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SECTION I.

'THE DEGRADATION OF QUATERNARY AMMONIUM SALTS AND

RELATED COMPOUNDS.




1.

THE DEGRADATION OF QUATERNARY AMMONIUM SALTS

INTRODUCTION

when sn aqueous solution of phenacyl=-
bengyldimethylammonium bromide (I) is treated with sodium
amalgam, the reaction does not take the normal course
with elimination of the phenacyl radical, but yields a
solid base, CjpH;gON, to which the structure Ph.C0.CH.
N(ue) g+ CHoPh. has weguivoeally been assigned. The same
produet is also obtained in good yield when the salt T.
is heated wifh dilute aqueous alkali (1).

Ph.CO.CHoN Meo,Br., &lkall ph, ¢o0.CH.NMep.
CHyPh. CHoPh.

I. II.
Following on this it was showﬁ (R)
that the replacement of the benzyl by substituted benzyl
radicals such as m—bromobenzyl,cigphenylethyl, benzhydryl,
bor 9-fluorenyl, of the phenacyl groups by p-bromophensacyl
of éeetonyl (3) or of the dimethylamuonium system by
piperidinium (2) does not prevent migrastion, in fact, the

benzhyiryl snd fluorenyl radicals wander so readily as to

prevent isolation ot their guaternary salts, Alkaline
conditions are, however, essential (dilute sodium or

Potassium hydroxides, sodium ethoxide or emionia), no
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transformation taking place in neutral or scid solutiom,

The rearrangement was shown to be an
intramolecular one (2), by acting on & mixture of phenacyl-
E-bromobenzyldimethylammonium and g-bromophenacylbenzyldim-
ethylemmonium bromides with sodium ethoXxide -solution,

Under similar conditions the rates of transform&tion of these
two salbts are of the same order of magnitude, but the mixture
yielded only the rearrengement produets corresponding to the
individual salts: neitherw_—dimethylamino—ﬂ-benzylace‘bophenone
norw_-dimetnylamino—g_—g—bromobenzyl—g—bromoaeetophenone

could be detected.

The first suggestion (Z) as to the
mechanism of the rearrangement was that the salt 1s converted
by the actioh of alkali into the keto-enolic betaine (III)=({IV)
followed by the detachment of the benzyl radicsl as a kation
end its reattachment at the original methylene carbon atom,
Suck & process would be anslogous to the conversion of betaine
into dimethylaminoacetate (14) or of the enhydride of
n—trimethyl—g_—aminophénol into dimethylwe~anisidine, (/5)

Ph. CO. CHg. Nieg. CHgPh. _OH_ Ph,Co.CH.HuepCHgPN.

/ “ @
Ph.CO.CH.NMe, } Ph, G (0) + CH - Nlie 5, CH,Ph [§)

+ CHpPh. T PKCO.CH. (Nileg) . CHgPh,
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A& geries of saépinary measurements of the
however, ghowed that this theory was untensable, for by the
introduction bf“hegative“groupe into the benmene nucleus
of the benayl r;dical, tie reaction velocity was increased,
while "positive" groups led to & decrease, These results
auggesﬁed that the benzyl radical is dctached as an sanion
and is then "captured” by the w «sarbon atom of the
phenscylidene group before it can escape into the bulk of

the reaction mixture viz.,

-+ . +
Ph.CO,CHNMiey  Ph.CO.CH:Nlegp
) -

CHoPR  + GHgPh

Fh. CO, CH,N(lie)
' CHgPh

The first stage is formally analogous to the reversed

Michael snd similsy reactions, e.g., (16)

+ -
CHa, COPR - CH, COPh
#h. CH/ & ] Ph, cH” * ==
N CHge COPR “CH,, COPh
_CH, COPh CH, COPh
Ph. CH +f  PnoE”

+ OHy.COPh  ~  +CHg.COPh

And the second to the energetic action of the grignard
reagent on salts of the pseudo-bases (17)

>C=NRgX + RMgX — CRJNR, +MgX,
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An exhsugtive study of the effect of subst-
1tu$10h'of halogens, NOglie, OT Olle in the o0-, m-, and p-
pesitions in the benzyl group by a more exact method
con firmed these previous results (4). A& & necessary
preliminary to this study Stevens and Thomson investigsated
the rearrsngement of the ﬁnsubstituted compound in oconsid-
erable detail. They found, (&), that the reaction (I)«(II)
does not proceed quentitatively, but gives rise to some 12
154 by-product, isolated &s & neutral gum from which no
definite compound dould be extracted: (b), that the by-
producet is formed principally in the early stages of the
resction: (a), that the usé of two molecules of alksll in
place of one casused an¥ apprecisble, but not proportional
increase in velocity: and (d), that the quaternary tbedide
or chloride corresponding to (I) is rearrenged at the same
rate as the bromide.

These ssme suthors later extended this resction
which so far had involved only the migration of & substit-
uted benzyl group to the methylene carbon atom of an scet-
enyl or substituted phenacyl radical, to systems in which
the migrating radical is phenacyl (ITII-IV), or the recipient
methylene carbon atom is that of a béhzyl group. (V=-VI)

Ph.CO.CH NI «CO.CH.
‘EEMQzBr alkali  Ph.CO ?H HMba

(II1). (IV).

PhCH,NMe,Br alkall  Pho
2]?- 2 HNMez

/
CHoPh
(V) : CHpFh (yr1)

v e O
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The first of these rearrangements (III+»IV)
takes place under conditions similar to those emplpyed in

the original (I-II) viz., dilute aqueous alkell, but the
second (V-VI) demsnds more drestic treatment, necessitating
fugion with sodamide. |

From this interdhangeability of function of
the migrating and acceptor radicals, it would appear thaet
thet charscteristic of & group which enableg it to lose.a
hyiregen ion and act as recipient of the migrating group,
is the same as thet which enablesg it to migrate, and is

probably as previously suggested, some form of anioniec

atability.
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DEGRADATION OF QUATERWARY AMMONIUM SALTS

PART T.
THE INFLUENCE OF SUBSTITUTION IN THE

PHENACYL RADICAL ON THE VEIOQOCITY OF INTRAMOLECULAR
REARRANGEMENT.

It was hoped thet a study of the effect
of substitution in the phenacyl radical on the veloeity of
migration oi the benzyl group in the rearrangement (I)=(IT)
would throw gurther light on the mechanism of the reaction.

Ph. CO.CHE.I?'Me zBr alkali Ph. CO.?H.NMzz
CHgPh CHoPh
(I). (I1).

The salts with the following subsfituents
in the phenacyl group, o-, w-Bromo, 0-, m-NOp, P-Ci, p-I,
P~1ia0, DP~lie, werTe accordingly prepared and their degrada~
tion studied.

Since, as shown previously (4), the
rearrangement does not proceed quantitatively, the course

of the remction was followed by isolation of (II) as suech

end of (I) as picrate, The quantity'g defined by the

equation, ¢
where X and y are the concentrations of (II) ang (I) resp-
ectively at time b, was arbitrarily taken as a messure of
the progress of the resction, This is equivalent to the

assumption that the main resction 18 of the first order
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with respect to (I) end of zero order with respect to the
alkali, and that the side reaction is gimultaneous with
the rate determining stage of the main process, since
we have no information as to the nature of the side
reaction however, this prod;;gure must be regardied &s
empirical and justiiied as & method of comparisen by the
facts that the values of k found during the reaction, did
indeed show satisfactory constancy, and that the ratios of
the migratory veloocities of & series of substituted benzyl
radiicals were the s@me whether the radicals were associsated
with phenacyl or with p-bromophenscyl (4),

The measurements were carried out at
37.7°C. in ary mcthyigleoholie golutions, 0.C5 N. with
respect to the salts and 0.1 N. with respect to sodium
methoxide, In general the quaternary bromides were used,
but in the cases of the 0o~ and Eybromo-ccmpounds, $he
lodides and in that of the p-nitro- the chloride was employ-
ed, the previous investigation (4) having shown this to be
aimissible, The velocity constants are recorded in Table
I.; the value for the o-nitro compound may have ne other
significance than that of the maximim value (see experim-

entel part), The errors of menipulation probably do not

exceed * 2%, but the existence of the side resction intro-

duces an& uncertainty which is difficult to esgess and the

erro
Ts may be grester, The wequality P=Me > (H) 18 here

consgige i
laered established, but not the smaller 44 ¢t
differenceg,



Substituent.
p-Cie
p-lie
(H)
p-Cl

P-Br
P-I

i i

TABLE I,

k.10%*  E10°

31,9,

46.1.
# 4.9,
“ 3349,
4 33,64
 32.8.

3.2,
4.3,
6s60
9.3.
#
e

Thomgon &nd Stevens (4).

Substituent. k.10% Ky10°

m-Br 34,2, 13.7.
o-NO, Fi# 22,54 3448.
0-Br M4 8. 145,
0-N0g ~ (8). 630,

-The dissocistion constants of these acids have not

been measured in aqueous solution, but in 50% methyl

-alcohol they are practically the same as that of

p-chlorobenzolc acid (18).

### Derived by slightly modified methods (compare

7,§. sxper1mental parf).
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on account of the compé&ifively slight effeet of substitut-
fon on the reaction velocity, end of experimental difficult-
ies (see experimental part) the scope of the investigation
was not extended.

The results obtained may be stumerised ind-
ependently of any theory ot the reaction mechanism by the
statement that the presence of the so-called '"negative"
gsubstituents in the benzene nucleus of the phenascyl raidical
retards the reaction, wheﬁ;s their presence in the benzyl
radicél causes marked acceleration (4). It was suggested
(2) thet the slkaline medium first ¢onverts the salts nearly
completely into neutral ions of the type Ph.CO.éH.ﬁMéchgPh.,
end that the velocity of rearrangement is then determined by
that of the detachment of‘the migratory radical from the
nitrogen atom. If now the instability of the anionie carbon
atom in the neutrél ion is regarded &s supplying the driving
force of the resction, the velocity of rearrangement would
increase with diminishing scidity of the phenacyl methylene
group in the original salt end substitution in the phenacyl
radical would be expected to inrfluence the veloecity of
rearrangement mainly by its effect on this acidity., Previous
experiments by Lir.T.Thomgon to determine the &acid dissociation
congtents ot such salts did not give encouréging regults, |
The gimilarly substituted benzoic acids are therefore the

most legitimate analogues for which data are availsble, and

their dissociation constants K.are recoried along with the
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veloeity constants in Table I, The two sets of values
ghow & fair degree of parallélism in the inverse sense

except in the case of p-OMe, but the experimentsl data
are not sufficlently extensive to justify great stressa

being leid on the fact,
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EXPERIMENTAL

As previously explained, the reaction (I) -P(II)
does not proceed quantitatively, and therefbfe, any
volumetrie process dependent upon the estimation of the
alkall remesining at eny stage of the reaction is not
satisfactory. The following gravimetric process in
which both the reerrsngement product II. end the wnealt-
ered quaternary saly are estimsted was &ccordingly
devised.(4).

The reaction was carried out in & flask (Prequently
15 c.c.,) filled to the neck by the solution under
investigation (to prevent atmospheric oxidation of the
rearrsngement producty it is not, however, necessary
to use boiled-out reagents), snd the process effectively
checked by pouring into weter (40 c.c.) containing
ammonium chloride equivalent to the alksll used. The
product II. was extracted with ether (3 x 20 c.c.) sait
end the united extrscts were washed once with water.
The aqueous layer and weshings were ascidified with
scetic acid, warmed to 30 - 409, freed from ether by a
current of air, end treated gradually with 0.2 W sodium
plcrate solution (2 c.c. excess, larger quantities of
sodium picrate or of ammonium ciiioride may cause separ-

ation of emmonium picrate),
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The precipitate of quaternary picrate crystallised
readily on scratching: after remeining overnight it
was collected snd dried at 100°. The tertiary base
was extracted from the etheresl solution by hydrocﬁioric
sceid ( 3 x 10 c¢.c. of 0.1 N): &and the acid solution
heated on the water bath to expel ether; cooled in ice,
and treated with ammonia; the precipitated base then
crystallised reaiily on asgitation. Afﬁer gsome hours
it was collected and brought to constant weight in &
current of dry air,

on the basis of control ezperimenté
withrknown quantities of material, the menipulatory
losses were estimated at 5 m.g. for the tertiary basé:
and for the picrate, 1 m.g.+ (1 m.g.per 5 c.c., of alco-
hol used). These corrections raised the resction

co-efficients by some 47%.

