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=?F An 15N-NMR study in neutral and acidic solutions of isomeric I1 
and N substituted 7-Rlethyl-10-oxo-9.10-dihydro-pyrlmido[1,2-a]purines. 4 
and 5, and 9-oxo-B.9-dihydro-5-alkyl-imidato[l,2-a]purines. 5 and 1. respect- 
ively. have shown the electronic implications of building an additional six- 
membered ring with two double bonds, as in 4 and 5, and a five-Wered ring 
with one double bond, as in 5 and 1, involving l-NH and exocyclic 2-NH2 sub- 
stituent of the guanine moiety &. The ease of formation of N1 or N3 pro- 
tonated species and the magnitude of their I51 chemical shifts in compounds 
4 to 7 have established that the n-electron rich imidazole system is more 
deactivated in pyrimido[1,2-alpurine derivatives, 4 and S. than in the 
imidazo[l,2-alpurines 5 and I. It has also emerged that the N3 of N1 iso- 
mers, 5 and I_. are mar; strongly protonated than the N1 of N3 isomers 4 and 

7 B and the resonances of Ng(NBl and N5 
" A consideration Of JNB&g' # {"tde N5,Ng-fused six-tiered ring of the in compounds 4 to 1. has sh n t a 
pyrimido[1,2-alpurines is n-electron deficient and is not coplanar with the 
rest of the molecule while the geometry of the N5,NB-fused five-metiered 
ring of the imidazo[l,2-alpurines allows the participation of the N5 lone 
pair to activate the imidazole system as the exocyclic 2-NH2 or E-NHCOR 
groups of Ng-substituted guanine moiety. 

The exocyclic amino group at C-2 of guanosine (21 reacts readily with an appropriate bifunctional 

ketone or an aldehydic reagent, containing two or three carbon units beWeen two reactive func- 

tions, and undergo a ring-closure at MI to give either a tricyclic five-membered with one double 

bond or a six-merpbered compound with two double bonds (general structure 1 and 3, respect- 

ivelyll-". Such reactions have allowed chemists to carry out site-specific modifications of 

guanine bases in nucleic acids in order to understand structure-activity relationship of nucleic 

acids, specially of DNA and RNA virus 495 . Such specific modifications of guanine moieties have been 

successfully used for the preparation of modified tRNA bases or tRNA base analogues which are 

fluorescentl"ll. These specific wdifications have also been used for specific enzyme-chemical 

degradation of tRNA in order to understand theliplication of its functional secondary and tertiary 

structure with respect to protein biosynthesis - . The structure of the tricyclic aglycone in 2 
(R = H or an amino acid conjugate, R' - Mel is also of particular interest since it occurs nat- 

urally as hypenaodified fluorescent "Y" bases (or "Uye" bases) in tRNAs specific for phenyl- 

alanine12-16. Ye therefore considered it important to understand the electronic implication of 

additional five and six-membered rings as in 2 and 3 respectively involving the l-NH and exocyclic 

2-NH2 substituent of guanosine (&l in order to delineate their distinctive physical, chemical and 
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biological properties. We herein report our studies of their electronic structures in neutral DMSO 

solutions and also assess the nucleophilic reactivities of different nitrogen 

pounds 4_ - 1. 17-L8, by their abflities to form a protonated species by 1%NMR 

Assignments of 1% chemical shifts in compounds 4-7. 

atoms, in model CLWI- 

spectroscopy. 

Three different components" in the paramagnetic term in nitrogen screening have been essentially 

used to interpret 16 N chemical shifts: (a) the symmetry of the 2p electrons; (b) the average 

excitation energy, especially n + V* and 7 +n* transitions and (c) the effective nuclear charge in 

relation with 2p orbital radius. This is in accordance with the fact that there is a linear 
20 relationship between 151 chemical shifts and n-electron density of a particular nitrogen atom . 

