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THESTS SUMMARY o J. A, Miiler

ooy pxee e S e p R e vl
MODRL, BEPERIMENTS IN DIOSYNTHESES USING PHOSPHATE RSTERS

Imterest in the chewlstry of phosphnte egters wo heewn
atloniated by recont advancos in the Mﬂowleég@ of the role
ployed by these compoundo imw the bicesynthesis of wany
ispertons molecules inecluding torpones, storoids, Qvetylonc
ottty ooedde, sugars, proteims vnd nuclele acldas.

Phoophate epters often et ap blolugleal alkviating og
aned the phopphate or pyrophecphate wesidue is therofere &
lonving-group in thoge clrsumpitonecs. The pregent ehowical
stadlios are concerned with the olkyviating proepeviies of all
nnd oubgtliuted allyl, phogphmton, wvhen these aire twoeatod ¢
pubatoness containing wmwelecophilic atoms oy groups sneh 28
those movmally found in matwurse.

The diphenyl phogphates of the monoterpenoid alcoohols,
goramteol (I) and merol (IX), heave been decomposed by ailew
them to gtand in an inerdt solvend. Geraunyl diphenyl
vhoopha te (IEI) has been found to docowpoge o the menoetor-
ponold hvdrocarbons myreene (IV) and ooimene (V), and vhe
nescuilterpencid hydrocarbon, f-olomone (VL). WNewryvl dlphew
phosphate (VIL) decomposedwoinly to limonene (VIIL), o
mwonosyelic, wonoterponold hydvocarbon, and twoe other,

wunlmatn ydroe2rbons .



ProQuest Number: 10662360

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

ProQuest.

ProQuest 10662360

Published by ProQuest LLC (2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, MI 48106 — 1346



Y Y. T o~ X

. §
- Ha-OH CHar O B OPh
H mvrveenamcr s By
| ./l \ .'/ 2] / O ) -

(1) (11) (vii) (vim)
by C o
Ny
N o T ¢ RS ¥ X Z
’ @ua0a§»09h Ry \wT/’ L
O | “
(1) av) ) (V1)

ALlyl diphenyl phosphote (X, R = M) and 3,3-dleikyiall
diphenyl phosphates (LX) heve been Ffound to alkyiate phowmols
Phenol awd allyl diphenyl phosphate produced allyld pheiyi of
e=-allyLl phencl, p-allyl phenol and diphenyl hydiogen phogpis
whon heated together, and the latter has beem PTound to be
Fogpeneible for the subsoguent reavrreungemont of each of the
imitial produsts to 2-wethylcoumavan (X). The 3,3 ~diailkyl
aliyl diphenyl phosphetes imverlably produced 2,2-diailkyi.
chrowamnsg frow phenolas, awnd this general reasction was msed to
synithoaloe several matural produets, including e-toeophorel
and iso-grifolin (XIT). Althoush & dewivative of vivamin Ky
{(xI¥L) wee obtailned by an ennilogous roactlon, the vitemim
itnelf was wot prepared becauwse 1t was found lwpossible to

preveony the FToruation of s chroman strioeture,
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Farther atudies of the propovties of &l
phate (I}{,R = H) nave shown thad thioles can e allkylsted Lo
protduece allyl sulphides, and thad di&i&yl salphides con b
comversed tr allyl dialkyi sulphomive salte on treetment wid
the phosphate.

In each of the model systoms doscyribed above, somglides:s
atitontion has been pald to the mechanism:s and the veseiblis
implicaticing of the alkyilation zeactions.

These venchions, in which ally? disryl phosphmtosm, ownd
33-dialkrially)l dlaryl ghesphates act ng sikylating agenbts.

domonstrate conclusively that the diplhenyl phosphate anicwn

is a good lLeaving-grouvp fvom carbon undersgoing meleophilic

£
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¥
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soack 1m in vitwo systeus. By srmore, these model



grxpovrinents often wesult im preoducts so similar to these
Fovnd in blological systewms, thedt they can be used se
provide ehoewmical evidence inm support of postulated

bieosynthetiec schomes.
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MODEL BXPERIMENTS IN BIOSYNTHESIS
USTNG PHOSPHATE ESTERS
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OBJBCTIVES

The aim of this Thesis was o sgynthesise and
investigate the properties of allyle and j,3-ddalkylallyl
diaxyld phesphates. In perticuler, o study wao maede of
the elkylating proporties of these phosphates, when
attacked by diffewsnt nucleophiles. The phesphates and
mm@la@pﬁilea uged in thepe situdies were chosen with &

view to model exzpeoriments in biosynthesis.
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TRETER AT IISALA L3N LT AV DIED

The synthesis of o wmange of allyle and 3;5-dialkylallyl
dinxyl phosphates hes been schioved. Some of these estord,
notably the polylsoprsnoid phosphates, have boen found to bhe
ontremoly uwnsieble, and to decompome spontanecusliy.

All the alliyle énd 593m@ialky1@11§1 disxyl phosphates
studicd vore found %o.sliminate Alsryl phosphate roadlly,
when aitbtacked by different nucleophiles, and are therefore
alkyleting agentas. The nucl@ophilea used includod alkenss,
the oxygen atom and anionoid ring-positions of phenols, and
the sulphuy atom of thiols and sulphides. The efficiency
of these alkylatioms varied greatly from system o aysiem,
and was very sonsitive to changes in solvent, and to changen
in the stercochemistey of the reactants.

Phe exporimonts with terpenoid phosphates, and those
conoerned with alkylation of phenels, are believed 0 havo
pome chemical signifiosncsas models for the biosynthesis of

torporos and phenelic laoprenoids.
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TERRONUGT 10N,

It is only within the last two devados Bhas orgauis
ahenists have begun toe Steko ap immew@ﬂ% ing and meko sysbomatic
studiss of, the propertiss of phosphate ost tows. Prior %o this,
the knowvn chemlstyy of phosphote @@mpou@ds had boen medinly
sonfined %o that devived from the reagtlons of ortho- and
pyrophosphoric acids. Due bo the polybasic ma%mré of thepe asids,
much of bthese chomloal studiss had nod beon proporly uwnderstoosd
and som® of the comelucions reached have sinee been found to bo
rroncoug, often h@@&ﬁﬁ@ of ovev-simplification.

Gradually, however, it was vealized that phosphates play
an unususlly important role in b&@Tgaxcgl gystems, ranging from
thoelr structvral funetion dn the heveditaxy wmaterisl, deoxye
eibonueclelec acid (Domoﬂdg‘%@ theiy part as intermedlales in
bicgkhenical synthssen. This vealisatlion haw gmi@klr led %9
inv@@tigmﬁiqmm of the properties of pzu@ph&%@ eabters,- ospecially
of those which are &malogaum to phosphaies of biolegical
importanee, and this thesis ds primerlly concerned with the
shenisgtsy of some of these esters.

There is a suryrlsing variation in vhe detall Lkpown o
@h@miﬂﬁg aprd biochemisés, of the nechanlems of bielogloal
e@&@%iom@ involving phosphases. In some cones Yhe individual

ptages of & complicated biosynthesis eve Ln@wﬁg while in othere



Share is merely seant svidence Towr tho parsicipation of phosphate

entors, Ceonsionally, paper schomes have besn proposed fox the

&

biovynthesis of a ¢less of naturally occwrwing cowpounts, whioh

conld arise from phosphate esters by an ascepbable mechanism, long

L)

before theve is any evidence bthat phosphates swe im fast invelved.

BIOSYNTERS T8 0F POLYISOPRENOIDG:

Ong of the most exeiting chepters in modern ovganis
chemistry concerns the elusldatlon of the bilosynbhetlc paithway
of. torponoid, carotenold and stevold compounds, = pethvay in
which phosphate esters are intlmetely @ancarm@éo &ithough it was
knowa in l?ﬁ?ﬁ that lebelled agstmte 4o incorporatedinio
argosterol, 1% is omly within the past twelve yomrs that wrapid
progross hes been made in elucidating the ﬁnt&xma@ia%@ pteps
vetveen acetate end the sterela.

Terpones hgv& long abttracted the ettention of chanistsg,
presunebly because of thelr often abbtrastive &@@@&w and welavive
ease of imolation, gnd theories sbout a possible common method
of bloaynthesis have been node ever gince bthe lote nineteenth
@@mﬁurypa by which time meuy bterpenres hed been isolated end
purified, and some of thelr struoturas casigned. The theory
whﬁéh heo best stood the test of time, iz bthe lsoprene Fule,

postulpbing that all terpenss ere gyntheaised in vivo by &
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machanisn which involves the ‘head’ o vhails
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BOro locules of o Ogohydrocachon, lsoprens {1}, This theosy
arase, bpecause, sitrueburally; many terpoacs conld be dowivad

from & branched (yeunit possesging the same cavhen ckaleton s
imopvens, Alithough many fumdua memes, such oz Tildon, Wellaooi,

Tiamann and h%ltstauof are assecian

=

afd with the fivst ideas

leading %0 the »uls, it iz the name of Ruzicka, which one
. b

gonnects with its full enuvacistion snd development,
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{1) CITRAL MENTHOL.
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The recent wovrk of Blech, Lynen, Folkewrs, p@pdﬂk and Corvuferth,
gnd othews, has lmﬂ to abeliad @iplaaation of vhy e Wpanss and,
other polyisoprencids are built in multiples of Pisopyene
peitse  Perhaps the bigegest single gontribution to this

hi@symth@%ic gork was *b@ dise covery, in 1956, by Polkers and

-
o
R

cosworkerid, of mevalonle a@x& {3), a substance which not only

o



had the basis of an iwoprons anld in e sieuwcbure, bub which
conld alse be formed by the vondensabtion of three noleculen
of ncotabe, in the foxm of acetyl co-engyme A, oud reducticn of
the wepultent J-hydroxy-3-methyl gluteric seid {2), vhich had
heen recognised for gome ﬁim&ﬁﬁ@ a8 & vital intermediats betwveen
acebete and the steroels. Since mevalonie aeid (%) posascsses
gix carbon atoms, @X@@rim@ntal evidence was 80on soughd o
demong trate whick carbon way lost during its conversion Ho &
Gy wndt, and Faikexs @hmw&d@ that the carboxyl carben wes ln
Yoot eliminated. Although 4% was also known thet phoaphorylated
intermedintes wore involved in the decompenition of mevalonic
m@iﬂg? it wor some time before the isclation and identifidation
of i@@penﬁaéyl pyrophosphate (4}39@ Tinally estoblished the oloim
of aiﬁg ivoprong writ es the basle bullding block of Sewvpenocid
biosynthenis.

Thé evidence for the isomerimeilon of this pyrophosphaise
B0 §o5-Qima thylallyl p&r@pﬂaspﬁ&%@ (5)1@ followed wapidly, and all
the vital intermediates between acetate and sgualens (8) hed
thue been ié@nﬁiﬁia&o alnee the role of gerenyl pyroephosphate
(ﬁ)ag and Tornesyl pyrophosphate {?)9 ked previcusly been olucidaied
Apaxrt Leom the exact mechenism of the twmilefo-tail voupling of
Larnesyl pyrophosphate (7) to give sguslens {8), the sequence
fwom acetnte o the ﬁ%@malé end other polyisoprencids is now

woll anthenticnbted, and appears on the Tollewing page.



BIOSYNTHESIS

£L

OF POLYLSUBRENOIDS ~

O O ?H %
. il H v . o 23 il - s
Claly?l»-S*Co A SR Oy C-Cirtgm L8 -Ca A ==t Clg={ = ChgC- Selia  —
i
CH, COOH
v
O OH Ol 4 OH
4‘ ATR/Mg™ m pf 14+ ﬁ% /
k‘;‘mﬁ,
r Q
HOOE cHaos? «-'r'h-cm COOH  CHyr o-p»-ow HOOL EHR Ok HOOC  © LOOH
!
DH Ok 0"‘

e
- PeOH

L AN
5

0% Gl (= P -0~ PvOH
& on  on
\Jr ]
OO, B
(5)
o
W@ W®
«) ' ——
\ /\
Gy
v
(4 e®

(3} (2)

54
4 &:03 * Ha P Oﬁ‘-

Gt O B E
(4}

MONDTERPENES
PITERPENES

T

CrHg~0-PF

(4)
(6)

CH~0-BP

(8)

ey |STEROIDS

| {7}
v
lsesoqurterpEnes |

TR LA R AL




Phe new weachlons in this seguence sye the simultoenaons
dovarboxylation and ﬁv INEIWAY i@m of mevalonic &Ei@wﬁmgyv@guy et g
and the Gy—ocoupling reagilon involving olefinic avtack av bhw alivyi
pozition of & pyr@ph@sph&%@o&& in each cose the phesphorus
noloty ects as o leaving-gioup. bhe zopult of dmbramolecwlar
@@@@mb@ﬁyi@ jom in mevalomate apd of Cof bond formebion in the
coupling romstion.

It i WQf%my of mote, that, while geranyl pyrophesphats
hes Aefinitely been astablished es the immcdiste precursor of
farnmesyl pyrophosphate snd squalene, theve is no divect evidenoe
what gorenyl pyrophosphate is the precursor of all nongterponaid
@@mp@m@@m%g Because of the brems sbimeture of gereayl pyve-
phosphnie, it does lndeod seom likely that 1% is the puscursor
of acyclic mopoterponces such as myvsene, bud ths mono- ov e
eyelic momoterpenes would appear o arlse, strucburally ot lonst,
from o clo-gevenyl (or meryl) pyrophosphate. Whait little
%é&@@r agtudy that hos been mmﬁ@ of the blesynthesis ¢f oyolile
m@muﬁa@yem@@v hae shown merely that they sre @@rive@ fzom

) 14515,
mev&l@m&%@ s 0¥ Gg praﬁm?mgwau

Thore 1o ebill ﬂi@&gf@@@@nﬁ ae to the oxest sz chanism
of the Gﬁa@@uplﬁny x@a@@j@mp notebly ovexr the qﬁ@@ti@n of L%s

adP 87 :
boing & synchronlssd precess, or one involving ganexation

. 18 T 2
of allyl carbonium ions. Kogowey  even regards tha progess
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being essisted by the pyrophesphate wosidoo of the

isopentenyl-pyrophosphate.

CHg CHy
G S
R
(&s\
: O
z @ '/ Q
o “"\_‘ 1 “n@ —_ / - @
Mg ~ £ GHg [0
P ® . g | *%.ﬁ.
oﬂ / QD s “\m
I' /’ P Tt

CHy

woncerrin  Op- COUPLING

BICSYNTUESIS OF éQUAEENE FROM FARNESOfs
I% has been noted previously thet the details of
the € z~coupling reaction, cgﬁvaxtiné farn&ayl.pyrapho&phat@
to squalene, are atiil zol known with certainty, and seversal
19920

9 , 18
schemes, such as those of Lynen, Woodwawd, and Cornfoxrth

have had to be discawdad hecause they 4id not L1t She fagts
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gained fzom tracey studies and sterscchemical gons ldorations .
Pralininesy experiments showed that two molecunles of Yarnesyl
pyrophosphats (later showan bo bhe ﬁw@mSmt?ana}gi are required

ond that the coupling was wedustive, vequiring the pigsence of
reduoed tripyri@in&mu@l@@tié@ (NADK}%&Q Inter werk by Cornforth
and P@pgakzg phowed that sgualeome synthesised Ifvom 5-D,«
mevalonic ecid combaineg only 11, and not 12, deubere atoms,

and that the suvecinie acid produced by osonolysis of the labelled
mq@&l@ﬁ& sontainsd only 3 deuntero otoms. This meent that one

of éh@ hydrogens on the carbous at the centre of the sgualons
had come Lxom & sowurse other than mevelonate, and further

tracer work on NADSH showed that the nucleotide supplied this

other hydrogen,

Coort

| [o] ci:a&

NADH

"y st iyencd

coon  epou AP GHD

( B MADH
>
ATP

€O0R  CHaOM

COOM

?QOH
o] CH,,

3y G0

Coo 4

W HYOROGEN § D= DEUTERIUM  §  °H & TRITIUM,




Hore wocont exporimsnts have showm that the hydwvoegon
raplagenent la hﬂggld anuwn@mgpw@,dl@gqagagamﬂ is thus likely
%o have oscurved om &m imﬁ@rma@i&ﬁ@ more advanced im the
biesynthesis p&@&way Pl T am@n@ayﬂ pgf@p&@gmh$%@o Fow poveral
years, Fopjelk and Cornfort h hold to &'m@ﬁ@m@ imvélw@mg
ﬁf@limimamy inonsrigation of one moleocule of farmcoyl pyrophosphete
(7) o newelideld pyﬁ@ph@@pﬁaﬁ@ (2), with subsoguent coupling by
o mechonisn similar to the Cy-couwpling roamstions diseusved
previously, but rocently thair group have consideowed @m@wh@v
nocheniss lnveolving the rearrengement of & sulphonius @&Eﬁ%d PThey
f@uﬂ@lﬁhaﬁ the nereolidol-mechanisn did met #4% all the mogquired
storeochenicnl facts, nnd vaes made loss likﬁly by the failure %o
ieolete newr @ll@@lw@®EiW&$iW@m fwom sgualene-pynthesglialing media,
and by the faot thaet thiol im&@ﬁ@@@i&%@@‘W@m@ @h@wmgﬁ to be vital.

The curwont scheme of buvn£@°th and @@pgak dnvolves

di-alkylation of an sazyme thiel by favnesyl pyrephosphate, im

which the py?@phmﬁph&@@ again acts @m & leoaving gronp, and a
%@@W@m&=%wy® R@a?w&mg@m@ﬁ% ? of the J@b@@&u@&ﬁ muﬁph@mlmm nalt,
The intvodvotion of th@ hydrogon fwom WADH comes im she lasd
stage, Auring whish the @mgymé thiol is w@g@m@wak@@c‘ Althongh

thews 19 mo divent ozpevirental evidemce Loy this scheme, 41t is

+
A

gquite acsopteble on chesloal grouwnds, mﬁd ehove all ﬂm in
agrocnont with all the Sracew rogulte ond all the stursochemical

roguiroments of the soupling. (see page 11)



10

ThE BIOSYNTHESIS OF SQUALENE FROM FARNESOL PYROPHOSPHATE
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Tha converpion of agualens o fotracyolic twlierpsns
- h . ) T an 2 @ m&
has besn shown %o be o cseaserbed process possibly started by “OH

: . . B
vesurring from both ouds of the sgqualenme moieoule, bhub sinee

this does nrot involve phosphate esters, the detailod mschenism
is not relevent o the pressnt discussion.

Considoreble attention has been poid to the desseipiion
of the axperimental resulte 1éadin@ s0 the elucidation of the
biosynthosis of lsoprenoid molecnles, because of the rooognition,
that followed, of the impoztonse of phosphete estows in biosynthesis,
Punthormnore, the mechanisms by which these opters have basn Found
to weaed,in the formation of carbon-garbon bonds have since been
applied with confildence to the suggested bilosymthesis of other
inportent nobturally occurming compounds, about which Ffor lesa

exporinental dotail has beon evallable.



PHENOLIC ISOPRENOIDS s

A partiounlerly striking example of this, hes been the
propoaad bi@@y&%@@gi@%? of a class of compounds, kaown as phenclie
isopronoids, which ocoeuwr widely throughout natuze, and vhich, as
theles neme implies, can be dewived structuwally Crom & phenel and
& Gy -Lrogeont, of i&@@f@n@ skeleton. LExomples nwe given below
of phenolic lsopzenolds foumd in neture. It will bo immediately
obvious that the membewrs of thip short list of exewples cen be
dorived strusturally by Cz-alkylation of difforent phenols,|prgsis]
insluding phencl itself, hydroguinone, resorcinol, oyl resorcinol
end phloroglucinel, p-hydroxy benzoic ncid and 1 4-dihyiroxy-
naphtheleons, Frthermexe 1% ﬁill be sean thet alkylation is
rot comflned to C;-unlds, but can occur with longer, veolyiro-
.px@n@ia gronps, end,vhat onco en iseprencld residue is inbtrodueced,
Le im frequently altered by ving-closure, hylwastion, rearrsngsnend,
o even oxidation. The only tracer work that hes been carrled
out on sompounds of this cless hes Deenm that of Eif@h?@vgg who

atudiod the biosynthesis of myecelismemide (10) and mycophenel (11},

motebolites of Penfelllivm Grissefulvun BDlevekzx and Peaiclllium

.

a0
Broviegompactun, respeotively, and of suvoglancin , awmothor mould

motebolite (12).

-
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When 23C-oarbonyl-laballed acebic asld was fed o the Tunguve

produsing mycophencl, Rivch f@un@?gaa@ that the label was
insorporated equally into ths phonolis ﬁ&rﬁg apd the lsepyenoid
v .

Bars, whish was comsidored t@ have arioen frem oxidotion of &
geranyl vesiduva. ?xeviom&%y?g Bizoh hed shown thet the
6-mothyl selieylic neld skeleton (13) ardses in yive from
Your units of acotate, and the phthalide aywiem of mysophenol
is dewiveod fyom this.

Eater work by Bixahﬁﬁ ghowed thnt BR-Aimethyl acwyliec aeid

was nod Alveesly incoxporaited dunto mycophemel, but thet it was
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probably degraded to scebabte bafora incexporeiion. Biveh then

Y I8¢

vioved

g

bt movalonic =oild was incorporated divestly into
mysophonol, cnd that %ﬁ@ lebelling was confined 5o the side-choin.
Aithough Biveh wes wnable te show then @ machanism wheraby
movelonate was converted inte an isoprencid chaln, his problem

wos meroly o parallel to that of chemlote interested in terpens
biosynthesis. Once Bhe idenbity of 3, 3-8lmo thylallyl pyrophosphate
had boon @aﬁ&bli@h@&%@ 1% was merely & showdt step to suggest thev
the linkege of the isopremoid chaln %o the phenel ccouwvs by macleoe
philic atdack of the phenol at the @11y1i@ m@%hyi@ngg followad by
expulsion of a pyvophosphate growp.

7% is olear, however, that I1¥ phenolic isoprenelids ave
initlally formed by abtack on the pyrophosphate of the phensls,
either by the oxygen,or eithexr of the guihg- and RggL; onloneld
posdtions, thon ﬁh@ﬁ@ is often n subssquent modiflcation of the
iseprenoid r@mi@m@; This moedificetien will often bo seen 6
invelve a ringnﬁlﬁaME@p followed by an oxidatlion which may
introdiuce wnsaturastion o an OIXYEeR Luntilon.

At present there is nro ezperimontel @Wiﬁ@M@ézﬁ that these-
modifications do oceur after the inteedusilion of the lseprenoid
side~-chain, as ohown bolow, but this doen seem the mest likely
possibiliby, @@ﬁ@@i&lly after oxperinents of Birch and his

pollshorators, DPurthoer support for the preposed nohome GOoRSS
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Livom Shw vepdily-wpdo obsewvabtlion thet the isoprencid rosiduven
ero alwvays introduced at andonoidpesitlons in ke svomadic wings,

3

bedng found olther grihe- o pare- to pherolic; or phenolie

devived, groupd.

Dimethylellyl groups have re@énﬁly kaon found oveuwrring
in the non-phenolic netursl pé@du@mﬂg echinuniin (14)86 and

89038 .

teincantiine  {(15) and the wmschanism of inbrodustion of
the sids-chelin could well be analogousn to thet postulsited fow
phenollis isoprencids. Eiﬁ@h?ﬁ hes shoun thet the indele-nucleus
of tryprophan (16) is incorpovated inte echinwlinm, and therefore
the slde-cheinny oxiho- and pars- o the nitrogom nust be
Introduced by diveet alkylebion of ¥the indole systen, | Tt hes
heon suggested by Isonsvd and E@yruﬁia that triscenthine i
formad by reactiom Letwesn sdomcsine and %3-0inethylellyl pyrophose
phate, although they do not eise any experimenield eviderse in

favour of %hele suggosbtions.
MH;

T S
O¥m “ th>

R \‘\N/" ]
faenn

N g ¢ ?OQH
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Although the Og=isopren¢ild phenols desaribed above
arae of wide ooccuvrrvence in nabture, ond sowe of them, svch as
B9 \ co s . .
povebiocin {17}, have important antidiobile propertios, thare
ia e group of pivucturslly similsey comnponnds, which hag even
more impowtant end gemeral hHiolegleal funciioms, and which
ineludes the vitemins ¥ (18) end ¥ {(L9) and the co-onzymes Q

(vhiguinonen) (20).

O &)
y ? S~ R
o o |
VITAMIN K (19) VITAMIN E (18) Co-BnNzyME_ Q) (20)
0
Z e /OH

(22) {21)

40
The vitemine B ore o sories of componnde posaceaing @
G-hydroxyohronan syatom, the most lmportentd being w-togophorel

18y B = €, . H.. which hes boen found te have enfl-gberliity
B A6 Fo ¢
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properties in fenale mats, an well sz the mowve ganeral
vitemin B properivy of being an sntl-oxident. The fivst
syntheses of a-tocopherol carried ocut in 1938, invaelved
the condensation of psoudocunencl {21) with vazrious phytyl
dexivetives, such as phytolgﬂﬁ phytyl bromi@eﬁa‘&n& phyte.
di@nagﬁs in the presence of acid catalysis,

The vitamins Kéﬂ hove o pavenb Qmmathylw194amap§%h@m
gulnone (or menadione) ayatem (22), but the nsture of the
gide-chain varies, in sige gndiin structure, salthough it is
elways e substitubed allyl group, with an ilsoprencid skeloton.
The principal function of these vitemins is concerned with
thelr blood-clotting propevéties, although theixy part in the
procens of respiratlon, by participation in coupled elegtron-
teansport and phosphorylation, is just begimning %o he
wndorgteod, Vim@mim K was fgrat isolated in 1939, and ite
synthesis the same year was achleved by sondensing 2-meithyl-
Lyde-naphthoguinol with phytyl d@xivaﬁiveﬁ%QQQG

The co-gnsymes Q, or vbiguinones, (20) are & recently
dinsovexed meries of sompounds whose biolegical funcition
appsexra o he concevned with elestron-transport and exidative
pheaphorylation. The fivet known ubiguinone was  igolsted
in 1955 by Fe@tenat@ini? and the dsolasion of other ubiguinonses

piace then has shown them to he 2o 3edinethory«S-ne thyl~6-



3

&EK@mylmlg@¢b@n8@quin@ﬂ@sﬁ in which the Geplde=chain lo &
@uh@ﬁitu@ﬂ'5'9§“%ﬂim@%hy1&1131mgrmupg with an isoprencic
wgelétauu Side-chains with vp to 50 carbon atoms have beem
shown 0 exist. Bomy.of the wbﬁqmi@@m@m h%vé beon @y%ﬁh@@ﬁ@@ﬁoﬂﬁ
1% iz vemazkable that vexy 1ittle
experinental detse is aveileble ebout the bicsyanthesis of
these vitaninsg and co-enuyres, in view of the feet thas %hey
are so importent in blological symﬁémao Ho work hesm been done
on witamin Epﬁa and the only vegulie on vitamin K show thab
all the vitaming ¥ in mammelisn systems ave degraded o
mexnedione {22) before conversion to vitenin K%gdi (19, R e
[ o0y ~CH, <GHuCuln |4 CH, ), which is the active fowm. @his
isolated sebt of experiments has showun that 2-18C-menadione is
60
ipcorporated into witemin K, Iin vivo.
The biocsynthesis of the whigninones ils batter
subhenticated by expeoriment, and two gwoups have shown thatb
Bl PBE 268 C B4
lahslled wevelonate, and acetato, pre incorporstod
into the side @ﬁ&im of mbiquim@n%ggy,Expﬁrimantw have also
amon carried out showing thas the mothoxy groups @ém@ From
“he Qampmolsﬁ and that phonylalenine probably ig involved,
1ivochly o imdiw@émlyg in the formation of the swomatic wing

5o
ByBLen.
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Desplite the lack of good experimental ovidence op w0
the bieasynthetlc pathwaye of easch of these vitening and
so-onsynes, buggestions heve neveritheless boan m&dag@? that
1n the case of the ubigquinones ab least, the isoprencid pidoe
choin is introducod by & mechenism similer %o that for the
Gg—-isopronoid-phenols. This wonld reguire that the lsopreancid
pyzmyhoaphatw'im attacksd by the hydroguinone precursow, and
that the guinone is formwed by oxzidetion of the alkylated

apecles 1.¢.

OH
MeO
/
\\ . \ el """}
Me
Ok -
o]
0
MeO. -
R &=
MeO/ -
' O

Although not direotly within the seope of this thesia, 1% ie
worthwhile noting the latest idess on the funcilons of

Vitomin K and co-ensyme @ in the process of oxidatlve



wﬁaﬁph@wgl&ﬁinng 8 beri whickh refers o the coupling of eiteig
peld &xidaﬁimm to the synthosis of sdencsine Hwiphosphaie (&T?};
from sdenceine diphosphete {ADP) and inovganic phosphate. The
enact mechanism of this synthesis of ATP, whioh is the principsl
aourse of energy for cellular function, is not known and
ehomiste have Sried fowls@varal years 0 suggest plouwweidble
SChenss .

The wide cocurrence of co-sngyme @ end ite properdy of
vegtoring the capacity of mitocshrondiriaz Hto oxidise succinste
in the presence of oxygemiﬁ aftey extraction with nostone,
have led blochemists to the belief thet co-eongyme § and the
clogely welated vitemin K ave intimately concerned with |
oxidative phosphorylation and elesitron-trenspors, Chamilats
and blovhermists have been sityueck by the s trustural Bimilawdty
between ce-enayms Q, vitamin  end oxidised vitenin B, and
the more wrecent schemss of oxldative phospherylation have
given chemical aignificence %o thess aimil&ri%i@@g espocislly
the 2-apathyl and J-unsatureted alkyl groups in a l,d-gquincna.

Amomg those who heve bturaed their attendion te the

He - 80 , '
problem sre (lerk and Todd, Chmieleowsks, and Leodorew
and Vilkaagaa and the most racent aﬁ%&mpﬁ to clarify the

62 - i
chemistey of oxidative phosphorylation  ig vaproduced on paga 23
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The proposed mechandsm, whicsh wses eonly reactions Low which
there 15 sdequate pm&cadeni onvinages an coidecatnlysed
rearrangencnt of the guinone aystem %o & quiménewmethi@e (24},
which then adds inorgenie ph@mph@tgglfollwwa& DY & TORXTENLO=
ment of the phosphete to §, of the system. Reduetion and
further roarrangoment produse the guinolephosphate aystem (23),
which veedily undewrgoes @xidationv%@ produce the pereant guinone,
Y% will be seen that phosphate is lost in this final sitep,
during which ADP ie converted to the moxe important ATP. The
chemical enalogy for this oxidative phosphoryletion has been
839264
provided by Clark and Todd, who have oxidised guinol
monophosphates in vitro in the preseance of owrihophosphate
and isolated quinone end pyrophosphete. Perhaps the beab
snalogy to the 1;4 addition o the quinome methide (24) has
heen the expsriment of Brodis and Ruasellgﬁﬁ who have obieined
the acetate (257, from an experiment on vitemin K in the
pregsence of acetyl chleride, aud elais that this is evidence
of the presence of the gquinons mothide foxm of the vitamin.
Murther aviderce for the existence of gulnone
methides dn chemisel systoms has come from the ldentifiesntion
of compouvnds which can be sirucbturally dewived from thaese
wastable &ystem@éa By treatment of vitanin K%QQQ) wish

. X o
sulphuric aold, Folkers hes besn able to ipelate - o produch



vhich has a dimeric stvucture (27), and which is elaimed %o
have arlisen by a Diels-Aldew type of 1,4 mddition b@%waem
two molocules of the quinome methide (26). This oubstanceo
has the seme sbruchure as th@ product obtained by potassiunm
ferricyanide oxldation of the reduced @hrom@ﬁgl form of the
vitamin (28).
ﬁm&logoﬁa reactions have besn trisd by Isler smd

.@oawgfk@rmﬁg who oxidised aw g-tocopherol dexivabivelgito give the
quinope methide (30) vhich dimerised to a product of &iructurse

(31).

PROPOSED MECHANISIM OF OGXIDATIVE PrOSPHORYLATION
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BIOSYNYHES TS OF PHYASUING (33) AND FOIIC AGED (36)

G o
In 1960 Ceminior snd Brown  published the resulés

ef o gsexries of :ﬂ.ﬂ%’@stigaﬁioﬁa into the :bzl.oﬂ;;n'i;he%:i.@ pathway
by which the pyrimidine moiety (32} of thismine {Vitumgn b., )
{33) im Joined ¢o the thiazole (34). They found thab phosphate
and pyrophesphate esters arve fnvelved and that, in the coupling
atap, pyrophosphate is acting as o leaving-group as the C¥

bonrd of the bridge is foxmed,

Ny CHaOH N- '
@ X L,
N 9 -

Ny, ™~ CH CHy O

ne/Mg | NN

<

v

’Q}.

\ R‘\s e
/“\ -+ '
o
N NH, 5’

CHyCHy-0-()

v

(B): PHOSPHATE )\ ‘\ j
w? g

(33)

CHaCl-lzm-l
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The pyrimidine modety is phosphozylated on the
"hongyl-type' sleohcliec group, and this is then attacked by
the basic nitrogen of the thiazole moiletdy, the pyrophesphate
beilng lost asg i%s magnesium complex.

This bicsynthetic scheme is the only one proven iHo
date, in which a carbon-nitrogen bord is fovmed by atteck
of mitrogen omr the eleetrophilic group, allylic ox benzylic,
of » pyvophosphate estexr, although there is recent avidengewogwg
that the condensation bevween pmaminob@nmoie acid and 2-aminoe-
4ahydroxy96ahyﬂroxym@tﬁyldihydrOPteri&in@ (35), vhich reguirves
ATP has a slmllar mechanism and wlétimately leads %o folic aecid

(36); the ptewidine growsh-fastow.

QH

Co-@®
3 < -
Ny ‘//// g N j/ CHE (] ATP N ’)\| /N\T Cﬂa,"@\\"@ CO0
——
X My N ~

Uy N N M l
(35) C coom
O e ~
) R N On e
» Gola MY ol CH-COOM - :
il = \ / j N /N\/&“?-
g oo Ty
Xy 7 cH
e N N P Hgff§§N Y

ceok

(36)
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BAOBYNTEES IS OF ACETVIRPES AWD ALLRYESG

Suggesvions have beop mede recently abouat the
blogynthesins of &@@tylmm@ég pelyacotylenss and allensg, and
that the Finel sitoge im the formation of the escetylemic bond
involves phosphate esters. In parbienliay, Jouss hos @ablish@ﬂwg
idoss on o detailed mechenism ebtaxting from the polylkoto-
methylenre aystons known $0 be produced Tvom aCeTREE ProcuTLOrs.

| 23 924 . :
There i¢ some evidongo that acetate wnldts srye Jjoined head
to tadil %o form the blesynithetic precersorz of acotylenes awnd
sllenen, and that the resultent polyk@%ométhylen@ aysten
produses the asetylens or sllene bonds although the periici-

ration of pyrophosphate hss not yeot boon demonsizatod.

