1y
R

dlie

14 544




~ | IBRARY "}
i I‘f’:ichigaﬁ Sta'e
University | §




o s
g R

o i

Q
Ay







THL STERGOCHIMISTRY OF TES PCMATICN C°
AMINOTETRAZCLZS FRA! KITRILLS

By

Frances Fallon

A THESIS

Submitted to the School of Graduats Studies of NMichigan
State College of Agriculture and Applied Science

in partial fulfillment of the requirements
for the degree of

NASTER OF SCIENCE

Department of Chemistry

1953



Jb-L- S

ACXNOWLED@I AT

The author wishes %o thank
Dr. Robert M, Herbst for his advice
and guidance during the earrying out
of this work,

A -
P
L
T
it
*



TABLE OF CCHTENTS

PAGE

IRTRODUCTION . . seevnnsocccensancassscnccsscasaconscnsasnnnsansscaces 1
DICUSSION .. savesrasoacsorsencnscsssnosrossncnssssscsentocssasnasse &
EXPERIMENTAL, c0ovevescnococnoarescsaasencsccnsoncossss D K |
ROAEentB .o cceeseresnocesecssecacoasocscsscocsssssescacsasses 13
1-Bengyl-5-aminotetrasole. .. .ceueceecocccncccvcsccccoscsoncen 13
Resolution of efrethyloaprois acid.....cveeeereiireescescaces 15
Inactive o(-ethyloaproyl ohloride,....ceecccceescceccncncescs 17
Inastive ol~sthyloapromitrile.....ccceceeeececcscosccccsssces 17

(=)= oA~Bthylcaproyl 6hlorids,...e.ccceveecseccsveccscrocsceses 18
(<)ol =Ethylospronitrile. ..o ceetreecessvcecscsasscansascesss 18
(+)=1 (3'=heptyl)=5-aninotetrasole..cocvvureicrrrecsrscencces 19
Optical robation....ccecveeveecaccnccsacsecensncnsssccccnsce &b

m.-o.o.o....o'..!ucooo‘0..0.0.-Oto.-o...-.#.o-.o.oo...ct...o' 22

Rymm....o.t...lO....tOQOQOO'COQDOOOc.oottoo.o'.o'Ic.c.o..c... 23



INTRODUCTION



INTRODUCTION

Alkyl cyanides are known to reasct with two moles of hydrasoic
acid, in the pressnce of sulfuric acid, to give l-alkyl-5-sminotetra-
soles (1). It is apparent that the alkyl group has shifted from carbon
to nitrogen in the course of this reaction.

A mechanism has besn suggested by Herbet, Roberts, and Harvill (2)
relating this rearrangement to the se-called "1-2 shifts,® most of which
also proceed in the presence of sulfuric acid, In the case of the
Hofmann, Beckmann, Curtius, lLossen, and Sclmidt rearrangmments optically
astive starting materials have been shown to form optically active
products .,

It mas the purpose of this work to study the rearrangement of
optically astive nitriles in the presence of hydrasoic acid and sulfuric
acid. The formation of an optically active l-alkyl-S5-sminotetrasole
under these oconditions would be predicted on the basis of the mechanimm
proposed for this reastion,

Preliminary studies were made using bensyl cyanide to determine
the effect of variations in reaction temperature and order of addition
of reagents on the yield of l-bensyl-S-aminotetrasole. The nitrile
chosen for the main part of the study wvas o(-ethylospronitrile, since
the corresponding inastive tetrasole had already been prepared by this
method (2), and procedures for the resclution of o{-ethylcaproic acid
and preparation of the active nitrile were kmown (3,4,5).
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DISCUSSICN

The formation of S-smimotetrazole and some of its substitution
products has besn observed in a mmber of reastions, Thiele (6) was
the first to deseribe ocompounds of this type when he neted the formation
of the parent compound, S5-sminotetrasole, when smimoguanidine was
treated with nitrous acid, A rather wnstable guanylaside was formed as
an intermediate in this reaction,

B > S > n.n-g\ qga

|
Although this resstion has not been applisd to the preparstion of

ether S-aminotetrasoles in which the smimo group is wnsubstituted, it
has been used with seme success in the preparation of a number of sub-
stituted derivatives, For instance, Busch and Bausr (7) have desoribed
the preparation ef l-aryl-5-srylasinotetrasoles from N-¥ '-diaryl-N'
‘eaminoguanidines on interastion with nitrous eoid,

Gﬁuim.& (c.n.m-g;l-c.n.] Coﬂa-lﬂ-g\l,;-c-ﬂ.

