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was washed with more solvent. The combined filtrates were 
treated with a mixture of methanol, 9.20 g. (0.29 mole), and 
triethylamine, 2.5.2 g. (0.25 mole). The addition required 10 
min. and the tempemture rose to  a maximum of 69". The mix- 
ture was stirred for 2 hr. and filtered, and the solids were washed 
with more solvent. Evaporation of the carbon tetrachloride 
left a dark oil which was distilled three times at  about 0.2 to 
obtain a pale yellow oil, 20.2 g. (26.2% theory). This was 99% 

pure by vapor phase chromatograph>. 
and analyses are given in Table 117. 

Its physical constants 
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The reaction of epoxy ether I with ethylenediamine produced the 3,4,5,6-tetrahydropyrazine I1 in high yield. 
Also, the use of the >C=S function of I1 as a The reduction and hydrolysis reactions of I1 were studied. 

blocking group in the synthesis of unsymmetrically S-substituted piperazines was briefly investigated. 

When epoxy ether I was refluxed with ethylenedi- 
amine in toluene, 2-phenyl-3,3-dimethy1-3,4,5,6-tetra- 
hydropyrazine (11) was isolated in 91% yield. Rela- 
tively little is reported concerning the chemistry of this 
type of tetrahydropyrazine with only two authors re- 
porting chemical characterization in the literature. 
Aston2 and co-workers prepared three tetrahydropyr- 

P h s C H 3  

I1 

azines via the Grignard reaction on lJ2,2,5,5-penta- 
methyldihydropyrazinium iodide (1). More recently 
Plante3 and eo-workers isolated tetrahydropyrazine I11 

X C  H3 
(1) 

3 C H 3  
RMgX N IN-CH3 - NAicH3 H3C C H ~  H w +  H3C C H ~  1- 

froin the Raney nickel dehydrogenation of 5-amino- 
2,2,5-triniethyl-3-azahexan-l-ol and characterized it as 
the monohydrate dihydrochloride salt, formulated as 
IV. 

H CH3 
$CH3 HO*CH3 

H3C YH CH3 H3C HPH CH3 
I11 I V  

The structural assignment of I1 was supported by its 
infrared spectrum which indicated NH absorption at  
3.08 and a strong C=N band at  6.13 p and confirmed by 
the following sequence of reactions. Sodium boro- 
hydride reduction of I1 afforded piperazine V in high 
yield. The tetramethyliperazine VI was then prepared 
from V by the Clarke-Eschweiler p r~cedure .~  Piper- 

(1) Abstracted from a portion of the Ph.D. Thesis of K. G. Taylor, 

(2) J. G. Aston, D. Ailman, C. Scheuermann, and J. Koch, J .  A m .  Chem. 

(3) L. T. Plante, W. Lloyd, C. Shilling, and L. Clapp, J. Ovg. Chem. 21, 

(4) Piperazines V and V I  were conveniently isolated as their hydrochloride 

Wayne State University, 1963. 

soc.,  66, 1163 (1934). 

82 (1956). 

aalts. 

azine VI was then synthesized by an alternate route. 
Diamine VIIS was converted with oxalyl chloride6 to 
oxamide VI11 which in turn was reduced with lithium 
aluminum hydride to VI, identical with that prepared 
via tetrahydropyrazine 11. 

H CH H CH3 
Ph*iH3 Ph*CH3 

V VI  
+ 

I1 HN-NH --+ H3C-NUN-CH, 

H CH3 H CH3 
Ph*CH3 Ph+CHz 

H3C-NfiN-CH3 
HSC-NH NHCH3 + 

VI1 
0 0  

VI11 

The cyclic iiiiine I1 provided an interesting example 
for a hydrolysis study. An ultraviolet spectrum of I1 
in ethanol showed only end absorption; however, in 5 
N hydrochloric acid a maxinium developed at  254 nip ( E  

6500). These values were close to those reported for 
a-amino ketones' and suggested the existence in solu- 
tion of 2-(2-aniinoethylaniino)-2-methylpropiophenone 
dihydrochloride (IX). Indeed, when an aqueous hy- 
drochloric acid solution of I1 was evaporated to  dryness, 
the amino ketone dihydrochloride IX was isolated in 
high yield. That the structure of IX was as shown and 

