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ABSTRACT

The reaction of tervalent phosphorus reagents with
o~-azidophenol in ether at room temperature is sﬁown to
give pentacoordinate phosphorus derivatives of %he 1,3,2-
benzoxazaphospholine ring system vZg an intermolecular
reaction. This simple and mild reaction is capablc of
extension and was used to synthesise a series of heterocyclic
phosphoranes with various substituents at phosphorus and in
the endocyclic ring, including benzdiazaphcspholines.

In certain cases, reaction of a bifunctional azidc
compound with tervalént phosphorus reagents leads to the
alternative formation of a tetraqoordinate iminophosphorane.
It is argued that the coordination state of the reaction
product can be correlated with the influence of electronic
effects at phosphorus and the small-ring effect. Thus,
pentacoordinate phosphorane formation is favoured over
iminophosphorane formation when an electropositive phosphcrus
atom is enclosed within a small-ring.

The utilisation of these findings has led to the design
of a successful intermolecular synthesis of tetraoxyphosphoranes
and other spirohicyclic phosphoranes from azidobenzene,
2-phenyl-1,3,2~-cdioxaphospholan and alcohols.

The pentacoordinate phosphoranes, 2,2-dimethoxy-2-
phenyl-1,3,2-benzoxazaphcspholine and 2,2-dimethoxy-2,5-
diphenvl-1l,3,2-oxazaphospholan have been examined by variable
temperatur:z lH and 31P n.m.r. spectroscopy and the results

rationalised in terms of regular pseudorotational processes.



These studies have culminated in attempts to prepare and
isolate a chiral monocyclic pentacoordinate phospﬁorane.

In this respect a single racemic diastereoisome# of 2,5~
diphenyl—Z-methoxy—Z—a-naphthyl—l,3,2—oxazaphoséholan,
which is stable towards stereomutation at room temperature,
has been isolated. Other attempts to isolate a single
chiral diastereoisomer from the reaction of (S)-(+)-2-azidc-
l-phenyl-l-ethanol with a range of racemic phosphinites

have been unsuccessful.
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SECTION I

INTRODUCTION



INTRODUCTI.ON

1. Iminophosphoranes

Iminophosphoranes are phosphorus nitrogen ?1ides and
can be represented by the resonance hybrid forﬁs (la) and
(1b) . The phosphorus nitrogen bond character is thought
to be determined by the degree of overlap bétween the

filled nitrogen 2p orbitals and the vacant phosphorus 3d

orbitals.l

-+ -
'R3P:NR' > R3P=—-NR’
- (1a) | (1b)
10

The phosphorus-nitrogen bond length of 1.641 X 10 " "m
derived from the crystal structure of N-methylimincdiphenyl-
fluorophosphine (2)2 indicates tﬁe presénce of dﬂ_pﬂ bonding
as it is much less than the expected single bond length,

1.78 x lO-lom, and closer to the double bond length,

1.64 x 10 %°n.3  The bond angles of 11°, PNC, and FPN,
118.7°, Fpc, 110.9° Npc, 104.2° and cpc, 107.15 suggest

that nitrogen is sp2 hydridised and that phosphorus is tetra-

gonally hybridised.



-

The polarity of the phosphorus-nitrogen bokd depends
on the degree of charge separation in the ylide', i.e. the
relative contribution from form (1lb), whicﬁ in iurn depends
on the inductive, mesomeric and steric properti%s of the
groups attached to phosphorus and nitrogen. |

Iminophosphoranes can act as both electrophiles and
nucleophiles. Generally, however, the more directional
filled orbitals of nitrogen can intereact more effectively
with electrophiles than can the more diffuse 3d orbitals of

phosphorus with nuclecphiles. Accordingly, iminophosphoranes

behave more like bases than acids.

1.1. Preparation of alicyclic iminophosphoranes

(i) Reaction of azido compounds with tervalent phosphorus

reagents: The Staundinger Reaction

Iminophosphoranes were first prepared in 1919 by
Staudinger and Meyer,4 by the action of azido compounds on
tertiary phosphines (Scheme 1). They proposed that the
reaction proceeded via a linear phosphatriazene intermediate

(3).

PR, . R,P=NR
+° —> R,P=N-N=N-R — 7+
RN

3 R ) N

Scheme 1




|
W
i

Many phosphatriazenes have been subsequently isolatedsm8

and Mosby and Silva9 have noted that the general conditions
for adduct stability are that R' should be elec£ron with-
drawing, and R should be an electron donor.
Three different stguctures have been proposed for
phosphatriazenes viz (4), (5) and (6); howeﬁer, Franz and
Osuch10 and Goldwhite et aZ.ll have excluded the cyclic
pentacoordinate structure (4) on the basis of the low

field 31P chemical shifts observed for these ccmpounds.

Infra-red studies on the 15N labelled adduct formed from
tosyl azide and triphenylphosphine (5) support a linear

structure for this phosphatriazene.12 By contrast, Thayer

and Westl3 have observed an absorption at 2018 cm_l (in
both solid and solution) for the phosphatriazene formed frcom
triphenylsilyl azide and triphenyiphosphine which they
explain on the basis of a non-linear structure (6). Johnsonl
has suggested that formation of the non-linear adduct (6)
may be facilitated by delocalisation of the lone pair of
electrons on nitrogen into the 3d orbitals of both phosphorus
and silicon.

R'I
“N—N

R 1l
-~ P—N PhyP=N—N=N Me

R ] | |
R

(&) | (5)
Ph, P—N-SiPh,
| -
N=N
)



|
|
Mosby and Silva9 have shown that reaction OL 2,3-bisazido-
naphthoquinone with triphenylphosphine gives, infaddition to
the expected bisiminophosphorane (7), a phosphinyl derivative
of naphtho(2,3-d) triazoledione (8). This result can only be
rationalised by assuming a linear phosphatriazene intermediate

as shown in Scheme 2.

0 0

N, *N P Phy
N=PPh,
N3

O

4

Scheme 2

Phosphatriazenes can be stabilised by interaction of the

chain nitrogens with an adjoining group, as with the adduct
derived from o-azidobenzoic acid and triphenvlphosphine.
This adduct is exceptionally stable, but decomposes in boiling

toluene to give the corresponding iminophosphorane (9).



By comparison, the reaction of p-azidobenzoic acid with

triphenylphosphine proceeds smoothly at ZOOC with loss of
nitrogen. The I.R. spectrum of the adduct shows%the OH
stretching frequency to have moved to longer waJelength,
indicating hydrogen bonding. These observations are
consistent with an intramolecular phosphatriazene structure

probably best represented as (1lO).

Ph ,P—N=N~pg-

CO,H N
~N=P Ph, 7

(9) (10)

Leffler and Temple14 have poétulated a mechanism for the
Staudinger reaction involving a four centre rearrangement as

shown in Scheme 3.

RyP= INSN= N R——«>RP NR—-»RP Nr€+N
I(l

Scheme 3




In connection with the above mechanism Bock! and
15

Schnbller12 have demonstrated by N labelling that the two
: o

terminal azide nitrogens are always lost on iminophosphorane

formation. i

!
11,15,16,17 ¢ the reaction have shown

Kinetic studies
that phosphatriazene formation is second ordér, the rate of
formation depending upon the nucleophilicity of the phosphorus
reagent, (C5H10N)3P > Et3P > Ph3P > (EtO)3P > (PhO)3P > PCl3
(phosphorus trichloride giving no reaction), and the electro-
philicity of the azide, p-NO,Ax > Ar > p-MeOAr (Ar = PhN3).
Decomposition of the adduct to the iminophosphorane is first
order, the rate determined by the stability of the phospha-
triazene.

The Staudinger reaction has been used to prepare a wide
range of iminophosphoranes (1) wifh R = alkyl, aryl, aryloxy,
alkoxy, thioalkoxy and R' = alkyl, aryl, acyl, aroyl, sulphonyl,
organophosphorus,18 organometallic.19 The reaction is limited
only by the availability of azido compounds and low nucieo-
philicity of some tervalent phosphorus reagents.

if the phosphorus atom of an iﬁinophosphorane is contained
within a small ring dimerisation may occur. For example,
Bellan et aZ.ZO have observed that reaction of 2-aziridino-
1,3,2-dioxaphospholan with phenylazide gives a diazadiphos-
phetidine (11), as shown in Scheme 4, and not the expected

irinopl.osphorane.



O\
2 [ P—N:] (O
| % | .
cocc.. _N/ I
+ [> i l.....-Nj + 2N,
L

2 PhN3 (1) 0
Scheme &

(ii) Reaction of chloramines with phosphines
Reaction of chloramine and its derivatives in the presence

of base gives iminophosphoranes (Scheme 5).21

' T S ‘}4(31
AryP + CINHR—=[Ar,PNHR] Cl. —= Ar,P=NR

Scheme 5

If the sodium salt of the chloramine is used the addition
of base is unnecessary.
(iii) Reaction of amines with dihalophosphoranes: The

Kirsanov Reaction

The utility of this reaction for the preparation of imino-
phosphoranes has been‘reviewed by Kirsanov.23 CGenerally,
reaction as in Scheme 6—leads to the formation of an imino-
phosphorane and two mclar equivalents of hydrogen haliae.

Base is often required to liberate the iminophosphorane from

the intermediate salts.



! : 1~ F,
R,PX, + H,NR —= [RJT~AW1R] X

X

1—HX
/ —'HX /44 -
R,P=NR" < [R,PNHR ]X

Scheme 6

A wide range of iminophosphoranes have been prepared by
this method with R = alkyl, aryl, halide and R' = hydrogern,
hydroxy, alkyl, aryl, amido, sulpﬁonyl.

‘Iminophosphoranes (12) prepared from reacfion of anilines
with phosphorus pentachloride may dimerise to form diaza-
diphosphetidines (13).24 The tendency to dimerise has been

correlated with pKa data for the parent aniline; the most

weakly basic anilines give only iminophosphoranes.

Ar
s

ClLP=N_
(12) (13)

Cl3P=NAr
Ar



Ph,P=CHPh |

3 PhP <CHPh |
. T /\*I — Ph P«-J-C‘-?—"Ck-%Ph
=CPh |
PhC=N
Scheme 8
R,PNHR R, NHR
¢ e —o R'N==PR,.CH,CH,R”
H,C— CHR”
CH£:CHR”
Scheme 9

Cl,P=NS0,Ph
+  —e RP=NSO,Ph
3 R Mg

PhBP:‘—f"dH
+ —e PhBPZI\J.CO.CF‘3
CF3C02ET
Scheme 10




"'1.0"

(iv) Reaction of primary amines with phosphines and tetrahaio-
|

methanes

Appe125 has recently reviewed this reaction and the

proposed mechanism is outlined in Scheme 7.

/ ~ 5+ -
R3P+ CXA*’“ RNH,— LRBPNHRJ X + CHX3
(14)
~HX

R,P=NR’

Scheme 7

The related reaction of an aminophosphine with a tetra-

-

halomethane is also believed to involve the intermediacy oI a

phosphonium salt (14).26

(v) Miscellaneous preparations

Several other less general methods for the preparation cf
iminophosphoranes are known, including reaction of phosphoniun
ylides with nitriles (Scheme 8),27 reaction of electrophilic
olefins with aminophosphines (Scheme 9),28'29 and modification

of iminuphosphoranes by replacement of phosphorusjo and

nitrogcn3l substituents with alternative ligands (Scheme 10).
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|
I

1.2 Preparation of cyclic iminophosphoranes containing

less than six atoms

i
1
No authentic examples of four-membered cyclic iminophcsphoranes

j
have been recorded in the literature. Kukhar et aZ.32 have
reported the synthesis of such a compound (Scheme 11) but
later it was shown to be a mixture of two six-membered ring

phosphorus heterocycles, (15) and (16).33

CClSCClzN——-PCl3
+ —_— I+ LHCL

NHACl
Scheme 11




|
~12- ~ ;
I

The first cyclic iminophosphorane was prepared in 1971

by Schmidpeter and Zéiss34 by the 1,3-dipolar cycloaddition
|
of electrophilic olefins or diacetylene dicarboxylate to

dialkyldiphenylmethyleneaminophosphane (Scheme #2).

R,P—N=CPh,
- N
+ — R P, \Cphz
CH,=CHR' H,C—CHR

I"le?_,F’-~-N=:CF’h2
+ e ."IezP ~CPh

\ /
MeOZC.C =CC O2Me MeOZC.C‘“‘“C.CDzMe
Scheme 12
Both Kabachnik et al.35 and Stegmann et aZ.36 have

reported the synthesis of several 2,2-substituted-1,3,2-benz-
oxazaphospholes (17) using the Kirsanov and Staudinger
reactions. Howecver, an X-ray crystal structure determination
in the case of (17, R = Et) revealed a dimeric diazadiphos-
phetidine structure:(l8).37 High field 31P chemical shifts

wexre ohserved for all these compounds in benzene solution,

indicating the presence of a dimeric structure.



-13-~

SN Qo |
N
| P [ ~Et

N _ 7
AN D N—P
hJ f? ] lv I \%’Ef
R=C|,Et,Ph,0Me, e PN

(17) (13)

Recently, a monomeric benzoxazaphosphole (17, R=NMe2)

has been prepared by the author,38 details of which are

published in the Appendix. The proposed mechanism of

formation is outlined in Scheme 13.

OCOPh  -N, Pt “COPh
— (] 7,
N=N—N=P(NMe,), N— P(NMe)
X0 NMe,
- Y ©:
: T e? <> \]/P(NMEZ 3
PhCONMe, | Coph

Scheme 13
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i

Other examples of cyclic iminophosphoranes containing

9
!

five atoms have been reported by Scherer et'al.3 (19),

" Pudovik et al.?© (20), and Tarasova et a1, 4t (21) although
!
no 31P chemical shifts were reported to support a monomeric
structure,
. N e

l
Me,Sivy CL N \CHQCHZX
H H

(19) (20)

O Ny, _-OCH,CHMe,

P<
OCH,CHMe,
Ar
21)

1.3 Reactions of iminophosphoranes

The chemistry of iminophosphorénes is governed by three
major factors. Firstly, the degree of negative charge on
nitrogen which dctermines the nucleophilicity of the imino-
phosphorane. Secondly, the ability of phosphorus to expand
its octet thus allowing the formation of pentacoordinate
intermediates, and finglly, the strong bonds that phosphorus
forms with certain atoms, particularly oxygen.

(i) Reaction with compounds containing the functional groups

C=0o0or C=2S8



-15-

Iminophosphoranes react with compounds containing a
C =0or acC=S§ grocup, in a reaction analogous to the Wittig
réaction, to form imines (Scheﬁe 14). The dri;ing force for
this reaction is the formation of the strong P = O ox P = S,
double bond. A wide range of compounds hase been employed

in this reaction including carbon dioxide, aldehydes, ketones,

A 4
ketenes, isocyanates, carbon disulphide and isothiocyanate%!s"2

R,P=NR R,PX

+ —> +
R C=X R,C=NR’

{(=0S
Scheme 14

Johnson and Wong43 have suggésted that the reaction
proceeds via a betaine intermediate (22) as in the Wittig
reaction. However, Fr¢yen44 has concluded, from a kinetic
study of the reaction between p-nitrobenzaldehyde and a
series of N-phenylimirophosphoranes, that the intermediate
is a pentacoordinate phosphorane which eliminates phosphine

oxide in a concerted fashion (Scheme 15).
/
—NR
il
X----CR2
(22)



R,P=NR
-+

O0=CR

/]

2

-16G-

R3F"TR/ | ]RZC:NF{’
e
0—CR, |
R,PO

Scheme 15

Recently, Schmidpeter and Criegen45 have isolated

pentacoordinate phosphoranes from the reaction of cyclic

iminophosphoranes (23)

with ketones. The cycloadducts

were formed reversibly and decomposed on heating to give

the expected imines (Scheme 16).

X=C02Me R=Ma, Ph

RR=H.Me, Ph,CF, CClL,

- Scheme 16



!
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These workers also found that the azaphosphples (23, R =
o
Me,Ph) reacted with dipheny].ketene46 to form isolable but
unstable adducts which decomposed in solution, presumably via
i
an imine, to give tetraphenylsuccinic dinitrile and a mixture
of phosphoryl compounds (Scheme 17). They concluded from these
results that the reactions involved a four—céntre cyclic inter-

£

mediate rather than a betaine thus supporting Frgyens mechanism.

0=C=CPh, CPh,

?
P=N —= RPN

27
e

Scheme 17

Schmidpeter and Criegen have also investigated the
reaction of cyclic iminophosphoranes (23) and (24) with iso-
cyanates47 and isOthiocyanates.48 In the case of isocyanates,
additicn occurred across the C = N double bond to give relatively
stable adducts (25) and (26) which existed in partial equilibriur

with undefined zwitterionic forms (Scheme 18).
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(23) (25)
RNCC R P
FQ/r;i'Pd . 7 | I

r \ < R?P""N

2 (26)
R=Me Ph X=CO,Me
R=MePh,NMe, Y=CN,CO,Me

Scheme 18

By comparison, isothiocyanates added across both the
C = N and C = S double bonds to give adducts (27) and (28},

respectively, which were in equilibrium with ring opened

zuitterionic forms (Scheme 19).



R,R=MePh X=CO,Me
Scheme 19

The observation of a zwitterionic procduct in the latter
reaction prcvides some support for the prcposal by Johnson
and Wong43 for the formation of a betaine intérmediate in the
C = S/P = N reaction as discussed earlier. However, it is
possible that the chemistry of cyclic iminophosphoranes is
different from that of their acyclic analogues.

(ii) Reaction.with triple bonds

Brown et aZ.49

have shown that reaction of N-(p-bromo-
phenyl) iminotriphenylphosphine with dimethylacetylenedicarbcozy-
late leads to the formaticn of a stabilised phosphonium

ylide (29). When electron withdrawing groups such as
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!

2,4-dinitrophenyl, carboethoxy, benzoyl and p-toluenesulphonyl

were attached to nitrogen no reaction was observed. They -
proposed a mechanism involving nucleophilic attack by nitrogen
L
and the formation of a four-centre pentacoordinate phosphorane
|

intermediate which rearranged to (29) as shown in Scheme 20.SO

Ph,P=NR
+ PhoRhR F%1F> C—C=NR
XC=CX

=C X X
X

(29)
Scheme 20

>

Electrophilic nitriles react in a similar manner to form

a new iminophosphorane (Scheme 21).51

Ph.P=NPh
3
. "“bphFD NS“ Ph, P=N-CX=NPh

N=CX -
X:CNC§

Scheme 21




-2]-

(iii) Formation of heterocycles by intermolecul%r reactions
The utility of iminophosphoranes in the synthesis of

heterocyclic compounds has been fully reviewed by Zbiral.s2

The reactions often proceed via the intermediaci cf a
phosphonium salt and subsequent loss of the phoéphorus moiety
as its oxide. A typical example is shown'in Scheme 22 for
the formation of tetrazoles from the reaction of iminophos-

phoranes with acyl halides and sodium azide.53

Ph,P=NR’ .
¢ —> [Ph,PNRCOR"] CL
R'COCL

F?, FQ”
N =
/'—ﬁ o  RN=C
NX, N 3
N /
R=Aryl
R=Alkyl

Scheme 22

(iv) Intramolecular reactions

54,55

Staudinger et al.4 and Kirsanov et al. have reported

the formation of nitriles upon thermolysis of N-acyl or

N-aryl iminophosphoranes. The decomposition presumably occurs
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via a four-membered ring intermediate as shown ih Schemwe 23.
]
i
A similar mechanism has been invoked to rationalise the
formation of alkylisocyanates and alkylisocyanurates upon

thermolysis of N-alkoxycarbonyl iminophosphoranes.5

RC=N
S
/
o O“CRA RBPO
R=Cl Ph,0Ph
Scheme 23

57,58 from

Aziridines have been prepared by Blum et al.
the reaction of 2-azido alcohols with tertiary phosphines.
For‘example, (i)-threo—2—azido-l,2—diphenylethanol and
triphenylphosphine gave cis-2,3-diphenylaziridine. The
authors explained the stereospecificity of this reaction
by the mechanism shown in Scheme 24. The preparation of
aziridines by the reaction of 2-amino-alcohols with
dibromotriphenylphosphorane probably proceeds via a similar
mechanism.59

Two groups of workers have attempted to synthesise
benzazetes (31l) using anintramolecular carbonyl/iminophos-
phorane reaction, but withcut success. In one instance,

- thefmolysed a series of N-(2-acylphenyl)

Nomura et al.
iminophosphines (30) in boiling toluene but observed no
decomposition (Scheme 25). They attributed the unexpected

thermal stability of (30) to resonance stakbilisation.
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)
Co -
[:( 0 % C—"%‘& OPPh,
N=PPh,
(30) 31)  R=HMe,Ph
: :
Oy OO
PPh"{" - F
N— FDFDh PJ/' fﬂ”FDFDhsg
SchemeZS
61

Independently, Scott attempted to decompose the related
compounds (32) at temperatures up to 450°C, but observed only
isomerisation of the starting material or products derived from

intermolecular reactions.

/ o C\\O
R=PhOFt / R=Me Ph
R “N=PR]

PR =Ph-R
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In contrast to these failures, five membere& ring

heterocyclic compounds have been prepared by thrée different
- intramolecular iminophosphorane reactions. LeyShon and
Saunders62 have reported the synthesis of 2-subsLituted benz-
oxazoles by the action of triethylphosphite on 2-azidophenyl
esters (Scheme 26). Although an iminophosphorane (33) was

not actually isolated its intermediacy was detected by ultre-

violet and lH n.m.r. spectroscopy.

__OCOR
N, 0-C-R ‘:
————¢> ‘ () —>

+ 3 +

POEH) N=P OI: OP(OET)
3 (33) R-—i"le,Pn
Scheme 26

Zbira163 has utilised the reaction of iminophosphoranes
with triple bonds to prepare naphtho-1,3-thiazoles and naphtho-

1,3-selenazoles as shown in Scheme 27.

X—C=N X=S Se
s N=PPh,

- N=PPh, NH,,
\ X-—-\< X—-—\
N N
: H-)~ \ii[
H,0 2

Scheme 27
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Benzofurazan64 has also been prepared by the thermal
decomposition of N-o-nitrophenylimino-1,2,5-triphenylphosphcle

(34). The proposed reaction mechanism involved the formation
_ |
|

of a pentacoordinate phosphorane (35) as an intermediate which

decomposed either in a concerted step (i) or stepwise (ii)

via g—nitrenonitrosobenzene (36) (Scheme 28).

Ph( >Ph \‘
"—-—-¢>Ph
/N\@ \"‘ N=0

O_
(34) (35) (36)

(i)\L g
PhUPh + N\o
P

Scheme 28

Three examples of intramolecular carbonyl/iminophos-
phorane reactions to form six-membered rings have been
rcported in the literature. Pailer and Haslinger65 have

yntheblsed the alkaloid nigrifactine (Scheme 29), Saunders

et aZ. have prepared 2-substituted quinolines (Schere 30) ,and Bro.n



-7 -

m O\A‘N\

pph3 OPPh
Scheme 29
OR
Soh CLA
NN, My v N" R
+ | +
P(OEY), | OP(OET),
Scheme 30
PhyP |
N “/OMe
( )\(PPL‘ @ j:(PPh
CO,Me Ph. ;PO CO,Me
N N
(:E \(\co2 C[ \‘/\CO Me
\OMe N> 0Me
o P Ph,PO

Scheme 31




-28-

. 67 . . , ?
et al. have isolated two 2,3-disubstituted benlzopyrazines

from the reaction of N-2-substituted iminophosphoranes with
dimethylacetylene dicarboxylate (Scheme 31); !

Ackrell et aZ.68 have recently described tﬁe preparation
of benzo-1l,4-diazepin-2-ones (37) via the intermediacy of an
iminophosphorane as shown in Scheme 32. This is the first

example of an intramolecular carbonyl/iminophosphorane reaction

leading to a seven-membered ring.

C?
/ - %N

‘ \\\ (:Fe ) ?? f?f3f13 Fel \\\T/< T>
= N/R / C N \%N

I

' "'-'*>‘F? FQ ——— )
COCH,N, 37) R
N
+ F%H 0 +
Ph. P Pth’O
Scheme 32

=0

)‘

0

3

(v) Hydrolysis

The hydrolysis cf iminophosphoranes is thought to occur
by protonation of nitrogen to form a phosphonium salt
followed by attack of a water molecule at phosphorus to
give a pentacoordinate phosphorane which decomposes to phosphiﬁe
oxide and amine (Scheme 33).l Evidence in support of this
mechanism has come frém the acidic hydrolysis of (+)-N-p-nitro-
phgnyliminomethylphenylpropyiphosphine which affords mainly,

. . . T . 69
but not exclusively, inverted phosphine oxide.
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A L -
RNH, R R

‘NHR
3

Scheme 33

The ease of hydrolysis appears to be related to the
basicty of the nitrogen atom. Electron withdrawing groups
attached to nitrogen tend to stabilise the iminophosphorane
and lead to a decrease in reactivity. For example, N-ethyl-
iminotriphenylphosphine hydrolyses instantaneously in neutral
solution, whereas E—carboethoxyiminotriphenylphosphine
hydrolyses slowly in boiling acidic solution.7O
(§i) Phosphonium salt formation

Iminophosphoranes readily form salts upon treatment with

alkyl halides (Scheme 34) although they are generally less
14,15

fay

nucleophilic than the isoelectronic phosphonium ylides.
This reaction possesses considerable synthetic utility for
the preparation of N-alkyl-N-arylamines since hydrolysis

of these phosphonium salts leads to the formation of phos-



-30-~

phine oxides and pure disubstituted amines in high yield

(Scheme 35).7l

/ ? / ”
R,PENR +RX  —= [RyPNRR R %

Scheme 34
[R,PNR ”] X HNR'R”
“OH
+ ——> +
. -HX
H.,0 R,PO
Scheme 35
(vii) Formation of pentacoordinate phosphoranes - See

2.4.6 (iii), (v) and (vi)
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2. Pentacoordinate Phosphoranes

It is impossible to arrange five ligands symmetrically
’ !

-around a central phosphorus atom such that all bond lengths
and bond angles are equal. However, it has bee$ predicted
theoretically that a trigonal bipyramidal (TBP) geometry
should be energetically the most favourable configuration

72-80 X-Ray and electron

for acyclic PR5 compounds (38).
diffraction studies have generally confirmed this prediction

]
although deviations from TBP geometry are frequently observed.s‘

(38)

A consequence of the trigonal bipyramidal structure (38)
is that there are two types of ligands; three equatorial
ligands (Re)'at an angle of 120° to each other and at right
angles to two colinear apical ligands (Ra). The apical («)
substituents are relatively sterically crowded as they have
three 90° neighbours whereas the eguatorial (e) substituents
have only two. It might therefore be expected that the
apical hond length would be longer, and hence the bond strength

weaker, relative to an equatorial bond. These properties
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have been demonstrated for pentafluorophosphoran? (38, R = F)
where the P-Fa distance is 1.577(5)% and the P—F; distance
is 1.534(4)8 and the P-Fa vibrational symmetricai stretching
frequency is 177 cm—l lower than the P-Fe frequeLcy.
Pentacoordinate phosphoranes can adopt a square pyramidal
(SP)81 structure if the phosphorus atom is enclosed in a small
ring and also bonded to a particular arrangement of ligands with
different electronegativities, for example, compound 39.83
This SP geometry leads to non-equivalent ligands with four
basal ligands at an angle of 87° to each other and at 104°
to a single apicel ligand. Generally, however, it has been
estimated that the TBP configuration is energetically more
favourable than the SP configuration by approximately 20-40

kg moy~l. 78,84-87

(39)

Two important characteristics of pentacoordinate
phosphoranes, which profoundly influence their properties,
are that electronegative elements tend to occupy apical sites
and that the ligands can undergo intramolecular reorganisation
by a process generally referred to as pseudorotation. These
characteristics will be discussed in some detail in later

sections.
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2.1 Bonding

Zeeman72 has investigated, in terms of electrostatic

~ repulsion forces, the shape of A85 complexes with fixed AB
}

distances and found that the TBP is more favcurable than

the SP configuration. Introduction of non-Coulombic

repulsion terms into the calculations led to a further

increase in the relative energetic stabilisation of the TBP.
The valence shell electron pair repulsion model developecd

73,74 where pairs of bonding or non-bonding

by Gillespie,
electrons are always arranged so as to minimise electrostatic
repulsion, also predicts that a TBP rather than a SP
configuration is more favourable. This approach has been used
to explain successfully the observed trends in molecular

geometry of the series of compounds PFS-nMen’ n = O--3.74

75,76 has constructed a semilocalised

Likewise, Rundle
three—centre electron-rich model which gives a good first
order representation of the structures of PR5 compounds.

He neglected d-orbitals in the basis set, viewed the
equatorial bonds as normal and constructed the apical bonds
from three-centre orbitals which were comprised of the
phosphorus 3pé and the axial ligand s and p functions.
Rundle successfully predicted, from this model, that the
apical bonds should be longer and that electronegative
ligands should préférentially occupy these positions.

17

In this connection,'Bartell has demonstrated that Rundle's

model can also explain the trends observed in the fluoro-

phosphorane series PFR-nMGn' n = 0-3.88



78-80

More recent molecular orbital studies

|
iof the bonding
l

in the hypothetical model compound PH5 have led to the con-

t

clusions that apical bonding is weaker and thatlthe apical
hydrogens are more electronegative than the corfesponding
equatorial hydrogens in a TBP configuration.

It is interesting to note that the abové theoretical
studies, although adopting different approaches, all lead
to the same general conclusions concerning the structure ot
pentacoordinate phosphoranes and apical ligand properties.

Since five o bonds are required to bind ligands to
phosphorus in PR5 compounds it has been assumed that a fifth
atomic orbital must be involved in the formation of the ¢
framework. In 1961 Cotton89 described the bonding in terms
of a simple sp3d hybridisation model, but as already mentioned,
Rundle has constructed a successfﬁl model which neglects
d-orbitals. The role of d-orbitals in ¢ bond formation is

85,90,91 have

still in doubt, Recently, Ramirez et al.
predicted from CNDO/2 studies a substantial participation
by 3d-orbitals in the molecular bonding. However, the
results of semi-empirical Hlckel calculations suggest that
d-orbitals make only minor contributions to the ¢ bond
framework.79’92

The d-orbitals are, however, thought to be involved in
7 bonding in pentacoordinate phosphorus compounds.

Hindered rotation has been observed about the P-N or P-S

bond in pentacoordinate phosphoranes containing an equatorial
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thio or amino substituent.93_95 This effect has been

rationalised on the basis of Pﬂ—dﬂ bonding, Molecular

78,85 have predicted that orbital over-

orbital calculations
lap is greatest for mw acceptors in an apical position,

Conversely, m donors will achieve greater orbital overlap
in an equatorial position. As a conseguence equatorial.
substituents with a donor orbital will tend to orientate

it in the equatorial plane, thereby giving rise to a barrier

to free rotation (see 40).

| . &
sy §rs
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Generally, pentacoordinate phosphofanes adopt a
TBP configuration with the apical bonds longer and weaker than
the equatorial bonds. The molecular bonding is formed
predominantly from a o-bond framewérk composed of S- and p-
orbitals with a secondary contribution from dﬂ-p" bonding,

particularly in the case of equatorial substituents.
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2.2, Pseudorotation

Pseudorotation is an intramolecular process by which
the TBP orientation of groups arranged about a pentacoordinate
central atom may be changed without the cleavagé of bonds,
that is a so-called regular process. This phenomena has been
demonstrated for many pentacoordinate phosphbranes including

96 19

PF The F n.m.r. spectrum of this compound at room

5 ¢
temperature contains only one fluorine resonance thereby
indicating that the apical and equatorial sites are scramkled.
However, the I.R. spectrum97 distinguishes different sites in
the molecule. with different apical and equatorial bond lengths.
The rationale of these observations is that ligands interxchange
between the apical and equatorial sites at a rate between
102 and 1085—1, thus appearing equivalent on the slow n.m.r.
time scale but not on the relativély faster I.R. time scale.
Berry98 has explained this process using a mechanism
in which two equatorial ligands exchange pairwise for two
apical ligands, while the fifth ligand remains stationary and
acts as a pivot, The process, generally referred to as
Berry Pseudorotation (BPR), is outlined in Scheme 36.
The two apical ligands (1,5) of TBP(a) are bent (by
15° each) in the plane occupied by ligands (1,3,5);
simultaneously, two equatorial ligands (2,4) are bent
(by 15° each) in the equatérial plane while ligand (3)

acts as the pivot. The result is a square pyramidal

intermediate with ligands (1,2,4,5) at the basal positions
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and the apicel position occupied by ligand (3). This is the

high energy point of the process, and gives an activation
' ' [
energy to the reorganisation. Continuation of the bending

process by another 15° leads to the generation of the isomeric

TBP (b).

' |

R\ { R
3 “ifﬁQZ 3 {({}Qi 2 ! ...... IQS
R—P<ynt — R—P&ept —= R"—P%RT

<0
/

547
R

(@) (b)
Scheme 36

Whitesides and Mitchell99 have demonstrated that the

interchange of apical and'equatorial fluorines in the
molecule MezNPF4 proceeds via a concerted and pairwise
interchange of the two equatorial fluorines with the two

apical fluorines (Scheme 37). These observations are

consistent with the BPR mechanism.

Scheme 37
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84-86 1ave proposed dn alternative

Ramirez and Ugi et al.
pseudorotation process, the so-called turnstile rotation
{(TR) mechanism, which satisfies the criteria neéessitated by
the Whitesides and Mitchell experiment. Turnséile rotation
may be visualised as a combination of threce independent
motions which begin simultane ously and occur synchronously
as shown in Scheme 38. Thus, the diequatorial angle of 4la,
4-P~-5, contracts from 120° to 90° and the ligand pair 1 and 3
tilts in the plane P-1-3-2 towards the apical ligand 2, to
yield 41b. The ligand pair 1 and 3 then rotates against the
trio 2-4-5 leading to 41lc which is the halfway intermediate
between the two isomeric TBP geometries 4la and 41d and is
known as the 30° TR barrier. The rotation continues for a
further 30° with a synchronous 9° tilting of the pair 3-1, and
expansion of the angle 5-P-2 to 1200,_to generate the new TBP4ld
The energy barrier to pseudorotation in acylic pentaco-
ordinate phosphoranes by the BPR mechanism has been calculated

78

to be 1.4 kcal mol™ ' (Htickel MO),’® 4.8 kcal mol™ ! (ab nitic),®

and 3.5 kcal mol-.l (CNDO/2).84 Similarily, calculation of

the energy barrier encountered in the TR mechanism has yielded

78 18.1 kcal mol -

and 9.1 kcal mol—l (CNDO/Z).84 On the bacis of

values of 10.0 kcal mol-l (Hlickel MO),
(ab initio),>’
these calculations it would appear that BPR would be the pre-
ferred mechanism but, Ramirez et al?4’85 have concluded on the
basis »f their CNDO/2 calculations that neither mechanism is
quantum mechanically.impossible. Furthermore, they note that

there are four possible TR pathways which lead to the same



-40-

isomerisation as one BPR. As a result the former process

becomes relatively more likely from a statistical point of

view.

|
The TR mechanism has been invoked to explain the facile

ligand reorganisation observed in the polycyclic oxyphosphor-
ane 42; AG ¢ 5 kcal mol_l.91 The authors afgued that a
prohibitively high energy barrier would have to be traversed
if a BPR mechanism was operating. However, the experimental
data can be rationalised in terms of a TR mechanism if the

five-membered ring oxygens are considered as the pair and the

adamantcid oxygens :as the trio.

T X=CF,

In this thesis no attempt will be made to distinguicsh
between fhe two different mechanisms for ligand reorgarisation
in pentacoordinate phosphoranes. However, for consistency
all experimental observations will be explained in terms of
BPR processes.

Finally, it is worth noting that reorientation of groups
around a pentacoordinate central atom may also occur via

irregular processes whereby bonds are broken and reformed.
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These may involve a hexacoordinate transition state or inter-

mediate, usually a base-catalysed reaction,_loo or a tetra-

!
coordinate intermediate generated by an acid-catalysedlol ox

‘ |
thermallo2 reaction. The operation of these pfocesses can
usually be detected by n.m.r. spectroscopy and differentiated
from regular processes by the anomalous loss of coupling to

phosphorus arising from bond fission, and the abnormal solvent

dependence due to the intermediacy of ionic species.

2.3 Factors determining pseudorotational barriers and ligand

positions in pentacoordinate phosphoranes

-
]

In the preceding section (2.2) it was noted that molecular

78,84,87 redicted a free-energy barrier

orbital calculations
to ligand reorganisation in pentacoordinate phosphoranes,
the magnitude of which has been détermined experimentally
for many pentacoordinate phosphorahes usually by n.m.r.

spe'ctroscopy,lo3 but in some cases by polarimetry.lo[1

The
data obtaiﬁed has been rationalised mainly in terms of

(i) apicophilicity and (ii) ring strain, although steric
factors may be important, especially in structurally crowded
phosphoranes. These factors will now be considered in some

detail.

(i) Apicophilicity

On the basis of theoretical calculations Trippett103

has suygested that apicophilicity is a function of three
variables: (a) electronegativity, (b) w-donor ability and
(¢) mw-acceptor ability.

(a) Electronegativity. From experimental studies, it
appears that the most electronegative atoms or groups

attached to phosphorus prefer to occupy the apical sites in
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a TBP structure. This effect has been demonstfated, for

l
example, in a series of alkylfluorophosphoranes‘RnPFS_n,

n = 1-3, Thus, compound 43 exhibited only one fluorine

resonance in the l9F n.m.r. spectrum at temperatures down
o, 105 . s i

to -120°C. However, upon introduction of a second

106 two distincﬁ

alkyl group as in 45, the spectrum showed
fluorine environments ét temperatures below +5°¢C. When
three alkyl groups were present, (44), a single fluorine
signal was observed with a characterxistic PFa coupling
constant of 545 Hz. This spectrum exhibited no temperature
dependence.107

These results, although gualitative, indicated a
progressive increase in the barrier to pseudorotaticon upon
subctitution of fluorine by an alkyl group. This can be
explained by assuming a greater abicophilicity for fluorine
than for an alkyl group. Thus in compound 43 the fluorines
undergo rapid interchange between apical and equatorial
positions using the alkyl group as pivot. However, with
compound 45 interchange can only occur via the intermediate
structure 46 in which an alkyl group and a fluorine atom
adopt unfavourable apical and equatorial positions
respectively. An even greater barrier to rotation occurs
in compound 44 in which both the alkyl groups and fluorine
atoms are located in their favoured positions.

sheldrick81 has also noted that all structural deter-
minations for static acyclic pentacoordinate phosphoranes
have shown that the ligand distribution over apical and
equatorial sites of the TBP is in accordance with electro-

negativity predictions.
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(b) n~Donor ability has already been discussed with respect

to bonding in Section 2.1. Briefly, an atom with a lone

"pair of electrons bound to phosphorus will prefefentially
occupy an equatorial site with the donor orbital!in the
equatorial plane. However, this effect may be compromised
by steric interactions as, for example, in (MéZN)3PF2.108
In this compouﬂd the dimethylamino groups make a dihedral
angle of only 70° with the equatorial plane (47) which

presumably represents a compromise between the steric repulsion

of the atom cores and the electronic energy.

F .Meo
MeN P '\'Y 70

N‘f’
Me '|: | \@M

(&T)

e

(c) m~Acceptor ability. Theoretical studies78’85 predict

that an atom or group with a vacant low lying orbital will
_preferentially occupy an apical position.

