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, mmy @f ‘&h@x mea gim *sa heﬂtew
A'a;c;nm@ aazviva%wea sea:i‘ apsonic are aelf«»m:gimﬁﬁzﬁy
4n Mﬁ they are Ma@tmimﬁ of the nomes
aamxﬂ.y naed :Ew the @m»m:apammg nitrogen
‘eompoundss For example, the compounds (1)

and !n) ave ma& an ldmthyialw&zwéw%mma
wamamﬁmlmfa mﬁ 2&@%@3&»1@ aaBeqnwtx‘@yaw
éu_amimmzw m@matiwly, by mmlﬁ wim

the corresponding nitrogens: irin, mmpmmﬁsf

- lwmethylmlsgzﬁsi et ;tmhyﬁmmmime and 2emethyl-
1s2:3 Mml:e?:mhyﬁm a a@umaimm

(. (11)




)
r@a@aetivﬁly‘ . -?‘“

(VIII)

_ Same ahmiats ;pz'mfer 0 @mglay o
@ﬁapw&i@n ﬁf‘ the gemrmy-weepm& ﬁmvm
- hame for whe mlegam parby n
nitm@en containing syst

| heterooyelic 4 " of p
these casesy. the ;:sm erspe" is | generally
'ﬁmgﬁ;w&&' § in&iaa‘aﬂﬁg "Eﬁaﬁ va ﬁ&:ﬂ’%ﬁ, fsxmaa or
mimmgﬁﬁ atom hos  ‘been z'eplaeaa by an ersenie
| atoms ‘If ?‘ :‘_‘]'“@ ﬁm« aramalr.':@ (Z) amﬂ.& e
meei e waakaimxmé on %he m&.a that
k:aimmna ig %he tx*i.vial name mr 1~mam1~
, 1@23314&%‘&3
‘smalagne. Similarlyy the mpwﬁ (%) i
yorn ; lz; reforred to as %mmeﬂ%hglmgwamamm;
by m‘m:zia@ with the eamraﬂxam@iag. hy&maawbmg
finorene, o | |

¥ ok I ;‘Qliﬁ@b %& aiﬁr‘am




{iv)

of arcenic is also usually a straightforward
‘matter, Thue the compounds (IIT), (IV), (V)
and (VI) ave nemed as methyldichlorosrsine,
dinothyl({mono)ohloroarsine, trimethylersine

‘and trimethylarsine dichloride roupectively.

HeAsGl, He,Astl Hoghn 1?1;@3&3&19

@D @

- Quaterncyy salis of arsenie ave named
in similay fashion to thﬁleawraapanaxng |
quaternary smmonium salte. Thus, tho methiodide
_qf'thﬁ.éxszualiaa {1} ia;gngxe@ﬁ&g'ﬁmm@a a8
 1il-dimethyleli2e3sd~tetrahydronrsinoliniun
dodide (VI&); or as iwmﬂﬁhylﬂlsessi4~¢a%rahy*f -
 greinoling meﬁh&a&iﬂe¢ |

‘ P

. _Me Me
(viz) |
' The oxide and sulphide of the arsinoline
(1) ave pimply nemed oo l-methyl-l112:3s4=tetra=




wﬁmammaune axﬁ.ﬁe (VII1)y end 1~pothyle
'32&31¢*tet9i~u&roarainaline gulphige (mx)i
‘respectively. | |

(vim) . ()
’S@me chamiatsa ;prefer 40 e:mpla;sr an
_aﬁaptmxim @f the genemllymc&epta& trivial

name for the nalogous eaxb@ng oxygen or

nitrogen containing system, when naming
heterocyelic depivatives of ersenic, 1In

th =% ip generally
enployed; indiesting that o carbon, oxygen or

these -ééﬂéa;.the prefix "ars

nitrogen aton he 5 besn mﬁlamﬁ by an arsenic
R mm. S{Shma, tﬁﬁ' m‘amaiiﬁe {I) could be
.ﬂameé as arﬁakaﬁ.mlma on the basic that _
kaimlﬁ.m ﬁ.s %he ﬂr:&vial name for l~mothyle
3,42@334%@%@?@'
f m;alagm@ Similaxly, the a@mpmma {X) &g

‘fgﬁﬁ»&@&iﬁég the nitmgem

by enalogy with the corrcsponding hyfrocarbon,
finorene,

{w)

1y veforred to as Senethylegwarsafluorene



(X)_

_ The -acidc derived fm arsenic present
& for greater problem. Unfortunately, two
syetens are at present in use fop naning these
compoundo. - The American system has been

- recopmended for use by f'aG: Hern® ap being

the more lagaeai-,syatem, : z—m& has been adopted
in this theslas
by the following oxsmples, whilst the British
mrs‘b&m names are given below in perenthesist

Thie systen is illustroted

N e 0
HemAg= OH | “As
~0H Me— OH

' m@hyi&r’smm sodd dimothylarsinie miﬂ

(v) |

{methylarsonic aeid) {'ﬁmtwlwmgma acid)



(vid)

_OH e
wowas C As~0H
- Som  He” -
- mothylaraonous acld “ ﬁmz@%hﬁ;am}imm acid

(memlamima aeid) (dimethylaraineus acid)

1% wmﬂa obvimly b ﬂf gmat aﬂvmmﬁ
-w geﬂeml agmemmﬁ eould be maehed on & system
for naning all pamible typen of ovrgsnic
compounds of arsenie o thet confusion in
repidly growing £ield of chemietry may be avoldeds




INTRODUCTION




| A 3am§a ﬁ““‘ft of work has bheen carried
" out on the mttempted vesolution of gquaternary

salte of z‘;‘h@a‘p‘mms ﬁnﬁ arsenic possessing

" atoms of these elements aa.t%@ agymmetric
 centre. u {the basis of a te’smhearal oonfipe
uration for the atoms of the Group Vb elements
whwn>é~aavalﬂnt, threc tlaeses of ap%icaliy~

| anio ‘gompounds ﬂamtain&mg these

eloments are poenidle. These are tho oxide
{or ﬂﬁi@hﬁ&e)\Qf‘thﬁ:ﬁgwﬁiary_amiﬁ@@ phonphine
‘o‘r amim‘ a£ type abeﬁiﬁ -(-6? -ahe%h @ = Hy P
or As)¥ & quaternary aalt of type abedQ* 2y
and o &@1%@3*::11@ aalt pﬁﬂﬁg@g% mox.eculmﬂ
aiaaymmatry.

Up o the pwﬁmt time {August, 19%8).
a tartiﬁry emine oxide has been rosolved by



2 who has slso resolved a phosphine

¥oisenheimer

oxide mmaaﬁullyz‘. A guatornayy srmonium galt

has 'bem regolved by Pope and F@&&h@;ﬁ and more o

recently o quaternary phosphontum and & quabernary

arsoniun salt by Hollimen and mﬁ*ﬁa Sﬁirw

eyelie ﬁ&lﬁﬁ' of all these elements ( oxcept

- Mﬁm@ﬁ? and hiém%h) have now succensfully

been mm&wﬂ‘a*gg Finelly, the ;m@;esalw&mn _

of & tertiary phosphine ewiphide has boen

acconplished by E;’aviﬁ;aj and &%ﬁsmm and an argine |
sulphide by Mills end Reper'l, Tertiery emine

| mulphides are apparently unlnown, whilot the

consistent failure of ettempts to zosolve a

. mrtiary araina oxide have been explained as

- . posaibly due to the conversion [aboAsOH]X

| —_— aﬁbe&éﬂei wrough the trangient dihymxiﬁe
amm{@ﬁ}g whioh may mmw 8 plane of symmotyy,
this conversion occurring after removal of the

mwlving asgents No qu&temaxw gtibondum
splts have apparently been resolved. The
stereocheninotyy of hoterocyelic derivetives of
‘the Group Vb clements has thus been blaced on



8 fimm f@&‘ﬁ;ﬁg and the euccensful rosolution

of the sbove-mentioned types of derivative

| 'mﬂ-mmﬁ- that conpidorable gupport to sther -

physiesl and chemicel evidence which indicates
o $etrahedral configuration for the 4-covalent
atoms of these clements hae becn &ivm,

g the earlicet ottempts made at

‘the preparation snd vesclution of guaternary
argoniun salte where it was hoped opticsd

. activity would be sham ‘to be due to on asymuotric
arsenio aﬁmm the woxlk u:i’mmmn in

1912« Soversl chemists had previously invest- |
Agated the resolution of quaternary smmonium

salts p@@a&aaing an aﬁmﬂma nitrogen atom,

~ Thue Pops’ m& i’amheyﬁ hod in 1869 meeaﬁﬂmm;r
- accomplished the regolution of allylbenzyl-
uethylphenylammonium to8ide (I)s

Ph{PRO, ) (e ) (H,C=CHGR,W* 1™

winmill prepsred the arsonic anslog:



of (I) but attempted resolution yis the (¢)-

eamph:a rsulphonate and i*)—-br@wea&?hﬂﬂl‘laf'i“- ave
.faiiaﬁi' memy ebtenpted maluﬁnm of pinilay

: ax‘amium wﬁ ph@ggmniam palts carriod ﬁut a:tz
-thig %ime had resuited :m failure and some
chemiots seemed on the %rg@ of aemluding tsha%

- argonic and pmaphem do mt function as

contren of optieal aﬁﬂﬂ*ﬁy in quaternary mlw.
m‘i‘% gaw the .
mneaaiﬂbsr for tefstmg aﬁ.;%mm types of
agymustrie arsenie compounds. -In view of |

Meisenheimer's suocensful resolution of kairoline

oxide (11)*%, Burrows and Purner prepared the

7

Me 0
(1)

'( 1IT), 'M% ‘a%\wzzs@ﬁe& ms‘nlwién of the oxide
vin the (ﬂwbromatzmh@rmlphmm was not

mnmgsmls



Uitﬁmaﬁeiy, & tmate-% ' 'am@nﬁ.um Balt,
mmmmmylwlnnaphmmmewlmmium bromide
Iy X = Br); was prepaved, end, recrystallisation
' ulphonate followed by
convergion %o the iedide gave & pmﬂuat with &
fl@e‘tmg r@tmim, the highﬁsﬁ m@ame& value

being [aa] b 412%,
a1

of *!:ha' {+ )=hromocenphor:

yrepwad the qmﬁamm armnﬁmn

- Belt, b@nzyl%hylag-prapﬂngnw&ﬁwmnium jodide
{¥}s Crystellisstion of the ,(*}wbmeamyhaw
sulphonate gave mme ﬁi’m@ﬁm; two of which
were optically inmetive, the thiva undergoing
ropid .mamimﬁim (&a @xﬁaﬂgnéaa By Burrows and
furner)s The highest nolecular rotation oboerved |
Mm wag [E%] ) +45% |

He +\@ma? {L«) o m/ * ﬁﬁﬁéyﬁﬂg(pﬁ)
Cam W)

A% thic stege, the failure of Pam and
Gibaon' 17 %0 resolve the qaatmam yhﬁazahﬁnimm



l mlw, ‘benzylmetkwlphmln@rmlylghasp!mmm
iodide (VI, R :,uezizzzh),; and allyﬁmathylphemﬁ»
g%@l&iphmyhﬂnim; iodide W%,,; R o -wﬁﬁgﬁﬁz{:ﬁg}g -
mat be ﬁ;m%’iﬂﬁe@m In the fu's‘& &aﬁﬁg
| He \gg,/m R f—\
R/‘b 53534.(32{3 (R"'3

- {v1)

erystallisation of three different b;s‘gﬂ.ﬁai; g
‘active salts could not be effected, and in the
pecond 'Qmm léwaﬁm;ﬁa%im_ of ﬁm (-s?-)wﬁmmﬁw
camphoreulphonate gave throe fractions of
idontieal noleculor rotation. | |
| Before 1943, no @;uzsz ry phogphenium
salt of type abedp? X had boen resolved and
areonium palts

in the case of quaternar
{2V, X = I) and (V), »apid racemisation had in

each cuse taken places An explenation of the
recemisation and hence optical instability of
these quaternary arsoniun salts was toughty
Comparsble difficulties had not been
@nc@m%reﬁ in the resolution of guaternary |

A
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nd However, it wes genorslly
aceepted that the quabernary ‘afzgsaozi:im gulphates
and nitratos containin

atoms were more optically etable than the
gorresponding dodides and that the latter
were partiocularly subject to recemisetion in |
 chloroforn solution. o

Pope and Harvey™ found that when the
{a»}*-ﬁamér of %ﬁh@ mmium jodide (I) wao
digeoived in ehloroform, it undernent ,iwm
. mzzxeﬁ:eiaaf&ﬁma Thay suggeated thm thig
| migm be dus to the oporation ﬂf a digsociotion
eauil%ﬁm of the type

abodi® ¥° = aber «+ aXe

On Gecomposition of the salt, benzyl

fodide 15 produced so that the dissoecistion

eguilibrivm could be mpr&saaxté& as

Pheﬁgcﬂfﬁh)(caﬂg)faﬂ3)z-7 CHyW (PR} (C3H, ) + PhCH,T,

19, 20, 21, 22 haya

Vedeking and von Halban
subseguenily 'e;@ﬁf‘imeﬁ this view.
that of the gix

It is noteworthy |
quaternary ammonium, phosphonium end arsonium

salte mentioned, whose resolution has been



attemptedy five contained a beénayl group
atiached te the contral atom, and the remaining

 one on sllyl group., Snyder snd Speck®’ have

* ghown thaty under the influence of hest,

- benzyldinethylphenylommoninn th ;-ncgmm
dissociates to dimethylaniline and "'?iéﬁmyi.
thiveyanate, %mimly. on ﬁnvea:%.ig@%@ |
of other quaternaxy mmw dum- salts, the fact

£ upa were clways profers

@mmed that bensyl -

allyl groups mm ‘?izfa.e next ma&lﬁf
‘due €0 the £act that benzyl er
are both cupable of giving a stebiliced carbenium
ion and hence sre readily climinated as such.

, w that

cleavage of these groups is fecilitated by the
tde gamp attached o the
m"amg;w atom. ‘E:haae -&%éewat;im lent consider~

¥y cleaved,

4 ellyl groups

urthermore, they were able to she

 propencs of an avome

able support to those of Wedekind snd von
Helben and Pope and Harvey mentioned sboves
The suw@azam soparation of ethylene~
iszummmhuwmmhymkmﬁwsmm piamte?
{vit)y and -@th&lmewls2&&_&%@1&&9@1@&%@9 Yo
atchloropaliedium (IX), by Chatt ond Hamnts 25




In their investigation of similar
 phénphorue compoundss Davies and Menn®®
prepared the compoundsy dichloro} i&(ﬁ?‘mmﬁ“
ﬁhﬁ@lﬂﬂ-‘@i&eﬂw A @phwlphmyl:pm@mﬁ Y
palladiun {X) ang dichlorobis(p~bromophenyl-
ethylphenylphosphine Jpalladiun (X1), ench of
which m&mﬁ:ﬁmw possensen the

upration and contains two s:kmm aaymme%rw
4~coyalent phozphorus atoms end should therew
| Tore exlet in the mege und recemic forms as
found with the compound (IX), Unfortunately,
'Ehé cempound (X} proved too _mam:;«..a for

frens config-

fractional crystallisation and yepeeted crystale

lisstion of {XI) gave nd in&ma:&ian of the
axmtame :;f these t&m fbm.

- Phlp=BreOgi, ) (p-Ho N0 H, JP
- {r O A)M“@l ° Q} /,l’amg
() o
Fh (E“Bﬁ:gﬁ@ Nf‘i’-‘b )F\
Ph(aﬂméaaacm}p/’

{x1)



. - In order ﬁﬁﬁﬁﬂ@ié‘@h@.met$£ng‘ug .

of the dissociation aquilibrium which was
thought to have been responsible for the rapid
two quaternsry arsonium

 racemisation of the only
‘pelte {IVs X = I) and {V), which had shown eny

‘pigns of optical activity, Hollimen and Mann®

m’hmﬁé@ the yzﬁagpwmmn 0f 2w hmmxahm@yl«—
gwphanyl-it 2t B:sezumwahyﬁmwmﬁmmm&m
bromide (XIV). This compound was chosan on

| the grounds that the 1:213 th-tetrahydroiso~
arpinoline systom possesges high stability,
further, that peoh:
possess marked tebility (greater than thet

@W}?i’.&éﬁaﬁ&l compounds elao

egponding phenacyd compoundsy o+ T
rowther and Man ‘2‘5}) ’
2epubpstituted=-142:3id-totrahydroisoarainolines,
e=2-bromocthylbenzyl dromide (XII} has been
made readily available due %o an improved

Por the preparation of

synthesis by Hollimen and E&mﬁ and recently
furthor modificd by Anderson ang Holliman®®

This eﬁ'bm;mmd; was condenpsed in gtheresl golution

with phenyldichloroarsine in the presence of
sodium (Wichaelis resction) 1o give 2-phenyl-
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1:21314=totrahydrolgoarainoline (XITT), which,
-on afddition of pwchlorophenaeyl bromide in
benzene colution, yieided the desired quaternory

CH CH,Br -
| + PhAsCi2 ~ Na, .
CH,Br ' S _As-Ph

. (x) S (XIII)

2

C1-CgH,~COCH,Br (B-_-) |

O
RS o |
' CH2CO-C6H4_C1 (p-)

(X

Rosolution of the sals {’m‘v; ;gm now readily

-aﬁa@émzslwﬁéﬁ yia the vromocanphorsulphonate,

Liyw~pure {+)= and .(ﬁ}wz:ﬁ.émﬁeﬁs having

Al +457, -450° vogpectively, This m§$&!§ﬁ&t od
the first completely succesoful resvlution of

& quatornary arsenium solt inte tho optically~




i3

stable ¢nentiomorphous erzm:s and lzarﬁ sti ,
further evidence for the mmiﬁy of the
dﬂ.ﬁﬁ@eﬁatﬁﬁn;ﬁguiiibx‘im theory. ,

| The faii!m*e of Pope and Gibson to
obtain evidence of optical ectivity in the cmnse
of the qm%emm‘ phosphonium salts, (VIy
R = ~GH,OH=CH,) and (VI, R = ~CE,Ph) has
already been mﬁ%&;i@né&@ ‘Because of the guecess
which attended thoir meﬂmmn of the arsonium
palt (XIV), Holliman end HMann?? attempted to
pm;am %sha @ﬁﬂs}faﬁh@mﬁ and antimony snalogues
| by a similer procecdure, employing phenyldichioroe
phosphine and phenyldiiodostibine respectively .
in the Michaolis condensation reaction with
- o=2-bromoethylbenzyl bromides Various catelyots
and solvents wore used but only a very emsll
yield of the inmpure ph@gx;ﬁmamm {charactorized
- as its methiodide) resulted and none of the
 stibinoline was obtained, The failupe of these
 attompts 1s not surprising in view of tho
| s%sawéﬁm by Michaelin, Glelchmarin and Reese”
that in gamral, the zﬁmmm of phogphinen

by the Michaslis roamotion proceeds vory much
more slowly than the formation of arsines by



. the aam@ maﬁhaﬁ. Furtharmora, tha work af
,:!avias and Lewie31 h&a ahawn that the gonversion

of phesphinaa ima quam;‘ T @hﬂaph@nim

, aal*t:s pmaaeda vary mueh mm*e mmly than

o tha ﬁimixa@_fammatian sﬁlquaﬁa;Waﬁy_awaanium

salts.
- 3aviea and ﬁ' hﬂwa aisa pointed
vaat.%hat:e.quﬁtewnawy‘phaaphanium\ﬂalt mavﬁng‘v
| four vyl groups attached t0 the rhnayh@rus
aton would bﬂ nnlikely H nn&erga dissociation
@f ﬁhe %yya o ’
ahadﬁ’* ZX = a’bc}? % X

| . @amhining this feawa w&t:}:: the em:pae‘ted

| Anherent stafmlﬁtzf af the %‘tx‘a}wﬁmﬂh@sﬂ

'pmamna systen (‘bm stability of this ayoten
sheuld be comparcble with that of the analogous

;”iéoaraiﬁoline),'ﬂhé r@g@iuﬁi@n'@f‘2:2~aiary1~ |
© 1321384~totranydroigophosphinoliniun salts
.'shmula pm’aably be reaﬂil;y aecmgliaheﬁw

. With this ahgeat in‘viaw, Holliman and

- Eﬁﬁnﬁuth@reiore‘sauaht & route Yo salts of

| thig iygég.'whe_apawﬁayelic,ﬂaiisg An=spizro~

ble~igoernindoliniun bromide (XXI). and



i5

. a(’ﬁ}smsay&ma ig-1124334~tetrohydroigoarasinoliniun
bromide {XXII), (see below), he
mz.y prepaved by a synthegis involving the
pyrolytio. alimina%iﬁa of methyl bromide fyom
a gquatorary selt corrying a ma%hyl Eroups
The application of this mctim to the prei‘sw
aration of the required ig ,';",.hegpmn@mmm
vestigateds.. However,:

d heon succonse

galto wee therefors ix
Hoipen '
shown that the ethyl radiole is more readily
renoved from quaternar, yhasyﬁaniﬁm chlorides
Hhian the methyl vedicles, The weason for this
48 prodobly ‘becouso {ap ig now vownjy the

‘ wanden in the two cases aigfers.  Bthyl
bram&de in wﬁmﬁveﬁ from a @ua*aﬁnamy gﬂoaphan&um

0imory. Zimernen end von Rumner o have

A’ it bm&ﬁﬁg

wma,a from an manﬁm 'if:;z"émiﬂei 4% is vemoy
ﬁské%gh;. With this favt in mind, Hollimen end
"Mann prapare@ nmEzuhrmmaethy&}banayiaﬁhyla
§hﬂﬂyifgfﬁﬂiylﬁﬁﬁﬁyﬁaﬁiﬁm Yromide {XV, 8 = Bt
but p gflgaie failed ta offect ramﬁval mf ﬁha :
athyi Sroupy nor gould mﬂfhsl ‘bronide be
£rom the corresponding mothyl compoundy

ronoved
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Ea-g-@moﬁhanylw?ﬁp}«emlal 1213 14-tetrahydro-
_,ggph@a;ehinolmim m‘omiéﬁ {XVI, Ar = Phy

Ayt = gnﬁﬁﬁ43r) was thus prepared but eryﬂ‘&aiﬁ
1igation of wvarions of ite aptmalw aotive

malts could not bo effecteds It wap thought
that the introduetion of on hydroxyl group

into one of the am groups might facilifate
' azwa*i:ail&aa%ien end the corresponding gahwm:ww _F
phenyl compound was accorfingly prepared by

the above genoral oynthenis. mhé '(#?;«smmm :
camphoraulphonate now readily erystallised,
| tut reorvystalliisstion fyom variousp mlvémtﬁ
~ gave no evidence that rﬁsf{amﬁ@ﬁ wan proseeding.

| Ultimetely, the (4)-bromide, B, = +32,9° 4n
aqueous ethanol, was obtained yia the {+)=
ﬁmzﬁharmlphﬁmﬁag tut attempts at separation
- of the v@pﬁ;e:"“‘ ly~pure (*)ﬁﬁrﬁmﬁ;&e failed, nor
couldd the msﬁlmmn be repoated due to i;hae

formation of a partial mcmﬁe. Thig repmsen%ﬁ
the fivst successful resolution of a guaternary
phosphonium aal-%'l into z,m_é. m; ite @mama.
'ae'l‘;ﬁ.ve famm : _

il end wamn?} in attempting to




18

~ obtein chenical evidence for the tetrshedral |
configuration of %he ni%rugan‘atﬁmfwman dego=
valent, prepared %he'egmyauné; 4%pheny®~4?%*_ ‘
carbethoxy=bis-piperidiniumelsl '~spivan bronids
(EVII) and showed that, on the bosio of a

\ ,H
COOEt

XVII)

pyremidal configuration for 4=covalent nitrogen,
thic compound would heve s plone of gymuetry,
whereag, on the basis of a totrohedral disposition

of groups about the nitrogen atom, noleculer
dissymetry results and evidence of spical
activity should be obtained, Theiy sucoeosful
resolution of the compound into the (@}*‘anﬂ
(~)-bronides having [ 5yq; +50.5° and ~50,8°
respoctively, provided direct chemicel evidence
for the taﬁraha&x@l.gonfigur@%i@n‘af’%h@ |
quaternery sunonium ion,

Pricr to Hnliﬁmanvandvmhnn*a suceenaful
resolution of the quatexnary areonium bromide
{xiv)'in'1943g no successful vesolution of o
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~ similer quaternary arsopium salt of type

~ abodas® X~ had been accomplished so that
chemieal evidence for $he tetrahedral con=

. figuration of qéemalm% arcenic hed not been
~,ffefthaomingq 49 hos dlready been showng

the difficulticn expordenced in the resolution

. of puch gustornoyy arsonium palits ave readily

- explained by the operation of e digacciation
equilibrium, A ,‘ Fa0c

1 resclution of the

The suecope .
_mmm salt just mentioned, lends mppaxx'*& 04
- tut doen not prove the fact that 4~covalent
_ argenic possesses the tetrshedral 'canﬁgmmtien;
It ghows in fact thot the groups attached to
arsenic sre not eo-planex ﬁiﬁh the arsenic
. a“&:ﬂm |  Unambiguoun evidence on 'tmé- pam‘b was
Pinelly obbeincd by Mann, Purdiec snd Welle?

. 'wi?ao have _&einuz%e*&mtaé that triethylaresine |
combines with cuprous lodide to form the oom=
plex, ﬁéﬁx&kﬁ_s(mﬁnai@dotx‘ieth&larbiﬂﬁ mmj, |

[E;%zig —-Gu,I] Ar and the complete gtrustural
determination of this compound has shown that
~ the aveenic atom lies ot the centre of o totra=



hedron with ono cuprous end three carbon

gtoms at ite epleen. OCorresponding phosphorus
compounds are mmx@hmﬁ with the arsenic
enalogues and it 1s thevefore clear that the
4=covalent phosphorus stom also has the fetras
hedral umf%@uratﬁiﬁm- X~Ruy elucidation

of the structure of the bridge compound,
aivromobial trimethylarsine j-p=dibronodipalledinm,
[(1eyAn)BredBr, pasr(tie,as)] by Mann and Wellsst

"~ hasg further pmvmeﬁ conelusive evidence that

the tetrahedrsl structure for avsenic is corrscds
The pmpmﬁﬁm by Lyon and ?ﬂam%

of the spirvcyelic arsoniuvm palt,; As-spiroe

m&wmmaﬁmﬁm bromide (XXI) was m@m&ﬁahéé

by condensation of gwxylylene dibromide (XVIII)

with me‘i;hyminhiﬂmwmm in the prescnee of

sodiun to yield Z-methylisoarsindoline (XIX).

ther molecule of the

‘Condensetion with a fur:
divromide gave the quaternary salt (£X) which

underwent loss of methyl bromide on pyrolyois

to form the spire oalt by eyclisations
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H2Br
T+ MeAsGl2 Na As-Me :
CH.Br

: 2
(XVIII) ' (XIX)
BrCH2—C6H4—CH2Br (g—)
As + Br~
Me
(XX) CH,Br
As + Br
(XX1)

Holliman and Wann® suggested that tho
genereal features of this gynthesin nmight bo
applied to other heterocyclic arsonium salts
pospesging a sultable degree of stability.
Previous work had shown the 1:2t3t4=totrahydro-



&ggwﬁimlim nucleus to pogsoss a high degree
ot mmm @a condensation 0f 2-mothyltotras
~ hyaroisosrsinoline with g=2-bromoethylbonzyl

- bromide yielded the guatornary salt tmmeapmamg
with .{m‘) ¢ which, on pyrolysiey loat methyld
’bmmmi g&ve 1:31@ apiro salty (%)«Agwopiro-
 bis 1t Qzﬁﬁéwtaﬁmmra_ggam‘imlm@m bx-m&@
{(EXI1)s . ’

~ Tho physicsl and chemical evidence eited
abaw for the tetrehedral -
%m%mm arsenic implice that the salt t;ma:t'?
chould axhibit molecwlar discysmetry snd tlms

‘be rosolvable into optical

contiguration of

y-gotive iﬁmwi&%j@-

On fﬁm other hand; assumption of a pyramidal
eonfiguration for the arsenie ptom in the catdon
implies that 4t chould oxhibit geometric
igomerisn and thus bé fs;émmma into the gigw |
bran »f@m.—; 0f thege forms, the gipg would

. and
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possess & plane of symmetry, 20 that emxs? the

‘Holliman snd Mann obtuined no ¢vidence for the

exiptonce of goometric imomers; but successfully
resolved the salt into the {+)~ and (=)-icdides,
1] ;, +342% ana ~344° in chloroform solution,

ig the bromocamphorsulphonate, The teltrahydro-
Ascarsinoline pystem possespes high stability

and in the gpive oolty the hetersoycliic rings
cannot be subjectod £o eny strain, sinee $he

(#)= and (=)=10didos exhibit romarkeble stability.