The methyl saleohol used was lime dried
and distilled over sodium.

The gquaternery salts are not extracted
from their zaqueous solutions by ether, nor are they
affected by 0.1 X ammonis in several days at roonm
temperature, (4)

In general the tertiary bases are but
1little affected by caustic alkeli in the absence of air,

or by air in the absence of ceustiec alkali, but in the
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case of the degraiation of the m - nitro - salt &
gerieg of values of k.lo4 were obtained which showed
a progressive diminution from 21 to 15. Thig ocan

be accountei for by the destruction of the normal
degradation product by the alkali, for when 0.3 g, of
that base was subjected for four hours to conditions
similar to those used in the degrasiation less then

0.1 g. could be recovered.

t. 90. 180. 270. 360. 450.
Recovered guat,salt. 70.5. O52,8. 40.3. 31l.4. 24.3.

Tertiary Base. 17.6. 24,84 30eCe 33040 38.5.

k.10% 21.Ce 19.7¢ 17.8. 16.4. 15.4.

The figure given in Table ¥, is the value arrived at
by extrapolating these values to zero tine.

The 0 - and p.# nitro salts were dest-
royed by alkali, but under no conditions could any
tertiary base be recdvered. on treatment 1n-$ggueoua
solution both substances gave tarry material, but in
sodium methoxide solution the o = nitro-salt gave water
8oluble products only, The half-1life perio& of the
0 - nitro - compound was sbout 900 end that of the P -

nitro- w® about 150 minutes; the maximum value for the

O = compound given in Ta&ble I, is based on thesge figures,

D - 1040 -w e« dimethylaminog =t benzyl-
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acetophenone gave & hydrochloride rather sparingly
soluble in water meking it necessarynto precipitate the
free bage with smmonis from the hot anﬁeous solution,
AS the ¢ ~ bromo - enalogue was en oil,
- the normsl proceedure éould not be adopted, Attempts
to isolate it quantitatively as picrate proving unsuce-
essfui, the bromine content of the total basic material
formed after 8 hours was estimated, and some 90% of the
original material thus sccounted for, & figure which
agrees8 well with the usual side = reasction losses,
Runs of 2, 4 snd 6 hours in which only the quaternary
salt was recovered as picrate were made and from these
and the above, & figure for k was deduced which 1is
Probably comparsble in accurscy with the other values
in Table 7I.

The date for p - methylphenacylbenzyl-
dimethylammonium bromide (0.05 N) in sodium methoxide
(0.1 ¥) at 37.7° are given tn full as a specimen, The
definite integral in the expression for k (page 6. ) is
evaluated by simpson's Rules; X and J are expressed in

Mols.% on the initisl meterisl and t in minutes,
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Interval, (t). Unchanged quet., Tertiary base. Total. k x 104
salt (y)- =)

60. 70.1. 3.6, 9346, 46.9.

120. 52.9. 3946 9245, 45,7,

180. 38470 52,8, 91,5, 46,3,

240. | 31.1. 61.8. 9249 4640,

300. 24.C. 68426 92.2. 4545,

meble II. shows the values of kxlo% for the

salts together with the mean dewiations from the average,

Columm B contains the percentages of by-product formed when

60% of the initial material has disappeared, very little

being formed subsequently. In general five determinations

were made.,

TABLE II.

substituent. B%

0=Br, 12
‘m-Br, 7

p-cl. 11

p-I. | 10

E-Me . 8

p-OMe. on

k x 104.

34.2,
33.9
32,8
46,1
31.9

1.3
1.5
C.6
0.8

1.2
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;?regaration and Chareaecterisation of Materials = The

P -~ methyl;methoxy—, -chloro~-, and -lodo-acetophenones
prepared by the Frigégi crafts reaction were converted
into the ¢ - bromo ;Mz;rivatives by bromination in
glacial acetic acid.(8). The substituted phenacyl
bromides so obtained had the properties attributed to
them in the 1literature, The quaternary salts were
formed in cold benzéne or ether from the bromo-ketones
and benzyldimethylamine,

p - Methylphenacylbenzyldimethylammonium

bromide sepsrated Ifrom the components in ether in almost
quantitative yield and erystallised ifom alcohol-ether in
small prismetic needles, m.p. 185 - 186° (Found: BT, 23.1.
C1gHps0 N Br requires Br.23.0%); its picrate crystallised
from methyl aleohol in yellow needles, m.p. 149 =- 15o°.
(Found s CgHpOpNL,45¢9¢ CygHoo0N.C Hy0., Ny Tequires 06H207Né
46.0%) .

w= Dimethylamino -w- benzyl -p- methydaceto-

DHEEMOne, obtsined by the dcgredation of the quaternary

ammonium selt s=d%, gave prismatic needles, m.p. 62°

from methyl alecoholy it rapidily decomposed even in a

segled tube. (Found: N,5.4. C1gHpON requires W, 5.2%¢).
P - Mpthoxyphenacylbenzyldimethylgmmonium

bromide was obtained in good yield trom the components

in c0ld benzene. It crystallised from alecohol-ether in
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collourless prismatic needles, m.DP. aniﬂ 2050. (Found s
Bre2l.7. CqgHpg0gN BT, requires Br.,22.0%), @nd its
plerate, yellow needles, m.p. 144-145°, from methyl
alcohol, (Fomd: CgHgpO,N§, 44.7.  CgHpo00N. CeHo
0Nz requires C H 0,Nx, 44.6%) w = Dimethylemino -

talllsed from
p - methoxy - w - benzylacetophenone orys
- aleohe}

0
methyl[in clusters of colourless needle8, M.P.57=58",

(Found: W, 4.7. CygHp 0N Trequires W, 4.9%)

p - Iodophenacylbenzyldimethylammonium

bromide was formed in benzéne from the components &nd
erystallised from sbsolute alecohol in smell plates, m.p.
179-180°.  (Found: Br.16.9. Cy,H;o0N BrI, H,0 Tequires
Br.16.7%.). on hesting at 105-110° decomposition set in,
Its piorate crystallised from methyl alcohol in yellow
prismetis needles, m.p. 151-152°, (Fownd: CgH,0,Ny, 37.4.

Cl”ngOﬁIoCBHBOr’Ns requires CﬁHQC‘Y,H:’, 57.5%.)0 P - Iodo~-

w = dimethylamino = w = benzylacetophenone obtained By
degradation of the above quaternary selt crystallised

from methyl aloohol in clusters of yellow neeiles m.D.

119-120°. (Found: I, 33.6. CpyH1gONI Tequires I,33.5%.)

It gives & hydrochloride very speringly soluble in water,

P - Chlorophenacylbenzyldimethyleammonium

bromide was obtained in good Jield from the constituents
in benszene,

It orystallised from alcohol-ether in gmall
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)
microcrystalline masses,m.pP. 175-176 , (Found: Br.20.83%

logs at a 1000, 4,54 H

Cy7t1g .
20,75 loss, 4.7%.). Tts piorate separated from methyl

ON ClBr, Hs0 reQuires BT.

' )
alcohol in yellow prismatic needles, m.pP. 155=«156 . (Found:

requires ¢ H O N!
csﬁzovmé, 44,1. 017H190N01.06H207N3 q el 7N5,

44,3%.). p - Chloro - w = dimethyleamino - w = benzyl

scetophenone . obtained by degradatioh of the above salt,

gave yellow prisms, m.pP. 91-920, from methyl alcohol,
(Found: €1, 1R.5.  C;,H,40NCl requires Cl, 12.3%.).

o - Nitroacetophenone was prepared by the
hydrolysis of o - nitrobenzoylacetoacetic estey (9) (1lo),
and brominated in glacial acetic acid (1l1). From the
bromide and benzyldimethylemine in cold benzene there

geparated o - nitrophenacylbenzyldimethylammonium bhromide

in good yield, which erystallised from ebsolute alcohdl
in small, slightly yellow rhombs, m.p. 168-169%.(decomp.)
(Founds Er.2l.1, CypHg05NoBr. requires Br.21.1%.).
Its picrate ocrystallieed from acetone-methyl aleohol EHﬂ('”)“
in stout yellow neeiles m,p. 167—168o (Found CgHgOnNE
43,5, 017H1903N2.05H207N5 requires G5H207Né’ 43.6%.) . |
B - Nitrophenacylbenzyldimethylammonium

bromide, prepared from o - bromo - m - nitroacetophenone

(12) and benzyldimethylamine in cold benzene, crystallised

from elcohol - ether in yellow cubes, m.p.153 - 154:
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(Found: Br, 20.1. 01§H1903N28r;ﬁgo;5requires BT, 20.1%
Heating at 100° leads to decomposition.). The picrate
orystallised from methyl alcohol in s&lender brown needles
m.p. 134-135° (Found: CgHgOnNL, 43.9). Ibs degraistion

product m - nitro - w - dimethylamino - «w = benzylacetow-

phenone separated from méthyl elcohol in yellow prismatie
needles, m.p. 77-780 (Found: N, 9.5. Cq,H;505Np requires
N, 9.4%.).

P ~ Witrophenacylbenzyldimethylammonium

chloride, obtained as & slowly crystallising oil from

w = chloro - P ® nitroacetophenone (1l3) and benzyldimethyl-
amine in cold benzene, separated from absolute alecohol in
small, slightly yellow needles, m.p. 176° (Found: Cl,1C.7.
Cq7H1gC5N 5C1 requires ¢l, 10.6%.). Its picrate, atoms,
almost brown cubes from methyl alcohol melted at 164-1650

(Fomdt 06H207N 43, 7%) .

¥
39
w - Chloro - m - bromoacetophenone, prepared

in good yleld from diazo-methane and m - bromobenzoyl
chlorbde (13) cryatallised from ligroin (b.p. 40-60°.)

in small plates m.p. 47-&8°. § 0.1034 g. required 23.4c.c.
0.0382 X ~ A,ﬂoz(Robertson) CcH(0C1Br. requires 25.50.0{}
The gquaternary chloride separated very slowly from cold

benzene as an o0il and was converted by treatment with

potessium iodide into m - bromophenacylbenzyldimethylmm



smmonium iodide, which erystallised from absolute alcohol

in fine needles M.DPe. 180=181.°% (Found: I, 27.5. CinHjlo

ONBrI requires I, 27.9%.). Ite picrate, separsated in
MePo 149-1500

stout yellow needles/trom methyl alcojol (Found: CgHgOyNy

41.2, Cp,H, gONBr.C Ho0,N, Teqhires C H,0,0%, 40.9%.).

m - Bromo = & - dimethylemino - « - benzylacetophenone,

obtained by the degradation of the above salt, crystallised
in slightly yellow needles m.p. 99-1000, from methyl
alcohol. (Found: Br.24.3. Cq4pH,gO0NBr requires Br, 24.14.)

w = Ghloro - o = bromoacetophenone was

prepared by the sction of diazomethane on o = bromobengoyl
chlortde. owing to the gmall difference in b.,p. between
it (164°/10 m.m,) and o ~ bromobenzoyl chloride (158°/49m.m.)
and to the mmsall quantities used, it could not be obtalned
sufficiently pure for snalysis and was accordingly con-
verted directly in#= bengene solution into the guaternary
chloride, & non-crystallisgng oil which by Hke treatment
with potassium iodide gave o - bromoéhenacylbenzyldimethyl—

ammonium iodide: this erystallised from absolute alcohol
in smsll white cubes, m.p. 134-135° (Fownd: I, 27.6.)

