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ABSTRACT 

The first study on the 13C relaxation times of 
bis(amidinohydraz0nes) is reported. The spin-lattice relaxation times 
(TI) of the carbons of the free bases of methylglyoxal 
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1316 SOWAMO AND EL0 

bis(amidinohydraz0ne) (MGBG) and of four dialkylglyoxal analogs 

thereof were determined with the aid of the inversion recovery 
method and using dimethyl sulfoxide as the solvent. In the series of 
compounds studied, one of the side chains was always a methyl 
group, while the other one was altered (hydrogen, methyl, ethyl, 
propyl, butyl). Remarkable differences were found to exist between 
the TI values of the various carbons within each molecule. The T1 
values were in the range 1.5 - 2 s for methyl carbons, 0.16 - 1.9 s 
for carbons of longer alkyl groups, 4.3 - 7.0 s for unprotonated 
carbons of the glyoxal moiety, 0.57 s for the protonated glyoxal 
carbon of MGBG, and 2.6 - 3.1 s for guanidino carbons. The bulk of 
the differences are explainable by assuming that the major relaxation 
mechanism for the protonated carbons is dipolar relaxation. In alkyl 
side chains, the T1 values increased in a very regular fashion down 
the chain. This effect made possible the assignment of two previously 
unassigned carbon resonances of the butyl group of BMGBG. T I  
studies thus offer a facile and reliable method for the assignment 
of side-chain carbon resonances of bis(amidinohydrazones). Further, 
TI measurements were found to offer a very good method for the 
individual assignment of the glyoxal carbons of unsymmetrical 
congeners, whose assignment has so far constituted a problem. The 
method, based on the finding that the one of the carbons bonded to 
the shorter alkyl chain has a longer relaxation time than does the 
other one, made possible the unambiguous assignment of several 
previously unassigned carbon resonances. The results obtained also 
offer a reliable method for unambiguously distinguishing between the 
resonances of glyoxal carbons and guanidino carbons that have been 
difficult to distinguish from each other because the separation of 
their chemical shifts is often extremely small. Correlations observed 
between TI values and the degree of alkyl substitution in the molecule 
are discussed, as are also possible relaxation mechanisms. Somewhat 
unexpectedly, the results obtained suggest that dipolar relaxation 
through the hydrogens of neighboring carbon atoms may to a 
significant extent contribute to the relaxation of some unprotonated 
carbons in bis(amidinohydraz0nes). 
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SPIN-LA’ITCE RELAXATION TIIMES 1317 

INTRODUCTION 

The bis(amidinohydrazones) (I) of various glyoxals have been 
subject to a great number of biochemical as well as pharmacological 

studies in recent years, since two of them (GBG, I: R1 = R2 = H, 
and MGBG, I: R1 = CH3, R2 = H) are potent antileukemic agents and 
since several bis(amidinohydrazones) are also highly potent specific 
inhibitors of adenosylmethionine decarboxylase, a key enzyme of 
polyamine bio~ynthesisl-~.  (For nomenclature of the compounds and 
for an explanation of the abbreviation system used, see footnote .) 

In spite of the intensive efforts, neither the mode of action of GBG 
and MGBG nor the reasons for the unusually strict structural 
requirements for antileukemic activity among this class of compounds 
have been discovered. Therefore, the elucidation of the chemical and 
physical properties of these agents has quite recently become a topic 
of great interest, since a better understanding of these properties 
may be the only way to an understanding of the behavior of the 
various congeners in biological systems. This approach has already 
given some very interesting results 4’6-8’1 ‘-16, such as the discovery 
of a close correlation between the acid-base properties of various 
bis(amidinohydrazones) and the antileukemic potency of the agents4” ’. 
NMR s t u d i e ~ ~ > ’ ~ - ~ ~  have also had a central role in the elucidation 
of the crucial chemical and physical properties of GBG, MGBG and 
their analogs, being of especially high value in studies on the 
isomerism and tautomerism of the compounds in solution 
interesting correlation has also been discovered between the inhibitor 
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1318 SOWAMO AND EL0 

constants for adenosylmethionine decarboxylase and the mean of the 
chemical shifts of the two carbon atoms of the glyoxal moiety of the 
bis(amidinohydraz0ne)-type inhibitors4. During these studies, it has 
become increasingly evident that further chemical and spectroscopic 
studies on bis(amidinohydrazones) are highly warranted, N M R  studies 
being of especially great interest. 