Fonea® had to abandon the use of
ehlovoform as nolvent in the investigation

of tho mmiaa%im which this isomer underwent

in this solvent: Jones and Hi 37" 38 have

mophenylnethyle
pepropylammonium iodide undergocs sutoracemisetion
in ¢hloroform solution and that the ve&.mi‘%y'
©f racomioation in this aéi’i;vfznﬁ varies with

Parther ehown that (+)=allylep-br

difforent quaternan

emmonium iodides, As
hes been mentioned, chloroform generally
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, APmaftém Aﬂii.emeiaﬁim of mbafs guaternary saa!‘ntta '
62 this type, oo that the high degree of optical
rs#:a‘bii:&w ﬁ%wn h:yf%h@ ‘spirooyelic salt ab%‘aimﬁ'_ ‘
by Holliman ond Mann |
by the fact that the chl
 the (+)= and (~)-lodides underwent no chenge
_'ﬁﬁmﬁﬂlufrfw?
ang romained uns
- hot Mm&ﬁp Ko digsociation of the typer |

: ' L : : .CHZI
' " |I|Iil '__; As \:: ::

'themfﬂm oecurs.
paration of o rs;pﬁ.mw

eyalic phaﬁphmmm sala: by Hsaz*t and ﬁwng was
- attenéed Ly dﬁ.ffmmwea not experienced with

?ffshe Epiro aumoniwn and sraontun sslts whﬁ.ch have

, was clearly demonotrated

amfom aﬁmtwms m’

rotation whatsoever over four weeks
ffected on erystellisation from

)

- The m:weasfwl pexg

thus fs:sx baan memi@neﬂa
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The feilure $o remove, by heating,
methyl or eshyl bromide firom certaln quaternary
phosphenium salts has bdeen mentioned. It is not
surprising then, that attempted preparation
of the phosphorus analogus of the apirocyclic
salt (XXII) by a eimilar method, failed,
Condensation of 2-ethyl-ls2:3ié~tetrahydroliso-
phosphinoline with g-2-hromoethylbensyl bromide
ocourred readily, affording the salt (XXIII),
but, the aoction of heat on this compound
failed to effect removal of ethyl bromide. It
is poesible that the substituted benzyl group
was more readily removed, That this group is
more readily removed Lrom qi:atcmary phogphonium
salta than the othyl group has been estsblished
18y 19s 23, pyrtnermore, attempted thermal
decomposition of the salt (XXIV) again failed
although, in the case of this compound, the
benszyl group has been plaged by a 2-phenylethyl
§roupe.



Hart and Menn realised that if the
phosphorus analogue of (XXVII) gould be ob-
tained, the required spiro salt might de pre-
pared yia the Orignard reaction, 2-Ethyl~
.fotrnhydrq&ggphosphxnolina was readily con-
verted into the dichlorvethyl ocompound (XXVIII),
but, heating of this compound falled to yleld
the desired chlorophosphine,

c1
PLEt
Nc1

(XXVIII)

Becanse of these aynthetic diffiocultiesa, the
attempted preparation of the phosphorus analogue
of (IXII) was abandoned in favour of an attempt
%o prepare the salt ({XXIII) which was in fact
successful at last: This salt differs from
that whose preparation was initially attempted
in that the phosphorus atom is now linked to
two phenyl groups directly. Thus a synthetic
route involving the thermal aoeampoiition of

8 quaternary salt carrying only one non-oyolie
alkyl group attached to the phosphorus atom
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oould be evolved.

g~-Bromg-3-phenylpropyl methyl ether
{(XX1X) was con;eﬂed into the lithio compound
with p-butyllithium which underwent condensation
with ethyldichlorophosphine to yield ethyldi-
(2=3~methoxypropylphenyl )phosphine (XXX).
This was converted by the action of hydrobromic
acid into the corresponding dibromo compound
which ¢yolised to (XXXI, R = Br)s In order
to protect the Bmmﬁm:. group from
cleavage on heating, the methyl ether (XXXI,
R = OMe) was prepared, Pyrolysis of this com~
pound rosulﬁé in the sucoessful removal of
ethylane and hydrogen bhromide to form the
phosphine (XXXII, R = Br) which underwent
cyclisation to the spircoyclic bromide,
(= )=Pespiro-pig=11213s4=~tetrahydrophosphinolinium
bromide (XXXIIT), °

After the attempted oxystallisation
of several of its optically-motive salts,
resolution yia the («)-menthoxyssetste was
eventually effected, The (+)= and (=)-bromides
were oonverted into the comapoaaﬁg iodides
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which had [M], +66°, ~65° respectively in
ohloroform mlﬁtlm., The opticel stabllity
exhibited by the 1odides is comparable with
that found in the case of the apiroeyclio
arsonium salt, This is the first exaxple of
both the aynthesis and resolution of a
spirocyclic phosphonium salt.

It will have boen noticed that many
of the compounds whose synthesecs have deen
descrided in this gection have reguired for
their preparetion certain lowesr alkylhalogeno
phosphines and minu. In fact compounds of
this type are inveluasble for the preparation
of more complex quatermary phosphoniun snd arsonium
salts,. It i3 therefore necessary 0 discunss
here the methods avallable for thelr preparation.

The reaction developed by Neyer and
now commonly known as the Meyer reactlion has
been widely employed for the mynthesis of
dihalogenomonoalkyl, monshalogenodialkyl and
trialkyl arsines, The general stepwise pro-
cedure, starting from godium arsenite, na3uo3.
is cutlined delow:
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i 80
As(ONa); —> Rae(ONa), —2 mas(one),

RAsX,

The monoalkyldihalogenoarsine thus obtained
can now be resubtmitted to the ¥eyer reaction
%0 obtain a dialkylmonohalogenoarsines

HaOH R'X B
Risx, — m(oxu)z e . /%sﬁna
| l ﬂ02
R HX b
™ P zice Bk PNy
i /m ot > AsONa

If depired, the trialkylersine may now de obtained
by a further repetition of the processa:

' . R
R NaOHd - R"X P
P L B, a0
l'/‘.z R'/‘m ’./

J. 80,
P
1>

Thue the Heyer reaction can be readily adapted
to the synthesis of almost any possible alkyle
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o halogenoallylarsine, This aynthetioc route
has no parallel in the phosphorus series.
Trialkyl phosphines can often be obtained
however, by reaction 0f a primary phosphine
with one eguivalent of sodium in liquid ammonia,
followed by treatment of the sodio derivative
thuas obtained with the aeppropriate alkyl
halide}

~ Ha R'X
RPil, —> RPNaH — RR'PH

The nacenéaxv phosphine, on similar treatment,
yields a twrislkylphosphine:

RR'PE 8, gpreema XX, mm'mer

A new route to the ayntheais of
ethyldichlorophosphine and diethylmonochlore-
phosphine has recently been developed Yy Jensen,
Kharegsch and Weinhouse’?, This method involves
treatmant of phosphoruse trichloride with lead

tetraethyl to give ethyldichloxrophosphine in
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high yileld. Subsequent treatment of this
gompound with lead tetraethyl in excess then
furnishes diethylmonochlorophosphines

PABY, + JPC1; —> 3EAPCLy + FACL + PBOL,

When arsenic trichloride oxr entimony trichloride
is employed in place of the phosphorus halide,
high ylelds of ethyldichloroarsine and ethyl-
dichlorostibine are obtained for the first stage
of the reaction. The application of the

second ataga of the reaction to these compounds
does not appear %o have been investigated.

Pinally, snother recent approach to
the synthesis of alkylpﬁosphinna has recently
been made available by the reduction of denzyl-
phosphonium halides with lithium aluminium
hydride by Beiley and Buekler?’,

Thus, certain of these lower alkyl
phosphines and stibines, which were formerly
availatle only by diffioult procedures (usually
invelving thermal decomposition of the tertiary



phosphine or stibine dihalides and often giving
rige t0 a mixtuvre of the monohalogenodialkyl
and dihalogencmonoalkyl ocupounds) can now be
readily synthesised, The greateat advantage

of these recently developed methods of synthesis
is that handling of these very readily oxidised
and sometimes spontaneously inflamaable
compounds 1s reduced to a minimum,

Alkyld~ and halogenoalkylarsines, however,
are in the highly favoured position of dbelng
less readily oxidiged than their phosphorus and
antinony analogues snd can usually de easily
obtained by the unique Mayer reasction, These
factors (combined with the important Bart reaction
for the aynthesis of arylarsonic acids end
certain axylatidonic acids) have played a
large part in determining the rapid growth of
the organic chemistry of meni_c compared with
that of the other elements (other than nitrogen)
in Group Vh of the Periodic System,

Some remarks concerning the correlation
of optical rotatory power and molecnlar structure
are now necessary since it was primarily for
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the purpose of obtaining further data for such
a correlation to be drawn that the work described
in this thesis was undertaken.

A considerable quantity of work has
been carried out bWy several chemists to determine
in what way the degree of optical activity
varies within an homologous series of compounds.
?or example, Pickard and Km‘u‘ have, as part
of a moat intereating series of papers, prepared
and resolved a series of methylalkylearbinols
where the chain length of the straight chain
alkyl group has deen progressively increased
ocne nothylene group at a time from ethyl to
p-undecyl., The molecular rotations of successive
menbers of this series of alcohols were found
in general to inorease with the chain length
of the alkyl group bdbut the increment spparently
becomes smaller as the meries progreseen. A4
sinilar relationship was found to obtain for
the ethylalkylearbinols'? (see Tables).
Pickard and Xenyon'> have also resolved a
series of esters. Here, as the length of the
alkyl group or the aocyl group increases, the



[u] E’ of MeCHOHR (g~) compounde

Methylethylcarbinol 10430
Methyl=p-propylearbinol 12,10
Methyl-p-butyloarbinol 11,80
Hethyleg-axylearhinol 12,00
Heothyl-p~hexyloarbinol 12,70
Hethylen-heptylearbinol 12,90
Methylep-octyloarbinol 13.70
Nethyl-p-nonyloarbinol 14,00
Methylen-decyloarbinel 14,50
Hethyl-n-undecylearbinol 14.46

[ﬂ_§° of BYCHOHR (g~) compounds
Ethyl-g-propyloarbinol 2.01
Fthyl-g-butyloarbinol  9.43
Ethyl-g-anyloarbinol 10.69
Ethyl-g-hexyloarbinel 10.63
Bthyl-g~heptyloarbinol 10,58
Ethyl-p~oatylearbinol 10,74
Ethyl-gnonyleardinol 11,09
Ethyl-g~decyloarbinel 12.44
Ethyl-g-undecylearbinoel  12.56
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molecular rotation of sucoessive members
again approaches a limiting valus. -

'~ The replacement of hydrogen by deu-
terium in an optically active compound has
been found to csuse a alight chenge in
optical rotatory power. In the case of the
compounds |

¢|}02w 8 ?Ozﬁa
HO=CeD HO=0~H
" -

‘I""z"“4 ‘l"’zm‘4

1% has been shown by Erlenmeyer and Bitterlin't
that the specific and molecular rotations of
the famer gompound are lower than those of
the laster, [M]2° +60.8° and 62.7° respectively.
~ Whilst 1t s extremely valuable %o

have such data made svailable, it is clear
from such results that no deductions concerning
the @olacular rotation of a molecule can de
drevm from a knowledge of ite stxucture.

Yery little s known of the relationw
ship between the molecular rotations of
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successive members of an sutropic aeries

of optically active compounds (1.es & series
of Opuaaily active compounds mceaaiye

- menbars of whioh differ onh' in that they
contain atoms of conseoutive elements of any
one subegroup of the Perdiodic Classification,
these atoms being the centre of agymmetry).

The essential difference between such
a relationship and that given by the data of
Piokard and Kenyon and Erlenmeyer and Bitterlin
is that in an eutropio series it i1a the amctual
centre of the asymmetry that is altered,
whereas in an homologous series, it is the
nature of the groups attached to the same
asymetric centre (in the above cases, the
carbon atom) which ia changed bdetween successive
members.

Naturslly, 1t is 4in general both moxre
difficult end a more lengthy procedure to
aynthesige and resolve an eutxopic series of
optically active compounds than an homologous
seriea, PFurthermore the numder of members of
an sutropic series that can theoretically be
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prepared is reatricted, It is restricted to
five such memdere in the case of the Group
elements and it is likely that the antimony and
bismuth compounds would provide great synthetio
difficulties. Probably for these reasons, only
two puch series of optically-active compounds
have previously been prepared and resolved

(see below), one such series containing the
Group Via elements, sulphur, selenium and
tellurium and the other containing two of the
Group Vb elements, arsenic and antimony. Data
for a third series of two of the Group Vb
elements has now been made availadle by the
work desoribed in this theeis.

" Holliman and Mann*® preperea the
2-p~-chlorophenasylthio-, seleno, and telluro-
isochromanium plorates (XXXIV, X = CgHa0uN,

Q = 8, Se and Te), the (+)= and {=)-piorates
being odtained vig the (+)-bromocamphorsulpho-
nates. They suggested that if the optical
gtability of these compounds was found to be
low, this might be due to the operatiocn of a
dissociation equililrium of the type:
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The results of Campbell and Pollex
aleo showed that the optienl stebdility of
the compounds diminishes on going from arsenioc
to antimony, as it does wiﬁ inoreasing
molecular weight in the thio=, seleno- and
telluroigochronanium salts, Ono difference
between these two series of compounds ought
t0 ba mentioned as it may be of some importance.
In the series of isgohromanium salts, the
hetero atoms were in their higher cowalent.
states, whilet in the Oroup Vd series, these
atoms were in their lower covalent states. As
it happens, in both cases the covalency is
_ three.

The synthesis and yesolution of the
spirecyolic areonium salt (XXXVI) hae now
been achieved althoush its preparation was
attended by greater difficulties than that of
any other spircoyolic salts mentioned. Foyr
thia reason, the scope of this work unfortunately
became rather limited., Nevertheless, the
molecular rotation of this compound hes :bom
found to be greater than that of the anslogous
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phogphonium salt.

(XXXVI)

One further point may bde mentioned
here, Ko comparison has previously been drawn
betwaeen the molecular rotations of a series
of isomeric compounds which possess, as the
hetero atom, an atom of the same element, bdut
differ only in the position of that atom in
the heterooyoclic aystem. m data necessary
for drewing such a comparison is)at present
lacking, In an attempt to bridge this gap,
the aynthesis of the arsonium salt (XXXVII)
end of the spirocyclic salt (IXXVIII) have been
attempted by the author, The molecular rotation
of the former campound could then bBe compared
with that of the salt (XIV, page 12) whilst
that of the latter compound could De compared
with the rotations of the gpiro salte (XXXVI)
and (XXII, page 22), Unfortunately, whilat



the salt (XXXVII) was readily eynthesised,
attempted resolution proved unsuccessfuls
and the eynthesis of the spiro selt (XXXVIII)
oould not be accomplished.

As ' A
/4\ As +
PH CH,CO-CH,~C1 (p-) \W
(XXXVII) (XXXVIII)

A digeupsion of the results obtained
from these attempts is to0 de found in the
following esection,

44

Br



DISCIISSTION




DISCUSSION

Hollimen and Mamn’ prepared the apiro-
oyolic sals, (2)=Ae-apiro-big-l:12ilid~tetrakydro=
Asoarsinolinium bromide (XXII, page 22) with
great same, by quaternisation of 2-methyl~
11231314~tetrahydrojgoarsinoline with gw2wbromo-
ethylbensyl bromide followed by thermal decomposition
of the products A similsr procedure for obdtain-
ing the spiroayelic salt (XXXVI, page 43) reguired
by the autheor, yielde, as one poseibility, the
thermal decomposition of the quaternary salt (I),
but this compound could be odyained only by
quaternisation of the tertiary arsine (II) with
" methyl bromide and this compound (II) woeuld in
all probadility undergo intramolecular gquaternisation
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thus apontanecusly oyolising %0 ths desired
apiro salt,.

e
|
~N
As” + Br
. \'Me,
| |
~N ~
CHZCHZCHZBr ' CHZCHZCHZBr
(1) (1T)

The thermal decomposition method is
thus not favouradble to the synthesis of a
spiro palt of the type required. The odbvious
alternative ia to attempt the synthesis of the
arsinoline (II)s A possidle route to this
compound eppeared to be reaction of the Grignard
or lithio derivative of g-hromo-3i-phenylpropyl
methyl ether (III) with l-chloro-112i1314~tetra~
hydroarsinoline (IV, R = Cl1)., The former ocom-

@;iHQCHQCHQOMe (j\‘/j
X AIS
R

(I11) (IV)
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pound has been prepared by Beeby and Mamn'!, and
the latter by Roberts, Turner end Bury*", The
preparation of the chloroarsinoline involves a
lengthy synthesis of ten stages of which the
first eight, leading to the corresponding l-methyl
compound (IV, R = Me) have been described hy
Burrows and !maru. 'The reactions involved
in thies aynthesis with the modificaticns adopted
by the author, are set cut on the following page.
Murrows and Turner had prepared dimethyle
iodoarsine by a double Meyer reasction from podium
arsenite, using methyldiiodoarsine aa intermediate,
but 4t has been found to be economically more
practicable to use methyldichloxrcvarsine as inter-
mediate in this synthesis, This compound,
purified by distillation, was converted into the
disodiunm salt of methylarsoncus acid, MeAs(ONa),,
with sodium hydroxide and ylelded dimethyliocdosrsine
on being resulmitted %o the Meyer reaction.
Although most of the dimethyliodoarsine
used in this work was prepared by the above pro-
cedure, dimethylarsinic acid (oacodylic acid),
MeAs10(0H),, 1s now commercially available
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Aa(oua)3-—> HeAsCl, —> Me Al (Meyer reactions)

-

PhCH=CHCHO
Hyy N1 |
PhCH=CHCH,0H (vin)
(vi) | l“’
| PhOH ,GH,CH B
B lu‘, u'zA'I
PhCH, 0N, CH Anlie g = PhCH,CH,CH,Asle,,
(x1) (viiI)
lh‘aﬁ l 01,
PhOH,0H,0H AsHeRr PhOH,CH,CH AnMe O,
(x11) (1x)
| 1 heat
Al0ly;  PhOH,CH,CH,AsieCl
| (x)
ALCL,

@\/AJ

|
Me

(X111)
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(bat rether expensive) and is readily converted
vy treatment with hydriodic acid, followed by
sulphur dioxide reduction, into dimethyliodoarsine
in one step in 85% yields The optimum overall
yield yia the former method is 47%, The method
employing cacodylic ascid has the further advantag
that the highly poisonous and otmoxious methyle
dichloroarsine s avoided,.

A methed for the reduction of cinnamaldehyde
(V) %o hydroeinnamyl alcohol (3-phenylpropan-leol)
(VII) with Raney Nickel catalyst has been described
by Covert and Adame?? but the time required for
the completion of the reduction is not mentioned.
The auther found that when a starting pressure
of 100 atmospheres of hydrogen is employed, the
pressure deing raised once during the course of
the reaction, 24 hours are required to give an
83% yield of the alecohol, whilst, at a starting
pressure of 80 atmospheres, the pressure again
being raised during the course of the reaction,
42 hours were reguired to give an squivalent yleld,
The hydrogen was absorded rapidly at firgt, then
very slowly, due, no doubt, to the initial ready
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reduction of the double bf.;nd followed by the elow
reduction of the carbdbonyl group. This apparent
ready reduction of the double bond led to an
attempt to reduce the now commercislly-available
einnsmyl alecohol (VI)s No record of this re-
duction could be traced in the literature, dut
Holliman (private communication) has found that,
with Adams' catalyst, the alcohol was obtained in
good yield, In this work, a yield of 94% was
obtained after five hours at a starting pressure
of 2,3 atmospheres, Increasing the sterting
preasure %0 50 atmospheres with the seme catalyst
did not substantially reduce the time required,
whereas the yield was slightly lowered, With
Raney nickel as catalyst, the remarkably short
time of ten minutes 'mmficod for the reduction
when a atarting pressurs of 57 atmospheres was
employed, giving the reduced aloohol in 96% yield.
Fo significant temperature rise (which would have
caused a momentary pressure increzse) was observed
during the course of the reduction. Hydrocinnamyl
aleohol, which has recently become commercially
available, has previously been prepared by the
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reection of bensyl mwémn bromide with ethylene
oxide or by the Bouveault—-Blane reduction of
ethyl 2-phenylpropionate, doth of which are less
convenient procedures and give lower yilelds of
the produot.

Hydrocinnamyl alcohol was readuy converted
into 3~phenylpropyl dbromide by Hydrobromie acid
in the presence of sulphuric aoid, The Grignard
derivative of this bromids, on trestment with
dimethyliodoarsine, afforded, on hydrolysis,
J-phenylpropyldinethylaraine (VIII) in 88% ylelad.
Treatment of thig product with one molar proportion
of chlorine in carbon tetrachloride gave the
dichloride (IX) as a viscous o1l which underwent
thermal decoumposition to yield two fractions: a
low=-boiling liquid, and the produot (X) in 46% yield.
In case the first fraction nhoﬁld have been the
unreacted dimethylarsine (VIII), it was again
treated with ochlorine in oarbon tetrachloride. A
substantial quantity was taken up before the yellow
colour of free chlorine developed in the solutionm,
but thermal decomposition of the product gn?vo only
& low=boiling liquid. The original first fraction



52

wsa thus clearly not the unchanged arsine (VIII).
The dimethylarsine (VII1), when similarly treated
with bromine in carbon tetrachloride, ylelded the
aersine dibromide (XI) which lost methyl bromide
smoothly on heating to yield the methylbromoarsine
(XII) in S56% yleld again acoompanied by a lowe
boiling first fraction, This first fraction,

on redistilletion gave five fractions, the last
of which was a further small quantity of the
methylbhremoarsine (XII), The major fraction gave
no produot on reaction with methyl i1odide, and the
by-product thus remained unidentified. The
preparation of the bromoarsine (XII) is more
eatisfactory than that of the chlorcarsine (X)
since the bromine solution is more readily pre-
pared than that of chlorine and the yield of (XII)
is greater than that of (X),

Both the methylchloro~ and methylbhromo-
arsines, in bensene solution, readily underwent
oyclisation in the presence of sluminium chloride
%0 yleld l-methyl-li2:3s{~tetrahydroarsinoline
(XI11), |
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Due t0 the lengthy series of reactions
involved in preparing this arsinoline, other,
simpler methods ware sought for its synthesis.

Burrows and Turners above procedure is
based on the Priedel~Crafts oyolisation of a
chloroarsine, This was the earliest method
employed for the synthesin of hetercayclic arsines
and wos slso used for the preparation of lemethyle
arsindoline (XIV), the above arsinoline's lower

homologne, by Turner end mrrw.

AIS
Me

(XIV)

Hore recaently, the method has been used
by Cookson and m”' for obtaining the 9310-di-
hydroarsanthridine systems

C?z Alc1, I
~ ‘ AsMeCl — — > As-Me
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Another method which has been suecessfully
applied to the synthesis of oyolic arsines and
stibines 4is c¢yclimation by dehydration of arsonic
and stidonic acids. Thus, diphenylyl-2~arsonic aold
(XV) readily undergoes cyclisation with hot
sulphurie acid to yield arsafluorinic soid (Xv1)>2,

! _OH !t j!
As ¥
0% “oH o S

(Xv) (XVI)

A variation of this method is the aimilar
cyclisation of arsinic and stidinic seids. Thus
Canpbell end Pollerd have prepared 9-p-carboxyphenyl-
2-methoxy-9~arsafluorene (XVIl), whose stereocchemical
interest has been mentioned in the Introduction,
by this methods

Polyphosphor”
/OH acid, SO A s

C¢H,COOH (p-) CgH,COOH (p-)
(XVII)
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Yery recently, Jones and Innn53 have
found that phenyl-2-phenylethylareinio acid
(xv111) (prepared by the Msyer reaction of
2~-phenylethyl bdromide with the disodium sals
of phenylarsonous acid) readily underwent
cyclisation with hot sulphuric acid, Reduotion
of the arsine oxide thus odbtained gave l-phenyle
arsindoline (XIX) in 76% yield, The author has

A A's
HO Ph O Ph

(XVIII) (XIX)

applied this method successfully, bdut in low
yiald, tovthe synthesis of the hamologous
lnphlnyléltziSt4¢totrnh3dxbarninolinp. This

is discussed more fully later. A similar method,
employing the disodium salt of methylarsonous
~acid (XX), ylelded what was probably methyl-
J-phenylpropylarsinie acid (XXI) but which

ocould not be obtained crystalline. Treatment

of the viscous product with sulphurie asoid,
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- Before attempting such a synthesis, it was
obviously advisable to determine whether the
methobromide (XXIV) would underéo thermal de~-
composition to yield the required tetrahydro-
arsinoline (XXV)s A pample of this methobromide
was therefore prepared from an euthentic sample
of the arsinoline (XXV) prepared by mn and
Turner’'s method, and underwent decomposition
smoothly when heated at its melting point %o
give the methylarsinoline in 95% yield. This
was characterised by reconversion to the metho-
bromide (XXIV)s geBromo=3-~phenylpropyl methyl
ether (XXII) was converted into the Orignard
derivative hy the entrainment method with
activated magnesium and reacted smoothly with
dimethyliodoaraine to produce the arsine (XXIII)
4in good yield, charscterigzed as its methopicrate,
but when the arsine was treated with hydrobromio
acid no ether-insoluble produoct was obstained.

In view of the suthor's failure (mentioned in
dotail later) to convert the arsinoline (XXVI)
into the epirxo salt (XXVII}, also by treatment
with hydrobromio aeid, this fallure is not
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< } mjprinag. It was shown in the latter case
that 3-phenylpropyl bromide (XXIX) was one of the
products of the reaction, the other almost
certainly being l~bromo-l:2:3i4~tetrahydro-
arsinoline {XXVIII), That & similar reaction
had ocourred in the case of the arsine (XXIII)
is almost undoubtedly true.

As ‘—-i—-*

CH 20H 20H 20Me

(XXVI) ' (XXVII)

1HBr

As

(XXVIII) H,CH,CH,Br

(XX1IX)



As is discussed in detall later, phenyl
groups directly sttached to arsenic readily
undergo replacement by a bromine atom on
treatunent with hydrobromic acid, It is not
unreasonable $0 suppose that a substituted
phenyl group would exhibit a similsr tendency.

If the triphenylmethyl (trityl) ether
(xxxI) could be prepared, 1t would probdably
be readily hydrolysed with agetic acid to the
aloohol (XXXII) which, on treatment with phos-
phorus tribromide would in all prodebility
yield the required methobromide., In this way
the use of hydrobromic acid would be avoided.
Such a scheme proved in a later syntheais to
be highly successful and the use of the trityl
group as an alternative to the methoxyl group
is discussed in detail at that point,

The trityl ether (IXX) was thus oon-

vertsd into the Grignard derivative and treated

with dimethyliodoarasine, a viscous gum deing
obtained after hydrolysis, No attempt was
nade to purify this produot as previous ex-

59
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: Mg, iuzaul
Br-0gH ,~CH,0H,0B,00Phy (2=) >
(xxx) '
Mo, A8-0gH ~OH,OHCH, 00PN, (g-)  Dydrolyels
(xxx1) : o
M As-0gll,~OH OB, CH 0R (g=) ~ ——
(xxx11) |
(Mo gAn-gH,~OH 0N 0N Br (g-) >
s+ Br-
7N
Me Me

perience had shown that attempted distillation

of such compounds leads t0 partisl decomposition.
Furthermore, hydrolysis with acetic acid yielded
another gum which failed to distil under high
vacuum even with a bath temperature of 300°,
Treatunent of the residus with phosphorus tridromide
gave an ether-insoluble and highly orystalline
solid which was however free from halogen.

Analysis indicated that it might possibly be a
sanple of dimethyltritylarsine oxide, m3m(o)u¢2.
This eompound could poesidbly have resulted by
cleavage at the arsenic~phenyl bond (at some

stage during the above procedurs) followed by
reaction of the arsenio-gontaining fragment with

-
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the triphenylcarbinol formed during the hydrolyeis

of the trityl ether group., In view of these

resulta, further attenpts to facilitate the

preparation of l-methyl-ls213i4=tetrahydro-

arsinoline were abandoned.
1-Mothyl=1:2s314~tetrahydroarsinoline

18 a colourless, readily-oxidised liquid with e

typical arsine odour, Burrows eand Turner have

prepared for the identification of the arsine,

the methiodide (XXXIII, R = Me, X = I), They

[::::I:i\i]
s As”+ X~
7 .
Me R

Me

(XXXIII)

= -

as” + | Ptc1.TT
Me” “Me . 2

(XXX1IV)
have stated that when this methiodide was warmed
with ethanol, the solution assumed a yellow colour
and agsin beceme colourless on cooling. Also,

they étato that a rapid volunetric estimation
of ionic iodine gave a figure 7% lower than that
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required for the methiodide, and have used these
observations in support of the possibility

that in solution there exists a dissociation
equilibrium between the gyolic methiodide and
the open~chain arsine (XXXV):

i)\/j @01{ SCH,CH,T
oAd+ 5= Aslle,,
Me Me

(xxxv)

If this is s0, it may indicate that other quater-
nary derivativea containing the tetrahydro-
arsinoline ring system would posaibly be chem-
ically unstadble, and any attempt to prepare
an optically-active apirocyclic salt or any
other optically-active quaternary salt containing
this system might prove unsuccessful, PFor this
reason, ﬁxe rethyltetrabydroarsinoline was
converted into a variety of quaternary deriv-
atives, all of which showed no evidence of
chemical instability, _
The arsinoline rsadily formed a metho-
bromide {ﬁIIII, R = Me, X = Br) on deing mixed
with methyl bromide and allowed to stand in the
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e¢old for some time, This methobromide, when
heated, underwent decomposition omly at its
molting point, being (és has been mentioned)
reconverted into the parent ersinoline in 95%
yield, The methobromide, in ethanolic solution,
was treated with an agueous solutidn of potassium
iodide, yielding the corresponding methiodide
(XXXIII, R = e, X = I), This emnpo\md. in
turn, when treated with aqueous sodium picrate,
yielded the corresponding methopicrate (XXXIII,
X = CHyOnllyy R = Me), The hydroxy-nitrate
(XXXIII, R = OHy X = 303). formed by direct
oxidation of the arsine with nitric acid, could
not be obtained orystalline, but, after neutral-
isation, gave what must have been the dihydroxide
(XXXIII, R = OHy X = OH) since, when allowed to
react with pioric aoid, the erystalline hydroxy=~
picrate (XXXIXI, R = OH, X = CglaOyNy) was
readily obtained, The methobromide, moreover,
gave, with an agueous solution of chloroplatinic
acid, the siable, ecrystalline salt, big(lil~-
dinethyl~1$213s4~tetrahydroarsinolinium)ohloro-
platinate (XXXIV).



Finally, the observation by Burrows and
Turner that an nmuiolie golution of the methiodide
became yellow on warming and colourless on c¢ooling,
could not be substantiated by the authorj whilst
2 rapid volumetric estimation of ionic bdromine in
the methobromide (using eutomatic titration app-
aratus to ensure speed of determination) gave a
figure in excellent agrecment with that theoreticslly
requifed, On these grounds, it appears that
Burrows and Turner's ohservation was more probably
due to photochmteal decomposition of the methiodide
than to the existence of a dissociation equilidrium
in sgolution, and for this reason, it was considered
worthwhile to continue with attempts at the syn-
thesis of the requived spirocyclic salt,

Por the preparation of thias spiro salt,
the above arsinoline had to be gonverted into the
corresponding l-halogeno compound (XXXVII, X = C1,
Br or I).