CooH COOH
0 i g ATP
@F'g'@"ﬁ“coﬁ\ L CHZ s CMB"C ""‘“’&:"‘
| !
C0O.SCaA COSCon
A4
‘%'
G
=0
-~/
OP-0 + CHz-czmc-COSCon + €O, < CHy = € ==
!
{
»0 €0-5CoA
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The above scheome is o simplificd version, usin

&

enly one
melocule of aceiate, bub it nevertheless illustrates the
mechanism whereby the @nolmpyféphaaph&ﬁ@ decomposes in &
concerted veaction, the driving Toxece for which comss lawvgely

from the carhon-dloxide formmtion. In this respest, iv i

¥
A

rot wnlike the concerted d@@&fh@ﬁyl&tionmd@hydﬁ@tiom of
megvalonic acld in terpene bilosynthesis. One injseresting
result of Jones' theory haa‘bean the effoxts of two groups
of chemiglta 0 sxperiment with chemical systens dealgned an
nodels of the bilosynthetic pathway to acetylenes and ellenes.

Perhaps the closest analogy comen from the work of

VH OVEG VYV

Cralg eand MNoyle, who have prepared the diethylphosphates
of various sctivated enols and treated the phosphotriesters
with bese, causing decomnpesition and formation of asetylenes
or allenes., For example, phenylacetylene has been prepaved
from the vinyl phosphate (37)?? and phenylallone from phenyli
&eet@neiﬁ In & fuvther seyies of exp@rim@nts,‘ an
acetylene and en allene have been prepared simuliancously,
by d@@omp@&@ng with ceustic elkali, the diethylphosphate of

the doubly-sotivated acetons {58).



RN

GH a 0
H H Na /N
Ph-C~0- P~ 0B+ / % Ph— Gz G
|
QE¢
(37)
CHPh B
i ] Ner f NH3
Mw@mﬁn?wdﬁ‘ s Ph Gz € == Crly
06
MeGOG Clilg, F:000-Cley, o MeOGT €1t 5 C 2 CH COOMa
) 1] NaOp
e A§~0w7~0a- i e
)
(M2Q0C= Cliy MeQ0GCH Q& MeQOL-C2E G~ L, COOMR:
(38)
: , A o wao7e .
Pleming and Harley-Heson have alsoe prepared acwtylenes . by

concerted mea@tionég enalogove to the suzgesited bioayn%h@a&sg
in which p-bromosulphonate is th@'l@&vimgégrompo Ly gould
appear that th@@@.mmﬁal experimenss requive greater acbivation
then the covvesponding Jn vive synthesss, apd this hes ususlly
beon obvained from phényl oy carvbonyld grounps.
The examples cited abhove Tyom the hiosynithesis of

various typos of compounds are quite sufficient o iliusbrate
the importence of phosphates in blogsynthesis. Ho mantion

has bosn made of the imporbans




b1
piructural Yunctions of phosphstes in REA and DWA, and of
the paris played by phosphets swters in carbohydrate meptaholicm,
peptide aynthealn and blotin chemilstzy, beosuse they are nob
relevent to this thesie, sithough this does not imply & failure
0 wrecognise thelr pert in bthese procesass.

In the final section, on acetylens bicsynthesis,
attention has been paid to the value of model, im vitro,
experinents in cbtaining chemical support fov p@aﬁul&ﬁad
blosynthetic schemesn, and the prineipal aim of this thesis is

0 desgribe and essess the velue of simllar exporiments
p

desigred a8 models fox some of the systems described earlier.

SYRTHER IS AND PROFERTIES OF TRIDBTING OF PHOS FHORIC ACID

Althouwgh it 1s probably e falr claim, that the
ayatematic study of phosphete estexs begén with the experiments
of Todd end hir school at fambridge in 194%5, there ave, neverthe-
less, ilsolated casem im the liverature of the pwreparstion ol
triesvers of phoaphoric acid and svbsequent exemimnation of a
few of thelyr properiies. For @xampigrmvanmaa prepayed the

trialkyl phosphetes of aliphatic alcohols by dveatment of the

Fd

alcohol in pyridine with phosphoerus oxychloride. Latex
workers showed that trlialkyl phosphetes could be de-alkyletod

B2
by phenols, @giving low yislds of alkyl phenols, and thab
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2

othars could be pr@duc@@@ by treatment of trialkylphespheies
wihth highmboiiimg aliphatic alceohelsa, T@em@ early ezperimenss
however were rather crude, especlslly because of the Limited
types of triester known befowre 1945, resulbing in the use of
exirerely high temporaitures 4o chtain low ylelds of producss
which can now be syntheslised by more refined methodm.

in 194%, Todd bogenr to study organic phosphate eaters
in order to »implify ond undevstend the chemistry of poly-
nucleotides, and he was especially initerested in chemical
methods of wemoval of benwzyl estveorifying groups from benzyl
phosphates uvsed in nucleotide synth@aiéo Benzyl groups werse
freguently used as prodecting groups and the known methods of
ramoval, hydxrogenolysis oxr mild hydrolysis, wero sometimown
not delicate enough. Usilug the resgents dilphenylphosphoxde
ehlorid&ﬁe%a and ﬁihanmylphnsph@rcchlari@at&fﬂ Todd and hie
@Dll&h??&t@?& a&nth@aim@d mized phosphate essers, in vhich the
@sterif§ing groups benayl, phenyl,or alkyl could be varied,
glmost at will, Duzing @xperim@mtwga on the phosphorylation
of aloohols with dibsasyiphosphorochlorlidate, 1t was obmewved
that the phosphorylating reagent wes decompesed by tertiary
amines, which sttacked one of the benzyl groups, csusing &

de-hengylation of bthe phosphorochioridate.
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o
i @ & %
By W & (PhOH, O}y =P-CL .., [ByN.CH,PajC) + PhCH, 0,P(0H),
0
@ &
By W+ (PhOH, 0)g =P=0 ———> [RyW.CH,Ph] [0-P{0CH, Ph), ]
Ry ¥+ {PhO)g=P=0 ——z o Resction

In the seme paper it vwas domongitrated thed tribenzyl-
phosphete undervent & similer deccomposition, bult thaet triphenyl-
phosphate was guite stable to tertiary smine, Iatewr Workas
by Clark and Todd exitendsd this situdy, showing that other bases,
primery and aeccondary, had simlilar de-benzylating properiies.

It was then di@eovar&dﬁw thet anlons, such ez chloride
dexrived from lithiuwm chloride in ethozyethsnol, could bwring
gbout analogous de-bengylations, such a3 the decomposition of
tribenaylphosphate to beunsyl chloride and dibenzylphosphate,
shown below. o

(PnCH, 0), mgmomeﬁm =P+ @1@ ety ( PRGE, 0), B0 4 PhGH, C1

In 1954, it was shown by Taﬂﬁpgg that antionic
do=-alkylation of alkyli-phosphates conld oceur, anuld thaet this
depended upon the aature of the other esterifying groups.

When o serxies of p-propyl phenyl phosphates were itreated
with ehloride, it was foumd that de-slkylation ccourred
sucgessfully i¥ there wexe two phenyl groupg present, butb

only slightly when there were none.
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(CH;CH, CH, 0)g ~P=0 + G1

> GH,OH, O, €1 {(tvades)
0
cmgcﬁzcﬁzomp(oz?n)g + 017 ——> CHy0H,0H,03 {gocd yiold)
513 .
PhO=P(0PR), + 617 ———> po weaction

.Twa @f.wadﬂ“s gollahorators, Keunew ané mmtherq
later brovght sbout d@b@nmyléﬁion of banzﬁiphoaph&t@m with
phenQIOQQ They found that treetment of b@ﬂmﬁléﬁph@nyighosphata
wieh eﬁgeaa phenol produced & mixture of o~ and Eyb@nzyl phenols
but that @imil@r treatment of dib@nzx[ph@njiphcmPhat@ and |

tribmn@ylphosph&t@ produced poorer wesulis.
' (v'¥] oH i:h

0

0
il
PhCH, «0=P=(0Ph), + ——

+ HO-P( 0Ph},

Clilg, Fh

T4 will be noted that almost all these reachions
produse & partislly esterifisd phosphate, such as diphenyl

phosphate, and Todd p@&f@ﬁﬁ@ﬁaa g method of isoclation and

identification of these, which dependad updm,th@%r property

of forming salis with cyclahex&l&mim@o. |
This account illusitvaies adequately the progress

nade by Todd’s group in the elueidation of the chemistry

of phosphate esters, although



it is far from being an oxhaustive survey of all that they

have asegﬁplimh@d sinee 194%. Ko refevence has boen made to
thelr work on sugawy phosphaites and on the h&@rélyti@ propersies
of mono, di- and itri-esters of phosphorie acid, which bheve mora
bearing on ths problems of nucleotides and pelyawcleotide
synthesla, In essence, the work described above is & summary
oi the propertiss of phosphate esters, snd in perticular, of
how they react towerds nucelophilic attaeck by the nitrogen of
amines, by anions such &s hallides, end by phenolic aysiems,

The conclusions of these experiments ave exwtwemsly imporéant

%o thig thesis, because they form the theoretical background,
upon which are based the model experinents about to be
describaed.

Above all, Todd's euperiments have shown that twlssters
of phosphorie aecid, which oflen umﬂ@fg@.mucl@ophili@ abtack
at the phosphorus atom and ave thereforve phesphorylating agents,
can bs mede Ho un@efg@ mucle@philic attack st the a-carbon of
one of the egsberifying gwoups and thewefore act as allkylating
agonts. The latter clirveumsibance is févcuyﬁa by phosphate
esbtors whi@h‘p@a@®mﬁ one electrophilic a-carbon, such as the
m@thyl@n@‘@f'benzyl ox allyl phosphates, or alternstively twe

esterifyilng groups, such s phenyl, whieh tend %o stebiliss Gthe
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w

ph@sph@ri@ acid anion genezeted from Ltrlesiers aoiiag es
alkyleting egonts.

1% gouldd thus geem highly Likely, ﬁhat wriesteyn of
phesphorie aoid, in which bhoth of these Tactors are favourable,
vounld be extremely sfficient alkylating sgents. For esemple
the twieatexﬁg bensy idiphenyiphosphate {59) and allyldiphonyld-—
phosphate (40), would be expected Ho fulfil this fumction, and i%
is with the properties of similar esters shat this thoois is

concayrnad,

o} 0

n i
CHp= CH~ CMy~ O = OPh CH O P~ 0P

l o

oPh CPh

(40) (39)

The contribution made to the understanding of phosphabe
gater chemlistry by Wodd's groups mey be gmﬁg@d by the light it
has thrown on the bi@aynth@%ic schenes described previouasly
since 1% would soaxcely have besnr possible %o posbtulates the
mechaniams of blosynthesis of texpenes, pﬁenolie lasoprenoida,

or vitamin B, without the mnéwledg@ gained from thelir exporiments.




DISCUSE 1O
AR BT S R T

{1) THEORETICAL:

In the introductozy mectiom, 1t was poted thad
the experimenis of Todd end his collabovasors have cleazly
demonatrated that phosphete caters, such as propyl diphenyld
ph@@ph&ﬁ@ and bensyl diphenyl phesphate, can act as alkylaslng
agonts, and vore therefors similar in proporties o Ghe allyl
esters of aryl sulphoenis acids. Eefore descwibing the
resulte of the variows experimsnis using phosphate csters,
ohich fowm the main part of this thesis, it is imtonded 5o
disouae the Testovs which cnable these estewrs 0 aet as good
alkylating sgents, and then to outline some of the mechonicns

by which the alkylation progess may QCCUR.

Hydrolysis of Qarboxylic Acid Eesterss

It has long boen moogunised thas the hydwolysie of
aliphatic carboxzylic seld embers Bay proceed elithsr by
alkyl-oxygon Lission or by acyl-oxygen fission and
standerd textbooks on organi@.raa@ti@n npechanisns almosy
alwayn disouss these two pé@ﬁibili$i$$o @h@_mexa GOmEOR
proceas, aoyl-oxyzen fiéai@ag opsourg in bthe bhasilsc hydrelysis
of nost oaters of prinsxy end socondery aleohols, apd is

& bimoloounlar reaction, ms illupirated Loz eyl seetnte {(41).
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- O & (=)
@ ] I o PR lg i IV 9% 9 ? ey
G o OF ~Uw0-Cl; O, CH, QB Oy w0 HO=Co0H, +  O-0N, CH, <O, O, O,

(41}

O O o
i ® i@ I
OH,COH + O-CH, Gl Gl OR, OBy —ems CHyo8o0 & Ol O, GF, 0L, 01

In she bagic hydrolysis of esters of tortiszy slochols,
and of sovtaln secondary alcohels, the alkyl-ozygen bond i
brokken, srd the reagblon is unimoleculaz. Phe »aio-determining

step ie thoe prelimisary ilonisation of the estew, as illustrated

below for t-butyl bensosnte (42).

0 GH, O - GE,
it { : @ o & :
PosQ=0=-0-0l; == PG00 <+ GHg =0=Cly ———> PHoCe0 + CHj==08

| l |

GH, Gl iMy
(42)

The cerboxylsto lon is thus a lggvingmgraup in an Sﬁl
rencbion, end the meaction will dake thie course wh@n'th@ enteriiye
ing-growp is capable of forming o stable carbonium ion. The
waimolooular wechanism will thus be favoured by Sertilaxy esbers,
and by secondaxy estevs, such as benxhyduyl or subatitvied allyl,
and wlll be enhancod by wsing solvents of high dleleotzie gonstend,
which ald chorge separvatlion during the preliminsvy lonisotion.
Other Tactors; such as velie? of sterio himdvanee, and Favoursbld

induotlive and olsctroneric offects of eny substitvento in the




Fhosphoric Asid Tstexvss

| The basie Eyﬂrplyglé éx @éyﬁéﬁyliQ é@é@ esters: v o
pér@i@mlmw sase of nucleophilic atteck on eztops whish have twe
ov pove possible mites of atback, ond the peas pﬁiﬁ@iplqa uny he
applicd o musleophilic &ﬁ%&ek on epbers OFf phosphorie acid, in
which either the phopphozus or the a=carbon of one of $he estesie
fylug gvroups mby be aﬁta@k@do in bhe formé@ cese, the esgtew

will ast es o phosphorylating agent, resulting from onygon-phosplorus
bond oleevage, andl in the second case the ester will be an alkylaete
ing agent, resulting fzom oxygen=caxbon bond cleavags, although,

as 7ith eaxboxylic agld esiers, there will onldy be a distisguishable

product difference in nonebydrelytic vesotions {wnless tvecers eva

uaed ),

Phosphoryiladions

RO A ro_ ] @ ®
Mo o3 PoO-OERI o Pl w QeGH R
RO ro”
Alkylations
o

OR RO o é

A
e ROGH, =0=F et Pa) ¢ RGH-H
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The generel reacviong of plhnephorylation and olilkyletion ave

showa above, bt dhe nucleophile may bs sun anlown; or g ruliipie
bond, wathsy than any specific, electron-rich atom, sndéd the Linal
produsta will often resuld fvom proton-trensier botweewn the
indtinl frognents. .

Mechenism of Llkvlistion Hegobiong

Fhe alkylation weaction will sleawly be preferved,
when the c-oarbon of one of the esterifylng groups is electron
deficient, and this is the cese with bensyl phosphaien, sz shown
in practice by Todd's work. Another impowtent fastor will be
the stabllity of the snionic Tvagment prodused, aad when the
too ronelning esteriiying groups ave both elecbron-withdrawing,
ag with phenyl, the anion willl be considerably sitebilised.

Onee agelin, Todd has domonsbrated this effest, by comparing the
propartien of twialkyl phosphates with those of alkyl diphenyl
phosphateony the diphenyl phosphate anlon, which sor be foxmed

by whe lattew, has each main genonical stzueture stabillised by

alestron-withdraval from the orygen-phosphorus sysStaR.

Sescasiae.

(\Om




Although swch csonsiderations show why the alkylabio
reaction can coccour under favourable eirecunstenses, they do nob
give sny inddcation as e the mechanism of the nucleophilic atback,

which was illustrated cbove as ocourring by o coRcerited process,

butb which sould well have been a stepwise woacltion,

0 O ; 0
RO T / RO\ @ vy RO Jle @
P-0-CH,R g P-0O + CHR & /P‘..O 3+ N-CHLE
R0 rRO” RO

Th@ @h@m&m&wy of phosphate esters, sneh as al y1 diphenyld
phosphate, thus becomes similer to that of aliyl ha“id@sg the
nucleophilic desompesition of which has been the subjest of mueh
nechanlatic work carried out in the. last thivty yearz. The
literature shovs abumdantly that allylic compounds mey reast with
nucleophiles either by a vaimolecular o by & bimolegulay ﬁ@ch&nimmg
deponding upon the solvent, the émb@%iﬁuﬁiom of the allyl system,
the leaving group,and the nucloophile beilng usaed. Although the
diphenyl phosphate &nion is a different leaving growp fwom %ho

@oRe common halide dom, it is n@v@xﬁhalﬁs& worthvhile studying the

factora which m@?ﬂally govern these alternetive nechaninms

Unimoloculey Reactions

Tho uvnimoleculaewr reszotion of ilyl compounds unndoi
nusleophilic edtask Pequires & preliminnry ionisation %o
mosomerie carboniuvm internediote, and subsequent reaciion nay

pregesd with either rotontion o reareangemsnt in the allyl systemo
® «

CHpmCH—CHpX === CHpmsCHeseCH, v X©




4l
Becaunse of tho delocalisation of he positive change over % cavbon
genbres, the cation I8 extremely sbtable, and this expleims the
increass in rate of 25-fold on comparing allyl.ehieriﬁ@ wikh
propyl chlovide in hydwolysie E@a@%i@%&%g
I the allyl G@mp@uﬁd is nnsubstituted, any rearrengameny

will normally vemsin undetocted, but when 1% is substiitnied

esymmetrically, resrrengement will xesult in two products, @.5.

& ORI
RCH=CH-CHX semmd RCH=sCMz=CH, ¢ X s R V)-CH=CH, ¢ RCH= CH CHgY

Purthormore, the aubstitublon will affect the vate of reaction,
oibther by eleoctronic or ateric effects, as is readily éh@w& by
the fact that 3,3-dimethylallyl chloride uwadergoes sthanclisils
2200 times more rapidly them allyl chlori@@cﬂl The cenhonced wate
is dus to éh@ electron-raleaning effect of the wethyl groups aiding
the lnltial lonisation, and also stabilising ﬁh@ reguldant ocarbonivm
don. Si;r@itwaim?:% sonsiders that the %3@:@.&1@1«5&3@;’1@11@*1 gation
iz move aveble than the tobﬁtyl esbion, which in tuen is move
stable thean the 3-mpthylaliyl ion,

Th@ effoct of solvent poleyrity wupon ﬁh@4ﬁwl ropstion
of allyl compounds io also gquite striking, and Y@mmggi hae
provided mweh evidonce, that %h@ highor the dislectwio constand
of the golvent, the faster the rate of resction. This ié hexdly
surprising, sinse o polar solvent will considorably aiﬂ_ﬁhg
agparation of the halide and cavboniuvm ionw, abd hydroﬂyli@
solvents shoew particularly atwong effects, because of their

ability to molvalts the anioric loaving-gyoun,
A% & = 0
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The pature of tue leavingegroup mey also be lmportant
in vnimnolegular xeactions, and some guldence may be galned from
peudias of the stebilities of lgﬁvingmgr@mpagi (@a osbtimeted by
the sirengths of the conjugate acids). The pKy of diphenyl phos-
phate is about 1.0 indicating theat the anion will be o leaving
grovp, compareble with the avyl suviphonstes which have been used
widaely in mechenistic studies and 1n synthesis,

Thus, aithough substitution &t primary carbon atons
very often procceds by & bimoleeuler mechanism, 1f this cavbon
ie part of an allyl system, especially one substltuted by alkyl
grouwps iwn the 1, or 3, positions, mucleophilic substitution may
well procesd by a unimoeleculsy mechanism. The unimolecular
wechanisn novmally proceads with some rearrvaungoment in the
allylic system, and two producis are formed, although the
proportion of resrranged product will Qepend wpon individusl

repstion conditions,

Bimolecular RAsactions

Ap noted above, nucleophilic substitution at pyrimavy
carbon proceeds wsually by & bimolecular process, but onee
again aliylic systems wequire special conmidoration. Allhough
there is, in pyinciple, the possibility of formation of a
rearvanged product by an SNEQ process, no exparimental evidence

hag boon obtained to show thet wenrrevgement ocours, omsept in



@

, . D208 el
j-pngubstituted btertiary or secondazxy allyl compounds.

Ally Ll halides have boenr found aslvays o underge
bimolecunler nucleophilic surbstitubion &% a Tasler rate then
the corresponding saturated compounds. The zeascas for thie

_ o0Yes 205
ara not really understood, although several attempts
have beem mede to explelin the trend. One of the principal
difficultiss bas been %o degcide 1f the allylic carbon uudes-
going substitubion hecomos more positive in the transition
state, beceuse if this is the case then the trensition-state,
during snionle nucleophilic atiack, will be stebilised by

Glefin participation.
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y® Y 7
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Furthermozxe, this participation will be enhanced
hy slectron-relessing groups on the S-position of the allyl

2

pysbom, and when these axe methyl, hypervconjugaiive sffsecto
D3 .

are balieved o be imporivant. Gopld hes elso discussed

the Aifficulty of estimeting She relative slectron-densisy

st the allylic caxbon imn the transition-gtate o any 3N2

subatitution, and aseribes the incressed wate ap being due




44

o the abllity of the double-bond either to wibthdrsaw slactrong
from,or %o donetd sloctrons %o, the allylic cevdon, and hense
stebllise tho tranaiblon-gtate, according to the wmegquilronents

2% the substitution cendtra.

Solvelvels Renetions:

The difficulties of prodisting the machanisn of
nueleophilic substlitntion in ellylic systems are thuns
comagiderabhle, and several workers, notably Wim&t@imiz have
exprassed viswe, which pledture soy @né allylic aystem to be
&ubm%it&tad by & simgla mechanisms which will be indoxmedinbe
E@%W®@@ the Smﬂ and Sﬁﬁ extronas, ag proponed by Ingold and
ngh@@og4 in p&r&i@ml@w  Winstoin regards solvolysis reactions
(1.0, reactions in which %h@‘mm@leaphilic subgtitution is cerried
out by the solvent) as having a complete ppestine of machamisms,
but that the single mechenism in any omne cone will be dependeont
wpon solvend, sub@titu%igna and lesving-group. For example,
allyl chloride uwndergess & solvolysis in ethenol by en bimcleoculsw
nochanism, bubd 5g3=éimethylallyl ehlori&@Aaalvalymea in ethenol
by a waimolesular m@ch&mismfj thug %hé @ff&@% of oubatitution
heo beem mob emiy %o . incvesse the mate, bt also Yo ohange Ghe
m@@hamimge

In polvolyeis renstioms the kinetdies will be fivste

ordar, becavse in & bimolecnlar reaction it is mot noymelly




possible to detect changes in solvent concantestion, and.

this means bShat SNR and 8.2 weacbions will give kinotilcally

i
indiatinguishable vesulta. Qften, thersfors, o docision
bYetween the alternative exitrene selveolysis machenisms has
50 be made on grounds of sopposition and meture of produshu,
ard the choice cen be almplified becauwse of two important
facta sbout sach type of mechanism. Pirstly, 4n the wnie
nolecular rea@ﬁion of allyl @qmpouudag evexry sysitem, in whiosh
the kimeties hmv& heen clearly demonstrated, has resulied
in thc pr@ductlon of both the normal and th@ raarraug@d
produ@%&. Secondly, allyl @ompougas wndergoing weastion by
a bimolesular procens heave never boon known %6‘zm&rwang@
when the imp@&iﬁign in vnaubstitubed, i.o. when the alliyl
pyoaten i@ pvﬁaa@

It is worbthwhile noting, in view of Sho woschions
e bo di&cua&aé 1@%@3 in this thesis, that bosh the above
osonditions have been abundantly denonstraied iw the cage of

-

3p9=-dimethylaliyld h@liﬂég'mmaﬁxgo ing nucleophilic substitubion.
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(2) %rRPBNOID PHODPEATES s
It will be reealled that in the Introduotion to this
thesis, i% wa@,natgd Hhat it has not bheon rigarauaiy eoteblished
that gevenyl pyvophosphete (6) is the divect procursor of all

3

m@n@%@xp@n@éﬁ Turthernowe, the exact mechenism of the in vive
formavion Qf monotorpencr ls s%ill not clear, and some coniroversy
84311l surrounds the guesition of whethexr geranyl pyrophoshato (6)
produces moncverpsnes by & congerted, or & stepwise process. The
concept of dntramoleculer partigipation of the pyropheosphalto
legving-group, as suvuggested by Kmﬁoweri?haa given these mechanistie
speculatione & new dimension.

During the period 1956<=1959, it firet became cleay
that gerenyl pyrophosphate (6) played o vital xole in the
blecgynthesis of terponse and uteroids, and, shovtly slterwazds,

96 296

Todd speculated that an ester, such az gevanyl dlphenyl

phosphate (43), might eyolice %o give limonene {44) and Aiphenyl

phosphatea.
\/’ \//‘
: 0
O semmnls -t HOmeOHV
i
/\CH?_“O’-P“OPH o OPh

W o

OPk

(43) (44 )




a1

The monoderpencid aloohols, gevewiol (45) and norol
A46), have long been wegognised 25 oipe and trang- isomers of an
anoyelic primery aloohol. %he stoveochemisbtry of thase aloohols

1

was esbtablished after 1% was disecverad  thet sack could bo

syclised with mineral avid to ¢-terpineol (47). Since mewol (46)

b T B
l . I OH
L
CHa 04 [’/"{g‘\}" . r‘
(45) (47)

(46)

syclisod mveh more quickly, and wnder less vigorous sonditiops,
1% wes therofoxe likely %o be the olp-isomer. The acld-gatalysed

\ . 99
oyolisation of beth geraniol mnd neroel %o o=torpineol is bolieved



.

to be & process invelving agliyl carbonivm lons genevatod by

protonation of the primary ollylic aléchols and subseguent

I

dehydration,

Si@ga there wes no resson to helieve that g@é&nyl:
@iph@nyl'ph@@phatg {43) would necesserily @a@cmpﬁa@ via o éxa@
sarbonium i@ﬁv and horce veadily oyclise by & sochanism similas
%0 the above, 1t was ﬁacid@d‘%a'invegﬁigaﬁ@ the chewmistey of
goranyl and nexyl diphenyl phosphates. ' Is waé hopod that
the differing atereochomindry of wach of thess @B%éra Womlﬁ
cauge them %o decompons to different products, snd perhaps &g

diffarent ratos.

P

’

(i) Monotewpons Productns
| 1% hiee ﬁa@n found Hhot both theve @mﬁérevd@@@mpasw
raedily wn@ﬁ @lla%ad‘t@ stand ab 37°0 in an 4nert solvent, such
a0 mmhyﬁrﬁma éi@ﬁhyl othes, and that goranyl diph@@yl vhosphate
{43) decomposes nlowly to give the aeyclic trienes myrceme (48),
and oclmone (42), vhorees néxyl diphenyd ph@spﬁ@ﬁm (50) dceomposes

vory quickly %o give maimly limenens (44), & oyelde oReBoTRENS .
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T Y

- Q
0 = I~ * HOw?%m()%
"A\(Hf—o :? ~(Ph rﬂ Sy OFh
OPh
(43) (48) (49)
S~
o9
CHy~Q=P=FPh (1:1)
J Opl e +  HO~P~OPh
L §
OPh
(50) (44)

Unfortunately, these decompositions are not so simple
as the above equabvions imply, end conglderable difficulty was
experionged in separvating the hydvosarbon prodnets obtained
from alunine column chyomatography of the crude xeachion
products. The composition of the hydrocarbon proluets way
doternined by ges-liguid chromatbograephy, aéd individuel predwsts
woera obisined pure by preperetive ges-Lliguid chromesogrephy,

and, where poosible, identified by spesivroscopie methods.




The hydrocarbon produsts from goranyl diphenyl
phoaphate {43) were obtaived in the proportions illustrated
by e bypical gas-iiquid chrometogwam (Figuwe A). Of the sizm
products, the first two are myraan&(@@} end ocimene (49), the
npext two trace producits awve probably monoterpencid hydwocarbons,
end the final two are sesquiterpens hydrogarbonaz, It is note-
worthy thet ocimene {49) was alwaye obvained in greater asmownts
then myrcens {(48), although the letter is by far the moze common,
and is believed tt0o bhe more ﬂt&bl@o@ﬁ After three wesks at 37°C
the total yield of hydrocarbons was about 40%, although this
figure depended upon concentration, as did the proportion of
monoterpenes in the hydrocarbon mixture, which contained T 5%
of myrcene and ocimens, when the phosphete concentration wes low.
Infrared snd nuclear magnetle resonance specirs
provided the main evidence for the ildentificetion of myvcens
and ocimene. The data of Hovats gﬁ_@éfigg who separated
and studied the structures of all thé possible ocimenes, was
ueed to show that the occimene obitained in this experimont was

trangs-B-ccimene (49). The a-ocimenes, which have a terminal




GAS-LIQUID CHROMATOGRAMS OF PRODUCTS FROM THE DECOMPOSITION OF 63

TERPENOID  PHOSPHATES In ETHER AT 37°9C

FIGURE Al GERANYL DIPHMENYL PHOSPHATE PRODUCTS AT 214°C
ing.
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igopropenyl group, do aot have o tyiplet at T.2% im theiw
nuclear megheble rosonanse speobra, snd the gle~-iponery ahsorb
al 159§'@moma in the infraved, vheress the itrang-iscmers absarb
at 1609 &mo“i {cig~ and trans- refer to Ghe configuration aboud
the central double-bond).

(i3) Sesquitowpons Producisg

b hes been noted ahove, the two less volatile hydzoo
carbon prefuste from geranyl diphenyl gh@syh&%@ have hoon
sharastorissd as sesgulierpenes, by microanalysis avd npleculaw
welght determinetions. Albhough this m&y.aaam unlikely on
theorvaticel grounds, since dliterpene hydroesrbons would aPPOBY
t0 he mozxe pr@babi@ produsta, the Tinding is quite compeitible
with the gas-chromatographic retentlon-times of the two compounds
The formation of a O -unit frowm ﬁwm {or more) Gy g=uwmite Lo
very likely %o luvolve the simalianscous production of a Gy =unlb,
which would almost gertainly he isopwone {1), and, if the
mochanion of sesgulierpons formatior iavelves fisolon of en
intormediate Gy -unit, there will bo one mole of iooprone pom
mole of m@%quiﬁ@?péﬂ@é

A semplo of bthe ethereal vapour Lfrom the descomposzidion
of gewxenyl diphenyl phesphate in ether wos found to obgorb at
232 wh, ae 4id o gonuine sample of ivoprene im edhow. AStonpiod

sorroletion of the inopreny formod, ps measured Twom the intennidy
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of the 232 ap &b%@ﬁhti@@ of the etheresl vepour,. wilth the mechanism
&iﬁ@usa@d ghove, was not teo successful, since btheve wes far lean
lsoprone present than might have boon oxpscted - by a factow of G,
Thore ere poveral factors which sould explain the disdrepancy withows
invalidating the suggesied m@@h&mi@mg and one which is guite
plauaible la that the Oy-unit belng split off ﬁr@m tho Cp o ~B0LES

is not necessarily isoprens, bub a C;-phosphate, such as J,3
diwvethylallyl diphenyl phosphsate (51} which ga known bo give

isopreone on decomposition,

0 0 0
il i )
2 (m"'D“gf“OPh amor e Cao“O"'}?‘"OPng‘l ot Cw -+ (lﬁO‘Fl"“’opl": e >"“\\
OPh OPh OPh
(1)
0 {61)
i r
+ HO-P-OPh 9
6%1 HO“?“DPh
OPh

Evi@@m@@.haa beon obbainad, that ecoch of thepe
posquiterpeones 19 beiang formed mbteadlily as tho resction procesds
pndy, furthernorag, that addistion of sollum bicarbonate ox hindered
organie veortiory base o the weueblon mixture dess nobt inkibid
the Toxmabtion of aither sesquitovpone. These Lacts imdi@éﬁ& that

the %woe produetn ore being foxmed indopondenily, and bthat ome io




not belng proftuoed Lreom the other by aclidegatelysed resrrangonent.
The date obbtained on cach hydvecerbom will novw be discussed.

The moere volatile sesquiteozpone showed only onde

E4OH

absorption (R,@ux
SR e

» 208 mp) in the alirvaviolet, and no band
avound 1600 cm.”™ im the infrarod, and. thorefore 4id not contain
o conjugated diemne systom. Phe infroved spectyum showed all the
bends associoted with monoe (GH, «0H-) ond di-substitabed (@ﬁamém}
vingl groups, but dld not show any ¢ther form of wnsaturation.
Yhe nuelear wagnetlo rogoponce spectrum confirmed this evidenes,
and, moreever, showed that thowe was onse mothyl in o saturased
ORvVironmnens, and %@&t there were pzobably two mmthyﬁa ettached
%0 olefins, and probably thyree saturated, cyelic methylome growps.
Iv io notewerwthy that the ovidence for the mone-subatituted
vinyl and sabturated mobthyl groups i complomentazy, because one
world expect Hoth to he present on the seme pabtuvetod earbon,
s found in linslool (52), if elther wewe found in & skoleton
dexived Twom goraniod.

A search of the 1liteweiturs on zsesquiteorponcs éhaweﬁ
that only one sholeton hos beon dilscoverad which posscaoses &

b
(52) %
Ho
Sy
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vingl, or petential vinyl, group with opne cubsbtiltuend. Phis is
the sheloton of the hydrosavbon, elemare {53), whichk in found in

- P . . 304
@ sesguibterpsnoid aleohol, elemol {%54), which Hendrickson

A%
Bl

considers $o arive in vive by rearrengement of the gemumeczol sysbom
{55}, prodused by cyclisation of the cation derived from
trepa-farnesnl (56).