Its picrate ocrystallised from absolute aleohol in yellow
needles m.p. 125-126°. (Found: CeHzOnN:, 41.17.) Its
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degradation product 0 - bromo - w - dimethyleamino - -

benzylacetophenone was obtained as an 0il which could

not be crystallised. Its picrate, however, separated
from methyl alcohol in yellow needle:clusters m.p.l26-
127° (Found: Br,14,9., C17H1g0NBT. CgHzOpNz Tequires
Br.l4.&%.).' |
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DEGRADATION OF QUATERNARY AMMONIUM SALTS

_PART II.

NECESSARY STRUCTURAL CONDITIONS FOR MIGRATION IN RADICALS.

The investigations desbribed in the

introduction have shown that the rearrangement (I-=II)

tekes place when R is a substituted benzyl or phénaéyl
rediical, end the effect of substitution on the veloocity

of the resrrangement is such as to suggest that the tendency
of a redicad to migrate can be correlated with its enionje
stability, which however need not be very pronounced.

Ph.CO.CHp.NMex A1K81L 5y 0o, cH.Nue
R R
(1). (II).

It was therefore enticipated that the
radicals allyl, propargyl, nitroisgopropyl (-Clie oNOg) , orT
phenylgggpropyl (-CMeoPh) could replace R in the rearrangement,
The choice of radical in the third osse was influenced by the
known instability of primary and secondary nitro-compounds
towards alksali: and the fourth was chosen &g snother example
of & group with no «x~hydrogen atom, Groups such as -(CHo(CN,
and -CHpSOpR &lso suggest themselves, but the former can be
einessively susceptible to alkaline hydrolysis, When
attached to quaternary nitrogen (compare stevens, Snedden,

radical
Stiller end Phomson.(3)), and salts containing the latter /
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would probably be difficult to obtain (5).
Phenacylallyldimethylammonium sulphate
(Is R==CHg.CH:CH,) underwent rearrengement easily on
warming with alkali, The corresponding propargyl compound
could not be obtained, however, owlng to the difficulties
attending the preparation of propargyl bromide, orfpropar-
gyldimethylamine, but the enalogous salt (111) wes prepared
by taking the sdventage of the recent elegant synthesis of
phenylpropargylpiperidine by Mannich and chang. (19)
. lojBr HPh.CO.%H.N(?sﬁlo)
CH .Cchh CHz.CQCPh
(II1) (IV)
This with caustic alkali was decomposed to tarry material,

Ph.CO CH .N(C

but on warming with sodium carbonate reaidily gave (IV).
The third salt (I: Rz—cmpgﬂoz) could not be prepared,since
a-bromo—a-nitroﬁropane did not combine with phenacyldim-
ethylamine, and with the dimethylemine gave enly dimethyle
amine hydrobromide. An attempt to prepare the fourth
frem_phenaeyl bromide and phenylisopropyldiimethylemine
gave only the hydrobromide of the tertiary base,

’ Attention wes next dirscted to the
behaviour of & number of radicsls not fulfilling the
conditions considered necessary for facile migration.
Modification of the penmyligroup in (I: R=-GH2Ph) by the
interposition of further methylene gfétpa between the

aromatic nucleus and the nitrogen atom inhibited the
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rearrangement, Thus on vigorous treatment witp alkali,
Phenacyl-a=phenylethyldimethylammonium bromide lost the
phenacyl group, and phensacyl-v-phenylpropyldimethylammonium
bromkde lost the phenacyl or the phenylpropyl radical
according to the conditions used, neither salt giving
evidence of rearrangement, The latter case was chosen
to disclose any possible "alternation™ in the relation
phenyl
between the effect of & piwsweeyt group and its position,
In order to tegt the possibility that incresse in: the
number of phenyl groups might compensate for their remote=
ness,it was proposed to study the salt (I:R=eCHge CPhg)

5@ =Triphenylethyldimethylamine, howevef;,could not be
made to combine with phenacyl bromide, for on long standing
in the cold in benzene sgolution, or retfluxing for 24 hours,
the only product obtained was the tertiary base hydrobromide.

Phengeylphenyldiethylamionium bromide

(V), in which there is no methylene group interposed
between the arometic nuckeus and the nitrogen atom, yielded
phenacylethylaniline (VI) and ethyl alcohol, and gave no
evidence of migration, either of phenyl or ethyl. This
decomposition, though facile, is much less so than the
rearrangement of (I; R=~CHgPh), Previous experience

suggests that the repjacement in this case of the two

w (1)

methyl groupsiby ethyl is not of major importance.
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Ph. C0. CHoNPhEtgBr _NaOH | pn,co.CHQUPhEt + EtOH

(V) (VI)

Several satuiated raiicals were &lso
investigated. Phenacyltrimethylammoniumbromide (I; R= Me)
gave only trimethylamine, as found by Rumpel (20). Phenaeyl—i
hexahydrobenzyldimethylemmonium bromide (I: R= ~CHg. CeHll)’
containing the nearest possible saturated anslogue of the
mobile benzyl group, was unaffected by moderate, and
completely decomposed by violent tteatment with alkali,
The observation that the X -phenylethyl radical migrates
with enormpusly greater facility than benzyl suggested that
phenacyl tert, butyldimethylemmonium bromide (T: R=—CM53)
might be capable of rearrangement, This salt could not be
preparedi as tert, butyl bromide gave only dimethylaminew
hydirabromide with dimethylamine and did not react with
phenacyldimethylamine, 3
The results obtained, though less completeg
than could be desired, are in agreement with the view that |
migratory aptitude is correlated with anionic stabilhty:w
migretion of phenacyl, benzyl, allyl and phenylpropargyl;
non—migrétion of methyl, ethyl, phenyl, hexshydrobenzyl,
A -phenylethyl, end y-phenylpropyl. The migrating radicals,

however, with the possible exseption of phenacyl, could be
regarded as possessing both cationic & nd snionic stability ;
in virtues of the Ay-multiple linkage, end 1t was therefore

congidered importsnt to study the extreme case of
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phenacylmethozydimethylammonium bromide (I: R=Qla),
containing a radical of the mosh nnambigubﬁs electro-
chemical charscter, But ONN-trimethylhydroxylamine and
phenacyl bromide yielded phenscyldimethylamine hydrdbromide ,
in place of the expected product, a surprising reaction,
for the mechanism of which, some form of internal oxidation-
rednction enalogous to the cannigsaro reaction of aldehyies
ia tentatively suggested. In order to prepare the g-benzyl-
W~dimethylhydroxylamine, whieh would have been &s suitsable
a8 the rather insccesgsible trimethyl analogue, the rearrangew |
ment of benzyldimethylamine oxide was attempted (compare
Meisenheimer's conversion of allylmethyleniline oxide into
¢=-8llyl-N-phenyl-N-methylhyiroxylemine(2) )} but there
regulted only dimethylamine and the produets of the Cannizzeare
dismutation of bengzaldehyde, The amine oxide rearrsngement
is fbrmally anslogousd to the one &t present under discussion
and further reference willibe made to it at a later stage,
Emphagisg is laid on the fset that
the négaﬁive results obtalned in this work are not absolute;
in general they merely show that the migration of the radieél
concerned is less facile then the destruction of the phenacyl
radical, which as a rule proceeds slowly on,boiling with
concentrated alksli, Hughes and Ingold (22) record a case

in which & more robustly constituted sslt eppears to exhibit
migration of methyl,
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CHPh,.Nilez0H = -CliePhy. N,

Although not atrietly within the scope
of this study, two modifications of the "ecipient”
rajdical were investigated. In paralloiwwith the mod-
ifications of the benzyl group which have been described
the attempt was made to interpose a second methylene
group between the benzoyl groups of the phenacyl radical
end the smmonium nitrogen atom (VII), but interaction of
w=dimethylamine=-propiophenone and benzylchloride yielded
only dibenzyldimethylammonium ohloride, posaibly by the
mechanism indicated;
Ph.CO.CHs.CHB.?Mszcl' + Ph.CO;OHzgeﬂz.NEbz-————é
(viz) CagPh |
Ph.CO.CH=CH, + CHoPh.Nile, + Ph.CO.CHg,CHy.Nileg,HCL

CHoPh.Nlie, + CHoPhCl — (CHBPh)QNMezﬁl

o—Hydrozyﬁhsnylbenzyldimethylammonium’
chloride (VIII) is of peculiar interest from the analogy
between is ketonic form (IX) and (I). When the salt was
fused with sodamide, however, the benzyl group migrated,
not to sarben, but, te oxygen, yielding (X). The mech-
anism which seems best able to explain this, is that under
the conditions of the reaction an anhyiride is formed
which splits to give (X). (Compare the formation of
dimethyl-o-anisidine from the anhyiride of N~trimethyl-o-
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aminophenol. Griess (15) )

) ~\. 0H ~\ OCHoPh
\/CH.NMQ201 N HMBQQI \/NMQB

1 .

CHz:Ph Wh

(IX) (VIII) (X)

eonstitutionsof'the Rearrengement Products.

The products (II; R=CH .CH=CH2) and (IV) were converted

into the methosulphatezand reduced with zinc and

sulphuric acid. The former yielded ~=sllylacetophenone,
gnd the latter an oil which was hydrated by sulphuriec

acid to +y-dibenzoylpropane Ph.CO[OHals.co.Ph. Attempts
to prepare (IV) from « wpiperidino~scetophenons,
formaldehyde snd phenylacetylene were mnsuccessful, The
methiodide of (X) was identicsl with a specimen pregiizgl
by successive reduction and methylation of grnitrephenyl-/

ether,
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EXPERIMENTAL

Allyldimethylamine (23), was added to
phenacyl bromide (1 mel.) in ether. congidergble heat
was evolved, snd an oil separated, from the agueous
solution of which sodium picrate and acetic acid precipit-

ated phenacylallyldimethylemmonium picrate, m,p. 78-79°,

after recrystallisation from methyl alcohol. (Found
CeHoOpNg', 52.7. CpzH;g0N.CeHpOpN TequiTes CuHoOnN5',52.87).
The picerate was treated with dilute sulphuric acid, the
picric acii extracted with benzene, and sufiicient sodium
hyiroxide added to give & final alkaline aoncentration of

10#4. After 2 hours' refluxing, the basic material was
isolsted in dry ethereal solution in the usual way.

Ethereal picric acid precipitated w=dimethylamino-w=gllyaceto-

phenone picrate as & slowly solidifying oil, which formed

gtout needles, m.p. 97-99°, after crystallisation once
from methyl aloohol and twice irom benzene (Found: C, 52.8;
H, 4.7. CpzHjnON,CgHzOnly requires 52,8: H,4.64.).  The
methosulphate was prepared in ether as small plates which
on steam distillation from zine and sulphuric acid gave
allylacetophenone, identified as semicarbazone, m,p.l158-
159°( Helferich and Iecher (24) give 156-157°) (Foumd:
C, 66.8; H, 7.0. CqpH,50N; requires C, 66.44 H, 6.9%).
Thomson and Stevens (25) obtained no

propargyldimethylamine from acetylenylmegnesium bromide‘
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and dimethylamdnoacetonitrile. <A % -TPribromopropsne, on
distillation over solid potash, yielded 2 =-bromoallyl
bromide, but none'of the propargyl bromide reported by
Henry (26). A=Bromoallyldimethylamine wag obteined by
heating & mixture of A-bromosllyl bromide (1 mol,) with
dimethylemine (2 mols.) in 70% alcohol at 60-70° for &
week, The solution was acidified, steam distilled,
basgified, and again steam distilled, when & heavy oil
came over which, after drying with potéssium carbonate,
boiled at 132-134°, yield 80%4. The picrate, stout
yellow prisms, from methyl alcohol, melted at 94-95°,
(Found: CgHzOnNz, 5846, CgHyoNBr.Cglz0,Nz requires
CeHz07N 3, 58.4%). The base was unaltered by heating
with sold potash at 120° followed by distilletion ifrom
alksli; or by refluxing for several hours with 2594 aqueous
aleohoiic potash, Heating with slcoholic sodium ethoxlde
solution at 130-150° (sealed tube) lei to total decomposi-
tion, the only basic material obtained being dimethylamine
(identified as picrate).

w =Bromostyrene (27) was converted to
phenacylecetylene (28) and then to phenylpropargylpiperi-
dene (yielded 60%) (19). Phenacylphenylpropargyldimethyl-

emmonium bromide separated from & benzene solution of its

generators, on standing a few days, as & viscous oil which
crystallised from alscohol-ether in cubes, m.p. 1620.

