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·~. ~ mutt~J'e ~ain~ to. tht$ pro'bltml• 

~ the t"QmW pe~oa, U. 4\ithoJr held the 

. pot:,ri rOf lunior .r.,eotu.Jte!." in the· :Dep~sat of 
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t..\ese oe..sel!J1 . ~~~ '"tlz "etr8~*' ·ts sen•~t 
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INTRODUCTION 



A l~ge ~:t of 'WOrk •bas 'been e~ei 

0\lt on th~ atttm_pted. t'esoJ.ution ot que;~e~ 
s.elte. ct phtspbows anll $rSmlio posseestns 

atoms ot these eJAmwte e.e the ~etrtc 

Qtmtre,. f)n th• basts· o~ a tet~e~al oont1,­

Ul"at1® for tlu~ ato• of ~he G~ Vb elemtmta 

wh:t»\ 4-:c.ovatent, tnreo iclaeses f>f optioQll.r'• 

acttve or~o · oompo\Uidta oont&ic.1.ng these . 

el•rmta are pO$B1bl.e •. ·these a1re the O-'~:ide 

,(or sul.ph14e) of th& te"ta~7 amiae, phomphine 

or arsine o1 ·trpQ abcQO (oll't abcQS }, (Q ;:a lf.t P 

o1: A$) r a. quatemS%7 tal't o:t tJ"»O .abQdQ •x"""s 
ed n epil'Oorol·to salt poseeesifts n'J.Olecul.ar! 

¢t.se~et..,, 

Up to 1tte present ttme (Ausus1J; 195llh 

m. te;rt,iB%7 amine oxide ht.Ull been "eolvea by 
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lfei;ellheime.r2 who.~haa also :resolVEJ4 a lifhosphtne 

ox1,de mleoeemlarl.~ • qu.ttte~ .e.mmOJU.• e~t 
. ' 

bas been r~solve4 b7 l'opo $\t't P$ache74 --me" 

recentlr a q'QetGrAa1'7 phosphoniua an4 a \t11a1~ 

~ol\!Um sf.\lt bV Bo11imM and ~s,cs, Spiro­

CJ'Oltc s~ts of aU 'hese element~ (•¢ept 

au:ttm9AJ' ~4 b1Fim~Uth) have n01t stloceusfUl!¥ 

be$'n rsso1ve4 7•6·•'~ i!aall71 the "eolatlou. 

of a tetrtlat7 thosphirto wlph$4~ ba$- b$en 

acc-11ehe4,b7 »av:t's e,n4. ~lo al'ld $11. arsine 

ettlphid$ b~ 11118 and Bapt\t'u. f.Gl?tteq ~a 
au.l;ph14e; are $PPa1rent~J untmowa. whilat the 

oonaieter~rt t•11urt of attapta to r,esolve a 
"'ert1i'..l1!\i!rr e·w'tl;.;i""'• ,.....,,!! AA ,....,;ft. - 'L.- M!'li'l~tnl :!ned . . ~.- -- '-fl . ~Q ""'""' v~"'w ~· e U:oo;>9U ¥'" .. .V- a ·- - M 

, poaaib:qr du• to t~ qonverston. [aboAsQH]X 
' ' ~ 

-~~ -a.bc-AsO ~ the t;~elen-t dibwdrold.4t 

aboAG(QHJ2 whieltt mau f:»OSS~$8 .#$ pl.atle ()f $YJmnGtl:7·f 

th1,s o~ve)!'e1pn occurr:Utg ,aft~ ~o-val of tb.e 

nsol.vinS aeen-t,. IQ q;•a.tGX\1.tU'f Gt1bordum 

salts 1\&ve a.:P~t1y been reeo1ve4~ fhe 

stel:'"eoohemis'b.'7. ot .h..,;·erooucltc aenvattvep of' 

the Grgu.p Vb QlmnW~.ts haa thWJ be-~n JJJ.ace4 on 



a tJ.a.tootAng and th~·mu:ees~ rQeolutiott 

of tll$ $\lOve-mentioned 'tVJ.?.GG ot tter1.va"l:tve 

· bas m.o~it ·tb;at oone1(lerab1e if.mPltOl:!'t to o'ther 

. p~stod· a~a ohemteal ev14tnoe which m4ioa1t~c 

u te~edral o~tl(1ratton ffor 'th\1 4-oov$lent 

Qtom,e ot· these el$Ae,nt~ has·~·~~vea·,· 

~·the·.~liea.t att~ta ~eat 

. 'the P"»a.rat1on ·ana ·~aolutton ot ·rjtm$e~ 
~onium a~tB Wlle~e: 11 was hfp$4 optical 
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aotiv! t7· wau.14 b$ abown. to be .due· to _,. ~otl'io 

a.rsenlo a11a·W$Q·.·. the ·1'1ork c.tt.'wi~.u13:·u 
1912.11 seve1ral ohemta-ta had· ;p:reviousq. invest.· · 

~ . - . 

· .1gated the reeolutlon of qutetD~ ~02'.V!um · 

aal:ts _posaeseins an· ·a~tt#ri.O nt-osen ·at~ 
1hue ~G)&· · ~ Pea"'1tt:114. 'btt.4 1ft :1899 sucoesstunr · 
> 

. a.ecom)ltsb;e(l the "~oltttlon ·.of ~lbonztl-

ae<tbrlphonwl~um toli.tte ( I)• 

t 

Pb(PllOB2) (M$) (H!O=OHOH2 )if*. t-· 

' (!) 
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ot (I) bu-t.· attempte4 ~esolu'tion V.A the · (+.)i!* 

catttphorsulphona1o .$1.~ .(+}...:b~mocam,-phorrml»honat• 

fa11a4. 111ant .airtell~tea ~olu.ttons of .stmn~ 

~eontwa and ph('l;tnl~ontum ·salta o~ot out et 

· th,t,s. -e !1a4 N$u.l1;&ii ·. tn. ~ail'are an4 aQ!l$ 

chemists ·se~d on the ver~ ot oonolu411'1B that 

. ~onto and: pho~phome do not ~ction .as 

·cutres of' op·tioal ac-tl:ov$:t7 1n quat¢ma.~r~r' ae;l:te. 

F~te1J,.. ~s aui mume;-4 saw 'tbe 

neoese:l:'by fo~ 1fie.stbg ttlffereut. types of' 

a~&~o .ar$enlo compo'llli4J:J., , In v!ew of 

Ma1a~1mer's ,su.oc"c;e-M resolution of k~line 

oxt4e ( ll >1'., 1BlU'l"'WS au4 f't.tmer prepal'eii the 

.$ol1.d ..,.sine:w. me~l-.ruaphth$1:phe.q:J..arstne 

( Iti )., 'but at·-tempte4 raso.l~tton o£ ·the ex14e 
~ ' 

J'!Q. th$ (+ l•bromoc.~ho~sulphonate was not 

suooesstu.1 •. 



U11.1Wl.te1r, a. quat~~ arsontum a$lt• 

benarimetbfl•l-nQhthr1pnen.Jlarsoniu.m. bzoomide· 

(xv, X~ ~),t \Vee ,preparea, ani, ne~qtst.a.Ut&$'t1on 

ot th~ (+ ) .. ~omoca.mphOnNlpltonat• fOUOW$4 b1 

conve~,sitm. to tb;e ;10dtde pVfl a p;r<)duot w11ih a 

tleetias Rta"t1on, ·the .l'd.pe~t 2:"0Qoried value 

beiu• [BJ n +la0 ,, 

· ~ 16 prep»iU'ed the q\\ate~ a:raqnium 

se.:tt, ~rlt;th31-~pro»ul-.a-tol.Yla.rsoniwn. io4t4o. 

(V)., CnsiPaUiea:t!LOtl of the ( + )....;bromocamphor-
' 

$lllph()l)Ste seve. ~e ,trao-t1011S1 'two of whioh 

were ~p,ioal.l.J macttv~, the ~ un4~)tgoins 

np'd ~emi3at1a (as uperieaoe~ b:f lhu'r.ows .eAd 

~e")-. fh~ .bisb•st molecular ro'ta.ti.on ·o'btJewea. 

h~e Wa$ [m] D +45°~ 

(V) 

At this :st:ese.. the ,ta.i1~ ot Po»e and 

Gibdn11 to resolve the q\la~&ft'UU7 llhcaphontum 



. seJ.;tts,. benqlmet£.cy-:1phonyl1-ta).tlphoapl'lollium . 
. , ' 

:torli4e {VI1. R -= .. cu;~h), and aU¥:1met~1phen1'1-

.»:"to~lphosphmiiwa 1.odtdn (Vi, 11.~. ~2cH=oH2 }., 
, ' • I f' 

Me, ,..Ph 
"'P. ., ·z.'*" 

n,,....+"O($B4.tfdl (a-·) 

. (Vl) 

:e~sta.Ui:sation of ·three .. 43-ft:erent opti.Qallu• 

· ect1ve ·salt$ ooula, not be. $ffe~ted, and. in the 

seoon« case; oeystalUtatilJ» of 'he ( +)-bronlo­

oamphorsulphonate .a~vo t~q fractions e>t 
$4ent:t..col molecultW' ~a.t1on,: 

Detore _1~3:• no q;ua.te~ pho~phontwn 

~~ o:t tY,pe abedi+ x•· had. been, ~esol.ve« and 

in the cone o.t ·qutlt~~ ~ontum. salts 

(.;r.v,. x. ~ I) .and (vJ. ~14 -oem.leat:ton had iJJ. 

each ease taken place~ An mrpl--.tton of the 

raeem1sa:fiio.~ .., heno·e optical tnstabil1ty o:f 

these quateman ar®nium. o811!s wns S-0ttsht• 

Compa.r~bl.e dtftioul ties hatS not becm 

enco®tored .ta. tihe .resolution oz quat~mel7 



ammonium salts. Ho'Vllevar, it waa gen~~al17 

~cepttd 'the.t the q~ate.~ ~onlnm $Ulpba'ties 

~0 nitrat~s .cont~h& &a,7rM'ltrt.rto ni t~6Ml 

atou een m.oR'J optically etabl.s t'ben ·th~ 

gGrr.espondlns tod1tlea ,_a thG.t the tatt$~ 

we:r4ii ,an1oul.a.r.lr e~#·(l)Ct to tatunni•at1on in. 

ohlo~o• ;so.lu~1~~ 

'DJ>~. . ·, f1 t".f .... ~o. ·· 18 f··.· A •b_ ... ·beta th. ¥vH .ea .. ~-,or O'f:.Ulq "* a. w:·. · ...... ·~. 

( •·l•if'l0tt1er .Of 1he anuncmtum 1odtde (I) was 
d:i~s,lve« 1n: eblorofo~1 :tt un4:enent .:rapid 

rao~rnsa;tt.on,, ~;v ~ated that this 
. . , 

mie;ht bG 4\\t~ to "the tlpiere.tion of a 41"ociatlc:m 

,$qut::u~-iu.m of th~ t;n>e 

· abedl+ x•· ==r aw • ax, 
O.n 4e.oow.pos1 t!on ot t'he salt, ben871 

iOiidE~· 1$ prt~4\l00Q 8·0 that the oieeoola,.to.n. 

eq~ilt•tum ooutt b~ ~P~trlcm.te<t e.s 

Pb0ll:t•lf(Ph)(e3H,')(OB3 )l ~ fm,;N(l?~l(a3a,) + Phtm2Ifi 

Wedekina $1& v<m. Hf!lbanl9 •. 20, 21, 22 h$ve 

eubsequ<entlv contin!ltli tMs·new~ 

Xt ia 110tewo~ 'bhe.'t of 'tbe sis· 

que:tt;tm~ amorJta, pho.opbo:nttttn anti areoni'WA 

;alto nt(mt'ioned, who:$e ~eaolu'tion has 'been 
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attemptea.., ta.vo con:tain~d a bM$fl. arol!P 

attaohed t.o ·the central' atom, al\4 tbe ~ing 

one an allrl pou.p¥ Sn,4er ani 5JtJott23 have 

· shown 1ih6t •. wtl~~ the: in:tluenoe of heat, 

benq1411ne~lphet~V1ammoniu.m ~·oo~te 

41ssoct.~teo to Umett~l$nlline and 'be:na,-1 

thioe,._atet Sim1~~ •. on ~voetisetion 

of othe3r quatemUlW ~dum· sol til•· the tac't 

~X'S$d that ~1 · .-ollpa m1N. ri1Wqt1 pr~f~t­

entta:Llr el:tains:tett on re~--t end tb$1 

allyl ~oupe -~~ fih~ next .:rea4U., o1eave4, 

·due to tb.a f•ttt tbai: 1Jenq1 aDd Qll.ifl. PODJ.s 

•• b()tll oapable ot Slv1t1a a. stah'Utae4 od:btntum. 

tt>n. :en4 benet~. ae· rea41~ eltm~t"d as E~Ueh. 

