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was treated with 1.6 g of NaH (40.3 mmol) at  23 OC for 30 min, 
at which time 0.74 g (2.0 m o l )  of BkNI and 3.6 mL (30.2 m o l )  
of BnBr were After 60 min, the reaction was carefully 
quenched with water and saturated NH4Cl and extracted with 
EtOAc (2X). The organic phase was washed with water (2X) and 
brine (lx), dried, fitered, and evaporated. The products were 
separated by MPLC with 955 EtOAeEtOH to give 22 (1.88 g, 

22 oil; IR ( f i b )  1672; 'H NMR (CDh,) 6 2.4 (2, m), 2.49 (1, 
dd, J = 13.2,7.4), 2.71 (1, dt, J = 13.5,5.2), 3.24 (3, s), 3.25 (3, 
s), 3.45 (1, dd, J = 12.3, 5.2), 3.56 (1, d, J = 12.2), 3.66 (1, d, J 
= 12.2), 3.87 (1, dd, J = 12.3,2.9), 4.2 (2, m), 4.32 (1, t, J = 8.4), 
4.44 (1, d, J = 11.91, 4.54 (1, d, J = 11.81, 7.3 (5, m); I3C NMR 

105.6, 127.2, 127.3, 127.9, 137.2, 165.6, 165.8; CI MS 361 (trace), 
360 (trace), 329,222; FAB MS 361,329; HR FAB calcd for CIS- 

23 mp 92-94 OC; IR (KBr) 1667; 'H NMR (CDCl,) 6 2.14 (1, 
ddd, J = 13,11,4.4), 2.36 (1, dd, J = 13.2,9.4), 2.45-2.65 (2, m), 
3.26 (6, s), 3.57 (1, d, J = 12), 3.63 (2, m), 3.73 (1, d, J = 13), 4.22 
(1, t, J = 4.2), 4.35 (1, t ,  J = 8.4), 4.45 (1, dd, J = 10.9,6.5), 4.53 
(2, a), 7.35 (5, m); NMR (CDCla) 6 33.8,34.9,49.2,50.2, 51.0, 
51.1,68.3, 58.7, 70.6, 75.3, 105.9, 127.4, 127.7, 128.3, 137.2, 165.4, 
166.4; CI MS 361 (trace), 360,329. Anal. Calcd for Cl&uN20< 
C, 63.32; H, 6.71; N, 7.77. Found C, 62.88; H, 6.57; N, 7.46. 
(25,5aS,LOaS)-Octahydro-2-hydroxy- lH,5H-dipyrrolo- 

[ 1,2-a:1',2'-d]pyrazine5,7,10-trione, 0-Benzyl Ether (2g). A 
solution of 1.95 g (5.41 mmol) of 22 in 25 mL of THF' was treated 
with 25 mL of water and two drops of concd HzSO4 and heated 
to reflux for 1 h. The solution was cooled and extracted with 
EtOAc (3X), and the organic layers were washed with saturated 
NaHCO, (3X) and brine (lx), dried, fitered, and evaporated to 
give 1.18 g (60%) of ketone 2g: mp 166-167 "C; IR (KBr) 1768, 

2.8 (1, m), 2.89 (1, dd, J = 19.7,9.1), 3.16 (1, dd, J = 19.5, 9.2), 
3.46 (1, dd, J = 12.4,4.9), 3.79 (1, d, J = 19.7), 3.98 (1, bd, J = 
12.4), 4.11 (1, d, J = 19.7), 4.18 (1, m), 4.29 (1, dd, J = 9.0,5.3), 
4.45 (1, d, J = 11.9), 4.55 (1, d, J = 11.9), 4.64 (1, t, J = 9.0), 7.3 
(5, m); 13C NMR (CDCL,) 6 32.8, 39.2, 51.4,52.2,57.3,58.1, 70.9, 
74.8,127.8,127.9,128.5,137.5,165.2, 166.4,205.8; FAB MS 315 
(MH+); HR FAB calcd for CI7HlsN2O4 (MH+) 315.1345, found 
315.1338. 
(2S,5aR,lOaR)-Octahydro-2-hydroxy-1H,5H-dipyrrolo- 

