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Abstract: our lnvastigations on tetradonor-substituted allenu prompted US to 
use enolatc LOT-IS and triaethylsilyl en01 ethrs as 1,Sdia”io” equivalents.- 
A mixture of chloro(trimathyl)slla”e and cyclobuta”e-l,l-dlcarboxyllc acid 
dichloride (5) reacts with l nolates 2a-& and - to qive 5,9-dioxo-6- 
oxaspiro[3.5]non-‘l-ems w and lla-c, whereas carbcethoxy ketene ethyl 
trimthylrilyl acetal (2) and acid chloride 5 yield ethyl 9-hydroxy-5,7- 
dioxo-Goxaspiro [3.5] non-8-me-carbaxylat (2) . me 9-ouspiro[3.5]nonenes & 
and lla-c are ismerited thexmally to 3,4-dlhydro-S-oxo-26,5E-pyra”oL3.4 - 
-b] ~rans E and 12a-c respectively. 

For wme years we have focused oUr investigations on tetradonor substituted alle- 

nes 1 (Do = OEt, NR2). These react formally with bifunctional electrophiles ll- 

ke l:l-/l,3-dianfone 2 (Do = OEt, NR2) of malonic ester and malonic amides /I/. 

In expansion of this concept, primarily developed for the allenas 1, enolate ions 

and trimethylsilyl enol ethers of 1,3-dicarbonyl compounds 2 (n = Ll, Sine ) are 

expected also to react as equivalents of l,3-dianions 3 (substftuents R'/R 
3 

Fn 2 _ 

and 2 see scheme 1). 

1 
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For the reasons described earlier, lithium tnoZates 5 of methyl. ketones cm al.80 

be considered as l,Pdianton aqulvalsnts 2 (subetituents R in 5 and Ji_ see schsnm 

21. 

Ethyl acetoacetate 12/, keto enol ethers 13/, trimslthyle23yl enof, ethers /4/ and 
the thallium{x) salt of t-butyl acetoacttate /5/ are acylated by malonyl dichlo- 

rides and cyclized to afford PB-pyran-2-ones jSf+ Since 2H-pyran-Z-ones tie widt- 
spread in nature and of dfverm biological activity /7/, we wish to rsport our 

versatile approach to the synthesis of this class of compounds. We obtained 3t4- 
dihydro-5-oxo-2H,SW-pyrano[3,4-blpyrans $J and 2 starting from lithium enolates 

or trimethylsllyl enol ethers of carbonyl compounds 2 and 1, and cyclobutane-I,%- 

dicarboxylfc acid dichloride fg). 

On treatment of a mixture of ehloro ~trfrnethyZ)aiLane and cyclobutant-t, I-dicarb- 

oxylic acid dichloride /g) (molar ratio 2:tl /Sl with en&ate iona &&, the 

Schema I 
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lntcrnadiatcs 7alb are first generated. Deptotondtlon of 7a,b by a second mol of 

Za,b and cyclization of the 5,9-dioxo-6-oxa- 

spiro[3,5]non-‘l-mea Ba,b (data see table 1, 2). 

Ethoxycarbonyl-ketene-(ethyl-trf~thylsilyl~-accta1 (2~) 191 reacts with dicar- - 
boxylic acid chloride 2 analogously to Za,b to give 2. However, contrary to 

7a,bl acid chloride 7c is converted directly - to ethyl-9-hydroxy-5,7-dioxo-6- 

oxaapiro [3,5] non-8-ene-S-carboxylate (2) (data Bee table f , 2) . 
Ieomarization of 6-oxaspiro[3,5]nonene 8a in the presence of aluminum chloride - 
yielda S-benzoyl-3,4-dihydro-5-oxo-7-phenyl-2H,5H-pyrano(4,3-bJpyran (10) on hea- - 
ting (data see table 1, 2) /lo/. 

It is practical to generate the enolatee 4 from the corresponding silyl en01 

ethers with methyl lithium /ll/. 

Analogously to the enolates 2a,b, reaction of a mixture of chloro(trimethyl)silane 

and cyclobutane-l,t-dicarboxylic acid dichloride (6) (molar ratio 2:l) with two 

moles of the lfthlum enolates la-c leads to 7-alkyl(aryl)-5,9-dioxo-6-oxa- 

spiro(3,5]non-ll-enes lfa-c. Tn the presence of aluminum chloride, lla-c can be 

isomerlzed to 7-alkyl(aryr)-3,4-dihydro-5-oxo-2H,5H-pyrano[4,3-b]pyrane 12 (data 

see table 1, 2). 