The l-chloro compound (XXXVII, X = Cl) has
previously been preparsed by Roberta, Turnexr and
My‘w by chlorination of the corresponding
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nethyltetrahydroarsinoline, followed by thermal

decomposition of the dichloro-methyl compound
(XXX¥I, X = C1) thus obtained. The finsl product

BLICOLICH

Me X Me X

(XXXVI) z///// (XXXVII)
CSHION'CSSH'CSHllN
AF~
S=C~=N )
]
S

(XXXVIIT)

~N

is obtained in excellent yleld (87% over the two
stages). From the point of view of convenience,
bromination 6£ the methyltetrahydroarsinoline
woul@ be preferadle, Addition of one molar eguive
alent of bromine in carbon tetrachloride to the
arsinoline was found to yield readily the insoludle
dibromomethyl compound (XXXVI, X = Br) which, on
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being heated under reduced pressure, very readily
lost methyl bromide to furnish l-bromo-ls2s3sd~
tetrahydroarsinoline (XXXVII, X = Br) in 68% yield.
Piperidine H-pentamethylenedithiocarbamate serves
as an excellent reagent for the characterisation
of halogenoarsines (o.f. Blicke and Oaklmd”)

and gave on reaction with l-bromo-l:2:3s4-tetra-
hydroarsinoline, the crystalline HN-pentamethylene-~
8-1-(1124314~totrahydroarsinoline }=ai thiocarbanate
(XXXVIII).

Both the l-chloro and l-bromotetrahydro-
arainolines served well for purposes of condensation
with 1lithio derivatives and Grignaxrd reagents.

g~-Bromotoluene was converted into g-bromo-
benzyl bromide, which on treatment with one eguivalent
of magnesium formed chiefly the mono-Grignerd derive
ative (XXXIX)s This gave, on reaction with ethylene
oxide, o~hromo=-3-phenylpropan-l-ol (XL) in 49% yield.
The aloohol, when treated with phosphorus tribromide
and then sodium methoxide, gave the bromide (XLI)
and the methyl ether (XLII) respectively. The methyl
ether was converted with p-butyllithium into the
1ithio derivative (XLIII) and, with magnesium, also
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Br=GgH ~CH MgBr (g~ i,
(xexTX) _ |

BewC B =CH CH, Q00 (g=) — o3
g4 ~CH U CH 00 (=) —=—
(xn)

Br-CgH, ~OH,CRCH, Br (=) T80H ,
(XLI)

Br-G R «OHOH, CH 00 (9~)

(xL12) | \\\\\\\\\\s
Lgpiﬂ&l |

Li=CgH ~CH, OH,CHyOMe (0-) BrMg-OgH, ~OH,CH,OH OMe (9~)
(XLIII) (x1IV) |

[ -

Cl

: As ___I______) : As
: ,CH2CH2CH20M6 . : ;H2CH2CH2BI'

(XTV) (XLVI)
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tetrahydroigoarainoline with hydriodiec acid to
yield the corresponding 2-i0d40 compound (XLVIII),
whioch, although not isolated in a pure state, was
characterised as ite Nepentamethylenedithiocarbamate
derivative, Also, Jones and Mann’® have found that

HI

(XLVII) - (XLVIII)

treatment of the oyclic diarsine (XLIX) with hydro-
bromie acid gave the corresponding didromodiarsine
(L)e BRydriodic acid however, under similaer con-
ditions, caused rupture of the moleculss

/N

Ph—As As—Ph ~5BT,  Br—pg As—Br

(XLIX) (L)

1ﬁI

-IQASCHQCHQASI2
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Such auﬁatitution of a phenyl group by e
halogen atom is apparently not found to occur
with P-phenyl oyelic phosphiness For example,
treatment of hexahydro-li4-diphenyl-ls4-agaphosphine
(LI) with hydriodic acldd gave only the monohydriodide
(LI1) (0ef. Mann and Millar’ '),

/" \ _Ph
 Ph— P—ph EL» Ph—N +1>< =
' H
(LI) (LII)

The result of the treatment of the arsinoline
(XLV) with hydrobromic acid appears to be the
first recorded example of a substituted phenyl
group undergoing such replacement,

It was thought that the use of hydrobromio
acid oould be avoided Ly employing a more readily
hydrolysed protective group than the methoxyl
group for use in the Grignard reaction., Various
possibilities for readily~cleaved ethers were
therefore canaidarad.

Cleavage of ethers has been accomplished
with acidic reagentss with nmucleophilic reagents
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in the absence of acids) with alkall metalsy and

by reactions involving heterogensous catalysts.

Hoat of the resctions of the first three types

can be explained in terms of bimolecular nucleo-

philic substitution (8,2) reactions and carbonium

lon (S41) reactions. (For an excellent review

on this topic see Burwells "Cleavage 0f nthnrn'sao).
Cleavage a: the carbon-oxygen dbond in

an ether often occurs as readily as (and sometimes

more readily then) that in slcohols, This is 1ll-

ugstrated by the fact that for the carbon-oxygen

bond in an ether %o be cleaved by s mucleophilic

reagent alone, s reagent such as a very strong

base 1s required; such a reagent would remove a

proton from an aloohol, making the resulting

negatively=-charged alkoxide ion less susceptible

t0 nucleophilic attack. Many ether-cleavage

reactions prooceed through an oxonium salt inter-

mediate such as naoa‘. The assumption of a pomitive

charge by the oxygen utom in the oxonium salt renders

one of the R groups liable %0 departure as a carbonium

ion. Purthermore, the formation of the oxonium salt

intermediate increases the rate of attack of an

ether by a nucleophilic reagent, This has been
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demonastrated experimentally by considering the
behaviour of an oxonium salt towards dieplacing
snions of varying nucleophilic potential. Por
example, if triethyloxonium tetrafiuodorate,
mso“‘ Bfg"y is allowed to react in a 2M agueous
solution of RaA, where A is the displacing anion,
ethyl ether and ethyl A are formed, The percentage
of ethyl A formed where A is various anions with
varying maoleophilic poteﬁtial 181 A = 7, trace
A= C1l7, 1263 A = Bry 23%) A= X, 53% and A = ONS™,
64%, This is in order of increasing nucleophilic
reactivity of A.

‘Solutions of ethers in strong acids form
oxoniun salts which are the conjugate acids of
the ether, For example, diethyl ether in 100%
salphuric acid showe a lowering of the freezing
point indicative of the presence of two particles
per molecule of ether. Undoubtedly the oxonium
salt, BY,0H' 1s formed slong with HSO,", In the
presence of a strong acid therefore, it would bde
sxpected that an ether would bde resctive towards
a nucleophilic reagent, The reaction of ethers
with aclids such as hydriodic and hydrobromic acids



13

is prodably the method that has found greatest
application for their cleavage. Experiments have
shown that in an ether, ROR' (where R and R' are
both primary alkyls or R is primexy and R' is
secondary alkyl) reaction with hydrobromic acid
involves an 8,2 mechanism: prodably reaction
occurs botween the diglkylhydronium ion and the
bromide ions

ROR' ¢+ H'2y™ — > mr'oE” + B

————> RBr + R'OH

But when R' is tertiary, the bond between the tertiaxy
alkyl group and oxygen is broken to0 give R'Br and

ROH snd cleavage of tertiary ethers occurs far

more readily than that of primary or secondary

alkyl oontaining ethexrs. The reaction is now of

the 8.1 type involving a carbonium ion inter-
mediates

ROR* + H'Br™ —— RR'CH* + B
mreon* > R (+ ROH)

R o+ Br —— 5 R'Br
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Oleavage of ethers has also been acoomplished
by the action of hydrogen halides in organic acids,
particularly by hydrogen bromide in glacial acetioc
acid, The alkyl bromide and an alcchol are initially
formeds the alcohol is then esterified and the
ester reacts further with hydrogen bromide forming
the alkyl bromide. Tronov and Ledigina®’ have
measured the rates of reaction of a number of ethers
in glacial scetic acid containing hydrobromic acid,
The relative rate constants (seccnd order) for
anisole, allyl phenyl ether, benszyl phenyl ether
and ethyl jert-butyl ether ars reaspectively 9.42,
156, 8140 and 68600, This indicates the ease of
cleavage 0 be ~OMe < ~OCH,CHwCH, < =OCH,Ph < ~OC(CH,)4e

Organic oarboxylic acids on their own are
in general ineffective for the cleavage of ethers,
Thus, snisole is not cleaved by formis, acetic
or even trichloroacetic acids, However, very
reactive ethers, such as twrityl ethers, are cleaved
by agueous acetic ge!.d. The trityl group has
been used to a large extent for the protection of
hydroxyl groups during reactions of sugars., Its
use is limited however by its extremely ready



- eleavege in even glightly acidic medla, and it
appears $0 have been little used for the proteotion
of hydroxyl groups other than in earbohydrate
chenistry for this reason.

Por use in the Grignard resction, undoubtedly
the best method for the protection of the alcoholie
group would be Yy conversion to an ether of some
types The methoxyl group having proved unsatis-
factory in the compound (XL¥, pege 68), because of
the subsequent cleavage at the arsenic~phenyl bond
when treated with hydrebromic acid, an ether group
was now sought, whoéo cleavage could readily de
accomplished Wy some reagent which would not affect
or be affected by the texrtiaxry arsine, Of the
four types of method available for the cleavage
of ethers, treatment with nmucleophilic reagents
such as strong beses would undoubtedly result in
attack at the arsenic atom in = compound containing
the tertiary arsine group, resulting in the for-
mation of the dihydroxide of the arsinej the
action of alkall metales may be harmful towards the
tertiary arsinej and reactions invelving hetero-
geneous catalysts, such as the hydrogenoclysis of
a benzyl ether to the corresponding aleohol in the
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presence of Raney nickel would undoubtedly result
in poisoning of the catalyst by the ersemiocj in
fact, in previous cases where the hydrogenation
of an olefinic¢c group attached t0 an sraenic aton
has been attempted, such poisoning of the catalyst
hap occurred and the original arsine was recovered
unchanged from the reaction mixture.

‘There remains only the cleavage by means
of mscidic reagents and here the acid employed
would have to be sufficiently mild so as not to
cleave the arsenio-phenyl bond in a compound of
type (XLV), The benzyl, tert-butyl and trityl
ethers are probebly all suitable in thiz reapect,
but the trityl ether has the alvantage that it is
very readily prepered simply by treatment of the
corresponding alcohol with trityl chloride and is
furthermore readily hydrolysed under mild con-
ditions (1.e. by Doiling with dilute agueocus
acetic ecid for about 30 minutes)s For these
reasons, the trityl ether corresponding with (XLV)
seemed a suitable poesidility as en alternative
intermediate to the required spiro salt,

9~Bromo=-3=phenylpropyl trityl ether (LIII)
was therefore prepared by interaction between the



correasponding alcoohol and triphenylchloromethane
in dry pyridines

B¥h0534~032C§20H2ﬁK +. GlﬂEha-—+ Br~esﬂ4nﬂﬂzﬂﬂzeﬂgﬂﬁﬂh3

() o (g

The 4rityl ether was converted into the Grignard
derivative and condensed with l-bromo-l312;:3i14=tetra~
hydroarsinoline to yield the arsinoline (LIV),

As

CHQCHQCHQOCPh3

(TLIV)

This compound could not be obtained orystalline,
Distillation under nitrogen at high wvacuumn was
attumptéd but gave only one small fraction distile
ling at a high temperature, In case this should
contain an arsine, it was treated with nitric acid
in order to afford the hydroxy-nitrate as & solid
quaternary derivative, The product, after recryste
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allisation, was found, by mixed melting point and
snelysis, t0 be triphenylcarbinol, The distillate
thus consisted almost certainly of triphenylearbinol
itself, This gould have been formed by hydrelysis
of the trityl ether (LIV) on treatment of the
product from the Grignard reaction with ammonium
chloride solution, or, by dissociation of the
trityl ether on attempted distillation.,

The residues from the attempted distillation
had evidently undergone extensive oxidation, sinoce,
when ground to a powder and hydrolysed by boiling
with dilute acetic acid, it gave, on treatment
with thionyl ohloride, the unstable hydroxy-chloride
(LVI)s Thie furnished in turn, with dilute nitric
acid, the corresponding stabdle and crystalline
hydroxy-nitrate (LVIXI), Purthermore, the hydroxy-
chloride (LVI) ylelded, after reduction with
sulphur dioxide, the 3I~ohloropropylphenylarsinoline
(LVIII) whioh underwent spontanecous cyclisation
to the spirocyoclio chloride (LIX), Since purification
of this chloride would have proved wasteful, it was
not isolated in a pure condition, dut was converted
directly into the corresponding spiro i1odide by
 resction with sodium iodide in asgqueous ethanocl,



The arsine oxide (LX), when reduced with
sulphur dioxide, gave the aloohol (IXI), This
compound was once again not a solid and proved
to have an extremely high bdoiling point, Rapid
distillation from a flask having a short distillation
path proved possible, but the alcohol underwent
some deempoaition during this process, and was
obtained as a browm, viscous gum, However, when
treated with phosphorus tribromide, the aptrocwéua
bYromide was readily formed and savé with sodium
iodide, the spirecyclic iodide (IXII), having
the same melting point as the iodide obtained My

the former method, both slone and in admixture.

| In all subdbssquent péopsrattom of the epiro
iodide, no attenpt was made %o distil either the
trityl ether (LIV) or the alcohol (IXI) because

of the oxidation and partial decomposition attend-
ing this procedure, dut the residual gum obtained
after hydrolysis wes treated in chloroform solution
with sulphur dioxide to reduce any arsine oxide
there might be present , the residue, after removal
of the chloroform, then being treated directly
with phosphorus tribromide. ZThe resulting spiro
bromide, in ethanol, on reaction with 9.1’1 agueous
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initially attempted yig the (+)-bromocamphorsulpho-
nate. This optiocelly active derivative was readily
obtained crystulline. Successive recrystallisations
from diethyl carbonate failed to change the
melting point signifioantlys furthermore, the
thrice recrystallised material gave an inactive
i0dide. Recrystallisation from diethyl ketone

gave material of m. p. practically the same as

that obtained from diethylcarbonate.This material
had (¥]; +286° and was too insoludle for further
recrystellisation from dlethyl ketone. Recrypt-
allisation from ethyl methyl ketone failed to

alter the m. p. or the molecular rotation sig~
nificantly. This twice recrystallised material

was now t00 insoluble for further recrystallisation
from ethyl methyl ketone, Recrystallisation from
ascetone gave a product of unchanged m. Ds, [!]D +284°,
It was cleaxr that resolution was not proceeding,
(M ; for (+)-bromocamphorsulphonio aeid in
methanol, +274°%) but to confirm thie point, the
thrice recrystallised material wae conversed into
the picrate which was inaetive and identical with
an authentic sample of the racemie pierate.
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Hart and Mann's analogous apiro phosphonium
#alt had been successfully resolved yis the
(«)-menthoxyasctate and this optically-active
derivative fortunately proved suitable for the
resolution of the arsenic analogue.

The (=)-menthoxyacetate was readily
obtained crystalline from diethyl ketone, m. p.
85-90%, not signifieantly changed after five
further recrystallisations from the same solvent,
when it had become conatant, The m‘khoxyaewate
analysed as the dihydrate after deing dried at
room temperature and as the (hygroescopie) anhydrous
salt when dried at 40°. In order to test whether
regolution wes proceeding, the above six-times -
recyrystallised material which was undoubtedly
optically pure, was converted into the picrate
whioh proved to be the (=)=picrate, m. pe 95-97°,
[3]9 -132°,

Another sample of the (-)-menthoxyacetate
was prepared and recrystallised four times from
diethyl ketone, the m. p. remaining unchanged
between the final two recrystallisations, This
material was analytically pure and had [x], —48,6°%
A fifth recrystallisation failed to alter the
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m. Ps or the rotation, [x], «48,0°. These
figﬁroa indicated that resolution was complete.

, Addition of ethanolic sodium iodide to
an ethanolic solution of the optically pure
(=)=menthoxyacetate failed to precipitate the
(~)=iodide which was subsequently found to de
highly soluble in ¢old ethanol (in contrast
with the highly insoluble racemic iodide),
Evaporation of the ethanolic solution gave a
residue of the (=)«iodide and sodium iodide
which was taken up in hot water, The aqueous
solution readily deposited on cooling, the
chemically and optically pure (-)-iodide,

Me Pe 223=223,5° (me pe of the racemic iodide,
2T7-278%)s A 0,5933% solution in A.R. ohloroform
(4 dm. tuds) had «22°5 0,712% (x122*5 ~30,0°%
[n]§2‘5 «131,5%; these values were completely
unchanged after the solution had remained in
the dark for 24 hours. |

The observation that the (=)=iodide was
soluble in cold ethanol but could be recrystalliged
from water, led to0 the following procedure being
employed for the isolation of the (+)-iodide,
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The solvent was distilled under reduced pressure
from a portion of the diethyl ketone mothexr liquors

from the firet arystallisation of the (=)-menthoxy-
acetate, leaving a dark-coloured gum, Thig was
taken up in ethanol, doiled with charcoal and
filtered, The colourless filtrate was warmed

and treated with a warm ethanolic selution of
sodium fodide containing a trace of water, Cooling
and scratohing gave the crude ragemic iodide which,
after three recrystallisations from ethanol, was
analytically pure and hed m, p. 276-277°, The
m. pe indicated that this was the racemic lodide,
this point being confirmed by a mixed m. p.

The mother liquores from this racemic

1061&0, which were now rich with respect to the
(+)=iodide were evaporated to dryness ond the
80lid residue (consiating of the &)-i0dide and
gsodium iodide) taken up in hot water, Cooling
now gave the crystalline (+)=iodide contaminated
with some gummy material. The orystalline material
was separated and recrystallised twice from water,
the me pe boing identical with that of the (=)=
iodide, whilst a mixture of the (+)~ and (=)-



0.00442 mgn./ml, in 95% aqueous ethanol was
therefore investigated, Thore was no appreciable
abgorption between 4000 and 2900 2. but an intense
band was found to occur at 5595 £, € = 0,0008894,
log € = 4.95, preceded by a point of inflexion

at 2670 £, & = 0,0008527, log & = 4,93.

It is of interest to compare the rotation
data for the four compounds, Ay B, C and D,

@fj DY +133°% -1n2°
As + I ’ ’\o - 2992 g
@) Absorption meximums 2595 %
A .

P+ I %amui
@[) Abgsorption spectrum not taken
: |
- |
@ [l , +342°, -344°

A, = 2316 &
4 ' Adsorption meximums 2635 &
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_-CH,CO-C¢H,~C1 (p-)
>, ( :

+Asg
Ph

: B, -354°
A = 2443 R
"Absorption maximas
3115 £ (p~ohlorophenacyl
group)s 2635 R (o-phenyl-
ene group)s 2300 %

Portunately, in all these cases, the
rotatory dispersion has been 'mvntigatcd. Is
is important o note however, that for a com-
parison between thé rotatory dispersion date
for a seriss of compounds to be made, several
factors (all of whioh influence the rosation
sxhibited by a solution of an optieally-active
compound) should be maintained as nearly con-
stant as poessible within fhc series of gompoundse
considereds The solvent employed should in all
cases be identical as change of solvent often
has a marked effect on rotationy secondly, the
concentrations of the solutions should not



< (obs. ) - «(eales f|0.000 ro.oez

+0,012

Source Na Hg Hg ca Rg Hg Hg
A(R) 5893 |95780 | 5461 | 5086 | 4358 |4047 | 36%0
D2 (2)2 x 2078 0.3472 0.3341| 0.2982| 0.2587| 0.1900 |0.1639] 0.1332
« (oba, )° 0.796 | 0.861 | 00995 | 1,188 | 1,924 2,758 | 3.145
I=] © 30.38 | 32.86 37.97 45.24 73.43 |105.3 120,0
[ © 133¢1 | 24440 | 16644 | 1983 | 321.8 [461.3 | 526.0
« {eale, )° 0,796 |0.839 | 0.983 | 1,213 | 2.042 |2,758 | 4.698

=0,028 |-0,118 [0.000 |=1.553

The rotations have been calculated from the simple Drude equation,

L= X/{ )? - )%). using as reference values, the observed rotations for
Solution of the simultaneous equations gives the
rotation oonstent, k = 0,2051¢ and the dispersion eomstant, A2 =
0.08954, Hemoe X, = 2992 .

A= 5893 and 4047 %,
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appreciably vary (preferably they should be
equimolecular)) thirdly, if the concentrations

are similar, the tube length should be identical

in all cases) and lastly, the temperature at

which observations were recorded should not' vary
significantly. Portunately, for the four compounds
considered, messurements were taken at very
neaeriy the same tempersture, whilet the conoen-—
trations of the solutions varied mly very slightly.
The tube length was 4 dm, end the solvent chloro-
form in all cases. '

It muet be emphasised that the deductions
given in the following few pages are only tensative.
More decisive coz{elnaiopd ean be drawn only when
ma'ther data on“ gimilar series 0f compounds is
made available, ‘

It 4e in general found that simple
saturated aliphatic compounds possessing no strongly
chromophoric group, exhibit simple umm,
and the value of the Qiapmion constant, Xﬁ,
l1ies bdetween 0,020 and 0,025, so that )‘o has a
value in the far ultre-violet, This is in agree-
ment with the fact that substances of this type
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have absorption bdands in the far ultra-violes.
The introduction of an unsaturated, or other,
chromophoric group, such as a phenyl group,

into the molecule causes an increase in the valune
of ’\e which accords with the fact that the
absorption band is now shifted nearer to the
visible regions It is important to note however,
that the introduction of a chromophorioc group
into an optically-acotive molecule does not
necessarily imply that the absorption dand will
make a contribution to the total rotation

(0ets ?lw). For exemple, nicotine

has an absorption band at 2650 R and the comapwd»'
ing ohromophore is active since A = 2550 £,

The introduction of a ocarbonyl group in methyle
nicotone gives an absorption band at 2950 R
which 1g expected for a keto group, but the dis-
persion remains simple and A, = 2668 £, e

new chromophore thus makes no contridution to
the optical activity (c.f. Lowry and Gere®l),

A highly similar case is represented by the
compounds © and D, In G, A = 2316 % and the
absorption maximum occurs at 2635 £. This dand
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ie undoudtedly due to the o-phenylene groupe
since it is also present in the spectrum of D,
where one o-phenylens group prevails and the
arsenic atom is in the same position relative
. t0 this g~phenylene group, Furthermore the
chromophorio g~phenylene groups in € are active
gince the values for the amt&an maximon
and ), differ by 319 £, But D ocontains also
the chromophorie p-chlorophenseyl group which
gives rise to an absorption bend st 3115 X,
4,0, nesrer to the visible region, This has
little influence on the value of A, (2443 %)
whilat the dispersion remains simple, RMurtherw
more the molecular rotations of C and D are
closely similar (=344° and -354° respectively).
Henoe the p-ohlorophenaeyl group is inactive
and makes very little contribution to the opticel
activity,

Al1e0p® has suggested that the optical
anisotropy of the (=)-iodide of D is centred
in an electron of the Wc arsenic atom.
- In this it would differ from optically-astive
carbon goxmpounds in which the anisotropy 1a often
found 40 be largely oonfined %0 a weakly adbsorbing



chromophoric subatituent, It 4is only when the
electronic oscillator (i.e. if Allsop's suggestion
is oorrect, an electron of the arsenic atom)
is able to ocouple with the active eleoctrons
in the chromophoric substituent(s) that such a
group influences the nature of the diaspersion.
The prodability of such coupling of%en depends
on the proximity of the chromophoric group to
the asymmetric dmtro; the induoing action of
the asymmetric centre on the chromophoric group
is known as its vicinal aotion®2t 63, wmere
proximity is not the only taqtor influencing
vieinal action however, the nature of the groups
present also belng importang. In this conmection,
i1t is apparent from the comparisons drawn between
the data for ocompounds C and D in the previous
parsgraph, that the arsenic aton has very little,
if any, vieinal asction on the chromopheorie
p~ehlorephenacyl group.

in this connection, a compariason between
the isomeric spirocyolic arsonium salts A and C
is of great intersst. In these compounds, the
chromophoric g-phenylens group is present in each,
whilst the proximity of both g-phenylens groups
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t0 the arsenic atom is increased in passing from
C to Ae It would bPe expected therefore that

any vicinal action which the arsenio atom in ¢
might have on ths g-phenylene grour would make

its effect more eppavent in A, The effeot of

the increased proximity ervthn o~phenylene group
in A is in fact Mt evident in three different
weyse. Pirstly, the rotatoxry digpersion is now
complex whereas in C it was simplej secondly,

the value of )\0 is now markedly diffamt (vy

400 £) from the wavelength of the absorption
maximumj and finally the molecular rotation of

A is much lower then that of ¢ or Dy Lowry has
suggested that the coupling of a strongly chromo-
phorie group to an asymmetric complex might
result in the production of induced asymmetry

~in the former, In general, the new centre of
activity produced in this way (induced anisotropy)
would have the effect of camsing a rodtation
Sppogite to that of the remainder of the moleculs,
80 that anomalous dispersion would result, The
fact that, in passing from C t0 A, the molecular
rotation iz considerably decreased and the dispersion
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altered from simple to anomalous would sesm there-
fore to be in excellent sgreement with Lowry's
suggeation. This is in marked contrast with the
case ‘oi’ C and D where the chremophorie pechloro-
phenacyl group in D had little effect on the value
of A, and none on the nature of the dispersion.
Here, the p-chlorophenaeyl group is clearly not
coupled with the electrenic oscillator of the
arsenic atom, | |

In D, the nearest portion of the p-chloxro-
phenacyl group to the arsenic stom which would
contridute to the chromophore as a whole (vis.
the carbonyl mp), is separated from the arsenic
atom Yy one methyleme group. Similarly in O,
the chromophoric o-phenylane groups are each one
nethylene group removed from the arsenic atom,
In the !omei- compound, the chromophores are
(as has been suggested) spparently inactive; in
the latter they are nots The fact thet mere
proxinity of the chromophoric groups is not the
only factor influencing vicingl asction ig there-~
fore clearly illustrated by these two cases,

If the views atated in the preceding
pages are correct, one would expect that the



value of the molecular rotation of the spiro
salt E would lie between those for the iscmeric
salts A and C, since the presence of the adjacent
9-phenylene group in the tetrahydroarsinoline
ring would be expected to lowex the molecular
rotation below the value for C ®ut not to the .
seme extent as in A,

: As” + I°

E

Unfortunately, the data required for
a legitimate ocomparison between the phosphonium
salts, B and P, are lacking.

@/C 6H4-OH (B- ) I
Ph _

F



Pirstly, F was, after yesolution,
converted into the bromide (whersas in all other
cases considered, the anion was the iodide)s
secondly, the ultra-violet spectrum has not
been recordedy and thirdly, the rotation of the
bromide was taken in aqueous ethanol, not in
chlorafoim. Furthermmore, change of solvent was
found to have a marked effect on the value of
the rotations [M] in aguecus ethanol, +32,9%,
in methenol, +5° (4his was proved not to de due
%0 racemisation in the latter solvent). For
these reasons, it is impossidle to suggest what
the molecular rotation of the lodide in chloroform
would have been.

Finslly, a comparison detween the moleculax
rotations of the eutropic salts A and B, will
be considered. Here the asignificance of any
difference détween the molecular rotatioms will
be greatest, since the molecules are (except
for the hetero atom) identiocal. In neither
case ip the digpersion simple whilst the trends
of the rotatory dispersion curves (see graph)
are practically identical, It ia reasonadble
to expeet (and this i1s supported by the identical



trends of the two curvea) that any effect on
the rotation cansed hy the chromophoric g-phenylene
groups in the one cémpomd would be repeated in
the other, If this is 20, the ineremse in
molecular rotation in passing from the phosphorus
%0 the arsenic compound is due solely to the
change in the hetero atom whioch is also the
centre of aaymnetyy in the molecules This is
the most siwﬁcam and fundamental observation
that can be drewn from this work and further-
moxre is a precisely sinmilar relat ionship to
that found to hold for the only two series of
eutropic compounds which have previocusly been
resolved (see Introduction), Unfortunately,
a more detailed comparison between individual
members of the latter two series of compounds
cannot be drawn since the data for the rotatory
digpersions and ultra~-violet spectra of these
compounds }}\ not available.