[ lfa:l'J'-d]pyrazine-5,7,10-trione, 0-Benzyl Ether (24). A 
solution of 0.88 g (2.44 m o l )  of 23 in 15 mL of THF was treated 
with 15 mL of water and 1 drop of concd H2S04 and heated to 
reflux for 1 h. The solution was cooled and extracted with EtOAc 
(3X), and the organic layers were washed with saturated NaHC03 
(3x) and brine (lx), dried, fitered, and evaporated to give 0.60 
g (68%) of ketone 24 mp 148.0-149.5 "C; IR (KBr) 1773,1652; 

J = 13.7, 6.5), 2.88 (1, dd, J = 19.3, 8.8), 3.07 (1, dd, J = 19.1, 
9.5), 3.66 (1, dd, J = 13.1,4.3), 3.74 (1, dd, J = 19.9, 11.8), 4.11 
(1, d, J = 19.7), 4.25 (1, t, J = 3.9), 4.5 (1, m), 4.54 (2, a), 4.65 (1, 
t, J = 9.0), 7.3 (5, m); 13C NMR (CDC13) 6 34.2, 39.2, 51.5, 52.0, 
57.4,68.2,70.9,75.1,127.6,127.9, 128.5,137.3, 164.5, 166.8, 205.8; 
CI MS 315 (MH'); FAB MS 315; HR FAB calcd for C17H&04 
(MH+) 315.1345, found 315.1355. Anal. Calcd for Cl7Hl8N2O4: 
C, 64.96; H, 5.77; N, 8.91. Found C, 63.67; H, 5.60; N, 8.54. 
Registry No. 2a, 63667-06-1; 2b, 14280004-2; 2c, 142800053; 

2670, Rf 0.41) and 23 (1.76 g, 2496, R 0.54). 

(CDCl3) 6 32.0, 34.6, 48.9, 50.0, 50.3, 50.7, 57.7, 58.1, 70.2, 74.6, 

HUN205 361.1763, found 361.1707. 

1675, 1656; 'H NMR (CDClJ 6 2.42 (1, ddd, J 18.6,9.1,5.0), 

'H NMR (CDCls) 6 2.12 (1, ddd, J = 13.6,11.1,4.3), 2.62 (1, dd, 

2f, 142800-06-4; 2g, 142800-07-5; 6,13504-85-3; 7,64187-47-9; 8, 
75776-54-4; 9, 113490-85-0; 10, 142800-08-6; 11, 75776-77-1; 12, 
142800-09-7; 13, 142800-10-0; 17, 142800-11-1; 18, 142800-12-2; 
19,14286529-0; 20,1428W13-3; 21,142800-144; 22,142800155; 
23,14286531-4; 24,14286530-3; BnBr, 100-39-0; 19-ethanedithi01, 
540-63-6; (R)-(+)-l-methoxy-l-(trifluoromethyl)phenylacetyl 
chloride, 39637-99-5; (S)-(-)-1-methoxy-1-(trifluoromethy1)- 
phenylacetyl chloride, 20445-33-4. 

Supplementary Material Available: X-ray data including 
an ORTEP plot for 20, experimental procedures and spectral data 
for 7,8,9, 18, and 19, 'H NMR spectra for 2b, 2e,2f, 2g, 13, 17, 