0 CHQ 

IX 

/ p  
0 CH3 OH CH3 

ph-4 -..@HB Ph-AH-4-CH3 
H3C-N N-CH3 .2HC1 HzN-NH .2HC1 

/U 
X C H3 

XI 

( 5 )  Prepared by reduction of the corresponding or-aminoimine, made in 

(6) The procedure of B. Ambrecht, L. Rice, C. Grogan, and E. Reid, 

(7) C. L. Stevens and C. H. Chang, J. Org.  Chem., 27, 4392 (1962). 

turn from the epoxy ether I via the a-amino ketone: rf. ref. 7. 

[J. Am. Chem. Soc., 76, 4829 (1953)l was used. 
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not a closed form analogous to  the formula IV reported 
by Plante was supported by the infrared spectrum of a 
mull which exhibited a conjugated carbonyl band a t  
5.95 ,A. In solution the properties of the dihydrochloride 
IX varied. When dissolved in alcohol, the ultraviolet 
spectrum resembled that of 11, showing mainly end 
absorption. Sodium borohydride reductions of IX 
were in accord with this ultraviolet spectrum since in 
alcohol the piperazine V was formed in quantitative 
yield. In water, the reduction followed a different 
course. The product was the amino alcohol X isolated 
in 86% yield as its dihydrochloride salt. Thus, in al- 
cohol the dihydrochloride was reduced in the closed 
form and in water the same dihydrochloride was re- 
duced in the open form. Another reaction in aqueous 
media yielded a product resulting from reaction of IX 
in the open form. Thus, Clarke-Eschweiler methyla- 
tion of IX afforded amino ketone XI in 72% yield. 

Tetrahydropyrazine I1 offered some interesting possi- 
bilities for the synthesis of unsymmetrically N-sub- 
stituted piperazines. Since the amine nitrogen is pro- 
tected from reaction with acylating agents, the other 
nitrogen atom may be preferentially acylated. Once 
acylated, the amino nitrogen would be inert toward 
alkylation with alkyl halides while the imino nitrogen 
would be free to react. By appropriate acylations, 
alkylations and reductions various N-substituted pi- 
perazines could be synthesized. Some of these possi- 
bilities were briefly investigated and are summarized 
below. Acetylation of I1 produced N-acetate XII, 

H CH3 H CH3 
Ph*CH3 Ph*CH3 

NAc HN NCzH5 PhJbHs NaBH4 "- H20 u N-NAc - 
XI1 XI11 XIV 

P H . 1  

CH3 H CH3 H CH3 
Ph-&CH3 Ph*CH3 Ph*CH3 

H3C-N +>c-H3C-N uNAc HsCN-NH 

I- xv XVI H2a XVII 

which could be reduced with sodium borohydride to  
the monoacylated piperazine XIII. Lithium alumi- 
num hydride reduction of XI11 afforded the mono-N- 
ethyl piperazine XIV. Also, N-acetate XI1 could be 
converted to a methiodide salt, XV, on mild treatment 
with methyl iodide. Methiodide XV was readily re- 
duced with sodium borohydride to  XVI. Basic hy- 
drolysis of XVI hydrolyzed the acetyl protection yield- 
ing the trimethyl piperazine XVII. The reactions 
mentioned above proceeded in 78-90% yields and the 
products, with the exception of XV, were isolated as 
their hydrochloride salts. 

Experimental 
2-Phenyl-3,3-dimethy1-3,4,5,6-tetrahydrop~azine (11) .-A sol- 

ution of 17.8 g. (0.1 mole) of epoxy ether I8 and 12.0 g. (0.2 
mole) of anhydrous ethylenediamine in 25 ml. of toluene was 
refluxed in a Stark water separator for 2 days, methanol, water, 
and some ethylenediamine being azeotroped off. Toluene and 
excess ethylenediamine were evaporated in vacuo and the re- 
maining yellow liquid was distilled under reduced pressure. 
The fraction boiling a t  85" (0.05 mm.) was collected: 17.1 g. 
(91%); n Z 6 ~  1.5590; infrared spectrum, 3.08 (NH) and 6.13 p 

(8) C. L. Stevens and T. CofIield, J .  Am. Chem. Soc., 80, 1919 (1958). 

