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Supplementary Material Available: Experimental details for 
the preparation of compounds 2b, 9b, 11,12a, 12b, 14, 15, and 
16 (9 pages). Ordering information is given on any current 
masthead page. 

(26) An invention disclosure has been filed to cover the use of n-pentenyl 
glycosides as glycosyl donors. 
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Recently, in connection with our studies on the synthesis of 
DNA oligomers containing mutagenic adducts, we were interested 
in obtaining an oligodeoxynucleotide (2) having a deoxyguanosine 
residue substituted at the C-8 position by an /V-2-fluorenylamino 
group. 

5'-(C-A-C-T-A-G -T-C-A-C)-3' 

1: X = 8-H 
2: X = S-AF 
3: X = 8-AAF 

AF = 2-aminofluorene; AAF = N-acetyl-2-aminofluorene 

Although 3 was easily prepared' by the reaction of 1 with 
Ar-acetoxy-A'-acetyl-2-aminofluorene, attempts to remove the 
acetyl group from 3 to obtain 2 using base, invariably led to 
degraded products. However, the inclusion of a thiol totally 
prevented2 the degradation and allowed the isolation of 2 in ex
cellent yield. This result indicated that the degradation is oxidative 
in nature. Earlier work by Kriek et al.3,4 had claimed, however, 
that this degradation of the modified nucleoside N-acctyl-N-
(2'-deoxyguanosin-8-yl)-2-aminofluorene (4a) which is present 
in 3 is solely hydrolytic at alkaline pH. The two products that 
they isolated were assigned structures 5a and 5b, on purely 
spectroscopic evidence. These conflicting findings led us to re
investigate this problem both at the level of the oligomers 2 and 
3 and at the level of the modified nucleoside 4a. Although we 
report studies on 4a only, in this communication work with both 
oligomers 2 and 3 has revealed that the corresponding nucleoside 
residue within the oligomer 3 behaves similarly.5 

In aqueous solution, in the presence of either a thiol or ascorbic 
acid or under anaerobic conditions, 4a is cleanly deacetylated to 
4b, and no degradation could be detected (pH 7-13). This clearly 
indicates that previously observed transformations are oxidative 
in nature. Our investigations now show that the degradative 
pathway parallels mechanistically the much-studied^* oxidation 

H,N^N ^ - N 

" 0 ^ H H 

5a, Sb 
OH 

4a: R = Ac; dG(C8)AAF 
b: R = H;dG(C8)AF 

of uric acid in alkali. In 0.2 N NaOH, in the presence of air 
at 75 0C (Kriek and Westra conditions),4 4a rapidly disappears 
and by HPLC9 three new compounds arise, which we have des
ignated as ring-opened products (ROP-I, -2, and -3). Under these 
conditions ROP-3 appears only in the early stages of the reaction 
as does a fourth peak representing the intermediate deacetylated 
nucleoside 4b. Treatment of 4b under identical conditions also 
gives rise to the same ring-opened products. 

The first products isolated in ~ 12% yield by HPLC (ROP-I 
and ROP-2) occur in a 2:3 ratio10 and spectroscopically appear 
to be identical with the two substances 5a and 5b first isolated 
by Kriek and his associates.4 However, from our own spectroscopic 
analysis we conclude that most probably these substances are the 
spirodiastereomers 6a and 6b. The 1H NMR and 13C NMR 

6a(ROP-1),6b(ROP-2) 

data" unfortunately are not definitive because of the polyaza 
nature of the substances. Nevertheless the mass spectral results 
revealed that a good correlation exists between the FAB-MS 
positive- and negative-ion modes for 6a and 6b. Both positive-ion 
spectra show a peak at m/z 463 corresponding to the ion (M + 
I)+ whereas the negative-ion spectra show a peak at m/z 461 
attributable to the ion (M - I)". This clearly indicates that the 
molecular weight of both compounds is 462 daltons (Da), a result 
that is at variance with the value of 464 found by Kriek and 
Westra4 using field-desorption mass spectrometry. The frag
mentation patterns in the positive-ion mass spectra are also more 
easily interpreted in terms of structures 6a and 6b. Most sig
nificantly, the peak at m/z 207 represents the protonated fluorenyl 
cyanamide (or carbodiimide) ion FlN=C=NH2

+ rather than the 
protonated isocyanate ion, FlN=C=OH+. These new structural 
assignments make it easy to understand the origin of the dia-
stereoisomeric relationship of 6a and 6b, which was assigned 
originally4 to (improbable) differences at the anomeric l'-carbon. 
It now appears that 6a and 6b are (cyclic) reaction path analogues 
of 7, a skeletal-rearrangement intermediate postulated to occur 
along the uric acid-allantoin-uroxanate oxidative pathway.6 Both 
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Maurizot, M.; Dreux, M.; Saint-Ruf, G.; Leng, M. Nucleic Acids Res. 1979, 
7, 2347-2356. 

(4) Kriek, E.; Westra, J. G. Carcinogenesis (London) 1980, /, 459-468. 
(5) Brandenberger, H. Biochim. Biophys. Acta 1952,15, 108; Experientia 

1956, 12, 208-210; HeIv. Chim. Acta 1954, 37, 641-644. 

(6) Brandenberger, H.; Brandenberger, R. H. HeIo. Chim. Acta 1954, 37, 
2207-2220. 