~h~0 .. 0t 'theN. weN abh t• $l\O'fl t~t 

oleev~ ot tb»ue ~up.s is :teo:1lttat~4 ·~ the 

. 1)J.Wesenoe of an ~t4.c pou,p .ett~he4 to the 

llli'trQ~ .f;ll;'tttm. !ehea.e· <'ibsewat1~ l·ent c()n,.s14e~ 

ab1o sUpport to th~Jee o.t W~deklnd 8ftd yon 

Hal'ben and Pope an-4 Rarvea- ment1.()ae4 ~tbGVCt 

~he suooese:tul. ee:pare.tton ot etbNl.ene­

l12~'Jt1J(Jr'bUtflmetltJ1Jhenr1•s0111um ~d.crate,) 

(VI!)1 ~4 et~1.ene .... lta•l!-1§(~t,-lpbeay~sine)­
(}1ohloropd.ladi.u.rL (%%.)., ·br Chatt aatl v~24, .25 

• 



In· their 1nveat1sa-.ion ot Qitnilar ., 

phoephozus oompouncta, DaVi())s an«l .!~lt · 

prept$lid the oompmmds•, d1ch1oro)ats(l!,·~mo­

phet1Jl~.a:-4imetba~ophea,lph~1phospbtno )•· 

pallaciium (X) ami .fitthl.Or<.t;tf:&ft(rb~Ol)hGWl• . 
e:tb;w'lpherq'l.l)bcu&phine)paJ.letl1u.m (Xr.), each ot 
~1c"" ·-•""u.~t6~,... · ··.· · · .......... 1ft · ~...., tr.,.,'ft · · A~n~-.;.. W.e:&: .. ~~ q;l5.~"" ·.·J.I . Yi~ · PQ&.I~.W'ge""e lf~ .~. • Pr"-~ wv ·~~ 
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~t1on and con1lallls <Cwo sill.t~ ·M<~ett'io 

4-oovalant P'hOsphoru,p atou en4 ahQUU 'th~· 

fo~ en at tn the . i\~.,9. a:nd :t"flO:emio f':o~ as 

found with the e~u.nrti (D:)·t Untort"AAa.telg', 

the o~rrq:u)'Uftti (X) ·pNVed too ~o1u.b1e t.ott 

~ti.ont4 Orl.s'ba.lltsra:~i:on and ;npee;t<ad. ct7ata:t• 

liGation. ot. (X:t) ;~ave l!lt) illtU~ca:01i>n of i;b,$ 

exi:stencia of thoee tv;o tome • 

. . ~h(a-~6R.4 >crmearro6.n4 >P~.' . 

l?h~BM.6n.4 )~ertc6s4 lP~dO'le 
(X) 

~b(~Jt'C . )(Jt)P~ .· 

Pll(a"'"'Bratll4) (~t )l' ~ PdC12 

(Xt:) 



In oraer to avc>14 the settlng up 

of' the diaeoo.iettt>n. f!JQU111b~1um which wu 

thoushtt to have been :responsible £<1-r: the ~·ttl 

:racard£hltion ot the •nl3 'WJO. quate~ arsonium 

salts (tV1 X·:~ ·x) and (V):t which had $hown erg 

t111~o Of opt.ical. aoti~1 v f Ho1llman and 1Jtsrm.6 

attempte:a the pNp_.s;tton ot· ~h10J'oph~OJ'l• 

2-ph&RYl-l..a 2*3•~t~t~aro!&2,e.rsino:litl1um 

brotl\idG -(XIV). ~ compound. ttas cho.s(lb. on 

tJ~e ~As th$1. the 1t2tlt4-tet~drouo·· 

aratnoUne qs1em posaesses hish stab11.11;J;. , 

further, that a-ohloNph&naoJl cempourute eloo 

possooe ~k4d s'tabUity (~ate~ than that· 

of the o:OltT$f!llpon4ins pbenaor1 Qompotmas, o. t, 

Crowther un4 ~26.>. :r.or .1Jh9 p~ep&l'atto.n ot 

2-$Ubat11ta't~d~l•2•3«~tetra.b;dn,;f.QO~taoline£)1 
.£-2·b~oethylbenzt1 brom14e (Xl:l ,) has been 

mat'Q "at\ll.y aVt\ilable tluo to an 1m,p.rov,e4 

e:ztn"theai$ tty lfol11m- and M~n and recent'ly 
~"'''W""'Iio. .lllio mA.if~ ~ . .t AA '"'i.. · iil..;Ao!!< · -()·~~"> nft·R !b'al1Jlt,._.-.ilflo28 ;~~>y..,. "n~... 'I,II'Q~4<"'UI v1f &~:.w.rs -~"" g4"'~' t.1.v • -~· ., 

~hie .compoun4 wa.S oondens~ in ethel'~al solution 

with phenylaiohl:t;ril~$ine .:tn the p.~s~noe ot 
so41wa (IU.ehael1e rea.otio:nJ t,o .61\te 2"""PhenJ1.,.. 



' ' 

1c2a)a,4-t,e~a~lltar~ino:u.ne (Jtlli)1, \Vbieb,, 

·on ad41'tlon of ~hlorophena,ey-1 hx-ointde ln 

benzene oolut1tnt. ·Jield.ed the ·4$"etre.4 qli$tGmat7 

. Qi\1tf 

ex CH~CH2Br . . 

. . + PhAsC12 
CH

2
Br . . . . 

(XII) .(XIII) 

(XIV) 

aeaolu:tton ot Ule ~Jalt (x:·xv) wa~ now rea<lil.J 

. · •eccmpl.16hf)4 %!1. the brom.oqeplior$Ul.ghona'te,. 

the. opt1oall:f-pure ( + >· ,Qnd (•)•ploNtes hav:tng· 

(~l;o +4ST1 •450Q "speeti.vel.J• Whts npresmte4 · 

the f.t""t OOtlpl.eteiy nucee.$ettll nMlttt~.~ ct 

a q.ua;tomaX7' an6ftium Galt toto the optical.l;i• 
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stable omett'1;1omoxwphou.e :to~, anA lent ,stt:U 
1 

fur'their e'Viaen.oe foX' the va.l1d1tJ ot the 

d:lssord.ati<Jn. equ.Ul briwa th:eorrJ •. 

~e failure o:r .Pope Qtl.d Gibson to 

ob·tain .vi4«ml)~ of opti.eal. act.1v1 tr .tn the case 

.of' th$ q\lQte~ phoaphonium salts, (VI, 

ll ;t= ~2otr=cR2 ) and (VI.,. ll = -oB,~h) has· 

alreaq b$011 men1;10nn4• Because of thtt suocese 

wh:iob e.1iten4e4 the!~ ~solution of 1l'le al'$0n1Um 

FJa1t (XIV),. Boltimaa alld aarm29 e.t,empted to 

prepare the phosphoX.Us ana ontim0Jl3r :a11a1o-.e·s 

b7 a. similar protletlure,. emplo1tng phon:;ltiohl.ort>- -

»hospbine ana phttnylditodostlbine respeettvel;y 

in 'the Micha,a11SJ cQade:nse.tlen re.aQtton wt th 

. J?.-2-'\lrOmOe"thylbe:..ZJ"l bromide., Various ca:fJ~JSts 

and . sol¥ente wore used but an:l7 a. very .small 

,peld ot 'the ~ phosphinoline ( oheracte~iaed 

s.s its mothiodid.e) ~SU:lte4 an(l non• Q:t tb• 

s·if;~.'binoltne waa obt~d~ fhe .tallu.H of these 

attempts is not ~rising in View ot tho 

ottserva:tion by !ltichaelts, Gletobmamt ana R-eesel0 

'that .1n saneftl, the ·t'<Jftlation ·Ot phosplU.nes 

br the Mlchaelis rescrtion proceeds ve7!1' lSU.Oh 

more Qlowl,- than t'he t0%!4tation o~ arame.s b7 



the.~~ me-.ott". ~t11e•~re• the 'WOrk ot 
l>avtes taad .tewt&3l has eh~ that imc conver&ton 

ot pbosphinee :lnto quaite~ phoaphonJ.a 

salts .~ce~ds v~ .J'llUoh more l'a»iil,J' iharl 

tho s!mnar f*oaation of tttta'te~'W a.moDium 

ea1i=s• . . 

Davies end ·Jtal'Ul10 have also poicte4 

ou.t •at a quetem~ phoapboni\t,T!l 'alt ba~ibs 

.t~. e.a.?l groupe .a;t:taobed to ._,e phosphoms 

atom VIOUld be un1tk:elJ' 110 wa.«el'GO dis~;Jociatlon 
of the tJpo , . 

. el>oD• x• . ~ aboP + .u. 
aombininS thte te.~e ~•1;th tbs f)JqJectoti 

.l~Ulerent :$"ta.biU t1r o.t the 1:etra.bi'dro;tgo;phos-· 
'. . ' ' ' 

pbinolme BJs~em (the s.t.ab111ty o:t 'O~a svfrtt~m 

a.houl<a be oorap~ble with that of the onal.osous 
. . 

Af3.2$~ainolme) •• tl'u) . resol.utton of 2t2-d1a%7l• 

J.·:9t) 44•'tet~abW4t-~\eOphosp~Qlin.,um s~ts 

· sheul;$ p.roba.bly be l'$a<U.l.7 accompl~:ebed*. 

Wi·th tbts ob3ec:t. tn vtew,; Ho1Unta11 ana 
llann' 'ther~for~ . sougbt a ~u.te to ;Salta <Jt 

thigJ t;pe11 'he sp1:roCJC11a Gelts·1 As-.q1ro~ 

~t~yoarstndo1tn1t.tm 'bromide (n:I ) . and 



. (t.·)·As~ept;ro""J!lil.-§.~1•:213 J4 .... tG~~d~~~~~s!no1!ntum 

b:r•ae (D:l:t)1 . (eee 'below), had -'boon eu;coess., 

tu1~1 p:rep.Uf;d tw· a -1$J11thesio · mvolv~ 1he 

prro:tnto . ,&l:itatnation <S·f methyl bromUe t"m 
.a quate~"!$alt o~s a m.etb¥1 pooup,., 