(C=N-); ultraviolet spectrum in ethanol, end absorption, 
and, in 5 N HCI, Amax 254 mp ( e  6510). 

Anal. Calcd. for CI~HI~NZ:  c, 76.55; H, 8.57; N, 14.88. 
Found: C, 76.43; H, 8.71; N,  15.08. 

An N-benzoyl derivative was prepared and purified by re- 
crystallization from ether to give white needles, m.p. 155- 
156". 

AnaE. Calcd. for CtsHZoX20: C, 78.04; H, 6.89. Found: 
C, 77.93; H, 6.76. 
2-Phenyl-3,J-dimethylpiperazine Dihydrochloride (V).-To a 

solution of 6.0 g. (0.032 mole) of I1 in 25 ml. of absolute ethanol 
was added 1.3 g. (0.034 mole) of sodium borohydride. A vigorous 
exothermic reaction ensued and the solution was left a t  room 
temperature overnight. Excess borohydride was decomposed 
by the addition of dilute (6 N) hydrochloric acid, and, after 
basification with solid potassium hydroxide, the solution was 
washed seven times with ether. The combined ether extracts 
were dried (potassium carbonate) and the product was precipitated 
as the dihydrochloride salt by the addition of isopropyl alcohol 
saturated with hydrogen chloride. Recrystallization from meth- 
anol-ether yielded 8.1 g. of white crystals: 96%; m.p. 298- 
299" dec; pK, 3.7 and 8.6 (50% methanol); infrared spectrum, 
2.81, 2.96 (NH), and 6.32 p (NHz+) (mineral oil mull). 

Anal. Calcd. for C12H20C12N2: C, 54.75; H ,  7.66; N, 10.65. 
Found: 

Preparation of 2-Phenyl-3,3-dimethylpiperazine.-The dihy- 
drochloride salt (450 mg.) was dissolved in water and the cor- 
responding free base was isolated after basification and thorough 
extraction with ether. Sublimation of the resulting oily solid a t  
50" in vacuo yielded 200 mg. (627') of white crystals: m.p. 
64-65'; infrared spectrum (CHCla), 3.1 (broad, NH), 6.25 
(C&), 7.22 and 7.32 p (gem-dimethyl). 

Anal. Calcd. for C12H18N2: C, 75.76; H, 9.53; N, 14.73. 
Found: C, 75.82; H, 9.27; N, 14.84. 

1,2,2,4-Tetramethyl-3-phenylpiperazine Dihydrochloride (VI). 
-A water solution containing 0.5 g. (0.00019 mole) of dihydro- 
chloride (V) was made strongly alkaline with solid potassium hy- 
droxide and the corresponding free base was isolated by thorough 
extraction with ether. The ether was removed in vacuo and the 
resulting oily residue was dissolved in 10 ml. of water. Formic 
acid (10 ml., 98%) and 10 ml. of 34% formalin were then added 
and the solution was heated a t  reflux for 15 hr. After cooling, 
15 ml. of 12 N hydrochloric acid was added and the volume was 
reduced to 3 ml. by warming in vacuo. After dilution with 15 ml. 
of water and an ether wash, the solution was made strongly 
alkaline and washed with ether. The ether extracts were dried 
(potassium carbonate) and the product was precipitated as the di- 
hydrochloride salt by the addition of isopropyl alcohol-hydrogen 
chloride. Recrystallization from methanol-ether yielded 0.41 g.  
(74%) of white needles: m.p. 260-261' dec.; pK', 2.7 and 8.2 
(50% methanol); infrared spectrum, 2.9 (NH), 6.25 (C&), 
7.25, and 7.35 p (s) (gem-dimethyl). 