- Thers are bthiee kroun sesguiterpens hydrocerbons of the
olemens skolsbon, nemely maalem@n@aQQ {57} ﬁw@l@m@n@agg(ﬁﬂ)g
and & m@l@m&@@3©@ {59}, and, of thess, enly f-olemene is
compatible with the infrared snd muclear magnebtilo revORARGe aata
for the waknown gevenyl product. The p@hli@h@@é0$ Infrarad
speotzun of f-elemene is identlcal with that ol the wnknows

sesguitorpens and the mazime of each sre reproduced below.

fB-clemonas 3096, band~ 2900, 1825, 1783, 1642, 1441, 1414, 1370,
| 1244, 1176, 1151, 1136, 2089, 1056, 1007, 971, 907, 889,
795, T40. cwm™,
Uplmown 6, B o 3096, 294k, 2802, 1621, 1783, 164%, 1443, 1416,
1574, 1242, 2179, 1150, IA38, L1087, 1056, 1001,
963, 907, 868, 793, T30 om.™

Althouzh 4t 1o rovegnised that the identibty of the
infresod spectra of f-elemons (58) ard the unknown Aoen not pProve

beyond all doubi that the waknowsn is Pecleomone, it ils folt thed
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the nuelesr magnedic resonsnce spestrom provides oxtremely good
addivional evidencs in favour of the claim.
aferbunately 4% has not bhaen pasmihlg %0 solve the

problen of the structure of the less volatile pesguliteirpong
without undertsking chemicald study, principally becaunse leon
information hes beon dewived from the eppectre of the hydrocarbon
and bocaunse for morve possidllities would nsed to bo examined
then for the move volatile imomew. The imfraped apeotrem
ohovwed the prememce of a gem-dimethyl group, a8 well oo
ghporptlons for di-substituted vinyl (@Eﬁm&m} and tri-gubstiteted
olofin (o@ﬁmém)o Both the infrarsd suwd ultravioled spoctza
jndicatod that the doublo-bonds were mob in conjugsbtion., The
nneleadr saghebic rosenence SpeotINE Was @ig&péaimtgmgly
inconclusive, elthough 1t displayed typicel ebaorpbions fow

[} ] [ P
«Ofefe (4065% )p =Ca0, (5:35% )y =CHy=Gube (8.1}, 0Ny -Cab-
(0357 )y -0H,-pobdo= (8,657 ), ond CEy-satd. (215}, Prom
tho intogral, it appeaved that thewe were three olefinic groups,
twe of which weve triply-swbetituded, three methyls in en
unsabuzaied onvirvonment, snd tvo methyls abiached te o saburated
sarbon, The shoorpition for the seturabed = thyl growps was
wvabhey mnﬁ@mmﬂs bacouse Lt ook the form of a twripleds, such

as an ethyl group would bo expeciod to give, although it 4id
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intogrete for twe mothyls, an would be axpecied for o gen-
dimethyl group.

I% would appenr that the less volatile @ﬁsquiﬁérp@m@
is & nonceyelic, %rimwm@ub&&i%méaﬁ aydrocarbon, porhaps with
& gon-Ginothyl grounp, aund ﬁh@f@fﬂf@ conld mot He o selinrdwe
{60), ox codinens (61). The monocyclic shructures, cvsh as those
dorived Lrom hmﬁml@m@ (62) and ger wmacvane (63) are, howsvew,
posaibilitics for the skeloton of bHhe unknown hydrosarbon,
although 1% 18 approcisted that there ere many othor skeletens
which would £1i% the spectral evidence. Since the objeot of

these experiments was primarily to establish the chemistny of
the terpenodd phocphetos, end not bo epend tlme in detelled
struetursl situdles of complex predunets, it wos decided not o
emberk upon a structureld investlgetloa of this sesquiterpene.
&m@mg the m@@% gimple of the comwmon sesguitorpancs
axe She shieo bisabolonres, a-bilssbolene (65), P-bisaboleome (68),
and y wbisebolene (67). Although i% is clemy thet bthe unkmoun
popquitorpens is not & bleoboleome, 1t waa attompied to synithesise
oOnE O mmﬁ@ of thew by %mm@%img §D§adim@$hyiailyl diph@éyl
phosphate (51) with limgﬁaﬁm (@ﬂ)g bt no sesquiterpone Lormetion
was @ba@mv@dg whether the rosotenic vevs heated alons, or inm

polution, over & poriod of soveral wesks at 37°C. Ia principle,
the dntormodiete {64) could eliminate & proton %o give a- (65)
B (66) o ¥ <-bisabolems (67).
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VAN
Pho Qfh
(47) (51) - (6% -
l Vi
) A
§ r’) s k@t
I e ~- N o,
{&7) ' {66) AN (65)

The dsolotion of limonene as the principal producth
from the decomposition of nezyl diphenyl phesphate in other haw
hoon dlseussed earlier, but ome of the obther products (peak &
in the gas-liquid chromstogram - Flgure B) was isolated end
sbtudled. The infrared spectrum showed gem=dimeihyl sbsoxpbions,
but the nuslear megnetic resonsnce spoetyum did not sonllrm this
avideonee, despite the Ffast that the tondensy of the neryl systom
50 gyolise vounld lead ome to smbieipate that & g@mwdim@thyl EROnp
pight be Tormad ﬂumimg dasomposition. The nuolear magrobtlie
resonence apagtrun showved &b@ow@%ivnﬁ fow tripiywsmbaﬁi@m%@ﬂ

03ofin,at 4.7 ¢ For mothyl attachod vo olefinm, at 8.37T 3
» p - : 2 4
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and foxr msburated methylens, at 8.5%, but thewre were no bands
shove this position, which could be atbtriduted 0 o gen-dimethyl
EPEUD o in viey of the wpeerbelnty of the Funebionmal groups
posacased by this compound, no fuxther atudy wes wade of lte

DHPUNCTUTO o

Docomposition of Gerxenvl Diphenvd Phasphate in Bthanols

The phogphaie vas allowed 40 stand in othanol b
3796 for & woeks end was found to give wmige to en exbtremely
complox minture of producte, seven of which, s indicated by
the emalytical ges-ligurid chromabtogram {soe Pigure G}, were
prasent in ressonable amounis, although the total yield was
no greater than in the oxperimentn in ether solution, The
chenge in selvent, o ope of higher dielectrio constant
(ethanol = 24), and to one ublch could, in primeiple, participate
in the reactlion, profuvced some intoresting resulis.

Although smallor emounte of hydrocarbons vwere prodused
the mein producis TOxXe two athyl @ﬁh@xﬁg ench 0of whish wes
iéglgﬁ@@ ag & pure linndd by prepavative gos-Liiguid cshromato-
grophy.  Tho lags sbuondent of these vas not identified,
@lﬁhough the prosence of an ethyl ether wes demonstzsted by the
infraved absorption abt 1073 $MQQ39 and the punolear magnotic
vogsonence hands ab 6.6 7% (yuartet) end 8.9 (bripled).

The most interestivg produst, howevewr, was the segond




51

FIGURE €2 GAS-LIQUID CHROMATOGRAM OF PRODUCTS TROM PECOMPOSITION

B e L]

OF GERANMYL QIPHENYL PHOSPHATE N ETHANOL AT 37°C,
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0]
it
CHQ."" Q ha E:B = Qph
J | S
L OPh

(80)

Phepe baso-oatalysed decompositions arve ned purprising
in wview of the properties of the parent phosphates, and the faes
shat lsoperdsabion accompanies each reactlon iz ot R new
ohaervation in the chemizdzy of gexanyl and reryl ooters.

One of the raacvions discussed by Imgol@?ﬂﬂ 0 dllumpbtrate
the concept of anlonotropic resyvangement is the basic hydrolysis
of either linalyl ox gerenyl aceteles, eash of which gives &

mi

Lt

tbure of gevaniol snd linelool, the formee; ag in the case

with the phosphate esters above, usually predonineting.

This oster wes symﬁh@miﬁmﬂg in ordar to scompave the
p-tolvane sulphonnie enion with the diphanyl phosphate anlon as
& loaving-groni. AZber trentment identiecal with bhat woed
for the decomposibtlon of gexenyl diphenyl phosphete, tho
sulphenate was found %o give similor yields of hydroserbon

produsts, bud the mixtures produced were mueh BOXe eomplex.
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Phe pwim@ipal nydrvosaxbon profuct wasenot ldentified, although
the leoos impor?&mt,on@m weyve Tfound to be the ecyclic dieres,
pyroone and Qgiﬁan@o

Yhopr plumine chromatography of the crude geranyl
products wes continued beyond the hydwooarbon BLage, two ethers
Uars @lm%edg and one of these, the arvomatic mﬁag wag found to bhe
sugenol methyl ether (69). This appa%en% mysbtery was solved,
when 1% wes demonstrated that the original g@r&nic? continnad

about 2% of ougenol (70) and its m@thyl athar 169),

@M@ O
(\[' O

@H AN

|

CH (69) (70) - éw

i i

GHa GHy

When the uarescied sulphonate wes allowed to hydrolyse
on the alumina églumng 1% was Tound thet thr@a mlcohols wors
produced. These were limalool, gewaniol, and @ﬁ vnEROWR
aleohol, which wes wnod d-texpineel, and which was intermedinte
in volatility, and in polavity on an sluming celumn, botweon

Linalood and gersniol,




No attempt was mede So identify the unknown
hydrocazrbon, ether, or alcohol obimined from this decompositien

since the experiwsnt wos merely desigmed For gomperative prrpuses.

Hochanisms of Phogphate Dscemposiblonss

Althovgh these decompositions in orgenic solvents all
profduse mizxburesn, and sll the prodwcte hove not boen idontified,
1% is 96ill possible %o spoculate on the possible mechenisms of
decemposition, by considering the major produets, btheiy »ates of
formation, and the offect of changing the volvend,

Phora pre tvo Limiting mechanisme by which these
phoaphates could decomposes vis., the stepwise op i@mi@
moehanisn, and the concersed mechenigam, Singe whe carbomrium
ions pr@@u@@d by 2 stepvise mechanisn wonld be xolatively sbable,
end cemporable with j,%-dilmebhyliallyl louws, 1% in mot pﬂ&ﬂiﬁl@
b0 fovour one mechenism on g priori 3E@mnﬁao The two avalleble

mochonisms are cutlined below for the goranyl esbtor.
&

| A
O o a4
H |
\GH.«:"O“P“OM»
: o
oM, q
Q=P OPh
“ 0
OPh " op
STEPWISE MECHANISM 2 “0“5‘3“- b

(13
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OPh L\}

CONCERTED MECHANISM

Bech of those mechanisws pssume that the process iw

tasrenoleculey ond waimoleculew, bub thexs ip the possibility

whnt the phosphate sssilsts the decompositlon, by mosns of &

gyolic prosons. This eyolic travsition-sitebte is weadlly

suviseged in the foxmabion of myweens, bubt with ocimene, the

o “

) r

i
& HO- l?’“ OPh

el o, | J——
: 2% TRy
/\Tﬁs‘ ‘g' fa ‘ OPh
Gl 3':3 Qfhn
e g aa® ~ 4
.Hg\’ 0\9 o OFh 5 {,/ F'\
N OPh
0% OFh

storeccheniatyy cbout the allylic donblo-bond does nob pozald
shie aimplo ropresentation of & possible twansiblon-giate, ond

pince ocimens i& the major produch, sssintance by the phosphabe

would secn wnlikeldy.
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TF the mechanism in She othar decompoesitions iv vbepwise,
thon the repid decomposition of the newyl egter can be atbzibuted
%o partloipation of the isoproylidene double-bond, whiek is in &
fevourable position in certain conformations of the ﬁyéwa@amham
chain. Ore iz thom Teced with the Faot, that since the geranyl
ester deoumposes elowly and does mobt produce auy oyslic nonotergona,
there ean be no eguilibrium between the geranyl and neryl cations..
Tt has already boen noted that this interconmversion has bean
p@a%ml&ﬁw@ég $0 explain the faeile, ascid-cabalysed ring-closwre

of meovenlold to a-terpinesl in rather dlfferent olranmstancods.
B

g~ g

/
\

o |
GH;@."“O""‘%‘”OP& “ w ®

JTh — — [ ] =
1

e,
-

/,

] . 2,67
Rocently, some work appeaved in the literatuws

depcribing the reactione of geranyl meoitoate (73) and nesyld
meaitonte (72) with simple, sliphatic, Urignerd reagonbts, cuch
as mothylnegnesivm bromide. 8Slnce these esteors eve hindexad
at the carbonyl cexbon, moxmal Grignerd additlon iz dmhibited,
end alkyletion oscuxs of the alostrophilic d-oavrbon of the

covenyl o nexyl ssterliying gr@mp;
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o, il

P]/ {2 Mg X
\//’/

o f‘!a'\\
| “Ha= 0= 0 CR g
S
(1) [90%] f10%]
S e ‘a‘;,_/.}
O LT
1
CheO-C \ / Loy CrHR
oremeiememens
x‘”f’ P L
€,
(72) L40%] {10 %] 10%1 0%l

The subthors clain that theme reactions involve
zeversibleo dissoelatlion to lon paive, nee below, and that bthe
Intermediante loms yilaold the products shown sbove. In theee
erporinents, the xates fow @@E&ﬁyl end noEyl esters are aimoat
the same,; and the solvens lo ethew. The problem of deciding
vpon & nechanisam le therefowre simllar bo that ocowrwriang with
phosphate-ontor deoomponition, but in this cpee the owbhors
Bave choson o fgnowve the feet thet while the gorsnyl mesiboste

gives mo cyelic produch, and therefore does not eguilibrate with




the nexyl eation, the novyl wmositoate does give wise o gige

and beans. yﬁm@m@ﬁg; as woll oo eyelie hydrocprbon. Hince the
vetas of csoh resetion ove couparable, it follows thab thewe

nust o some ssbtivetion faetor which provents the eguilibration
of the goranyl cation, b whick poxmisa the equilibratlion of the
less stable nexyl caisiom. Although there is am apparent anelogy
in these meaitonte and phosphate decompositions, one must bo very
saubious, boceunse of the uncerbaingy ebout the effest of the

magnesivm atem of the Grignerd ow vhe lonisetion of bthe

J y

£, (’ N iR

mneaitoates.

.
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Perhops the conclusions of these suthors have bean
influenced by the Lindings of Armal@iaﬁQ&@ﬁ ondl of Y@@mgﬁﬁ@ who
have studled the E@&@%i@ﬁ@ of exobyle and lemethylellyl mesiteatos
with eyl megnenivm halides. These workews eoncluded that
alkylation scourred when steric hindrance inhibited normal
addition, end, more important, when the esterifying group of the
penitonts was ogpable of forming sbtable carbonium lons. The
plkyletion reaction was thws believed to be lonie, and was Cownd
$o ocour readily with 3,3.dimsthylallyl mesitoate snd B-bubyl
mesitoate, sech of which could give wise to stebls sarbonium
dons.

Returning te the discussion of the preseoat stuiilees
on phopphete esters, thers iv ab loant & wove clear-gub
altustion, in which, if en ionic nechanism is operative, both
the gexzenyl and neryl sster give only produsts which do net
nocosparily sequirs this interconversion fvom a geranyl to & neryl
cabion, ov vice-versa. A concerbed mechonism foy %he docomposie
sion 48 howevor guite dofensible, sund the wete differencva counld
cortainly be oxpleined by the fevoursble disposition of the
auncloophilic isopropylidene olefin. Theve iz no zeason $0 OBSVEY,
on procedent alone, that & geranyl or nexyl phosphate ester would
necesearily ionise sufficiently im sther te rule out & é@m@@r&@@

proonna. Thys the problem is rather fimely balanoad.
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The above congiderations sre somewhabd &ltgr@d by the
syclic nalure of ome of the maim products from the ﬁ@admp@mi%iem
in a»hamalo Eéﬁ only haa—th@ &hanoﬂ p&vuﬁaipataﬂ in »hw'
r@@@%gong buﬁ 1% has also hfought &bout en importent sbtrustural
alteration in the pr@ﬁu@%o Glearly, the cyclisation im most
limﬁ;y e have been bwouphb ahouu by & 0&rb@ngumwamn m@gh@néﬁmg
in which the diél@@txic and aolvating properties of .ithe sthanol
have permitied the barrier between he mgryl and geranyl cations
0 ba oversoms, ov, aliternetively, hava brought aboud é prolimine

ary JLonisation not possible im ether,

-

O

h

5deh]

nemmrenr b exvoentny

P ”/

TN

(49) (68)

Since theore was no further evidonce of gyclised
produnets Trom the athanolie dﬁeompwaitxang it would mppear shad
%har@ is o dusl mochenism oporatimg in this case, and therefoxe
1% would be logical fo sssume that the decomposition in ether ia

wholly comceriad. Thewve is, hovever, the possibility thet the
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othenol wosche with the scyclie ileaic epeciles prosent, befoxe they
san be irvewmersibly convertsd Ge the eyclie, vextiexy carboniuwm fon.
Tn view of the spesd with which eyclisation of the neryl phosphato
poourred in ether, thiz ivaction would indeed need to be vexy fasl,
and, op there iz ne ovidence of such & faet weastlown, the soncapt
of o duel mechanism in othanol wonld sppear o be pustained.

If the decomposition im etherol is ocourring by two
dsfforont mochanisms, or, as Winstein wonld prefer, by one inker-
podiate mechenism, it would seem likely thet in a solvenbt of lower
dielectric consbtent, such s obther, the decomposition wonld occeur
by & mechenisi woxe @l@@@ly anslogous to the wholly concertod
process. Although 1% ds extronely hasardous o be dogmatic
ehout such & watter, there 1s ab least no evidence which makes
the concexnted process nre unliksly one under the experimental

gonditionsd.

Sasquiterpene Formptions

Phe mechanism of sesquiterpons Fowmatlion lo even MOXe
vmeortain, becsuwse of the umusuel fission leading %o Gy~ and Cyy-
frogmonts, for which there dovs not appeer 0 be any precodant,
% hao elready bean noted that the more volatlle sesquiterponc
hydrocerbon obitained from the ether docomposition of gervanyld
diphenyl phosphate was probably B-elenenc {58), and %ﬁi@ Dy ston

con be obiained by the mechenisn ontlined below.
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(58)



This mechanism, however,is unsablsfactory, bhecaunse

74

fimpion of & serboneverbon bond in such circumpbonces iz somowbhsd

unusual, and bessuse it viclates the rule, sxplained in Hhe
thooretical section, thatb %NB“ attack does not ocour when thers
ia & peimery milyli@ carbon availeble for nucleophilic atbsck.
If the evidence gained from the moncterpencid products hed

indicated that an jondc, sltepwise decomposition was occurring

in ether, thom the second objechtion to the above mechanism wounld

be PoROVed.

On dmportent point haes beon overlooked as yet, in
this partleular discussion) nemely, 1t is not kunown at whadb
sbage in the decomposition the f-elomene skelebtom is Lormed,
although the above @@@haﬂism pasumed 1% wag formed in a dlvect
abback on the phosphate. It has beon demomsitrated that the
dgoprone (I) is liberated during the decomposition im ether,
end thewefore thab the O, j-~fragment is foxmed in tho initisl
roacticn, bub it has not besn shown conslusively thet the
B-olempne syctom pussenges the skeleton of the initial G,
frogront. Consldevable @?i&@ﬂ@@aig has been amessed by othsw
workevs %o show that the olemane myston cenr be Fformed froem &
pyrolybic reaxveangensnt of & gernecrand {63) sheloton. Fom
axemple ﬁwolaf the principal picces of evidencs leading o

. . ‘ . 188
tha structuxe of germacwone (73) were the obpervetionsy whes
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during distillation it produced elenone (74), and that highe
temparature dehydration of the eleckol (75) derived Lrom
gornserons produced elemany (53), afbter hydvogenation over &aw
Adoms Gatalyst. These trens-formations eve, of course, analogous
50 the biological Tormation of eleomenes and elemol from germacwane

- 204
pyBtemns, as suggested by Hendricksomn.

0 %_’;ﬂ 0
s — !
(73) (74)
no- ,/’ ). HEOOH " ’»”\\\
A Y

(75)

I% is therefore gquite possible that the B-olomens
isolated by preparetive ges-liguid chromatography at 190°C, ves

the vesult of an isomerisation of a gormecrene (76) prodused in
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the owriginal phesphate dccompooitlon. The fovwation of a
gyelodocons from the gevenyl diphenyl phosphaite is mechenlgtloally
pore likely then dlrest formablon of an elemene, although the
figsion reaction 85311l vemains an objection to Hhe m@éh&mimmo
Hevertheless, this fisslon does ocsur in solution and any
mochenisn suggested to @xplmiﬁ it would seem unusual by noveald
sbtonderds. At loast there im %he favmué&ble Tactor that two
pheble entities, isoprene and diphenyld @h@&phétag are holng formed,
although it must be admitited thet the fisslon may bBe ogowurring on
n conjugated diems (77), formed Lrom %h@‘ph@mph@%@ intormediase (78).
Another possibility iv thet the fisslom of the ,,-phosphate (78)
io alded by eome foxm of partloipation by the phosphate leaving-
group, as indicatod in the mechenlen ohows Below.

The conjecturs surrounding the possible formation of
& gormaciene intezmediate would, of courme, ho wosolvad AL 1%
sould be domensitrosed thed the f-alemone (58) van wnot present befoxse
the gas=liguld chromptographisc ét&g@ao Thin would only be possible
1 & seperation nf f«elemens, oxv its precurpor, could be achieved
by ohwomatography, oy some ovher tochmigus not requiring the wee
of heat, bubt the present indications eye What this would be vawy
Aiffhonlt indeed, Dosplte the lack of concluslons sbout the
dptal 1s of the Tormation of ﬁwalam@m@g it would have been woewarddng

to eramine ths Aiffovonens iuw Ate Fovmetion, comparsd with the



othow sesguiterpons obtained from geranyl dipbenyl phosphate,
wut mo 1ithle ie known aboubt the sbtructuwe of the latter

pusguibterpens thet this comparigon cennot bo B040
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Gongluslonss

It can be slaimed thet the couwrss of these in viizo
docompositionn of phopphete osbers bhas showr thet the sierge-
chenistry of the allylic douvbhle-hond is of prime importancein
doternining the strustures of thoe nono- end sesgulterpencid
produsts. The exect mechanisms of those wesctions are not ab
21} cowrbein, sines 1t is no wove sasy to domonsirete the presencee
or oboence of carbonivm intormedistos in thepe ozperimonts, then
1% how beem in anslogouvs biologlsal systems. While the nebuve
of the simple monoterponoid products may have some blosyathetid
pignificance, indiceting thet cyelic monoterpensn awre moxe lilkely
L0 he p?ﬁ&mﬁ@ﬂ from a neryl saster, or & roxyl catlon, the samng
camnot be said of the scagultorpens products, simece the in vive
nechenicn of sesgultorpene foxmation iz not a¥ all similar bo
that operating in thosp model experiments. The domonstrabion
thet eyolisation of o gerenyl system con cocuyr in ethenol, doos
nlhow , however, thet oune cannot eutomptlically cuxtend to bislogicsl
psyobonn, conclusions which ere solveont dopendent in inm vitro

LTS

HYDEERNGS o
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{3) ALKYLAREOW (P PHENOLS UIETH PHOSPHATES

in the Intwodustion Yo this Thesds, the ocurrend
thoory of the mede of biemyn%h@mié of phenolic isoprenoids
wap ountlined. It was also shown how this theowy was originally
suggeatod becauwse of the stenetural similarities of these
compownds , which appeered to have been produced by the
alkylation of phonols with 3,3-dinmethylalliyl pyrophosphate.

By weplacing vhe pyvophosphate vresidue, which is
belioved t0 ach o8 & ieavimgmgécup in yivo, with diphenyl
phosphate, 1% wes hoped to construct model experiments which
vould lead o products &naiggoua %o thome foumnd in neture. Phese
noflel ezporiments were bagun with the veactlon beitwosn phenol
and allyl dipheayl phosphete (40), and then extended $e othoz
more complex systems conitaluing polyhydwoxy phenols and
gubstituted allyl phosphates.

The reacbtion batwaém @ phenol and en allyl diphemyld
ph@aph&@é 18 potentimlly véxy ocomplex, beosauss sash of the
voactonts has more than ong sitg of astteok open to the othor.
Fox example, phenol can nod as & maclaophile by vivbue of
elogtron=density on bthe oxygem, or on elthex the grthoe- oF
pare- ring carbons, and such nolecnlen axe known s ambidont

nveleophiles. Similerdy an alliyld ester, such as allyl diphenyl
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phosphate, iz an eshident electrophile, beosuse 1% can undoryo

pueloophilic atéeok at sither the Lo ox J-poaitblong, When the
allyl ester is asymmetrically substitubed, the slternative

sites of abtack becone cshemicelly distinguishable, and, in &

ronobion with phenol, Tor exemple, thewe will be six pogsible

_ produeto, os shown below.

OH

ofe

RCH

o)
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Portuneboly, all suebe possible products are nod
noraelly produseld, begpuse elagtronle amd/bw ateric fectors
inhibit the Lormation of g@réain strueturos. The phenole
phn@ﬁhaﬁ@ ayostons studied in Hhig thesis have been fouvnd o
ho wrelatively simple; in thes the& have given w»ise to fowvew
proeduets then might have been expecied.

There ds little precedent in the literatuve for
alkylatvion of phenol itselfs with allyl helides ov eatevs, silnes
mout of the mechdnistic studies of this typo . heve been dono
wibth ph@n@xideﬁ%iaQaQ@D&qgoiaepﬂﬂ? Perbaps the beat analogy
%0 tho presont work ig the solvolyanis of beonzyl diphenyl
ph@&ph&%@@@)in pheaol, which was studied by Kenneyw &nd'M&therfr
b@@&ﬂé@ of an intezest in mild methods of Qe-bensylaticn of
nucleosides. They used a S0<f0ld excess of phenol at 50°C
for 72 bBroy and found that small amounss of bensyl phenyl ethew
‘(é%)o and l&fgar‘&mounﬁs of o-bonzyl phenol {45%) and.gfbenayl
phenol (38%) were fovmed. The authors prosented semi-quantibes
tive kinetdo evidenses 46 show that the resctlion was normally

wnimoleanlar, except in the preogonge of sizrong acido, whom &

bimolesounlar progess wes else belioved o be important.
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CH?. ’ CHB o CH& o
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O=p—-OFh O
QFh
(39)
118
A more recent axemple of solvolysie in pherol dg

the treatment of 2-methyl-S-chloro-2-pentone {T792), a howo-
allylic helide, with a 4=£0ld excess of phemnol at 150°C fowx
11 he., %o produce the three alkylated produets, shown below,
in almont identligel amnounts. The susthors gove tracer and
kineti@ ovidengs shoging thet the vesctlon ianvolved o
preliminary, wrato-determining ilonlsation, and that thers was

douvblo~-boud pexrticipation.
/Qﬁ"
Ansm & 8L (O —
T

O

soReelie

\_/
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I% will be notod that cdch of these solveiyees readitions
in phenol geve three produets, apd éa such are typleal of
alkylation by cerboniuve lons, whi@h in geperal nes been found
Bo éiv@ sebatitution om oxygen, and at both the ortho- and

parse ring positions.

Hecotion of Phenols with Allyl Diphenyl Phosphatos

The above results have been desporibed, bevouse the
condltions wead, &ﬂa the products obteined, are extremaly
slniler 6o %ﬁo@@ obtained in the present studies of allyl
Qipheayl phosphate in phenol. It has beon Louund thav allyl
diphenyl phosphate (40) elkylates phenol 3n abous 50% yield
after huating at 120°C for 6 hw. in an excess of phencl, and

thet the amounts of each preliminary produst exe of the sans

orde®,
It weas also found howevar, bthat the Llibevated diphenyl
phoasphato wen suificiently acldlic bo bring mbout wearrenge-

mont of gach of these species 0 2-pethyl coumaran (80) on
prelonged heating fox 24 hr,
1409180
Theve le considerable precedent - for the »ing-
gloasnre in 2cid comditions of e-pllyl phenol 40 & souwaran, and

this reaction is the hasip of the convantional preparstion of

288 a
DOMMAE NG o It wer therefoxe noe surprise to find thes
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OPh - OPh
( QH ! 120% S0 }
,} g CHgs CH.CHg= Q= P~0OPH > i \>_,. P+ HO- G: w0
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gygllyl ﬁh@ﬁ@l wan @Qavaét@@ guantistatively to Z2-methyl cousaran
én heanting in phencl with diphenyl phosphete for 24 he. at 120°C,
Fmrﬁn@rmoreg'whaﬁ 80lid sedium hilicarbovate wes added to the &@lyl
diphenyl phosphate in phenol before heating, it was found thet
there was nRo subseguenl resrrangemont of the iniltlal alkylestion

products, ook of which was obbtsined ﬁur@ by prepavative gas-liguid




8%

chyronabograply Attenpts to prevent the ving-closura by
addition of a hindered organis basa, %ximnmhﬁﬁylamineg WOTe
wnsuccessful, since the only product in the mimed phenol-emine
golvent was allyl phenyl ether. Further szperiments showed
thot allyl phenyl ether was rearranged o 2-methyl couwmaran
by heating with dipheryl phosphate in phenol.

the end-product of these wesrrangesnends vas Z-methyl
coumaran {80), which was identified very readily by nmucleey
nogneble resonance spectromeopy, by virtue of its quartet at
5025 («0=CH-0Hy ), triplet at 7.057 (Av.CHy-), and doublet
at 8.67 (-0-CH.CHy)e  The twiplet at T.057T is nob o genuine
teiplet, but iz believed to erise from the Fact that the ether
ving is vigid, and therefors the me%hyma proton splite into
doublets the non-eguivalent medtuylene protons. Bince the
coupling constant is diffexent for each of the methylens protons
the band ls not a txue triplet, sud is furither distorted by

long-range coupling with the aromatic protons.

a2 CHy { 80)

»
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Although littlo twrouble wap oxperienced in Zsolaebing
end identifyimg f-mothyl coumsren, the asarch for a mechenism 6o
explain 4te foxmetion from p=-allyl phenol and allyl phonyl ethew
nes not been too successful. Clearly, this veavrengoment does
not belong 4o the Claisen type of no-mechanisgn rearrangonents
since the temperature is not high enough, and acid is required.
A later oxperiment wos designed to investigate iIf erossed-products
would be obitained, when allyl pheuyl ether was voarvengad with
diphenyl phosphate ia proresol, out this only met with partial
success, since products erising from both lutrae aod intor-

nolecular reavrangesent were obitained.

N 0 \GH

g

aa

In o recent publicaﬁiami Dewar hae pointed out thab
arosp-pigration during acid-catelysed aromnstie resrrongenonts
i mot o geod criteriom of an intormolecular process, and the
zensons fox this hecome apparent on exsmining the mechaniamn of

guch reerrangements, onblined balov.
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Thus the migrating-group, which is gomeraslly mlkyl, may
move wound the evomatic system as a cabion, wsing the Weclecirom.
glowd as a "rallevoad’, and theve mey well be intermodiste states,
vhich have higher energy than either the initisl or fineld produsts,
and which could thercfore lost the migrating gwroup to & weaotive,
fovoign molecule, althowvgh ntlthew the initial nor final produckts
would necessavily 4o so. This mechanism would be oupevted te
rosult in the retention of aﬁﬁical gebivity in ssiuvated allkyl
growps, since the alkyl-complex is piloterod as heling cesenblally
i =boxnded, and this phonomenon heas ia‘fagt bean obporved with Sthe
roprrongenent of sec-bhutyl phonyl eother in acid aondiﬁiom@agﬁa
Anothor ezample of an agld-catelysod process is the Jacobashn
Rosrzangenent, io vhish a pethyl group is fourd to migrate

zound & bensens ving during sulphonation, but cvoss-nigretion has



boon found S0 oceur, desplite goed evidence 0f & btrus dntee-
moleculay mechanrinm. The erosgemnigration wes shown by
isolabtion of smell amounts of trle and penin-methyl banzens

fevivotives, se well as the meln rearrengsd tobtra-mothyl benzene

sulphonabte.
Ny SOgH
“;." !—IZ 5015. ib ‘i" .T.R"‘ % pﬁm« -
NP

There is no woason B0 bHelieve that an‘allyl group
conld not migrate in a gimilar feshion, although it is obviouwsly
not popsibls to declde whothesr the cross-migretion obasrved
in mecresol is the xesult of loss of mu allyl growp from an
intormediate, or the result of a genuine intermolecular reaction,
An stbenpt to isomerise eugenol {70) with diphsnyl
phosphate in phemol fallsed, although gas-liquid chromatographic
tvopoon showed Ghat the eugemol was Getomposed during heating
2t 120°C. Despite this prelimivery evidence of lsomevimatilon,
thore wore no doteoctable tracesn of wossible producta, as outlined

ha 1@?3 o
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Having discuseed the wesuldés of alkylation of phenol
by allyl diphemyl phosphate in pkenel, it is only corvrvset to
point owé that, whoen the reection was csrried out st 1009,
in ether, or without solvens, there was no d@t@@t&ﬁl@ formation
of alkylated producta, ond therefore 1t i concluded thet Hhe
nabture of the selvent is syitical in this paviiculer veachbior.

The antidlotlc, novebieccin (17), pessessesn an loopyrenold
group attashed 0 & p-hydwoxy benzolc acdd ﬁyﬂ%@ég and, in an
attenpt to investigate possible alkylatlon of this system, allyl
dipheny)l phosphabe was heoated with ebhyl p-hydroxy benzoate (81)
in the presenve of solid sodlum bicerbonate in bensens-sther.
The ornly product was the corressponding allyl ethev, ethyl
penlliyloxybonsole (82) cbtained in low ylold, snd no furthew

axperinents were tried with the benzsoate, becsuse it wonld appoaw




that the eleostron-withdrewing effect of the cazbethomy group
repnlis in deactivetion of the oxtho-{(wor.b. hydwqmyl) posisionst
of the ring, po Shad they are no longer capable of bringing

‘&bgm% de-alkylation of the phosphatbte.

My,
]
?’H
s
O

|
E400¢ “O" OH v Q= §f’ =P ey EI‘GOQ' OCH~ Gl Gy
s OP A :

(8) (49) ()

Reaction of Phenol with 3,%-Dimethyisllyd Diphenyl Phosphabes

The yonebion of 3,3-dimetbylallyl diphenyl phospheie
(51) with pbénol in appeavently o slueple one, in which only one
produst ls formad, but the implications behind this roaction

are importsnt, and more complicated then at Liret sighb.
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The 2,2-dimethylchroman (83) would appear 4o have
boon fozmed by seid-catalysed ring-closure of g}ﬁgﬁﬁdimaﬁhyl
8llyl phenol (84), but mo evidence has bhoen obiainsd fox
this phenelie ¢r anmy other inmtermediste. The chyoman i
f@#m@ﬂ-imm@ﬂiat@%y in thip resodion,; whether the ﬁemp@xaﬁura
18 120°C ox 20°C, and 1ite Fformation cannoy be inhiblited by bhe
addition of solid sodlum blearbonnte. The aﬁru@%uré of
2,2-dimethylehvonan (B3) hes been deduced mainly from the
mm@lgar mogretie rugonance ppesirwm, which showed e tedpled
at Tod T (é.@?@ﬁa@)g a twiples ot 8.3 Y (Ax‘aémﬁggm}a aud B
singlet at 8.7 .V (@an?mﬁm)g end the infrayved spectsum, which
shovaed a gem-dimethyl gzouwp (1387, 1370 @mamﬁ) and chroman

, od . .
group (1258 om. ). Theve wasg no indleetion thab either the




isomeric 4,4-dimethylohronan {85) ox 2,3, 3-brinathyloouvsaren

(66) had been formad in this weachion.