(AIC@, A 

11 - 

11 

Scheme 2 

Expcrlmntsl Section 

The enolateo M are generated from the corresponding 1,3-dicarbonyl compounds at 

-78'C ln dry TEF with methyl lithium. 

The enolates i are generated from the corresponding trimethylsilyl enol. ethers at 

25-C in dry TifF with methyl lithium. 

G~MUWL Pwcedw for the Syntheaia of g, S and 11: To a aolution of 15 mm01 of - 
the enolateo w and i respectively [ 7.5 mmol trimethylsilyl enol ether 2c ] in - 
50 nL dry TEI at -78°C under stirring was added dropwise a solution of 15 mm01 

chloro(trfprsthyl)stlane (in the case of c the addition of chloro(trimthyl)silane 

is not required) and f-2 g (6.8 Amy&) cyclobutane-l,l-dicarboxylic acid dichloride 

(5) in 10 mL dry THF. The reaction mixture was allowed to warm to room temperature 
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during 16 h and stirring was continued for another 1.5 h at 65V. After cooling to 

2o"c, the solvent was evaporated in vacua. The oily residue was extracted with a 

mixture of 100 mL chloroform/diethyl ether(l:3). Hereafter, the resulting solution 

was filtered and the solvent removed in vacua. In the case of 8 and 2 the 

residue crystallized on addition of 15 mL of a mixture of n-hexane/diethyl ether 

(1:3). Recrystalliaation afforded pure S and 2. The splrans 11 were purified by - 
bulb-to-bulb distillation (110 - 125°C/0.06 Torr) followed by recrystallisation. 

General Prooedlw for the Synthesis of 2 and 2: 0.2 mm01 of the spirans g and 

11 were mixed with 0.25 g aluminum chloride, heated for 1 h to 130 - 150°C and - 
purified by bulb-to-bulb distillation (140 - 150°C/0.06 Torr) followed by re- 

crystallization. 

Table 1: Compounds prepared S, 2, E, lJ, E 

Pro- Yield b-p. [°C]/Torr MS IR mBr’/l001) l R-MR l Lam mCl,/mS) 

duct III m.p. [“Cl 

(Solvent) la1 Z’, rc=-11 

tCDC+c1,/ns, [SV=l 

[PA 

aa 

!z 

9 

lo 

lla - 

70 

40 

15 

75 

46 

158 332 1780,1685, 

(11 1660 (CO) .* 

96- 100 300 1780, 1720, 

1670 (CO) : 

87 240 1780, 1750, 

(II) 1655 (CO): 

185 332 1730, 1680 

(I) (CD) .* 

105/0.02 206 1780, 1675 

(Co). 

2.15, 2.32, 2.87 

(mc, 6S, Ca2): 

7.26-7.86 

(ac, 108, CR).’ 

1.09 (t, 38, CE3); 

2.24 (mc, 2H, CA2): 

2.72 (t, 48, CE2); 

4.16 (q, 28, CS2)i 

7.52 bc, 58, CEI) . 

1.42 (t, 38, CH3) 

2.32 (mc, 28, CH2 

2.68 (t, 4H, CR2) 

4.46 (q, 2H. CH2): 

15.41 (9, lH, OR).* 

2.01 (9, 28, CE2); 

2.58 (t, 26, CH2); 

4.14 (t, 28, CA2): 

7.18, 7.46, 7.87 

blc, 1011, CA).’ 

2.42 (mc, 10R. CE2): 15.37, 28.%, 29.66, 33.03 

4.91 (IC, lR, CR); (cti21j 54.17 (Cq); 104.26, 

5.10 bc, lIi, CE)t 116.39, 135.41 (=C)r 169.63, 

5.42 (s, 18, CE); 170.99, 192.65 (=C, Co). 

15.30, 29.10 (CR2); 54.30 

(cq) i 116.40 (-Cc); 128.50 

128.71, 128.79, 129.00, 

129.10, 130.10, 132.30, 

133.90, 136.70 (m-on. C); 

163.10, 169.50, 19O.W, 

192.30 (=C, CO). 

13.59 (CE2); 15.13, 29.09 

KHZ); 54.02 (Cq,; 61.94 

(CE2) i 112.20 (-Cl I 127.95, 

128.53, 130.16, 132.35 

(mxa. c): 164.14, 169.05, 

189.22 (=C, CO). 

14.05 (CH3)I 15.71, 30.41 

(CB~); 47.23 (cq); 63.21 

(oCii2); 91.95 (=C)t 155.35, 

168.32, 170.97, 187.47 

(=C, CO). 

18.65, 20.62 KE2): 67.76 

(CCE~); 100.04, 112.78 f-C); 

127.98. 128.37. 128.62, 

129.22, 130.62, 131.04, 

133.86, 136.59 (arm. C); 

156.77. 162.55, 162.92, 

191.74 (=C, CO). 

