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The residue from the sublimation was recrystallized several
times from benzene-ethanol (500 mg, 6%) and had a melting
point of 191-194° (evac. cap.). The ultraviolet spectrum in
ethanol showed two maxima (exss 26,400, ex 31,700) and two
minima (ess 25,000, €2 24,700).

Anal. Caled for CoHuCLN;: C, 74.72; H, 4.57; Cl, 12.98;
N, 7.69. Found: C, 74.3; H, 4.9; Cl, 13.1; N, 7.6.

G. Pyrolysis of p-Chlorostyryl Azide IIIb in N-Methylaniline.
—p-Chlorostyryl azide IIIb (6.1 g, 34 mmoles) was added to
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150 ml of N-methylaniline maintained at ~175°. The total
crude product was taken up in benzene and passed through two
columns of 120 g of Merck alumina each. The material eluted
from the columns was crystallized from cyclohexane: mp 123-
123.5°. The ultraviolet spectrum in ethanol exhibited two
maxima (eos 19,500, ex2 18,500) and two minima (ex; 5200, egsr
18,200). This material was identified as 1-methyl-2-(p-chloro-
phenyl)indole (X) by comparison of its properties with those of
an authentic sample.® The yield of X was about 609%.
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2-Chloro- and 2-bromotetramethylguanidine were synthesized by the direct halogenation of 1,1,3,3-tetra~

methylguanidine. (Caution:

These compounds are explosive and should not be heated above 50° at at-
mospheric pressure.) An investigation of halide replacement with sodium azide was undertaken.

In aceto-

nitrile, the reaction afforded g-dimethylaminoacrylonitrile in 66% yield. Bis(dimethylamino)carbene and
3,3-bis(dimethylamino)propionitrile are proposed as intermediates in the reaction mechanism. When dimethyl-
formamide was employed in place of acetonitrile, hexamethylguanidinium azide was obtained in 169, yield. This
azide is representative of a class of organic azides which possess the property of being both thermally stable and a

highly reactive source of azide ion.

A synthesis of tetramethylguanidinium azide and its use in an improved

synthesis of alky! azides and 5-substituted tetrazoles is also deseribed.

Although a few N-halo guanidines substituted on
the imino nitrogen have been reported,! tetrasubsti-
tuted guanidine derivatives have not hitherto been
described. The present work was undertaken in an
effort to synthesize a 2-halotetrasubstituted guanidine
and to study the chemistry of this new class of com-
pounds.

2-Chloro- and 2-bromotetramethylguanidine have
been obtained by direct liquid-phase halogenation with
chlorine and bromine in carbon tetrachloride solution
in 76 and 599, yield, respectively. The reaction
proceeds readily at 0-10°, and the insoluble tetra-
methylguanidine hydrohalide by-product separates
from solution during the addition of halogen. Initial
attempts to apply the preparative procedures to tetra-
methylguanidine using sodium hypohalite were un-
successful. It was subsequently shown that 2-halo-
tetramethylguanidine derivatives are sensitive to
hydrolysis and must be prepared in nonaqueous sys-
tems.

2[(CHy)2N:C=NH + X; —>
[(CH,):NJ:C=NX + [(CH,):N]:C=NH,X~

Compounds I and II are pale yellow liquids which
possess & strong ozonelike odor and rapidly oxidize
iodide ion to iodine in acetone solution. The N-halo
derivatives are quite unstable, each decomposing to
some extent on standing at 0° for several weeks.
The least stable was II, which turned orange on stand-
ing in air at room temperature for 30 min with the sepa-
ration of a substantial quantity of tetramethylguanidine
hydrobromide. Samples of I have been stored for
months under refrigeration and protection from light

(1) (a) J. Goerdeler and K. Doerk, Ber., 98, 154 (1962); (b) J. Goerdeler
and M. Willig, ibid., 88, 1071 (1955); (¢) C. K. Morehouse and R. Glicks-
man, J. Electrochem. Soc., 104, 467 (1957); (d) G. F. Wright, Can. J. Chem.,
80, 62 (1952); (e) I. Kamenski, Ber., 11, 1600 (1878).

with slight decomposition. The decomposition prod-
ucts of I include the hydrochlorides of a mixture of self-
chlorinated products. Caution must be exercised when
working with these compounds since erplosion results
when heated at a temperature above 50° at atmospheric
pressure.

