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€6 4 true local anaesthetic is a compound which
produces temporary paralysis of sensory nerves or
nerve endings in concentrations much lower than those
reguired to act upon any other tiesues.”® A. J. Clark.

The real introduction of local ansesthesia into

'the practice of medicine and surgery dates from the
‘demonstration of the use of cocaine solutions in oph-

!thalmological surgery by Karl Koller of Vienna in 1884.

!W. S. Halsted (later of John Hopkins University) inves-

‘tigated the effect of injection of cocaine solution intp
|

;the vicinity of nerves, and in 1885 was able to report
|successful local anaesthesia in over one thousand sur-
gical cases.

Unfortunately, cocaine, whilst still the standard

with which other local anaesthetics are compared, has

two great drawbacks in its clinical use. It is toxic

and it tends to be habit-forming. Moreover, it cannot

|be sterilised without decomposition.




o |

Bver since the introduction of local anaesthesia,

attempts have been made to discovef substitutes for

cocaine, which,whilst equally effective, would lack
these disadvantages. The majority of the compounds
tried have been synthetic. The perfect local anaes-
thetic for all purposes has still to be found.

Widely varying types of molecule have been found,

|in many cases by accident, to be local anaesthetics.
Several series of compounds, with groupings of known
activity in common, have been prepared, with a view to

‘determining those configurations in which the greatest
lactivity is associated with the minimum toxicity.

‘ Unfortunately, the biological testing of local

‘anaesthetics has reached no great standard of accuracy.l

'Seversal procedures are in use, each of which yields a
|different value for any one drug. Further, the personal
|factor plays a large part in determining the values

found by any one method. From a review of the avail-

iable data, T. H. Rider (J. Pharm., Balt., 1930, 39, 329)
Ecame to the conclusion that no two drugs can be accurat?-
ly compared unless both compounds have been tested by !
the same worker and by the same technique. !

It is thus impossible to draw general conclusions

as to the relationship between chemical structure and

local anaesthetic action. At best, the effects of

changes in constitution can only be deduced for a groupi

of compounds examined by one worker, and even then it should
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|
|

be borne in mind that, by the standards of a science

Isuch as chemistry, the results are only qualitative.

| 7 |
Methods of assaying local anaesthetics are described in

Section IV,

|
|
. |
| As no useful purpose would be served by giving a ‘
' |
full account of all those compounds with local anaes- |
thetic action, a very brief summary only will be attemp%

ted here. In one point all local anaesthetics of any i

‘importance do resemble each other, and that is in the
|
presence in the molecule of an amino-group. They are

'generally used as water-soluble hydrochlorides.

Closely related to cocaine itself (methyl ester of

benzoyl-tropanol-4-carboxylic acid) are psicaine (¥;—

cocaine) and tropacocaine (benzoy1—¥;~tropanol), in
|

‘which the different spatial cohfiguration of the tropan#
!nucleus favours desirable properties. l

CHp - O —— (I‘,H C00. CHgy CHg = ?H = clzﬂa

| N.CHg CHO.OC. CgHg N.CHg CHO.OC. CgHs
CHp - (I}H — éﬂz CHp - EI}H— (’}Hz

Cocaine and psicaine Tropacocaine

Esters of aminobenzoic acids have been found to

'possess local anaesthetic action. Those containing

: |
‘amino-groupings in the side-chain, being more soluble, I
| |
are of greater value as cocaine substitutes. They |

. |
resemble cocaine in having the benzoyl radical attached



to a basic residue. Many of the cocaine substitutes on
the market are of this type. Novocaine (procaine) is
the least toxiec of all local anaesthetics in general

use. In the simpler compounds, increase in size of E
the N-alkyl-radicals appears to be associated with in-

creased activity, n- being more effective than iso-.

The number of carbon atoms between the carbonyl and di:
alkylamino groups seems to be immaterial, but, if any-

thing, the optimum number is two as in novocaine.

H2N© C00. CaHg Hgn@ C00. CHp. CHy. N(CoHjg)

Anesthesine Novocaine

0o

ethyl p-aminobenzoate 3-diethylaminoethyl p-amino-

benzoate
HQNO- 00. CHg. CHg. CHg. N(CyHo ) 3

Butyn

7-—diﬂn-buty1aminopropml p-aminobenzoate

=

The relationship between the chemical constitutiol
and local anaesthetic action of alkamine esters of p-
alkoxy-benzoic acids, RO.CgHa.C00.CHg. CHy. NRS, has been
recently studied by C. Rohman and B. Scheurle (Arch. |

Pharm. , 1936, 274, 110). It was found that increase

w

in size of the alkoxy-group was accompanied by increas

in activity, straight chains being more effective than

branched. Increase in size of the N-alkyl-radical

(R') further increased the activity of the molecule.

One of the most important cocaine substitutes, i
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percaine (nupercaine), has quite a different structure
from any df those described above. It is fifteen timesp

as strong as cocaine, but five times as toxic.

CO-NH-CH;CHN(C,H),

5 OCH,

Percaine

| K-butoxycinchonin-f3-diethylaminoethyl-amide.
|
A derivative of p-phenylene-diamine, prepared by

Fourneau and Samdahl, is claimed to be twenty-two times

more potent than cocaine.

Other anaesthetics containing no benzoyl groups

are the derivatives of }f—diethylamino16-hydroxypropoxy
benzene, CgHs. 0.CHp. CHOH. CHg. N(CoHy) g, studied by

’Boedecker and Ludwig (Z., 1934, ii, 3787), who found that
rintroduction of alkyl and alkoxyl residues into the phen-
¥1 nucleus increased the anaesthetic action with increas-
;ing length of chain. The 2-n-propyl=-6-n-butoxy-derivar

tive was twenty times as potent as cocaine.

Hartung and Munth (J.A.C.S., 1929, 51, 2570) found|
p-aminophenyl n-valeryl ketone, NHg. CgHas CO. (CHz) 4. CHg ,
'to be much stronger and less toxic than cocaine. The |

benzoyl radical is present in this compound in a differ
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ent state of combination to that in cocaine and novo-

caine.

@~Piperidinoethyl phenyl ketone, prepared by C.

by chance to be a local anaesthetic. Since then,
Mannich and his co-workers have synthesised a great man
similar cowmpounds, of the general formula
R. CO. CHg. CHo. NRg, HCL
'where R = phenyl and alkoxyphenyl and NRy; = piperidino,
dimethylwnino and diethylamino. Dialkylamino-derivat-
ives of cyclohexanone were also prepared.
CHg
S
CHg CH. CHg. NR% , HC1
éHa éo ‘

o
CHg

All these compounds are to a greater or less extent

derivatives of the alcohols are, however, very potent,

(but also exceedingly irritant.

B-piperidinoethyl pyrryl-2 ketone to be a local anaes-

thetic, H. K. Sinha (Ph.D. Thesis, University of

Mannich and G. Heilner (Ber., 1922, 55, 356),was found |

local anaesthetics. Unfortunately, they are frequently

irritant. Reduction of the ketones to the corresponding

secondary alcohols destroyed their activity. The benzoyl

Blicke and Blake (J.A.C.S., 1930, 52, 235) obaerve?
|

Edinburgh, 1936) examined ¢(d—piperidino~- and B-dimethyl-



|
|

:amino-ethyl thienyl-2 ketones, which proved to be no
stronger, but more toxic than cocaine. This is in cons
trast to the observation that the phenyl gfouy in some

of the well-known cocaine substitutes can be replaced |
with advantage by thienyl (Ann., 1924, 43%, 14). |
, 1:5—Dipheny1-3—(@-piperidineethyl)-pyrazoline was
idiscovered to have a local anaesthetic action about five
times as great as that of cocaine, the toxicity being |

twice that in the latter. It will be noted that this

compound is the first described which contains no oxygen.

061{5' CH - CHE"‘H.
| C. CHg. CHze NCsH; o
| Colige N — N==

1:5-diphenyl-5-(ﬁ-piperidinoethyl)-pyrazoline |

Many pyrazolines of this type have been tested by H. K.

'Sinha (loc. cit.). From his figures, the following con-
clusions may be drawn.  Alkoxyl-substitution (m- and p+)
in the phenyl group at position 5 doubles the activity

of the pyrazoline, while reducing its toxicity and irr-

litation to those of cocaine. Substitution (m- and p-)

lin the N-phenyl group has almost as much effect on the |
|
!activity, but causes no increase in the efficiency of

compounds already substituted in the 5-phenyl nucleus,

and may render them more toxic. In all cases, replace#
|

ment of the piperidino residue by dimethylamino reduces |

the strength and slightly increases the toxicity. Re-i
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placement of the phenyl group in position 5 by furyl-2

reduces the strength of the anaesthetic by half.

i
The following table gives the therapeutic values ok
some of the drugs mentioned above. The figures for the

pyrazoline were taken from values given by Sinha (J.

Pharm. , 1936, 57, 199), and for the other drugs from data
‘collected by Hirschfelder and Bieter (Physiol. Rev.,

11932, 12, 190).

Therapeutic value = L e
a y
where a = minimum effective concentration of drug
b = " " " "W cocaine

: X = minimum lethal dose of drug
y = " " n w cocalne.

Therapeutic Value

Rabbit’s Human

Drug cornea wheal
Cocaine 1 1
Psicaine 2.5 2.5
Tropacocaine z 3.5
jNovocaine 1 5
iutyn 1.5 1.5
Percaine 25 o

ﬁ-?henyl-S-(@~pi eridinoethyl)-5- |
(3’-ethoxy-4’-methoxyphenyl)-pyrazoline 14 18 '
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It was thought it would be of interest to synthesige

B-dialkylaminoethyl ketones containing thiazole and

l

furane nuclei, with a view to examining their activitie

'as local anaesthetics. By preparing as many compounds|
:of each type as possible, it was hoped to gain some in- |
sight into the effect of variation of the dialkylamino
residue.

The synthesis of l-phenyl-3-(@-dialkylaminoethyl)-

5-thiazylpyrazolines was also planned. This proved

'impossible to accomplish, owing to difficulty in obtain;
ing the starting-material. In its place, the prepara-|
tion of 1l-phenyl-3-(3-dialkylaminoethyl)-5-(o-n-alkoxy-
phenyl)-pyrazolines was undertaken, the results of recent
biological work suggesting that these would prove to be

very effective local ansesthetics.
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1. The Synthesis of!i-Amino-ggtones containing

Heterocyclic Nueclei.

[
The Mannich Reaction. It was desired to synthesise

‘ﬁ-amino—ketones containing thiazole and furane nuclei by

1

!condensation of appropriate methyl ketones with formal-

‘dehyde and the hydrochlorides of various secondary bases.

This reaction is a general one for carbonyl compounds
‘containing an activated hydrogen atom. It was first

'studied in 1917 by C. Mannich, who with his co-workers

‘has since extensively explored its possibilities. ‘

| 2 2 3 45 (1 2 3 a s
R.C0.CHR R + CHgO + HNR R —>R. +CO0,8R R +.CHge NR R + ﬁzo.

|
i In his first paper (Arch. Pharm., 1917, 255, 261),

‘Mannich described the condensation of dimethylamine L
e
{

!hydrochloride and formaldehyde (as formalin) with aceto
land with diethyl ketone, to give methyl p-dimethylamino
‘ethyl ketone and ethyl m-methyl-@-dimethyiaminoethyl

| ketone hydrochlorides respectively.
|
CHg. CO. CHg + CHg0 + HN(CHg)g,HCl—> CHg. CO. CHz. CHg. N(CHg)) g,HC1

| 3 + HFO.
|
CgHpe CO. CHp. CHg + CHpO + HN(CHg)g,HCL —> |

When diethyl ketone was condensed with formaldehyde
:and methylamine hydrochloride, a mixture was obtained,

!containing, among other things, a bis derivative and a
|
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breakdown product of the primary condemsation compound.

CpHs. CO. CHg. CHg + CHp0 + HoNCHg,HC1— CpHse CO. CH(CHg ). CHp. NHCHg ,HCL

+ CHpO + CpHs. CO. CpHs + Hy0
-HO l- Hp NCH )

|OgHg. CO. CH(CHs )« CHp_

| ) NCHg , HC1 CaHg. CO. C(CHg)s CHy
CgHs. CO. CH(CHg ). CHY

More recently other aliphatic ketones have been

condensed with paragformaldehyde and dimethylamine oxr

piperidine hydrochloride ' in aleoholic solution (C.
FMannich and W, Hof, Arch. Pharm., 1927, 265, 589). ThaL
the reaction between methyl ethyl ketone (at the methy-

lene group), formaldehyde and piperidine hydrochloride

is reversible was suggested by W. 0. Kermack and W. MuiT
(JoCeBey 1931, 3089), to explain the formation of 2:3- i
idimethquuinoline from pure(3-piperidinoiggpropyl methyi

ketone and o-aminobenzaldehyde.

-Plperldlno iso-propyl methyl ketan

S =2 + 2H50 »
CHO HzC.CHg |

2:5~D1methquu1nollne

The formation of amino-ketones from cyclohexanone *as

next studied (C. Mannich and R. Braun, Ber., 1920, 53,

1874), the ketone and formaldehyde being condensed with‘
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dimethylamine hydrochloride and with methylamine hydro-
chloride. In the latter case, a complicated product

'was again obtained.

CHg -'

CHa |
clzﬂg \(.,‘,Ha + CHg0 + }'J:N(CHE,),E,,H(:l_9 c':Hg \c':H. CHg. N(CHg ) g,HCL + Hp0
GHy | €U CEy - €0

SCHY Lo

The anaesthetic properties of these gyclohexanone
iderivatives has led to the preparation of many others by
:variation of the amine residue, both from gyclohexanone|
|itself and from its homologues (Abs., 1926, B, 514 from
G.P. 422,098; Arch. Pharm., 1927, 265, 598).

Carrying out the reaction in boiling alcohol, with

formaldehyde as parafor maldehyde, derivatives of aceto

phenone, p—methoxyacetophenone. 3:4-dimethoxyaceto-

:phenone and(6facetyltetrahydronaphthalene were preparedl
ione or more of the following amines being used in the
Icase of each ketone: piperidine hydrochloride, dimethyl-
amine hydrochloride, diethylamine hydrochloride, piper-

‘azine and isoquinoline (C. Mannich and G. Heilner, Ber.)

1922, 55, 3563 C. Mannich and D. Lemmering, Ber., 1922,
1585810 ) The hydroxy-analogues were obtained from

!the methoxy~compounds by treatment with hydriodic acid.
'In all cases it was found that thefz-amino-ketones could

by reduced to the corresponding secondary alcohols by

|
hydrogenation over palladium. Sodium and alcohol could
|
!
i
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not be used as they caused splitting-out of the amine
residue. The readiness with which this fission oeccurr-
ed prevented the purification of many of the free bases
(oils), decomposition taking place on distilling in

vacuo. In steam, the amine group was again lost.

p-CHgO. CgHg. CO. CHg. CHp. N(CHg) g— D-CHgO. CHy. CO. CHz CHp + HN(CHg)g-

p-methoxyphenyl A-dimethyl- p-methoxyphenyl vinyl ketone
aminoethyl ketone

HIl and Pd
p-HO. CgHy. CO. CHp. CHp. N(CHg ) g, HI p—CHSO.06H4.QHOH.CH3.CHa.N(CHa)z
p-hydroxyphenyl @-dimethylamino- 1-p-methoxyphenyl-3-dimethyl-

ethyl ketone hydroiodide amino-propyl alcohol.
The reaction was extended to unsaturated ketones such
as styryl methyl ketone (Abs., 1926, B, 901 from G.ZP.
430,683 C. Mannich and M. Schitz, Arch. Pharm., 1927,
265, 684). Benzylidene-acetone itself and paraformal-

dehyde were condensed with piperidine hydrochloride and

L

with dimethylamine hydrochloride. Derivatives of vera
trylidene-acetone and piperonylidene-acetone were also
prepared. The free bases, obtained by acting on the
@-amino-ketone hydrochlorides with alkali, were found top
be unstable. Many other compounds of this type have
been prepared by H. B. Nisbet (unpublished work - cf.

H. K. Sinha, Ph.D. Thesis, University of Edinburgh, 1936)

from the condensation products of acetone and substitut

ed benzaldehydes.




+ Hg0

| CgHs .CH:CH.CO.CHg + CHp0 + HNRp,HC1—> CgHs.CH:CH.CO.CHp.CHz.NRg,HCL

| Benzylidene~acetone l-Dialkylamino-5+phenyl-
(styryl methyl ketone) X -penten-3-one hydrochloride

|
Acids may be used as the ketonic reagent. Secon@-
ary amines (free or as the hydrochlorides) and formald%—
hyde were condensed with malonic acid and derivatives |
' (C. Mannich and B. Kather, Ber., 1920, 53, 1368; C. !
Mannich and E. Ganz, Ber., 1922, 55, 3486), hydroxymalén-
ic acid (C. Mannich and M. Bauroth, Ber., 1922, 55, 3564),
acetoacetic acid and derivatives (Abs., 1925, A, 374 from
D.R.-P., 393,633; C. Mannich and K. Curtaz, Arch. Pharm.,
1926, 264, 741), nitrophenylacetic acids (C. Mannich aﬁd
L. Stein, Ber., 1925, 58, 2659), pyruvic and laevulinig
acids (C. Mannich and M. Baurofh, Ber., 1924, 57, llOBi.
In the case of acetoacetic acid, the new linkage is ;

 formed at carbon-atom-2, in the case of laevulinic acid

' at carbon-atom-5.

| COOH Co0H

| /

| CHg.CH  + CHg0 + HN(CHg)z—> CHg.C.CHg.N(CHg)s + HgO |

i COOH COOH |

llethylmalonic acid Dimethylamino-dimethyl-
malonic acid.

CHg.CO.CH3.CH2.COOH + CH20 + HN(CHg)g,HCl—>

'Laevulinic acid
(CHg )oN.CHg .CH5.CO.CHj .CHg..COOH,HECL + H,0

4-Keto-6-dimethylamino~hexoic acid
hydrochloride.
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p-Aminoaldehydes have also been prepared by the
|Mennich reaction (c. Mannich, B. Lesser, F. Silten,
‘Ber., 1932, 65, 378).

The preparation of pyrryl-2 f-piperidinocethyl ketone
Iby the Mennich reaction was carried out by F. F. Blicke
fand B. oS- Blake (J.A.CeS., 1930, b2, 235); These authors

'proved the structure of phenyl f-piperidinoethyl ketone

by its synthesis from piperidine and f-bromoethyl phenﬁl

ketone. |

e : e . |
CH ~C.CO.CHg + CHp0 + HNCgH;q CH: C.CO.CHp .CHp .NCgH; o + Hg0.
i\ I bk b Il |
(CEH—CH CH—CH |
2-Acetylpyrrole : Pyrryl-2 ﬁ—piperidinoe&hyl ket one
\ |

|
Cglg .CO.CH3 .CHp .Br + 2HNCgHjg—> CgHg.CO0.CHy .CHs NCgH1q + HNCg5Hjo,HBr

2-Acetylthiophene and paraformaldehyde have been

‘condensed with piperidine hydrochloride and with dimethyl-

amine hydrochloride (H.B. Nisbet, Paper in Preparation);
f-Amino-derivatives of furfurylidene-acetone were
‘prepared by H. B. Nisbet and C. G. Gray (J.C.S., 1933,

839).
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0
CH” NC. CH: CH. CO. CHy + CHp0 + HNRgp,HCL—>

1l Il
CH— CH

0

| CH \C. CH: CH. CO. CHg. CHp. NR ,HC

Furfurylidene-acetone I I

: CH—CH
1-Dialkylamino-5(furyl-2)- A
penten-3-one hydrochloride

Formaldehyde and secondary amines may be condensed

with compounds containing an activated hydrogen atom,

other than carbonyl compounds,«-derivatives of phenyl-

lacetylene (C. Mannich and F. T. Chang, Ber., 1933, 66,

418), 2:4-dinitrotoluene and quinaldine (W. O. Kermack

and W. Muir, J.C.S., 1931, 3089; 1933, 30) having been

emble the Mannich reaction, o-hydroxybenzylamines being
formed (J. D€combe, Compt. Rend., 1933, 196, 866).

A recent synthesis of the alkaloid gramine was

carried out by a similar reaction (H. KUhn and 0. Stein

|
|BexL, 5 1937, 205 &687F). Analogous compounds were also

prepared using diethylamine and piperidine. The use of

éacetaldehyde instead of formaldehyde and of diethanol-

amine as the basic residue were suggested.

