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An unexpected pathway of the reaction of lithiated 1,1-dimethylallene 
with isopropyl isothiocyanate 
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The reaction of lithiated I,I-dimethylallene with isopropyl isothiocyanate gives 
3a,4,5,Sa-tetrahydro-4,4.5a-tdmethyl-2-methylthio-3H-cyclobuta[blpyrrole resulting from cy- 
clization of the intermediate 2,7-dimethyl-4-methylthio-3-azaocta-2,4,6-triene. 
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Up to now, the reactions of organometallic com- 
pounds with isothiocyanates have been used to prepare 
thioamides, i,z Recently, we synthesized for the first 
time pyrroles 3,4 and 5,6-dihydropyridines 3 - s  by the re- 
action of isothiocyanates with lithiated allene and acety- 
lene derivatives. The addition of 3 ,3-dimethylal len-I-  
yllithium (1) to phenyl isothiocyanate is a fundamen- 
tally new method for the synthesis of quinolines. 6 

The replacement of phenyl isothiocyanate in the 
reaction with 1 by isopropyl isothiocyanate (Z) leads to a 
novel and unexpected result, i.e., the formation of 
3a,4,5,5a-tetrahydro-4,4,5a-t  rimethyl- 2-methytthio-3 H- 

cyclobuta[b]pyrrole (6) (a possible reaction pathway is 
shown in Scheme I). 

The initially formed azatriene 4 isomerizes quantita- 
tively to azatriene 5 during distillation. We have also 
observed prototropic isomerization of  3,5,6-azatrienes of 
type 4 to 2,4,6-azatrienes of  type 5 in the reactions of  
lithiated allene and acetylene derivatives with ethyl, 
isopropyl, and cyclohexyl isothiocyanates. 5 Thermolysis 
of conjugated azatriene 5 gives compound 6 in a high 
yield. The structures of  compounds  4, 5, and 6 were 
determined by the data of e lemental  analysis, IR spec- 
troscopy, JH and 13C N M R  spectroscopy, and G C / M S .  
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Experimental 

IR spectra were recorded on FT-IR and Perkin-- 
Elmer 283 spectrophotometers in thin films. NMR spectra 
were obtained on Varian EM-390 (90 MHz, -20% solutions in 
CC14, tetramethylsilane as the internal standard) and Bruker 
AC-300 (300 MHz for tH, 75 MHz for 13C, -20% solutions in 
CDCI3, tetramethylsilane as the internal standard) spectro- 
meters. GLC analysis was performed on a Varian 3400 gas 
chromatograph (flame ionization detector, a 15m• mm 
capillary column, 1.5 p+m DB-5, nitrogen as the cartier gas). 
GC/MS analysis was carried out on a JEOL AX-505 instru- 
ment (accelerating voltage 3 kV, emission current 100 mA, 
ionization energy 70 eV, helium as the carrier gas). 

All operations were carried out in a nitrogen atmosphere. 
l,l-Dimethylallene was synthesized by a known procedure, 7 
and isopropyl isothiocyanate (2) was prepared by the reaction of 
isopropylamine with CS 2 and AcCI. Tetrahydrofuran was puri- 
fied mechanically by treatment with dispersed KOH 
(~50 g L -I) and by distillation over LiAIH,+ in the presence of 
benzophenone under nitrogen. Butyllithium (1.6 M a solution in 
hexane) was provided by the Chemetall company (Germany). 