The instability of I and II precluded an accurate
elemental analysis. The characterization and the
location of the halogen on the imino nitrogen were
evident from infrared spectral studies. The spectra
exhibited an absorption band at 6.48 x attributable to
stretching frequency of the >C==NX group and showed
the disappearance of N-H stretching at 3.1 4. A pro-
ton nmr spectrum of I consists of two singlets of equal
intensities at 2.68 and 2.81 ppm. Starting tetramethyl-
guanidine shows two singlets at 5.26 and 2.60 ppm in a
ratioof 1:12,

The observed singlets in I could be due to interac-
tion between the chlorine group and one of the di-
methylamino groups. Interestingly, the spectrum of
dimethyl N-chloroiminocarbonate? has been found to
consist of a singlet peak at 3.89 ppm as low as —60°,
This difference is attributed to the failure of the
methyl protons and the =NCI group of the imino-
carbonate to come into intramolecular proximity to
produce a chemieal shift,

Further support for the assigned structures of I
and IT was obtained by treating them with triphenyl-
phosphine to give the 1,1,2,2-tetramethyl-3-(triphenyl-
phosphoranylidene)guanidinium halide (ITI).

I (IT) + (CeHs)sP ——> {[(CH;):N]:C=N=P(CsHjs)s} "X~
III

The structure of the salt III obtained from II was
confirmed by carbon and hydrogen analysis, infrared
spectra, and the formation of the corresponding tetra-
methylguanidine hydrohalide and triphenylphosphine

(2) Synthesized according to the procedure of J. Houben and E. Schmidt,
ibid,, 46, 2447 (1913).



May 1966

oxide on hydrolysis. The ease of hydrolysis of the
salt prepared from I precluded the preparation of an
analytical sample. Hydrolytic instability of triphenyl-
phosphinimines has been reported.?

Reaction of I with sodium azide in acetonitrile pro-
ceeded readily at room temperature with the evolution
of 2 moles of nitrogen and the deposition of sodium
chloride. Processing of the reaction mixture afforded
a crude yellow oil which on standing at room tempera-
ture eliminated dimethylamine. Distillation of the
resulting oil afforded B-dimethylaminoacrylonitrile
(IV) in 669, yield. Evidence for the assigned structure
of IV is based on elemental analysis, molecular weight,
and infrared and nmr spectral data. The infrared
spectrum showed two strong absorption bands at 4.60
and 6.19 y attributable to conjugated C=N and C=C
stretching frequency, respectively. The nmr spectrum
exhibited a singlet at 2.90 ppm and two doublets (J =
14 cps), the low-field doublet centered at 7.16 and the
high-field doublet centered at 3.80 ppm. Although
the stereochemistry of IV has not been rigorously
established, it may well be the trans isomer as judged
by the large splitting of the doublet in the nmr spec-
trum and the presence of a trans C-H out-of-plane
bending vibration at 10.45 wp* in the infrared spec-
trum.®

The formation of IV can be reasonably interpreted
in terms of the intermediacy of 5,5-bis(dimethylamino)-
tetrazole (V) arising from nucleophilic attack of the
azide lon at the unsaturated imino carbon atom
rather than the imino nitrogen atom, since displace-
ments at multiple-bonded atoms are difficult. The
reaction could then proceed by elimination of nitrogen
from the unstable V to give bis(dimethylamino)-
carbene (VI). This carbene could then react with

N—Cl
~Cl-
I + N3~ —> | [(CH;).N].C e
N—N=N*
N=N
/
[(CH;3):N1.C -—ZN-> [(CH3):N1.C:
- 2
N=N
Vv VI

acetonitrile by carbon-hydrogen bond insertion, as
would be expected of a nucleophilic carbene,® to give
3,3-bis(dimethylamino)propionitrile (VII) which in
turn eliminates dimethylamine to form the final

product IV. In a separate experiment, the interme-
— (CHs):NH
VI 4+ CH;CN —> [(CH;):N}].CHCH:CN —78M—>

VII
(CH3)NCH=CHCN
v

diate formation of VII was demonstrated by conducting
the reaction at 0°. Under this condition, VII was ob-
tained as the major product in 509, yield. Conversion
of VII to IV occurred readily under slow distillation.