(Found: Br,20.3. CgoHp,ONBr requirTes Br, 20.1%. ).
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The addition ot excess of 8% sodium hyiroxide or carbonate
solution 6o an aqueous solution of the salt resulted in
an immediate turbidity. The mixture was heated on the water
bath for & few minutes and worked up for basiec material in
the usual way, experiments with caustic alkali yielding
traces, end those with carbonate giving about 50% of a
gummy solid which could not be crystallised. From its
etheresal solution hydrogen chloride precipitatedatrdimsth-

ylamino-grphenylpropargylacetophenone hyirochloride, white

ned&dles from alcohol-ether m,p. 167=168°. (Found: HC1,

10.1. CggHpzO0N,HCL requires H(Gl, 10.27). The hydrobromide

g8imilarly obtained, erystallised from alcohol-ether in
needles which darkened from 130° 8nd melted at 182-183°
(with complete decomposition). (Found: C, 64.6; H, 6.2;
Br,19.5.. CgoHosON,HBr.3Ho,0 requires C, 64.6s H, 6.1, Br
19.7.). An ethereal solution of the free base and
methylsulphate, kept for a week, deposited en o0il which
was reduced with 2zinc dust snd sulphuric scid. The oil
so formed was extracted with ether, dried over sodium
sulphate, the ether evesporated, and the residue heated
for a few minutes on the water bath with 774 sulphuriec

acid. Dilution of the acid yielded & solid which, after

reorystallisaxien from light petroleum, melted at 66-670, {

alone, or mixed with g specimen of xy'-dibenZoyl propene

prepared by the method of Japp and Michle (29), sttempts i
:

to reduce the above hydrochloride with hyirogen and
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platinum blasck in glacial scetic acid feiled, no hydrogen

being absorbed even after 6 hours' shsaking. Attempts
were also made to synthesise the rearrangement product by
heating w -piperidinoacetophenone, phenylscetylene, and
paraformsldehyde in dioxsn, or in boiling alecohol with
end without a trace of pyridtne. In all cases the
piperidinoacetophenone was recovered unchanged., W -Diper—
idinoacétophenono hydrobromide wes prepared by adding
piperidine (1 mol,) to phenacyl bromide (1 mol,) in three
times itsvweight of alocohol (heat evolved) and warming for
half an hour on the water bath. On cooling the required
hydirobromide crystallised, and after one erystallisation
trom alcohol melted at 227-228°. (vield 65%) Ven ark. (30)
gives 220°. (Found: HBr, 28.4. calc. for CyzH;7yON,HBr:
HBr, 28.2%).

/3 =Nitropropene (31) was converted to
A-bromo=--nitropropane (32) and the laetter heated with‘

dimethylemine in dry xylene at temperatures ranging from

60-130° (sealed tube), In every case dimethylamine

hydrobromide was formed, but no te;§&ry besge. The bromide
would no¥ eombine with phenacyldimefhylamine nor with
phenacylpiperidine on long standing in ether,

& =Dimethylaminoisobutyronitrile (33)
was sdded to phenylmagnesium bromide (2 mols.) and after

12 hours the product was degomposed with smmonium chloride
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and water snd the crudle basic material distilled in steam.
fhe main product waes non-volatile tar, end the distillate
appeared to consist mainly of pheny;iggpropyldimethylamine
isolated a&as picrate, yellow lamine&e from alcohol m.D. 205°,
(Found: 06H507N3, 59.0C. CllHIVN'G6H507N3 requires
CeHz07Nz, 58.4%). A benzene solution of the free bhase
and phenacyl bromide kept for several months in a warm
place, deposited only the hydbobromide of the tertisry
base,\identiiied as picrate,
Phenacylwg=-phenylethyldimethylammonium
bromidée (1) was heated fe 150-1600 (oil-bath) with two
equivalents of powdered sodamide. The only basic produect
obtained was 40% of A&-ph@nylethyldimethylamine as piocrate
(mePe &nd mixed mMeP.). No unchanged quaternary salt was
recovered, and’an oedour like that of styrene was noted,
similaer results were obtained when the salt was boiled for
so;e hours with concentrated sodium hyiroxide solution,

/3 =phenylpropionitrile (34) was reduced
with sodium (20 atoms) and boiling salcohol. The mixture
was acidified with concentrated hydrochlobie scid, filtered
from sodium chloride, the alcohol evaporated end the
Y=-phenylpropylamine extracted from the basified residue
with ether. It was isolated in 30-40% yield, as the
hydrochloride, m.p. 218° (compere Tafel.(35) ), which on
Eschweiler methylation in the usual menner gave ¥ =phen yl-

Propyldimetnylemine, isolated in good yield as the picrate
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WoPe 99°, as fpund by Senfter and Tafel (36).

Phen&cyl-y-phenylpropyldimethylamine

bfomide weas rapidly produced from the tei{@ry base and
phenseyl bromide in benzene, and orystallised fpem alcohol-
ether in nodules, m.Dp. 124—1250. (Found: Br,21.8. 019H24ON
Br requires Br, 22.1%.). Boiled for 4 hours with excess of
85% sodium hyiroxide solution, it gave 60-70% of phenyle
propyliimethylamine as picrate (m.p. and mixed m.p.) and on
one occasion a small quantity of & picrate, yellow prisms
from ether, m.p. 103=104°, depressed below 90° by admi xture
with the foregoing. (Found: CgHzO0pNz, 58.4%. The picrate
of II, R=—(CH2)3P}1 i.e. CygHpzO0N,CH0,N, requires
CgHxOpNz, 45.3%). No unaltered material could be detected
as the highly insoluble ferroeyenide, Each experiment gave
traces of a neutral substance insoluble in water, sacid,
elkali, ether or bensene, which crystallised from much
alcohol in colourless needles m.p. 210°, end wes not further
investigated, The viclent interaction of the gquaternary
salt end sodamide at & 130-140 gave & small yield of
Phenacyldimethylsmine; picrate, m,p. &nd mixed m.p. 140-143°;
the methopicrate, m.p. and mixed m.p. 137-139° (prepared via
the methiodide) orystallised from methyl or ethyl alcohol in
g8tout deep yellew prisme or in paele yellow needleg, which
were intereonvé%ible end hed the same m.p. gteam distillation
of the neutral products gave & small quantity of o0il, which

on bromination in carbon tetra-chloride, évaparation of the




35.

gsolvent, and crystallisation from methyl alcohol, yilelded
fine needles, m.p. 63-65° not depressed by admixture with
suthentic ﬁropenylbenzene dibronmige. This was prepared by
distillation of phenylethylcarbinol over potassium bisulphate,
followed by bromination (compare Hell and Bauer, (37).).
Allylbenzene.the normal product of Hofmen degradation of the
quaternary salt, is known fto yield propenylbenzene on heating
with alkali, one experiment gave, not phenacyldimethylamine
picrate, but the picrate m.p. 103=104° glresdy described.
Thig substence is not identical with the ,3-hydr0xy—ﬁ:phenyl—
ethyldimethylamine picrste described by Tiffeneau and Fournesau
(38), nor with the piorate of either of the possible products
of sddition of dimethylemine to,propenylbenzene. o ~Fhenyl-g=
dimethylaminopropsne (7) yielded a pkcrate, yellow prisms from
wethyl alcohol, m,p. 135-139°. The isomeric o =Fhenylec-
dimethylaminopropane was prepared from dimethylaminophenylaceton-
itrile (39) ana ethylmagnesium bromide (2 mols): the mixture
was decomposed with ice and ammonium chloride and the produet
distilled b.p 100~105/22 mm, The picrate after several
recrystallisations from methyl aleohol and‘frem acetoneligroin,
formed stout yellow prisms, m, P, 161-164°, (Found; 06H307N5’
58.7. Cy1H17¥, CgHzO0pN; Tequires CoHz0,N5 , 58,4%. ).

/344 Triphenylpropionic acid (40) was converted
via the benzoylhyiroxemic scid to /&%triphenylethylamin;::Lhich
on Eschweiler methylatioh gave triphenylethyldimethykmine,




36,

cubes from light petroleum, m.p. 110-112°, The hydreochloride

prepared in ether, separasted from sbsolute alcohol &8 &
crystalline mess of cubes, m.p. 207-209° (Fowmd: HC1l, 10.7.
CppHosN,HC1 Tequires HCl, 10.8%). A benzene solution of the
free base with phenecyl bromide (slight excess) deposited &
few oryastals of triphenylethyldimethylamine hydirebromide
after two months, but gave no quaternary salt even on
gubsequent refluxing for several days.

Phenacylphenyldimethylammonium bromide

slowly crystaliised from & solution of phensascyl bromide and
diethylaniline in a 1little acetone; 1t egparated from
aleohol-ether in irregular prisms, m.p. 150-152o (Found s
Br, 22.7. (,gHpzCNBr requires Br, 23,07%). Boiled with 1o%
potassium hydroxide solution, it yielded phenscylethyleniline
(m,p. &nd mixed m,p.) together with alcohol (iocdoform test)
and & little diethylaniiine, The selt was recovered
unchanged after trestment with slcoholic sodium ethoxide
solution for several weeks in the cold, and at 37° 1% yielded
Phenacylethylaniline in & few days.

Phenacyltrimethylemmonium bromide (20) was
‘heated for an hour with 25-30% sodium hydroxide solution in
& slow current of steam, the volume of liquid being kept
nearly constant, end the digtillate collected in hydrochloriec

acid. The residue contained some benzoic acid (m.p. and

mixed m.p.), but no basic materiasl and no unchenged quatern
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ary salt could be identified as the highly 1ns§lub1e g
ferrocyanide. The distillate contained a littlefacetophononog
(identified as dinitrophenylhyirazone) &nd yielded 50~60% of :
pure trimethyl&mine picrate (m.p. and mixed m.p.), but no
high boiling bases, The salt rescted explosively with
godemide at 170° half of the material was recovered as
ferrocyenide, and no high boiling basic material sould be
detected. |
Hexeshydrobenzyl bromide, prepared by
refluxing the alcohol (42) with constenteboiling hyirobromic
scid, distilled at 79-81°/30mm.  The bromide (1 mol.) wes
heated with dimethylemine (2 mols.) in 70% aleohol on bthe
water-bath for 24 hours. The ethereal solution of the basiei
meterial was dried over potassium carbonate, end about half ;
the solvent distilled off through & colum to remove dimethyle
amine, ith ethereal picric acid the residue yielded 30%

of hexshydrobenzyliimethylemine picrate, which on crystallisg-

ation from methyl aleohol showed dimorphisesm. There first
geperated yellow needles, end then, more slowly, s8tout, deep
orenge prisms; both melted at 156-1:570an6. gave similar
analyses, end the needles changed into the prismaetic form
when kept in a warm place in contact with & solvent for a
few hours (Found: CgHzOyNz, 62.3:62.4. Coil1gl ,Cedz0nN3

requires Celag0 iz, 62.0%) » Phenaoylhe xahydrobenzyldimethyl-

ammonium bromide separated overnight in almost quantitative
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yield from a benzene solution of its generators, end formed
nodular aggregates of micro-crystals, m.p. 185-1879, from
alcohol-ether (Found: Br,23.7. Cp7HpgONBr requires Br, 23.6%).
The picerate crystallised from methyl alcohol in yellow prisms,
m.p. 123-124° (Found: CgHpOpNz', 46.5. 0173250N.035207l;
requires CGHZOVN", 46,8%)., The bromide, refluxed for one
hour with 10% alkeli, was recovered unchanged as picrate;

when boiled with 50% alkall, it slowly charred without
dissolving, and from the residue no basic material or unchanged
quaternary ammonium salt could be isolatedi. After heating

the salt to 160° with sodamide, no basic material could be
isolated even when precautions were taken to prevent loss of
volatile products.

ggzg.butyl brohide was treated with bases
in the same way a8 4 =bromo=sd-nitropropene (&bove), and with
gimilar results.