In the NMR field, two topics are of special interest: the study 
of molecular motion in solution, and the development of novel methods 
for the assignment of the still unassigned resonances of some parts 
of bis(amidinohydrazones). Molecular motion may have considerable 
biochemical importance e.g. for binding of the molecules to enzymes 
or various receptor molecules, as well as for the ability of the 
molecules to penetrate cell membranes and other lipid-containing 
structures. Studies on the relaxation of the carbons and protons of 
the molecules might give valuable insights into the molecular motion 
of the compounds in solution, being actually the most promising 
method available for the study of this topic. 

We report now the first study on the relaxation times of the 
carbons of bis(amidinohydrazones). The free bases of five compounds, 
including MGBG, have been studied and the spin-lattice relaxation 
times of all of their carbons have been determined. The results 
obtained indicate that studies on spin-lattice relaxation times offer a 
practical and reliable method for the assignment of the carbon 
resonances of bis(amidinohydrazones), being in some cases superior 
to other methods and making possible the assignment of some carbon 
signals, for which no methods except the incredible natural abundance 
double quantum transfer experiment (INADEQUATE) have been 
available. 

EXPERIMENTAL 

The bis(amidin0hydrazones) studied are shown in Table 1 under 
'Results and Discussion'. The substituents given in the table refer to 
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1320 SOUAMO AND EL0 

the general structural formula (I) .  All of the compounds studied were 
in the free base form. The syntheses of the free bases of MGBG, 
DMGBG, EMGBG, and BMGBG were carried out according to 
previously published procedures4. The preparation of MPGBG free base 
will be described elsewhere. 

NMR spectra were recorded with the aid of a 199.5 MHzbO.1 
MHz (4.7 T) JEOL FX-200 FT NMR spectrometer using a dual 'H/13C 
probe. The tubes (diameter 10 mm) were rotated (20 Hz). 

Spin-lattice relaxation times were measured by the inversion 
recovery method using the pulse sequence 180' - 'I: - 90'. The pulse 
delay time was 22 s. FID was recorded for 1.5 s. For each spectrum, 
the number of scans was 300. Peak heights were used as a measure 
of peak intensities. 

The bis(amidinohydraz0nes) were dissolved in undeuterated 
synthetic grade dimethyl sulfoxide (DMSO) (E. Merck, Darmstadt, 
Germany) so that the amount of the compound was 40 - 50 mg, the 
volume of the solvent being 3 ml. Because of the low solubility of 
some compounds, higher concentrations could not be used. Each 
time, dissolution was performed at room temperature about 6 h before 
use. The solutions were not degassed. In order to achieve constant 
temperature, the tubes were kept in the probe for 30 min before 
starting the measurements. The temperature of the probe was 28OC. 

RESULTS AND DISCUSSION 

The bis(amidinohydrazones) studied were selected so that all of 
them contained one methyl group as a side chain (i.e., R1 is methyl 
in all cases), while the other side chain R2 was varied from hydrogen 
through methyl, ethyl and propyl to butyl. The 13C spin-lattice 
relation times (TI) of the various carbons of the compounds studied 
are shown in Table 1. 
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SPIN-LA'ITICE RELAXATION TIMES 1321 

In all of the compounds studied, there are remarkably large 
differences between the spin-lattice relaxation times of the various 
carbons. As would be expected, the TI values of the carbons 
directly bound to one or more hydrogen atoms are distinctly smaller 
(0.16 - 1.98 s) than are those of the other carbons (2.60 - 7.01 s), 
indicating that dipolar relaxation indeed is the dominant relaxation 
mechanism for all bis(amidinohydrazone) carbons directly bonded to 
one or more hydrogen atoms. The relaxation of the carbons of the 
glyoxal moiety is in most cases especially slow (T1 4.31 - 7.01 s). An 
exception is, however, constituted by that one of the glyoxal carbons 
of MGBG that is directly bonded to a hydrogen atom, its TI value 
being 0.57 s only. 