Previous to the preparation of the
apiro arsonium salt A, oenly two such optically~
ective Balis containing phosphorus and arsenic
had been prepareds To the asuthor's knowledge,
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only three other spirocyclio salts containing
these elements have been synthesised., These

are Iyon and Menn's spiro arsonium salt (aeé
Introduction, page 20) and a derivative of thip
compound suitably substituted in order to intro-
duce an element of asymmetry but which oould not
be resolvedj also a di-spirogyclic salt of
arsenio prepared by Jones and Mam®® tut which
is not relevant to the present discussion, The
optically~active salts are Hart and Memn's
compound, B, and Holliman and Manmn's arsonium
salt, C. These can be seen to contain respectively
two condenged phosphinoline ring systems and

two condensed jgoersinoline ring systems. No
spirocyclic salt of o group Vb elament ocontaining
a ocondensed "normal” and “igo" ring eystem has
been reported., Por this reason and also decause
of its stereochemical interest, an attempt was
made t0 prepare such a salt ocontaining arsenic
as the hetero atom, Vigse, (+)=As=-spizro-(112:314-
tetrahydroarsinoline)=112:314~tetrahydroipo-
arsinolinium bromide (LXIII),



' 102

This tedious process and low yield prevented
a atudy of its application to the synthesis of
such heterocyolic compounds of the 190 series
being made until Holliman and !aan27 worked out
a successful five-stagé synthegis slso from
o-toluidine with an overall yield of 8%,
Hollimen end Mann 270 8% nave applied this
didromide to the aynthesis of 2-substituted
tetrahydroigoquinolines and to the synthesis
of the previously unknown 2-methyl- and
2-phenyltetrahydroiagarsinolines®? (1x1v,

R = Hey PR)e

BrORzOgiy~SHCghr (=) + Risfl; ——

As-R

(LXIV)

von Braun and Zobel had moreover used
‘this compound for the preparation of thioigo-
chroman (IXV, Q = 3) by its interaction with sodium
sulphide, whilat Holliman and !ann" have pre-
pared in addision, the previously unknown
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selenojgoohroman (IXV, Q = Se) and telluroigo-
chroman (LXV, @ = Te) using sodium selenide
and sodium telluride respectively. The
steresochemical intereat of these compounds
has been mentioned in the introduotion,

BrQR,~C gl ,~CH,CH B (g=) + Fa @ —>

(1XV)

Recently, Anderson and HollimsnZ® have
improved the synthesis of the dibromide to
a four-stage process commencing with indene,
with an overall yield of 30%. Indene is oxidised
to homophthalie acid with chromium trioxide;
the aoid, after esterification and reduction
of the ester with lithium aluminium hydride,
yields g=-2-hydroxyethyldbenayl alcohol (LXVI),
The alcohol, when allowed to react with hydrogen
bromide in glaclial acetic acid in a measled tube
at 100°, furnishes the dibromide in high yield,
This method was employed without modificetion
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for the preparation of the didromide required
in this work.

aio_,'_) HOOC~0 gH , ~CH,000H (g-)

jvom (30,)
B4000eC gl ~CH,CO0ES (g=)
[rane,
HOOH ;=0 gH ;~CH,CE,0H (g~)
(xxvI)
| lee
BrOHy~0gH ~CH,CH Br (=)

For the aynthesis of the “normal-igo”
apiro salt (LXI;I. page 101), l-methyl=l:2:3sd~
tetrahydroarsinoline was quaternised with gw2-
bmoothylbgnzyl bromide to yleld the guatermarxy
salt (LXVII)s This compound was originally
prepared by Holliman (unpudblished), dut
exhsustive attempts by both him and the author
to themmally decompose the salt have failed to
vield a crystalline derivative., A variety of
conditions were smployed for its attempted thermal
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decomposition and on all occasions effervescence
occurred with the evolution of a gas which gave
a precipitate of silver brpmiﬁe when passed
through an agueous solution of silver nitrate,
but the residue appeared in each case to be a
complex mixture which dnried attenpted pm'iﬁ-'
cation, This contrasts strongly with the ease
with which Holliman sand Mann obtained the "iso-
180" spiro salt in 38% yield bty thermal decompo~
sition of (IXVIII), but recalls the difficulty

As” + Br
Me
HZCHZBr

(LXVII)
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encountered in the attenpted thermal decoumpo~
sition of the similay phosphonium salt hy
Hart and Mann (see Introduction, page 25).

As™ + Br

Me
CHQCHzBr

(LXVIII)

One escential difference between the quaternary
salte (IXVII) end (IXVIII) is that whereas in the
latter compound, the arsenio atom ig linked on
elther side to methyleme groups, the formexr
compound contains an arsenic atom linked directly
t0 a benzene ring and the instability of such
compounds to hydrobromic acld and hydriodie

acid has already dbeen noted. 7The question now
arose as t$0 whether such a salt would also exhidit
instabllity when submitted to thermal decompo-~
sition. In order to test this poing, l-methyl-
11213 14=totrahydroarsinoline was condensed with
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2-xylylene didromide to’ yield the quaternary
salt (IXIX) which, without igolation, now under—
went thermal decomposition smoothly to yleld
As-spiro~-jigoeraindoline~1121314~tetrahydro-
areinolinium bromide (ILXX) which was converted
directly into the lodide and further characterised
by conversion to the plcrate:

SolicoN

heat

HQBr

(LXIX) (LXX)

This spirocyclic salt thug formed readily and
very little side reaction could have oeccurred.
Other than Jones and Mann's di-gpiro salt of
arsenic (mentioned earlier), this is the only
other example of a spirocyolic salt of a Group Vb
element (other than nitrogen) containing a 5-

end a 6-menmbered ring adjacent to the hetero
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evolution of methyl bromide, Alternatively,
a mixture of the two possible producte may de |
obtained, A

Loss of hydrogen bromide has been found
t0 ocour ‘frm the bromopropyl group in the qu.nt-
ernary salt (LIXI) when 1t was submitted to
thermal decompositicn’, the corresponding allyl
compound (LXXII) resultings

e ”
l heat l
~N N
P+ Br~ P+ Br
> Xt - l et
I ~
H,CH,CH,Br CH,CH=CH,,
(ILXXT1) : (IXXII)

In this partiocular case, loss of hydrogen bromide
from the side chain occurred more readily than
removal of the ethyl group from the guaternary
phosphoniun ion, It freguently happens that
thermal aocnmpdsition of quaternary phosphonium
salts oarrying an ethyl group attached to the
phosphorus atom occurs with greater difficulty
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than the corresponding removal of a methyl
group from an arsonium salt, The rcason for
this difference (as has deen mentioned in the
Introduction) may de due to the faot that
the mecheaniasm in the two cases differs, If,
in the case of the arsonium salt (IXVII),
partial lose of hydrogen bromide from the
2-bromoethyl group had cocurred, the reaction
product might well comprise a mixture from
~whigh no crystalline derivative could be
isolated, Furthermore, fission at the arsenio-
bensyl dond may occur, although this now
seems unlikely in view of the readiness with
which the spirocyclic selt (IXX) is formed,

An interesting point in connection
with the formation of anyl or vinyl groups
on thermal decomposition, is that the position
of the hetero atom in the cyclie ring may
posaibly determine the prodahility of such
reaction occurring, Holliman and Mann found
that thermal decomposition of the salt (LIVIII)
proceeded aufficiently smoothly to isolate
the spiro bdromide in reasonabdle yieldj in faot,
the reaction mixture itself oxrystallised even
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at the high temperature employed (200°), In
this case the arsenic atom is not directly
linked to a phemyl group. In the case of
Hart and Mann's salt (LXXI) and in the euthor's
case (LIVII), the hetero atom is so attached.
It may well be that in such cases, the probdadility
that loss of hydrogen bromide from the side
ohain attached 0 the phenyl group will ocour,
is increased.

The themmal decomposition method
- having failed, a route m a Grignard condensation
was now soughte It has been suggested that
when the compound (ILXXIII) was treated with
hydrobremic acid, one of the products was
probadly l=bromo-l:2:3i4~tetrahydroarainoline.
If this is s0, the totrahydroarsinoline ring
itself 1o stable %o this reagent while the
other free mm&o-ml‘link is not, This
suggested that if the compound (IXXIV) could
be prepared, the tetrahydroarsinoline ring would
once again prove stable gowards hydrobromic
aclid, whilet the free arsenic-aryl link now
having been replaced by an arseniowalkyl link,
this might also prove stable towards the reagent.



[:::::[:j\i] [:: ::[:As:] |
[:::::[:; - CH,,OMe
H,,CH ,CH ,0Me |

(IXXIIT) : (IXXIV)

$~2-Chloroethylbensyl methyl ether
(IXxv), required for the preparation of the
arsinoline (LXXIV) was readily synthesised
bty the method recorded by Holliman end Mann’,
[::::I:CHZOMe
CH,CH,C1

(1XXV)

The Grignaxd derivative of this compound readily
underwent condensation with the l-ehlorotetra~

hydroarsinoline which has proved so succesaful
in the synthesis of the higarsinolinium spiro
salt, The arsinoline thus obtained (LXXVI)



(characterized as 1ite mﬂziodidi) was treated
with hydrobromic acid in glacial acetic acid
but gave only an ether-solubdle liquid which,
after redistillation and analysis appeared

%o de an impure sanple of 1l-dromo-li2:lsé-
tetrahydroarsinoline, If thia is 80, hydro=-
bronic scid has here csused fission at the
arsenio-alkyl link, as had been found to
occur at the arsenic-aryl link in the case
~of the arsinoline (LXXVII).

As
|CH;_,OMe
HBr _
(IXXVI) Au
Br
s
( .
~.

As

Lt
L |
_ CH20H20H20Me

(LXXVII)
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Singe this method held out little
hope of success, it was abandoned in favour
of a procedure similar %o that which had proved
successful for the preparation of the bip-
arsinolinium spiro salt.

It was thought that Af the compounds
(EXXVIII) or (LXXIX) could be obtained, they
could be converted into the Grignerd derivative
and condensed with l-hromo-132t3t4~totrahydro-
arsinoline to yleld the araine (LXXX) or (LXXXI)
respectively which would, on hydrolysis to
the alcochol, followed by treatment with thionyl
chloride or phosphorus tribromide, probdably
yield the spirocyclic chloride or bromide.
[::::]:fH20H201 CH,CH,0CPh,y

(LXXVIII) | (IXXIX)

In ordexr to prepare the trityl ethers
(LXXVIII) or (LXXIX), the corresponding alcohols
~ should preferably be initielly obtained and
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the trityl group aubgoqmﬂy introduced, since
any attempt to introduce the trityl group at

an sarlier stage would almost eertainly result
in 1ts being hydrolysed in a subsequent stage
of the aynthesis. However, ﬁynthaaio of either
of these alcohols (IXXXII) or (LXXXIII) presents

Grl%nard deriv.

IXXVIII)
A'S As
Br
H?OCPh3
Grignard deriv.
of (LXXIX)
(TXXXI)

As l

CH,CH,OCPh

2505 3

Y
|

lSOCl or PBr
NS
SOCl2 or [::::]:TA\\
+ X

S

‘PBr3 .

*H,CH,0H (x=01 or Br)
. Pd
|
~




CH,.CH.,OH
)
| CH,CH,C1 |
CH,C1

CH,OH

(LXXXII) , (LXXXIII)

difficulties which belie their apparently
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sinple nature. A sample of g~2-chloroethyl-

bengyl methyl ether (LXXV) wae available and

attﬁmpta were therefore made to hydrolyse this
compound to the corresponding alcohol (LXXXII)

but without successs Treatment with either

hydriodic acid or one egquivalent of hydrohromic
acid gave what were almost certainly the cor-

responding benzyl halides (LXXXIV) and (LEXXV),
since they were intense lachrymators. They had
further the moet unpleasant effect in that they

(:::::[:CH2CH201 [:::::[:CH CH 5C1
CH,I CH,Br
(IXXXIV) (LXXXV)

gave rise %o blisters on the hends and face
which took several daye to dissppear, No
attenpts were therefore made to0 characterise



117

these compounds. The ‘anthor p.lwa;rs experienoed
sinilay aiacm‘_g whilst working with other
o-2=halogenosthylbenzyl halides such as g~2-bromo-
othylbenzyl bromide. A

One way of avoiding the use of either
of the trityl ethers (LXIVIII) or (ILXXIX) would
be to start the syntheasis with the jgoarsinoline
ring system ocomplete, 2-71049-1:2:3 t4=totrahydyro=-
Apgarsinoline (ILXXXVI, R = I) has previously
been prepered hy Beedly, Cookson and Mann>? by
interaction of the corresponding 2-phenyl compound
(IXXXVI, R = Ph) with hydriodic acid.

(LXXXVI)

This compound has not been isolated in a pure
state but was ghowmn to be present by conversion
to the N-penteamethylenedithiocarbamate derivative.
Purthermore, Hollimen and !sm‘ have prepared

the 2-chloro snalogue (LXXXVI, R = Cl) by thermal
decomposition of the 2~-dichloromethyl compound
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(LXXXVI, R = MeCl,) obtained in turn by reaction
of the 2-methyl compound (LXXXVI, R = Me) with
ohlorine, Ko yields are reported for either

of the procedures leading to the iodo and

chloro compoundse The 2-methyljigoarsinoline
(IXXIVI, R = Me) is obtained .‘m 16% yield by

the Hichaelis mao#tén. whilst the 2-phenyl
compound (LXXIVI, R = Ph) has besn obtained in
32% yield by an enalogous procedurs employing
phenyldichloroarsine in place of methyldichloro-
arsine in this reaction, However, a 60% yleld
of the 2-phenyl compound is obtained by inter-
action between g-2-bremoethyldenzyl bromide

and phenylarsinehip(magnesium vromide)>>,
Obviously, the latter method is more satiafactory.
Furthermore, the 2-hromoigoarsinoline would

in all probability dDe more stable than the
2=10d0 anslogue and hence would prove more
suitable for the Grignard condensation reaction. |
The phenyligoarsinoline was therefore heated |
under reflux with hydrobromic acid when it
readily afforded the corresponding bromoiso-
arsinoline in 36% yield, characterised as its
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E-pentemethylenedithiocarbemate derivative,
Thus the series of three halogenoigosrsinolines
is now known. '

Condensation of the 2-bromoigoarsinoline
with the Grignard derivative of g-bromo-3-phenyle
propyl trityl ether afforded what was presumadbly
the jigoersinoline (LXXXIX), No attempt was made
to purify or isolate this compound because of
the decompesition which had attended the attempted
distillation of the previously prepared isomeric
arsinoline, Instead, 1t was hydrolysed by
boq.ling with dilute acetic acid and the product
divided into two parts. In case this was the
alcohol (XC), 1t was treated with phosphorus
tribronide, but no orystelline materisl could
be obtained from the reaction product nor could
it be converted into a solid iodide or plorate.
Treatment of the other portion with thionyl
chloride, on the other hsnd, produced a oolourless
highly-cryssalline derivative which was ether-
ingoluble and contained ionic chlorine, Although
three different portions of this material gave
€004 analytical agreement, no¢ suitable structural
formula oould at first be found to agree with these
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“H,,CH,,Br Brilg

o+ >As-—Ph
"CH,Br BrMg
i - (IXXXVII)
Ae-Ph

lHBr

As—Br (IXXXVIII)

O 00PN,  (ar)

CH CH2CH OCPh

t?rﬂg-c6 4—CH CH,CH,O0CPh

HOAc

H CHQCH OH
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figuxres.

It was subsequently found that the
oompound contained moleculax chlorine in addition
to the ionic ohloride, and that the total chlorinme
in the molecule wea precisely doudle the ionie
chloride gontent, Furthermore, it was suspected
that the triphenylcarbinel produced during the
hydrolysis of the trityl ether (IXXXIX) (and
which would subsequently have been converted into
trityl chloride during the reaction with thiomyl
chloride) might have interfered with the reaction.
Possibly the very reacitive »trityl chloride had
quateni:ised with the arsenio a%:oa, although
this aid not aeppavently ocour in the case of
the analogous preparation of the isomerio hig~
arsinolinium apirc salt, Bthyl methyl ketone
had becn‘nsed'tur recrystallisation of the
produst and the structure

CPh
| sl 3 01T . 20,HgO
T 4
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accorded with the analytical figures (1f it

could de assumed that one of the two ohlorine
atoms was covalently, the other ionically linked),
But this structure was ruled out by the infra-
red absorption spectrum which lacked a band

at the position expected for a carbonyl group.
However the infre-red data did indicate a large
proportion of monosubastituted bengene in the
molecule which is in agreement with the presence
of a trityl group. The following structures

CPh
+as” 3 c1~ . 2H.0

ClCH20H20H2

1s in accord with all the information availsble,
vut when the compound wac dried even at 10§° under
high vacuum, the analytical figures remained
unchanged and the water in the dihydrate must



123

therefore Yo very fimmly boﬁnd.A Attempte are
now dbeing made to repeat the above preparation
of the spiro salt, On this occasion it is hoped
that the triphenyloarbinol formed during the
reaction can be removed either by high-vacuum
distillation, or by oxidation of the arsinoline
{xc) followed by ether-sextraction of the trie
phenylearbinol, The ioaidual oxide could then
be reduced with sulphur dioxide and the treatment
with thionyl chloride repeated, Unfortunately,
steam distillation cannot be employed to effect
a peparation, since tmiphunylearhinol is not
atean~volatila,

For the purpose of obtaining data for
drawing a comparison between the molecular
rotations of s series of igsomerio compounds
which possess, as the hetero atom, an atom of
the same elemont, tut differ only in the position
of that atom in the heterocyclic system, the
preparation and resolution of (I)ml-p=ohlore~ -
phenaoylel=phenyl~1s2s314~tetrahydroars inolinium
bromide (XCI) was next attempted, the isomeric
"igo" compound (XCII) having previcusly been
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synthesised by Holliman end Mann® (by quaternisation
of 2-phenyl-ls213i14~tetrahydroigoarsinoline

with p-chlorophenscyl bromide) and resolved

¥ia the bromocamphorsulphonate,

Br
As +

PN
Ph CHZCO—C6H4-CI (B-)

(XC1)

Ph - Br
+As<:
CHZCO—C6H4-CI (R‘)

. {(XGIT)

Initial attempta at the preparation
of the unknown l-phaayltetrahydéoératnolino
(XCIII) were made by condensation of phenyl
magnesium bromide with l-chloro-l1:12:)t4~totra-
hydroarsinoline. This was highly sudcessful,
the arsinoline (XCIII) being odbtained as a
colourless liquid which crystallised on stunding,
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this oil did contain the arsinic seid (XCIV)
was shown by the fact that 1t underwent
cyclisation with hot, concentrated sulphuric
acid to yield the arsine oxide (ICY) whioch
was then reduced with sulphur dioxide to yield
the required arsinolinet

mzenecnznr +  FPhas(ONa), ——

0
mzan?_cxwﬁm HOL, orow on, oH A8Z Pn

~Son
(xc1v)
Hz’°4
(xcv)
PE R | Pr S
(XCVI) (XCVII)
[:::::g;;;;;t X
(XCVIII) Ph CH,C0-CH,-C1 (p-)



The overall yield however, was only
6% as found from the weight of quaternary salt
which was formed by interaction of the produot
with p-chloxophenacyl bromide. In epite of
the low yield, this S-step procedure (starting
with amnmlkalacml) is more advantsgeous
than the 9-step procedure employing the
l-chloroarsinoline, for which the overall yield
is lower.

The phenylarsinoline readily formed
a variety of gquatemary derivatives in common
with the isomexio 2-phenyligoarsinoline. It
gave a methiodide (XCVI, R = Me, X = I) whioch,
with sodium plorate, furnished the methopiocrate
(XCVI, R= Mo, X = csuao.,l,h The hydroxy-
nitrate (XCVI, R = OH, X = NO;) formed by
oxidation of the sreincline, could not de
obtained orystalline. Treatment of the
arsinoline with one mole of tromine in chloro-
form, yielded the dibromide whioh, without
isolation, afforded the hydroxy-piorate
(XOVI, R = OH, X = °s“2°1'3)- with pioyic acid.
The dibromide also furnished, on reacsion
with hydrogen sulphide, the arsinoline sulphide
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{XCVIiI), obtained initially as a gunm,
which, after standing under ethanol in an
open tube for eix weeks, finslly orystallised.
Condensation of the aysinoline with
g—nhlorophmayl bromide in dry densene, readily
afforded the quaternary bdromide (XCVIII, X = Br)
required for resolution. This compound further
yielded with sodium pierate, the p-chlorophenacyl
picrate (XOVIII, X = 063207!3) which, with
potassium Lodide, gave the corresponding iodide
(XCVIII, X = I),
The resolution of the bromide (XCVIII,
X = By) was next attempted, The (#)-cmh&‘-
sulphonate was readily odtained crystalline,
but after successive recrystallisations from
aqueocus ethanol, the melting point and the
specifio rotation were not signifioantly changed.
It was apparent that resolution was not proceed-
ing, Wat, to confimm this, the four-times
recrystalliased material was converted into the
picrate which was inaotive. The (+)~bromo-
cazphorsulphonate was also readily obtained
erystalline and at first appeared very promising
singe, after four recrystallisations from
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ethancl, the melting point had deen raised

from 182-185° to 261° and the molecular rotation
from +321° to +690% After the fifth recryst-
alligation however, the melting point fell to
188-191° and the molecular rotation to +404%
When attempts were made to repeat the resclution
starting with a fresh sample of the (+)=bromo~
canphorsulphonste, material of low melting

point was obtained and this was not signifiecantly
changed after nine howstauiuaﬁm from |
ethanol when 1t was 184,5-185%, It was evident
that the #alt was now being deposited from
eolution as a partial racemate and that 1i¢

was therefore pointless to proceed with attempted
resolution yia the bhromocamphorsulphonate.
Attempts were next made to prepare the (=)=
nenthexyacetate, but these were unsucoessful.

On esch oecuim, only & very small guantity

of orystalline material was obtained, the

najor portion of the material apparently undere
going considerable decomposition t0 en ether-
soluble oil, The small quantity of crystalline
material gave analysis figures which were
‘consistent over three different preparatioms,
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but were not those required for the («)-menthoxy-
acetate or for the solmtac product., Finally,

the (»)=leB-phenylethylphthalamate was prepared,
but it was obtained as a gum which could not

be induced to orystallise, Lack of time prevented
further attempted resolution of the arsonium |
salt, |
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- SECTION It SYVTHESIS OF l~METHYL~1:213$4~TETRA=
HYDROARSINOLINE

1, Hethyldichloroarsine

Modified from Hollimen and Mann, J. Chem.,
0Ce ¢ 1943. 549,

To a hot solution of sodium hydroxide
(256 om.) in water (750 ml,), arsenious oxide
(168 gm.) was added with stirring to give a clear
solution of sodium arsenite. The solution was
cooled to 10° in a three-necked flask fitted
with sealed stirrer, dropping funnel, reflux
condenger and thermometer. Dimethyl sulphate
(267 gmey 245 mols.) was slowly added to the
cooled, stirred solution over 2,5 hours. The
mixture was allowed to stand at room temperature
overnight and then heated under reflux on a
water bath at 80° for 2 hours. After cooling,
sulphur dioxide was passed through the mixture
until the contents of the flask had become solid
with precipitate (about 5 hours is required).
Concentrated hydrochloric acid (1 litre) was
added and the vapour from 2 litres boiling
hydrochloric acid passed through the solution
for 6 hours after which it was "steam distilled”
in the vapour from boiling hydrochloric acid
until no further oily droplets passed over with

»
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the distillate (about 7 hours). The dense,
colourleas oil was separated, dried over anhydrous
sodium sulphate and distilled, the fraction
boiling at 129-133%/754 mm. being the required
prodnot. Yields 171 EMey 62’0

2, Dimethyliodoarsine (from methyldichloroarsine)

:modified from Burrows and Turner,
4. Chem, Soo., 1921, 426,

Methyldichloroarsine (522 gm., 1 mol,)
in 96% ethanol (2270 ml.) was placed in a
S5-1itre, 3-necked flask fitted with sealed stirrer,
reflux condenser and dropping funnel, Whilst
the solution was 'thorouﬁxly chilled in an ice~
bath, an ice-cold solution of sodium hydroxide
(555 gme) in water (800 ml.) was slowly added
with vigorous stirring over 1.5 hours. A white
polid separated, the mixture becoming quite
visoous towards the end of the addition. After
thoroughly chilling in ice, methyl iodide
(400 gm., 113 mols.) was slowly added over
2 hours with vigorous stirring., After stirring
for a further 6 hours, the mixture was set
aside at room temperature for 33 hours. The
alcohol was distilled off at atmospheric pressure,
the contents of the flask bdeing stirred to prevent
bunmpinge After thoroughly chilling in ioee,
cold water (2430 ml.) followed by hydriodic
acid (1335 &ney TB0 mley SeGe 1e7, 3+24 mola.)
was slowly added over 45 minutes with stirring.
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from time to time with shaking, A pale-yellow,
dense 01l separated slowlye. Whenever the solution
faded to a pale yellow colour, the gas was

passed for further 10 minute periods until
eventually the precipitation of sulphur ocourred.
The lower layer of the arsine was aeparated, dried
over anhydrous caleium chloride and finally
distilled at atmospheric pressure, the fraction
boiling at 155-158°/750 mm. being colleoted.
Yieldr 144.4 gm. (85%),

4, J-Phenylpropan-le-ol (from cinnamaldehyde)

¢«fs Covert and Adams, J. Amer. Chem.
Boae, 1932, 54, 4116,

200 Om, dried and redistilled oinnamalde-
hyde (b.pe 128-132%/18 mm.) in absolute ethanol
(200 ml,) were hydrogenated in the presence
of 22 ml, settled Raney nickel catalyst (com=
taining 1.2 gme/ml.) also in ethanol, at a
starting pressure of 30 atmospheres, the pressure
being raised twice during the course of the
reduction t0 77 atmospheres and ocoupying 42
hours, The catalyst was filtered off and the
ethanol removed by distillation, yielding
184 gn. of the alochol, be De 124~126°/15 mm,
(89%), The product gave a negative test for
unsaturation with a solution of b“romine in
chloroform, |

In anothexr preparation, 166 gms of the
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aldehyde in 250 ml. ethanol were hydrogenated

in the presence of 15 ml, of the settled catalyst
at a atarting pressure of 100 atmospheres, the
preasure being raised once during the course of
the reduction to 87 atmospheres, 24 hours being
required for completion of the reaction, Yields
141 gme, - 83%, ‘

5 J3~Phenylpropan-l-ol (from cinnamyl alcohol
with Adems' catalyst)

0.3 Gms Adams' catalyst was reduced to
platinum black by shaking with 50 ml. 96#% ethanol
for 20 minutes in hydrogen at 2,3 atmospheres
pressure. 42 Gm. cinnsmyl alcohol in 100 ml, 96%
othanol were then added to the reaction bottle
and shaken at & starting preasure of 2.3 atmos-
pheres, the time required for constant pressure to
be attained being 5 hours. The alcohol was
distilled off at'amoapher:lc‘ pressure and the
residue fractionated under reduced pressure,
collecting the fraction diatilling at 126~129°%/

14 mm, Yield: 39.5 gm., 94%.

In another preparation, 175 gm. cinnanyl
aloochol in 400 ml, 96% ethanol were hydrogenated
in the presence of 0.5 gms Adams'! catalyst at a
starting pressure of 40 atmospheres hydrogcen. The
resulting solution, on being worked up as before,
yielded 147 gm. hydrocinnamyl alcohol distilling
at 132-137%/17 mm. (85%).
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' 6s 3-Phenylpropan~l-ol (from cinnamyl alcohol
with Raney nickel).

A solution of oinnemyl alcohol (139 gm.)
in absolute ethano} (400 ml,) was placed in
an autoclave together with approximately 15 gnm.
Raney nickel in ethanol and the hydrogen preasure
raised to 57 atmospheres, The stirrer was set
in operation and after 10 minutes at room temp-
erature, the pressure had dropped to a stdionary
value of 37 atmospheres. On raising the pressure
to 67 atmospheres, no further drop occurred.
The catalyat was filtered off, the alcohol
distilled at atmospheric pressure and the residue
fractionated under reduced pressure, the whole
distilling at 124-126°/15 mm. Yields 135 gm.,
96%.

Te -, 1) 0 de

Ice~cold concentrated sulphuric acid
(161 ml.) was slowly added with stirring to
chilled constant boiling (48%) hydrobromio acid
(530 ml.) over 45 minutess, 3-Phenylpropan=1-ol
(225 gm.) followed by 106 ml, cold concentrated
sulphuric acid were then added with atirring over
periods of 25 minutes and 15 minutes mepeotively.
after which the mixture was boiled under reflux
with stirring for 3.5 hours. When cool, the
upper layer was i!:ilu@nd with ethexr, washed with
water, 5% aqueous sodium hydroxide, and then
3 times with water, finally bdeing dried over
anhydrous calcium chloride, The ether was distil-
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led off at atmospheric pressure and the product
fractionated under reduced pressure, collecting
the fraction distilling at 116-118°/1¢ mm,
Yields 267 e o wo

8e 1 1dimeth: C)

¢eZs Burrows and Turner, J. Chem. S50g+,
1921, 426, ~

Ether-washed and dried magnesium turnings
(17 gme, 1408 atoms) in a three-necked flask
fitted with sealed atirrer, dropping funnel and
reflux oondenser (CaCl, tubes) were covered with
dry ether and 50 ml, of a solution of 3-phenyl-
propyl bromide (138 gms, 1,1 mols.) in dry ether
(420 ml,) were sddeds On warming to reflux,
the reaction commenced, the rest of the solution
being added at such a rate that refluxing was
maintained without external cocoling, whilst the
mixture was stirred in a nitrogen atmosphere,
After the addition, the mixture was boiled under
reflux for 2 hours, Ether (250 ml,) was distilled
off in a stream of nitrogen and replaced with an
egqual volume of dry benzene. After thoroughly
chilling in ice, a solution of dimethyliodoarsine
(146 gmes 1 mol,) in dry benzene (400 ml,) was
slowly added and the mixture boiled under reflux
for 2 hours, After again thoroughly chilling in
ige, the product was hydrolysed by the addition
of 500 ml. sulphurie acid (1 vol. acid 3 § veols,
water). After stirring in ice for 30 minutes,
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the benzene layer was separated, the aqueous layer
extracted with benzene, the combined benzene
solutions weshed onoe with 10% aqueous sodium
carbonate, twice with water and dried over
snhydrous caleiun chloride, The benzene was
removed by distillation under nitrogen at atmos-
pherie pressure and the residue distilled under
reduced pressure employing a nitrogen leak, A
small first fraction was followed by the product
distilling at 124-130%/12,5 mme, 120 gme, 85%.

In subsequent preparations, the following boiling
points were recorded: 127~132?/18 MM, o 134~136ﬁ/
18 mm.

9 1propyldine e dichloride

c.f. Burrown‘and Turner, J. Chem. BocC.,
1921, 426.

A ateady stream of chlorine was passed
through concentrated sulphuric acid and then led
through 900 ml, previcusly dried and redistilled
cardon tetrachlorides A 5 m. aliquot of this
solution was made up to 100 ml, with dry carbon
tetrachloride in a volumetric flask and a 25 ml.
aliguot of this diluted solution was pipetted into
a 250 ml. volumetric flask, followed hy the addition
of 20 ml, 20% aqueous potassium iodide, the lib=
erated lodine being titrated against a standard
solution of sodium thiomulphate with constant
shaking, using starch as indicetor. The concen~
tration of the chloxrine solution was thus determined.