An increase of the n charge density on a nitrogen atom causes an upfield shift while an increase of 

its TT bond order leads to a downfield shift21 . These are the reasons that are responsible for the 
occurrence of three groups of 15N chemical shifts in nucleosides 22-26 because they correspond 

to three different kinds of nitrogen atoms in the heterocyclic base. The fmfdazole part consists of 

"pyridine- or azine-like" and the "pyrrole-like" nitrogen, the other nitrogen atons are either 

"pyridine-like" nitrogen (N3) or a "amine-like" nitrogen (~1). The "N-pyrrole" absorbs at a higher 

field than the "N-azine" on account of differences in their respective 1~ charge densities. On the 

other hand. due to the availability of the lone-pair of the "N-azine", it undergoes protonation and 

experiences an upfield shift which is explained by a decrease in its II bond order and suppression 

of the paramagnetic effect of the n+n * transition 27. These general observations, however, can be 

applied only partly for the % assignment of tricyclic bases as in compounds ? - L since the for- 

mation of these five or six membered rings involving the l-NH and the 2-NH2 substituent of the 

guanine moiety affects its electronic distribution considerably. The complete assignment of 15N 

chemical shifts are shown in Table 1. 

(a) Assignment of 15N shifts of Nl and N3 isomers in compounds 4 and 5 respectively. 

The N1 and N3 in i and 5 absorb in the same region as the N7 of & (ca. 140 ppm upfield from 

CH3N02). The coupling constant between the "N-arine' and H-2 is always larger (lo-12 Hz) than that 

of “N-pyrrole" and H-2 (7-9 Hz) which have been conveniently used to assign the N1 and R3 atoms 

of the N1 and N3 isomers. The assignment of h4 is rather an easy task since it is the only nitrogen 

which does not have any long range proton coupling. The N5 atom in 5 and 2 (compare with N2 of I_Izl 

is now a "pyridine- or pyrimidine-like" nitrogen and therefore absorb at a very low field (-60 to 

-120 ppm) with 2JN H = lo-13 Hz27. The Ng is similar to an "amide-nitrogen" but with reduced elec- 

tronic density stnie it is flanked by an electron-withdrawing C-10 carbonyl group and also in the 

ring junction of two fused "pyrimidine-like' rings. It is therefore reasonable to expect it to have 

a chemical shift at a higher frequency than the usual amide-shift range. It is clear that the value 

of 2JN H8 would depend upon the dihedral angle of the C-8 proton with respect to Ng lone pair since 

it is Already established28 that the spatial orientation of the nitrogen lone-pair electrons has a 

profound influence on the nuclear spin-spin coupling constants. Thus, if the lone-pair is directed 

cis to the C8-H bond, the 2J N R9 is larger than the case when the nitrogen lone-pair and C8-H are 

ce position. The geometj of the ring junctions of two fused pyrfmidine rings (pyrimido 

[1,2-afpurinesl as in 4 and 5 and their comparisons with the fused six and five-membered ring 

system (imidazo[l,2-a] purines) as in 5 and 1 will be described in the discussion part. 

The complete and unambiguous assignment of all nitrogens in 5 and g-was therefore carried out in 

two separate experiments. Fig. 1 shws the proton decoupled spectrum of 5, as an example, giving 

the chemical shifts of all nitrogens and the Fig. 2 shows its proton coupled INEPT2' spectrum 

yielding the 2J N,h9 (Table 1) for all nitrogens except N4. 
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(b) Assignment of I5N shifts of NI and N3 isomers in compounds 6 and 7 respectively. 

The presence of three ~triligant-nitrogen" atoms, N1/N3, N5 and N8. makes the assignments of 15~ 

chemical shifts in compounds 5 and L quite cdnplicated. Assignment of NI and N3 in fsomeric 6 and L 

respectively has been relatively easy since they occur as the most downfield signal. However, the 

resonances for N3/NI, N4, N5 and N8 absorb within a close range of 60 ppm. A comparison of proton 

decoupled IAN-NMR spectra with that of proton coupled INEPT spectrum (Fig. 31 reveals that the miss- 

ing peak in the latter should be attributed to the N4 resonance since it does not have any coupling 

with any proton, A consideration of the coupling constant of the downfield resonance (12.5 Hz1 

allowed us to assign this for N3 of 2 or NI of 1. But, unfortunately, the N5, N8 and NI iof N3 iso- 

