
owuo39/90 $3.00 + .oo 
Pn@moz Press plc 

SYNTHESIS OF SUMllTUlED CYCLOBUTENEDIONES BY THE PALLADIUM CATALYZED 
CROSS-COUPLING OF HALOCYCLOB~NEDIONES WllH ORCANOSTANNANLS. 

by Lanny S. Liebeskind*’ and Jianying Wang 
Department of Chemistry 

Emory University 
Atlanta, Georgia 30322 

Abti. Halo-substituted cyclobutenediones undergo palladium catalyzed cross-coupling with 
organostannanes providing a mild method for the synthesis of substituted cyclobutenediones. 

The development of new techniques for the synthesis of substituted cyclobutenediones has become 

increasingly important with the recent advent of powerful methods of quinonea*-ll and alkylidene- 

cyclopentenone 4* *l 12-15synthesis based on thermal and transition metal induced transformations of 

cyclobutenedione adducts prepared by l&addition of unsaturated nucleophiles. As a complement to 

traditional methods for the construction of substituted cyclobutenediones via the addition of 

organolithium nucleophiles to squaric acid esters, 16* “we have recently documented the versatility of tri- 

n-butylstannyl substituted cyclobutenediones’*and cyclobutenedione monoketalslg for the introduction of 

a broad array of substitutents onto the cyclobutenedione core via palladium catalyzed cross-coupling 

technology. In order to complete tbis aspect of our study of practical methods for the synthesis of 

substituted cyclobutenediones, we document herein the reverse reaction, the use of halo-substituted 

cyclobutenediones as cross-coupling reaction partners with organostannane reagents (Eqn. l), a reaction 

that should find ample use in the synthesis of highly functionalized cyclobutenediones. Very recently, a 

few 3,4-dialkynyl-3-cyclobutene-1,2-diones were prepared by the addition of alkynyl organometallics to 

3,4-dichloro-3-cyclobutene-1,2-dione.20 

Eon. 1 . 
R 0 a cat. Pd 

I + R’SnBu~ - 

x 0 

Three halocyclobutenedione substrates were chosen for study, 3-chloro-4-methyl-3-cyclobutene- 

1,2-dione, 1,21 and 3-bromo4-methyl-3-cyclobutene-l,2-dione, 2, 22 both readily prepared from 3- 

hydroxy4-methyl-3-cyclobutene-1,2-dionc by reaction with the appropriate oxalyl halide, and f-chloro- 

4-isopropoxy-3-cyclobutene-l,2-dionc, 3, prepared in 62% yield by treatment of 3,4- 

dichlorocyclobutencdone23 with one equivalent of isopropanol in methylene chloride followed by addition 

of 1 equivalent of Et3N. 24 The halocyclobutenediones 1 and 2 were treated with a variety of organotin 

reagents under traditional Stille cross-coupling conditions (2% (I’hCH2)ClPd(PPhs)2 I THF / 50 “C) and 

the results are listed in the Table. 25 In general, bromocyclobutenedione 2 was more effective than the 

chloro analog, 1, in the cross-coupling with organostannancs, the reaction being complete in shorter times 

with higher yields resulting in most eases. Although infrared and lH NMR spectra of compounds 4g and 



4h were in accord with the aesigned structures, both compounde decomposed on etanding, and 

satiefactory con&u&on data could not be obtained. PhSSnBu, reacted with both halocyclobutenedionea 

1 and 2 in the absence of palladium catalyst to give product 4i (Table, entry 9). but palladium 

significantly catalyzed the reaction (67% in 20 h vereue 80% in 8 h for 1 and 86% in 20 h vet-sue 88% in 3 

h for 2). Allyl-tri-n-butylstannane did not give product with either substrate under the conditions 

employed. 

In order to generaliae further the use of the halocyclobutenedione-organostannane croee-coupling 

protocol, 3-chloro4iaopropoxycyclobutene-1,2-dione, 3, wa.3 treated with a variety of organoetannanee. 

This lem reactive halocyclobutenedione did not cross-couple efficiently with the organoetannanee in the 

Table (except for entice 9 and 10) under the traditional conditions (2% (PhCHz)ClPd(PPh& / THF / 50 

“C); however, the use of cocatalytic CuI (5%) and (PhC&$JPd(PPh& (5%) in CH3CN at 70 ‘C induced 

an efficient reaction.= The benefit of cocatalytic CuI on tbe Stille cross-coupling reaction has been 

documented previously.‘* As above, althougb both PhSSnBu3 and 2,4-dicblorophenoxy-tri-n- 

butylstannane reacted witb 3 in the absence of catalyst to give the corresponding substituted 

cyelobutenedione 5, tbe reactions were facilitated by the preeence of metal catalysta (Table, entries 9 and 

10). Compound 5i was formed in 80% in 20 h in the absence of palladium, and in 87% yield in 3 h in the 

presence of 5% PbCHx)ClPd(PPh&. The reaction of 2,4dichlorophenoxystannane (entry 10) took 72 h 

to produce 15% of Sj in the abeenee of catalyst, but gave product in 30% yield after 72 h when 5% 

(PhCH2)ClPd(PPh& wan introduced into the reaction and in 68% in 24 h when 5% cocatalytic Gil wan 

also added. 