139

This preparation was conducted throughout
in a stream of dry nitrogen, 3~FPhenylpropyl—-
dimethylarsine (207 gms, 1 mol,) was dissolved
in dry earbon tetrachloride (350 ml,) in the
usual Grignaxd-type apparatus under anhydrous
conditions, 540 Ml, of a solution of ehloxrine
in carbon tetrachloride containing 134.2 gm./
litre (i.es 67,5 gn., chlorine, 1 mol,) were
slowly added with stirring to the arsine whilst
the flask was cooled in an ice bath. As the
last few ml, of the chlorine solution entered
the flask, the resction mixture became yellow
due to the presence of free chloxrine., The carbon
tetrachloride was distilled off from a mantle
et atmospheric pressure, the last few drops
being drawn off under reduced pressure with a
nitrogen leak, The dichloride remained as a
palo-ycllow oil.

10. | envylpro ethylchloroarsin

c.f. Buxrrows and &u.mor. g+ Chem. 80c.,
1921’ 426!

The following preparation was conducted .
in an atmosphere of nitrogen throughout,

The oily dichloride from the previous
preparation was heated under reflux at 160-175%/
15 mm, in an 01l bath for l.75 hours. Effervescence
commenced when the temperature had reached 145°
and remained vigorous for 1 hour during the course
of which the pressure rose due to the evolution
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of methyl chloride and finally slowly returned

to its original value., The residual viscous,

red liquid was distilled under reduced pressure,

the fraction distilling at 158-162°/14 mm. being

the requiyred arsinej a large low-boiling fraction

wes also obtained, which, on refractionation,

yielded a further smaell quantity of the arsine.

The total yield was 104 gm. of a ocolourless

liquid (46%)3 in a subsequent preparation,

a bs ps of 156-162°/13.5 mn, Was recorded, It

appears that the more concentrated the chloxine

solution employed, the higher is the yield of the

chloroarsine. '
Rechlorination of the low-boiling fraction

was attempted in case it shouli contain any of

the unchanged dimethylarsine. Approximately

100 ml, of the chlorine solution was taken up

before the yellow colour of free chlorine appeared,

but after distilling off the carbon tetraclioride,

and heating under reduced pressure as before,

no further guantity of the arsine could de odbtain~

ed, the only product being a colourless liquid

distilling at 96-100°/11,5 mm,

11, J~Phenylpropyldimethylarsine dibromide

c.f+ Burrows and Turner, J. Chem. S50c.,
1921, 426,

385 Ml. of a solution of bromine in earbon
tetrachloride containing 225.4 gm./litre were
slowly added to 3-phenylpropyldimethylarsine
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14 l-Methyl-l31233)s4-tetrahydroarsinoline (from
3~-phenylpropylmethylbromoarsine)

Modified from Burrows and Turner, J.
Cheme S0¢Ce, 1921. 426,

When 47.7 gne (1419 mols,) anhyérous
aluminium chloride in 500 ml, dry benzeme was
treated with 86 gms (1 mol.) 3=phenylpropylmethyl-
bromoarsine in exactly the same manner as described
in the previous preparation, two fractions were
obtained on distillation of the product, The
pecond and main fraction (beps 136-166°/12 mm.,

54 gley T3%) was the required arsine in a crude
condition, On redistillation with a fractionating
column, it yielded the product.as a colourleass
1iquid, be pe 139~244°/12 mm., 30.3 gme, 50%.

15, ~Dimethyl~-1323334~te roarasinolinid
bromide

When 3.0 gme l-methyl=li2i3i4~tetrahydro-
- arsinoline and 12 ml, (20.8 8N, 9 14,8 molsd
methyl bromide were allowed to stand in a stopper-
ed flask at 5° for 25 hours, the mixture set to

a 80lid cake as the methobromide was formed.
Ether was added and the excess methyl dbromide
boiled off as the flask returned to room temp=-
erature, After filtering off the produet, and
washing with ether, 3.6 gn. of the methobromide
were obtained, m. p. 246-247° with effervescence.
(83%)s After three recrystallisations from
abaolute ethanol, the dried product had m, p.



250-251° with effervescence,

Anelysies Pounds O, 43,64 H, 5.2y Br (lonic), 26.8%.
Cq1HygASEr requires: C, 43+63 Hy 5.37 Br, 26,4%,

16, Llil-Dimethyl~ls213id-~tet droarginolinium
iodide :

The above methobromide, in aqueocus solution,
when treated with a saturated agueocus solution
of potassiun iodide, rapidly deposited the
crystalline arsinoline methiodide, which was
filtered off, washed with ethanol and driud,
me ps 231=233% (Burrows and Purner, J. Chem. S08.,
1921, 426, record m. p. 235°). On being warmed,
an ethanolic solution of the methiodide underwent
no change in colour,

17 t1l=Dime ~132% tet droarsinolini
picrate

A saturated agueous solution of sodium
piecrate waz added in excess to an aqueous
solution of the above methobromide, an o0il
being immediately precipitated which rapidly
crystallised. The methopierate was filtered
off and recrystallised five times from ethanol
to yield glistening plates of m. p. 119=-120°
after drying.

Analyeist Found: C, 45.05 Hy 4403 Ny 92%,
317318071'3" requiress C, 45.23 Hy, 4,03 N, 9.,3%.
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: Similarly, the methopicrate was 0b-
tained from the methiocdide, on reaction with
sodium picrate, After recrystallisation from
ethanol, 4t had me p. 118-119,5? alone and .
119-121° in admixture with the above analysed
Baxples

18, J-llydroxy-l-iethyl-1312:334-tetrahydro-
gresinolinium piorate

l-Methyl-1:233s4-tetrahydroarsinoline.
(1 gne.) was just covered with water and 2,5 ml,
conoentrated nitric acid sdded dropwimse with
stirring and chilling 4n ice., HMuch heat was
evolved aslong with nitrous fumes, The oily
hydroxy-nitrate thus obtained could not de caused
to crystallise and was thug converted directly
into the corresponding hydroxy-picrate, The
solution of the hydroxy-nitrate was brought to
PH 3 (test peper) by the addition of dilute
sodiun hydroxide solution drop by drop (4.e.
Just before precipitation of the arsine dihydroxide
commenced), A saturated agqueous solution of
ploric aoid was added and after standing at
roon temperature for 36 hours, the precipitated
hydroxy-piorate was filtered at the pume
After two recrystallisations from ethanol,
followed by drying, the orystalline produot
had me Do 151-'15200

8igs TFounds C, 42.85 H, o4} N, 9.4%,
0y 6M1630gAe requiress Gy 42.44 Hy 3.63 Ny 943%,
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19, Bis(lil-dimetnyl-ls2:3i4~tetrahydroarsino-

[ 165 Bl

The methobromide (part 15) in cold
equeous solution, when treated with a cold
aguecus solution of chloroplatinic aecid, rapidly
depoasited the bigersonium chloroplatinate.

This was filtered off and recrystallised three
times from water in which it was sparingly
soluble, After drying, the deep-orange crystale=
line material melted at 218~219° with effer-
vescence,

Anelysiss Founds C, 30,93 H, 3.83 i’t¢ 23,2%,
Cooliyphs,PtCl, requiress O, 30.9% H, 3.85 Py, 22,8%,
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Iy

SECTION IIt FIRST ATTEMPTED NEW SYNTHESIS OF
1-ME HYL~1$21314~TETRAHYDROARSINOLINE

1+ o-Bromobenzyl bromide

¢.f. Kenner and Wilson, J. Chem. So0c.,
1927, 11103 Holliman and Mann, 1ibid.,
1942, 739.

In a flask fitted with a dropping funnel
and reflux condenser cloped with caleium chloride
tubes, were placed 200 gme (1.17 mols.) g=bromo-
toluene, Whilst the temperature was maintained
at 135° by heating in a silicone bath, 160 gm.

(1 mol., 85% of the theoretical guantity) bromine
was added dropwise without agitation over 3 hours.
A vigorous evolution of hydrogen bromide occurred
during the addition., The crude product was
fractionated under reduced pressure, the first
fraction distilling at 78-85%/14 mm. deing mainly
unchanged g-bromotoluene, This fraction was re-
distilled at atmospheric pressure, collecting the
fraction of b, p. 180-186°/759 mm., and finally
under reduced pressure once more, the pure g-bromo-
toluene distilling at 66~689/14.5 mm., 50 gm. The
second fraction was the product, distilling at
131-134%/24 mm., yielding 187 gm. of a colourless
oil which, on aooling, deposited a colourless,
crystalline mass., Yields: 85%, allowing for the
recovered g-bromotoluene.
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2, o-Bromo-3=phenylpropan=l-ol

" Gefs Beeby and Mann, io Chem, §0Cs,
1951, 413.

This preparation was conducted throughout
in an atmosphere of nitrogen. MNagnesium turnings
(32 gmey 1.03 mols.) were covered with dry ether
in the usual Grignard apparatus, 20 Ml, of a 80l=
ution of o-bremobenzyl bromide (320 gm., 1 mol.)
in dry ether (1 litre) were added and the reaction
started by adding a crystal of ilodine and gentle
warming, after which the remainder of the bromide
solution was slowly added with stirring at room
temperature over 3.5 hours (i.e. at such a rate
as to prevent refluxing of the ether without
external cooling)e The reaction was completed
by stirring for three hours at room temperature.
The flask was chilled in ice and ethylene oxide
(130 ml., 113 gn., 2 mols,) in ether (250 ml,),
chilled to 0° was elowly added with vigorous
stirring over 2.5 hours, observing all the usuasl
precautions against loss of the reagent, Afterxr
the addition was complete, a sticky s0lid had
separated and the reaction nmixture was set asids
at room temperature overnight in an atmosphere
of nitrogen. The mixture was hydrolysed with
sulphuric acid (750 ml., 1 vol. acid s 9 vols.

" water), the ether layer separated, the agueocus
layer extracted twice with ether, the combined
ethereal solutions washed once with 10% aqueous
sodiun carbonate and then twiee with water before
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drying over anhydrous calcium chloride. The

ether was distilled off at atmosphexic pressure

and the residue fractionated, firstly under

water-pump vacuun end finally under high wacuum,

employing & nitrogen leak. Three fractions were

collecteds

fraction 1, (ethylene dbramohydrin), . p. 62-70%/
- 14 mme, (149 gm.)$

fraction 2, be Pe 92~106°/0.4 mm., (15 gm.)s

fraction 3, bs ps 106=108°/0.4 mm,

- The third fraction was the product, a viscous,

colourless liquid, Yields 133 gm. (49%)3 reported

yield, 47%. The residue amounted t0 approximately

60 ml, of pemi-polid material reported to contain

212'~d1ibromodibenzyl and 212'«di=(2-hydroxyethyl)di-

Wlo

3¢ O henylpropyl bromide

¢.f, Beeby and Mann, J_« Chem. S0Ce,
1951, 414.

Phosphorus tribromide (9.3 ml., 26,5 gne,
033 mol,) was slowly added with vigorous stirring
to g-hromo=3j~phenylpropan=l=0l (56.5 gm., 1 mol.)
undexr reflux and anhydrous conditions over 1

hour. Without agitation, the temperature was
slowly raised to 100°, where it was maintained

for 1 hour, After cooling in ice, dry ether

(125 ml,) was added and the solution washed three
times with waterj the ethereal layer was separated
and dried over anhydrous oaloium chloride, The
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ether was removed at atmospheric pressure and the
residue distilled under high vacuum, employing a
nitrogen leak, Practically the whole distilled
at 94°/0.8 mm., yielding 55.6 gn. of a colourless
liquid (74%).

44 O=Bromo=i=ph ropyl methyl ether

¢.f, Beedy and Mann, ék'Cham. OCe g
1951, 414,

Sodium (8 gme, 1473 atoms), in the form
of wire, was dissolved in 180 ml. dry methanol
and the resulting solution chilled with astirring
in an ice~bath. g-Bromo-3-phenylpropyl bromide
(55.6 gm., 1 mol,) was now slowly added to the
chilled solution with stirring under reflux and
anhydrous conditions, after which the mixture
was alowly brought to the boil and boiled under
reflux with stirring for 1 hour, The methanol
was distilled off with vigorous stirring to pre-
vent serious bumping and 250 ml., water were added
to the cold residuej the aqueous solution was
extracted three times with ether and the ethereal
solution washed twice with water and then dried
over anhydrous calcium chloride, The ether was
distilled off and the residue fractionated under
reduced pressure, collecting the fraction distilling
at 127-130%/15 mn, Yield:s 39.2 gm. of a colour-
less liquid, (85%)0
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5« Dimethyl(o-j-methoxypropylphenyl)arsine

A solution of g~bromo~3~phenylpropyl
methyl ether (12,1 gms, 1 mol.) and ethyl bromide
(2,9 gmey 045 mol,) in dry ether (40 ml,) was
slowly added to magnesium turnings (2,05 gm.,
1,58 atoms) previously activated with iodine
and then covered with dry ether (10 nl.) in the
usual Grignard apparatus equipped with a nitrogen
inlet tube, A strean of nitrogen was led through
the flask whilst a few ml, of the solution of the
bromides was added, the reactionbe ing started
with gentle warming, The remainder of the solution
was added over 2% minutes, i1.e. at such a rate as
to cause gentle refluxing of the ether without
external cooling, After boiling under reflux
for 3 hours with stirring, the solution was
ecooled and stirred whilst a solution of dimethyl-
iodoarsine (14,7 gme, le2 mols.) in sodium-dried
benzene (40 ml,) was slowly added, the mixture
being refluxed again for 2 hours., When cool,

- the reaction product was hydrolysed with 200 ml.
sulphuriec acid (1 vol, aocid s 9 vols. water),
The foul-smelling benzene layer was separated
and the aqueous layer extracted three times with
benzene, The combined benzene extracts were
washed once with water before being dried over
anhydrous caloium chloride in an atmosphere of
nitrogen, The benzene was disgtilled off at
atmospheric pressure in a stream of nitrogen
and the residue distilled under reduced pressure
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with a nitrogen leak. A emall forerun was
followed by the product distilling at 142-146%/
18 mm,, yielding 8,8 gm, of a colourless liquid,

- (66%).

Analysisy Pounds O, 56433 Hy Ged%s CygH, s
requiress C, 56,73 H, 7+5%,

6. Zrimethyl(o=3-methoxypropylphenyl)arsonium
picrate

The above arsine (0.8 gm.) was warmed
under reflux with excess methyl 1odide in an
etmosphere of nitrogen for one hour. The methyl
iodide was allowed to evaporate gpontaneocusly
and the gummy residue dried in wvacuo, The
residue was triturated with dry ether several
times but gave no crystalline material on this
treatment or on being teken up in various solventa.
The gummy methiodide was therefore taken up in
ethanol and to this solution, a hot, saturated
ethanolic solution of sodium picxate was added.
On cooling, the solution deposited the yellow,
erystalline methopicrate either on standing for
24 hours, or immediately, on dilution with water
and scratching., After three recrystallisations
from ethanol and drying, the product melted at
108,5-110°,

Analysiss Pounds C, 45.93 Hy 4.9% N, 8,5%.
Oy gHpyN30gh® requires: O, 45.95 Hy 4.95 N, 8.5%,
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Te ttempted aration of lil~dimethyl-l3283:
3etrahydroarsinolinium bromide

~ Dimethyl(g-3~methoxypropylphenyl Jarsine (33g~)
end a mixture of glacial acetic acid (100 ml,)
and constant boiling wmtmmc medd (100 ml,)
were heated under reflux at 120 foxr 3.5 hours
whilet a stream of dry hydrogen bromide generated
by combination of elementary hydrogen and bromine
and freed from bromine by passage over copper
gauze was passed through the reaction mixture,
After cooling, the solvent was distilled off
under nitrogen, the residue extracted twice with
- ohloroform, washed with water, 10% aqueous sodium
carbonate, once again with water and the extract
dried over anhydrous caloium chloride, The
chloroform was distilled off under nitrogen
leaving a mobile, ether-soluble liquid from
which no solid materisl could be obtained.
Distillation under nitrogen yielded about 1 nl,
of a golden oil, D, D 141-145°/17 mm, which gave
no ether-insoluble product after deing refluxed
with methyl iodide under nitrogen for 50 minutes.
Although the liquid distillate had an odour '
resembling that of 3~phenylpropyl dromide, no
50lid derivative could be obtained on interaction
with emmonium dithiocarbamate,
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SECTION IIIs SECOND ATTEMPTED REW SYNTHESIS
OF 1-HMETHYI=182383 4~TETRAHY DRO
ARSINOLINE

1. o-Bromo-3~phenylpropyl trityl ether

Triphenylohloromethane (60 gm.) was
dissolved in dry pyridine (100 ml.), The sus=-
pension was warmed on the water bath to obtain
a clear solution, whilat g-bromo=-3-phenylpropan~
1~0) (46 gm., 1 mol.) was slowly added dropwise
from a dropping funnel to the atirred solution,
the reaction deing oconducted under reflux and
under anhydrous conditions, After about half of
the alcohol had been added, precipitation of the
product commenced, The suspension was then
heated for 2 hours on the boiling water bhath
and whilst s$1ll warm, was poured into 400 ml,
water., The product was precipitated as an oil
which solidified on being aooled with stirring,
It was filtered, washed with water, dried at the
pump and recrystallised from ethanol (about
500 ml. are reguired), Yields 80.0 gn., ms Ds
84~86°, (82%). A sample of this material, after
five recrystallisations from ethanol, followed by
drying, had m., p. 89-91°,

sigs Pound: G, T73.353 H, 5.T% czsazsonr
requiress C, 73.5 § H, 5.5%.
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2» le~Methyl~l:2:3i4~tetrahydroarsinoline (hy
thermal decomposition of lil-dimethyl-
132:3t4~tetrahydroarsinolinium dromide)

13l-Dimethyl-112s334~tetrahydroarsinoliniun
bromide (4.0 gm.,) was placed in a small distilling
flesk having a short distillation path, The
flask was heated under reduced pressure (23 mm,)
the temperature being raised very cautiously,
whilst a nitrogen leak was used, When the
external temperature had reached 260°, the metho-
bromide commenced to melt, accompanied by
vigorous effervescence., The pressure rose a
1ittle due to the evolved methyl bromide, The
bath temperature was maintained at 260-270° for
15 minutes, during which time a colourless
liquid distilled slowly into the receiver (b, p.
156-159%/26 mm.). At the end of the decomposition,
no residue remained in the distilling flask, :
whilst the distillate smelled strongly of lemethyl~
1:2:1314-totrahydroarsinoline, Yield: 2,5 gm.,
95%.

The whole of the above product, on beiag
allowed t0 atand in a stoppered flask at 5° in
the presence of methyl bromide (10 ml., 17.3 gm.,
15,2 mols,) for severasl days, was reconverted
into the methobromide, yielding in all, 2.3 gm.
of the original methobromide. This represents a
yield of 64% and shows that the above distillate
nust have consisted of practically pure l-methyle
1321314~tetrahydroarsinoline, The crude meterial
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had m, pe 248-250%3 mixed m, p. with an authentic
sample of the methobromide (of m. pe 250-251°),
247-249°,

3. Attempted tion of liledimethyl-1124334~
tetrahydroarsinolinium bromide

The following reaction was conducted
throughout in an atmosphere of nitrogen.

A few mls of a solution of g—bromo-~
3-phenylpropyl trityl ether (15,0 gms, 1 mol.)
and ethyl bromide (1.79 gm.y 0.5 mol.) in dry ether
(120 ml.) were added to activated magnesium powder
(1.26 gme, 1458 atoms) covered with dry ether in
the usual Grignard spparatus. The reaction was
started with gentle warming and the remaindeér of the
solution 6f the bromides added with stirring at
such a rate that the ether boiled gently under
reflux without external cooling, The mixture was
boiled under reflux with stirring for 2,75 hours,
then cooled and atirred whilst dimethyliodoarsine
(942 gmey 1¢2 molss) in dry benzene (50 ml.) was
added, After bdoiling under reflux for 2 hours, the
mixture was cooled and stirred whilst a saturated
aqueous solution of ammonium chloride was slowly
addeds The dbenzene _layoi- was separated, washed
twice with water and dried ocver anhydrous magnesium
sulphate. The benzeme was removed by distillation
at atmospheric pressure, leaving 13.3 gm. of a
visgcous residue, _

The whole of the residue¢ was mixed with
35% aqueous acetio acid and boiled under reflux



157

for 20 minutes, cooled, diluted with water and
extracted with chloroform, The chloroform solution
was washed twice with water and dried over anhydrous
magnesium sulphate, The solvent was removed by
distillation at atmospheric pressure and an attempt
made t0 distil the residue under high vacuum,
but only 4 drops of a liguid, distilling over the
range 138—200ﬁ/0.1 mm, were Obtained, This distillate
orystallised in the receiver and congisted undouhtedly
of triphenylcarbinol,

The residual gum (10 gm.) which oould not
be obtained erystalline, was treated with phosphorus
tridromide (3.75 2mey le4 ml.) added alowly under
nitrogen, the flask deing kept chilled in ice, The
residue was covered with water, stirred and heated
on the water bath for 1,5 hours which caused it to
erystallise as a pale-cream, ether-insoluble
solide The suaspension was filtered, ylelding 1,2 gm.
of solid mageriel, a further 1.8 gm. being deposited
from the filtrate on standing, The combined solid
material was recryastallised twice from diethyl
carbonate when it had m, ps 255-267° with previous
softening, After five recrystallisations from
diethyl carbonate, the m. p. was raised to 268-270%,

Anslysis: Pound:t ©, 69443 H, 5,6% 1:1-Dimethyle
11233 14~totrahydroarsinolinium bromide, Cy.H, Bris
requires: G, 43.6% H. Se3%e

The Beilstein test showed halogen to be abesent. The
compound, dimethyliritylarsine oxide, Phse-ln(O)loz,
C,yHyy0A8, requiress O, 69,23 Hy 5.8% and is thue
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. B
consigtent with the above regulta. This product
was not furthexr investigated.

E 4
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S - In case the abmre il @honld contain
: math@lﬁa-@hensiprqpylarﬁinﬁe acid, the whole of

it {74 am.) was mixed with conecentrated sulpharic
.aeid (200 ml.) and heated to 100° on o water bath

for 15 minutes. When cool, the reaction mixture

was poured into water, tho solution being cooled

. and neutralised with 30% agumuxa godiun hydroxide,

‘An oil wno dcposited which was extracted with ehloro-
 form, the -chloroform extract washed with water, eovereﬁ
with a solution of 300 ml, water containing 0.5 g
potassivm iodide and 300 ml. concentrated hydrochloric
aeid, and sulphur diozide papsed through the epoled
nixture for 2 hours. After allowing to stané for
'8 hours, the chloroform extract was separated,
waghed once with water, rapidly with 7% agueous

sodium hydroxide and twice with water before being
ﬂr&aﬁ.ﬁvar ealeiumj@hl@riée‘in an atmosphere of
" nitrogen. Vhen the chloroform had been removed

4n o strean of nitrogon, only cbout 0.5 gme of
-residue remained from whiah no methiodide could be

' @btaﬁned,
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1. 1-Nethylels2:3s4~totrahydroarninoline dichloride

Qe R@berta, Tarner ﬂﬂd mqg gpa Ghem. mo ¥
1926, 1443,

| A solution of chlorine in carbon tetra-

- ¢hloride was prepored and stendardised as deseribed
4n the preparation of 3-phenylpropyidimethylarsine
dichloride (section 1, part 9)s IL-HMothylels2:3tfe
setrahydroarsinoline (19 gme, 1 mol.) was dissolved
in 60 ml, dry carbon tetrachloride in a 3-nocked
flagk £itted as for a Grignard reaction with a
nitrogen inlet *!m:e., Whilst this solution waa
 ghilled 4in ice, 82 ml. of a solution of chlorine
in cerbon tetrachloride containing 114 gm./litre-
{does 9435 gme chlorineg 1.4 mols.) was slowly
added undor ni:tmgeﬁ with stirring over o poried

of 1 hours The carbon totrachloride was disfilled
- off at atmospheric pressure, leaving e white,
erystalline repidue of the hygroscopic produoct,

thu Roberts, Turner and Bury, J. Chens
jSﬁc, 1%26’ 1443,

The 'pmauct from the gbove preparation
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. was heated mﬁex‘ reflux unﬁer roduced preseaure in
' an otmosphere of nitrogen. The bath temperature
- was graduglly reised to 145° uring which time
- effervescence occurred end the pressure rose
due to the cvolution of mothyl chloride. After
10 minutes at this $empersture, the pressure had
returned to ito former valuo and the solid |
. hed been converted into o chocolate~brown 1liquid
whichy after cooling, was transferred to &
diptilling flask and fractionated under redueeé
pressure employing a nitrogen leack. Only one
fraction was obteined, distilling at 160+165°%/15
mnsy yielding 18.2 gne of a pale-—y@llow oil ,
which solidified on standing, (87%)s In gub-
sequent preparations, the following boiling
 pointe were recordeds 168-171%/18.5 mm,,
 165-169°%/17 mm., 155-158°%/13 mn.  As found in
~ the preparation of 3=-phenylpropylehioromethyle
- araine, it again appears that the more cone
gentrated the chlorine solution employed,
the higher is the yielﬁ of product.

o.fe Adnms (Ed.)s Org:mic Repctiong,
VIII, page 285.

Sodium dried ether (150 ml.) was
placed in a 500 ml. 4~necked flask fitted with
a 1aw-temperature thernometer, dou'biewaurfaea ,
mflux eondenser, nitrogen inlet, sealed stirx'er
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and dropping funnel, the condenser and dropping
- funnel being closed with caleium chloride tubes.
The flask was swept through with o streom of
nitrogen waghed free from oxyzen by passage
through an glkeline golution of pyrogellol

(15 éms pyrogellol. im 100 ml. 50% aqueous
sodium hydroxide) and dried by passage through
two wash bottles containing concontrated cule
 phuric seid, the gea finully being passed
through glase wool. Seventeen piecos of i‘reshlyw
pressed lithium wire, cach 20 em. in length

and weighing 0.2365 gme. per length (totels

443 giey 1425 atoms) were eut into small pieces
and sllowed to fall directly inte the flask,

The contents were stirred vigorously whilst

30 drops of a solution of freshly-dried and
redistilled pe-butyl bromige (35 @n.. s+ 0450 mols)
in dry ethor (500 ml.) were added. The contentn
of the f’la&;k were coocled %o «10° in a solid
carbon dioxide baths After ten minutem, bright
spots appeared on the lithium indiceting that

~ the reaction hed commcnced, The bromide solution
was ollowed te run in slowly, the temperaturs
being controlled at «10° when necepsary by
adding acetone 40 the golid carbon dioxides
The addition occupied 1.5 hours. After the adGm
ition, stirring wes continued for 2 hours whilst
the tempersture wes slowly raised %o 10% The
gxcepss lithium was filtered off through glass
wool in o streem of dry nitrogen, the filtrate
passing directly into o moasuring eylinder whieh
waa gwept mrb with dry nitrogen, gmppereﬁ anci
kapt at ~20° wntil required. '
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Part of the solution of p~butyllithium
wae poured into & burettec and 2 ml, aliquots
- rapidly run off into conicel flasks, one sons
taining o sclution of 1 ml, freshly dried snd
redistilled benzyl chloride 4n 20 ml. dry other,

- and the othory, 10 ml. water, both flasks being

gwept out with nitrogen and immediately stoppered.
After sllowing to stené for 1 minute, 10 ml.
water were added to the firgt flask and the cone
tents of both flasks titrated sgainet a standard
(approximately 0.1N) solution of hydrochloric acid
uging phenolphthel ein as indicator, the flask
being thoroughly cheken throughout the titration,
The first titre represcnts the alkall due to
compounds other than n-butyllithium, the second,
 the totel alkaliy the difference thus representing
the alkali due to n~butyllithium, Determined

in this way, the solution was found to be 1.005W
after standing for 48 hours at «10°% The |
volume obtained (180 ml.) thus represents a yield
of 116 gm. (‘70?&) after 48 hours.