~h& application -of ·this ~ction to t.h$ p~ep.· 

~$tlon ·of tbe raquirea .l.ft!£ltho;phtno1m:t• 

salts was -theret.Qr.e ~stipted •. H~vR,, 

M<Ji~:en.heimG:r,. ~~~man a.tt4 von 'Kt1Uo~l2 kav-e 

ahown iha:t the ·ethyl ratf.ole ia _more readilf 

~~~;1- ..,/" . - ""' 

.tba:n .~h.e me.tbN_-3. ra4ielq.,: tehe ·wee.eem. for -"thta· 
I 

lti ·prObablY becaue1:1 ·'(a$ it· aow iliovm.) t· • th9 

mechanism. in tile· two cnees ·d.1ff$Z*Sh~ · ltbJ'l . 

'bromid·e ia nmnett f"~m 6. qtte."te:r,!larg phosphonium· 

bromtae---as ·ethJlene and hJ<!~Sa bromidG;. 
, I . 

wh$nn:u~ tr~ '$1'1 ·~onium b~O:eG ,_;.t is ·~· " '. . . . ~ ,_ !f: -... -.... 
e.r:; euoh~ . With this f~t -in mind1 .Holliman ~4 

Mtll'ln · p~pared, S:"C 2•:mtomoethw'1 )benetl,~t'b¥1..,. 

ph<m;-1-J,~tolt1phosphontum brorut(le: (XV, · B :;:;: Et), 

bttt ~]Vets t'atleti to .. ~ff'ect ~f.ml0v(l.1. ot the 
0t~Ul ~9U),1f :~OJi' -~f>ul·tl · m"etby1 'brOnt$.4e ·be· ·~ove4 

f1--om the ·CO~&~on4ing m•*'l -oomp01lfl4t 



2•,B.-B~ophal'tY;•2-ph~nyl-lt 2;);4 ..... t•t$bfdrc>- . 

:A;s~phonphinol.in!um bromi4e. (XVIt Ar .~!hi 

17 

ut e .a~6H4:&r) waa thus prapuetl b'tlt. cljstalii;j; 

1lsat1on ot ?~ous ot' 1ta opticallr aotive 

salts could not be etteot&4* t:iJ was th<meht 

that thtl 1nt~4ttot4on. of an:· ~t\rbql. ,group 

:into one ·of tho ·al71. grou,pa m1sh1 ~aotli·ta;te 

· c~eta11·1sat1on ana 'the · oo~respond1ng !:""l'l.1~rox;­

pheurl compound was auoortlin~ p:vepa;r$d by . . 
thtt above s~o~ arnthe's1s. . ~e (+ )~'bl':t:nn~ ' 

oam,ph{)l'SU.lphonate now :rtad~J c:ryatal11setl, 

bUt :reo~sta1l.it;tat1o.n f~m various solvents 

tJaVo no ·enaenoe that ~ttsolut1:cm. wao prooeedU18• 

Ul.t~:mate]J,· the (+ )-.:orom.idet· ·~ » ·!=· +)2~ 9° An. 

,aqueous .ethanOlt· was .obt~ed. JiG .·thGo ( + )-

.camphor-sulphonate, but etteJt1pts at sep:az~tton 

of th$ cpt1cal.1Mure (•·)...obrom1de failed, aol;' 

coult the ~asolu.tion ·be l'epoa:tc4 du.e t.o the 

·torma~1on of a partial. raomna:ttl"• ftis ·rep~een'ted . ~ 

the fil."at-. succ:eas'fu.l reso.lut:1~ .ot a Q;Uattt~ 

phot)phoniu.rn salt .into o:ne of i. ta op1ioe11;v• . 

aet1'1e .forms •. 

, AU,U$ ,and Wa:nxrt~.1 t · a attem.p~ to 



obta~ !obemtoal evidence for' the tetrahec!ral 

con.t1gurat1on of the nitrogen atom when ~~o­

vale:nt1 P!!e,thi\l'ed the c~ouuil, 4-phetlJ:L--4 '-
. . 

:oa.rbstboq-;1!;1rr-p1peridil'd.wa-l;l ·~s»tran brtmitie, 

(lVII} an,d sho'*td ·that, on tbe bas1.s of' .e. 

H H 

Ph COOEt 

(XVII) 

p~dal contigu.rat.ion for ,4--eova1e11t n1 ~sen, 

this compound woulu have a plane ot symm.&~, 

wheWcl1S:t ont the baflie o'f .a totrahedral d1S)ios1.t1on· 

qf e;roups ·about the nitrogen e:tom• mol~ 

dis~et17 l'esults ~d evidence ot cpticel. 

aotivt ty should be obtailntd., Wh~ir· suoo~ssfQl 

resolution of the compound blto ·ee (+)- . .u 
(-)-b~4es havins [M] 5461 +50.5° ana -so,.s0 

~apoo·tivel3, provided ai:reet ohemtcal evidence 

for the totrahoclra.4 eont~~ti-On o£ tho 

quaterlla.17 $T.lltlcnium ion,. •. 

P~iO,;o to Holl,.iman anti E'attn. t B $-uf!'C(H:laM 

reaoluti.on o:t the quat~ arsGnium bromide 

(XIV) in 1943, .no successfUl resolution of a 



eim::ilar quatemali7 ~aow:wn sal~t ot t;rpe 

abatlAr.it r- hnd bean ac·comp.liahe<.t. eo that 

chemiual eyidetlCS fO;t:" the i:etralledral CO!t""" 

f'igtU'ation . ot 4-oova.J.ont arsenic· ha.d bcot been 

.forthcoming,. 4$. htle dlZ"eaar been· ah~ .• 
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the difticul t"llf!l exporiMaed in: the resolu1i10n 

of auoh qua tom.~ ·~son,ium salts are "adily 

exr>lairt0d 'bY the opera.ti~n of a d1~soc1a'tioJ). 

&tltt:l11br1um~, 

!he auoe.ocatul resolution of 1;be: 

a:t'sollium. osl t ~uat mention.e.t\, lends euppo~ to• 

'tn;tt .doea ~ot pvovo tl'le tsot #i6t 4--oovQl..ent 

~W!Q poa-tH~ssea the te.t:rshed~.::il oonf1~.at:ton. 

It snows 1n faot that the s;rot1pe a.tiiaehod to 

~senic are not co-pl@~ with the arsonic 

~tom~ Onatrlbi.guouo eVidencG on ·th'-s point was 

tin!1ll¥ ob·tainod ·by. ma:nn, · P\Wd1e and Wel.ls33 

who ha.v.e demonstrated ·ths:t trieth3l~aine 
' 

combines wi·th oup.x-ou,:a ioct1de to tom the· co:m­

pl~, . .1e~~ak"1g(monoiodotl"1c:thy1a.ra1ne cO])per), 

[Et.3Ae -cui] 4,t and the cem;plote stnwtu.ral. 

d;etennina:t!i.on ot this compound haa ehowa the;t 

the arsenic atom lies ~t the oen~ :Qf G te~ 



h:e<lron vtttb one oup~ue and tlu'ee carbotl 

a"toma at its apices, oo•esponding pbospboru.s 

compoun4$ $Jle iaomo~houe w:i th the ~senio 

analosueo unit i:t :Ls the:l'efore c.:Lear that the 

4~ovalent l)hOtS,phOR:S atom also has the tetm­

he<lral. oonf.l8Q!'a:tl10rl. X•Rq eluei4e.t1on 

ot the et:wc~ of the bd.dge compountlt 

flibrozaoJ!ls:C ~imeth71arsine )~~ib~mo.dtpsl.latt.ium, 

[(t~Et3As )Bx*P01'.afa.(Me3A$ }] bJ r&ann and weu.el4 

has· :ftlribel' pNv~4ed conclusive fffiiienoe that 
• 

the tetrahedral t;rtNoture tor· ~sen1o is co.rrect;, 

th:e p:wepafttton b7 Zron and merml; 

ot ~.e sptrocvolto U"$Oniwa :salt, AB"""Bp1ro­

l!Y~fA'larein4olin1um ·broll114G (UI) we aceomp:Ush~d 

bu .condencetiion ot .a~ztlfletu,~ 4ibromt4e (XVIII) 

wi t:h m~thf'141.ol'lloro&J~s:tne tn ·the p~$-enoe o~ 

sodium 'tQ rteld ~ethyl.~ao~tndol~ne (XIX).'!'.· 

condensation with a ftlrther molecUle ot th~ 

<libromtde ,ave the qu.atem~ Galt (XX) 'wl\ioh 

u.nderwe»'t loss :of' mt:rtllul. ~6,e ·On PB"X*C1N'til1$ 

to f'orsn the spt,.~o $alt b7 ,qcltsatioru· 
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H2Br 

+ MeAsC12 Na• 

l 

(XXI) 

lloll.tman a.tl.d r.aenn9 susgested that the 

genel:'Ql :teaturoe of this synthesis aigllt ,be 

applied to other beteroc7oUc arsonlum eslte 

possessing ;a. sui table deS%'" of otabtli ty • 

Previous work had shown the lt2t3t4-totrabJ'~ 



.upars.~Une nuel.wa to poseeGs a.. hil#l <te•&i 

<¥f ;tab1lit7 .. end. eo~f>~ati~n of 2-mf:lthyltot•a• 

.b.fdroi.sopWibOlin.c) wltb s.•2-~oothf1btU1Q1 

b~mide J1a1dett th¢ qU&'ttlma117 .edt co~espe»nditts 

with .(XX)t wbioh; o:n pJrolrsia, lqat aethrl. 
brom.i.r,te to· ·aiv~ 1h.e: epl~ ealt,. (:)-.Jdl .. ·ep:tro-· 

btr1t2•J•4-tetrabr~o.tt~o-smo1ln1t\'$ b~4e 

(Uti)~. 

(XXII) 

fho »2Vs1ot\l -4: ohQl!li4el evi4~ce ci tea 

e;bov~ £oJ: ·lf;he tetttsbeftral Qonfi~tio» of· 

4-ooval~nt ~lc implies that tbe salt ·(XXII) 

shoUld eXhibt t Jf!&lecul.a.r 4tso~et%7 ana 1;bu 

be nsolvtJ.ble tnto ,opti·oau.,•ao.ttvn 1.$cm:B:tde~h' 

On the other ~d, essu.mptt.® of a p~tda1 

contl~tloa f~ the e.s-sen,tc ·at~ b tho oattott 

~Uea that it ahou.li exhlbt:t: geome~c 

i~Q~erism and thus be e:epara.ble into the1 ·.~~a. 

en4 . &».se,...fom$. ot tl'l$se toaa, 'tb.e .!&!. wou14 



poasG$S a plane Of ~ett71 ao i:bat ·01ll1· tho 

~orm would. .Glfhtblt Qptioal. aotivlty:, 

2] 

· Boll~ e.ud })~ ob-tnea ;no m-ilenoe ~or the 

t~tstece t>f' ~emG:WiO .te•ers1 but s\lt>Ottsttful.la' 

~olv~d the -salt :;tnto the: (+ )• and (· ... )•f.o4l4E~et 

['tt] 11 +J42~· Mtl •344° 1ft chl;(tl'O~om .solutilon1 

"" thfJ b~mo._,borovl.'plt~~te.,. ·!he ·tetf."~~ 
.i~so~inoUne .$J~·t• poaa~$etfe, bi.P, etabili 1W' 

,~ in ·tJl~·· spiro ~alt, th~~ he-eeroc)"el.io %"inse 

e~ot be aubf'Jeted. to ·~ ail~, emoo *be 
(•)•· and. (,...).-lod14es· eahibtt. ~kab1e ste.biJJ:cv, 

8tlne•3G 114d to a'barut<m. the use o.f 

cb1o~toxm ne aol~t .tn. t!te ~wstlga.t1on 

of the opt!oal •tatiOA ot the (+ ,)-toaide ·Of 

~lethtl.atetllrlp~l~Dtwn io~ide beowso 

ot tho ~•lea11on whiQh this i$Omer un:cleX'Went 

$.11 tbt& SQloV~'tt.~· riO!\QS and. lttl1)7j• 3S .have 

tw;o1;ber shown that <• )-all¥1.-.i;-~moph.en)'ltn0t1w1· 
J!•prop;vl~aium .todtde. qa4$r-e$ aato~cemtntion 

Sn ·Qhlo~fom $Ollttion a:4 tha;t ·the· ?•J.oc1t7 

of x-acnmtaa.ti,Qn in ~le $&lvent va.r.1e1a with 

4ittorent quate~ !~oatwn to4i4$e. .As 

he.e. been mentioned• oblo:rt>tom, sener~ 



.P~Ot~e ·dl$~oolo.tioll gf. aost C).Ua:~e~ salts. 

of .this tJpfJ., eoo that 'th~· h-igh 4~ o1 op-tioa\ 

stab1lt tr shown ·bf .the · spi~oog('lic «Jal t obta1ne4 

'bf Iiolliman e.tl:d ~ was c1ea.~ t1emonstrat$tl 

bf the fa~-. tht1:t .the clll.O'~f'Orlf! eoluttone of 
. . 

tho ( + )• !\Jtd. ·('•J•ioditlen unde~ont ·no CJb~· 

in ~ol.~ rota.t1on whS.t$C.~ver over f'~ w.-.ks 

a.n4 ~1nfH~ ~efltG:d on e:t7s~isa:tun from · 

hot ,$th@nol~ Bo dio$0olet1on ot ith.e t~Pc.u 

'therefore octe~~ 

. !~!he au.~cessful p~tion of a sptro­

orclio phO$phon1a salt bN Hart and ¥enn8 was 

. ~irt:Gntl·ed bi dU'fi~t1e$ Ja.()t ~t)ri·eneea.. · wttb · 

· the apt~ aw.nl0n:1'W11; an4 ~sc»,n:tu:m salts whi<=h have 

th}lt';) ft¥1! been. .mtm.tion~<t,. 



