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untvewstr of Qapll tow• on4 fl9m October., 
l9S7. to S9pt'$mbe~, 19,8, in ~he On1•el'$1t7 

Chel'doal Ilebol'atoq, ·Oabr1a••· 

X wish to ittQCOli4 J0V 1rltt•bte,(lnesa 

to titJJ' supeWt.so:r. l?wfeseor P,G, Roll~ •. 

MelJ.r P~feseor <Jt· O~rg$l'do Ohetde.tq t.n the 

t1tl1Ve!'s1tJ ot C$:J)e town; en4 ~o DJ';t · P. a.. ~,, 
t~.a.s*.,.Jteathl:r in Ol'gamto Ohetd.str:r, U.n1ver$ltr 

·. of Gam\u!ictge, fo:r theu- B4vtce an4, b.el,Mnese 
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. ' . . 
t!anr· of i;he ~ames stwn to het(!j~- · 

- : ' ' . 1 

-01QUO 4e-~1va-tives qt .ara(nltc are $Glt·'GXJ1~tffl'J 

ta tl1a~- th~J .an saa:pt;at.tone ot ·the D.arAes -

COmntOillJ UGC!:l. fo~ the -co~respOJl<i~g Jtitl"'aen 

.comgounie• Po:r- ~1•• tho ctmpo'U.nds (I) 

,a;n4 (Il) ~· ~etl 6$ 14etb7lr.-1t2t.lt4-1ie~~-
,- t .. ~ - . 

- - -

)i:~s,oars~ltne reapeottvcir, 1W .aDalog with 
. . . . 

th$ o.t~rreepQ!l.Un~ nl~~,_~ont~ COO\l?Olm4s1 

l~tlV'l~l.t2t3f~t~ab,4~oC&llinctline an4 2-met~l· 

'- .. 
~ _/ 

(I) (II) 



.. -- ' 

i~:ti"~sinolt~o ox1do/(.VI:t1), and 1·ln~~l-., 
· 1t2~)•4-t'et•h¥-ck0at:stno1·in¢ mtlphtd~ tm)., 

~ if: -. . 

:i:*esgtcrti~l.Jr'-t 

(VIII) 

: J 

_, 
' .. 

(IX) 

$.ome. ,QheJ11ats · :piteter to : etpl.o;v· ,sa 

. edaptetton .. ot th.e s~~~ul~r:-atto~te4 1rtvQ.l 

name :for ~he ~OIIOU$ o~n, ·~~ or 

. ni'tr~gen. 'tonta~g. qeta.,. ·when ~~ 

heteroc7all~ ~1vattvea of ar.a•t•~ ·xn. 
t..\ese oe..sel!J1 . ~~~ '"tlz "etr8~*' ·ts sen•~t 

em.p10fe4,,.. truticta:tsns that ·e aarl'Jon, .oxt~ o~ 

.. t.ti'Ogtrm, ~1sG14 ·haj be~n ~epl$~~4 ·bl .$1 ~ente 

tif;ti>m'!i ~~ tlil •o~oltne (,I) eolil« ''be 
. :;. ·~ ' ....... ' .,.,- ' 

nam.ea: es ~a!tairolue on the.',.Sts · ibat 
, .. -- --· . -, ·.. - . .-. - .. 

kstnltn• .itt th" ·•tv:a$1 name tox- l.-me1bN1• 

l#2#'3t·4•tet--di!Oquilto'ltrua:, e~ Jl·lltro.iea 
' ' 

, UUalO&Qe•, $bd.1~1J1 th• ~ptnmd (X) iG 
. . ' / - . 

·. ~o~lF :ret~~tl to aa '~tths:l•9 .... a.rs'Sf'l~omm.e 

bJ' .tmal.Of§ W~ th. tb' 00ft$SpOJ1¢l~ :bf'4l'Oo~'b0At· 

f1u.or.an•h 



ot Br3enio ie also ttcSttallr a .st~a.it#!tto.~d 

lmltte~. !h»;s the eompouniie (XZ.I >:t (lV), (f') 

·aM (Vl) ~e !lamed aa meth;Vl4lt:hl~;reut,d.ne, 

41mcrtta;y1.(moao)ol1lol'Ovstne1 · ~etiWlersille 

· ett4 trimethllarstn~ tichlo~lio .~o•p•ottvel:v• . ' 

seAe012 mo2A$01 .ao3aa ,me3.tael2 

(Ill.).. (lV) (V.) ·(VI) 

. Qtla"te~ .ed1ta .ot ·araentc ~ named 

.(tv) 

sn eimt~ tS$hicm to •• ,cO»reapOndlng 

q'Ua1~ amnumium ealw,.. · fhue,, the metbiottiae 

~f tbo us1no1in't (1) :1$ ooaec~ aamett QS 

l•l~atb81•l.t2t3t4•tet:~dl'Oarsinoluuum 

·. s.oa1ae ('VI:£):,; or u l-met~1·1•2:3,t4•1ietra.l\T~ 

~tnoUne ··.mtthioilde~ 

I7'"' 

fh~ ouae and enlphtde :Gf ·the u-s:!nol.lne 

(it) tate .simpl)" natned. as ~et!lvl•1t2t3t4•'"t~a""' 



l'lfd~~sinolln~ ox14~ (VIli) * and· l~m.ethul.­

lt2t$J4-1;et~dro~eitto11n• sul.pbide (.a)~ 

reap$<:tt1ve]¥ .,. 

(VIII) (IX) 

· $Ot!U'I· ,ohe~fltlll · prater ·to : (mlplol?' au 

e.d.apta.ttoti . of the s&ne~:r.aceeptei triv1t:U. 

DQe tor the ~OBOU4 carbon, Olr3gen or 

nitrogen. ootlta~ qatem• when ·n~s 

beterocyel14 del'iwtivfita of atn!•iC"""· :tn · 

·these cas~s., the p~fb lt'~ft i.$ sentf).ra11J· 
em.p1orea., 1o4ioa:tins ·that a carbOn, ·Ox;JBEm O;" 

niix-osen iQ.iJ<.ml bat been repl:acad by an ara~o 

atom. fhua, 'fibe Qotno1ine (I) could be 

llaUle4 ao arsakai»>line ·Ott th• basis tbat 

kair.alib$ ts the tr1tr:lal tJ.ame f&r l-met}W1-

1#2tlt4-tet-dl'Qquthol1fl.e, the nltro~ien 

analope., Slm11.-13r1. ·i;be ~ompoun4 (X) ie 

no~ ~etowt4. toea 9-metbEl-9-csa.fl:ac~e 

b7 tmatog · wi'*h tbe oo:rre$pOn41tla bydrocu'bou, 

fluorene. 

(v) 



(X) 

ftle ·•ct4o der1w4 from aJra«mto ·PHsent. 

a te.r Sl'ea• pr(Jblem~ trntox-~telift 'twO· 

QYllttem$ al'e at · pres•t in 'U$e · f'o~ :aatninc the•e 

ctuapouua.e. · fte Ame~ice;n s7stmn .b&s· been 

reoommencled fOJf. US& W . f+f• ~l aa belns 

the more 1osloel.. ~ptem, ena. h$e 'been ad,o;pt-ea 

u this tbef,d.s., ·!ltle ,s)stem is· tll~stra:tect 
·bY the followil11: ex.Plee* 'IVM1st the British 

t:W:etem lla1ttes are given below :lu: p:arenthosist 

Me......._ ~ 0 
As~ 

yt~/ """-Oii 

4iaetbyl.a-sin1o aoi4 



. OR 
u.· .A./ me-.ncf......._ .. . oa 

met.ba'~OttO\t.S aoid d1metbJJ.e.rsinous aotd 

(metlq:~iai;CJ e.oiu) (4ime-larainou~ act~) 

(vii) 

J:t woUl.tl .obv1ous1J' ·.be o:t ~e.t aftQD.~. 
' .. 

tt .. pe~ ~aeat ooul4 be· reached on .a qmtea 
. . 

.to1r ~g all.pos$1ble types of organio 

·CO!UlfOUUde ~t Bmenl~: so ·thai oontaei~n .~this 

~tdl.J ~wing .fiel4 ot cb.emiatl.\V mav 'be avot(li;ld, 



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 

3 

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 
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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 



3r-e6n4-cHr sBr <.t-> 
(XXXIX ) 

n~ 6:a4 -etl2mt2aa2 a (£-) 

(XXI) 

;ar...o 6rt4-oH20H2eH~ (,!-) 
(XLI) 

:Br-G6H4-cH2oB2eH2o ,e (s.-) 

(XLII) 

lJl·Bt.lU 
L1..C6114-aH2CB2CH20Me (S;-) 

(XLIII) 

(XLV) 

68 

NaOMa 

:a~6u4-os2ea,2os2o e: (£-} 

(XLIV) 

(XLVI) 
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te1r~dr0;1soarsinol.1no wttb ... cfrto41o ao14 to 

Nl.e14 'the OOJ:Teepondins 2-lod• o.ompound (XLVI It) t 

which,. al.lboUgh not 1solated in a pue state, was 

oharao·'ter1aeel as tte !•P$1taDle'tb¥Leced1th1ooarbama'le 

4e71YatiYe. Aleo •. lonee and arm56 have touncl "'ha't 

HI ~ 
s-I 

(XLVII) (XLVIII) 

trea:tm'<m't Of the oyolte dtareine f LU) · 1 th lwdro­

a:ro.m:1c ao14 save the corre.a-ponding d1bromod1ars1na 

(L). F!Ju.riodlc ao14 however, unuer · e.lrailar con-

·d1 tiona, caused ruptan ot the moiec\llet 

1\ 
Ph-As As-Ph 

\__/ 

(XLIX) 

lHI 
I 2AsCH2cH2Asi 2 

HBr ~ 
1\ 

Br-As As-Br 
\_/ 

(L) 



Such .subati tu.tion of a ph~l group ~ a 

haloeen atom 1a apparct~ not tOUD4 'o occur 
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wt 'th P-ph~l 07c·lio phosphine a• Po r example., 

U.atment of buahydro-lt4-d1phenyl•l&·4-aaapheeph1De 

(L'I) 11m IQ'd.r1od1o acia save cm1J the monobfdr1o41dt 
((7 

( LII > Co. t. Mann and m:11ar' >. 

Ph-~-Ph HI ,. 
f\ Ph 

Ph-N +P/ I-
\_/'-.....H \_/ 

(LI) (LII) 

the "sult ot ·the treatmen-t of th araiD.ol1ne 

(XLV l ·with ~drObromio· acid appears to be the 

tlrat recorded example of a · sulbst1tute4 ph~l 

groap un4erso1ne such replacement. 

It trae tbouab,t tha1 the u.ee of ~droltromio 

ac14 oould be avoided ·br emplO¥inB 

bydrolgs ed protective group 'lhan ~e metho~1 

poup for WJe, in the Gr1Fa.rd. reaction. Various 

poaeib111ties for readily-cleaved ethers wen 

therefore oonsitlered. 

Oleavaae of etbere hae been ac ompUehed 

with aoidie reaaentaJ with n.uc1eoph111o reaaen'Ce 



in the absence of acids f with alkali met£Ue J · d 

by- reactions involving hete:rogeneou~s oatalqets. 

·oat of the reactions of the first 'tUee types 

ean 'b.e explained in t~nas .of bimolecular nuoleo­

philio subot l t tion ( Sn2) reactions and carbonium 

ion ( SNl) naet1ons~. (fo't- an excellent review 

on this topio eee l'!llrweU • "Olea.vage of' Ethere•58• ) • 

Cleavage ot the oarbon-ox.vge,n bond in 

an ether often oooure sl8. "a.d1ly as (and sometimes 

more readily than ). that 1n alcoholal, fhie 1e ill­

ustrate br the f act that for the OH.rbon-ox~y·gen 

bon 1n .Qll ether t o be cleaved by a nl.lcleophil1o 

reagent alone, a reagent suoh as a ve7:3 strong 

base l a requireda such a re~ent . would remove a 

proton from an Qloobol, making the reeul t1 

nega'Cive·~harsed alkox1de. 1on lees eusoept:ible 

to nuoleoph!l1c atta~ Many eth r-c1e vase 

reactions proceed t hrough an oxonium ea'l t 1n'ter­

mec,1ate such ae a2ou•. l'he s s wnption of a post tive 

charge by the oxygen a tom in th.e oxonium sal.t renders 

ono of the H. paupe 11abl.e to departure .as a carbon1wn 

ion.. Pllrthermor . , the forma'Ci.on of the oxonium salt 

intermediate i.ncreaaee the ate ot attack of an 

ether by a nucleophilic reagent, ftlis has been 



demo-netr ted experiment~ b7 oona14er1ne the 

behaviour Qf an oxonium aal.t towards displacing 

anions o.f Va%7ing nuclooph1l1c potential.. :ror 

exaJnple, 1f tr1etbylo~on1ua tetrafluobo·rs:te, 
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Et3 o• BF 6-, is allowed to react 1n a 211 aqueous 

s o·lution of NaA, wh~ A 1s the di splacing anlon, 

ethy·l e1her. and ethyl A are formed, The percent8B8 

of eteyl A :torme4 wh~ A is vart.ous 8Jlions wi til 

varying nucleophilic potenUal 1s·t A • .,-, trace.t 

A. ::z Cl-, 121'r A ::: Br-, 23%; A.• x-, 531't and A= CNS-t 

64%. Th!e 1e 1n order .of increasing nucleoph111o 

reactivity of A. 

soluti·ona of ethers 1n strong aci ds fozom 

oxonium salts which a:te the con3usate acids ot 

the ether. Por example, 41e'thyl ether 1n 100% 

sulphuric acid. shows a lower11'18 of tile .treeztnc 

pOint indicative of 'the pre.eenee o1 two part1e1ea 

per molecule of ether. Undoubted]Jr the o.zon1wn 

salt , Et2oa+ 1s f .ormed along wt th HSO 4- :. In the 

presence of a str0118 acid there1'ore, it would be 

expected that an ether would be reae·tive towards 

a nucleophilic reaa~'t. !he, reaction of e-thers 

with a.oide such as eydrio41o and bvdl'Obromic ac14s 



.is prot)ab]¥ 'the method that has found grea.teat 

applioat1on 'ror their cleav~e. Expe·rtmenta have 

shown that 1n an ather, :aoa• {wheN :a sad. R' are 

both primarr elk7ls or R. 18' p~ Blld .R' ie 

s.eoondeAt Qllql) re·ae,ion. wi 1b b,-drob:ro·11o .acid 

involves an SN2 mechQnlom.t. probab]¥ naot ion 

o·ec\U's. be'tweetl ·'the 41~1:b¥~1um ion ancl the 

bromide 1ortt 

noB • • tt•'b- --~> u•oa""· + _. .. 

--7> ~ + R•·OB 

?3 

But when at ta 1;eri18J.7, "h• bond. bot:ween 'Che tert:i,.arg 

~1 poup an.d oxypn is broken to s1 Ye a *Br and 

ltOH and cleavaf~e. ot tfUI"'ti.ary ethers occure ~ar 

more :readily then that of priJDar7 or seoonda.17 

al.Jt7l ootrtainine ethers. ~he reaot1.on is now ot 

the ·S·ml- ~· 1nvolY1ng a ou:-bonilUil .ton inter. 

med1a1et 

ROB • + H+lh'- --~ U'oH• + Br-

int•oa-+ a•"' <• aoH ) 
R·•+ + B•- R•Dr 
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Oleav~e of ethers hae so been ao·oompllshed 

by ~· ac.tion o.t lcy'droem halicias 1n orsuaic ac14s• 

par'tioul.arly b7 hydrogen bro 14c in glacial aee'tic 

acid. he aJ..lql brom14e and an alcohol are 1n1 tially 

formo4t the aleohol 1e then esterUie€1 and the 

este.r rea,cte f\u1her· with ~drOgen bromide f .ormil:le 

the &lleyl l»:-omide- fl:oonov &Ul4 t.ad1gtAa59 have 

mea.sured ~· rates of nacrtion of a l'U&Dlber o.:f e'then 

in glacial a.cetic o1d c-ontaining ~dJ"Obl'Omio ao1d. 

he rel.at·ive rate eonetants (aeoon order} tor 

anisole• al.lfl phenyl eUie»• bellql pbanyl ether 

and e~l tl!£"t-lNty1 ether ·are respeo11Tel¥ 9.42·, 

1561 8140 and 686oo. !rh1s indioa-tea the eose ot 

cl.eavace· to be -o e < -ooH2CHaCH2. < ·..OOB~ < ,..00( ou3 ) 3 • 

Organic earbolQ'l1o ao14a on their orm are 

1n general ineffturtive fo11 the cleavase ot ether.a. 

'!'hue, entsole 1s not cleave<! by f"omic, acetic 

or e\ten trichloroaoe·tio ao14e. trov1ever, very 

res.c'tive ethet,os, such ., vi tyl e~ers, ere cleaved. 

bJ aqueous ace~ic aot4, fbe tri~l group hae 

been. u.se4 to a larso extent fo1J' the roteo'tion of 

~droql groupe durinG reactions o-t su.gare, Its 

use is 11ml'ed howeviJr bl' 1te utremel.7 read7 
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clea:vagt\ in even slight3.y a.o1d1c media. ana 1 t 

appea.l'e to have been 11 ttle use4 tor ~e prc>teotion 

·o._f byd!rQ~l BJ'OU.pe -othes- than .in cerbObl'arat-e 

chemi&t17 !'or this rtuon; 

For -use· 1n t he Gri~ reaction, undou.bteO., 

the beet metho-d fO~ the ·protection ot the al.coholio 

group -woul.a be bJ coft'f'ersion to an other of some 

't~P«h !he methoQ'l ~P havl.ng prove4 unsatle­

f'aotory 1n the oompoun4 (XLV, page 68), 'be,cause pf 

t he subsequent el.eavoce at the areanl.,.ph~l 'bond 

when. trea~ed wi'Ch ~4w~mtc ae1dt an eth·er .8X'OU}) 

was now sought • whose cleavage COUld :readilf be 

aooOmJ>lishe<l v some "~at whiob would no-t at:teo't 

or be Qffected bJ the ter'tia.J7 ersine.. Of' the 

f'our t:upee of methOd a\l'dla.ble for the cleav~ 

ot e-thers, treatmont with nuoleoph1lio reagen'te 

.such as at-rons beaee woul..d unaoubte4lr reeul.t 1n 

at tack at the areenlo at<tm 1n a eompouncl coa,ainiag 

the tertiary ar'eine group, r.eeul ting 1n the ~or­

mation of the, d1h3'dl'Oxtde ot the t.P'aille; the 

action of elkal1 metals m.e.v be haraltul. tewar<ls the 

teli."tiai"Y' eroineJ mtld reeot !nne involving hetero­

eeneoue o-a:t~s1ia• a:uoh ae the ~drogenolfeis of 

a ben~l. e'faher to the o•ft"e,s:pondi.Jls a1cobo1 1ft the 



presence o~ Raner nickel would undoubtedly resul.t 

1n polsoniag of the oatal.Nst by 'the e.rsenio 1 1n 

f act, in prev.1ous casee whes-e ~e hyclrosena'tion 

of an olefinic SZ'OUP attaohed ~o an ~aenio atoll 

has ~ attempted,. such poieOninB of t he catall'e' 

has ocourred an4 the orlgin81 arsine waa recovered 

unchanged from the reactio-n m:ixture. 

There rema1ne onlJ' the cleavase bv means 

or ac141c reagent a and hel'e the . acid emplo,-e '. 

woulct have to 'be suff iciently mild so as not to 

cleaYe 1he a.rsento-phen¥1 bond 1n a eompounci ot 

tne (XLV). !r·he benzyl, tttrt-butyl aad trityl 

ethere are probabl.J all eu1.t aibl.e 1n th1s respec'l .• 

but t he tr1 tyl ether has the adv:antage that 1 t is 

very readil.J prepared s~ly by treatment of the 

correspondiD.g alcohol with tri tyl obloride and ie 

t\&rthermore rea.d113' hydl"ol;yee4 under mild oon­

ditiens (i.e. b;y boUing with dUute ae1u.eous 

acetic ao1d for about 30 rdnu.tes). !'o:r thee.e 

reasons, 'the tri ty~ ether oorreeponding w1 th ( -V) 

seemed a suitable poseJ1b11:1V as an alternative 

intermediate to the required spiro eal t • 
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s:-Bromo-)•pherJ¥lpropyl tri tyl ether ( LIII) 

wae the»efore prepuect ~Y lnterac'tion between the 



correat onding a.loohol and tr1phenylchloromethane 

in d!7 pyr1d1nel 
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llr-C6H4-cti2 s2c 2oB + ClOPhl- Br-C6H4-ctt2c:s2cH20CPb3 
~) (LUI) ~) 

The tri -tyl eth,er was eoavefte4 into tho Gr1snard 

der1vat1:re and condensed ith l-bromo-lt2a3a4-te1ira­

bydroars1noline t o yield the arsinoline (LIV) ,. 

(LIV) 

This compound ooUld not be ·obtained OJ7stalliae. 

Diet illa tion under ni t:roGen' at hig."- vacuum was 

attempted but gave ofl4r one small fraction dS.s'ttl­

ling at a high t emperature. In ca.ee this shoul.d 

contain an ars ine, it was· treated w1:th nit;rio acid 

in ord(;r to afford the byds-ox:,r..U "brate as a solid 

quatema17 4eri'Ya,1'Ye• The pl'04u.ot1 after rec17s't-
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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 ~drol.Je1e 

of the tri tyl e~er (LIV ) on -treatment of the 

pr()du.ot from the Grignard reao'tion with oni.um 

ollor1de aol~t1on1 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), ~ermore. the ~dro~­

o.hloride (LVI ) J"1elded 1 after reduction with 

sulphur c:lio:d.de, the 3-ohlorep.rc>pyl.p~l.&reinoline 

(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., 
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!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 (•)-
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o. 04 2 eo · ot . ol r 

t . r f ore in eotiga.t ed .• reoi able 

abao ion · Ot). 4 int nee 

d to oec at 2?95 , E - • 008894, 

lo E = 4. 95, . . rece by a o:Ult ot 1n:flu1on 

. t 267 . i , E, = · • 08527, log C. = 4. l@ 

A 

B 

c 

It i of' in ere t to c . tl e ~1iat1on 

t four oom unds , , , 

I 

u f1 +13)0
• - 131° 

A = 2992 R 0 

A bsorpt1on max· 

~a D+ 6° ., - 65° 

ft.
0 

2 32 i 
Ab o tion sp t 

u ~ +342° i - .3 4° 

A = 2316 I 
·0 

* 2595 i 

not taken 

Ab· o tl.on ~ .......... ~u,w.s 2635 i 



D c ~ J) •354° 

l • 2443 i 
·0 

tAbsoX"J)tion. ·~a 
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3U:5 :i (R.-chl.orophenac)'l 

group lt ~635 R (£"",PheDYl• 

ene ~ap) 1 2300 i 

fortuna:tea.v • ·in all theae oases. Wle 

X'Otato.rf ·diQel-e1en has been tnvest1sa.ted.. It 

i s important to. note however-, that fO·r a com­

pari s on between the rotaiioey 41spe.rs1on data 

f or a series of compounds to be =ad • several 

t aotors (all of 1tb1oh infl.:uenoe the .rotation 

exhlbite4 b7 a solution of an opt1o~-aot1ve 

c.om,pound ) should be maint:aine4 aa. nearly con­

stant as poasible within. the serie,e of oompouncle 

cons idered. fhe solnnt employed sbou1d 1n all 

o see be identic&]. as oha.nge of eo1vent o:t-ten 

ha& a marked e:tteet on rotationt eeoondl.J', the 

concentrations ot the solutions should not 



Rotato.zw di ,- :ton of ( 

Souroe Ne. Ilg Hs Cd Hg Hg Kg 

{i) 5893 5780 5461 5066 4358 4047 36$0 
2 CiJ2 X 10-8 Ow3472 0.3341 0.2982 0 .2587 O.l900 0. 1639 0.1332 

o( (oba. }0 0.796 o. 861 0.995 1. 185 .1 •. 924 2. 758 .:h1 
~ 0 30. )8 32. 86 37 .. 97 45. 24 73 •. 43 105 •. 3 J.2o.o 
[:ml 0 l33 ~l 144. 0 166 •. 4 l98 •. J, 321. 8 461..3 '""26 0 ,,. . 
o<: (calc. )0 0.796 o.839 0.983 1. 213 2. 042 2 •. ·7;8 4. 
o( (oba . } - o((ceJ.c .• f o.ooo ftt0.022 +O·.Ol2 -o.028 -o .. llS o.ooo - 1. 553 

~he rotations have been calculated from th 

o( = kl { ~ - ~)" using as ref'el~enoe va:.Lu 

A= 5893 and 4047 i . Solu-tton ot the s 

rotation eonatant, k == 0.2051; and tho d:..sp 

0. 08954· llonoe ~ = 2992 i. 

'~plo Drude e~uat1on, 

.a rotations for 

ou.o eauations nivae t ho 

ion constant, A; ~ 



for o( for 0( 
0 s . • 

B A, C a d 

0 . 6 

Wa le gt~ f ight 

6000 5000 000 ~ 



appreciably Va:l7 (pre~er bl7 they should be 

equ.imoleou.lar) J tb1r<ll.y, it the concentrations 

are s1.1flilar, the tu.be length should be id.ant1oal 

in all oasest ond l aatq, the t .emperature at 
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whioh obsena11ons were recorded shOuld not VaJ7 

e1gnif1oantJ.y·. Portuna:tel.¥, for the £our ·oompoune\S 

oonsidex-edi measurements were taken at v..-, 

near~ '-he same tem:;,ex-ature, whilst 'tlhe oonoen­

tre.~ions o.f the $Olut1ons Yaried onLy very s11ght~. 
' 

T'he tube lensth was 4 dm~ and the solvent ohloro-

fol"n\ 1a ·all eases. 

I t r.J,Uet be emphasised that the d•ductione 

given 1n ·the foll'Owiug few pages are only tentative. 
' ' 

~ox-e d"Gclsive cono.lus1ons cen be drawn only when 

~er ~to. on aimtlu series of compounds !s 

mado available .• · 

It ls in seneral found tl'J.at simple 

ea:t~ted aliphat.tc compounds poseeflils ing no otronsl7 

ohromophoric group• _xhibit simple atspereio , 

and the value ot the dispersion consta11t• ~~~ 
11es betw$en 0 .• 02:0 end o.oas,, eo tbat ~0 has a 

value in the 1o.r ultra...;viol_et, this is in agPee­

ment wl th the t:act that subst,anees of this type 



have a\leo.rp'tion 'baa4e. in 'Ohe f&r ultN-violet. 

·~he introduo"tion ot .an, l.UUJa.tu.nte4, or· othel'1 

chromophor1c .ptOUp, such as a ~l BJ'OUp., 
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tnto ~e mo.lecul.e cause• .an inonaee ·tn the •alue 

of ~0 which aocOJ'da 'W1 th the fae't that the 

absorption 'beat i ·e ncm ehifte4 nearer to the 

natb_.le repoa, It ls :tmpol'1lant to no-te however, 

that the 1ntro4uc,ton or a ~phorto group 

into an optioall.f-aottve l'llC1L•cule aoee not 

necessartl.w' tmp~ that ·the a'bsOJ~Ptlon band - 111 

make a eontl"ibu.tion to the ·total rotatloa-

(c.:t. ~achugaett60 )', ro·r e~le• n:teottne 

llU. an el'beor'fl'tion band at 26;'0: i sad the eone:spona­

tne chromoph.orre 11 :acti"f'e elnee ~ 0 ~;: 2550 B. 
!&!he 1n-oro4\lot1on o:f a ear'bolq'l .srouP in me-1,.. 

nioo.fiOne g1ves ·an a:bs.oli",Ption bana a~ 2950 i 
wb1ah 1e ~eo ted fOr a ke·t;o SJ'O~ t but the die­

pereion 218:1Da1fta :simj)le a"ru! \, • 2666 1.. !he 

11ew cbl"'trlophoH thu.e makee no contribu.ti·cm -co 

tile optical ao:1JiV1t7 (c.t., Lovrt!9 Ql'ld Gore61) .• 

A highly almi~ar case ie ·rGPl"esentri bzr the 

<itOtnpounds o and D. In o, t\· = 2316 i ana the 

absorpUon lDall'iznuta oooQa at 2635 :2. ftie 'band 



te undM&btedq due '~ the R;-Jlh81Wl.ene ~pe 

.s iftoe it is a1 o pxesent 1n the apec'ti'WA o.t Dt 

where one ,£-P~Ol\Ylce pou:p prevails· and the 

arsenic· a to is in the sam poei t1on relati?e 

, to thle ,a-phenylGne grou.p., ~emo" the 

chromo ho:rio .e.~ph$1\V1eae poupe tn c an active 

stnce the va1ues for th absorption maximum 

and \ differ by' 319 i. Bu:t D oQn~a1ns also 

the a)lrOn).O;phOMC J?:"''blOropheae.ql. po~p wh1oh 

gtve ris . to an abaorptton band at JU5 R. 
1.·th nearer to th$ Visible re,io~ • . fhls be.s 

little· lnflttcmoe. on the .alue ot >-.0 (2443 i> 
whUet the dtsp.ersion remains simpl,ch ~ar­

mor the molecular rot· t1ons ot c and » are 

closely similar -344° an.cl -354° respeot~:..elq). 

Hence· tho .a-o-hlorophtm$01'1 srou,p ls tnac.tin 
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and makes Ve'I!J' 11 ttl.e contribtlt1on to ~ opt1ea.1 

a.o1J1 Vl 'Q'., 

Alleep6 'baa ~ted that the Qptt·cal 

anisotrop~ of the (-)..,iod~4e o:t D is centred 

1n. an electron ot tho 881tiJmetrlc GZ"sen1 atom. 