_ggam%imlme (first methﬁd) o

This remction was carried out in the
usugl Grignard spparatus m%ea with nitrogen
inlet and thermometer,

- p-Butyllithium {125 mla. s 0-75N solution,
545 giey 1 mole) was slowly added with stirring
%0 a mlutian of nn-bmmoﬁ.’;wphenylpmpyl mat:hyl
ether (20 gme, 1 mol.) in 90 ml, dry ether over
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a period of 40 mimites in an atmesphere of

dry nitrogen, the temperature deing maintained
between 5° and 10° with external cooling. Iny
ether (20 ml.) was added %0 dissolve aome of the
precipitated solid, after which the contents

wore boiled under reflux with stirring for 1,5
hours. After cooling, 4ry ether (85 ml,) was
added, followed Wy the slow sdditiom, with stirring,
of a solution of l-chloro-1121]i4~tetraydro-
arsinoline (17.5 gis, 1 mol,) in ary ether

(85 ml.), the contents then being boiled under
reflux for 1 hour, The mixture was allowed to
cool t0 room temperature and hydrolysed with

350 ml. sulphurio acid (1 vol, acids 9 vols,
water) and 250 gm. orushed ice. The ethereal layer
was separated and the agueocus laysr extracted
three times with ether, The condined sthereal
solution was washed once with 10% agquecus sodiunm
carbonate and finally with water bDefore Deing
dried over anhydrous calcium chloride in an
atmosphere of nitrogen, IThe ether was removed

by d4stillation under nitrogen at atmospherie
pressure and the residue fractionated under

high vacuum employing a nitrogen leak. A small
praliminary fraction was followed by the product
distilling at 192-194%/1 mm,, other boiling

points recoxrded in sudsequent preparations deing
197-201%/1.5 mmsy 17117397003 mme Y0245 Y4ed gme,
55%. v

Mt FMI Gy 66.53 H, 6,95%, 0y gflpy0he
requiress Oy 66.73 H, 6,8%,
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pEICT X PLOPY: ’1)«-«;;2@4-*&91;:%
hydroax mm}lina (aeemﬂ m@%m&)

Hegnogivn powder 'w’hich had boen activated

by heating with iodine {1+47 gmes 1.58 atoms)
was just covered with dry ether in the usual

Grignard appavatue fitted with a nitrogen inlet.
' 3 Mle of a solution of freshly dried and re-
dictilled ethyl bromide (2,06 gfiey 0.5 mol.) and
g-brono=3-~phenylpropyl methyl ethor (8.64 g,
1 mol.) 4n dry other (30 ml,) was edded to the
nmagnesium and after gentle warming, the formation
of the Grignard veagent commenced: The remaindor
of the solution of the bromides was added over
45 minutes in an stmosphere of nitrogen and the
mizture refluied with stirring for 3 hours.
After cooling, a solution of l-chloro-ilt2t3:d
tetrahydroarsinoline (9.5 gmey 1e1 mols.) in
dry other (50 ml.) was slowly added with etirring
over 45 minutes after which the mizture was
rofuxed with stirring under nitrogen for 3 hours.
. When cool, hyGrolyois was accomplished with
250 mle sulphuric acid (1 vols acid 3 9 vols.
water), the eothereal solution separated, the
agueous layer éxtracted ¢twice with ether and
the combined etheresl solutions washed once
with 10¢ agueous sodium carbonate and once with
_ water before being dried over anhydrous calcium
chloride in an atmospheve of nitrogen. The
- gther was diotilled off at atuospheric prossure
in a current of nitrogen and the residue fraoctionw
ated under high vacuum employing a nitrogen leaks



168

 50% hydrobromic acid in glacial scetic meid
ond firet hested in a sealed tube at 100° Por
4 hours and finally, for a further 21 hours,
but 4n both cases, on removael of the selvent
by distillation under veduced pressurs, the
mobile liguid residue gave almost no fturbidity
on a8dition of ethers Similarly, treatment
~of the arsinoline with camﬁmtnbailing aqueous

- hydrobromic acid (48%) under reflux in an

atmosphere of nitrogon for 2 hours yielded an
ether-goluble residus on removel of the golvent.
On repeating the experiment with 4 gm.
of the arainalinﬁ in 20 nmi. of 50% (w/v) hydro-
bromic acid in glacial acetic acid, the mixture
being heated at 120° under reflux for 3.5 hours
whilst & etrean of hydrogen bromide (gonerated
By the addition of bromine to tetralin end freed
from traces of bromine by passege through dry
tetralin) was passed through, again a mobile
1liguid wes obtained as the rebidue after yemovel
of the solvents In case this should be the un-
eyclined bromoarsinoline corvesponding with
‘the sbove methoxyarsinoliney the fesidue was
" heated at 150% under veduced pressure uwnder
nitrogen for 1+5 hours end allowed %o stand
for 10 days under nitrogens Afber this perioed,
addition of ether caused the deposition of
a smell quentity of hygroscopic materiel having
no definite melting poing, end from which a
- emall guantity of erystalline material was
obtained from ethyl ncetates On attenpted
vecrystallisation from othyl acetate however,
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this materiel became increasingly conteminated
with an oil into whieh it appeared that the

- golid materisl was dissocieting. No solid.
todide was obtained on the addition of a hot,

- goncentrated agueous solution of potassium ieodide

£6 an aqueous solution of the amorphous solid
material,. The ethereal £iltrate from this
solid materisl was filtered into a microdistiliation
spperatusy the cther distilled off in n atroam
of nitrogen at aimospheric pressure and the
dark-coloured residue distilled under high vacuum
employing a nitrogen lesk, Three fractions were
obtaineds o g _ S
fraction 1y be Ds 58-60°%/0,20 mme,y 0.54 gnet
froction 25 be Pe 90-115%/0.19 mm., 0.50 gm.s
fraction 34 Bs Pe 118-120%/0.19 mme, 1.84 gn,
Fraoction 3 gave a positive result on
being tented for bromine and arsenic but gave
no crystalline methiodide on resction with
methyl todide. This fraction was treated in the
eold with concentrated nitric acid after being
just covered with water. A feirly vigorous
reaction ensuedy accompanied by the cvolution
of heat and nitrous fumes. After stirying and

' eooling for a few minutes, a dark brown solution

remained which, on dilution with water, deposited
6 mans of colourless, glistening plates. After

- three recrystallisations from dilute nitric acid,

washing with wator and drying in e vacuum
-desiccator, the melting point remained constent
at 134-135°,  Attempted drying of small portiono
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in s pistol over phosphorus pentoxide at

77° for 3 hours under reduced pressure slways
resulted in o lowering of the mi D.y the
product then melting over a range of 8%

gt Pounds Cp 33463 H, 3.63 Br, 22,75,

. This crystelline derivative was incoluble
in ether and soluble in hot water from which
it was reprecipitated on cooling. Tho agueous.
golution hed pH 6+ It was soluble in cold
sodium hydroxide solution which, when acidified
- with hydrochlorie aeid, coused reprecipitation
of the original material. Treatment of an .-
. pgueous solution with agueous ellver nitrate.
gave no precipitate of siiver halides The
golid dissolved in 10% aguecous sodium caxrbonate
without the liveration of carbon dioxide
and was egalin.precipitated on seldification
with hydroehlowic geids Treatmont of an
‘egueous: solution with a dilute alkaline
golution of potassiun permangenate or treatment
of a chlovoform solution with o dilute solution
of bromine in chlorofornm, ocaused no decolour—
isation., These tests indicate. that the
materisl is almost certainly an arseniec. acid
end this evidence, in conjunction with the
above mnalyticel figures, indicates the
possibility of the structurc,
 BrCH,CH CHymGaH, ~A(0H), - (9~)
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for'thia comnpound, GgﬁlaszﬁrAE requirost
¢ 33:45 Hy 3.75 Bry 24,78

- Due to lack of materiagl, the above
treatment of the avsinoline with hydrobromie
acid was wepeated, the heating and passage of
hydrogen bromide being continuved for 2.5 hourns
- On removal of the golvent as before, the regidue
gave almost no £0lid material on treatment with
dry ether, On dis$illation of the residue
wnder high vacwunm with o nitrogen leak, the
following fractions were collected:
fraction 1, s D 72~132?/ﬁ.8»mme, very smallp
- fraction 2, bs Do 134“'3.42@/ 0.8 1171/ g 1,87 £l
‘Hone of the formerly~obtained crystalline
material wan obtained from an ethyl acetate
polution of the rosifue. Freetion 2, on analysis,
- gave the following figuress Found: €, 33,8
Hy 3.75%« The remeinder of this fraction was
redistilled under high vecuum employing a nitrogen
leak, after which the following enalysis was
obtained: Pound: ¢, 35.3¢ H, 3.853 Bry 10.9%.
No feasible structure could be found which
would correspond with these fig&r@5¢ On heating
o portion of fraction 2 under reflux in an atmog-

- phere of nitrogen for 45 minutes, no cryﬁtalline

material seporated after cooling, or on seoding
the polution with o mmall quantity of the
crygtalline naterinl obtained from ethyl aﬁeﬁaﬁe
- dn the previous preparaticn.



The arsinoline (7.4 gm.) was mixed

with conastent-boiling (48%) aguecus hydrobromic
acid (150 ml.) end glacial acetic acid (150 ml.)
and the solution heated at 120° for 5.5 hours
whilst a stream of anhydrous hydrogen bromide
(genorated by combination of slementary dbromine
and hydrogen und freed from traces of bromine

by pasoage OVer copper gauze) was passed through
the mixtures An ingoluble liquid slowly settled
at the bottom of the flask. On attompted removal
of the solvent by distillation under reduced
pressure in a stremm of nitrogen,. this liquid
~ proved steam-volatile and was therefore extracted
. with chloroform. The chloroform extract was
 washed twice with water, once with 10% aqueous
sa&&um carbonate and once agsin with water,
inally being dried over caleium chloride. The
*-@hlorcfamm wag removed by digtillation at atmos~

 pherie prossure under nitrogen and the residue

distilled under high vacium employing a nitrogen
leak. Three fractions were collected, the laet
4wo representing e negligibdle amount of mntorial:
fraction 1, be pe 5262%/0425 mmey 2.3 gmed
froction 2, bs pe 94~136%/0.25 mm.s

fraction 3, b pe 136-240°/0425 mm,

Wo crystelline material could be obtained from
the small residuc, The above fraction 1, which
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smelt strongly of 3-phenylpropyl bromide, gave
a positive tost for bromine but o negative test
" for arsenic by both the Lessaigne sodium fusion
and sodium peroxide-godiun carbonate oxidative
fupion methode. Difficulty was oxporicnced in
\ﬂbtaining an oxidation product of this fraction
by beiling with potassium permonganate under

- refluxy and it was thorefore charactorised by
conversion into 3~vhany1prepylazﬁhioeaf%araﬁeq
{sce below).

8

S=Phen 1ﬁfggglﬁimhiaagrbama%qn

(1) Ammﬂniwm &iﬁhiccgfbamata

ol Allas, Icke ond Reﬂemann,
- Orgenie Synthosess Coll., Vol. IIJ,
‘page 763 (Viley, New York, 1955).

Gogeous omnonis was passod into
965 ethenol (250 nl.) contained in a tared flack
in on ico-bath until the goin in weight was 39 gnm.
(2.3 moles)e To thip solution, still chilled

in ice, a well-cooled solution of carbon disulphide

(76 gme, 1 mole) in othor (200 ml.) wao addeds
. The flask was loosely otoppered end sllowed to
remain in the iecc-bath for 3 hours and then at
room temporature overnight. Sheaven of lemofe

~ yellow noedles of the unstable armonium dithio-
cerbomate slowly scparated. These weore filtered
at the punp, washed with ethor ond irmedistely
employed Lor tho following preporation.
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lpropyldithiocarbanote

¢.f. von Broun, Berichte, 1912, 1565.

‘The fraction of b. p. 52-62°/0.25 mm,
(1.5 gm.) from the above treatmont of l=(0=jw
‘methoxypropylphenyl)-~112s3s4-tetrehydroarainoline
with hydrobromic seid waos mixed with 10 ml. ethonol,
5 ml. wator were added, followed by 0.8 gm. {1 mol.)
ommonium dithiocarbamate. No reaction appeared
1o teke place in the cold, but ofter warming on
the water bath for 30 minutes and ﬁubaequenﬁ ’ ,
ddlution with water, an oil was precipitated which,
| ﬁn”being eooled and sﬁirzeé, rapidly polidified.
' This solid moterial was filtered off ond dried in
vpouo. Aftér two recrystallisationa (once from
petrol cther~sther and once from cyclohexane),
ond dryingdgglvaﬁuo,,the,cmg@talline matorial
melted at 76»71 + 8lgo when mixed with an suthentic
sample prepared from Bmphenylpranyl bromide as
'.abave and having the oono n. p..
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2

The selid material from the above ox-
periment was heated under reflux at reduccd
pressure in en atmosphere of nitrogen. As the
temperature of the bath rcached 60°, the presvure
_ rose due to the evolution of mothyl hromide
and when & temperature of 100° was reached, offor-
vescenee which had been very vigorous, ceased,
leaving a pale-yellow liquide This wae allowed
to cool, and, after standing overnight, was
fractionated, employing a 10 cm. fractionating
column, under reduced pressure in an atmosphere
of nitrogen. A small forerun was followed by
_the product, be pe 174=180%/11 mm., 13.4 am.,

6855 o pale yellow-liquid which crystallised on
U gtending. A sample of Be Po 176°/11 mm. analysed
as followss ‘

jﬂnalgﬁigs Pound: C, 41.13 H, 4.0%, eggﬂagﬁr
requiress 0. 39463 Hy 3475

This campound wae charactcriged ag degseribed in
part 4 belowe

3e

Cef Bliﬂk@md Gaklanﬁ, _J_ * Amem Ghezx.g. 396".'
1932, B4, 2994.

Dry piperiGine (5.1 mle, 4.3 @he, 2 mols.)
was added dropwise with gheldng to carbon disulphide
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(1.6 mley 2 gie, 1 mol.) in dyy cther (15 ml.),
the tube being kept chilled in an ice bath

in order to moderate the extremely vigorous
reaction. After ptirring for some time, the
product was filtered .and washed with dry ether,
after which 4t oublimed at 174-175°. This salt
is very much more stable than ammonium dithioe-
carbanate (see Section V, part 8 (1)) and may
safoly be used after being kept at 5° for several
weeks, Yield: 5.0 gme, 7570

Piperidine N-pentamethylenedithiocarbamate
{C.36 gm.) in dry benzenc was added with otirring
to l-bromo=-122:314~tetrahydroarsinoline {0.40 gm.,
1 mol.) also in dry benzene. The contents were
allowed to stend in = stoppered tube for 8 hours
at room temperaturc, The boenzene was allowed
to ovaporate on a boiling wntor bath and the
reddigh-brown residue dried in yvacuo. Afgor
waching with water to roemove piperidine hydrobronmide,
and again drying, the product was recryatellised
three times from acetone and dried when it hod
e Do 159“15@6»

Analyeis: Famd-s ¢, 51.0% H, 5.75;’5. elsﬂegﬂszw
requiress: O, S1.035 Hy 5475

5¢  le=(o=3=friphenylmecthoxypropylphenyl’

tetrehydroarsinoline

=1$21324~
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Attempted distillation of the above residue
unﬁer‘high‘#@euum.yieldeﬂ only a small quantity
' of distillate, be pe 81-200%/0.08 mm. The residue
" which was a hard glass, could not be obtained
erystalline, nor did vacuum cublimation apsist
- din its purification.  On attompted distiliation
at 10"3 e y approximately 4 gn. of a vigcaua,'
pale~yellow syrup were obtained, be De 205-209%/
10 ~3 ., followed by a second fraction, b. D
- 237-270%/10™ -3 ma. A portion of the first fraction
when heated in e gealed tube with methyl iodide
for one hour at 100°, yielded no methiodide,
‘Another portion of this fraction wes just covered
with water, followed by the addition of nitric
acid. When astirred =nd cooled, little reaction
appeared te oceur., It was therefore warmed, when
nitrous fumes were evolved. Cooling ond stirring
now produced a crystalline preeipitmﬁe*whi@h was
Wdﬂhed with water and dried, m. p. 143-153”.
After three recryatalliea%ions from aqueous ethanol,
the me p. wag raiesd to 155.;n156.5 o After
- drying, analysis phowed thic material to be
triph@nylearhznel. -

' ‘ requirea: 6, 87« 7, H, 6«?wo

- Another ﬁﬁrti@n\of‘fraation 1, when
poiled with an aguecous-acetone solution of hydroe
bromic acid, yielded & crystalline solid which,
after three recrystallisations from sgueous
" ethenol and boing dried, had m. p. 155.5-157°,
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The product was alse triphenylearbinoel, since

e mizture of this material with the proguct

 of M Py 155.5-156.5° obtained with nitric acid,
hod Te Pe 155.5-157.5°. Furthermore, when

mixed with an authentie gample of triphenyiearbincl
(of me Py 156-159%), the m, p. was 156-159°,
Finally, o Beilotein teeot chowed the aboencc of

~ halogen,

A porsion of the glasey residue remain-
ing from the sbove attempted distillation
{4 gue) wae boiled under reflux with 50 mle 358
(v/v) aqueous acetic acid for 20 minutes under
nitragen, After eooling, the agueous layer was
poured off from the hard gla&s which was washed
with water. This glass could not be obtained
eryetalline and it was therefore taken up in
ether, the ethercal solution was washed with
water, 10% aqueous sedium carbonate and again with
- water beforc being dried over enhydrous sodium
eulphate. After filtering, the ether was dige
tilled off under nitrogen at atmospheric pressure
when a vigeous gum remained which, on attempted
distillation under nitrogen, first with a gilicone
bath and then with a frece flsme, yleldaﬁ no
distillete., This wag almost certainly the
sroinoline oxide, sinece it geve after sulphur
dioxide~-reduction a distillable. gum which, on
treatment with phosphorus tribromide, yielded
the spiroeyclie brﬂmiﬁe (see below),
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The residue from the preparation sbhove
was extracted with chloroform (30 il.), covered
with 20 ml. 5N hydrochloric acid conteining 0.05
&0 pﬁtaasium iodide and chilled in ice whilst
sulphur dioxide was passed through the mizturs
for 1.5 hours. The chloroform layor was sep=
arated, washed once with water and dried over
.enhydrous sodium sulphate. The solvent was
removed by distillation under nitrogen at atmose
~ pheric pressure, leaving a derk-coloured, viscous
syrup. Distillation of this syrup now proved
pospible, but only if rapidly distilled with a
free flame under high wvacuum in a atreanm of
nitrogen, yiclding ca. 1 gn. of a derk, viscous .
gam, Due to lack of material, no attempt wes
nade to characterise the distillate. That it
- contained the alcohol wes shown by the fect
that with phosphorus tribromide, it yielded
" the spirocyclic bromide (see below).

. In all subsequent preparations, the
residue from the preparation of the trityl ether
which no attempt had been made t0o distil (see
part 5 sbove) wae hydrolysed to the alcohol as
follows. | - ‘
- The residue (13.3 gm.) was boilod under
' reflux 4in an stmosphere of nitrogen with 50 ml.
35¢% (v/v) equeous acetic acid for 50 ninutes.
Aftor cooling, the agueous layer was decented
and the residusl gum extracted with chloroform,
washed once with water, covered with 100 nl.

58 hydrochloric acid containing 0.2 gm. potassium
fodide and. chillod in ice whilst sulphur dioxide
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wes passed through the mixture for 2.5 hours.

The chloroforn layer was separated,'waahea enee

with water end dried over enhydrous godium _

" sulphate. The chloroform was removed by Atgtile
lation under nitrogen st atmosphoric pressure,
 the last traces being removed by warming under.

 reduced pressure., The gummy residue weighed =
12.7 gm. and contained alse the triphenylearbinol .

resulting from hydrolysis of the trityl group.

1. giﬁaﬁgeﬁhlﬁrﬁprupg%yhe y1) *m'rﬁreﬁgx;ﬁZEQSQ—
“detrshydroersinolinium chloride

‘A portion of the powdered residue fronm
the attempted distillation of l-(g~3-triphenyle
methoxypropylphenyl)=112:31d=tetrahydroarainoline
(3 ghey s€C part 5 ghove) was treated under
nitrogen with thionyl chloride (3.4 ley 5454 gm¢,
cas 5 molss) slowly added from s burette under
snhydrous conditions over 20 minutes with ice=
cooling., The mixture was heated on a boiling
water bath for 3 hours in order to complete the
reaction. The condenser was set for distillation
and the flask hested at 100° under reduced pressure
in order to remove the excess of thionyl chloride.
On cooling, a viscous gum remained which readgily
crystellised on- being rubbed with ethyl acetnte.
After washing with ether, 1.2 gm. of a creau~
coloured golid werc obtained, m. p. 147-158°,
. Aftexr four recrystallisations from othyl aeefate,
~ the product had m. p. 158-161°, Vhen éried in
o pistol at 859, the melting polnt vas lowered
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and it was evident that some decompositian

‘had occurred. Thorefore another portion of the
- product was recrystallised three times fronm,
ethyl acetate. On this oceasion, the compound
’WGB dried at room temperature under reduced
pressure, when the following analysia was Ob-
| taineds : : »

ﬁgg;zais; Founds G, 55.9% H, 4457

Por some time the identity of thig
eﬁmpouﬁd réemained a mysterya ‘The Beilstein
test showed the presence of halogen and addition
‘of agueous silver nitrate to an aqueous solution
conteining nitric ecid gave o white preeipitate
of silver chloride,  Furthermors, ch agueous
saxution,liberaﬁea picric acid fron aodium,piera%e.
This evidence led to the pH of the aquedus.
solution being tented when it wes found %o have:
@ pif of 3. An hydroxy-chloride was now suspected
on these grounds end because hydroxy~chlorides
of arsines often exhibit inotabilitys 1l=(g=3
- chloropropylphenyl)-l-hydroxy-1121314~tetrahydro~ .
arsinolinium chloride, C,gH,. 001,48, requiress
Cy 54023 Hy 5.3%  This was finaelly eonfirmed
by conversion into the corresponding highiy~
‘erystalline and stable hydvoxy-nitrate (see
below) which, by the Beilstein tect, still showed o
the presence of halogen indicative of the chloro-
propyl group but gave no precipitate of silver
helide with silver nitrate, showing that the

chloride ion had been replaceﬁ by a halogennfree
anzan_ ,
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8. lwﬁgdraxyhln(oféﬁchlarnprapx;ghﬁnyl)mla2=;~ﬁr
' tetrah;ﬂraarsmnolinaum nitrate_ ‘

The above hyﬁraxywehleride (20 mgm.)
which had been wecrystallised from ethyl acetate
three times, in agueous solution, when treated
with dilute nitric seid, immediately deposited
the crystalline and stable hydroxy-nitrate,
which, afier twe recrystallisations from water,
a drop of dilute nitric ecid being added on each
occosion to induce crystallisation, was washed
with water ond dried, m. pe 128,5-129%. The
~ Beilstein teot showed the presence of halogen but
-this was no longer ionic since an agueous solution
yieléaﬁ no pracipitate with a@ne@us pilver nitrate.

v '&Mﬁiﬁo f@uﬂdf G, 50.6; H' 5 .1%: ﬁ}laﬁglﬂq_ﬁmﬁﬂ
requmreas Cy ;O.8° H, 5 0%¢

'9_

) ,,(-irOmbmsnlsPz};4~tetrahydroaraimalinium_
io&ida (via the ehlori&e)

A pbr%ﬁba.of'the residue (3.7 £Rey pOWaET-

ed) from the attempted aistillation of the
trityl ether (see part 5 above) was treated
- with thionyl chloride (6.83 gm., cae. 5 mols.)
as described in part 7 above, but, after removal

. of the excess of thionyl chloride, the residue
wee extracted with chloroform (25 ml.), covered
~with 5N hydrochloric acid (20 ml.) containing
~ potassium iodide (approximately 0.1 gm.) and
chilled in ice whilst sulphur dioxide was passed
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through the mixture for 2 hours. The chloroform
layer was scparated and the sgueous layer extracted
onee with chloroform. The chloroform wes removed
by distillation leaving a viscous gum which could
not be obteined crystalline, That this was the
spirocyclic chloride was shown by the fact that
after trituration with other, the residual gum
was token up in hot acotone, excess of agueous
sodium iodide was eGded and the solution boiled
with charcoal and filtered. On cocling, no
orystalline material could be obteined from the
filtrate which was therefore sgain boiled with
chercoal and filtered. Cautious addition of water
to the filtrate now gave.a solid which was
collected and dried in vecuo. After reeryete-
ellisation from ethonol, this gave rise to a

, crystalliné product, .m. p,‘zé?uz?oo.with slight

- darkening. After three recrystallisations from
ethenol, the iodide was obtained as glistening
cream=~coloured plates of me pe 277-278%, aAfter
being dried it enalysed as followst o

A ﬁiﬁ? . Founds GQ 48&95 H, 4@?? I (iﬂnﬁ.e), .'28‘8‘}5@
Gy gtiagTas requiress C, 49,35 Hy 4463 I, 29.07.

10, _7z~@Aa&s irn~bis§1=2:33&wtetrahydrcgrsingliniu@_
bromide end iodide '

The product (1 gm.) obtained from the
digtillation of l«(g-3~hydroxypropylphenyl )=
1:21324~tetrohydroarsinoline (see part 6 zbove)
was treated under nitrogen and anhydrous conditions
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with ice-cocling, with phosphorus tribromide
(010 mis, 0,28 gme, 0.33 mol.) added slowly

~ from a burette ond then heated under veflux

on a boiling water bath for 1.5 hours in order
to complete the reaction. The product was
alloved to cool and triturated several times
with ether. The residue was token up in hot
ethenol, e¢xcess of an agueous ethanolic solution
of sodium iodide added end more othanol added
o give-a’alear‘solution which was then boiled
with charcoal and filtered. After cooling,

the filtrate deposited the crystalline iodide.
This was filtered off, waghed with water and dried.
After two recrystallisations from ethanol, the
me pe was 276~2T7° with darkening. On ,
admizture with the sbove (analysed) samyle

of the iodide (of me pe 477~2?&Q) the e De

wes 276-277.5% |

, - In subseguent preparations, the residue
from the preparation of the alecohol (24 gm.)
was treated os desoribed above with phosphorus
tribromide (405 ml.) added from a burette

over 20 minutes. After heating on the water
bath for 1 hour to complete the resction,. the
residue was triturated with ether, dissolved
in ¢thanol and allowed 40 cool slowly. The
erystelline bromide separated on scratching.
This was filtered off, when it yielded 4.32 gm.
of colourlesa crystals. - The filtrate, on treat-
ment with agueous~ethenolic sodium iodide,
yielded a further 1.78 gm. of the iodide. A
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-portion of the bromide, after three recrysctol-
ligations from ethanol, gave the bromide
dihydrate, Mm. e 253-254° vhen idried at room
temperature. ' -

oot Founds. C, 50.1f Hy 508 CygH,oAsBre2H,0
reguiress € 50.65 Hy 5. 7/40

| 'ﬁhen the spirocyaiie bromide was dried
at a slightly higher temperature (25° ), ‘the
bromide hemihydrate was abtained, Me Do 270~27l°

Amlx ains Feiméﬁ C. .33 9? H' 5.2;-’0 GlaﬂggA@Era%ﬁEO »
reouzresz Cy, 54.0% H, 5.3

Pinally, when ﬁriedﬁat BQO;Aﬁhe anhydrous
bromide was obtained, m, p. 270-271%, .

W‘ Fﬂuﬁaf ‘ c" 5468§l ‘H' 5052%. GlgﬂabAsBr
- reguires: O, 55033 Hy 5¢155% o

gpiro-bis-1:2:3. A vdroarainaiiniqg

Ricrate

The above bramiﬁe dihydrate in ethanolie
salution, was treated with excess of a.saturated
ethanolie golution of sodium plcrate, the
golution brought to the boil and water added
dropwise to the point of incipient turbidity.
Af%er cooling and stirring, the precipitated
picrate was collected and reerystallised four
times from ethanol. After being dried, the
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Me Do VS 102-103%,

pnolysis: Pound: C, 53.43 Hy 445 N, 8407
0243220733.&53 mqﬂiz‘eﬂﬁ 09 53‘4‘§ Hp 4.15 ND 7&8’530
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SECTION VIT: OPTICAL RESOLUTION OF ()=AS-SPIRO-
BIS-1223314~TETRAHYDROARSINOLINION
IODIDE

1. Silver (@)—;whrdmggggphor~§wsulphongme

Ammanium (+)m3ubromscamphoruawsulphunate
(cammervial product, 20 gm.) was treamted with
80 mle (4ecs 20 ml. in excess) 0.9930F hydro-
‘chloric seide The solution was brought to
the 'boil ond silver oxide (17 gme, i.c. 10 gm.
 in excess) was added and the mixture boiled
~ for 25 minutess After filtering whilst hot,
the filtrate was evaporated down 10 40 ml. and
again filtered, The Piltrate was just scidified
with dilute nitric acid and cooled, when it
gave a deposit of the crystalline silver salt.
Two further succeesive filtrations and evaporations
of the mother ligquors yielded a further quanti*y
of the product, m. p. 136-137%, dec. after ome
recrystellisation. from water. Yiclds 16 gm. (635)

2. gttemgted r@solutlon :
via the (+)uéubromoeam@hcrmsmsulghanate

The spirocyclic iodide (0.56 gm.) and
silver (+)=3~bromocamphor-8-sulphonate (0.534 gm.,
1 mol.) in ethanol (50 ml.) containing a trace
of water werc boiled together under reflux
for 5 minutes. The precipitated silver iodide
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 wae filtexed off from the hot suspension

end the alcohol distilled from the filtrate
under reduced pressure. The residual gum was
dried in yocuo when 1t partially crystallised.
On being rubbed with oither ethyl acetate or
ether, the crystalline bromocamphorsulphonate
(0442 gm.) was readily obtained, m. p. 166-183°
with slight pr@viougvﬁaftenings After one °
recrystailisation from diethyi carbonate, the
MePe VOB 191-192% ang after the sgecond and third
recryotellisations, 191-192.5° and 191.5~193°
reepectively. "

Biﬂi’ FG‘L”I&# Cy 53083 H, )u&fso 328334 BrSis
o I‘GQQLPBBQ Cg 5401; H, 5455

Troatment Ofvan‘ethanolie_aﬁlufion of the
(+)~bromocumphorsulphonate with an agueous
ethenolic solution of sodium icdide ceused
precipitation of the iodide which was recrystallised
once from ethanol. A 0,1325% soluticn in A.R. |

chloroform (4 dm. tube) gave no ‘rotation.

In another preparatior, the spirocyclic
bromide dihydrate (2.45 gm.) and silver (+)-
3~tromocanhor-8~sulphonate (2.394 gme, 1 mol.)
din ethanol (50 ml.) wore boiled together under
reflux for 15 minutes and the suspension filtered
whilst hot. The filtered silver bromide woe.
extrocted with boiling othanol and refiltered.