the f ailure to :rDove, bf bee'tinst 

meteyl or etbfl br ol!llde ~ eenain qua.te~ 

phosphon1ua aalte has be·en aen'tionett. :xt is no't· 

elU"P~iEJitlet then1. 1hat a._1exaptea pr~a»e;~ion 

ot· the phoQho·rus ~·~· ot tb·e spir.ocreUc 

aal:t (.!.XI I ) by a EtimUar m.tthed1 .f'aUe<it 

Con41nn.ti.on td 2~~1-lt2•3•He~dro~so­

pho~hinGli.ne w1.1h a.;-2-bx'O:mo•~lltensJ'l bw&i.de· 

o.ec~4 reauiJ.y, e:rtow.1.;ns 'the aalt (XXI II ), 

bu"U1 'he ao11on .of heat on thte compo'Qh.4 

t:oJ.led to eff efitt ~oval o~f etbql '1Woml4t. It 

i.e peea1blt lbat. •• au.be·~i.'tUl1•« ben~7l EWOUP 

was mon .rea4ilu rem.tn4. fha"t this ~P is 

mo:re: read.Uy nmovecl t.rom qua-t~ phoe;phqa1um 

eal til ~· •e e'bf'1 a;rou.p ·baa b•en ee:tribUshed 
'18t 19t !3 , a.-~ ...... 1\..-.._,- , A~ . «at.~AY!tlt\;i;.eA """" ·""~"" "I. + .11: "'"'~u;v ......... ~ .. - ..• ,_., • . u. .WJ~·'UJG4 

<l•ca po:s·ttion ot t:h.e aalt (XXIV) apin fail·ed 

a1 thoU8}11 tn the caat o:l thte oompOtlll<l,. ·t he 

bcn~yl goup has ~ea rjila.cuJd by a 2-ph~lethy'l. 

srou;p. 

~---



... 
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H. , tiD . ann realised that U the 

phosphorus .analo.gu.e of ( "' VI · .) C9uld be ob­

t ained, t be l.-e uired spiro a .· t might be pre­

;pEl.re ·. !!!. the Gr ign d re eticm.. 2•- tl\Y1-

tet~ N\sOpho.s:phino·line was " d1ly oon­

ver.ted into the di 'hlorootllyl _p una (XXVIII), 

bu. t • 'he.ating ·o tbte o.Qmpound f .a1led t'e Jleld 

th dea:Lr ohlo phosph:tne. 

(XXVIII) 

:Because o~ these synthe·tl.c aUtio'Ult1es, the 

at-t.Gmpt ed preparation of the phospho.rws ~ogue 

o:t ( · II) wae abandoned in favour of an. a.ttempt 

to p~al'e· the :salt: ~XX:tii) ·wb1o-h waa. in .-ao'O 

8\tCaesetul at last. Thls aal.t. 41ff'~ra troJa 

that whose prepo.l"St1on •as· Wtt.ally at-tempted 

1n ~t the pho~pho.r.ae a'om 1e new 11nke4 to 

two phe~~ group:e direQt~. Thus a Slfl1iheti.c 

rou1;e 4.nvol vtns the tilemal 49eompo.e1 tion of 

a quater.nar.y slll t OarJi7lng only one non-o}l'cllo 

al.lcy'l poup at1laohed to the )}hOtlpboma a.t .om 



.. · ~ ' .. 
ooUld be ·evol.ved, 

!-~.m~_·3-PhGX\l1lPr<>P)"l et 1 o1ber 

............ "'"') as Qonverted into tbo l ·itbJ.o o.ompoun.d 
' ~ 
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w1 t'h n,-bu:tflli thium whi·Oh u.:A~er:'flent oa4enaattcm 

w.1th ethyl.diQh1oropho.®hine to 3ield &~141-

(.a,-l-!ne'th()qp~pylph~l )pho phine (XIX).~ 

fhis was c·cmv rt - bf the ao,io.n ~f :tcy-4w~o 

-~- d into -the ·c·orreopondine 41bromo oottQ!)oun4 

wbich CJ'Cl1e.e4 to (!.XXI • . • _), In Or4&l'· 
I 

to· pNteot 'tbe l-l>~omopl'IOJ7l.Phert31 group from 

ole3vage on ttatins,. the methyl. ether (XIXI, 

· • e) was pnpar-ea,. ~l,ys-ie. of ·tM.s oem.­

pound nsul.ted ln the euooeesM. remova3. ot 

ethy1-ene aad .bf'dl.'Gaen brOmlde -co ~o• the 

phosphine (XXXII , R • Dr) ·which u.ntearwent 

cJ'el-leution to the sp1rocyolic bromidet 

(! )-P-a;pl~J!1, .... l,t 2t 3: 4-tetral\VdrophOsphinollniw:a 

brom.!de (:X:XXIII )ctt. , 

4tte~ the a1'1;$l!lptea cley'etalliaa'tion 

of several of it& Gpt1.oa.Uy .. et.i~e salta, 

n sol\l.tion vi! ~e (·-).-laen'tiho:XJaoetate wu 

even~ affected. fho ( + )· and c-)•brml114·es 

were converted ln~o ~· con-eepondias 1o41dee 



wh1ch lla4 [!I] D ~66° t -65° Nep.OUflll' 1n 

ohl.Ol"OfOX'Il aoluti.Oll_, fte ~ptioal. •~v.bWtJ 

exhlb1ted bJ tht it414es u ooaparable w10. 

tha.'t toun4 1n the cu• ot 1he apiroorouo 

aracmi• •alt • . fti:t 1s the tint .aample ot 

both ~e: ·SJQthee:le and '1'8&olutioa o~· a 

apbeqolto plloephoalum ea1 '" 

It •111 have baen aot.1oe4 ~t MJQ' 

Of the oompoun4e whoae IQ'lttheees haVe been 

4eacri'be4 1D: ~· eeotton bavt "qUired for 

th&Q pepeats.·oa oenatD lower allr!rlbaloaeao 

pho.pldae.a and .aratnee, In tact coapO\Ulla .olf 

.... t7Pe an tnftluable to:r the preparation 

30 

ot 110ft complex qu.a"t8Jl'lld7 phosphoai'Qm. 8ll4 anonlwa 

eelts, · It ta then:tore. neceaaa17 -to 41acuaa 

hC"e ~· meftoda a.vnllab1e to:r their P"Panlttoa •. 

the ree,()t1on d.evelop~ by .,._ and 

now comm~ known as the ·ey• a-eao't1·on haa 

been w14oly employe tor the ayn'tbesls ot 

dihalo~amonoal.ql, lUonohaloaeno<JialkJ:l. and 

'h'ialk11 Utd.neo. 'rhe genenl. .atepw1se pi"'­

cedUNt a'ar'tins trom so41.wa ursenlte, Na3Aao3• 

1e outline«~ 'bel.ow1 



so 
~ 'llAe(OUa)2 

lHX 
RA.X2 

!ile· JDOnoa.1:k;J14ihal.ogenoaraiae thue Obtained 

oen now be net.lbnd."e4 10 the •fe:r "&c.l'tton 

t,o obtain a 41alkylaoaoha,l.opnoa.nineJ. 

31 

I£ 4esir d• llle tn.~lar ine mq now be· o'b1:a1ned 

bt · An-ther :repett:t1on Qf the p~Qcee , J 

~tte the MeJ:er naot1on can be rea411¥ adapted 

to thfit BJDtl':teeie of Bizil-oat erq possible al.k;J1· 



or halosenoalJQrlar&ine. ftis synthetic .route 

has n.o :parall/ 1 in the phosphol'US seriee. 

'!rialkfl phoaphines can often 'be Q·b1a.iaed 

howeve:r, by :reaot1on ot a px-ime.l7' phcurphia• 

l2 

with one equi.-al.ent of aod1u.m ln U quid a'llm0n1a• 

f ollowed by tre tmen:t. ot 1he aodto 4er1nt1n 

thus ·Ob'Calned iii~ 'the appro)rlate alkfl 

.baUd • 

~he secondaX7 phocpldne,. on : 1m1~ar ~atacmt• 
fiel a a ~ia.J.lq'l.phOsphinei 

A now ro te t o the synthesis ot 

·t~~dioblorQphoaphine and d1$tJl¥lm.onoohlo:ro­

,phosphine ~ r , centl3 been devel.oped by Jenael'l, 

Kllaraach and e1nhouscl9. Thi.s aetho<l tnvo1vee 

tr-eatlnent o.f pho-sphoru,a tr1ohlor1·fle w11h lead 

tetrae~l 'to giv eth;(ld.ichloropho,aphille 1a 
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high field. Subsa . en't tre "tln.ent ·Of 'th1s 

o _un 1i t h l o t · ~r . e~ ·1 in e1teeee 1hen 

f'u.mi e:s d1et J.mon o.hlor o hofl· l'line t 

. 4 + )PCll ---+ J~t , Cli + I l + Pb012 

2Et - 12 + Pbft4 ~ 2 \P 'l. + 1i1ifPb012 

'hen arsenic ~iohloride or ant1mOJ1i' trichloride 

is employed in plaa. of the phosphortle hal.1de1 

hi(#l y1eld8 ot e~ldi.chl.oroSX'aine and etb71-

4ic:hlo~atibbe ue ob'Mineo tor the .t1ret etase 

of ~e reaction. Th• ELP:t>liaati.on Of "the 

eeeona stage Of the reaction "o these oompound-s 

does n·ot appear to bav·e been in'f'eet1gaied• 

1n.al.17 t another .reaen1 ~ppl"Q.ach to 

t.he syntbeeie of a.lkylphoeph1nea has reeentla 

been made availabl.e by tile nduc1iion of ~11• 

phosphonium ha.l1tiee w11h lithium a1umtn1Wil 

hydride by Batlq and Buckler40• 

~hus • certain O·f these .l.ower a'llql 

phoophinea and .s"bibinee, wh10h wellle .tonnerly 

av ilabl·e onl.v by di.ffic~ proeedu.ree ( 'LlSUell.y 

involving tileS'$81 clecompoe1t1on of the tertifU"Y 



phoa · hae ov sti bin. <lihalides and ot ·ten, eivlns 

~iso to .a mixture of the monohe.:log"nodiallql 

and dihaloaen=on~l eoxllpoundn} (la,n an be 

re _-ily e,ynthe .ised. ~h . gre·-teat a van1aee 

ot t~ Ga$ ~"'entJ.y dev l o -e _thode of eyntheaS.e 

1o ~' handl~ o£ 1!h~£J~ Velr/ ~e 111 oxt.tised 

and. $Glle'bll1UUJ spontanalluslJ infl..alnmable 

eo pount.tQ is r$duea · to a minimwn •. 

Allcy'l-. ana halosonoal.ley'laraine-st- however, 

are in the higl>ily tavous-e4 posi t1on of 'bein6 

leas r:ee.cl117 vxi4li.eed tban thei.-. phos bon1a and 

an11mo~ analosu.-s a.zul. Cilll uaual.l$ b - .eutl3' 

ob'Caine4 by the u,;nique: · · · Y·e~ reaotiOJl• !'heee 

tacto·re ( com'b1ned wl'Ch 'the tmponant Bart ,aao·t .io-n 

t•r the ay.nthesit~ o~ ~lareonie aoide. &ad 

certain at7lstJ.bonio a.e1de) ha~e pl~ed a 

larse pa~JM; u dete~ the nlPid gl'Owth of 

the o~ic ~bemia-uxv ot• arsenio oompaN4 w1.th 

that O:f the other elements (otbe~ than .nitreaen) 

in Group Vb of 'One l?eriadio s~et:em, 

S•e r-~ka. con~emins tbo oonelat1on 

of optual rota o·rs po er and mole-ouar- e'tl'Uo~ 

ue now nece,aa'aJ7' sinoe 11 was pJ>JJn:a.ril.y ·to:r 
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the purp.oee ot obta1n1ng further data.. for such 

a oorrelattou 'tlo be ct»atm that the wGrit deeortbed 

~n t his 1hes1e was undertaken~ 

A oona1cle1-able quantity ot work be.e 

been Oarr1·e4 out b7 ·eeven.l ohemtsts to de"ermtne 

ln wha"* wa;r the deBJ"d ot optical ·act1v1.t7, 

v~iee wttllb en homolocous series of compounds •. 

Por ~pl.e• PickQ'Cl and Ke!Q'Oil41 have, aa part 

of a moat tntuesting aeries of papers, prepared. 

and resolved .a ae'l'ies of metbylallqloarb1nols 

wbere the cbai1n 1~ ·of 'Che etnifiht ohair1 

alkyl ~ bas been p»>peee·tnl.J 1noreue.4 

one metb.Ylent Sl'OUP at a ttme b:onl e~l to 

a-unc~eo7l• 1'he tnol•oulN' ro1a:ttoas of suoeesetve· 

membeln9 a£ thin sertee of aloohols. were rounct 
ln .. general ~o tnonaee w1 "th 'the chairi 'lJJn,gth 

