B Loughborough
University

This item was submitted to Loughborough University as a PhD thesis by the
author and is made available in the Institutional Repository
(https://dspace.lboro.ac.uk/) under the following Creative Commons Licence
conditions.

@creative
ommon

COMMONS D EE D

Attribution-NonCommercial-NoDerivs 2.5
You are free:
» to copy, distribute, display, and perform the worl

Under the following conditions:

Attribution. vou must attribute the work in the manner specified by
the authar or licensar,

Noncommercial. vou may not use this work for commmercial purposes.

Mo Derivative Works. vYou rnay not alter, transform, or build upon
this work,

« For any reuse or distribution, vou must make clear to others the license terms of
this work.

o Any of these conditions can be waived if you get permission from the copyright
holder.

Your fair use and other rights are in no way affected by the above.

This is a human-readable summary of the Legal Code (the full license).

Disclaimer £

For the full text of this licence, please go to:
http://creativecommons.org/licenses/by-nc-nd/2.5/




o i L5 . - it - ey = mm J:‘xi :
S ‘ . ;
LLOUGHBOROUGH
UNIVERSITY ' OF TECHNOLOGY |
LIBRARY | o o ‘
AUTHOR '
KEMP. (-
\

COPY NO. 2 (<0G !0 l'

VOL NO. ~  CLASS MARK

ARCHIVES
Coly ‘ ' ‘

anL - \

=g REFERT ner




' SOME ASPECTS OF THE CHEMISTRY

OF CATIONIC INTERMEDIATES

by

 GRAHAM KEMP, B.Sc.

A Doctoral Thesis
Submitted in partial fulfilment of the requirements

for the award of

Doctor of Philosophy of the Loughborough University.of Technology

" May 1976
Supervisor: H.Heaney, B.A., Ph.D., D.sc., F.R.I.C.

Department of Chemistry

(® by Graham Kemp



ree QIS0 [0l

MNe.




SUMMARY

A review of the chemistry of the reactions between trivalent
- phosphorous derivatives and sources of positive halogen is

 presented.

The alkylétion of various nucleophilic substrétes has been
achieved using alkoxyutris(dimethylamino)phosphOnium hexafluoro~
phosphates. In particular a new method for the preparation of
alﬁyl aryl ethers and alkyl aryl sulphides has been developed )
which is both stereospecifﬁc.and proceeds without réarrangement.
The alkoxyutris(dimethylamino)phosphonium hexafluorophosphates
are'stableg highly crystalline solids,. which can be stored for‘_

long periods of time with no sign of decomposition.

Ligand exchange invelving a phosphorane intermediate has
' been proposed to eﬁplain the.formation'of Bﬁnitrofg,gydimethylaniline
in the reaction of potassium p-nitrophenate with |
neopentylpxy~tris(dimethylamino)fhosphoniummhe#afluorophosphate.
Similar reactions involving ligan& e;chéngé %ere also observed

in the reactions of potassium'Ennitrophenate‘with other

- tris(dimethylamino)phosphonium salts.

*

A caréful investigation of the feactions of benzyloiyntris'_
(dimethylamino)phosph0nium hexaflﬁorophosphate with aromatic aminés
revealed that formylation of nitrogen occurred as well as tﬁé
expected.alkylation. N-formylation of.ﬁ-mefhylaniline was also
achieved using other tris(dimethylamino)phosphonium salts in
dimethylformamide. The formylation reactions implicate the

intermediacy of phosphoranyl cations.

(i)



A brief review of the preparation and synthetic utility
of alkyloxonium and alkylhalonium salts is presented as an

introduction to Part 2.

_ The methylation of a wide vériety of weak mucleophiles
has been achieved usihg gfmethyldibenzofuranium.fluoréborate.
The méthylating agént is generéted in the presence of the
nucleophile in methylene dichloride from the decompogition of

2'—methoxybiphenyl—é-yldiazonium fluorcborate.

The ability of O-methyldibenzofuranium fluorocborate to act

as a hydride ion accepﬁor has also been demonstrated,

O—Ethyldibenzofuranium fluoroborate has also been

—

generated and its use as an alkylating agent has been shown.

A series of precursors to potential alkylating agenfs

has also heen prepared from 2-hydroxy-2!'-nitrobiphenyl

(i)
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from Chloro-tris(dimethylamino)phosphonium

PART 1
Some Reactions of Phosphonium Salts derived ' S
trichloromethylide.



INTRODUCTION

The Chemistry of the Reactions between

Irivalent Phosphorous derivatives and

Sources of Positive Halogen



The chemistry of the reactions between trivalent pPhosphorous
derivatives and sources of what may be regarded formally as positive -
halogen is well documented. However, the topic has not been rev1ewed

in detail since 1965

Trlvalent phOSphorous compounds contain a lone pair of electrons
and so would be expected to exhlblt nucleophilic character in their.
reactions. This behaviour is demonstrated in reactions at both
electron—deficien£ centree and electron rich centres like oxygen and
halogen. The high nucleophilicity of trivalent phosphorous compounds -
towards halogens can be ascribed to the con31derab1e polarlzablllty
of phosphorus, which enables phosphines to attack centres of high
electron density.by reducing electronic repulsion._'Another factor
that'encourages aftack by phosphorous derivatives on halogen atoms,
rather than other sites.in a moleoule, is the 1arge'energy of foroatioo'

of a phosphorus-halogen bond. The ease of nucleophilic attack on the

halogen of a carbon—halogen bond by a tervalent phosphorous derivative

" follows the order I>Br>>Cl for reasons of polarizability. Compounds

which undergo this reaction are said to have activated halogens.'
Activated halogens arise when the cerbanion, which is formed by.
displacement at a halogen atom is stablllsed either by resonance, as. 
in (X -halo-ketones, or by inductive effecte, as 1n polyhalogeno-

alkanes,

The formation of an ylide (1;R=06H5) and triphenyldihalophosphofane .

(2) from the interaction of triphenylphosphine with_carbon tetrahalides,“

~ was simultaneously and independently discovered by Rabinowitz and

Marcus,2 end Ramirez and his co~workers.3 ;

2R3P +-CX4~u~*—+f>R3P::CX24~R3PX2

X=Cl , Br, (1) 2]

)



‘ : _ Miller' invoked an jonic mechanism involving nucleophilic-

‘ displacement on halogen to account for the reaction products

NN 9 e ® ©
RyP! ¥ xlex RyP—X CX,——>R P-CX, X

(3) . {4)

fl ® e
R3P= X ? PR X—-~——fé-XzC_5PR34-RBPXZ
X

i}x'

Ylides of structure (1) possess considerable synthetic potential.

For example, they provide a route to 1 1—d1haloalkenes by reactlon

2,3,4

with carbonyl compounds.

RCHO + PhyP=CCl, ———> RCH=CCl,+ Ph P=0
Halophosphonlum salts of structure (3) have also proved to be both
verSatlle and valuable intermediates for general organic synthesis.

These salts are unstable and anionic exchange rapidly takes place to

' yield the trihalomethylphosphonium halides (4). However, the

salts (5), which collapse to give alkyl halldes ‘and tertiary phosphlne

oxide. 284by0 It is generally accepted that these reactlons also

proceed via an ionic mechanism as shown below in Scheme 1. 6 The |
initial reaction step is the removal of the hydroxylic proton by the -
trihalomethyl anion to furrish the alcoholate anion and a haloform,

the alk0xyphosphon1um salt is formed by subsequent attack of the

alcoholate anion on the halophosphonium salt (3).

reactive species (3) can be trapped by alcohols to form alkoxyphosphonium



e ©

R3P + CXL > RyP-—X- CX3
(3)
1 © 1.9
R'OH + CXg > RO + CHX,
& ®e @ o
RO -+ RP*% 2 _OFT&BX
o 5 |
@ | f |
-xe/\vR1—[t)\-PR3 —> RX + RP=0
X=Cl, Br Sohemo 1. - R=Ph ,.MezN ﬁ‘CBHW

The intermediacy of (5) has been conclusively proved by the
isolation and characterisation of the alkoxyphosphonium salt as the

stable hexafluorophosphate (6, R:HeaN; R! = (CHa)_3 CuCHz).7
- ® , o NH,PFg ® 4 ©
RyP—OR X —————s RyP—OR PFg

2 (6)

ThlB method of convertlng primary and secoudary hydroxyl groups

into halides by reaction with a carbon tetrahalide and a phosphine

has been synthetically very useful since the conditions are so mild that
"sensitive" alecchols, such as carbohydrates,sa’b have been converted
.into halides. The reaction is a simple modification of eariier-work
which involved the addition of trialkylphosphltes, (R 0) P, to carbon
tetrachlorlde in the presence of an alcohol, (R OH), the resulting
‘products were a mixture of phosphates, alkyl chlorides, Rj01 and R2C1_

and chloroform. The reaction is outlined in Scheme 2.

It was soon realised that substitution of the phosphite by a tertiéry n
phosphine would produce an intermediate (5) for which only omne mode
of breakdown was possible ard hence the problem of mixed halide

formation has been obviated.




- ccl, 4. 6
(R'0),P > (RO)BP—-—Ql ccl,
RZ OH
b4 o
(R'0) PO+ RECl < —— (Ro),P—oR*Cl’
1 2 de FO
+ {R'0), PI0JOR%RCI - +CHCly

Scheme 2

The literature reveals that the majority of the work on this
reaction utilises triphenylphosphine. The report10that trioctylphosphine
is more reactive has apparently‘been iénored. Also the use of
'tris(dimethylamino)phésphine allows particular ease of isolation of the
alkyl halide since the resulfing phosphine oxide, hexamethylphoséhoriq
triamide, is water soluble.”’

The reaction shows a remarkable propensity to give products of
inversion. Even when solvolysis of the correspondiné esters was assiéted'

" the reaction gave o&erall refention of configuration.11_ Weiss and

.Snyder have demonstrated that the neactioﬁ gave chlorides with prédominant,
if not exclusive, inversion in acyclic primary and secondarj alcohois,11

a primary thiol,11 7-norbornanol,12 and also pfoceeded with significant '
if not predominant, inversion in such systems as anti-?-nOrBornenol'

and exo—a-norbornanol.TH However there was considerable racemisation .

in the products obtained from the analogous reactions with carbon -




13

tetrabromide.

The stereochemical path for chlorination is typical of SNz

reactions, however the reaction products can be derived from either a
pentacovalent haloalkoxyphosphorane (7) or from a tight ion pair in
_whidh ionic chloride wanders around the periphery of a tetrahedral

12,15 have favoured the former.

phosphorus cation. Weiss and Snyder
suggestion.and proposed that the reaction proceeds via an intramolécular,‘ 

fairly concerted decomposition.of (7).

(7)
This rationale, however, is ‘incompatibl_é with the report’ 'that
. nitriles are formed in high yields when primary.and secondar§ alcohols -
are tréated ﬁith triphenylphosphine, carbon tetrachloride and sodium
cyanide in dimethyl sulphokide. This reaction présumébly'involves
competitive attack of the cyanide ién on Ehe-intéghédi;te-éuasiF
phosphonium species, (Ph3§-OR)- Furthermore, Castro and Selve have
showﬁ that, at low temperatures in tetrahydrofuran, the

alkoxyphosphonium chlorides (8) are stable and that nucleophiles can



compete favourably with chloride ions in the decomposition of the

salts.
@ © )] S -
R——O-——-P(NM92)3 Cl+Y——>RY + (MelegP:O-
'8} o 4a

Y=N5, SCN,PhS,CNand I.

These authors also 6bservea that the alkoxyphosphonium chlorides
are stable in water, with no sign of decompositioﬁ‘fo the alkyl chloride..
Presumably this effect is due to co-ordination df water molecuies both |
to the chloride anion and the phosphorus cation. The phosphoniﬁm salt
" would give a phosphorane (9) bearing two oxygen ligands, thﬁs |
increasing the stability of the system, particularly if deprotonation

occurred.,

.
0
H2|/NMe2 o | /NMe
NMe,, - | “NMe,
OR
(9)

- The problem of less powerful nucleophiles be1nv unable to compete '
satlsfactorlly wmth chlorlde ions has been circumvented by conversion
of the alkoxyphosphonium chloride into the perchlorate prior to reaction

with the weak nucleophile.16 This method has been utilised to give



good yields of monoalkylated amines from priﬁary and secondary amines

as shown in Scheme 3.

@ © NHC{O/HO @ 2]

1 _ 2 |
[Me,NI,POR! ¢ 2> (e, N P— _oR o,
o o | |
2RZR3NH + RLOP(NMe, ) OME S R2RON
© | o
2,38
+ RORTNH cmk_
Schenme 3. |

Carboxylic acids react in a similar mamner to alcohols on treatment

with the triphenylphosphine-carbon tetrachloride product (10) to afford

triphenylacyloxyphosphonium chlorides (11), which readily decompose

_to yie;d.the corresponding acyl halide and triphenylphqsphine oxide,
as illu.stra‘i:ed in Scheme b,
co, @ o | ® ©
Pth . > Ph3P——-—-Cl CC13—————-> Ph3P——CCl3 Cl
B (10) S (12)
RCO,H
0
CHCly + Pha P~—-—O- //' 3 RCOC(
3 SN '\e |
1 + PhyP=0
Scheme 4.

A modification of this reaction involving the addition of an

17 ..



amine to the reaction mixture in tetrahydrofuran resulted in the .

reaction of the amine with the acyloxy?hoaphoﬁium chloride and thus

provided é new method for the preparation of amides.18'19
0 . .
® / RINH - :
'Ph3P—-—o—-c£—-R 2> RCONHR + Ph,PO
© -=E3_ _ ® &
X _ -+ B—H X
X=Br and Cl

This method has been applied to peptide synthesis. Thus
condensationrof'§kbenzyloxycarbonyléL—phenylalanine and ethyl glycinate

8 Yamada?o

hydrochloride gave an 85% yield of the purified peptide.1
reported that substituting aminophosphiﬁes for triphenylphpéphine
ijmproved both the yield and bptical purity_of peptide produpt; though
appreciable . racemisation had still occurred. The 1035 of optical

purity in this reaction could have resulted from enolisation of the

~acyl carbbnyl function, catalysed by the by—prodﬁct HCl; ~or more

i) .
. G aH - | O~H
~c--c//k/‘ —— Ot

- oys) O~

probablj, the presence of chloride ion could.have resulted in ébme
diversion of the intermediate acyloxyphosphonium salt to aéyl halide
prior fo'reaction with the amine derivative. The use of a nonF‘ |
nucleophilic anion in the peptidé synthesié would‘therefore produce an
improvement in the optical purity of the product and this has Been

established by Kenner and his co-workers, who have used the




acyloxyphosphonium togylates (13) as acylating agents in peptide

synthesis.21
RCO—0—P(NMe_) ' > RCONHR' + (Me_N}_PO
. 23 - 203
{13) ©0Ts

The salts (13) gave peptide products in high yields with little,

if any, racemisation being observed.

Ried and Appel®® have isclated trichloromethyl-tris(dimethylamine)
phosphonium perchlorate (15) by addition of perchloric acid to the

reaction product of tris(dimethylamino)phosphine and carbon tetrachloride.

Me N3P+ cel, — > (Me,Nl;P—Cl  CCly
(14)
© |
(Me., N) P—-CCl (Me,N), P—CCly Cl
© - :
CiOA

{15)

+

It is only recently 3 that the intermediate (14) has also been
trapped. Thls was achieved by performlng the reactzon in the presence
of an aqueous solution of ammonium perchlorate, whlch allowed the

isolation of the stable salt (16)

This salt (16) has been used to déhydrate carboxylic acids to
anhydrides and its ability to act as a reagent for peptide coupling

has also been demonStrated.23 (Scheme 5).



. & 8 ‘

(15)
R1CO H
EigN

N 0

ay
% | Reo,n
EtgN
RCONHR?+ {Me.,N],PO -
| (Rlcol,0
@ e : - &
+ 2EtgN—H G - o

e
+ (MezNJB‘PO_ + EtgNH ‘Ci

Scheme 5.

Use of the triphenylphosphiﬁe—carbon fetrachloride reageﬁt as a _ 
specific reagent for the replacement of oxygénated fﬁnctioné by chlorine
has been extended to include chlorination of epox1des.2u' The epoxides
were converted into the correspondlng 1 E-dlchloroalkanes in a highly.
stereo~spec1f1c reactlcn. Only.332-1,a-dmchloro-cycloalkanes were
obtained from 1,2~epdxycycloa1kanes. Reactién“with dgxtro:otatory
propylene oxide gave 1,2-dichloropropane which waslfoun& to be
laevorotatory. From the known relative configurations of these compounds
it was clear that inversion had oceurred at ¢-2 and, since in the

cyclic cases a cis-product was obtained, the authors reasoned that inversion

10




had taken-piace at each carbon. The following reaction mechanism
was proposed (Scheme 6). However, this proposal is clearly

incorrect.

® . _ :
P—CCl ' Ph.P—CCl

Phs '\ 3 i
' : 0 -
0 NS N

* / cﬁj\ A

[

PhaP--CCly | o
O‘j) / ' A x ;; .

\ : // LN %l IA

- a cl

o A | Ph4PO  CCl

. 3 3

_ 3 ? Cl _ o
Ci
e | o

'PhBP + CCb———~—4>Ph3PCQE+CI
Scheme 6.

Bromination using carbon tetrabromide was also successful, but

was much less stereospecific,

*

The same system as a chlorinating agent has been applied to the

25

reaction with enolisable ketones; - acyclic and G~membered cyclic ketones
gave ﬁredominantiy enyl chlorides. The presence oflbth‘H01 and |
chldroform among the reaétion products implied tﬁat.fhé;enyl éﬁlorides
were derived from attack by the ketone on either the intermediate (12)

or triphenyldichlorophosphorane {2,R=Ph, X=Cl), as iilustrated in

Scheme 7.

1




PPhs /PPh3
\
o’ \c o 0 g\o

& 3 Ph. P
O a2
| PPh., | . /PP*‘3
al G/\ 3 a Lo\
CCly o (@
W | b

| S

Gl | cl

+ PhaPO + CHCly + PhyPO + HC)
© Bcheme 7. -

However, 5- and L- membered ring cyclic ketones reacted to give
exocyclic dichloromethylene compounds, presumably derlved from reaction

of the carbonyl function with the ylide 1 (R=Ph, X=Cl).

Ph4 P/ CCly

W

; T

0 o top
The ability of the triphenyl-phosphine-carbon tetrachloride

adduct (10) to behave as a dehydrating systenm has been utilised by

Appel and his co~workers in designing new methods for the preparation

- . 2 ' :
of nitriles from both carboxylic amides 6and oximes,a?carbodi-imides




from ureas,28 and isocyanides from monosubstituted aliphatic and

29

aromatic formamides. The reaction involves the simultaneous addition
of triphenylphosphine, carbon tetrachloride,and triethylamine to thé
* compound being dehydrated. Scheme 8 outlines the reaction sequence for

the formation of isocyanides.

o . ‘ o

-9 @ . R—NH——CHO  ® .

Ph,P—Cl CCl > PhAP~—0—CH=N-—R
Fhs 3 _, 3 | ,

(10} | (17) + CHOl,

R e
R—N=C + EtyN—H Cl + PhgPO

~ Scheme 8.

' The elimination of the elements of water occurs in a stepwise pfocess

'aé shéwn by denteriation experiments. Thus it was demonétrated that |
the proton in the chloroform came exclusively fromrthe N-H bond by
performing experiﬁents with férmamides deuteriated af the nitrogen.
An adduct (17) is initially'formed_with the 1iberatioﬁ ofrchloroforﬁ,

" the intermediate then decomposes to produée hydrogen chloride énd thg-

dehydrated product. The procedure has also been effective in converting:

the amides (18) to the substituted ketenimines (j9).3°
R'NHC(R?)==CICO,EtICONHR® (18}
Ph3PICCl/ EtgN
RIN=CIR CICOEI=C=NR®  (19]

13



The dehydrating system has been used to converf N-gubstituted
3

( -amino alecohols into aziridines, The alcohols react'witﬁ
triphenylphosphine and ¢arbon tetrachloride in the‘normal manner to
afford the alkoxyphosphonium chlofideS'(ZO) and chloroform. The
phosphéniuﬁ salt subsequently decoméosgs by an intramolécular reaction,
involving the elimination of'triphenylphosphine oxide, to yiei& the
aziridine. Competitive attack by the chléride.ion on the intermediate

(20} leads to the formation of (f ~chloramines, albeit in extremely

low yields. The reaction sequence is outlined in Scheme 9.

, HO—EHR g
| ccl, E R—NH—CHR @
PhyP——4> Ph,P—l > PhyP—0—CHR
. (o) o A .
oy - RENH—cHR
~ {20 + CHCl4

R _R N 2
'R-TH-?H——NHR
e o I, | | o R
EtaN-H Cl R PhaPO . ' : |
+ PhaPO
Scheme 9. .

The synthetic importance of the reaction of phospﬁines together
with carbon tetrachloride using various ammonia deriﬁat%ves has béen 5
demongtrated by-Appel and his co-workers. These authors have developed
a procedure for the conversion of ftrisubstituted ureas iﬁto

)32&|b

chloroformamidines (21 and also for the preparation of imidoyl

halides (22)337from monosubstituted amides. The reaction steps are

14




illustrated in Scheme 10. A phosphonium chloride intermediate is

formed after the proton of the N-H bond has been removed by the ééf;
anion of the adduct (10) and subsequent phosphorylation at the oxygen

-_has_bccurred. The intermediate phosphonium salt then collapses to give

the required product and triphenylphosphine oxide.

' | | - ® =)
PhgP + CC —————> PhyP—Ci  CCly
| [10)
RCONHR?
| v
R N— C==N-Ar R—C==N—R? -

o 2 T @ | | | &  ©
o 0—PPhy | 0—PPhy  Cl
+ CHCl; - | |+ CHOy
v . . Vo

Ry N—C=N—Ar -R1(|3_2N--R2
G+ PhyPO CL  + Ph3PO
(21 (22)

" Scheme 10.

An alternative procedure for the above transformations has also been
established by the same authors. Thig éssentially similar method
involves the use of triphenyldichlorophosphorane in the presence of

triethylamine (to remove hydrogen chloride formed in the reaction).




-0y

- L o |
Ph,PCL+ R—CO—NH—R? + Et N

_ o 23] = ) '
——> PhPO+ Et,N—H C + R—C=N-—R2
o

Sh have been prepéred by reaction of'the

Isocyanates
triphenylphosphine-carbon tetrachloride adduct with carbanoyl. chlorides,_'
the by-product of this reaction is triphenyldichlorophosphorane |

(Scheme 11).

® o
PhyP + CCIA———é Ph3P—Cl  CCly
(10)

R—NH—CO0—Ci -

R—N=C-—Cl

® S
0—PPhy Cl

R—N=C=0 + Ph,PCl,.
3 72
Scheme 11,

In some instances the reactlvlty of the trlchloromethyl anlon,
formed from carbon tetrachlorlde and trls(dlmethylamlno) phosphlne, has
been exploited. The anion has been trapped by addition to carbonyl
compounds to give the alccohols (23).35a.b Aldehydes react with greater
efficiency than ketones, presumably this is due to the higher

electrophilic nature of the carbonyl group in aldehydes.

16



0
® Reco-R%2 ] 5, HO 4 |
(Me,, N)4P—Cl >R—(I:—-R —Z R——-—(IZ——R
T, cely cely
(4) | | | (23)

By using excess carbon tetrachloride-tris(dimethylamino)phosphine
reagent, this reaction has been modified to provide a new route for
the conversion of aldehydes into 1,1—dihalo~olefins.36 The mechanism of

the reaction is outlined in Scheme 12.

o o (a3
: 2 |
(14) + R—CHO ———> R— EI:—-H ————% Rm?—“H

0o . ' OH
o D :

(14)

cec)g\ ct—--0012 ~ RCH==CCl,
Gpe |
PClL, + R—C—H. +CCy

e 5 -

B (M92 N)3

Scheme 12.
The trichloromethyl anion has been used in the preparation of

37

the enol esters (25) from acid anhydrides. The enol esters are
derived from a[3 -alimination of hexamethylphosphoric triamide from

the phosphonium salt (24) as shown in Scheme 13.

17



CCl,
e

O—————-—>RCH——C 0—C— CHR

(14) + (RCH2C0)2 5

0o (MeZN)BP—cl'--'
M4) -

o

RCHZC—O—CCHzR e R"_CHZT_.?%_OZCCHZR
(25) (2[,]' ‘ O—P(NMGZ)B
+ CCl + {Me, NL,PO D
b _ 23 Scheme 13.

Mény extensions of these reactions have been reported in which
other highly chlorinated anions have been employed. Thus the complex
formed by the reaction of trlphenylphosphlne with a tr1ha10a01d

. dermvative has been utilised in a convenient preparation of

(}—haloVinylésters and nitriles from aromatic aldehydes._38 (Scheme 14).

The anions obtained by reaction of tris(dimethylamino)phosphine.
with esters or emides of trichloroacetic acid have been trapped by

.

addition to carbonjl compounds to give the glyéidic esters or amides
(2?);39"4ﬂ The reaction is thought to proceed via initial nuéleophilic
attack on the carbonyl function to produce an alcoholate ion (26},
‘which then undergoes zn 1ntramolecular reaction to yield the g1y01dlc
ester or am1de by ellmlnatlon of chlorlde ion (Scheme‘15) | Althougp
aldehydes react readily to give high yields of product, the only

ketones that have been reported to undergo the reaction are cyclohéxanone

and acetone.

18




8 o
Ph3P + ClgC—Y ——> PhyP—Cl  Cl,C—Y

PhaPCly + PhyP=C{<———PhsP—cCClY O
Cl ' :
\ ArCHO
ArCH= C‘—Y  Y=CO,Me and CN
¢l
Scheme 14
o | e . |
(M92N13P -} ClBC—002R—->(M92N)3P—Cl Clz(l.——(lozl:;_j
© \_ - \ /
| ClzC-—COZR _+‘ C==0 j
' o C—-—-—CO
é:,//////,,,”//l“ﬁ/ ?
(26)
(MezN)BF’Cl2 + , |
Scheme 15

The dichlorcacid (29) has been prepared in a similar reaction iﬁvolving

the addition of tributyl tin trichloroacetate to triphenylphosphine in -
- | b2 o ,

the presence of benzaldehyde. Spectral evidence has indicated that

dichloroketen and the [3 -lactone (28) are reaction intermediates.