Addition of Phenol %o Olefinsgg

Tt iz ovident that the ring-closure of allyl phenols
giving either counarans oF chrowans 19 gontrwllad by the
gubstitusion of the double<bond in $he allyl system, which
determines which of the possible carbonium ions will be fermed
by protonation of the double-bond. ¥hie condyolling faotor
has long boon used inm synthetlc methods of obiaining syelie
@%h@é@ta@

In & serics of eoxporiments with Qiphenyl phosphete end
phonol, 1t weas found that different olefing can be made 6o
@@%&@nm@>ﬁiﬁh phenol at 300°C. and that the netureo of the
produst was depondant upon the avhsbitubtion of the olefin,
Both eyelohexsne @ﬁa oob-2-050 gove ebthewrs, im v@ﬁj low yiolda,

but 2-methyl-but-l-ene geve o mixture of subsbituted phenols.
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Alsthough only tyxaces of diphenyl phosphete wore used in these
erperinents, the reactions Aid not proceed withouns the added
acid, which presumably protonaites the olefin %o form a cazhonivm
ion which then attacks the phenol. When the intermsdiante ion
iz secondary, ethers resuli, but when it is dertiary, alkylasion
ogours at the ortho- and peras- ring poéitiomao

Theso wesulis show an intdresting contzast o the
ohpervations of Kormblum%ﬂtwhm claimg bthat fox the resstion
of phonoxides in molubion with carbomium lons, the prepoxition
of Q-alkylation increases with lucwvensing obability of the cazboninm
dome Kornblum explainsg this by postunlating thet o lese staebloe
carboniom den is not @0 selective as o atable ome (such as

seityl), which oimply collepses onto bthe peint of menimum
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elegtron-density whiah in she case of ph@ﬂaxi&a is the oxygen
ghom. Butending Koznbluns asrgument o phesnols in sclubtion, 1
would appear fvom the olefin addition empeximents that in phenols
the oxygen im ne longdr the polnt of meximum eleghron-density,
or,; altoxnatively, that some other factor is governilng the
rveactions.

The aé@@%@o&@@pi@ propaprties of these arilkyleted phenols
vore vathor intercsting, ond Table A (pege 95) shows hovw the
degres of hydwogen-bonding in smch is dependent upon the degres
of oxtho-pubatitution. For example the ~0H 8%@@%@# in the
infrared veries from 3690 @momﬁ in the di-gxtho alkyl phemol, te
3353 om.™" in the p-2lkyl phouol, and similer offects can be
observed in th@ acleay magreslc resonanse spesstri. It was
found possible 40 separate the 2,6- and 2,4-Aiallkyl phenols,
and the 2- and 4-momoalkyl phenols easily by aluming chromebos

graphy, the phonols being eluted In- the ahove oxdew.

Mechaniom of Phenol-Phosphate Reactlonss

In the theoweticael section introducing these reastions
it waz shown thet allyl phosphutes could react with nueleophiles
gither By & uwnimclecuwlsr o 2 bimolecunlar pathwey, and that
produet analysis could sometimes be used o determine, or at

least %0 indicete, the mechenism in & psriiculer case. I% was



gL Y 1 Bfy 84
i Y £ & s
(&) o ° ° Cin
.o O\ &N 5 §
. i ) f 3y
PN ) !3‘) " @ ‘:; (IZ} G:)
e & E o « o
5} o o & G 2
w3 e e wﬁf‘q’ P
St ;3 ) o g o -
s ) 4]
ﬂg:’ “Q:% s;[l\ uﬁ’ ‘? 5" ct‘)’ g
! (%} 0 {;‘ & f: 60 o
. s @ a0 €0 , @
& - ¥ o A
%:g %Z (? !53 e ;,%
& v oy o #3) v B
o o i 1 i g
3 2 i) o o et
@.\ q‘gg < 4] ~
@ ' <0 B b=
© %y
# ) o
S 1o n
5 ]
s Q o ”wy e &
?f} @ ) ° a
by TR Yy €M
LIRY
- ; 7
) £7 |
&1 | ) £
fee va) y \O o g
«F o &) o [ |
: o & e o B
hot
iy, oo & & Y (38 G
& & 8 O w0 <57 LA
3 i v I G 4] i & 6]
Q
82
£ eerrey £y & S o
e o AL B D by
o=t - I vl Yy =)
Eﬁ e e = ] et 4
& Gy ol © & g N
iy o ™~ e N ¥y D AN
43 5 x5 &\ &~ MY 0 D2 0 W
© et =] (S e Ty M £ = oy £
@ o e ) vt o o=l ] o =i el
o &
& = \D 144]
= g 134
O Mg £7y £
8 n wrd =t
o g pr « =) I~ o o w0
bt & oW Y D ) Ny £y M
w : & & Wy e N W 6N
(¥y) Y @y e My &y o
£ = £ 5
o e A o th Ay o o oy
B 8 A gw 8 £~ 0D £
b i _E Y NOW A iy
& " ¥ 5 t’is'z
L‘;% @55 ] £ £ i
0
b
«'?\; @ i &3 73] £
) o)
2 - £ £ b [E2]
é; g
- v o &
5**@ Em’

A0

X
SRR

]
5]

sl

>w.,-,-m

i

e

uly \ ot

€3 o S
\ ._// -

e

57

£3

%

bl
& P
dlo
N ) ‘,}‘-‘
51 B
i 4
F% s
Bl a
.
¢ =
g{g ﬁfé
:éf fiz
)

=




26

wlso noted Ghet substitublon of the allyl systom with alkyl
groups in the I-positlion gemerally enlhances the rate of nuslooe
philic pubstibtubion, whatever the mochaniasm of the weagiion.

The sokvniysea of bensyl diph@myl"phosph@tegg {39) and
2wm®ﬁhylmﬁe@hlarowp@n%wzmﬂn@ﬁ&@ {79) with phenol wesmlbed in the
produstions of three slkylated producis in sach case, sud these
vore conpiderad to have ariascn by an Sﬁl mechanism. &6 one Hiue
Kormhlmmﬁﬁg gongidarad thet in the slkylationr of phenoxides, the
produstion of ethers togebher with o- and p-alkyl phencls was
pufficient to indicate that an SWE nechandism was operating, bub
ROYE r60®nﬁ13?3@‘h@ has shown that alkylation of phenoxides with
allyl bromide in vewy sbtrongly bording solvents such as phenol
and water can give »ise to all thrse poassible mone-alkylated
products by an Sma mechanism, KXowrnblum considers thet the
solvating powers of these solvents are so greab that the
negative chuxge on the oxygen is paitially trensierced Ho the
golvent, and the ortho- and pawrs- »ing positions can then
competo with oxygen in nucleophilic attack on the halide.
Another Jduwportant facter arising fwom the bonding properties
of phenol amd water ds the ability of each to solvate bthe
leaving-group and hemco faellitate bthe nucleophilic dlsplescement.

Dy snalogy with the Btwo solvolysss in phenold deseribed

earlier, it would appssr that the allyl diphenyld phosphate
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allkylation of phenol is & unimolecular reactlom, since 1%
produces allyl phenyl @%héwp and both 0-allyl and p-allyl phenol,
althoush all of these ars subsequently tconverbed te 2-mathyl
coumaran (80). ‘The resctlon of phenol with 3,3-dinethylallyl
diphenyl phosphete {51) wonld therofove be expected b0 ha a
fostar resction, the products being foxmed by the samo mechanism.
There is, however, very stvong cevidence thal the
substituted sllyl phosphate is not reacting with phenol in a
wnimolecular process. 1% is elear fvom the experimentsal results
shat there is no rearvengementy of the allyl system, as would be
expeotod 1o o unimolooular weactlon, and, furitheirona, thin
locl of rearrsuged product is one of the eriteria for bimoleculawr
rosctions. Yhe fact that the veaotion with 3,3j-dimethylalliyl
aiphonyl phosphate (51) is fastor thon bthat with allyl diphonyl
phopphate (40) does not favour any one mochenism, beoouns
Jepllyl subsbitution of alliyl systems is known %o lncrense bthe
vata of both unimoleonlar and bimoleculsr mugleophilic substisniion.
Pexhaps the most surprising feature of the alkylation
of phemol with 3,5-dimethylallyl diphenyl phosphate (51) io the
gomplete prafevence for carbon g-clkylation. MNeny atbompis
were mede to show that the production of the chroman syston

wos analogous o bhat of the coumgren system from ¢lliyl phenole,

but no evidence was ever obbeined for Btho pressnce of any
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intorunediatos beotwoon phenol ané 2,2-dimedhyishroman (83), whothey
she reaction was carried eout at 20°C ox 120°C¢, either in the
preoence” ¢ absense of bases. This preforance iz somewheb
sindlar, in principls, o thet dononstraded by Ebrmblmmiﬂs

vhen phenoxides were alkylated with sallyl bromlde in némmpolar
80lvants, such as @%hofég but one cannot serlously elaim anelogy
hetween these reoseiiony and those betwoen phosphaten and phenol
in phenol, Furthermore, one wounld meed %o sxplain why tho

" wepebion did not take this couwvse with the unsubstituted allyl
phosphate. It is thewefowve clmzeyr thet thers is & erucisi
differonce between the mochanisms of each of these slkylation
reecbions, but the Fastor which contirels the speeilficity of the
alkylation by 3,3-dimethylallyl diphenyl phosphaie (51) is mob
yot undersiond.

Ameng the possible coxplanatlons to She above problem
which have been studicd was one involving paﬁti@&p&tiaa by bhe
phosphete obter in an intramoleculer removal of & protonr from
phenol, hut this did not provide & sabisfaatory nolution.

Another point of unsertelnly ssg the gquestion of tho
oxigtengo of openschoin intormediatop before ring-closnre
%0 the chromen syptem. The omperiments with Aiphenyl phosphose,
olefing, nnd phonol showed that whon & terbtlany carboniuvm
intermoficteo da dnvolved, as would be the ceng with ming-cglosvre

of 39,5 %=dimethylollyd phonol (84), slkylation oscuzs rapldly
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and qu&nﬁi@méiv@l o The subgoguent obsorvation thet oledins
capable of forming sacondary carbonium iong @1kylé$@ phenol
slowly, and in poor yield, may ozplain why g-sllyl phenol
soenld be isoleted while the corresponding 3'-pubatlivbed

allyl phenoel couwld mnoet,

Mora Comples Phonol-Phosphase Sysbenss

The prelimingry oxpovimonte disoussed above shewsd
that 2llyl- and 3,3%-dimethylellyl diphenyl phosphetes were
potentially geod alkylating agesnin for phenols, whatever the
moohenism imvolved, and subsequent experimsnts with hydwroguinome,
2, 5-dinethyl hydrogquinons (87), 2:3,%5=tvimethyl hydrogvimona (21),
oreinol (88), end phloveglucinel showed thet aolid phemols geve
moderate to good yleolds of slkylated products on heating with
the 3,3-Ainethylallyl ddiphenyl phosphate.

Thexo possible, polyalkylation was Ffoumnd o oocuw
voadily end sometimes this superceded the desirved monoalkylabion,
as boppened with 2,5-dimethylbydroquinense {67). Although he
yield of the wmonochroman, 2,2,5%,8=-tetremethyl-G-hydrozyshronan
{89), was only 8%9mhiw compered Lavoprably wibth any previous
ayaﬁh@wisgasgsﬂgﬂ and the yisld of the dichroman was nearly

0%, alae muel bettor then thet oblainsd by obther methods,
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P v/ @«% w QPR TP
He Ofh
(87) (61) {82)

The 2,2-dimethylehvemsn systen was formed inm all the
yaacsbions of 5§§m@im®%hyi&llyl diphenyl phosphate with phonols,
ond its recognition was made perbticulavly esey by the use of
naclear magnetic wéa@mmm@@ Apestroscopy, as indicated in
Pable B (pege 101). In comtrast %o the coumaren »ing, bthe
shromon éimg in quite Lleoxible and thero are no complicatlons
in the nuclear magnetic reponemce specbra, which show each of
the methylenes ot the j-and 4-positions as clear 2iplets.

Aa with the phonel zoaction thexe vas mever sny produet ioolaided
which ecould have arigen from xesyrrongement of the =llyl phoaphate.

Phese ellkyletion resstions woxe then extonded;in en

abttonpt %0 synthesise, by new methods, soveral blologioally
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important compounds. The mest successivl of these weactlona
was the synthesis of am%aagﬁh@yal (vitamin B) {185 R = Q qHyy)
by heating 2,3%,5-tvinethylguinol {21} withphytyl diphenyl
phosphate {90} at 100°¢ for & hw. The yield was almost
guantitative, sand this can pér%ly be attwxibuted %o the faet

that there is only one availehle site for ringe-alkylation.

ﬁow C'Q\/V\Y\/YVV 15’\0}/\/\ \/\{\/Y
HO
"'P oPh

(21) o (90) (18)

It wap abttompted %o synthesise vitamin Eﬁ(ﬁo) (193
R =G gl g ) By condonsavion of menadiol (91) with phytyl
diphenyl phosphate at 100°C, but the reaction btook the cougse

oublined below,



OH
e
4 PaQ- P O-cHE Y, &/\/Avf
N
O+
(91) {90)
OH
A ' e e o] “
X =

O
‘ AN
A/\MW o\

(28) (27)

Phe product was found to be a dimew (873 R = €  Hgy) of

vitamin ¥, snn e 8R4 the struobture appesrs o be the same aag
g- (uuﬂ )

7
that obitalned by Folkexs in 196%, although Folkexs did nos

publish any speetral data which would ensble a definite
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comparison $0 be made. The methods used by Folkers to prepare

the ddner have been owntliined in the Inmtroduction %o this

thenlo, and the data obtained on the yellow o3l from the

phospheato-nenadiol Teaetion is not 2% verianee wi th Folkeows®

strueturs. The dimer (27) showsd no hydroxyl in the intravsd




or avelear mognetilec rosonanpe spectia, but displayed a sbtrong
sarhonyl abesorpbtion in the infrared ot 1695 @mowgg typical of
a@ylmalgyl ketones. @h@ dimeric sitructure has oleayxly arisen
f@@m on oxidation of the 5m§nathy1m6mnydr@xyl ayatem 0f bhe
ohzopanol {(28), Followsd by a dimerisation of & Dielp-Aldew
LYDE o

A synthesis of the apbiblodic grifolin = (92), op
ite isomer, isogrifolim {93), was also attempied, by hoating
oxeinol (88) with farneasyl dilphenyl phosphate (94). Since
thios system formed all four possible produsts by mong- and
di-alkylation at the avellsble ozxtho-positions (w.w.b. OH),
followed by ring-closure, the main trondle was Lound o be cne

of poparation.

Mﬁl \ \\ P OH

P
(88) O i ——_— | OH o (%)
pxowﬁm,@.mgm/\ﬁ/\/\w HON - O \/
e O
OFh S
(e4) Jw (95)
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The alkylotion was found to be almost quanbtitative, ond
coneiderable heat wap evolved in the initial steges of the
reaction, The geparation of the two mono-alkylated isomers,
(93) and {95), was achieved by cawreful alumina chromatography,
and it was belisved that the loss polar of these would bo eluted
norve readily. Since the easme of elutlion from sn alumine columm
would depend very largely upon the degree of honding of the
hydroxyl group in each molecule, it was felt that bthe two
nono-ghromans shonld alse show differences in hydwroxyl absorptlion
in thelr infrercd and nuclear megretivc vesonance spectra. I
was Tound thet the less polay chromen shsorbed at 3412 omo ™

in the infvared, and at 4,09 in the nucleay magnetic
Zeaonance speetium, wherses the meve polaw chroman absorbod at

g
3400 emo T 5 apd 3,90 veppectively. Although the differences
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betwgon these absorpbtions are swell, bhey f@rm & consintend
pattern, and, when conaldered ai@mg with the chremebogrephic
svidence, they ewe suificlient vemson to clain that the leas
polax chroman is isogrifolin (9%). This conclusion wag later
verified by comparimon of infrared and nuclear magneotic
regonence spectre of the lsss polar chromanol with those of
a gonuing sample of isogrifolin, obtained from the antibio%i@%ﬂa
It will he noted that all the roschions of Soﬁmﬁiglkylm
allyl diphenyl phosphates described above have confirmed thé
ebpoervationa, made in the ph@ﬂ@l/%»ﬁn@im@thyl&llyl diphenyl
phosvhate aystem, thet alkylatlon ocveurs only abt the ontho-
pogition, sud never gecma 0 luvolve zesrrangement, aund that
ring-closure oscuvs automatically. The ring-clogure rsactlion
was, 0f courne, advanbageous in_& synthasisn of a<-tocopherol,
but waes & serious disadvantege in the sttempisd synthosis of
Titanin Kﬂ(g@)g ond grifolin, and the next twe sub-sectiong
of this discusslon will be devoted %o & descripbtion of

attemnpis o prevent thie rlag-cloaunrs.

Oxidmtlon Reactlons of o-Methyl Pheuolss

The dimerisation of the wedungced chromarel form of
vitamin X has been shown %0 be the result of the ease with
. o ea
which gemethyl phonols oxidise t0 gquinone methides, and them

489
dimerise by & Dicle-Alder oddition. There ave kuoum roactiouns,
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howvever, in which 6mhy@wo$y@hr@m&nm can be oxidlised in agueous
golution to p-gquinones, resuliing from fissgion of the chromen
Fing. A aﬁ example of this, 1t was found that 2,2-dimethyl-
G=hydroxyehronan {96) éxi@is@é readlly bo §°mhydrgmya5imm@ﬁhylm
busy puh@nz@};uizaaal@ (97) on twestmondt with agueous aleoholic

geric sulphato.

O~/ (] 0

TINN,

(96) | (97)

MO

I% was vherefore hoped that the &-hydroxychroman
form of vitamin K might be ozidised directly %o the vitamin,
despite the S-nothyl éx@upg by a suiteble, non-agueoun oxldadion,
and 2,2,5,7,8-pentame thyl-6-hydrozychromen (29) was rogarded os
& suiteble modeol for the study of this oxidabive Tingmoéenim@o

Potession ferricyanide oxidation of this latiter gompound hag

80 P20 %29v230948L 9

boeen widely sétudied within the leoat fov yeazrs 1589

hocause of its relovanse o a@-tocophevol omidation reastions,
which are szo important biologicelly. It would sppear thab
angﬁg?@@m@@mﬁmm@thylm@mhy&ﬁaxy@ﬁﬁam&ﬁ {(29) rewdily produses

Admers and tRimers in the ferricyanide oxidation, and the
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) . 4 88 ]
strugburas of bobth the principal dineric produch {31), @nd

133

the principal twimswric profuncth {98) have been desvnsbralod

recontly, after sowe conmsidereble difficunlity.

,So\l\

It will be seeon thet the mein structural dlfforence
between the dimer (31), snd the tximer (98), is that the Fformey
hos o dlene-one chromophore, wheress the latbter has only an
af-umsaturased hketomie chromophore, end this differeonce Ao
reflected in the infrared and uwlitraviclet absorpiions of each
molecnle. Unfortungiely, there i some éia&gw&em@nﬁ betwoen
the tarious groups atudying the propezities of the dimewr, end

this peems to heve arisen bocanse of the greet difficulty coch
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gvoup has had in oblalning pure samples for analysis.
1309884 . .
Skinnew - claims that the trimse has m.p. 227-228°C, ond
hes absorption maxima at 220 (£ , 24,000) and 295 (& , 5,600)
- |
an in the uwltravielat, and at 1689 om. in the infravred.
Although the three groups working on the dimey agroe
on the structure, the melting-points, and the spoctze data ave
129
amasingly Iinconsistent. For exemple, Nelan and Robegon give
MoPay 126-127°Cy A ... 300, 537 mpy . 1675, 1650, and
' = @8
1595 om. , but Schudel et &l  £ive m.p. 120-122°C; A oz, 300
=4
345 mug 1) — 1645, 1587 cmo , and Skinver abd Alaupovie
300 muy Y

180 _ -
give Mo Po TB=TY°C; A 1672, 1653, 1592 cm. ﬂS

BRE. REXE o

each ueing alkaline potessium fezricyenide.

Three new oxidising sgents vers tried in the presant
atudy of the 2,2,5,7,8-pontanethyl-b-hydrozychronan (29) ;
nenganese dloxide, silver oxide and dichloro disyeno auinons (99),
The Tirst two gave exbromely @émpl@x miztures of producta,
alihough the silver oxilde oxidebion gave enough of ons produst
to allow its isolatiom by slumina chromatography end rocrystellise~
tlon frow methanol., This product wes s white cryetallive solid,
MePo 2L605=217.5°C, which mbowed only one spot on a thin-loyow
chrometogran, and which had s molecular weight of 430, The
ultraviolet spectrum chowed absorpbicns at 215 and 294 Ao p D
did the siterting metevial, and the infrared s@&etrum showved bands

ol
2t 1698 and L1650 em. . The muclear megnetic resonence spectrum



110

vas inconciluwsive, although it verifisd that no hydroxyl group
was preseat. Although ell the sbove date, oxeopt the molocular
welght, is more compabtible with & t2imey than with o dimewr, ona
éann@% gome Ho & decizion enr the stzxuchture of the product whon
the molecular weight Is so near that of a dimer. Simge the
micro analysis sgreed with that of thoe unoxidised staxriing
mraterial, i1t would appear that the sample may not bHbe ap pure
28 was indicated by the sharp melbiage-point and thin-layew
chromatogyai.

In contrast to the shove reactlons, the dishloro

dicyano quinons (99) oxidation gave only one major product

0
&} &N

{ (99)

€1 CN

with 2,2,5,7,8-pontanethyl-b=-hydroxychironen, sand this was vexny
differont from any of those meunbtionsd above. The produa% wan
& white powder, M.P. L6T=-169°0, with & moleculsr woight of
230, and Aid not show eny hydroxyl absorptions in the inlrared
or ruclear megretic resonance spestmum. The ultraviocley
spectrum showed absoxpbions at 216, 226, and 297 mp, snd the

. -4
infraved specitrum shoved bande at 1712, 1639 and 1580 em.
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indiceting thed there ves a new chromophoxe at 226 Wity ond
that o cyclohexanope derivasive had been Lormod. The nuclear
mognetlo vosonance spectyum wes extremely mnmsu&ig bocanse
of two identilcsl doublots ab 4.1 7T aumd 4.8 7T (J; 2.5 q/@)g el
bocauvse oXf the nuwmber of sharp banég at To99) 8,10, 8,55, o
8,707 - The imﬁ@gr&i showed that the retio of the loweficld
protons to those at higher fields wes sbout 1:25 or 2:50, and
that the ratic of the 7.9 T bend (AzCH;) %o the 8,70 dand
(GﬂgmémQJ wos 235, which is compatible with o teimer of the
type discussed above. The 1712 cmoaﬁ band indileaises thab, il
8 twimer hes been Lfoxmed, then the second addition has oceurzrod
seroas the olefin which is e Vo the caxbonyl in the dlmewr.
Phe abosorptions adt 4.1 and 4.8 T in the nuclear megnetig
regonance spectrun remain to be deciphered, end it is Felb thad
they mey held the cluwe to the struetuwe of this oxidetion
PToduet .

Diehloro dicyeno quinone (99) hes beon wsed by
Schudel et alﬁa to oxidise 6&&@@toxyéhromanm $0 $he Gorrespond-
ing chronenes, but thoese compourds have very difforent spectral
Foptures from the unknown oxidation product, Por sxaaple,
the chvomsne (100), prepared by dichloro disyano quinons

oxddation of the 6-aceioxychroman (lOI)g phoved sbgoxrpiicns

ab 5.44 7% ond 4.38%in the auclesr mogretlc resdnance spectrnimy



[
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and a% 270, 280 end 316 sp in the ultwaviolet, and thepse values

9

b A 3 .
cempaﬂa woll with those obitained by Msrton for vbichromanol

(102) (3.427 mﬂ& 45381. gnd 275, 283, sad } 52 mp ).

{104)

Clserly the wakwaown oxidation produwct is not &
chromene, end Jfurthermore, the smell coupliag conptent iz well
helow the normal essocisbed with -CH=CH- systemp, alsthouzh he
chemical shifte of the protons are compobible Wﬂmh a diene
Sufuatm?eg such ns the ope shown h@hﬁ@wsﬂﬂ The coupling
eonptant is very small mmﬂ in bypicel of that awm@ ciated with
an sllyl system, as in (B), but it does ned oppesy pvesaible to
obhtaln the latteor skoleton fzem a 2?2”59?98w9@'%&m@$hy1é6m

hvﬂfmhych ATkl {29) steuctore, withoud @ome ?@mffmmv@Lamuo
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| (29)
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HO

Although each of these bthree exidising agents did
react with the model compound, 2,2,%9,7.8-pentanethyl-6-hydroxy~
chromen (29), only the dichlore dicyano auninome (99) geve a
resngonably homogendous product. While the products of the
oxldation wegoetlions may hav@ inserasting struchtures, thaevre
wos ne evidence that the chromen system hed been desbtroyed in
any of the zsasbions, wgi@h theveford ssre not of'um@ in solving

the problem of the synthesis of vitemin Kﬁ(gg)o

Alkvlstion of Phemeoxidess

Sevaral groups hove devobed considerable alfozrt im
recent years o o stwudy of the fagtors influencing the reaction
between alkali-metal phenoxides and alkyl halides, ond one of

the most Lreguently studied systems has been that containing an
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2llyl halide and sodiuwm phenexide. The work of the growps led
148 23442438 126 ‘

by Kownblum, and by Guwitin deserven parbiculsy
montion, becavse theoir efforts have shown the influence of
homogeneity solvent, comcontration, snd the naturo of the
halide employed, on the Final product. In a brillleat paper,
published in 1959, Kaxmblm&ﬁaﬁ demonstrated that in bimelescunlarm
reachions, bebwaen allyl or bensyl halides and sodium phenciides,
the pesition of alkylation was almest wholly determined by the
homogeneddy ox the heterogoneiby of the reaction aintuws, and
dovised & simple, yebt ingoncous explanation ol why ¢-carbon
alkylation was the ilnevitable zesult of hederogenmecus conditions,
In thlis context, heberogenelty resulted from use of a golventd,
guch ae anhydrous dlethyl ebther, in which the phenoxnide was
insoluble, and the product from resction between sodimm phencxide
an@t allyl bromide in this solvent wes always g%allyl phenol.

it was Hhus hoped thet the slkylation of sodium
phenoxide wnder hebervogoncous conditlons with allyl diphenyl
phosphste would give o=allyl phenol, which would not wving-sloso
$0 Z-mothyl coumaran (80). If this were the case, then bthe
problen of preventing the undesivsble ring-closure of reduced
vibamin Eﬁ(ﬂgbg gud of grifolin (22), both descriked above,
would perhaps have been neaver solution. Unfortunately bthe only

product Lrom this vreaction wes allyl phenyl ether, whebthew the
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vaaction was osrriad ouns at 18°C or &t IOOQGQ' When the sane
regchblion conditions were mppii@ﬂ to sodinm Ehenoxiﬁ@ and
59§mdim@$hylaily1‘diphanyl phosphate (§1), & mizture of wuknown
produets were produwced in low yield, and these §id not appeav
0 fipclude gfdiﬁ@ﬁhyl&llyl phenol, ‘

phenol (84) would have been of valwe in synthetis work under
conditions similer %o ithose used by Kormbluw in his allkylabions,

the rosctlons of phenoxides weve not further inveatigased.

Alkyletion ef Phenols with other 3,j3-dlmethylalivi Lstorss

(i) p=Toluens Sulphonates

Unlilke phosphoric and carboxylic aeid eaters, mulphona@
asters aluays undergo nucleophlliec atback by oxygen-carbon Tissic
and are therefowe alkylating agﬁntﬂoasagaaﬁ When heated with
2,30 5=brimathylquinol (21), under the seme cokditionz as the
diphenyl phosphate, 3,3-dimethylellyl p-toluene sulphonate (10%)
geve almost the same yield of 2,2,%,7,0-pontanathyleb-hydrony-
chevonan (29) as the oovrzesponding &iph@nyl-ph@sph&t@o a8 woll
20 very small emounts of @h@'@krmmum€ybn&a§§$§1w@né sulphonate

(1.04)
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(1) Di-p-nitrophonyl Phosphates

393=dimethylallyl di-p-nitrophenyl phosphate (105)
wags synthegised with some difficulty from di-p-nitrophenyl
phoaphow@@hlarid&t%s?105) and was found to alkylate 2,3,5<
trime thylguinold (21), almost guantitatively, in & hw. at 80°C,
The erude zesctlon miﬁtuwa-yialdeﬁ e yellow oll together with
the expected 2,2,5,7 8-pontanethyl-b-hydroxychronen {29) whon
chironatogrephed on alumina, end the oil, after rechroqatography
was found &0 be the seme ag one of the gmell Fractions obtained
from menganess (Gloxide oxidaition of the shroman (29). The yield
of 292959?9Bmp@ntam@thylmﬁmhy&roxy@hraman was 50%, somswhat loss

than with the simple diphenyl phosphate.
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The oxidation produot showed very strong carbonyl

sbgorption in the infrared, ab 1639 @mémﬁg ond aunother strong
band at Ti6 @mong and the nucleay magnetlc resonance spectzum
showed o band &t 5.3 7T o m'ma.llg% psposiated with non-conjugated
vinyl groups, and had no bands above 8o55‘to This latterw
observation means thet the product does not possess & 2ole
dAdmathyl @nioman systan, and this was the only occasion on which

' $he eyclie ether systenm was broken in non-sgueous gonditions,

despite all the oxldabive raactions of the perxent chroman (29)
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which heve been studled. Uafortunately, 1t was nob possible
to deeide if the oxidatiom was the zesulé of divect raaction
of the parent chromen (29), ow 1f i% had ocourred dupdng the
@hr@m&ﬁ@gr@pﬂi@ isolation. |

T4 has boen noted sbove that the proparvation of 3,3
dinethylellyl di-p-nitvophenyl phosphate {105) was vezy Aifficul®
ond that the overall yield from gfnitroph@n@l was very Low.
An aliornative asynbthesis of the phosphate was invesbigated
for this reason, based upon the rveachtion of anitr@phemyl
trifiluorcacetata (107) with acids. Thias reagent io known O
reaétla? with ecarboxyliec aclds in the presence of pyridine,
producing the EfnitmOPh@nyl eoter of the added acid, presumably
by an anhydride lntermedlsbe, and the reaction has been applied

to pepbide synthesis.

g = </ Wy
# s
CF@C{%<;::;;>~N03 b HOOG R s

(107)

, = Gy COOM

Twe abbempie wewe made Ho phosphoxzylate penitrophenol
by this methed, but with diphenyl phosphate, only penibrophenol

waa oblained, and with allyl biscyclohexylammoninm phoaphato (108
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both p-nitrophonol and Necyclohexyl {riflnoro o cesanide (109)
were obtained. A suggested mechanism is outlined belew,
pléhough it does not explain why the e&méhydzride intormediate (10}
is d@@omp@wd by atback ab cerbon %o produce the amide and a
pheosphete anlomn, instead of by sttack a$ phosphorous, which
would pesuld in liberation of she more steble trifiuvorocaceibate

anion.
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Comglugions on Allylation of FPhenoles

The experiments described in this gectilon eaply
demonstrate the effisiency withvhich allyl diphenyl phosphates
will slkylate phenols in vitxe, thus verifying the soundness’
ef the chemical principles upon which the reactions were based.
It is especially noteworthy that the most successivl alkylations
undortaken were those applied to syntheses, or atioupied synthoses
of imporbant, naturally occurring aubstangses such as G-togopherol
(182 R = G, gHy4 ). vitemin Kﬁ(aa) (193 R » G gHyg ) ond imegrifolin
(93).

Those model experimenis ave perhaps more significant
whon it is considered how closely similer they are to bilological
gystems, in chemical terms at lesst. The zesul¥s may therefove
be claimed to be good chemigal svidence for the proposed
bicasynthesis of phenolic isoprenoida.

‘While the gbove experiments weve designed as models in
biosynthesis, they heve alsoc been of inbersst from o mechenistis
point of wview, largely bocsuse of the vearrongements found %o
oecuy during or after the slkylatlon sitep. Although the
diphenyl phosphate anion hes been found to be @ good leaving-
group from carbon undergoeing nucleophilic atiaclk, e has nod
been possible to obieln a slear mechonisbie pleture of all of

theass reactions.
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4 REAGTIONS BEIMEEN ALLYL DIPHRNYL PHOSPHAIR AND SULPAUR GOMPOURRS

Teterast in the veacbions of allyl phosphaites with
thiole end sulphides wes aroused by the recent tnaawgeaf the
biogynthesis of sgualene from farnesyl pyrophosphate, which was
disocussed in the mein introduction o this thesis. Good chemnical
analogy is known Loy he postulated wreactions leading to the
456

formation of sgualens, although ithe Ssevens Rearrangznont

hes only been obmerved with sulphonivm selts under vigorons

gonditions.

262186 .
For example, 1% has been shown $wt sulphonivm

nalides, suvch ag the two vhowa below can Tearrangs 0 give
sulphide products on btresbment with strong bass. It will be
seen that the benmzoyl group iz woguired to sctivate the o=
methylone sufficlently fox alkali tio bring about resrrangemncny

in the fivnt exemple, and that without this activation, as in

the second example, & much sitronger base is required.
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Another axperiment, rolevant $o those asbout %o be
_ 140 .
disoussed, was that of Karver, who syunthesised 5,7«

dimethyl-6-hydroxy thiochroman (111), by treating 3,%-dimethyl-
allyl alcohol with 2,6-dimethyl-4e-nercaptophencl (112), and
thisz appears to be She only example in the litorature of

alkylation of a thiol by & %,5-dimethylallyl devivativa.

Ho

(112) (181)
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Mowe resantly, Ve la Mave and vﬁxngmfﬂﬁ treabted
1., ledimethylalliyl chioride (113) wish sediwa thiophenozide
(114) in othanel at 30°C for 12 ke, and showed that the
production of 3“9§°méimaﬁhy1&11yl phonyl sulphide {12%) was
the wesult of tho somewhad Xare 33?0 peohenien. This experiment
iz auwalogous bo the allylatlon of phenoxide ionad dincuaasd
earlier, although 1% 1o significant that the profduct s o
sulphide, inntead of & shiochronan s formed in the zeaction

with the free thiol.-

@ A Mo
q/fﬁgg? i H.C00H
k I S A (a;w-m carmenmnerans
2 -
"/ Mm. "“g o
{1%) (115} (135}

Alkylabion of FPhenyl HMercapbtan {116)s

As was Found in the anslogous reactlon with phenol,
an exness of phenyl mercaptan was found o he ossenbisl, befoxro
alkylation cceurred on reating with allyld éipﬁ@myi phosphate
{40). The only produet formed in Ghis syoten wvas allyl phenyl
sulphide (117}, and, after 12 he., the amount of sulphide
pragens reachod & maximnm, 5s meagured By gas-liguid chroms$o.-
grophy, before decreasing bo ghout holf this mekximun valne

afber 30 hv. in view of the fact that sulphides (mee below)

o




have ke properly of de-alhyleting allyl diphenyl phosphate,
it would appeay that the allyl phenyl sulphide do ettacking
the wnreacted phosphete, probably with formetion of a

salphoninm gall, as illugirated in the gguadion below.