NMH NH

P

+ CHpO + HIN(CHg)gp—>

Lo, niow);

(gramine).

successfully prepared. The condensation of phenols wil

formaldehyde and secondary amines has been shown to res:

1 + Ha0

y

Hp0

3-Dimethylaminomethylindole
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The amines in the condensations deseribed above we

lusually piperidine, dimethylamine and diethylamine (
Itheir hydrochlorides). No others used contained an alky
!radlcul larger than ethyl. Considering only these three
!amlnes, the Mannich reaction shows great irregularity.
!For example, methyl ethyl ketone and formaldehyde can b
condensed with n1per1d1ne hydrochloride and dimethylamine

|hydrochlor1de, but not with diethylamine hydrochloride

(Arch. Pharm., 1927, 265, 5893 J.C.S., 1931, 3089).

o —u——————ﬁ——ﬂv~——~—1r——h¥—————ﬂ -

this laboratory it was found that acetophenone could noj
'be condensed with paraformaldehyde and diethylamine hydro-
chloride, although, when dimethylamine or piperidine

hydrochloride was used, the reaction went readily (Ber.,

11922, 55, 356 and 3510). This behaviour is character-
1istic o? the reaction. When complete failure to isolate
a desired condensation product is met with, as a rule,
little can be done in the hope of bringing about smooth|
}reaction. For one thing, the amino-compounds are not
usually very stable. The ease with which the amine
residue is split out has been noted. In general it
would appear, if a ketone and formaldehyde will not reac¢t
with piperidine hydrochloride, condensation with no other
base need be expected.

It was frequently found that the action of common
reagents on compounds prepared by the Mannich reaction

gave unusual results, which could be explained from

lability of the amino-group. While in some cases phenyl-
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lothers the reaction did not follow the usual course.

hydrazones of varying stability could be isolated, in

|Thus on treating 4-keto-6-dimethylamino-hexoic acid

hydrochloride (see above) with phenylhydrazine at 100°,
a compound identified as l-phenyl-pyrazoline-3-propioni
acid was obtained as the phenylhydrazide (Ber., 1924, 5

11108). The formation of this can be imagined to take

'place by the pplitting out of the amine residue from an
{unstable phenylhydrazone. An alternative mechanism,in
volving primary loss of the amine residue followed by
immediate isomerisation of the phenylhydrazone of the

_vinyl ketone thus formed, seems less likely.

[HOOC. CHg. CHg=C~CHg. CHg: N(CHg) g, HCL

L)

| HOOC. CHao CHa" —0C 2
I —> ﬁ SOy,
N-NH-C ¢Hg —N-ZC gk
Phenyl hydrazone of 4-keto-6- + HN(CHg)g,HC1

1-Phenyl-pyrazolin

dimethylamino-hexoic acid
propionic acid.

hydrochloride

|

/3=Dimethy1aminoethyl phenylketone and/3-dimethyl-
aminoethyl methyl ketone have been observed to react in
a similar fashion with phenylhydrazine (Miss A. Jacob
and J. Madinaveitia, J.C.S., 1937, 1929), 1l:3-diphenyl-
pyrazoline and l-phenyl-3-methylpyrazoline respectively
being isolated after treatment in 50% acetic acid solut

at 100, The amine residues in these ketones were als

|8plit out by acting on them with methyl iodide in alkal

,» to give trimethylamine and, presumably, phenyl

=3~

iLon
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i
|
|

fand methyl vinyl ketones. Lability of the amino-group

i

'has also been noted in w-amino-ketones. Gramine react
?ed with methyl iodide in a neutral medium to give the
itertiary base and 3-hydroxymethylindole. Instead of
!the latter, 3-methoxymethylindole was obtained when the

reaction was carried out in presence of alkali (J. Madin-

aveitia, J.C.8.5 1937, 1927). These instances of the

lability of the dimethylamino-group may have some bear-
|

|ing on the observation that the oximes of ﬁ_—dimethyl—

|

|amino-ketones cannot be readily prepared (Ber., 1922,

129, 3510).

ié-mino—ketoges derived from 4-Phenyl-2-scetylthiazole.

|R. CO. CHg + CHgO + HNRS,HC1—3> R.CO.CHg.CHy.NRG,HCL + HyO.

As the starting-material for this series (R = 4-

'phenylthiazyl), 4-phenyl-2-acetylthiazole was prepared.
The general method of synthesis of the thiazole ring

is by condensation of «-halogen-substituted ketones with

thiocamides (Hantzsch, Ann., 249 and 250). '

? 2 S 2
| ComL.X \C-R Sor” NeiRr
R =C. OH H. N R oy
b 3
I

|
L + N — .0 + HX + HO.

The thiazyl nucleus in the f3~amino-ketones obtainec:},
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will then be 4-substituted, this substituent group being

Zﬂl in thee -halogen-substituted ketone used in this con
' 2

densation. R in the thioamide must be, for present
purposes, of such a nature that from it the acetyl grou

may be readily obtained at position 2 in I.

The preparation of thiazole derivatives unsubstit-
luted at positionm 4 presents difficulties in the way of
istarting-materials. The ec -halogen-substituted ketone

used here wasw-bromoacetophenone (II), selected on

ant to work with on the large scale of this type of com
pound. Moreover, Rl in I becomes a phenyl group, and
there is little likelihood of its being affected in fur
ther reactions, or of its having any appreciable effect
on the physiological activity of the f-amino-ketone mol
ecule as a whole.

The thioamide with which Ww-bromoacetophenone was
condensed is benzoylthiolactamide (III). The benzoate
produced (IV) was hydrolysed to give the secondary alcol
(V) , which was oxidised to the 2-acetyl-thiazole (VI)
required, as indicated. (J.¥. 0lin and T. B, Johnson,
Ree. Trav. Chim., 1931, 50, 72 and J.A.C.S., 1931, 53,

1473).

(=]

grounds of convenience, as it is one of the less unpleag-

hol
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w2 ~Bromoacetophenone was obtained by bromination of

modified in order to avoid charring.

out the reaction (T. B. Johnson, Private Communication).
The nitrile was purified by distilling under reduced pre

ure. It was found here that it solidifies on standing.

carried out in the presence of triethanolamine (trihyd-

acetophenone in acetic acid solution at room temperature.
(Rather and Reid, J.A.C.S., 41, 77, 1919; lohlau, Ber.)

1B, ®, 188%) It is a white solid with pronounced lachr

zoyl chloride and potassium cyanide at a low temperature

HS  ‘0.0C. CeHg S  0.00.CgHs
_ 7\
CH, Br C-CH. CHg CH 'C-CH.CHg
| — I +HBr| + HpO.
CHg~Cs OH H. N Celisg=C——N
11 1T > 1v
| o
. .
ﬁH/ \ﬁ-co. CHg h:H/S\(I:-CH(OH) « OHy
0
CeHs-C N + Hy0 €— CgHs-C——N + CgHge COOK
VI v

rymatory powers. The method of preparation was slightly

For the preparation of benzoylthiolactamide, benzoyl-
lactonitrile (VII) was required. The latter was synthe¢sised

by shaking an equimolecular mixture of acetaldehyde, ben-

It is essential that the temperature be kept low through-

S5=

The addition of hydrogen sulphide to the nitrile was
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roxytriethylamine) as catalyst. Using this catalyst,
benzoylthiolactamide was obtained in fairly good yield

'after passing in hydrogen sulphide gas for a few hours

at 45°C. Benzene was used here for recrystallizing the

product.
‘ i A | cgHs. CO0L
CHs.C{ + KCN—> (CHg.CICN = > KC1 + CHg. CH.CN VII
0 0K| low temp. |
triethanolamine
CHg. CH. CSNHp
l III

. In the condensation of w-bromoacetophenone and ben+
Izoylthiolactamide to give 4-phenyl-2-«-benzoylhydroxyethyl-
thiazole (IV), they were heated together in alcohol. IThe
addition of dilute alkali then caused the separation of
the benzoate. Before hydrolysing it, 0lin and Johnson
purify the benzoate by distillation under reduced presst
ure. As extensive decomposition was observed during
[this, the crude condensation product was used here in the
hydrolysis, with satisfactory results.

4-Phenyl-2--hydroxyethylthiazole (V) was obtained|by
hydrolysing the benzoate with alcoholic potassium hydrox-
ide. The product was distilled under reduced pressure
and recrystallized from chloroform, the yield from II and

III being 30% of the theory.

Oxidation to 4-phenyl-2-acetylthiazole (VI) was carried
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out with sodium dichromate in acetic acid solution, with
|good yields. A slightly higher melting-point was ob-
tained for this ketone than that given by 0lin and

Johnson. The phenylhydrazone (X), prepared by the method

lof Auwers and Voss (Ber., 1909, 42, 4411), was found to
_melt at 141°C. 0lin and Johnson describe a phenylhyd-
razone melting at 208°-209°, but quote no analytical data
for it. Bearing in mind that this hydrazone might exist

in stereoisomeric forms (Mills and co-workers, J.C.8.,

;1914, 643 1923, 312; 1931, 537), the compound obtaine?

(m. pt. 141°) wes examined for possible conversion into
an isomer, It proved stable to the actions of acid,

alkali, and heat (Forster and Zimmerli, J.C.S., 1910, 97,
21563 Laws and Sidgwick, J.C.S., 1911, 99, 2085 H.
Bredereck, Ber., 1932, 65, 1833). Hydrogen sulphide in
alcohol caused interconversion of the stable isomeric |
phenacylaniline hydrazones prepared by Busch, Frieden-

berger and Tischbein (Ber., 1924, 57, 1783), but had no

effect in the present case. Acetylation of the isomer

of lower melting-point was found in the case of dinitro=
phenylhydrazones of furfural and derivatives (H. Brederick,
loc. e¢it., H., Bredereck and E. Fritzsche, Ber., 1937, 70,
802) to give the acetyl-derivative of the higher-meltin%

form, the latter being obtained on hydrolysis. On treét—
ing the phenylhydrazone of 4-phenyl-2-acetylthiazole in |

benzene with acetyl chloride, the N-acetyl-derivative was
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precipitated. It erystallized from alcohol in pale
yellow cubes, m. pt. 209°C. This suggests that, under
the conditions of preparation of the phenylhydrazone
used by O0lin and Johnson, acetylation occurred. The
ketone, phenylhydrazone and N-acetylphenylhydrazone were

gnalysed, with satisfactory results.

With a view to gaining some ides of the reactivity
of the methyl group in VI, an sttempt was made to pre-
pare the anisal derivative, with no great success. There
would seem to be a surprising lack of reactivity in this
methyl group. The methyl group in 4-phenyl-2-methyl-
thiazole reacts more readily with aromatic aldehydes

(Mills, J.C.S., 1922, 121, 2724).

d = 6o CHg 0 H. ¥R, ,HC1
el - +
05H5"'C N ) CHQ
VI paraformaldehyde

S
ﬁJH/ \<ﬂ*~co. CHg. CHg. NR, ,HC1

X Hgo
Cglg~0—N

VIII

It was expected that, on boiling a solution of 4-
l .
phenyl-2-acetylthiazole, piperidine hydrochloride and

paraformeldehyde in absolute alcohol, 4-phenyl- (thiazyl-2)




|
|

!
_@-piperidinoethxl ketone hydrochloride (VIII, Rg = C5Hl$)
onuld be obtained after a few minutes, as has been found
Iwith-other ketones in place of VI. Such was not the
case.

In preparing gquinaldine derivatives, the reaction
_Iwas carried on for a considerable time before the com-
pounds formed. In this case, however, even after pro-
longed boiling, only the starting materials separated on
cooliﬁg.

"It was then thought that a catalyst for dehydrations
in general might perhaps be of service. As hydroxyl-ion
was ruled out, the effect of hydrogen-ion was tried by
adding & few drops of concentrated hydrochloric acid to
the reaction mixture. (Using a pure secondary amine
hydrochloride, there can be very little if any free
hydrogen-ion in the solution.) After 4 hours boiling,
crystals of the required derivative separated. These
were washed thoroughly with ether to remove 4-phenyl-2-
acetyl-thiazole, and were then recrystallized from ab-
solute aleohol. The yield was 17%.

It may be significant that, in the synthesis of

gramine, acetic acid improved the yield.

4-Phenyl-(thigzvl-2 ~dimethylaminoethyl ketone

hydrochloride (VIII, R = CHg) was prepared in the same

manner as the piperidino-compound.

In'preparing these two compounds, which were cooled
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and sampled at frequent intervals during the refluxing,i

the impression was arrived at that, even in the presenc

W

lof the catalyst, the reaction took 5ome time to go to

‘completion.
The reaction mixture was refluxed for 9 hours when

. |4-phenyl-(thiazyl-2) @-diethvlaminoet]gzl ketone hydro-

|
| _
ichloride (VIII, R = CyHs) was prepared, giving a yield

of 23% of the theory.
Di-n-propylamine hydrochloride was successfully
used as the basic constituent in this condensation, the

reaction being carried on for 12 hours to give a 30%

yield of the gmino-ketone (VIII, R = n-CgHy). i

Judging by the amounts which separated on cooling
;ét intervals in the last two preparations, the slight
improvement in yield may be put down to the longer times
of boiling. (In preparing derivatives of ketones other
than VI, where the reaction went more readily, it has |
frequently been observed that prolonged heating caused |
deterioration of the product.)

The attempted preparation of the di-n-butylamino-

ethyl ketone hydrochloride was unsuccessful, although

boiling was continued for 15 hours. Efforts to con-
dense diethanolamine (dihydroxydiethylamine) and para-
formaldehyde with 4-phenyl-2-acetylthiazole also met

with failure.
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From the work performed here, the 4~-phenyl-thiazyl
mucleus was judged to be a stable one, resisting alkali
and dichromate. Its derivatives, in the main, are

|

readily obtained crystalline.

J. P, 0lin and T. B. Johnson (loc. cit.) suggest

4-phenyl-2-acetylthiazole to be similar in properties to
acetophenone, for example giving an W-bromo-derivative
with ease. In the reactions carried out here, however,
a great difference in the reactivity of the methyl group
in the thiazyl-ketone from that in acetophenone is foun&.

|The fragrant odour associated with the latter is also

lacking (cf. 2-acetylfurane).
|
‘ Of the four new @-amino-ketones prepared, we find an

increasing solubility in hot absolute alcohol as we go

from the piperidino- through the dimethyl- and diethyl-

-3

Ito the dipropyl-compound, the piperidino- being the onlj
one to separate from the reaction mixture whilst still

‘boiling. Apart from the last mentioned (Rp = CgHyg)s
iWhiCh gives an emulsion, all are more or less soluble in
hot water. Alkali throws out the bases from the aqueous
|

'solutions. As expected, none of the hydrochlorides is

soluble in ether. They are not hygroscopic.

Loss of sensation is experienced on placing a litt}e

of any one of the hydrochlorides on the tip of the tongue.
|

All the pure compounds were found to give a blue |

| o ;

Icoloratlon in a test with sodium nitroprusside describe#

i
f
|
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by Feigl (‘TClipfelreaktionen’ , p. 375) as specific for

Imethyl ketones. lG-Aminoethyl-ketones derived from 2-
Iacetylthiophene and from 2-azcetylfurane also answered
this test. Thiazole-derivatives, other than 4-phenyl-
2-acetylthiazole (answering to 4y) and the new amino-

ketones, gave negative results. In two cases in which

'the test was carried out gquantitatively, responses to

|
|

ﬁlor of amino-ketone were observed. Although the cause

|of this unexpected property is not clear, it may be due
to reversal of the Mannich reaction (as distinct from

splitting-out of the amine residue - cf. J« Co 8. 5 1931,

L1

3089), a view not incompatible with the behaviour of the
condensation in the case under immediate discussion.
Preparation of the phenylhydrazones of therdialkyl-
jeminoethyl 4-phenyl-(thiazyl-2) ketone hydrochlorides
:(VIII) was attempted in alcoholic solution in presence of
acetic acid. On standing at room temperature, instead
of the desired derivatives, there separated crystals

which were found to have the same melting-point (198°)

from all four sources. Samples of mixed origin showed
no depression in melting-point. Analysis of prepara- i
tions from different amino-ketones confirmed this deriv%—
tive to be identical in all cases. Negative results |
vere met with in testing for the presence of halogen.

From the percentages obtained for carbon, hydrogen and

nitrogen (micro-Dumas), the compound appears to be 1-
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phenyl-3-(4-phenylthiazyl-2)-pyrazoline (IX), formed by,

'the loss of the amine residues from unstable phenylhyd-i
\razones of VIII (see also Section II, Part 2).  This

conclusion is in agreement with observations on the ac-
tion of phenylhydrazine on(3—dimethylaminoethyl—ketones

guoted above.

CH/a\ﬁ~CO.CH3.GHS.NRB,H01 CH/Q\ﬁ-ﬁ/DHQcHQ.N 5,y HOL
| I
06H5—£ N ESH N HE, Colly |0 A BN NH-C ¢
VIII
- HNRy,HCL

CH/§\0~ . CHg CH/Q\C-ﬁ/pHa Ha

i Tt

CeHs"C

% N. NH. CgHg CgHs-C é N N-CgHj
X IX
The compound is not very soluble in the usual sol-
vents, but when in solution it exhibits a sirong green
fluorescence, destroyed on addition of mineral acid, but
returning on neutralization.(Many similar pyrazolines
have been observed to fluoresce - Ber., 1932, 65, 832.).

It erystallized from a large quantity of alcohol in point-

ed yellow needles, a structure frequently found. in aryl-
substituted pyrazolines (Raiford and Peterson, J. Org. éhem.,
1937, 1, 544). A dark blue colour was obtained in Knorr’s

|test for pyrazolines (Ann.,, 1887, 238, 200), in which al

sulphuric acid digest of the substance is treated with an

oxidising agent.
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The analytical figures for the pyrazoline differ
little from those for the phenylhydrazone of 4-phenyl-
2-acetylthiazole (X), which might conceivably be formed
by reversal of the Mannich reaection. The latter, how-
'ever, has been prepared and found to melt at 141°, and
a form melting at 208°-209° described by 0lin and Johnso
shown to be probably an N-acetylphenylhydrazone (see

above).

When the dimethyl-, diethyl-, and di-n-propylamino:
ethyl ketones were treated with methyl iodide in the pres
ence of methyl-alcoholic potassium hydroxide, a strong
basic odour was observed, almost immediately or on warmr
ing (ef. J.C.S., 1937, 1927 and 1929).

It appears that the lability of dialkylamino-groups
in this connection is independent of the type of ketone.
In the case o%ﬁ%hiazyl—derivatives, it is shown to be
also independent of the size of the N-alkyl-radical (R).
Although not guantitatively studied, increase in the siz
of R seems to favour formation of the pyrazoline. YT
Diphenylpyrazoline could not be obtained from f-dimethyl
aminoethyl phenyl ketone under the conditions used in th
preparation of IX (which are much less vigorous than
those by which the former pyrazoline was prepared by Mis
\A» Jacob and J. lMadinaveitia, loc. cit.).

It may be that general use could be made of the

Teaction with phenylhydrazine in the preparation of

Pyrazoline derivatives.

n

e

8
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-Amino-ketones derived from 2-Acetylfurane.
i 1
L‘czifo\cfco. CHs + CHg0 + H.NRg,HC1—»CH 0\c-co. CHg. CHg. NR
méH_—~CH3 paraformaldehyde CH#~—£H
| X1 XITI

2-Acetylfurane (XI) was prepared by acetylation of
furane (XIII) (from 2-furoic acid) at 0°, in presence o
anhydrous stannic chloride catalyst (T. Reichstein, Hel
{Chim. Acta, 1930, 13, 356). The product was distilled
off from the reaction-mixture in steam, and distilled
under reduced pressure to give a 30% yield of a white
'solid with a fragrant odour resembling that of aceto-

phenone. The methyl ketone gives a blue coloration wi

sodium nitroprusside.

0 s 0
Iclm’ \illH + CHg. C0.C1_80Clg IcIJH’ \ﬁ-co. CHg + HC1
CH—CH CH—CH

X111 X1

The golden-coloured phenylhydrazone (Sandelin, Ber

melting-point. This remained unchangéd over a conside
|able period, but could not be purified as almost quant-
|itative transformation to the more fusible form occurr

on attempted recrystallization. Bredereck (Ber., 1932

1900, 33, 493) was prepared. It decomposed on standing.

There also separated a less soluble red solid of higher

b ,HC1 + H,0.