19



| S o e e
N Bu,Sn—0—CCClg+ PhyP > 0l,0=0=0

0 |
PhCHO
?H' : H20 ‘._F’_hm-CH*CClz
Ph— CH“—CCl 002H <
(29 .o
{28)

Dehalogenation reactions using tertiary phosphorus compounds have
featured regularly in thelrecent~1iterature. Debromination of
(},(]'-dibromodibenzyl sulphone {30) with triphenylphosphine was shown
b3 '

to be sterecspecific 1nvolv1ng inversion at both centres, Thus the
meso. form gave cis-stilbene and the (x ) form, trans~st11bene The

mechanism is illustrated for the former case (Scheme 16).

3
He, | H
O
—S0 <
cis-stilbene < 2 __Ph \/wPh
S
02

+ PhyPBr,
Scheme 16.
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The debromination of (X~bromodiphenylacetyl bromide has been
used as a convenient method for the preparation of éi:i.pherq,rlketen.[}LF
The dibromotriphenylphosphorane is insoluble in the reaction mixture,

o CeHg
PhZC——-ﬁ_—Br + Ph3P —_—— Ph2€:C=O

Br O ‘ S
+ PhgPBry

Stilbene dibromides and other vicinal dibromides have been
debrominated stereospecifically in an anti-elimination.hs
9y9~dibromofluorene and dibromodiphenylmethane have been converted

into the corresponding olefins.

e

Pl’\z'CBr2 + Ph3P | > PhZCBr
lthc::Cth < th?f—?th
Br Br-

Tt is clear from this brief review that reactions of tertiary
phosphines with sources of formal positive halogen has'provided a

number of synthetically useful méthods. However, it is equally

clear that this field still contains considerable potential.
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Discussion

As part of an interest in the preparation of gfalkyldibengb-
furanium salts (see Part 2), a method was regquired for the
conversion of 2~hydroxy—2'—nitrobipheﬁyl into 2-alkoxy-2'-
nitrobiphenyls. The method should be both stereocspecific and
also not lead to any rearrangsment.. In particﬁlar,_if‘was
necessary to.prepare chiral aryl-(1-methylheptyl)ethers, aﬁd

aryl neopentyl ethers which were free from other isomers.

The reaction of the potassium salt of Z-hydroxy-2°-nitrobiphenyl

withrneopentyl chlofide in dimethylsulphoxide resulted only in
recovery of the starting material, Similar resuits were observed
using neopentyl bromide énd 1—méthylheptyl_chloride as‘the'
alkylating agents. This apparent lack of reaction'with the

neopentyl halides is due to the presence of the bulky ﬁert~butyl

group which interferes sterically with the approaching nucleophile.

Reactions in the ﬁeopentyl system are frequently very slow
particularly those proceeding by an SN2 mechanism. Rearrangement
via the neopentyl cation to the §§£§—amy1 group‘frequentiy
predominates and indicates an SN1 process. However, substitutions 

without rearrangement have been reported.

Whitﬁore and his'co—worker%u7obtained a 70%‘yie1d of

. neopentyl acetate.by the reaction of neoﬁentyl iodide with
potassium acetatélin ethanol (sealed tube, 200°, ZOhr.).:
'.Similarlj ethyl neopentyl ether haslbeen prepared by the treatment
“of neopentyl bromide with sodium ethoxide in étﬁanOI.(éealed' B
tube, 125°, 76Ohr.).48 Bordwell and his co~worker5490btained

good yields of unrearranged pro&ucts by unsing the more reactive

p~toluenesulphonate as the leaving group and stronger nucleophiles

such as the iodide and thiophenoxide anions. TFor example, the




R-—Q—OH +(CHg}3CCH,OTs

reaction of sodium thiophenoxide with neopentyl p-toluenesulphonate

‘in 2-methoxyethanol gave neopentyl phenyl sulphide in 56% yield.

| " © ® (CH4),CCH. O /= R
@ls Na , > SCHy—CICHy)3.
Ts == CH;@SOZ

5

Moéher_and his co-workers Ohave also reported recently

that neopentyl p-toluenesulphonate undérgoes nucleophilic

displacement without rearrangement with a variety of nucleophiles

in hexamethylphosphoric triamide.

e | e

(CH3)308H20T5+ Y"_—*—?(CH?)]BCCHzY + QOTs

Y= N, CN,Cl,BrI, EtO.

The preparation of aryl neopentyl ethers has also been
achieved recently by the reaction of potassium aryloxides with

51

necpentyl 3—£Qluenesulphonate in dimethylformamide.

OCH, ClCHyl3

DMF -
R=H , Yield=58% R
Ilch)z, = 80%
= OMe, =80%
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This relatively simple procedure is a considerabie improvement
gn the first reported syntﬁesis of aryl neopeﬁtyl ethers, which
involved the reduction of the bis-p-toluenesulphonates of =
2—afyloxy-2~methy1;153—propane diol ﬁsing lithium aluminium

52453

hydride in tetrahydrofuran. This method gives a mixture
of products which are separated by fractionél distillation.
For example the reduction of the phenyl derivative (31)7gave

neopentyl phenyl ether (60%), 2,2-dimethyl-1-hydroxy-3-phenoxy-

propane (8%), and the p-toluenesulphonate.{32) in 13% yield.

PhOCH,  CH,0Ts ~ PhOCH, C(CHyl,
o LaAlHd-
/c N\ THF | | --
CHy  CH,OTs | PhocHzc(CH3jch20H
+ .
(sp PhOCH, CICH,), CH,0Ts
(321

‘Thus neopentyl p-toluenesnlphonate has been established as a
reagent for the introduction of the neopentyl group without
leadihg to any reafrangement. However its synthetic utility

is considefably reduced by the fact that the reagent decomposes

on storage and hence it has to be freshly prepared for each

reaction.

The preparation of chiral 1-methylheptyl phenyl ether has
been achieved54by treatment of potassium phenoxide with
 optically active 1-methylheptyl p-toluenesulphonate. However

this reagent is an oily product which cannot be purified readily



and once again decomposes on storage. °

l?

The previous isolation’of a stable alkoxy-tris(dimethylamin6)
phosphoninm hexafluorophosphate suggested the use of this type

of reagent as an alkylating agent.

Neopentﬁl chloride was prepared acéording to the method
developed by Downie7fcf the conversion of alcohols to.alkyl
chlorides. The first.step of the reaction ihvol#ed the addition
of phosphorous ﬁrisdimethylamide in dry ether to an ice-cold
solution of carbon tetracﬁloride'and neopentyl alcohol in dfy
sther to give the quasi-phosphonium species (33) as a yellow oil. -
This salt was then dealkylated by heating under reflux in
diﬁethylformamide to afford-neopentyi chloride and

* hexamethylphosphoric triamide (Scheme 17). In general,
déalkylation_of alkoxy-tris(dimethylamino)phosphonium chlorides

_can readily be achieved by heating under reflux in ether.

[CH3)3CCHy0H + P(NMejly + CCly

O.

0

+

o o ® o |
- [ CH3) ;CCH,0P(NMe,] 5 CI +CHC£3_

(33}

A, DME

V2

Scheme 17.
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Since the chloride anion had dealkylated the quasi—phosphonium
Salt‘it seemed reasonable to assume that aryloxide anion would

also be capable of displacing the neopentyl group. The.
guasi-phosphonium salt was isolated as the stabie hexafluorophosphate
in a 70% yield by the addition of a saturated aqueous.solution

of ammonium hexafluofophosphafe_to an aqueous solution of the
chloride salt.

| | ® ©

H, 0 | & 9
+ NH, PR—%——> (CH4)3CCH,0P{NMe.) 5 | PF¢

(34

Neopentyloxﬁ—tris(dimethylamino)phosphonium hexafiuo£oph§spﬂate(34)
is a non—hygr;scopic, crystalline solid which may be purified
easily by recrystallisation from ethanol, .Conversion of the
phosphonium chloride to the hexafluorophésphate salt effectively
removes the possibility of.compet.itivé attack by the ehloride

ion in subsequent displacement reactions ﬁith other“ﬁucleophiles.'
Accordingly, the réaction of the potassium_salt of E;hydroxy~

~ 2'-nitrobiphenyl with neopentyloxy—tris(dimethylamiho)phbsphonium
hexafluorophosphafe in dimethylformamide gave a—neopentjioxY—2'~

nitrobiphenyl in 90% yield.

e

There was no evidence for the formation of rearranged

products.
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DHO
KFOT NG, - {CH3)3CCH,0 ND,
o+
R - o .
(CH,);CCH.,0P{NMe,) , +  (Me NP
e
PF

The formation of 1-methylheptyl chloride from chiral
1-methylheptyl alcohol with complete inversion of configuration
has also been achieved using phosphorous tfisdimethylamide and

25

carbon tetrachloride.

S—1—Methylheptyl alcohol

(M92N13 P, CCIA

. ' N ; ‘ .- L
R—1—Methylheptyl chloride + (Me2N13F’0 + CHC,

 wWhen this reaction was repeated at 7200 the present author
obtained a precipitate of trichloromethyl-tris(dimethylamino)

phosphonium chloride, which was.filtered off_and'subséqqently '

characterised as its stable pefdhlorateza(ﬁﬁ yield) which was
already known. Addition of an agueous solution of ammonium
hexafluorophosphate to the filtrate afforded
1-methylheptyloxy-tris(dimethylamino)phosphonium hekafludrophosphate

(35) in 465 yield; a small amount of 1-methylheptyl chloride was

27




also formed despite the use of the low temperature (Scheme 18 ).

P |
{Me N)B + 'CCIA

2
J/ @ 1=

(MezN)'BPf—Cl ) CCly

@ ) o e

{Me,N];P—OR Cl 7 - (Me,Nj,P—CCl5; Ci
(36 \ | | |
N RCL
+ _ - | '
NH, PFg Me,N4PO - [Holg,
\QB o - ® \/- | ©
(MezN]3P——OR | PF6 (MezN)3P—--—C_CI3 CIOA..
(351 | | |

R=1-—methylhepiyl -

Scheme 18 N
The phosphonium salt (35) is also a‘non—hygréscbpic; highly
stable gelid, which can be easily recrystaliised from ethanol..
The preparation of the phosphonium chloride (36) hésiﬁéen

56

achieved recently by Castro and his co-workers” using

'E-chlofOFdi~isépropy1amine as the source of pdsitive halogen.

The salt was isolated as the stable perchlorate .
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i ~40° © e
ROH + P(NM92)3+ {'Pr]z-NmC[——-—%’-ROF’(NMGﬂB Cl

(36)
R=1-methylheptyl . NH, G0, /H,0
| R-0—b NMe,}; CIO,
Potassiﬁm phenoxide reacted with the phcsphonium salt prepared
_from'(—)—R—1—methy1heptyl alcohol iﬁ.dimefhylforﬁamide to give |
(+)~8~1~methylheptyl phenyl ether in 9%% yield; [(}135 E 15.5

{(¢.5.0 in ethanol).

@_@”\R_ FP(NMegly—> @.

R=1-—methylheptyl | + (Me,NI;PO

. The enantiomorph, (—)—R—1-methy1héptyl phenyl ether has a corresponding

[CI]%ES value of ~15.O.54 Since this result was obtained abqut

. forty years ago it was decided to assess the optica1 pufity‘0f
(+)%S-1-ﬁethy1heptyl phenyl ether-by‘anothef technique. Experiments
‘were garried.out using the.chifal n.m.r. shift reagent, |
tris{ﬁ-(heptafluoropropylhyd;qumethylene) -~ (f}?camphoratol

europium, (37, R = C F7) Eu(hfc)B.

3

Whitesides and Lewi557shoﬁed that the addition of
tris-{ 3-(t~butylhydroxymethylene)-(+)-camphorato ] europium
(37, R = tBu) to separate solutions of a primary amine and a

secondary alcohol effected a separation of n.m.r. signals arising



(37)

- — 3 |
from the (R) and (S) enantiOmers in each éase, thus providingla.
‘simple method for determining optical purity of partially separafed
enantiomeric mixtures.\ However the utility of this chiral reagent
appearsrto be l{mited to strong donors since although.larée downfield
shifts were observed with weaker Lewis bases,.the magnitudes of
the differential downfield shift were generally too small to be
useful. The trifluoromethyl derivative (37, R = CF3)58 and

the heptafluorqpropyl derivative (37, R = 03F7)59have been
prepared recently and these chiral n.m.r. shift reagents have
been effective in differentiating'between signals fér a much
wider variety of enantiomerié &ixtures._ The n;m.f. spectra

of chiral-alcohols,'aminés, esters, ketones, sulphoxides, and
epoxides-obsérved in the presence of either the trifluofomethyl
‘or the heptafluoropropyl derivative generally show 1arge‘
‘chemicél shift différences for.the enantiotopic nuclei'and tﬁﬁs'
the proportions of enantiomers can be measured directly by

integration. This improvement in both the size of the downfield

%0



shift and the resolving ability of the trifluoromethyl and the
heptafluoropropyl compounds over the t-butyl derivative has been

attributed to the increase in the Lewis acid character.

" In order tq assess the purity of the commercialiy available
sample of the heptafluoropropyl derivative, some eériier work
.of Fraser,.Pefit, and Saundérs?gwas repeated by studying the
N Mma.r. specffum of (%) 1~phenylethanol in the breseﬁce of ﬁhe.
chiral shift reagent. The above authors obtained the fdllowiﬁg

results using 0.l equivalents of the shift reagent (Table 1).

TABLE 1.
Proton : Effect of Eu(hfc)3
: A B
Me 2.65 - 0.05
CH 64 . 0.07
H ortho - 2.27 - 0.02

A~the average downfield shift in p.p.m. of the protons in
the two enantiomers..

B-Difference in chemical shift for structurally 1dent1cal
protons in the two enantiomers.

* In our experiment a considerable improvement on these results

was observed even when only 0.33‘equiva1ents of the shift reagent

was used (Table 2}.

TABLE 2.
Proton Effect of Eu(hfc)3
! B
He 4,20 0.07
CH 7.60 1 0.19
H ortho ‘ | ' 3,45 0.07
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Unfortunately the addition of Eu(hfc)B-to (t)—T—methylheptyl phenyl
ether did not produce any significant downfield shift in the

13

1H.n.m.r, signals of the ether. Also the C.nem,r. spectrum 6f
the ethér was superimposable with that of the ethér in the
presence of the chiral shift reagent and hence the optical‘purity
of the ether cbuld not be established using this téchnique.

Thls failure is presumably due to a lack of co~ordination

between the oxygen lone palr and the Lewis acid. -

The reaction of 1—methylheptyloxy~tris(dimethylamino)phésphonium -

hexafluorophosphate with the potasolum salt of Z-hydroxy-2'-
nitrobiphenyl in dimethylformamide pave 2~ (1—methy1heptyloxy)—2'

nltroblphenyl in 81% yield.

DMF |
O RoBnMe ),
e
e 2'3 -
k® o No, o RO Ko,
0 NC | & ,

R=1—~fnethylheptyl
Thus a method for the preparation of aryl 1-methylheptyl ethers.
' and aryl neopentyl ethers has been developed which' 1s both
stereospecific and proceeds without rearrangement. The major
advanfage_of this method over thé'alternafive.method involving
the use of E-toluenesﬁlphonates results from the high stability |

of the crystalline phosphonium hexafluorophosphates.




The generality of the method was established and is

exemplified by the following results (Tables 3 - 5).

TABLE 3
' . e e
Preparation of Phosphonium Salts, R-O—P(NMeZ)B’PF6'
R Temperature 6f Formafion(o) Yield(%)
Neopentyl. . E : 0 _ ' 70
1-Methylheptyl . -20 - | L6
n-Propyl. | s s

Benzyl o | -78 | 68
A1yL o8 Y
?henyl _ 0 | | 67

PABLE 1

Preparation of alkyl aryl ethers from the reaction
of alkoxy-tris(dimethylamino)phosphonium
hexafluorophosphates with potassium aryloxides.

1@ ! @ . D.M.F. : _
OAr + R-0~P(NMe2)3PF6f——~—e>R-OAr +‘q = P(NM93)3

Potassium Salt of R in =) - Yield of

(ME;NT3P@O-R,PF6 o m
Z-Hydroxggigggiiro- Neopentyl C 9
E;Nitrophenbl .. Neopentyl - f‘-ﬁg—i
E—Mefhoxyphenol Neopentyl 66
Phenol . - - Heopentyl =~ . - | 75_-\
2“Hydroxg;§;;;’;§r°' 1-Methylheptyl 8
p-Methoxyphenol ~ 7-ethylheptyl 68
E—Nitrophenol 1-Methylheptyl 30
Phenol 1-Methylheptyl 99
Phenol Allyl 79
Phenol  n-Propyl o 86
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Preparation of alkyl aryl sulphides from the reaction of
alkoxy~tris{dimethylamino)phosphonium hexafluorophosphates
with potassium arylthioxides._

0 L @ DMF
SAr + R-O-P(NM92)3 Pa6-f~——;>-R-S-Ar v (el P =

Potassium Salt of R érx e ‘ Su%“’
.(MezN)BP—OR,PF6' L £ %
Thiophenol 1-Methylheptyl 61
p-Methylthiophenol 1-Methylheptyl o ' '68.
Thiophenol ‘ Benzyl o 83
E—Methylthiophénol' Bénzyl s 98
p-Methylthiophenol ALyl ' 97
Thiophenol - - oAyl | %

There was no evidence for_the formation of products derived
from Claisen or thio-Claisen rearrangements in the allyl aryl

ether and allyl aryl sulphide preparations.

The relatlvely low yield (42%) of neopentyl p-nltrophenvl
ether from the reaction of pota551um E—n1trophenox1de with
neopentyloxy-tris(dimethylamino)phosphonium hexafluorophosphate
~ was surprisinw However, a re-lnvestlgatlon of tne reactlon,
employlng a longer reéctlon tlme, revealed that another 1mportant
product, E:nltro-ﬂlgfdlmethylanlllne, wgs_also.formed and th;s
wés isblated‘in 29% yield. The obserVation'of the same ﬁrodudts
using tetrahydrofuran as the solvent established that the
‘dimethylamino residue was derived'from the phosphdniﬁm salf and
not from the dimethylformamide. The reaction mixtures were

analysed by gas chromatography (Column D at 244°) since it was



of particular interest to find out whether k,&'-dinitrodiphenyl
ether was formed in these reactions. This product would bel
expected to be formed in significant amounts if the reaction
proceeded via ligand exchange iﬁvolving'a direct displacemeﬁt
of the dimethylamidé ion (of the neopentyloxy anion) from the.

phosphonium salt (34) by the p-nitrophenoxide anion (Scheme 19).

TM@Z

- | Me_ N- OR

o 2 N\

02N 0 P@_- :
® g | ¥
[ 34)

05N

NO»

 Scheme 19

The complete absence of ,k4'-dinitrodiphenyl ethér invalidates
this mechanism. However, the results can be rationalised in
terms of a long-lived phosphorane intermediate. Thus, in this

mechanism, the p-nitrophenoxide anion not only displaces
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hexamethylphosphoric triamide from the phosphonium salt (34)

but also atitacks on phosphorus to give a relatively stable
phosphorane (38). Loss of the dimethylamide anion then generates
a new phosphonium salt (39) which can then form the

yAF reaction (Scheme 20).

=) ' '

p-nitro-N,N-dinethylaniline by an S

(IJR
Me, N
2
PFS N \P—-—NMe
Me/l\l/l 2
R—0—P (NMez):; 2 0
(34) '
R=(CH3)3CCH.2
‘N()z
{38])
NM92
M
92\\L/,OR
ROP(OHNM@z)3-

NMé2  Me NG\\§>

NO 5 ~ NO,

FiAS

(39 ]
Scheme 20 |
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A similar reaction invelving ligand exchange was also obéervéd
in a reaction of‘potaésium p-nitrophenoxide with phenoxy-
tris(dime@hyiamino)phosphonium hexafluorophosphate in
dimethylformaﬁide. _In this reaction Q-hitro—ﬂ,ﬁ-dimethylaniline
(154) and 4-nitrodiphenyl ether (10%) were isolated. Once
" again the absence of 4,4'-dinitrodiphenyl ether indicates that
the reaétion proceeds via a phosphorane‘intermediate (40) which

results from attack of p-nitrophenoxide anion on phosphorus.

02N 0O

® OPh
PhOP{ NM -
(NMely OME | N,
. | Me.,
0
(40}
| NO, -

The phosphorane then loses a dimethylamide ion to give a

new phosphonium salt (41) which can undergo an S_Ar reaction

N
to afford'E—nitrOQE,Eudimethylaniline (Scheme 21).




NMeé '

;\llMe NM92 _ _
-;ﬂ /,/OPh ~ Me N\\\'//Qph | : o ‘
MeN ‘2 P® B o
NMe2 | NMez T
él Q o,
(Me N}POPh'
2 .
Scheme 21" (4) _'

The formation of 4~nitrodiphenyl ether can be rationalised in

an analogous manner (Scheme 22).

N()z '
(MeyN}3PO
Scheme 22



On the:other hand the reaction of potassiunm Eynitrophenoxidé _
with trichloromethyl-tris(dimethylamino)phosphoniun
hexafluorophosphate6oin dimethylformamide gave p-nitro-N,N-
dimeth&laniline (23%) and 4,4’—dinitrodiphgnyl ether (14%), while

~ chloroform éﬁd hexamethyiphosphoric triamide wére also detectedl
By gas chroﬁatOgraphy. Tﬂis reaétion dan aiso'be envisaged as
oceurring #ia a phosphorane intermediate., It is possible that
the p-nitrophenoxide ion attacks on phosphorus to affdrd-a
comparatively unstable phosphorane (42), which rapidly eliminates
either the dimethy}amide anion or thé trichioromethyl anion.
If this elimination occurred more rapidly than the additidn
reaction of the E-nitrophenéxide ion to phosphorus then there
would be éome unreacted p-nitrophenoxide available for reacfibn
with the newly—formed phosphonium salt. Hence the formatioﬁ of
4,4‘—dinitrodipheﬁy1 ether can be attributed to the reactién

 of the p-nitrophenoxide anion oﬁ the phospﬁonium salt (4%)

derived from the phosphorane. (42} (Scheme 23 a).’

Similarly p-nitro-N,N-dimethylaniline can be formed by

-an SN

salt (44) (Scheme 23b).

Ar reéction of the dimethylamide anion on the phosphoniﬁm

Phosphorane-intermediates have also been invoke@ by
Castro.énd Dormoy61recently to account fof the formation of
substituted amides. from the deccmpositibn of acyloxy—tris(dimgthyl
amino)phoéphonium salts. These authors have shown that-the |
reaction of a carboxylic acid with the phosphonium sélt (45)
inrthe presence of 2 equivalentis of triethylamine at 0—100 usiné
ﬁethanol és the solvent resulted in the formation of the

corresponding methyl ester in high yield. The esterification




2 \//NMgz

' ®
Cly C—P(NMe,) 4 _ > Me N—FR{ |
0
PFg
(42)
NO
| TMéz'-
: | - M N NMe.,
(MezN)3PO | I 2
(-B
e
+ CCly
- Scheme 23a (43)
ClaC CNMep o
l///NMez (Hﬂj\\l///NMe ~ NMey

Me |
l\\\NMe - | . |
P
_, g

 (MegN),PCCly
NO, NO MeaNIzFCCls

(4 4)
Scheme 23b




reaction proceeds via an intermediate acyloxy phosphonium salt (46)
which readily collapses by attack of the methoxide anion to give

the methyl ester and hexamethylphosphoric triamide (Scheme 2%).

e

& e EtaN - 7
RCO,H + (Me,N)yP—Br PFg—=—>R—C— 0—P(NMe,) ,
(45) - _Ws)  Br
. ‘ +@

MeOH
EtqN
RCOZMe + (MezN}3PO + Et_BNH_ Br
| Scheme 24 | |
However, when the conversion was performed at a higher temperature,
a second product, the dimethylamide of the acid, was aléo formed.
The formation of this product was rationalised in terms of a
phosphorane intermediate (47) (Scheme 25).
o S o l e
R——C0.,, P{NMe,}, Br £=—— Me ,N—P
2 2'3 Bf == Meph~ ,\\\
(46) , 0 . 2

RCONMe,  €—— Me,N oi)
4+ (MesN), P(0O)Br R__C—0

Scheme 25

e
EtgNH PF6_:



Castro and his cc—worker562'63héve reported dealkylation
reactions of phosphonium salts of the type, R—O—I@(F-iiﬂea)BX@,
with a variety of nuclgophiles using dimethylformamide as the
solvent. These reactions have also been shown.to proceed
éfficiently in non-polar solvents such as methylene dichloride,
ethen and teffahydrofuraﬁ.j5;56

The reaction of benzyloxy~tris(dimethjlamino)phosphonium.
hexafluorophosphate(48) with various nitrogen bases was also
investigated as part of our interest in the reactivity of
phosphonium salts derived fr0m=phosphor6us trisdimethylamide.
For example, the phosphonium salt (48) réacted with the sodiunm
salt of indole in dimethylformamide to afford N-benzylindole in

\ DME \

N7 @ | N
o Na - E '
+ - CHzPh g
® o g |
PhCHZOP(NM92)3 P-FB ' | : - |

The presence of a substituent at position-2 of indole has been

repofted.by Garner and his'co—workers6qto impart é considerable

influence on the course of alkylation. These authprs-observed
'thét_the'alkylétion of the potéssiuﬁ salts of é:éubStituted'indoléé
occurred predominantly at the nitrogen to afford the N-alkyl
product. They also claim that higher proyortioﬁs of the 3-alkyl

and 1,3-dialkyl derivatives are obtained as the S

N1 character




of the alkylating agent inéreases. This effect was particularly
pronounced with 2-phenylindole arnd hence the anthors infer that
this compound could be used téldetermine'the SN1 or SN2 character
of alkylating agents. |

A1l of thelevidence currently available suggests that the
dealkylation §f alkoxy-tris(dimethylamino)phosphonium salts
proceed by an SN2 méchanisﬁ. It was therefore of.interest té
study the reaction of benzyloxy-tris(dimethylamino)phosphonium
héxafluorophosphaté with the sodium éalt ofl2—phenylindole.in
dimethylformémide. The only product détected was.shown to ﬁe

5—benzy1—2~phenylindole which was isolated in 5%% yield.