(3) H. Zimmer and G. Singh, J. Org. Chem., 29, 1579 (1964).

(4) 8. J. Bellamy, ‘‘The Infrared Spectra of Complex Molecules,” 2nd
ed, John Wiley and Sons, Inc.,, New York, N. Y., 1958, p 34.

(6) Bynthesis of the cis isomer has been recently reported by F. Scotti
and E. J. Frazza, J. Org. Chem., 29, 1800 (1964).

(6) H. W. Wanzlick, Angew. Chem. Intern. Ed. Engl., 1, 75 (1962).
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The proposed carbene intermediate could not be
trapped with electron deficient olefins or other com-
pounds expected to undergo carbon-hydrogen inser-
tion. Either tarry reaction products were formed or
the compounds were reactive with I alone. Some new
reactions of I were observed during the latter investi-
gation and will be reported at a later date. Neither
tetrakis(dimethylamino)ethylene nor trimethylacetami-
dine which could arise by coupling and rearrangement
of the carbene, respectively, were detected in the re-
action products.

When acetonitrile was replaced by DMF in the re-
action of I with sodium azide, an unidentified non-
distillable and noncrystallizable crude red oil was ob-
tained as the major product and hexamethylguanidin-
ium azide (VIII) as a minor product in 169, yield.

N(CHa)s
(CH:):N~ ~ N(CH:).

VIII

I 4+ NaN; 4+ DMF —

The following data support the structure of VIII:
(1) elemental analysis; (2) infrared spectrum: strong
absorption bands at 5.07 (N;7), 6.31, and 6.41 p

+

(>C=N<); (3) ultraviolet spectrum: ASE¥ 222 my
(¢ 18,406); (4) nmr spectrum: inconclusive results
were obtained in that various runs under identical
conditions gave two absorption bands with varying in-
tensities; however, in most runs the nmr spectrum (in
deuteriochloroform) showed the expected two singlets
(a strong singlet at 3.07 and a weak singlet at 3.04
ppm); and (5) derivatives.

The position of the azide stretching frequency in the
infrared region of VIII is of interest. The linear Nj
frequency in simple aliphatic azides is found as a sharp,
absorption band appearing quite consistently at wave
lengths between 4.65 and 4.70 p.7 The azide ion in
inorganic azides, such as sodium azide, absorb in the
same wavelength range but the band is somewhat
broad. However, the azide ion stretching frequency
of VIII is shifted to a strong, sharp absorption band
at 5.07 u which is in accord with the shift to longer
wavelengths expected for a strongly ionic compound.
This high ionic character is attributed to high resonance
stabilization of the cation of VIIIL.

The saltlike character of VIII was demonstrated by
reaction with sodium tetraphenylborate in aqueous
solution to give hexamethylguanidinium tetraphenyl-
borate (IX) and sodium azide. An infrared spectrum
of IX showed the complete absence of an absorption
band attributable to azide, and this represented the
only major difference on comparison with an infrared
spectrum of VIII.