- 8 0

!
OPh

(116) {40) (187)

2B s Q : '
7 ‘ 0
i 4 CHymCMOMEeQ-POPh = O nCHEHy ~ 8 - GILGHR G,
Ny . i @

OFh @“M@x'@@
““P’o

(447) (40) Pud",\@?’h

It is noteworithy that no C-alkylation oceurzed
initinlly, and that theve was no svidonce shet remrrangsnent

of the sulphide pwodust hed occurrad. Bobth of these fagte



reprecent imporiant conbraste with the anslogous phonols
phoaphate system, although it is knowam thet alilyl phenyl

148
sulphide i not s¢o prone to resrrengemont ag the corresponding

esher, end henes the letter obsorvabtion iy not uneszpectod.

Allkvlation of gulphidens

Three diffeovent symmetwical sulphides were heated
with allyl diphenyl phosphateo at 90°G, and there wore interossing
Aifferonces in thelr welabtive weastivities. Diphenyl sulphide
{118) aid not reaet abt all with allyl diphenyl phosphats, bus
both dibuiyl end diethyl ounlphids did ceuse deo-alkylation of
the phosphate. These facks can weadily be explained by the
gleotron-withdrawing influence of the phenyl groups in the
aryl sulphide, which reduce the electron~density on the sulphuw
atom, hence causing it o be & less potent mucleophile, when
compared with the sulphur in & sulphide with two clectron-
releasing alkyl groups.

The weepetion with ethyl sulphide (119) wes comparativoly
simple and produced sn allyl diethyl sulphonius salt (120)
which wag ingoluble in other bub readily solvble in wabter.
This salt proved 4o be extremely awkward to hendle, since %
vas low-meléting and hygropcopic, end the micromnslysis vas very

nnsatisfagtory. This was belileved to be due o deecomposlitiog



2%

duving the heating ovor phosphorus pentoxide at O 03 nma,
gince the sanelysiso corresponded $o & mizturq of alliyi
diphenyl phosphnto and the sulphoniuvm salt, the Towvmew
probably boing formed by less of diethyl sulphide from the
onalyticel semple. The belief that the structure of the

galt hos beoon correotly essigned, is based meinly on the
miclear magnetic vesonawrse gpectrum, which showed o meliéiplot
at 4.3% (Ol =CH=-), a dovblet at 6,15 % (m%;wg%, ~CHeG=), &
guartet ab 6090'):_(%':(’.&_% =GH, ) and & triplet atb B8.657T

(G._.;_,'i:”:a m@ﬁg‘?m)o The loworing of chemical ohift of the hydrogens
of the methylene groups attashed to the electmon-teilecient
sulphur is extremely noticesble, and can ba compared with
the values obtained for allyl butyl sulph:ﬁ@ {sca balow),

which shows bands at 6.97T =8=CH, «CHeG=) and 7.57%

(~8-CH, -CH, =),
?p" Bt O 0k
e 8-G + CHp= CH GHa=0= ﬁn OPh  =we=d CMpmmCHCH =30 & ‘);@
o g &’ \ oph
(119) (40) (120)

Phe third reaction with sulphides, thet of dibutyl
pulphide (121), was by far the moat complex, since the inlilal
allkylation products were dacomponed slowly, o give simplexr
profucts, which were also capsble of further resctlon. The

pequencse of reactions is belisved to bo as illusirated below.
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vhe principel svidence Lor the roactions outlined
above wos bhe vepld formabion of allyl butyl sulphide (125},
then traces of Aiallyd sulphide (125), when the bubtyl sulphlde
and allyl diphenyl phoopbsate weve heated bogather 8% 100°C.
The allyl butyl sulphide waz isolated by fractional disztillation
snd identified by spectvomcopic mothods, but the preoeuce of
diailyl sulphide (125) was not proven since it was formed Iin
vary smell smounts as shoun by gas-ilguid ehromeatographic treeen.
Yheve wes no evidence of decompositlion of the sulphonlivm salie
%0 bhydrocmrbons snd diphenyl phoaphnte.

In oxder 0 estimate the amounte of each product
present afber 200 hw., another zun was abudied in whiaoh &
small spount of xzylene wes added as an internal chromatographla
shandazd. Equilibyium was reached sfier 24 hw., when no
xylene was present, hut the seme equilibriuvm wvas nob guide
»rasched after 200 hy. in the presence of xylene. A% this
atage pome %1% of the aibusyl sulphide wemained, and 22% of
allyl butyl sulphids hed beon fommed, bué it wes nod possible
4o joolate, in a puce form, anmy of the welaitively lavge
pmounts of sulphoniwa salds whick should have beon present.
The sulphoniuvm salts were fbaﬁd $0 be insoluble in water, ond
only paviiy insoluble in ether at cexdalm, eritisel

goneentrations.
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Thers are omple precedents Lox such equilibria in
systems contalaing suiphoninm selis, skd it bhas boen shown
that aulphonivm salds, in the presence of alkyleting sgents,
will oxchange élkyl groups, 1T, by this exchenge, the size
of the groups attached %o the sulphur can be deuressed.

Foxr ax&mplaiﬁs methyl jodide wiil de=-allyiate dlallyl
sulpbide (125) and ultimately produce trimethyl sulphonium
iodide (126), if suificiant oxcons éf the dodlde is present,
by & series of equilibrium stoges between sulphid@é and saltg.
&7

®
S..

[c;-:ze.cnma}; § ¢ Mol x= |CHy=CHGH,]

RS
a

‘Mo gomin CHLmCHCH-G-Ms 3 CHpm CHCH, T
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CH?“:’ CHCH?_" S”l"is ko Mgf. Q"—-.‘:’p";f ’ Mﬂa"“ 5"0}43_6!4-': GH& -zxu""‘—& Mﬁa s P C“Q,"J’ G!’lﬁHa 1

, ® @
Me, &8 + Mel s Mag-8 L
{126)

Thin exchange phenomenon can thevefore be used %o
axplain the mepld equilibeium, which ls foxmed bebween the
allyl dibubyl sulphonivm selt (122) end allyld dutyl suwulphide

(123), snd to explain the zelative stability of the annloegouvs
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allyl diethyl sulphonium salt (120) under the same sonditions.
Presumably the butyl-diallyl, and allyl-diethyl selis remain
relatively unéhanged in their respective sysioms because

there is nod sufficient excess of allyl diphenyl phosphate (40)
in the fovmer, snd diethyl sulphide (1L9) in the latter weaction,

to diuplace bthe equilibrium.

Conclusions on Alkylation of Sulphur Compoundss

Although only a fow experiments have been tried, it is clea?
that bobth thiols and sulphides can be alkylated by allyl
diphenyl phosphate in jn vityo systems. It would therefors
appear thut the chemistzy behind %the suggested blosynihesis of
soualeno fyom farnesol is quite feasible.

The thiophenol-phomphate aystem was more pimple than
the corresponding phénolmphomphaﬁ@‘syst@mg dipcussed earliew,
because of the complete preferxence for sulphide formation in
the former, and because the sulphide did not show any tendensgy,
to rearrange undey scidic conditlons. The dialkyl sulphide-
phosphate sysiems wWers extromely complex due Ho0 the eguilibria

known to oxish between sulphonium salbe and slkylebing pgents .



PREPARARLON AND PHYSICGAL PROPEPTIES OF ALLYL PHROSPHATES:

Wo menltion has yet beewn mafe of the synthesis and
atobility of the variouws phosphate esters nsed in the experiments
deseribed in this thesis. ALl the alkyl diphenyl phosphates
WeXe syntheaiaéﬁ by %he sonventional m@thu@%ﬁ by stireling

the aloohol, in pyridine, with diphenyl phosphorechloridate

(127) for severxal hours, and thun extracting with ethex,

v O
Row 4 (PhO)-P-Ct  ———>  (PhO),~P-OR
(127)

Vithout excepbionr the phosphatos wers viscous,
colonviess, or almoet colourless, olle with a chaveeterisbis
smell, which was generclly different fxom,elthovgh similap
to, the parent allyl alcohel. Whe enly one whick was gunite
seable wes allyl diphenyl phosphate (40), o sample of which
vas sioved in o stoppered Llask for wdwo yeaﬁa vithouws any
apparent deterioration. A Marther dissinguishing feabuze of
allyl aiphenyl phosphate (40) wes %het ¢ pould bs dintilled
auite zeadily under vacuum, amd the distillate analysed
patiefactorily.

Tt wag more comaon, nowevaer, fox these eaters 6o
decomposa on standing, or duving veouwam distillation, alithough

some were more unsioble than others. For oxemple, the %5«




152

dimethylallyd ester could nct be dimtilled withous decomposiition
to phenol and isoprene, and it hecane daxk byown very quickly

on otanding, decomposing o isoprone and diphenyl phosphato.

The farnesyl and phytyl esbters wexe even noxe. unstable and

each had %0 ba used immedisbely, since decompesition %o
fornesens (128) and phytediene (129) oscurved vexry rapidly

at woom temperstura.

O

AVAY i 9
G0 =P ~CPl ey \W{I\\ o Mo-at?mg%
, Ofh OBy
(94) (12.)

© ")

4 4 1
\(\/\(\/\(\/\{ \a»xaworaf I — Y\/Y\/\(\/YB\\ ¢ HO-B-OFh
' OFh OPh

{90) (129)

Tn the preparation of allyl diphenyl phoephate{40)

and of bemayl diphenyl phosphate (59)91t was found that the
sotal stirving-time at 0°C in pyridine was now® critieal, but
with 3,3-dimethylellyl diphenyl phosphate (51), snd the higher
torpenoid pbosphates, the btobtal time had to be réaucad %0 4 hTo,
fpom the more usual 6 hr., beceuse pywidine attacksd the bagae
sensitive éhasphﬁ$635(@¢®n g 0%,

B is neb  serbwlsing  that sbe yilelds of these higher
phosphates were extremely vaviable, even in preperations which

were apparvently identical in condldioms and Himing. For

sxample %,%-dimethylailyl diphenyl phosphaite (51) wes

obtained im yields varying from 20-75%, and the geranyl,
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peryl and farneayl dipbenyl ph@gphétea showad e similar vange
of yield. The yields appeawed to be dependent mainly upon
o thovough dryimg of the apparatus, efficient cooling during
stizring, & very fest extvaction procadure, and, above all,
the maintenance of a low temperalure, aground 407G, doring
the solvent evaporation, after exwtraction and drying.
Although none of the isoprenold diphenyl phosphates
wers ahalysed satistactorily, it was wltlmately Ffouvnd thes
the leck of 2 hydromyl-siretcn absorpition in the infrared
was sufficient criterion oi & succesasful preparation. The
infrared bands of all %he phosphate compounds prepared for
this thesis ere tebulated in Table © (page 134), end These
ahow & vemerksble degree of comsistency. The bands aszcoclated
with the -w% = O and PheQ=P- groups ware grtremely reliable,
g wall as being sbrong, snd th@ir‘pcﬁition confivme the
asgigmments made by other workers 74447495 for thess
absorptions. For example, the ~m% = O ahsorpbion in fully
paberified phosphates slwaye eppeazed in ﬁha renge 1282-1290
cm°°19 although the presence of hydrogen-bonding in dioniers
xeéulte& 10 & loweving of the sbsowpiion %o 1250 cmob& The
chavactariatic doublat for the Ph=0-P- group always appearad
at 3189 ¢ 4 cmoms and 1162 + 2 amaw@ in allyl diphenyl

phosphates, although the former band wes not 8o weli@blg in
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diﬁgmnitr@ph@nyl phosphates, or in the free aclids.

The nuclesy sagnable TLIONANGS spectrza of only a
fow phosphates was @btéin@ﬂo hecause of the iﬂ&f&biliﬁy of
most of Shose used in he axp@rim@nta digeussad aboves Tho
ppeotre of diphenyl phosphate aad diegfbrom@ph@nyl phosphate
shovued the scidic -P-0H protons &% =5.171 and mOOQO‘?
vespestively. The spectra of estors such as allyl diphenyl
phosphate (40), isosmyl diphenyl phosphote {150) and ethyl
dd-p-nitzophenyl phosphate (131) showed that tho coupling
between the phosphorus and the a-hydrogens of the allyl gwrowp
was of the sene oxder as that beiween the aehydrogen and the
B-hydrogen of the alkyl group. This phenomenon is, of
course, quite common in esbters of phosphoric acid which

possess both a- and fe- hydrog@nao Fhe priancipel effeet

0 AR
]
Clrlg=Cdy, = — P ] NOz
)




of thic coupling Letveon the phosphorue end the d-hydrogons
is %o meke the nobicipeted twiplot in the iscamyl estew (130)
inte o quertet, and the anbicipetod quartet in the othyl ester

(132) imbo & quinbob.
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Abbreviationss

he folloulng abbrevietions have boen used in

this seetions

gong. concentration ZoloCo gap-liguid chromelbography
mole gren.molecule ¥ ol restention-time
Do po boiling Qo&nﬁ Polo€Go thin-layer chromotography
MoPo relting point Lo liguid filwm
oMo millimetre 3 wavemnuﬁher
mol, millilitwe | A wavelength
Bo Hrans m millimlezons
il moleculer weight Bo¥e. vltravioles
n rafractive index NeM.¥. RNuGloar magnatic resonanse
a optical denslvy J conpling constent im
eycles/second
& exbinction coefficlent
w vaur URlts.

motruments and Tochniqguess

The following have been weed in experimental work:

{i) Intreved Spectrar These were all run on a Grubb Parsoms

bo?o“%/54g.@i$h@?'ag ilguid £ilms (L.P.) or pressed discs
in potassium chlowide {KCL). Absorption mezime ore

mg‘
rogorded in em. , ond, where possible, the vibretion

vegponaible for the absorpition ie indicated.




(i) Ulkreviolet Spentuwas Thess were run on & Porikin-Bimer 137

U, V. The moxime are recorded in millimicrons (Qp) and
the corresponrding exbinction coefficieont (& ) indicated
in perenthosis.

144) Nucieer Megnobic Regomgnpe Speghras These wera zun oxt &

Perkin-Elner RL0 spectromeiber (40 megacycles pew saoond )

with tetvamethyl silone as intorasd abanderd . Choemical
shifse ave expressed in v units (betramethyl sllane = 30}
The solvent used for each compound is dencied by & supere
ascript. The chemiocal group responaible for sech abooxpiion

is given in parenthesis {where poanible}, and, if eplitbing
ic obsewved, this group is uederlined, while the proton(s)
vopponsible for the splitting is (ave) mot. Whera approprinito,
she imbegrated valus of an absorpilon ig given.

(iv) Gos-Liguid Chromatographys Avalytical end proparative

srocen wera run on & Griffin end CGeorge M. LI ingbronsat

The carrisr ges was nitrogen. The following columns Wore usads

Column {A)s X peré sillcone gum 1,303 on 4 parvbs celite 54%.
Used in o1l preparative separations.

Golwmn (B)s 1 part polyethylene glyeol on 9 parts eelibs 34%.

(v) Thin-Layor Chromeiographys Asecending solvent techmgue on

niorescope plides (2.5 eme x 7.5 ome). The two stebionary



(vi)

{wii)

{widd)

139

pheses wsed, in filus sbout 0.2 moite thick. Whesa wers
. . 146

Kieselgel G (Mewelk), using lodine vapoun detection,

end Kieselgel D.B=5 {Cemeg), uwsing ultxaviclod Lightv

deteotion {vhere @pp@@pwi&ﬁe)Q

Goluen Chrompiogrephys $he sietionsry phase used was

pither silica (B.D.H.) ox alunine (8penceoe, Grade )

Molocular Veishts: Thene were novmally detemined By

the cryoscopic method {(in benzone}. One moleculay woight
was dotermined by the osmometric methed, uwsing a Haclkrolab
Tapour Prossure Osmometer {(Model 30348 .

Melting Poinitss: These wexa deotosnined on an Blectyothernal

Helting Point Apperatus (IA 6301).
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PART 3¢ PREPARATION AND DECOMPOSITION OF TERPENOID PHOS PHATES

- AND_BULPRONATES s

L 347
Diphenyl Phosphoxoehlovideve (127). - Phenol (376 g., 40 molie)

and phesphorus oxychlovide (336 @o, 2.2 mole) wave heated under
reflux in & 1 litve round bottomed f£lask, wntil the temperature
reached 260°C {(about 4 hr.), and mainialned at that temperature
mnder reflux for 30 min. The veflux condenser was Litted with
an HOL twap. The mixture was then fxactionally distilled, and

she frantion distilling at 164m165“@/§u5 mm Hg. was found o be
diphenyl phosphorochloridate {360 g., 61.0%) [Found: G,53.69

B,30T5 01,32:6%. Oypll, o010, P wequires §p52.65 HydoTs Gl,15.2%])0

gevanyl Diphonyl Phosphate (45). = Diphenyl phosphorochloridate

(56 gop 0,21 mole) wes added over L hw., dropuise, %o a

mixture of gevaniol (30.8 go.p, 0.2 mole) end pyridine (32 ml.,

0.4 mole), stivred at 0°¢ in a zound-bobitomed Llaslk, kept in

an ice-bath. Phe whole apparaius wag dried before the experimsiy
ard during @ha'expﬁxim@nt the apparatug was pealad with silice-
gal tubos. Stireing wes continved fox % hw. further, bhefore
adding waser (75 mlo) and extracsing twicd with ether {2 = 75 mia)o
Phe combined athey extracts vwere washed gusceasively with 2N

sulphuzic acid (100 @l.), dilwte sedium biesrbonabe (100 mlo )



and water (50 ml.)., before drylny over aenhydrouvs magnesium
sulphate. Aftex filtering, the ebther was ovaporased wnder
vacuum at 40°C, leaving e slightly discoloured oil, which vas
identified as geranyl diphenyl phosphate {45-65%). The produot
had & smell similez to thal of geraniol, although nore of the
parent slcohol wap found to be pressnt, since shere was no
hydroxyl streteh in the infrawved specirum (See Table C page

136,

Decomposition of Gersnyl Diphenyl Phoophates

(i) High Temporabure: Geranyl diphenyl phosphate was heated

8t 100°C foxr 16 he. and then 1t was attempted to Lractionally
distil the devk bzown mimbure. Ab 116-124°C 13 mm. a fow
drope of a colourlesns, sweebt-gmelling oil was obtoined and
thiv was found %o be o mizture of hydrocarbons of polymexric
natLrY,

(ii) Bther Solution ab 57°C: The etheveal solution obtained

fyom the synbhesis of gevanyl diphenyl pbosphate was made wup
0 125 ml., with dry ether (0.1 melar) and then kept in @
stopperad Llaak at 37°C, in the daxk, for 3 weeks, befoyw
extracting with dilute sodium bicarbonate (75 ml,) and vabew
(75 mlo}. After dwmying over anhydrous magnesiunm sulphete,

the ether was evaporated at 40°C under vacuum mnd the residual,
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plessant-asmelling oil then pleced on an alumine column {500 go)
and sluted with 40-60% petrel. The Votal oluwant with pebtrol
wag found Lo consist of six componenis, all hydrocszbons

(6.8 goo 25% based on geraniol) and Ffour mojoy components wers
then obtained puwre by pwepar&%iwe golotco Bt 200°. A typical
goloBo trace 1s shown in Figure A {page 51 ), end the compoments
are desigraited by a peak pumber, according to the owder of
elution.

Poak (1): This hed a vetention-time of 1,16 min., on column (A)
Tunr at 2L4°C. The infraved gpscitrum showed ﬁ?iﬁx 5106 (Gﬁémﬁ)g
2985 and 2941 (CH,, CH, ), 1815 (GHy=CH-), 1802 (CH,=C=)

1675 (~CHube), 1637 (CHyut=), 1597 (0s0-0=6), 1441 snd 2377
(Cny; OK, )y 1105, 989 and 902 (CH,=CH=), 893 (Gﬁaaém)g 526 (wﬂﬁméa)

el y ~ h
om. o Phe ultwaviolet spectrum showed %;i;;ﬁ 225 mp (£, 17,600),
&m@,A z&glﬂ 251.5 mp (£, 22,000). The n.m.r, spectrum shoved

B ’ 8 ¢
w058 (0uliaCul), 409=5.1 (CH,=GC=CH,), 8.0 (6N, -Cub-),

8.5% (Gﬂéwéaﬂ=)o hia dabte wan identieal with that of & gonuing
psemplo of P-myvoens (48).

Peak (2)s This hed o vetention-tine of L.32 min. on column ()
ruﬁ at 214°C. Phe intrared @pm@%mum-mhgwéd'ﬁ izx 2086 (Gﬂga:@
1795 {(OH,=C), 1675 (m@ﬁmém)ﬂ 1645 (CH,=C=), 2620 (C=0-C=G),

1205, 2966 and 912-890 {QH%&&H«)g 829 (mﬂﬂm&m) smo@ao The

BYOU 252 mp (£,3,900), and

wltraviolet cpectrum showed A
RE o




143

AYE ] il
;\gg;;]ﬁ 3 250.5 mp (& ;7,400), The n.m.». spectron shovwed T GOl
Sbc'irly @
¥

5,70 (Gaf=Gub)y 400=5.0 (CaG=0ull, )y 5.3 (BH;=0=), 7.2 (twiplat,
] ] [T
~CoGH-Gl, ~CHsbo), 8oL (CHyG=G-), 803 (0¥, G=C~). Phis date
' 1080
indicated thet the uaknown hydwrocarbon was btraneef-colnene {49)

Peak (3): Whis had a vetentlon time of 1.62 min. on column (a)

ab 214°C. The iafraved spectrum shoved Y mﬁi 1686 {wk),

3
1647 (ulk), 888, 823, 723 en. . The n.m.w. spectrum mhowed R

G

M AT (=GH=0=)}y 8.2y B.35, B.T0

Pealt J&)}’ Thisc had & retenslon time of 1.8% min, on columm {4)

ot 214°C. It was only obteined in amounts suiflclent %o
. o kI
determine the infrared speebyum, 1§ -

Sah O

b
1366, 1051, 983, 952, 837, 185 emw.” .

1825, 1683, 1645, 1378,

Peal: (5): This had o retontion time of 4.10 min. on goelunn (A)
e

ot 214°C. The infrersd spectzam shovusd U s
ditaota o

3096, 2941, 2682
1821 (Gl =OH-), 1783 (CH,=C-), 1645 (GH=C), 2443, 1416 (CH,=C)
1374, 3242, 1179, 1150, 1138, 1087, 1056, 200L (GW, =CH-}, 263,
907 (CH,<CH-), 888 (CHys0-), 795 and 730 eme™ . The ulbraviolod

E0
g $1 B /s L i L9 AH T
spesbren sShovwed % i

200 mp. The n.mow. speeirum shoved
1;6614 80255 500p) 505 {(CHy=C)y To9 (aéaa)ﬂ 8.3 (aﬁémémém)g

8.5 {eyelic ~CH,=), 9,02 (Gﬁéwéa)o This date showed the hydwro-
caxhon 0 be P-clemnene (5@}%% [Founds §o87.9s HoL1.9% MyA9T.

G, ply, Poquives §,80.25 H,23.0%; Mo204].




=
£
>

pepk (6): This had & rTeteontion time of 5.9 min. on coluan Y

i
MK o

BRI

p% 214°C. The infrared mpectrnm shoved J 2934, 1675

(~CH=G=), 1650 (0, =bw), 1445, 1389, 1377 and 1570 (0¥, <G08y )

8 g wd
1176 amd 2156 (Ol =G=CHy ), 686 (CH,=C=), 834 (-CHoG=) ome™ .

! i
0014 4,90 {=CHaln), 5,30 (BH,=G=),

Phe ReR.T. Bpectrum showed T
10 ¢ . ]
8,0 (=0H,-0=0=), 8.40 {08, <C=G=); 8,70 (acyclic WG, =) anrd 9010
[}
(seiplet, Of;-0=). Tive determinations gave 1,205 {3 20},
iudicating that the unkoown was & sesguiterpone hydrosarpon

[Pound: €894 H,11,6%. C; 08y g vequiven C,88.83 H,11.6%)

{i1i) Decomposition in Bther at Verving Goncentrationss

Semples of gevanyl diphenylphosphalbe {8 go) weve dissolved iun
Lo ml., 200 ml., and 1000m1 .0f anhydrous ether in diffexent
flasks before sboring ot 37°C for 45 wesks. Yhe solutlions were
then worked up as above sund the ferpemes isolated froem the

alumnine chvomatography showa Ho be thée same as the above.

¥iask | Days st | Terpene | Volume Perconitage
37°0 vield | Ether (ml.) | Monoterpsnes

(a) 55 29% 10 6%

(5) 24 39% 100 76

(¢) 3% 446 1000 70%

Phe torpene yleld represents the yleld of hydrosarbon

obtained from the phomphato, and the percentage ol mono=terpenss
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i haée@ upon She frastion of the g.l.c. btzace {at 150°C) taken
up by peaks (1), {2), (3} and {(4). Tho estimation of the lattew
vas done by btracing the chart onto paper with constand waﬁgh%/
undt area end welghing.

(iv) Veriation in Products of Docomposition with Timos

Geronyl diphenyl phosphate (14.0 g.) wes kepd in ether {100 mi.)
at 37°C for 5 weeks end samples (20 ml.) were withdrewn Lrom
the renction every 4 days. Afbter extracting with dilute sodiunm
bricazhonate, the ssmples were dwxied and ths ether evaporated.
Phe residual oils veze oxamined analyblically by go.l.cey bud 1%
waa Tound that the number and Telative proportions of the
volatile terpenoid products did not vary with btims.

{v) nffect of fddivion of Soddium Bloarbonates Geranyld diphenyl

phosphate (14.0 g.) was kept in ether (300 ml.) at 37°C fowx
5 woaks in combach with solid sodiuvm bicorbonats (4.0 &£o)e
The btorpencid hydrvoearbons, isolabted as above, were found to be

" the gane as in tho oviginel experiment, end btheiy ralative

propertions not signiflicantly diffarent.

(vi) Deteedion snd Bubinesion of Isopvano (1)s  Gewaayl
diphonyl phosphote (8.0 g.) was kept at 37°C in dzy elhon
{100 ml,) fox % wecks snd them the soluitlon was gontly heatbed

pud the ethewreal disbtillate collected. %The dissilliata showved
only one peelk en an enelytloal g.l.c. %wace at 30°C and iba



mltreviolet spectrum showed A

oy Y w7 ".‘..m = 3 4 L
a% 252 mp, after dllusion

pin timbs.

A pample of isopentene (b.p. 28°C), 2emethyl-but-l-ens
{Aihydroisoprens, bepo B1°3) diethyl ether (bq?o 34°C) and
nepentane {b.p. 36°C) was resolved into founr peaks on a BodoGo
run under identical conditionm to the above, A mixbure of
seoprene (Hop. ﬁagﬁ)&na diethyl ether (b.p. 34°C) wos Foumd
%0 give & single pealk under the same conditions, Isoprone
in ether showed A ma&ﬂ?ﬁ? mp dn the wiltraviolet.

The exbincbtion coefiicient {€ ) of jsoprene in
athanol is 22,000, and this cen be used %o £ind ithe amount of

isoprene formed @uring the phosphete decomponibion.

H.d
£ = o ¢ = opticel density; ¢ « com¢ In g/ﬁitra
68 w 1,42 . -
0 & s 0
LR RN I TS T St / a‘ﬁ \sz; . £ ) i : ol ‘;c-‘
oo %7 TTEEEE = 4.4 w10 g litve

Sines the disbillate had to be Ailuited by o fastor of &, the

=B .
netusl concenbration im 2,64 x 10 g litwe.

Phe theorebtical anount of dsoprene fovmed, assuming
one mole of isoprene i Fformed per mole of sesguiliberpene,cen
he ealeunlpied Tyom the initial weight of phosphate decomposad
sn 100 ml. ether, sinee the total hydroearbon yield wes 30%,

of vwhich 20% was pesquiterpenodd.
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Koles phosphate wse o 8:9 NGWQ/?OO ml. 2 E%%’maﬁ@a Litze

360
o . s o 80 9 2 3
o Thoowrebtical isoprene concentration o 66 w 68 x-?g ]
{\

b

2 f.2% m 10 g4 Litwe

There is shevefors less isoprene then anticipated

- by & Facbor of 16.

{vii) Deoomposition in Hthanol at 37°Gs Geranyl diphenyl

phiosphate (15.% g.p, 0.04 mole) was kept at 37°C Low 18 days
in ethanod {125 ml.) and thon chrometograpbed onr alumina (350 . ),
atvor removing the ethanol, and extresting with sodium bicarbonste
from su ebther goluition, analytilcal g.l.c. a8t 205°C shoved
he pasrol (ﬁOméO dried) sluant to he more complex than before,
and the pripelpal conponents of the mixiture (104 goy 25%) wewe
prrified by preparetion g.l.c. {see Figure (,page &1 ).

The products from this ethenol decomposiiion were
fournd to vary from run 0 ruR. The one consistent product
was Ffound bo show 43 mgz 13@9 and 1368 (Gﬂﬁméwﬁﬁg)g 12539 1227,
1164 ond Ll42 (CH acgauckzg }o 1071 (<GB, <0-G=), 959, 917 and 800 ome
in the infrarod. The nom.7. spectrum showed t@@lﬂ B0
(CHol=s [11)y 60T (-0-GH, OB, quowbat, [2])s To6-8.6 (buad
band), 8.9 (CH cc}momp and Gl -CH, <0, tziplat [6]). This doto

wes only compatible with ethyl e-terpinyl ether (68).
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A major produnct laolated from & dilfevent run showed
¥ 1678 (obHese), 2642 (CHy=C), 13775 1367, 1134, 2072
(=0, =0=0=), 963, 866 (m«zmwém) em.” im the infrered. Tho
Roll.To Gpeotrum showed 8% 4.9 (m@ﬁm&m)g 5o QGEéﬂéu)n
6,65 (~0-gH, ~CHy o quswtos)y Tob (<GH,<G=G=)s 8.3 (o5, <t=t=),
8.9 (CH; =CH, =0, ﬁH@«éwQ)a Phin dete wes inconclusive,
although similar to that expected from linalool ethyl ethen.

Phe more volatile decomposition products were founrd

50 be hydrocarbons.

Stebility of Myrcens to Acids  Hyrcens (0,265 go 0.002 mole)

and diphenyl phosphete (0.2 g.y 0.0008 moleo) were dissolved
in aunhydrous gbhemn {50 ml,) and laft standing at 57°0 for

1 week. After oxtrection with W.sodiuws bicarbonate (10 mlo )
the ebher was Aried and eveporated. An enalytical Hodobo
eun shoved thet the myrceme remained unchanged by the agid
treatment.

Proeperesion and Decompesition of Feryd Diphenyl Phosphabes:

Waxyl diphenyl phosphate was prepexed by @ methed identicel
%o that used fox geranyl diphenyl phosphete, but it was found
ta dosompose oo quickly to enasble a yield %o be cstineted.
Phe phéspha$@ {obtnined fxom 0,067 moles nerol) wae kepd ab
B37°0 fn 1000 ml. cbher for L2 doyp before oxtracting with

Nosoldium bicarbonate (LO0 ml.), dvyinmg, evaporeobing the othor
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(IA LN Gﬁﬁ@@at@graphing on aluaina (270 g.) with pabtrol (40m6§)°

Great hent was lidberated as the products were applied b0 the
aluming coluwmn, the top of which Sended to bweak up. The Ficat
feaction from the column (50 mlo) g@nt@ined a mobile colovrleen

o1l (4034 o), which gave 4 mein peaks on & gol.c. tyage ab

2068°C, the first two predominsbing groatly. The sccond fraction
(3.10 g.) showed the same four peaks, with the lest two predomingte
ing. There were four trwage poske present, in gddition to the main
Group. {vee FTiguze B, page 51 ), bhut no attempis weve made o
identify these minor componenis. The sobal yield of hydrocarbon
was 60%, based on nexol.

Pegk 1: This has & rebention-tise of 1.7 min. on solnmn (a)

;&; 5106 (CH,=C<),
1650 (CH, <G-), 867 (CHy=G=) and 825 (-CHeG-) eme™ .  ¥ho R.m.x,

ot 208°C. ‘the infrared specbrum showed U

t 0
gspeatrun shoved %@Glﬁe&‘,? {wGHmem)g: 509 (Gﬁgm(}a)g Ta9 (mﬁﬂa A}:é:»}g,
i
8.9 (Qﬂﬁmﬂmﬁm}o Phis data wes identical to that of a geunuine
somple of limonsne (44) (¥ield 25%, based on nerol ).

Pogk 23 This had a reitenticn-tim of 2.0 min. on column (A) ab

,6 KEO?@

]
'? ¥ 7ie < ot %Y
oy 1686 (v.wks <CH=C=),

208°C, The inirered apoctrum showed

794 (med.y =CHsfi=)e The Rem.vo Gpectrum shoved T C6La 4,7

(CHello)y Tob (~C=O=GH, «BuBo)y 758 (<CH=Cube), 8035 (OH; ~G=C=)o
Phis dsts was similer to thai expected Trom the

moneeycliac nonoterpene, Gterpinelens.
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Paak 4: This hed o yetention-time o1 %.25 min. on column {(4)
ﬁ LQ:EPQ

1P

§
at 208°C. Tho infsrevred spectrum showed 1681 («0H=Ge),

1387 and 1370 (GHy=0=0i; ), 1157 end 1349 (GH; -0=CH; ), 1116,
cel,
and ) .
916, 809, 736 cm. The N.M.¥. sSpoctzua shoved T 4.7
(<GH=G=), Bol, B35, B.45-0,50, This deta was not enoush

to ddentify the unknown hydroecarbon.

Decompesition of Gerenyl Diphenvl Phosphate {(43%) on Aluminss

Geronyl diphenyl phosphate (8.0 go) was siored in othexr {100 ml.)
ab 37°C for 3 weeks and the vesuldtant miziure woxked up as in
the owviginal expevimeat. After elution of the werpemoid
hydrocazbons with 40-60 petwol, the column was allowed to sband
overnight and then elunted with ather. Evaporation of the sther
yielded a colourless mobile liguid (1.6 g.) which gave 2 peaks

on an arelytical g.l.Co When separated hy preparzation g.l.c.
the 7o products were foumd o he geraniol, and linalcol (52),

in an approximete {g.l.e) vatio of 4 to L.

5

he linglool had a go.l.c. Tetenblon-time of 1.5 mine

ad 206°C on column (B), and the infrared spectrum showed ﬁfmaxo
5390 («0H) 3077 (CH,=C), 1048 (CH,=0H=), 1666 (~CH=G~), 1634
(0B =0)y 1408 (CH,=0H-), 993 and 218 (CH,-CH-), 833 (GG )
om.” Whe shsorphion at 910 om.” is typical &f the =0y~

defornation of vinyl groups atitached to & Berxtiaxy corbon wish

14@ :
one@ oY ROYE oxygon substlbinents. A genuine sampls of

Llinoleeld peve ddentical data.
&



Decomvosibion of Heryl Diphesyl Phosphate (50) om Alvainss
Heryl diphenyl phosphete (8.0 go) wes kept in ether {100 mlo )
for 12 days &t %7°C, aad the crude products shrosabographed

on aluning (200 g.) with petwol (40-60), to vemove the hydro-
cerhons Formed. Lthew was bthen used to elute an oll whioh

was Foumd to be pure, (g.l.c. vetevdtlon-time at 1BO°C on column
(B)s 561 wine ), and which had en infreved spectrum idontigal

maE
=3
1150 L¢ ~QH), 949, 912, 286, 837, 800 e

with w-terpineol {45}3 «J o3456 {=0H), 1678 (~CH=C } 1221,

Abtempted Proparabilen of Seseuilterpenomes from Linonenos

Limonons (2,05 go, 0010 m@l&) pnd 3,3-dimethylallyld
diphenyl phosphave {51) (5.25 go, 0,016 mole) were sbtored in &
sesled f£lask at 18°C foxr 6 months, bub &nﬁlyti@al gulo@; showed
$hat the limonene was virtually umchangedtéfﬁer this pewiocd.

