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s tudy which has es tab l i shed 1 0 t h a t adenosine derivat ives 
in the syn conformation are not subs t r a t e s for adenosine 
deaminase and would suggest t h a t a significant popula
tion of formycin m u s t exist in t he an t i conformation in so
lution and in vivo. In fact, it has now been es tab l i shed 1 1 

t h a t formycin (nonpropona ted) exists be tween the classical 
syn and an t i conformations ( a m p h i form1 2) in t he solid 
s t a t e . 

S t ruc tu re analysis of 2-methylformycin by X-ray tech
niques was u n d e r t a k e n by us to ob ta in precise information 
on the s t ruc ture and its conformation as a par t of our cur
rent s tudies on the s t ruc tures of nucleic acids, their com
ponents , and their cytotoxic analogs, as well as to gain 
some insight into the preferred conformations which 
might be related to the difference in biological tes t ing and 

JWe would like to point out that instead of following the numbering sys
tem normally used for this pyrazolopyrimidine system, we follow that used 
in purine systems (followed by the pyrazolopyrimidine numbering in pa
rentheses). We elected to use this convention in order to facilitate a com
parison of our observations with those of the native compound and other 
purine systems. 

Molecular Structure and Conformation of the Nucleoside Antibiotic Derivative 
2-Methylformycin with a C-Glycosidic Bond 
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The molecular and crystal structure of 2-methylformycin, a synthetic analog of the antibiotic formycin, has been 
solved using X-ray techniques. The space group is the monoclinic F*l\. Cell dimensions measured on the diffracto-
meter are a = 9.208 A, b = 14.367 A, c = 4.791 A, and /3 = 101.91°. The pertinent conformational values are as fol
lows: the conformation about the C-glycosidic bond is syn, the torsion angle is -154.8°, the sugar pucker is C(3') 
endo, a conformation usually observed only for nucleosides in the anti conformation, and the conformation about 
the C(4')-C(5') bond is gauche-gauche. Hydrogen bonding is observed between the base and ribose moieties. There 
is an intramolecular hydrogen bond between O(o') and N(3) and no significant "base stacking" is observed in the 
molecular packing. Because of this preferred conformation in the solid state, it is speculated from biological testing 
data that 2-methylformvcin is a poorer substrate of adenosine deaminase than formycin. 
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Figure 1. The numbering system used for the pyrazole pyrimi-
dine ring is shown on the left, and the numbering system used in 
purines and followed in this paper is shown on the right. 

Figure 2. A computer plot of 2-methylformycin showing the ther
mal vibration ellipsoids of the heavy atoms. 

binding to adenosine deaminase between formycin deriva
tives. 

Experimental Section 

Crystals of 2-methylformycin were grown in our laboratories. A 
needle-shaped crystal was mounted with the 6 axis parallel to the 
goniostat 0 axis. The space group was determined by film meth
ods to be the monoclinic Pl\. The cell dimensions measured in 
the diffractometer are a = 9.208 A, b = 14.367 A, c = 4.971 A, 
and 0 = 101.91°. The crystal density was measured by floatation 
techniques and found to be 1.405 g/cc, agreeing well with a calcu
lated density of 1.409 g/cc assuming two molecules per unit in the 
crystal. 

Three-dimensional monochromated Cu Ka X-ray intensities 
were measured using the Nonius CAD-4 diffractometer using a 
6-26 scan. Reflections with their intensities less than three times 
their standard deviation were considered unobserved. The data 
were corrected for Lorentz and polarization effects but no correc
tions were made for absorption. Altogether 1381 independent re
flections were scanned, of which 1354 were considered to be signif
icantly above background. 

Phases for reflections with E values greater than 1.3 where E is 
the normalized structure factor were generated using the multiple 
solutions program MULTAN.13 Coordinates for all the nonhydro
gen atoms were determined from a fourier map using £'s with 
their calculated phases as coefficients. The positional as well as 
isotropic thermal parameters ,were refined using a full-matrix 
least-squares technique.14 The V coordinate of the N-l (N-6) 
atom was held constant fixing the origin along the twofold screw 
axis. These atoms were then assigned anisotropic temperature 
factors and were subjected to one more cycle of refinement after 
which 13 hydrogen atoms were found in a difference fourier map. 
The coordinates of the hydrogen atoms and their isotropic tempera
ture factors were then refined together with the anisotropic param
eters of the nonhydrogen atoms. Convergence was assumed to have 
been achieved when the average ratio of the parametric shifts/esti-
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Figure 3. Bond lengths and angles in angstroms and degrees for 
the 2-methylpyrazolopyrimidine moiety of 2-methylformycin. 