ot •• ~~ poup ba1 •• 1Del!'emen1i appal'Ctla 

beoome.s smaller as th$· series pro.pes ee. A 

eim.il.ar nlationehi,p ·was t .ound to obtain fOr' 

the ethy'lal.lvlc.Qbinola42 ( aee 'Ja.blee), 

Pickard and xenro:n43 have also nsolve ·. a 

serl·ee of estere. Here1 as. the l~ ot Wle 

~1 sroup or the aql SJ'OU.P inc~uee.. the 



[ ai0 ot .~o~ · .. Ca-> e~ounas 

, etnyle'thfl .earbmol 10.30 

latb¥4•a-Plt'O:P~lcarbino1 12.10 

~ eth:rl-a-wt~lca.rb'lnol . u.ao 
·retbvl~loa;r.1htnol 12, 00 

•thl~--h~lea:r'binol 12.10 

·eth3~e»-t7l.oubinol 12,90 

Me~l.~ct¥le8b1noi. 13.70· 

etbtl•D.-nonvloal''btnol. 14. oo 

ethy].,.J!~GCJl.oaltbinol 14. §0 

&tbrl -,!.,..d&eJl.ctaJtbinol. 14,40 

r -· .,, 20 ""'"*' ~a.d-~4'Aftn. I'M-) . A1l!'n\ · ~ d 
L' ~ u 1J . ... • . :zs 'l~n'!.n• . '14.- .·. 0-vOUll · .·s 

~l-Q.-pi'OpJ'lCid'blnol 2. ·01 

Eth11-sr-w tulcubmol 9. 43 

Etlql~afGtl~b1nol .10.69 

~1-a-heqloa.lfb:lnol 10.6) 

Etby11t01i!hep•1e~~btno1 10. 58 

Etb11--.a-ootarlc,~1 10, ·74 

~l.~ony1carbinol. u.og 
Etbyl•a-iecyloa:rbiP.ol. 12 .• 44 

Et~1~,1i-u.ndecylcubtno1 12.56 

.16 



moloe~ rotation of sue()essive members 

agatn apptMo.che:e a 11m! tin« Y&lu -" · 

·be rep l acGmen't ot :~aropn by deu- · 

teri\ua 1n an optically a.otciw oompouna baa 

been :found to cause a l.1gh1 change 1n 

optical rot to:J'IJ powe~. In the case of the 

compounds 

OO...Ra I ;:r· 
Ho.c-D 

n-b-on 
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I 
oo;tm4 

it hae been. shown q, ~lenmeyer 8Q4 Bitt· rltn44 

that the e»eeUtc and •olecular Ntatl:ons of 

the former compotm4 a:n lowe.Jt than tho.se of 

the .l.atte:v, [ ] ~ •60. 0 .and 62·•7° reepeo~ftly. 
Whil· t 1 t i.e utnme~· valuable to 

have such data made aveJ.lab1e,, 1t; ls o~oar 

f'Nm au.oh re111llts that no ded\la.tions ccmoeming 

the mole0'11l.e.r rotation of a molecule can be 

drawn from a knowledge of tte structure. 

Ve.r:f 11 t'tlo is kn~ of the l'elation­

ship between the moJ.ecu.lar ~ta'tlone of 



.suoofu,etva m.em.l>ers ot an eut:rop·1c series 

of ·Opti.cally .Qcttve co=pounds (a...,. •• a eutee 

ot opt1oall.J active ooxnpoun4s suc.cesa1n 

m.embera or wlrl.Qh ditfel' onl;v ln that thOJ' 

ocntatn atoms of corureout1VG elements of any 

one su..b-grou.p of the Putodio C1ua1tioat1on• 

theoG. atOlQ bOlas· the oe'be ot ~e·tl7)• 

!h• eeaen'tlal 41tfenno• beWeea $Uch 

a. Jl$ht1on8Mp and 1iha1t slven br the tats. of 

P10kai.'\t a,nd K~·Ol'l and Brl.~JBZ" and B1 t'te~lUI 

is that in an e\ltrop1o: aerlee it 1s the ac'W.al 

cenire of the ~'~ 1ha.t ta ultend1 

•nereu In en homolosous mtJ'"16at l t ls the 

Q.at\lR ot the srollps a"Ctaehe4 to 'tihe aaJD.e 

~etd.e cen..._, (ln the above oaeea.1. the 

eal"bon ait»a) which ia ohanged 'betweGl'l eueoeesf.ve: 

Na~1 1t ia In geneftl both more 

d1ff1cult Qlid a ntOft 1enstb¥ p~<u~~ to 

synthesise an4 resolYe an euti'O;Pio aeri.es ·o'f 

c>pt:lo~ aotf.ve compoun4s ·than an homo1c>gou.e 

e.e~1ea. 1\ufthemo" the l'lUlnbel" o~ lletnben of 

an ·eu.t:rop:Lc series that can 'theo:rettoan, be 
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prepared i s restrict. d-. It is rostrioted to 

:tive auch memben 1n the case of the Gl'Oup Vb 

elements and 1 t i s like~ that th . entim~ and 

bie.muth oompoun{ls ·1oUlcl provide BX"(tat ~thet1o 

d1tfioult1es. ·probabq t or these reasons, onq 

1:\vo eueh series of optio~ot:tve oompou.ruls 

have pnv1oun~, been prepand an.d resolved 

(.see belew),. one such series eon'tatn1ns the 

GI'Ollp VI elements• sulphur, selenium and 

tellurium a.nd the o"her oonta1nina two of the 

Group Vb e1oraents., a.l"s8Jlio· and ant~. . ata 

'tor a. third ser:les O·f two ,of the Gr-oup -Vb 

elements has now been made av.'a1lable by the 

wor.. described tn this th•ais. 

l!oll1men and flann45 P"P~4 the 

2-a-chlorophenao,l 'thS.(.)-;1 seleno,, and -tellUX'O"P 

tsocbrQman·twn p1ew:te·e (XXXIV, x. ~ o1;ap_OrfBl, 
Q == s. Se and 'le >. the ( ·~> ) - and (-)-picra:toe 

lJeine obtained .x&a the ( + l•'brOmooamphoreulpho­

nates. ~ wgeetecl that 1f ~· optical 

etabili ty of 1fhue compounds wa.e f ound to be 

lOW:t t h1s might be due to the operat ion of e. 

dissooietion equill'Wiwn ot the t ypcu 



!he ft ul<ts Of Qam.p'bell and P'oU·er 

eleo showed that the optical. e:ta\lt11ty of 
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the oompouncla eiminlahte on gO!Ug hom anenio 

'to anttmoey • as 1' ctoes w1 'Ch lllereaatng 

m.oleeuls · •igbt tn the thio-t eel.eftOotoa and 

teUu:ro&ao~ium .ealts.. Ono 41t:fe!'enoe 

'b(ttween tb.eoe 'ho a:eries Of OOllq>OUilds· otlBht 

'to be men~i·on4kt u tt __, be ot eome importaDoe .• 

1n the serl a of !!£ohronlanium stU.ts, tbe 

hetoN a 'tome were in their higher eQTt\lent · 

sta1••• wllil.a:t .1ft the troup Vb een•s" theae 

atou were in theb l.•et.t covaleat atatee. Aa 

1 t lu\ppena, in both oaeett the ooval6n07 is 

. three, 

!:tie qntheeie f.U'ld ~olutton of the 

epiroo;yoU.o anontu.m ael. t (:xuvt) bae now 

'been a.oh1.-..c1 al:tbou~h ita prep~tion waa 

atten484 ·~ srea:ter 4Uf1oul:C1es 1han tha" o'l 

~ othel" sp.1.roo,.cl.1o aalts mentioJu'd• ·POl' 

1his nason,. ~e scope of this work UDt"ortuna:tel.J 

became rather lind.,ed. Nevertheles&1 the 

raoloW.l£4X' rota:t1on ot thia oompcnmd. has hen 

found to be srea:ter ~ that ot the $1l$l.o8C)ue 
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(XXXVI) 

one further point ~ be mentioned 

here. 1'fo compartson has pl'GV1oue~ been. d.rawn. 

'betw-een 'the xaolecule.r rotations of a aeries 

or .!some.rio oompounda which poss.eea 1 M the 

he-te:ro atom, an. atom. of the lal!le elomea"t, 'b11t 

dltfer onl.l' in the position of that atom in 

the heteroo,.cllo BN&tem, ftle 4ata necaae~ 

for 4ra11r1nt; IJli.Oh a Ol.IIIIPilZ'ia~\ at pl'eaen'll 

l Q.CkUa• lB Qll atten~p1 to 'bl-1~ this gap, 

the $p"thesls of the areontwn aal.t (XDV'II) 

ead of 'the apiroc.yclto salt (XXXVI II ). have been 

attempted ·by 'the author. ~e olecul.ar rota,ion 

of the. :fozner coznpoWJ.d o·ould than be compare4 

wt'th that ot t he aalt .(xrv, page 12 ) \thilet 

tba._ o~ the latter colllpoun4 o.ould 'be comp~ 

\Vi~ tile rotations of ~e spiro aal te (uxvz·) 

and (XX.II., Paee 22 )., Urd'orttmatel,J.,. while" 



tile· eal.t (XXXVI ·) wca, :read1 a,ntheaioecl, 

att~pted. :recolutJ..on pxoove' · unaueeesaMt 

an the synthesis of -the s-piro eel t ( · !!I ) 

ooul4 not ~e ·ac.eompl1ebe4 •. 

(XXXVII) (XXXVIII) 

A difilcussion of tb.e resul-ts obtailled 

f ·o t hese attempt s is to 'be foun.d 1n 1h . 

follOWinG see1);1on. 
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DISCUSSION 



DI SOUSSIO_N 

HoU1men .ana ann9 prepare · 'h• epiro-

C7cl1o· aalt1 (Z)-e-sp1ro-b1s-la2t3t4-te"nJVdro-

1soaretno11nium bromiae ( I , page. 22) \'f1~ 

peat eaae• b7 quat l'll1eation o:r· 2Joiifteth11,­

la2rlt4-te~dl'O!e: sin:oliD with .2-2-bromo­

ethylbensJl bromide ~ ollo ed by thermal decomposition 

of the produot• A &imllar pJ;"'oedu.re for obtain-

ing. the spi:rocyol1e salt (XXXVIt pa.ge 43) required 

1>1 the author, yielda, as one po.as1bil.lt3", the 

themal deoompos1 tion of t he quaternary eal t ( 1) , 

but 'Chis compound could be oltto.1ne4 Ol'll¥ ~ 

quatemleat1on of th<i ten1e.rv arsine (II .) w:l th 

· .methyl bromide and thta compound ( 1 I ) wou1a :1n 

all ro'babUit¥ u.naerso intramolecUlar qua'tem1eat1on 



thus .apotrban.eousl1 qolisin t o the desired: 

ep11'0 salt. 

(I) (II) 

:he· thermal deeompot.d:. t ion method is 

'~hue not . tavou.rable to t be .. aJnthGttls of a 

spiro salt ·of the type ~eq,u.irod. !be obVi0\18 

alter:na 1tt.ve 1a to a<ttempt the eynthes-1 of' the 

usuoline ( I I ). A poss1\le l'OU1:e to thls 

oompoud app~a to 'be reaetton of the Grip~ 

or lithi·O derivative ot ,!.-b~Ru>•3-phen¥lPNP1l 

met.hy1 ether ( I .Il) \V1th l-Qh1G:J:'Ooo!'3.t.2t)l4•t t~ 

bqdrGa.rsinol.ine (IV, R -= Cl) . 'fhe former com-

(III) (IV) 
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pound has 'beea prepared l)y Jeeby tll1d r~1.a:na47, ani 

th,e l a tte:Jr by Reben e, !l'umer Qll4 »t.tq48 • the 

prepara1;:ton of the ehJ.oro~s.tnolin.e involvee a 

l engt hy r1fn'thes1a r>f ten etaps oi' tvh1o.h the 

41 

t1rs1 ei3ht, leading to the eonespondin8 1-metbJ'l 

compound ( I V, :R • l e) have been desori be4 by 

lbrrows and hrne;-4.. · 2!he reac.rt1ons. involved 

1n this $lllt hesie with the mod1.t1cattQ1'18 a.do;ptect 

biY tbe author., a.re es·t au.t on the f ollowtng PB68• 

Burll'ows and h mer had p epare4 cU.metb7l• 

