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| m@wy @f ‘&hﬁ mmaa giwn m heﬂwm-
'a;mm@ ﬁariva%ivea of arsenic are pelf-cxplanstory
‘ﬂn %haﬁ they are ada@tﬂ%ianﬁ of the nomes

'.aamgaw@as» For e = ‘:_3&_@;; “the compounds (I)
‘and {II) are named as 1%@%3%1:3&334%%W~-
wamamﬁmlmfa mﬁ .?Mne*t;wl»la achéufk@twﬁwam»
Jieaamimmgw m@peatiwly; by mmlﬁ wim

the corresponding nitrogen- jnin
- 1ﬁMﬁthyl~1$2=35ﬁ'fﬁtrnhwﬁramaﬁnaiine and 2emethyd-

1%2:3!4~$ﬁﬁr@hyﬁrq§ggquxnaiﬁnau

nampaunﬁsg




)
| hsrﬁmamimlﬁ.m exﬁ&a ( Viix } " and Lemethyle |

Same ehzmiats me;fw 0 @mglay on
aﬁapwtim ﬁf‘ the gmmraﬂy-weepm& ﬁrivm
- hgme for “.!:hé mtagam garbo X

z:itmgen contaiy ing aye G

hetemamlm ,»" of '8

thepe ﬁa@ﬁm +he ;smm ”ma:»‘* ‘i’s | g;me

mﬂmya&; maiaa:&:&ng that 2 mﬂaﬁn, fmmaz; or
miwogﬁn atonm hos  ‘been z'eplaeaa by an evsenie

| atons  ;f 'f :’_‘.j“@ ﬁm« ammalf-‘:e (Z) coudd be
meei en makaﬁmlmé on %&e ma;g $hat
k:aimmna ig %he tri.vial nome mr 1~mam1~

, 1@23311&*‘%&4 hydrogu
‘ zmalagne. Sinilaxlyy %;im &mp&mﬁ (%} 4s

) iolma, %ha nitrogen

0T lz; referred to as ?mmwhglmgwamammﬂ
by analogy with the corresponding hyarocarbon,
finorene, |
















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
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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-
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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




































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 (=)-




























































































































































































































































































































































































































