In this it would ·dif't'eJP :tram opticaJ.l.v- acUve 

carbOn .oompoun4s 1G whiah the an1eot.-opy 1Ls o~ten 

f'ound to be largel¥ aonttned tOo .a wea.ltq absO»bin« 



cllronlophorto s:u.bsti tuent. %'C te only when t.lu~ 

eleotronie· oso1ll tor {'t,e. 1f .Allsop 's ~stion 

1.s oon-ect, Oil electron ·Of the ereen1o atom) 

is ble· to couple 1ith· the a<rtive eleotrone 

1n ·the ehrOmophorie suba'1 tuen'( e) that such .a 

group 1nfluencea 'Cha nature o-r the 41spereiOlh 

'!lhe pro'babJ.Uty of such eot\plifta .ofl$11 4epen4s 

on the pro:.imi1J ot the chromophorl.o 1Jr0UP to 

1he aqmme~ic oen;tre t the 1ndu.o1ng action of 

the a$pmevie centra on. the ehromophoric group 

1s known its Vicinal. ·aot1.on63; 63. •re 

proximity 1s not tile only tao tor 1ntlueno1Dg 

viCJinal aot1on ho eve~. the nature .of the groups 

pr sent also beine iJ:lportant.. In th1 connection• 

1t is ~ ar@' ·~ the cottlpar1oona d:rawa bo•en 

the data f or oompoun.de. 0 and 1n. the ttNviGUS 

:par~ph, that the arsenic at · has ve-q 11 ttlet 

1f an:s, vicinal aoti.on on the ohrom:op·horlo 

~-o.hl.Ol"'J:lhenao~l group .• 

In tkia ·co-nnection, a oompar:lson between 

~e isomeric $pir0c¥clio arsonium salts A and C 

is of great i nterest., In these compounds• the 

ehromOphorlc J;-Phel'l¥lene ~ is present. 1ll •aoh,t 

whUst the proa1m1q of both Jt-Ph~leu.e gl'C)Ups 



to 'the arsenic a'tom ·ts increased b. passing !'rom 

c to A. It would be .-.xpeete4 1the.n;~fore that 

anu vicinal action which the arsenic atom 1n o 
might have on ·the .,t-Phtn.vl.ene e;rou; woUld aake 

11a ef'feot mo%'9 app~1 1n A. fhe et~ect of 

the increaeed pJ.'():dmi 'tJ' of' the ,!-Phen:rl.eae grou;p 

1D A ll:e ·in fact made GTi4ent in three different 

Wf!¥tih firstly• the tteta.tor.v d1apen1·on 1e nCl\Y 

eomplex whereas 1n o 1 t was simpl.cu aeconaJ.1, 

the value of ,\
0 

ie now ma.rked]Q 41tf'erent ('bJ' 

400 X) :rrom •e wavelens1h ol tho nb.sorpt1on 

~Ul'umJ. and &aU,. the snoleeu.la.r ro-.t1on ot 

A 1s tnUch lower- than thut of a or D., Low.ry has 

SUM$st&d , @at the co11pltng o:t a stro~ ~ 

phone group to an aa,mmetri.c complex misht 

result tn. the production of .1ntluce4 as~et17 

1n the fome,., In geneftl, the new centN of 

act1rt ~ produce4 .in 'tlh1e way ('Snduced aniso'h'On) 

would have the offect o~ oaueing a ·rota:tton 

oaos1te to that of the rema1il4er of the mol.eoule ' 

so that a.n~QUS t1spers1cm woula result~ fhe 

taot that., in peasl.tag from C to -'• the moleeul.ar 

ntation 1s considN'fl'bl.? deeJ'eallecl ana the diQer:eto.n. 



al•red f':rom. -aim.Ple 'bo anomaloure would eeem there­

tore to be in e~ceU.en~ ~emen'O wi'th ~·s 

euege.st10tb . !his ·ie 1a llUiced eon1rtust with the 

ea:.ae of C a:nd D Wheft the ·chl'omop!lor1c J:"'h1orc>­

phanae71 ~u.p 1n D ha4 .. 11it1e etteet on 1h• value 

.of ~0 Md none ~the nature of the d1epenion. 

Here, the a_-chlOrophent.\e~l gr<>up 1-e elear~o; not 

ooup1e4 wl tb the· eleo·~ct useilla:CQr ot tht 

.8Ji'scm1c atom. 

In n, the nea;rest portlon ot the. -~oro-· 

phenae,1 group to the arsen1o a-tom which would 

oon1ribu:t:e to 'the Qhromophere . as a whol.e. (viz. 

the oarb~l group) ·• ls separated frOm the anerdo 

atom b;v one m.ethflene .poup. Simila.rl.v in o, 

the chrOmophor~o !_-phflDTlene. groups are each one 

met}lflen.e poup ~oved 1'l'Oll th·e ara~ic atom. 

In the totmel"· compound, the chrOr.o.ophO·J-ee a.re 

(as has been suggested) tW.Parelltl; :tnaetiveJ. in 

the latter th&7 ·ezte not. !he fact that mere 

pr-e.x1m1'f ot 'the o~phoric groupe is no~ the 

only 1'a.ctor .inftuenotng rteinal. action ir:J, th.ere­

fore ·clearly 1llaatrated by· these two cas••• 

If the view. e~ated in the »reee41ag 

p~e aft' cor.nc'• one woul4 -.pact. 'tha-t •• 
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value <tf tlte molecular rotati.on of t he. spiro 

eal.t E would lie bet\Yeen thoee· f .or· the 1som..er1c 

ealte A en4 0, stnco the· presence or the .ad3oeent 

.2.:-Ph~lefte ~P in the tetl"all;rdroareinollne 

r i ng \'10u.ld b.e expeetea to lower ·tn..e moleeular 

rotation balow the value tot'"' a but. not to the · 

satne. atent as 11'1. A. 

E 

Untor'#une;Cctl¥t· the aa-.a requ1re4 fq.r 

a legitimate . comparts~ between 'the phoephol\lum 

salts, B and P • are lack1Dg. 

I 

F 



P:1rat~, P wast after l'Gaolution, 

converted into tho bromi:de (W:berel;lS 1n .all other 

oases eoneidered, tho anton was the iodide); 

secondly, the ultra-Violet $POet~ ha8 not 

been .reoordedJ and thirdl.7t ~e l:'Ota.tion or 'the 

bronlide was taken 1n aqu.eoue · ethanol_, not in 

ohl.oro:tom. Ju.rthemore. change of solvst was 

found to have a marked e~ect on the value of 

the ro'lationt [!() J) 1n aq;aeous ethanol, +32.9° t 

1n methanol:, +5° ( W.s was pre"t"Gcl not to M dUe 

to raoem1eat1on 1n the lat'hr solvent). l'or 

these reasons, it Aa .impossible to .sugses:C what 

the molect1lar rotation. ot the iodide l.n chlorotoa 

would have been. 

a comparison between the mo1eeular 

rota tiona ot the eu.tropic ez;U. 'Cs A and B, w1U 

be oon.s1de:re4. Here the s1gn1t1cance of 8Jf8 

d.Ufe;rence between the mo:teou.lar rotations w1U 

be greatest, s ince the mol eeul.es ·~ (except 

for the heteztO atom) 1denttoa.l. In na1 ther 

case ia the dispersion simple whl.lst the 'b'en4e 

of the rote:to17 disperaion oUZ'Ves (see sra,ph) 

are practloe.llJ 1dentl.cal., lt is Nasonabl.e 

to upeet ( an4 thle &e euppon.d 'bN the tdea:tll.cal 
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trends o£ the two cu.rves) that ~ etreot on 

t he a:>Otation c:mt3ed by the ohrom.Opho:r1c . .,i:-:Jh.e~Wl•e 

~P* in the one: oontpOund would be re11eated in 

the othe:o·. I~ this 1a ao • the increeae in 

mtilE>cul.ar rot tion 1n pass~ n-om. the phosplloiWJ 

-to the. arsenic compound is au.e sole'4r to 1he 

ahange 1n the hetero atom wh.1oh 1e also the 

centre of a8l'JDUletru 1n the m.Oleoule. fhia ia 

the most significant and fUndamental obeervat1on 

that can. be dre.wn from this work and tu:nher-

morc is a precise!¥ similar rel.at ionship to· 

that found to hold tor the ·onl3 two· se:r1ea o~ 

el.ltropio cottpoun4s whi·ch have preriou~ been 

resolved (aoe Introuuctt.on).. Unfor unat•l¥•· 

a aore d.etaile · eompariSOJl bet\teen 1nd1v14t.lal 

members of the latt:er two series of oompounda 

cannot be .clra.wn. stnce 'the data t'or the rota't017 

dispersions and ul:tra•'riolet spectra of ~eae 

compoWida i ,s not available. 
~ 

PreviQUa to the preparation of tbe 

ep1PO ~aonium aal t A, only two such op~icaJ.l¥­

aetive &alta o.ontaining pbosphorws and e.reeaio 

hacl been prepal"8cl, To tile autho»•s mowleelP, 



only three other spii'OC)'clio aslte cont.aining 

theee elements have been eyn"thestsett. f£bese 
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are tqon and · ann•a spiro araon1wn e:talt (see 

Introduc't1on, page 20) end a dertvat1ve of thie 

o _ ~oun4 eu1tably wbeti tuted in ord.er to 1ntro­

d.uoe an element of as1lDJileft7 bl1't vth:loh ooulcl not 

be J-esolve4t aleo a di-.sp.lrocycl:te aal t o1 

arsento prepare<! b¥· Jones and Mann64 but which 

1s not relevan-t to the present d1eeus.e1on. The 

ept ·ically•aeti ve sal te BJ!G Hart and · • s 

compound, n, ana Holliman and Mann*e arsonium 

sal t 1 G, these can be seen to contain ""pect.1ve]J' 

two con4enae4 phosphinol.l.ne. ring a7s'tems. and 

two condensed &f!!ersinol1ne ring eyeteme. llo 

spirocyelia aal t of a Group Vb element containing 

a oon4eneed ".normal·" end •11a• r ·ing system baa 

been reported. ·ror 'lhls nason and also beee.uee 

of 1 ts stereochemical interest, an a 'Ctemp't was 

made to prepare ewm a salt con,a1n1ng .eenic 

as the hetei'O atom1 vie, 1 (1)-As-epir.o-(la2 c 3:a4-

tetr~ roarsin · 1111e )•lt 2i 3•·4-te~droieo­

ai!'G1nolin1um bromide (LXIII ) • 



10.2 

this , 'te oua pt'Ooeae and lo 't yield prevented 

a etutly of 1 ts application ·to the a,-ntbesis of 

such hcrterocyolio compounds of the .110 aeries 

being made until Roll:iman and 'J.I.a1:ta27 worked ou~ 

a $#.Coeea~ t:tve-e1h3B6 ~theeis Bleo from 

.!-toluidine w1 tJt Qll OVe&-al.l $'tel . ·Of 8 • 

Holliman ana ann 21 • 65 have applied this 

dibrQmide to the sp'Chesie of 2•substi 'Ctlted 

tetr~~!go~Uinolines and to the ~thesis 

o.f the previous~ unkll~Wl'l 2'""'1netb71- and 

2'""1>henyltet.l'~dro!aarslnol1nea29 (Ll'IV, 

:a c · e, Ph). 

(LXIV) 

von ~un $l4 Zobel had moreover used 

· 'thie· oompoun4 f:or the preparation o~ thiois~ 

ohroman (DXV; Q *= s ) b7 1 ts Ultera.otton w1 th eoaium 

aul,phide , whil£Jt Holliman and Mann 45 have pre-

pare 1n 4d1 tion, the prertou&17 unknown 



se1eno!l2,ohroman ('LXV 1 • se) and tellurotso-

c~ ( xv·. Q = t•> usms sodium aelenide 

and eod1um telluride respeo"1ve~ • The 

stereoohem!oal 1nteres1 of 11teee com ounde 

has been ment1·one4 ·in tbe in.t:roduotion,. 

(LXV) 

Becently., Alldtraon end UoUiman28 have 

improve . t h .e synthesis of the d!~mid to 

a four-stage proeess co enc1ne .· 1 th :tnaene, 
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d . th an overall yiel ot 30~. In4ene is ox141se · 

t .o bomophthalie acid with ohrom1Wll tr1ox1det 

the acid, ~ter eetor1tioa:C1on and reau.ction 

o£ the eater ·r1th 11 th1um aluminium hudri·ae. 

yields ,g:-2-h;rdz•cucruetl\}l'.lbenaJl alcohol ( Til I) , 

~he alcohol, when allowed "to react 1 t b hydrOgen 

brond4 in gl e1al e.e-etlc e.o1d in a sealed tube 

at l-00'0 
, , tul~1ehee the d1~rom1de in high yield .• 

'fhia methocl was employed w1 thout modUio.atton 



for 1he npara'C1on of the dibromide requiJ'Gd 

1n this. work. 

01<)3 
-~> Hooc-o6a4-oR2COOH (,2-) 

! EtOH (R~O 4 ) 

EltOOO..C6II4-cB2000E't (S;-) 

' lL1Alll4 

JfOCB'g-<l6H4-ctrt2cH20H (,2-) 

(LXVI) 

lltBr/HOAe 

BrOH2-t6H
4 

. H2Cll~r (2-) 

104 

Por the Q'n'tihes1~a Of the •normal-l·go.• 

spiro s81t (LXIII• page 101)• l-m.etbyl•ls.213•4-

tet~a!l.Ydl'Oare1nol1aa was qu.a•em1ee4 w1 'Ch S:-2-

bi,'ICJ.mo<tthylb~z;rl bromi de to J'lel.d the q_uatel.'llal"3' 

:salt (LXVII) • Thla cOIIQlound was or1ginall;v 

p.repared. by Hol:tima.a ( unpu.'b11shed) , , but 

exhattative attempts _. both him and the au:thor 

to the~ decOlllPoae the aa1t .hav·e f'atled to 

yield a. or,stalline 4eriva"1n . ., A "f'aa;-1ttty ot 

cond:lt1ons were employed tor ita attempted 'thennal 
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decomposi tio.n and on all ·oocas1one .eff rveseenee 

oeo\UTed with the evollltion o:t a gas which gave 

a precipitate of s ilver bromide hen passea 

throu.,b an aqueo\4s eolu tton of sil var a1 tre:C-e • 

but the re 1d\le appeared in. eaCh caae to be , 

complex mixture which defied att empted puri.ti­

.ca.t ion. 1!h1a contrasts strongly w1 th the ease 

with which Holliman . d ann ob1aine.4 'the •!!2-
1so1f spiro salt in 38 ~iel·d by thermal 4ecompo­

s1 t1on of (LXVIII), but recalls 'the 4iff1cul tJ 

(LXVII) 



countered 1n the attempt ed thcrma.l deoampo­

s i tion of' the s imU . phO·ephonium salt 'by 

Hart and ·.ann. ( eee 'Introduction, page 25). 

(LXVIII) 
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One eseen'tial dU'forenoe between the qua"ternar:; 

salts (LXVII ) and ('LXVI!I) le that whereas tn the 

l.a1tter compound,. the senio t om 1e Unked on 

e1 ther aide -to me~lene grou;pa, •• tomer 

compound oon:taine. an d ·senio atom linkecl direct!¥ 

to a benzene ring and the ble·tabUi ty of such 

compounds to hJdrGbi"'rdc a.cid and bvdri.odio 

acid has a.lreadf been no.tea. ~a queet1on now 

arose as to whether auoh a salt woUl<l also exhibl t 

1notab111 ty when dlrni tte« t o thermal 4eoompo­

eiti on. In order to test this po1nt• l~thul­

lt2t3•·4-~etrah,J~$Z'SinoUne was con onsed with 
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s.,-xylylene d1bromide. to yield the quato~ 

aal.t (LXIX} which, without 1eolat1on1 now undor--

\r ent thermal deco:ml)oei tion smoot lly to yield 

Ao-op1ro-l!£e.r-e1ndollne-1t .2 :.3 'a4-tetra.ha'ttro­

a.ra1nolin1wn bromi4.e· (L · . ) wh1eh n e converted 

d:i.reotl$' into the ioGide and further character1se4 

by conversion •o the pic~a:te • 

heat ~ 

(LXIX) (LXX) 

This ept.roc,cUo .salt thus formed read11N ana. 

vera l1 t.tle aid.e ~-eaetton o,ould have OoQUft'ea .• 

Other 'han Iones and . ann•a di-sp1ro aeJ.t of 

arsent.o (mentioned earUer), this is the oftlN 

other example of a spb'Ocyclio salt ot a Group Vb 

elomen'l (other tban nt trogen) oonta1ning a 5-

and a 6-memta.ered ring a.d.3aoent 'to the he'tero 



evolution or m-etbyl br0ttl1cte., Altemati'Vel3', 

a mbture of the. two posaibl.e produota ·~· be 

obtn:tneCI, 

Lose ot hydrOgen bromide has been found 

to occur from the bro -opropyl ~P 1n the uat­

ernar.y salt (LXXI) when it WQS· aulJ'd.tt.ed to 

·themel 4e~ompoel t~on8, 'the co»reapondtq a.ll$1 

compound {LXXII ) reaul 1iagl 

heat 

(LXXI ) (LXXII) 

1n this pa.vtic~ eaee, lesa ot ~a:rosen bromide 

rl"'m the s14e oha1n occur:rred moft rea Uy than 

removal of the etb;vl group i'rOm 'the · ua:terJ'lar1 

phosphonium ton. I t tre u.en-t~ ha peas tba.'b 

thersnal 4ecompoe:i. 'CS.on of quate~ phosi>honium 

eal ta earryU'lg an etl17l s;roup attaohed to the 

phoephoruo atom ocours wl th pealf:er d1ffioul ty 
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than the correepond1ng removal of a metlly1 

group from en arsonium salt. ftle r --a.aon for 

this .~ renee (as has been ment1one4 1n the 

Int:roduo~ion) .~ be .due to the fact that 

the :medhaniBJll tn the two casee ditfen. I£• 

1n the case of the arsonium aa1 t (LXVII) 1 

part-ial lose of JrlN<irOgen bromide hom the 

2-b:ronloetbyl ~P had oo~urred 1 the· reaction 

;p~duot might well c~priee· a muture ftom 

which no crystalline 4e.rtvat1ve ·OOul4 be 

t.e olatect. .Jurthezmore• tlesion at the araenie.­

benz7l bon4 lila¥ oceur, a1 thoue;h this Dow 

eeeu unl1kel.7 in View of the readiness w1 th 

which the ep1roo)"oLic. eelt (LU ) 1e ~orme.d.-

Am. interestU~B polDt 1n ooxmeot1on 

with the to:rmat'ion ot all81 or viny'l groups. 

on them~ deoompos i ·t1on, 1e that the posi.t:lon 

of the hetero ato!Zl 1.n the e7oUc r1Ds m.a.v 

posei.bl)' determine the probab.ili~ ot such 

J-eaot1on ·oocurr1ns. HoUtman ana ann found 

'that themal 4eeompos1 t1on of the eal1 (YVI II ) 

proceedetl. sufficientlY 8lDOOtbl7 to lso1at:e 

the spil'O bromicle 1n reaaOJlable peldl 1n ~act, 

'Ohe reaction m10ure t teaU OJI78tal11ee4 evan 



at the hi.&h ·tempeature emplo,_e,d (.20 · ). In 

this ·case the anenio atom is not. 41rec.ltly 

linked 1JO a phenyl g;roup. Ill the oaee of 

Hart and ann •a salt ( ~I ) and in the au.t.hor•e 

ease ( LXVII )• the h _ tero atom te so a.1rtached. 

It mq well be that 1n such cases, the probability 

·that lose of h.Ydrocen brOmJ.4e tram tlle side 

ohain attached to the pheDYl srot.aP will occur, 

is increased. 

ftle themal ctecomposi tion method 

having fe.il'ed, a r .OLlte .DA a Grignard condensation 

1fae now sought.. I t hae been e~sted that 

when the compound (LXXII .I) was t:reate4 with 

b7drobromto aot4.t one of the products was 

probab~ l-bromo-lt2t3 ·=4-te:t~droars1nol1ne. 

It thia is ao, the te~drOarstnoline r1ns 

1 t selt 1a stable 'o this reagent while the 

other frea arsenio-al"$'1 link ie not. !hie 

SUSB8Sted that if the OOltt]lO\Uld ( ·. I V) Cou.ld 

be pre e.red• th . tetraeydroarsJ.nollne ring would 

onoo again pro~e stable 'Oowar<la ~drobromic 

aci t whilst tho free arsenic-aryl l.ink n0\9 

having been replaced b7 an araeni~l lJ.nk., 

·this mi~"t also prove stable towards ~he reagent. 



(LXXI I ) ( LXXIV) 

J:-'2-Chlol.'Oethrlbenql naethul e-ther 

( ·. · · .. ) • requt're4 to.r the preparation o.f 1ba 

arstnol:lne ( . V) •ae sreadf.13' cqntheai-aed 

by· 1ho ••od reeordect b7 HoUiman oad mam5• 

'( LXXV) 

fte Gr1~ 4eriftt1ve of .... s ooml)ouncl read1]3 

unrlttrll'eD:t oonaeue:tlon wtth the 1-ohlo.rot etre,... 

:b¥dr0a%"81no1ine Which bu p~ se aueoese:M. 

in ... .,nthesia of ·tb. Jl&aara111ol1nlum spiro 

aal ' · fhe e;relnoUDe thu.e ·ob-ta1ae4 (. t) 
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( characte.r1z.ett -ao 1 t fl) m.etbiodide) was treatea 

with hfdrO'brOmtc ·e.ctd l:n g1ao1al aoo .. t1c aot.a 

but p ve only an ether-aolub_le U qu14 whiCh,. 

after redisti-llatton and analyei·e appeared 

·to. be an 1mp\U't e ple of 1-bl'Omo-lt 2 t 3 • 4-

tetl'8hfdroare1no11h.e.; If this 1e eo; ~Oro-· 

broml.c ac1·d hcs her e caua•d ttasion at the 

usent..~l ltnk1 ae ·had been found to 

ocour a1. 'the esenic-a17l link 1n the cue 

of the arstnoltne· (Jltx~II ). 

HBr 

(LXXVI) 

(LXXVII) 



Sinoe thi s m.et llod hel d out little 

hope ot suocee~l; 1 t . as banaoned in f avour 
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of u proeedu.re similar to that which had roved 

successful for the preparation of the bts--
arsinol.inium spiro eal t. 

I t •:as thought that if' the compounds 

( L.UVIIl) or ( .. ·. ·I } could be obtained, theu 

could be oon-.erted int.o the Grignard derivative 

and condensed w1 th 1-bromo.la 2 t 3 t4-tetrabydro­

arsin:oline to yield the areln.e (LXXX) or· (LX:XZZ) 

~eapeoti vely which. would 1 on ey<Sroqsta to 

'the alcohol. • foUowed by treatmen'C w1 th ·tMonyl. 

ohlor1de o:r phosphorus tribi'Oinide, probably 

yield the .sp1roe'ycl1o obl.oride or bromide. 

(LXXVIII) (LXXIX) 

In order to prep~ the 'Wi't7l ethers 

(.LXXVII ) or (LXXIX ) t the correspcmdtng alcohols 

should pre:terably be ini ti~ obtained and 



ttompt to introd.uoo e tr1 t "fl group at 

an e .. 1ier st t> )JOuld atmo t e :rt sinl rosul t 

in it b in~ dz~olyaed 1n a subsequent 

of ynt e 1 • 

eohol s ( 

o er, a th~ 1 - of either 

Grignard deriv. 
of (LXXVIII ) 

l Gri~nard deriv. 
of (LXXIX) 

(LXXX ) 

! 

SOC 2 or 

PBr3 ) 

I I I ) presents 

or Br) 
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(LXXXII) (LXXXIII) 

dif 1c\Uties which belie their apparentl.¥ 

simple nature. A. sample of ,2-a.chloroet)Wl­

benzyl methyl ether (LXXV·) wae ava.1lable and 

atternp·ts. were 'the,...,tore made to ~<bolyae this 

oompound to the co~aponding alcohol (LXXXII } 

but r~itbout .eueceas. reatment with either 

~dr1od:lo ao1d or one eqlli valent of hydrobromic 

acid save wh.at were alm.ost oertainl-7 the eo~ 

responding benzyl. halide a (L"<XXIY) and ( ) 1 

since they were 1ntenee lachl7maton,. They baA. 

~er the moot unpleaaaDt effect tn that thetv 

(LXXXIV) (LXXXV) 

gave ris t o bl.ioten on the hande .and taae· 

wh1ob took several dqe to diea.ppear. o 

attempts . ere therefore made to chareoter1ze 
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'these compounds. he author alWQNS exper1enoe4 

similar disoom£1 t whilst workin6 1 th other 

£-2-ha1ogenoetlqlbeneyl ~..alides such ae ~2•br0m0-

ethylbenzyl bl"'lnide. 

One wq ot avo1<U.ng the u_se of either 

of the trtty.l ethers (LXXVIII) &r (LXXIX) would 

be to s-tart the qnthe·sie w1 til the .J.~,aareinollne 

ring system complete. 2-lodo-l.f2tlt4•·t•trahl'ds'0-

112a.rs1nol1ne ( · VI, R • I ) has previoual.J 

been p~psr&d 'ey' Be.ew .• ·cooks= an4 ann 55 b7 

·interaction of the ool7ttspondirls 2-pherQ"l compound 

(LXXXVI, R c: Ph) nth ~driociic ac1a .. 

(LXXXVI) 

!his: compound hNJ, not been isolated ln a. pure 

s-tate btlt was shown to be present by conv•re101'l 

to the .f-pentametbylenedithioearbamate derivative,. 

Purther.more, Holliman and Mann6 have prepared 

the 2-ohloro analogue (LXXXVI, B • Cl) b. thermal 

c1ecompoe1 t1o.n o~ tho 2-41ohlorome-l. compound 



U8 

(UIXV1 1. · = 1 ecl2 ) ob'M1ned 1n 1nlm. b7 react10D 

o:f the 2.-.m.ethy'l eom.pound (LtJCXVl • R = e·) with 

ohlorin~. No yields are reponed for ei-ther 

ot th. pl"'cedures ·lea411:ag to the :lo4o and 

obloro oompou.ntis,. rthe 2-me~~arsinollna 

( LXXXVI, R • G) ;i.e obtained 1ft 16 yield b7 

the lichae11& reacti on, whilst the 2-l:lheu.rl 

compound (LXnVI 1 B • Ph) has been obtained 1n 

327 yi·e1d by an aaalogoWt procedl.U'e employ1ng 

phc;rq.ld1.olllo.t·oarsin& 1n place o~ ae'thyl.41ohloro­

arsine 1n this reaction~ Ro~ rteJ-; a 60% ¥1el.d 

of the· 2~~hell3'1 ~pound ls obtaine'd bN 1D.ter­

aet1on between ,2-2-bl'Otaoe'thylbenzyl bromide 

and pi1eaylarsineb1a(DlaBft•aiwa bronl14e)55. 

Obrioua~ • the latter ~e"thod is more sa'tidacrtosy. 

Fu.rthe-.ore, the 2-bromoJ.aa,reinollne would 

in all proba'b.ili'V' lte more stable "than 'the. 

2-iodo analog\le and hence. would pwve m02-e 

sut'tiable. fo.r the Q;ripard condensation reaction. 

!he. pheJt¥l.la!arsinol1ne was tbenfore .heated 

under reflux "With ~dro'bromio acid when 1 t 

readil.y afforded the corresponding b.romoJat­

arsinolll.ne in. 36" 7ield, chuac-t•rtae4 ae 1-.e 
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!f.~p~ntemet~.Jrlenedi thi oce.rbamate ·li rivat i ve. 

fb s the · eries ·ryt t hree helogeno1~soarsinol1nee 

i s now knovm.. 

Oondensation of the 2.;.br.-oaotsoars1:no-l1ne 
. -

with the Gr ignard der i vat i ve of ,a--bromo-3-_;.he.D1'1-

propJl vi t¥1 ether affol"ded what was prGsUll.l&bly 

the _i s oars lnoU ·ne (LLlXIX )., No attempt was nt.acle 

1ro ;puri f:J' or i.s olQ:t e t h1·S e:ompomtd because of 

the t eeo po~:ti tion which had attended the attempted 

diat1liat1on o.f the prev.t ous ly prepared is0ller2..e 

a:rs1noUne. Instead,, 111 was bifdrolysed by 

bo~'lins with ·ail t e acetic aeid and the proctuot 

divi.ae·d into 'tWo part·:s. In cta.ae t hi e was the 

alcohol (X ) t 1 t was trea t eu with pb.oephoru.s 

tribrmllide., but no orr.s t aUine mat erial ;oould 

be obt ained from the .reaction produot nor could 

1t 'tle convcrtea. into e. .solid iodide or picrate. 

trea:tm~nt Gf the ot ne:r porti on wt :th th10J1Y1 

oh1o·r14e , on 'the other ha.nd ,, p;roduee4 a. colourless 

higbly-eryatalline derivative wldoh was etb.e~ 

ins oluble and contained ionic ohl,o:r-inet Althou.gh 

three diU ~rent porti ono o.f ' this material gave 

good anal.Ttloal 'SCl'G-ement1 no eui.table etrtlctural 

formula ooul.d at t1rat b4t .touncJ to opee w11h. these 



Br g 

"" / As-Ph 
BrMg 

(LXXXVII) 

(LXXXVIII) 

(LXXXIX ) 

1 HOAc 

( c ) 

120 
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fiaures •. 

lt wa.s subsequentl3 found tha..t the 

compound contained moiecular ehlorine in a~d1 tion 

to the 1onio chlor ide, ant\ tha1i the total ohlortne 

in the mo~ecule was precise~ double the lon1o 

ohlori4e con1;ent, hrthemore., 1 t WOie nspeeted 

that the tr1pheny1oubinol ·pro4uced during the 

~ciro~sie of the trityl ether (L:U:KlX) (tmd 

which would eullsequent4r have ·been oonvertei mto 

t~i tyl Qhl.oride during the react1.on w1 th th10%l71 

ohlorid ) misbt have tn~ertered with ·the reaotton. 

Possibly the very reao·tiva tri tyl chlo~14e had. 

qua.terniae4 with. the arsenic atom.. althOU&b 

this did not apparently oaour in ·the oaae of 

the analogoue prepar-ation o'f the isomeric .».a­
arsinolinium spiro salt. Ethyl methyl ketone 

had beon. used f or reor,ratal11sat1on of ~he 

pl"'cluct and ·the s 'trlleture 



ceoraed wi'tb the anal.yt1oal fits"W. .. ee (if it 

ooul.d be asewne 'that one O·f the t-wo ohlorine 

1.22 

a tome ras covalent~ 1 the other ionteally linked,). 

Du.t this structure was rule4 out by the intra• 

red absorption opeotrum wh1oh lacked a band 

at the pos1t1on expected for a carbonyl group. 

Fiow.ever the !nfra-red aa~o. did 1nd3.eate a. large 

prGportiQn ef monoau.bstltuted benzen in. the 

moleeule wh1oh i a in ags-eem.ent with the prcaaenoe 

of ~ tritN"l ~P• Tb. :foUowinB s tNeturea 

is in .-ceorcl with all the inf om t ion available •. 

but whEJn the compoun wao dried even at 105° under 

high vacuum, the nalytio igures remained 
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therefore bo -•eX!If t1rml7 bound. Attempte are 

now baine m.a<le to repeat t he above PJ;'Gparat1on 

O"f the aptro sal <t. On this ocoatd.on 1 t is hope4 

that the t r iphenfloarbinol formed clurillg the 

r.eaotion can be reaoved either lV high-vacuum 

d1stUlat1on,. or "tW Oltidati·Gn of ~\te arainoliDe 

(XC) followed b;r ethe~tract1on o:f the ~ 

pheeyl.carbtnol. fhe resi4ual oxide ooul..d then 

'be redu.ce4 with sW.pbur c.U.o:d.de and. the treatment 

w;~ tll tl'lionrl ohl.ox•ide repeated. Unfortunate~ .• 

steam d1aUllat1on cannot be emplo~e4 t .o ei'fect 

a sepn:ratton., s1ncEl tr1phe~loarb1nol le not 

ateam-volatiLe. 