Similarly the intersction of N-nitro-M'-suinoguanidine and nitrous
acid has besn reported to lead to the formation of S-nitroaminotetre-
sole (8).,

NONH-CAH —> NO-NH-CHH — NOJNH-G -—?

NHNH, N, n\' x



In this laboratory, Nemetlyl-N'-sminoguanidine has been obssrved
%0 give l-methyl-S-aminotetrasole on treatment with nitrous aeid (9).

cn.-’g‘g' cn,ua«r‘;m CHy :;g-m.

The formation of S-mminotetrasols by addition of hydrasoic asid to
cysnamide was described by Hantssch and Vagt (10)., The applisation of
a similar reaction to momoalkyleyananides and to dulkylcytn-idﬁ has
been observed to lead to l-alkyl-S-aminotetrasoles and S-dialkylamino-
tetrascles, respectively (9),

an s, (2,05 40) — 4,84 - i
a ‘ ‘ \' y-

A progedure of somewhat different sharacter has besn deseribed by
Stolld (11,12), It invelwed treatment of N-substituted thiourea
derivatives with sodium aside in the presence of lead oxide or lead
carbenate in a carbea diexide atmosphere. Under these eonditions phenyl-
thicurea was observed to give l-phenyl-S-aminotetrasole and N X'-diphenyl-
thicurea gave l-phenyl-S-phenylsminetetrasole. The sequence of reastions
has been represented as inwlving the initial conversion of the thieures
into a substituted carbodiimide follewed by addition of hydreseis asid
to the carbon-nitrogen unsaturation.

C ofiq JHC SNEC gl —7 C gHall«C =liC oy “—>°M-g-l°.!-—-> c.mn-g - foﬂ.
» -
CoHgNHCSNH, — CligheCHH — G.H,lti- —7Cellg~¥ - g-m,
3 "\\ J
|
More ressntly, von Braun amd Keller (1) have studied the reastion

between alkyl and aryleyanides and hydrasoic acid in the presence of



sulfuric acid. It was the hope of these investigaters to prepare S-alkyl
and S-aryltetrasoles in this way, Hjdrasoiec aeid had been observed to
add to the earbom nitrogen unsaturation of hydrocyamic ascid (13),
cyamogen (1h), cyanogen bremide and ethyl cyanoformate (15) with the
formation, respectively, of tetrasole, S-bramotetrasole and ethyl tetra-
sole-S~carboxylate. In the presence of sulfw-ic acid, however, the
reaction followed quite a different ocourse with the result that l-alkyl
and l-aryl-Sesminotetrasoles were formed from the alkyl and aryl cyanmides.

o)
RCH oy )7 n.: - %-ua.
¢ 5
Of the several methods for the synthesis of S-aminotetrasole
derivatives it will be observed that the von Braun and Keller methed
is the only one that inwolves a rearrangement and a shange of the positien
of attaclment of a substituent group, This reaction bas been used by
Herbst, Roberts and Harvill to prepare and study a series of l-alkyl~-
Se-aminotetrasoles (2). These authors have suggested that the migratiom
of the substituent group inwlves a typical 1,2 shift similar to that
postulated for other common resrrangements inwlving adjasent ¢arbon
and nitrogen atoms such as the Beckmann, Curtius, Hofmann, lLossen and
Sclmidt reactions. On this basis they have postulated tetrasole fore
mation agcording to the following mechaniem:

an B% 8 e M [ﬁf&.]‘;'z_g

[ l‘l-c-ux]’ ——f'!i)[“lg-m i !1: i
. i B’ NH-NE "’




If the above picture is the correct one, it should be possible to
obtain an optisally astive tetrasole by starting with an optisally
ective nitrile.