AnaE. Calcd. for C1dH24C12N2: C, 57.73; H ,  8.30; N, 9.62. 
Found: 

Preparation of 1,4,6,6-Tetramethy1-5-phenyl-2,3-diketopipera- 
zine (VIII).-To a solution of 0.60 g. (0.0031 mole) of N,N'-2- 
trimethyl-l-phenyl-l,2-propanediamine VI1 [b .p. 47-48' (0.05 
mm.), n% 1.5160, dZ54 0.9591 and 0.8 g. (0.008 mole) of triethyl- 
amine in 20 ml. of benzene was added 0.4 g. (0.0035 mole) of 
oxalyl chloride in benzene. 24n exothermic reaction took place 
during the dropwise addition and cooling with a water bath was 
necessary. The mixture was warmed to 80" for 0.5 hr. and stirred 
for an additional 10 hr. a t  room temperature. The reaction 
mixture was then poured into dilute acid and washed with chloro- 
form. The chloroform extracts were then washed with dilute 
base and water and then dried over potassium carbonate. A 
solid remained after removal of solvents which was crystallized 
from acetone-ether-pentane: 0.53 g. (72%); m.p. 205-207"; 
infrared spectrum (mull), 6.0 (broad, C = O ) ,  7.25 and 7.35 p (s), 
(gem-dimethyl). An analytical sample was prepared by re- 
crystallization from benzene-ether; m.p. 207-208'. 

Anal. Calcd. for C14H18N202: C, 68.27; H,  7.36; N, 11.38. 
Found: C, 68.33; H, 7.35; N,  11.27. 

1,2,2,4-Tetramethyl-3-phenylpiperazine Dihydrochloride (VI) 
via Reduction of 1,4,6,6'-Tetramethyl-5-phenyl-2,3-diketopiper- 
azine.-A solution of 0.17 g. (0.7 mmole) of the diketopiperazine 
VI11 in dry dioxane was added dropwise to a stirred slurry of 
0.19 g. (0.005 mole) of lithium aluminum hydride in 25 ml. of 
dioxane. After addition, the reaction was refluxed for 8 hr. 
A small amount of water was then added and the inorganic salts 

C ,  54.80; H, 7.46; N ,  10.43. 

C, 57.81; H, 8.40; N, 9.32. 
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were removed by filtration over Celite. The dioxane was re- 
moved in vacuo and the residue waa dissolved in ether. The 
product was precipitated as the dihydrochloride salt in the usual 
manner. Recrystallization from methanol-ether yielded white 
needles, 0.15 g. (75Yo). m.p. 259-260". A mixture melting 
point with product from the methylation of l-phenyl-2,a-di- 
methylpiperazine was undepressed. Also, the infrared spectra 
of the two samples were identical. 

2-( 2- Aminoethylamino )-2-methylpropiophenone Dihydrochlo- 
ride (IX).-Dissolution of 0.94 g. (0.005 mole) of pyrazine I1 in 4 
ml. of 6 N hydrochloric acid followed by evaporation in vacuo 
yielded a glassy solid. Crystallization from methanol-ether 
afforded 1.23 g. (88%) of fluffy white needles, map.  200" dec. 
An analytical sample was prepared by recrystallization from 
methanol-ether md decomposed over a wide range, 205-220'. 

Anal. Calcd. for C1zHzoClzNzO: C, 51.62; H, 7.22; N, 
10.04. Found: C, 51.42; H ,  7.44; N, 10.04. 

Ultraviolet spectrum showed 224 mp ( E  3430); X2fKo" 
267 mp ( e  274), 263 (385), 260 (410), 256 (500), and 254 (503) 
(all as shoulders on end absorption). Infrared spectrum (mull) 
showed 2.9 (doublet, NH), 5.95 (C=O), 6.30 (NHz+), 7.23, and 
7.33 p (gem-dimethyl). 