Py

ed

L
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|
|
65, 1833) has described the isolation of the dinitro-
|
|phenylhydrazone of furfural in a red and a golden form,

which he considers to be c¢is trans isomers. The in-

;stability of the less fusible form makes dimorphism or

polymerization more likely in the present case.

On heating 2-acetylfurane in alcohol with piperidine

{hydroehloride and p&raformaldehyde, e homogeneous solu-

|
'tion was obtained in a few minutes, and on cooling (furyl-2)

B-piperidingethyl ketone hydrochloride (XII, Ry = CjsH;q)

separated. After washing free from excess of XI with

ether, it was crystallized from water. The yield was
ilo%.
In preparing (furyl-2 ~-dimeth incet

w

hydrochloride (XII, R = CHg), a few drops of concentrat
fhydrochloric acid were added to the reaction mixture,
which was heated for 45 minutes to give a 26% yield. The

homologous di-n-propylamino-ketome (XII, R = CgH,) was

prepared in a similar fashion, but evaporation of the

mothér liquor was necessary for its separation, and the|

yield was only 12%.
|

Di-n-butylamine hydrochloride was also condensed

[ £
Wwith Z2-acetylfurane and paraformaldehyde. As in the

case of the dipropyl-compound, the reaction mixture had

|
'to be evaporated to a smaller volume before the gming- |

ketone (XII, R = n-CuHy) separated, the yield again be-
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'ing poor.

| Use of diethanolamine as the basic constituent in
ithe condensation was successfully attempted. The syrup
fobtained by evaporation of o weighed quantity of diethan-
:olamine with an equivalent volume of‘dilute hydrochlorie
acid was refluxed in alcohol with 2-acetylfurane and

paraformaldehyde for 75 minutes. As there were no signs
of separation occurring, the reaction mixture was evap-
orated to dryness on the steam-bath, and the residual

viscous mass left for a week in a vacuum-desiccator.

|Prolonged stirring then caused crystallization to set in.

(Furyl-2) ‘?g-di- (B-hydroxyethyl)-aminoethyl ketone hydro-

chloride (XII, R= HO.CHg.CHg-) is light brown in colour)
‘whereas the other members of the series are white. It
!is further distinguished by its aromatic odour.

2-Acetylfurane and formaldehyde could not be con-
densed with diethylamine hydrochloride, which was recov%
lered unchanged. The erratic behaviour of this amine in

|the Mannich reaction has already been noted.

The solubilities at room temperature given below }
|
show decrease in the influence of the electrovalent link-

age in these hydrochlorides as the size of the N-alkyl-

|group is increased. The small solubility of (5.) in

r
lalcohol ws® unexpected. Compounds (1.) and (2.) were

slightly hygroscopic.
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-NRo Alcohol Water Acetone Bther
i - Very nsoluble
[(1e) | -NCsH,q Soluble | “0¥ .o Insoluble | Inso
l(2.) [-w(cHs) 2 : w0 " "
1(3.) | -NC3H) 2 4 Soluble| Soluble "
| Tightl
:(4-) ~N(CaHo) 2 " " " golggléy
| SIightIy T
| (5' ) 'N(C:qu,OH) 2 soluble i o Jotls Inaolu‘ple

These compounds did not separate readily on recrystall-
ization, which partly accounts for the poor yields ob-
tained. On addition of dilute alkali to any of the
agueous solutions, separafion was first observed, and
on warming the odour of the amine used in preparation

became perceptible.

The pure hydrochlorides resembled the corresponding
lphenylthiazyl-derivatives in answering Feigl®’s test for
émethyl ketones with sodium nitroprusside.

i No marked loss of sensation was caused by any of

‘the furyl-ketones on the tongue.

The halogen present could not be determined by tit-

ration with alkali, but satisfactory results were obtaiﬁ-

ied in carbon, hydrogen and nitrogen (micro-Dumas) estim-
[

|
ations. |
|

attempts to prepare the phenylhydrazones in alcoholic and

No crystalline products could be isolated from

in aqueous solution. The appearance of the reaction mix-
&ures was suggestive of decomposition. This is hardly

surprising when, in addition to the behaviour of phenyl-

i
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hydrazine with more stable/g—amino-ketones, the instab-

:ility of the phenylhydrazone of 2-acetylfurane itself is

considered. Analogous/e-amino-derivatives of 2-acetyl-
|thiophene were observed to act similarly - the phenyl-
hydrazone of this methyl ketone is very unstable (Peter,

|Ber., 1884, 17, 2645).

2. The Synthesis of 1:3: 5-Trisubstituted Pyrazolines.

Pyrazoline-derivatives may be prepared by a general

!reaction from w~-unsaturated aldehydes or ketones.

| i 2

‘ 1 2 _H.0 R «CHsCH.C.R

R .CH: CH.CO.R + HgN.NH.CgHs—2"5 1
CeHge NH. N

| AR
| R.CH- CHy 2
| C.R 3
e

By the action of phenylhydrazine, the pyrazoline i+
in some cases obtained directly from the aldehyde or ‘
ketone, the isomeric phenylhydrazone never being isolatéd.
!Thus B, Fischer and 0. Knoevenagel (Ann., 1887, 239, 19&)
Iobserved that acrolein when treated with phenylhydrazin%
|gave l-phenylpyrazoline, it being impossible at that tiﬁe

. |
(to isolate the phenylhydrazone. !
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CHg CH. CH
Il
C 6H5. NHO N

CHg -
— l
Celge N ——

CHg: CH, CHO + HgN. NH. 0 gHs—225%

In other cases, the hydrazone is formed, and this
must then be made to isomerise to the pyrazoline. At
.one time, the only method known for converting a phenyl

. \nhydrazone to the isomeric pyrazoline was to distil it.

The phenylhydrazone of cinnamic aldehyde was in this wa]
iisomerised to 1: 5-diphenylpyrazoline (Laubmann, Ber.,
31888, 21, 1213).

|

CegHse CH: CH. ICH

CgHge CH: CH. CHO + HpN. NH. CgHg—220
CGH5C NH! N

06H5' CH ™ CHg\

!
CeHge N——NZ

a-t b. pl CH

In 1908, K. Auwers and K. luller (Ber., 41, 4232)
showed that 1: 5-diphenyl- and other pyrazolines may be
obtained by heating the phenylhydrazones with acetic aci
Many pyrazoline-derivatives have since been prepared frg
the corresponding hydrazones by the use of this agent.

If the phenylhydrazone is derived from a ketone, tk
pyrazoline will be substituted at position 3. Should
the vinyl group in the aldehyde or ketone started with &
substituted, the same substituent will appear at positig
5 in the pyrazoline.

The radical at position 1 may he

varied by useof substituted phenylhydrazines. A nitro-

_ 1
group in the phenyl nucleus tends to stabilize the pheny

SCH
N

hd.

)M

e

e

n

1-
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hydrazones, while alkoxyl- and halogen-substituted phenyl-
hydrazones isomerise readily. The syntheses of 1: 3-
diphenyl- and 1: 3: 5-triphenyl-pyrazoline further illus-

trate the former points. (Auwers and co-workers, Ber.,

1932, 65, 833 ibid., 1909, 42, 44]2. Raiford and co
workers, J.A.C.8., 1934, 56, 174; ibid., 1933, 55, 1125;
ibid. , 1928, 50, 159.)

~H 0 CHa% CH. Cc CsHi‘j

e ._.Csz CH. CO. 05H5 + HgNo NH. 05H5 -%
CgHse NH. N

phenyl vinyl ketone

Hg = CHQ\

HAce Ce CgHp

N

1: 3-divhenylpyrazoline

.o Celse CH: CH. C. CeHs
CgHge CH: CH. CO. CgHg + HpN. NH. CoHs 1290 o

CeHge NH. N
benzalacetophenone

H:AC Céﬁau CH =X CHa

c
or at once” CgHse J\I——-Nz

1: 3: 5-triphenylpyrazoline

(The' formation of 1:3-disubstituted pyrazolines from
f-aminoethyl-ketones discussed on previous pages may taLe
place through primary loss of the amine residues, follow-

ed by immediste isomerisation of the phenylhydraszones off

the resultant vinyl ketones. )

a-Unsaturated methyl ketones such as benzylidene-
acetone may be condensed with formaldehyde and secondary

amines by the Mannich reaction. The phenylhydrazones

of the ﬁ—piperidinoethyl-deriVatives of benzylidene- ang




[G. Gray (J.C.S., L9933, 859) to isomerise to the corres-

| CgHg - CH:CH.C.CHy .CHp JNCgHy o HAc, C Hs.CH - CHg
| C.CHs.

&
| 1-piperidino=5=-(furyl-2)-A\ -penten-3-one

58.
furfurylidene-acetone were shown by H. B. Nisbet and C.

ponding 3-Bf-piperidinoethyl-pyrazolines on treatment

with acetic acid.

CeHs .CH:CH.CO.CHz .CHa NCsHy o + HoN.NH.CqHg——280

: X .
l-piperidino=-5-phenyl-A -penten-3-one

CeHg . NH.N CoHg N— N~

CHz .NCgH; o

1:5-diphenyl-3-(B~-piperidinoethyl )~

Py

CoH30.CH:CH.CO.CHy.CHp .NC5Hy o + HoN.NH.CqH5— “H20 5

C,HgO.CH:CH.C.CHz.CHz.NCsHyo _ HAC C,Hz0.CH - CHp
I 2 | ~NC.CH;

CeHg .NH.N Colg N— Nz~

1-phenyl-3-f-piperidi

-5=-(furyl-2)-pyrazoli

The analogous f-dimethylaminoethyl-pyrazolines cou

not be obtained from the isomeric phenylhydrazones by
treating with acetic acid. At a later date, however,
Dr. H. B. Nisbet succeeded in carrying out these isomer
isations in presence of hydrochloric acid.

In this way, pyrazolines capable of forming water-

z,zo0line

.CHz .NCsH; o

noethyl)
ne.

id
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soluble salts may be prepared.

The conversion of a phenylhydrazone into a pyrazol;

ine is usually accompanied by a characteristic colour

esce in solution. A blue-violet colour is produced on|
treatment of a solution in concentrated sulphuric acid
with an oxidising agent (Knorr, Ann., 1887, 238, 200).
As a means of distinguishing pyrazolines from the iso-
meric hydrazones, this test is unreliable; as a trace
of the former is sufficient for a positive reaction,
and rearrangement in the aci& medium is to be expected.

The method described by Tafel (Ber., 1889, 22, 1854

olines, by their production of aniline on reduction witl

sodium amalgam in acid, was proved to be far from infal.
iible by Auwers and Kreuder (Ber., 1925, 58, 1976), many

phenylhydrazones yielding no aniline at all. In any

razone, Reduction to the phenylhydrazone of the corre:;
ponding saturated ketone in an alkaline medium has been
used in cases where the latter is known (Raiford and
Peterson, J. Org. Chem., 1937, 1, 544).

To distinguish between certain pairs of isomers,

change to green. Many, but not all, pyrazolines fluorr

for distinguishing phenylhydrazones from isomeric pyrazr

case, the test requires excessive quantities of the hyd+

-

Raiford and Peterson (loc. cit.) have also made use of

colour reaction with bromine, the vapour of which cause
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the hydrazones to turn red-orange and the pyrazolines
green. Different typical crystalline structures for

the isomers were noted.

1

4-Phenyl-2-formylthiazole.

The synthesis of l-phenyl—fb’-(/@—dialkylaminoethyl)-5--

(4-phenylthiazyl-2)-pyrazolines was planned as follows: T

Il | + CHgy. CO. CHg

4-Phenyl-2~-formylthiazole
NaOH
S
cHE” \Cc-CH: CH. CO. CHg

I { + Hz0
CGHs"C N

4-Phenylthiazylidene-&acetone

+ HNR,,HC1 + CH,0
S
CH” \¢-CH: CH. CO. CHy. CHg. NRp ,HC1 + Hz0

[ Il
CgHg-C——N

l-Dialkylamino—5—(4-pheny1thiazyl-2)-Zg-penten-s-on
‘Hydrochloride T
+ CgHs. NH, NH5

S
CH” \¢

|

[
CGH5"C"—"N CGH5' NH.

CH: CH. C. CHg. CHp. NRp ,HCL + Hg0

Acid
HC— 8
[, ce——nBc=—th,
CeHg-C—N7 | N\ C-CH,. CHy. NRy ,HCL

CgHg~N—NZ

1-Phenyl-3~ (B-dialkylaminoethyl)=->5- (4-phenylthiazyl-2)-
pyrazoline Hydrochloride.
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a-Unsaturated ketones such as 4-phenylthiazylidener

acetone are, as a rule, readily prepared by condensatiol

e

of appropriate aldehydes with acetone in presence of

alkeli (cf. benzal-acetone, "Chem. Synth!, III).

To obtain the thiazyl aldehyde, Rz in the thioamide
. jlused in synthesising the thiazole ring must be of such
a nature that the formyl group may be readily formed at
position 2. R in the d-halogem-substituted ketoms,

with which the thioamide is condensed, determines the

i
wes used in forming the thiazole ring (R = CgHg).

HS 5 S 5
CH. X \o-R o
2 | % " — . ﬂ + HX + HpO.
R -C.OH HN R-C—N,
&

Two methods of arriving at the aldehyde suggested

|themselves.

; The first of these had already been worked out
I(p.42). Preliminary, small-scale experiments, using
the quantities specified in the original paper, gave
the aldehyde, but in very poor yield (less than 2.5% of
the starting materials).
| The second possibility had not been explored (p.é5

On account of the inadequacy of the other,however, it w

itried out. The attempts were unsuccessful.

nature of the substituent at position 4 in all compounds
prepared. For reasons given in the discussion of deriy-

atives of 4-phenyl-2-acetyl-thiazole, W@-bromoacetophenone

as
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Returning to the first method, it was gone through

ition occurred in the final stage.

linvolved even when the method worked without a hitch,

this line of research was abandoned as impracticable.

4-Phenyl-2-formylthiazole: First Method. w~-Bromo-acel
phenone (II) was condensed with benzoylhydroxythioacet-
amide (XIV). The benzoate produced (XV) was hydrolysec
to the primary alcohol (XVI), which was in turn oxidiseg
to the aldehyde required (XVII). (J. F. 0lin and T. B
Johnson, Rec. Trav. Chim., 1931, 50, 72 and J. A.C.S., 1S

53, 1470).

The preparation of W-bromoacetophenone has already

been discussed.

|

lon a larger scale, only to find that extensive decomposrt

On account of the difficulty of obtaining a sufficy

|ient quantity of the aldehyde, and the waste of materials

L0~

131,

HS_ B

H. Br G- CHz0.0C. CgHg CH” MC-CH30. 0C. C4Hy

CgHs-C. OH i HJ Sy Pyridiﬂ§¢.csH5-g————£ + HBr +|Hy0
11 XIV XV

l KOH
cH’S\c~CHo CH’a\c-CHBOH

CeHg-C——N  + Hp0 € - Caﬂs-ﬂ———~£ + CgHs. COOK

XVII XVI




To prepare benzoylhydroxythioacetamide, the corres-
ponding nitrile (XVIII) was required. An equimolecular
| mixture of formaldehyde (as 40% solution), benzoyl chlor-
ide and potassium cyanide was shaken at a low tempera-
ture. The mixture must be kept cold throughout the
| reaction. The product was distilled under reduced i

pressure to give the nitrile, which was found to solidﬁfy

‘at room temperature. |
Hydrogen sulphide was made to react with the nitrihe

in the presence of triethanolamine as catalyst. Benzoyl~-

|hydroxythiocacetamide was obtained after passing in hyd-
|

|rogen sulphide gas for a few hours at 45°C. Benzene ﬁas

' found suitable for recrystallising the product, for which

'a melting-point 4°-5° higher than that given in the paper

'quoted was found.

"

H.eB + KeN_s |H.cZew| CaHs.COCL (KC1 + H.CH.CN

ek Nok| low temp. XVIII
.0C.CyHs

+ HgS triethanolamine

|

XIV i

| The condensation of II and XIV to give 4-phenyl-2—¥enzoyl-
?hydroxy—methylthiazole (X ) was carried out in alcoholi?
solution in presence of pyridine. The product was washed
:With dilute acid to remove the pyridine, and recrystallised
from alcohol to give a 60% yield of white solid.

This was hydrolysed by alcoholic potassium hydroxiﬁe
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to the free alcohol, 4-phenyl-2-hydroxymethylthiazole
(XVI).  As the alcohol was obtained as a solid instead
of as an oil at the end of the hydrolysis, the ether-
extraction and distillation under reduced pressure des-
cribed in the original paper were unnecessary. From
-/dilute alcohol, brown cubes, melting 1° higher than the
m. pt. given by 0lin and Johnson, were obtained in 75%
yield.

Oxidation of a small quantity of (XVI) with sodium

|thiazole (XVII). The aldehyde was purified by distill
ation under reduced pressure, and was found to solidify
at room temperature. The yield was very poor. The

phenylhydrazone was prepared.

L1

When this stage was gone through on asdlightly larg
scale, no aldehyde was obtained. Instead of it, a de-
composition product, 4-phenylthiazole (XIX) was formed.
Identification of this was confirmed by carbon and hyd-
rogen estimations. It recrystallises from alcohol as
white needles, which are strongly basic. This compound
and its hydrochloride were described by Popp(Ann., 1889,
260, 279). The hydrochloride was prepared as further
evidence of identity. The base S

, H  NCH
glves a loose addition compound f ﬂ
CeHs-C——

with benzoyl chloride.
XI1X

dichromate in acetic acid solution gave 4-phenyl-2-formyl-
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4-Phenyl-2-formylthiazole:s Second Method. ¢«Jd-Bromo-

acetophenone was made to react with thioacetamide (XX).|

Attempts to condense the compound formed (XXI) with p-
condensation had been successful, hydrolysis of the pro

aldehyde required (Cf. Kaufmann and Vallette, Bers, 191

45, 1740).

S
CH, Br Ng-cHg cu’ S\c- CHg
g + (l S I + HBr + Hs0
CgHs-C. OH HN CoHg- N
65
XX XXI
il SO
1 J XXI1
H’S\ CH |
C-CH: N N Vs
I| I _Q- “CHg
CGHs"" N
- . XXIII

Thioacetamide was prepared by fusing phosphorus
pentasulphide with acetamide in presence of benzene, in

which the product is soluble (Hantzsch, Ann., 1889, 250
abso lutely necessary, as thioacetamide tends to give of:

of fusion. The yield of thioamide was very poor.

CHg. CO. NHp 22585 CHg, CS. NHy; — 5 CHg. ON + HyS.

nitrosodimethylaniline (XXII) met with failure. If the

264), Care must be taken not to heat any longer than i

hydrogen sulphide to form acetonitrile at the temperatux

‘lduct (XXIII) by acid would have been expected to give the
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Thioacetamide has been prepared from acetonitrile
by addition of hydrogen sulphide in the presence of
ammonia (Bernthsen, Ann., 1878, 192, 46). The prepar-
ation took weeks and the product could not be purified.
0lin and Johnson (Rec. Trav. Chim., 1931, 50, 72) have

{shown triethanolamine to be preferable to ammonia as a

catalyst in forming thioamides from nitriles. The add
ition of hydrogen sulphide to acetonitrile in the pres-
ence of triethanolamine was tried. Pure thioacetamide
was obtained in a comparatively short time, but the

yield was negligible.

w

4-Phenyl-2-methylthiazole (XXI) was prepared as th

hydrobromide by fusion of W-bromoacetophenone with thio
acetamide. Treatment with alkali gave the free base
(Hantzsch, Ann., 1889, 250, 269).

It is of interest to note that 4-phenyl-2-methyl-

thiazole methiodide condenses with p-nitrosodimethylan-

T

that use could be made of this reaction for present pur

poses.,

ilime (W, He Mille, T.0C.8., 1922, X215 2724). In view of
the difficulty encountered in the isolation of 4-phenylr
-formylthiaszole in large quantity, it was deemed unlikely
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B-Amino-ketones and Related Pyrazolines derived from

o-Alkoxy-benzylidene-acetones.
OR

XXIV <:ij>—CH:CH.CO.CH3 + CH50 + H.NCgH;q,HCL

OR
4
XXV {( f)-cH: CH. CO. CHy. CHp. NCsH; o, HC1 + Hz0
F'—{\ 4
C ¢Hs. NH. :
S Acid
OR

XXVII O
CH—CHy
C-CHg. CHs. N<C CHp ,HC1
< 7 gy K
oo g

7

R = CHs, 02H5, n“03H7, n-C4Hgo
o-Alkoxy-benzylidene-acetones (XXIV) were prepared

by alkylation of salicylidene-acetone ( XXVIII)

OHn
@4}1{: CH. 00) R, + R xr_alkaldy @c& CH. CO. CHg

XXVIII

The latter was obtained in good yield by condensa-
tion of salicylic aldehyde in alkaline solution with
acetone (Harries, Ber., 1891, 24, 3180), the product
separating on addition of acid. Recrystallization wés
found to be in itself sufficient for purification, the
steam-distillation described by Harries for removal of

eXcess aldehyde being omitted as it caused extensive

+ .