VIIL + BrCHiCO:CoHls -5t  N,CH,CO,CoHs +

IPI (CHs).
¢ Br™~

CH)N  N(CHs)

(7) Seeref 4, p 263.
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TasLe 1
AzipES
RN;
Reaction —_— Bp (mm) or mp, °C————
Halide Product Yield, % time, min Found Lit.
B-Bromoethylbenzene B-Azidoethylbenzene 100 90 52~54 (0.65) 43(0.5)
Benzyl chloride Benzyl azide 91 60 85 (11) 82.5 (16.5)
1-Chlorohexane " 1-Azidohexane 60 240 150-152 156-157 (758)¢
Ethyl a-chloroacetate Ethyl a-azidoacetate 89 60 40-42 (2.5) 44-46 (2.0)¢
Benzhydryl bromide Benzhydryl azide® 81 60 100-101 (0.3) 122-123 (1.7)f
2,3,5,6-Tetramethyl-1,4- 2,3,5,6-Tetramethyl-1,4- 96 90 116-117 o

xylylene dichlorides xylylene diazide*

¢ P. A. 8. Smith and B. B. Brown, J. Am. Chem. Soc., 73, 2435 (1951).
4 M. O. Forster and H. E. Fierz, J. Chem. Soc., 93, 72 (1908).
7 C. H. Gudmundsen and W. E. McEwen, J. Am. Chem. Soc., 79, 329 (1957).

Henkel and F. Weygand, ¢bid., 76, 812 (1943).
mour Yolles of this laboratory.

®T. Curtius and G. Ehrhart, Ber., 55, 1559 (1922), - K.
¢ Prepared by Dr. Sey-
¢ Obtained from Dr.

E. L. Martin of the Central Research Department of this company. * Anal. Caled for CuHieNs: C, 59.00; H, 6.60; N, 34.40.
Found: C,58.88; H, 6.55; N, 34.20.
TasLe IT
5-SuBsTITUTED TETRAZOLES
N—N
¢
R—C
N
N—N
H
Reaction Mp, °C
R Yield, % Time, hr Temp, °C Found Lit.
C¢H; 75 3 100 216 dec 213-215 dece
Ce¢H; 100 6 125 214 dec 213-215 dece
C.H:CH, 94 6.5 120 123-124 123-125¢
4-CH;0C:H, 30 3 100 231-232 228
(CH;).N 83 7 100 240 235-240¢
1,4-(-CeH¢~) 100 1.5 120 309 (explodes) >300 dec
o See ref 8. ® W. Lossen and J. Colman, Ann., 298, 107 (1897). ¢ K. A. Jensen and C. Pedersen, Acta Chem. Scand., 15, 991 (1961).

Additional chemical evidence in support of structure
VIII was provided by its reaction with organic halides.
For example, VIII reacted with ethyl a-bromoacetate
in dichloromethane in an exothermic reaction to give
ethyl a-azidoacetate and hexamethylguanidinium bro-
mide in 54 and 939, yield, respectively.

In view of the stability and reactivity of VIII, it was
desirable to investigate other more readily available
substituted guanidinium azides as a stable, soluble
source of azide ion in common low-boiling organic sol-
vents. Because of the ease of preparing tetramethyl-
guanidinium azide (X) from the reaction of tetramethyl-
guanidine and hydrazoic acid, it was the reagent of
choice.

T
0%, Ne~
(CHj)N N(CHa).

X

The guanidinium azide (X) reacted in refluxing chlo-
roform with alkyl halides to form the corresponding
alkyl azides in high yield at short reaction times.
Reaction with the more reactive halides, in particular
the alkyl bromides, was exothermic and required cooling
at the initial stages. The solubility of X in chloroform
simplifies product isolation. Addition of ether to the
reaction mixture causes precipitation of tetramethyl-
guanidine hydrochloride by-product leaving the de-
sired alkyl azide in chloroform—ether solution. The
use of chloroform as a solvent also appears to enhance
the rate of halide displacement. Since X is soluble in

chloroform, it probably exists in this solvent as dis-
crete anions which would be efficient at displacing the
halide atom of the alkyl halide.

Table I summarizes the yields of purified product
azides obtained from the reaction of X with a variety
of alkyl halides in refluxing chloroform. The results
shown in Table I demonstrate the general versatility
and simplicity of the reaction for the synthesis of heat-
sensitive organic azides.

