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0.70 g. was shown by infrared analysis to be the starting
alcohol IX.

The main fraction from the column was then dissolved in
13 ml. of 59, methanolic potassium hiydroxide and boiled
under reflux for 3 hours to effect hvdrolysis., The solution
was then diluted with water and extracted with ether.
After the ether solution was washed with water, it was
dried over sodium sulfate and concentrated. The residue
was taken up in hexane and chromatographed over alumina.
The first fraction from the column gave 460 mg. of a color-
less oil whose infrared spectrum showed the absence of a hy-
droxyl and the presence of a vinyl group. Presumably this
was a diene fraction resulting from dehydration. Tle
second fraction, consisting of 460 mg. (329, based on un-
recovered IX) of a colorless oil, had an infrared spectrum in
accord with IV but appeared to be a mixture of isomers.
This was dissolved in 8 ml. of pyridine and heated with 600
ing. of p-phenylazobenzoyl chloride for 10 min. The mix-
ture was poured into water with stirring and the supernatant
liquid decanted from the insoluble gum. After the residue
had been washed again with aqueous carbonate and sepa-
rated by decanting, it was taken up in hexane and passed
onto an alumina column. Development of the column was
done first with liexane-benzene mixtures and finally with
pure benzene. A number of fractions were taken and from
one of these there was obtained an oil which, on prolonged
standing, gave large orange crystals, m.p. 68-70°, The
infrared spectrum of a solution of these crystals in chloro-
forin was superimposable with that obtained from the p-
plienylazobenzoate of IV derived from a-erythroidine.

Anal. Caled. for CyHyN03: C, 76.34; H, 6.41; N,
6.36. Found: C, 76.07; H, 6.44; N, 6.79.

Hofmann Degradation of Dihydro-a-erythroidine.—A
solution of 2.0 g. of the methiodide of dihydro-a-erythroi-
dine? in 30 ml. of water was passed over an ion exchange
column (Dowex 2-X4). When the eluate was concen-
trated, it gave the betaine XVII as a crystalline solid. The
betaine was then decomposed by heating it in a short-path
still at 175~185° at 25 mm. to give 350 mg. of distillate as a
colorless oil. From previous experience in the S-erythroi-
dine series,? it was anticipated that the distillate would be a
miixture of the ‘“‘normal’”” and “‘abnormal’’ Hofmann prod-
ucts. Therefore, the oil was taken up in pentane and
cliromatographed over alumina. From the pentane eluate
there was obtained 90 mg. (99;) of ‘‘abnormal’’ Hofmann
product. Changing the eluent to ether gave a second frac-
tion of 240 mg. (179) of a colorless oil which is presumed to
be the ‘“‘normal’’ Hofmann product.

The picrate of the “‘abnormal’”’ Hofmann product formed
readily in ethanol and was obtained after recrystallization
from ethanol in good yield as yellow crystals, m.p. 166-167°

W. G. FINNEGAN, R. A. HENRY AND ROBERT LOFQUIST

Vol. &0

dec. A mixture of these crystals with those of the picrate
(m.p. 164-167°) from the ‘‘abnormal’’ product (XIV) in
the B-erythroidine case® showed no depression of melting
point. Also, the infrared spectra of the two samples were
identical.

Isomerization of Dihydro-w«-erythroidine to Dihydro-8
erythroidine.—A solution of 2.85 g. of dihydro-ea-erytliroi-
dine in 14.3 ml. of a 109, aqueous sodium hydroxide solution
was boiled under reflux in a nitrogen atmosphere for three
hours. The reaction mixture was cooled in an ice-bath
and concentrated hydrochloric acid added until the pH was
below 2.0. After the solution had stood for three hours,
sodium bicarbonate was added carefully until the pH was
just above 7. The solution was then extracted five times
with chloroform and the combined extracts were dried and
concentrated. The resulting yellow oil, when seeded with
a crystal of authentic dihydro-B-erythroidine, immediately
crystallized to give 2.60 g. (919) of white crystals, n1.p. 73~
78°. The corresponding hydrobromide was prepared by
dissolving 2.30 g. of these crystals in ethanolic hydrobromic
acid.. There deposited 2.40 g. (849,) of light tan crystals,
ni.p. 228-229°, One recrystallization from ethanol gave
tlie hvdrobromide of dihydro-S-erythroidine as white crys-
tals, m.p. 231-232°, a®p +109° (19, solution in water).!s