:ro:r the l)U,11.)0se ot ob'Oainine 4a1a ~or 

<lrawiae e co:tnpar!$011 'between the moleoul.a r 

rotati.Qlts of a aerJ.ee ot isomeric oompoun4s 

whiob: poe sese • as the b.etero atom, aa .atom •t 

'Che &Qfll.e el$tllent 1 but d.iffer oril;y 1n the· poe1tioa 

of that atom in the hete:roqol1o .s ye-c-, the 

preparatton and resolution of (!.)-l~~oro-- · 

phena~y1-l•phe~l-la2 t3 t4-t;et~ .roars iaolinlua 

b)lomide (XCI ) was next attempted, tho 1somera.o 

•Jat~ ·comp OQJld. (:!LXI ) hav1ng PflVioual.J" been 
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ayntheeiaed b¥ lioUiman end Ma~m6 (bJ qua.temise:tton 

of 2-phenyl-l. •2•3 J4-te"~ro.H2.ars1noline 

with rohlorophenao7l bro=:t.de) aad reeGlvea 

.IJa, the b;romocamphoJ'GU,l.;phona-te. 

(XCI) 

(XCII) 

Ini t1al attempts at the preparation 

of the unknO\Yn ~-ph · ~l tetr~droars1no11ne 

(X III ) were made by con(leuaation of ph8Jl¥1 

JJUl6nGaium bromide . 1th l-chloro-l•2alt4-tetn­

~droarainol1ne. This was h1g!~ suooesefUl, 

t ha ars1no11ne (XCIII ) being obtained as a 

oolouz-l.ese liquid which cr.rstal.lised on eta.n41Ds, 
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this oll did oontdn th~ arstnlo ao1d (XCIV) 

waa ahown 'b7 the fact tha-. lt l.UldenfeD.t 

cyclisation with hot, conoentrat ea 8t&lphu.r1o 

acid to Nield the are1De oz14e (XCV) whioh 

was then re4uce4 with ·sulphur cl1ox14e to field 

the rctqUlred arsinoUn:et 

(XC VI I I) 

-t PbAa(ONa)2 --~ 

0 
llOl, PhCH OH CH A8? Ph 

- 2 2 2 · ' oH 

(XCIV) 

1 nrw4 

(XCV) 

(XC VI I) 
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!he overaU J'1elcl h .· ever,, u onl7 

6,t as toun41 tronl the we1sht of \Ult•m.~ sal:t 

h1oh was toaed bu 1n:tera.otton ot the PJt04\:1Ct 

witha-ohlorophenae7l ~4•· Xb s.pite of 

"the low yleld, ·'bhl . 5-step proae un (etartt.ng 

wl th ainn~l alcohol) ia o.:re adve.n~ou.~e 

than the t-artep procet'l.lJft -.ploJlftg the 

1-oblo!POtU"Slnol.ine, for Wbioh 'Utt ovenll yi.eld 

te lower, 

The pheJ1Yla.ninol1De readU:y toJ-med 

a \ta.rietv ot quatel!lal7 4: l'ifttivea in common 

with th$ iso.tuerio 2-Phell¥ldaaahtnoltne. It 

gave a me'th1o414•· (XOVl, R • .· •• X = I) which, 

w1 th sodiWG picrate, furnished •• me'thop1orate 

(XCVI t B. • , X • . 6u2otf3). !be }Vd~ 

ai'ba.• ( VI 1 a • ou, • o3) ~ormed ·b7 

osldation of the GI'OiuOlinet could not be 

obtained ·OrJs'tallSne. ~rea-.1; o~ the 

a%'8inol1rle wt th OJ'le mole ot 'brOmine 1t1 Olllor-o­

ttona, ,-1elc.tea the dibr0m14e MOht withOut 

isolation, afforded th• ~drO~p1o.rute. 

.(xovz. a • OH, x • o,6s2oif'3> with plcl*lc. aotd. 

The dibromtd also tumiehe ·, on react1on 

with hydr<>g6n eulphi4&t the a.n1nOLtae. sulphide 



(XCVII ), Obta.ine 1n1 t~ aa a gum, 

wh1eh, after ata.ad1ng under ethanol in an 
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o,p n tube for sa weeks t i'inelly orystal.l.ts :4. 

Oondensa.tion .of the awtnoline 1111 

Jl-Chlorop!lenaoyl ~ae in dry benzene• readily 

afforded the qtl(ltemu7 bl'omide (XOYlii t X • Br) 

re u1re4 for reeO.l:llt1on. !his aompou.n4 ~er 

7ie14e4 wi'th sodium p~:lo:vat·e·• 'the R,-Chlorophenacyl 

pies-ate ( OV'I I I 1 X • o6B2_0~)) Wbioh.1 t711h 

p·otaaeium 1od14e, ga'l$ the COZ"l"Gspondtng 10d1,4e 

(XCVIII• X • I ). 

The resolution of the brom14e (XCVIII , 

X = Br) wae next :att.empte4. the (+)-eamphOr-

sul hona-te was readilY obtata•d cJ7staUine.1 

but af'ter sueoessive recl7etal.U.aa,1one hom 

aqueous ethanol, the mel tlllg point 9114 'the 

speoifto l'Ot&Uon were nc.t s1¢ftoan'til.y ohanBeth 

I t. was apparent that reeo1u.t1on was not p·l"C)Ceed­

lng• bl1t1: to oonf1m thls, the tour--tltmee 

reorretalliaed ma-ted.al was converted 1nt.o the 

p1era'te wh1.ch was tnaot1 ve. the ( + )•bx'omo­

oamphortNlphonate was also reacU.l.l' obtained 

Cl'BStalltile aBd at ttft't appeared V8S'f' promising 

etnee• atter tov· ft0%7stall.1e tiona from 
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ethanol, the a _1 tin~ po·tnt bad been raiaed 

front 182•185° to 261° and 1he aa-leeul.al' rotat'lon 

.frout +321 ° 1o +690°. Aftel" 'the fifth .reor.vst­

allieation however• 'the meltins point feU to 

186-191° ana the moleol.ll.s» ro1at1on to +404 °-. 
·hen attempts were ma4e to repeat the resolution 

a-tarUQg ·~ ~ a. ~Mah &tmtple ~ot the (+)-brOmo­

caraphorsulJ>hona.te.. material ot lOtJ mel tirlg 

point was, ob'ta1ne4 and this was not s1gnit1.eantly 

oharlged aft-er IW\e. reoryeta111ea t1on·s from 

otb.Qlol when l t as 184. 5-18'0 • lt wa.a evi4ent 

that 1be ealt was .now beirig -4epoa1ted f rom 

olution ae a partial raoemate a.ncl that 1 t · 

was there:fore pointleas to prooeed 1 til at,etrq:>ted 

I'Seolution .D.I the br0mo0811i;Phorsulphcm:a:'~h. 

A tte:mp1s were nex1 uw.de to pl'epBre 'Vle (->•· 
mentho~aceta'h, bQ't these were uneuocesst\tl. 

On eaoh occasion, -~ a v~· small quanti~ 

of CJ:7,atal.l1ne material was obtalne4, 1:he 

maj·o.- portton of the u.terial ppparentq under­

going cons i derable aecompoai t1on 'to an e~ 

soluble oil.. llhe amall . uantitJ' o1 crys tall tne 

material. save f~ale ~1~s wh1oh •e.re 

consis tent over· three d1tterent preparatione t 
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bUt were not those requirecl for the (-)-men~hOX¥­

acetete or tor the solvated produo,. ~. 

the (• )-1-f.-phenyletiiylpbthalamet,e was prepared, 

bll-t it Wd ·Obtained Q.Q a fJWll which o-0\lla BOt 

be 1n~ced to c~atnllise. Laok of time prevented 

furthe-r attempted 1'8Qol.u.-t1on ot th arsontum 

salt. 



EXPERIMENTAL 
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1. Met&ldiohloroareine 

, odified f om Holliman and ann, !• Chem. , 
Soc., 194lt 549. 

To a hot solution of sodium ~droxide 
( 256 gm. ) 1n water ( 750 ml. ) , arsenious oxitl 
(168 sm.) was added with stirring to give a clear 
solution of eodiwn areeni te, the solution was 
cooled to 10° 1n a three-necked flask fitted 
with sealed stirrer, dropping tunnel, reflux 
condenser ·and thermometer. Dime'tl'cy'l sulphate 
( 267 gm., 2.5 mole.) was slowly added to the 
oool ed, s tirred solution over 2. 5 hours. The 
mixture was allowed to stand .at roQm temperature 
overnight and then heated under refl:ux on a 
water bath at 80° for 2 hours. After cooling, 
sulphur dioxide wa.s passed through the mixture 

until the contents of the flask had become solid 
with ;precipitate (about 5 hours is required). 
Concentrated hydrochloric acid (1 litre) was 
added and the vapour from 2 11 tree boiling · 
hydrochloric acid passed through the eolution 
f or 6 hours after whioh it was •steam distilled" 
in the vapour from boilins hydrochloric e.ctd 
until no fUrther oily droplets passed o r ith 
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the distillate (about 7 hours). ~he dense,, 
oolour~ess oil was separated, dried over anhNdrous 
sodium sulpha to and distilled, the f'rac>tion 
boili~g at 129-1.33°/754 mm. being the required 

produot. Yieldt 171 £JD.•• 62 ' • 

2. D1meth.yl1odo U'Sine (from methyldiohloroarsine) 

odi:fied from Burrows and Tum.eo%'1 

l.• Cbem. Soc, t 1921• 426. 

ethyldichloroarsine (522 gm., 1 l ol.) 

in 96 ethanol ( 2270 ml •. ) was placed in a 
5-11 tre • 3-neeked flask f1 'tted w1 th seal.ed s tirrer, 
reflux condenaer and dropplng funnel. Whilst 
the solution was thoroughly chilled 1n an ice­
bath, an :toe-cold solution of sod:t.um hydroxide 
(555 ~.)in water (800 ml.) was alo ly added 
with vigorous stirring over 1.5 hours. A rthite 
polid separated, the mixture becoming quite 
viscous towards the end of the ad,d1 tion.. After 
t horoughly chilling in ice, methyl 1octide 

(400 gm., , 1.13 mots.). was slowly added over 
2 hours with vigorous stirring. .After eti.rring 
for a f'U.rther 6 hours, the mix.ture was set 
asid at room temperature for 33 hours. !fhe 
alcohol was distilled off at atmospheric pressure, 
the contents of the flask being stirred to prevent 
bumping. After thoroughly chilling 1n 1oe, 
cold \Vater ( 2430 :nl. ) fo~lowed by eydriodic 

acid (1335 gm., 780 ml., S.G. 1.7, 3. 24 mols •. ) 
\Vas s lowly add d ovo:r- 45 minutes with st1rriJ18• 
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trom time to tiM w1 th ebattns. A pal...,.e.llow• 
dense oil eepuate.d eil.owl¥-. 'lhawer the solution 
~ad eel to a ·pale 7ttUow colour; the pa was 
paeeed f'or tU.rtber 10 mhmte perio4e Ulltil 
eventually the preoipi1 tation of sulphur ooourrecl •. 
!he lower lqer ot the U'ld.lle· wu eeparate4., 4J'ie4 
over 8.Jlhl'd.JIOue oaloium cblor14e and ~inally 
41at1lle4 a1; a1aoapheric pree&UN, the traction 
boiltng at 155-158°/150 .. , belDB. ooU:eote4. -
Yiel.dl 14.t.4 .,_. (85~), 

o,t. Oo¥en and Adame, l.• AM'• D• 
ISs.•, 1932t .lt• 4U6, 

200 am. 4r1e4 and 1'8d1at111e4 OUmllllalcle­

hyde (b-. P• 12&-132° /18 -.) 1a abeolute e'thallol 
( 200 111 •. ) wex-e J:w4roatnate4 in t)le pnaenoe 
ot 22 m1. ae1rtled 2ad7 nickel oa~at ( coa­
taining 1, 2 f!/114/riiJ... ) aleo 1n ethaao1.. at a 
a.tal"tiD& ;pressure of 80 ataosphue•• the preeaure 
'beins raised tw:l.oe dUl'i.nc the oourae ot the 
reduotian to 77 atmoapherea an4 oooup71Da 42 
hou.n. the oataJ.r"et waa :tUtex-ed oft aD4 the 
ethanol removed 'b7 41at111atton,. J1el41116 
184 I!JA• of the alcohol, b~ P• 1.2~26° /15 ma. 
(89%). · fhe proclu.ot pve a. negative teet :tor 
unaaturation wi~ a solution .of bromiDe tn 
oh1oroform. 

In another p:repd-a"iont l.66 sm. of 'the 
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aldeqde in 250 llll. e-thanol were h3'drogenated 
1n the pres.enoe of 15 ml,· of the settled catalyst 
a t a starting pressure of 100 atmospheres, the 
pressure being raised once during t he course ot 
the reduction to 87 atmospheres, 24 hours being 
required for completion of the · reaction. Yie~ 1 

141 sm. . 83%. 

5. J:Phepylpropap-1-o~ (from oinnamyl alcohol 
with Adams' catalyst) 

0 .3 Gm. Ad~' catalist was reduced to 
platinum b~ack by shaking with 50 ml.. 96 . . ethanol 
for 2 ·· m~utes in hydrogen at 2.3 atmospheres 
pressure.. 42 Gm. oinnamyl alcohol 1n 10 m.l- 96 
ethanol we e then add·ed to ·the reaction bottle 
and shaken t a starting pressure of 2.3 atmos­
pheres, the time re ·uired ':for constant pressure to 
be attained being 5 hours. ~he alcohol was 
di stilled off at atmospheric preoeure and the 
residue .fractionated under r ed.uoed. pressure, 
collecti ng the fraeti.on distilling at 126-1.29°/ 
14 mm. Yieldt 39•5 gm., 94~ • . 

In another preparation, 175 gm. oinnamyl 
alcohol 1n 400 ml. .96% ethanol were hydrogenated 
1n the presence of 0,5 gm. Adams' catalyst at a, 

starting pressure of 40 atmospher.es hyd:r:ngen. !he 

resulting solution, ·on being worked up as before • 
yielded 14 7 lfll• · eydrooinn~l. al.cohol distilling 
at 132-137°/17 mm. (85· ). 



136 

6. J-Phen,ylProJ2!!1.-l-ol (trom cinna:myl alcohol 
with Raney nickel). 

A aoluti.on of' cinnamy'l alcohol (139 f!Jfl•) 

1n absolute ethano~ (400 ml. ) was pl aced 1n 

an autoclave together with approximately 15 @Ill• 

aney nickel in ethanol and the hydrogen pressure 
r aised to 57 atmosp~eres. The stirrer was eet 
in operation. and after 10 minut·ea a.t room terDrP­
erature, the pressure had dropped to a statonary 
valu.e of 37 atmospheres. On raising the pressure 
to 67 atmospheres, .no further drop occurred. 
The catalyst was til tared off, til.e alcohol 
distilled at atmospheric pressure and the residue 
fractionated under reduced pressure, the whole 
distilling at 124-126°/15 mm. Yield 1 135 grn. • 
96 • 

Ice-oo14 concentrated sulphuric acid 
( 161 ml. ) was s lowly added with stilTing to 
chilled constant boiling (48%) hydrobromic acid 
( 530 • ) over 45 minutes. 3-Phenylpropan-1-=-0l 
(225 - .,) followed by .106 • cold concentrated 
sulphuric acid were then added with stirring over 
per iods of 25 minutes and 15 minutes respectively., 
after hioh the mixture was boiled under reflux 

i th stirring for a. 5 hours. When cool, the 
upper l ayor was et ·lu~ed with ether, ra.ahed with 
water, 5 aqueous sodium 'hydrOxide, and then 
3 times with water, finally being dried over 
anhydrous calcium chlori de. The ether was distil-
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led off at e:tmo.spheric pz-eesure and the product 
traotionatetl und ·r reduced pressure, collecting 
the fraction distilling t U6-ll · 0/16 mm. 
Yield& 267 gm., 81~. 

o.t. :Burrows and T"arner, !• Chem • . soc. • 
1921, 426. 

Ether-washed end driecl magnesium turnings 
(17 gm., 1.08 atoms) in a ·t'hree-neoked tlask 
fitted with aea.l~d stirrer, dropping i'Unnel and 
reflux condenser ( Ca.C12 tubes) were covered ;vi th 

dry ther and ~0 ml .• of a solution of )•phenyl­

propyl bromide (138 am., 1.1 mols.} in dry ether 
(420 mJ.. ) WfJre add.ed. On \Va:rming to reflux, 
the reac·tion commenced, the rest of the solution 
beina adcled. at well e. rate that refluxing was 
maintaine-d. wi. thout external cooling, whilst the. 
mixture was stirred in a nitrogQn a tmosphere. 
Ai'ter the addition, the mixture ·as boiled under 
reflux for 2 hours. Ether (250 · .)was distilled 
off 1n a stream Gf n:l. tro·gen and rep~aoed w1 th an 
equal volume of dey benzene. After thoro~ 
ohillin8· .in ioe, a ao~ution of dtmethyl1odoars1ne 
(146 gm. •· l ol.) in dey benzene (400 ml.) was 
alowl.y added and the mixture boile.d under reflux 
tor 2 hours • . After again thorouahJ.Y chilling 1n 
ice, the produc~t w.as hydrolysed by, the addition 
o£ 500 ml. sulphuric acid (1 vol .• acid c 9 vols. 
water). After stirring 1n. 1.ce for 30 minutes, 
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the benzene layer was aeparated• the aqueous l~er 
extracted with benzene, the combined benzene 
solutions washed onoc \Vith 10 - aqueous ~odium 
Carbonate, ~iee W~th WQt~r and cried over 
anhydrous oaJ.(tium chloride. The benzene was 
removed by distillation under nitrogen at atmos­
pheric p~eseure and th,e residue distilled under 
reduced pressure loying a nit~ogen leak • . 4 
small first fr ction was foll.owed by the p.roduot 
ctist1lling .at 124-130°/12.5 tnn., 120 gm. 1 85%. 
In subsequent preparations. the tollowtng boiltng 
points were rooordeda 127-132°/16 tt~m., 134-136°/ 
l8 I!irll., 

9. 3-Ph!N1Rropyld1methylars1ne dichloride 

o. f. Burro~~!s and Turner1 !~ ChE.Ull. §.e!.• 1 

1921, 426. 

A steady stream of chlorine was passed 
through concentra.ted sulphuric acid and then led 
through 900 ml. ~reviouely drted and redistilled 
carbon tetrachlo~d • A 5 m. al~quot of this 
solution was made up to 100 ml. ith d17 carbon 
tetraohloride in a velume~ric flask and a 25 ml. 
aliquot of this diluted solution was pipetted into 
a 250 ml• volwnetric i'lask • follcn'ted by the , addition 
of 20 ml. 20% aqueous potassium iodide, the lib­
erated iod,ine being titrated against a standard 
solution of sodium thio.sulphate with constant 
ahaking.1 using stn.rch as indicator. :rile concen­
tration of the chlorine solution was thus determined. 
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This preparation was conducted throughout 
in a stream of dry nitrogen" 3-l'henylpropyl­
dimethylarsine (207 gm .. , 1 e~.) was · ·dissolved 
in droJ carbon tetrachloride (J.50 ml.~) in the 
usua.l Grignard-type apparatus under anhydrOus 

conditions. 540 m. of a solution of chl•orine 
in carbon tet.raohl"ritle containing 134.2 f!J!Il•/ 
11 tr& ( 1. e • 67 • 5 gm, .ehlorine, l mol, ) were . 
slowly added with. stirring te the arsine whilst 
the flask was cooled .1n an · ice bath. As the 
last few ml., of the chlorine solution entered 
~1e flask,. the reaction mixture became yellow 
due ·to the presel'lOe ot tree chlerine. rhe carbon 
te·traohloride was di stilled on from a mantle 
at atmospheric pressure, the last few drops 
being drawn ott under l"eduoed pressure w1 th a 
ni trog:en leak. The dichloride remained as a 
pale-yellow oil. 

10. l=Phen.ylpro:wlmet}lylol£loroars1ne 

c.f. Burrows and Turner, 1.• .ahem, soo •. • 
1921, 426. 

fhe following pt~paration was conducted . 
in an atmosphere of nitrogen throughout. 

fhe oily dichloride from the previous 
preparation was heated under ref lux at 16D-175°/ 
15 mm. in an oil bath f or l.. 75 houz·e. Effervescence 
commenced ~ben the temperature ruld reached 145° 
and remained vigorous for 1 hour during the course 
of which the pressure rose due to the evolution 
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of methyl chloride end f~ slowly re·tumed 
to i .ta original. value. ~1e· ree1·dual viscous, 
red liquid waa dietill~d under· re uoed preeaure,. 
the fraotion distilling at 158-162°/14 mm. being 
the required arsine; a large low-boiling fraction 
was .also obtained, whioh, on re:&actiona.tiOl'£, 
yielded a 1\lrtl1er small quantity ox the arsine. 
~he total yielu was· 104 @U• of a. colourless 
liquid (46~ >• 1n a .subsequent preparation• 
a b. P• o~ 156-162°/13.5 mm. was recorded. It 
appears that the more oonoentrated the chlorine 
solution employed., 'the higher is t~ e y1el4 of the 
chloroar.aine .• 

Bechlorination of the low-boiling f r action 
as attempted in case it shoun .oontain any of 

the unchanged dime~laraine. Appl-oxinlately 
100 ml. of the ehl.orine solution was taken up 
befoN the yellow oolour of free chlorine appeared,. 
but after dietUling off the carbon tet.raollorid.e ,. 
and heating under reduced pre.esure as before, 
no further qua.nt1 ty e.t the arsine could be obtain­
ed, the only product being a col.ourless liquid 

distilling at 96-100°/U. 5 liil'1l. 

o. f. Burrows and Tl.U':I'ler, i..• Qhem. Soc., 

1921, 426. 

385 IU .• of a ao~ution ,of bromine 1n carbon 
tetrachloride containing 225.4 gm./litre were 
slow~ added to 3-phenylpropyldimethylarsine 
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14. 1 etlql-lt2!l!Hetra.bldro_arsinol1ne (:from 
3-phenylpro:pylmetb1'lbrOmoars1ne) 

Mod1t1ed from Burrows and Turner, !• 
Ohem. !29.•·• 1921, 426. 

When 47.7 Bm• (1.19 mols.) anhydrous 
al.wniniwn chlor-ide in 500 ml. dry benzene was 
tTeat ed w1 th 86 sm. ( 1 mol. ) 3-pheeylpropJ"lmethyl­
bromoaraine 1n exactly the same manner as desc.r1 bed 
1n the previous preparation, two· :tractions were 
obtained on distillation ef the product. !he 
second and .main frae·tion (b.p, 136-166°/12 mrn •. 1 

54 ~ , 73 r! ) was the required arsine 1n a crude 
conditi0n. .On redi stillation with a f'ract1onat1ng 
eolumn, it yielded the product . as a colourless 
liquid., b . lh 139-144°/12 mm., , 30. 3 Gil•, 5 • 

15. ~·•6-Dtmethzl-la 2; lt4-tette,hydroan1nol1n1wn. 
bl:'Omi4e 

When 3., 0 gm. l-.methyl...;la 2 J 3•4-tetrabyd.ro­
arsinoline and 12 ml. (20. 8 Bm• t 14. 8 mols.) 
methyl brOmide were allowed to stand in a stopper­
ed flask at 5° f or 25 !leurs, the mixture set t o 
a solid. cake as the methobromide was formed. 
Ether was added and the . ex.ces e methyl bromide 
boiled of':f' as ·the fiaak returned to room t~p­
erature. After fil;tering off t he product, and 
washing with ether, 3.6 gm. of t he methobrOmide 
were obtained, m. P• 246-247° with effervescence. 
(83%). After three recrystallisatione :trom 
absolute ethanol, 'the c:lried product ha4 m. p. 
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Anf'+bvsie t Found t o, 43.61 ll,. 5.2J l3r (ionic), 26.8%. 
OuH16Aa:Br reqUiresJ C, · 43.6:; H; 5e31 :Br, 26.4('1J• 

16. ~•l.-Ditnetlytl-1•?•3•4•tet£!¥w · roars1nolinium. 

1.odi4e 

The above methobromide, in. aqueous solution, 
when treated with e. saturated aqueous solution 
of potassium iodide.t rapid.ly .deposited the 
cry,stalline arsinoline methiodi4e, which was 
:til tered off, washed with .ethanol and dried, 
m. P• 231-233° • (:Burrows and ~er, !.• Chg. Soo., 
1921, 426, record m. p .• 235° ).. On being warmed, · 
an ethanolio solution of t he m.ethiodi de underwent 
no cltan8.o in colour. 

17. ltl:Dimetl:,l;(1-1:2s3 !4-te-tf!bYdroarainoliniwn 
picrate 

A saturat $d aqueous eolu.tion of sodium 
picrate was added in excoss to an ac1ueous 
solution of the above methobramide, an oil 
being 1mmediate1y precipitated whioh rapidly 
oqstall.iaed.. The methopic:u.at e was til tered 
off and rec17stallised five times :f "Om ethanol 
to yield glistening pla.tes of m. P• U9-l20° 
after drying_. 

ABal.ys1st Formda c. 45 .. 01 H, 4tOJ N,. 9.2 • 

c1TJ18oti3As re Uirest o, 4S. 21 H, 4,.0, N, 9.3%• 
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Sim.il.n.rly 1 the m.c~ho:picrate was ob-

.tain d from the methiodiae,. on reaction with 
sodium picrate. ,After . reorystallisation from 
etl anol, it had m. P•· 11~119.5°. alone and . 
119-121° in a<lmixturG wi t."l the above analysed 
a ample . . . 
18~ .l•ff,ydroa;.y-l•ltetlql-112: ll 4--tetz:alw_dro­

areinoltp.ium. picrate 

1-Moteyl-1 ·J 2 a 314-tetral'cy:droarsinoline ~ . 
(1 p.) was just oov:ered with water and .2 •. 5 ml. 
co:noontrat·ed n1 trio acid a4.ded dropwiee w1 th 
atin•ing and chilll.ng in ice. Muc~ heat was 
evolved .aJ.ong with n~trous ~es. Tho oi~ 
hydroxy-nitrate ·thus obtained oou.ld not be caused 
to ceyntalli·se an4 was thus oonverte · directly 
into the corresponding hydroxy-picrate. ~e 

solution o.:f the hydroxy-ni tra.to \Vas brought to 
pl{ 3 (test p""per) by the addi t1on of dilute 
sodium qdroxide solution drop by drop (i.e. 
juat beforo· precipita~ion of the arsine d~droxtde 
commenced). A saturated aqueous solution of 
picric aoid wa.s .added and atter etandins at 
x-oom temperature for 36 hours, the prec1p.1 tated 
hydro.q-p1c.rate wae t1lte.red a.t the · pump. 
After two recr,Tstallis tiona from ethanol• 
follow·ed by dryin,g, tho oryat~1ne product 
had m. P• 1'1-152°. 

AnalJsisa Founds c. 4~.81 H, ).4; N, 9+4%. 
c16~6N3o8Ae requires• c, 42.41 H, 3.6, N• 9•3%. 
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19. l31s (,lal-dimet8J:l-1J 2:3: 4-tetral?ydroarstno­
linium) chloroplati¥:b 

. The metho'bromide . (part 15) 1n cold 
aqueous solution• When t-~ated ~· ith a cold 
aqueous solution of chlOropl.atinic a.c1d, rap1dl7 
depoei ted the bisareo.nium chloroplatinate. 
Th-ia woo :f'il terad . off and reorystallised three 
tinles fl"Om water in which it was spal"~ 
soluble. Af ~er dr71ng1 the deep-oranee ceyetal­
line material melted at 215-2196 with effer­
vescence. 

Anal,ysisa F~und: c, 30,9; H, 3,8, Pt, 23.2%• 
c2tf3~a~tC16 requiresa c, 30.9J 11, ).a, Pt, 22.81'. 



c .• :t. Kenner and Wilson,. i•· Ohem. Soc., 
1927, UlOt Holl1man and ·arm, i'bll.d.,, 
1942, 739. 
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In a flask fitted with a dropping funnel 
and ref'lux ooncleneer closed with oal.oium chloride 
tubes, :vere placed 200 g111e (1 •. 17 molo.) .9:-bromo­
toluene. l hilst tbe temperature was maintained 
at 115° b;y heating in a silio.one bath, 160 Bm• 

(1 mol. • 85, of the 'theoretical. quantity) bromine 
was added dropw1se without agitation over 3 hours. 
A vigorous evolution of hydrogen bromide occurred 
during the addi·tion. The cru.de product was 
fractionated under reduced pressure, the ~irat 
fraction dis.tilllnS fl't 78-B5°/l4 mm. being inly 

unchanged Jl-bx-omotoluene. This tnotion wao re­
distilled at atmospheric pressure• collecting the 
fraction o:t b. P• 18G-186° /759 mm. and finall.y 
under reduced pressure. once ore, the Pl.We ,!-bromo­
toluene distilling at 66-66°/14.5 mm. , 50 gm. the 
second fraction was the product, d1at1l1 at 
1.31-134°/14 mm., yielding 187 gm.. of a colourless 
oil hich, on cooling, deposited a colourless, 
crystalline mase- Yieldt 85~. allowing f .or the 
recovered R.-bromotoluene. 