Consideration of these variables has led Trippett103
to propose a tentative apicophilicity scale (Figure 1) which
he states is in accord with much of the published experimental

data.
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(ii) Ring strain

The origin of ring strain in pentacoordinate phosphoranes
and the small ring effect generally will be discussed more
fully later, in Section 2.1. In summary, however, it is
ST . At Fer £ " 85,86
generally accepted that four- and five-membered rings,
in phosphoranes with TBP structures, will preferentially
adopt the more favourable conformation which spans the ae

rather than the ee positions due to relief of ring strain.

In addition, the more apicophilic ring atom, bound to

phosphorus, assumes an apical placement. For example in
ccapound 48, Thus, X-ray analysis shows that the almost

planar five-membered ring spans the ae sites with oxygen,
s P C S ml e s 1.09

the more apicophiic atom, in the apical position.

It shouid be notei that small and medium sized rings are

incapahle of diapical placement.

0 Y/
“ieO- Me
MeO*“’ElD —N{ i k\\

P/L() r/e 1;;;
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The presence of small rings in pentacoordinate phos-

phoranes can restrict the pseudorotation processes which
"involve diequatorial placement of the ring. Thus, TrippettlOJ
!

has calculated that the energy required to change the dioxa-
phospholan ring in the bicyclic compound (4%) from the ce to ce

conformation is of the order of 17 kcal mol—l'(Scheme 39).

&9 D D
Scheme 39

In certain cases competition can occur between ring
strain and apicpphilicity effects.' For example, the =zix-
membered cyclic compound (50) exhibits a temperature invariant
l9F n.m.r. spectrum up to at least 100°¢ indicating that the
structure is essentially frozen with the ring located in the
strain—-free diequatorial conformation. By contrast, the
~ spectrun of the five-membered cyclié phosphorane (51) shows
equivalent fluorine atoms above -70% indicating rapid
interchange of these atoms between a and e sites as shown in
Scheme 40, Such a pseudorotation process places the ring in

.an unfavourable diequatorial position, but at the same time

two fluorine atoms can assume favourable apical positions.
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| (51)
(50) Scheme 40

Trippett has demonstratedllo that steric effects

may also affect the barrier to pseudorotation. Thus, the
series of compounds (52) show a steady increase in AG as
both Rl and R2 change from Me to But° This change is
attributable to the increasing relative steric ccmpression

at the apical position as the equatorial group increases

|#CF

ZWp
OPh

in size.

(52)
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2.4 Preparation of pentacoordinatephosphoran!s
s’
Pentacoordinate phosphoranes vary widely in stability,

ranging from short-lived intermediates, found in a number of
|

reactions of nucleophiles with pentavalent tetracoordinate
phosphorus compounds,lol to thermally stable compounds, the

topic of this section.

2.4.1 Reaction of tervalent phosphorus reagents with «o,B-

unsaturated systems.

The general reaction is shown in Scheme 41 and formely
involves Michael addition of a tervalent phosphorus reagent to
an o,B-unsaturated system.

1.2.3 No1.203
+ PRRR — I JPRR'R
D ~U
Scheme &1

(1) 'with dicarbonyl compounds.

Kukhtinlll first isolated a pentacoordinate phcosphorane
in 47% yield from the reaction of biacetyl with triethyl phos-
phite under mild conditions. The scope of this reaction has bec
subsequently extended to acylic and cyclic phosphites, phos-
phonites, phosphinites and their amino and thio analogues and
a variety of dicarbonyl compoundsllz—'ll4 and provides a general

route to phosphoranes containing a 1,3,2dioxaphospholene ring

(Scheme 42).
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Scheme 42

There has been some debate concerning the mechanisn

of the Kukhtin reaction. Kinetic studieslls’ll6

support a
process involving nuclecphilic attack by phosphorus on a
carbonyl carbon atom followed by rearrangement and rapid
ring closure as shown in Scheme 43, and.exclude a concerted
cycloaddition reaction which requires attack at oxygen.
waever, in conflict with these results electron spin
resonance measurementsll7 indicate the involvement of radical
intermediates whereby an initially formed phosphinium radical
reacts rapidly with a neighbouring carbonyl group (Scheme 44).
Pentaoxyphosphoranes prepared in this way can be
subsequently modified by ligand exchange reactions with

17
aminoalcohols118 or diolsl‘g

thus extending the sccpe of
the synthesis.
(ii) with a-keto imines.

Trialkylphosphites react with oa-keto imines in an
analogous manner to the formation of the dicarbonyl adducts.
Thus, phenanthrenéquinonemonoimine (53) reacts with trialkyl
phosphites as shown in{Scheme 45, to give pentacoordinate

phosphoranes.lzo



-51-

POR),

(53) " R=Me FtPr!
Scheme 45

(iii) with 1,3-~dienes.

Pentacoordinate phosphoranes have also been prepared by

21,1

the reaction of 1,3-dienes with tervalent phosphcrus reacent% !
For example, isoprene reacts with 2-substituted-1,3,2-benzo-

dioxaphospholans to give pentacoordinate phosphoranes in grezter

P

than 85% yield (Scheme 46).

SN o XN~
A PR (':M_') P W
~ 0 CH € )

Scheme 46

(iv) with o,B-unsaturated carbonyl compounds.
The title compounds react with tervalent phosphorus

compounds to form 1l,2-oxaphospholenes in fair to good yields
123-126

(Scheme 47). The reaction mechanism appears to be
analogous to that described in Section 2.4.1 (i). Thus,
kinetic studies127 have provided evidence that phosphorus

acts as a nucleophile, although electron spin resonance

studies indicate the intermediacy of free radicals.117
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1 9 2 N= R
e N=N—— A
R—N ‘N C—R R1N\P/O

P
P(OPh) © h)3
Scheme 49
1
N C/R R1
FCL,E Ne=(
- (C}— 2& A0
P(OR), (OR)
SchemeSO
N C(Ph Ph
X, N-R N=("
+ — ><2 /
PR E"
3 3

Scheme 51

R Ph O Me
R PnOMe

R1"Dl %J Fi

R ~Me, 1,1 +h



R 0
+R,P —

3
R™ CH

2
Scheme 47

In contrast to the foregoing syntheses, the reaction
of 2-phenyldioxaphospholan with acrylic acid and acrylamide
leads to the formation of phosphoranes (54) and (55) as
shown in Scheme 48.128 These were claimed to be the first
examples of stable pentacoordinate acyloxy- and acylamido-
phosphoranes. Less stable acyloxyphosphoranes have also
been prepared by reaction of acyclic tervalent phosphorus

reagents with a-keto acids.129

CH,=CHCO.XH 0

Ph:P/O:I T XTI 56X=0
() T o=

Scheme 4.8

(v) with other conjugated systems.
Several miscellaneous examples have been reported in tne

literature including reaction of tervalent phosphorus reagents

130-132 1,1,1,3,3,3-

133

with azocarbonyl compounds (Scheme 49),

hexafluoro-2-(acylimino) -propanes (Echeme 50), and H-

(hexafluoro—2—propyliden)—g'~arylbenzamidines (Scheme Sl).l34
(vi) with nitroalkenes,.

The N O double bond of the nitroalkene can be formally

it

considered to be part of a conjugated system which reacts with
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tervalent phosphorus reagents to form pentacoordinate

135,136

phosphoranes as shown in Scheme 52. Substitution

of the nitroalkene with aryl groups (Rl’RZ = Ax) has been

!
found to increase the stability of the phosphorane adduct.

0 -~
Il -0

1 N~ -
RHC=CL > "0 RIN\O

137

4=

' R
PR, - R

Scheme52

2.4.2 Reaction of tervalent phosphorus reagents with mono-
carbonyl compounds.
Tervalent phosphorus reagents react with two equivalents

of a carbonyl compound to form pentacoordinate phosphoranes

2
containing either a 1,3,2-dioxaphospholan ringl"8 or a

1,4,2-dioxaphospholan ring139 as shown, for example, in

Scheme 53 and Scheme 54 respectively.

2R2C=O | n, -0
+ . 2 N\
MeBP RZEO/PME3
:(:F-
Scheme 53 R=Chs

2R2C=O
|

+ _— __P:
P1e:2F°CIl Fzz FT
Scheme 54 C




2.4.3. Reaction of tervalent phosphorus reagents with

compounds ‘containing a weak sigma bond.

t

The first reported example of this type of reaction

i

was the preparation of pentaethoxyphosphorane by reaction of

triethylphosphite with diethylperoxide (Scheme 55).l4o

EfO—OEt
+

— =  P(OED
P(OEY), S

Scheme 55

Cyclic phosphoranes have been similarily prepared from
dioxetanesl4l and dithietes.l42 , Notably; a mixture of
unstable three-membered ring phosphoranes have been prepared
by reaction of 3,3,4-trimethyl-1l,2-dicxetane with phenyl-

4
phosphiran at low temperature.l‘3

2.4.4 Reaction of tervalent phosphorus reagents with diols and
related compounds.

This type of reaction is commonly used in the preparation
of pentacoordinate phosphoranes. For example, Grechkin et al.l
have reacted ethanolamine with triefhylphosphite to form three
equivalents of ethanol and a phosphorane containing a P-H

bond (Scheme 56).

(liHZOH
2 -3E+OH OO
CH.,NH — P \\
22 N7 | N
HH H
P(OEY),

Scheme 56
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.145'146 have developed a general

Trippett et al
synthesis of pentacoordinate phosphoranes involving condens-
ation of acyclic tervalent phosphorus reagents Qith,for

| _

example, catechol in the presence of N-chlorodiisopropylamine

at -78°¢C (Scheme 57).

"o, — (e
+ — PR_+ PrINH.C!
OH 3 O/ 3 2 2

+

CINPr R.=Ph, OMe
Scheme 57

2.4.5 Reaction of tervalent phosphorus reagents with aryl
2-nitroaryl ethers and sulphides.

Cadogan et al. have prepared pentacoordinate phosphoranes

147,148

containing a benzoxazaphospholine or a benzthiazaphos-

149,150

pholine ring by the reductive cyclisation of aryl 2-

nitroaryl ethers and sulphides with tervalent phosphorus
reagents as shown in Schemc 58. The structures of (56,

X = 0,S8) have heen confirmed by X-ray crystallography.l49’lSl

Scheme58
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2.4.6 Preparations of pentacoordinate phosphoranes involving

phosphorus ylides.
(i) Reaction with 1,3-dipoles ;
Wulff and Huisgen152 have isolated pentaéoordinate
phosphoranes from the reaction of C,N-diphenylnitrone with

substituted methylenephosphoranes in fair to good yields as

shown in Scheme 59.

He. + Ph N~ |
Ph/C =N ~g P¢ T ..Ph

R, Y T R e;
o C=PPh; R by R=HMe
Scheme 59 S

Nitrile oxides also react with phosphonium ylides.
For example, Bestmann and Kunstmann153 have prepared the
cycloadduct (57) from the reaction of benzonitrile oxide
with cyclopropylenetriphenylphorane in 61% yield.

N~
prd {
PPh,

(57)

(ii) Intermolecular reaction with epoxides
154

Schmidbauver and Holl have isolated distillable
pentacoordinate phosphoranes from the reaction of methylene-
phosphoranes with ethylene oxide (Scheme 690). The adducts
were shown to have TBP structures using variable temperature

lH, 13C and 31’ n.m.x. spectroscopy.
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Scheme 60

(iii) Intramolecular reaction with epoxides

Stable pentacoordinate phosphoranes have been prepared
by the reaction of methylenephosphorane with epichlorochydrin
(Scheme 61).155 Evidence for the intermediacy of the ylide

(58) was obtained by the alternative synthesis of {(59) by

treatment of the w-epoxyphosphonium salt (60) with base.

‘ /X z@)
0 I..-Ph
ClCH2 ' \ R T\%Ph
<+

+ - —_— . — F)h

2Ph,P—CHR  =—PPh, 59)

(58) .
R=H ~ base PhBP_ CH,R

| cl
. 0
Ph 3P_CH;_,CH2/—¥
CU 60

Scheme 61
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A related synthesis has been reported by Kyba and

Alexanderl56 involving the reaction of tervaleng phosphorus
reagents with 2-azido-oxirans to afford pentacoérdinate
phosphoranes of type (61), apparently via a pho;phorus—
nitrogen ylide (62) as shown in Scheme 62. X-Ray crystallo-

graphy showed that the product contained an épical sp2 nitrogen

atom.

O
1,2 S 1_ t
R'R {—§N3 (62) R2R1<\ \ R =Ph.Bu
pr. N, O7PRy  R'=PhMe
3 63 R,=Ph,_,OMe,
Scheme 62

(iv) Reaction with carbonyl contéining compounds
This method of preparation has been discussed earlier
in Section 1.3 (i).
(v) Intermolecular reactions with alcohols
Reaction of alcohols with trimethyl methylenephosphorane
leads to the formation of pentacoordinate phosphoranes as shown

157,158

in Scheme 63. This type of reaction has also been used

to prepare monocyclic phosphoranes containing a phospholan or

c
a phosphorinan ring.l"9

CH2“—‘PMe3 )
+ —_— RO~PMe4

ROH .
R=Me,ET Ph

Scheme 63
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\
——l O— gy
(65) OFh
o, OAr
ArOH
L—%-APOH
| Y _\
Do O
" ‘|D....-0Ar _HZO l_).,.-'OH
o T O o
O OAr
(66) Ar =
HO \F

Scheme 65
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Cyclic iminophosphoranes (63), preparcd bﬂ the 1,3~

dipolar cycloaddition of a diethyl phosphoramidfte to an

aromatic aldehyde, have also been shown to react with
|

ethanol to produce the oxazaphosphorane (64) asgshown in

Scheme 64.160

PO R)
+ F)h F) Ph fD(C”Q)
ArCHO N OR N

(63) - ; (614-)

Ph,C=t

R=Et
Scheme 64

The related reaction of a phosphoryl compound with a

161 o
Thus, reaction

diol has been reported by Koizumi et al.
of 2—phenoxy—benzodioxaphosphole—2?oxide (65) with catechol
in the presence of triethylamine yields the spirobicyclic
phosphorane (66) in 37% yield. The proposed mechanism is
shown in Scheme 65. The authors suggest that the oxide (65)
also acts as a dehydrating agent in this reacticn.
(vi) Intramolecular reactions with-alcohols and related
compounds
The preparation of pentacoordinate phosphoranes, such as
(67), from hydroxy phosphonium salts by treatment with base
has been rationalised in terms of a cyclisation involving

l62

attack of an oxyanion at a phosphonium centre. Thus,

treatment of 3-hydroxy-propyltriphenylphosphonium iodide with
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sodium hydride leads to formation of the'monocyclic phos-
phorane (67) as shown in Scheme 66. Howevgr, an alternative
explanation, pertinent to this thesis, involves!the intra-
rmolecular addition of an hydroxy group to an ingermediate

ylide (Scheme 67).

/

O
67)

4
PhyP(CH,) ;0H
I

PPh,

Scheme 66

HO-
+ NaH CH2
Ph,PCH),O0H —= [ % —= [ “Pph
I Ph3P—-CH

Scheme 67 | '

An analogous reaction has been observed for phosphonium
salts containing an w-oxime group.163 Stegmann et aZ.lG4
have also observed the intramolecular cyclization of a range
of substituted N-o-hydroxyphenyl iminophosphoranes (68).

A thermodynamic equilibrium was found to exist between the
iminophosphorane (68) and pentacoordinate phosphoréne (€9)

forms (Scheme 68), dependent on substituents, solvent and

temperature.
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X”ﬁ:iI:OH = £ T Neg
ZN=PR, QAN 3 X=alkyl

©8) 69) H R=aryl,alkyl
Scheme 68

Spirobicyclic phosphoranes of type (70) have been

prepared by Wolf et aZ.lGS from a related reaction of phenyl

azide with phosphorus containing compounds existing as a

III Pv tautomeric equilibrium mixture (Scheme 69).

) =

jPhNB
PhNH
EO F;),O\ E \ /O\/\NR )
X" \R X" Nnph "N,
(70) | X=0,NMe
R=Me,Ph

Scheme 69
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F gl 0 ~g’ 0
(72)
Stheme 71
OH
OH o
(//"‘\“QV/O\P(/O —PH s rl//\\\\/O\F') /OT h
{ . < ,
\"//L\O/ ~0- (\%LO/ \Oa-—'
(73)

Scheme 72
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Another reaction which may fall in this category is
166

due to Kukhar et al. and involves the condensation of

iminophosphorane (71) with catechol or o-phenylenediamine

as shown in Scheme 70. |

- XH
L nso.l ]
Cle O . Ars
0— P"‘N:O Ar = |
O (71) NS X=0or X=N

Scheme 70

The foregoing reactions involving phosphorus-carbon
and phosphorus—nitrogen ylides may be extended to include
phosphoryl compounds which contain a hydroxy function.

167 and Ramirez ¢t aZ.168

For example, both Munoz et al.
have reported the preparation of hydroxyphosphoranes by the
intramolecular reaction of a phosphoric ester (72) and a
phosphate ester (73) respectively as shown in Séhemes 71 and
72. As in the case cf the benzoxazaphosphoranes (69)

164

prepared by Stegmann et al. the products existed in

tautomeric equilibrium with the open-chain forms.

169

In a later paper Munoz et al. reported the similar

preparation of the hydroxyphosphorane (74), which could be
isolated as its triethylamine and g,g—dimethylformamide

salts (Scheme 73).
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HO_
b Ox.0. .0 O 0L 0
Ph T N NPh, T \/ :f
HO F’h""‘>F>h2 0’ \\o/\\l\—"’th O/I\O Ph
* HO™ 0 OH
+
0=PCl, 3HCI (78
Scheme73

Segall and Granoth170 have also isolated compound (75},

as a 1l:1 crystalline adduct with trifluorocacetic acid, in

75% yield from the acid (76) via an intramolecular condensaticn

reaction (Scheme 74). (?
COZH a
O
0
s .
FD/// _J:EZ§c> -~ F}( ()F4

SOH
CO,H

(76) Scheme 7 20

2.4.7 Preparation from phosphonium salts and metal alkyls.
Pentaaryl phosphoranes are most commonly prepared by
treatment of phosphonium salts with metal aryls. For example,
pentaphenylphosphorane has been prepared in 60% yield by the
addition of phenyl lithium to tetraphenylphosphonium iodide in

dry ether.l7l
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A similar procedure has been used by Katz and Turnblom172

to prepare the first stable pentaalkylphosphorane from

dimethylphosphoniahomocubane iodide as shown in Scheme 75.
|
Spirobicyclic phosphoranes have also been prepared in an

analogous manner.l73’174

PMea Mel Plley

+

Lil

| I

Scheme 75

The chemistry and synthetic use of pentacoordinate

phosphoranes have been reviewed by Burger,52 Ramirezl75

and Westheimer.176
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3. The Small-Ring Effect

3.1 Origins and manifestations

l
|
| . -
The small-ring effect was first invoked by Westheimer and

Covitzl76'177

to explain the difference in reaction rates for
the basic hydrolysis of cyclic and analogous‘acyclic phosphates.
Its origins are not entirely understood, but it is thought that
ring strain is a major factor, although entropy and steric

factors may also be important.

(i) Ring strain

In an important paper Hudson and Brown178 attempted to

rationalise rate differences between cyclic and analogous
acyclic phosphorus compounds upon reaction with electrophiles
and nucleophiles using the concept of ring strain. They argued
that the natural angle at phosphofus, XPX, in tervalent phos-
phorus compounds is approximately 100° but upon reaction with

an electrophile to give a tetracoordinate product, there is a

. . . . o
concomitant increase in bond angle to approximately 108~ as

shown iﬁ Scheme 76. It follows that if phosphorus is enclosed
in a cmall ring this reaction'will cause an increase in ring
strain and should, therefore, result in a decrease in reactivity
relative to an acyclic analogue. Conversely, reaction with a

nucleophile should lead to increased reactivity of the cyclic

compound relative to its acyclic analogue. As Scheme 76 shows
nucleophilic substitution leads to & reduction in the bond
angle at phosphorus, XPX, to 90° and hence a relief of ring

strain, provided that the ring spans the ae sites of the
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resulting TBP. In this example the phosphorus]|lone pair

of electrons acts as a "phantom" fifth ligand.

;)(8}P\+E<>-——- |;>(<jP—-R —_— )(-—P%

Scheme76

+ - .
EX\ R E X\ N q"'_—,...R

The foregoing effects have been observed in several

[o]
79 showed that

reactions. For example, Aksnes and Eriksenl
triethylﬁhosphite reacted approximately seven times faster
with the electrophile ethyl iodide than did 3,4-dimethyl-2-
ethoxy-1,3,2-dioxaphospholan. Larger rate differences have
been observed for other reactions involving electrophilic
attack on cyclic and acyclic tervalent phosphorus reagen%é?'lSl
Hudson and Brown178 have also noted that the influence of
strain appears to increase with the extent of bond formation
with the electrophilic reagent.

In the reaction of aminophosphites with benzaldehyde,
Greenhalgh and Hudson182 proposed a mechanism involving nucleo-
philic attack at phosphorus with the formation of a four-
membered ring transition state as shown in Scheme 77. They
demonstrated that the cyclic reagent (77) reacted ca. 1150
times faster than the acyclic analogue (78), an effect which

could he attributed to relief of ring strain upon formation of.

(79) .
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PhCHO o
0—CHPh
b ] -—o(RO)P CHPh

(RO)P—%VMe

_ - | I\Me
(RO),P—NMe, - | 2

(77) (RO) =-—OCH CH O-— (78) (RO)2 =(OCH3)2
Scheme??

Release of ring strain, and hence an acceleration of
reaction rates, would also be expected to occur upon reaction
of nucleophiles with cyclic phosphoryl or phosphonium compounds
compared to their acyclic analogues. This follows from the
reduction of the XPX angle from ca. 108° to ca. 90° on going

to a TBP structure (Scheme 78).178

X\ AR N~ -..R
[(;(B/P Z ——n X-—P‘%Z
Scheme 78

In this connection, Westheimer and Covitz}76'l77 have

hydrolysed methyl ethylene phosphate and trimethyl phosphate
under base conditions (Scheme 79) and observed large rate
differences; the ratio of cyclic rate to acyclic rate was

ca. 106.



) 0 0
O\ # OH f| OMe

.
.
-
.*

1
EO/P\ = 0—pgy-—=HOCH,CH,0—P~0
I OMe

Scheme 79

Allen et aZ.183 have also observed large differences in

the rates of alkaline hydrolysis of cyclic and acyclic phos-
phonium  salts. Thus, the phosphonium salt (80) hydrolysed
ca. lO4 times faster than its acyclic analogué (82) . The
authors attributed the difference in rates to relief of ring
strain upon formation of the intermediate phosphorane (81)
(Scheme 80). They also noted that the seven-membered ring
phosphenium salt (83) was apparently strain free as it

hydrolysed at a rate comparable to the acyclic compound (82).

Me~ '__\Me

(80)

Ph+_Ph
Me/IP-\Me

(82)
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In a related study, Allen and Oades;§4 hydrflysed a

series of ben7oyld3ben;q;;ollum salts (85), prepared in Situ
by treatment of 5-substituted dibenzophospholes (84) with
benzoyl chloride in the presence of triethylami;e, and
observed ring expansion to dibenzo[b,d])phosphorins (87) as
shown in Scheme 81. The driving force of feaction was
thought to be the relief of ring strain in both the
dibenzophospholium salts (85) and the intermediate phos-
phorane (86). In this connection, they demonstrated that

the ring-angle at phosphorus in the dibenzophospholium sait

(85, R = p-bromobenzyl) was 94° asg opposed to the accepted
o 185

tetrahedral angle of 108

LD o 0

R7CcCOPh

ET;N

(84)

RP— C<OH —
Il “Ph
0

(87)

Scheme 81
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Whilst ring strain is obviously important, steric factors

may also play a part in determining rate differences between
: i

cyclic and acyclic analogues. For example, Asknes and
Bergesen186 found that cyclotetramethylene methgl phenyl
phosphonium iodide (88) hydrolysed approximately 1300 times
faster than the less strained six-membered ring phosphorinan
compound (89) under alkaline conditions. The authors suggested
that a considerable part of the rate increase was due to the
almost planar configuration of the phospholan ring together
with the strongly hindered rotation of its substituents

(phenyl and methyl) leaving the phosphorus atom, at any time,

very exposed to attack from hydroxyl ion; hence leading to

an increased frequency factor for this reaction.

+
DP\Me “Me
(88) (89)

(ii) Entropy

In the above discussion typical examples of the small-
ring effect were rationalised in terms of ring strain arguments.
However, Aksnes and BergesenlB? have stated that much of the
kinetic acceleration observed in the hydrolyses of five-memberec
cyclic phosphoryl esters is derived from entropy effects.
Greenhalgh and dudson18 have also shown that the heats of.

hydrolysis of the tervalent phosphorus reagents (77) and (738)

are similar, indicating the absence of any significant ring



.

strain in (77). On the basis of this result, these workers
concluded that the observed rate difference in Lhe reaction
of cyclic and acyclic aminophosphites with benzéldehyde was
due, in part, to entropy changes. Similar arghments have
been recently applied to nucleophilic substitutions at £five-
and six-nmempbered ring oxasilacycloalkanes.lSB

In the case of nucleophilic attack at cyclic tervalent
phosphorus compounds or phosphoryl compounds the entropy
changes are thought to arise from a "loosening of the

189

permutational motion’ of the ring on passing to the five-

coordinate state", thereby causing an acceleration in reaction
178 , s . . . . v o
rates. Conversely, electrophilic attack on cyclic terxvalent
phosphorus compounds is expected to cause a restriction of the
metions of the ring as it passes from the relatively nonrigid

tervalent geometry to the less flexible tetracoordinate form.

As a result, a retardation in the rate of reaction is observed.

In addition to having a direct influence upon reaction
rates, the small-ring effect also plays an important part in
determining the arrangement of ligands around phosphorus in
pentacoordinate phosphoranes having a TBP structure. Thus,
as mentioned in Section 2.3 (ii), for compounds containing a
four-membered rihg (90) the natural angle at phosphorus is 90°
and the ring prefers to span ae because considerable strain
will be encountered in the ee conformation where the angle
at phosphorus is 120°. By comparison, the situation for
phosphoranes containing five-membered rings is less definitive
since the angle at phosphorus is 108° which is mid-way beltween

the value expected for the structures (9la) and (91bh).



However, molecular orbital calculations of bind}ng energies
5 !

in pentacoordinate phosphoranes predictBJ that a five-

membered ring can accommodate an angle at phosphorus of 90°

|
with minimal ring strain, whereas an angle of 120° leads to

considerable strain in the ring.

—P% P —P

(90) 91a) -~ (91b)

Larger, more flexible rings appear to be mostly strain-

free and can adopt both ae or ee conformations depending on
the apicophilicity of the atoms attached to phosphorus.l83’l90
Finally, it is to be noted that incorp§ration of phosphorus
into a small ring in a pentacoordinate phosphorane leads to
stabilisation vis~-a~vis its acyclic analogue. This effect
can be attributed to a relief of intramolecular crowding by
"tying back" the ligands within the ring. For example, 31P
n.m.r. studies have shown that compound (92) exists as a
zwitterion, ép +38.5, whereas the cyclic analogue, compound

(93), is a pentacoordinate phosphorane, §p —29.8.lgl
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3.2 The small-ring effect in synthesis; reactions which

|
Over the last decade, several reports have appeared in

f
which the small-ring effect has had a profound Enfluence on

involve pentaccordinate phosphcrus

the course of reactions and/or the stereochemistry and

stability of the products. In the exampleé to be discussed,
the synthetic utility is believed to be derived from the relief
of strain on going from a tetracoordinate pentavalent phos-
phorus species to a pentacoordiﬁate phosphorane, which can

break down with férmation of a strong P = X bond and elimination

of the desired product.

The small-ring effect was first used to synthetic advantage

172,192 in the preparation of pentacocrdinate

by Turnblom and Katz
phosphoranes with five P-C ligands. Thus, for example, reaction
of phosphonium salt (94) with phenyl lithium resulted in
proton abstraction and the formation of a phosphonium ylide (95)
as shown in Scheme 82. However, when the size of the ring
which incorporated'phosphorus was feduced, nucleophilic attack
occurred, in-order to relieve ring strain, and the penta-
coordinate phosphorane (96) was isolated instead (Scheme 83).
Relief of ring strain has also been associated with the
facile formation of benzofurazans (99) from the thermal
d=2composition of l--g--nitroarylimino—l,?!,?—triphenylphospholes.G4
For example, thermolysis of (97, PR3:Ph§iE;Ph, X=H) at 150°
in mesitylene gave a 65% yield of (99, ¥=H). Since the
corresponding triphenyl (97, R = Ph) and triethoxy (97, R = OEf]

analogues did not decompose under similar conditions the

authors argued that the reaction proceeded via the formation
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Phe_+_Ph Ph+_Ph
2B 2+ LiBr
4o ™ Ay
H | -
(94) ~ (95)
Scheme 82
Ph
F’h\‘;/F’h ) Ph\FL/Ph
. Br PhLi : + LiBr
(96)
Scheme 83

of the strain-free pentacoordinate phosphorane intermediate
(98), which decomposed to benzofurazan and phosphole oxide

as shown in Scheme 84.
ﬂ . QN\O
NO, 0
. 2 1}\( \N/
(™ S
X N=PR N—PR;; +

I 98) ©R,PO

Scheme 84
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The same worker3193 also showed that 2-(1,2/,5-triphenyl-

l—AS—phosphol—l—ylidene)acenaphthen—l—one (100) underwent

smooth decomposition in diphenyl ether at 175°C to give

enlargement of the strained phosphole ring in (101)

7,10-diphenylfluoranthene (102), apparently vZa ring

{Scheme 85).

Ph//

Ph—p XyPh

0 Ph - NP N
NN ~ —c h (Ij-—-

| N | N\ /

(100) | | (101)

Ph Ph =
-[PhPO] \

T PR
P 0

2
(102) Scheme 85

In another instance, relief of ring strain has been used
to change the course of the phosphonate modification of the
Wittig reaction (i.e. Horner-Emmons reaction) and obtain a
higher proportion of c¢is-olefin. Thus, whereas reaction cf
acyclic phosphonates with carbonyl compounds leads mainly to

194

the formation of trans-olefins, the use of the cyclic

phosphonate (103) gave rise to the preferential formation of

- o
the ¢is isomex (Scheme 86).19J It was argued that the



initially formed betaines (104, threo and erythro) underwent

rapid ring closure to the stabilised oxaphosphetan (105)
in order to relieve ring strain. As a result, reversible
|
betaine formation was inhibited, and more of the kinetically

favoured erythro betaine collapsed to cis~olefin.

Me

\
P 0
I “CH,X s I \Pf-cHx

103)
( 00— (‘HR’

R
RCHO // (104)

(Do

RCH=CHX <— 0 "“““@CHx

O\CHR
(105) X=COZE"r
Scheme 86

Relief of ring strain in acylphospholenium salts has
also provided a simple and mild route to aromatic aldehydes.
Thus, reaction of 3-methyl-l-phenyl-2-phospholene (106) with
acid chlorides in the presence of triethylamine led to the
formation of acyphospholenium salts (107) which on treatment
with water gave the corresponding aldehydes and phospholene
oxides (108) rather than the expected ring expanded products

(109) (Scheme 87).197' This unusual reaction was thought to

196



proceed via nucleophilic attack at phosphorus and nct, as
128

with acyclic phosphonium salts, at the carbonyl carbon.
|

This change in reactivity was ascribed to relief of ring strain

in the phospholenium salt (107), leading to an increase in the

rate of nucleophilic attack at phosphorus relative to carbon.

Me
[ \S M
o | Me

e
I AN
Ph Ef3N [Ej\ H,0 ) coar
(106) PH - COA

4+
ArCOCl Me

P <OH pC «  ArCHO
R | Q
PH 0 P o

(109) (108)
Scheme 87

A kinetic acceleration attributable to the small-ring
effect also appears to be the determining factor in the
synthesis of the chiral iminophosphorane (113) from the
reaction of the phosphetan oxide (110) with tosyl

199

isocyanates. Apparently, the first-formed zwitterion (111j

 uaderwent rapid ring closure to the intermediate (112),
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followed by decomposition to the iminophosphorane (113) with
retention of configuration (Scheme 88). By comparison,
decomposition of the zwitterion (115) formed frpm the acyclic
phosphine (114), occurred more slowly and othertreaction path-
ways were able to compete, thus causing racemisation at phospnox
(Scheme 89). |
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Abbreviations and Symbols

b.p.
m.p.
tlc
glc

h.p.l.c.

P.pP.Mm.
nol

nmo X

boiling point I

melting point :

thin-layer chromgtography

gas liquid chromatography

high pressure liquid chromatograp

nuclear magnetic resonance

singlet; doublet; triplet;
quartet; multiplet

coupling constént

chemical shift

infra-red

mass of molecular ion

mass to charge ratio

mefastable peak

hours; minutes

parts per million

moles

millimoles

1

wavenumber (cm
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2. Instrumentation
|
Infra-red Spectroscopy. I.R. spectra were recorded
!
on a Perkin-Elmer 157G Grating Spectrophotometer. Liguid

samples were recorded as thin films, and solid samples

(unless otherwise stated) in solution in '‘Analar' chloroform
using matched cells with sodium chloride windows (path length
0.1 mm) or as nujol mulls. Polystyrene film Hinax 1603 cm—l

was used as reference for calibration purposes.

Mass Spectroscopy. Mass spectra and exact mass measure-

ments were recorded by Mr. D. Thomas on an A.E.I. MS 902 mass

spectrometer.

Nuclear Magnetic Resonance Spectroscopy.
1

(1) H N.m.r. spectra were recorded on a Varian EM 360
spectrometer operating at 60 MHz. The spectra of new
compounds were recorded on a Varian HA 100 instrument
operating at 100 MHz by Mr. J. Millar or on a Bruker WH 360
spectrometer operating at 360 MHz by Dr. I. Sadler. Samples
were examined in solution in deuterochloroform unless other-
wise stated. Chemical shifts (GH) were measured in parts

per million relative to tetramethyisilane as internal

standard (5H = 0.0).

(ii) l3C N.m.r. spectra were recorded on a Varian CFT 20

spectrometer operating at 20 MHz by Mr. J. Millar. Samples
were examined in solution in deuterochloroform, chemical shifts
(GC) being measured in parts per million relative to tetra-

methylsilane.
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(iii) 15N N.m.r. spectra were recorded either on a Bruker
WH360 operating at 36.498 MHz by Dr. I. Sadler;or on a
Bruker WH180 operating at 18.24 MHz by the Phy;ico—chemical
Measurements Unit, Harwell. Samples were exa&ined in

solution in deuterochloroform, chemical shifts (GN) being

measured in parts per million relative to external nitro-

methane (6N = 0.0).
(iv) 3lP N.m.xr. spectra were recorded on a Jeol FX60
spectrometer operating at 24.21 MHz. Samples were examined

in solution in deuterochloroform (unless otherwise stated),
chemical shifts (6P) being measured in parts per million
relative to 85% external phcosphoric acid (8, = 0.0).

Shifts to high freguency of the standard are positive.

Melting Points. Melting points of new compounds were

obtained using a Xofler hot-stage microscope for stable
compounds, and on a Gallenkamp melting point apparatus in
a 'Parafilm'-sealed capiliary tube for atmospherically
unstable compounds. Routine melting points were obtained

using the Gallenkamp apparatus.

Elemental Analysis. Microanalyses for carbon, hydrogen

and nitrogen were carried out using a PerkinuElmer 204

elemental analyser operated by Mr. J. Grunbaum.

Gas Liquid Chromatography. Gas liquid chromatography was

carried out on a Pye 104 Gas Chromatograph fitted with a
flame ionisation detector. A 7 foot by 1/8 inch 4% ApL

column was used with nitrogen as carrier gas.
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High Performance Liquid Chromatography. Chromatograms

were obtained using a 15 cm x 0.5 cm polished stainless
steel column slurry packed with Hypersil silica. A Cecil
{
|
CE 212 u.v. detector was used. The solvent used was a

50% methylene chloride/50% n-hexane (25% water saturated)

mixture.

Thin Layer Chromatography. Glass plates covered with a

0.3 mm layer of alumiha (Merck, Aluminium oxide G, type E),
deactivated to Brockman activity 3, or silica (Merck,

silica gel G), with added fluorescent indicator (M. Woelm,-
Eschwege, Germany), were used. Components in the developed
chromatogram were detected by their reaction with iodine

vapcur or their fluorescence in ultraviolet light.

Column Chromatography. Alumina (Laporte Industries, Type H)

or silica gel (Fisons Scientific Apparatus, 80-200 mesh) was

used.

Optical Roiations. A Perkin-Elmer 141 Polarimeter operating

at 589.3 nm (sodium D line) was used to measure optical
rotations. Solutions were inserted into a quartz cell,
path length 1 dm, for measurement. Angles of rotation are

expressed as spécific rotations [a]g as defined by Vogel.
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3. Solvents

Commercially available solvents were used without further

purification unless described as 'dry' or 'super-dry'.

Dry Solvents. Light petroleum (petrol, b.p. 40-60°C) and
benzene were redistilled and dried over sodium wire before
use. Diethyl ether, cyclohexane and tert-butylbenzene
were dried by standing over sodium wire. Methylene chlorice,
1,2-dichlorobenzene and chlorobenzene were dried by heating
under reflux for several hours with phosphorus pentoxide and
distilling on to dry molecular sieve.

Pyridine was dried by heating under reflux for several
hours with sodium hydroxide pellets and distilling on to
sodium hydroxide pellets. Diethylamine and triethylamine
were‘aried by storing over sodiuﬁ hydroxide pellets.

1,2-Ethanediol was stored over anhydrous sodium sulphate

and distilled on to dry molecular sieve before use.

Super-dry Solvents. Super-dry solvents were prepared by

heating the sodium dried solvent under reflux for several
hours with lithium aluminium hydride and distilling on to
dry molecular sieve. Ether, light petroleum (petrol,
b.p. 40-60°C), benzene, and 1,4-dioxan were prepared in

this manner.

4. Preparation of Tervalent Phosphorus Compounds

Commercially available samples of hexamethylphosphorus

triamide, phosphorus trichloride, dichlorophenylphosphine,

chlorodiphenylphosphine and- triphenylphosphine were used

without further purification.
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Trimethyl and triethyl phosphite were allﬂwed to stand
over sodium wire for 24 h then redistilledAfroﬁ fresh sodium,
x
under an atmosphere of dry nitrogen, on to dryimolecular sieve.

I
Dimethyl phenylphosphonite was prepared by reaction of

dichlorophenylphosphine (35.6 g; 0.2 mol) with methanol
(16 g; 0.5 mol) in the presence of triethyiamine (51 g;
0.5 mol) and dry ether (250 ml)z.OO The product was obtained
as a colourless oil (25.3 g; 74%), b.p. 68~7OOC/3 mm (l:i.tzzvc'l

©101-102°c/15 mm), 8.+ 160.5.

P

Methyl -diphenylphosphinite was prepared by the method

of Quin and Anderson?.o2 The reaction of chlorodiphenyl-

phosphine (44.2 g; 0.2 mol) with methanol (8 g; 0.25 ml)

in the presence of triethylamine (26 g; C.26 mol) and dry

ether (200 ml) gave methyl dipheﬁylphosphinite (29.7 g;
01

201
692), b.p. 116-118°C/1 mm (lit. ~151-152°C/10 mm) as a

colourless oil, 6P+ 117.0.