(32) Czemecki, S.; Georgoulia, C.; Provelenghiou, C. Tetrahedron Lett. 
1976.3535. 
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18,19, and 24, and analytical HPLC chromatograms for 18 and 
19 (23 pages). This material is contained in many libraries on 
microfiche, immediately follows this article in the microfilm 
version of the pumal, and may be ordered from the ACS; see any 
current masthead page for ordering information. 
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Introduction of various carbon chains onto the ring 
carbon of the naturally occurring purine nucleosides has 
been extensively investigated to synthesize biologically 
active analogs.' There have been ample precedents for 
the preparation method of 2- and 8-alkylpurine nucleo- 
sides, and the methods for the direct introduction of alkyl 
groups are mainly based on the application of radical re- 
action2 and C-lithiati~n.~ These methods, however, are 
not always satisfactory with respect to regioselectively, 
yield, and/or the scope of reactions. Although the cross- 
coupling of Grignard reagents with aryl halides has 
achieved great success in the field of synthetic organic 
chemistry$ application of such cross-coupling reactions to 
8-bromoadenosine derivatives is far from satisfactory in 
view of its inefficiencym6 

On the other hand, the cross-coupling using trialkyl- 
aluminums has not been widely investigated! During the 
course of our studies on the palladium-catalyzed cross- 
coupling reaction with trialkylaluminums,' we have found 
that trialkylaluminums smoothly coupled with halogeno- 
purine nucleosides. This paper describes a convenient 
method for the preparation of C-alkylated purine nu- 
cleosides. 

Cross-coupling of 8-bromoadenosine (la) itself with 
trimethylaluminum in the presence of palladium catalyst 
resulted in the recovery of the starting material. When 
8-bromoadenosine was protected with a trimethylsilyl 
group in the coupling reaction, the expected 8-methyl- 
adenosine was successfully formed in high yield by the 
reaction with trimethylaluminum. Thus, treatment of 
8-bromoadenosine (la) (1 equiv) with excess hexa- 
methyldisilazane (HMDS) gave quantitatively the corre- 
sponding trimethylsilylated &bromoadenosine, which was 
used in the next step without any purification. A mixture 

(1) Bergstrom, D. E. Nucleosides Nucleotides 1982, 1 ,  1. 
(2) (a) Maeda, M.; Nushi, K.; Kawazoe, Y. Tetrahedron 1974,30,2677. 

(b) Zady, M. F.; Wong, J. L. J.  Am. Chem. SOC. 1977, 99, 5096. (c) 
Ikehara, M.; Linn, W.; Fukui, T. Chem. Pharm. Bull. 1977,25,2702. (d) 
Zady, M. F.; Wong, J. L. J. Org. Chem. 1979, 44, 1450. (e) Maki, Y.; 
Kameyama, K.; Suzuki, M.; Sako, M.; Hirota, K. J. Chem. Res. 1984,388. 

(3) (a) Barton, D. H. R.; Hedgecock, C. J. R.; Lederer, E.; Motherwell, 
W. B. Tetrahedron Lett. 1979,279. (b) Cong-Danh, N.; Beaucourt, J.-P.; 
Pichat, L. Zbid. 1979, 2385. (c) Hayakawa, H.; Haraguchi, K.; Tanaka, 
H.; Miyaeaka, T. Chem. Pharm. Bull. 1987,35, 72. 

(4) Jolly, P. W. Comprehensiue Organometallic Chemistry; Wilkinaon, 
G., Stone, F. G. A., Abel, E. W. Eds.; Pergamon Press: Oxford, 1982; Vol. 
8, pp 713-772. 

(5) Cong-Danh, N.; Beaucourt, J.-P.; Pichat, L. Tetrahedron Lett. 
1979,3159. 

(6) Ohta, A.; Inoue, A.; Watanabe, T. Heterocycles 1984, 22, 2317. 
Ohta, A.; Inoue, A.; Ohtsuka, K.; Watanabe, T. Heterocycles 1985,23,133. 

