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crystals that precipitated were recrystallized from water to yield 
1.1 g (68.0%), mp 205-206'. 

Anal. Calcd for C d i d h N :  C, 44.71; H, 6.88; N,  8.69. 
Found: 
5-(4-Arninobutylidene)-Z-thiohydantoin (7).-A solution of 3 

(4.5 g, 0.025 mol) in tetrahydrofuran (200 ml) was treated with 
3 g of lithium aluminum hydride in the usual manner. After 
the resction was completed, 150 ml of 10% hydrochloric acid was 
added. Picric acid was then added to the aqueous layer. 
Picrate of 7 was obtained and recrystallized from water to yield 
4.3 g (41.2%), mp 250" dec. 

Anal. Calcd for C I ~ H U O ~ N & ~ :  C, 37.68; H, 3.41; N, 20.28. 
Found: 
Lysine (8) from '?.--By Rice's method, the picrate of 7 (4.1 g, 

0.01 mol) was converted into about 10 ml of an aqueous solution 
of the hydrochloride of 7. Phosphorus (1.5 g), 5770 hydroiodic 
acid (15 ml), and iodine (3 g) were added to this solution, and the 
mixture was refluxed for 5 hr. After phosphorus was filtered off, 
the filtrate was passed through an anion exchange resin (Amber- 
lite IRA-400) and concentrated to about 10 ml. By the addition 
of Dicric acid, 2.5 p: of lvsine monoricrate was obtained to vield 

C, 44.43; H, 7.01; N, 8.90. 

C, 37.46; H, 3.57; N, 20.44. 

- I  

66.?%, mp 208'. 

Found: C. 38.62: H. 4.77: N. 18.81. 
Anal. Calcd for CP~HITO~NS: C, 38.40; H, 4.57; N,  18.66. 

The product was also identified m dihydrochloride by the agree- 
ment of Rt value on paper chromatography. 

Registry No.-2, 17190-64-6; 3, 17190-65-7; 4, 
17190-66-8; 5,  13593-99-2; 6, 542-32-5; 7 picrate, 
17190-69-1; 8 monopicrate, 6150-71-6. 
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The concerted thermal cycloaddition of allylic anions 
to  double bonds is predicted to  be a facile process' 
(eq l), but no unambiguous examples of it appear to 

have been reported. There are, however, many 
examples of a formally analogous process in which 
the central atom of the allylic system is a positively 
charged nitrogen (eq 1, Y = RN+). These reactions 
have been formulated as 1,3-dipolar additiom2 Alter- 
natively, these reactions may be regarded as examples 
of 4 + 2 electrocyclization.s In  the former view, the 
positive charge plays an essential role in the reaction 
process, while in the latter view the positive charge is 
incidental and plays no role in the electronic process 
leading to new bond formation. 

We sought to  gain more information about the effect 
of the positive charge in this process by examining the 
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reaction of oxime anions with dienophiles (eq 1, X = 
C&; Y = N; 2 = 0). The analogous 1,3-dipolar 
addition reaction, the addition of nitrones to dienophiles 
(eq 1, X = (3%; Y = RN+; 2 = 0) occurs readily to  
form isoxazolidines. 

It was found that the dry sodium salt of syn-bem- 
aldoxime reacted exothermically with dimethyl ace- 
tylenedicarboxylate a t  room temperature in the absence 
of solvent. The major products of the reaction were 
benzonitrile and an acidic substance which could be 
isolated as a methyl derivative after treatment of the 
reaction mixture with diazomethane. This methyl 
derivative was identified from its spectral character- 
istics as the previously unreported methyl ether of 
oxalocitric anhydride trimethyl ester 3b, and its 
identity was confirmed by independent preparation 
from authentic 3a. 

The formation of these products is rationalized in 
Scheme I. Initial Michael addition of the oxime anion 
to the dienophile is proposed. The proton abstraction 
by the resulting anion 1 has analogy in the reactions of 
anions formed by addition of other nucleophiles to 
dimethyl acetylenedicarboxylate.6 The formation of 
3a from the anion of dimethyl oxaloacetate 
been reportedqB 

SCHEME I 

2 has 

- 
RO COOCH3 - O&CH$OOCH3 

PhCN + -0\c/c00cH3 II 

HC\COOCH3 COOCH3 
2 sa, R=H 

b, RzCHj 

The same products were formed when the reaction 
was carried out in aprotic solvents or when dimethyl 
acetylenedicarboxylate, benzaldehyde syn-oxime, and 
potassium t-butoxide were refluxed in t-butyl alcohol, 
With sodium methoxide in methanol, unreacted oxime 
and dimethyl 2,2-dimethoxysuccinate were isolated. 
In  no case was isoxazoline formation or any evidence 
for concerted cycloaddition observed. 

The reaction of dimethyl acetylenedicarboxylate 
with the sodium salt of acetone oxime, in which nitrile 
formation by proton abstraction is not possible, 
yielded a resinous solid from which no low molecular 
weight products could be isolated. 

The reaction of the sodium salt of syn-bensaldoxime 
with maleic anhydride occurred a t  115". The major 
products were benzonitrile and sodium maleate. Since 
the reactants were stable separately at  115", and since 
no other source of oxygen was present, the transfer of 
hydroxyl must have occurred by addition of the oxime 
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anion to the anhydride. A plausible reaction path 
involves initial addition to  a carbonyl group (Scheme 
11). 