In the study of the mechanisms of such rearrangements the uss of
optically active compounds has been particularly rewarding. It is
essential that the asymmetry of the migrating group should involve the
point of attachment. Under this condition it has been aspuned that
complete detachment of the migrating group during the course of rearrange-
ment would lead to racemization of the group, and formation of an
optically active product has been asmumed t0 indicate that the migrating
group has never been sompletely detached from the moleoule, In all cases
that have been carefully studied, optical activity has always been
observed in the products. |

Jones and Wallis (16) showed that the Curtius rearrangement of
(#)-bensylmethylacetaside gave (+)-phenyliscpropyl-isocyanate., With
samonis the isoeyanate was converted into the eorresponding (+)~-N-phenyl-
isopropyl urea,

0 Hy
J,—?C.ﬂ.ﬂﬁ.-ﬁ «NC0 + Ny

%‘“s

c.u.cn.-gfingm.

FEO 7
c.n,cu,-g e

8imilar studies on the Curtius rearrangsment were done with the
asides of (+)=hydratropic asid (17) and of both (¢)= and (=)=6~mitro-
2-methyl-diphenyl-2'~carbexylic acid (18). Optical astivity in the
former instance is dus to the presence of an asymmetric carbon atom while



in the latter case resiricted rotation about a carbonecarbon bond gives
rise to molecular asymmetry, There was no evidence of racemization in
any case.
Wallis and Dripps (19) prepared (+)-N-phenylisopropyl urea through
the Lossen rearrangement of (+)-benzylmethylacethydroxamic acids
ColoCHy 0 o — C.H.CH.-EB:I-C-OE.L7

¢ag 0O
c.s.cn-g ~NiC -NH,
The substituted urea from the lossen rearrangement of (+)<benszylmethyle
acethydroxamis acid (19) was identical with the product cbtained after
the Curtius rearrangsment of (+)-benzylmethylacetaride (16). Solutions
of equal concentration of both products gave the same rotation values
within the limits of experimental error,

The Lossen rearrangement has also been studied using (+)-phenyl-
methylacethydroxamic acid (20). The product retained its optical
activity in this case too,

A number of studies on the Hofmamn rearrangsment have been made
employing (+)-bensylmethylacetamide (21), (+)-hydratropamide (22), and
the amide of (+)-2,5-dinitre-6-(cC ~naphthyl)-benzoic asid (23). This
last exsmple is an especially interesting case, since the optical
aotivity is due to restriction of rotation about the bond between the
phenyl and naphthalens groups., If the group inwvolved were ever completely
free during the shift from carbon to nitrogen, at least partial racemisa-

tion should take place. Since the product had a very large specific



rotation which did not change upon recrystallisation, it was concluded

that no racemization had oecurred, and that the migrating group had

never been ecompletaly fres,
50,

<NH, gl X< OgK MH, +CO,

The Becimann rearrangement of several - optically active oximes
has been studied by Kenyon and his co-workers (17,20). Both (4)-methyl-
Y -heptylketoxime (17) and (+)=cl-phenylethyl methyl ketoxime (20) were
rearranged to the corresponding amines with over 99X retention of optical
sotivity, Using the latter as an example:

cant Yam  cadmd g,
CHy

Since the formation of S-aminotetrasole derivatives from nitriles
has been assumed to involve a typical 1,2 shift similar to that observed
in the reactions just dissussed, a study of tetrasole formation from an
optically active nitrile was undertaken to establish this relationship
more firmly, The example shosen was the sonversion of optically astive
Kesthyloapronitrile to 1-(3'<heptyl)-S-aminotetrazole. The inactive
form of ths product was known, since it had been prepared by Herbst,
Roberts, and Harvill (2). Furthersore, o -sthylocaproic acid was com=
msroially available, {te resolution into the optically astive forms had
been desaribed (3,5), and the transformation of these latter to the

optically active nitriles had been reported (L).



The resolution of ol~ethylcaproic acid was accomplished by re-
peated orystallization of its quinine salt from 50% asetons. The yield
of (-)=ol=ethylcaproie acid obtained in this way was lower than expected
from the report of Kenyon and Platt (5). Since the Quinine salt is
readily solubls in acetone, this low yield is probably due to the use
of exsess solvent in the later recrystallizations., Some difficuliy was
experienced in obtaining slew development of crystals. If the wmrm
saturated solution was allowed to cool undisturbed, the quinine salt
separated as an oily layer, which sclidified to a hard cake on stirring
or seeding. On the other band, seeding of the solution while it was
still very warm was not feasibls, since the added crystal merely dis-
solved, The material used for seeding was prepared in a preliminary
small-scale run and recrystallized six times,