iodoare·ine by a double · ••r r.eacrt.ion from aod1Wil 

arsen1 te, u.si:net aet~ld1iodoal"s1n,e. as ·inteJmediate'·t 

'bUt 1 t hae been f ount to be econotnioa~q more 

praetioable to tlse met hyldichloroars.ine a.e tnter­

·mediate in t his s,nthes·1s. ~ eompoun4, 

purified 'by 41etillat1on, was converted into the 

d1so41wn salt o'f me~lars·onoue a.otd, M•Ae(ONa)21 

\rl.tb s odium J'q'droxide -d rtel4·e4 di!aethJ'l1od.oaraille 

on be·tng resubmitted to tho :Mqer reaction. 

AlthCJl.tSh moot. ot the dimet)q11odoara1ne 

ued in tbie work was prepared by the· above. pzao.;. 

oeilure 1 dimetby.lareini.c acid ( caeo~lio ac1.4), 

Xeg&aa0 (0H )2.1 J.a now oommeft1aJ..lr availal»le 



PhOiiaaOH HO 

(V) 

PhCH-GllCH OB ... 2 

(VI) 

.·:sr 
PhCH2CH20H~aMe~2( 2 

(XI) 

lheat. 

PhOU2CR2CIItAddr 

(XII) 

:Phett2on2c:H20H 

(fl.I) 

l!Dbf 
l'hOH2cu2cH~ 

l ~t ··'e:r'si 

Photf2CH20lia'a!le2 

(VIII ) 

l 012 

~hOH2CB2CH2'8Me2C1g 
( IX) 

1 .heat 

PhOH2o~t20HzABi' eCl 

(x) 

/A1C13 

(XI II ) 
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(but rather expene1ve) and 1s rea41~ converted. 

by treutmen' with ~dnod1o ac1dt to.llowoct bJ 

sulphur 41oude nduction• into dime'tl\yl1.odoeft1ne 

1n one step in e,,r; Nield. fhe opt1lnutn overal.l 

J1·eld V1a the tor.ner me~od is 4 7, • ~he aethod 

~emplOJins oe.eodyl1c ac1d hae the· fUrther advan-. 

that the MshlJ poteontnta and o'brlax1ous met~L-

41chloroaratne S.e avoided,. 

A metho4 to" the reduction ot c1nnanaaldelqd• 

(V) "o ~drocirmemyl al.Oohol (3-phetJ\V'lPlrOpan-l-ol) 

(VII) wt th Baney lfiokel oa.taly-st lws been described 

by Oov.ert and A4au49 bUt the time " t.Und for 

the completion ot the reduction is not men'tlonea .• 

!he thor fouad tha when a starting prese\U"e 

of 100 atmosphf!ne. ot hydrogen is emploJed, the 

pressure being r.aised once dur . . the oou.rae of 

the reaction, 24 hours ·rt) required t o &:tvo an 

63. ~1e·ld of the alcohol, whiltrC, at atartin,g 

pressure of 80 atmoepberea, tho preeoure ace.11'1 

bei.ng raised during the course of the reaction, 

42 hours were requlhd to give a.n equivalent yield. 

~h• hydztOgen waEJ a'b'eorbed .rap14l.y at . first, then 

'Ye'l!J slow~, due• no doub-. ,; 'to the init · ~ read¥ 
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reduction ·ot the double bond followed 'bJ' the slow 

»eduction. of the carbonyl ,roup-. this apparent 

l"eadi' reduc·t1:c>n of ·the double 'bond led to an 

attempt to reduce the now .coromercially-ava1labl:& 

otrmamJl ~cohol (vt),. tfo J~&OOrd o'f th1a re.-· 

duot1on o.ouJ.d be traced in 'the Utera'tl.We, but 

Holl1mazi (private oo.mmt.tatoa'ticm) has found that• 

wi'th A4ama' oat~t1 the alo.ohol was obtained in 

gOod yield, In this work• a yielf! ot 9·41' was 

ob1alned af"ter five hours. a' a startblg .PJ"easure 

ef a.l e:tmosphere.s. In.creaaing the st·arttng 

pressure to 50 atmospheres w1 'th the same oatal.Nat 

U ·d not eubetantlal.lu reduoe the time nql.liftd, 

whereas the yi·eld wae a11ghtl.y lowered• With 

lt$ne7 nic~el ae. oa\a17st., the rernarkab17 ehon 

ttae of ten minu:tes S11f.f·:teea tor the redu.c'tion 

whon a starting pres~ of 57 atmosphe¥'es was 

emplo7ed • gi vtng the redu.ce.4 alcohol in 90% y1el4. 

!ro e.1gn11'1cant. temperature .ris e (which would have 

caused a momen~ press~ increase) was observed 

during the course of the redllction. Iq<troolnn~l 

&l.cohol., Which has recentlT became COlnm:&I'C.iell¥ 

availa.:ble, has previoual3 been prepared b7 the 
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reaction of benzyl. magneeiu:m. brond.cte w1 th &thF181le 

ox1d or by the Bouveaul:t-l!l.ano reduction o'l 

e'bhyl 2•pheeylpropionate, both of whioh are leas 

oonvcn1en1 p~ooeduree and give lower yt.elds of 

the product~ 

ft7droo1~l alcohol was readily conyerte4 

1nto 3-phen..vlpropyl bromide br' Hydrobromic a.c1d 

1n the presence of eu.lphur1c aoid• !he Orignarcl 

aerivat:lve 0:~ this ~ide1 on treatnlent w1t h 

Climet eyliodoarslne, attorde,d, on bTdrol.7s1s, 

J-phenylprG:P1ldimetby1ara1ne (Vlii) in 88 ,telA. 

trea:tm.ent of 'thie J "dua1t w1 'th one molar propori1:on 

ot chl.orlne 1n oarbon t etrachloride pve the 

dichloride ( IX.) as a v1aeous o11 'fhioh m4enren1 

theaal. 4ecompos1t1on to yield wo fraoti.onat a 

low-boiling liquid• and the :»ro4uo1 (X) 111 46% y1e14. 

& case the tlrst fraction should ha.ve been the 

unreao·'ted d1methylars1ne (VIII} • 11: was qeJ..tt 

treated with ohlorine- in oarbon tetrachloride. A 

substantial qutlllti ty wae tak1lc up before the ,-eUo• 

oolol.lr of free chlorine developed 1n the so_lution, 

but th.ermal deeompoei tlon of the pJI'OdUO't pve 0D17 
a low-bOU1ng llqu.td.. ~he or1pnal first traction 
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woa t . ue ol.early not the tmchangecl ars1ne (VIII) • 

The di meteylareine (VI I t ).• when s1m1l.a.rly treated 

with 'bromine 1n carbon tetrachloride t y1e1de4 the 

arsi ne d1br.omide (XI) which lo t :met~l 'bl"om14e 

arno•thl.u <>n heating to ,.t.eld the me~lbromoaretne 

(Xl i} tn 56% yie.l .d again accompanied b7 e low­

boil i ng ti~t traction. ftlle first traction • 

on re<l1st:Ula1:1on gave tive .fraotiQne; the l ae't 

ot whi ob ·was e. fUrther $\18.11 quant1.tJ of the 

me.t..ltylbromoarsine (XII >• fte . major traction . gave 

no product on reaction. w1 th me-thyl. 1oa14e., Qad 'the 

b~-produot thu.a nmained un1den'Ufi.ed• The 

preparation o't -.he bromoars1ne (XII ) is more 

aa i s t'aetorr than that ot the ohloroaretne (I ) 

.since the bromine aolu'tt.on is more re d1J.7 pre­

pared t han that of ohlortn'G $Dd the yield o' (XII) 

ls great er than that of (X )~ 

Both the me~lohloro- ana me1!J3l'brom.o. 

ersines • in benzene solution, read14' underwent 

07Ql1sat1on 1n the· presence of alum.1n1:um chloride 

'to yi l d l-Dloth31-1•2•3 •4-'letrahydroarstnoline 

(XI II ). 



Du.e to the lengthy ser:iee of reactions 

tnvolv&d, 1ri prepal"tng this Qr·$:lnoline·t other, 

$Up1.or me·~hods we:re soUB)lt t or· 1ta .tqnthea:l:·a._. 

Burro s and Tu.rneJ.fa , · ve procedure ls 

baaed on the !'r1edel...Ore.:rta cycl.1sa.Uon of a 

ohloroars1ne.. rue was 1he earliest method 

employed for the eHtl'tiheeis ot ·hoterocyolic arsibea 

end was also used o:r the preparation or 1--methyl­

areJ.ndol.ine (XIV), the above arsinoline' s lower· 

bomologtte, by 2!Umer anEl ~o. 

(XIV) 

ore ~can1ly, the method has been uaect 

by Coo·~ ·eon and ~taxm51 fQ'I: obta.irWl& tile 9Jlo-dl­

~Uroaraanthndine !Qra:fttm• 

CH2 
I 

AsMeCl 
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Anoth r et):u) hieh 

ti bine 1s c;voli t .ion d .. W·dration f arsonic 

and etibonic ao!de. !b: Gt . ·iphenyl.¥1~2.. onto ·014 

( V) re dil.y un ~ oe c;rol1eat1on 1 th hot. 

s a l huric ac1t'l to 1el . · Qfluo~inic c14 { · .. I) 52 • 

(XV) (XVI) 

t 1on of 1.s · thad is · · si.mil.ar 

oyel1 .. s tibn of ~s1n1o and etiblnio ao14at f1· u . 

pb 11 an oUer~Ui have pre areA ·g.~ . ..-

2 . etho:xy- .. '-" ~~~AYon. · atluo~e ( VII ) , ·1hose s er. och _ · o 

inte . _ · t h tion in the· Introdu(rtlon, 

Me 
polyphosphori,.__~ 

acid, so2 :) s 
I 

OMe 

c6H
4

COOH (l2,- ) 

(XVII) 



Very recently, Iones and ann53 h ve 

found 'Chat phe~l·2-phel13l.e·tbylaraln1o i d 

( III) (prepared by the yer reaction of 

! - phenyl ethyl bromide with the diaodium salt 

ot phenylarsonoue ao14) readily underwent 

cycl1sat1on with hot sulphuric acid. Reduction 

of the arsine oxlde t hus obtained save l-,phfJilYl• 

ars1ndOl1ne (XIX) 1n 76 yield, the au.thor baa 

(XVIII) (XIX) 

appli this method eucoesefW.~ • rut in low 

yteld, , to the synthesis of th.e homologous 

l•phenyl-l.t2t3a 4-tetrahN·<U-oara1nol1ne. This 
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i a discussed more tully late,. A eimilar method., 

employing the clisodlum salt ·of methvlel'Sonous 

aeid (XX ) , yielded what was prob :bl-7 ethyl-

3-phe~lpr()pyl.aroinio acid ( I) but wl:'d.oh 

coul. no be obtained cey tall1!'1e.. Treatment 

of the n aoou.s prodUct w1 t b sul hurio otd, 



· eto:te attempting suah a S)'l1 thes1e., 1 t was 

obviouel.y atv1aable to 4et&mine whe,her ~e 

methobromta•- (XXIV) woul4 und .I"BO theJ!mal 4e­

eomposi t1on "to 7ield the required te"trahydl'o­

al"S1lloline (XXV) . A sampl of tbia methob1"0JD1do 

was thel'&fore prepared from an autb_entio sample 

of 'the aralnolme ·(xxv) prepared 'IV ~s and 

Tumer•e method• and u.ndeTW-.n._ 4ecompoattton 

smoothlJ When heated at 1te melting poin1 to 