Regeneration of the free base from the hydrobromide gave
white crystals (939, yield), m.p. 80-82°, undepressed by
admixture of an authentic sample of dihydro-g-erythroidine.
Also, the infrared spectrum of the base was identical with
that of dihydro-B-erythroidine and showed tlie complete
absence of the characteristic absorption bands of dihydro-c~
erythroidine.

Isomerization of «-Erythroidine to B-Erythroidine.—A
solution of 1.20 g. of a~erythroidine hydrochloride in 12 ml.
of a 109, aqueous sodium hydroxide solution was boiled
under reflux for 3 hours. When the reaction mixture was
worked up as described in the previous experiment, there
was obtained 700 mg. (67%,) of white crystals, m.p. 94-98°,
undepressed by admixture of authentic 8-erythroidine (m.p.
97-99°). Also, the infrared spectrum of the base was iden-
tical with that of S-erythroidine and showed the absence of
absorption bands peculiar to «-erythroidine.

The corresponding hydrochloride was prepared in 839,
yield as white crystals, m.p. 230.5-231.5° dec., undepressed
by admixture of an authentic sample of 8-erythroidine hy-
drochloride. Again, the infrared spectra of the two hydro-
chlorides were identical.

ROCHESTER, N. Y,

(18) K. Folkers and F. Koniuszy (U. S. Patent 2,370,651, March 6,
1945) give for dihydro-8-erythroidine hydrobromide, m.p. 231-231.5°,
a®p +107.5° (in water).
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An improved synthesis of 5-substituted tetrazoles has been devised.
readily in solvents such as dimethylformamide and diethyl sulfoxide.

Alkyl- or arylnitriles and inorganic azides react
Relatively low reaction temperatures and short

reaction times are effective, and the need for pressure equipment is eliminated. The effects caused by varying the solvept,
the electronegativity of the substituent on the nitrile and the nature of the azide salt have been studied and a tentative

mechanism for the reaction is advanced.

The previously described syntheses of 5-alkyl-
and aryltetrazoles, although generally capable of
giving good yields, are not all adaptable to larger
scale use. In several instances they suffer the
disadvantage of requiring the independent prep-
aration of non-aqueous solutions of hydrazoic
acid. Multi-step reaction sequences?? proceeding

(1) University of Michigan, Ann Arbor, Micl,

{2) W. Oberhummer, Monatsh., 63, 285 (1933).
{3} A. Pinner, Ber., 27, 984 (1894).

vig imino ethers, hydrazides and azides, result in
only modest yields. Reactions using solutions of
hydrazoic acid in benzene, toluene or xylene, or
sodium azide and acetic acid in butanol either in
glass* or presstire equipment® at high temperatures
require extended reaction times of four to seven
days. The recently described synthesis of 5-sub-
stituted tetrazoles by the reaction of aluminum

(4) R. M, Herbst and K. R. Wilson, J. Org. Chem., 32, 1142 (1957).
(5) J. 8. Mihina and R, M. Herbst, ibid., 15§, 1082 (1950).
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azide with aliphatic nitriles in tetrahydrofuran®
overcomes many of these difficulties, but an ex-
amination of the experimental evidence indicates
that only one-third of the available azide groups is
utilized.

In an attempt to simplify and improve the syn-
thesis of 5-substituted tetrazoles the reaction of
certain azide salts such as ammonium, substituted
ammonium, sodium and lithium azides, with
nitriles in organic solvents, such as dimethylform-
amide, was investigated carefully. With the am-
monium and substituted ammonium azides, the re-
action has been found to be general and can be
made to give excellent yields of 5-substituted
tetrazoles after very reasonable times. For ex-
ample, with aliphatic and electropositively sub-
stituted arylnitriles, conversions of 909, or better
can be achieved in 18 to 24 hours at temperatures
of 125°. With electronegatively substituted ni-
triles even lower reaction temperatures and shorter
reaction times can be used.