(7) Hirota, K.; Isobe, Y.; Maki, Y. J. Chem. SOC., Perkin Trans. 1 1989, 
2513. 
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Scheme I 

1) HYDS 

2) AIRS, Pd-Cat. 
3) NHqCI 

1 
a ; X = O H  

b : X = H  

20-f 

3 ; R s B r  S ; R = B r  7 ;  R I CI 
4a-d 6 ; R . M .  8 ; R S M e  

of the protected &bromoadenosine, m e 3  (2 equiv), PdC1, 
(0.05 equiv), and Ph3P (0.1 equiv)* in dry THF was re- 
fluxed for 2 h under argon. The resulting cross-coupling 
product was deprotected by refluxing in methanol in the 
presence of ammonium chloride efficiently to give 8- 
methyladenosine (2a) in 95% yield. The structure of 2a 
was confirmed by direct comparison of ita spectral data 
with those reported previously.2n 

Analogous reactions of 8-bromoadenosine ( l a )  with 
commercially available trialkylaluminums, such as U t 3 ,  
APr3, and A~(~-BU)~ ,  gave the corresponding &alkylpurine 
nucleosides 2b,1° 2c,lo and 2d in 42%, 5379, and 13% 
yields, respectively. It is worthy of note that the coupling 
occurred even with a somewhat bulky alkylaluminum 
reagent possessing propyl and isobutyl groups, of which 
direct introduction into purine nucleosides is hitherto 
unknown. In the case of the reaction with trialkyl- 
aluminum reagents except for A1Me3, debromination of 
bromopurine nucleosides, however, was observed as a side 
reaction and the debromination preferentially occlll8 rather 
than the cross-coupling in the reaction with AW-BU)~. 

Reaction of &bromo-2'-deoxyadenosine (lb) with m e 3  
and AE4, resulted into the formation of the corresponding 
8-alkyl-2'-deoxyadenosines 2e" and 2f in 84% and 62% 
yields, respectively. When treatment of 2-bromoadenosine 
(3), 8-bromoguanosine (5), and 2-amino-6-chloro-9-/3-~- 
ribofuranosylpurine (7) with trialkylaluminums was carried 
out, the corresponding alkylated products 4a-d,12J3 6,%14 
and 816 were obtained (see Table I). 

The present coupling reaction is applicable to the in- 
troduction of an alkyl group into various purine nucleosides 
and could make further biochemical studies of biologically 
important nucleosides and nucleotides involving C-alkyl- 

(8) PdCl, and Ph3P in the ratio 1:2 under reaction conditions would 
convert into PdC12(Ph3P)2.9 Employment of Pd(Ph3P),' instead of a 
combination of PdCl, and Ph3P as a catalyst led to analogous reaulta (fa, 
90% yield). 

(9) Chatt, J.; Mann, F. G. J. CheM. SOC. 1939, 1622. 
(10) Ueda, T.; Nomoto, Y.; Matauda, A. Chem. Phnrm. Bull. 1985,33, 

3263. 
(11) Huang, M.-C.; Montgomery, J. A.; Thorpe, M. C.; Stewart, E. L.; 

Secrist, J. A., III; Blakley, R. L. Arch. Biochim. Biophys. 1983,222,133. 
(12) Yamazaki, A.; Kumashiro, I.; Takenishi, T. J.  Org. Chem. 1968, 

33, 2583. 
(13) Hattori, M.; Ienaga, K.; Pfleiderer, W. Liebigs Ann. Chem. 1978, 

1796. 
(14) Pfleiderer, W.; Schanehal, M.; Eiatetter, K. Chem. Ber. 1972,105. 

1497. 
(15) Montgomery, J. A.; Hewson, K. J .  Med.  Chem. 1968,ll. 48. 

Table I. Formation of Alkylated Purine Nucleosides 
product no. R X reaction time (h) yield (W) 

2a Me OH 2 95 
2b Et OH 8 42 (31) 
2c Pr OH 24 53 (34) 
2d i-Bu OH 72 13 (59) 
2e Me H 8 84 
2f Et H 12 62 (21) 
4a Me 1.5 76 
4b Et - 10 72 (trace) 
4c Pr 56 
4d i-Bu - 72 34 (43) 
6 Me 24 83 
8 Me 40 70 

- 
- 67 (trace) 

- 
- 

aValues in parentheses are yield of the debrominated product. 

ated purine nucleosides feasible. 

Experimental Section 
All melting pointa are uncorrected. Elemental analyses were 

carried out at the microanalytical laboratory of our university. 
Column chromatography was carried out on a silica gel (Wako 
gel D-300). 