He X
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charring.
oH oH
NaOH )

XXVIII
o-Methoxybenzylidene-acetone (XXIV, R = CHQ) was
prepared by treatment of salicylidene-acetone with di-
methyl sulphate at room temperature (Auwers, Ann., 19174

1413, 279). The product was distilled under reduced

pressure to give, on cooling, a white solid of low melt
ing-point in 30% yield.

In preparing o-ethoxy- and o-n-propoxy-benzylidene
acetone (XXIV, R = CpHp and n-CgHp), XXVIII was refluxed

for 90 minutes in alcoholic potassium hydroxide with

Ul
-

ethyl and n-propyl iodide, respectively. In both case
the 0il thrown out by addition of water to the reaction
mixture was extracted with ether and distilled under 1 mm.
pressure. The ethoxy-compound was obtained as a low-

melting white solid, and the propoxy- as an almost col-

ourless liquid which crystallized only after a consider
able time. Both proved perfectly stable. The yields
were 50% and 35%, respectively.

For butylation of salicylidene-acetone, n-butyl-p-

toluene-sulphonate was manufactured from n-butyl alcohol
and p-toluene-sulphonyl chloride ("Chem. Synth.", IX, 28).
n-C4HgOH + p-CHg. CgHy. 50501 —Na0Hy, ¢y, ¢ H,. S04C,Hy +|HCI.

The preparation of g-n-butoxybenzylidene-acetone
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(XXIV, R = n-CuHg) was carried out in alcoholic potassium
hydroxide. The o0il which separated on addition of water
was extracted with ether, and the extract washed thor-
oughly with alkali. Great care was found necessary in
distilling the butoxy-compound under reduced pressure,
lowing to its extreme instability. Even at 3 mm, , it
could only be distilled in small portions. The yield,
however, was 50%. On standing, the mobile, amber-col-

oured oil rapidly darkens and thickens.

Each of the four o-alkoxy-benzylidene-acetones was

condensed with piperidine hydrochloride and paraformal-

dehyde to give the corresponding B-piperidinoethyl keto

lhydrochloride (XXV). Condensation was brought about b

heating the reagents in alcohol for 2 short time, aftexr
which, on cooling and scratching, the white amino-keton
separated. Tt was found inadvisable to carry out the
lreaction in too little solvent, or to heat any longer than
abso lutely necessary (cf. derivatives of 4-phenyl-2-
acetylthiazole), a resinous product being obtained under
such conditions. The condensation-products were, in

each case, washed free from methyl ketone with ether,
and recrystallized from alcohol. Yields varied from 13%
(R = CHg) to 30% (R = CpHs)e

The hydrochlorides were all more or less readily

Soluble in water and slightly soluble in alcohol at rooﬁ
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temperature, All were quite insoluble in ether. Hydr
rolysis, with separation of the free bases, was caused
by warming, or adding dilute alkali to, the aqueous solt
utions.

None of these ketones gave a colour reaction with

sodium nitroprusside.
The phenylhydrazones (XXVI) of the l-piperidino-5-

[g'-glgoxxghenx;)-ég—genten—S-one hydrochlorides were

prepared after the method of Auwers and Voss (Ber., 1909,
42, 4411), the ketone in sbsolute alcohol being treated
at room temperature with an egquivalent quantity of
phenylhydrazine, and a weight of acetic acid equal to that
of the latter.
In some cases, the phenylhydrazones did not separate
readily from the readtion mixtures. All four, however)
proved to be isomorphous, crystallizing out at once on
seeding the solutions with any member of the homelogous
series. The average yield was greater than 80%.
Repeated recrystallization of the o-ethoxXystyryl
ketone phenylhydrezone was found to lower the melting-
point and to make it less sharp, suggesting that some
isomerisation to the corresponding pyrazoline (XXVI1I,
R = CpHjs) occurred in hot alcohol. (The readiness with
Which rearrangement of the phenylhydrazones of a-unsatur-
ated ketones may teke place has been pointed out above.

That this is enhanced by alkoxyl-substitution in styryl
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groups has been shown by Raiford and Hill, J.A.C.S.,

1954, 56y 174.) As expected, this hydrazone answered

w

Knorr’s test for pyrazolines. With the lower homologu
(XVI, R = CHg), Knorr's test was inconclusive. The
phenylhydrazones of the o-n-propoxystyryl and o-n-butoxy-
-|1styryl ketones, however, did not answer the test. These
latter two hydrazones had, in contrast to the former two,
well-defined crystalline structures. No colour-change
was observed on exposing any one of the four phenylhyd-
razones, spread on filter-paper, to bromine vapour (cf.
Raiford and Peterson, loc. cit.).

On heating for a short time on the steam-bath with
dilute hydrochloric acid, the phenylhydrazones (XXVI)
were converted into the isomeric pyrazolines (XXVII).

In the preparation of l-phenyl-s—(ﬁ-piperidinoethyl)—
5—(2'-methOXyphenyl)-pyrazoline hydrochloride, the phenyl-
hydrazone dissolved in the hot acid, from which, on cool-
ing, the pyrazoline separated as a green oil. This, on
scratching, gave a white solid. The homologous 5-(2' -
ethoxyphenyl)-pyrazoline separated from the hot acid sol-
ution in the solid state. In the case of the propoxy-
compound (XXVII, R = n-CgH,), a homogeneous solution was
never obtained. As the yellow phenylhydrazone disappear-

ed, it was replaced by the white pyrazoline. 1-Phenyl-

3—(ﬁkpiperidinoethyl)-B—(2'-n-butoxyphenyl)-pyrazoline
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phenylhydrazoné was rearranged by hot acid. On cooling

and scratching, the o0il solidifisd.

The pyrazoline hydrochlorides differed from the
phenylhydrazones in being slightly soluble in hot water
from which they were recrystallized. They were also

much more soluble in cold alcohol than the hydrazones,
but, as expected, resembled the latter in their insol-
ubility in ether.

The ethoxyphenylpyrazoline had the same m. pt. as
the isomeric phenylhydrazone. A mixed m. pt., however
showed a depression of 20°.

Knorr's test was answered by all four pyrazolines.
Exposure of the solids to bromine vapour was found to
cause an immediate colour-change to blue-violet. This
marked reaction contrasted strongly with the behaviour
of the isomeric hydrazones. The test thus proved to
be much more reliable than Knorr's for distinguishing
between the isomers. None of the pyrezoline-hydrochlo]
ides fluoresced in solution.

All four caused marked loss of sensation when plac
on the tip of the tongue. Although the hydrochlorides
were not very soluble in cold water, aqueous solutions,
concentrated enough for comparisons of their local an-
aesthetic activities with that of cocaine, could be ob-

tained (see Section IV).
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As‘1-pheny1~3-ﬁ%piperidinoethyl)-5-(2'~n-butoxy-
phenyl) -pyrazoline hydrochloride (XXXI, Ry = CsHig)s
proved on testing to be the most powerful in local an-
aesthetic activity of the four compounds, it was planned

to prepare a series of dialkylaminoethyl-pyrazolines

+from o-n-butoxybenzylidene-acetone, with a view to stud;
ying the effect of variation of the dialkylamino-residue
on the physiological activity of the molecule.

This called for, in the first place, condensation
of o-n-butoxybenzylidene-acetone and formaldehyde with

secondary bases other than piperidine.

XXVIII <§iz>*CH:CH.CO.CH3 + CHs0 + H.NRg,HC1
0c,H, |

XXIX @-cm CH. CO. CHgp. CHy. NRy ,HC1 + Hs0
0C,H, | + CeHse NE. NH,

XXX @cm CH. C. CHg. CHg. NRg ,HC1 + Hg0
CﬁHs.NH.g

ocC, Hy 1/ Acid
<g ;}CH - CH;\

LXLT , C-CHg. CHg. NRg , HC1

ri—r”

Several efforts were made in each case to replace
piperidine hydrochloride in this reaction by dimethyl-
amine, di-n—propylamine, di-n-butylamine and diethanol-

amine hydrochlorides, All were unsuccessful. Vari-
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ations in the conditions suggested by previous exper-
ience of the Mannich reaction did not bring about con-
densation. Frequently, large amounts of the amine
hydrochlorides started with were recovered.

After removal by extraction with ether of unchanged
lbutoxy-benzylidene-acetone from the reaction mixfures,
attempts were made to isolate condensation-products as
phenylhydrazones; but this also failed.

Oh thoroughly cooling the solution obtained by heat-
ing o-n-butoxybenzylidene-acetone and paraformaldehyde
with diethylamine hydrochloride in alcohol, a very
sticky solidiseparated. Removal of the last of the
mother liquor was carried out by spreading the solid
OVer a pPorous saucer. Purification of the compound was
very difficult owing to its great solubility in alcohol
gand in water. However, it was certainly not diethyl-

amine hydrochloride, and the analytical figures suggest

The yield was very poor.

In one attempt to prepare it, a few mgm, of the
phenylhydrazone (XXX, R = CgHg) of the diethylaminoethyl-
ketone were obtained. Several attempts to repeat this
preparation under éxactly similar conditions resulted in
in a white solid, which has not been identified. It was
not the f-diethylaminoethyl-pyrazoline (XXXI, R = CgHg) 4

The readiness with which phenylhydrazones of pB-amino-

it to be the desired condensation-product (XXIX, R = CpHjy).
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ketones decompose has been already pointed out. It wa
first observed in the case of styryl derivatives by C.

Mannich and M. Schutz (Arch. Pharm., 1927, 265, 684).

Conversion of the isomeric phenylhydrazones into
pyrazolines with amino-side-chains is seen to occur
'readily on heating with dilute hydrochloric acid._ Re-
action is smoother and guicker than in the presence of
glacial acetic acid, and the product is readily obtaine
gs the hydrochloride, a form suitable for carrying out
physiological tests. But for losses incurred in puri-
fication, yields would be almost_quantitative.

It is unfortunate that variants of a compound foun
to be o strong local anaesthetic, could not be prepared
as an even more active molecule might have been discov-
ered. The anomalous behaviour of the liannich reaction
has been fully discussed elsewhere. In the present in
stance, the bulky ortho-grouping may have caused steric

hindrance.

ul
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Yields are quoted as percentages of the maximum

possible from theory.

Melting~-points are corrected, the thermometer used
having been calibrated against short stem “Standard

‘| Thermometers.  In dealing with hygroscopic substances,

the procedure was to dry thoroughly im a vacuum desiceator

before filling the melting-point tube, which was then
immediately sealed, the tip being later broken off when

the tempersture of the bath exceeded 100°C.

Quantitative analyses were carried out on the micro-

scale by the author (Pregl, “ Quantitative Organic Micror

Analysis"). The method for weighing-out hygroscopic

(2]

compounds described by Friedrich and Mandl (Mikro-Chemi
1937, 16, 14) was found satisfactory in micro-Dumas

estimations.

The qualitative tests used were, as a rule, those
given in Feigl’s "Qualitative Analyse mit Hilfe von

Thpfelreaktionen.

New compounds are denoted by an asterisk.
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i é-ggino-ketones derived from 4-Phenyl-2-acetyl-

thiazole.

W-Bromoacetophenone.

At first, the method described by Rather and Reid
(J+ A.C.S. , 1919, 41, 77) was used. As uncontrollable
charring occurred, recourse was made to Mohlau’s method
(Ber. , 1882, 15, 2), in which bromination is carried ouft
in more dilute solution. The product was again unsatip-
factorys the following modification, in which smaller
guantities are treated and heating is done without,
however, is reliable and yields an excellent product.

20 gm. acetophenone are dissolved in 100 c.c.
glacial acetic acid. 9 c.Cs bromine.are run in slowly
from a burette, the solution being constantly shaken.
Ten quantities of acetophenone are treated thus, one
after the other.

Hydrogen bromide is evolved, and, after about 20
minutes, the solution suddenly changes in colour to a
light yellow. As the contents of each flask change in
colour, they are immediately poured into ice-water
(about 8 litres in all) containing a little sodium car-
bonate, Leave overnight, and filter off the crystals
which separate.

Recrystallisation from 95% alcohol gives pure white
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prisms, melting at 50°C.

Yield 70% - 80%.

Benzoylthiolactamide.

(s« ) Benzoyllactonitrile.

(J. F. 0lin and T. B. Johnson, Rec. Trav. Chim.,

1931, 50, 72)
GHg. CHO + CgHge CO.C1 + KON —> CHg. CH(0.0C. CgHg).CN + KC1.

" In a private communication from the suthors, the
necessity of continued addition of ice during the reac-
tion was learned of - a point not stressed in the paper
above.

The 0il obtained differed from that of these authors
in that it changed to a white erystalline solid at room
temperature.

48.4 gm. (1.1 mol.) acetaldehyde.

71.5 gm. (1.1 mol.) pulverised potassium cyanide.

140 gm. (1.0 mol.) benzoyl chloride.
| 500 gm. crushed ice.

The acetaldehyde is added to the ice in a wide-
necked bottle (capacity 1.5 litres). Add a little
water, and then the benzoyl chloride and potassium cyan=
ide. Stopper and shake till the smell of benzoyl chlor-
ide is no longer detectable (about 1§ hours), adding more
ice as that present melts. Extract the white solid or

0il, which separates, in chloroform, and dry over calcium
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chloride.
The chloroform is distilled off and the oil dis-

tilled in vacuo. B.pt. 158°-165° at 35 mm,

Yield 70% (calculated on benzoyl chloride).

The glmost colourless oil has the same refractive
_|index as glass. On boiling with alkali, ammonia is

evolved. The o0il solidifies at room temperature.

(b.) Benzoylthiolactamide.

(. P. 0lin and T. B Johnson, loec. cit.)

CHg. CH(O. OC. CuHg). CN + Hog SZiethanolamine .y _ am(o.oc. [

250 gm. benzoyllactonitrile.
13 gm. triethanolamine.

250 cc. 95% alcohol.

fu)

The triethanolamine is dissolved in alcohol and th
solution saturated with hydrogen sulphide. Benzoyl-
lactonitrile is now added, and hydrogen sulphide passed
for 6 hours at 45°. The temperature is raised to 60°,
end the solution poured into an equgl volume of cold
water, The solid which separates is filtered off and
dried.

Benzene was found to be more suitable for recrys-
tallization than aleohol which.was used by 0lin and
Johnson. The cream-white needles obtained from benzene

are washed with petmol ether.

Mopt. 104°C.  Yield 45%.

¢Hs) . CSNH,.

in
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4-ghenxl-z—acetxlthiazole.
(a.) 4-Phenyl-2-a-hydroxyethylthiazole.

(3. ¥ Olin and T. B. Johnson, J.A. C.S., 1931, 53, 1473

- HS
ﬁH.Br \(I:-CH(o.oc.ce,Hs).c:H3
i |
GeHs-C. OH H N

ﬁH’S\ﬁ—CH(O.OC.Csﬂs).CHa

06H5"'C"—'—"N + Hao X I‘EBI‘
KOH
S
cH” \?-CHOH.CHa
CgHs. C N + CgHs. COOK

As extensive decomposition, with separation of
benzoic acid, occurred in distilling the benzoate at 14
mn, , hydrolysis was carried out om the crude conden-
sation product.

Condensation: 160 gm. benzoylthiolactamide.

150 gm. O -bromoacetophenone.
450 c.c. alcohol.
The solution of W-bromoacetophenone and thiocamide

in alcohol is refluxed on the steam-bath for 4 hours.

Part of the alcohol is then allowed to evaporate. Dil

ute sodium hydroxide solution is added till alkaline.
The 0il which separates is extracted in ether, and the

ether distilled off to leave 200-300 gm. viscous oil.

)
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Hydrolysiss To the crude benzoate, dissolved in
alcohol, is added about two-thirds of its weight of pot
gssium hydroxide in the minimum quantity of water nec-
gssary for solution. The whole is refluxed on the
steam-bath for 3% hours. It is then poured into water
|and the oil extracted in ether. After drying over fus
godium sulphate, the ether is distilled off, and the vi
cous 0il remaining distilled under reduced pressure.
B.pt. 191°-194° at 16 mm.

The clear o0il obtained solidifies in the receiver.
It is recrystallized from chloroform, being washed with
petrol ether. White cubes are obtained.

M.pt. 76° = Yield 30%.

(oo ) 4—Phenjl-2-acetxlthiagole.

(Je . 0lin and T. B. Johnson, loc. cit.)

8 o 8
CH” C-CHOH. CHg" cH/ *G-C0.CHgy

I [ 0, |

50 gm. 4-phenyl-2-o-hydroxyethylthiazole.
40 gm. sodium dichromate.
500 cc. glacial acetic acid.

50 cc. water.

To the thiazole derivative dissolved in acetic
acid is added dichromate in water. The mixture is

heated for 2% hours on the steam-bath, and then poured
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on to crushed ice. Red crystals separate which, when
recrystallized from 757 alcohol, have a m.pt. of 79°-
80°. On further recrystallization, white needles of
the same m.pt. are obtained.

Yield 65%.

As 0Olin and Johnson describe the ketone as yellow
needles melting at 78°, and as the phenylhydrazone they
describe for it is quite different from that obtained,
this c.ompound was studied further.

Mixed m.pt. with 4-phenyl-2-a-hydroxyethylthiazole
56°-58°,

Test for methyl ketones with sodium nitroprusside is
positive to 4y (acetophenone znswers to 2y ). !

Founds Cy, 64.98% 3 H, 4.30%.

Calculated for C,;HoONS: C, 65.38%  H, 3.96%.

X Phenylhydrazone: The ketone is treated with an equiy-
alent quantity of phenylhydrazine and a weight of acetie

The phenylhydrazone separates almost immediately. It
crystallizes from absolute alcohol in yellow prisms,
m.pt. l41°¢C.

- Found: C, 69.35%, 69.45% H, 4.92%, 5.02%.
Calculated for CyoH, sNg8: C, 69.61% H, 5.12%.

On dropping acetyl chloride into a cold benzene

Solution of the phenylhydrazone, the N—-acetyl-derivativL

acid equal to that of the latter, in cold absolute alcohol.
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geparates as a brieck-red solid. Recrystallization from

absolute alcohol gives pale yellow cubes, m.pt. 209°C.
0lin and Johnson (loc. cit.) give 208°-209° as the

melting-point of the phenylhydrzzone, but gquote no anal

ysis. It appears as if, under their conditions for th

preparation of the phenylhydrazone, acetylation had

" loccurred.

Found: N, 13.92%, 13.78%.

Calculated for C,gH;,N3S: N, 13.68%.

% Anisylidene derivative: 10% NaOH is dropped into

equimolecular proportions of the ketone and anissldehyd
in absolute slcohol. A very poor yield of a compound
sintering at 127° and melting at 139°-141°C.was obtaine
Lack of material prevented further purification.

Found: C, 68.40%y H, 4.73%.
Calculated for C,qH, s05NS: €, 71.03% H, 4.67%.

* 4-Phenyl-(thiazy —2)53-Piperidinoethvl Ketone Hydro-

()

chloride.
(Cf. H. B. Nisbet and C. G. Gray, J.0: 8. , 1933, 839)

8.
ﬁH’ \j-co. CHs : E : HH/LL & il

06H5-c———~ H/ \H Cl

\iﬂl

C
06H5‘C_"‘ l

S =
H~ ¢-C0.CHg. CHg. N
] i

+ Hy0.
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10 gm. 4-phenyl—2—acetylthiazole.
6.1 gm. piperidine hydrochloride.
1.5 gm. paraformaldehyde.

20 c.c. absolute alcohol.

To the alcohol in a 100 c.c. conical flgsk, fitted
" |with reflux condenser, is added 1 c.c. concentrated

hydrochloric acid. The ketone and piperidine hydrochlpr-
ide are dissolved by boiling for a few moments, and then

1.5 gm. paraformaldehyde and a little porous chips are

added. After boiling for 15 minutes, the paraformalde

hyde goes into solution. Another 0.75 gm. paraformal-

dehyde is put into the flask, and the boiling is contin:
ued for 3 hours. Crystals will then be observéd separr
ating from the hot liquid, and the flask is thoroughly
cooled.