& o
\ PhCHzOP( NMe2)3 -F’st
: - DMF

Ph

N

RS

: h
Na

It is unfortunate that this resction was not found to be amenable

to kinetic investigation because of the lack of suitable aﬁparatus.

 However, it would be very surprising if this reaction in fact

involved the fragmentation of.the'phosphonium salt to generate the

benzyl cation and hexamethylphosphoric triamidég In this authbr%

opinion the 2-phenylindolyl anion should not be used as a diagnostic

test for 8,1 alkylations.

Reactions eof nucleophiles at phosphorus sﬁggests that care

should be taken to avoid the use of nucleophilic solvents




particularly when carrying out alkylatiops of weak nucleophiles.
Albright65has suggesﬁed, for example that dimethylsulphoxide may
interact with the chlorophosphonium salt (49) to produce an
oxidising system similar to that described originally by Pfitzner

and Moffatt 0030

® | & @

(Me,N)3P—Cl + [CH3ly S=0 — (Me,N)3P-0-S(Chy),

o
(48) X

We have not attempted to carry out nucleophilip displacements‘using_
alkoxyphosphonium salts in dimethylsﬁlphoxide.because of our-
eiperience when atiempting to characterise certain phésphonium

salts by 1H.n.m.r. spectroscopy iﬁ the presence of
hexadeuteriodimethylsulphokide. For example, the 1H.n.m.r.

specfrum of the.chlorOphosphOnium salt (50) in GDClB/DMSO.dG _
changed rapidly from a doublet at 7.15 T to a doublet at 7.427

which suggested that the following conversion was taking place.

e

Pe
(50) ©

gy



The reaction of dimethylformamide with phosphoryl chloride

. . . 6
in Vilsmeier formylation reactions is well known. 7 These

reactions involve, as the first step, the displacement of chloride

ion by thé dimethylformanide. It would therefore not be surprisingv
if attempted alkylations of free amines by alk&xyphpsphohium salts
in dimethylformamide resulted in some formylation. Although

these reactions have been carried out by Castro and his
collaborators,16formy1ati9n was.not reported.  However the‘

reaction between H-methylaniline and bénzyloxj—tris(dimethjiamino)
phosphonium-hexafluorophosphate in‘dimethyiformamide gave

l-benzyl-N-methylaniline (74%) and Efformylfﬁfmethylaniline ().
' Me 7CH2Ph

v

NHMe
@ Nz
PhCH,OP(NMe, )y PR
DMF o+
Me_  CHO

ANV

When this reaction was repeated using tétrahydrofuran as the
solvent, the onlyzproduct'was §—benzyl%ﬂ—methylaniliﬁe,,whiqh
 ﬁas'is61atea in f?ﬁ yiéld.' it‘was.therefofe decided-to réﬁeaﬁ
Castro'sq6work on the alkylation of aniiine. In our hands, the
reaction.of be£é§1o2y-tris(dimethjlamino)phOSphbﬁium
hexafluorophosphate with aniline in dimethylformamide gave not

only H-benzylaniline but also two other products which mass
spectrometry.and'1H.n.m.r. evidénce indicated té be B—fofmylaniline

and N-benzyl-N-formylaniline.

L5




Similarly a reaction of trichloromethyl—tris(dimethylamiﬁd)
phosphonium hexafluorophosphate (51) with N-~methylaniline gave
ﬁ-formyljﬁ-methylaniliné in 31% yield, while using the
chlorophosphonium salt (50), a quantitative yield of the

N-formylated producﬁ was obtained.

e.g.
Me CHO
HNMe ® © "'\\\N/
{51)

VY

The formylation reactions implicate the intermediacy of

phosphoranyl cations such as (52), (53), and (54).

&
Y art ( )
| (MeZN)Bljpmﬂ 'N”?a | 52, 3 = Cf 5.CH .0
R (53, R = 0150)
(54, R = C1)

A possible mechanistic pathway is outlined in Schéme 26.

‘The -available -evidence suggests that Vllsmeler formylatlon
reactlons involve the formatlon of a phosphorus free electrophlle.
This has been detected, in the absence of . nucleophlllc aromatlc
substrates such as 1ndole, pyrrole, and N,N~ dlmethylanlllne and
identified by spectroscogic-méthods as the ion (55), and is

‘présumably formed =as.shown:

L6




l
' NMe2

OD

R1N~—CH——NMe

2
He
g 2 A
Rsz—CH\,-\-C—W— R2 —CH
.OT-H o
1
Scheme 26

RyN—CH—NMe,

_ 1‘ ® B -
R2N: CH—-NM92 .

Jo

1

4?7

o Me,sN |
| R—P(NM92)3 DMF \P—NMe
' Me2N/|
! 0
| ®
'C NMGZ
| ﬁ NH
N7
i |
NMQZ o Me N ‘
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NMe N
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) | -
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®
RoN— CH=NMe,

H,0

S
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MeZNCH?O /P—-Cl———> Me. N
cl ¢l
. 3] _ . -0
°© 7
Cl  Me,N==CH==Cl | -_O-_—P\
cl
( 55)

Since the ion (54) would be expected to coilapse readily
to give hexamethylphoephoric triahide and the cation (55), i#
seemed reascnable to assume.that.the reection of:the chlorophosphonium
salt (50)‘with nucleophilic aromatic substrates in dimethylformamide
would lead to the formation of C- formylated products in hlgh
ylelds. However when these reactlons were performed only trace .
amounts of C—formylated'products were'observed Although the
-reaction of the chlorophosphonlum salt (50) with N P—dlmethylanlllne
gave a %% yield of bls—(p dlmethylamlnophenyl)methane. The -
formatlon of thls pro&uct can be env1saged as occurr1;é by 1n1t1a1
_formylatlon to afford E-dlmethylamlnobenzaldehyde, whlch then
reacts with the chlorophouphonlum uaTL to give the dlcatlon (56)
This salt can then combine with N,N-dimethylaniline to yield the

diarylmethane (Scheme 27).
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Scheme 27
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Czernecki and.Georgoulis68have reported recently that the
reaction of cerﬁain stericaL}y hindered secondary alechols with
' phosphorous trisdimethylamide and carbon tetrachloride iﬁ
dlmethylformamlde gave the correspondlng O~formyl esterg in
_excellent yields and not the expected chlorinated derlvatlves.
: The authors consider that the.formylatlon reaction involves
the cation (55), fhe presumned intefmediate in_Vilsmeier formylations

(Scheme 28).

&

RO + MezN“‘CH“"Cl > R— 0-—CH==NMe, Cl
{55)

: ] G

e -

Scheme 28

Thus N- and O-formylation reactions, but significantly not
- G-formylation, have been achieved using the chlorophosphonium.

cation (Me N} P—Cl in‘dimethylférmami&e.. These results suggest

that the reactive intermediate necessary for heteroauom formylatlon

s dlfferent from that\;equlrcd to effect.c~formylat10n. Also J:;"W'M.

the absence of C formylated products argues strongly against

the catlon (55) belng tne 1ntermed1ate 1n Vllsmeler fo mylatlcns.”_.f5 

Evidently more exnerlmental results should be sought in connectlon
with these various formylatlon reactions., The use of 4 Fotlem.I's
spectroscopy is one obvious tool which could be invaluable. It

may well be, for example, that the ion (55) would not be formed

30




in the presence of substrates which do undergo Vilsmeier formylation

reactions.



Experimental

General:-

All solvents were distilled and dried by conventional

methods prior to usage.

Analytical thin layer chfomatOgraphy was carried out
using silica gel (GF254 according to Stahl), for layers 0.25mm.-
thick., Column chromatography was: carried out with silica gel

(ex. Pisons}, and 'CAMAG alumina (Brockmann activity I).

Analytical gas chromatography was carriéd out using a Pye
10h series gas chromatograph using a hydrogen flame ionisatibn
deteétor. Thé 5ft. columns uéed were:

A. 10% APIEZON L on chromosorb W.

B. 15% S.E. 30 on firebrick.

C. 20% S;E. %0 on chromosorb W.

D, 108 S.E. 30 on celite.

E. 104 Polyethylene glycol adipate on chromosorb W.

- Infra-red spectra were determined for potassium bromide
dises in the case of solids or thin films in the case of ligquids
unless otherwise stated, on a Perkiﬁ—Elmer 257 spectrometér;
Ultra:violet_spectré were determined for solutions in ethandl,
unless otherwise stated, with a Pye-Unicam SP.8000 specffo-
photometer. 1H Nuclear mégnetip resonﬁnce spectra were determined ’
at 90 MHz;.for appfoxiﬁatély 26% w/v solutions using |
tetramethylsilane as an internal sténdgrd, wi&h a Perkin-Elmer

R 32 spectrometer. Mass spectra were recorded on an A.E.I. M.S. 12

spectrometer. High resolution mass spectrometry was carried out
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on an A.E.I. M.S. 9. at P.C.M.U. by courtesy of the S.R.C.
Melting points were determined on a Kofler block and are

uncorrected. All compounds were colourless solids unless

otherwise stated. All dilute acids were 2N.




1. Preparation of Neopentyl chloride.

A solution of phosphorous trisdimethylamide (16.3g.,
0.1 mole) in ether (15ml.) was added dropwise to a stirred ice-
éold éolution of neopentyl alcohol (£.8g., 031 mole) and carbon
tetrachloride (15.4g., 0.1 mole) in ether (50ml.). | A yellow
oil sebarated out which Wés dissolved in'dimethylfbrmamide |
(100ml. ). The solution was heated under reflux for 1 hour
and then poured into water (100m1.); The ﬁixtureIWas extracted.
with ether (2 x 75ml.) and each extract was washed with water
(2 x 50ml.). lThe combined ether layers werelthen dried over
anhydrous magnesium sulphate. The ethereal solution was carefﬁlly
distilled at atmospheric pressure to give, after femoval 6f |
solvent (b.p. 350), neopentyl chloride (6.023., 61%); b.p. 84-5°

(1it. 69 v.p. 84.4°).

2. Preparation of Crotyl bromide.

Phosphorous trisdimethylémide (2h.bg., 0;15 mole) in ether
(100 ml.) was added dropwise to a stirred solution of crotyl
alcohdl (10.8g., 0.15 mole) and carbon tetrabromide (49.8g.,

0.15 mole) in ether.(100 ml.) &t ~40°.

_  ﬂfter:the?addifibn was COmpleted,,thé“feaqtionJmixture :

was allowed to come to room temperature and the stifring was

"cOhtinued at this temperature for 1 hour. The’efhereal‘solution‘

was washed with water (2 x 100 ml.) and then dried over .
anhydrous magnesium sulphate. Careful distillation of the solution
at atmospheric pressure gave, after removal of solvent (b.p. 350),

crotyl bromide (13.1g., 676); b.p. 102-106° (Lit., 7© b.p. 103-6°).

Sh



%. Preparation of Neopentyl bromide,

A mixture of neopentyloxy-tris(dimethylamino)phdsphonium
hexafluorophosphate (8.0g., 0.02 mole) and potassium bromide -
(7.20g., 0.06 mole) in dimethylformamide (100ml.. ) was heated
under reflux.for 15 hours. After'cooling to room temperaﬁufeg
ﬁhe reaction mixture was'pburea into water (100 ml.) and extracted
with ether ( 2 x 50ml.). Each extract was.washed‘with‘water
_ {2 x 30 ml.) and the combined ether layers'were then dried over
anhydrous magnesium sulphate. The ethereal solution was
distilled at atmospheric pressure to give, after removal of
solvent (b.p. 35°), neopentyl bromide (0.67g.; 22%)3 bap-.
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104-6° (1it., b.p.. 105°).

4.  Preparation of Neopentyloxy-tris{dimethylamino)phosphonium
hexafluorophosphate.

A solution of phosphorous frisdimethylamide (32.6g., 0.2 mole)
in ether (100ml.) at 0% was added to a stirred solution of
neopentyl alcohol (18g., 0.2 mole) and ‘carbon tetrachlorlde

{(38.5g., 0.25 mole) in ether (100m1 Y, also at 0°.

When fhe addition was coﬁbletéd the cold mixture was poured
into an ice~chilled saturated aqueous solutlon of ammonlum T N
hexafluorophosphate-(BQg., 0. 2 mole) wmth the 1mmedlate formatlon
of a white SOlld. The preclpltate was collected washed w1th
 '100~001d water (75m1 ) and ether (?5m1 )y and then drled over _fE
calcium chloride. Recrystallisation from ethanol gave
neopentyloxy-tris(dimethylaminro)phosphonium hexafluorophosphate

71

(58g¢., 70%) as colourless plates;_m.p.7202—4° Ilit., m.p.202-4°),
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Hon.mar. T (CD013) 6.18(d., 28, J_. = 4Hz.); 7.18

PH

(a., 18H, J..= 11 Bz.); and 8.95(s., OH).

PH

\V . 2960,' 1460, 1310, 1170, 1065, 995, 825, 765,

“and 750cm .

5. Preparation of Phenoxy~tris(dimethylamino)phosphdnium-
hexafluorophosphate.

_-Using the procedure described for experiment-h, phosphorous
trisdimethylamide (8.15g., 0.05 mole), phenol (4.7g., 0.05mole),
carbon tetrachloride (10.0g., 0.065 mole) aﬁd ammonium
hexafiuorcphosphate (8.5g., 0.05 mole) reacted to give
pheﬁoxy»tris{dimethylamino)phosphonium.hexéfluorophosphate .

(13.4g., 67%) as white plates; m.p. 93-4? (from ethahol)'

(Lit., ® m.p. 92°).

Honomr. T(CDCls) 2.35_—2.9 (m.,. 5H) and 7;20 (d., '181—1,-
JPH = 10HZ-)3‘
\/m;x, - 2970, 1600, 1495, 1465, 1320, 1210, 1180, 1170,
1010, 955,4 8L0(broad), 785, 775, 760, and 690 cm"'q.

6;' _Prepafaiion-of‘n-Propoxy-tris(dimethylamino)phoéphonium
hexafluorophosphate.,. '

Phosphprous‘trisdimethjlamid¢ §16.3g.,70}1m01e)_in ether
(50 ml.) at ~780 was added dropwise to 'a stirred solution of
n-propyl alcohel (6.0g., 0.1 mole) and carbon tetrachloride

(23g., 0.15 mole) in ether (100ml.) aléo at -78°.
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When the addition was completed the cold mixture was §0ured
into an ice-chilled saturated aéueous solution of ammonium
. hexafluorophosphate (45.3@., O.f'mole) with the immediate
formation of a whife g0lid. The precipitate wés filtered off,
~washed with ice-cold water (30ml) and ether (30ml.), and then
dried over ca1C1um chloride. Recrystalllsatlon from ethanol
gave E-propoxy~tris(dimethflamiﬁo)phosphonium hexafluorophosphate-

(19.1g., 52%) a5 a white crystalline solid, m.p. 226—80.

Honomer. TGDCL,) 5.82 (t., 2H, J = 6Hz); 7.18(d., 18H,
Jpy = 11Hz.)5 8.15(sextet, 2, J = 6Ha); and

8.96(t., 3H, J = 6Uz).
Vi 2950, 1500, 1470, 1320, 1180, 1075, 1060, 1010,

- 880, 850, 780, 770, 7k0, and 665 ca .

. 7. Preparation of Allyloxy-tris{dimethylamino)phosphonium
hexafluorophosphate.

Reaction as in experiment 6 using phoéphérous trisdimethylamide
(16.3g., 0.1 mole), allyl alcohol (5.8g., 0.7 mole), carbon |
tetrachloride (23g., Q. 15mole) and ammonium hexafluorophosphate
(16.3g.,.0.1 ‘mole) gave alllexy~trls(dlmethylamlno)phosphonlum

_hexafluorophosphate (32g., 86%), m.p. 208- 9 (from ethanol).

"Honamer. T(CDCL,) b.0Cm., MD); b.55(n., 205 5.25(m., 21);
and 7.15(d., 18H, Jpy = 1OHz.)..
Viax 2940, 1500, 15470, 1430, 1320, 1180, 1040, 950,

1830, 775, 760, and &70cm” .
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8. Preparation of Benzyloxy~tris(dimethylamino)phosphoniﬁm
hexafluorophosphate.

Phosphorous trisdimethylamide (156.3z., 0.1 mole) in ether |
(30m1.) at -78° was added dropwise to a stirred solution of
benzyl alcochol (10.8g., 0.1 mole) and carbﬁn tetfachloride
(23.0g., 0.15.mole) in ether (100ml.), also at -78°.  When the-

addition was completed the reaction mixture was poured into an.

1ce-ch111ed saturated agqueous solutlon of ammonlum hexafluorophosphate

(16. Bg., 0.1 mole) with immediate formation of a white solld.___
This solid was filtered off, washed with 1ce-cold‘water (50m1.)

and ether (50ml.), and then dried over calcium chloride.

The solid was then washed with chloroform (3 x 50ml.) to.
remove the insoluble chloro—tris(dimethylamino)phosphonium
hexafluorophosphate (3.27g., ¥), m.p. 193-200°, from the

crude product. Removal of the solvent gave a vhite solid which

recrystallised from ethanol to affdrd benzyloxy-tris(dimethylamino): h

phosphonium hexafluorophosphate (28.1g., 68%) as colourless plates,

Honmr. 'c(CDc1 ) 2. 55(5., 5H); 4. 78(01., 2H, J

- _'SHZ.);

and 7.2(d., 18H, Iy = 10Hz.)'
Viax— 291;0 1495, 11»70 1460, 1320, 1180, 170, 1075,

1010, 840, 780, 770, 750, 705, and 670 .

9. Preparation ofl1—Methyihéptjloxy~tfis(dimethylamino)phosphonium

hexafluorophosphate.

A solution of phosphorouu trlsdlmethylamlde (32 6y., 0.2 nole)
in ether (100ml.) at —20° was added dropwise over a period of

2 hours to a stirred solution of 1-methyheptyl alcohol (26g.,
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0.2 mole) and carbon tetrachloride (38.5g., 0.25mole) in ether

(150m1.), also at -20°.

A white pbecipitaté of trichloromethyiutris(dimethylamino)
phosphOnium chloride was formed, which was filtered off and -
subsequently characterised as. its stable perchlorate (3.8g., 50%)
m.p. 280-5° (with decomDOSltlon)(from water), (11t.,22

m.p. >29O Ye

The addition of an 1ce-ch111ed saturated aqueous solutlon
of ammonium hexafluorophosphate (32 6g., 0.2 mele) to the filtrate
afforded a white solid which was filtered off and washed with
ether (75 ml.), and then dried'OVer calcium chloride.
Reérystallisation from ethanol gave 1
amino)phosphonium'hexafluorophosphate (hog., 46%) as a white

crystalline s0lid, w.p. 113-4°,

Moo, T(ODCL,) 5., )3 7. 18(a., 18H, - 117z

-and 8.2-9.3(m. , 16H) .

Vmax 29?0, 2940, 1490, 1470, 1390, 1315, 1190, 1075,

-

1020, 1000, 8%0(broad), 770, and 665ci"

*

Preparation of Alkyl aryl ethers and sulphides,

A series of alkyl aryl ethers and alkyl aryl sulphiaes vere
Prepared by a procedure 1dentlca1 to that employed for the

e

preparatlon of neopentyl phanl ether whlch is descrlbed in

detail.

39

~methylheptyloxy-tris(dimethyl



10. Preparation of Neopentyl phenyl! ether.

. Dimethylformamide (50ml.) wés aaded with stirring to
powdered potassium hydroxide'(1;128., 0.02mole). Pheﬁ§1 (0.9%g.,
0.01mole) was then added and the nixture was stirred for 30
‘minutes. Neopéntyloxy-tris(aimethylamino)phosphbnium hexafluor-_
phosphaté‘(S.ag., 0.0zmolé) was added, and the mixture was-
heated under reflux for 15 hours. After cooling to room
temperature the reaction mixture was poured:into watex (100m1.)
and extracted with ether (3 x 50m1;) and each extfact ﬁas washed
with water (3 x BOml.). The combined ether 1ayer§ Weré twice.
washed with an aqueous solution of sodium.hydroxide, fo remove
unreacted phenol, and then dried over anhydrous magnesium
sulphate; The solvent was removed and theresidue was placed on
a column of alumina, elution with 10% ether~light petroleum
gave a coloﬁrless’liquid which 6n distillation gave neppentyi
phenyl ether (1.24g., 755); b.p. 55-8° at 1.5mm. (1it., 51

b.p. 32-3° at 12mn.).

Honemor. 't(cD013) 2.6 - 3.2(m., 5H); 6.4(s., 2H}; and 9.0(s., 9H),

Vmax 2960, 2910, 2880, 1610, 1595, 1500, 1_**80{ 1370, 1300,

1245, 1055, 1020, 755, and 690 cm .

Maés:Specﬁrometry: MY o 16k

" 1. Preparation’of 2-Neopentyloxy=2!-nitrobiphenyl.

The reaction of 2-hydroxy-2'-nitrobiphenyl (0.7g.) with
potassium hydroxide (0.8g.) and neopentyloxy-tris(dimethylamino)

phosphonium hexafluorophosphate (2.76g.) in dimethyformamide

(35ml.} gave 2~neopentyloxy~2'-nitrobiphenyl (0.68g., 70%); n.p.
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90-1° (fpom light petroleum b.p. 60-80°).

(Found: C. 72.0; H,6.6; N, 5.2%; M, (mass spectrometry) 285,
C,],?H,lgNO; requires C, 71.55; H, 6.7; N, h.%;'M, 285);

THonom.r. T(CDOL,) 1.9 - 3.2(m., 8H); 6.45(a., 2H); and 9.22(s., OH).

3
Viay 2960, 2940, 2880, 1615, 1530, 1505, 1470, 1370, 1360,
1250, 1125, 1020, 750, and 740 cm .
A o 215(10gE , 4.32); 240(3.93); end 274(3.73)nm..

12. Preparation of p—Methoxyphenyl neopentyl ether.
The reaction of p-methoxyphenol (0.62g., 0.005 mole) with

potassium hydroxide (0.56g.; 0.01 mole) and neopenfyioxy—tris
(dlmethylamlno)phosphonlum hexafluorophosphate (3 95g., 0. O1mole)
‘in dlmethylformamlde (25m1 ) gave p-methoxyphenyl neopentyl
_ether.(o-zag; 66% ) as.a whlte solid; m pe 59~ 60 (from “1ight

 petroleum b.p. 60 800) (llt.,5 m.p. 60°).

THonom.r. “[;(th:13) 3.30(s., 41); 6.32(s., ZH); 6.5(s., 2H);
and 9.0(s., 9H),7

Mass spectrometry: M' = 19%, *

--:fyield_baﬁédjgh;;¢q¢fg§-£~g§thoiyphenol.”'

13. Preparation of 2-(1-Methylheptyloxy)-2'-nitrobiphenyl.

‘The reaction of a-hydroxy—Z'-nitrobiphenyl‘(0.13;) with
potassium hydroxide (0.13g.)} and 1-methylheptyloxy-tris(dimethyl-
amino)phosphonium hexafluorophosphate (0.36g.) in dimethylformamide

(25ml.) gave 2-(1-methylheptyloxy)-2'-nitrobiphenyl (0.14g., 81%)

as a yellow oil b.p. 186-196° at 1mm.
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1H.n.m.r."[(CD013) 2.0-3.2(m., 8H); 5.72 (sextet, 1H, J=6Hz.);
and 8.30-9.2(m., 16H),
2940, 2860, 1620, 1530, 1500, 1455, 1360, 1250, 1130,

855, 755, and 740cm.'1,

Vinax

Mass Spectrometry: MT o= 32'7.

14, Preparation of 1~Methylheptyi phenyl sulphide;

- The reaction of thiophenol (0.6g) with potassium.hjdroxidg
(0.6g) and 1-methylhéptyloxy-tris(dimethylamino)phosphohium
hexafluorophosphate (4.hg.) ih dimethylformamide‘(25m1.) gave
1-methylheptyl phenyl sulphide (0.73g., 61%), D4 107 at 0.7mm.

73

(Lit.,”” bop. 197° at 13mm.).

Honom.r. '[(CDCIB) 2.4 ~ 2.85(m., 5H); 6.8(segtet, 1ﬁ, J = 6Hz.)§‘
and 8.30 - 9.25 {(m., 16H),

Molécuié; weight by high resolution'méss speétrometr&f;

Measureﬂ mass: M' = 222.1440 | |

Expected fqrmuia, C14H2és.

Calculated mass: MT = 222.1442.

- 15. Preparatlon of 1-Methvlheptyl p-tolyl sulphldc.'.

q.,- s - T e oot . ___. H

The reactlon of g—toluenethlol (O 6g ) w1th pot3551um o

hydroxide (0.6g.) and 1-methylheptyloxy- trls(dlmethylamlno)

-phosphon1um hexafluorophosphate (4. 37g ) in dlmethylformamlde o

(25m1.) gave 1-methylheptyl p-tolyl sulphide (0.78g., 63%)

bep. 124° at 0,7mm. .

Honomer. -E(CD013) 2.78 (q., 4, J = 12Uz.); 6.8(sextet, 1H,.

= 6lz.); 7.65(s., 3H); and 8.2 - 9.3(u., 16H).




Voo 2940, 286@, 1495, 1460, 1380, 1265, 1095, 1020, and

810 cmh1.,
Folecular Weight by high resolution mass spectrometry:-
- Measured mass: M’ = 236.1595
Expected fo?mula, C15H245.

Calculated mass: MT = 236.1599.

