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DETERMINATION OF THE STRUCTURE OF THE ADDUCT FROM GUANOSINE AND GLYCIDALDEHYDE

Vasu Nair™ and Gregory A. Turner
Department of Chemistry, University of lowa, Iowa City, Iowa 52242

Abstract: The complete structure of the 1:1 adduct between guanosine and glycidaldehyde has been
unequivocally determined by high-field NMR data and by synthesis of related model compounds.

The mode of formation and the detailed structures of adducts between carbonyl compounds and
nucleic acid bases have been of considerable interest in studies of the constitution and mech-
anism of action of nucleic acids. In relation to some work in our Laboratory associated with
the synthesis of compounds related to the "Y" bases,] we examined the reaction of glycidaldehyde
(1, R = H) with guanosine. Glycidaldehyde is known to be reactive towards nucleic acids and
appears to be highly specific for guanine components.2 Despite its importance as a probe in the
study of the mode of action of alkylating carcinogens,3 the structural details of its modifica-
tion of guanine residues have not been fully determined. The suggestion has been made that
guanine is modified by glycidaldehyde into a tricyclic base. Two structures 2 and 4 were pro-
posed as possible products.’ However, the data presented did not distinguish~betwe;n these
possibilities. On structural and mechanistic grounds it is Togical to assume that the loci of
reaction on guanine includes the 2-NH2 and one endocyclic nitrogen of the base.5 Therefore, two
other structures 6 and 7 are possible. We now report on an unambiguous assignment of the struc-
ture of this adduct.

-

Q 0

as

dinon cHH
7 R= Rib 9  R=Ribosyl
6  R= Ribosyt ! = Ribosyl 10 _
e R=—CoHg 0 R=CpHg
==CHg

247



248

Glycidaldehyde (1, R = H)6 was prepared from acrolein by oxidation with sodium hypochlorite
by modification of a method developed for the synthesis of 3,4-epoxybutanone (1, R = CH3) by
White and his coworkers.7 When guanosine was treated with glycidaldehyde at pH 10 and 25°C for
1.5 h and the reaction mixture neutralized to pH 7 and cooled to 5°C, a white crystalline pro-
duct, C13H15N506, m.p. >300° (decomp.}, precipitated cut of the reaction mixture (59.0% yield).
Its ultraviolet spectral data shown in Figure 1 indicate that the compound is a linear adduct.
This conclusion is based on the work of Leonard and his coworkers8 who showed that tricyclic
heteroaromatic systems of the linear type exhibit lower energy electronic transitions than their
angular isomers. The fluorescence spectrum of the guanosine-glycidaldehyde adduct in 0.1N NaOH
showed an intense emission maximum at 420 nm with irradiation near 320 nm confirming the presence
of the tricyclic base. Its infrared spectrum (Nujol) indicated the retention of the carbonyl
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Although the UV data provide strong evidence that the product is not 6 or 7 (or some tauto-
meric form of these structures), but more Tikely a Tinear modified guanine derivative, they do
not distinguish between the Tinear possibilities 2 and 4.9 As the reaction appears to be regio-
specific, the high-field NMR data of the single 1;0mer Eroduced cannot be used to distinguish
unequivocally between the two possible structures. As the difference between 2 and ﬁ resides
in the position of the substituents on carbons 6 and 7, evidence to differentiate between these
structures may be found in the chemical shift difference between H6 and H7. A hydrogen at C7
would be expected to be deshielded by the carbonyl at Cg. However, in the absence of both
isomers 2 and 4, it is not clear if the resonance at § 7.23 (Table 1) should be assigned to Hg in
ﬁ or Hy ;n 2. ~We resorted to related model compounds to solve this problem. It was envisaged
that an alkylation-condensation reaction of appropriate a-bromo carbonyl compounds with guanosine
would provide model systems with a hydrogen at CG or C7 depending on the nature of the reactant.
Guanosine is known to undergo alkylation at N when treated with alkyl halides under conditions
of base cata]ysis.10’1]
with a-bromopropionaldehyde (prepared from bromine and the silyl enol ether of propionalde-
hyde12’]3) and the reaction mixture stirred at 25°C for 15 h, the tricyclic compound 8 was
isolated. It was purified by HPLC on Amberlite XAD-4-resin (45-50 um) with 80% water/ethanol
as the eluting solvent (18.0% yield), m.p. 204-206°. Similarly, when the anion of guanosine

Thus, when the preformed anion of guanosine (K2C03 in DMSO) was treated
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Table 1. 360 MHz 'H NMR Data for Tricyclic Adducts in DMSO-d6

Hg H, 6-CH,0H 6-CH,0H  6-CHy  7-CHy H,thers
- 7.23 4.84 4.98 - - 3.53, 3.65 (m,m, Hg.),
(s) (@) (t) 3.91 (m, Hg.)s 412 (7, Hy)s
4.45 (m, Hy.), 6.05 (t, 5'-CHy0H),
5.16, 5.42 (d,d, 2'-0H, 3'-0H),
5.81 (d, J = 5.9, Hy,)
- 7.22 4.84 4.98 - - 1.38 (t, CHy), 4.08 (q, CH,)
(s) (d) (d)
6.84 - - - - 2.63 3.55, 3.63 (m,m, Hc,), 3.91 {m, H,y\),
(s) (s) 5 :
4.11 (m, Hy,), 4.57 (m, Hy)s 5.08
(t, 5'-CH,0H), 5.16, 5.41 (d.d,
2'-OH, 3'-0H), 5.71 (d, J = 6.1, H].)
- 7.36 - - 2.26 - 3.54, 3.65 (m,m, Hg,), 3.92 (m, Hyi)o
(s) (s) 4.13 (m, Hy.), 4.49 (m, Hy.), 5.06 (s,
br, 5'-CH,0H), 5.16, 5.41 (d,d, 2'-OH,
3'-0H), 5.81 (d, J = 5.4, H;.)
- 7.33 - - 2.25 - 1.38 (t, CH,), 4.08 (g, CH,)
(s) (s) 3 2