Dimethyl sulfoxide and dimethylformamide are
equally good solvents for some azide salts, and are
superior to the monomethyl and ethyl ethers of
ethylene and diethylene glycol.” For this and
other reasons, the former two solvents are also
much better media in which to perform this reac-
tion. Dimethylformamide is preferable to dimethyl
sulfoxide since the higher boiling point of the latter
makes its removal much more difficult. The vari-
ous azides studied were prepared in situ by double
decomposition reactions of sodium azide and the ap-
propriate chloride salts. Since the solvents used
are high boiling, the reactions were run at atmos-
pheric pressure in glass equipment. No experi-
mental difficulties were encountered other than the
occasional but temporary sublimation of ammo-
nium azide to the cooler portions of the reaction
flask and the condenser.

TABLE 1
CONVERSION OF BENZONITRILE TO 5-PHENYLTETRAZOLE

0.2 mole of benzonitrile, 100 ml. of dimethylformaniide
except where indicated and 0.22 mole of sodium azide, 7
hours at 123-127°; product isolated by method A of the
Experimental procedure

Added salt or catalyst Amount, mole, % Yield, %
None 24.9
NH.Cl 10 59.6,54.1
(n-C4H,), NH,CI 5 51.6
CeH;NH;Cl 5.8 57.2
CsH;NH;Cl 10 73.8
C.H;S0,H 4 51.3
C.Hs30;H* 8 16.3
BF;-diethyl ether 10 55.6
(CH;):NCl1 100 40.4
LiCl 100 48.6
H.0 5 ml. 5.8

2 100 ml. of 2-methoxyethanol.

The general mechanism for the reaction appears
to be a nucleophilic attack of azide ion on the carbon
of the nitrile group, followed by ring closure of the
imino azide to form the tetrazole ring. Apparently,
a =38 charge on the nitrile carbon 1s necessary for

(6) HL. Behringer and K. Kohl, Ber., 89, 2648 (1956).

(7) E. Lieber, T. S. Chao and C. N, Ramachandra Rao, J, Org.
Chem., 22, 238 (1957).
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the azide ion attack since conditions which enhance
or favor such a charge increase the rate of reaction.
The reaction has been found to be subject to gen-
eral acid catalysis. Hydrazoic acid, amine hydro-
azides and Lewis acids, such as BF; more than
double the yield of 5-phenyltetrazole from benzo-
nitrile when added in amounts from 4 to 10 mole %
of the sodium azide in a 7-hour reaction at 123-
127°. Cobrdination of a Lewis acid or proton with
the nitrile nitrogen would generate a +46 charge on
the nitrile carbon and facilitate the approach of
the azide ion

RC=N + H* —» RC=NH

I _
RC=XN + BF; —> RC=N:BF;

RC—NH 4+ N;~ —> RC(Ny)=NH
RC(N;)=NH —> R(HZ—NH
[
N XN
AN
N

Electronegative substitution on the nitrile assists
in the +4 charge formation and achieves a similar
result. This is shown by the fact that perfluoro-
caprylonitrile and sodium azide react quantitatively
in dimethylformamide solution in 24 hours at 100°
to yield the expected 5-perfluoroheptyltetrazole.®
Terephthalonitrile and 4-nitrobenzonitrile also re-
act readily with sodium azide in dimethylform-
amide solution at 100°. The solubility of the azide
salt also influences the rate of reaction: lithium
and tetramethylammonium azides are very soluble
in dimethylformamide and their rates of reaction
with benzonitrile are greater than that of the
moderately soluble sodium azide but less than the
rates obtained with the equally soluble amine
hydroazides.

Evidence to support the concept that the reac-
tion proceeds via azide ion attack on the nitrile was
found in the comparison of the reaction of ethyl
cyanoacetate with hydrazoic acid in benzene and

TasBLE I1

5-SUBSTITUTED &RYLTETRAZOIES< { >
C

NN

0.2 mole of the appropriately substituted benzonitrile,
0.22 mole of ammonium azide, 100 ml. of dimethvlformam-
ide, 3 hours at 100°

R Yield,® ¢,
4-NH,- 10.4
4-CH;0- 43.2
4-CHy- 63.8
H- 75.6
4-NOs- 96.9
3-NOy- 99.5
4-CN- 90.5°

@ The products were obtained following method A of the
Experimental procedure except that the 5-(4-aminophenyl)-
tetrazole was isolated by acidifying the aqueous solution to
pH 5 with acetic acid. ? A small quantity of 1,4-bis-(5-
tetrazolyl)-benzene also was recovered.