16. Preparation of p-Methoxyphenyl 1—methy1hepty1-ether.'

The reaction of“pumethoxyphenbl (0.5g.) with potassium
hydroxide (0.5g.) and 1—methylheptyloxy-tris(dimethylamiho)
phosphoniun hexafluorophosphate (3.5g.) in dimethylformamide

(25ml.) gave p-methoxyphenyl 1-methylheptyl ether (0.553.,_68%), bap.

1190 at: 1.5mm.

TH.on.m.r. T(0DCL,) 3.2(s., bH); 5.78(sextet, 1H, J = 6Hz.);
6.25(s., 3H); and 8.25 - 9.25(m., 16H),

2940, 2860, 1510, 1470, 1445, 1380, 1290, 1235, 1180,. -

1

Viax |
' 1135, 1125, 1105, 1045, and 825 cu” .,

Molecular Weight by high resolution mass spectrometry: -~

Measured mass: M% = 236.1772

Expected formula, C15H2402

Calculated mass: M' = 236.1776 .

17. DPreparation of q-Methylheptyl p-nitrophenyl ether.

1'Thézfeactioﬁ of p-ﬁitfo?heﬁdi'(O.Tg;, 0.005 mole) ‘with
 potassium hydroxide (0.56g., 0.01 mole) and 1-methylheptyloxy-
tris(dimethylamino)phosphonium hexafluorophosphate (4.37g., 0.01

mole) in dimethylformamide (%0ml) gave 1-methylheotyl p-nitrophenyl

ether (1.20g., 80%); b.p. 154° ot 1.5mm.
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(Found: C, 66.8; H, 8.3; N, 5.2%; M, (mass spectrometry) 257,

€ 1Hp N0z requires C, 66.9; H,8.4; N,5.6%; M,251); S

THonom.r. T(CDCL,) 1.80(ABA., 2H, J, = 9Hz.); 3.10(ABd., 2K,

Jpp = 9Bz.); 5.52(sextet, 1H, J = 6Hz.); and

8.2 - 9.3(m., 16H).

Vmax

1345, 1300, 1266, 1175, 1115, 940, 845, 755, and 690cm™ .

18a. Preparation of 1-Methylheptyl phenyl ether.

|
. ' : ' .
‘ ‘ o o
2960, 2940, 2860, 1615, 1600, 1520, 1500, 1470, 1385,
The reaction of phenol (0.%9%g., 0.01 mole) with potassium
hydroxide (1.12g., 0.02mole) and 1-methylheptyloxy-tris(dimethyl
amino)phosphonium hexafluorophosphate (8.74g., 0.02mole) in -
dimethylformamide (60ml) gave 1-methylheptyl phenyl ether

(2.02g., 99%); b.p. 104° at 1.5mm. (lit., 2 b.p. 144° at 20mm.).

 Hnem.r. ‘E(6D0135 2.6-3.2(n., SH); 5.6(sextet, 1H, J = GHz.);

and 8.2~9.3(m., 16H}s

Vgax 2960, 2940, 2870, 1605, 1595, 1500, 1380, 1300, 1245,
1175, 1120, 755, and 690 L "
Mass spectrometry: M :’206.

T IR TR

'f18b;'Prépéfatioh”6f'(+)(S) ~1-Methylhieptyl phenyl ether. -~ =~ -

The reactlon of phenol (O 9hg., 0.01mole) with pota551um' A
' hydrox1de (1 12g. O Oamole) and uhe trls(dlmethylamlno)phosphonlum -
hexafluorophosphate - (8.74g., 0.02mole) derived from (=) (R)-1-
methylheptyl alcohol in dimethylformamide (60ml.) gave (+)(S)-1-
methylheptyl phenyl ether (1.94g., 93%);.b.p. 99°% at Tmm. ; |

| '[(I]gfh=+ 15.5(c.5.0 in ethanol). (~)(R)-1-Methylheptyl phenyl ether,
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. Mass Spectrometsy: W= 21h.

K}i§—15'0 (¢.5.0 in et.‘t’lanol)?l+

19. DPreparation of Benzyl phenyl Sulphide.

The reaction of thiophenol (0.6g.) with potassium hydroxide
(0.6g.) and benzyloxy-tris(dimethylamino)phosphonium
hexafluorophosphate (4.75gz.) in dimethylformanide (30ml.} gave

benzyl phenyl sulphide (0.8%4g., 83%); w.p. 40-41° (from light

-petroleun b.p; 60-80°), (lit.,7h m.p; 35-40°),

Hon.m.r. ‘E(CDC13) 2.45-2.85(m., 100) and-5.90(s., 2H),

Mass spectrometry: Mt = 200.

20. Preparation of Benzyl p-tolyl sulphide.

The reaction of p-toluenethiol (0.62g., O. OOBmole) with
potassium hydroxide (0. 56@., 0.01 mole) and benzyloxy trlS(dlm@tth

amzno)phosphonluw hexafluorophosphate (4. 15@., 0. O1mole) in

'dlmethylformamlde ()Oml) gave benzyl p»tolyl sulphlde (1 010.,

98%), mep. 45-6°( from llght petroleunm b.p. 60w80 Yy (111:..,?5
M.p. 40 419y,
1H;n;m;r. - ‘E(CDCIB) 2.45~3.05(m., 93); 5.93(5., 23 and 7.7

(5., 3H),

21. Prenaratlon of \11yl n-tolyl sulphlde.»

' mhe reaction of p-toluenethlol (. 2hg., 0. 01 mole) with
potassium hydrozide (1.12g., 0.02mole) and allyloxy-tris(dimethyl .
amino)phosphoniumn hexaflucr@phosphate (?.BOg., 0.02mole) inl
dimethylformamide (50ml.) gave allyl p-tolyl sulphide (1.53g.,

76

974) bap. 70° at 0.2mm. (1it.,”” b.p. 99-100.5° at 7.5mm.).
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Honom.r. T(oDCL,) 2.8(4., U, J = 9z.); 3.8 - b.k(n., 1H),

k.75 - 5.05(m., 2H); 6.4%0-6. 6o(m., 2H): and

7068(5-1 EH)’

Mass Spectrometry: M' = 16k,

22. Preparation of Allyl.pheﬁyl sulphide.:'

The reaction of thiophenol (1.10g., 0.01 mole) with'potﬁséium .
 hydroxide (1.12g., 0.02mole) and allyloxy-tris(dimethylamino)phosphoniun
hexafluorophosphate (?.BOg;, 0.02mole) in dimethylformamiae (50ml)
gave allyl phenyl sulphide (1.35g., 90%); b.p. 75° at 2am. |

(1it.,? b.p. 84-6° at Smm.).

THononor. '[(CD013) 2.5-2.9(m., SH); 3.85-4.4 (m., 1H);

4.7 - 5.05(m., 2H); and 6.4-6.6(d., 2H),
Vans 1650, 159, 1490, 1445, 1230, 1090, 1030, 990,
. 925s ?45' and’ 6_9503*‘*:-1 ’ |

Mass Spectrometry: ut = 1s0.

23. Preparation of Allyl phenyl ether.
The reaction of phenol(O.h?g., 0. 005 mdle) with potassium .

- hydroxide (0 56g., 0.01 mole) and allyloxy—trls(dlmethylamlno)Phosphonlum

‘”~f{gfhexafluorOphosphate (3.65g., 0. O?mole) in dlmethylformamlde (BOml)
78

gave allyl phenyl ether (0.47g., 79%)' b.p. 40 at 2mm. (11t.,

. b.p. 191—2._at‘76cmm:)<.

.nom.r. T(cDo1,) 2.55-3.2 (m., 5H); 3.7-4.15(m., 11);
bol-b.B8(w., 2H); and 5.4-5.6(d., 2Ii).
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'-'a red 011 whlch on dlstlllatlon under reduced preosure afforded

24, Preparation of Phenyl n-propyl ether.

The reaction of phenol (0.47g.,l0.005mole)'with potassium
hydroxide (0.56g., 0.01 mole) and prropoxy-tris(dimethylamino)
phosphonium hexafluorophosphate_(3.67@., 0.01m61e) in
dimethylformamide (50ml.) gave vphenyl n-propyl ether (0.58g.,

86%); b.p.56° at L4.S5mm, (lit.,?9 b.p._690 at 14mm. ).

"Honomer. 'E(CDCl ) 2.5 = 3.2(m., SH); 6. 1(t., 2H, J = 8Hz.);

8.2(sextet, 2H, J = 6Hz.); and 8.95(t., 3H, J = 8Hz.),

Vo, 2980, .2960, 2900, 1615, 1595, 1505, 1480, 1500,
1310, 1250, 1180, 980, 755, and 695em. ",

Mass Spectrometry: M’ = 136.

25. Reaction of Benzyloxy-tris{dimethylamino)phosphonium
hexafluorophosphate with the sodium salt of Indole. .

Dimethylformamide (100m1;) was added to sodium hydride
(0. 6g., 0. 025m01e) and the. mlxture was stlrred for 5 mlnutes. -
Indole (2 9g., O 025 mole) was then added and the mlxture was
stirred for 1 hour. Benzyloxy—trls(dlmethylamlno)phosphonlum
hexaflﬁorophosphate (20.8g., 0.05mole) was added and the‘mixtnre_
was heated under reflux.for_ﬁB hours. After éboliﬁg'éo room

temperature, the reaction mixture was poured into water (250 ml.)

and extracted w1th ether ( 3 x .100mL. ).:~Each extract was washed ..

with water (3 x 50ml) and the comblned ether.layers were dried -

over anhydrous magne51um sulphate. Removal of the solvent gave

N-benzyl indole (2.68g., ?#%); b.p. 148—5D at 2mm., m.p. 42-5

80

{from ethanol) (1lit., mop. 45°).

1_H,n.m.r. ‘E(CDC1 ) 2.25 - 2. u; (m., 1H) 2.6~3.1(m., 9H);

3.45(a., 11, J = 3Hz.), ‘and 4.78(s., 2H).
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26. Reaction of Benzyloxy-tris(dimethylamino)phosphonium
hexafluorophosphate with the sodium salt of 2-phenylindole.

Reaction as in experiment 25 using 2-phenylindole t1.45g.,
0.0075 mole), sodium hydride (0.18g., 0.0075 mole), and benzyloxy-
tris(dimethylamino)phosphonium hexafluorophosphate (6.22g.,

0.015 mole) in dimethylformamide (100ml.) gave a red oil

(1.93g.) which was placed on a column of silica gel (100g.).
Elution with 3% ether-light petroleum gave 3-benzyl-2-phenylindole
(1.13g., 53%) as yellow crystals,m.p. 118-9° (fromrlight

81 :
petroleun b.p. 60-80°) (lit.,  m.p. 118-9°).

1H.n.m.r. 'E(CDCl3) 2.0 - 3.1(m., 15H) and 5.72(s., 2H);

Mass Spectrometry: Mt = 283,

27. Reaction of Benzyloxy-tris{dimethylamino)phosphonium o
' hexafluorophosphate with N-methylaniline in dimethylformamide.

—

U b solution 6t Jemethylaniiinie (0:5hg., 0.005mole) and
:bénzyldxy—tris(dimethylamino)phdsphoniuh hexafluoropﬁosphéte
(1.04g., 0.0025 mole) iﬁ dimethylformamide (50ml«) was heated
under refiux for 15 héurs. After cooling tb ;obm temperature

the réaction mixture_was poured into a satpratéd aéﬁeoﬁé soluinn

of sodium bicarbonate (100ml.) and then extracted with ether |

and the combined ether layers were dried over anhydrous magnesiﬁm

‘was distilled under reduced pressure and gave, after removal of
excess of N-methylaniline (0.26g.) b.p. 45-50° at 2. 5.
a) N-formyl-f-methylaniline (0.03g., %) b.p. 86-8° at 25mm.

(lit.,82 b.p. 950 at bmm.), and

&8

62 %50 mliYes: Each-extract-vés washed with water (2 x 30ml:) UL

vggulpbg#g;s;Remqva;goﬁxtheﬁsolvent:afforded;an‘orange:liquidfwhich‘HAKEﬁﬂiQ




b)  N-benzyl-N-methylaniline (0.37g., 74%) b.p. 108-10° at.2.5mm.,
= yi=l

83

(1it., b.p. 187-8% at 26mm.).

Honom.r. 1j(cnc13) 2.6;3}4(m., 10H) 3 5.6(s., 2H); and 7;12(5.,3H1

‘Mass Spectrometry: M' = 197.

28. Reaction of Benzyloxy-tris(dimethylamino)phosphonium
- hexafluorophosphate with N-methylaniline in-tetrahydrofuran,

——

Reaction as in experiment 27 using N-methylaniline (0.53z.,
0.00% mole) and benzyloxy-tris(dimethylamino)phosphonium
hexafluorophosphate (2.08g., 0.005 mole) in tetrahydrofuran (4Oml.)
. ' - N . o -
gave N-benzyl-N-methylaniline (0.81g., 79%); b.p. 96-100" at

Tebmma .

29. Reaction of Benzyloxy-tris({dimethylamino)phosphonium
' hexafluorophosphate with aniline.

Reaction ss.in éxperimenf 27 using aniline (O.BOg,, 0.0033 ﬁoié}
and benzyloxy—tris(diméthjlamino)Phosphonium heiafluorophosphate
(0.68g., 0.00&6 mole) in dimethylformamide (50m1;) gave a red
liquid (0.47g.). The product was analysed by gas chfpmatégraphy'

_(column D at 2020) . méss specﬁrometfy, and jH.n.m.f: épectrésoéﬁj
and shown to be a mixture of N benzylanlllne (major component),

N~ bcnzyl—N-forﬂylanlllne, and K-formylaniline.: -

30. Reactlon of Phosphorous trlsdlmethylamlde Wlth W—Chloro-
di-isopropylamide. S

Phosphorous trisdimethylamide (0.463.; 0.028 mole) in
ether (10ml.) was slowly added to stirred solution of
N-chloro~di-isopropylamine (0.76g., 0.056mole) in ether(10ml.)
at 0°. When the addition was completed, fhe caold reaction

mixture was poured into a solution of ammonium hexafluorophosphate



(0.46g., 0.028 mole) in water (5m1.) with immediate formation

of a white so0lid. This s0lid was filtered off, washed with |
ice-cold water (10ml.) and ether (10ml.), and then dried over
calcium chloride. Recrysﬁéllisation from water gave _
chloro~tris(dimethylamino)phosphonium hexéfluorophosphate (0.56g;,-
61%)5 m.p. 198-200°;

1

Honetor. T (DM30- d6) 7. 10(&., JPH = 14Hz)..

- 31, Pre@aration of Chloro-tris{dimethylamino)phosphonium
hexafluorophosphate.

A solution of ammenium hexafluorophosphate (8.2g.,~6.0§mole)
in water (15ml.) was added to a stirred solution of cafbon.
tetrachloride (8.0g., 0.052mole) in ether (25ml.} at 0°.
" The dropwise addition of phosphorous triséiﬁethylamide (8.2g.,
0.05mole} to the ice-cold emilsion resulted in the immediéte
formation of a'white solid; When the addition was completed
the s01id was removed by flltratlon and washed with ether (25m1 ),
and ice-cold water (25m1.). After drylng over caleium chlorlde
the‘sélid was recrystallised from water and gave chloro—trls(dlmeﬁhyl

‘amino)phosphonium- hcxafluorophoanhate (9.9g.y 60%); m.pe 198_199 .

Y

- %2. Preparation of Trlchloromethylﬁtrls(dlmethglamlno)phosphonlum
hexafluorophosphate. :

Phosphorous trlsdlmethylaﬂlde (16 3., O.?mplé) iﬁ ether
(40ml.) was added dropuwise to a stirred solution of carbon
tetrachloride (30.8g., 0.2 mole) in ether (GOmi.) at 0%, When
the addition was completed the reaction mixture was poured into
an ice-chilled saturated aqueous sclution of ammenium
hexafluorophosphate {16.3g., 0.1 mole) with the immediate

formation of a white solid. The precipitate was collected, washed
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with water(50ml.) and ether (50ml.) and then dried over calcium
chloride. This crude product was washed with chloroform
(3 x 50ml.) and gave an insoluble residue of chloro~tris(dimethyl:

amino)phosphonium hexafluorophosphate (5.5g., 16%) m.p. 198-200°.

The chlofoform extracts were combined and solvent removed
to give trichloromethyl—tris(dimethylamino)phosphoﬁiﬁm |
hexafluorophosphate t}O.&g., 72%5) as white plates; m.p. 290-3°
(from agueous acetone).

3 = 1OHZr)o

"Henamer. T (CDCL,) 6.95(d., Tpy
3%. Reaction of Chloro-tris(dimethylamine)phosphonium

hexafluorophosphate with N,N-Dimethylformamide in the
presence of H-methylaniline.

Chlofo-tris(dimethylamino)phosphonium'hexaflunrophosphate
(1.8g., 0.005mole) was added to a stirred Solutiﬁn of N-methylaniline
(2.7g., Q.025'mole) in dimethylférmamide (ésml.). The solution |
was heated under reflux for 12 Hours and then poured inﬁo water
(50ml.). After stirring at room temferature for 30 mins., the
reaction mixture'was extracted with ethé;'(Brx EOml;) and éach'
extract was washed with water.(B X %0ml.). The.combined ether
1éyers were dried over anhydroué magnesium sulphate. Remoyal.
of the solvent gave a red liguid which was distilled under
reduced pressure to afford, after rémovai of excess of _
- E;mgtﬁylaniline (ﬁ.ﬁBg;);'baﬁ;L&8;5Q.at Z.Smm,; H;fqrmylfﬂfﬁethylaniliﬁe :

82

(0.715., 99%); b.p. 86-8° at 2mm. (1it.,°* b.p. 95° at hmm.).

Honemer. T (ch13) 1.52(s., 1H); 2.45-2.95(n., 5H); and
| 6.78(s., 3M).

Mass Spectrometry: Mt = 135.
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34, Reaction of Trigchloromethyl-tris(dimethylamino)phosphonium
hexafluorophosphate with N,N-dimethylformamide in the presence.

—

of N-methylaniline.

Using the procedure described above trichloromethylutris(dimethyl
amino)phosphonium‘hexafluorophoSphate (2.2g., 0.005mole) was -
reacted with N-methylaniline (2.7g.; 0.025 mole):ip 7
dimethylformamide (25ml.) and éave'ﬁ—formylfg-methylaniline (0.215.;

82

31%); b.p. 78-800 at 1ﬁm. (1it., DeDe 950 at hmm.).

35. Reaction of Neopentyloxy-tris(dimethylamino)phosphonium
hexafluorophosphate with potassium p-nitrophenate.

—

a) p-Nitrophenol (0.7g.,.0.005m01e) was added with stirring |
to a mixture of powdered potassium hydroxide (0.56g., 0.04mole)
in dimethylformamide (30ml.}. The mixture was stirred for 30
minutes and neopentyloxyntris(dimethylamino)phosphonium
hexafluorophosphate (3.95g., 0.01mole) was added. After‘
stirring at réom temperature for a furthér 2 hours, the mixtupe
‘was heated under reflux for 1 hOuf. After cooling, the feaétion
~ mixture was poured into water (100ml.) and_éxtractéd with ether
( 3 x 50ml.) and each extract was wéshed withrﬁatef.; The'combined
ether layers were washed with an agueous solution.of sodium
hydfoxide. Acidification of.the aqﬁeous phase and standard..
work-up gave p-nitrophenol (0.38g., 5k recovery).

' Tﬁe‘orgénié“phase was dried 5#er énhydroﬁs mégneéium éﬁlphaté'::”:
and'theisolvent removed to give a yellow oii,‘which was placed |
.on'a coiuﬁh of élumina. Elution with 107 etherélight petféleﬁm

2.

. ® .
gave neopentyl p-nitrophenyl ether (0.%2g., 42% )as a yellow

1 ' ’
solid; m.p. 34~5o(from agqueous ethanol) (1it.,5 M. P 340)#

Monom.r. T(CDCL) 4.85(4Bd., 21, 3,5 = 9z.); 3.05(ABd., 21,

Jyp = Mz.); 6.3(s., 21); and 8.95(s., 9H).
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Vaax 1690, 1500, 1330, 1250, 1170, 1110, 1040, 1010,

850, and 750cm.” 7,

Mass Spectrometry: M = 209.

* 85/ yield based on reacted p-nitrophenol.

b) - The reaction was repeated using the procedure described

above with the exéeption that the reaction mixture was heated

under reflux for 48 hours. Chromatography on alumina gave:

a) neopentyl p-nitrophenyl ether (0.23g., 24 %) m.p. 35°.

* ! .
and b) p-nitro-N,N-dimethylaniline (0.2hkg., 29%) as a yellow
solid; m.p. 163-4°, (from light petroleum b.p. 60-80%) (1lit., 8k

m.p. 165°).

Honmer. T(CD01;) 1.9CABA., 2H, 3, = Oz.); 3.4(ABd., 2H,

Jpp = 9Hz.); and 6.88(s., 6H);
Viax - 1610, 1490, 1250, 1205, 1120, 825 and 755cm.”

Mass Spectrometry: VT

* 67% yield based on reacted p-nitrophenol.

36.  Reaction of Neopentyloxy- tris(dimethylamino)phosphoniim .
©  hexafluorophosphate with notassium p~n1trophenate using
tetrahydrofuran as the solvent. -

a) Reaction as in experlment 3A5a u51ng P- nltrophenol (0.7g., .

0.005 molc) pota551um hydrox1de (O 56g., O O1mole) and neop(—;nt;;rlo;sc:,r---'E

- tris{dimethylamino)phosphonium hexafluorophosphate (3.95g., 0.01

mole) in tetrahydrofuran (30ml.) gave neopentyl p-nitrophenyl
ether(0.28g., 26%) as a yellow solid; m.p. 35° (from aqueous

ethanol).

73




b)  Reaction as in experimenﬁ 35b using B—nitrophenol.(0.7g.,
0.005 mole), potassium hydroxide (0.56g., 0.07 mole) and
noepentyloxy-tris(dimethylamino)phosphcnium'hexafluorophosphate
(3.95z., 0,01 mple) in tetrahydrofuran.(EOml.) gave:

a) neopentyl p-nitrophenyl ether (O.13g.; 12%} and

5) E—nitrofg;ﬁ—dimethylaniline (0.19g.; 2%%6) as a.yéllow solid

mm.16}4{

37. Reaction of Trichloromethyl- tris(dimethyiamino)phOSphonium
hexafluorophosphate with potassium p—nltrophenate in
dimethylformamide.

p-Nitrophenol (1.39g.,.0.01 mole) was added with.stirring
to a mixture of powdered potassium hydexide (0.56g., 0.0 mole)
in dimethylformamide_(50m1.); The mixture was stirred for 2
hours and trichlofomethyl—tris(dimethylamino)phosphonium
hexaflubrophosphate (4.28g. , 0.01mole) was added. After
stlrrlng at room tempe”ature for a further 1 hour, the mlxturé
 was heated under reflux for 15 hours. After coollng to room_
temperatqre, the reaction mixture was poured into watér (150m1.)

and extracted with ether (3 x 50ml.) and each extract was washed

with water. The combined ether layers were washed with an'aqueoﬁs'”

solution of sodium hydroxide (2N, 2 x SOml.). Acidification of

the aqueous phase: and standard work-up gave?g;nitfophenold(T.OTQ.;;.'

73% recovery).

‘_Thé‘orgaﬁib phase was then washed with conc. HydfOChloric
“acid (2 x 25ml.). Basification of the combined aqueous layers
and standard work-up gave p-nitro-N,N-dimethylaniline (0.711g.,

.93“ ; m.p. 163-&0 {from light petroleum b.p. 60—800).
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After drying the organic phase'over anhydrous magnesium
sulphaﬁe, the solvent was.removed to give a pale yellow.solid..
'Recrystallisation from ethanol afforded 4,4'—dinitrodiphenyi '
ether (0.13g., 1#&) as yellow needles m.p. 141-~2° (].:i.’c.,g‘5

< 144 59,

38. Reaction of Trichloromethyl-tris(dimethylamino)phosphonium
. hexafluorophosphate with potasqlum_P—nltrophenate in
tetrahjdrofuran.

Reaction as in experiment 37 using p-nitrophenol (1.39g.,
0.01 mole), potassium hydroxide (0.56g-, 0.01 mole), and
trichloromethyl-tris(dimethylamino)phosphonium hexafluorophosphate
(4.28g., 0.01 mole) in tetrahydrofuran (50ml.) gave: |
~a) p-nitrophenol (0.85g., 61% recovery),

b) p-nitro-N,N-dimethylaniline (0.09g., 10%). m.p. 163-4°, ang

¢) 4,4'-dinitrodiphenyl ether (0.07g., 7%) m.p. 141-3°.

33. Reaction of Phenoxy- -tris(dimethylamino)phosphonium
"hexafluorophosphate with potassium p—nltrophenate in
. dlmethylformamlde.

Reactlon as in experlment 37 using R—nltrophenol (0.7g.,

© 0.005 mole), potassium hydrox1de (0.28g., 0.005 mole), and phenoxy

trls(d1methylam1no)phosphonlum hexafluorophosphate (2 OBg., mi ,;,‘ 

0. 005 mole) in dlmethylformamlde (30m1 ) gave:

ay) . p—nltronhenol (O 60g. 86a recovery)

b) :'p nltro—N N- dlmethylanlllne (O 12g. 15%)m P 163 4 ., and

—

¢}  bL-pitrodiphenyl ether (0.10g., 10%) as yellow plates;

86

m.p. 60-1° (from methanol) (lit., m.p. 61°).
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40. Reaction of Trichloromethyl-tris{dimethylamino)phosphonium
hexafluorophosphate with N,H-dimethylaniline.

A solution of N,N-dimethylaniline (6.05g., 0.05ﬁole) aﬁd
tridhlbromethyl—tris(dimethylamino)phosphOnium hexafluoroﬁhosphaﬁe
(4.28g., 0.01 mole) in diméthylformamide (50ml.) was heatéd |
under reflux for 18 hours. After cooling to‘rOOm temperature,
water (100ml.) was added and fhe reaction mixture ﬁas stirred
for 1 hour, and then extracted with ether (3 x 50ml.). Each
extract was washed with water (3 x 30ml.) aﬁd the combined ether
layers were dried over anhydrous magnesium sulphate. Removal

of the solvent gave a blue liquid which was distilled under

reduced pressure to remove excess of N,N-dimethylaniline (3.7g.,)

b.p. 60° at 2mm. The oily residue solidified on sfanding and
recrystallisation from ethanol afforded bis-(p-dimethylaminophenyl)

methane (0.16g., 7%) m.p. 91-3° (lit.;87- m.p. 90°).