Further, 5-substituted tetrazoles are formed in ex-
cellent yield by heating X and nitriles in the absence of
a solvent at temperatures of 100-125°. Table IT lists
the yields and reaction conditions for the synthesis of
various 5-substituted tetrazoles made by the procedure.
This procedure eliminates the need to remove high-
boiling solvents such as DMF as required by current
approaches to 5-substituted tetrazoles.®

Experimental Section®

2-Chlorotetramethylguanidine (1).—Liquid chlorine (22.8 ml,
0.5 mole) in 30 ml of carbon tetrachloride was added to a solution
of 115.1 g (1 mole) of tetramethylguanidine in 700 ml of carbon
tetrachloride during 1 hr while the reaction temperature was
maintained at 0 to 10°. When the addition was complete, the
mixture was stirred at room temperature for 1 hr. The precipi-
tated tetramethylguanidine hydrochloride was collected by fil-
tration, washed with additional solvent, and dried; yield 75.0 g
(100%), mp 202-205°. Recrystallization from ethanol raised
the melting point to 207-210°,

(8) W. G. Finnegan, R. A, Henry, and R. Lofquist, J. Am. Chem. Soc.,
80, 3908 (1958).

(9) Boiling points and melting points are uncorrected. Nmr spectra
were taken on a Varian Associates 60-Mc high-resolution nmr spectrometer.
Infrared spectra were taken on a Perkin-Elmer Model 21 spectrophotometer.
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Anal. Caled for CsHyCIN;:
C, 39.84; H, 9.47.

The filtrate from the original reaction mixture was concen-
trated under reduced pressure at room temperature. [Caution:
Care should be taken to avoid “‘hot spots’’ during this operation
otherwise an explosion will result. We found the use of a warm-
water bath (30°) satisfactory during the stripping process and an
oil bath for subsequent vacuum distillation. FEfficient stirring
must also be employed.] The residual oil distilled #» vacuo:
yield 57.1 g (76%,) of I, bp 50° (0.1 mm).

Anal. Caled for CiH.CIN;: Cl, 23.70. Found: Cl, 23.35.

2-Bromotetramethylguanidine (II).—The experimental pro-
cedure was identical with that used in the preparation of 2-
chlorotetramethylguanidine. Tetramethylguanidine hydrobro-
mide was obtained in quantitative yield. Crystallization from
ethanol-ether afforded a white product in 799, yield, mp 186—
187.5°.

Anal. Caled for CsHi4BrN;: C, 30.62; H, 7.20; Br, 40.75;
N, 21.43. Found: C, 30.62; H, 7.18; Br, 41.07; N, 21.95.

Evaporation of the solvent from the filtrate and distillation of
the oil afforded 11 in 599 yield, bp 72° (0.35 mm). (Caution:
This compound is explosive. Do not heat above 50° at at-
mospheric pressure.)

Anal. Caled for C;Hy;;BrN;:  Br, 41.18. Found: Br, 39.88.

1,1,2,2-Tetramethyl-3-(triphenylphosphoranylidene )guanidin-
ium Bromide (III).—A solution of freshly distilled 2-bromotetra-
methylguanidine (7.8 g, 0.04 mole) in 100 ml of anhydrous ether
was added, with stirring, to a solution of 10.5 g (0.04 mole) of
triphenylphosphine in 100 ml of anhydrous ether over a period of
5-10 min. After stirring the reaction mixture for 15 min, the
precipitated solid product was collected by filtration, washed
thoroughly with ether to remove any unreacted starting ma-
terial, and dried: yield 17.2 g (949,). Three crystallizations
from methanol-ether and one from chloroform-benzene af-
forded 16.3 g (89%) of white product: mp 230-231.5°; infrared,

+ +

6.60 (s) (>C=N<) and 9.07 u (s) (>N=P<).?®

Anal. Caled for CusHyiBrNP: C, 60.53; H, 5.96.

C, 60.73; H, 5.93.