In 5 similar reaction uweing ethey asolvent (100 mi.)
at 37°0 over 6 weeks ,- no sesguiterpsne was detecdted on g.1.6.

traces at 180°06.

Propazedbion of Qerauyl p-Foluene Sulphonstos goraniol (7T @os

0,05 mole), p-toliuene sulphonyl chlozide (9.9 goy 0.05 mole)
and pyridine (8 ml., 0.1 mole) were stirred at -5°C for 2hw.
before adding ether (50 ml.) and exbtracting with 5N hydwzochlowic

acid (50 ml.), 21 sodium hydrozide (50 ml.) erd watex (50 ml.).
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Wha ether solubion, afier drying over anhydwous nagresivm
sulphate, ylelded s very pale yellow oil (10.3% go) which had
the infrared cheracteoristics of g@r&ﬁylopmtoluenesulphw%gﬁa
(6Th)s 0 ., 1669 (~BHet=), 1368 {armﬁmen)ﬂ 1176 (Afh%ﬁ@ﬁ)g

5 0 0

830 (-0H=C- ), 814 (p-bolyl) em. .

B@@omp@aitién af Goranyl p-Toluene Sulphonates Gexanyld
p-toluens sulphonate {10.3 g.) wes slloved o stand at 37°C
for 14 days im ebher (10% ml.), in e stoppered flask. The
solution dervkened slowly on standing, wnltimately Surning @
bhright yellow colour, end a sediment was deposited afber 3 days.
Afser 10 days fine leaflike crystels wewe deposited on the
botsom of the flask, and thay were removed hy £ilteation, and
found %0 be pebtolusns @wlphénig peid, mep. LL4=117°C [1Lis.,
104-106°C]. Although the m.p. 38 high, Ghe solia was hygroscople,
effervesced with sodium bicorhonnte, and gave Lhe RaEe infrared
ppectrum 85 o semple of p-toluene aulphonic acid, recryotaliised
(o po L05=206°C) fwom ethew.

Some of the ether filtwate was distilled at 45°C oand
she distillote exemined By U.V., A g, 294s 240, 245, 249,
255, 261, 277 mp (211 shouldezs). The g.log. of the dlstillate
(zun at 40°G) showed shet volstile produss, other than ethew,
was preseni, alithough only in small anounti, snrd that it was

lass voletile than ethex.
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The rzopidue from the distiliation was sombined with
the remaining ether soluticn and then exbtravted with 2N sodiawm
hydroxide (50 ml.) a8 guickly e possible, washed with watem
(50 mi,), end dwied over anhydvous magnesium sulphats, The
residual eil, (9.30 §o) alfter ovaporabing the ether, was
divided into two, and the major part (H.54 @) chromnabographaed
on slumina (180 g.) with dried, redistilled petwol (40-60°C),

The profducts eluted with petwrol, ten in all, were
found to be hydwocarbons {0,756 g., 27%). The column was then
stood overnight before eluting with ether. Pho firsd ethewr
products were eluited as & pale yellew band, and wers found o
conasint of two major and %wo minor products, the infrared
ppectrum indicating that they were athems (0.72 go o
intar ether fractions yielded o seriss of colourviess oils which

were found to be alochols, (1.50 g., 5%%), three aliogether.

Hydwocerbon Produstss Thewe were five volatile, probably

nongserpenoid, hydrosarbons md five higher terpenroid hydro-
- oarbons as shown by g.l.c. braces et 198°¢C, The most volatile
wos identified as myrcone (retontion=time 1.24 minuies; myreens
1,24 win.) (1% yield) end the next most volatile ss ccimeue

(1,45 min.) (3% yield), identified by inivered spectroscopy.
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Phe third and fourth hydrosurbous were Irace products. The
£ifth hydvocarbon was the most polar (2954 mine. ) (15%), and

was purified by vechromatography on alumingd. It was nob
1demtified; alﬁheﬁgh apactral daia wés ghtainedy A7 ;;i: 3077
(CH,=C), 1672 {wﬁﬂmém)s 1642 (Cu,=C), 8B6 (Qﬁéméw)g 829 (wﬂﬂméw)
ety v O 4,705,0 (~OReG=), 803 (0l ~bebe).  The highow
nydwvocarbons were nob isolated.

Bther Produohbos The two ether products woye maparated readily

by aluming chromatography with ether solvent. The less poler
produet (2,97 min.) {about 10%) was en aliphatic sthers A 2;2:
1696 (CHobi~), 1104, 1062, 830 (CHob=) om.” 5 ¥ 60da 4.7-5.2
(<CHeb- o [2])s 6,10 (doublet, B-O~Gl,~CH<C=, [2])s To9=800
(0B, =bubey [4])s 802-8.5 (CHy =t=C [91).

Phe mors polaw, and less volatile (8,27 min.) other
product was identified as eugenol methyl ether (69) {2%)y
;&izg% 255 mp (€ ,6000), 282 mu (£, 2800)5 ggz: 5077
(avomatic GH), 2932 (~CH,), 2049 (CHy =0}, 1832 (0, =0H~-, whk) o
1639 (CH,=CH=), 1590 and 1515 (aromatic C=0)s; 1462 (CHy=),
1420 (CH, «=0H-), 3259, 1235, 1030 (a1l aryl methyl ether), 994
and 913 (CH,=CH-), 851 and 806 {(voth 1,2,4-brisubebitnted bensene )
om." s T 0% 5,45 (anyl B, [3])s 408502 (ClstE-, [3])o 6025
(0, 07y [61)s 6070 (Aw=GH, ~CllaG=, doublat, [2]). The ether

was shown b0 have the seme FeloGo robention=tine as & amall




(< 5%) impurity in the origimal goraniol.

Aleoholic Produchss Thege wewe rewndily separaited by aluming

shrongbography with other, the ovder of elution being the sane
as that of volatillity. The mest volatile aleohol wee ldeantificd
as linalo8l (1,68 min.) (7.5%) end the lesst volatile as
goraniol (2,56 mim.) (1.9%), by somparison of g.l.¢. retenbtlon-timen,
on oolumn (B)ﬂamd infrered spectra wiﬁh genunine samples of each
aleohol.

Pho intermedicte alcohol vas not identifisd (2.43 min.)
(26%), dempits the large emount in which it was obbalned im o
LoBo 3578 (-0R oyzoton),
1681 («Gﬂmém)g 1653 (CH,=C), 1059 (primery or secondary aloohol),

] } wd - + N
869 {CH, =0~ J, 835 (~GHaG-) ome v 0%

puze forxm. The spectre dats showed J

4,9-5,1 {olefinic),
6od4-6,.% {triplet with superimpesed single® at 8.9, ~CHy-Cl,-0H,
or <CH, ~GH=0f). The g.l.e. retenbion-4ime is almost the sane
o8 a-terpdneol (2,40 min., b.p. 220°C), bubt the infrored
gpectrum is very differeont fwom that of g=tarpinsol or
monthol, the unknown bheing more simple, and apparently primexy

oy secondaxry.
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PARY 2@ RNACYTION OF PHENOLS WITH ALLYL PROSPHATES AND SULPHOUATES

Aliyl Diphonyl Fhosphabe {40)s This wes propared by the same

method as for gevanyl dipkenyl phosphate except that the diphenyl
phosphorochioridate (327) wes added over 2 hw., and the mixbure
setirred & further 4 h¥.. fhe cxunde product wes obitained as @
colourlens, viscous 0il dn ylelds of 70-90%, and was suifilciently
pure for most experiments. An analytically pure sample wes
obtained by distillation; boD. 154m155°ﬂ/003 M8« § ngg 1.53883
Gelot. robantion-time at 226°C, 29.6 min. [Founds ©,61.925
Hy5e6p PolOoBfe Cogly 0, P wequives U,62.15 H,5.65 Ppl0.T5)e

Reaction betwoen Phonol and Allyl Dipbenyl Phosphates

(2) Bther solvomb: Phonol {(0.94 g., 0,01 mole ), recrysbtallized

from 40-60°petrol, end allyl diphenyl phosphote (2.9 oy 0.0 mole )
were dispolved in dxy ebher (20 ml.) and the solution wos heated

at reflux onr o stesn-bath for 60 hro The ethey solwntlen was

then extractad with dilute sodium bicarbonate (20 ml.). Acififi-
cabion of thisz extract 4id no® cause she preclipitation of any
Adpheny i ?n@aphat@o The ether solution was then extracted

wwice with 28 sodium kydvonide (2 = 20 ml.), befove washing wlth
water (20 ml.) and dzying over anhydrous m&gm@ainm sulphate.

Lyvaporation of the ether yilelded a aolourleas oil (2.5 g.) whish

proved o be allyl diphenyl phosphete(g.l.c. evidence).
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(b) No Solvenits Phanol {0.94 g., 0.0} mole) and allyl

diphenyl phosphate (2.9 @ay Q0L mole) Wore heated itogether

in o sesled flask fov 8 by, abt L00°C. Ry an exbraction procedure
gimilar to the ehove, 1% was f@umd that no diphenyl phosphate

had been produced and that unrescted allyl diphenyl phosphetie

rvemainad (2.2 g.) after alkaline ewtraction.

(¢) Phenol ss Solvenb: Phenol (0.%24 g.o 0.0L mole) and allyl
diphenyli phosphate (0.58 o5 0,002 mole) were heabed at 120°C in
o sealed FTlask for %0 hr., and the course of reactlon was followed
BY BoloGo, om column (&) at 193°C.  After 24 hv. the imibial
phres volatile products had been converbed inte a fourth product
and this vemsiusd stable duving the remaining reactlon-time. The
veactlon mixture, dark red im colour, was digaolved in 2N sodivm
hydvoxide (20 ml.) and extracted vwith other (25 ml.). WThe other
wtract wes then weshed with water, dried over amnhydrovs
megneainm sulpkate, and feaotionally distilled. The only producs
dae founmd o be Z-mebbyl coumevén (80) (0.44 go, 33%) (47% from

BohoBo tPRCOB) BoPo &5m66°Q/15 mia Hgo {Lito @2m83/ﬁ4)9 ond was

La¥o

identified speebroscapicallyy A7 .

298% (GE%},) 2941 (=GH,<),
2882 (CHy ), 1464 (cﬁ,}ucw)g 1447 {=CH,-)s L1381 (c%«»ca)g 1252
(coumaran), T49 (exriho dlaubsbliuted henzens) GMo &@ p OCL 3,8
(Bryl 1), 5085 (~0-GH=CHy, quortet [1]), 7.05 (AwCH, <[2]) 8.6

(C‘Hg mcc;()ag doubleb tjj)
I:K
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{d) Phenol os Holvant, with Added Scdiun Ricarbonatas Phenol

(0,94 oo 0,01 mele), rliyl diphenyl phosphate (0,50 g., 0,002
mole) end solld sodium bicarbonate (001? oy 0,002 mole) wown
heaited together at 120°G in & flnok sealed with dwyilng-tubo.
The mimture wae sheken gently evemy 30 min. end went completaly
solid aftor 90 mime. Rums af A9L°C on g.l.o. solumn (A ) showed
thet three produneds were Fforxmed after 10 hw., and bthet afiew
50 ., there was ne chonge in thelr smounss velative BO OnG
anothor, ey relative te phenol.

The zesction was repeated on a lavger weale (0,02 molax)
and the threo products separated by preparative H.l.o. on columin
(a) 2% 190°C, The most volatile wes found %o be allyl phenyld

a

» - & » . ﬁ;'
othew (54%)% retontion-tine at 19L°CG, 1.52 ming 4 g“w 3077

1653, 14312 (211 GH@&SHw); 1242 (eryl-plkyl ether), 991 and 910

wd
(hoth GHy=CH=), 753 and 690 {mono-gubstituied bonzene) om.
700 5,08 (aryl M), 4050 (CHy=CH-), 3.50 (ArQuCH, ~(R=C~g
@Qﬂbl@ % ) o

The intermediate produet was found o he g-allyld

Lol
BeX o

(«0), 2941 end 2865 (<CHy=), 1845 and 1645 (GH,«0H-}, 1439

phoneld {26%)s retention=time at 191°C, 2.23 min.s ¥ 1522

Ko

(~0H, =), 1436 (O, =CH-), 1553 end 1220 (Phonol 0-C mbw.), 997

_ ) o4
and 9L7 (CH,=CH-), 751 {ozthowdi-pubatit.bensene ) om. o
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The third product was found 30 be peallyl phonol
> 1. i

. . . . ; . - fele ... e
(39%)s rotension-time ab 191°C, 2.6T min.g U m;x: 5590 {08

gbzateh), 2935 end 2857 {=CH,<=), 2647 (CH,=CH<)}, 1370 and
1255 (Phenol-0f), 994 and 926 (both CH,=UH-), 824 (parp-di-
oubetite bonzens) cme

Phe yields of these three products were salovnlated
from the g.l.¢o btroces uvsed to Lollow the wxeaction, by
veferenco %0 & calibzabtion chert of each agains® phenol. By
comparigon of vetention-time it wen sseeriained that the

internediste products in the resction without bicarbonate

ware She seme ags the above produsta.

149 ,
Proparzation of ne-Allyl Phenyl-n-nitrobonsonses p=-Allyd phenol

(0,097 gop To2 X 10" noie) from the above experimont woe

dissolved in pyridine (2 ml., dwisd and redisbtilled) and
A

- o

3, Gedinitrobensoyl ehlorido {0,165 go, 7.2 % L0 mole) wadded.

Pne mixture was then refliuxed for 1 hw. and siter cooling,

ves odded o 5% sulpburic aeid (40 ml.). After solidification,
the zed nolid predust was weshed with 2% godiuwm hydwoxide

(20 mLlo). After bthree weurystellisations from agueous

athanol, the white solid was identifieod as p-allyl phenyl

PR TOLBRE0RTE,) WoPo LOU-L02°C [Lit. 303°C].
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{c) Phenol ag Solvont, in Presence of Prlen-Bubty lamnines Phenol

LY

(2.8 2oy 0.03% mola), allyl diphenyl phosphate (5.8 éoy 0,08 wole},
aud triepebutylenine (3.7 ©o.p 0.02 mole) wers heatad ab 100°C

For 40 hee The mixturs wan dissolved in 50 nl, eobher, baefove
exbracting with N.sodlium bloesbonste (50 ml.), 28 hydwochlorie
agid, 2N sodium hydwoxide and weber. The ebhorx solution was

thon dried over aphydrous magmesiuvm sulphabte, and the ethewr
avaporaved 0 give & discoloured oll which wan Lractionally
distilled wnder vacuwm. The principal distillate was allyl
phenyl ether (0.6 goy, 22%). The alkeline exbract yielded only

phenold,

Reactlon Between Sodium Phenoxide and Allvi Divhenyl Phoaphobe
B B

in Aqueous Solutlions To e solution of phenol {(0.94 g
&2 L4 oo

0,01 mole) and sodium hydroxide (0.4 g.p 0.01 molo) in water

(2 ml.), allyl diphenyl phosphase (2.9 goy 0.0L mole) wes

added, and thoe mixiture hesited abt 80°C for 15 miv. The

wlxture had turned o green-yellow colour and the swmell of

allyl phenyl other ves detocted. Aw ether (20 ml.) selndion

of the mixtwre ves weshed with 20 sodiume hydwoxide {20 ml.), and
then wetor (20 mi.), snd the ether solution dvied over anhydwons
magresina sulphate, before evaporating the solveni. The

wvosidual, colouwless oil was thon Qistilled at LY mmo Hg., ond



she only ddatillade was allyl phenyl ather {0.34 g 26%) .

floanbion Batwsan S0id Sodivm Phenoxide ond ALllyd Diphenyl

Phosphate in & Non-folaw Solvend: Allyl diphenyl phosphate

(0,290 goy 0,001 wole) way dissolved im o solution of sgual
volumes of petrol (40-6(7) and ether (both deoy, 5.0 ml.) and
polid poddum phonoxide (0.116 go, 0,001 mole) odded. The mixburs
vae then allowed to stond ab 18°C for 40 ke., by whioh $ime nood
of the phemoxide had digsolved. The mlxture vas poured into
wator (10 ml.) and extracted with ethey {10 mle) and the deied
chher oxtract yielded o colourless oil (0.246 g.), which wno
found 0 be a mimbure of allyl phenyl either and allyl diphenyl
phosphetn. The ebther was sdentified by gel.co yebenbion-tlimes
end was obtained pure by distillation {265%). The slkalins layox

yieidod phonol.

Renchbion Potvecn meerepol and Allyl biphepyl Phosphsto (AQ)s

Allyl ddphenyl phosphaie {8.90 g., 0,01 mole) and meeresold
(5,40 @oa 0.0% mole) wowe heated at L10°C for 48 hr. in &
gealed Llask. Yhe f@&@%iom.mimﬁure after 24 hw. shoved peaks
oh 2069 (meoresol), 2.06 (ahoulder),; R:50 and 4.0 (swell,

broad hunp) ninvtes, ane ofter 48 he. the mixbure had sinplified
B two pealks (l¢59iamd 2,58 min.) in gas-liquid chromabography
rung at 190°G.

Phe ernde mixtuse was poured into SN-sodiuwm hydroxide



{50 ml.) and ewbraction wisth ather yaaﬂé&ﬂdneml which was
dintilled from an oil babth &% 12@“@/15 mmc Heo Phe volatile
product was identified as e mizbure of 2. d-dinethyl connaxad
and Egémdimeﬁhylﬂ@ﬁméran (0,28 o, 16%). Prom n gedoGa

alibretion the yield wes 56%,and the nem.r. indlicated the

Q

watlo of isomers o be 2:l, although it was not possible bo
ﬁi&@?&miu&&& between them. The colourlens oil gave the Following
apoctral datay U é‘i’a:% 2965, 1379 (both GH, ). 1253 and 2235
(@@uméﬁ&mmd&mblat)g 1020, 944, 909, 823 {1,2,4=tri-gubabit s o DORBENG )
TIB s e 769 . OB {both 1,2, 5-4vinubebib. bens Ona ) G ig'

20 5 0.5.5 (ezyiu(3])s 5e27 (0-CH-CHy o [1])e TodS (AmoGH Ce,

[21)s 777 and 7.85 {watio le@y aryletiy; [3]), 8.42 (€8, B0 ) -

83 mgmﬁlagmwe of & «Aldyl Phenol in Fhonols @ =Allyl phenol

(0,67 goos 0.005 mole) end diphenyl phosphete {(L.25 g., 0.00% mole )
were heated ot 120°C in phenol {2:35 8., 0,025 mole) for 24 hr., and
the weagtion traced by golos. at 190°C. Aitew § hw. there wewve
about equel emoumbs of g-allyl phenocl (wetention-time, 2,27 mids)
end 2-mothyl coumaidin {376 min. ), ond afber 24 hw. all the

o=nllyl phenol had beon converted to Zemethyl covmszan {80).

Isomerdsabion of Allvi Phonyd Bthew in Phous. Allyl phenyl

ather {D.4 goy 0.003 mole) pnd dirxhonyl phosphate (079 Hoo

Goﬁﬂj wole) vere heated For 75 hwo in phenol (108 Bo» 0,015 mole)



at 105°C, and the zpsebtion followed by go.l.c. trases. AfL%axr L hro
there wan no d@%eéﬁablm reachion, and afdter % hy, there was &
shouwlder present in the allyl phenyl ether peak. Afbew heeting
for 75 hv., the allyl phonyl eother hed disgppeaved and btho only
produst was 2-mnethy) couwmaran (60). A% no time during the
waastlon wes g=allyl phenol detesbed.

Ioomorisation of Allvi Phonyl Biber in m-Creasols Allyl pheonyl

obher {0,268 gop, 0,002 mole) end diphenyl phouphate (0.50 o
0.002 mole) woxo heaited in meoresol (1,08 g., 0.0% mole), &b
120°C Tor 70 hw, in & sealed flask., The produst nixtoere van

gxanined bBY £.l.C, @t 191°C and showed peaks av l.21 @

T
(24N

Lo
(2.1 mole, phenol = 1,17 mim.), L.%0 mimn., {(broad, consainiag
n-cvesol and allyl phenyl ather), aud 2,40 min., {1.0 nole).

Phe ornde mixture was pouraed inte 2N sgodium hydromide
{25 Mio)g and erbractef with ather (29 mil.). %his ether ecxtimvach
wes found to contain thrae evmpomentm. These wers allyl phenylk
ather (1:%0 nim.}, 2-medthyl counarton {1.69 min.p otandard o 1.70),
and a thied é@mpam@n@ (2,41 min.,), which was identified as &
dimethyleoumaran. The velstive smount of 2-methyl coumavan ivthe
dimethylecurnaran vas Jodsk.0p and that of phonol S0 the

Aimethy loowaran, Lolelo0.
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Inomerisntlon of pugencl in Phenol: Bugsnol {7Q) {1.64 g5

4,

0,0% mole) and divhenyl phosphate (250 g., 0.0k mols} were
heated st 120°C iu phonol (4.7 @«o 0.05 mole) for 70 hw. in o
sealed Tlask. %he repction was Followad by g.l.c. &b 190°¢
ond the ewngenol was seen to disappear gradvelly from tho
repobion mikdiuve, and two smell shoulders {1.45 and 1,62 miﬂof
wore scen o appesar in the main phenol pesal {1.16 min,)

The crude mixture waes then dilundted with S§ sodium
nyareride (50 mlo.) and extracted with ether (50 ml.). The
ether extveets was washed and éried ard yielded tracos of an
oil {90 mg.), which gave 4 peaks on the g.l.o.

Phe alkaline extroct from agbove was acidifisd with
20 pydwochloric asid, and ether {100 ml.) mddod. The ether
extrant was washed with N scdium bicaybonate and wabter befow
dyying, and sveperating the ether, to yleld n darvk, wed, oil

3,

which did noi appear to conbain any componens ather then phonol.

Repeblons of Phenol with Olefina Ju the Prosmence of Diphenyl

Fhosphatos

CLEPITATE I

(o) Gyelohezmene nt $7°C: Phonol {0.94 o, 0.0L mole) end

eyclobensne {0.82 g., 0.0L molo) weve hented btogether at 37°C
for 10 days in the presence of diphenyl phosphabte (2.50 g,
0,01 mole). The minturs was then taken wp im ether (2% ml.},

before extzacoting with 2N WaoR (25 ml.), deying over snhydzous



megnesiun sulphate, and removiag the ether and unchanged
eyclohesene on & nieen-bath. The residual oil was distilled

to give a colourless product, identified as oyclohexyl phenyl

Lol

T e o e ) e
ather, (0.088 g.o SR)3 W _ .~

2924, 2857, 1449 (all “'Q’E‘g“’)n
1236 (aryl-alkyl ether), 749, 691 (mono=-subsitit. bensene ).

(b) Oct-R-ene at 10Q9°¢s  Phenol (0,94 @., 0.01 node ), 0eb-2-0n

(1,12 go» 0.0 mole) and diphenyl phosphate (2:50 oy 0,01 mole)
wexe heated together ot 100°G Low 60 hv., before teking up im
other (29 ml.) and exiracting as above. The prodwot Lwom the
ether molution was FTractionally distilled %e give & colourless
0il, identified as an octyl phenyl ethew, Bop. llémlléﬂq/il Mo

{0,084 oy 4%)y  @oloG. webtemblon-tire at 232°C, 0.8 ming

v Gelke 2941, 2065, 1456 snd 1372 (il CHy- and -CH,~ bends),
1241 {alkyl-axyl ether); 750 and 690 (mououmﬁhatiﬁo bonsene )
ooy v %% 2.9.3:.1 (axyl H), 5.8 («GH0-AF ), 808 (Gﬂéméwﬁ)n
Phenol was the only phenolic producs ébtaine& from the alkaline
@xtraa%oA

(¢) 2-Mothyl-bnbt=l-one ot 100°Cs Phonol (0.94 goy 0.0L mola),

diphenyl phosphate (0.2 g., 0,0004 mole) and 2-nethylobub-l-cne
(.40 goy 0,02 mole) wewre heated under reflux at 100°C fom 80 hy.
The evude mizbture was then chrometographed on alvmina (70 go)

with petvol (40-60°C). The first eluant (0,28 g.) conoistad of



» low and & high-boiling product {(2ed by g.l.c.) and the formew
{g.doco rebention-time or @@luwn'&ﬁ) at 204°0, 4.2 min.) was
idontified as 2,6-i(L',1-dinethyipropyd phenol (I, pege 95)
(018 goy 8%) by its spesiral data {see Table A , page 93)

4 second product was obtained with other aa solvend
and this was ldentiflied as dm(l“l“w@im@%hy&@ﬁnjgyl)ph@ael {E1%,
page 95), 0.67 Gop 40%) (g.1.6. rotonbion-time on column {a)

By 204°C, 5.1 min.) by its infraved and nucleer magnedilc
resononce chovsctoristics (ses Weble A). A third producht vas
eluted by ethyl scetate and this wes FTound %o conpist of phenol
(0,40 go, 115 woturn) and p=(10, 10 edineth ylpr opyl)phenol {1V,
page 95)y (0,067 go, 4%) (see Table A)(goio@o votentlon-tine on

column (A) ot 204°C, 6.1 min.).

Ronotion of Phenol with 2-Metbyl-but-locne in the Prosence of

Sulphuric Aclds Phenol (4.7 8o9 005 nole) and 2-methyl-bub-l-ene

{7.0 goy 0.1 mole) weze heated under yoflux at 100°¢ with L drop
of conceontrated sulphurie acid for 14 hw., The grude products
vere chromatographed on alumina {300 g.), end identified by
ppectrel cherscteristion (see Table A, page,95)alter a
distillation.

Phe Liret produst wes 2,6-41{27 ;1 =dineth yipropyl)

pharod (L, page 95) (3.3 & 26%) . bepo 99%103?6501 R, Hie o
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eluted with 40-60°C petrol. With peirol-benzene (Isli) the
produst . was 294md3(1°91°m@im@thylp$ogyl)mhen@1 {11, page 95)
(3.9 go» 34%)y boDo 109wl1006/b002 mine. Hgo Eiﬁ%uraﬂ of this
phenol end 2-{17,10-dimathylpr opyl)phenol wewre obbained with
bengene From bthe column, {(g.l.c. ovidence) snd these sve
included im the total yislds. With bonzene-ether {1:1), pure
2o(11,10wdinsthylpropyl) phonol (IXI, page 9%) (2.7 g., 54%)
wos obtained, bep. 126-130°C/15 mm. Hg. With aslyl scetate,
o omall amount of phenol and 4-(1%1¢=dimethylpy opyl)phenol

(iv, page 925) {160 mg. 2%) was elutad.

Boaebion of Phenol snd Diphenyl Phosphates Phonol (0.94 g,
0,01 mole) and diphenyl phospbate (2.5 go., 0.0l mole) weve
heatod at 100°C fow 40 hr. BExtrastion with other, from an
alkaline solwtion of the wreaction mizture, yielded & neubzral
(Litaus), oily product, which golidified on covling, Mop.
846.5-47.5°C [1it, 49°C)|. The solid was identified as itriphenyl
phosphate (0,00 ., 2%) from ite infrawed spectrum dee Table €,

page L30).

Reaotion of Phenol with Olefins:  Phenol (0.94 g.s 0,01 mole)

and oete2oone (1,12 go, 0.0) mole) were heated at 37°C fox 60 hw.,
bafove baking wp in ether and extracting with alkell. The ethev
polution wvog found S0 consist of 08T -2-010 only and the alkelinse

oxtract of phenol only.
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Roeotion Between Rihyl-p-hydroxy Densogbe (81) and Allyl Diphenyl

Phosphate (40) in the Pregence of Sodiwm Blcarbonstes

Rehyl-p-hydroxybenzoate (81) (1.68 go, 0.0L mele),
allyl diphenyl phospbate (2.9 g., 0.0 mole) and sodiwa bloarbonate
(0,84 go, 0.01 mole) were heabed at L00°C for 45 hwr., in o mixturs
of ather (10 nl.) end beazene (10 ml.). Phe mimduro wes them
ontracted with weter (30 ml.), M. scdivm bicazrbonste {350 mle)o
and 20 sodium hydroxide (20 ml.) before washing with watew.
Phe other-bonsene solution wes then dvied over snhydrous negnesinm
pulphate and evepovasion of the solvenis yiclded & diacoloured oil
(2.5 go) which showed both carbonyl end phesphate eateyr peaks in
the infrared. The wesidve wes then ehromatographed on aluming
{75 g.), and 40-60°C patwol solvent yielded o colourloss Liquid,
ehihyl pesllyloxy bemsoato [82] (0.35 goo l@%)g Fol.c. vabenbion
thoie 0 227°C.y 5.55 mineg 6 “o0° 3086, 1650, 996 (=il Gy =GH-),
1712 (=6=0), 1276, 1105 (=GO0E%), 3253 (exyld ether), 847 (p-
disubptit. benseno) om. "y T 663 2,1 (doublets aryl H o= &o
GOORG) s 3ok (a@mﬂ,@*&a@myx B g- %0 oxygen), 4.5 (allyl), 5.8-6.2
(ﬁmﬂwﬁﬁaogmwag end Aw%aﬁmgﬁﬁmém)g 8.7 (sriploty ggéaﬂémou}o

Phe sofiva hydroxide exbtrect yilelded athyl-p-hydsosy
beuzoato, Repe 102-105°C (1.05 go, 60% sebturn). Ehe sodium

vicarbonate and initlald weter sxirects yielded diphenyl phosphate
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(0a43 gop L6R), ddeniified ap the oyclobomylammonluam sali,
, a6
mepe LO2-196°C [Lit. 200°G) .

Hydzelynis of Bthvi-p-aliviesy Bommosbe [62): Hihylop-ollyler;

bonsonte (069 goo 0.0033 mola) was tweehed at weflux with
potasoivn hydroxide (0.2 g.) in methonol (% ml.) for 2 hw,
Rrieaction of She eoidified methenclic solution with chlorofozm
yielded p-allyloxy bensoic aeid {0,057 oo 62%, mopo 157-L59°C
[2i%., L60°G].

Renchion Betwoen L,4-Dihydcesyaaphihelone and A3y Hiphonsyd

Phopphate im Bihenols 1,4-Dihydroxyusphibaloné (3.36g.9 0,02 rodle

was prepoved Trom 1,4-nephihagrinone {in the sawe foshion os
nenediol Trom menadione, poga 200 ), 3}*':?\,@31,«3 o858, and added bo @
solution ef allyl diphenyl phosphete (5.8 g., 0.02 mols) im
obhanol (10 ml.). The solutilon was then rofluxed for 65 he. on

a stean<bath, the ethanol rmmqvaa and the purple rogsidue dissolved
in ether {50 ml.), before extractlng with Nesodium biasrbonaie

(50 ml.) and washing with gator. The othor soiwbicn wan bhon
dredod, and the othow eveporaied, ylolding o purple oil (1.9% 8o )
whieh wes chromebogrophed on alumiue (60 g.) with evher o
polvonte. Tho firet ocluent was & woddishobrovn solid which ves

fonud, oftor veorystellisation Crom pebred (40-60°C), %o bo

CERN

1, deddothenynaphthaione (100 nge 28) mepo 83-B4°C. T o

2981,



7O

’ an L5 v, (3] *
2941, 1581 (211 @Hawgwjg 1241 (azyl-allyl ether), 749 (naphthalene )
W& ot @@3’ ‘ 2 v *
oMo % T 4 1.8 {a-H in sephithelens [2]) 2.6
(B8 in naphdbalens, [2)), 3.5 (naphtholens H, w-te-0R [2]),
5.9  (Av=0elH, =08y, quavtet [4]), 8.6  {(CH; D, ~0-aw, t¥ipletd
[61). The pscond Fraction was & weddish-brown, viecoun 0il,
which wos found S0 consist meinly of l,4-naphbhequinone. The
third fraction with ether was & vedbrown solid, whish wao

sublimed from o water-bath at ?0“%/001 e p and found to be

Loathory-d-hydroxynephbbalens (79 mge 2%), mopo 90-92°G [1ib

KGL
MK

104°¢ )5 o 3268 (0d streteb), 1255 (exyl-alkyl ethew),

80% (1,2,3,d-tetrosubotituted bonsens), T60 (naphthalens) @mDMﬂg
T ©6h3.8 (naphihaleno o=H, [2]), 2.6 (nephthslens 8-H, [2]),
3,5 {naphbhalene, a-fodke0d [21), 4.8 (nephihol O, [1]),
5,95  (Ax=00H,=0H,, [2])s 8.5 {Ar-0-GH,=CH;, twriplet [3]).
The only other product from the selunn wasg 1,4-dikydrony

naphthalene, obtained with ether-eihyl aceiate {20:1).

. . 134
Properation of Allyl-p-toluens Hulphonata: A mixbure of

allyl slcohel (38 gop 1 mole) and petoluenesvlphonyl chlowide
(190 @., 1 mole) wowe drested at 15°C with 25% sodiwm hydroxide
(175 mley I mela } over 2 houn vhile the wizbtuve wos ablrrad.
Stivring et 15°C was conbinwed for a furthew 4 he., then the

mizture poured into cold watexr (2 litres), and Sthe precipitabed
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cleor 0ll exiracted with other. The axvract wos washed with
2N sodiuva hydzoxide {200 mlo ), and wabtew, wefowvs dryiag and
evaporating the ether. The resultant oll wea Alstilled and
the fyactiomn, Bopo lﬁémﬁ/bo@ . idendificd as allyl p-toluene

sulphonate (185 go, 60%); 1368 end 1178 (sulphonaste),

BO% o
995 and 918 (O, =CH-).

Rosction of Phemol with allyl p-foluene Sulphonaies

(1) Phenel solvent at 100°Gs Allyl petoluens sulphonate (4.2 goo

0,02 mole) and phenol (9.4 g., 0.10 mole} weve hewiaed at LOO°C in

s mealed flask for 24 hv., before dissolving the red mixture

in ather {50 ml.) and extwasting with N sodium bisarhonate (50 ml.),
and thon wabter (50 ml.). The deied ether solubion wes then
exanined By gol.c ab 176°G, bub ounly phén@l wor desteaiod.