Z—Ebenyl_l.342—ﬁioanhOSDhOlan was prepared by the

. - 03
procedure of Mukaiyama, Fujisawa, Tamura and Yokota.

Thus, 1,2-ethanadiol (15.5 g; 0.25 mol) reacted with
dichlorophenylphosphine (45 g; 0.25 mol) in the presence
of triethylamine (50.5 g; 0.5 mol) and dry benzene (250 ml)

under an atmcsphere of dry nitrogen, gave 2-phenyl-1,3,2-
203

dioxaphospholan (23.7 g; 56%), b.p. 75°C/1 mm (lit.” = 79-80°c/
0.8 mm) as a colourless oil, 6P+ 161.8 . The product was
either used immediately or stored at ~-10°C. The 31P n.m.r.

spectrum was scanned prior to each use as the compound polymerised

203
slowly on storage.
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2-Phenyl-1,3,2-dioxaphosphorinan. A mod%fication of

203

the method of Mukaiyama et al. was used..  Dichlorophenyl-

phosphine (35.8 g; 0.2 mol) in dry benzene (290 ml) was
added over 1 h to a mixture of freshly distilléd 1,3~propane-
diol (15.2 g; 0.2 mol) and triethylamine (40.4 g; 0.4 mol)
in dry benzene (ZOO.ml) with stirring and cboling in an
ice/water bath under dry nitrogen. The mixture was then
heated at approximately 45°C for 45 min and then kept at

3°C for 12 h to complete precipitation of triethylamine
hydrochloride. The mixture was filtered and the benzene
renoved in vacuo to leave a pale yellow 0il which was
distilled under reduced pressure,. The product was obtained
as a colourless oil (18.2 g; 50%), b.p. 97—1010C/O.l o

2
(1i293 72-74°Cc/0.15 mm) 5p+152.7.

2-phenyl-1,3,2~dioxaphosphepan was prepared by the

procedure of Mukaiyama and co-workeré%x%sed above to make
2-phenyl-1,3,2-dioxaphospholan, Dichlorophenylphosphine
(45 g; 0.25 mol) in dry benzene (250 ml) was added dropwise
over 1 h with stirring to a mixture of 1,4-butanediol

(22.5 g; 0.25 mol) and dry triethylamine (50.5; 0.5 mol)

in dry benzene (250 ml) under an atmosphere of dry nitrogen
with cooling in an ice/water bath. When the addition was
complete, the mixtﬁre was heated under reflux for 1 h,
cooled, filtered and the benzene removed in vacuo. The
resultant pale yvellow o0il was distilled under reduced
pressure to give the product as a colourless'oil (10.5 g;

21%), b.p. 97-99°C/0.2 mm (Found: C, 61.3; H, 6.7.
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- J o . [+] - 1Y
ClOHlBOZP reqguires C, 61.2; H, 6.7%), Vmax (neau)‘l435 (PPH) ,
1

1080, 1050, 930, 890 and 850 cm . 8y 1.58-1.94 (4H, m,

,CH,CH,CH,0), 3.70-4.26 (4H, m, OCH,CH,CH,CH,0), 7.12-

7.76 (5H, m, ArxH), 6P+156.5, m/e 196 (M+, lOO%); 143 (49),

OCH.,CH

125 (45), 77 (48).

The attempted preparation of 2-phenyl-1,3,2-dioxaphos-

Ehocah, by the method used to prepare 2-phenyl-1l,3,2-
dioxaphospholanz,O:3 gave a Qiscous pale yellow o0il which
decomposed on distillation to give, by 3lP n.m.r., a_large
number of phosphorus containing products, exhibiting reson-
ances in the P = O regidn of the spectrum. A 31P n.m.r.
spectrum taken before distillétion showed a major resonance

at 6P+155.9 with minor signals at 6P+153.8 and 6p+18.9.

Diethylphenylphosphine was supplied by Miss E. Henry.

The purity of the compound was checked prior to use by lH

31

a.rld P n.m..‘:., 6P—15-6.

l-Phenyl-2,2~dimethylphosphetan was prepared from

l-phenvl-2,2-dimethylphosphetan oxide, supplied by Mr. K. Wall,

by the procedure of Cremer and Chorvat?04

Trichlorosilane (2.09 ¢g,15 mmol) in dry benzene (30 ml)
was added dropwise over 20 min under nitrogen to l-phenyl-
2,2-dimethylphosphetan oxide (3.0 g, 15 mmol) in dry benzene
(25 ml) and triethylamine (1.56 g, 15 mmol). The solution
was heated under reflux for 3 h, cooled in an ice bath and
sodium hydroxide solution (25 ml, 20%) added dropwise over

40 min. Benzene (100 ml) was added and the organic layer
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separated, washed with saturated sodium chloridF solution

|
and dried over anhydrous sodium sulphate. . Th% solvent was
removed in vacuo to leave an oil which was distilled under

reduced pressure to give the phosphetan (0.81 g; 29%) as a

colourless oil b.p. 45—47OC/0.25 mm. The product was used

immediately as it has been observed that phosphetans of

this type oxidise and polymerise rapidly:z.o4 GP—32.4.

1-Phenylphospholan was prepared by a modification of

205
the procedure of Griittner and Krause.

A diGrignard,
prepared by the addition of dry 1,4-dibromobutane (136.5 g;
0.63 mol) in dry ether (150 ml) to magnesium turnings

- (30.9 g) in dry ether, and dichlorophenylphosphine (56.6 g;
0.32 mol), made up with dry ether to the same volume as the
'Grignard reagent, were added dropwise and simultaneously to
dry éther (1 2.), with stirring and cooling in an ice/water
bath under dry nitrogen. The mixture was stirred for 3 h
then dry diethylamine (300 ml) was carefully added with
stirring and cooling. The reaction mixture was allowed to
stand for 12 h at room temperature. The resultant white
suspension was passed through a short and wide alumina
column to reﬁové the magnesium salts and the ether removed
in vacuo to leave a pale yellow oil. On distillation the
product was obtained as a clear cclourless oil (15.9 g;

206

31%), b.p. 77-80°C/0.2 mm (1it.5°® 97°c/3mm), §,-15.8.

1-Phenvlphosphorinan was supplied by Mr. T. Naisby.

The purity of the compound was checked prior to use by lH

and 1P n.m.r., 8,-33.3.
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Dichloromethylphosphine was prepared by the method of

207 |
Soroka. © Phosphorus trichloride (205.5 g; 1.5 mol) and
: o
anhydrous aluminium chloride (226 g; 1.7 mol) were heated for

30 min at 60-70°C under nitrogen. The mixturé was cooled in
an ice/water bath and methyl iodide (213 g; 1.5 mol) added
dropwise, with continuous stirring and cooling, over 30 min.
After 1 h the complex solidified and dry potassium chloride
{127 g; 1.7 mol) and iron powder (90 g) were added. On
heating the mixture tc melting point a black viscous liquid
distilled out b.p. 80-170°C. The crude product was distilled
twice on a Vigreux column to yield the phosphine as a
colourless oil (55 g; 312), b.p. 80-82°C (it  80-82°C),

6P+19O.3.

l1-Methylphosphorinan was prépared by the procedure of

Featherman and Quin.208 The diGrignard reagent, prepared from

dry 1,5-dibromopentane (115 g, 0.5 mol) and magnesium (25 gb
in dry ether (200 ml) was treated with dichloromethylphosphine
(29.25 g; 0.25 mol) in ether as described in the preparation
of l-phenylphospholan above. The product was obtained as a
colourless oil (3g; 10%), b.p. 34-36°C/0.7 mm (lit.,”%%144-

147%¢c), 6,=57.6.

N,N-Diethylaminomethylchlorophosphine was prepared by

209
the procedure of Seidel and Issleib. Dry diethylamine

(62 g; 0.85 mol) in dry ether (100 ml) was added dropwise,

with stirring and cooling in an ice/water bath under nitrogen,
to dichloromethylphosphine (50 g; 0.43 mol) in dry ether

(300 ml) over 2 h. The mixture was stirred at room temperature

for 1 h, filtered and the ether removed in vacuo to leave a
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pale yellow oil. On distillation the product jwas obtained

as a colourless oil (47.2 g; 72%), b.p. 28~290C/O.5 mm

209

(1it.5””71-72°C/0.17 mm), §,+147.6.

Methyl-l-naphthylchlorophosphine was prepared by a

210
variation of the procedure of Horner, Schedlbauer and Beck.

1-Naphthylmagnesium bromide, prepared by the addition of
l-bromonaphthalene (31.0 g; 0.15 mol) in dry ether (50 ml)
to magnesium (3.64 g) in dry ether (50 ml) and dry benzene
(40 ml) , was added dropwise to a stirred solution of N,N-
diethylaminomethylchlorophosphine (23 g; 0.15 mol) in dry
~ether (100 ml) with stirring and cooling in an ice/water
bath under nitrogen over 2 h. The mixture was warmed and
stirred at room temperature for an hour, diethylamine (16 ml)
was then added and stirring was continued for a further hour.
- The resultant white suspension was passed through a celite
pad and added dropwise to a stirred solution of hydrogen
chloride (16.4 g; 0.45 ﬁol) in ether (200 ml) with cooling
in an ice/water bath. The mixture was stirred at room
temperature for 1 h, filtered through a celite pad and the
solvent removed in vacuo to leave a yellow oil. The oil
was distilled under reduced pressure to yield two fractions.
The first, a colourless crystalline solid, was identified by
lH n.m.r. as naphthalene (1.62 g; 9%) and the second, a
colourless o0il, was methyl-l-naphthylchlorophosphine

(17.3 g; 55%), b.p. 125—1280C/O.4 mm (Found: C, 63.6;

H, 4.8, CllHlOClP requires C, 63.3; H, 4.8%), v (neat)

max

1505, 795 and 770 em™t. 8. 1.93 (3H, d, PMe, Ipg

7.12-8.28 (6H, m, ArH), 8.36-8.64 (14, m, ArH), ¢,+81.6,

10 Hz),

+
m/e M not observed.
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Methyl methyl-l-naphthylphosphinite was prfpared by
202

the general method described by Quin and Anderson.

The reaction of methyl—1-naphthylchlorophosphiﬁe (17.3 g;
0.083 mol) with methanol (2.67 g; 0.083 mol) in the presence
of triethylamine (9 g; 0.09 mol) and dry ether (130 ml)
gave»methyl methyl-l-naphthylphosphinite (14.6 g; 86%)

as a colourless oil, b.p. lOO-llOOC/O.OS mm (Found: C, 70.4;

H, 6.1. OP requires C, 70.6; H, 6.4%), Viax (neat)

Ciot3
2810, 1505, 1140, 795 and. 770 cm . 6, 1.53 (3H, d, PMe,

Jpy 6Hz), 3.45 (3H, d, POMe, Jo, 14 Hz), 7.00-7.90 (6H, m,
ArH), 8.08-8.48 (1H, m, ArH), §,+114.5, m/e 204 wt, 823),

189 (100), 159 (29), 127 (27).

Methyl methylphenylphosphinite was supplied by

Mr. R.S. Strathdee. The purity of the compound was checked

31

"prior to use by lH and P n.m.r., 6P+ll9.0.

N,N-Diethylaminophenylchlorophosphine was prepared by

the method of Seidel?:ll Dry diethylamine (51.5 g;

0.71 mol) was added dropwise, with stirring and cooling in

an ice/water bath under nitrogen, to dichlorophenylphosphine
(60 g; 0.335 mol) in dry ether (150 ml) over 2h. The mixture
was stirred at room temperature for 1 h, filtered through a
pad of alumina and the ether removed in vacuo to leave a
vellow oil. On distillation the product was obtained as a
colourless oil (28.8 g; 40%), b.p. 81—850C/O.l mra (lit.,le

82-84°C/0.05 mm) ,8,+142. 2.
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Phenyl-m-tolylchlorophosphine was prepared! by the

general procedure of Horner and co-workers%%o‘us?d above to
prepare methyl-l-naphthylchlorophosphine. Thelmixture
obtained from the reaction of m-tolylmagnesium gromide,
prepared from m-bromotoluene (23.1 g; 0.135 mol) and
magnesium (3.6 g) in dry ether (70 ml), withly,g—diethyl—
aminobhenylchlorophosphine (28 g; 0.13 mol) in dry ether
(150 ml) and diethylamine (14 ml ) was added to hydrogen
chloride (0.39 mol) in dry ether (150 ml). The resultant
white suspension was filtered and the ether removed in
vacuo to leave a yellow oil which was distilled under reduced
pressure to give the product as a colourless oil (18.3 g;
60%), b.p. 126-132°C/1 mm (Found: C, 66.6; H, 5.2.

ClP requires C, 66.5; H 5.2%), Viax (neat) 1440, 780,

€13M12 |
750, 720 and 690 cm™1, 6, 2.32 (3H, s, m Me), 6.93-8.01

(9H, m, ArH), 6,+82.3, m/e 236 (mt, 20%), 234 (M, 63),

199 (19), 182 (l00), 168 (73).

Methyl phenyl-m-tolylphosphinite was prepared by the

gener~1l method described by Quin and Anderson.zo2 Reaction
of phenyl-m-tolylchlorophosphine (6.7 g; 0.029 mol) with
methanol (0.93 g; 0.029 mol) in the presence of triéthylamine
(3 g; 0.03 mol) and dry ether (35 ml) gave methyl phenyl-m-

tolylphosphinite (5.03 g; 77%) as a colourless oil, b.p.

120~1250C/O.05 rmm. (Found: €, 73.0; H, 6.5. C14H150P requires
1

C, 73.0; H, 6.6%), v___ (neat) 2820, 1430, 1095 and 780 cm .

6H 2.29 (3H, s, m Me), 3.61 (3H, d, POMe, JPH14HZ), 7.00-7.63

(9H, m, ari), 6, + 117.2, m/e 230 (M, 83%), 215 (100),

109 (133, 91 (17), 77 (12).
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sec-Butyl phenyl-m-tolylphosphinite was prepared by

the general method described by Quin and Andepymaoz

!
Reaction of phenyljg—tolylchlorophosphine (9.38 g; 0.04 mol)

with sec-butanol (2.96 g; 0.04 mol) in the presence of

triethylamine (4.2 g; 0.042 mol) and dry ether (80 ml) gave
sec-butyl phenyljg—tolylphosphinite (8.31 g; 76%) as a
colourless oil, b.p. 155-165°C/0.05 mm (Found: C, 74.8;

H, 7.6. C17H2lOP requires C, 75.0; H, 7.8%), Vinax (neat)

1435, 1375, 1095, 745 and 695 cm T. &, 0.88 (3H, t,

31 Juu 6Hz) 1.40-1.88

CHy), 2.28 (3H, s, mMe), 3.74-4.14 (1H, m, POCH),

CHyCHy Ty

(28, m, CH

gHz), 1.24 (3H, &, CHCH

2

6.98-~7.90 (%H, m, ArH), GP (diastereoisomers, 1:1)+ 106.5

and + 106.6, m/e 272 (M+, 17%), 216 (100), 199 (14), 182 (11},

169 (21), 91 (22), 77 (lO).

1-Naphthylphenylchlorophosphine was prepared by the

method of Horner, Schedlbauer and Beck.zlo The mixture obtained

from reaction of l-naphthylmagnesium bromide, prepared from
l—bromonaphthalene (14 g; 0.068 mol) and magnesium (1.6 g)
in dry ether (50 ml) and dry benzene (15 ml), with N,N-
diethylaminophenylchiorophosphiné (14 g; 0.065 mol) in dry
ether (100 ml) and diethylamineA(7 ml) was added to hydrogen
chloride (0.195 mol) in dry ether (150 ml). The resultant
white suspension was filtgred and the ether removed in vacuo
to leave a yellow o0il which was distilled under reduced
pressure to yield two fractions. The first, a colourless

0il, was identified by > P n.m.r. §,+160.6 as dichlorophenyl-

phosphine (2.3 g; 20%), b.p. 40—44OC/O.05 mm (lit.,212
46.47OC/0.7 mm) and the second, a pale yellow oil, as

1-naphthylphenylchlorophosphine (6.23 g; 35%), b.pflo



-97-

21

‘ 0
166-170°C/0.05 mm (lit.,”” 195°c/0.1 mm), 8794 7.

Methyl l-naphthylphenylphosphinite was prepared by the
\.

general method described by Quin and Anderson%og Reaction
of l-naphthylphenylchlorophosphine (18.4 g; 0.068 mol) with
methanol (2.18 g; 0.068 mol) in the presencé of triethyl-
amine (7 g; 0.069 mol) and dry ether (85 ml) gave methyl
l-naphthylphenylphosphinite (11.84 g; 65%) as a pale yellow
0il, b.p. 160-170°C/0.05 mm (Found: C, 76.8; H, 5.7.

OP requires C, 76.7; H, 5.7%), v (neat) 2820;

Cl7Hl5 max
1

1430, 795, 775 and 695 cm . 8y 3.69 (3H, &, POMe, Jp.
14 Hz), 7.10-7.92 (11H, m, ArH), 8.16-8.34 (1H, m, ArH),
§,+113.3, m/e 266 v, 100%), 251 (85), 233 (15), 173

(33), 127 (19), 109 (13), 77 (13).

Hexaethylphosphoxus triamide was supplied by Dr. N.J.

Tweddle. The purity of the compound was checked prior to

31

use by lH and P n.m.r., 6P+118.O.

5. Preparation of Phosphoryl Compounds

Phosphoryl compounds were prepared by the oxidation of
tervalent phosphorus compounds by lead tetraacetate as

described by Henryz.13

2-Phenyl-1.3,2-dioxaphospholan oxide was prepared by

the portionwise addition of lead tetraacetate (5.39 g;

0.012 meol) to a stirred solution of 2-phenyl-l,3,2-dioxa-
phospholan (1.86 g; 0.011 mol) in dry methylene chloride

(30 ml). Heat was evolved and a white slurry was deposited

as the reaction proceeded. After 1 b of continuous
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stirring the mixture was filtered, washed with |water,

dried over anhydrous magnesium sulphate and the solvent

removed iquvacuo to leave a yellow o0il which on distillation
!

gave 2-phenyl-1,3,2-dioxaphospholan oxide (1.47 g; 72%),

b.p. 120°C/0.05 mm (1it21%210°C/6-7 mm) as a colourless

oil, 6p+36.7. On standing the oil formed a colourless
s0lid, m.p. 55-57°C (lit.2'? s56-58°C).

2-Phenyl-1,3,2-dioxaphosphepan oxide was prepared by

the procedure outlined above. Lead tetraacetate (6.34 g,
0.014 mol) was added to 2-phenyl-1,3,2-dioxaphosphepan
(2.55 g; 0.013 mol) in dry methylene chloride (60 ml).
After filtration, washing and removal of solvent an oil
was obtained which on distillation gave 2-phenyl-1,3,2-
dioxaphosphepan oxide (1.99 g; 72%) as a colourless oil
which sclidified on standing. Recryvstallisation from
ether gave the oxide as colourless crystals, m.p. 73-74°C

(Found: C, 56.7; H, 6.1; ClOH O3P requires C, 56.6;

1

13
H, 6.2%), Voax 1445 (P-Ph), 1140, 1030 and 955 cm

GH 1.€8-2.30 (4H, m, OCH

ocH

CH,CH,CH,0), 3.79-4.71 (4H, m,

2==2=-2

,CH,CH,CH,0), 7.22-8.04 (5H, m, ArH), §,+21.2, m/e

*
212 (Mt 48%), 159 (83), 141 (100); m 119.3 (212 - 159).

5. Preparation of Azido Compounds

All azido compounds were stored in the absence of
light at -10%%. Before use they were warmed to room

temperature in a desiccator.
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o-Azidophenol was prepared by a modification of the

. 215
method of Forster and Fierz.

To o-aminophenol (10 g,

92 mmol) in concentrated hydrochloric acid (25lml) and
water (75 ml;, maintained at between O—SOC, was added drop-
wise with stirring sodium nitrite (6 g, 87 mmol) in water
(25 ml). Sodium azide (6 g, 92 mmol) in wéter (15 ml) was
then added all at once and the solution stirred for 1 h at
room temperature. Ether (500 ml) was added and the organic
layer separated‘and dried over anhydrous sodium sulphate.
Filtration, followed by removal of the ether in vacuvo at
room temperature gave a brown solid which on sublimationat
SOOC/O.QS mm gave the product as light sensitive yellow

. o) -1
crystals (8.2 g; 66%), m.p. 35-36C, Voax 2120 cm (N3).

o-Azidophenyl benzoate was prepared by the method of

Forster and Fierz.215 Potassium hydroxide (3.75 g, 67 mmol)

in ethanol (54 ml) was added with stirring to o-azidcphenol
(7.5 g, 56 mmol) in ethanol (15 ml). The solvent was
removed in vacuo and dry ether (60 ml) added to the residue.
Benzoyl chloride (11.7 g, 83 mmol) in dry ether (20 ml) was
then added dropwise with stirring. A precipitate formed
during stirring for 20 h. The solution was filtered,
washed with water (50 ml) and sodium carbonate solution

(2%, 500 ml). The organic layer was separated and dried
over anhydrous sodium sulphate. Filtration and evaporation

of the solvent left a brown oil which was purified by
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repeated recrystallisations from petrol (b.p. 4p-60°C)

at -78°C. o-Azidophenyl benzoate (4.18; 31%) was obtained

|
as light sensitive pale orange crystals m.p. 40-42°C

213459, v___ 2130 em T (N |

(Lit., ax 3).

o-Azidophenyl tosylate was prepared by the method of
215

Forster and Fierz. Potassium hydroxide (2.5 g, 45 mmol)
in ethanol (35 ml) was added with.stirring to o-azidophenol
(5 g, 37 mmol) in ethanol (20 ml). The solvent was removed
in vacuo and dry ether (50 ml) added to the residue.
E—Toluenesulphonyl chloride (9 g, 47 mmol) in dry eﬁher

(50 ml) was then added slowly with stirring. A solid was
precipi£ated from solution and after 20 h stirring the
mixture was filtered. On removal of the solvent from

the filtrate in vacuo a solid remained which was recrystallised
from ethanol to give the product as a colourless crystalline
solid (4.9 g, 46%), m.p. 69-71° (1it2}> 72%), v__. (mull)

ax
1

2120 cm ~ (N

3) -

o-Azidobenzyl alcohol was prepared in a two step synthesis

by the method of Smolinsky?l6 The initial reduction step
was effected by the method of Nystrom and Brown?l7
Anthranilic acid (15.1 g, O.li mol) was contained in a
soxhlet over a flask containing lithium aluminium hydride
(10 g, 0.26 mol) and ether (600 ml). The solvent was
heated under reflux and the acid was gradually washed in.

After 1 h the reaction was cooled and excess lithium

aluminium hydride destroyed cautiously with water. The
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ether layer was decanted off and dried over an@ydroué
i
magnesium sulphate. The solution was filtered and the

: !
solvent removed in vacuo to leave a colourless solid,

o-aminobenzyl alcohol (10.7 g; 79%), m.p. 79-810C (lit%%7
82°C), v__ 3620 and 3400 cm .
o-Aminobenzyl alcohol (10 g; 0.081 mol) was dissolved

in water/hydrochloric acid (l:1; 100 ml), maintained at
O—SOC, and sodium nitrite (5.75 g, 0.083 mol) in water
(30 ml) added portionwise. After stirring for % h the
"diazotised solution was added dropwise to a cold solution
of sodium azide (6.33 g, 0.097 mol) and sodium acetate
(84 g, 1.02 mol) in water (10O ml). A yellow solid
precipitated out of solution which was collected, filtered
and washed with cold water. The solid wés dried and
purified by sublimaﬁion at 6OOC/6.05 mm to give o-azido-
benzyl alcohol (8.86 g; 73%) as a colourless crystalline

216

solid m.p. 48-50°C (lit.5 > m.p. 52-53°C), v 2110 cm — (N

max 3)'

o-Hydroxybenzylazide was prepared in two steps from

g—hydroxybenzylalCOhcl by the method of Hayashi and Okg}s

o-Hydroxybenzylalcohol (20 g, 0.16 mol) was dissolved
in acetic anhydride (40 g, 0.39 mol) and the mixture heated
under reflux for 3 h. On distillation two fractions were
obtained. The first, b.p. 20—3OOC/1 mmn, was identified
as a mixture of unreacted anhydride and acetic acid and
the second as o-acetoxybenzylacetate (21.5 g; 64%), b.p.
219

98-99°C/0.8 mm (lit., ~ 103-104°C/1 mm), Voo, (neat) 1740
1

cn — (C=0).
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A mixture of o-acetoxybenzylacetate (10.4 g}, 50 mmol),

sodium azide (4.9 g, 75 mmol) and methanol (50 ml) was
R

heated under reflux for 2 h. After éooling, the mixture

was added to water (150 ml) and extracted with ;ethylene

chloride (100 ml). The extract was dried over.anhydrous

sodium sulphate, filtered, and the solvent removed in

vacuo, at room temperature, to leave a pale yellow oil.

On standing at -10°¢C for 50 h the oil partially crystallised.

The crystals were‘collected and recrystallised from carbon

tetrachloride at -10°C to give o-hydroxybenzylazide as a

yellow solid (2.64 g; 35%), m.p. 28-30°C (1i£%%8 31-33.5°),
1

v 2110 cm — (N,).
max 3

trans-2-azidocyclohexancl was prepared by the method of

Vander Werf, Heisler and McEwen.Zzo A solution of sodium
azide (13.9 g, 0.21 mol) in water (35 ml) was added to a
refluxing solution of cyclohexene oxide (16.6 g, 0.17 mol)
and 1,4-dioxan (260 ml). The mixture was heated under
reflux for 20 h. On cooling two layers formed. The upper
organic layer was treated with dilute hydrochloric acid,
separated and dried over anhydrous sodium sulphate. 'Removal
of the solvent in vacuo gave a red oil which on distillation
under reduced pressure gave a colourless oil identified as
trans-2-azidocyclohexanol (5.26 g; 22%), b.p. 69-70°C/

1

220 -
0.9 mm (lit., 70-71°C/1.5 mm), Voay (Deat) 2090 cm T (N,).
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2-Azido-l-phenyl-l-ethanol was prepared by [the method

221
of Boyer, Kreuger, and Modler. Attemnpts to prepare the

: 222
compound by the method of McEwen, Conrad and VanderWerf

cr by treatment of l—bromo—2-hydroxy—l~ethan01223with sodium
azide resulted in a mixture of isomers.

A solution of a-bromoacetophenone (33.319, 0.17 mol)
in ethanol (125 ml) and glacial acetic acid (20 ml) was
cooled to O~50C and sodium azide (22 g, 0.34 mol) in water
(100 ml) added portionwise. On standing at 0-5°C for 20 h
a crystalline mass formed which was collected, washed twice
with water, and dissolved in 1,4-dioxan (50 ml). The
solution was added portionwise to sodium borohydride (8.3 g,
0.22 mol) in water (40 ml) and 1,4-dioxan (50 ml). Hydrogen
was seen to be evolved. The mixture was stirred at room
temperature for 3 h then heated uhder reflux for 1 h.
After cooling dilute hydrochloric acid (50 ml) was added.
The solution was extracted with ether (300 ml), dried over
anhydrous sodium sulphate, filtered and the solvent removed
in vacuo to leave a rale yellow oil. Distillation Qf the
0il under reduced pressure gave 2-azido-l-phenyl-l-ethanrol
as a colourless oil (17.5 g, 64%), b.p. 88—940C/O.5 mm

221 1

. o -
(lit., 111-1147C/0.5 mm) Vmax (neat) 2100 cm (N3).

(S)~(+) -2~Azido-1l-phenyl-l-ethanol was prepared in threce
24

. . 2
steps by a combination of the methods of Jensen and Kiskis

and Nakajima,_Kinishi, Oda and Inouye.225
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Commercially available (S)-(+)- mandelic acid (22 g,

0.14 mol) (Aldrich Chemical Co., 99+% Gold Labdl) was reduced
in dry ether (300 ml) with lithium aluminiﬁm h}dride

(12.2 g, 0.32 mol) to give, after isolation byfextraction
with methylene chloride and recrystallisation tfrom benzenec/
petroleum (b.p. 60—800), (S) - (+) -phenyl-1,2-ethanediol

(7.42 g; 37%), m.p. 66-66.5°C, [a]2?

D
(c = 1.33 g, H,0) (1it.,%%%m.p. 65-66°C, [a]

+ 39.9 + 0.6°

24

o]
p 40.7 + 0.5

(c = 3.26 g, HZO))"

(S) -~ (+) -phenyl-1,2-ethanediol (7 g, 0.05 mol) in dry
pyridine (60 ml) was maintained at 3°¢C and p-toluenesulphonyl
chloride (92.65 g, 0.05 mol) added portionwise with stirring.
After stirring for 18 h at 3°C the solution was poured into
ice and water (200 ml) and extracted with ether (500 ml).
The ether layer was washed with dilute hydrochloric acid
(100 ml) and water (100 ml). The organic layer was absorked
on silica and the product obtained from a wet silica column
on elution with ether. On removal of the solvent .in vacuo
a colourless crystalline solid was obtained; identified
by lH n.m.r. as (S)-(+)-2-phenyl-1,2-ethanediol-1l-tosylate
(10.3 g; 70%) with no apparent impurities.

To (S)-(+)-2-phenyl-1,2-ethanediol-1l-tosylate (7.75 g,
26.5 mmol) in dry benzene (12 ml) was added sodium azide
(2.59 g, 4C mmol) and 18-Crown—6‘(0.35 g, 1.3 mmol). The
mixture was stirred and ﬁaintained at 56°C for 90 h then
absorbed on silica ana the product eluted from a silica
column with 1:3, etherx:petrol (b.p. 40—600C). The first
fraction eluted was collected and the solvent removed in
vacuc to leave a pale yellow 0il which on distillation gave

a colourlese oil identified as (S)- (+)-~a~azidomethylbenzyl-
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|

alcohol (2.65 g; 61%), b.p. lOOOC/O.OS mm, Vv (neat)

max

|
5) - 8, 2.80 (1H, s, OH), 3.31-3.39 (2H, m,
' 23

|
CHZ)' 4.50-4.65 (1H, m, CHPh), 7.29 (5H, s, ArH) , [a]D +124.3

2105 cm ¥ (N

+ 0.6%(c = 2.56 g, Etzo). No trace of 2—azido}2—phenyl—l—
ethanol could be detected in the product by 1H n.m.r. or by
h.p.l.c.

The optical purity of (S) - (+)-a-azidomethylbenzyl
alcohol was estimated by reduction of the azide to the
corresponding amine and comparison of the measured optical
rotation with the literature valueg?7'228To lithium
aluminium hydride (0.68 g, 18 mmol) in super-dry tetrahydro-
furan (6 ml) was added, dropwise with stirring under nitrogen,
(8) - (+) ~a—azidomethylbenzyl alcohol (0.58 g, 3.5 mmol) in
super-dry £etrahydrofuran (9 ml ). The mixture was heated
under reflux for 2 h, cooled and water cautiously added.
When hydrogen evclution ceased the mixture was extracted
with methylene chloride. Removal of the solvent left an
oil which was applied to a preparative t.l.c. plate and
run with methanol. A band, RI 0.1, was collected and
re-extracted with methanol. Removal of the solvent in
vacuo left an oil which on distillation gave a colourless
0il which crystallised on standing. The colourless solid
was identified as (S)-(+)-a-aminomethylbenzyl alcohol

(0.18 g; 36%2), b.p. 80-85°C/0.05 mm, m.p. 59.5-61°C
227 1

(1it.?" 61-62°C), v___ (mull) 3330 and 3280 cm ~ (NH,).
[a]§3 + 45.3 + 0.6° (¢ = 2.20 g, EtOH) (11t 228 [@133 + 44.8°

227 18

(c = 2.088 g, EtOH) litiy' [aly + 44.6 + 2.2° (c = 2.05 g,

EtOH)) .
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N- (o-azidophenyl)phthalimide was prepared in| three

229
steps by the method of Smith, Hall and Kan.

o-Nitroaniline (41.2 g, 0.3 mol), phthalic aLhydride
(66.3 g, 0.45 mol) and triethylamine (8 g; 0.08 mol) were
heated under reflux in toluene for 14 h with an attached
water separator. On cooling yellow crystalé formed which
were collected, washed with ether and dried. The product
was identified as o-nitrophenylphthalimide (55.3 g, 69%)
m.p. 202-203° (1it.*3%200-203°C).

To o-nitrophenylphthalimide (24.2 g, 0.09 mol) in
refluxing acetone (1.5 %) Was added glacial acetic acid
(150 ml), water (150 ml)and powdered iron (59 g). The
mixture was stirred rapidly whilst being refluxed for 1 h.
The hot solution was filtered and neutralised with sodium
carbonate solution. On standing £wo layers formed. The
upper layer was decanted off, added to water (12 2) and
cooled in an ice bath. After 2h the solution was filtered
and a yellow solid, identified as N- (o-aminophenyl)phthalimide
(19.8 g; 92%), obtained. M.p. 190-193°C (lit%%g 190-193°¢) .

To a suspension of N-(o-aminophenyl)phthalimide (18 g,
0.076 mol) in water (1 %) was added concentrated hydrochloric
acid (100 ml). The resulting slurry was chilled to 0-5°c
and diazotised by the addition of sodium nitrite (6 g,
0.087 mol) in water (25 ml). After stirring for 1 h the
solution was filtered and sodium azide (5.7 g, 0.033 mol)
in water (25 ml) added dropwise with stirring. A colourless
precipitate formed which was collected, washed with water
and dried. The product was identified as N-(o-azidophenyl)

phthalimide (18.6 g; 93%) m.p. 184°C (lit.22%191%).



o-Azidoaniline was prepared by the method éf Smith,

Hall and Kan.229

A slurry of N-(o-azidophenyl)phthalimide
(14.7 g, 0.056 mol) in ethanol (150 ml) was stifred with
hydrazine hydrate (2.8 g, 0.056 mol) for 1lkh atzroom
temperature then water (100 ml) and sodium hydroxide
solution (25 ml; 20%) were added. The solution was
filtered and extracted with methylene chloride (500 ml).
Separation and drying of the organic layer followed by
removal of the solvent in vacuo left yellow-brown crystals.
The crude product was recrystallised from methanol/water and
finally purified by sublimation, 560C/O.OS mm, to give
o-azidoaniline (4g; 53%) m.p. 60-61°C (11t 222 63-63.5%)
as yellow light sensitive crystals.

N-(o-azidophenyl) benzamide was prepared by the dropwise

addition of benzoyl chloride (5.8 g, 0.04 mol) over % h

to a suspension of o-azidoaniline (5 g, 0.037 mol) in sodium
hydroxide solution (50 ml; 5%) with rapid stirring. Heat
was evolved and the reaction mixture stirred for a further

2 h. Ether (200 ml) was added and the organicvlayer
separated and dried. The ether solution was absorbed on
alumina and the product obtained from a wet alumina column
on elution with ether. On removal of the solvent in

vacuo a colourless crystalline solid was obtained which was
purificd by recrystallisation from ether to give N-(o-azido-
plienyl) benzamide (5.6 g; 63%), m.p. 87-88°C (Found: C, 65.5;
H, 4.2; N, 23.6; C13§10N40 requires C, 65.5; H, 4.2;

1

N, 23.5%), v__ 3420 (NH), 2120 (N3) and 1685 cm — (C=0).
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GH 7.00-7.30 (3H, m, ArH), 7.32-7.62 (3H, m, ArH), 7.72-7.97

(2, m, ArH), 8.24 (1H, s, NH), 8.36-8.61 (1H, m, ArH),
|
* l
m/e 238 (M, 14%), 210 (28), m 185.3 (238 - 210), 105 (100) ,
|

77 (37). 1

N~ (o= 2zidophenyl) —-p-toluene-sulphonamide was prepared by

the portionwise addition of toluene-p-sulphonyl chloride

(2.13 g, 11 mmol) to o-azidoaniline (1 g, 7.5 mmol) in pyridine
(10 ml). Heat was evolved and the mixture was stirred for 1 h.
Water (500 ml) was added and a white solid precipitated which
was collected and dried. Recrystallisation of the solid from
methylene chioride/'ether gave N-(o-azidophenyl)-p-toluene-
sulphonamide (1 g; 47%) as pale brown crystals, m.p. 137.5-
139°¢ (Found: C, 54.4; H, 4.2; N, 19f4; Cl3H12N4028 requires
cC, 54.2;AH, 4,2; N, 19.4%), Viax 3340 (NH), 2130 (N3) and

1165 cm ', §,2.32 (3H, s, pMe), 6.72-7.78 (SH, m, ArH + NH),
m/e 288 (M+, 21%), 260 (14), n” 234.7 (288 » 260), 156 (36),

105 (100), 92 (84), 91 (80).

o-Azido-N-triphenylmethylaniline was prepared by the

dropwise addition of triphenylmethylchloride (1.04 g, 3.7 mmol)
in pyridine (4 ml) to a solution of o-azidoaniline (0.5 g,

3.7 mmol) in pyridine (4 ml). The mixture was stirred at
room temperature for 70 h. The sclvent was removed under
high vacuum and the residue absorbed on alumina. The product
was obtained from a wet alumina column on elution with ether/
petrol (b.p. 40—600C), 5:95, Removal of the solvent left a

purple oil which was dissolved in methylene chloride/petrol
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(b.p. 40—600C). On standing at -10°c purple crystals formed

which were collected and dried. The product w?s identified as

o-azido-N-triphenylmethylaniline (0.59 g; 42%), m.p. 124-125°C

(Found: C, 79.5; H, 5.5; N, 14.7; C25H20N4 requires C, 79.8;

~1
H .4 o
r 5.4; N, 14.9%), Voax 3420 (NH) and 2115 cm (N3).

8y 5.52 (1H, s, NH), 5.95-6.19 (1H, m, ArH), 6.33-6.70 (2H, m,

ArH), 6.,70-7.02 (1H, m, AxH), 7.02-7.60 (15H, m, ArH), m/e

376 (M, 7

oe

), 271 (6), 243 (100), 165 (37).

o-Azido~(N-2,4-dinitrophenyl)aniline was prepared by the

addition of l-chloro-2,4-dinitrobenzene (3.83 g, 19 mmol) and
anhydrous sodium acetate (1.5 g, 18 mnol) to o-azidoaniline
(3 g, 22 mmol) in methanol (22 ml). The mixture was heated
under reflux for 4% h. The solvent was removed under reduced
pressure and the mixture absorbed-on silica. The product was
obtained from a wet silica column on elution with ether/petrol
(b.p. 40-60°C), 1:9. Removal of the solvent in vacuo left
a red crystalline solid which was recrystallised from
ethanol/methylene chloride. The product was recrystallised
from ethanol/methylene chloride. VThe product was identified
as 9—azido~(§—2,4—dinitrophenyl)aniline‘(l g, 18%), m.p.
137.5-140°C (Found: C, 27.8; H, 2.7; N, 27.8;

H,N_O, requires C, 48.0; H, 2.7; N, 28.0%), v 3340 (NH),.