As concerns the carbons of the guanidino groups, some 
interesting phenomena can be observed. All of the guanidino carbons 
appear to relax with approximately equal rates, their TI  values falling 
within a range as narrow as 2.60 - 3.07 s. Thus, the differences 
between the various congeners are very small. Even more notably, 
the differences between the opposite ends of unsymmetrical (R1 
different from R2) compounds are still smaller, both of the guanidino 
carbons apparently having nearly identical spin-lattice relaxation 
times even in those bis(amidinohydraz0nes) where the alkyl side 
chains are remarkably different (e.g. in the butylmethylglyoxal 
derivative BMGBG), suggesting that the opposite ends of the 
bis(amidinohydraz0ne) chain probably move in solution with essentially 
the same rate. 

Although the differences between the T1 values of the guanidino 
carbons of the different congeners are very small, a distinct tendency 
can yet be observed. Thus, the more highly substituted the 
bis(amidinohydrazone) is, the shorter is the spin-lattice relaxation 
time, relaxation rates thus increasing with increasing substitution. 
This phenomenon might be due to a less rapid movement of the 
more highly substituted molecules, giving rise to an increase of the 
effectiveness of the dipolar relaxation mechanism. This interpretation 
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1322 SOUAMO AND EL0 

is, however, questionable since the guanidino carbons do not bear 
any directly bonded hydrogen atoms. If spin-rotation relaxation were 
the dominant relaxation mechanism of the carbons of the guanidino 
groups, the observed tendency would obviously be very difficult to 
explain, since in that case the compounds bearing the largest 
substituents and thus obviously moving least rapidly in solution 
should have least effective relaxation and thus  the longest relaxation 
times, which is not the case. If quadrupolar relaxation is the most 
important relaxation mechanism of the guanidino carbons, as might 
be expected, the reasons for the observed tendency of T1 shortening 
on increasing substitution may simply result from a small contribution 
from dipolar relaxation. Further studies using 15N labelled derivatives 
might shed further light on this topic. 

In any case, it appears probable that, as the carbons of the 
guanidino groups are concerned, the chemical properties of these 
groups as well as the environment in which they are in solution 
probably are very similar for all of the compounds studied. Thus, it 
is tempting to speculate that the differences between the relaxation 
times of the guanidino carbons of the varipus congeners either must 
be due to differences in the ability of the molecule to move in 
solution or to differences between the electron densities at the carbon 
atoms, the latter differences being suggested by the distinctly 
different pKa values of the compounds'' but not being supported by 
the finding that the chemical shifts of the guanidino carbons of the 

various congeners differ very little from each other 14 . 

One notable though not unexpected feature of the present 
results is constituted by the finding that the spin-lattice relaxation 
times of the carbons of the alkyl side chain (R1 or R2 in formula I) 
depend remarkably clearly on the position of the carbon atom in the 
side chain as well as on the total length of the side chain (see 
Table 1). The addition of one more carbon to the end of a side 
chain is enough to drastically decrease the TI value($ of the pre- 
existing side-chain carbon(s). This effect is especially evident when 
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SPIN-LATIICE RELAXATION TIMES 1323 

