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Abstract. Reaction of dehydromonocrotaline (3), the putative toxic metabolite of the carcinogenic pyrrolizidine
alkaloid monocrotaline (2), with vartous nucleosides proceeded mostly at the C-9" position of 3 to give several
nitrogen atom-alkylated nucleosides including N-7 alkylated 2'-deoxyguanosine 14.

Pyrrohzidine alkaloids having retronecine (1) or otonecine as the necine base portion exhibit marked
hepatotoxicity and, in certain cases, carcinogenicity and antitumor activity.! In particular, monocrotaline (2)
found in various species of Crotalaria plants is the best-known carcinogenic pyrrolizidine alkaloid and sometimes
contaminates certain medicinal herbs and foodstuffs such as milk and honey.l The highly reactive pyrrolic
metabolite, dehydromonocrotaline (3) acting as a bifunctional electrophile is supposed to be responsible for the
acute (liver lesion) and the chronic (carcinogenicity) toxicity.] DNA cross-linking in vivo and in vitro has been
observed with monocrotaline (2), dehydromonocrotaline (3), dehydroretronecine (4), and the diacetate 5.2
Dehydroretronecine (4) is known to alkylate several nucleosides and nucleotides.3 However, only limited
chemical studies have been reported on the putative toxic metabolite dehydromonocrotaline (3).4 Herein we
describe the first evidence that highly reactive dehydromonocrotaline (3) directly alkylates various nucleosides to
give several adducts including N-7 alkylation product of 2'-deoxyguanosine 14.
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Dehydromonocrotaline (3) was prepared from monocrotaline (2) by the reported procedure.5 Prior to
reaction of 3 with nucleosides, we investigated the stability of 3 in protic solvents. Thus, dehydromonocrotaline
(3) was found to be hydrolyzed within 1 min in the agueous media at room temperature. However, it survived
for more than 5 h 1n the CH30H solution in the presence of NaHCO3 as an acid scavenger. The reaction of
dehydromonocrotaline (3) with 1 equiv of each nucleoside (8-11) was therefore performed 1n CH30H (20 mM)
containing 4 equiv of NaHCOs at 25 °C for 5 h.  After filtration and concentration of the reaction mixture, the
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Table I. Alkylation of Nucleosides with Dehydromonocrotaline (3)

nucleoside alkylated nucleoside (yield)
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# This material consists of a single diastereomer. Stereochemistry of the methoxyl
group at the C-7" was not determined. ® A 1:1 mixture of diastercomers concermng
the C-7" methoxyl group



Table II. UV Spectra of Alkylated Nucleosides 12-18 and
Methylated and Ethylated Nucleosides
nucleoside alkylated pH 12 pH 7Y pH 13¢
nucleoside Amax Amin Amax Amin Amax Amin
(nm) (nm) (nm) (nm) (nm) (nm)
2'-deoxy- 12 258 237 258 238 260 (268 sh) 238
adenosine 1-Et-adenosined 259 235 259 235 261 (268 shy 237
8
® 13 265 238 268 240 268 240
NS-Et-adenosined 264 239 268 242 268 243
2'-deoxy- 14 256 (278 sh) 237 256 (278 sh) 243
gu:;nosinc 7-Et-guanosine® 257 (277 sh) 244 257 (277 sh) 235
® 15a 258 (282sh) 235 255(277sh) 230 259 (269 sh) 242
15b 258 (282sh) 235 255(277sh) 231 260 (269 sh) 243
N2-Me-guanosinef 258 (283 sh) 233 258 (270 sh) 237
thymidine 16 267 246 267 245 267 245
(10) 17a 268 246 268 244 269 245
17b 268 246 268 244 269 245
3-Me-thymidine8 265 236 266 237 267 238
2'-deoxy- 18 280 246 280 246 267 247
cytildlinc 3-Et-cytidineb 280 247 279 246 267 248
abn

aHCYH;0-MeOH (8:2). b NH40Ac/H20-MeOH (8:2). © NaOH/H20-MeOH (8:2). d Singer, B.; Sun,
L.; Fraenkel-Conrat, H. Biochemistry 1974, 13, 1913.
f Smith, J. D.; Dunn, D. B. Biochem. J. 1959, 72, 294. £ Friedman, O. M.; Mahapatra, G. N_; Dash, B.;
Stevenson, R. Biochim. Biophys Acta 1965, 103, 286. 1 Sun, L.; Singer, B. Biochemistry 1974, 13,