Kenyon and Platt (5) had reparted the melting point of the quinine
salt of (=)=ol-ethylcaproic acid as 64=65°C, We have observed that the
melting point was subject to considerable variation depending on the
extent %0 which the salt was dried, An siredried sample that melted at
67-7T1°C. was found to melt at 107-108°C, after drying in a vacuwm
desiccator. The salt appeared to be hygrossopic sinoe the melting point
of the vacume-dried material was lowered after exposurs to the atmosphers
for a day,

It was found necessary to dry the recrystallised salt sompletely
before regenerating the acid, eince a sticky mass was formed when acetons
was present at the time of addition of sodium hydroxide solution.



The (=)=gl-sthylcaproic acid was converted to its chloride by
treatment with thionyl chloride, The crude chloride was distilled only
once and used immediately to prepare the amide, The crude amide in turm
was dehydrated to the nitrile by means of thionyl chloride without iso-
lation or purification, The scheme cutlined above follows the procedure
of Levens and Xuna (L) and leads to a satisfactory yield of the (-)-nitrile.
In preliminary runs, an attempted variation in the preparation of the
acid chloride resulted in partially or completely racemized nitrile, The
reviged procedurs involved refluxing of the reaction mixture with heat
supplied by a micro-burner, whereas ths original, and successful, pro-
cedure allowed the resétants to stand togethsr overnight before heating

under reflux on a steambath for one hour,

c
c.u,.g'ﬂfcom s, c.a,-%'afcocl Fa c.a,-g'n:cm. Xy,

'_g-!-
CeHot <CH

Herbst, Roberts and Harvill (2) prepared l-alkyl-S-aminotetrasoles
by adding sulfuric acid to a bengene solution of the nitrile and hydra-
soic asid, Since the principal by-product of the reaction was the amide
corresponding to the nitrile, it seemed possible that amide-formation
might be minimized by changing the order of addition of the reagents.
Preliminary experiments with bensyl cyanide showed that the order of
addition of the reagents did not markedly affect the yield of l-alkyl-5-
aminotetrasole. Howesver, in practice, it was found convenient for the
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final ssall-scale reastion with g{-sthylcapronitrile to add the mitrile
to a mixtwre of hydrasoic acid dissolved in bemsene and sulfuric asid,

Although the ylelds of tetrasole derivatives are low dus to the
formation of the corresponding amides, in this sase difficulties in
separation and purification of the product lowered the yield still more,
The organic materials can be separatsd from inorganio salts satisfastorily
by extraction with isopropyl alsohel, However, evaporation of the extrast
leaves a dark red, waxy mass which does not erystallise from either asetic
asid or isopropyl alcohol, Use of n-heptane as & orystallising solvent,
as suggested by Herbst, Roberts and Harvill, did not give a good separe-
tion from the amide, since the latier dissolved mere readily in hot
selvent than the desired product. However, cold n-hsptane proved suwecess-
fol in eansing the formation of erystalline material from the origimel
wax-like residus, The slwrry of ocrystals so formed was then decanted
and filtered. Repetition eof this process reduced the residus to a very
small smount of highly eolored material, The ¢rude erystalline produst
recsrystallised readily frem eacetic acid, but here again, no satisfactory
substitute was found for mechanical separation ef the solored impurity
from the surface ef the ecoling mixture., This pwrification procedurs
leads %o meshanical loss, but attempts to improve or simplify it have so
far been unsuccessful ,

The levorotatory o(-ethyloaproic acid gave a levorotatory nitrile,
which furnished a dextrorotatory tetrasele dcriuun, with & melting
point significantly higher than that eof the inactive product, This
tetrazole derivative has not previously been prepared in optically active






form, and no method for resolution of the inactive compound is avail-
able. Consequently, it is not possible at present to show conclusively
that no racemisation took place during this rearrangement, Howsver,
the optical activity of the product obtained supports the mechanimm
suggested by Herbst, Roberts and Harvill,