The solid is filtered off and washed thoroughly on
the filter with ether to remove unchanged ketone. From
absolute alcohol (filtering off the porous chips when
hot) are obtained cream-white crystals, which decompose
at 193°-195°¢,

Yield 17%.

The hydrochloride answers to halogen, sulphur and
Altrogen tests, It also gives a positive result in the
fodium nitroprusside test for methyl ketones.

It is 8lightly soluble in hot absolute alcohol, and
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forms a Buspension on boiling with water, but is insolu

ed local anaesthesisaz is produced by placing a little o

the tip of the tongue.

Calculated for C,,Hp,0N;C1S: C, 60.53%; H, 6.2
~-Phe - (thiazyl=2)- B -Dimethylaminoethyl Ketone ro
.ghlorige.
(IJH cl,i-co. CHg 8 CHg
+ F 0 HeNC A
GSH5-J N % /\ s
H €1l
HC1
cH” S'\c--c:o CHoo CHoo NCOLS
I L 2 2./\\CH3
CGH5"J H Cl o i HgO-

10 gm. 4-phenyl-2-acetylthiazole.
4,1 gm. dimethylamine hydrochloride.
1.5 gm. paraformaldehyde.

20 c.c. absolute alcohol.

This preparation is carried out exactly as in the
case of the piperidino-ketone, in presence of concen-

trated hydrochloric acid. When it has been refluxed

ether and in cold water. It is not hygroscopic. Deci

Found : C, 60.72%, 60.32%s H, G.IZf, 6. 08%.
g
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for 4 hours, the homogeneous liquid is cooled, and the

solid which separates washed with ether and recrystall-
ized from absolute alcohol to give almost white platele
| M.pt. 174°C. Yield about 20%.

The hydrochloride answers to halogen, sulphur and
nitrogen tests, and gives a positive in the sodium nitrp-
prusside test for methyl ketones.‘

It is slightly soluble in hot absolute alcohol and
in hot water; from the latter alkali throws out the
base as an oil. The hydrochloride will not dissolve
in ether, and it is not at all hygroscopic. It has af
local anaesthetic action on the tongue.

On adding a drop of methyl iodide, followed by a
drop of methyl-alcoholic potassium hydroxide, to a sol-

ution of the ketone in methyl alcohol, a strong basic

smell is soon observed and litmus-paper held at the mouth

of the test—tube'turns blue. The scolution reddemns.
Founds C, 56.35% 3+ H, 5.45%.

Calculated for C,;,H,,0NClS: C, 56.56% 3 H, 5.72%.

4-Phenyl-(thiazy -21-..6-Diet laminoethyl Ketone Hydro-

chloride.
/S\.
ﬁ:H C-C0.CHg + CH0 + (CgHs)aNH,HC1 |

| .
Cels-C—nN wi_ |

S F |
CHZ “C-C0. CHg. CH2.N~’,32§5 5 h

I I 7\ C2Hs H20.
CgHgC—N H C1 f
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10 gm.'4-pheny1—2-acetylthiazole.
5.4 gm, diethylamine hydrochloride.
1.5 gm. paraformaldehyde.

20 c.C., absolute zalcohol.

" lmapner as those of the two preceding ketones.

The reaction mixture is, however, refluxed for 9
hours before cooling in the ice-chest.

A pure white amorphous solid is obtained.

M.pt. 142°C. Yield 23%.

Positive results are obtained in the sulphur, nit-
rogen, halogen, and" methyl ketone" tests. (In the
last, transient blue observed with 10Y.) .

The hydrochloride is not at all hygroscopic. 1t
is insoluble in ether, but is fairly readily soluble im
hot absolute alecohol, and in hot water, from the latter
the base being thrown out by alkali.

Addition of methyl iodide and alkali to the ketone
in methyl alcohol causes, on warming, evolution of a
Vapour with a basic odour and darkening of the solution

Found: C, 58.99%; H, 6.49%; N, 8.

This preparation is carried out in exactly the sam

o

41%.

Caleulated for C; gHgyONaC1S: C, 59.07%; H, 6.46% N,8.6B%.




4-Phenyl-(thiazyl-2) @~Di—n-nrogxlaminoethvl Ketone
gxdrochloride.

CgHeNS. CO. CHg + CHgO + H. N(CHg. CHy. CHg) o ,HC1

\IIICl

6.7 gm. 4-phenyl-2-acetylthiazole.
4.6 gm. di-n-propylamine hydrochloride.
1  gm. paraformaldehyde.

13. 5 c.c. absoplute aleohol.

To the alcohol is added 1 c.c. concentrated hydro-
chloric acid and the preparation is proceeded with as
in the case of the other similar ketones. The reaction
mixture is refluxed for 12 hours before cooling in the
ice-chest.

Recrystallization from absolute alcohol gives a
pale yellow amorphous solid, which decomposes on heating
over a large range, starting about 142°C.

Yield 31%.

Positive results are obtained in the sulphur, nit-
rogen, halogen and “methyl ketone tests.

The hydrochloride is insoluble in ether and in
acetone, It is readily soluble in hot absolute alecohol,
and very slightly soluble in hot water., the addition of
elkali to a solution in the latter giving an opalescence.

The compound is not hygroscopic.
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Methyl iodide and alkali added to the ketone in
methyl alcohol cause evolution of a vapour which turns
litmus-paper blue.

Founds €, 61.41% 3 H, 7.14%.

Calculated for C,gHssON,C1S: C, 61.19% 5 H, 7.08%.

Attempts to Prepare 4-Phenyl-(thiazyl-2) f-Di-n-butyl-
aminoethyl Ketone Hydrochloride.

Di-n-butylamine hydrochloride was prepared in
quantitative yield by neutralizing an alcoholic solutio;
of the free base with dilute hydrochloric acid, followe
by evaporation to dryness on the steam-bath.

fora

An alcoholicec solution of this compound and 4-phenyl-
R~acetyl-thiazole was treated with paraformaldehyde as
in the preparation of 4-phenylthiazyl p-di-n-propyl-
aminoethyl ketone hydrochloride. Although the mixture
was eventually refluxed for 15 hours, there wss no evid
ence of the formation of the desired hydrochloride.

The reaction mixture was then made alkzline with
sodium hydroxide solution, but nothing resembling the
base could be separated.

Attempting to prepare the hydrochloride in acetic
acid, using formalin in place of paraformaldehyde, proved
of no assistance.

Attempts to Prepare 4-Phenyl-(thiszyl-2) B-Di-(B-hydrox;

|ethyl) -aminoethyl Ketone Hydrochloride.

Ui In one attempt to prepare this compound, diethanol
amine was used, and concentrated hydrochloric zcid was
added, slightly in excess of molecular proportions, to
the alcoholic solution. The reaction mixture with 4-
phenyl-2-acetylthiazole and paraformaldehyde was refluxed
for 22 hours, but neither the desired hydrochloride nor
base could be isolated.

T

y In another attempt, hydrochloric acid gas was passed
into the alcoholic solution of diethanolamine for & few
Minutes, before addition of the other reagents. This
ettempt was also unsuccessful.
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1aghenxl-Btigrnhenvlthiazvl~eruvragoline.
S\
¢ C-CO.CHg,CHg. MRy ,HC1 + CoHs-NH. NH,

N l HAc

H’S\ d’GHQ Hy
e

csﬁs-g N—N-CqHg

Cels ™

To any one of the four 4-phenyl-(thiazyl-2) f-di-
alkylaminoethyl ketone hydrochlorides described above,
in the minimum quantity of cold absclute alcohol necess
ary for solution, is added an equivalent weight of
phenylhydrazine and the same amount of glacial acetic
acid. The yellow needles, which separate overnight,
are recrystallized from absolute alcohol. Sintering
occurs at 190°, followed by melting at 198°C.

The compound is not very soluble in organic sol-
vents. It gives a dark blue colour in Knorr's test fo

pyrazolines (Ann., 1887, 238, 200), in which concentrat

centrated sulphuric acid. It was shown to be free frot
halogen. In solution, the pyrazoline exhibits a stroni
green fluorescence, which is destroyed on addition of
mineral scid, but which returns on neutralization.

The identity of samples from all sources was shown
by mixed melting-points, no depression being found.

Inerease in the size of the alkyl group (R) in the aming

nitric acid is added to a digest of the substance in con-

2

,-—
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ketone seems to promote formation of the pyrazoline.
Found: C ] 6] 0% H, L OO%; N, 13. gsﬁc

2, pB-Amino-ketones derived from 2-Acetylfurane.

g-gcetxlfgrgne.
(Tedeus Reichstein, Helv. Chim. Acta, 13, 1930, 356.)

(0]

H ﬁ + CHg. 0001 SBCls

0
c“:H’ “ﬁ-co. CHg
H—CH CH—CH

+ HCI1.

20 gm. furane.
20 c.c. acetyl chloride (freshly distilled).
80 gm. anhydrous stannic chloride.

130 c.c. benzene (dried over sodium).

L44)

After drying over fused sodium sulphate, the furan

is dissolved in 40 c.c. benzene and cooled to 0°C. !
Acetyl chloride is added, and stannic chloride in 90 c.¢.
benzene dropped in with cooling and shaking. A brown-
black solid separates.

The reaction mixture is allowed to stand for 3 hours,
end is then shaken with water and steam~-distilled. Solid
potassium carbonate is added to the distillate, which is

€Xtracted with several small quantities of ether. The
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|

ethereal solution is shaken with a little solid potaséium
carbonate, and dried over fused sodium sulphate.
The ether is distilled off, and the fragrant oil |
remaining distilled at 12 mm.
The clear oil obtained solidifies on cooling.
M.pt. 30° = 32°9C. B.pt. 60° at 12 mm.
Yield 30% (twice that obtained by Reichstein, who
used quarter-quantities).
é-Acetylfurane has an odour similar to that of
acetophenone. It answers the test with sodium nitro-
prusside for methyl ketones.

Phenylhydrazone: To 1.1 gm. 2-acetylfurane dissolved

in a few drops of absolute alcohol is added 1.1 gm. {
phenylhydrazine im 11 c.c. alcohol, followed by 1l.1
CsC. glacial acetic acid. After it has stood overnight,

water is dropped into the solution till separation be-

gins. A red solid is filtered off. On further add-|
ition of water to the filtrate, more solid is precipit-

|
ated. This is golden in colour, and, on recrystalliz-

|
ation from dilute alcohol, melts at 86° - 87°C. in i

agreement with the m.pt. given for 2-acetylfurane pheﬂyl—

hydrazone by Sandelin (Ber., 1900, 33, 493). f

The red solid, which is originally obtained in

greater amount, cannot be purified as recrystallization
Yields the golden-coloured phenylhydrazone. However,

the red solid remains unchanged on standing for z con-|
|




13
siderable period, while the golden-coloured compound
undergoes extensive decomposition in a few weeks. The
following data were obtained for the former in the
crude state:

M. pt. 187-188°C.

Found: C, 69.33% 3 H, 6.23%.
Calculated for C,pH;30Ng: C, 72.00% 3 H, 6.00%.
ryl-2 -Piperidinoethyl Ketone drochloride.
EH,O\’C_go. CHg+ 0 + H.X <f_\
GH—(l}H 0Ty B s
o
cr - co. CHg. CHg. N ¢
[ I }1/\01 + Hp
CH—CH :
5.5 gm. 2~acetylfurane.
6.1 gm. piperidine hydrochloride.
1.5 gm. paraformaldehyde.
20 c.c. absolute alcohol.

The ketone and the hydrochloride are dissolved in
boiling alecohol in & 100 c.c. conical flask, fitted wit]
reflux condenser and containing porous chips. After
addition of 1.5 gm. paraformaldehyde, the reaction mix-

ture is refluxed for 15 minutes, by which time it is

homogeneous.

|
. |
Another 0.75 gm. paraformaldehyde is adde

i

|
|
|

d,
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followed by boiling for 15 minutes more. The contents
of the flask are then thoroughly cooled.

The solid, which separates, is filtered off, and
washed on the Tfilter with ether to remove unchanged
ketone. It is recrystallised from water (filtering
off the porous chips when hot), acetone being used for
washing. The white powder obtained melts at 185°-186°C.

Yield 10%.

The hydrochloride crystallizes from absolute alcohbl
as long needles. It amswers to tests for halogen, but
this cannot be estimated by titration with alkali. =\
posi tive result is obtained in the test for methyl ketones

with sodium nitroprusside.

(4]

The compound is soluble in alcohol and very solubl
in water. It is insoluble in ether and in acetone.
No phenylhydrazone could be obtained.

Addition of dilute alkali to the agueous solution
causes separation of the base. On warming the alkaling
solution, decomposition occurs, with formation of piperr
idine.

Found: C, 58.87%; H, 7.48% XN, 6.21%.
Caleulated for C,gH,g0,NCl: C, 59.02%3 H, 7.38% N, 5.7b%.
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(Eurxl~2} é-Iunmthxlaminoethxl Ketone Hydrochloride.

0
CH” C-C0.CHg + CHg0 + (CHg),NH,HC1

I
AN _CHg
I [ 7 ke S 8 7 o

CE—CH HCL
5.5 gm. 2-acetylfurane.
4,1 gm. dimethylamine hydrochloride.
1.5 gm. paraformaldehyde.

ibh e s absolute aleohol.

This preparation is carried out as in the case of
the piperidino-ketone, with, however, the addition of
4 drops concentrated hydrochloric acid. When it hes
been refluxed for 45 minutes, the homogeneous liquid is
cocled in the ice-chest, and the solid which separates
filtered off and washed with ether.

Recrystallization from water, washing with acetone
gives white leaflets, m.pt. 178°C.

Yield 26%.

The compound answers to tests for halogen, and
gives a positive in the sodium nitroprusside test for
methyl ketones. It is soluble in alcohol, and very
Soluble in water, tending to absorb moisture from the
atmosphere. Neither ether nor acetone will dissolve

the hydrochloride.
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Efforts to obtain the phenylhydrazone in alcohol,

ide were unsuccessful.
Warm, dilute alkali causes decomposition, a strong

basic odour being observed.

CaHg0. CO. CHg + CHg0 + H.N(CHg.CHp.CHg)z,HC1
% C4H30- CO. CHg. CHQ. N(CaHr?)z ,HCl e H30.

3.7 gm. 2-acetylfurane.
4.6 gm. di-n-propylamine hydrochloride.
1 gm. paraformaldehyde.

7.5 c.ce. absolute alcohol.

To the alcohol, 3 drops concentrated hydrochloric

4]

acid are added, and the preparation is proceeded with a

Sation product separate on coolinz in the ice-chest. A

Recrystallization from absolute alcohol gives whit

w

cubes which decompose sharply at 129°-130°C.

Yield 127%.

and in aqueous solution using phenylhydrazine hydrochlop-

Found: C, 52- 90%3 H, r?. 16%; N, 6. 97 T

in the case of the dimethylamino-compound. The reaction

mixture is refluxed for one hour. Crystals of the conden-

further cerop is obtained on evaporating the mother liguor.
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Positive results are obtained in the halogen and
%mthyl ketoné‘tests.

The hydrochloride is soluble in water, alcohol, an
acetone. It is ipsoluble in ether. Dilute. alkali
causes separation of the base from aqueous solution.
Decomposition occurs on warming the alkaline solution,
a basic odour becoming perceptible.

The compound has a transitory local anaesthetic
actioﬁ on the tongue.

No phenylhydrazone could be obtained.

Found: C, 60.03% H, 8.57% N, 5.3

Galeulated for C,gHp30,NCl: C, 60.00%s H, 8.46%; N, 5.3

-2 -Di-n-butvlaminoethvl Ketone Hydrochloride.

G4HgO. CO. CHg + CH50 + H.N(CHg.CHg.CHz. CHg)g,HC1
——3 C,Hg0. CO. CHg. CHa. N(CgHg) 2,HC1 + Hz0.

5.5 gm. Z2-acetylfurane.

8.3 gm. di-n-butylamine hydrochloride.

1.5 gm. paraformaldehyde.
15 c.c. absolute alcohol.
The preparation is carried out in exactly the same
manner as that of the correSponding dimethyl compound.
AS nothing separates on cooling the reaction mixture

efter it has refluxed for lfihours, it is allowed to

D% »
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evaporate to half the original volume on the steam-bath:
White crystals of the amino-ketone then separate on
cooling. They are washed with ether and recrystallized
from absolute alcohol.

Mopts 11190, = Yield 104

The hydrochloride answers to tests for halogen, ang

to the test for methyl ketones with sodium nitroprusside.

gsoluble in ether. In aqueous solution, addition of alr
kali causes separation of the base as a solid, and, on
warming, decomposition.

The compound has a slight local anaesthetic action
on the tongue.

No phenylhydrazone could be isolated.

Founds © Gy 62.27% 3 H, '9.32%.

Caleulated for C,sHz405NCl: C, 62.50% 5 H, 9.03%.

(Furyl-2) B-Di-(B-hydroxyethyl)-aminoethyl Ketome Hydror

chloride.

0 N
20, CH,. CH:0H
g / 2 2
iH CO. CHg 9 +.}L,QCH2.CH20H
+ 0H
g 2 B.C1

H \\N
~+CHg. CHsOH

0
CH” C-C0. CHg. CHa Nor™, cHO0H

I u f o1
CH—CH + HgO.

It is.soluble in water, alcohol, and acetone, and slightly
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5.5 gm. 2-acetylfurane.
5.3 gm., diethanolamine.
1l. 5 gm. paraformaldehyde.

20 c.c. absolute alcohol.

Dilute hydrochloric acid is mixed with the diethan
olamine until the solution is neutral. It is then evap-

orated to dryness on the steam-bath. The viscous oil

obtained is dissolved in absolute alcohol, and Z2-acetyl
furane and 0.5 c.c. concentrated hydrochloric acid added.
On warming, the mixture becomes homogeneous. After adg-

ition of the paraformaldehyde, it is refluxed for 15 mip-

utes, by which time it is ageain uniform throughout. An
other 0.75 gm. paraformaldehyde is put in, and boiling
continued for one hour.

The reaction mixture is taken to dryness on the
steam-bath, The viscous mass remaining is allowed to
stand in a vacuum desiccator for a week. Prolonged,
vigorous stirring then causes separation of brown cry-
stals of the condensation product. Absolute alcohol is
used for recrystallization and also for washing. The
light brown cubes melt at 100°-101°C.

Yield 17%.

The hydrochloride has an aromatic odour. It is

Eoluble in cold water and in hot alcohol, but is only

lightly soluble in cold alcohol. Neither ether nor
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benzene will dissolve it.

The compound is not hygroscopic. Tests for hal-
ogen and the nitroprusside test for methyl ketones are
answered.

Addition of dilute alkeli to an agueous solution
causes separation of the base, and, on warming, decom-
position.

No phenylhydrazone could be obtained.

Found: C, 50.08% H, 7.00%; N, 5.5

Galculated for C,;H,g0,NCl: C, 50.00% H, 6.82% N, 5.3

ttempt t repare (X -2 -Dieth inoethyl Ketone
Hydrochloride.

: Attempts to condense diethylamine hydrochloride
with 2-acetylfurane and paraformaldehyde met with no
success, although the reagents were eventually heated
together in alcohol for 2 hours. Bxtremely hygroscopi
crystals, melting at 221°-223°C., were recovered on eva
oration. A micro-Dumas estimation confirmed this com-
pound as diethylamine hydrochloride.
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3. 4A-Phenyl-2-formylthiaszole.

Benzoylhydroxythiocacetamide.
(a.) Benzoylhydroxyacetonitrile.

(Jo¥. Olin, and T.B. Johnson, Rec. Trav. Chim., 1931, 5
H,CHO + CgHs. COC1 + KCN —> CgH;C0. OCHy. CN + KCI.

Ice must be added during the reaction as that orig
inally present melts. The o0il obtained differed from
that of the above authors in that it changed to a white

erystalline solid at room temperature.

82.5 gm. (l.1 mol. HCHO) formalin.
71.5 gm. (1.1 mol.) pulverised potassium cyanide.
140 gm. (1.0 mol.) benzoyl chloride.

500 gm. crushed ice.

The formalin is added to the ice in a wide-necked
bottle (capacity 1.5 litres). After the addition of
the benzoyl chloride and potassium cyanide, the bottle
is stoppered and shaken till the smell of the former is
no longer detectable. More ice is added during the

shaking as that present melts.

chloroform, and dry over calcium chloride.
The chloroform is taken off, and the brown oil re-
maining distilled at 18 mm., the fraction coming over

at 158°-163° being collected.