1H.n.m.r... ‘t(cnc1 ) 2. 95(m., 4H) 3. 35(m., 4H); 6.2(s., 2H);
and 7 15(8., 12H) | |
Vinax 2890, 2810, 1625, 1530, 1450, 1360, 1350, 1235,

1195, 1170, 955, 830, and 800cm.”",

Mass Spectrometry: M = 254,




PART 2

The Generation and Reactions of
O-alkyldibenzofuranium Salts.




INTRODUCTION

Oxonium and Halonium Salts:

Their use as Alkylating Agents




" of boron trlfluormde in excess of the ether._"g&hls convenlent

Trialkyloxonium salts (57) were first prepared by Meerwein and
his co-workers in 1937,883nd their uge as highly reactive alkylating.
agents has been known since that time. However, it is only recgntly N
that other saturated onium ion:reagents have been prépared and their

synthetic appllcatlon as alkylat1ng agents established. In particular,
89 90

'dlalkylaryloxonlum ions (58) and d1alkylhalon1um ions (59) have proved

to be extremely powerful reagents in alkylation reactions.

of o I e
d X | N2
. Vs
R R se)
57) |
® e o
R—¥—R SbE , X=10BrcCL
(59)

Several methods have been developed for the‘pfeparation of

'triélkylokoniﬁm salts.  The most wldely used method for the formatlon

of trialkyloxonium fluoroborates (5?, BFu) is baoed on the

reaction between epichlorchydrin and the appropriate ether complex

Haynthe51s is outllned in Scheme 29.

+

Unsymmetrical oxonium fluorchorates have been prepared by"

"ithe reactlon of alkyl halldes w1th dlalkyl ethers in: the presence
" of silver fluoroborate.91 Other nethods of preparatlon have 1ncluded

... the reaqtion.of dialkyloxon;um,sal?s with dlagpmethane??_or:dlazoacetlci_

93

acid esters.

2 AgBF @ '2 o)
/H— ,;o RBI—Z-%—AQX
N o

X== Hallde
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2
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R | | R, O
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| | | R’OCHZ CO,Et
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CICH..CH CICH, CH~0-BF
2[>o0 +R>O->BF s ) e
CH R | CH, OR,
" R= Mﬂe Et ”Er od "By |
R, 0->BE
, RV
CICH.CHOBE + R.OCBR
2

Scheme 395;J5_‘




Irrespective of the mode of preparation, the yields of oxonmium
-salts decrease with increasing size of the alkyl groups. The only
symmetrical trialkyloxonium cations (57) that have been ﬁre?ared 50
. o . . o . o o
far are the trimethyl,” triethyl, tri-n-propyl, and tri-n-
butyloxoniﬁm salts;95aa1 attempts at the synthesis of

tri-isopropyloxonium or tri-tert-butyloxonium salts have been

unsuccessful.

The original trialkyloxonium ion complexes pfepéred b& Meerﬁein'
' werg.the fluoroborate and hexachloroanﬁimonate salts, 8'9%cn»nup1e§philic
anions of this type have to be employed in order to form stable
oxonium salts, since the cémplex‘WOuid decompose in the presence of

strongly nucleophilic anions by dealkylation (Scheme 30).

\?6\/(3 >R20 4+ RY
R EL | L e

© e Y= hql'i.d.é"
Schene 30..
'.However, even-the fluoroborate salts havg;;}mitéd stability |
and deéomposifion occurs fairly readily-ﬁo yiéléuthéfdialkyi etﬁer,JNJT"

‘ %
alkyl fluoride,and boron trifluoride.

R R A
e \%/ g; IR

R .
An impfovement in b0th the stability and solubility of

trialkylokonium salts has been reported recently by‘utilising the

hexafluorophosphate anion (57, X = PF6). 97
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«ygreactlon between trlalkylowonlum 1ens a d neutral molecules Hav'

Trialkyloxonium salté are characterized by their ability te
eliminate alkyl groups readily and hencé have acquired COnsiderable
synthetic importancé as powerful alkylating agents. The salts ﬁave
therefore been used extensiveiy for the alkylafion of weakly
nucleophilic functional'groups; é.g. ethers, which are téo unfeactive
to be alkylated‘by more conventipnal reagents such as methyl iodide
. or dimethyl‘sulphaﬁe. The salts have also been.used for the. |
alk&lation of compounds céntaining a functional group wﬁicﬁ is nérmally
" readily alkylated (e.g. an amine), but whose reactivity.is unusualiy
low dﬁe to sone steric or electrénic effecf.. Thus a wide variety of
hetero-organic compounds have been alkylated by trialkyloxonium salts -
(Scheme31), the nucleophilic centre, ¥, includes functional groups

with oxygen,sulphur, nitrogen and phosphorus.94’98

@ 7 @

- {60)

- Soheme 31, T T

~ The cations (60) which are formed as the prlmary products of the

generally been 1solated, often in the form of uell-crystalllsed
94

_ﬁyfluoroborate or hexachloroantlmonate salts.ri; nhe hiwh react1v1ty '
' of theseronlum ions has been advantageously aﬁplled in synthetlc
chemistry. TFor example, N-alkylnitriliuve salts (61) have been
prepared by reactmon of nitriles w1th trlalkyloxonlum fluoroborates

and the high electrophilic character of these salts has been

demonstrated by their instantaneous conversion to amides upon treatment

80
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with water.99 The nitriliumlsalts have also been converted to
amidines by treatment with ammonia or primary amines,99 while

reduction of the malts with sodium borohydride in alcochol gaversecoﬁdary
amines. 9%29®  The latter reaction has been shown to proceed via

an imidic ester (62) intermediate. The various possibilities for

the convenient transformations of the nitrile funcition via

H-alkylnitrilium salts are outlined in Scheme 32,

. ® © - .
R—C=N +-R 0 B > RGN d Bg
_ (61) 0
_ o H0 |
RGN} B -a—~—e> R- e—NH@

R OH ‘R3NH
?RZ - - | ?HRB.
R-C=N~ ﬁ_ B © RZC=N-R

;,(62)

1
- ROH, NHR

Trialkyloxonium salts have also been effective in the

o i.seliective alkylation of -ambifunctionsl’ cotipoundsy inithése
conversions the reagents have usually displayved a preference for

s 98In addltlon, the ablllty

oxygenwcontaining functicnal groups.
of trlalkylokonlum ions to behave as hydrlde—lon acceptors has been .
demonstrated by the formation of ethane and the carbonium ion (63)

from the reaction of 2-phenyl-1,3-dioxolan and triethyloxonium
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-_ 'The synthetlc use of these compounds as arylatlng agents is: thus very R

fluoroboratego 101

[ H ® © —Q. + 82}16

X+ eyo s ——> | o) |

L - o” “Ph b S g + EtZO
(63)

The preparation of trlphenyloxonium salts G4 ) has been achleved,'

though only in low yields, by the reactlon of phenyl dlazonlum

salts with diphenyl etherj 02

CSHS\ © © . | : @ o q

0 + CgHgN, BE ——>(CH. 1,0 BR + N,

- C ' ‘ '
65 | C (64)

These salts are extremely unreactive toward nucleophiles in

comparison ﬁith trialkyloxonium salts and this property has been

llmlted in view of the long reactlon times and severe condltlcns

that have been required for reaction with nucleophlles to ocecur.

. However, the follow1ng reactlons have been descrlbed (Scheme 33)

diphenyl ether belng the co-product in each reaction.

'103'

react1ve ‘towards nucleophlles than the unsubstltuted trlphenyloxonlum

'.j‘1on 1nd1cates that the arylatlon reactlons proceed v1a a blmolecular :

mechanism.1oq The general Tack of react1v1ty of these ions is

probably due to the sterlc hinderance in the anproach of the

nucleoPhlle to the 51te of substitution (Scheme 34)

82

_ demonstrated by the 1solat10n of stable trlphenyloxonlum halldes.?oe,ﬂ-h” -

The ooservatlon thatq;hb trls(p—n1tro~phenyloxon1um}1on 15 more J?fifii*



H

| €]
C.H. NEt. BE ‘

S‘t_:he_r_né 3k

83




The O-phenyldibenzofuranium ion (66) is a cyclic
representative of triaryloxonium salts. The preparation of this
ion has been achieved'by an intramolecular cyclisation of the
diagonium salt (65), here again, the stable iodide has been
isolated. However, the thermal decomposition of this particular
salt was reported to fesult in the opening of the ring with the

10
formation of 2-iodo~2' ~phenoxybiphenyl (Scheme 35). 3

(65)‘ C15H5

(66)
Scheme 35

This unexpected result warrants further investigation.
The preparation of O-methyldibenzofuranium fluoroborate (67)
has been reported1 5recently by the cycllsatlon of 2 hmethoxyblphenyl—

2-y1d1azon1um fluorcborate.

0® o
Me(Q) N2 [3§ I EBE
| Me
{67)

The application of this oxonium salt and other O-alkyldibenzofuranium

ions as powerful slkylating agents will be discussed in detail later.

Alkylcarbonium fluoroantimonates (68) are the strongest

alkylating agents available at present1 06a,b they are generated EE




situ from the corresponding alkyl fluori.de .énd antimony pentafluoride
at low temperatures in completely non~-mucleophilic solvents, such

as sulphur dioxide or sulphuryl chlorofluoride (SOEC?LF). These
salts have been used recently in thé preparation of other classes of
onium ions, thus dialkyleryloxonium ions have been prepared by the

“alkylation of alkyl aryl ethers.89

SO,CF ® e
RF + SbE > R SBE,
o —120°

(68)

R=Me, Et.

R12= H,Me F, CI Br,

R™==Me, Et.
The assignment of dialkylaryloxonium ions to the reaction _
products was based initially on n.m.r. data alone, however further
proof of the structure has been obtained by the formation of the
ethylmethyl-%-fluorophenyloxonium ion (69) from two pathways

(Scheme 36).

| F‘@'—OB Meo—@\:

® © @ O
Me SbFﬁ Et Sbfé
SOZ 502
~ S @/M@ o
F G SbF.
\ 6
E
(69) '
Scheme 36
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Dialkylaryloxoniﬁm ions are very strong alkylating agents. TFor
example, the dimethylphenyloxonium ion (70) has been used to mefhylate
the aromatic T[ system of anisole (Scheme 37). The ring alkylated
products are derived from an intermolecular nucleophilic displacement

- by theTl system on the oxonium ion.
onl s
C H3 0*@) C H3 ?-@ - AN QOCH3
o - O - o CHy
_ e 7 _ T
SbF;3 {70) ' . -
- O

+ HSbE

Scheme 37
The same ion has also been used to alkylate lone—pair.donor béses.
Thus, @imethyl ether has been converted to the trimethyloxﬁnium ion
by reaction with a solution of (70) in sulphuryl chlorofluoride,
'similarly trimethylaminelreacted to give the tetramethjlammonium ion

@ o -
@‘0(0}-!'3)2 -Sb{:ﬁ

(Scheme 38).

CHyLN /i (70 (CH, ),0
0
@-0&43 | @—0{}!3
@t o . -+ ® O
(CH3)LN Sb% ,(CH3)30 S

Scheme 38




The fact that trimethyloxonium hexafluorophosphate was unable to

. methylate anisocle under the séme_experimental conditions eétablished
that diﬁethylphenyloxonium ion wés the stronger alkylating agent.
Althoﬁgh the dialkylaryloxonium ions areareasonably sﬁable in
sulphufyl chloréfluoride solution at low temperatures, they‘rearrange
‘on warming to room temperature to give ring alkyiated alkoxybenzenes
via nucleophilic displacement on the oxoﬁiﬁm ion by uncomplexed.
anisole. The salt (70 has‘been isolated as a dark, hygroscopic

 s0lid which hydrolysed immediately on exposure to atmospherie moisture.

The recent preparation in quantitative yields of dialkylhalonium
fluoroantimonates (59907‘by the reaction of alkyl halides with
alkylcarbonium fluorOantimonates has made available another new class

of powerful alkylating agents.

R~X + R SbE, > R—X—R  SbE
e (59)
R= Me, Et. |
R=Me Ef)Pr, X= Br, cl,1.

Symmetrical dialkylhalonium ions have also been prepared by

the addition of an excess of alkyl halide in sulphur dioxide to a

solution of antimony pentafluoridé in sulphur dioxidé af ~58°.1Q?
SO, ®© o
2RX + SbE >RXR  SbE
ReMe, Et,/Pr =Brcl.

The halonium ions (71-73 ) have been isolated as white
crystalline solids, however the salts are very hygroscopic and are

stable only in a dry nitrogen atmosphere at room temperature.
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~ O @0 GRS
Me21®SbF6, MeBr SbFg, Me,Cl SOF,

(71) (72) (73)

The alkylation of alkyl fluorides on the fluorine atom by alkyl .‘ _ |
" fluoroantimonates is precluded by the higﬁ electronegativity of
fluorine, thus dialkylfiuofonium ions have not been obsérved. In .'-
géneral the relative stability of dialkylhalénium.ions follows the
order R,1*> R,Br'">R,01*, indicating that the larger halogen atom

is more capable of accomodating the positive charge. As éxpected,' '
these ions are excellent alkylating agents and even the weakest |
' |

nucleophiles are capable of displacing alkyl halide from these
. 90,108

compounds. For example, anisole has been alkylated by the
dimethylbromonium and dimethylchloroniuh ions at low temperatures _

|
| | -
to give the dimethylphenyloxonium ion (70). | ‘
eg. ‘

|

& © '
(CHy)L,Br  SbR, CH,Br
S()z :
* | 5 > +
~607" - @® CHoy
O T OX
| “CH
' | . o 3
Stﬁ% o
(70) _ \

The irreversibility of this reaction established.that dialkylhalonium
‘ions are more powerful than dialkylaryloxonium ions_as élkylating B ' ‘
: agepts.l Some examples of the methylation reéctions that have been
achieved using dimethylbromonium fluorOantimonaie are iiluétrated in
Scheme 39. The reactions were performed by the addition of the :
halonium ion in sulphur dioxide at -60° to. the lone-pair base at .

—?80, the yield of onium ion was quantitative for each reaction.

| - | 88 | . | o
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| (C2H5)25CH3 CHs- N—OCH.3 CgHy CH==0—CH5
L | ~ [CH.NO -
(C2H5”ZS 3 2 CSHSCHO_
® @

CH3—Brf-C_H3 SbF6
(CHaN N\ [eH),co

® , @

Scheme 39'
Alkylation of aromatic hydrocarbons has also been achieved using

halonium ions in sulphuryl chiorofluoride.

5 o S0, CIF | |
ArH + R2X Sbfg5 : > ArR 4+ RX +HSbr—é.

The synthetic advantage of dialkylhalonium ions éver other alkylating
agents lies not only in theif very powerful alkylating ability but
also in their selectivity, which results from the'possibility-of
changing the nature of the halogen onium centre from the more étable
and therefore less reactive iodonium ion to the highly reactive

bromonium and chloronium ions.

Alkylarylhalonium salts (74) have also been prepared recently
by the alkylation of halobenzenes with alkyl fluoroantimonates in

" sulphur dioxide. 103



X+R SbE —— > X—R  SbF
o 78 | {74)

R=Me, Et | X=Br,1

Sulphonylation occurred at the para position in the'correspondiﬁg
reactions of methyl fluorcantimonate with chlorobenzene and

flucrobenzene to afford the methyl sulphonylates (75).

® 9  so, |
X + CHy SbFg—2%—> X S0,CHy
X=F,Cl. {75

Like dialkylaryloxonium ions, the alkylarylhalonium ions are only
stable.in solution at low temperatures. Thus decomposition of thé
phenylmethylbromonium ion occurred readily at 0° to give a mixfure

of bromoxylenes, a similar rearrangemenf ﬁith the more stable
.phenylmethyliodonium ion was only accomplished aftgr i5 hr. at room
Itemperature. The sirong alkylating abllity Of these ions has been
established by their reactions with both aromaticT( systems-and‘loﬁe~"
pair bases. The results of some methylation reactions involving

the use of the phenylmethylbromonium ion (74 , X = Br, R = Me)

are outlined in Scheme 40.

Thus, the evidence available at present indicates that these new
oxonium and halonium ion reagents, along with alkylcarbonium
fluoroantimonates are the most powerful alkylating agents known.

However, their synthetic ntility is currently restricted by the
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(CH ) N (CH )

\) N /H 1.0
Bromotoluenes
(—————-Ph Br CH \Toluene
| Bromoxylenes - _ 4+ Xylenes
CHBBr _
(i} = CGHSBr
N
CH3BrCH3

Scheme 40

unconventional nature of the solvents required and also by the
considerable practical difficulties associated with the preparation

and handling'of these reagentes. -
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Discussion

Since trialkyloxonium salts and dialkylaryloxonium ions are
characteriéed by their ability to act as powérful alkylating agents,
"it was thought that the methyldiaryloxonium sali, gfmothyldibenzo-
furanium fluorcborate(67) would display enhanced capabilities as

a powerful electrophile.

© ?@ :

BF (67)

4 CH,

It was reasoned that the highly stable aromatic compound,
" dibenzofuran, would be an excellent leaving group in nucleophilic
substitution reactions and therefore the salt (67) would readily
eliminate the alkyl residue. The low basicity of dibenzofuran
compared with that of dimethyl ether suggests that O—methyldibenzo-
furanium fluoroborate will be a stronger methylating agent than

trimethyloxonium fluoroborate, since the strength of an alkylating

agent varies inversely with the basicity of the leaving group.

The highly reactive dibenzofuranium salt (67) has not beeﬁ
isolated in a pure‘form. It is normally generated, in the presence
of nﬁcleophiles, from 2'-methoxybiphenyl-a—yldiézonium fluoroborate
(76). The observation 110 that 2'—halogenobiphenyl—a—yldiéZonium
fluoroborates (77, Y = BFh) and hexafluorophosphates ( 77, Y = PF6)
decomposed readily on heating to give bridged halonium ions (78)
in high yield via intramolecular cyclisation suggested that the
diazonium salt (76) should cyclise in a siﬁilar manner to afford

O-methyldibenzofuranium fluoroborate.




(7ﬂ

X=1 Br,

@—%

CHO N BF

2

(76)

O—0

I @
oo
~T

(67)

Precedent for the cyclisation exists. For example the

diazotisation of 2~amino-2'-methoxybiphenyl in agueous solution

111

in the presence of either bromide or iodide ions has been reported

to give dibenzofuran in high yields ( > 90%) and not the desired

2-halogeno-2' ~methoxybiphenyl.

e.g.

VaVas
Har

®n,.C
CH,0 N2Br

\'4

0

(36%)




Similarly the diazonium salt (79) derived from 2-amino-2t4'-
dimethoxybiphenyl gave 3-methoxydibenzofuran in 86% yield, when

heated in sulphuric acid.112

. _ ZS
)
, H,S0

LD 2 &
CHy0  NPHSO,

(79)

R=CH30.

Also, the formation of the O-phenyldibenzofuranium salt (66)
from the decomposition of the diazonium salt (65) is further

evidence for the occurrence of this type 6f intramolecular

cyclisation.‘]o3
A |
() ~<
| ®, 2 e
PhO N2 HS_OA - | (I)@ SO,
7 ' " Ph
(65) . (66)

Some aspects of this project have already been briefly examined
in these laboratories and the results have been published

105

in a preliminary form. However this work has been

reinvestigated here on a more quantitative basis.

The initial step of the reaction sequence 1eadiﬁg to the
preparation of 2'-methoxybiphenyl-2~yldiazonium flucroborate was

the formation of &-iodoanisole from o-asnisidine. This was achieved

oL




by adding an aguecus solution of potassium iodide to the
solution of the diazonium salt obtained by diazotising o-znisidine

in dilute hydrochloric acid.

OCH OCH. -~ OCH
T3 Hoo 3 k1 3
NaNO /H 0O ® o
2" I
NH, o |
{75%]

Similarly, o-bromonitrobenzene was prepared by adding a

solution of bromine in hydrobromic acid to the diazonium salt

solution obtained by diazotising g-nitroaniline in dilute

hydrochloric acid. Decompositioﬁ of the diazonium perbromide

in acetic 'acid gave o-bromonitrobenzene.




The next step in the sequence involved a mixed Ullmann reaction
in which o-iodoanisole and o-bromonitrobenzene were condensed
- in the presence of an excess of finely divided copper to give

2—methoxy-2';nitrobiphenyl, with the elimination of cdpper nalides. 713-

o Cu
+ v,
: i 25° N,

OCHy NO, CH0 NO,

3

Forrest1¢4has shown that in the synthesis of unsymmetricai
biaryls, an optimum yield is usually thained_when.bne of the
aryl halides is activated and the other is relatively unréabtiye.
"An aryl halogen is strongly activated by the presence of an
electronegative‘group such as a nitro or a methoxycarbonyl grouﬁ
in the ortho position. However, Forrest has also observed that
the success of a synthesis depends largely on the choice of the
halogen atom, brome compounds, and.to a lesser extent chloro
compounds, have been the ﬁost useful for the acﬁivated compdnents.
The corresponding iodo derivatives undergo predominantly self
condensation (i.e. formation of symmetrical biaryls); (Scheme 41).
However iodo compounds have found general application as the other.
component, these unreactive components should also lack
electronegative groups in the ortho position to obtain the best

yields.

In view of this evidence it waz surprising that 2-methoxy-2'-

nitrobiphenyl was only obtained in low yields from this particular

96



+ 1 | 0N No. (14%]
o o 2
BI h”)z
2 (60%)
1 .Cu
1 NOZ

Schéme Ly

Ullmann reaction. Several attempts were then made to improve

the efficiency of the reaction.

The use of activated copper in Ullmann reactions has been

reported by Kleiderer and Adams 115

to give improved yields of
the biaryl products. The activation is achieved by treating the
ﬁopper powder wifh iodine in acetone and subseqdently washing with
a mixture of acetone and hydrochloric acid, and finally with

pure acetone; However, this purification step gave only a slight

increase in the yield of Z2-methoxy-2'-nitrobiphenyl. Also, the

biaryl was obtained in low ylelds when the reaction was performed
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using either dimethylformamide or nitrobenzene as a solvent.

The formation of a-metho#&—a'—nitrobiphenyl was finally achieved

in high yield by increasing the efficiency of the stirring of

the reaction mixture which after coﬁpleté addition of the éoppér
-powder is a heavy sludge. A coﬁper‘stirrér, which was designed

to fit exactly‘the geometry of the lafge‘reaction vessel, was used
to ensure‘that intimate mixing of the reagents occurred during

the long reaction time. This simple expedient enabled us té ocbtain
the biaryl in a reproducible yield of ca.80%, which is among%t .
the highest reported for the synthesis of unéymmetrical.biaryls.116'117
Although a free radicai mechanism has Been postulated for the

118a, b -
s the vast amount of experimental evidence

available tends to support an ionic mechaniSm.113,115,119

Ullmann reaction,
The
reaction is believed to proceed in two stages, the first of

which involves nucleophilic attack of metallic coppér on the activated
" carbon-halogen bond to give an aryl-copper complex on the surface |

of the metal. The particular role of an ortho electronegatiVe

group in promoting the reaction may be due to the poééibility of
chelation as well as electron withdrawal from the aromatic nucleué,

which facilitates nucleophilic attack by copper.
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The second stage of the reaction is fthought to involve mucleophilic
attack of the aryl-copper complex on the second molecule of aryl

halide to form the biaryl and copper halide (Scheme 42 ).

CH,0
I_....
/ ‘ .
e WY,
4 Br —_ ,
AN | O.N OcH
AN et ’
g “of o o
Br 1
Cu  Cu

Scheme 42

2-Methoxy-2'~nitrobiphenyl has also been prepared in moaerate'

yields by the decarboxylative coupling of o_-nitrobenzoic acid

and o-iodoaniscle with copper(l) oxide in quinoline. 120

o O { )
NO
240 '
002 CH3O N0'2.
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2-Methoxy=-2'nitrobiphenyl was reduced using hydrazine
hydrate in the presence of 2 catalytic cuantity bf palladium
on charcoal to afford 2~amino-2'-methoxybiphenyl (80) in
almost quantitative yield. This method,qaqalthough rot widely
used, deserves more attention. .The only potential disadvantage
involves the fact that sromatic halogen is also removed. This

property later proved to be beneficial.

< :> Y
4

CH,0 NO, CH0 NH,

(80}

inlgeneral, the Ullmann reaction is either grestly inhibited 7
or prevented by the presence of substituents, such és amino and
hydroxy groups, which provide an alternative path for the reaction
of the aryl halide. fhus the direét formation of 2-amino-2'-

,methoxybiphenyl is not possible by an Uilmann synthésis.

The diazoniuﬁ sélt (76) was obtained in quantitative yield
by the diazotisationlof 2-amino-2' ~methoxybiphenyl in the presence
of aqueous'fluoroboric acid. The diazonium salt was fairly
stable at room temperature and could be étored in vacuo for
several days over phosphoric anhydride. However, the salt.slowly
decomposed when stored for a longer period of time. The
identification of the decomposition product as dibenzofuran
confirmed that the diazonium salt hed collapsed by an intramﬁlecular

cyclisation via the intermediate oxonium salt (67), the volatile
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products from the decomposition are presumably nitrogen, boron

trifluoride, and methyl fluoride (Scheme 43).

OO e
HBFL .

| THE | | |
BF
CH3O N_H2 CH30 N2 &
{76)
t --N2
14
VeV Ve Vi
0 C]JG BF,
| CH, |
+4- C
CH3F + BF3 ‘
| (67 )
Scheme 43
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When the diazonium salt was heated in anhydrous benzene an
off-white solid‘was cbtained, which was presumed to.be the oxbnium
salt (67) . The ability of this salt to behave as a methylating
agent was then established by performing_a'sgries of reactions with

various lone-pair bases.

