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Abstract. Reaction of dehydmmonocrotaline (3), the putative toxic metabolite of the carcinogenic pyrrolizidinc 
alkaloid monoerotahne (Z), with various nucleosides proceeded mostly at the C-9” position of 3 to give several 
nitrogen atom-alkylated nucleosides including N-7 alkylated 2’deoxyguanosine 14. 

Pyrrohndine alla!oids having retronecine (1) or otonecine as the necine base portion exhibit marked 

hepatotoxicity and, in certain cases, carcinogemcity and antitumor activity.t In particular, monocrotaline (2) 

found in various species of CrotaZana plants is the best-known carcinogenic pyrrolizidine alkaloid and somenmes 

contaminates certain medicinal herbs and foodstuffs such as milk and honey.’ The htghly reactive pyrrohc 

metabolite, dehydromonocrotaline (3) acting as a bifunctional electrophile is supposed to be responsible for the 

acute (liver leston) and the chronic (carcinogenicity) toxictty. 1 DNA cross-linking in vivo and in vitro has been 

observed with monocrotalme (Z), dehydromonocrotahne (3), dehydroretronecme (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 

descnbe 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. 

4 R=H 7 

5 R=Ac 

2 3 6 R = CH, (racemic) 

Dehydromonocrotalme (3) was prepared from monocrotalme (2) by the reported procedure.5 Prior to 

reaction of 3 with nucleosides, we investigated the stability of 3 in protic solvents. Thus, dehydromonocrotalme 

(3) was found to be hydrolyzed within 1 min in the aqueous media at room temperature. However, it survived 

for more than 5 h in the CH3OH solutton 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 m CH3OH (20 mM) 

containing 4 equtv of NaHC@ at 25 ‘C for 5 h. After filtration and concentrauon of the reaction mixture, the 

927 



928 

Table I. Alkylation of Nucleosides with Dehydromonocrotaline (3) 

nucleoside alkylated nucleoside (yield) 

2’-deoxyadenosine (8) 

2’-deoxyguanosine (9) 

thymldine (10) 

2’-deoxycytidine (11) 

OH 15a (0.2%) 
15b (0.2%) 

OH 17a (0 1%) 
17b (0 1%) 

’ This material consists of a single diastereomer. Stereochemistry of the methoxyl 

group atthe C-7" wasnotdetemined. b A 1: 1 mixture of diastereomers concermng 

the C-7” methoxyl group 
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Table II. UV ‘Spectra of Alkylated Nucleosides 12-18 and 
Methylated and Ethylated Nucleosides 

nucleoside 

2’-deoxy- 
adenosine 

(8) 

2’-deoxy- 
guanosine 

alkylated uH la pH 7b uH 13C 

nucleoside Xmax tin Xrnax tin hmax Xmin 
( ) 
2% 

I ) 
2;: 

(n \ 
25; 

( j 
2;: 

I I 
(;; 

! ) 
12 260 sh) 2:: 

1 -Et-adenosined 259 235 259 235 261 (268 sh) 237 

13 265 238 268 240 268 240 
N%-a&Q&& 264 239 268 242 268 243 

I4 256 (278 sh) 237 256 (278 sh) 243 
7-Et-guanosing 257 (277 sh) 244 257 (277 sh) 235 

15a 258 (282 sh) 235 255 (277 sh) 230 259 (269 sh) 242 
15b 258 1282 shl 235 255 1277 sh) 231 260 (269 sh) 243 

thymidine 
110) 

~ ’ NZ-Me-euanosinef 258 i283 sh\ 233 258 i270 shi 237 
16 267 246 267 245 267 245 
17a 268 246 268 244 269 245 . , 
17b 268 246 268 244 269 245 

&n& . . 265 36 
2’-deoxy- 18 280 ;46 

66 
$80 

237 267 238 
246 267 247 

cytidine 3-Et-cytidineh 280 247 279 246 267 248 
(11) 

aHCl&O-MeOH (8:2). b NlX+OAc&O-MeOH (8:2). C NaOHiHzO-MeOH (8:2). d Singer, B.; Sun, 
L.; Fraenkel-Conrat, H. Biochemistry 1974,13, 1913. e Singer, B Biochemistry 1972,11, 3939. 
f Smith, J. D.; Dunn, D. B. Biochem. J. 1959,72,294. g Friedman, 0. M.; Mahapatra, G. N.; Dash, B.; 
Stevenson, R. Biochim. Biophys Acra 1965,103,286. h Sun, L.; Singer, B. Biochemistry 1974,13, 
1905. 

Table III. Selected 1H NMR Spectral Data for Alkylated Nucleosides 12-18 and 
dehydroretronecine dimethyl ether (6)a 

compound chemical shifts of H-7” and H-9” orotons 
7 

4.77 (1 H,% ‘k 3 1 7) 
H-9” 

reacting site 
of3 

162 4.79 (0.5 H, dd,‘3:6,‘2.0)? 
4.33 (1 H, d, 11.5) 4.41 (1 H, d, 11.5) 
5.07 (0.5 H, d, 14.8) 5.17 (0.5 H, d, 14.8) C-9” 