¢ Singer, B Biochemistry 1972, 11, 3939.
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Table I11. Selected 1H NMR Spectral Data for Alkylated Nucleosides 12-18 and
dehydroretronecine dimethyl ether (6)2
compound __________  chemical shifts of H-7" and H-9" protons reacting site
HT H-9" of3
6 477 (1H,dd,63,1.7) 433 (1H,4d,11.5) 441 (1H,d,1L5) -
12 4.79 (0.5 H, dd, 3.6, 2.00% 507 (0.5H,d, 14.8) 5.17 (0.5H,d, 14.8) c-9"
4.81 (0.5 H, dd, 3.6, 2.00% 508 (0.5H,d, 148) 5.18 (0.5H,d, 14.8) c-9"
13 4, 82 (1 H,dd, 6.0,1.5) > 499 (1H,4,159) co"
14 557 (1H,4d, 12.0) 564 (1H,d, 12.0) co"
15a 5. 52 (1 H,dd, 7.6, 4.3) 427 (1H,4d, 10.8) 432 (1H,d, 10.8) c-7"
15b 5. 53 (1 H,dd, 7.6, 4.3) 427 (1H,4, 11.2) 431 (1H,d, 11.2) c-7"
16 -k 508 (1H,4d, 14.0) c-9"
17a 6.50 (1H, brd, 9.0) 403 (1H,d,11.0) 420 (1H,4d,11.0) c-7"
17b 6.50 (1H,brd, 2.0) 405 (1H,d, 11.0) 4.17 (1H,d, 11.0) c7
18 % 498 (0.5H,d, 15.0) 5.09 (0.5H,d, 15.0) c-9"
- 503(1H.5s) c-9"

a Spectra were taken in CD30D at 270 MHz. Chemical shifts are ppm relative to internal TMS. Number
of protons, multiphicity, and coupling constants in Hz are in parentheses.

* This signal could not be
observed by overlapping with a solvent signal. * These values are interchangeable.
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products were isolated by repeated column and thin layer chromatography followed by HPLC. The major
products were the solvolysis products of 3, racemic dehydroretronecine dimethyl ether (6) (ca. 80%) and the
necic acud component isolated as lactone acid 7 (ca 80%). The yields of the atkyiated nucleosides 12-18 were
less than 1% (Table I).

The structures of the alkylated nucleosides 12-18 were determined on the basis of detailed analysis of the
UV and the TH NMR spectra coupled with the FAR mass spectra. In particular, the alkylated sites were
determined by comparing the UV spectra of the alkylated nucleosides in acidic, neutral, and alkaline solutions
with those of the known alkylated nucleosides (Table H). On the other hand, the reacting sites of
dehydromonocrotaline (3) were determined by comparing the chemical shifts of H-7" and H-9" protons in the
alkylated nucleosides with those in dehydroretronecine dimethyl ether (6) (Table III): the signals for the H-7"
protons in the C-7" OCHj3 derivatives of dehydroretronecine (4) appear in the region of & 4.7—4.8 ppm, while the
signals for the H-9" protons in C-9" OCH3 derivatives of 4 appear in the region of 3 4.0-4.4 ppm. The
structures of 12-18 are shown in Table 1

Dehydromonocrotaline (3) reacted mostly at the C-9" position and alkylated the nucleosides at the
nitrogen atoms ; 2'-deoxyadenosine (8) at the N-1 and the NO positions, 2'-deoxyguanosine (9) at the N-7
position, thymidine (10) at the N-3 position, and 2'-deoxycytidine (11) at the N-3 position, respectively. The
N2 position in 9 and the N-3 position in 10 were also alkylated with 3 at the C-7" position. No OXygen atom 1n
any nucleoside was alkylated. In contrast, the weaker alkylating agent dehydroretronecine (4) reacted always at
the C-7" position with nucleosides and nucleotides to give both N- and O-alkylated nucleosides.3 None of the
alkylated nucleosides 12-18 were formed on reaction of dehydroretronecine dimethyl ether (6) with the
corresponding nucleoside 8-11 under the same conditions as the alkylanon with 3, indicating that alkylated
nucleosides 12-18 have come from direct reaction of 3 with the corresponding nucleosides The formation of
the N-7 alkylated 2'-deoxyguanosine 14 that may be linked to deprination and strand scission of DNA is
noteworthy in view of the hepatotoxicity and the carcinogenicity of monocrotaline (2). Tt is of interest that a
metabolite of hepatocarcinogenic aflatoxin B also alkylates the N-7 nitrogen of the 2'-deoxyguanosine mouety in
oligonucleotides and DNA.S Further studies on reaction of dehydromonocrotaline (3) with DNA are currently
under investigation.
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