The solvent was removed from the combined filtrates
by distillation under reduced presscure with gentle

‘worning and thé recidual gum was triturated.
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with other, yielding 2.85 gm. (84%3) of the crude
(+)mbromocampharaulphonatea

After recnyatalliaatﬁon fron diethyl
'ketone, the m. Ps was 188-193° (2.03 gn.)e A
0.4935% solution in A.%. methanol (4 dne. tudbe)
had o 19 40,91°%, BI26 446.1°, []1° +286°,
Thisg me%erlal nov prcved toco inmqluhle for .
further recrystallisation from diethyl ketone.
It was thereforc recrystallised from ethyl methyl
ketone containing a trace of cthanol, m. ps
- 191-194° (0,93 gme)e A 0,508% solution in
~ A.l. nethancl (4 ﬂm. tube) haaolég +0 960
. Egl +45,0°, ﬂﬂx) +280%, A thira reervstallls%zen |
. fram acetone gave 0.29 gn. of material, m. p.
191-193%, A 0.487% solution in A.R. methanol
(4 dm. tube) had < 17 +0.89°, 6919 445.7°,
132 + 284°, - (Valden, Nonatshefte, 1932, 53, 301
»reegrds 1515 for (+)w3~brmmeeampheruamsulnhonie
acid in nethanol as *274 % e :

conversion to the pierato

The thrice reerystalliaed (+)~hram0w '
camphorsnlphonata in ethencl was treated with
e saturated ethonolio molution of sodium picrate.
mhe solution wes warmoed whilst water wes
couticusly added to the point of incipient
- turbidity. ulOW eooling, followed by scretching,
gave the orude picrate, m. p. 102-106° (0.177 gu.)e
After recyystallisation from ethanol, this had
me Pe 102-103° (0.127 gm.) and mixed m. p. with
an euthentic gample of the (I)~picrate, 101-103°,
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A 0.379% amlutiem in AR, chlorafarm {4 Am, tube)
“hed o(la +0,02°, the picrate thus being considered
: inuetrve.-

Recovery of the racemic iodide

The mother liguors anﬁ'polarim@terntu%e
‘solutions from the sbove work were combined,
evaporated t¢ drynoss ond the residue token up
in ethanol. To this solution, agucous @thunalie'
sodium iodide was mdded, The precipitated iodide
was eolleeted, waphed with ethanol and dried,
when it weigh&ti 1.49 gme

c.fe Leffler and Calkins, Orgenic Syntheses,
Coll. Vol. III, page 544 (Wilcy, Few |

, - Sodium wire (17.5 gme, 1.19 atoms)

wos added to a solution of netural (-)-menthol
(100 gm.) in sodium~dried toluenme (250 ml.) in
the,usual'Grignarﬁwtyp@'apparmtua@ Thoe mixture
was heated on o mantle until the tolucne began
to boil under reflux. When the sodium hed melted,
it~waa'pcwﬁere& by Vigoraua agbtirring in the
boiling tolucne for 15 hours., After cooling,

‘the excess sodium wen rapidiy filtered off, the
filtrate returned to the apparatue and warned o
- 90° (internal temperature). llonochlorosmcetic acid
(24 gme., 0.397 mol.) in,warm; dry toluene (200 ml.)
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waaAalowly.aﬂded‘with stirring, when sodium

. chloroscetate commenced to sepsrate. Tho glut-
inous puspension was boiled under reflux for 48
hours with vigorous stirrang, the solid which
sdhered to the sides of the flask bezng detached
from time t¢ time. During this period, toluene
was occasionally odded to maintein the volume

| constent. After cooling, the nmixture was tronse

ferred to o separating funnel and extracted with
three 250 ml. portions of water. Acidification
of the squeous cxtract with 51 hydrochloric acid
. gave an oil which was extracted with three 0 i
portions of bhonzene. The bongenc was rempveﬂ
by distillation and tho residue distilled under
high vacuum. The first fraction consisted
chicfly of (=)-menthol (b. pe 72-144%/0.5 mm.)
which cryﬁtallise& in the receivers The second
fraction (b. p. 146-149°/0.5 mm.) wao the acid,
obtained as a trehcly 0il, 30 e, 4&ﬁ.

4. Silvar,iw)ﬁmenthegggcetate

eaf. Hann and Vate on, g chem' Soe.,n,
| 1947, )1li

Aqueous sodium nydroxide (46 ml., 1.015N,.
-1 equiv.) was edded with stirring to (=)-monthoxy-
acetic neid (10.0 gm.)e AJR. cilver nitrate
{7493 gmey 1 mol.) in water (75 nl. ) was added,
causing immediate precipitation of the silver
palt. After stirring vigorously, the susponsion
wag filtered, end the sait dried overnight in

a vacuun oven ak 69 « 15 Gm. (100 ) of the drieﬁ
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product were obtained as a white pomder which -
earkans on exposure to light. '

A 1.019% solution of the silver salt
fn A.R. chloroforn (4 an. tube) had« ; 20 _2,25%,
E&] ~50.7°, EQ]QQ-163 « The specifac rotation
of tha silver sal% hes not previously been
recorded. After stending in the dark for 2
hours, a silver mirror wac deposited on the
walls of the polerimeter tubo.

5e Resolu%lon of the syirocxclie salt via the
(m)umanﬁhagyacetate

: Initially, atfempta were made to prepare
~ the (~)-menthoxyacotate by boiling together

equimolecular guentities . of the spirc iogide .
snd silver (~)-menthoxyncetate in. ethanol orx
agueous ethanol, but, on these occapions, the,
yield of the optically-active salt was always
low and the product waz contuningbed with dark—
- goloured impuritieu, presumebly. ¢oused by
decompogition of the silver salt, Ian subseguent
preparations, acetone was found t0 be far more
setisfactory os a solvente

The spirocyclic bromide dihydrate

(5400 gme) and silver (-)-menthoxyacetate (30759 ey
- 1 mol.) in acetone (125 ml.) were boiled together
under reflux for 30 minutes. The hot solution -
‘was filtered.ond the insoluble residue extracted
with two 20 ml. portions of boiling acetone.

. After removal of the solvents from the combined
- filtrates by gentle varming under reduced pressure,

a gun remained, Trituration with other caused
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it to exrypitnllise. The crystalline menthoxy-
acetate was filtered off and recrystallised
from diethyl ketone, when it had me pe 85-90°,
The yield of the optically-sotive salt over
geveral sueh preparationa varied from 1.0 to
243 @t

In order to tept whether resolution was
proceeding and whether an active product could
be obtained, a portion of the (-)-menthoxyacetate
was reerystallised six times from disthyl |
ketone (i.6. to constont me ps)e This materiel
was converted into the picrate as follows.
The solid menthoxyacetate was covered with esgueous
sodiun pierate, the mizture warmed and ethanolic
sodium picrate added to give a clear solution.
Vater was coutiously added dropwise to the warnm
solution to the point of incipient turbidity,
and the solution allowed %o cool slowly. The
arystalline picrato was collected and recrystallised
once from aqueous cthanol, M. P 95-97°, -

Anglysisy Found: O 53.73 Hy 4.27% Cp,fl,,Nq0qAs
requireaz Cy 5344% Hy 441%

A G.T5TS solution im A.R. chiorafor% (4 dm. tube)
nad 20 -0,74%, 2% ~24,4°, []2° ~231.8°,

Another portion of the (n)*menth0xyaeetate
zeve, after successive recrystallisations from
diethyl ketone, the fallawzng yields and melﬁing
- pointot
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onee recrystullised, 3.8 gle, Me e 85-90°;

twice recrystalliged, 2.5 ey Me De C’?.‘j-% $
 thrice reerystellised, 2.3 &8sy B Do 87-89%;

four times recryatallised, 2.0 s, Do Do 87~89 .
This material analysed ag the aihydrute when dried

- at r@am ﬁ@ﬁpet&tﬂf@ﬂ

Annlygis: Faunés Cy 63.953 H, 7+ 8% 30 10 &ﬂ,gn 20
I’Gqﬂi?ﬁﬂ - C, 64-:‘0 3; }ig 80 lﬂo

When dried at 40° the highly hygroscopic anhgdroua
(= )ﬁmﬁnthoxyacetata was obtained, mi D. £8.,5-907,

“Esi-g;z Found: €, 68,43 Hy 8435 C3GH4103A“6
‘requires: €, 68.7; Hy T7.9%. .

A 0.484% solution of the four times recrystallised
- {=)~zenthoxyecetnte dihydrata in A.B. chloroform
(4 am. tube) had « 2 -0,941°, #12% ~48.6°.

- After a L£ifth recrywtalliaatlan from
diethyl ketone, the m. p. remained unchanged, A
0.4805% solution of the dihydrate in A.R. chloroform
(4 dm. tube) hed ¥ 2% -0,921°, [42° ~48.0°,

Thege figures indicate that res&lutz&n wags cﬁmplate
after the fourth recrygtaﬁllsatibn.

.Thar(f)“iﬁﬁiﬁﬁ |

The five times recrystallised (=)-nenthoxy-
acetate (0.41 gh.) was dissolved in othenol and
excess of on’ aqueous ethanolic solution of godium
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iodide was added. iny & very amall quantity

of solid material was deposited from the goluiion
after Ghlaling in ica. Thza is in marked contrast
%o the (L)-iodide which wag only sparzngly
soluble in cold othanol, Evaporation of the
solution gave a solid residue which congisted

of the (=-)-ursonium iocdide and sodium iodide.
When the residue was dissolved in boiling wator
and filtered, the (-)~iodide was deposited from
the cooled solution as fine, colourlees needles.
Yhen dry, the ic&iﬁe weighea 0.18 gm. and had

Me e 223-223.5°,

ﬁh&lz 5igs _Faundz 49»59 H, 4 9. Glgﬂmma
reguires; ﬁ, 49 33 H, 4«: 51 du ' “

A 0.5933% solution of the i0dide in A. R. chloro-

forn (4 an. tube) hod « 2203 10,722°, (4227 .30,0°,

1) 2P*5 ~131.5%  After atending in the dark

for 34 houra, this solution had °<22 «0.712° ana

was thus completely unchanged.

The (+)-iodide

A portion of the diothyl ketone mother
iiquors from the first crystallisetion of the -
(=)~menthoxyacetate was evaporated under reduced
prescurs with gentle warming, The darkecoloured
residual pum was token upuim cthanol, beiled
with charcoal end filtered.  The warm, colourless
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ifilﬁrate, when treanted with an othanolic solution
. of sodium iodide contalning a trace of water, de-
posited when cooled and scraﬁehed,vaama colourleas
erystalline nmaterial of n. p. 276*2779,'(9 6 gmele
After three recrystalliaa%l@ns from ethanol, the
e Do wWas Talsged to 275~277 N

malxsia.a 'romm ©y 49.45 Hy 4.5, CygHyThs
‘requires: €, 49.35 Hy 4.6%. -

Vhen mixed with an authentic sample of the (I)-
jodide (of m. ps 277-278%) the m-_pg‘wag-274~278@¢
This material was therefore the racemic iodide.

The solution from which this racemic
iodide had crystallised was now rich with respect
to the (+)=iodides After evaporation, the solid
reaidue wag taken up in dbeiling wate? and filtered.
S5low cooling of the filtrate caused come cry@talline
material to separate. secompanied by the deposition
of a gumes The crysotals were filtered off, leaving
the gum on the wallp of the tube. After two
 reerystallisatidna from water (one with ehareoal)
the product was dried and h&d Me ps 223-223.5°
slone (0.20 gms) and 220~274° when mzxed with the
(»}-iodme also Of M Do 223-2?3;5 .

Anslysigs Pounds C, 43.73: H, 4.9, Cygliggliae
requires: C, 49.3% H, 4.6%

A Q, Gﬁﬁw solution in AR chlaraform (4 Gm, tubé)_
had %2l 40,796°, (921 +30.4°, B 3 sa31.2°



199
FOTE: Where values for the obsérved rotation
in the above scotion .are given to 0.001°%, mensure-
ments were tpken with a Rudolph Photoslectric
Polarimeter; «in all other cases, 2 visual instrument
was used. o |
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 SECTION VIII: SYNTHESIS OF Ag-SPEIRO~(ISOARSINDOLINE)e
11213 4-TETRAHYDROARSINOLINIU IODIDE

1.

CAﬂmq‘ira-(iaOaraindoline)~la2:3:4-%etr§ggdr -

, 2.0 Gmy le-methylel:2:3té-totrahydro=-
ersinoline and 2.54 gme (1 mol.) o=xylylene
dibromide wore stirred togcther in a flask.
Some heat was cvolved and on warming the mixture
get 40 a hard glaés. Thig wos undoubtedly
1—mathylé&~(gy%ram§bthylbanzyi)-&z233a4~te%ra*
hydroarginolinium bronide slthough it was not
erystalliced or purifiecd for characterisation.
Thip quaternary sall was heated under nitregen
under reduced pressure (13'mm.) undexr peflux,
On slowly raiging ﬁhe bath temperature, effer-
vescence comnenced ab 600. ‘becoming more rapid
aa the temperature rose 40 160°. The tenperature
was maintained at 190-200° for 1.25 hours, when
- effervescenco had ceaned.. After cooling, the
- contents hed get to a hard glass which was freecly
aoluble in hot ethanol or hot acetone, from
neither of which it was redoposited on cooling.
Addition of ether or wator to an ethanolic or
acetone solution of this gless produced o clouGe
incss and on cooling, the bromide wos deposited
as a gume A portion was triturated soveral times
with dry other and, all sitempts at obtaining the
roculting glaso oryotelline having failed, it
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was converted directly into the iodide by

adding a saturated ethanolic solution of sodiun
iodide to an ethanolic solution of the bromido.
The pale-yelloyw crystalline iodide which wos
imme&iately pracipi%aﬁ@ﬁ,'was filtered off,
washed with ethanol and dried at the pump,

when it melted at 246-252° with previous darkon.
ing from 237°% Yield: 2.0 gm., 49%. After

four recrystallisations from ethanol, the
pale-yellow erystalline iodide had ms p. 241-243“
with derkening. After drying, it gave the follow-
ing onalysis figuresst | :

Anslysis: Founds C, 48,25 Hy 4.6%. Cy.H,gTAe
requireat Cp 48413 Hy 44355

2.  As-spizo-(isosrgindoline)=1:2t3sd-~tetra
arsinolinium picrate '

| 0 & hot ethonoliec solution of the bronmide
(as o gless) was added excess of a hot, saturated

ethanolic solution of sodium picrates  On cooling,

the erystalline picrate was slowly deposited,

Thip was filtered at the pump and after five

recrystallioations from ethanol and drying, had

e Ps 153*16400 :

‘Anslysis: Founds C, 52.73 Hy 4.155 N, 7.85%.
@23142037!?3&5 requiremc, 52o6§ Hy 3.8 Hy 807



202

SECTION IX: FIRST ATTENPTED SYNTHESIS OF
_(ﬁlaﬁGwSPfﬂaﬁ(li“g@sémmETﬁgﬁYﬁRﬂu
ARS 3)e1 82833 4~ TEFRAHYDEOISO
msmmmm BROMIDE

1.

[ P g Fieser and Peehet, J,,é@er. Chen. 30@.,
1946; ?)771:

chramium trioxide (300 gm.) in 1150 ml.
water was plaoced in g S~litre flask fitted with
- Qropping funnel, sealed stirrer snd reflux con-
denser. The polution was thoroughly chilled in
an ice-bath whilst indenc (100 gm.) was slowly
added with vigorocus stirring over 40 minutes.
The flask was now immerced in ice up to the neck,
- whilst concontrated culphuric acid (750 ml,)
wan glovily added over '2+5 hours with vigorous
stirring, The mixture was doiled under reflux
for 2 hours and then immediately. fil%ere& a8
rapidly as poacsible through glass wool., After
allowing t0 stand overnight (not longer, otherwise
chremium gelts begin to soparate), the crystalline
product was filtered at the pump snd recrystallised
from hot water with decolourising charcoal,
- ylelding 87 gn. colourless crystals, m. Pe 174-176%.
(62%)4
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over 1.5 hours so that the ether boiled gently
without externcl cooling. A precipitete formed
duzring the last stages of the addition. After
voiling under reflux for 1.5 hours, the mimture
was allowed to sptand overnight. The supernatant
liguid which was opriginally reé, had nov becone
yellows, Water (100 ml,) was cautiocunly added
with etirring to the contents which were then
ctirred for 30 minutes. The cresm-coloured
suopencion was pourcd inte water (1 litre) and
iec~cold sulphuric seid (500 ml., 1 vol. seid ¢
8 volo. wator) was sdded with atirrings The
ether leyer was scparated and the agueous layer
continuously extracted with cther for § hours.
The combined ether layer and extracts were
washed once with 10% aqueoue sodium carbonate
and once with water. After being driod overnight
over anhydrous potassium cardonatey the ether
ves removed by distillation at etmospheric
prespure and the residue froetionated under re-
duced pressureo, yielding 20 gm. of & cloudy
distillate, be De 186—-185"/13 me (505%)e

”;1 cramide (from @u?whydraxyﬁ
, ethylhenzyi alcahol}

ot Andorson and Hollimane J. chmm. @ee.,
'19593 1037+ . - '

owzaﬂyaraxyethylhcnzyl alcohal (13 £Te )
and 50% {w/v) hydrogen bromide in glacial acetic




6s  A=(o-2~bromocthylbenzyl)elemothylel s 2t

hydroarsinolinium bromide

Holliman, private conmmunication .

A solution of l-mothyl-L:i2:3id4—totrahydro-
ersinoline (2 gm.) and g~2~bromoethylbenazyl
bromide (2,66 gme, 1 mol.) in A.R. acetone (25 ml,)
wag boiled under yreflux in an gtmosphere of nitro-
gen for 4 hourse. The neetone was allowed o
evaporate und the residusl gum wos dried in vacuos
This was deposited as the crystalline bromide
from acetones The dried product had ms p. 154-156°
(reported me e 155.5-156457), 2.8 gme, 605 -

gz 1aaarslnolinium brami&e

The above bramidazwas'h@atad in an atmos-

. pherae of nitrogen undor a variety of conditions
ronging from etmospheric pressure 0 high VacUWR
and from 160° to - 220° In all capes, effervescence
oecurred, leaving a residual gun which could

= not on any otcasion be obiained erystallines

ney could a ecrystalline icdide or picrate ba
obteined frun the residue.



SECTION X: SECOND ATTEPTED SYNTHESIS OF -

| | (2)=As~SPIRO~(1121314~TETRANYDRO~
ARSINOLINE )=112:3+4-PETRAHYDROISO-
ARSINOLINIUI BROIIDE

1, eaBramﬂbenaﬁlgm@thgl ether

cpfb H’@llm &ﬂd I!&nn’ ib Chﬁ}n- SGG.,
194?@ 16390

o~Bromobenzyl bromide (160 gm.) was
cautiously added %o a chilled golution of sedium _
{16 gm., 1.08 atoms) in obsoluts mothanol (450 mls Y.
The mixture nag boiled under reflux with‘vigaraus
atirring over 45 minutes. The alcohol was
dintilled off at atmospheric pressure, a rapid
stresm of alr being drawn through the mixture
to prevent serioun bumping. The sodium bromide
vhich had separated was diasolved by the addition
of water (300 ml.), when a pale~yellow oil
separated. This was removed and the equeous
layor extracted three times with amall quantities
¢f ether., The combined ether extracts and the
0il were washod once with water and dried over
snhydrous caleium chloride., The ether was distilled
off at atmosphoric pressure and the residual
golden 0il fractionated under reduced pressure.’
Almost the whole distilled at 105-110%/15.5 mm.
The rosidue and the preliminary fraction were
combined and refractionated when a further 8 gm.
distilling over the samc range of temperature -
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were obtained. Yield: 110 gm., (85.57%).

2. o-2-Hydvoxyothylbenzyl methyl ether

cefs Hﬂllim and Iann, ,é;@ ;C}lem; 70(‘.‘{9
1947, 1639,

A polution of p-bromobenzyl methyl ether
(145 gme) and ethyl bromide {26 gu., 0,33 mol.)
in sodfun~dried ether (300 ml.) was glowly added
to asctivated magnesium (35 gm., 2.02 atome)
under dry ether (100 ml.), the rate of addition
being adjusted so that gentle refiuxing was
naintained withaat external cooling., After being
boiled under reflux for 2 hours, the_@thereal
soluticn was chilled in an ice-salt freezing
.mizture whilst ethylene oxide (100 gm., 3.15 mols.)
4in dry ether (600 ml,) was added with stirring
over a perimd’of 4 hours. The gtock solution
was kept chilled throughout and added to the
dropping funnel in omall portions et a time,
The contents of the flack were stirred for 30
minutes and allowed to stand overnight at room
tomperature, Hydrolyolg was accomplished by the
eddition of dilute sulphuric acid (850 ml.,
1 vol, seid 5 9 wols. water).  The ethereal
layer was separated ond the agucous layer eztracted
. dwice with other. The combined ether layer ond
extracto were washed three times with water
end dried over anhydrous godium sulphate., The -
ether was removed by distillation at atmosphorie



pressure and the residuc fractionated under
reduced proessure. A fororun of 2«-breamcethyl
aleochol wag followed by the product, b. p.
159*16@ %/19 Ty 64 5m¢, (53%); |

!

3o Q;*Qﬂﬂhlﬁme"‘v

enzyl;m@%nyl atheg

qug Hﬂllmm ﬁnd Hm’ g:- Chenla SOG& ¥
1947, 1640,

4 solution of g~2~-hydroxyethylbenzyl
 methyl ether (32 gm.) in dry pyridine (16 @i,

1 mol.) and dry chlovoform {40 ml.) was chilled
in an ice-bath whilst thionyl chloride (23 gme,
1 mol.) was added with gtirring over 2 hours,

The mixture wap boiled under reflux for 2.5 hours.
Initielly, en oil separated and sulphur dioxide.
wos ovolved, but after 45 minutes, the solution

" hed booome ¢lear. After cooling, the chloroform

- solution was washed four times with water, once
with 1% agueocus godium hydroxide snd finally
with water beforﬁ‘baing dried over arhydrous
csleium chloride. The solvent was removed by
Giotillation at atmosphoric pressure and the
repidue fraﬁtianaﬁeﬁ’uhﬁar refuced pressure. A
fract¢9n boiling at 126-148°/21 mm., of which
most distilled at 139-141%/21 mm., wos collected.
. This, on refractionation, yielded the product,
be po 137-141%/22 mm. as o colourless liquid,
2045 gmey 6055
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& ;ﬁ{oﬁmethoﬁgﬁeﬁzylethyl)ulg2¢§a4~tetggggﬁraﬁ
' araiﬂﬁline

g=2-Chlorcethylbonzyl methyl ether

(8,7 em.) ond othyl bromide (2.6 ghe, 0.5 mol.)

in dry other (40 ml.) were slowly added to
magnesium turnings (1.7 gne,y 1.5 atoms) under
ether (20 ml.) in the usuael Grignard apparatus.
A cryctal of icdine wes added and the flask
gently wormed to initiate the reaction, the rate
of addition of the solution being adjusted o
that gentle refluxing was maintained without
external cooling. The mixture was boiled under
reflux with stirring for 2.5 hours, then cocled
and stirred whilst l~chloro-l:2:3ié—tetrahydro=
arsinoline {11.8 gm., 1.1 mols.) in dry ether
- {60 ml,)fwam slovly added. After boiling under
refilux for 2.5 hours, the mizture was coolcd and
hydrolysed by the addition with stirring of cul-
phuric acié (200 ml., 1 vol. acid : 9 vols.
- water)., The otheresl layer wag separated and the
aguocus layer extracted three times with ether,
the ethereal solution finally being weshed once
with 10% agucous sodium carbonate and once with
- vater before being dried over anhydrous calceium
chloride. The other waos removed by distillation
at atuospheric pressure and the residue frmetion-
atod undor reduced pressure coploying a nitrogen
leaks A small preliminery frection was followed
by the product, b. p, 176-179°/0,19 mm., 9.5 gn.
of a pule-yellow oil (597%). | |



tetrahxdroarﬁinalanium ieézda

Ehé above ersinoline (1 gm.) was
héileﬂ under reflux for 1 hour with excess
of methyl iodide in an atmosphere of nitrogen.
The excess of methyl iodide wap allowed to
evaporate and the residucl gum triturated with
dry ether, wheon it herdened t0 g glass. Thig
wac taken up in hot zscetone from vhich it orystal-
lised as colourless mneedles. The product wao
recryetallised four times from acetone and dried
when it hed m. pe 114-116°, |

Analyoiet Pound: G, 49,43 H, 5.55; I, 26447
Coglipg0las requirest C, 49.63 Hy 5.43 I, 26.27%,

ttempted preparation ol (3)~%§3a§iru-
f1:21318~tetrahydronraineiine )12t 334
tetrohydroiscarsineliniun bromide

6e

1-{g-nethoxybonzylethyl)~112: 3 t4=tetrahydro=-
arsinoline (4 egm.) and 50% (w/v) hydrogen bromide
in glaciol acetic acid {20 mni.) were heated
at 120° under nitrogen for 4 hours whilst a steedy
strean of hydrogen bremide preparcd by the
aection of bromine on dry tetralin (ond freecéd
from traces of bromine by passage through dry
tetralin) was passed through the solution. After
3.5 hours, two layors had neparated. The solvont
wos removed by distillation under roduced prossure
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SECTIOR XI: THL&D AT”EMPTED SYHTﬁESIS GP

. ABSTNOLINTON :anomm;

1.‘;2&?hegy1~112:3=4étatx§hydrqiad reinoline

c.fs Beeby, Gaokson and ann. de Ghem.
00.1, 1959; 19211

 The fallawing-reaetian*was carried out
in an atmosphere of nitrogen uaing the usual
Grignard-type apparatuse. ‘
A few ml., of a solution of dried ana
redistilled bromobenzene (29.0 gme, 2.2 mols.)

n dry ether (50 ml.) were added to magnesium
turnings (4.7 gnes 2.3 atoms) covered with dry
ether. The reaction was started by the addition
of a crystal of iodine and gentle warming, the
bromide solution then being ndded with stirring.
~at such & rate that gentle refluxing of the ether
wao pointained without extermal cooling, The
ethereal solution was boiled under roflux for
20 minutes, cooled in ice and & solution of
phenylarsine (13.C gm.) in dry benzene (70 ml.)
added over 10 minutes, hoat being evolved during
the addition, The mixture was doiled under “

',‘reflux for 30 miﬁuﬁea and then eooled in an

Ta ‘the solution of phenylar@inehis-
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(magnesium bromide) thus obtained (1 mol.), a
solution of p~2-bromoetlylbenzyl bromide (23.5 @ne,
1 mol.) in 4ry benzene (100 ml.) was slowly

added with stirring, heat being evolved during

the addition. The complete mixture was boiled
under reflux for 1.9 hours, cocled aond hydrolysed
by the addition of a saturated agueocus golution
of ammonium chloride (500 ml.)s The benzene
layer was separated under nitrogen, the agueous
layer extracted once with bonzene and the combined
benzane extracts washed once with water and

dried over anhydrous caleiun éhloride. The
henzene was removed by distillation and the
regidue diatilled under high vacuum in a otream
of nitrogen employing a 10 om. fractioneting
columne A& forerun of g=-2~bromoethylioluene was
followed by the product, b. p. 151-154%/0.6 mnm.,
obtained zs a cloudy liquid, 12.6 gm, 557

 2=Bromo-1:2:3tdwtetrahydroisoprginoiine

2e

2-~Fhonyl-l:2:3 t4~-Letrahydroigonrsineline
{12.6 gm.) and constant-boiling (48% w/v) |
agueous hydrobromic acid (180 ml.) were boiled
together under nitrogen under reflux for 3.5
hourz. The mixture was cooled, 4iluted with waler
and extracted twice with ether. The cthoreal
solution was washed rapidly twice with water
and dried over gnhydrous sodium gulphate. The
ether wag removed by distillation at simospheric
presoure and the residue Gigtilled under reduced
presgure in an atmogphore of nitrogen. The
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bramozsoar“inolina was obtained as the only.
' fraction, a colourless oil, b. De 173*&7&%/
12 mm.y 4.5 gme, 3650 It was charactericed
as described below;

3. Ha?entametﬂrlene~5*?~il 2;3:4-tetrahx§gg&

2«Bromo-1:2:¢3s4~tetrahydroigsoarcinoline

and piperidine Ne-pentamethylenedithiocarbamate
in ethanol were boiled together for 10 minutes
under reflux in en atmsophore of nitrogon.
after slow cooling, acratchihg gave o crystalline
. 801id which was filtered and washed with ethanol,
Mo Po 127-129°, Three recrystallisatians from

acetone raised the m. pe to 132-133°. Beeby,
 Cookason and llenn, d. Chem. Socs, 1950, 1921,
have prepared this compound from the earr@sponﬁing
animaaisoarsinalxne and report the Me Pe a8
121, snlaa@ ,

A gggsisi Poundt C, 50.73 H, 5.63 K, 4415
clEHEGﬁSQAﬁ mﬁquireaz c, 51,03 Hy 573 ﬂ, 4o 0%

4; Attempted preparation of (n)uﬁﬁnsg
- fLs2e314-totral ar@arninoline)~122:§=#~
etrggyﬂraisOarainolmnium bromide snd chloride

The fallowing reactian was carried out
under nitrogen in the uﬂual Grignardutvye
- apparatus.
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A& selution of o-bromo-3-phenylpropyl

- trityl ether (8.0 gme, 1 mol.) and dried end ..
 redistilled ethyl bromide (0.95 @hey 0.65 ml., .
0.5 mol,) in dry ether (70 ml.) wes slowly added
%o activated magnesium powder (U.66 gms, 1.6
atoms) covered with dry ether (5 ml.). The re=
action was otarted with gentle warming and the
rate of addition of the solution of the bromides
adjusted 5o that the other boiled gently with=
out external coolinge. The mixture was boiled
under reflux for 2,75 hours, then cooled ond
stirred whilst a solution of 2-bromo-1:2:3:4-
tetrahydroigoarsinoline (4.5 gmey 1 mols) in

ary benzene (50 ml.) was slowly added, After
boiling under reflux for 2,75 hours, the solution
was cooled and stirred whilst a saturated aqueous
solution of ammonjum chloride (150 ml,) was slowly
~ added.  The benzene loyer was sgeparsted, the
agueous layer exiracted with benzene, the combined
benzene extracts washed twice with water and dried
over anhydrous sodium sulphates The benzene

was removed by distillation ot atmospheric .
pressure, leaving a viscous residue (¢a. 10 gm,).

The rosidue was hydralysea and reduced

Xaetly as deseribed for the isomeric compOunﬁ
in Seetian Vi, part 6.

Se7 Gne. of the regidue from the hyaralyaia
were treated under nitrogen with phosphorus '
tribromide (0.57 ml., 1.6 gm.) as described in
‘Section VI, part 10, The residue from this treat-
 ment was insoluble in ether but could not be
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obtained crystalline from any of the common
goivents, nor did it give a solid praauetzwi%h
sodiur dodide or sodiun picrate. .