Reduction of 2-(2-Aminoethylamino)-2-methylpropiophenone 
Dihydrochloride (IX) with Sodium Borohydride in Methano1.- 
To a solution of 0.28 g. (0.001 mole) of the dihydrochloride in 20 
ml. of methanol, 1 g. of sodium borohydride was added in small 
portions. The reaction then waa left to stand at  room tempera- 
ture for 8 hr. The solution was then made acidic with dilute 
hydrochloric acid and washed with ether. After basification 
(solid potassium hydroxide), the aqueous solution was extracted 
three times with chloroform. After drying, the chloroform was 
removed in vacuo and replaced with ether. The product was 
then precipitated as the hydrochloride salt in the. usual manner. 
Recrystallization from methanol-ether afforded white crystals, 
0.25 g . (96 yo) of 2-phenyl-3,3-dimethylpiperazine dihydrochlo- 
ride (V), m.p. 300" dec. An infrared spectrum was identical 
with that of an authentic sample. 

Reduction of 2-( 2-Aminoethy1amino)-2-methylpropiophenone 
Dihydrochloride (IX) with Sodium Borohydride in Water (Syn- 
thesis of X).-A solution of 0.43 g. (0.00154 mole) of the dihydro- 
chloride in 5 ml. of distilled water was added to a solution of 0.76 
g. (0.02 mole) of sodium borohydride in 15 ml. of water. Im- 
mediate reaction took place which quickly subsided and the 
solution was left a t  room temperature for 24 hr. The excess 
borohydride was decomposed by the addition of 6 N hydrochloric 
acid and the aqueous solution was washed once with ether. 
After basification with solid potassium hydroxide, the aqueous 
solution was washed three times with chloroform; the combined 
chloroform extracts were dried and evaporated to dryness in 
vacxo. The residue (oily) was dissolved in ether and the product 
was precipitated as the dihydrochloride by the usual procedure. 
Recrystallization from methanol-ether gave white crystals: 
0.37 g. (86%); m.p. 250-251' (after melting, the compoundwould 
resolidify a t  265-270' and then decompose in the neighborhood 
of 300"); pK'. 6.5 and 9.3 (50% methanol); ultraviolet spectrum, 

mpI 267 mp ( E  96), 263 (165), 257 (204), and251 (153); infrared 
spectrum (mull), 3.09 (NH or OH), 6.25 (CBHs), 6.29 (NH*+), 
7.25(s), and 7.33 p (gem-dimethyl). 

Anal. Calcd. for ClzH22Cl2N20: C, 51.25; H,  7.89; N, 
9.96. Found: C, 51.45; H,  7.92; N, 9.85. 

2- [2-( N~,NZ,N~-Trimethyl)aminoethylamino] -2-methylpropio- 
phenone Dihydrochloride (XI).-A solution of 0.14 g. (0.0005 
mole) of dihydrochloride I X  in 10 ml. of 37% formalin and 10 
ml. of 97% formic acid was refluxed for 48 hr. The solution was 
then made strongly acidic with 5 ml. of 12 N hydrochloric acid 
and evaporated to half its volume in vacuo. After basification 
with solid potassium hydroxide, the solution was washed with 
three portions of ether. The combined ether extracts were dried 
(potassium carbonate), the drying agent was removed by filtra- 
tion, and the product was precipitated aa the dihydrochloride 
salt by the usual procedure. Recrystallization from methanol- 
ether afforded 0.11 g. of long, white needles, m.p. 231-232'. 
A second crop, 20 mg., had m.p. 227-229'. The total yield was 
0.13 g. (72%). An analytical sample, prepared by recrystalliza- 
tion from methanol-ether, melted at  2 3 1 - 2 3 2 " ~ ~ ~ ~ K ' .  3.5 and 
8.6 (50% methanol); ultraviolet spectrum, A,,,.. 243 mfi ( e  
9620). A portion of the dihydrochloride was converted to the 
free base for an infrared spectrum (CHC1,) of 5.95 ( C d ) ,  
6.23 (CEHs), 7.25, and 7.35 p (s) (gem-dimethyl). 

XEtOH 

Anal. Calcd. for C15H2&12N20: C, 56.08; H,  8.16. Found: 
C, 56.29; H ,  8.24. 