Hydroxyurethane (43) was converted inte
ONN—trimgthyihydroxylamine (44) (45), which, on standing for
several days with phenscyl bromide in ether gave fine white
needles, m.p. 185-186°, Kumpel (loc.cit.) records m.p.184-186°
for phenacyldimethylsmine hydrobromide. (Found: HBr, 33.0
cale., for Cy,H;zONyHBr: HBr, 53-2%);

Benzyldiimethylamine oxide was obtained by
g&haking benzyliimethylamine (6 c.c,) with hydirogen peroxige

(200 ce. of 3%) for 4 hours by which time the basic smell hag

completely gone., After standing overnight the solution was
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concentrated in vacuo to 50cc. on the water-bath at 50-60°,
with addition of a piece of platintm to assist decomposition
01 unchanged hydrogen peroxide. 8 Cc. of the residue yielded
with agueous piceric acid benzyldimethylamine oxide picrate

(1.82.), which orystallised from methyl alcohol in needles,

m.p. 153=154° (Found: CgHzOpNz, 60.2. CgHyzON,CgHz0pN 5
requires CgHzOypNz, 60.4%)% The remainder was steam-distilled
with 100 ce. of 20% potassium hydroxide solution, but the
distiliate yielded nothing to ether'or chloroform, When the

residue was distilled from en oil-bath, the smell of dimethyl- {
amine was felt end benzyl alcohol ceme over, b.p. 200°, identi-
fied as p-nitrobenzoyl ester (m.p. and mixed MePo)e The
final residue yielded benzoic secid (m.p. and mdied m,P.)

A-Dimethylaminopropionphenone (46) was
added to benzyl chloride (1 mol.) in ether, An 0il slowly
geparated which could not be erystalliged, but yielded with
Picric scid dibenzyldimethylemmonium picrate, m.p. and mixed
m.p. 148-149°.

o-Hydroxyiimethyleniline (47) was methylated |
according to pPinnow (48). The o=hydroxydimethyleniline left

with benzyl chloride in benzene for several weeks ylelded large!

cryatals of o—hydroxyphenylbenzyldimethylammanium chloride,
which, after recrystallisation from aleohol-ether, formed ‘
gtout cubes, m.p.115-116° (Found: C1l, 13.3. C;gH;gONC1l requires
Cl, 13.5%). The salt, reacted violently with finely divided

8cdamide at 110°, The basic products, isolated in dry ether
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in the usual menner, slowly combined with methyl iodide to
give a mass of needles which, recrystallised twice from
gloohol, melted at 157-158° after softening at 110°.  The
plorate, prepared in aqueous solution, formed orange-yellow
prismatic needles from methyl alcohol, m.p. 155° (Found:
N, 11.8. CpgHpqON.CgHg0plNg Tquires N, 11,9%) . These two
compounds were identicel (m.p. and mixed m.p.) with the
corresponding gfbenzyloxyphenyltrimethylammonium salts (below)o
o~Nitrophenyl benzyl ether (compare Kumpf,
(49) was prepared by boiling equimolecular quantities of
grnitrophenol, benzyl chloride, snd sodium ethoxide in
alcohol for 8 hours, by which time the red colour of sodium
o~nitrophenoxide had disappeared. After removal of most of
the alcohol, ghe neutral meterial was obtained in dry ethereal
golution and distilled, when nitrophenyl benzyl ether boiled
at 2109/12mm. This was reduced by West's method: the ether
(llgf),'methylatea spirit (30 cec.) iron filings (9g.) and
concentrated hydrochloric acid (1 cc.) were boiled on the
water-bath for two hours. After filtratiin, the residue,
and the concemtrated end basified filtrate, were separately
extracted with ether, on eddition of concentrated hydro-
chloric &cid, the united extracts deposited wﬁite flakes of

gfaminophenyl benzyl ether hyérochloride, m.p. after
recrystallisation from alcohol-ether, 198—1999 (Hochster,

Farbwerke, D.R.-P. 141516, gives m.p. 198°),  o-Benzyi-

oxyphgnyltrimethylammonium iod

idg‘was brepared by heuting




41,

~the above hydrochloride with methyl lo&ide and sodium
hydroxide solutionlon the water-~bath for half-an~hour,
on cooling large crystals sepsrated, which after
recrystallisation from alcohol melted &t 158-159° (8ofte
ening at 110°) (Found: I, 32.6; loss at 100°, 4.s.
C1HgpONI,Hg0 requires I, 32.8;: loss, 4.65%).
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DEGRADATTON OF QUATERWARY AMMONIUM SAITS.
* PART III.

REARRANGEMENTS IN ANALOGOUS COMPOUNDS
CONTAINING A COORDINATED LINKAGE. ‘

on the theory previously suggested for the
mechani sm of the rearrangement (I)»(II), viz., that the alkali
first converts (I) almost quantitatively into the neutral ion
Ph.CO.ﬁH.ﬁ(CHZPh)Meg5 after which the benzyl group is

PheCO0.CHg.N(CHpPh)Me oBr  ——3 FheCO.CH(CHpPh)NMey
(1), (I1).
detached &s an snion and subsequently reattached at the
Phenacylidene carbon atom, the reaction should be a genersal
one and capeble of extension to systems which do not contain
quaternary nitrogen,

In support of this Thomson and stevens (5)
gshowed that the relsted compound phenacylberzylmethylsulphonium
bromide (III) readily ylelded (IV) on treatment with alkali,

Ph.CO.CH2S(CHoPh)MeBr 8lkeli  Ph.CO.CH(CHgPh)S.Me
(I11). (IV).

The generality of the reaction has now been
further extended by obtaining evidence of rearrangement in
compounds containing a coordinated linkage. Examples of sueh
are found in the sulphilimines of which (V) mey be taken &s
typical,

CH,Ph. 505 . S( CHyPh) e
(V)
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A comparison of the structure ot this compouna
with that of the neutral ion Ph. co.EHLE(CHéPh) Meg postulated
as the first eftect of alkali on (I), shows them to be oclosely
enalogous and therefore under suitable conditions (V) might
be expected to exhibit a similar tendency to rearrange, without
however requiring the pregence of alkali,

When (V) was boiled for 12 hours in p-cymene
the only product isolated was p-toluenesuliphonamide, but from
its enalogue (VI) in which a phenyl radical replaces the methyl
of (v), under the same conditions,was obtained g-tolue%%uiphon-
benzamide, indicating that migration had taken place followed
by decomposition of the rearrangement product, presumably (VII).

CHzPnSOgN.S(CHgPR)Pn  ——  CHgPhSOgN(CHgPh).SPh
(VI). (VII).

Dhe earlier observation that the benzhyiryl
and fluorenyl radicals migrate with extraordinary rapidity, led
to attempts being made to prepare the compounds in which one or
other of thege raiicals replace the benzyl of (VI) in the hope
that wnder the milder conditions there necessary for migrationm,
the direct rearrangement products might be isolated as such,

Fluorenyl-phenyl-sulphide however could not be prepared from

thiophenol and 9 bromofluorene under a variety of conditions, ‘
while benzhyirylphenylsulphide would not comblne with Cchloramine-

T even on long refluxing in aleohol.

Two interesting cases of rearrangement in

similar compounds have previously been recorded. weisenheimer

~

e
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and Collaborators (21) (50) showed that allylphenylmethyl-
amine oxide or its benzylphenylmethyl analogue on steam
diétillation from a strongly alkaline solution gave the
corresponding substituted hydroxylemines in which the allyl
or bengyl radicals were found attached to oxygen (VIII)=(IX).
The presence

Ph(CHoPh) (Me) N.0 Ph (e )N. OCH,Ph

(VIII). (IX).

of the phenyl radical on the nitrogen is essential, for

dimethylallylamine oxide or dimethylbenzylamine oxide (see

part II.) under these conditions gave no sign of rearrange-
nmnt,Aa regult very similar to that observed in the case of
the sulphilimines (2bove),

Fromm end Achert (51) and later Smythe
(52) observed that by the distillation of dibenzyl sulphoxide
there 1g obtalned benzaldehyde and bengyl disulphide,
suggesting that migration of the benzyl radicel from sulphur
to oxygen had taken place, followed by complete decompositim j

of the product, Thomson and Stevens (5) however were
ungble to find any trace of rearrangement in the closely
analogous phenacylbenzylsulphone even on heating to 190°
with benzyldimethylamine, i
A case of the spparent reversal of a
similar reaction is recorded by Neogl and Chowdhuri (53) who}
found that on heating aliphatic nitrites to 120°, there is }

produced small quantities of the isomeric nitrocompounds,

_ . li
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Unfortunately the case of benzylnitrite was not investigatedJ
The failure to isolate the direct

rearrangement products of the sulphilimines or sulphoxides

prevents undue stress being laid on these results, but they

seem to indicate that the mechenism suggested for the

original pmigration is the correct one, 1

.
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EXPERIWMENT A L. &

1 Benzylmethylsulphine-p-toluenesulphonyl-

imine was prepared by the general method of )ann and Pope

(54). 3.2gus, benzylmethylsulphide in 20 cc. acetone were
added to 8gms. ChloramineT in 45 cc. water, considerable

heat was evolved and crystals separated, After shaking for
one hour the acetone was removed on the water bath, the .
crystal mass filtered and recrystallised from aleohol when
it separated in stout cubes m,p. 161—1620. vield 6 gms. i
(Founds N, 4.7. C15H170o0Sg requires N, 4.6%). on heating
this compound to 165-170° for 4 hours slight decomposition [
took place but the major portion was recovered unchenged, |
while a higher temperature (200°) led to complete decompos-
ition. By heating to 170-1’75o while passing & stream of

dry ammonis gas was obtained p-toluenesulphonamide, which

was also isolated together with tetraphenylethane by boiling
in diphenylmethane,

Benzylphenylsulphide (55) would not combine
with Chloromine’T in an acetone-water mixture on heating ;
and shaking but on boiling in alcohol, combination readily !
took place, logms. sulphide and 15gms. Chlorag%§§;; were
refluxed in aleohol for 2 hours during which time /chloride

separated, After concentration the residue was poured into

water and the solid tiltered off and crystallised from

alcohol from which it came out in stout cubes m, p. 145-146°
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vield 1l2gms. (Found: s, 17.1. CogliygSg0aN requires s,l?.%%f
This on boiling with caustic soda solution for 3 hours gave
gotoluenesulphonamide. To effect rearrangement 1t was
boiled for 24 hours in p-cymene, the cymene steam distilled
off, and *he residue extracted with dilute caustic soda
solution, on scidification there was obtained p-toluene-
sualphonbenzylemide (m,p. and mixed m,p.) Wo trace of the

intermediate product could be found,

Ajtempts to prepare fluorenylphenylsulphide,

q Bromofluorene (one mol.) (56) in hot alecohol
was added to thiophenol (one mol,) dissolved in aleohol
containing one equivalent of sodium ethylate, The mixture
was left overnight, then heated oh the water bath for two
hours, after which the alcohol was removed and the residue
poured into water, An oil separated which was taken up
in ether, the solution dried and lett to evaporate when there
separated a few crystals fluorenylphenylsgulphide but the
major portion of the residue was an oil which could not be
erystallised and was propably fluorenyl ethyl ether, f

. To the theoretical quantity of alomised godium
in toluene was added thiophenpl snd the whole boiled for 2
hours, by which time a white solid had separsated. The
bromofluorene was then added and the mixture refluxed.for
4 hours, only unchenged material was recovered.

similarly 9 bromofluorene and thiophenol

0
heated at 110~120 did not combine,
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Attempts to prepare a sulphilimine from benzhydrylphenyl-

sulghide.