5.66 (PC, IE, CE). 
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Table 1: Continued 

Pro- Yield b.p. [‘C]/Torr US TR 033r*/lOOB) 
1 
El-!MR 13C-NMR mcl3/Tns) 

duct [aI r.p. [‘Cl a/z 
tcm-1 I (Solvent) Ia1 (I#+ 1 

cC+c1,/ms, [Ppll 

h-1 

lib 56 49-50 234 - 

11x1 

IIC 30 122-123 - 

(II) 

231 

12a 67 I IS/O.02 206 - 

12b 80 60-61 - 

(11) 

12c 70 99-101 - 

(11) 

234 

231 

1785, 1675 

(CO). 

1780, 1650 

(co). 

1710 (CO); 

1650 C-C) . 

1710 (CO); 

1650 (C-C). 

1705 (CO), 

1635 VSC!). 

1.39, 1.93, 2.28 

(ff, 13H, CH, CR2); 

2.49 (t, 4H, CE2)’ 

5.44 (s, lH, CE). 

2.28 (mc, 28, Crr2); 

2.66 (2, 48, ‘.X21: 

3.86 (8, 3B, 033)~ 

5.91 is, IH, CH1; 

6.21 (t, IB, Cal; 

6.84 (d, 2R. CB) .* 

2.04 fq, 28, Cii2)s 

2.32 (t, ZH, Cn2): 

2.44 (PC, II, Ca2); 

4.14 (t, 2E, oCE2); 

4.90 Ix, Iii, CX): 

5.12 fx, 18, CHlr 

5.62 (6, IR, CR); 

5.76 (mc, 18, CH). 

1.36, 1.96, 2.29 

(PC, 158, CE, CH2); 

4.16 (t, 28, CCR2): 

5.56 (I, IE, CK). 

2.02 (9, 2H, CR2)r 

2.48 (t, 2R, CH2)t 

3.85 (8, 38, m3): 

4.18 (t, 2FL 0CR21: 

6.06 (8, IH, CB); 

6.12 (d. 18, 03); 

6.64 (mc, 2E, CR).* 

15.19, 25.46, 29.12, 29.48 

KHZ); 42.10 (CHI; 54.20 

al) i 101.89 (=C); 171.39, 

174.33, 193.17 t=c, CO). 

15.31, 29.36 (CE2); 37.67 

(NCl13)! 53.90 (Cq); 98.40, 

109.60, 117.15, 123.00, 

131.22 f=Ct: 158.23, 170.78, 

191.92 (=C, CO). 

18.27, 20.95, 30.53, 32.73 

KHz); 67.19 (oCH2); 98.53 

99.84, 115.96, 136.07 (=c); 

162.29, 164.75, 164.88 (=C, 

co). 

18.29, 21.02, 25.63, 30.21 

KHz); 41.74 fC!Rl; 67.13 

mcR2); 97.40, 98.34 C-C); 

164.84, 167.26 (=C, Cot. 

18.59, 21.20 &X2); 36.97 

(NCfi3) , 67.37 (OCE2) ; 
96.91, 97.00, 108.44, 

112.84, 124.98, 127.80 

f-C); 153.40, 163.98, 

165.98 t--c, CO). 

Solvent: 11): CBZ13/tt20 lr3, (11): Bt20/n-hexute 3:1. 

Table 2: AnalytIcal data of compounds 2, $, 2, lJ, 12 

Coopound Fomula Found [I] Calc. [*I 

8A - C2181604 (332.17) C 75.66 R 4.90 C 75.92 E 4.81 

E C17H1605 1300.12) C 67.64 R 5.38 C 68.02 H 5.33 

9 CllA1206 (240.05) C 54.64 B 5.24 c 55.03 E 4.99 

.!L? C211i1604 (332.171 C 75.60 H 4.90 C 75.92 A 4.01 
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Ttble 2: Continued 
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Compound Formula Found (%I ca1c. [*I 

11s C,2H,403 (206.09) C 69.28 A 7.15 C 69.93 B 6.79 - 

Ilb Cl,E1803 (234.111 c 71.45 EI 7.78 C 71.82 H 7.68 - 

1lC (231.10) C 67.20 B 5.81 N 6.10 C 67.56 B 5.62 W 6.06 - Ci3H13W03 

* C12H1403 (206.09) C 69.75 B 1.04 C 69.93 B 6.79 

12b C*,Ht*03 (234.11) c 71.37 H 7.85 C 71.82 E 7.68 - 

12c C,3H*3N03 (231.10) C 67.30 B 5.90 H 6.10 C 67.56 B 5.62 N 6.06 - 
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