mer) and N5,N8 and N3 (of NI isomer) have almost the same coupling constants which made it imposs- 

ible to make a distinction among these nitrogens. It is, however, known 
23 

that the Ng in guanosine 

(Ia_) and in other purine nucleosides and NI of pyrimidine nucleosides undergo a large and negative 

nOe from the dipole-dipole effect of the sugar protons. Similarly, the N3 and N5 in 6_ and N1 and N5 

in I show negative nOe in proton decoupled spectrum. Fig. 3 shows, as an example, of such a proton 

decoupled with and without nOe and INEPT spectra for compound 7. The difference between N3 and N5 

in l is large enough to assign the resonance at ca. -220 ppm for the N3 in 5 or the N1 in 1 and the 

one at -245 ppm is for N5. This assignment is rationalized by the fact that the N5 in b and I_ are 

"enamine-like" while the Nr/N3 in 5 and L are "pyrrole-like" nitrogens. A higher field resonance 

(ca. -220 ppml of N3 and NI in d and L respectively as compared to that of guanosine (9) 

(ca. -210 ppml can also be explained due to the stronger electron-donating nature of the alkyl sub- 

stituents in the fonser. The 15N chemical shifts of Qi and k support the latter argument 

(Table 21. 

RESULTS AN0 DISCUSSION 

(al Main differences in the I5 N chemical shifts in the N3 and N1 isomers. 

We have earlier shown3' that the N7 and Ng substituted isomers of purine derivatives can be con- 

veniently distinguished by I5 N-NMR spectroscopy. One of the main observations in this work was that 

the N3 resonance is shielded by 18-20 ppm in the Ng isomer. A perusal of Table 1 clearly shows 

that the N4 (N3 in the parent compound &l in the N3 isomers. 4 and 6, are indeed shielded by 

17-20 ppm as compared to the NI isomers 5 and 1. respectively. This seems to be due to a direct con- 

jugation of the "azine-like" electron-rich imidazole nitrogen to the N4 which causes its shielding 

in the N3 isomers 4 and 6. It may be noted that the N1 of the N1 isomers, 5 and 7_, is more shielded - - 
by ca. 2 ppm as compared to the N3 of the N3 isomers 4 and 5 respectively. On the other hand, a 

magnitude of 6-7 ppm has been observed 30 for the N7 and Ng substituted fsomeric purfne derivatives. 

A consideration of the 15N chemical shifts OF compounds tand Lwith that of 6 and 7_, respectively, 

(Table 11 reveals the difference in electronic structures of these fused tricyclic compounds and 

gUanOSine (21 and N2-acylguanosine (I&l. Indeed N5 in the N1 isomer 1. is more shielded by 2 ppm 

than the corresponding N3 isomer 6 which obeys our earlier observation in the purine series 
30 . 

It is clear from the chemical shift arguments that the N5 in compounds a and I behave like a 

deactivated amine function while the properties of N5 in 4 and 5_ are very different as it will be 

clear from the following study. 

(bl Protonation study with compounds 4-7. 

In a previous paper 26 , we have demonstrated that the 15N-N4R spectroscopy is an interesting tool to 

assess the reactivity of a nitrogen atom in a purine and pyrimldine nucleoside by following its 

behaviour in an acidic medium. These studies have shown how the nature of a 06-protecting group 

talky1 versus arY1) can control the nucleophilicity of the N7 nitrogen which, in turn, can control 

the participation of the protected guanine base in side reactions at N7 under electrophilfc 

reaction conditions. This work has also adequately demonstrated that the protectfon of the exo- 
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EQUIVALENTS OF CFgCOOH (TFA) 

FIG. 4: 15N CHEMICAL SHIFT CHANGBS OF N’ OF COMPOUND 

la (0); OF N1 OF COMPOUND S (Cl); OF N7 OF - 

COMPOUND @ ( n ) ; OF N’ OF COMPOUND g ( v 1; 

OF N1 OF COMPOUND 4 (0 ) AS A FUNCTION OF ADDED 

CFQCOOH (TFA). 