a one-carbon side chain is lengthened by addition of one or more 
carbons. Thus, in MGBG and DMGBG, i.e. the two compounds, neither 
of which contains longer than one-carbon side chains, the T1 values 
of the 13C nuclei of the side chains are 1.87 and 1.98 s, respectively, 
In the ethyl, propyl, and butyl side chains of EMGBG, MPGBG, and 
BMGBG, however, the spin-lattice relaxation time of the first carbon 
atom of the side chain is only 0.16 - 0.18 s. Very probably, this 
effect results from a decrease of the motion of the first side-chain 
carbon and the consequent increase of the effectiveness of the dipolar 
relaxation mechanism. (Numbering of the side-chain carbons begins 
from the one directly bonded to the glyoxal moiety.) When going 
down a side chain, the relaxation times of the carbons increase, 
obviously because of increasing rotational freedom (segmental motion). 
This aspect is illustrated graphically in Fig. 1. 

When going from the dimethyl compound DMGBG through the 
methylpropyl analog MPGBG to BMGBG, the TI value of the 13C 
nucleus of the methyl side chain decreases, obviously because the 
increase of the size of the other alkyl side chain leads to a decrease 
of the motion of the methyl group, too, and thus increases the 
effectiveness of dipolar relaxation. In contrast, when going from 
MGBG, in which the other 'side chain' is a hydrogen, to DMGBG, 
the TI  value of the methyl group(s) increases. This phenomenon may 

suggest that the relaxation of the 13C nucleus of the methyl group 
occurs through dipolar relaxation involving not only the protons 
bonded directly to that carbon but also, to a small extent, involving 
even the proton bonded to the next carbon atom (i.e., the glyoxal 
carbon). Another possible explanation for the observed phenomenon 
might perhaps comprise enhanced binding (as compared to DMGBG) 
of the MGBG molecule to solvent molecules by virtue of an interaction 
of the glyoxal proton with the solvent. [In this connection, it is 
worth noticing that the glyoxal proton is deshielded to such an 
extent (6 = 7.771 ppm versus 1,4-dioxane = 3.700 ppm) that it may 
perhaps be 'nearly acidic'.] 
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1324 SOLJAMO AND EL0 

- BMGBG 

I 1 2 3 4 

Number of carbon atom 

Fig. 1. Spin-lattice relaxation times of the side-chain carbon atoms 
of EMGBG, MPGBG, and BMGBG, shown as a function of the position 
of the atom in the side chain. Numbering of the carbon atoms begins 
from the one directly bonded to the glyoxal moiety of the molecule. 

On the basis of the results obtained, one important conclusion 
can obviously be drawn concerning the assignment of the resonances 
of the carbons of the side chains of bis(amidinohydraz0nes). As can 
be seen from Fig. 1, the TI  values of the carbons of the propyl side 
chain of MPGBG increase in a very regular fashion when going down 
the propy1 chain. A similar effect would be expected also in the case 
of the butyl side chain of BMGBG, for which the resonances of 
carbon atoms 2 and 3 have so far not been assigned. Indeed, a similar 
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SPIN-LATTICE RELAXATION TIMES 1325 

curve can be constructed also for the butyl side chain of BMGBG, if 
it is assumed that the further away from the bis(amidinohydrazone) 
chain a carbon atom is located in the alkyl side chain, the longer is 
its spin-lattice relaxation time. On this basis, it appears highly 
probable that carbon atom number 2 of the butyl side chain gives 
rise to that one of the carbon resonances of BMGBG, whose chemical 
shift in DMSO solution is 30.23 ppm (as measured against 1,4-dioxane, 
whose carbons are considered to resonate at 67.40 ppm), while carbon 
atom number 3 gives rise to the resonance at 23.87 ppm. (For details 
of the I3C NMR spectrum of BMGBG, see14>16.) The opposite 
assignment of carbons 2 and 3 would, in contrast, indicate that the 
relaxation times of the carbons of the butyl group would depend on 
their position in the chain in a totally irregular way that would be 
very difficult to explain. So, the measurement of spin-lattice relaxation 

times appears to be an effective tool for the assignment of side- 
chain carbon resonances of bis(amidinohydrazones). 