Extract the white solid or oil, which separates, in

s 72)

L}
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B.pt. of pure nitrile 158°C. Yield 50% (celculated
on benzoyl chloride).
On boiling the nitrile with alkali, ammonia is

evolved. The o0il solidifies at room temperature.

(b.) Benzoylhydroxythioacetamide.

(J.F. 0lin snd T.B. Johnson, loc. ecit.)

§0 (0. 00T, CF + Hy8 —Xisthenolsmines o g. c6.0CHg. GENE,.

The pure thioamide was found to melt at 107°-108°

- above authors give m.pt. 103°C.

250 gm. benzoylhydroxyacetonitrile.
13 gm. triethanolamine.

250 c.c. 95% alcohol.

The triethanolamine is dissolved in alcohol and the
solution saturated with hydragen sulphide. The nitrile

is added and hydrogen sulphide gas passed in for 3 hourp

at 45°, The temperature is raised to 60°, and the sol
ution poured into an equal volume of cold water, and
rapidly stirred.

Benzene was.found suitable for recrystallizing the
80lid which separates. The cream-white needles are
Washed with petrol ether.




83.

4-Phenyl-2-formylthiazole.

(8. ) 4-Phenyl-2-benzoylhydroxymethylthiszole.

(J«¥. O0lin and T.B. Johnson, J.A.C.S., 1931, 53, 1470)

H
GH. Br S\C-CH20.00.05H5 o
4+ I ?ledlne\ﬂ

CeHs-g.OH HN CeHgm

5
Ng-CHz0. 0C}

+. HBT

150 gm. benzoylhydroxythioacetamide.
. 114 gm. W-bromoacetophenone.
60 c.c. pyridine,

300 e.c. alcohol.

The solution of thioamide,«-bromoacetocphenone and
pyridine in alcohol is refluxed on the steam-bath for 4

hours. It is then poured into about 3 litres of ice-

most of the pyridine has been removed, the benzoate is

recrystallized from 95% alcohol to give white rosets.

acetophenone).

(be) 4-Phenyl-g-hydroxymethylthiszole.

(JeF. 0lin and T.B. Johnson, loc. e¢it.)

S\ =
e C-CHg0.0C. CgHjp CH S\E-CHzﬁﬁ

C 6115- =T, H'

water. The smeary solid which separates is washed thor-

oughly in a beaker with dilute hydrochloriec acid. When

M. pt. 73°-74°C. Yield 60% (calculated on w-bromp-

Cels
+ Hy0.

KOH 7 "
CSHs"g L‘}! . ! " CGH5a COOK.
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As the product obtained solidified at an earlier
gtage, the extraction and distillation under reduced
‘ljpressure described in the paper quoted were unnecessaly;
The pure alcohol melted 1° higher than the melting-point
given in the paper.

To 4~-phenyl-Z-benzoylhydroxymethylthiazole, dis-
solved in the minimum quentity of absolute alcohol nec-~
essary, is added half its weight of potassium hydroxide
in thé minimum of water, The whole is refluxed on the
water-bath for 2 hours, and is then poured into ice-
water. The o0il which first separates soon solidifies,
and is filtered off.

From 60% aleohol, brown crystals are obtained.

Mopto Bgo-gOQC— Yield 757-

(e«) 4-Phenyl-2-formylthiazole.
(J«¥. Olin and T.B. Johnsom, loc. cit.)

__N C6H5‘ N

s S
j}?’ \(i-CHgoH 5 ﬁH’ \<’JI~CHO
CB‘Hs- C

When 19 gm. of the alcohol was oxidised with di-
chromate, a small yield of the aldehyde was obtained.
With larger quantities of starting material, all that
could be isolated was a substance which was identified

a8 4-phenylthiazole.
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19 gm. 4-phenyl-2-hydroxymethylthiazole.
20 gm. sodium dichromate.

135 c.c. glacial acetic acid.

The solution of the alcohol and dichromate in acet

and the remaining oil distilled under reduced pressure.
Bc Ptl 1600-1650 at 14 mn. Yield 237.

The o0il obtained solidifies in the receiver.

Phenylhydrazone: Identical with that described by 01lin

and Johnson. Yellow prisms, m.pt. 131°-132°C.

4-Phenylthiazole: 50 gm. 4-phenyl-2-hydroxymethylthiaz
were treated with an equal weight of sodium dichromate
a8 described above, The products of two or three such
batches were added together for distillations in vacuo.
Extensive decomposition was observed in distilling
at 14 mm. , the product coming over through a wide range
of temperature. Reducing the pressure to 10 mm. made
no improvement. The oil first obtained solidified.
The s0lid was recrystallized from absolute alcohol till
a constant m.pt. , viz. 52°, was attained (white needles
The compound gave no phenylhydrazone, nor did it

énswer to tests for sldehydes. It was easily soluble

poured into water and the aldehyde extracted with ether.

After drying over calcium chloride, the ether is removed

ic

acid is heated on the steam-bath for 2 hours. It is then

ole
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in mineral acids, being precipitated, without change in
melting-point, by alkali. Tests for sulphur and nit-
rogen were positive.

Addition of benzoyl chloride to a solution in ben-

zene gave a white precipitate, melting cs. 95°. This

decomposed in solution; unless excess benzoyl chloride
were present.
The identification of the decomposition product as

4-phehy1thiazole was completed by carbon and hydrogen

estimations.
Yield 25%.
Found: C, 67.03, 67.08%: H, 4.29, 4.24%.
Calculated for CgH,NS: C, 67.08%: H, 4.35%.

4-Phenylthiszole (m.pt. 52°) was prepared by Popp

1

(Ann. , 250, 1889, 279) by treating the condensation pro

duct of wa-bromoacetophenone and thiourea with ethyl

nitrite.
EN
EH. Br ‘vc"-mfz CH” “C-NHp
+
—
cﬁHs" . 0H HN GGH5-C'_'H + HBr + HgO-
Thiourea 4-Phenyl-Z2-zminothizzole
EtNO, ,‘
S t
cH” \(ﬂ':H |
Cellg-C—X |

4-Phenylthiazole.

t:ghegxlthiazole Hydrochloride: A solution of the base |in

arm, dilute hydrochloric zcid was evaporated to drynesé.
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The oil obtained solidified on cooling. From absolute
alcohol white, slightly hygroscopic, crystals, melting
at 80°-82°, separated. Popp (loc. cit.) gives m.pt.
as 80°.

Yield 95%.

" |4-Phenyl-2-formylthiazole.

(2a.) Thioacetamide.

.(HantZSCh’ Ann. , 1889, 250, 264-)
5CH3- CONHg + P235-——7 5CH3. CSNHg + P205.

30 gm. (0.5 mol.) acetamide.
22 gm. (0.1 mol.) phosphorus pentasulphide.

The reagents are ground together in a mortar and
the mixture is heated with 1,500 c.c. benzene on the
water-bath for 8 minutes. The liquid is filtered while
hot, and is then left overnight. White laminae separate.
After pouring off the benzene, these are dried at the
filter-pump. The smount of thioacetamide left in sol-
ution in the benzene is negligible, but the solvent shonld
be kept for use in future preparations.

The product is not purified any further.

M.pt. 106°-107°C. Yield 18%.




88.

(b.) A-Phenyl-2-methylthiazole.
(Hentzsch, Ann., 1889, 250, 269)

HS\ H/S\

v ?H. Br }j" CHa j j‘ CHa
+ :
C_sHs‘Jo OH 06H5"' = +HBr + HQO.

20 gm. W-bromoacetophenone.

8 gm. thioacetamide.

To the W-bromoacetophenone at 100°, the thioamide
is slowly added. Heating is continued for 30 minutes.
The product is made alkaline with sodium hydroxide sol-
ution, andlthe solid which separates is filtered off an
washed with water.

i, pt. 58°C.

(c.) 4-Phenyl-2-formylthiazole.
(Cf. Kaufmann and Vallette, Ber., 1912, 45, 1740.)

Attempts to condense 4-phenyl-2-methylthiazole and

p-nitroso-dimethylaniline met with no success.

Thicacetamide.

(Cf. Bernthsen, Ann,, 1878, 192, 46. 0lin and Johnson,
Rec. Trav. Chim., 1931, 50, 72.)

4 gm, triethanolamine were dissolved in 20 c.c.
glcohol and the solution saturated with hydrogen sulphid
€0 gm. acetonitrile were added and hydrogen sulphide
passed in for 6 hours at 45°. A very small quantity

bf thioacetamide separated.

jon

le.
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In another attempt, hydrogen sulphide was passed
in for 20 hours at 0°. A very small yield was again

obtained.

4. -Amino-ketones and Related razolines derive

from o-Alkoxy-benzylidene-acetones.

Salicylidene~acetone.

(Harries Ber. , 1891, 24, 5180.
OH

@—CHO + CHy. CO. CHy —N20H, D—CH. CH. CO. CHg + Hy0.
It was found advisable to omit the steam-distill-
ation described by Harries for removal of excess salicyil-
eldehyde, as it caused extensive charring of the con-
densation-product. Recrystallization from benzene or

from acetone proved sufficient for purification.

45 c.c. salicylaldehyde

70 c.c. acetone

240 c.c. 10% sodium hydroxide solution.

The 2ldehyde is dissolved in 140 c.c¢. sodium hyd-
roxide solution, and mixed with shaking with acetone.
After addition of the remainder of the alkali, which
dissolves any precipitate, the solution is diluted to
© litres and allowed to stand for 3 days. Salicylidene-

acetone is thrown out of solution by hydrochloric scid
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(1 part concentrated to 1 part water). The yellow solid
is washed with water, dried, and recrystallized from

benzene or acetone.

MI ptc 159000 Yield 80%"90%-

-Phenyl-3- (B=piperidinoethyl)-5- (2--methoxyphenyl) -

razoline Hydrochloride.

(2. ) o-lMethoxy-benzylidene-acetone.

(Auwers, Ann., 1917, 413, 279.)
OH ,MJOCHa

@—cm CH. CO. CHg _(CHa) 2804 @-cm CH. CO. CHg

30 gm, salicylidene-acetone.

20 c.c. dimethyl sulphate.

To salicylidene-acetone, dissolved in 150 c.c. 2N
gsodium hydroxide solution, dimethyl sulphate is added
in smell portions;figgking after each addition. The
mixture is allowed to stand for a short time, shaken
with a further 100 c.c. of alkali, poured into 300 c.c.

of water, and extracted with ether. The ether layer ip

washed thoroughly with very dilute sodium hydroxide sol
ution and then with water. After drying over snhydrous
Potassium carbonate, the ether is removed, and the res-
idue (which solidifies on cooling) is distilled under
reduced pressure. The almost colourless liguid gives

a white solid on cooling.
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" M.pt. 48°-50°C. B.pt. 152°-153° at 1 mm.
Yield 30%.
The compound may be recrystallized from benzene,

but is more effectively purified by distillation.

(bs) 1-Piperidino-5-( o' —methoxyphenyl)- K' -penten-3-one

Hydrochloride,
_,OFCH,

/=CHz CH. C0. CHg + CHpO + H.NCgsH,q,HCL —>

OCH,
@-cm CH. CO. CHy. CH,. NC5H, o HC1 + Hp0.

10 gm. o-methoxybenzylidene-acetone.

7 gm. piperidine hydrochloride.
2 gm. paraformaldehyde.

15 c.c. absolute alcohol.

The above mixture is refluxed in a 100 c.c. conical
flask for 15 minutes, A further 1 gm. of paraformal-

dehyde is added, and heating continued 15 minutes longer.

On cooling thoroughly and scratching, a white solid

separates. This is filtered off, washed thoroughly |

|

with alcohol and then with ether, and recrystallized frbm
|

absolute alcohol with hot filtration. The white cubes|
melt at 177°-178°C. |
Yield 13%.

The hydrochloride is slightly soluble im cold aleokol

and readily soluble in water, but insoluble in ether.




a
alcohol as,yellow powder, m.pt. 160°-162°C.
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On adding alkali to the agueous solution, the free base
is precipitated. Warming the agueous solution also
causes hydrolysis.

Found: C, 65.86% 3 H, 7.40%.
Calculated for C;,Hp,0,NCl: C, 65.81% 5 H, 7.74%.

(c.) Phenylhydrazone:

(Cf- .EX'SJ.WGI‘S al’ld VOSS, Ber. L] 1909, __4_&’ 4411-)
0.7 gm. phenylhydrazine.

12 c.c. @absolute alcohél.

0.7 ce.cCs glacial acetic acid.

On scratching or on seeding with any one of the
homologous phenylhydrazones, a yellow solid is deposited

from the reaction mixture. It separates from absolute

Yield 80%.

In Knorr's reaction. a dark-red colour is observed;

The phenylhydrazone is slightly soluble in cold alcohol)
but insoluble in water and in ether.

Found: N, 10.59%.

Calculated for CygHgoONgCl: N, 10.50%.
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pyrazoline Hydrochloride.

JOCHa
&/HCH—'CH-C CHgs CHgs NCsH; 5, HCL
C Hg-NH-
HC1
m: ,OCH
E—C
c H N—"

The phenylhydrazone (1.5 gm.) is heated under re-
flux with normel hydrochloric acid (15 c.c.) on the
steam-bath for 20 minutes. Almost immediately heating
is started, a clear solution is obtained. On cooling,
a green oil separates, and this on seratching gives a
white solid, which is filtered off and washed with wate
The pyrazoline is recrystallized ffom water (15 csc.),
filtering when hot. It separates as very fine particl
forming o suspension that taskes a very long time to fil
M. pt. 74°-75°C. Yield 55%.
A positive is obtained in Knorr's test.  Exposure
to bromine vapour causes an immediate colour change to
violet. The hydrochloride is slightly soluble in cold
water, from which alkali precipitates the base. It ha

2 powerful local anaesthetic action on the tongue.

Using phenolphthalein as indicator.

(d.) 1-Phenyl-5-(A-piperidincethyl)-5- 2' ~methox enyl) -

Halogen may be estimated by titration with 0.02 N alkal!

e

es,

Ger.
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Found: N, 10.21% 3 C1l, 9.2%.

Calcula‘bed for 033H300N301= N, 104 50% H Cl’ 8. 9%-

1-Phenyl-3- (8-piperidinoethyl)-5-(2" ~ethoxyphenyl)-

pyrazoline Hydrochloride.

(a.) o-Zthoxy-benzylidene-acetone.

0-HO. C gH,. CH: CH. CO. CHg— 25l o 0 H:0. CH,. CHs CH. CO. CH.

30 gm. salicylidene-acetone.
32 gm. ethyl iodide.
14 gm. potassium hydroxide.

100 ¢.c. .absolute alcohol.

Potassium hydroxide, in the minimum of water nec-
essary for solution, is added to salicylidene-acetone
and ethyl iodide in absolute alcohol. The mixture is
heated under reflux on the water-bath for 1% hours, and
is then poured into 1 litre of water. The, 0oil which
separates is extracted with ether, the ethereal solutiopn
being washed with very dilute sodium hydroxide solutiom
and with water. After drying OVer anhydrous potassium
carbonate, the ether is removed, and the red oil remaint
ing (which gives a yellow solid on cooling) is distilled
under reduced pressure. The almost colourless product
Solidifies on cooling.

M. pt. 46°-47°C. Bipt. 143°-145° at 1 mm.




95.

Yield 50%.

The compound is soluble in the usual solvents, but
cannot be readily recrystallized from them.

Found: C, 75.47% 3 H, 7.34%.

Calculated for C;pH;,0a2: C, 75.79% 3 H, 7.37%.

(b.) i igi 2 -ethox; e

Hydrochloxride.
0-CgHs0. CgHyo CH: CH. CO. CHg + CHgO + H.NCgH;q,HCl—>
0-CgHs0. Cgligs CH: CH. CO. CHp. CHp. NCgH; o ,HC1 + HgO.

6«3 gm. o-ethoxybenzylidene-acetone.
4.1 gm. piperidine hydrochloride.
i gm. paraformaldehyde.

7 c.C. absoclute alcohol.

The reaction mixture is refluxed for 20 minutes, a

further 0.5 gm. paraformaldehyde added, and heating con
tinued 15 minutes longer. The solid which separates
on cooling and scratching is filtered off and washed with
alcohol and with ether. From absolute alcohol, white
prisms, melting at 190°C., are obtained.

Yield 30%.

The hydrochloride is slightly soluble in cold alcohol,
Soluble in water, and insoluble.in ether. Warming, or
adding alkali to, the agueous solution causes hydrolysif

With separation of the base.
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Found: C, 66.46% 3 H, 7.6%%7

(ce) Phenylhydrazone:

2.0 gm. C,gHgg0aNC1.
0.7 gm. phenylhydrazine.
17 ¢« C. absolute alcohol.

0.7 c.cs glacial acetic aeid.

The phenylhydrazone separates from the above mix-
ture on scratching or on seeding with one of its homo-
logues. It is recrystallized from absolute alcohol.
The yellow powder melts at 165°-167°C.

Yield 90%.

As repeated recrystallization lowers the m.pt., it
is probable that isomerisation to the pyrazoline occurs
in the boiling solvent. The phenylhydrazone gives a '
positive result in Knorr’s test for pyrazolines, but sh
no colour change with bromine vapour. It is not very
soluble in cold alcohol end insoluble in cold water and
in ether.

Found: N, 9.87%.
Calculated for CgaHgs0NgCl: N, 10.14%.

DWS
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pyrazoline Hydrochloride.

0=CgH 0. CgHa~CH=CH-0=CHg. CHau NC 5H; g, HCL
C gHg=NH-N
HC1

0-02H50. CGH4-CH - CHz\c

Vg "C}Ia. CHE. NC 5}110 ,HCl.

Celis-

On heating the phenylhydrazone (1.5 gmn.) on the
steam-bath with normal hydrochloric acid (15 c.c.), a
¢lear solution is first obtained, from which in a short
time a white solid is seen to separate. After reflux-
ing for 20 minutes, followed by thorough cooling, the
solid is filtered off and washed with water. It is
recrystallized from water with a hot filtration. The
white needles obtained melt at 166°C.

Yield 60%.

Knorr’s test for pyrazolines is answered, and the
crystals turn blue immediately on exposure to bromine
vapour. The hydrochloride is only slightly soluble in
cold water, but very soluble in alcohol. :

It has a local anaesthetic action on the tongue.

Mixed m.pt. with isomeric phenylhydrazone ca. 145°(

Found: N, 10.40% 3 Cl, 8. 6%

Calculated for CpaHgs0NgCl: N, 10.14% 3 Cl, 8.6%.
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gxrgzoline Hydrochlori¢e.

(2« ) o-n-Propoxy-benzylidene-acetone.

g~HO. C gHy. CHs CH.'CO, CHg —Ctiae CHao CHa- I 6 11 0, ¢ gH,. CH: $E. CO. CHg.

30 gm. salicylidene-acetone.
32 gm. n-propyl iodide.
14 gm. potassium hydroxide.

100 c.c. absolute aleohol.

Salicylidene-acetone and propyl iodide are dissolved
in absolute alcohol. Potassium hydroxide, in the min-
imum quantity of water necessary for solution, is added,
and the solution is refluxed on the water-bath for 1%
hours. It is then poured into 1 litre of water, and
the oil which separates is extracted with ethgr. The
ether layer is washed with very dilute sodium hydroxide
solution and with water, and dried over anhydrous pot-
assium carbonate. The oil remaining after distilling
off the ether is distilled under reduced pressure to
give a mobile, almost colourless, liquid which may crys+
tallize on standing. This distils over a wide temperar
ture range, approximately 155°-165° at 1 mm.

Yield 35%.

The compound showed no signs of decomposition on

8tanding for several weeks.
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Found: €, 76.62% 3 H, 7.45%.

Calculated for CygH,e0s: C, 76.47% 3 H, 7.84%.

Hydrochloride.

6.8 gm. o-n-propoxybenzylidene-acetone.
4,1 gm. piperidine hydrochloride.
1 gm. paraformaldehyde.

7 c.Cs absolute alcohol.

The above mixture forms a homogeneous solution
after it has been heated under reflux for 15 minutes.

A further 0.5 gm. paraformaldehyde is added and heating

a white solid separates. This is filtered off, washed
With alcohol and with ether, and recrystallized from
absolute alcohol.

M.pt. 182°C. Yield 26%.