Table 1: 16~ chemical shiftsa in neutral and acidic media and coupling constantsb 
of compounds 4 - 7. - - 

Compound Equiv. N1 N3 N4 N6 N8 N9 
TFA 

4 0 -134.4 -216.4 -181.9 - 85.1 - -191.4 
(12.1) (8.4) t-1 (12.2) (3.3) 

1 -142.3 -215.9 -182.2 - 85.7 - -191.1 

5 0 -219 -133.8 -161.3 - 82.1 - -194.3 
(8.3) (12.2) (-1 (12.2) (3.2) 

1 -217.1 -150.1 -171.4 - 85.4 -192.7 

a 0 -136.1 -220.9 -223.7 -245.9 -195.5 - 
(11.9) (8.3) t-1 (8.2) (6.9) 

1 -170.3 -218.5 -223.6 -243.7 -194.7 

7 0 -222.8 -138.7 -207.0 -247.9 -197.0 
(8.2) (12.1) t-1 (8.3) (7.1) 

1 -216.5 -189.9 -215.6 -243.3 -194.8 

a Measurements were carried out at 308 K in 0.5 # OI4SO solutions ex ept for 7 

I 
0.6 Ml. Chemical shifts are reported in ppm with respect to CH3 15 

b J(~,~) 

N02. 
coupling constants in Hz. 
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Table 2: 15N chemical shifts of inosine and some of its C-2 substituted 
derivatives in neutral and acid media. 

Compound Equiv. ~1 N3 N' Ng N2 
TFA 

&* 0 -233.9 -215.4 -133.9 -211.3 -307.8 
1 -232.9 -216.8 -179.9 -207.0 -303.8 

b’ 0 -226.6 -195.0 -132.1 -207.4 -248. 
1 -226.3 -196.3 -156.8 -205.3 -248.0 

lc# 0 -206.6 -167.1 -131.9 -206.6 - 
- 1 -206.2 -167.3 -141.2 -205.6 - 

ids 0 -234.4 -215.0 -136.1 -218.6 -308.7 
- 

g 0 -233.6 -215.2 -148.1 -217.4 -306.9 

*0.45 M in DMSO at 308 K from ref. 26, see ref. 31. 
+from ref. 26. 
#from ref. 26 and 32. 
SO.3 M in DMSO at 313 K. 
SO.8 M in DMSO at 308 K. 

cyclic amino function at C-2 by an amide (&I considerably reduced the protonation at N7 of 

guanosine (121 (Fig. 4). Due to the reasons stated above, it was of considerable interest to us to 

know how the five-membered ring with one double bond, as in 2 and I, and six-membered ring dith two 

double bonds, as in 4 and 5, involving N1 and N2 of guanosine (la) would affect the n-excessive - 
electronic properties of the imidazole system in terms of its delocalization to the rest of the 

molecule and also in terms of participation of N5 in 4 - 7 In further activation of the imidatole - - 
system. This we hoped to monitor by the protonatlon behaviour of the ~1 of the N3 isomers, 4 and 

2 and N3 of the ~1 isomers 5 and I. The Figs. 5 - 8 show the variation of the 15~ chemical shifts 

of compounds 4 to 1. respectively, upon protonation with CF3CO2H (TFA) (Table 1). Two conclusions 

can be drawn from these studies; (1) a six-membered ring with two double bonds. as in Q, reduces 

the potential of N1 to form a protonated species by a factor of 6 (~1 shift upon protonation is 

ca. 8 ppm) as compared to that of N7 of guanosine (&I (46 ppm shift upon protonation) 31 (Table 2). 

On the other hand, the five-membered ring with one double bond, as in 6, reduces the potential of 

N1 to form a protonated species by a factor 1.3 (N1 shift upon protonation is ca. 34 ppm) as com- 

pared to the N7 of guanosine (la\ and N2-(4-t-butylbenzoyl)guanosine (&126 (N7 shift upon 

protonation is 25 ppm). It has been earlier shown that the enhanced nucleophilic character of N7 

of guanosine, as compared to that of inosine IN7 chemical shift upon protonation is ca. 