. 4.5gms, Benzhydrylphenylsulphide (57) with
6gms. Chloraminel’ were dissolved in boiling aicohol and
refluxed for four hours, The alecohol was then concentrated
somewhat and on cooling cerystals of the original sulphide
geparated (m.p. end mixed m,p.) A similar result was
obtained when the same quantities of these substances were

refluxed for 6 hours iﬁ methyl e&leoholic solution.
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DEGRADATION OF QUATERNARY AMMONTUM SAITS .
' - PART IV. |

A NEW REARRANGEMENT OF SULPHONHYDRAZIDES.

It was early realiged by stevens (2)
that the presence of gquaternary nitrogen is not essential
for the rearrangement (I)+(II) and he has since shown
(Private Communication) that under drastic alkaline condit-
ions the tertiary base phenacylbenzylaniline undergoes &
similar trensformation (III)=(IV).

Ph. CO. CHoRMe »Br alkali Ph.CO.CH.Nie

\ !
GHzPh CHzPh
(I). (IT).
Ph.CO.CHé?.Ph alkali Ph.CO.?H.NHPh
CHzPh CHzPh
(III). . (IV).

The well régbgnised golidity of the
nitrogen atom of benzenesulphonaemides suggested that the
compound gftoluenesulphon—ggﬁgbenzylphenylhydrazide (V) in
which the group CHgFh. SOoNE replaces the phenacyl group of
(I) might exhibit similar properties. on boiling this
substence for a few minutes in 74 aqueous alcoholic potash
it was converted quantitatively to gftoluenesulphinic acid

and benzaldehyde phenylhydrazone suggesting .that the

expected migration had taken place followed by the
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elimination of the elements of the sulphinic acid and
subsequent rearrengement of the benzeneazotoluene so formed,

to the isomeric hydrazone (V) (VI)=>(VII)=(VIII).

CH,PhSO ZNH.I;TPh alkali CH,PhS0 zxf.nm?h alkali
- GHoPh CH,Ph
(V). (VI).

CHzPhSOgH + PhCHgN= NFPh —> ThCH= N.NHPh
(ViI). (VIII).

| This being so, the results recorded in
Part I. would indicate that with decrease in acidity of the
unsubstituted nitrogen atom, should come an increase in the
faéility of migration, The corresponding benzoylhydirazide,
in which the degradation was expected to stop at the stage
enalogous to (VI) above, however, showed no tendency to
exhibit a similar wandering of the benzyl group, either under
the mild conditions used for the change (V-aVIII) or on heat-
ing to 200° with sodium methoxide.

Thege results suggested that the first

action of alkali on (V) is the elimination of the elements
of E-toluenesulphinic acid followed by rearrangement of the
unstable nitrogen compound so formed, & mechanism reminiscent
of the gtieglitz and Jones theories of the ég%%%é;hegradation
of amides and of the Lossen rearrangement of hydroxamie acids
(58) (59) respectively viz.,

R. CONH, JeoBr R.CONHBr — [R.CONS] + HBr —> R.NH,

R. CONHOAo —2LE8LL, [} oon<] - R.wm,
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or even more so of the formation of "™mitroxyl" from
benzenesulphonhydroxsmic acid. (60)(61).
FhsoNHOH S8l ppgo.m . "mom".
"~ If this is the oase then the bengyl

redical 1s not essential and a similar degradation might

be expected in all wasymmetrieal sulphonhydrazides.
Benzenesulphon-gggrdiphenylhydrazi&e, however, did not yieldi
the expected azobenzene even on bhoiling with 304 potash, norif
on alkaline fusion, being totally wmaffected by the former |

and hydrolysed to diphenylamine by the latter, The corr-
esponding phenylmethyl end phenylethyl compounds on treat-
ment with 104 alkali gave black oils from which no crystall—j
ine material could be isolated, nor could methylamine or
ethylamine be detected in the reduction products of these
oils.

The phenylhyirazones of the simpler ﬁ

aliphatic aldehydes being in general wstable, ill-defined f
compounds, an attempt was made to test the validity of the ?
above hypothesis by treating benzenesulphonbenzamide (IX)
and benzenesulphonphenylecetamide (X) -]
Ph.CO.NHSOgPh (IX). Ph.CHgCONHSOgPh  (X)e |

with alkall in the hope that from these compounds aniline E
and benzylamine regpectively might be isolated. In\neitherf

of these cases were these expectations realised, for aqueous !

alcoholic potash in concentrations u: to 304 had little or
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no effect upon them while fusion at 2@@9 led to complete
hydrolysis with formation of benzoic &snd phenylacetic acids.’

Jones and his collaborators (58)(592) have ‘
shown that the ease of rearrangement in the Lossen reaction |
is roughly proportional to "the tendency of the radicsl in
the univaléntt nitrogen deriviktive to exist as a free

redical™ and essuming that this new reaction is analogous E

to the Toassen in this regpect, it weas hoped that a study of

g\toluenesulphondiphenyleneacetamide (X1) |
_CeHa ) |
CHzPhSOgNCOCH | (X1 ‘

. Celg
in which, according to the sbove, there should be a very

great tendency to rearrenge, would prove conclusively
whether this reaction could take place or not, Unfortun-
ately this compound could not be prepared owing to the
ingtability of diphenyleneacetylchloride.

In the hope that alkaline hypobromite |
would bring about the conwersion of ums, benzylphenylhydra~‘
gzine to benzaldehyde phenylhydrazone and thus establish the
relationship between this reaction and the Hofmenn degrede-
tion of amides, this experiment was tried, but the only A
crystalline material obtained was l.hdibenz&lj!JLQiphenyl—
tetrazone i,e, the oxidation produet of the hydrazine,

While the mechanism suggested, viz,,
that the alkali first splits off the elements of g_toluenea:

sulphinic acid and the unstable nitrogen derivative #&o

formed rearranges to give benzaldehyde phenylhydrazone is
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attractive, the paucity of the positive results obtained
and the lack of confirmation from the non-production of
benzylaminé from the treatment of benzenesulphonphenylacetw 1
amide with alkall, prevents great stress being laid u@on 1t'i
The instability of benzoylbenzyl hydrazide to rearrange in !
manﬁer analogous to its sulphonyl analogue indicates that j
the mecheniam is not that of the original (I)2(II), and |
much more experimental date 1s required before any
explanation cen be given which will adequately cover the
results obtained.
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EXPERIMENTAL

Benzylphenylhyirazine was prepared by heating benzyl chloride
o
with phenylhydrazine at 120 (62).

p-Tolusnesulphon-ung~benzylphenylhyirazide J

was prepared by dissolving in the minimum quantity of benzeneJ

~ benzylphenylhydrazine (2 mols.,) &nd P-toluenesulphonyl |
chloride (1 mol,) &nd heating on the water bath for 36 hours.:
The precipitated material was filtered off, well washed with
hot water, dissolved in very dilute alkali and after precip- |
itation with dil., HC1l erystallised from alcohol from which 1t
separsted in cubes m, p. 142-1430 (Found : S, 9¢3. CioHzo
S0 N, requires §, 9.1%.).

Rearrsngement of this compound.

The above hydrazide (lgm.) was taken up in f
10 ec., of 10% caustic soda and 5 cc., alcohol and boiled.
After a few minutes a turbidity appeared and solid material
separated, which after recrystallisation from ethyl alcohol
nelted at ss58° , and aid not depress the m.p. o1 a specimen
of benzaldehyie phenylhyirszone prepared in the usual way,
The elkaline filtrate made Just acid to litmus and into it
passed chlorine gas in the cold. The turbia solution was ‘
then extracted with benzene, the extract dried and part1a11y§

evaporated when p-toluenssulphonyl chloride separated (m.p. !
end mixed m.Dp.). |
i

The original hydrazine boiled up for some
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with 104 alkali |
hours/was recovered unchanged as picrate, Uns-phenylbenzyl-ﬁ
|

\
|

hyirazine picrate crystallised from benzene in long needles

m.p. 143-145°,  (Founds; CgHzOpNz, 52.8. CyzHjaNg. CHzOnNy
requires CgHzOnMz, 52.4%.).

Benzoyl-uns-benzylphenylhyirazide prepared
by the method of Minunni (621 was heated with 25¢ aqueous
alecoholic potash for several hours, but was recovered
unchanged. Heating with sodium methoxide at 2000 for half-
sn~hour had likewise no efiect upon it,

Diphenylhydrezine (2 mols.) (prepéred by the
method of Fischer (63) ) was heated with g-toluenesulphonyl

chloride (1 mol,) in & little benzene for 8 hours on the

water bath, puring this time cerystals of the hydrazine

hydrochloride separated, after removal of which, the bengene f
was extracted with dil, HCl, dried over sgodium sulphate end
evaporated, on addition of petroleum ether to the residue
a solid mass was obtained which was well extracted with
dilute caustic sods. Acidification of this extract gave

g-tgluenesulgho -uns-benzylphenylhydrazide which erystallisel

Wrom alcohol in stout cubes m.p. 159-1410. (Founds ¥, 8.4.
. C1gH,0 oSN Tequires N, 8.3%.).

This compound was boiled with varioms
concentrations of alkali up to 254, but in each case was

o
recovered unchanged. Fusion with potash at 250 for one

hour gave diphenylamine, . *
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Bengzene sulphonbenzamide from benzoyl chloride
eand benzenesihlphonamide at 140-1500 (64) was treated as in
the previous instance with various concentrations of aqueous
alcoholic potash, but in each case on acidification
wnchenged materisl was recovered. Kept at 280° for one
hour with solid potash it yielded benzoic acid but no trace
of aniline,

Benzenesu;phonphenylace$amide was prepared

by hesting for an hour in an oil bath maeintained at 140-150°
equimélecular quentities of benzenesulphonamide &and phenyl-
acetyl chloride, After cooling, the mass was extracted
with sodium carbonate, from which extract on acidification
the above compound separated., It erystallised from alcohol
in smell hard cubes m.p, 75-76"., (Found: §, 1l.7. 0y 4By 5
05NS requires §, 11.6%.). Boiling with various concentrat.
ions of alkali up to 304, invariably gave unchenged material

on acidification, while fusion with potash at 210° gave
Phenylacétic acid but no trace of basic material,

Diphenyleneacetyl chloride (65) on fusion
with benzenesulphonamide at temperatures ranging from 100-
250° invariably gave only diphenyleneacetic acid as the
only sodium carbonate-soluble product of the reaction,

Benzenesulphonyl-uns-phenylmethylhyirazide
(66), and Benzenesulphonyl-uns- henylethylhydrazide (66)
when boiled with 104 alkali gradually decomposed with
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formation ot dark coloured oils, From these oils on
reduction with sodium and alcohol, no basic products could
be obtained.,

Action of hypobromite on benzylphenylhydrazine,

A solution of hypobromite was made in the usual
way from égmse XOH in 60 cc., water and 1.3 cc, bromine, |
To this was added with cooling Sgms. benzylphenylhydrazine, :
After standing at room temperature for one hour the mixturel
was heated for one hour longer oy the water bath, A f
quantity of tarry material separasted which was purified by 5
suceessife washings with a 1ittle hot aleochol, when a ﬁ
small quentity of 1light brown material was left which afterg
crystallisation from benzene-ligroin melted at 143O and |
did not depress the m,p, of & specimem of 1,44diphenyl=

!.