The above assignment of the carbons of the butyl group of 
BMGBG is supported also by the results of our recent studies17 on the 
relaxation times of the protons of BMGBG and other 
bis(amidinohydraz0nes). 

The above method for the assignment of the resonances of the 
side-chain carbons of bis(amidinohydrazones) may find more general 
application, since it is relatively simple and does not require the 
availability of 2-D NMR facilities. Further, it is applicable also in 
those cases, where proton spectra are not first order or contain 
overlapping multiplets impossible to resolve and where assignment of 
carbon resonances with the aid of proton spectra and heteronuclear 
shift correlation is thus impossible. The experiences of the present 
authors indicate that the TI method is also superior to selective 
heteronuclear proton decoupling l5 in the assignment of 
bis(amidinohydrazone) side-chain resonances. 

After completion of the present study, incredible natural 
abundance double quantum transfer experiments (INADEQUATE) have 
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1326 SOLJAMO AND E L 0  

been carried out that offer a rigorous verification of the present 
assignment of the carbon resonances of BMGBG (H. Elo and A. 
Pagelot, manuscript in preparation). 

As is evident from Table i ,  the two glyoxal carbons of MGBG 
have remarkably different spin-lattice relaxation times, the proton- 
bound one relaxing far more rapidly. This not unexpected finding 
offers a means for the assignment of proton-bound and unprotonated 
glyoxal carbons, although the practical significance of this method 
may be limited, if methods such as DEPT or (possibly) heteronuclear 
shift correlation are available. Yet, a very papid assignment may be 
possible without a full T1 determination by simply recording the 

carbon spectrum of the appropriate monoalkylglyoxal 
bis(amidinohydraz0ne) using two or three suitably selected pulse 
delay times. In any case, assignment of proton-bound and 
unprotonated glyoxal carbons of bis(amidinohydrazones) with the aid 
of TI measurements is far more practical than the use of off- 
resonance proton-noise decoupled carbon NMR, especially as the 
separation of the chemical shifts of the two glyoxal carbons is often 
very small 14, making interpretation of off-resonance spectra difficult. 

The present results also indicate that, in all of the 
unsymmetrical (R1 different from R2) bis(amidinohydrazones) now 
studied, the TI values of the two glyoxal carbons are distinctly 
different even in those cases, where neither carbon is directly bonded 
to a proton. One of the present authors has recently assigned the 
resonances of the glyoxal carbons of ethylmethylglyoxal 
bis(amidinohydraz0ne) (EMGBG) with the aid of a calculation method 
based on additivity of substituent effects and has shown that the 
one bearing the longer side chain (i.e., the ethyl group) is the one 
resonating downfield from the other onel'. The results obtained 
also suggest that it may be a general rule that the glyoxal carbon 
bearing the longer side chain resonates more downfield than does 
the other one1*. Combined with the present T1 data, those results 
indicate that the one of the glyoxal carbons of EMGBG that relaxes 
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b 

0 1 2 3 4 
Number of carbon atoms in R2 

Fig. 2. The spin-lattice relaxation times of the carbons of the glyoxal 
moiety, own as a function of the number of carbon atoms in side 
chain R? The relaxation time of the higher-field as well as the 
lower-field glyoxal carbon is given for each compound except MGBG, 
for which only the value of the unprotonated carbon is shown. The 
means of the higher-field and lower-field values are also shown. 

more rapidly is the one that bears the ethyl group. In Fig. 2, the TI 
values of the glyoxal carbons of all of the compounds now studied 
are shown as a function of the length of the side chain. The figure 
strongly suggests that it is a general rule that the glyoxal carbon 
bearing the methyl group relaxes more slowly than the one bearing 
the longer alkyl side chain. Thus, it is possible to individually assign 
the resonances of both glyoxal carbon atoms of all of the 
unsymmetrical compounds now studied on the basis of T I  data alone, 
i.e. it is possible to distinguish between the resonance of the glyoxal 
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carbon bonded to the shorter alkyl side chain and the carbon bonded 
to the longer alkyl side chain. For this purpose, only the above 
mentioned calculation method ' has been available. So, the possibility 
to perform or confirm assignments with the aid TI measurements is 
a considerable advance. [In principle, it should be possible to assign 
the glyoxal carbons individually also with the aid of INADEQUATE, 
but no reports have appeared on the application of this method to 
the assignment of bis(amidinohydraz0ne) carbons.] 