(8) E. Lieber (private communication) observed no reaction between
perfluoronitriles and hydrazoic acid in chloroform solution in the pres-
ence of sulfuric acid.



TABLE 111
5-SuBsTITUTED TETRAZOLES, RCHN,
Reaen. Reacen. Method
Yield, Azide lemp., time, of Reerystiu. Carbon, 9, Ilydrogen, % Nitragen, 9
R M.p., °C. Y% used °C. Iir. Reacn. solvent workup solvent Caled.  ¥ound Caled. Found Caled. Found
H 147-151 d. 69.2 (CH;)NHN; 105-110 22 DMEF B Ethiy! acetate
n-C3Hp— 63 -64 73.5 NIL4N; 120-126 24 DMF C Isopropyl ether - . .. .. . .
HOCH,CH,- 83-84 93.3 NH.N; 120-125 24 DMF B Methyl ethyl ketone 31.57 31.59 5.30 5.23 49.10 49.17¢
CH;0CH,CH,- 66-67 100 NH,N; 120 18 DMF B Ethyl acetate 37.49 37.45 6.29 6.06 43.73 44.32
C,H;0,CCHy~ 128-130 81 NH,N; 95 8 DMF A 2-Propanol 38.46 38.30 5.16 4.48 35.89 35.83
NaOSO,CH,ClI,- 208-209 d. b NH,N; 120-126 7 DMF B 959%, ethauol 18.00 18.03 2.52 2.82 27.99 27.49
Cell;CH,— 123-125 8.1 NH4N; 120-125 7 DMF A Ethylene diclldoride L .. .. .. L. ¢
-CH,- 215-219 d. 100 NH;N; 95 16 DMF B Acetonitrile 23.68 23.65 2.64 2.86 73.66 73.42
—(CHy)-* 204--205 d. 26 NH;N; 100 96 Et cell® A 95% ethaol 37.10 37.15 5.19 4.83 57.71 57.93
CH,S- 150-151 d. 91.5 NH.N; 95 6 DMF A Water .. .. .. .. - o
CeH;CH,S- 137.5-138.5 22 NH,N; 95 5 DMF A 309, ethanol 49.98 4958 4.19 4.15 29.15 28 8%
CiF s ! 100 NH,N; 95 4  DMF B
CeHs— 213-215 d. 100 NI1N; 125 7 DMF A Water
CesHs— 213-215 d. 90.6 (Cli;)sNHN, 100 3 DMFPr A Water
CeH;— 213-215 d. 90 NH,N; 100 96 Lt cell A Water
CeHi— 213-215 d. 51.3 NalN; Reflux 20.5 DMF A Water
CeHs— 213-215 d. 43.9 NalN; 120--125 24 Dimethyl] sulfoxide A" Water
CeHy— 213-215 d. 19.4 Nal\; 126 24 Me cell.X A Water
4-TNCelT— 268-270 d. L L. . e e Watcer dimciliyl-
formanmide . S .. .. 4346 43.36, 43.51
4-NCCe¢H, - >300 d. Co R .. P Water 56.13 56.58 2.94 2.47 40.93 41.35, 41.18°
1,4-(-CeH,-) =300 d. 100 NH.N; 125 7 DMF A 959, ethanol 44 .85 44.40 2.82 2.71 52.32 53.07°