The hydrochloride is slightly soluble in cold alco
readily soluble in water, and insoluble in ether. Add
ition of alkali to the aqueous solution causes separati
of the free bage. Hydrolysis is also brought about by

Warming the aqueous solution.

continued 15 minutes longer. On cooling and scratchin

£ >

hol,
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Founds: C’ 67.55% 5 H, 7-85?-

Calculated for CyoH,g0pNCl: C, 67.46% 3 H, 8.28%.

(c.) PRhenylhydrazone:
2.0 gm. C;oHpg0sNC1.
0.7 gm. phenylhydrazine.
14 c.c. =absolute alcohol.

0.7 cece glacial acetic acid.

Scratching or seeding with any one of the_homol-
ogous phenylhydrazones causes separation of a yellow
solid from the reaction mixture. From absolute alcohol
clusters of yellow needles, m.pt. 161°-162°C., are
obtained.

Yield 70%.

The compound does not answer to Knorr’s test for
pyrazolines. It is slightly soluble in cold alcohol,
insoluble in water and in ether.

Found: N, 9.47%.

Calculated for CgsHgaONgCl: N, 9.81%.

(do ) 1-Pheny;-51gﬁ-niperi@inoethyl)~5«(ﬂ ~N-DropPOXy-

phenyl)-pyrazoline Hydrochloride.

C3Hy 0. CgHy-CH=CH-C-CHy. CHp. NC5H; o, HCL
CGHS-NH. N
HC1
C3H,0, CoH, - TH - CHs

OeHs = N--N;;>

C -CHg. CHg. NCsH, ¢, HC1.
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The phenylhydrazone (1.5 gm.) is heated under re-

flux on the steam-bath with normal hydrochloric acid

=

(15 cac.).  In a short time, the yellow crystals darkel
iu colour, and are then seen to be replaced by a white
solid. After 20 minutes heating, followed by thorough
cooling, the solid is filtered off and washed with water.
Recrystallization from water, filtering when hot, gives
creamy-white needles melting at 193.5°C.

Yield 75%.

A positive result is obtained in Knorr’s test. The

[41]

crystals change in colour to blue on exposure to bromin
vapour. The hydrochloride is not very soluble in cold

water, but is readily soluble in alcohol. It has a

local anzesthetic action on the tongue.

Found: N, 10.08% 3 Cl, 8.3%.

Calculated for CpsH340NgCl: N, 9.81%Z 3 Cl, 8.3%.

d-Phenyl-3-(8-piperidinoethyl)~-5-(2'-n-butoxyphenyl) -

Ryrazoline Hydrochloride.

(2. ) n-Butyl-n-toluene-sulnhonate.

0Ha-©—30201 + n-C Hy0oH-N20 CH3—©—802.OC4H9 +| HC1

n . PR |
Chemical Syntheseés, Vol. IX, p. 28,
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(bs ) o0-n-Butoxy-benzylidene-acetone.
' oH

@‘CH: CH. CO, CHa + CHao CGH4’ SO’S C4Hg
‘ \KOH

Q—cm CH. CO. CH; + CHge CgHg. SO3H.

OC,H,
178 gm. (l.1 mol.) salicylidene-acetone.

228 gm. (1.0 mol.) n-butyl-p-toluene-sulphonate.
70 gm. potassium hydroxide.

500 0. 95% alcohol.

Salicylidene-acetone and butyl-toluene-sulphonate
are dissolved in warm alcohol. Potassium hydroxide,

in the minimum gquantity of water necessary for solution
is now added, and the mixture is heated under reflux on
the water-bath for 14 hours. It is then poured into 5
litres of water, and the oil which separates is extract
with ether. The ethereal solution is washed with 2%
sodium hydroxide solution and with water, and is thorou
ly dried over anhydrous potassium carbonate. After di
tilling off the ether, the remaining oil is distilled
under reduced pressure in portions of 25 c.c. from a

100 c.c. flask. A mobile amber oil is obtained in 50%
yield.

B.pts of pure ether 177.5° at 3 mm.

The compound decomposes on standing. In the dis-

tillation, sllow to cool before letting in air.
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Neither the phenylhydrazone nor its isomeric pyra-

zoline could be isolated.

(cs) l-Eipgridino-5~(2‘-n—butoxxghenyl}f[f-penten—s-ong_

Hydrochloride.

OoC. H, ;
@-CH:CH.GO.CHS + OCHy + H.NCgH;o,HCL

Ocah |
@‘CH:CH.CO-Cﬂg.CHg .N.CgH10,HCL + Ha0.

7.3 gm. o-n-butoxybenzylidene-acetone.
4.1 gm. piperidine hydrochloride.
1 gm. paraformaldehyde.

7 c.c. absolute alcohol.

I' The ketone and piperidine hydrochloride are added

to 7 c.c. aleohol in a 50 c.c. conical flask, containing
borous chips. On warming, partial solution is effected.
This mixture is heated with parafcormaldehyde under reflux
for 15 minutes, by which time a homogeneous solution is
obtained. After the addition of a further 0.5 gm. para-

formaldehyde, boiling is continued 10 minutes longer.

The contents of the flask are then thoroughly cooled.
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off, and washed with a little alcohol and with ether.
Recrystallization from absolute alcohol (filtering when
not) yields white needles, melting at 164°-165°C.

Yield: 26%,

It is readily soluble in alcohol and fairly solubl
in cold water, but insoluble in ether. On warming or
adding alkali to the agqueous solution, hydrolysis occur
with ﬁrecipitation of the base.

Found: C, 68.13% 3 H, 8.75%.

Calculated for CpoHzo0oNCl: C, 68.18% 5 H, 8.52%.

(de ) Phenylhydrazone:

2.0 gm. 020}13002N01-
0.7 gm. phenylhydrazine.
7.0 c.c. absolute alcohol.

Q.7 ce.Ce glacial acetic actd.

On cooling and scratching the reaction mixture, th
phenylhydrazone separates. Recrystallizetion from ab-
solute alcohol, washing with = 1little alcohol, gives
yellow needles m.pt. 154°-155°C.

Yield 90%.

Knorr’s test for pyrazolines is not answered. Th
compound is slightly soluble in cold alcohol, insoluble

in wgter and in ether.

The solid which separates on scratching is filtered

[¢)]

L)

w
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Found: N, 9.76%.

Galculated for CpeHaqONgCl: N, 9.50%.

(ee) -Phenyl=-3~(8 =piperidinocet -5—(2'~n—bgtoxxpg§g
‘ pyrazoline derochlbride.

OC,Hs
H=CH-C~CHg.CHg .Ni C5Hj 0,HCL

CeHg.NH-=

‘@""H 58y

| :
Collg N1

HC1

—CH2 OCH2 ..N_ C5H10,H01 *

The phenylhydrazone (2 gm.) is heated under reflux
with normal hydrochloric acid (20 c.c.) on the steam-ba
for 30 minutes. After 5 minutes, a green oil is ob-

served to be replacing the yellow crystals of the start

material. On cooling and scratching, at the end of the

reaction, the green oil gives a white solid. This is
filtered off, washed with water, and recrystallized fro
water with a hot filtration. The white powder melts &
191°¢C.

Yield 75%.

A msuve colour is obtained in Knorr’s test. Ex-
posure to bromine vapour causes immediate colour change
to Dblue. The hydrochloride is not wvery soluble in

water, but is readily soluble in cold alcohol. It has

th

ing

ok
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g powerful local anaesthetic effect on the tongue.
Found: N, 9.87%, 9.51% Cl, 7.9%.

Celeulated for CgpeHseONzCl: N, 9.50%; cl, 8.0%.

_ |1-Phenyl-3- (B-diethylaminoethyl)-5-(2' -n-butoxyphenyl)-
pyrazoline Hydrochloride. -

(a.) 1l-Diethylsmino-5-(2" -n-butoxmhegx;,)-A"’-—penten-

S-one Hydrochloride.

GaHoO. CgHyo CHz CH. CO. CHy + HCHO + HN(CpHs)g,HCl —>

7.3 gm. o-n-butoxybenzylidene-acetone.
3.7 gm. diethylamine hydrochloride.
1 gm. paraformaldehyde.

3 C.Cs absolute alcohol.

The mixture is warmed until reaction sets in, and
is then refluxed for 10 minutes to give a thomogeneous
solution. To this, 0.5 gm. paraformaldehyde is added,
and heeting is continued 10 minutes longer.

The sticky solid which separates on cooling in the
ice-chest is freed from liguid 28 far as possible by
filtration, smeared on-a porous plate to dry, and washed
very cautiously with alcohol, and then thoroughly with

ether, ¥rom absolute szlcohol, white crystals, melting
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at 115°-116°C., are obtained.

Yield 5% to 10%.

The compound is very soluble in alcohol and in
Pwater, but insoluble in ether. It is not hygroscopic.
Found: €, 66.35%; H, 8.51%; N, #;08%.

Calculated for CyoHgoO0sNCl: €, 67.06%; H, 8.82%; N, 4.12%.

(o.) Phenylhydrazone:

|
The first attempt to prepare this compound, using
- i
equimolecular proportions of the ketone and phenylhyd-i

razine in alcohol and acetic acid, yielded a few mgm. of
|a yellow solid, melting at 141°C. when recrystallized
‘from alcohol. This solid did not answer Knorr's test
‘for Dyrazolines. It dissolved in hot dilute hydrochloric
iacid, and on cooling a white solid was observed to sep-
iarate. On standing for some time, the yellow crystals
‘decomposed.

l Found: N, 9.63%.

?Galculated for CggHggONgCl: N, 9.79%.

E All subsequent attempts to prepare the phenylhyd-

}razone resulted in a white solid which remains unident-|

iified. It recrystallized from alcohol in needles, m.

pt. 178°C. Neither Knorr's test nor the bromine vapour
itest for pyrazolines was answered. The compound wasg
Ereadily soluble in water. The following figures were

obtained: C, 52.25%; H, 5.86% N, 9.87%.

|
|
|
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Attempts to Prepare other B-Amino-ketones from o-n-

Butoxy-benzylidene-acetone.

Several unsuccessful efforts were made to condense
dimethylamine, di-n-propylamine, di-n-butylamine, and
di-(B-hydroxyethyl )-amine hydrochlorides with formal-
dehyde and o-n-butoxy-benzylidene-acetone, to give anal
ogous compounds to those already obtained by conden=~-

sations with piperidine and diethylamine hydrochlorides.

The quantities of solvent used in the preparations
were varied, and the reaction mixtures heated for widel
different times. In some cases, a few drops of concen
trated hydrochloric acid were added. In no attempt
did the required p-amino-ketone hydrochloride crystalli
out on cooling, nor on evaporation to dryness on the
steam-bath and in a vacuum desigcator for a long period
Frequently, however, large amounts of the amine hydro-
chlorides used were recovered.

Treatment of the reaction mixtures with alkali,
followed by extraction with ether,yielded in no case
anything resembling the f-amine-ketone base.

Attempts were also made to isolate any condensa-
tion product present as its phenylhydrazone. For this
the reaction mixture was taken to dryness and washed
thoroughly with .ether to remove butoxy-benzylidene-
acetone. The remaining oil was then treated with
phenylhydrazine in acid solution. Neither the phenyl-
hydrazone nor the corresponding pyrazoline (under con-
ditions for conversion), as hydrochloride or base, was
obtained in any case.

ae
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Iv.

Pharmacological Tests and Results.

The local anaesthetic properties of the new com-
pounds prepared were examined by the guthor in the
Department of Pharmacology, University of Edinburgh.
Determination of. their toxicities, for which greater
biological experience is desirable, was carried out
by Lord Suffolk.

Professor A. J. Clark's hospitality and advice are
gratefully acknowledged. Thanks are also due to Lord
Suffolk, and to those who volunteered for intradermal

Several f-dialkylaminoethyl ketones and 3-f-dialky

aminoethyl-pyrazolines have been found to be local an-
aesthetics (see Introduction). Compounds of the latte
type have also been shown to be anti-pyretics (private

information). That they possess this property is

Jige

oy
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hardly surprising in view of the similarity between

their structures and those of antipyrin (l-phenyl-2:3-

dimethyl-5-pyrazolone) and amidopyrin (l-phenyl-2:3-

dimethyl-4-dimethylamino-5-pyrazolone). :

To be a satisfactory local anaesthetic, a compound
must cause loss of sensation for a perceptible period,
without local irritation or central toxic action. The
compoﬁnds were tested for these effects as follows

(ef. H. XK. Sinha, J. Pharm., 1936, 57, 199 and Ph.D.

Thesis).

Local anaesthetic efficiency is taken to be the
reciprocal of the minimum concentration producing actioh
of a certain duration. The duration selected is 10 mi?-
utes, as sufficiently long to eliminate errors due to t#e
transient local anaesthesia caused by saline solution. |

viously useless.) This narrow definition of effic- |

(A drug which cannot produce 10 minutes action is ob-

liency is necessary since the duration of action of a

drug does not vary directly as the concentration, the

relationship being different for each drug. Thus it i%
impossible to estimate the relative potency of local anr
aesthetics from the relative duration of their actions ‘

in a given concentration. lioreover, the ratio between

Foncentrations producing an action of a given duration
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will vary with the duration.

The use of molar concentrations is pointless in
view of the low standard of accuracy of the methods.
Rabbit's Cormnea: This method measures the power of the
drug to penetrate mucous membranes and to paralyse
‘| nerve=-endings. Any irritation caused by the concen-
|trgtions used is also noted. The rabbit's eye-lashes
are clipped off, and the pocket formed by pulling the
lower eye-1lid outward and slightly upward is flodded
with the aqueous drug solution. This is allowed to acft

for 5 minutes, being replenished at intervals, and the

eye is then thoroughly washed with saline. The eye is

tested from time to time for the return of the winking

(4]

reflex on touching the cormea with a horse-hair, and th
duration of anaesthesia is noted. Application for 5

minutes gives slower-acting drugs an opportumity fo

produce their full effects. When the concentration giv
ing 10 minutes action is found, comparisons with cocaine
are made by applying the two drugs alternately to the

Same eye. There is considerable variation in the sen-

sitivity of eyes, even in the same rabbit. As repeated

applications make the eye less sensitive to drugs, an
|

adequate interval must be allowed between tests. i

Human Wheal ngtradermalli The power to paralyse nerve-

endings is mmasured, independently of the ability to

Penetrate protective tissues. Irritation is also ob~
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served. Under sterile conditions, the drug, in isotonic
galine solution, is injected intracutaneously on the
flexor surface of the forearm. Sufficient solution ta
produce a wheal about 5 mm. in diameter is msed (015 |
csCe ). The duration of anaesthesia is tested by mark-

ing the area surrounding the wheal in which sensation

to pricking is lost. The end-point is taken when the

| sensitivity approaches that of the normal skin. In=
jections of cocaine are carried out on the same arm.
In spite of the large psychological factor, the error
in this method is much smaller than in the corneal test.
Toxicity: Median lethal doses, i.e. those doses
causing 50% mortality, are determined by intraperitoneadl
injections into mice, of average weight 20 gm., 0-2%
solutions being used. The doses are varied by vafying
the volume of fluid, and are calculated in mgm. per 20

gm. body-weight.
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SULTS:

Local Anaesthesia of Rabbit's Cornea.

f-Amino-ketones derived from 4-phenyl-2-acetyl-
thiazole, general formula -

CgHs .C3HNS.CO,CHy .CHy .NR 3, HCL

NR 5 NCsHyo N(CHg)z| N(CgHs )2| N(CsH, )oll[cocaine
Concentration per
cent causing 10
minutes anaesthesis - 0.l 0.67 i 0.33
Relative potency
compared with cocaine = 3 0.5 = 1
ITritation «veeeeos.. ++ +4+ e |

In the case of the piperidino-compound, the great-
est concentration possible was 0.1l%. As this caused
no anaesthesia, the compound is no more potent than
cocaine. The di-n-propylaminocethyl ketone being ex-
tremely irritant, it was impossible to estimate its an-
aesthetic activity. No further tests were carried out

on this group of compounds.

al

B-Amino-ketones deriveéd from 2-acetylfurane, gener
formula -
NRg NCgH; o |[N(CHg )g| N(CgHy )2 |N(CaHo ) 2| N(C2H40H)p
Irritation 4 ++ +++ ++4 ++++
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No local anaesthetic action was observed with any
member of the furane group, the maximum concentration
uséd in each case being 1%. The group was tested no
further.

B-Piperidino=-ketones derived from o-alkoxybenzyl-
1 idene-acetones, general formula -

RO.CgHy .CH:CH.CO.CHg.CHg .NC5H;o,HCL

R CHy | Colis | CoHn |l Hg

Concentration per cent caus-

ing 10 minutes anaesthesia....|l L 0.1 0.1
Relative potency compared
With Cocaine a8 & & & & & & 8 & 8 0 8 . 8 8 8 0 .53 O -35 5 3

Irrit@tion & 0 4 % 8 8 BB O 8RN ....." ++ +++ ++ ++

No further tests were carried out on this group

of compounds.

3=f=Piperidinocethyl-pyrazolines derived from o-

alkoxybenzylidene-acetones, general formula -

[ 5 N~

R CHg | CoHg |CgH, |C4qHo |Cocaine

Concentration per cent

causing 10 minutes an-
aeﬁthesia @ 8 s 8 & & 8 & 8 08 0 80 0.1 0.1 0-33 0-16 0-53

Relative potency com-
pared with cocaine ....[|3 3 1 2
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In the case of the methoxy- and propoxy-compounds,
the concentrations shown caused anaesthesia for 30 to
40 minutes, but lower concentrations had no effect at
all. Increasing the concentrations did not appreciably
increase the durations of action. The minimum concen-
‘| tration of the butoxy-compound causing any anaesthesia
acted for 20 to 30 minutes. No irritation was caused

by any member of this group.

al aesthesia of I Wheal.

RO.CgH, .CH - CH
C.CHz.CHz .NCsHy 0,HCL.
CoHg N——N=

R " PHs | C2Hs | CsHy| CoHo |[Cocaine

Concentration per cend
causing 10 minutes an-
aesthesia eseeeessssessd0.01/0.01 - ]0.0067| 0.33

Relative potency com-
Pared with cocaine ... 33 33 ca 50 3

The greatest possible concentration of the propoxy-
compound in isotonic saline was 0.1%, which caused an
average of 5 minutes anaesthesia. For this duration,
its potency equals that of cocaine. The interval be-
tween injection and loss of sensation is much smaller
with the pyrazolines than in the case of cocaine. Using

solutions of three-quarters the concentrations shown,
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the durations of action were much less, and loss of sen-
gation was not so clearly marked. No irritation was

observed with any of the pyrazolines in this test.

Toxicity. The results obtained for three of the pyra-
zolines (R = CHg, CpHg, C,Ho) and for cocaine are sum-

marised in the following table.

Drug Dose Number of Number qof|Mortality
mgm. /20 gm. mice injected| deaths
1.5 6 0 0
2.0 10 0 0
Cocaine. 2.5 10 3 30
3.0 11 6 55
S.4D 10 10 100
135 5 0 0
1-Phenyl-3-(B8-piper- ) 5 0 0
idinoethyl )-5-(2'~ 3.5 10 8 80
methoxyphenyl )-pyra- 4.0 17 12 71
zoline hydrochloride 5.0 5 4 80
1-Phenyl-3-(f-piper- ) 5 0 0
idinoethyl)-5-(2"'- S Bh 10 3 10
ethoxyphenyl )-pyra- 4.0 15 4 27
zoline hydrochloride 5.0 5 5 100
2.0 5 0] 6]
1-Phenyl-3=-(B=-piper- 2.5 5 0 0
idinoethyl)=5- (2" -n- 3.0 23 2 9
but oxyphenyl )-pyra- 345 9 0 0
zoline hydrochloride 4.0 15 4 _7
5.0 5 4 80

i
|

Several post-mortems were performed to ensure that

death had not resulted from accidental damage of abdom-

inal organs. Convulsions, such as were caused by cocaine,

were not observed on injection of any of the pyrazolineg.
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Approximate values for the median lethal doses may
be conveniently found by plotting dose against percent-

age mortality. Although the experimental results give

the lethal doses within limits close enough for presenﬁ
purposes, the data is in no case sufficient to justifyé
| elaiming any degree of accuracy for the dose-mortality
curve. Having found their relative toxicities compare

with cocaine, the therapeutic values (see Introduction)

of the pyrazolines may be calculated.