(7) Poje, M.; Sokolic-Maravic, L. Tetrahedron 1986, 42, 747-751. 
(8) Poje, M.; Sokolic-Maravic, L. Tetrahedron 1988, 44, 6723-6728. 
(9) The degraded monomeric ring-opened products were separated by a 

reverse-phase column, Bondapak Cl8 (0.39 x 30 cm, Waters), with a linear 
gradient of 0.05 M triethylamine acetate, at a flow rate of 1.0 mL/min. 
Under these conditions the retention times, in minutes, of the relevant com
pounds, in order of elution, were as follows: dG, 2.7; ROP-2, 11.1; ROP-I, 
11.6; ROP-3, 12.6; dG(C8)AAF, 19.9; dG(C8)AF, 23.4. 

(10) Neither ROP-I (6a) nor ROP-2 (6b) is convertible to ROP-3 on 
treatment with base, as might be expected, on the basis of their assigned 
structures. 

(11) Sufficient quantities of ROP-3 have not been available for a 13C 
NMR spectrum determination. 
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6a and 6b are quite stable to basic reaction conditions. 

H ° 
0 V ^ N H 

HO2C \\ ° 

7 

The third compound (ROP-3) isolated by HPLC, although 
transient at 75 0C, becomes the major product (~60% yield) in 
1 N NaOH at 10 0C. This, by 1H NMR spectroscopy, appears 
to be a 4:1 mixture of inseparable isomers of 8a and 8b, although 
structures 9a and 9b cannot be completely excluded. The epimeric 
hydrogen atoms at C-5 of the imidazolone ring appear as non-
exchangeable (D2O) singlets at 8 5.44 and 5.48 respectively. The 
positive- and negative-ion FAB-MS again show good correlation, 
exhibiting parent ions at m/z 437 and 435 respectively, thus 
identifying the molecular weights as 436 Da. Significantly there 
is a positive-ion peak at m/z 340 (negative-ion peak at m/z 338) 
corresponding to the loss of the imidazolone ring. Subsequent 
loss of the sugar residue to give the fluorenylguanidine ion is 
indicated by peaks at m/z 207 (positive ion) and 205 (negative 
ion). The structure postulated for ROP-3 is analogous to allantoin 
(10), again a well-established oxidative degradation product of 
uric acid.7,8 
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The further action of base on ROP-3 causes a rapid conversion 
at pH 13 to A'-(2-fluorenyl)guanidine (12) identical with a syn
thetic sample.12 At neutral pH, however, the dominant product 
becomes the deoxyribofuranoside intermediate 11. We have also 
found that 11 can be obtained from 4b directly by allowing the 
latter to stand in aqueous buffer at neutral pH (half-life of 4b: 
6.9 days). 

Finally the oxidative pathway that leads to the destruction of 
4a/4b provides a complete mechanistic explanation for the strand 
scission and depurination observed by Johnson et al.13 when dG-

(12) The isolation of jV-(2-fluorenyl)guanidine as the end product of the 
degradation of 4a by alkali in air confirms completely that an oxidative 
mechanism is involved; otherwise the end product should have been the cor
responding fluorenylurea, no trace of which could be discerned in the reaction 
mixture. 

(13) Johnson, D. L.; Reid, T. M.; Lee, M.-S.; King, C. M.; Romano, L, 
J. Carcinogenesis (London) 1987, 8, 619-623. 

(C8)AF- or dG(C8)AAF-modified oligomers were treated with 
1 M piperidine at 90 0C. It now appears that an abasic site is 
therefore an intermediate in this strand scission process. 

Given the sensitivity to aerial oxidation of dG(C8)AF (4b), it 
seems highly likely that many of the related analogues derived 
from different carcinogenic amines will be equally susceptible to 
oxidative degradation. These findings may have significant im
plications for the mutagenic profile of 4a (and for dG(C8) adducts 
derived from other carcinogenic amines) when present as a residue 
in DNA. Further studies in this area are being pursued. 
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equilibration of 8 and 9 (3 pages). Ordering information is given 
on any current masthead page. 
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It has recently been demonstrated, first by Fenn and co-workers1 

and subsequently by other groups,23 that multiply charged ions 
from high-mass molecules can be formed from electrospray ion
ization. It is particularly noteworthy that proteins and peptides 
show a strong tendency for multiple cationization. Thus far, all 
of the proteins studied are characterized by multiple cationization 
to the extent that the observed mass/charge ratio is less than 3000. 
Therefore, these unusual ions, despite masses sometimes in excess 
of 105 daltons (Da),2c fall within the mass/charge range accessible 
to many modern mass spectrometers. We have recently coupled 
electrospray with a three-dimensional quadrupole4 (i.e., a Paul 
trap5). This type of mass spectrometer is particularly well-suited 
for kinetic studies due to its ion-trapping and ion-isolation ca
pabilities.6 We describe here results of the first systematic study 

* Research sponsored by the U.S. Department of Energy, Office of Energy 
Research, under Contract DE-AC05-84OR21400 with Martin Marietta En
ergy Systems, Inc. 
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(4) A 4 X 10"° M solution of cytochrome c was prepared in a solvent 
mixture of HPLC grade water, methanol, and glacial acetic acid in relative 
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