2-Phenyl-J,3-dimethyl-4-acetyl-3,4,5,6-tetrahydropyrazine 
(XI).-A solution of 3.8 g. (0.02 mole) of pyrazine IIa in 5.5 g. 
(0.05 mole) of acetic anhydride and 4.0 g. (0.05 mole) of pyridine 
was allowed t o  stand at  room temperature for 24 hr. Excess 
acetic anhydride and pyridine were removed in vacuo and 
the oily residue was dissolved in ether. The ether solution was 
washed with dilute sodium bicarbonate solution and water and 
then dried over sodium sulfate. Removal of solvents in vacuo 
left an oil. The oil was distilled in a microdistillation apparatus 
a t  a temperature of 140' (0.06 mm.) and yielded 2 g. (437,) of a 
very viscous, pale yellow liquid: n 1 6 ~  1.5536; infrared spectrum 
(CHCI,), 6.1 (broad C = O ,  C=N), 7.1, 7.25 (s) (gem-dimethyl), 
and 7.40 p (acetyl-C-CH,). An ultraviolet spectrum showed 
only end absorption. 

Anal. Calcd. for C14H18N20: C, 73.01; H, 7.86. Found: 
C, 73.13: H, 7.99. 

A stable hydrochloride salt could be prepared in 90% yield by 
the usual procedure. Recrystallization from methanol-ether 
affordedshinyplates: m.p. 226-228Odec.; pK',4.05 (50% meth- 
anol); infrared spectrum (KBr), 5.93 (short), 6.10 (s) (C=O, 
C=N), 7.10, 7.25 (sh) (gem-dimethyl), and 7.38 p (acetyl- 

Anal. Calcd. for C12&ClN20: C, 63.03; H, 7.18; N, 
10.23. Found: C, 62.72; H, 7.23; Tu', 10.23. 

l-Acetyl-2,2-dimethyl-3-phenylpiperazine Hydrochloride 
(XIII).-A solution of 0.94 g. (0.005 mole) of piperazine I1 in 1.1 
g. (0.01 mole) of acetic anhydride and 1.6 g. (0.02 mole) of pyri- 
dine was allowed to stand at  room temperature for 15 hr. Excess 
acetic anhydride and pyridine were removed in vacuo and the 
oily residue was dissolved in ethanol. Excess sodium boro- 
hydride, about 0.5 g., was added in small portions to the ethanol 
solution and, after a vigorous reaction subsided, was left a t  room 
temperature for 2 hr. The solution was made strongly acidic 
with 6 N hydrochloric acid and washed with ether. Theaqueous 
portion was then made basic by don-ly pouring it into 50 ml. of 
10% sodium hydroxide. The basic solution was washed three 
times with ether, the combined ether extracts mere dried, and 
the solvents were removed in vacuo leaving an oily residue. This 
residue was left under high vacuum for 4 hr. to remove traces of 
pyridine and then dissolved in dry ether. The product was iso- 
lated as the hydrochloride salt prepared in the usual manner. 
Recrystallization from methanol-ether afforded white crystals: 
1.2 g. (90%); m.p. 237-238'; pK',6.71(50% methanol); ultra- 
violet spectrum, X22°f60" 268 mp ( E  181), 262 (258), 257 (282), and 
251 (260); infrared spectrum (mull), 6.05 (C=O), 6.25 (sh) 
(NH*+), 7.23,7.30 (gem-dimethyl) and 7.35 p (shoulder) (acetyl- 

Anal. Calcd. for ClaH21C1NO: C, 62.56; H ,  7.88: N, 10.43. 
Found: C, 62.62; H, 7.88; N, 10.29. 