13 ppm)26.32, is due to the N7 activation by the exocyclic amino function at the C-2 position. A 

comparison of the nucleophilic character of ~1 in compounds 4 and 6 therefore clearly shows from 

protonation experiments that the delocalization of n-excessive imidazole part in 4_ is very similar 

to inosine while the imidazole part in 5 behaves very similar to an N2-amide group as in E 

(Fig. 4). These observations can be rationalized by the n-electron deficient nature of the six- 

membered ring in Qwhich withdraws electron from the imidazole ring while the N5 of the five- 

membered ring in 6 is "enamino" type, perhaps isoelectronic with an amfde function. (2) The N3 of 

the N1 isomers 2 and 7 are more strongly protonated. It is conceivable that the N3 protonation of 

the N1 isomers is stabilized by the participation of the N4 lone pair which also explains its 

upfield shift upon protonation. It is possible that the protonation of N3 in the ~1 isomers 2 and 

7 stabilizes the protonated system thermodynamically by suppressing the electrostatic repulsion 

between the N4 and N5 lone pairs 33 . 
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It should be noted that the N5 nitrogens in compounds 4 and 5 are very slightly protonated 

(ca. 2-3 ppm) despite the fact they have "pyrimidine-like" chemical shifts (-85.7 and -82.7 ppm 

respectively). This is unusual for an Isolated "pyrimidine-like" nitrogen 34 but is reminiscent 

of the behaviour of N3 nitrogens of inosine (&I and its C-2 substituted derivatives la and lb - -* 
This also means that the N5,Ng-fused six-membered ring in pyrimido[l,2-alpurine derivatives, 4 and 

5, is n-electron deficient and has an overall electron-withdrawing influence on the rest of the 

molecule as evident from the comparison of 15N chemical shifts in Tables 1 and 2. 

(c) Difference in the geometry between a N5,Ng-fused six-membered ring, as in 4 and 5. and a 

N5.N8-fused five-membered ring, as in 6 and 7. 

As said previously that the coupling constant of Ng (for 4 and 5) with H8 or N8 (for 5 and I) with 

H7 is sensitive to the dihedral angle formed between H8 or H7 and the lone pair of N9 or N8 

respectively. The 2JtN,Hj value for the six-membered ring. (as in 4 and 5) is smaller than that for - - 
the five-membered ring (as in 6 and 1) (see Table 1) suggesting that the orientation of the N9-C8 - 
bond in 4 and 2 is not the same as the N*-C7 bond in a and 1 and therefore the geometry of 4_ (or 5) 

and 5 (or I) is not similar: H7 is in cisoid form with respect to the lone pair of N8 while the 

H8 is in transoid form dith respect to the lone pair of Ng (scheme 1). -- 

It has been estimated from the molecular model thate- 60' for 5 or I and 8:120° for 4 and 2. The 

consequence is that the N5,Ng-fused six-membered ring in pyrimido[1,2-alpurines (4 and 2) is not 

coplanar with the guiline base, forbidding a perfect delocalization of the TI bonds through N5 and 

N4. But in imidazo[l.? dIpurines 5 and 7, the N5 can delocalize its lone pair in the usual way as 

the 2-NH2 w T-'JriiW ;.; the guanine systems, & and & respectively. 

EXPERIMENTAL 

15N chemical shift determinations were made on a Jeol JFH-GX-270 spectrometer, operating at 

27.4 MHz frequency at 35°C using a probe-head of 10 mn. The 15N chemical shifts were determined 

from proton decoupled spectra (without NOE) and were referenced against an external solution of 

CH315N02 in CD3NO2. No susceptibility correction was applied. The decoupled spectra with nOe sup- 

pressed were recorded with a 45' pulse angle (13 ps pulse width). 0.9 s acquisition time for 16 K 

data points and 20 s of pulse delay. A zero-filling to 32 K points was applied before fourier 

transformation. A broadening factor of 2-3 Hz was used. Useful spectra were obtained with an 

accumulation time of 4-6 h. The decoupled spectra with the desired nOe were recorded with 26 ps 

pulse width and a pulse delay of 15 s. 15N. lH spin coupling constants were determined with the aid 

of the INEPT pulse sequence with the following typical parameters: lH-90'=59 ps, 15N-90"=26 ps, 

a pulse delay time ?=23 ms and a pulse sequence delay of 2 s. Under these conditions, 30 min were 
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required to get a spectrum with a sufficient signal to noise ratio. The spectral range was 9000 Hz 

involving a digital resolution of 0.5 Hz (0.02 ppm). A negative value for the chemical shift 

denotes an upffetd shift. 