1,4,dibenzyl tetrazone prepared by oxidation of the
hydrazine with yellow mgéikic oxide (6B), This experiment
was repested using 4 mols, of hypobromite inétead of one
in the hope that theré might be isolated the tribromo=-
FxaxyXk benzaldehydephenylhydrazone obtained by cuisa and
Vecchiotti (67) from treatment of benzeldehydephenyl-
hydrazone witpﬁhromine or hypobromite.  A4s before the

only crystallide product was the tetrazone,
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SECTION II.

AN ATTEMPT TQC DEFINE THE POSITICN OF THE HYDRCXYL

GROUP AND THE UNSATURATED CENTRES OF ERGOSTEROL.

THE ERGOSTADIENETRIOLS.
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THE POSITICN OF THE HYDROXYL GROUP AND OF

THE UNSATURATED CENTRES IN ERGOSTEROL.

INTRODUCTION .

The yeast sterol, ergosterol hes been
- gshown during the lagst two years to have the molecular
formule CpgHyg0 (1) (2) and not CppH,yo0 @8 previously
suggested, (3).

Investigations extending over a long
period of years and embracing cholesterol, ergosterol and

the bile acids, the nuclear structure of all of which are

closely related, have shown that this represents a tetracydie;

compound with a gide chain, containing one hydroxyl group

and three double bonds.

From ergosterol there can be obtained a;:

fully saturated hyirocarbon ergostane, CpgHs,, in which the

ring system of the original sterol is intact, and to this
the structure I. can be assigned with almost complete

certainty, ’ P

To convert this formule into that of

ergosterol one hydroxyl group and three double bonds must
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be introduced.

THE HYDROXYL GROUP. That the oxygen

is present as & secondary alcohol grouping is proved by its
conversion not only in ergosterol, but in its di-tetra-eand
hexghydro derivatives, to a ketonic group. Its position
‘has for long been assumed to be on carboy atom 3 as in
cholesterol, the only evidence for this, apart from possible
biogenetic assumptions, being that ergostanol on oxidation
yields a dlcarboxylic acid, CpgHyg04, from which & pyroketone,
Conpliy;0,c8n very easily be obtained. (5). Recent work,
however, by Heilbron, sement, and Simpson (6) on the aclds
obtained by oxidation of chlorergostane and chlorcholestane
hes thrown considerable doubt on this point, and at the moment|
there sppears to be no definite evidence as to its position,

THE DOUBIE BONDSe Ergosterol reacts

4
with three molecules of pg@enzoic acid (4), indicating the
presence of three doyble bonds. These vary enormously in

reactivity, Hydrogenation with sodium and alcohol (8) glves

dihydrcergosterol, which ca&n be further hyirogenated -

catalytically (paelladium black in alcohol) to the singly
usaturated «x-Ergostemol, Attempts té reduce this further,’
fail, but on treatment with hydrogen chlﬁride in chloroform i
this compound yields the isomeric [S-ergostenol, whioﬂfcan iki

|

then be hyirogenated, using platinum exide in glacial sacetic

acid, to the fully saturated ergostenol,
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ozonisation of ergosterol and of dihydro-
ergostercl'yields methylisopropylacetaldehyde (7) which

is not obtained from « or A ergostemol under similar

‘ conditidns, proving &), that one double bond of ergosterol

is in the side chain between carbon atoms 22 and 23, and
b), that this double bond 1s not reduced by sodium and
alcohol. The extraordinary lability of the double bond
which is saturated in the formation of dihydroergosterol
suggests that it is part of a conjugated system, a
hypothegis which is borne out by molecular refraction and
dispersion messurements (9), and by the formation of a
maleic anhydride condensation product of ergosterol (10),
The produet is somewhat ebnormsl, however, in that for
its formetion, the comﬁonents have to be heated together

o
to 135° instead of the more usual 8¢ , and that on high

vacuum distillation it breaks down to ergosterol and maleioc

anhydride,
From its lack of reactivity and resistance
to hydrogensation, it would appear that the thirda double
“bond 1in ergosterol is situated between two guaternary
carbon atoms, and that hyidrogen chloride displaces it to

& more reactive position,

THE ERGOSTADIENETRIOCLS. ~

Two Ergostadienetriols are known, The

first Ergostadienétriol I. 1s obtained by reduction of
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ergostercl peroxide (prepared by photo-oxydation of an
alcoholic solution of ergosterol-in presence of ¢osin)
with zinc and aleoholic potash.(1l). This compound is !
characterised by the remarkasble facility with which it

loses the elements of water; thus, heafing with acetic
anhydride in pyridine gives not the expected acetate but a
mixture of partially dehydrated products (12), and & similar
result is obtained simply by dissolving the tfiol in acetic
acid, Hydrogenation with sodium and alecohol glves an -
ergostenediol, while highvVacuum distillation converts ;t |
completely to the tetraunsaturated compound dehydroergosterol}

(12).

1

The second triol, Ergostadienetriol II, |
is obtained by hydrolysis of i1ts monobenzoate, which is

produced when ergosterol is treated with one molecule of :
perbenzoic ascid (4). This with the methozyergostadienediol,;

obtained in & like manner from ergosterol methyl ether, has

been very carefully stuated by Heilbron, Morrison and simpson?
(13) who find a) that ezonisation yields methylisopropyle 5
acetaldehyde, this proving that the side chain bond is intsst
and b) that oxidation with lead tetra-acetate (14) produces

I

compounds presumably keto aldehydes, in which no degradation
from a 028 molecule has taken place, thus indicating that |
direet 1,2 addition has taken place at a nuclear doublé bond, |
Furthermore, they have shown that complete hydrogenation to

an ergostanetriol is not possible withput Ffirst isomerising
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with hydrogen chloride in chloroform, which leads them to
conclude that triol formation has taken place at the "reactiven
nuclear double bond,

From these results and from the fact that
the triol gives only dil-esters end its methyl ether only
mono-esters, they consider that one introdueced hydroxyl group
is secondary and the other tertiary, and suggest the following

structure for ergosterol. (II).

\

,‘/
HO

\

\—
-

\

Further work in the Iiverpool laboratories
(Private communication) has shown that this triol is as stable ‘
to dehyirating influences &s the other is labile, even
phosphorus pertoxide in boiling toluene having no effect upon

it. In view of this wide difference in resctivity, it was

thought that the structure of Ergostedienetriol I. must differ
considerebly from that of its isomer, and we had turned our ‘
sttention to it when a paper by Achtermenn (15) &ppeared. in ;
which he showed that triol I. could be converted to triol II. ?
8imply by boiling with maleic anhydiride in benzene for 8 hours,z

end furthermore that distillation of ergostadienetriol I.
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monobenzoate in high Vacuum gave dehydroergosterol, although

the free triol distilled uncheanged. on this evidence he
suggested that these triols are cis-trans isomers, we

have now repeated and fully confirmed this work, and have

edduced further evidence in support of his suggestion as to

the sterecigomeric neture of these compounds,

Previousvto the appearance of Achterm&nn's
paper we hed sought to prove this possibility by treatihg |
Ergostadienetriol I. with lead tetra-scetate, in which case

had these triols been stereoisomers, the same compound as
obtained from the triol II. should have been obtained,

An entirely di fferent compound was, however, isolated but
analysis figures showed that these compounds were not
comparable,firtther degredation having presumably taken
Place in the case of triol T,

Heilbron, Morrison and Simpson, (13)
obtained by oxidation of triol II. with chromic anhyiaride
in acetic acid &n ergostadienedionol, m.p. 249:)2§§g§_m.p.
2320. By oxidetion of triol I. under similar conditions
there has now been obtained the same compound, proving
detinitely that these triols are stereoisomerie, and if
the possibility of epimerisation ot one hydroxyl group

during oxidation is not considered, that the introduced

secondary hydroxyl group is the seat of the stereoismmerism, .
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This diketone, on treatment with aleoholic .
potash, dissolves with an intense red colour, and is not
precipitated from the alkaline golution by addition of water.‘
on addition of acid, the deep red colour is discharged and
a yellow solid is obtained, from which after repeated
crystallisation from methyl alcohol a well deifined yellow

crystalline compouwnd m.D. 146° can be isolated, which gives

analytical figures consistent with only two atoms of oxygen
for a molegular weight of about 400. This new compound is
not now soluble in alkali, The exceedingly small yields
(about 54) obtained of this compound prevented its further
Investigation, but the tact that the corresponding methoxy- S
ergostadieneonol is recovered unchanged aiter similar alkaline'k
treatment indicates that the ketonie group produced by f
oxidation of the original hyidroxyl of ergosterol has taken
part in this chamge, which is probably some form of benzilic
.seems %o
scld rearrangement, followed by loss ot cerbon dioxide, and/
suggesat that the reactive double bond in ergosterol is
siuated very near to the hydroxyl group.

As previously explained, the oxidation of
ergostadienetriol II. or its methyl ether with lead tetra-
acetate yields compounds presumably keto aldehydes. The
oxidation of one or other of these compounds to an scid under

conditions kmown to be speciiiec for the conversion of aldehydes

to acids would throw considerable light on the structure of

B b T S
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ergosterol and such an scld would moreover form & convenient
starting point for a further series of degradations. It

vhas recently been suggested by Inhoffen (1l6) that formula IILﬁ
repregsents the structure of ergosterdl snd the lead tetre~

e%;ﬁjﬁ’ acetate oxidation produet of triol

II. should then be & dialdehyde

|

and on Ifurther oxidation should
Ho

w yield & dibasic acid, instead of

the keto acid expected on the formulation ot Heilbron,
Mdrrison and Simpson (13).

Previous attempts to oxidise the hydroxy
keto aldehyde in the Iiverpool laboratories (Private
commumnication) had failed. Small quantities of acidie
products were obtained from éomparitively large quantities
of starting material, but under the normal conditions of
working up these repidiy changed to a neutral form, suggestimg
the formation of a lactone, To obviate this dirrieulty r
the methoxyketoaldehyde was employed, and to decrease as &far
a8 poss8ible the lability of the molecule fto oxidising
influences, it was propesed to hydrogenate the side chein
double bond. Me thoxyergostenediol was readily prepared but
on treatment with lead tetra-acetate yielded only an oil
from which no cerystaliine material could be isolated.-

Attention was then turned to the more labih"
doubly unsaturated compound, methoxyergostadienediol, which

on treatment with lead tetra-acetete yields a compound m,p.
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.0 .
105-106 (13). On repeating thnis work under conditions
somewhat ditierent to those employed by the earlier workers,

o
there was obt%§ped & compound m,pP. 130-131 , identical with

that obtained /them but in & mueh purer form. Attempts to

oxidise with ammoniacal silver oxide under a variety ot

conditions unitformly failed, the only products obtained being V

dark oils, Potagsium rermenganate in acetone ylelded oily
neutral products, presumably by glycol tormation at one or
other of the double bonds, while chromic anhydride at 350 gave
back unchanged material, At & higher temperature (700) this
reegent gave only oily acidic products and accordingly this
investigation was daiscontinued,

Attention is drawn to one point in

connection with these triols; Recently Rosenheim and Xing (17}

have suggested tormula IV. as being in best agreement with the
known reactions oi ergosterol and V. &s that of ergostadiene-
triol, in which case VI. is presumably that ot the monobenzoate

formed when ergosterol is treated with perbenzoic acid.