The addition of excess of pyridine to the oxonium salt in
anhydrous benzene resulted in the formation of N-methylpyridinium

fluorcborate in 28% yield.

> |
&
17 e
CHy B

{81)

The fluoroborate salt (81) was characterised by conversion to the
double picrate sait;122 this was simply achieved by the addition -
of é saturated solution of sodium picrate to an agueous solution
of the pyridinium fluoroborate. However, an improvement in the
yieid of alkylatéd product was observed by generating the
méthylating agept in situ in dry methylene dichloride. Thus a

- quantitative yield of N-methylpyridinium fluorcborate was cbtained
.when the diazonium salt (76) was decomposed in the presence of

pyridine with methylene dichloride as the solvent.

Although pyridine is readily alkylated by conventional reagents,

the introduction of halogen atoms on the ring pives rise to a strong

inductive effect which considerably reduces the nucleophilicity of




the nitrogen lone palir. Hence the ﬂ—algﬁlation of
polyhalogenopyridines is éxtremely difficult. For example,
the reaction of pentachloropyridine with triethyloxonium
fluoroborate has been reported 5to glve the N~ethylpyr1d1n1um

fluoroborate in 2 yleld of only 12%

However decomposition 6f thg diazonium salt.(?G) in methylene
dichloride in the presence of an eguimolar éﬁdunt of | |
pentachloropyridine'gave‘ﬂmmethyipentachlofopyridinium fluoroborate
(82) in 30% yibeld. When the reaction wﬁs repeated usiﬁg a slight

. excess of the diazonium salt, the yield of alkjlated product'was_

improved bo L1%.

@/e -

OBF

3
(82)

Thls reaction is synthetically very useful since the strong

inductive effect of the positively charged nitrogen atom activates
the 2(6) p051t10n to nucleophilic substitution. Thus hydroly51s

of the highly reactive pyridinium salt (82) gave
N-methyltetrachloro-2-pyridone in high yield. The reaction'
probably proceeds by the mechanism cutlined in Scheme 44

involving the elimination of the elements of hydrogen chloride.
Similariy 3,5-dichloro-2,6-difluoro~-hk-hydroxypyridine was
methylated to afford the H-methyl fluoroborate salt (83) in

60% yield. Hydrolysis of this salt gave 3,5-dichloro-2,6-

di fluoro-N-methyl-4-pyridone (84).
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The formation of Ewmethylpolyhalogéqopyridinium salts has
been achieved recéntly in excellent yields by Suschitzky and Age:
using the reaction of polyhalogenopjridines with a large excass.

. o 123,124

of methyl fluorosulphate at 907 . However, a comparison of
these results with thoée ﬁbtained ﬁsing<Q-methy1dibenzofuranium
fluoroborate as the alkylating agent is extremely difficult sihce_
nd attempt was made‘to'optimise the yieid of alkyiated prbducts
by employing a large excess of the diazonium salt.(76)..
Suschitzky and Ager, on the other hand, used the alkylating agent

- as solvent!

The alkylation of nitriles was achieved initially by
Meerwein and his co-workers 99 using trialkyloxonium salts. Thus
the reaction of benzonitrile with triethyloxonium fluoroborate gaﬁe

N-ethylbenzonitrilium fluoroborate in 6% yield.

® 0 ® o

PhC=N + Et,0 BF — > PhC=N—Et BF
| + Et,0

. , |
The weakly basic nitrile group is, of course, too unreactive tq be ' i
alkylated by conventional reagents. The ﬁethyiation of benzonitrile |

to E—methylbeﬁzonitrilium fluoroborate (85) was achieved in
almost quantitative yield using g—methyldibenzofuranium fluoroborate

in methylene dichloride.

®- o)
PhC=N > PhC":"'N——-CH3 BFA
N9 . |
? BFZ [ 85}
CH3

105



The carbon atom of the nitrilium salt is highly activated
towards nucleophilic attack and hence hydrolysis of the salt (85)

occurred rapidly with the formation of N-methylbenzamide.

S
BE o N

v

(85 )

The quaternisation of a stericaily hin&efed amine has also
Eeen achieved using QQmethyldibenzofuranium'flubrohorate..Thus
N,N-1-dimethyl-1~naphthylamine was methylated to give a
quantitative yield of N,N,H-trimethyl-1-naphthylamnoniun

fluorcoborate (86).

. - | e e
N(CH3)2 | N(CH313 BFL :
CHZ.CI2

e
-

® o
N
b (86 )
CHs

Another important class of functional groups which are not

readily aikylated by methyl iodide or dimethyl sulphate, are
those containing oxygen atoms with lone pair of electrons.

However Q-methyldibenzofuranium fluoroborate has been used to

methylate several of these weak nucleophiles.



Dimethylsulphoxide was converted to g—methyldimethylsulphoxonium

fluoroborate125in.excellent.yield.
. @ ©
CH T OB oMy
AN | CHy AN

BR

Also, the conversion of tetrazhydrofuran into methyltetrahydrofuranium -
fluoroborate (87) was achieved in 70%.yield. The methyltetrahydro
furanium salt is, not unexpectedly, also a powerful methylating |
agent. The addition of excess of pyridine to the salt in methylene
dichloride at room temperature resulted in the immediate formation

of N-methylpyridinium fluoroborate in a quantitative yield (Scheme 45).

o/ o
N BF,

CH4
CH, 0,
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Similarly decomposition of the diazonium salt {76)in the
presence of (I -pyridone resulted in the formation of the fluoroborate
salt (88) which on alkaline hydrolysis gave 2-methoxypyridine

(Schemé LE).

l ~

BF
CH

Scheme 46

Treatment of () prridone with convehtional alkylating agents
results in the formation of N-alkylated derivatives. For

example Rath 120 obtained yields of 30-85% of N-alkylated products

by reacting the potassium salt with ethyl, n-propyl, isqpropyl,
lgfﬁutyl,‘g—octyl, and benzyi halides.- Similarly E-methylatioh_has
been effected in good yield with dimethyl sulphate. However the

- reaction Qf(x-pﬁridoné with diazomethane has been réported127l 

to give 2-methoxypyridine exclusi§é1y. Thesé results suggest

that the position of alkylation varies with the strength of the
leaving group of the alkylating agent. Alkylating agents containing
relatively poor leaving groups such as halide anions give
N-alkylation, whereas O-alkylation predominates when better leaving |

groups are employed.

108




forms part of an aromatic sextet and are therefore relatively
unavailable for reaction. Hence S-alkylation has only been observed
with the more powerful alkylating agents. The §-alkylation of |
bgnzo thiophen was first achieved by Acheson and‘Harrison1.

usiﬁg thel reacfion of an alkyl iodide with benzdblthiophen in the_
presence of silver fluoroborate. For example the S-methylated |
salt, 1~methy15enzdtﬂthiopheniﬁm fluoroboraﬁe (89j was‘isolafed

in 73% yield.

CH.I

1, AgBf

N ©
B,
I
C

(89)

\
@
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This salt has also been prepared in 40% yield by the alkylation

‘ 128
of benzoljthiophen with trimethyloxonium fluoroberate.

The reaction of Q-methyldibenzofuranium with benzdb]thiophen

gave a 77% yield of the §rmethylated'product(89)-

The ability of O-methyldibenzofuranium fluoroborate to act
a5 a hjdride-ion acceptor has also been estabiished. The isolation.
of triphenylmethyl fluoroborate (21%) and tropylium fluoroborate
(5@%) from the decomposition of the diazonium salt (76jih the
presence of triphenylmethane and cycloheptatriene respectively

The lone pair electrons of the sulphur atom in benzdHthiophen '
exemplified this property. (Scheme 47 ). .
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Dibenzofuran was obtained in slmost quantitative yield from

each alkylation reaction.

The meth&lation feactions can be envisaged as‘occurring via
a nucleophilic displacementlby the weak nucleophile on the
O-methyldibenzofuranium ion to give the alkylated product and
dibvenzofuran. Since primary methyl cations are highly unlikely
to be formed in any '"free' state, the alkylations mosf_probably

proceed through an SN

2 ‘displacement (Scheme 48 ), .

PO
Qc‘)@ BE | 0 - BF

: e

Y=/10H3 | - CHe—Y

Scheme 4,8




However, an Sy1 ion-pair mechanism may be possible with the

more-stable secondary or tertiary systems.

Since the diazonium fluoroborate salt (76) could bnly-be

. stored for 3 or L days before decomposition o@cuffed, it ﬁas'

. decided-to prepare other diazonium salts derived from 2-amino-2;-
methoxybi?henyl in an attempt to obtain a more stable precursqf
to the methylating ageht. Thus a series of.diazdnium salts was
prepared using the following nonwnﬁcleoﬁhilic anions;
hexafluorophosphate, hexafluorcantimonate, hexafluorcarsenate,
and 2,4,6~tri-nitrobenzenesulphonate. 7 The salts.were isolated |

in high yields (Table 6 } by the addition of an aqueous solution

of the reguisite anion to an agueous solution of 2'-methoxybiphenyl-

2-yldiazonium chloride.

€ale

e ©
CH30 N2 Cl




‘PABLE 6

Preparation of 2'-Methoxybiphenyl~2-yldiazonium Salts

Anion Yield of Diazonium..Salt(%) ._

PFGG o N | 75

SbF6e | - 80.

Anga 20
(OZN)306H25§3@ | | 68

However the only diazonium salt to shdw an improvement in séability
over the fluoroboraté salt was the 2,4,6~tri-nitrobenzenesulphonate
derivafive,(90)- This salt could be stored.ih'vécuo.over
phosphoric anhydride for 10-12 days. The stability of_the various.
. diazonium salfs was qualitatively estimated by observing the
disappearance of the bond occurring at _c_:g,Ea?Ocm_1 in thé infra~red
spectrum of each salt, which corresponded to the N=N stretch.
The ability of the diazonium salts to act as precursors to a
ﬁethylating agent was established by the formation, in qﬁantitative
yield, of the correspénding'E—methylpyridiqium salts when.each

diazonium salt was decomposed in the presence of pyridine.

Since the diazonium 2,4,6-tri-nitrobenzenresulphonate was more
stable than the corresponding fluoroborate derivative it was
possible that the oxonium salt derived from this diazonium salt (90)

would also be relatively stable. When the diazonium salt was




decomposed in anhydrous benzene an off-white solid ﬁas obtained
whose infra-red spectrgm was similar to ghat of éodium
2,4,6-tri-nitrobenzenesulphonate. The fact that this iéolatéd.
:product was capable 6f.a1kylating was established by the formatibn
of N-methylpyridinium 2,4,6—tri—nitrobengenesulphonatelin 44%_
yield when the salt was added to an excess of pyridine in

methylene dichloride.

e
CHO NS )
10, N)3CeH, S0, o
(90) (0, Nl3CgH,S03
o
(02Nl305H2503 \Ne
| 0
CH

Also the high melting point (>300° with decomposition) of the
isolated salt indicated that the product was not_methyi
2,4,6-tri—nitrébenzenesulphonate (.p.180 ~1°).  However, the
‘off-white solid could not be fully characterised due to its

complete insolubility in the available 1H.n.m.r. solvents.

In view of the results obtained on the decomposition of -

O-methyldibenzofuranium fluoroborate it was decided to reinvestigate

103

the work of Nesmeyanov on the thermal decomposition of
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O-phenyldibenzofuranium iodide (91). Nesmteyanov “claimed
that the pyrolysis of this szalt resulted in the formation of
only E-phenoky—z'—iodobiphenyl, via nucleophilic attack of the
iodide ion on the dibenzofuran moiety of the compound {Scheme
#9, route a). O—Phenyldlbenzofuranlum iodide was prepared by

| essentially the same reaction sequence as that descrlbed by
Nesmeyanov, however, subsequent pyrolysis ef the salt at 150 c
in a tube sealed under vacuum gave a mixture of three prodﬁcts;
The major component, isolated in 64% yield, was 2-phenoxy-2"t-
iodobiphenyl. The other products were dibénzofufan (15%) and

iodobenzene (18%), both derived from attack of the iodide ion

on the phenyl group (Scheme 49, route b).

N

/C‘%-/E}-3 | “
t ’ | (o) |

PhO 1
..|_
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Scheme 40,

The opening of the dibenzofuran in preference to the loss of the

phenyl group is surprising in view of the fact that presumably more




resonance energy is lost in going to the biaryl. However, the
fact thal severe reaction conditions are necessary in order to
bring about this reaction may result in the almost statistical

‘breaking of the aryl-oxygen bonds.

The strong electrophilic charaﬁter of g;methyldibenzofuraniuﬁ
fluorbborate.suggested that O-alkyldibenzofuranium éalts shbuld‘
: generally behave as powerful alkylating agents. The prépération
of such alkylating agents is synthetically very desirable since‘
there are few reagents availéble for the introduction of the

higher alkyl groups.

Thus by using the.same reaction sequence as that described
for the preparatioﬁ of the methylating agent, a series of
alkylating agents could be envisaged using 2-a1koxy-2'-nitfoﬁiphenyls
és starting materials. The synthetic utility of this scheme would
be further enhanced by the fact thét all of these ethers can be
prepared from 2-hydroxy~2'«nifrobiﬁhenyl. Hencé a wide variety

of powerful alkylating agents should be preparable from the same

compound.




A number of possible routes to the key intermediate were

considered.

One approach involved the formation of 2,2'-dinitrobiphenyl
by the self-condensation of g-chloronitrobenéene in the presence

of an excess of copperlpowder.129

. Cu _ _ |
2 U0  50%
No, Y o,

"Selective reduction of one of the nitro groups of

2,2'-dinitrobiphenyl was achieved using freshly prepared sodium

hydrogen sulphide 130 to éfford 2-amino-2'—nitrobiphenyl131 in 83%
yield. '
ST H20 - '
NGZS + NGHCO3 > NaHS + Nc:2(303
| CHaOH o2
CH,0H




Diazotisation of 2-amino-2'-nitrobiphenyl in the presence
of sulphuric acid gave the diazonium salt (92), which decomposed
when heated in sulphuric acid to afford 2¥hydroxy—2'—nitrobiphenyi

(Scheme 50 ).

OO 22 OO0

NQNOZ/HZO

® '. ©
H,N NO, N> NO, HSO,

(92}

Scheme 50.

However, although several variations in the experimental conditions
were employed, the yield of this reaction was always very low (<< 10%)
and hence this approach was abandoned. These results confirm a

previous repdrt.132-

The preparation of 2-hydroxy-2'-nitrobiphenyl has also been

reported by the demethylation of 2~methoky—2'—nitrobiphenyl using

hydrobromic acid in acetic anhydride. 132
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N (CH,C0),0 N 80% -
CHB_O N02 o HO NO2
' Howeve?, in our hands, thié reaction gave.not only 2-hydroxy-~2'-
nitrobiphehyl but also a second product which was assignéd.on the
basis of mass spectrometry and n.m.r. evidence as 3-bromo—2—hjdroxy
-2'-nitrobiphenyl. The formation of the bromophenol is perhapé
' not surprising in view of the fact that it is extremeiy difficult'
to obtain constant boiling hydrobromic acid which is free from
bromine. The mass spectrum of the phenol obtained indicatéd the
presence of one bromine atom. Conversion 6£.the phenol into
2-ethoxy~2'~nitrobiphenyl gave a product whose 1H;n.m.r. spectrunm
‘showed two quartets at 6.057T and 6.08 T.. The deshielding of the
methylene resonance from its normal position (6.081.) waé
evidently-due to the presence of the ortho-bromine atom in the
impurity. The reaction sequence leading to‘the formation ef the
alkylating agent may be continued using this mixture of
2-hydroxy-2'-nitrobiphenyl and the‘brominated derivative, since
the potency of the alkylatiné agent should not be diminished by
having 4-bromgdibenzofuran as the leaving group.l In addition
-the reduction of the nitro-group using hydrazine hydrate and
palladium on charcoal effectively removes the unwanted broﬁine
atom. On the other hand a route to pure 2-hydroxy-2'-nitrobiphenyl
was necessary, if only to obtain pure samples of the new

2~alkoxy-2'-nitrobiphenyls. A number of alternative methods of




dealkylating-2-methoxy—2'~ﬁitrobiphenjl were therefore investigated.
Alkaline hydrolysis of the biphenyi with potassium hydroxide in
'digdl gave only polymeric material and an attempﬁed cléavége of

fhe alkyl aryl ether using aluminium chloride resulted only in

the recovery of the starting material. 'No dealkyiation was |
Qbservéd using hydroiodic acid as the demethylating‘agent in

‘acetic anhydride.

The formation, in high yields, of alkyl bromides in the
reaction of dialkyl and phenyl ethyl ethers with triphenyldibromo-
phosphorane has been reported récently by Anderson and Freenor.133
These results implicated the use of this compﬁund as a possible
demethylating agent for 2~methoxy—2'-nitrobiphenyl. It was
reasoned that triphenyldiﬁromophosphorane would not give rise
to the broménium ion and hence the dealkylated produc£ in this |
resction should be free from the brominated impﬁrity‘noted

" previously.

Triphenyldibromophosphorane was generated using the method
of Schaefer and Higgins134 by the addition of bromine to a slight

excess of triphenylphosphine in benzonitrile.

: 0 '
Pth-+ BE \PhBPBB

Subsequent addition of the ether to the preheated reaction
mixture gave after an aqueous work-up a 55 yield of pure

2-hydroxy-2'-nitrobiphenyl.
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The formation of the phenolic compound can be envisaged as ‘occurring

in the following way (Scheme 51 ).
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The conversion of 2-hydroxy-2'-nitrobiphenyl into various
2-alkoxy-2'-nitrobiphenyls was then achieved by the addition of
the appropriate alkyl halide to the phenol in dimethyl sulphoxide

125

containing freshly powdered potassium hydroxide.

Q02 Q-0

RX |
HO N02 RO NO2
The following results were obtained (Table 7).
TABLE 7.
The Preparation of 2-Alkoxy-2'-nitrobiphenyls

Alkyl Group, R. Halide, X  Yield of Alkyl ‘Aryl Ether(%
Methyl :  Iodide 81
Trideuteriomethyl  Todide | 96
Ethyl Todide ' ‘ 97
n-Propyl ‘ Bromide - ol
Isopropyl o Bromide | ‘ - 94
n-Butyl - Bromide _ _ 79
Allyl o ~ Bromide o 93
Crotyl : ' Bromide gl
Benzyl Bromide ‘ - 63

* Neopentyl Bromide 0

* 1-Methylheptyl Chloride 0

* These compounds were prepared by the dealkylation of the

corresponding alkoxy-tris{dimethylamino)phosphonium

hexafinorophosphates (See Part 1).




Crotyl bromide was prepared according to the method of
Downie7by the addition of an ethereal solution of phosphorous
‘trisdimethylamide to a solution of crotyl alcohol and carbon

tetrabromide in ether at low temperature.

CBTZ.

P{NMe

| CHy CH==CHCH, OH >.CHBCH'—-‘:CHCHZBr

23 PO
+. e, 13._

The 2-alkoxy-2'-nitrobiphenyls were subsequently reduced
with.hydrazine hydrate in the presence of palladium on charcoal

- catalyst to afford a series of 2-alkoxy~2'-aminobiphenyls (Table
8).

RO NO - RO fH
> MO, EtoH )

Thus a series of precursors to alkjlating agenﬁs hés.'been
prepafed from E—Eydroxy-E'—nitrobiphenyl. The thrideutériomethylu
dibenzofuranium salt is syntnetically very useful. For example,
trideuteriomethylation using deuteriated trimethyloxonium
fluorcborate would be very expensive since a compound containing
nine dewterium atoms would have to be ﬁrepared. Similarly

trideuteriomethyl flucrosulphete would be prepared from

bis(trideuteriomethyl)sulphate.



TABLE 8
Prgparation of 2-Alkoxy-~2'-aminobiphenyls
Alkyl Group, R Yield of.2—alkoxy—2'—aminobiphenyl
@
Methyl | 80
Trideuteriomethyl - ' ' 78
Ethyl : ‘ 4 80
n-Propyl 55
Isopropyl 87
n-Butyl - . 90
Neopentyl - . : 33
1-Methylheptyl _ 87

Benzyl : ' 95

The secuence was continued for the ethyl and iospropyl

derivatives.

Diazotisation of 2-amino-2'-~ethoxybiphenyl in the preSence

of fluoroboric acid gave the diazonium salt (93) in 90% yield.

) s ()
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Decomposition of this salt in the presence of pyridine in
methylene dichloride gave a quantitative‘yield of E—ethylpﬁridinium
fluoroberate. Similarly the reaction of the diazoniﬁm salt with
({ -pyridone resulted in the formation df 2-ethoxypyridine (27%6)

and N-ethyl-2-pyridone (7%5) (Scheme 52).
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Scheme 52

The preparation of the diazonium salt (94) from
2-amino-2' -isopropoxybiphenyl was achieved in 82% yieid.
However, attempts at the alkylation of both pyridine and
({ ~pyridone with the diazonium salt (94) were unsuccessful and
starting material was recovered on each occasion. The
isolation of dibenzofuran from the reactions confirmed that the
diszonium salt had decomposed by an intramolecular cyclisatioﬁ
to form the O-isopropyldibenzofuranium fluorcborate (95) .
The apparent failure of this salt to alkylate ﬁhe substrate
used could be due to the salt collapsing to give dibenzofuran

by loss ©f a proton and propene (Scheme 53 ).
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Scheme 53

Alternétively the salt (95)could decompose to give dibenzofuran

by an SN1 mechanism involving the loss of the iSOprOpyl cation,

which subsequently loses a proton to afford propene. The p0551b111ty
that decomp051tlon of the salt is occurrlng V1a a tlvht ion-pair

must also be considered. For example, Vowinkel 136 has recently
-reported that the aikylation of phenol and acetic acid using.
0-(1-methylheptyl)-N,N-dicylohexylisourea involved a fight ion-

pair. No choice between these explanations can be ﬁade at this
stage. Clearly an investigation of the reactions of the
2-neopentyloxybiphenyl-2'-yldiazonium salts and of the

_2-(1—methylheptyloxy)—analogue should provide useful evidence

on this point.




Experimental

General The general éetails were as described iﬂ Part 1.
All diazonium salts were handled with.wooden applicator sti#ks.
A1) alkylation reactions using Q-alkyldibenzofuréﬁium salts
were carried out in glassware dried overnight at 120°.

- Methylene dichloride was kept over molecular sieve (hAj and
distilled from phosphoric anhydride. Dimethylsulphoxide was

kept over molecular sieve (4A) and distilled from calcium

hydride.




1. Preparation of o-Iodoanisole.

o-Anisidine (186g) was dissolved in é mixture of conc.
‘hydrochloric acid (36Cm1) and wafer (360ml). The hydrochloride
solution, zo formed, was cooled to 0° by ﬁeans‘of an ice-salt
mixture, and a solution of sodium nitrite (129gz) in watef.
(300m1) added with stirring, maintaining fhe temperature below
5°. After a further 15 minutes a solution of potaséium icdide
(375g) in waéer (600ml) was slowly added to the cold diazonium -
salt solution, the stirring was continued at room'temperature
for another 1 hour to ensure that the diazohium_salt had éqmpletely

decomposed.,

The solution was made alkaline by the addition of sodium
hydroxide solution (1300ml, 10%). A black oil separated out
which was extracted into ether (3 x 250ml), the combined ether
layers were successively washed with saturated agueous seclutions
of sodium bicarbonate, sodium thiosulphate, and sodium
metabisulphite,'and then dried over anhydrous magﬁesium sulphate.
Removal of solvent gave a black oil which on distillation gave
o-iodoanisole (242-277g, 70-82%); b.p. 86° at 1.5mm (1it, 7.

b.p. 237-8°% at 760mm).

2940, 2840, 1585, 1475, 1435, 1295, 1280,

1250, 1055, 1020, and 750cm .

V max

127



2. Preparation of o-Bromonitrobenzene.

—

o-Nitroaniline (114g) was dissolved in concentrated
hydrochlbriﬁ acid (240ml) and crushed ice (201g) was added.
The hydrochloride scluticn was cooled to 0° and a solutidn of
sodium nitrite (69g) in water (120m1) added with stirring, -
maintaining the temperatufe below 50.. The orange solution

" was filtered to remove any ingoluble material.

A solution of bromine {195g) in hydrobromic.acid (405m,
L8% agqueous solution) was slowly added to the diazonium salt
solution at OO, the simultaneous addition of crushed ice
helped to maintain the low temperature. The orangé preéipitate,
thé diazonium perbromide, was filtered off and carefully added
in small portions to glacial acetic acid (180ml) at 100°.
The hot solution was poured into water (41} and a péle yellow
solid was liberated, which was filtered off and recrysiallised
from ethanol to give Sjbromonitrébenzene (136g., BO%) m.é.ﬁé—}o
(1it.,138 m.p. 42°) V max. 3100, 1590, 1530, 1470, 1350, 1040,

850, 780, 730, 700 and 64Ocn .

3. Preparation of 2-Methoxy-2'-nitrobiphenyl , -

Copper powder (100g) was added in portions over a period.
of about 1 hour to_a well-stirred solution of o-iodoanisole
(82.6g, 0.35mole) and o-bromonitrobenzene (83g, 0.%13mole)
maintained at‘200° in a nitrogen atmosphere. The stirring
and heating of the reaction mixture was continued for an
additional 2% hours after the addition of copper was completed.
The copper powder‘lost its shiny appearance as the.reaction

proceeded and the mixture became quite viscous. After cooling,




the reaction mixture was exhaustively extracted with ether.

The solvent was removed and gave an of;nge oil which was placed
on a column of alumina. Elution with 5% ether—lighf petroleun
gave 2-methoxy-2'-nitrobiphenyl (58g-64.2g., 70-77%) as a yellow.
s0lid; m.p. 81-2° (from mefhanoi) (1it., 113h.p. 836);

THonomer. TCDCL,) 2.0 - 3.3(m., 8H) and 6.34(s., 3H). .

3
Viax 2940, 2840, 1615, 1530, 1500, 1360, 1250, 1125,
| 1025, 760, and MSem™ .,

Mass Spectrometry: ut = 229.