IH- and 13c-m were recorded on a Jeol JM&FX 200 spectrometer in 6 scale using THS as an internal 

standard. UV were recorded using a Hewlett-Packard 8450 A-UV/VIF spectrophotolrt?ter. Mass Spectra 

were recorded in electron-impact mode on a LKB 9000 at 70 ev. 

Compounds + and 5 have been prepared using a literature procedure 
17 while the compounds f? and f. 

are prepared in the follwfng way: 

To a suspensfon of l,N2-ethenoguanfne 35 (700 mg, 4.0 nmol) and potassium carbonate (3.5 g, 25 ms01) 

in OMF, was added 4-bromobutylacetate (1440 )fl). The suspension was stfrred at room teaylerature for 

72 h and the reaction was monitored by TLC (silica gel, CHCl3-CH3OH::20:1, v/v). The fnOr9anfC 

salts were filtered off and the solvent was evaporated in vacua. The residue was suspended in 

ethanol (150 ml), ffltered and evaporated. Flash chromatography of the residue gave 1,5-di(4- 

acetoxybutyl)-9-oxo-8,9-dfhydro-fmfdato 1.2-a purfne (7-1 (146 mg, 22.5%). 3,5-df(4- acetoxybutyl)- 

9-oxo-8,9-dfhydro-fmfdazo 1,2-a purine (5) (138 mg, 21%) and an unidentified product (55 ypg. 8.6%). 

3,5-df(4-acetoxybutyl)-9-oxo-8,9-dfhydro-fmfdazo ti,2-alpurfne (6) IH-NMR (OMSO-&I: 1.5-2.0 fm, 8x, 

CH2). 1.98 (s, 6H, COCH3). 3.9-4.2 (R. 8H, N5CH2, N3CH2, 2 COOCH2), 7.56 fd. IH, H-71, 7.67 (d. 1H. 

H-6); 7.95 (s, lH, H-2). 

%-mf~: 20.8 (2 CH3t, 25.2, 25.4, 25.5, 26.1 (4 CHpl, 42.5 1N3CH21, 44.2 (N5CH2), 63.4 (C4' and 

c4"), 106.2 (C6), 115.6 fC9a). 119.2 (C7), 139.3 (C21, 145.0 IC4a1, 150.4 iC3a). 151.5 (C9t. 170.5 

(2 CO). 

UV (nm):Amax = 230, 290 (ethanol); HS:M? at m/z = 403. 

1,5-di(4-acetoxybutyl)-9-oxo-8,9-dfhydro-f~dazol1,2-a]purfne (7-1 m.p. 80-81%: 

1H-mR [DHSO-d6): 1.6-2.0 (m, 8H, CH2), 1.97 (s, 6H, COCH31. 3.95-4.25 (m. 6H. N5CH2, 2 COOCH2), 

4.36 (N1CH2), 7.58 (d. lH, H-71, 7.62 (d, lH, H-61, 8.20 (s. lH, H-2). 

13C-NMR: 20.9 (2 CH3). 25.2, 25.3, 25.5, 27.5 (4 CH2). 44.3 (N5CH21, 46.0 (N1CH2), 63.5 (C4' and 

C4"), 105.2 (C61, 107.3 (C9al, 119.9 (C7t, 145.0 IC21, 145.1 (C4a), 148.9 (C3a), 159.0 (C9), 170.6 

(2CO). 

UV (nm):X,, = 232,310 (ethanol); MS:H? at m/z = 403. 

Anal. Calcd. for CygOgNgH25: C.55.5; N,l7.4; H,6.25; Found C,56.3; Y,l7.4; H,6.26. 

Compounds 2 and &were prepared by reactfon of 4-bromo-1.2~g-fsopropylfdfne-1,2-butanedfol and 

hexyl bromide, respectively with 2-amino-6-chloropurfne followed by acid hydrolysis . 36 
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