Throughout the studies on the related rearrangements mentionsd
above, the suggsstion has repeatedly been made that configuration, as
wll as asymmetry, is retained in the migrating radical, The evidence
in favor of this view is reviewed by Kenyon and Young (17) and also by
Lane and Wallis (24,25). The conclusion is drawn that configuration is
retained in all intramolecular rearrangements. To this evidence might
be added the summary given by Campbell and Kenyon (20), in whieh they
show that (+)-hydratropic acid has been converted, by means of suitable
intermediates, to the same (=)=ol~phenyl ethylamine through the Curtius,
Hofmann, Lossen and Beckman rearrangements, with better than 99%
retention of asymmetry in all eases exsept the Hofmann, where the drop
to 95,64 retention of optical activity is explained by enolisation, The
most conclusive evidenoe is reported by Lane and Wallis (2k), who
carried out a Wolff rearrangement of an optically active diaszoketone,
and degraded the product to the same acid used to prepare the starting
diasoketone. In this cycle the only step involving the asymmetric center
was the rearrangement {tself, Since no inversion was observed in the
cycle, the rearrangement procesded without inversion.

On the basis of this evidence, it seems quite probable that both
asymmetry and configuration are aleo retained in the formation of
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optically active l-alkyl-S-aminotetrazoles, though rigid proof is
impossible in the absence of an independent synthesis of the optically

active product.



EXPERIMENTAL
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EXPTRYMPNTALL

BReagents

Sodium Aside was obtained from E. I. Dupont delemours and Company,
Explosives Division,

Hydrasoic acid solutions in bensene were prejared by treating a
vigorously stirred sludge of equal weights of sodium aside and water
under bensene with concentrated sulfuric asid, added slowly, while the
temperature was kept belew 25°C, The bensene solution was separated
from the aquecus sludge and dried over sodium sulfate, The concentration
of the hydrasoio acid depended on the volume of bensens employed ani was
determined by titration of an aliquot of the densene solution with a
standard aqueous sodium hydroxide selution using phenolphthalein as
indicator,

Benzyl cyanide was obtained from Eestman Kodak Company,

ol ~Ethyloaproic aoid was obtained from the Distillation Products
Industries, Division of Eastman Kodak Company.

1-Bensyl-S-aminotetrasole

cu‘ocaa‘g - %’ma

iy
|

1 All melting points are uncorrected, unless otherwise stated.



Method A ‘

Benzyloysnide (29 g.) and 250 ml, of & 13.1% selution of hydrasoic
acid in bensene were placed in a one-liter three-necked flask egquipped
with thermometer, mechanical stirrer, and dropping funnel. The ther-
mometer was held in & glass tube with a side-arm open to the atmosphers,
and the dropping funnel was extendsd by means of a thick-walled capillery
tube which dipped below the surface of the hydrasoic asid solution,
Concentrated sulfuric acid (75 ml.) was added slowly with stirring, and
reaction temperature was oontrolled when necessary with a cold water
&th. Stirring ws continued about eight hours after addition of the
sulfuric acid was complete., The acid layer was separated and diluted
by pouring over ice. The reaction flask and fumel were rinsed with a
amall smount of sulfuric acid, which was added %o the diluted mixture,
Thii solution was neutralised to litmus with 50% potassium hydroxide,
eooled, and filtered, The filter cake, which consisted of the product
mixed with much potassium sulfate, was extrasted with hot isopropyl
aloohol, The alcohol extract was evaporated to a smaller volume, cooled,
and the crude product filtered off. The filtrate was then evaporated
further to give a second erop. Apparently the corresponding amide is
more soluble in isopropyl aloehol than the tetrasole, since the first
orop consistently shows a higher melting point than later ones., A typi-
eal preparation gave the following erude yields 12,3 g., m.p. 187-190°C.
and 2.0 g., m,p. 163-183%,

The erude produst was recrystalliged from isopropyl aleohol, In
some runs, the hot aloohol solutions were decolorised with sharccal
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before filtering. Yields by this method were 21-27% of theory. Twe
runs were made at 30-35%., one at 20-25°C,, but no significant effect
on the yleld was noticed. Melting points after one recrystallisation
of the first orop varied from 187-189°C, to 169-191%. (Herbst, Roberts,
and Harvill (2) give 186.5-187.5°C.) However, percentage yields include
all once-recrystallised produsts melting at 180°C. and above,

thod B
Apparstus and quantities used were the same as in the above noﬁhed.