L4, Demethylation of 2-Methoxy-2'-nitrobiphenyl .

Hydrobfomic acid (25ml, 48% aqueous solution) was slowly
added to a solution of 2-methoxy-2'~nitrobiphenyl (20g., 0.0%mole)
in acetic anhydride (25m1) at 0°. The solution was heated under -
reflux for 48 hours and gave a dark brown viscous solution which
was diluted by.the addition of water (250ml). The reaction
mixture was extracted with ether (3 x 250ml) and the éombined
ether layers were washed with 10% sodivm hydroxide solution.

The agueous phase was acidified with concentrated hydrochloric
acid and extracted with ether. Removal of the solvent, after
drying with anhydrous magnesium sulphate, pave a brown oil ﬁhich,
élowly solidified on standing. This solid (16.3g, 91%) m.p.
ﬁ32-8° was shown to be a mixzbure of 2-hydroxy-2'-nitrobiphenyl
and 3-bromo-2-hydroxy-2'-nitrobiphenyl by mass spectrometry and
,1H.n.m.r. spectroscopy. |

5. Reaction of TriphenyldibromophOSphorane with 2-methoxy-
2'-nitrobiphenyl.

Bromine (4.3g) was slowly added to a stirred solution of



“triphenylphosphine (8.6g) in benzonitrile (100ml, dry) at o°

under a nitrogen atmosphere. When the addition of bromine

was ca. one-half complete, a colourless crystalline precipitate

of triphenyldibromophosphorane formed. After the c§mplete
addition of bromine, the reacﬁion mixture was heated t$ 110%
aﬁd 2-methoxy~2'-nitrobiphenyl (5g) was added in one portion.
'The_solﬁtion was heated to‘125° and maintainéd at that
temperaﬁure for 12 hours with stirring. After cooling to roonm
temperature, an agueous solution of.acetone (100ml, 50%) was
added and the resulting two-phase’ system was well stirred for

L hours at ca. 60°. The reaction mixture was then made alkaline
with 10% sodium hydrpxide solution. The aqueous 1éyer Qas
separated from the organib phase and acidified with concentrated
hydrochloric acid before being extracted with ether. Removal

of the solvent, éfter drying over anhydfous magnesium sulphate
gave 2-hydroxy-2'-nitrobiphenyl (2.52g, SSﬁ) Mm.Pe 139—1450'.

(from benzene) (lit.,132 m.p. 140°).

V nax 3430, 1620; 1530, 1510, 1460, 1370, 1340, 1310, 1265,
1200, 1115, 860, 835, 790, 775, and 735 cm.

Mass gpectrometry: ut = 215.

Preparation of 2-A1koxy—2‘—nitrobiphenjls .

A series of 2-alkoxy-2'-nitrobiphenyls were prepared {rom
2-hydroxy-2*'~nitrobiphenyl by a proéedure identical to that

employed for the prepafation of 2~ethoxy-2*'-nitrobiphenyl which

iz described in detail.




Dimethylsulphoxide (100ml, dry) was added to poﬁdered
potassium hydroxiée (2.2hkg, 0.0kmole) and the mixture was
stirred for 30 minutes. .241ydroxy-2'-nitrobiphenyl (2.15g,

0.01 mole) was then added and thé mixture was stirred for

another 30 minutes and gave a green solution. .Ethyi iodidé
(3.123,.0.02m01e) was added and the mixture was stirred for

a further 2 hours before water (100ml) was added. :The mixture

wés extracted with ether (2 x.100ml) anﬁ each extract was

washed with wéter (100ml). The combined ethef layers were dried
over MgSOk. Removal of solvent gave a colourless o0il which

was placed on a column of alumina (iOOg), elution with 10%
ether-light petroleum gave 2-ethoxy-2'-nitrobiphenyl (2.é6ga, Q7% 3

6. Preparation of 2-Ethoxy-2'-nitrobiphenyl.
m.p. 84-5° (from light petroleum b.p. 60-80°) (lit.,13?m.p.82—30); ‘

1H.n.m.r._'t(cnc213) 2.0-3.25 (m., 8H); 6.08 (g., 2H); and
8.8(t., 3H). _ _
2980, 2940, 2880, 1615, 1590, 1530, 1500, 1475,

1360, 1250,and 760cm” | .

Vinax

){mag 214(1ogE , 4.37)5 250, (5.11)5 and 272 (3.79)n.me,.

Mass spectrometry: M = 243.

7.  Preparation of 2-Nitro-2'-n-propoxybiphenyl .

Reaction as in experiment 6 using 2-hydroxy-2'-nitrobiphenyl
(2.15g., 0.0lmole), potassium hydroxide (2.24kg., 0.0kmole)
and n-propyl bromide (2.4g., 0.02mole) in dimethylsulphoxide

(100ml) gave 2-nitro-2'-n-propoxybiphenyl (2.42g. 94%);

m.p. 71-2° (from light petroleum b.p. 60-80°).




(Found: ¢, 70.2; H, 5.9; N, 5.%%, M, (mass spectrometry)257

NO, requires C, 70.05; H, 5.85; N, S5.45%; M,257): -

C15845M05

THon.m.r. 'E(GD013) 2.0-3.2(m;, 8H); 6.15 (t., 2H, J = 6Hz);

8.37 (sextet, 2H, J = 8lz); and 9.2 (t., 34, J = 6Ha).

V., 2970, 2940, 2880, 1615, 1530, 1500, 1470, 1360,
| 1250, 975, and 755cm .

Npay 214 (10g€ h.43); 260(4.08); and 272(3.77)n.m. .

8. Preparation of 2-Isopropoxy-2!-nitrobiphenyl .

'Reaction as in experiment 6 using 2-hydroxy-2'-nitrobiphenyl
(2.15g., 0.01 mole), potassium hydroxide (2.24g., 0.Olmole)

~and isopropyl bromide (2.44g., 0.02 mole) in dimethylsulphoxide

(100ml) gave 2-isopropoxy-2'-nitrobiphenyl (2.4’+g.‘, 948) s |
n.p. 91~2° (from light petroleum b.p. 60-80°). o

(Fournd: €, 70.2; H,5.9; N, 5.5%; M, (mass spectrometry) 257.

015H15N03 requires C, 70.05; H, 3.85; Ny, 5.454; M, 257);
T.n.m.r. T(eD01,) 2.0-3.2(n., 8. 5.55 (septet, 1H, J = 6Hz); |

and 8.82 (4, 6H, J = 6Ha).

Y; 2980, 293¢, 2870, 1615, 1530, 1500, 1480, 1360,

max

1250, 1135, 950, 855, and 755cm"1.,

214 (1og € 4.45); 238(4.13); and 273(3.79)n.m. .

max
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9. Preparation of 2—n—3qﬁpxy-2'-nifrobipheqyl_

_ Reactlon as in experiment 6 using 2~hydroxy-2—n1troblphenyl
(4.3g., O. 02 mole), potassium hydroxide (4, k8g., O. OBmole)
and n—butyl bromlde (5.4hg, 0.04mole) in dlmethylsulphoxide

(125m1) gave 2-n -butoxy~2'—n1trob1pheny1 (4. 28g. , 7%%),

mep. 72-3°( from light petroleum b.p. 60-80°),
(Found: €,70.k4; H, 6.1; N, 5.2%6; M, (mass spectrometry) 271,

C16H1?N03.requires C, 70.85; H, 6.3; I, 5.15%6; M, 271); -

Honamer. T (CpC1,) 2-3.2(nm., 8); 6.12(t., 2H, § = 7Hz);

8.2-9.0(m., 4H) and 9.18(t., 3H, J = 7Hz).

\/ﬁax 2940, 2870, 1610, 1530, 1500, 1470, 1365, 1250,
1130, 850, 780, and 755cm” . | |
A | 214 (LogE 4.36); 240(4.07); aﬁd 272(3.76)n.m. .

10. Preparation of 2-Allyloxy-2'-nitrobiphenyl .

Reaction as in experiment 6 using 2-hydroxy—2'-nitrobiphenyl
(2.15g., 0.01 mole), potassium hydroxide (2.2hg., O.Okmole) and
allyl bromide {3.63g., 0.03 mole) in dimethylsulphoxide (100ml)

gave 2-allyloxy~2!-nitrobiphenyl (2.37g., 93%); m.p. 43-4° (from

light petroleum b.p. 60-80°).
(Found: C, 70.6; H, 5.1; N, 5. ZSA , (mass spectrometry) 255,
C,5fl13N05 requires C, 70.6; H,_5.ﬂ;'N,r5.5%; M, 255);
1H.n.m.r.‘”“'t(013013) 2.0-3.2(m, 8H); 3.8-4.35(m. 1H);
4,65-4.95(m., 2H); and 5.5-5.7(m., 2H).

3080, 293¢, 2860, 1615, 1590, 1530, 1505, 1455,

Vmax
1360, 1250, 1225, 755, and 735cm .,
)\max 216(log y 1.33)5 281(4.15)5 and 271 (4.01)n.m. .
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11.  Preparation of 2-Crotyloxy-2'-nitrobiphenyl .

Reaction as in experiment 6 using 2-~hydroxy-2'-nitrobiphenyl
(1.5g), potassium hydroxide (1.5g) and crotyl bromide (2.7g)

in dimethylsulphoxide (40ml), gave 2-crotyloxy-2'-nitrobiphenyl

(1.82g., 915); m.p. 81-2° (from light petroleum b.p. 60-80°).
’ .

TH.on.m.r. 't(CD013)'2.0-3.2(m., 8H);~h.2~4.6(m., 2H);

5.5-5.7(m., 2H); and 8.2-3.45 (d.d., 3H).

3040, 2930, 2880, 1615, 1585, 1530, 1500, 1450,

v max
1360, 1250, 1225, 1125, 995, 860, 760, and 735cm” .
}i 214 (1og®, 440); 244(4.26); and 272(4.30)n.m.,

max -

Mass Spectrometry: M' = 269

12. Preparation of 2-Benzyloxy-2'-nitrobiphenyl ,

Reagction as in experiment 6‘using 2~hydroxy-2'-nitrobiphenyl
(1.08g., 0.005mole), potassium hydroxide (1.12g, 0.02mole)
and benzyl bromide (2.55g., 0.015mole) in dimethylsulphoxide

(50m1) gave 2-benzyloxy~2'-nitrobiphenyll(1.02g., 67%); m.p.

84-5% (from light petroleum b.p. 60~-80°).

(Found: C, 74.6; H, 4.8; N, 5.08; M, (Mass Spectrometry) 305,
C1qfi45M05 requires c,~74.75; H, 4.95; Nf o655 M, 305);

THonom.r. ';(CD013) 2.0-3.2(m., 13H5;= 5.02(S., 2H).

Viax 3080, 2880, 1620, 1590, 1535, 1505, 1455, 1360,
1130, 860, and 755 ca .,
)\max 213(Llogl 4.46); 250(4.08); and 272 (3.75)n.m. .
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15. DPreparation of 2-Nitro-2'-trideuteriomethoxybiphenyl ,

Reaction as 6 using 2-hydroxy-2'-nitrobiphenyl (Q.Bg;,

0.02 molé), potassium hydroxide (4.48g., 0.08.mole); and

trideuteriomethyl iodide (10.0g., 0.07 mole) in dimethylsulphoxide.

(50ml) gave 2-nitro-2!'-trideuteriomethoxybiphenyl (4.3g., 96%)

as a yellow solid m.p. 83-4° (from methanol) ;

1H.n.m.r; T (CDClB) 1.95 = 3.25(m.).

Viax 3070, 2930, 2230, 2080, 1615, 1590, 1530,
' 1500, 1360, 1290, 1250, 1125, 1105, 990,

755, and 740 om 1.

Mass Spectrometry: M+ = 232.

44. Preparation of 2—Amino—2'Fmethoxyhiphenyl .

Hydraéine hydrate (31ml, 64%) Qas slowly added to
2-methoxy-2'-nitrobiphenyl (22.9g, 0.1mole) and palladium
on charcoal-(BOOmg, 5.0%) in ethanol (250m1) at 50°. lAffer'
complete addition (30 minutes), a further quantity of catalysf
(100mg, 5%) was added and the mixture was heated under reflux
for 6 hours. Removal of the catalyst by filtration and the
solvents by evaporation under reduced pressure gave a colourless

oil, which crystallised from methanol to give 2-amino-2'--

o - 113

methoxybiphenyl (16.1g., 80%); w.p. 78-9° (1it., 3 m.p. 80°);

Mon.m.r. T (CD61,) 2.55 - 3.4(m., 81); 6.25(s., 3M0);

‘ and 6.42 (broad s., 2H, exchangeable with DZO)'
V o - 3420, 3290, 3180, 2840, 1635, 1575, 1505,

1480, 1450, 1435, 1270, 1230, and 755cm” .

Mass Spectrometry: Mt = 199.
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Preparation of 2~A1koxy-2'-aminobiphenyls

A series of 2—alkoxy~2‘—aminobipﬁenyls were prepared
from 2~alkoxy-2'—nltroblphenyls usmny an 1dentlcal procedure
to that descrlbed for the preparation of 2~am1no—2'—methoxy

biphenyl.

15. Preparation of 2—Amino-2'-ethg;ybiphenyl

The reaction of 2- ethoxy-Z'-nltroblphenyl (7 29E. 0 0%mole)
in ethanoi (100ml; ) with hydrazine hydrate (12ml., 6&%) in the presence

of palladium on charcoal (100mg., 5%) gave 2~am1n0*2'-ethoxyblphenyl '

(5.11g., 80%); m.p._75-6 (from 11ght'petr01eum b.p. 60-80 ).
(Found: C€,79.3; H,7.1; N, 6 hm, M, (mass spectrometry) 213,
C:‘?}H,]sNO requires C, 78.9; H, 7.1; N, 6.6%; M,213);

Honomer. T (CD1,) 2.55-3.4(m., 8H); 6.0(q., 2H, J = 8Mz);

6.4(Broad s., 20 exchangeable with D 0), and 8.75
(t., 34, J = 9Hz).

N 3480, 3390, 2990, 2940, 2890, 1625, 1505, 1490,

max
1475, 1450, 1245, 1230, 1045, and 750cm
N nox 210(10g € 4.43); 226(4.30) and 282(3.65)n.m. .

16. Preparation of 2-Amino-2'~n~propoxybiphenyl ,

The reaction of 2-nitro-2'-n-propoxybiphenyl (1.8g.,
0.007 mole) with hydrazine hydrate (4ot., 64%) in ethanol
(30m1) using palladium on charcoal (100mg., 5/%) catalyst gave

2-amino-2'-n-propoxybiphenyl (0.77g., 55%) as a colourless oil.

(Found: €, 79.8; H, ?7.2; ¥, 5.6% M, (mass spectrometry)227, -

015_H1?NO requires C, 79.3; H, 7.5; N, 6.1%; M. 227);
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Honom.r. 12(03013) 2.55-3.4(m., 8H); 6.12 (%., 2H, J = 7Hz)§__
6.4(broad s., 2I!, exchangeable with D20); |

8.35(sextet, 2H, J = 7Hz); and 9.15 (t., 3H,

J = 7Hz). - | : .
V pax 3480, 3395, 2980, 2950, 2890,-1625, 1510, 1495,
1450, 1275, 1235, and ?55cm;1,,. '
}~ma¥ 210(log &, L.b1); 206(4.28); and 283(3.71)n.n. .

17« Preparation of 2-Amino—2'—isopropbxybiphenyl.

The reaction of 2~isopropoxy-2'-nitrobiphenyl (3.6g.,
0.01% mole) with hydrazine hydrate (10m1.,_6 %) in ethanol

(60m1) using palladium on charcoal (200mg., 5%) catalyst

gave 2-amino~2‘—isopropoxybiphenll (2.80g., 87%); m.p. 51-2°
(from light petroleum b.p. 60-80°) o
(Found: €, 79.7; H, 7.0; N, 6.0%; M, (mass spectrometry) 227,

C15Hﬁ7NO requires C, 79.3; H, 7.5; N, 6.1%; M, 227);

Monamer.  TEDCLy) 2.6-3.4(m., 8H)5 5.72(m., 1H); 6.32(broad
- S., 2H, exchangeable with D,0); aﬁd 8.88 (d.,

6H, J = 9Hz).

VY ax 3470, 3390,'2980, 2950, 2880, 1630, 1505, 1480,
1440, 1270, 1230, 1130, 1105, and 750cm™ .
Mooz 212(1og € 4.43)5 226(4.3); and 28&(3.6)n.m..

18. Preparation of 2-Amino-2'-n-butoxybiphenyl .

The reaction of 2-p-butoxy-2'-nitrobiphenyl (0.75g.,
0.0028 mole) with hydrazine hydrate (2ml., 64%) in ethanol (30ml)

- using palladium on charcoal (1CCmg., 5%) catalyst gave
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2-amino~2'-n~butoxybiphenyl (0.67g., 90%) as a colourless oil..

(Found: C, 80.0; H, 8.0: N, 5.5%; M (mass spectrometry) 241,

016H19N0 requires C, 79.65; H, 7.95; N, 5.8%; M, 241}

MHonon.r. T (cb013) 2.55-3.4(m., 8H); 6.10(t., 2H, J = 6Hz);

6.35(broad S., 2H, exchangeable with DZO);

8,25-8.9Cm., M) and 9.15 (t., 3H, J = 6Hz).

Voo 3490, 3400, 2980, 2950, 2890, 1625, 1510, 1495,
1450, 1275, 1250, 1130, 1010, and 755 cm- '
A 208(log € 4.45); 226(4.31); and 284(3.58)n.m. .

19. Preparation of 2-Amino-2'-neopentyloxybiphenyl .

The reaction of 2-neopentyloxy-2'-nitrobiphenyl (5.5g;

- 0.02mole) with hydrazine hydrate (14ml, 64%) in ethanol (100m1)

in the presence of palladium on charcoal (300mg., 5%) gave

2-amino-2'-neopentyloxybiphenyl(4.25g., 83%) as a yellow oil.

"Hanm.r. —E(CDCLB) 2.45-3.4(n., 8H); 6.42(broad s., M1, 2
protons exchangeable with Dzd);.and 9.15(5., 9H)3
VY pax | 3470; 3380, 2960, 2870, 1620, 1505, 1490, 1475,
1

445, 1250, 1195, 1120, 1020, 750 ,and 720cm” .

A

208(log & U.W1); 226(4.22); and 282(3.61)n.m.
Mass Spectrometry:‘Mf = 255. |

max

20. DPreparation of 2—Amin0~2'—(1-methylheptyloky)biphenyl.

- The reaction of 2:{1-methylheptyloxy)-2'~nitrobiphenyl
(5.85g., 0.018 mole) with hydrazine hydrate (13ml., 64%) in

ethanol (100ml) using palladium on charcoal (200mg., 5%) catalyst

gave 2-amino-2'-(1-methylheptyloxy)biphenyl (h.66g., 87%) as =

yellow 0il (b.p. 186-196° at 1mm).
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on.m.r. T (cnc13) 2.5-3.45(m., 8H); 5.8(sextet, 11, )
= bHz); 6.4 (broad s., 2H, exchangeable with

D,0); and 8.22-9.15 (m., 161),

Viaasx 3470, 3380, 2960, 2940, 2860, 1620, 1505,
1485, 1445, 1230, 1120, and 750cm_'1,-
)\max' 210(1log £ 4.39); 227(4.28); an'd 281(3.72)ﬁ.m.,'

' Mass Spectrometry: Mt = 297,

21. Preparation of 2-Amino-2'-benzyloxybipvhenyl.

The reaction of 2-benzyloxy 2'-nitrobiphenyl (0.2g., O. 00066

mole) with hydrazine hydrate (1.5ml., 64%) in the presence of

palladium on charcoal (50mg., 5%) gave 2-amino-2'-benzyloxybiphenyl

(0.18g., 95%); m.p. 96=7°( from light petroleum b.p. 60-80°).

THonener. T(EDCL) 2.35-3,45(n., 8D 5.05 (5., 2H)3 and

5.55 (broad s., 2H, exchangeable with D,0),

Vioox 3470, 3380, 2960, 2940, 2870, 1625, 1510,
1490, 1455, 1280, 1230, 1115, and 755cm |,
Aoy 212(1og € 14.60); 245(k.04); and 284(3.90)n.m. ,

. Mass Spectrometry: M* = 275.

22. Preparation of 2-Amino-2'-trideuteriomethoxybiphenyl .
The reaction of 2-nitro-2'-trideuteriomethoxybiphenyl (&4.31g)
with hydrazine hydrate (15ml., 64%) in ethanol (150m1) using

palladium on charcoal (300mg, 5%) catalyst gave 2-amino~2'-

trideuteriomethoxybiphenyl (2.87g., 78%); m.p.71-2° (from methanol).

Honomar.  T(CDCL,) 2.50-3.4(m., 8) and 6.55(broad s., 21,
. exchangeable with DZO)' |
Ve ' 3450, 3380,2220, 2080, 1625, 1600, 1505, 1485,

"

145, 1275, 1250, 1125, 1110, and 755 cm .,

Mass Spectrometry: M* . 20p2.
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23. Preparation of 2‘—Methoxybiphen11~2-y1diazoniuﬁ fluoroborate
2-Amino-2'-methoxybiphenyl (7.8g., 0.0hmoie) was dissolved

in tetrahydrofuran (30ml) and fluoroboric acid (75ml,40% a@ueous

_solution),. and water (20ml) added. The solution as cooled to

0% and a solution of sodigm nitrite (2.8@)_in water (30ml)

‘added dropwise with stirring, maintaining:the teﬁperéture at 0°..

After stirring for'BO minutes, the yellow diazonium salt was

filtered off, washed with fluoroboric écid and‘coid tetrahydrbfuran

and dried overnight in vacuc over phosphoric anhydride. The

yield of 2'-methexybiphenyl-2-yldiazonium fluoroborate was_11.61g
(98%) . |

Y, 3070, 2980, 2950, 2260, 1600, 1590, 1550, 1480,

max

1420, 1290, 1260, 1170, 1060(broad), 1010,

760,and 750cm™ .

24, Preparation of 2'-Ethoxybiphenyl-2-yldiazonium fluoroborate ,

By an identical procedure to that described for the methoxy
analogue using 2-amino-2'-ethoxybiphenyl (2.4g., 0.011mole),
tetrahydrofuran (20ml), fluoroboric acid (25ml., 4C% agueous

solution), and sodium nitrite (1.0g) in water (10ml) to give

2t -ethoxybiphenyl-2-yldiazonium fluoroborate (3.24g., 90%) as
a yellow solid. -
Viax(CEC1,) 1 - 2960, 2870, 2270, 1610, 1560, 1500,

1475, 1455, 1425, 1165, 1065(broad) and 895cn™ .

25. Prepsration of 2'-Isopropoxybiphenyl-2-yldiazonium fluorcborate,
By an identical procedure to that described for the methoxy
analogue using 2-amino-2'-isopropoxybiphenyl (1.55g), tetrahydrofuran

(5m1), fluoroboric acid (12.5, 40%) and sodium nitrite (0.5g) in
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water (5ml) gave 2'-isopropoxybiphenyl-2-yldiazonium fluoroborate

(1.82g, 82%) as a yellow solid.
Vr;lax(CHa(’.‘la) | 3080, 2980, 2940, 2280, 1605, 1590,

1550, 1480, 1390, and 1060 (broad) cm .

26, Preparation of 2'-Methoxybivhenyl-2-yldiazonium hexafluoro-

Ehosghate.

E—Amino—a‘-methoxybiphenyl.(1.99g., 0.01 mole) in concentrated
hydrochloric acid (6ml) was diazotised at 0° by the slow addition’
of a solution of sodium nitrite (0.7g) in ﬁater (hml). After
stirring the diazonium salt solution for 15 minutes, ammonium
hexafluérophosphate (1.6g) in water (3m1) vas rapidly addeqd.

Bther (10ml) was added and the cold suspension was stirred for a
further 30 minutes. The yellow precipitéte was filtered off,
washed with cold methanol and ether and dried overnight in.vacuo

over phosphoric anhydride. The yield of 2'-methoxybiphenyl-2-

yldiazonium hexafluorophosphate was 2.7g (75%).
V pax 3090, 2990, 2940, 2270, 1610, 1595, 1560,
1485, 1430, 1295, 1270, 1260, 1120, "1070',

1060, 1015, 830(broad), 775 ,and 730cn” '

 27. Preparation of 2'-Methoxybiphenyl-2-yldiazonium hexafluoro-
antimonate.

2-Amino-2'-methoxybiphenyl (1.99g., 0.01 mole) in concentrated
hydrochloric acid (6ml) was diazotised at 0° by the slow addition
of sodium nitrite (0.7g) in water (%ml). After étirring for 15
minutes, sodium hexafluoroantimonate (2.6g) in water (10ml) and
ether {10ml) were added to the cold solution, which was subsequen-
tly stirred for another 30 minutes. The precipitated diazonium

salt was filtered off, washed with cold methanoi and ether and
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dried overnight in vacuo over phosphoric anhydride and gave

2'-methoxybiphenyl-2-yldiazonium hexafluorcantimonate (3.h4g 8055)

\Jmax(Nujol) 2280, 1610, 1595, 1490, 1260, 1200, 1125,

1020, 775, 755 and 725 cu .

28. Preparatibn'ofﬁ2'—Methoxybiphenylua-yldiazonium hexafluoroarsenate .

2—Amino~2'—methoxybiphenyl (0.95g., 0.005 mole) in concentrated
hydrochloric acid (hml) was diazotisea at 0° by the slow |
addition of sodium nitrite (O.4g) in water.(}ml),. After stirring‘
for 15 minutes, potassium hexafluorarsenate (2.3g) in water
(10ml) was rapidly added. Ether (5ml) was added and the stirring
continued for a further 30 minutes. The precipitated diazonium |
salt was collected, washed with cold methanol and ether and dried

“overnight in vacuo over phosphoric anhydride. The yield of . .

2'-methoxybiphenyl-2-yldiazonium hexafluoroarsenate was 1.3g(90%)
V., (fujol) 2290, 1610, 1500, 1485, 1295, 1260, 1240,
' 1170, 1125, 1055, 1020, 780, 760, and
200(broad)em .