~

Ho

ra
<
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If this is the case then VI, should undergo
ring fission when treated with lead tetra-acetate under the
normal conditions, Heilbron, Morrison &nd Simpson (13)
have previously reported that this compound is unchenged
under these conditions, and thismwork has now been repeated
and fully confirmed, leading to the conclusion that VI,
does not represent the formula of the monobenzoate, and
hence that IV. cannot be that of ergosterol, The se authors-
consider that the resctive double bond must be in the
position to the hydroxyl group snd it this'is the case in
order to agree with this observation ot Heilbron, Morrison
and Simpson (13), some formula must be found such that the
introduced secondary hydroxyi group,lies between the y

introduced tertiary and the original hyiroxyl. such &

condition is satistied by the formula (II) if the hydroxyl
group is placed in position 12, (VII), but the ease of :
formation ot a pyroketone from Reindel's dibasic acid (5)

is egeinst thig location of the hydroxyl group.

coa

v

At the moment irom the mass of often
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i

conflicting experimental data it seems impossible to suggest
& formula which will adequately account for &ll the known
reactions of ergosterol.  The two most recent formulations,
those of Inhoffen (16) and of Rosenheim and King (17) both @
explain & few of its reactions, but fail when applied to others.
Egpecially is this so when the oxidation of ergosterol with
‘mercuric acetate to dehydroergosterol (11l) is considered, 5
This compound is also produced when ergostadienetriol I.
or ergostadienetriol II. monobenzoate is distilled in high |
vecuum, and suggests that is formed by hydroxylation at &
double bond followed by removal of two molecules of water, - -
It is difficult to explain this if the double bond involved |
is one of & normal conjugated system, and suggests that ergo-
sterol contains a bridge link, which is opened on treatment
with mercuric acetate (compare the formation of sobrerol frém f
& ~pinene,) Further support is given to this sugéestion

from the recent reconsideration of Professor Sugden of his |

meagurement of the parachor oflé}gostenol, which he now

finds to be more in accordance with a bridged ring than an

ethylenic double bond, (Private Communication), It is
aifficult to reconcile this, however, with the observation

of Morrison and simpson (20) that the «- and /[ -ergostenyl
oxides, prepared by the action of perbenzoic acid on the
corresponding ergostenols, both give «- ergostenol on

hydrogenation, thus requiring the re-formation of a bridge
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link during'reduction. _
The formation ot a maleio‘anhydride
addition compound is also against this idea, unless it is i
supposed that under the sbnormel conditions required for 'f
the condensation (1350), isomerigsation of the bridge 1link
to an ethylenic qouble bond takes place. ;
In order to account for tho':!bfnnﬁiéh:;E
' of neoergosterol (21) and toluenetetracarboxylic acid (7)
'tﬁe bridge link and the double bond must be in the same
ring'and'formulaﬁVIII) seems to 1it these conditions best,

Dehydroergosterol would then be (IX)

Meteorie 3 ——
RAcectate e /

while to explain the formation of this compoimd from the

ergostadienetriols (X) & complete rearrangement oif the
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double bonds to postmlated, which would appear to be quite
fbésible congidering that distillation generally takes |
place sbout 200°. '

on this formulation o§ergostenol containg |
the bridge link while /-ergostenol hes an ethylénic double
between carbon atoms 8 and 9.

In the abgence of other evidence (4 is
suggested as the location of the hydroxyl group.

While it is emphasised that this structure |
is not in :complete egrecment with all the known reactions of»‘
ergosterol, yet it is suggested as giving a fairly reasonsble
explanation of some of the changes whigh could not be a

accounted for on the earlier formulations,
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EXPERIMEDNTA L

Preparation of Ergosterol Peroxije. For the

preparation of this compound in large quentities the apparatus
of windaus and Brunken (18) was considerably modilfied. 30gms.
of ergosterol and 50mgms. eosin were dissolved at 66°C. 1n |
8 litres of 954 alcohol in a tank fitted with cooling coils
and into which projected three electric lamps giving a total
energy output of 4G¢ wétts. A stream of oxygen was passed
through and the cooling current adjusted so that the tempereture |
remsined sbout 45°, At the end of 6 hours a test portion no
longer gave an insoluble digitonide. The &alcohol was removed
under reduced pressure, and the regidue crystallised from
acetone (charcoal) when 22-25g, of & product m.p, 170-172°
was obtained, which was pure enough for reduction.

The reduction was earried out practically
as described by Windaus snd Linsert (11), except that for
each 1log. peroxide 750c.c 104 alcoholic potesh end 1G0g.
zinc dust were used. The whole was refluxed for 1-1% hours
and diluted with water as previously described, when the triol
crystallised out. For recrysﬁallisation a mixture of ethyl
scetate and alcohol (5;15 was found to be more suitable‘than
ethyl acetate itself in which the triol is very sparingly
goluble, Yleld 6¢%. F

Action of Lead Tetrs~-acetate on Ergostmﬁem%i
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triol I. A sugpension of the triol (2«5 g;) in benzene
(200 c.c.) was shaken with lead tetracetate (5 g, nearly
2 mols,) at room temperature, At the end oif 24 hours
practically all $he triol had dissolved and the solution
hed darkehed congiderably. sheking was continued for a
further 24 hours, at the end of which time no further change
appeared to have taken place, The turbid brown mixture |
wag then diluted with ether, sodium carbonate (aqueous)

added and the wholé shaken well together, The clear etherw
benzene solution was then dried with NagSO, &nd evaporated.
A yellow viscous gum was left which was taken up in methyl
alecohol and left for several weeks at -1o°. It slowly
crystallised and the crystals were filtered off, recrystall-:
ised twice from methyl alcohol, from which they separated in.
large soft glistening plates, m,p. 183-184°, (Foundg
C, 73.8; 73.8; H, 10.0, 9.9%)

Ooxidation of Triol I. 2 g. ergostadiene
triol I. in 150 c.c., acetic acid were stirred mechanically
at room temperature while a solution of 1.6 g. chromic acid |
in 40 c.,c. acetic acid and 3 c.c, water,was slowly added
6ver a period of § hours, At the end of that period, the
whole wes poured into water, extracted with ether, the
acetic acid washed out from the ether with water and‘hazcos,

aq. and after drying the ether evaporated, The residue

was taken up in ethyl acetate, irom which it erystallisea

in plates m.p, 240-242°, One recrystallisation from ethyl f
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acetate~alcohol (1l:1) brought thgvm.p. to 248—2490 et which [
it remained constaﬁt‘ (Founds: @, 79.03 H, 9.6, 02854003 |
requires G, 78,63 H, 9.8%). This compound gave en oxime

Me Po 2530 atter softening at 2250.

The melting points are the same as those
recorded by Heilbron, lforrison and Simpson (13) for their
ergostadiendioneol and oxime, and with these they gave
respectively no depression, Yield 10%.-

2 g. of ergostadienetriol I. were oxidised€
as above but after sddition of Croz left standing overnight. “
The ether on evaporation yielded a residue which after E
recrystallisation twice from ethyl acetate melted at 205—2062&
(Pound: C, 76.8, 77.C: H, 9.3, 9.2. CpgHy04 Tequires G, 76.4]
H, 9.1%). Its oxime prepared in the usual wey sepsrated in |
needles, m.p. 165-167°. from alcohol (Found: N, 3.2. 028H41
04N requires ¥, 3.1%).

Preparation of compound m.pPe 1460. i

200 mg. ergostadienediocneol were dissolved in 180 c.aq, ' !
boiling alcohol, To this was added 25 c.c, 4§ alcoholle |
potash, when s deep red colour appeared, end the whole hoatedg
on the weter bath for & further 5 minutes, Water (500 c.o.)&
was then added &hd the whole filtered. The addition of

acid discharged the red colour and & yellow precipitate was
formed. This was filtered off, and after several recrystall-

igations from methyl alecchol yellow needles, m,P. 1460 were

obtained. (Founds; ¢,8l.6; H,10,2. CpgHypOg requires C,81.93
, H, 1C.2%). |
» ;
~
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oxidetion of methoxyergostaiiendiol., A

l
i
|

solution of methoxyergostadienediol (19) in ACOH (60 C.G.) |

was stirred end meinteined at 35° for 1 hour while a
solution of CrOz ( 4g. in ACOH (10 c.c.) ) was dropped |
in, After pouring into water the whole was extracted j
with ether, the ether washed with water and NayCOsz (&ge) |
to remove ACOH, afd after drying over Nazso4, evaporated,

The residue methoxyergosgtadieneonol cerystallised from (

o

methyl alcohol in glistening plates m.p., 1765-1786 o Kixed. -

with the starting material m,p. 174—1750 & specimen melted
0 .

at 150-155 . (Found: G, 78.8; H, 1G.5, CogtygOg requlrgs

C, 78.7; H, 10.4%). Boiled up for 6 hours with

hydroxylamine acetate in alcohol this compound gave no

oxime,

Treated with aleoholic potash ag deserihed

for ergostadiendionol, it was recovered unchanged.
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Conversion of Triol I. to Triol II.

2 gms, ot Ergostadienetriol I. were dissolwad

|

i
1

in 75¢ ¢.c. 0f dry benzene and after the addqition of 2 gms,
m&leic anhydride, the whole boiled for 8 hours, The benzene‘§
- was then removed in vacuo, and the residue boiled for 2
hours with 200 c.c. 5% methyl alcoholic potash, This was
then poured into water, and ether extracted, After drying
and removal of the ether, the residue was taken up in a
little ethyl ascetate from which on cooling #a it

separated in glistening plates m.p. 240-2410, which did not

depress the melting point of & specimen of Ergostadienetriol

II. prepared in the ususal way. Its 8cetate likewise gave

no depressién of melting point with a specimen of ergostad-
ijenetriol IT. ecetate, m,p. 179°,

pDehydroergosterol from Ergostadienetriol

tEsononobenzoate,

Ergostadienetriol IT monobenzoate (1 gm.)

was distilled at a pressure or about <000l m.m. A light

coloured oil came over, which was taken up in ether-methyl

alcohol, ¢n concentrating and cooling, crystals m.p. 146° ;
separated, and these on treatment with acetic'anhydride in |
pyridine gave an scetate m,p, 1460. These substances gave
no depregsion in melting point with specimens of dehydrow

emposterol and its acetate respectively prepared by -the

action of mercuric acetate on ergosterol,
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Methoxyergostatriene, prevared by the'action%
of methyl iodide on potassium ergosterylate (19) wes
treated with perbenzoic &cid (1 mol,) according to the
method of Heilbron, Morrison and Simpson (13) apd thereby
gave methoxyergostadienediol monobenzoate in 1574 yleld
which on hydrolysis resdily yielded the Ifree diol,

nethoxyergostadienediol monoacetste, The

sbove diol (1 gm.) was heated in pyridine (10 c.c.) with
acetic anhydride (5 c.c.) for 2 hours on the water bath,
The whole was then poured into water, the soiid filtered
~otf and erystallised from methyl alcohol from which it
gseparated in glistening plates m.p. 143-1440 (Found.:

G, 77.0: H, 10.3s C,-H

3185004
Thts acetate was hydrogenated with Adam's

requires ¢, 76.,8: H, 10.3%).

Ptoz in glscial acetic acid~ethyl acetate (1:1) until
hydrogen corresponding to one doublie bond had been &bsorbed.
After removal of the solvent in vaeud the residue was
orystallised from methyl a&lcohol, from which 1t separated
in tine needles m.p. 152-153°,  (Found:; C, 7642, H, 10.8.
Cz1H500, Tequires ¢, 76.2. H, 16.7%.). on hydrolysis with
2%,aicoholic potash this gave methoxyergostenediol, long '

o
prismatic needles m.p. 165-166 , from methyl alcohol,
(round: C, 78.3, H, 1l.1. 02935003 requires ¢,78.0, f,fng@j

H, 11.2%).




81.

Treatment of Methoxyergostadiénediol and

methoxyergostenediol with lead tetrs acetate, The diol

(1 gm,) was shaken for two hours with & solution of lead
tetra-acetate in ACOH (75 c.c. of ¥/10). The solution
wag?ggured into brine (which destroys the excess tetrs
acetate by precipitation of the lead as chloride), and the
whole extracted with ether. The ether layer was washed
‘with water and NapC0z to remove ACOH, and after drying end
evaporation, the residue crystallised from methyl alecohol,
from which it is obtained in long prismatic needles m,Dp,

| 150-‘-1510. (Found: C, 78.8. H, 1l0.3. CpgHyg03 Tequires

C, 78.7, H, 10.4%),
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