0(5') L 4 1 3 CIS')" 

„C(9) 1.439, 
\108.6 

H6-9" CW) 103** 

.1.430 
108.4* ^ 

106.5* C(l') "3.8" 

101.I* . , , , 101.6", 
H3.9" C(3') ° C(Z') 107.7" 

' III.5* 110.9" 

0(2') 0(3') 

Figure 4. Bond lengths and angles in angstroms and degrees for 
the ribose moiety of 2-methylformycin. 

mated standard deviations for the nonhydrogen atoms was less than 
0.3 and those for the hydrogen atom less than 1.0. The final R 
value was 0.029. Throughout the refinement each reflection was 
given a weight based on counting statistics. The scattering factors 
for carbon, nitrogen, and oxygen were those from Cromer and 
Waber,15 while that of hydrogen was from Stewart, et al.1S 

Results and Discussion 

The glycosidic torsion angle Xcc defined as the angle 
made by the projection of the C-8 (N-2)-C-9 (C-3) bond 
with respect to the C- l ' -O-l ' bond is 154.8 (3)°. The con
formation about the glycosidic bond can thus be described 
as being syn. The 2-methylation most probably locks the 
nucleoside into this conformation as there would be short 
interatomic contracts between the base and the sugar if 
the nucleoside were to assume the anti conformation. 

The fractional coordinates and thermal parameters for 
both the hydrogen and nonhydrogen atoms were given in 
Table I (see paragraph at end of paper regarding supple
mentary material). A computer plot17 of the molecule 
showing the thermal vibration ellipsoids of the atoms is 
shown in Figure 2. The hydrogen atoms in this figure were 
given an arbritrary isotropic temperature factor. A listing 
of the observed and calculated structure factor amplitudes 
will appear on the microfilm edition of this paper. 

Figures 3 and 4 are schematic diagrams of the base and 
the ribose moieties showing the interatomic bond lengths 
and angles. The estimated standard deviation (esd) for all 
the bond lengths except that for the N-8 (N-2)-C-8 (C-2-) 
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Figure 5. Hydrogen bonding scheme and molecular packing. 

bond is 0.003 A; the latter has an esd of 0.004 A. The esd's 
for the bond angles are all 0.2°. 

A comparison of the bond lengths and angles between 
the native compound,11 formycin, and this derivative 
shows good agreement for the pyrimidine rings. Signifi
cant changes, however, are observed for the pyrazole ring. 
The most significant changes brought about by the N-
methylation are a shortening of the bond across C-4 (C-
3a)-C-9 (C-3) and a lengthening of the bonds across N-8 
(N-2)-C-9 (C-3) and C-4 (C-3a)-C-5 (C-7a). This may be 
suggestive of a difference in the predominant resonance 
structures between the two molecules. Furthermore, com
paring the bond lengths of the pyrimidine ring in both an
tibiotics with those observed in adenine systems,18 we 
note a significant lengthening across the N-3 (N-4)-C-4 
(C-3a) bond which seems to be a result of substituting a 
carbon for the nitrogen at the 9 position. Studies are cur
rently being undertaken in our laboratory as to the signifi
cance of all these changes in bonding in the adenine moi
ety. 

The sugar exhibits an envelope conformation with the 
C-3' atom displaced by 0.62 A on the same side of C-5'. 
This puckering is also described as C-3' endo. Most sugars 
in which the nucleoside is in the syn conformation have 

been observed to exhibit the C-2' endo pucker,19 and to 
our knowledge this is the first time that the C-3' endo 
pucker has been observed in syn nucleosides. The C-3' 
endo pucker, however, is that observed in nucleosides in 
the anti conformation.19 

It is interesting to note that the conformation of the 
molecule as observed in this determination is consistent 
with the model assigned by Ward and Reich20 to poly-
formycin (F). The optical rotary dispersion (ORD) studies 
on poly(F) revealed a curious "inverted spectra" for 
poly(F) relative to poly(A). This phenomenon was ex
plained as possibly being due to the adoption of the clas
sical syn conformation by the individual formycin residue 
inpoly(F). 