: The remainder of the vesidue from the
hydrolysis (3.9 gm.) was treated with thionyl
chloride (4.3 ml., 7.1 gn.) as described in
- Section VI, part 9. The product obiained was
an ether-ingoluble gum which solidified on
trituration with ether. After three recryste
allisations from ethyl methyl ketone, it had m. p.
176-177°. An agueous ethanolic solution gave
e white precipitate of silver chloride on treate
. ment with ailver:nitrateg '

m 1 sis: med% {3’ 57;83 H 602;&,,

 The spirocyeclic chlorxde, Gy glinClAS reauﬁrea'

G, 62 4, H; )u& :
' Another cemple, rocrystallised four timea
‘from ethyl methyl ketone, had m. pe 179-180°,

Analysis: Found: @, 67.5, H, 6.13 ionic €17,
. v )ﬁSﬁﬁ 5 6"6‘ igatﬂl Ql, 1100'%

4 further semple, sleo recrystallised
. four times frum ethyl methyl ketone, had m. p.
179a5w180” :

Anglysiss Founds €, 66.73 H, SaSg total €1, 10.95%.
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Aftor boing dried at 105°, these
figures were not significontiy altered.

yeigs Found: e,‘ﬁéuB; H, B,Bﬁg

The infra-red aﬁsorption spectrum
shovwed eignificant bands at 1600, 1263, 1199,
11764 1160, 1153, 1117, 1083, 1033, 1020, 968,
955, 934, 921, 896, 829, 863, 785 em.™* (Rujol
mll)s end et 3330, 3060, 2955, 2760, 1490, 1477,
1450, 1437, 1415, 1399, 1343, 1297, 762, 724,
and 702 ome™t (hezachlorobutadione mull)s

Dre N. Sheppard interprete the data
ag indicating the presence in the molecule of
benzene rings, monosubstituted benzene (probably
the trityl group) ond poosibly the group -OH
or water. There was no peak in the 1700 et
region, indicative of the presence of a carbonyl
Suggentions as $0 the probable gstructure
- of this compound will he found in the Discussion.
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SECTION XIXs SYNTHESIS OF (&)=1-p-CHLOROEHEN-
ACY Il ~PHENY w1524 3 $ 4=TETRAHYDRO~
ARSINOLINTUM BROMIDE

lersiniec acid

thwldichlaroaram (147 gm. , 90 ml.)
was slowly added with stirring to a warm solution
of sodium aydfox;de {118 gmey 4.5 molo.) in water
{500 ml.)s ' 3-Phenylpropyl bromide (146 gm.,
1.1 mols,) prepared es desoribed in Seetion I,
part 7, was slowly added end the mixture boiled
under veflux with stirring for 6 hours. When
cool, the mixture had formed two layers. Ether
was added and aefter shaking, thexre a@peared ‘
three immis@ible layers. These were the soﬁium_'
salt of the arsinic acid (insoluble in the
equeous layer due to the common-ion effect),
the agueous layer and the ethereal layer. After
two extractions with ether, the lower and middle
layers were diluted with water when ﬁhey.furm&d
& single layer which was acidified to Congo Red
“with coneentrated hydrochloric acide An 0il was
‘deposited which was separated by decantation '
and washed several times with water before being
dried jin vacuo. The dried oil could not be
obtained crystelline, (140 gm.). |

2, 1=Phenylel:2:3t4=-tetrehydroarsinoline (first
 meothed)




The above oily residue (140 zm.) was

added to concentrated sulphurie acid (400 ml,)
‘end the mixture heated on & boiling water bath

for 30 minutes. When cacl. the mixture wae poured
eautiously into water (2 litres) and after again
~veing cooled, was cautiously neutralised with
303 agueous -sodium hydroxide when the volume

had become approximetely 5 litres. After extraction
with four 500 nl. portions of chloroform, the. |
extract wao washed once with water and covered

with 500 ml. concentrated hydrochlorie acid and

500 ml. weter containing 1.0 gm. potassium iodide,
_pulphur dioxide then being passed for 2 hours .
through the chilled mixture. After standing

aside overnight, the chloroform layer was sep-
arated, washed rapidly with dilute sodium hydroxide
. polution, then with water and finelly dricd
'Q#er‘anhjdroua\calcium‘ahlnri&a in on atmosphere
of nitrogen overnight. . The chloroform was
dis%ilied_off,at atmospheric prespure in a current
of nitrogen, when sbout £0 ml. of a glutinous,
light red gum remained. Nﬁneh;frothing occurred

- on distillation of the residus under high vacuunm

employing e nitrogen leak, but this trouble was
largely avoided by using o free fleme in place
of a bath during the distillation. Redistillation
gave the following two fractions:
fraction 1, b. p. 136-141°2/0.17 mme, 185 amet
fraction 2, be Py 143-185°/0.17 mn., 8 gn.

Moot of the second fraction distilled
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at 1826185?/0,1?’mm.,‘and a very omall recidue
remaineﬂ@ When the whole of fraction 1 was :
treated with p~chlorophenacyl bromide as described
in this section, part 10, only 50% of the theo-
retical gquantity of lﬁpﬁchlorﬂphenacylalAphenyla

- Le213s4~tetrahydroarsinoliniun bromide wos Obe
tained and pince this product is formed in almost
quontitative ylield from a pure sample of lephenyle~
1:28324~tetrahydroarsinoline, the'actuailyielﬁ

of the pure arginoiine must have been ca. 10 gme,
representing an overall yicld (based on phenyle
dichloroargine) of 6%, u

Investigation of the by~products

In a provious preperation of the phenyl-
arpinoline by the above method (using one-sixth
of the above quentities), the three layers
obtained on the addition of ether after the
period of rofiux in the preperation of phenyl-
3-phenylpropylarsinie ascid (15 hours in this
cane) were investigated separately. :

(i) The etherecel loyer, after being washed

with water several times, was dried over celecium
chloride, the ether distilled off and the residue
distilled under reduced precsure. Only one
fraction was obtained, b. p. 120-124%/10 mm.,
undoubtedly unchanged 3-phenylpropyl bromnide.

The quantity obtsined (4.0 gm.) reprecented oncw-
sixth of the bromide uged in the reaction, but,
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allowing for tranefer losses, etc., the actual
froction is probebly somewhat higher than this.
. & residue remmined in the distilling flask
which failed %o distil even with a bath temp- -
erature of 300°% et 10 mm. This residue, whon
treated with concentrated nitric acid, evolved
heat and nitrous fumes, liberating an 0il which
could not be obtained crystalline, but gave,
‘after neutralication with sodium hydroxide
solution and treatment with a saturated agqueous.
solution of picric acid, & erystalline derivative
which, after four reerystellisations from ethanol
- and drying, bad m. pe 163°% Thic was evidently
not yet analytically pure, since the same pierate
was obimined as follows and hed a somewhat higher
me Ps The polvent was removed from a portion
of the chloroforn golution of the materisl
obtained after the sulphuric ascid cyelisation
~ but before reduction with sulphur dioxide,
- This material gave, with ethanolic piecrie seid,
a plerate; which, after two recrystallisations
from ethenol had m. p. 167-168° and 158-162°
when mixed with the picrate mentioned above.

nalyeios

Fﬁmﬁﬁ Cy 56.75 Hy 4.0% N, Te6%

. This is evidenitly e sanmple of’lsludiphenylw’

121253 t4-tetrahydroarainolinium picrate, probably
ariging from the presence of diphenylmonochloro=

~ ersine as en impurity in tho phenyldichloroarsine.
(02732207H3As'requiress Cy 560353 B, 3.8535 N, T.3%).
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(i1) The lower {equeous) layer wes anié;fioa
with concentrated hydroehloric acid when a

whitey; amorphous golid was precipidtated. &he
mizture was chilled in ice and the molid matérial
fiiﬁered off and dried at the pump, when it
weighed 5.6 gme This was ¢ ample%ely ins@luhle

in all the common nolvents and did not melt,

. 80 was evidently silicic seid formed by the sction
of the concentrated sodium hydroxide solution
on the glass apparatus useds That it did in fact

contein some of the arsinic =cid was shown by
the fact that, on treatment with concentrated
sulphuric seid and sulphur dioxide exmotly in
the manner described above, it yielded 0.7 gm.

of a liguid Qistilling at 130-136°/1.0 mm., |
almost certainly the phenyltetrahydrosrsinolinc.

(14i) The middie layer contained the whole of
the godium salt of the arainic scid; einee on
geidification with hydrochloric aeid, an oil wan
deposited whichy on being treated with concen-
trated sulphurie acid and sulpbur dicxide as
descrived in the above large-scale preparation,
yielded eventually 3.1 gm. of a pale-yellow oil,
~ be Pe 158-264%/1.5 mm.; leaving a residue (a9
obteined ahove) of some material which underwent
decomposition without distilling, This distillate
gave, on quaternisation WithJﬂgehlovcphenacyl |
bronide, the quaternary 881ty M pe ?10-&11 o
and 211~212Q when mixeﬁ with an suthontic ﬁmﬁﬁlﬁ :
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of lmp-chlorophenacyl=l~phenyl=1:213t4=tetrahydro=
arsinolinium bromide.

,araarsinqlihe {second

3. 1-Phenyl-12:334~te
method) ’

A solution of dried mnd redistilled
‘bromobenzone (13«8 gmes 1¢5 mols.) in sodium-
dried ether (50 ml,) was edded slowly under.
nitrogen to magneoium turnings (2.2 gm., 1.1
atons) with stivring in the usugl Grignard app=
aratus fitted with a nitrogen inlet. The
reaction was started by adding a crystal of
jodine and gently warming the flask and the
rate of addition of the bromide adjusted mo
that the ether boiled gently without external
cooling, The contents were boiled under reflux
- for 1.5 hours to complete the formation of phenyl-
magnesiun bromide. The ethereal solution was
decanted from the unreacted magnesiun into &
elean flagk vhich wes immediately attached to -
the opparatus used for the preparation of the
‘Grignard resgent. The flask was cooled in ice
whilst & solution of l-chloro-132:3s4-tetrahydro-
arsinoline (8.7 gm., 1 mol,) in dry ether (50 ml.)
was slowly edded with stirring over 50 minutes,
the contents then being boiled under refiux for
3 hours. The mixture was cooled in an ico~bath’
and then cautiously hydrolysed with 200 ml,
dilute sulphuric scid (1 vol. acid : 9 vols.
woter) and 100 gm. crushed ice. After dilution

LS
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with ether, the ethoreal layer was ascparatoed,
the aqucous layer extracted three times with
small portions of ether and the combined ethereal
solutions washed once with 107 aqueous godium
carbonate andéd once with water before being dried
over snhydrous, ealcium chloride in an atmosphers
of nitrogen. Throughout the extraction and
washings, a stream of nitrogen wag allowed to
impinge on the surfece of the ethercal solution
to minimise oxidaticn of the product, -The ether
was distilled off in a stroam of nitrogen ot
atmespheric pressure ané the solid residue gub-
mitted to high vacuum fractionation employing

a nitrogen leak. Except for a small forerun,
almost the whole distilled at 140-144%/0.4 mm.,
yielding o colourless oil, which, on standing,
cryatallised, 7.7 gme, 5% The come yiold

was obtained when the resction was carried out
on thrice the above quantities {(76%), b. p.
148-151°/0.95 mm,

Ao

1-Phenyl-l:2:314~totrahydroarsinoline
wae heated under reflux with excess of mothyl
- iodide under nitrogen for 30 minutos and the
“excess of mothyl iodide allowed to evaporate
spontaneously by ruaning the water out of the
reflux condengers The residual yellow oil
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vap trituratod vith dry other, Aftor come
ﬂifficulty, the product waa eventuolly obtained
f@ry@ﬁailiﬁe fram ethanol, Af%er three recryot-

' alliaaﬁi@nn from ethan@l; tha eal@urless cryutalﬁ
_dine praauet ﬁas ﬁ@i@ﬁ ena then haa m; Be
1169~166 .

w_.‘=?;xiae ?anﬂﬁs G@ Aé.ﬁ: H, 4s4. I, 30.9,.. h
"emﬁmm@ z»eq,umea: L; 46_63 Hy 4. as 1, 30.&4

. 4n’ aleoholic molution of the above
methingide was bx‘@ught %0 the 'aoia. ond. axc@gs
of o hot, Baxurated ethanalie @@lutian of
sodium pi@raxe was adéeds  Aftor being 8o aﬁiﬁe
at room temperature for 48 hours, on 01l had
-goparated from the solution. Wator was added
90 cause further precipitation of tho odl whﬁch,
24\h@ura\la$er, had: erystalliced ap £ino, yollow
needlon. Tho methopicrate was recryotalliiced
from othenol four ﬁimea end dried, after which -
it had n. ‘ps 1@5.J~m®7 &

Anols .‘ §§ Founds | Cg 53-.4559 Hy 4423 Ry Bed .
caaﬂmgv 3&.&3 m@ﬁr@ﬁ% 0, 51-.)3 H. 3s 9, Q' 84 2%,

oy

. G nuridr@gghamﬂh@qggalz?ag 4atetrgqxﬁraareinolinﬁ

A well-chilled solution of lephenyle
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1s2:3s4-totrahydroarsinoline (1 gms) in dry
chloroforn (25 ml.) was trected with a solution
of bromine in dry chloroform (6.4 mls of a pole
ution containing 9:58 gnm. bromine/100 ml. of
golutiony 1 moli)s The bromino was at once
abaorbeds The solution was sheken with excess
of a dilute golution of ammonia after vwhich the
chloroform solution was evaporated to dryness
over a woter bath, laaving a browmy gunny repidue
‘which was drded in Yacuo. A portion of the
gumg which eontained tha Wﬁr@x&d& of tho
arsinoline; was token up in hot dilute nitrie
acid in an gttempt O form the hyamxy-nitrata
of the arsinoline but crystsllisetion could not
- be effocted, nor could the hydroxy-nitrate be
obtained by the ususl mothod of addition of

S mmmtmw&mm@ acid to the moistened

 arsinoliney in cach cane an oil or gum being
awaimawhmh eould not be induced to ¢rystalliss.
The remainder of the gummy residue wso taken

up in hot wator and a ceturated agueous solution
of pieric scid nGdeds - This produced an emulsion
f£xon which the hyﬁrozya-pi@rate gradually seps.
m%eﬁ as ezwatmmeg yéllnw platea; aﬁzer

Ima T De 113.5*115"

Analypict. F@Rﬁﬁﬂ 35 49,*5@ H, 3663 H; 302""46 :
' mﬁlaasn'yﬁs mﬂﬁm@@ Cy 48%9? ﬁ. Btgf NQ 842506




A ©ooled solution of lephenyle~1328334w
totrahydroorsinoline (1 gns) in dry chloroform
(22 mls) was treated dropwise with o solution
- of br@mm in emammm (548 ml, of o solution
eomaining 10452 gme ‘ammme/ma mls of mmtiam
1 mols)s The bromine was at once abaarbaﬁ wiﬁh
the f@mﬁion af the arsinoline aibmmiam A
atmeﬁn of ar.v hyﬁmgen sulphide was passed ime
the chilled aamtiem for 35 minutes after wh:lah
‘the a@lutim was ﬂlwreﬂ to remove traces of
sulphur, the i‘s_l*tmw then being evaparateﬁ on
the water hatho The mamual 0il, after being
amea v taken up dn various solvents from
none of whieh czwat&nma material could be
obtaineds The .ethanolic solution ‘hady after
a*ﬁanﬂing in rfm apen tube far some Yime; aepaaitea
pome gum torial whichy after oix weelks at
roon 'Bempemm ylelded o emall quantity of
erys‘ealnne materials The above pmpmﬁm wae
repeated and the vmez.e of the oil obtained taken
up in othanols This smlution gave the cwstanm@
aulphide anlz; after being soeded mth a asttal
fm She former prepmtim. Aﬂ;er fcmz- POw
chwatmmm:iam fram e*thamﬂ., the wlmarieas
cryﬂtali.ine pmdue% vas ﬁriad mﬁ haa Me Pv
'1@3a 5*10

*
v

An 5.%3? Poumic G. 59623 ﬁ; 9123 8. 1&@5%. -
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4. Judofing end Redd, g Amors Chom. Sooes

1920@ g__, 10435

. In & twa 1&@]“ Baneekeﬂ flask fitted an
ugus)l for a Friedol«Crafts roactiony was pleoced
driod and redietillcd ohlorobenzene (102 misy
112 gmes 1«mﬁli)' dried and redietilled carben
- 4isulphide (400 nls) and powdsyed ﬂnhyﬂrnus
eluminiun chloride {300 gme)e The mizture wes
- gtirred an& heated on the water bath unti& |
mﬁ ing of the contonts @men@aﬁ. Rodietilled
sootic anhydride (95 mlsy 202 gmay 1 mols) was
then clovly added with stirring over 1 hours
Gentle refiuzing of the nan&anta was maintained
furing the addition of the anhydrido and the
mixture was Yoiled under yeflux for onc hour there~
- aft@jrg EW% m" m carbor disulphide wao Qioe
the raan%ian.mﬁxffjf wan poured cautiously onto
a mizture of 1 kgms iae ond 600 ml. concentrated
hydr@ehl@rﬁ@ acids Tho residuc in the flask was
&ecam@osaﬂ with fec and concontrated hydrochloric
a@i@ and added to the main products The mizture
was extractod with bonzene (700 ml.) in three
v;itii@ns. the benzene layer wao weshed once with
water, once with 1@% aquedus sedium hydroxide ond
twice again w&thhwa$er‘befwr@ being dried over

anhyd

droun calcium ¢hloridss The bonzene wan
dintilled off at aﬁm@apheria presoure snd the
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maiaue disrillod under reduced pmm ures A

. yery small f@rerun‘wae followed by the gr@ﬁuaﬁc
be Ps 114-126%22 mmey yiclding 120 gns of a
golourlens liquid (78%).

9+ p=Chioropher bromide

¢sfs Judofind i@iﬁ Roddg gi » Chems
. 1‘92’33 42y 1043«

‘ A smlutﬁm of pwchloproacetophanone
{118 oms) in glaciol acetie accdd (240 ml.) was
treated . (with @ta:f:_f*« @m& mﬁex- :‘,,j yaro
ditions) with bromiy
added over one houry the intemal ‘!;mpemtum
boing kept bolow 20°%. fhe prehlorophenacyl bromide
eamameﬁ +0 separate during the additions
 The flosk wes ollowed to stand at room temgeram
for a haurm then cooled in fcos The proguct
was filtered at the pump anG washed with 50%
agquoous ethamh Aftor beﬂng dried, the product

£ othanol ond dried, yioldw
' urleon eryotalas The meﬁsher
liguors fumﬂhe& 8 further 4 gns  The total
@viém was 485, m pe 96=97° (roportod m. P 9645%)e

A solution of lephonylels2:3sd=tetrahytroe
arginoline (2 gmey 1 mols). and pe-chlorophenacyl
bromide (1473 gmey 1 mols) in 4xy bonzeno (10 ml.)
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wae boilea under reflux for onc hour in an
atmosphere of m.mag@m The mizture had
seporated into tnb layors after two minutos.

On coolings the lower leyor solidificd to e
glaozé The bengeno was decented and tho remaind
‘removed by drying in yeouos The glase vas
‘erystelliced as tron pwen% ple,eem from ethanole
In subsequent prepamtﬂ.mm the product. waa
obtained erystalline from the reaction nixture,
The yield ds qmtitaﬁivag Aftor two memsﬁw
anisaﬁzms from ethanol ana. being dried, the
bmmme mﬁ me ps 210w211% .

A si"'z ?@mﬁe i‘.', 9%9# H’; 3,9 Em E.Sa#?&l : N

- Rapid voztmmé m:slysm of am&@ Tﬁmmi&a*(w@
aifferont oamplen): Pounds Bry 15498 15.95F

in ohloroform (20 ml.) was ahﬁ:en nine times |
with 20 mls portions of o saturated agueous sole
ution of sodium pieorates The agucous leyer
became turbid eftor the second Cextractiony but

1o solid materdsl seporated £rom this laysve
Aftey s%an&m.g for 5 dams; no polid matoried.
 had peparatod from the combined sodium pizsm%e
oxtractos The chloroform wos oveporated from
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the eombined chioroform aoluﬁiana when a8 geIIQWa
ol punmy residue romnined, This was thoroughl;
dried in vacuo vhen 4% cryetalliceds A portion
of this picrate was reeryotallised from ethanol
and then token up in hot acetone. T0 this
golution, en esgueous acotone solution of
potapoiun 104id¢ wao addods After octanding ot .
 roonm temperature for 15 minutes, some fine,
yollow neodlos had been doposited from the
golution, Thene appoared to be tho unchanged
pierates After s further 20 hours, large plotes
of colourdoes orystals had aleo separated from
the solutions The mixzture of orystals was
filtered off ot the pump and after beling. 6riaﬂ.
the e tyges of cryatol were aeijv“tea By .
ﬁaﬁdpiékingm The c¢olourleas plates, aofter two
reamwetall&ﬁaxiana fron ethanol, followed by
waohing to ronove the picraté on gach oconcion,
wero dried and thon had me s 150-:16?*’,‘

”5'”iﬂt Fbunﬂs Ge 53089 Hy 4408 ﬁs 22‘5%“ |
r dres: Oy 5042 Hy 3485 I, 23.0%

o
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GRCTIN SIZTIs ARTIITTOD 9PZICAL RUCOLUTION OF
s- !-nl.p.C, LOROPHENACY Tl e PH Y T
22 314-TETRAIY RO ARSTUOL I ILM

B0 TIDT,

l. Attempted regolution via the (+)=comphore
1d=gulhon:.te

The dromide (3.0 gn.) and oilver
(4 )=comphor=10=culphonate (272 £ey 1 mol.)
in agucoun ethanol (4 vols, cthanol 3 1 vol,
wutery 50 nl, ) were boiled togethor under reflux
for 15 minutes, the suspension filtered vhilst
hot and the filtrate reduced in volume by evape
oration on the water bath, the last truces of
oolvent being removed in wvacuo at room temperature.
The (+)-camphor-l0=gulnhonate formed a cryctalline
messy e Do 172-184° contaminated with o emall
quantity of cpunmy material, 2.5 M., 64 .

This material was recrystallised from
agueous cthanol, the product, after successive
recrystallisations, having the following ne. pe.
und rotation figures:
first recrystallisction, 20 +0.32°, K957 415,7°,

[129 +103° (.51 solution in ethonol, °4 an.
tube).
second recrystallisation, me pe 175=178°,

« 32 40.31°, B2? 415.3°%, (139 4190° (n.505;
fxolut:lon in ethu.nol, 4 dme tudbe)s
third recrystallisation, n. pe 179-181°;
- fourth recryotallisation, m. p. 178=180°,
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19 +0431°, (9@51@" esalution in mmm @ dne
m‘beh ,
After o £ifth mcz@ﬁaﬂa@aﬁim fmm aquema
metana; the z. ps wag ,18.1-1839 |

nalysies Tounds:. 0, 60«75 Hy S.éw&w ﬁ33H3565618M
| mquims: Cy 60455 Hy sasfi’»a

. The four times recrystalliced matorial

{046 m) in hot watory ves trented with exocens
of a satus a%eﬁ aqueoua solution of sodiun @iﬁra‘tea
- After one haur, ‘the orystellihe picrate wag
filtered afﬁ, washed with water and dried, Be Ps
128«162% 4 0,514% solution $n acotone had

%a +0405°% After recrystallication from
~ethanoly the piemte had Fis Do 1-29&1390@

~f~»:i;ai, t E‘aundt Gg Sssﬁe H, 3,6g i‘:, 5a4§%

A 04508% solution in acetone '(4 ‘s WM) vag
complotely inactivo and the above eamp@una was
thevefore ﬁm racmir.; plorates '

 The maimiﬁn&wn 'bmmiae t h.c&a gm.)
ama eilver (+)e3-bromocamphorsBesulphonate
(081 gmey L mols) 4n aqueous ethanol {4 voles
ethanol & 1 vol, watérs 15 mls) were boiled
together under yeflux for 15 minutoos, tho hot




solution filtered und the filtrate evaporuted
ond finally dried in vucuoe The gummy recidue
wus obtuined cryotulline fiom cthiyl aucetute,
T De 132=195° with some provious cofteninge.
After successive recryctallisations fronm ecthunol,
the following me pe ond rotution figureo wore
recorded:
firot recryotallisction, D. pe 182-185° with
previous softenings u>18 1076°, [#315 3 +43.75°,
[,]1 5 4+321°, (- .36?r“ solution in A.0. methunol,
2 dnm. tube)s
pecond recryotulliountion, me De 187-191° with
slight previous softeningg < lb W.72° Eglﬁ +406., 6°
(] 10 ,342°, (5.7725, . solution in i.Re mcthdnol.
2 dm. tube)s
fourth recrystullication, me pe 261° with cffor-
veocences *-gj +0.42%, Eggo +94°. [".]%G +690°,
(244450. solution in A.R. nethanol, 1 dm. tubdbe),
After o fifth recrystcllisction, the ., pe had
f.llen to 153-191°% cnd the mutorial wuo now
eviggntly depositﬁd a8 a partigl raccnate,
o 2 4n,56°, EIZ 455°, []5° +424°, (1.015.
solution in A.ll. methanol, 1 dae tube)e. (“.alden,
Conutshefte, 1932, 53, 30, records [":J.D for
(+)=3=bronocomphor=G=sulphonic ucid in nethunol
a3 *2740)0

vvhen an uwttenpt woeo nmoade to repeut the
recolution fron a freshly-prepered sample of the
optically uctive oult, the me pe Wuo not cige
nificuntly chunged after succecsive rocrystullisctiono
fron ethunol, the siz-times recrystelliced

naterial having me pe 184=-135% Difficulty




236
was oxpérichced in obtaining an enslytically
pure somple of this material, probably bocause
it now crystellised From othonol only with 4iffie
culty after long stonding oo largo, and thore=
fove probably chemically-impures exyotals, The

| - cbove sizx-tines recryctallised meterisl, after

a further three mewaﬁmﬁimﬁmﬁ from ethonel,
‘hod @y pe 134»5—-135*’ |

. ‘jaﬁ.m P@m@a -'@;"54.9'3 ﬁ, ?‘}as < G33&35 pﬂmrsma
:‘reaiaimsz’s f’g 54.03 Hy 448%s

Att@mpts wers maée 40 finﬁ an elternative
solvent for veeryotallisation, but these met wﬁ.%h
- no guccesss . In view of those rosults, atteuptod
resoiution yip the (+)~bmmaaampharm1pmmte IR
%ﬁmﬂﬁ@ﬁéﬁ. :

m*ata‘%e

~ %he wrsimal indum bmmiﬂa { 1.00 gza-)
and silvor (m)«m@nﬁmwamtate (04638 gmey 1 mc;l.)
in o pizture of 25 ml, ethanol and 40 ml. wator
were boiled tomether under weflux for 20 minutes.
The mﬁpemsmn wos £iltered vhilet hot end the
£iltrate roduced in volume on the water bath araﬁ “
the residue finoily dricd S.n Yocuos The residuo
was triturated with sthery a small qumﬁty af
erystoiline a@lm wes amained together with &
larger quantity of dorkecoloureds octhor-soluble
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oil. After one recrystallisation £rom sgueous
ethanol, m cryntalline matericl hal m, ps
185-186°%, raiged to 187-187,5° after three |
further recrys*%allisati@m from aaueoun e%mml;

Ax ngﬂiﬂz me&i '+ 55.6); By 449% Tho (_)_
mmh@zyaeemte. cspﬁﬁaﬂ&alﬂﬂg roquires: €, 56.9-
Hy 6«.65?. :

_ The above pmﬁaarmiun was repeated by
boiling togethor 4£.00 gme of the bromide and 2,57 gm.

of the silvor salt in 250 mils 957 ethanol for 30
minutess After Boing worked up ce belore s tho

: aarka-c@lama ropidue vas tokon up in diethyl

' mmm frov vhich only 036 gms of eryotalline
material wao obtained, me. ps 181-183°% Aftor
three rocryetallisntions from othanol, the m. P
wes raised to 184.5«185%, Dvaporation of the
diethyl ketone from the filtrate from the Pirst
recrystelilisation 1@:&"% an ethoer=goluble m&éimh
oil as befuree ' :

4 nim ,Fom&s -Q;"SB.}%H, 4355

Thic wos evidéntly the pamo compound that woo
obteined in the former preparation, but not the
required optically~-active calte The Boilstoin .
toat chowed tho prosence of halogoh. '
Atterpts wore made %o employ milder
conditions in order to aveid the partial doe
comporition which had ovidontly deconponied the
preovious preporations. The bromide (050 ome)
and silver salt {0.319 gmey 1 mod.) dn 30 ml.



5053 aquetus: avetone were ghaken ﬂ‘&@g@%h@r‘ et

room temperature for 3+5 hours, then allowed

o atanﬂ overnight, warned and fil‘tsemé. The
solvent was womoved by gentle worming under ree

, ﬁuc@é‘i pressurey o hord glsss rempinings A ,_

olution of the glaecs in peotone gaves on stmﬁing,

&e@mm of e*wm%llim mm‘be&ial. Thin was

fil%em@ off, washod with acetone and ﬁm@a,

@e pe 187-288%, After three reeryotallisations
from aguecus eﬁih@m@lg the me. pe. W00 1@8—-19@ .

% Bg F@Uﬁﬁ% Q@ ﬁﬁmég Hg 41‘.9#’1 .

| Theso vesults, for which no explanation eould
be found, cousel tho attempted resolution vig
 the {xa- Jementhoxyascetate to be @B&Eé@?@%&@

e% A% wzam%e& remhﬁi@g via th@:;;_r;};,;“?’..-~" phenyl
| ¥hyiphthal v-»'"aa%& |

*Bm Tammi@e (3;00 gmo} and pilvey

| (ﬁ»)-1a§-;;3hénylvthylﬁizthalamaﬁa {181 gmey 1 mols)
in 50% egueous ethomol wepe boiled together

for 15 minutes under mﬁuxe The hot mspenamn

. wes filtered and the solvent removed from the

filtrate by distilletion under refuced pressures
The wresifuey ufter drying in Vacuo, was a cleor
_ a%hemsaluble gum which voe very a@mme in all
" the common @51@ golvente and ewm not be @%s«n-

- tained eﬁyammm@.
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