1,1,2,2-Tetramethyl-3-(triphenylphosphoranylidene Jguanidin-
ium chloride was prepared from 2-chlorotetramethylguanidine in
the manner used for the bromide salt: yield 719, mp 170-173.5°.
The extreme hygroscopicity of the chloride salt precluded an
accurate elemental analysis,

g-Dimethylaminoacrylonitrile (IV).—A mixture of 4.5 g (0.03
mole) of 2-chlorotetramethylguanidine and 2.0 g (0.03 mole) of
sodium azide in 10 ml of anhydrous acetonitrile was stirred at
ambient temperature by means of a magnetic stirrer for 24 hr.
The reaction mixture was protected from light by means of alu-
minum foil to retard decomposition of the starting guanidine.
There was no apparent heat of reaction, and, during this time, 2
moles of nitrogen gas (identified by mass spectrometry) was col-
lected over water. The reaction mixture was then filtered free of
sodium chloride, and the filtrate was concentrated under re-
duced pressure. The yellow oil obtained at this point contained
a pronounced aniline type odor; however, on standing approxi-
mately 20-45 min, the characteristic odor of a low molecular
weight amine became progressively more evident. Distillation
furnished 1.9 g (669) of colorless product, bp 68-70° (0.2 mm),
n%p 1.5337. An analytical sample was obtained by distillation
through a 28-in. spinning-band column: bp 47-48° (0.10 mm).

Anal. Caled for C;HgN.: C, 62.47; H, 8.39; N, 20.19;
mol wt, 96. Found: C, 62.45; H, 8.85; N, 20.74; mol wt
(ebullioscopic in ethylene chloride ), 104.

The low-hoiling fraction was collected in a gas trap immersed
in a Dry Ice-acetone bath during distillation. The liquid prod-
uct was identified as dimethylamine by means of its hydrochloride
salt, mp 170-172°.

3,3-Bis(dimethylamino)propionitrile (VII).—A mixture of
15.0 g (0.1 mole) of 2 chlorotetramethylguanidine and 6.8 g
(0.105 mole) of sodium azide in 60 ml of anhydrous acetonitrile
was stirred at 0° for 28 hr while protecting the mixture from
light. The reaction mixture was then allowed to stand at room
temperature for 24 hr. The salt was removed by filtration,
and the filtrate evaporated to give a yellow oil. Distillation
afforded 7.0 g (50%) of colorless product VII, bp 40-42° (0.25—
0.30 mm), and 0.9 g (9%) of IV, bp 72° (0.20 mm). The
product possessed the strong characteristic odor of dimethyl-

C, 39.60; H, 9.31. Found:

Found:

(10) Seeref4, p323.
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amine and showed the presence of an absorption band in the
infrared red region at 4.45 u, attributable to unconjugated C=N
stretching frequency. The facile elimination of dimethylamine
precluded an accurate elemental analysis. Slow redistillation
of a sample of VII afforded IV, yield 799, bp 77-78° (0.45
mm).

Hexamethylguanidinium Azide (VIII).—To a suspension of
3.3 g (0.05 mole) of sodium azide in 25 ml of freshly distilled,
anhydrous DMF was added 7.0 g (0.047 mole) of 2-chlorotetra-
methylguanidine at one time. The reaction mixture was
magnetically stirred at ambient temperature for 24 hr in the
dark. During this time, there was a slow but steady evolution
of nitrogen (1 mole/mole of I). Filtration afforded 3.4 g (100%,)
of salt. The yellow filtrate was concentrated by distillation
under reduced pressure (0.1 mm) while avoiding excessive
heating (>60°). The solid pot residue was collected by filtra-
tion, washed with several small portions of cold, dry acetone,
and dried: yield 1.5 g (16%,) of white hygroscopic product, mp
150-153°. Several crystallizations from chloroform-benzene
raised the melting point to 157.5~159.5°.

Anal. Caled for G;HisNe: N, 45.12. Found: N, 45.20.