{31) No solvent ab 20°C: ALyl p-toluens sulphoneto (2,10 Zos

0,01 mole) and phenol (0.94 g. 0.0L mole} were heated at 20°C fow
5 daya in o sealed flesk. The mixiture dorkensd, as in the
pravious ezperiment, and exbtractlon with Negodivm bicazhonate
from an ether solublon predused mucsh effeIvesnceonss. The obhow
layer yiclded a med oil (Lo95 go) which did not have awy

volabile component other than phemnol.
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PART 92 BEACGTION OF %03 « DA TICYLALLYY, PHORPHARTS AN

CITITTAXRATIISD

SULPHONAILS WINH PEREOLS:

‘ . 166
Proparntion of 5,3-Dimethyiallyl Alochols

(1) Prom agzmdiaathyl&cxylic aadds A solubion of 2,2-Qimethyl
acsvylile asld {25 goy 0.25 molep) im @@aiumm&riéﬂoanhydrams ashaw
(100 ml.) vas pimced im & 500 ml, J-zecked finsk, fibttod with
o mereuzy soaled stivwer, o dwopping funnel, end o thormomoter,
The slde avam coxvying the dropping fumnel was open to Bhw
a%momph@w@%hfuugh & drying-btube., The solubion woy coolod
in an lee-salt bath B0 <10%C., and, Tvom the dyopping-funnal,

o siurey of lithiuwm sluminive hydride {11.9 g., 0.51% mole) in

sodinm-Qricd, enhydrons eother was addod caublounly, over 45 miR.,

to the stivred solubicn, so thet the tempowvetwre in the flsek pevoz

sroeaded 5°C. Purbther 1% min., was alloved for complotion of
the wosoblon, before graduwelly edding snough water O remove
any sxeess hydvlde. Guiphunepic &@iﬁ:(ﬁﬁ mio A0%) wes thew

adaded qam@io@slyo ond bhe meidified soluticn was Hhen exbracoed
with ether (2 2 150 ml.). The ocopbined ether exbrectc wews
thon aried over anbhydrous poiasaiun carbonato, befowe Liltering
and eveporabing the esther o otmespheric PressrEC. Phe produst,
which hod o phlo-yellew eolervation waw then dlstilled and Hhe
najor fractlon,§,3-dimethyiallyl alechol, collectedi b.po

54-55°0/25 mno (160 & 75%)e  Tha alechol showsd ﬂﬁ;gﬁo 3565



&l &

{-0H), 1038, (broad, -Gil, Oi), 2677 ond 837 (-E=0CH-) em.™ .
A Zohoo tvace ab 12%9C showed She produst to be pure, a4 though
in some expeximents thers were traces of iscamyl aleohol
{hopo 432°0C) present with tho I,3j-Aimethyleliyl alochold

(Bopo 140°C),

Praperablon 0f 3.%-Dimevhyiallyl Dipbemyl Zhosphete {51). This

wos propared in the seme fashion as gerenyl diphenyld phosphate,
by adding diphenyl phosphorochloridnte to %,3-dimethylallyl
aloohel din pyeidine. The p rodnet obtained by evapowation of the
sther in the finel stage was an almogh colouslése oil, with
rather & sweed smell, and the yields vewied betwoen 50% and 5%
The oily phoophste was deomsd pure if thewe wes no <04 shrotoh

Ll :’?’ - 4 »
around 35300 cm. in the infreved.

Distildation of Z.%-Dimethylelivl Diphonyl Phosvhate {(51): The

phoaphate {3 g. o) wap Alotillod at 0.% mh. ond some of the n%@ﬁp&nuw

Ed

Ran Qbﬁblﬂﬁd?‘buﬂ this was found 40 boe egmﬁn miaated with pﬂ%ﬂml
produsad hg desomposition of the phosphatae.

iﬂ a faxbhew m%p&?LmUng e emall amoum% of the phosphebe
was ﬂimﬁili@ﬂ im b sensege fiask weing o mewvcury dlffusion pwap
(5 = 107 &mo)a Phe olly Adstilliaide was almost solourless, bus

darkened o yollow, then brown.en standing {E@umﬁs G663,y HoBo23p

ﬁgjia{)oz?%n (&gr;ﬁgiﬁma.» ?‘uni?fﬁ}ﬁ cgﬁt’qngfi 31;,600% Pg?}oﬁ%]o
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Roacstlon baiween Bromine ond 3,3-Disethylelirl niphanyl Phoophatos

(1) In solvemts When tho phosphate wap treabted width excess
bromine in cavbhon tetzachloride,or in glaeial acetlc asid,
thare were no crystals formed on stending 66 Toom BemperRTRTG.

(1i) Vo scivents The phosphate [3.18 g.y 0.0L mole) was troabed

with bromine (10 g., Q.06 mole) end the nixture stood at roer
tamperature fox § days, before Ailuting with chlozoform (2 ml.)
and f£iltering the white crysbtals which had f@fﬁ@ﬂ {from which
adeorbed bromine hed to be dwawn 0ff). The produch was
roceyotellized twice from ehloroform (owall veluwe), and was
found te be acid o litwus, snd o offervesce with Mesodivem
bioarbonate. It was then identified as di-p-bromophenyl
phosphate {100 Bg. )y Moho 1@305m16§mﬁﬁ:g A igg% 223 (E;& 5610),
273 (€ ,765) mp p (< iﬁm pee Table G}y & OF 0,0 (-Fe0m),

S o

L]

+ 2,65 (pare di-substit.bonsese, guertob). Bhis subsionce was
found to have the sewne infrared spoctTum.as o goanlus sampis
of die-p-bromophenyl phosphabe, m.p. 108-164°C, obtained by
alkaline hydrolysis of di-p=bromophenyl phoaphoroshloridsnic.

The chlowoform Filtrates from the initlal wecrysbtalliza-
$lons wowe them chromelographed on alumina, with pebtrol (40-60%4),
t0 produse o mizbture of volatlle liguids, which was found %o
couslat of mevoral velatile componente (g.l.s) {appronimate

bBopo A20°G). These ligquide geve only apburabed hydrocarboi,
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or helide, bends im the iafraved, end dld aot posscss banda
due to hydwoxyl, carboayl, olefin or axyld groups. The REBUTO

of thomo products was net fuvitheyr investigaived.

Resetion between Phexnol and %.3-Dimethylaliyi niphouyd Fhogpheie
(51)s

(4) Ronedion im Phenols The phosphnie {1o6 gos 0.005 mole)

van dippolved in phenol (2.35 ., 0.025 molo), and the minbure
hoated in o senled flask For 24 bw. 8t 120°C. A goles. t¥ace
phowed Bhet twe poaks woxe puesent, snd that the lesser of
these wap & volatlle compound, legs volotile then the othom,
whish wes vochengod phonol. Tho erude minture wes pourad inte
B-sediwnm hydvoxide (20 ml.) end exiracted with ether (20 ml.).
AfSow woeshing, end drying, the ethew extract yilelded o nale
yvallow oil (1.0% &o), whioh was disbtilled fwom an oil bath

(130°G) at 12 wm./Hg., H0 yield » solourless ohl which wae

?f:! o}? o

MO
2965, 294%, 2657 (all 0H;, CH, bhando), 1307 and 1370 (gom

identified ne 2,2-dimeshylehvonan (0.222 go, 27%); A5

0l ~be0r, Jo 1296 (shwoman), 1220, B35Ts 1224, 949, 756 (gxtho
A-pubsditutod bonsens). The vesidus from the dlstilletien wan
found o be unchonged phosphabo (0.80 go, 500)

ohe allkaline extzoct (above) was acldified with dilube

hydrochloric aold, exbtractod with obhed (50 mlo) and whio obhoz
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eRteeot weshod with N.oodium biloarbonate and water, belowae
drying. Phe only pr@dm@ﬁ was phonolo

Phe dimothylehroman (& = 2,80 min) was then
galibrated ab 190°C against phewnol (6 = 1.135 miwn.) and the
saownt present after 24 hours wes Jound to be cguivalent o
o yield of 46%. A no stage dueing the veachlon wes thore
any ovidence of intormediates boitwoen phonol and Egamﬂimethylm
ehroman being prosond,

(13) Reactlon in Phenel in the Preseunce of Hoedimm Bilvarbonabes

The phouphate (L.6 g., 0.005 mole) was dissclved in phenol
(2.35 gop 0,025 mole) erd solid sodium biloarbonate (0.42 S,
0,005 mola) sdded. %he mizbture wes then heated at 120°C im o
locadly-oealed fispk for 24 hv. The reastion fellowed the
pene poth as in the sysbtom without the added bleavbonate.

The neubzal product was identified as 2,2-dimebthylohromnn,

and goloG. traces showed the final yield to We 49%.

Tho phosphate {6,356 go. 0.02 mole) was disselved in 80-100
petroel (redintilled, 20 ml.) and then heated to 100°C wndewm
woflug afbor @ﬁdiﬁg aolid sodivn phenonide (2.2 go, 0,02 mola o
Foasing was consinued for 6 he., beforve pouring the yellow

polntion ond white suapended solld ints dldunie hydrochiorie asid,



LY

and extwscting with sther, The ether extract vas waashed with
H, sediun bicarbopate (%50 ml.), and then with 2N sodium hydroxide
(2 % 50 ml.), and waber bofore ﬂm&&mgo The combined acdium
hydwoxnido extracts were ecidified and extrpoted with ethew, ond
this @th@m axtrast washed and dried.

fhe ‘peutral! ather owbrast yielded sn oil (4.6 8. )y
which conteined conpiderable amounts of wichenged phosphete
{intrared ), along with thvee volatile frastions with retentilon-
times of 2.30, 1.90 and 5.37 wmin. ab 188°¢. Yhe 'phenolia’®
ether extraot contained only phencl (0.76 g.), wetention-iine
ialﬁ Bine. , ddentified by comparison with & standard containing
phonol (1,19 min.) and 2,2-dimethylehromnen {2:.97 min, ) and Dum
2t the pame Lenporatnrs. The reeovexy of phenol roppegents &

vaburn of 81%.

Reaction between n-Hydwvouyssstanllide and %, 3-Dinethyiallyl

Oiphenyl Phosphate (51):  peRydroxyavetanilide {5.1 goy 0054

mole) and 3,3-dimethylallyl diphenyl phoaphate (10,6 go, 0.033
mole) wove heated togother im & sealed flask at 85°C for 15 hw,
he wod-brown mimbture wee dlluted with ether (7% ml.) and bhe
resulilog procipitate removed by filsration, and identified

ehamng of Arory 11480 (Lol4 go, 26% wetur j
as uneranged pohydroxyacetanilide odd Eoo 26% maburn) mep.
167-170°C {14%. 168°C). The atherend molubion wes bthenextrected

with Wesodivm bicerbopate{ 2 vwitmicjy 2N sodivm hydrenide {7% &l.),
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2N hydrochloris soild {50 ml.) and water, befors dvying ovew
anhydrous megnesivm sulphate. The wesidwal wed oil (10,9 g.)
weo chromatographod om miumina {300 g.) with petwol (40-60°)
- ebher (3:1) solvenb,

Teeces of hydrocarhon meterial (0.1 g.) weve eluted
with ether in petrol. The mext eluent, with puve @éhyl 2GataLe
as solvent, was o vewy viesous solourleso oll, which sodildified,
Rebo 8%=-105°C on stendivg overnight. This solid was recrysbtalliged
twice from petrol-benzene solunbtion snd was then ldentifled aw
2,2-@inathyl S-acetemidochroman, M.po 113.5=114°C (2.63 g., 56%)

[Pounds G,71035 HpTo8s Wy 60 5% G5l o B0, wmoguives CoTlo2y5 BeT.8p

Mybo4i]s
The following speetza dete was obbtaineds A gfgﬂ 213,
9 s . KGL ... . - .-
(&, 220.00),255 (2,10400) mpy ¥ oo 3322 (omide -NE-); 1664

. §

(amide-C=0), 1558 (mmide -NH-=), 1367 apd 1370 (gew. Gl =G0l )o
' r] mﬁ

1255 {ehwoman), 820 {(1:2:4-trisubstituted heonzsene) om,

(see table {B)ypage 10X, for the R.m.r. spechyum).

Rogetion beiwoen 3.3-Dimethylaliyd Bipheunyl Phosphato ond

Aydxoguinonss

(1) Wo aslvesnhsHydroguinone (2.2 goy 0,02 mole) and 3,3-dimebhyls

allyl diphenyl pheophate (6.4 Fo 0.02 mole) wore heated for 30 he.
ot 100°¢ in 2 sealed flask, the mizture changing from pale
yollow Ho daxk brown din colowr, The mixbure was diluted with

gther (50 mlo) and oxtwacted witk ¥ sodium bicexbonate (50 ml,)
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20 sodium hydvoxide (2 u 25 ml.) and water bofors duyimg over
anhydrons mognesium sulpheto. The zesidue of ths ether solutlown
vey wvnohenged phosphate {2.79% oo 45%'?@@u@m)o The sodium
bicarbonate oxtrast yilolded diphenyl phosphote (2.0 gy 40%) .

The allkaline extract wes soidiflied and sriracted with
othor. The profust from this oxtracition {2.04 g.) was & dnvlke-rod
0il, which van chromatogzophed on alumine (60 g.). The Lirst
elmant, with ethyl ccetate, wesn & discoloured 8olid, MePo65-T0°C.,
vhich wes wreozystellilzed fxom 40-60°C petzol (3 tdmes }, end whiech
wan ftouwmd %0 be 2,2-dimethyl-6-hydwonyohroman, Mop. T4=T5°C, (0.6 go»
W8S A gag, ?ﬁggio
phonolie -0H), 1377, 1364 (boih Gﬁémémsﬁa)o 1224 {(chrousn),

298 mp (g, 3500)3 & 3215, 1350, 1198 (all
1025, 1012, 817 (a1l 1214 tei-cubstituted bangene). The ReBZ.
ppectrum is detedled in Table [B] (page 101).

A sample of the produst was sublired fzom o water-bath
(50°¢) a® 1.0 mm., McPo 7405-75.0°C. [Foumds ©,74.1; H,8.2%.
0,1, 40, Fequizes 0,74.ke H,7.97)

(44) Reaction im Presonce of Sodivm Bicarbonute: Hydwoguinons

(1¢3 Zep 001 mola), 3,5-dinethylallyl diﬁh@nyl phosphata

(3.8 (o, 0.0 mole) and sodiwm bicarbonate (0.84 go, 0.01 mole)
vere heated together in o soaled flesk at 100°C for 30 hw. beforo
adding 50 ml, obher and extracting =s above. The phenolic produsts
wore found o be 2,2-8imethyl-G-hydronyehvoman (027 Zoy 15%)s

Beps T3<75°C, and hydzoquiunone (0.9 g., 455 wetuwn), both iselabed



180

from aluning ohromatography of the sodiwm hydrozide exbtract.
The neutral products (2.0 g.) from the obther solution

were sepervated by alumine chromategraphy (60 g.) and the firsh

élw&n@ with ethey was & white sélidg Boo 158=157°C, which waes

found o be & dl-(2,2-Aimethyl)ohroman of hydroguinome, (50 ng.

KGL
BRK .

%?GGEQ 3.6 (doublet, mryl B), 7.4 (twiplet, qugémﬁﬁam)g 8.5

a%)y & o0 299 mp (€, 2900)p <

q LY
Al 13859 ldﬁﬁ ( 2O @EE:B “?”’(;.ﬂg )§)

]
(twiplet, &raﬁﬁgmqgém) aud 8.75 (ﬂrmOmBmﬁﬁé)a Phe sesond elusnt

with etheyr was unchenged whosphate G% ?Q@ﬂ"n
& » X

(544) Beastion with Bxooss Phosphotes Hydvequinome (0.66 ge,

6 1 20" mole) emd 3,3-Aimethylallyl diphenmyl phosphete (3.84 goo

[

2 % 107 mole) were heated &t 100°C for 13 hw. in a sealsd flesk.

o

Soon after heating conmnenesd %he guinel dissolved and the mizture
roppined homogeneous. The produst was disselived in obther,
ontractod with W. sodlum bioarbonalte, and sthe ether residus

(2,2 g.) ohremetographed on alumina (65 g.). With petrol-benzene
{a4sd), & vhite solid wes obtainod which had the came speebval
cheragterictice as the above dichromen. The dichroman was
dubilimeds Mop.l5T=158°C [Founds Go78.35 Hp9e2% €, 5H,5 0,
vagquires Cp78.0p HeBo8%]s

Quidetion of 2,2-Dimethyl-G-hydrosxyehroman in Aaneons sthenol

ga%
with Gosic Sulphate
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2, 2-Dimathyl-6=hydroxychronan (96) {72 mgo, 4,08 ® 10" nole)
vas Qipsolved in ethanold {5 ml.), and 0.3IW coric swulphate im
sulphuric acid (4 ml.) was added. Tho mixmbture weni cloudy
inebantly end bthen the colowr chenged from yellow %0 orango-yallow
es the @leméimea@ cloared., 'The mixture wes stood for Live
Bdn, béﬁamm oxtracbing the product with cther, and washing the
axsract with sodiuam bisaxbonante and waber. Rveporation of othew
from the dried oxtract yiolded a red-orange oil (70 BZe )p Whileh
was ddentified es 3“mhy@waxyaﬁ°wmsﬁhy1mbuﬁyl.gybanzoqmineam
(97) from 16y spectrnl debm.

The infrared spscirum ahowwﬂ‘w’ggiz

(05, «)y 2955 («CH,=), 1658 {p-quinone}, 1383 and 1568
3 8 LA

3401 (~0H), 2976

0 . . .
(Gﬂao%meﬁg)o 1242, 1198, 1357, 1124, 925, 893, 811, 793 en.
The Nolio¥e Bpactrum showed %’ﬂalﬁﬁoﬁ (rryl B 31y 7.4
{Aw=Ql, <R, =5 t2iplot [2]), 8.2-8.3 (axCH, <0l , teiplets and

wG=OH, singloty [3]) 8.75 (GH ~G=0~, [61)

Repctlion hetwgeon 2,5%-Dimebhylhydreguiacena gad 3y 3=linothyiallyld

Diphonyl Fhoephates
2, 5-Dimethylhydroguinons (0,69 oo 0,005 mels) end 3,I-dimebhyle

2llyl diphenyl phosphaie (1.%9 oy 0.00% mole) wowa heated In o
ssoled fiask at 100°C fow 44 hw, The semi-gollid, black, tapr
wes thon daken up in ether (10 al.) end the insoluble sollid

(0,42 go) £iltexred off, The molid fractlon shovwed one vVery
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mobile end one Leizly mobille apot on & T.h.B. plate {oshowe
hensono (131)@% mluﬁimm)g and the filirate @howé@ ong mobile,
threo fairly wmobile, and two very polarx apots.

vhe soilid fraction was then chromatogrephed on alumring
(12 go) with benzens and the firet pxaﬁu@% was o white solid,
which, sfter weoxystallisabion from maithanol, was identified
po the al (2,2-dimethyld Jehromsn of p-wyloquinone (0024 o)
fops 192-194°C [2it. 193-196°0]5 A me o
HOY g9, 1360, (both eﬁswéwsﬂs)ﬁ 1260, 1214,

mae
3130, 1122, 105%, 1000, 9535 T 008 7.2«

214 (€, 32400), %02.5
(2, 8210) mpy A7
T.8 (&wgggmﬂﬂéma
6riplot), 8.0 (AxCH;), 8.1-8.7 (AsUN,y-OH,=; briplat), 8.7
(Gﬁﬁw%wam)o A Furthor swall amound (0,167 g.) of the sanw
dichrompn wos obiained from the fillzate, thus the Hotal
dichromen vield is 0.41 go (59%). With bvensone-ethewr (431) solvont
2,5-dimedhylouinone ves eoluted from the column.

Th@ Liltrate wae siso ehvomatographed on aluming
(50 g.) with bonzens, 4o womove the ddvhroman {above), them with
bonsene-cther {9:l1) to remove unchanged phé@ph&t@ (32 mgey, 2%),
end with bonsens-other {43l) %o remove 2»5»@1m@%&yl@ﬂ1nmm@g BoPo
12%-1259¢ [ 1it. 125°C] and an uwolnown ved o3l. This zed olil woe
“hen E@@ﬂﬁ@%&@@@ﬁ&ph@d on aluming wibth henzene, ond separdbed Ante
& yallew solid, 2,%dimethylquinone,and a viscous oil, which

polidified, M.p.B80-05° on standing. The solid was xecvysiallised
¥ Fat
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from potrol (40-60°C) and found to be 2,2;5,8-tetroneihyl-6w-
‘ : ' 484
hydvonyehzoman (89} (77 Bog %) s Mopo BY=90°¢ [1i%, 78°C)
» BHOH P - XJOFO . swuy
%-zmgo 213 (& 13800), 297 (2 4200) mpy & 0 ° 3535 (CH)o 2577
0 ' " =%
and 1361 (G, <U=CH; ), 1230, 1212, 1157, 1116, 919, 895, 866 em.

The N.Hm.To opestzal date 18 vecorded in Peble [B], pege 10L.

Ragotion bebwgen 2 4,%-Trinethylbvidroguinene {21) and 3.%-Dinsethyl-

ailyl Diphenyl Phouphate (51)s

2,3, 5-Drine thylhydzoquinone (L.52 go, 0,01 mele) and 3,3-dimethyl-
allyl diphemyl phosphete (3.18 g., 0.0l mole) wore heated ab

100°%C in & sealed flask, wntil the mixnture had become a wniform
viscous, wed 01l ( 6 hy.). The mixturse wes dissolved in ovther

(20 mlo ) and extreeted with Negodium bicarbonste {20 wil.), befors
chronatogrephing on eluainz (100 Bo)e ‘The first elusnb, wibth

ethew m@l%@nﬁgﬁ&m s veddish oll, whick golidified on standing,

RoPo B8=94°C., omd this ves reczystellimed from peizol (40-60°C)

and foumd o be 232&Ss?s8»p@m%mm@ﬁhylwéwhyﬂwaﬁw@hw@man {29) (1.6 goo
T68)s Mmope 952529405 [148.94-95°6] " oo whito meedloms A gézgﬁ
ggio 3322 (~08), 1385 msd 1570 (gor. 0l G-t )
1261 (ohronsn), 1224 (pkenoliie OH) @momﬁ {soe Table [B] pege 101

215 end 252 mpp U

For Bhe BeMePoa o

fosebion bebween 2.9,5%-Tringthylhydroguinens (22) end Gorenyd

Dinhenyl Fhosphaty (43 )s

2.5, S-Prinethylhydroquinone (5.04 geo 0.02 mole) and gevenyl
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diphenyl phosphate (T.T2 Heo 0.02 mole) wers heated ad 100°G

in o sealod, silvewed flask Ffor 12 hwx. The cmnde, red oll

wae ther sxirasted fm@ﬁ an other (%0 ml.) scluiion, with Hepodium
bloerbonste (30 ml.) and water (50 ml.), before drying ovew
snhydrous magnesium sulphate and eveporating the solvent. The

rod oll shoved throe major and three minor spots on & 9ilice

Poholo plate {pobtrol selvant, lodine detecbion), and ths oll

{Tod go) wae chromabogrephed en alumine (23 g.) wish patwol
(40-60°G), he petrol eluants wers all viscous, almost colonclesn
oilo which were found %v be hydvosazbons (0.7 Beo 26%)ppreaumab1y
Sormoed by docomposition of the phosphate. VUhe beonueno alnand

was principelly wnchamged phoaphate (172 &0y 2%} The ethew
aluont wvos o rod oll which wes rechromstogrophed on aluming.

The fizst product of reshromstogrephy was o yellew, low-melting
pokld, m.p. 30-32°C [11%, 32°C] found fo be 2,3,5-tzinethylouinone
(0,12 8., 4%)3 A z&ﬂgﬂ 210, 255, 338, 450 mpy AT 3&]};" 1655 {quinons)
mmomgg T 5,6 {poyl)s To95-8.00 {CHy~Av). The second producy
fwom She rechrometography wes 2 pale wved oll, vhieh, aftor purdfica-
slon by short-path distillstion (0,01 ms. Hg.), ves fousd te be
6unydﬁ0xymag55?9@mt@$wam@%hylw2w(4°wmwtaylmpmntmﬁﬂmenyl)ahmom@m
{057 goos 20%)g [Pounde G,79-2p ﬂgﬁoT%e G oMUy woquizes €79.1p
Hpd0.0%615 B BHOH 22505 mp (& 20000}, 293 mp (g, 4000)p ¥ woFe gagy

FREMTE »
(OX), 2941, 1449 and 1381 (all @ﬁéo§m}9 1339 (phonelic-0H), 1256
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- 4 _
(ohromen), 1212 (phenolic-0B), 1168, MOBT em. {see table [B],
page 0%, Tox MoHeTo )o L% 48 propomsd Bo call the ehromus product

gorophorel.

Propazabion of %@r@pk@r@l 39 0-Dinibrobongontes Geropharol

(0,81 goy 2.8 = 10 mols) and oxeess }g)wﬁiﬁiﬁmohmnﬁayl shloride
(1,95 @oy B4 & 10" mele) wexe rofluxed for 1 nw. in pyridine
(10 mds, ﬁmi@@)a before Haking up in ether (50 al. ) ond washing
wish Nmmodimm bisarbonate (50 mi.), 5N sulphuric aeid {25 al.)
and waser. Ev&@@w&%iem of the eothew from the dwxied solubtion
(anbydrous é§QM@gium gulphate) yleld & wod f?@ﬁhp BePo 1T4=185°C,
whi@hsﬁmmmé 4 spots on o Pobefo plabe {vensens solvent, iéﬁim@
@@ﬁ@@tién)a Phis polld was then reciystellized Lyom peatrol
{40-60°C) befowe vochromatographing on silica width petrol, The
A R AR y@li@w band wvas ldendtified es the J,5-dinitwobenzoate of
20ropharol,; Mepo 19%=196°C W %g%o 1742 (bangaaﬁaé;w Q)p 21548
(azyd NO, ), 1344 (evyl W0, ), 1272 and 1164 (benmoate), 920, 730,
720 om.”™ [Founds Cp 6483 H, &5 § N, 60 7%,

Bag¥yolly 0y Toguives Cy64.Ty Ho6e2p M,5.8%],

Proparpbion of a-Poconhorol {18):  Phyityl diphenyl phosphabe

{90%) woe propared fvom phytol and dilphonyliphesphorochlorddato

in the some neaner as 3, %-Almethylalliyl- and goevanyld diphenyl
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phopphntes. The produst wes oxtracted es quickly os posaible
and dpled over mognesiun sulphate in o mefrigerator, and, atber
ovapozading the other ab 35°C,; the phosphaito wes vsed as
guickly oo poosible. %he phytyd diphenyl phaapha%@ (2,64 gy
0,005 mole) vas eddod 50 2,3%,5-trinebbylhydroquinone (0.96 g,
0,005 nole), and the two hoated ot 100°C inm a sealed, silvemed,
Ploak for & hv. YPhe mixbture wos Alssolved 3n other (50 ml.)
ond onbtrosted with FNesodium bieazbonase (50 ml.), and watow,
thon dzded ovew @nhy@r@u@ megnosing oulphato, bofoxo evapovade
ing tho colvent bo yield & wod oil.

Bho ol (2,01 g.) woe chromatogrophed ea siliss (60 go)
with potwol {40-60°C), which eluted twaces of hydvesarbons
(infrased evidence). Deomnsena as solvent olubed a pale-wod
041 (2.0) go) vhich had an infrered opochzum almost identlical
%o a-tocopherel, This frection was then rechvonsiographod
on aluvming, and,vith bonsene-other (91), the vexy pale yellew
oil eluied wen Found Ho bo amﬁ@@@ph@wmi (18), (2.6 goy TOB)p A
BEOH 219, 294 (¢, 2500)5 ¥ Dol 3509 (w0m), 2941 (GHy)s 2460
omd 3379 (@H@m@m), 1258 (chwomen), 1218, 1157, 2083 (chroman),
915, @62,@mo°3 (noe teble B, pese 101, for the R.me¥o apestrin).

) a0
Fhio dete sorecs with thet eveidlable dn the litevatuze.

. 462
Eropsration of Di-politropbeny! Fhosphato.  Phosphorus
oxyehiozide (3.0 gop 0.2 mole) ond pe-nitrophonol (1.6 z.,
0.4 wmole) wexe dissolved in o mindture of dvy acedonidteile

(60 ml.) and dey bensens (480 ml.), end pyridine (24 ml.,0.3m0le
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vas sdded dropwise over 20 min. to the stlrred miztuwre., Stlrring
wvas continwed for & furthor % hr. befoxe Liltering the pyriding
nyarechloride precipitate, and concentrasting the filirate o
dryness. The resulbing solid was dissclved ia chlexoform (100 ml.),
50 sodinm hydvoxide added {160 ml,) and the mixture shaken untll
the codivm sals pyscipitated. The filtewed, ovude salt was
digpolved in varm woleyr and the inselnble sxdesediuvm salt Tilterad
off, The Ffiltvabe vas acidified with concenbtyated hydrochlozie
acid and the precipliated di-pe~nitrophenyl phosphate collected,

fopo A76-176°C [11%,278°C ).

156
Praparation of DiepelNitsrophenyl Phesphoroghloridate  (106)s

Diepenitropheny) phosphate (4 go, L.18 = 16°" mole ) wes suspended
o8 0°C im axy ohlowvoform (20 mlo ), and the mizturs gbirred in

s flask protected by & dmylng tube. PFhosphorus pentachlozids
(2,8 gop 2o = lom& mele) ves added in one bateh and tho mixbure
atirrod mntgi most of the solid had diﬁ&pp@&fedw(ié hwo )o Pebiol
(50 mlo., 60-80°C) was then added and the mixture scratched unitild
ewystals began to appear on the nidea of the {laslk. The exyntals
ware Tiltewed, veerystallized by edding petwol (60=80°C) %o o

hot chioveform solution, snd identified as di-p-nltwophenyl
phosphorochloridete (108) (3.6 go 85%), m.po 96-97°0 [2it. 97°C].

Pyoporation of 3,%-Dimethyiellyl Di-p=Witwephenyld Phosphate (10%)s

Mep-nitrophenyl phosphorochlerideie {To2 @op 0,02 mole) was

ground thoroughly snd added to o minturs of %, 3-dinathyiallyl
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aleohod (L.72 o, 0.02 mole) in evhydrous ebther (10 ml.).
Gonsiderable heat was evolved anﬁ the minture was ¢ooled in en
ica-bath $0 0°C. FPrridine (dvried and redisbilledy 3.2 mio,
0,04 mole) was addod dropwisco at 0°C over ¥ hw. while the
gelution wao obizwed, end stireping wes continued for 1} hwe
Phe mixtuwe was treated with ether (50 mlu) and &aaheﬁ with

24 sulphuric acid, N-sodium bicarbonate aad wauar bafora dxying
and eveporating the ethers %¥hs product was & viscous, galeéy@llgw
01l (1.3 g.5 16%) which vae uwsed immediabely in any subseguend

reasvion.

Reaction between 2,%.Setzinethyiquinel (21) and 3,3%-Dimethyialiyi

Didop-Bitrophenyl Phosphose (105)s The phospbate (3.3 goo

0,008 wolae) end the guinmol (1.21 g., 0,008 mole) wers heated
ogesher at 80°C for 6 hy. in o sealed flagk, untll the mixbue
Lhed become & homogonaous red ter. The tar was then chromeisographsd
directly on slumina {140 g.) with ether solvent. The Tizeb
feanbions were solourless hydrocarbons {(traces), but the noxb
fraction was & yellow oil {0.8 g.) which wos found %o bhe o
complex mixtuze [Tob.Co n- potrel-other(lsl) solvent] snd whieh
hed strons absorption in the caxbonyl reglom of the infrarod.
Thie fraction (U.T5 g.) was rechrouwatogwraphed on aluminn with
potrol (40<060°0)-othar {(R0s1) , and the Ffiwst Traction gove

2 spote on B, ﬁoe (aﬁ noove .  The ep@@%@&l ahoravtoristion of

thin yellow o0il} wera as follows) QJ ° 3268 {very weal, mhmxp)

‘Tﬂml{
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2967 (Gl =), 2933 (<GHy=), 1639 (-C0), 1449 (GHy=), 1375
(08, =C=), 1304, 827, 716 (olg-CH-0H- ) @mowﬂe Teer, 503
(o8, =0-), 8,0 (A¥CE, Jo BoBp 8035 (OHy=Coli=)o
fhe original columnm gave 2,2,9,7,8=-pentancthyl-b-
nydroryohronan (29), (1.76 oo 50%)o mepo §0-935°C (reoxyst. Lrom

potrol) with sthev-athyl acetate (4:1) solvent.

Ozldation of 2,2,%5,7,8-Pentanethyl-0-hydroxychronen {29),

(a) Mangenese Dioxide in Bonsenss The chromanol (0.44 goy 0.002

mole ) was diseolved in bonzens (25 ml. dry) and menmgenese dioxide
(0.85 goy 0,01 mole) added. The stoppered flaslk was thon shaken
at voom bemperatuve (189C) for 24 hr., and & ToL.G. (1,l-benzence
athew, ultzavioles devection) plate showed seven spots, thres of
which weve strong {(one of these being considerably less pelar,; and
ome move polac, then bthe sterting material). The crude produch,
a yellew odl, was then davomsbogrephed on aluning with benzone,
and only two pure fractions (0. T0C. ) wors isolated.

The Tizad ves sluted with bonzone-sther (20s1) e n
yollow os) (15 mge)p A izg? 215 (g, 7300), 298 (&, 900), 350 (g,300),
593 (€,105) mpy ol ° 1678, 166k, 1600, 1418, 1379 end 1368
(Qﬁgm%wﬁﬁg)p 1261 (chroman), 1166, 1095 @moui

The second produwst wes eluted with bensena-ether (l:d)

ap onother yellow oil (120 mg.)s A ﬁzg? 208 (g, 140), 268 (g,4300)}
343 { &, 1500}, 393 (£,50)y ¥ g;z: 3584 (0H), 1645 (aﬁwoﬁgp% = O)y
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! P R A 8 ¥
1380 and 1370 (08 ~0-Clp )y 723 om.™ o T #

8,0 (Aw=Cl;, [9])s
] ’

8.7 (gg%w?mgwaAgéj)o There were no furbther pure eluants Trom

the oolumn.

pri-poyiyl

(v) silvex Diezide in Bempeus: FThe ohromenol (29) (2.20 g

0.01 mole) was dissolved im dry bensene (15 wlo.) and milver
ddoxide (2.4 gop 001 moln) edded. The Flaok wes etoppered and
shaken for 1 hy (ab voom ltemperaturs) duwring which small
senplos wove withdrawn for T.h.C. (bhensenc-ether,503l; U.Vo
doteation). The TL.C.ahoved that the starting meterial wes
conpumed quickly, no thet afber 30 sin. shaking only smell
broces wore left., A% the sams obego, the solid had becone
prodeoninently groy, indicmting that 1itile silver dloxide
remeined. After 1 hwea Tl run showed that the orange
solour 1 solusion was due o two spoto, both orenge=yallow in
sodour, and that thewe wora ssven produsts in all, two majow
ppots (indiceding & yeliow one) being less poler than sterting
neberdial, and one (the other yollow éa@) major ong baing the
most polar produsi. fhe orude mizture was filtered, the bonseas
ovaporated, snd the residwal »ed 0ll dissolved im 40-60 pebzol
(2 wd,) fow @hﬁ@mé@@g?&phﬁ on alumnine (60 g ).