The solution of hydresolc acid in bensene was placed in the flask and
stirred rapidly while first the sulfuric acid, then the bensyl cyanide
were added, with the temperature controlled at 20-25°C, Total addition
required 15 minutes and temperature control was much easier than in
Method A, Stirring was continued nine hours longer, with temperature
controlled below 25°C, From this point on, the reaction mixture was
treated as desoribed above, The crude yleld was obtained in two cropss
7.5 g. melting at 170-186°C., and 4.3 g. melting at 167-170°, Accidental
loss of one of the fractions prevented comparison of yields on the
purified material, but the crude yield is clearly mo better than in
Nethod A, and may be somewhat lower,

Resolution of A-ethylcaproic acid (3,5)

A five-liter flask equipped with a reflux condenser was charged

vish L50 g. of quinine, 173 g. of X~ethyloaproic acid, 900 ml, of acetone
and 900 ml, of water. The mixture was heated on the steambath until the
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quinine dissolved, the solution was clarified with a smsall additional
amount of acetone, and allowed to cool, While the solution was still
alightly warm, it was seeded with the Quinine salt of the (-) acid,
obtained from a preliminary smallescale ﬁm, and allowed to stand overe
night,

The salt which orystallised was filtered and recrystallised six
times from 50% scetons, with a decrease in the n@unt of solvent each
time. The yleld (50.7 g ) was lower than expected, probably dus to
exsess solvent in the later recrystallisations,

The quinine salt has a strong tendensy to separate as an oil,

If the mixture is -uirl;d or soratched after it has cooled and separated
into two layers, the oily layer may form & hard solid cake, diffiocult
te remove from the flask,

The melting point of this salt depends largsly on the degree of
drying. 8ome material, recrystallised six times and dried in a vaouwm
desicoator melted 107-108%C,, while material allowed to dry in air melted
67-T1°C. If the orystals are dried in a vacuum desicator and then ¢

-

f{:uxf - a"'? M

exposed to the air, the melting point again drops,

The dry quinine salt (9L g.) was stirred in an cpen beaker with a
selution of 20 g, of solid .odiu hydrexide in 500 ml, of water. After
standing & while, the mixture was filtered by suction and the filter
oake again treated with a selution of sodium hydroxide as before., After
the second filtration, the filter cake should consist of resovered
quinine, The combined filtrates were acidified to Congo Red and extracted
with ether. The ether extracts were dried over anhydrous sodium sulfats,



17

the ether removed at reduced pressure, and the acid distilled, b.p. 108-
114°C, at 2L zm. Heating was done through an oil bath maintained
160-165°C, The yield was 14.8 g.3 [of ]°-1.9h° at room temperature,

Inactive o(-ethylcaproyl chloride

A two-liter flask equipped with dropping fumel and reflux condenser
was charged with 20 g. (148 ml.) of thionyl ehloride, The thionyl
e¢hloride was heated to reflux temperature; the flame was removed, and
206 g, of inactive o{~ethylcaproic asid ws added slowly over a period
of 20 minmutes, The mixture was reflumed with & free flame for two hours,
then distilled at reduced pressure. 7The main distillate was colorless,
b.p. 77-76°C. at 26 mm, The yleld was 188,7 g. (77.6% of sheory),

Insctive o{-ethylcaprenitrile

The inactive o(-ethyleaproyl echloride (188.7 g.) was added dropwise
with stirring over a period of four hours to 600 ml, of alechol saturated
with ssmonia, with tbe temperature kept belew 5°C. by means of an 1ce-
alochol bath, The precipitate ef mmonius chlaride was filtered off,
and the aloohol removed from the filtrate under redused pressure with
8light warming on a steam bath, The ammonium chloride filter cake was
vwashed with bensene, and the washings added to the residue lsft after
evaporation of the alcohol, The bensene was then removed under reduced
pressure. The erude amide thus obtained was dissolved 4in 260 ml, of
thionyl chloride and reflumed one hour on the steambath, Thionyl chloride






18

was removed at redused pressure and the residue was dissolved in ether,
washed with three 100-ml, pertions of water, and dried over anhydrous
sodium sulfate, After filtration, the ether was removed at recuced
pressure and the residue distilled. The main fraction boiled 100-102°C,

at 27 mm, The yleld was 106.9 g. (73.7% of theory based ¢n acid chloride).