2. o-J3r0mo-3-phen.ylpropan-l,..ol 

o.f. :Beeby and ann, I..• Chem• Soc,, 
1951, 413. 
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This preparation was conducte throughout 
1n an . atmosphere ot nitrogen. nasneei um. turnings 
(32 gm.. • 1,.03 mole.) \Y&re C-overed wlth dry ether 
i n the usual Gripard apparatus. 20 n. of a. aol­
ut·1on .of .2,-bromo~yl bromide {320 gm., l ol. ) 
in dry ether (1 litre} were added and the react& on 
started by adding a crystal o~ iodine and gentle 
warming, after . fhioh the remainder of the bromid .. 
solution was slowly added itb stirring at room 
temperature over 3.5 bo~ (i.e. a.t such a rate 
as t o prevent refluxing of the ether r~i thout 
external cooling). !he reaction was completed 
by stir ring fO't' ~e hours at room t •pera.ture. 
The flask was chilled 1n ice and ethylene oxide 
( 130 ml. , U3 Bfll• 1 2 :mol • ) in ether ( 250 m1. ) , 
chilled to 0° was slowly added with vigorous 
stirr ing over 2.5 hours, obserY'ing all the usual 
precautions. against loss of the reagent. Atte~ 

the addition was eomplete, a etiok;y· s olid had 
separ~tad and the reaction mixture was set aside 
at room temperature ovemight in an atmosphere 
of nitrogen. ftle mixture was by roly.sed with 
sulphuric acid .(750 ml.. 1 1 vol. acid 1 9 vole. 
water), 'the ether l~er separated, the aqueous 
lqer extrao'ted t\viee with ether, the combined 
ethereal solutions w:aahe once with 10% a ueous 
sodium carbonate and then tv'1iee w1 t h wat.er before 
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drying over anhydroue oe.lcium chloride. The 
ether was distilled off at atmospheric pressure 
and the residue fraot1onated• firstly und.er 
water-pump vacuum ·and finally unde::r high vacuum, 
employing a nitrogen leak. Three fractions were 
collected a 
fraction 1 1 ( ethylene bromo~dr1n) 1 b,. P• 62-70°/ 

· 14 mm. t (149 gm. )t 

fraction 2 1 b. Ih 92-106.0/ 0.4 mm., (15 gm.,) r 
fract ion 3, b, P• 106-108°/0.4 mm. 
The t hir-d fraction was the product, a viscous, 
colourless 11 uid. Yll.eldt 133 @!!• (49 )t reported 
yieldt 47 • The re.aidue amou.nted to approximately 
60 ml. of semi-solid material reported to contain 
2t2 1-dibromodibenzy1 and 2a2•'-d1•(2-hydro~eteyl)d1-

benzyl. 

c •. f. Beeby and ann, .i..• Chem, !.2.2.•• 
1951, 414. 

Phosphorus tribrom1de (9.3 ml. • 26.,5 gm., 
o .• )J. mol. ) rv.as slow~ added w1 th vigorous stirring 
to .!l'"bromo-3-phenylpropan-l-ol (56. 5 &m•, 1 mol. ) 
under reflux and anh$'drous condi t1ons over 1 
hour. ithout agitation, the t empera..ture was 
slowly raised to 100°, where it· was maintained 
for l hour. A.fter cooling 1n ice, dry ether 
(125 ml.) was added and 'the solution wa.ehed three 
times i th water; the ether.eal layer wa.e separated 

and dried over f:ll'lhydrous calcium. chloride. fhe 
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ether wao removed at atmosphe·rie px-essure. and the 
residue distilled undor high vacuum, employing a 
nitrogen leak., .Practically the whole distilled 

at 94'0/0.8 mm. t yielding 55.6 €'/A• of a colourless 
li uid (74". ) . 

o.t. ·Beeby and ~ann , l.• -Cbem. Soc., 
1951, 414. 

Sodium ( 8 gm. , 1. 7.3 a toms ) 1 in the fo:rm 
of wire , was dissolved in 180 • dey methanol 
and the resu.l ting solution chilled with stirring 
1n an ice-bath. ,a-:Bromo-3-phenylpropyl bro de 

(55.6 gm • . ,. 1 mol.) was now slowl~ a4de4 t o the 
chilled solution wi .th otirring under reflux and 
~droue conditions, a1'ter which the mixture 
was slowly brought to the boil and boiled Wlder 
reflux with .stirring tor 1 hour. The methanol 
was distilled off with v.igorous stir ring to pre­
vent fi)erious bumping aad 250 ml. water wer~ added 
to the cold residue I the aqueous solution· was 
extrac ted three tim.es with ether and the ethereal 
aolu tion · washe twice with water and then dried 
over anhydrous calcium chloride . fhe ether was 
distilled off and the ree1 ue fractionated Wlder 
reduced pressure• collecting ~he :tra ot"ion distilling 
at 127-130°/15 tmn. Yieldt 39.2 mzl• of a ·colour­
less liquid• (86; ). 
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A so~ution ot ~bromo-,3-phen.yl. ropyl 
m.etb;rl ethel' .(12.1 gm.., l lt\ol.) .and ethyl 'bronlic:le 
( 2 •· 9 gm. • 0 • 5 mol. ) 1n dry ether ( 40 ml.. ) was 
slowly ad4ed to magnesium 1nlrnin.ge (2 •. 05 gm .. . , 
~. ;a a toms) previously aot,ivated with iodine 
and then eovei'Gd with dry :ether ( 10 , ) 1n the 
usual. Grign~ apparatus ·equipped with a _ni.trogen 
inlet tube• A stream of nitrogen was .led t hrough 
the tlaak whilst a few ml. of the solution of the 
bromides was added• :the .reaction being staztt·ed 

with gentle \'~• !he remail\der of the solution 
was added over 25 mJ.nutee t 1. e. a-t such a rate as 
to cause gentl,e ref].u.xing ~ the ether wi tbout 
ex't;ernal ooo1121g. Atter bo1Ung under reflux 
'£or l hours with stirring, the solution wae 
cooled and stirred whilst a ao1ution of dimeth3'1-
1odoareine ( 14 • 7 @It• t 1. 2 mol.s. ) :l.n sodium-dried 
benzene (40 m.l.) was slowly added, t he mixture 
being refluxed QBa1n tor 2 hours. When oool, 
the reac"t1on produc'C was bycl.rol3aed with 200 ml. 
sulphur! .c acid (1 vol. acta • 9 vols. water ) • 
The toul.-emelling benzene layer was separated 
and 'the aqueous laqer extracted three times with 
benzene. The OOlJlblned benzene extracts were 
washed. once with water before being dried over 
anhydrous calcium chloride in. an atm.osphe~ of 
n1 trogen.. ~he 'benzene was d~sti~ed o.f'f at 
atmospheric pressure. 1n a s~atn of ni.t~gen 

and the residue · 41st1lled under reduced presoure 
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with. a n1 t:rogen leak. A small forerun was 
f ollowed by the product distilling at 142-146° I 
18 mm •. , yielding 8.8 am• of a oolourleas liquid. 
(66 ). 

Ana1.tsiat Pound& o, 56.3J H, 6.4%. 0:1i'f19oAs 
requirest o, 56.7t H, 7.5c• 

6. W,r1metpzl( o-3=rgethomronlRhen.vJ. >az:sonium 
picrate 

~he above . arsine ( 0 .a gm. ) was warmed 
under reflux with excess methyl iodide in an 
atmosphere of n1 trogen f or· one hour. !rbe methyl 
iodide was allowod to evaporate spontaneously 
and the ~ residue dried in vacuo., The 
residue was "bri turated with ch7 ether several 
times bu:t gave no eqstall.ine material on this 
treatment or on be~ taken up in various solvents. 
!rhe gummy methiodide was thereto~e taken up 1n 

ethanol and to this solution, a hot, saturated 
ethanol1o s olution of sodium picrate was added. 
On cooling, the solution deposited the yel.lOWt 
c~stall1ne methopicrato either on standing for 
24 hours, or 1mmed1atel;:r, on d·iluti.on with water 
and scratching.. After three rec%7etall1sat1ons 
trom ethanol and drying, the product mol ted at 
108.5-110°. 

An.al,ye1s• Pound• c, 45.9.J H, 4t9f N, 8.5%. 
C1~t24N30aAs requirest C1 45.9; H, 4.9; N, 8.5~. 
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7 • At'tftted preparation of. 111~1met!;yl-l.t21.3t4-

tet!f¥1.Y~areinol1n'1WJ brOnlide 

' . 
Dimethyl.~.e.-J.m~thOXJP~p,.lphetl11)ara1ne (3.qg..., .) 

and a m1X1ure ot glacial aoetio acid ( 100 ml. ) . ,· 

and constant 'boiling }Vdrobromio acid ( 100 ml. ) 
were heated under reflux . a t ·120°. fo~ 3.5 hours . . .. " 

whUst a stream of d%7 ~drOgen brOmide generate4 
by combination of elementa17 h_vdrogen and bromine 
end treed from bromine by passage over copper 
gauze was passed through 'the reaction miz'tn.lre .• 

After cooling, the solvent was d1st1lled off 
. - . . . 

under n1 trogen, the res idue extracted twice with 
· ohlo~form, washed with water• . 10% a<'lueoue sodium · 
caxabonate, once asaJ,n wi~h water and the extract 
dried over anhydrous calcium chloride. The 
chlorofom was distilled ·ott under ni tr.o,en 
leaving a mobile, ether-soluble liquid tram 
Which no o11d material could be obtained. 
Distillation undex- nitrogen pel.clecl about 1 ml. 
of a golden oil, b. P• 141~145°/17 mm. which gave 
no ether-insoluble produc-t ~ter beinG refluxed 
with methB'l to414e under nitrogen for· 50 minutes. 
Although the l.1quid distillate had an ·odour 
reeem~ that of 3-phenrlpropyl bromide, no 
solid derivative coulcl be ob"ained on interaction 
w1 th a.t1JILOnium. di thiocarbama-te. 



SEC'.riON lii I SEOOltD A!~~ NEW .. SYNTHESIS 

. OP _l..r>11'£IiYL-ll2 a·~t 4::fmRAlrrDBo­
ARSIMOLI!!! 

!riphe~l.ohloromcthane ( 60 gm..) was 
diaaolved in dry pyrtd1ne (100 ml. ),,, ~e sue­
pension was warmea em the water bath to obtain 
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a clear solut,.on, whilst ,e-bnmo-3-phenylpr-opan-
1-ol (46 gm., l . mol.) was slowly added dropw1ae 
from a dropping funnel to the sttrrea solution, 
the react.1on being oon4ucte4 und(ir reflux and 
under a.nhydroua oond1 tiona • Afte.r ab_out half o£ 
the alcohol had be~ added, preo1p1 ta t1on of the 
product commenced. !he euepension was then 
heated f ·or 2 hours on the boiling water bath 
and whilst s till warm, was poured ihto 400 ml. 
water. !he p~duct. was precip1 tated as an oil 
which sol1di:t1ed on be:l.ng cooled with stirring •. 
It was til tered, washed with water, dried at the 
pump an.d reoryatalliaed from ethanol (about 
500 ml. are required).. Yieldt 80.0 P• ·t llle· P•· 
84-86°, (82%). A sample· of this mate~1al, after 
:tive rec:eystallieations :trom ethanol., ttollo~?ed by 

dr;ying, had m. P• 89-91° • 

Al'¥J±,ys1aa 7ounda c, 73·3~J H9 5•7-%• a2aH25oBr 
:requireet c, 73-.5 J H, '•'c • 
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2. l-Meth.yl-la2s3~4-t·etr@ldrours1nolina (by 
thermal decom. oai·tion of ltl-tl1methy1-

li2&3:4-tetrahydroareinolin1um bromide) 

lal-Dimetbyl-la2t3i4-tetrabydrotU"sinol1nium 
bromi,de ( 4. 0 grn. ) wa a placed :ln a small distilling 
flask having a ~~ort distillat1G~ pat h. The 
flask was heated under reduced pressure ( 23 mm. ) 
the t emperature being raieed very oautiollsly, 
'<Vhilst a nitrogen leak was used. When the 
external temperature had nached 260°, the me t ho-
bromide oommenoe o malt • aeoompanied by 

vigorou.a eff'erveacerioe. fhe preaau.re ros e a 
little due to the .volved :methyl bromide. The 
ba t h t emperature was maintained at 26Q-27-0° fGr 

15 minutes , durtng 'which time a colourless 
li uid distilled s lowly into the receiver (b. P• 
156-159°/26 nun.). · At the. end of the decomposi-tion, 
no residue remained in the distilling flask, 
\'hilat the dis tillate smelled. strongly of l-methyl­
la2a3:s4-t.etrahydroarsinoline. YieldJ 2. 5 gm., 
9.5 of" 

~e wh,.,l:e of tha abov·e p:roduot, on beiug 
allowed t o stand in a stoppered flask at ; 0 in 

the presence of methyl bromide ( lO ml. , 17.) Bm• t 

15 • 2 mo~s. ) for several dsas,, was reconverted 
into the methobromide, yielding in a.ll, 2•3 gm. 
of· the ·or iginal methobx-omide. This represents a 
yield of 64% and shows that the above distUlate 
uu t have consisted of praotioallY pure 1-methyl­
l. a 2 '3&4-tetrahydroarsinGlille. The crude material 



had m. P• 248-250° f mixed m. P•· with en authentic 
sample of t he methobromi4e (of· m. P• 25o-251°), 

' . 0 247-249 • 

3• A;titempt~d pre;eara:t.ion of l~.l.d1metyl-1f.213a4-

tetpahldrr0arsinolinium .bromide 

4Jnle following reaoti:on wee oonducte.d 
throW;;hou.t in an atmosph~re of n1 tro gen. 

A lf!W ml. of a solution of .9.-brom0w 
3-phenylpropyl trityl ·ether (15.0 BDl•, 1 mol. ) 
and ethyl bro ·de (l .. 79 gm, t 0.5 mol.) in dry ether 
(120 ml.) were add -d ··to activated magnesium powd.er 

(1 • . 26 ~· • 1. 58 atoms l covered with dry ether 1n 
the usual Grigna.N app~tus. The reaction was 
started d.th gentle warming and the remainder of the 
solu·tion of the bromides a.ddeo. with s tirring at 
sueh a rate that the ether boiled gen ly under 
reflux without. external cooling, ~he mix1ure· was 
boiled under refJ.ux with stirrins for 2. 7' hours, 
then aooled and stirred whilst d.ii!lethyl1odoarsine 
( 9. 2 Bm• • 1. 2 mols~d in di7 benzene ( ;o ml.. ) was 
added. After bOi-ling ®der refl.ux for 2 hours., the 
mixtUre was cooled and stirred whilst a saturated 
.aqueous solut.ion of ammonium chloride was s lowly 
a.dd.ed. file benzene. l.qer wl\8 separated •. washed 
twice w:t th water and dried Gver anhydrous fila8llee1um 
su1phate. 'rhe benzene was removed. by dietillation 
a t · tmosph·erio preaauret leaving 13,3 P • of a 
viaoous residue• 

~he whole o£ the residue was mixed with 
35~ aqueous acetic acid and bo1le4 under rei'lwt 
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for 20 minutes, caoled., diluted v1ith water and 
extract.ed w1. th chloroform. ~he chloroform solution 
W® washed t\vioe ~ith water and dried over ~droue 
magnesium sulphate. ne solvent was rem.ovecl by 

ttistillation a.t ~tmospherlo pres~ a.nd ·an attempt 
made t o distil tho residue ·under hiGh vacuum, 
but only 4 drops of a liquid• d1stiUins over the 
range 138-200°/0.l mm. were obtain •· fhis c11st11late 
ol':rstalliaed 1n the receiver and . onsiated undoubtedly 
of tr1phero.ylcarb1nol. 

!he residUal gum (10 gm. ) .· hich c.ould not 
be obtained OI7s ta1.11ne,. was treated with phosphorus 
tribromide (3 .. 75 [9a• t 1.4 ml.) added slow~ under 
nitl!"Ogen, the flask being. l:·ept chilled 1n ice. !he 

res1 ue was covered \Vith water, stirred and heated 
on the water bttlth for 1.5 hours Vlbich caused it to 
cryatalli3e ae a pale-cream, other-insoluble 
s olid.. !he suspension Vlaa fU terec11 yielding 1. 2 gm • 

. of s o.lid materiel, a fUrther l. 8 gm. beirlg deposited 
1"r0m ·t e tU trate on standing. The eomb1ned solid 
material was reorystallis ed twice f 1om diethyl. 
CEW'bOne.te when it had m •. P• 255-267° wi t h previous 
softening. After five ree:J;7stallisat1ons from 
d!ethyl .carbonate, the m • . p. was raised to 268-270°. 

AA!4irsitU l'OUrtdl Ct 69•41 H, 5•6%• 1:·1-Dime'tlQ"l .. 
1t2Jl t4-tet~dTOarainOltn1um bromide• OuH16BrA8 

requirer.n Ot 4l.6J Ht 5•lctt:• 

The Bellstctn test Showed halogan t o be absent. The 
oom ound, d1methyltrit ylars1ne oxide, n 3c-Aa(O) e2 , 

C21H210J\at requ4-es• c, 69.21 H, S,8,S and ls thus 
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·cons1atent with the above results. this product 
was not hrther .1nvest1pted. 



2. Attem,ate4 Rra;eax:ati,on of_l-m~tb,y;l-l;t~:lt~ 
t,et£Wd£O,t!£td.p.~1~~ 

·In case the above ~11 shou~td contain . .. · 
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. meth)'l .... rph~lpropyla.rsinic aotd, the whole of 
i.t· (74 gm, .) was mixed td:tla' ooncantra.te4 sulphuric 

. acid, ( 200 ml.. l and hoate4 to 100° on .a water bath 
for 15 mtnuteth \7h(1il cool, the t'eaot1.on mix:'fnu:<e 
was poured into water• ·tho solution being. coo1·e4 

. and neutralised ~v!'th 305' agueous sod1u:m. hJdroxide. 
An oil. was de:posite4 which was extracted with ehloro­
·fom, the ·ohlorofom extract washed with water, covered 
with a. solution of 300 .ml. water oontainina o.s €m• 
potassium :todida anti 300 Jnl, concentrated byarGohlor:te · 
acta, and eulpbu;r d1oxttle ps.ased through the cooled 
mixture :tor 2 hours. After .allowittg to stand tor 
8 bO\l.l*S9 <the chloroform extract was separated, 
Waah$d otu'.ta '11th wa1$r, rapidly w:l th 7% aqueous 
sodium bfdrox14e and tw.i.oe wi tlt water before being 
Q.ried OV$r oalc:iuur chloride :in an.. atmosphere of 
nitroser.t. When the cblorotom .ha.d been. removed 
.in a stream o:f nitro~,~ onl.F about o., l#'il• of 
.reaidue ~ned from which no methiod1de could 'be 
obta,~ned. 



.f!~Tl:Olf ,. A~~~BD s:mPm§IS 0,, {.!)-As..:.S~I:RO;­
. ~is:-il t~.t) e :!•!l!~llAK,tD~OAitSI~O)&IN,Iqli 
,~ROMD>B.·· 
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c.t. ltoberta, tumor and l'hu'7~r !• p]t.e!., .Soo •. 1 

1926, 1443. 
.• 

A solution of chlorine .in carbon tetra­
chloride wan prepared and standard1!1Jed as aescribed 
tn the prsparat1on of 3-phe~lpropylditnet}Wlarstue 
dichloride (sec'tion 11 part 9l· ·1....mcrtb:f1..-l:2t3t·4 .. 
tetrabNdroarsinoltne (19 f9!A.• •· l mol.,) was dissolved 
tn. 60 ml. d1!'fl. carbon tetrachloride in a 3-neeked 
tla.ak f'i tted aa '£or a Grignard reaction vti tli a . : 

nt trosen · tnlt"tt. tube.-. Wbtlst this .eolut:l<m was · 
chilled ·u ice, 82 ml. of a aolution of chlorine 
.ia o~bon tet!'aehloride containing 114 gm~/litre, 
·( t. •.h 9 •. 35 P• chlorine,. .1.·4 mols •. ) was slowl.u 
addetl under nitrogen wi:th etirrlng over a per.iod 
of 1 holir'• ·fhe carbon 'tetrachle:ricle we.s distilled 
off at atmospheric preseuret 1eaviDa a vihite, 
crY-st.a~Uno rea1dt.te of the bygrosoopic product .• 

c. t-• Boberist fumer and Bury • &• _Ohom. 
·~:ao.!,t 19261 1443. 
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. was heated under. reflu UJ;td¢r redu.ce4 . press'Ul!'e in 
an atmosphere of nitrogen. fhe bath temperature 
was padu.ally ra.isetf to 145° during. which time 
· afferileseeno$ occurre4 and· the pressure Nse 
due ·to the evolution o:f methyl ehlOri·de. After 
10 minu.ten~ at thts temperature, the pressure ·had 
r-eturned to tts f.omu valu~ and the solid 
had been convertea into a chooolate-bNwn .liquid 
whi<:h, :aftf?r qoolinet w~ t:r~fe~od to a 
distilling flaak and tractionated under ... reduced 
pressure employ:Lrls a ni troge1:1 leak. Onl.»" one 

. fraction was obtained, ·distilling e.t lGo-165° /15 
mm., y-ielding 18~ 2 ~· of a pale .. yellow oil 
·wh1.oh a:olidifi.ed on standing~ ( 871') • In sub­
e~quent p~parations1 the follO\"'ing boiling 
points .. \vere reQord.ed: l.6S..17l 0/18,' nun,., 
165-169°/17 mm., 15~1;8°/13 mm. As· founcl in 
the pr&para~ion of ) .. phenylp~opylehlorGmet~1-

. araine, t t .QSQin appears that th.e more con• . 
c:ent~ated the cblor.tno solution employed,. 
the higher is the yield of product .• 

3,. n•;!!y.tzll1 thium 
' 

·(hf• A4ams (Ea.. )t Organi.o J.e.actions, 
VIII, page 285• 

Sodium dri.ed e'ther (150 ml. ) was 
placed .in a 500 mlt +-necked tlaak :f1 tted with 
a lo'W'-ot·emperature ·thel'tllometer, double-surface 
reflU.X condenser; .ni'trogan .. lnl.et, sea.leti stirrer 
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' . 
atl.d droppin4 fwmGl, the condense!' and <tropping 
·t\u'u1el being closed with ~aicium chloride tubes,. 
'Jhe tlaak was swept. ·thrOUgh with a stream of 
nitrogen washed free from o~gan b~ passage 
throUgh an alkaline solution of »7Ngall,Ol · 
(l; B.m~ pyrogallol in 100 !Ill.. '~ aqueous 
sodium l'cy'droxtde) and· dried by . passage through 
1\vo wash 'bottles containing a·oncentrated sul­
phuric. acid,. the gas .:fintllly being passed 
through g1aes wool. Seventeen. pieaes .of freshl.f-· 
pressed ll thium wire, eaoh .20 em. in length 
and wet.pling o .236'5 ~· per length ( totelt 
4.~ srA•t 1.25 atoms) ~oro cut into etna11 pieces 
an<i allowed to ta11 tU.rectly ,into t~e fl.·a.sk. 
~he contents wol!'e st~rr~d vigorously whilst 
3\l drOps of' a solution of tresbl.r-ci_rie4 .a,nd 
redlst:Llled .a-~~trl bromide (35 .Sll•:• o.5o mol.) 
tn aey. ether ( '00 .ml. ) were added. fhe QOntento 
ot the :flask were eooled to -10° ina solid 
carbon dioxide 'bath. After ten minutes •. bright 

I " • ' 

spots appeared on tho l.i:th:iwn hld1c_s.t1ng that · 
the ·reaction had com,raenced.. fhe bvomi4o aolu.tion w• allowed to .run in slcnvl7• the temp.e.ra:tu.ra 
betng ccm:txoolled at -•10° when necesea17 'l:w 
auding ac~t~ne -co the ~ol·id carbon dioxidelf . 
The addi:tion ,occupied ~.5 hours. After the add• 
1tion, at~ was continued for 2 hours whilst 
the tem,9erature was . alO\:vq raised ~o 10°. :fhe 
e~coss lithium was .f1ltered .oft ·through glass 
wool. 1n e. stream of. dry nitrogen, the £1ltra:te 
passing di.reo'tly _into a maasurtns cylinder which 
wan swept out with dr,· n1 tNgen, st~ppered and 
kept at -1.0° until. requt:red.., 
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Part of the ·aolution o.t .u-butyllithium 
·Was poured iato a bUrette and. 2 nu.. aliquota 
rap.idl.y wn off into cotd.cal ·flasks., one cu3n• 
tabing a solution .of 1 ml. freehl1 d.rietl ana 
~di$tUlell benzyl. chlori4~ in 10 mi. ·dlW other, 
and the othorf 10 ml,. water, both flasks being 
swept out \Vi tli n1 trosen on4 imtnediateq stoppered .• 
After allowing to stan4 for ·1 ·minute:, 10 ml. 
water we:re added to the ·first flGak antl the con• . . . 

tents of both flasks ti:trated ega1nat a standard 
( approximatel.J o.JB) solution of 'brdrochl.o~ic acid 
using phenolphthal oln tlS 1ndica.to:r1 the flask 
being thoroughly ah&lcen throughout the tttra.t:ton .• 
fhef f:ir:st titre represants the alkel.i dUe to 
Q'·ompounds other than ~bu.tyUitbtum., the s~oond., 
tho total alkali; the cU.f'teranef) thus representing 
the alkali due tQ n~bttttllith~nn. Determined 
in thf.a wq, the solution Wa$ .fou.nd to be 1. 005R 
after standbs for 46 hours a't -10°. Wll~ 
volume o'btainod_ (180 ml..) thu.e represents a Jiald 
of 11,6 p.. (701') after 48 hours. 

4. l::;( ~J~ethomroal.phf!\Yll-la,2 i.) • 4-tetra-:: 
,hv:drO.Q!:a,inoll.n.e. (fi~st method) 

··~1s reactioll was carried out in th$ 
usual Orignard apparatus fittea w1th nitrogen 
baot and thermometer., 

n-Bu.tyllitbiu.m (125 ml,, 0.7SN solution, 
5,5 e11l•t. 1· mol.) was slowl:~ added with stirring 
to a. solution of .e.....:bromo-J•phen.ylpropyl methyl. 
0ther ( 20 sn• 1. .l. mol. .• ) in 90 mt.,. d%7 ether over 



a ptrio4 of 40 •~matea ill aa a-..phue ~ 
a, u-..-, the .__..~ hbc Mfatataet 
'beW.• ,• aa4 10° witk .-uaa1 oool!Da• lll7 
••• (to 111.) .. a44e4 to 41_1,.. - ·~ the 
preo1pltate4 ao1141 after w!aiell the .. ._. 
wve 'MUM uater ntlu with att.fttac tor 1.5 
houft. After oooJJ.q, a, et11.u (85 111.) wu 
atl4ed, :ton-4 b7 tile tt1ow a4UU•1 with atinbc, 
of a aolutioa at 1-ohloro-l;t2tl 14-tev.tQ-t.lft­
ardrloliU (11.5 ... , 1 aol.) 1a 4rl' .._ 
( 85 ml.), the oODteata then 'bebc 'bou.t UIUlw 

ftt1ux tor 1 :be'lar. De ld.xtuft - a.U.owe4 to 
oool to z-o• ....,_.. ... a1l4 hJtro~ with 
350 m1. n1phurio ao14 (1 Y01. aoiclt 9 nla. 

. wate) ad 250 ,... ........ toe. 1M ~ 1qat 
... .,.rated aac1 ••. 8Q.UOU 1qat ......... 
thztee t~ With ethezt• flua o•ldaed ~ 
aoba.U• wu \UUIII ..... wltll 1~ ........ ..U• 
oar'b~Mte _. ttaalq with watw Wae 'bebc 
4rle4 onr ~ oalo1• olllori4e ill aa 
a111oepheft et u-..-. !be ....... ~ 
_. c11aU11aU•·D4er at..._ at a~o 
P"aiNft a1l4 the naicbae taotioaate4 'Dclw 
hiP vacnma .-p1071q a ~tropa leak. A ea11 
~ tn.ott• ... to110'M4 - ............. 
41atil1taa at 192-1948/1 -. 1 othv NS1tac 
pOillta I'Mucle4 iD. aulNieq,ueat JftP&ratiou lleilac 
19?-201°/1.5 -., 171-lT3°/o.3 -. 11.8141 14•4 &a•t 
,,~ 

JJOUD4a o, "•'' B, '•""- "vJJIJOAe 
NQ.ldru. o, "· .,, •• • • ._. 
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'!),. , "'.··--(o•J..meth.ounrom;:lnhA~vJ.\-!.t2t:"l. •4-... · ~e. tra-.~~" ,dan 1 e··~ ·~,iii; ~ ' = .,-& t t PtiJ-

,hVdr~J!!Sip.plip,!, (second method) 

· magnesium.· powder which ha.tl been activated 
by hea.ttns '\'~11th .i()dine (l,.r47 sm.., 1.58 atoms) 
was ~ust· covered. with dr'9 ether in the usual 
Grignard apparatus fitt•d with a·nitrosen ,inJ.et. 
3 Ml. ot a. solution of freshly dri·ed and re• 
d1stiUea Gticy'l bronud.e (2.·06 gm., <>.; mol.) and 
~bromo-3•phell»'~l"Op~l met~l ·ether ( 8~ 64 am~ t 
l. .mol, ) in drq e·ther ( 30 ml,. ) .. was added to the 
1Jltl6llasium ~4 after sentle · wa.m.ins, the fomat1Qn 
o~ -the Grignard roa.sent commenced. the remainder 
of the solution .ot the bromides was added over· 
45 minu.tc;s a' .~ atmosphere of nitro-gen and ·the 
mttztt\re retlux~a. VIi th ·sturing for 3 ho'fl.rs:, . . 
Atte.r' cooling, a solution or l ... chloro-1J2a) t4-
tet~a.'b;Ydroe.rs1noline ( 9 .. 5 ·sm. 1 .1.1 mole,. ) in 
d:ry ethe» (50 ml•) \vas elowq added wi tll sttrriq 
OVGr 45 l!linU.tGS a:f'ter Which ·the m1x;tu,re WQ.$ · · 

refwte4 with et:trringundar'nitroge;a fer 3 hours, 
Vlbea· ooo11 hl'drolyais · was aooom.plished with 
aso ml. sulphuric acid (l wl. acid ' 9 vole. 
water), the ,ethereal solution eepavatea, the 
aqueous lqer ex.traotea twioe mth ether dd 
the c.ombihed ethereal. aC>lutione washed on•e 
wi'th '10% aqu.~ous sodium carbonate sud once with 

·. water before being dried over a.ubr<lrou.s calciwn. 
chloride in an atmosphere ~:t nitrogon,. The 
ethe~ naa d;ist1lled off at atmospheric pressure 

·1n a current. of nitrogen alld the res:tdue fraot1;on­
ate4 under high 'lamn.un emp.loying a nitrogen leak. · 
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50~ hydrobromic acid in glacial acetic eoid 
~and first heated 111 .a. .aealect tube at 100° for · 
4 hours ~.U:td fin:al.l.y, for a 1\\rtb.er 21 hours, 
but 1n both cauea, on removal of the solvent 
by· 4ia-t:Llla.tion under reduced pressure, the 
mobile liqu.id r$a1due gave almost no turbidity 
on addition of ether. S:lmilarlu, trea:tment 

· . of the a.rsinoline · · wi 1;b constant-boiling aqueous 
llydrobromtc acid (48~) under reflUJt in a 
atmosph$3:"0 of nitrogen tor 2 hours yielded t.t.n 
·Gther-aclu.ble residue ·on removal of the solvent. 