Preparation of C-Alkylated Purine Nucleosides. General 
Procedure. A mixture of purine nucleoside (1 equiv) with excess 
hexamethyldisilazane (HMDS) in the presence of a catalytic 
amount of ammonium sulfate was refluxed for 2-3 h under an 
Ar atmosphere, and the solvent was removed under reduced 
preasure to give the trimethylsilyl-protected nucleoside. A mixture 
of the protected nucleoside, M e 3  (2 equiv), PdC12 (0.05 equiv), 
and PhSp (0.1 equiv) in dry THF was refluxed for the appropriate 
time under Ar. The solvent was removed under reduced preasure, 
and the resulting residue was refluxed for 3 h in methanol in the 
presence of ammonium chloride. The solvent was removed under 
reduced preasure, and the residue was chromatographed on a silica 
gel column with chloroform-methanol (101) as eluant to give the 
corresponding alkylated nucleoside. In the case of the reaction 
with AlEh, A B 3 ,  or A ~ ( ~ - B U ) ~ ,  the corresponding debrominated 
product was isolated as a later fraction (see Table I). Data for 
new compounds and known compounds having no 'H NMR data 
in the literatures"14Js are listed below: 

8-Isobutyladenosine (2d). Recrystallization from EtOH, mp 

= 6.4 Hz, CH2CH(CH3I2), 2.19 [ l  H, m, CH2CH(CH3),], 2.78 (2 
H, m, -CH2CH), 3.42-3.75 (2 H, m, H-5'),4.03 (1 H, br 8, H-4'1, 
4.18 (1 H, br a, H-3'),4.96 (1 H, m, H-2'),5.25 (1 H, d, OH), 5.38 
(1 H, d, OH), 5.78 (1 H, d, J = 7.3 Hz, H-l'), 5.99 (1 H, m, OH), 
7.32 (2 H, br s, NH2), 8.08 (1 H, s, H-2). MS (mlz): 323 (M+). 
Anal. Calcd for C14H21NS04.0.2EtOH. C, 52.01; H, 6.73; N, 21.06. 
Found C, 51.96, H, 6.68; N, 21.16. 

2'-hsy-&ithyladenosine (20. F h y s h I h  * tion from EtOH, 
mp 234-235 OC. 'H NMR [270 MHz, (CD3)2SO]: 6 1.33 (3 H, 
t, J = 7.7 Hz, CH2CH3), 2.19 (1 H, m, H-2'), 2.95 (2 H, q, J = 7.7 
Hz, -CH2CHd, 3.12 (1 H, m, H-2'1, 3.50-3.71 (2 H, m, H-5'),3.92 
(1 H, br s, H-49, 4.49 (1 H, br s, H-39, 5.32 (1 H, d, OH), 5.60 
(1 H, d, OH), 6.29 (1 H, d, J = 7.3 Hz, H-l'),7.21 (2 H, br s, NHd, 
8.08 (1 H, s, H-2). MS (mlz): 279 (M'). Anal. Calcd for 

N, 25.08. 
2-Propyladenosine (4c). Mp 220-221 OC. 'H NMR [270 

H, m, CH2CH2CH3), 2.63 (2 H, t, J = 7.3 Hz, CH&H&H& 
3.42-3.74 (2 H, m, H-5'1, 4.00 (1 H, br 8, H-4'1, 4.18 (1 H, br s, 

5.43 (1 H, d, OH), 5.68 (1 H, m, OH), 5.87 (1 H, d, J = 6.8 Hz, 
H-l'), 7.27 (2 H, br s, NH2), 8.27 (1 H, s, H-8). MS (mlz): 295 
(M+). Anal. Calcd for C13H1&,04J/6H20 C, 46.38; H, 5.45; N, 
24.58. Found C, 46.36, H, 5.32; N, 24.47. 

