. 

N-Rlboeldetlon of 6-ethoxycarbonyl-l,3-dIhydroImIdaro~4,S-d][1,2~dIazepIn-2- 

-one (34). In a typical N-rlboeldatlon procedure (eae eyntheeie of 35s and 360 - 
mixture) to a suspeneion of 34 (222 mg; 

- 

1 nmole) In anhydroue pyrldlne (4 nl)ware - 
added HMOS (0.8 ml) and trImethyleIlyl chloride (4 drops). The reaction mixture 

became clear and was heated at raflux under dry Ar for 6 hr. Removal of the eol- 

vent under vacuum (SO’, 5 torr) gave a brown eolld residue. The eoln of l-O-ace- 

tyl-2,3,5-trI-0-benroyl-(5-D-rIbofuranoee 34 (505 mg; 1 rmole) In a mixture of snhy- 

drous MeCN (4 ml) and anhydrous 1,2-dlchloroethane (4 ml) was then added. To the 

resulting suspension cooled to 0’ SnC14 (0.4 ml) was added and the reaction nlx- 

ture was stirred at 0’ for 7 hr. at which time TLC (CH Cl -acetone 4/l v/v alxtu- 
2 2 

re) revealed complete reaction. The reaction wae quenched with NaHC03 aqueous eoln. 

The solid was filtered through Cellte, washed with hot 1,2-dIchloroethane(20 ml), 

and the wash was added to the flltrant. The organic and aqueous layers were sepa- 

rated, and the aqueous layer was extracted (2 x 5 ml) with dlchloroethane. After 

the organic layers were combined and dried over Na2S04, the eolvent was removed 

under vacuum (30’. 5 torr) to give a pink crystalline solid. The residue was chro- 

matographed over a sllicic acid column with CH2C12-acetone 4/l v/v mixture. Three 

N-rlbosldatlon products were eluted, and Idantlfled a8 the followIng:Rf 0.9, 1,3- 

-bIs(2,3,5-trI-0-benzoyl-k_[)_rIbofuranosyl)-6-ethoxycarbonyl-l,3-dIhydroImIdaro 

[4,5-d] [1,2]dIazepIn-2-one (40; 140 ng, 12.6%); Rf 0.5, 3-(2,3,5-trl-O-benzoyl-e- 

-D-rIbofuranoeyl)-6-ethoxycarbonyl-l,3-dIhydroImIda~o[4,5-d] [1,2]dIazepIn-2-one 

(BQ, 102 m9, 15.3%); Rf 0.3, 1-(2,3,5-trI-O-benroyl-O_0-rIbofuranoeyl~-6-ethoxy- 

carbonyl-l.3-dIhydroImIdaro[4,5-d][l,2]dIazepIn-2-one (58s. 136 mg, 20.411;). 

9Q: yellow cryeta1s.m.p. 100-102°, recrystallized from a mixture acetone-hexane. 

uv %ax 352 and 274 nm ( E - 1600 and 18300 rasp.): ‘H NBlR data - sea Table 2. 

(Found: C, 65.7, H, 4.4, N, 5.0, Calc. for CgiH5,,N4017: C, 65.94, H, 4.54,N,5.04%). 

39s: yellow crystals, l .p. l10-112°, recrystallized from a l lxtura acetone-haxane. 

” &max 349 and 268 na ( 6 - 1000 and 9500 reep.); ‘H NMR data - see Table 2.(Fo- 

und: C, 63.1, H, 4.5. N, 8.2. Calc. for C35H30N4010: C, 63.06, H, 4.54,N,8.40jl;). 

38s: yellow crystals, m.p. 112-114’, recrystalllrad from a mixture acetona-hexana. - 

” ‘max 335 and 266 nm ( e = 1100 and 6200 reap.); ‘H NMR data - sea Table 2.(Fo- 

und : C, 63.2, H, 4.5, N, 8.3. Calc. for C35H30N4010: C, 63.06, H, 4.54, N. 8.40%). 



6-Ethox~arbonyl-l,3-dihydro-l-~0-rIbofuranoeylInIdsro[4,5-d] [1,2]dIsrepIn-2- 

-one (36b) wae obtained by deprotection of 3811 in a typical procedure aa a yellow -- 
eeml-solid compound (82%). UV %,a, 370 and 264 nm (6~ 1000 and 6200 rrep.); 

‘H NHR data - a80 Table 2; MS: m/m 354 (M’). (Found: C, 47.3, ii, 5.1, N, 15.6. 

Celc. for C14HiSN407: C, 47.46, H, 5.12, N, 15.61%). 

6-Ethoxycarbonyl-l,EdIhydro-3-~-0-rlbofuranoeylImIdazo[4,5-d] [1,2]diazepin-2- 

-one (39b) wee obtained by deprotection of 39a In a typical procedure and wag re- -- - 

cryetelllzed from a mixture acetone-hexene ae yellow hygroecopic cryetale (75%), 

m.p. 112-115’. UV Xmax 348 and 265 nm (S I 1600 and 6400 resp.) ; ‘Ii NMR data sac 

Table 2: MS: m/e 355 (M* + 1). (Found: C, 47.2, H, 5.2, N, 15.9. Calc. for 

Ci4Hi6N407: C, 47,46, H, 5.12, N, 15.61%). 

4-Amino-l,3-dIhydro-l,3-bIs(~-0-rIbofuranoeyl)IaIdsro[4,5-c]pyrIdIn-2-one(41) - 
was obtained during the methanolic ammonia deprotection of a for 24 hr at room 

temp. After evaporation to drynees, extraction of the eolld residue with hot to- 

luene followed by column chromatography (CHC13 -EtOH 9/l v/v mixture) gave en ena- 

lytlcslly pure colourleee cryetals of 41 (56%), m.p. 143-145’, recrystallized from a 

mixture acetone-hexane. UV A,,, 292, 251 and 229 nm ( d = 2200, 3000 and 6200 rsep.); 

‘H NMR (CO,OO) : 7.73 (lH, d, J - 5.9 Hz, H-61, 7.00 (lH, d, 3 - 5.9 HZ, H-7),5.90 

(IH, d, 3 - 6.5 Hz, H-l’), 5.80 (1H. d, J . 6.5 Hz, H-l”); MS: m/e 415 (M* + 11, 

150 (base), 133 (C5Hlo04*). (Found: C, 46,2, H, 5.3, N, 13.5. Celc. for 

C, 46.36, H, 5.35, N, 13.52%). 

i$6H22N40g: 
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