Cq12HgNgOy max
1

2115 (Nj), 1510 and 1340 cm . 8y 7.02 (lH, d, 6'-ArH,

JHHQHZ collapses on irradiation at 88.16), 6.8-7.55 (4H, m,

ArH), 8.16 (lH, d of &, 5'-ArH, Jy OHz, J, 3Hz), 9.12

(14, 4, 3'-ArH, JHH3Hz collapses on irradiation at 68.16),
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) *
9.72 (1H, s, NH), m/e 300(M", 46%), 272(26), m |246.6

*
(300 ~+272), 225 (35), 179 (46), m 142.4 (225 »+ 179),

s
106 (100). ' |

Phenylazide was prepared by the method of Lindsay and

Allen.23l To concentrated hydrochloric acid (55.5 ml) and

water (100 ml), stirred and cooled in an ice/water bath, was
added dropwise phenylhydrazine (35.5 g, 0.33 mol). OA
cooling to 0°C ether (LOO ml) was added all at once followed
by the porticnwise addition, over % h, of sodium nitrite

(25 g, 0.36 mol) in water (30 ml). The organic layer was
separated and the ‘azide purified by passing down a wet
alumina column eluted with ether. The solvent was removed
in vacﬁo to leave.an orange oil, stored at -10°C over dry
molecular sieve, phenylazide (24.1 g; 62%), Vax (neat)

2100 em™ ¥ (n

3).

7. Preparation of Iminophosphoranes and Pentacoordinate

Phosphoranes: Reaction of Azido Compounds with

Tervalent Phosphorus Reagents

General Procedure

These reactions were carried out in carefully dried
glassware and solvents as iminophosphoranes and pentacoocrdinate
phosphoranes are hydrolytically unstable. Unless otherwise

stated all reactions were carried out at room temperature.
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A solution of azide (1-10 mmol) in super-dry solvent

(5-20 ml) was added, dropwise with stirring_under an

i

atmosphere of dry nitrogen, to a tervalent phosﬁhorus
|
reagent (1-10 mmol) in super-dry solvent (5-20 ml).

!
Mitrogen and heat were evolved and the rate of addition of
azide solution regulated so as to maintain a'steady mild
reaction. The reactions were generally complete within
2 h, as shown by 31P n.m.r., and the products were isolated
by recrystallisation from super-dry solvents or by distillation.
All manipulations invelving these labile compounds were carried
out in a dry-box under an atmosphere of dry nitrogen.

7.1 Reaction of o-Azidophenol with Tervalent Phosphorus Reagents

o)

(i) 2,2,2-Trimethoxy-1,3,2~-benzoxazaphospholine was prepare

by the addition of o-azidcphenol (1.55 g, 11.5 mﬁol) in super-
ary petrol (b.p. 40-60©C, 20 ml) to trimethylphosphite

(L.44 g, 11.6 mmol) in super-dry petrol (b.p. 40-60°C, 10 ml).
Nitrogen was evolved and the mixture stirred under an atmosphere
of dry nitrogen for 30 h. The solution was blown down to small
volume, with a stream of dry nitrogen, and left to stand at

-10°c for 100 h. The phospholine (2.60 g; 98%) was obtained

as pale orange crystals, m.p. 42-44°C (Found: c,47.0; H,6.0;

N,6.1; 09H14NO4P requires C,46.8; H,6.1; N,6.1%), Vinax 3470
1

(NH) , 2840, 1500, 1390, 1270 and 910 cm 6, 3.58 (9, 4,

H

POMe, J 13dz), 5.58 (l1H, 4, NH, J 20 Hz), 6.62-6.84

PH PH

(4H, m, ArH), SP—Sl.S, m/e 231 (M+, 64%), 200 (90), 199 (lo0),

x
185 (32), 184 (28), m 171.4 (231 - 199), 169 (26), 1l0° (34),

93 (78).
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(ii) 2,2,2—Triethoxy-l,3,2—benzoxazaphospholin? was prepared

by the addition of o-azidophenol (1.50 g, 1l.1 &mol) in super-

dry petrol (b.p. 40-60°C, 12 ml) to triethylphoéphite (1.91 g,

11.5 mmol) in super-dry petrol (b.p. 40—60°C, 8?ml). Nitrogen

was evolved and the mixture stirred under an atmosphere of dry
31

nitrogen for 20 h. P N.m.r. showed compléte conversion to

the phospholine. The solution was blown down to small volume,

with a stream of dry nitrogen, and cooled to -10°Cc for 20 h.
The phospholine (2.92 g; 96%) was obtained as a colourless
crystalline solid, m.p. 32-34°%C. A satisfactory analysis
could not be obtained due to the hydrolytic instability of

the compound, however an exact mass measurement was obtained,

found, M, 273.112342, C12H20N04P requires M, 273.112987.
-1
v . 3470 (NH), 1500, 1390, 1270 and 890 cm ~. &, 1.16
(9H, d of t, OCH,CH,, Jy, 7 Hz, Jpyl.5 Hz), 3.93 (6H, d of
q, OCH,CHy, Jy. 7 Hz, Jp, 8.5 Hz), 5.50 (1H, d, NH, Jp, 20 Hz),
6.46-6.82 (4H, m, ArH), §,-53.9, m/e 273 (m*, 133), 228 (17),

227 (15), 171 (l100), 153 (12), 109 (23), 79 (30).

(i.ii) 2,2-Dimethoxy-2-phenyl-1,3,2-benzoxazaphospholine

was prepared by the addition of o-azidophenol (0.83 g, 6.1 mmol)
in super-dry petrol (b.p. 40-600C, 10 ml) to dimethyl phenyl-
phosphonite (1.06 g, 6.2 mmol) in super-dry ether (10 ml).
Nitrogen was evolved and the mixture stirred under an atmosphere
of dry nitrogen for 80 h. The solvent was blown down to

small volume, with a stream of dry nitrogen, super-dry petrol

(b.p. 40-60°C, 10 ml) added and the mixture left to stand
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at -10°c. The phospholine (1.58 g; 92%) was obtained as a

colourless crystalline solid, m.p. 70—72°C (Found: C, 60.8;

H, 5.8; N, 5.0; C14H16NO3P requires C, 60.7; H, 5.8; N, 5.1%),
1

v 3460 (NH), 2730, 1495, 1385 and 905 cm . §. 3.52
max LYy

(6H, 4, POMe, J 12 Hz), 5.58 (1H, 4, NH, J 1% Hz), 6.47-

PH PH
7.90 (9H, m, ArH), 6,-39.8, m/e 277 Y, 292), 263 (9), 245

(1o0), 231 (18), 155 (35), 138 (62), 109 (47), 77 (59).

(iv) 2,2-Diphenyl-2-methoxy-~1,3,2-benzoxazaphospholine

was prepared by the addition of o-azidophenol (0.64 g, 4.7 mmol)
in super-dry petrol (b.p. 40*600C, 10 ml) to methyl diphenyl-
phosphinite k1.04 g, 4.8 mmol) in super-dry petrol (b.p.
40—6OOC, 5 ml). On addition the solution instantly turned
yvellow followed by rapid evolution of nitrogen. When the.

reaction was complete, the phospholine (1.38 g; 90%), a

colourless solid precipitated out of solution and was collected,
washed with super-dry petrol (b.p. 40—600CL and dried.
M.P. > 240°C (decomp.) (Found: C, 70.3; H, 5.6; N, 4.4;

NOZP requires C, 70.6; H, 5.6; N, 4.3%), Viax 3460 (NH),

CioHyg
2830, 1495, 1440, 1385, 1260 and 885 cm L. 8, 2.98 (3H, 4,
POMe, J.. 11 Hz), 4.86 (1H, d, NH, J.. 20 Hz), 6.45-6.80

PH PH
(4H, m, ArH), 7.20-7.90 (10 H, m, ArH), GP—36.O, m/e 323

(M+, 2%), 309 (68), 291 (9), 201 (100), 185 (7), 183 (6),

77(27) .

(v) 2-Phenylspiro-[1,3,2-dioxaphospholan-2,2'-[1,3,2]-

benzoxazaphosphoiine] was prepared by the addition of o-azido-

phenol (0.46, 3.4 mmol) in super-dry ether (11 ml) to 2-phenyl-

1,3,2-dioxaphospholan (0.58 g, 3.5 mmol) in super-dry ether
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(6 ml). Nitrogen was evolved and the solution stirred for
18 h. On standing at -10°C the product crystallised as a
colourless solid. The Qhospholine (0.66 g; 70%) was collected

|
and dried, m.p. 141-144°Cc (Found: C, 61.3; H, 5.1; N, 5.0;

C14H14NO3P requires C, 61.1; H, 5.1; N, 5.l%?,vmaX 3460 (NH),
1420, 1380, 1260, 1070 and 905 cm_l. GH 3.40-4.24 (4H, m,

OCH,CH,O0), 5.73 (1H, d, Jpy 18 Hz), 6.40-6.94 (4H, m, ArH),

2 H
7.02-7.94 (5H, m, ArH), 6,-26.4, m/e 275 b, 96%), 231 (100),

m 194 (275 - 231), 109 (62).

(vi) N-(2-Hydroxyphenyl)iminodiethylphenylphosphine was prepared

by the addition of o-azidophenol (1.31 g, 9.8 mmol) in super-
dry benzene (10 ml) to a refluxing scolution of diethylphenyl-
phosphine (1.69 g; 10.2 mmol) in super-dry behzene (10 ml).

On addition the solution instantlyAturned deep red followed

by the vigorous evolution of nitrogen. The mixture was heéted
under reflux for 1 h then the solvent'was reméved with a stream
of dry nitrogen. A red oil was obtained, shown by 31P n.m.r.
to be the only phosphorus containing product, which was purified

by bulb to bulb distillation at 150-160°C/0.05 mm to give the

phosphinimine (2.29 g; 87%) as a pale brown oil (Found:

¢, 70.3; 4, 7.3; N, 5.1; C NOP requires C, 70.3; H, 7.4;

16120

N, 5.13), v__ 3290 (broad band OH), 1495, 1115, 1045, 1020
and 695 cm T.  §, 1.04 (6H, d of t, CH,CH.,

17 Hz), 2.11 (4H,d of q, CH,CH,, Jy, 8 Hz, J . 11 Hz),

6.28-6.96 (411, m, ArH), 7.24-7.85 (6H, m, ArH +OH), 6P+2l.5,

JHH8H2' JPH

CH

m/e 273 (M7, 100%2), 256 (11), 244 (28), 216 (20), 196 (11),
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165 (92), 138 (50), 120 (55), 109 (74), 105 (36). TNo P’

. . 31,
gspecies were observed in the P n.m.x. spectrum after
- . t

standing in solution at room temperature for 120 h.

(vii) 2',2'-Dimethyl-2-phenylspiro-[1,3,2-benzoazaphospholine-

2,1'-phosphetan] was prepared by the addition of o-azidophenol

(0.51 g, 3.8 mmol) in dry methylene chloride (7 ml) to freshly
distilled 2,2-dimethyl-l-phenylphosphetan (0.81 g, 4.6 mmcl)
in dry methylene chloride (5 ml). Nitrogen was evolved and
the solution stirred for 17 h. The solvent was blown down

to small volume, with a stream of dry nitrogen, super-dry
petrol (b.p. 40-60°C) added and the mixture left to stand at

-10°c. The spirophosphorane (0.90 g; 83%) was obtained as a

pale orange crystalline solid, m.p. 142-145°¢ (Found: C, 71.6;

Cl7H20NOP requirés c, 71.6; H, 7.1; N, 4.9%),
v 3460 (NH), 1490, 1380, 1100 and 905 cm *. & O.85-
max H

19 Hz), 1.48

H, 7.2; N, 4.7;

2.64 (4H, m, ring CH 1.47 (32, d, Me, J

2)’ PH

(3H, d, Me, JPH 22 Hz), 4.21 (1H, d4d, NH, JPH 28 Hz), 6.38-
6.81 (4H, m, ArH), 7.18-8.03 (5H, m, ArH), GP—4O.7, m/e
285 (M+, 712), 257 (29), 2292 (100), 214 (36), 138 (79), 91 (1i9),

77 (10).

(viii) 2-Phenylspiro-[1,3,2-benzoxazaphospholine-2,1'~phospholan
was prepared by the addition of o-azidophenol (0.43 g, 3.2 mﬁoi)
in dry methylene chloride (12 ml) to 1l-phenylphospholan

(0.53 g, 3.2 mmol) in dry methylene chloride (12 ml). Nitrogen
was rapidly evolved and a colourless solid precipitated from

solution. The spirophosphorane was collected and dried

(0.82 g; 95%), m.p. > 210°%C (decomp.) (Found: C, 70.7;
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H, 6.7; N, 5.1; C16H18NOP requires C, 70.8; H, 6L7; N, 5.2%),

Viax (mull) 3140 (NH), 1490, 1370, 1115 and 920 cm
S

© 6,(a®-DuSO) 1.24-2.20 (8H, m, ring CH,), 6.12-6.82 (5H, m,

P
271 (M+, 100%), 242(58), 219 (38), 205 (29), 163 (75), 138 (92).

ArH + NH), 7.24-7.76 (5H, m, ArH), § (CDC13)—20L1, n/e

(ix) N-(2-Hydroxyphenyl) imino-l-phenylphosphorinan was prepared

by the addition of o-azidophenol (0.94 g, 7 mmol) in dry
methylene chloride (7 ml) to a refluxing solution of l-phenyl-
phosphorinan (1.25 g, 7 mmol) in dry methylene chloride (8 ml).
On addition the solution instantly turned dark red followed by
the rapid evolution of nitrogen.  The mixture was heated under
reflux for 2 h, cooled and the solvent removed with a stream of
dry nitrogen. A red oil was obtained which was purified by
bulb to bulb distillation at lSOOC/O,OS mm to give the

phosphinimine (1.41 g; 71%) as a viscous red oil which

-

crystallised on standing m.p. 106-108°C (Found: cC, 71.7;

H, 7.0; N, 4.8; NOP requires C, 71.6; H, 7.1; N, 4.9%),

Ci7H20
v__. 3260 (broad OH), 1110, 1040 and 930 — §; 1.20-2.63
(10H, m, ring ggz), 6.30-6.92 (4H, m, ArH), 7.26-7.88 (6H,m,
ArH + OH), §,+7.7, m/e 285 MY, 97%), 268 (11), 242 (19),

177 (100), 109 (31), 91 (14).
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7.2 Reaction of o-Azidophenylbenzoate with Tervalent

Phosphorus Reagents

(1) N—(Z—Benzoxyloxyphenyl)iminotriphenylphosphine was

prepared by the addition of 9~azidophenylbenzoa%e (0.45g,

1.9 mmol) in super-dry petrol (b.p. 4O-GQOC, 10 ml) to a
solution of triphenylphosphine (0.49 g, 1.9 mmol) in super-
dry ether (4 ml). Nitrogen was evolved and an oil deposited

which crystallised on stirring to give colourless crystals

of the iminophosphorane (0.80 g; 90%), m.p. 108-110°C
(Found: C,78.4; H,5.0; N,2.9; C3lH24N02P requires C,78.6;
H,5.1; N,3.0%), vmax(mull) 1720 (Cc=0), 1360, 1100 and

705 cm_l. GH 6.44-6.86 (2H, m, ArH), 7.00-7.84 (19H, m,
ArH), 7.98-8.40 (3H, m, ArH), 8 + 3.4, m/e 473 + 3 mt, <1

0

')r

ol

278 (19), 277 (31), 195 (100), 167 (8). This compound was
very unstable, decomposing rapidly in solution, and could only

be isolated by the precipitation procedure described above.

7.3 Reaction of o-Azidophenyl tosylate with Tervaient

Phosphorus Reagents

(i) N-(2—p—Toluenesulphonoxylphenyl)iminotrimethgaéphosphite

was prepared by the addition of o-azidophenyl tosylate
(0.58 g, 2 mmol) in dry ether (5 ml) to trimethylphcsphite

(0.27 g, 2.2 mmol) in dry ether. Nitrogen was evolved and

after stirring for 20 h the iminophosphorane (0.70 g; 91%), a

colourless crystalline solid, crystallised out of the

solution, m.p. 84-85°C (Found: C,50.0; H,5.2; N,3.7;

q . . 12 3
ClGHZONOGPS requires C,49.9; H,5.2; N,3.6%), Voax (mull)
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760, 725, 690 and 660 cm T. &, 2.40 (3H, s, plMe), 3.72

11Hz), 6.42-7.32 (6éH, m, ArH), 7.70-7.85
+

(9H, @, POMe, J,y

(2, m, ArH), § -0.1, m/e 385 (M', 39%), 230 (100), 202 (S6),
109 (20), 93 (15), 91(16).

(ii) N-(2-p-Toluenesulphonoxylphenyl) iminotriphenylphosphine

was prepared by the addition of g—azidophenYl tosylate
(0.47 g, 1.6 mmol) in dry ether (5 ml) to triphenylphosphine
(0.42 g, 1.6 mmol) in dry ether (5 ml). Nitrogen was rapidly

evolved and after 2% h the iminophosphorane (0.76 g; 94%), a

colourless crystalline solid,; crystallised out of solution,

m.p. 206-209°C (Found: C,71.1; H,5.0;, N,2.7; Cy H, NOSPS

requires C,71.1; H,5.0; N,2.7%), Vv (mull) 1110, 880, 770,

max

750 and 715 cm . &, 2.24 (3H, s, p Me), 6.24-7.85 (23H, m,
ATH) , 8 +4.4, m/e 523 + amt, 13%), 366 + 2(100), 340 + 2(29),

262(16), 183(29), 108(18), 91(9).

7.4 Reaction of o-Azidobenzyl alcohol with Tervalent

Phosphorus Reagents

(1) N- (2-Hydroxymethylphenyl) iminomethyl diphenylphosphinite

was prepared by the addition of o-azidobenzyl alcohol (1.20 g,

8 mmol) in super-dry ether (ld ml) to methyl diphenylphosphinite
(1.74 g, 8 mmol) in super-dry ether (8 ml). Nitrogen was
evolved and the solution stirred for 1lh at room temperature.

. . o] -
The reaction mixture was cooled to ~10°C and the iminophosphoranc

(2.37 g; 88%), a colourless crystalline solid, crystallised out

of solution, m.p. 65-68°C (Found: C,71.0; H,6.1; N,4.2;
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CZOHZONOZP requires C,71.2; H,6.0; N,4.2%), Vinak 3340 (broad CH),
1

1485, 1440, 1125 and 590 cm . 8, 3.67 (3H, dL POMe, Jpy
- : i
2OH, JHH 6Hz), 5,84 (1lH, 4 of t, CH2

2Hz), 6.54-8.06 (14H, m, ArH), sp+bz.4, m/e 337

11 Hz), 4.87 (24, 4, CH OH,

J 6Hz, J

HH PH
+

(M, 3%), 322(1), 305(4), 232(93), 231(100), 202(20), 199(26),

155(33), 77(55). The iminophosphorane reacted rapdily in
solution to give after 18 h three majorAproducts, 6p (CDC13)
+33.4, +18.4, +17.7 and a minor peak at 6p+22.3. The
crystalline compound turned yellow on standing at -10°c and
31P n.m.r. showed that it had decomposed to give several

phosphoryl products.

(ii) 2—Phenylspiro~[A4—l,3,2—benzoxazaphosphorinan—2,2'—

[l,3,21-dioxaphospholan] was prepared by the addition

of o-azidobenzyl alcohol (0.88 g, 5.9 mmol) in super-dry ether
(18 ml) and super-dry petrol (b.p. 40-600C, 6 ml) to 2-phenyl-
1,3,2-dioxaphospholan (0.99 g, 5.9 mmol) in super-dry ether
(10 ml). Nitrogen was slowly evolved and after 3 h a trace
quantity of an oil had deposited. The reaction mixture was

cooled to -10°C and the spirophosphorane (1.03 g; 61%), a

colourless crystalline solid, crystallised out of solution,
m.p. 95-98°¢C (Fcund: C, 62.5; H,5.5; N,4.8; C15H16N03P requires
c,62.3; H,5.6; N,4.8%), v

655 cm™'. 6, 3.32-4.28 (4H, m, OCH,CH,0), 4.56 (lH, d of a,

max 5430 (NH), 1470, 1275, 940 and

HCH, Jyy 14Hz, Jpy 17Hz), 4.90 (1H, @ of 4, HCH, J

JPH 17dz), 5.82 (1H, d, NH, JPH

5,744.5, m/e 289 (M*, 51%), 185 (100), 141 (42), 105 (58),

HH l4Hz,

8Hz) , 6.45-7.90 (9H, m, ArH),

77(28).



-120- ’

|

(iii) N-(2-Hydroxymethylphenyl)iminotriphenylphosphine

was prepared by the addition of o-azidobenzyl a%cohol (0.4¢6 g,
3.1 mmol) in dry ether (8 ml) to triphenylphosphine (0.80 g,
3.1 mmol) in dry ether (8 ml). On addition thé solution
instantly turned bright yellow followed by the evolution of
nitrogen. After stirring for 1l%h a pale yellow crystalline

solid was isolated by filtration and washed with ether to

give the iminophosphorane (0.59 g; 51%), m.p. 148-149°C

(Found: <¢,78.1; H,5.7; N,3.6; C25H22N0P requires C,78.3;
1

H,5.8; N,3.7%), Vv 3340 (OH, broad), 1480, 1110 and 690 cm .

max

6, 4.85 (2H, 4, CH,, Jyy HH

6.39-8.01 (19H, m, ArH), 6 +6.7, m/c 383 (v, 60%), 352(18),

6Hz), 5.97 (lH, t, OH, J,. 6Hz),

278(53), 277(100), 262(77), 183(48), 108(26), 77(20).

The product was stable in solution at room temperature

indefinitely.

7.5 Reaction of o-Hydroxvbenzylazide with Tervalent

Phosphorus Reagents

(1) 2—Phenylspiro—[A5—1,3,2-benzoxazaphosphorinan—Z,2'—

[1,3,2)~dioxaphospholan] was prepared by the addition of o-

hydroxybenzylazide (0.50 g, 3.4 mmol) in dry methylene
chloride (8 ml) to 2-phenyl-1,3,2-dioxaphospholan (0.56 g,

3.3 mmol) in dry methylene chloride (5 ml). Nitrogen
evolution was very slow therefore the mixture was heated under
rcflux for 2h. The reaction mixture was concentrated to ca.

5 ml and on cooling to -10°C the spirophosphorane (0.58g;60%) ,a cclourless

crystalline solid, crystallised out of solution m.p.
144-147°C (Found: C,62.1; H,5.6; N,4.8; C,.H, NO,P requires

C,62.3; H,5.6; N,4.8%), v__ 3460 (NH), 1490, 1080 and

b3
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885 cm . 6, 3.26-3.40 (5H, m, OCH

(2, @ of 4, ArCH

CH,O + NH)|[, 4.10

2—-2

5 HH 4Hz, JPH 18Hz), §.5§-7.9O (9H, m,

ArH) , 6p—40.9, m/e 289 (M+, 100%), 244 (20), 168(17), 140(35),

121(27), 105(12), 91(8), 77(19). i

N, J

7.6 Reaction of trans-2-Azidocyclohexanol with Tervalent

Phosphorus Reagents

(1) 2,2-Diphenyl-2-methoxy—-trans-4,5-cyclohexyl-1,3,2~

oxazaphospholan was prepared by the addition of trans-2-

azidocyclohexanol (0.74 g, 5.2 mmol) in dry methylene chloride
(8 ml) to methyl diphenylphosphinite (1.15 g, 5.3 mmol) in

dry methylene chloride (3 ml). Nitrogen was evolved and the
solution stirred for 3h. The solvent was removed with a
stream of dry nitrogen to leave an 0il which crystallised from
super-dry petrol (b.p. 40-60°C, 3.5 ml) at -10°C to give the

phosphorane (1.06 g; 62%) as a colourless crystalline solid,

m.p. 71-73°C (Found: C,69.1; H,7.4; N,4.0; CyH,,NO,P requires

C,69.3; H,7.3; N,4.38), v ___ 3460 (NH), 2850, 1435 and
1

690 cm . 8;; 1.00-2.10 (10H, m, aliphatic H), 2.79 (3H, 4,

POMe, JPH 11Hz), 6.92-8.02 (l0OH, m, ArH), NH not observed,

6,744.7, m/e. 329 (M*, 41%), 298(97), 254(46), 216(99),

201(100), 155(20), 96(50), 77(69).

(ii) 2-Phenylspiro-[trans—4,5-cyclohexyl-1l,3,2-oxazaphos-

pholan-2,1'-phospholan] was prepared by the addition

of trans-2-cyclohexanol (0.42 g, 3 mmol) in super-dry ether

(10 ml) to 2-phenylphospholan (0.49 g, 3 mmol) in super-dry
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ether (6 ml). Nitrogen was slowly evolved and jJafter stirring

for lh the spirophosphorane (0.49 g; 60%), a white crystalline
solid, crystallised slowly out of solution m.p.!37—39OC.

u
A satisfactory analysis could not be obtained due to the

hydrolytic instability of the compound, however an exact mass

measurement was obtained, found, M, 277.155569, c, H, ,NOP

16824
crequires M, 277.159544, Viax 3450 (NH), 1435, 1115 and
690 cm T. &, 0.71-3.20 (18H, m, aliphatic H), 7.10-7.85

(5H, m, ArH), 6p—40.l, m/e 277(M+, 8%), 248(6), 219(6), 180
(72), 1l64(68), 152(54), 77(92), 68(100). It was observed,
by 31P n.m.r., that the compound hydrolysed extremely rapidly

on addition of water to give l-phenylphosphorinan oxide.

7.7 Reaction of 2-Azido-l-phenyl-l-ethanol with Tervalent

Phosphorus Reagents

(i) 2,2-Dimethoxy=-2,5~-diphenyl-1,3,2-oxazaphospholan was

prepared by the addition of 2-azido-l-phenyl-l-ethanol (0.50 g,

3 mmol)in dry methylene chloride (8 ml) to dimethyl phenyl-
phosphonite (0.52 g, 3 mmol) in dry methylene chloride (5 ml).
Nitrogen was evolved and the solution was stirred for 20h.

The solvent was removed with a stream of dry nitrogen to

leave an oil which crystallised from super-dry ether (4 ml) and

petrol (b.p. 40-6OOC, 15 ml) at -10°C to give the phosphorane

(0.60 g; 65%) as a colourless crystalline solid, m.p. 55-58°C
(Found: C,62.7; H,6.§; N,4.7; C16H20NO3P requires C,62.9;

-1
H,6.6; N,4.6%), Vv 3480 (NH), 1325, 1270, 950 and 700 cm 7,

max
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8, 2.70-2.98 (1H, m, NCH H,), 3.04-3.50 (1H, m, NCH)H,),
3.40 and 3.61 (6H, 2 x d, 2 x POMe, J,, 1lHz and J,, 1lHz;
31 |

both collapse on irradiation at the same P frequency),
4.54-4.80 (1H, m, OCHPh), 6.95-7.90 (lOH, m, ArH), NH not
observed, 6p—44.8, m/e 305 (MY, <1%), 262 (4), 186(13),
118(100), 91(35), 77(19). |

(ii) 2-Methoxy-2,2,5-triphenyl-1,3,2-oxazaphospholan

was prepared by the addition of 2-azido-l-phenyl-l-ethanol
(0.53 g, 3.3 mmol) in dry methylene chloride (10 ml) to
methyl diphenylphosphinite (0;71 g, 3.3 mmol) in dry methylene
chloride (5 ml). Nitrogen was rapidly evolved and the sol-

ution was stirred for 2h. The colourless phosphorane

(0.99 g{ 85%) crystallised as the solvent was blown off
with a stream of dry nitrogen and was washed with super-dry
petrol (b.p. 40-60°, 5 ml), m.p. 103-105°C. (Found: C,71.7;

H,6.5; N,3.9; NOZP requires C,71.8; H,6.3; N,4.0%),

Co1Hyo
-1
v, 3470 (NH), 1440 and 695 cm . 8 2.86(3H, d, POMe,

JPH 10Hz), 3.00-3.60(2H, m, Ngﬁz), 4.38-4.58 (1H, m, OCHPh),
6.85-8.13 (10H, m, ArH), NH not observed, 6p—42.6, m/e M+ not
observed.

(iii) 2,5-Diphenylspiro-[1l,3,2-oxazaphospholan-2,1'-phospholan]

was prepared by the addition of 2-azido-l-phenyl-l-ethanol
(0.54 g, 3.3 mmol) in dry methylene chloride (10 ml) to 2-
phenylphospholan (0.54, 3.3 mol) in dry methylene chloride (5 ml]
Nitrcgen was evolved aﬁd the solution stirred for 4h. The
solvent was removed with a stream of dry nitrogen to leave

an oil which crystallised from super-dry petrol (b.p. 40—6OOC,

1c ml) at -10°C to give the spirophosphorane (0.8%; 84%) as &
colourless crystalline solid, m.p. 45-47°C. A satisfactory

analysis could not be obtained due to the hydrolytic
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instability of the compound. However, an exaﬁt mass measure-

ment was obtained, found, M, 299.143432, C18H22NOP requires
M, 299.143894,. Vax 3460 (NH), 1430, 1255, 845 and 690 cmnl.

GH 0.80-2.51 (9H, m, phospholan ring CH2 + NH), 2.50-2.78
(1H, m, HCH), 2.92-3.33 (lH, m HCH) 4.28-4.52 (1H, m, OCHPh),
7.20-7.79 (1OH, m, ArH),Gp-36.9, m/e 299 (M+, 5%), 270 (7),
193(15), 180(98), 179(78), 164(42), 152(96), 118(100), 77(79).

(iv) 2,5-Diphenyl—-2-methoxy-2~-o-naphthyl-1,3,2-oxazaphospholan

was prepared by the addition of re-distilled 2-azido-l-phenyl
-l-ethanol (1.29 g, 7.9 mmol) in dry methyleﬁe chloride (12 ml)}
to methyl l-naphthylphenylphosphinite (2.09 g, 7.9 mmol) in
dry methylene chloride (3 ml). Nitrogen was evolved and the
solution stirred for 24 h. 31P N.m.r. showed three pairs
of signals 6p+25.5 and +24.9 (lO%), 6p (diastereoisomers, 1l:1)
-40.7 and -41.9 (80%), 6p—47.0 and -47.2 (10%). The solution
was concentrated to ca 10 ml and super-dry ether (5 ml) added.
On cooling to -10°C a colourless crystalline solid formed which
31

was collected and dried. P N.m.r. showed this so0lid to be

a single diastereoisoumer, 6p—4l.9, containing a trace, approxi-

mately 5%, of the other icomer, 6p—40.7. The solid was

recrystallised from methylene chloride/ether to give, as

31

shown by P n.m.r., the isomerically pure phosphorane as a

colourless crystalline solid (0.90 g; 29%), m.p. 118-120°C

(round: ¢, 74,6; H, 6.1; N,3.4; C25H24N02P requires C,74.8;

H,6.0; N,3.5%), v 3480 (NH), 1440, 940, 830 and 700 cm ©.

max
8, 2.90 (3H, d, POMe, Jp, 8.5 Hz), 3.06 (lH, s, NH), 3.08-

3.16 (lH, m, HCH), 3.39-3.51 (1lH, m, HCH), 4.44-4.49 (1B, m,
ocHPh) , 7.17 (5H, s, ArH), 7.32-7.75 (7H, m, ArH), 7.81-7.97

(2H, m, ArH), 8.07-8.28 (21, m, ArH), 8.82-8,92 (1H, m, ArH),
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7HzZ) ,

5, 142.2-123.9, 71.6 (POMe), 50.7, (@, PoccN, g,
|

46.7 (a, Pocch, J,. 9Hz), 6 -41.1, m/e 401 (M, 4%), 370

pPC
(47), 369(64), 295(36), 251(100), 173(36), 118(45), 91(27),
77(19). i

The more soluble diastereoisomer could not be isolated
from the reaction mixtures. A l3C n.m.r. spectrum was also
taken of a crude reaction mixture immediately after nitrogen

evolution § (CDCl3) 144.2-123.5, 71.8 and 71.5 (2 x POMe),

Q

50.9 (4, POCCN, J,. 7Hz), 50.3 (4, PoccN, J,. 5Hz), 47.1

PC

(da, POCCN, e 9Hz), 46.6 (d, POCCN, Ipe

The stability of the isolated phosphorane towards

C
10Hz) .

thermal racemisation was investigated by observing a solution

of the pure phosphorane in dry CDCl3 over 50h at room

temperature during which time there was no change in the

-3lP n.m.r. spectrum. On observing the pure phosphorane by

31

P n.m.,x. at 120°C over 2h in 1l,2-dichlorobenzene it was

observed that the phosphorane resonance diminished slightly and

a new peak appeared, c3p—54.8_°

7.8 Reaction of (s)—(+)-2-Azido—l~phenyl—l—ethanol with

Tervalent Phosphorus Reagents

(i) With methyl naphthylphenylphosphinite. This reaction

was carried out in precisely the same manner as reaction
7.7.(iv). The same peaks and peak ratios were observed by
31P n.m.r. Attempted crystallisation of the reaction

products, from petrol (b.p. 40—600C), ether, methylene

chloride and mixtures of these, failed.
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(ii) 2-Phenyl-5-(S) -phenyl-2-methoxy-2-methyl-2-g-naphthyvi-

1l,3,2-oxazaphospholan was prepared,by‘tbe addition of
redistilled (8)-(+)-2-azido-l-phenyl-l-ethanol (1.03 g,
6.3 mmol) in super-dry ether (10 ml) to methyl!methylnaphthyl—
phosphinite (1.39 g, 6.8 mmol). Nitrogen was evolved and
the solution was stirred for 20 h. 31P N.ﬁ.r. showed
signals at 6p+3l.7 (1lo%) and Gp (diastereoisomers, 1:1)

-33.9-and -34.3. The solution was cooled to -10°C and the

phosphorane (1.58 g; 73%), a colourless crystalline solid,

crystallised out of solution, m.p. 60-62°C. A satisfactory
analysis could not be obtained for this compound; however an
exact mass measurement was obtained, found, M, 339.137350,

NO,P requires M, 339.138808. v 348Q (NH) , 1325,

C20H22 2 max
1300, 990 and 700 cm—l. GH(diastereoisomers, 1:1) 2.12

(3H, 2 x d, PMe, JPH 15Hz), 2.50-3.50 (3H, m, CH2

2.82 and 2.88 (3H, 2 x d, POMe, JPH 10Hz), 4.29-4.51 and

4.81-5.01 (1H, 2 x m, OCHPh), 6.87-8.31 (11H, m, ArH),

+ NH),

8.47-8.65 and 8.71-8.87 (lH, 2 x m, ArH), 6p-32.3 and
~33.4, m/e 339 (M+, 10%), 308(73),233(100), 189(82), 141(27),
118(29), 91(14), 77(13).

(iii) 2-Methoxy-2-methyl-2-phenyl-5-(S)-phenyl-1,3,2-

oxazaphospholan was prepared by the addition of

redistilled (S)=-(+)-2-azido~l-phenyl-l-ethanol (1.01 g,

6.2 mmol) in super-dry ether (8 ml) to methyl methylphenyl-
rhosphinite (1.05 g, 6.8 mmol) in super-dry ether (7 ml).
Nitrogen was evolved and the solution stirred for 20 h.

3‘LP N.m.r. showed three pairs of signals 6p+33.l and

o

+32.9 (10%), Gp (diastereoisomers, 1l:1) -37.5 and -38.2 (80%),
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6 -42.7 and -43.4 (10%). The solution was concentrated to

ca 5 ml and on cooling to -10°C the phosphorane (1.06 g;

59%), a colourless crystalline solid, crystallised out of

|
solution, m.p. 58-60°C. A satisfactory analysis could not

he obtained for this compound. Vinax 3480(NH), 1440, 1320,
1

1055 and 700 cm . 6H (diastereoisomers, 1:1) 1.92 (3H,

2 x d, PMe, JPH 15Hz), 2.50-3.60 (3H, m, CH2

2.98 (3H, 2 x d, POMe, JPH 10Hz), 4.33-4.54 and 4.78-4.98

(1H, 2 x m, OCHPh), 7.02-7.84 (1lOH, m, ArH), 6p—35.5 and

+ MH), 2.92 and

-35.7, m/e M+ not observed.

7.9 Reaction of N-(o-Azidophenvl)phthalimide with Tervalent

Phosphorus Reagents

(i) N- (2-N-Phthalimidophenyl) iminotrimeth yf phosphite was

prepared by the addition of a suSpension of N-(o-azidophenyl)
phthalimide (0.66g, 2.5 mmol) in dry methylene chloride

(12 ml) to trimethylphosphite (0.34 g, 2.7 mmol). The
azide dissolved immediately, the solution turned yellow and
nitrogen was evolved. The reaction mixture was heated
under reflux for 4h, cooled and dry ether (20 ml) added.

On cooling to -10°C the iminophosphorane (0.76 g; 84%), a

pale brown crystalline solid, crystallised out of solution,

17H17N205P

requires C,56.7; H,4.8; N,7.8%), Viax (mull) 1720 (C=0),

1120, 1010, 865, 750 and 730 cm T. 8, 3.55 (9H, d, POMe,

JPH 11Hz), 6.75-7.30 (4H, m, ArH), 7.60-7.96 (4H, m, ArH),

m.p. 141-143°C. (Found: C,56.9; H,4.8; N,7.8; C
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6,+0.1, m/e 360 (M, 100%), 329 (10), 301 (4), [251 (lO),

236 (40), 220 (22), 109 (16), 93 (1le6). !
!
(ii) N- (2-N-Phthalimidophenyl) iminotriphenylphosphine

was prepared by the addition of a suspension oé N-(o-azido-
phenyl)phthaiimide (0.51 g, 1.9 mmol) in dry methylene
chloride (5 ml) to triphenylphosphine (0.50 g, 1.9 mmol)

in dry methylene chloride (5 ml). The azide slowly dissolved
and nitrogen was evolved. After 20 h, petrol (b.p. 40-60°C)

was added and the iminophosphorane (0.91 g, 95%), a yellow

solid crystallised,; m.p. 208-210°C (Found: C, 77.2; H,4.7;
N,5.6; C32H23N202P requires C,77.1; H,4.7; N,5.6%), vmax(mull)
1720 (C=0), 1110, 885, 745, 725 and 690 cm ‘. 8, 6.38-8.00
(238, m, ArH), §_+3.6, m/e 498 (M, 100%), 352(21), 278(15},

277(31), 220(37), 201(14), 183(30), 91(17), 77(15).

7.10 Reaction of o-Azidoaniline with Tervalent Phosphorus
Reagents
(i) N- (o-Aminophenyl) imincomethyl diphenylphosphinite was

prepared by the addition of freshly sublimed o-azidoaniline
(0.19 g, 1.4 mmol) "in super-dry petrol (b.p. 40—6OOC, 12 ml)
to methyl diphenylphosphinite (0.31 g, 1.8 mmol) in super-dry
petrol (b.p. 40—600C, 4 ml). Nitrogen was rapidly evolved
and an oil was deposited which slowly crystallised. The

iminophosphorane (0.39 g; 86%), a colourless crystalline

solid, was collected and dried m.p. 54-56°C. Due to the

hydrolytic instability of the iminophosphorane a satisfactory

analysis could not be obtained. However, an exact mass
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measurement was obtained, found, M, 322e123619,lC19H19N20P

requires M, 322.123494. Viax 3440 and 3350 (Nﬂz), 1440,

1125, 1030 and 695 cm *. 6, 3.68 (3H, d, POMe, J,. 12Hz),
{

H PH
|
4.24 (2H, broad s, NH2), 6.30-8.06 (l4H, m, ArH), 6p+l9.7,

m/e 322 (M7, 100%), 290(20), 213(23), 201(16), 183(13),
161(6), 109(9), 77(13). This compound decomposed rapidly
in solution to give several phosphorus containing products.