l-Ethyl-Z,Z-dirnethyl-3-phenylpiperazine Dihydrochloride 
(XIV).-N-Acetate hydrochloride XI11 (1 9.) was neutralized 
with aqueous potassium hydroxide and the corresponding free 
base was isolated as an oil by extraction with ether. An ethereal 
solution containing 0.12 g. (0.5 mmole) of the free base was 
added dropwise to a stirred slurry of 0.19 g. (0.005 mole) of 
lithium aluminum hydride in ether. After addition, the mixture 
was heated a t  gentle reflux for 12 hr. The excess lithium alumi- 
num hydride was then decomposed by the careful addition of 
water, and the inorganic salts were removed by filtration over 
Celite. The filtrate was then washed with three portions of 1 N 
hydrochloric acid; the aqueous acid was neutralized with solid 
potassium hydroxide and then washed with three portions of 
ether. The combined ether extracts were dried and the product 
was isolated as the dihydrochloride salt prepared in the usual 
manner. Recrystallization from methanol-ether afforded 0.11 
g. (797") of white crystals which slowly decomposed over 265": 
pK'. 3.7 and 8.8 (50% methanol); ultraviolet spectrum, X ~ K o H  
267p ( E  202), 262 (268), 257 (259), and 251 (187). A second 
recrystallization gave an analytical sample of the same decomposi- 
tion point. 

Anal. Calcd. for C14H&12N2: C, 57.73; H,  8.30; N, 9.62. 
Found: 

1,3,3-Trimethyl-2-phenyl-4-acetyl-tetrahydropyrazi~um Io- 
dide (XV).-A solution of 0.090 g. (0.39 mmole) of acetate XI1 in 
20 ml. of dried acetone and 1 g. of methyl iodide was heated at  
gentle reflux for 1 hr., and then cooled. During the heating, a 
white crystalline solid precipitated out. This was collected by 
filtration and weighed 0.10 g. The filtrate was concentrated to 

C-CH,). 

C-CHS). 

C, 57.50; H ,  8.30; ?;,9.68. 
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yield an additional 0.025 g. Both crops, 0.125 g. (86%), had the 
same m.p. 261-262' dec.; infrared spectrum (KBr), 6.00 (broad 
C=N + C=O), 7.10 (broad, gem-dimethyl), and 7.38 fi  (acety1-C- 
methyl). 

Anal. Calcd. for ClsHJN20: C, 48.42; H, 5.69; N, 7.53. 
Found: 

1,3,3-Trimethyl-2-phenyl-4-acetylpiperazine Hydrochloride 
(XVI).-A solution of 0.16 g. (0.43 mmole) of methiodide XV in 
25 ml. of 50:50 methanol-ethanol was swirled with 0.19 g. (0.005 
mole) of sodium borohydride. An immediate exothermic re- 
action ensued which slowly subsided. After standing a t  room 
temperature for 4 hr., the solution was poured into 50 ml. of 3 N 
hydrochloric acid and washed with ether. After basification 
with solid potassium hydroxide, the aqueous solution was 
washed four times with ether. The combined ethereal extracts 
were dried, and the product was precipitated as the hydrochloride 
salt. Recrystallization from methanol-ether yielded 0.10 g. 
(80y0) of white needles, m.p. 244-245' dec. A portion was 
recrystallized again from the same solvents for an analytical 
sample: m.p. 245-246' dec.; pK', 5.60 (50Yc methanol); infra- 

C, 48.42; H, 5.83; N, 7.58. 

red spectrum (KBr), 5.95 (C=O), 7.10 (gem-dimethyl), and 7.38 
(acetyl-CH3). 

Anal. Calcd. for CI~HZ~CINZO: C, 63.73; H,  8.20; Tu', 9.91. 
Found: C, 63.47; H, 8.47; S, 9.90. 

1,3,3-Trimethyl-2-phenylpiperazine Dihydrochloride (XVII) .- 
A solution of 0.065 g. (0.34 mmole) of piperazine acetate XVI in 
10 ml. of ethanol and 10 ml. of 10% sodium hydroxide solution 
was refluxed for 48 hr. The reaction was cooled, poured into 30 
ml. of concentrated sodium chloride solution, and washed with 
five 30-ml. portions of ether. After drying (sodium sulfate-po- 
tassium carbonate), the ethereal solution was reduced (in vacuo) 
to about 25 ml. in volume. The hydrochloride salt was precipi- 
tated in the usual fashion, and recrystallized from methanol- 
acetone. The first crop weighed 0.035 g., decomposed over 250". 
A second crop (same decomposition point) brought the total 
yield to 0.050 g. (78%). A portion of the first crop served as an 
analytical sample: pK', 3.10, 8.30 (50% methanol); infrared 
spectrum (KBr), 6.35 (?r",+), 7.11, and 7.23 fi  (gem-dimethyl). 