Why does the glyoxal carbon bearing the longer alkyl group 
relax more slowly than does its counterpart bearing the shorter 
chain? One possible explanation is constituted by the possibility that 
the relaxation of the glyoxal carbons to some extent occurs by the 
dipolar relaxation mechanism, in  spite of the lack of directly bonded 
hydrogen atoms. If this is the case, the relaxation should become 
more efficient when the motion of the glyoxal carbon is decreased 
on increasing the length of the alkyl group. It is evident from Fig. 
2 that the TI  values of both glyoxal carbons decrease to a 
considerable extent when one of the side chains becomes longer. 
Also this finding is well in accord with and supports the theory that 
the dipolar mechanism plays a significant role in the relaxation of 
the glyoxal carbons even if they lack directly bonded hydrogens. 
This theory is further advocated by the finding (see Table 1 and 
Fig. 2) that both glyoxal carbons of MGBG (one of which is 
protonated) relax more rapidly than do those of DMGBG. The 
unprotonated glyoxal carbon of MGBG has two neighboring carbons 
bearing hydrogents) and should thus indeed experience a greater 
contribution from dipolar relaxation than do the glyoxal carbons of 
DMGBG. Studies on deuterated and 15N labelled derivatives might 
shed more light on this topic. 

One further result that may be of considerable significance for 
resonance assignment is constituted by the discovery that, for all of 
the bis(amidinohydrazones) now studied, the carbons of the guanidino 
groups relax distinctly more rapidly (TI 2.60 - 3.07 s) than do the 
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non-proton-bound carbons of the glyoxal moiety (TI 4.31 - 7.01). 
Because the separation of the chemical shifts of the resonances of 
these two types of carbons in bis(amidinohydraz0nes) is sometimes 
very small, there may be considerable difficulty in determining, 
whether a resonance actually results from a guanidino carbon or 
from a glyoxal carbon. Thus, for example, the non-proton-bound 
glyoxal carbon of ethylglyoxal bis(amidinohydraz0ne) free base in 
D 2 0  solution resonates only 0.44 ppm upfield from the resonance of 
one of the guanidino carbons of the compound14. In the case of 
MPGBG free base, dissolved in D20, a separation of 0.53 ppm is 
likewise observed. Since neither of the carbons are directly bonded 
to protons, it is not possible to distinguish between them with the 
aid of DEPT, off-resonance proton-noise decoupled carbon spectra, 
selective proton decoupling, or proton-carbon heteronuclear shift 
correlation. The distinct difference between the T1 values of the 
two types of carbons, in contrast, offers a facile and obviously very 
reliable method for distinguishing between the two types. In this 
connection, it is also worth noticing that the spin-lattice relaxation 
times of the guanidino carbons of the compounds now studied fall 
within a very narrow range, this further facilitating a reliable 
assignment of these carbons. Further studies are needed to find out, 
whether the TI values of the guanidino carbons of more remote 
congeners of the present bis(amidinohydraz0nes) [e.g., 
bis(amidinohydraz0nes) of cyclic 1 ,Zdiketones] also fall within or 
near the very narrow range now observed for guanidino carbons. If 
this is the case, studies on the NMR spectroscopy of such compounds 
will be much simplified. 

In the light of the present results, it is worth remembering 
that, in any quantitative work on bis(amidinohydrazones), and also 
when novel analogs of these compounds are studied, fairly long pulse 
delay times may be necessary. 
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