(ii) 2-Phenylspiro—[l,3,2—dioxaphospholan—2,2'—[1,3,2]—

benzdiazaphospholine] was prepared by the addition of
freshly sublimed g-azidoaniline (0.42 g, 3.1 hmol) in super-
dry ether (12 ml) and super-cdry petrol (4 ml) to 2~phenyl-
1,3,2~dioxaphospholan (0.56 g, 3.3 mmol) inlsuper—dry ether
(6 ml). Nitrogen was slowly evolved and after stirring for
1 h seed crystals had deposited. On cooling to -10°C the

phosphorane (0.62 g; 72%), a colourless crystalline solid,

crystallised out of solution, m.p. 137-141°C (Found:

C,61.1; H,5.5; N,10.3; C;,H N,

H,5.5; N,10.2%), Vax 3470(NH) , 1500, 1405, 1285 and
1

1070 cm . 8y 3.46-4.12 (4, m, OCH,CH,0), 5.30 (2H, 2NH,

broad doubiet at 25°C, sharpens at -23°g.JPH 12Hz), 6.56

(44, s, ArH), 7.16-7.72 (5H, m, ArH), 5p—39.o, m/e 274

02P reguires C,61.3;

(", 100%), 230 (79), m* 193.0(274 » 230), 153 (17), 152(20),

137(25), 105(15), 77(13).

(iii) 2-Phenylspiro-[1,3,2-dioxaphosphorinan-2,2'-(1,3.2]~-

benzdiazaphospholine] was prepared by the addition of

freshly sublimed o-azidoaniline (0.30 g, 2.2 mmol) in dry
methylene chloride (6 ml) to 2-phenyl-1,3,2-dioxaphosphorinan
(0.41 g, 2.3 mmwol) in dry methylene chloride (4 ml) .

Nitrogen was rapidly evolved and the reaction mixture was
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stirred for 17 h. The solvent was concentrated to ca 5 ml
and super-dry ether (10 ml) added. On standing at -10°%

the spirophosphorane (0.33 g; 53%), a colourless crystalline

solid, crystallised out of solution, m.p. 140—1h3°c (Found:

c,62.3; H, 6.0; N,9.6; C]5H17N202P requires C,62.5; H,5.9;
3470 (NH), 1505, 1290 and 1090 cm T. 8, 1.22-

CH,0), 3.46-4.64 (4H, m, OCH,CH,CH,O),

12Hz), 6.38-7.04 (4H, m, ArH), 7.12-7.98

N,S9.7%
' %) 4 Voax

2.30 (2H, m, OCH.CH

2
5.27 (2H, d, 2NH, J

2

P
(5H, m, ArH), 6p—57.8, m/e 288 (M+, loog%), 230 (38), m* 183.7

95

(288 ~ 230), 153(9), 152(7), 107(10), 105(8), 77(6).

7.11 Reaction of N-(o-azidophenyl)kenzamide with Tervalent

Phosphorus Reagents

(i) N- (2-N~Benzamido)phenyliminotrimethylphosphite was

prepared by the addition of E—(g—ézidophenyl)benzamide
(0.72 g, 3 mmol) in dry methylene chloride (15 ml) to trimethyi-
; phosphite (0.38 g, 3.1 mmol) in dry methylene chloride (3 mi).'
Nitrogen was evolved and the reaction mixture was stirred for
20 h. The solvent was removed with a stream of dry nitrogen
and dry ether (7 ml) and dr& petrol (b.p. 40—600C, 7 ml) added.

On cooling to -10°C the iminophosphorane (0.66 g; 65%), a

colourless crystalline solid, crystallised out of solution,

m.p. 72-73°C (Found: ¢,57.3; H, 5.7; N,8.2; C1 gHgNyO,P
requires C,57.5; H,5.7; N,8.4%), Viax 3350 (NH), 2860 and
1660 cm-.l (C=0) . §, 3.74 (9H, 4, POMe, J 12Hz), 6.76~

H PH
7.00 (3H, m, ArH), 7.28-7.56(3H, m, ArH), 7.80-8.02 (21, m,
ArH), 8.40-8.62 (lH, m, ArH), 9.62 (l1H, s, NH), 6p+4.2, m/e
334 (M+, 97%), 257 (18), 229 (25), 194(100), m* 112.6

(334 + 194), 109(16), 105(43), 93(22), 77(12).
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(ii) N—(2~N—Benzamido)phenyliminotriphenylphJsphine was

prepared by the addition of §~(g~azidophenyl)bénzamide

(0.45 g, 1.9 mmol) in dry ether (16 ml) to triphenylphosphine
(0.49 g, 1.9 mmol) in dry ether (7 ml) . On aédition the
solution instantly turned a bright yellow followed by the
evolution of nitrogen. The reaction mixtufe was stirred

for 1 h and the iminophosphorane (0.72 g; 81%), a colourless

crystalline solid, crystallised out of solution, m.p. 191—1930C

(Found: C,79.0; H,5.4; N,5.8; C31H25N20P requires C,78.8;
H,5.3; N,5.9%), v___ 3310 (NH), 1660 (C=0), 1110 and 680 —

6y 6.37-6.81 (3H, m, ArH), 7.19-8.08 (20H, m, ArH), 8.47-
8.64 (1H, m, ArH), 10.45 (1H, s, NH), 6p+8.4, m/e 472 +4
M*, 100%), 395 (28), 367 (15), 277 (35), 262 (15),

194 (57), 183 (34), 108 (14), 105 (16), 77 (24) .

7.12 Reaction of N-(o-azidophenyl)-p-toluene~sulphonamide

with Tervalent Phosphorus Reagents

(1) N—(2—N—p—toluenesulphonamido)phenyliminotrimethyl—

phosphite was prepared by the addition of N- (o-azido-
phenyl)—R—toluene—Sulphonamide (0.51 g, 1.8 mmol) in dry
methylene chloride (9 ml) to trimethylphosphite (0.22 g, 1.8
mmol) in dry methylene chloride (5 ml). Nitrogen was
evolved and the reaction mixture was stirred for 20 h.
The sclution was concentrated to ca 5 ml and super-dry ether

{15 ml) added. On cooling to -10°C the iminophosphorane

(0.64 g; 95%), a colourless crysfalline solid, crystallised

out of solution, m.p. 98—lOOOC (Found: C, 49.9; H, 5.4;
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'

N, 7.1; C N,O.PS requires C,50.0; H,5.5; N,7.3%),

161218205
. -1
v, 3250 (NH), 1500, 1165 and 1135 cm ~. 6y 2.29 (3H,

s, p Me), 3.62 (9H, d, POMe, J_  1lHz), 6.56-6.94 (3H, m,

PH
ArH), 7.02-7.78 (5H, m, ArH), 7.94 (lH, s, N) | 5,+5.0, m/e
384 (M+, 30%), 230 (100), 197(7), 167(6), 109(7), 93(14).
No pentacoordinate phosphoranes were observéd in the 3lP
n.m.r; spectrum after standing in solﬁtion at room temperature
for 240 h.

(ii) N- (2-N-p-toluenesulphonamido) phenyliminodimethyl

phenylphosphonite was prepared by the addition of

g—(gfazidophenyl)-E-toluene-sulphonamide (0.89 g, 3.1 mmol)

in dry methylene chloride (8 ml) to dimethyl phenylphosphonite
(0.54 g, 3.2 mmol) in dry methylene chloride (6 ml). On
addition the solution instantly turned bright yellow followed
by the rapid evolution of nitrogén. After stirring for 2 h
the solvent was blown off with a stream of dry nitrogen t
leave an oil which was recrystallised from super-dry ether/
petrol (b.p. 40-60°C) to give colourless crystals of the

iminophosphorane (1.17 g; 87%), m.p. 102-103°C (Found:

c,58.6; H, 5.4; N,6.5; C21H23N2O4PS requires C,58.6;

H,5.4; N,6.5%), v__  3250(NH), 2850, 1595 and 935 —

8, 2.26 (3H, s, p Me), 3.49 (6H, 4, POMe, J 1lHz),

H PH
6.58-6.90 (3H, m, ArH), 6.97-7.85 (lOH, m, ArH), 8.12
(1H, s, NH), §_+21.4, m/e 430 (M*, 312), 398 (2), 275(100),
260(9), 243(17), m* 175.9(430 ~ 275), 155(14), 93(10),
91(12), 77(14). No peaks corresponding to pentacoordinate
phosphoranes were observed in the 3lP n.m.r. spectrum after

heating at 120°C for 2h in chlorobenzene or at 120°C in the

presence of a trace amount of pyridine for % h.



(iii) 2-Phenyl-1l'-(p-toluenesulphonyl)-[1,3,2+-dioxaphospholan-

2,2'—[1,3,2]~benzdiazaphospholine] was prepared by the
. b4

addition of N-(o-azidophenyl)-p-toluene-sulphonamide (0.69 g,
2.4 mmol) in dry methylene chloride (5 ml) to é—phenyl—l,3,2—
dioxaphospholan (0.41 g, 2.4 mmol) in dry methflene chloride
(1 ml) and super-dry ether (4 ml). Nitrogen was evolved and
the reaction mixture was stirred for 2 h. 3lP N.m.r. showed
guantitative conversion of the tervalent phosphcrus reagent

into the spirophosphorane. On cooling to -10°C the spircphos-

phorane (0.30 g; 29%), a colourless crystalline solid, crystal-
lised out of solution and was collected and dried, m.p. 118-

120°Cc (Found: C,58.6; H,4.9; N,6.3; C21H21N204PS requires

C,58.9; H,4.9; N,6.5%), v___ 3450 (NH), 1595, 1390 and 1160 cm

max

6H(CDC13) 2.24 (3H, s, pMe), 3.78-4.52 (44, m, OCHZCHZO),

5.85 (1H, 4, NH, JPH 18Hz), 6.42-7.86 (L3H, m, ArH), 6p
(d6~DMSO) -28.9, m/e 428 (M+, 97%), 273(100), 245(32), 229(54),
181(31), 107(67), 91(35), 77(31).

(iv) N~ (2-N-p-toluenesulphonamido) phenylimino-2-phenyl-

1,3,2-dioxaphosphepan was prepared by the addition of

N- (o-azidophenyl) -p~toluene-sulphonamide (0.47 g, 1.6 mmol)
in dry methylene chloride (7 ml) to 2-phenyl-1,3,2-dioxaphos-
phepan (0.32 g, 1.6 mmol) in dry methylene chloride (4 ml).
On addition nitrogen was evolved and the reaction mixture was
stirred for 2 h. The solvent was removed with a stream of
dry nitrogen to leave an o0il which crystallised from super-dry

cther (10 ml) at -10°%C to give pale brown crystals of the
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iminophosphorane (0.48 g; 643%), m.p. 131-132°C (Found: C,60.3;

H,5.7; N,6.0; C,,H 51204PS requires C,60.5; H,5.5; N;6.1%),

2347
v 3240 (NH), 1500, 1165 and 1020 cm T. &, 1.78-2.10
max H'

(4H, m, OCH,CH,CH,CH,0), 2.27 (3H, s, p Me), 3.80-4.44

(4H, m, OCH,CH,CH,CH O), 6.50-6.88 (3H, m, ArH), 6.98-7.86

=272 2=
(10H, m, ArH), 8.16 (lH, s, NH), § +19.7, m/e 456 (M, 41%),
384 (4), 301(100), 229(21), m*198.6 (456 -~ 301), 181(9),
141(9), 107(40), 91(19). No peaks corresponding to penta-
coordinate phosphoranes were observed in the 31P n.m.r.
spectrum after standing in solution at room temperature for

180 h.

(v) N- (2-N-p-toluenesulphonamido) -~-phenylimino-l-phenyl-

phospholan was prepared by the addition of N-(o-azido-

phenyl) -p-toluene-sulphonamide (0.67 g, 2.3 mmol) in dry
methylene chloride (10 ml) to l-phenylphospholan (0.38, 2.3
mmnol) in dry methylene chloride (6 ml). On addition the
solution instantly turned bright yellow followed by the
rapid evolution of nitrogen. The reaction mixture was

stirred for 2 h then cooled to -10°c. The iminophosphorane

(0.74 g; 75%), a pale yellow crystalline solid, crystallised
out of solution and was collected and dried, m.p. 175-177°%

(Found: C,64.9; H,5.9; N,6.6; C23 o5 202PS requires C, 65.1;

H,5.9; N,6.68), v___ (mull) 3180 (NH), 1120, 1080, 740, 690
and 650 cm™'. 8, 1.84-2.59 (8H, m, aliphatic ring), 2.31
(3H, s, p Me), 6.07-6.26 (1lH, m, ArH), 6.44-6.72 (2H, m, ArH),

7.03-7.94 (l11H, m, ArH + NH), 6P+37.5, m/e 424 (M+, 192),

269 (100), 213(6), m*170.6 (424 » 269), 137 (1lO), 91(1ll).
No peaks corresponding to pentacoordinate phosphoranes
31

were observed in the P n.m.r. spectrum after standing in

solution at room temperature for 24 h.
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7.13 Reaction of azidobenzene with Tervalent Phosphorus
Reagents
(1) N-Phenylimino~-2-phenyl-1,3,2-dioxaphosphepan was

prepared by the addition of azidobenzene (0.55 é, 4.6 mmol)

in dry methylene chloride (11 ml) to 2-phenyl-1,3,2-dioxaphos-
phepan (0.91 g, 4.6 mmol) in dry methylene chloride (6 ml) .

On additicn nitrogen was evolved and the reaction mixture was
stirred for 20 h. The solution was concentrated to cea 5 ml
and super-dry petrol (b.p. 4O~6OOC, 20 ml) added. On cooling

to -10°C the iminophosphorane (0.97 g; 73%), a colourless

crystalline solid, crystallised out of solution and was
collected and dried, m.p. 103-105°C (Found: C,66.7; H,6.5;

W,4.7; NO,P requires C,66.9; H,6.3; N,4.9%), Vv 1500,

Cl6Hl8 2 max

1140, 1080, 1020 and 795 cm ~. 6, 1.66-2.30 (4H, m, OCH

,CH,0), 3.81-4.60 (4H, m, OCH,CH,CH,
m, ArH), §,+14.8, m/e 287 v, 1008y, 233 (30), 216 (23),

2%2p

CH CH,0), 6.54-8.01 (10H,

215(20), 141(18), 93(83), 77(38).

8. 31P N.m.r. Studies of the Reaction of Azido Compounds

with Tervalent Phosphorus Reagents

These reactions were carried out, first of all, cn a
preparative scale but the products were either too unstable

to isolate or gave an inseparable multi-component mixture.

General Method

The azide (approximately 50 mg) dissolved in dry
deuterochloroform (0.3 ml) was added to a solution of the

tervalent phosphorus reagent (1.0-1.2 molar equivalents)
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in dry deuterochloroform (0.3 ml). After nitriogen evolution
had ceased (5-10 min) the reaction was monitored by 3lP n.m.r.
at room temperature. N.B. The supposed nature of the prcducts

|
are given in brackets following the observed chemical shift.

8.1.(i) Reaction of o-Azidophenol with sec-Butyl phenyl-m-—

tolylphosphinite

The solution turned bright yellow and no nitrogen
was evolved. Only one major peak was observed at 6p+40.0

(phosphatriazene) with six very minor peaks between 6p+18.8

and +32.0. . The spectrum did not change significantly after
24 h.
8.2 Reaction of o-Azidobenzyl alcohol with Tervalent

Phosphorus Reagents

(1) With dimethyl phenylphosphonite. Nitrogen was

rapidly evolved and initially only one peak at 6p+20.2
(iminophosphorane) was observed. However, after standing
for 24 h seven major peaks were observed between 5p+18.l and
+21.7.

(ii) With 1l-phenylphospholan. Nitrogen was rapidly

evolved and initially only ohe peak at 6p+36.4 (iminophos~-
phorane) was observed, which decreased in intensity and.
disappeared over 6 h. Simultaneously another peak at 6p+60.4

(1-phenylphospholan oxide) appeared.
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8.3.(i) Reaction of o-Hydroxybenzylazide with Dimethyl

phenylphosphinite

Nitrogen evolution was complete after 2 h and three
major peaks were observed, 6p+24.4 (oxide), +21.7 (iminophos-
phorane) and -62.9 (diazadiphosphetidine). The mixture was

essentially unchanged after 24 h.

8.4.(i) Reaction of 2-Azido-l-phenyl-l-ethanol with Methyl

phenyl-m—-tolylphosphinite

Nitrogen was rapidly evolved and two major peaks were

observed, 6p742,10 and -42.26 (diastereomeric phosphoranes,

1:1).

8.5 Reaction of o-Azidoaniline with Tervalent Phosphorus
Reagents

(i)  With dimethyl phenylphosphonite. Nitrogen was

rapidly evolved and initially only one peak was observed,
6p+l7.7 (iminophosphorane) , but after 1 h four major peaks
were present in the spectrum between 6p+l7.7 and +27.4.

(ii) With 2-phenyl-1,3,2-dioxaphosphepan. Nitrogen was

rapidly evolved and initially only one major peak was observed,
6p+15.0 (iminophosphorane), but this disappeared after 70 h
to be replaced by 5 peaks between 6p+15.0 and +25.6.

(iid) With l-phenylphospholan. Nitrogen was rapidly

evolved and initially only one major peak at 6p+34.9
(iminophosphorane) was observed which decreased in intensity
and disappeared over 150 h. Simultaneously another peak

at 6p+60.3 (1-phenylphospholan oxide) appeared.
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8.6 Reaction of o—Azido—N—triphenylmethylaJiline with

I
Tervalent Phosphorus Reagents !
T

(i) With dimethyl phenylphosphonite. Nitrogen was

; . |
rapidly evolved and a single peak was observed at 6p+l7.6
(iminophosphorane) . The spectrum was unchanged after 24 h.

(ii) With 2—phenyl—l,3,2—dioxaphospholan; Nitrogen

evolution was complete after 1 h. Initially only one major
peak was observed, 6p+25.l (iminophosphorane), but after 3h
three further minor pzaks had appeared at 6p+l8.9, +14.3 and
6p—35.8 (spirophosphorane) . After 24 h the spectrum was
still composed of these four peaks.

(iii) With l-phenylphospholan. Nitrogen was rapidly

evolved and only one peak was observed 6p+33.6 (iminophos~-

phorane) . The spectrum was unchanged after 24 h.

8.7 Reaction of o-Azido-(N-2,4-dinitrophenyl)aniline

with Tervalent Phosphorus Reagents

(1) With dimethyl phenylphosphonite. Nitrogen was

rapidly evolved and a single peak was observed at 6p+l9.5
(iminophosphorane) . The spectrum was unchanged after 24 h.

(ii) With 2-phenyl-1,3,2-dioxaphospholan. Nitrogen was

rapidly evolved and four major peaks were observed, 5p+26.3
(iminophosphorane), +16.0, -38.3 (phosphorane) and -52.3
(diazadiphosphetidine) . After 24 h the spectrum was still
predominantly composed of these four peaks but several
additional minor peaks had appeared between 6p+l7.7 and
+36.7.

(iii) With l-phenylphospholan. Nitrogen was rapidly

evolved and a single peak was observed at 6p+38.7 (imino-

phosphorane) . The spectrum was unchanged after 24 h.
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9. Preparation of Pentaccordinate Phosphoranes:

Reaction of Iminophosphoranes with Alcohols
- |

I

General Procedure ‘ {

The iminophosphorane was usually prepared in situ
by addition of azidobenzene (5-10 mmol) in dry methylene
chloride (10-20 ml) to the tervalent phosphorus reagent
(5-10 mmol) in dry methylene chloride (10-20 ml) . Once
nitrogen evolution had subsided the alcohol (5-10 mmol)
was added to the reaction mixture and stirred rapidly at
room temperature for several hours. The solvent was blown
off with a stream of dry nitrogen and aniline distilled
from the reaction mixture by bulb tc bulb distillation until
at least 95% had been removed. The phosphorane remaining
in the reaction flask was then purified by distillation or

by recrystallisation from dry solvents.

9.1 Reaction of N-Phenylimino-2-phenyl-1,3,2-dioxaphos-

pholan with Alcohcls

The iminophosphorane was prepared and used Zn situ

due to low solubility in common organic solvent§%32 Its
presence in the reaction mixtures was detected by 3lP n.m.r.,

GP(CHZClZ) + 9.5.

(1) 2,2-Dimethoxy-2-phenyl-1,3,2-dioxaphospholan

Azidobenzene (1.06 g, 8.9 mmol) in dry methylene
chloride (10 ml) was added to 2-phenyl-1l,3,2-dioxaphospholan
(1.45 g, 8.6 mmol) in dry methylene chloride. After 10 min
nitrogen evolution had subsided and dry methanol (0.68 g, 21

mmol) was added and the reaction mixture stirred for 2 h.
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31P N.m.r. showed complete conversion of the reactants intc

the phosphorane. The sclvent was blown off with a stream
- . t

of dry nitrogen and aniline (0.63 g; 78%) removed by
: I
distillation, b.p. 6OOC/O.05 mm, to leave an oil which was
!

purified by bulb to bulb distillation. The phosphorane was

obtained as a light orange oil (1.48 g; 74%), b.p. 120°c/

0.05 mm (Found: C,52.5; H,6.4; C10H1504P requires C,52.2; H,6.6%),

-1
Voax (neat) 1440, 1180, 950 and 900 cm . SH 3.52 (6H, d,

POMe, JPH 12Hz), 3.79 (4H, 4, OCH2 q 14Hz), 7.14-7.76

(5H, m, ArH), 5p—34.2, m/e 230 (M+, 4%), 199 (lo00), 186 (27),

CHZO’ JP

155(56), 141(22), 91(42), 77(51).

(ii) 2-Phenylspiro~-[1,3,2~-dioxaphospholan-2,2'-[1,3,2]~

dioxaphospholan]

Azidobenzene (0.90 g, 7.6 mmol) in dry methylene
chloride (16 ml) was added to 2-phenyl-1,3,2-dioxaphospholan
(1.25 g, 7.4 mmol) in dry methylene chloride (6 ml). After
10 min nitrogen evolution had subsided and 1,2-ethanediol
(0.47 g, 7.6 mmol) was added in super-dry ether (8 ml) and

31

the reaction mixture stirred for 72 h. P N.m.r. showed

complete conversion of the reactants into the spirophosphorane.

The solvent was blown off with a stream of dry nitrogen and
aniline (0.50 g; 72%) removed by distillation, b.p. GOOC/
0.05 mm, to leave a solid which was recrystallised from

methylene chloride/ether to give the spirophosphorane

(1.44 g; 85%) as a colourless crystalline solid m.p. 124-

126°C (lit?33123oc),'(Found: c,52.6; H,5.7; ClOHl3O4P requires
c,52.6; H,5.7%), 6cl34.6 (a, pC, JPC 211Hz), 131.5-127.5,

59.1 (4, roC, J

pC 5Hz) , 6p*19.2.
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(iii) 2-Phenylspiro-[1,3,2~-dioxaphosphorinan~2,2'~-[1,3,2}~-

dioxaphospholan] . !

Azidobenzene (1.20 g, 10 mmol) in dry methylene
|

chloride (14 ml) was added to 2-phenyl—l,3,2—di$xaphospholan
(1.68 g, 10 mmol) in dry methylene chloride (6 ml). After
10 min nitrogen evolution had subsided and 1;3—propanediol
(0.77 g, 10.1 mmol) was added Qith dry methylene chloride
(10 ml) and the reaction mixture stirred for 17 h. 31P

N.m.r. showed almost complete conversion of the reactants

into the spirophosphorane. The solvent was blown off with

a stream of dry nitrogen and aniline (0.93 g; 86%) renmoved
by distillation, b.p. 6OOC/0.05 mm, to leave a solid which
was recrystallised from methylene chloride/ether to give the

spirophosphorane (1.90 g, 79%) as a colourless crystalline

solid m.p. 92-94°C (Found: C,54.5; H,6.2; C11H1504P requires

. -1
Cc,54.6; H,6.2%), Viax 2890, 1435, 940 and 690 cm GH 1.59-

2.24 (28, m, OCH,CH,CH,O), 3.77 (4H, d, OCH,CH,0, J,, 14Hz),

2522
3.68-4.40 (4H, m, OCH

2—2

CH 2O, simplifies on irradiation at

2772

§1.90), 7.19-7.85 (5H, m, ArH). Gc 137.4 (4, PC, JPC 230Hz) ,

7Hz) , 60.1(Poccd), 25.8

ci

129.2-127.1, 62.9 (d, POCCCO, J,.
(@, Pocced, g, 8HZ), 6,-34.1, m/e 242 (M*, 15%), 212(81),

199(48), 185(40), 141(100), 91(46), 77(85).

(iv) 2—Phenylspiro—[l,3,2—dioxaphosphepan—2,2'—[1,3,2]—

dioxaphospholan]

Azidobenzene (0.87 g, 7.3 mmol) in dry methylene
chloride (24 ml) was added to 2-phenyl-1,3,2-dioxaphospholan
(1.20 g, 7.1 mmol) in dry methylene chloride (& ml). After

10 min nitrogen evolution had subsided and 1,4-butanediol
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(0.65 g, 7.2 mmol) was added and the mixture stirred for

i
20 h. 31P N.m.r. showed almost complete conversion of

the reactants into the spirophosphorane. The solvent was
[

blown off with a stream of dry nitrogen and aniline

(0.66 g; 67%) removed by distillation, b.p. 60°C/0.05 mm,
to leave an oil which crystallised from super-dry ether on

standing at ~10°C for 20 h to give the spirophosphorane

(1.49 g; 82%) as a colourless crystalline solid, m.p. 70-72°C
(Found: C,56.1; H,6.6; C12H17O4P requires C,56.3; H,6.7%),

Vnax 2890, 1435, 1130, 940,890 and 850 cm-l. GH 1.55-1.91

(4H, m, OCH,CH,CH,CH,O), 3.72 (4H, d, OCH,CH,0, Jp, l4Hz),

2=—2—2
3.60-4.39 (4H, m, OCH,CH,CH,CH,O, simplifies on irradiation at

§ 1.76), 7.17-7.93 (5H, m, ArH). éc 137.0 (4, pPC, J 23%9Hz) ,

PC

131.8-127.1, 65.6 (d,Poccccd, J,. 9Hz), 59.9 (4, POCCO, J,

?C C

— ’ : +
1Hz), 28.9 (POCCCCO) ; 6p—30.2, m/e 256 (M, 17%), 226(48),

213(47), 185(100), 173(43), 155(40), 141(97), 108(53), 91(3C),

77(73) .

(v) Attempted preparations of 2-phenylspiro-[1,3,2-
dioxaphosphocan—2,2‘—[l,3,2]—dioxaphospholan

(a) Azidobenzene (0.98 g, 8.2 mmol) in dry methylene

chloride (20 ml) was added to 2-phenyl-1,3,2-dioxaphospholan

(1.36 g, 8.1 mmol) in dry methylene chloride (10 ml). After

10 min nitrogen evolution had subsided and 1l,5-pentanediol

(0.84 g, 8.1 mmol) was added and the reaction mixture stirred
31

for Zz h. P N.m.r. showed complete conversion of the

reactants into spirophosphorane compounds, 6p-35.8 and

o\

-36.2. The solvent was removed and aniline (0.47 g, 62%)



~143-
|
l
|

distilled from the reaction mixture, b.p. GOOC/O.OS mm, to

|

leave an orange gum (2.19 g, 100%) which failed to crystallise.

Attempts to purify the gum by distillation led to decomposition

' [}
and the formation of several phosphoryl compounds. However,

a satisfactory analysis was obtained for the crude material
(Found: C,57.6; H,7.2; empirical formula C13H1904P requires

-1
c,57.8; H,7.1%), Viax 2760, 1435, 945 and 790 cm . dH 1.12-

1.90 (6H, m, OCH,CH,CH,CH,CH,0), 3.36-4.28 (8H, m, 4 x O CH,),

2——=2=-=-2==-2

7.18-7.95 (5H, m, ArH). Sc 138.4 (4, PC, Ip 230Hz), 131.6-

c

126.6, 65.5 (d,Pocccecd, g, . lOHz), 59.8 (POCCO), 30.3

(a, boccceed, g
13

PC

PC 8Hz), 22.0 (POCCQCC&). Expansion of the

C n.m.r. spectrum in the region 6025—80 showed twc sets of

minor doublets at Gc 66.9(J 10Hz) and 3O.l(JP 9Hz) in the

PC
ratio of 1:10 to the peaks at 5c66.5(J

C

pC 10Hz) and 30.3

(J 8Hz) . 6p—36.l (3034%) and -36.5 (9799%), m/e 270

PC

M, 7

oe

), 185(71), 141(100). M, 270.101305, C13H1904P requires
M, 270.102089. The molecular weight of the gum was determined
in benzene on a Perkin Elmer Vapour Pressure Osmometer
(Model 115), calibrated with benzil, and found to be
MW = 300 + 15. |

The-3lP n.m.r. spectrum of the gum in 1,2-dichloro-
benzene showed an apparent coalescence of peaks (280C, 6p—36.3,
-36.5 and ~36.9) at approximately 120°C (6,-36.3).

Solutions of the gum 0.6 M, 0.3 M and 0.15 M in 1,2~
dAichlorobenzene were monitored by 31P n.m.r. over 120 h at

room temperature and it was observed that the peak ratios

remained constant.
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(b) Reaction of 1,5-butanediol (0.88 g, 9.? mnol) and
2-phenyl-1,3,2-dioxaphospholan (1.42 g, 8.5 mmol) with N-
chlorodi-iso-propylamine (1.33 g, 9.8 mmol) in‘super—dry
ether (25 ml) according to the method of Trippéttl4%ave a
colourless gum (70%), 6p—36.l (1259%) and —36.5 (8211%).

(vi) 2-Phenylspiro-[trans-4,5-cyclohexyl-1, 3,2-dioxaphos-

pholan-2,2'-[1,3,2)-dioxaphospholan]

Azidobenzene (1.13 g, 9.5 mmol) in dry methylene
chloride (14 ml) was added to 2-phenyl-1,3,2-dioxaphosphoclan
(1.57 g, 9.3 mmol) in dry methylene chloride (6 ml). After
10 min nitrogen evolution had subsided and trans-1,2-cyclo-
hexanediol (1.09 g, 9.4 mmol) was added with dry methylene
chloride (10 ml) and the_reaction mixture was stirred for

31

20 h. P N.m.r. showed almost complete conversion of

the reactants into the spirophosphorane. The solvent was

blown off with a stream of dry nitrogen and aniline
(0.87 g; 77%) removed by distillation, b.p. 60°C/0.05 mm,
to leave a solid which was recrystallised from super-dry

ether to give the spirophosphorane (1.80. g; 68%) as a

colourless crystalline solid m.p. 93-96°C (Found: C,5%.6;

H,6.8; C P requires C,59.6; H, 6.8%), v 2860,

1481994 max

1435, 940 and 885 cm—l. SH 1.04-2.25 (8H, m, cyclohexyl

ring), 2.84-3.14 (l1H, m, cyclohexyl ring H), 3.23-4.11

(5H, m, OCH,CH,0 + cyclohexyl ring H), 7.20-7.50 (3H, m, ArH),

20,
7.59-6.00 (2H, m, ArH), § -22.5, m/e 282 mt, 36%), 185

(100), 141(38), 91(24), 77(30).
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(vii) 2—Phenylspiro—[l,3,2—diOXaphospholan—2“2‘—[1,3,2]—
l

benzodioxaphospholine] -

Azidobenzene (0.53 g, 4.5 mmol) in drylmethylene
chloride (12 ml) was added to 2—phenyl—l,3,2~d£oxaphospholan
(0.76 g, 4.5 mmol) in dry methylene chloride (5 ml). After
10 min nitrogen evolution had subsided and 1,2-dihydroxy-
benzene (0.49, 4.5 mmol) in dry methylene chloride (15 ml)
was added and the reaction mixture stirred for 20 h. 31P

N.m.r. showed complete conversion of the reactants into the

spirophosphorane. The solvent was removed and aniline (1.11 g;

70%2) distilled from the reaction mixture, b.p. 600/0.05 mm, to
leave a solid which was recrystallised from super-dry ether to

give the spirophosphorane (0.26 g; 21%) as a colourless

crystalline solid m.p. 113—1150C_(Found: Cc,61.0; H,4.8;
C14Hl3O4P requires C,60.9; H,4.7%), Vnax 2900, 1480, 1435,
1350, 1125, 1005 and 945 cm *. &, 3.63-4.30 (4H, m, OCH,
CH,0), 6.62-7.00 (4H, m, ArH), 7.18-7.48 (3H, m, Ari),
7.62-8.01 (2H, m, ArH), 8 -14.3, m/e 276 (m*, 100%), 233
(40), 232 (26), 141 (26), 110 (26), 77 (23).

This spirophosphorane was also prepared by the method

of Trippet&%45 1,2-Dihydroxybenzene (0.62 g, 5.6 mmol) in
super-dry ether (10 ml) was added slowly to 2-phenyl-1,3,2-
dioxaphospholan (0.%2 g, 5.5 mmol) in super-dry ether (25 ml)
maintained at —780C. ﬁ-Chlorodiiso—propylamine (0.75 g,

5.5 mmol) in super-dry ether (10 ml) was then added slowly
and the mixture stirred at -78°c for % h. The reaction
mixture was warmed to room temperature and stirred for a
further 120 h. The amine salt crystallised out of solution

and was filtered off. The {iltrate was blowndown to half



-146-

its original volume and left to stand at ~10°C For 20 h.

|
The spirophosphorane (1.12 g; 74%), a colourless crystalline
|

solid, crystallised out of solution and was collected and

dried m.p. 113-115°C, 6,-14.3. I

(viii) 2—Phenylspiro—[l,3,2—dioxaphospholan—2,2'—[1,3,2]—

m—tert—butylbenzodioxaphospholine]

Azidobenzene (0.86 g, 7.2 mmol) in dry methylene
chloride (6 ml) was added to 2-phenyl-1,3,2-dioxaphospholan
(1.20 g, 7.1 mmol) in dry methylene chloride. After 10 min
nitrogen evolution had subsided and 4-tert-butylcatechol
(1.19 g, 7.2 mmol) in dry methylene chloride (12 ml) was
added and the reaction mixture stirred for 17 h. 31P N.m.r.

showed complete conversion of the reactants into the

spirophosphorane. The solvent was removed and aniline

(0.66 g; 50%) distilled from the reaction mixture, b.p.
6OOC/O.05 mm, to leave a solid which was purified by
" distillation, b.p. lSOOC/ 0.05 mm, and recrystallisation

from super-dry ether to give the spirophosphorane (1.68 g;

71%) as a colourless crystalline solid m.p. 110-113°C

(Founcd: C,65.2; H,6.4; C18H2104P requires C, 65.1; H, 6.4%),
1

Voax 2890, 1495, 1260, 1070, 930 and 865 cm . 8y 1.20
(9H, s, C(CH3) ), 3.68-4.21 (4H, m, OCHZCHZO), 6.79 (2H, s,
ArH), 6.96 (1H, s, ArH), 7.26-7.58 (3H, m, ArH), 7.68-

+

8.03 (2H, m, ArH), ap-14.2, m/e 332 (M', 78%), 317 (100),

151 (62), 141 (24), 93 (70), 77 (24).
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(ix) 2-Phenylspiro-[1l,3,2-dioxaphospholan-2,2
[naphtho[c]~-1,3,2-dioxaphospholine]]
Azidobenzene (0.95 g, 8 mmol), in dfy méthylene
chloride (10 ml) was added to 2-phenyl-l,3,2-~-dioxaphospholan
After

(1.32 g, 7.9 mmol) in dry methylene chloride (6 ml).

10 min nitrogen evolution had subsided and 2,3-dihydroxy-

7.9 mmol) was added in super-dry ether

naphthalene {(1.26 g,
2
3lp N.m.r.

(14 ml) and the reaction mixture stirred for 20 h.

showed complete conversion of the reactants into the spirophos-
phorane. The solvent was removed and aniline (0.46 g; 63%)
distilled from the mixture, b.p. GOOC/O.OS mm, to leave a solid
which was recfystalbised from dry methylene chloride to give

the spirophosphorane (1.89 g; 69%) as a colourless crystalline
C,66.3; H,4.7;

solid m.p. > 270°¢ (decomp.) (Found:

C18H1504P requires C, 66.3; H,4.6%), Voax (mull) 1155, 1130,
865 and 745 cm T. &, 3.70-4.42 (4H, m, OCH,

8.00 (11H, m, ArH), 8 -14.1, m/e 326 (vt, 100%), 282(80),

CH20), 7.12-

141(29), 114(36), 77(22).

160(83),
2-Phenylspiro-[di-0O-methyl-a-D-glucanopyranosyl-

(x)
1,3,2-dioxaphosphorinan-2,2'-[1,3,2]~-dioxaphospholan

Azidobenzene (0.57 g, 4.8 mmol) in super-dry ether

(7 ml) and dry methylene chloride (3 ml) was added to 2-

(0.78 g, 4.64 mmol) in dry

phenyl-1,3,2~-dioxaphospholan
After 10 min nitrogen evolution

methylene chloride (7 ml).
had subsided and methyLQ,3—di—0—methyl—a—D—glucanopyranosidg

(1.03 g, 4.64 mmol) was added and the reaction mixture

stirred for 18 h. 3lP N.m.r. showed complete conversion

34
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of the reactants into the spirophosphorane. The solvent

was removed and aniline (0.43 g; 66%) distilled from the

reaction mixture, b.p. 7OOC/O.05 mm, to leave the
|

spirophosphorane (1.80 g; 100%) as an orange gum which

would not crystallise. Attempts to distill the product
led to decomposition. However, satisfactory analytical
data was obtained for the crude product (Found: C,52.8;
H,6.6; cl7H2508P requires C,52.6; H,6.5%), Viax 1130, 1100,
960 and 845 cm T. 6, 2.86-4.88 (11H, m, aliphatic H),
3.38 (3H, s, OMe), 3.46 (3H, s OMe), 3.66 (3H, s, OMe),
7.17-7.86 (SH, m, ArH), 6§ -33.8, m/e 388 (M', 2%), 357

(3), 285(3), 185(22), 142(17), 129(9), 1l0l1l(26), 88(1l00).

M, 388.126757, Cy;H,50gP requires M, 388.128693.

(x1i) 3'-Methyl-2-phenylspiro-[1l,3,2-dioxaphospholan-

2,2'-[1,3,2]) -oxazaphospholan]

Azidobenzene (0.68 g, 5.7 mmol) in dry methylene
chloride (6 ml) was added to 2-phenyl-1l,3,2-dioxaphospholan
(0.91 g, 5.4 mmol) in dry methylene chloride (6 ml). After
10 min nitrogen evolucion had subsided and 2-(methylamino)-
ethanol (C.43 g, 5.7 mmol) was added and the reaction mixture
stirred for 20 h. 31P N.m.r. showed complete conversion

of the reactants into the spirophosphoranec. The solvent was

removed and anilinc (0.46 g; 91%) distilled from the reaction
nixture, b.p. 60°C/0.05 mm. to leave a solid which was

recryscallised from super-dry ether to give the spirophosphorane

(0.98 g; 75%) as a colourless crystalline solid m.p. 68-71°C

(Found: C, 55.0; U,6.7; N,5.7; C11H16N03P requires C,54.8;
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. R
H,6.7; N,5.8%), v___ 2870, 1185, 965 and 950 cm 1

GH 2.64-4.16 (8H, m, aliphatic ring H), 3.00 (3H, 4, NMe,

Jpy BHZ), 6.92-7.86 (SH, m, ArH), § -34.9, m/e 241 ™, 100%),
i

185 (44), 141 (73), 77 (47).