(<)~ ol~Ethylcaproyl chloride (L)

(«)-ol-Bthyloaproic scid (1L.L g.) was added with ewirling to
135 ml. of thiomyl chloride and allowsd to stand overmight, then refluxsd
two hours on the steambath, Excess thionyl chleride was removed at re-
duced pressurs and the asid chleride dietilled, b.p, T7-78°C. at 28 mm,
(011 vath temperature 127-140°C,) The yield was 14.9 g. (91.hS of th-irr).

(=)= ol=Ethyloapronitrile (k)

(«)= A=Ethylcaproyl ohloride (1L.9 g.) was added slowly, over 20
mimites, to 50 ml, of 95% ethyl aloohol saturated with ssmonis, while
mixture was maintained below 10°C, in an ice-salt bath, Ameonium chleride
was filtered off, and the aloohol filtrate evaporated to dryness under
reduced presagure, The smmonium chloride was washed with bensene and the
.oiution added to the solid residue from the alcohol filtrate, The result-
ing mixture was again evaporated to dryness, The crude amide thus ebtained
was refluxsd one hour on the steambath with 25 ml, of thionyl ehloride,
After filtration, exvess thienyl chloride was removed at reduced pressure,
The residue was dissolved in 25 ml, of ether, washed with three 10 ml,
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portions of water, and dried over anhydrous sodium sulfate, The ether
was removed at reduced pressure and the nitrile distilled, b.p. 77-78%,
at 18 mm, The yleld was 5.8 g, (50.L% of theory from acid ehloride);
[oL],-9.85° at room temperature.

(+)=1 (3'=heptyl)-S-amimotetrasole

In a preliminary preparation of the tetraszols, a 36 g. sample of
partially resolved acid, [oL]+1.2°, was cenverted to the acid chloride
by the method used with the inastive acid, The yleld was 37 g. (91.Lg
of theory); b.p, 105-109°C, at 75 mm, The acid chloride was converted,
by the above procedure to the corresponding nitrile, b.p. 74-78%, at
16 mm. The yleld was 21.5 g., [ ];+0.2°. The nitrile was converted to
1-(3'heptyl)-S-aminotetrasole by the method described below for prepara-
tion of the dextrorotatory compound. The yield was 3.7 g., m.p. 147~
146°C. A one-grem ssmple in ethanol exhibited no optical activity, The
melting point of this material was the same as that of the inactive
tetrazole derivative. The melting point reported for the insstive tetra-
sole derivative is 146-146.5%. (2) .

A 14,25 solution of hydrasoio acid in bensens (LS ml,) was placed
in & 300 ml, two-necked flask equipped with a dropping funnel and ther-
mometer, arranged as described for the preparation of l-bemsyl-S-amino-
tetrasole. The flask was swirled in an ice bath during the gradual
addition eof 13;5 al, of concentrated sulfuric acid, followed by 5.4 g. of
(=)= ot-ethyloapronitrils ([« ], =9.85). The dropping funnel was then
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‘replaced by a mechanical stirrer, and the reaction was stirred overnight,
The temperature was maintained at 20+30°C, with & water bath,

The acid layesr was separated, diluted with ice, and neutralized teo
litmus with 50% potassium hydroxide, After cooling, the resulting mix-
ture was filtered and the filter cake extracted with a total of 100 ml,
of hot isopropyl alcohol, This extract was evaporated to dryness at
reduced pressure. | The 80lid residus was rinsed out of the flask with a
saall amount of n-heptane and the slurry of cmnln_tomd was decanted
from the lower layer of yellow oil. Small amounts of heptans were added
%o the oil and decanted wntil mo more erystals were obtalnsble. The crude
product (3.2 g.) ws filtered, dissolved in 1L ml, of 50% acetic aoid,
filtered, and treated with 7 ml, of water. The solution was heated on
the steambath until clear and allowed to 0ol slowly. As the solution
cooled & red, waxy material separated and sollected on the surfase,
After this material was removed mechanically, the desired product separated
fyom the raiaining solution as colorless crystals. On repeatad treatment
of the red, waxy material with @ mixture of L4 nl, of water and 2 =l, of
ghcm acetic acid, further separation of the product from the eolored
impurity was accomplished, The several fractions of ecolorless product
were eombined, washed with water and air-dried, m.p. 153-156°C,, yield
1.6 g.