Reaction of 3,3-dimethylallen-l-yllithium (1) with isopro- 
pyl isothiocTanate (2) and methyl iodide, l,l-Dimethylallene 
(4.9 g, 0.07 tool) was added to a solution of BunLi (0.05 tool) 
in 70 rnL of anhydrous THF and 35 mL of hexane cooled to 
-50  ~ The mixture was stirred for 1.5 h at -40  to -30  ~ 
and cooled to -95  ~ Compound 2 (5.4g, 0.05 tool) was 
added. The reaction mixture was warmed to -55 ~ (over a 
period of ~25 rain), and Mel (9.8 g, 0.07 tool) was added. The 
mixture was stirred for 10--15 rain at 5 ~ and diluted with 
~50 mE of cold water. The organic layer was separated, the 
aqueous layer was extracted with ether, and the combined 
organic fraction was dried with potassium carbonate. The 
solvent was evaporated to give 8.51 g (93%) of 2,7-dimethyl-5- 
methylthio-6-azaocta-2.3,5-triene (4) containing a minor 
amount of azatriene 5 (judging from I H NMR) as a light labile 
liquid, nD 2~ 1.5250. Found (%): C, 65.34; H, 8.98; N, 6.45; 
S, 17.57. C!0HITNS. Calculated (%): C, 65.57; H, 9.29; 
N, 6.65; S, 17.49. 

IR, v/cm-L: 1970 (C=C=C);  1605 (C=N); 1655 {C=C). 
IH NMR (90 MHz, CC14), 5:5.86 (sept., 1 H, CH=); 1.82 (d, 
6 H, Me2C=C); 3.82 (sept., I H, CH); 1.12 (d, 6 H, L~J~.2CH); 
2.20 (s, 3 H, SMe). 

Vacuum distillation of azatriene 4 gave 2,7-dimethyl-4- 
methylthio-3-azaocta-2,4,6-triene (5) (yield 90%), b.p. 80-- 
850C (0.7 Ton),  nD -+~ 1.5610. Found (%): C, 65.73; H, 9 . l l ;  
N, 6.54; S, I7.20. CIoHITNS. Calculated (%): C, 65.57; 

H, 9.29; N, 6.65, S, 17.49. MS, re~z: 183 [M]*, 168 
[M-Met  +, 136 [M-SMeJ +, 127 [M-Me2C=N]*.  

IR, v/cm-~: 1575 (C=N) ;  1660 (C=C). IH NMR 
(300 MHz, CDCI3), 8:5.36 (d, 1 H, 6-CH=); 5.45 (d, 1 H, 
5-CH=); 1.58 and 1.57 (both s, 3 H + 3 H, Me,C=C);  1.99 
and 1.71 (both s, 3 H + 3 H, Me2C=N); 2.04 (s, 3 H, SMe). 
13C NMR, 3:171.03 (2-C); t40.72 (4-C); 106.84 (5-C); 
119.23 (6-C); t30.94 (7-C); 20.46 (MeC=N, cis); 27.35 
(MeC=N, trans); 17.74 (MeC=C, cis); 25.61 (M_r trans); 
14.21 (SMe). 

Heating compound 5 to -220 ~ for ~10 rain followed by 
vacuum distillation gave 8.0 g (87.4%) of compound 6 with a 
purity of 96.6,% (GLC); b.p. ~87~ (15 Torr), 210--215~ 
(760 Tort), nD 2~ 1.5060. Found (%): C, 65.23; H, 9.19; N, 6.76; 
S, 17.00. CIoHtTN$. Calculated [%): C, 65.57; H, 9.29; N, 6.65; 
S, 17.49. MS, m/c [83 [MI § 168 [M-Mel  +, 136 [M-SMe] +, 
127 [M-Me2C=CH2J +, 112 [127-Me1 +, 

tR, v/era-l: 3153, 1586 (vC=N); 2997 (vasSMe); 2923 
(vsSMe); 1282 (6SMe); 1061 (SMe); 2952 (vasMe). IH NMR 
(300 MHz), 5:0.78 (s, 3 H, 4-Me); 1.04 (s, 3 H, 4-Me); 1.25 
(s, 3 H, 5a-Me); 2.34 {s, 3 H, SMe); 1.69 and t.78 (both d, 
2 H, 5-CI-|2); 2.14 (dd. I H, CH); 2.56 and 2.68 (both dd, 
2 H, 3-CH+_). I3C NMR, ,5:170.22 (C-2); 73.66 (5a-C); 13.6t 
(SMe); 49.96, 47.83, 41.40, 32.02, 29.67, 26.38, 24.36. 
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