(xii) 2-Phenylspiro-[1,3,2-dioxaphospholan-2,2'~

1,3,2-benzothiazaphospholine]

Azidobenzene (0.71 g, 6 mmol) in dry methylene chloride
(13 ml) was added to 2-phenyl-1,3,2-dioxaphosphclan (0.99 g,
5.9 mmol) in dry methylene chloride (10 ml). After 10 min
nitrogen evolution had subsided and monothiocatechol (0.75 g,
6 mmol) in dry methylene chloride (5 ml) was added and the
 reaction mixture stirred for 20 h. 31P N.m.r. showed one
major resonance at 6p+4.6 plué several minor peaks at
between 6p+15 and +20. The solvent was removed and aniline
(0.29 g, 52%) distilled from the reaction mixture, b.p.

6OOC/O.05 mm, to leave an oil which on crystallisation from

super-dry ether/petrol (b.p. 40-60°C) gave the spirophosphorane

(L.27 g; 74%) as a colourless crystalline solid m.p. 96-97°C

(Found: C, 57.6; H,4.6; PS reguires C,57.5; H,4.5%),

C14H1393
1

Vinax 1470, 940 and 650 cm . GH 3.40-4.36 (4H, m, OCHZCH20),
+

6.62-8.06 (94, m, ArH), 6p+4.7, m/e 292 (M, 100%), 249(18),
233(14), 215(11), 184(15), 171(13), 155(22), 137(17), 108(18),

91(22), 77(16).

9.2 Reaction of N-Phenylimino-2-phenyl-1,3,2-dioxaphosphepan

with Alcohols

(1) To the iminophosphorane (1.15 g, 4 mmol) in dry

methylene chloride (20 ml) was added 1,2-ethanediol (0.25 g,
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4 mmol) and the reaction mcnitored by 31P n.m.x. After 20 h

two major products were present in the reaction mixture at
6p~19.0 (1282%) and =-30.2 (6970%), these were identified by
peak enhancement as 2—phenylspirof[l,3,2—dioxapho§pholan—2,2'—
{1,3,2])-dioxaphospholan] and 2—phenylspiro—[l,3,2~didxaphos—
phepan~2,2'~-[1,3,2]-dioxaphospholan] respectively, together

with unreacted iminophosphorane 6p+12.7 (661%). Removal of

"solvent and aniline (0.20 g; 55%) Zn vacuo yielded a pale
orange oil which on crystallisation from ether gave 2-phenyl-
spiro~{l,3,2—dioxaphosphepan—2,2'—[l,3,2]—dioxaphospholan]

© (0.39 g; 388), m.p. 70-72°C.

10. 31P N.m.r. Studies of the Reaction of Iminophosphnoranes

and Pentacoordinate Phosphoranes with Alcohols

(i) Reaction of N~-phenyliminoc-2-phenyl-1,3,2-dioxaphospholan,
prepared <n situ, with 2-mercaptoethanol in dry methylene
chloride at room temperature gave after 17 h an inseparable
multi-component mixture of phosphorus-éontaining products.

31P N.m.xr. (CH2C12) showed five major peaks at 6p+35.7,
+20.4, +18.8, +18.0 and +4.5.

kii) keaction or N-phenyliminotriethylphosphite, Gp(CHZClz)
-0.7, with a five fold excess of ethanol in dry methylene
chloride gave no detectable reaction after 300 h at room
temperature.

(iii) To a 0.2 M solution of 2-phenylspiro-{1l,3,2-dioxa-
.phosphepan=-2,2-[1,3,2]-dioxaphospholan], 6p—30.3, in dry
methylene chloride was added 1l,2-ethanediol (1.1 molar
equivalentg) with stirring at room temperature. After 50 h
31P n.m.r. showed complete conyersion of the reactants into

2~phenylspiro~[l,3,2mdioxaphospholan—2,2'—[l,3l2]—dioxaphospholan],
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Sp‘IQVIp by comparison with an. authentic sample.
(iv). Addition of 1,4-butanediol (4 molar equivagents)
to. & 0.2 M solution of 2-phenylspiro-[l1,3,2-dioxaphospholan
2,2V« [1,3,2)-dioxaphospholan]: dissolved in dry methylene

chloride gave no new pentacoordinate phosphoranes after 48 h

at room temperature.

I1. Variable Temperature N.m.r. Studies on 1,3,2-Oxaza-

phosphoranes
General Method. The oxazaphocosphorane (eca. 50 mg) was dissolved

in dry methylene chloride or deuterochloroform, in a 5 mm n.m.r.
tube. The temperature of the sample was adjusted in the
spectrometer probe and allowed to stabilise before spectra were

recorded on either a Varian HA 100 instrument (lH n.m.r.) or a
1

(PN

Jeol FX60 (7"P n.m.xr.). The coalescence temperature was
determined to be the temperature at which separate peaks
nerged to become indistinguishable.

The free energy of activation (AG*) for two-site
exchange processes was calculated by a combination of a
simplified Gutowsky=-Holm equatiOEBS.for the situatjon at
coalescence temperature (2mTAV = V2, where t is half the
lifetime of either site and Av is the frequency difference
between the separated resonances at slow exchange) and the
Eyring eqUation236(kl = gkT/h)exp(-AG*/RT), where ¢ is the
transmission coefficient, kl is the rate constant for the

exchange process, T is the coalescence temperature (OK),
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and other symbols are conventional. Thus kl = mAv/V/2 and

okTV2
wAvh

was taken as unity. The above relation for AG* applies

only to the coalescence of equally populated peaks and will

hence AG* = RT In(

). The transmission coefficient

suffice for the examples here quoted.
In each of the examples studied below the spectrum
at room temperature was identical before and after the

experiment.

11.1 Variable temperature lH n.m.r. studies on 2,2-

dimethoxy-2-phenyl-1,3,2-benzoxazaphospholine

At 28°C the spectrum exhibited a sharp douklet, 6q

(CH2C12) 3.56 (6H, d, POMe, J 12Hz) which on cooling to

PH
- ~18°C was replaced by a broad convex shaped mound. Further
cooling to -26°C caused the sides of the mound to become
-concave; Tc was Jjudged to have occurred at -24 + 2°C when
the mound was of an intermediate shape. At -66°C the mound
was replaced by tWo sharp sets of doublets. The coupling
constants of the high field set was 10 Hz whilst that of the
low field set was 14 Hz. Thus, with Av = 66Hz, AG* = 50 +

1 kT mol L.

11.2 Variable temperature lH n.m.r. and 31P n.m.r. studies

on 2,2-dimethoxv-2,5-diphenyl-1,3,2-oxazaphospholan

The lH n.m.r. signals studied were at SH(CDCl

37 24°¢C)

3.40 and 3.€¢1 (6H, 2 x d, 2 x POMe, JPH 11Hz and JPH 11lHz;



both dcublets collapse on irradiation at the same 31P

frequency) and 5H 4,54-4.80 (1lH, m, OCHPh).. i

At —lZOC, the sp3 proton (OCHPh) appeared is a broad
mound which on further cooling to -32%% startedlto separate
into two signals. At —750C, two distinct sp3 signals of
equal area were present between GH 4,58-4,85 and 5.00-5.26
T, was judged to have been at -29 + 3°%c. Thus, with Av =
42Hz, AG* = 50 + 1 kJ mol l.

at -12°C the methoxyl signals formed a broad mound.

On further cooling to -75°C four doublets separated from

this mound, &8, 3.28 and 4.32 (6H, 2 x d, 2 X POMe, J 10Hz

H PH
and JPH 12Hz), 3.39 and 4.02 (6H, 2 x d, 2 x POMe, JPH 11lHz
and JPH 13Hz). These signals were attributed to two different

oxazaphosphoranes as each set of doublets collapsed to a set
of singlets on irradiation at different phosphorus freguencies.
A coalescence temperature could not be determined from these
signals due to the confused overlap with the ring methylene
signals.

At temperatures up to 135°C in diphenyl ether the
methoxy signals, Av = 21Hz, did not coalesce, thereby
giving a minimum AG* = 88 kJ mol"l for coalescence.

at 28°C the °1

P n.m.r. spectrum showed a single peak,
6p (CDC13)—44.8. On cooling this peak broadened and at
-62°C two sharp signals, of approximately equal intensity,

were observed at 6p—43.4 and -46.5. Tc was judged to be

at -25 + 2°C.  Thus, with Av = 74Hz, AG* = 50 + 1 kJ mo1”t,



12. The Acidic Hydrolysis of Pentacoordinate [Oxazaphos-

phoranes ]

General Procedure l

To the pure oxazaphosphorane (0.34-10 mmél) in super-
dry ether (10-20 ml) was added a solution of p-toluenesulphonic
acid (1.1 molar equivalents of a 0.225 M solution) with
stirring at room temperature. The reactions were very rapid
with the product usually being precipitated from solution
within minutes. The loss of methanol or ethanol upon
hydrolysis was detected by glc analysis of the crude reaction
mixture or by lH n.m.xr.

(1) Dimethyl N-(2-hydroxyphenyl)phosphoramidate was prepared

by the addition of standard acid solution (180 ul, 10% excess)
to 2,2,2-trimethoxy-1,3,2-benzoxazaphospholine (2.10 g;

9.1 mmol) dissolved in super-dry ether (20 ml). After stirring
for 2 min a colourless soclid (1.97 g; 100%) precipitated out

of solution and was isolated by removal of the solvent in vacuo.
Recrystallisation from methylene chloride/ether gave the pure

phosphoramidate as a colourless crystalline solid, m.p. 78.5-

79OC (Found: C,44.4; H,5.7; N,6.4; C8H12NO4P requires

C,44.3; H,5.6; N,6.5%), Voax 3360 (NH), 3140 (broad OH),

1520, 840 and 750 cm . 6, 3.72 (6H, d, POMe, J,, 12Hz),

PH 10Hz), 6.62-7.25(4H, m, ArH), 7.94
+

(11, s, OH), 6p+6.3, m/e 217 (M, 16%), 185 (100), 170(24),

6.08(1R, d, NH, J

155 (22), 109 (58).
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(ii) Diethyl N-(2-hydroxyphenyl)phosphoramidate was prepared
|
|

by the addition of standard acid solution (83 ul, 10% excess)

to 2,2,2-triethoxy-1,3,2-benzoxazaphospholine (1.15 g, 4.2 mucl)
|

dissolved in super-dry ether (20 ml). After stirring for

5 min a colourless solid (1.03 g; 100%) precipitated out of

solution and was isolated by removal of the solvent in vacuo.

Recrystallisation from ether gave the pure phosphoramidate as a

colourless crystalline solid, m.p. 61-62°C (Found: C,49.0; H,6.5;

N,5.7; C10H16N04P requires C, 49.0; H,6.6; N,5.7%), Vinax 3360
1

(NH) , 3240 (broad OH), 1510, 1025 and 980 cm . 8y 1.27

(6H, t, CHZQEB’ JHH 7Hz), 3.84-4.36 (4H, m, §§2CH3, prochiral) ,

6.08 (1H, d, NH, J_. 10Hz), 6.60-7.28 (4H, m, ArH), 8.90

PH
(1H, s, OH), 6p+3.l, m/e 245 (M+, 16%), 217 (4), 199 (28),
m* 192.2 (245 - 217), 189 (7), 171 (lOO), m*1l64.6 (217 - 18%),
153 (13), m* 146.9 (199 - 171), 109 (29), 77 (21).

(iii) Diphenyl N-(2-hydroxyphenyl)phosphinamidate was preéared

by the addition of standard acid solution (24 pl, 10% excess)
to 2,2-diphenyl-2-methoxy-1,3,2-benzoxazaphospholine (0.39 g,
1.2 mmol) in super-dry ether (20 ml). After stirring for 1 min

a colourless solid precipitated out of solution, the

pvhosphinamidate (0.36 g; 95%) isolated by filtration, m.p. >

200°C (decomp.) (Found: C, 69.8; H,5.2; N,4.3; C,oN, NO,P

18716 72
requires C,69.9; H,5.2; N,4.5%), Viax (mull) 3360 (NH),
3060 (GH, broad), 1170, 940, 740 and 700 cm ». 8, (4 ~DMSO)
6.40-8.00 {(14H, m, ArH), 6.90 (1lH, d, NH, JPH 11Hz),

+

9.88 (1H, s, OH), 6p(d6—DMSO) + 18.6, m/e 302 (M , 76%),

291 (10), 201 (100), 185 (12), m* 130.7 (309 - 201), 77 (24).
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(iv) Diphenyl N—(trans—2—hydroxycyclohexyl)phdsphinamidate

was prepared by the addition of standard acid solution (40 ul,

10% excess) to 2,2-diphenyl-2-methoxy-trans-4,5-cyclohexyl -1,3,2-
oxazaphospholan (0.67 g, 2 mmol) in super-dry ether (10 ml).

After stirring for 5 min a colourless solid precipitated out of

solution, the phosphinamidate (0.62 g; 97%) isolated by filtration

m.p. 152-154°C (Found: C,68.3; H,7.1; N,4.4; C;gH, NO,P requires

C,68.6; H,7.0; N,4.4%), v 3360 (NH), 3300 (OH, broad),

max
2850, 1440 and 690 cm—l. GH 0.80-3.45 (1OH, m, aliphatic H),
4.00-6.00 (1lH, broad peak, NH or OHE), 7.24-8.08 (1lOH, m, ArH),
6p+26.1, m/e. 315 (M+, 36%), 297 (4), 201(38), 114(100), 77(20).

(v) Diphenyl N-(B-hydroxy-o-phenethyl)phosphinamidate was

prepared by the addition of standard acid solution (7 ul,

-lO% excess) to 2-methoxy=-2,2,5~-triphenyl-1,3,2-oxazaphosphoclan
(0.123 g, 0.34 mmol) in super-dry ether (10 mi). After
stirring for 10 min a colourless solid precipitatedcx¢.ofsﬁhﬁjcn,

n.p. 167-:169OC, the phosphinamidate (0.114g; 97%) isolated by filtra-

tion, (Found: C,71.2; H,6.0; N,4.1; C20H20NO2P reguires

cC,71.2; H,6.0; N,4.2%), Viax (mull) 3260 (NH), 3160 (OH, broed),

)
1170, 720 and 695 cm ‘. 8, 2.86-3.88 (3H, m, CH,

4.78-4.96 (1H, m, HOCHPh), 7.02-7.96 (l6H, m, ArH + NH or OH},

+ NH or OH),

6p+26.7, m/e 377(M+, <1%), 308 (3), 231 (85), 202 (l100), 201 (71},

118 (13), 77 (25).



13. Thermal Reactions of some Iminophosphoranes

|
(i) N—(ZmBenzoxyloxyphenyl)iminotriphenylphosphine

The iminophosphorane was prepared in situ by the

reaction of gnazidophenylbenzoate (1.26 g, 5.3 mmol) with
triphenylphosphine (1.39 g, 5.3 mmol) in dry methylene
chloride (18 ml). The reaction was monitored by 3lP n.m.x.

over a period of 100 h at room temperature. Initially, only

one peak was observed, §+2.9 (iminophosphorane) but after

14 h another peak, §+27.4 (triphenylphosphine oxide), had
appeared in approximately the same intensity. After 100 h

the iminophosphorane resonance had disappeared and the only

peak present was that due to triphenylphosphine oxide.
Chromatography of the reaction mixture on alumina with petrcl

(b.p. 40-60°C) as eluant gave two fractions; 2-phenylbenz-

oxazole (0.70 g; 68%), m.p. 98-100°c (11>’ 103°C) and

triphenylphosphine oxide (0.68 g; 46%), m.p. 153-155°C

-(lit4238 153.5°C), 5p+29.o.

The reaction was also monitored by 3lP n.m.x. in
chloroform. In this case a transient intermediate, 6p—58‘0,

was detected.

(ii) N—(2—N—Phthalimidophenyl)iminotriphenylphosphine

The iminophosphorane (1.45 g, 2.9 mmol) in super-dry

tert-butylbenzene (10 ml) was heated under reflux under
nitrogen for 18 h and the reaction mixture examined by 3lP
n.m.r. Only one peak was observed, 6p+28.6 (triphenyl-
phosphine oxide) . The reaction mixture was cooled and a vellow solid
crystallised out of the solution which was recrystallised from ethanol to
give 11H-isoindolo[2,1-albenzimidazol-1ll-one (0.42 g;

65%) as bright yellow crystals, m.p. 213—214OC (lit?39



211-212°), Viax 1765, 1740 cm“l (C=0) . Chromatography

of the mother liquors on alumina with ether as eluant gave

triphenylphosphine oxide (0.65 g; 80%), m.p. 155-156°¢C

(1t 238 153.5%), s + 28.9.

(iii) N-(2-N-Phthalimido)iminotrimethylphosphite

The iminophosphorane (1.84 g, 5.1 mmcl) in dry chloro-

benzene (16 ml) was heated under reflux under nitrogen for 7 h

and the reaction monitdred by3lP n.m.xr. It was observed that

during this time the iminophosphorane resonance disappeared

and another peak, 6p+2.2 (trimethylphosphate) appeared.

Removal of solvent and phosphate in vacuo gave a brown solid
which was recrystallised from ethanol to give bright vellow
crystals of 1llH-isoindolo[2,l-a]benzimidazol-ll-one (0.74 g;

239

66%), m.p. 210-212% (1it.)~~ 211-212°C).

(iv) N- (2-N-Benzamido) phenyliminotriphenylphosphine

The iminophosphorane (0.53 g; 1.1 mmnol) in super-dry

tert-butylbenzene (7 ml) was heated under reflux under nitrogen

for 15 h and the reaction was monitored by 3lP n.m.r.

Tt was observed that during this time the iminophosphorane

resonance disappeared and another peak, 6p+25.l (triphenyl-
phosphine oxide) appeared. Chromatography of the reaction

mixture on alumina with methylene chloride gave two fractions;

2-phenylbenzimidazole (0.14 g; 63%), m.p. 272-282°C (lit?40

294°C), v__  (mull) 2680 (NH), 1315, 1275 and 970 -cm” 7T,

m/2 194 (M+, 100%) and triphenylphosphine oxide (0.27 g;

238
87%) m.p. 146-149°c (1it’ " 153.5°C), 5,+28.9.
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(v) N- (2~N-Benzamido) phenyliminotrimethylphosphite

The iminophosphorane (1.20 g, 3.6 mmnol) in dry chloro-

benzene (8 ml) was heated under reflux under nitrogen for 5 h

l
and the reaction monitored by 3lP n.m.r. It was observed

that during this time the iminophosphorane resonance

disappeared and another peak appeared, 6p+8.7. Significantly
no peak due to trimethylphosphate was observed. The reaction
mixture was cooled to -10°C and a black crystalline mass was
deposited. Chromatography of the solid on alumina with ether
gave dimeth)aﬁ N-methyl-N-benzamidophenylphosphoramidate

(0.23 g; 19%), pale brown crystals m.p. 113-114°c (Found:

cC, 57.2; H4,5.8; N,8.2; C16H19N204P requires C,57.5; H,5.7;
N,8.4%), Vhax 3410(NH), 1675(C=0), 925 and 835 cm—l.

{ I .
GH 3.01(3H, d, PNCH3, JPH 10Hz) , 3.69 (6H, d, POCH3, JPH 11Hz),

7.00-7.58 (6H, m, ArH), 7.90-8.34 (3H, m, AxrH), 9.44 (lH,
s, NH), 6p+9.l, m/e 334 (M+, 34%), 317 (4), 257(14), 22°9(41),
212(75), 208(39), 197(14), 167(7), 119(18), 105{(100), 77(49).

(vi) N- (2-p-Toluenesulphonoxylphenyl)iminotrimethy £ phoschite

The iminophosphorane (2.00 g, 5.2 mmol) in super-dry

tert-butylbenzene (10 ml) was heated under reflux under

nitrogen for 16 h and the reaction monitored by 3lP n.,m.r.

It was observed that during this time ‘the iminophosphorane

resonance disappeared and another peak, 6p+7.4, appeared.
Removal of the solvent and chromatography of the residue

on alumina with methylene chloride/ether 1:9 gave a colourless
oil which on cryétallisatidn from ether (3 ml) gave colourless
crystals of dimethyl N-2-p-toluenesulphonyloxyphenylphos-
phoramidate (1.16 g; 58%), m.p. 65.5-66.5°C, (Found: C,49.8;

H,5.2; N,3.6; C NOGPS requires C,49.9; H,5.2; N,3.6%),

16920
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|
-1 1
Voax 1495, 1095, 930, 815 and 660 cm . 6H 2.4? {(3H, s,

3+ Jpy SHZ), 3.72 (6H, 4, POCH,,

J 11Hz), 6.91-7.47 (6H, m, ArH), 7.72-7.89 (2H, m, ArH),

p Me), 2.89 (3H, 4, PNCH

PH
6p+7.9, m/e 385(M',27%), 230(100), 214(9) 198(20), 168(12),
120(14), 109(17), 91(14), 77(9).

(vii) N—(2-p—Toluenesulphonoxylphenyl)iminofriphenylphosphine

(2.00 g, 3.8 mmol) was heated under reflux in tert-butylbenzene

(10 ml) for 18 h. After this time 31P n.m.r. showed that

no reaction had occurred and the iminophosphorane was recovered

in 96% yield.

14. Preparation of Phosphatriazenes: Reaction of Tervalent

Phosphorus Compound with Azido Compounds

(i) N- (2-Hydroxyphenyl) -P,P,P-triphenylphosphatriazene

was prepared by the addition of o-azidophenol (0.52 g, 3.85 mmocil)
in super-dry petrol (b;p. 40—600C, 8 ml) to triphenylphosphine
(0.99 g, 3.8 mmol) in super-dry petrol (b.p. 4O~600C, 5 ml) and
super-dry ether (5 ml) with stirring under nitrogen at room
temperature. A pale yellow solid gradually crystallised

‘ out of the reaction mixture. Care was taken to exclude

light since on exposure the product discoloured rapidly.

Removal of solvert by decantation gave the phosphatriazene

(1.41 g; 94%) as a pale orange crystalline solid m.p. >

150°C (decomp.) (Found: C,72.4; H,5.0; N, 10.4; C,,H, N,OP

requires C,72.5; H,5.1; N,10.6%), Vv 1440, 990 and 685 cm~l.

max
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GH 6.65-7.05 (3H, m, ArH), 7.20-7.92 (léH, m, ArH), OH not
observed, 6p+23.6, m/e 397 (M+,not observed), 369 (M+—N2,

|
100%), 292 (17), 262 (70), 183 (68), 108 (39).

(ii) N- (2-Hydroxyphenyl) -P,P,P-tris (diethylaminoc) phosphatriazen

was prepared by the addition of o-azidophenol (0.58 g, 4.3 mmol)
in super-dry petrol (b.p. 40—600C, 10 ml) to hexaethylphosphorus
triamide (1.09 g, 4.4 mmol) in super-dry ether (4 ml) with
stirring under nitrogen at rocm temperature. After 1 h a
yellow oil had deposited which crystallised on cooling to

-10°C to give yellow crystals of the phosphatriazene (1.28 g;

78%), m.p. 43-45°C (Found: C,56.6; H,9.2; N,21.8; C op

18355
requires C,56.5; H,9.2; N,22.0%), Viax 1105, 950 and 66C cm .

6H 1.13 (18, t, CH2 37 JHH 7Hz), 3.17 (12H, 4 of g, g§2CH3,

Jun 7Hz, Jpn 10Hz), 6.70-7.08 (3H, m, ArH), 7.40-7.58 (1H,

m, ArH), OH not observed, 6N+94.6 (1N, 4, JPN 18Hz) ;

cH

+14.8 (1N, 4, J 24Hz) , -139.1 (1N, 4, 34Hz), -332.6

PN
(3N, d, 18Hz), §,+40.6, m/e 382 (M7, not observed), 354

(M+—N2, < 1%), 262(6), 233(12), 191(19), 119(100), 72(47).

(iii) N=-(2-Benzoyloxvphenyl)-P,P,P-tris(dimethylamino)

phosphatriazene was prepared by the method of

Cadogan, Stewart and Tweddle?8 o-Azidophenyl benzoate

(3.41 g, 14 mmol) in dry cyclohexane (100 ml) was added to
hexamethylphosphorus triamide (2.34 g, 14 mmol) in dry
cvclohexane (180 ml) under nitrogen. The reaction mixture
was stirred for 30 h at room temperature and the phospha-

triazene (5.29 g; 92%), a yellow solid, crystallised out of
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solution, m.p. > 95°¢C (decomp) , Vinax 1730 cm_l (F=O).

6N + 134.7 (1N, 4, IpN 21Hz), +1.7 (1N, 4, JoN 27Hz) ,

-132.9 (1N, 4, J 26Hz), -358.0 (3N, 4, J

PN 24H?), 6p+42.4.

PN
(iv) N—(2—p—Toluenesulphonoxylphenyl)—P,P,P—tfis(diethxl—

amino) phosphatriazene was prepared by the addition of

o-azidophenyl tosylate (0.35 g, 1.2 mmol) inldry cyclohexane
to hexaethylphosphorus triamide (0.30 g, 1.2 mmol) in dry
cyclohexane (5 ml). On addition the solution instantly
turned bright yellow and the reaction mixture was stirred for
22 h at room temperature. A yellow oil was deposited which
was recrystallised from dry methylene chloride to give the

phosphatriazene (0.56 g; 86%) as a yellow crystalline solidg,

m.p. 79-81°c (Found: C€,56.0; H,7.7; N,15.7; C,.H, N O,PS

257417673
requires C,56.0; H,7.7; N,15.7%), Voax (mull) 1300, 1090,
-1 :
875 and 665 cm . GH 1.06 (18H, t, CH22§3, Juy 7Hz) , 2.32
(3H, s, phe), 3.12 (12H, d of g, JHH 74z, JPH 10Hz) ,

6.86-7.37 (6H, m, ArH), 7.80-7.97 (2H, m, ArH), Gp+42.5,
m/e 536 (M+, 0.7%), 508 (2), 479(0.7), 365 (3), 353 (6),

247(22), 175(100), 106(45), 104(69).

15. Miscellaneous Reactions

(1) N- (2=-p-Toluenesulphonoxylphenyl) iminohexaethylphosphorus

triamide was prepared by heating under reflux for & h
a solution of ﬁ—(2~p—toluenesulphonoxylphehyl)—E,E,B—tris
(diethylamino) phosphatriazene (1.45 g, 2.7 mmol) in dry
chlorobenzene (20 ml). The reaction was monitored by 3lP

n.m.r. and it was observed that during this time the phos-

phatriazene resonance disappecared and another peak appeared,
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6p+18.6. The solvent was removed in vacuc to ieave a brown

0il which on crystallisation from dry methylene’chloride/ether

at -10°c gave the iminophosphorane (0.24 g;_l7%) as yellow-

|
brown crystals, m.p. 76-77°C (Found: C,58.9; H,8.2; N,10.8;

N,0,PS reguires C,59.0; H,8.1; N,11.0%), v

Costy1N405 max
1

1090 and 1015 em ~. &, 1.03 (18H, %, CH,CH3, Jy, 6Hz), 2.36

(3H, s, p-Me), 3.07 (12H, 4 of q, QEZCH3, JHH 6Hz, JPH 10Hz) ,

1495,

6.23-6.60 (2H, m, ArH), 6.72~6.94 (2H, m,ArH), 7.12-7.28

(2H, m,ArH), 7.64-7.84 (2H, m, ArH), § +19.9, m/e 508 (M*, 499),

479 (11), 365(48), 353(89), 282(21), 209(31), 175(100), 104 (46) .
The phosphatriazene showed no decomposition, by 31P

n.m.r., on heating under reflux in dry cyclohexane for 1S h.

(ii) Thermal decomposition of 2-phenylspiro-[1,3,2-dioxaphos-

phepan-Z,Z'—[l,3,2]—dioxaphospholan]. The phosphorane

(0.64 g, 2.5 mmol) was heated under reflux in super-dry tert-
butylbenzene (11 ml) for 48 h under nitrogen. The reaction
was monitored by 31P n.m.r. and it was observed that initially

a single peak, 6p—3l.l (phosphorane) was gradually replaced

by peaks at 6p+33.4 (10286%) and +18.3(3183%). Tetrahydro-
furan was detected by glc analysis and the yield estimated to
be 34%, by calibration against standard solutions in tert-
butylbenzene. Removal of solvent in vacuo gave a dark brown
o0il from which the phosphorus containing preducts could not
be separated but which were identified by peak enhancement

as 2—phenyl—l,3,2—dioxaphospholan oxide (19%), ép+33.4, and
2-phenyl-1, 3,2-dioxaphosphepan (81%), 6p+l8.3. The yielcs
of these two compounds were estimated from the lH n.m.r.

spectrum by integration of the methylene signals.



(iii) 2,2-Di(dimethylamino)~-1,3,2-benzoxazaphosphole

was prepared by the method of Cadogan, Stewart ;nd Tweddle.B8
A suspension of E—(Z—benzoyloxyphenyl)—g,g,g—tris(dimethyl—
aminc) phosphatriazene (6.83 g, 17 mmol) in dry éyclohexane
(1OO ml) was heated with rapid stirring at 75°C for 20 h,
during which time nitrogen was slowly evolved. The light
brown solid which deposited was filtered off and repeatedly
recrystallised from dry methylene chloride/ether to give

the phcsphole (l.16.g; 30%) as colourless crystals, m.p.
174-177°¢, §,+68.0.

(iv) 2,2—Di(dimethylamino)—3,4—biscarbomethoxy~A6—l,5,2—

benzoxazaphosphepine was prepared by the addition of 2,2-di

(dimethylamino) -1, 3,2-benzoxazaphosphole (0.43 g, 1.9 mmol) in
dry methylene chloride (8 ml) to a stirred solution of
dimethyl acetylene dicarboxylate (0.28 g, 2 mmol) in dry
methylene chloride (6 ml) under nitrogen at room temperatufe.
The reaction was monitored by 31P n.m.r. which showed that

the phosphole was completely converted over 2 h into a sincgle
product, 6p+7l.6. Removal of solvent in vacuo gave a pale

orange so0lid which was recrystallised from dry ether to give

the phosphepine as pale brown crystals (0.64 g; 90%), m.p. 164~

o) .
1l66°C (Found; c,52.5; H,6.1; N,11.1; C16H32N305P reguires

c,52.3; H,6.0; N,11.4%), Vinax 1730 (C=0), 1640 (C=0), 1420,
1

1095 and 1000 qm“ . 84 2.73 (l2H, 4, NMe,, J, lOHz),

3.59 (3H, s, CO,Me), 3.87 (3H, s, CO,Me), 6.82-7.38 (44, m,

ArH) , 6c 37.1(4, N(CH3)2, JPC 4Hz) , 49.9 (s, CO

(s, CO,CH.), 61.4 (4, P=C, J

,CHy), 51.9

pC 178Hz), 120.5-141.1, 159.6
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(d, C=N, Jp 4Hz) , 167.) 168.0 168.8 (2, SOZM?)’ 6p+72.2,

C
m/e 367 (M+, 100%), 336 (7), 323 (8), 309 (48),‘308 (59),

280 (69), 135 (83), 106 (43), 76 (26). ‘

2,2—Di(dimethylamino)—3,4—biscarbomethox§—A6—l,5,2—

benzoxazaphosphine. hydrochloride was prepared by the addition

of concentrated hydrochloric acid (0.4 ml, 4 mmol) to a stirred
solution of 2,2—di(dimethylamino)-3,4—biscarbomethoxy-A6—l,5,2—
benzoxazaphosphine (0.73 g, 2 mmol} in methylene chloride (8 ml)
at room temperature. The reaction was monitored by 31P n.m.r.
and it was observed that after 1 h the starting material had
been completely converted into a single product. Removal of

the solvent <n vacuo left a foam which was crystallised from

methanol/ether at -10°C to give the hydrochloride as colourless

crystals (0.56 g; 70%), m.p. 162°C (decomposes with gas

evolution) (Found: C,47.3; H,5.9; N,10.7; Cl6H23ClN305P requires

Cc,47.6; H, 5.7; N,10.4%), Voax 2650 (very bhroad peak 2100-3000

e 1), 1755 (c=0), 1720 (C=0), 1440, 1090 and 1010 cm +.

GH 2.79 (12H, 4, NMez, JPH 10Hz) , 3.78 (3H, s, COZMe), 4.04

(3H, s, CO,Me), 7.04-7.58 (3H, m, ArH), 7.86-8.10 (1H, m, ArH),
13.62 (14, broad s sharpens on cooling tc -55°C), 6037.1

PC 5Hz), 51.9 (s,CO QH3), 53.1 (s, CO QH3),

2 2

75.0 (4, p-C, OJ 174 Hz), 121.3-139.8, 158.9 (4, C=N, JIp

PC
3Hz), 161.8 (d, CO

C

2Me, JPC 17Hz), 163.9 (4, gone, JPC 13Hz),

8,+55.9, m/e 405, 403 (M*, not observed), 367 (MT-HC1, 100%).

On addition of excess triethylamine to the salt in

deuterochloroform at room temperature, it was observed by 31P

n.m.rx. that the ylide was regenerated within seconds.
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Discussion

Ui

Preamble

Leyshon and Saunder562 have shown thét reaction of
o-azidcphenyl benzoate wit triethylphosphite leads tc the
formation of an intermediate iminophosphorane (116) which
undergoes intramolecular ring closure to give 2-phenyl-
1,2,2-benzoxazole and triethylphosphate (Scheme 90) . In
a preliminary study, as part cf an Honours Pegree programmne,
the author found that reaction of o-azidophenyl benzoate with
hexamethylphosphorus triamide at 80°C in cyclohexane follcowed
a different course to give a novel cyclic iminophosphorane
(117) and E;gfdimethylbenzamide (Scheme 91). It was thought
that the key step in the formation of 2,2~di(dimethylaminc) -
1,3,2-benzoxazaphosphole (117, &§p +68.0) involved migration
of the benzoyl group from cxygen to nitrogen as shown in
Step 1.

The reaction in Scheme 91 was of particular interest
because past work in this laboratory had been concerned with
intramolecular reactions ofiminophosphoraness4 and the
preparation and study of benzoxaza- and benzthiaza-phos-

pholinesl47_}51

in particular. Inspection of Scheme 91
shows that if the migration in Step 1 is general; i.e. occurs
for groups other than benzoyl, the reaction might provide a
simple route to other novel phespherus heterocycles. For
this reason, a detailed study was undertaken of the reactions

of bifunctional azides with tervalent phosphorus reagents,

beginning with o-azido phenol.
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l
1. Reaction of bifunctional azides with tervélent phosphorus

I
reagents; formation of pentacoordinate phesphoranes

I

i
1.1 o-Azidophenol with methyl diphenylphosphinite

When o-azidophenol was added to methyl diphenylphosphinite
in super-dry ether at room temperature, the colourless solution
instantly turned bright yellow and nitrogen was rapidly evolved.
After a few minutes the reaction had subsided and a colcurless
solid was deposited. Examination of this compound by 31P
n.m.r. revealed a large negative phosphorus chemical shift,
§p —-36.0, which pointed towards a pentacoordinate structure
rather than the expected iminophosphorane structure (118),

formed by intramolecular hydrogen migration and loss of methanol

(Scheme 92).

x0OH -N, - OH
J_ +PPhOMe—=={ |
N, ZSN=PPh,0Me

/N N"“P"“%ph
OMe

Scheme 92
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On the basis of the analytical, spectral and cheinical
evidence the structure of the colourless product was

established as 2,2—diphenyl—2—methoxy—l,3,2—beﬁzoxazaphos—
|

pholine (119). Elemental analysis gave percentage compositions
for carbon, hydrogen and nitrogen consistent with an empirical

formula C19H18N02P. This was verified by:observation in the

mass spectrum of a molecular ion peak at m/e 32%.

1 . . .
The "H n.m.r. spectrum of the product is shown in Figure

2. The structurally significant peaks are located at dﬁ 2.8,

a three prdton doublet (J 11Hz) assigned to a POMe group,

PH

[N

and 8§ 4.86, a single proton doublet with a large coupling
constant (JPH 20Hz) typical of a two bond coupling through
nitrogen.24l This absorption was assigned to a PNH grouping.
Evidence in support of the latter was obtained from the I.R.
spectrum which showed a strong sharp NH stretch at 2460 cm
As already mentioned, the sign and magnitude of the

31P chemical shift, 6p -36.0, indicated a pentacoordinate
environment for the phosphorus nucleus (see Experimental

page 85 ). In addition, the magnitude of the shift was

comparable to that previously observed for N-substituted
151

benzoxazaphospholines of the type (120, Gp -39.9).

(119)  §.-360 1200 85399
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Chemical evidence in support of the propos?d structure
(119) was obtained by acid hydrolysis in ether,?which gave
a 5% yield of a single phosphorus containing product;
the phosphinamidate (121). This result accord; with the
formation of (122), previously observed by Cadogan et aZ.242
from the acid hydrolysis of 2,3-dihydro-2,2-diphenyl-2-

methoxy~3—E—tolyl—l,3,2—benzoxazaphosph(V)ole (Scheme 93).

(T\YOHO \ /0 v o OH@
. | .-Ph H
AP Nepth DN pe

H o OPh A PR g Ar 2

'..'\ ) :
21 par~F (122)

N
()
s o
(D
=3
D
O
L

Final proof of the structure (119) was obtained by an

alternative synthesiSZ43 from o-aminophenol, methyl diphenyl-

phosphinite, and Q—chlorodi—isopropylamine according to the

. v 145
method of Trippett.

1.2 Mechanism

The proposed mechanisn is shown in Scheme 94 and involves

nucleophilic attack by phosphorus at the terminal azide
- 14 . _ X

nitrogen, leading to the formation of a coloured phospha-
triazene (123), which decomposes with loss of nitrogen %o
give an intermediate iminophosphosphorane (124; . Subseqguent
proton transfer to nitrogen, followed by attack of the
oxyanion at electropositive phosphorus then gives rise to

the henzoxazaphospholine (119). Interestingly, loss of



methanol frcem this product is not observed. This would be

equivalent to the elimination of N,N-dimethylbenzamide which
occurs upon formation of 2,2—di(dimethylamino);1,3,2—benz—
oxazaphosphole (see Scheme 91j. That methanoi is not lost
from (119) could be a consequence of different reaction
conditions since during the course of this study a co-worker244
has observed the formation of the diazadiphosphetidine (125)
in 71% yield from the thermolysis of (119) in boiling toluene
for 1% h. This product is thought to arise by loss of
methanol from (119), and subsequent dimerisation37 of the
derived benzoxazaphosphole (118) (Scheme 95).

In connection with the latter observation it is worth
noting that Kabachnik et aZ.35 have observed the analogous
elimination of hydrogen chloride in the formation of (126)

from the reaction of dialkyl- or diaryl-phosphinous chlorides

with o-azidophenol (Scheme 96).

.
| /PPh

2 N— P%pﬁ_—o

. OMe
119
(119) Schema 95

Vﬂp—N
| NV \Q
l ~ ()F1 "F%C:l S \X
+ R,PCl
PN, (125) R=Ph
(126) R=alkyl,ary!

Scheme 96
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Finally, attention is drawn to studies by %tegmann
et aZ.164 who found that iminophosphoranes of tke type
(127) existed in equilibrium with a pentacoordiﬁate phos-
phorane form (128) as shown in Scheme 97. The%former
compounds were prepared by the procedure of Kirsanov, a
method that is largely restricted to tervalent phosphorus
reagents containing phosphorus-carbon bonded ligands.
Introduction of alkoxy groups, for example, would be expected
to lead to rearrangement of the phosphorus reagent, by a
variation of the Arbuzov reaction‘(Scheme 98),245 By
comparison, the reaction of bifunctional azides with
tervalent phosphorus reagents does not suffer this drawback
and offers a potentially simple, and mild route to penta-
coordinate phosphoranes, a class of compounds which are
generally thermally and hydrolytically unstable. The

utility of this approach is discussed in the following section.