SCHEME I1 

PhCH=N-0' + [ 0 - 
0 

COONa 

PhCN f 4 - I,,, 
NaO OH 

The contrast between these results and the smooth 
cycloaddition of C-phenyl-N-methyl nitrone to dieno- 
philes4 suggests that the positive charge on the central 
nitrogen atom is indeed essential for concerted cy- 
cloaddition. A possible explanation is as follows: in 
the 4 + 2 electrocyclic reaction between enes and allylic 
anions, the negative charge of the allylic system 
becomes localized on a single atom in the product 
(eq 1) and thus also in the transition state. In  the 
absence of structural features which would stabilize 
this localized charge, the concerted electrocyclization 
will be energetically unfavorable compared to non- 
concerted nucleophilic attack on the double bond. 

Experimental Section 

Reaction of Sodium Benzaldoximate with Dimethyl Acetylene- 
dicarboxylate. A. Without Solvent.-Sodium syn-benzaldoxi- 
mate, prepared according to Vogel,' was washed with saturated 
aqueous NaCl until free of hydroxide and was dried in  vacuo 
over P205 a t  110'. The dry sodium salt (3.87 g, 0.027 mol) was 
added in small portions to dimethyl acetylenedicarboxylate 
(3.87 g, 0.027 mol), the exothermic reaction being moderated 
by ice-bath cooling. The reaction mixture was dissolved in 
water, acidified (pH 1 )  with hydrochloric acid, and extracted 
with ether. The ethereal extract was treated with ethereal 
diazomethane. Chromatography on alumina yielded benzo- 
nitrile (eluted with hexane, 1.92 g, 70%, identified by ir spectra 
and vpc retention time), benzaldoxime-0-methyl ether (eluted 
with 6 : l  hexane-ether, 0.48 g, 14%, identified by ir comparison 
with an authentic samples), and 3b (eluted with ether, 2.44 g, 
65%): mp 89.5-90" (prisms from hexane-benzene); uv Xms. 
(95Y0 ethanol) 258 mp (e 11,700); ir (Nujol mull), 5.60, 5.69, 
5.73, 5.80 (ester and lactone C = O ) ,  6.03 (C=C), 13.2 p ;  
nmr (CDCls), 6 4.28, 3.80, 3.77,3.63 (all sharp s, 3 each, OCHs), 
3.28 (broad s, 2, CH2); mass spectrum (70 eV) m/e (relative 
intensity) 302 (0.6), 258 (21), 243 (44), 215 (12), 211 (loo), 201 
(49), 199 (18), 173 (16), 141 (13), 115 (13). 

Anal. Calcd for C12'EL409: C, 47.7; H, 4.64. Found: C, 
47.5; H, 4.79. 

Authentic Jb was prepared by reaction of ethereal diazo- 
methane with 3a (made by the procedure of Michael and Smith'). 
The two samples had identical ir spectra and showed no mixture 
melting point depression. 

In Methanol.-Benzaldehyde syn-oxime' (0.80 g, 0.0066 
mol) was added to a solution of 0.15 g (0.0066 mol) of sodium in 
25 ml of methanol, followed by 0.94 g (0.0066 mol) of dimethyl 
acetylenedicarboxylate in 25 ml of methanol. The mixture was 
refluxed for 24 hr, then was poured into water and extracted with 
ether. The ether-soluble material was separated by chromatog- 
raphy on alumina into benzonitrile (0.31 g, 4670, eluted with 
hexane), benzaldehyde syn-oxime (0.46 g, 5770, eluted with 
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30: 1 hexane-ether), and dimethyl 2,2-dimethoxysuccinateQ 
(0.86 g, 63%, eluted with 3: 1 hexane-ether): ir (thin film), 5.80 

3.23 (s, 6, OCHa), 2.86 (8, 2, CH?). A comparison sample was 
prepared by reaction of sodium methoxide in methanol with 
dimethyl acetylenedicarboxylate.lO 

Reaction of Sodium Benzaldoximate with Maleic Anhydride.- 
A mixture of the dry sodium salt of benzaldehyde syn-oxime 
(0.75 g, 0.0052 mol) and maleic anhydride (0.51 g, 0.0052 mol) 
was heated in an oil bath at 115' for 10 min. The reaction mix- 
ture was dissolved in hot ethanol-water; on cooling 0.38 g (53%) 
of sodium maleate was obtained. The mother liquor was evapo- 
rated and the residue was taken up in hexane. Passage through 
a column of alumina yielded benzonitrile (0.31 g, 58%). 

p;  IIIIU (CCL), 8 3.73 (9, 3, COzCHa), 3.62 (8 ,  3, COzCHa), 

Registry No.-3b, 1706 149-5. 
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The preparative value of decomposition of benzoyl 
peroxide in boiling carbon tetrachloride solutions of 
iodine was reported by Hammond and Soffer who ob- 
tained an 85% yield of iodobenzene in 36-48 hr.8 
Low yields (15-20%) were observed in benzene and 
chl~robenzene.~ o-Iodotoluene was similarly obtained 
in about 49% yield from o-toluoyl peroxide in boiling 
carbon tetrachloride in 17 hr.S The reaction of perox- 
ide with iodine may be more usefully applied by re- 
ducing the reaction times at  higher temperatures. 
Accordingly, benzoyl and pelargonyl peroxide, repre- 
senting aromatic and aliphatic classes, were each de- 
composed in iodine solutions of higher boiling aromatic 
and aliphatic solvents to determine the appropriate 
solvent, optimum conditions, and some of the accom- 
panying side products of the reaction. 

Benzoyl peroxide is converted into iodobenzene to the 
extent of SO-SO% in 2-4 hr a t  100-110" in several 
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