Table 2. 90.57 MHz 13C NMR Data for Tricyclic Adducts in DMSO-d6

c 6-CH,0H  6-CH 7-CH ¢

7 9 9a 3a 4a 2 3 3 others
124.6 153.6 115.9 146.7 150.2 55.0 - - 61.2 (CS')’
70.2 (C3.),
73.6 (CZ')’
85.1 (C4.),
86.8 (C].)
124.4 153.7 115.9 146.8 150.1 55.0 - - 15.0 (CH3),
37.9 (CHZ)
119.4 155.1 114.8 149.2 150.0 - - 13.0 61.7 (CS.),
70.6 (C3.),
73.0 (CZ.),
85.5 (64.),
87.5 (C].)
126.1 151.1 115.5 145.5 149.8 - 10.4 - 61.3 (C5.),
70.3 (C3.),
73.6 (CZ')’
85.2 (C4.),
86.9 (Cl')
125.7 151.1 115.4 145.7 149.7 - 10.4 - 15.0 (CH3),

37.6 (CHZ)
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(NaH in DMF) was treated with a-bromoacetone, compound 914 was isolated and was subsequently
purified by HPLC (39.0% yield), m.p. 199-202°.

A comparison of the high-field ]H NMR spectra of 8 and 9 with that of the adduct of

glycidaldehyde and guanosine shown in Table 1 clearly suggests that 2 is the correct assignment
of the structure of the original adduct. The chemical shift for H7 gn g is at § 7.23, at least
0.5 ppm downfield from what would be expected for H6 in structure g. That the carbonyl group at
C9 is indeed involved in the deshielding of H7 is supported by the observation that the methy]l
group resonance in 8 occurs as a singlet at § 2.63 and that in 9 appears as a singlet at & 2.26.
The 130 NMR data (Table 2) supported these conclusions. Furthe; confirmation of the structural
assignment came from the conversion of g (via its tosylate) to 19 (m.p. 273-275°), an authentic
sample of which was prepared from 9-ethylguanine and o-bromoacetone.

The formation of the tricyclic adduct 2 can best be appreciated by considering the regio-
chemistry and a plausible mechanism for the~reaction. Under basic conditions (pH 10), guanosine
forms an anion at Ny preferentially (pKa = 9.2). If the anion cleaves the epoxide ring in an
SN2 manner at the more electrophilic carbon, then the intermediate formed can undergo cycliza-
tion and subsequent dehydration to give 4. If the Ny anion attacks the carbonyl carbon and
ring cleavage of the epoxide is brought about by the 2-amino group, then compound 2 is the
product. Our experimental results support the regiospecific formation of g and thg latter
mechanism. Additional evidence for this mechanism was provided by the observation that the
reaction of 3,4-epoxybutanone (1, R = CH3) with guanosine at pH 10 was extremely sluggish.

Acknowledgments. Support of these investigations by a grant {CHE-8200818) from the National
Science Foundation is gratefully acknowledged. The high-field NMR spectrometer (Bruker WM-
360) used in this work was purchased in part by a grant (CHE-8201836) from the National Science
Foundation.
References and Notes
1. Blobstein, S.H.; Grunberger, D.; Weinstein, I.B.; Nakanishi, K. Biochemistry 1973, 12.
188, and references therein. T

2. Van Duuren, B.L.; Loewengart, G. J. Biol. Chem. 1?27, 252, 5370.

3. Singer, B.; Kusmierek, J.T. Ann. Rev. Biochem. 1982: 51, 655,

4. Goldschmidt, B.M.; Blazej, T.P.; Van Duuren, B.L. Tetrahedron Lett. 1968, 1583.
5. cf., Czarnik, A.W.; Leonard, N.J. J. Org. Chem. 1?§9’ 45, 3514. -
6
7
8

Payne, G.B. J. Am. Chem. Soc. 1959, 81, 4901.
Wellman, G.R.; Lam, B.; Anderson, E. L.; White, E. Synthesis 1976, 547.
Sattsangi, P.D.; Leonard, N.J.; Frihart, C.R. J. Org. Chem. lgzz, 42, 3292.
9. Cyclization to a six-membered ring is inconsistent with the UV data.
10. Traube, W.; Dudley, H.W. Chem. Ber. 1?1%’ 46, 3839.
11. Frihart, C.R.; Feinberg, A.M.; Nakanishi, K. J. Org. Chem. lgzg, 43, 1644.
12. House, H.0.; Czuba, L.J.; Gall, M.; Olmstead, H.D. J. Org. Chem. 1969, 34, 2324.
13. Reuss, R.H.; Hassner, A. J. Org. Chem. lgzg, 39, 1785.

14. Kasai, H.; Goto, M.; Ikeda, K.; Zama, M.; Mizuno, Y.; Takemura, S.; Matsuura, S.; Sugimoto,
T.; Goto, T. Biochemistry 1976, 15, 898.

(Received in USA 29 July 1983)