This product was recrystallised a second time from the same solvent
mixture, filtered on a sintered glass funnel, and dried 4O minutes at
100°C,, m. p. 156-157°C, The yleld was 0.8 g. [¢]1+9.05 (in ethyl
aloohol),
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anal,l Caloulated for CofyqNgt C, 52.42%; H, 9.35%; N, 38.21%

Founds C, 52.47, 52.35; H, 9.13, 9.20; ¥, 37.93, 37.98

Optical rotation

All readings were taken at room temperature using a one-decimeter
tube and the sodium D-line, Readings on the acid and the nitrile wers
made on the hamogeneous liquid. The tetrascle sample was dissolved
without heating in 95% ethyl alcohol to make 10 ml, of solution,

Substance Reading [=1n

(=) «cl-ethyleaproic acid -7.17 -7.94

(<)=olrsthylcapronitrile «7.94 -9.85

(+)=1(3'-heptyl)~S-aminotetrazole 40,68 +9.05
(0.7511 ¢g.)

1 Analysis was dons by Micro-Tech Laboratories, Skokie, Illinois,
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SUANARY

1, An optically active l-alkyl-Sesminotatirazole has dbeecn prepared by
the reaction of an optically active nitrile with hydrazoic acid in

the presence of sulfuric acid.

2. This cbservation supports the idea that the rearrangement involved
is intramolecular and proceeds by a mechanism similar to that
currently accepted for the Hofmann, Lossen, Curtius and Beckmann

rearrangements .
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THE STLURZSCENISTHRY OF THS FORIATIVN OF

AL LHUTSTRAZOLES Frod K19k 1LE3

The l=alkyl-5~aainotetrazoles nay be formed from a nuaber of different

starting matericls. Of the reactions employed, only one ianvolves a
rearrangement and a change iﬁ the position of attachaent of a sud=-
stituent groupe This 18 the reaction between alkyl and aryl eyanide®
and hydrazoic aeid in the presence of sulfurie acid.

a m
RCH 2

> Reli= @=Lifip
(t2804) R N
R
A mechanisea for this reaction has been suzzested by Herbet, Roberts

and Harvill, as follows:

+ +
i HN3 Ng “Ng
KCil —-)Eig 8 mﬂ —=—7 | Heli=holi] —

*
— +
a, | mg s -H" Rell = Geie
,u-c-mij — 2 5] Yegmtt | — ko4
H

R/ iLi=NmK '
The migration of the substituent group involves a typical 1,2
shift similar to that postulated for other common rearrangenents in-

volving adjaocent sarbon and nitrogen atoms such as the 3 ecimmenn, Curtius,

Hofmann, Lossen and Schaidt reactions. If the above picture ie the correct

one, it should be poseible to obtain nu ostically active tetrazole by
starting with an optically active nitriles The example chosen waus the
eonversion of optically active o{=ethylcapronitrile to l=(3'=heptyl)=-

Y=aminotetrazole.



The resolution of ofethyleasroic acid was accomplished by reseated
crystallization of its quinine ealt from 5b % acetonees The (=)=ol=ethyl~
caproic asid thus obtained was converted to its chloride by treataent with
thionyl chloride. The crude shloride was distilled only once and used immedi-
ately to prepare the aanide. The crude azide in turn was dehydrated t0 the
nitrile by means of thionyl chloride without isolation or purification.

The levorotatory nitrile, on treatment with sulfuric acid and a solution
of hydrazoie acid in benzene, ylelded dextrorotatory 1{3‘'~heptyl)-S~aaino-
tetrazole. This tetrazols derivative has not previously bsan jyrepared in
optically active fora, and no mothod for resolution of the inactive
compound is available, Consequently, &t e not posocible at present te
show conclueively that no racaalzatlion took place during this rearrange=-
monte. liowsver, the optical activity of the »roduct odtuinad supports the
nechaniss sugsested by lsrbet, fobsrts and Harville. Consideorable svidence
hgn been presonted to show that the relatasd arranzements mentioned above
;rooaod with retention of configuration ae well as asyxotry.

{n the basie of this evidence, it saous gquits probable that both
asyzmetry and confizuraticn ars also retained in the formation of optieanlly
active l=alkyleSeazinotet-:-ola~, “nouzh rigid proof is impossidle in

the absence of an indssendent synthesis of the optically active product.
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