Hexamethylguanidinium Tetraphenylborate (IX).—To a solu-
tion of 0.26 g (1.4 mmoles) of hexamethylguanidinium azide in
10 m] of water was added at one time, with swirling, a solution of
0.68 g (2.0 mmoles) of sodium tetraphenylborate in 20 ml
of water. The mixture was heated to 50° to ensure completion
of reaction and then allowed to stand at room temperature for
24 hr. The water was evaporated by means of a stream of
nitrogen gas and the crude white product was washed with a
mixture of methanol-water (1:1) and filtered. The product
was washed thoroughly with water and finally erystallized from
acetonitrile-water and dried: yield 0.48 g (78%,), mp 340-343°
dec. An analytical sample was prepared by recrystallization
from acetonitzile: mp 345-347° dee; infrared, 6.31 (s) and 6.41

u (m) (>C=N<).

Anal. Caled for CyHxBN,:: C, 80.33; H, 8.26; N, 9.07.
Found: C, 80.54; H, 8.43; N, 0.22,

Tetramethylguanidinium Azide (X).—A dried ether solution
of hydrazoic acid (prepared by adding 80 ml of concentrated
HCI to a cold solution (0°) of 66 g (1.0 mole) of sodium azide
in 200 m! of water over 30 min and then extracting with ether)
was added to a solution of 115.2 g (1.0 mole) of tetramethylguani-
dine in 700 ml of ether over a period of 3 hr while maintaining the
temperature at 0°. After complete addition, the mixture was
allowed to stand at ambient temperature for 12 hr. Subse-
quently, the ether was decanted from the solid product. The
product was slurried with two 100-ml portions of ether, crystal-
lized from chloroform—ether, and dried: yield 130.1 g (86%,) of
a white hydroscopic solid, mp 90-93°. The infrared spectrum
contained bands at 4.95 (N;~), 6.0 (C=N), 3.61 (NH;*), and
3.00-3.25 u (NH,).

Anal. Caled for CsH;4Ng:
38.28; H, 8.98.

Reaction of Guanidinium Azides with Alkyl Halides.—The
azides prepared by the reaction of tetramethylguanidinium azide
with alkyl halides in refluxing chloroform are given in Table I,
The general procedure employed is illustrated by the reaction
of hexamethylguanidinium azide and ethyl a-bromoacetate.
To a solution of 3.7 g (0.02 mole) of hexamethylguanidinium
azide in 40 ml of dichloromethane was added a solution of 3.3 g
(0.02 mole) of ethyl a-bromoactate in 15 ml of dichloromethane
over a period of 5 min. The temperature of the reaction mix-
ture rose to 32° during the addition and maintained itself at
this temperature for 10 min after the addition was complete.
It was then heated at a gentle reflux for 5 min and concentrated
by means of a stream of nitrogen gas. Ether (50 ml) was
added, and the precipitated hexamethylguanidinium bromide
collected by filtration, washed with several portions of ether,
and dried: yield 4.2 g (93%,), mp 302-303° dec. Crystalliza-
tion of this salt from chloroform-benzene afforded 4.0 g (899,)
of product, mp 319-323° dec.

Anal. Caled for C;HisBrN;: C, 37.51; H, 8.09; Br, 35.65.
Found: C, 37.72; H, 8.22; Br, 35.24.

The filtrate from the original reaction mixture was concentrated
under reduced pressure to give a crude, pale yellow oil. Distil-
lation gave 1.4 g (549%) of ethyl e-azidoacetate, bp 43° (2.0 mm),
lit." bp 44-46° (2.0 mm) infrared 4.75 u (s) (N;).

C, 37.96; H, 8.92. Found: C,

(11) M, O. Forster and H. E. Fiery, J. Chem. Soc., 98, 72 (1908).
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Reaction of Tetramethylguanidinium Azide with Nitriles to
Give 5-Substituted Tetrazoles.—The tetrazoles prepared are
shown in Table II. One general procedure for the synthesis and
isolation of the tetrazoles was employed. This procedure is
illustrated by the preparation of 5-dimethylaminotetrazole. A
mixture of 3.5 g (0.05 mole) of dimethylcyanamide and 7.9 g
(0.05 mole) of tetramethylguanidinium azide was stirred and
heated at 100° for 7 hr. The reaction mixture was cooled to
room temperature, dissolved in 30 ml of water, and acidified
with glacial acetic acid (concentrated hydrochloric acid was used
with all the other tetrazoles listed in Table II). (Caution:

Para

Vor. 31

Some hydrazoic acid could be evolved on acidification.) The
precipitated product was collected, washed with cold water, and
dried: yield 4.7 g (83%) mp 238° dec. Recrystallization from
ethanol gave 4.0 g (719%,), mp 240° dec.