2-Isobutyladenosine (4d). 'H NMR [270 MHz, (CD3)2SO]: 
6 0.90 [6 H, d, J = 6.4 Hz, CH2CH(CH3)2], 2.17 [l H, m, 
CH2CH(CHd2], 2.52 (2 H, m, -CH&H), 3.50-3.72 (2 H, m, H-5'). 
4.00 (1 H, br s, H-49, 4.16 (1 H, br s, H-33, 4.69 (1 H, dd, J 5 

(1 H, m, OH), 5.86 (1 H, d, J = 6.8 Hz, H-l'), 7.27 (2 H, br s, NHd, 
8.26 (1 H, s, H-8). MS (mlz):  295 (M'). Anal. Calcd for 

254-256 OC. 'H NMR [270 MHz, (CD&SO]: 6 0.99 (6 H, d, J 

C12H17N603: C, 51.61; H, 6.14; N, 25.07. Found C, 51.77, H, 6.22; 

MHz, (CD&SO]: 6 0.93 (3 H, t, J = 7.3 Hz, CH&HS), 1.74 (2 

H-3'),4.69 (1 H, dd, J = 11.7 and 6.8 Hz, H-2'),5.21 (1 H, d, OH), 

11.7 and 6.8 Hz, H-29, 5.21 (1 H, d, OH), 5.43 (1 H, d, OH), 5.80 
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CiaHorNsOd*l.lHvO: C, 41.67; H, 5.47; N, 22.09. Found: C, 41.43; 
H;'5.7@-N,- 21.79. 

8-Methylguanosine (6)."14 254 mg (86%). Mp 194-196 "C. 

(2 H. m. H-5'). 3.87 (1 H. br s. H-4'). 4.11 (1 H. br s. H-3'). 4.71 
'H NMR [270 MHz, (CD&3O]: 6 2.42 (3 H, 8, -CHJ, 3.42-3.71 

(1 H; dd, J = '11.2 and 6.8 Hz,'H-2'); 5.13 (2 H, m, 2 X OH); 5.35 
(1 H,d, OH), 5.69 (1 H, d, J = 6.8 Hz, H-l'), 6.31 (2 H, br s, NH,), 
10.61 (1 H, s, NH). 

2- Amino-6-methylpurine 9-B-D-Ribonucleoside (8).'6 Re- 
crystallization from HzO, mp 155-156 "C. 'H NMR [270 MHz, 
(CD3)$30]: 6 2.51 (3 H, 8, CH3), 3.52-3.71 (2 H, m, H-59, 3.93 
(1 H, br 8, H-49, 4.14 (1 H, br s, H-39, 4.52 (1 H, dd, J = 11.2 
and 5.9 Hz, H-2'),5.08-5.17 (2 H, m, 2 X OH), 5.43 (1 H, d, OH), 
5.83 (1 H, d, J = 5.9 Hz, H-l'), 6.43 (2 H, br s, NH,), 8.24 (1 H, 
s, H-8). MS ( m / z ) :  281 (M+). 
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Earlier syntheses2* of tetramethyl thiophenetetra- 
carboxylate (1) have afforded the compound in relatively 
low (20-38%) yield and have generally involved elevated 
reaction temperatures (140-215 "C). In following up an 
investigation' of certain aspects of the chemistry of po- 
tassium p-toluenethiosulfonate (ArS02SK, Ar = p- 
CH3C6H4), we have now unexpectedly discovered that this 
salt reacta readily with 2 mol of dimethyl acetylenedi- 
carboxylate in 2 h at room temperature in acetonitrile to 
produce 1 in 76% yield (eq 1). The reaction in eq 1 

2MeOOC-CEC-COOMe + ArS02SK - 
MeOOC MeOOcqyoy;e + ArS02- (1) 

I (76%) 

represents a route to 1 that is markedly superior in yield 
to those2* previously published. I t  also employs much 
gentler reaction conditions and is now clearly the method 
of choice for the synthesis of 1. 