Anal. Calcd. for C13H22Cl2N2: C, 56.32; H, 8.00; N, 10.11. 
Found: C, 56.48; H, 8.09; K, 9.88. 
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Pyrolysis of 1-methyl-3-diazooxindole (4) in refluxing ethanol led to 1,l'-dimethylisoindigo (6) and 1,l '-di- 
methylisatinazine (16), and in the presence of pyridine N-oxide produced 6, 16, and 1-methylisatin (12). Photol- 
ysis of 4 in ethanol gave 3-ethoxy-1-methyloxindole (23); photolysis in cyclohexene led to two geometric cyclopro- 
pane isomers (24 and 25) resulting from cis addition to the cycloolefin, and in hexane solution containing 1,l-di- 
phenylethylene produced the spirooxindole (26). Compounds 6,12,16, and 23-26 were probably formed by appro- 
priate reaction with the pyrolytically and photolytically generated oxindolylene acting as a singlet (Sa). This 
same oxindolylene also displayed triplet character (5c) in the e.s.r. spectrum a t  4"K., in reaction with oxygen 
to form 12, and with photolytically generated C1. atoms and ChC. free radicals (from CC14) to yield 3-chloro-3- 
trichloromethyl-1-methyloxindole (28). At room temperature, 4 reacted with bromine and triphenylphosphine 
to form 3,3-dibromo-l-methyloxindole (17) and the phosphazine adduct (18), respectively. Pyrolysis of 18 led 
to the triphenylphosphine, 6 and 16, but no ylide. Base 
decomposition of isatin 2-tosylhydrazone (9) led to iiidigo blue (38), presumably via the unisolable 2-diazo- 
indoxyl (36) and reactive indoxylene (37). 

The mechanisms of these reactions are discussed. 

I n  1916, Staudinger and Goldstein reported that a 
sealed-tube pyrolysis of 3-diazooxindole (1) a t  200' in 
benzene afforded isoindigo (3) . 3  I n  1955, Huisgen 
proposed that this reaction proceeded via the inter- 
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(3) H. Staudinger and J. Goldatein, Ber., 49, 1923 (1916). 

mediacy of a resonance-stabilized, "reaktionstragen," 
carbene (2). 

Our study of this system arose from our interest in 
the nature of l5 and Z6 and the mode of formation of 3. 
Since the isatin lactam-lactim controversy is as yet un- 
r e~o lved ,~  this variable could be eliminated by a study 
of the S-alkyl derivative. I n  this paper we report on 
the preparation of 1-methyl-3-diazooxindole (4), and its 
pyrolytic and photolytic decomposition in the presence 
of reagents which would react with carbene 5 in the sin- 

(4) R. Huisgen, Angew. Chem., 67, 457 (1955). 
(5) Possibility of diazooxide character: (a) L. Horner, E. Spietschka, 

and A. Gross, Ann., 618,  17 (1951); (b) P. Yatea and E. Robb, J .  Am. 
Chem. Soc., 79, 5760 (1957). 

(6) Possible reaction paths as a singlet electrophile include stereospecific 
insertions, 1,3-dipolar additiona uau Bb,' and rearrangement via ketene 7 
to ring contraction products.8 As a triplet, 2 should undergo free-radical 
reactions. 

7 
(7) R. Huisgen, H. Konig, G. Llinsch, and H. J. Sturm, Angew. Chem., 

(8) As in the thermolysis of naphthalene 1,2-diaaooxide.s 
(9) Summarized by P. L. Julian, E. W. Meyer, and H. C. Printy in 

"Heterocyclic Compounds," Vol. 3, R. C. Elderfield, Ed., John Wiley and 
Sons, Inc., New York, N. Y., 1952, p. 202; and W. C. Sumpter, Chem. Rev., 
82, 398 (1944). 

78,368 (1961). 