e Caled. for CslIONs: equiv. wt., 114.12.  Fouud: equiv. wt., 114.37. * Because of difficulties encouutered in isolation and purification the yield was uot deteruined. Caled.
for CHO;NaS: S, 16.02; equiv. wt., 200.16. Touund: S, 16.09; equiv. wt.,, 261.9. This compound was iuitially isolated as tlie monohydrate. Caled. for C;H:0:NaS: ILO,
8.25; equiv. wt., 218.18. Fouund: H,0, 8.23; equiv. wt., 217.6, 219.8. ¢ Caled. for CsHsNy: equiv. wt., 160.18. Found: cquiv. wt., 161.17. ¢ For comparison, 1,2-bis-(5-tetrazo-
lyl)-ethane, m.p. 245-247°, and 1,8-bis-(5-tetrazolyl)-octane, ni.p. 149-150°, were made by the procedure of Mihina aud Herbst (ref. 5) in 47.2 and 66.4% vields, respectively.
Caled. for CiHgNy: C,2891: H,3.64. Found: C,2887; H,3.74. Caled. for CillsNg; C, 47.98; H, 7.25; N, 44.77; equiv. wt., 125.16. Found: C, 48.34; H, 6.93; N, 45.02;
equiv. wt., 125.35. ¢ Caled. for CsHsNsS: equiv. wt., 192.23. Fouud: equiv. wt., 191.73. f The tetrazole could not be induced to crystallize; the potassium salt was recrystal-
lized from dioxane for analysis. Caled. for CsNyFK: C, 20.18; N, 11.77; F, 59.85; K, 821. TFouund: C, 20.55; N, 11.84; F, 58.45; K, 8.93. ¢ Comparable experiments using
morpholinium azide and piperidiniun azide gave 83.9 and 81.6Y, yields, respectively.  * The sodium salt of 5-plienyltetrazole was precipitated by the addition of methylene chioride.
Tle free 5-phenylietrazole was obtained by solution of the salt in water and acidification with coucentrated liydroclhloric acid. # Caled. for CsHyNs: equiv. wt., 171.17.  Found:
equiv. wt., 169.1. 7 Caled. for CsHgNg: equiv. wt., 107.11. Found: cquiv. wt., 109.3. ¥ Et cell. = ethyl cellosolve; Me cell. = methyl cellosolve.

016¢

M NVOANNIL D) A

ISIN0407T LIEd0y ANV AINIH 'Y

7

0S TOA



Aug. 5, 1958

1-propanol solutions, and with ammonium azide
in ethanol solution. A 6-day reaction at 100° is
required to obtain a 22.9%, yield of ethyl 5-tetra-
zolylacetate using hydrazoic acid in benzene solu-
tion; a 5-day reaction at 75° gave no yield. A
3-day reaction at 95° using hydrazoic acid in 1-
propanol also gave no yield. By way of com-
parison, a 51.5%, yield was obtained in 3 days at
100° using ammonium azide in ethanol. The 819,
yield obtained in 8 hours at 95° (Table III), using
ammonium azide in dimethylformamide solution,
emphasizes the desirability of this solvent for the
reactiomn.

The catalytic and solubility data are summarized
in Table I.

It is evident from Table I that boron trifluoride-
etherate is about as effective a catalyst as ammo-
nium chloride and that chloride salts of progressively
weaker amines are increasingly more effective cat-
alysts. Water at the concentration indicated ap-
parently has a detrimental effect, although no signi-
ficant differences were noted between the use of or-
dinary commercial dimethylformamide and a rigor-
ously dried, distilled grade.

Similar catalytic and solubility effects are ob-
served in the reactions of aliphatic nitriles with
azide salts. Butyronitrile and sodium azide, for
example, do not react appreciably in dimethylform-
amide solution in 24 hours at 120-125°. Substitu-
tion of lithium azide for sodium azide resulted in a
4.99, yield of 5-n-propyltetrazole. The addition of
10 mole 9 of boron trifluoride-etherate to the reac-
tion with sodium azide raised the yield of product
to 30.59%. Under the same conditions, the use of
equimolar amounts of ammonium chloride and
sodium azide results in a 73.5%, yield of 5-n-pro-
pyltetrazole (Table III).

The increase in rate of reaction of substituted
benzonitriles and ammonium azide with increasing
electronegativity of the substituent follows Ham-
mett’s o-values for groups® as is shown in Table II.

Table III lists a variety of 5-substituted tetra-
zoles made by the procedure and indicates the gen-
eral versatility of the reaction and the appropriate
reaction conditions.