Tho Fiesdt oluend, oblalned with petrol-wther (10s1)
polvont, was @ yollow oll, ublich wap found %o comniala only %he

tw0 mejer, noR-polinr produets, end this wes rechromatographed
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om alwainn. With petrol-cther (5@3 3) the produet wes o white
froth which recrystolliised from methanol (3 times) as o white

exyatalline solid {0.24 §., 11%), @m.po 216.5-217.5p 4 ETon

BAR o
215 mp (s 128003 based on M,430)and 294 mp (&, 5370) apg
) ﬁggio 2250 {C¥y ), 1698 (stpong.-C= 0), 1650 (weak), 1381

and 1372 (GHy-C-08, ), 1267 (chwoman), 1227, 1167, 1125, 1093,

b .
1020, 976 em.” 3 T 0l 7.9.7.9 (CH,-hr), 8.7 (€1 ~Ge0-)
[Pounds CpT76.225 Hp9.32p M,4350 {osmotic methed), and ,230
(bongene ). @ ¥y 0, woquizes €,76.305 B,9.09; My280. (0,,8,,0:},
raquires G,T7.0p HoB8.2%; M, m= 2387,

(c) Dichlore Dicyame Ouinere {(99) in Bihew: The chromancl (29)

(0,44 gop 0,002 mole) vane disselved in anhydrous obther (10 ml.)
ond dichloro dleyanc guinone added (0.45 g., 0.002 mole). The
mixture ves choken fov 10 min. end T.%.8. [bonzens-other (H50:1)
solventy U.¥. dotcebiocnm) 'rum«.@ made %o follow the progrecs
of the reaction  Afbter 10 min. thewve wowe only troces of
shromenol left ond the sein product wes loss polsw than the
chromanol, Tho preeipitoted dichlore disyane guimol (0,351 g
66%) was wemoved by filtrzaition aud the ether evaporated. The
product was then obwromatogrephod on aluming using henzene.

The firat elusat wes & pals orsamr solld {0.272 o)

which vop rvecryebtallized from methanold as & white povdew

(022 gop 50%)5 Mops 167-169°Cs hmﬁaﬁogmn 226 and 297 mp
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(0T, =G-8, ), 1261 (ohwoman), 1166, 1130, 1091 ca™ 5 ¥ P

2970 (o, ), 1732, 1639, 1580, 1431, 1418, 1367 and 1372

doly 408 (doublets of oqual indemsity, J, 1.6 ofs, [2])
TodeTof (A%Ql, -Hrdo 7095 (CBy=tvy [22])5 8,30 802-8.5 (M, =Lunz)
8055, @076 (Gﬁga%wﬂag [18])). The moleocular woisht (bensons)
was Tovnd So be 230.

Thers was no furthor majer produst £rom the aluming

@olumn.

Reaotion beobtwoen Phlowagluginol end 3,3%=Dimethylallyi Diphenyl

Phospbate (51)s Phloroglucinol dihydrate {(1.26 g., 0,0078
mole) was heoted with 3,3-dimethylallyl dipheonyl phoephete
{3.18 goo 0.01 mole) In & ascaled flask at 100°C for § hv., alfter
which the mixntuve was taken wup in ethor (50 ml.) end exbracted
with Nesedinm hydroxide (2% ml.) and water (25 ml.), befoxa
deying over anhydrous megnosinm swulphate. The wed oil (2.4 g.)
wag then chromategraphed on alumine (70 g.) using ebther solvant,
The firss eluent, with other, wes rechvomstegraphod
uoilng petwol (40-60°0), producing o colourless viscous oil,
which solidified on atending, and which, after Tecrystallization
ﬁf@@ squeous ethonol, was identifiod av the $931(2,2-Ainethyl)
chromen of phloroglusined (029 goy 265%)) wopo MOD-102°C
(24t 104ee]e " A E;ggo 219 (&, 20000), 296 (g, 1250) mps
@gzia 2950, 2002 (O~ ond-CHy=), 1616 (oxyl O=0), 1387 and 1370
(@om. @ﬁéaémﬁﬁ%)g 115§'$né 1121 (both chroman, streng) om. ™ g
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BO0L, To5 (avOH,=Oey [6])s 8.3 (2eGotBy =5 [61)0 8.9 {caéaéwawg

[181).
| The gecond slunant, with other, wes rechronatographod

with petroel (40=-60°C) -bomsene (L:l) %0 give traves of a phesphate
(0,00 goo 5%). %he third clvant, obtained vith other-ethyl
acotate (43l) solvent, was weozystellized vem squacus etheapol
as white needlenm, or from pebtrol (40-609C) as calﬁmfié@mg sQBOTE
prises, and found $o be & dle(R,2-Aimethyl)ehroman, moPols7.5=

' Yo
15890, (0,32 go, 25%)s A 09 935 (g, 20800), 275 (&, 1310)

2N P
w B8 agre GOt otwoton), 1629 snd 1592 (ewmyl GsG), 1381 and

4560 (gomo Gl =G0l ), A156, 1139, 829, 806 on.” T 4.2
(axyl H)y 5.3 (exyl <OH), Tod (ANQH, ~CHy«, Sriplet), 8.8
(Ammcz%mEQEWQ tedplat)y 8.7 (Gﬁgaéuﬂm)o This dichwomewn AR no®
give a pink @al@mﬁ&%i@nﬁam vhon btreateod with ferrie sghloride.

The final produests, welng othyl acetabs solvend, wers
vad oils ov foams which aould nobt be yecxyebtallized. Phe wmolid
foprs could be ground,; M.p. 125-120°C, and the infraved specbzum

shovaed them to con.ain strong «0H absorption, bus nelther this,

nor tho Rol.¥. opastrum pormitied thelr structuresn 4o be svsigned.
8

Roaetion of Orginol (G-Hethyl Rosoxcinel )(26) witlh %.3-Dimethylallivi

Dinhenyd Fhoopbate (51)s Owainol hydrate (2.84 g., 0,02 mole)

and 3, 3-Qlmothylallyl diphenyl phosphate (6.36 g., 0.02 mele) wore
h@&%@@ in o sealed Flesk abt 100°C for 16 hv. The esude wed

oil wam Wken uwp in ether (50 ml.) and exiveotod with N.oodiwn
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bicarbonate (50 ml.), washed, ond dwisd, bofore evapornting the

ether. The xesultant wed oil (5.3 g.) was chromuiogrophed on

aduming (150 go), afier o prolimineny F.l.0. zun (bongeme, silica)

had shown bthree main spots 60 be prosont, ond well sopavated.
With bensenc-ather {13l) solvent o colouriess oil

{1.24 go) wos oluted. This oil solidified, and wes sublinod ab

0.0 mm. %0 give & white solidy; Mepo I18-119°C, identified as &

43(2,2-0dnebhyl Johvoman of orcinel (28%) [Found €,78.15 H,809.

3 of . . - BHOR

Gyl o0 woquirves CoTB.45 Haﬂoﬁpﬁo The T.V. spestrum ghowed A

21% mp (G 9030) and 205 mp (&, 1530). %he infrared spectrum showed
T

@;ﬁﬁio 1387, 1370 (both azﬁwa}eaegﬁ)g 1159, 1129 {(chromen), 992, 886,

9% 4,05 (azy? B, {1])

7050 (&:@gﬁg@m@ﬁ& wy Beiplet [4]), 8.0 (axtl;, [3]), 8.30 (m»«-aéswﬁgw
]
{21), 8.80 ((sgamomnwg i221).

With ather 28 solvent, & pale wed oll was eluted, vhich

=4
B840 om, The ReM.¥o Bpegbtrum ghovod

had simidar infzmeveod charegteristics o a second oil, eluted with
athor-0thyl ecobtate (9sl). The fractions conbeining these oils

wera weahromstographed on slumina, and o gepsretion cohieved with

A B4OR

ather sodvont. The fivet oil showed .
£

213 mp (€,22,000)

and 203 wp (&, 2400) in the uwltzavielet. The infrared spscirum
showod U ter® 3335 (<0H), 1628, 3575 (amyl Ce8), 1379 ond 1368

wxﬁaw{:éﬂ@@a)g 1230, 1460, 1139, LOS8, 99%, 7% nmd 821 em.—
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The Ne.M.To opectrum i detniled in Table IR] (pege 101). %his
dnte identified the oll ap 2,2, T-trimebthyl-S=hyiroxyohionan
{057 o9 10%) {Faum&s GopT4oBp HoBoTo OapM, 0 waquires G,75.09
Ho803%]0
Phe sccond 0il was obialnsd in greater amounts, and

was purified furbther by sublimation abt 0.05 mmo Phe nliravioled

. nowad A BEOR : ’ ; Poreny ...
spegbrum showad ¢ L4 mp, and 283 mpo The infrared spectim

B o

showed ¥ 22T 5390 (L0m), 1616 end 1597 (osyl © = G), 1383 and
1568 (mzéme:smm@g)g 1518 (~00), 1161, 1342, 1137, 1057, 990, 073,
838 and T5% amo“%' The N.f.r. opectrum ie detelled in Table {Bj
i@@g@ 101). %his date identified the odl as 2,2, 5=-trinethyl=T=
h@drexy@hr@mam (0:92 Zoo 18%) [Foumds 0,T4085 HoBoBe €5,H0

soguizres Gp75.0p He8,3%)

Rosotion bebtweon Oreinol (H-Methyl Resomuinol) (88) and Pewnesyd

Diphenyl Fhosphets (94 )s Farnesyl diphsnyl phosphete was
prepared in the same way o8 geranyl diphenyld ph@mphé%@g and wan
ip0latod oo o colourless, viscons oil (46% yield) ond was used
inmedintoly dn the resetion with oxeined.

oreinod (Lo31 mo, 0.0092 mole, monohydrate) wes wmixed
at woom Semperature with Tarnesyl diphenyl phosphate {4.28 goy
0, 0092 mols) and & ﬁaﬁk hrown discolonraition Eag@n %o develep

imspdletely. The reagticon mizdure began b0 hent unbil the
ovcinol monohydrate (@.ps 5893 ) welted and the waber of
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sryateilisation bed been bollad off, AL this obtnge three layers
had foxmed, end, on éh&kimgg hene boeoane misceible end the
nlyture was o derk 2ed,viseous, homogsusony oil (time, 10 min.),
Pho erude mizture was then sealed at 80°C and hested for 12 heey
bofere taking wp in other (50 ml.) and extracting with Woaodium
bicarbonate (25 ml.). The cther solubion was Sher washed with
wator, dried, and the solvent eveporated, leaving o red oil
{4.84 go)o

he zed oil wns chrouatographed on slumine {150 g.)
wish petrol (40-60°C), ond the first fractions wore olubed
with potrol-bonsone (20:1)., The colowrliess 01l (2.15 g.)
apponred to consilst principally of di-elkyleted producis,

F:3 o - Pl‘
‘dentifiod by the infreved spectrum which showed F £Z§°
o Ges [+

b
1119, 836 om. o

1855,

Tre pecond frantion was obleined as 8 grey-green oil
{0,696 g.) with varying proporbtions of bonzene-gsher miztures
(582 to0 1sd), and thip wes wechyronebographed on slumine with
hongsong. The bulk of dhis Lraction was renoved from the column
with beonsenc-ether (421) and found %o ko pure onr F.h.Go (bensones
aother, Hslp oilion plates). Yho crude, vemy palo-grecn, oil
wan Aietilled in o sublimation wnld 26 (.01 nne. Hgo.o fwom &
bath ot 70°C, end wae identificd as bthe 2-alkonyleR,7-dimethyl-
Gbydvonyohwoman (93), (srude yield, inelvding that from nemd

fﬁ?ﬂ:@ﬁ:&ﬂﬁg Qo‘?&} Hoa g@%)o EF@@@@S cgﬁﬂo@% ﬁpl{}oﬁa @522335383 @}3
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Lol
HaKo

3432 (0N}, 2923 (CH; ), 2620, 1386, 1449, 1373 (Cl;-0=), R137,

roquires G,00,%; Hy9.04]. The infrared spectwum showed U

3097, 1062, 1047, 993, 886, and 816 o™ 5 ond tho Uo¥. ppecbwum
A g;;giﬁ 213 mp {8, 6000) and 28% mp {8, 3200). The BH.¥o
ppectrum is deteiled in Teble [B],page 101, 7This date wao
compareble with thet of o goouine swmple of iscgrifolin (93 ﬁm
Phe third originel frachion was obbrined 28 a pale
zof 0i) (3.20 g.) which contained (PoL.G. in 0% ether in benzone)
o small fraction with }Rf volue the same ap the sbove, and & mein
fraction, which was slightly more poler. The crude oll wae
reshroratographof on aiumine (40 g.) with bensene and the inibtiel
frachions were found o be ideontical (L.R.) with the sbove
S-hyfroxyehronen., With bensena-ghher {(3:2) 2 main frection vas
ohtoined as a very pale wed oil and this was ldentified es the

Bopllienyie? G- ine thyl-T-hydroxychronan (95), {0.70 go, 23%).

Tha dofrered spectrum showed W f;j:;: 2400 {~0H), 2240, 1600,
ol
1462, 1300 (0H;~G-), 1142, 1097, 1061, 992, 806, ond 840 om,
BHOH

The Y.V speotrun showad A 214 {£,5600), 283 (&, 1030) up,

BRE o
The M.Moio Opactrum la detailed in Table [B] (on page LOL).

The Ffourth and Lineld Lractien from the origirel eolumn
was Ffound to be unohansed ovleinol (100 mg. 10% webuin), elubad

with othyl mestato-methanol (20:1) solvont.
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Propavation of %,3-Dimsthylallyl p=Toluone Sulphovete (103}

3,5~ dsmethylallyl  alochel (5.46 gop 0,04 mele) and p-
soluene sulphonyl chloxide (7.6 g.o 0.04 mole) weve cooled together
%0 0°¢ in o Tlask open to the aly through o dsying-tube. Fyridine
(6.5 mlop 0,08 mole) wes then added dropwise over 1*2 he. o Sho
gbirred, cooled mizture. After bthe pyvidine wes added, the
minbure was m%imm@élﬁor'& further 30 min. at 0%, bedors adding
ather (50 ml.) and water (50 ml.). The ebther solubion was thon
axbrocted successively with 2§ hydrochlorie asid {50 mi.),

o8 podinm hydromide (50 ml.) and waler {50 ml.), heofore drying
ovey suhylrous megnesiwa sulphate and ovaporading the solvend
iIhe product wae ean almest colourless oil {BolL goy 32%) Tha
inftrared eopeatrum showed 1669 (mGﬁmzw}g 1360 and 1185 and

RO,
1276 {(all sulphonate bands), 814 (pmﬁalyl)@mowﬂo

Roaction batugen 2,3,%=Feimethylauingl {(21) and 3,3-Dimebhyiaellyld

b wg
pololnene Suiphonate (103):  Phe sulphomate (3.1 go, L.27 = 30

mole) wore heated ab 90°C im & sesled flask fow 18 hr., be produse
& doglk wod oil, which was chromstogrephed diveetly onm alumins

(150 go) with other., The fizat Fraction yieolded fraces of
hy@rocosbons, ond then a pale yellow oil with the infrered
charncterintics of & sulphonsie was elubed (3.0 @o)o Paxt of
shis oll solidified overnight, and addition of o mmall amount of
poteol (40-60°C) cavsed further precipitation of the solid,

vhich was filteved off. This solid was veczysballised fwom sthex
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and found o ba 2,2,5,78<ponbane thyl-6=p-toluencsulphonylchroman
(204) (0o19 oy 4B), mopo 157-158°C. [Foumds €,6T.5p HoTo2p

858030 Cpylyp0y8 Foquizes Gy67o4s HyTe0p 8,8.5%]0 A EOOR 230,
o1

BB o 1359 (sulphomate),
1263, 1250 (shroman), 1222, 1176 (eulphonate), 850 (p-Gileubstituted

27% (showldew), 288 (shewldor) mpug U

boaseno )§ € oy 2.4 (aryl H, quarited), Tod=T.7 (AxCl,- and
petiolyd GHg )y To9=8.1 (azmyl GHy), 8.25 (AxGH, =GH, Yo 807
w%mc::@om)o

The final @ﬁh@g fraations yicldsed a wéd solild, which
wos veczystelliszed frem petrol (40-60°C), ard fouwnd to ks
292959?9amp@nt&m@ﬁhy1o6whydraxy@hrmm&m (29) (1.76 . 62%). m.po
91-04°C [1it. 95°C]."

Praperabion of 2,2,%,7.0-Pontanethyl-b-p-Roluensoulphonyichronson

(208): 2,255, T 8-Pentamethy L-6-=hydroryohroman (G.22 go, 0,001
mole) wes dissolved in dzy pyridine {1 ml.) and cdded %o o
solution of p-boluene sulphonyl) shioride (.39 g. 0.002 mole)

im pyridine (2 ml.) end the mixture heated at 80°C fox L hr.

The minture wes then poured inbto 2§ hydroochlovic seld (10 ml.) and
stdrrod undil She precipiteted oil solidified. The polldd wes

then Tilbtewed off ant veshed with & small volume of ccebone

{(vhich removed much of the pale brown diccolonvation) bofowns
waﬁﬁy&%alli@ing'fx@m‘e%%aro The prodect wag obitalnsd as smaell

white noedles, Mep. L50=158°C,
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Preptment 0f 3,3-Dimothviallvi p-Tolnous Sulphonate with Aluminas
y L E 9

3o FeDinethylallyl potoluense gmlphcma%@ (80 mp.) was dlssolved inm
{40=60°G) petzol (10 ml.) and slumine 0dded. The miwbure was
stood for ten doys b@f@r@ﬁwwmﬁ@ﬁwmﬁﬂﬁa colunn and elubing

with petwrol-eother (Lsd) solvent. WThe enly produst identificd
wes the wichsnged sulphonata.

Stennous Chilowide Redustion of meaﬁhglmlQ@mnaph%h@qmim@mé {22)

(Monadione)s  2-Methylel,donaphthoquinone (17.2 g., 0.4 molde)

vas 4ipsolved in hot ethanel (150 ml.) in & 600 ml, besker, and

o solution of stannous shlowide (40 goo 0.18 mole, a8 dihydwate)
in concontrabod hydzoshloric aeid (40 ml.) added slowly, with
sbivring. The initial davk bwoun colowr faded sfier healing

for § minm., ab 00°CG, leaving tho golution o vesy pale gwé@n eolonv.
yater (150 ml.) was thon sdded and the mixbture cooled o woen
tomperature, end, i€ no crystals appeavred, the selubtion was

then ovoporaiod on a votstory svaporator at 60°C until eryptaln
bogan te appear. After sooling, the @ﬁya%@l@ waxe wvemoved by
filﬁﬁa%&ang ond the filtvote concentrated Go produse mors oxystols.
Phe czyobales were them ldentified ag Remnethylelpd-dihydrony-
nephthalone (91) (monadiol) (14 ge» ad%)g HoPo L5A-157°C

118, 150-260°CT: v F® 3268 ¢om), 1199 (0H) and 757 (nephikalone)
e

a8
e product van noraslly used direstly, siunce it turned
pink, and ultimately, o dork purple, on sianding in the Lobhorabory

atmoaphere. Fer this vessen the product was nevew roaxystalliized,
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and 3% vae aleo doomed pure endugh {ne caxbonyl im infreved) bo
uoe in any subseonent reastion. The yiold was almost qrensitow-

tive 4Ff the final Liltratc was ovepornted n@axly o ATyness.

Raaotion of 2ellothylel,d=dilydronyrpphihalone (Nensdiol) {91)

with 3,3-Dimethylallyl Diphenyd Fhosphate {81)s The phoaphnte

(0:954 goy 3006 » 20 mole) and tho Aol {0.945 oo 3016 =
10" mole) wirs sealed uwnder nitvogen in & flask edivorad widh
£01l ond hoated ab lﬂoeﬁ.for 200 hwo Phe purple mizbture
showed 2 stronz, non-polar, apote and 3 wesk, mowe poler, spots
on ToboCo [hensono-methened (50:1), ledine detestion], Tho
ﬁnf?&ﬁ@@ ppectrurn shoued bonds fow OH, and Hwo ﬁbrcf?wﬂq Yhe
aexuile purple mizture ves the dissolved in bhenszene (not all of
3% did so) end shrompbographed on aluninn. WPho Tivet products
vere nonadione and tvaces of unchanged phosphabe, bub with
bensono-other (3:2) the produet (0.237 g.) shoved OH, snd G
bands, but no phospbate. An allkaline extzect of this producsy
wen goldifiod with 2N hydvochlowide acid and the procipliitete
takon up in obthor. The sesulbing oll {14 mg.) showed -0H end
twe-6=0 bonds dn infearod. iater frestions from the coluan

{othor solvent) wexe publimed end Zowad 0 Do more monadloRd.

Roaobion bobuwonr of 2-Mebhyl-l,ddihvdroxynopbalens (Monodiol) (91}

ond_Phytyl biphenvl Phesphase (90):  Both zowcbanis were

propeeed es Tequired and woed lmmediatoly. Fho phoesphate



(2.8 gop 0009 mola} and nenaddo) (0.87 g., 0.0008 mole) wexn
honted together ik o sosled, silvered Llask at L00°C Loz B hwe
within 1% min. of the scommomncomont of hesbimng, bthe mixturs
gove the appoarance of viseouws, but homogencous xod oil. Whe
orude oil wes boken up in other (50 ml.) end extracted with
i sedium bisarbonate (50 ml. ), which csused fissing, end vater,
bofore dmying, ovaperabing solvent and applylng the wesidusl wxed
o4l (2.94 g$§ to en elumins (100 g.) column. With @@@@01‘
@}'é@wt-su%:) boanzene mimumm (9s1 to %:2) the Tizet thyoe
frections appoored to be hydrooarbons, togebher with & carbonyl
containing compound, which wap presont in the original orudo
phytod (1f§;K° 1?42 @mo“ﬁ}a ¥ith pobwol{40-60’E)-bensene
miztures (Jsl Bo 1:%), the eluent was 2 yollowerad oil, which
ohowed & vaxgla%r@ng bend for carbouyl im the infrersd (msm&xo
1698 am;”a)a With othew solvent the sams compound was bolng
sluted dusb a‘hyarozylw@gn%mining sonpound (ﬂjmaxaﬁﬁﬁm @m“?)

ves also present. With othew ebhyl acebate {351) an molvend

ol
w0 bonds (U 1636, 1597 em. ) appeaxsd in the infraved

BOKo
of bthe product indiendting the presence of nonadlons.

The yellow oil {0.80 g.) elnted withbuzeons was then
roghromatographed on aluaine (25 &) ond the middle fractions

found 50 Yo (ToLeGo 4n bemmoma) & pure, yollew oil (0.37 ge)s A
B40H u o | |
waze 225 (€,53000), 231 {&,17000), mp.g U Lele 3086

(nophéholono CH), 2941 (GHy,OHy), 1695 (carbonyl, stwong)s
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1597 (nephthaions 6 o G), 1462 and 1381 (0F,«G=), 1280
(nephthelenc), 1258 (chvomsn), 1168 and 1159 (@ﬁé“%”gﬁé)g 755
(mmp&@halam@)-@momgs T GG, 1:9=2.9 {auyld H)y To0=T.3
(a6t =G=) o 704900 (AzeGeBly =y <Gl -atdos @Hﬁw%a@n) 900003
{paitd. CHy)o Tho molesulor welght {bonsene method) was found

to bo A4, G20 ond 451, over bthres atbempis.

Atbenpied Preperebion of Diphemyl noNitrovhenyi Phosphates
Diphonyl phosphate (0,25 g« 0,001 mols) was dlseolved in dwled,
rodiatilled pyridine (2 mi.) at 20°C. Ipmmitr@ph@nyl $2i2 Inoro-
peobtate {107) {0.24 g., 0,004 mole) wes added gratunlly ovew

5 miie o and the mixbure sllowed to stand Low 30 mik., hafora
adding weter {5 ml.). Thiscansed precipitation of an oil which
gas oxbtraciol with ether. The ebhey oxbroot wan washed with
ailute hydrochlorie acid and wabew, befeve drxying and evaporasing
the solvent. The repidus wes found te be pe-nitrophanel,

Mopo 134=113°C [1d%. 124°C].

Attompbted Pronszebion of Allyd di-p-Nitrophonyl Phosphalbas

A1yl biseeyclohexyl emmoninm phosphate (08) (0.33% 5o 0.001 nole ),
propared Ey the mothed of MHayuerd and %wgﬂﬁfw was ouspended ia
pyriding (3 ml.), and peniltzophoryl trifinercecetate (207}

(047 oo 0,002 mole) edded. A bright yellow solouvetlon wes
produend immedintoly, end the .anlét dissolved glowly in the

misbure. AfSer ellowing to cband overnight ab 20°, the mixtura
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van diluted withwmber (3 mle), ard coleurless noedles appeazed
aftor 2 he. These wewrs womoved by Tiltration snd ldentlifiied asn
Heoyelokemyl wifluorcecsetenide (L09), mode 94-95°C [iitn9506]35@
Fhe infeorald spostium phoued J’ﬁgi 5279 {~Nfep ami@e)a 5086
{ooo. omide), 2924 end 2857 (<0Hy«), 1886 (CW, wsmmm)g 1656
(shouldor), 2550 {amide =NH), 1449 {(<0H;«)}, 2193 and 1170
{0r.- bands), 723 omo -5,

Addibion of o further porbtion of wabter (J ml.) 46 the
Filswato cpuped precipitetion of an oll vhich was IRentified
28 o mizduve of Nescyslohomryl twrifluczomsotamide (109) end

pendtrophonol by infzazed studion.

. 284
bogparatlon of W-Oyelohonyld TBelflvoressetamide {109)s

@y@l@h@xyl&mﬁm@'(le Bop 010 molo) wes treated dwopwiae wilth
tpifinozoacetic enhydwride (20.8 g., 0.14 molo), aud the zeasbtion
covied in loed vater when the tempokature rese ghove 20°G. %The
mixture woe thon olloved bo stend af room temporsdtvre Fow L .,
by whieh Bime & wh&@élgxagxyiﬁ&%@ hed Fformod. The prodwed was
thon trented with cevbon tebrachloride (2% mi.) end the selution
evaporated to dzyuess (reopeatod twise). The Final wesiduwe was
then alloved te eystiallise as hdteo noedles, Wode 94=95°C

[116.95°6) (vield 16 g., 99%).
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PARE 4z  BEACTIONS BEYWESN ALLYL DIPEBHYL PHOSIRATE AND SULPHIR

QIS RIS

CapPoUERS o

CTE R

Horotion betveem Allyl Dipheayl Phosphate ond Phenyl Horeopbam

(216):
=3
{a) Wo Bolvombs AXlyd diphenyl phosphate (0314 goy 2.3 = 10

mole) ond phonyl moweapien {0244 oy 103 = 10ﬁﬁm@16) VORe
neate® bogether in o cealed flosk for B hw. ab 80°C. Thoe
misthure womainad niselble and scloupless and & FoldoGo RO 8%
190°¢ showed that only one velstile component wes prosent; ond
thet this wvee phenyl noveapian.

(v) Bxoomp Moveepbans Allyd diphenyl phosphoate (3.03 goo

5¢55 b4 lofgm@l@) and phonyl mowveapbon (L.4l oo .28 = Eﬂda nola)
woxe hentod in a ssaled Flonk ab Bé“c for 30 hio Afber 4 hwe
hoatdng, & Gol.0. trase showed thet o levs volatile product wes
Tovming end after 12 hyp. this @é@ﬁm@% wos found Ho be cgulvelend
30 33% convorelon of phonyd meveepten [g.L.G. peak aves nobhod ).
Aftor 30 he. heabting the zntio of the two poalws indicaded that tho
less voletileo compoment wes belng zemoved from the zeasghlon
misture. The mixtuxe vas then frpetlionnlly dletdiled at 150°€
(@ilab&ﬁhl/bol Mt Hgoo and the oldly ddstillate was found to he
allyt phonyl sulphide (117), giving o single peak om & goleGo
srnse (votenblonetime on ocoluwan (B) ob 205°C, 2.5 min. -

phonyl mereopban, 1.2% min.).  The swvlphide wes ddontified by

BHOH 2L4, 295 mpp WV Lo o 3040 {azyl)

-a'n, . i “‘J‘b‘*” g s g
168 opoetzal datog A B0 RORo
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2905 (CH,=CH), 1629 (CHy=0H=), 1572, 1471, 1451 (all azyl),

985 and 917 (CHy=CH-), 736 and 687 (menc-subetituted phonyl)
=5

Gmo a

During the distillstion some phenyl mercapian was

onfdised S0 @ solid, diphenyl disulphide.

Reactions betwoen Sulphides and Allyl Diphenyl Phosphebos

(1) Diethyl Sulphide (119)s Ethyl sulphide (0,90 gop 0,01 mole)

and allyl dipheny) phosphate (2,90 g., 0.0l mole) wexe heated

a6t 90°C in e sealed flask for 12 hr. Addition of ethew (25 ml.)
to the erude, colourless mixbure resulted in precipitation of &
colourless, viscous o¢il, which solidified on cooling at 0°C.

Phe etherveal solution was removed by micro-pipette end the solid
vached oix times with fresh poxhioms (10 ml,) of dwxied, redistilled
other. The residual ebher from the last of these operatioms was
vemoved under veouum at 15°C, leeving o free-flowing, white
erystalline (plates) solid, idenbtified as allyl disthyl
pulphonive diphenyl phosphate (120) (6095 Bop 25%)p Mopo 5556,
[Founds €,61.05 Hp5.905 Pp%0305 8,2.4. Cypl,;0,8 wequires

G,60.05 H,6.65 PyB8.15y 8,8.4). Considerable trouble wea
experionced in obtaining en enelytical sample, because the
produet was extremely hygroscoplc, as well eo bolng lov-malbing.

After Arying over phosphorus pentoxide st 110°C and 0.01 mmo,
the aﬁaly@icml pemple did not golidify on cooling.
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The following spestwel date was ebtain@ds“®’£;§°2967
(05, =)o 3634 (CH,«Cl-, wonlk), 1587 and 1484 (axyl G=0, vtrong),
1262, 1264, 1211 (strong, Pmm%*m)g 1190, 1160, 1088 (atzonz),
1002, 959, 906, 890, 876, 770 760 (momo-substituiod honsens),
%0 4.5 (emuon,[3)),

. @ @
6035  (GHy=OH=GHy ~8=, [2], doublot)y 6.90  (OX;~GH,=8-, [4]

. =i
755, and 692 (mono-suwbsbs ) em.  §

querbot), 8:65 (%gé@Gﬂéw%Lg [6], triplet).
The otheroal washlugs from the eimde reastion producd

wors concontrated ead gol.o. trase ot 160°C shoved that bhe

only volabile component was unchanged ethyl sulphide.

(43) Dibutyl Sulphide (i21)s Dibuiyl sulphide (3.46 go, 0.0l mole)
end ollyl diphenyl phesphete (2.9 goy 0,01 mole) were hoatod
sogather in o sealod Flask For T2 hw. at 90°G, and the xsestion
followed overy 24 he. by golov. ot 198°C. Thess thyeo tvacos
mﬂ@ﬁ@ﬂ tant o profust wer boing Lformed sbendlly, and that bhig
vas move voletile thean the dibutyl sulphide. Addition of ethew

%0 the wepotion mixture dild not cauvae procipitetion, and exbraction
fzom this other solublen with water did wmot yilold awy pzoduved.
WUhon the orude mosgotion misture ves 4istilled caxofully, &
dietilleto wes ebbained which conbeimed 72% (zo.l.c. peak awon
nothod) of the volatile rosstion produst and 209 dlbutyl suiphido.

Thic Aistillete conbtained onmovgh velatile product $o Adonsify 1%



2408

as aldyl butyl sulphide (123) from ite specibenl ohsrosteristics,

ﬂfggg: 5077 (wlk), 3838 (very wk), 3637 (med.), 986 (miwong) omd

L) "”ﬂ A ” q L) @
913 {atrong) om. , ell of which bends are cheractoristic of allyl

ELOVURS § %’G@lﬂ fo

0502 (0B, =0H=), 609 («B-CH,-CHGo, doublés),
ToGoTol (5ol efn)s 8o829.2 (-8-G-01L, =, and ms%m@ﬁa 0K, o ho
dntogrol of the n.m.T. spectzum corvesponded to o minbure of TOH
allyd butyl sulphide in dlbutyl swliphide.

In o further oxporiment, dibutyl suiphide (3.46 ., 0.0L
mole) and allyl diphenyl phosphaite {2.90 g., 0.0L mole) vowe headed
o 120§@‘£ﬁ'a Tlesk conteining o-sylome (0,21 go 0.002 nole) &0 an
intornal gol.o. stondexd. The ronetion wag folloved ?6&&1@@15.
ovay a paéi@d oL 200 hwop, by running g.l.6. tgﬂgea a% 196@69 apnd
Lwom ﬁMmaé whe rates of Aloappocinhcs of ddbutyd mulphi@@g{&n@ o
f@@m&ﬁﬁonﬁaf allyl butyl sulphide vere esbimated. o

ﬁﬁh@ loss of dAibubyl culphide from the sysdom wos quite
Papid, (5@% lons aflier 40 hw.) initlaily bubt Shoveafber bhe rato
of loss wen much slowvor, and afber 200 hro the logs was 6%%. The
vate of formobtilom of sliyl bubyl sulphide (123) ves vteady ever the
Ldwad loovhyo (16%4), bus this tos hoeame slover as the meeblon
pf@@@@daé'(agﬁ after 200 hw.). Sinew m@tﬂh@y voletilo produets
wors Qotocted, there should be 47% of the Sheometicnl mméu@@ of
amlpmomiﬁm palts prossnt. Addition @feﬁhaﬁ (4md. ) @&u&éd .
px&gi@iﬁﬁéi@m of an oil, which wan wodisselved on addition of

more othew, anrd which wos mot very soluble in vater. Dhe infwawed
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gpestrun of this oll wes very poOOF.

Tn o furbher eoxperinent at L20°0C, without added xylons,
after 5 hro., an squilibriunn vas wveasted alter § hwv., containing
45% aliyl butyl sulphide (123) (rotenticn~time .t 190° ,

.25 min.) ond abont 1% of o substance with the same wotenbion-
$ime 8o @lallyl sulphide (1.0 min., et 190°C).

(143) Diphenyl sulphide (118)s Diphenyl sulphide (0.409 g., 0.0022

molc) and allyd dlphenyl phosphato (0.9503 gop, 0,002 wole) wero koated
at 85°C fox 100 hw. in a sesled flask, Addition of other 40

the zoaction minture Ald nobt causo procipitation ef oither en

oil or 2 solid, and extrastion with water from this othor solubtion
Add not yicld any proeiuwet. There wes no avidenos L¥om Go.l.G.

sracos Shat rosebion hed ocourzed.
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