RO .CGH4 .CH == CH
E\CGCH:}‘ .CHg -N05H10 ,HCl .

d

CeHg N——IF

R CHa 02H5 C4Hg Cocaine
M.L.D- - from ta-ble ------ . 300"5-5 4.0-500 400_5-0 2.5-3.0
M.L.D. = from graph ...cc.. 3.2 4.5 4.5 2.9
Relative toxicity compared
With COCaine " % 8 % 0 8 8" B 88 8N 0!9 006 006 1
iTherapeutic value - cornea 3.3 5} 3.3 1
l
Therapeutic value - wheal 37 55 83 3k
| }
| 1-Phenyl-3-(B-piperidinoethyl)=-5-(2"'-methoxyphenyl)-
Dyrazoline hydrochloride was observed by Lord Suffolk tk

have an anti-pyretic action, the body temperature of a!

rat, in which fever had been induced with a killed cul-|
|

ture of B. Coli, dropping much more rapidly after in-




ion of the pyrazoline than that of a control animal.

Morkality

in Mice.
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CONCLUSIONS :

Of the p-amino-ketones prepared from 4-phenyl-2-
acetylthiazole and from 2-acetylfurane, only one com-
pound showéd any marked local anaesthetic activity. In
any case, all these compounds were too irritant to Dbe
of any use. Increase in the size of the N-alkyl rad-
ical was associated with increased irritation. Variation
of R and R' in ketones of the type R.CO.CH;.CHz.NR: has
thus failed to eliminate this undesirable property.
Taking all the available information into consideration,
it seems that their possessing this serious disadvantage
will prevent any such compounds from being of clinical
value as cocaine substitutes.

The 1:3:5-trisubstituted-pyrazolines studied were,
on the other hand, not at all irritant. With one ex-
ception, they were more potent than cocaine in producing
local anaesthesis of the rabbit's cornea, and were very
pow&€rful when injected intracutaneously. The differ-
ence between the results obtained by the two methods i
suggests that the pyrazolines do not penetrate mucous
membranes at all readily. Apart from the remarkably
low activity of the 2'-n-propoxy-compound, the differ-
ences betweeﬁ the activities and toxicities of the dif-~
ferent pyrazolines were small. The therapeutic values,

1
however, show that the combination of desirable proper-




120.

ties is greatest in the case of the 2'-n-butoxyphenyl-
pyrazoline.

For purposes of comparison, the unsaturated ketone
from which the pyrazolines were prepared were also test
ed. Increase in size of the alkoxyl-group was asgoc-
iated with increased activity, their being nothing ex-
ceptional in the behaviour of the propoxy member of the
series. Like the other ketones examined, however, the
compounds were too irritant to be of value.

Since the pyrazolines are local anaesthetics they

can be of no practicel use as anti-pyretics.

8

se
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SUMMARY.

B-Dialkylamino-derivatives of 4-phenyl-2-acetyl-
thiazole and of 2-acetylfurane have been prepared as
the hydrochlorides by the lMannich Reaction, the amine
residues being varied in each case. In preparing
the thiazole derivatives, it was found necessary to
carry out the reaction in presence of hydrochloric
acid. Both groups of f-amincethyl-ketones answered
the test with sodium nitroprusside described by Feigl

a8 specific for methyl-ketones.

The compound described by @Qlin and Johnson as
4-phenyl-2=-acetylthiazole phenylhydrazone was shown

to be the N-acetyl-phenylhydrazone.

The amino-derivatives of 4-phenyl=-2-acetylthiazole
reacted with phenylhydrazine to give l-phenyl-3-(4-

Phenylthiazyl-R)-pyrazoline.

Owing to difficulty in obtaining a sufficient quan-

tity of the starting material, 4-phenyl-2-formyl-

(0]

thiazole, the synthesis of fp-amino-ketones and relat
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Pyrazolines derived from 4-phenylthiazylidene-acetone
was abandoned as impracticable with regard to its
object. The preparation of the aldehyde by an anal-
ogous method to that used in synthesising 4-phenyl-2-
acetylthiazocle was found unsatisfactory, and an attempt

to arrive at it by another method proved unsuccessful.

The synthesis of B~-piperidino-ketones and related
pyrazolines derived from o-a2lkoxybenzylidene-acetones
was undertaken with success. Derivatives of o-n-

butoxybenzylidene-acetone containing other amino-

residues could not, however, be obtained. Raiford
and Peterson's test with bromine vapour was found td
be satisfactory for distinguishing the pyrazolines |

from the isomeric phenylhydrazones.

The local anaesthetic properties of the compounds
Prepared were exanined. One thiazyl-ketone proved
to be stronger than cocaine, but was tco irritant tq
be of value. The derivatives of 2-acetylfurane had?
ne anaesthetic action. Three of the pyrzazolines
Were much more potent than cocaine, and were not at '
all irritant. Their toxicities comparing favourably
with that of cocaine, they may be of value as sub~-
stitutes for it. The unsaturated amino-ketones, from
which the pyrazolines were prepared, also caused local

anaesthesia, but were more irritant than cocaine.



THE DEVELOPUENT OF A RAPID MICRO-METHOD

OF ESTIMATING SULPHUR.
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INTRODYUET.ITON

Sulphur in organic compounds in almost invariablyg
determined as sulphuric acid. Several methods have |
Ibeen proposed for effecting quantitative oxidation and
ffor estimating the sulphuric acid produced.

Oxidation to Sulphuric Acid. Oxidation may be

carried out with solid or liquid reagents, at atmos-

pheric pressure or in a bomb-tube.

| llethods of oxidation by fusion with solid reagents
|

| in an open crucible are unsatisfactory owing to uncon-

Itrollahle spurting, and, unless the crucibles are of

‘metal, breakages are frequent. Fusion-mixtures pro- ;

posed include zinc oxide-potassium nitrate and potassidm

hydroxide-potassium nitrate. Fusion ma& be carried OQt
|

after preliminary digestion with nitric acid at atmos- |

pheric pressure.

Nitric acid is used in all methods of wet oxidation.

' With this reagent alone at atmospheric pressure, oxid-

Eation of the organic compdund is not complete.
I In the Carius method, the activity of the nitric

acid is increased by the high pressure developed on
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heating in a sealed tube. Accurate results are ob-

tained, but the bomb-tube must be heated for 3 hours

- at 2208 .
|

In the rubber industry, many attempts have been
| made to meet the need for a rapid method of determining
| "total sulphur" in rubber mixes, by oxidation with nit-

ric acid at atmospheric pressure without subsequent :
:fusion. Various means of supplementing the activity i

iOf the nitric acid have been suggested, but, of the pro-
Icedures devised, only one, first described by E. Kahane,
}leads to any considerable saving of time.

i Using a mixture of fuming nitric acid and perchloric
|acid Kehane claimed that oxidation of rubber was complete
!in 10 minutes. The method was modified slightly by
!Wolesensky, who also showed that removal of nitrates i
;by evaporation with hydrochloric acid was necessary prﬁor
Eto precipitation of barium sulphate. J. G. Mackay (l§30)

lteated Kahane's method on rubber mixes, the sulphur con-

|
tents of which were known from Carius estimations, and
found it to give low results. Any loss of sulphuric

acid on boiling off excess nitric and perchloric acids |

was shown to be negligible. There remained the possib-
iility of sulphur escaping as sulphur dioxide, and on
'addition of bromine to the oxidising agent to prevent
Esuch losses good results were obtained. The use of a

condenser to prevent mechanical removal of sulphur with
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the gaseous products of oxidation was found to be un-
necessary, provided that the long neck of the Kjeldahl

flask, in which the heating was carried out, was kept

? cool. The new procedure yielded results comparable in

accuracy with those obtained by the Carius method, the

| Kjeldahl flask being warmed for about 40 minutes in all.

For the detérmination of sulphur in organic com- |

|
| pounds on the micro-scale, two methods of carrying out

the oxidation are in general use. |

The Carius method was first used on the micro-scaie
in 1909 by Emich and Donau. lodifications have been
introduced by Pregl (1930), Friedrich (1933) and Frie-
drich and Mandl (1937). The procedure is suited to

carrying out a large number of analyses simultaneouslyi

| but heating at 340°-350° must be continued for 4 hours.

In 1912, Pregl worked out a method for the estim—:
ation of sulphur, in which the products of combustion ﬁf
the organic compound in a current of oxygen are passed
over red-hot platinum and absorbed in a solution of hyd-
rogen peroxide. The compbustion occupies only 45 min-

utes, and the sulphuric acid is obtained directly in a

| medium suitable for precipitation of barium sulphate:

in absence of halogen and nitrogen, the sulphuric acid
may be estimated by titration with alkali. The method
is, however, suitable for individual estimations only.

It is not reliable for the analysis of certain types of



compounds. 5
Estimation of Sulphuric Acid. The standard meth%d

| ' . |
| for estimating the sulphuric acid produced on oxidation

. 126.
|
|

iof a sulphur-containing compound is gravimetrically as!
Ebarium sulphate. In practice, this is a tedious operﬁ
_%ation, and there are many sources of error against whi&h
;precautions have to be taken. Attempts have been madJ

| to determine the amount of barium sulphate by a turbid-
| imetric method, without much success. Titration of

!
| the sulphuric acid with barium chloride, using sodium

-rhodizonate 28 indicator, has also been tried, but the
degree of accuracy was poOr.

Many volumetric processes have been proposed, but
of these only the benzidine sulphate method, first stud-
ied by Raschig in 1903, is of any practical value. 3Benz-

idine reacts with sulphuric acid to form benzidine sul-

phate which is very sparingly soluble. Having washed |
|

the precipitate free from other acids, the sulphuric
|acid can be titrated directly with hot alkali, benzidine
jbeing a very weak base and neutral to phenolphthalein.

Alternatively, the benzidine may be titrated with pot-

agsium permanganate. The most important sources of
error are the slight solubility of benzidine sulphate in
water and the adsorption of the precipitating agent,

benzidine hydrochloride, by the precipitate.

| Having found it possible, when sulphate was esti-




127. |

L]

mated as barium sulphate, to obtain accurate results by

| his modification of Kahane's process for the oxidationi

metric determination as benzidine sulphate of the sul-
phuric acid produced. In using his method of oxidatidn

|
in routine analyses, however, the sulphuric acid is |

of rubber, lMackay worked out a procedure for the alkalﬂ-
|

}uaually estimated as barium sulphate.

i None of the many other procedures described for
%the détermination of sulphate as benzidine sulphate has
;yet come into general use.

% On the micro-scale, after oxidation hy the Cariusi
!method, sulphur is usually estimated gravimetrically iﬂ
| accordance with a procedure described by Pregl (1930).i
If a2 substance free from halogen and nitrogen has been!
combusted by Pregl's method, the sulphuric acid pro-
Educed may be titrated directly with alkali: volumetri@

procedures for use with compounds containing halogen

and/or nitrogen have been described by Friedrich and

Tw.Gibson and Caulfield (Analyst, 1935, 60, 522).
Friedrich and Mandl (1935) carried out an exhaus-

tive examination of the alkalimetric estimation of sull

'phate as benzidine sulphate, and devised a procedure for

working on the micro-scale. They recommend its use in

|conjunction with the micro-Carius (1937). TLoss of sul-
‘phate through the solubility of the precipitate in water
|

IWas guarded against by saturating the precipitation re-
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| agent and the wash liquid with benzidine sulphate, and
:by using a definite volume of sulphate solution for
iwhich a correction could be made. It was found im-
ipossible to eliminate the error due to occlusion of ‘
|benzidine hydrochloride by varying the conditions of
precipitation or by washing of the precipitate. For }
the removal of hydrochloric acid, these authors there—‘
fore treated the precipitate with alcoholic silver
nitrate solution. Silver nitrate reacts with benzidine
hydrochloride to give silver chloride, benzidine and |

nitriec aecid. Formation of benzidine nitrate is sazid

|to be prevented by the excess of silver nitrate, whichi
;forms a complex with benzidine. !
‘ Benzidine-HCl + AgllOg—> AgCl + benzidine + HNOg.
| Benzidine + HNOg—> benzidine - HNOg.
Benzidine + AgllOg—> benzidine - AgNOg.
The precipitate may be then washed free from nitrie |
acid, present in equivalent quantity to the hydrochiorfc
acid originally adsorbed as the benzidine salt. Befoﬁe
the titration, potassium iodide was added, as otherwisé
silver oxide separated at the end-point. i
For the determination of sulphur in soil solutioné,
Marsden and Pollard (1937) have developed a method whefeby

|
1 mgm. or less of sulphate may be estimated by titratiﬁg

benzidine sulphate with potassium permanganate solutioﬁ.

| The empirical relationship between the volume of potassium
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permanganate and the amount of sulphate was found to

be constant for the range studied.

It was proposed to apply the process for the wet
oxidation of rubber described by Mackay to the estim-
ation of sulphur in organic compounds on the micro-scale,

with a view to meeting the need for a rapid method of |

carrying out series of determinations. Preliminary ta

this, Friedrich and Mandl's procedure for the micro-

' estimation of sulphuric acid as benzidine sulphate was
[examined,as it appeared to have many advantages com- i
| |
!pared with the grawimetric method.

|
|
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iodate. In a quartz flask, 20 c.c. water containing
O+l c.c. methyl red (dissolved in alkali) was brought

to neutrality. The neutral solution was transferred

}to another flask,into which had been previously weighed
iabout 30 mgm. of solid biiodate. This was then tit- |
_‘rated to canary-yellow.

! The concentration of the sodium hydroxide solutioq

is expressed in terms of 0-02 normal. i

log factor N/50 = log mgm. biiodate - (log c.c. alkali
+ 0+89204). !
| Standardisation of 0°02 N HpS043
After bringing 15 c.c. water containing O+l c.c.
Imethyl red indicator to neutrality, about 5 c.c. acid i
|

was added and the solution again titrated to canary-

| yellow.
i i : |
. The concentration is most conveniently expressed as

| |
a ratio of that of the alkali. :

Results: |
The method was first of all tested by titrating

%the benzidine sulphate precipitated from measured vol-

'!umes of the standard sulphuric acid solution. Correc-

tions were made for the loss of benzidine sulphate through

'solubility in water.
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C.c. HpS0, taken C.c. HpS0, found Error in c.c.

2400 2-01 +0+01
2+82 3406 +0+ 24
2.99 3-32 +0+33
343 3-59 +0+16

|
The high results found for measured volumes of i
!standard sulphuric acid could have been due to the :
}presence in the solution of sulphate other than sul-

phurib acid, although it is very unlikely that such an |

impurity could be the cause of errors of the magnitude |
[ [

iobserved.
|
i Estimations were next carried out using weighed

‘amounts of A.R. potassium sulphate, dissolved in 2 c.c.
|

‘water. The loss of benzidine sulphate in this vclume!

is equivalent to 0+05 c.c. 002 N alkali.
|

Theoretical percentage of sulphur = 18+36.
llog 45 = log c.c. alkali + log factor N/50 + 1-50596

-log mgm. substance.

ligm. K580, taken Percentage sulphur found IError
|

It was thought that these positive errors might be

| 6684 19+ 55 +1+19

6+ 916 19- 85 +1-49
8- 576 19-87 +1+51

! 11651 1972 +1+ 36

|

|

|due to adsorbed benzidine hydrochloride, the treatment

with alcoholic silver nitrate solution for 30 seconds

|
|
|
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described by Friedrich and lMandl being insufficient fo

its complete removal.

In the next series of determinations, the precip-

o dee il T

itate was treated three times with silver nitrate sol-

ution, which was allowed to act for 2 minutes on each

occasion. This was followed by six washings with sat-

|
' urated benzidine sulphate solution.

| |
lMigm. Kg80, taken Percentage sulphur found Error
|

6722 19+26 +0- 90 |
i 7+ 667 18+17 -0-19
i 7+ 905 19-28 +0- 92
! Q- 408 18-87 : +0+51

10- 224 18-42 +0-06 |

| 10- 344 17-81 -0+ 55 i
! 10+ 737 17-74 -0+ 59

: On treating the precipitate with silver nitrate-fo%
i30 seconds, it was observed to darken in colour. Whené
the action was continued for 6 minutes, a copious black
deposit was formed. i

Some pure benzidine sulphate, such as was used in !
preparing the wash liquid, was shaken in a test-tube }
with alcoholic silver nitrate solution. In a few sec-

onds, the solid became quite black.

i
. |

i It appears that silver nitrate reacts with the benz-
'idine radical, irrespective of the acid with which it is

|
|combinad. Correct results may then be imagined to oceur
|
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through compensation between two sources of error: !

(1.) adsorption of benzidine hydrochloride by the pre- |

cipitate; (2.) liberation and consequent loss of acid |
|
’through the action of silver nitrate on the precipitatq.

' Such an explanation is in agreement with the last series

_‘of results. . |
|

In view of the unreliability of the above procedure,

‘it was decided, while carrying out preliminary tests of

' the proposed method of oxidation, to estimate the sul-

'phuric acid produced gravimetrically as barium sulphate|.

|
Gstimation of Sulphuric Acid as Barium Sulphate. I
Full experimental details for carrying out the
| estimation by Pregl's method are given in his text-book.

Use was made of Wintersteiner's apparatus for the auto-

|matic transfer of the precipitate to the micro-Neubauer

lerucible. i
From previous experience, the gravimetric determin}
'ation was known to be reliable. After a little practice,

quantitative transfer of the precipitate to the crucible

'could be readily accomplished automatically. To test

;the filter-bed in the crucible, estimations were carrie?
iout of the barium sulphate precipitated from a solutioni
!of magnesium sulphate, to which had been added a few |
idrops of dilute hydrochloric acid. A standard 4 c.c.
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[
|

pipette was used to measure out the sulphate solution.i

| ligm. BaS0, calculated ligm. BaSO, found Error in mgm. |

i 11+435 11388 -0+ 047 i
i 11-435 11-465 +0+030
| 11435 11442 +0-007

For 5 mgm. of substance, 005 mgm. BaSO, corresponds
to 0+14% sulphur.

The Oxidation.
Procedure:
The oxidation was performed in a clean, dry micro-

flask
Kjeldah%c into which was weighed about 5 mgm. of the

| organic compound. It was found convenient to use =z
!long-handled weighing-stick, such as is recommended by
Pregl for molecular weight determinations (text, p. 2130,
8o as to be able to introduce the solid to the bottom of
the flask without leaving any sticking to the sides of;
the long neck. i

The oxidising mixture consisted of 1 c.c. fuming

nitric acid, 0+5 c.c. perchloric acid (density 1-54),
| |
‘and one drop of bromine (Hz30, free). It was prepared
|

iin a clean dry boiling-tube and then poured into the
}Kjeldahl flask.

i Heating was carried out on a stand of the type used
:for multiple Kjeldahl determinations. The contents of)

\the flask were gently warmed for 10 to 15 minutes, by
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which time the evolution of red fumes had ceased, and

heating was then increased to produce gentle boiling. ;
!When dense white fumes were given off, the flame was |
| removed. |
f The flask was rinsed down and the clear liquid was

' evaporated to dryness with 0-1 gn. pure sodium chloride

and again with 1 c.c. concentrated hydrochloric acid,

to remove chloric and nitriec acids. Prior to the

estimation of sulphate as barium sulphate, the residue!

| was taken up in 5 c.c. very dilute hydrochloric acid

!(l c.c. conc. HCl to 100 c.c. water).

|
|
| !
| Results: é

About thirty estimations were performed in testin
' this method of oxidation. The results obtained with

| pure sulphonal and thiourea were very low, the error ,
|

 thiazole or benzoylhydroxythioascetamide was used, a i
| suspension of sulphur formed on the addition of acid- |
iified water to the residue from the o;idation. i
No improvement resulted when the warming of the i

|

oxidising mixture was continued for 30 minutes, more

bromine being added as that present volatilised. Pre-

ical sources of error.

|
i
' cautions were taken throughout against likely mechan~
|
| |
! It was finally concluded that it was impossible by
|

this method to effect the quantitative oxidation of sul-

| phur in organic compounds to sulphuric acid.

| being 20% to 50% of the theory. When 4-phenyl-2-acetyl-
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SUMMARY !

| The method described by Friedrich and Mandl for

| the volumetric estimation of sulphuric acid as benzidine

sulphate was examined and found to yield high results. |
: |

Iimating more closely to the actual were obtained, but |
; !
| the degree of accuracy was still low. '

: Bstimating the sulphuric acid produced gravimetri-
|

|Cally, the possibility was investigated of determining
|
|

method of wet oxidation at atmospheric pressure. The‘

sulphur in orgamic compounds on the micro-scale by a

|
conversion of sulphur to sulphuric acid was found to Dbe|

|far from complete.
|
|
|

When the procedure was slightly modified, figures appr%x-
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