Initially we hoped that reaction of ArS02SK with other 
alkynes in acetonitrile might lead to other thiophenes, but 
this has proved not to be the case. Thus, treatment of 

(1) This research was supported at  the University of Denver by the 

(2) Benitez, F. M.; Grunwell, J. R. J.0rg. Chem. 1978, 43, 2914. 
(3) Kajitani, M.; Suetaugu, T.; Wakabayashi, R.; Igarashi, M.; Akiya- 

(4) Scherer, 0.; Kluge, F. Chem. Ber. 1966, 99, 1973. 
(5) Winterfeldt, E. Chem. Ber. 1967, 100, 3679. 
(6) Nakayama, J.; Yomada, R.; Hoshino, M. Heterocycles 1987, 26, 

(7) Kice, J. L.; Kutateladze, T. G.; Kupczyk-Subotkowska, L. J. 0%. 

National Science Foundation, Grant CHE-9000175. 

ma, T.; Sugimori, A. J. Organomet. Chem. 1985,293, C15418. 

2215. 

Chem. 1991,56,6151. 

either phenylacetylene or diphenylacetylene with ArSO&K 
(either 24 h at room temperature or 8 h at  reflux) led only 
to recovery of starting materials. With ethyl 3-phenyl-2- 
propynoate (PhCI-t-COOEt) a reaction did take place 
very slowly; after 14 days at  reflux this gave an adduct, 
ArS02C(Ph)=CH-COOEt (76% 1. This product pre- 
sumably arises from the addition of ArS02- (formed by 
slow reversion of the p-toluenethiosulfonate? ArS02S-  F! 
ArS02- + S), not ArS02S-, to the triple bond, since the 
same adduct was obtained (73%) in a much shorter re- 
action time (40 h) when PhCGC-COOEt was reacted 
directly with sodium p-toluenesulfinate in refluxing ace- 
tonitrile. Reaction to form the thiophene therefore occurs 
only when two strong electron-withdrawing groups are 
attached to the carbons of the triple bond. 

We also explored whether sulfur anions other than 
ArS02S- would react with MeOOC-C=C-COOMe. 
While no reaction was observed with sodium thiosulfate 
(Na2SSO3), reaction of potassium thiocyanate (KSCN) 
with dimethyl acetylenedicarboxylate at  room temperature 
for 5 h in acetonitrile did give 1 in low yield (19%); the 
main product was 2. A similar adduct, 3, was obtained in 
the reaction of potassium selenocyanate (KSeCN) with 1. 
(In the KSeCN case no selenophene was isolated as a 
minor product.) 

,COOMe ,COOMe 

'SCN 'SeCN 
MeOOC-CH=C MeOOC-CH =C 

2 3 

The formation of 2 and 3 suggests that the initial step 
in the formation of 1 in eq 1 is addition of the sulfur anion 
to the triple bond of MeOOC-C=C-COOMe (eq 2). 

ArS02.S- + Me00C-CGC-COOMe 

MeOOC 

ArS02S 
'C =?-COOMe (2) 
/ 

4 

The failure of the reaction with PhCECCOOMe and 
P h W P h  indicates that two electron-withdrawing groups 
must be attached to the C k C  in order for the equilibrium 
for this addition to be sufficiently favorable. 

Why dose 4 go on to form 1 in high yield when the 
corresponding carbanion from the addition of SCN- does 
not? We think this has ita origin in the fact that ArS02- 
is a considerably better leaving group than CN-, but we 
do not know at what stage of the reaction this feature 
becomes important. Thus, one route for formation of 1 
would have 4 undergo facile intramolecular displacement 
of ArSOf to form thiirene 5 (eq 3a). Thiirenes have been 

'C=C-COOMe - MeOOC 

q/. ArS02--S /" 
4 

ArS02S- + MeOOC-C=C-COOMe (3a) 
'S/ 
5 

MeOOC-C=C-COOMe + Me00C-CEC-COOMe - 
\ /  S 
5 

(8) Sato, R.; Goto, T.; Takikawa, Y.; Tazikawa, S. Synthesis 1980,615. 
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