On repeatitl.s the experiment with 4 gm,­
of the arainollne .~ .20 ml• ·Of 501' (w/v) bydro­
hr$1o acid in glMiel. acetic ae:ta, the mixture 
be'.ng heated e.t 120° under reflux for ); 7 hours 
whilst a. etretmt of .hydroeen bromide (sanerated 
»:r the addi·tion ot br.omine to t~tralin an.d free4 
tr~m traces, of bromine. by passage through dl'Y 
tetral:in,) was passed. through, ~a mobile 
liquid was obtained as the residue after "removal 
ot the solvent. 'In casf.:r this ehott1d be the Ul'l.­

cJelise·d. brom.oareiaaoline .corresponding with 
·th.e abOve methox;rnreinol1net the ~esidu.e wee 
heated.a.t J.;o<> unde~ :reduced pressure under 
n1 "trogen tor l• 5 hov.z!ts and allowed to s·tano . 
for 3.0 d.qs under n1 trogen.. After this .Pertoa, 
.ad41 tlon ot ether caused the deposi t:lon of' · 
a smell. qua:n:tity of ~sroscop:tc materiel having.· · 
no definite melting po.1nt, ®d from which a. 
small quattt1 ty ot eeyatal.line material was 
obtained .from ethyl acetate. On atte1npted 
reeryetalliaation .from et~l acetate however," 

' \ • 0 • 



this material became incree.rd.nsl.lr oonta.taina.ted 
with an oil. into w.n.tch it appeared that the 

· solid. material was . 41asoo1ating. No solid . 
iodide wa.s obtained on the addition. .of a bot, 

1G9 

, concentrated aqueous solution of poto.J.?sium iodide 
to an .. aqueous sol.ution of the ~or;phoua sol.ld 
material• ~he ethereal .filtrate .from this 
solid material· was t'il tered into a m1orod1a1tillat'i.on 
apparatus, ·the other dis1iUled ott in e. :EJtream 
of nitrogen at atmospheric ,pre a~ a.ud ·{the. 
dark-ooloured resi<lue distilled u..nd.el" .htsh . v~ouwn 
emploJins a. nitrosen leak. !Chree tractions wore 
obtainedJ. 
traotiQn l·t bt P! f;S..90°/0.20 ••t 0.?4 @ll.•t 
fraction a, 'b" P• 90-115°/0.19 mm.,, O~o$0 Bm• 9 
t"raot1on lt b. p~ ll8-120°/0~el9 •• , l.B4 p-

l!'raotion 3 save a post tiV$ result on 
being tested for bromine and arsenic 'but gave 
no cey$talline rAeth1od.1de on .reaction with 
methyl 1otU.de., W.his traction was treated in the 
cold with concentrated nitric acid after beiQ.g 
J)uat covered with water. A f'a.-1rly vigorous 
reaction ensuef.t.. aco~mpa.nied by the GVQ1ution 
of heat ·arul ni troue .fumes., After stilTing and 
cooling f.or a.. few nd.nu.tes1 a dark brown ~solution 
remained which, Olli dilu:U.on with water,. «epofa:tted 
a.~ ot oolou.rleaa, glietentns plates. A:ftel'" 
t11ree receystallioation.G from dilute ·n1tric acrid,, 
we.ehtng \vith water and d~ in a vaouum 
desiccator;, the melting :point :rGmainad constant 
at' 134-135°.!1! Attemp·tHi:!d. drying ·Of small ;portions 
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in .a piotol eve%" pho£)phorus pGntoxide at 
77°- for l hours un-4er reduced pressure al.wa;va 
l:'flsul ted ~n Q lowering of . the L P~· t the . 
prodl!ot ·then mel:tt.ng over a ra.tlgG- of 8°. 

Aget!l!!§J Pound# o, Jl,G·: 11, l•Gf »r, 22tr*7~• 
!f1 absent• 

. ~h1e Ol:7'tata.ll1na derivative was ·insoluble 
-"tl ether and. soluble in ho·t: wa:te>.~ from which 
t t was repreaipi tflted on cooli.ng~ fh~ aqueous .. 
aoluti()n had pH. Gt. It wa.s solublo .in co]:d 
sod:t:wn llJdrox:lde eclu:tion whioh1 vthen ao1d1fied 
with eydroohloric acid, Cal\secl reprecd .. pi tation 
of the o~iginal. material* ~eatm.e:nt of an . · 
e.quaous solution. With a.qucouu· a1l.ve.x- m. tra.te, 
save .no ptteeip:l:tate ot silver balido. !~!be 

eolid dissolved ;t.u 10~ aqueous sodium carbonate 
without the ·u bere.tton of oarbon diOXide 
and was .aga.:Ln.pr$e~p1ta.ted on ao1d1f'icat1on 
wt th 1Wdrocll.lo;;. .. 1.o a<d.a~ T~eatment .of an 
a.qu~ou.s. $Olut:1on with a. dU\\te alkaline. 
solutlon of po-tassium ;po~ane.te or treatment 
ot e. chloroform. solution with a dilu:t-e .solution 
o:f b:romine in. chloroto:n:a, , caused no deeoloux--
1sat1on. fheee tests indica:te. tbnt the 
materiel. is almost ee~tainll an arsenic .. aeiil 
antl this evidence, in con3tmetlon with the 
above a.na.ly-tical. f~s, indicates. tt1e 
lH>ssibi.li ty of the structu:ro, · 

0 
"' . :aroH2<m2tH2..C0H4-As(O.H)2 (.e,-:) 



fof! ttcts compound., o9a12o3PJrAs requirest 
c, 33~4; H, 3~7t nr, 24~7%. 
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DUe to l.aQk of matQrial-1 the above 
treatment of the· ~a!.noline with 1lJdrobrom1c 
.acid Viw.;l repeated• the heating ®d p.aaS$&9 of 
h;&'drogen bromidtt being con-tinued '£01.' 2• 5 hours" 
ol'l removal. · of the solvent as before-• ·the roetdu.e 
e;ave almost no ~olid ma.terieJ.. o:n. treatment w1 tb 
dry etlter. On distillation ot the .residue 
under high' vaettwll w1 th a · nt trogen leak1. the 
.following :fractions were eollecrtocU 
fraction 1~, bji> p~ 72-1.32°/0.8 mm., very Small., 
fraction 2.1 b .• 1'' 134..:142°/0,.8 mm.,. 1.87 g11. 

!lone ·of the fomerl,._obtaint:td oeystalllne 
ma:tarid waa obtained from. an ethyl acetate 
solution of the res1«us. Fraction 2., on anal.7sts, 
gave the following ftgurast Foun:I.'U o, 3l.a, 
H, 3•75~"' fh.e rem~der of tbia fraction was 
redistilled under high vacu\Un emPlo;v·ins a nttroeen 
leak., after wh1c:h the .following anal.l?sis we.s 
obtained...: Foundt o, 35·3J H, J .• a,, Dr, 10.9%~ 
No feasible stru.otu.~ could .be found which 
we>uld eorreepond Vl~;tb those figures" On hea'ting 
a. ·portion of' fraction 2 urutar reflux in en a.tm.os­
pher~ ·of nitrogen for 45 minutes, no cqstal'line 
matcr.ia.l aopo.ra.tetl after oool1ns, or on seeding 
the ao1ution with a. small quantity o.t the 
cr~retallinG'l ma-terial ·Obtained·. from ethyl ace-tat~ 
in the :pl'"ev:ious prepa.l?ati.on. 



( 11) ,Aatloa o,t, 1 ,mix,t~ •. ot ;eonstant~b,~~~~~s 
ag,u.eq;u.s 9zdrobr,omic ac,id, .a,ng _acetic 
.eo1d . on ... l-( o-J-jlll,at.homroel,R~l).• 
J,t.2t) t4;--jUf~~r!t§;4~q,sinoJ;,tpe, . 

the a,rninoitne (7 .,4 em• ) was mixet 
vd. th col1Sta.ut-bo11~ (48~) aqueous hy4ro'br0m1o 
ac14 (150 ml.) and glacial .aoet1c acid (150 ml.) 
and the solution heated at 120° to·r 5·5 . hours 
whUet a st2;-eam of ~4r<>us h¥~sen bromide 
(~rated b7 cqmbination of elomtmtaiT bromine· 
an4 !Qrdro~ Ol'ld treed f~ traces ot ·bromine 
bY passage over copper eauze) was psse~d thr.~ugb 
the mixture~ An iniiJOlubl.e liquid EJl.owl,J eet'tle4 
at the bottom ot the flask• On attmnpved removal 
ot the solv~t b1 4ist1Uati·On under re4uce4 
ptese~ 1n a streara oi' nitrogen,. :this .ttquid 
;proved steam-volatile a.n;ti wa; ·therafor.e extracted 

. with ·ohlo:ro:tom. fhe chlerofC"Jnn extract was . . . . . - . . ~ . 

washed tw1oe \ri.th water, .,nee wi'th 10~ aqueous 
$Odtum oarbona.te anti once agatn ·with water, 
finall:.y beins d.riea. over ealctum chloride. fhe 
ohlo~oform wna removed b7. 41sti11at~on at atmos­
pheric ))rea sure unde.r nt t.rosen ·a'n.d the rea14ue 
·d1sttlle4 under h1gh ve,ofl.unl enwloytng a nit"gen 
leak. ~h.ree fractt,on.s wera colleot.a., tho last 
two "present11;1g G. ne,gUsible am.oun:t of material: 
traction 1, b. p, 52-62°/0 •. 2; nun~; 2•3 P•i 
.f'.rs.ot1o.n. 2t b. P• 94•136°/0 .. 2' m.tU.:; 
fraction 3, b" P•· 136-1.40°/0.25 mnh 
No (:J,7.stalline me.t.rial cGUl.d be obtained .. from 
-the small residue, fhe above traction 1, which 
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smelt strongly o:f 3-phcnylpropyl bromide.. gave 
a·poa1t1ve test for bromine bu~ a negative test 
for arsenic by both the Lassoigne sodium fqoion 
and sodium peroxide-Dodium carbonate oxidative 
:fusion methods. J>iffioul~y was oxporienced in 
obtaining an oxidation pro6uct of this frt1otion 
by boiling with ·potassium pe~anate w:uier 
rctlu,, ,a,nd it Wa£J therefore obo:racto.rioed bN' 
conver:sion.into 3-phen:;lpropsrlaithiocar'bam.otc, 
(see belo~1) • 

e. :r.. Alles 1 I eke and Redemnrm::; 
OrGanic .saphesost Coll.. Vol. III, 

·page 763 (UilGy, new York, · 1955), 

GaDaous nmoonia wao paosod 1n:to 
96% ethanol (250 :ml.) contained in a tared flask 
~ an. ice-bath until the gain ·in we~ght \7BS 39 gm. 
(2-.3 mole.), To thio solution, still chilled 
in ice, a gell-oooled soJ.ut1on of carbon d1oulphide 
(76 Bm• t ~ ool.) .in othor (200 ml.) t7a.o added. 
"Tho :f'lask wao loosely srtopper,c4 and e.lloned to 
remain in the icc-bath· for l hours and then at 
room tompornture overnight. Sheaveo of lemon­
yellC;7 noedlea of the una table ammonium di thio~ 
carbamt:J.te alOTily. separated,. !rhene were filtered. 
at tbe pump., \7aahed. with ether antl. tmmedic.-\tel.Y 
employed for the follooing p:rapa:ration. 
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· The fraction of b. P• ·;2-62°/0.25 mm. 
(1..5 gm:,) from. the above ·treatment of l~(~J­
methoAYl)rop~rlphen;vl )...:la 2 t 3 t4...:tetrahydroaroinoline 
with ~drobromic e.oid was miXed with 10 tnl.. ethanol• . 
5 ml. ·water vrore adde41 'followod by o.a €1!1• · (1 mol.) 
ammonium di~hioc~bamato. No reaction appaa~ea 
_to take place in tho cold, but aft0r w~~ on ., 
the water bath for )0 minutes and subsequent 
dilution with we;ter, an oil was preoipito.ted whioh, 
on 'being cooled end trtirrod, rapidly solidified. · 
This solid material wae tllterod off and dried ·in 

. . ' -
vaQuo. After two recJ7stal'lisationa (cmce from 
pe·trol othor-ether and once from. cyclohexene)" 
and deying .in y;epp.~,. tho c%'Z(stalline mo.terial 
melted at 7o-71° • also VJhen mixed ·with ,a,n e.utlumtic 
sample prepared trom 3•phenylpropyl brOll'Jj~de as 
above Gnd havin11t the snmo m. P• . 
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The solid material from the above ex­
periment· was heated under reflux at reduced 
preaau:re in an .o.'tmos:phere ·of nitrogen.. As the 
temperature of the bath ·:roached 60°• the presoure 
~ose due to the evolution of'·mGthyl bromide 
ana when a ·temperature of 100° was reaohe~, effer­
vescence whioh had been·ve'l7}! v1e;orous, ceased, 
leaving a pale.-yollow liquid. This was allowed 
to cool, o.nd, after standing overnight, was 
f:ra.otionated; el!qllo;r.ing a 10 em. f'rn.otiona.tine 
column; ·under reduced pressure in an atmosphere 
of n.itrogen.. A am.a.l1 forerun was :f'oll.owed by 

·the produ.ot, b. ·p. 174-180°/11 mm. • 13.4· gm., 
·68~; a .Pale yellow-liquid which cey-stallisea on 

. . () 
·standing. A .samplG ·Of b. P• · 176 'I'll mm. .analysed 
as f.ollowa: 

requireat 

This . compound tvaa ch~weoterised e.s described in 
. part 4 bel.cJw .. 

Dry piperidine (5.1 ml., 4.3 gm., 2 mo:ls.) 
waa added dropwir~o w:i. th ohal<~ to carbon d~.aul:J>bide 
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(1.6 m.1 •• 2 l114•• 1 mol.) in dr.v other (15 ml.), 
the tube beinc kept ohi~led in an .ice bath 
in orrler to moderato tha extremal,. vigo.rous 
reaction. After stirrine for some time, the 
product was .filtered ~and wa.ohed \'lith d%7 ether, 
after \7hich it aublimed .at 174-175°. Thia salt 
:is ve%7 much more stable tho. n. ammonium di thio­
carbama•te ( soe section V, par·t 8 ( i) ) and may 
sntel:~ be uoed after being kept at ; 0 for several 
weeks. Yield! 5.0 6Ul•, 78~. 

4• rt-Pen:tamet:!:wl.ene-S-~ -Cl i 2 = 1 .; :t-tertrQllvdro-
. 1 I __ I 1 :::&1. -~- =-Jf-11 • ;z _ _ P i&l. 

a.r:sinoline l?i thippa.r,bqmgte, 

Piperidine 1!-pentamethy'lenedithioce.rbamate 
(0.)6.gm.) in dey benzene was added with stirring 
to 1-bromo-1&"2: 3 •·4-tetrabydroa:rsinoline ( 0.40 gm.. , 
1 mol.. ) also in dry benzene. The contents were 
allowed. to stand in a stoppered tube :for 8 liours 
at room temperature. ,~he benzene was allor~ed 
to evaporate on a bo:tltng wo.ter bath and the 
reddioh...;brown residue dried in xa.Cl!<\• Aftor 
wnshing. with wo.tor to romove piperidine eydrobromide • 
an·d again deyinst the product waa roory.stallised 
three times from acetone and dried ~hen it had 
m. P• 159-160°. 

Ap.al;;teit;U_ Found= C, 51.0; U, 5•75~. Cl!)n20ns:t\s 
requires: o ., 51. o; H., 5. 7%. 

5· l:,( o-J.-tri;phen.y;lmethomr?nlaJ!onxll-l:.~t.J,: i­
yetr~~ydroarainoltno 

---·-- ----- ---.-----.. --- ... --- -- ----- - _, __ _, __ .... _ ---
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Attempted 41st1lle.t1on of the .o.bove residue 
under high vaO!.tlltt:l yie~ded onlr.- a small quantity 

of distillate; b. P• 81 .... 200°/o .• os .~· . ~ho .residue· 
whioh was·a bard gla~s1 could not be obto.ined 
oey.atfllline, nor d14 vacuum sublimation aasist 
1n its pu.z;ificqtiOtl• · On attompted distillation 
at lo-3 :rom., .approximatelsr 4 I.Pl'l• of a viscous, 
pale-yellow a~p were ol.'ltaine4, b., · P• 205-209° I 
10-3 mm •. , :followed lW a aecond fr$ction, b. P·• 
237-270°/lo-3 nw. A p·ortion of the first fraction 
when heated in a. sealed tube with metlly-1 iod.ide 

for one hour a.t lOQ0 ., yie.lded no methiodida. 
Another portion of this fraet.ion waa 3ust.eovered 
\Vi th water, f'ollowed by the a4di t:ton of ni trio 
.a.cid.. Wl.hen stirred ana cooled, little :reac1;1on . 
appeared '"to occur. It vum therefore warmed, \"Jhan 
nitrous fU.mea were evolved. Cooling and stirring 
now p.roduced a Or"t¥stalline preoipi tate \?hich was 
waahe4 witb.water and dried, m. p~ 143-153°. 
After three rec:ey-atalliaationa .from aqueous atl:annol, 
the m• P• was ra:iesd to 1~5·5•156.,5°. After 
drying• · analyst~ showed th1c material to be 
tJ>:iphGl'cy'.lcarbinol" 

. rt!!a.lzsi~: Founde c, 87 .a; n, 5. 9%. c19~r,O 
requires: .a. 87•7J H, 6.25S• 

Another portion of· fraction 11 when. 
boiled with an aqueous-acetone solution of hyd.ro­
bromic acid, Fielded a o;rwstalline aoJ.id which, 
after three recrystallisations from aqueous 
ethanol and baing dried, had m. p.·l55·5-l57°. 



The product waa Glso triphenyloar'binol1 since 
a mixture of this material 1.,1ith tlle product 
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of m. P·• 1;;.;-is6.;0 obtained with nitri.c acid, 
111.\d m. P~r lSS· ;.:_157. 5~. Furthermor~, Vlhen 
milted wi tb an al:tthentic samplo of tri.phenylca.rbin.ol 
(of m. P• isG-159°), . the m. P• was l56-lS9° .• 
Finally • ~. DeilGtein test sho\v~d the abaenco of 
halogen • 

. , . ' - ; 

6. J..:(~.l .. h&dromro;exl.Ell!m-!1}·~1•2•J~4 .... ;t;etr;q,: 
.b,.tdr.os.rsin~line. 

A portion of the glasew residue remain• 
ing from ~he a.bova attempted distillatio11 
(4 ~.) wae boilod under reflux with 50 ml. 35~ 
(v/.V) a.<!UCOUS acetic acid to·r· .20 minutes under . 
ni troe;sn. After cooling.,. the aqueous le;yer was 
poured off from the hard glass wl'a.ioh wae wa:shed 
with water. This gla.ss could not be obtained 

. o I • . • 

crysta.lliru~ and it wao thareforo taken up .:in 

ether, th.e ethGreal solution was washed with . . ~ ~ ~ 

water, 10% a.qu~oue GCHiiwn oorbonate and again with. 
. \Vate.t b~oro being drie-d over enl:lYdi"ouo sodium. , 

sulphate. After f.il.tering, the ether was dis-
til-lad oft under n~ trosen. at a:~of!iph$ric pressure 
\vhen a viscous. gum. rem~inod. wh~.ch, on attempted 
distillation under .nitrogen, :tir:at \"lith a silicone 
bath and thon \vith a .froe flame, yiolded no . 
distillate. ~1s wa.s almont certainly the 
arsinoline. oxide, s:U.'\oe it gave after e1ilphur , 
dioxide-reduction a di'stillable. gum which, on 
treatment 1r1i th phosphorus tribromide 1 yielded 
the spirocyclio bromide (sa e. bel~w) ., · · 
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'£he resi·tlue .from tho preparation above 
was extracted with ohlo.roform { 30 ml. ) , covered 
with 20 ml. SN bydroehlo~ie acid containing o.o; 
gm. potassium iodide and chilled in ice whilst 
sulphur dioxide was pa.aaed through the· mixture 
-for l. 5 hours. · The chlo:rofom l«qer woo sep• 
a.ratedt washed onoo with water and dried over 

. a.n.hydroua sodium sulphate. '!rha solvent was 
removed by dis·tillation under nitrogotl at atmos­
pheric pressure., leaving a da.rk-oolourecl, viocouo 
,syru.p, Distillation of this ayru.p .no\7 proved 
possible, but only if .rapidl:,r distilled with a 
free flame under high vacuum in. a stre~~ of 
nitrogen, yielding ca. 1 gm, of a dark, viscouo 
aum. Due to lack of material, no attempt was 
made to characterise the distillate. That it 
contained the alcohol was shown by the fact 
that wi.th phosphorw.e tribromide, it y:ielded 
the spirocyclic bromide (see below). 

I~ e.U SU:baequent preparations, the 
residue :from the r.trepa.ration of the tri tyl ether 
which no attempt had been made to distil (see 
part 5 above) was hydrolysed to the alcohol as 

. ~ 

:tollovm. 
The residue (13.3 ·gm.) was boilod under 

refl:u.x .in an atmosphere of' nitrogen with 50 ml. 

35~ (v/v} aqueous a.ceti'c acid for 50 minu:tea. 
Aftor cooling,. the .aqueous layer was dec:anted 
and the roa:idu.al gum extracted with chloroform. 
washed once with water, covered with 100 ol. 

5l~ bydrocllloric acid containing 0.2 gm. potassium 

iod.ide and.. ¢billed . in i.ce wh:tlst sulphur dioxide 
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was paasea through the mixture for 2.5 hours. 
The chloroform la:vor y;aa separated• wa.ahetl once 
with water ana dried OVG'r anhydrous sodium 
sulphate.. The chloroform was .removed. by distil­
lation unde:r nitrogen at atmoaphorio pressure, 
the laat traces being removed by warming under 
:reduced pressure. ~he gu.mm.,v· residue weighed 
12 .• 7 gm. and eontained also the tr1phenyloarbinol . 
resu.l tints from hydrolysis of the tri tyl ·group. 

7 • l;:.( o-J::P,h,J.Oty.J?.:rpD;!+i!!!J!ll,};":"J::"'baJ~2£':"lc 2 J 3 t A.,:: 
tetp~d:roe.r~iF<tl:..!nium. chl,q~_id~ 

A portion of the pow4.ered residue from, 
the.e.ttem:pted distillation of l-(.e,-3-tr1phcnal­
methoicypropylpben3'l.)-l a 2 • 3: 4-tetrahy,droarsinoline 
(3 gm., see part 5 abovG) was treated under 
nitrogen with thionyl chloride (l•4 ml., 5w54 Bm•t 
ca.. 5 mols.) slowly added from a burette tindor 
a:nhy<iroua conditions over 20 minutes \~1 th ice­
coo.ling. The mixture was hea.ted on a boiling 
water bath :for 3 hours in order to , complete the 
reaction.. The COlldenser wao aet .for distillation 
and the,f'~ask heated e.t 100° under reduced pressure 
in order to ~ove the excess of thionyl chloride. 
On cooling, e. visc<me gum remained which . readily · 
ocystalliaed. on· being ru.bbod wi tb ethyl acete,t~r. 
After washing ,with ether, 1. 2 €1Jl• of a cream­
coloured solid \V~ere obtained, m. p. 147-158° • 
. Aftor four receyatallisatione from othyl acetate, 
the product had m. P• 158-161° •. When dl"ied in 
Q p.istol at 85° t the meJ. ting point \VQS lowered 
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and it wa.a evi.dent that some deoomposi t1on 
~had occurred. Therefore another portion of the 
produot was receystalliaed three times f'.ram, 

et~l acetate. On this occasion, the compound 
was dried at room tomperat-ure und£~r reduced 
prel\u:Jure~, qhen the .following anal.Nsie was ob­
tained# 

For some time the .id.enti ty of this 
"· 

compound remained a ~stery. The Beilotein 
test showed the presence of halogen and add.ition 
of aqueous silver .rlitra.te to an aqueoue· solution 
nontaining nitric acid gave a White precipitate 
of.silver. ohloride. Fu.rthemora, em: aqueous 
solution libera1:;ed picric aoid from sodium picrate. 
!Chi a evidence leci to the ·.PH' of ths aqueous . 
solution 'being teoted when it was found to have~ 
e pit of 3. .An eydroxy-chloride was noyv suspected 
on these grou.nde and because .hydroXJr-chloridea 
of arsines often exhibit 1nato.bil1ty., l-(,2 ..... 3-
chloropropylphenyl )-l-h.Jdroxy•l12 1 3,14-totrah:rdro- . 
arsinolinium chloride, c18H21ocl~s, requireat 
0, 54,.2; H1 . !hJ% •. !rllis was finally confirlned 
bN' conversion S.nto · the corresponding highlN­
oryetalline ancl stable ~droxy-n.i tra1ie (see 
below) · which, by the Deiletein teat, ·still showed. 
the presence of halosen:indicative.of' the chloro­
propyl group bu.t gave no precipitate ot ailvor 
halide with silver nitrate, showine; that the 
chloride ion had been replaced b;y a halogen-free 
anion. 
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a. ,1-;EftydroxJ£:-l-( o-J..-chlOl~O.P<X'OPNl.Ehepiltlt2 F ~\1!­
!~t,rph.-fdroara~nolinitn:lJ. nitrate 

The above h3'droxy•chloride .( 20 nl8ttl• ) 
which had been reoeys·tallised from ethyl acetate 
three times, in aqueous aolu.tion.· when treated 
with dilute nitr:J.o· acid,· 1mmeliia.te+Y deposited 
th.o crystalline and stable hydroxy•n1 tra.to, , 
whioh, after two receye.tallisa.tions f.rom water, 
a drop of dilute nitric acid being added on ·each 
occasion to induce crystel.lisation, was washed 
with \V&ter and dried, m. P• 126.5-129°. The , 
Beils·tein teat showed the presence of halogen but 
this was no longer ionic since an aqueous solution 
yielded no precipitate •ith aqueous silver nitrate. 

~-y;ai.s: Foundt 0 1 $0.6; H, 5.1,C. o1aH21o4ClNAs 
requireal c, 50.81 t-1, s.o~. 

g. .1~~ );..As~§.Pir,o-bis-lJ.?: JJ .. 4;~tet;r~drOfU"ainolinium 
iQdide (via the chloride) 

A portion of the residue (.3 .. 7 gm., powder­
ed) from 'the attempted distillation of the 
'tr1tyl ether (soe part 5 above) was ta""eated 

withthionyl cl'-...loride (6.83 g;m.,, ca. 5 mole.) 
,as descri'be.d in part 7 above, but, after removal 
of the excess of thionyl ohlor1de 1 the residue 
was extrac:-ted with chlorotor.m ( 25 nll. ) t co?ered 
with 5N l.wdrochloric acid (20 ml;~) containing 
potassium iodide (approximately' 0.1 €Pl•) and 
chilled in 1oe whilst sulphur~dioxide was passed 
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through the .mixture tor ,2 hours. !the chlorofo.xm 
layer was separated r..md the aq-q.eoue l.ayer extracte6. 
onae with chlorofozm. ~he cb.lorofox:m was removed 
by distillation leaving a. vtscoua gum which oou.ld ' 

not be obtained crystalline.. fhat this was the 
apirocyclio chloride was shown by the fact that 
after trituration \".ri th other,· the residual gum 
was taken up in. hot aootone, excess of aqueous 
aod.i1ltn io41de woo added and the .solution boiled 
with charcoal and filtered. on cooling, no 
oeysta.lline material could 'be obtained from the 
filtra"'ce which was therefore again boiled w:i tb 
charcoal and filtered. Cautious aiii:U:tion o:t water 
to the filtrate now gave. a solid which ·was 
collected and dried .!P vacuo. After reoqst­
allisatic:m from, ethanol, this gave .rise to a 
crystalline produot 1 . m. P• · 267-270° . rii th slight 
darkening~ A£ter · three receystall1sat1ons from 
ethanol, the iodide was obtained as glistening 
cream-coloured plates of m. p., 277-278°.. After 
being dried it'antllysed as follows: 

/L~lJliS I . Found I C t 48 .• 9 9 H; 4,. 7; ·I ( iol'lic) • 28. 8)1. 
Ol.BH2oiAs .rer;:tUiresi O, 49•31 H, 4.6~ I• 29.0%. 

lo,. .i!e,As-sp.iz:p-bis-~.t~ .. t.l•!--1!,etrapxdr,oar~~nol1n1um 
bromide and!iodide 

~he product (l sm.) obtained·fram the 
distillation of l•(.a-3-eydroXNPropylphe~J.)­
l:2i3t4-tetr~droars1noline (aee part ·6 above) 

was treated under ni tr.ogen and an~drou.s condi tiona 



with ioe•oooling, with phosphorus tr1bromide 
(0 .• 10 ml. 9 0.28 gm.. t 0 • .33 m{)l .• ) added ,olowly 

.from a burette and then hea:tGd under reflux 
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on. a boiling water bath for l·. S hours in Or(ler 

to C01'Jplete the reaction. ·:The product was 
allO\"'ed to cool and triturated several times 
with ether. fho residue was ·taken up in hot 
ethanol, excess of an aqueous ethanolic solution 
of sodium .. iodide added 6lld more etha.n,ol. a<lded 
to ~;ive a clear solution which was then boiled 
wj. th charcoal and .:filtered. After cooling, 
the filtrate deposited tho crystalline iodidEh 
This was filtered. off t washed twvi th water and ·dried. 
Aft.er two .recrystallisa.tions from ethanol, the 
m. P• was 276-271° vtith darkening. On 
ad.mixt't1.1'e with '~he above (analysed) sample 

·Of the iodide (of m. P• 277-278<'!) tbe m •. p. 
woo 276-277.5°. 

, In .subsequent preparations, the residue 
from the preparatJ.,on of the alcohol ( 24 gm. ) 
wo.s treated o.s described above with phosphorus 
t:ribromi,de (4.5 ml.) added from a burette 
ov~r 20 minutes. After- heatins· on the wa.te:~.--, 
bath for l hour to complete the reaot:i.on,. the 
residue was triturated. r1ith ether, dissolved 
in e·thanol and allowed to cool. slowly. The 
crystalline bromide sapara:ted on scra.tching. 
~his vta.s f11 tored off t when .it yielded 4 • 32 gm. 
,of colourl~ea c:cy-stal.s. · ~he filtrate, on. treat­
ment with aqu.eoue-ethan.o~io sod.ium. iodide, 
y-ielded a fu.rther .1,. 78 gm. of 'the iodide. A 
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portion o:f the bromide, after three racrystal.• 
liaationa from etbt~ol, ga.vo ·the bromide 

dihydrate, m. P• 253-254° '''hen :dried at room 
tempel"'ature. 

&a.J.yai,sa Founda. C, 50.i3 lit 5.0~. OlsH2zyAsllr.2H20 
::~eqU;iresa o, ;o.G.; H1 s. 7%. 

Wilen tho spirocyclic bromid.e was dried 
at a aliehtlJ h1ghor temperature (25°) ., tb.e 
bromide hemibydrate was obtained., m. P·• 21o-271°. 

Anal:;zsio: Foundt ·0, 53.9t H., 5.2~-. c18H20Ae:Btt.ifi20 
requires: c, 54.01 .H, 5·3~. 