4.81 (0.5 H, dd, 3.6, 2.O)t 5.08 (0.5 H, d, 14.8) 5.18 (0.5 H, d, 14.8) C-9” 
13 4.82 (1 H, dd, 6.0, 1.5) _* 4.99 (1 H, d, 15.9) C-9” 
14 5.57 (1 H, d, 12.0) 5.64 (1 H, d, 12.0) C-9” 
15a 5.51 (1 H dd 7 6 4 3) 4.27 (1 H, d, 10.8) 4.32 (1 H, d, 10.8) C-7” 
15b 5.53 (1 H: dd: 7:6: 4:3) 4.27 (1 H, d, 11.2) 4.31 (1 H, d, 11.2) C-7” 

:76a 
_* 5 08 (1 H, d, 14.0) C-9” 

6.50 (1 H, br d, 9.0) 4.03* (1 H d 110) 4.20 (1 H, d, 11.0) C-7” 
17b 6.50 (1 H, br d, 9.0) 4.05 (1 H: d: 1l:O) 4.17 (1 H, d, 11.0) C-7” 
18 -* 4.98 (0.5 H, d, 15.0) 5.09 (0.5 H, d, 15.0) C-9” 

a Spectra were taken in CD30D at 270 MHz. Chemical shifts are ppm relative to internal TMS. Number 
of protons, multiphcq, and coupling constants in Hz are in parentheses. * This signal could not be 
observed by overlapping with a solvent signal. t 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 dehydroxetronecine dimethyl ether (6) (ca. 80%) and the 

nec& amd V i&&ted as lactone acid 7 (ca 8&&)_ The y-i&b of the &q&ate& nuc&o@des 12-1;% 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 FAB mass spectra, In particular, the alkglated sites were 

determined by comparing the UV spectra of the alkylated nucleosides in acidic, neutral, and alkaline solunons 

with those of the known alkylated nucleosides (Table II). On the other hand, the reacting sites of 

dehydromonocrotaline (3) were determmed 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” OCH3 derivatives of dehydroretronecine (4) appear in the region of 6 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 8 4.0-4.4 ppm. The 

structures of 12-18 are shown in Table I 

Dehydromonocrotaline (3) reacted mostly at the C-9” position and alkylated the nucleostdes at the 

mtrogen atoms ; 2’-deoxyadenosine (8) at the N- 1 and the N4 positions, 2'-deoxyguanatie (9) at tile N-7 

position, thymidine (10) at the N-3 position, and 2’-deoxycytidine (11) at the N-3 position, respectively. The 

Nz position in 9 and the N-3 position in 10 were also alkylated with 3 at the C-7” position. No oxygen atom m 

any nucleoside was alkylated, In contrast, the weaker alkylating agent dehydroretronecme (4) reacted always at 

the C-7” position with nucleosides and nucleotides to give both N- and 0-alkylated nucleosides.3 None of the 

alkylated nucleosides 12-18 were formed on reaction of dehydroretronecine dimethyl ether (6) with the 

corresponding nucleuside 8-11 under the same conditions as the &ylatton with 3, indicating that alkykted 

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 depnnation and strand scission of DNA is 

noteworthy in view of the hepatotoxicity end the caminogenicity of monocrotahne (2). It is of interest that a 

metabolite of hepatocarcinogenic aflatoxin Bt also alkylates the N-7 nitrogen of the 2’-deoxyguanosme moiety in 

oligonucleotides and DNA.6 Further studies on reaction of dehydromonocrotaline (3) with DNA are currently 

under investigation. 

Acknowledgment. We are grateful to Dr. Makoto Ojika for helpful discussions. Financial support from the 
Ministry of Education, Science, and Culture [Grant-m-Atd for Scienttfic Research No. 026404241 is gratefully 
acknowledged. 

References and Notes 
(1) Mattocks, A. R. Chemtstry and Toxicology of Pyrrolizidine Alkaloids; London: Academtc Press, 1986. 
(2) (a) Mattocks, A. R ; Bird, I. Toxicicol. Left. 1983,16, 1-8; Petty, T. W : Bowden, G T., 

Huxtable, R J.; Stpes, I. G. Cancer Res, L984,44, 15051509_ (h) Whikr L N. 11-g MZLUQ&_ A. R. 
Btochem. J. 1972,18,291-297. (c) Reed, R. L.; Ahern, K. G.; Pearson, G. D.; Buhler, D. R 
Carcnogenisis 1988,9, 1355-1361. 
Sot. 1989,111, 9270. 

(d) Weidner, M. F.; Millard, J. T.; Hopkins, P B. J. Am. Chem 

(3) (a) Robertson, K. A. Canrer Res. 1982,42, 8- 14. (b) Wiskramanayake, P I’.; Arbogast. B L : _.- 
Buhler, B. ft.; Demzer, M. L.; Burlmgame, A. E. /. Am Chem. Sot. WZ, Ifl, 2485-2488. 

(4) (a) Mattocks, A. R J. Chem Sot. C 1969, 11551162. (b) Culvenor, C C. J.; Edgar, J. A.; Smtth, 
L. W., Tweeddale, H. J. Aust J Chem. 1970,23, 1853-1867. 
HeterocycEes, 1981, 631-634. 

(c) Karchesy, J. J.; Deinzer, M. L. 

52, 3867-3872. 
(d) Karchesy, J. J.; Arbogast, B., Deinzer, M. L. J Org Chem. 1987, 

Mattocks, A. R.; Jukes, R ; Brown, J. Z’oxzcon 1989,27, 561-567. 
Gopalakrishnan, S.; Stone, M. P.; Harris, T. M. J Am. Chem Sot 1989,111, 7232-7239. 

(Recetved in Japan 13 November 1990) 