Acknowledgment.—The author gratefully acknowl-
edges Drs, W. C. Smith and R. A. Braun of this labora-
tory for helpful discussions and Dr. H. Foster of the
Analytical Laboratory for aid in interpreting the nmr
spectra.
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Oxidative condensation of certain active hydrogen compounds was accomplished by reaction with 2-chloro-

tetramethylguanidine in nonaqueous systems.

In general, methylene compounds afforded ethylenes while
methine and sterically hindered methylene derivatives gave ethanes.

Triethyl 1,2,3-tricyanocyclopropane-

1,2,3-tricarboxylate and tetramethylguanidinium pentacyanopropenide were obtained when ethyl cyanoacetate

and malononitrile, respectively, were employed in the reaction.

In contrast, a-bromo-p-nitrotoluene alkylated

2-chlorotetramethylguanidine to give 1,1-di( p-nitrotolyl)tetramethylguanidinium perbromide.

A number of N-halo compounds are known to un-
dergo a variety of interesting reactions.! A few ex-
amples of oxidation of organic compounds by N-halo-
amides and imides have been previously reported.
The compounds studied included primary and second-
ary alcohols,2—8 a-amino acids,® and cyclic systems, 013

This paper describes a study of the oxidation of
compounds containing active hydrogen atoms by 2-
chlorotetramethylguanidine (I) and reports on the
reaction of I with a-bromo-p-nitrotoluene.

Certain active hydrogen compounds have been found
to undergo oxidative condensation on treatment with I
to produce ethylenes, ethanes, and a cyclopropane.
The reactions proceed smoothly at room temperature in
a nonagqueous solvent or neat with the precipitation of
tetramethylguanidine hydrochloride by-product during
the reaction.

The results of the reactions studied are summarized
in TableI. Yields are based on purified compounds and
products were identified by elemental analysis, physical
constants, and infrared spectrum.

Diethy! malonate, phenylacetonitrile, p-chlorophenyl-
acetonitrile, and p-nitrophenylacetonitrile each gave
the corresponding ethylene upon treatment with an
equimolar amount of I. On the other hand, both bis(p-
nitrophenyl)methane and diphenylacetonitrile reacted
with I in a 2:1 molar ratio, respectively, to give the
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ethanes. The general reactions giving ethylene and
ethane are shown by eq 1 and 2, respectively.

CN CsHs

AN
H:Cs CN

2CH;CH.,CN + 2[(CH;);N],C=NCl —> + (1)
I

2[(CHy).N ,C=NH,C1-
(p-0:NCeH;);CHCH(CsH;NOz-p ),
2(p-O:NCeH;)CH; + I ~—> + (2)

((CH,),N1,.C=NH,Cl-

The reaction with both ethyl cyanoacetate and
malononitrile proceeded rapidly and exothermally in
benzene and tetrahydrofuran solution, respectively.
Unexpectedly, the former gave triethyl 1,2,3-tricyano-
cyclopropane-1,2,3-tricarboxylate (II). The product
3 +

—

3CH,(CN)CO,CH;
CO,C.H; CO,CH;

+
CN CN + 3KCH3)2 Iﬂgc = NHzCl-

CO.C,Hs
I

from the reaction with malononitrile was tetramethyl-
guanidinium pentacyanopropenide (III).

[(CN},C==C(CN)C(CN).] ~[((CH,):N )o.C=NH,]*
III

Evidence in support of III was obtained from ele-
mental analysis and comparison of infrared and ultra-
violet spectra with an authentic sample prepared by
the reaction of malononitrile with tetracyanoethylene