~—

s OH \ 0
NH e | R
2 \ — .

N= PR N ‘T\?"R

P R3 Br,. (127)

Scheme 97

0
I
R2P0R+ Br2 ———c RZPBF+ RBr

Scheme 98
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1
LR |
N - - 2
H !;EQR

2
(129)

L

1 g . o . 2 o
R p2 B3 § (CDCly) Yield M.Pt. Analysis M. 1. 00P
P (% (°C) c H N
130 Ole Ole OMe -5i.5 g8 42-44°C 47.0 6.0 6.1 231
46.8 6.1 6.1
1351 OEt  OEt OEt -53.9 96 32-34°%C - - - 273.112242
273,112987
132 Ph . OMe OMe -39,8 32 70-72°C 60.8 5.8 5.0 377
60.7 5.8 5.1
133 Ph Ph OMe -35,0 90 >240°C  70.3 5.6 4.4 323
(decomp.) 70.6 5.€ 4.3
134 Ph —OCH?CH20~ -26.4 70  141-144°C 61.3 5.1 5.0 275
‘ 61.1 5.1 5.1
135 Ph -Cile ,CH,CIi -40.7 83 142-145°C 71.6 7.2 4.7 285
: 71.6 7.1 4.9
_'121310 1
& Tep row found, bottom row requires.
b _ .
MY molecular ion.
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1.3 General reaction of o-azidophencl with tertalent

phosphorus reagents

Following the successful isolation of-2,2—diphenyl—
Z—methoxy-l,3,2—benzoxazaphospholine from the reaction
of gnazidophenol with methyl diphenylphosphinite, the
scope of the reaction was investigated with tervalent
phosphorus reagents of different nucleophilicity;
including a phosphite, phosphonite, phosphinite, dioxa-
phospholan, and a phosphetan.

The general procedure adopted was to add o-azidophenol
to the tervalent phosphorus reagent in super-dry petrol or
ether at room temperature. After the evolution of nitrogen
had ceased the products were isolated as colourless solids
by crystallisation and identified as pentacoordinate
phosphoranes of the type (129), principally on the basis of
their large negative phosphorus chemical shifts. Additional
support for this assignment was obtained by the observation,
in most cases, of a NH doublet (JPH 18-28 Hz) in the lH
n.m.r. spectrum and a strong NH stretch in the I.R. spectrum
at ca. 3450 cm~l.

Table 1 lists the benzoxazaphospholines prepared in this
manner together with their 31P n.m.r. chemical shifts,
vields, melting points, elemental analyses and molecular ion
nasses.

The benzoxazaphospholines (130-135) were hygroscopic
solids which hydrolysed rapidly on exposure to the atmosphere.
The triethylphosphite derivative (131) could not be obtained
analytically pure for this reason, despite rigorous attempts
to exclude water. Otherwisce, the compounds were stable

. _ . . : . o,
and could be stored indefinitely under dry nitrogen at -107C.
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The majority of the benzoxazaphospholines Lere sparingly
soluble in ether but dissolved readily in chloroform. in
marked contrast to this observation, the colourless product
obtained from the reaction of o-azidophenol with l-phenyl-
phospholan was found to be sparingly soluble in both chlorc-
form and methylene chloride, but could be dissclved in more
polar dimethyl sulphoxide. That this compound might be
structurally different from {(130-135) was indicated by the
observation of an atypical broad absorption at 314C cm—'l
in its I.R. spectrum, indicative of an hydroxyl group.

An initial proposal that the compound was an iminophosphorane
of the type (136) was discounted on the basis of the
observed 31P chemical shift at GP -20.1, which indicated a
pentacoordinate phosphorus environment. This shift diffexrs
from that of the oxazaphosphoranes (146; -40.1) and

(149; =-36.9) by 17 and 20 ppm respectively, whereas the
shifts for the corresponding methyl diphenylphosphinite
derivatives (145; =-44.7) and 148; -42.6) differ by only

6 and 8 ppm from the benzoxazaphospholine (133; =36.0).

This argues strengly against the benzoxazaphospholine
structure (137) for the compound obtained from the reaction
of o-azidophenol with l-phenylphospholan.

A structure that could account for these observations
is the diazadiphdsphetidine (138) , formed by intermolecular
dimerisation of the intermediate imincphosphorane (130).
Although no parent ion peak wés observed at 542 it is well
known that diazadiphosphetidines cleave to the monomer

C s 164,244
vpon thermolysis in the mass spectrometer. !
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Whilst the available evidence points to the diaza-

diphosphetidine (138) as the most likely structure, any
final assignment must await the results of molécular
weight and/or X-ray crystal structure determin#tions.

In some instances, the reaction of g—azidophenol
with tervalent phosphorus reagents resulted in the formation
of iminophosphoranes. Thus, addition of the azido compound
to diethylphenylphosphine and l-phenylphosphorinan at room
temperature led to the initial formation of unstable deeply
coloured phosphatriazenes which decomposed at higher temper-
atures with loss of nitrogen to give, in each case, a single
phosphorus-containing product. These compounds were
identified as iminophosphoranes by their characteristic
positive 3lP chemical shifts, and a broad OH stretch at

ca. 3270 cm—l. Physical and analytical data for these

compounds are listed in Table 2.

OH

Rl Rz § (CDC1l,.) Yield M(.)Pt. Analysisa Molecular ion
P %) °cy cC H N
139 Et Et +21.5 87 liquid 70.3 7.3 5.1 273
70.3 7.4 5.1
140 -(CHZ)S— +7.7 71 106—1080C 71.7 7.0 4.8 285
71.6 7.1 4.9

Table 2
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145 Ph OMe
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146 (CH2)4
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147 OMe Oie
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Ph
(14:3)
(CU”l )} Yield M. .Pt.
3 T (o)
44,7 62 71-73
~-40.1 60 37-39
Ph
(\0
l ..p
H 1,
' R
o
8 (CDCl.,) Yield M,Pt.
P 3 sy (%o
-44.8 G5 535-~5¢E
-42 .6 85 103-105
-3¢.9 84 45-47

Analysis
C H
69.1

69.3

Analysisa
C

2%}

w U

MNP,

N

ot e

S
Ow

w o

277.155569
277.159544

a,b

(O8]
O
®2]

not chserved

.143432
143894

299
299 .
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In the case of triphenylphosphine and hexaethy lphosphorus
triamide it was possible to isolate and characterise the inter-
nediate phosphatriazenes (141) and (142) which on thermolysis

yvieided a plethora of phosphorus containing products rather than

the expected iminophosphorane.246

1.4 Reaction of other azido alcohols with tervalent phosphorug

reagents

1.4.1 trans-2~Azidocyclohexanol; 2-azido-l-phenyl-l-ethanol

In view of the facile formation of pentacoordinate bhenzox-
azaphospholinas from o-azidophenol and tervalent phosphorus
reagents it was decided to examine the corresponding reactions
with aliphatic azido alcohols such as E£§g§—2-azidocyclohexanol

and 2-azidc-l-phenvl-l-cthanol. Since such azideg are known
61

o
¢

to be less reactive ithan aromatic azides, it was necessary to
use more nuclecophilic phosphorus reagents to promote reaction.
——— ) :

The produnts obtained are listed in Table 3 together with their

phvsical and analytical data which are consistent with the
penitacoorainate silructures 143 and 146. Qualitatively, the
oxaraphospholes (145-149) were hydrolytically‘more unstablé
thah_the corresponding benzoxazaphosphelines. This is reflected
in the nuwmber of derivatives which could nct be isclated in an

analytically pure form (see also Table & and pame 227).



X CHr0 y H"’"{o. '
| | Ph M2 T ..Ph
g Eﬁ'“‘ﬁ"ﬁac) gg”““ﬁ)wg@(),
O @
\- .
(1507 (151)
OMe
Ph - Ar= N=P<g
/' Ph-. ;_L | FOMe
/&[(\E{ \J ()qu }%() P;e(ng? PJ\\
\'}Oi%e QMD CH,Ar
(152) l (153)
| X CHZOHPh
/
\\FQZ:FQ%%;FQ
‘?RZ

(154) R'= OMe 1>=0Me» (1 5) R'= Ph R%= OMe
(156) F\ Ph- R = Ph

§(CDCly) vield M Et. Analysid® Molecular
g (%) (’c) C H N ion
150 -40.9 60 144-147 62.1 5.6 4.8 289
62.3 5.6 4.8
151 44,5 61 95-58 62.5 5.5 4.8 289
62.3 5.6 4.8
155 +22.4 88 55-68 7.0 6.1 4.2 337
70.2 6.6 4.2
156 +6.7 51 148-149 78.1 5.7 3.6 383
78.3 5.8 3.7

Tablc 4
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1.4.2 o-Hydroxybenzyl azide; o-azidobenzyl allcohol
‘ |
Generally speaking, the vast majority of pentacoordinate

!

phosphoranes isolated to date contain at least one five-membered
!

ring, whereas those compounds which contain a six-membered ring

are seldom encountered in the literature.zol

Accordingly, an

attempt was made to provide a general route to this class of

compound by exploring the reactions of o-hydroxybenzyl azide and

o-azidobenzyl alcohol with various tervalent phosphorus reagents.
Iﬁitial investigations proved successful and in the case

of 2-phenyl-1,3,2-dioxaphospholan led to the ready formafion of

the isomeric pentacoordinate phosphoranes (150) and (151).

However, further reactions with other terﬁalent phosphorus

reagents gave unstable products, tentatively identified by

their 31P chemical shifts as iminophosphoranes. Thus,

addition of o-hydroxybenzyl azide to dimethyl phenylphosphonite

gave three products; an iminophosphorane (152; 6p+ 21.7),

dimethyl phenylphosphonate, presumably fcrmed by hydrolysis

of (152), and the diazadiphosphetidine (153; Gp- 62.9) .

That the iminophosphorane (152) is hydrolytically unstable

is not unexpected since the ease of hydrolysis can be

correlated with the basicity of nitrogen.7o In the case

of (152), for example, there is no possibility for the

delocalisation of the negative charge on nitrogen into the

aromatic ring, since‘conjugation is precluded by the inter-

vening methylene group. As a result hydrolysis is facile.
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o)
(@)

A 3
]
(i) R"  Tahle5 @) R
Isomer RY R R R* 6,(CDCl;)  Yield  M,Pt. Analysis® M.1.800
P (%) (°0) c H N
i H Ph -CCHZCHﬁo- -39.0 72 137-141 61.1 5.5 10.3 274
“ 61.3 5.5 10.2
i H Ph  ~OCH,CH,CH,0- -57.8 53 140-143  62.3 6.0 9.6 228 U
< 62.5 5.9 9.7 &
>
i
ii H Ph  Ph OMe +19.7 86 5456 © - - -~ 322.12361
322.123494
i Ts Ph  -OCH,CH,O- -28.9 29  118-120 58.6 4.9 6.3 428
58.9 4.9 6.5
ii Ts OMe OMe OMe +5.0 95 93-100 49.¢ 5.4 7.1 384
50.0 5.5 7.3
ii Ts Ph OMe OMe +21.4 87 102-103 58.6 5.4 5.5 430
586.6 5.4 6.5
ii Ts Ph —O(CH2)4O— +19.7 64 131i-1.32 60.3 5.7 6.0 456
60.5 5.5 5.1
ii Ts Ph —(CHZ)H_ 4+37.5 75 175-177 64.9 5.9 6.6 424
) 65.1 5.9 6.6
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Other unstable iminophosphoranes were al%o obtained
upon reaction of o-azidobenzyl alcohol with methyl diphenyl-
phosphinite (155, 6p +22.4), and dimethyl pheny;phosphonite
(154, 6p +36.4); However, it is unclear why t%ese compounds
should decompcse on standing at room temperature in solution
since the corresponding triphenylphosphine derivative
(156, Gp +6.7) is stable indefinitely under the same conditions.

-The physical and analytical data obtained for compounds
(150), (151), (155) and (156) are listed in Table 4»together

with their yields.

1.5 Reactiocn of o-azidcanilines with tervalent phosphorus

reagents; formation of benzdiazaphospholines

. . 164
Few examples of benzdiazaphospholines are known;

and recent attempts at their synthesis via reaction of o-
phenylenediamine with tervalent phosphorus reagents in the

45
presence of N-chlorodi-isopropylamine have failed.l‘J

It
was therefore considered desirable to investigate the
synthetic potential cf the reaction of o-azidoaniline with

tervalent phosphorus reagents as a route to this class of

compounds.

1.5.1 o-Azidoaniline

As in the case of the corresponding reaction witn
¢ -azicdophenol condensation of 2-phenyl-1l,3,2-dioxaphospholan
and 2-phenyl-1l,3,2-dioxaphosphepan with o-azidoaniline led
to the immediate generation of pentacoordinate phosphoranes,
characterised as (158) and (159) respectively on the basis of

their large negative 3lP n.m.r. shifts (see Table 5).
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A plausible mechanism for the formation of |(158) and

(159) is shown in Scheme 99 and involves the intermediacy

of an iminophosphorane (157) which rearranges by nucleophilic
|

attack of the amino nitrogen at electropositive phosphorus

followed by a proton shift to the ylide nitrogen.

. L
PR, —o
NS N=N—N=PR,

3

\/NH

I R Nl
H FI:@R N—PR, N=PR,

(157)

Scheme 99

This reaction however, whilst providing a useful route

to the benzdiazaphospholines (158) and (159) was found not to
be general and the corresponding reaction with other tervalent
phosphorus reagents led to the formation of an unstable iminoc-
phosphdrane rather than a pentacoordinate phosphorane. Thus,
iminophosphoranes were observed transiently with methyl
diphenylphosphinite (160, 6p+19.7), dimethyl phenylphosphonite
(6p+l?.7), 2-phenyl-1,3,2-dioxaphosphepan (6p+15.0), and

l-phenylphospholan (6p+34.9). In all cases, instability
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could bé ascribed to increased basicity, leading to facile
hydrolysis, due to delocalisation of the lone péir of
electrons on nitrogen into the ylide system as %hown in
Scheme 100 (see also compound (152) on page185)t
Significantly, the related g—phenyl—iminophosphoranes which
have no such electron donation to the ylide nitrogen are

relatively stable and consequently isolable.232

. (‘5.
NHZ V NH2
_ NV

Scheme 100

The physical and analytical data for the compounds
obtained from the reaction with o-azidoaniline with tervalent

phosphorus reagents are listed in Table 5.

1.5.2 o-Azidoaniline derivatives

In an attempt to overcome the problem of instability
observed with g—azidoaniline, the latter was converted into
derivatives in which an amine hydrogen was replaced by an
electron withdrawing group (e.g. E—toluenesulphonyl). It
can be argued that the presence of such groups would stabilise
iminophosphorane‘derivatives with respect to hydrolysis and
other reactions by reducing the nucleophilicity of the ylide
nitrogen atom. In practice stable and isolable iminophos-
phoranes were cbtained from the reaction of M-{o-azidophenyl] -

E*toluene-sulphonamide with trimethylphosphite (162, GD+5.O),
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|

aimethyl phenylphosphonite (163, 6p+21.4), 2—ph4nyl—l,3,2—
dioxaphosphepan (164, 6p+l9.7) and l-phenylphospholan

(165, 6p+37.5). ‘As before, reaction with 2-phenyl-1,3,2-
dioxaphospholan resulted in the formation of a éentacoordinate

3lp chemical shift at

phosphorane (161), typified by its
6p—28.9. The physical and analytical data obtained for these
compounds are listed in Table 5.

Two other amino derivatives, o-azido-N-triphenylmethyl-
aniline and g-azid0m(§—2,4—dinitrophenyl)aniline, were also
prepared with the intention of investigating the steric effect
of bulky nitrogen substituents upon pentacoordinate phosphorane
formation. Unfortunately, no such compounds were formed with
either dimethyl phenylphosphonite, or the cyclic reagents,
2—phenyl-l,3,2—dioxéphospholan and l-phenylphospholan and this

line of research was not pursued any further (see Experimental

p.138 ).

1.6 Reaction of o-azidophenyl tosylate with tervalent

phosphorus reagents

As Schemes 94 and 99 show the formation of pentacoordinate
phosphoranes in sectionsl.l to 1.5 requires the transfer of a
proten from a hetero-atom to the nitrogen atom of the ylide.

To test if groups other than hydrogen would similarly migrate,
o-azidcphenyl tosylate was prepared and reacted with triphenyl;
phosphine and trimethylphosphite. Stable iminophosphoranes
(L66) and (167) were obtained which showed no propensity to

rearrange to pentacoordinate phosphoranes via tosyl group
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migration at room temperature. In an attempt jto induce

igomerisation, the iminophosphorane (166) was heated under
reflux in tert-butylbenzene, but even after 18 h was
recovered unchanged. By way of contrast ther&olysis of
the trimethylphosphite derivative (167) in chlorobenzene
for 5 h led to a rearrangement, but not to the.desired
pentacoordinate phosphorane (168). Instead, the phosphor-
amidate (169) was formed in 58% yield, presumably by the
precedented migration of a methyl group from oxygen to

. 247
nitrogen.

—

OTs \ 0
l!_),,...Of"‘ie
N=PR, [T\';] ~0OMe

(166) R=Ph OMe
(167) R=0Me (168)

OT
*0
ll,/»C)Pﬂe

Pd“"F)\\\
Me OMe

(169)
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(170) (173)
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Ph -0
Ph._0 0~ =N f _Ph
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CN; | 0
(172 (176)
Ph [
Ph\%\O ,
ﬂ "...Ph Ph. O+ oh
N"”'P\O < /
(175) 0./ I\

Scheme 101
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1.7 Conclusions

The foregoing investigations demonstrate éhat a variety
of pentacoordinate phosphoranes, including cyciic oxaza-
and diaza-phosphoranes, can be prepared in higﬁ yield and
under mild conditions by the reqction of bifunctional azides
with terxvalent phosphorus reagents. In addition to the
described results, co—workers248 concurrently extended the
scope of the reaction by isolating pentacoordinate phosphor-
anes from the reacticn of benzohydroximic azide (170), o-
azidobenzaldehyde 2,4—dibromophenylhydrazone (171) and
o—-azidoacetophenones (172) with tervalent phosphorus reagents.
Representative examples of these reactions are shown in
Scheme 101. For derivatives {173) and (174), reaction
presumably proceeds by a mechanism analogous to that described
earlier in Schemes 94 and 99 in which a proton is.shifted
from the w-hetero-atom to the ylide nitrogen atom with
ring closure. In the case of (175) a hydrogen shift can be
envisaged as occurring via the enol form of ketone (176).

It should be noted that the proposed mechanisms for
pentaccordinate phosphorane formation involve the inter-
mediacy of an iminophosphorane. Although this may seem a
reasonable assumption, considering such compounds are the
usual products of the Staudinger reaction, in no case was
an iminophosphoirane detected as an intermédiate, which

subsequently cyclised to a pentacoordinate phosphorane.
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The reaction of bifunctional azides with t?rvalent
phosphorus reagents is complementary to the previously
described reaction of w-amino-substituted phesphites with

!
phenyl azide leading to pentacoordinate cyclic oxazaphos-

phoranes (Scheme 69).165 Furthermore, the reaction is one
of a growing number of syntheses by which pentacoordinate
phosphoranes are formed by interaction of phosphorus ylides
with alcohols and amines (see Introduction p.59 ).

As a synthetic method for the preparation of penta-
coordinate phosphoranes the reaction is comparable to that
developed by Trippett and co—workers,145 whereby an aminc-
alcohol, for example, is condensed with a tervalent phos-
phorus reagent in the presence of N-chlorodiisopropylamine.
In scme respects Trippett's procedure offers distinct
advantages. Thus, it obviates the need to convert the
amine precursor into an azido compound and significantly
it is possible to use tervalent phosphorus reagents which
are of sufficiently low nucleophilicity that they normally
would not react with an azido compound below its decomposition
temperature. Nonetheless, under certain circumstances thei
'azide route' will be the method of choice. For example
when preparing unstable pentacoordinate plhiosphoranes since
any handling of the product (and consequently exposure to
moisture and nucléophiles) is minimal. Moreover, the
leaving group is nitrogen as opposed to an insoluble
ammonium salt and the need for filtration and transfer of
product from the reaction flask is removed. in addition
the azido compound/tervalent phosphorus reagent reactiocn
is fast in comparison to the Trippett reactiocn which often

takes several days to reach completion. Therefore, any
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decomposition of the product dependent on time is reduced

to a minimum. These latter factors may account for'the
successful isolation of pentacoordinate benzdiaiaphospholines,
(159) and (160)} by the 'azide route' and the f;ilure of the
Trippett method.

In summary, the reaction of bifunctional azides with
tervalent phosphorus reagents provides a simple, mild and
efficient synthesis of pentacoordinate phosphoranes which
should prove to be a useful alternative to the method of
Trippett and co-workers. Indeed, these reaction features
have been recently utilised to advantage by Baccolini

249

et al. to effect the facile synthesis of the first

pentacoordinate phosphorane incorporating the 2H-1,2,3-

diazaphosphole ring system (Scheme 102).
OH —N | .-Ph
N ,/Pd\_ 2 RO
| + Ph—P” N ——= N—PL_Ph

PR N
Scheme 102

Many other possibilities can be envisaged, and in this
respect it would be worthwhile to investigate the interaction
of S-H and C-H bonds with the phosphorus-nitrogen double
bond in the hope of further extending the scope and syrithetic

utility of the ‘'azide route'.
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2. Factors influencing pentacoordinate phosphorane

1

formation vs. iminophosphorane formation

An important feature of the reactions described in
sections 1.1 to 1.5 is that in some instances a L!Dantaw
coordinate phosphorane is formed whereas in others the
product is an iminophosphorane. From the reéults
obtained it is possible to identify and study in
jisolation some of the factors which determine the
coordination state of the precduct obtained since series
of examples can be found in which only one parameter is
varied.

Before entering into a detailed discussion of these
factors it is necessary to make a basic assumption
concerning the nature of these products. Namely, that
the compounds isolated from the reaction of bifunctional
azides with tervalent phosphorus reagents are thermodynamic
not kinetic products. In the case of pentacoordinate
products this is not an unreasonable assumption since their
formation most probably involves the intermediacy of the
isomeric iminophosphorane form. When the final product
of reaction, however, is an iminophosphorane the assumption
is more difficult to justify although the following
observations do give some support to this argument.

Thus, if it is accepted that an iminophosphorane is an
intermediate then its isomerisation to the pentacoordinate
phosphorane must be rapid on the n.m.r. time scale since

the former cannot be detected by 3lP n.m.ry. in any of the
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examples studied. Mcreover, in systems where $n observable
equilibrium does exist between tetra- and penta-coordinate

164

forms it has been noted that the equilibrium is rapidly

re-established upon perturbation of the system.? Therefore,
it seems likely that if an iminophosphorane is formed as a
kinetic product it would, upon standing in solution, isomerise
to the thermodynamically more stable pentacoordinate form.

To test this possibility several of the iminophosphoranes
isolated were observed in solution by n.m.r. spectroscopy

for up to 120 h and in no instance 4did conversion into a

pentacoordinate phosphorane occur.

2.1 Electronic effects at phosphorus

From a comparison of the reactions of o-azidophenol
with diethylphenylphosphine and dimethyl phenylphosphonite
it is apparent that electronic effects at phosphorus play
an important role in determining the nature of the products
obtained. Thus, the former reagent gives rise to an imino-
phosphorane (139) whereas the latter in which the electro-
positivity of phosphorus is increased by the presemnce of two

oxygen atoms, affords a pentacoordinate phosphorane (132).

OH

N:P\\CHzCH 3
CHZCH3 3

(139) (132)

?

~Ph N—P
H |

O
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This result accords with those of Stegmann |et aZ.164

who found that for a series of N-(2-hydroxy-3,5-di-tert-
butylphenyl)-iminophosphoranes (177) the position of the
iminophosphorane-pentacoordinate phosphorane eqﬁilibrium
depended upon the electronic environment at phosphorus.

The data in Table 6 shows that as phosphorus'became
progressively more electropositive the pentacoordinate form

(178) is increasingly favoured. f

R $(177) 2 (178)
CH.O- 89 11
3
CH ,- 60 40
H- 33 67
'CH3CO— - 100
Table 6

A further example of this electronic effect may be

focund by comparing compounds (161) and (165).



-197-

2.2 Small-ring effect

Another significant point to emerge from the study
of the reactions of bifunctional azides with tefvalent
phosphorus reagents is that the incorporation of phosphorus
into a small—-ring appears to favour the formation of a
pentacoordinate rather than a tetraccordinate product.
This effect is manifest, for example, in the reactions
of o-azidophenol Qith l-phenyl-2,2-dimethylphosphetan
and diethylphenylphosphine leading to ({(135) and (139)
respectively. Whilst the degree of electropositivity
at each phosphorus atom is expected to be similar the
phosphetan derivative is found to exist in the penta-
coordinate form, Apparently, in this case the small-
ring effect acts to overcome an otherwise unfavourable
electronic environment ét phosphorus thus promoting
pentacoordinate phosphorane formation. Further examples
of this manifestation of the small-ring effect can be
identified by comparing compounds (155) and (150), and

(163) and (161).
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The source of this effect may be best visualised in

terms of relief of ring strain but as already n?ted
entropy factors and relief of molecular crowdiné are
probably also involved (see Introduction pages 68—75).

It can therefore be argued that in compounds containing

a four-membered ring, the natural angle at phosphorus
should be approximately 90°. Hence on going from four
(CpC, 1080) to five (CPC, ae, 900) coordination a relief
of ring strain can be achieved which will act as a driving
force for pentacoordinate phosphorane formation. Support
for the view that "small-ring" iminophosphoranes are
strained has come from X-ray data of N-(4-methoxy-2-nitro-

phenyl)-imino-1,2,5-triphenylphosphole (179).250

MeO NO2 oh

/
N=P—"

~—

Ph
(179%)

The observed bond angle C4Plcl of the phosphole ring
is 94° which is much closer to the 90° ae angle of a TBP
than the tetrahedral value of 109°. The exocyclic bond
angle NlPlCl7 is fairly close to 109.5° and indicates that
phosphorus is tetrahedrally coordinated. ‘ There must
therefore be a considerable degree of strain present in the
phosphole ring.

Strong support fo: the importance of the small-ring

effect in determining the coordination state comes from

an inspection of the nature of products obtained as the
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ring size increases. Thus, the six-membered rirg compound
(140) exists as an iminophosphorane unlike the isomeric
four-membered ring pentacoordinate phosphorane él35).

This difference in behaviour presumably arises ﬁecause

there is no significant small-ring effect in (140) therefore
the electronic effects, as discussed earlierbin relation to
the acyclic analogue (139), dominate. An additicnal

example of this competition between effects may be found by

comparing (161) and (164).

OH
. _Ph
N=P

(14:0)

2.3 Other factors

In addition to small-ring and electronic effects other
factors can be envisaged which could influence pentacoordinate
phosphorane formatibn. For example, a comparison of the
series of derivatives of g—azidophenol (130-1%35) with
o-azidoanilines (158-165) leads to the conclusion that the
NH group shows less propensity to undergo intramolecular
cyclisations to give pentacoordinate phosphoranes than
does OH. The source of this phenomenon is probably
electronic in nature and may be associated with the different

apicophilicities of oxygen and nitrogen.lo3



Amongst other possible factors which may also exert
an influence on pentacoordinate phosphorane for@ation are
steric effects of ligands at phosphorus, p%-p“dénation from

186,187

ylidic nitrogen, the phospholan effect, tand the

i
size of the new ring formed in the intramolecular cyclisation.
However, insufficient information is available from this study

to allow an evaluation of these factors in isolation.

In conclusion, two distinct factors have been identified
as having a profound influence on the coordination state of
the product derived from the reactions of bifunctional azides
with tervalent phosphorus reagents. These are the small-
ring effect and the electronic nature of substituents at

phosphorus.

3. Formation of pentacoordinate phosphcranes by reaction

of iminophosphoranes with alcohols.

The successful outcome of the reaction of bifunctional
azides with tervalent phosphorus reagents as a route to
pentacoordinate phosphoranes prompted an investigation of

the related intermolecular reaction as depicted in Scheme 1G3.
‘ 2

R

R'N | =P g3 2

AN

R

l 3
+ —f + RY —= R'N—P
H |

| N’
PRRR R>-X—H ; RSR

Scheme103 (180
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Assessment of the factors involved in the intra—
i

molecular reaction suggested that the above intérmolecular
reaction would most likely be achieved if an iminophosphor-
ane was selected with an electropositive phosphérus atom
enclosed within a small-ring (R2—R3). Other considerations
also led to the constraint that the third substituent at
phosphorus (R4) should be firmly bound, in order to minimise
the possibility of ligand exchange by nucleophilic attack.
Both these requirements are met by the iminophosphorane
(181). In view of the anticipated lability of the -NHRY
group (180) it was decided to employ a bifunctional alcohol
or else a monofunctional alcchol in two molar excess in

- order to displace this group and hence avoid a mixture cf

products.

///th
O

(187)

3.1 Reaction of N-phenylimino-2-phenyl-1,3,2-dioxaphos-

pholan with 1,2-dihydroxybenzene

Reaction of 2-phenyl-1,3,2-dioxaphospholan, azido-
benzene with the bifunctional reagent 1,2-dihydroxybenzene

in methylene chloride at room temperature led to the
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i
successful, and by3lP n.m.r., quantitative formJtion cf a
pentacooxrdinate phosphorane. On the basis.of the analytical
and spectral data the compound was identified aé 2-phenylspiro-
[l,3,2—dioxaphospholan—2,2'-[1,3,2]—benzodioxapﬂospholine]
(187) and its structure confirmed by an alternative synthesis

-
after the method of Trippett et aZ.l4°

(187)

3.2 General reaction of N-phenylimino-2-phenyl-1,3,2-

dioxaphospholan with alcohols

The generality of the foregoing reaction as a route to
pentacoordinate phosphoranes was examined by reacting the.
imincphosphorane (181) with a range of alcohols. The
pentacoordinate products obtained are listed in Tablie 7
tcgether with their-3lP n.m.r. shifts, yields, melting
points, elemental analyses and molecular ion masses.
Particular points of interest which arise from this data

are discussed below.
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v—O
4
A, Y
-

2
r? R § (CDC1,)  Yield  M.Pt, Analysis® M.I.
P (%) (°c) C H N
182  OME OMe -34.2 74 liquid 52.5 6.4 - 230
52.2 6.6 -
183 '~GCH,CL 0~ -19.2 85 124-126*% 52.6 5.7 - -
52.6 5.7 ~
184 ~O(CH,) ,O- -34.1 79 92-94 54.5 6.2 - 242
“ 54.6 6.2 -
185  -O(CH,} O- -30.2 82 70-72 56.1 6.6 - 256
- 56.3 6.7 -

186 ~0« -22.8 68 93-96 59.6 6.8 - 282
////\\\\s' 590.6 6.8 -
k{/l\o/

187 0 -14.3 21 113-115 61.0 4.8 - 276

~ 60.5 4.7 -
(),,

188 0 -14.2 71 110-113 65.2 6.4 - 332

r//<:21 ~ 65.1 6.4 -

E}{Jt’/\\\<c5;)\\\ 0~

Table 7

235 C
wnit. 233 = 123%
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! RrZ § (CDCl,)  Yield M.Pt. Analysis® M.1.P
P %) (o0) c N
189 -14.1 69 >270 66.3 4.7 326
A~ : A -
[I/\\\?{///g\\ ()\‘ 66.3 4.6 -
{ |
\///\\\,/ O
Yl R
190 &)(:! v -33.8 100 - 52.8 6.6 -~ 383
0 52.6 6.5
< OMe |
O | OMe
CMe
191 -NMeCH CIt, 0- -34.9 75 68-71 55.0 6.7 5.7 241
g 54.8 6.7 5.8
192 S +4.7 74 96-97 57.6 4.6 - 292
‘ NN 57.5 4.5 -~
/,/

Table 7 (contd.)
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Thus, the reaction worked equally well for becth

aliphatic and aromatic alcohols even though these

functional groups diffef in acidity by a factor of
approximately 108.25l Moreover, the method wés not
restricted to diols only, but also worked with methanol,
2- (methylamino)ethanol (191) and monothiocatechol (192).
In contrast to these successes no pentacoordinate product
was obtained with 2-mercaptoethanol. However, this
result may be due to an inherent instability in pentaco-
ordinate phosphoranes which contain a 1,3,2=-thiaoxaphos-
pholan ring rather than a failure of the method since
Trippett et aZ.l46 were also unable to prepare pentacoordinate
derivatives from this material.

Generally, compounds (182-192) were stable crystalline
materials which were easier to handle than the pentacoordihate
products described in sections 1.1 to 1l.5. This was
particularly true of the tetraoxyphosphoranes (183-190)
and can be attributed to the spirobicyclic structure of these

P

compom’ads‘z52 combined with the stabilising electronic effect
of the electronegative oxygen atoms attached to phosphorus.253
The considerable thermal stability demonstrated by (185)
is particularly noteworthy. Decomposition occurred only
after heating under reflux in tert-butylbenzene foxr 48h
whereupon 2-phenyl-1,3,2-dioxaphospholan oxide, 2-phenyl-

1.,3,2-dioxaphosphepan oxide and tetrahydrofuran were formed

in 81, 19 and 34% yield respectively (Scheme 104) .
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Schemel04

By comparison, De'ath and Denney254 were unable to
isolate the pentacoordinate 1,3,2-dioxaphosphephans (193)
at room temperature because of the ready formation of

phosphine oxides and tetrahydrofuran.

0
| R R=n-Bu,Ph,

R
] &

(193) H.C

The scope of the intermolecular reaction, with respect
to the size of the new ring formed, was investigated by the
preparation of the series of compounds (183-185). These
were isolated as colourless crystalline solids each of which
exhibited a single phosphorus resonance and the expected
pattern of peaks in the 13C spectrum. By contrast, when
iminophosphorane (181) was reacted with 1,5-pentanediol a gum
was obtained which exhibited one major (6p—36.9, o—-dichloro~
benzene) and two minor (6p~36.3 and -36.5) phosphorus reson-

ances as well as the corresponding pattern of peaks in the
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13

C spectrum (CDC13, see page 143). Attempts to purify the
gum by bulb-to-bulb distillation were unsuccessful but a
satisfactory analysis was obtained consistént with the
empirical formula L13H1904P In addition, a péak corresponding
to this formula was observed in the mass spectrum.

It was considered that there were three possible
explanations that would account for the analytical and spectral
data. (i), that the extra peaks arose in the n.m.r. spectra
because of a molecular property peculiar to the eight-
membered ring pentacoordinate phosphorane (194), for example,
the presence of different rotamers; (ii) that the gum
consisted of several different pentacoordinate phosphoranes
including (194) but also the dimer (195), trimer, etc., which
could be formed by intermolecular attack on an intermediate
such as (196); this reaction would become statistically
favoured as the size of the chain (HO-(CHZ)n—) increased;
and (iii) that there existed in solution an equilibrium
between monomeric (194), dimeric (195) and other higher

forms.

(CH,)z o | OCH5(CH,)zCH,0
e | Ph Ph-. FID o (cM | -Ph
OH o AT

| =0
(19%) o\) u—l K/O (195) 0 \)

l P
TS
NP

(196)
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Resolution of this problem by the alternative synthesis

of (194) from 2-phenyl-1,3,2-dioxaphosphccan was thwarted by
the failure to obtain this reagent from the reaction of
dichlorophenylphosphine with 1,5-pentanediol. | Various other
experiments were therefore devised in an attempt to resolve
the problem.

Firstly, an examination of 0.6 M, 0.3 M and 0.15 M
solutions of the gum in 1,2-dichlorobenzene over a period of
120 h at room temperature by 3lP n.m.r. revealed that there
was no significant change in peak areas either within or
between samples. On the basis of these obgservations the
third proposal was discounted.

Secondly, a variable temperature 31P n.m.r. stucdy of
the gum in 1;2-dichlorobenzene showed that an apparent
ccalescence of peaks occurred as the temperature was raised
to 120°c. This suggested the presence of several equili-
brating rotamers. However, it is difficult to identify a
high energy pseudorotational process within compound (194)
which would account for this result especially since conform-
ational processes within eight-membered rings are of low
energy.255 . An alternative explanation of this observation
is that it is caused by changecs in peak chemical shifts with
temperature which results in a fortuitous overlap of peaks.

In a ﬁhird experiment, to test the second proposed
explanation, the preparation of (194) was attempted under
conditions of high dilution which might be expected to
favour monomer formation. Unfortunately, these experiments
were frustrated by the insolubility of the iminophosphorane
(181, see page 139, 9.1) and no significant results were

obtained,
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In a final attempt to find an explanation for the
phenomena, (194) was prepared by the method of Trippett

145

et al. An examination of the pentacoordinate phosphor-

|
31P n.m.r. revealed

ane obtained under these conditions by
that the peak positions remained unaltered but that the
ratio of peaks was significantly changed (formerly 3044:
9799, bv this reaction 1259:8211). This result is at
variance with the first explanation but supports the
second; that the gum consisted of several different
pentacoordinate phosphoranes including (194) but also the
dimer (195), trimer, etc. Corroboration of the second
explanation was therefore sought by determining the mclecular
weight of the gum, which due to the presence of polymeric
forms ought to be higher than 27C. A single measurement
gave the slightly high figure of 300, but given the limited
accuracy of this technique no great significance can be
attached to this result.

In conclusion, the problem remains unresolved and
awaits further work which should be directed towards the
purification of the c¢rude reaction product since l3C

n.m.r. spectroscopy indicated contamination by 1l,5-pentanediol.

Molecular weight determinations may then give decisive results.

3.3 Mechanism

The proposed mechanism of the intermolecular iminophos-
phorane/alcohol reaction is shown in Scheme 105 and involves
addition of the Rx® T unit across the P = N bond with
formation of the intermediate (197). Attack from a second
RYS-H6+ unit results in displacement of aniline and formation

of the pentacoordinate phosphorane (198).
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No experimental evidence was obtained to support the

intermediacy of (197) but Sanchez et aZ.2§6 have recently

demonstrdted, in an analogous system, that compound (200)

is formed by dlsplacement of aniline from (199) as shown

R | )fR

in Scheme 106.

Ph X
PhN:P\iO PHN— iL RrAg
0> | ™0

+

H
L 4o O
R— X—-HS W97 A PhNHz

Scheme 105

O. _.NPh 0. ~NHPh.p.oy | e
\ \ rO! OPr
P —‘”I P—OPr ——= PrO—P
é;l::c)/i;\()F)r . A=

PrOH (199) (200) <!
Scheme106

The driving force for the intermolecular reaction is
presumably derived:from the small-ring effect since the
acyclic iminophosphorane (201) failed to react with ethanol
under the same conditions that led to the formation of
(182) from (181) with methanol. However, the influence
of the small-ring effect does not account for the fact that
the unstrained cyclic iminophosphorane (202) reacted with
1,2-ethanediol to form (185) and (183) but failed to react
with 1,4-butanediol. Further studies are obviously required
to identify the role which other factorsplay in the inter-

molecular iminophosphorane/alcohol reaction.
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/OE’r /;'Ph
PhN:P<~OEf PhN:P\\Q
OEY 0

(201) (202)

3.4 Conclusions

It has been demonstrated that iminophosphoranes will
react witﬁ alcohols to form pentacoordinate phosphoranes and
that these reactions are facilitated by enclosure of the
phosphorus atom of the iminophosphorane precursor within a
small-ring. An interesting parallel can be drawn between
this reaction and the formation of acetals from carbonyl
compounds and diols (Scheme 1G7). The net effect of both
these reactions is to bind the electron deficient atoms of
the 6+P = Na_ and 6+C = 06— double bonds to two oxygen atoms

within a ring, leading to the expulsion of water and aniline,

respectively.