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give the methylarainollne 1n 95 vte1d. ~is 

was oha!'acte:rtae4 bJ reconversion to the motbo­

br<Jzni .cle ( - IV) .•. ~~3-Pherv'lproprl methfl 

ether ( II ) •as converted into the Qri~ 

derivative by th . an:C~ent method with 

activated mae;nealum and reacted -omoo1Jhl.;u with 

dtmetbyl1odoars1ne to p:rodu.oe the a,r~t~irle ( . III) 

in good 1·ield_, chare.o:ter1eed ~e· 1-ta a thopic::-ra.te, 

but wh6n the ars1ne was "treated w1th 'hydrobromto 

acid . .no ether-meolubl· prctcluot aa obta1l\e4 •. 

In vie ~ of th• author•s fa1lu.re (ment1one4 tn 

d&-ta11 lat:er) to conve~ the ai'Sinol.lf.ne. ( · I ) 

into tho spiro aal 't ( ~ I l ) • aleo ·'br tt"eGUent 

itb eyclrobrom1o acid, this :failure ie .not 



~ I 
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. nr1eiag. l't •e.a ehown in the lait'ter case 

t hat 3- phenyl.:propyl br . iti.e (· ·. IX) WBS one o:£ the 

p·roduots of 'the reaction,. the O'ther almost 

cert~ beine 1-br0nic>-1J2t314-tetrah:Ydr'O­

arsinol1ne (,XXVIII) . fhat a e1m1l.u rea.otion 

had. ocC~.U.Ted 1n the case· of the arsine ( II ) 

is aJ.moa' undou.btedq tnte. 

As 

. 

....... 

CH2CH 2CH20Me 

(XXVI) (XXVII) 

lHBr 

(XXVIII) 

(XXIX) 



A8 1s discussed in 4eta11 'later• ph~1 

poupe diree:tl.J .attached t .o are--.io HadllJ 

undergo repla.clmlent lw' a: b~e a:tom OD 

trea'tnle.nt wt1h brdr,obromi:o ao14. It' is aot. 

Wll'easonable to 8\\JPOSe the.' a eube.tl.tu:te4 

phe~l s:rou.J> would ~lb&t a siln1l.8%' '$ett4ency., 

If the tf'iPhGnNlJae~l ( trltyi. ) ether 

( I) eoul.4 be pnpare4• it wou.ld ,probQW.,. 

be. .J~eadi~ b¥4a'O:J.reed wi 'th aoetto acll.Cl to the 

alcohol (XXXII) which, on tnatmen1 with. phoe­

phor.ue tribnm14e 'WOUld ·ta aU pX"ObatJ1l1tJ­

yt.el4 the Mqutrea .methouond.4e_. In thla wa_v 

the use of h7(lrolmmlt·c aelct would be' avoide4. 

su.o:h a scheme provec:t in a late• SND'theaie to 

be . .ld.shlJr wcces•hl end the ue• ot 'Ule 11'1'71 

.gre\lp 88· an ~-tem.at1Ye· 'o the me,tho--XJ"l fFOUP 

i s discussed in. det.at.J. at tha't point• 

fte tP.ityl e·~er (Dl ) w-e.e thue con-

verted into 'he G~ 4er tva.t1ve ana tna-tea 

! 3.'th tli.methyl.io~oarsine, a Viscous sum betng 

obtained after tqd!l'o4tais, No attempt was 

m~de to pur'if'y' th1a pr.odu·ct a.B prev!:ous GlC• 
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~6n4-aa2oa2cH2ocPhl ca-·> 
('XIX.) 

e2Aa..06H4-oit~pH20H20CPh3 (£•) 

(Jtll:t) 

Me~e-e6n4-o·a2oH2cu2oJI (!:'"·) 

(XXXI I ) 

[Me~&-00It4-oH2aH2~11~ (,2• >.J --. 
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hVdroly.eis 

Dr) . ) 

/ 
As + Br-
/' 

Me Me 

pez-i,ence had sb.OWll that attempted. 41st1lla11on 

of .such oompo\Ul4& 1eade to partlal dec pos1t101h 

1'\u'the~Uoro, hydro~aie •tth a.ce,to ao1d. ,-1.el4ec:l 

another sum wbioh failed to distil ·u.naer high 

v:a.euum even with a bath 'Ceq>eratun ot )oo0 • 

:11reatment of the reet4ue W1 ~ phosphOru.e tr11Wolnide 

gaVe· an etb&X"-insol.l.:lble anti hlshlq 017'$tal.11ne· 

solid which was. however tree ~ hal.osen. 

AnalJ's.le indicated that: "' mlsht poss1b.~ be a 

semp:l.& o~ dimetiq'1'h-1t71a.rsille onde, Ph3C.Aa(O) e2 • 

mhis c~oW'.ld· ooul.d poaeiblv have nsul~ed b7 

cleavage at the arslllic•phea.vl bon.d (at .some 

otase during the a'bove pJ'OoG4llft) :toll.owecl \W 

reaction of the arserd.o-oon'Oaihing traament witil 
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the triphe~learblnol tol'ltted during the. hyd.rolyote 

ot t he tr1t7l ether .group. .In. new of ~hose 

result , fUrther attempts to facilitate the 

prep~t.ion o.:t 1-methyl,....l• 2 t lt 4-tetra.:eyaro­

arainoline were abandonea. 

l-Me~l-la2r3t4-tetra't.lydroarsinollne 

!\s a. colourl ess. readil:f-oxidise.tl 11 . uid wt·th a 

typtoal. ~1ne odour. ~s and 'rum.er have 

prepared £or the 14e.n:ti:t1oa:tton of the· arsinet 

the methiod1C!e (XXXIII, R • ·~ e, X • I). fhe7 

I 

Me 

(XXXIV) 
2 

(XXXIII) 

PtCl
6
--

have s"ate'd that when this aeth1od1de wa.s wame 

w1 th ethanC)l., the solution aeeumed a 7e~low colour 

and aea1n became col.ourle.ss on ooolins, Also, 

they state that a rapid ~1uma-.ne estimation 

of 1.onlo .iodine pve a f:lgtlJ"e 7" lower than tha' 



required for 'the methiodide, and have used "these 

observations in -upport of, the poss1b1l.ity 

that in olut1on there exists a diesociat1on 

e.quili brium betv1ean the oyolie methi .odide and 

the open-ehain arsine ( '11) ; 

~CH2CH2CH2I 

AslYie
2 

(XXXV) 
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It this is so, 1 t mq 1ndleate that o'tber quatel'­

nary deri'Yativea. con~ the <te"rah7dr0-

ax-sinoline ri.ns qs,tem wotd4 possibl¥ 'be ohem-

1oaJ.l1 unet4ble, and ·aft¥ at-tempt. to PS'OPtU"e 

.an optico.lly-ac~1.ve apiroc7clio eel t or 8JV 

other optically-ao'CiV4t q\late.~ salt contaillin6 

this system migh't prOVe unsllcoeaaful. For ~ia 

reason, 'the methyl tetrabydroarsinoline was 

conv rtei into a variet)' -of qu.a:temary deriv­

ati ves, all of which showed no evidence ot 

eh .· oal illatab1l1t¥• 

~he- arainoline readily :formed a metho­

brom14e (XXXII I,. R • Met X a Br) on being mised 

wt -.h utl'ql bromide and allowed to stand 1ft the 



cold f or s ome t ime. Thia me thobrt>mide, when 

he ate , underwent <t·ecompOBi tion only a t 11e . 

mel t i ng point, be1ns ( as ha s been Dtentioned ) 

reconvert.ed i nt ·o the parent e;rsinolue 1n 957' 

yiel d.. The methobrom1de, 1n ethanol.1a solution,. 

was treated with an aqueous olu.t ion of p.o·t aas1wa 

i odi .de , y i elding t he corresponding meth1o41de 

(XXXI I I t R = ~e, X • I). ~is compound, in 

turn, when treated wl th aqueous sod1u.m picrate, 

yielded the oorreepond11'l8 methop1c·rate (UXII I 1. 

X = C 6B2o·7N 3 • ti • e). The bTdroq-n1 tl"'a1:e 

(XXXI I I ., R • Oft, X • NG)), :tol'med by d:l.ree1l 

ox1dat:1on. ot the arsine wi~ n1'tr1o ao1d1 could 

not be obtained cr,ys talline, wt,. att&J: neutral­

isa t1Qn, gave what must have been the dJ.bl'4rGx1de 

( III • R • OHt X • GB ) e1nce, when allowed to 

r eaet \'fl'th picric ao1d• 'the Cr,'a t Uine hydro~ 

p i crate ( J. ~ I I l , R • OH,. X • 6a2oyN3 ) was 

readily obta.ine4. fhe methobromide, monove.-, 

gave, with an aqueous aolu~ion ot ohloroplatinio 

aci d , the s t able , crya-talllne salt, b1s,(ltl~ 

d11.1.et bYl.:-lt 2s 3•4-tetrahydroarsinolini um) chloro­

Platinate (XXXIV)• 
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P.inal.l.f, the observation 'bJ' BUrrows and 

ruaer 'tha.t ·sn et~ol1o &OLl4t1on o.t t he methiodide 

became yellow on warming Bn4 O·olour1eeo on coolins.t 

coul.d not be aubetantiate4 by 'the authort whi1e" 

a rapid vOlWDetn·o oe.timation ot ionic bromine 1n 

the me tho 'bromide (using automatic tt·tl'Quon a.pJ-­

aratus to en~ speed of det.ermtne.tion) save· a. 

figUre ln IXC&llen't asre . ent w1 th that theoretically 

required. On these geounde., lt .appears that 

Bu.rrowa an.d i'Llnler•e obsene.t1on was. more p~bably 

due to photochemical 4ecomp-os.1 t1on ot the meth1od14.e 

than to ·the ·ex.is1enee o:f a 41eaoo1.at1on equil1brium 

tn solution,. -and f'Q71 tbls reason, it w-ae oona14ered 

worthwhile to con11.1nue with attempts at the eyn­

the·aie ot the requ1re4 splroc7Q,lic salt. 

Jor th _ preparation or· this spiro ealt, 

tho above ~oltne be.4 to be oonveried into ~e 

corresponding l:•bal.ogeno oompoun4 ( VII• X == 01, 

Br or l), 

rev1ouel.y been p.repax-e4 b" Bob rte.1 tumer and 

Bury48 bY cblorinat1()n of the corresponding 



me~thyl tetrallycU'oare1nol1ne t followed by themal. 

decompo· 1 tion of the dichloro.methy.l oempound 

( vr.. • 01) ~UB obtained. 'l'he final. produo1i · 

(XXXVIII) 

s 
/1'­x Me X 

ie obtained 1n exce.Uent r-teld ( 8714 over the two 

stages). l'rom the point of vi" of convenience, , 

b.rom1na'-'1<>n of th.e metnyltetrahydroa.rsinoltne 

would be preferable. Addition ot one molar e Uiv­

al·en" of bromine 1n .oQ%'bon ·tetrachlori-de to the 

arsinoline was found t .o Jield rea.dll7 the insoluble 

di 'br01.nome~l oo pound (. · VI, X • B;) whioh, on 
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beinB heated Wlder reduced p.x-osaure, very readily 

lost me1lbyl bromide to !UJ'n1sh l-bromo-la 2t3t4-

tetrabydr0 . atnoline ( . VI I, • Br) in. 68 yield. 

P1per1d.1ne _!•pentame~lenedithiocarbamate eervea 

as an excellent reQgent for· the charaeter1sa.t1on 

of halosenoareines ('c,t. lioke and Oaklana54 ) 

and .save on reae·tion with l.-bromo-li2t3a4-tet'ft-