The conformation about the glycosidic bond as observed 
here is syn; furthermore, the conformation about the 
hydroxymethylene group on the ribose is gauche-gauche. 
The latter conformation is considered to be a property 
contributing to the helical nature of poly nucleotides.21 It 
is possible, therefore, that the nucleotides on poly(F) as
sume the syn and gauche-gauche conformation, especially 
of the tautometric form in which N-8 (N-2) is protonated. 

A recent cmr22 study has established that formycin can 
exist in two predominant resonance forms with one of the 
resonance forms having a proton residing at N-8 (N-2) 
which would result in some restriction of rotation around 
the glycosyl bond as determined by CPK molecular mod
els. Elimination of tautomerism in the pyrazole ring can 
be accomplished by replacing the proton with another 
group, e.g., alkyl, and the introduction of a methyl group 
in formycin at N-8 (N-2) should provide a nucleoside pre
dominantly in the syn conformation as determined by 
CPK molecular models. 2-Methylformycin§ has demon
strated- a higher level of activity against leukemia L-1210 
than l-methylformycin§ where the methyl group exerts no 
steric inhibition of rotation around the glycosyl bond. 
Therefore, on the basis of this preliminary antitumor eval
uation, the formycin derivative in the syn conformation 
was more active than the formycin derivative with free 
rotation around the glycosyl bond, which would presum
ably assume a predominate conformation other than syn. 
This activity indicated that 2-methylformycin in the syn 
conformation (which we have now shown in the crystal 
state) was not deaminated or at least deaminated slower 
than 1-methylformycin and was a syn nucleoside which to 
some degree still functioned as a substrate for 
adenosine kinase although both of these assumptions must 
be corroborated by further study. 

Hydrogen Bonding. The hydrogen bonding scheme of 
the structure is shown in Figure 5. The distances and an
gles are listed in Table II. Instead of reporting the internal 
hydrogen bond angle (A—H---B) as has been the prac
tice, we are reporting the angle made around the hydrogen 
bond donor by the hydrogen atom and the hydrogen bond 
acceptor. Thus, angles near to 0° are linear. In this struc
ture, we observe angles ranging from 2.1 to 17.2°. There 

§A preliminary communication of the synthesis of 2-methylformycin has 
been reported; see ref 23 

^Unpublished testing data from DR & D. DCI, NCI, to L. B. T. 
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are no hydrogen bonds between bases. All hydrogen bonds 
are between base and sugar. There is an intramolecular 
hydrogen bond between 0-5 ' and N-3 (N-4). This intra
molecular interaction has been observed in purine nu
cleosides in the syn conformation, and it is thought to add 
to the stability of the molecule in its present conforma
tion.20 The exocyclic atom N-6 (N-7) donates its hydro
gens to 0 -5 ' and 0-2' , whereas N-7 (N-l) accepts the hy
drogen from 0-2 ' and N-l (N-6) accepts a hydrogen from 
0 -3 ' is the only possible hydrogen bond acceptor that is 
not involved in the entire scheme. No significant "base 
stacking" is present in the molecule packing. 
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considerable degree of freedom due to rotation around the 
single bonds and the terminal amino group can therefore 
occupy a great number of positions in relation to the tri
cyclic skeleton. 

In our search for selective antidepressants it was conse
quently considered to be of interest to study compounds 
where the terminal amino group is locked in a defined po
sition. This was achieved by letting the side chain partici
pate in a ring system of rigid structure. 

We have now synthesized a series of amino-substituted 
spiro[5i/-dibenzo[a,rf]cyclohexanes] and spiro[5/Y-diben-
zo[a,d]cyclopentanes] in which the structural features of 
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A series of spiro compounds structurally related to the common tricyclic antidepressants has been tested as inhibi
tors of the neuronal reuptake of noradrenaline and 5-hydroxytryptamine. Also, some behavioral tests have been 
performed. Two of the substances, Ar,Ar-dimethylspiro[5H-dibenzo[a,d]cycloheptene-5,l'-cyclohex-2'-en]-4'-amine 
(11) and N,N-dimethylspiro[5H-dibenzo[a,<2]cycloheptene-5,l'-cyclohexan]-4'-amine (18), are very active in the 
NA-uptake inhibition assay. A discussion on structure-activity relationships is given. 