Experimental procedures for the eyntbesia of 4a and Se are typical. Synthest of 4a: 3-ChloroA- 

methyl-3-cyclobutene1,2dione (0.211 g, 1.62 mmol) and phenyltri-n-butyltin (0.590 g, 1.61 mmol) were 

dissolved in 8 mL of THF under a nitrogen atmosphere at room temperature. (PhCH$ClPd(PPb& 

(0.024 g, 2 mol%) wan added and the mixture was heated to 50 ‘C with stirring and wan monitored by tic 

for disappearance of phenyltri-n-butyltin (2Oh, SiO2,1:5 ethyl acetate I hexane; PhSnBus: Rf = 0.80, 

product: Rf= 0.20). The solvent was removed on a rotary evaporator and the residue was purified by 

chromatography on silica gel to give 0.193 g (70%) of 4a as a yellow solid: mp 101-102 “C (CHxCb / 

hexane); IR (CHxC12, cm -1): 3050,2950,1780,1765,1590,1335; 1H NMR (CDCI3,300MHz): 6 8.03-8.00 

(m, 2H), 7.60-7.50 (m, 3H), 2.65 (e,3H); MS Calcd. for CllHs02: 172.0542. Found: 172.0542. 

Analogoua reaction of 3-bromo-4-methyl-3-cyclobutene-l,2-dione (0.349 g, 1.99 mmol) with pbenyl 

tributyltin (0.73Og, 1.99 mmol) gave 85% of 4a (0.292g). Synthesis of 5e: 3-Cbloro4(1-methyletboxy)-3- 

cyclobutene-1,2-dione (0.318 g, 1.82 mmol) and 2-(trimetbylsilyl)ethynyl tributyltin (0.708 g, 1.81 mmol) 

were dissolved in 10 ml of CH&N, (PhCH$XPd(PPh& / CuI (1:l) (0.087 g, 5 mol%) was added and the 

reaction wa.s heated to 70 “C for 10 b. Tbe solvent was removed on rotary evaporator and the residue wae 
purified by chromatography on silica gel (SiO2,1:5 EtOAc I hexane, Re.27.) to give 0.244 g (57%) of Se 

aa a yellow solid: mp 35-36 ‘C (CH& I h exane); IR (CH&, cm-l): 2960,1785,1760,1585,1378,1325; 

1~ NMR (CDC13,300MHe): 6 5.37 (hept, J = 6Hz, lH), 1.50 (d, J - 6Hz,6H), 0.26 (s,9H). Anal. Calcd. 

for C12H1e0$i: C, 60.99; H, 6.82. Found: C, 61.04; H, 6.84. 



Table. Palladlum Catalyzed CrosrcoUpling of WaWI-sub lobutelKdbneswltb 
0rganostannanes.a 

‘z% or ‘pcx + RSnBu:, (z ‘zg or ‘x 

l,X=CI;2,X=Br 3 4 5 

8 THP- 4ht’, 61,20 h _- 5h, 49.20 h 

9 PhS 4i, 80,8 h 4i, 88,3 h 51,87,3 h 

Cl 

10 

d” 1: 
Cl 

_-_ - Sj,68,24h 

aPbSnBu3, p-MeC6HqSnBu3, and pCICgBqSnBu3 wem pmpamd according to tbe procedum of Asizpn, et. aI.= (2- 

ThienyQSnBu3 weu prepared according to the procedum of Go~G~antham, et. al.” R-BuCiCSnBu3 and Me3SicIcSnBu3 
were pmpamd according to the procedure of Bottaro, et. al.& 

prepared according to the procedure of Corny and Willipn~.~ 
I-Tetmhydropymayloxy-3-prop2-enyltrLat-butylti was 

(I-Etbc.xy)vinyltri-a-butyltin and phenyl tri-n-butyltin sulfide 
were purchiued from Aldrich Chemical Company. Tri-n-butyltin 2.4dichlwophenolote was pnmbased f’mtn P % B Research 

Chemicals. bAlthough spectroscopic data were consistent with the indicated structuma, satisfactory combustion analyrir data 

could not be obtained 
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