h3 · ro rs.moline, the ceyat l.l1ne .[-pentamethylene­

!~1·•( la 2 'Ja 4-tetrabydroere1nol1ne )-di th1oearbamate 

( .. VIII )., 

oth the l~chloro and l-bromotetranydro­

ars1nol1nes served wel.l for purpoe.ee· of eond · neat ion 

with lithio deriva-tives and Grtgnard .reagents. 

a...Bromotoluene was o·onv.e.rted in.to o-brom.o-... -' . -· 
ben~l bromide, whioh on treatm~t with one equivalent 

of magnestum fonned chiefly the mono-Grtsna.rd deri v­

ative (XX IX). ~hie 8QVe1 on reaotton w.1th e'tbylene 

oxide. ,2-brOmo-3-phenylpropan•l-ol (XL) in 49 yield. 

The alcohol., when treated with phosphorus "tri bromide 

and then sodium m.ethod.d _, ge.~e the bro 14• (X'LI) 

and the methyl ether (XLII ) reepeo"tively. be methyl 

ether was convevted with .e.~but,-Ut th1wn into the 

lithio der1~a.t1ve (XLII I) Ql'ld,. with maeneoium• also 
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flll1se.tion, wae found, byc mixed melting :point and 

anat,sis., to be. tr1phenyl;earbtnol, fhe distillate 

thue eoneiated a.ltnoet o.,x-t 1n17 of tripheeyloarbtnol 

1 't$eU • 'fbi · could have been formed bJ 

of the tri tyl (LIV ) on -treatment of the 

pr()du.ot from the Grignard reao'tion with oni.um 

ollor1de or, by d1eaoc1ation of the 

tri tyl ether on a.ttempted d1.et111at1on. 

ftle. reeidue from the a1:.tem.pt d d1at:1llatton 

had evtclentl, undergone atensiVtt ox14at1on, since., 

when groUDd to a powder and bydrolysec.\ boiling 

with dilute acetic acidt lt gave., on treatment 

with th.iOJ'lYl chlor1.cte, the unstable hydroxy-chloride 

(LVI). fhl·s t'u.miohed 1n tum, with di.lute nitric 

acid, the coJTeeponding stable and crysta lline 

hyd OXJ"--l11rate (:l.VIl), the 

o.hloride (LVI ) J"1elded 1 after reduction with 

sulphur c:lio:d.de, the 

(LVIII) wh:loh underwent spontaneous eycl1sat1on 

to the op1roc:ycl1o chl.oride (LIX) . Since pu.x-tftcation 

of thls obl..oride would have proved wastefUl., 1.1 was 

not 1sol.a'ted 1n a pure oondi t1on, but was converted 

directly into the eorrespond1ns spiro 1ocii4e by 

reaction wi '\b eod1wa tod14e 1n aqueous tha.nol. 



The arsine oxide ( ), 1hen reduced with 

sul.phur dioxi<to, gave the alcohol (LXI). !his 

compound, was once again not a eo1td and proved 

to have an extr . · ely h18h boiling oint. llapi4 

distillation tr:rom .a tl.a:sk baving a e.hort 41st1Uat1on 

path proved poea1 bl.~ , but the alooh&l underwent 

some decompo itiotl q.Ul'ing this prooese• sad was 

obtained as e. brown, Viscous .gum.. Ho 1ev :r, when 

treate · ttith phospho::rus tribt>OJ de .• 'f;he sp~roqc.Uc 

brOmide was readily (Ol"JUGCl and s;ave w1 -th sodium 

iodide, t~:e sp11"0CfC-llo iodide {1..XII) t having 

the ·same Dlel ting point as th.e 1od14e obtaiDetl 'bJ 

the to:nae:r method, both alone a.nd 1n admixture. 

In all subsequent preparations of tile apiro 

:lodid , no attempt wa.s •4e to d1atU el 'C'her the 

tr1tvl ether (LIV) or the alcohol (LXI) beoause 

ot the oddation and partial 4&eompoui tion a;"ead­

tng 'Chis ;procedure, but the residual gum obtained 

after b:/dro]¥a1s was t"ated in chloroform solu11on 

w1'th sulphur dio.x14,e to reducQ ·fJDY arsine oxide 

there JU.ght be present , the res l.due, after ra:noval 

ol the chlorof'o,rm, then being treated cl.irectl7 

with phosphorus •rtbromide. the nsulrt·1D& spiro 

bromi4e, ln. ethanol• on re.act1on with ';;k aqueous 

----
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initiall.N attemp,ed .,Da the ( + )-broucampho,-alllpho­

nate,. filie Opt1cal.ii' aetiYe deJ'lvatlve was readily 

ob'te.ined eJ;7s-.all:121e. suceeaeive recryo'tel.lisatlons 

f rom diethf'l carbonate .tatle4 to change the 

melting point o.1¢t'loant11J fUrthermore, the 

thric;e re.er)':stallietta • e11tal save an inaet.ive 

1c>d4.de. tleerys tall1aa:t1on from <li.e~l ketone 

gave material o~ m. .P•· pracUoaUN the same as 

that:. obttdne4 hom 41et'~lcarbo-nate.!h1o m terial 

ba4 c~ a .D +286° Qfl4 was too .insoluble to;r fUrther 

n ei'Jeta.U1aatlon from 41ethy1 ke:tone, eezyot­

aU:t.eatton trmn ~1 meth31 ketone failed to 

al.teJ" ~ m. P• or the~ moleeuJ.ar rot ation e1g­

n1t1cantlJ• ! hie twice reeeystallised ma1ieria1 

\'IllS DOW tOO insoluble for fUrtheJ- reer,s talJ.iaat1on 

from e~l Jn&thyl ketone.. lteorvstall.iea:tlon from 

ace,oae gave a pr04Uct ot uehange.4 m" p .• , [M] D +284°. 

111 was ole~ t ha' neolution was ao11 p.POCee 1ng1 

( [11J D fer ( + )•brem.oeatllpho~aul.phon1o ac14 1R 

methanol, +2'14° ) but t 'o oonfim W e· point, t'he 

t hrice " cr:;s 'Callts•d ~~aterial wae convened: in'to 

<the p:l.er ate which Vta.s inaetlve and identical with 

an au'then"C.ie sample. o.f the . racem:io p1o~a:te. 
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Hart ancl Uan.n • a ana1ogoue sp1ro phosphonium 

eal'C had been suceessfUUy resolved .z&a. the 

(•)-menthox;r·aoetat.e and thie op"'1eel.lv-aet1ve 

derivative to7Wnat~ prcwed eul~able tor the 

resolution of the areen1c analo~e, 

!he ( • )-men'tho~acetate was re dtly 

obtained o~etalltae from tl.1etbtl ketoae, m. P• 

85-90°t not S"11Dtf1eant1y changed after five 

hrther RC.l7 ·'etlll1eat1one ~ ~· ea.me· solvent• 

when t t had become constan,.. the m.enthoqace.tate 

~set.t .a 'the d.l.hydrate ~ter· beirl.s dried at 

room t ,emperatun and ee the (:twsroecopto) an!Jidi'Oue 

salt when dr1ed at 40°. In ot:-der to '\est whether 

naolut1on was proceeding• the above au-times · 

rGCl7·st$l.l1sed material •hich wu un4ou.btedl¥ 

opticall.y p\11'9 t was ctonvene4 lato the ple:rate 

which ·p·roved to be the (·)-picrate, m. P• 95•97°, 

[ JD -132°, 

notber sample ot the (-)-me:nthoxyaeetate 

was prepared and reo%7stal.l1eed four ti!lles trom 

die'thyl ketone, the m. P• rema1r11ng unchansed 

betwee~ the· ftnnl two reorw&talliaat1ons. Thie 

material wu. anal.y't1calJ.¥ pure and had («]D """'8.6° • 

• fi:tth reoi'fetall1aat1on tailed to alter the 



m. P• or the t"Otat1Qll., (ot] D -48.o0
• !rbeoe· 

f1~s indicated that ;resolution was oomple1:e. 

Add1~ton of ethanolic .sodium i odide to 

an thenolie solution of the. optical.l.y pure 

(-)-menthoxyaoet-ate failed to pre~ipitate the 

(-)·iOdide whiob. w subse u,ently 1'ound to be 

highly solubl e in oe>ld ethanol (in cont rast, 

wit "he b1@hly 1nsolabl.e r a.eemio 1oc114e).,. 

Evnpol'atlon of the ethanolio .solution gave a 

residue of the (-)-1od1de· ~ sodium. iodide 

wh:ieh was t aken up 1n ho"ti w.at .er.. fhe a ueous 

solution readil-7 deposited on. oooling, ~o 

ohemically and optically pu~e (·)-1od14e, 

m. P• 223•223.5° (m-. P• of the r acemic 1od1de• 

271-278°). A 0.59.33% solut1on in A.B . ohl .oroform 

(4 dm. tube.) h ,d oe~2• 5 -o.712°J [•J~2 • 5 ·-3o-o0
, 

[ a ~2 • 5 •131. 5° I tbeoe Values liGX'e completely 

unchanged after the ·solution. had remaili:ed 1n 

the clark for 24 hours. 

~he observation that the (·)-t.odido was 

solubl e in cold ~thanol but coulti be recryatal.lieed 

f rom wat er, l ed to tbe f ollowing p"cec:l1.lre being 

ompl·OJed f:o~ the 1eola.tion ot the ( + )-todide., 



86 

!he: ·solvent was distilled under reduced preeeure 

from a portion of the 41·e~l ketone mother ltqu.ore 

from t11e tirst or.retall1sat1on of the (-J-aaenthoxy­

.cetate, lea.v1Jlg a 4a~-k-co·1o~d gum. Th·1s was. 

taken up in ethanol, bO·il-e4 w1 th. Charcoal and 

·lt•red. ·fhe colourless fil.tra:te was armed 

and treated w1 th a warm e·thenollo solution of 

eod1um iodide oonta1n1n.g a trace of water. Oool.iag 

and s cratohiilg gave the cwde raoemlo 1od1de which• 

after three .reerystall1aat1ons ·fa'Om ethanol, wae 

Pal,Jt1call.y pure and had m. P• 276-277° • ·!he 

m. P• intU.cated ·that this ·wae the ~cemic iodide, 

this point being confirmed 'b1' a mixed m.. p, 

The mother ·uquore troll W.s .»aeenl1o 

iodide,. which were aow rich w1 th ~eapeot to the 

( + }•iodide w&re evaporated 'o ~ese and the 

sol14 residue ( eona1ating of the (.t)-1o414e an4 

sodi um iod1d.e) t aken u.p 111 ho"b water. coollng 

now gave 'the ceystalline ( • }-iodide oon-tamtnated 

with some ~ material, ~be CJ7etall1ne ma-terial. 

was separ· ted . d reeeystaU.1aed twice from waier, 

the m. P• ·being 1den11cal w1th 1bet of the (-)­

iodide, whilst a mixture ot· the (+ )- and (•)-








































































































































































































































































