Finally 1 111hcn dried. at 80° t the anh8droua 
bromide \7as obtained, rn., p, 270-271° • 

. An9l.v:;sia1 Found: o, 54,8; tl, 5.5% •. c1sli2oAsBr 
requires: C1 55.3t .. H, 5.15~. 

U. (!t)-As-,Sl;11X"q•b~s-,ll,2y:3:4::_l~~l!!.."{~ga"Sinoitn,t}lftl 
.n1oz:ate 

The above bromide dihydrate in ethe:nolic 
solution, vtas treatod vri th excess of a..Jeaturatea 
ethanolic solution of aodium picrate., the 
solution brought to the boil and.o water adde,d 
dropwiae to the point of incipient turbidit,. 
Aftor cooltng and stirring, the precipitated 
p:torate was collGcted and r.ecrysta.l.lised four 
times £rom ethanol. After being dried, the . 



0 m"~~ P• r1ae 102-10.3 • · 

Analzs:i:.e,: .Found: Ott 53.4; H, 4.4; N, 8.0%,. 
. C24H22o7n3Ao roqu.irer;n C, 53.;4; H0 4.1; N, 7.8~3, 



SECi'ION 'VIIt i)~IC.tq:,_RE~OJ-t.U:~I,.OH ·oF, ';!2-As-5PI:R,9-
Bis-.t. .. t.2,;J,l s 4:-!rET!AJWUOARSIITOLIN~fJ.TJ 
IODIDE *'* F ...._ 

Ammonium· (+)-3-'bromocamphor-8-sulphona.te 
(oommGreial product, 20 gm..) was ·treated with 
60 ml. (i.e. 20 ml. in excess) o .• 9930N hydro-

·chlorie acid~ The solution was :tlroUS}lt to 
the 'boil and silver ox1<lc (11 {g!J.., i.e. 10 e;;m~ 

in excess) was added and the mixture boiled 

for 25 minutes• After :filtering.whilst hot, 
'the filtrate was evaporated down to 40 ml. una 
again :f'il tered . ., The fil trateff \Vas just acidified 

\Vi th dilu·te nitric acid and cooled., when 1 t 
· gave a. de;posi t of ~the ceyate.ll.ine eilV(.tl'" salt. 
~o further auoeesoive filtra.tiona and evaporations 
of tJ:rc mother liquors yieJ .. ded a. further quantity 
of the product, m. p.e; 136-1.37° t dec. after one 
reoeystallisntion" from wa:'uer. Yielda 16 gm. (63$1) .• 

2. Attcm.}2ted r~q,_~p~ut,ion ot, .t~e gp.1rocevclie salt 
via.~lJ~ it.l-3-brOplocamphc~B-sulphonate 

The spirocycl:fo iodide ( 0. 56 @11• ) and 
silver, (+.)-3-bl'"O!nOoamphor-B-sulphona.te (0.534 &m•, 
1 mol, ) in eth~nol (50 ml. ) containing a tx•aoe 
of water we:re.l,)oiled ·together undel" reflux 
for 5 minutes. The precipitated silver iodiae 
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\?as fil teZ"ed off from the hot suspension 
and the alcohol distilled from the filtrate 
wider reduced p.resaurc, 1'he residual gum was 
driod _in :z.apuo \vhen 1t po.rtio.lly crystallised. 
On being xrabbod w.i th oi ther ethyl aoetato or 
ether. the C%Wotall1ne bromocamphorau.lphona.te 
(0,;42 f11JJ.•) was readily obtained., m. P• 166-183° 
with alight prev.ious softening. After one 
rec:cystal.lis.a:tion from d'iethyl carbonate-. the 
m.p. was 191-192° and tlfter ·the second and third 
rec:cy"ntal1iaa:t1ons, '191-192. 5° and 191. 5•19.3° 
respect1 vel:i~ 

Anf!:btsi§.t Founda c. 53.8; H; !>.8¢. o28H34o4nrsAa 
. requiresc Ct 54.1; H, 5.5% • 

. ~raa.tment O·f an ·athanoJ .. ic solution of the 
(+ l-bro:mocamphor.sulphonato \Vith an aqueous 
etha.nolio solution of sodium iodide oauaed 
_pra.oi.p1 tation. of the 1odid.e which was :reccystallised 
onoe from ethanol. A O.l.32~ solution in A•R• 
cbloro.fom . ( 4 dm. tubo) gavo no ··rota:tion. 

In another preparation• tho opirooycl1c 
bromide dihydrate (2.45 .gm.,) and oilvar (+)-

. 3-bromoc+r-8-aulphonate (2.394 S'fll• t l mol.) 
1n ethMol (50 ml.} wore boiled ·together un.der 
reflux for 15 minutes.end the auvpenaion filtered 
whilst hot. mhe fil:terod silver bromide·wa.s 
extracted with boiling ethanol Qlld .rofil. tared .• 
The solvent was removed from the combined, :filtrates 
by distillation under reau.ced pressure with gentle 
vw.rm.ing and the residual gum wa..s tri tu.rated. 
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w1th other,. yielding 2.85 e;m. (84~} of the crude 
('f'l-bromocemphorsulphonate., 

After recryota.lliso.t!i.on from diethyl 

· ketone, the m .• P• was 18B-l93° (2.03 gm. ). A 
0.493% solution in A.R. methanol (4 am. tube) 
had ol ~6 +0. 91° • (ocJ ~6 +46 .1°, UJ] ~6 +286°. 
This material no•r proved too insoluble for 
further rec1--yntalliso.tion frQm dieth;rl ketone .• 
It was therefor-o reocyotallis ed . .from ethyl methyl 
ketone con·taining a trace of ethanol., m. P• 
191-194° (0 •. 93 gm.). A 0,508~ solution in 

A.n~ methanol. (4 am. tube) ~Rld.,£ ~8 +0.96°, 
~~8 +45.0°, {j.ij ~8 +280°. A t:hird reoeystal.list1on 
fro:rn acetone gave. 0.29 .gm. of Jnatel'"ial., m. P• 
191 .. 193°. · A 0.487% solutic:r.n in A •. R. methanol 
.(4 .:.s- ..... b·- ) " d o( l9 ·0 89° r:,, l9 41>': 7° ' . w•j;., u" a na _ D + -• , LolJ D + . ., • • 
[tU ~9 + 284°. · (t/nlden, ~llpnatallefte, 1932, 2.).1 .30; 

· records ~-U D for ( + )-3-b~omocamphor-8-sulphonic 
acid .in methanol as +274 , ), · 

The thrioo reo;cystallised {+)-bromo­
ca.opho.r.au..'tphonate in . ethanol. VlafJ treated with 
e sa:turatet1 etho.nolio solution ot' aodiurn. p~.cra.te. 
fhe solution \Vee vtarmotl whilot water vu.to 
cautiously added to th~ poj~t of incipient 
turbidity. Slow cooling., followe.d ~Y scra:tchin{h 
gave· the orude picrate, m. p. 102-106° (0.17.7 gm.. ) .• 
After rec%'y.sta.llisa.tion from e·thanol, this had 
m. P• 102-103° (0.117 gm.) and mixed m. p~ with 
an authentic ·sample of the (!)-picrate, 101-103°. 
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A 0.379% solution in A.n. chloroform {4 dm. tu.be) 
.. had ot ~8 +0.02°, the p:i.crate thus being considered 
inactive • 

. Tho mother ·l·iquora end polarimeter-tube 
solutions from the above work were comb1nea. 
evaporated to d.~mess and the :residue taken up 
in ethanol. T·o thia oolu.tion1 aqueous ~thunolic 
sod.ium iodide \<"JO.S added. ~he precipitated iodide 
VIas coll.aoted 1 wa~hed with ·ethanol ~d dried, 
when it t-leighed 1.49 l!m• 

o.f'. Let'flor and Calkins, Qrd~!i §:mthese§, 
Coll. Vol. III, page 544 {fliloy, New 

· Yorlt 1 1955 ) .• 

Sod,ium. wire {17•5 @!l•.t 1.19 atomo) 
was .addea; · to a: oolution of natural (-)-menthol 

(100 fl1!•) in soclium-dr:ted toluene (250 ml.) in 
the .usual Grignara-typa a.ppara.tua.. ~he mixture 

·wa.o .heated on a mantle until the toluene began 
to boil under reflux. ~hen the sodium l~d meltedt 
1 t \Vo.s powdered by vigorous sti.:rring in the 
'boi~ing toluene for 15 hours. After cooling, 
the excess sodium was rapidly f'ilte:rod off, the 
:filtrate retumea to the ~paratus and warmed to 
90° (into mal tempera·tu.re). !~onochlo:roacetic acid 
(24 gmt • 0.397 mol.) in warm,· dry toluene (200 ml.,..} 
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wa.a· olo\vly added with stirring, when aodium 
obloroacetate commenood to separate. fhe glut­
inouo suspension waa boiled. under reflux for 48 
hours \'11th vigorous stirring, the solid which 
adhered to the sides of the flaak being detached 
from time to time. During this poriod, toluene 
v1aa occasionally added to ~intain the volume 
constant. After cool1nBt the tllixture was trans­
ferred to a separating :fUnnel ~d extracted with 
throe 250 ml. portions of watet'• Acidification 
of the aqueous extract tvi th 5N eydroch;loric acid 
gave an oil which \-zas extracted with three ;o IlL · 
portions o.f benzene. The boneeno was removed 
by distillation· and tho reoiduo distille4 ur.tder 
high vacuum. The first fraction . consisted 
ohia.fly of (- )-monthol (b. p.. 72•144 °/0.5 mm. ) 

. . 

which cryete.llisod in. the receiver. 1,fbe aeoond 
.. · ' .. ' . . 0 
fraction (b •. P• 146-149 '/0.? mm..) wao the acid, 
obtained as a treacly oil1 30 8!!1·•• 44~. 

, c. f. Oenn and Viatoon, [• Cbem. Soc .• , , 
'1947, 511. 

Aqueous sodium eydroxide (46 ml.. • l.Ol5N,. 
1 equiv,. ) wao added v;i, th stirring to (-)-menthoxy .... 
:acetic acid (10.0 B.1l1• ). · A.n. o1lver nitrate 
(7. .• 9) gm., l mol..) 1n water (75 ml ..• ) rtas added, 
causing immediate prec1pi:tation of the ail v:er 
salt.· · After at1rr1ng vigorously • the suspension 
t7B.S fiJ..tered., . and the ·Sal. t dried ·OVernight in 
a vacuum oven at 60°. 15 Gm. (100~) ·Of the dried 



194 

product were" obtained as a white powder which 
de.rkeno on exposure to light. 

A 1.019~~ aol.ut1on of the silver salt 
in A .. .R. chloroform (4 din. tube) ha.d~ ~0 -2.25c\ 
["'.) ~0 -50.7° • [r,Y ~0 -163°. tt'he specific rotation 
of the ailver salt he.s :not previously .been 
recorded.. Af'ter standing in the dark :tor 2 
hours, a silver mirror \Vas depo.ai ted on the 
\Valls of the polarimeter tube. 

5. .,P§s.~;lp.,io,n ,o.t: ~~ .. a~irooyolio ea.l...,1! Via ,the 
1·'-mentho:rva.cetate 1~ lr n az -~ L ~ i a ·r • 

Init:ta.lly, attempts were made ·to· prepare 
the (-)...,menthoxyaeetate t;v boiling together 
equimoleeular -quanti t:i.es . of . the spiro iodido . 

and silve.r . (- )•menthoxyaoeta:te 1n . ethanol or 
aqueous ethanol,, but • on these . occasions t th.e . 
y1eld o.f the opticall.y.-a.otive aal t was always 
low and the product ·was cont~.lminated with dark­
coloured impuritiea1 presumabl.y. caused by 

decomposition of the silver salt. In eu'bsequen.t 
preparations• acetone Vias found to be far.1nero 
satisfactory as a solvent. 

!I'he spirocJolic bromide · 41hydrate 
(5.,00 gm.) and silver (-)-m.enthox_vacetate (3.759 gm. • 
1 .mol.) in acetone (125 ml.) we:re boiled together 
unaer reflux .for JO.minutes. ~he hot solution · 

.was filtered.and the insoluble residue extracted 
with two 20 ml. portions o·f boiling acetone. 
After removal of the solvents from. the combined 
filt~atea b~ gentle warming under .reduce4 pressure. 
a. gum remained, Trituration with ·other cauaea 



195 

1t to ceysta.ll1se. fhe crystalline .menthoxy• 
acetate v1as .filtered off and · recryatallised 
t:rom dietbyl ketone, when i.t bad m-. p;. 85-90°, 
!illie yield of the optically-aot1ve salt over 
seve.ral au.oh preparations varied from 1.0 to 
2.3 gm .. 

. In order to teet whetber reso.lution was 
proceeding anti wht=trther an aoti ve product could 
be obtained• a portion of the· (-)-menthoxyacetate 
was recryatalliaed .six times from dietbyl 
ketone ( 1·. e. to constant m·. P·• ),. This material. 
v1as converted into the picrate as fol.lO\VS~ 
~he solid menthox.ya.eetate was covered. with aqueous 
sodium pior~te1 the mixture \lar.med and ethanolia 
aodiu.m p1orate atided to gi'\fe a clear solution. 
Water was ca.utiou.aly added dropwiae to the wam 
solution to th~ point of incipient turbiditNt 
and the solution a.llO\tJed to ooo 1 alo\vly. fhe 
orystalline·p1erate 'was collected and·receyatallised 
once from aqueous ethanol; m. P·• 95•97°. · 

&l6fli£a,i.z:n .Found: C, 53.7; H, 4.2~• C22n24N307Aa 
requireot c,, 53··41· lh 4.1~ 

A 0.,757% t::lOlution in A.B. chlorofo.m (4 dttl. tube) 
1... A. 20 . 1 0 Cl 20 2 · 4() ril ~ 20 . 1· l 80 uf?.Y.· c{ li -o •. · 4 • L~ D , ... 4. , t!'YJ D - .3 • ·· • 

Another portion ot the (-)-mentho,.~e.oetate 
gave, after successive .reex-ysta.llisat.ions from. 
diethyl ketone, the following yields and melting 
po.ints: 
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once rec.rystall.ioed, .). 8 gm •. , m. lih 85-90°; 
twice recryoto.llioed, 2.5 t§JJ..,·m.. P• 87.5-90°; 
thrice .recryatal.lioed, 2.3 gm., m .... P• ·87-89°; ·. 
four times recryotallised, 2.0 gm,, m. P• 87-89°. 
This ma.terirU. analysed as the d1hydrilto ·when d.riod 
at room tomperatu.res 

!?Jg!.i£s.i_!t Foundt C, 63.95; li, 7.8%. c30H410)Ae.2li20 
requ.irecu o, 64.3; n, 8.1~. 

When dried at-40°, the higllly ·eygronoop:io a.nhydr,oua 

(-}-menthoxyucetate was obtained., m• P• 88.;-90°. 

&As!ls,ia: FOt..U1d# c, 68.4; H, 8.3~· 
requires: o, 66.7; H, 7.9%. 

A 0.484% solution of·the four times recrystall:iaed 
. (- )-::!enthoxyecetate dihydrata in A.a. chloroform 

( 
- A- ·:......b ) ,. . . ol.. 20 0- 9 .1o r: ., 20 48 t!':o 

4 WLIA# "" e. dad v - • , 4 - , · Loe.J D - • u • 

After a :fifth .:recrystQlliaation from 
dietb;yl ketone* the m. · P• rema.ined U11.ohanged. A 
0.480~ solution of tho dihydrate in A.R. chloroform 
(. . _ > .. 20 o r:.12o .8 0o 4 dm. tube ht~d ot. D -0 .• 921 , L~D -4 • .. 
These figures indicate that resolution was complete 
after tho tou.X'th reorystallisation. 

Tho {-[~iodide 

fhc five times reerystalliaed (-)-menthoxy­
acetate (0.41 gin.) was (liaaolved in ethanol and 
sxctlSS' of an· aqueous ethanolic solution of aodium 
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iodide was added. Only e. very nmall quan·ti ty 
of sol1d tnQterial waa deposited. from the solution 
after chilling in ioo. Thio is in marked contrast 
to the (±)-iodide whioh was only sparingly . 

soluble in co.l.d othanol. Evaporation of the , 
solution gav.e a .aoli·d residue wllioh consisted 
·Of the (-)-arsonium iodide· and sodium iodide. 
Vlhen the ree1due wa.s dissolved in boiling wa:tor 
and fil tere4, the (-)•iodi·de \7a.s · depoai ted from 

·- . ' 

the oooled solut.ion ae fine-, colourless needles. 
When dey, .the iodide weighed Q .• lB f11D.• and had 
m .• p~ 223•22). 5°~ · 

Analzai!lJ: Found: 
requires: 

Ct 49.5; H, 4.9~. 
C, 49.3; H• ~.6~. 

A 0<~>5933% solution of the iodide in A.R. chloro­
form (4 dm. tube) had o( ~2·5 -o. 712°, [c:<J~2 • 5 -30.0° t· 
[11] ~2• 5 -131 •. 5°, After t.tltanding in th~ dark 
tor 24 hours, thia sol.ution 'bad o( ~2 -0.712° and. 

was t'hus ootnplotely unchanged .• 

A portion of tho diothyl ketone mother 
liquors from the first oqatallisa.tion of the · 
(- )-menthoxyaoeta.te was evapor,a.ted under reduced. 
pre.aauro with gentl.G wuming. ~he ·dark-coloured 
raeidu.Q1 gum v.ra..s taken up in ethanol, boiled 
with charcoal and filtered. · ·t:he vrann, colourless 
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filtrate, when treat~d with ~ e1;hanolic sol.u:tion 
of sodium iodide c.ontaining· a ~r.aee of water, de­
posited when cooled"an<:I sor~toh<;td1 some colourless 
or;ratall:i.ne material of m. p. 270-277° t · (0.6 gm. ). 
After three receystallisations from ethanol·t the 
m. :P·• was raised to 276-277° ~ 

Analzsisc Found a o, 49.4•J ~. 4·8%. ClsH2oiAs l b . 

requires: c, 4-9 .• 3; l:ft . . 6rl 4· ,.;;. 

When. miX$d with. an authentic sample of the (t) ... 
iodide (of m• po. 277-278°) the m. P• was 274-276°. 
This material wr•s thorefore the racemio ioclide. 

!rl1e solut~on trom which· ~his raoomi.o 
iodide had cryatallia~d·.wa.s n~w· ;rich· with respect 
·to the (+)-iodide, After eva.},oration, the aolid 
rea~due was taken up il':l boiling water and filtered. 
SlOVl cooling of the f'1l.trata oau.eod" some crystalline 
material· to separate, accompanied by the. depo.oition 
of a gum. i'he cryotal.s were fi-ltered off, leaving 
the gum on t~e wall~ o~~ the tube. After tvto 
roceystalliaations from wo.:tor (one with charcoal) 
tho product was dried o.nd had m. P• 223-22).5° 
a.lono. (0.20 gm,) and 22Q-274° when mixed..with the 
c- )-:iodide also of m. p,; 223-22.3, ,(,_ 

Ana.!z!~t Found~ d,, 48.75t H,. 4·9~. ClB~oiAe 
requires• o, 49~Jt n. 4 .• 6%• 

A ().655% solution in .. 'l. • .R·.· ohl.oroform· (4 dm. tube) 

had o( £1 +0. 79G0 
• [o{J~1 +30.4°1 [r.t] ~l +131,.1°. 
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NO!L1Et Where values for the observed rota.tion 
in tho above section.are given to 0.001° 1 measure­
ments were taken with a .Ru.dolph Photoelectric 
Polarimeter; ·illl all other cases, a. visual instruw.E'>nt 
was used. 

·. 
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§..ECfiON VI;J:.~,: S'nlTHES.IS OF As-Sl?.IRO .... (ISOAf~tNf'~LINE,.l-
1: 2:.} t&:-:;t'Jl~fWI.!.PROAUSJNOLIRIU:J n):9]JIDp 

1. AG-fJ.Pi~o-( 1soaraindoline '-lt 2 • ~ tf-tetr~.dro-
,, •• a;_·-- 1-' :tntl . ....., it a _ t .-r r r t •f.w·: · _Ill, ;;,;, u ~ ... ,..;:: 

ar~~}..tn;um .!.9J.1:j~ 

2.0 Gm. l-methyl-l:2;Jt4-tetrabydro• 
arainolino antl 2.54 Gm• (1 mol •. ) s,-xylylene 
dibromide \vere s·ti:rrod together in a fla.alt. 
Some bea.t waa .evolved and. on w~ tho mixtu.r~ 
set to a hard glass. ~his v1as undoubted:L:y 
l-methyl-l-(s,...:brom(eth7lboneyl)~la 2 tJ ul>-tetra• 
hydroarainolin.:tum 'bromide al. thouglt it wao not 
erystSl.liaod o~ pur.i'fied :for obarac·terisation. 
fhio quaterna27 aalt was heated ·under nitrogen 
tmder .redu.ood pressure (13 mm. ) un.aer reflu.x •. 
On slowly raising th0 ·bath temperature, ef:fer­
vesc~nce commenced at 60° .• · beoomirlg more rapid 
sa tho temperature rosa .to 160°. ·The temperature 
was maintained a:t l9o-2oo0 f.or 1.25 hours. when 
et£ervescenoo had cea.secl.- After .oool.1:nfh the 
contents had set to a hard glass which WG.G £ree13' 
soluble in bot ethanol or .hot acetone, .from 
neither of \Vhich it waa X'GdGpos1 ted 011 cooling. 
Addition o.f ether or wator to an ethnnolio or 
acetone solution of thie .glaaa produced n cloud­
inosa and on cooling, the bromide was <iepooited 
a.a a. gum. A portion was tritu.rated SE:!Vera.l times 
w.ith. dey ether and, a:11 .attempts at obtaining the 
:rGsultine; glaoa ceystal.line havintli failed,• it 
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wa.a converted di:t;toctly into the iodide by 
adding a aa.turated ethanolio solution of sodium 
iodide to an ctha:nolic solution of the bromide. 
The palo-yellow cr;yatalline iodide \Vhioh wo.s 
irmnedi~tely precipitated, was filtered off, 
washed wi tb ethanol and dried at the pump • 
when it mel ted at 246•252° with previous dark on ... · 
ing from.237°. Yield: ~.o gm., 49~. Af'tel' 

:four recryatal.lisa.tions from. ethanol., the 
pale-yellow cry-stalline iodide had m .• p. 241-243° 
with darltening. After drying, it gave th~ follovJ­
ing analysio :f'igurest 

Ane.lx:sig:·Founda o, 48.2; Hi 4'"6% • 
. requirea:e o, 48.1;. n, 4.3~1'1 

2. As-aj2i~o-.( ieoarai~dpline )..-l:? ;t 3 1 4-;t.etr§r~y;aro­
a.reinolin!Lu.m.Jli.~~ata 

To a bot ethonolio solution of the bromide 
(as a. gla.ss) waa o.t\ided excess of ·a hot., saturated 
ethanolio solution of. sodium p.icra:te. On cooling, 
tho c.:t"".fStalline picrate .was .slowly deposited. 

_ This waa fil teNd at the pump and a.fte~ £ive 
recrystallioations from ethanol. and 4cy1ng, had 
m. P• 163-164°• 

. ;Arl~V:S~..§.t Foun<h C• 52.7; ll, 4.15J N, 7.85%. 
c23H20or-1N3Aa requires: C; 52.6; u, ).8.; N, s.o$S. 

. . :~ 
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§E,CTI;QJT ,IX• ~IiST J\'.r~!.;l:P.T,ED ,$X'NTliE§IS* OF 
.1 :t '-As.,.3PIRO• ( lt 2 t ~ i !-.· ~~l?!!!!DllO-~'t"'-· f 'j .•• ~.- ;1, ~· ~ ' 

a!SIN,OiliN§l-** 2 ~~~~~!l:Ef,RfJlYl)ROISO-
,;;.;AR..,.S;.;.;P;;.;· ~,..~o.L:.;::I;:;.;,rlf.-.lU;;;;. ·r .. o;.,1f ..;,;B;;;;.·R.O.w::~~ .. ID;;;;;;~ 

o.f. Fieoer an~ Pechot, i• JW).ep.,.. ~lle.m• Soc. t 
1946, 2577. 

Chromium trioxide (300 gm. ) in 1150 ml.. . 

\Vater waa plaaed. 1.:n a 5-'\lit~o. fla.sk .. fitted with 
droppin.g funnel, sealed stirrGr an!l ref'l.ux . con­
denser, T~e oolution was thoroughly oh1lled 1n 
an ioe...;ba.th whilst inClmi.e (100 gm..) was alOV1l;v 
added •,·.-1 th vigorcu.o. · atin~ing OVGr 40 minutes .• 
The flask was now .1mmers·ed. in ioe up to the nock, 
whilst ooncontrated sulpltu.ric acid (750 ml.) 
waa slowly oddsd over ·2.5 hours.w:lth vigorous 
stirring. ~b.e mixture was boiled under reflux 
f'o:r., 2 houl"S and then imm~diately fil tGre4 as 
rapidl:y as. pooai'ble through glass \ttool. After 
allowing ·to stand overnight (not longor, otherwise 
chromium salts besitt to separate), tho oeyatalline 
product was filtered at thE! pump and ~eoey.sta.llised 

£rom hot water w.ith deoolou.ris::tns charcoal, 
· y.:Lelding 81 gm.. colourleoa cryatalo, m. p~ 174-176°. 
(62~h 
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over l. 5 houra ao that the ethor . boj,led gently 
w1 thout Gxtemtll cooling., A precipitate to:rmed 
during ·tho last stages of the add::i:tion~ . After 
boiling und·er reflux :tor lfl ~ . hours, tl;le mixture 
wa~s al~owad to stand overni{#1t. ~he supernatant 
liquid \?hi~ch was originall»' re4., had now become 
yellow. tie. tor (100 m+• } was cautiously o.dded 
with ottrrin,g to the contents which were then 
stirred for 30 m:tnutas~ The crown-coloured 
suspension ;was poured into wa:tor {l litre) and 
.ice-cold sulphuric acid ( 500 ml· 11. l vol. acid c 
9 vols" wator) wao .added with. att~ringli The 
ether la.ye.J? was septll"a.ted end tll.e aqueous .layer 
continuously oxtrnetoa.with ether for a boura. 
:l:he combined ether laNer and extraota wero 
washed once \11th 107£ aqueous eodium carbnno.t·e 
a;nd once ,wi·th water.. After bein,g dried overnight 
over a:rdlydrouo poteuln1tJin c~bo~te, tho ether 
was r~moved. ·by d1a·t1llatioJ!. at e:tmoapheric 
pressure and th~ residue frno~ionatod 'Wlder re­
a.uced pressure.; yi·eldins 20 ,gm,_ of s eloud3f 
distillate, b, P• 18~186°/15 mm.. (50%}. 

c4!f, Anderson and Holl.ima.n, i• [.them• soc,.., 
l95Q. 1037! ' .. 

2"":'2 .... 1lydrox:yetb.;ylben£,yl alcohol (l) BtU•} 

and 50% ( w/v) eydroe;on bromitte in glacial o.oGt:t.c 
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6. · •·<,g,~f?:brol'O;oeth$vlb~llz!l2-l-mo,tnzl-;lc 2t.3: 4-,.t.et,rs• 
,t~rpars!_l,lo,liq.iJ.tlil·. ;pz:omi.d~ · 

Holliman, private connnunication · 

A solution of ~-mo·thyl•l:2:3t4-tetrab.ydro­
ars1nol1ne (.2 gm. ) ana .a•2-bromoothyl.beneyl 
bromide (2.·66 ·sm., l mol.) in A.R. a.cotonf: (25 ml..) 
v1a.s boiJ.qti under rofl'l.tX 1n an a.tmosphe:re of n1 tro­
gon for 4 hour!Zi. The 1;}.oetone ·wae allowed to 
evaporate und ·the re::d.duo.l gum wo.a dried .1-!! !.~A<!• 
!Ellis was deposi-ted as the crystalline bromide 
.from acetone. The dri.ed product had xa. P• 1;4-156° 
(roportad m. P• 15 5. 5-156.5° >. .2 .• 8 e,vn. t ·607~. · 

7 • ,Atli.@lUR.~~.d ;2!'.91taz'S.,'t~ptf ~ q* ,1}-Aa;:pR,~S.-
( l t ~: lt 4-t,at*~~dX'9i£QinqJ.!ne}-.:~!.?..!.J ~ !-:.t~.1r.@­
~droj.soo.:rs inolini~ br~!!id'-' 

Tho above bromide was·heated in an atmos­
phora of nitx-og(;)n under e. ·Variety of oondit.:.i.ons 
ranging from e.tmoaphe.ric pressure· to high. vaeuum 
and from 160° to 22.0°. In all oases., eff.ervescence 
occurred, leavin8 a residual gum. which could 
not on any· occasion be Obtained cryeta.l.line; 
ncr could a cr.vstalline :lod.icle ox· piorato be 
obtained fra:m the reaidu.e. 
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SECTION X: SECOND ATTE~TPTED SYt~HESIS OF 
....-~-· h_ 8 7 ALl --_w·_ ...... W4uW! ____ ¢ _p _ 1 tllilfJ• .... 

j~)~;:Aa:§l''I!!~:{!!2l,lt4;-TE;Ttt~RQ­
!~~.I,i~p1JIN;E} .. ;l,;~ 21,3: 4~TW1:RAHYDf!QISO­
.t\ESINOL!!iJ'IUU :BRO:liDE 

e. f. H~lliman and nann, I.. Cpeu']• Soc. , 
1947, 1619· 

o-Bromobanzyl. bromide (160 gm.) was _,.. . ' . 

cautiously. added to a chilled. soluti~n of ~odium. 
(16 gm.., 1.08 a.tome) in absolute methanol (450 :mJ..). 
~he mixtu.J;"e was boiled under -reflux w:~ th vigOrous 
ot1rrine over 45 minutes.. ·The alcohol was 
distilled off at atmospheric pressure, a rQpid 
stream of' air 'beine. drawn "through 'the mixttU-e 
to prevent serious bumping. fhe sodium bromide 
wbia'h had. aeparated was d:tasolvcCl by the addt tion 
of water (300 ml. ) , \vhen. a pale-yellow oil 
separated. This was. removed and the aqueo~s 
layrjr extracted three t:i.mes wi 'th smn:ll quantities 
of ether. The combined etlter extrecta and the 
oil were waahod onco with. water and dr;f~ed OVQr 

anhydrous calcium chloride. Tho ather was d1ot1lled 
off at atmoapher:to pressure and the ret~j.du,al 
golden oil fractionated under reduoed pressu.re,~' 
Almost the whole distilled at 105-110°/15.5 mm .• 
The residue atl4 the prelimina.:r:r fraction were 
combined and refraotionated when a further 8 gm. 
dist.:t1ling over the same range of temperature 



r1ere obtained. Yield~ 110 gm., (85~5~). 

c. f. Holliman and !1arm,. ,z., .Chem .• Soc., 
1947. 1639. 
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A aolu.tion of .e.-bromobenzyl met'f'l,.yl ether . 
(145 SfJl•) and c:thyl bromid.e (26 Bill•, 0.33 mol.) 
in sodium-dried ether ( JOO ml., ) was slowly added 
to activated oaanesium (35 f!l11•t 2.02 atoms) 
under dry othe~ (lOO ml. ) " the rate of add:i:tion 
being ad3ust;ad so. tha.'t gentle refluxing was 
maintained ~vi thou.:t eJt:tem.al oool.ine. After being 
bolled under reflux for 2 h~urs, thG ethereal 
solution was chilled in an 1ce-so.l t froezing · 

. mixture whi:t ... st etb¥'lorl.e ox:tde (lOO f.:1i~, 3.15 mols.) 
in d~J ethej:- (600 ml,} was added \"lith s·tirring 
over a period of 4 hours. The atoclr solution 
was kept ch:tllod throughout· and added to the 
droppinG f'uru.1el in omall portions at a time. 
~he contents of the flaok.wero stirred for 30 
minu:te3 and allO\Ved to ·ata.nd ovemig'ht a;t room 
temperatlU'e"' Hyl!rolyoio was accompliohed 'by the 
addition of dilute oull">hur1c acid (850 ml. ,. 
l vol·. acid : 9 vol..s. wui~er). · 'The et}fereal 
leyer was oel')aruted · and t}:le · aqueous l.qer extracted 
tvfice w1 th. ather~ . The combined <rther laye.r and 
extracts vte:re \~ashed throe ti.'nE>o v;i th \Vater 

and dried over o.ilhydrous sodium· sulphate. ·.Tho 

ether ·was removed by distillation at atmospheric 



pressure and the reoidu.e fraotionated under 
r~duced pressure. A fo.rerun of 2-bro:m.oethyl 
alcohol t.fas followed by tho product• b. P• 
J.59·l64° /19 mra., 64 · gr.c1~, (53~h 

o .. f ~ Hol,lilrJ.m and Mann, .i.• Chem. Soc. , 
1947, 1640. 
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A solution of .2,-2-hyd:roxyethyl.be:nzyl 
.methyl ether (32 em·) ~ dey pyridine (16 gm .•• 
l mol.,. ) and · dry ehlol"''form. ( 40 ml. ) ·was chilled 
in an. ice-bath whilst thiocy:L chloride (23 gm., 
l mol. ) \Vas adc:1ed \vi th stirring ovGr 2 ho11rs. 