The reactions of ammonium azide with methyl
and benzyl thiocyanates are of interest in that the
addition of azide to the nitrile group occurs pref-
erentially with methyl thiocyanate, whereas the
benzyl group is primarily displaced in benzyl thio-
cyanate. Hydrogen cyanide (as trimethylam-
monium cyanide) reacts readily with trimethyl-
ammonium azide to give tetrazole in moderate
yield. No attempt was made to optimize the yield
in this study, but the reaction offers an excellent
method of obtaining tetrazole in a simple and inex-
pensive manner.

Attempts to synthesize 5-hydroxy- and 5-mer-
captotetrazole by the reaction of trimethylam-
monium azide with trimethylammonium cyanate
and thiocyanate, respectively, failed. Since a

(9) L. P. Hammett, '“Physical Organic Chemistry,” McGraw-Hill
Book Coa., Tne., New York, N. V., 1940, p. 121.
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trace of 5-aminotetrazole (0.8%,) and some sulfur
were isolated from the latter reaction, these results
suggest that 5-amino-1,2,3,4-thiatriazole was
formed and subsequently decomposed. Lieber
and Pillai' report that the latter compound decom-
poses readily to cyanamide or dicyandiamide and
sulfur.

Experimentall!

The commniercially available nitriles!? were used without
purification. Perfluorocaprylonitrile was synthesized from
perfluorocaprylic acid!® by the method of Gilman and
Jones!4 in 529, yield, b.p. 100-102° at 705 mm.

One general procedure for the synthesis of 5-substituted
tetrazoles was employed; the method of product isolation
was varied, however,

A mixture of the nitrile (0.2 mole), sodium azide (14.3 g.,
0.22 mole), lithium chloride, the appropriate ammonium
chloride or catalyst in the desired molar ratio and 100 ml.
of solvent was stirred and heated for a period of time and
temperature dependent on the reactivity of the nitrile.
Suitable conditions for several types of nitriles can be de-
duced from the information given in Tables I, IT and III.
Ammonia and the lower alkylamines were evolved during
reactions employing the corresponding ammonium azides.
The solvent was then removed at reduced pressure on a
steam-bath. At this point one of three procedures was
followed: A. If the 5-substituted tetrazole was insoluble
in water, the reaction residue was dissolved in 100 ml. of
distilled water, and acidified with couceutrated hydrochloric
acid to pH 2 (caution: HNj evolved). After cooling to 5°
in an ice-bath, the product was removed by filtration,
washed with several portions of ice-water and dried. This
procedure is suitable for most 5-substituted aryltetrazoles.
B. 1If the 5-substituted tetrazole was soluble or partially
soluble in water, the residue was dissolved in 100 ml. of
water, made basic to a phenolphthalein end-point with
509, sodium hydroxide solution and evaporated to dryness
at reduced pressure on a steam-bath to remove amines.
The residue was redissolved in 100 ml. of water, acidified
to pH 2 with concentrated hydrochloric acid and again
evaporated to dryness at reduced pressure on a steam-bath
to remove hydrazoic acid, The 5-substituted tetrazole was
then extracted from the residue of sodium chloride with
ethanol, methanol, etc. This procedure is appropriate for
most 5-alkyltetrazoles. C. Alternatively, the final acidi-
fied aqueous solution in method B after partial evaporation
to remove hydrazoic acid was cooled to room temperature,
adjusted to pH 5 with base and treated with an aqueous
solution of 0.1 mole of copper acetate. The precipitated
copper tetrazole derivative was removed by filtration,
washed with several portious of water, re-suspended in 100-
200 ml. of water and heated with stirring to 50°. Hydrogen
sulfide was bubbled into thie suspension until the precipita-
tion of copper sulfide was complete. After the copper sul-
fide had been removed by filtration, the 5-substituted tetra-
zole was recovered by evaporating the filtrate to dryuess at
reduced pressure. This procedure was useful for isolating
small quantities of 5-alkyltetrazoles in preliiniuary investiga-
tions and for obtaining low melting 5-alkyltetrazoles in a
good state of purity.

The physical constants of several previously unreported
5-substituted tetrazoles are lised in Table I111.
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