29. Preparation of 2'-Methokybiphenyl-E-yldiazonium 2,4,6-
trinitrobenzenesulphonate-, '

2-Amino-2!-methoxybipheny1(0.95g., 0.005mole) in concentrated
hydrochloric acid (4ul) was diazotised at 0% by the slow addition
of sodium nitrite (0.35g) in water (5ml). -After stirring the
diazqnium salt solution for 15 minutes, sodinm 2,k ,6-trinitro-
benzenesulphonate (1.6g) in water (20ml) was rapidly added. Ether
(10m1) was added and the cold suspension was stirred for a
further 30 minutes. The yellow precipitate was filtered’off;-

washed with cold methanol and ether and dried overnight in vacuo -

over phosphoric anhydride to give 2'-methoxybiphenyl-2-yldiazoniun
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2,4,6-trinitrobenzene sulphonate (1,7z., 68%).

Vmaxz (Mujol) 3100, 2270, 1610, 1595, 1560, 1485, 1360,
1295, 1270, 1250, 1130, 1075, 1040, 1020,

765, 755, 740,and 725cm .

Alkylation Reactions using O-Alkyldibenzofuranium salts

—

The alkylation of various weakly-nucleophilic compounds

using o—alkyldiﬁenzofuranium salts was achievéd by a procedure
identical to that employed for the methylation of

dimethylsulphoxide which is described in detail.

In several instances the structures of the primary reaction
products have followed from their reactions since the high
reactivity of these salts prevented the acquirement of good

spectroscopic data.

20. Reaction of O-Methyldibenzofuranium fluoroborate with

dimethylsﬁigﬁakidé.

2'—Methoxybiphenyl-a—yldiazonium‘fluoroborate (1.0g.,

0.00BBmoie) was decomposed in a solution of dimethylsulphoxide
(dry; 1.30g., 0.0166mole) in methylene dichloride {(dry, 25m1)
at room temperature. After 2 hours at this temperature, fhe
suspension was slowly warmed and.the reaction was completed.by
heating under reflux for 4 hours. The solvent was removed by
distillation and gave a tan so0lid residue, which was washed
with ether( dry, 3 x 15ml). The insoluble material was a white
solid, which on recrystallisation from methylene dichloride -
diethyl ether gave Q-methyldimethylsulphoxonium fluorsborate
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(0.48g., 79%4) m.p. 107-9° (lit., .m.p. 106-8%) 3

Honomer. T (DUSO-dg) 6.0 (s., 3H); and 6.72(s., 61).



The combined ether layers were washed.with water (2 x 25ml)
~to remove unreacted dimethylsulphoxide, and then dried over
anhydrous magnesium sulphate. Recrystallisation of the

residue after removal of solvent afforded dibenzofuran (0.49¢.,

87%); m.p. 87-8° (from light petroleum b.p. 60-80°) (1it.,jho‘
m.p. 86-7°).
Voax 3050, 1600, 1475, 1455, 1450, 1325, 1240, 1200,

1155, 1100, _9301 .8501 8}4‘05 755, 745 f':md 7250“‘-1-"

3t. Reaction of QfMethyldibenzofuranium fluoroborate with

benzo(b)thiophen

The decomposition of 2'-methoxybiphenyl-2-yldiazonium
fluoroborate (3.0g., 0.01mole) in the presence of.benzo(b)thiophen..
_ (2.8g., 0.02mole) in methylene dichloride (40ml) géve'1~methy1benzo
(b)thiophenium fluoroborate (1:8%g. 77%); m.b. 20-3% (from |
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methylene dichloride-ether) (lif., map. 72-3°);

Honomr. T:(DMSO—dG) 2.042.92(m., 6H) and 6.7(s., 3H);

)\max 224, 227(sh), 266, and 294n.m.

32. Reaction of O-Methyldibenzofuranium fluoroborate with

pentachloropyridine

The decomposition of 2'-methoxybiphenyl-2-yldiazonium fluoroborate
(2.3g., 0.0077 mole) in a solution of pentachloropyridine (0.6k4g,
0.0026mole) in methylene dichloride (4Oml) gave '

N-methylpentachloropyridinium fluoroborate (0.37g., 41%) as white

needles m.p. 269-271° (from methylene dichloride);

Honm.r. T (DiS0-d,) 6.32(s.);

V., (Bajol)1570, 1550, 1350, 1245, 1185, 1050(broad),
950, and 7050m-1.
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33, Reaction of N-Methylpentachloropyridinium fluoroborate

with water.

A mixture of Nwmethylpentachloropyridinium fluorcborate
(0.11g) and water (25ml) was stirred.at 23.600 for 1 hour to give.

a precipitate of N-methyltetrachloro-2-pyridone (0.0hhkg., 5%%);

m.p. 150-151° (from methanol) (1it.,141' m;p; 148.5-1#9.59);
THonom.r. ;C (CDCI3) 6.22(s.).
Vgax 1690, 1660, 1570, 1480, 1300, 1160, 930,and
| 740 cmnq, U
A pax 223(logE, 4.45); and 338(3.8%)n.m. .

34%. Reaction of O-Methyldibenzofuranium fluoroborate with

benzonitrile

- The decomposition of 2'-methoxybiphenyluz-yldiazonium
flﬁoroborate (1.5g., 0.005mole) in a solution of benzonitrile
(2.5g., 0.025mole) in methylene dichloride:gave
‘N-methylbenzonitrilium fluoroborate (0.95g., 87%) as a brown |

hygroscopic solid m.p. 108-118°.

A sample of the nitrilium salt (0.63g) was stirred for 2'
houré in water (ZOml) at 33.600. The aguecus solution was
extractéd with ether (2 x 20ml) and the combined ether layers
were dried over anhydrous magnesium sulphate.. Removal of solvent

gave N~methylbenzamide (0.24kg. 57%); m.p. 81-2° (from ethanol)

lit., " np. 82%);
Honomr. T (CD013) 2.05-2.80(m.,5H); 2.90 (Broad s.,1H,
exchangeable with D,0); and 7.08(d., 3i, J=6Hz.)
VY nax 3340, 1640, 1580, 1495, 1410, 1310, 1170,

1040, and 725cm .




35. Reaction of O-Methyldibenzofuranium fluoroborate with

3,5-dichloro-2,6-difiuoro-b-hydroxypyridine

2'-Methoxybiphenyl-2-yldiazonium fluoroborate (1.0g.,
0.00%3mole) was allowed to decompose in the presence of 3,5-
dichloro-2,6-difluoro-4-hydroxypyridine (1.31g., 0.0066m01e)._
in methylene dichloride (30ml) and gave a colourless viscous

liquid {0.6g).

The reaction product was hydrolysed in the usual manner

to give N-methyl-3,5-dichloro-2,6-difluoro-b-pyridone (0.29g.,

4390): m.p. 17%-5% (from carbon tetrachloride);

Viax 2920, 1670, 1620, 1565, 1505, 1220, 790,

and 745cm"1;

A o 261(10g €, 4.13) n.m.,

Molecular’Weight by high resolution mass spectrometry:-

Measured mass: ‘ MY = 212.9549
Expected formula: G6H3012F2N0
Caleculated mass: M’ = 212.9559

36. Reaction of O-Methyldibenzofuranium fluorcborate with

cyclohepiatriene

21 -Methoxybiphenyl-2-yldiazonium fluoroborate (4.0g., 0.0133
mole) was decomposed in the presence of cycloheptatriene (0.92g.,
0.01mole) in methylene dichloride (60ml) to give tropylium
h3

fluoroborate (1.30g., 54%) m.p. 200-60° (1it., m.p. 210-270°).

A oy (CHCL,) 278 and 283(sh.)n.m.
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37. Reaction of O-Methyldibenzofuranium fluoroborate with

triphenylmethane

2t-Methoxybiphenyl-2-yldiazenium fluoroborate (4.0g.,
0.013%mole} was decomposed in the presence.of triphenylmethane
(2.1g., 0.009mole) in methylene dichloride (35ml) and gave

triphenylmethyl fluoroborate (0.94g., 21%) m.p. (decomposition)'

190-235° (1lit., 144 m.p. ca.200° with decomposition).
v, (2jol) 1587, 1490, 1450, 1365, 1095, 1060, 1040,

810, and 705cu .

33, Reaction of O-Methyldibenzofuranium fluorchorate with

Etg—dimethyl-T‘naphthylamine

2'-Methoxybiphenyl-2-yldiazonium fluoroborate {1.0g., 0.0033mole)
was allowed to decompose in a solution of N,N-1-dimethyl-1-
naphthylamine (1.2g., 0.0065mole) in methylene dichloride (25ml)

to give N,N,N-trimethyl-1-naphthylammonium fluoroborate (0.93g.,

98%) as a blue oil.

THon.m.r. T (DM80-4;) 1.70-2.60(m., 7H) and 6.72

(s., 9H).

39. Reaction of O-Methyldibenzofuranium fluoroborate with
pyridine.

The decomposition of 2'-methoxybiphenyl-2-yldiazonium

fluoroborate (1.0g., 0.0033mole) in a solution of pyridine
(0.8g., 0.01mole) in methylene dichloride (25ml) géve
N-methylpyridinium fluoroborate (O.61g., 9U%) as a colourless
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0il (1lit., mep. 10-11.5°).
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An exéess of a saturated aqueous_solution of soﬁium
picrate was added to the ﬁyridinium salt in.water {(5m1) to
give a yellow precipitaté which was filtered off and washed
-with ether. Recrystallisation from ethanoi gﬁve ﬁfmethylpyridinium
picrate~sodium picrate (1.5g., 75%); m.ﬁ. 217-80(lit;,122

m.p. 216-99),

Vinax - 3080, 1640, 1563, 15_20, 1375, 1350, 1285., ;

790, and ?45cm-1.

40. Preparation of O-Methyldibenzofuranium fluoroborate and its

subsequent reaction with pyridine.

A mixture of 2'~methoxybipheny1—2—yldiézonium fluorobqrate_
(1.0g., 0.0033mole) inranhydrous‘benzene (25m1) was heated at
ca. 50° for 1 hour and then heated under reflux for a further
1 hour. The solid rapidly changed colour from yellow to off-white

and the colour of the solution was also discharged.

Pyridine (0.78g., 0.01mole) was added and the mixturé was
heated under reflux for 6 hours. The solvent was removed by
distillation and a yellow oily fesidue was obtained, which after
washing with ether (dry, 3 x 25ml) gave E—methylp&ridinium
fluorobofate (0.17g, 28%) as a colourless oil. Addition of an
excess of a saturated aqueous solution of sodium picraté to
the pyridinium salt in water (5ml) gave ﬁ—methyipyridinium
picrate-sodium picrate (0.37g., 70%); m.p. 217-8°, infra-red

spectrum identical with that of an authentic sample.
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41, Reaction of O-Methyldibenzofuranium fluoroborate with

tetrahydrofuran.

2'-Methoxybiphenyl-2-yldiazonium fluoroborate (1.0g.,
0.0033mole) was decomposed in a solution of tetrahydrofuran (10ml}
in methylene dichloride (15ml) and gave O-methyltetrahydrofuranium

fluoroborate (0.41g., 70%) as a colourless oil.

An exothermic¢c reaction occurre& when an excess of pyridine
(1.0g) was added dropwise to the tetrahydrofuranium sait_in
'ﬁethylene dichloride at room tempefature. ‘Removal of the solvent:
by distillation gave a residue which after washing with ether
(dry, 3 x 25ml) gave N-methylpyrldlnlum fluorcborate (0. 423, 98»)
as a colourless oil. The pyrldlnlum salt was characterlsed
as N-methylpyridinium picrate»sodium picrate (0.82g, 63%) .

using the procedure described above.

The ether solution was shown by g.l.c. to contain tetrahydrofuran

and pyridine.

42. Reaction of Q-Methyldibenzofuranium fluoroborate with

{{ -pyridone

2'-Methoxybiphenyl-2-yldiazonium fluoroborate (4.5g.,
0.015mole) was decomposed in a solution of ok -pyridone (2.25g. ,
'0.023m01e) in methylene dichloride {(60ml). The solvent was
removed by careful distillation énd gave an oily residue, which
was washed with ether (2 x 50ml). The insoiuble material
was dissolved in aqueous sodium.hydroxide (50m1, 2N) andlafter
stirring at room temperature for 2 hours, the agqueous solution
was extfacted with ether (2 x 40mi). The combined ether layers
were then dried over anhydrous magnesium sulphate. 1The ethereal

solution was distilled at atmospheric pressure to give, after
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removal of solvent (b.p. 35°), 2-methoxypyridine (1.2%4g., 81%)
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b.p. 138-41° (Lit., b.p. 142-3%);

THonomer. T (cDC15) 1.8 - 3.25(n., 4H) and 6.08(s.,3H),

V pax 1605, 1575, 1480, 1420, 1290, 1040, 1020,

810,and 775cm 1.

Mass Spectrometry: M' = 109.

43, Reaction of O-Methyldibenzofuranium hexaflﬁorophosphate

with pyridine.

The decomposition of 2'-methoxybiphenyl-2-yldiazonium
hexafluorophosphate (1.0g., 0.00%mole) in a solution of‘pyridiﬁe
(0.8g., 0.009mole)lin methylene dichloride gave H-methylﬁyridinium
" hexafluorophosphate (0.90g., 98%) as a tan solid. The pyridinium
salt was dissolved in methylene dichléride (5m1) and an excess
of a saturated solution of sodiﬁm pilcrate added, The yellow
precipitate was collected and washed with etﬁer, recrystalliéatibn
Vfrom'ethanol gave §7Methylpjridinium picrate-sodium picrate
(1.51g., 79%) m.p. 216-9°, infra-red spectrum identical with

that of an authentic sample.

4., Reaction of O-Methyldibenzofuranium hexafluoroantimonate

_ with pyridine.

Using an identical ﬁrocedufe as in fhe-hexafluorophosphate
analogue and the same molar scale, N-methylpyridinium hexafluoro-
antimonate (0.76g., 100%) was obtained which was subsequently
characterised as N-methylpyridinium picrate-sodium picrate
(0.87¢., 68%) m.p. 217-219°, infra-red spectrum identical with

that of an authentic sample.
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45, Reaction of O-Methyldibenzofuranium hexafluorcarsenate

with pyridine.

Using an identical procedure as in the hexéfluorophosphate
analogue and the same molar scale, N-methylpyridinium |
hexafluoroarsenate (O.?Og.,_99%) was obtained which was
subsequently characterised as E—methjlpyridinium picréte—sodium
picrate (0.93g., 66%) m.p. 21?—2190, infra-red‘spectruﬁ.identical

with that of.an authentic sample.

46. Reaction of Q-Methyldibenzofuranium'2,4,6~trinitrobenzene-

sulphonate with pyridine.

Using an identical procedure as in the hexafluorophosphate
analogue and the same molar scale, N-methylpyridinium
2,b,6-trinitrobenzenesulphonate (0.77g., 99%) was obtained

as a yellow solid m.p. 236-40° (from ethanol);

Vv

max 3120, 1640, 1515, 1550, 1360, 1250, 1125,

1070, 1035, 910, 770, 7?55, 735, 725, and

6800m—1.

47. Preparation of O-Methyldibenzofuranium 2,&,6—£rinitfobenzene-

sulphonate and its subsequent reaction with pyridine.

2'—Methoxybiphenyl—z*-yldigzonium 2,4,6-trinitrobenzene-
sulphonate (O.Gg) was heated urder reflux in anhydrous benzene
(25m1) for 1 hour. After cooling to room temperature, the
gfey solid (0.51g) m.p. > 300° with decomposition, was

filtered off under an atmosphere of nitrogen.

Viax 3600, 3510, 3100, 2910, 1610, 1550, 1390,
1360, 1275, 1260, 1250, 1130, 1080, 1040,
925, 755, 725, aud 64Ocm™ .

The solid was then added to a solution of an excess of pyridine
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(0.92g)in methylene dichloride (30ml) and the mixture was heated
under reflux for 6 hours. Standard work-up gave N-methylpyridinium
2,4,6-trinitrobenzenesulphonate (0.19g., 44%) as a yellow solid

m.p. 235-9°.

48. Reaction of QrEthzldibenzofurénium fluoroborate with pyridine

The decomposition of 2'-ethoxyblphenyl-z—yldlazonlum fluoroborate

(1.2g) in a solution of pyridine (0.92g) in methylene dichloride
(25ml) gave E—ethylpyridinium fluoroborate (0.81g., 98%)

m.De 54-9° (1it.,. 88 m.p. 58.5-59,5°) as a tan hygroscopic

solid;
"Hon.m.r. T (0,0) 1.0-2.1(n., 505 5.25(q.,2H, J = 6Hz.);
and 8.30(t., 3H, J=9Hz);
Voo 3630, 3100, 1640, 1490, 1460, 1290, 1_225,:

1175, 1060{broad}, and ?9Ocm—1ﬂ

49. Reaction of O-Ethyldibenzofuranium fluoroborate with (§ -pyridone

2'mEthoxyb1phenyl-2—y1d1azon1um fluoroborate (4. 9g., 0. 016mole)
was decomposed in a solution of X -pyridone (2. Sg. 0 026mole) |
. in methylene dichloride (50ml}. The solvent was carefully
removed by dlstlllatlon and gave an olly re51due, Wthh was washed
with ether (dry, 2 x 50ml).  The insoluble material was dissolved
in aqueous sodium hjdroxide (35m1r 2N) and after stirring at r;om
temperature for L hours, the aqueous solution was extracted with
ether (2 x 50mi). The combined ether layers were. then dried over
anhydrous magnesium sulphate. The ethereal solutién vas
fractionally distilled at étmospheric pressure to give, after

removal of solvent (b.p. 35°) a brown liquid (0.7g) b.p. 155-60°
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which was shown by "Honomor. to be an isomeric mixture of
2~ethoxypyridine and N-ethyl-2-pyridone (4:1) in 2895 and %

yields respectively.

50. Preparation of 2-Amino-2'-nitrobiphenyl.

242 -Dinitrobiphenyl (50g., 0.20mole) in methanol (650ml)

was heated under reflux and é solution of“sodiumﬂhydrqgen sulphide
(20.6g., 0.37mole) in aqueous methanol (4.§0m1, 50%) was slowl#
"added. The orange solution was heated under reflﬁx for & hours

and then water (220ml) was added. After'rémoval of.the 6rgénic
solvent by distillation, the reactipn mixture was extracted with
ethef. The ethereal sélution was_repéatedly washed with hydrochloric
acld and the combined aqueoﬁs extracts were theﬁ basified with
sodium hydroxide solution to liberate the aﬁino bdmpound. The
product was re-extracted with ether and the combinéd ether layers
were dried over anhydroﬁs magnesium sulphate. Removal of the

solvent gave a residue which was dissolved in the minimum‘volume

of benzene and placéd on a column of aluminé. Elufion with

10% benzene-ether gave after recrystallisation from'ethanol,
2-amino;2'-nitrobiphenyl (35g., 8%) m.p. 69-70° (lit., 131

m.p. 64-64.5%) as a yellow solid,

Vmax-

3470, 3390, 3070, 1625, 1530, 1355, 855, and 750cm™ .

The ethereal solution remaining after the acid extraction
was dried over anhydrous magnesium sulphate. Reﬁoval of the solvent
gave a solid residue which was placed on a column of alumina.
Elution with ether gave 3,h-benzocinnoline-N-oxide (4.2g, 11%5)
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m.p. 138-9° (1it., M.p. 137f137-50), infra-red spectrum

identical with authentic sample.
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51. Preparation of 2-~-Todo-2'-nitrobiphenyl.

‘2-Amino-2'-nitrobiphenyl (29g., 0.14mole) in hydrochlofic :
acid (180ml) and water (1500ml) was diazotised at 0% by the slow.
édditidn of sodium nitrite (11.4g) in water (150ml). After
stirring for 10 minutes, a solution of potassium iodide (90g)
in water (300ml) was rapidly added to the cold diazohiuﬁlsalt
solution. Nitrogen was evolved and the reacfion mixture was
heated for 1 hour at 35.800. The bléck organic oil was separated
from the aqueous layer and washed with hot agueous sodium hydroxide
(2 x 600ml, %) and water (5 x 100ml) before being extracted
with ether. Removal of solvent, after drying with anhydrous
magnesium sulphate, gave a red oij“which 'Qas placed.pn a column
of alumina. Elution with 507 ether-light petroleum afforded
2-iodo-2'-nitrobiphenyl (23.4g., 49%) m.p. 80-1° (from light

petroleum b.p. 60-80°) (1it.,148 m.p. 81-2°)

Vv 3070, 1615, 1525, 1350, 855, 750 ,and 690cm” .

max

52. Preparation of 2-Nitro-2'-phenoxybiphenyl.

An intimate mixture of 2-iodo-2'-nitrobiphenyl (16g.;
0.05mole)} and potassium phenolate (18.9g), phenol (24g).and
copper powder (0.2g) Qas heated at 1500 for 5 hours and then for
an additional 1 hour at 200°. Aqueous sodium hydroxide (400ml,
2d%) was added to fhé cooled reaction mixturé.aﬁd the alkaliﬁe
solﬁtion'was extracted with ether. After drying over anhydrous
-magnesium sulphate, the solvent was removed %o give a dark brown

oil.

2~nitrobiphenyl, (2.1g., 20%) m.p. 36-7° {from ethanol)

!
(lit.1+9 - m.p. 35-37) was removed from the crude product by




distillation at reduced pressure (b.p. 124° at'1.5ﬁm). The
residual oil was placed on a column of alumina (300g) and elution
with benzene gave 2-nitro-2'-phenoxybiphenyl (5.&5g.,‘4&%)

m.p. 51-52.5° (from ethanol) (1it., '°  m.p. 51.5-52.5%).

V ax 3060, 1580, 1530, 1490, 1350, 1245, 1220,

850, 745, 735 ,and 690cn” .

53. Preparation of 2-Amino-2'-phenoxybiphenyl.

Hydrazine hydrate (10ml, 64%) was slowly added to
é—nitro—Z'—phenoxybiphenyl (5.4g) and palladium on charcoal
(100mg, 10%) in ethanol (100ml) at 50°C. After the addition

was completed, a further quantity of catalyst (ca.25mg) was

- added and the mixture was heated under reflux for 9 hours.A

Removal of the catalyst by filtration and the solvents by

evaporation under reduced pressure gave a dark oil, which slowly

.crystallised.on standing. Several recrystallisations from

ethanol gave 2-amino-2'-phenoxybiphenyl (3.01g. 60%);
m.p. 83-4° (Uit., 1%m.p. 83.5-84.5%).

T (CD013) 2.4-3.6(m., 134) and 6.h(broéd Sey

1H.n...m.r.
2H, exchangeable with DZO)’
Vpax 3470, 3380, 3060, 2560, 1620, 1470, 1535,

1220, 1010, 745, and 695cm .
Mass Spectrometry: M* = 261,

54. Preparation of O-Phenyldibenzofuranium fluoroborate.

Sodium nitrite (0.89g) in water (9ml) was added dropwise
to a solution of 2-amino-2'-phenoxybiphenyl (3.3%g) in sulphuric
acid (50ml, 10%) at 0°. The diazonium salt solution was slowly

heated to ca. %0° and nitrogen was evolved to give a dark brown




agueous solution of o-phenyldibenzofuranium sulphate.

The solution was decolourised by treatment with activated
charcoal and a solution of sodium tetrafluoroboréte (1.5g) io_
water (5ml) added. The white solid liberated was filtered off
and recrystailised from ethanol -to give O-phenyldibenzofuranium .
fluoroboraﬁo (2.03g, 49%) m.p. (decomposition)1?0~5° (2it., 103 |

B.Pe (decomposition) 172.5-173°)

N max 245(sh), 276, and 28hn.m. .

55. BRreparation of O-Phenyldibenzofuranium iodide.

O-Phenyldibenzofuranium fluoroberate (0.18g) was dissolved
in water (25ml1) and an excess of a saturated solution of
ootassium iodide added. Tho white precipitate was collected
and after recrystallisation from ethanol gave gfphenyldibenzofuranium

jodide (0.22g, 91%) m.p. 137-8° (1it, 103

m.p. 137.5-138°)
85 white shining leaflets, which slowly turned yellow in the
light. |

\ 246(sh) 254, 263(sh), 276, and 284 n.m. .

max

56. Pyrolysis of O-Phenyldibenzofuranium iodide,

0-Phenyldibenzofuranium iodide(200mg) was heated at 150°

“ for 6 hours in a tube sealed under vacuum to give a red oil

which slowly solidified. G.l.c. analysis (Column A  at 202°)
showed that the pyrolysate consisted of 2—iodo-2'uphenoxybiphenyl

(64%), iodobenzene (17.5%), and dibenzofuran (14.5%).

Several recrystallisations of the solid product from ethanol
gave 2-iodo—2'-phenoxybiphenyl(0.092g, L6t) m.p. 89—900

(1it. 193 p.p. 88.5-80°).
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57 Preparation of 2-Hydroxy-2'-nitrobiphenyl from 2-amino-2'-
nitrobiphenyl.

2-Amino-2*~nitrobiphenyl (4.28g 0.02mole) was dissolved in
a mixturé of concentrated sulphuric acid (25m1) and water (25m1)
The solution was cooled to 0° and a solufion of sodium niﬁrite 
(1.4g) in water (3m1) added slowly with.étirring. After the
addition was completed, the cold diazonium salt solution.was
addpd dropwise to aqueous sulphﬁric acid (Ble, 131 v/v )
at_jOOO., The reaction mixture was made alkaline with coﬁcentrated
sodium hydroxide solution and extracted with ether to remove |
unreacted 2—aﬁino-2'—nitrobiphenyl. The aqueous léyer was
acidified with.concentrated hydrochloric acid and extracted with
ether. RemOVal of solvent gave a tafry residue, which after
.several fecrystallisations.from benzene gave 2-hydroxy-2'-

132

nitrobiphenyl (0.30g, ) m.p. 138-40° (1it m.p. 140%)

as pale yellow needles.
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