The mixture rras boil<:.Hi under reflux for 2.; hours. 
Ini.~tiolly" en oil· separated and sulphur dioxide. 
WllO evolved, but after 45 minutes, the solution 
had occome cloa.;r;>. Af·ter cooling, the chloroform 

· solution \Vas washed four times with water, once 
with 1% aqueous aoa:i:um hydroxide and finillly. 
with water befo:t•e. bei!ig dried over ar.thydrous 
oaloiUJ'"!l chloride. Tl'lG solvent was rem.oved by 
liistilletion e.t at'1no.aphc:ric pressure and tho 
rcnidu..e fractionated under r.eduoed pressure, A 
£raoti\;>n boiling at l.26-l48°/2J. mm., of which 
most distil.led a.t 13~141 °/21 mm., vras collected~ 
~his, on refraotiona.tion, :riolded tho product, 
b. p$ 13'7-lJi.l 0/22 WJ. as e. oolotwl.esa liquid,11 

20t~5 gm., 60%. 
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4'•, !•( o-m§t~p&banzz+~~!!ll 1:+-.* 2 = l•. 4":l!Eltrwarp­
arsinoline 

.q-2-Chloroet~lbonzyl methyl ether 
(8 .• 7 gm .• ) .and ethyl bromide (2 •. 6 eill•t 0.5 mol.) 
1n dry other ( 40 ml. ) were slowly added 'to 

mo.gnesium turnings ( 1•7 gm..· • 1. 5 atoms) under · 
ether ( 20 .ml. ) in the usual Grigno.rd ap:po.ra:tus •. 
A crystal of iodine: was a<lded and tha ~lr?lek 

gently v1amed . to :lni tia.te the reaction, the :rate 
of addition o.t' the solution being adjuete.d so 
tbe.t acntle refl~ing was mo.inta.ined \vithout 

external oool.ing. The mixture was boiled under 
roflux· \Vith atirr.ing :for .2,,5 hours• them. oool.ea 
and atirr.ed 'nhilat l .... cllloro-l: 2; 3 t 4•tetrahydro­
arsinoline (11 .• 8 LP~, 1.1 molt;~) in dry ether 
( 60 ml, ) . \'7US slowly added. Aft or boiling u.nder 
reflux for 2.5 llouro1 the m.ixtw:"tl was cooled and 
hyd.rolyeed by the addition with st.1rring of sul.• 

;phuric acid ( 200 ml. • l. vo1. acid : 9 vola .• 
flater}. The othereal l~or waa seporated und the 
aqu()ous lo,yer extracted three tim$S with ethort 
the ethereal soltltion f.ine:lly being washed onoa 
with.lO% aqueous sodium carbonate and once with 
v1ater before oo.ing dried over onhydroua calcium 
chloride. !rhe other \"lt'U3 removed by .diatil.lu.t.i.on 
at atmospher1o pressure and.the residue fraction­
ated u.ru\or :reduced pressure .employing a nitrogen 
leak. A smell. preliminaJ:7 fraction \!faa followed 
by the protJ:u.ot, b. p, 176-179°/0.19 mm·~• 9.5 gm. 
o:f a pale-yellow oil (59%). 



5 .• ..f.-( o-;m.ethoR;~en,zyle;tJ\yll-1-me;thzl-l.a 2 • 3 s !t;• 
;t~trah;td,roarmino~.in'-um. iod,id,p 

The above arainoline (1 em•) was 
bo~led :under reflux for l hour. with. ~o~sa 
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o.f methyl iodide in. an atmosphere of nitrogen .• 
!fhe exoeso of methyl ~odi4~,wap Bllcwed to 
evaporate ~ the res1dtto.l gum ·tri turatad Yli tb. 
dry ether, v1hon 1t hardened to e glass. This 
wa.a taken up in hot acetone from \7hich. it crystal• 
linea as colourless neadlos. The product was 
roc:ry.atallieed fO'lU' t.imos from acetone and drl.ed 
\Vh&n it had m, P:• U4-ll6°. 

A:n~o1.su Founda o, 49.4; .ti, 5.55; I, 26.4~. 
e20H260IAs recratres.t 0 .. , 49.6;, H., ~h4J I, 26.2%• 

. 
6. :&tt~m;ete,d J21"0l1@Eation, ,of. (!)-A,s-apiro-

~~:2J3~4:-~~.t .. ~dr:OG%"§1n,o,l1n~.2:-l12tJt,i­
.tetrftbldrpisoarcinolinium bromide 

1-(s,-methoxybonzylot~l )-1 t 2: 3t4·-tetra.hydro­
arsinoll:ne ( 4 8l'Jl• ) and ;o~ { w/v) hydrogen bromide 
in glacia.l a.oetic a.oid ( 20 ml. ) wore h:eated 
at 120° un4or nitrogen for 4 hours t";hilat a ataa.dy 
stream ~f hydrogen bromide prepared by the 
action ,of bromine on .t'iry tetrnl..in (and freed 
f~om traces of brom1no by passage through dcy 
tetrol.in) was passed through tho oo.lut1on. .After 
.l• 5 hours, two. lo,voro had separated. .~he .solvo.nt 
was removed by 4istiUat1~n under reduced pressure 
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SEC~ ION XI 1 TJ1.J!R .. £\~ll'TEA SYl,1~~SIS OJ? 

. l ;.l-As..,.ef:6RP-' lt.2:.J :4-:,:rETlWi'YPllQ:­
ABS..!JlO:LlliE )-1, 12J..3 F ;4~!f;ETRAflY1)B.QISO­
ARSD,TOMIXi',IUl! ~OIJIDJ~ 

e.f. Beeby, Cookson and 1.!ntm1 .!•· Cham. 
soc~"· l~;o, 1921. 

' ' 

fhe following reaction t'la.a carried out 
in an. atmosphere o:f nitrogen us1n8 the usual 
Gr~gnard-type o.ppax-atu.s.. · 

A few ml. of a solution of dried and 
roditttiUed .brom,obe.nzene (29.0 gm., 2.2 mole.) 
in .dry <Jthor (50 m:t_.) v1ere added to maanes1u.m 
turnings ( 4. 7 gm. , 2, 3 atoms) covered with d.ey' 

ether.· 2!he .reaction Ytas atarted by the addition 
. of a ceyatal of iodine and aentlo vzarming, the 
bromide solution then being o.dtlea v:i th stirring " 
!at such a. rote that gentle :ref1Wdng of the ether 
was maintained \vithout external coolina. The 
.ethereal solution was boilea undor rof.lu.x for 
20 minu·tes, cooled in ice a.,na a .solution of 
pheJ:XYla.rsine (l).O gm,.) in dry benzene (70 m1.) 
added over 10 minutee; heat being evoJ.ved ,during 
the adcli tion. · The mix'ti.U'e was boil.etl unaer 
ref~lu.x for 30 minutes and then cooled· in an 
:ice-bath. 

~o the solution of phenyl.ars:lnebia-
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(magnesiu.m bromide) thue obtained ( 1 mol.. ) , a 

solution o~"g;-2•bromoetliylbenzyl bromide (23.5 gm •• 
l mol. ) in a~ benzene· (100 ml.) was slowly 
added with stirrinttt heat being evolved duri.ng 

the addition. , fh~' complete mixture was boiled 
tmder reflux for 1 .• 5 hours, coo:t.ed and hydrolysed 
by ·the addition ot ~ saturated aqueaua oolution 
'Of a.nnnonium ohlori(ie (500 ml. ). !rhc. benzene 
la;va:r was separato4 · muter nitrogen, the aqueous 
layer extracted ono:ew1th ben2:ene and.the combined 
benzene extraots washed ·once with water a.n.a. 
dried ovor ~droua calcium chloride. i'ho 
benz.ene was .removed by distillation and the 
<:residue d.iatiUed under high vacuum in a. atret.lm 
of nitrogen employing .a 10 em. tra.ctionatine 
column. A forerun· of s.-2-bronioethyl toluene wna 

. followed by· the product 1 b. p... 15~-154 °/0.6 mm. ,. 
obtatn.ed as a cloudf liquitl, 12.,6 gm, 55%. 

2 .... Phon;vl•l t 2:3 c4-tetrahfll%t<>isoarsinoline 
(12.6 f!JA•) o:nd ,oonstant~boiling (48~ w/v) 
aqueous hydrobromic acfid ( 190 m.l. ) were boiled 
together under nitrogen under reflux for 3 (t 5 . 
hours. ~he, mi:!t'tuJ!e was cooled, dilu.toa with v1ater 
and extracted twice. with ether,. The ~t"noraa.l 
solution was w_ashed rapidl;r twice w1 tb water 
and dried over a.nllydx<Oti.a aod1U1n sulphate. The 
ether v1as r~.moved by dist1l:le.tion at atmospheric 
pressure and the residue distillea under reduced 
presau.re in an a:tmoopharo of ni tros~n. the 



bromo;~,s.oarsinoline was obtained as the o~. 
:fraction, a colourless oil, b. p. 173•176°/ 
12 mm. ·• 4. 5 gm., · 36~. It was characterised 
as described belo-..v.. . 

3. N•Pentamate;zlene•s-,2-(l,;,2tlt4;:.tp,:tr,ff;b.tdr,o­
iso~a~nol1neJd~~~~~o~~~tp 

2•Bromo-l' 2 t 3 •4-tetra'hy·droi.soars:inoline 
and piperidine J-pentamotlwlened1 thiocarbamate 
.1n ethanol w&re boiled together for 10 minutes 
under .reflux 111 an atmsophere of nitrogen .• 
/..t'ter clow cool':ing; ecratchin6 gave a orystaJ.lino 
soli4 which wo.a fil te~ed and washed t:"1i th ethanol, 
m. P• 1.'27-129° • ~hree recrysta.llisa.tions from 
acetone, .l."a.ieed the in. P• · to 132-13)0

.• :Beeb71 

cookson ana ttann, J.... S}lem. .§.2.£~ , 1950,, 1921, 
have prepcwea this ·~ompou.nd. ~om the. corresponding 
2-iodo,isg,o.rainolino ana report the . m~t P• as 

... 0 
121.5-122 • 

. Anf!bYa1et Fou:ndt o, S0.7J H; 5.6; N1 4 •. 1~•. 

c1sfi20tm~a .vequiret:u . c, ;1.0; H, '5.7; N• 4_.0%. 

4. !ttomntec:i . nrenaration of 1.! )-M-s'l;'irc- . C: .i iiiil. Iii. ;t: i - t.id..,..6;,_,..#!1nJb4CIN£·t• JWa' 1:1 -~ ·- -~-·.·A 

(~; 2 cJ.•&::t.'"t~gdr~a~1nolin~l-~= ~J 3 =4~ 
;te,t~~!J.rpisoara:inol1nium bl'*omide e.n<l ohloride 

fho follovnns reaction waa curri&d out 
und·er n1 trogen in the usual Gripard-type · 
ap,paratus . ., 
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t.. solution of ~-bromo-3-ph~nylpropFl 
t:r1 tyl ether (a. 0 e;mc , 1 mol. ) and dried and . 
redistilled ethyl bromtae (0.95 gm.., 0.65 ml, •. , ~ 

0 .• 5 mol.) in dey ether (70 ml.) we.s slowly added 
to activated :magnesium powder (0.66 gt!l• • l.G 
a. toms) covered .with dey ethez• ( 5 znl. ) • ~he re­
action v1aa started with gentle warming and the 
rate of ad.di tio.n of the solution .of tbo bromides 
adjusted so that the other ·boiled eentls with-
out external oooli!'lii• . !rhe mixture waa boiled 
under reflux for 2.7.5 hours, than cooled and 
:stirred whilst a. solution of 2 ... bro:rno .... l12t3t4• 
tetre.hydroisoa:raino11ne ( 4. 5 (1}11•, l mol.. ) in 
drv benzene (50 ml.) \Vas slowl~ addea, After 
boiling under ~flux for 2.75 hours, the solution 
vras cooled a.n.d' stirred whilst a. saturated aqueoua 
solution ~of 8mm.ontum chloride (150 ml .. ) was slowly 
,a,dded. · the benzene layer was aepa.rated, ·the 
ac1ueous laycr.extraoted with benzene, the combined 
benzene extracts washed twice with water and dried 
over anhydrous sodium sulphate.. ~e benzene 
was removed by distillation a.t atmospheric . 
pressure, lea vine a v1scous residue ( oa.. 10 gm. ) • 

The residue was 'hYd~olysed and reduced 
exactly as desori bed for the isomeric compound. 
in .seotion VI• part 6., 

5· 7 GJXL. of tho residue, .from the 'hydrolysis 
were ~eo.ted under nitrogen vlith phoophorus 
tribromtde (0.57 ml.. • l.G f!1!J.•) as aeaoribe4 in. 
Section VI • part 10. fhe re.sidue from this treat­
ment was insoluble in ether but could not be 



obtained crystalline from .any ·Of· the common 
solvents. nor did 1 t .give a solid product w1 tl1 
sodium iodtde or sotU:um pi.ora.te. . , 

-~he remainder .of the residue from the 
}\yttrolysis ( 3. 9 lJ}1l. ) was treated with tht(Jnyl 
chloride (4.3 mlet 7.1 gm..) as described in 
Section VI, part 9e i'he product obtained was 
an·ether-insoluble gwn which aol1d1f:ted on 
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t.rl turation with ether. After three receyst­
all1sations from eth;v.l meth1l ketone, it had m.. P• 
176•177°. An aqueous .ethanolic solution gave 
a ·whS:to precipitate o:f ailv.er chloride on treat­
ment with ailver :nitrate~ 

The ·;spiroc;vclic chloride• .c28n;wClAs requires: 
Ct 62o4J Ht 5.8% •. 

Another eam.p.le, reoeystalliaed four times 
from ethyl mt.rtbyl ketone, had m. P• 179-180°. 

Anf!Yt:s,i,sc Found: c. 67. 5f ·H, 6.1; i.onio Cl~., 
,.,;s, s:6%t total o1 •. n.o~ •. 

A f'urther sample 1 also reccys:taUi.eeii 
few... times trom ethy1. methtl ketone, had m. P• 
179.5 .... 180~. 



After baing dried at 105°., these 
figures were not si6flificoJitly' altered. 

fhe·illfra..-.rea absorption spectrum 
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showed aignif'icant'bande at 1600, 12Sl, 11991 

1176, 1160, 1153, 1117, ~069, 1033, 1020, 968, 
955., 934t 921, 89<5:., 829., 863, 785 cm.-1 (Nu.jol 
mull); and at 3330, 30601 29.;;, 2760, 1490., 1477, · 
1450, 1437,, 1415, 1399, 1343, 1297' 762., 724, 
and 702 cm.·-l (he:r.Jii,Cb.lorobu.tadiene mu.ll). 

Dr. N~._ Sheppard interprets the data. 
aa· indicating the prGaence in the molecule of 
benzene rings, manosubs.rti tu.t~;:d ben.zene (probably 
tho -trit:T1 group) and possibly the gx-oup -oR 
or water. !rbero waa no peak in the 1.1.00 cm.-1 

r~6ion, · indicati ire of the presence o.f a carbonyl 
(£rOUp .•. 

. Suggeati.ons as to the probable· etructu.re 
of this compound ,.,ill be found · in the .Discua.eion. 
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SBCTIOU XII 1 sp~THE1!_IS, OF ( !,).-~-p-_QHLOROPHEii­
,4CXL-l ... P;J:ENY.L-lc,2,t Jt4-1'Et~RO­
ARSiliOLINim! BROMIDE ._.. itlll,_. _ . ' . F 1 ' K . . lil u 

1.. PheM}.:,-J-:-ahen;y:l;pJ?O;ezlarsinic a.ci,a _ 

Ph.Clurlaichloroar.aine (14 7 gm. • -go m1.) . . 
was slowly added w~ th stirring_ to a v;arm solution 
of sodium hydr·oxide {118 f§Jl•, 4.5 mole.) in water 

I < ' • t 0 " 

( 500 ml• ) '· 3-PhGJWlpropyl bromide (146 !§11• , 
·1~~1 mols. >. prepared as deeoribed :in Section I, 
part 7, was alowt~.t added and tlte mi.xtu.~e boiled 
under reflux ~vi th e.t1rr1ng tor 6 hour.s. When 
cool, tbe mixture had formed two .layers. Etller· 
was e.dded ana. aftor shaking, there appeared 

·- ' 
three irnmiaci bl.e layers.. ~hese were the sodium. 
salt ·of the a.r_ainio ac:id (insoluble in the 
aqueous layor duo to tho common-ion affect), 
the aqueous la.ver and the ethereal layer. After 
two extraotionsnith ether, :the lower and middle 
layers were diluted with .water when othey formed 
a single laye:r·which·was acidified to Congo !ted 

· with concentrated bydroclllorio acid~ An oil was 
depos:l ted which was separated by decantnt:ton . 
end washed several times wi;th water before being 
dried !!!. vacuo. fhe dried oil .coul.d not be 
obtained oryatalline9 . (.140 gm. ). • 

. 2. l•PhGnl.+::l-.. • 2 ~.l,&4•tetr.Mv;<\r.o,arsinoline, (first 
method) 



Tho above oily residue ·(140 gm,) was 
added to concentrated .sulphuric acid (400 ml,) 
end the rllixt'U.ro heated on a boil:itt.g water bath 
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for .30 minuteta~ When cool, the mixture was poured 
' . . ~ . 
cautiousl,- mto wattr, (2 litraa) and .after again 
being cooled., v;ae cautiously neutralised with 
,30% aqueous ·sodium l\,vdroxide when the volume 

0 

ha.d become _approximately 5 litres. Af!Jer elttraction 
\V.ith four 500 ml .• portions of chloroform, the· 
extract was washed once \Vi th water and covered 
with 500 ml. concentrated bydrochlorio aoitl anci 
500 m.l. wa.t.er containing .l. 0 LJil• potass.tum 1odi4e, . 
sulphur dioxide then beins passed for 2 hours . 
through. the chilled mixture. After standing 
e.aido overnight • the ohlorofom layer was sep-. . 

arated, washed rapidly with dilute sodium hydroxide 
solution, then with, water and finally dried 
over anhydrous oaloiu.m chloride 1n an a.tmo·sphere 
of nitrosert overnight •. 1'he chl.oroform was 
distilled off.at atro.oapherie presau.re in a current 
Of nit·ro,sent when about 80 ml. ·Of a glutinOUS; 

light red gu.m remained.$ r.uuch. frothins occurred 
on distilla.t1on of the reaiduG untler high vaou.u.m. 
empl.oying a nitrogen leak• but this trouble was 
largely avoided 'by u.aing n free flame in place 
of a bath during the distillation. Bedietillation 
gav:e the following two fractions: 
fraction 1, b. p. 136-141 °/0~17 mm. 9 18.·5 &m•; 
fraction 21 b.· P• 143"""185°/0.1.1 :mm .. , 8 @!!• 

Most of the oeoond fraction distilled 
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at l82-il85° /0 .• 17 l'lll!l •. , ond a. vary omal.l. reoidue 
remailletl. When the \'lhole of f':r:aotion l wae 
treo.ted with .;e,-ohlorophenacyl brom:i.de .as described 
tn thia section, pa:ct 10 • onl3' 50% of the theo• 
.:retical quantitY of l"""J.?.-Ohlorophonaoyl•l-phenyl• 
lt2&314'"*tatral'q~ars1nolinium bromide was ob­
tained and since this product is formed in almost 
quantitative yi.e1d from. a pure sample of l•phenyl­
l:2a.3:4-tetrahydroars1noline, the actual yield 
of the pure ars.inoline must have beGn ca. 10 gJJ.. , 

representing an O'\rera.ll ;)rield (based on pbenyl.­
dichloroarsine) of G~~ 

In a. preVious preparation of the phenyl• 
arai11oline by the abovo method (usine one-e:i.ltt'h 
of the above quanti ties)., the three layers 
obtained on the .a.ddi tion of ether after the 
period of reflux i.n the preparation of phen;rl-
3-phe~lpropylarsinic acid {15 hours in th,is 
case) .were inveetie;a.ted separately. 

(1) ~he ethereal lt\Yer, after being washed 
with water several times, was dried ovor qaloium 
chloride, the. ether distilled off and the residue 
distilled under reduced praosure . .,. OrJlN one 
fraction was obtained• ·b. P• 1~124°/10 mm,, 
undoubtedly unohange.d 3-pheeylpropyl bro::nide. 
The quantity obtained ( 4.• o (!III.• ) represented one­
sixth of the bromide used 1n the reaetion, but, 
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allowine for transfer lossas, eto. 1 the actual. 
frac·tion. ia probably somewhat higher. than thta. 
A residue remained in the dist:i.lling fl~sk _ 
nhioh failed to. distil even· with a bath temp.. · 
era:ture of 300° at 10 mm. This residue, whcm 
treated with .conoent:r:•atod n:tvrio aoid, evolved 
heat and nitrous fumea, liberatin& an oil which 
could not be obtained o:cysta~l1ne, but gave, 

·Q'fter neu.tralioation with sodium hydroxide 
solution and treatment with a saturated JaquGoua. 
solution of :picr1o acid, e. ccyotallinc.derivative 
v1hicb, after tour recrystallieations from ethanol 
and drying, had m. P• 153°~ ~hia was evidently 
ttot yet analytically pure • since the eame picro.to 
vtas obtained as follows and had a somewhat higher 
m. P• The solvent wao removed from a portion 
of the ohlorofom solution of the m.a.terial 

· obtained after the sulphuric acid cycl.isation 
but bafo.ra reduction w:i th sulphur dioxide. 
This material eave. w.ith etha.nolic picric aoid, 
a picrate. which, e.f'ter t\vo rGO:t'Jstallisations 
from ethanol. had m¢ p. ,167-168° and 158-162° 
whe.n mixed w1 th the p.icrate mentioned above. 

fhis is evidently a. sample of l. a l-di;phezwl­
l:2r3a4-totrahydroal"sinol1n1um picrate, probably 
arisi.ng from the p:roaenoe of diphenylmonochloro­
a.ra:i.ne as an impurity in the phen.yldiohloroarsino. 
(c27a22o7ti3As requires; c., 56·351 n, 3.,85; N., 7.3%). 



.,_,. ~ ... 

( :11.) . ~lG .lower ( ~U.eOU.S) la¥e~ Wa& .acidified 
wi~~b. conoentra·tad h,rdroclllor-.tc ac1d'w~en a 
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white• amorpho11s aolid was preo1pitatea. The 
m1xturG was chilled .in .. 10$ and tho ao11d ma.teriml 
filt~x>ed off .and dried at the pump, when .it 
t'feighed ;. () gm. · IJ?Ms v;as completely insoluble 

in all the oommon. $G.1vents and did not mel't, 
,so v;r.aa evidently eUicio actu fomed by .tb.e · aotion 
of the concentrated sodium. hydroxide solut:i,on 
on th~ e;laas a:gpa.ratu.s used~ !i:hat it did in f'a.ot. 
contain som.e o.f' the. arsinio .acid was shown bf 
the tact thatt on t;ceatment wi'th concentrated 
eulphu.ric a.oid and aulphur · dioxi·de exactlJ :in 
th(;l m&l:m:er 4eser1bed above, it yielded o.? (JIJ1·• 

of a. liquid <U .. etilling at 130-136°/J.-.o mm., 
almost certainl.y the pJ:ie:nalte~rah3dx•oarainoline. 

( i:ii .) ·The middle la;vtilir contained the whole of 
the sodium salt of the a.rainic ao1d:t einee on 
a.oidification ·witll·b7drochloric acid., en oil waa 
daposi te,d tvhich, ,on being treated with concen­
trated. ·.sulphuric aoid ·.and sulphur d.ioxtio oo 
described in the above large-.seale prepardt:ton1 

yielded eventl.a.all.y 3•1 gm. of a pa:lo•yellow oil; 

b. P~ 158-164 °/1. 5 •·• • l:eavin;g a residue (.EZS 
olt~aine<l ·above) of some ma:terial which unde:rwe:n.t 
deoomposition . Vtitl1.0Ut distilling..: This oiatillate 
gave, .on quateruisation ·wi 'th J!•Chlorophonactl 
brQmide, the qua.temary salt., m. P• .210-211° 
and 211~212° when m1xet1 vtith. an.· authentic· s~le 
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of .l-B--cillorophenacyl-l .... phonyl-1.: 2 # 3 !4-te~dro­
.a.rsinol:lnium bromide;lt 

). l-:Pheul-:~t?.;·3t4;:tet;r,W;droarainoline (second 
method) 

A solution of dried ancl redistUlad 
bl"'oln.obenzene (13.8 e;m., 1~5 mols~) in sodium-

, , 

dried ether (50 ml,) wa.a added slowlY under 
nitrogen to masneaium tumi~s (2. 2 6fll• • 1.1 
atoms) v1ith atirring in the usual ,Grianard app• 
aratus fi·tted with a nitrogen in'let. fhe 
.reaction was started. bzr add.1ng a. crystal of 
iodine and gentl.J wamiil8 the flask and the 
.rate of addition of tho bromide ud3ueted ao 

' 
that the ether boiled gently without ·external 

' 
cooling. The contents were bo1led under reflux 
for 1.; hours tt? complete the formation of pheeyl­
magnesiu.m bromide,.. ~he ethereal solution was 
decanted from the Ul'l.X'Oaoted magnesi'lll!l. 1nto a 
e1~~ flask whioh was immediately attached to 
the apparatus used for the l>repe.ration of the 
Grigna.rd rea.gon.t. The flask was cooled :1.n ioe 
whilst a solu't1on o~ l-c~oro-1:2J3~t4-tetrahydro­
£¥t'Sinoline (8. 7 ,B1D·e, .1 nol.) in dey ether (50 nl.l.) 
vtas slowly added with stir.rine over 50 m1nutes, 
tho contents then being boiled under :reflux tor 
3 hours. ~he· mixture was cooled in en i.co-b~tb. 
and then cautiously hydrolysed with 200 m1. 
dilute aulphu.rio acid (1 vol.. acid t 9 vola. 
water) ancl l.OO f,illl• crushed ice. Af'ter dilution 
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witlr ether, tho ethoreal .l~or was separated, 
the aqueous leyo.r extracted three twas w1 th 
small. portions of ether Olld the combined ethereal 
solutions washed once with 10).; aq:u.eous sodiwn 
carbonate and once w.i th \Tater baforo being dried 
over oonydrous.cal.oi.um chloride in an atmosphere 
ot ni troaen~ ~ughout the extraction .an4 
\:7ashingo., a stream o:£ ·nitrogen was allowed to 
impinge on the surface of the ethoroa.l aolu.tion 
to minimise oxidation of th~ produot,. ·Tha·ether 
wao distil~od off in a. stronm of nitro,;en at 
o.tmooDhcria presau.re ond tho solid. residue sub­
mitted to.hish vaouwn fractionation employing 
.a. .ni trogon leak. EXcept f'~r a. sm.all. :torel."'t.ttl, 
3lmost tho who.lc distilled at 140-14.4°/0 .•. 4 rnm. ,. 
;yielding a. colourless oil, which, on. atandi·ng, 
crt;sta.lliaed, 7•7 .gm •• 755f,. ~he same .uiold 
t"'laa obtaitl.ed when the reaction \vas ·oarriod out 
on thrice the abovo quantities (76¢)• b. P• 
148-151~/0.95 mm. 

4. .l~1e~hzl•l,-;Rhcp;zl-l.t2;lF!::t.s.~.'}·a.ftzd~o~ip.ol!niWJ 
i·odide 

l-Phe~l~l: 2 #,3 ~ 4':"'"tetra."'lydroarsinolil'1.0 
was.hea.tecl under reflux with excess of methyl 
iodide under ni trogcn f·Or 30 minu.tos and the 
excess of methyl iodi·clo .allowed to evaporate· 
apontaneouaq by rtL."'l.nins tho n~tc~ out of tho 
x-oflux condeataertt. Th.e residual ,-ellow oil 

.. 
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wo.s tri turato<t '\ii:th art ·o·thor. · Af'tsr come 
d1fficui tr:e ·tho product \JP.£:1 GVOJ1tu.nll.y obtained 
crystel.liftO ;from c.t~ol. ' After three recrtot-

' •. • I • • ' ' ' - '•! ' ' I ' I 

· allis~tiono from otbranol1 the. oolou,r~es~J oryotal-
-11ne prouuot Vle.S dr1e(i end then :b.a.d n\•. P·• 
'· 165-166°'.. ' '. ' ' ' . 