/7
lq + _— \\C:

C=0 1
‘ 277"\ 2
HOCH,),0H R OCH)O0H  R” o

Scheme107

As with the intermolecular reaction discussed in
sections 1.1 to 1.5 this synthetic method is complementary
to the Trippett reaction. The same advantages and dis-
advantages which were previously outlined on page 182 also

apply and therxefore need not be re-stated.
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These initial studies have also shown that |the inter-

mclecular reaction provides a useful method for phosphor-
anylating alcohols as exemplified by formation of the sugar
derivative (190). However, due to limitations!of time only
a limited variety of the many possible combinations of
functional groups which would potentially react with imino-
phosphoranes have been used in this reaction. Consequently,
further detailed studies are required to elucidate the

synthetic utility of, and the factors controlling, this route

to pentacoordinate phosphoranes.

CH
e
O/ ___E.O

o | OMe
Ofla___o OMe
0

L

(150)

4, Variable temperature n.m.r. studies of oxazaphosphcranes

The occurrence of pseudorotational processes in molecules.
(3i.32) and (147) was demonstrated by variable temperature lH—
and 3lP— n.m.r. spectroscopy. The oxazaphosphoranes derived
from dimethyl phenylphosphonite were chosen for study because
the two-site exchange process involving equilibration of
apical and egualtorial methoxyl ligands can be fcllowed
easily by lH n.m.r., thereby ailowing measuremnent of

coalescence temperatures and calculation of AG*.
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}4.1 2,2wDimethoxy—2—phenyl~l,3,2—benzoxazaph$5pholine

The lH n.m.r. spectrum of this compound At 28°¢
indicated that pseudorotation was unhindered since the
- methoxyl protons appeared as a single phosphorés coupled
doublet (Figure 3). As the temperature was lowered the
equivalence of these groups was lost and at the coalescence
tenperature, —24OC, they appeared as a broad mound. On
lowering the temperature still further, pseudorotation became
slow on the n.m.r. time scale and the methoxyl signzals
appeared as two distinct doublets. The lower field doublet
was considered to be due to the equatorial methoxyl group,
JPH = 14 Hz, whilst the higher field doublet, with the
reduced coupling constant of 10 Hz, was ascribed to the
arical methoxyl group since it is further from and hence

interacts less strongly with the phosphorus atom.zoo

(1323) (132b) J 0320
’\ // C) \~\:? !
, NH
\ é -Ph ‘__:\O F|D -OM¢e
Ho| S0Me” | Ph
OM¢ OMe
(132e) (1324d)
Scheme 103
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There are several pathways which could account for the

equilibration of the two methoxyl groups bgtweén apical and
equatorial positions in molecule (132). Howe;er, the
restrictions imposed by ring strain and relati&e apico-
philicities (see Intrcduction pages 41-47) suggest that only
one pathway between isomers (132a) and (132e¢) need be
considered and this is outlined in Scheme 103.

The high energy points of the above process correspond

to isomers b, ¢ and 4 which possess either a nitrogen atom

or phenyl group in an apical position. The free eneray cf
-1
activation for this process was calculated to ke 50 + 1 kJ mcl
. . . P . 235
by a combination of a simplified Gutowsky-Holm equation
. . s 236
and the Eyring eguation.
4.2 2,2-Dimethoxy-2,5-diphenyl-1,3,2-oxazaphospholan

Ph

| .-Ph

| %OMe
OMe

(147)

The variable temperature n.m.r. spectra of this molecule
' b
3y

proved more complex than the foregoing example. Thus,

O . . : :
n.m.r. spectrum at -62 C showed two peaks of approximately

«

sgaal intensity at 6pw43.4 and -46.5 (Pigure 4). Likewise,

. 1 5 . . 3 . .

the "H n.ni.x. spectrum showed two distinct sp (OCEPh) signals
and two sets of a and e methoxyl signals at -75°C (Figure 5).

This data is consistent with the presence of approximately

equally populated diastereoisomeric forms (203) and (204)
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in whish the S-phenvl and 2-phenyl groups adopt|either syn
or anti geomsiuy. ns a result the phosphorus jnucleus

experiences two different magnetic envircenments: and two pesaks

')] .
. 24 s .
arce obserxved in the P n.m.r. spectrum. The game argument

L

]

alsc applies to the "I signals described above.
As the temperature was raised the phosphoruvs signals

v s . o) .
coalesced (Figure 4) and at +257°C a single peak was obsenvea

. s O, L -
at & —44.0. T was judged to occur at -25°C from which AGY
2 c
- . . ; -1 .
was calculated to he 50 + 1 kJ mol ". An analogcus pathway

to that described in section 4.1, which effectively allows inter-
conversion of the diastereoisomers (203)and (204) resulting in
magnetic equivalence of the phosphorus nuclei at +257°C, is shaown
in Scheme 109.
H i}

A

P“ﬁ% .
"~ Ph... i"\iH /‘*‘Q
{

S ‘0 ', /;?
— . o
('. r’:\ \“t.,_!
</' Y L ! h;gd// ‘r' FD!
~0Ohe PN L

’ Vg U - o . /
0| PR T | "OMe
ooty OM ¢ CMe
PRV ety . .y
apki | Scheme 105

Av examination of the "H n.m.r. spectrum showed that tnhe
watheuvl s gnale coalesced as the temperature was raised, o}

v could not be accurately determined due to overlap with the

ring methylene signals. However, coalescence of the
- j CASTED [ 1
sp” (CCHPh) protons, which can occur by the same process

{Schema 109), is clearly observed as shown in Tigure 5.
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| O;‘I%OM@ (205) | 0 /"[[D:WﬁOMC
P“:“S / Ph FPh H ,Z CMe
"0 ?*"0 ,
\ PR | .-OMe
Nmu‘)\%‘?zof‘ufgpf N~ %@Ph
(203)0Me  Scheme 110 OMe

O O =
/N Y70 N7
-0 A e Ph

)
= %7} /=
\/\\\ /;’/ A (\\ / —_
\ 2 \ !
\\é/\N OMe Qe v (P 0
I ' ;; r'//:\\\ O ! . | . bME‘ .
= 0-P_=2| SP—Ph = N—P_ =
[, "OMe SNFNNT “x y, OMe
Ph /Lﬂ fX CMe ~\c£////// ‘' Ph
e X=0Ma
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Calcoulation of +the fresc wnevgy of actlivation gave a value of
. 4 e T s e i meod , e . .
50 + 1 kd mol which i in good agreement withjtuar acrivea
3L .
from the P n.m.r. specitra
1 .
Tn eontrast to thiat of (L32), the "H n.m.r. spectium of

(147} at +22°C revealed that the methoxyl groups did not

equilikrate completely by interchiange between the a and e

positions. Instead two distinct doublets of approximately
egual intensity were obsexrved, which collapsed to singlets
upon irradiation at a single freguency. It was apparent

g

fyom the pcesitions of thes

M

e two signals that they were located

in the avevaged positionz of the pairs 0of a2 and ¢ signals

-~

observed at -75% (ri igure 5). An explanation of the origin
of tihis phenomenon is provided by reference to Scheme 109.
Thusz, OMe' which is syn to the 5-phenyl group in (203) cannot
ke placed anti to this group by this exchange proecess. The

~

only means by which conglete eguilibration of these groups can
be achieved is vie an intermediate such as (205) in which thes

{ive-membered ring ascumes diequatorial placement (Scheme 110),

but this process is unlikely owing toc ring strain imposed by
[ A 2 2 b
. SN o) . N 5 .
the 120 ° angle at phosyphorus. Experimentally, no coaiascence
. A o
cf the methoxyl signais was observed by "H n.m.r. Uup tc 1357C

in divhenyl ether ther=2by giving a calculated minimum AG* cf
] -1 " s .
88 kJgmol for this wrocess. It is worth noting that
caleul ntions of free energy values for pseudorotatiocn processas

involving Jdiequntoriel placement of a five-membered ring in

velated structurcs have tyweically yielded values of .
o - L =1 257 e - -1
43.6 + 0.7 kJ mol (Schem= 111) and 97.4 + 2.7 kd mol

"
(Schem= 112).°
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5. Attempted svnthesis and isolation of a chirgl lmenocyclic
P ; b

|

pentacoordinate phosphorane

Preamble ‘

The study of the stereochemical coursz of reactions of a
monocyclic pentacoordinate phosphorane of specific configuration
at phosphorus could lead to significant advances in the elucid-
ation of reaction mechanisms at penta- and possibly hexa-
coordinate phosphorus. To date there has been no report of tne
isolation of such a compound, which is not surprising given the
ease with which most pentacoordinate phosphoranes can undergo
racenmisation by ligand reorganisation. The preceding variable
temperature n.m.r. studies cf compound (147) serve to illustrate
such a situation.

Although the diastereoisomeric compounds (203) and (204)
are both chiral at low temperature they undergo racemisation at
higher temperatures, .robably vza a pseudorotation process
as shown in Scheme 109. Nonetheless, it was apparent from
these studies that a pentacoordinate phosphorane of this
type might be devised in which pseudorotational processes
could be restricted sc as to allow chirality at phosphorus
to pfevail at rocm temperature. The key observation which
ied to this conclusion was that although the methoxyl groups
interchanged between ¢ and ¢ sites at room tcmperature they
did not, on the n.m.r. time scale, alter their geémetry
rerative to the 5-phenyl group. This phenomenon was
attributed o the high energy barrier invelved in the
unfavourable dieguatorial placement of the five-membered
ring which effectively restricts interchange of the
equatorial groups. It followed that if a further

restriction was imposed on the exchange of a and e groups, by



replacement of a single methoxyl group with a group of

relatively lower apicophilicity, for example alkyl or aryl
(see Figure 1 page 45), then an essentially 'frozen' penta-
coordinate phosphorane would be obtained. Supﬁort for this
proposal is proved by the observation of a POCI—I3 phogphorus-
hydrogen coupling constant of JPH = 10 Hz in the lH n.m.r.
spectrum of (148) at 28OC, indicating that the methoxyl group
is located in an apical position. Mcreover, previous work
in this laboratory has culminated in the preparation, by
reaction of (+)-sec-butyl methylphénylphosphinite with
2-tert-butvlphenyl Z2-nitrophenyl ether in boiling cumene
(Scheme 113), of the non-interconvertible chiral diastereo-

9y
isomers (206) and (207)‘.2“39

Unfortunately, separation of
these compounds could not be achieved by fractional crystall-
isation and attewmpts to separate them by chromatography were
frustrated by hydrolysis. In view cof the ecase and flexibility
offered by the 'azide route' to pentacoordinate phosphcranes

it was decided to firstiy, establish the validity of the above
propositions, and secondlyv, to attempt the synthesis and

isolation of a chiral monccyclic pentaccordinate phosphorane.
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5.1 Reaction of racemic 2-azido-l-phenyl-l-ethanol

1
i

with racemic phosphinites ,
i

Encouragement for the aforementioned approach was

chtained from initial ij n.m.r. studies of-thetreaction

of 2-azido-l-phenyl-l-ethanol with methyl phenyl-m-tolyl-
phosphinite which showed the formation of two pentacoordinate
phosphoranes in approximately equal amounts at 6p—42.lO and
-42.26. These signals were assigned to the racemic
diastereoisomers (208) and (2G9), the observation of which
implied that their intexconversion was slow on the n.m.rx.
time scale. Even so0, it was considered that these compounds
were structurally too similar, as reflected by the very small

difference in 31

P chemical shifts, to facilitate diastereo-
isomer separation. The phosphinite precursor was therefcre
modified such tnat when methyl l-naphthylphenylphosphinite was
reacted with é~azido—l—phenyl—l-ethanol two racemic penta-
coordinate phosphoranes (210) and (211) were again observed

in approximately equal amounts, but in this instance the
difference in chemical shift was much larger, 6p~40.7 and
-41.9, On cooling the reaction mixture to —lOOC, the latter
product crystallised from solution completely free of the
other isomer. The more soluble diastereoisomer could not be
isolat~d but 13C n.m.r. spectra of the isolated isomer and cof
the crude reaction mixture provided supporting evidence that the
mujor products of reaction of the azido compound with metnyl

l-naphthylphenylphosphinite were compounds (210) and (211).
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Thus, phosphorus coupled C resonances were ob%erved

!
corresponding to the POCH3 group and the two ring carbon

atoms of each diastereoisomer (see page 125).

!!\H]:

Ha, "

(209)

. . . Lo o . 31
Examination of the isclated diastereoisomer by P

n.m.r. in deuterochlcroform over 50 h at 28°C showed that

no detectable stereomutation to the other isomer occurved.
Unfortunately, attempts to observe interconversion at 120

in dichlorobenzene were frustrated by decomposition.

Nonetheless, the stability of the compound towards stereomutaticn
at 28°C and its ease of isolation provided sufficient encour-
a~ement to justify the synthesis of a single enantiomer of the
azido compound and to react it with a racemic phosphinite in
order to obtain a single monocyclic chiral pentacocrdinate

phosphorane,



Reaction of (8)~(+)-2-azido-l-phenyl-l-cthancl with
|

[
N

racemic phosphinites

(S) - (+)-2-Azido~1-phenyl-l-ethanol (212) was prepared
in three steps from (S)-(+)-mandelic acid as shéwn in
Scheme 114. As before re¢action with racemic methyl
l-naphthylphenylphosphinite gave two pentacoordinate phos-
phoranes (210a) and (211la) as indicated by3lP r.m,xr. In
this case, however, neither of the diastereoisomers could
be induced to crystallise from the reaction mixture or
from a range of pure and mixed solvents. This failure to
obtain a single diastereoisomer indicated that a mixed
crystal had been isolated from the racemic reaction mixture

which could not be formed when only a single enantiomer was

present.

¢ LiAH, @
PhCH—COH & PhGH—CH,OF

OH OH

TsCl
Pyridine

G NaN +)
Ph(‘ZH_CHzi\JB o3 PhF‘JH-~CHZOTs

OH 18-crown-6 OH

(212)

Schema 11k
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l
‘ a,l
R R s MPt M.I.%7

J

Me  l-Naphthyl -33.9  60-62°C  339.137330

w

-34.3 339.138808

Me Ph -42,7 58-60"C not observed

Tab l_-c;__ __§



(210a)

As a consequence of this failure to isolate a chiral
monocyclic pentacoordinate phosphorane from the mixture of
diostereoisomers (210a) and (21lla), o cther racemic phos-
phiinites were reacted with thg chiral azido compound as
recorded in Table 8. In each case a crystalline product was
obtained but these proved to be too hydrolyticaily unstabie
+o be isolated in a pure form. Moreover, no diasterecoisomer
enrichment could be detected by\BlP n.m.r. upon crystallisation
of the crude nmixture.

In summary, this attempt to prepare and isolate a chiral
monocyclic pentacoordinate phosphorane by the reaction of
(8)-(+)-2-azido-1l-phenyl-l-ethanol with racemic phosphinites
resulted in failure. One notable result of this study,
however, is the observaticn that the isolated racemic
diastereoisomer (210) or (211) was stable towards stereo-

matation at 28OC;260

This confirms that, in mclecules of
this type, the original proposals concerning the restriction

ot psecudorotational processes are correct.
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As in earlier studies aimed at preparing a;chiral

] i
259 the strategy

monocyclic pentacoordinate phosphorane
failed in the final step, involving separation of the
diastereoisomers. A possible solution to thisiproblem

is to use a chiral phosphinite in the synthesis and hence
obtain a single diastereoisomer only. In this connection
Omzlanczuk and Mikolajczyszl have recently reported the
first stereospecific synthesis of the chiral phosphinite
(212) with an estimated optical purity of 85%. It seemns
likely that the isolation of a chiral monocyclic penta-
coordinate phosphorane might be facilitated by reacting
this compcund with (S)-(+)-2-azido-l-phenyl-~l-ethanol since

a single diastereoisomer would be formed in large excess.

BUL’ P\"% Pnh
ObH3
(213)
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Appendix

Miscellaneous Studies

i

1. Hydrolysis of selected pentacoordinate oxazaphosphoranes
hs part of a continuing study by Cadocgan etja2.242’262
involving the hydrolysis of 3~aryl-1,3,2-benzoxazaphospholings
(21.4) selected examples of the related 3-unsubstituted compounas
(133),(145), (147), (130) and (131) were hydrolysed under acid
catalysed conditions. It was found that in each case the
reaction proceeded rapidly at room temperature with the loss of
methanol or cthancl to give verxry high yields (>95%) of the

corresponding phosphinamidates (121), (215) and (216) and

phosphoramidates (217) and (218). The former results accord
. o . . . 242 .
with both the cbservations in the 3-aryl series and with
263

those of Steamann et al.
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A satisfactory account for the above results is
provided by the hydrolysis mechanism proposed by Cadogan

242

et al. which is shown in Scheme 115. This involves

endocyclic cleavage of the phosphorus oxygen bokd followed
by attack of water at the'phosphonium centre to give the
intermediate (219) which, upon elimination df an alcohol,
yields the phosphinic or phosphoric amides (121, 215-218).
Interestingly; Cadogan et aZ.242 postulated the inter-
mediacy of phosphoramidate (221) in the hydrolysis of the
3-mesityl derivative (220) but only isolated the cyclic
monoester (222) as the final product oflthe reaction
(Scheme 116). This result contrasts with the isolation of
phosphoramidates (217) and (218) from the acidic hydrolysis
of (130) and (131). This difference in behaviour may be

a consequence of employing different reaction conditions in

the hydrolyses.

! OMe H ‘: | OMe

N ~0Me ~MeOH Ar OMe
OMe (221)
~-MeOH

)
(O -9\ ) O\P//O
" NoH N Nome

r Ar
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2. Phosphatriazene studies

Mosby and Silva9 have noted that the general conditions
for stabilising a phosphatriazene {3) are that R' should be
!

electron withdrawing, whilst R should be an electron donor.
/ :
R—N=N—N=P R3
(3)

On this basis it might be expected that the adducts
formed from o-azidophenyl benzoate, o-azidophenyl tosylate
and E—(g-azidophenyl)—phthalimide with triphenyl phosphine
would be more stable relative to that from o~azidophenol
due to the electron withdrawing effect of the o-substituents.
Surprisingly this proved not to be the case and all the
former adducts were found to decompose spontanecusly at room
temperature to give iminophosphoranes and nitrogen whereas
the latter adduct from o-azidophenol could be isolated as a
pale yellow crystalline solid. A plausible explanation
for this anomalous behaviour may be in the additional
stabilisaticon provided by intramolecular hydrogen-bonding,
for example (223) and (224). A similar effect has been
proposed to account for the unusual stability of the adduct

(10) - (see Introduction page 5).

O

) 0"-H
~ N wooF
| H C( NPPh,

> L . A .
\N:NPPh3
(223) (224)
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3. Intramolecular carbonyl-iminophosphorane reactions
|
i

As noted in the Introduction (page 25) Leyshon and

Saunders62 have demonstrated that 2—substituted:benzoxazoles
can be prepared by the reaction of g—azidophenyi benzcate

with phosphites. They pfoposed that the reaction proceeded
vZa the intermediacy of an iminophosphorane; In this study.
an iminophosphorane was isolated from the reaction of
o-azidophenyl benzoate with triphenylphosphine and character-
ised as (225), which in solution reacted further to give
2-phenylbenzoxazole and triphenylphosphine oxide in 68 and 46%
yield, respectively. Thus, the path of this reaction has now

been clearly demonstrated and is shown in Scheme 117.

0OC Cﬂjh
©: C jiOCOPh (/\[ >"Ph

N=FPh
DPh | 3 OF’F’h3

(225)
Scheme117

It was further obhserved, by 31P n.m.r. that during the

course of the reaction an intermediate appeared at 6p—58.0.
An interesting but speculative assignment for this resonance
is the pentacoordinate phosphorane (226) which would result

foom a 2+2 cycloaddition of the C=0 and P=N bonds.
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(226)

Although there are several reports in the literature
concerning intramolecular reactions of an aldehyde, ketone
or ester carbonyl group with iminophosphoranes (see
Introduction pages 25-28) there has been no report of an

264 Therefore, a short

analogous reaction with an amide.
study was made of the thermal reactions of iminophosphoranes

(227), (228) and (229), (230).

0
N NHCOPhH

0

N=PR, N=PR,
(227) R=Ph (229) R=Ph
(228) R=0Me (230) R=0Me

Tt was found that (227) and (228) slowly decomposed
when heated under reflux in tert-butylbenzene to give
11H-isoindolo[2,l-albenzimidazol-1l-one (231) in 65 and 66%
yield, respectively, and the corresponding phosphine oxide
and phosphate. A similar thermolysis of (229) in tert-
butylbenzene gave 2-phenyl-benzimidazole in 63% yield together

with triphenylphosphine oxide. However, thermolysis of
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(230) in boiling chlorobenzene gave only the phésphoramidate

(232), presumably vZa migration of a methyl group from oxygen

to nitrogen.247 ;

|
From these results it is clear that the intermolecular

1 | NHCOPH
N t
[ﬁ// ",/’()qu

Me OMe
(231) (232)

amide-~carbonyl/iminophosphorane reaction is feasible and
moreover that it is preferable to employ phosphine rather
than phosphite derivatives in order to avoid alternative

reacticns.

4. Reaction of 2,2-di(dimethylamino)-benzoxazaphosphole

with dimethyl acetylene dicarboxylate

There have been several reports recently of the reaction
of cyclic iminophosphoranes with ketones,45 diphenylketene,46
isocyanates,‘l-7 and isothiocyanates,48 leading to the formation
of pentacoordinate adducts. These reactions are significant
because they lend support to the conclusion by Fr¢yen44 that

the C=0 or (C=S/P=N reaction proceeds via the intermediacy of

a pentacoordinate phosphorane.



To test the hypothesis that a pentacocrdinate inter-

mediate is involved in the iminophosphorane/acetylene

reaction49 the cyclic iminophosphorane (117) waé reacted

with dimethyl acetylene dicarboxylate at room temperature

and the reaction monitored by3lP n.m.xr. No pentaccordinate
intermediate was detected but the reaction proceeded smoothly

to give the novel stabilised ylide (233).

NMe
P \ .~ 2
s // \\. [V\ i3~
N" "NMe, ‘c—-c// “NMe,,

X X X=CO.Me
(117) (233) © T2

O\ NMe, 0
| P

The structure of (233) was established principally on
the basis of 13C n.m.rx. data. Thus, distinctive resonénces
were observed at 6c 37.1 (4, N(CH3)2, JPC4HZ), 49.9(s,C02gH3),

51.9(s,CO gH3), 61.4(d,P=C,JPCl78Hz), 159.5(d,C=N,JPC4Hz),

2
and 167.1 168.0 168.8 (2 x EOZMe). Chemical evidence in
support of this structure was provided by the ready formation
of the phosphdnium salt (234) upon treatment of (233) with

hydrogen chloride. In addition the ylide could be regenerated

by the addition of triethylamine to a solution of (234).
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Publications

Included in the appendix are copies of publications
which are in part based on the work described in this

thesis. These are as follows, J.I1.G. Cadogan, N.J. Stewart,

and N.J. Tweddle, J.Chem.Soc.,Chem.Commun., 1978, 182;

J.I.G. Cadogan, I. Gosney, E. Henry, T. Naiéby, B. Nay,

N.J. Stewart, and N.J. Tweddle, J.Chem.Soc.,Chem.Commun.,

1979, 189; and J.I.G. Cadogan, N.J. Stewart, and N.J. Tweddle,

J.Chem.Soc., Chem.Commun., 1979, 191.
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Phosphorus-containing Heterocycles from Phosphorus(iir) Reagents and
ortho-Azidoaromatic Compounds: Synthesis of 2,2-Di(dimethylamino)-
1,3,2-benzoxazaphosphole and Various 2,3-Dihydro-1,3,2-benzoxazaphosph(v)oles

By J. I. G. CapoGAN,* NEVIN J. STEWART, and NEiL J. TWEDDLE
(Department of Chemistry, University of Edinburgh, West Mains Road, Edinburgh EH9 3]7J)

Summary o-Azidophenol reacts with methyl diphenyl-
phosphinite to give the amino(oxy)phosphorane, 2-
methoxy-2,2-diphenyl-2,3-dihydro-1,3,2-benzoxazaphos-
ph(vjole (1; 909%), which is also produced (55%) from
o-aminophenol, the phosphinite, and N-chlorodi-iso-
propylamine; o-azidophenyl benzoate reacts with hexa-
methylphosphorous triamide to give 2,2-di(dimethyl-
amino)-1,3,2-benzoxazaphosphole (2; 76%,) and NN-
dimethylbenzamide.

OrcGaniIC azides react readily with organophosphorus(iir)
reagents to give the corresponding imines! [e.g., equation
(1)]. We now report the adaptation of this reaction to

(EtO);P + PhN, - (EtO),P=NPh ()

provide a simple, and mild, route to the amino(oxy)phos-
phorane system (1). Thus, addition under nitrogen of
o-azidophenol (4:75 mmol) in drv light petroleum (13 ml,
b.p. 40—60 °C) to methyl diphenylphosphinite (4-8 mmol)
in the same solvent (5 ml) at 0 °C led to evolution of nitrogen
with precipitation of 2-methoxy-2,2-diphenyl-2,3-dihydro-
1,3,2-benzoxazaphosph(v)ole (1) as a colourless solid [90%,,

m.p. > 240 °C (decomp.)]. The material had correct
elemental analysis and the expected n.m.r. spectra: 3!P
(CDCl,) 8 (positive to high frequency) —36-0 p.p.m.; 'H
(CDCL,) 8, 2-98 [d, 3H, J(*'P-H) 11 Hz, POMe], 4-86 [d,
1H, J(*'P-H) 20 Hz, NH], 6-45—6-80 (m, 4H, ArH),
7-20—7-45 (m, 6H, ArH), and 7-60—7-90 (m, 4H, Ar-o-H of
—-PPh,). The structure was confirmed by an alternative
synthesis (559, yield) from o-aminophenol, methyl diphenyl-
phosphinite, and N-chlorodi-isopropylamine in an analogue
of a synthesis of oxaphosph(v)oles.? Trimethyl and
triethyl phosphites and dimethyl phenylphosphonite simi-
larly reacted with o-azidophenol, to give the corresponding
oxazaphosph(v)oles, 3P n.m.r. measurements indicating
almost quantitative conversions (3'P §, —52-3, —53-9, and
—39-8 p.p.m. respectively). Reaction as in Scheme 1
is suggested.

We also report a related novel synthesis of the 1,3,2-
benzoxazaphosphole system (2). Addition under dry nitro-

gen of hexamethylphosphorous triamide (2-15 mmol) in

super-dry cyclohexane (5ml) to o-azidophenyl benzoate
(1-99 mmol) in dry cyclohexane at 20 °C led to the precipita-
tion of the triazene [(3; X = NMe,); 94%; m.p. > 95 °C
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—
N3

OH
N=P(OMe)Ph,
| Ph
N—p<Ph -

f

N
OMe H OMe
(1)

ScHEME 1. i, Ph,POMe, —N,.

(decomp.), correct elemental analysis and expected '*H n.m.r.
data; 3P n.m.r., § +42-4p.p.m.]. In a replicate experi-
ment the triazene was not isolated but the mixture was
boiled under reflux (80 °C) for 24 h when crystalline 2,2-di-
(dimethylamino)-1,3,2-benzoxazaphosphole (2; m.p. 174—
177 °C) was collected (75%). Chromatography of the
mother liquors gave NN-dimethylbenzamide (86%). Com-
pound (2) had the correct analysis and expected n.m.r.
spectra: 3P, § +68:0; 'H (CDCl,), 8 2-71 [d, 12H, PNMe,,
J(®'P-H) 11 Hz], and 6-38—6-60 (m, 1H, ArH) and 6-72—
6-96 (m, 3H, ArH).

This reaction is noteworthy because the corresponding
reaction of o-azidophenyl benzoate with triethyl phosphite

183

0
DPh +(Et0),PO
Ny @:N>Ph 3

ll (O)TX =Et0
”
0—COPh
0OCOPh i -
-~ QL
N—PX3

N=N—-N=PX,
(3) (4)

(b) X:MezN

@:o\P/NMeZ i @/\ﬁ(w )
v -— e
N “NMe, N7 23

(2) COPh

SCHEME 2. i, X,P; ii, —Nj; iii, — PhCONMe,.

gives 2-phenyl-1,3-benzoxazole in good yield [Scheme 2,
step (a)].> One possible explanation of the formation of the
oxazaphosphole (2) is that it could be due to the high
nucleophilicity of the nitrogen end of the P-N dipole (4)
[step (b)] leading to reaction as in Scheme 2.

(Received, 29th November 1977; Com. 1225.)

1 H. Staudinger and E. Hauser, Helv. Chim. Acta, 1921, 4, 861; M. I. Kabachnik and V. A. Gilyarov, Jzvest. Akad. Nauk. S.S.S.R.,

Otdel. khim. Nauk, 1956, 790 (Chem. Abs., 1957, 1823).

2 S Antczak, S. A. Bone, J. Brierley, and S. Trippett, J.C.S. Perkin I, 1977, 278.

3 L. J. Leyshon and D. G. Saunders, Chem. Comm., 1971, 1608.
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A General Route to Pentaco-ordinate Amino(oxy)- and Diamino{oxy)-phosphoranes
from Azido-compounds and Phosphorus(ii1) Reagents

By J. I. G. CapocaN,*® IaN GOSNEY, ELIZABETH Henry, THomas NarsBy, BARRY Nay, NEVIN J. STEWART,
’ > and NEIL J. TWEDDLE

(Department of Chemistry, University of Edinburgh, West Mains Road, Edinburgh EH9 3in

Summary Bifunctional azido-compounds such as benzo- phenylhydrazone, #rans-1-azido-2-hydroxycyclohexane,
hydroximic azide, " a-azidobenzaldehyde 2,4-dibromo- 2-azido-1-phenylethanol, 2-azidobenzyl alcohol, o-azido-
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TABLE
Starting azide pld Reagent Product
OH 0 Ph a
Nl/ PhP/ \[_‘CHz'] N/O\‘ < 0\[c 2]
n P H
I
Ar b
NH i
- o] N (o]
N e
50 00
Ph Ny (o] )J\N/ '\0
Ph H Ph
) Ph ¢
OH
0! emapone (X
3 N" 0 Ph
H Me
Ph d
0
OH I
O =0 OO
N, N
H
Ph OH
Ph e
\( Ph,POMe \EO\P/ Ph
N, N1 ph
H OMe
Ph OH Ph f
RN
PhP P
N, N7 |
H Ph
Ar 0 PaaN Ar N 0N 9
PhP [CHz]” E /p\ [CH,],
RSN, No/ R NN F',h 0~
H

@C“zOH 0 CH,—0 /Oj
PhP, P
\ ) @[ / I\O
Ns ° R

H i

1IN
N, No N7 Lo
*(1); » =2, 91%, m.p. 123—124 °C, 5 — 19-26 [all 5 refer to.
3P (CDCL) p.p.m.); # =3, 97%, mp. 109°C, § — 34-99,
® Ar = 2,4-Br, C,H,; 96 %, m.p. 164—166 °C, 5 — 40-33. ©61%
m.p. 71—173 °C, § — 44-67. 4809, m.p. 37—39 °C, § — 40-14.
°85%, m.p. 103—105 °C, & — 43-56. f84%, m.p. 46—47 °C,
3 —369l. 8(2); Ar=R=Ph, =2 89% mp. 88°C
(decomp.), & — 29-7; Ar = R = Ph; n = 3, 969,. m.p. 94 °C
(decomp.), 3 — 45:6; Ar = Ph, R =H, n = 2, 61%, m.p. 84—
86 °C (decomp.), § — 254; Ar = Ph, R = H, n = 3, 82 %, m.p.
87 °C (decomp.), 8 — 41'1; Ar = p-BrC,H, R=H, n = 2,
71%, m.p. 85 °C (decomp.), § — 25:3; Ar = p-BrC,H,, R = H,
n = 3, 857, m.p. 105 °C (decomp.), § — 40-8; Ar = p-MeOC,H,,
R =H, n =2, 739, m.p. 99°C (decomp.), § — 25'6; Ar = P
MeOC,H,, R=H, n=3, 74%, mp. 102°C (decomp.),
3 —41-2; Ar = p-PhC,H,, R=H, n = 2, 86%, m.p. 105°C
(decomp)., 5 — 25-5. 1819, m.p. 95—98 °C, 5§ — 44-46. 1729,
m.p. 137—141 °C, § — 39-03.
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aniline, and «-azidoacetophenones react with a variety of
phosphorus(in) reagents to give pentaco-ordinate amino-
(oxy)- and diamino(oxy)-phosphoranes.

WE report a synthesis of some new pentaco-ordinate
phosphoranes by reaction of aliphatic bifunctional azides
with organophosphorus(iir) reagents. The general reaction,
which proceeds via the formation of the iminophosphorane
function followed by intramolecular cyclisation via addition
to the P=N group (Scheme), is exemplified as follows:
addition of benzohydroximic azide (3-08 mmcd]) in ether to
2-phenyl-1,3,2-dioxaphospholan (3:27 mmol) in ether at
room temperature under nitrogen, followed by removal of
ZH ZH e & 3

< + Pl — ( A e

N, N=pU' 20

SCHEME

solvent after 24h gave 2,2-ethylenedioxy-2-phenyl-2,3-
dihydro-4-phenyl-1,3,5,2-oxadiazaphosph(v)ole (1; n = 2;
91% ; Table, footnote a).t Further phosphoranes similarly
produced are listed in the Table. That the reaction is
capable of extension follows from our preliminary obser-
vation of 3P resonances characteristic of phosphoranes
(large negative shifts) in reactions of a-azidoacetic acid,
«-azidoacetamide, and a-azidophenylacetic acid, with a wide
series of cyclic and acyclic phosphorus(it1) reagents. The
general reaction is thus complementary to the reaction of
w-amino-substituted phosphites with phenyl azide to give
amino(oxy)phosphoranes.!

The isolation of phosphoranes such as the 2,2-ethylene-
dioxy-2-phenyl-2,3-dihydro-4-phenyl-1,3, 2-oxazaphosph(v)-
oles (2; n = 2; Table, footnote g) from 2-azido-ketones and
2-phenyl-1,3,2-dioxaphospholan is of interest because
reaction? of triphenylphosphine with the related azido-
ketones, e.g. a-azidoacetophenone, does not give an isolable
phosphorane; reaction at high temperature gives instead
1,4-diphenylpyrazine.

(Recetved, 27th October 1978; Com. 1152.)

1 All isolated phesphoranes had the expected elemental analyses and mass spectra.
! M. Sanchez, J-F. Brazier, D. Honalla, A. Munoz, and R. Wolf, J.C.S. Chem. Comm.; 1976, 730.

% E. Zbiral and J. Strsh, Annalen, 1969, 727, 231.
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A Simple, One-flask Synthesis of Pentaco-ordinate Phosphoranes

By J. I. G. CApoGAN,* NEVIN J. STEWART, and NEIL J. TWEDDLE
(Department of Chemistry, University of Edinburgh, West Mains Road, Edinbuygh EH9 3] J)

Summary In a synthesis capable of extension, 2-phenyl-
1,3,2-dioxaphospholan reacts at room temperature with
phenyl azide followed by diols, o-dihydroxyarenes, or
o-hydroxythiophenol to give phosphoranes (68—1009%,)
including the first isolated phosphoranes containing 7- and
8-membered alicyclic rings, 4.e. 2,2-ethylenedioxy-2-
phenyl-1,3,2-dioxaphosph(v)epan and 2,2-ethylenedioxy-
2-phenyl-1,3,2-dioxaphosph(v)ocan. ’

‘WE here report a simple and convenient one-flask synthesis
of pentaco-ordinate phosphoranes, e.g. (2), from tervalent
phosphorus reagents, hydroxy-compounds, and azido-
benzene.

We have observed!.? that vicinal- or o-azidohydroxy
compounds, and related bifunctional azides react with
phosphorus(111) reagents to give phosphoranes (e.g. Scheme
in the preceding Communication?) via intramolecular
addition of the XO3%-..... H3* unit across the imino-
phosphorane (P=N) bond. We argued therefore that
analogous intermolecular addition should also occur
[Rg?P=NR! + R20OH — RP(OR3)NHR!]}, and that further
reaction via displacement of the amino group (R'NH) by
R20H should then lead to a new route to phosphoranes
[RFP(OR)NHR! 4+ R20H — R*P(OR?),].

‘We now report the realisation of this expectation. Thus,
reaction under nitrogen of 2-phenyl-1,3,2-dioxaphospholan
(1) in dry dichloromethane with phenyl azide (1 mol equiv.)
over 10 min at room temperature followed by rapid addition
of catechol (1 mol equiv.) in ether gave a quantitative con-
version (by 3'P n.m.r.) into the phosphorane (2h). Reac-
tion as in the Scheme is assumed. Removal of the solvent
and aniline (789, recovery) at 0-05 mmHg, followed by
crystallisation from ether afforded the pure phosphorane
(711%), m.p. and mixed m.p. 113—115 °C (1P § — 14-32
p.p-m.; CDCL).t The seven phosphoranes (2a—g) were
produced (68—1009%,) similarly. Of particular interest are
the phosphoranes (2¢) and (2d); the former (m.p. 70—72 °C;
1P § —30:15 p.p.m.; CDCl,) is the first isolated alicyclic
phosphorane containing a seven-membered ring® while the
latter is the first isolated phosphorane containing an eight-
membered ring. Compound (2d), an oil with the expected
13C n.m.r. spectrum and exact mass spectrum,{ exhibits
two 3P resonances in CDCl; (8 —36-14 and —36-46 p.p.m.)

OH
i | ,Ph [% | _pn
—pZ +PhNH, «— “o—pPZ

\0
& ™

(2)

() a; X = —[CH],— f; X = ‘O
bi X = —[CH,), — )
: ‘Bu
& X=—fH]—  g.x - @
g L

d; X=— [CHZJS—
SCHEME

which we attribute to the presence of two equilibrating
conformers. In accordance with this a variable tempera-
ture n.m.r. experiment in o-dichlorobenzene led to coales-
cence to a single 3P resonance at § —36:29 p.p.m. at
ca. 120 °C.

Also produced in this way is the monothio analogue of
(2h) [74%; m.p. 96—97°C; *'P § +4-73 p.p.m.; CDCly]
from o-hydroxythiophenol.

Preliminary experiments using 3P reveal that the reaction
is capable of extension to produce less stable phosphoranes,
e.g. by the use of ethanol, phenol, or o-aminophenol in
place of the above diols or dihydroxybenzenes.

(Received, 27th October 1978; Com. 1153.)

t All isolated phosphoranes had the expected elemental analysis and mass spectra.

1].L
:J.Il.ac

G. Cadogan, N. J. Stewart, and N. J. Tweddle, J.C.S. Chem. Comm., 1978, 182.
. Cadogan, 1. Gosney, E. Henry, B. Nay, T. Naisby, N. J. Stewart, and N. J. Tweddle, preceding communication.
L. B. Littlefield and G. O. Doak, Phosphorus and Sulfur, 1977, 3, 36; N. J. De’Ath and D. B. Denney, ibid., p. 51.
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