. ' ' ' .· 

. A!M!iJ.Jlf?!lSt FOWl(U Oi,·_46.6; Ill. 4.4t I 1 30,.9~., 
:c1~n18IAe ~e~u1resc ·. o, 46.~; H,,_. .th4s I, 30~8~. 

· ~;. · 1_· ... _·,.._}~_eth_ 'ri.-l--nho_-nvl;..1_ :_2_(:te_·_A.O..tetr_i®rt2r __ oor_ s_1n_ ol4<n_-.·-·~ · ··-= st1 ~ .. --··- t"-·*•· ··l'ci .. - 1 ~- ~- __ r ~:..... lJm --. ,. _ ·rr:::: 

.. ium;,l1p~f!11~ . . . 
,, ' ' . 

. · ·An, Q.l~ohol:Lc. so1uti~n of th~ o.~va 
. trJetbiocU.do. was brouilbt to t~e. boii ana. ~~xceaa· 
·of' a· hOt; s·a:tur&t.ed. etbQnOli·Q. 001\lt:i.·O!l Cf 
soaium pi:orato 'WWJ added,~ ' Attor being' cot aside 
at .room tempers.tu.ra ·tor 48 hourCJ, on o1l. ba.4 

· sope&r{ltod· from ·tho solution~ Wa.ter wo.s added 
· to .'oaus~ further preoipi. ta'tio~ ot the . Oil whtoh, 

24· hours' 1.at~, ha<l-· <:ruata111aod· e.a fine,· yollow 
nasdlea-. ·".Cho mothopicrate wa:e.rocryotellltoe£1 
from othanol :tour times ·el14 aried, after V'Jhtch 
tt had m. ·p~ 105e.:5-107°,, 

•,1,. 

6. 1-.H:(ii£9!¥•.1:ihen,t~-:Ac2:cl tS::,tp\l"S"flir.oa.reinol.in­
~um. p:tpra~,o 
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1t2llt4-tet~droarstnol.itte .(1 6Jl•) in ·417 
cbloro:topa. (25 mJ.,.) ·w4e tr,eotea wlth a ·oolu;tton 
of b~e ltl:fU:7 ·cbloJ?Otom (G •. ·4 ml• of a aol­
u.tio)l (!OI'ltaintns 9•58 gm. bnmine/100 ml• of 
~oltltlon,·· .1 mol . .; ).,. ··Ute . br()mlfte wao· at. once 
·abacrbe4t fhe colutt•il ·~o.s · ohaken ·wJ·th aceas 
:Of a :dilute .. eolu.tton ot omm0ld8 otter 1(7hleh the 

ohlorotom. ,eQlutlon·was evapowd:·ett to ~ess 
;ove.r· a w~.ter· bath, lee.vtns .a. Jtrown •... -~ ·J!'es14ue 
wblch v-tae •ed ,$! !UJ!O.• . ·A pertloa ·of the 

. BWnt which. ·o.()ntat.nea *• .41b:faroxt4e of Ole . 
. ~aioollae,, . was tc*eD U:P b. ho't 411\lte rd:t.-J.o 
aoi4lD art o.tt~t to t«m the ~a:roxr•Dltrate 
Qf tbC!tl o.l'sinoltna wt -.n.wc·tQllisatlon .c0\114 .nQ't 

.. t.e eftoct~41 .no~ eo~<t ·thtt ·.b,varo.,-u·'f:rat·e ·bt 
obtatne4 b7 ·the ~ method of' ddtt:t:on ot 
con<~~tratotl ·14 'IJ:io .. acid ~o .the J.Utd.atenea 
.-sifiol~•• .1Jt om$.. oaaQ. an o$1. o~ .sam· being 
o'btdne4 · tvbioll cou.ltl ft¢Jt be lli4uce4 to OI7Btal1ise. 

• • - J 

the l'Ome4A4e~.ot tht·.~ J'$ei(1Uit ~s· t~ 
up irl hot watQ~· Gn4 .$ ,saturate« aque~ .,s-olution 
ot picrio e.oi4 $44~4,.,. · !iiltP prodU.oeG. an emll1slon 
~m .Wble!l the IJU~q·p~cra:~e· ara4uo.1;w aep.:c 
e:rat"6 a& . orgst$U.~••· .;renow .plates, ,After 
two .. I'$C:%WtJtalUsettQno from .'ethanol,. tbe J2.'04tlot 
~4 .q, $lt ~1).5-115°. . . ' ' . 

~~. ~un4:e O;t, 49.:5t u, 3*'' •• a,~. 
·Q2l,It18o8N3As. requtrea.e.· c, 48•91 n,, ),.$·1 N-.• 8.,2S'. 
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A _oqo4t)4 solution. of. 1•phel\Vl•1t2J!h4-
tet~ab:aroorem~1tn~ (l gm,J .m, dl7. ~hlorotom 

• ' ' d - ~ 

( ,22 mlt:) w~o treutod dropv~lee wi tb a solu~t:on 
. f)'t 'bro-·.f.a. ehl~rofom .,,.s mt. or a solQtton 

oontaintrl6 10,52 .~J~n• bl'Ommc/loo · iml..,· ot oolu.ttoa• 
1 mol.-.),. ... mhe bromine w~ e1; OftOEJ o.bsorbe4 \71th 
the tomat1on of tne ~etnolme 4lbrom1de., . A •, ' ' . . . . ' - - ' . ' . ' - ' -- - - ' . ' . - - ' ~ .: . ' -

st~am ot 417 bqarogen (!lllpb1de was passed into 
' -' ' . ·,- - ' . 

· tbo ehiU~d · aolut,.on tor: 35 ~u.tef) at1;er wblch 
• 1 • • - • • 

tho ·eolut1Qn wae t11torea to xoemove traceQ·~ot 
8Qlp~• · tho f'il'tmte thon 'bGiQB ~VaJOrato4 on 
the· \m'ter bat~ . fhe: re~1aua1 o·u, after ''"a 
drt~ was. ·tf$a up 1n vartouo so11r~~ta ~- · 

. ' ' . . . 

Jt.orte of wbloh 9llU ~c.,.at$3.11-ne. material couw be 
obteine4; ~e .etht#ioll.c s•1ut1on heit ettor 
atce:mu.ns .~- 0.11 ·Oirt)Jl 'ttlbe t~r, ,some timet 4epoatte4 
eome .~. matel'181 whtch1 :Bfte~ ,stx woetts t1't 

o-. •- --------

"om tempet'a.ture rJ.$14e.tl a mnail.q,u-tltJ. ot 
0%7·e:ta11ine me.ter1al.,, !ftle ahcwe p~pa.l'fltlon. was 
~eatea and the t'1ho1o. ,ot tbe .on obtdrlea taken 
~P .tn e'thaftol~: fbts 'el)1ut:S.oa .ga.vQ the cr,atalllae 
Mll.Ph14a o~ ette-,.. baiDg :$eeae4 with a· :OJ:7sta1 

'. 1 ., -

:trom th9 tomer prepal'a.tton, After .tour- rQ-. . · 

,cqst~~sati-~rw. tr~ :ethanol, the oolou.r1oes 
'CI'Y-B~al.llne p"4uct ri•9P· tlned anti baa m, »• 
"!lA~ .f!!:-C.c'!h a·O . . . . . . . '. 
•"'~' ~ ... o~. ., .. 

~1st ·Folin4:1 c, ,9 .• 2·1· fi_, ·,.,2:J a., ·u.;,t. 
c15rii.~S.t\e requireru · Ct 59,6,1 u, s.oa s .•. 10t67'• 

' 



c •. t:. l~dofintl aJt4 aeid, f.• AI!!!• M• §oQ•• 
1920,. ,.fi, 1~4-:h 

~~~ a two litre• S•neotea ~lask tttt(l)4 as· 
'Umull· ~O't' a MGtel.C~ts I'Qaetton:,~ ''e.s placed 
<lneiJ Mt1 ~4iettU•a cltloro~ene (102 Qll.,, 
lU sm~f1t 1 mol•>• ... e«. ani rea .. :sts.nea o~bOn 

. fl&euliphl4t (400 ~-.) •a powaeres. anhUttroua 
a&v.msmtwa oblori.dQ .(300.-ata,),, Whe ~was 

' • • c· . . 

st.l~ enG heatod on eo water batb Wtt"tl 
retl~ ot thi;!, oont®ts OOlXmlencs4.· RGtllst$;Ue4 
aoetto ~aritlo (95 id.t• 1.02 ,$fll•·•· 1 mol.) waQ 
the $lOWlr. ~d4e4 ·with otkTlns over :1 hour, 
~t~tlo "n~ ot tba ooni;eftto was mairltatrled 
4~ the t\dattton Q:t $ ~d~14o· ®'4 tho 
mileture Wd boUetl untter .nta.uz tor one b.our there-

~ ' ' ' - ' - • • -- • -. ~ - - ' • ' • <c • -- • - - - • ' 

Qttcr, most ot the o•boft, .ttteuipht.ao was 4iG• 
1:l11~4 ott with ·$t~ cm4.1 . whtlo-t otlll w~, 
the ~ac~t()p. mh~ WM POUftd cautious~ on.to 
.a ~ o~ l •kim• i~e ant ·GOO ml• .oonoen1iJ'Qte4 
bJ'druobloJ.ile aoltl•~ Who t'O&iOUo tn ·tho fl.aQk was 
<Jeoc»upose4 •lth too an~ concontmte4 bJc1roeb1orio 
aclci artG ai4e4 to 'tihl ~ ,pNdUO'tt. !fhe ~ 
was ·G2~iacte~ '?itb be~menf!) ('?00 tal•) tn thref). 
portlO!lSt· the \Kme•e ~qer \faa· wa.sh~4 cmcQ, with 
V'16lt:er,. onoa, with 10% aqueouo .aodt.um ~x14e and 

~ j ' • ' - I I• 

"twtco aeatn wtth wa1e .. before 11e1na 4riea 'ova~' 
• I • - • 

anl'ir4NW.'J oaletwn tb1or1ct~. 'Dle, benaene was· 
4lntu.1~tl oft at o/t•.ospheric p~smuH a.n.t the · 



~~1au.e at~st1Uo4 unaor .reauoea pnsB'tUI'e;• A 
' • ' • ' ' ' • t ' 

-vera sm.all tol-erun wae f..oUow~ b:r thE> prottuot• 
b. ,p, l~us:0/l! ·-··· ,.to~ l!O ..... o~ a " ' 
oo1olU:'less l~qut.~~ ·{78~). 

' . 

9.• »-PJS:aroab~• .. ~ptiAo 

"'''• Ju<tetifttt on4 n.ta., £• N!J:tr:r • .•• &toe•:• 
; ' &920, "' 1043• 

·11 · o"·, •t~W"> .of ~--· ·'"'"oro ·•et#n\hanone "" $ .4U.u ..,,.. - .. . A ...,.1~ ' B0 . •e . . . . 

(118 Bm•) ·lft ~tol s.oetlo aoltl (240 mt, ) was 
- . . . ' 

·c.ate6 . (w1th et~ entl UD.4o&- ~tt1r0ua -e~ 
at~S.on$) wltb ~e (lO ml•:•· ~G, fl1il•• O;_.s aot.> 
a4tte4 oveJ~ one· .he•• tb.& mtam~ ·tempot"$~o ·· 
1Je11'18 kept below 20°., ·e.e ,a-ob1o~henacr1 'b~ie 
oommcmcotl to .s.,Qrate AulDs the \~d<litto~ 
ae. ftaek waG aU.owoo to .etafttl at wom temperature. 
tor 4 hours, then coo1ea .Ita tee. the product .. 
·was ttl. torea at the Pu.tDP ·QD(l washed wtth ?O~ 

~ ~ . . 
aqueou.a ~ethQnel. Aft(;)zt betAs drledt the proauot 
Was .#'OOqta1;$Ut.eO(\ from ·O~th&;n.ol at\cl (b.i.ed,t UlOltl• 
~- 01 •. 7 ~~ .,of ~olOUI'losa ~atel.o. !Che mother 
Uqu.ora ~ahe4 .a fU.rth()~ 4 ~· ae total 
Nle14 W4D 481$, tilt· P•· 96-91° .· (repo~~~ mil p~ -96,5°),, 

·\tan 
Wfi· 

0 I 

&~l~J.*p-gJLlomJbUi:&:Jb$!d:llt8•~•!• 
,r!ftt~MS!fCI!BAlf:!~S _.blJ!!¥l1! 
. • . ' . ,' .. ',, I. 

A ·~olutiO# of 1.-p~GnJ~lt2t:U4~tetrabN4r0.. 
~aa:-stnoltao ce lP• ., 1 mo1. ) ' and; ,a-chlo~o;phtmacJ'1 
bromtae (l·t13 am•t 1 mol.) SA ~dlW' benaene (10 ml,) 



·WM boUo"d under r'tlwt tor one hour irt au 
~atmoli!Phe¥'e ot ·~ trose,n:,. fhe m&Jtturo . be4 

'J • • ' 

se;p~1~a .ii\tQ two ~.,rs aft•~ two minutes,> 
on ooollftet t)le l~wer le\v~r. soU41t&ad to .. a 
&less• Whe ~mm~G was ·4ecantea ·DAd tbc ~~e~ 
reraowa bJ ~ins !11 zeeso.. -e sws· was 
e¥W"stelllse8 e.s tmnapaent ple.tea :tr>om ethmo1• 
-.~'\)sequent prepar~ttcme,. the·p~&wt.was .. · · 
obtaillQtt OJ.7sta.llbQ· from tho l,'eaation ~. 
·•o rlel4 ls t&U$'tl~~ttw. After two reo"~stt­
elli•sattorta trom G'thaltol ana ~e~ ·Gr!Ot!t "tihe 
b~-- W •• .lh 210.2!1JL0~, . · .. · 

M?fl~S.~!' toun~t. · ,q,. 54 •. 9.t a, -·l~9l ~r~, , 16 .• 4~. 
·023n21ooJ.B,Aa ~quti'OaJ· : o, 54tt.8J Ht: iif~i ~t 15·9~•· 

. Raptd voltvnetnc onalUsis of &omo bromide-· (two 
41~erent eamplee.)' Potmtit ar, 15,·9: 15.95~• 

. 

. ·.A ~o1.ut101t ot thQ e:bmle bromt4o (0•5 ~.) . 
u oblor¢ttom (ao tnliii) was eheken-·~e tlmes 
With 20 nd, portJOJlS,Of Q aaturet04 aqUeOUS·· G01• 
ut1on of .so4tu:m ptcb:te. file ~-~Olls 1QNer 
became ~bid· ott~r .thG .seoOlid oat-raetlon, but 
no sol~d m~tenel: aepa.ratea. from. t!U.e 1¢\\tsr_. 
After sta.tltttll{J tqr ·s Oqt~,, ao soua r.r&aterlal ·. 
b&4 eepuat})4 from the com~inetl · tJ041.W:Jl p:lerato 
extracts~ the ~hlol'oform -was eveporat~tl from 
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'ttm comb11'le4 chlorotom oolu<~tona when .a, :veuow• 
~~. ·~ res1C1Ue :~lned, ~~ta wa$' thoro~ 
tlriotl 19 lt!CUO When tt czwetaU:ieGd;; A po~tl~a 
·of ~~o p!\O'ra.te wae ve~ey;stallleo4 tram. i$thanol 
and thE'Jn 't-rm up tn hot ec~e- ~o 'thl.s 
so'l.utlon,, en BQ.Ueoue a~otono solv;tiOll of 
potasotu.m io4tde WS9 duetl, Mte!' atan4tns et . 
rool!l temperature for 1' Jnlnutos, some ttne, . , 
go11ow.at41~a ha4 been ·aopool:ted trom the 
eolu:tlon• thtQe appeat."et\ ·to· be tho qchanpd 
plc~ate.. After, ~e. further 20 hours, larse plate~S 
ot oolourless. ot?atalfJ bad also aepa:rato4 trom 
the :o-olutton. tl'l$ Jd;tt\We ot ·o~stale "as 
f'l'ter.ett ott a-t the PtmlP aa .att~r 'be1ntf·clr1tut, 
tbe tvto tJ'pes e>f O&\"st!A we~ .;separated ·\w' . 
ltan4pS..ckSDs• 'fho oo1~1.ese plate•, aft~r two 
%'eorwet~ieations trmm. ·e·thanoJ., tollowea by 
w~'h4~M• to-~ ·the picrate on each ocoacl.on· . ... ~·~ .. , ....... ·. '·· .· , .. · ... ·.. . . 
rreM 4nea aJ~4 then bd ~· p, ltitt-162° • 

; . 

~~e~• Poue4c o, 50t81· u •. , 4.ot x, 22•5"• 
c23a.21oa~tA; "qutrem.t.. c,, '50,21 s, 3.a,, I't 23,o,&., 

·, 
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llmn..,...,."T))"''t'"D, ()'i)N'IIC t\! nT'.-.QTU'""l")"' O"' J..J.. ~ , .. r J.._t., "'·... ..1 .1 .1-'U...·,. .. ..1 ~- . ... lt & 
• I • I F 

(,1)-J:-P-.QJHJOBOPIU.:t1ACY~l-PH:i:l1YL­
lt 2 :~ 14-T?:TRAHYDHO/·,RfliHOTJI!TIU~! 

• V I R I 

1. Attemptaf1 l'!lfiOlul~.op. via the ( -+)-cPfU?!\0~ 
1 '>-au.,l.L )h,op.~; t,e 

The bromide (].o f!1:l•} nnd silver 
( + )-cr:.r.tphor-lO..nulphono:te ( 2. 02 l~• , 1 nol. ) 
1n aquoouo ethanol (4 vola. ethanol 1 1 vol. 
watert 50 ml.) were boiled together under reflux 
for 15 minutes, the ouspenoion filtered vrhilst 
hot and tho filtrate reduced 1n volume by ovup-­
orc1.tion on the water bath, tho last truces of 
oolvcnt bo1nc romoved 1n :Jp&,MO at room tempera:tu.re. 
The ( + )-campho~lo-oul.;:>honate fomod u crystalline 
muse, n. P• 172-134° contaminated ·:11th o. smull 
quantity of ~ material, 2. 5 ~·, 64,··. 

This m..'ltoriol wa.o recr:rotallised f':ron 
nquooua ethanol, the produot, r;jtter oucoesaive 
recryotull.iau.t1ono, hnvirlc 'the followinc m. P• 
und rotation figureaa 
first recryotal.l1sct1on, ot ~ +0.32°, [cCJ~D +15.7°, 
ftl~0 +103° {').510:·~ oolut1on 1n ethonol, 4 dn. 

tube); 

second rec~stallisation, m. P• 175-178°, 
o( ~9 +0.31°. ~~9 +15.3°. ~1]~9 +100° (0.505( 

nolution 1n eth;.lllol, 4 dm. tube) 1 

third recr.yotal11sut1on, n. P• 179-181°r 
fourth recr,rstnll1aat1on, m. P• 178-180°, 



<X ;g 1-0.31°1 {0•51~ el>lutiOil .in o~h-o1 '(4 <lm,_ 
'l:u.be):i . 

Alter a tt\fth reorastBUi.ec.t!on from equeous 
aoetotte1 tbtl ·m!t »• was· 181•183°,. 

-"ta.i~t Poun4t. o •. 60,·11 Rf 6~·4~• C33HS6050lSAa 
I'SQ,tli~S-1 Ct· 60.t51 'Itt $1'~' 

'· . 

. om,._ .· f- ·· · .-.e..-· .. ·. ·· · ... -- · ·a ..... 'll'll• .. ·II ·· • -4 .... ~· :t:ue ··OUX' v....w9S r$C!TfS~•GO ... tAa·r;e.,. ... ~ 
(o.G e;an.) ~ ttot wato~, was t"ated with ·exoeas 
of ,~ Gatul'tatod a.queowf lsot"'tlott ot sot.iWB p.to:rate• 
M'it:er ~e hour,. ·the orv,£Jte.lltne picrate wae 
fi'lteret\ ott, wesbe4 wlth. watol' aftd tined, ui,. P• 
'U8-162°i ·, o .• S14" solutt• in acetone ba<i 
o( r ·•'0•05°, .After ftCJ7Gt$U'loattOft 'fl'Gm 

~etbmOl• tho picrate aai1. m, p, .129•130°, 

6J¥!ilsitJ founa• o,··s3~2J .a, 3•81 B, 6,4~. 
B.e,gBa308N 3C'J;;A; "quires# Ot '5:3t41 tl, ),·55; Rt 6•4~~. 

. . ~. . . 

A 0,.;081' sOlUtlOD :ki.ao(ltODG •(4 'dm,· tu.b~)· Wt\a 
• T • o 

oomploto~ ,l#ac<tiv~ -4 :the abovo oompouaa was 
there~O~Q tb~ rao~o pio;rat~·· 

2• Atts,tp§. ~aaq&uss.au~li' ~tbt .. --'t-l~a~!!!mt-
•ioS:a...m4JhoJ1!te · · · · · · 

~9 ~~ebol~um bJQnttle (li.,OO &fl\!!) 

m4 etlV<JI' (+l-3-bi'Omo.oempbO~pltoneto 
(0.81 flllt.; l mol.,.) :l.rl ;aquewe :Eithanol (4 vole. 
ethanol • -l v~1• wateJit 3.5 ·.m1.) WZ'G 'boU$4 
'togo-her Ql\dor wtlux fo~t 15 mtnu'teo,,. the hot 



oolution filtered und the filtrute evupo~~tod 
ond finally dried ~ vu.cuo. The SUC1JY reoidue 

wue obt~.dncd ceyotulline f:..:oo ut!1yl uoetute, 
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· ;. L)• 1a2-195° ·oi th oone previouc ooftcninc. 
After oucceooivc recr,yotollioations fron ethanol, 
the followinc m. P• and rotution fi~~oo ~oro 
recorded a 
firot recryotallieution~ n. P• 182-105° with 
previouo softcninc; o( ~ • 

5 + >. 76°, [o(J~6 • 5 +43. 75°, 
(~:)~6 ·5 +321°, (<~.<l6H5;~ oolution in A.H. ncthu.nol, 

2 Uoe tubo)l 

eeeonu recryotu.llioution, n. 1)• 187-191° \71th 

olight previouo oofteninct o< ~6 +').'"/2°, [o(J~6 +46.6°, 
[~1] ~G +342°, (rl. 7725.' nolution in A.n. mothunol, 
2 dn. tube); 

fourth rocrJotulliontion, m. P• 261° with offor­
veocence; ot.. ~; +0.42°, [ot]~0 +94°, [~ ~'1 +690°, 
(0.4450.· solution in A.R. nc~1ro1o1, 1 Q~. tube). 
After u fif'th roc~otullieut1on, tho n • .P• hud 

f dlon to lJ0-191 ° und the mu torinl woo now 
evidently cleponi ted as a partiu.l rucer.1ate, 
_, 20 ,, r:6o re£] 20 , 5o r .... l 20 4 .,4o ( 1 015 ~ D + ·•:.> f C D +.> t L:JD + 1 t e\ ' 

[30lution in A.H. nothunol, 1 Un.. tube). (·;.alden, 

~:onutohoftg, 1932, a, )J, records t·J D for 
(+)-3-bronoou.mphor-3-:::sulphonic ucid in nethunol 

us +274°). 
\:hen un u.ttonpt wo.o mudo to repeut the 

reoolution f'rom o. frcohly-prept~d sample of the 
optica.l.ly u.ctive oc.lt, the m. P• v1oo not oig­

nificuntly chunced ufter suocecoivo rocr.yotulliautiono 

f.::"<>o cthunol, the six-times rec:.ryotullioed 

~1toriul huvinc m. P• 184-185°. Difficulty 



f' ., ' ~"<":.~ .. 

was· experi<lnol:la· in 'o'btainS.rJ8 ·~ ·ena13Ttlctlll7 
pure comple. of this ma'tor1~; probabl¥ bocauoe 
it. .now ozosratoll1sod .from ~thanol.On1N.nith ~iff't­
ou1~:;' after long .standing. aa larse1 mtG thore­
fore probab}N chGmioal.lt-tmpurG. cruat~e, fho ' 
shove :six~timos . rGu~qsta111$od materlel., Bf'ter 
a .. ftu-tbe~ threo reocyatcUi~ations :f:vom. ~etbonc1., 
had m~ P• 184t5-18.S0 , . 

&ndwts.u: Pound: e.,· 54 .• 9J ff:, 4•3%·• a33~35o5otBrs~s 
· requir~s• c:., 54.0.; 111 4.,8~, 

.Attempts we:re 1'11ade ·to t1n4 . an Qlotemat1ve 
• l' 

:solvont tor· re,cey.ota.l1·1sa:t1oth l.rc.tt theso met with . ' . ' ' ' 

no ~atlecess ... ·. Iili vimv· .o~ these results,· attemptGti 
r~oolution ,.S.,q tho ·.(+)•brom~o-phcrsulphonute woo 
a'bantlonea. 

;) •.... :A: .. ttemntea.. ~· oLut.·.io···. "lin the ( .... '--m. e .. n. th ... ··. onr.::"'"-. · OJ ,1.21!, . • .,. ..... ,~s •... _ .n ~.-~ . ......,. __ ......,.,......,.......,,;o;;,;;;.;; .. ~--
acetate 

:JJ • 1 . r . 

~he o.retmCJlinium bromide ( 1. 00 t!PJ.• ) 
! ; . ' • • 

,one .silvot (·)~ontilOzrQacetate (0.638 gn.,, 1 mol.) 
' . . . ' \ 

in a mixtlwo cf 25 ml.. ethanol · en4 40 ml.. water 
' ' .. ·, ' 

\?Or~ boil.~tl together un4er reflux for 20 minutes. 
!ate .fl'W')penaion t1a.s f'ilte~ea. w11t1st hot Btld the 

. ~ . ' ' ' 

filtrate redu.oed tn volume ,on ·the wa.ter ba.tb .end . . 
tl1s residue f'~ty d:t'1ed .!" racuo. ~e rest~u~ 

Ww:J tr1tuttatea. wt th ethert a .·~1 g;uanti·t:v ot 
ceyetall!i:n:o solid· was obtntneu to,goth.er ~11th :a 
lsreor quanti tr of tta:rk-oolouroa, ·o·ther•.oolublo 



. '! ~·. ' 

237 

o11~ .After one rOc.rfotall1aation .from ·aqueous 
~tlumo19 tho c~etalltnc mat~~al bad m, .P• 
l85-16G0 , raised .to 187•18? .• 5° after three 
.fUrther .receys"tall1eationo from aqueous ethonol • 

. ~Dl!t Poun<h. c\, ;;.65t a, 4·9~. !ale (""')..- . 
montlioxyacetate, . ~o35a:42o4o1Ast ·.requ.irGsl O:t GG,o,; 
111 · G.G~!· · 

Tlls e.bove prepsrat1on ws.s ropeo.ted b7 
boil!ng together 4.00 gm. of ·the bromide and 2. 57 P• 

· of the oil.vor salt .in 250 m1. 9$% ethanol for 30 
. minu:tes. Aft0r beitt8 worlcea up as befora1 the 

4ark-ooiourea reid~·du.e wao te:tkon up in diethyl 
· rrotone from ·which onlr ·0.36 GU• ot ceyotaUlne 
mtonrA wac obta:llio41 m •. P•· 181·18.3°, After 
three recrystal.Uoat1·ons %'rom ·ethGnol• "the m~ P.• 
was raised to 184 •. 5-16;·0 , nvaporation of tho 
d:tetbyl ketone from tho filtrate .from the firat 
roo~:r.otell1sa.tion left ~~ .ethor-.ool.u:bl.e redt11sh · 
oil as before., · . 

. ' 

~s wns evttt.enttu· ·the sam.e ·· .cOl'fip~u.nd t!lo.t wnst 

obtained .in th~ fomer prepo.rat1on, but not the 
required optical.J..y-.aotive Galt. !i:he :8ails1:oin. 
teat showeti tho presence of halogen., 

Attempts wore made to. empl~ mllaar 
oonlU. tions .in ordor to avoitl the pSX"t:tal de­
:oompost tion vThlch haa ev1·dent~ accompord<ad. thti! 

previous prcpo.ra:tiorm~ !i!he bromido (Oe50 ~~) 

ana silver salt ( o. 31:9 gm. • 1 mel~ ) 1n 30 ml,. 



so~ e.queous. ece~tone. wero shaken ·to~ethar at 
ro~m tGttlperature for 3,,5 houm1 then allowed. 
to stan~ o~ami.ght., w.a."'ned ·.anti tit toroa.!il ·Who 
eolv~t ~1as ~emovea b3f .aentle -~8 un4er . .. za.~ 
du'C·rati preasur0, a hs-~ .elasll · remo~~nil'l~• A 
colu:tion .of tlle glass ·:tn, a.cotone gQve, on :stan4inS:t 

' • I ' ' ' •· 

·Q aep~s1 t :of· c~atalline mct~rtal. ~ts :t-1QS. 

fU'tern4 ott~· tvaa11ci1: wi;th acetone and ar1e4~1 
m~ p,; iS7-lS8'0i, . Afte" three ree17.Gtallie~tions 
f~Otn B.qUGOUS• etho.nOlt tbG m . .,, P·• WOO 188•190°,i , 

.. . 

~ysts,:: l?Gun<i:. ·a,, 55··4f ~. ,, ... ,s~,. 

; 

~.eso results- for which ;no GQla.na'tion oouta 
· bG· fon.uu:l.1 .onu,s(J)ti tho attampted .resolution ·vis. 

. .. . ·-
the (- )•!11Gll'th¢i~Q;OGt~te . ~C . ~e 9-balldet;edt~ 

.\ ·~ . 
4,. ~1£9tqt)_t.~4-~tJ:s~~~~n via. .the "{!•1•1•117-;eben.yl• 

ff~hth!?:i&Pt~U . 

. ~h~·l?m?llde (J.~Oo em•) and .silver 
'(•)-l~•phan11ethalp1;;tb~lemQ.te ( 1. Sl mn• ,, l mol-• ) 
in 5~ o.qu~ous e'tbl.l.nol . we~ bt't"1;le4 . tos~thGlr 
for 15 .minutes unaer reflux. fhe hot ~suspen.s:to!l: 
we.s ftlterefl: atul t"n~ ·:solvent ·removed from ·the 
:til·tl"o.te. 'b1 41ot111atton under reduced pressure, 

' ' .. . . : 

~be rea'iuue1 _ efter di7iD8 ~lA vacu.tl, was a. clear 
et'he~sol.Uble .€!;Wl\ . nhlch Wl.lO v~ry soluble in al.l 

· th~ ~common polar oolvents .ana oou.ld not 'bs ob-. . ~ . 
tetnea cryotfll11ne. 

,. ' I 

/ 
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